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Abstract

Nuclear magnetic resonance (NMR) spectroscopy was used to determine the struc-
ture of transmembrane (TM) segment IX of the Na+/H+ exchanger isoform 1 (NHE1)
in dodecylphosphocholine micelles. Studying isolated TM segments in this fashion
constitutes a well-established “divide and conquer” approach to the study of mem-
brane proteins, which are often extremely difficult to produce, purify, and reconstitute
in full-length polytopic form. A similar approach was combined with NMR spin re-
laxation experiments to determine the peptide backbone flexibility of NHE1 TM VII.
The combined NMR structural and dynamics studies are consistent with an impor-
tant role for TM segment flexibility in the function of NHE1, a protein involved in
apoptosis and myocardial disease. The study of the rhomboid protease system is also
described from two perspectives: 1) I attempted to produce several TM constructs
of the substrate spitz or a related construct and the production and purification are
described in detail; and 2) I present coarse-grained molecular dynamics simulation
results for the E. coli rhomboid ecGlpG and a spitz TM construct. Spitz appears to
preferrentially associate with rhomboid near TMs 1 and 3 rather than the proposed
substrate gate at TM 5. The two proteins primarily interact at the termini of helices
rather than within the hydrocarbon core of the bilayer. Finally, I present a detailed
analysis of coarse-grained molecular dynamics simulations of the fibroblast growth
factor receptor 3 TM domain dimerization. Specifically, algorithms are described for
analyzing critical features of wild-type and G380R mutant constructs. The G380R
mutation is the cause of achodroplasia, the most common form of human dwarfism.
The results suggest that the proximity of a residue to the dimer interface may impact
the severity of the mutant phenotype. Strikingly, heterodimer and mutant homod-
imer constructs exhibit a secondary dimer interface which may explain the increased
signaling activity previously reported for the G380R mutation—the helices may ro-
tate with the introduction of G380R. The unifying theme of this work is the ‘study
of membrane proteins’ using complementary techniques from structural biology and
computational biochemistry.
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Chapter 1

Introduction

If there is a single unifying theme to this body of work it would have to be

the ‘study of membrane proteins.’ Chapter 2 (page 3) concerns the nuclear mag-

netic resonance (NMR) spectroscopic based elucidation of the structure of the ninth

transmembrane (TM) segment of the Na+/H+ exchanger isoform 1 (NHE1) in a

membrane-mimetic medium. Studying an isolated TM segment is a well-established

strategy to improve tractability by overcoming the difficulty of producing, purify-

ing, and reconstituting polytopic membrane proteins. This “divide and conquer”

approach (5) was also used to study the seventh TM segment of NHE1 as detailed

in Chapter 3 (page 27), but in this case I examined the ps-ns and μs-ms timescale

dynamics of peptide backbone flexibility in a membrane-mimetic environment using

NMR spin relaxation experiments. I employed the common Lipari-Szabo model-free

analysis (6, 7) as well as reduced spectral density mapping (8, 9) to gain insight into

the dynamics of the system. The following two chapters are based on three of my

published manuscripts (1, 2, 3).

In Chapter 4 (page 58), I switch to the study of the rhomboid protease system.

However, in keeping with the above theme, rhomboids are polytopic membrane pro-

teins which cleave single-pass TM proteins within the phospholipid bilayer in prokary-

otes and eukaryotes (10). My specific objective was the production, purification, and

NMR-based structural study of a construct of the TM portion of the Drosophila
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spitz peptide—part of the natural substrate of Rhomboid-1. This is a labwork-heavy

chapter as it was extremely challenging to produce and purify a number of different

spitz-based or related constructs.

Although NMR-based structural and dynamics studies of membrane proteins can

provide a lot of valuable information, one missing piece of information is how the

peptide or protein structures move (on a larger scale) within phospholipid bilayers

and interact with other proteins. I have employed coarse-grained molecular dynamics

(CG-MD) simulations to study protein-lipid and protein-protein interactions for two

membrane protein systems. In chapter 5 (page 108), the dimerization of the fibroblast

growth factor receptor 3 (FGFR3) TM domain (of particular interest because of its

role in human achondroplasia (i.e., reference (11))) is studied in detail using CG-MD.

This chapter integrates a detailed discussion of analytical algorithms used to parse

crucial information from wild-type homodimer, heterodimer, and mutant homodimer

FGFR3 simulation trajectories. Chapter 6 (page 191) outlines preliminary CG-MD

simulation results for a system consisting of a rhomboid protease construct and a

spitz TMD construct in a phospholipid bilayer.

This work therefore employs complementary techniques from structural biology

and computational biochemistry to probe a number of membrane protein systems.

The self-contained introductions in subsequent chapters will introduce the specific

systems and techniques in detail, and the appendices contain documented source

code and additional results.
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Chapter 2

NMR Structure Of NHE1 TM IX
(Based On Published Manuscript
(1))

2.1 Introduction

The human Na+/H+ exchanger isoform 1 (NHE1) is involved in a number of im-

portant biological processes. These include regulation of intracellular pH, cell growth

and differentiation, cell migration, and regulation of sodium fluxes (reviewed in (12)).

There is also substantial interest in NHE1 because of its established role in the my-

ocardial damage that occcurs during ischemia, reperfusion and a possible role in

mediating cardiac hypertrophy. Despite the motivations for studying NHE1, there

are no high-resolution atomic structures of the protein available in the literature.

NHE1 is a ubiquitously expressed plasma membrane protein, and based on func-

tional and phylogenetic analysis it is proposed to include 12 N-terminal TM segments

and a C-terminal regulatory domain (13, 14). Our objective was to use an NMR

spectroscopy-based approach to obtain high-resolution atomic structural information

on NHE1. In light of the poor tractability of the polytopic TM protein, we opted to

use the “divide and conquer” approach to membrane protein structure determination

(reviewed in (5)). This method consists of producing isolated TM segments, solv-

ing their structures in membrane-mimetic environments, and then recombining the
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individual TM segment structures to get an overall picture of the polytopic configu-

ration. The NMR structures of a number of NHE1 TM peptide segments have been

solved as part of a “divide and conquer” strategy, and I have described the details of

these structures (along with several successful examples of the “divide and conquer”

approach) in the published manuscript (1).

We specifically chose to study NHE1 TM segment IX (residues 339-363 in the

Wakabayashi topology (13)) for three reasons: 1) TM IX is important in mediat-

ing sensitivity to NHE1 antagonists (15); 2) Alteration of H349 in TM IX reduced

exchanger sensitivity to amiloride (inhibitor) compounds (16); 3) Site-directed mu-

tagenesis is consistent with additional importance for TM IX in NHE function and

drug sensitivity (17, 18).

My work on a 31-residue synthetic peptide construct of NHE1 TM IX employed

circular dichroism (CD) spectropolarimetry and NMR spectroscopy for structural

characterization. In parallel, our collaborators in the laboratory of Dr. Fliegel (Uni-

versity of Alberta) conducted a cysteine-scanning mutagenesis study to determine

the importance of each residue in TM IX for full-length cysteineless NHE1 (cNHE1)

activity. The latter functional methods and results are detailed in the manuscript (1),

while the structural results are described below with integration of crucial functional

results where appropriate.

2.2 Materials And Methods

2.2.1 Materials

Deuterated dodecylphosphocholine (DPC) was purchased from C/D/N isotopes

(Pointe-Claire, Quebec, Canada).

2.2.2 Peptide Synthesis And Purification

A (> 95 %) purified 31-residue peptide construct of NHE1 TM IX containing
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cationic caps at the N- and C- termini (KSYMAYLSAELFHLSGIMALIASGVVMRPKK; acetyl-

capped N-terminus, amide-capped C-terminus) was purchased from GL Biochem

(Shanghai, China). Purity was assessed by high performance liquid chromatography

(HPLC) and identity was confirmed by matrix-assisted laser desorption ionization

(MALDI) mass spectrometry and sequential assignment of NMR spectra.

2.2.3 NMR Spectroscopy And Structure Calculations

An NMR sample was prepared by dissolving 0.9 ± 0.1 mM peptide (concentra-

tion estimated from 1H one-dimensional NMR spectrum integrations relative to the

internal standard using assigned resonances) in 95% H2O, 5% D2O solution contain-

ing ∼75 mM deuterated DPC and 0.25 mM (d6)-2,2-dimethyl-2-silapentane-5-sulfonic

acid (DSS) for chemical shift referencing. The experiments were conducted at 30

�C on the sample with pH 5.05 (without accounting for deuterium isotope effects).

One-dimensional 1H, natural abundance gradient-enhanced 1H-13C HSQC (heteronu-

clear single quantum correlation), two-dimensional 1H-1H TOCSY (total correlation

spectroscopy) (60-ms mix; decoupling in the presence of scalar interactions spin lock),

and NOESY (nuclear Overhauser effect spectroscopy) (225-ms mix) experiments were

acquired on the Canadian National High Field NMR Centre Varian INOVA 800-MHz

spectrometer. All experiments were used as configured within the Varian BioPack

software package. Spectra were processed using NMRPipe (19) and analyzed using

Sparky 3 (20). All spectral assignments were carried out by manual peak picking

in Sparky, and resonance assignments have been deposited in the BioMagResBank

(code 15747).

Structure calculations were performed in the Python scripting interface of XPLOR-

NIH version 2.18 (21) using NOE restraints from the assigned spectrum. Peak volumes

were independently calculated using Gaussian and Lorentzian fit Sparky algorithms,

with no allowed peak center motion. Those peaks that were not assigned a volume

or were assigned a negative volume by the algorithm (∼27.5%) were either manu-
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ally assigned a summed signal intensity as defined by a user-specified region or fit by

Sparky algorithm after contour adjustment. Peak volumes were empirically calibrated

to distance ranges of 0-5.0, 1.8-5.0, and 1.8-6.0 Å; the Lorentzian fit volumes were

more conservative and used for subsequent analysis. Restraints were divided into bin

ranges corresponding to strong (1.8-2.8 Å), medium (1.8-4.0 Å), weak (1.8-5.0 Å), and

very weak (1.8-6.0 Å) contacts. Ambiguous assignments and NOE potential scaling

were handled as described previously (22). Following 21 rounds of structural refine-

ment by simulated annealing, an additional 6 rounds were performed with dihedral

angle potential scaling factors of 5, 50, 100, 100, 50, and 25. Simulated annealing

parameters were similar to those described previously (22), but with 15000 cooling

steps.

A single extended polypeptide was generated and subjected to simulated anneal-

ing for each round. To handle the families of 100 structures generated per round

an in-house tcl/tk script (freely available upon request from J. Rainey) was used;

the script allowed for assessment of violations and iterative refinement of NOE re-

straints. Refinement gradually increased in stringency, initially violations > 0.5 Å in

> 50 % of structures were lengthened, but subsequently violations > 0.1 Å in > 25

% of structures were modified. After 21 cycles of simulated annealing and NOE re-

finement, calculated XPLOR-NIH structure energies contained minimal contributions

from NOE violations, and magnitudes of all observed violations were minimal. All

NOE restraints were satisified without pruning. Six further cycles of simulated an-

nealing were carried out with incorporation of dihedral angle restraints as described

above. The lowest 40 energy structures in the final ensemble of 100 were retained

for further analysis. The final sets of restraints have been deposited in the Protein

Data Bank with this ensemble of 40 structures (Research Collaboratory for Structural

Bioinformatics Protein Data Bank code 2k3c).
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2.2.4 CD Spectroscopy And Analysis

Samples for CD spectroscopy were diluted from the previously described NMR

sample to obtain samples of ∼10 μM peptide, ∼3 mM deuterated DPC, and the

unbuffered pH was adjusted to ∼4.8 in a chloride-free solution. Nine replicate mea-

surements were collected over 3 separate days on a Jasco J-810 spectropolarimeter

(Easton, MD) at 30 �C in a 0.1-cm path length (Hellma, Müllheim, Germany) water-

jacketed cell (20 nm/min scan rate). Data were collected in a wavelength range of

260-180 nm but the signal to noise ratio was considered reasonable only at a de-

tector (photomultiplier tube) voltage under 700 V (based on previous instrumental

observation). Averaged data were analyzed by several algorithms (23) using the

DICHROWEB interface (24, 25).

2.3 Results

2.3.1 Peptide Design And Conditions For NMR Spectroscopy

The synthetic peptide contains three lysine residues, one at the N terminus and

two at the C terminus, which are not present in the endogenous sequence of the

NHE1 protein. Cationic residues at the termini of peptides have been shown to

facilitate both peptide purification and maintenance of transbilayer orientation (26).

For convenience, the lysine residues are numbered relative to the endogenous sequence.

All structural studies were conducted on the 31-residue peptide produced by chemical

synthesis with no isotope labels.

TM peptide solubility is often problematic, and while NHE1 TM IV was soluble in

organic solvents (27), TM VII was substantially more soluble in DPC micelles (22).

We opted to use DPC micelles for solubilization of TM IX because this system is

proposed to be a more appropriate membrane-mimetic than organic solvents (28).

Sample components were 0.9± 0.1 mM peptide, ∼75 mM deuterated DPC, and 0.25

mM DSS in 95% H2O, 5% D2O adjusted to pH ∼5.05 and studied at 30 �C. This
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temperature provided good NMR spectral characteristics, prevented precipitation for

extended periods of spectroscopic study, and allows for use of the cryogenically cooled

triple-resonance probe on the 800-MHz Canadian National High Field NMR Centre

spectrometer. This combination of factors allowed determination of the structure of

the TM IX segment in DPC micelles.

2.3.2 Resonance Assignment And Structure Calculation

Sequential chemical shift assignments were carried out using two-dimensional

TOCSY, natural abundance 1H-13C HSQC, and NOESY experiments (22, 29) (Fig-

ure 2.1 on page 17). Acquisition of a natural abundance 1H-15N HSQC data set

was not feasible because of low signal-to-noise arising from the tumbling rate of the

peptide-containing micelles. Resonance assignments for 1H were complete except for

Met-Hε and Phe-Hδ. In some cases there were missing or ambiguous 13C assignments

for Tyr-Cα, Met-Cα/Cε, Leu-Cβ/Cγ/Cδ1, Ser-Cα/Cβ, Glu-Cα, Phe-Cβ, His-Cα/Cδ2,

and Lys-Cγ. Assessment of unambiguous assignments was made as described previ-

ously (22). The latter approach involves the use of ambiguous assignments in struc-

ture calculations where unambiguous assignments were not possible. A total of 1231

unique NOE restraints (Table 2.1 on page 25) were used for calculation of the TM

IX structure. These are summarized graphically in terms of the standard connectiv-

ities examined for secondary structure characterization (Figure 2.2 on page 18) and

in terms of the number of unique restraints per residue (Figure 2.3 on page 18). A

progressive energy minimization of calculated NMR structural ensembles with each

round of refinement is detailed in Figure 2.4 on page 19.

2.3.3 Structural Analysis Of TM IX Peptide

An ensemble of the 40 lowest energy structures from 100 calculated peptide struc-

tures was obtained that satisfy the 1231 observed unique NOE restraints with min-

imal violations (Table 2.1 on page 25). Dihedral angle restraints (φ = −60 ± 30;
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ψ = −40± 40) consistent with α-helical structure were imposed over residues M340-

S344 and I353-S359, based on the seconday chemical shift analysis (Figure 2.5 on

page 20). The dihedral restraints resulted in a significant but reasonable (∼17 %)

inflation in total energy relative to an ensemble restrained only by NOEs (Table 2.1

and Figure 2.4).

A 9-replicate averaged CD spectrum was analyzed using the DICHROWEB (24,

25) interface by applying several secondary structure deconvolution algorithms (re-

sults summarized in Table 2.2 on page 26). A 190 nm low-wavelength cutoff was used

for meaningful signals as detailed in section 2.2.4. The normalized standard devia-

tion parameter was used to filter those algorithms that did not produce a good fit to

the data (normalized rmsd > 0.2) (30). The calculated average secondary structure

contributions are 26 ± 5 % helix, 31 ± 6 % sheet, 16 ± 4 % turn, and 29 ± 10 %

random (Table 2.2). In light of the relatively high average deviations across algo-

rithms, a qualitative inspection of the CD spectra is relevant (Figure 2.6 on page 21).

To reflect the 12/31 (∼39 %) helical residues predicted based on NMR dihedral re-

straints, a (theoretical) 39 % helix CD spectrum from 200 to 240 nm was generated by

K2D (23). The experimental curves are qualitatively consistent with a strong helical

contribution.

Superposition of all members of the ensemble over the full length of the peptide

was not possible. However, based on rmsd analysis as detailed in (29), K337-L350 and

G352-V362 were respective N- and C-terminal segments consistent with a relatively

invariant structural fold (Figure 2.7 on page 22). The intervening S351 serves as

a pivot point between the N- and C-terminal portions of the peptide, although its

dihedral angles across the ensemble of structures are well clustered (Figure 2.8 on

page 23), and its dihedral angle order parameters are close to unity, but in close

proximity to a flexible region (Figure 2.9 on page 24). Residues assigned to the two

helical segments were also well clustered by dihedral angle (Figure 2.8). While the
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penultimate C-terminal K residue was surprisingly well-clustered by dihedral angle,

M363 (also near the C-terminus) had a large dispersion of backbone dihedral angles

over the ensemble (Figure 2.8).

2.3.4 Structural Superposition Of TM IX

Peptide segments between 4 and 19 residues long were iteratively superimposed to

provide a minimum rmsd relative to the backbone of the lowest energy structure (Fig-

ure 2.7 on page 22). Those superpositions producing the largest contiguous segments

of residues with rmsd values < 1.0 were additionally filtered based on average rmsd

across the entire segment. The following permutations were assessed: N-terminal

segments between residues 337-342 and 345-354 and C-terminal segments between

residues 349-354 and 357-367 were superimposed by the method of Kabsch (31) as

implemented in the LSQKAB software of the CCP4 suite (32). K337-L350 and G352-

V362 were the respective N- and C-terminal regions with rmsd values most consistent

with a fixed region of structure (Figure 2.7 on page 22). The dihedral angle order

parameter (Figure 2.9) was consistent with a region of structural flexibility (i.e., a

pivot point at S351) between the determined segments.

2.4 Discussion

2.4.1 Structural Analysis Of TM IX

Where the full-length structure of proteins is available, studies have shown that

isolated TM segments both reflect the structure of intact proteins and often retain

their functional characteristics. Specific examples include bacteriorhodopsin (33, 34),

rhodopsin (35), the cystic fibrosis TM conductance regulator (36, 37), and the fungal

G-protein-coupled receptor Ste2p (38). Stabilization of the physiological structure of a

TM segment may be solvent-dependent as observed previously with bacteriorhodopsin

(33, 34), and TM IV (27) and TM VII (22) of NHE1. For this reason, we solubilized
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the 31-residue synthetic TM IX peptide in membrane-mimetic DPC micelles, a system

that has been well established (39, 40). We found that the structure of the TM IX

peptide in DPC micelles is an interrupted helix with a sharp, although potentially

flexible, bend immediately N-terminal to S351 (Figure 2.7 on page 22). This bend

results in a kinked, “L”-shaped structure retained across amino acids 338-365. The

relative position for the N- and C-terminal superposition segments around the S351

pivot is slightly variable across the ensemble. We have previously reported a similar

observation for NHE1 TM VII in DPC micelles, which was also determined by NMR

spectroscopy to be an interrupted helix, although with more variability in the angle

of the bend between converged segments (22). The residues involved in the kink

of TM VII were observed to be functionally critical residues. Similarly, it has been

reported that helix IV of NHE1 is kinked at functionally important amino acids (27).

The actual degree of flexibility in the context of the full-length protein would depend

on constraining interactions arising from other helices, from the surrounding lipid

bilayer, and through homodimer contacts (41). Kinked helices are thought to play

an important role in transport function for the prokaryotic Na+/H+ exchanger NhaA

(42), and the trend of studies on TM segments of NHE1 shows residues appearing at

kinked locations that are functionally critical.

There are two different membrane-spanning topologies for the NHE1 protein pro-

posed in the literature. The first, by Wakabayashi and co-workers (13), is based on

cysteine-scanning accessibility analysis and led to the present widely used model with

TM IX including amino acids 338-360. More recently a model was developed based

on fold recognition using the E. coli NhaA crystal structure as a template for phylo-

genetic analysis and homology modeling (14). In this model, amino acids 338-360 of

TM IX correspond to part of TM VII, a subsequent extracellular loop, and all of TM

VIII. Landau et al. (14) suggest that the previously described TM IX is an artifact

of the window size used for hydropathy analysis. However, the TM VIII arising from
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their model has a membrane-spanning length of ∼19 Å, which is short for a eukaryotic

membrane (43).

2.4.2 Structure-Function Correlation

In addition to the structural studies described above, a complementary set of func-

tional experiments on full-length cNHE1 in living cells were conducted by researchers

in the laboratory of our collaborator (Dr. Fliegel, University of Alberta), and the

results are detailed in the published manuscript (1). In all cases, they were able

to express an intact Na+/H+ exchanger protein. However, five of the mutants had

decreased NHE1 protein activity. For L343 and S351 this was due, at least in part,

to decreased expression and improper targeting. For Y339, I353, A355, and V361,

significant defects in protein function were introduced by mutation. The E346, I353,

and V361 side chains face the opposite direction of Y339, S351 and A355 side chains

in our structure (Figure 2.7). This would seem to conflict with their importance in

function; however, Landau et al. (14) suggested that S351 faces the lipid bilayer

despite its functional importance and that it can rotate by 180� to face the pore for

ion coordination. If true, the segment may sometimes face the pore and sometimes

the lipid bilayer.

Only two mutants, E346C and S351C, were strongly inhibited by reaction with

MTSET ((2-(trimethylammonium) ethyl)methanethiosulfonate) (a positively charged

sulfhydryl-reactive reagent), and no mutants were inhibited by MTSES ((2-sulfonatoethyl)

methanethiosulfonate) (a negatively charged sulfhydrl-reactive reagent). The most

likely explanation for their reactivity with MTSET is an interaction at a site that

lines and blocks the ion translocation pore (44). There were minor inhibitory effects

of MTSET on the adjacent amino acids A345 and L350 (1). Their mutation could

cause a minor perturbation of the structure of TM IX in this region that affects E346

and S351 but is also consistent with these residues having at least partial exposure to

the pore. In support of this concept, A345, E346, and L350 all cluster with side chains
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on the same face of the segment throughout the ensemble of structures. Although

S351 is consistently (37/40 ensemble members) on the opposite face of the peptide,

this observation may be explained by the rotation mechanism suggested by Landau

et al. (14).

Positively charged MTSET but not negatively charged MTSES inhibited NHE1

activity in the E346C and S351C mutants. This contrasts with the results for the

F161C mutant of TM IV that was inhibited by both compounds (27) but mirrors

results with TM VII (45). MTSET may disrupt cation translocation by direct elec-

trostatic repulsion, whereas negative MTSES would not. Alternatively, MTSES may

not be able to react with these amino acids because of repulsion on the protein surface

from negatively charged amino acids important in ion coordination (46). Local pro-

tein conformation and chemistry have been shown to affect accessibility to sulfhydryl-

reactive reagents in both K+ channels (47) and in the FMRF-amide-activated sodium

channel (48). The E346C cNHE1 mutant exhibited a higher degree of kinetic inhi-

bition for the same measured parameters as S351C (1) and was similarly affected by

MTSET (inhibition) and MTSES (no inhibition). In both topology models (13, 14)

S351 is located in the intramembrane region of the protein. Therefore, our results

are consistent with S351 being pore-lining in both cases and MTSET obstructing the

pore. In the first topology model (13), E346 is also in the intramembrane region

and should be pore-lining, potentially on the same face of a TM segment as S351.

However, our structural analysis did not place these residues on the same face, and

only 3/40 ensemble members show this positioning. This may suggest an extracellu-

lar loop position for E346, as proposed by Landau et al. (14). MTSET modification

could then obstruct cation transport by preventing entry to the pore (E346).

The observed increase in Km(Na+) for S351C mutants (in kinetic studies by our

collaborators detailed in the published manuscript) is consistent with at least moder-

ately reduced extracellular coordination efficacy, and may therefore be supportive of
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a role in the extracellular cation funnel for S351 as suggested by Landau et al. (14).

The decrease in Vmax(Na+) may imply a measurable contribution to inhibition by a

perturbation in overall pore structure or that ion coordination by S351 is rate-limiting

(i.e., that we are not simply observing reduced electrostatic interaction that can be

overcome by ligand saturation). Finally, the reduced Vmax values for H+ transport

and especially the reduced intracellular (i.e., allosteric) activation of S351C cNHE1

by H+ are in agreement with an overall perturbation in tertiary structure.

Based on dihedral restraints and rmsd analysis, our data suggest that M340-S344

is helical, and although this is consistent with these residues lining a TM segment

as they do in both models, the lack of contiguous α-helical character observed in the

ensemble C-terminal to this segment until the second major helical segment (I353-

S359) would be consistent with the extracellular loop assignment of residues 345-352

(14). The observed pivot at S351 (Figure 2.7 on page 22) also supports the possibility

of an adjacent flexible extracellular loop at the location suggested by Landau et al.

(14). E346 and G352 have been implicated as being critical in NHE1 inhibitor binding

(17, 18). Placement of these residues at or near the extracellular surface is consistent

with a site of drug interaction.

A distorted and interrupted helix with a bent L-shape would result if the peptide

NMR structure was treated as a single TM segment (13). The bent structure we

observe is consistent with a eukaryotic membrane span, the distance between Cα

of S338 and S359 is 28 ± 2 Å in our structures. Conversely, if the Landau et al.

(14) topology is correct, residues H349 and V362 would be at the extracellular and

intracellular faces, giving a transbilayer length of 19±1 Å, a length typically assumed

to be insufficient to span a eukaryotic membrane (43). To attempt to resolve these

topological issues, our collaborators performed a series of experiments with amino

acids 345-348 to determine the accessibility to the extracellular surface. However,

it was not possible to get consistent results that either verified or disproved their

14



extracellular or TM location (not shown). Even when externally accessible residues

are detected, they are sometimes assigned intracellular locations using the argument

that they represent pore-lining residues (13), making assignment of location somewhat

arbitrary. The functional studies (by our collaborators) showing inhibition by MTSET

or our structural studies on the isolated TM IX peptide provided valuable data on

the importance of these residues in function, but they are unable to shed light on

their precise topology.

We found that amino acid M363 displayed an elevated dispersion of backbone

dihedral angles, and this may suggest functionally important flexibility at this position

(Figure 2.8 on page 23). However, the functional work of our collaborators showed

that the M363C mutation did not eliminate activity and that it did not react with

MTSET or MTSES (1), which is somewhat contradictory to the idea that it is critical

to function. Wakabayashi et al. (13) suggested that M363C is in an extracellular loop.

Landau et al. (14) placed M363 in an intracellular loop. Our results strongly support

M363 as a loop residue displaying a high degree of flexibility, but they cannot localize

this residue to either face of the membrane nor assign a critical pore-lining role to

this amino acid.

Overall, the combination of my NMR structural studies with the work of our

collaborators provides a detailed structural and functional picture of the functionally

critical amino acids 339-363 of the NHE1 isoform of the Na+/H+ exchanger. Our

collaborators demonstrate that 5 of 25 residues are very sensitive to mutation to

cysteine, and that E346 and S351 are involved in cation translocation and likely line

the cation pore (1). The ensemble of structures, representing a kinked helical peptide,

is similar to that previously reported for TM VII (22), but with a larger bend angle at

the pivot point, S351. Amino acids M340-S344 and I353-S359 are helical. To resolve

whether amino acids 339-363 represent one TM segment or parts of two, a full-length

structure of NHE1 is necessary. It is encouraging that expression and purification
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of full-length NHE1 has been achieved, but currently only a low-resolution structure

obtained by electron microscopy is available (41).
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Figure 2.1: The NHE1 TM IX construct in DPC micelles was studied by TOCSY
(white peaks) and NOESY (blue peaks) NMR experiments. There are substantially
more peaks in the 1H-1H NOESY (225-ms mix) experiment than in the 1H-1H TOCSY
(60-ms mix; decoupling in the presence of scalar interactions spin lock) on an 800 MHz
spectrometer. This is consistent with the detection of through-space interactions in
the NOESY and the restriction to scalar correlations in the TOCSY.
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Figure 2.2: A representation of NOE contacts, which are limited to internuclear
distances of ≤ 6 Å, between residues in the context of the primary sequence of NHE1
TM IX. This representation is modified from CYANA (L.A. Systems, Inc.) output
and is consistent with the contacts outlined in Figure 2.3 on page 18 (i.e., consider
the paucity of long-range NOE restraints).
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restraints for NHE1 TM IX is summarized in this stacked histogram modified from
CYANA (L.A. Systems, Inc.) output. Medium range restraints vary between 2 and 4
positions in the primary sequence, while long range restraints are five or more residues
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Figure 2.6: The synthetic NHE1 TM IX peptide NMR sample was diluted to produce
a solution composed of ∼10 μM peptide and ∼3 mM deuterated DPC (pH ∼4.8). Nine
replicate CD measurements were collected over three separate days on a Jasco J-810
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Figure 2.7: Assessment of superposable segments of the NHE1 TM IX NMR ensemble
was performed using the LSQKAB program of the CCP4 suite (32), with evaluation
of optimal superposition using criteria that include minimization of both local and
global rmsd. The results include two superposable segments: between residues 337-
350 (A) and 352-362 (B). Both of these segments have been extended in this figure to
include the putative pivot point at S351, which was also found to be critical for NHE1
activity. Other functionally relevant residues (Y339, E346) and the strikingly mobile
M363 (see Figure 2.8 on page 23) are also highlighted. Two alternative views of the
lowest energy NHE1 TM IX NMR ensemble member are also shown (C) with colouring
from N-terminus (blue) to C-terminus (red). This is a representative structure, but
the angle of the kink near S351 and side chain positions are variable in the ensemble.
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Chapter 3

NMR Spin Relaxation Studies And
The Dynamics Of NHE1 TM VII
(Based On The Published
Manuscripts (2) And (3))

3.1 Introduction

The previous chapter (chapter 2 on page 3) introduced the biological significance

of the human NHE1 protein and I presented my structural NMR studies of the ninth

TM segment of NHE1. The structures of a number of other NHE1 TM segments

have also been studied by NMR spectroscopy in membrane-mimetic environments as

part of a “divide and conquer” approach to the study of NHE1 structure. A com-

mon theme in many of these structures is the presence of a disruption in helicitiy—a

kink in the regular secondary structure which may confer structural flexibility. How-

ever, apparent flexibility in an NMR ensemble may result from a lack of observable

NOE restraints and not necessarily true motion in the peptide. NMR spin relaxation

experiments are well suited to probing the ps-ns and μs-ms time scale dynamics of

amino acids, and I employed 15N backbone relaxation NMR experiments to probe

the dynamics at selectively labelled positions in the NHE1 TM VII peptide construct

reconstituted in DPC micelles. This introduction is based on a review of NMR spin
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relaxation I published (3), and followed by a section based on the NHE1 TM VII spin

relaxation studies I published (2).

3.1.1 Introduction To NMR Spin Relaxation

NMR spectroscopy is a powerful technique for studying the dynamics of biomolecules

using spin relaxation experiments. Frequently, when studying a protein or peptide,

the objective of a backbone 15N NMR dynamics study is to identify and differentiate

restricted versus mobile residues in the primary sequence and relate this information

to structure and function. This type of information has lead to many biologically

relevant insights, with some recent examples following. 15N relaxation analysis of

PSE-4 β-lactamase revealed μs-ms time scale mobility for residues in the active site,

consistent with the ability of this enzyme to degrade a number of diverse β-lactam

antibiotics (54). General odorant-binding proteins (GOBPs) also have promiscu-

ous interaction profiles, and a recent relaxation study of honeybee GOBP ASP2

revealed increased backbone 15N-1H ms time scale mobility at the ligand entry site

(55). 15N spin-lattice (T1), spin-spin (T2), and heteronuclear nuclear Overhauser ef-

fect (NOE) relaxation measurements revealed positions of active site flexibility in the

essential dihydrofolate reductase enzyme from Bacillus anthracis (56), the highly re-

silient causative agent of anthrax. This structure-activity relationship is important

for the design of potent inhibitors.

Binding events are also frequently detected by NMR relaxation. The acidic

residues in calcium-binding domain 1 of the Na+/Ca2+ exchanger are significantly re-

stricted upon binding of calcium (57). In contrast, Escherichia coli 6-hydroxymethyl-

7,8-dihydropterin pyrophosphokinase exhibits increased 15N-1H mobility when bind-

ing substrate analogues, mobilizing loops that may stabilize the transition state

(58). Based on a September 2009 ISI Web of Knowledge (Thomson Reuters Inc.)

search, nearly 2000 original research articles and 170 reviews cite the original Li-

pari and Szabo (6) model-free approach to NMR relaxation analysis. This demon-
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strates not only the popularity of the Lipari-Szabo model-free approach but, more

generally, the widespread degree to which biomolecular NMR relaxation methods are

used. Accordingly, the field of NMR spin relaxation has been extensively reviewed

(59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75).

Understandably, in the more than 60 years since the first detection of an NMR

signal (76, 77), the methodologies and computer software employed for extracting

dynamics information have diverged. In practice, several programs may be compared

in the calculation of relaxation parameters. d’Auvergne and Gooley (78) present a

detailed analysis of the limitations of various algorithms used for the interpretation

of NMR relaxation data. For the NMR spectroscopist uninitiated to spin relaxation

theory, however, the ready analysis of experimental data is compounded by the di-

versity of analytical approaches, the use of CGS versus SI units in defining constants

and equations by different authors, and the lack of available sample calculations. It

is therefore difficult to assess the quality of newly collected relaxation data without

prior experience in the field. I will therefore review relaxation parameters and de-

scribe a web interface for graphing the theoretical trends of relaxation parameters to

provide a first-check as to whether collected relaxation data matches with the pre-

dictions of theory. This is a crucial concern for the NMR spectroscopist preparing to

embark on an exhaustive relaxation analysis for the first time. Thorough theoretical

reviews of NMR spin relaxation analysis are available (i.e., (71, 69)), but are not

necessarily accessible to the spectroscopist new to relaxation. Although our focus is

on solution-state peptide and protein 15N-backbone NMR relaxation experiments, the

fundamental principles are applicable to other biomolecular systems, and a diverse

set of examples are considered that may be placed in an experimental context using

the new web interface I introduce.

Before diving into the specifics, it is important to understand the microscopic

origins of spin relaxation in solution-state NMR. Perhaps the most intuitive way to
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understand the NMR spin relaxation process is to first consider the fully relaxed

thermal equilibrium state (79). At thermal equilibrium, two important conditions

are met: 1) the populations of each spin state (i.e., α and β, for a spin 1/2 nucleus)

are given by the Boltzmann distribution; and 2) all coherence between α and β spin-

states is lost. Spin excitation with an on-resonance radiofrequency pulse may disturb

the equilibrium and break either of these conditions. For example, a π-pulse inverts

the spin state populations (i.e., α and β populations are exchanged, for a spin 1/2

nucleus), breaking the condition of a Boltzmann distribution. Alternatively, a π/2-

pulse produces coherent transverse magnetization, breaking the second equilibrium

condition. Return to thermal equilibrium occurs by two relaxation mechanisms.

The restoration of the Boltzmann distribution, or spin-lattice relaxation (charac-

terized by a time constant T1), occurs as a result of the coupling of excited spins with

the surrounding environment, termed the lattice for historical reasons (80). Random

reorientation of molecules in a liquid modulates the local magnetic field experienced

by a given spin. In typical macromolecular cases, two orientationally dependent com-

ponents come into play: the magnetic fields induced by direct dipole-dipole coupling

with neighbouring spins, which depend upon relative dipole orientation; and the fields

caused by molecular electron currents, which depend upon molecular orientation rel-

ative to the static magnetic field. These fluctuations drive spin-lattice relaxation

by inducing transitions between spin states, specifically by field fluctuations at the

Larmor frequency of the nucleus.

Spin-spin relaxation (characterized by T2) refers to the restoration of the second

condition of thermal equilibrium, a loss of coherence between spins, as a result of

individual variation in Larmor frequency for each spin due to local field fluctuations

(81). Unlike spin-lattice relaxation, spin-spin relaxation of a given nuclear spin does

not rely on a transition of total spin state; however, field fluctuations are dependent

on spin state transitions by neighbouring nuclei.
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Enhancement of magnetization relative to the thermal equilibrium level by the het-

eronuclear NOE is also frequently exploited for dynamics measurements in biomolec-

ular NMR. The NOE is, of course, dependent upon the dipole-dipole distance and

the relative gyromagnetic ratios of each spin (79). Assuming that these factors are

known for a given pair of heteronuclei in sufficient proximity for the NOE to oc-

cur, the enhancement of longitudinal magnetization for a non-irradiated spin that is

dipole-dipole coupled to a spin being irradiated by a weak radiofrequency field de-

pends on cross-relaxation between the irradiated spin and and non-irradiated spin.

The cross-relaxation rates (zero-quantum and double-quantum transitions) depend

on the molecular tumbling rate (81).

It is intuitive that spin relaxation is sensitive to dynamics, the motion of bond

vectors for example, because each of these relaxation processes is driven by motion.

After collection of T1, T2, and NOE relaxation data, there are two main routes for

mathematical analysis: 1) the Lipari and Szabo (6) model-free approach mentioned

above; and 2) reduced spectral density mapping (8, 9).

The model-free approach provides intuitive motional parameters. S2, the order

parameter, is a measure of motion amplitude and ranges from 0 for an isotropic bond

vector to 1 for complete restriction of motion. S2 does not provide sufficient informa-

tion to obtain the path or model of motion for a bond vector—hence the model-free

label for this technique (59). The model-free approach assumes separability of in-

ternal bond vector motion and overall molecular motion. The former timescale is

quantified as the effective internal correlation time, τe, whereas the latter is referred

to as the overall rotational correlation time, τc. These three model-free parameters

are generally easier to interpret than the spectral density values obtained by reduced

spectral density mapping.

The spectral density function, J(ω), is the Fourier transform of the rotational

correlation function. In 15N biomolecular spin relaxation, the correlation function is
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typically defined for the motion of a 15N-1H bond vector (6). J(ω) is thus defined as

the probability of observing rotational motion at a particular frequency, ω. The case of

J(0), for example, could represent the (relative) population of a particular backbone

15N-1H bond vector that has zero frequency, or that is rotationally immmobile, at

any given time. As a whole, spectral density mapping provides the capability to

demonstrate the relative degree of high- to low-frequency oscillations for a given

bond vector (extensively reviwed in (64)). It has one significant advantage over the

model-free approach, in that it does not require that internal bond vector motions

occur independent of overall molecular tumbling.

Motional separability tends to be a particularly poor assumption for non-globular,

unfolded proteins (59). As an example, Eliezer et al. (82) characterized the progres-

sion of myoglobin from an unfolded precursor to the fully folded globular protein by

NMR relaxation experiments, demonstrating much greater mobility for residues in

the unfolded versus folded state of the protein. Clearly, local reptation implied by

dramatically increased mobility on a per-residue basis in an unfolded protein makes

the separability of internal and overall motions unlikely. In any situation where this

separability is suspect, spectral density mapping as opposed to, or at least in parallel

to, model-free analysis may be essential (59).

Although I focus here on 15N as a probe of local dynamics, 2H and 13C isotopes

may also be used to study the dynamics of biomolecules, as is especially popular for

the study of amino acid side chain motion. Isotope enrichment is typically employed,

but it should be noted that 13C relaxation experiments may also be performed at

natural abundance (83). Uniform labelling with 13C and fractional labelling with 2H

was used with 2H-NMR relaxation experiments to study the side chain methyl group

dynamics in the C-terminal SH2 domain of phospholipase-Cγ1 (84), the first solution-

state NMR study of this kind. The relaxation of a deuteron is dominated by the

quadrupolar interaction that can simplify interpretation of relaxation data relative
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to other nuclei, which can have multiple significant contributions to relaxation. Tu-

garinov et al. (85) introduced a new set of deuterium NMR relaxation experiments,

allowing the study of side chain dynamics for large (∼100 kDa) proteins using malate

synthase G (a 723 residue single polypeptide chain enzyme) as the test system for the

experiments. Experiments using different methyl isotopomer probes (CHD2; CH2D)

were consistent with each other, with previous experiments, and with molecular dy-

namics simulations. A comparison of the strengths and weaknesses of 2H and 13C spin

relaxation experiments has been conducted on recombinant human ubiquitin (86). 2H

relaxation methods were better for providing methyl symmetry axis information with

limited data, whereas 13C relaxation provided more robust model-free parameters for

the time scale of methyl rotation and methyl symmetry axis motion.

3.1.1.1 Assessing The Trend Of T1, T2, And NOE With Magnetic Field
Strength

Any biological insights from NMR relaxation result from translating raw exper-

imental peak height or volume data into a set of intuitive relaxation parameters

relating a residue to its mobility. The NMR pulse sequences and the calculation of

initial 15N T1, T2, and NOE values are well described by the seminal work of Farrow

et al. (87). Since it is quite common to perform these experiments at multiple mag-

netic field strengths (8, 88), one of the first checkpoints of data integrity is the trend

of T1, T2, and NOE with magnetic field strength. For this reason, I have created

an online plotting tool (available at http://structbio.biochem.dal.ca/jrainey/

Tyler_relaxation/) using the Python code in appendix C on page 253, which ac-

cepts a number of NMR relaxation parameters that can be tailored to a specific

system to produce the theoretical trends of the relaxation times T1 and T2 (as well as

the related rates R1 and R2) and the heteronuclear NOE with magnetic field strength.

Initially, the user may not have an accurate estimate of certain relaxation parame-

ters, τe, S
2, τc, which are discussed in detail below. In these cases, the user may
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input minimum and maximum values, which are plotted as a series of graded values.

A set of detailed tables of parameter values for various peptide/protein systems are

available in the published manuscript (3).

3.1.1.2 The Overall Rotational Correlation Time, τc

The overall rotational correlation time represents the time required for the molecule

to tumble through one radian in an arbitrary direction (81). It depends on the size

and shape of the molecule and the solvent viscosity. Some studies are consistent with

the general rule of 0.5 ns overall correlation time per 1 kDa of molecular weight in a

system (89, 90, 91). In contrast, there are also several cases where this estimate is

not accurate (92, 93, 94). τc is normally observed to decrease with increasing tem-

perature. Recombinant human ubiquitin τc varied as follows: 8.84 ns (5 �C), 6.36

ns (15 �C), 4.71 ns (25 �C), 3.58 ns (35 �C), 2.77 ns (45 �C), and 2.17 ns (55 �C)

(95). A progressive drop in τc with increasing temperature was also observed for a

calmodulin-peptide complex: 11.81 ns (22 �C), 8.26 ns (35 �C), 6.33 ns (47 �C), 5.00

ns (60 �C), and 4.10 ns (73 �C) (96).

In the case of proteins solvated by micelles or bicelles in solution, the “aggregate

weight” versus molecular weight must be taken into account, making estimation of

τc more difficult. For example, Yan et al. (94) proposed that a concentrated pro-

tein solution can increase the aggregation number of micellar systems, as discussed

previously (97). Furthermore, 100 mmol/L NaCl can increase the SDS aggregation

number from approximately 60 to 91 (98). Elevated aggregation numbers in these

situations may account for increases in observed correlation times.

One simple theoretical approach for the estimation of τc is the Stokes-Einstein-

Debye relation, which depends on isotropic motion for approximately spherical globu-

lar proteins (80). Of course, many proteins are not spherical and, even in the absence

of micelles or bicelles, there is still the possibility that the protein itself aggregates

in solution. More sophisticated approaches to estimation of τc include a relationship
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between rotational correlation time and solvent accessible surface area (99), hydro-

dynamic calculations (100), and NMR relaxation interference experiments (101). In-

dependent experimental measurement of τc may also be performed by time-resolved

fluorescence spectroscopy or light scattering (80). However, most conveniently, NMR

relaxation experiments are an excellent method for estimating τc if the protein size

is less than 30 kDa (101). The normal procedure is to use a ratio of transverse

(R2 = 1
T2
) and longitudinal (R1 = 1

T1
) relaxation rates (91, 102, 103, 104). Large

deviations between theoretical predictions for τc and the experimentally determined

value may suggest oligomerization.

3.1.1.3 The Generalized Order Parameter, S2

The generalized order parameter (S2), introduced in the development of the

model-free formalism by Lipari and Szabo (6, 7), is an intuitive way to character-

ize the amplitude of internal picosecond-nanosecond timescale motions of bond vec-

tors studied by NMR relaxation experiments. S2 values are always between 0 (fully

isotropic) and 1 (a completely restricted bond vector). In the case of the extended

Lipari-Szabo formalism (105), S2 = S2
fS

2
s , where S

2
f and S2

s are order parameters rep-

resenting fast (ps timescale) and slow (ns timescale) internal motions, respectively.

In both formalisms, the degree of motional restriction does not specify a particular

model of motion, hence the “model-free” terminology.

Intuitively, S2 is expected to decrease at higher temperature due to increased ther-

mal motion, although only a 0.03 average decrease in S2 was observed between 12

and 37 �C for Ribonuclease H (106). 15N-1H NMR relaxation experiments on recom-

binant human ubiquitin at temperatures ranging from 5 to 55 �C also demonstrated

a small drop in the order parameter as temperature was increased, with average

dS2

dT
= −2.3± 0.95× 10−3 K-1 (95). Similar studies on a calmodulin-peptide complex

over the range of 22-73 �C also demonstrated a small dS2

dT
of −1.5 × 10−3 K-1, on

average, with S2 actually increasing slightly from the minimum value at 60 �C to
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the value obtained at 73 �C (96). The loop residues not involved with Ca2+ bind-

ing had order parameters lower by almost 0.10, and had the greatest temperature

dependence; notably residues 115 and 116 had dS2

dT
∼−5 × 10−3 K-1. Futhermore,

15N-H order parameters showed significantly larger changes with temperature for the

unfolded states of staphylococcal nuclease (SNase) and the N-terminal SH3 domain

of drk (drkN SH3) versus their respective folded states (107). For SNase, between

15 and 32 �C, ΔS2
avg = 0.045 ± 0.031, but ΔS2

avg = 0.143 ± 0.032 for the partially

unfolded SNase mutant Δ131Δ. The authors also observed this striking contrast be-

tween the folded drkN SH3 (ΔS2
avg = 0.004 ± 0.036) and the protein denatured in 2

mol/L GuHCl (ΔS2
avg = 0.087± 0.025) for a temperature change between 14 and 30

�C. These changes were related to the different contributions of motion to the overall

heat capacity of folded and unfolded proteins. Clearly, the folding state of a protein

is relevant to the temperature sensitivity of 15N-H order parameters.

An extensive database analysis of the relationship between generalized order pa-

rameter values and protein secondary structure has been conducted (108). Of the

1855 order parameters surveyed from 20 proteins, S2
avg = 0.839± 0.106. The authors

find that the backbone mobility of an amino acid is strongly correlated with its side

chain size, and to a lesser extent, the size of the neighbouring residue side chains.

The smallest residue, glycine, is also the most mobile (S2
avg = 0.81 ± 0.14), whereas

tryptophan, which has the largest volume, is the most restricted (S2
avg = 0.87±0.07).

It is commonly reported that S2 is larger in canonical secondary structure elements

versus disordered loops (109), but (108) report only a slightly more mobile average

for residues in loops (S2
avg = 0.81 ± 0.11) versus helices (S2

avg = 0.88 ± 0.07) or β-

structures (S2
avg = 0.85± 0.07). Terminal residues were mobile (S2

avg = 0.61± 0.24),

as might be expected for these often less-structured regions.

It must be noted that the 20 proteins in the database used in (108) are all stable

and folded. Intrinsically disordered proteins (IDPs) are increasingly recognized as
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biologically important effectors with a high binding plasticity (110, 111), which may

exhibit a very different set of dynamic behaviours. Human securin, a regulator of cell

division, is a 202 residue protein with 24 prolines, and is considered an IDP (112).

NMR relaxation analysis is consistent with transient structuring in certain segments

of securin. There is a central plateau for relaxation rates in the primary sequence

and higher rates at the termini, although no model-free parameters were provided.

Transient helical structuring was also observed in the IDP Sml1 based on chemical

shifts, and NMR relaxation results (R1, R2, and steady-state NOE) consistent with

restricted motion for residue segments 4-20 and 60-86 (113). In another study, the

Sml1 backbone structure was incredibly flexible with all S2 < 0.6, except for the tran-

siently helical regions (114). A remarkably similar degree of flexibility was observed

for the backbone of the N-terminal half of hepatitis C virus core protein (C82), also

an IDP, with S2
avg = 0.59 ± 0.04 (115). Similarly, the natively unfolded propeptide

subtilisin (PPS) was flexible with S2
avg = 0.57± 0.06 (116). To fit the PPS 15N relax-

ation data, the authors modified the traditional model-free approach by fitting each

residue with a distribution of rotational correlation times to reflect the ensemble of

states for the unfolded protein. S2 and τe, the next parameter in our survey, were

both separately fit for each individual residue . Clearly, different analytical strategies

are being explored for the dynamics of natively unfolded proteins, and S2 values are

frequently lower on average than those considered canonical for structural proteins.

It has recently been suggested that the order parameters determined from model-

free analysis are merely starting values (117). A thorough assessment of N-H bond

vector reorientational motion involves a variety of order parameter simulation meth-

ods that provide separate pieces of dynamic information: 1) the isotropic reorienta-

tional eigenmode dyanmics method (iRED) for assessing separability of internal and

overall motion as assumed by the Lipari-Szabo approach; 2) a first-order expansion in

local variances and covariances accounts for contributions from local dihedral angle
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fluctuations to the order parameter; 3) the three-dimensional Gaussian axial fluctu-

ation (GAF) method describes anisotropic peptide plane motion (118); and 4) the

local contact model provides direct estimation of order parameter from 3D structure.

Surprisingly, the local contact model produces an excellent agreement between ob-

served S2 values and values predicted directly from X-ray crystallography or NMR

structures of lysozyme, ubiquitin, interleukin-4, calmodulin, and an HIV-1 protease-

ligand complex, suggesting a strong link between structure and dynamic information

(119).

3.1.1.4 The Effective Internal Correlation Time, τe

The effective internal correlation time (τe) measures the time scale for internal

motions of bond vectors sweeping through an amplitude quantified by the order pa-

rameter. τe is notoriously difficult to interpret quantitatively because it is a com-

plex combination of geometric factors (6, 7, 120). Low τe precision from model-free

analysis is especially pronounced for restricted residues (S2 ≥ 0.8) (121), as I have

recently observed for a 15N NMR relaxation analysis of the seventh TM segment of

the Na+/H+ exchanger isoform 1 (2). Palmer (68) specifically indicates that τe is im-

precisely determined and usually not analyzed in detail. In the case of the extended

Lipari-Szabo formalism, the parameter is expanded into τf and τs, which are internal

correlation times for bond vector motions on picosecond and nanosecond timescales,

respectively (105). The authors report ranges of 200-300 ps for τf and 1-3 ns for τs

for relaxation studies on staphylococcal nuclease and interleukin-1β. The extended

method is normally used when timescales for internal motions differ by at least one

order of magnitude. Typically, τe is on the picosecond timescale and overall tumbling

occurs on the nanosecond timescale.
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3.2 NMR Spin Relaxation Studies Of NHE1 TM

VII

The above description of NMR spin relaxation, based on my published manuscript

(3), provides the necessary foundation to understand the model-free and reduced

spectral density mapping analyses of NHE1 TM VII in DPC micelles. The TM VII

work is based on another published manuscript (2) and it is detailed below.

3.2.1 NHE1 TM VII Background

I have used 15N NMR relaxation methods to study the dynamics of a 15N-labelled

peptide of TM VII of NHE1 and I correlate these studies with structural informa-

tion. Previous studies on functional aspects of the full-length NHE1 protein were

performed using alanine scanning and insertion mutagenesis at the TM VII segment

(residues 251-273) (22). Ala is the fourth most common amino acid in protein TM

segments and is the fifth most effective helix-inducer in a hydrophobic environment

(122, 123). Ala substitutions at 13 of 22 TM VII residues resulted in severely reduced

activity in the full-length NHE1 protein (22). Beyond perturbing intramolecular in-

teractions or removing key chemical moieties required for ion transport, if flexibility

at TM VII is important for NHE1 function (i.e., ion transport) Ala substitutions may

interfere by promoting the structural rigidity of an α-helix in addition to replacing

important charged or steric residues. The potential importance of flexibility in TM

VII is spurred by the ensemble of NMR structures for the peptide in DPC micelles,

which show an α-helix interrupted at G261-S263 (22). E262 is critical to activity

in the full-length NHE1 protein and, more specifically, an acidic residue at this po-

sition is hypothesized to be important for cation coordination (124). Since E262D

retains much of the NHE1 activity (124), it is possible that the reduced helix forming

propensity of acidic residues in comparison to Ala in addition to charge retention is

important for conserving both a disruption in helicity and ion coordination (22). The
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G261A and E262A mutants of NHE1 were 50 % and 48 % less active than the wild-

type protein, respectively, even after correction for reduced expression and targeting

(22). The G261-S263 region in the TM VII peptide in DPC micelles was found in

two predominant conformations, one in which G261-S263 is fairly extended and the

N- and C-terminal helical regions are distal to each other and the other in which the

helical regions are in close proximity and G261-S263 is allowing the formation of a

tight kink. Observation of a single set of NMR chemical shifts in this region implies

relatively rapid interconversion between conformations, and hence a rather dynamic

structure for the TM segment despite its reconstitution in DPC micelles. Given the

reduction in NHE1 activity following Ala substitution mutagenesis at G261 and E262

that were observed previously (22), a new set of mutations were also explored by our

collaborators (lab of Dr. Fliegel, University of Alberta) with the goal of testing the

effect of further restriction of motion in the TM VII segment. For this purpose, mu-

tation to Ile was chosen since Ile is the most common amino acid found in protein TM

segments and, of the 20 common amino acids, has the highest propensity for α-helix

formation in a hydrophobic environment (122, 123). Herein, my NMR spin relaxation

studies are presented in detail, while the details of collaborative mutagenesis studies

are presented in the published manuscript (2).

3.2.2 Materials And Methods

3.2.2.1 Materials

Deuterium oxide (99.9% D), deuterium oxide (99.9% D) with 1% sodium 2,2-

dimethyl-2-silapentane-5-sulphonate, and DPC-d38 (99.1% D) were purchased from

CDN Isotopes (Pointe-Claire, QC, Canada). A 535-PP NMR tube (Wilmad Glass

Co., Buena, NJ, USA) was used for all NMR relaxation experiments.

3.2.2.2 Peptide Synthesis And Purification

The TMVII peptide (HINELLHILVFGESLLNDAVTVVLYKK; free N-terminus,
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amide-capped C-terminus; the bold red-coloured residues having backbone 15N labels)

was synthesized using solid-phase Boc chemistry (125) and purified as previously

described (22). Peptide identity was confirmed by matrix-assisted laser desorption

ionization mass spectrometry and by amino acid analysis (Institute for Biomolecular

Design, Edmonton, AB, Canada).

3.2.2.3 NMR Spectroscopy

The NMR sample was prepared by dissolving ∼770 μM TM VII peptide in 90%

H2O, 10% D2O solution containing ∼75 mM DPC-d38. Chemical shifts were referenced

to 2,2-dimethyl-2-silapentane-5-sulfonic acid at 1.0 mM. Solution pH was adjusted

to 4.8 (deuterium isotope effects not taken into account), and all experiments were

carried out at 30 �C for consistency with structural studies (22). One-dimensional

1H observed, 15N NMR relaxation experiments were performed on 500, 600, and 800

MHz (800 equipped with cyrogenic probe) Varian Inc. (Palo Alto, CA, USA) INOVA

spectrometers, with parameters listed in Table 3.1 on page 55. The BioPack (Varian

Inc.) gNhsqc pulse sequence (126) was used for measurement of 15N relaxation of

labelled TM VII residues. The 15N relaxation rates were measured from 1D {1H-
15N}-HSQC spectra. All spectra were processed and analyzed with VnmrJ 2.1B

(Varian Inc.).

3.2.2.4 15N Relaxation Parameters

15N relaxation time constants (T1, T2) and their standard errors from the covari-

ance matrix were calculated using a nonlinear least-squares fit to a two parameter

monoexponential decay using xcrvfit version 4.0.121. Errors for the first order rate

constants (R1, R2) were propagated (127) from the time constant errors using:

δRi =
|Ri|
|Ti| δTi (3.1)

1http://www.bionmr.ualberta.ca/bds/software/xcrvfit/
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where Ri and Ti represent a pair of rate and time constants, respectively.

Steady-state {1H}-15N NOE values were calculated using the software relax version

1.3.2 (78, 128) as the peak height (I) ratios in proton saturated versus reference

spectra:

NOE =
Isat
Iref

(3.2)

Standard deviation (σ) was propagated from the root-mean-square baseline noise

as previously reported (87):

σNOE = NOE

√(
σIsat
Isat

)2

+

(
σIref
Iref

)2

(3.3)

3.2.2.5 Model-Free Calculations

The calculated T1, T2, and NOE values at three field strengths were used to deter-

mine the model-free parameters τM (overall rotational correlation time), S2 (gener-

alized order parameter), and τe (effective internal correlation time) through spectral

density function fitting using the following relaxation expressions (129, 8):

1

T1
=

(
d2

4

)
[J(ωH − ωN) + 3J(ωN) + 6J(ωH + ωN)] + c2J(ωN) (3.4)

1

T2
=

(
d2

8

)
[4J(0) + J(ωH − ωN) + 3J(ωN) + 6J(ωH) + 6J(ωH + ωN)]

+

(
c2

6

)
[3J(ωN) + 4J(0)]

(3.5)

NOE = 1 +

(
d2

4

)(
γH
γN

)
[6J(ωH + ωN)− J(ωH − ωN)]T1 (3.6)

where d = [μ0hγNγH
(8π2)

〈 1
r3NH

〉], c = (ωN√
3
)(σ‖ − σ⊥), μ0 is the permeability of free space,

ωN and ωH are the respective nuclear Larmor frequencies of 15N and 1H, γN and γH

are the respective gyromagnetic ratios of 15N and 1H, h is Planck’s constant, rNH

is the length of the amide bond, and σ‖ and σ⊥ are the parallel and perpendicular
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components of the axially symmetric chemical shift tensor. A value of −160 ppm was

used for (σ‖ − σ⊥) (87, 130). The form of the spectral density function used in the

Lipari-Szabo formalism is given by (6, 7):

J(ω) =
2

5

{
S2τM

[1 + (ω2τ 2M)]
+

(1 + S2)τ

[1 + (ωτ)2]

}
(3.7)

where 1
τ
= 1

τM
+ 1

τe
.

Fitting of the model-free parameters τM , S2, and τe to the relaxation data was

performed using a suite of Mathematica (Wolfram Research Inc., Champaign, IL,

USA) notebooks previously described (131) but modified by Spyracopoulos to include

data collected at multiple field strengths in a single calculation. Briefly, five forms

of the spectral density function are considered to account for mixtures of motion on

various time scales (131, 132). An optimization procedure is performed to fit the

experimental input (T1, T2, steady-state NOE) to each of these five mathematical

models, labelled 1-5. The appropriate model for each of the residues is selected using

the statistical approach of Akaike’s information criteria (AIC) (133), and 100 Monte

Carlo simulations were performed to estimate parameter errors (121).

3.2.2.6 Reduced Spectral Density Mapping

Using the reduced spectral density mapping approach (8, 9), measurement at

three field strengths for the steady-state NOE, spin-lattice (T1) and spin-spin (T2)

relaxation times of 15N allows for sampling of seven spectral density values describing

the motion of the system (88). The spectral density values, under the high frequency

approximation that J(0.921ωH) and J(0.955ωH) are both equivalent to J(0.870ωH)
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(8), are obtained from the following set of equations:

NOE = 1 +

(
d2

4

)(
γH
γN

)
[5J(0.870ωH)]T1 (3.8)

R1 =

(
d2

4

)
[3J(ωN) + 7J(0.870ωH)] + c2J(ωN) (3.9)

R2 =

(
d2

8

)
[4J(0) + 3J(ωN) + 13J(0.870ωH)]

+

(
c2

6

)
[3J(ωN) + 4J(0)]

(3.10)

Equations 3.8 to 3.10 allow solving for the three unknown spectral density func-

tions J(0.870ωH), J(ωN), and J(0). The field-dependent J(0.870ωH) and J(ωN)

alongside the field-independent J(0) give seven spectral density values for a given

bond vector at three field strengths. Uncertainties in the values of spectral den-

sity functions were calculated by propagating the uncertainties of the independent

variables using a sum of squares equation:

δq =

√(
δq

δx
δx

)2

+ · · ·+
(
δq

δz
δz

)2

(3.11)

where x . . . z represent any number of independent variables and δ values are param-

eter uncertainties (127).

3.2.2.7 Theoretical Calculations

The software Maple 11.02 (Waterloo Maple, Inc., Waterloo, ON, Canada) was

used to predict the trend for T1, T2 or NOE as a function of magnetic field strength

according to equations 3.4-3.7 (prior to the development of the web-accessible pro-

gram described in section 3.1.1.1 on page 33). Specifically, each of the three model-free

parameters used to describe the motion of 15N-H bond vector (S2,τe,τM) was indepen-

dently varied to study the robustness of the trend of T1, T2 or NOE with increasing

magnetic field strength. τM of the NHE1 TM VII peptide in DPC micelles was esti-
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mated using a T1/T2 fit strategy in the Mathematica notebooks introduced above, as

previously described (87, 131).

3.2.3 Results

3.2.3.1 Relaxation Parameters: T1, T2, and NOE

A set of 15N NMR relaxation data (T1 = 1
R1
, T2 = 1

R2
, and NOE) was acquired

at 500, 600, and 800 MHz for a specifically 15N labelled TM VII peptide in DPC

micelles at 30 �C (i.e., Figure 3.1 on page 52). The T1 values are similar for all six

15N-labelled TM VII residues, with slightly lower values for L254 at 500 MHz and

600 MHz but not at 800 MHz (Figure 3.2 on page 53). There is a trend toward

increasing T1 at higher field strength, although the increase is within the bounds of

experimental error. In contrast, T2 values clearly decrease at higher magnetic field

strength. For each magnetic field strength, the T2 values are approximately constant

over the six residues. The steady-state NOE values are also approximately constant

over the six 15N-labelled residues at a given field strength. Although NOE values

compared between different field strengths overlap within the bounds of experimental

error, there is a trend toward increasing NOE at higher field. The complete set of

relaxation parameter values and errors are presented in Table 3.2 on page 56.

3.2.3.2 Reduced Spectral Density Mapping

J(0.870ωH), calculated directly from equation 3.8, is plotted for the six 15N-

labelled TM VII residues and values are compared between field strengths in Fig-

ure 3.3 on page 54. The general trend is a decrease in J(0.870ωH) with increasing

field strength, although there is overlap between values within the bounds of exper-

imental error, and in the case of G261 J(0.870ωH) is slightly greater at 800 MHz

versus 600 MHz. From a sequential standpoint, all six 15N-labelled residues have very

similar J(0.870ωH). Using the calculated J(0.870ωH) and experimental T1 values,

equation 3.9 can be solved for J(ωN). J(ωN) values calculated from 500 MHz and
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600 MHz experiments overlap within the bounds of experimental error, but values

calculated from 800 MHz data are clearly smaller. In terms of primary sequence,

none of the six 15N-labelled residues differs within the bounds of experimental error.

Finally, experimental T2 values and calculated J(ωN) and J(0.870ωH) values can be

used to solve equation 3.10 for J(0). There is considerable overlap in J(0) across field

strengths within the bounds of experimental error, although there is a trend toward

higher values at 800 MHz. However, from a sequential standpoint, none of the six

residues has a significantly different J(0) at a given field strength.

3.2.3.3 Model-Free Analysis

The most common analysis of 15N amide relaxation data for proteins and peptides

is the Lipari-Szabo model-free approach where three parameters (S2,τe, and τM) de-

scribe the motion of a 15N-H bond vector based on spectral density functions (i.e.,

equation 3.7) (6, 7). The complete model-free results are summarized in Table 3.3 on

page 57. For L254, L258, and L273, AIC selection favored model five, but each fit

had a highly skewed χ2 distribution so the next most likely model was chosen. This is

also preferable because model five has the most fitting parameters (four), which can

increase the strength of fit independent of its true reflection of the empirical relax-

ation data. The AIC approach selected model four for G261, L264, and A268, which

includes a chemical exchange term, Rex—defined as a relaxation contribution from

μs-ms time scale motions (8). This is consistent with a strand of the peptide span-

ning from G261 to A268 that is subject to chemical exchange. G261 has a slightly

lower order parameter (S2 = 0.65 ± 0.02) than the other five 15N-labelled residues

(S2
average = 0.80 ± 0.02). For G261, the slightly reduced order parameter is not con-

sistent with an elevated J(0) (Figure 3.3). Although neither J(0) or S2 is remarkably

different from those of the other five residues, it is noteworthy that chemical exchange
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(Rex) motions in the μs-ms range can inflate J(0) for affected residues (88, 134):

J(0)obs = J(0)corr + λRex (3.12)

where λ is a positive scaling factor, λ = (3
2
)[ 1

3d2+c2
]; c and d are the chemical shift

and dipolar constants defined in section 3.2.2; and J(0)obs and J(0)corr are the values

before and after correction for the contribution from chemical exchange, respectively.

Since G261 has the largest Rex value estimated from model-free analysis (1.9 ± 0.2)

s-1 (Table 3.3), it is certainly possible that chemical exchange can account for the dis-

crepency of J(0)obs and order parameter for G261. I avoid a more detailed considera-

tion of chemical exchange since accurate quantification requires relaxation dispersion

experiments (88, 135).

3.2.4 Discussion

3.2.4.1 Relaxation Parameters: Comparing Theory And Experiment

The six 15N-labelled residues of the TM VII peptide have similar values for all

three relaxation parameters at each field strength (Figure 3.2 on page 53) suggesting

similar flexibility on the ps-ns time scale along the length of the peptide. Both T1

and T2 follow the expected theoretical trends within experimental error for relaxation

time versus field strength at the experimentally determined rotational correlation

time (τM) of ∼10 ns. Analysis of the steady-state NOE is a bit more convoluted. The

predicted trend is a decrease in the NOE with increasing field strength for a τe in

the tens of ps range as estimated from model-free analysis (Table 3.3 on page 57)

coupled with the experimentally estimated τM . However, we generally observe that

NOE increases with field strength (Figure 3.2). It is possible that the effective internal

correlation times are underestimated, in which case a τe of 350 ps would be sufficient

to account for the observed trend. This is not surprising given the low precision in the

τe estimations from model-free analysis (Table 3.3). Low τe precision from model-free
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analysis is especially pronounced for restricted residues (S2 ≥ 0.8) (121).

3.2.4.2 Reduced Spectral Density Mapping

No significant differences were observed for J(0.870ωH), J(ωN) or J(0) at a given

field strength for the six 15N-labelled residues (Figure 3.3 on page 54), again sug-

gesting that motions on the ps-ns time scale are similar for the tested residues. The

propagated errors at the three spectral density frequencies vary considerably, and

also depend on the field strength of measurement. The former result is consistent

with previous NMR dynamics analyses on a series of peptides where errors varied be-

tween negligible and large on a per-residue basis at a given spectral density frequency

(83). The most commonly used measure of structural flexibility in spectral density

mapping is J(0), the value of the function at zero frequency. It is normally inter-

preted as a measure of restricted motion, with large values suggesting increased local

structure, and small values consistent with flexibility (88, 83). Chemical exchange

(Rex) and
15N chemical shift anisotropy (CSA) variations along the primary sequence

of the peptide may contribute to errors in J(0) and may explain the deviations be-

tween field strengths we observed (Figure 3.3) for this theoretically field-independent

parameter (88). Specifically, J(0) values calculated from higher field strength data

are more susceptible to inflation by chemical exchange contributions to R2 (88), and

our J(0) values are generally greater using 800 MHz data (Figure 3.3). J(0) values

are similar for all six 15N-labelled residues, suggesting an equal degree of motional

restriction on the ps-ns time scale. The slightly reduced order parameter for G261

does not contradict its J(0) because chemical exchange can inflate the observed J(0)

(88, 134). If G261 is a pivot point allowing motion of the portions of TM VII C-

and N-terminal to it relative to each other, as we have previously suggested (22), the

motion at this residue is most likely to be on the μs-ms time scale. This estimate of

the motional time scale is based both on the observation of a single set of exchange-

averaged chemical shifts despite extensive conformational sampling in the peptide
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apparent from nuclear Overhauser effect contacts (22) and on the mathematical fit

of a chemical exchange term (Rex) from our model-free analysis (Table 3.3).

3.2.4.3 Correlating Structure, Dynamics, And Function

The structure of TM VII in DPC micelles is an interrupted α-helix (22). For a

converged structural ensemble without discarding a significant portion (> 34%) of

the NOE contacts assigned, it was necessary to employ a new dual-conformer calcu-

lation protocol (22, 29). Through parallel calculation of pairs of conformers, all NOEs

were satisfied, implying extensive conformational sampling about the G261-S63 re-

gion of the TM segment. The dual-conformer protocol is equally accommodating

of pairs of non-interacting conformers existing simultaneously in the ensemble vs.

oligomerization. Because NOEs were almost entirely satisfied through isolated dual

conformers, rather than dimer formation, TM VII was attributed to be a monomer

undergoing conformational exchange (22). The TM VII peptide gave a single set

of averaged chemical shifts, rather than multiple sets of independently sequentially

assignable shifts implying distinct and long-lived conformations (i.e., our recent struc-

ture of apelin-17 (136)). Chemical shift averaging demonstrates that interconversion

between the two major conformers assumed by TM VII in micelles is rapid on the

NMR time scale (∼ms or faster).

Placing this in context of 15N-backbone relaxation, the highly similar T1, T2, and

steady-state NOE values imply highly similar dynamics at the ps-ns time scale along

the length of the TM VII peptide. In light of both the chemical shift averaging and

the lack of distinctive variations in ps-ns dynamics, conformational interconversion

is therefore most likely to be in the μs-ms regime. To produce the observed dual-

conformer set of TM VII structures, this exchange must be occurring in the G261-

S263 region and is consistent with a chemical exchange model being selected from

model-free analysis for residues G261, L264, and A268 (Table 3.3 on page 57), with

the largest Rex parameter for G261. From these model-free results, a hypothetical
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mechanism is that the N-terminal region of TM VII is undergoing relatively little

μs-ms level motion while the G261-S63 pivot point is allowing the C-terminal region

containing L264 and A268 to exchange between two conformations relative to the

N-terminus.

In order to consider the necessity of flexibility allowed by the break in helicity of

the otherwise helical TM VII segment at residues G261-S263, I compare two sets of

mutagenesis studies performed by our collaborators (for the details of the functional

studies see (2, 22)). E262 is not considered in this structural-dynamic correlation

analysis, given the likelihood of involvement in ion translocation (14). There is a

perturbation to function with Ala mutation and almost complete loss of function

with Ile mutation for the full-length NHE1 protein with mutation at F260, G261 and

S263. Liu and Deber have tested the propensity for all 20 amino acids to form an

α-helix in a hydrophobic environment (122, 123). Using these results, the effect of

the various Ala and Ile mutations presented both previously (22) and herein can be

examined in the context of a perturbation to the formation of a non-helical region.

Mutation of F260, which is in the N-terminal α-helical region of TM VII, to Ala or Ile

would be fairly non-perturbing in terms of secondary structure propensity and F260I

reasonably conservative in terms of side-chain size; therefore, the loss of the F260

side-chain itself appears to be the critical feature of this mutation. Both G261A and

G261I are relatively non-perturbing in terms of α-helical propensity in a membrane.

For this position, therefore, the lack of steric constraint of a Gly residue seems likely to

be the most important factor, correlating well to the break in helical structure and to

the evidence for μs-ms scale dynamics at G261. S263 is sensitive to mutation to either

Ala or Ile, with mutation to either residue significantly increasing helical propensity.

A good possibility is that the Ala and Ile mutants are sufficiently perturbing to

local structure to extend the helical segment beginning at L264 to include S263A or

S263I. This would significantly perturb both structure and dynamics in the G261-S263
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region.

Interruptions in regular secondary structure have now been documented for NHE1

TM segments IV, VII, IX, and XI (22, 137, 1, 27). It will be important to assess the

theme of intermediate time scale motion about a pivot point such as that predicted

herein with more detailed chemical exchange information by performing relaxation

dispersion experiments (88, 135). Structural and dynamics characterization of mutant

TM domains which are known to significantly perturb function are also a potentially

valuable tool in terms of understanding these processes. Chemical exchange is entirely

consistent with the alternating-access mechanism proposed for exposure of E262 to

cytosolic protons during the ion translocation cycle of NHE1, where the residue is

bent away from the cytosol in certain conformations (14). An alternating-access

mechanism was also proposed for the homologous NhaA protein on the basis of its

crystal structure (42).
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Figure 3.2: The NMR spin-relaxation parameters spin-lattice relaxation time (T1),
spin-spin relaxation time (T2), and steady-state NOE are plotted for measurements at
three magnetic field strengths for each of the 15N backbone-labelled positions in the
NHE1 TM VII peptide construct. Each residue is numbered according to its position
in full-length NHE1.
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Figure 3.3: Spectral density values at high (J(0.870ωH)), intermediate (J(ωN)) and
zero (J(0)) frequencies are shown for each of the six 15N-labelled NHE1 TM VII
residues for measurements at three magnetic field strengths. The spectral densities
represent the population of 15N-H bond vectors rotating at a given frequency, and
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Table 3.3: Spectral density model selections and model-free parameters estimated for
each of the 15N-labelled NHE1 TM VII residues. Large uncertainties in the measure-
ment of τe are well-documented (69).

Residue Model S2 τe (ps) Rex (s−1)
L254 2 0.78± 0.01 40± 11
L258 2 0.89± 0.02 37± 229
G261 4 0.65± 0.02 16± 5 1.9± 0.2
L264 4 0.75± 0.02 36± 8 0.6± 0.3
A268 4 0.76± 0.02 24± 13 0.5± 0.2
L273 1 0.85± 0.02
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Chapter 4

Technicalities Of Spitz Preparation

4.1 Introduction

Spitz is a TM protein substrate of rhomboid-1 (Figure 4.1), an intramembrane

serine protease localized to the Golgi apparatus in the Drosophila secretory pathway.

Rhomboid is named for the abnormal rhomboid-shaped head skeleton observed in a

Drosophila mutant (138). It was later found that rhomboid-1 cleavage of spitz is im-

portant for the release of this Drosophila epidermal growth factor receptor (EGFR)

ligand and that proteolytic activity is controlled by Golgi compartmentalization of

enzyme and controlled trafficking of substrate by another protein, Star, from the

endoplasmic reticulum (ER) to Golgi (139, 140). Indeed, spitz is the principal acti-

vating ligand for Drosophila EGFR and is similar to mammalian TGFα. While Star

is clearly required to chaperone spitz from the ER to the Golgi, it is not involved in

the actual cleavage of spitz (139). The cleavage of spitz was clearly established to oc-

cur in the Golgi and the luminal fragment is then trafficked to the plasma membrane

and released for EGFR signaling. Drosophila rhomboid-1 was the first example of

an intramembrane serine protease, but a number of others have since been identified

across all kingdoms of life (reviewed by (10)). The sequence diversity between rhom-

boids in different organisms is striking, and only loose sequence requirements have

been established for substrate cleavage (141). There is, however, some agreement
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that postulated helix-breaking residues are required in the substrate for cleavage to

occur.

There are many biologically-relevant examples of rhomboid homologues. The

bacterial rhomboid AarA from Providencia stuartii cleaves part of the twin-arginine

translocase subunit, TatA, and this process is required for the release of a quorum

sensing ligand (142). Although TatA oligomerizes to allow for folded bacterial pro-

teins to exit the cell, it is not yet clear if the quorum sensing ligand is directly released

by the oligomerization of TatA. Nonetheless, P. stuartii is an opportunistic human

pathogen, and quorum sensing is involved in its antibiotic resistance (143). Futher-

more, apicomplexan rhomboids can cleave cell-surface adhesins, and this appears to

be important for invasion of host cells by Plasmodium falciparum (144), the para-

site responsible for human malaria. Yeast mitochondrial rhomboids are known to

regulate membrane remodelling (145). Similarly, the mitochondrial rhomboid PARL

(presenilin-associated rhomboid-like) regulates remodelling of cristae and apoptosis

in mice (146).

There is clearly a diverse set of rhomboid functions in different organisms, and

there are likely many functions yet to be uncovered. Surprisingly, there are no

rhomboid-specific inhibitors despite the fact that rhomboids are not phylogenetically

related to their soluble serine protease counterparts (reviewed in (10)). Indeed, rhom-

boids use a Ser-His catalytic dyad unlike their soluble counterparts which require a

catalytic triad involving aspartic acid (147). Furthermore, although it has been five

years since the first reported rhomboid protease crystal structure, that of E. coli GlpG

(4), it remains unclear how the substrate enters the active site of the protease—which

is surrounded by the helices of the polytopic rhomboid. Some convincing mutagenesis

work shows that GlpG TM5 is likely a substrate gate (148), consistent with the varia-

tions in TM5 position reported between several different rhomboid crystal structures

(reviewed in (149)).

59



Most structural studies to date on the spitz-rhomboid or homologous systems have

focused on the protease rather than the TM substrate. The recent crystallization of

E. coli GlpG with an irreversible (covalent) mechanism-based isocoumarin inhibitor is

a step in the right direction (150), but still does not fully address how a peptide-sized

substrate can laterally enter the TM core of the enzyme. To my knowledge, there

is no high-resolution structure available for a validated rhomboid substrate. With

the biological incentives for understanding rhomboid proteases highlighted above, we

endeavoured to produce the first high-resolution structure of a spitz TMD construct.

A number of attempts at producing and purifying a variety of spitz and related TMD

constructs are described in this chapter. Clearly, the peptides are not very tractable.

Although it was possible to collect NMR spectra for one of the preparations (see

section 4.4 on page 62), it has not been possible to solve the high-resolution NMR

structure yet. Additional studies on the spitz-rhomboid system were performed using

coarse-grained molecular dynamics simulations (see chapter 6 on page 191).

4.2 Solid-Phase Peptide Synthesis

My primary strategy for production of rhomboid protease substrate constructs was

the use of Fmoc (9-fluorenylmethoxycarbonyl) solid-phase peptide synthesis (SPPS).

Fmoc-protected amino acids, Fmoc-Lys(Boc)-Wang resin (0.57 mmol/g), Fmoc-Ile

Wang resin (0.55 mmol/g), O-benzotriazole-N,N,N’,N’-tetramethyl-uronium-hexafluoro-

phosphate (HBTU), and 2-(1H-7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyl uronium

hexafluorophosphate methanaminium (HATU) were from aapptec (Louisville, KY).

Fmoc-Lys(Boc)-Wang resin (0.19 mmol/g) was from Otwo Biotech (Guangdong,

China). Side chain protecting groups on Fmoc amino acids were 2,2,4,6,7-pentamethyl-

dihydrobenzofuran (Pbf) for Arg; triphenylmethane (Trt) for Gln and His; tert-

butyl (tBu) for Ser; and tert-butoxycarbonyl (Boc) for Lys. N,N-dimethylformamide

(DMF, sequencing grade) was obtained from Fisher Scientific (Ottawa, ON). N,N-
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diisopropylethylamine (DIEA) was consistently used to facilitate coupling reactions

while piperidine was used for Fmoc deprotection reactions. HBTU was used as the

coupling reagent for most reactions, but HATU was used for coupling with more costly

amino acids (especially those with isotopic labels), and for couplings that follow the

incorporation of His or Cys. For problematic coupling reactions, after several rounds

of attempted coupling, an acetylation reaction with acetic anhydride was normally

performed to cap unreacted sites. The Kaiser (151) and isatin (152) colourimetric

tests were used to monitor the completion of reactions.

4.3 Production And Purification Of A 34-Residue

Spitz TMD Construct (tr-08-1)

The Fmoc solid-phase peptide synthesis of a 34-residue construct (KRPRPM-

LEKASIASGAMCALVFMLFVCLAFYLRK; designated tr-08-1) of the spitz TMD

was performed using 0.6 g of Fmoc-Lys(Boc)-Wang resin (0.57 mmol/g loading). Af-

ter cleavage from the synthesis resin, the crude compound was largely insoluble in a

number of solvents: H2O, trifluoroacetic acid (TFA), isopropanol, acetonitrile (ACN),

and dimethyl sulfoxide (DMSO). After a few days of lyophilization in a mixture of

these solvents, ∼50 mg of crude peptide was dissolved in 3 mL of 100% TFA. The

TFA solution was diluted with 50% H2O/ACN, and a ∼0.7 mg/mL crude solution was

subjected to C3 reverse-phase high performance liquid chromatography (HPLC) (not

shown). Mass spectrometry results were consistent with the presence of the target

product, but the HPLC profile exhibited substantial impurities.

Many HPLC runs were performed and DTT treatment seemed to improve the

traces, so disulfide bond formation may have contributed to the reduced solubility

and tractability of the peptide. However, there were persistent inconsistencies in peak

elution times in matching runs and we decided to produce the same peptide construct

with Cys residues replaced by Ser in an attempt to improve handling (section 4.4 on
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page 62). In retrospect, I think it would have been worth performing several rounds

of crude lyophilization in the presence of excess H2O, as this approach often improved

the solubility of subsequent synthetic spitz constructs.

4.4 Production And Purification Of A 34-Residue

C→S Spitz TMD Construct (tr-08-2)

The substantial problems with peptide handling experienced working with the

TR-08-1 construct (section 4.3 on page 61) may relate to the formation of disulfide

bonds and oligomerization. I repeated the SPPS procedure using Ser in place of both

Cys residues. The new construct, labelled TR-08-2, was cleaved from the resin to yield

a yellow gel-like crude product that dissolved in 25% H2O, 25% ACN, 50% formic

acid. Lyophilization over several days with excess water produced a white powder.

Initial electrospray ionization mass spectrometry (ESI-MS) results were consistent

with the presence of 3+, 4+, 5+, and 6+ charged species of the ∼3828 g/mol peptide

(not shown).

The purity of the crude sample was further assessed by C18 analytical HPLC

(Figure 4.2 on page 74) and there were a number of species present. The MALDI-MS

results (not shown) were consistent with the elution of product in fraction 7 (30-35

minutes). TR-08-2 samples were concentrated by optimizing the solvent—optimal

reconstitution was achieved in 60% deionized water (DI-H2O), 40% ACN. After mul-

tiple attempts at HPLC gradient optimization for purification (not shown), one of the

most promising fractions produced an encouraging MALDI-MS result (Figure 4.3 on

page 75). We were reasonably satisfied with the purity demonstrated by this MALDI

spectrum (although in retrospect I’d be more concerned about the low molecular

weight species), and decided to purify the entire ∼19 mL crude stock. At the time we

were limited to a 250 μL sample loop, and I completed 76× 48-minute HPLC runs to

purify the crude (see Figure 4.4 on page 76 for a representative HPLC trace).
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The pooled TR-08-2 samples produced using the above workflow were lyophilized

and further HPLC purification was performed (Figure 4.5 on page 77). Curiously,

the MALDI-MS results for fraction 1 (Figure B.35 on page 251) and fraction 2 (Fig-

ure B.36 on page 252) similarly reflected a relatively pure sample with major species

∼3830 g/mol, and the results were also verified by ESI-MS (not shown). Thus, both

fractions were collected via many additional rounds of HPLC purification, yielding

0.8 mg and 2.4 mg of fractions 1 and 2 respectively. An NMR sample was prepared

with the following composition: 1 mM DSS, 95% H2O/5% D2O, ∼75 mM DPC-d38,

∼260 μM peptide (TR-08-2 fraction 1 ), and pH 5. A matching sample (but slightly

more dilute at ∼100 μM fraction 1, 32 mM DPC) was used for circular dichroism

spectropolarimetry (Figure 4.6 on page 78). The peptide appears to be α-helical,

and qualitatively similar results were obtained for a very dilute solution of fraction 2.

However, TOCSY (total correlation spectroscopy) and HSQC (heteronuclear single

quantum correlation) NMR experiments on a 500 MHz spectrometer had insufficient

signal, and the described sample may have been too dilute (not shown).

A more concentrated NMR sample was made with TR-08-2 fraction 2 with the

following composition: 0.96 mM peptide, ∼75 mM DPC-d38, 95% H2O/5% D2O, 1

mM DSS, and pH 5. Although reasonable signal/noise could not be obtained on

a 500 MHz spectrometer, high quality NMR spectra were obtained on a 700 MHz

magnet (fitted with a cryogenically cooled probe). 2D NOESY (200 ms mixing time,

Figure 4.7 on page 79), TOCSY (Figure 4.8 on page 79), and natural abundance

13C-HSQC spectra were used for resonance assigment. However, as demonstrated in

the TOCSY caption, there is substantial resonance overlap and after several weeks of

attempted assignment it was deemed unlikely that the homonuclear NMR data would

suffice for structure determination. The next step was to produce a construct with

isotope labels to facilitate resonance assignment (section 4.5 on page 64).
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4.5 Production And Purification Of A 21-Residue

Spitz TMD Construct (tr-09-1)

A 21-residue spitz TMD peptide construct was designed as outlined in Figure 4.9

on page 80. The Fmoc solid-phase peptide synthesis of this construct (designated

tr-09-1) was performed with 0.6 g of Fmoc-Lys(Boc)-Wang resin (0.57 mmol/g) and

includes the incorporation of selective fractional 15N backbone labels. Predicting

the isotopic mass of the major expected product requires a ‘tree-branch’ analysis

approach (Figure 4.10 on page 81). The latter analysis suggests that major prod-

ucts will incorporate 4-5 15N backbone labels. Accounting for the natural abundance

of 13C and the incorporation of an additional proton in matrix-assisted laser des-

orption/ionization (MALDI) mass spectrometry, the expected mass of the product

is ∼2249-2250 g/mol. I wrote an internet-accessible python program (available at:

http://129.173.89.133/cgi-bin/isotope cgi.py) for performing these fractional

isotope calculations and the underlying code is included in module A.1 on page 206.

As anticipated from work with previous spitz TMD constructs, there were substan-

tial problems with the solubility of tr-09-1. None of the following solvents could dis-

solve the crude peptide after cleavage from the resin: ACN/H2O mixtures, methanol,

isopropanol, chloroform, hexane, or DMSO. One possibility is that disulfide cross-

linking reduces the solubility of the crude peptide, but a 70% H2O, 30% ACN, 200

mM dithiothreitol (DTT) mixture with trace TFA could not dissolve the product,

even after treatment at 80 �C. While the crude peptide was also insoluble in 50%

H2O/50% TFA, it was finally possible to dissolve the crude peptide in a 100% TFA

solution. However, the lyophilization product did not have an improved appearance

or consistency—it was a thick, dark yellow gel combined with dark yellow plastic-like

flakes. MALDI-MS of the crude sample was consistent with two products in the target

mass range—one missing the N-terminal K residue, and the other an almost perfect

match to the expected isotopic mass calculated above (Figure 4.11 on page 82).
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Having confirmed the presence of the desired product in the crude mixture, we

decided to lyophilize the gelatinous crude sample in a large volume of H2O in an at-

tempt to remove TFA and other undesirable impurities which may have persisted from

the synthesis, cleavage, and lyophilization in other solvents. After several rounds of

lyophilization with excess water, the crude sample was a mixture of white and yellow

powder. The new crude sample was successfully dissolved in a solution with final com-

position as follows: ∼1.5 mg/mL crude peptide in 1 mL of 50% H2O / 50% ACN, 200

mM DTT. The purity of the sample was assessed by HPLC as detailed in Figure 4.12

on page 83. Lyophilized fractions from the crude HPLC run were reconstituted in

50% H2O/ACN, either with or without 200 mM DTT (1 hour treatment), and then

diluted two-fold with α-CHC matrix. MALDI results were consistent with elution of

the product between 18-30 minutes on the HPLC trace (see summary Table 4.1 on

page 102 and selected MALDI mass spectra starting with Figure B.1 on page 217).

The apparently broad elution of the desired product, along with low molecular

weight impurities, over a 12 minute HPLC window may result from the rather large 6

minute fraction collection times. Therefore, an HPLC run using the same ACN gra-

dient was repeated with a similar preparation of crude, but using narrower 1 minute

fraction collection windows. A broad mass of peaks was again apparent between 18-

30 minutes (Figure 4.13 on page 84), and MALDI-MS on the 12×1 minute fractions

between 18-30 minutes revealed some promising candidates for additional purification

(see summary Table 4.2 on page 103 and selected MALDI spectra starting with Fig-

ure B.5 on page 221). While the persistence of low molecular weight impurities and

the nearly continuous co-elution of the ∼2121 g/mol species (missing the N-terminal

K) along with the desired product at ∼2250 g/mol should be noted, fraction 5 (22-23

minutes) stands out as the most promising with a favorable 2250:2121 species ratio

(assuming a similar MALDI ionization potential).

The MALDI-MS of the most promising C3 (HPLC) column-purified TR-09-1 frac-
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tion (#5) contains impurities including a major species at ∼1096 m/z and the trun-

cated product at ∼2121 m/z (Figure B.5 on page 221). In an attempt to improve

separation, I repeated the same ACN gradient on a C18 semi-preparative HPLC col-

umn with the C3 column-purified fraction #5 as starting material (Figure 4.14 on

page 85). A promising set of peaks eluted at ∼24-26 minutes from the C18 column,

and the run was repeated to collect 15 second fractions in the region of interest (Fig-

ure 4.15 on page 86). The best sample purity yet was achieved in fraction #5 from

the C18 column, with the target MALDI peak dwarfing the truncated product and

most low molecular weight species (see summary Table 4.3 on page 103 and selected

MALDI spectra starting with Figure B.11 on page 227).

For the sake of time and yield, it is desirable to avoid a 2-column HPLC pu-

rification scheme as described above. Therefore, I loaded a crude TR-09-1 sample

directly to the C18 semi-preparative column to assess the HPLC separation that can

be achieved (Figure 4.16 on page 87). The run was repeated (Figure 4.17 on page 88)

with collection of fractions near the window of optimal purification observed for the

C18 column in the two-part purification scheme. It is encouraging that one of the

fractions from this single-column purification scheme exhibited the target product as

the major peak (see summary Table 4.4 on page 104 and selected MALDI spectra

starting with Figure B.15 on page 231). The purest fraction was offset by ∼15 sec-

onds relative to the optimal elution in the two-part scheme. The delay may reflect

differences in sample viscosity/composition (i.e., C3 column-purified sample would

have substantially less impurities than the direct load of crude).

At this stage, it appears that a C18 HPLC column may provide a route to TR-

09-1 purification with an optimized ACN gradient. However, I first wanted to verify

the purity of fraction # 5 (from the two-column purification scheme) on a C18 an-

alytical column–since this fraction was the purest I had obtained to date and it is

desirable to assess the point at which a relatively pure sample elutes from a C18
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column. The results were confounded by an impurity present on the C18 analytical

column (Figure 4.18 on page 89), and there was no clear candidate peak for elution

of the relatively pure sample. Instead of simply repeating the method, I designed a

slower ACN gradient for the C18 analytical column in an attempt to achieve better

separation of TR-09-1 crude (Figure 4.19 on page 90). However, there were peaks on

the tail of the solvent front so I decided to switch to a more conservative starting %

ACN and collected fractions for some reasonably well-resolved HPLC peaks near the

estimated ∼48% ACN elution point for TR-09-1 (Figure 4.20 on page 91). Unfortu-

nately, MALDI-MS results did not show evidence of TR-09-1 in any of the analytical

fractions (not shown). I reloaded the fractions to the C18 analytical column and the

results did not convincingly demonstrate that I had in fact captured the target peaks

with the assumed ∼97.5 second delay at 0.48 mL/min (not shown).

Assured delay by HPLC re-calibration allowed me to return to the original challenge—

purification of TR-09-1. I decided to aim for bulk purification of TR-09-1 on a C18

semi-preparative column since the C18 results had generally been better than C3,

and because another group reported successful purification of similar spitz TMD con-

structs using a C18 column (153). The entire remaining TR-09-1 stock was dissolved

in ∼15 mL of 50% ACN/H2O, 0.1% TFA, 156 mM DTT solution. The mass of crude

prior to dissolution was not known, but the latter solution was quite viscous. The

first two bulk purification test runs on the C18 semi-preparative column are shown

in Figure 4.21 on page 92. The fractions were collected in too narrow a time window

in the first run based on the MALDI results (summarized in Table 4.5 on page 104

and see selected MALDI spectra starting with Figure B.19 on page 235). I shifted

the fraction collection to a later time window (on the basis of crude viscosity and the

latter MALDI results) in the second run, and while the product was more prominent

in some of the fractions, some product was present in virtually all of the fractions

over the 7 minute collection window (see summary Table 4.6 on page 105 and selected
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MALDI spectra starting with Figure B.21 on page 237). The breadth of product elu-

tion based on MALDI results is not surprising given the outrageously broad HPLC

profiles for crude TR-09-1.

The 2-100% ACN gradient used for the bulk purifications above may ramp too

rapidly and result in incomplete separation, especially in the context of a concentrated

sample. I tried a set of more conservative gradients in C18 semi-preparative HPLC

purifications of the crude—starting at 40% ACN (Figure 4.22 on page 93) or 30%

ACN (Figure 4.23 on page 94). Depressingly, TR-09-1 eluted over (practically) the

full 26 minute range of collected fractions from the replicate starting at 40% ACN (see

summary Table 4.7 on page 105 and selected MALDI spectra starting with Figure B.24

on page 240). Expansion of the collection window in the following run (starting at

30% ACN) revealed a 42 minute elution window (see summary Table 4.8 on page 106

and selected MALDI spectra starting with Figure B.26 on page 242). Some fractions

were promising, but this is clearly not a desirable separation.

The ninth fraction (Figure B.26 on page 242) from the HPLC run detailed in

Figure 4.23 (page 94) is promising despite the presence of the impurity at ∼1096 m/z.

I repeated this HPLC gradient for bulk purification of several mL of crude TR-09-1,

collecting the equivalent of the ninth fraction and also collecting subsequent eluent

up to 52 minutes because of the broad elution profile described above. A subset of

these purification HPLC runs are compared with the original run in Figure 4.24 on

page 95. All remaining TR-09-1 crude was purified in this fashion. However, it was not

possible to achieve purification of sufficient material to perform NMR spectroscopy

after several additional rounds of purification (not shown).

4.6 Production And Purification Of A 16-Residue

TatA TMD Construct (tr-10-2)

P. stuartii TatA is a substrate of the rhomboid homologue AarA and I targeted a
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TM portion of TatA for manual solid-phase peptide synthesis because of the demand

on our automated synthesizer and the lack of success producing spitz constructs in

an automated context. The Fmoc-based synthesis of the 16-residue TatA construct

(ESTIATAAFGSPWQLI), designated TR-10-2, is based on a reported manual syn-

thesis procedure (154) and was produced starting with 100 mg of Fmoc-Ile Wang

resin (0.55 mmol/g). Remarkably, all of the colourimetric tests for completion of

reactions were successful. The MALDI spectrum of the crude sample reconstituted

in ACN produced a promising result that includes prominent peaks for the Na+ and

K+ product adducts (starting with Figure 4.25 on page 96).

To further characterize the purity of the crude TR-10-2 preparation and to assess

the prospects for separation, I performed C18 analytical HPLC on the sample (Fig-

ure 4.27 on page 98 and Figure 4.28 on page 99). The results were encouraging, with

a dominant peak in the traces at 210 nm and 280 nm—the latter consistent with the

presence of a W residue in the desired product. Furthermore, the target product was

only present in two fractions near the expected elution time of the major peak (see

MALDI summary Table 4.9 on page 107 and representative MALDI spectra starting

with Figure B.33 on page 249). Impurities persist in the promising fractions but this

is not surprising given the width of the HPLC collection windows. Although several

attempts were made to collect higher resolution HPLC fractions in the region of inter-

est, a number of problems with HPLC plumbing and possible contamination of HPLC

solvents were highly problematic (not shown). Nonetheless, I think this particular

TatA construct and manual synthesis are both promising ideas for the production of

a spitz homologue.

4.7 Production Of A 37-Residue Gurken TMD Con-

struct (tr-10-1)

Gurken is another Drosophila substrate of Rhomboid, and I attempted automated
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solid-phase peptide synthesis of a 37 residue construct of gurken (designated TR-10-

1) based on the construct outlined in (141). I incorporated a number of partial 15N-

backbone isotope labels (KKRKV[50]RM[50]A[50]HIV[50]F[25]SF[20]PV[50]L[50]-

LM[25]LSSL[15]YVL[25]F[10]A[75]A[100]VF[25]ML[50]RKKK, with label % follow-

ing residues) during the synthesis, which used 0.7 g of Fmoc-Lys(Boc)-Wang resin

(loading of 0.19 mmol/g). Colourimetric tests for completed reactions were often not

successful, and it is therefore not surprising that crude peptide MALDI-MS char-

acterization did not exhibit any prospective product peaks (not shown). It is also

noteworthy that the target product mass ∼4405 g/mol is calculated using a procedure

similar to that outlined in Figure 4.10 on page 81 for fractional isotope incorporation.

4.8 Production And Purification Of A Spitz Con-

struct By Expression In E. coli

Clearly it is difficult to produce spitz TMD constructs by SPPS, and purification

by HPLC is even more problematic. Overexpression of a spitz TMD construct in

E. coli allows for the incorporation of a hexahistidine tag for Ni-affinity purification,

a FLAG tag for affinity chromatography, and does not involve the production of

truncated products with similar chemical and physical properties (which is observed

in SPPS because of failed reactions). Thus, there are options to circumvent HPLC

purification or at least simplify the work-up by avoiding truncated species.

A 2.7 mg crude yield was obtained by expression of the construct outlined in

Figure 4.29 on page 99 and subsequent Ni-affinity purification. C3 semi-preparative

HPLC asessment of the crude produced a promising trace (Figure 4.30 on page 100),

and ESI-MS characterization of the major peak ∼26 minutes was consistent with the

mass of the (N-terminal Met-deficient) unlabelled product (not shown). However,

subsequent matching HPLC runs were not consistent, and expression of the 13C,15N-

labelled construct resulted in an extremely poor yield.
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A number of expressions were attempted with different strategies for target pro-

tein isolation (i.e., use of inclusion bodies), but there were always problems with

sample solubility and the apparent presence of oligomers. One MALDI-MS result

confirmed that ∼50% 15N incorporation was achieved because of the (accidental) ex-

posure of bacteria to both labelled and unlabelled nutrient sources (Figure 4.31 on

page 101). In subsequent spitz expressions there were persistent problems with the

presence of dimers, which could not be disrupted by exposure to 8 M urea and/or the

reducing agents DTT, TCEP, or β-mercaptoethanol (see representative Figure 4.32

on page 102). Furthermore, MALDI and SDS-PAGE results were both consistent

with the formation of higher order oligomers, and this may account for inconsistent

elution times in matching HPLC runs. For now, spitz expression constructs are not

any more tractable than constructs produced by SPPS and the yields are very low

for isotope-labelled expression employing minimal media.

4.9 Conclusions

In this chapter I’ve described several different strategies and constructs for the

production of a spitz or homologous rhomboid substrate with the ultimate objec-

tive of determining a high-resolution NMR structure. Although the latter goal was

not achieved, it is certainly clear that the production and purification of these TMD

constructs is extremely challenging. In light of the difficulties I had assigning reso-

nances in homonuclear spitz TMD NMR spectra (see section 4.4 on page 62), I would

strongly suggest that incorporation of isotope labels will be important for future ef-

forts. It is still not clear if cysteine residues are forming disulfide bridges responsible

for the extensive oligomerization issues reported in section 4.5 (page 64), but it is not

necessarily a bad idea to substitute with Ser as described for the TR-08-2 construct.

It is particularly disturbing that successful HPLC purification of similar spitz-

based TMD constructs was reported on a C18 column with no apparent difficulties
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(153). I have some concern that I often overloaded the column because of the broad

traces that were often observed. Conversely, the poor solubility of the samples largely

excluded the possibility of loading very high concentrations of crude, but may also

account for in-column retention/precipitation. Furthermore, it can hardly be consid-

ered desirable to further dilute a sample that required 76× 48-minute HPLC runs for

purification (section 4.4 on page 62).

Frustrated by the poor peptide tractability described in this chapter, my remain-

ing spitz-rhomboid studies were performed in silico with coarse-grained molecular

dynamics simulations (chapter 6 on page 191).
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Figure 4.1: A cartoon representation of the TM segments from the ecGlpG structure
(PDB: 2IC8; (4)). The top of this representation would represent the extracellular
environment, the loops between helices have been excluded, and helix colouring fol-
lows the scheme: TM 1 (dark blue), TM 2 (red), TM 3 (green), TM 4 (purple), TM 5
(orange), TM 6 (pink). Note that TM 4, which includes the catalytic serine residue,
is protected from the exterior of the protein by the ring of TM helices.
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Figure 4.2: 30 μL of a crude TR-08-2 preparation was loaded to a C18 analyti-
cal HPLC column and subject to a 0.8 mL/min gradient: 1) 2% ACN pre-run, 2)
+2%/minute ACN up to 100%. Fractions were collected in 5-minute windows between
0 and 50 minutes and this trace is monitored at 210 nm. A preceding blank run with
DI-H2O did not reveal any substantial column-retained impurities (not shown).
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Figure 4.3: The most promising TR-08-2 fraction following several iterative rounds of
HPLC optimization produced this MALDI spectrum with a clear candidate peak for
the target product ∼3830 m/z with the monoisotopic theoretical mass ∼3828 g/mol.
There do, however, appear to be some low molecular weight impurities.
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Figure 4.4: This is one of the 76 representative TR-08-2 bulk purification HPLC runs
monitored at 210 nm. For each replicate, I collected between 28.5 and 32.3 minutes
based on the MALDI results in Figure 4.3 on page 75 for a matching run. The
gradient starts at 2% ACN and ramps by 2%/minute.
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Figure 4.5: Fractions collected as detailed in Figure 4.4 (page 76) were subjected to
additional semi-preparative HPLC purification and this is a representative trace mon-
itored at 210 nm. Two fractions were collected between 12.2-14.2 minutes (fraction
1) and 14.8-16.6 minutes (fraction 2).
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Figure 4.6: Circular dichroism (CD) spectropolarimetry was performed in triplicate
for TR-08-2 preparations (100 μM peptide, 32 mM DPC, pH 5) and a 32 mM DPC
control solution at matching pH. A single blank run was also performed with deionized
water. Measurements were collected at 37�C with a 20 nm/min scan rate through a
1 mm path length cell. Measured dips near 208 nm and 222 nm are characteristic of
α-helical secondary structure.
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Figure 4.7: Overview of 2D 1H-1H NOESY (200 ms mixing time) collected for TR-08-
2 on a 700 MHz magnet fitted with a cold probe. Water suppression was performed
with excitation sculpting, and the spectrum was collected at 310.15 K.

Figure 4.8: A zoom-in view of 2D 1H-1H TOCSY collected for TR-08-2 on a 700 MHz
magnet fitted with a cryogenically cooled probe. Water suppression was performed
with excitation sculpting, and the spectrum was collected at 310.15 K. Although
some assignments are visible in this caption, it is also clear that there is substantial
resonance overlap.
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KRPRPMLEKASIASGAMSALVFMLFVSLAFYLRK

KEKASIASGAMCALVFMLFV

KEKASIASGAMCALVFMLFVK

Figure 4.9: Comparing spitz TMD constructs for solid-phase peptide synthesis. The
34-residue construct with 2 Cys→Ser substitutions (top) was problematic for structure
determination by NMR spectroscopy. The middle construct is known to be cleaved
by a Rhomboid homologue and was successfully produced by solid-phase peptide
synthesis by another group (153). I produced and purified the bottom 21-residue
construct because of its similarity to the published construct.
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Figure 4.10: There are nine 15N fractional selective isotope label positions in the
tr-09-1 construct, and properly predicting the adjustment to the monoisotopic mass
requires a ‘tree-branch’ probability approach as outlined here. The coupling amino
acid (proceeding C→N as synthesized) and the isotope % are both indicated near
the middle of the row that results from a given coupling. The arrow or parenthetical
fractions indicate the proportion of all peptide species that have the resulting atomic
mass adjustment (ignoring impurities that form from failed reactions). It is clear that
between 4 and 5 atomic mass units should be added to the predicted monoisotopic
mass to obtain the most abundant 15N-enriched species.
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Figure 4.11: A 2.9 mg/mL crude TR-09-1 solution in 100% TFA was diluted with
a MALDI matrix solution, and 1 μL was spotted to a MALDI plate. The mass
spectrum was captured in reflectron mode. The peak at ∼2252 m/z is consistent
with the predicted mass of the desired product while the peak at ∼2123 most likely
corresponds to the desired product missing the N-terminal K residue.
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Figure 4.12: 1 mL of 1.5 mg/mL TR-09-1 crude peptide in 50% H2O / 50% ACN, 200
mM DTT, was loaded to a C3 RP-HPLC semi-preparative column and monitored at
210 nm and 280 nm using a gradient that proceeded from 2-100% ACN in 40 minutes,
followed by 100-2% ACN in 2 minutes. The blank was an equivalent volume of
deionized water (DI-H2O). Seven fractions from the crude peptide run were collected
in six minute windows—F1 (0-6 minutes), F2 (6-12 minutes), F3 (12-18 minutes), F4
(18-24 minutes), F5 (24-30 minutes), F6 (30-36 minutes), F7 (36-42 minutes). The
HPLC dead time at 3 mL/minute is ∼28 seconds.
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Figure 4.13: 1 mL of a 1.9 mg/mL TR-09-1 crude solution dissolved in 50% H2O/ACN
was treated with 200 mMDTT for 1 hour and loaded to a C3 semi-preparative column.
The gradient and flow rate match the conditions detailed in Figure 4.12 on page 83,
but in this case narrower 1 minute fractions were collected between 18 and 30 minutes
run time. There were no substantial impurities in a preceding blank run with 1 mL
of deionized water (not shown).
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Figure 4.14: 1 mL of a C3 HPLC column-purified fraction (#5) from the run detailed
in Figure 4.13 (page 84) was loaded to a C18 semi-preparative HPLC column and
elution was monitored at 210 nm and 280 nm during a 3 mL/min gradient involving
2-100% ACN in 40 minutes followed by 100-2% ACN in 2 minutes. A matching
volume of deionized water was used as a blank in a preceding HPLC run with the
same gradient and flow rate.
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Figure 4.15: A repeat of the C18 semi-preparative HPLC run involving TR-09-1
fraction #5 (from a C3 column) as detailed in Figure 4.14 on page 85. However, in
this case 8×15 second fractions were collected starting at 24:16 run time. A preceding
blank run with a matching volume of deionized water did not reveal any substantial
impurities (not shown).
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Figure 4.16: 1 mL of 1.3 mg/mL TR-09-1 crude sample in 50% H2O/ACN and 200
mM DTT was loaded to a C18 semi-preparative column and subjected to the same
method described in Figure 4.14 on page 85. A matching volume of deionized water
was used in a preceding blank run with no substantial impurities present (not shown).
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Figure 4.17: 1 mL of 2.1 mg/mL crude TR-09-1 in 50% H2O/ACN and 200 mM
DTT was loaded to a C18 semi-preparative column in a repeat of the run described
in Figure 4.16 (page 87), but in this case three fractions were collected to match the
promising results from a C18 column summarized in Table 4.3 (page 103): F1 (25:01-
25:16), F2 (25:16-25:31), and F3 (25:31-25:46). A matching volume of deionized water
was used to confirm the absence of major column impurities in a preceding blank run.
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Figure 4.18: 20 μL of the purest TR-09-1 fraction (# 5 from the two-column HPLC
purification scheme) was loaded to a C18 analytical column and subject to an ACN
gradient at 0.48 mL/min: 2-100% ACN in 40 minutes, followed by 100-2% ACN in 2
minutes. A matching volume of deionized water was used as a blank in a preceding
run, and unfortunately a residual impurity confounds the results of the test trace.
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Figure 4.19: A 0.8 mg/mL preparation of TR-09-1 crude in 50% H2O/ACN and 200
mM DTT was loaded to a C18 analytical column using a 20 μL sample loop. The
method consisted of a 0.48 mL/min flow rate and a multi-step gradient: 1) Start at
53.9% ACN, 2) 53.9%-66.15% ACN from 0-25 minutes, 3) 66.15%-100% ACN from
25-27 minutes, 4) 100%-53.9% ACN from 27-28 minutes. The peak between 15-16
minutes on the crude trace was collected assuming a ∼97.5 second delay based on the
flow rate and system plumbing.
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Figure 4.20: The crude TR-09-1 preparation described in Figure 4.19 (page 90) was
again loaded to a C18 analytical column using a 20 μL sample loop, but in this case
using a more conservative gradient (still at 0.48 mL/min): 1) 40% ACN pre-run, 2)
40%-66% ACN in 53 minutes, 3) 66%-100% ACN in 1 minute, 4) 100%-40% ACN in
1 minute, 5) Continue monitoring run until ∼62 minutes. Three sets of peaks (20-
22 minutes, 23-25 minutes, 26-28 minutes) were collected assuming a ∼97.5 second
delay at this flow rate. A preceding blank run with deionized water demonstrated an
absence of impurities on the column (not shown).
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Figure 4.21: The first (pink) and second crude TR-09-1 bulk purification runs mon-
itored at 210 nm. In both cases, 1 mL of crude (dissolved in 50% H2O/ACN, 0.1%
TFA, 156 mM DTT) was loaded to a 2mL sample loop (bottom injector) and subject
to a 3 mL/min gradient on a C18 semi-preparative column similar to those described
for previous C18 purifications. 7×15 second fractions were collected between 25:10-
26:55 from the first replicate, and 14×30 second fractions were collected between
26:55-33:55 from the second replicate.
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Figure 4.22: ∼500 μL of crude TR-09-1 was loaded to a C18 semi-preparative HPLC
column via a 2 mL sample loop (bottom injector). The 3 mL/min gradient involved
a few steps: 1) 40% ACN pre-run, 2) 40-75% ACN in 35 minutes, 3) 75-100% ACN in
1 minute, 4) hold 100% ACN for 5 minutes, 5) 100-40% ACN in 1 minute. 2 minute
fractions were collected between 16-42 minutes. This trace is monitored at 210 nm,
and a matching run with deionized water demonstrated an absence of column-retained
impurities.
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Figure 4.23: 1 mL of crude TR-09-1 was loaded to a C18 semi-preparative HPLC
column via a 2 mL sample loop (bottom injector). The 3 mL/min gradient was
modified from the previous run (Figure 4.22 on page 93) to start at a lower % ACN:
1) 30% ACN pre-run, 2) 30-75% ACN from 0-45 minutes, 3) 75-100% ACN from
45-46 minutes, 4) hold 100% ACN from 46-51 minutes, 5) 100-30% ACN from 51-52
minutes. This trace is monitored at 210nm.
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Figure 4.24: 1 mL of crude TR-09-1 was loaded to a C18 semi-preparative HPLC
column and subjected to the same gradient described in Figure 4.23 on page 94. Based
on the latter (original) HPLC run, the new purification runs targeted collection of
the promising fraction that elutes between 22-24 minutes, but the remaining eluent
up to 52 minutes was also collected because the product exhibits a very broad elution
profile (see Table 4.8 on page 106). The 210 nm traces shown here compare the
original HPLC run (in black) with the more recent bulk purifications. Unfortunately,
the more recent runs accidentally employed a 1 mL sample loop instead of the 2 mL
loop used in the original run, causing an earlier elution profile.
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Figure 4.25: The TR-10-2 peptide construct was cleaved from the synthesis resin,
lyophilized with excess water, and the crude was reconstituted with 50% ACN/α-CHC
matrix and the displayed reflectron-mode MALDI spectrum was collected. The target
product should be ∼1691 g/mol, and the large peak at ∼1729 g/mol is almost certainly
the K+ adduct. While this is a promising result for the first attempt at manual solid-
phase peptide synthesis in our lab (and for a zoom-in version see Figure 4.26 on
page 97), there are certainly some low molecular weight impurities.
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Figure 4.26: A zoom-in view of the reflectron-mode MALDI spectrum detailed in
Figure 4.25 on page 96. The TR-10-2 target product is ∼1691 m/z, while the Na+

and K+ adducts are also clearly visible ∼1714 m/z and ∼1729 m/z respectively.
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Figure 4.27: A crude preparation of TR-10-2 dissolved in ACN was loaded to a C18
analytical column via a 20 μL sample loop (top injector) and subject to a 0.48 mL/min
gradient: 1) 2-100% ACN in 60 minutes, 2) hold 100% ACN for 5 minutes, 3) ramp
back 100-2% ACN in 1 minute. The trace shown here was monitored at 210 nm for
the test run (pink) and a matching blank run with DI-H2O (black) and fractions were
collected in 6 minute windows between 6 and 66 minutes. The trace monitored at
280 nm is shown in Figure 4.28 on page 99.
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Figure 4.28: This is the TR-10-2 C18 analytical HPLC purity assessment run detailed
in Figure 4.27 (page 98) monitored at 280 nm for the crude peptide (green) and the
DI-H2O blank (red).

NH2-MSGSHHHHHHGSSGENLYFQSLEYKEIDNTYLPKRPRPMLEKASIASGA
MCALVFMLFVCLAFYLRFEQRAAKKDYKDDDDK-COO−

Figure 4.29: Expected (82-residue) spitz fusion peptide produced by expression in
pEXP5-NT/TOPO vector with TEV protease cleavage site highlighted in red. There
is an N-terminal His tag and a C-terminal FLAG tag. The N-terminal Met is normally
removed during production, shifting the expected average isotopic mass from ∼9524
g/mol to ∼9393 g/mol.
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Figure 4.30: 250 μL of ∼1 mg/mL semi-crude (Ni-purified) expressed spitz construct
in 50% H2O/ACN was loaded to a C3 semi-preparative HPLC column and subject
to a 2 mL/min gradient that ramps from 0-100% ACN at 2.5%/min. The trace
shown here is monitored at 210 nm, and encouragingly the major peak ∼26 minutes
was confirmed by ESI-MS to correspond to a species with average molecular weight
consistent with the target for the construct (not shown).
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Figure 4.31: MALDI spectrum for the expressed spitz construct detailed in Figure 4.29
on page 99. The mass of the major peak is roughly consistent with a ∼50% 15N
incorporation. This is sensible as the bacteria were (accidentally) exposed to both
isotopically enriched and unenriched nutrient sources.

101



Figure 4.32: A crude expressed spitz construct dissolved in 50% H2O/ACN (0.1%
TFA) was treated with immobilized TCEP, separated from the reducing agent by
centrifugation, diluted two-fold with sinapic acid (matrix solution), and the resulting
linear-mode MALDI spectrum is shown here. After accounting for the linear-mode
calibration, a potential dimer peak ∼20.6 kDa dwarfs a peak consistent with the
monomer ∼10.3 kDa.

Table 4.1: Summary of MALDI-MS results for the HPLC fractions collected during
the TR-09-1 crude peptide run described in Figure 4.12 on page 83. Samples were
diluted two-fold in α-CHC matrix and the spectra were collected in reflectron mode.

Fraction# HPLC window (minutes) 200 mM DTT Peak ∼2250 (m/z)
F2 6-12 yes −
F3 12-18 yes −
F4 18-24 yes +
F5 24-30 yes +
F6 30-36 yes −
F2 6-12 no −
F3 12-18 no −
F4 18-24 no +
F5 24-30 no +
F6 30-36 no −
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Table 4.2: 1 minute fractions collected during the TR-09-1 crude HPLC run detailed
in Figure 4.13 (page 84) were combined with α-CHC matrix and MALDI spectra were
collected without DTT treatment in reflectron mode. A ‘+’ in the table indicates the
presence of the desired product (∼2250 m/z), which clearly exhibits a broad elution
profile.

Fraction# HPLC window (minutes) Peak ∼2250 (m/z)a

F1 18-19 −
F2 19-20 −
F3 20-21 − (2218 present)
F4 21-22 − (2217 present)
F5 22-23 ++ (2250 major/2121 minor)
F6 23-24 + (2122 major)
F7 24-25 + (2122/2251 minor)
F8 25-26 + (2121/2250 minor)
F9 26-27 + (2122 present)
F10 27-28 + (2121 present)
F11 28-29 + (2122 present)
F12 29-30 + (2122 present)

awhile the focus is on peaks near the target mass, low molecular weight impurities do persist in
many of these fractions

Table 4.3: A C3 HPLC column-purified fraction was further purified on a C18 column
and 15 second fractions were collected in a region of interest on the trace detailed
in Figure 4.15 on page 86. The latter fractions were diluted two-fold with α-CHC
matrix and MALDI spectra were collected in reflectron mode. This table summarizes
the results using a ‘+’ to indicate the presence of the desired spitz construct ∼2250
m/z. Fraction 5 represents the highest purity TR-09-1 sample obtained to date.

Fraction# HPLC window (minutes) Peak ∼2250 (m/z)a

F1 24:16-24:31 −
F2 24:31-24:46 − (2089 present)
F3 24:46-25:01 − (2090 present)
F4 25:01-25:16 + (1097>>2249>2121)
F5 25:16-25:31 ++ (2249 majorb>>1097>2121)
F6 25:31-25:46 +
F7 25:46-26:01 + (2250 minor)
F8 26:01-26:16 + (2122 / 2250 minor)

awhile the focus is on peaks near the target mass, low molecular weight impurities do persist in
many of these fractions

bNa+ and K+ adducts also present
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Table 4.4: Crude TR-09-1 was directly loaded to a C18 semi-preperative HPLC col-
umn and fractions were collected as described in Figure 4.17 (page 88). The fractions
were diluted two-fold with α-CHC matrix and MALDI spectra were collected in re-
flectron mode. A ‘+’ is used to indicate the presence of the desired TR-09-1 peptide
∼2250 m/z in this summary table.

Fraction# HPLC window (minutes) Peak ∼2250 (m/z)
F1 25:01-25:16 + (1096>>2250)
F2 25:16-25:31 + (1096>>2250)
F3 25:31-25:46 ++ (2250>1096)
Controla — no major peaks

a50% H2O/ACN, 0.1% TFA combined with α-CHC matrix

Table 4.5: TR-09-1 fractions were collected from the first replicate HPLC run detailed
in Figure 4.21 on page 92, and diluted two-fold with α-CHC matrix prior to collection
of MALDI spectra in reflectron mode. A ‘+’ in the table reflects the presense of the
desired product ∼2250 m/z.

Fraction# HPLC window (minutes) Peak ∼2250 (m/z)
F1 25:10-25:25 −
F2 25:25-25:40 + (minor)
F3 25:40-25:55 + (minor)
F4 25:55-26:10 − (2218 present)
F5 26:10-26:25 −
F6 26:25-26:40 + (minor)
F7 26:40-26:55 + (minor)
R recoverya +

asolution contains remaining eluent in the range of 22-30 minutes
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Table 4.6: TR-09-1 fractions were collected from the second replicate HPLC run
detailed in Figure 4.21 on page 92, and diluted two-fold with α-CHC matrix prior
to collection of MALDI spectra in reflectron mode. A ‘+’ in the table reflects the
presence of the desired product ∼2250 m/z.

Fraction# HPLC window (minutes) Peak ∼2250 (m/z)
F1 26:55-27:25 +
F2 27:25-27:55 +
F3 27:55-28:25 +
F4 28:25-28:55 ++ (2121 present)
F5 28:55-29:25 ++ (2121 present)
F6 29:25-29:55 + (2121 present)
F7 29:55-30:25 + (2121 present)
F8 30:25-30:55 ++ excellent (2121 present)
F9 30:55-31:25 ++ excellent (2121 present)
F10 31:25-31:55 ++ excellent (2121 present)
F11 31:55-32:25 − (low ion count)
F12 32:25-32:55 + (low ion count) (2122 present)
F13 32:55-33:25 + (low ion count)
F14 33:25-33:55 + (low ion count)

Table 4.7: Fractions collected from a bulk purification of TR-09-1 (detailed in Fig-
ure 4.22 on page 93) were diluted two-fold with α-CHC matrix and this table sum-
marizes the reflectron-mode MALDI spectra. A ‘+’ in the table reflects the presence
of the desired product ∼2250 m/z.

Fraction# HPLC window (minutes) Peak ∼2250 (m/z)a

F1 16-18 + (2250 major)
F2 18-20 +
F3 20-22 +
F4 22-24 + (2249 minor)
F5 24-26 +
F6 26-28 +
F7 28-30 +
F8 30-32 +
F9 32-34 +
F10 34-36 −
F11 36-38 + (minor)
F12 38-40 + (minor)
F13 40-42 +

amost of the fractions had rather low ion counts
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Table 4.8: Fractions collected from a bulk purification of TR-09-1 (detailed in Fig-
ure 4.23 on page 94) were diluted two-fold with α-CHC matrix and this table sum-
marizes the reflectron-mode MALDI spectra. A ‘+’ in the table reflects the presence
of the desired product ∼2250 m/z.

Fraction# HPLC window (minutes) Peak ∼2250 (m/z)
F1 6-8 −
F2 8-10 −
F3 10-12 + (2249 minor)
F4 12-14 −
F5 14-16 −
F6 16-18 −
F7 18-20 + (2249 minor)
F8 20-22 + (2250 minor)
F9 22-24 + excellent
F10 24-26 +
F11 26-28 +
F12 28-30 +a

F13 30-32 +
F14 32-34 +b

F15 34-36 +
F16 36-38 +
F17 38-40 +
F18 40-42 + (2250 major)
F19 42-44 +
F20 44-46 + excellent
F21 46-48 + excellent
F22 48-50 +
F23 50-52 +

asubstantial variety of peaks in ∼2000 m/z range
bsubstantial variety of peaks in ∼2000 m/z range
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Table 4.9: TR-10-2 fractions collected from the HPLC run detailed in Figure 4.27
(page 98) were diluted two-fold with α-CHC matrix and this table summarizes the
collected reflectron-mode MALDI results. A ‘+’ symbol is used to indicate the pres-
ence of the target product ∼1691 m/z (or one of its salt adducts).

Fraction# HPLC window (minutes) Peak ∼1691 (m/z)
1 6-12 −
2 12-18 −
3 18-24 −
4 24-30 −
5 30-36 +
6 36-42 +
7 42-48 −
8 48-54 −
9 54-60 −
10 60-66 −
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Chapter 5

FGFR3 Simulation

5.1 Fibroblast Growth Factor Receptors

Fibroblast growth factor receptors (FGFRs) are a family of four FGF-activated

receptor tyrosine kinase (RTK) transmembrane (TM) glycoproteins (155, 156, 157).

All FGFRs have three extracellular immunoglobulin (Ig)-like domains, and alternative

splicing of the proximal Ig-like domain in FGFRs 1-3 produces receptor isoforms

with different ligand-binding specifities (158, 159, 160). The signaling complexity

of the FGFR family is further compounded by the existence of at least 19 different

FGFs (158, 161). Ligand-binding at the proximal Ig-like domain likely stabilizes

the active dimer, with rearrangements in the TM and cytoplasmic tyrosine kinase

domains driving autophorphorylation and signal transduction. FGFRs are of medical

interest because many skeletal dysplasias and cancers are associated with mutations

in FGFRs 1-3.

5.2 Achondroplasia: Specific Relevance Of FGFR3

Achondroplasia, the most common form of human dwarfism, was mapped to the

short arm of chromosome 4 (162), and shortly thereafter a G380R mutation resulting

from a transition or transversion in the FGFR3 gene was specifically identified as

the major cause of the phenotype (163, 164). Indeed, G380R (in the FGFR3 TM
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domain) is the underlying cause of achondroplasia in ∼99% of cases (163, 164, 165).

Achondroplasia is autosomal dominant with complete penetrance (166, 167), and in

80-90% of cases results from a spontaneous paternal germ line mutation (there is a

correlation with increased paternal age) (168, 169, 170). While intelligence is normal

in individuals with achondroplasia, there is increased mortality in the first four years

of life and in the late fourth to fifth decades of life (171).

There is experimental evidence for increased signaling by the mutant FGFR3 with

resultant negative regulation of bone growth (172). However, free energies of dimer-

ization measured by fluorescence resonance energy transfer (FRET) in 1-palmitoyl-2-

oleoyl-sn-glycero-3-phosphocholine (POPC) for wild-type and G380R TMD peptides

match within the bounds of experimental uncertainty (173). Neutron diffraction and

oriented circular dichroism spectroscopy indicate a 5 Å shift of the mutant peptide

away from a POPC bilayer center (11). There appears to be a conceptual discon-

nect between the latter perturbation in FGFR3 mutant membrane topology relative

to WT and the similar dimerization propensity to dimerize. Because of the medical

relevance, there is a substantial motivation to gain insight into the influence of the

G380R mutation on the dimerization properties of FGFR3.

In this chapter I describe and analyze coarse-grained molecular dynamics (CG-

MD) simulations of the FGFR3 WT and G380R mutant TMDs in lipid bilayers.

The analysis involves simulations for the WT homodimer, the heterodimer (because

achondroplasia is autosomal dominant), and the mutant homodimer (section 5.4 on

page 111). In section 5.5 (page 126) I focus specifically on the properties of the lipid

bilayer proximal and distal to the peptide TMDs. Monomer simulations were also

performed to control for the behaviour of the individual peptide constructs, and a

preliminary analysis of these results is presented in section 5.6 (page 134).
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5.3 Coarse-Grained Simulations And Glycophorin

A Control

Ideal α-helical atomistic starting structures for FGFR3 constructs were built in

PyMOL (174) based on the primary sequences of published experimental constructs

(11) and the amino acids were coarse-grained as described previously for lipids (175).

An approximate 4:1 mapping of heavy atoms (i.e., non-hydrogen atoms) to CG par-

ticles is performed to produce several specific particle types: polar (P), mixed po-

lar/apolar (N), hydrophobic apolar (C), and charged (Q). A few additional particle

subtypes allow fine tuning of Lennard-Jones potentials to reflect hydrogen-bonding

propensities. Details of the amino acid to CG particle mapping process have been

described elsewhere (176, 177). Lipid and water molecules were parametrized as de-

scribed previously (175), and all simulations were performed using GROMACS (178).

The MARTINI force field (179, 180) was employed for all simulations except for the

FGFR3 monomer simulations (section 5.6.2 on page 135) which employ the Bond

force field (176). Lennard-Jones interactions were shifted to zero between 9 and 12

Å, and electrostatics were shifted to zero between 0 and 12 Å. All simulations were

performed at constant temperature, pressure, and number of particles. The tempera-

ture coupling of system components was performed independently for each component

using the Berendsen algorithm at 323 K (181). The system pressure was semiisotrop-

ically coupled in the x, y, and z directions using the Berendsen algorithm. The time

step for integration was 40 fs. VMD (182) was used for visualzation and MDAnalysis

(183) for parsing of trajectories. Parallel simulations and analyses were performed for

glycophorin A (GpA) as described for previous CG-MD simulations (184). GpA is a

well-characterized single-pass TMD protein which serves as a control for FGFR3—a

protein for which there is no high-resolution structure available.

It should be noted that there are, of course, limitations to CG-MD simulations.

The coarse-grained nature of the system provides improved performance at the cost
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of reduced accuracy and reduced similarity to the true biological system. Molecules

diffuse at least four times faster than they would in a more realistic atomistic context,

the involvement of water in many processes is often not well characterized because

of the much larger size of CG-MD water particles, there are no hydrogen atoms

or hydrogen bonds (only crude approximations and restraints), and the screening

of electrostatic interactions is only approximated and frequently cut-off in a crude

fashion.

5.4 Analysis Of FGFR3 And GpA Dimer Trajec-

tories

5.4.1 Tracking The Distance Between Helices In A Trajec-
tory

The initial separation between glycophorin A (GpA) and FGFR3 helices in the

dimer simulations was ∼55 Å, the same value used in previous GpA coarse-grained

(CG) molecular dynamics (MD) simulations (184). Tracking the separation between

helices in the POPC bilayer is useful for testing a number of properties. Perhaps most

obvious is the assessment of the rate of dimer formation—if the separation between

helices decreases and reaches the final dimer interhelix separation rapidly then dimer

formation occurs quickly for a given construct. The stability of the dimer can also

be assessed because increased interhelix separation after initial dimer formation may

indicate that the dimer has dissociated, and frequent association and dissociation

events may indicate a weak dimerization affinity. Performing many replicate simula-

tions (see Table 5.1 on page 189) may also allow for the determination of whether the

rates of dimerization and the dimer stability are consistent for a given dimer construct

or vary stochastically between simulations.

My specific strategy was to track the closest interhelix approach using only Cα

particles from each of the peptides. In each frame of a given simulation, a dis-
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tance matrix for all possible interhelical Cα combinations was calculated with the

minimum value defined as the closest approach distance. Although I coded a few

MDAnalysis-dependent (183) python functions for these calculations, the most effi-

cient function is closest contacts efficient() from the python module/library

dimer geometric tools.py D.17 on page 356.

The closest interhelix approach is monitored during the first replicate trajectory

of the GpA wild-type (WT) homodimer control condition in Figure 5.1 on page 138.

Dimerization occurs very rapidly and the dimer is stable once formed. In contrast,

dimerization takes > 1μs in the FGFR3 WT replicate 3 simulation (Figure 5.2 on

page 139), although the dimer is still stable once formed. The ninth FGFR3 het-

erodimer replicate simulation requires almost 4μs for dimerization (Figure 5.3 on

page 139), but the dimer is again stable once formed. The second FGFR3 mutant ho-

modimer replicate exhibits extremely fast dimerization and the dimer remains stable

for the duration of the simulation (Figure 5.4 on page 140).

The outlined results may lead the reader to believe that the FGFR3 heterodimer

forms more slowly than the WT or the mutant homodimer. However, it is important

to consider the closest approach distance results across all of the replicate simula-

tions (Figure 5.5 on page 141). It is clear from the latter plot that the variation in

dimerization rates within any of the FGFR3 constructs is considerable. Thus, there

appears to be a stochastic component to the rate of dimerization with no particular

trend for FGFR3 WT, heterodimer or mutant homodimer conditions. However, in

all cases, GpA and FGFR3 dimers are stable once formed in the self-assembled CG

POPC bilayers used in these simulations since no dissociations were observed in 34

replicate simulations. The varied dimerization rates are consistent with the previ-

ously reported time required for WT GpA helix association in DPPC—varying from

0.5 to 3 μs (with a 60 Å initial separation) (185). Note that the fifth GpA replicate

simulation does not exhibit dimer dissocation—one of the helices adopted an orienta-
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tion perpendicular to the membrane normal (and interacted with the other TM helix)

before finally returning to a transmembrane orientation and forming a stable dimer.

5.4.2 Relative Helical Motion

All GpA and FGFR3 dimer constructs are stable once formed, but there is a

stochastic component to the rate of dimerization. What are the helices doing during

the variable simulation time prior to dimerization? One way to simplify the problem is

to look at the motion of one helix in the fixed reference frame of the other. Specifically,

in each frame of a (GpA or FGFR3) dimer simulation the coordinates of the geometric

center of the first helix were subtracted so that its position was always at the origin.

For consistency, the same subtraction per frame was applied to the coordinates of the

geometric center of the second helix. Tracking the motion of the second helix in this

fashion has been done previously for GpA dimer simulations in DPPC (184). The

authors highlight one caveat—the dimerization interface will not be specific because

the reference helix is free to rotate about its axis at the origin (as long as the geometric

center is fixed).

The MDAnalysis-based relative helical motion() python function I wrote in

the dimer geometric tools module D.17 (on page 356) performs the described ad-

justment of the trajectory reference frame and printing of new helix 2 coordinates. In

the case of the first GpA control replicate, helix 2 follows a relatively straightforward

path from its starting position to dimerization with helix 1 (Figure 5.6 on page 142).

The case for FGFR3 wild-type replicate 7 is more convoluted, with helix 2 moving

through several periodic boundaries before dimerizing with a mirror image of the

reference helix (Figure 5.7 on page 142). The ninth heterodimer FGFR3 replicate

requires nearly 4μs for dimerization (Figure 5.3 on page 139) and accordingly helix 2

moves through a large distance, including many periodic boundaries, before dimeriza-

tion with a mirror image of helix 1 (Figure 5.8 on page 143). The rapid dimerization

of the second FGFR3 mutant homodimer replicate (Figure 5.4 on page 140) is con-
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sistent with the straightforward path followed by helix 2 for dimerization with helix

1 in this simulation (Figure 5.9 on page 143). Thus, the variety of dimerization rates

is reflected in the relative ‘wandering’ motions of the helices.

5.4.3 Helix Crossing Angle

Sections 5.4.1 (page 111) and 5.4.2 (page 113) demonstrate a wide variety of helix

dimerization rates and wandering distances before dimerization, but a stable dimer

once it has formed. The observations are consistent with an unbiased simulation

setup. Had the helices been placed too close together at the start of the simulation,

the dimerization rates would likely have been more consistent with no opportunity

for relative wandering motion. Given the formation of stable and unbiased dimers we

now focus on the details of the dimer proper.

It has been well established that GpA dimers exhibit a strong preference for right-

handed helix crossing angles from experimental high-resolution structures (186, 187)

and computational studies in DPPC (184). The first GpA replicate simulation in

POPC is consistent with this behaviour (Figure 5.10 on page 144). There is currently

no high-resolution experimental structure of the FGFR3 TM domain (we employ an

ideal α-helix), so it is important to establish that the dimer configuration for the GpA

control is consistent with previous experimental and computational findings. Unlike

GpA, the first FGFR3 WT homodimer replicate exhibits dimerization with a bimodal

helix crossing angle distribution, and perhaps a slight preference for a left-handed

crossing angle (Figure 5.11 on page 145). The ninth replicate FGFR3 heterodimer

simulation appears to exhibit a preference for a right-handed helix crossing angle

(Figure 5.12 on page 146), but there is a small number of sampled dimer frames

because this trajectory required so long for dimerization (Figure 5.3 on page 139).

The first replicate of the FGFR3 mutant homodimer construct exhibits a bimodal

helix crossing angle distribution (Figure 5.13 on page 147) similar to that observed

for the wild-type replicate above.
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While there is value in analyzing replicate simulations on an individual basis, it

should also be clear that it is important to perform many replicates and study the

merged results to establish overall trends. In particular, the helix crossing angle

results merged over all the replicate trajectories indicate that all FGFR3 constructs

(including heterodimer) exhibit bimodal helix crossing angle distributions, in contrast

to GpA which exhibits an overall preference for a right-handed helix crossing angle

(Figure 5.14 on page 148). The bimodal helix crossing angle distribution for FGFR3

constructs might be explained by alternation between configurations as the helices

oscillate closer and farther apart in the dimer. However, helix crossing angles were

independent of the closest interhelical approach between Cα particles for all FGFR3

constructs (Figure 5.15 on page 149).

5.4.4 Correlated Helical Motion

There is stochastic wandering prior to dimerization in the GpA and FGFR3 repli-

cate trajectories, and the dimers are stable once formed, but the helix crossing an-

gle distribution for all FGFR3 constructs is curiously bimodal. It is not clear how

the FGFR3 helices move relative to one another in the context of the dimer since

both left- and right-handed crossing angles are sampled in a given trajectory. How-

ever, since the dimers are stable we would still expect them to move together in the

POPC bilayer. To test for coordinated helical motion, I first tracked the Z coordinate

(along the bilayer normal) of the geometric center of the Cα particles of each helix

relative to the center of the bilayer. The center of the bilayer was defined as the

average of the center of mass coordinates of the two leaflet phosphate CG particle

populations, and the MDAnalysis-dependent python function I wrote for this cal-

culation (geo Z tracking relative to bilayer()) is stored in the python library

dimer geometric tools.py D.17 on page 356. An example of the results of this

analysis for the first GpA replicate simulation are shown in Figure 5.16 on page 150.

While there is certainly evidence for coordinated excursions of the helical geometric
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centers away from the center of the bilayer, it is rather cumbersome to quantify the

degree of coordinated motion by inspection.

To quantify the degree of coordinated helical motion in GpA and FGFR3 dimer

simulations, I calculated the absolute correlation coefficient (|R|) between the Z co-

ordinates of the geometric centers of the helices before and after dimerization. The

python split Z file() function in the dimer geometric tools.py library (D.17

on page 356) splits the helix geometric center Z coordinates into pre- and post-

dimerization files and produces the corresponding linear correlation coefficients. The

results for individual replicates are summarized in Figure 5.17 on page 151, and for

merged data that includes all replicates per condition in Figure 5.18 on page 152.

For all constructs, as expected, helical motion is more strongly correlated following

dimerization. The larger correlations observed for GpA dimers relative to FGFR3 con-

structs is consistent with previous results indicating that GpA forms much stronger

dimers than FGFR3 (188).

5.4.5 Identification Of Predominant Interhelical Contacts

The unbiased GpA and FGFR3 simulations exhibit formation of stable dimers

which move together in the membrane. In addition, FGFR3 has no apparent prefer-

ence for left- or right-handed helix crossing angles. However, these are fairly broad

properties, and I would now like to focus on more specific aspects of the dimer config-

uration. Which residues feature most prominently at the dimer interface for FGFR3?

Without a high-resolution structure of the FGFR3 TM domain available, the iden-

tification of important dimer interface residues via simulation may provide insight

into the molecular mechanism of pathology in achondroplasia and other skeletal dys-

plasias.

I devised a simple method to parse a CG-MD trajectory for the predominant in-

terhelical dimer contacts. For each frame of a simulation (if the helices are within

7 Å), a distance matrix of all possible interhelical Cα-Cα combinations is calcu-

116



lated. The five smallest distances for each frame are recorded along with the cor-

responding residue identifiers. The probability for each residue to appear in the

five closest dimer contacts is then calculated based on the total number of these

contacts in which the residue is found divided by the total number of contacts

(which is 5× the number of dimer frames in the simulation). Separate close con-

tact probabilities are calculated for matching residues in each helix in order to as-

sess symmetry. I have written MDAnalysis-dependent python functions to calcu-

late the residue close contact probabilities for each helix in: a single GpA trajectory

(top five closest residues GpA()), a single FGFR3 trajectory (top five closest-

residues FGFR3), and aggregate results for each of the FGFR3 constructs across all

replicate trajectories (merged top five FGFR3()). The functions are all stored in the

library module D.17 (dimer geometric tools.py) on page 356. In the case of aggre-

gate probabilities, the head script (analyze FGFR3 dimer simulations.py) D.15 on

page 338 must also call a second library function (parse overall FGFR3 top five -

data()) to parse the larger set of data.

The results of the residue close contact probability analysis for the first replicate

GpA simulation are plotted in Figure 5.19 on page 152. The predominant residues

are representative of the other GpA replicates with G79, G83, and T87 among the

most likely residues in the closest interhelical contacts. Other candidates (L75, I91)

are spaced at 4 residue intervals, which is consistent with the identification of a

helical face. G79, G83, and T87 have previously been identified as experimentally

crucial interfacial contacts (189). The analysis procedure I have employed therefore

produces computational predictions of dimer interface residues that are consistent

with experiment for GpA, and this provides confidence for the application of this

method to the FGFR3 TM domain.

Three residues stand out from the equivalent aggregate analysis over all trajec-

tories for each of the three FGFR3 conditions—G370, A374, R397 (Figure 5.20 on
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page 153). Other prominent close contact residues are spaced at 3-4 residue inter-

vals, which is consistent with the identification of a specific helical face of FGFR3.

It is noteworthy that G380/R380 (the site of the achondroplasia mutation) does not

feature prominently as a close contact residue, nor does A391 (mutation to E results

in Crouzon syndrome) (190). Does it make sense that residues mutated in disease

are not located directly at the dimer interface? Strikingly, G370 (one of the most

prominent contacts) is mutated to C in type 1 thanatophoric dysplasia, which has

a more severe phenotype than achondroplasia and is normally neonatal lethal (191).

It is possible that the severity of the phenotype correlates with the proximity of the

mutated residue to the dimer interface. Furthermore, G370 was recently localized to

the FGFR3 dimer interface by site-specific infrared dichroism (192). The propensity

for disulfide formation in FGFR3 follows the trend Cys370 > Cys371 > Cys375 (193),

which is also consistent with an interfacial position for residue 370. R397, another

of the prominent interfacial contacts, is part of the C-terminal CRLR tetrapeptide,

which can be removed to increase the dimerization affinity of FGFR3 to match that

of GpA (192).

5.4.6 Identification Of Dimer Interfaces

The experimental and clinical support for the proposed FGFR3 dimer interface

residues is encouraging. Despite identification of a small set of candidate interfacial

residues in the FGFR3 dimers, it is not clear if the broad distribution of allowable

helix crossing angles (section 5.4.3 on page 114) results from sampling of different

dimer interfaces. To test the possibility that more than one dimer interface can be

sampled in the FGFR3 dimer, I employed a simplified reference frame. For all three

FGFR3 conditions, a reference structure corresponding to the first helix in the first

frame of the first WT FGFR3 simulation was used. The first helix in all frames of

all FGFR3 replicate simulations was rmsd-fixed to match the configuration of that

reference structure. Applying the same coordinate transformation to the second helix
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allows for the assessment of the relative position of helix 2 while helix 1 is fixed in

a single configuration. The geometric center of helix 2 was tracked in this adjusted

coordinate system to test for the presence of multiple dimer interfaces. This is sim-

ilar to a strategy previously employed to study the GpA dimer interface (184). I

have written python MDAnalysis-dependent functions for calculating the positional

probability of helix 2 in the rmsd-fixed reference frame of helix 1 for individual GpA

and FGFR3 trajectories (fixed helix thermal()) and for results merged across all

replicates for a given FGFR3 condition (fixed helix thermal merged()). While

the former function contains its own data-binning routine for outputting the he-

lix 2 positional probabilities, the latter function is called prior to a separate bin-

ning routine (thermal bins()). All three functions are stored in the python library

dimer geometric tools.py D.17 on page 356, and controlled from the head script

analyze FGFR3 dimer simulations.py D.15 on page 338.

The result for the first control replicate GpA trajectory (representative of the other

GpA replicates) is shown in Figure 5.21 on page 154. The positional probability of

helix 2 is consistent with a primary dimer interface at the ‘bottom right’ of helix

1 and a secondary interface at the ‘top right.’ Since ten replicate simulations were

performed for each of the FGFR3 dimer conditions (Table 5.1 on page 189), the

aggregate helix 2 positional probability results across all replicates were calculated

for each condition (Figure 5.22 on page 155). All three FGFR3 constructs have a

primary dimer interface at the ‘bottom left’ of helix 1. While the WT has no major

dimer interaction at the ‘bottom right’ of helix 1, there is a progressively greater

likelihood of helix 2 interacting with helix 1 at the ‘bottom right’ when looking at the

WT→ heterodimer→ mutant homodimer results. Thus, a secondary dimer interface

progressively appears in the FGFR3 heterodimer and mutant homodimer simulation

conditions.
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5.4.7 Dimer Interface Transitions

There is evidence for primary and secondary dimer interfaces for FGFR3 (and

GpA) dimers (section 5.4.6 on page 118). It is not immediately clear how the helices

transition between the interfaces. One possibility is a continuous sampling of the two

interfaces with a bias toward the primary interface. However, a less frequent interface

transition scheme is also possible—there may be discrete periods of the simulation at

each of the interfaces with a single or a few transition points. To distinguish between

these transition schemes I employed a simplified reference frame with rmsd-fixing of

helix 1, as outlined in section 5.4.6 (page 118). However, instead of calculating the

positional probability of helix 2, I simply tracked its geometric center during the

trajectory by using a third plotting dimension—the frame (simulation time). The

MDAnalysis-dependent python function frame abstracted relative position()

in the dimer geometric tools.py module D.17 (page 356) was used to parse in-

dividual GpA and FGFR3 trajectories in the described fashion.

An example of the result of this analysis on a representative GpA simulation

trajectory is shown in Figure 5.23 on page 156. The stable helix 2 position at the

‘bottom right’ of helix 1 is apparent, with only one substantial excursion to the

secondary dimer interface late in the simulation. The excursion is clearly discrete–

there is a single point of exit from the primary interface and a single point of return to

the primary interface. The other GpA replicates exhibit similar discrete (rather than

continuous sampling) transitions between the primary and secondary dimer interfaces.

The FGFR3 mutant homodimer replicate 4 simulation is an interesting target for

this analysis because there is a roughly equivalent positional probability for helix 2

at the primary and secondary dimer interfaces (Figure 5.24 on page 157). Tracking

the geometric center of helix 2, it is apparent that helix 2 starts the simulation at the

secondary interface (‘bottom right’ of helix 1), and exhibits a very large amplitude

of motion at this interface (Figure 5.25 on page 158). However, roughly half way
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through the trajectory there is a transition to the primary interface (‘bottom left’ of

helix 1) where the position of helix 2 is much more stable. This is a representative

result of discrete interface transitions in the mutant homodimer FGFR3 condition.

5.4.8 Identification Of Representative Dimer Interface Struc-
tures And Contacts

The FGFR3 mutant homodimer (and to some extent the heterodimer) has both

primary and secondary dimer interfaces which are occupied for discrete periods of

the simulations (section 5.4.7 on page 120). It would be informative to pull out a

representative structure for each of the interfaces or to determine which interfacial

residue contacts predominate each of the configurations. In principle, it should be

possible to extract structures from simulation frames chosen manually from the plots

in section 5.4.7. However, the 3D perspective view of these plots (i.e., Figure 5.25 on

page 158) makes it cumbersome to extract appropriate frames to represent a particular

interface.

One way to simplify the plots is to remove one of the dimensions. It is crucial to

track the simulation time or frame number because we need to know the exact frame

that corresponds to a coordinate (interface position) for helix 2 in the reference frame

of rmsd-fixed helix 1. However, instead of tracking both x and y coordinate positions

it is possible to convert the Cartesian coordinates to a single polar angle θ (in the

two-dimensional polar coordinate system).

An example plot of θ and Ω (helix crossing angle) tracked as a function of simu-

lation frame number is shown in Figure 5.26 on page 159 for the first replicate GpA

simulation. The excursions of helix 2 to the secondary dimer interface are discrete

but brief for GpA, and there is apparently no substantial change in Ω for GpA dimer

interface transitions. This is not surprising given the strong preference of GpA dimers

for right-handed helix crossing angles (section 5.4.3 on page 114). In contrast, there

appears to be a change in Ω as the FGFR3 dimer transitions from the secondary
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to the primary interface in the fourth replicate mutant homodimer simulation (Fig-

ure 5.27 on page 160). Initially, at the secondary interface, Ω is primarily negative

(right-handed) and then transitions to a bimodal distribution about 0 as the dimer

assumes the primary configuration. It is also notable that there is a much larger am-

plitude of motion for FGFR3 helix 2 at the secondary interface when compared with

its relatively stable position at the primary interface, consistent with observations in

section 5.4.7 (page 120).

The demonstrated procedure for selection of representative dimer interface struc-

tures (simulation frames) from the helix 2 polar angle in the rmsd-fixed frame of

helix 1 is ‘manual,’ and may not be the ideal way to address the selection of a rep-

resentative structure across the population of all simulation replicate frames. To

address the quality of the manually selected representative frames I have highlighted

them in the context of a direct correlation between helix 2 polar θ and Ω for all

frames in a given FGFR3 simulation (Figure 5.28 on page 160). The calculations

were performed using the correlate helixcrossing polar theta() function in the

dimer geometric tools.py module D.17 (page 356). Even in the simple case of the

FGFR3 WT there is an obvious complication with the manual selection procedure—

the selection of a single representative structure will always, by chance, pull out a left-

or right-handed helix crossing configuration even though both are possible at the WT

(primary) interface. The same problem crops up for selection of the representative

primary interface in the FGFR3 heterodimer and mutant homodimer, and is potenti-

ated by the comparison with the secondary interface in these conditions. Thus, while

it is apparent that the FGFR3 secondary dimer interface represents mostly right-

handed helix crossing configurations, the bimodal helix crossing angle distribution at

the primary interface means that comparison of the representative primary and sec-

ondary interfaces would depend on the stochastic selection of a left- or right-handed

dimer from the primary interface.
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With the above limitations in mind, the FGFR3 dimer structures correspond-

ing to the representative frames highlighted in Figure 5.28 (page 160) are shown

in Figure 5.29 on page 161. By inspection, the FGFR3 secondary dimer interfaces

are similar when compared between heterodimer and mutant constructs while there

appear to be more substantial differences between representative primary interface

structures. This is consistent with the wider variety of helix crossing angles at the pri-

mary interface and the stochastic component to manual structure selection described

above.

The closest contacts by residue for each helix in the representative constructs were

calculated using the closest approach representative() function in the dimer geo-

metric tools.py module (D.17 on page 356). Plots of the reciprocal (for visualiza-

tion purposes) closest contact distances for each residue in the constructs are shown

in Figure 5.30 on page 162. The WT ‘secondary’ interface refers to a ‘top left’ posi-

tion for helix 2 in Figure 5.22 on page 155, and is distinct from the secondary dimer

interface which develops in the heterodimer and mutant. Nonetheless, there are some

noticeable differences in the WT contacts between the two interfaces and R397 in

particular has a much closer contact in the primary interface. The heterodimer in-

terfaces differ strikingly at the N-terminus (including G370 and A374) while R397

and other C-terminal residue contacts are more similar. Less striking differences are

observed between the interface contacts for the mutant homodimer, consistent with

selection of representative constructs that have the same helix crossing angle (compare

heterodimer and mutant selections in Figure 5.28 on page 160).

5.4.9 Population-Based Dimer Interface Classification

The previous section (5.4.8 on page 121) highlights the limitations with selection

of single representative dimer interface structures for FGFR3. The next step is to

use a clustering or population-based approach to classify groups of frames falling

into representative categories to avoid the stochastic problems with selection of single
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representative frames. GROMACS tools has a built-in clustering utility, g cluster,

which served as the starting point for this analysis. I used the g cluster single

linkage and gromos methods for generating the major clusters in each of the replicate

simulations. Single linkage will add a frame to a cluster as long as it is within a

specified rmsd-cutoff of any frame within that cluster, while the gromos algorithm

is more sophisticated, using a neighbour clustering cut-off technique as described in

(194). Plots correlating the % of trajectory structures in the major cluster with the

rmsd of the major cluster are shown for the single linkage (Figure 5.31 on page 163)

and gromos (Figure 5.32 on page 164) algorithms, as well as a direct comparison

of the two (Figure 5.33 on page 165), using a 0.4 nm rmsd cutoff. The gromos

algorithm is clearly more stringent—producing major clusters with lower rmsd values

and therefore lower % frame incorporation into the major cluster. It is also notable

that GpA trajectories consistently have less variation (lower rmsd), despite a similar

or higher % incorporation, within their major clusters compared with FGFR3. This

is consistent with the formation of a stronger dimer by GpA (188).

While the above GROMACS-based clustering methods produce sensible differ-

ences between GpA and FGFR3 trajectories, it would be preferable to incorporate

the polar angle (θ of helix 2 in the reference frame of rmsd-fixed helix 1) into the

population-based clustering method because θ (a change in position of helix 2) is the

basis of the dimer interface classification. The basic idea is to select a population of

frames within a certain set of θ bounds rather than a single frame within the interface

boundary and then analyze the members of each interface population as a whole. One

of the challenges for automated classification of simulation frames within populations

of interfaces are the large-amplitude and short-lived excursions of FGFR3 away from

the secondary interface and occasionally the primary interface. I do not want ev-

ery brief excursion back and forth between primary and secondary interfaces to be

treated as a stable transition from one interface to the other. Instead, I smoothed
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the data for each FGFR3 replicate trajectory using a weighted moving average and

a ‘spike-filter.’ Specifically, the simple moving average polar theta() function in

the dimer geometric tools.py module D.17 (page 356) performs a few analysis

steps: 1) For each replicate simulation, select only frames/θ values that correspond

to dimer configurations (frames after helix-helix closest Cα < 6Å). 2) Subject each

data point to a ‘spike filter:’ if the current θ differs by more than 1.0 radians from the

average θ values of both the 20 preceding and 20 following frames, its instantaneous

θ is replaced by the average of the previous 10 data points. It is important to check

both preceding and following θ trends because if θ only deviates substantially on one

side of the current data point, this may reflect a stable transition between interfaces

that is not an intended target for attenuation of a sudden change in θ. Note that

using a large window for the weighted average instead of this kind of spike filter is

also not desirable because it will produce a ‘lag’ in the data with the large window

tail. 3) Use the standard python numpy.convolve() function to calculate a linear

weighted moving average with a window size of 10 on the current spike-filtered data

set. The simplification of the automated classification of frames to representative

dimer interfaces as a result of the smoothed θ values is apparent with the attenuated

fluctuations in the new data, as highlighted in Figure 5.34 on page 165.

Finally, the resulting data is parsed for the predominant interfacial residue con-

tacts (as described in section 5.4.5 on page 116) at each of the interfaces, which are

defined based on classification of the ‘smoothed’ polar θ values:

Primary interface (rad): − 3.0 < θ < −1.5

Secondary interface (rad): − 1.0 < θ < 1.0

Other interfaces (rad): remaining θ

The specific filtering and analysis implementation is available in the interface-
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filtered merged top five FGFR3 and interface filtered parse overall FGFR3 -

top five data() functions in the dimer geometric tools.pymodule D.17 (page 356).

The predominant contacts, across all 30 FGFR3 dimer simulations (WT, heterodimer

and mutant), for each of the FGFR3 dimer interfaces are shown in Figure 5.35 on

page 166. There is a striking loss of contact symmetry at G370 (and to some extent

R397) at the secondary interface compared with the primary interface. The other

interface(s) exhibit a broad contact profile, which may simply reflect the fact that

more than one discrete alternative interface exists outside the primary and secondary.

Since G370 and R397 are candidates as important dimer contacts (section 5.4.5 on

page 116), the present evidence is consistent with changes at critical dimer inter-

face residues between primary and secondary interfaces and the existence of distinct

configurations at each interface.

5.5 Analysis Of Lipid Bilayer In GpA And FGFR3

Simulations

The previous section (5.4 on page 111) concerns the analysis of the peptide com-

ponents of the GpA and FGFR3 dimer trajectories. However, the peptides are not

simulated in a vacuum and I will now focus on the analysis of the POPC lipid bi-

layer surrounding the TM segments in these simulations. One of the challenges with

lipid bilayer analysis is the categorization of individual phospholipids to a particular

leaflet. MDAnalysis propagates a network of connections between selected particles

(i.e., phosphates in lipid headgroups) using a cut-off distance which determines the

leaflet groupings. This may cause problems if any lipid in one leaflet approaches a

lipid in the other by the cut-off distance because the network of connections could

then propagate through both leaflets and their separate definitions would be lost (Fig-

ure 5.36 on page 167). To simplify the tracking of lipid leaflets, I defined the leaflets in

the first frame of each simulation and assigned each phosphate particle permanently
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to a specific leaflet. In this manner, if a phospholipid moves closer to the center of the

bilayer it will not abrogate the leaflet definitions because each phosphate is assigned

permanently to one leaflet from the first frame (there is no propagation step in each

frame).

5.5.1 Testing For Phospholipid ‘Flip-Flop’

The method for leaflet selection outlined above handles bilayer pinching/narrowing

more gracefully than a network propagation procedure in each frame. However, my

method could produce misleading results if a phospholipid ‘flip-flops’ between leaflets

and is treated as a member of the incorrect leaflet in a calculation. To test for lipid

‘flip-flop’ I wrote the flip flop tracker() function in the dimer geometric tools.py

module (D.17 on page 356), which performs the following steps: 1) Selection of phos-

phate particles and their assignment to a particular leaflet, in the first frame of the

simulation, by network propagation using the MDAnalysis built-in LeafletFinder

function. The latter uses a networking cut-off optimized by the built-in optimize cut-

off function, which is called by the optimize leaflet selection cutoff function

in the dimer geometric tools.py module (D.17 on page 356) 2) With the absolute

leaflet assignments complete, iterate through each frame of the simulation and track

the largest and smallest Z (along bilayer normal) coordinates for each set of leaflet

phosphates. 3) Calculate the average Z coordinate of all phosphates in the system

for each frame to provide an estimate of the center of the bilayer.

This way, any replicate simulation can be tracked for phosphates which cross

the center of the bilayer and enter the other leaflet, and I will simply discard those

replicates with flip-flop activity from any leaflet-based analyses. One of the five

GpA replicate simulations was discarded from bilayer analysis because of the in-

plane orientation assumed by one of the peptides during this simulation, while the

other four did not show evidence of lipid flip-flop. A representative example from the

fourth GpA replicate simulation is shown in Figure 5.37 on page 167. Interestingly, 2
10
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replicates in the FGFR3WT condition exhibited lipid flip-flop between leaflets despite

the same bilayer lipid (POPC). An example of a phosphate headgroup crossing the

bilayer leaflet boundary, in the first replicate FGFR3 WT simulation, is shown in

Figure 5.38 on page 168. None of the ten FGFR3 heterodimer replicates exhibited

lipid flip-flop activity (i.e., Figure 5.39 on page 169), nor did any of the ten FGFR3

mutant homodimer replicates (i.e., Figure 5.40 on page 170).

The number of replicate simulations discarded because of lipid flip-flop is low,

and the absolute assignment of lipid phosphates to a particular leaflet in the first

frame of each simulation is therefore a robust method which can serve as the basis

for subsequent bilayer parameter measurements.

5.5.2 Protein-Local And -Distal Bilayer Thickness

The previous section (5.5.1 on page 127) dealt with the limitations of my lipid

bilayer leaflet selection procedure. With a robust method for leaflet selection estab-

lished, the focus now switches to determination of the bilayer thickness near (local

to) the TM monomers or dimers in comparison to the distal bilayer thickness (away

from the TM segments). I have written the MDAnalysis-dependent python function

analyze leaflets() in the dimer geometric tools.py module D.17 (page 356) to

perform a number of analysis steps on each of the replicate trajectories: 1) Assign

top and bottom leaflet phosphate populations in the first frame as described above.

2) Select all phosphate particles in the top and bottom leaflets within a 16 Å shell

of either TM segment. Also, select all phosphate particles in the top and bottom

leaflets that are more than 16 Å away from both TM segments. 3) Calculate the

difference between the Z coordinates of the centers of geometry for the respective

phosphate particle populations selected in the previous step. These are estimates of

bilayer thickness in protein-local and protein-distal regions of the system.

The interphosphate bilayer thickness tracked in protein-local and protein-distal

regions is shown in a representative plot from the fourth GpA replicate results (Fig-
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ure 5.41 on page 171). By inspection, there is at least a 4 Å thinning of the bilayer

in protein-local versus -distal regions. While some protein-local bilayer thinning is

also observed in the case of the FGFR3 WT, it is not nearly as substantial (i.e.,

Figure 5.42 on page 172). Similar results were observed for the FGFR3 heterodimer

replicates (i.e., Figure 5.43 on page 173). One of the FGFR3 mutant homodimer

replicates exhibited a dip in protein-local bilayer thickness roughly half way through

the simulation (Figure 5.44 on page 173), but this was not observed for the majority

of the mutant replicates.

The substantial POPC bilayer thinning observed near GpA may relate to hy-

drophobic mismatch with this 23 residue TM construct, while the moderate bilayer

thinning in proximity to each of the FGFR3 constructs may be explained by the

longer TM segments (33 residues). However, there is an additional concern with the

bilayer thickness analysis presented in this section—are the 16 Å protein-local shells

including a sufficient number of lipid phosphates? For example, if typically only two

lipids are within the defined local shell of each peptide, there is an undesirably small

sample size for the measurement. This is addressed in the next section.

5.5.3 Protein-Local And -Distal Lipid Shell Counts

The previous section (5.5.2 on page 128) includes analysis consistent with protein-

local bilayer thinning in GpA and (to a lesser extent) in FGFR3 simulations. However,

it is important to determine whether a sufficient number of protein-local lipid phos-

phates were captured in the defined 16 Å shells around the Cα particles of each TM

segment. The count lipids in local shell() function in the dimer geometric -

tools.py module D.17 (page 356) was designed to count the number of phosphates in

the top and bottom leaflets within 16 Å of either peptide in the dimer simulations as

well as the total top and bottom leaflet phosphate counts for positions farther than 16

Å from either TM segment. Representative results for GpA are shown in Figure 5.45

on page 174. As expected, there are considerably more protein-distal than protein-
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local lipids in each leaflet. It is noteworthy that the peptide dimerization event is

clearly observable as a synchronized increase in the number of protein-distal lipids,

and this is sensible because the protein-local shells overlap following dimerization.

There are more lipids in the distal bottom leaflet relative to the distal top leaflet, but

the reason for this is not clear and may simply relate to a partially random distri-

bution of lipids during the POPC bilayer self-assembly process. A closer look at the

peptide-local lipid shell counts reveals roughly 10 lipids per leaflet near a given GpA

monomer (Figure 5.46 on page 174).

The FGFR3 WT also has a larger lipid population in the distal bottom leaflet

versus the top (i.e., Figure 5.47 on page 175). Again, there is a clear indicator of

peptide dimerization as the distal leaflet lipid counts increase in unison, and the

local lipid shell counts appear to synchronize at this time. The local shell count

synchronization is especially apparent in the closer view (Figure 5.48 on page 175),

which also reveals that 10-15 lipids are included per leaflet within 16 Å of a given

FGFR3 monomer. In the pre-dimer state, one of the monomers fluctuates to some

lower lipid shell counts.

The gap in distal leaflet lipid populations is much smaller in the FGFR3 het-

erodimer replicates (i.e., Figure 5.49 on page 176), which is consistent with a stochas-

tic component to leaflet population distribution during the bilayer self-assembly pro-

cess. The ninth heterodimer replicate simulation tracked in Figure 5.49 again exhibits

a synchronized increase in distal leaflet lipid populations coinciding with peptide

dimerization (the extended time required for dimerization of this replicate is con-

sistent with observations in section 5.4.1 on page 111). The local lipid shell counts

also synchronize upon dimerization (Figure 5.50 on page 176), and 10-15 lipids are

included per leaflet within 16 Å of a given FGFR3 monomer. Again, in the pre-dimer

state, one of the monomers fluctuates to some lower lipid shell counts.

The behaviour of the FGFR3 mutant homodimer is very similar to the heterodimer
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(i.e., Figure 5.51 on page 177 and Figure 5.52 on page 177). Overall, the 10-15 lipids

per leaflet counted in the protein-local shells for GpA and FGFR3 replicates provide

confidence that the 16 Å local shell definition is appropriate. A larger number of

lipids (∼ 90) was reported in a defined local shell around another simulated protein

in the literature (195), but the rhomboid protease in question is substantially larger

than the dimers reported here. With verification of the local lipid shell definition

complete, the next section returns to the issue of tracking bilayer thickness, with an

emphasis on the effect of dimerization on local bilayer thickness.

5.5.4 Overall Bilayer Thickness Analysis For GpA And FGFR3
Simulations

With added confidence in the protein-local and -distal lipid selection methodology

(section 5.5.3 on page 129), and evidence for protein-local bilayer thinning in the CG

simulations for GpA and FGFR3 (section 5.5.2 on page 128), it is desirable to analyze

the data gathered across all replicate simulations for average bilayer thickness values

before and after peptide dimerization. The function bilayer thickness average -

results() in the dimer geometric tools.py module D.17 (page 356) performs a

few tasks in this analysis: 1) Using the previously calculated closest interhelical Cα

approach (per frame) during each of the trajectories (section 5.4.1 on page 111),

determine the frame number at which dimerization occurs (defined as dCα−Cα < 6 Å).

2) Parse the previously calculated protein-local and -distal bilayer thickness results

(section 5.5.2 on page 128) and split the protein-local data in to pre- and post-

dimerization lists, combining results from each monomer. The protein-distal bilayer

thickness values are not split on the dimerization frame. In total, this produces three

separate lists for each of the GpA, FGFR3 WT, FGFR3 heterodimer, and FGFR3

mutant homodimer conditions.

Finally, the bilayer stats() function in the same module is called separately

by the head script (analyze FGFR3 dimer simulations.py on page 338) to deter-
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mine the average and standard deviation values for the global lists produced by

bilayer thickness average results(). The overall results for GpA and the FGFR3

conditions are summarized in Figure 5.53 on page 178. While it is clear that GpA and

FGFR3 TM peptides cause local bilayer thinning, it is not clear within one standard

deviation that any substantial local bilayer thinning occurs following dimerization.

The latter observation may be consistent with a stable dimerization process because

additional local bilayer thinning following dimerization may come with an entropic

lipid rearrangement penalty.

5.5.5 DPPC: The Effect Of Phospholipid Type On FGFR3
Dimer Behaviour

In addition to the manually setup and executed dimer simulations summarized in

Table 5.1 (page 189), I also submitted FGFR3 WT, heterodimer and mutant homod-

imer configurations to the high-throughput GROMACS-based SIDEKICK automated

simulation program (196). SIDEKICK performs the setup and execution of a large

number of coarse-grained replicate simulations while abstracting the details from the

user, and performed a total of 98 FGFR3 WT replicates, 96 FGFR3 heterodimer

replicates, and 92 FGFR3 mutant homodimer replicates, with each replicate con-

sisting of a 0.5 μs trajectory. One limitation of this high-throughput framework is

that only DPPC may be used as the bilayer lipid (because it has been sufficiently

well characterized for coarse-grained membrane-based simulations to be used in an

automated context). I’ve used POPC for the manually executed simulations for con-

sistency with experimental FGFR3 studies (11, 173). However, I have performed a

preliminary analysis on the SIDEKICK results to probe the effect of DPPC versus

POPC on FGFR3 dimer behaviour.

5.5.5.1 FGFR3 Dimer Stability In DPPC

All of the GpA and FGFR3 constructs I have analyzed from CG simulations in

POPC bilayers have formed stable dimers which do not dissociate once formed (see
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section 5.4.1 on page 111). However, WT and mutant GpA TM constructs have

been observed to dissociate in DPPC-based CG simulations (184). In contrast, more

recent DPPC-based CG simulations of WT and mutant GpA TM peptides do not

exhibit any dissociation behaviour (185), and the authors suggest the discrepency

with previous work is related to the more thoroughly calibrated MARTINI force field

they employ.

FGFR3 WT, heterodimer, and mutant homodimer constructs all exhibited disso-

ciation behaviour in DPPC bilayer-based SIDEKICK CG simulations (Figure 5.54 on

page 179). The large number of replicate simulations were parsed by the closest cont-

acts efficient SIDEKICK() function in the dimer geometric tools.pymodule (page

356), which was controlled from a head script designed for the high-throughput

data organization (analyze sidekick FGFR3 dimer simulations.py). The reduced

dimerization propensity is probably not the expected consequence of switching to a

more saturated phospholipid, but given the variety of reported results within DPPC

alone, it is not surprising that different phospholipids encourage varied dimerization

behaviour.

5.5.5.2 FGFR3 Dimerization Interface In DPPC

In section 5.4.6 (page 118) I described a method for assessing the number of dimer

interfaces explored by helix 2 when helix 1 is rmsd-fixed to a reference frame. For

FGFR3, this reference frame is the configuration of helix 1 in the first frame of the

first WT replicate simulation. Using the same (POPC-based) reference configuration

for DPPC simulations, I have once again tracked the positional probability of helix 2,

in this case to provide a direct comparison of the DPPC and POPC dimer interfaces

for the three FGFR3 conditions. It is especially useful that the sample sizes are

comparable between the SIDEKICK (DPPC) and manual (POPC) data sets. There

were 10 replicates× 5 μs
replicate

= 50μs total for each of the manual FGFR3 conditions.

The 98 WT, 96 heterodimer, and 92 mutant FGFR3 0.5 μs replicates accumulate 49,
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48, and 46 μs of total simulation time, respectively. Although each FGFR3 condition

can be compared over roughly 50 μs of total simulation time, it is noteworthy that

the much larger number of SIDEKICK replicates results in more simulation restarts,

and therefore less time spent in the dimer configuration.

The fixed helix thermal merged SIDEKICK() and thermal bins SIDEKICK()

functions in the dimer geometric tools.py module (page 356) were called in se-

quence by the head script (analyze sidekick FGFR3 dimer simulations.py) to pro-

duce the probability map for the position of helix 2 in the reference frame of rmsd-fixed

helix 1. The comparison between FGFR3 dimer interfaces in POPC and DPPC is

shown in Figure 5.55 on page 180. Clearly, the primary dimer interface is still lo-

cated at the ‘bottom left,’ which is encouraging for validation as a stable interface.

However, the secondary dimer interface is located at the ‘top right’ in DPPC rather

than the ‘bottom right’ observed for POPC. Curiously, the secondary dimer interface

in DPPC is more prominent in the WT than the heterodimer, and then reappears in

the mutant homodimer.

5.6 FGFR3 Monomer Simulations

I performed a set of FGFR3 monomer simulations in POPC bilayers (see Table 5.2

on page 190) to control for the individual behaviour of the FGFR3 WT and G380R

mutant TM peptides used in the dimer simulations. I wrote the preliminary analysis

functions for the monomer replicates in the monomer geometric tools.py module

(page 460), which is controlled by the head script analyze FGFR3 monomer simulat-

ions.py (page 457).

5.6.1 Helix Tilt Angle

I wrote the helix tilt vs bilayer normal() function in the monomer geometric-

tools.py module (page 460) to track the tilt of the FGFR3 WT or mutant helices

with respect to the bilayer normal in each of the replicate monomer trajectories. The
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helical axis was defined as the first eigenvector of the Cα backbone and the bilayer nor-

mal was defined as the third eigenvector of the POPC phosphate headgroups. Both

the WT (i.e., Figure 5.56 on page 181) and mutant (i.e., Figure 5.57 on page 182)

monomers exhibited frequent fluctuations in helical tilt angles, mostly between 0� and

30�. This is a wider range of fluctuation than predicted by oriented circular dichroism

and neutron diffraction of FGFR3 peptides in POPC bilayers (0� to 20�) (11).

5.6.2 FGFR3 SIDEKICK Monomer Simulations

In addition to the manually executed monomer replicates, the SIDEKICK high-

throughput simulation framework (described in section 5.5.5 on page 132) was used

to conduct 100 replicate simulations (of 0.1 μs duration) for each of the WT and

G380R FGFR3 TM constructs in POPC bilayers. In contrast to the case for dimer

simulations, SIDEKICK allows for the use of POPC and automatically generates a

gallery of analysis plots. The peptide bilayer burial depth distributions are plotted for

the WT (Figure 5.58 on page 183) and mutant (Figure 5.59 on page 184), and it is clear

that the center of the mutant peptide is displaced upward from the center of the bilayer

relative to the WT (by at least 1 Å). This is consistent with the introduction of the R

residue in the mutant TM segment and the movement of this residue away from the

hydrophobic core of the bilayer. Experimental results for FGFR3 peptide constructs

in POPC bilayers were consistent with a 5 Å upward (N-terminal) displacement of

the R380 residue relative to G380 in the WT (11).

SIDEKICK also automatically produced plots for the FGFR3 WT (Figure 5.60 on

page 185) and mutant (Figure 5.61 on page 186) helix tilt angle distributions over all

the replicate simulations. Both WT and mutant constructs exhibited similar helix tilt

angle distribution modes ∼38�. This angle is larger than the upper value of the range

predicted by experimental constraints from oriented circular dichroism and neutron

diffraction of FGFR3 peptides in POPC bilayers (0� to 20�) (11).

The final analysis completed by SIDEKICK is the distribution of helix rotation
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angles (about the helical axis itself). While the WT FGFR3 helix clearly assumes a

single favoured rotation angle in the bilayer (Figure 5.62 on page 187), the G380R

mutant exhibits a bimodal distribution of rotation angles with a roughly 180� ro-

tation between the preferred configurations (Figure 5.63 on page 188). This added

‘flexibility’ may contribute to the secondary dimer interface behaviour observed in

heterodimer and mutant homodimer (section 5.4.6 on page 118).

5.7 Summary And Conclusions

I started this chapter by describing the medical relevance of the G380R mutation

in the TMD of FGFR3—in ∼99% of cases it is the underlying cause of achondroplasia

(163, 164, 165). CG-MD simulations of the FGFR3 WT homodimer, heterodimer,

and mutant homodimer TMDs in lipid bilayers were analyzed in detail (section 5.4

on page 111). I demonstrated that the initial 55 Å separation between helices was

sufficient to ensure that there was no bias in the dimer formation process and that

the dimers did not dissociate once formed (section 5.4.1 on page 111). A substantial

amount of stochastic wandering can occur in the bilayer prior to dimer formation (sec-

tion 5.4.2 on page 113), and this is also consistent with unbiased dimer formation.

FGFR3 dimer constructs all exhibited bimodal helix crossing angles (section 5.4.3

on page 114), but still moved together in the membrane after dimer formation (sec-

tion 5.4.4 on page 115).

Having confirmed stable and unbiased dimer formation, I parsed the GpA and

FGFR3 trajectories for the closest interfacial contacts in the dimers (section 5.4.5 on

page 116). I first tested my analytical approach on the GpA constructs and the major

contacts parsed from the simulations were consistent with experimental results. This

provided confidence for the application of the analysis to FGFR3 and I identified at

least three major interfacial residues—G370, A374, and R397. The latter residues

were consistent with experimental and medical findings, and are suggested as candi-
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date interfacial residues for FGFR3 dimers (for which no high-resolution structures

are currently available). The three FGFR3 dimer constructs all have a consistent pri-

mary dimer interface, but also a secondary dimer interface that appears progressively

in the heterodimer and is most prominent in the mutant homodimer (section 5.4.6 on

page 118). I demonstrated that the FGFR3 helical positions are more stable at the

primary interface than the secondary interface, and that there is a discrete time spent

at each interface rather than a continuous sampling between the two interfaces (sec-

tion 5.4.7 on page 120). Attempts to manually select representative dimer interface

structures based on the polar θ of helix 2 in the rmsd-fixed reference frame of helix

1 were problematic because there is a stochastic component to the manual selection

procedure that can select a representative primary interface structure that has either

a left- or right-handed helix crossing angle (section 5.4.8 on page 121).

For a rigorous classification of FGFR3 dimer interfaces, I parsed across the frames

of all trajectories to define populations of simulation frames that fall into the primary,

secondary, and ‘other’ interfaces based on moving average (sliding window) polar θ

and a filter for sudden short-lived fluctuations in the data (section 5.4.9 on page 123).

The results were consistent with a loss of symmetry at G370 and R397 at the sec-

ondary interface compared with the primary interface. These interfacial differences

are at important contacts (based on simulation and experiment) and are consistent

with rotation of one helix relative to the other—a potential molecular mechanism for

pathology. In support of this model, activation of ErbB2 occurs by a 120� rotation of

the TMD monomers relative to each other after ligand binding to the RTK (197). In

addition, the oncogenic V664E TMD mutation in Neu (rat homologue of ErbB2) pre-

vents conformational switching between the active and inactive states (198). Thus,

activating RTK TMD mutations may encourage or restrict the rotation of TMDs

depending on the specific structure of the RTK.

In section 5.5 (page 126) I analyzed some properties of the POPC bilayer local
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and distal to the FGFR3 TMD peptides. There was peptide-local bilayer thinning for

GpA and (to a lesser extent) for FGFR3. Curiously, I found that all three FGFR3

dimer constructs dissociated in DPPC but not in POPC, and that the secondary

dimer interface and its trends are different in DPPC (section 5.5.5 on page 132).

FGFR3 monomer simulations in POPC were consistent with increased vertical (N-

terminal) displacement of the mutant monomer from the center of the bilayer (relative

to FGFR3 WT) (section 5.6.2 on page 135), similar helix tilt angle distributions

(relative to the bilayer normal), and the presence of two preferred rotation (about the

helical axis) angles for the mutant constructs (and only a single preferred rotation

angle for the WT). The latter observation may relate to the observed secondary

dimer interface for dimer constructs involving G380R and may in particular explain

the ability of this helix to rotate in the membrane between the two interfaces.
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Figure 5.1: Tracking closest Cα helix-helix approach for the first GpA coarse-grained
simulation.
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Figure 5.2: Tracking closest Cα helix-helix approach for the third WT FGFR3 coarse-
grained simulation.
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Figure 5.3: Tracking closest Cα helix-helix approach for the ninth FGFR3 heterodimer
coarse-grained simulation.
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Figure 5.4: Tracking closest Cα helix-helix approach for the second FGFR3 mutant
homodimer coarse-grained simulation.
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Figure 5.5: The closest interhelix approach between Cα particles is monitored during
the 5 μs coarse-grained simulations. Five replicates were conducted for GpA, while
ten replicates were completed for each of FGFR3 wild-type, G380R heterodimer, and
G380R mutant homodimer conditions.
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Figure 5.6: Relative motion of the center of geometry of helix 2 (blue) in the reference
frame of the center of geometry of helix 1 (red) during the first wild-type homodimer
GpA coarse-grained simulation (every 10th frame).
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Figure 5.7: Relative motion of the center of geometry of helix 2 (blue) in the reference
frame of the center of geometry of helix 1 (red) during the seventh FGFR3 WT
homodimer replicate coarse-grained simulation (every 10th frame). The approximate
size of the simulation box in the x-y plane is shown in purple.
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Figure 5.8: Relative motion of the center of geometry of helix 2 (blue) in the reference
frame of the center of geometry of helix 1 (red) during the ninth FGFR3 heterodimer
replicate coarse-grained simulation (every 10th frame).
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Figure 5.9: Relative motion of the center of geometry of helix 2 (blue) in the reference
frame of the center of geometry of helix 1 (red) during the second FGFR3 mutant
homodimer replicate coarse-grained simulation (every 10th frame).
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Figure 5.10: Helix crossing angle (Ω) distribution for the first replicate of the GpA
WT homodimer construct. Every 25th frame of the trajectory was parsed and included
in the histogram only if the helices were dimerized. The area under the curve sums
to unity.
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Figure 5.11: Helix crossing angle (Ω) distribution for the first replicate of the FGFR3
WT homodimer construct. Every 25th frame of the trajectory was parsed and included
in the histogram only if the helices were dimerized. The area under the curve sums
to unity.
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Figure 5.12: Helix crossing angle (Ω) distribution for the ninth replicate of the FGFR3
heterodimer construct. Every 25th frame of the trajectory was parsed and included
in the histogram only if the helices were dimerized. The area under the curve sums
to unity.
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Figure 5.13: Helix crossing angle (Ω) distribution for the first replicate of the FGFR3
mutant homodimer construct. Every 25th frame of the trajectory was parsed and
included in the histogram only if the helices were dimerized. The area under the
curve sums to unity.
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Figure 5.14: Helix crossing angle (Ω) distribution merged over all replicates of GpA
and FGFR3 constructs. Every 25th frame of the constituent trajectories was parsed
and included in the histograms only if the helices were dimerized. Helix crossing
angles are shown for GpA (brown), FGFR3 wild-type (black), FGFR3 heterodimer
(red), and FGFR3 mutant homodimer (blue). The area under each curve sums to
unity.
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Figure 5.15: Correlating the closest Cα interhelical approach with helix crossing angle
(Ω) for GpA (5 replicates), FGFR3 WT (10 replicates), FGFR3 heterodimer (10
replicates), and FGFR3 mutant homodimer (10 replicates) constructs. The plotted
results are merged across all available replicate simulations as indicated.
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Figure 5.16: Tracking Z coordinate (along bilayer normal) for each helix Cα geometric
center relative to center of bilayer during the first GpA replicate simulation. Every
10th frame was parsed in a non-centered trajectory.
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Figure 5.17: The absolute correlation coefficients (|R|) between the Z coordinates of
the geometric centers of the GpA or FGFR3 helices in each replicate simulation before
and after dimerization. The dimerization distance is defined as a closest interhelical
Cα approach < 6 Å.
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Figure 5.18: Average and standard deviation (across all replicates) for the absolute
correlation coefficient (|R|) between helical geometric center Z coordinates for GpA
and FGFR3 dimer simulation constructs before and after dimerization. The dimer-
ization distance is defined as a closest interhelical Cα approach < 6 Å.
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Figure 5.19: The normalized frequency of occurrence for a residue in the five closest
contacts between helix 1 (black) and helix 2 (red) when the GpA helix-helix Cα

separation is within 7 Å in the first replicate coarse-grained simulation.
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Figure 5.20: Normalized frequency of occurence for a residue in the five closest con-
tacts between helices when interhelix Cα separation is within 7 Å over all the CG
replicate simulations for each of FGFR3 wild-type (helix 1 blue, helix 2 purple), het-
erodimer (G380R helix 1 black, WT helix 2 brown), and mutant homodimer (helix
1 red, helix 2 yellow) conditions.
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Figure 5.21: A contour plot of the positional probability of GpA helix 2 in the ref-
erence frame of rmsd-fixed helix 1 (centered at the origin) in the first GpA replicate
simulation. The non-linear probability scale is indexed as P = 0.0 white, P = 0.000001
blue, P = 0.001 yellow , P = 0.01 orange, P= 0.05 red .
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Figure 5.22: A contour plot of the positional probability of helix 2 in the reference
frame of rmsd-fixed helix 1 (centered at the origin) calculated over all ten replicate
trajectories for each of the FGFR3 dimer conditions. The non-linear probability scale
is indexed as P = 0.0 white, P = 0.000001 blue, P = 0.001 yellow , P = 0.01 orange,
P= 0.05 red .
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Figure 5.23: The coordinates of the geometric center of helix 2 (red line) are tracked
in the reference frame of rmsd-fixed helix 1 (central black line) as the simulation
progresses (with frame number along the Z-axis). This is the fourth replicate GpA
CG simulation and is representative of results for other GpA replicates.
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(Å

)

0

0.01

0.02

0.03

0.04

0.05

p
ro
b
ab

il
it
y

Figure 5.24: A contour plot of the positional probability of helix 2 in the reference
frame of rmsd-fixed helix 1 (centered at the origin) in the fourth mutant homodimer
FGFR3 simulation. The non-linear probability scale is indexed as P = 0.0 white, P
= 0.000001 blue, P = 0.001 yellow , P = 0.01 orange, P= 0.05 red .
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Figure 5.25: The coordinates of the geometric center of helix 2 (red line) are tracked
in the reference frame of rmsd-fixed helix 1 (central black line) as the simulation
progresses (with frame number along the Z-axis). This is the fourth replicate FGFR3
mutant homodimer CG simulation and is representative of results for other mutant
replicates.
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Figure 5.26: Polar angle of helix 2 (θ, top) in the rmsd-fixed frame of helix 1 and
helix crossing angle (Ω, bottom) are tracked during the first GpA replicate simulation.
Vertical lines are drawn in the respective plots to highlight frames that represent the
primary (blue, frame 4701) and secondary (green, frame 9311) dimer interfaces based
on their polar angles. The excursions to the secondary dimer interface are discrete
but brief for GpA.
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Figure 5.27: Polar angle of helix 2 (θ, top) in the rmsd-fixed frame of helix 1 and helix
crossing angle (Ω, bottom) are tracked during the fourth FGFR3 mutant homodimer
replicate simulation. Vertical lines are drawn in the respective plots to highlight
frames that represent the primary (blue, frame 10001) and secondary (green, frame
1901) dimer interfaces based on their polar angles. There appears to be a transition
in Ω that coincides with the dimer interface transition.
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Figure 5.28: Direct correlation of polar angle (θ) and helix crossing angle (Ω) for
the frames of representative FGFR3 simulations. The specific primary (blue) and
secondary (green) representative dimer interface frames selected by the manual pro-
cedure are highlighted as appropriate.
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(a) WT 1� (b) Heterodimer 1� (c) Heterodimer 2� (d) Mutant 1� (e) Mutant 2�

Figure 5.29: Representative coarse-grain Cα structures (N-terminus top) for the
FGFR3 primary and secondary dimer interfaces. G370, A374, and R397 (which are
among the predominant interfacial contacts in Figure 5.20 on page 153) are shown
in van der Waals representation, and disease-target residues G/R380 and A391 are
in purple. Similar secondary interface structures for heterodimer (c) and mutant (e)
reflect right-handed crossing angles while differences between primary interface struc-
tures reflect (in part) variation in helix crossing angles (which have a bimodal distri-
bution at the FGFR3 primary interface as highlighted in Figure 5.28 on page 160)
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Figure 5.30: FGFR3 WT (top), heterodimer (middle), and mutant homodimer (bot-
tom) reciprocal closest contact distances for each residue in each helix of a represen-
tative dimer interface structure.
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Figure 5.31: Comparing coarse-grained MD simulation trajectory structural cluster-
ing by the single linkage method (0.4 nm cutoff; every 10th frame parsed). The fifth
replicate GpA simulation has a smaller % incorporation to the major cluster because
one of the helices assumes an in-plane orientation during part of that simulation. An
even smaller % incorporation is observed for the 9th replicate FGFR3 heterodimer
simulation because of the nearly 4 μs time required for dimerization.
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Figure 5.32: Comparing coarse-grained MD simulation trajectory structural cluster-
ing by the gromos algorithm (0.4 nm cutoff; every 10th frame parsed). The fifth
replicate GpA simulation has a smaller % incorporation to the major cluster because
one of the helices assumes an in-plane orientation during part of that simulation. An
even smaller % incorporation is observed for the 9th replicate FGFR3 heterodimer
simulation because of the nearly 4 μs time required for dimerization.
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Figure 5.33: Comparing gromos (black) and single linkage (red) algorithms for clus-
tering 35 dimer simulations involving FGFR3 or GpA (0.4 nm cutoff; every 10th

frame).
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Figure 5.34: Using a weighted moving average and spike-filter to classify frames
according to helix 2 COM θ in rmsd-fixed reference frame of helix 1 in the fourth
replicate FGFR3 mutant simulation.
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Figure 5.35: Normalized frequency of occurrence for a residue in the five closest
contacts between helices when interhelix (Cα) separation is within 6 Å for primary,
secondary and ‘other’ dimer interface populations from all 30 FGFR3 CG replicate
simulations.
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Figure 5.36: Using an MDAnalysis networkx-based utility, a set of phosphate parti-
cles (circles) are connected within a certain cut-off boundary to produce two clearly
separated leaflets (left) or there is a failure to identify separate leaflets because of
phosphate headgroups with an intermediate position (right). The latter is a concern
because it may occur during a subset of frames in a simulation when a particular
lipid particle is substantially perturbed away from the regular surface of the leaflet,
causing failure of any measurement that depends on the identification of two separate
leaflets.
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Figure 5.37: Checking for phospholipid ‘flip-flop:’ tracking POPC leaflet minimum
and maximum phosphate Z coordinates for the fourth coarse-grained GpA simulation
(every 10th frame). It is apparent that no phosphate particle crosses the approximate
center boundary of the bilayer.
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Figure 5.38: Checking for phospholipid ‘flip-flop:’ tracking POPC leaflet minimum
and maximum phosphate Z coordinates for the first coarse-grained FGFR3 WT sim-
ulation (every 10th frame). It is apparent that a phosphate particle crosses the ap-
proximate center boundary of the bilayer.
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Figure 5.39: Checking for phospholipid ‘flip-flop:’ tracking POPC leaflet minimum
and maximum phosphate Z coordinates for the tenth coarse-grained FGFR3 het-
erodimer simulation (every 10th frame). It is apparent that no phosphate particle
crosses the approximate center boundary of the bilayer.
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Figure 5.40: Checking for phospholipid ‘flip-flop:’ tracking POPC leaflet minimum
and maximum phosphate Z coordinates for the tenth coarse-grained FGFR3 mutant
homodimer simulation (every 10th frame). It is apparent that no phosphate particle
crosses the approximate center boundary of the bilayer.
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Figure 5.41: Comparing leaflet POPC interphosphate distance (bilayer thickness) for
protein-local and -distal regions in the fourth coarse-grained GpA simulation (every
10th frame).
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Figure 5.42: Comparing leaflet POPC interphosphate distance (bilayer thickness) for
protein-local and -distal regions in the tenth coarse-grained FGFR3 WT simulation
(every 10th frame).
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Figure 5.43: Comparing leaflet POPC interphosphate distance (bilayer thickness)
for protein-local and -distal regions in the tenth coarse-grained FGFR3 heterodimer
simulation (every 10th frame).
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Figure 5.44: Comparing leaflet POPC interphosphate distance (bilayer thickness) for
protein-local and -distal regions in the ninth coarse-grained FGFR3 mutant homod-
imer simulation (every 10th frame).
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Figure 5.45: Tracking the number of lipid phosphates within 16 Å of either TM
peptide (set of Cα particles) for each bilayer leaflet in the third replicate GpA CG
simulation (every 10th frame). The remaining (protein-distal) lipid phosphate counts
are also tracked.
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Figure 5.46: This is a zoom-in version of Figure 5.45 (page 174) focusing on the
number of lipid phosphates within 16 Å of either TM peptide (set of Cα particles) for
each bilayer leaflet in the third replicate GpA CG simulation.
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Figure 5.47: Tracking the number of lipid phosphates within 16 Å of either TM
peptide (set of Cα particles) for each bilayer leaflet in the seventh replicate FGFR3
WT CG simulation (every 10th frame). The remaining (protein-distal) lipid phosphate
counts are also tracked.
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Figure 5.48: This is a zoom-in version of Figure 5.47 (page 175) focused on the number
of lipid phosphates within 16 Å of either TM peptide (set of Cα particles) for each
bilayer leaflet in the seventh replicate FGFR3 WT CG simulation.
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Figure 5.49: Tracking the number of lipid phosphates within 16 Å of either TM
peptide (set of Cα particles) for each bilayer leaflet in the ninth replicate FGFR3
heterodimer CG simulation (every 10th frame). The remaining (protein-distal) lipid
phosphate counts are also tracked.
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Figure 5.50: This is a zoom-in version of Figure 5.49 (page 176) focused on the number
of lipid phosphates within 16 Å of either TM peptide (set of Cα particles) for each
bilayer leaflet in the ninth replicate FGFR3 heterodimer CG simulation.
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Figure 5.51: Tracking the number of lipid phosphates within 16 Å of either TM
peptide (set of Cα particles) for each bilayer leaflet in the seventh replicate FGFR3
mutant homodimer CG simulation (every 10th frame). The remaining (protein-distal)
lipid phosphate counts are also tracked.
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Figure 5.52: This is a zoom-in version of Figure 5.51 (page 177) focused on the number
of lipid phosphates within 16 Å of either TM peptide (set of Cα particles) for each
bilayer leaflet in the seventh replicate FGFR3 mutant homodimer CG simulation.
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Figure 5.55: Probability map for the position of helix 2 in the rmsd-fixed reference
frame of helix 1 compared for FGFR3 CG simulations in POPC (top) and DPPC
(bottom). The reference structure for rmsd alignment is always the configuration of
helix 1 in the first frame of the first WT POPC simulation. The non-linear probability
scale is indexed as P = 0.0 white, P = 0.000001 blue, P = 0.001 yellow , P = 0.01
orange, P= 0.05 red .
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Figure 5.56: Representative plot tracking the helix tilt angle of the FGFR3 WT
monomer (replicate 1) relative to the bilayer normal. The helix axis was defined as
the first eigenvector of the Cα backbone and the bilayer normal was calculated as the
third eigenvector of the POPC phosphate population.
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Figure 5.57: Representative plot tracking the helix tilt angle of the FGFR3 mutant
monomer (replicate 1) relative to the bilayer normal. The helix axis was defined as
the first eigenvector of the Cα backbone and the bilayer normal was calculated as the
third eigenvector of the POPC phosphate population.
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Simulation # (cluster used) Descriptiona gen seedb

15 (neuron at SBCB) WT homodimer replicate #1 117
16 (neuron at SBCB) WT homodimer replicate #2 7692
17 (neuron at SBCB) WT homodimer replicate #3 3971
18 (neuron at SBCB) G380R homodimer replicate #1 38
19 (neuron at SBCB) G380R homodimer replicate #2 41916
20 (neuron at SBCB) G380R homodimer replicate #3 5009
21 (neuron at SBCB) Heterodimer replicate #1 4135
22 (neuron at SBCB) WT homodimer replicate #4 19109
23 (neuron at SBCB) WT homodimer replicate #5 6751094
24 (neuron at SBCB) G380R homodimer replicate #4 43638
25 (mahone at ACEnet) G380R homodimer replicate #5 13389
26 (mahone at ACEnet) Heterodimer replicate #2 998120
27 (mahone at ACEnet) Heterodimer replicate #3 1734
28 (mahone at ACEnet) Heterodimer replicate #4 581905
29 (mahone at ACEnet) Heterodimer replicate #5 133786
30 (mahone at ACEnet) Heterodimer replicate #6 5599878
31 (mahone at ACEnet) Heterodimer replicate #7 1991
32 (mahone at ACEnet) Heterodimer replicate #8 2036784
33 (mahone at ACEnet) Heterodimer replicate #9 556809289
34 (mahone at ACEnet) Heterodimer replicate #10 13391339
35 (fundy at ACEnet) G380R homodimer replicate #6 51561673
36 (fundy at ACEnet) G380R homodimer replicate #7 4666283
37 (fundy at ACEnet) G380R homodimer replicate #8 4636837
38 (fundy at ACEnet) G380R homodimer replicate #9 3618616616
39 (fundy at ACEnet) G380R homodimer replicate #10 447009371
40 (glooscap at ACEnet) WT homodimer replicate #6 15242205
41 (fundy at ACEnet) WT homodimer replicate #7 1404083761
42 (glooscap at ACEnet) WT homodimer replicate #8 255957890
43 (fundy at ACEnet) WT homodimer replicate #9 89887165
44 (glooscap at ACEnet) WT homodimer replicate #10 667000009
57 (fundy at ACEnet) GpA WT control replicate #1 395918
58 (glooscap at ACEnet) GpA WT control replicate #2 1170019
59 (fundy at ACEnet) GpA WT control replicate #3 669661
60 (fundy at ACEnet) GpA WT control replicate #4 454977977
61 (fundy at ACEnet) GpA WT control replicate #5 393105

Table 5.1: The full set of FGFR3 and GpA dimer replicate simulations as they were
tracked during production

aall simulations involve two (33-residue FGFR3 or 23-residue GpA) peptides in POPC bilayer
and water

bGROMACS starting velocity parameter
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Simulation # (cluster used) Descriptiona gen seedb

47 (fundy at ACEnet) WT monomer replicate #1 556611119
48 (fundy at ACEnet) WT monomer replicate #2 23332
49 (fundy at ACEnet) WT monomer replicate #3 56668990001
50 (fundy at ACEnet) WT monomer replicate #4 2222913331
51 (fundy at ACEnet) WT monomer replicate #5 36327
52 (neuron at SBCB) G380R monomer replicate #1 770091336
53 (neuron at SBCB) G380R monomer replicate #2 363695
54 (neuron at SBCB) G380R monomer replicate #3 16443305
55 (neuron at SBCB) G380R monomer replicate #4 17231355
56 (neuron at SBCB) G380R monomer replicate #5 6609199

Table 5.2: The full set of FGFR3 monomer replicate simulations as they were tracked
during production

aall simulations involve a single 33-residue FGFR3 peptide in POPC bilayer and water
bGROMACS starting velocity parameter
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Chapter 6

Spitz-Rhomboid Simulation

6.1 Introduction

The spitz-rhomboid system was described in section 4.1 (page 58) as a prelude

to describing production and purification of spitz (or homologous) TMD peptide

constructs. The latter project resulted in several successfully synthesized peptides

that proved extremely difficult to purify. While it was possible to collect NMR spectra

for one construct, it was not possible to fully assign resonances and determine the

high-resolution structure. In this chapter I use coarse-grained molecular dynamics

simulations to study the interaction of E. coli GlpG (ecGlpG) and a spitz construct in

a POPE bilayer. POPE has been used because ecGlpG is active when reconstituted in

PE lipids but not in PC lipids (199). The simulation setup and analysis is very similar

to that described in chapter 5 (page 108) for FGFR3. Because the methodology and

source code are detailed in the previous chapter, I will not be as comprehensive in

describing similar methods employed in this chapter. A simple objective of these

CG-MD spitz-rhomboid studies is to determine if there is a preferential interaction

face between enzyme and substrate (i.e., do they preferentially interact near TM5—

the putative substrate gate (148)?) Atomistic simulations have been reported for

ecGlpG in POPC and POPE bilayers, but the time scales were short and substrate

was not included (195). The CG-MD simulations analyzed in this chapter allow for
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μs timescales that include both enzyme and substrate in a lipid bilayer. In total, 20

replicates were performed—two sets of 10×5 μs replicates with different spitz starting

positions relative to ecGlpG to discourage any association bias.

6.2 Tracking Enzyme-Substrate Separation

A CG representation of the 34-residue spitz TMD construct detailed in section 4.3

(page 61) was placed 70 Å from the geometric center of coarse-grained ecGlpG (PDB:

2IC8, (4)) and the closest Cα interprotein separation between the two constructs was

monitored. While there were replicates where spitz rapidly associated with TM5 (i.e.,

Figure 6.1 on page 196), this was not normally observed (i.e., Figure 6.2 on page 197).

Thus, the spitz TMD construct does not appear to preferentially associate with TM5

despite evidence that TM5 serves as the substrate gate (148).

6.3 Position Of Spitz In Fixed Rhomboid Refer-

ence Frame

The previous section (6.2 on page 192) suggests that spitz does not preferentially

associate with TM5 when it first encounters rhomboid, but it is cumbersome to assess

the preferred position of spitz over all replicate simulations using the described plots.

To gauge the position of spitz relative to each ecGlpG TM segment over all replicate

simulations, the configuration of ecGlpG was rmsd-fixed to a reference structure and

the positional probability of the geometric center of the spitz TMD construct was

monitored in this reference frame. To avoid bias, this analysis was performed for ten

replicate simulations where spitz was placed nearer to ecGlpG TMs 1 and 3, or in the

opposite corner and nearer TM5 but the same distance from the geometric center of

ecGlpG (Figure 6.3 on page 198). Although placing spitz nearer TM5 did increase the

likelihood of association at that location, the preferred location of interaction was near

ecGlpG TM1 for both starting positions. It may be possible that initial interaction

(capture) between enzyme and substrate occurs near TM1 even if the actual gate is
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on the other side of the enzyme. In addition, both starting configurations clearly

allow for interaction of spitz with various rhomboid TM segments, and this sampling

is consistent with an unbiased simulation setup.

6.4 Analysis Of The POPE Lipid Bilayer

The previous section (6.3 on page 192) provides evidence for unbiased simulation

conditions and a potential enzyme-substrate interaction site at ecGlpG TM1. How-

ever, it is not clear how the lipid bilayer is influenced by the presence of the enzyme,

the substrate, and their mutual interaction. As described above, ecGlpG activity is

sensitive to the lipid headgroup type when reconstituted, and ecGlpG atomistic sim-

ulations suggest a ∼4 Å thinning of the bilayer in the vicinity of the enzyme (but not

the substrate) (195). Before investigating the protein-local and -distal bilayer thick-

ness, I tested for spontaneous phospholipid flip-flop between bilayer leaflets to ensure

that I could use the strategy for bilayer thickness analysis detailed in section 5.5 on

page 126 for FGFR3. None of the ten tested replicates (spitz starting near ecGlpG

TMs 1 and 3) exhibited flip-flop activity (not shown). I also validated that counting

lipids in a local shell within 16 Å of the proteins captured a sufficiently large num-

ber of phosphates to measure the leaflet interphosphate bilayer thickness proximal

to the proteins (not shown). The average protein-local (within 16 Å) and -distal

bilayer thickness values are summarized in Figure 6.4 on page 199. The results are

reasonably consistent with the ∼4 Å proximal bilayer thinning reported for ecGlpG

in atomistic bilayers (195), while less bilayer thinning is observed near spitz until it

associates with rhomboid. The larger standard deviation observed for spitz-proximal

bilayer thickness relative to ecGlpG is consistent with a smaller number of captured

(local) lipids in the former versus the latter case because of their vast size difference.

There is no additional thinning of the bilayer near ecGlpG after association with

spitz, despite the suggestion in (195) that this may occur.
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6.5 Identification Of Predominant Interprotein Con-

tacts

There is additional confidence in the quality of the CG simulations after confirming

that they are unbiased and that the CG lipids reflect the protein-local behaviour

observed in an atomistic context. I began a more in-depth analysis of the interaction

between the spitz construct and ecGlpG by parsing out the predominant interprotein

contacts from a set of replicate simulations as detailed for FGFR3 in section 5.4.5

(page 116). The results are summarized for each of the spitz construct residues

from the first ten replicate simulations (spitz starting near ecGlpG TMs 1 and 3) in

Figure 6.5 on page 200. The predominant contacts are located at the N- and C-termini

and around the putative ASIASGA consensus sequence (200). It should be noted that

the substrate consensus sequence for cleavage is now known to be substantially less

specific (141).

Having identified spitz construct residues which interact with ecGlpG, the recipro-

cal question arises—which residues on ecGlpG interact with the substrate? Using the

same methodology for the much larger rhomboid construct produces a cumbersome

set of contact probability plots for each of the TM segments and loops (not shown).

A more natural approach includes a third dimension to indicate the bilayer burial

depth of the residue because this information helps gauge the topological (rather

than merely sequential) context within ecGlpG. A representative contact plot for the

first ecGlpG helix is shown in Figure 6.6 on page 201, and it is a common theme among

most ecGlpG TM segments that the N- and C-terminal residues are predominantly

involved in close contacts with the substrate. This is not surprising given that the

spitz construct mirrors—with N- and C-terminal residues primarily involved. It was

also striking that helix 4 (which contains the catalytic Ser) had almost no contacts

with the substrate (not shown), and this is consistent with its protected position in

the center of the protease. The full set of ecGlpG top contacts (with the spitz TMD
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construct) are summarized in the structure in Figure 6.7 (page 202). It is clear that

the predominant interfacial contacts are located at the N- and C-terminal ends of

TM segments and in loops between TM segments.

6.6 Conclusions

Despite recent evidence that ecGlpG TM5 serves as the substrate gate (148, 149),

the CG-MD simulations indicate that a preferential interaction may occur between

spitz and ecGlpG TM1. The spitz TMD construct was able to sample several ecGlpG

interaction faces—consistent with an unbiased simulation setup regardless of the pre-

cise starting configuration. Protein-lipid interactions were investigated because of

the sensitivity of the enzyme to headgroup type, and the ∼4 Å bilayer thinning we

observe near ecGlpG is consistent with reported atomistic simulations (195), pro-

viding confidence in the retention of crucial behaviours despite the simplifications

introduced by the CG model. The CG approach provides the unique opportunity to

probe the interactions between enzyme and substrate, and my analysis suggests that

the predominant interfacial contacts are at the N- and C- terminal ends of ecGlpG

TM segments and in loops connecting the TM segments. The latter results were con-

sistent with predominant interfacial residues on the substrate located at the N- and

C- termini. The initial capture of substrate by ecGlpG may thus depend on interac-

tions in the juxtamembrane region rather than more central TM residues, and this is

consistent with substrate cleavage sequence competency defined near the N-terminal

juxtamembrane region (of type I TM proteins) (141). Additional analysis will in-

clude the contact probability filtered by polar angle (see section 5.4.9 on page 123),

adaptive Poisson-Boltzmann Solver (APBS) electrostatic analysis, and assessment of

ecGlpG rmsd/rmsf during the CG simulations.
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Figure 6.1: The closest interprotein Cα separation monitored between spitz and
ecGlpG TM segments (as defined in the crystal structure reported in (4)) during
the fourth replicate coarse-grained simulation. In this case, spitz associates with
TM5 early in the simulation, but this is certainly not observed in most replicates.
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Figure 6.2: The closest interprotein Cα separation monitored between spitz and
ecGlpG TM segments (as defined in the crystal structure reported in (4)) during
the first replicate coarse-grained simulation. In this case, spitz does not associate
with TM5 early in the simulation, as observed in most replicates.
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Figure 6.3: The positional probability of the geometric center of the spitz TMD
construct is monitored in an rmsd-fixed reference frame (that of rhomboid in the first
frame of the first replicate simulation). The ecGlpG TM segment geometric centers
are indicated. To avoid any association bias, the starting configuration of spitz was
nearer TMs 1 and 3 (top) or TM5 (bottom). Although placing spitz nearer TM5 at
the start of the CG simulations appears to increase the likelihood of asscoation at that
location, the preferred location of interaction is consistently near TM1. Futhermore,
in each case the spitz construct is clearly able to sample multiple interaction faces with
rhomboid, and this is consistent with an unbiased interaction between the constructs.
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closest contacts with ecGlpG. The exact methodology is described in detail in sec-
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Figure 6.6: The predominant contacts between ecGlpG helix 1 (shown here) and
the spitz TMD construct are highlighted and sorted by POPE bilayer burial depth.
These results are representative of most ecGlpG helix contact plots, with the N- and
C-terminal residues predominantly involved in substrate interaction. The results are
aggregated from the first 10 replicate simulations (spitz starting near TMs 1 and 3),
and the exact methodology for assessing the predominant contacts is described in
detail in section 5.4.5 (page 116)
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Figure 6.7: The coarse-grained representation of ecGlpG has been simplified to include
only Cα particles which are coloured based on their close contact probability (see
section 5.4.5 on page 116) with the substrate. Water and the lipid bilayer are also
excluded for clarity. The probability colour map runs from low (green)→ medium
(white)→ high (red), with values ranging from 0→80% (of total close contacts) and is
based on the first ten replicate simulations (spitz starting near ecGlpG TM segments
1 and 3). The cytosolic side of ecGlpG is at the bottom and the periplasmic side at
the top.
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Chapter 7

Conclusions

NMR spectroscopy was used to determine an ensemble of NHE1 TM IX struc-

tures in DPC micelles that featured a disruption in helicility near functionally critical

residues. A common approach to extend beyond structural information is to probe the

flexibility of peptides using NMR spin relaxation experiments. I performed the latter

class of experiments for NHE1 TM VII in DPC micelles, and report μs-ms timescale

fluctuations over a critical segment of the peptide. The structural and dynamics re-

sults suggest an importance for flexibility in NHE1 TM segments, a theme which has

been emphasized in a number of NHE1 TM segment studies (22, 27, 201, 137). It is,

however, not yet possible to unambiguously assign the membrane-spanning topology

of each NHE1 TM segment to either of the two proposed topologies (13, 14). This

will likely require the crystal structure of full-length NHE1.

The poor tractability of spitz or spitz-related rhomboid protease substrate TMD

constructs was quite clear. Although many of the constructs were successfully pro-

duced by SPPS, purification by HPLC was problematic. When others attempted to

produce spitz constructs using expression techniques in E. coli, there were also sub-

stantial difficulties with yield and purification. In the case of an apparently pure spitz

peptide construct, homonuclear NMR spectra were not sufficient to unambiguously

assign resonances. Thus, it is worthwhile to include isotope labels in the peptide pro-

duction process, but there is no clear route to simplified production and purification.
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The rhomboid protease system was investigated from another angle using CG-MD

simulations, and the initial results suggest that a preferential interaction between en-

zyme and substrate occurs near TMs 1 and 3 rather than near the proposed substrate

gate, TM 5 (148). Furthermore, ecGlpG and the spitz TMD appear to perferentially

interact at the terminal ends of helices rather than within the hydrocarbon core of

the bilayer.

An extensive analysis of CG-MD simulations of the FGFR3 dimerization process

was presented. This includes an integrated discussion of the algorithms used to parse

the simulation trajectories, and the appendix includes extensively-documented source

code for these analyses. There is no high-resolution structure of FGFR3 available,

and these simulation studies provide insight into residues near the dimer interface and

the effect of the G380R mutation in the FGFR3 TMD—which causes achondroplasia

(202). Strikingly, residue 380 does not feature prominently at the dimer interface,

while G370 is one of the closest contacts in the dimers and is mutated to Cys in type

1 thanatophoric dysplasia, a much more severe skeletal phenotype (191). Thus, the

phenotypic severity of an FGFR3 mutation may correlate with the proximity of the

mutated residue to the dimer interface. I have also described a secondary dimer inter-

face which progressively appears in the heterodimer and mutant homodimer FGFR3

constructs. The rotation of one helix relative to the other may increase signaling

activity which causes the phenotype, a conclusion supported by helix-rotation effects

reported to affect the activity of receptor tyrosine kinases (197, 198).

Overall, I have employed complementary techniques from structural biology and

computational biochemistry to gain insight into biologically relevant membrane pro-

teins.
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Appendix B: Additional Data
From Spitz Peptide/Protein
Production And Purification

B.1 Mass Spectrometry Results

B.1.1 TR-09-1 Construct
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Figure B.1: Fraction 4 from the TR-09-1 crude HPLC run described in Figure 4.12
on page 83 was treated with 200 mM DTT for 1 hour, and then diluted with α-CHC
matrix before collecting this reflectron-mode MALDI spectrum. The peak at 2122
m/z is the product missing the N-terminal K while the peak at 2250 m/z corresponds
to the desired product. The lower molecular weight compound at 1096 m/z persists
in many synthetic spitz fractions.
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Figure B.2: Similar results are obtained for the TR-09-1 HPLC fraction (#4) used in
Figure B.1 (page 217) when there is no DTT pre-treatment.
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Figure B.3: Fraction 5 from the TR-09-1 crude HPLC run described in Figure 4.12
on page 83 was treated with 200 mM DTT for 1 hour, and then diluted with α-CHC
matrix before collecting this reflectron-mode MALDI spectrum. The peak at 2250
m/z corresponds to the desired product, but there are a number of lower molecular
weight impurities visible.
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Figure B.4: Similar results are obtained for the TR-09-1 HPLC fraction (#5) used in
Figure B.3 (page 219) when there is no DTT pre-treatment.
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Figure B.5: Reflectron-mode MALDI mass spectrum for fraction 5 (collected between
22-23 minutes) from the crude TR-09-1 HPLC run detailed in Figure 4.13 on page 84.
This is the most promising fraction from the latter HPLC run on the basis of the ratio
of the desired product (∼2250 m/z) to the product missing the N-terminal K at ∼2121
m/z (assuming the species have similar ionization potentials).

221



Figure B.6: Reflectron-mode MALDI mass spectrum for fraction 6 (collected between
23-24 minutes) from the crude TR-09-1 HPLC run detailed in Figure 4.13 on page 84.
The desired product is at ∼2250 m/z while the compound at ∼2122 m/z is missing
the N-terminal K.
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Figure B.7: Reflectron-mode MALDI mass spectrum for fraction 7 (collected between
24-25 minutes) from the crude TR-09-1 HPLC run detailed in Figure 4.13 on page 84.
The desired product is at ∼2250 m/z while the compound at ∼2122 m/z is missing
the N-terminal K.
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Figure B.8: Reflectron-mode MALDI mass spectrum for fraction 8 (collected between
25-26 minutes) from the crude TR-09-1 HPLC run detailed in Figure 4.13 on page 84.
The desired product is at ∼2250 m/z while the compound at ∼2122 m/z is missing
the N-terminal K.
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Figure B.9: Reflectron-mode MALDI mass spectrum for fraction 9 (collected between
26-27 minutes) from the crude TR-09-1 HPLC run detailed in Figure 4.13 on page 84.
The desired product is at ∼2250 m/z while the compound at ∼2122 m/z is missing
the N-terminal K.
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Figure B.10: Reflectron-mode MALDI mass spectrum for fraction 12 (collected be-
tween 29-30 minutes) from the crude TR-09-1 HPLC run detailed in Figure 4.13 on
page 84. The desired product is at ∼2250 m/z while the compound at ∼2122 m/z is
missing the N-terminal K. The product is still eluting 12 minutes after initial detection
from the HPLC trace.
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Figure B.11: Fraction #4 (25:01-25:16) from the TR-09-1 C18 HPLC run detailed
in Figure 4.15 on page 86 was diluted two-fold with α-CHC matrix and a MALDI
spectrum was collected in reflectron mode.
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Figure B.12: Fraction #5 (25:16-25:31) from the TR-09-1 C18 HPLC run detailed
in Figure 4.15 on page 86 was diluted two-fold with α-CHC matrix and a MALDI
spectrum was collected in reflectron mode. This is the highest purity TR-09-1 sample
obtained to date, with the product peak at ∼2249 dwarfing most impurities.
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Figure B.13: A zoom-in view of the MALDI spectrum of fraction #5 from Figure B.12
on page 228. The Na+ and K+ adducts of the TR-09-1 product are visible at 2272
m/z and 2288 m/z respectively.
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Figure B.14: Fraction #6 (25:31-25:46) from the TR-09-1 C18 HPLC run detailed
in Figure 4.15 on page 86 was diluted two-fold with α-CHC matrix and a MALDI
spectrum was collected in reflectron mode.

230



Figure B.15: Fraction #1 from the TR-09-1 C18 semi-preparative HPLC run detailed
in Figure 4.17 (page 88) was diluted two-fold with α-CHC matrix and the MALDI
spectrum was collected in reflectron mode. The target peak ∼2250 m/z is dwarfed by
a low molecular weight impurity ∼1096 m/z.
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Figure B.16: Fraction #2 from the TR-09-1 C18 semi-preparative HPLC run detailed
in Figure 4.17 (page 88) was diluted two-fold with α-CHC matrix and the MALDI
spectrum was collected in reflectron mode. The target peak ∼2250 m/z is dwarfed by
a low molecular weight impurity ∼1096 m/z.
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Figure B.17: Fraction #3 from the TR-09-1 C18 semi-preparative HPLC run detailed
in Figure 4.17 (page 88) was diluted two-fold with α-CHC matrix and the MALDI
spectrum was collected in reflectron mode. The target peak ∼2250 m/z is the major
peak in the spectrum.
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Figure B.18: A blank solution composed of 50% H2O/ACN (0.1% TFA) was combined
with α-CHC matrix to test for low molecular weight impurities which may reside in
either the solvents or the matrix. For consistency with test results, the MALDI
spectra were collected over the same m/z range in reflectron mode.
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Figure B.19: This is the reflectron-mode MALDI spectrum of a representative fraction
(26:40-26:55) from the first crude TR-09-1 bulk purification HPLC run detailed in
Figure 4.21 on page 92. The fraction was diluted two-fold with α-CHC matrix prior
to collection of the spectrum. The ubiquitous impurity at ∼1096 m/z dwarfs the
target product at ∼2250 m/z.
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Figure B.20: The most promising MALDI-MS result (shown here) for the first TR-09-
1 bulk purification run detailed in Figure 4.21 on page 92 actually correponds to the
recovery solution of eluent that flanks the collected fractions between 22-30 minutes.
Given the apparent viscosity of the crude TR-09-1 preparation and the trace amount
of target product in the collected fractions (see summary Table 4.5 on page 104 and
a representative result in Figure B.19 on page 235) it appeares likely that I need to
collect fractions later in the HPLC run.
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Figure B.21: MALDI reflectron-mode spectrum for the first fraction collected (26:55-
27:25) from the second TR-09-1 bulk purification run detailed in Figure 4.21 on
page 92. The target product ∼2250 m/z appears to be present in greater abundance
than the truncated product at ∼2121 m/z, but both are dwarfed by lower molecular
weight impurities.
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Figure B.22: MALDI reflectron-mode spectrum for the tenth fraction collected (31:25-
31:55) from the second TR-09-1 bulk purification run detailed in Figure 4.21 on
page 92. This is one of the better results (as summarized in Table 4.6 on page 105)
with a fairly prominent ∼2250 m/z species. Still, low molecular weight impurities and
the truncated product (∼2122 m/z) persist.
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Figure B.23: MALDI reflectron-mode spectrum for the final fraction collected (33:25-
33:55) from the second TR-09-1 bulk purification run detailed in Figure 4.21 on
page 92. Accounting for the results from the first replicate run (Table 4.5 on page 104),
the presence of the target product ∼2250 m/z here confirms that TR-09-1 elutes from
the C18 semi-preparative column over an ∼8 minute window. This is outrageously
poor separation.
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Figure B.24: MALDI reflectron-mode spectrum for the first fraction collected (16-18
minutes) from the TR-09-1 HPLC run detailed in Figure 4.22 on page 93. The target
peak ∼2250 m/z is larger than the truncated product at ∼2121 m/z, but (ubiquitous)
low molecular weight compounds at ∼1096 m/z and ∼1244 m/z are also co-eluting.
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Figure B.25: MALDI reflectron-mode spectrum for the last fraction collected (40-42
minutes) from the TR-09-1 HPLC run detailed in Figure 4.22 on page 93. Despite the
fact that this fraction elutes 26 minutes later than the fraction depicted in Figure B.24
(page 240), the product peak at ∼2250 m/z, the truncated product at ∼2121 m/z,
and low molecular weight impurities at ∼1096 m/z and ∼1244 m/z, all persist in the
sample.
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Figure B.26: MALDI reflectron-mode spectrum for the ninth fraction collected (22-24
minutes) from the TR-09-1 HPLC run detailed in Figure 4.23 on page 94. The product
peak ∼2250 m/z is prominent, but the ubiquitous low molecular weight compounds
at ∼1096 m/z and ∼1244 m/z have clearly co-eluted.
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Figure B.27: MALDI reflectron-mode spectrum for the last fraction collected (50-
52 minutes) from the TR-09-1 HPLC run detailed in Figure 4.23 on page 94. The
product, truncated product, and low molecular weight impurities all continue to elute
a full 42 minutes after the inital elution of product (see Table 4.8 on page 106).
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Figure B.28: TR-09-1 fractions collected in the target 22-24 minute window in repli-
cate runs (matching the reference conditions detailed for HPLC purification in Fig-
ure 4.23 on page 94) were pooled, lyophilized, and reconstituted in a mixture of
deionized water and α-CHC matrix. This reflectron-mode MALDI spectrum is for
the first (5.4 mg) of two pooled yields which correctly employed a 2 mL sample loop
to match the reference HPLC run. Low molecular weight impurities (most notably
the ubiquitous ∼1096 m/z species) are present alongside the target product ∼2250
m/z.
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Figure B.29: This is a reflectron-mode MALDI spectrum for pooled TR-09-1 fractions
(7.5 mg yield) similar to those described in Figure B.28 (page 244), but collected
improperly using a 1 mL sample loop while the reference run employed a 2 mL
sample loop. The resulting mass spectrum is effectively the same despite the error,
and this is not surprising given the broad elution profile exhibited by TR-09-1.
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Figure B.30: This reflectron-mode MALDI spectrum was collected for the second pool
(11.2 mg yield) of purified TR-09-1 fractions matching the description in Figure B.28
on page 244. Curiously, however, this matching pool of fractions exhibits less target
product ∼2250 m/z relative to the impurity ∼1096 m/z.
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Figure B.31: A 50% DI-H2O/α-CHC matrix mixture was used as a blank solution for
testing the three pooled (partially purified) TR-09-1 fractions above. This MALDI
spectrum does not show any substantial indication of the common low molecular
weight impurities that permeate the majority of TR-09-1 HPLC fractions.
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Figure B.32: Eluent collected between 24-52 minutes in TR-09-1 bulk purification runs
(which match the reference run detailed in Figure 4.23 on page 94) was lyophilized
and reconstituted with deionized water and α-CHC matrix. This reflectron-mode
MALDI spectrum demonstrates that the target product ∼2250 m/z is still present in
the recovered fractions along with the ubiquitous impurities ∼1096 m/z and ∼1244
m/z.
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Figure B.33: Fraction 5 (30-36 minutes) from the TR-10-2 HPLC run detailed in
Figure 4.27 (page 98) was diluted two-fold with α-CHC matrix and this reflectron-
mode MALDI spectrum was collected. The target product is clearly visible ∼1691
m/z, and its Na+ and K+ adducts are also present. However, there is also a low
molecular weight impurity ∼898 m/z.

B.1.2 TR-10-2 Construct

B.1.3 TR-08-2 Construct
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Figure B.34: Fraction 6 (36-42 minutes) from the TR-10-2 HPLC run detailed in
Figure 4.27 (page 98) was diluted two-fold with α-CHC matrix and this reflectron-
mode MALDI spectrum was collected. The peak ∼1716 m/z most likely corresponds
to the Na+ adduct of the target product (∼1691 m/z).
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Figure B.35: MALDI spectrum for TR-08-2 fraction #1 from the HPLC run detailed
in Figure 4.5 on page 77 demonstrating a relatively pure sample with major peak
near the target mass ∼3830 g/mol.
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Figure B.36: MALDI spectrum for TR-08-2 fraction #2 from the HPLC run detailed
in Figure 4.5 on page 77 demonstrating a relatively pure sample with major peak
near the target mass ∼3830 g/mol. Curiously, a fraction collected earlier in the same
HPLC run produced a nearly matching MALDI profile (Figure B.35 on page 251).
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r
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u
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.
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p
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e
r
_
r
e
p
l
i
c
a
t
e
_
7
�
,
�
h
e
t
e
r
o
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
8
�
,
�

h
e
t
e
r
o
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
9
�
,
�
h
e
t
e
r
o
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
0
�
,
�
m
u
t
a
n
t
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
�
,

�
m
u
t
a
n
t
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
2
�
,
�
m
u
t
a
n
t
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
3
�
,
�
m
u
t
a
n
t
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
4
�
,
�

m
u
t
a
n
t
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
5
�
,
�
m
u
t
a
n
t
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
6
�
,
�
m
u
t
a
n
t
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
7
�
,

3
5

�
m
u
t
a
n
t
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
8
�
,
�
m
u
t
a
n
t
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
9
�
,
�
m
u
t
a
n
t
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
0
�
,
�

w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
2
�
,
�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
3
�
,
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�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
5
�
,
�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
6
�
,
�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
7

�
,
�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
8
�
,
�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
9
�
,

3
7

�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
0
�
,

�
G
p
A
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
�
,

�
G
p
A
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
2
�
,

�

G
p
A
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
3
�
,

�
G
p
A
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
4
�
,

�
G
p
A
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
5
�
]
�
�
�

3
9

d
e
f

l
i
s
t
_
d
a
t
a
_
p
a
t
h
s
(
d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
)
:

�
�
�
R
e
t
u
r
n
s

a
l
i
s
t

o
f

t
u
p
l
e
s

w
i
t
h

p
a
i
r
s

o
f

p
d
b

(
i
n
d
e
x

0
)

a
n
d

x
t
c

(
i
n
d
e
x

1
)

p
a
t
h
s

4
1

f
o
r

a
g
i
v
e
n

s
i
m
u
l
a
t
i
o
n

f
o
l
d
e
r
.

T
h
e

n
a
m
e

o
f

t
h
e

f
o
l
d
e
r

i
s

(
i
n
d
e
x

2
)

i
n

t
h
e

t
u
p
l
e

.
�
�
�

l
i
s
t
_
o
f
_
p
d
b
_
f
i
l
e
_
p
a
t
h
s
=
[
]

4
3

l
i
s
t
_
o
f
_
x
t
c
_
f
i
l
e
_
p
a
t
h
s
=
[
]

f
o
r

f
o
l
d
e
r

i
n

f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
:

#
f
i
l
e
s

n
a
m
e
s

c
a
n

b
e

c
h
a
n
g
e
d

f
o
r

d
i
f
f
e
r
e
n
t
l
y

p
r
o
c
e
s
s
e
d

t
r
a
j
e
c
t
o
r
i
e
s

(
i
.
e
.
,

s
i
m
p
l
i
f
i
e
d

a
n
d

c
e
n
t
e
r
e
d

o
r

n
o
t
)

4
5

l
i
s
t
_
o
f
_
p
d
b
_
f
i
l
e
_
p
a
t
h
s
.
a
p
p
e
n
d
(
d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y

+
f
o
l
d
e
r

+
�
/
�

+

�
a
l
p
h
a
_
c
a
r
b
o
n
_
p
o
p
c
_
f
i
n
a
l
_
s
n
a
p
s
h
o
t
.
g
r
o
�
)

#
,
c
e
n
t
e
r
e
d
_
C
A
_
P
O
P
C
.
p
d
b

;
g
r
o

f
i
l
e
s

s
h
o
u
l
d

b
e

a
c
c
e
p
t
e
d

n
o
w

t
o
o
;

�
o
r
i
g
i
n
a
l
_
f
i
n
a
l
_
s
n
a
p
s
h
o
t
.
g
r
o
�

l
i
s
t
_
o
f
_
x
t
c
_
f
i
l
e
_
p
a
t
h
s
.
a
p
p
e
n
d
(
d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y

+
f
o
l
d
e
r

+
�
/
�

+

�
a
l
p
h
a
_
c
a
r
b
o
n
_
p
o
p
c
_
a
n
d
_
c
e
n
t
e
r
e
d
_
t
r
a
j
e
c
t
o
r
y
.
x
t
c
�
)

#
n
o
_
j
u
m
p
_
t
r
a
j
e
c
t
o
r
y
.

x
t
c

,
�
o
r
i
g
i
n
a
l
_
t
r
a
j
e
c
t
o
r
y
.
x
t
c
�
,

,
�
i
n
t
e
r
f
a
c
e
.
x
t
c
�

4
7

c
o
m
b
i
n
e
d
_
p
a
t
h
_
p
a
i
r
_
l
i
s
t

=
z
i
p
(
l
i
s
t
_
o
f
_
p
d
b
_
f
i
l
e
_
p
a
t
h
s
,
l
i
s
t
_
o
f
_
x
t
c
_
f
i
l
e
_
p
a
t
h
s
,

f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
)

r
e
t
u
r
n

c
o
m
b
i
n
e
d
_
p
a
t
h
_
p
a
i
r
_
l
i
s
t

4
9

d
e
f

c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
(
d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
)
:

5
1

�
�
�
C
r
e
a
t
e
s

a
n
e
s
t
e
d

l
i
s
t

o
f

[
u
n
i
v
e
r
s
e

(
a
l
l

a
t
o
m
s

i
n

a
s
y
s
t
e
m

s
e
l
e
c
t
e
d
)

M
D
A
n
a
l
y
s
i
s

o
b
j
e
c
t
s
,

f
o
l
d
e
r
_
n
a
m
e
]
�
�
�

u
n
i
v
e
r
s
e
_
l
i
s
t
=
[
]

5
3

f
o
r

p
d
b
_
f
i
l
e
,

x
t
c
_
f
i
l
e
,

f
o
l
d
e
r
_
n
a
m
e

i
n

l
i
s
t
_
d
a
t
a
_
p
a
t
h
s
(
d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,

f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
)
:
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u
n
i
v
e
r
s
e
_
l
i
s
t
.
a
p
p
e
n
d
(
[
M
D
A
n
a
l
y
s
i
s
.
U
n
i
v
e
r
s
e
(
p
d
b
_
f
i
l
e
,
x
t
c
_
f
i
l
e
)
,

f
o
l
d
e
r
_
n
a
m
e
]
)

5
5

r
e
t
u
r
n

u
n
i
v
e
r
s
e
_
l
i
s
t

5
7

#
l
i
s
t
s

f
o
r

d
u
m
p
i
n
g

o
v
e
r
a
l
l

F
G
F
R
3

�
t
o
p

f
i
v
e

c
l
o
s
e
s
t
�

c
o
n
t
a
c
t

d
a
t
a

f
o
r

o
v
e
r
a
l
l

p
l
o
t
:

#
m
u
t
a
n
t
_
o
v
e
r
a
l
l
_
l
i
s
t

=
[
]

5
9

#
w
i
l
d
t
y
p
e
_
o
v
e
r
a
l
l
_
l
i
s
t

=
[
]

#
h
e
t
e
r
o
_
o
v
e
r
a
l
l
_
l
i
s
t

=
[
]

6
1

p
r
i
m
a
r
y
_
c
o
u
n
t
_
l
i
s
t
=
[
]

s
e
c
o
n
d
a
r
y
_
c
o
u
n
t
_
l
i
s
t
=
[
]

6
3

o
t
h
e
r
_
c
o
u
n
t
_
l
i
s
t
=
[
]

#
i
n
i
t
i
a
l
i
z
e

l
i
s
t
s

f
o
r

d
u
m
p
i
n
g

o
v
e
r
a
l
l

F
G
F
R
3

�
t
h
e
r
m
a
l

p
l
o
t
�

d
a
t
a
:

6
5

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t

=
[
]

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t

=
[
]

6
7

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t

=
[
]

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t

=
[
]

6
9

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t

=
[
]

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t

=
[
]

7
1

d
e
f

m
a
i
n
(
p
r
i
m
a
r
y
_
c
o
u
n
t
_
l
i
s
t
,
s
e
c
o
n
d
a
r
y
_
c
o
u
n
t
_
l
i
s
t
,

o
t
h
e
r
_
c
o
u
n
t
_
l
i
s
t
,

d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

G
p
A
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

s
k
i
p
_
f
r
a
m
e
s
,
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h
e
l
i
x
_
t
i
l
t
_
o
u
t
p
u
t
_
f
i
l
e
,

g
e
o
Z
_
o
u
t
f
i
l
e
,

c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
o
u
t
f
i
l
e
,

G
p
A
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e

,
F
G
F
R
3
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
,

r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
_
o
u
t
f
i
l
e
,

f
i
x
e
d
_
t
h
e
r
m
a
l
_
o
u
t
f
i
l
e
,

b
i
l
a
y
e
r
_
o
u
t
f
i
l
e
,

r
e
l
a
t
i
v
e
_
Z
_
o
u
t
f
i
l
e
,
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
o
u
t
f
i
l
e
,
f
r
a
m
e
_
p
o
s
i
t
i
o
n
_
o
u
t
f
i
l
e
,

e
f
f
i
c
i
e
n
t
_
c
o
n
t
a
c
t
s
_
o
u
t
f
i
l
e
,

b
i
l
a
y
e
r
_
t
r
a
c
k
i
n
g
_
f
i
l
e
,

l
i
p
i
d
_
s
h
e
l
l
_
o
u
t
f
i
l
e
,

f
l
i
p
_
f
l
o
p
_
o
u
t
f
i
l
e
)
:

7
3

�
�
�
p
r
i
n
t
s

d
a
t
a

t
o

f
i
l
e
s

i
n

s
y
m
l
i
n
k

d
i
r
e
c
t
o
r
i
e
s

b
y

c
a
l
l
i
n
g

v
a
r
i
o
u
s

f
u
n
c
t
i
o
n
s
�
�
�

f
o
r

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,
f
o
l
d
e
r
_
n
a
m
e

i
n

c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
(

d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
)
:

7
5

o
s
.
c
h
d
i
r
(
d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y

+
f
o
l
d
e
r
_
n
a
m
e
)

#
m
o
v
e

t
o

t
h
e

a
p
p
r
o
p
r
i
a
t
e

d
i
r
e
c
t
o
r
y

b
e
f
o
r
e

e
x
e
c
u
t
i
n
g

d
a
t
a

p
r
o
c
e
s
s
i
n
g

f
u
n
c
t
i
o
n
s

#
c
a
l
l

d
a
t
a

p
r
o
c
e
s
s
i
n
g

f
u
n
c
t
i
o
n
s
;

o
u
t
p
u
t

s
h
o
u
l
d

b
e

i
n

g
n
u
p
l
o
t

f
o
r
m
a
t
:

7
7

#
j
u
s
t

c
o
m
m
e
n
t

o
u
t

f
u
n
c
t
i
o
n
s

w
h
e
n

y
o
u

a
r
e

n
o
t

n
e
e
d
i
n
g

t
h
e
m

t
o

b
e

r
e
-
r
u
n
:

7
9

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
h
e
l
i
x
_
t
i
l
t
_
v
s
_
b
i
l
a
y
e
r
_
n
o
r
m
a
l
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=
h
e
l
i
x
_
t
i
l
t
_
o
u
t
p
u
t
_
f
i
l
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
G
p
A
_
h
e
l
i
x
_
t
i
l
t
_
v
s
_
b
i
l
a
y
e
r
_
n
o
r
m
a
l
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=
h
e
l
i
x
_
t
i
l
t
_
o
u
t
p
u
t
_
f
i
l
e
)

8
1

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
g
e
o
_
Z
_
t
r
a
c
k
i
n
g
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e
=
�
F
G
F
R
3
�
,

o
u
t
p
u
t
_
f
i
l
e

=
g
e
o
Z
_
o
u
t
f
i
l
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
G
p
A
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e

=
c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
o
u
t
f
i
l
e
)

8
3

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
t
o
p
_
f
i
v
e
_
c
l
o
s
e
s
t
_
r
e
s
i
d
u
e
s
_
G
p
A
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=
G
p
A
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
t
o
p
_
f
i
v
e
_
c
l
o
s
e
s
t
_
r
e
s
i
d
u
e
s
_
F
G
F
R
3
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=
F
G
F
R
3
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
)

8
5

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
m
e
r
g
e
d
_
t
o
p
_
f
i
v
e
_
F
G
F
R
3
(
m
u
t
a
n
t
_
o
v
e
r
a
l
l
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
o
v
e
r
a
l
l
_
l
i
s
t
,
h
e
t
e
r
o
_
o
v
e
r
a
l
l
_
l
i
s
t
,

f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=
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r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
_
o
u
t
f
i
l
e
,

s
y
s
t
e
m
_
n
a
m
e
=
�
G
p
A
�
)

8
7

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=

r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
_
o
u
t
f
i
l
e
,

s
y
s
t
e
m
_
n
a
m
e
=
�
F
G
F
R
3
�
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
f
i
x
e
d
_
h
e
l
i
x
_
t
h
e
r
m
a
l
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t

,
s
k
i
p
_
f
r
a
m
e
s
,

d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,

c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
,

s
y
s
t
e
m
_
n
a
m
e
=
�
F
G
F
R
3
�
,

o
u
t
p
u
t
_
f
i
l
e
=
f
i
x
e
d
_
t
h
e
r
m
a
l
_
o
u
t
f
i
l
e
)

8
9

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
f
i
x
e
d
_
h
e
l
i
x
_
t
h
e
r
m
a
l
_
m
e
r
g
e
d
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,

c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
t
r
a
c
k
_
b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,

o
u
t
f
i
l
e
=

b
i
l
a
y
e
r
_
o
u
t
f
i
l
e
)

9
1

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
g
e
o
_
Z
_
t
r
a
c
k
i
n
g
_
r
e
l
a
t
i
v
e
_
t
o
_
b
i
l
a
y
e
r
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e
=
�
F
G
F
R
3
�
,

o
u
t
p
u
t
_
f
i
l
e
=

r
e
l
a
t
i
v
e
_
Z
_
o
u
t
f
i
l
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
l
o
c
a
l
_
b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e

=
�
F
G
F
R
3
�
,

o
u
t
p
u
t
_
f
i
l
e

=

l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
o
u
t
f
i
l
e
)

9
3

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
f
r
a
m
e
_
a
b
s
t
r
a
c
t
e
d
_
r
e
l
a
t
i
v
e
_
p
o
s
i
t
i
o
n
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,

c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
,

s
y
s
t
e
m
_
n
a
m
e
=
�
G
p
A
�
,

o
u
t
p
u
t
_
f
i
l
e
=

f
r
a
m
e
_
p
o
s
i
t
i
o
n
_
o
u
t
f
i
l
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
s
_
e
f
f
i
c
i
e
n
t
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e

=
�
F
G
F
R
3
�
,

o
u
t
p
u
t
_
f
i
l
e
=

e
f
f
i
c
i
e
n
t
_
c
o
n
t
a
c
t
s
_
o
u
t
f
i
l
e
)

9
5

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
d
i
s
t
a
n
c
e
_
v
e
r
s
u
s
_
c
r
o
s
s
i
n
g
_
a
n
g
l
e
(
)
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#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
c
a
r
t
e
s
i
a
n
_
t
o
_
p
o
l
a
r
_
t
h
e
t
a
(
)

9
7

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
c
o
r
r
e
l
a
t
e
_
h
e
l
i
x
c
r
o
s
s
i
n
g
_
p
o
l
a
r
_
t
h
e
t
a
(
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
r
e
p
r
e
s
e
n
t
a
t
i
v
e
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e
=
�
F
G
F
R
3
�
)

9
9

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
a
b
s
o
l
u
t
e
_
v
a
l
u
e
_
Z
_
t
r
a
c
k
i
n
g
(
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
a
b
s
o
l
u
t
e
_
d
e
l
t
a
_
Z
_
a
n
d
_
c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
(
)

1
0
1

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
s
p
l
i
t
_
Z
_
f
i
l
e
(
f
o
l
d
e
r
_
n
a
m
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
b
o
x
_
s
i
z
e
_
a
s
s
e
s
s
m
e
n
t
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t

,
s
k
i
p
_
f
r
a
m
e
s
)

1
0
3

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
o
p
t
i
m
i
z
e
_
l
e
a
f
l
e
t
_
s
e
l
e
c
t
i
o
n
_
c
u
t
o
f
f
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
a
n
a
l
y
z
e
_
l
e
a
f
l
e
t
s
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
f
i
l
e
_
n
a
m
e

=
b
i
l
a
y
e
r
_
t
r
a
c
k
i
n
g
_
f
i
l
e
,

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n

=

1
6
,

c
u
t
o
f
f

=
1
5
.
5
,

s
y
s
t
e
m
_
n
a
m
e

=
�
G
p
A
�
)

1
0
5

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
c
o
u
n
t
_
l
i
p
i
d
s
_
i
n
_
l
o
c
a
l
_
s
h
e
l
l
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
f
i
l
e
_
n
a
m
e

=
l
i
p
i
d
_
s
h
e
l
l
_
o
u
t
f
i
l
e
,

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n

=
1
6
,

c
u
t
o
f
f

=
1
5
.
5
,

s
y
s
t
e
m
_
n
a
m
e

=
�
G
p
A
�
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
f
l
i
p
_
f
l
o
p
_
t
r
a
c
k
e
r
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
f
i
l
e
_
n
a
m
e

=
f
l
i
p
_
f
l
o
p
_
o
u
t
f
i
l
e
,

c
u
t
o
f
f

=
1
5
.
5
)

1
0
7

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
_
a
v
e
r
a
g
e
_
r
e
s
u
l
t
s
(

W
T
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

G
p
A
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,
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G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,
f
o
l
d
e
r
_
n
a
m
e
,

d
i
m
e
r
i
z
a
t
i
o
n
_
c
r
i
t
e
r
i
o
n

=
6
.
0
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
s
i
m
p
l
e
_
m
o
v
i
n
g
_
a
v
e
r
a
g
e
_
p
o
l
a
r
_
t
h
e
t
a
(
f
o
l
d
e
r
_
n
a
m
e
,

w
i
n
d
o
w
_
s
i
z
e

=
1
0
)

1
0
9

d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
i
n
t
e
r
f
a
c
e
_
f
i
l
t
e
r
e
d
_
m
e
r
g
e
d
_
t
o
p
_
f
i
v
e
_
F
G
F
R
3
(

p
r
i
m
a
r
y
_
c
o
u
n
t
_
l
i
s
t
,
s
e
c
o
n
d
a
r
y
_
c
o
u
n
t
_
l
i
s
t
,

o
t
h
e
r
_
c
o
u
n
t
_
l
i
s
t
,

f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
)

1
1
1

i
f

_
_
n
a
m
e
_
_

=
=

"
_
_
m
a
i
n
_
_
"
:

#
i
n
i
t
i
a
l
i
z
e

s
o
m
e

g
l
o
b
a
l

l
i
s
t
s

f
o
r

t
h
e

o
v
e
r
a
l
l

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s

a
v
e
r
a
g
i
n
g

f
u
n
c
t
i
o
n
:

1
1
3

W
T
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t

=
[
]

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

=
[
]

1
1
5

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

=
[
]

h
e
t
e
r
o
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t

=
[
]

1
1
7

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

=
[
]

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

=
[
]

1
1
9

m
u
t
a
n
t
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t

=
[
]

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

=
[
]

1
2
1

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
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l
i
s
t

=
[
]

G
p
A
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t

=
[
]

1
2
3

G
p
A
_
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o
c
a
l
_
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h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

=
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]

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

=
[
]

1
2
5

m
a
i
n
(
p
r
i
m
a
r
y
_
c
o
u
n
t
_
l
i
s
t
,
s
e
c
o
n
d
a
r
y
_
c
o
u
n
t
_
l
i
s
t
,

o
t
h
e
r
_
c
o
u
n
t
_
l
i
s
t
,

d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,
W
T
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
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s
_
p
r
e
_
d
i
m
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r
_
l
i
s
t
,

346



W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
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h
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t
e
r
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_
F
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3
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t
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c
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s
s
_
l
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s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

G
p
A
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

s
k
i
p
_
f
r
a
m
e
s
=
1
0
,

h
e
l
i
x
_
t
i
l
t
_
o
u
t
p
u
t
_
f
i
l
e
=
�
d
i
m
e
r
_
t
i
l
t
_
t
e
s
t
.
o
u
t
�
,

g
e
o
Z
_
o
u
t
f
i
l
e
=
�

D
u
a
l
Z
_
t
r
a
c
k
i
n
g
_
n
o
c
e
n
t
e
r
.
o
u
t
�
,

c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
o
u
t
f
i
l
e

=
�

t
e
s
t
i
n
g
_
M
D
A
_
c
o
n
t
a
c
t
s
.
o
u
t
�
,

G
p
A
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
=
�
t
o
p
_
f
i
v
e
_
t
e
s
t
i
n
g
.
o
u
t
�
,

F
G
F
R
3
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
=
�
i
n
t
e
r
f
a
c
e
_
t
o
p
_
f
i
v
e
.
o
u
t
�
,

r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
_
o
u
t
f
i
l
e
=
�
r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
n
o
j
u
m
p
.
o
u
t
�
,

f
i
x
e
d
_
t
h
e
r
m
a
l
_
o
u
t
f
i
l
e
=
�
f
i
x
e
d
_
t
h
e
r
m
a
l
.
o
u
t
�
,

b
i
l
a
y
e
r
_
o
u
t
f
i
l
e
=
�

b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
_
t
r
a
c
k
i
n
g
.
o
u
t
�
,

r
e
l
a
t
i
v
e
_
Z
_
o
u
t
f
i
l
e

=
�
r
e
l
a
t
i
v
e
_
Z
.
o
u
t
�
,

l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
o
u
t
f
i
l
e
=
�
l
o
c
a
l
_
b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
.
o
u
t
�
,

f
r
a
m
e
_
p
o
s
i
t
i
o
n
_
o
u
t
f
i
l
e

=
�
f
r
a
m
e
_
c
o
r
r
e
l
a
t
e
d
_
p
o
s
i
t
i
o
n
_
n
o
s
k
i
p
.
o
u
t
�
,

e
f
f
i
c
i
e
n
t
_
c
o
n
t
a
c
t
s
_
o
u
t
f
i
l
e
=
�

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
s
_
f
u
l
l
.
o
u
t
�
,

b
i
l
a
y
e
r
_
t
r
a
c
k
i
n
g
_
f
i
l
e

=
�
b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
.
o
u
t
�
,

l
i
p
i
d
_
s
h
e
l
l
_
o
u
t
f
i
l
e

=
�
l
i
p
i
d
_
s
h
e
l
l
_
c
o
u
n
t
.
o
u
t
�
,

f
l
i
p
_
f
l
o
p
_
o
u
t
f
i
l
e

=
�
f
l
i
p
_
f
l
o
p

.
o
u
t
�
)

1
2
7

#
p
r
i
n
t

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s

r
e
s
u
l
t
s

t
o

a
f
i
l
e
:

1
2
9

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
b
i
l
a
y
e
r
_
s
t
a
t
s
(
W
T
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,
h
e
t
e
r
o
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

G
p
A
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
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G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
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p
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e
_
d
i
m
e
r
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l
i
s
t
,

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
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p
o
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_
d
i
m
e
r
_
l
i
s
t
)
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1
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d
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e
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o
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r
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.
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h
e
r
m
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_
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i
n
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h
e
l
i
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o
r
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s
t
=

h
e
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e
r
o
d
i
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e
r
_
h
e
l
i
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2
_
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_
c
o
o
r
d
_
l
i
s
t
,

h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
=

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
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o
o
r
d
_
l
i
s
t
,

o
u
t
p
u
t
_
f
i
l
e
=
�
/
s
a
n
s
o
m
/
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c
2
/
b
i
o
c
1
0
0
9
/
D
o
c
u
m
e
n
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/
F
G
F
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_
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o
r
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/
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i
m
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t
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a
l
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y
m
l
i
n
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l
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t
h
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r
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a
l
_
p
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h
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h
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r
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_
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(
h
e
l
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l
i
s
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=
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u
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h
e
l
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h
e
l
i
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l
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u
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n
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_
h
e
l
i
x
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2
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y
_
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o
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r
d
_
l
i
s
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,
o
u
t
p
u
t
_
f
i
l
e
=
�
/
s
a
n
s
o
m
/
s
c
2
/
b
i
o
c
1
0
0
9
/
D
o
c
u
m
e
n
t
s
/
F
G
F
R
3
_
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r
k
/

d
i
m
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r
_
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a
t
c
h
_
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n
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l
y
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s
_
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y
m
l
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n
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o
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r
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_
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h
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_
p
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t
_
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a
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a
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m
u
t
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n
t
_
d
i
m
e
r
_
t
h
e
r
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l
_
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e
r
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t
�
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h
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h
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h
e
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h
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l
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n

a
s
y
s
t
e
m

s
e
l
e
c
t
e
d
)

M
D
A
n
a
l
y
s
i
s

o
b
j
e
c
t
s
,

f
u
l
l
_
p
a
t
h

s
t
r
i
n
g
]
�
�
�

u
n
i
v
e
r
s
e
_
l
i
s
t
=
[
]

4
6

f
o
r

g
r
o
_
f
i
l
e
,

x
t
c
_
f
i
l
e
,

f
u
l
l
_
p
a
t
h

i
n

c
o
m
b
i
n
e
d
_
p
a
t
h
_
p
a
i
r
_
l
i
s
t
:
#
s
l
i
c
e

t
h
i
s

f
o
r

t
e
s
t
i
n
g

s
m
a
l
l

p
o
r
t
i
o
n
s

o
f

d
a
t
a

s
e
t

(
l
e
s
s

r
e
p
l
i
c
a
t
e
s
)

u
n
i
v
e
r
s
e
_
l
i
s
t
.
a
p
p
e
n
d
(
[
M
D
A
n
a
l
y
s
i
s
.
U
n
i
v
e
r
s
e
(
g
r
o
_
f
i
l
e
,
x
t
c
_
f
i
l
e
)
,

f
u
l
l
_
p
a
t
h

]
)

4
8

r
e
t
u
r
n

u
n
i
v
e
r
s
e
_
l
i
s
t

5
0

#
l
i
s
t
s

f
o
r

d
u
m
p
i
n
g

o
v
e
r
a
l
l

F
G
F
R
3

�
t
o
p

f
i
v
e

c
l
o
s
e
s
t
�

c
o
n
t
a
c
t

d
a
t
a

f
o
r

o
v
e
r
a
l
l

p
l
o
t
:

#
m
u
t
a
n
t
_
o
v
e
r
a
l
l
_
l
i
s
t

=
[
]

5
2

#
w
i
l
d
t
y
p
e
_
o
v
e
r
a
l
l
_
l
i
s
t

=
[
]

#
h
e
t
e
r
o
_
o
v
e
r
a
l
l
_
l
i
s
t

=
[
]

5
4

#
i
n
i
t
i
a
l
i
z
e

l
i
s
t
s

f
o
r

d
u
m
p
i
n
g

o
v
e
r
a
l
l

F
G
F
R
3

�
t
h
e
r
m
a
l

p
l
o
t
�

d
a
t
a
:

5
6

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t

=
[
]
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h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t

=
[
]

5
8

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t

=
[
]

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t

=
[
]

6
0

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t

=
[
]

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t

=
[
]

6
2

d
e
f

m
a
i
n
(
u
n
i
v
e
r
s
e
_
l
i
s
t
,
h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,
s
k
i
p
_
f
r
a
m
e
s
,
e
f
f
i
c
i
e
n
t
_
c
o
n
t
a
c
t
s
_
o
u
t
f
i
l
e
)
:

6
4

�
�
�
P
r
i
n
t
s

a
n
a
l
y
z
e
d

d
a
t
a

t
o

f
i
l
e
s

i
n

r
e
p
l
i
c
a
t
e

s
u
b
f
o
l
d
e
r
s

o
r

o
t
h
e
r

d
i
r
e
c
t
o
r
i
e
s

b
y

c
a
l
l
i
n
g

v
a
r
i
o
u
s

f
u
n
c
t
i
o
n
s
�
�
�

f
o
r

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,
p
a
t
h
_
n
a
m
e

i
n

u
n
i
v
e
r
s
e
_
l
i
s
t
:

6
6

o
s
.
c
h
d
i
r
(
p
a
t
h
_
n
a
m
e
)

#
m
o
v
e

t
o

t
h
e

a
p
p
r
o
p
r
i
a
t
e

d
i
r
e
c
t
o
r
y

b
e
f
o
r
e

e
x
e
c
u
t
i
n
g

d
a
t
a

p
r
o
c
e
s
s
i
n
g

f
u
n
c
t
i
o
n
s

#
c
a
l
l

d
a
t
a

p
r
o
c
e
s
s
i
n
g

f
u
n
c
t
i
o
n
s
;

o
u
t
p
u
t

s
h
o
u
l
d

b
e

i
n

g
n
u
p
l
o
t

f
o
r
m
a
t
:

6
8

#
j
u
s
t

c
o
m
m
e
n
t

o
u
t

f
u
n
c
t
i
o
n
s

w
h
e
n

y
o
u

a
r
e

n
o
t

n
e
e
d
i
n
g

t
h
e
m

t
o

b
e

r
e
-
r
u
n
:

7
0

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
h
e
l
i
x
_
t
i
l
t
_
v
s
_
b
i
l
a
y
e
r
_
n
o
r
m
a
l
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=
h
e
l
i
x
_
t
i
l
t
_
o
u
t
p
u
t
_
f
i
l
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
G
p
A
_
h
e
l
i
x
_
t
i
l
t
_
v
s
_
b
i
l
a
y
e
r
_
n
o
r
m
a
l
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=
h
e
l
i
x
_
t
i
l
t
_
o
u
t
p
u
t
_
f
i
l
e
)

7
2

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
g
e
o
_
Z
_
t
r
a
c
k
i
n
g
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e
=
�
F
G
F
R
3
�
,

o
u
t
p
u
t
_
f
i
l
e

=
g
e
o
Z
_
o
u
t
f
i
l
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
G
p
A
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e

=
c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
o
u
t
f
i
l
e
)

7
4

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
t
o
p
_
f
i
v
e
_
c
l
o
s
e
s
t
_
r
e
s
i
d
u
e
s
_
G
p
A
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=
G
p
A
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
t
o
p
_
f
i
v
e
_
c
l
o
s
e
s
t
_
r
e
s
i
d
u
e
s
_
F
G
F
R
3
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=
F
G
F
R
3
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
)
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7
6

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
m
e
r
g
e
d
_
t
o
p
_
f
i
v
e
_
F
G
F
R
3
(
m
u
t
a
n
t
_
o
v
e
r
a
l
l
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
o
v
e
r
a
l
l
_
l
i
s
t
,
h
e
t
e
r
o
_
o
v
e
r
a
l
l
_
l
i
s
t
,

f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=

r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
_
o
u
t
f
i
l
e
,

s
y
s
t
e
m
_
n
a
m
e
=
�
G
p
A
�
)

7
8

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
=

r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
_
o
u
t
f
i
l
e
,

s
y
s
t
e
m
_
n
a
m
e
=
�
F
G
F
R
3
�
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
f
i
x
e
d
_
h
e
l
i
x
_
t
h
e
r
m
a
l
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t

,
s
k
i
p
_
f
r
a
m
e
s
,

s
i
d
e
k
i
c
k
_
d
a
t
a
_
d
i
r
e
c
t
o
r
y
,

c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
,

s
y
s
t
e
m
_
n
a
m
e
=
�
F
G
F
R
3
�
,

o
u
t
p
u
t
_
f
i
l
e
=
f
i
x
e
d
_
t
h
e
r
m
a
l
_
o
u
t
f
i
l
e
)

8
0

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
f
i
x
e
d
_
h
e
l
i
x
_
t
h
e
r
m
a
l
_
m
e
r
g
e
d
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
i
d
e
k
i
c
k
_
d
a
t
a
_
d
i
r
e
c
t
o
r
y
,

c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
t
r
a
c
k
_
b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
i
d
e
k
i
c
k
_
d
a
t
a
_
d
i
r
e
c
t
o
r
y
,

o
u
t
f
i
l
e
=

b
i
l
a
y
e
r
_
o
u
t
f
i
l
e
)

8
2

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
g
e
o
_
Z
_
t
r
a
c
k
i
n
g
_
r
e
l
a
t
i
v
e
_
t
o
_
b
i
l
a
y
e
r
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e
=
�
F
G
F
R
3
�
,

o
u
t
p
u
t
_
f
i
l
e
=

r
e
l
a
t
i
v
e
_
Z
_
o
u
t
f
i
l
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
l
o
c
a
l
_
b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e

=
�
F
G
F
R
3
�
,

o
u
t
p
u
t
_
f
i
l
e

=

l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
o
u
t
f
i
l
e
)

8
4

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
f
r
a
m
e
_
a
b
s
t
r
a
c
t
e
d
_
r
e
l
a
t
i
v
e
_
p
o
s
i
t
i
o
n
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
i
d
e
k
i
c
k
_
d
a
t
a
_
d
i
r
e
c
t
o
r
y
,

c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
,

s
y
s
t
e
m
_
n
a
m
e
=
�
G
p
A
�
,

o
u
t
p
u
t
_
f
i
l
e
=
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f
r
a
m
e
_
p
o
s
i
t
i
o
n
_
o
u
t
f
i
l
e
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
d
i
s
t
a
n
c
e
_
v
e
r
s
u
s
_
c
r
o
s
s
i
n
g
_
a
n
g
l
e
(
)

8
6

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
c
a
r
t
e
s
i
a
n
_
t
o
_
p
o
l
a
r
_
t
h
e
t
a
(
)

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
c
o
r
r
e
l
a
t
e
_
h
e
l
i
x
c
r
o
s
s
i
n
g
_
p
o
l
a
r
_
t
h
e
t
a
(
)

8
8

#
d
i
m
e
r
_
g
e
o
m
e
t
r
i
c
_
t
o
o
l
s
.
c
l
o
s
e
s
t
_
a
p
p
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c
e
n
t
e
r
_
Z
)

+
�
\
n
�
)

p
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f
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i
l
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c
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e
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b
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c
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i
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c
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c
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b
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c
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c
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c
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c
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c
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c
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i
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p
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i
l
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i
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u
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h
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i
l
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r
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c
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p
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i
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r
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c
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p
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b
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c
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c
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v
e
d

m
a
n
y

o
f

t
h
e

c
o
m
m
e
n
t
s

u
s
e
d
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p
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c
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b
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c
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c
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r
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i
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h
e
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e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
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h
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c
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c
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c
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c
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b
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c
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c
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r
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h
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h
e
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c
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c
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c
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c
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c
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b
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c
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c
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b
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c
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c
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b
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c
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c
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c
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c
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c
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c
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c
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.
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h
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h
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c
e
n
t
e
r
)

h
e
l
i
x
_
1
_
v
e
c
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c
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h
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p
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.
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h
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h
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c
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c
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c
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c
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c
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b
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e
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c
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p
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p
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c
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c
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e
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=
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e
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e
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h
e
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h
e
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h
e
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c
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e
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=
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e
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e
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h
e
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h
e
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i
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i
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h
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h
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m
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d
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h
e
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h
e
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r
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i
l
e

=
o
p
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i
l
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i
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u
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h
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i
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r
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i
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r
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d
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h
e
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e
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r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(
"
n
a
m
e

P
O
4
"
)

9
5

p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s

=
b
i
l
a
y
e
r
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s
(
)

p
h
o
s
p
h
a
t
e
_
g
e
o
m
e
t
r
i
c
_
c
e
n
t
e
r

=
b
i
l
a
y
e
r
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
.

c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

9
7

#
t
h
e

i
d
e
a

i
s

t
o

d
o

a
S
V
D

o
n

t
h
e

c
e
n
t
e
r
e
d

c
o
o
r
d
i
n
a
t
e
s
;

s
o

s
u
b
s
t
r
a
c
t

t
h
e

g
e
o
m
e
t
r
i
c

c
e
n
t
e
r

c
o
o
r
d
i
n
a
t
e

v
a
l
u
e

f
r
o
m

t
h
e

c
o
o
r
d
i
n
a
t
e
s

o
f

t
h
e

s
y
s
t
e
m

9
9

#
w
h
e
n

y
o
u

c
a
l
l

t
h
e

n
u
m
p
y

S
V
D

f
u
n
c
t
i
o
n
:
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u
u
,

d
d
,

v
v

=
n
u
m
p
y
.
l
i
n
a
l
g
.
s
v
d
(
h
e
l
i
x
_
1
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s
-

h
e
l
i
x
_
1
_
C
A
_
g
e
o
m
e
t
r
i
c
_
c
e
n
t
e
r
)

1
0
1

h
e
l
i
x
_
1
_
v
e
c
t
o
r

=
v
v
[
0
]

#
t
h
i
s

i
s

t
h
e

f
i
r
s
t

e
i
g
e
n
v
e
c
t
o
r
;

c
h
e
c
k
i
n
g

i
n

V
M
D
,

i
t

l
o
o
k
s

r
i
g
h
t

a
l
o
n
g

t
h
e

h
e
l
i
x

a
x
i
s

#
r
e
p
e
a
t

f
o
r

s
e
c
o
n
d

h
e
l
i
x

i
n

d
i
m
e
r

s
i
m
s
:

1
0
3

u
u
,

d
d
,

v
v

=
n
u
m
p
y
.
l
i
n
a
l
g
.
s
v
d
(
h
e
l
i
x
_
2
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s
-

h
e
l
i
x
_
2
_
C
A
_
g
e
o
m
e
t
r
i
c
_
c
e
n
t
e
r
)

h
e
l
i
x
_
2
_
v
e
c
t
o
r

=
v
v
[
0
]

1
0
5

#
r
e
p
e
a
t

t
h
e

e
i
g
e
n
v
e
c
t
o
r

c
a
l
c
u
l
a
t
i
o
n

p
r
o
c
e
s
s

f
o
r

t
h
e

b
i
l
a
y
e
r

(
p
h
o
s
p
h
a
t
e
s

)

a
a
,

b
b
,

c
c

=
n
u
m
p
y
.
l
i
n
a
l
g
.
s
v
d
(
b
i
l
a
y
e
r
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s
(
)

-
b
i
l
a
y
e
r
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)
)

1
0
7

b
i
l
a
y
e
r
_
n
o
r
m
a
l

=
c
c
[
2
]

#
c
h
e
c
k

i
n

V
M
D
:

y
e
s
,

t
h
e

t
h
i
r
d

e
i
g
e
n
v
e
c
t
o
r

s
e
e
m
s

t
o

p
r
o
d
u
c
e

a
r
e
a
s
o
n
a
b
l
e

v
e
c
t
o
r

u
p

+
Z

a
x
i
s

f
o
r

b
i
l
a
y
e
r

n
o
r
m
a
l

1
0
9

#
a
n
g
l
e

b
e
t
w
e
e
n

h
e
l
i
x

a
x
i
s

a
n
d

b
i
l
a
y
e
r

n
o
r
m
a
l

v
e
c
t
o
r
s

d
e
p
e
n
d
s

o
n

t
h
e

d
o
t

p
r
o
d
u
c
t
:

h
e
l
i
x
_
1
_
a
n
g
l
e

=
m
a
t
h
.
a
c
o
s
(
n
u
m
p
y
.
d
o
t
(
h
e
l
i
x
_
1
_
v
e
c
t
o
r
,
b
i
l
a
y
e
r
_
n
o
r
m
a
l
)
)

1
1
1

#
c
o
n
v
e
r
t

t
o

d
e
g
r
e
e
s
:

t
h
e
t
a
_
1

=
m
a
t
h
.
d
e
g
r
e
e
s
(
h
e
l
i
x
_
1
_
a
n
g
l
e
)

1
1
3

i
f

t
h
e
t
a
_
1

>
9
0
:

t
h
e
t
a
_
1

=
1
8
0
-
t
h
e
t
a
_
1

1
1
5

h
e
l
i
x
_
2
_
a
n
g
l
e

=
m
a
t
h
.
a
c
o
s
(
n
u
m
p
y
.
d
o
t
(
h
e
l
i
x
_
2
_
v
e
c
t
o
r
,
b
i
l
a
y
e
r
_
n
o
r
m
a
l
)
)

1
1
7

#
c
o
n
v
e
r
t

t
o

d
e
g
r
e
e
s
:

t
h
e
t
a
_
2

=
m
a
t
h
.
d
e
g
r
e
e
s
(
h
e
l
i
x
_
2
_
a
n
g
l
e
)

1
1
9

i
f

t
h
e
t
a
_
2

>
9
0
:

t
h
e
t
a
_
2

=
1
8
0
-
t
h
e
t
a
_
2

1
2
1
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h
e
l
i
x
_
t
i
l
t
_
a
n
g
l
e
_
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
t
s
.
f
r
a
m
e
)

+
�

�
+

s
t
r
(
t
h
e
t
a
_
1
)

+
�

�
+

s
t
r
(
t
h
e
t
a
_
2
)

+
�
\
n
�
)

#
f
o
r
m
a
t
t
i
n
g

f
o
r

g
n
u
p
l
o
t
-
r
e
a
d
y

c
o
l
u
m
n
s

1
2
3

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

1
2
5

d
e
f

c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
G
p
A
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
)
:

�
�
�
C
a
l
c
u
l
a
t
e
s

t
h
e

c
l
o
s
e
s
t

a
p
p
r
o
a
c
h

d
i
s
t
a
n
c
e

b
e
t
w
e
e
n

t
h
e

t
w
o

h
e
l
i
c
e
s

i
n

t
h
e

(

c
o
n
t
r
o
l
)

G
p
A

d
i
m
e
r

s
i
m
u
l
a
t
i
o
n
s

f
o
r

1
2
7

a
g
i
v
e
n

f
r
a
m
e

r
a
n
g
e

a
n
d

i
n
t
e
r
v
a
l
.

T
h
i
s

f
u
n
c
t
i
o
n

h
a
s

b
e
e
n

c
o
n
f
i
r
m
e
d

t
o

w
o
r
k

p
r
o
p
e
r
l
y

a
g
a
i
n
s
t

m
y

V
M
D

t
c
l

s
c
r
i
p
t

t
h
a
t

w
a
s

d
e
s
i
g
n
e
d

f
o
r

t
h
e

s
a
m
e

p
u
r
p
o
s
e
.
�
�
�

1
2
9

c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
f
i
l
e

=
o
p
e
n
(
o
u
t
p
u
t
_
f
i
l
e
,

�
w
�
)

c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
f
i
l
e
.
w
r
i
t
e
(
�
#

c
o
l
u
m
n

1
:

f
r
a
m
e

n
u
m
b
e
r

|
|

c
o
l
u
m
n

2
:

c
l
o
s
e
s
t

h
e
l
i
x
-
h
e
l
i
x

c
o
n
t
a
c
t

(
A
n
g
s
t
r
o
m
s
)
\
n
�
)

1
3
1

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

b
o
u
n
d
a
r
y

=
1

#
s
t
a
r
t

w
i
t
h

c
o
n
t
a
c
t
s

w
i
t
h
i
n

1
A
n
g
s
t
r
o
m

i
n

a
n
y

d
i
r
e
c
t
i
o
n

1
3
3

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
2
3

)
"

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

2
4
:
4
6

)
"

1
3
5

d
i
s
t
a
n
c
e
_
l
i
s
t

=
[
]

w
h
i
l
e

1
:

#
u
n
t
i
l

c
o
n
t
a
c
t
s

a
r
e

f
o
u
n
d

w
i
t
h
i
n

a
g
i
v
e
n

c
u
t
o
f
f

d
i
s
t
a
n
c
e

b
e
t
w
e
e
n

h
e
l
i
c
e
s

1
3
7

h
e
l
i
x
_
2
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%
s

%
s

)
a
n
d

%
s
"

%
(
s
t
r
(

b
o
u
n
d
a
r
y
)
,

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
,

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

h
e
l
i
x
_
1
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%
s

%
s

)
a
n
d

%
s
"

%
(
s
t
r
(

b
o
u
n
d
a
r
y
)
,

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
,

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

1
3
9

t
r
y
:

#
a
s
s
i
g
n
i
n
g

a
n

e
m
p
t
y

a
t
o
m

s
e
l
e
c
t
i
o
n

r
a
i
s
e
s

a
n

e
x
c
e
p
t
i
o
n
,

s
o

u
s
i
n
g

a
t
r
y

b
l
o
c
k

h
e
l
i
x
_
2
_
r
e
s
i
d
u
e
s
_
w
i
t
h
i
n
_
c
u
t
o
f
f

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.

s
e
l
e
c
t
A
t
o
m
s
(
h
e
l
i
x
_
2
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g
)

1
4
1

h
e
l
i
x
_
1
_
r
e
s
i
d
u
e
s
_
w
i
t
h
i
n
_
c
u
t
o
f
f

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.

s
e
l
e
c
t
A
t
o
m
s
(
h
e
l
i
x
_
1
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g
)

362



b
r
e
a
k

#
i
f

t
h
e
r
e

a
r
e

c
o
n
t
a
c
t
s

y
o
u

c
a
n

e
x
i
t

t
h
e

w
h
i
l
e

l
o
o
p

t
o

a
s
s
e
s
s

t
h
e

d
i
s
t
a
n
c
e

1
4
3

e
x
c
e
p
t

E
x
c
e
p
t
i
o
n
:

#
i
n
c
r
e
a
s
e

t
h
e

b
o
u
n
d
a
r
y

b
y

2
A
n
g
s
t
r
o
m
s

u
n
t
i
l

a

c
o
n
t
a
c
t

o
n

h
e
l
i
x

2
i
s

f
o
u
n
d

b
o
u
n
d
a
r
y

+
=

2

1
4
5

#
I

d
o
n
�
t

t
h
i
n
k

t
h
e

a
t
o
m
s
e
l
e
c
t
i
o
n
s

w
i
l
l

b
e

d
i
r
e
c
t
l
y

�
z
i
p
p
a
b
l
e
�

f
o
r

p
a
i
r
w
i
s
e

d
i
s
t
a
n
c
e

m
e
a
s
u
r
e
s

a
n
d

w
i
l
l

h
a
v
e

t
o

l
o
o
p

t
h
r
o
u
g
h

e
v
e
r
y
t
h
i
n
g
:

f
o
r

h
e
l
i
x
_
1
_
C
A

i
n

h
e
l
i
x
_
1
_
r
e
s
i
d
u
e
s
_
w
i
t
h
i
n
_
c
u
t
o
f
f
:

1
4
7

f
o
r

h
e
l
i
x
_
2
_
C
A

i
n

h
e
l
i
x
_
2
_
r
e
s
i
d
u
e
s
_
w
i
t
h
i
n
_
c
u
t
o
f
f
:

c
u
r
r
e
n
t
_
d
i
s
t
a
n
c
e

=
n
u
m
p
y
.
l
i
n
a
l
g
.
n
o
r
m
(
n
u
m
p
y
.
s
u
b
t
r
a
c
t
(

h
e
l
i
x
_
1
_
C
A
.
p
o
s
,

h
e
l
i
x
_
2
_
C
A
.
p
o
s
)
)

#
c
a
l
c
u
l
a
t
e

m
a
g
n
i
t
u
d
e

(
l
e
n
g
t
h
)

o
f

d
i
s
t
a
n
c
e

v
e
c
t
o
r
s

f
o
r

c
o
n
t
a
c
t
s

1
4
9

d
i
s
t
a
n
c
e
_
l
i
s
t
.
a
p
p
e
n
d
(
c
u
r
r
e
n
t
_
d
i
s
t
a
n
c
e
)

d
i
s
t
a
n
c
e
_
l
i
s
t
.
s
o
r
t
(
)

1
5
1

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
_
d
i
s
t
a
n
c
e

=
d
i
s
t
a
n
c
e
_
l
i
s
t
[
0
]

c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
t
s
.
f
r
a
m
e
)

+
�

�
+

s
t
r
(

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
_
d
i
s
t
a
n
c
e
)

+
�
\
n
�
)

1
5
3

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
f
i
l
e
.
c
l
o
s
e
(
)

1
5
5

d
e
f

t
o
p
_
f
i
v
e
_
c
l
o
s
e
s
t
_
r
e
s
i
d
u
e
s
_
G
p
A
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
)
:

1
5
7

�
�
�
T
h
e

i
d
e
a

f
o
r

t
h
i
s

f
u
n
c
t
i
o
n

i
s

t
o

t
a
k
e

t
h
e

t
o
p

f
i
v
e

c
l
o
s
e
s
t

G
p
A

r
e
s
i
d
u
e
s

i
n

e
a
c
h

f
r
a
m
e

a
f
t
e
r

t
h
e

h
e
l
i
c
e
s

a
r
e

w
i
t
h
i
n

s
o
m
e

c
u
t
o
f
f

d
i
s
t
a
n
c
e

f
r
o
m

o
n
e

a
n
o
t
h
e
r
.

T
h
e

r
e
a
s
o
n

t
o

r
e
q
u
i
r
e

s
o
m
e

d
e
g
r
e
e

o
f

p
r
o
x
i
m
i
t
y

i
s

t
h
e

l
i
k
e
l
i
h
o
o
d

1
5
9

t
h
a
t

t
h
e

h
e
l
i
c
e
s

h
a
v
e

s
t
o
c
h
a
s
t
i
c

f
a
c
i
a
l

p
r
e
s
e
n
t
a
t
i
o
n
s

u
n
t
i
l

t
h
e
y

a
r
e

r
e
l
a
t
i
v
e
l
y

c
l
o
s
e

t
o
g
e
t
h
e
r
.

W
i
l
l

p
r
o
b
a
b
l
y

w
a
n
t

t
h
i
s

f
u
n
c
t
i
o
n

t
o

b
i
n

t
h
e

d
a
t
a

c
a
t
e
g
o
r
i
c
a
l
l
y

b
y

r
e
s
i
d
u
e

n
a
m
e

a
n
d

n
u
m
b
e
r

s
o

a
s
i
n
g
l
e

b
a
r

p
l
o
t

c
a
n

b
e

g
e
n
e
r
a
t
e
d

w
i
t
h
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1
6
1

N
-
>
C

r
e
s
i
d
u
e

n
a
m
e

o
n

x
-
a
x
i
s

a
n
d

n
o
r
m
a
l
i
z
e
d

f
r
e
q
u
e
n
c
y

o
f

o
c
c
u
r
e
n
c
e

i
n

t
o
p

f
i
v
e

c
o
n
t
a
c
t
s

o
n

t
h
e

y
-
a
x
i
s
.
�
�
�

h
e
l
i
x
_
p
r
o
x
i
m
i
t
y
_
r
e
q
u
i
r
e
m
e
n
t

=
7

#
h
e
l
i
c
e
s

m
u
s
t

b
e

w
i
t
h
i
n

t
h
i
s

n
u
m
b
e
r

o
f

A
n
g
s
t
r
o
m
s

f
o
r

c
o
n
t
a
c
t
s

t
o

b
e

c
o
u
n
t
e
d

1
6
3

t
o
p
_
f
i
v
e
_
f
i
l
e

=
o
p
e
n
(
o
u
t
p
u
t
_
f
i
l
e
,

�
w
�
)

c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t

=
[
]

#
t
h
e

t
o
p

f
i
v
e

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

f
r
o
m

e
a
c
h

a
c
c
e
p
t
a
b
l
e

f
r
a
m
e

w
i
l
l

b
e

a
p
p
e
n
d
e
d

h
e
r
e
;

r
e
s
e
t
s

a
t

t
h
e

s
t
a
r
t

o
f

a
n
e
w

t
r
a
j
e
c
t
o
r
y
/

s
i
m
u
l
a
t
i
o
n

1
6
5

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
2
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

G
p
A

m
o
n
o
m
e
r

1
6
7

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

2
4
:
4
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

G
p
A

m
o
n
o
m
e
r

h
e
l
i
x
_
2
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%
s

%
s

)
a
n
d

%
s
"

%
(
s
t
r
(

h
e
l
i
x
_
p
r
o
x
i
m
i
t
y
_
r
e
q
u
i
r
e
m
e
n
t
)
,

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
,

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

1
6
9

t
r
y
:

h
e
l
i
x
_
2
_
r
e
s
i
d
u
e
s
_
w
i
t
h
i
n
_
c
u
t
o
f
f

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
2
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g
)

#
r
a
i
s
e
s

E
x
c
e
p
t
i
o
n

i
f

t
h
e
r
e

a
r
e

n
o

h
e
l
i
x

2
c
o
n
t
a
c
t
s

w
i
t
h
i
n

t
h
e

h
e
l
i
x
_
p
r
o
x
i
m
i
t
y
_
r
e
q
u
i
r
e
m
e
n
t

d
i
s
t
a
n
c
e

f
r
o
m

h
e
l
i
x

1
s
e
t

a
b
o
v
e
.

I
f

t
h
e
r
e

a
r
e

c
o
n
t
a
c
t
s
,

n
o

e
x
c
e
p
t
i
o
n

w
i
l
l

b
e

r
a
i
s
e
d

a
n
d

t
h
e

f
u
n
c
t
i
o
n

c
a
n

m
o
v
e

o
n

t
o

r
a
n
k
i
n
g

t
h
e

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

b
y

r
e
s
i
d
u
e

n
a
m
e

a
n
d

n
u
m
b
e
r
.

1
7
1

#
N
o
w

t
h
a
t

t
h
e

h
e
l
i
c
e
s

a
r
e

c
l
o
s
e

e
n
o
u
g
h

s
e
l
e
c
t

a
l
l

C
A

a
t
o
m
s

i
n

e
a
c
h
:

1
7
3

h
e
l
i
x
_
1
_
C
A
_
r
e
s
i
d
u
e
s

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

h
e
l
i
x
_
2
_
C
A
_
r
e
s
i
d
u
e
s

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)
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1
7
5

#
U
s
e

t
h
e

a
t
o
m
s
e
l
e
c
t
i
o
n
s

t
o

g
e
n
e
r
a
t
e

l
i
s
t
s

o
f

o
r
d
e
r
e
d

c
o
o
r
d
i
n
a
t
e
s

f
o
r

e
a
c
h

h
e
l
i
x
:

1
7
7

h
e
l
i
x
_
1
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s

=
h
e
l
i
x
_
1
_
C
A
_
r
e
s
i
d
u
e
s
.
c
o
o
r
d
i
n
a
t
e
s
(
)

h
e
l
i
x
_
2
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s

=
h
e
l
i
x
_
2
_
C
A
_
r
e
s
i
d
u
e
s
.
c
o
o
r
d
i
n
a
t
e
s
(
)

1
7
9

#
U
s
e

t
h
e

a
t
o
m
s
e
l
e
c
t
i
o
n
s

t
o

g
e
n
e
r
a
t
e

a
l
i
s
t

o
f

o
r
d
e
r
e
d

r
e
s
i
d
u
e

i
d
e
n
t
i
f
i
e
r
s

(
M
D
A
n
a
l
y
s
i
s

f
o
r
m
a
t
)

f
o
r

e
a
c
h

h
e
l
i
x
:

1
8
1

h
e
l
i
x
_
1
_
i
d
e
n
t
i
f
i
e
r
s

=
l
i
s
t
(
h
e
l
i
x
_
1
_
C
A
_
r
e
s
i
d
u
e
s
)

h
e
l
i
x
_
2
_
i
d
e
n
t
i
f
i
e
r
s

=
l
i
s
t
(
h
e
l
i
x
_
2
_
C
A
_
r
e
s
i
d
u
e
s
)

1
8
3

#
t
e
s
t

o
u
t
p
u
t

f
o
r
m
a
t

a
t

t
e
r
m
i
n
a
l
:

1
8
5

#
p
r
i
n
t

h
e
l
i
x
_
1
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s

#
p
r
i
n
t

h
e
l
i
x
_
1
_
i
d
e
n
t
i
f
i
e
r
s
[
0
]
.
r
e
s
n
a
m
e
,

h
e
l
i
x
_
1
_
i
d
e
n
t
i
f
i
e
r
s
[
0
]
.

r
e
s
i
d

1
8
7

#
m
a
k
e

a
l
i
s
t

o
f

o
r
d
e
r
e
d

r
e
s
i
d
u
e

n
a
m
e
s

a
n
d

n
u
m
b
e
r
s

(
i
n

t
u
p
l
e
s

a
t

t
h
e

m
o
m
e
n
t
)

1
8
9

h
e
l
i
x
_
1
_
o
r
d
e
r
e
d
_
r
e
s
i
d
u
e
_
n
a
m
e
s
_
n
u
m
b
e
r
s

=
[
(
r
e
s
i
d
u
e
.
r
e
s
n
a
m
e
,

r
e
s
i
d
u
e
.
r
e
s
i
d
)

f
o
r

r
e
s
i
d
u
e

i
n

h
e
l
i
x
_
1
_
i
d
e
n
t
i
f
i
e
r
s
]

h
e
l
i
x
_
2
_
o
r
d
e
r
e
d
_
r
e
s
i
d
u
e
_
n
a
m
e
s
_
n
u
m
b
e
r
s

=
[
(
r
e
s
i
d
u
e
.
r
e
s
n
a
m
e
,

r
e
s
i
d
u
e
.
r
e
s
i
d
)

f
o
r

r
e
s
i
d
u
e

i
n

h
e
l
i
x
_
2
_
i
d
e
n
t
i
f
i
e
r
s
]

1
9
1

#
n
o
w

z
i
p

t
h
e

r
e
s
i
d
u
e

n
a
m
e
s

a
n
d

n
u
m
b
e
r
s

w
i
t
h

t
h
e
i
r

r
e
s
p
e
c
t
i
v
e

C
A

c
o
o
r
d
i
n
a
t
e
s

1
9
3

h
e
l
i
x
_
1
_
m
e
r
g
e
d
_
l
i
s
t

=
z
i
p
(
h
e
l
i
x
_
1
_
o
r
d
e
r
e
d
_
r
e
s
i
d
u
e
_
n
a
m
e
s
_
n
u
m
b
e
r
s

,
h
e
l
i
x
_
1
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s
)

h
e
l
i
x
_
2
_
m
e
r
g
e
d
_
l
i
s
t

=
z
i
p
(
h
e
l
i
x
_
2
_
o
r
d
e
r
e
d
_
r
e
s
i
d
u
e
_
n
a
m
e
s
_
n
u
m
b
e
r
s

,
h
e
l
i
x
_
2
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s
)

1
9
5
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#
t
h
i
s

w
o
u
l
d

g
i
v
e

t
h
e

[
x

y
z
]

c
o
o
r
d
i
n
a
t
e

o
f

t
h
e

2
3
r
d

C
A

i
n

h
e
l
i
x

1
:

p
r
i
n
t

h
e
l
i
x
_
1
_
m
e
r
g
e
d
_
l
i
s
t
[
2
2
]
[
1
]

1
9
7

#
t
h
e

z
e
r
o
t
h

e
l
e
m
e
n
t

w
o
u
l
d

b
e

t
h
e

c
o
r
r
e
s
p
o
n
d
i
n
g

r
e
s
i
d
u
e

n
a
m
e

a
n
d

n
u
m
b
e
r

1
9
9

#
g
o

t
h
r
o
u
g
h

a
l
l

p
o
s
s
i
b
l
e

c
o
m
b
i
n
a
t
i
o
n
s

o
f

r
e
s
i
d
u
e

i
n
t
e
r
a
c
t
i
o
n
s

b
e
t
w
e
e
n

t
h
e

t
w
o

h
e
l
i
c
e
s

a
n
d

m
a
k
e

a
l
i
s
t

o
f

t
h
e

t
h
e

d
i
s
t
a
n
c
e

(

m
a
g
n
i
t
u
d
e
)

#
b
e
t
w
e
e
n

t
h
e

C
A

p
a
r
t
i
c
l
e
s

w
h
i
c
h

r
e
t
a
i
n
s

t
h
e

r
e
s
i
d
u
e

n
a
m
e
s

t
h
a
t

c
o
r
r
e
s
p
o
n
d

t
o

t
h
e

i
n
t
e
r
a
c
t
i
o
n

2
0
1

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s

=
[
]

f
o
r

(
h
e
l
i
x
_
1
_
C
A
,

c
o
o
r
d
i
n
a
t
e
_
1
)

i
n

h
e
l
i
x
_
1
_
m
e
r
g
e
d
_
l
i
s
t
:

2
0
3

f
o
r

(
h
e
l
i
x
_
2
_
C
A
,

c
o
o
r
d
i
n
a
t
e
_
2
)

i
n

h
e
l
i
x
_
2
_
m
e
r
g
e
d
_
l
i
s
t
:

m
e
a
s
u
r
e
d
_
d
i
s
t
a
n
c
e

=
n
u
m
p
y
.
l
i
n
a
l
g
.
n
o
r
m
(
n
u
m
p
y
.

s
u
b
t
r
a
c
t
(
c
o
o
r
d
i
n
a
t
e
_
1
,

c
o
o
r
d
i
n
a
t
e
_
2
)
)

2
0
5

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s
.
a
p
p
e
n
d
(
[

h
e
l
i
x
_
1
_
C
A
,

h
e
l
i
x
_
2
_
C
A
,

m
e
a
s
u
r
e
d
_
d
i
s
t
a
n
c
e
]
)

2
0
7

#
s
o
r
t

t
h
e

l
i
s
t

o
f

l
a
b
e
l
l
e
d

d
i
s
t
a
n
c
e
s

b
y

t
h
e

�
t
h
i
r
d

e
l
e
m
e
n
t
,
�

w
h
i
c
h

i
s

t
h
e

d
i
s
t
a
n
c
e

b
e
t
w
e
e
n

C
A

p
a
r
t
i
c
l
e
s

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s
.
s
o
r
t
(
k
e
y

=
l
a
m
b
d
a

e
l
e
m
e
n
t
:

e
l
e
m
e
n
t
[
2
]
)

2
0
9

#
s
o
,

n
o
w

t
h
e
r
e

i
s

a
n

a
s
c
e
n
d
i
n
g

l
i
s
t

o
f

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

b
e
t
w
e
e
n

h
e
l
i
c
e
s

f
o
r

t
h
i
s

g
i
v
e
n

f
r
a
m
e

(
i
f

t
h
e
y

a
r
e

c
l
o
s
e

e
n
o
u
g
h
)

2
1
1

#
a
p
p
e
n
d

t
h
e

f
i
v
e

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

f
r
o
m

t
h
i
s

g
i
v
e
n

f
r
a
m
e

t
o

a
n

o
v
e
r
a
l
l

l
i
s
t

f
o
r

e
a
c
h

f
r
a
m
e
:

2
1
3

f
o
r

e
l
e
m
e
n
t

i
n

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s
[
0
:
5
]
:
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c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t
.
a
p
p
e
n
d
(
e
l
e
m
e
n
t
)

#
s
t
i
l
l

c
o
n
t
a
i
n
s

r
e
s
i
d
u
e

1
a
n
d

2
n
a
m
e
s

a
l
o
n
g

w
i
t
h

d
i
s
t
a
n
c
e

2
1
5

e
x
c
e
p
t

E
x
c
e
p
t
i
o
n
:

#
t
h
e

h
e
l
i
c
e
s

a
r
e
n
�
t

c
l
o
s
e

e
n
o
u
g
h

f
o
r

a
m
e
a
n
i
n
g
f
u
l

i
n
t
e
r
f
a
c
e

r
e
s
i
d
u
e

a
s
s
e
s
s
m
e
n
t

d
e
f
i
n
e
d

b
y

h
e
l
i
x
_
p
r
o
x
i
m
i
t
y
_
r
e
q
u
i
r
e
m
e
n
t

a
b
o
v
e

2
1
7

p
a
s
s

#
s
o

j
u
s
t

l
e
a
v
e

t
h
e

t
r
y

b
l
o
c
k

a
n
d

j
u
m
p

t
o

t
h
e

n
e
x
t

f
r
a
m
e

i
t
e
r
a
t
i
o
n

i
n

t
h
e

f
o
r

l
o
o
p

2
1
9

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
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f
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c
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c
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c
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b
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c
u
r
r
e
n
t

t
r
a
j
e
c
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b
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b
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b
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c
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=
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c
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]
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]
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(
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p
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c
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c
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c
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h
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r
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n
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c
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p
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h
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p
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h
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p
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h
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r
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u
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c
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i
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v
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u
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c
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c
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p
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c
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c
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c
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p
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c
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c
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r
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p
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c
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p
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p
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p
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(
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p
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c
a
t
e
s

=
s
e
t
(
h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
_
l
i
s
t
)

2
4
1

#
t
e
s
t

p
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p
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c
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i
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i
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h
e
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r
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_
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i
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r
i
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(
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(
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p
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c
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u
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i
l
l

b
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p
r
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n
t
e
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r
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s
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c
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p

o
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e
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u
p
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i
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o
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i
l
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r
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(
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h
r
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e
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|
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r
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u
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o
p

5
c
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c
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n
t
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c
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o
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e
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i
l
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.
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r
i
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e
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t
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h
r
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e
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o
l
u
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r
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r
e
q
u
e
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t
o
p

5
c
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o
s
e
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t

c
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n
t
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c
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n
�
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9

#
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t
h
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o
u
g
h

t
h
e

l
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t

o
f

a
l
l

r
e
s
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u
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o
u
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t
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d
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f
r
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d
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o
u
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t
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n
i
q
u
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r
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c
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l
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d

p
r
i
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t
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s
u
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f
i
l
e
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(
r
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d
u
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,
r
e
s
i
d
u
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(
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u
p
l
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c
a
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e
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h
e
l
i
x
_
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u
p
l
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c
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:
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s
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r
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t
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s
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b
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b
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b
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c
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r
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u
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u
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r
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u
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r
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h
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u
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u
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r
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u
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r
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h
e
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u
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u
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r
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u
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b
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c
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u
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r
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u
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u
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u
n
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p
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r
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c
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b
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c
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p
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i
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(
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u
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r
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i
d
u
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u
e
1
_
f
r
e
q
u
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i
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u
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r
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i
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u
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(
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u
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q
u
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i
l
e
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c
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)
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c
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u
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b
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c
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t
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i
l
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i
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c
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h
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p
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c
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b
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b
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i
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p
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c
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c
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c
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p
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c
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b
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c
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c
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h
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c
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r
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i
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c
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h
e
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c
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r
e
s
i
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h
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c
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p
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c
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c
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h
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b
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c
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c
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c
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h
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p
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c
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c
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b
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c
t
i
o
n

c
a
n

m
o
v
e

o
n

t
o

r
a
n
k
i
n
g

t
h
e

c
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c
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h
e
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b
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c
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c
t
A
t
o
m
s
(

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

2
7
7

h
e
l
i
x
_
2
_
C
A
_
r
e
s
i
d
u
e
s

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

2
7
9

#
U
s
e

t
h
e

a
t
o
m
s
e
l
e
c
t
i
o
n
s

t
o

g
e
n
e
r
a
t
e

l
i
s
t
s

o
f

o
r
d
e
r
e
d

c
o
o
r
d
i
n
a
t
e
s

f
o
r

e
a
c
h

h
e
l
i
x
:

h
e
l
i
x
_
1
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s

=
h
e
l
i
x
_
1
_
C
A
_
r
e
s
i
d
u
e
s
.
c
o
o
r
d
i
n
a
t
e
s
(
)

2
8
1

h
e
l
i
x
_
2
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s

=
h
e
l
i
x
_
2
_
C
A
_
r
e
s
i
d
u
e
s
.
c
o
o
r
d
i
n
a
t
e
s
(
)

2
8
3

#
U
s
e

t
h
e

a
t
o
m
s
e
l
e
c
t
i
o
n
s

t
o

g
e
n
e
r
a
t
e

a
l
i
s
t

o
f

o
r
d
e
r
e
d

r
e
s
i
d
u
e

i
d
e
n
t
i
f
i
e
r
s

(
M
D
A
n
a
l
y
s
i
s

f
o
r
m
a
t
)

f
o
r

e
a
c
h

h
e
l
i
x
:

h
e
l
i
x
_
1
_
i
d
e
n
t
i
f
i
e
r
s

=
l
i
s
t
(
h
e
l
i
x
_
1
_
C
A
_
r
e
s
i
d
u
e
s
)

2
8
5

h
e
l
i
x
_
2
_
i
d
e
n
t
i
f
i
e
r
s

=
l
i
s
t
(
h
e
l
i
x
_
2
_
C
A
_
r
e
s
i
d
u
e
s
)

2
8
7

#
t
e
s
t

o
u
t
p
u
t

f
o
r
m
a
t

a
t

t
e
r
m
i
n
a
l
:

#
p
r
i
n
t

h
e
l
i
x
_
1
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s
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2
8
9

#
p
r
i
n
t

h
e
l
i
x
_
1
_
i
d
e
n
t
i
f
i
e
r
s
[
0
]
.
r
e
s
n
a
m
e
,

h
e
l
i
x
_
1
_
i
d
e
n
t
i
f
i
e
r
s
[
0
]
.

r
e
s
i
d

2
9
1

#
m
a
k
e

a
l
i
s
t

o
f

o
r
d
e
r
e
d

r
e
s
i
d
u
e

n
a
m
e
s

a
n
d

n
u
m
b
e
r
s

(
i
n

t
u
p
l
e
s

a
t

t
h
e

m
o
m
e
n
t
)

h
e
l
i
x
_
1
_
o
r
d
e
r
e
d
_
r
e
s
i
d
u
e
_
n
a
m
e
s
_
n
u
m
b
e
r
s

=
[
(
r
e
s
i
d
u
e
.
r
e
s
n
a
m
e
,

r
e
s
i
d
u
e
.
r
e
s
i
d
)

f
o
r

r
e
s
i
d
u
e

i
n

h
e
l
i
x
_
1
_
i
d
e
n
t
i
f
i
e
r
s
]

2
9
3

h
e
l
i
x
_
2
_
o
r
d
e
r
e
d
_
r
e
s
i
d
u
e
_
n
a
m
e
s
_
n
u
m
b
e
r
s

=
[
(
r
e
s
i
d
u
e
.
r
e
s
n
a
m
e
,

r
e
s
i
d
u
e
.
r
e
s
i
d
)

f
o
r

r
e
s
i
d
u
e

i
n

h
e
l
i
x
_
2
_
i
d
e
n
t
i
f
i
e
r
s
]

2
9
5

#
n
o
w

z
i
p

t
h
e

r
e
s
i
d
u
e

n
a
m
e
s

a
n
d

n
u
m
b
e
r
s

w
i
t
h

t
h
e
i
r

r
e
s
p
e
c
t
i
v
e

C
A

c
o
o
r
d
i
n
a
t
e
s

h
e
l
i
x
_
1
_
m
e
r
g
e
d
_
l
i
s
t

=
z
i
p
(
h
e
l
i
x
_
1
_
o
r
d
e
r
e
d
_
r
e
s
i
d
u
e
_
n
a
m
e
s
_
n
u
m
b
e
r
s

,
h
e
l
i
x
_
1
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s
)

2
9
7

h
e
l
i
x
_
2
_
m
e
r
g
e
d
_
l
i
s
t

=
z
i
p
(
h
e
l
i
x
_
2
_
o
r
d
e
r
e
d
_
r
e
s
i
d
u
e
_
n
a
m
e
s
_
n
u
m
b
e
r
s

,
h
e
l
i
x
_
2
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s
)

2
9
9

#
t
h
i
s

w
o
u
l
d

g
i
v
e

t
h
e

[
x

y
z
]

c
o
o
r
d
i
n
a
t
e

o
f

t
h
e

2
3
r
d

C
A

i
n

h
e
l
i
x

1
:

p
r
i
n
t

h
e
l
i
x
_
1
_
m
e
r
g
e
d
_
l
i
s
t
[
2
2
]
[
1
]

#
t
h
e

z
e
r
o
t
h

e
l
e
m
e
n
t

w
o
u
l
d

b
e

t
h
e

c
o
r
r
e
s
p
o
n
d
i
n
g

r
e
s
i
d
u
e

n
a
m
e

a
n
d

n
u
m
b
e
r

3
0
1

#
g
o

t
h
r
o
u
g
h

a
l
l

p
o
s
s
i
b
l
e

c
o
m
b
i
n
a
t
i
o
n
s

o
f

r
e
s
i
d
u
e

i
n
t
e
r
a
c
t
i
o
n
s

b
e
t
w
e
e
n

t
h
e

t
w
o

h
e
l
i
c
e
s

a
n
d

m
a
k
e

a
l
i
s
t

o
f

t
h
e

t
h
e

d
i
s
t
a
n
c
e

(

m
a
g
n
i
t
u
d
e
)

3
0
3

#
b
e
t
w
e
e
n

t
h
e

C
A

p
a
r
t
i
c
l
e
s

w
h
i
c
h

r
e
t
a
i
n
s

t
h
e

r
e
s
i
d
u
e

n
a
m
e
s

t
h
a
t

c
o
r
r
e
s
p
o
n
d

t
o

t
h
e

i
n
t
e
r
a
c
t
i
o
n

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s

=
[
]

3
0
5

f
o
r

(
h
e
l
i
x
_
1
_
C
A
,

c
o
o
r
d
i
n
a
t
e
_
1
)

i
n

h
e
l
i
x
_
1
_
m
e
r
g
e
d
_
l
i
s
t
:

f
o
r

(
h
e
l
i
x
_
2
_
C
A
,

c
o
o
r
d
i
n
a
t
e
_
2
)

i
n

h
e
l
i
x
_
2
_
m
e
r
g
e
d
_
l
i
s
t
:
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3
0
7

m
e
a
s
u
r
e
d
_
d
i
s
t
a
n
c
e

=
n
u
m
p
y
.
l
i
n
a
l
g
.
n
o
r
m
(
n
u
m
p
y
.

s
u
b
t
r
a
c
t
(
c
o
o
r
d
i
n
a
t
e
_
1
,

c
o
o
r
d
i
n
a
t
e
_
2
)
)

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s
.
a
p
p
e
n
d
(
[

h
e
l
i
x
_
1
_
C
A
,

h
e
l
i
x
_
2
_
C
A
,

m
e
a
s
u
r
e
d
_
d
i
s
t
a
n
c
e
]
)

3
0
9

#
s
o
r
t

t
h
e

l
i
s
t

o
f

l
a
b
e
l
l
e
d

d
i
s
t
a
n
c
e
s

b
y

t
h
e

�
t
h
i
r
d

e
l
e
m
e
n
t
,
�

w
h
i
c
h

i
s

t
h
e

d
i
s
t
a
n
c
e

b
e
t
w
e
e
n

C
A

p
a
r
t
i
c
l
e
s

3
1
1

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s
.
s
o
r
t
(
k
e
y

=
l
a
m
b
d
a

e
l
e
m
e
n
t
:

e
l
e
m
e
n
t
[
2
]
)

3
1
3

#
s
o
,

n
o
w

t
h
e
r
e

i
s

a
n

a
s
c
e
n
d
i
n
g

l
i
s
t

o
f

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

b
e
t
w
e
e
n

h
e
l
i
c
e
s

f
o
r

t
h
i
s

g
i
v
e
n

f
r
a
m
e

(
i
f

t
h
e
y

a
r
e

c
l
o
s
e

e
n
o
u
g
h
)

3
1
5

#
a
p
p
e
n
d

t
h
e

f
i
v
e

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

f
r
o
m

t
h
i
s

g
i
v
e
n

f
r
a
m
e

t
o

a
n

o
v
e
r
a
l
l

l
i
s
t

f
o
r

e
a
c
h

f
r
a
m
e
:

f
o
r

e
l
e
m
e
n
t

i
n

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s
[
0
:
5
]
:

3
1
7

c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t
.
a
p
p
e
n
d
(
e
l
e
m
e
n
t
)

#
s
t
i
l
l

c
o
n
t
a
i
n
s

r
e
s
i
d
u
e

1
a
n
d

2
n
a
m
e
s

a
l
o
n
g

w
i
t
h

d
i
s
t
a
n
c
e

3
1
9

e
x
c
e
p
t

E
x
c
e
p
t
i
o
n
:

#
t
h
e

h
e
l
i
c
e
s

a
r
e
n
�
t

c
l
o
s
e

e
n
o
u
g
h

f
o
r

a
m
e
a
n
i
n
g
f
u
l

i
n
t
e
r
f
a
c
e

r
e
s
i
d
u
e

a
s
s
e
s
s
m
e
n
t

d
e
f
i
n
e
d

b
y

h
e
l
i
x
_
p
r
o
x
i
m
i
t
y
_
r
e
q
u
i
r
e
m
e
n
t

a
b
o
v
e

p
a
s
s

#
s
o

j
u
s
t

l
e
a
v
e

t
h
e

t
r
y

b
l
o
c
k

a
n
d

j
u
m
p

t
o

t
h
e

n
e
x
t

f
r
a
m
e

i
t
e
r
a
t
i
o
n

i
n

t
h
e

f
o
r

l
o
o
p

3
2
1

3
2
3

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

3
2
5

#
t
h
e

c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t

s
h
o
u
l
d

n
o
w

c
o
n
t
a
i
n

a
l
l

t
h
e

t
o
p

f
i
v
e

c
o
n
t
a
c
t
s

c
o
n
c
a
t
e
n
a
t
e
d

f
r
o
m

a
l
l

e
l
i
g
i
b
l
e

f
r
a
m
e
s

f
o
r

t
h
e

c
u
r
r
e
n
t

t
r
a
j
e
c
t
o
r
y
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#
w
a
n
t

t
o

g
o

t
h
r
o
u
g
h

t
h
i
s

l
i
s
t

a
n
d

t
h
e

n
u
m
b
e
r

o
f

t
i
m
e
s

e
a
c
h

p
a
i
r

s
h
o
w
s

u
p

a
n
d

d
i
v
i
d
e

b
y

t
h
e

t
o
t
a
l

n
u
m
b
e
r

o
f

p
a
i
r
s

3
2
7

#
d
e
t
e
r
m
i
n
e

n
u
m
b
e
r

o
f

t
o
p

f
i
v
e

c
o
n
t
a
c
t
s

i
n

t
o
t
a
l
:

3
2
9

n
u
m
_
p
a
i
r
s

=
l
e
n
(
c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t
)

3
3
1

h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
_
l
i
s
t

=
[
]

h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
_
l
i
s
t

=
[
]

3
3
3

#
m
a
k
e

s
e
p
a
r
a
t
e

l
i
s
t
s

w
i
t
h

e
a
c
h

o
f

t
h
e

r
e
s
i
d
u
e

n
a
m
e
s

(
i
n
c
l
u
d
i
n
g

d
u
p
l
i
c
a
t
e
s
)

f
o
u
n
d

i
n

c
l
o
s
e

c
o
n
t
a
c
t
s

f
r
o
m

t
h
e

r
e
s
p
e
c
t
i
v
e

h
e
l
i
c
e
s

f
o
r

(
h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
,

h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
,

s
e
p
a
r
a
t
i
o
n
)

i
n

c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t
:

3
3
5

h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
_
l
i
s
t
.
a
p
p
e
n
d
(
h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
)

#
t
h
e

i
n
v
o
l
v
e
d

r
e
s
i
d
u
e

f
r
o
m

h
e
l
i
x

1
g
e
t
s

a
p
p
e
n
d
e
d

h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
_
l
i
s
t
.
a
p
p
e
n
d
(
h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
)

#
s
a
m
e

f
o
r

c
o
g
n
a
t
e

h
e
l
i
x

2

r
e
s
i
d
u
e

i
n

a
s
e
p
a
r
a
t
e

l
i
s
t

3
3
7

#
N
o
w
,

e
a
c
h

l
i
s
t

b
a
s
i
c
a
l
l
y

h
a
s

a
n

e
n
t
r
y

f
o
r

e
v
e
r
y

t
i
m
e

a
g
i
v
e
n

r
e
s
i
d
u
e

s
h
o
w
e
d

u
p

i
n

t
h
e

t
o
p

f
i
v
e

f
o
r

a
n

a
c
c
e
p
t
a
b
l
e

f
r
a
m
e

f
r
o
m

o
n
e

o
f

t
h
e

h
e
l
i
c
e
s

3
3
9

#
T
h
i
s

i
n
c
l
u
d
e
s

d
u
p
l
i
c
a
t
e
s

s
o

c
a
n

u
s
e

t
h
e

�
s
e
t
�

d
a
t
a

s
t
r
u
c
t
u
r
e

t
o

r
e
m
o
v
e

d
u
p
l
i
c
a
t
e
s

f
o
r

i
t
e
r
a
t
i
o
n

p
u
r
p
o
s
e
s

w
i
t
h
o
u
t

a
c
t
u
a
l
l
y

r
e
m
o
v
i
n
g

t
h
e

i
m
p
o
r
t
a
n
t

#
m
u
l
t
i
p
l
e

o
c
c
u
r
e
n
c
e
s

w
i
t
h
i
n

t
h
e

l
i
s
t
s

p
r
o
p
e
r

3
4
1

h
e
l
i
x
_
1
_
n
o
_
d
u
p
l
i
c
a
t
e
s

=
s
e
t
(
h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
_
l
i
s
t
)

h
e
l
i
x
_
2
_
n
o
_
d
u
p
l
i
c
a
t
e
s

=
s
e
t
(
h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
_
l
i
s
t
)

3
4
3

#
t
e
s
t

p
r
i
n
t

c
o
m
p
a
r
e

t
h
e

t
w
o

t
o

v
e
r
i
f
y

d
u
p
l
i
c
a
t
e

r
e
m
o
v
a
l
:

3
4
5

#
t
o
p
_
f
i
v
e
_
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
_
l
i
s
t
)
+
�
\
n
�
)

#
t
o
p
_
f
i
v
e
_
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
h
e
l
i
x
_
1
_
n
o
_
d
u
p
l
i
c
a
t
e
s
)
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i
t
e
(
�
#
f
i
r
s
t

t
h
r
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i
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u
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+
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u
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i
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c
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h
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v
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c
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e
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e
d
_
l
i
s
t
[
2
2
]
[
1
]

#
t
h
e

z
e
r
o
t
h

e
l
e
m
e
n
t

w
o
u
l
d

b
e

t
h
e

c
o
r
r
e
s
p
o
n
d
i
n
g

r
e
s
i
d
u
e

n
a
m
e

a
n
d

n
u
m
b
e
r

4
0
5

#
g
o

t
h
r
o
u
g
h

a
l
l

p
o
s
s
i
b
l
e

c
o
m
b
i
n
a
t
i
o
n
s

o
f

r
e
s
i
d
u
e

i
n
t
e
r
a
c
t
i
o
n
s

b
e
t
w
e
e
n

t
h
e

t
w
o

h
e
l
i
c
e
s

a
n
d

m
a
k
e

a
l
i
s
t

o
f

t
h
e

t
h
e

d
i
s
t
a
n
c
e

(

m
a
g
n
i
t
u
d
e
)

4
0
7

#
b
e
t
w
e
e
n

t
h
e

C
A

p
a
r
t
i
c
l
e
s

w
h
i
c
h

r
e
t
a
i
n
s

t
h
e

r
e
s
i
d
u
e

n
a
m
e
s

t
h
a
t

c
o
r
r
e
s
p
o
n
d

t
o

t
h
e

i
n
t
e
r
a
c
t
i
o
n

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s

=
[
]

4
0
9

f
o
r

(
h
e
l
i
x
_
1
_
C
A
,

c
o
o
r
d
i
n
a
t
e
_
1
)

i
n

h
e
l
i
x
_
1
_
m
e
r
g
e
d
_
l
i
s
t
:

f
o
r

(
h
e
l
i
x
_
2
_
C
A
,

c
o
o
r
d
i
n
a
t
e
_
2
)

i
n

h
e
l
i
x
_
2
_
m
e
r
g
e
d
_
l
i
s
t
:

4
1
1

m
e
a
s
u
r
e
d
_
d
i
s
t
a
n
c
e

=
n
u
m
p
y
.
l
i
n
a
l
g
.
n
o
r
m
(
n
u
m
p
y
.

s
u
b
t
r
a
c
t
(
c
o
o
r
d
i
n
a
t
e
_
1
,

c
o
o
r
d
i
n
a
t
e
_
2
)
)

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s
.
a
p
p
e
n
d
(
[

h
e
l
i
x
_
1
_
C
A
,

h
e
l
i
x
_
2
_
C
A
,

m
e
a
s
u
r
e
d
_
d
i
s
t
a
n
c
e
]
)

4
1
3

#
s
o
r
t

t
h
e

l
i
s
t

o
f

l
a
b
e
l
l
e
d

d
i
s
t
a
n
c
e
s

b
y

t
h
e

�
t
h
i
r
d

e
l
e
m
e
n
t
,
�

w
h
i
c
h

i
s

t
h
e

d
i
s
t
a
n
c
e

b
e
t
w
e
e
n

C
A

p
a
r
t
i
c
l
e
s

4
1
5

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s
.
s
o
r
t
(
k
e
y

=
l
a
m
b
d
a

e
l
e
m
e
n
t
:

e
l
e
m
e
n
t
[
2
]
)

4
1
7

#
s
o
,

n
o
w

t
h
e
r
e

i
s

a
n

a
s
c
e
n
d
i
n
g

l
i
s
t

o
f

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

b
e
t
w
e
e
n

h
e
l
i
c
e
s

f
o
r

t
h
i
s

g
i
v
e
n

f
r
a
m
e

(
i
f

t
h
e
y

a
r
e

c
l
o
s
e

e
n
o
u
g
h
)
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4
1
9

#
a
p
p
e
n
d

t
h
e

f
i
v
e

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

f
r
o
m

t
h
i
s

g
i
v
e
n

f
r
a
m
e

t
o

a
n

o
v
e
r
a
l
l

l
i
s
t

f
o
r

e
a
c
h

f
r
a
m
e
:

f
o
r

e
l
e
m
e
n
t

i
n

l
a
b
e
l
l
e
d
_
i
n
t
e
r
h
e
l
i
x
_
d
i
s
t
a
n
c
e
s
[
0
:
5
]
:

4
2
1

c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t
.
a
p
p
e
n
d
(
e
l
e
m
e
n
t
)

#
s
t
i
l
l

c
o
n
t
a
i
n
s

r
e
s
i
d
u
e

1
a
n
d

2
n
a
m
e
s

a
l
o
n
g

w
i
t
h

d
i
s
t
a
n
c
e

4
2
3

e
x
c
e
p
t

E
x
c
e
p
t
i
o
n
:

#
t
h
e

h
e
l
i
c
e
s

a
r
e
n
�
t

c
l
o
s
e

e
n
o
u
g
h

f
o
r

a
m
e
a
n
i
n
g
f
u
l

i
n
t
e
r
f
a
c
e

r
e
s
i
d
u
e

a
s
s
e
s
s
m
e
n
t

d
e
f
i
n
e
d

b
y

h
e
l
i
x
_
p
r
o
x
i
m
i
t
y
_
r
e
q
u
i
r
e
m
e
n
t

a
b
o
v
e

p
a
s
s

#
s
o

j
u
s
t

l
e
a
v
e

t
h
e

t
r
y

b
l
o
c
k

a
n
d

j
u
m
p

t
o

t
h
e

n
e
x
t

f
r
a
m
e

i
t
e
r
a
t
i
o
n

i
n

t
h
e

f
o
r

l
o
o
p

4
2
5

4
2
7

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

4
2
9

#
t
h
e

c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t

s
h
o
u
l
d

n
o
w

c
o
n
t
a
i
n

a
l
l

t
h
e

t
o
p

f
i
v
e

c
o
n
t
a
c
t
s

c
o
n
c
a
t
e
n
a
t
e
d

f
r
o
m

a
l
l

e
l
i
g
i
b
l
e

f
r
a
m
e
s

f
o
r

t
h
e

c
u
r
r
e
n
t

t
r
a
j
e
c
t
o
r
y

#
*
*
t
h
e

p
a
r
t

t
h
a
t

i
s

d
i
f
f
e
r
e
n
t

w
i
t
h

t
h
i
s

m
e
r
g
e
d

a
p
p
r
o
a
c
h

i
s

t
h
a
t

I
w
i
l
l

w
a
n
t

t
o

s
i
m
p
l
y

d
u
m
p

t
h
e

c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t

t
o

t
h
e

a
p
p
r
o
p
r
i
a
t
e

4
3
1

#
l
i
s
t

d
e
f
i
n
e
d

i
n

m
e
r
g
e
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t
s
(
)

f
u
n
c
t
i
o
n

a
b
o
v
e

(
w
h
i
c
h

i
s

c
a
l
l
e
d

i
n

m
a
i
n
(
)
)
,

a
n
d

t
h
e
n

u
s
e

a
n
o
t
h
e
r

f
u
n
c
t
i
o
n

t
o

p
a
r
s
e

t
h
e

t
r
a
j
e
c
t
o
r
y

#
a
f
t
e
r

e
a
c
h

o
f

t
h
e

t
h
r
e
e

c
o
n
d
i
t
i
o
n
s
/
l
i
s
t
s

a
r
e

r
e
a
d
y

4
3
3

i
f

�
h
e
t
e
r
o
d
i
m
e
r
�

i
n

f
o
l
d
e
r
_
n
a
m
e
:

f
o
r

e
l
e
m
e
n
t

i
n

c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t
:

4
3
5

h
e
t
e
r
o
_
o
v
e
r
a
l
l
_
l
i
s
t
.
a
p
p
e
n
d
(
e
l
e
m
e
n
t
)

e
l
i
f

�
m
u
t
a
n
t
_
d
i
m
e
r
�

i
n

f
o
l
d
e
r
_
n
a
m
e
:

4
3
7

f
o
r

e
l
e
m
e
n
t

i
n

c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t
:

m
u
t
a
n
t
_
o
v
e
r
a
l
l
_
l
i
s
t
.
a
p
p
e
n
d
(
e
l
e
m
e
n
t
)

4
3
9

e
l
i
f

�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
�

i
n

f
o
l
d
e
r
_
n
a
m
e
:
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f
o
r

e
l
e
m
e
n
t

i
n

c
o
m
p
o
u
n
d
_
d
i
s
t
a
n
c
e
_
l
i
s
t
:

4
4
1

w
i
l
d
t
y
p
e
_
o
v
e
r
a
l
l
_
l
i
s
t
.
a
p
p
e
n
d
(
e
l
e
m
e
n
t
)

4
4
3

d
e
f

p
a
r
s
e
_
o
v
e
r
a
l
l
_
F
G
F
R
3
_
t
o
p
_
f
i
v
e
_
d
a
t
a
(
m
u
t
a
n
t
_
o
v
e
r
a
l
l
_
l
i
s
t
,
w
i
l
d
t
y
p
e
_
o
v
e
r
a
l
l
_
l
i
s
t
,

h
e
t
e
r
o
_
o
v
e
r
a
l
l
_
l
i
s
t
)
:

�
�
�
P
e
r
f
o
r
m

f
i
n
a
l

a
n
a
l
y
s
i
s

o
n

m
e
r
g
e
d

�
t
o
p

f
i
v
e

c
o
n
t
a
c
t
s
�

d
a
t
a

f
o
r

e
a
c
h

o
f

t
h
e

t
h
r
e
e

F
G
F
R
3

c
o
n
d
i
t
i
o
n
s

a
n
d

p
r
i
n
t

t
o

f
i
l
e
.
�
�
�

4
4
5

#
d
e
t
e
r
m
i
n
e

n
u
m
b
e
r

o
f

t
o
p

f
i
v
e

c
o
n
t
a
c
t
s

i
n

t
o
t
a
l
:

4
4
7

n
u
m
_
h
e
t
e
r
o
_
p
a
i
r
s

=
l
e
n
(
h
e
t
e
r
o
_
o
v
e
r
a
l
l
_
l
i
s
t
)

n
u
m
_
m
u
t
a
n
t
_
p
a
i
r
s

=
l
e
n
(
m
u
t
a
n
t
_
o
v
e
r
a
l
l
_
l
i
s
t
)

4
4
9

n
u
m
_
w
i
l
d
t
y
p
e
_
p
a
i
r
s

=
l
e
n
(
w
i
l
d
t
y
p
e
_
o
v
e
r
a
l
l
_
l
i
s
t
)

4
5
1

d
e
f

p
a
r
s
e
r
_
p
r
i
n
t
e
r
(
i
n
p
u
t
_
l
i
s
t
,

c
o
n
d
i
t
i
o
n
,

n
u
m
_
p
a
i
r
s
)
:

#
d
o
e
s

m
o
s
t

o
f

t
h
e

w
o
r
k

f
o
r

a
g
i
v
e
n

l
i
s
t

o
f

c
o
n
t
a
c
t

p
a
i
r
s

p
r
i
n
t

i
n
p
u
t
_
l
i
s
t

4
5
3

f
i
l
e
_
p
a
t
h

=
�
/
s
a
n
s
o
m
/
s
c
2
/
b
i
o
c
1
0
0
9
/
D
o
c
u
m
e
n
t
s
/
F
G
F
R
3
_
w
o
r
k
/

d
i
m
e
r
_
b
a
t
c
h
_
a
n
a
l
y
s
i
s
_
s
y
m
l
i
n
k
/
m
e
r
g
e
d
_
t
o
p
_
f
i
v
e
_
d
a
t
a
/
%
s
_
m
e
r
g
e
d
_
t
o
p
f
i
v
e
.

o
u
t
�

%
c
o
n
d
i
t
i
o
n

m
e
r
g
e
d
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e

=
o
p
e
n
(
s
t
r
(
f
i
l
e
_
p
a
t
h
)
,
�
w
�
)

4
5
5

h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
_
l
i
s
t

=
[
]

h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
_
l
i
s
t

=
[
]

4
5
7

#
m
a
k
e

s
e
p
a
r
a
t
e

l
i
s
t
s

w
i
t
h

e
a
c
h

o
f

t
h
e

r
e
s
i
d
u
e

n
a
m
e
s

(
i
n
c
l
u
d
i
n
g

d
u
p
l
i
c
a
t
e
s
)

f
o
u
n
d

i
n

c
l
o
s
e

c
o
n
t
a
c
t
s

f
r
o
m

t
h
e

r
e
s
p
e
c
t
i
v
e

h
e
l
i
c
e
s

f
o
r

(
h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
,

h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
,

s
e
p
a
r
a
t
i
o
n
)

i
n

i
n
p
u
t
_
l
i
s
t
:

4
5
9

h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
_
l
i
s
t
.
a
p
p
e
n
d
(
h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
)

#
t
h
e

i
n
v
o
l
v
e
d

r
e
s
i
d
u
e

f
r
o
m

h
e
l
i
x

1
g
e
t
s

a
p
p
e
n
d
e
d

h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
_
l
i
s
t
.
a
p
p
e
n
d
(
h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
)

#
s
a
m
e

f
o
r

c
o
g
n
a
t
e

h
e
l
i
x

2
r
e
s
i
d
u
e

i
n

a
s
e
p
a
r
a
t
e

l
i
s
t

4
6
1
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#
N
o
w
,

e
a
c
h

l
i
s
t

b
a
s
i
c
a
l
l
y

h
a
s

a
n

e
n
t
r
y

f
o
r

e
v
e
r
y

t
i
m
e

a
g
i
v
e
n

r
e
s
i
d
u
e

s
h
o
w
e
d

u
p

i
n

t
h
e

t
o
p

f
i
v
e

f
o
r

a
n

a
c
c
e
p
t
a
b
l
e

f
r
a
m
e

f
r
o
m

o
n
e

o
f

t
h
e

h
e
l
i
c
e
s

4
6
3

#
T
h
i
s

i
n
c
l
u
d
e
s

d
u
p
l
i
c
a
t
e
s

s
o

c
a
n

u
s
e

t
h
e

�
s
e
t
�

d
a
t
a

s
t
r
u
c
t
u
r
e

t
o

r
e
m
o
v
e

d
u
p
l
i
c
a
t
e
s

f
o
r

i
t
e
r
a
t
i
o
n

p
u
r
p
o
s
e
s

w
i
t
h
o
u
t

a
c
t
u
a
l
l
y

r
e
m
o
v
i
n
g

t
h
e

i
m
p
o
r
t
a
n
t

#
m
u
l
t
i
p
l
e

o
c
c
u
r
e
n
c
e
s

w
i
t
h
i
n

t
h
e

l
i
s
t
s

p
r
o
p
e
r

4
6
5

h
e
l
i
x
_
1
_
n
o
_
d
u
p
l
i
c
a
t
e
s

=
s
e
t
(
h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
_
l
i
s
t
)

h
e
l
i
x
_
2
_
n
o
_
d
u
p
l
i
c
a
t
e
s

=
s
e
t
(
h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
_
l
i
s
t
)

4
6
7

#
r
e
s
u
l
t
s

w
i
l
l

b
e

p
r
i
n
t
e
d

i
n

t
h
e

f
o
l
l
o
w
i
n
g

f
o
r
m
a
t
,

s
p
e
c
i
f
i
e
d

a
t

t
o
p

o
f

f
i
l
e

i
n

g
n
u
p
l
o
t
-
f
r
i
e
n
d
l
y

f
o
r
m
:

4
6
9

s
t
r
i
n
g
_
1

=
�
#
c
o
l
u
m
n
s

1
-
3

(
%
s
)
:

h
e
l
i
x

1
r
e
s
n
a
m
e

|
|

r
e
s
n
u
m

|
|

f
r
e
q
u
e
n
c
y

i
n

t
o
p

5
c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

\
n
�

%
c
o
n
d
i
t
i
o
n

s
t
r
i
n
g
_
2

=
�
#
c
o
l
u
m
n
s

4
-
6

(
%
s
)
:

h
e
l
i
x

2
r
e
s
n
a
m
e

|
|

r
e
s
n
u
m

|
|

f
r
e
q
u
e
n
c
y

i
n

t
o
p

5
c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

\
n
�

%
c
o
n
d
i
t
i
o
n

4
7
1

m
e
r
g
e
d
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
i
n
g
_
1
)

m
e
r
g
e
d
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
i
n
g
_
2
)

4
7
3

#
g
o

t
h
r
o
u
g
h

t
h
e

l
i
s
t

o
f

a
l
l

r
e
s
i
d
u
e
s

c
o
u
n
t
e
d

b
y

f
r
a
m
e

a
n
d

c
o
u
n
t

t
h
e

u
n
i
q
u
e

o
c
c
u
r
e
n
c
e

o
f

a
g
i
v
e
n

r
e
s
i
d
u
e

f
r
o
m

a
g
i
v
e
n

h
e
l
i
x
,

a
n
d

p
r
i
n
t

r
e
s
u
l
t

t
o

f
i
l
e

4
7
5

f
o
r

(
r
e
s
i
d
u
e
1
_
n
a
m
e
,
r
e
s
i
d
u
e
2
_
n
a
m
e
)

i
n

z
i
p
(
h
e
l
i
x
_
1
_
n
o
_
d
u
p
l
i
c
a
t
e
s
,

h
e
l
i
x
_
2
_
n
o
_
d
u
p
l
i
c
a
t
e
s
)
:

#
l
i
m
i
t
e
d

b
y

t
h
e

s
h
o
r
t
e
s
t

l
i
s
t

t
h
o
u
g
h
;

t
h
i
s

c
o
u
l
d

b
e

a
p
r
o
b
l
e
m

i
f

o
n
l
y

a
r
e
a
l
l
y

s
m
a
l
l

n
u
m
b
e
r

o
f

u
n
i
q
u
e

r
e
s
i
d
u
e
s

w
e
r
e

p
i
c
k
e
d

f
r
o
m

o
n
e

h
e
l
i
x

r
e
s
i
d
u
e
1
_
c
o
u
n
t

=
h
e
l
i
x
_
1
_
p
a
r
t
n
e
r
_
l
i
s
t
.
c
o
u
n
t
(
r
e
s
i
d
u
e
1
_
n
a
m
e
)

#
r
a
w

r
e
s
i
d
u
e

c
o
u
n
t
s

f
o
r

h
e
l
i
x
1

4
7
7

r
e
s
i
d
u
e
2
_
c
o
u
n
t

=
h
e
l
i
x
_
2
_
p
a
r
t
n
e
r
_
l
i
s
t
.
c
o
u
n
t
(
r
e
s
i
d
u
e
2
_
n
a
m
e
)

#
r
a
w

r
e
s
i
d
u
e

c
o
u
n
t
s

f
o
r

h
e
l
i
x
2
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4
7
9

r
e
s
i
d
u
e
1
_
f
r
e
q
u
e
n
c
y

=
f
l
o
a
t
(
r
e
s
i
d
u
e
1
_
c
o
u
n
t
)
/
f
l
o
a
t
(
n
u
m
_
p
a
i
r
s
)

#

b
e
c
a
u
s
e

w
e

w
a
n
t

t
h
e

�
n
o
r
m
a
l
i
z
e
d

f
r
e
q
u
e
n
c
y
�

r
e
s
i
d
u
e
2
_
f
r
e
q
u
e
n
c
y

=
f
l
o
a
t
(
r
e
s
i
d
u
e
2
_
c
o
u
n
t
)
/
f
l
o
a
t
(
n
u
m
_
p
a
i
r
s
)

4
8
1

#
p
r
i
n
t

o
u
t

r
e
s
u
l
t
s

t
h
a
t

a
r
e

s
i
m
u
l
t
a
n
e
o
u
s
l
y

c
o
r
r
e
c
t
e
d

f
o
r

r
e
s
i
d
u
e

n
u
m
b
e
r
s

t
o

m
a
t
c
h

t
h
o
s
e

u
s
e
d

i
n

F
G
F
R
3

l
i
t
e
r
a
t
u
r
e

4
8
3

m
e
r
g
e
d
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
r
e
s
i
d
u
e
1
_
n
a
m
e
[
0
]
)
.
s
t
r
i
p
(
"
�
"
)

+
�

�
+
s
t
r
(
r
e
s
i
d
u
e
1
_
n
a
m
e
[
1
]
+
3
6
6
)

+
�

�
+

s
t
r
(

r
e
s
i
d
u
e
1
_
f
r
e
q
u
e
n
c
y
)

+
�

�
+

s
t
r
(
r
e
s
i
d
u
e
2
_
n
a
m
e
[
0
]
)
.
s
t
r
i
p
(
"
�
"
)

+
�

�
+
s
t
r
(
r
e
s
i
d
u
e
2
_
n
a
m
e
[
1
]
+
(
3
6
6
-
3
3
)
)

+
�

�
+

s
t
r
(

r
e
s
i
d
u
e
2
_
f
r
e
q
u
e
n
c
y
)

+
�
\
n
�
)

4
8
5

m
e
r
g
e
d
_
t
o
p
_
f
i
v
e
_
o
u
t
f
i
l
e
.
c
l
o
s
e
(
)

4
8
7

#
n
o
w

c
a
l
l

t
h
e

f
u
n
c
t
i
o
n

t
o

p
a
r
s
e

a
n
d

p
r
i
n
t

t
h
r
e
e

f
i
l
e
s

o
f

m
e
r
g
e
d

d
a
t
a

f
o
r

e
a
c
h

F
G
F
R
3

d
i
m
e
r

c
o
n
d
i
t
i
o
n

s
i
m
u
l
a
t
e
d

4
8
9

p
a
r
s
e
r
_
p
r
i
n
t
e
r
(
h
e
t
e
r
o
_
o
v
e
r
a
l
l
_
l
i
s
t
,

�
h
e
t
e
r
o
d
i
m
e
r
�
,

n
u
m
_
h
e
t
e
r
o
_
p
a
i
r
s
)

p
a
r
s
e
r
_
p
r
i
n
t
e
r
(
m
u
t
a
n
t
_
o
v
e
r
a
l
l
_
l
i
s
t
,

�
m
u
t
a
n
t
�
,

n
u
m
_
m
u
t
a
n
t
_
p
a
i
r
s
)

4
9
1

p
a
r
s
e
r
_
p
r
i
n
t
e
r
(
w
i
l
d
t
y
p
e
_
o
v
e
r
a
l
l
_
l
i
s
t
,

�
w
i
l
d
t
y
p
e
�
,

n
u
m
_
w
i
l
d
t
y
p
e
_
p
a
i
r
s
)

4
9
3

d
e
f

r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
p
u
t
_
f
i
l
e
,

s
y
s
t
e
m
_
n
a
m
e
)
:

�
�
�
T
r
a
c
k
s

t
h
e

m
o
t
i
o
n

o
f

o
n
e

h
e
l
i
x

(
i
t
s

g
e
o
m
e
t
r
i
c

c
e
n
t
e
r
)

r
e
l
a
t
i
v
e

t
o

a
h
e
l
i
x

w
i
t
h

g
e
o
m
e
t
r
i
c

c
e
n
t
e
r

c
o
o
r
d
i
n
a
t
e
s

a
d
j
u
s
t
e
d

t
o

(
0
,

0
,

0
)

i
n

e
a
c
h

f
r
a
m
e
.

B
a
s
i
c
a
l
l
y

s
u
b
t
r
a
c
t

t
h
e

c
o
o
r
d
i
n
a
t
e
s

o
f

t
h
e

g
e
o
m
e
t
r
i
c

c
e
n
t
e
r

o
f

t
h
e

r
e
f
e
r
e
n
c
e

h
e
l
i
x

f
r
o
m

b
o
t
h

o
f

t
h
e

g
e
o
m
e
t
r
i
c

c
e
n
t
e
r
s
-
-
i
t
s

o
w
n

a
n
d

t
h
a
t

o
f

t
h
e

o
t
h
e
r

h
e
l
i
x

.
T
h
e

i
d
e
a

i
s

t
o

p
r
o
d
u
c
e

s
o
m
e
t
h
i
n
g

s
i
m
i
l
a
r

t
o

F
i
g
u
r
e

4
i
n

B
i
o
c
h
e
m
i
s
t
r
y
,

V
o
l
.

4
7
,

N
o
.
4
0
,

2
0
0
8
,

1
0
5
0
7
.

A
c
c
e
p
t
s

s
y
s
t
e
m

n
a
m
e

o
f

�
G
p
A
�

t
o

p
a
r
s
e

g
l
y
c
o
p
h
o
r
i
n

A
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t
r
a
j
e
c
t
o
r
i
e
s

o
r

�
F
G
F
R
3
�

t
o

p
a
r
s
e

t
h
o
s
e

t
r
a
j
e
c
t
o
r
i
e
s
.

I
m
p
o
r
t
a
n
t

n
o
t
e
:

*
*

t
h
i
s

s
h
o
u
l
d

b
e

p
e
r
f
o
r
m
e
d

o
n

x
t
c

f
i
l
e
s

w
i
t
h

-
p
b
c

n
o
j
u
m
p

a
n
d

-
c
e
n
t
e
r

u
s
e
d

i
n

t
r
j
c
o
n
v

b
e
c
a
u
s
e

o
f

t
h
e

p
e
r
i
o
d
i
c

b
o
u
n
d
a
r
y

b
e
h
a
v
i
o
u
r

(
a
v
o
i
d

j
u
m
p
i
n
g

f
r
o
m

o
n
e

s
i
d
e

o
f

b
o
x

t
o

t
h
e

o
t
h
e
r
)
.
�
�
�

4
9
5

i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
F
G
F
R
3
�
:

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
3
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r

4
9
7

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

3
4
:
6
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r

e
l
i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
G
p
A
�
:

4
9
9

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
2
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

G
p
A

m
o
n
o
m
e
r

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

2
4
:
4
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

G
p
A

m
o
n
o
m
e
r

5
0
1

h
e
l
i
x
_
t
r
a
c
k
i
n
g
_
f
i
l
e

=
o
p
e
n
(
o
u
t
p
u
t
_
f
i
l
e
,
�
w
�
)

h
e
l
i
x
_
t
r
a
c
k
i
n
g
_
f
i
l
e
.
w
r
i
t
e
(
�
#
c
o
o
r
d
i
n
a
t
e

o
f

g
e
o

c
e
n
t
e
r
,

f
o
r
m
a
t
:

r
e
f

h
e
l
i
x

(
x
)

|

r
e
f

h
e
l
i
x

(
y
)

|
h
e
l
i
x
_
2

(
x
)

|
h
e
l
i
x
_
2

(
y
)
\
n
�
)

5
0
3

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

#
s
e
l
e
c
t

a
l
l

t
h
e

C
A

p
a
r
t
i
c
l
e
s

i
n

e
a
c
h

h
e
l
i
x
:

5
0
5

h
e
l
i
x
_
1
_
C
A
_
r
e
s
i
d
u
e
s

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

h
e
l
i
x
_
2
_
C
A
_
r
e
s
i
d
u
e
s

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

5
0
7

#
f
i
n
d

t
h
e

c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

f
o
r

e
a
c
h

h
e
l
i
x
:

5
0
9

h
e
l
i
x
_
1
_
c
e
n
t
e
r

=
h
e
l
i
x
_
1
_
C
A
_
r
e
s
i
d
u
e
s
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

h
e
l
i
x
_
2
_
c
e
n
t
e
r

=
h
e
l
i
x
_
2
_
C
A
_
r
e
s
i
d
u
e
s
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

5
1
1

#
f
o
r

t
h
e

p
u
r
p
o
s
e

o
f

t
h
e

p
l
o
t

w
e

w
a
n
t

t
o

p
r
o
d
u
c
e
,

h
e
l
i
x

1
w
i
l
l

b
e

t
h
e

r
e
f
e
r
e
n
c
e

h
e
l
i
x

w
i
t
h

g
e
o
m
e
t
r
i
c

c
e
n
t
e
r

a
t

0
,
0
,
0

e
a
c
h
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f
r
a
m
e

5
1
3

#
s
o
,

s
u
b
t
r
a
c
t

i
t
s

c
e
n
t
e
r

c
o
o
r
d
i
n
a
t
e
s

f
r
o
m

e
a
c
h

h
e
l
i
x

i
n

e
a
c
h

f
r
a
m
e

h
e
l
i
x
_
1
_
p
l
o
t
_
c
o
o
r
d
i
n
a
t
e

=
h
e
l
i
x
_
1
_
c
e
n
t
e
r

-
h
e
l
i
x
_
1
_
c
e
n
t
e
r

5
1
5

h
e
l
i
x
_
2
_
p
l
o
t
_
c
o
o
r
d
i
n
a
t
e

=
h
e
l
i
x
_
2
_
c
e
n
t
e
r

-
h
e
l
i
x
_
1
_
c
e
n
t
e
r

5
1
7

#
w
r
i
t
e

t
h
e

x
,
y

c
o
o
r
d
i
n
a
t
e
s

t
o

f
i
l
e

(
h
e
l
i
x

1
s
h
o
u
l
d

a
l
w
a
y
s

b
e

0
,
0

s
o

m
i
g
h
t

b
e

a
b
l
e

t
o

s
t
o
p

w
r
i
t
i
n
g

t
h
a
t

a
f
t
e
r

t
e
s
t
i
n
g
)

h
e
l
i
x
_
t
r
a
c
k
i
n
g
_
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
h
e
l
i
x
_
1
_
p
l
o
t
_
c
o
o
r
d
i
n
a
t
e
[
0
]
)

+
�

�

+
s
t
r
(
h
e
l
i
x
_
1
_
p
l
o
t
_
c
o
o
r
d
i
n
a
t
e
[
1
]
)

+
�

�
+

s
t
r
(

h
e
l
i
x
_
2
_
p
l
o
t
_
c
o
o
r
d
i
n
a
t
e
[
0
]
)

+
�

�
+

s
t
r
(

h
e
l
i
x
_
2
_
p
l
o
t
_
c
o
o
r
d
i
n
a
t
e
[
1
]
)

+
�
\
n
�
)

5
1
9

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

5
2
1

h
e
l
i
x
_
t
r
a
c
k
i
n
g
_
f
i
l
e
.
c
l
o
s
e
(
)

5
2
3

d
e
f

c
o
m
p
u
t
e
_
r
m
s
d
(
a
,
b
)
:

�
�
�
R
e
t
u
r
n
s

R
M
S
D

b
e
t
w
e
e
n

t
w
o

c
o
o
r
d
i
n
a
t
e

s
e
t
s

a
a
n
d

b
.

C
o
p
i
e
d

f
r
o
m

r
m
s
f
i
t
.
p
y

m
o
d
u
l
e

d
i
s
t
r
i
b
u
t
e
d

w
i
t
h

M
D
A
n
a
l
y
s
i
s
.
�
�
�

5
2
5

r
e
t
u
r
n

n
u
m
p
y
.
s
q
r
t
(
n
u
m
p
y
.
s
u
m
(
n
u
m
p
y
.
p
o
w
e
r
(
a
-
b
,
2
)
)
/
a
.
s
h
a
p
e
[
0
]
)

5
2
7

d
e
f

f
i
x
e
d
_
h
e
l
i
x
_
t
h
e
r
m
a
l
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,

c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
,

s
y
s
t
e
m
_
n
a
m
e
,

o
u
t
p
u
t
_
f
i
l
e
)
:

�
�
�
S
i
m
i
l
a
r

t
o

t
h
e

�
r
e
l
a
t
i
v
e
_
h
e
l
i
c
a
l
_
m
o
t
i
o
n
�

f
u
n
c
t
i
o
n

b
u
t

d
e
s
i
g
n
e
d

s
o

t
h
a
t

t
h
e

r
e
f
e
r
e
n
c
e

h
e
l
i
x

a
l
w
a
y
s

f
a
c
e
s

t
h
e

s
a
m
e

d
i
r
e
c
t
i
o
n

t
o

a
l
l
o
w

s
t
u
d
y

o
f

t
h
e

p
r
e
f
e
r
r
e
d

d
i
m
e
r
i
z
a
t
i
o
n

i
n
t
e
r
f
a
c
e

(
i
f

t
h
e
r
e

i
s

o
n
e
)
.

I
d
e
a

i
s

t
o

p
r
o
d
u
c
e

a
�

t
h
e
r
m
a
l
�

p
l
o
t

s
i
m
i
l
a
r

t
o

t
h
a
t

u
s
e
d

f
o
r

F
i
g
.

5
i
n

B
i
o
c
h
e
m
i
s
t
r
y

(
2
0
0
8
)
,

4
7
,

1
0
5
0
7
.

W
i
l
l

p
r
o
b
a
b
l
y

b
i
n

t
h
e

d
a
t
a

i
n

a
f
o
r
m
a
t

a
p
p
r
o
p
r
i
a
t
e

f
o
r

t
h
e

g
n
u
p
l
o
t

�

s
p
l
o
t
�

s
t
y
l
e
.

*
*
I
m
p
o
r
t
a
n
t
:

u
s
e

w
i
t
h

t
r
a
j
e
c
t
o
r
i
e
s

p
r
o
c
e
s
s
e
d

w
i
t
h

t
r
j
c
o
n
v

-
p
b
c

m
o
l

a
n
d

N
O
T

-
p
b
c

n
o
j
u
m
p
�
�
�
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5
2
9

#
c
h
a
l
l
e
n
g
e
:

c
a
n

I
u
s
e

t
h
e

s
a
m
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

f
o
r

a
l
l

t
h
r
e
e

F
G
F
R
3

c
o
n
d
i
t
i
o
n
s

(
i
.
e
.
,

u
s
e

W
T

c
o
n
f
i
g
u
r
a
t
i
o
n

a
s

t
h
e

r
m
s
d

r
e
f
e
r
e
n
c
e

f
o
r

m
u
t
a
n
t

a
s

w
e
l
l
)
?

B
a
s
i
c
a
l
l
y
,

I
w
a
n
t

e
a
c
h

o
f

t
h
e

t
h
r
e
e

F
G
F
R
3

c
o
n
d
i
t
i
o
n
s

t
o

b
e

d
i
r
e
c
t
l
y

c
o
m
p
a
r
a
b
l
e

b
y

v
i
s
u
a
l

i
n
s
p
e
c
t
i
o
n

o
f

t
h
e

f
i
g
u
r
e
.

o
u
t
f
i
l
e

=
o
p
e
n
(
o
u
t
p
u
t
_
f
i
l
e
,
�
w
�
)

5
3
1

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
#
F
o
r
m
a
t
:

r
e
f
.

h
e
l
i
x

x
|
|

r
e
f
.

h
e
l
i
x

y
|
|

h
e
l
i
x

2
x

|
|

h
e
l
i
x

2
y

\
n
�
)

#
n
o
t

r
e
a
l
l
y

w
h
a
t

g
e
t
s

p
r
i
n
t
e
d

l
i
s
t
_
h
e
l
i
x
_
1
_
c
e
n
t
e
r
s

=
[
]

5
3
3

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s

=
[
]

#
f
o
r

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

I
�
m

c
u
r
r
e
n
t
l
y

p
l
a
n
n
i
n
g

t
o

u
s
e

t
h
e

f
i
r
s
t

f
r
a
m
e

(
a
n
d

f
i
r
s
t

h
e
l
i
x
)

o
f

t
h
e

f
i
r
s
t

W
T

d
i
m
e
r

s
i
m
u
l
a
t
i
o
n

f
o
r

e
i
t
h
e
r

F
G
F
R
3

o
r

G
p
A
.

T
o

a
l
l
o
w

c
r
e
a
t
i
o
n

o
f

a
n

M
D
A
n
a
l
y
i
s

U
n
i
v
e
r
s
e

a
n
d

a
t
o
m

s
e
l
e
c
t
i
o
n

f
r
o
m

e
i
t
h
e
r

o
f

t
h
e
s
e

s
y
s
t
e
m
s

t
h
e

f
u
n
c
t
i
o
n

n
e
e
d
s

t
o

k
n
o
w

w
h
i
c
h

f
o
l
d
e
r

t
h
e

r
e
f
e
r
e
n
c
e

t
r
a
j
e
c
t
o
r
i
e
s

r
e
s
i
d
e

i
n

a
n
d

w
h
i
c
h

r
e
s
i
d
u
e
s

t
o

s
e
l
e
c
t
:

5
3
5

i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
F
G
F
R
3
�
:

r
e
f
_
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t

=
[
�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
�
]

5
3
7

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
3
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

3
4
:
6
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r

5
3
9

e
l
i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
G
p
A
�
:

r
e
f
_
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t

=
[
�
G
p
A
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
�
]

5
4
1

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
2
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

G
p
A

m
o
n
o
m
e
r

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

2
4
:
4
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

G
p
A

m
o
n
o
m
e
r

5
4
3

#
n
o
w

c
r
e
a
t
e

t
h
e

(
u
n
i
v
e
r
s
e

o
b
j
e
c
t
,

f
o
l
d
e
r
_
n
a
m
e
)

l
i
s
t

(
o
f

l
e
n
g
t
h

1
)

f
o
r

t
h
e

s
y
s
t
e
m

u
s
i
n
g

a
f
u
n
c
t
i
o
n

d
e
f
i
n
e
d

i
n

t
h
e

h
e
a
d

s
c
r
i
p
t
:
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5
4
5

u
n
i
v
e
r
s
e
_
d
a
t
a

=
c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
(
d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,

r
e
f
_
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
)

#
u
n
i
v
e
r
s
e

o
b
j
e
c
t

i
s

t
h
e

f
i
r
s
t

e
l
e
m
e
n
t

i
n

t
h
e

s
u
b
l
i
s
t
:

5
4
7

r
e
f
_
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t

=
u
n
i
v
e
r
s
e
_
d
a
t
a
[
0
]
[
0
]

#
c
a
r
e
f
u
l

h
e
r
e
!

y
o
u

h
a
d

i
n
c
o
r
r
e
c
t
l
y

r
e
a
s
s
i
g
n
e
d

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t

w
h
i
c
h

i
s

v
e
r
y

b
a
d

#
s
e
l
e
c
t

C
A

p
a
r
t
i
c
l
e
s

c
o
r
r
e
s
p
o
n
d
i
n
g

t
o

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e
:

5
4
9

r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n

=
r
e
f
_
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

#
g
e
t

t
h
e

r
e
f
e
r
e
n
c
e

(
c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

z
e
r
o
�
d
)

c
o
o
r
d
i
n
a
t
e
s
:

5
5
1

r
e
f
_
c
o
o
r
d
i
n
a
t
e
s

=
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s
(
)

-
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n

.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

#
n
e
e
d

m
a
s
s
e
s

f
o
r

i
n
p
u
t

t
o

r
m
s
/
t
r
a
n
s
f
o
r
m
a
t
i
o
n

f
u
n
c
t
i
o
n
:

5
5
3

m
a
s
s
e
s

=
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n
.
m
a
s
s
e
s
(
)

5
5
5

#
S
o
,

w
e

n
o
w

h
a
v
e

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

w
i
t
h

c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

a
t

(
0
,
0
,
0
)
.

W
e

a
r
e

r
e
a
d
y

t
o

s
t
a
r
t

l
o
o
p
i
n
g

t
h
r
o
u
g
h

f
r
a
m
e
s

i
n

t
h
e

t
r
a
j
e
c
t
o
r
y

a
n
d

d
o
i
n
g

w
o
r
k

t
h
e
r
e
:

5
5
7

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

#
B
e
c
a
u
s
e

h
e
l
i
x

1
m
a
y

m
o
v
e

a
b
i
t

w
e

n
e
e
d

t
o

s
e
l
e
c
t

i
t

a
g
a
i
n

i
n

e
a
c
h

f
r
a
m
e
.

W
e

w
i
l
l

a
l
s
o

w
a
n
t

t
o

s
e
l
e
c
t

h
e
l
i
x

2
b
e
c
a
u
s
e

w
e

a
r
e

g
o
i
n
g

t
o

t
r
a
c
k

i
t
s

r
e
l
a
t
i
v
e

p
o
s
i
t
i
o
n
:

5
5
9

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

5
6
1

#
F
i
n
d

t
h
e

(
c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

z
e
r
o
�
d
)

c
o
o
r
d
i
n
a
t
e
s

f
o
r

h
e
l
i
x

1
i
n

e
a
c
h

f
r
a
m
e
.

T
o

k
e
e
p

t
h
i
n
g
s

c
o
n
s
i
s
t
e
n
t

i
n

r
e
l
a
t
i
v
e

t
e
r
m
s
,

p
e
r
f
o
r
m

t
h
e

s
a
m
e

o
p
e
r
a
t
i
o
n

o
n

h
e
l
i
x

2
(
i
.
e
.
,

t
r
a
n
s
l
a
t
e

i
t

b
y

t
h
e

s
a
m
e

a
m
o
u
n
t
)
:

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s

(
)

-
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)
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5
6
3

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s

(
)

-
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

5
6
5

#
W
e

n
e
e
d

t
o

f
i
g
u
r
e

o
u
t

w
h
a
t

k
i
n
d

o
f

t
r
a
n
s
f
o
r
m
a
t
i
o
n

i
s

n
e
e
d
e
d

f
o
r

t
h
e

b
e
s
t

(
r
m
s
d
)

f
i
t

o
f

c
u
r
r
e
n
t

h
e
l
i
x

1
b
a
c
k

t
o

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e
.

T
h
i
s

i
s

b
a
s
e
d

o
n

t
h
e

M
D
A
n
a
l
y
s
i
s
/
e
x
a
m
p
l
e
s
/
r
m
s
f
i
t
.
p
y

e
x
a
m
p
l
e

c
o
d
e

d
i
s
t
r
i
b
u
t
e
d

w
i
t
h

t
h
e

m
o
s
t

r
e
c
e
n
t

r
e
l
e
a
s
e

o
f

M
D
A
n
a
l
y
s
i
s
:

t
r
a
n
s
f
o
r
m
a
t
i
o
n

=
n
u
m
p
y
.
m
a
t
r
i
x
(
M
D
A
n
a
l
y
s
i
s
.
c
o
r
e
.
r
m
s
_
f
i
t
t
i
n
g
.

r
m
s
_
r
o
t
a
t
i
o
n
_
m
a
t
r
i
x
(
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s
,
r
e
f
_
c
o
o
r
d
i
n
a
t
e
s
,

m
a
s
s
e
s
)
)

5
6
7

#
A
p
p
l
y

t
h
e

t
r
a
n
s
f
o
r
m
a
t
i
o
n

t
h
a
t

p
u
t
s

h
e
l
i
x

1
i
n

t
h
e

b
e
s
t

(
r
m
s
d

f
i
t
)

m
a
t
c
h

t
o

t
h
e

r
e
f
e
r
e
n
c
e
:

5
6
9

h
e
l
i
x
_
1
_
b
e
s
t
_
f
i
t
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s

*

t
r
a
n
s
f
o
r
m
a
t
i
o
n

#
W
e

w
a
n
t

t
o

p
e
r
f
o
r
m

t
h
e

s
a
m
e

t
r
a
n
s
f
o
r
m
a
t
i
o
n

o
n

h
e
l
i
x

2
s
o

t
h
a
t

w
e

m
a
i
n
t
a
i
n

c
o
n
s
i
s
t
e
n
c
y

r
e
l
a
t
i
v
e

t
o

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

i
n

e
a
c
h

f
r
a
m
e

(
b
o
t
h

h
e
l
i
c
e
s

m
u
s
t

a
l
w
a
y
s

e
x
p
e
r
i
e
n
c
e

t
h
e

s
a
m
e

t
r
a
n
s
f
o
r
m
a
t
i
o
n
)
:

5
7
1

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s

*

t
r
a
n
s
f
o
r
m
a
t
i
o
n

5
7
3

#
A
f
t
e
r

t
h
e

t
r
a
n
s
f
o
r
m
a
t
i
o
n
s
,

b
o
t
h

h
e
l
i
c
e
s

a
r
e

r
e
p
r
e
s
e
n
t
e
d

a
s

n
u
m
p
y

m
a
t
r
i
c
e
s

o
f

c
o
o
r
d
i
n
a
t
e
s
.

S
i
n
c
e

t
h
e

C
A

p
a
r
t
i
c
l
e
s

a
l
l

h
a
v
e

t
h
e

s
a
m
e

m
a
s
s
,

w
e

c
a
n

t
r
e
a
t

t
h
e

m
a
s
s

a
s

1
a
n
d

s
i
m
p
l
y

f
i
n
d

t
h
e

a
v
e
r
a
g
e

p
o
s
i
t
i
o
n

o
f

a
l
l

p
a
r
t
i
c
l
e
s

t
o

r
e
p
r
e
s
e
n
t

t
h
e

c
e
n
t
e
r

o
f

m
a
s
s

f
o
r

e
a
c
h

h
e
l
i
x
:

#
c
a
l
c

c
o
m

h
e
l
i
x

1
:

5
7
5

x
_
s
u
m
=
0
;

y
_
s
u
m
=
0
;

z
_
s
u
m
=
0

f
o
r

x
,
y
,
z

i
n

h
e
l
i
x
_
1
_
b
e
s
t
_
f
i
t
_
c
o
o
r
d
i
n
a
t
e
s
.
t
o
l
i
s
t
(
)
:

#
c
o
n
v
e
r
t

n
u
m
p
y

m
a
t
r
i
x

o
b
j
e
c
t

t
o

l
i
s
t

f
o
r

s
t
d

i
n
d
e
x
i
n
g

m
e
t
h
o
d
s

5
7
7

x
_
s
u
m

+
=

x
;

y
_
s
u
m

+
=

y
;

z
_
s
u
m

+
=

z
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c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
1

=
[
x
_
s
u
m
/
l
e
n
(
h
e
l
i
x
_
1
_
b
e
s
t
_
f
i
t
_
c
o
o
r
d
i
n
a
t
e
s
)
,
y
_
s
u
m

/
l
e
n
(
h
e
l
i
x
_
1
_
b
e
s
t
_
f
i
t
_
c
o
o
r
d
i
n
a
t
e
s
)
,
z
_
s
u
m
/
l
e
n
(

h
e
l
i
x
_
1
_
b
e
s
t
_
f
i
t
_
c
o
o
r
d
i
n
a
t
e
s
)
]

5
7
9

#
r
e
p
e
a
t

f
o
r

h
e
l
i
x

2
:

x
_
s
u
m
=
0
;

y
_
s
u
m
=
0
;

z
_
s
u
m
=
0

5
8
1

f
o
r

x
,
y
,
z

i
n

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
.
t
o
l
i
s
t
(
)
:

x
_
s
u
m

+
=

x
;

y
_
s
u
m

+
=

y
;

z
_
s
u
m

+
=

z

5
8
3

c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
2

=
[
x
_
s
u
m
/
l
e
n
(
h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
,
y
_
s
u
m
/

l
e
n
(
h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
,
z
_
s
u
m
/
l
e
n
(

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
]

#
p
u
t

t
h
e

c
e
n
t
e
r
s

i
n

a
l
i
s
t

s
o

t
h
e
y

c
a
n

b
e

a
c
c
e
s
s
e
d

b
y

t
h
e

c
o
d
e

t
h
a
t

w
i
l
l

b
i
n

t
h
e

d
a
t
a

a
f
t
e
r

t
h
e

f
r
a
m
e
-
s
t
e
p
p
i
n
g

l
o
o
p

e
x
i
t
s

5
8
5

l
i
s
t
_
h
e
l
i
x
_
1
_
c
e
n
t
e
r
s
.
a
p
p
e
n
d
(
c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
1
)

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
.
a
p
p
e
n
d
(
c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
2
)

5
8
7

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

5
8
9

#
n
o
w

t
h
e

f
u
n
c
t
i
o
n

h
a
s

f
i
n
i
s
h
e
d

l
o
o
p
i
n
g

t
h
r
o
u
g
h

t
h
e

c
u
r
r
e
n
t

s
i
m
u
l
a
t
i
o
n

a
n
d

g
r
a
b
b
i
n
g

t
h
e

a
p
p
r
o
p
r
i
a
t
e

c
e
n
t
e
r
s

o
f

m
a
s
s

f
o
r

e
a
c
h

h
e
l
i
x

#
h
e
l
i
x

1
i
s

m
o
r
e

o
r

l
e
s
s

f
i
x
e
d

n
e
a
r

t
h
e

o
r
i
g
i
n

b
e
c
a
u
s
e

i
t
s

g
e
o
m
e
t
r
i
c

c
e
n
t
e
r

i
s

z
e
r
o
e
d

f
o
r

r
e
f
e
r
e
n
c
i
n
g

p
u
r
p
o
s
e
s

5
9
1

#
f
o
r

x
a
n
d

y
c
o
o
r
d
i
n
a
t
e

b
i
n

r
a
n
g
e
s

w
e
�
l
l

w
a
n
t

t
o

g
e
n
e
r
a
t
e
d

t
h
e

b
o
u
n
d
s

u
s
i
n
g

t
h
e

m
i
n
(
)

a
n
d

m
a
x
(
)

v
a
l
u
e
s

f
o
r

x
a
n
d

y
c
o
o
r
d
i
n
a
t
e
s

i
n

t
h
e

h
e
l
i
x

2
l
i
s
t
:

h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t

=
[
x

f
o
r

(
x
,
y
,
z
)

i
n

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
]

5
9
3

h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t

=
[
y

f
o
r

(
x
,
y
,
z
)

i
n

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
]

#
s
e
t

a
b
i
n

s
e
p
a
r
a
t
i
o
n

a
n
d

b
u
i
l
d

b
i
n
s

a
r
o
u
n
d

m
i
n

a
n
d

m
a
x

v
a
l
u
e
s

5
9
5

b
i
n
_
s
e
p
a
r
a
t
i
o
n

=
0
.
4

l
i
s
t
_
o
f
_
b
i
n
_
c
o
u
n
t
s

=
[
]

5
9
7

#
p
o
p
u
l
a
t
e

t
h
e

b
i
n

v
a
l
u
e

l
i
s
t
s

b
a
s
e
d

o
n

t
h
e

b
o
u
n
d
s

o
f

d
a
t
a

x
=

m
i
n
(
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
)

5
9
9

x
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t

=
[
]
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w
h
i
l
e

x
<
=

m
a
x
(
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
)
:

6
0
1

x
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
.
a
p
p
e
n
d
(
x
)

x
+
=

b
i
n
_
s
e
p
a
r
a
t
i
o
n

6
0
3

# y
=

m
i
n
(
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
)

6
0
5

y
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t

=
[
]

w
h
i
l
e

y
<
=

m
a
x
(
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
)
:

6
0
7

y
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
.
a
p
p
e
n
d
(
y
)

y
+
=

b
i
n
_
s
e
p
a
r
a
t
i
o
n

6
0
9

#
f
o
r

e
v
e
r
y

x
c
o
o
r
d
i
n
a
t
e

o
f

h
e
l
i
x

2
f
i
n
d

a
m
a
t
c
h
i
n
g

x
-
b
i
n

w
h
e
r
e

i
t

b
e
l
o
n
g
s
:

6
1
1

f
o
r

h
e
l
i
x
_
2
_
x
,

h
e
l
i
x
_
2
_
y
,

h
e
l
i
x
_
2
_
z

i
n

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
:

f
o
r

x
_
b
i
n

i
n

x
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
:

6
1
3

i
f

h
e
l
i
x
_
2
_
x

>
(
x
_
b
i
n

-
(
b
i
n
_
s
e
p
a
r
a
t
i
o
n
/
2
.
0
)
)

a
n
d

h
e
l
i
x
_
2
_
x

<
=

(
x
_
b
i
n

+
(
b
i
n
_
s
e
p
a
r
a
t
i
o
n
/
2
.
0
)
)
:

#
i
f

t
h
e

a
b
o
v
e

c
o
n
d
i
t
i
o
n

i
s

s
a
t
i
s
f
i
e
d

t
h
e
n

w
e

h
a
v
e

f
o
u
n
d

t
h
e

a
p
p
r
o
p
r
i
a
t
e

x
-
b
i
n

f
o
r

t
h
e

x
c
o
o
r
d
i
n
a
t
e

a
n
d

w
e

n
e
e
d

t
o

i
t
e
r
a
t
e

t
h
r
o
u
g
h

t
h
e

y
b
i
n
s

t
o

s
e
e

w
h
e
r
e

t
h
e

y
c
o
o
r
d
i
n
a
t
e

f
i
t
s
:

6
1
5

f
o
r

y
_
b
i
n

i
n

y
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
:

i
f

h
e
l
i
x
_
2
_
y

>
(
y
_
b
i
n

-
(
b
i
n
_
s
e
p
a
r
a
t
i
o
n
/
2
.
0
)
)

a
n
d

h
e
l
i
x
_
2
_
y

<
=

(
y
_
b
i
n

+
(
b
i
n
_
s
e
p
a
r
a
t
i
o
n

/
2
.
0
)
)
:

6
1
7

#
e
v
e
r
y

t
i
m
e

t
h
e

h
e
l
i
x

2
(
x
,
y
)

c
o
o
r
d
i
n
a
t
e

f
a
l
l
s

i
n

a
2
D

b
i
n
,

p
r
i
n
t

t
h
e

x
,
y

b
i
n

v
a
l
u
e
s

i
n

a
t
u
p
l
e

a
n
d

a
p
p
e
n
d

t
o

a
l
i
s
t
:

l
i
s
t
_
o
f
_
b
i
n
_
c
o
u
n
t
s
.
a
p
p
e
n
d
(
(
x
_
b
i
n
,
y
_
b
i
n
)

)

6
1
9
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#
t
h
e

x
a
n
d

y
b
i
n

l
i
s
t
s

s
h
o
u
l
d

b
e

s
o
r
t
e
d

b
y

d
e
f
a
u
l
t

s
o

i
t

s
h
o
u
l
d

b
e

s
e
n
s
i
b
l
e

t
o

l
o
o
p

t
h
r
o
u
g
h

e
a
c
h

a
n
d

p
r
o
d
u
c
e

a
g
n
u
p
l
o
t
-
r
e
a
d
y

p
r
o
b
a
b
i
l
i
t
y

f
o
r

e
a
c
h

2
d

b
i
n

6
2
1

f
o
r

x
_
b
i
n

i
n

x
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
:

f
o
r

y
_
b
i
n

i
n

y
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
:

6
2
3

o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
x
_
b
i
n
)

+
�

�
+

s
t
r
(
y
_
b
i
n
)

+
�

�
+

s
t
r
(
f
l
o
a
t
(

l
i
s
t
_
o
f
_
b
i
n
_
c
o
u
n
t
s
.
c
o
u
n
t
(
(
x
_
b
i
n
,
y
_
b
i
n
)
)
)
/
f
l
o
a
t
(
l
e
n
(

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
)
)
)

+
�
\
n
�
)

#
w
e

w
a
n
t

a
n

e
m
p
t
y

l
i
n
e

b
e
t
w
e
e
n

t
h
e

b
l
o
c
k
s

o
f

(
x
-
b
i
n
)

d
a
t
a

f
o
r

g
n
u
p
l
o
t
:

6
2
5

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
\
n
�
)

o
u
t
f
i
l
e
.
c
l
o
s
e
(
)

6
2
7

#
g
n
u
p
l
o
t

s
p
l
o
t

w
a
n
t
s

s
p
a
c
e
-
s
e
p
a
r
a
t
e
d

b
l
o
c
k
s

o
f

x
,

y
,

z
d
a
t
a

w
i
t
h

t
h
e

s
a
m
e

n
u
m
b
e
r

o
f

p
o
i
n
t
s

i
n

e
a
c
h

b
l
o
c
k

(
i
.
e
.
,

a
b
l
o
c
k

f
o
r

e
a
c
h

x
b
i
n

v
a
l
u
e
,

i
t
e
r
a
t
e

t
h
r
o
u
g
h

a
l
l

y
b
i
n

v
a
l
u
e
s

g
i
v
i
n
g

t
h
e

c
o
r
r
e
s
p
o
n
d
i
n
g

z
v
a
l
u
e

i
n

t
h
i
r
d

c
o
l
u
m
n
)

6
2
9

d
e
f

f
i
x
e
d
_
h
e
l
i
x
_
t
h
e
r
m
a
l
_
m
e
r
g
e
d
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,

c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t

,
h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
)
:

6
3
1

�
�
�
M
o
d
i
f
i
e
d

v
e
r
s
i
o
n

o
f

t
h
e

s
i
m
i
l
a
r
l
y

n
a
m
e
d

f
u
n
c
t
i
o
n

i
n

t
h
i
s

m
o
d
u
l
e
.

T
h
i
s

f
u
n
c
t
i
o
n

i
s

d
e
s
i
g
n
e
d

t
o

c
o
n
s
i
d
e
r

t
h
e

d
a
t
a

f
r
o
m

a
l
l

1
0

F
G
F
R
3

r
e
p
l
i
c
a
t
e
s

f
o
r

e
a
c
h

o
f

t
h
e

t
h
r
e
e

s
i
m
u
l
a
t
i
o
n

c
o
n
d
i
t
i
o
n
s

a
n
d

p
r
o
d
u
c
e

d
a
t
a

i
n
t
e
n
d
e
d

f
o
r

a

s
i
n
g
l
e

s
u
m
m
a
r
y

p
l
o
t
.

I
w
i
l
l

p
r
o
b
a
b
l
y

r
e
m
o
v
e

s
o
m
e

e
x
t
r
a
n
e
o
u
s

t
h
i
n
g
s

i
n

t
h
e

c
o
d
e

t
h
a
t

w
e
r
e
n
�
t

r
e
a
l
l
y

n
e
e
d
e
d

i
n

t
h
e

o
r
i
g
i
n
a
l

e
i
t
h
e
r
.
�
�
�

6
3
3

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s

=
[
]

#
t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

i
s

s
i
m
p
l
y

t
h
e

f
i
r
s
t

h
e
l
i
x

i
n

t
h
e

f
i
r
s
t

f
r
a
m
e

o
f

t
h
e

f
i
r
s
t

W
T

s
i
m
u
l
a
t
i
o
n

6
3
5

r
e
f
_
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t

=
[
�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
�
]
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h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
3
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r

6
3
7

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

3
4
:
6
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r

6
3
9

#
n
o
w

c
r
e
a
t
e

t
h
e

(
u
n
i
v
e
r
s
e

o
b
j
e
c
t
,

f
o
l
d
e
r
_
n
a
m
e
)

l
i
s
t

(
o
f

l
e
n
g
t
h

1
)

f
o
r

t
h
e

s
y
s
t
e
m

u
s
i
n
g

a
f
u
n
c
t
i
o
n

d
e
f
i
n
e
d

i
n

t
h
e

h
e
a
d

s
c
r
i
p
t
:

u
n
i
v
e
r
s
e
_
d
a
t
a

=
c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
(
d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,

r
e
f
_
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
)

6
4
1

#
u
n
i
v
e
r
s
e

o
b
j
e
c
t

i
s

t
h
e

f
i
r
s
t

e
l
e
m
e
n
t

i
n

t
h
e

s
u
b
l
i
s
t
:

r
e
f
_
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t

=
u
n
i
v
e
r
s
e
_
d
a
t
a
[
0
]
[
0
]

6
4
3

#
s
e
l
e
c
t

C
A

p
a
r
t
i
c
l
e
s

c
o
r
r
e
s
p
o
n
d
i
n
g

t
o

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e
:

r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n

=
r
e
f
_
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

6
4
5

#
g
e
t

t
h
e

r
e
f
e
r
e
n
c
e

(
c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

z
e
r
o
�
d
)

c
o
o
r
d
i
n
a
t
e
s
:

r
e
f
_
c
o
o
r
d
i
n
a
t
e
s

=
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s
(
)

-
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n

.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

6
4
7

#
n
e
e
d

m
a
s
s
e
s

f
o
r

i
n
p
u
t

t
o

r
m
s
/
t
r
a
n
s
f
o
r
m
a
t
i
o
n

f
u
n
c
t
i
o
n
:

m
a
s
s
e
s

=
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n
.
m
a
s
s
e
s
(
)

6
4
9

6
5
1

#
S
o
,

w
e

n
o
w

h
a
v
e

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

w
i
t
h

c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

a
t

(
0
,
0
,
0
)
.

W
e

a
r
e

r
e
a
d
y

t
o

s
t
a
r
t

l
o
o
p
i
n
g

t
h
r
o
u
g
h

f
r
a
m
e
s

i
n

t
h
e

t
r
a
j
e
c
t
o
r
y

a
n
d

d
o
i
n
g

w
o
r
k

t
h
e
r
e
:

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

6
5
3

#
B
e
c
a
u
s
e

h
e
l
i
x

1
m
a
y

m
o
v
e

a
b
i
t

w
e

n
e
e
d

t
o

s
e
l
e
c
t

i
t

a
g
a
i
n

i
n

e
a
c
h

f
r
a
m
e
.

W
e

w
i
l
l

a
l
s
o

w
a
n
t

t
o

s
e
l
e
c
t

h
e
l
i
x

2
b
e
c
a
u
s
e

w
e

a
r
e

g
o
i
n
g

t
o

t
r
a
c
k

i
t
s

r
e
l
a
t
i
v
e

p
o
s
i
t
i
o
n
:

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

6
5
5

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)
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#
F
i
n
d

t
h
e

(
c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

z
e
r
o
�
d
)

c
o
o
r
d
i
n
a
t
e
s

f
o
r

h
e
l
i
x

1
i
n

e
a
c
h

f
r
a
m
e
.

T
o

k
e
e
p

t
h
i
n
g
s

c
o
n
s
i
s
t
e
n
t

i
n

r
e
l
a
t
i
v
e

t
e
r
m
s
,

p
e
r
f
o
r
m

t
h
e

s
a
m
e

o
p
e
r
a
t
i
o
n

o
n

h
e
l
i
x

2
(
i
.
e
.
,

t
r
a
n
s
l
a
t
e

i
t

b
y

t
h
e

s
a
m
e

a
m
o
u
n
t
)
:

6
5
7

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s

(
)

-
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s

(
)

-
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

6
5
9

#
W
e

n
e
e
d

t
o

f
i
g
u
r
e

o
u
t

w
h
a
t

k
i
n
d

o
f

t
r
a
n
s
f
o
r
m
a
t
i
o
n

i
s

n
e
e
d
e
d

f
o
r

t
h
e

b
e
s
t

(
r
m
s
d
)

f
i
t

o
f

c
u
r
r
e
n
t

h
e
l
i
x

1
b
a
c
k

t
o

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e
.

T
h
i
s

i
s

b
a
s
e
d

o
n

t
h
e

M
D
A
n
a
l
y
s
i
s
/
e
x
a
m
p
l
e
s
/
r
m
s
f
i
t
.
p
y

e
x
a
m
p
l
e

c
o
d
e

d
i
s
t
r
i
b
u
t
e
d

w
i
t
h

t
h
e

m
o
s
t

r
e
c
e
n
t

r
e
l
e
a
s
e

o
f

M
D
A
n
a
l
y
s
i
s
:

6
6
1

t
r
a
n
s
f
o
r
m
a
t
i
o
n

=
n
u
m
p
y
.
m
a
t
r
i
x
(
M
D
A
n
a
l
y
s
i
s
.
c
o
r
e
.
r
m
s
_
f
i
t
t
i
n
g
.

r
m
s
_
r
o
t
a
t
i
o
n
_
m
a
t
r
i
x
(
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s
,
r
e
f
_
c
o
o
r
d
i
n
a
t
e
s
,

m
a
s
s
e
s
)
)

6
6
3

#
W
e

d
o
n
�
t

a
c
t
u
a
l
l
y

n
e
e
d

t
o

a
p
p
l
y

t
h
e

t
r
a
n
s
f
o
r
m
a
t
i
o
n

t
o

h
e
l
i
x

1
-
-
j
u
s
t

w
a
n
t

t
o

k
n
o
w

w
h
e
r
e

h
e
l
i
x

2
i
s

r
e
l
a
t
i
v
e

t
o

1
n
o
w

t
h
a
t

1
i
s

f
i
x
e
d
:

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s

*

t
r
a
n
s
f
o
r
m
a
t
i
o
n

6
6
5

#
H
e
l
i
x

2
i
s

r
e
p
r
e
s
e
n
t
e
d

a
s

a
n
u
m
p
y

m
a
t
r
i
x

o
f

c
o
o
r
d
i
n
a
t
e
s
.

S
i
n
c
e

t
h
e

C
A

p
a
r
t
i
c
l
e
s

a
l
l

h
a
v
e

t
h
e

s
a
m
e

m
a
s
s
,

w
e

c
a
n

t
r
e
a
t

t
h
e

m
a
s
s

a
s

1
a
n
d

s
i
m
p
l
y

f
i
n
d

t
h
e

a
v
e
r
a
g
e

p
o
s
i
t
i
o
n

o
f

a
l
l

p
a
r
t
i
c
l
e
s

t
o

r
e
p
r
e
s
e
n
t

t
h
e

c
e
n
t
e
r

o
f

m
a
s
s
.

6
6
7

x
_
s
u
m
=
0
;

y
_
s
u
m
=
0
;

z
_
s
u
m
=
0

f
o
r

x
,
y
,
z

i
n

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
.
t
o
l
i
s
t
(
)
:

6
6
9

x
_
s
u
m

+
=

x
;

y
_
s
u
m

+
=

y
;

z
_
s
u
m

+
=

z

c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
2

=
[
x
_
s
u
m
/
l
e
n
(
h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
,
y
_
s
u
m
/

l
e
n
(
h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
,
z
_
s
u
m
/
l
e
n
(
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h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
]

6
7
1

#
p
u
t

t
h
e

c
e
n
t
e
r
s

i
n

a
l
i
s
t

s
o

t
h
e
y

c
a
n

b
e

a
c
c
e
s
s
e
d

b
y

t
h
e

c
o
d
e

t
h
a
t

w
i
l
l

b
i
n

t
h
e

d
a
t
a

a
f
t
e
r

t
h
e

f
r
a
m
e
-
s
t
e
p
p
i
n
g

l
o
o
p

e
x
i
t
s

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
.
a
p
p
e
n
d
(
c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
2
)

6
7
3

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

6
7
5

#
w
e

w
a
n
t

t
o

e
x
t
r
a
c
t

t
h
e

x
a
n
d

y
c
o
o
r
d
i
n
a
t
e
s

f
o
r

h
e
l
i
x

2
s
u
c
h

t
h
a
t

t
h
e
y

a
r
e

f
i
l
t
e
r
e
d

b
y

s
i
m
u
l
a
t
i
o
n

t
y
p
e

(
i
.
e
.
,

f
o
l
d
e
r

n
a
m
e
)

a
n
d

a
p
p
e
n
d

t
h
e
m

t
o

a
n

a
p
p
r
o
p
r
i
a
t
e
l
y

n
a
m
e
d

l
i
s
t

(
t
h
e
s
e

l
i
s
t
s

a
r
e

i
n
i
t
i
a
l
i
z
e
d

i
n

t
h
e

h
e
a
d

s
c
r
i
p
t

s
o

t
h
e
y

c
a
n

b
e

a
p
p
e
n
d
e
d

a
s

t
h
e

f
u
n
c
t
i
o
n

l
o
o
p
s

t
h
r
o
u
g
h
)

i
f

�
h
e
t
e
r
o
d
i
m
e
r
�

i
n

f
o
l
d
e
r
_
n
a
m
e
:

6
7
7

f
o
r

(
x
,
y
,
z
)

i
n

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
:

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
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i
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h
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c
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h
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i
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h
e
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h
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c
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b
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c
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c
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l
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c
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.
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c
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b
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c
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c
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c
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c
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c
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c
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c
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i
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i
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c
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c
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p
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p
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f
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i
l
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c
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c
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b
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c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e
,

o
u
t
p
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i
l
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p
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c
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c
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c
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c
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c
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b
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c
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c
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c
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c
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h
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c
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c
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.
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=
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h
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c
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r
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i
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c
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c
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r
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i
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c
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c
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e
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=
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h
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c
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r
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i
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c
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h
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c
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r
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i
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c
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i
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p
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i
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i
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h
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r
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h
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r
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b
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c
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c
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c
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b
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c
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c
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c
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c
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c
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b
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c
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c
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c
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c
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l
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.
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b
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c
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b
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p
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c
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c
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c
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c
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e
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=
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i
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b
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r
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i
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h
e
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i
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i
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r
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h
e
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r
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h
e
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p
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f
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i
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c
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c
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b
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c
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i
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c
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e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

I
�
m

c
u
r
r
e
n
t
l
y

p
l
a
n
n
i
n
g

t
o

u
s
e

t
h
e

f
i
r
s
t

f
r
a
m
e

(
a
n
d

f
i
r
s
t

h
e
l
i
x
)

o
f

t
h
e

f
i
r
s
t

W
T

d
i
m
e
r

s
i
m
u
l
a
t
i
o
n

f
o
r

e
i
t
h
e
r

F
G
F
R
3

o
r

G
p
A
.

T
o

a
l
l
o
w

c
r
e
a
t
i
o
n

o
f

a
n

M
D
A
n
a
l
y
i
s

U
n
i
v
e
r
s
e

a
n
d

a
t
o
m

s
e
l
e
c
t
i
o
n

f
r
o
m

e
i
t
h
e
r

o
f

t
h
e
s
e

s
y
s
t
e
m
s

t
h
e

f
u
n
c
t
i
o
n

n
e
e
d
s

t
o

k
n
o
w

w
h
i
c
h

f
o
l
d
e
r

t
h
e

r
e
f
e
r
e
n
c
e

t
r
a
j
e
c
t
o
r
i
e
s

r
e
s
i
d
e

i
n

a
n
d

w
h
i
c
h

r
e
s
i
d
u
e
s

t
o

s
e
l
e
c
t
:

i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
F
G
F
R
3
�
:

8
2
7

r
e
f
_
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t

=
[
�
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
�
]

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
3
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r

8
2
9

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

3
4
:
6
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r

e
l
i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
G
p
A
�
:

8
3
1

r
e
f
_
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t

=
[
�
G
p
A
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
�
]

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
2
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

G
p
A

m
o
n
o
m
e
r

8
3
3

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

2
4
:
4
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

G
p
A

m
o
n
o
m
e
r

8
3
5

#
n
o
w

c
r
e
a
t
e

t
h
e

(
u
n
i
v
e
r
s
e

o
b
j
e
c
t
,

f
o
l
d
e
r
_
n
a
m
e
)

l
i
s
t

(
o
f

l
e
n
g
t
h

1
)

f
o
r

t
h
e

s
y
s
t
e
m

u
s
i
n
g

a
f
u
n
c
t
i
o
n

d
e
f
i
n
e
d

i
n

t
h
e

h
e
a
d

s
c
r
i
p
t
:
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u
n
i
v
e
r
s
e
_
d
a
t
a

=
c
r
e
a
t
e
_
u
n
i
v
e
r
s
e
_
s
e
l
e
c
t
i
o
n
s
(
d
i
m
e
r
_
s
y
m
l
i
n
k
_
d
i
r
e
c
t
o
r
y
,

r
e
f
_
f
o
l
d
e
r
_
n
a
m
e
_
l
i
s
t
)

8
3
7

#
u
n
i
v
e
r
s
e

o
b
j
e
c
t

i
s

t
h
e

f
i
r
s
t

e
l
e
m
e
n
t

i
n

t
h
e

s
u
b
l
i
s
t
:

r
e
f
_
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t

=
u
n
i
v
e
r
s
e
_
d
a
t
a
[
0
]
[
0
]

#
c
a
r
e
f
u
l

h
e
r
e
!

y
o
u

h
a
d

i
n
c
o
r
r
e
c
t
l
y

r
e
a
s
s
i
g
n
e
d

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t

w
h
i
c
h

i
s

v
e
r
y

b
a
d

8
3
9

#
s
e
l
e
c
t

C
A

p
a
r
t
i
c
l
e
s

c
o
r
r
e
s
p
o
n
d
i
n
g

t
o

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e
:

r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n

=
r
e
f
_
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

8
4
1

#
g
e
t

t
h
e

r
e
f
e
r
e
n
c
e

(
c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

z
e
r
o
�
d
)

c
o
o
r
d
i
n
a
t
e
s
:

r
e
f
_
c
o
o
r
d
i
n
a
t
e
s

=
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s
(
)

-
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n

.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

8
4
3

#
n
e
e
d

m
a
s
s
e
s

f
o
r

i
n
p
u
t

t
o

r
m
s
/
t
r
a
n
s
f
o
r
m
a
t
i
o
n

f
u
n
c
t
i
o
n
:

m
a
s
s
e
s

=
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n
.
m
a
s
s
e
s
(
)

8
4
5

#
S
o
,

w
e

n
o
w

h
a
v
e

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

w
i
t
h

c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

a
t

(
0
,
0
,
0
)
.

W
e

a
r
e

r
e
a
d
y

t
o

s
t
a
r
t

l
o
o
p
i
n
g

t
h
r
o
u
g
h

f
r
a
m
e
s

i
n

t
h
e

t
r
a
j
e
c
t
o
r
y

a
n
d

d
o
i
n
g

w
o
r
k

t
h
e
r
e
:

8
4
7

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

#
B
e
c
a
u
s
e

h
e
l
i
x

1
m
a
y

m
o
v
e

a
b
i
t

w
e

n
e
e
d

t
o

s
e
l
e
c
t

i
t

a
g
a
i
n

i
n

e
a
c
h

f
r
a
m
e
.

W
e

w
i
l
l

a
l
s
o

w
a
n
t

t
o

s
e
l
e
c
t

h
e
l
i
x

2
b
e
c
a
u
s
e

w
e

a
r
e

g
o
i
n
g

t
o

t
r
a
c
k

i
t
s

r
e
l
a
t
i
v
e

p
o
s
i
t
i
o
n
:

8
4
9

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

8
5
1

#
F
i
n
d

t
h
e

(
c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

z
e
r
o
�
d
)

c
o
o
r
d
i
n
a
t
e
s

f
o
r

h
e
l
i
x

1
i
n

e
a
c
h

f
r
a
m
e
.

T
o

k
e
e
p

t
h
i
n
g
s

c
o
n
s
i
s
t
e
n
t

i
n

r
e
l
a
t
i
v
e

t
e
r
m
s
,

p
e
r
f
o
r
m

t
h
e

s
a
m
e

o
p
e
r
a
t
i
o
n

o
n

h
e
l
i
x

2
(
i
.
e
.
,

t
r
a
n
s
l
a
t
e

i
t

b
y

t
h
e

s
a
m
e

a
m
o
u
n
t
)
:

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s

(
)

-
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)
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8
5
3

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s

(
)

-
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

8
5
5

#
W
e

n
e
e
d

t
o

f
i
g
u
r
e

o
u
t

w
h
a
t

k
i
n
d

o
f

t
r
a
n
s
f
o
r
m
a
t
i
o
n

i
s

n
e
e
d
e
d

f
o
r

t
h
e

b
e
s
t

(
r
m
s
d
)

f
i
t

o
f

c
u
r
r
e
n
t

h
e
l
i
x

1
b
a
c
k

t
o

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e
.

T
h
i
s

i
s

b
a
s
e
d

o
n

t
h
e

M
D
A
n
a
l
y
s
i
s
/
e
x
a
m
p
l
e
s
/
r
m
s
f
i
t
.
p
y

e
x
a
m
p
l
e

c
o
d
e

d
i
s
t
r
i
b
u
t
e
d

w
i
t
h

t
h
e

m
o
s
t

r
e
c
e
n
t

r
e
l
e
a
s
e

o
f

M
D
A
n
a
l
y
s
i
s
:

t
r
a
n
s
f
o
r
m
a
t
i
o
n

=
n
u
m
p
y
.
m
a
t
r
i
x
(
M
D
A
n
a
l
y
s
i
s
.
c
o
r
e
.
r
m
s
_
f
i
t
t
i
n
g
.

r
m
s
_
r
o
t
a
t
i
o
n
_
m
a
t
r
i
x
(
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s
,
r
e
f
_
c
o
o
r
d
i
n
a
t
e
s
,

m
a
s
s
e
s
)
)

8
5
7

#
A
p
p
l
y

t
h
e

t
r
a
n
s
f
o
r
m
a
t
i
o
n

t
h
a
t

p
u
t
s

h
e
l
i
x

1
i
n

t
h
e

b
e
s
t

(
r
m
s
d

f
i
t
)

m
a
t
c
h

t
o

t
h
e

r
e
f
e
r
e
n
c
e
:

8
5
9

h
e
l
i
x
_
1
_
b
e
s
t
_
f
i
t
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s

*

t
r
a
n
s
f
o
r
m
a
t
i
o
n

#
W
e

w
a
n
t

t
o

p
e
r
f
o
r
m

t
h
e

s
a
m
e

t
r
a
n
s
f
o
r
m
a
t
i
o
n

o
n

h
e
l
i
x

2
s
o

t
h
a
t

w
e

m
a
i
n
t
a
i
n

c
o
n
s
i
s
t
e
n
c
y

r
e
l
a
t
i
v
e

t
o

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

i
n

e
a
c
h

f
r
a
m
e

(
b
o
t
h

h
e
l
i
c
e
s

m
u
s
t

a
l
w
a
y
s

e
x
p
e
r
i
e
n
c
e

t
h
e

s
a
m
e

t
r
a
n
s
f
o
r
m
a
t
i
o
n
)
:

8
6
1

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s

*

t
r
a
n
s
f
o
r
m
a
t
i
o
n

8
6
3

#
A
f
t
e
r

t
h
e

t
r
a
n
s
f
o
r
m
a
t
i
o
n
s
,

b
o
t
h

h
e
l
i
c
e
s

a
r
e

r
e
p
r
e
s
e
n
t
e
d

a
s

n
u
m
p
y

m
a
t
r
i
c
e
s

o
f

c
o
o
r
d
i
n
a
t
e
s
.

S
i
n
c
e

t
h
e

C
A

p
a
r
t
i
c
l
e
s

a
l
l

h
a
v
e

t
h
e

s
a
m
e

m
a
s
s
,

w
e

c
a
n

t
r
e
a
t

t
h
e

m
a
s
s

a
s

1
a
n
d

s
i
m
p
l
y

f
i
n
d

t
h
e

a
v
e
r
a
g
e

p
o
s
i
t
i
o
n

o
f

a
l
l

p
a
r
t
i
c
l
e
s

t
o

r
e
p
r
e
s
e
n
t

t
h
e

c
e
n
t
e
r

o
f

m
a
s
s

f
o
r

e
a
c
h

h
e
l
i
x
:

#
c
a
l
c

c
o
m

h
e
l
i
x

1
:

[
W
e

c
a
n

p
r
o
b
a
l
b
y

i
g
n
o
r
e

h
e
l
i
x

1
w
h
e
n

w
e
�
r
e

s
u
r
e

t
h
i
n
g
s

a
r
e

w
o
r
k
i
n
g

p
r
o
p
e
r
l
y
]

8
6
5

x
_
s
u
m
=
0
;

y
_
s
u
m
=
0
;

z
_
s
u
m
=
0

f
o
r

x
,
y
,
z

i
n

h
e
l
i
x
_
1
_
b
e
s
t
_
f
i
t
_
c
o
o
r
d
i
n
a
t
e
s
.
t
o
l
i
s
t
(
)
:

#
c
o
n
v
e
r
t

n
u
m
p
y

m
a
t
r
i
x

o
b
j
e
c
t

t
o

l
i
s
t

f
o
r

s
t
d

i
n
d
e
x
i
n
g

m
e
t
h
o
d
s
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8
6
7

x
_
s
u
m

+
=

x
;

y
_
s
u
m

+
=

y
;

z
_
s
u
m

+
=

z

c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
1

=
[
x
_
s
u
m
/
l
e
n
(
h
e
l
i
x
_
1
_
b
e
s
t
_
f
i
t
_
c
o
o
r
d
i
n
a
t
e
s
)
,
y
_
s
u
m

/
l
e
n
(
h
e
l
i
x
_
1
_
b
e
s
t
_
f
i
t
_
c
o
o
r
d
i
n
a
t
e
s
)
,
z
_
s
u
m
/
l
e
n
(

h
e
l
i
x
_
1
_
b
e
s
t
_
f
i
t
_
c
o
o
r
d
i
n
a
t
e
s
)
]

8
6
9

#
r
e
p
e
a
t

f
o
r

h
e
l
i
x

2
:

x
_
s
u
m
=
0
;

y
_
s
u
m
=
0
;

z
_
s
u
m
=
0

8
7
1

f
o
r

x
,
y
,
z

i
n

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
.
t
o
l
i
s
t
(
)
:

x
_
s
u
m

+
=

x
;

y
_
s
u
m

+
=

y
;

z
_
s
u
m

+
=

z

8
7
3

c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
2

=
[
x
_
s
u
m
/
l
e
n
(
h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
,
y
_
s
u
m
/

l
e
n
(
h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
,
z
_
s
u
m
/
l
e
n
(

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
]

o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
2
[
0
]
)

+
�

�
+

s
t
r
(

c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
2
[
1
]
)

+
�

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

+
�
\
n
�
)

8
7
5

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

p
r
i
n
t

c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
1
[
0
]
,
c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
1
[
1
]

#
t
o

m
a
k
e

s
u
r
e

h
e
l
i
x

1
p
r
o
p
e
r
l
y

c
e
n
t
e
r
e
d

a
t

0
,
0

f
o
r

p
l
o
t
t
i
n
g

p
u
r
p
o
s
e
s

8
7
7

d
e
f

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
s
_
e
f
f
i
c
i
e
n
t
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e
,

o
u
t
p
u
t
_
f
i
l
e
)
:

8
7
9

�
�
�
A

g
e
n
e
r
a
l
i
z
e
d

c
l
o
s
e
s
t
-
c
o
n
t
a
c
t
s

b
e
t
w
e
e
n

h
e
l
i
c
e
s

s
c
r
i
p
t

f
o
r

C
A
-
C
A

d
i
s
t
a
n
c
e
s

p
e
r

f
r
a
m
e
.

U
s
e
s

t
h
e

f
a
s
t

a
l
g
o
r
i
t
h
m

b
u
i
l
t
-
i
n

t
o

M
D
A
n
a
l
y
s
i
s

w
h
i
c
h

i
s

c
o
d
e
d

i
n

C

.
U
s
i
n
g

t
h
i
s

t
o

g
e
n
e
r
a
t
e

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

d
a
t
a

t
h
a
t

d
o
e
s
n
�
t

s
k
i
p

f
r
a
m
e
s

s
o

I

c
a
n

m
o
r
e

e
a
s
i
l
y

u
s
e

t
h
e

r
e
s
u
l
t
i
n
g

d
a
t
a

f
i
l
e
s

t
o

p
l
o
t

a
s
c
a
t
t
e
r

a
l
o
n
g

w
i
t
h

h
e
l
i
x

c
r
o
s
s
i
n
g

a
n
g
l
e

(
f
o
r

w
h
i
c
h

I
h
a
v
e

e
v
e
r
y

2
5
t
h

f
r
a
m
e

s
t
a
r
t
i
n
g

a
t

s
o
m
e

s
p
e
c
i
f
i
c

f
r
a
m
e

d
e
p
e
n
d
i
n
g

o
n

s
i
m
u
l
a
t
i
o
n
)
.

O
r
i
g
i
n
a
l
l
y

I
o
n
l
y

h
a
d

e
v
e
r
y

1
0
t
h

f
r
a
m
e

f
o
r

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s
,

b
u
t

t
h
a
t

w
o
u
l
d

b
e

a
p
r
o
b
l
e
m

f
o
r

r
e
t
r
i
e
v
i
n
g

d
a
t
a

o
n

a
n

e
v
e
r
y

2
5
t
h

f
r
a
m
e

b
a
s
i
s

t
o

m
a
t
c
h

w
i
t
h

h
e
l
i
x

c
r
o
s
s
i
n
g
.

(
A
u
g
u
s
t

7
/
2
0
1
0
)
�
�
�

o
u
t
f
i
l
e

=
o
p
e
n
(
o
u
t
p
u
t
_
f
i
l
e
,
�
w
�
)

8
8
1

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
#
f
o
r
m
a
t
:

c
o
l
u
m
n

1
:

f
r
a
m
e

n
u
m
b
e
r

|
|

c
o
l
u
m
n

2
:

c
l
o
s
e
s
t

a
p
p
r
o
a
c
h

b
e
t
w
e
e
n

C
A

p
a
r
t
i
c
l
e
s

o
f

e
a
c
h

h
e
l
i
x

(
A
n
g
s
t
r
o
m
s
)
\
n
�
)
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i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
F
G
F
R
3
�
:

8
8
3

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
3
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

3
4
:
6
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r

8
8
5

e
l
i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
G
p
A
�
:

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
2
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

G
p
A

m
o
n
o
m
e
r

8
8
7

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

2
4
:
4
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

G
p
A

m
o
n
o
m
e
r

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

8
8
9

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

#
s
e
l
e
c
t

C
A

p
a
r
t
i
c
l
e
s

i
n

f
i
r
s
t

h
e
l
i
x

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

#
s
e
l
e
c
t

C
A

p
a
r
t
i
c
l
e
s

i
n

s
e
c
o
n
d

h
e
l
i
x

8
9
1

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s

(
)

#
g
e
t

a
n
u
m
p
y

a
r
r
a
y

w
i
t
h

h
e
l
i
x

1
C
A

c
o
o
r
d
i
n
a
t
e
s

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s

(
)

#
g
e
t

a
n
u
m
p
y

a
r
r
a
y

w
i
t
h

h
e
l
i
x

2
C
A

c
o
o
r
d
i
n
a
t
e
s

8
9
3

#
n
o
w

u
s
e

t
h
e

b
u
i
l
t
-
i
n

M
D
A
n
a
l
y
s
i
s

C
-
i
m
p
l
e
m
e
n
t
e
d

f
u
n
c
t
i
o
n

t
o

q
u
i
c
k
l
y

g
e
n
e
r
a
t
e

a
l
i
s
t

o
f

a
l
l

(
C
A
-
C
A
)

d
i
s
t
a
n
c
e

b
e
t
w
e
e
n

h
e
l
i
c
e
s

c
o
n
t
a
c
t
_
d
i
s
t
a
n
c
e
s

=
M
D
A
n
a
l
y
s
i
s
.
d
i
s
t
a
n
c
e
s
.
d
i
s
t
a
n
c
e
_
a
r
r
a
y
(

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s
,

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s
)

8
9
5

#
c
o
n
v
e
r
t

t
h
e

r
e
s
u
l
t

f
r
o
m

a
n
u
m
p
y

a
r
r
a
y

t
o

a
p
y
t
h
o
n

l
i
s
t
:

c
o
n
t
a
c
t
_
d
i
s
t
a
n
c
e
s

=
c
o
n
t
a
c
t
_
d
i
s
t
a
n
c
e
s
.
t
o
l
i
s
t
(
)

8
9
7

#
t
h
e

r
e
s
u
l
t
i
n
g

l
i
s
t

i
s

a
n
e
s
t
e
d

l
i
s
t

o
f

t
h
e

n
c
o
n
t
a
c
t

d
i
s
t
a
n
c
e
s

f
o
r

a
n
y

g
i
v
e
n

r
e
s
i
d
u
e

o
n

t
h
e

f
i
r
s
t

s
e
l
e
c
t
i
o
n

w
i
t
h

a
n
y

e
l
e
m
e
n
t

o
f

t
h
e

s
e
c
o
n
d

s
e
l
e
c
t
i
o
n

#
s
o
,

f
i
n
d

t
h
e

c
l
o
s
e
s
t

c
o
n
t
a
c
t

f
o
r

e
a
c
h

o
f

t
h
e

r
e
s
i
d
u
e
s

f
r
o
m

t
h
e

f
i
r
s
t

s
e
l
e
c
t
i
o
n
:
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8
9
9

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
s
_
b
y
_
r
e
s
i
d
u
e

=
m
a
p
(
m
i
n
,
c
o
n
t
a
c
t
_
d
i
s
t
a
n
c
e
s
)

#
n
o
w

f
i
n
d

t
h
e

o
v
e
r
a
l
l

c
l
o
s
e
s
t

c
o
n
t
a
c
t

b
e
t
w
e
e
n

h
e
l
i
c
e
s

i
n

a
g
i
v
e
n

f
r
a
m
e

b
y

f
i
n
d
i
n
g

t
h
e

m
i
n
i
m
u
m

o
f

t
h
e

a
b
o
v
e

l
i
s
t
:

9
0
1

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
_
o
v
e
r
a
l
l

=
m
i
n
(
c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
s
_
b
y
_
r
e
s
i
d
u
e
)

9
0
3

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
t
s
.
f
r
a
m
e
)

+
�

�
+

s
t
r
(
c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
_
o
v
e
r
a
l
l
)

+
�
\
n
�

)

9
0
5

o
u
t
f
i
l
e
.
c
l
o
s
e
(
)

9
0
7

d
e
f

d
i
s
t
a
n
c
e
_
v
e
r
s
u
s
_
c
r
o
s
s
i
n
g
_
a
n
g
l
e
(
)
:

�
�
�
T
h
i
s

f
u
n
c
t
i
o
n

d
o
e
s
n
�
t

a
c
t
u
a
l
l
y

c
a
l
l

M
D
A
n
a
l
y
s
i
s

d
i
r
e
c
t
l
y
,

i
t

s
i
m
p
l
y

g
r
a
b
s

t
h
e

a
p
p
r
o
p
r
i
a
t
e

m
a
t
c
h
i
n
g

d
a
t
a

f
r
o
m

t
h
e

�
c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
s
_
f
u
l
l
.
o
u
t
�

a
n
d

�
d
o
n
e
.
x
v
g

�
f
i
l
e
s

t
o

m
e
r
g
e

i
n
t
o

a
s
i
n
g
l
e

f
i
l
e

t
h
a
t

c
a
n

b
e

p
l
o
t
t
e
d

w
i
t
h

c
l
o
s
e
s
t

C
A
-
C
A

a
p
p
r
o
a
c
h

b
e
t
w
e
e
n

h
e
l
i
c
e
s

o
n

y
a
x
i
s

a
n
d

t
h
e

c
o
r
r
e
s
p
o
n
d
i
n
g

h
e
l
i
x

c
r
o
s
s
i
n
g

a
n
g
l
e

f
o
r

t
h
a
t

f
r
a
m
e

o
n

t
h
e

x
a
x
i
s
.

B
a
s
e
d

o
n

t
h
e

p
l
o
t

s
e
e
n

i
n

K
h
a
i
r
u
l
�
s

s
e
m
i
n
a
r
.

(

A
u
g
u
s
t

7
/

2
0
1
0
)
�
�
�

9
0
9

#
n
o
t
e

t
h
a
t

t
h
e

p
a
r
e
n
t
/
c
o
n
t
r
o
l
l
i
n
g

s
c
r
i
p
t

d
e
a
l
s

w
i
t
h

c
h
a
n
g
i
n
g

i
n
t
o

a
n
d

o
u
t

o
f

f
o
l
d
e
r
s

a
s

t
h
e

f
u
n
c
t
i
o
n

f
i
n
i
s
h
e
s

s
o

I
c
a
n

j
u
s
t

o
p
e
n
/
w
r
i
t
e

f
i
l
e
s

d
i
r
e
c
t
l
y

w
i
t
h
o
u
t

a
p
a
t
h

9
1
1

#
T
h
e

h
e
l
i
x

c
r
o
s
s
i
n
g

s
c
r
i
p
t

i
s

a
b
i
t

o
f

a
b
l
a
c
k

b
o
x

b
e
c
a
u
s
e

i
t

i
s

i
n

b
i
n
a
r
y

f
o
r
m
a
t

a
n
d

t
h
e
r
e

i
s

n
o

a
v
a
i
l
a
b
l
e

s
o
u
r
c
e

t
h
a
t

I
k
n
o
w

o
f
.

T
h
e

s
c
r
i
p
t

c
l
e
a
r
l
y

o
n
l
y

s
t
a
r
t
s

p
r
o
d
u
c
i
n
g

c
r
o
s
s
i
n
g

a
n
g
l
e
s

w
h
e
n

c
e
r
t
a
i
n

i
n
t
e
r
h
e
l
i
x

p
r
o
x
i
m
i
t
y

c
o
n
d
i
t
i
o
n
s

a
r
e

m
e
t
,

b
u
t

I
d
o
n
�
t

k
n
o
w

w
h
a
t

t
h
o
s
e

c
o
n
d
i
t
i
o
n
s

a
r
e
.

T
h
i
s
,

c
o
m
b
i
n
e
d

w
i
t
h

t
h
e

f
a
c
t

t
h
a
t

t
h
e

d
a
t
a

f
o
r

c
r
o
s
s
i
n
g

a
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l
a
t
e
d

f
o
r

e
v
e
r
y

f
r
a
m
e

i
n

t
h
e

�

f
r
a
m
e
_
c
o
r
r
e
l
a
t
e
d
_
p
o
s
i
t
i
o
n
_
n
o
s
k
i
p
.
o
u
t
�

f
i
l
e
s
,

d
e
t
e
r
m
i
n
e

w
h
i
c
h

d
a
t
a

p
o
i
n
t
s

m
a
t
c
h

b
y

f
r
a
m
e
,

a
n
d

o
u
t
p
u
t

h
e
l
i
x

c
r
o
s
s
i
n
g

a
n
g
l
e

a
n
d

t
h
e

c
o
r
r
e
s
p
o
n
d
i
n
g

p
o
l
a
r

t
h
e
t
a

v
a
l
u
e

(
c
a
l
c
u
l
a
t
e
d

f
r
o
m

t
h
e

c
e
r
t
e
s
i
a
n
s
)

t
o

a
n
e
w

g
n
u
p
l
o
t
-
r
e
a
d
y

f
i
l
e
.

D
i
r
e
c
t
o
r
y

s
w
i
t
c
h
i
n
g

o
v
e
r
h
e
a
d

i
s

d
e
a
l
t

w
i
t
h

i
n

p
a
r
e
n
t

s
c
r
i
p
t

s
o

j
u
s
t

p
a
r
s
e

t
h
e

f
i
l
e
s

a
n
d

w
r
i
t
e

t
h
e

o
u
t
p
u
t

f
i
l
e

i
n

t
h
i
s

f
u
n
c
t
i
o
n
.
�
�
�

#
p
u
t

t
h
e

h
e
l
i
x

c
r
o
s
s
i
n
g

d
a
t
a

i
n

a
l
i
s
t
:

9
7
5

h
e
l
i
x
_
c
r
o
s
s
_
l
i
s
t

=
[
]

w
i
t
h

o
p
e
n
(
�
d
o
n
e
.
x
v
g
�
,
�
r
�
)

a
s

h
e
l
i
x
_
c
r
o
s
s
i
n
g
_
f
i
l
e
:

9
7
7

f
o
r

l
i
n
e

i
n

h
e
l
i
x
_
c
r
o
s
s
i
n
g
_
f
i
l
e
:

f
r
a
m
e
_
n
u
m
b
e
r

=
(
i
n
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
0
]
)
)

*
2
5

#
b
e
c
a
u
s
e

e
v
e
r
y

2
5
t
h

f
r
a
m
e

p
a
r
s
e
d

b
y

h
e
l
i
x

c
r
o
s
s
i
n
g

s
c
r
i
p
t

9
7
9

h
e
l
i
x
_
c
r
o
s
s
i
n
g
_
a
n
g
l
e

=
f
l
o
a
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
1
]
)

h
e
l
i
x
_
c
r
o
s
s
_
l
i
s
t
.
a
p
p
e
n
d
(
[
f
r
a
m
e
_
n
u
m
b
e
r
,

h
e
l
i
x
_
c
r
o
s
s
i
n
g
_
a
n
g
l
e
]
)

9
8
1

#
h
e
l
i
x
_
c
r
o
s
s
_
l
i
s
t

i
s

n
o
w

a
n
e
s
t
e
d

l
i
s
t
:

[
[
f
r
a
m
e
_
n
u
m
b
e
r
,

c
r
o
s
s
i
n
g

a
n
g
l
e
]
,

[
.
.
.
]
,

[
.
.
.
]
,

e
t
c
.

]

9
8
3

#
t
h
e
r
e

i
s

a
c
o
m
m
e
n
t

t
h
a
t

s
t
a
r
t
s

w
i
t
h

a
h
a
s
h

o
n

t
h
e

f
i
r
s
t

l
i
n
e

o
f

t
h
e

f
r
a
m
e

c
o
r
r
e
l
a
t
e
d

p
o
s
i
t
i
o
n

f
i
l
e

s
o

a
d
j
u
s
t

f
o
r

t
h
a
t

w
h
e
n

p
a
r
s
i
n
g

t
h
e
t
a
_
l
i
s
t

=
[
]

9
8
5

w
i
t
h

o
p
e
n
(
�
f
r
a
m
e
_
c
o
r
r
e
l
a
t
e
d
_
p
o
s
i
t
i
o
n
_
n
o
s
k
i
p
.
o
u
t
�
,
�
r
�
)

a
s

p
o
s
i
t
i
o
n
_
f
i
l
e
:

f
o
r

l
i
n
e

i
n

p
o
s
i
t
i
o
n
_
f
i
l
e
:

9
8
7

i
f

l
i
n
e
.
s
p
l
i
t
(
)
[
0
]
[
0
]

=
=

�
#
�

:
c
o
n
t
i
n
u
e

#
s
k
i
p

t
h
e

f
i
r
s
t

l
i
n
e

o
f

t
h
e

f
i
l
e

w
h
i
c
h

c
o
n
t
a
i
n
s

a
c
o
m
m
e
n
t

x
_
c
o
o
r
d
i
n
a
t
e

=
f
l
o
a
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
0
]
)

9
8
9

y
_
c
o
o
r
d
i
n
a
t
e

=
f
l
o
a
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
1
]
)

f
r
a
m
e
_
n
u
m
b
e
r

=
i
n
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
2
]
)

9
9
1

p
o
l
a
r
_
t
h
e
t
a

=
m
a
t
h
.
a
t
a
n
2
(
y
_
c
o
o
r
d
i
n
a
t
e
,
x
_
c
o
o
r
d
i
n
a
t
e
)

t
h
e
t
a
_
l
i
s
t
.
a
p
p
e
n
d
(
[
f
r
a
m
e
_
n
u
m
b
e
r
,

p
o
l
a
r
_
t
h
e
t
a
]
)
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9
9
3

#
t
h
e
t
a
_
l
i
s
t

i
s

n
o
w

a
n
e
s
t
e
d

l
i
s
t
:

[
[
f
r
a
m
e
_
n
u
m
b
e
r
,

p
o
l
a
r

t
h
e
t
a
]
,

[
.
.
.
]
,

[
.
.
.
]
,

e
t
c
.

]

9
9
5

#
i
t
e
r
a
t
e

t
h
r
o
u
g
h

t
h
e

l
i
s
t
s

a
n
d

p
i
c
k

o
u
t

f
r
a
m
e
-
m
a
t
c
h
e
d

d
a
t
a

m
a
t
c
h
e
d
_
d
a
t
a
_
l
i
s
t

=
[
]

9
9
7

f
o
r

h
e
l
i
x
_
f
r
a
m
e
_
n
u
m
b
e
r
,

h
e
l
i
x
_
c
r
o
s
s
i
n
g
_
a
n
g
l
e

i
n

h
e
l
i
x
_
c
r
o
s
s
_
l
i
s
t
:

f
o
r

p
o
l
a
r
_
f
r
a
m
e
_
n
u
m
b
e
r
,

p
o
l
a
r
_
t
h
e
t
a

i
n

t
h
e
t
a
_
l
i
s
t
:

9
9
9

i
f

h
e
l
i
x
_
f
r
a
m
e
_
n
u
m
b
e
r

=
=

p
o
l
a
r
_
f
r
a
m
e
_
n
u
m
b
e
r
:

m
a
t
c
h
e
d
_
d
a
t
a
_
l
i
s
t
.
a
p
p
e
n
d
(
[
h
e
l
i
x
_
f
r
a
m
e
_
n
u
m
b
e
r
,

h
e
l
i
x
_
c
r
o
s
s
i
n
g
_
a
n
g
l
e
,

p
o
l
a
r
_
t
h
e
t
a
]
)

1
0
0
1

#
m
a
k
e

a
n

o
u
t
p
u
t

f
i
l
e

a
n
d

w
r
i
t
e

t
h
e

d
a
t
a

t
h
e
r
e

w
i
t
h

o
p
e
n
(
�
t
h
e
t
a
_
h
e
l
i
x
_
c
r
o
s
s
i
n
g
_
c
o
r
r
e
l
a
t
e
.
o
u
t
�
,
�
w
�
)

a
s

o
u
t
f
i
l
e
:

1
0
0
3

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
#
f
o
r
m
a
t
:

f
r
a
m
e

#
|
|

h
e
l
i
x

c
r
o
s
s
i
n
g

a
n
g
l
e

(
d
e
g
r
e
e
s
)

|
|

p
o
l
a
r

t
h
e
t
a

(
r
a
d
i
a
n
s
)
\
n
�
)

f
o
r

e
l
e
m
e
n
t

i
n

m
a
t
c
h
e
d
_
d
a
t
a
_
l
i
s
t
:

1
0
0
5

p
r
i
n
t

e
l
e
m
e
n
t
[
0
]
,

e
l
e
m
e
n
t
[
1
]
,

e
l
e
m
e
n
t
[
2
]

o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
e
l
e
m
e
n
t
[
0
]
)

+
�

�
+

s
t
r
(
e
l
e
m
e
n
t
[
1
]
)

+
�

�
+

s
t
r
(
e
l
e
m
e
n
t
[
2
]
)

+
�
\
n
�
)

1
0
0
7

d
e
f

c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h
_
r
e
p
r
e
s
e
n
t
a
t
i
v
e
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

s
y
s
t
e
m
_
n
a
m
e
)
:

1
0
0
9

�
�
�
I

h
a
v
e

a
s
e
t

o
f

p
d
b

s
t
r
u
c
t
u
r
e
s

(
f
r
a
m
e
s
)

f
r
o
m

a
f
e
w

s
i
m
u
l
a
t
i
o
n
s

t
h
a
t

I
�
d

l
i
k
e

t
o

c
o
m
p
i
l
e

a
l
i
s
t

o
f

C
A
-
C
A

c
o
n
t
a
c
t

d
i
s
t
a
n
c
e
s

f
o
r
.

T
h
e
s
e

f
r
a
m
e
s

a
r
e

c
a
n
d
i
d
a
t
e
s

f
o
r

t
h
e

s
t
a
r
t
i
n
g

p
o
i
n
t
s

o
f

a
t
o
m
i
s
t
i
c

s
i
m
u
l
a
t
i
o
n
s

a
n
d

a
r
e

i
n
t
e
n
d
e
d

t
o

r
e
p
r
e
s
e
n
t

d
i
f
f
e
r
e
n
t

G
p
A

o
r

F
G
F
R
3

h
e
l
i
x

d
i
m
e
r

i
n
t
e
r
f
a
c
e
s
.

V
e
r
y

m
i
n
o
r

m
o
d
i
f
i
c
a
t
i
o
n

t
o

a
p
r
e
v
i
o
u
s

f
u
n
c
t
i
o
n

t
h
a
t

d
e
a
l
s

w
i
t
h

f
i
n
d
i
n
g

t
h
e

s
i
n
g
l
e

c
l
o
s
e
s
t

a
p
p
r
o
a
c
h

d
i
s
t
a
n
c
e
.
�
�
�

w
i
t
h

o
p
e
n
(
�
F
G
F
R
3
_
h
e
t
e
r
o
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
7
_
f
r
a
m
e
_
3
2
7
1
.
o
u
t
�
,
�
w
�
)

a
s

o
u
t
f
i
l
e
:

1
0
1
1

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
#
f
o
r
m
a
t
:

r
e
s
i
d
u
e

#
|
|

c
l
o
s
e
s
t

c
o
n
t
a
c
t

b
y

r
e
s
i
d
u
e

h
e
l
i
x

1

(
A
n
g
s
t
r
o
m
s
)

|
|

c
l
o
s
e
s
t

c
o
n
t
a
c
t

b
y

r
e
s
i
d
u
e

h
e
l
i
x

2
(
A
n
g
s
t
r
o
m
s
)
\
n
�
)
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i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
F
G
F
R
3
�
:

1
0
1
3

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
3
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

3
4
:
6
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r

1
0
1
5

n
a
t
i
v
e
_
a
d
j
u
s
t
m
e
n
t

=
3
6
6

#
t
h
i
s

n
u
m
b
e
r

i
s

u
s
e
d

t
o

g
e
n
e
r
a
t
e

t
h
e

n
a
t
i
v
e

p
r
i
m
a
r
y

s
e
q
u
e
n
c
e

n
u
m
b
e
r
i
n
g

i
n

t
h
e

o
u
t
p
u
t

e
l
i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
G
p
A
�
:

1
0
1
7

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
2
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

G
p
A

m
o
n
o
m
e
r

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

2
4
:
4
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

G
p
A

m
o
n
o
m
e
r

1
0
1
9

n
a
t
i
v
e
_
a
d
j
u
s
t
m
e
n
t

=
7
2

#
t
h
i
s

n
u
m
b
e
r

i
s

u
s
e
d

t
o

g
e
n
e
r
a
t
e

t
h
e

n
a
t
i
v
e

p
r
i
m
a
r
y

s
e
q
u
e
n
c
e

n
u
m
b
e
r
i
n
g

i
n

t
h
e

o
u
t
p
u
t

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
3
2
7
0
:
3
2
7
1
:
s
k
i
p
_
f
r
a
m
e
s
]
:

#
a
d
j
u
s
t

t
h
i
s

f
o
r

t
h
e

s
p
e
c
i
f
i
c

f
r
a
m
e
/
p
d
b

f
i
l
e

(
M
D
A

i
n
d
e
x

i
s

-
1

r
e
l
a
t
i
v
e

t
o

t
r
u
e

f
r
a
m
e
)

1
0
2
1

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

#
s
e
l
e
c
t

C
A

p
a
r
t
i
c
l
e
s

i
n

f
i
r
s
t

h
e
l
i
x

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

#
s
e
l
e
c
t

C
A

p
a
r
t
i
c
l
e
s

i
n

s
e
c
o
n
d

h
e
l
i
x

1
0
2
3

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.

c
o
o
r
d
i
n
a
t
e
s
(
)

#
g
e
t

a
n
u
m
p
y

a
r
r
a
y

w
i
t
h

h
e
l
i
x

1
C
A

c
o
o
r
d
i
n
a
t
e
s

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
.

c
o
o
r
d
i
n
a
t
e
s
(
)

#
g
e
t

a
n
u
m
p
y

a
r
r
a
y

w
i
t
h

h
e
l
i
x

2
C
A

c
o
o
r
d
i
n
a
t
e
s

1
0
2
5

#
n
o
w

u
s
e

t
h
e

b
u
i
l
t
-
i
n

M
D
A
n
a
l
y
s
i
s

C
-
i
m
p
l
e
m
e
n
t
e
d

f
u
n
c
t
i
o
n

t
o
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t
e
s

(
)

#
g
e
t

a
n
u
m
p
y

a
r
r
a
y

w
i
t
h

h
e
l
i
x

2
C
A

c
o
o
r
d
i
n
a
t
e
s

1
1
4
5

#
n
o
w

u
s
e

t
h
e

b
u
i
l
t
-
i
n

M
D
A
n
a
l
y
s
i
s

C
-
i
m
p
l
e
m
e
n
t
e
d

f
u
n
c
t
i
o
n

t
o

q
u
i
c
k
l
y

g
e
n
e
r
a
t
e

a
l
i
s
t

o
f

a
l
l

(
C
A
-
C
A
)

d
i
s
t
a
n
c
e

b
e
t
w
e
e
n

h
e
l
i
c
e
s

c
o
n
t
a
c
t
_
d
i
s
t
a
n
c
e
s

=
M
D
A
n
a
l
y
s
i
s
.
d
i
s
t
a
n
c
e
s
.
d
i
s
t
a
n
c
e
_
a
r
r
a
y
(

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s
,

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s
)

1
1
4
7

#
c
o
n
v
e
r
t

t
h
e

r
e
s
u
l
t

f
r
o
m

a
n
u
m
p
y

a
r
r
a
y

t
o

a
p
y
t
h
o
n

l
i
s
t
:

c
o
n
t
a
c
t
_
d
i
s
t
a
n
c
e
s

=
c
o
n
t
a
c
t
_
d
i
s
t
a
n
c
e
s
.
t
o
l
i
s
t
(
)

1
1
4
9

#
t
h
e

r
e
s
u
l
t
i
n
g

l
i
s
t

i
s

a
n
e
s
t
e
d

l
i
s
t

o
f

t
h
e

n
c
o
n
t
a
c
t

d
i
s
t
a
n
c
e
s

f
o
r

a
n
y

g
i
v
e
n

r
e
s
i
d
u
e

o
n

t
h
e

f
i
r
s
t

s
e
l
e
c
t
i
o
n

w
i
t
h

a
n
y

e
l
e
m
e
n
t

o
f

t
h
e

s
e
c
o
n
d

s
e
l
e
c
t
i
o
n

#
s
o
,

f
i
n
d

t
h
e

c
l
o
s
e
s
t

c
o
n
t
a
c
t

f
o
r

e
a
c
h

o
f

t
h
e

r
e
s
i
d
u
e
s

f
r
o
m

t
h
e

f
i
r
s
t

s
e
l
e
c
t
i
o
n
:

1
1
5
1

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
s
_
b
y
_
r
e
s
i
d
u
e

=
m
a
p
(
m
i
n
,
c
o
n
t
a
c
t
_
d
i
s
t
a
n
c
e
s
)

#
n
o
w

f
i
n
d

t
h
e

o
v
e
r
a
l
l

c
l
o
s
e
s
t

c
o
n
t
a
c
t

b
e
t
w
e
e
n

h
e
l
i
c
e
s

i
n

a
g
i
v
e
n

f
r
a
m
e

b
y

f
i
n
d
i
n
g

t
h
e

m
i
n
i
m
u
m

o
f

t
h
e

a
b
o
v
e

l
i
s
t
:

1
1
5
3

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
_
o
v
e
r
a
l
l

=
m
i
n
(
c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
s
_
b
y
_
r
e
s
i
d
u
e
)

1
1
5
5

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
t
s
.
f
r
a
m
e
)

+
�

�
+

s
t
r
(
c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
_
o
v
e
r
a
l
l
)

+
�
\
n
�

)
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1
1
5
7

o
u
t
f
i
l
e
.
c
l
o
s
e
(
)

1
1
5
9

d
e
f

f
i
x
e
d
_
h
e
l
i
x
_
t
h
e
r
m
a
l
_
m
e
r
g
e
d
_
S
I
D
E
K
I
C
K
(
p
a
t
h
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
)
:

�
�
�
M
o
d
i
f
y
i
n
g

t
h
i
s

f
u
n
c
t
i
o
n

a
g
a
i
n

t
o

d
e
a
l

w
i
t
h

t
h
e

S
I
D
E
K
I
C
K

r
e
s
u
l
t
s

f
o
r

F
G
F
R
3

i
n

D
P
P
C
.
�
�
�

1
1
6
1

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s

=
[
]

1
1
6
3

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
3
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

3
4
:
6
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r

1
1
6
5

#
T
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

i
s

t
h
e

f
i
r
s
t

h
e
l
i
x

i
n

t
h
e

f
i
r
s
t

f
r
a
m
e

o
f

t
h
e

f
i
r
s
t

W
T

s
i
m
u
l
a
t
i
o
n
.

T
h
i
s

i
s

a
c
t
u
a
l
l
y

f
r
o
m

a
m
a
n
u
a
l

P
O
P
C

s
i
m
u
l
a
t
i
o
n

a
n
d

n
o
t

f
r
o
m

t
h
e

S
I
D
E
K
I
C
K

D
P
P
C

d
a
t
a

d
i
r
e
c
t
o
r
y

o
n

t
h
e

m
o
u
n
t
,

s
o

p
r
o
v
i
d
e

a
n

a
b
s
o
l
u
t
e

p
a
t
h

w
h
e
n

c
r
e
a
t
i
n
g

t
h
e

r
e
f
e
r
e
n
c
e

u
n
i
v
e
r
s
e

o
b
j
e
c
t
:

1
1
6
7

r
e
f
_
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t

=
M
D
A
n
a
l
y
s
i
s
.
U
n
i
v
e
r
s
e
(
�
/
s
a
n
s
o
m
/
s
c
2
/
b
i
o
c
1
0
0
9
/
D
o
c
u
m
e
n
t
s
/

F
G
F
R
3
_
w
o
r
k
/
d
i
m
e
r
_
b
a
t
c
h
_
a
n
a
l
y
s
i
s
_
s
y
m
l
i
n
k
/
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
/

c
e
n
t
e
r
e
d
_
C
A
_
P
O
P
C
.
p
d
b
�
,
�
/
s
a
n
s
o
m
/
s
c
2
/
b
i
o
c
1
0
0
9
/
D
o
c
u
m
e
n
t
s
/
F
G
F
R
3
_
w
o
r
k
/

d
i
m
e
r
_
b
a
t
c
h
_
a
n
a
l
y
s
i
s
_
s
y
m
l
i
n
k
/
w
i
l
d
t
y
p
e
_
d
i
m
e
r
_
r
e
p
l
i
c
a
t
e
_
1
/

a
l
p
h
a
_
c
a
r
b
o
n
_
p
o
p
c
_
a
n
d
_
c
e
n
t
e
r
e
d
_
t
r
a
j
e
c
t
o
r
y
.
x
t
c
�
)

#
s
e
l
e
c
t

C
A

p
a
r
t
i
c
l
e
s

c
o
r
r
e
s
p
o
n
d
i
n
g

t
o

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e
:

1
1
6
9

r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n

=
r
e
f
_
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

#
g
e
t

t
h
e

r
e
f
e
r
e
n
c
e

(
c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

z
e
r
o
�
d
)

c
o
o
r
d
i
n
a
t
e
s
:

1
1
7
1

r
e
f
_
c
o
o
r
d
i
n
a
t
e
s

=
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s
(
)

-
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n

.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

#
n
e
e
d

m
a
s
s
e
s

f
o
r

i
n
p
u
t

t
o

r
m
s
/
t
r
a
n
s
f
o
r
m
a
t
i
o
n

f
u
n
c
t
i
o
n
:

1
1
7
3

m
a
s
s
e
s

=
r
e
f
e
r
e
n
c
e
_
C
A
_
s
e
l
e
c
t
i
o
n
.
m
a
s
s
e
s
(
)
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1
1
7
5

#
S
o
,

w
e

n
o
w

h
a
v
e

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e

w
i
t
h

c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

a
t

(
0
,
0
,
0
)
.

W
e

a
r
e

r
e
a
d
y

t
o

s
t
a
r
t

l
o
o
p
i
n
g

t
h
r
o
u
g
h

f
r
a
m
e
s

i
n

t
h
e

t
r
a
j
e
c
t
o
r
y

a
n
d

d
o
i
n
g

w
o
r
k

t
h
e
r
e
:

1
1
7
7

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

#
B
e
c
a
u
s
e

h
e
l
i
x

1
m
a
y

m
o
v
e

a
b
i
t

w
e

n
e
e
d

t
o

s
e
l
e
c
t

i
t

a
g
a
i
n

i
n

e
a
c
h

f
r
a
m
e
.

W
e

w
i
l
l

a
l
s
o

w
a
n
t

t
o

s
e
l
e
c
t

h
e
l
i
x

2
b
e
c
a
u
s
e

w
e

a
r
e

g
o
i
n
g

t
o

t
r
a
c
k

i
t
s

r
e
l
a
t
i
v
e

p
o
s
i
t
i
o
n
:

1
1
7
9

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

1
1
8
1

#
F
i
n
d

t
h
e

(
c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

z
e
r
o
�
d
)

c
o
o
r
d
i
n
a
t
e
s

f
o
r

h
e
l
i
x

1
i
n

e
a
c
h

f
r
a
m
e
.

T
o

k
e
e
p

t
h
i
n
g
s

c
o
n
s
i
s
t
e
n
t

i
n

r
e
l
a
t
i
v
e

t
e
r
m
s
,

p
e
r
f
o
r
m

t
h
e

s
a
m
e

o
p
e
r
a
t
i
o
n

o
n

h
e
l
i
x

2
(
i
.
e
.
,

t
r
a
n
s
l
a
t
e

i
t

b
y

t
h
e

s
a
m
e

a
m
o
u
n
t
)
:

c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s

(
)

-
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

1
1
8
3

c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
o
o
r
d
i
n
a
t
e
s

(
)

-
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

1
1
8
5

#
W
e

n
e
e
d

t
o

f
i
g
u
r
e

o
u
t

w
h
a
t

k
i
n
d

o
f

t
r
a
n
s
f
o
r
m
a
t
i
o
n

i
s

n
e
e
d
e
d

f
o
r

t
h
e

b
e
s
t

(
r
m
s
d
)

f
i
t

o
f

c
u
r
r
e
n
t

h
e
l
i
x

1
b
a
c
k

t
o

t
h
e

r
e
f
e
r
e
n
c
e

s
t
r
u
c
t
u
r
e
.

T
h
i
s

i
s

b
a
s
e
d

o
n

t
h
e

M
D
A
n
a
l
y
s
i
s
/
e
x
a
m
p
l
e
s
/
r
m
s
f
i
t
.
p
y

e
x
a
m
p
l
e

c
o
d
e

d
i
s
t
r
i
b
u
t
e
d

w
i
t
h

t
h
e

m
o
s
t

r
e
c
e
n
t

r
e
l
e
a
s
e

o
f

M
D
A
n
a
l
y
s
i
s
:

t
r
a
n
s
f
o
r
m
a
t
i
o
n

=
n
u
m
p
y
.
m
a
t
r
i
x
(
M
D
A
n
a
l
y
s
i
s
.
c
o
r
e
.
r
m
s
_
f
i
t
t
i
n
g
.

r
m
s
_
r
o
t
a
t
i
o
n
_
m
a
t
r
i
x
(
c
u
r
r
e
n
t
_
h
e
l
i
x
_
1
_
c
o
o
r
d
i
n
a
t
e
s
,
r
e
f
_
c
o
o
r
d
i
n
a
t
e
s
,

m
a
s
s
e
s
)
)

1
1
8
7
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#
W
e

d
o
n
�
t

a
c
t
u
a
l
l
y

n
e
e
d

t
o

a
p
p
l
y

t
h
e

t
r
a
n
s
f
o
r
m
a
t
i
o
n

t
o

h
e
l
i
x

1
-
-
j
u
s
t

w
a
n
t

t
o

k
n
o
w

w
h
e
r
e

h
e
l
i
x

2
i
s

r
e
l
a
t
i
v
e

t
o

1
n
o
w

t
h
a
t

1
i
s

f
i
x
e
d
:

1
1
8
9

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s

=
c
u
r
r
e
n
t
_
h
e
l
i
x
_
2
_
c
o
o
r
d
i
n
a
t
e
s

*

t
r
a
n
s
f
o
r
m
a
t
i
o
n

1
1
9
1

#
H
e
l
i
x

2
i
s

r
e
p
r
e
s
e
n
t
e
d

a
s

a
n
u
m
p
y

m
a
t
r
i
x

o
f

c
o
o
r
d
i
n
a
t
e
s
.

S
i
n
c
e

t
h
e

C
A

p
a
r
t
i
c
l
e
s

a
l
l

h
a
v
e

t
h
e

s
a
m
e

m
a
s
s
,

w
e

c
a
n

t
r
e
a
t

t
h
e

m
a
s
s

a
s

1
a
n
d

s
i
m
p
l
y

f
i
n
d

t
h
e

a
v
e
r
a
g
e

p
o
s
i
t
i
o
n

o
f

a
l
l

p
a
r
t
i
c
l
e
s

t
o

r
e
p
r
e
s
e
n
t

t
h
e

c
e
n
t
e
r

o
f

m
a
s
s
.

x
_
s
u
m
=
0
;

y
_
s
u
m
=
0
;

z
_
s
u
m
=
0

1
1
9
3

f
o
r

x
,
y
,
z

i
n

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
.
t
o
l
i
s
t
(
)
:

x
_
s
u
m

+
=

x
;

y
_
s
u
m

+
=

y
;

z
_
s
u
m

+
=

z

1
1
9
5

c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
2

=
[
x
_
s
u
m
/
l
e
n
(
h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
,
y
_
s
u
m
/

l
e
n
(
h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
,
z
_
s
u
m
/
l
e
n
(

h
e
l
i
x
_
2
_
u
p
d
a
t
e
d
_
c
o
o
r
d
i
n
a
t
e
s
)
]

#
p
u
t

t
h
e

c
e
n
t
e
r
s

i
n

a
l
i
s
t

s
o

t
h
e
y

c
a
n

b
e

a
c
c
e
s
s
e
d

b
y

t
h
e

c
o
d
e

t
h
a
t

w
i
l
l

b
i
n

t
h
e

d
a
t
a

a
f
t
e
r

t
h
e

f
r
a
m
e
-
s
t
e
p
p
i
n
g

l
o
o
p

e
x
i
t
s

1
1
9
7

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
.
a
p
p
e
n
d
(
c
e
n
t
e
r
_
o
f
_
m
a
s
s
_
h
e
l
i
x
_
2
)

p
r
i
n
t

s
t
r
(
p
a
t
h
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

1
1
9
9

#
w
e

w
a
n
t

t
o

e
x
t
r
a
c
t

t
h
e

x
a
n
d

y
c
o
o
r
d
i
n
a
t
e
s

f
o
r

h
e
l
i
x

2
s
u
c
h

t
h
a
t

t
h
e
y

a
r
e

f
i
l
t
e
r
e
d

b
y

s
i
m
u
l
a
t
i
o
n

t
y
p
e

(
i
.
e
.
,

f
o
l
d
e
r

n
a
m
e
)

a
n
d

a
p
p
e
n
d

t
h
e
m

t
o

a
n

a
p
p
r
o
p
r
i
a
t
e
l
y

n
a
m
e
d

l
i
s
t

(
t
h
e
s
e

l
i
s
t
s

a
r
e

i
n
i
t
i
a
l
i
z
e
d

i
n

t
h
e

h
e
a
d

s
c
r
i
p
t

s
o

t
h
e
y

c
a
n

b
e

a
p
p
e
n
d
e
d

a
s

t
h
e

f
u
n
c
t
i
o
n

l
o
o
p
s

t
h
r
o
u
g
h
)

1
2
0
1

i
f

�
R
R
A
G
S
V
Y
A
G
I
L
S
Y
G
V
G
F
F
L
F
I
L
V
V
A
A
V
T
L
C
R
L
R
_
_
_
_
_
_
_
-

R
R
A
G
S
V
Y
A
G
I
L
S
Y
R
V
G
F
F
L
F
I
L
V
V
A
A
V
T
L
C
R
L
R
_
_
_
_
_
_
_
�

i
n

p
a
t
h
_
n
a
m
e
:

f
o
r

(
x
,
y
,
z
)

i
n

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
:

1
2
0
3

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
.
a
p
p
e
n
d
(
x
)

h
e
t
e
r
o
d
i
m
e
r
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
.
a
p
p
e
n
d
(
y
)
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1
2
0
5

e
l
i
f

�
R
R
A
G
S
V
Y
A
G
I
L
S
Y
R
V
G
F
F
L
F
I
L
V
V
A
A
V
T
L
C
R
L
R
_
_
_
_
_
_
_
-

R
R
A
G
S
V
Y
A
G
I
L
S
Y
R
V
G
F
F
L
F
I
L
V
V
A
A
V
T
L
C
R
L
R
_
_
_
_
_
_
_
�

i
n

p
a
t
h
_
n
a
m
e
:

f
o
r

(
x
,
y
,
z
)

i
n

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
:

1
2
0
7

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
.
a
p
p
e
n
d
(
x
)

m
u
t
a
n
t
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
.
a
p
p
e
n
d
(
y
)

1
2
0
9

e
l
i
f

�
R
R
A
G
S
V
Y
A
G
I
L
S
Y
G
V
G
F
F
L
F
I
L
V
V
A
A
V
T
L
C
R
L
R
_
_
_
_
_
_
_
-

R
R
A
G
S
V
Y
A
G
I
L
S
Y
G
V
G
F
F
L
F
I
L
V
V
A
A
V
T
L
C
R
L
R
_
_
_
_
_
_
_
�

i
n

p
a
t
h
_
n
a
m
e
:

f
o
r

(
x
,
y
,
z
)

i
n

l
i
s
t
_
h
e
l
i
x
_
2
_
c
e
n
t
e
r
s
:

1
2
1
1

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
.
a
p
p
e
n
d
(
x
)

w
i
l
d
t
y
p
e
_
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
.
a
p
p
e
n
d
(
y
)

1
2
1
3

#
s
o
,

a
f
t
e
r

g
o
i
n
g

t
h
r
o
u
g
h

a
l
l

2
8
6

F
G
F
R
3

S
I
D
E
K
I
C
K

d
i
m
e
r

s
i
m
u
l
a
t
i
o
n
s
,

e
a
c
h

o
f

t
h
e

l
i
s
t
s

w
i
l
l

c
o
n
t
a
i
n

t
h
e

a
p
p
r
o
r
p
i
a
t
e

s
e
t

o
f

c
o
o
r
d
i
n
a
t
e
s

f
r
o
m

1
0

s
i
m
u
l
a
t
i
o
n
s
.

F
o
r

b
i
n
n
i
n
g

a
n
d

p
r
o
b
a
b
i
l
i
t
y

c
a
l
c
u
l
a
t
i
o
n

i
t

w
i
l
l

b
e

w
o
r
t
h
w
h
i
l
e

t
o

g
e
n
e
r
a
l
i
z
e

t
h
e

p
o
r
t
i
o
n

o
f

t
h
e

c
o
d
e

t
h
a
t

d
e
a
l
s

w
i
t
h

t
h
a
t

i
n

a
f
u
n
c
t
i
o
n

a
n
d

t
h
e
n

c
a
l
l

i
t

a
f
t
e
r

t
h
i
s

f
u
n
c
t
i
o
n

f
r
o
m

t
h
e

h
e
a
d

s
c
r
i
p
t

1
2
1
5

d
e
f

t
h
e
r
m
a
l
_
b
i
n
s
_
S
I
D
E
K
I
C
K
(
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,

h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
,

o
u
t
f
i
l
e
_
p
a
t
h
)
:

1
2
1
7

�
�
�
P
a
r
s
e
s

t
h
e

F
G
F
R
3

h
e
l
i
x

2
c
o
o
r
d
i
n
a
t
e

l
i
s
t

d
a
t
a

f
r
o
m

t
h
e

f
i
x
e
d
_
h
e
l
i
x
_
t
h
e
r
m
a
l
_
m
e
r
g
e
d
(
)

f
u
n
c
t
i
o
n

a
n
d

w
r
i
t
e
s

t
h
e

b
i
n
n
e
d

p
r
o
b
a
b
i
l
i
t
y

d
a
t
a

t
o

t
h
e

a
p
p
r
o
p
r
i
a
t
e

f
i
l
e
.

M
e
a
n
t

t
o

w
o
r
k

w
i
t
h

t
h
e

*
o
v
e
r
a
l
l
*

F
G
F
R
3

�
t
h
e
r
m
a
l
�

p
o
s
i
t
i
o
n

d
a
t
a
,

s
o

t
h
e

l
i
s
t
s

c
o
n
t
a
i
n

c
o
o
r
d
i
n
a
t
e
s

f
r
o
m

a
l
l

r
e
p
l
i
c
a
t
e
s

i
n

e
a
c
h

o
f

t
h
e

t
h
r
e
e

s
i
m
u
l
a
t
i
o
n

c
o
n
d
i
t
i
o
n
s
.

C
a
l
l

t
h
i
s

f
u
n
c
t
i
o
n

a
f
t
e
r

f
i
x
e
d
_
h
e
l
i
x
_
t
h
e
r
m
a
l
_
m
e
r
g
e
d
(
)

(
a
n
d

o
u
t
s
i
d
e

o
f

m
a
i
n
)

i
n

t
h
e

h
e
a
d

s
c
r
i
p
t
.

N
o
t
e

t
h
a
t

t
h
e

n
o
n
-
m
e
r
g
e
d

f
u
n
c
t
i
o
n

i
s

d
i
f
f
e
r
e
n
t

i
n

t
h
a
t

i
t

c
o
n
t
a
i
n
s

i
t
s

o
w
n

b
i
n
n
i
n
g

r
o
u
t
i
n
e
s

s
o

y
o
u

d
o
n
�
t

h
a
v
e

t
o

c
a
l
l

t
h
i
s
.
�
�
�

1
2
1
9

o
u
t
f
i
l
e

=
o
p
e
n
(
o
u
t
f
i
l
e
_
p
a
t
h
,

�
w
�
)

#
s
e
t

a
b
i
n

s
e
p
a
r
a
t
i
o
n

a
n
d

b
u
i
l
d

b
i
n
s

a
r
o
u
n
d

m
i
n

a
n
d

m
a
x

v
a
l
u
e
s

1
2
2
1

b
i
n
_
s
e
p
a
r
a
t
i
o
n

=
0
.
4
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l
i
s
t
_
o
f
_
b
i
n
_
c
o
u
n
t
s

=
[
]

1
2
2
3

#
p
o
p
u
l
a
t
e

t
h
e

b
i
n

v
a
l
u
e

l
i
s
t
s

b
a
s
e
d

o
n

t
h
e

b
o
u
n
d
s

o
f

d
a
t
a

x
=

m
i
n
(
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
)

1
2
2
5

x
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t

=
[
]

w
h
i
l
e

x
<
=

m
a
x
(
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
)
:

1
2
2
7

x
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
.
a
p
p
e
n
d
(
x
)

x
+
=

b
i
n
_
s
e
p
a
r
a
t
i
o
n

1
2
2
9

# y
=

m
i
n
(
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
)

1
2
3
1

y
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t

=
[
]

w
h
i
l
e

y
<
=

m
a
x
(
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
)
:

1
2
3
3

y
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
.
a
p
p
e
n
d
(
y
)

y
+
=

b
i
n
_
s
e
p
a
r
a
t
i
o
n

1
2
3
5

#
f
o
r

e
v
e
r
y

x
c
o
o
r
d
i
n
a
t
e

o
f

h
e
l
i
x

2
f
i
n
d

a
m
a
t
c
h
i
n
g

x
-
b
i
n

w
h
e
r
e

i
t

b
e
l
o
n
g
s
:

1
2
3
7

f
o
r

h
e
l
i
x
_
2
_
x
,
h
e
l
i
x
_
2
_
y

i
n

z
i
p
(
h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
,
h
e
l
i
x
_
2
_
y
_
c
o
o
r
d
_
l
i
s
t
)
:

f
o
r

x
_
b
i
n

i
n

x
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
:

1
2
3
9

i
f

h
e
l
i
x
_
2
_
x

>
(
x
_
b
i
n

-
(
b
i
n
_
s
e
p
a
r
a
t
i
o
n
/
2
.
0
)
)

a
n
d

h
e
l
i
x
_
2
_
x

<
=

(
x
_
b
i
n

+
(
b
i
n
_
s
e
p
a
r
a
t
i
o
n
/
2
.
0
)
)
:

#
i
f

t
h
e

a
b
o
v
e

c
o
n
d
i
t
i
o
n

i
s

s
a
t
i
s
f
i
e
d

t
h
e
n

w
e

h
a
v
e

f
o
u
n
d

t
h
e

a
p
p
r
o
p
r
i
a
t
e

x
-
b
i
n

f
o
r

t
h
e

x
c
o
o
r
d
i
n
a
t
e

a
n
d

w
e

n
e
e
d

t
o

i
t
e
r
a
t
e

t
h
r
o
u
g
h

t
h
e

y
b
i
n
s

t
o

s
e
e

w
h
e
r
e

t
h
e

y
c
o
o
r
d
i
n
a
t
e

f
i
t
s
:

1
2
4
1

f
o
r

y
_
b
i
n

i
n

y
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
:

#
t
h
e

x
,
y

c
o
o
r
d
i
n
a
t
e
s

s
h
o
u
l
d

m
a
t
c
h

b
e
c
a
u
s
e

l
i
s
t
s

a
r
e

o
r
d
e
r
e
d

i
f

h
e
l
i
x
_
2
_
y

>
(
y
_
b
i
n

-
(
b
i
n
_
s
e
p
a
r
a
t
i
o
n
/
2
.
0
)
)

a
n
d

h
e
l
i
x
_
2
_
y

<
=

(
y
_
b
i
n

+
(
b
i
n
_
s
e
p
a
r
a
t
i
o
n

/
2
.
0
)
)
:

1
2
4
3

#
e
v
e
r
y

t
i
m
e

t
h
e

h
e
l
i
x

2
(
x
,
y
)

c
o
o
r
d
i
n
a
t
e

f
a
l
l
s

i
n

a
2
D

b
i
n
,

p
r
i
n
t

t
h
e

x
,
y

b
i
n

v
a
l
u
e
s

i
n

a
t
u
p
l
e

a
n
d
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a
p
p
e
n
d

t
o

a
l
i
s
t
:

l
i
s
t
_
o
f
_
b
i
n
_
c
o
u
n
t
s
.
a
p
p
e
n
d
(
(
x
_
b
i
n
,
y
_
b
i
n
)

)

1
2
4
5

#
t
h
e

x
a
n
d

y
b
i
n

l
i
s
t
s

s
h
o
u
l
d

b
e

s
o
r
t
e
d

b
y

d
e
f
a
u
l
t

s
o

i
t

s
h
o
u
l
d

b
e

s
e
n
s
i
b
l
e

t
o

l
o
o
p

t
h
r
o
u
g
h

e
a
c
h

a
n
d

p
r
o
d
u
c
e

a
g
n
u
p
l
o
t
-
r
e
a
d
y

p
r
o
b
a
b
i
l
i
t
y

f
o
r

e
a
c
h

2
d

b
i
n

1
2
4
7

f
o
r

x
_
b
i
n

i
n

x
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
:

1
2
4
9

f
o
r

y
_
b
i
n

i
n

y
_
b
i
n
_
v
a
l
u
e
_
l
i
s
t
:

1
2
5
1

o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
x
_
b
i
n
)

+
�

�
+

s
t
r
(
y
_
b
i
n
)

+
�

�
+

s
t
r
(
f
l
o
a
t
(

l
i
s
t
_
o
f
_
b
i
n
_
c
o
u
n
t
s
.
c
o
u
n
t
(
(
x
_
b
i
n
,
y
_
b
i
n
)
)
)
/
f
l
o
a
t
(
l
e
n
(

h
e
l
i
x
_
2
_
x
_
c
o
o
r
d
_
l
i
s
t
)
)
)

+
�
\
n
�
)

#
w
e

w
a
n
t

a
n

e
m
p
t
y

l
i
n
e

b
e
t
w
e
e
n

t
h
e

b
l
o
c
k
s

o
f

(
x
-
b
i
n
)

d
a
t
a

f
o
r

g
n
u
p
l
o
t
:

1
2
5
3

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
\
n
�
)

o
u
t
f
i
l
e
.
c
l
o
s
e
(
)

1
2
5
5

d
e
f

o
p
t
i
m
i
z
e
_
l
e
a
f
l
e
t
_
s
e
l
e
c
t
i
o
n
_
c
u
t
o
f
f
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
)
:

1
2
5
7

�
�
�
O
c
t
.

7
/

2
0
1
0
:

A
d
a
p
t
i
n
g

f
o
r

u
s
e

w
i
t
h

F
G
F
R
3

s
i
m
u
l
a
t
i
o
n
s
.

A
d
i
s
t
a
n
c
e

c
u
t
o
f
f

i
s

u
s
e
d

b
y

M
D
a
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t
.
L
e
a
f
l
e
t
F
i
n
d
e
r
(
)

t
o

e
s
t
a
b
l
i
s
h

n
e
t
w
o
r
k
s

o
f

m
o
l
e
c
u
l
e
s

b
e
l
o
n
g
i
n
g

t
o

a
g
i
v
e
n

l
e
a
f
l
e
t
.

T
h
e

p
u
r
p
o
s
e

o
f

t
h
i
s

f
u
n
c
t
i
o
n

i
s

t
o

c
a
l
l

M
d
a
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t
.
o
p
t
i
m
i
z
e
_
c
u
t
o
f
f
(
)
,

w
h
i
c
h

i
s

a
b
u
i
l
t
-
i
n

M
D
A
n
a
l
y
s
i
s

t
o
o
l

f
o
r

o
p
t
i
m
i
z
i
n
g

t
h
i
s

c
u
t
o
f
f

f
o
r

t
h
e

s
e
l
e
c
t
i
o
n

o
f

t
w
o

l
e
a
f
l
e
t
s
,

r
a
t
h
e
r

t
h
a
n

e
s
t
a
b
l
i
s
h
i
n
g

e
x
t
r
a

n
e
t
w
o
r
k
s

o
r

h
a
v
i
n
g

c
u
t
o
f
f

p
r
o
b
l
e
m
s

w
h
e
n

g
o
i
n
g

s
t
r
a
i
g
h
t

t
o

t
h
e

L
e
a
f
l
e
t
F
i
n
d
e
r
(
)

r
o
u
t
i
n
e
.
�
�
�

i
m
p
o
r
t

M
D
A
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t

1
2
5
9

o
p
t
i
m
i
z
e
_
c
u
t
o
f
f

=
M
D
A
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t
.
o
p
t
i
m
i
z
e
_
c
u
t
o
f
f

#
t
h
e

h
e
a
d

s
c
r
i
p
t

t
h
a
t

c
a
l
l
s

t
h
i
s

f
u
n
c
t
i
o
n

w
i
l
l

a
u
t
o
m
a
t
i
c
a
l
l
y

s
w
i
t
c
h

d
i
r
e
c
t
o
r
i
e
s

t
o

p
i
c
k

u
p

n
e
w

u
n
i
v
e
r
s
e

o
b
j
e
c
t
s
,

s
o

j
u
s
t

f
e
e
d

t
h
e
m

i
n

t
o

t
h
e

o
p
t
i
m
i
z
e
_
c
u
t
o
f
f

f
u
n
c
t
i
o
n

a
l
o
n
g

w
i
t
h

t
h
e

n
e
c
e
s
s
a
r
y

p
a
r
a
m
e
t
e
r
s

f
o
r

t
e
s
t
i
n
g

l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n

425



o
n

a
p
e
r
-
r
e
p
l
i
c
a
t
e

b
a
s
i
s

1
2
6
1

#
t
h
e

s
e
l
e
c
t
i
o
n

s
t
r
i
n
g

s
h
o
u
l
d

p
i
c
k

o
u
t

a
l
l

t
h
e

l
i
p
i
d

p
h
o
s
p
h
a
t
e
s

i
n

t
h
e

s
y
s
t
e
m
:

1
2
6
3

s
e
l
e
c
t
i
o
n

=
�
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e

P
*
�

#
t
h
e

r
a
n
g
e

o
f

c
u
t
o
f
f
s

t
o

t
e
s
t

f
o
r

e
s
t
a
b
l
i
s
h
i
n
g

l
e
a
f
l
e
t

n
e
t
w
o
r
k
s

b
e
t
w
e
e
n

h
e
a
d
g
r
o
u
p

p
h
o
s
p
h
a
t
e
s

(
i
n

A
n
g
s
t
r
o
m
s
)
:

1
2
6
5

d
m
i
n

=
8
.
0

d
m
a
x

=
2
0
.
0

1
2
6
7

#
t
h
e

s
t
e
p

s
i
z
e

(
i
n

A
n
g
s
t
r
o
m
s
)

f
o
r

t
e
s
t
i
n
g

c
u
t
o
f
f
s
:

s
t
e
p

=
0
.
5

1
2
6
9

p
r
i
n
t

f
o
l
d
e
r
_
n
a
m
e

#
s
o

I
c
a
n

t
r
a
c
k

w
h
i
c
h

r
e
p
l
i
c
a
t
e

i
s

b
e
i
n
g

p
a
r
s
e
d

#
c
a
l
l

t
h
e

M
D
A
n
a
l
y
s
i
s

f
u
n
c
t
i
o
n

w
h
i
c
h

s
h
o
u
l
d

i
n
d
i
c
a
t
e

t
h
e

n
u
m
b
e
r

o
f

l
e
a
f
l
e
t
s

s
e
l
e
c
t
e
d

(
i
d
e
a
l
l
y

t
w
o

o
b
v
i
o
u
s
l
y
)

f
o
r

a
g
i
v
e
n

c
u
t
o
f
f
:

1
2
7
1

r
e
s
u
l
t

=
o
p
t
i
m
i
z
e
_
c
u
t
o
f
f
(
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
e
l
e
c
t
i
o
n
,

d
m
i
n
,

d
m
a
x
,

s
t
e
p
)

p
r
i
n
t

r
e
s
u
l
t

#
r
e
t
u
r
n
s

t
u
p
l
e
:

(
o
p
t
i
m
u
m

c
u
t
o
f
f
,

n
u
m
b
e
r

o
f

l
e
a
f
l
e
t
s

e
s
t
a
b
l
i
s
h
e
d

w
i
t
h

t
h
i
s

c
u
t
o
f
f
)

1
2
7
3

d
e
f

a
n
a
l
y
z
e
_
l
e
a
f
l
e
t
s
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
f
i
l
e
_
n
a
m
e
,

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
,

c
u
t
o
f
f
,

s
y
s
t
e
m
_
n
a
m
e
)
:

1
2
7
5

�
�
�
O
c
t
.

7
/

2
0
1
0
:

A
d
a
p
t
i
n
g

f
o
r

u
s
e

w
i
t
h

F
G
F
R
3

s
i
m
u
l
a
t
i
o
n
s
.

H
a
v
i
n
g

e
s
t
a
b
l
i
s
h
e
d

a

c
u
t
o
f
f

f
o
r

l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n

f
r
o
m

t
h
e

M
D
A
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t
.

o
p
t
i
m
i
z
e
_
c
u
t
o
f
f

f
u
n
c
t
i
o
n

I
c
o
u
l
d

t
r
y

t
o

f
e
e
d

t
h
i
s

i
n
t
o

t
h
e

L
e
a
f
l
e
t
F
i
n
d
e
r
(
)

c
l
a
s
s

f
o
r

e
v
e
r
y

f
r
a
m
e

o
f

a
s
i
m
u
l
a
t
i
o
n

r
e
p
l
i
c
a
t
e

t
o

r
e
f
r
e
s
h

t
h
e

l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n
s
.

H
o
w
e
v
e
r
,

f
e
e
d
i
n
g

t
h
e

c
h
a
n
g
i
n
g

c
o
o
r
d
i
n
a
t
e
s

t
o

L
e
a
f
l
e
t
F
i
n
d
e
r
(
)

e
v
e
r
y

f
r
a
m
e

m
a
y

r
e
s
u
l
t

i
n

u
n
n
a
t
u
r
a
l

l
e
a
f
l
e
t

d
e
f
i
n
i
t
i
o
n
s

a
n
d

s
e
p
a
r
a
t
i
o
n

d
i
s
t
a
n
c
e
s

a
s

t
h
e

b
i
l
a
y
e
r

d
i
s
t
o
r
t
s

(
e
s
p
e
c
i
a
l
l
y

i
f

t
h
e

i
n
t
e
r
n
e
t
w
o
r
k

c
u
t
o
f
f

<
=

i
n
t
r
a
-
n
e
t
w
o
r
k

c
u
t
o
f
f

a
t

s
o
m
e

p
o
s
i
t
i
o
n
s
)
.

I
n
s
t
e
a
d
,

I
t
h
i
n
k

i
t

i
s

p
e
r
h
a
p
s

b
e
t
t
e
r

t
o

s
i
m
p
l
y

s
e
l
e
c
t

t
w
o

p
h
o
s
p
h
a
t
e

p
a
r
t
i
c
l
e

g
r
o
u
p
s

(
o
n
e

f
o
r

e
a
c
h

l
e
a
f
l
e
t

s
e
l
e
c
t
e
d

p
r
e
s
u
m
a
b
l
y

f
r
o
m

t
h
e

f
i
r
s
t

f
r
a
m
e

o
f

e
a
c
h

s
i
m
u
l
a
t
i
o
n

b
y

L
e
a
f
l
e
t
F
i
n
d
e
r

(
)
)

a
n
d

u
s
e

t
h
e
s
e

a
s

a
b
s
o
l
u
t
e

l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n
s

w
h
i
c
h

c
a
n

b
e

t
r
a
c
k
e
d

f
o
r
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v
a
r
i
o
u
s

c
h
a
n
g
e
s

w
i
t
h
o
u
t

w
o
r
r
y
i
n
g

a
b
o
u
t

w
h
i
c
h

p
a
r
t
i
c
l
e
s

g
e
t

s
e
l
e
c
t
e
d

a
s

t
h
e

b
i
l
a
y
e
r

d
i
s
t
o
r
t
s
.

O
c
t

5
/
2
0
1
0
:

p
u
t

i
n

v
a
r
i
o
u
s

p
r
i
n
t

c
h
e
c
k
s

f
o
r

t
e
s
t
i
n
g
;

l
o
o
k
s

l
i
k
e

I
f
i
x
e
d

t
h
e

p
r
o
b
l
e
m

a
t

c
h
e
c
k

3
a

a
n
d

n
o
w

c
o
m
m
e
n
t
i
n
g

o
u
t

t
h
e

p
r
i
n
t

c
h
e
c
k
s
.

1
2
7
7

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n

i
s

t
h
e

a
l
l
o
w
a
b
l
e

d
i
s
t
a
n
c
e

(
i
n

A
n
g
s
t
r
o
m
s
)

b
e
t
w
e
e
n

p
h
o
s
p
h
a
t
e

p
a
r
t
i
c
l
e
s

a
n
d

p
r
o
t
e
i
n

C
A

r
e
s
i
d
u
e
s

f
o
r

i
n
c
l
u
s
i
o
n

i
n

t
h
e

�
l
o
c
a
l

l
i
p
i
d

s
h
e
l
l
�

1
2
7
9

t
h
e

c
u
t
o
f
f

p
a
r
a
m
e
t
e
r

i
s

f
o
r

t
h
e

M
D
A
n
a
l
y
s
i
s

n
e
t
w
o
r
k

s
e
l
e
c
t
i
o
n

o
f

l
e
a
f
l
e
t
s

a
n
d

t
h
e

o
p
t
i
m
a
l

v
a
l
u
e

v
a
r
i
e
s

f
o
r

W
T

a
n
d

h
e
t
e
r
o
/
m
u
t
a
n
t

F
G
F
R
3

c
o
n
d
i
t
i
o
n
s

�
�
�

1
2
8
1

i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
F
G
F
R
3
�
:

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
3
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r

1
2
8
3

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

3
4
:
6
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r

e
l
i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
G
p
A
�
:

1
2
8
5

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
2
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

G
p
A

m
o
n
o
m
e
r

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

2
4
:
4
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

G
p
A

m
o
n
o
m
e
r

1
2
8
7

w
i
t
h

o
p
e
n
(
o
u
t
f
i
l
e
_
n
a
m
e
,

�
w
�
)

a
s

o
u
t
f
i
l
e
:

1
2
8
9

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
#
f
o
r
m
a
t
:

f
r
a
m
e

|
t
h
i
c
k
n
e
s
s

n
e
a
r

f
i
r
s
t

m
o
n
o
m
e
r

|

t
h
i
c
k
n
e
s
s

n
e
a
r

s
e
c
o
n
d

m
o
n
o
m
e
r

|
d
i
s
t
a
l

t
h
i
c
k
n
e
s
s

|
(
A
n
g
s
t
r
o
m
s
)
\
n
�
)

i
m
p
o
r
t

M
D
A
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t

1
2
9
1

#
u
s
e

t
h
e

s
a
m
e

s
e
l
e
c
t
i
o
n

s
t
r
i
n
g

u
s
e
d

f
o
r

o
p
t
i
m
i
z
i
n
g

t
h
e

c
u
t
o
f
f
:

p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n

=
�
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e

P
*
�

1
2
9
3

#
g
e
n
e
r
a
t
e

t
h
e

l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n
s

f
r
o
m

t
h
e

f
i
r
s
t

f
r
a
m
e

u
s
i
n
g

t
h
e

b
u
i
l
t
-

i
n

M
D
A
n
a
l
y
s
i
s

c
l
a
s
s

L
e
a
f
l
e
t
F
i
n
d
e
r
(
)
:
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l
e
a
f
l
e
t
s

=
M
D
A
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t
.
L
e
a
f
l
e
t
F
i
n
d
e
r
(
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
,

c
u
t
o
f
f
)

1
2
9
5

#
p
u
l
l

t
h
e

t
w
o

l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n
s

o
u
t

f
r
o
m

t
h
e

o
b
j
e
c
t
:

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s

=
l
e
a
f
l
e
t
s
.
a
t
o
m
s
(
0
)

#
c
l
e
a
r
l
y

t
h
e

�
b
o
t
t
o
m
�

l
e
a
f
l
e
t

i
n

m
y

s
y
s
t
e
m

u
s
i
n
g

t
h
e

s
e
l
e
c
t
i
o
n

c
o
n
v
e
r
s
i
o
n

t
o

V
M
D

s
h
o
w
n

b
e
l
o
w

1
2
9
7

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s

=
l
e
a
f
l
e
t
s
.
a
t
o
m
s
(
1
)

#
t
h
e
r
e
f
o
r
e
,

t
h
i
s

i
s

t
h
e

�
t
o
p

�
(
+
Z
)

s
e
t

o
f

p
h
o
s
p
h
a
t
e
s

(
t
o
p

l
e
a
f
l
e
t
)

1
2
9
9

#
N
o
w

I
w
a
n
t

p
y
t
h
o
n

l
i
s
t
s

o
f

p
h
o
s
p
h
a
t
e

r
e
s
i
d
u
e
s

f
o
r

t
h
e
s
e

l
e
a
f
l
e
t
s

(
.

r
e
s
i
d
s
(
)

m
e
t
h
o
d
)

t
o

b
e

c
o
n
v
e
r
t
e
d

s
o

t
h
e
y

c
a
n

b
e

p
a
r
s
e
d

b
y

t
h
e

M
D
A
n
a
l
y
s
i
s

u
.
s
e
l
e
c
t
A
t
o
m
s
(
)

p
a
r
s
e
r
.

B
a
s
i
c
a
l
l
y

a
d
d
i
n
g

i
n

s
p
a
c
e
s

a
n
d

�
o
r

�
e
t
c
.
:

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t

=
[
]

1
3
0
1

t
o
p
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t

=
[
]

1
3
0
3

#
f
o
r

b
o
t
t
o
m

l
e
a
f
l
e
t
:

f
o
r

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r

i
n

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
:

1
3
0
5

i
f

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
.
i
n
d
e
x
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

<
(
l
e
n
(
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.

r
e
s
i
d
s
(
)
)
-
1
)
:

#
f
o
r

a
l
l

b
u
t

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

o
r

�

1
3
0
7

e
l
s
e
:

#
w
e
�
l
l

w
a
n
t

a
r
i
g
h
t

�
)
�

a
f
t
e
r

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

)
�

1
3
0
9

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
.
a
p
p
e
n
d
(
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g
)

1
3
1
1

#
r
e
p
e
a
t

f
o
r

t
o
p

l
e
a
f
l
e
t
:

f
o
r

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r

i
n

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
:
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1
3
1
3

i
f

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
.
i
n
d
e
x
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

<
(
l
e
n
(
t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.

r
e
s
i
d
s
(
)
)
-
1
)
:

#
f
o
r

a
l
l

b
u
t

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

t
o
p
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

o
r

�

1
3
1
5

e
l
s
e
:

#
w
e
�
l
l

w
a
n
t

a
r
i
g
h
t

�
)
�

a
f
t
e
r

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

t
o
p
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

)
�

1
3
1
7

t
o
p
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
.
a
p
p
e
n
d
(
t
o
p
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g
)

1
3
1
9

#
a
s
s
i
g
n

t
h
e

f
o
r
m
a
t
t
e
d

s
e
l
e
c
t
i
o
n

s
t
r
i
n
g
s
:

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

=
�
(

�
+

�
�
.
j
o
i
n
(

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
)

+
�

a
n
d

(
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e

P
*

)
�

1
3
2
1

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

=
�
(

�
+

�
�
.
j
o
i
n
(

t
o
p
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
)

+
�

a
n
d

(
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e

P
*

)
�

1
3
2
3

#
N
o
w

t
h
a
t

t
h
e

�
a
b
s
o
l
u
t
e
�

l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n

s
t
r
i
n
g
s

a
r
e

r
e
a
d
y

I
w
i
l
l

s
t
a
r
t

t
h
e

t
r
a
j
e
c
t
o
r
y

l
o
o
p
i
n
g
:

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

1
3
2
5

#
I

w
a
n
t

t
o

u
s
e

M
D
A
n
a
l
y
s
i
s

t
o

p
a
r
s
e

f
o
r

p
h
o
s
p
h
a
t
e
s

o
f

e
a
c
h

l
e
a
f
l
e
t

w
i
t
h
i
n

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n

A
n
g
s
t
r
o
m
s

o
f

e
i
t
h
e
r

p
r
o
t
e
i
n

m
o
l
e
c
u
l
e
.

1
3
2
7

#
s
e
l
e
c
t
i
o
n

s
t
r
i
n
g
s

f
o
r

F
G
F
R
3

m
o
n
o
m
e
r
s

f
o
r

T
O
P

l
e
a
f
l
e
t

p
h
o
s
p
h
a
t
e
s

w
i
t
h
i
n

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
:

1
3
2
9

p
h
o
s
p
h
_
a
r
o
u
n
d
_
f
i
r
s
t
_
m
o
n
o
m
e
r
_
t
o
p
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%
s

%

s
)
"

%
(
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)
,

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

+
�

a
n
d

�
+

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g
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p
h
o
s
p
h
_
a
r
o
u
n
d
_
s
e
c
o
n
d
_
m
o
n
o
m
e
r
_
t
o
p
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%
s

%
s

)
"

%
(
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)
,

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

+
�

a
n
d

�
+

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

1
3
3
1

#
s
a
m
e

t
h
i
n
g

f
o
r

b
o
t
t
o
m

l
e
a
f
l
e
t

p
h
o
s
p
h
a
t
e
s

w
i
t
h
i
n

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n

o
f

F
G
F
R
3

m
o
n
o
m
e
r

1
o
r

2
:

1
3
3
3

p
h
o
s
p
h
_
a
r
o
u
n
d
_
f
i
r
s
t
_
m
o
n
o
m
e
r
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%

s
%
s

)
"

%
(
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)
,

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

+
�

a
n
d

�
+

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

p
h
o
s
p
h
_
a
r
o
u
n
d
_
s
e
c
o
n
d
_
m
o
n
o
m
e
r
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%
s

%
s

)
"

%
(
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)
,

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

+
�

a
n
d

�
+

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

1
3
3
5

#
w
i
l
l

n
e
e
d

s
e
p
a
r
a
t
e

s
e
l
e
c
t
i
o
n

s
t
r
i
n
g
s

f
o
r

l
e
a
f
l
e
t

p
h
o
s
p
h
a
t
e
s

t
h
a
t

a
r
e

N
O
T

w
i
t
h
i
n

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n

o
f

e
i
t
h
e
r

p
r
o
t
e
i
n
:

1
3
3
7

t
o
p
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

+
�

a
n
d

n
o
t

�
+

"
(

a
r
o
u
n
d

%
s

(
n
a
m
e

C
A

)
)
"

%
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)

b
o
t
t
o
m
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

+
�

a
n
d

n
o
t

�
+

"
(

a
r
o
u
n
d

%
s

(
n
a
m
e

C
A

)
)
"

%
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)

1
3
3
9

#
p
r
o
d
u
c
e

t
h
e

a
c
t
u
a
l

M
D
A
n
a
l
y
s
i
s

A
t
o
m
G
r
o
u
p

s
e
l
e
c
t
i
o
n
s
:

1
3
4
1

p
h
o
s
p
h
_
a
r
o
u
n
d
_
f
i
r
s
t
_
m
o
n
o
m
e
r
_
t
o
p
_
l
e
a
f
l
e
t

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.

s
e
l
e
c
t
A
t
o
m
s
(
p
h
o
s
p
h
_
a
r
o
u
n
d
_
f
i
r
s
t
_
m
o
n
o
m
e
r
_
t
o
p
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g
)

p
h
o
s
p
h
_
a
r
o
u
n
d
_
s
e
c
o
n
d
_
m
o
n
o
m
e
r
_
t
o
p
_
l
e
a
f
l
e
t

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.

s
e
l
e
c
t
A
t
o
m
s
(
p
h
o
s
p
h
_
a
r
o
u
n
d
_
s
e
c
o
n
d
_
m
o
n
o
m
e
r
_
t
o
p
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g
)

1
3
4
3

p
h
o
s
p
h
_
a
r
o
u
n
d
_
f
i
r
s
t
_
m
o
n
o
m
e
r
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.

s
e
l
e
c
t
A
t
o
m
s
(
p
h
o
s
p
h
_
a
r
o
u
n
d
_
f
i
r
s
t
_
m
o
n
o
m
e
r
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g

)
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p
h
o
s
p
h
_
a
r
o
u
n
d
_
s
e
c
o
n
d
_
m
o
n
o
m
e
r
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.

s
e
l
e
c
t
A
t
o
m
s
(

p
h
o
s
p
h
_
a
r
o
u
n
d
_
s
e
c
o
n
d
_
m
o
n
o
m
e
r
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g
)

1
3
4
5

t
o
p
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

t
o
p
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g
)

b
o
t
t
o
m
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

b
o
t
t
o
m
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g
)

1
3
4
7

#
C
a
l
c
u
l
a
t
e

t
h
e

d
i
f
f
e
r
e
n
c
e

i
n

t
h
e

Z
c
o
o
r
d
i
n
a
t
e

(
i
.
e
.
,

a
m
e
a
s
u
r
e

o
f

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s
)

o
f

t
h
e

l
e
a
f
l
e
t

p
h
o
s
p
h
a
t
e

c
e
n
t
e
r
s

o
f

g
e
o
m
e
t
r
y

f
o
r

a
f
e
w

d
i
f
f
e
r
e
n
t

s
c
e
n
a
r
i
o
s
:

1
3
4
9

#
n
e
a
r

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r
:

1
3
5
1

b
i
l
a
y
e
r
_
Z
_
t
h
i
c
k
n
e
s
s
_
n
e
a
r
_
f
i
r
s
t
_
m
o
n
o
m
e
r

=
a
b
s
(

p
h
o
s
p
h
_
a
r
o
u
n
d
_
f
i
r
s
t
_
m
o
n
o
m
e
r
_
t
o
p
_
l
e
a
f
l
e
t
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)
[
2
]

-
p
h
o
s
p
h
_
a
r
o
u
n
d
_
f
i
r
s
t
_
m
o
n
o
m
e
r
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
.

c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)
[
2
]
)

#
n
e
a
r

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r
:

1
3
5
3

b
i
l
a
y
e
r
_
Z
_
t
h
i
c
k
n
e
s
s
_
n
e
a
r
_
s
e
c
o
n
d
_
m
o
n
o
m
e
r

=
a
b
s
(

p
h
o
s
p
h
_
a
r
o
u
n
d
_
s
e
c
o
n
d
_
m
o
n
o
m
e
r
_
t
o
p
_
l
e
a
f
l
e
t
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)

[
2
]

-
p
h
o
s
p
h
_
a
r
o
u
n
d
_
s
e
c
o
n
d
_
m
o
n
o
m
e
r
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
.

c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)
[
2
]
)

#
e
v
e
r
y
w
h
e
r
e

e
l
s
e

(
n
o
t

w
i
t
h
i
n

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n

o
f

e
i
t
h
e
r

p
r
o
t
e
i
n

)
:

1
3
5
5

b
i
l
a
y
e
r
_
Z
_
t
h
i
c
k
n
e
s
s
_
d
i
s
t
a
l

=
a
b
s
(
t
o
p
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
.

c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)
[
2
]

-
b
o
t
t
o
m
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
.

c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
(
)
[
2
]
)

#
t
r
a
c
k

p
r
o
g
r
e
s
s

o
n

t
h
e

p
r
o
m
p
t
:

1
3
5
7

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)
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o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
t
s
.
f
r
a
m
e
)

+
�

�
+

s
t
r
(

b
i
l
a
y
e
r
_
Z
_
t
h
i
c
k
n
e
s
s
_
n
e
a
r
_
f
i
r
s
t
_
m
o
n
o
m
e
r
)

+
�

�
+

s
t
r
(

b
i
l
a
y
e
r
_
Z
_
t
h
i
c
k
n
e
s
s
_
n
e
a
r
_
s
e
c
o
n
d
_
m
o
n
o
m
e
r
)

+
�

�
+

s
t
r
(

b
i
l
a
y
e
r
_
Z
_
t
h
i
c
k
n
e
s
s
_
d
i
s
t
a
l
)

+
�
\
n
�
)

1
3
5
9

d
e
f

c
o
u
n
t
_
l
i
p
i
d
s
_
i
n
_
l
o
c
a
l
_
s
h
e
l
l
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
f
i
l
e
_
n
a
m
e

,
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
,

c
u
t
o
f
f
,

s
y
s
t
e
m
_
n
a
m
e
)
:

1
3
6
1

�
�
�
O
c
t
.

9
/
2
0
1
0
:

A
d
a
p
t
i
n
g

t
h
i
s

f
u
n
c
t
i
o
n

f
o
r

u
s
e

w
i
t
h

G
p
A

a
n
d

F
G
F
R
3

s
i
m
u
l
a
t
i
o
n
s
.

B
e
c
a
u
s
e

W
h
i
t
e

a
n
d

c
o
-
w
o
r
k
e
r
s

(
S
t
r
u
c
t
u
r
e

1
7
,

3
9
5
-
4
0
5
,

2
0
0
9
)

d
e
f
i
n
e

�
l
o
c
a
l
�

l
i
p
i
d
s

a
s

t
h
e

f
i
r
s
t

2
-
3

s
h
e
l
l
s

(
~
9
0

l
i
p
i
d
s
)

a
r
o
u
n
d

r
h
o
m
b
o
i
d

I
w
a
n
t

t
o

s
e
e

h
o
w

m
a
n
y

l
i
p
i
d
s

a
r
e

b
e
i
n
g

u
s
e
d

t
o

d
e
f
i
n
e

�
l
o
c
a
l
�

b
a
s
e
d

o
n

t
h
e

c
u
t
o
f
f

d
i
s
t
a
n
c
e

(

p
a
r
a
m
e
t
e
r
:

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)

I
�
v
e

u
s
e
d

i
n

t
h
e

a
n
a
l
y
z
e
_
l
e
a
f
l
e
t
s
(
)

f
u
n
c
t
i
o
n

a
b
o
v
e
.

C
o
u
l
d

b
e

t
h
a
t

m
y

s
a
m
p
l
e

s
i
z
e

i
s

a
b
i
t

s
m
a
l
l
.

A
d
j
u
s
t
m
e
n
t
s

m
a
d
e

o
n

O
c
t
.

5
/

2
0
1
0

t
o

m
a
t
c
h

t
h
e

r
e
p
a
i
r

t
o

t
h
e

p
h
o
s
p
h
a
t
e

s
e
l
e
c
t
i
o
n

i
s
s
u
e
s

i
n

a
n
a
l
y
z
e
_
l
e
a
f
l
e
t
s
(
)

f
u
n
c
t
i
o
n

a
b
o
v
e
.

1
3
6
3

l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n

i
s

t
h
e

a
l
l
o
w
a
b
l
e

d
i
s
t
a
n
c
e

(
i
n

A
n
g
s
t
r
o
m
s
)

b
e
t
w
e
e
n

p
h
o
s
p
h
a
t
e

p
a
r
t
i
c
l
e
s

a
n
d

p
r
o
t
e
i
n

C
A

r
e
s
i
d
u
e
s

f
o
r

i
n
c
l
u
s
i
o
n

i
n

t
h
e

�

l
o
c
a
l

l
i
p
i
d

s
h
e
l
l
�

c
u
t
o
f
f

a
r
g
u
m
e
n
t

i
s

f
o
r

t
h
e

M
D
A
n
a
l
y
s
i
s

n
e
t
w
o
r
k
-
l
e
a
f
l
e
t

g
e
n
e
r
a
t
i
o
n

1
3
6
5

�
�
�

i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
F
G
F
R
3
�
:

1
3
6
7

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
3
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

3
4
:
6
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r

1
3
6
9

e
l
i
f

s
y
s
t
e
m
_
n
a
m
e

=
=

�
G
p
A
�
:

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
2
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

G
p
A

m
o
n
o
m
e
r
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1
3
7
1

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

2
4
:
4
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

G
p
A

m
o
n
o
m
e
r

w
i
t
h

o
p
e
n
(
o
u
t
f
i
l
e
_
n
a
m
e
,

�
w
�
)

a
s

o
u
t
f
i
l
e
:

1
3
7
3

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
#
f
o
r
m
a
t

f
o
r

l
i
p
i
d

r
e
s
i
d

c
o
u
n
t
:

h
e
l
i
x
1
_
t
o
p

|

h
e
l
i
x
1
_
b
o
t
t
o
m

|
h
e
l
i
x
2
_
t
o
p

|
h
e
l
i
x
2
_
b
o
t
t
o
m

|
d
i
s
t
a
l
_
t
o
p

|

d
i
s
t
a
l
_
b
o
t
t
o
m
\
n
�
)

i
m
p
o
r
t

M
D
A
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t

1
3
7
5

s
e
l
e
c
t
i
o
n

=
�
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e

P
*
�

l
e
a
f
l
e
t
s

=
M
D
A
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t
.
L
e
a
f
l
e
t
F
i
n
d
e
r
(
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
e
l
e
c
t
i
o
n
,

c
u
t
o
f
f
)

1
3
7
7

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s

=
l
e
a
f
l
e
t
s
.
a
t
o
m
s
(
0
)

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s

=
l
e
a
f
l
e
t
s
.
a
t
o
m
s
(
1
)

1
3
7
9

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t

=
[
]

t
o
p
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t

=
[
]

1
3
8
1

#
f
o
r

b
o
t
t
o
m

l
e
a
f
l
e
t
:

f
o
r

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r

i
n

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
:

1
3
8
3

i
f

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
.
i
n
d
e
x
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

<
(
l
e
n
(
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.

r
e
s
i
d
s
(
)
)
-
1
)
:

#
f
o
r

a
l
l

b
u
t

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

o
r

�

1
3
8
5

e
l
s
e
:

#
w
e
�
l
l

w
a
n
t

a
r
i
g
h
t

�
)
�

a
f
t
e
r

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

)
�

1
3
8
7

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
.
a
p
p
e
n
d
(
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g
)

1
3
8
9

#
r
e
p
e
a
t

f
o
r

t
o
p

l
e
a
f
l
e
t
:

f
o
r

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r

i
n

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
:

1
3
9
1

i
f

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
.
i
n
d
e
x
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

<
(
l
e
n
(
t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
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r
e
s
i
d
s
(
)
)
-
1
)
:

#
f
o
r

a
l
l

b
u
t

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

t
o
p
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

o
r

�

1
3
9
3

e
l
s
e
:

#
w
e
�
l
l

w
a
n
t

a
r
i
g
h
t

�
)
�

a
f
t
e
r

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

t
o
p
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

)
�

1
3
9
5

t
o
p
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
.
a
p
p
e
n
d
(
t
o
p
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g
)

1
3
9
7

#
a
s
s
i
g
n

t
h
e

f
o
r
m
a
t
t
e
d

s
e
l
e
c
t
i
o
n

s
t
r
i
n
g
s

(
O
c
t
.

5
/

2
0
1
0
:

a
d
j
u
s
t
e
d

t
o

p
r
o
p
e
r
l
y

i
n
c
l
u
d
e

p
h
o
s
p
h
a
t
e

s
p
e
c
i
f
i
c
a
t
i
o
n
)
:

1
3
9
9

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

=
�
(

�
+

�
�
.
j
o
i
n
(

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
)

+
�

a
n
d

(
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e

P
*

)
�

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

=
�
(

�
+

�
�
.
j
o
i
n
(

t
o
p
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
)

+
�

a
n
d

(
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e

P
*

)
�

1
4
0
1

#
N
o
w

t
h
a
t

t
h
e

�
a
b
s
o
l
u
t
e
�

l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n

s
t
r
i
n
g
s

a
r
e

r
e
a
d
y

I
w
i
l
l

s
t
a
r
t

t
h
e

t
r
a
j
e
c
t
o
r
y

l
o
o
p
i
n
g
:

1
4
0
3

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

#
I

w
a
n
t

t
o

f
i
n
d

o
u
t

h
o
w

m
a
n
y

l
i
p
i
d
s

(
a
l
t
h
o
u
g
h

I
�
m

p
a
r
s
i
n
g

t
h
e
i
r

p
h
o
s
p
h
a
t
e
s
)

a
r
e

s
e
l
e
c
t
e
d

p
e
r

a
n
a
l
y
s
i
s

f
r
a
m
e

1
4
0
5

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
t
o
p
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%
s

%
s

)
"

%

(
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)
,

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

+
�

a
n
d

�
+

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

1
4
0
7

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
t
o
p
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%
s

%
s

)
"

%

(
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)
,

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

+
�

a
n
d

�
+

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g
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1
4
0
9

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%
s

%
s

)
"

%
(
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)
,

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

+
�

a
n
d

�
+

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g

=
"
(

a
r
o
u
n
d

%
s

%
s

)
"

%
(
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)
,

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)

+
�

a
n
d

�
+

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

1
4
1
1

t
o
p
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

+
�

a
n
d

n
o
t

�
+

"
(

a
r
o
u
n
d

%
s

(
n
a
m
e

C
A

)
)
"

%
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)

1
4
1
3

b
o
t
t
o
m
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

+
�

a
n
d

n
o
t

�
+

"
(

a
r
o
u
n
d

%
s

(
n
a
m
e

C
A

)
)
"

%
s
t
r
(
l
o
c
a
l
_
d
e
f
i
n
i
t
i
o
n
)

1
4
1
5

#
p
r
o
d
u
c
e

t
h
e

a
c
t
u
a
l

M
D
A
n
a
l
y
s
i
s

A
t
o
m
G
r
o
u
p

s
e
l
e
c
t
i
o
n
s
:

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
t
o
p
_
l
e
a
f
l
e
t

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
t
o
p
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g
)

1
4
1
7

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
t
o
p
_
l
e
a
f
l
e
t

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
t
o
p
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g
)

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.

s
e
l
e
c
t
A
t
o
m
s
(
p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g
)

1
4
1
9

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.

s
e
l
e
c
t
A
t
o
m
s
(
p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
s
t
r
i
n
g
)

t
o
p
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

t
o
p
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g
)

1
4
2
1

b
o
t
t
o
m
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

b
o
t
t
o
m
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g
)

1
4
2
3

#
n
o
w

I
w
a
n
t

a
w
a
y

t
o

c
o
u
n
t

t
h
e

n
u
m
b
e
r

o
f

l
i
p
i
d

�
r
e
s
i
d
u
e
s
�

s
e
l
e
c
t
e
d

i
n

e
a
c
h

c
a
s
e
-
-
t
h
e

.
n
u
m
b
e
r
O
f
R
e
s
i
d
u
e
s
(
)

m
e
t
h
o
d

s
h
o
u
l
d
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d
o

t
h
e

t
r
i
c
k
:

n
u
m
_
p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
t
o
p
_
l
e
a
f
l
e
t

=

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
t
o
p
_
l
e
a
f
l
e
t
.
n
u
m
b
e
r
O
f
R
e
s
i
d
u
e
s
(
)

1
4
2
5

n
u
m
_
p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
t
o
p
_
l
e
a
f
l
e
t

=

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
t
o
p
_
l
e
a
f
l
e
t
.
n
u
m
b
e
r
O
f
R
e
s
i
d
u
e
s
(
)

n
u
m
_
p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t

=

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
.
n
u
m
b
e
r
O
f
R
e
s
i
d
u
e
s
(
)

1
4
2
7

n
u
m
_
p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t

=

p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
.
n
u
m
b
e
r
O
f
R
e
s
i
d
u
e
s
(
)

n
u
m
_
t
o
p
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e

=
t
o
p
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
.

n
u
m
b
e
r
O
f
R
e
s
i
d
u
e
s
(
)

1
4
2
9

n
u
m
_
b
o
t
t
o
m
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e

=
b
o
t
t
o
m
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
.

n
u
m
b
e
r
O
f
R
e
s
i
d
u
e
s
(
)

1
4
3
1

#
t
r
a
c
k

p
r
o
g
r
e
s
s

o
n

t
h
e

p
r
o
m
p
t
:

p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

1
4
3
3

o
u
t
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
n
u
m
_
p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
t
o
p
_
l
e
a
f
l
e
t
)

+
�

�
+

s
t
r
(
n
u
m
_
p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
1
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
)

+
�

�
+

s
t
r
(

n
u
m
_
p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
t
o
p
_
l
e
a
f
l
e
t
)

+
�

�
+

s
t
r
(

n
u
m
_
p
h
o
s
p
h
_
a
r
o
u
n
d
_
h
e
l
i
x
2
_
b
o
t
t
o
m
_
l
e
a
f
l
e
t
)

+
�

�
+

s
t
r
(

n
u
m
_
t
o
p
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
)

+
�

�
+

s
t
r
(

n
u
m
_
b
o
t
t
o
m
_
d
i
s
t
a
l
_
p
h
o
s
p
h
a
t
e
)

+
�
\
n
�
)

1
4
3
5

d
e
f

f
l
i
p
_
f
l
o
p
_
t
r
a
c
k
e
r
(
f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
,

o
u
t
f
i
l
e
_
n
a
m
e
,

c
u
t
o
f
f
)
:

�
�
�
O
c
t
.

1
1
/

2
0
1
0
:

A
d
j
u
s
t
i
n
g

f
o
r

u
s
e

w
i
t
h

G
p
A
/
F
G
F
R
3

s
i
m
u
l
a
t
i
o
n
s
;

O
c
t
.

6
/

2
0
1
0
:

T
o

e
n
s
u
r
e

t
h
a
t

m
y

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s

t
r
a
c
k
i
n
g

a
l
g
o
r
i
t
h
m

i
s

v
a
l
i
d

w
i
t
h

t
h
i
s

s
y
s
t
e
m

I
h
a
v
e

t
o

b
e

a
b
l
e

t
o

s
h
o
w

t
h
a
t

t
h
e
r
e

i
s

n
o

l
i
p
i
d

f
l
i
p
-
f
l
o
p

b
e
t
w
e
e
n

l
e
a
f
l
e
t
s

a
f
t
e
r

t
h
e

f
i
r
s
t

f
r
a
m
e

b
e
c
a
u
s
e

I
u
s
e

a
n

a
b
s
o
l
u
t
e

d
e
f
i
n
i
t
i
o
n

o
f

w
h
a
t

l
i
p
i
d

r
e
s
i
d
u
e

i
s

i
n

w
h
i
c
h

l
e
a
f
l
e
t

a
n
d

s
i
m
p
l
y

t
r
a
c
k

t
h
e

l
i
p
i
d
s

f
r
o
m

t
h
e
r
e
.

1
4
3
7
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c
u
t
o
f
f

i
s

t
h
e

n
e
t
w
o
r
k
x

c
u
t
o
f
f

u
s
e

b
y

M
D
A
n
a
l
y
s
i
s

f
o
r

l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n

a
n
d

v
a
r
i
e
s

f
o
r

G
p
A
,

F
G
F
R
3

W
T
,

a
n
d

F
G
F
R
3

h
e
t
e
r
o
/
m
u
t
a
n
t

1
4
3
9

�
�
�

w
i
t
h

o
p
e
n
(
o
u
t
f
i
l
e
_
n
a
m
e
,

�
w
�
)

a
s

o
u
t
f
i
l
e
:

1
4
4
1

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
#
f
o
r
m
a
t
:

l
a
r
g
e
s
t
_
Z
_
t
o
p
_
p
h
o
s
p
h
a
t
e

|

s
m
a
l
l
e
s
t
_
Z
_
t
o
p
_
p
h
o
s
p
h
a
t
e

|
l
a
r
g
e
s
t
_
Z
_
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e

|

s
m
a
l
l
e
s
t
_
Z
_
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e

|
s
y
s
t
e
m
_
Z
_
c
e
n
t
e
r
\
n
�
)

#
u
s
e

t
h
e

b
u
i
l
t
-
i
n

M
D
A
n
a
l
y
s
i
s

l
e
a
f
l
e
t

m
o
d
u
l
e

t
o

s
e
l
e
c
t

t
h
e

l
e
a
f
l
e
t

r
e
s
i
d
u
e
s

f
r
o
m

t
h
e

f
i
r
s
t

f
r
a
m
e

a
s

u
s
u
a
l
:

1
4
4
3

i
m
p
o
r
t

M
D
A
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n

=
�
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e

P
*
�

1
4
4
5

l
e
a
f
l
e
t
s

=
M
D
A
n
a
l
y
s
i
s
.
a
n
a
l
y
s
i
s
.
l
e
a
f
l
e
t
.
L
e
a
f
l
e
t
F
i
n
d
e
r
(
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
e
l
e
c
t
i
o
n
,

c
u
t
o
f
f
)

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s

=
l
e
a
f
l
e
t
s
.
a
t
o
m
s
(
0
)

1
4
4
7

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s

=
l
e
a
f
l
e
t
s
.
a
t
o
m
s
(
1
)

#
a
s

I
�
v
e

d
o
n
e

f
o
r

t
h
e

o
t
h
e
r

t
w
o

b
i
l
a
y
e
r

a
n
a
l
y
s
i
s

f
u
n
c
t
i
o
n
s
,

s
e
l
e
c
t

t
h
e

p
h
o
s
p
h
a
t
e

p
a
r
t
i
c
l
e
s

i
n

e
a
c
h

l
e
a
f
l
e
t
:

1
4
4
9

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t

=
[
]

t
o
p
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t

=
[
]

1
4
5
1

#
f
o
r

b
o
t
t
o
m

l
e
a
f
l
e
t
:

f
o
r

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r

i
n

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
:

1
4
5
3

i
f

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
.
i
n
d
e
x
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

<
(
l
e
n
(
b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.

r
e
s
i
d
s
(
)
)
-
1
)
:

#
f
o
r

a
l
l

b
u
t

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

o
r

�

1
4
5
5

e
l
s
e
:

#
w
e
�
l
l

w
a
n
t

a
r
i
g
h
t

�
)
�

a
f
t
e
r

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

)
�

1
4
5
7

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
.
a
p
p
e
n
d
(
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g
)
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1
4
5
9

#
r
e
p
e
a
t

f
o
r

t
o
p

l
e
a
f
l
e
t
:

f
o
r

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r

i
n

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
:

1
4
6
1

i
f

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.
r
e
s
i
d
s
(
)
.
i
n
d
e
x
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

<
(
l
e
n
(
t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
s
.

r
e
s
i
d
s
(
)
)
-
1
)
:

#
f
o
r

a
l
l

b
u
t

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

t
o
p
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

o
r

�

1
4
6
3

e
l
s
e
:

#
w
e
�
l
l

w
a
n
t

a
r
i
g
h
t

�
)
�

a
f
t
e
r

t
h
e

l
a
s
t

r
e
s
i
d

e
l
e
m
e
n
t

t
o
p
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g

=
�
r
e
s
i
d

�
+

s
t
r
(

p
h
o
s
p
h
a
t
e
_
r
e
s
i
d
u
e
_
n
u
m
b
e
r
)

+
�

)
�

1
4
6
5

t
o
p
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
.
a
p
p
e
n
d
(
t
o
p
_
p
h
o
s
p
h
a
t
e
_
s
t
r
i
n
g
)

1
4
6
7

#
a
s
s
i
g
n

t
h
e

f
o
r
m
a
t
t
e
d

s
e
l
e
c
t
i
o
n

s
t
r
i
n
g
s

(
O
c
t
.

5
/

2
0
1
0
:

a
d
j
u
s
t
e
d

t
o

p
r
o
p
e
r
l
y

i
n
c
l
u
d
e

p
h
o
s
p
h
a
t
e

s
p
e
c
i
f
i
c
a
t
i
o
n
)
:

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

=
�
(

�
+

�
�
.
j
o
i
n
(

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
)

+
�

a
n
d

(
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e

P
*

)
�

1
4
6
9

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g

=
�
(

�
+

�
�
.
j
o
i
n
(

t
o
p
_
p
h
o
s
p
h
a
t
e
_
l
i
s
t
)

+
�

a
n
d

(
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e

P
*

)
�

1
4
7
1

#
N
o
w

t
h
a
t

t
h
e

�
a
b
s
o
l
u
t
e
�

l
e
a
f
l
e
t

s
e
l
e
c
t
i
o
n

s
t
r
i
n
g
s

a
r
e

r
e
a
d
y

I
w
i
l
l

s
t
a
r
t

t
h
e

t
r
a
j
e
c
t
o
r
y

l
o
o
p
i
n
g
:

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

1
4
7
3

#
p
r
o
d
u
c
e

a
l
i
s
t

o
f

t
h
e

Z
c
o
o
r
d
i
n
a
t
e
s

f
o
r

e
a
c
h

p
h
o
s
p
h
a
t
e

i
n

t
h
e

t
o
p

l
e
a
f
l
e
t
:

1
4
7
5

t
o
p
_
p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

t
o
p
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g
)
.
c
o
o
r
d
i
n
a
t
e
s
(
)

#
f
i
n
d

t
h
e

l
a
r
g
e
s
t

Z
c
o
o
r
d
i
n
a
t
e

i
n

t
h
e

t
o
p

l
e
a
f
l
e
t

p
h
o
s
p
h
a
t
e
s
:

1
4
7
7

l
a
r
g
e
s
t
_
Z
_
t
o
p
_
p
h
o
s
p
h
a
t
e

=
t
o
p
_
p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s
[
0
]
[
2
]
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f
o
r

x
y
z
_
c
o
o
r
d
i
n
a
t
e

i
n

t
o
p
_
p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s
:

1
4
7
9

i
f

x
y
z
_
c
o
o
r
d
i
n
a
t
e
[
2
]

>
l
a
r
g
e
s
t
_
Z
_
t
o
p
_
p
h
o
s
p
h
a
t
e
:

l
a
r
g
e
s
t
_
Z
_
t
o
p
_
p
h
o
s
p
h
a
t
e

=
x
y
z
_
c
o
o
r
d
i
n
a
t
e
[
2
]

1
4
8
1

#
f
i
n
d

t
h
e

s
m
a
l
l
e
s
t

Z
c
o
o
r
d
i
n
a
t
e

i
n

t
h
e

t
o
p

l
e
a
f
l
e
t

p
h
o
s
p
h
a
t
e
s
:

s
m
a
l
l
e
s
t
_
Z
_
t
o
p
_
p
h
o
s
p
h
a
t
e

=
t
o
p
_
p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s
[
0
]
[
2
]

1
4
8
3

f
o
r

x
y
z
_
c
o
o
r
d
i
n
a
t
e

i
n

t
o
p
_
p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s
:

i
f

x
y
z
_
c
o
o
r
d
i
n
a
t
e
[
2
]

<
s
m
a
l
l
e
s
t
_
Z
_
t
o
p
_
p
h
o
s
p
h
a
t
e
:

1
4
8
5

s
m
a
l
l
e
s
t
_
Z
_
t
o
p
_
p
h
o
s
p
h
a
t
e

=
x
y
z
_
c
o
o
r
d
i
n
a
t
e
[
2
]

1
4
8
7

#
r
e
p
e
a
t

t
h
e

p
r
o
c
e
s
s

f
o
r

t
h
e

b
o
t
t
o
m

l
e
a
f
l
e
t
:

#
p
r
o
d
u
c
e

a
l
i
s
t

o
f

t
h
e

Z
c
o
o
r
d
i
n
a
t
e
s

f
o
r

e
a
c
h

p
h
o
s
p
h
a
t
e

i
n

t
h
e

b
o
t
t
o
m

l
e
a
f
l
e
t
:

1
4
8
9

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(

b
o
t
t
o
m
_
l
e
a
f
l
e
t
_
p
h
o
s
p
h
a
t
e
_
s
e
l
e
c
t
i
o
n
_
s
t
r
i
n
g
)
.
c
o
o
r
d
i
n
a
t
e
s
(
)

#
f
i
n
d

t
h
e

l
a
r
g
e
s
t

Z
c
o
o
r
d
i
n
a
t
e

i
n

t
h
e

b
o
t
t
o
m

l
e
a
f
l
e
t

p
h
o
s
p
h
a
t
e
s

:

1
4
9
1

l
a
r
g
e
s
t
_
Z
_
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e

=
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s
[
0
]
[
2
]

f
o
r

x
y
z
_
c
o
o
r
d
i
n
a
t
e

i
n

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s
:

1
4
9
3

i
f

x
y
z
_
c
o
o
r
d
i
n
a
t
e
[
2
]

>
l
a
r
g
e
s
t
_
Z
_
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
:

l
a
r
g
e
s
t
_
Z
_
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e

=
x
y
z
_
c
o
o
r
d
i
n
a
t
e
[
2
]

1
4
9
5

#
f
i
n
d

t
h
e

s
m
a
l
l
e
s
t

Z
c
o
o
r
d
i
n
a
t
e

i
n

t
h
e

b
o
t
t
o
m

l
e
a
f
l
e
t

p
h
o
s
p
h
a
t
e
s
:

s
m
a
l
l
e
s
t
_
Z
_
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e

=
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s

[
0
]
[
2
]

1
4
9
7

f
o
r

x
y
z
_
c
o
o
r
d
i
n
a
t
e

i
n

b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
_
c
o
o
r
d
i
n
a
t
e
s
:

i
f

x
y
z
_
c
o
o
r
d
i
n
a
t
e
[
2
]

<
s
m
a
l
l
e
s
t
_
Z
_
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
:

1
4
9
9

s
m
a
l
l
e
s
t
_
Z
_
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e

=
x
y
z
_
c
o
o
r
d
i
n
a
t
e
[
2
]

1
5
0
1

#
f
i
n
d

t
h
e

Z
c
o
o
r
d
i
n
a
t
e

o
f

t
h
e

c
e
n
t
e
r

o
f

g
e
o
m
e
t
r
y

o
f

t
h
e

e
n
t
i
r
e

(
p
h
o
s
p
h
a
t
e
)

l
i
p
i
d

s
y
s
t
e
m

i
n

t
h
i
s

f
r
a
m
e
:
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s
y
s
t
e
m
_
Z
_
c
e
n
t
e
r

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(
�
r
e
s
n
a
m
e

P
O
P
*

a
n
d

n
a
m
e
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*
�
)
.
c
e
n
t
e
r
O
f
G
e
o
m
e
t
r
y
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)
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]

1
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3

#
p
r
i
n
t
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e
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r
i
o
u
s

Z
c
o
o
r
d
i
n
a
t
e
s

t
o

f
i
l
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o

I
c
a
n

c
h
e
c
k
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r

l
i
p
i
d

f
l
i
p
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f
l
o
p

a
c
t
i
v
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t
y
:
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u
t
f
i
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r
i
t
e
(
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t
r
(
l
a
r
g
e
s
t
_
Z
_
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o
p
_
p
h
o
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)
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�

�
+
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r
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s
m
a
l
l
e
s
t
_
Z
_
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o
p
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p
h
o
s
p
h
a
t
e
)

+
�
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+
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r
(

l
a
r
g
e
s
t
_
Z
_
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o
t
t
o
m
_
p
h
o
s
p
h
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e
)
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�

�
+

s
t
r
(

s
m
a
l
l
e
s
t
_
Z
_
b
o
t
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o
m
_
p
h
o
s
p
h
a
t
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)
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�

�
+
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(
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y
s
t
e
m
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Z
_
c
e
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)
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�
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)
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7

#
p
r
i
n
t

o
u
t

r
e
s
u
l
t
s

i
n

t
e
s
t
i
n
g

p
h
a
s
e
:

#
p
r
i
n
t

l
a
r
g
e
s
t
_
Z
_
t
o
p
_
p
h
o
s
p
h
a
t
e
,

s
m
a
l
l
e
s
t
_
Z
_
t
o
p
_
p
h
o
s
p
h
a
t
e
,

l
a
r
g
e
s
t
_
Z
_
b
o
t
t
o
m
_
p
h
o
s
p
h
a
t
e
,

s
m
a
l
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e
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t
_
Z
_
b
o
t
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o
m
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p
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s
p
h
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e
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y
s
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e
m
_
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_
c
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n
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r
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9
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c
k

p
r
o
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r
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s
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e

p
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p
t
:

p
r
i
n
t
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r
(
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o
l
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r
_
n
a
m
e
)

+
�

-
-

f
r
a
m
e
:

�
+

s
t
r
(
t
s
.
f
r
a
m
e
)

1
5
1
1

d
e
f

b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
_
a
v
e
r
a
g
e
_
r
e
s
u
l
t
s
(
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_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

G
p
A
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

f
o
l
d
e
r
_
n
a
m
e
,

d
i
m
e
r
i
z
a
t
i
o
n
_
c
r
i
t
e
r
i
o
n
)
:

1
5
1
3

�
�
�
O
c
t
.

1
3
/
2
0
1
0
:

N
o
w

I
w
a
n
t

a
v
e
r
a
g
e
d

(
w
i
t
h

s
t
a
n
d
a
r
d

d
e
v
i
a
t
i
o
n
)

p
r
o
t
e
i
n
-
l
o
c
a
l

a
n
d

-
d
i
s
t
a
l

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s

r
e
s
u
l
t
s

f
o
r

e
a
s
y

c
o
m
p
a
r
i
s
o
n

o
f

G
p
A
,

F
G
F
R
3

W
T
,

F
G
F
R
3

h
e
t
e
r
e
o
,

a
n
d

F
G
F
R
3

m
u
t
a
n
t

c
o
n
d
i
t
i
o
n
s
.

I
w
o
u
l
d

l
i
k
e

t
o

f
u
r
t
h
e
r

s
u
b
d
i
v
i
d
e

t
h
e

p
r
o
t
e
i
n
-
l
o
c
a
l

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s

t
o

a
n

a
v
e
r
a
g
e

o
f

t
h
e

t
w
o

h
e
l
i
c
e
s

b
e
f
o
r
e
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a
n
d

a
f
t
e
r

d
i
m
e
r
i
z
a
t
i
o
n
.

1
5
1
5

d
i
m
e
r
i
z
a
t
i
o
n
_
c
r
i
t
e
r
i
o
n

:
t
h
e

C
A
-
C
A

c
l
o
s
e
s
t

a
p
p
r
o
a
c
h

d
i
s
t
a
n
c
e

c
u
t
o
f
f

(
i
n

A
n
g
s
t
r
o
m
s
)

f
o
r

d
e
f
i
n
i
n
g

t
h
e

f
r
a
m
e

a
s

a
�
d
i
m
e
r

f
r
a
m
e
�

w
h
e
r
e

t
h
e

t
r
a
j
e
c
t
o
r
y

i
s

t
h
e
n

s
p
l
i
t

f
o
r

t
h
e

p
u
r
p
o
s
e
s

o
f

a
v
e
r
a
g
i
n
g

p
r
e
-

a
n
d

p
o
s
t
-

d
i
m
e
r

l
o
c
a
l

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s
e
s

(
a
r
o
u
n
d

6
A
n
g
s
t
r
o
m
s

i
s

p
r
o
b
a
b
l
y

r
e
a
s
o
n
a
b
l
e
)

1
5
1
7

I
w
i
l
l

u
s
e

a
s
e
p
a
r
a
t
e

f
u
n
c
t
i
o
n

t
o

c
a
l
c
u
l
a
t
e

a
v
e
r
a
g
e

a
n
d

s
t
a
n
d
a
r
d

d
e
v
i
a
t
i
o
n

o
f

t
h
e

g
l
o
b
a
l

l
i
s
t
s

a
n
d

p
r
i
n
t

t
h
i
s

t
o

a
f
i
l
e
.

1
5
1
9

�
�
�

#
t
o

t
r
a
c
k

p
r
o
g
r
e
s
s
:

1
5
2
1

p
r
i
n
t

f
o
l
d
e
r
_
n
a
m
e
,

�
s
t
a
r
t
i
n
g
�

1
5
2
3

#
c
h
e
c
k

f
o
r

c
o
n
d
i
t
i
o
n

b
a
s
e
d

o
n

f
o
l
d
e
r

n
a
m
e

t
o

d
e
c
i
d
e

w
h
i
c
h

l
i
s
t
s

g
e
t

a
p
p
e
n
d
e
d

t
o

:

1
5
2
5

i
f

�
G
p
A
�

i
n

f
o
l
d
e
r
_
n
a
m
e
:

d
i
s
t
a
l
_
l
i
s
t

=
G
p
A
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t

1
5
2
7

l
o
c
a
l
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

=
G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

l
o
c
a
l
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

=
G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

1
5
2
9

e
l
i
f

�
h
e
t
e
r
o
d
i
m
e
r
�

i
n

f
o
l
d
e
r
_
n
a
m
e
:

d
i
s
t
a
l
_
l
i
s
t

=
h
e
t
e
r
o
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t

1
5
3
1

l
o
c
a
l
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

=
h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

l
o
c
a
l
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

=
h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

1
5
3
3

e
l
i
f

�
w
i
l
d
t
y
p
e
�

i
n

f
o
l
d
e
r
_
n
a
m
e
:

d
i
s
t
a
l
_
l
i
s
t

=
W
T
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t

1
5
3
5

l
o
c
a
l
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

=
W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

l
o
c
a
l
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

=
W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

1
5
3
7

e
l
i
f

�
m
u
t
a
n
t
�

i
n

f
o
l
d
e
r
_
n
a
m
e
:
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d
i
s
t
a
l
_
l
i
s
t

=
m
u
t
a
n
t
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t

1
5
3
9

l
o
c
a
l
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

=
m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t

l
o
c
a
l
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

=
m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t

1
5
4
1

#
t
h
e

h
e
a
d

s
c
r
i
p
t

w
i
l
l

t
a
k
e

c
a
r
e

o
f

c
h
a
n
g
i
n
g

d
i
r
e
c
t
o
r
i
e
s

s
o

I
s
i
m
p
l
y

n
e
e
d

t
o

o
p
e
n

t
h
e

c
l
o
s
e
s
t

a
p
p
r
o
a
c
h

o
u
t
p
u
t

f
i
l
e

t
o

g
e
t

a
c
c
e
s
s

t
o

t
h
e

d
a
t
a

t
h
a
t

I
n
e
e
d

t
o

a
s
s
e
s
s

t
h
e

a
p
p
r
o
x
i
m
a
t
e

f
r
a
m
e

a
t

w
h
i
c
h

d
i
m
e
r
i
z
a
t
i
o
n

o
c
c
u
r
s
:

1
5
4
3

w
i
t
h

o
p
e
n
(
�
c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
s
_
f
u
l
l
.
o
u
t
�
,

�
r
�
)

a
s

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
_
f
i
l
e
:

f
o
r

l
i
n
e

i
n

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
_
f
i
l
e
:

1
5
4
5

i
f

�
#
�

i
n

l
i
n
e
:

c
o
n
t
i
n
u
e

#
i
g
n
o
r
e

t
h
e

l
i
n
e

i
f

i
t
�
s

a
c
o
m
m
e
n
t

s
t
a
r
t
i
n
g

w
i
t
h

a
h
a
s
h

(
i
.
e
.
,

t
h
e

f
i
r
s
t

l
i
n
e
)

f
r
a
m
e
_
n
u
m
b
e
r

=
i
n
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
0
]
)

1
5
4
7

c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h

=
f
l
o
a
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
1
]
)

i
f

c
l
o
s
e
s
t
_
a
p
p
r
o
a
c
h

<
=

d
i
m
e
r
i
z
a
t
i
o
n
_
c
r
i
t
e
r
i
o
n
:

#
i
f

a
d
i
m
e
r

h
a
s

f
o
r
m
e
d

1
5
4
9

f
i
r
s
t
_
d
i
m
e
r
_
f
r
a
m
e

=
f
r
a
m
e
_
n
u
m
b
e
r

p
r
i
n
t

�
f
i
r
s
t

d
i
m
e
r

f
r
a
m
e
:

�
,
f
i
r
s
t
_
d
i
m
e
r
_
f
r
a
m
e

#
t
r
a
c
k
i
n
g

p
r
o
g
r
e
s
s

1
5
5
1

b
r
e
a
k

#
n
o

n
e
e
d

t
o

c
o
n
t
i
n
u
e

p
a
r
s
i
n
g

o
n
c
e

t
h
e

d
i
m
e
r

h
a
s

f
o
r
m
e
d

b
e
c
a
u
s
e

n
o
n
e

o
f

m
y

P
O
P
C

s
i
m
u
l
a
t
i
o
n
s

h
a
v
e

p
r
o
t
e
i
n

d
i
s
s
o
c
i
a
t
i
o
n

e
v
e
n
t
s

a
f
t
e
r

d
i
m
e
r
i
z
a
t
i
o
n

s
o

i
t
�

s
a

c
l
e
a
n

s
p
l
i
t

o
f

t
h
e

t
r
a
j
e
c
t
o
r
y

a
t

t
h
i
s

f
r
a
m
e

n
u
m
b
e
r

f
o
r

a
v
e
r
a
g
i
n
g

p
u
r
p
o
s
e
s

1
5
5
3

#
n
o
w

o
p
e
n

t
h
e

f
i
l
e

t
h
a
t

c
o
n
t
a
i
n
s

t
h
e

p
r
o
t
e
i
n
-
l
o
c
a
l

a
n
d

-
d
i
s
t
a
l

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s

r
e
s
u
l
t
s
:

1
5
5
5

w
i
t
h

o
p
e
n
(
�
b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
.
o
u
t
�
,
�
r
�
)

a
s

b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
_
f
i
l
e
:

f
o
r

l
i
n
e

i
n

b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
_
f
i
l
e
:

1
5
5
7

i
f

�
#
�

i
n

l
i
n
e
:

c
o
n
t
i
n
u
e

#
i
g
n
o
r
e

c
o
m
m
e
n
t

l
i
n
e
(
s
)
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f
r
a
m
e
_
n
u
m
b
e
r

=
i
n
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
0
]
)

1
5
5
9

t
h
i
c
k
n
e
s
s
_
n
e
a
r
_
m
o
n
o
m
e
r
_
1

=
f
l
o
a
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
1
]
)

t
h
i
c
k
n
e
s
s
_
n
e
a
r
_
m
o
n
o
m
e
r
_
2

=
f
l
o
a
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
2
]
)

1
5
6
1

d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s

=
f
l
o
a
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
3
]
)

#
a
l
w
a
y
s

a
p
p
e
n
d

t
h
e

d
i
s
t
a
l

t
h
i
c
k
n
e
s
s

b
e
c
a
u
s
e

I
d
o
n
�
t

c
a
r
e

a
b
o
u
t

d
i
m
e
r
i
z
a
t
i
o
n

f
o
r

t
h
a
t

v
a
l
u
e
:

1
5
6
3

d
i
s
t
a
l
_
l
i
s
t
.
a
p
p
e
n
d
(
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
)

1
5
6
5

i
f

f
r
a
m
e
_
n
u
m
b
e
r

<
f
i
r
s
t
_
d
i
m
e
r
_
f
r
a
m
e
:

#
i
f

d
i
m
e
r
i
z
a
t
i
o
n

h
a
s

n
o
t

y
e
t

o
c
c
u
r
r
e
d
:

l
o
c
a
l
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
.
a
p
p
e
n
d
(
t
h
i
c
k
n
e
s
s
_
n
e
a
r
_
m
o
n
o
m
e
r
_
1
)

1
5
6
7

l
o
c
a
l
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
.
a
p
p
e
n
d
(
t
h
i
c
k
n
e
s
s
_
n
e
a
r
_
m
o
n
o
m
e
r
_
2
)

e
l
i
f

f
r
a
m
e
_
n
u
m
b
e
r

>
=

f
i
r
s
t
_
d
i
m
e
r
_
f
r
a
m
e
:

#
u
s
e

t
h
e

p
o
s
t
-
d
i
m
e
r

l
o
c
a
l

l
i
s
t

i
f

d
i
m
e
r
i
z
a
t
i
o
n

h
a
s

o
c
c
u
r
r
e
d

1
5
6
9

l
o
c
a
l
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
.
a
p
p
e
n
d
(
t
h
i
c
k
n
e
s
s
_
n
e
a
r
_
m
o
n
o
m
e
r
_
1
)

l
o
c
a
l
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
.
a
p
p
e
n
d
(
t
h
i
c
k
n
e
s
s
_
n
e
a
r
_
m
o
n
o
m
e
r
_
2
)

1
5
7
1

#
t
o

t
r
a
c
k

p
r
o
g
r
e
s
s
:

p
r
i
n
t

f
o
l
d
e
r
_
n
a
m
e
,

�
d
o
n
e
�

1
5
7
3

d
e
f

b
i
l
a
y
e
r
_
s
t
a
t
s
(
W
T
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
,

G
p
A
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
,

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
,

G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
)
:

1
5
7
5

�
�
�
T
a
k
e

t
h
e

d
a
t
a

i
n

t
h
e

g
l
o
b
a
l

l
i
s
t
s

p
o
p
u
l
a
t
e
d

b
y

b
i
l
a
y
e
r
_
t
h
i
c
k
n
e
s
s
_
a
v
e
r
a
g
e
_
r
e
s
u
l
t
s
(
)

a
n
d

g
e
n
e
r
a
t
e

s
t
a
t
s
,

t
h
e
n

o
u
t
p
u
t

t
o

a
f
i
l
e

.
T
h
i
s

i
s

f
o
r

t
r
a
c
k
i
n
g

o
v
e
r
a
l
l

a
v
e
r
a
g
e

p
r
o
t
e
i
n
-
l
o
c
a
l

a
n
d

-
d
i
s
t
a
l

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s
e
s

f
o
r

G
p
A

a
n
d

F
G
F
R
3

c
o
n
d
i
t
i
o
n
s
.
�
�
�
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1
5
7
7

#
u
s
e

n
u
m
p
y

t
o

f
i
n
d

t
h
e

a
v
e
r
a
g
e

v
a
l
u
e

o
f

t
h
e

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s

l
i
s
t
s
:

W
T
_
d
i
s
t
a
l
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(
W
T
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
)

1
5
7
9

W
T
_
l
o
c
a
l
_
p
r
e
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(
W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
)

W
T
_
l
o
c
a
l
_
p
o
s
t
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(
W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
)

1
5
8
1

h
e
t
e
r
o
_
d
i
s
t
a
l
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(
h
e
t
e
r
o
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
)

h
e
t
e
r
o
_
l
o
c
a
l
_
p
r
e
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
)

1
5
8
3

h
e
t
e
r
o
_
l
o
c
a
l
_
p
o
s
t
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(

h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
)

m
u
t
a
n
t
_
d
i
s
t
a
l
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(
m
u
t
a
n
t
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
)

1
5
8
5

m
u
t
a
n
t
_
l
o
c
a
l
_
p
r
e
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
)

m
u
t
a
n
t
_
l
o
c
a
l
_
p
o
s
t
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(

m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
)

1
5
8
7

G
p
A
_
d
i
s
t
a
l
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(
G
p
A
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
)

G
p
A
_
l
o
c
a
l
_
p
r
e
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(
G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
)

1
5
8
9

G
p
A
_
l
o
c
a
l
_
p
o
s
t
_
a
v
g

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(
G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
)

#
u
s
e

n
u
m
p
y

t
o

c
a
l
c
u
l
a
t
e

t
h
e

c
o
r
r
e
s
p
o
n
d
i
n
g

s
t
a
n
d
a
r
d

d
e
v
i
a
t
i
o
n
s
:

1
5
9
1

W
T
_
d
i
s
t
a
l
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
W
T
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
)

W
T
_
l
o
c
a
l
_
p
r
e
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
)

1
5
9
3

W
T
_
l
o
c
a
l
_
p
o
s
t
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
W
T
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
)

h
e
t
e
r
o
_
d
i
s
t
a
l
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
h
e
t
e
r
o
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
)

1
5
9
5

h
e
t
e
r
o
_
l
o
c
a
l
_
p
r
e
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
)

h
e
t
e
r
o
_
l
o
c
a
l
_
p
o
s
t
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
h
e
t
e
r
o
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
)

1
5
9
7

m
u
t
a
n
t
_
d
i
s
t
a
l
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
m
u
t
a
n
t
_
F
G
F
R
3
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
)

m
u
t
a
n
t
_
l
o
c
a
l
_
p
r
e
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
)

1
5
9
9

m
u
t
a
n
t
_
l
o
c
a
l
_
p
o
s
t
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
m
u
t
a
n
t
_
F
G
F
R
3
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
)

G
p
A
_
d
i
s
t
a
l
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
G
p
A
_
d
i
s
t
a
l
_
t
h
i
c
k
n
e
s
s
_
l
i
s
t
)

1
6
0
1

G
p
A
_
l
o
c
a
l
_
p
r
e
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
r
e
_
d
i
m
e
r
_
l
i
s
t
)

444



G
p
A
_
l
o
c
a
l
_
p
o
s
t
_
s
t
d

=
n
u
m
p
y
.
s
t
d
(
G
p
A
_
l
o
c
a
l
_
t
h
i
c
k
n
e
s
s
_
p
o
s
t
_
d
i
m
e
r
_
l
i
s
t
)

1
6
0
3

#
w
r
i
t
e

t
h
e

r
e
s
u
l
t
s

t
o

f
i
l
e

f
o
r

g
n
u
p
l
o
t

h
i
s
t
o
g
r
a
m

p
l
o
t
t
i
n
g
:

1
6
0
5

w
i
t
h

o
p
e
n
(
�
/
s
a
n
s
o
m
/
s
c
2
/
b
i
o
c
1
0
0
9
/
D
o
c
u
m
e
n
t
s
/
F
G
F
R
3
_
w
o
r
k
/

d
i
m
e
r
_
b
a
t
c
h
_
a
n
a
l
y
s
i
s
_
s
y
m
l
i
n
k
/
b
i
l
a
y
e
r
_
h
i
s
t
o
g
r
a
m
.
o
u
t
�
,
�
w
�
)

a
s

o
u
t
f
i
l
e
:

#
r
o
w

f
o
r

f
i
l
e

f
o
r
m
a
t
:

1
6
0
7

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
#
f
o
r
m
a
t
:

c
a
t
e
g
o
r
y

|
d
i
s
t
a
l
_
a
v
g

|
d
i
s
t
a
l
_
s
t
d

|

l
o
c
a
l
_
p
r
e
_
a
v
g

|
l
o
c
a
l
_
p
r
e
_
s
t
d

|
l
o
c
a
l
_
p
o
s
t
_
a
v
g

|
l
o
c
a
l
_
p
o
s
t
_
s
t
d

(

b
i
l
a
y
e
r

t
h
i
c
k
n
e
s
s
e
s

i
n

A
)
\
n
�
)

#
n
e
x
t

r
o
w

i
s

f
o
r

G
p
A

r
e
s
u
l
t
s
:

1
6
0
9

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
G
p
A

�
+

s
t
r
(
G
p
A
_
d
i
s
t
a
l
_
a
v
g
)

+
�

�
+

s
t
r
(
G
p
A
_
d
i
s
t
a
l
_
s
t
d
)

+
�

�
+

s
t
r
(
G
p
A
_
l
o
c
a
l
_
p
r
e
_
a
v
g
)

+
�

�
+

s
t
r
(
G
p
A
_
l
o
c
a
l
_
p
r
e
_
s
t
d
)

+
�

�
+

s
t
r
(
G
p
A
_
l
o
c
a
l
_
p
o
s
t
_
a
v
g
)

+
�

�
+

s
t
r
(
G
p
A
_
l
o
c
a
l
_
p
o
s
t
_
s
t
d
)
+
�
\
n
�
)

#
n
e
x
t

r
o
w

f
o
r

W
T

F
G
F
R
3

r
e
s
u
l
t
s
:

1
6
1
1

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
W
T
-
F
G
F
R
3

�
+

s
t
r
(
W
T
_
d
i
s
t
a
l
_
a
v
g
)

+
�

�
+

s
t
r
(

W
T
_
d
i
s
t
a
l
_
s
t
d
)

+
�

�
+

s
t
r
(
W
T
_
l
o
c
a
l
_
p
r
e
_
a
v
g
)

+
�

�
+

s
t
r
(

W
T
_
l
o
c
a
l
_
p
r
e
_
s
t
d
)

+
�

�
+

s
t
r
(
W
T
_
l
o
c
a
l
_
p
o
s
t
_
a
v
g
)

+
�

�
+

s
t
r
(

W
T
_
l
o
c
a
l
_
p
o
s
t
_
s
t
d
)
+
�
\
n
�
)

#
n
e
x
t

r
o
w

f
o
r

h
e
t
e
r
o

F
G
F
R
3

r
e
s
u
l
t
s
:

1
6
1
3

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
h
e
t
e
r
o
-
F
G
F
R
3

�
+

s
t
r
(
h
e
t
e
r
o
_
d
i
s
t
a
l
_
a
v
g
)

+
�

�
+

s
t
r
(

h
e
t
e
r
o
_
d
i
s
t
a
l
_
s
t
d
)

+
�

�
+

s
t
r
(
h
e
t
e
r
o
_
l
o
c
a
l
_
p
r
e
_
a
v
g
)

+
�

�
+

s
t
r
(

h
e
t
e
r
o
_
l
o
c
a
l
_
p
r
e
_
s
t
d
)

+
�

�
+

s
t
r
(
h
e
t
e
r
o
_
l
o
c
a
l
_
p
o
s
t
_
a
v
g
)

+
�

�
+

s
t
r
(

h
e
t
e
r
o
_
l
o
c
a
l
_
p
o
s
t
_
s
t
d
)
+
�
\
n
�
)

#
n
e
x
t

r
o
w

f
o
r

m
u
t
a
n
t

F
G
F
R
3

r
e
s
u
l
t
s
:

1
6
1
5

o
u
t
f
i
l
e
.
w
r
i
t
e
(
�
m
u
t
-
F
G
F
R
3

�
+

s
t
r
(
m
u
t
a
n
t
_
d
i
s
t
a
l
_
a
v
g
)

+
�

�
+

s
t
r
(

m
u
t
a
n
t
_
d
i
s
t
a
l
_
s
t
d
)

+
�

�
+

s
t
r
(
m
u
t
a
n
t
_
l
o
c
a
l
_
p
r
e
_
a
v
g
)

+
�

�
+

s
t
r
(

m
u
t
a
n
t
_
l
o
c
a
l
_
p
r
e
_
s
t
d
)

+
�

�
+

s
t
r
(
m
u
t
a
n
t
_
l
o
c
a
l
_
p
o
s
t
_
a
v
g
)

+
�

�
+

s
t
r
(

m
u
t
a
n
t
_
l
o
c
a
l
_
p
o
s
t
_
s
t
d
)
)

1
6
1
7

d
e
f

s
i
m
p
l
e
_
m
o
v
i
n
g
_
a
v
e
r
a
g
e
_
p
o
l
a
r
_
t
h
e
t
a
(
f
o
l
d
e
r
_
n
a
m
e
,

w
i
n
d
o
w
_
s
i
z
e
)
:
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�
�
�
O
c
t
.

2
8
/
2
0
1
0
:

T
h
e

f
u
n
c
t
i
o
n

i
s

a
c
t
u
a
l
l
y

d
o
i
n
g

a
w
e
i
g
h
t
e
d

a
v
e
r
a
g
e

n
o
w

a
n
d

a
l
s
o

h
a
s

a
�
s
p
i
k
e

f
i
l
t
e
r
�

t
o

r
e
m
o
v
e

s
h
o
r
t
-
l
i
v
e
d

h
i
g
h
-
a
m
p
l
i
t
u
d
e

e
x
c
u
r
s
i
o
n
s

f
r
o
m

i
n
t
e
r
f
a
c
e
s
.

O
c
t
.

2
7
/

2
0
1
0
:

T
h
i
s

f
u
n
c
t
i
o
n

w
i
l
l

c
a
l
c
u
l
a
t
e

t
h
e

s
i
m
p
l
e

m
o
v
i
n
g

a
v
e
r
a
g
e

(
S
M
A
)

f
o
r

t
h
e

F
G
F
R
3

p
o
l
a
r

t
h
e
t
a

t
r
a
c
k
i
n
g

d
a
t
a

(
a
l
r
e
a
d
y

p
r
e
s
e
n
t

i
n

a

f
i
l
e
)

b
y

t
a
k
i
n
g

a
d
v
a
n
t
a
g
e

o
f

t
h
e

n
u
m
p
y
.
c
o
n
v
o
l
v
e

m
e
t
h
o
d
.

M
y

o
b
j
e
c
t
i
v
e

i
s

t
o

s
m
o
o
t
h

t
h
e

d
a
t
a

s
o

t
h
a
t

I
c
a
n

m
o
r
e

e
a
s
i
l
y

d
e
f
i
n
e

p
o
l
a
r

t
h
e
t
a

b
o
u
n
d
a
r
i
e
s

a
r
o
u
n
d

w
h
i
c
h

p
r
i
m
a
r
y

a
n
d

s
e
c
o
n
d
a
r
y

d
i
m
e
r

i
n
t
e
r
f
a
c
e

f
r
a
m
e
s

c
a
n

b
e

c
a
t
e
g
o
r
i
z
e
d

f
o
r

a
n

o
v
e
r
a
l
l

i
n
t
e
r
f
a
c
e

a
n
a
l
y
s
i
s

a
c
r
o
s
s

a
l
l

r
e
p
l
i
c
a
t
e

t
r
a
j
e
c
t
o
r
i
e
s
.

1
6
1
9

w
i
n
d
o
w
_
s
i
z
e

r
e
p
r
e
s
e
n
t
s

t
h
e

s
i
z
e

o
f

t
h
e

s
l
i
d
i
n
g

w
i
n
d
o
w

u
s
e
d

t
o

s
m
o
o
t
h

t
h
e

d
a
t
a

1
6
2
1

�
�
�

1
6
2
3

#
B
e
f
o
r
e

g
r
a
b
b
i
n
g

p
o
l
a
r

t
h
e
t
a

v
a
l
u
e
s

I
n
e
e
d

t
o

f
i
g
u
r
e

o
u
t

i
n

w
h
i
c
h

f
r
a
m
e

t
h
e

d
i
m
e
r

a
c
t
u
a
l
l
y

f
o
r
m
s

(
<
7
A

s
e
p
a
r
a
t
i
o
n

b
e
t
w
e
e
n

h
e
l
i
c
e
s
)
-
-
i
f

I
d
o
n
�
t

f
i
l
t
e
r

f
o
r

t
h
i
s

t
h
e
n

I
c
o
u
l
d

c
l
a
s
s
i
f
y

m
o
n
o
m
e
r
i
c

c
o
n
f
i
g
u
r
a
t
i
o
n
s

b
a
s
e
d

o
n

p
o
l
a
r

t
h
e
t
a

a
n
d

I
d
o
n
�
t

w
a
n
t

t
h
a
t
:

w
i
t
h

o
p
e
n
(
�
c
l
o
s
e
s
t
_
c
o
n
t
a
c
t
s
_
f
u
l
l
.
o
u
t
�
,
�
r
�
)

a
s

c
o
n
t
a
c
t
_
f
i
l
e
:

1
6
2
5

f
o
r

l
i
n
e

i
n

c
o
n
t
a
c
t
_
f
i
l
e
:

i
f

�
#
�

i
n

l
i
n
e
:

c
o
n
t
i
n
u
e

#
s
k
i
p

c
o
m
m
e
n
t

l
i
n
e
s

1
6
2
7

f
r
a
m
e
_
n
u
m
b
e
r

=
i
n
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
0
]
)

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t

=
f
l
o
a
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
1
]
)

1
6
2
9

i
f

c
l
o
s
e
s
t
_
c
o
n
t
a
c
t

<
6
.
0
:

d
i
m
e
r
_
s
t
a
r
t
_
f
r
a
m
e

=
f
r
a
m
e
_
n
u
m
b
e
r

1
6
3
1

b
r
e
a
k

#
l
e
a
v
e

t
h
e

l
o
o
p

w
h
e
n

t
h
e

d
i
m
e
r

f
o
r
m
a
t
i
o
n

i
s

i
d
e
n
t
i
f
i
e
d

1
6
3
3

#
I

h
a
v
e

a
l
r
e
a
d
y

c
a
l
c
u
l
a
t
e
d

t
h
e

p
o
l
a
r

t
h
e
t
a

t
r
a
c
k
i
n
g

v
a
l
u
e
s

i
n

a
f
i
l
e

i
n

e
a
c
h

r
e
p
l
i
c
a
t
e

s
i
m
u
l
a
t
i
o
n

d
i
r
e
c
t
o
r
y
:

1
6
3
5

p
o
l
a
r
_
t
h
e
t
a
_
f
i
l
e
_
n
a
m
e

=
�
p
o
l
a
r
_
i
n
t
e
r
f
a
c
e
_
t
h
e
t
a
.
o
u
t
�
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s
m
o
o
t
h
_
t
h
e
t
a
_
f
i
l
e
_
n
a
m
e

=
�
s
m
o
o
t
h
_
p
o
l
a
r
_
t
h
e
t
a
.
o
u
t
�

1
6
3
7

f
r
a
m
e
_
l
i
s
t

=
[
]

#
i
n
i
t
i
a
l
i
z
e

a
l
i
s
t

f
o
r

s
t
o
r
i
n
g

t
h
e

f
r
a
m
e

n
u
m
b
e
r
s

1
6
3
9

t
h
e
t
a
_
l
i
s
t

=
[
]

#
i
n
i
t
i
a
l
i
z
e

a
l
i
s
t

f
o
r

s
t
o
r
i
n
g

p
o
l
a
r

t
h
e
t
a

v
a
l
u
e
s

w
i
t
h

o
p
e
n
(
p
o
l
a
r
_
t
h
e
t
a
_
f
i
l
e
_
n
a
m
e
,

�
r
�
)

a
s

i
n
p
u
t
_
f
i
l
e
:

1
6
4
1

f
o
r

l
i
n
e

i
n

i
n
p
u
t
_
f
i
l
e
:

i
f

�
#
�

i
n

l
i
n
e
:

c
o
n
t
i
n
u
e

#
s
k
i
p

c
o
m
m
e
n
t

l
i
n
e
s

1
6
4
3

f
r
a
m
e
_
n
u
m
b
e
r

=
i
n
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
0
]
)

p
o
l
a
r
_
t
h
e
t
a

=
f
l
o
a
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
1
]
)

1
6
4
5

i
f

f
r
a
m
e
_
n
u
m
b
e
r

>
=

d
i
m
e
r
_
s
t
a
r
t
_
f
r
a
m
e
:

#
i
f

t
h
e

d
i
m
e
r

h
a
s

f
o
r
m
e
d

b
a
s
e
d

o
n

t
h
e

c
l
o
s
e
s
t

c
o
n
t
a
c
t
s

f
i
l
e

t
h
e
n

i
n
c
l
u
d
e

t
h
e

p
o
l
a
r

t
h
e
t
a

i
n
f
o
r
m
a
t
i
o
n
:

f
r
a
m
e
_
l
i
s
t
.
a
p
p
e
n
d
(
f
r
a
m
e
_
n
u
m
b
e
r
)

1
6
4
7

t
h
e
t
a
_
l
i
s
t
.
a
p
p
e
n
d
(
p
o
l
a
r
_
t
h
e
t
a
)

1
6
4
9

1
6
5
1

c
o
u
n
t
e
r

=
0

1
6
5
3

#
t
h
i
s

i
s

t
r
i
c
k
y
,

b
u
t

I
�
d

l
i
k
e

a
w
a
y

t
o

i
g
n
o
r
e
/
a
t
t
e
n
u
a
t
e

l
a
r
g
e
/
s
h
o
r
t
-
l
i
v
e
d

p
o
l
a
r

t
h
e
t
a

e
x
c
u
r
s
i
o
n
s
:

f
o
r

p
o
l
a
r
_
t
h
e
t
a

i
n

t
h
e
t
a
_
l
i
s
t
:

1
6
5
5

i
n
d
e
x

=
t
h
e
t
a
_
l
i
s
t
.
i
n
d
e
x
(
p
o
l
a
r
_
t
h
e
t
a
)

i
f

i
n
d
e
x

>
2
0
.
0
:

1
6
5
7

i
f

a
b
s
(
p
o
l
a
r
_
t
h
e
t
a

-
n
u
m
p
y
.
a
v
e
r
a
g
e
(
t
h
e
t
a
_
l
i
s
t
[
i
n
d
e
x

-
2
0

:

i
n
d
e
x
]
)
)

>
1
.
0

a
n
d

a
b
s
(
p
o
l
a
r
_
t
h
e
t
a

-
n
u
m
p
y
.
a
v
e
r
a
g
e
(
t
h
e
t
a
_
l
i
s
t

[
i
n
d
e
x
:

i
n
d
e
x

+
2
0
]
)
)

>
1
.
0
:

#
i
f

t
h
e

c
u
r
r
e
n
t

p
o
l
a
r

t
h
e
t
a

v
a
l
u
e

i
s

d
i
f
f
e
r
e
n
t

b
y

s
p
i
k
e
_
t
h
r
e
s
h
o
l
d

f
r
o
m

t
h
e

p
r
e
c
e
d
i
n
g

A
N
D

f
o
l
l
o
w
i
n
g

a
v
e
r
a
g
e
d

2
0

d
a
t
a

p
o
i
n
t
s
,

r
e
p
l
a
c
e

i
t

b
y

t
h
e

a
v
e
r
a
g
e

o
f

t
h
e

1
0

p
r
e
c
e
d
i
n
g

p
o
i
n
t
s
;

n
o
t
e

t
h
a
t

i
t

h
a
s

t
o

s
a
t
i
s
f
y

b
o
t
h
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c
o
n
d
i
t
i
o
n
s

b
e
c
a
u
s
e

I
d
o
n
�
t

w
a
n
t

t
o

a
t
t
e
n
u
a
t
e

a
r
e
a
l
/
l
o
n
g
-

l
i
v
e
d

t
r
a
n
s
i
t
i
o
n

b
e
t
w
e
e
n

i
n
t
e
r
f
a
c
e
s

c
o
u
n
t
e
r

+
=

1
.
0

1
6
5
9

t
h
e
t
a
_
l
i
s
t
[
i
n
d
e
x
]

=
n
u
m
p
y
.
a
v
e
r
a
g
e
(
t
h
e
t
a
_
l
i
s
t
[
i
n
d
e
x

-

1
0
:

i
n
d
e
x
]
)

p
r
i
n
t

c
o
u
n
t
e
r

1
6
6
1

1
6
6
3

#
n
u
m
p
y

c
o
n
v
o
l
v
e

t
r
i
c
k

(
s
e
e

h
t
t
p
:
/
/
s
t
a
c
k
o
v
e
r
f
l
o
w
.
c
o
m
/
q
u
e
s
t
i
o
n
s
/
1
3
3
5
3
9
2
/
i
t
e
r
a
t
i
o
n

-
o
v
e
r
-
l
i
s
t
-
s
l
i
c
e
s
/
1
3
3
9
5
7
5
#
1
3
3
9
5
7
5

a
n
d

t
h
e

n
u
m
p
y
.
c
o
n
v
o
l
v
e

o
n
l
i
n
e

d
o
c
u
m
e
n
t
a
t
i
o
n

f
o
r

e
x
p
l
a
n
a
t
i
o
n

o
f

h
o
w

t
h
e

s
e
c
o
n
d

a
r
r
a
y

a
r
g
u
m
e
n
t

i
s

f
l
i
p
p
e
d

a
n
d

s
l
i
d

a
c
r
o
s
s

t
h
e

f
i
r
s
t

f
o
r

c
o
n
v
o
l
u
t
i
o
n

w
i
t
h

t
h
e

d
e
f
a
u
l
t

a
r
g
u
m
e
n
t
s
)
:

1
6
6
5

#
f
o
r

a
w
e
i
g
h
t
e
d

m
o
v
i
n
g

a
v
e
r
a
g
e

(
s
e
e

W
M
A

w
i
k
i
p
e
d
i
a

e
n
t
r
y
)
:

1
6
6
7

d
e
n
o
m
i
n
a
t
o
r

=
(
w
i
n
d
o
w
_
s
i
z
e

*
(
w
i
n
d
o
w
_
s
i
z
e

+
1
.
0
)
)

/
2
.
0

1
6
6
9

s
l
i
d
i
n
g
_
a
r
r
a
y

=
n
u
m
p
y
.
o
n
e
s
(
w
i
n
d
o
w
_
s
i
z
e
)
/
d
e
n
o
m
i
n
a
t
o
r

c
o
e
f
f
i
c
i
e
n
t
_
l
i
s
t

=
[
c
o
e
f
f
i
c
i
e
n
t

f
o
r

c
o
e
f
f
i
c
i
e
n
t

i
n

r
a
n
g
e
(
1
,

w
i
n
d
o
w
_
s
i
z
e

+
1
)
]

#

l
i
s
t

o
f

c
o
e
f
f
i
c
i
e
n
t
s

f
o
r

w
e
i
g
h
t
e
d

a
v
e
r
a
g
e

1
6
7
1

a
d
j
u
s
t
e
d
_
c
o
e
f
f
i
c
i
e
n
t
s

=
[
]

#
t
h
e

l
i
s
t

w
i
l
l

g
e
t

r
e
v
e
r
s
e
d

b
e
f
o
r
e

c
o
n
v
o
l
u
t
i
o
n

s
o

w
e

c
a
n

l
e
a
v
e

t
h
e

l
i
s
t

o
f

c
o
e
f
f
i
c
i
e
n
t
s

a
s

i
n
c
r
e
a
s
i
n
g

b
e
c
a
u
s
e

t
h
e

l
a
s
t

v
a
l
u
e

b
e
c
o
m
e
s

t
h
e

f
i
r
s
t

v
a
l
u
e
:

1
6
7
3

f
o
r

u
n
i
t
_
v
a
l
u
e
,
c
o
e
f
f
i
c
i
e
n
t

i
n

z
i
p
(
s
l
i
d
i
n
g
_
a
r
r
a
y
,
c
o
e
f
f
i
c
i
e
n
t
_
l
i
s
t
)
:

a
d
j
u
s
t
e
d
_
c
o
e
f
f
i
c
i
e
n
t
s
.
a
p
p
e
n
d
(
u
n
i
t
_
v
a
l
u
e
*
c
o
e
f
f
i
c
i
e
n
t
)

1
6
7
5

p
r
i
n
t

n
u
m
p
y
.
a
r
r
a
y
(
a
d
j
u
s
t
e
d
_
c
o
e
f
f
i
c
i
e
n
t
s
)

s
m
o
o
t
h
_
t
h
e
t
a
_
a
r
r
a
y

=
n
u
m
p
y
.
c
o
n
v
o
l
v
e
(
n
u
m
p
y
.
a
r
r
a
y
(
a
d
j
u
s
t
e
d
_
c
o
e
f
f
i
c
i
e
n
t
s
)
,

n
u
m
p
y
.

a
r
r
a
y
(
t
h
e
t
a
_
l
i
s
t
)
)
[
w
i
n
d
o
w
_
s
i
z
e
-
1
:
-
w
i
n
d
o
w
_
s
i
z
e
+
1
]

1
6
7
7
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#
f
o
r

t
e
s
t
i
n
g

p
u
r
p
o
s
e
s
:

1
6
7
9

p
r
i
n
t

�
c
h
e
c
k

1
a
:

t
h
e
t
a
_
l
i
s
t

l
e
n
g
t
h
:

�
,

l
e
n
(
t
h
e
t
a
_
l
i
s
t
)

p
r
i
n
t

�
c
h
e
c
k

1
b
:

s
m
o
o
t
h
_
t
h
e
t
a
_
a
r
r
a
y

l
e
n
g
t
h
:

�
,

l
e
n
(
s
m
o
o
t
h
_
t
h
e
t
a
_
a
r
r
a
y
)

1
6
8
1

w
i
t
h

o
p
e
n
(
s
m
o
o
t
h
_
t
h
e
t
a
_
f
i
l
e
_
n
a
m
e
,

�
w
�
)

a
s

o
u
t
p
u
t
_
f
i
l
e
:

1
6
8
3

o
u
t
p
u
t
_
f
i
l
e
.
w
r
i
t
e
(
�
#
f
o
r
m
a
t
:

f
r
a
m
e

n
u
m
b
e
r

|
s
m
o
o
t
h
e
n
e
d

p
o
l
a
r

t
h
e
t
a

v
a
l
u
e

f
o
r

h
e
l
i
x

2
C
O
M

p
o
s
i
t
i
o
n

i
n

r
m
s
d
-
f
i
x
e
d

r
e
f
e
r
e
n
c
e

f
r
a
m
e

o
f

h
e
l
i
x

1
\
n
�

)

f
o
r

f
r
a
m
e
_
n
u
m
b
e
r
,

s
m
o
o
t
h
_
d
a
t
a
_
p
o
i
n
t

i
n

z
i
p
(
f
r
a
m
e
_
l
i
s
t
,

s
m
o
o
t
h
_
t
h
e
t
a
_
a
r
r
a
y
)
:

#
t
h
e

s
m
o
o
t
h
e
n
e
d

l
i
s
t

w
i
l
l

u
s
u
a
l
l
y

b
e

s
h
o
r
t
e
r

a
n
d

l
i
m
i
t
i
n
g

1
6
8
5

o
u
t
p
u
t
_
f
i
l
e
.
w
r
i
t
e
(
s
t
r
(
f
r
a
m
e
_
n
u
m
b
e
r
)

+
�

�
+

s
t
r
(

s
m
o
o
t
h
_
d
a
t
a
_
p
o
i
n
t
)

+
�
\
n
�
)

#
m
o
n
i
t
o
r

p
r
o
g
r
e
s
s

o
n

p
r
o
m
p
t
:

1
6
8
7

#
p
r
i
n
t

s
t
r
(
f
o
l
d
e
r
_
n
a
m
e
)
,

�
f
r
a
m
e
_
n
u
m
b
e
r
:

�
,

s
t
r
(
f
r
a
m
e
_
n
u
m
b
e
r
)
,

�

w
i
n
d
o
w
e
d

p
o
l
a
r

t
h
e
t
a

v
a
l
u
e
:

�
,

s
t
r
(
s
m
o
o
t
h
_
d
a
t
a
_
p
o
i
n
t
)

1
6
8
9

d
e
f

i
n
t
e
r
f
a
c
e
_
f
i
l
t
e
r
e
d
_
m
e
r
g
e
d
_
t
o
p
_
f
i
v
e
_
F
G
F
R
3
(
p
r
i
m
a
r
y
_
c
o
u
n
t
_
l
i
s
t
,
s
e
c
o
n
d
a
r
y
_
c
o
u
n
t
_
l
i
s
t
,

o
t
h
e
r
_
c
o
u
n
t
_
l
i
s
t
,

f
o
l
d
e
r
_
n
a
m
e
,

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
,

s
k
i
p
_
f
r
a
m
e
s
)
:

�
�
�
O
c
t
.

2
8
/
2
0
1
0
:

M
o
d
i
f
y
i
n
g

t
h
e

m
e
r
g
e
d

t
o
p

5
c
o
n
t
a
c
t
s

f
u
n
c
t
i
o
n

t
o

a
d
d
i
t
i
o
n
a
l
l
y

f
i
l
t
e
r

a
l
l

d
a
t
a

b
a
s
e
d

o
n

w
e
i
g
h
t
e
d
-
a
v
e
r
a
g
e

a
n
d

s
p
i
k
e
-
f
i
l
t
e
r
e
d

p
o
l
a
r

t
h
e
t
a

v
a
l
u
e
s

a
v
a
i
l
a
b
l
e

i
n

t
h
e

f
i
l
e

�
s
m
o
o
t
h
_
p
o
l
a
r
_
t
h
e
t
a
.
o
u
t
�
.

P
a
r
s
e
s

a
n
d

m
e
r
g
e
s

t
h
e

�
t
o
p

f
i
v
e
�

c
o
n
t
a
c
t

d
a
t
a

f
o
r

w
i
l
d
-
t
y
p
e
,

m
u
t
a
n
t
,

a
n
d

h
e
t
e
r
o
-

d
i
m
e
r
s

i
n
t
o

o
n
e

o
f

t
h
r
e
e

l
i
s
t
s
:

p
r
i
m
a
r
y
,

s
e
c
o
n
d
a
r
y
,

o
r

�
o
t
h
e
r
�

p
o
l
a
r

t
h
e
t
a

i
n
t
e
r
f
a
c
e
.

A
n

a
d
d
i
t
i
o
n
a
l

f
u
n
c
t
i
o
n

m
u
s
t

b
e

c
a
l
l
e
d

o
u
t
s
i
d
e

o
f

�
m
a
i
n
�

i
n

t
h
e

h
e
a
d

s
c
r
i
p
t

t
o

p
a
r
s
e

t
h
e

o
v
e
r
a
l
l

d
a
t
a

i
n

t
h
e
s
e

l
i
s
t
s
.
�
�
�

1
6
9
1

#
i
n
t
i
a
l
i
z
e

l
i
s
t
s

f
o
r

s
t
o
r
i
n
g

t
h
e

f
r
a
m
e

n
u
m
b
e
r
s

t
h
a
t

c
o
r
r
e
s
p
o
n
d

t
o

p
r
i
m
a
r
y
,

s
e
c
o
n
d
a
r
y
,

a
n
d

�
o
t
h
e
r
�

d
i
m
e
r

i
n
t
e
r
f
a
c
e
s
:

p
r
i
m
a
r
y
_
f
r
a
m
e
_
l
i
s
t

=
[
]

1
6
9
3

s
e
c
o
n
d
a
r
y
_
f
r
a
m
e
_
l
i
s
t

=
[
]
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o
t
h
e
r
_
f
r
a
m
e
_
l
i
s
t

=
[
]

1
6
9
5

#
t
h
e

h
e
a
d

s
c
r
i
p
t

h
a
n
d
l
e
s

t
h
e

d
i
r
e
c
t
o
r
y

s
w
i
t
c
h
i
n
g

s
o

I
c
a
n

j
u
s
t

p
a
r
s
e

t
h
e

�

s
m
o
o
t
h
_
p
o
l
a
r
_
t
h
e
t
a
.
o
u
t
�

f
i
l
e

i
n

e
a
c
h

d
i
r
e
c
t
o
r
y

t
o

p
u
l
l

o
u
t

t
h
e

v
a
l
u
e
s

I
w
a
n
t
:

1
6
9
7

f
r
a
m
e
_
t
h
e
t
a
_
l
i
s
t

=
[
]

#
s
t
o
r
e

(
f
r
a
m
e

n
u
m
b
e
r
,

c
o
r
r
e
c
t
e
d

t
h
e
t
a
)

w
i
t
h

o
p
e
n
(
�
s
m
o
o
t
h
_
p
o
l
a
r
_
t
h
e
t
a
.
o
u
t
�
,
�
r
�
)

a
s

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a
_
i
n
p
u
t
_
f
i
l
e
:

1
6
9
9

f
o
r

l
i
n
e

i
n

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a
_
i
n
p
u
t
_
f
i
l
e
:

i
f

�
#
�

i
n

l
i
n
e
:

c
o
n
t
i
n
u
e

#
s
k
i
p

c
o
m
m
e
n
t

l
i
n
e
s

1
7
0
1

f
r
a
m
e
_
n
u
m
b
e
r

=
i
n
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
0
]
)

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a

=
f
l
o
a
t
(
l
i
n
e
.
s
p
l
i
t
(
)
[
1
]
)

1
7
0
3

f
r
a
m
e
_
t
h
e
t
a
_
l
i
s
t
.
a
p
p
e
n
d
(
(
f
r
a
m
e
_
n
u
m
b
e
r
,

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a
)
)

#
n
o
w

f
i
l
t
e
r

t
h
e

d
a
t
a

u
s
i
n
g

t
h
e

c
u
t
o
f
f
s

I
�
v
e

d
e
t
e
r
m
i
n
e
d

e
m
p
i
r
i
c
a
l
l
y

f
o
r

e
a
c
h

d
i
m
e
r

i
n
t
e
r
f
a
c
e
:

1
7
0
5

#
O
c
t
.

2
9
/
2
0
1
0
:

a
d
j
u
s
t
i
n
g

t
h
e

f
i
l
t
e
r
i
n
g

t
o

o
n
l
y

a
l
l
o
w

f
r
a
m
e

c
l
a
s
s
i
f
i
c
a
t
i
o
n

i
n

a

d
i
m
e
r

i
n
t
e
r
f
a
c
e

i
f

5
0
%

o
f

t
h
e

s
u
b
s
e
q
u
e
n
t

p
o
i
n
t
s

a
l
s
o

f
a
l
l

i
n
t
o

t
h
a
t

i
n
t
e
r
f
a
c
e

:

f
o
r

(
f
r
a
m
e
_
n
u
m
b
e
r
,
c
o
r
r
e
c
t
e
d
_
t
h
e
t
a
)

i
n

f
r
a
m
e
_
t
h
e
t
a
_
l
i
s
t
:

1
7
0
7

c
u
r
r
e
n
t
_
i
n
d
e
x

=
f
r
a
m
e
_
t
h
e
t
a
_
l
i
s
t
.
i
n
d
e
x
(
(
f
r
a
m
e
_
n
u
m
b
e
r
,
c
o
r
r
e
c
t
e
d
_
t
h
e
t
a
)
)

c
u
r
r
e
n
t
_
w
i
n
d
o
w

=
f
r
a
m
e
_
t
h
e
t
a
_
l
i
s
t
[
c
u
r
r
e
n
t
_
i
n
d
e
x

:
c
u
r
r
e
n
t
_
i
n
d
e
x

+
1
0
]

1
7
0
9

s
u
c
c
e
s
s
f
u
l
_
t
e
s
t

=
0

i
f

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a

>
-
3
.
0

a
n
d

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a

<
-
1
.
5
:

#
i
f

c
o
n
d
i
t
i
o
n
s

f
o
r

p
r
i
m
a
r
y

i
n
t
e
r
f
a
c
e

a
r
e

s
a
t
i
s
f
i
e
d
:

1
7
1
1

f
o
r

(
f
r
a
m
e
_
n
u
m
b
e
r
,
c
o
r
r
e
c
t
e
d
_
t
h
e
t
a
)

i
n

c
u
r
r
e
n
t
_
w
i
n
d
o
w
:

#
c
h
e
c
k

t
h
e

n
u
m
b
e
r

o
f

f
r
a
m
e
s

i
n

t
h
i
s

w
i
n
d
o
w

t
h
a
t

s
a
t
i
s
f
y

i
n
t
e
r
f
a
c
e

r
e
q
u
i
r
e
m
e
n
t

i
f

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a

>
-
3
.
0

a
n
d

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a

<
-
1
.
5
:

1
7
1
3

s
u
c
c
e
s
s
f
u
l
_
t
e
s
t

+
=

1

i
f

s
u
c
c
e
s
s
f
u
l
_
t
e
s
t

>
=

5
:

#
i
f

5
0
%

o
f

t
h
e

p
o
i
n
t
s

i
n

t
h
e

c
u
r
r
e
n
t

w
i
n
d
o
w

s
a
t
i
s
f
y

i
n
t
e
r
f
a
c
e

r
e
q
u
i
r
e
m
e
n
t
s

t
h
e
n

t
h
i
s

f
r
a
m
e

c
a
n

b
e

a
p
p
e
n
d
e
d

t
o

i
n
t
e
r
f
a
c
e

l
i
s
t
:
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1
7
1
5

p
r
i
m
a
r
y
_
f
r
a
m
e
_
l
i
s
t
.
a
p
p
e
n
d
(
f
r
a
m
e
_
n
u
m
b
e
r
)

e
l
i
f

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a

>
-
1
.
0

a
n
d

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a

<
1
.
0
:

#
i
f

c
o
n
d
i
t
i
o
n
s

f
o
r

s
e
c
o
n
d
a
r
y

i
n
t
e
r
f
a
c
e

a
r
e

s
a
t
i
s
f
i
e
d
:

1
7
1
7

f
o
r

(
f
r
a
m
e
_
n
u
m
b
e
r
,
c
o
r
r
e
c
t
e
d
_
t
h
e
t
a
)

i
n

c
u
r
r
e
n
t
_
w
i
n
d
o
w
:

#
c
h
e
c
k

t
h
e

n
u
m
b
e
r

o
f

f
r
a
m
e
s

i
n

t
h
i
s

w
i
n
d
o
w

t
h
a
t

s
a
t
i
s
f
y

i
n
t
e
r
f
a
c
e

r
e
q
u
i
r
e
m
e
n
t

i
f

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a

>
-
1
.
0

a
n
d

c
o
r
r
e
c
t
e
d
_
t
h
e
t
a

<
1
.
0
:

1
7
1
9

s
u
c
c
e
s
s
f
u
l
_
t
e
s
t

+
=

1

i
f

s
u
c
c
e
s
s
f
u
l
_
t
e
s
t

>
=

5
:

#
i
f

5
0
%

o
f

t
h
e

p
o
i
n
t
s

i
n

t
h
e

c
u
r
r
e
n
t

w
i
n
d
o
w

s
a
t
i
s
f
y

i
n
t
e
r
f
a
c
e

r
e
q
u
i
r
e
m
e
n
t
s

t
h
e
n

t
h
i
s

f
r
a
m
e

c
a
n

b
e

a
p
p
e
n
d
e
d

t
o

i
n
t
e
r
f
a
c
e

l
i
s
t
:

1
7
2
1

s
e
c
o
n
d
a
r
y
_
f
r
a
m
e
_
l
i
s
t
.
a
p
p
e
n
d
(
f
r
a
m
e
_
n
u
m
b
e
r
)

e
l
s
e
:

#
f
o
r

a
n
y

f
r
a
m
e
s

w
h
e
r
e

t
h
e

p
o
l
a
r

t
h
e
t
a

o
f

h
e
l
i
x

2
d
o
e
s

n
o
t

f
a
l
l

i
n
t
o

e
i
t
h
e
r

c
a
t
e
g
o
r
y
:

1
7
2
3

o
t
h
e
r
_
f
r
a
m
e
_
l
i
s
t
.
a
p
p
e
n
d
(
f
r
a
m
e
_
n
u
m
b
e
r
)

1
7
2
5

#
s
o
,

n
o
w

w
e

k
n
o
w

w
h
i
c
h

f
r
a
m
e
s

c
o
r
r
e
s
p
o
n
d

t
o

w
h
i
c
h

i
n
t
e
r
f
a
c
e
s

f
o
r

t
h
e

t
r
a
j
e
c
t
o
r
y

w
e

a
r
e

a
b
o
u
t

t
o

p
a
r
s
e

w
i
t
h

M
D
A
n
a
l
y
s
i
s
,

a
n
d

t
h
e
s
e

f
r
a
m
e
s

h
a
v
e

a
l
r
e
a
d
y

b
e
e
n

f
i
l
t
e
r
e
d

t
o

b
e

w
i
t
h
i
n

6
A
n
g
s
t
r
o
m
s

1
7
2
7

f
o
r

t
s

i
n

u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
t
r
a
j
e
c
t
o
r
y
[
:
:
s
k
i
p
_
f
r
a
m
e
s
]
:

h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

1
:
3
3

)
"

#
s
e
l
e
c
t

f
i
r
s
t

F
G
F
R
3

m
o
n
o
m
e
r

1
7
2
9

h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n

=
"
(

n
a
m
e

C
A

a
n
d

r
e
s
i
d

3
4
:
6
6

)
"

#
s
e
l
e
c
t

s
e
c
o
n
d

F
G
F
R
3

m
o
n
o
m
e
r

1
7
3
1

#
S
e
l
e
c
t

a
l
l

C
A

a
t
o
m
s

i
n

e
a
c
h

h
e
l
i
x
:

h
e
l
i
x
_
1
_
C
A
_
r
e
s
i
d
u
e
s

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(
h
e
l
i
x
_
1
_
C
A
_
s
e
l
e
c
t
i
o
n
)

1
7
3
3

h
e
l
i
x
_
2
_
C
A
_
r
e
s
i
d
u
e
s

=
u
n
i
v
e
r
s
e
_
o
b
j
e
c
t
.
s
e
l
e
c
t
A
t
o
m
s
(
h
e
l
i
x
_
2
_
C
A
_
s
e
l
e
c
t
i
o
n
)
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1
7
3
5

#
U
s
e

t
h
e

a
t
o
m
s
e
l
e
c
t
i
o
n
s

t
o

g
e
n
e
r
a
t
e

l
i
s
t
s

o
f

o
r
d
e
r
e
d

c
o
o
r
d
i
n
a
t
e
s

f
o
r

e
a
c
h

h
e
l
i
x
:

h
e
l
i
x
_
1
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s

=
h
e
l
i
x
_
1
_
C
A
_
r
e
s
i
d
u
e
s
.
c
o
o
r
d
i
n
a
t
e
s
(
)

1
7
3
7

h
e
l
i
x
_
2
_
C
A
_
c
o
o
r
d
i
n
a
t
e
s

=
h
e
l
i
x
_
2
_
C
A
_
r
e
s
i
d
u
e
s
.
c
o
o
r
d
i
n
a
t
e
s
(
)

1
7
3
9

#
U
s
e

t
h
e

a
t
o
m
s
e
l
e
c
t
i
o
n
s

t
o

g
e
n
e
r
a
t
e

a
l
i
s
t

o
f

o
r
d
e
r
e
d

r
e
s
i
d
u
e

i
d
e
n
t
i
f
i
e
r
s

(
M
D
A
n
a
l
y
s
i
s

f
o
r
m
a
t
)

f
o
r

e
a
c
h

h
e
l
i
x
:

h
e
l
i
x
_
1
_
i
d
e
n
t
i
f
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c
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p
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p
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b
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p
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c
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u
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c
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b
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c
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i
l
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i
l
t
_
v
s
_
b
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b
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c
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i
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i
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=
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c
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c
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c
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i
l
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.
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u
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b
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p
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p
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p
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r
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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b
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c
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i
l
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c
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b
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c
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p
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c
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c
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p
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c
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b
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c
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b
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c
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c
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c
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i
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c
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b
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c
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p
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c
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c
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b
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b
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c
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