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ABSTRACT -

Studies were made of §;me transfer RNAs of chick
embryo and of amino acid incorporation by the nuclear and.
mitochondrial fraction of chick embryo.

) The 'possibility that ‘s specific proline-accepting tRNA
might regulate the onset of synthesislof collagen was
investigated. Collagen synthesis begins at about 8 days of
embryonic development in the chick. Transfer RNA was
isolatedyfrom 4- and 8-day chick embryos and aminoacylated
with radiocactive proli;e. The labeled RNAs from each stage

N
.

a2

LA

 were chromatographed on methylated alburin kieselguhr and %
ﬁfg;oylated diethylaminoethyl-cellulose columns, and the _%
chromatographic profiles were examined for stage-specific ’ 4
differences. Initial observations of a quantitative %ﬂ
4

difference in a prolyl-tRNA species from stage to stage 3
could not be repeated, and éae investigation was accordingly ;;
abandoned. : . A
The second serles of experiments was suggested by an ,*%%

, observation of H.-M. Tsay, formerly of this laboratory (a3). iué‘
On chromatogrephy of T1 ribonucloisc digestion products of " ﬁi
3,4 -H- and uniformly-labeled 14; . 1eucyl-tmiAs of chiick ' ;;
¢mbryo, a departure f:oa unity in the ratio of lpbolod ’f?
carbon to tritiul was uton in one of the rccultiny'pomts. ) . ‘E
. 'ﬁ
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This work was ropeatad with tRNA preparations from several
stages of chick embryo and adult chi.ck liver, * The carbon~ )

enriched peak was observed in every case, and the hypothesis

¥

was made that a specific derivative of leucine, in which the

4;5%-H atoms were lost, was formed during the tRNA aminoacyla-

tion or diégstion reaction. No such phenbmenon was observed

on chromatography of 1eucine-§l.abeled tRNA fragments obtained '
‘ by dlgution, of rabbit liver and E. coll tRNA with T1 ribo-

v nuclease, !

LESFYLEE FaL AL S

Various ut!wds were used in attempt; to Asolate and
ctharacterize the ptopoud derivativo. but ncne were successful,
It wes thought at the time. this work ms done that a

sukaryotic Initiator tRNA mighf be N-blocked, as. is the

commOn prok_am;lc .tnitiator, 1\Il~fcmy1mthio'nyl-tm5. A
labe}ed smino acid mixture wes recovered.from tRNA and tRNA

) Mﬁon ‘m by cunducf\ducylau‘on procedures. -An

w at&yl acetate extraction mthod for N-blocked amino acid

’ 4 mﬂm s found to yield no evidence for a carbon~- = .
£ Mﬂl&tp-blochd ﬁ!rtvativi of leucine. It was therefore
AN W cﬁn the possible derivative was of no aignq,ficance
e - tu ﬂu mmtion of protein synthuh in the.chick, and the
iy muwzm was dropped.

A *

m W imltiolﬁon began as a continuation of
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v -xive

studies by Trevithick and Wainwright (144) on amino acid
1ncorporation by chlck embrye, nuclear fraction in response
to ATP and various inhibitors of protein syntheals.
Trev1th1ck and Wainwright observed great variability in the
extent of incorporation of radioactive amino acid from
%ractién to fraction. Moaification in the isolatibn and
incubation procedures were made in this’study, which reduced
this variability to some extent. Nuclear fractions were‘
assessed for purity by several means, including ‘electron ,
microscopy and enzy%at@c assays.
Amino acid incorporgtion by purified nuclear fraction
was found to be Iinéé; with respect to time and, to concen- .

/
tration of nuclear/fraction. The incorporation of amino
/

acid wag- shown to be sensitive to chloramphenicol and 4
puromycin, and insensitive to cycloheximide, respiratory ﬁ%
inhibitors, and_ribonuclease. / q ,?
The acidic protein componehts-were extracted from' : ‘ u%
nuclei after incubation with radioactivesamino acid. This ?
protein fraction ;as subjected to polyacrylamide gel electro- Vg
phoresis. A number of protein bands were vlsualizod by ,f
staining, of which two were found to be tldiOtCtiVCIY labeled, %
In another experiment designed to dononsttato the ,,%
incorporation of amino acid into protein by nuclear fraction, ﬁgf
an extract of proteins was prepared from po‘-t-wmgm :3,
nuclel. The kinetics of dig&tion of these ptotb%ps by y :g“

| L
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" exopeptidases were shown to be similar to those obtained

on digest1on of 1nternally4}aﬁ§ied E. coli protein. These
results were 1nterpreted to 1nd1cate that amino acid is
incorporated into internal positions of protelns by a
protein~synt£esizing’systeq within the nucleus, O

A particulate fraction containing the nuclei and
mitochondria ("nuclei plus mitochondria® fraction) of 3-
to 5~day chick embryo was' used extegsively. The: nuclear
and mitochondrial fractions were purified ‘after incubation -
and” the level of radxoactxve%amzno acid 1ncorpprat10n déter-
mined. The effects of cycloheximide, puromycin, and chlor-
amphenicol on amino acid inc&mporatlon by the components of
this fraction were stugied, The result were comparable
to thgge 6f Trevithick and wainwrigﬁt with the exceéption
of those experiments in which chloramphenicol was used,
The nuéi@hr moiety of the “nuclei plus mitochondria* fraction
was found to be ?nsensitive ébfthoramphenmcol inhibition of
amino acid incorporation. .

Amino acid incorporation by the isolated nuclear frac-
tion was shown to be inhibited by chloramphenic;l, as was
that of the mitochondrial fraction.

Mixtures of purified nuclear and mitochondrial fractions
of 3- to 5~day chick embryo were made and incubated with
34-1ysind in the presence and absence of chloramphenicol.

As in the crude "nuclei plus mitochondria* fraction, the

s g‘? M“, & 4 -~ ‘
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-incorporation of amino acid by the nuclear fraction &a

not inhibited by chlorampheﬁicol.

The hypothesis was made thg;(some component of the

\grotects the amino acid-incorgﬁrating

actionv £rom inhibitghn by cﬁf -

mitochondrial fraction

system of the nuclear f

amphenicol. - .

These experiments were repeated with “nuclei plus

mitochondria" fraction of earlier embryos at the primitive

streak and 10-somite stages of development. The nuclea
fraction of embryos at these stages was found to be inhibited
by chloramphefiicol in the presence of the mitochondrial,
fractions. . N
Py,

Miktures were made of purified nuclear and mitochondfial
fractions of 2- and S5-day chick embryos. Mitochondrial
fraction from S~day, but not 2-day, chick embryo was found

to prevent chloramphenicol inhibition of amino acid incor:

poration by the nuclear fract}ons of both staées.
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AMO Medium

AMP
ATP

B. subtilis
BD~ceilulose \

CoA
DNA

DEAE

E. coli
EDTA
Fmet-tRNAE

glN
GTP
his
IPA

leu

mRNA

uCi
mCi

phe

Aminoacyl- or amino acid
gglfrey- irsky-Osawa Medium
Adenosine monophosphate
Adenosine| triphosphate

Bacillus subtilis

Benéoylatek DEAE-celluloLe
Coehzyme A F @,
Deozyribonucleic acid
Diethylamiqoethyl

Escherichia coli

Ethylenediamine tetraacetate
N-formylmethionyl-tRNA /
Gl?tamine

Guanosine triphosphate
Histidine ot
N6-(A;z—iSOpentenfi)~adenosine
Leucine f
hessenger ribonucleic acid -
Methylated albumin kieselguhr
Microcuries ’

Millicuries

Nanometers (10”9 meters)

Phenylalanine
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" Synthetic ‘polymer of adenine ,
\  and guanine .

\ i -
\ 1, 4-§i§-2—(4~metwy1—S—phenyloxaLcly)~
| ¢ 4

benzene
’xz,s-diphenyloxazole
froline , )
Pyrrolidone cgrboxyiic acid \
RNA \ ,Rigonucleic acid
rRNA ié\ ‘ k Ribosdmal ribonucleic acid_
] 5 sps | Sodium dadecyl sulfdte
o £RNA K ~ Transfer ribonucleic acid
TCA s : Trichloracetic acid )
Tris \Jris-(hydroxymethyl)-aminomethane
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SECTION I ~ LITERATURE REVIEW

The participation of nuclic acids in the synthesis of

proteins has been récognized for many years. A large body

R .
of evidence supports the present concept that deoxyribonucleic

acid (DNA) serves as a template for,the synthesis of ribo-
nucleic acids, which in turn diréct the s}nthesis of specific
proteinsi - _—
DNA, the genetic material of the cell, is a helical
structure corposed of two str;nds of nucleotides.- The
nucleotiﬁes are linked by phosphodiester bSﬁds, and the
strands are joineé by specific hydr&gen bonding between
adenine and thymine, and guanine and cytosine (1).
. During transcription, the synthesis of ribonucleie
acid {RNA), the bases of the coding strand of DNA form
spec%fic hydrogen bonds with the ribonucleotide bases.
Adenine, guanine, and cytosine are common to DNA and RNA,
and uracil replaces thyfiine in RNA, FPolymerization of the
‘ribonucleotides is effected'by enzymic catalysis. Trans-
cription has been reviewed extensively (2) and will not be
discussed in detail. ’
The complementary RNA products of DNA ;tructural
genes are called messenger RNAs (mRNA). Each group of three

bases along the mRNA strand specifies one amino acid in a

-1~
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polypeptide chain. This group is called a triplet or codon,
and 64 differerit triplet combinations of the four nugkeotides
are possible. Twenty amino acids are generally required

for the synthesis of proteins, and it has beenighpwn that

~

one amino acid may be specified by more than one ¢odon. '

1

" Three of the triplet codons specify no amino acid in the

normal system, and instead signal termination of amino acid

L3

addition to the polypeptide chain.
: The first investigators to determine the nucleotide
sequénce specifying the incorporation of a paréicular amino
acid were Nirenberg and Matthaei (3). Their later work = -
and that of Ochoa, Garen and others estab&ished{ihe specin=
ficity of each of the trinucleotide codons. This has been
reviewed by Garen {4). .
ﬁessenger RNA does not interact directly with amino
acids, but with specific transfer RNAs (tRNA) carrying

covalently bound amino acids. This interaction takes plac;

) on the ribosome, a particle made up of two subunits

composed of specific ribosomal RNAs and proteins. A group
of three nucleotides of the tRNA, the anticodon, pairs, by
specific hydrogen bonding, with the codon of the'messenger
RNA. Amino acids are brought‘sequentially into tﬂévgrder
3pec1iied originally by the nucleotide sequence of DNA,

N
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anJ,polymerized ihto a protein chain, This process is )
termed t;anslation 6% the géﬁgtic code. It has been "
demonstrated that the sequence of amino acid residues in a

% particular protein is colinear with the sequence of tri- ‘

. nucleotide codons (5,6). .

7

Ribosomes , -

The formatloh and structure of ribosomes of prokaryotes . ™

i

and eukaryotes have beéq reviewed recently (7,8). More
recent data on the formation of ribosomal RNA in the
nucleolus of eukaryotes are given by Wainherg and Penman (9},
aﬁd Wellauer and Dawid (10).

/

4
. /. The ribosome is composed of two subunits, one of\

//which is larger than the other. The bacterial subunits have
'// sedtuentation values of 308 and 5QS. and those of the 3
mammalian, of 405 and 60S. During the process of.protein
synthesis, several ribosomes are associated with mRNA in a LJ%&VQ:D f?
structure called a polyribosome, or polysome (11, 12).

The subunits Gndergo cyclic association and dissociation %
in the course of piotein synthesis (13.14.15,16).« Messenger ° ;
5

RNA binds to the 30S subunit of the ribosome. The 50§ ‘

' subunit bears two sites, the aminoacyl and the peptidyl o
¥
sites, at which tRNA species are bound during protein ﬁ*
— ¥
synthesis. . p ‘42
g
Proteln synthesls Ef
The process of protein synthesis may be divided into 4y
three stages: initiation, chain elongation, and t!!llnltioq' %ﬂ
\ . . E . ,»M“
' v
. R
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- karyotes (17,18}, and is alsc found in,mitochondria (19,20)
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An initiation complex is formed by the association of

messenger RNA, the two ;ubunits of the ribosomg, and a
specific initiator tRNA. The formation o£ the complex is
depeEQEnt upon initiation*factors, which will be discussed,
h~formylmethionyl-tRNAp is the initiating species %é\pro~’

and ¢hloroplasts (21). The similarities of bacterial and
mitochondrial p}otein syntheéizing systems will be discussed
later in this review, The i:xitiating“%ma species of higher
organisms is a specific methionyl-tRNA (22,23,24,25,26}.° =
Initiation factors 0 ;-

& ?

The formation of the initiation complex depends also

upon several proteins, the initiation factors, and GIP.

The initiation factors required for the binding of mBANA and
2 ¥ 4

tRNA to the ribosomes have been characterized in E. coli

(27).

g =
q—

Some initiation factors of both prokaryotegfénd
eukaryotes have“been shown to effect specific binding and
tranglation of particular mRNAs. Steitz, Dube, and Rudland
(29) ¢
phage-

own_that ribosomes from E. coli éPfected with

4 interact only weakly with the ini€f§£ibn region of
one of tﬁe three cistrons of phage h%? RNA to form polypeptide
chain initiation comglexes. Ribosom;s from uninfected /

E. ¢0li bind strongly to the initiatidn sites of all three

ciptrons of R17 RNA. , Binding tests of combipations of

washed ribosomes and initiation factor fractions of infected

.
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* and uninfected cells showed this Specit‘;‘icity to ‘reside in

[ 8 t 5 )

+  the initiation factor fraction obtained by washing the .

ribosomes inpsolutions of high saly co:fcentratipn.

o Ba

. Revel, ®t. al. and, others have demonstrated that the
. F3 class of initiation factors is ‘esponsible for the
. Specifici"%y of binding of natural ressengers by E. coli

R

. ( ribosomes (;ao,él.az). A]:thc»ugh spccific factors for the
bindiné of particuiar messenger RN/ - are not always required,

' " Heywood has preserfted evidence of specific initiation factors
for the ‘synthesis of the globins of muscle and erythrocytes

’ ‘jﬁ
.in embryonic chmks (33) Ilan and Ilap have demonstrated ‘
‘ the spécif:.city of mitlation factors as a function of the o ;

o developmeptal. stdge of Tenebrio (34). - _

Initiation co_gp_le i ’
P The complated initiation complex*of E. goli consists ‘
'm
- of the 70S ribosomé to which is bound the WRNA and 1n1“t1at- )

ing aminoacyl tRNA species fHet-tﬂNAp. Tho formation of

e

SO \4
B T

. ’ this complex inyglveg several }nffemdhtes. The first
— a5"been n postulatéd to be an "active® 305 subunit carrying R
— the three initiation factors IF-1, IF-2, and IF-3. (35). J
. s”sengw—mr-i? bound to the 305 subunit by the acuon Sty
: M of IF-3. (30) , GIF and fMet-tRNAp are bound by IF~2 on ) f’
' the 30s vgfi.ubwrsizt and\the tRNA assoclates by specific hydrogen "f
v ; bonding with the AUG initiator codon of the MRNA. (36). *
4 T7 IF=3 is released from the 308 cuplex at this po.tat. - .o :
i i. : ‘“, IS "'df:“ks*
R S S
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The 50S subunit is then bound fwi:thr the hydrolysis of GIP.
IF-1 and IF-2 ;;e then released from the 7ﬁé~intermediate. :
IF-ljis presumed to mediate the release of IF-2 from the
complex, and may remove GDP from a postulated IF-2~GDP% L
complex. It is certainly required for the recycling.of
IF-2 in the ini;iation process, rendering ti;~IF-2 activity
catalytic rather than stoichiogetr&c. The 70§ complex,
with the fMet-tRNAp on the peptidyl or donor site of ribo-
some, is then complete. (37) :

The sequence of events in the formation of the
eukaryotic initlation complex has been postulated to
differ significantly from that of prokaryotes (38).
As in bacteria, the small subunit of the ribosome.is

, first associated with messenger and lnitlator RNAs, but

there is evidence that the first species to be bound to
the 40S subunit is Met-tRNA;E by IF-E5 in association
with GTP. 1F-E3 promotes this Binding. A small RNA

has been found to be assoclated gith initiation factors,
and may be involved in some way with the binding of MRNA,
perhaps by ;pocific hydrogen bonding (39)., IF-E3 catalyzes
the binding of the messenger to the 40S subunit. The

addition of the 60S subunit requires the factor IF-Eg.

" GTP is hydrolyzed on the addition of the 60S subunit. ,
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the amino acid specified by the second.todon of the messenger
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_ Chain elongation . -

. The sequential addition of amino acids to the peptide
¢hain, ﬁmceedin% from the amino terminus (40), is dependent
upon soluble chain elongation, or transfer factors (41,42). Z

At the completion of the initiation complex of pro-
ka]ryptesj aé,eukaryotes. a second riboscqai binding s_ite ap
for aminoacyl-tRNA is made available. The tANA carrying g+

is transferred to the bacterial acceptor site by l complex ;%
of elongation factor EF-Tu and GIP :lnﬁa\ rqlccticfn involving %
hydrolysis of GIP. A peptide bond is formed between the
formylated methionine and-the second amino acid by peptidyl
transferase. This activity rtsides in thﬁ :ibom and ' h
specific protqins of the large suhmit tpn been Idmtiﬁod
as components {43). EF-Tq displaces are from EF-Tu, tl»nby . *
regenerating the latter. Elongation facter G and GIP lr;a ,
involved in the release of the deacylated initiator tRMA ) S
from the peptidyl site and the translocation of the newly o
formed dipeptidyl-tRNA from the aminbacyl to the peptidyr .
site of the large subunit, Chain vloagation in sukpryotes . j: %
follows wuch the same pattemn. Mg.mtic slongstion . ce e -f‘
factor 1 is analogous to EPF-Ig md W*‘N of pW. L ,:.»
and EF-E} | urvu the same fmcumuﬁ’—ﬁ ) * ’ ‘ ”‘wﬁf



The GTPase activity necessary to peptide chain formation
r. is felt to reside in one ribosomal s;te.' There is evidence

from studies on B. stearothermophilus that a specific 55 RNA-
protein complex from the ‘508 ribosomal subunit is the bearer

~Fr

of GIPase activity in initiation and elongation of peptide

cmﬁns(44h +
. 'caln terstnation | | -
Q The nﬁNA codons UAA, UAG, and UGA are signals for |
if termination of polypeptide synthesis in bacteria and mammals.

S
3

//’/hslcase factors specific for pafticular termination codons
el are required to free the polypeptide from the prokaryotic
£ tRNA-sANA-ribosome complex (45,46,47). In bacterial cells,
e waornvlncthiénine relegse is stimulated by the S factor

5 in the presence of GIP (48). A single release factor is -
il present in eukaryotes and GIP is required for chain term-

;i . ination {49).

e T .
3; ) omal subunits diasociata on chain termination

£ alyotes, the initiation factor IF-3 promotes

g (80), It is not yet known whether the

éﬁr ' iing. karyotic factor is a dilssociation

&i, %wjiuti;lQXQGiltion fa tor for eukaryotic ribosomes.
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cell (51). ‘The complete nucleotide sequenge of a puiified
tRNA was first determined by Holley and his coworkers (52),
The structure of tRNA is at present being actively studied.
X-ray dlffractlon studles and Raman spectroscopy -
have'ccnflrmed early models of tRNA in which a cloverleaf
secondary structure comprising 51ngle—stran§ed loops and
double~stranded stems was ﬁostulated (53,54). A tertiary
structure produced by folding of the clove;leaf is also
indicated, and may be important in aminoacylsynthetase 7
recognition (59). '
Transfer RNA nucleotldes are very highly mo§1fied,
and all known modifications are effected at the polynucleo;ide"

level {50). Most of the modifications are methylations of ‘

either the base itself or the ribose moiety. Pseudouridine, -
in which ribose is bound to uracil by .2 carbon-glycosidic ?
linkage, ra;hei than by the usual nitrogen-glycosidic S “E
linkége, is extremely common in tRNAs. Thionucleosides ’
{56) and nucleosides bearing large side chains have also ' v
been found, One of the most familiar of these is Nﬁ-(az- J°i
isopentenyl)-adenosine (IPA), a cytokinin promoting plant ;;
growt@,andﬁdexslopment. This substance has beeﬁ found in w ﬁ?

several preparations of tRNAs from different sourges. It
is located at the 3' end of the anticodon in yeast seryl-
and tyrosyl-tRNAs, in rat liver seryl-tRNA, and in two of
the three species of E. coli Su{xz tyr?sylntaﬂks. Species
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3 contains the methylthio derivative of IPA, species 2
has IPA itself, and species 1 has an unmodified adenosine.
Species 1 is unable to support the incorporatior;‘ of amino
acid in ﬁiotein. The IPA-containing tRNAs have the common (
property of responding te a codon the first letter of which
is U (57.58.59.&0,61.6?2).

A similar situation has been observed in eukaryot;ic
phonylalanine-*:tms. One of the Yrtygeh_fluorescent bases
is adjacent to the 3' end of th;!ariticodon in severai ’
tmph'syec;les examined ,(63}.

Irangfer RNA in protein synthesis °

Hoagland, et. al. madé some pf the first studies of
the role of tRNA in protein synthesis (64). In 1955, they
observed that an exchange reaction between 32P~1abeled
pyrophosphate and ATP in the supernatant fraction of rat
liver homogenate was stimulated by the additjon of amino
acids. If a second amino acid was added to a system that
had been sthuhtea by a first amino acld, additional
stimulation resulted (65). A foim of amino acid activated
for protein synthesis was suggested; an aminoacyl adenylate
formed by the following sequence: -
1. ’Enz + ATP == Enz-ANP-PP
2. Enz-AMP-PP 4 smino scid ¥ anz-wf?é + PP,
Specific ncthhtlnq enzymes for each amino acid were sqon |

—

+

found (66,67,68).
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The role of RﬁA of low moleculdr weight in the

wéctivation of aminé%agids was postulated by Crick (69) |
and demonstrated independently by Hoagland and cqworkers . b
(64) and Ogata ahd Nohara (70). Hoagand showed that when
44c.1eucine and ATP were incubated with the activating ;
enzyme system present in a crude fraction, the “pH 5 fraction",
of the supernatant from rat liver, a low molecular weight
species of RNA present in the fraction became labeled. | e
The radinactivity‘of the product was released either on
incubation with hydroxylamine, yielding leucine hydroxamate, y
or into protein on incubation in the ribosomal protein-

o
synthesizing system. GIP was required for the latter

™~ process, and a great excess of lzc-leucine did notlfnhipit
\k\t\%hﬁ\égf?rporation significantly. P -

Oféhgagg\?nd Berg demonstrateéd that activating enzymes -

T~

are specific in the reaction of transfer of amino acid
to RNA (71).
The 3'~0H end 0f each tRNA has the common sequence ‘)

p— CCA. Amino acid is_bound to the 2'-hydroxyl group of the P

terminal adenine nucleotide. The amino acid is then trans- ;

ferred to the 3'-0OH site (72). The activating enzymes dis- g

cussed above are responsible for bgih amino acid activation é?

and transfer to tRNA, and are now fiferred to as aminoacyl- Jif

tRNA synthetases. The enzyme-bound aminoacyl-adenila}q - A

(reaction 2, above) reacts with a molecule of tRMA specific v

\ ¥
;
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for the amino acid and an ester linkage between the
2'-h9§ro¥yl group of the‘ribose of the terminal adenosine
and the acﬁivated carboxyl group of the amino acid is

formed. As stated above, the amincacyl group is trans- -
'ferred to the 3! position. AMP is liberated in the réacéion.
The precise mechanism is not yet determined (5%)., Multiple

synthetases for the activation and transfer of che amino
acid have been found (73,74,75,76). — §\

Changes in chromatographic profile of iscaccepting tRNAs
More than one species of tRNA may aﬁcept the same
amino acid (77). The complement of these iscaccepting tRNA

spacles has been shown to change in differentiating cells,
cails which become malignant, and cells infected with virus.
Daniel, et. al. found differences in the arginyl-tRNAs

of mammalian cells after infection by herpesvirus (78).

* Doi and his coworkers found.differences in the relative
proportions of two valyl-tRNAs during growth transitions
caused by changes from m al to enriched medium, and

vice versa, and sporulation in B. subtilis (79). Differencesa
in iscaccepting tRNA complements in h%gher organisms have
been studied in sea urchins hy Yang and Comb (80), in chick
embryos and erxythrocytes by Wainwright, et. al. (81),

T;ay (82), and Lee and Ingram (83), and in insects by

Ilan, Ilan, and Patel (84). Gallo and Pestka found differ-
ences among several tRNA species in normal and' leukemic
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fymphoblasgs (85). Cel}s synthesizing different immuno~ p
globulins have been shown by Yang and Novelli to have

differences in tRNA patterns (86). . )

Some concepts. of regulation of proteinl synthesis by RNA

"Mechanisms by which tRNA may regulate protein synthesis .

have been prOposeé by Itano (87), Suéoka and Kano-Sueoka (88), -
and Ames and Hartman (B9). 5

Itano has suggested that “modulating" triplets wmight
code for tRNA species which affect the reading of the
messenger RNA, perhaps caus;ng the attachment of messenger:
to ribosome to be less stable, and thus limiting the rate
of translation of the méséage containing this triplet.

The adaptor modification hypothesis of Sueoka and
Kano-Sueoka does not invoke a mutation in the tRNA gene,
but proposes that the codon recognition of a particular
isoaccepting tRNA may be changed by structural modification;

for example, methylation or conformational change. ‘&
Messenger RNAs containing the codon to which such an né
alt;red tRNA responds might not be translated r;omlly. :’
but the translation of other messages would be unaffected. é
Anderson concluded-from his work on E. gg_l_yj?t rate-
1iqﬁ&ing tRNA sé}cias may regulate protein synthesis at the %
translational level (90). The rate ‘of translation of o
poly AG in yitro by an §-30 protein-synthesizing system | f
was shown to be limited by the asount of tANAM™Y recogniz- - ¢
ing the codons AGA and AGG. o :ﬁi;‘::
. , ‘ f
w0 e T ’ "“‘;; )
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Vaughn and Hansen have shown some evidence for a role

of uncharged tRNA in the céntrol of the initiation complex 191).

/

Aminoacyl-tRNA synthetases are also implicated in the
control of protein synthesis. Strehler and his cowarkers -
have fzund they may control the relative amounts of free
and acylated forms of gognate tﬁNAs (92). Kanahus &nd .
Cherry have found differences in leucyl-tRNA synthetases

from two tissues ;f soybean (76). Ilan, Ilan, and Patel
showed the necessity for both a new tRNA ghd a new synthetase
for the metamorphosis of Tenebrio larvae (84). -

Initiator tRNA

As mentioned previously, N-formylmethionyl-tRNA has
been §hown to be the 1nitiatf;g ecies in E. coli (93}, L
as well as in mitochondria and chloroplasts. Marcker,iClérﬁ,
and Sapger (17,18) found two species of methionine-accepting
tRNA 1& E. coli and showed that one Met-tRNA could be ;ormy-
lat;d by reaction with formyltetrahydrofolate, catalyzed
by the E: gélg enzyme Met-tRNA tranéformylaset This species,
Met-tRNAL, regponds to the codons AUG; GUG, and UUG at the
beginning of a message, so that N-formylmethionine is
incorporated a{ the N-terminal of the peptide chain. The
other specles. Met-taNAM responds to the codon AUG, and ~
unthiontna is incorporated into internal positions of the
dbiypOPtidc chain, Met-tRNAF associates in the usual case

with initiation fnct?rs (22). Exceptlons have been found
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in ig‘vitro experinents. Met-tRNAy may be an initiéting
species at high Mg** concentrations, and Met-tRNAf may be

incorporated at internal positions in the absence of Met-

» ~

tRNAy» \
Actumulating -evidence indicates that N-formylmethionyl-

tRNA is normally the universal initiat%ng species of tRNA in

prokaryotes, although exceptions to this general rule have

been noted. Streptococcus faecalis can grow in the presence

ff the f?late antagonists aminOpteriﬁ and trimethoprim if

end-products.of the biosynthetic pathways requiring folate
as a cofattor ;re added to the medium, which suggests that
N-formylmethionyl-tRNAy may not Me involved in initiation

in this species (94).

Protein synthesis in the cytoplasm of eukaryotic
cells is not “initiated with N-formylmethionyl-tRNA. In the
%asf few years, much work has been done to defermine the
1n1tlat1ng tRNA species of eukaryotic systems.

Pyrrolidone carboxylic acid~tRNA (PCA-tRNA), foxmed
by cyclization of the glutamine«?oiety of gIN-tRNA, was
suggested as an initlator of imm;noglobulins by Moav and
Harris (95). Baglioni later failed to find PCA-tRNA in
mouse myeloma cells after laheling with 14C-glutam1ne, and
found that tRNA could not be acylated with pyrrolidone
carboxylic acid. = He showed that glutamine end terminals
of proteins can cyclize spontaneously or by enzymatic

(3
-
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action, and concluded that pyrrolidone cgrboxylic acid '
is probably not an initiator (96). N

"In 1968, Arnstein and Rahaminoff suggested that an - .
N-blocked valyl~tRNA is the inItiator of rabbit hemoglobin

(97). More recent work on the rabbit reticulocyte system
has shown that an unsubstituted methionyl-tRNA is £he
inifiating species (22,23,24,98,99). As in prokaryotes,
two species of Met-tANA are present in the reticulocyte,
Neither is formylated in vivo, but it is possible to
formylate one of them with the bacterial transformylase,
This species is referred to as Met—tRNA; and is the
inltiating species in rabbit reticulocytes. It transfers

. , "methionine to the N-terminus only. Methionine is xemoved

- from the nascent polypgptids chain after 15-20 residues

have been added. ’ ‘

1 The other species, Met-tBN;;; transfersmethionfne to

interna} positions of thé?chain. MetatRNAg binds to ribo- -

somes at low magnesium ion concentration in response to p

Ml Spd M2, eukaryoti; initistion factors, but binds to

L only a slight extent, if at all, in response to the transfer

X factor Tl. The converse is true of Met-tRNA;.

3 Ict»tﬂﬂl; is also the initiating species in~the

synthesis of protamine in trout testis (100) and in the

!

?? synthesis of adenovirus proteins by cultured human KB, cells

T * which have been infected by this virus (101). "
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There is, however, some conflicting evidence which
may indicate the involvement of other tRNA initiating species
in eukaryotes. ?he N-terminus of rat liver f2a histones is
N-acetylse;yl~g}%byl?arginyl~-, and Ligw, Haslett, and a
Allfrey fcundﬂy—acéﬁylser;l-tRﬂg in rat liver., On the basis
of the f}nding that tBNA can be sequentially charged with
3H«serine°and”éﬂ8§§cetate, the authors -concluded that
N~acetylseryl-tRNA”i5 involved in’the initiation of histone
biosynthes;sn(loz}. ’

Better evidence for the involvement of other initiating
species was provided by Narita and his coworkers, who
studied ovalbumin synthesis by hen oviduct minces incubated
withml4c~acetate and amino acids. Digestion products of
the incubation mixture included 14G-acetylglycyl-§erine.
Puromycin inhibited both the synthesis of radioactively
labeled ovalbum&n and’)5€}acetylglycyl-serine. which sugéested
that N-terminal acetylation was closely linked wisly ovalbumin
éynthESis. N-acetylg{ycyl~puromycin was not found in the

.course of these experiments (103), but Tater work did
’demonstrate its formation by the minces and provided'strong
evidence for the ‘conclusion that protein synthesis by hen
oviduct minces is initiated with N-égzkylated glycyl-tRNA

(104).

Melcher has, however, ralsed serious questions anut
the significance of Narita's results (103). Melcher-has
fouhd that yeast cells form acylamind&cylpurouycina.;nd

T

-

k!



e
0% H
)
-

"18" s !
} A ]

r

&

aminoacylpuromycins in the presence of high ;oncgntrations
of puromycing that is, under conditions in which if was
expected that only methionyl~puromycin would be: found.
Several amifio acids formed: such der;vatlves thh puromycin
and methianyl derxvatives did not predommnate. The yeast oo
cells were prelncubated with chloramphenicol to inhibit
mitochondrial protein $ynthesi§, 3nd added cycloheximide

did not inhibit the foxmationlbf derivatives ﬁy more tﬁan — R
10%, though protein syqthesis was inhibited by more than l

90%. It therefore seems that the formation of aminoacyl (

derivatives of puromyczn,xs not necessarily rela;ed to

protein synthesis. 7 >
Such’ anomalouys reartions have been seen in both ¢ ’
e . ; !
~ prokarydtes and eukaryotes. In the presence of methanol, -

Fmet-tRNAp of E. coli can react with purOmyc1n in the’
absence of template anJ the 308 ribosomal subunit (106).
This phenomenon seemin ly differs from the formation of
aminoacyl deriwati;es %f puromycin by yeast in that contri-
bution of the larger ribosomal subunit to th? reaction is .
evidently absent in tWe latter. Acetylphenylalanyl-tRNA

of rat liver can react with puromycin in the presence of‘ :
transfer factor T2 and GTP (107). The bulk of the evidence,
however, seems to Shﬂw that initiation of protein synthesis
in prokaryotcs is efﬁected by Fmet-tRNAp, and, in eukaryotes,
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It/ﬁas recently been shown that eukaryotic initiator
tRNAs dlffer from other;pRNAs in 1nternal structure. All

other tRNAs active in protein synthesis, ingluding the

(108,109}, 7 :

,}‘k

E. coli” lnltlator tRNA, have a common sequeﬂce G—T4!~C~G(A)-
~g

Inltmatgr tRNAs from ‘yeast, wheat gemm, rabbit liver and

o

sheep mammary gland have been ghOwn to lack this sequence

Suppréssor tRN&

Some stralns of E. ¢ qél have been shown to have nonsense
muytations in the ph!iphatase structufal gene, as a result of
which the “amber",

UAG, or “ochre", UAA nonsense codon has

appeared in the messenger RNA. Inégﬁglete polypeptides are
produced as a result of these mutations. Further mutation
may occur in anggier part of gie.geﬁﬁme, which leads to
suppression of the effect of the primary nonsense mutation. s
An amino acid Ps inserted in response to the nonsense ccdaq,

L

and chain elongationwéﬁntinues. Three suppressor genes

have been characterizéd by the aminc acid which- is 1nserted:

serlne by Su-l .glutaﬁ!ne by su-2*; and tyrosine by 8u-3*(110).
The Su-3* suppressor gene has been shown to code for

3p¢?§§;ine—specific tRNA that differs from Su-3" tyrosine-

specific tﬁyh in one gucleotide of the anticodon, a change

that allows recognition of the amber codon UAG. The ochre

&

suppressdr genes-also exert their effects through transfor
BNAs and permit a’ low level of amino acid ineotporttion 1n

P

X

=
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response to the codons UAG and UAA (110), Other suppressors

have been identified with tBNAs since the above'work.
Other functions of tRNA

The first step in the histidine biosynthetic pathway
£

, of Salmonella typhimurium is catalyzed by the enzyme
phosphoribosyltransferase.

The ‘synthesis of this enzyme,

and the ras{ of the enzymes in the histldine pathway, may be

repressed by histidyl-tRNA,
itself has a high affinity for tANA, and the binding of
his-tRNA is favo;ed over that of other species of tRNA.
All five of the ﬂistidine regulatory genes seem to be

Phosphoribosyltransferase

involved in the synthesis or ami%o;cylatiogdof tRNA (111).

A cOMplaxbpflaucyl-;ﬁNA and thzeoniné deaminase has bgen

proposed as an autoregulatory repressor of synthesis of

the snzyme (112),
S

Tryptophan pyrrolase is present in both wild-type and

vermilion muteht Drosophilas melanogaster, but the enzyme is
i
inactive in the mutant. Treatment of homogenates of the X

nutaht with ribonuclease Tl activates the mutant enzyme,

Wild-type tRNA was added to the activated enzyme preparation,

and was shown to reverse the actlvation. The inhibition was
found to be due to a tyrosine<specific tRNA in the uncharged

state (113).



-21-
» Transfer BNA is involved in the sy;thesis of amincacyl’
phosphatidylglycerols, such as lysylphosphatidylglycerol ~
(114). It also participates in the synthesis of bacterial
' . & " cell wallipeptidéglycans. In Staphylococcus epidermidis, -
.one each of the isoaccepting glycyl- and seryl-tRNA species

functiopé only in peptidoglycan synthesis, and does not
~\__——~\ :

!

participate in general protein synthesis (115).
Inhibitors of grgzéin synthesis

Much of the work on protein synthesis in nuclei and
, mitochondria that will be discussed in this survey includes
experiments in which inhibitors of prétei; synthesis were
used. ) J “
‘6%loramphenicol is an inhibit&r of protein synthesis
on ;he ribosomes of bacteria, and those of yeast, rat liver,
and locust mitochondria (116,117,118).

The structure of chloramphenicol is shown below
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Chloramphenicol interacts specifically with the large

5 subunit of bacterial, mitochondrial and chloroplast
K ribosomes at, or near, the active site of peptidyl
f transferase, (43). At high concentrations, chloramphenicol .
5 has some e{fect on energy production by, inhibiting NADH
5 oxidase (119).- The work discussed here is limited to studies
[ .
w at low concentrations. =
ol
il Cycloheximide is an inhibitor of protein synthesis
5 in the cytoplasm of eukaryotes,” and is analogous to
%
) chloramphenicol in activity,interacting with peptidyl '
TA : .
v transforase of 605 ribosomal subunits. ¥
f% . The structure of cycloheximide is
: H " ‘0 ’ +
N . ‘f . —C"\*QQ' “ X -y
i (" .0 '
N Puromycin acts as t*%ohpetitor'of aminoacyl-tRNA on all
5@3 types of ribosomes in the chain elongation reaction.
o The nascent peptide chain "‘\wfmk
£y L.
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is transferred by peptidyl transferase to puromycin rather
than to the aminoacyl-tRNA next specified by the message (120).

Protein synthesis in mitochondria

Mitpchondria have been shown to possess unique types’
of DNA, BNA, and.ribosomes, which differ from those present
. in other parts of the cell (121,122,123),
Ribosomes isalaged from the mitochondria of yeast (124),
Aspergillus nidulans (125), and chick cells (}26) differ in
" size from those in the cytoplasm, and contain different species
of RNA. The RNAs of chick mitochondrial ribasome; are products
of mitochondrial genes (126). \ )
; Specific transfer RNAs of mitochondria from rat liver,
Neurospora, ahd Hela celiﬁrcan be distinguished fréh cyto-
plasmic tRNAS (127,128,129). "
Isolatéd mitochondria have been shown to be able to
iécorporate amino acids into protein (130,131). Following
the initial denmionstrations, the loca{}dn and character-
izatipn of the proteins synthesized by’mitochondrﬁa were
fstudied. Beattie and her coworkers s@owed»fﬁat rat liver
miEZZhondxia incorporate amino acid prédominantly into the
stgaztuxal proteins of the inner membrane (132). The same ‘
is true of the mitochondria of Neurosbora ¢ « None of
the ;roteins of the outer mitochondriir membrane are made

in the mitochondria (133). The soluble proteins of the
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matrix; the proteins of @pe outer membrane, and some,
proteins of the cristae membranes are synthesized ouigide
the mitochondrion on cytoplasmic ribosomes. Some of the
components of cytochrome oxidase, for example, have' been
shown to ke caded by a nuclear gene and synthesized in the
cytcplasm (134) The proteins of the mltochandi}al ribosome
are probably made on cytoplasmic ribosomes (135)., - /
Studies with inhibitars tein syntheésis” in. -
mitochondria and the cell cyloplasm have shown the inter-
dependence of cytoplasmicaand mitochondrial protein synthesis'

&

in the production of functional mitochondrial enzymes.

“

Some studies of protein synthesis by locust fl%ght‘

—y muscle mitochondria in the presence of cycloheximide seem

fo validate the assumption that cycloheximidg‘may be used

to inhibit all non-mitochondrial protein synthe;is without
effegt on the mitochondrial system. The proteins synth;sized
in the presence of cyclpheximide by isolated logust mito-
chondria are comparable in electrophoretic pattern to those -
syntha;izet in the absence of cycloheximide, In vive studies
) d that B80-85% of the labeled proteins found in tﬁe‘
mg§::hondrial raction of the control samples after incubatian
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with labeled amino acid did not appear in the presence of

cycloheximide (136).
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Oxidative metabolism in yeast may be repressed by
anae;obio;is and growth on glucose. During derepression,
functional mitochondrial enzymes appear (137). The
synthesis and function of prote;ﬁs containing heme
(cytochromes ) were assayed during derepression in

Saccharomyees, and both the chloramphenicol-sensitive

and cycloheximide-sensitive protein synthesizing systems

were found to be necessary for the production of functional
enzyme. ) . .
In both these Eases. mitochondrial protein synthesis .

is evidently negeséhry for integration of enzyme m019651es
into the mitochondrial siructuré. o

The role of nonvcytoplasmic protein-synthesizing
systems during the course of embryonic deveIOpmegt is an
important field of interest., Temp#rdl differences in the
effect of 'inhibitors of protein synéhesis on developing ’ :
embryos have been observed. The participation of thé —

mitochondria in the early development of the mouse embryo,

. from the two~ or four-cell stage to the blastocyst, has .

been assessed by Pika and Chase. Mitochondrial RNA and
protein synthesis of embryos,cultured in vitro was speci- .
fically inhibited Qith ethidium bromide and chloramphenicol. ‘
Development to the Biastbcyst stage was essentially unaffected ww

by these inhibitors, although the morphogenesls of the &

&

mitochondrial genome is evidently not required for normal K
. ’ oo
embryonic development,to the blastocyst stage (138), b
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Protein synthesis ip nuclei

Amino acid incorporation by cell nuclei has been
investigated in man% species. This is a subject of
interest becausé” of the possibility that observed incor-
poration mig@t represent synthesis of p;&keins thatﬂserve
specialized functions within the nucleus. These proteins f
might include contrallers of&nucleic acid synthesis, for
example. ,
Impértant early work on amino acid in¢orporation by
nuclel includes that of Allfrey and coworkers with isolated
calf thymus nuclei. They were able to show ;hat amino acid B
wag incorporated into lipoproteins and strongly—associat;d
chromos;;gigpxbteins {139). Zimmermann (140) isolated
nuclei and nucleol from Hela cells with careful attention.
to the removal of cytéplasmic contamination, incubated them
with radioactive amino acid, and demonstrated in vitro
laﬁeliﬁg of specific proteins. Similar work has been done
on isolated nuclei of plants, fish, birds, and other mammals
(141,142,143,144). Protein synthesis within cell nuclei
remainé, however, a coatroversial topic. Several valid
objections‘can be raised to much of the earlier work in
particular. One of ‘the most serious of these is that removal
of cytoplasmic contaminants, particularly perinuclear
ribosomes, was not admonstrated in many investigations. \

’ Allfrey's work on calf thymus nuclel has been ci{f{cized
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on these grounds, as has that of Birnsteil witb pea

nuc%ei (143). Bach and Johnson emphasized thbkimpcrtance_k

[:23

of removing ribosomes from the outer nuclear membrane {145).
Thesé ribosomes—are capable of carrying out protein synthesis.
‘CY%OplasmiC contribution to observed levels of amino
acid incorporation into ﬁuclei is particularly difficult
" to assess in iﬁ vivo experiments. It has been shown that
manf proteins found in the nucleus are;;;;thesized on -
,  cytoplasmitc rihosomeﬁzaﬁd subsequently transported into the
nucleoli .of Hela cells.Some ribosomal proteifis-have been
shown to be synthesized in the cytOplasm (140,146). Robbins
and Borun have shown that some, if‘not all, of the histones
of rat nuclel are synthesized in the cytoplasm and then ~—
mdve to the nucleus (147). An,}ncreasing amount of labeled
protein is transferred from thé cytoplasm to the nucleus
of sea‘urchin embryos as early development progresses‘(l48).
Goldstein has described two classes of nuclear proteins in

Amoeba proteus, one of which migrates rapidly back and forth

between the nucleus and the cytoplasm (149). L
This phenomenon.has been so well established that -

ol

Goldstein (150) has been extremely critical of observers !

who conclude, from in yivo studies on the kinetics of 4
uptake of labeled amino acid into nucleus and cytoplasm, %ﬁ

that de novo protein synthesis occurs within the nucleus.
He states that within the shortest initill time period I
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yet established by such studies, labeled protein could

-

be synthesized in She cXtOplasm and transported to the
nucleus., . A

A specific protein dé%tiﬁég for transport to the
nucleus might not necessarily be synthesized by contam-
inating cytoplasmic cghponents on in vitro incubation,
of incomplepely purified nuclear fraction. Any protein
synthesls byhﬁcntaminating cytoribosomes would, how;ver,
leaé to erroneous conclusions regarding the level of
amino acid incorporatién by nuclear-fraction.

Detergents have been used to remove the outer nuclear
envelope and attached ribosomes (140). Strict criteria
for the demonstration of purity of ihe nuclear fraction »
have been establi%hed, ahd most of the later workers have
characterized their preparations by chemical, enzymatic
and microscopic methods (151,152,153).

Highly coqtfadictory results have been observed in

work with the nuclear fraction of various species With

respect to the requirements for amino acid incorporation. -

K1}€rey showed a requiremént for Nat lons for amino acid

uptake by calf thymus nuclei, and an inhibition by elevated

lovois of K* (141). Other results do not indicate such

strict requirements (1%4). The hypertonic sucrose solutions

used in nnit procedures to isclate nuclei have been variously

toportod'to have an inhibitory or no ‘effect on amino acid
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sincorporation by the purified Ffraction (141,155),
‘ \

Observations un‘ﬁhe effect of various inhibitors !

of protein synthesis on the nuclei vary widely. This is

yet another reason why the validity of observations of

nuclear amino acidrincorporation has been questioned.

J «

Some pf the results obtained by varicus workers are f

summarized below:

#
[

/ ‘ Effect ofﬂinhibitoxs- | )
Source of nuclei chloram= cycla- puromycin
phenicol heximide
Calf thymus (141) none - __\\inhibition (75-80%)
HeLa cell (14?) none none rione
Rat liver (147} ) inhibition - -
(146) inhibition none none »
(157) inhibition - -
” " (158) inhibition inhibition inhibition
Chicg (144) inhibition inconsistent none :
Observations of qualitative differences in response to ' i

cells of particular spécies have been invoked to support the

inhibitors between the cytoplasmic and nuclear fractions of

hypothesis that nuclei have a discrete protein-synthetic %
machiqgry. It is particularly important in such cases to ‘ WE
de ngpiate'that a pure preparatiob has been achieved. 1?
AzSeron has noted that purified nuclear preparations may ég
be imper;eable to inhibitors, and that very high conctatrltions SN ,;g
\ ) :3\\”
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- . of suph agents may be required to effect observ;ble
inhibition {159). The variation of methods of isolation
.0f nuclei may lead to.contradictory results. The develop~
mental sta;e of the organism from which nucPei are isolated
, _ may also have an influence on the observed results. Trevithick
{160) has observed that the response of embryonic trout
testis nuclei to cycloheximide varies with the developmental

!

stage.
- » (ﬁ")
The absence of microbial contamination must also be

. denonst;atéa. Recent work by Dravid and Wong (153) on
amino acid incorporation by isolated rat brain nuclei
gives detailed evidence of erroneous results that may be
obtained due to microbial contamination. Theifinitial
observations on the effect of chloramphenicol on amino
acid incorporation gave widely conflicting results, and
led them to suSpect<EE?b\the inhibitory effect of chloram- :
phenical was exerted on non-nuclear protein synthesis.

Culture of the incubation mixture did indeed demonstrate
microbial contamination. Nuclei prepared and incubated
under sterile conditions were insensitive to chloramphenicol.
It is generally agreed that nuclei have an endogenous
] en tgy metabolism (141,140,143,154), Most of the nuclear
) acid 1nc0r::§ating systems studigg do not require
an .exogenous ene source, yet are inhibited by respiratory
poisons (154,161). Dravid and Wong did not find stimulation

of amino acid inﬁorporntion by isolated rat brain nuclei
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on the addition of ATP (L aM), but excess ATP with an
energy~generating system was found td be inhibitory (153).

A direct relationship between the level of amino acid
1ncorporat10n and;ghe amount of ?uclear fraction incubated
must be shown to prevail if it is to be concluded that the
nuclear fraction does indeed perform this function. This
has been foqnd difficult to achieve in many sysgeﬁs (140,
144,153}, . ' -

.

There does seem to be good evidence, however, .that

I

. oo . I t,
nuclei are capable of incorporating amino acids in vitro.

Much careful work has been done in which contributions"from

bacterial oé cytoplasmic sources have been carefully elimin-
ake&{\

Does this amino acid incorporation, however, represent

i
protein synthesis?” Much of the earlier work does not demon-

strate this adequately. Amino acid incorporation was express-

ed merely in ﬁbrmé of counts in hot TCA-insoluble material,
and no attempt was made to characterize this fractien.

The prevention by puromycin of amino acid 1ncorporation~
is an accepted demonstration of protein synthesis, due to
the fact that it has been shown to inhibit synthesis in a}l”
systems; prokaryotic, eukaryotic, and those of organelles.
This has not been obtained in magz‘ipvéstigations of nuclear
amino acidlincorporation (as noted above), but the failure

may be due to impermeability of the nuclei (139).
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More direct methods to demonstrate internal label

in the polypeptide product have been éttempted, but it

‘may be argued. in one case that there 1s evidence of bac-

terial contamination (154). Zimmermann found specific
labeled proteins on gel electrophoresis Qf material
extracted from Hela cell nuclei after incubation, and
excluded the possibility of bacterial origin, partly‘gn!{
the basis of lack of inhibition by chlorampheficel- (1467,
In contrast, Dravid and Wong dc,notoéOnclude that they have
demonstrated protein synthesis)by sterile preparations of
nuclei because they could not bserve an inhibitory effect

of puromycin (153). . . ‘

~ ) !

A report of the synthesis of a specific protein,

asparagine synthetase, by isolated potato bud nucléi has :

been presentéd recently (163}. The metggdéefmisviatigg\\w

of the nuclei does not, however, appear to be sufficiently

Qrigorous to exclude the ﬁossibiiity of cytoplasmic contam~

!

-

ination. y

Lamkin an4 coworkers haver recently shown that nuclegli -
from rat tumor nuclel hazg\Q?dogenous tRNAs for each amino
acid (163).'Ribosomes'. which closely resemble those in
the cytoplasm have also been reported (157)...

There 1s,in suﬁmary. a great deal of cifcumstgntial
evidence for the synthesis of protein by nuclei, although ,
there have not been many investigations in which evng’E%)terion
of purity and proof of proteinagynthesis has been mét.

A%
-

. . 3
- N o v . .
L B T e wr , ¥ e }

fu



L
-] » [
© ~33-‘? 0
o .
L)
3% .

g
oS~
B
.

SECTION II - A STUDY OF PROLYL-tRNAs OF CHICK EMBRYO
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A
Introducti’on . . , .

The hypothesis that a particularx 1soaccep£1ng species

i

of tBNA may be 1nvol;1d 1n”the regulatlon of protein
synthe51s has been discussed in the ®*Literature Review?.
The p;olyl-tR&As ofa;-déy and 8-day chick.embryos ¢

were investigated in order to determine whethér & new
s?ecies of QBNAPrO,"or d change in‘thé relative proportions ,
of the proline-accepting tRNAs. of chick embryos became
—,Bpparent at the time of the onset of the syqthesis of

collagen (approximately 7 days ). \ [ .

Collagen contains equal’ amounts of proline and
hydraxproline,gwhieh together account for 20% f the mass
of cdllége_¢(164): The precursor of collagen hydroxyproline
‘has been shown to be.proline and hydroxyproline itsg}f is
generally considered not to be incorporaféd into the protein
(164,165). .Some evidence has been found for the hydroxy-
lation of prolyl-tRNA (166,167), but the overwhelming evi-
dénce indicates that gﬁ% hydroxyproline (agd hydroxylysine)
of collagen is'formed by the ac¢tion of a hydroxylase at the

polypeptide level (163,168). ’
On the basis of these results, no attempt was made to
58
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find a hyq;oxyproline-accepting tRNA. Because of the
high proportion of proline and hydroxyproline in collagen,

and their relative scarcity in other proteins, it was felt

that a prolyl-tRNA would be the mcét probable regulator of--
collagen sYnthesis, if indeed this synthesis is regulatzg”
by tRNA. : - . '
The investigation was abandoned when no differencps
were found in the prolyl~tRNA complemgnts of 4- and 8-day

chick embryos. 9
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Methods *
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| ’ Cot )

'Chicks 2
/

'Eggs of a standard line of white Leghorn were
incubated at 38° C for 4 and é days. éﬁbryos!wpre dis~
sected free of the embryonic membranes, rinsed with cold
0.9% saline, and blotted on filter paper. The embryos
were used immediately in }urther procedureé. or were frozen
in liquié nitrogen and stored at -15° ¢ until use.

Isolation of tRNA from chick embryo -

Chiék embryo tRNA was isolated by a modification (169)

of the method of Brunndxaber (170). One hundred grams of

L

s

fresh or frozen embryo wekre homogenized in an ice-cold
mixture of 150 ml water saturated phenol plus 150 ml of
1.0 M NaCl, 0.005 M EDTA in 0.1 M Tris-HCl buff§r, pH 7.5.
The homogenate was centrifuged for 10 min at 20,000 x g in

"“//the Servall RC-2B centrifuge, the upper (aqueous) layer

removed; and an equal volume of water-saturated/;henol

added. The mixture was mechanically shaken at 4° C for ‘30
min, and centrifuged as abé&e. The phenol extraction was
repeated. Three volumes of cold 95X ethanol were added to
the aqueous layer, and the resultant precipitatc was ) F
collected by centrifugation and resuspended in 250 ml of

’
0.1 M Tris-HCl buffer, pH 7.5. The solution was then passed
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through a column of 2 g of DEAE~cellulose equilibrated

with cold 0.1 M Tris-HCl buffer, pH 7.5, at a flow rate

of 1 ml/ﬁin. The column was washed with this buffer until
the optical density of the effluent was less than 0.1 at °
260 nm. The RNA was eluted with 1.0 M NaCl in 0.1 M Tris-
ﬁcl buffer, pH 7.5, until the optical density at 260 ng:gas N
negligible.. The RNA solution was extracted twice with

phenol in order to remove possible bacterial contamination,
and twice with ether: Three volumes of cold 95% ethanol“

were added to the aqueous solution and it was allowed to
X

.

stand overnight at -15° C. The, precipitate was colldcted,
washed twice with 95% ethanol, resuspended in 3 ml of 1.8
M Tris-HCl buffer, pH 8.0, and incubated at 37° C fot 45
min to dea?ylate tANA (171). Three volumes of 95% ethanol
and a volume of 20% patgssium acetate buffer, pH 5.2,
s&fficient ta-yleld a final concentration of 2%, were added
to precipitate tRNA. The precipitate was collected by
centrifugation and dissolved in distilled water. /;ie

solution was then dialyzed against three changes of dis-

_ tilled water for 3 hr at 4° C.

t of enz extracts }

Enzyme extracts were prepared at 4° C and used immed-
iately. One g of 4- or 8-day chié;.embryo was homogenized
in a-Potter-Elvehjem homogenizer in 2 ml of Medium AM (172),
a modification of Medium A of Keller and Zamecnik (173)%
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Medium AM contained 0.35 M sucrose, O 05 M Tris-HCl
buffer, pH 7.5, 0. 025 M KCl, 0.04 M MgClz, 2. 0 x 1074 EDTA,
and 6.0 x 1073 M 2-mercaptoethanol. The homogenate was
centrifuged at 37,000 x g for 30,min. The supernatant
fraction obtained is termed the "cr&ﬁ% enzyme extract.%«
This extract was then dialyzed 3 §§5against three changes
of 100 ml of Medium AM with continuous sfirrinq.

Aminoacylation of tBNA ,

Radioactive aminoagxl—tﬁNA was prepared by the method
of Kano-Sueoka and Sueoka (174)., The reaction mixture
contained 2-10 0. D sgo units of tRNAﬁ 0.5 ml of the
dlalyzed enzyme extract, 100 ymoles of “Tris-HCl buffer,
pH 7.5, 5 ,nmoles of magnesium acetate,ﬁa pmoles of ATP,

4 gmoles of ;;;;:éd glutathione, 4/¢moles o? isotopically
labeled proline at a specific activity of 1.5-2 mCi/gmole
and 1 gmole each of the reémaining 19 amino acids. After .
‘incubation of the mixture at 379 C for 20 min. 1 ml. of
Medium AM containing 20 mg of non-radloactiverproli e was
;dded. The mixture was 'deprotelnized twice with equal
volumes of Médium“AM—saturated gﬁenol, and residual phenol
extracted with ether. Aminoacyl-tRNA was precipitateé at.”
-15° C with 0.1 vol 2¥ potassium acetate buffer, pH 5.2;{'
and 2.5 vol absolute ethanél. "The precipitate was dissolved
in 2 ml of 0.05 M sodium phosphate buffer, pH 6.3, contain-

ing 0.1 M NaCl in preparation for chrngptography on columns
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of methylated albumin Kieselguhr (MAK). sample of 0,2

ml was taken to determine the extent of aminocacylation.

|
Precigitation of product and determination of radio-
activity

One ml of cold 25% trichloracetic acid (TCA) contain-

ing carrier proline was added to precipltate tRNA from the
sample. The precipitate was <collected on a Whatman GE/A
glass fiber disc, washed four times with 5 ml vo;umes of
cold 5% TCA, once with 5 ml of absolute ethanol, and once
with ether, This disc was dried under an infrared lamp and
added to a scintillation vial containing 5 ml of scintilla-

tion fluid. The background radiocactivity of the vial con-

taining scintillation fiuid was detemmined before addition

of the disc. The fluid contained 5 g of 2,5-diphenyloxazble”
(pPO) and 0.3 g of l,4~bis-2-(4-methyl-5-phenyloxazolyl)-
benzene {Dimethyl POPOP) in 1 liter of toluene.

Column chggggtégraghx . .

Methylated albumin kieselguhr column chromatography,
Methylated bovine serum albumin was prepared by the .

method of nandeli*and Hershey {(175). The modifications of
Suecka and Cheng (i?&) were followed in the preparationoof
the column. The column was loaded with the solution of
aminoacyl-tRNA,described above and washed with 100 ml of
0.1 M NaCl in 0.05 M sodium phosphate buffer, pH 6.3. It
was then eluted with a linear salt gradient made up of 110

-
]
J"’.}’{*

ml each of two solutions of 0.3 M and 0.8 M NaCl in
phosphate buffer, and generated by a commercial gradient
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mixer (IKB Varigrad). Two ml fractions were collected, and

E]

the optical density at 260 nm and the refractive index were
determined, To,each fraction was added 0.05 ml of bovine -
serum ;lbuﬁin solution as carrier and 1 ;l of 25% TCA. The
precipitates were collected on glass fiber discs, washeé as

&
previously described, and the radioaé%ivity determined.

Benzoylated DEAE-cellulose column chromatography

*ﬂBenzoylated DEAE»cellulosE“(BD-cellulosg) was prepared
according to the methéd of Gillam, et. al. (177), and a
commercial preparation w;s also used. A col&mn—of\§§%;
cellulose was prepared (1 x 20 cm) and loaded withAlﬂlb.D.Qbo
urrits of aminoacyl-tRNA dissolved in 0.45 M NaCl plus 0.0l M
MgCl, in 0.05 M sodium acetate buffer, pH 5.0. Th lumn
was washed with 30 ml of the buffer and eluted at 2I¥ C at
a flow rate of 1 ml/min with a linear salt gradient made’
up of 150 ml each of solutions of 0.45 M and 1.2 M.NaCl in
the sodium acetate-magnesium buffer. Fractions of 2 ml were
collected, chilled to 4° C'and treated according to the

methods described in the section on MAK column chromatography.
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Results

Acylation was performed by the procedure described in
"Methods". Table 1 shows the results of a representative
" .acylation reaction. The charging conditions developed by .
Tsay (82) were felt to be adequéle, and the determination
of optimal conditions for prolyl-tRNA formation was not ‘

considered to be of primary importance at this stage of -the

experiment, This assumption seems now to have been unwarrantedsgq

Thajgonditibns of:acylation were not varied after the attain-
mfﬁtiof satisfactory levels of acylation became routine,

: No differences were found in the extent ‘to whlch a
given tRNA sample cduld be acylated by 4- or B-day chick
embryo enzyme preparations. Transfer RNA was not removig_l_
from the "enzyme preparations, so ‘all samples of tRNA amino-
acylated in preparation for cclumn chromategraphy were
incubated with a homolagousjgnzyme extract; l.e, 4-day
chick embryo tRNA with 4~day enzyme extract, in order to
avold possible ambiguity in the results due to'enngen;us
tﬁﬂA in the enzyFe preparétions. High concentrations of
nucleases are present in chick homog;nates and may have
affected the results, uniformly or not. The investigation
was abandoned before a proposed study of the effects of

nucleases was made.
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TABLE 1

.

o 4

‘ Incorporation of 3H-proline (cpm)

into 8-day chick embryo tRNA*

«Z{H

Sample

Blank .

Reaction mixture

»
cpm A
1,914
253,620

* Each reaction mixture contained lO§0 0.D.260
units of tRNA, 0.5 ml dialyzed enzyme extracts,
and other compenents as described in "Methods®.
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Chromatography of rolyl-tR@ﬁs on MAK and BD-cellulose

COI&II_I’_) T ’

Samples of 4-day chick eMbryo l4c—prolyl-tRNA and 8-
day chick embryo 3H-prolyl~tRNA were chromatographed
separately on MAK columns. The labels were reversed, and
these experiments repeated. Mixtures of tRNA from the two -~

stages were co-chromatographed in later experiments in the

/ -

“

same manner. »
Initial experiments indicated quantitative differences

in the amount of a species of prolyl-tRNA of 4-and 8-day
embryos, agpearing as a minor peak preceding the:main peak
eluted from the MAK column. Figure 1 shows the results of
an experiment in which tRNAs from both stages were co- M
chromatographed. Samples in the first peak which showed
low radioactivity were countgd for 20 min to reduce error.

| }hese results could not\be repeated, howevery and
later experiments showed no stage-specific differences in
the relative amounts of the d%fferent species of prolyl-
tRNA. Flgure 2 shows the results that were uniformly
obtained in later experiments. \The reasons for the initial
obserVitionfof differences between 4-day and 8-day chick
embryo prolyl-tRNAs are not known. They may have been due }
to differential effects of nucleases within early preparatians
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Figure 1 Elution profiles of 4~day and 8-day
. chick embryo prolyl-tRNAs on a MAK \

column . ' '

s Optical densféy at 260 nm

> = . =, 3-prolyl~tRNA of 8-day chick
embryo

~~~~~ . 14C~prolyl--tRNA of 4-~day chick

embryo

R
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Figure 2

Elution profiles of 4-day and 8-day
chick embryo prolyi~tRNAs on a MAK

<¢olumn

’

s Optical denszity at 260 nm-
e ey BH—prolyl-tRNA of 8-day chick
) embryo
IR

—-=22, 4 prolyl-tRNA of 4-day

" chick embryo
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of 4-day and 8-day ghick embryo tRNA,
Chromatography on BD-cellulose columns®alse failed

to show any dxfferences in the prolyl-tRNA complements

/ of the two developmental stages (Flgure 3)
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Figure 3
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b

Elution profiles-of 4-day and 8~égy

chick embryo prolyl-tRNAs on a BD~

cellulose column

u‘b.q.'
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s Optical density at 260 nm

3H-pm1y1-tm§A of 8-day chick

embryo

s 14C~prolyl~tRNA of 4»day-

chick embryo
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Discusgion

d

lTha studies reported here do not show any support for
the hypothesis that a novel proline~accepting tRNA, or a
cﬁange in the relative pgqﬁgrtions of p}evibusly existing
proline-spechfic tRNAs;/ig involved in the onset of
synthesis of collagen in khe chick embryo.

Two major improv;ments could have been made in, the
experiment, the first being a kinetic study of the course
of the acylation pr&cess, to determi%s that maximum e
acylation was belng achieved. Latermx%rk in this laboratory' ‘
by Wainwright, et. al. (81) showed that levels of acylation
of an order of magnitude greater than those achieved in this -
work were vital to the demons%ration of a small difference b
in alanyl-tRNA complements of chick embryos and extra-
embryonic hemeQnes. X

hl;e:native methods for the fractionation of tRNAs,
such as the reverse phase chromatographic method described
by Kelmers, Novelli, and Stulberg (178), had been developed
at this time, and a more exhaustive search for differences
‘din the tRNA{Zomplements of 4- and B-day chick embryos could
have begn!mada by the use of such methods.

-Tﬂase procedures did not seem profitable at the time,

as there was no compelling reason to suppose that the
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synthesis or the reguiat%on of synthesis of collagen

depended upon the presence or the increaged amount of a -3
:particuiar prolyl~tRNA. ' In all cases in which differences

- in a particulaT tRNA of the complement of a species have ///
been founﬁ‘to corre%hte wi?h differentiation, viral-
infection, or the like! many tRNA‘gbecies have not been m

‘found to shoﬁcany changé. Tsay (82), and "Lee and Ingram

(83) compared the chromatographic profiles of sevefal'tRNA

isoaccepting species in chick tissues at different stages

Sf development, and found most types to be identical,

qualita:%;ely and quantitatively, .at each stage.’

D Studies made since that éime that have shodeéimilar
results include those of Yang and Comb (80), who found
differenges in only two of nine tRNA species during develop-
ment of gea urchin embryos, Shearn and Horowitz (179)

concluded that gbserved quantitative changes in isoaccepting

tRNAsjEf*Neufaépora crassa on derepression of tyrosinase

were due to' differential ribonuclease activity. /

Later ;0rk in this laboratory has ‘provided support for |
the results reported h;re. BD-cellulose chromatography of
chick prolyl-tRNAs of embryonic and adult stages has’failed
to show differences in tRNA comple;ent between the two
stages '(169),

The search for a change in prolyl-tRNAs during the
éou;se of chic£ development was accordingly abandoned, and
a.new investigation begun.
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SECTION III - A STUDY OF CHICK EMBRYO LEUCYL-tRNAs

=

i

Introduction

This series of experiments arose ;s a result of an
observation by Tsay, then of this laboratory, that the
chromatographic profiles of Tl riﬁa&uclease-treated
4.5,—3H—leucyl~tRNA and-ﬁniformlywiabeled 14C-leucyl-tBNA
of the same stage of chick embryo differed ggeatly in one
peak (82). He attributed this difference to contamination
of the 14C-lepcine used in his experiments, but it seemed
worthwhile to investigate this phenomenon more fully at the

time. The results seemed to indicate that the 4,5—3H—1eucine

v

bound to one of the tRNA fragments was modified in such a

way that the radioactive atoms- were lost. Uniforgly
labeled l49~1eucine retained radioacti%;ty and thus.pre-
dominated in the peak of interest. ‘ ' - )

The compound & ~hydroxy- @ -methyl-glutaryl-SCoA is an /
intermediate both in the synthesis of the cytekinin N5~
(n?-isOpentenyl)-adenosine and the deéradaticn of leucine.
The possibility thus existed that label intrpduced via
leucine appeared in cytokinin.

Another possible derivative, a pyrroline carboxylic
acid formed by loss of tritium and Cyclizatibn of leucine

was also considered. At this time the initiating species

L

L3
8



¢
~

o

-

o

of eukaryotes was unknown, and lhe work of Moav and Harris
(95) mentiongﬁ in the ®*Literature Reéview*, lent some
support to the hypothesis that the observed derivative
migbﬁ be an N-blocked initiating species.
The preliminary obssrvations of Tsay i82) were repeated

and comparative studies were done with other species. .
Y } - -

 Attempts were made to isolate and characterize the leucine
derivative and to assass its"biological importance.

This investigation was also eventually abandoned. .
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“Methods described previously for 1ﬂ§ubat10n of chlcks,
isolation of transfer RNA, amlnoacylatlon of tRNA, precipl—
tation of radioactive aminoacyl~tRNA, and determlnatlﬂn of

radiocactivity were used in the present experiment. f
¢
Biological material i

Fertilized eggs werc incubated at 38 ¢ for-g days, v
Adult chicken liver was gbtained commercially. Fresh -
rabbit liver was a gift of Dr; Langley of the Phy51oloay
and Biophysics Department of this University.

Isolation of tRNA from chick.embryo

,

In most experiments, the method described pr&&ibusiy‘
was followed. The alternate procedure was a modi%ication
(180) of the method of Silbert, et. al. (181). Twenty g of
chick ejbryo was homogenized with 3 volumes of Medium AM.
The homogenate was centrifuged at 37,000 x g for 30 min. and
an equal voludie of 90¥ (v/v) phenol was added to the
supernatant'frabtion. The mixture was shaken mechanically
for i hr at 4° C and centrifuged at 20,000 x g for 15 min.“
The phenol extraction was repeated once. The aqueous
phase was applied directly to a DEAE-cElluiose column (bed
volume 20 ml) previously equilibrated with buffer B,

pH 7.5 consisting of 3 x 10™% M EDTA, 4 x 1073 M MgCL,.

>
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and 0.1 M Tris-HCl. The column was washed with a solution
of 0.1 M LiCl in buffer B until the optical density at 260

nm was negligible, Transfer RNA was eluted from the column

with 1.0 M LiCl in buffer B. Fractions having an optical

density of greater than 0.1 at 26?'nm were pooled, "The -
solution was\édjusteé to é% in potassium acetate and tRNA
was precipitated with 5 volumeslof ethanol at -15° C. The
precipitate was collected by céntrifugation, dissolved in
3 ml of 1.8 M Tris-HCl buffer, pH 8.0, and incubated at

37° C for 45 min to deaCylgte tRNA. Potassium acetate and
ethanol were added to precipitate tRNA, which was collected

by centrifugation, dissolved in buffer B, and dialyzed for

4 hr against 3 changes of 200 ml of buffer B. { '

Preparation of enzyme extracts

¥

Dialyzed extracts of chick eméryq, chicken liver, and
rabbit liver enzyme preparatitns were prepared. The extracts
were partially purified to remove endayenous tRNA. Dialyzéd

extract obtained from 1. g of tissue was diluted to 10 ml

_in Medium ACj consisting of 0.117 M sucrese, 0.017 M Tris-

HCL buffer, pH 7.5, 0.0083 M KCl, 0,013 M MgClp, 2 x 10 M

3 M 2-mercaptoethanol. The sdmple was

EDTA, and 6 x 10~
appliea tp a pre-equilibrated DEAE-cellulose column (1 x 5

cm) at 4° C. The column was washed with Medium AC and

-
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eluted with 0,1 M NaCl in Medium AC.' Fractions of 1,5 ml
were collected and the optical derisity at 280 nm detemmined.
The contents of two or three tubes araund the peak bptlcal

LI

-
density were pooled as partially purifled enzyme jﬁtract“

! (l?gl)a ! ! ‘

e

< A partially purified preparation of E. gg;i B amino-

acyl-tRNA synthetases was prepared by the meihod of Kanc-
Sueoka and Sueoka (174). L

Three g of E. coll B were ground at 4° ¢ with 9 g of
alumina for 10 min and suspended in 9 ml of 0.0l M Tris-HCl.
buffer, pH 7.3, containing i mM MgClZ: Ihe‘su§pens§on was
centrifuged at 10,000 x g for 15 min and the supernatant
fraction was then éentrifuged at 105,000 x g for 2.5 hr.
The»uppér two-thirds of the supernatant was dialyzed for 3
hr against 2 changes of 1 liter of 0.0l M Tris-HCl buffer,
pH 7.3, coﬁtaihing 1 oM MgCly plus & mM 2-mercaptoethanol.
The-dialyzed fraction was adsorbed onto a DEAEvcellulose
column previously*equil;brated with 0,02 M potassiu&’
phosphate buffer, pH 7.7. The column was washed with 0.02 M
phosphate buffer, pH 7.3, until the optical density at 280
nm was negligible. The enzyme\fraction was then eluted with
0.3% M NaCl in potassium phosphate buffer, pH 5.3, containing
6 mM 2-mercaptoethanel. C&ilect on of fractions and
selection of those to be pdoled were carried out as above.
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Aminoacylation of tRNA

Transfer RNA was.acylated as described previously in

o

arreaction mixture - «containing 10 nmole 4 5-3H leucine or
uniformly labeled 14C-leucme of;speciflc activaty of 5~15 .
mCi/mil, .,

T1 ribonuclease digestion of aminoacyl~iRNA

T1 RNase digestion of amiﬁoacyl—tRNA was carried out .
by the method of Subak-Sharpe, gt. al. (182). '

Ten 0.D.960 unlts of aminoacyl-tRNA alcohol precipitate
were collected by centrifugation and dissalved in 0.5 ml of
0.1 M sodium acetate bufferf'pH 5.5, containing 3 mM EDTA
and 600 or more units of T; RNase. The mixture of tRNA and
RNase was incubated for 45 min or 4 hr at 37° ¢, and diluted -
with 10 ml of cold 0.01 M ammonium formate buffer. pH 5.5.
In experiments in which doubly labeled sampleseQere to be
chromatographed, su%?g?}é‘amounts of the two isotopihally

labeled aminoacyl-tBNAs were mixed to provide approximately

146 and 3.

#

equivalent activities of

DEAE-cellulose column chromatoqraphy

Fract;onatlon of ammnoacyl tRNA oligonucleotides was
performed by the method of Ishida and Miura (183), The
diluted digest was applied- to a DEAE-cellulose coiumns
(L x 5 e} previously equilibrated with 0.01 M ammonium
formate buffer, pH 5.5, The column was washed with 30-4% m)

N

of 0.01 M ammonium formate buffer, pH 5.5, and eluted with a

e

n
.
4
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linear gradient made up of 120 ml each of 0.01 M and 0.1 M
formate buffer, pH 5.5. Fractions of 2 ml were collected,
, the opticgl“density at 260 nm and th; refractive index

' determined, and transferred to scigtillatlon vials. The
formate was evaporated in an ovig ;% 80° C, and 5 ml of
Bray's (184) scintillation fluid were added to the vials,
and the radiqactiwity determined. (

Deacylation of aminoacyl~-tRNA and aminoacyl-tRNA
| Tragments : .

{ I

) - - » " Rl
‘ An alternative to incubation in concentrated Tris

buffer to deacylate aminoacyl tRNAg,!oi ffagmeﬁts thereof,
was suggested by Dr. J. A. Verpodrte (185), Aminoacyl-tRNA.
was dissolved in 1074 m NaOH, incubated at 570 C for 30 min,
and re-precipitated. )

Q'u
Preparation of supernatant fraction of deacylated tBNA
or chromatography

.. The supernatant fraction obtained after deacylation of
tRNA or tRNA fragments was‘evaparatéa %n a rotary evaporator
to remove alcohol. The residue, containing amino acids,
NaOH and potassium acetate, was treateéjwith perchloric acid
to precipitate K* as the perchlorate. After centrifugation,
the supernatant fraction was adjuste& to the pH suitable
fOr‘the relevant chromatographic method,

Chromatography

Fractionation of the amino acid mixture by copper

Sephadex column chromatography was carried out by the met@od



Y

A

'R'-n \ 3
“was contirued at a flow rate\of 0.5 ml/min for 1 hrJ The

u56— /

of Fazakerley and Best (186) and the modifications of this
method by Buist and O‘Brlen (187).

Slxtégn g of Sephadex G-25, medium grade, were stirred l \Q
slowky into 30 ml of 0.16 M CuSO4 and made alkaline by the ‘.
addition of 60 ml of 0.5 N NaOH with stirring. Fifty ml of
0.05 M sodium tetraborate buff%r.‘pH 11, was added, the y
sclid allowed to settle, and tH&. supernatant poured off,

Thls procedure was repeated twice, '

A column (1.7 x 38 cm) was prepared and washed with

50 ml of the tetraborate buffer. A sample of 1-2 ml ,

\
" containing less than 20 mg of amino ac1ds was washed on to

the column with three 1 ml portions of buffer. Elution

+

, eluting solution was then changed to 0.2 N HC1 and elution

&

continued at the same flow raﬁe for 6 hr,

Fractions of 2 ml were collected and aliqﬁots of 0,2

ml were added to Bray's scintillation fluid for determination -,

of radicactivity. y

In a modification of this methed, Chelex 100 in the
sodlum form, mesh size 50-100, was stirred with 2 vo}d&es
of saturated CuSO4 at 4% ¢ for 24 hr. Ihe supernatant was
decanted and the solid washed with deioni;ed water Pntil no

free copper was shown on addition of sodium diethyl-

. dithiocarbamate. The resin was suspended in sodium tdtra-

borate buffer, pH 11, and the suspension brought to pH 11
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with 1 N NaQH. A column (1.3 x 12 cm) was prQ9éreé at 4° ¢
and waghed with 25 ml of tetraborate buffer. . The sample of .

N . } «
amino acidg to-Be chromatographed was brought to pH 11 with,

0.1 N NaOH and applied to the column, which waé'eluted.with

50-ml of the tetraborate buffer. ,Fractions of 1 ml werér
collectéELat 0? C in tubes containing 1 N HCl to neutralize -

the effluent, Aliquots were taken and counted-as above.

4

Paper chromatography . <,

g

Two-dimensi%nal paper cﬁromatography was performed
using a solvent system designed to separate leucine and its
isomers (188)., The prepéred supernatant fraction containing
radioactive amino ackd was spat%ed I c¢m from the corner of
a 14 x 14 in square of Whatman #1 filter paper. ,The
chromatogram was-developed in the first direction by a
solvent consisting of 1-putanoi;penzyl alcohol (1:1) (v/v)
saturated with pH 8.4 bufg%r} mage up of 50 ml 0.067 M boric
acid and 8.55 ml 0.067 M NaOH. After drying at room .
temperature the chromatogram was develOpeg%%t right angles
with 1 M ammonlum acetate, pH 7.5, -95% ethanol {3:7} {v/v].
The developed chromatogram was dried and cul into 1 em
squares (total number, 400), which were added to vials

containing scintillation fluid for determination of radio-

£

activity, . , .

Thin layer chromatography
' 1
The method of Haworth and Heathcote {1B9) was used to

"
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" wasxﬁihrrfld w1th ZOOaml of 80% methgn@i.and poured into a

1
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separate ag}no aéidé‘by thin 1ayer ch%ama%ograﬁhyvon célli ;

uloses P;fty,g of MN~BOO (Macherey Nagel) cellulose powdér

Buchnerf%unnei Thé'SOlld was Washed w1th the %cllow1ng

" solutions? 2 Lo P
e v v ‘ j " ’ "o
: 300 ml 2-propanol-acetlc acld»water (69;20' 0) (v/v) s
200 ml methanol-water (25:75) {v/v)
© 200 ml methanol-l N HCl (60:40) (v/v) ’
| 200 ml water - “

® 200-ml methanﬁl ) o \ ) ’- Ch
andmgraed ovnmﬁlght lnnvacuo. "To 15 g of the washgd celluld%e i

- was . added 70 ml ef water plus 10 ml, of absolute atﬁanol wzﬁh \

M
stirting, The suspenalon was homogenlzed for 60 s?c with a g

prOpeller-type stlrger. QGLass plates were coated by means . T 49’
ok the Shandon apparatus to give a thlckness @f 150 mlcrOns

o
0 EN

of cellulose.q The amino acid sample was spotted 1n f c0rner'

.
& ’

1 on? from “the edges” of the plaue and the chromatogram was ’

)
& T
v

adeve10pedﬁzn the first dlreﬂtlnn By* 2—9;0pan01~butan0ne-l N~

, . .
S HGL CﬁO lﬂnﬁﬁ) Qv/vj ‘>Solvgnt from the\prev1ous day 5 ruh ‘.

5
o

" was alfywed to stand in the tank untllemeplgped by fresh

solvent, E@ achieve tank sat&ratrﬁﬂw When the solvént front

=% + )

had reached 13 em from the orlgln, the plate was rémoved,

Q 4 6

- dxled for 15 mln in .a atream ef cool air and then for 15 min !

¢

ip a 60° C oveh to rqﬁove HCl The cellulgge layer was B s
.. broken.with & §patula to isolate the yellow band"at the -
2 soivent front. The chromatogréh was thannpeveloped at right :
ang?es in 2-methylpr0panol 2~bu#anone~pr0panone-methanol- L
~ ‘waté,p (0.88 M) ammonia (40:20:20:1: £14: 5) (V/V) uptil the . | ' ;/* "
o v &

- A “ *
- L - @

®
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yy - v.50lvent front was again 13 cm from @hg crigin, The plate

'

wa$ dried in a stream of ¢ool air. Squares of\l cm were

scrapped off the plate and added to Bray's solutlon in

sclntillatégn vials.

A ninhydrin-cadmium acetate chromogenic reagent

, described by the same authors was used to indicate areas of

the plate which contained amino acids., A solution of 0.5 g

" of cadmium acetaﬁﬁ!iﬁ 50 ml of water plus 10 ml of glacial

*

" acetlc acid was prepared. Niphydrin was “added to 0.2% .

(w/v) just befére use. This solution was sprayed onto the

. >

plate,. and the plate was dried with warm air. Pink spots.
indicated the presence of amiﬁo acids. The reagent is said

to be sensitive enough to detect 0.5 nanomoles of amineo

2

- -

acid (189). o % e

Amino acld analysis.. . K

-

Automatic amino acid analysis accorfing to the method
of Spacﬁyaqm_Stéin. and Moore (190) was performed by Mrs.
Rita G. Breckon, 1In some experiments, radioactive samplgi
of amipno acids &gre chromatogra;hed,eand the effluent was -
collected“innz %l fractions rather than being mixeh,ﬁu}o~

matically with ninhydrln. , , . .

Ethyl-acetate exg*qptlon . | ;
AminoacylrtRNA wadé prepared, an aliquot of 0,01 ml
was precipitated on a Whatmap 3 MM filter paper disc by the

' 4 adgition of 1 ml of ice-cold 10K TCA, and the disc was

'y +

t d
t

4
4

co
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: washedlmith TCA, .ethanol-diethyl efhéf (1:1) (v/v), égd
- ether;\ Thé radioactivity was determined. An aliquot of
0.1 ml was put on agother filter paper disc, and the disc
. was ﬁht into a conical centrifuge tubeﬁcontaining 1 ml of
"?&gﬁéﬁKO.S M NH;OH. Hydrolysis of aminoacyl-tRNA was carried outp
gﬁ 37° G for 30 min, the tube was chilled, and 0.2 ml of
fozpic acid and 1.5 ml of eth§1 acetate were added. The
~* - cﬁiieﬁ%s were mixed with a v?ﬁtex mixer, centrifuged, and.
.. 1.0 ml of the ethyl acetate phage added directiy to 10 ml

: _of Bray's scintillation fluid for determination of radio=

activity (191). . '
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Results

by

DEAE~ce11ulose column chromatograg_z §

Samples of 4~ to 5-day chick ‘embryo tRNA were amino-
acylated with JH-"and 146 -1eucine in separate Teaction "% -

mixtures and digested with Tl ribonutclease at 37° € for 4 ' .

hr., Figure 4 shows superimposed graphs of’fhe optical -

14(1—- and H leucyl-tANA

density and.radicactivity of 4-day
fragments eluted from DEAE-cedlulose columns in two

separate eXperiments. The rathmaf labeled carbon to tritium
in the first peak is seen to be much greéter than that of the
othe? peaks. This result was Ehecked by digesting %‘ﬂOUthﬁw
labeled sample df 10 0.D.ggp units of aminoacyl-tRNAZgnd *
subjectingﬁgge*digest to chromatography on DEAE-cellulose, B
A large quantitativerdifference in the first peak was‘ o

L}

observed in this experiment, but qualitative results -were

#in

similar. The results are shown in Figure 5. The differences

in profiles observed between the two experiments giown in’

= -~
Figures 4 ands5 are considerable, but were not further ,

¥
" "

investigated. . -~

Variation of developmental stage of chick ®

Transfer RNA preparations were isolated from chicks at
other stages of déveloPmeﬁt and studied in the same manner,” e
:j'sgage-Specific qualitative differences in the first peak r

re observed. - - )
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Variation of mode of preparation of synthetase

The.exteﬁt of“aminoacylation of-a. given tRNA preparation
varied with th; degree of purity 9f the enzyme preparation,
but no differences were noted in'the elution profiles of the
fragments of digésted tBNA.“ Purified ;nzyme preparations

as described in "Methods"'were approximately 20% more active-

i

' than dialyzed preparations in the acylation reaction.

\: .
Variation of the length of Tl BNase.digestion perlod

W

- Tl ribonuclease digestion was carried out at 37° C for
elther 45 min 0£ 4 hr., The results show no consistent ~ .
relatidnship 5€tween the length of the digestion peried and
the carbon to tritium ratio in tHe'fifst peak to be eluted X
from the column, or in tﬁé extent of recovery of radio-
activity after chromatography of the chick embryo tRNA |
fragmen%s‘ - . .

Table 2 shows the, effect of varlatlon bf the T1
" RNase dlgesﬁion period on the total ecover} of rad;Oactive :
label and th€ percentage of each- %#gil quea¥1ng n peak 1
on chromatography of S«day chick embryo tﬁNA\¥xagments.
| Qzle 3 shows the rdsults of chroqgtography of tRNA
fraghe of different develbpmental'étéges and some
effects of variation of the mode of preparation of enzyme. -

Further data on the effect afmvarylng the digestion perlod
are also shdwn. $§e data presented on adult liver was of
particular 1nteresfx 1nd1cat1ng no effect of dlgestion

peried. - K . .

- - @ ¥
.

F



Figure 4 Elution pré}iles of 4-day
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TABLE 2 .

L

The effect of variation of the lenqth of the Tl RNase
. digestion- period on recovery of radicactivity and

H

applied to column

Total radloactiv1t¥
Cpm

\

Recovepy of radicactivity

3
14C 2 B

-

as“a percentage -of the total
radioactivity applied to the

column

34
14

0/“

distribution of label on chromatography chick T
embryo amxnoacyi-tRNA fragments¥

s

. Digestion period
4 hr

45 min

o

207,592

160,694 .

s 38.6
32,0

Radioactivity of first peak

as a percentage of. that

j t
&0 ‘units of tRNA werd

latlan, T1 RNase digestion, and chromatography on

_ recovered
3H ~ ’
4, ) )
- PRl =
IO S
* 10°0.D.
Aminoacz
DEAE~ce

lulose were performed as descgibed in "Methods". -

P

M3

-

4

N
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5. Elutidn profiles of doubly-labeled

sample of 4-day chick embryo tRNA

-

T1 RNase digestion g;ggpcts on a

Py

° DEAE-cellulose tolumg

o
. +

.

E

essesey Optical density at 260 nm

D ——

. @

7
o

N }4C-leucyl-tRNA fragments of

4-day chick embryo ,

4-day chick embryo

[

————— %ggleucyl—thA fragments of
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TABLE 3

The effect of vaxiation of mode of praparaiian of enzzme and length of T1 F
period on regovery of radioactivity and distribution of label on chroma
«chiek dminoacyl-tRNA fralments from several developmental stage

Source of tRNA* . Aminoacylation Length of Total rad!
enzyme preparation digestion period 3 of t
4-day chick embry dialyzed 45 min . '161,132
; : dialyzed 4 hr 160,120-
8~day chick embryo crude - 45 min 36,877
? extract .
v ) . o
adult chick liver purified, b 45 ol 121,877
“a dialyzed 4 hr - 90,79%

L

e

L ™~ L4

{

J
% 10 0.Duogp @nits of tRNA were used in each_experiment. Aminoacylhtion. T
digestion, and chromatography on DEAE-cellulose were performed as described i

?

/fﬁ-\. ' ,er oy ) #



éth of T1 RNase digestion -
on chromatography of
antal stages

!

» : Iilegovery of radio-
' sctivity as a percentage
Total radicactivity (cpm)  «pf thg tqtalpappliEdg

of tRNA digest to column
3H » A ml4c 3 14C
"161,132 179,323
160,120 61,18 g4 Y a0
%,877 - 34,292 // 800 - . 54.0
121,877 121,400 -
90,795 108,49 ¥ - 4%
)
& :
Fooo z 'I
sylation, T1 RNase '
described in “Methods®.
.
€5

Lid

[ 1 )

Radicactifky of first
peak as a“percentage
of that recaverig
3 c
‘ . *
2.7 13.9
0&69 7'5
10.6 38.5
N
N {
10,0 29.0 &
10.0 30.0 ¢
3 J &
N\
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Il RNase digestion of tRNAs of other species v

The same type of experiments were qarried out with
. ) |
tRNAs isolateq from other spegies. -
- 4

‘ - \
Ten 0.D.pgq units of a cqmﬁérﬁial preparation of ‘

] & '
rabbit liver tRNA was incubated with 14¢. and’SH-leucine,

3

‘ R l y .
and other components of the reaction mixture as described

Sy

in "Methodg". A dialyzed enzyme preparation was made from

fresh rabbit liver. The acy{ated tRNA.ﬁicduct was digested

with T1 RNase at 37° C for 45 min and chromatographed on

DEAE-cellulose. No differences were seen in the relative

( Eg}portioﬁs of each label in the fractions obtained. g K . e
® ‘These results are shown in Fiqure 6. ) - ¢

' "

?@. coli tRNA was aminoacylated with homologous

purified:enzyme and digested in'the same manner. Again, no

2

differences were found in the radioactive carbon and tritium

[

. P - iy » i o *
chromatographic profiles, as is seen in Figure 7. *

Wy

Chick li%er purified enzyme preparation was used %o .
acylate a sample of E. coli tRNA. The ex}gnt of acylation
was 10,5% of that achieved with the homofggous enzyme, and
thenchromatographic profile of the digestioé ﬁroducts show
some suggestive evidence for quantitative didferences. due to ¢
’ ehzymenéource fn the extent.of labelingof the various’
species Of E. coli tRNA"®". o marked differences in the

A "
pattern of carbon~ and tritium~-labeled fragments were observed

{Figure 8). | !




B

M
k4
- s

Figure 6. Elution profiles of rabbit liver

34- and 14G-leucyl~tRNA .T1 AN as¢
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Figure 7 Elution profiles of Tl RNase digestion

)

v

4 4

' ’ g 14 )
products of E. coli 3H— and C-leucyl~

S tRNA, aminoacylated with E. coli enzyme,

a

, and chromatographed on DEAE-celiulose
| & ) . .

a

sessasy Optical density at 260 nm '
- ’ MCnleucylthNA fragments
-+ —————— 3H~leucyl~tRNA fragments
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Figure 8

&

Elution pf¥iles.of Tl RNase dlgestxan
products of E. coli 3H- and 14C~leﬁfyl
tRNA, amipoacylated with chick enzyme,
and cbromatographed on DEAE—cellulose

5 i
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esesesy Optical density at 260 nm
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Chick 'liver tRNA could not be acylated to a sufficient
extent by E. coli enzyme té allow the converse experiment.
*  The results of the above experlments, notably the
data of Table 3, seemed to indicate that a der1Vat1ve of
leucine was being formed gt some time during the amino-
acylation or Tl ribonuclease digestion of chibk’tRNA.
Various methods of separation of amino acids and their
derlvatlves were used in attempts to effect pur&ﬂﬁcatxon of
this propased‘derlvatlve, A great eﬂrlchment of carben
lab%é, relative_to tritium, was sought in & compound that,

could be separated from leucine.

Paper chromatography

*  Paper chromatograp&y of the amino acidd recovered ’ . .
from deacylated 146 and 3H~leucyl-téﬁAs, and from the T1
RNase digestion products of these tRNAs, failed to separate
compounds differing in the relative amounts of 14¢ and 3H. -
In most cases, two areas of the chromatogram were fognd to
be }adioactive, but consistent results were not obtained,

Th; ratios of labeled carboé to tritium were the same in

"both Spoté. Non-radioactive leucine added as carrier always
coincided with one of the spots, as observeé’by ninhydrin
visyalization.

‘ A mixture of non-radioactive, 14C~ and 3H-leucine was

chromatographed separately as a control, and only one area ;
of the chromatogram was shown to be radioactive, and to

yield a laventer.color on treatment with ninhydrin.
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Thin layer chromatography ‘ ,

results. Two radioactive areas were found and the Rf .of
each determined. Théy are presented below with control

w :f’(f,[» -
P*'«il\ values for leutine:

) T Ra Rey )
Spot 1 59 + 29
Spot 2 88 66.
g Leucine 91 ‘ 66
i e, 0. ©

. (189) ! ’ )

Spot 1 stained yelléw with the ninhydrin reagent,

and Spot 2 and leucine stained pinkish-purple. The two,

spots did not differ in relative amounts of l4¢,and 3H.

['a

Ligand exchange'chromatography

.y Chromatography on copper-Sephadex columns failed to
separate radioactive species. All label was recovered in
one or two fractions as the elution front. '

Amino acid analysis

The amino acid mixtures recovered from whole tRNA and
tRNA fragmedts were chromatographed on the Beckman automatic
amino acid analyzer. Early results indicated tﬁo ninhydrin-~
positive peaks, but one was later shown to be due to the

Tris buffer used in deacylation of tANA. The other compound

Thin layer chromatography yielded more consistent o /
a / o
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was judged to be leucine by elution chafacteristics. and co-
phrématography with a known féuci5e standard éonfirmed;the
identity. ] , : .

Radiocactive samples of material hydrolyzed from tRNA
were chromatographed and fractions collected; One radio-

active peak was found at the 'standard elution volume of

leycine. ~ T . )
Réﬁioac;gve l;ucine was heated to 37° C for 20 min

to simulate the conditions &f acylation and applied to the

column. Fractions w%;encollected. and only one {raction )

;f the'effluent was found to be radiocactive. Background

radioactivit; throughout the fractions was fgund to be no

greater than 0:1% of that of the major peak. H

CHy :

Methallylglycine, Cﬂzéé ~CHy=CH-COOH, was co~chromato-

I
’ N}{B

graphed with léucine to determine whether a compound

identical to th;t which would be formed by ;Pe loss of two
hydrogen atoms from the 4,5~carbons of leuciﬁa could be
distinguished from leucine on amino acid analysis.‘ No
separation of these two compounds was effected by the

analyzer.

Ethyl acetate extraction
A mixture of 140— and 3H-1¢ucy1 tRNAs was subjected
to hydrolysis with 0.5 M NH,OH at 37° C for 30 min, and &

¢

*"%




, wéé similarly treated. Ethyl acetate extraction of these

The results showed no significant amount of ethyl ac

extractable material in the experimental sample&//

i

.Sample*

tRNA Qﬂdrolysate

{
leucine standard
4

g

#

* Each value is the average of three determinations.

.
P
‘

TP

.
¥

Radioactivity of ethfl acetate

¥

\\ control sample ofsa=mixture of both radiocdttive amino acids

preparations was carried out as described in "Methods",

phase as a percentage of "the

total radioactivity of each

sample
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Discussion
nThe phencﬁénon stndi;d i; these expérimgnts, é
pzepondérance of labeled carbon relative to t;itium in a
portion of the»chramatoqraphip profile of doubly-labeled
leucyl-tRNA fragments, has been noted by Tsay (82), and by
Shearn and Horowitz in their investigations of amino-

acylatlon of Neurospora crassa tRNAs (179) In both cases

1t was a trlbuted to contamlnatlan of the l4C--1euc1ne
used. Attempts were made in this work fu determine if the

phqnomenon might instead indicate the formation of a

i

biologically significant derivative of the leucine moiety

0

of a leucyl-tRNA pecies.

Transfer RNA was isolated from chick embryos at various -

™

stages of developfient, and from adult chick liver. The °?

s were charged with %- and 14 C- leucine b&

e preparatigné/g?\varying degrees of
purificati it§;hould be ﬁbted that' at this time, it was
generally belxeved that there\was only one activating enzyme
for each amino aCld. The acyl?ted tRNA preparations were
then digested with Tl ribonuclease and the resulting .
fragments chromatographed on DéAE-celluloéa columns. The
chromatographié ﬁrofiles of eadh of these tRNA preparations

were found to be very similar (Figs. 4,5). This observation
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pnovide§ presump§§§e evidence that the anomalous cérbop
peak indicated the %ormatiohwip;the chick of a Fistinct
derivative of leucine rathergthaﬁ:nanSpecific degradation
of the isotopically labeled amino acid. The fgilure to .
fi?d any area of preponderance of carbonllabel on chromato-

graphy of doubly-libeled tRNA fragments of rabbit liver

(Fig. 6) or E. coli (Figs. 7,%) also strengthened thiéqviéw,-

élthough good resolution of the TRNA fragments of these
species was not achieved.

Four different batches of 14 -leucine were used in
the early experige and no differences were noted in the
. results, ¢This a;::t::;;;;Eéd the hypothesis_that a specific
derivatieg of leucine was formed.

The possibility that the label of leucine #5s incor-
porated into a cytokinin group was elimpinated indirectly.
lAll label“gould be removed from chick tRNA by standard
deacylﬁion procedurgs, which indicated that the leucine
label was not incorporated into an isopentenyl group (62).

~ Comparisons of recovered amino acids from whole tRNAs
and tRNA fragments ueré attempted in order to determine
whether the proposed leucine derivative was formed during
the aminoacylation reaction or during digestion with T1

MANase. The amino acid mixtures that were recovered from
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tRNA and £RNA fragments were chromatographed separately on-

paper and thin layer plates. As has, been shown in "Results",

no further increase in labeled carbon relative to tritium

'

was found in elther case, but more than one radioactive area =
was' found on chromatography of each of the amino acid
mixtures. Thls result strengthened the tentative conclusion,

made on the basis of results of variation of the time period

of T1 RNase digestion (Tables 2,3), that the leucine

derivative was formed during the aminoacylation reaction.

Nong of the me?hods used in attempts to isolate a
specific derivative of leucine were successful. Thin layer
c&romatography gave the best separation of radioactive
compounds, but the results were %nconsistent. |

The final experiment, extradtlon of N-blocked amino
acid derivatives by ethyl acetate, was undertaken to assess
the biological significance of the proposed derivative., At
the time this work was done, it was genera;iy felt that an
initiator aminoacyl-tRNA of a'eukaryotic s&stem would be
found to have,a blocked amino group. Relevant experiments
by Moav Fand"Harris (95) and by Arnstein and Rahaminoff (97)
have been discussed in the “Literature Review®. Rosenbegg

and Elson {191) found an N-substituted seryl-tRNA (hydroxy-

pyruvyfttRNA) in Myxococcus xanthu$ by the ethyl acetate
extraction method, and suggested that it might be an
initiator in ihis system, h
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‘Epg chfbmatography of Tl RNase fragments of radioactive

~?6- : ] hd . . ¢ - w
Herve and Chapeville showed that the alkéliné séabilit}
of an aminocacyl-tRNA is greater if the amino group is '/~f

ﬁiagked (192).: Some indications were found iﬁ these

experiments that the tritium label was more labile than C

the carbon in tRNA deacylaﬁxan reactlans, although attempts

to make use of this difference in 4n msolatlan procedure”for

.the carbon-labeled derivative were unsuccessful. ot
No further evidence for an N~blocked derlan}ve was ’

¢

found on ethyl acetate extraction of the amlno aczd mixture

.. recovered from aminoacyl~tRNA after\deacylatlon. This

result was taken to indicate that the possxble derivative of 4

123
leucine was not involved in the initiatxon of protein

synthesis in the chick. ) “ ,

It was concluded that the anomalous carbon peak seen

.

[ rd

leucyl-tRNA was due to degradation of radicactive leucine
which was accelerated in the aminoacylation reaction. The
inconsistent behavior of the derivative in deacylation
reactions and on chromatogréphy indicated that more than one
derivative might be formed, which would. be consistent with
progressive degradation. This conclusion was supported in
a personal conpunicati;ﬁ from E. Anthony Evans, of the‘
Anersham-Searle Company (193). '
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SECTION IV ~ AMINO ACID' I ogpomrxom BY CHICK ‘EMBRYO NUCLEAR
“ gD MI‘IOCHONDRIAL FRACTIONS

L2
' o,
Q ° % a
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,hIntroductlan . : o

* The present 1nveg§igataan was undertaken in order to .
edtend the observatlons cf Trev1th1ck and Walnwright (144)

® on the effects of some wﬁh‘bltors of protein synthesis~on’ .
the 1ncorporatlnn of amino acids by the nucleir fraction of
chick embryo* The work of Wainwright (169) on the effect of
inhibitors of protein synthesis of the onset of synthesis of
hemoglobln in Cchick blastodiscs had indicated the invclve-
ment of a non~cyt0plasm1c, bactezial-llke protein synthe~
sizing system., Mitdchondrial involvement in the synthesis

of heme, ;he prosthetic group of hemoglobin has been docu-

B "mented.- *The emymes involved in the s§hthesis of heme are

‘disgribu:éd 5etwee; the mitochondria and the cytoplasm (194).
The incorporation of amino aciés Ly ch;gk embryo mitochosdrial
fraction-under various conditions of incubation was, therefore,
also of inte;est. o

The extent of incorporation of amino acid by the nuclear
fraction varied éreatly from fraction to fraction in the
ﬁxperimenEQ of Trevithick and Wainwright, both in gontrol
samples and ghose treated with inhibitors, although variability

' ofﬁreplicate samples waszacé?ptably low.. The objectives of

the present experiment were to devise a standaTd method for

&



purified fractions.

4 .:’78.. - 2
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/\ , S .
the purification of the nuclear fractiop and to determine
optimal conditions for amino acid incorporation by this
fraction, with the aim of reéucfﬁé variability %moﬁ§
fractions. More consistent results on the effect of A,
inhibitors might thely be abtained m’fgme experiments on . *

-

amino acid 1ncorporat10n by the mitochondrial fraction were
b .

also planned. . - ’

s

&t shouldAbe mentioned that studies on a mixed "nuclei
plus mitochondria* fractiog\fére done priE; to many of those !
on purified nuclear fractions, and it was later found that
the results of this series of experiments might not be

directly comparable to those obtained with adequately ™
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Chicks oy

Fertilized eggs were incubated at 37° C in a wamm

room or an automatic incubator, Fresh material was used -

exclusively in this series of eacperimentsf.~ In those exper-
iments-in which early embryos were used, blastodiscs were

o °, ¢
explanted onto a solid minimal medidm by the procedure

F]

described by Wainwright and Wainwright (195), Descripf?ig;ﬂ

tions of the procedures used in individual experiments

will be given.
Homo eniza??on
Embryos were homogenized in 4 volumes of liquid medium
ip a Tri-R homogenizer with 1% passes of the pestle at 750 rpm,

\ - ] 3
Two homogenization media were used in the course of these ¥

experiments, and will be described later'in this work. .

Isolation of nuclear fraction,

Y

\
N

The homogenate was centrifuged at about 1,900 x g for

Crude nuclear fractidn

10 min, The supernatant was saved for isolation of mitoechon-

" dria or discarded. In the first experiments, the pellet -

was resuspended in 0.5% Triton-X-100 in homogenization
medium, except ‘as otherwise noted, centrifuged at about
1,000 x g for 5 min, washed once in homogenization medium
and taken up in 2,ml homogenization medium, The concentra-
tion of Triton-X-100 was increased to 1.0% later in the

G

b
o H w . ey, P e




&

kg

(M,

series of experiments on purified nuclear fraction of .

5-day chick embroyo.

§ '

1

‘Purified nuclear fraction \

The crude nucleay fraction was layered onto-a dis-

continuous gradient made up of 1 ml each of 1.3 M, 1.75 M,
3

i

and 2.3 M sucrose in 3 x 107

centrifuged for 30 min at 40,000 rpm in the Spinco SW 50 .=

&

M CaCly, and the sample was

rotor or at 35,000 rpm in thel Spince SW 56 rotor. The
resulting pellets were rinsed and resuspended by gentle
manual homogenization in homogenizdtion mediums

Isolation of mitochondrial fraction

Mitochondria were isolated by a modification (169) of
the method of Mitra and Bernstein (196), The homogenate
was centrifuged at 1,060 x g for 10 min to remove nuclei
f and cell debris. The supernatant was’beét:ifuged at 5,000 éffii

X g and the pellet discarded or pooled with the first for

-’isolation of nuclear fraction. The supernatant was cent~
rifuged at 20,000 x ¢ for 2? min,[and the pellet washed
% times in homogenization medium by centrifugation at

18,000 x g for 10 min. The pellet was resuspended in 5 ml
homogenization medium by manual homogenization.

Preparation of "nuclei plus mitochondrid* fraction

Thg' whole embryo homogenate was centrifuged at 20,000
x g for 30 min. The supernatant was discarded and the
b

pellet resuspohdcd and washed twice in homogenization medium

\
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-at 20,000 x g for lO min. The pellet was resuSpend*ed t-:%

: m 3-4 volumes of med:.um. >

- Incubation

, In some experiments the crude nuclear fraction was

&~

incubated with laﬂ-lysina“ané the gdradient purification

was carried out after in;ﬁhatiqn. “purified nuclear frac-
tion was use:d in other studies. Similarly, in some experi-
ments on thea "nuclei les mitochondria® fractign, that |
preparation described above was incubated; in others, the

nuclei and mitochondria were purified as described above

¥

and a 1/1 (by cell equiv\aient)ﬂ nixture of the two purified .

%\\ fractions was incubated. » In all experiments in wh}ch mito- ce
chondria alone were incubated, the complete isolation .
procedure was carried out prior to incubation, of
~ Minimal medium was used-in early experiments as the ‘ thf
homogenization and incubatic;n medium, The medium of Allfrey, wer
Mirsky, and Osawa (139) {aMo ﬁedlum) was substituted for - vol
ninimal medium m later experiments. The homogenization Bae
medium in later cases was 0.25 M sucrose in 3 x 10 -3 & CaCl,. wit

, i The incubation medium consisted of 0.5 vol homoéenization aer
medium containing cellular fraction to which was added at”’
| buffer, salts and glucose as energy so‘rce. 'rhe components lys!
of 1 ml of incubation mixture are shown below for each mediums to
5m




‘ T
c 8.2~
Component anoles of component in mediun
- ' M?nlmal Medlug AMO Medium
NaCL, 147.0 ‘ 135
KC]‘ :,5 N . 4y ) 4'1 Ll
CHCJ.2 - ' - 108 1.0
MgClp R 0.5 0.5
‘KHZP 04 ‘. 3i0 K lt7 ®
KoHPOg4 . e ——— ?< 5.7
NagHPO4 4.5 ————
glucose 11.0 20.0
suerose 00 meem- \ 167,0 -
pH 6.85 . ' ;31'{"1,25 .

Incubation procedure - crude nuclear fraction and .
¥nuclel plus mitochondria® fraciion

Each sample contained 0.5 ml of a susperision of the
cell fractlon(s) used 1n\homogenlzatzon medium, other
components oﬁwauﬂ Medlum when used, 10.3 gCi 3H-1yszne
of specific actxvxty 3.91 G/, 4nd 2 jmoles of each of

the other 19 non-radioactive amins acids. Supplements

wereddded as describéd inindividual experiments, and the

. volume was brought te 1 ol by the addition of distilled water.

Background saQBles were prepared in the same manner, but
without radivactive lysi;e.' The samples were incubated
aerobically with shaking in the Dubnoff metabolic incubator
at 37° ¢ for 1 Qr. A 200-fold excess of non~rad%oactivé
lysine was added to all tubes, and 10.3 xCi of 3H~1ysine
to the background samples. After further incubation.for,
% min, all tubes ¥ chilled in an ice bath. °

The incubation proce?ure used in the series of experi;

ments on purified nuclear fraction differed from the above
{
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in tﬁat nuclear fraction containing 0.5 mg as pro&ein

was used in all cases, éhd noni-radioactive amino acids "

were omitted. DBackgroundqsampleé were preparednwith

nuclear fraction fhich ha? been boiled for 5 min. The

incuhatioﬁ mixtyres were preincubated for 5 min prior te

the addition of radioactive amino acid, lIncqgation was

then continued foxr 30 min. Expiximental samglés were then |

boiled for 5 min, after which an equal volume of 20% TCA -

0.1 M non-radioactive amino acid (that caiéespénding to

the labeled amino acid used) was added. The samples were
Pob o 7

then ﬁlaced in a boiling water bath For 20 min to discharge,

*
v

tRNA, : Lo )

Background samples prepared withgboiied fraction
usuaily gave higher counts than those prepared at the
end of the incubation period which cormalned radioactive ~
and non-radicactive amino acid.” They were felt, however,
to provide a better value for non-specific-association of
labeled amino acid.

Determination of radicactivity

The samples were washed onto Whatman GE/A glass fiber
disks, and washed four times with a cold glution of 5 x 1072 ¥

* non-radicactive amino acid in 5% TCA, once with absolute

ethanol, and once with ether, Theqdisks were dried and
transferred to precounted scintillation vials containing
15 ml Bray's scintillation fluid {184) or toluene-"Omnifluor*
(New England Nuclear) for the determination of radicactivity.

o
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Purification of fractions after incubation of
Nyclel plus mitochond ..

Incubation mixtures containing both puclear /And
mitochondrial fractions were centrifuged ‘at 1,000 x g
for 10 min. The supernatant was centrifuged at 1, 000 x g
for 10 min, and the two pellets containing nuclear fractmn
were pooled. The supernatant was centrifuged at 20,000 x g
for 20 min, and the pellet containing mitochondrial fraction
washed 5 time‘s.?‘gié described above. fv s
Asgays of magir"gnzmgs CF

Assays of l;ctate dehydrogenase and glucose»ﬁ-phosph-:atasé
and the mitochondrial enzyme cytochrome oxidase were performed
to determine the dégree of purification of subcellular

fractions.

Lactaie dehydrogenase catalyzes the reaction
pyruvate + NADH + 1t e lactatm and is a soluble ‘
enzyme. Lactate dehydrogenase was determined by fo;{.owing
the decrease in absorbance at 340 nuf, due to the disa;f?ear-
ance of NADH, of an incubation mixture containing 0.1 ml
0.01 X Na pyruvate, 0.1 ml 0,002 M NADH, a quantity of
whole eabryo homogenate or cell fraction, and 1.0 ml of
0.1 M potassium phosphate buffer, pH 7.4. The volume was
adfusted $o 3.0 ml with distilled water (197).

Gytnd\mc cxidan. an enzyme of mitochondrial
olcctm trangport system which oxidiz:ktochrm ¢ and

b k ) <
Fle Tt N e ‘.‘gﬂ‘m,
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is itself oxidized by oxygen;.was §§§@y;d by'measuging
the decrease in optical densit;aét%?sc"nm of an incubation
- mixtufe”containing 0.5 ml of a fresﬁ*sﬁfﬁﬁion of 200 uM
cytochrome © in 0, 01 M ?hGSphate buffer, pH 7. Q, a quantlﬁv
of homogenate or other fractlon, and Q.l M phnsﬁhéﬁgx

‘m

huffer, pH 7.0 to ‘the final volure of 3,0 ml (198).

.$,

Determination of c?%oéhgpme oxidase activity in the serzes ‘

of experlments on pur1f1ed uclear fraction was dgne

aCCOIdlng to the methaﬁ of Coopersteln and Lazarow (199).

A solution ﬁfxly7 %107 §i cytochrome ¢ in 0,03 M phosphate

buffer was prepared and was reduced by the gdditxcn of

1/300 vol freshly prepgred 1,2 M sodium hydrosulfite,

The solution was aﬁiaﬁed gently for 15 min. . An aliquot of »
" the fraction to be assayed was added to 3.0 ml re?uced

cytochrome ¢ in a cuvette and the decrease in absorption

at 550 nm was monitored., A few grains of potassium

feriicygpide were added after 3 min to oxidize remaining

cyiégg;bme c. T

Glucose-6-phosphatase is a microsomal enzyme which

hydrolyzes theﬂphosphate group from glucose=6-phosphate,

1t wﬁs determined by incubating 0.5 ml of homogenate or

cell fraction in an equal volume of a 1/1 mixture of

0,2 M citrate buffer, pH 6.5 and a solution of the sodium
salt of glucose-6-phosphate at a concentration of 24.5 mg/ml.

1
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The mixture was incubated at 370 C for 30 min-and 1.0 ml

loﬂ?TCA‘was‘added. The reaction mixture was centrifuged
and the concentratién of inorganic phosphate in the super~
natant determined (200).

Electron microscopy ‘ S, /

Fractions of purified nuclear fraction were fixed in

Millonig's-phosphate buffereq 2% glutaraldehyde %ﬁ 7.2 at

W

4° C for 24 - 72 hr, They were subsequently washed in buffer
solution overnight, Pieces of the fraction wege then post-
fixed in phosphate buffered 0s0, for two hours, then washed
twice through buffer and dehydrated through ?oncéntratlon-
graded ethanol to absolute ethanol, The absafuﬁe ethanol

. uas ashed out with several changes of propylene oxide.

The tissue ‘fractions were then infiltrated with Spurr's epon
by passing them through increasing concentrations of this
polyser dissplved in propylene oxide. They were then embedded
in the same epoxy inside capéules and.were left to polymerize
at,60° C for 12 hr, The fractions vere cui with a diamond
knife on an IXB Ultramicrotome at 600 - 1000 ﬁ. placed on
copper g;ids and stained with uranyl acetate fqr 10 min,
washed and stained in Pb citrate for 3 min, washed, dried,

and observed and photographed with a Zelss EM 95.

1 /\,
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Qx}_{z BNA, and protein contents—of thelnmc;genate ) an
and purified nuc ea\r' raction .
\\ DNA and RNA were determizned by the method of Santem wa
and Agranoff (201), This method deg'ends;; upon the differ~ ) e
ential solubilities of DNA and RNA ip perchloric acid.. ’ i ‘ g Car
A series of 1lipid extractions was followed by an extfac- | J sa
~ tion with cold 5 % TCA. The residue was dissolved in ' ‘ \ va
1 N KoH at 37° C for 16 hr, Concentrated perchloric acid o i
was then added to precipitate DNA and protein, The resxdg‘?ﬁ - Sl 10
_was washed once m:th -concentrated perchloric acid, “the 7 “’;;anz
superrfqtant fractions pooled, and ’the RNA/ cox;tent 'deter-‘ ag:
mined :spectrophotometrically., DNA was then extracted ) fo
from the residue by a sexies of washe‘s with 1 N HC10, and v
also determined spectrophotometrically, o "
Protein was determined by the method of Lowry §202). ane
Separation of the different classes of nuclear proteins + act

The saline-soluble proteins, the histones, and the "
Zim €

acidic proteins of the bumf:.ed nuclear fraction were

separated by the method of Teng, Teng, and Allfrey (203) z:d!
The purified nuclear pellet was first extracted twice ’ " oo

wit}_‘u 25 vol 0,14 M NaCl to yield saline-soluble proteins. L

The residue was recovered by centrifugation at 3,000 x g -

for 5 min and further extracted uifltt 25 vol 0.25 N HCl twice,

After centrifugatian at 3,000 x g 5 E;nin. the supernatants m‘nj

containing the histones were pooled and the residue was The

by

extracted once with 10 vol 1:1 C!«ma:nethanol-.l).i’ N HCl

» ,
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and once with 01 121 CHClg:méthanol-0,2 N HCL to ;
remove lzp;dst The pellet recovered after centmfugatmn -
was ‘dned mth ether, suspended in 5 vol cold buffer ‘“

v consistlng of 0.1 M Tris-HCl pH 8.4 cpntaining 0.01 M EDTA

and 0.14 ¥ 2-mercaptqethanal. An equal volume of phenol

* saturated with this buffer was added and the suspension

was. allmez‘i\‘ to stand at :*2“ C 14 hr., After brief homo-
égnization, the sus;:ensién was centrifuged at 12,000 x g
10 min. The agueous phase was re-extracted: with phenol
" and the phenol \phase; were then combined and dialyzed ~
against 100 vol 0,1 M acetic acid -~ 0,14 M 2~mercaptoethar‘f61
for 3 hr. The dialysis solu;:ion was ”c!;anged and diéfysi\s
was continued until the phenol phase was reduced to one-
fifth its original volume. The aqueous layer was removed
and the remaining phanal was dialyzed against 0.05 M acetlc
-acid = 9.0 M urea = 0.14 K 2-mercaptoethanol for 24 hr.
The dialysis solution was then changed to 0.1 M Tris-HC1
pH 8.4 ~ 8.6 M urea - 0,01 M EDTA - 0.14 M 2-mercaptoethanol
and d¥alysis was continued 2 hr. The phenol-soluble acidic

proteins axe restored to the aqueous phase by this treatment,

Labellr;g and extraction of E. coli Em‘teins \)

An E coli methionine auxotroph was grown in Davis

Minimal Medium (204) containing 0.5 mCi 3g.methionine,

The organisms were harvested at the end of the log phase
by centrifugation.A 1/1 mixture of phenol and 0.1 M sodium

-3
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. p{hosphate buffer, ¢ pH 7.4 was added and the suspension
. agitated, After ﬁbeimg allowed to.stand overnight, the

suspensmn was centrifuged and the phenol layer reserved.
Ihm.,layer was dialyzed against O.1M Na phosphate buffer
until the pherol was replaced. The aqueous solution of
protein was lyophilized.

Digestion of protein ilfz:::u:tinns "

Leucine aminopepi:idase and carboxypeptidase A (Sigma)
w;a/re used to digest labeled nuclear and ba;iterial proteins,
/,éhe protein was dissolved in 0.1 M sodium phosphate buffer,
pH 7.9, and an appropriate amaun%' of either enzyme (as deter-

/ 'minted in preliminary experiments) was added. reaction

N
mixture was incubated at 25° C or at 37° C. The reaction

was followed by determining, the radicactivity remainming
in the cold TCA-insoluble fraction of aliquots -removed at

L2

different time intervals throughout the course of tho&' '

incubation. ¥

¥

-

Electrophoresis

Electrophoresis\ of labeled nuclear protein was carried
out on 10% polyacrylamide gels containing 0.1 X SD6 by
Dr. C. B. Lazier of this University, by the method of
K. Weber and M, Osborn, Journal of Biologi«l auaittry
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. The work dé%ggiﬁed below may be roughly diy;ded%’ ;
into_tyree seatibns:,preliminary stidics with tofal ‘ , ¥
homogenates aancihﬁe nuclear fractions, work with a
purified nuclear fraction, and experiments with a frac-

i i

» l“ - , > - -
tion containing nuclei and mitochondria.

A, Incorporation of amino acid by fresh whole embrve
’Eomogenate%

Preliminary studies were made of amino acid incor-
poration b& freshly dissected whole embrye homogenates,
The earlier work by Trevithick an& Wainwriéht (144) had_
been done Q/fembryos which had been explanted 16-24 hours
before use, ‘and it was felt that embryos wh1ch had not ,
been depleted of intracellular yolk m1ght not 1ncorporate

a high level of radloactive amino acid.

iy s

Table 4 shows the incorporation of 14

Yo-syothetic algal ¢~

hydrolyzate, 3H-iysine by fresh whole embxyo homogénates.w )

The effect of ATP on incorporation was also studied.
Background incorporation'was found to be very high ﬂf—*"f’”

particulariy wh@nathe synthetic hydrolyzate”ﬁigwﬁgéﬂ. The

addiition ofﬂ\ﬁameﬁATP usually decreased hoth the background

andﬁxxperimentai”incarporation levels. Some precedent for ’

this\findlng exists, and will be discussed, In Experiment I, -

no decrease’in background was observed, and, in Experament II,.

an increase in the net incorporation level was found.n The

pature of the apparent inhibition of incorporatien in P

Experiments I, III, and IV was not investiqated,

o s

7, s
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- : TABLE 4
» "“ ' | \(

"' Incorporation of radioactive amino acids
; by whole embryo homogenat.es* "

B.

fr,
SRR - ot g ’ ) e oo be
. ﬁ: ’ Incorporation of Incorporation im ‘
i a ' "+ radioagtive the presence of ‘ : : st
) TR -amino dcid - A079-M A .
. Sample . . (Cpm/alz.quot) {net)  ‘(cpm/aliquot). (net@)a mar
. . = " ﬂ ) J . ’ h cel
- Experiment I ©ex . .
. Blank 4,488 4 470~ ° 5,313 4 547 ,
Coentrol "7§488 + 308 3,000 8,066 -3; 715 2,753 cou
. L " P g * u - fra
Experiment II o " dgpen
: : . and
Blank ;,097 + 21 635 + 40
Contiol 1,585 + t ‘102 489 o 2,078 ¢ 140 1,443 enz:
. -’ fra
Experiment III 4
"Blank 3,602 ¢ 1,012 1,837 ¢ 282
p Control 9,083 ¢ '640 5,481 5,052 4 319 3,25 and
- @ . 3

tio
in

act

»

1,144 . 2,22 ¢ 288
735°5,610 5,765 + 372 3,544

Experiment v

Blank ° »25

4,259 +
Control, . e9'869 +

* Experiment I was done with 10 Ci,of C-Sﬁnthetu algal
hydrolyzate, Exﬁeriment 11, with 25 ACL of “H-leucine, and
111 and IV, with 25 aCi of -lysine. Each reaction mixture

¢
B

contained 0.3 g embryo homogenate on the basis of wet weight Frac

in minimal medium supplemented with non-radioactive ‘amino acids.
Hom

Each valde represeﬁ&tbe average of two determinations.
—_— Nuc
[ 4
y Mito
. H
. ! ¢ 5 .
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B. gg§ermingtion of the degree of purification of sub-
cetlular iractions '

It is important in all studies of isolated subcellular

fractions that the degree of purificaigon of the fraction
be determined, In most of the later egperimentsndone in\this
study, this was assessed by determiningdthe‘gctivities of
marker enzymes in the whole embryo homogenates and the sub-
cellular fractions is;iatgd from them, ,

The activities of three enzymes were assayed in the

course of purification of the nuclear and mitochondrial

. fractions; lactate dehydrogenase, glucose-6-phosphatase,

and cytochrome oxidase. Lactate dehydrogenase is 2 soluble

enzyme, glucése-ﬁ-phosphatase is associated with the microscmal

fraction, and cytochrome oxidase is present in the mitnchcndria‘
Homogenates of 5 g of fresh chick embryo were prepared
and assays for each enzyme were performed, After purifica-
tion of the nuclear and mitochondrial fractions as described
in "Methods* the assays were repeated. The range of enzyme
activities of the fractions is shown below:
> Activity of enzyme as a

percentage of that of
whole homogenate

Lactate Glucose-6~  Cytochrome
Fraction dehydrogenase phosphatase  oxidase
Homogenate 100 100 100
Nucicar fraction 0 - 0,02 0.02 - 0,07 l.2-15
Mitochondrial '
-fraction 0.03 - 0,05 0.08 - 0,220 60 - 80

L4
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Ce, Amino acid incorporation by chick embryo crude .
ggpIear Fraptlsn 12.oruee .

’ + - s

The preliminany expezinerits 3%<§Tevithickand Waiﬁwright ’
(144) on 1ncnrporatlon of radicactive lysine by 'crude nuclear

fractlon of Ch1Ck embryo were repeated. oRadioactive lysine ‘ R
was uSed in, studies of 1ncorporatlon in or&er ta avoid non- |
specific association of hydrophobic’ amino acid side chains :
with the lipid components of the nuclear ‘membrane. ‘

£

Crude nug%ggr fraction waS'prébared as described in
"Methods® bhéwwithOut treatment with Triton-X-100. Incuba-
tion was performed as described above iﬁ minimal mediuﬁ.

The results of the initial experiments were not sa;is-
factory. The level of incorporation was low (600-800 cpm)
and the background-sagbleg showed high counts relative to .
the experimental sgmgles (300-400 cpm).

It was felt that the mininal medium used might be
unsuitable for incorporation of amino ac@d b; the nuclear
fraction. The incubation medium was accordingly changed
from minimal to AMO Medium as described in "Methods®, and
a supplement of non-radioactive amino acids was added,
Incorporation of 3H;lysine by crude nuclear fractlon was
generally much greater in this medium, and attempts to
lower the background uptake of amino acid were ultimately

successful. The results of a representative experiment

are shown in Table 5,
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[P on the inco orati!n of 3H-
raction,

nclel of. various organisms have been found

N

%olat‘ed

tq,differ in rekirementsﬂ ‘for an exogenous enefgy source
,nge *Literature Revieq;); “iThe response of chick embryo .
fcruda nuclear fraction to ATP and GIP was studied in éarly
experiments. ; B
The effect of ATP on incorporation of lysine into the’
cfﬂdé nuclear fraction varied widely, AIP at a conégﬁtfé~
tion of 2 x 10™° M had an inhibitory effect on lysine incorp-
oration in each experiment. In Experimenf II, ATP was
inhibitory at all 66qce;trations used. AIP at concentraﬁiags
of 1073 M and 5 x 10'4 M was shown to stimuiate aéino acié
incorporation in Experiments I, III, and IV. The addi?ion
of GTP at a concentration of 5 x 107 M did not enhance the
stimulatory effect of ATP. These results are shown in -
Table 6, .
e~effoct’ of increased Mg™ concentration on H-lysine

Variation of the concentration of magnesium ion in

in vitro experiments on protein synthesis can Kave a
profound effect on the reactions involved in this process.
A ;en-fold increase in the concentration of Mg**, from
5 x IO'd\H to 5 x 10"3 M, assayed for effect on amino acid
incorp&ration by ¢rude puclear fraction. ‘ The increased con-
centration seemed to contribufe to unacceptably high varia-

bility between duplicate samples, and increased incorporation
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- TABLE 5

E

fncorpur"ation of 3H~ly:sine by the crude nuclear
fraction of fresh 3-day chick embryos* ‘

-

‘s
1}

Sample / J Incorporation of
S ‘ 3H~lysine (cpm/aliquot)
Blank ’ * -
6 l’ ? . 95.0 I T~
/2 \ 9%.0 av, 95.5 .
, - ’
' Y ¢
’ Control -
- 1 4,079
2 3,480 |
e T 4,717 av. 4,112 + 443

-

* Each sample contained the crude nuclear fraction
'of 0.25 g {wet weight) embryo, 10,3 4Ci of H-lysine
and non-radioactive amino acids in AMO Medium as
described in "Methods®.
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only to 110-115¥ 6f that of control samples. This change

was not adopted in later experiments. -
D. amino acid incorporation by chick embryo \
tochondrial fraction .
]

As has been noted, the activity of the mifochondrial (

fraction was.a secondary area of interest in these studies, D
One group of experiments was done to determine {:he effect
of chloramphenicol on amino acid incorporation by purified
mitochondrial fraction of '3;‘day chick embryo. The mito-
c,hondrial fraction was isolated as descri:bed in “Methods* n
and incubated with 103 ACL of 34-lysine and supplements of
the other 19 non-radioactive amine a::ids in AMO Medium in
the presence and absence of ;:hloramphenicol. -The incorpora-
tion of 3H-1ysine by the mitochondrial fraction was found

to be inhibited by chloramphenicol by an average value of
7%, These results are shown in Table ‘i )

The lack of complete inhibition of the m.;’;tcchondrial
fraction by chloramphenicol may be thought to indicate
inconplete purification of the fraction. Electron micro-
graphs of mitochqncfrrial fraction prepared in the ‘same way
were made later in the course of this work and showed
extensive contamination of the fraction by other cytoplasmic

@

components.,

=
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The effects of ATP and GIP oxf amino acid incorporation
by crude nuclear fractign of 4-day thick embryo*

concentratio

Experiment I

0
B x 1074

Experiment II

0
5 x 1074

10-3
2x 107

Experiment III

Experiment IV

0
5 % 10
5 x

1074 + 5 x 1074 G1P

5 x310"4°; 5 x 1074 GTP

ficorporation of 3H-lysine (cﬁm)
as a percentage of the control
value without ATP

100
172
170
127

1

100
89
44
16 ,

100
181
206

99

100
164
165 p

* Each sample contained Triton-X-100-treated cryde nuclear

fraction of 0,28 g wet weight embryo, 10,3 ACi
wc DOn=radioactive amino acids, and additions in AMO Medium
. as described in "Methods",
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TABLE 7

The effect of bhloramphenicol on 3H~lysine incoxporation

by purified mitochondrial fraction of 3-day chick embxryo#*

=

Incorporation of

{net)
cpm

1,644
252

1,052
373

-

31,697
8,653

«lysine -
Sample - (cpm/aliquot)
+ «De
Experiment I i -
Blank 37 3
Control . 7 1,681 261
100 mg/ml Chloramphenigol 163
Experiment II -
Blank 43
Control 1,713 113
100 ag/ml Chloramphenicol . 59
Experiment IIX 1
Blank 1,809 £ 4
Controeol 33,5 + 75,281
100 mg/ml Chloramphenicol 10,462 ¥ 617

# Each reaction mixture containgg g
of 3-~day chick embrvo, 103 ali -

ysine, and other com
Each valde represents the average of two detexrminations.

" : =

Incorporation as a

2.2
100.0
23.1

19.8
100,0
48.2

“B.4
10Q.0
31l.2

percentage of control

{net)

. cpm

" 85,4

27.2

urified mitochondrial fraction of Q.B3 g wet weight
penents as described in "Methods'.
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E Amino acid incorporation by purified nuclear fraction

of 5-day ‘chick embryo®

This series of experiments was done with nuclear fraction
-of 5~day chick embryo which had been prepared with 1.0% Triton-
X-100., Assessments of thejdegree of puritx‘nf the fraction
were made initially. '

The activities of the non-nuclear marker enzymes lactate
dehydrogenase, glucose-6-phosphatase, and cytochrome oxidase
were detemmined using thelwhcle homogenate and the nuclear
fractioﬂ. Very little activity of these enzymes was found
in the purified mrclear fraction. The data are gi;en in
Table 8, .

Electron microscopy of the purified nuclear fraction
was done by Mr. Bora Merdsoy of this university, and Dr.

M. Hansell confirmed that ¢ytoplasmic ribosomes were absent
from the pgrified preparation. Figure 9 is a ébpical elect~
ronmicrograph of the nuclear fraction,

The RNA/DNA, DNA/protein, and RNA/protein ratios deter-
mined for the purified nuclear fra?tion are given below:

BNA/DNA  0.286
DNA/protein 0.121
RNA/protein 70,03 ‘ g
The recovery of DNA in the nuclear fraction averaged

40% (relative to the DNA content of whole homogenate).

I3 - & 3
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) Figure 9  Five-day chick embryo
: , .
nuclear fragtion
{
-

i
L




fra

-
fra
an¢

' the

; pla

[ tha

=]

, nucl

. !

N
< Bare ¢
L am g
N
P



/ R T ‘

\/ s 7 ,

Voo ‘ .

1 . o . .
Checks for bacterial-contamination in the nuclear .

fraftion and in the incubation mixtures were made in the 5
:7 se of several experiments. Aliquots of the nuclear
raction and of the componenfé ofsthe incubation mixture,
/ﬁnd of the complete mixturé at the beginning and end of
/ Ir ‘
‘ the incubation period were plated on blood agar. The
/ P P / * /

" plates were incubated at 37° C for 24-48 hr, It was found

. -

that if fresh or frozen components were ubed, colonies
were very rarely found. The highest degree of contamina-
tion observed in mixtures at the end of the incubation

/ period was'fbur,golony»forming units/ 0.1 vol of the
mixtu;e.

¢ /

The effect of cytoplasmic contamination on the incorporation
of radioactive amino acid by purified nuclear fraction

Experiments were done in»which the nuclear fraction
was deliberately contaminated with cytoplasm in order to
assess the possible contribution of cytoplasm to the
level of incorporation of radicactive amino acid. The ;
sQpernatant fraction obtained after the initial centri- ,
| fugation of the whole homogenate was reserved and portions ,
were added to the incubation mixture containing purified
, nuclear fraction. Control sampleP consisted of nuclear
land cytoplasmic fractions alone, [T!p experiments were
done, and the results are given in Table 9. In the first

experiment, cytoplasmic and nuclear fractions were imcubated

1
\
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alone and separately by the usual procedures as contréls.

Blank samples were prepared with boiled fractions, "In

rthe second experlment, additional samples were prepared -

in which cytoplasmxc fraCtlan was added to incubation

mixtures containing nuclear fraction 5ust prior to term- -
1nat10n of the incubation period, In both experiments théf///;q
cytOplasmzc fraction was found not to 1ncorporate amzné/acld.

It is highly pxobab%e that endogennus nucleases destroyed

the protéin-synthesizing capacity of the cytqplasmic

fraction during the 1.5 hr period in)?ﬁich it was reé@f?ea\ ’

at. 0% C, while nuclear purification was completed. There

- also appeared to be an inhibitory effect.of cytoplasmic '\\\\d/

fraction on incorporation by the nuclear fraction.

The results of the above experiments, however, lent:
some weight to the assumption that observed incorporation
of amino acid into "purified nuclear fraction® was due'to
the nuylear“f%action itself, and further expegqusys to
characterize this incorporation were performed."SOme changes
were made in the incubétion procedure; as haszb;en noted
iI ”Mgthods“, on the basls of results obtalned in preliminary
experiments, ‘
The uptake of radioactive amino acid by purified nuclean
fraction as a function of time and of aﬁSGET'GT‘?EEETIEH

Saturation curves

Saturation curves were established for the uptake of

-lysine and SH-leucine by a giveﬁ’quantity of nuclear
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TABLE 8

@

‘The activities of lactate dehydrogenase, glucose-

6~phosphates and eytochrome oxidasa\&the whole homo-

-
_®,
’,

(-

-
4

"% protein

& o 4

Homogenate 4,73

' 10056

Nuclear fraction _ 6.2 % 1076
. 0.5 x 1076 :

¥ total activity
of homogenate

» found in nuclear
fraction

. genate and purified nuclear fraction of 5-

moles/m/t

wchick eml;ryo*

S

2

/ 1

Glucose=6= . Cytachrome . Laz?,aié
phosphatase  oxidase dehydr§-
mg 0.D/min/mg genase
protein =, -
£
x 1074 14.2% 2,1 10837 ¢
x 1074 . :
\\v 1.5+ 0.7 0.28 + 0.15
,
\\ ¢ )x&
A o
\. I 2.6
\\ ‘\

L &
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3

The wi,ﬁcorpor,ation of 4-leucine by purifiedlndclaar

fraction in the p;:esenffe and absence of “cytﬂapl‘;smic

g .

xco@phnents*
) d ° ﬁ‘ * ) a
" ’ ., Incorporation of (et)
; ~leucine .
. . {cpm/aliquot) :
- Sample ’ + S.D.
Experiment I. .
? ) R
Blank 1,190 4 360
Nuclear fraction - 4,310+ 66 . . 3,180
Blank . ,  ® . 7,688 % 243
Cytoplasmic fragion ° + 7,483 % 310 0°
Nuclear fraction N ’
cytoplasmic fraction'
1.0/0.5 6,634 + 104 0
1.0/1.0 . 6,737 % 2,032 0
1.0/2m0 v . 5’798 :!'_ 2 7 0
Experiment II ? "
BLandt ‘1,34 + 9B .
Nuclear fraction 3,795 ¢+ 124 2,421
Blank, 7,747 + 659
Cytoplasmic fraction 7,240 ¥ 142- 0
Néclear fraction #
_ cytoplasmic fraction®
¢ 1u0/l;0 -~ ] 9’777 i 2.526 656
? ‘ ’ ]

# Each incubation mﬁature contained nuclear fraction, 0.5

as protein, 10 ACL H-leucine, specific activity 5,5 Ci/ mole,
AMO: Medium-and other components as described in "Methods®.
Cytoplasmic fraction was added in 0.5, 1.0, or 2,0 cell
equivalepts, Blank-values obtained uith individual fractions

have been combined, and the total subtracted from experimental .

values for the miyad 1ncubations.q
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fraction before studies of uptake as a function of time and
of amount of nuclear fraction were attempted. Both amino
acids were found to be maximally incorporated by 0.5 mg
nuclear fraction as protein at a concentration of 2 m,
specific activity 2-6 3iAhmo{e (Fiqure 10).

ac rifled nuclear fraction of 5-day chick embryo

The uptake of radioactive amino acid as a function of

&

tine was studled. A large~scale incubation mixture was _

" prepared, containing 5 mg purified nuclear fraction, other
components in the proportions éiven in *Methods®, anda
100 4C1 3-leucine, specific activity 5.5 Ci/miole,

An aliquot of 1 ml was removed to a boiling water bath
’ immediately after addition of the radioactive amino acid
as a zero-time sample. Further aliquots were faken at .
specified intervals throughout the course of incubation
and bolled for 5 min, The samples were precipitated and
. prepared for detemmination of radiocactivity by the usual

methods, Figure 11 shows the results of this experiment.

h A linear relationship of uptake of radioactive amino
" acid to amount of nucl&ar fraction was found, within the
i limits shown in Piqure\12. In each of the experiments

- reported, separste samples were prepared containing
" ~ incressing smounts of nuclear fraction and of 3H-1euéine.
‘ |
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Figure 10 The upﬁake of 3H-1eucine .
by purified nuclear fraction |
as a function of leucine

concentration. ¥ '

€S

"% Each incubatioh mixture contained 0,5 ing
nuclear fraction as protein, iO;ﬁSi
3H--leucine; sp. act. 55 Ci/mole (1.8x10710 mole),
AMO Medium and other components as described
in "Methods", Non-radioactive leucine was

added to yield higher concentrations shown,
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Figurs 11  The time-course of SH-leudige

_incorporation by purifiel
o

L. Wil
nuclear fraciion * ¥ 1 ,

3

- -

epm x 103

I The incubatién mixture contained 5 mg
‘purified nuclear fraction, as prntein; B
A0 Medium, and 100 4Ci SHnleucine
sp. act. 5,5 Ci/mmole. Aliquo%s were w
removed to %oiling water at specified
y  time intervals, Radioactivity was :

determined as described in "Methods",

: b,
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Figure 12  The incerporation of “H-leucine by

\
r

ingreasing amounts of purified

nuclear fraction *;

Xuomt Experiment I
0.0 .Experiment II

¢———+ Experiment III

/

e

Each in&ugatibn mixture contained a guantity
of 1.0 ¥ Triton-X-100-purified nuclear fraction
as specified, 50 gci of Heleucine /0.5 mg

- protein, and AMO Medium. Blank samples were
initially boiled. The incubation period was

30 min, after which experimental samples were
boiled for 5 min, TCA was added and radio-
activity determined as described in "Methods”,

4

cpm x 1073
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The blank samples consisted of boiled nuclear fraction
in quantities equal to those iﬁ the experimental samples,
and other components of the incubation mixture, °
The variability of uptake of amino acid by a;given ‘
amount of nuclear fraction from éxperiment to experiment
may be noted here, as well as in other experiments. It
is feltmtgat this may reflact éhe physiological state of
the -embryo. ﬁ;eparations of pucleé; fractions frdm batches
of embzyos #hét s#owed groass eviéence of being retarded
in development were often found to be less active in
incorporation studies. It has also been possible to
correlate gross variationg‘in uptake of amino acid by
ngclea} fraction with changes in the parent cﬁicken flock
at the supplier’s.Lsﬂﬁher investigators in this department
have observed variations in incorporation of nucleic acid
and protein Q;ecgrsors and of enzymatic activif%gs from

\-.
season .to season.

The effect of inhibitors of protein synthesis and of respiration
on amino acid incorporation by puritied nuclear fraction ‘

_,The incorporation of radivactive amino acid by nuclear
fraction in the presence ofwchloxamphenicol, cyclohexinmide,
puromycin, cyanide, dinitrophenol, and ribonuclease was
measured. The usual incubaﬁioé procedures were followed

in most of these experiments and any exceptians will be

noted, \
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Chloramphenicol

The effect of 100 g chloramphenicol En amino acid
incorporation by huclear fraction was studiedE The results
of eagly exéeriments with 3-day chick cibryo muclear fraction,
prepared w@%h 0.5% Triton-X~100, are presehted in Table 10,
The incorporation By this fraction was almost completely a
inhibjted by chloramphenicol. This result agrees with those

@

of Trevithick and Wainwright (144). | .,
Later experim;nts on 5-day chick embryo nuclear fraction ;
prepared with the uée of 1.0% Triton-X-100 gave tﬁe results
shown in Table 1l. Better and more consistent in%orporation
among experiments was obtained in the later work, x{he
degree of inhibition by chloramphenicel, howevery was‘net
found tg Be as marked. Less nuclear material was used in
incubation mixtuzes in’this second series of experiments,
but uithin“%@g range used, there was no proportionate effect b
of chloramphenicolﬁ
Cycloheximide - , 9
cYclohqjimide at a concentration of up tdiQOO,gg/b.s éﬁ
nuclear fractiop as protein was found to have no effect on ‘
the incorporation of amino acid by purified nuclear fraction.
This result contrasts with some to be discussed later, which
were obtained with “nuclei plus mitochondria" fraction, and
suggests that in the laﬁt7r case;rcytOplaspic amino acid
incorporation might h-ve contributed to the results.
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Cycloheximide has been shown to inhibit cytoplasmic
protein synthesis in chick embryo (144).
‘ Puromycin. . |

The effect of séveralvconcentrations of pu§3m¥cin on o
' purified nuclear fraction and on sonicated nuclear fraction
was 1nvestxgated. High cqneentxatxons of puxomyc;n,were

vequired to produce marked inhibition of the nuclear
fiaction:h fﬁl results of several experiments are combined
. in Fxgure 13. " The sonicated nuclear fraction incorporated -+
; \\\ 3H-leuc1ne _very poorly (approxmately 600 cpm/mg protéin}
\\\\ and this 1ncarporat10n was cnmpletely inhibited by puramycin
\K{ concentration of 1072 .M. 3 , //

Respiratory iphibitors
4 4
;//Ihe inhibitors of reSpix;étinn, cyanide and dinitrop);ienol,

e e

did not iphibit amino acid incorporation by nuclear fraction.
On the contrary, stimulation of incorporation was observed
in the presence of both compounds. The results o% one such’
experiment are giver.in Table 12,

Ribonuclease A
Experiments to determipe the effect of ribonuclease on-

amina acid incorporation byithe purified rmclear fraction
yielded unexpected and highly variable resultss k6 A seven-~
~ §old stimblation of incorporation was found in the presence
//Ef 200 gg RNase A 1n the first experiment, A second

o
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TABLE 10

The effect of chloramphenicol on 3H—1ysine incorporation
by purified nuclear fraction of 3-day chick embryo#* -

& .
Incorporation of Incorporation as
Sample : 3H-lysine --=_ . a percentage of
{cpm/aliquot (rigt) control corrected
+ S.D. for blank .
Experiment I ¥ . . - .
' ( : .
Blank , 152 +  48.- . L2
Control ¢ 11,859 £ 2,756 11,707, 100.0
100pg/ml Chloram- . .
phenicol . 553 % l222 401 4.6 3.4
Experiment II
Blank , 127+ 3b 5.1
Control 837+ 34 719 100:0 ‘
100 pg/ml Chloram-
phenicol 195 ¢+ 12 68  23.2 9.5

¥

. 1
* Each reaction mixture contained nuclear fraction, isolated
with 0.5 ¥ Tritop-X-100, of 0.83 g wet weight of 3-day chick
embryo, 103 aCi “H-lysine AMD Medium and other components
as described in "Methods®. Each value represents the average
of 2 detemminations, -

£}

N ’1 g
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| TABLE 11 ~ .
s . Ly
E] - H&;ﬂ‘
The effect of' chloramphenicol on 3Hy-lysine ingorporation
by purified nuclear fraction of 5S-day chick embryo*
¢
Incorporation of . Incorporation’as
Sample . SH-leucine a percentage of
“ {cpm/aliquot & 5.D.) control corrected
. for blank ;
Experiment I .
. |
0.1lmg Nuclear fraction 966 + 102 . 100
0.1lmg Nuclear fraction + ) '
100 Mg chloramphenicol 293+ 5 .30
Experiment II , 3
o 4 ’
0.25 mg Nu@lear fraction 887 + 27 100 |
0.25 mg Nuclear: fraction + ) L
100 yg chloramphenicol 343 + 19 39 ¢
. Experiment III
0.5 mg Nuclear fraction 1,154 + 264 : 100}
0.5 mg Nuclezr fraction + .
100 g chloramphenicol L 173 ¢+ 51 15

o

# Each reaction mixture contained nuclear fraction expressed
as protein, purified with 1.0% Triton-X~10Q, 10 #Ci “H~lysine,
AMO Medium and other .componenets as descriffed in "Methods".
Each value represents the average of three determinations.

&
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Figure 13 The effect of puromycin on the-

]

Aincorporation of 3H—leucine by.

purified nuclear fraction ¥
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I .. % Each reaction mixture contained G.% mg :
do 3 5 yJ '.1::: - 4 !
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./
\nuclear fraciion as éﬁ?“eﬁﬂ' lﬂjymg/
’ ﬁH—leucine sp;,gzt. 5.5 Ci/hqaleamﬁﬁo )

-+ “

, Medium and other components as deg&r&hed ‘g

; ) ”*ﬁ-ib "Methods®, The combined results of

three experimegts are shown.
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: TABLE 12 %

e

4

The. effect of cyanide an&\dinitIOphenol on the
incorporation of 3H-leucine by purified nuclear

tractor of 5-day chick embryo* _ -
- Incorporation of Incorporation as
Sample 3H-leucine a percentage

(cpm/aliquot # S.D.}  of control
P ,

‘ | h
Nuclear fraction, 9 786 & 53 100

o i
1,23 + 340 > 158

10" M cyanide

. Nuclear fraction + ; .
* 103 M dinitrophenol 949 + - 466 121

(

|
- i

, % Bach reaction mixture cgﬁtained nuclear fraction, .
0.5 mg as protein, 5 4Ci “H-leucine and other components

as described in "Methods®.  (Refer to Figure 11.)

Each value. is the average of three detemminations

and is corrected for blankyvalues

T

N,

Nuclear fraction + j
o,

A
i
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experiment was done in which additional contyol samples
were unsed. Blark samples were prepared with boiled
nuclear fraction aione, and boiled nuclear fraction plus -
ribunuclease. Other controls were prepared in which RNase
"was a&ded at the end of the 1ncubatlon period, Even, if
the difference obtained by subtrasting the level of incorp-
oration of nuc%ear«fractiOnaalone from that obtained from
the latter controls is&subtracted from the level of incorp-p
oration of nuclear fraction plus RNase, a stimulation of
incorporation in the presence of ribonuclease is indicated.
A further experiment showed no effect of rlbnnuclease
onﬁ;ncorporatlon‘ These results are presented in Tablé 3.

IH@ effect of chloramphenicol -and ATP on amino acid

»V

//inbo;ggratian'bz purified puclear fraction

-

-~

Experiments were done in which the effect of chloram-
phenicol and ATP, alone and in combination, on amino acid
incorporation by the nuclear fraction was studied. These
were carriedout to determine whether the inlﬁbitory effect
of chloramphenicol on nuclear fraction might be due to
interference with energy production, It was also felt these
experiments might give some indication as to whether results
to be reported below, in which an alleviation of inhibition
by chloramphenicol of amino acid iﬁcorporation by the nuclear
fraction in the *nuclei plus mitochondria" preparation were

due simply to the possible function of mitochondria as an .

L
q
%

energy~generating source. Incubation mixtures were prepared

in the usual way, including 0.5 mg nuclear fraction as protein
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TABLE 13

The effect of Ribonuclegse A on the incorporation of
34-leucine by 5-day chick embryo purified nuclear fractiop*

S

IncOIpOration of Iﬁco:paraticn as
3H~1enc:§ne . a percsplage of
(cpm/aliquot  S.D.} control

Experiment I

Nuclear £raction 662 + 78 C 100
Nuclear fraction + . .
200 ;g BNase A 5,107 + 70 © 770
Experiment II /?‘ - ™
Nuclear fraction 2,442 + 119 100
Nuclear fraction + -
200 4g RNase A 4,870 + 100 200
Nuclear fraction +
200 ug RNase A : ,, .
added at end of 3,906 + 197 160
incubation
Experiment III o -
Nuclear fraction 3,072 & 213 | 100
Nuclear fraction + ;
200 s3 RNase A 2,990 + 47 /% 98
|

* Each reaction mixture cgntained nuclear fraction, |

0.5 gg as protein, 5 ACi “H-leucine sp..act, 5.5 cifmole,
and other components as described in "Methods® {Refer'to
Figure 11) - Values are the average of three determinations
and are corrected for blank values. ’

& &
. 2

s

14
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alone and nuclear fraction plus 100 sg chloramphenicol ,
or 1073 M ATE alone or in combination. The relevant blénk
samples ‘were prepared with boiled nuclear fraction., ATP

was found to have a slight stimulatory effect alone, but

e e -

did not relieve inhibition by chloramphenicol. On the
contrary, this inhibitian_yas'ﬁbge pronounced in the
presence of ATP. These results are shown in Table 14.
,  The final group of experiments-was concerned with the
characterizaigdg of the product of aminc écid incorporation .
into the ggclearinaction, The possibility that the labeled
gminétiyiéAmms simply added to the temmini of pre-formed
proteins, rather than being incorporated into internal
positions of proteins synthesized Qg,ggﬁg, was investigatgd.
The Eiﬁggifs of release of label from a preparation
of labeled nuclear protein by exopeptidases was investigated
in order to distinguish between these possibilities, If
amino acid‘were'iqgaiporate& internally, one would expect
to find a gradual release of label in the course of
exopeptidase digestion, f
As a source of a control internally labeled protein
preparation, a;_g; coli methionine auxotroph was grown '

355»ﬁethicnine. A crude phenol extract

in medium containing
of protein was prgpared and dialyzed against buffer to
remove phenol.

Nuclear proteins were separated from a labeled

preparation of nuclei as described in *Methods®.

"
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N TABLE 14
The ef'fect ‘of chloramphenicol and Améﬂalone and in

combination, on the incorporation of “H-lysine by
purified nuclear fraction of S-day chick embryo*

. - : Incorporation of Incorporation as
3-lysine ¢ a percentage of
Sample {cpm/aliquot + 5.D.) contrc/r} value
Nuclear fraction 1,636 + 37 ) 100
- Nuclear fragtion # , ‘, -
10 M ATP - 1,808 + 462 _— 110
Nuclear fraction + -
100 Mg chloramphenicol 1,171 # 148 . 71
Nuclear fraction.+ ATP -
+ chloramphenicol 971 + 104 59

¥
4

* Each reaction mixture cogtainéd nuclear fraction,

. 0.5 mg as protein, 10 4Ci “H-lysine, and AMO Medium.
Procedures were as described in “Methods® and the
legend to Figure 11, Each value represents the
average of three determinations,



t - .

-112%—

Both E. coli and nucleaﬁ)proteins were subjected to -
digestion by leucine aminopeptidase and carbonpeptidase A.
The results shown in Figure 14 are those of an experiment
in which total 3H-labeled nuclear protein and total E. goli
3Bs-methionine labeled protein we;g.df%ested with both
leucine= aminopeptidase and cargoxypeptidase A, Earlier

xperiments in which classes of nutlear proteins were

d digested separatély gave much the same pattern
of results, though the level of radioactivity was considered
too low, pérticularly“in the histone fraction, to -adequately
demonstrate the process of digestion, o
Methionine remains the°N~terminal amino acid of many .
completed E., coli proteins, z;nd, as might be exp%d, the
largest initial drop in radioactivity remaining in acid-
insoluble material took place in the 35_methionine E. coli
labeled protein ® leucine aminopeptidase mixture. All the
curves indicate, however, that the label in both preparations
of protein is found in internal positions. The nuclear
.material, as well as the E. gcoli protein, is shown to have

a "resistant core", from which the label is released at a

reduced rate.

Electrophoresis of nuclear protein

Polyacrylamide gel electrophoresis of total nuclear

protein was perfcrmed on 10% polyacrylamide-0.1% SDS gels.
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0
=« The géls were stained with Coomassie Blue and wer; glice&
" inpto O.fs cm sections, which,éere'blaced into- separate
SCi“tiléffff“ vials codiéinipg 10 ml toluene~“0mnif1uar‘-\( Vv
3% Protasol, P?Btein staining revealed material excluded W
from the gel, 3 slight band at 1.0 cmy and a broad band
‘at 3,75 - 4,5 om. The radicactivity essentially paralled -
the stain, as may be seen in Figg;e\lﬁ. , | . ‘

_Acidic nuclear proteins were exiracted from labeled

o

preparations and subjected to SDS gel electrophoresis,
% scan of the stained gel incorporating results yielded
byfﬂetermination of radiocactivity of slices of an identical

.gel is shown in Figure 16.

¢
o

In summary, the nuclear fraction has been isolated !
and characterized. The purified fraction is inhibited |
in amino acid incorporation by puromycin and chloramphenicol
and unaffected by cycloheximide. The incorporation is
also resistant to inhibitors of.respiration and ribcnuclease:
Gel electrophoresis of the acidic protein fraction of the
labeled nuclear preparation indicates two radioactive ﬁroteiﬁs.
The results of a series’ of experiments on a subce;lular
fraction containing nuyle%ﬁand mitochondria will now be
reported. We were primarily interested in the character-
jstics of the nuclear fraction, but felt that, in view
of the involvement of the mitochquria in the synthesis

il > -
of heme, some studies of incorpbration of amino acid by

t
K

mitochondria should be dong..

& J?.:
3
fa
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N§§$J/ Figure 14 Thé digestion df‘g, coli and
chick embrye Qucféar proteins
"By leucine ;mgiopeptidase
and carboxypeptidase A*
. xb‘___m‘gﬂmlabeled nuclear %xﬁtein’t
digested with leucine
s aminopeptidase
e x X ?H—labeled nuclear protein
digested with carboxypeptidose A
Lt 35S—laﬂeledr§.,gg;1 protein
digested with leucine aminopeptidase'
x===ox 395-labeled E. coli protein
digested with carboxypeptid§§% A
* Reaction ﬁixtures were prepared as described
in "Methods" and ;ncuﬁgted at:§7ac. Aliquots '
were taken for the determination of rédioactiviéy ’

at the specified time intervals, '

¥
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electrophoresis of %4- labeled
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Figure 16b Scan of stained SDS polyacrylamide
. gel bearing SH-labeled chick o
embryo nuclear acidic proteing*
o Absorption of protein'stain
o e
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| ® ~mms-me= Radicactivity of gel slices-
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E, Amino acid incorporation by combined nuclear ana
mitochondrial fractions of chick embryo ]

Experiments were done in which a p;rticulate fraction
of-the embryo homogenate, containing the nuclei and mito-
chondria, was incubated with 3H»lysine. 'Enzy&e assays for
lactate dehydrogenase .and glucose-6-phosphatase were done
tn the whele homogenate and this fraction, and the fraction
was washed until the activity of either enzyme was no hlgher
than 5-7% of that of the whole homogenate. Two washes were
usually found to Sﬁ;flce‘ )

The incorporation -of 3H-lysine by the supernatant
fracgéon obtained in the initial isolation step was detff:m
mined in two cases and found to ragge from 50-80% of the ///

control nuclear vai?e. No radioactive material could be
[ 4 Ny -

recovered if-this supernatant incubation mixture was

treated by the plocedures used for isolation of the ¥wo
subcellular fphctions after incubation. The incub _ion

medium uged 1s not optimal for amiho acid incorpogation
T

l

G
the level of amlno acxd incorporation by th

by substitution of thgﬂmgdium, because the incorporation
W, t .,
of amino acid by the nuclear fraction was of primary

interest, l

s
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Incorparation of 3H—1 sine by crude “ﬁuclei‘plus
m{tocﬁonﬁria‘ ?ractiaﬁ ]
The crude “iuclei plus mitochondria® fraction was

1bed in “Methods" and 1ncubq&ﬁd with

isolaté& as desc
ZBJnCi H»Iy51ne andqnon~radloact1ve amino acmds in AMO

Medium, After incunbation, the nucledr and mltﬁchondrlal

] [} -
fractions were isolated as deserib®d in "Methods", and -

the radiocactivity, incorpbrated during joint incubation

of the. two fractions, was determined for each separately.”

Table 15 shows the results of two experiments in which
amino acid incorporation by the componénts of this fraction

was determined.

o

The effect of an exogenous enexgy-generatlng system an

-lysine incorporation by mixéd nuclear and mitochondrial
fractions =

A 4

Studies of the effect of an ATP~generating'syétem were
done on mixed nuclear and m;@gghondrzal ‘fractions for purposes
of compariscn of the response to isolated crude nuclear
fraction (Table 6) amd the nuclear portion of this mixture
to an exogenous energy source. Nuclear and mitochondrial*
fracti;ﬁs were prepared from 4-day embryo, mixed in 1/1
prOportions, and incubated with 10.3 #Ci 3H~1ysine as .
described previously wmth the addition of 6 gmole phospho-
creatine and 2,5 x 10 mg creatine kinase. The variation
in radicactive lysine incorporation between duplicate
samples was very high in these experiments, but there

is an indication that an exogenous energy-generating
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TABLE 15

-
a
- - ®

The incorporation of waﬂ-lysine by “nuglei plus
mitochondria® fraction of 4-day chick embryo*

3

“ 4
¢

Incorporation’ of

P ‘ ) H-lysine
Sample . - (cpm/aliquot). (net cpm)
N . N N S.B.

:«éxperiment g ' . ,
Blank. ) 2,122 ¢+ 18
Nuclear fratiion - 7,347 -+ 722 5,225
Blank 393 + 82 .
Mitochondrial fraction . 828 + 124 435

Experiment IT ' roo.
Blank 1,611 _+_"\ 22 ’
_ Nuclear fraction 5,423 + 602 3,812
- Blank 333 + 64 a
Mitochondrial fraction 703 + 115 ‘370

& .

* Each. reaction tube contained "nuclei plus mitochondria®
gﬁactidn of 0.75 g wet weight whole 3~-day embxyo, 254Ci

-lysine, 19 non-radicactive amino acids and other components
of AMO Medium as described in *Methods®.. After incubation,
the tubes were chilled and the nuclear and mitochondrial
fractions were isolated as described previously. The
radiocactivity of the isolated fractions was then determined,

o

o5

]
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~- TABLE 16

’ The effect of an exogenous energy~-generating system on incorporation
of SH-lysine by mixed nuclear and mitochondrial fractions of 4~-day chick embryo*

Incogporation of Incorporation as a
- =lysine - percentage of control
. {cpm/aliquot) (net ‘ {net cpm)
Sample + S.D. cpm
Experiment I .
Miuclear fraction’ i ”
Blank ‘ - 246 + 147 22 & 12
Control 1,143 ¢« 21- 897 100 - .
Ene:gy-genergting systen T 2,402 + 695 2,106 210 + 60 240.3
itochondrial fraction ’ é
Blank . e 307 2 170 18 + 10 . e
Control $%% 0 ) 989 + 199 682 10 . '
; Energy-generatifig system 1,677 £ 944 1,370 ATO £ 74 ¢ 200.8
Experiment I1
Nuclear fraction ., - s A n»;f o a . -
Blank 250 & 143 19+ 8 o
- Control 1,292 + 328 1,042 100
Energy~generating system 1,709 &+ 685 1,459 /iSE + 53 140,0
Mitochondrial fraction " . : i/ i
Blank ° 453 + 289 71 5L+ 18.
Control L 887 £ _30 434 ; 100
Energy~generating system 1,266 + 208 813 | 142 &+ 24 187.3

mixed in 1/1 proportions and wimth 10.3&Ci SH-lysine as described in"Methods® "with the addi-

tion of 6 umole phosphocreatine and. 2.5 x 10-3 mg creatine kinase. The fractions were then

reisoclated, Refer to Table 15 for fiethods., Each value represents the average of two | °
—determinations, . :

Ll 1 4
:% The nuclear and mitochondzial fractions obtained from 0.83° ?et welght of 4-day embryo were

i

-

-
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- TABLE 17 -

1

The effect of cycloheximide on 3H~lysine incorporation
by "nuelei plps mitochondria® fraction of 4-
- to S~-day chick - embryo*

~—— , © Incogporation off  Incorporation as a
Sample : -lysine percentage of control
{cpm/aliquot (net cpm) corrected for blank

Experiment I
Nuclear fraction

b

Blank o ! 64 3«3
~ Control ™ i . 1,907 , 1,843  100,0
100 mg/ml By¥eldheximide 316 - 252 13,5 13.6
Mitochondrial fravtion -
Blank , 38 16:8
Control 226 . - 188 .100,0
100~ mg/ml Cycloheximide 192 154 85.0 81,9
Experiment IT}
Nutlear frgétion )
Blank ™ 202 11.4
Control ° + . 1,788 1,556 100,0
100 mg/ml Cycloheximide 657 455 37.3 29.2
Mitochondrial fraction .. g
v Blank < o ] 79 ? 15.5
| Control 508 429 00,0
. 100 mg/ml Cycloheximide 392 318 - 77.1 72.9
Experiment IT ‘ B
‘Nuclear fragtion
Blank a 449 1.8
Control 25,397 24,948 100, °
‘100 mg/ml Cycloheximide — 9,883 9,434 38,8 37.8
Mitochondrial fraction
Blank . lao ‘11.3
Control , 1,230 1,000 100,0 ’
100 pg/ml Cycloheximide 890 . 750 72.3, < " 6B.8

4
* Samples of the "nuclei plus mitochondria* fraction of 5 g wet
weight 4~ to B-day chick embryo were incubated with 10,3 4Ci
3-lysine in AMO Medium as described in "Methods®. Other pro-
cedures are as describted in Table . 15.

L]
#
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5¢stem stimulated radioactive lysine incorporation by .
-,g ’

both the nuclear and mitochdndﬁial fractions., The -

resulgs are gi;ren in TabJ? » .

v The effects of cycloheMmide and puromycin on JH-1ysine
incorporation by Mnuclel plus mitochondria® fraction

Experiments were carried put in the same manner as A
described previously to determine the effects of cycluL
heximide and puromycin on amino acid incorporatian‘bQ
Mnuclei plus mitochondria® fraction.’ Cycloheximide inhibited

incorporation of radioactive lysine into both the nuclear 3
and mitochondrial fractions of 4- to 5-day chick embryo

as shown on Table iﬁ. The results also show great varia-
tion in the amount of incorporation of radioactive lysine

by a given quantity of material in séparate experiments.
Inhibjtion of the mitochondrial fraction by cycloheximide
gives further evidence that the fractian,was not a&equa{ely
purified by the method used. It“has been shown previously
that cytpplashic{fracticq ;eéervedhéuring preparation of
pu;ified nuclear fractiondgoés not incorpéraﬁe amino acid.
This might havebbeen due to inactivationevf the fraction

on standing due, for example, to degradation of RNA or ATP.
As noted on page 125 the supernatant fraction obtained in -
these experiments was found to incorpcrateggﬁino acid to
somé extent. If the abolition of/%pcorpcr%}ion into the :

cytoplasmic “fraction is due to éndogenous soluble ribonucleases,
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and these ribonucleases are removed during purification -
© of the nuﬁlea::and mitochendrial fraetién more completély
than are centaminating cytoribosémes,&some increased
level of incorporation due to these cytoribosomes ﬁight
Qe observed. :
The effecyﬁ,of purgkyamn were not studlg& extensively,“
and the results gzven in Table 18 are not felt to be con-

clusive. The large variation into the fraction may reflect

dlfferences in the degree of dzsruptlod of the nuclear

b

fractlon, or the age of the embryonlc material, -, s,

The effect of chloramphenicol on amino_agid _incorporation
by "nuclei plus mitochondria® fraction

The studies on the effect of lnk}bxtars on amino acid
incorporation by the "nuclei plus mitéthondria® fraction
were continued with experiments in which ghloramphenicol
'was used. Incubation of the fraction was carried out in
%he“usgal manner in the pfésence and absence Sf 100 yg/ml

_ chloramphenicol. | “ |

" Chloramphenicol did not inhibit the incorporation of

*f3H~lysine by the‘nuclggg fraction of the "nuclei plus
@itochondmia“‘fraction,ﬂalthough the incq:puration of
lysine by the mitochondrial fraction was inhibited by 5%
(Table 19j. The observed latk of inhibjtion of the nuclear

fraction by chloramphenlcol was & surprising result in view

of the fmndmngs of Trev1£ch1ck and Wainwright (144), who
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found an almost total inhibitogy effect of chl&;amphenicol
on crude nuclear fraction (The data presented e%rlier'on

purified nuclear fraction had not yet been obtaﬁned.)

" The effect of chloramphenicol on mixtures of purified
. nuclear and mitochondrial fractions : .

The results of the above experiments led to the

hypothesis that the nuglear fraction is protected from
inhibition by chloramphenicol in the presence of otﬁér
components of the crude 'nuclel pluslmitochandria“ frac-
tion. The following eXperiments were done to test this

-

hypothesis. T ’
| Purified nuclear and mitochondrial fractions were

ﬁrepared} the nuclear fraction by the procedure in which -

0.5% Triton is used, mixed in a 1/1 ratio, and incubated

in the usual manner in the presence and absence of chloram-~

phenicol.. After incubation, the nuclear and mitochondrial - -

fractions were again isolated and the radicactivity deter- .,
“omined. The results were cbmparable to those of experiments

;n which "nuclei plus mitochondria® fraction was used. In -

both cases, the nuclear fraction was not anhibited by

chloramphenicol, The results of three experimonts are

" given in Table 20.

Determination of protein in recovered fractions

In one of the experiments on incorporation of amino

acid bynﬁnuclei plus mitochondria® fraction of 4-day chick .
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TABLE 18

The effect of pt:x:comycin on 3H~1ysine incorporation by
"nuclei plus mitochondria® fraction of 3-day and

A= zﬁt‘ﬁ%&mﬁr@&*,
: . ~
a 1 .
. Purumycix} fi Incorporation of 3H-lysine\
concex(rﬁ:aig;fn , - as percentage of control

»

. Experiment I

3-day chick embryc 9
Nuclear fraction

-3, 100.0
10~ 4251& {5‘ 8.2
5 x 1077 M . \ 19:8
3 105 M v © 76,5
Mitochondrial fraction
-3 100.0
° 10_4 M : 15,9
* S5 x 10_5 M 33.0 -
10 M ' - ’
Experiment II
4~day chick embryo
Nuclear fraction ~
- 100.0
5 x%x 10 M o 37.6
© 10O M 94.0
Mitochondrial fraction :
. ,.,4 ’ 8;06.6
5x 105 M 12,3
10" M ° l 12.,%

* Each reaction mixture in Experiment I contained "nuclei
plus mitochondria® fraction of 0.82 g wet weight 3-day chick
embryo, and in Experiment II, 0.5.g of 4~day chick embxyo.
Other components included 25 MCi TH-lysine and AMO incuba-
tion medium as described in "Methods". Refer to Table 15
for standard methods. ™
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TABLE 19

The effect of chloramphenicol on amino acid incorporation
by ¥nuclei plus mitochondria® fraction of 4-day chick embryo*

Experiment I
Nuclear fraction

Control
100

Control

g/ml Chloramphenicol
Mitochondrial fraction

100 amg/ml Chloramphenicol

fﬁkperiment II
¥ Nuclear fraction

Control
100 M

g/ml Chloramphenicol.

Mitochondrial fraction .

Control

100 mg/ml Chloramphenicol

Experiment III
Nuclear fraction

Control

100 mg/ml Chloramph
Mitochondrial fraction

Control

enicol

100 mg/ml Chloramphenicol

* Each reaction tube contained Ynuclei
wet weight 4-day chick embrye, 25 4L
and other components of AMO Medium as described in “Methods®,
Each value is corrected for blanks, and represents the

cedure as in Table 15, :
average of two determinations,

9

PRI

-

7 * -
sl

xnéoggoratian of

=-lysine

QD-

(cpm/aliquot)
+ .

( ﬁlg
i,8

83
96
28
86

=3

1
2,88 4
6

88
-

1l
315

642

2,270

2,067

2,956
592

i+ i

3,569 $ 152
2,992 & 287

2,681 + 79
928 ¥ 244

102

%

h 14610 .‘_t

~

®

100,0 *

95.

0
100.0
21.0

+ 10,0

100.0 “
91.0 * 13.0

» 100,0

20.0 # 0.5

100.0
8.0
100.0

34.0*i 6&0

plus mitochondria" fraction of 0.55 g
34-lysine, 19 non-radioactive aminc acids -
Isolation pro-

+ 3.0

“

- Incorporatidn as a
" percentage of contxol
corrected for blank

2

~FE1~

Xy
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- TABLE 20

& —F _ohioram
an@*mitochon

drial fractions of

&

A Y

~ o : ; Inccﬁporation of
. H-lysine
Sample {cpm/aliquot)- {net cpm)
* { _'!"_, S.D.
Experiment I ’ . -
Mucliear fraction | .
Blank ’ ‘ » 319 % 103
Sontrel : 1,510 &+ 22 1,191
1YY ag/ml Chloramphenicol 1,486% 79 1,167,

Mitochondrial fraction , < g -

Elank 327 + 438, .

Control | 1,591 F 1007 I,264

1C04 g/l Chloramphenicol 673 + 73 346
Sxperiment II - - *

Nuglear fraction o
Blank ¥ 213 + 78
Central 829 + 39 618
100 pgdml Chicramphenicol . 8BGO £ 94 647

Mizochondrial f£raction
Blank 14 + 11
Sontrol | e 2, 606 + 91 492
100 pmg/ml Chloramphenicdl 219 + B8 105

Experiment III ’

Nuclear fraction . % -
Rlank o 560 + 237 -
Control ) 2872 %+ 438 | 2,012
100 mgrol Shloramphenicel 2,644 + 315 2,084

Mitochondrial frastion .

Blank s = 499 + 14
Control R 1,868 + 204 © 1,369
100 ag/ml Chloramphenicol”™ - 825 + 182 ; 326

* pyrified nuciear and mitochondrial fractions.from Q.gﬁg wet weight chick embryo were prepared,
~lysine as described in YMethods*,

mixed in 1/1 proportions; and incubated with 10,3 ACi

phenicol on mixtures pf purified nuclear

Incorporation as a

percentage of gontrol,

gorrected foxr,blank

1006.0 o
102.8--

100.0
24.0

Each value represents the average of 2 determinations., Refer to Table 15 for other methods.

1



e |

A preliminary experiment was done in which 50 A0 leyqlne

L

caused observable degradation offractions during th

"incubation period. No lass of maﬁerial was observed in
the chloramghenmcol»treated:samples relative Yo the others.

The nuclear fractions recovered@fram two samp es each of

B

background, control, énaﬂchloramphenlccl~tre ted samples

contained an average of 35,6 + 0.25 mg protein per sample,
’ %

and the mitgﬁépndyial fractions, 18.3 + 0.13/mg protein

per sample. . . :

y The effecf”of chloramphenicol on amino acild imcor Qratlon .

d;ssegted prxmxtmve streak embryos. Embryms iﬁcluﬁing the “\\\
" extraembryonic memb€7nes were harvested at the przmxtxve. T
streak stage of development. Emghﬁ to ten cmbiyos were

.used in each experiments The ®nuclei plus mitochondria®

PR

fractmon was prepared as previously described, This fraction &
‘was not checked for cyhoplaamxc contamination, due ta the
scarcity of material, and it was assumed from earller e

experiments that contamination was no greater than 10%.

was used. In later work, the fraction was incubated with

103 MCi of 34-lysine and nbn-radioactive amino acids in D

| AMO Medium in the presence and absetice of chloramphenicol,

¢

PR .o,
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> ER - . o° * ) R “e
' o N ) < ; o - .,“ . . . °
~ d \Q 4 s . .
13 - ’ e ° ’ W S *
+ Bxperimént III # . : ] . o
- 3 . & ® v
Nuglear fraction T - e . ) )
. Blank - v i ¢ 2B.4 . - ‘ 13.7
Contxol - = o . s 2058 - 178.2° .100.0"
100 mg/ml Chioramphenicel ° - ., lom.1 99,7 62.0c T 55.9
. ‘*8.. v ' * - . & . ' ' 1) * z\
Nitozro n* 5::&1 fraz_ita LT e e - . .
BJ«Q 1Le Ta . < = 6‘5.3 < - 1500 @
st T - C 433.3 358.0 10C,0
it ’;ug&m S ,J,(:?W‘a‘ ohenicol ® - 277.5 . . 212,2 . 64,00 - B57.6
- % och ocampll sanlained !*auclr:,z. lus mv,@cnandrm" fragtion of 1, 3~l 6 mms.tive
CRL- o € w;a oy 103 g H-l rsing, and othex ocampcnﬁnts as described in “‘Mgﬁhads"
anda Jable .  Bach value '”Q!D?‘moeﬂf}" shie average of two detemznatmns. °
. o . ®
& - 3 1
“T*‘ “ro Jod plus micochondriat fraction of 10 embryos was pregareci and incubated T
PR 4 W Jﬂz;;,, ti-lsine and ovhor components as deseribed :m Mot ads" and Table 15. .
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bt the mitochondrial fractiow. The rosults of a s

'mltaghandrlal fractions &ram,batg/2~ “and 5~daya@mbry@.; Equal

experﬂments are shown in Table 21.

- Amino acid 1nc0rporatlon by the nucle T fraction of embry@s

" fraction. These résults are shown in Table 22.

. 3

v .
stage, the nuclear frac%mon becomes resistant b chl@ramphenlcol

inhibition of amino acid incozporation ig>vit?ﬂgin E e presence

S om

iment with 2i-day embryo, in, which the nucléar%fyﬂctlon of

nuclel plus mltochcndrla“ frhaLlon was inhibifed by chl@raﬂ~

.

phenicol, tentatively def;ned the pepiod of zhé switch in

-

sensitivity within a 12- to 18~hpur spad, ¢ Co

x _The effect of chloram henicol on mixtures of purificd
. yiclear and mitochondrial raﬁ%1one af ochick embrvas |
At Bwn Coaad oy seeyo oot /

- R / e . .

¥

a L.

" The final experiments were don on 19@13&@& nuclear'and

wet wc;ghfs of ambry@nlc matcrxal o¢ both stages Gf devnlam
2

ment x@/h@ ogenized and the nuﬁlear and mitochondria

)

3

-


http://vjt.ro

E]

- l\: % » . A .
stage, and are showm in Tabies 23a, b,

-138~

fractions purified. These fractions were combined in four

ways: S-day nuclei with 2-day mi%ochondria, 2-day ndclei -
%

. with S-déy mitochondria, 5«day, nuclel with Q-day mitochondria,

o>

and 5-day nucle1 w1th S’Gay mitochondria. After incubation

‘by the usual methods, the nuclear and mitochondrial fractions

were again isolated and the radioactivit& determined. The

results indicated “that some componént of the mitochondrial - —

kS

fractlon of 5~ﬁay chick embryo pratects the amino acid-i ncox-

9 —

bl

poraﬁlng ‘system nf nucleav fraction of both stages from inhibi- ,

tion ‘by chloraMphenicai. T?e 2-day chick embryo mitochondrial
fnactibn\prciects nelther nuclear fractio&. ﬁé previously
téted, the mitcchondrial feaction 1§fhzghly conﬁamlnated.
Incorporation cf 3H*lys;ﬁe by the f%oanondrlal fractxons of 2

both stages is ;nhlblted by chlo;émphen;col. gThese data

present further ev1denCe for dlff@r@ncas in response to

ﬂ;nhlbmthrs of protein gynthesis as a function of developmental

§
P .
5
B
I
o
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TABLE 22 ;

. The effect of chloramphenicol on the incorporation of 3H¢lysine by -
*nuclei plus mitochondria®'fraction of chick embryo at the 10-somite stage-of development*

e T e o

i ¢ o

- \ Q
‘ Incogporation of » . Incorporation as a |
A b ~lysine percentage of 'control
Sample : (cpm/aliquot (net cpm)e-  corrected for blank
- < v ) . i S.D¢ v R
Experiment I T e )
Nuclear fraction o f L 5
Blank 147+ - 47~ ‘ Te5
Control - 1,%6%108 0 - 1,809 % -100.0
100 abo/ml Chloramphenicel 1,013 % 58 966 . 51,8, 47.8
Mitochondrial fraction b < . . '
“Blank , 195+ 45 : 93 »
Contzol 1,664 + 9l 1,509 100,0 .
100 mg/ml Chloramphenicol %l+ 9 - 806 57,7 53.4
Experiment II ’ ) e
Nuclear fraction , : ) S
Blank : ) 222 + 57 8,5 -,
o Control .. 2,592 + 249 2,370 -100,0
¢ 100 pg/m} Chloramphenicol 607+ 1 - 385 234 16,2
Mitochondrial, fraction , . ' :
Blank A 306 + 92 29,2
Cantrol. g 1,046 + 381 . 740 100,0
. -100 pg/ml Chloramphenicol | 552% 12 246 52,7 , 33,2

* Each sample can);sineﬁﬂ“nucleia lus mitochondria® fraction of 1.3+1,6 10-somite
embryos, 103 ACi “H-lysine, and Gther components as described in "Methods® and Table 15,
Each value represents the avepage'of two determinations. ° ~ .

[}

W
%



TABLE . 238

The effect c;f chloramphenicol on the incorporation of 3H,~lysine l:;y purified
nuclear fractions of 2~ and 5-day chick embryes in the presence of mito~ .
chondrial fraction of 2- or 5-day chick embryos*

S ; ~ Incorporalion of
, Source of mitochondrial ] 3Ir‘l--lesri.me (cpm/
. ;Sample  fraction of mixture Experiment I Expe
2-day- chick embryv 2~day chick embryo N
amclear fraction ‘ » . ‘
Blank? ’ /- . 570,0 ! 1-
Con't—rpl & s ! L 2, 67§oO | s 3
. 100 mg/ml Chloramphenicol - ‘ . 984.8 1,
; % ' . S-day chick embryo
° Bléank . . E .o 458,0 '
Control .’ \ - - - 951,5 3y
100 pig/ml Chloramphenicol * - . 956, 2 3,
L ’ . . . '
5~dif-chick embryo 1 o :
nuﬁ%&% raction  ° 2-day chick embryo
“Blank N v T < 268,65
S Control T e 12944 ; 1,
100 po/ml Chloramphenicol . . - 498,6 ‘
' o ;. DBeday chick embryo’ ‘
Blank’ . ‘ ce , . o566 . 0§
- Control . g o 1,390,3 2y
100 pg/ml Chloramphenicol e 1,499,5 . 24

u |

* Pupified nuclear and mitochondrisl fractions of 2 g wet fieight sach of 2~ and Sy
*embryos were prepared, mixed in 1Al proportions in all pogkible combinaiions, and inc
with 25 pﬁ.ﬁﬂ‘ ~lysine and other cumponents as described jn text. Refer to Table 15
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3

Y puéified

of mito~ , .
- i \I} L i
srporation of ‘ , Incurporation as a percentage " -
_lygine (scpm/aligug«t) T ‘01' Q@ﬂtrﬁl’ corrected fO.? blank o " -
;1 Experiment 1I  ixperiment I Experiment I, |- -
N 5o
N « ’ , ! " '
' 1’,00106 O b ! \// 3
‘ .3,646.8 - . 100,0 100,90 ° !
1,351.7 - 22 :’ 13.2 T
vt BT6LT s . ] L S
3,804.9 ° ’ 100.0 100.0 . :
33489-3 ' . 196.9 L 90,2 ;:-=
\ M v 4 - Qv
° 4 n = )
¥ \
391.8 7, . x | , LT s
 1,453.6 - 109,0 w0 - B
678.4 499 % I .S
2,&33 B ‘ AL - 12,0 ) ’ . L .
. 2,881.0 soovdse U0 ey T oL
o= and S-day chick. . | X a C
ons, and incubated: S S o o ) ee
to Table 15 for methods S /. ‘ .
h s ' ! . ' ’ ot ]
4 . IR “ , v S
l » o7 ' . j“ . / L
s ‘ 4 ! “ f’ ' : \’J



; TABLE .23b .

5‘&..,
>

The effect of chloramphenmol on the incor ration Qf 3H~lysine by purified
mtochcndm.al fractions of 2- and 5-day chick embryos in the presence of nuclear
fraction of 2~ or H-day chick embryas*

14

AN ‘ . IgHarporation of
- N T . Source of nuclear lysine (cpm,
v sample ‘ o fraction of mxx*wre ‘ Experiment I Exper
2—day ch:.ck emb . 2~day “chick embrya
mitochondrial fra tion . , ’
Blank . .. © o 9 1296
. Control : o 792.0 ) 1,
-~ -100 pg/m; Chloz*amphenlaol R , 136,9
, . 9~day chick embryo L
" . Blank Lo e : o - 145.,1°
CQn'tl'Ol § 4 ; ‘ . o N 325; 3 1 ’
* 100 pg/ml Chloramphenlcal SV , 188.8 <
5-day chick emb.rys - ' )
« mitochondrial fmctlon i« 2-rday chick embryo .
Elaﬂk - » , ' . -, s 12447 .
Control A & 0 ‘ , - 281,73 2y
100 pg/ml Chlnrampheqn.col o , 17245
, ( © “%~day, chick embryo N
{ " Blank - o : 2,2 , £
W~ Control oL, e ' £48,7 1,
.- lop J;rﬂzsg;/rrzl Chloramphenwol U T 743,13 . ¢

P
! 1Y “u ) ¥
¢ Al
@
A 3 1 S o .

“’"‘"*"Pumfled nuﬁlear and mtuchcndmal fragtlons of 2 g ‘wet weight each of 2- and 5-da
embryos wa::le prepared, ‘mixed in 1/1 propertiofis in all possible-combinations, and in¢
wzthz,.m ~lysine and other ‘components as descrihed in text. Refer to Table 15 for



$fied
nuc:gear

A

sration of
sine (cpm/aliquot)
Experiment II

27%.9 -
1,478,9
45,1

397,1
1,470.9
621.0

- 3117
2,172,2"
910,
£35.5
1,354,6
¢ 637‘,5}

~
w

and 5-day chick '

5, and incubated
le 15 for methods.

Experiment I

' : .
100.0 - w,100.0
" ks 12,4

Incorporation as a percentage
of control, corrected for blank
Experiment I

»

[ig B .
100,0° . 100.0
24#2 . QOvB
;r/"
100.0 - 100.0
37.7 20,6
o y
100.0 - 100,0
80,1 12,4,

~ZrT-
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of isclation and incuﬁati@n of the nuclear fraction that

! “ e 4

Discussion ’ . , /

Brellmlnarv charé%t@rlzaua@n'@f the ruclean frantlan - ’ I

\ \

“jyhe original aime of thls study were to deve

@ptlmal

3 '{7""

1qcubat10n conditions for the 1ma@rp@rat1@n of ammnb“%cl w'

by ahlck €émbryo nuclear, fra¢t1®m and te study th& effec;
. 0f vaxlmus inhibitors. of pr@texn synmbes;ﬁ on thls pr@@eSSv

A

As noted above, Trevithick and Walnw”lght made prellmlnafy N

. gtudies of amlno ‘acid incorporation by chigk embrya “nualear

fra@tlan“ (1443 They noted a great degree of variability
-4 -
among fra&tlons in the level of amine acid 1naorporat10n,

o

and ‘attempis were madd lﬁ this work to dev%ge conditions °

would yield more cwws&é tent resulis.

The sarly experigedts dope in this work on the level<3
of ncoxporataamu@f amine acids by the crude nuclear fraction
described in “Mé%E@ds“ showed very hxgh variabiliby, The
substltutlon of the nexiun GESG”LEEQ by Aflﬁrwy, Mirsky,
and Ouawa .(AMO Qedlum} (1d1} for mznlmal ‘medium used by
Er evithick and Walmwflghc g% hown o reguli 1n a much
hlgher\averaga level @* &nc@rp zalion of f§&£@aﬁt1ve lydine
by ahi%k eﬂbzya%ﬁuc3eam fraction., The degres of varia=

o

bmliﬁy'amang fractions was Ale veduced, ~

v, -

S w
2 The leval @ﬁ;lﬂEQIp@ﬁaﬁlwﬂ of spine atld by calf

5 0 - A
;thiyrus nuclel has been shown by Allfroey, . al. to be. .

\
! ) '

[ o b

+ o



-144- o

highly dependent on the relative pi%portions of sodium

and potassium:in the incubation mixture (141). This ratio

ot § @

differed greatly in the two mé&la used in this work, and

the _change -may have been of crltmcal 1mpcrtanCé to the

“

finding of ‘increased amino acid incorporation by the nuclear
- fraction in AMO Medium. : : ‘

]

“The other compopents of the two incubation media were ~N

2

present in essentially the same amnunts, with the exceptlon

uaosr% Trevx,thiak amd Wamwmght did na‘fmd any v s

, T effect o \§?d su¢rose on th& stablllty of the nuclear .

. fraction or aggihe variahility of the extent of amino acid
l incorporation. Qetgrmin;zi@ns of the lebel=0f inccrpogéiiOn
of amino acid by crude nualear fraction Em,minimal medium
; plus sucrose were not repeateﬁ in this. work.

"The two media dmffnred in pH by 0.4 units. Ne systematic
study was hade of the possikle effec%s of {his variation, or
of the variation of the Na'/R' ratio, as the emphasis of the

" work later shifte® from tﬁi§,5@rt Qﬁ study.
. The procedure, for isblati@ﬁ of the nucldar fraction
differed from that of Trevithick -and Walnwright (144) only .
with respect to the h@ngQNl :ation medium, which conlained .
. sucrose. Calcium chlﬁrmde was present in both mbdia.

~

* .’ These campﬂund0 aze gomerally considered to cantrxbute o0

B

the stability Gf the ﬂuciear Fraction. Work by Incefy

")y

and Kappus {205) has indicated that divilent iors affect
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the stability of huclei isolatéd from chick embryo liver,
and that magnesium has a greater stabilizingféffect than
does calcium. With the exception of the' substitution of
_calcium by magnesium in the isolation procedure of these
authors, the method is very $1m1lar to that described in °
this work. Somé‘ev1denceﬂls.prov1ded in the present study

v

that an increaged concentration of magnésium may enhance

4 -

the extent of amino acid incorporation by the nuclear fraction.

;

The effects of sucrose and divalent ions on the stabfiity

of the isoIhted nuclear fractioqgand on the incarporati@n of

i mfigo acids by this fraction were noi gtudied 1ndependent3y

6r were they distinguished from the effect of varlatm@n of
§f+/K+ ratic on amino ac;dianOrporatlon.

The varfiability of the extent of amino acid inaorp-

oration by different preparations of nucl@ar fraeﬁlan

. {October to April) of 1970-1971 schowed negligible laetaqtc

observed by Trevithick and Wainwright (lﬁA]ewas nok mntlrely
overcomé in thése studies (Table 11). Theore is good pro-
sumptive evmdence that much @£ ihe variabllity chsexved

in the course of this work was due to efferts such ag cold -
shock of the fertilized eggs during uraﬁsp@%g. Most: af the

embryo homogenates prepared durlng the winler months

@
dehydrogenase dctivity and amimo acld incotpozabion, -
. i ”
although morphological development wac observed 1o be unly

¢
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mad@rate?y retapded, Similar abservauqus.were made by.a'

,

Gar51de on the effects é¢ calg ﬁhocL of L-day fish enbryos :

(206)(: l " 'u ) .

o N e
The effect of an exogenous energy source On amine acid

°

an@rporabion by &solateé nucwel varles mlth the sourge of

‘the nucle as has been noted in.the “Llﬁgrature Review®,

Most of the’experiments described in this work indlcate )

f

%hat aéditi@n of ATIP or an energyngeneratlng source emhances

ks

amino acid i 'n@@vp@vatlaa by both crude and purifiedy nuclear

Fraction of chmqk%embryb.KTables 6414,16). T
ihere is some precedent for the fiﬂd%ng that' ATP at,

2 mM aam@@ﬁig&ti@n inhiBited amino acid incorperation by,

tha whole h@m@gena%@ QTabﬁe 6. Pronczault, Bal%ga, and

Muaro {207) found thay the synahes¢s of 3z@tewn by a rat

Liver cell-froo osystem could ne nhﬂbwieﬂ by a high ATP

concentration { 2 mM and abGVOjg and ihai & twofold higher

Mg** tevel only partially overcame ihis inhibitien. An

"

“ipemeased concentration of AP was.found Lo inhibit GIP

» hiydrolysis amd T0 Gause progressive disagoregasion of

"

.polysomes.  The concenirobions af‘gx? and D' ¥ used in the

> prosent ozl wore within Shis omder 0f wmognifude. Sleilar
necubts wore ﬂ@@@ﬂbed by ALllon amd”Schmeoi (203). :

X & . " ko ¢

The Ymuslel plns ML&OGHOMJQ£Q“ oS mﬁm

“

Walnwelaht feund shab Uhp oflocts of -inhiblitors of

b °
probedn oynthecic on-bhe oncet of hcmoqwoban syntlicsds |

w

R
‘y\‘ ',
o (b

B

~



& ’ "1“47" ‘ - ¢

-

in explanted chick blastodlscs 1nd1cated the partxcxpaflon
of a non-cytoplasmlc roteln-synthe51z1db mechani§m (169},
"The nuclei were of mailr interest to the author, but as the
mitochondrla also synthesize prot91nsf some irnvestigation\

5

of this fraction was undertaken.

A’ low-speed particulate fraction containing bqthl
ofbanélles, described eazlier apV;nupIEi plus mﬁ%ochandria”
fraction. was therefore used in several experiments. After’
incubation with radioactive amino acid, the nuclé‘ and mito-
chondria .wére ;solated and the radxoact1v1ty determined.

The effects of cycloheximide and phromycin on incor-

poration of amino.acid by the *nuclei plus mitochondria®

" fraction were studied (Tables 17,18). Inhibition of incor-

“y

" poration by thé nuclear fraction was found in hpth cases

.20 be higher than that observed by Trev1th1ck,and Wainwright
(Table 18).. These results may be due to possible effects

of differences in the isolation procdedure prior to 1ncubax10n.
Trevithick and Nainwrxght'stated that impermeability of their
nuclear fraction to puromycin might account for the low degree
of inhibition they ogsérved. T;e activity of the nucleaf :
fraction isolated after incubation of the “nuclei pius
mitochondria® was found to be inhibited by cycloheximide,
though the degree of inhibition varied®widely (Table 17),

Later results of experiments on purified nuclear fraction

seem to indicate that the observed effect of cycloheximide
71

<

.



and Kfoon (137)

phenicol on the nucleag—poréion of the,*nuclei plus mito- &
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in these experiments was on gontamimating:cytoplasmic -

- p, t ’
c;%ponents. 4
In the GXperimentsan the mixed action, cyclohex1m1de ‘ ’

1nh1b1ted amlnc acid 1ncorp0rat10n by the mitochondrlal

‘ fractlon by 15 30%, and puromycxn, by 66% (Tables 17,18). ¢

These flgures are comparable o those given by Beattie (132)

N

. L]

The- effect of chloramphenlcol on the mixed fractfbn
was studied. 'It was expected, on the bésms of prellmlqary
results of Trevithigk and Walnwrlght5(144), that the incor= «_
poration of am1n0 2cid by the nuclear fraction ould-be
found to be greatly reduced. The rqsults 5 in Table 19 ’

-+

A
were therefore rather surprising. No effect' of chloram-

chondgié“ was qbserved. " This experiment was repeated
sevgral tiﬁeqﬁand yielded the same result. In contrast,

a preiiminary experimeng with nuclear fraction isolated
with the mse of 0.5% Triton-X-100 showed complete inhibition

of 1nc9rporat10n in the presence of chloramphenical. Further .

Study of this phenomenon was undertaken,’ with the working

hypothesis that a component of dhe "nuclel plue mitochondria®

fraction protects the é;clear fraction from inhibitgry

effects of chdoramphenicol. i (R v J
Further.experiments were done to determine the effects .

of‘chloéamphenicol on isolated fractions of both nucle} | , (

and mitochondria (Table 20). These fractions were assayed

. _
v 308
=7 :‘2,43 - A
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for activity of %arke; enzymes and found to be essentially 1

free of CYtOplaSMIG contamination. Chloramphenicol fhhlbnted ﬁ

//;mzno acid incorporation 1ntov1n@t1al preparatiogs of
isolated nuclear fraction almost completely and fnto_iqﬁlated
mltochondrial frai:ion by 66%. Pre—purlfled fractions were
mixed and incubated with amind acid. The nuclear fractlon, ‘
wﬁén mixed with the mitochondrial fraction and incubatéd with
radioactive iysine in the prese;ce of chloramphenicol, in-
corporated amino acid to /the same extent as did the control N
sample (Table 20, Expt. ILI). S

Q;Gdies of the incérporation of radioactive lysine

%&'the “nuclei plus mitochondria" fraction of earlier embryos .
in the presence and absence of chloxamphenlcol yielded very

. different results from those on 4- to 5—da* embryos, Téq
nuclear fraction of primitive streak and 10-somite embryos
was found to be partially inhibited by chloramphenicol in
the presence of the hJQuiogous mltochondrlal fraction. ,
It seems cléar,,from the results of the final experzments
in which purified nuclear and mitochondrial fractlons were “
prepared from embryos of the 2-day and 4- to 5-day stages
and mixed in all possible combinations, that the "mitochon-
drial* fractions of the chick elibryo develaps, at about
the 3- to 4-day stage, the ability to protect the amino
-acid-incOrporating system of the chick embryo nuclear
fraction from the inhiéitory effects of chloramphenicol

(Tables 23 a,b).

L

. [
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Efectron $1cruscoplc examination of mltochondrlal
fraction prepared by the method described earlxer revealed
that the fraction was highly contanminated by other cyto-
plasmlc componentsy Qther stani&rd methpds of 1solatlon

mere attempted and f@und to lead either to incomplete &

purlflgatz.on or des*m-’cmn of the fraction, sc the attempt

™
S

was abandoned. ,
The &fugggg%abalizing activities of gells are, in
general, résident in the microsomal fraction, and i% may

be that contaminatin@'microsqras in the mitochondrial

- A‘ - -~ - »
'fraction inactivated the thloramphenicol in the miexed

experiments, yielding the cbserved lack -of inhibition of
nuclear fraction. The finding, that the ability of the
fraction to effect’ this protection varies with developmental

stage may be"ébmpafed to studies of drug metabolism in

humans. Infants have two chloramphenic@l—metabolizing

8

L}

enzymatic activies, one of which is found Eg ?he neonate,

The other develops at some ﬁimeaafter‘bixtp {209). .An '

analcgéus mechanism might be operative in the chick embryo.
It is not felt that, the prétective effect 1s due

simply to the release of eﬁerg§~yielding ccmp?unds from

the mitochondria in'mésponse to chloramphenicol, perhaps

as the result of mitochondrial breakdown. Later experiments

on the combined effects of ATP and chloramphenicol on the

incorparﬁtion of amino acid by purified nuclear fraction
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gave results indicating that™ATP enhance$ the inhibitory

action of chloramphenicol, pethaps by stimilating entry

-

off the drug lnto the fraction,

It wouldﬁpe of importance to clarlfy the relatlnnshlp

of the phenomena studied 1n these exgerlments to the opset

T 1

" of hemoglobin synthesis in the chick. As previously’ noted,

Wainwright hag shown the lmportance of *a nbn cytaplasmxc '

protean-synthe51zxng system to the synthe51s of hemoglobln.

~

There is some ev1den&c that a shift to relative 1nsen51~

\
_ tivity to chloramphcnigol oceurs around the 8- to l0-somite

stages of development of theochick embryo (169). b - .
Further attempts ‘to obtaln a highly purified prepara* - ‘'

tion of mitochondria were not successful, however, and .

1

plans to'repeat this work were abandoned in favor of a more

comprehensive characterlzatzan of the act;v;ty of the puri- ,

+ /

fied niclear fractlon. , C e

Characterization of the pérified nuclear fraction \

It was considexéé to be of great imﬁoréance to demon=-
strate that the method c% isolation of puclear fraction
yield; a highly purified preparation. Nuclel prepared by )
the eérl;er method (i.e., with 0.5% Triton-X-100) were
assessed by assay of marker enzymestas has been described,
Later preparations of nuclei isolated with the use of 1.0°% .
Triton were examined by light and electron microscopy, '

enzymatic and chemical methods,



"those" found by Anderson, et. al. (152) 1n preparations

I3

" ~152-

Il_:) ’ .
® » hrd

. The activities of the non-nuclear enzymes glucose-
6-phosphatase and. cytochrome oxidase observed in samples

of purified nuclear fraction were of the same order as

" '

. of purlfled rat prostate nuclei and lower than those .

determined by Incefy“and Kappas (205) in pr&parations of
chick embryo 1iYe§°nﬁclei (see page 103). Th; latter
authors did not re&ove,the outer nuclear envelope with’
Triton-X-100 or anothef such ageﬁt‘ asbw;s d&ggﬁiﬁ most
of the present experiments. ’

_ The electron mzcrographs show 1o cgntamlnaﬁmon of the
nuclear fractlon by cytoplasmlc components with the excep-
tion of coflagen fibrils, whlch were observed in one field.
No perinuclear rlbosomes are present (Figure 9). ™

The p0551b111ty of bacterlal conéémlnatmon which

could contrigute to, the observed levels of aﬂino .acid

incorporation by 1solatéd nuclear fraction was explored

in several experiments. Aliquots of the nuclear incubat;oﬁ

mixture, when plated onhblood %par. did not give rise to

enough bacterial colonies to indicate any substantlal con-

tribution go the observed level of incorporation by bacterial

céntamiuation (152). . \
Experiments were done in which the nuclear fraction

was artificially contaminated with large quantitles of
cytoplasmic fraction. Rather than contributing to the

- W e
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observed level of amino acid incorporation, added cytoplasm

inhibited incorporation into TCA-insoluble material. Some

23

rationale for this finding has' been discussed previously. It

. o A ’ J_ P "
is felt that any low level of cytoplasmic contamination remain-

ing in nuclear preparations’ could not have contributed sub-
'stantially to the results. Cycloheximide was not’'found to
inhibit amino acid incorperation into nuclear fraction pre-

pared with 1.0 % Triton-X-100, This result contrasts with

that obtained with the mixed fraction (Table 17} and was felt

to give further evidence that cytoplasmic amino.acid incorpora-

tion does ‘not occur in the formér preparation.

Anderson (152) ‘has noted that relatively high concentra-

L3

tions of inhibitors are necessary to affect nuclear amino acid

»  incorporation, presumably because purified nuclei %re rather

impermeable to them. This 'observation is supported by the
present work, in which a high concentration oflpurom§cin
(10 u) was shown,to be requlred to $uppress amino acid

— \

incorporation by puri?féd nuclear fract&ea, Dlsruptlon of

7 the nuclear fraction by sonication rendered it more, suscepitible

to inhibition of amino acid 1ncorporat10n by puromycxn (Figure 13).

Experiments on the effect of chloramphenicol on
-nuclear fractions purified with 1.0% Triton-X-100 did not
show a complete inhibition of amino acid incnrporation

/ (Table 11) as did experiments mentioned previousLQ.

)

—

—
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This may reflect dlfferences in stabillty of the prepara-

tions either due to the method of 1solatlon, or variation

a

. 'in the strain of chicks‘%sed. +It has been mentioned

+

~

/
préyiously that several investigators in this degaf%ment

have found differences in several pqgamet%rs from,strain‘
to stzain, for example, enzymatic activity. At one p01nt
in the course/bf this work, s$Hortly after a change in the)
flock at theAsuppllers, nuclear fractlons were, obtamned
which showe§ a consistent five-fold increase 1n "the extent
of 1ncorporétlon, compared to most obserratlons made, and
which were unaffected by several different batches of,
chIOramphen’éol. Other parameters of metabolic activity
J‘were found to differ greatly among preparations of homo-
genates,and §ubcellular fractions, including the activity
.0f-lactate dehydrogenase and tﬁe other markgr.;nqymes.-

The effects of RMase and of the respiratory inhibitors

]

_ cyanide and dinitrophenol were studied only on the purified

nuclear fraction. The concentrations used were comparable

to those used by other workers who found inhibition from

 30-75% (151,158,210,211). The respiratory 1qhibitors were

not found to be effective as inhibitors of amino ac&d
incorporation by purified nuclear fraction in this work,
and, i? fact, produced some stimulation. This might be
further explored with higher concentrations of inhibitors

and disrupted nuclear fraction.
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Ribonuclease A was also found to stimulate amino

~2Td incorporatlon by- the” nuclear fractlcn in some experi-

" ments, and to be 1neffect1ve as an 1nh1b1t0r of amlno acid

1ncorpuratmon in the majorlty of exﬁerzments.. There are
several precedents for thms finding (141 151 158,159 210, 211).’
The nuclear fractlon may sxmply be 1mpermeable to rlbonucleas?k
It was hoped that the lnhlbltory effect of cytoplasmic fraction
on incorporation of amino acid by the nutlear fraction mi ﬁz
be attributed to the action.of endogenous rihbnucleases;/idt
the results’ of the present experlmentsﬁwlth ribonclease A
do not allow such a simple 1nterpretqt§on. : (/
"It was possible to demonstrate that the incorporation
of radioactive amino acid by nuclear fraction bears a linear
relationship to the amount of fractlon incubated. A llnear
'uptake of ‘amino acid as a function qf time was also observed.
These results agia wholé seemed to demonstrate that

amino acid incorporation by nuclear fraction does.indeed

occur. It remained to be demonstrated that the amino aQIE\\«\\\_

is incorpOrated into internal positions of protelns by de novo
protein synxhesis. There are three lines of evidence to
indicate that this ‘is so. .

*  The effect of puromycin‘é§t§mino acid incorporation
into nuclear fraction was studied in detail, as puromycin
has been shown to be a general inhibitor of peptide chain
elongation in all protein-synthesizing ;;Sfems; prggg;yotrb,

¢

s
- A



. 1ncorperatlon by the fractlon. This provided presumpt1
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eukaryotic, and.that occurring . in cell organelles.
the use of hlgh concentratlons or puromyczn and of
conlcally-ﬁlsrupted prEparatlons of’ nuclear fract1on, i

was possible to show a complete 1nh1b1t10n of amino aci

evidence that the amino acxd\taken up by the nuclear

]

fraction was indeed belng utlllzed by a protein-synthesizing

systém. ©

-

L

The pattern of digestion by exopeptldases of labeled -
material, reco#ered after incubation of the nuclear fraction

by standard methods used to obtain crude protein[extraci ,

/ provides a second indication that the label is incorporated :

into typical protein. Thés pattern is very similar to that.
observed for the digestion of.labeled protein synthesize

in vivo by E. coli. If the labeled amino acid were simply

“added to the termini of existent prote%ns, a rapid‘and

complete loss of label from the TGAﬁinsolﬁgié\fraction could
have been expected very early in the course of the incuba-
tion with exopeptidase. A resistant cére of labeled material
was, however, found; both in the case of‘fhe E. coli proteinﬁ
and the nuclear labeled material. ‘ o

Acidic nuclear proteins were extracted by standard

procedures and examihed by polyacrylamide gel electrophoresis.

_ At least two labeled bands of material, which were stainable -

by Coomassie blue, were found to be radioactive, Other

s
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non-labeled bands of protein were found Qn the gel.
Zimmermann and co-workers (140) obtained similar xesult;
. -on electrophoresis of labeled materlal extractedrfrom '
purifieq nuclei and nucleoli of HeLa _cells after 1ncuba—

‘&k tion wi h labeled amino acid. They concluded that specific
protein synthesis occurred in vive, both because two parti-
cular bands were also radioactivé, and because‘gther proteins.

¢ were no labeled. This seemed to preclude non-specific
additign of amino acid to pre-exmstent proteins, . Slmllar (
‘reasoning may bglapplied in the case of the experiments ,
| d;esc‘ri sed “in this work.
It seéms possible to conclude from the foregoing data
_that the nuclear fraction of chick embryo is able~t0~inc0rp—
orate amino.acid in vitro and utilize it in protein s}nthesis.

Several spetulations hive been made about the possible

Th7se 1ncluée suggestions that proteins synthesized in the

nu¢leus might be invelved in gene regulétion in the course

of/differentiation, such ;s specific inducers or repressors
J the synthesis of messenger RNAs. Amino acid incorporation

.o ”1Ato the nu eolar fraction might represent synthesis of .

3’ protoinsunocessary for the Jprocessing of ribosomal RNA {163).
§ f Enzymes endogepous to the nucleus, such as Nap? pyrophos~
f{a ) phorylase, might be synthesized in the nucleoglasq (163).

I ; 5 I -

» ’dm. € My

¢
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, role of nuclear protein synthesis in the living organism (159).

v
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. cytoplasm, which is lost on assoclation of the messenger
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Messenger RNA is associated with protein in the -

with ribosomal- subunits (2i2) Sucl’ findings support-the ~ — -
1nfbrmosome concept proposed by Splrin (213), whokpostuiates
that mRNA is transported from the nucleus to the cytoplasm - ,

in HSSOCIatlon wzth protelns. Scme or. all of these prwtelns

mlght be nuclear in orlgln. ’ N . ,
In prokaryotes, ribosomes become associated with mRNA

before the ‘synthesis of the RNA is completed. An apalogous -

re31dual coupllng of transcriptioh and translatiop has

- been proposed 1n eukaryotes which could account for the .

observed amino acid incorporation (214).

The theory that in situ synthesis of proteins concerned |
with RNA séﬁthesis occﬁrs in the nuc;gus is attractive to
the author. c o ‘
. Work in th;;~field has:progressed to such,an extent ‘
tha% one may expect prompt characterization of a protein n

synthesized bﬁ’a well-purified nuclear fraction. —
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