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ABSTRACT

A protein with arginine esterase activity was purified from
whole saliva. The-protein Towers the blood pressure in rabbits
and produces kinins in acid treated dog plasma. The enzyme was
inhibited by Kunitz's bovine pancreatic trypsin inhibitor and
diisopropy]f1uorophosphdte. However, it was inhibited by soybean
trypsin inhibitor and it did not bind ay-macroglobulin., There-
fore’the protein is a glandular or tissue ka]likre?n.i

The purified kallikrein had a pl of 4.07 and a molecular
weight of 40,000 D as determined by sodium dodecylsulfate gel’
electropﬁbresis and by sedimentation equilibrium centrifugation.
Tﬁe enzymatic activity was inhibited at high ~benzoy? argiqine'
ethyl ester concentrations.

_The amino acid co&positien showed a large number of polar
residues, especially acid residues. Fluorescence spectra
indicated the presence of tryptophan. “Since the fluorescence was
quenched by jodide at Teast part of the aromatic residues are
Tocated on the protein surface. The NH;-terminal amino acid is
mostly serine. o

Circular dichroism spectra exhibit one minimum at 197 nm,
Computer analysis indicated that the enzyme was devoid of g-helix
but may contain a. relatively large amount of pleated sheet
structure. The structure fis stable and dodecylsulfate does not
_have much effect on it. ‘ 6

Sa]ivé of CF™ patients shawed normal levels of kallikrein.
Comparison of_the"phrjfied salivary kallikrein from CF (Cystic
Fibrosis) patients and contro} subjects showed no significant’
difference in enzymatic activity, polyacrylamide gel electropho-
resis, chromatographic behaviour, amino apid. composition or
spectroscopic behavipur. Therefore it was concluded that the
-salivary kallikrein in CF patients i 5<Qyi1ar to the sagjvary
ka11ikre1q Tx} non-CF subjects an tﬁhs\§§9t~ invo]yed in the

0

pathogenesis CF, contrary to some previous speculations.

L)
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Symbels
.de/dr

kcat

o

o

Vmax

v

pH
pr -

pK

. ~Xjye

SYMB6L§ AND“ARRREVIATIDNS

distdnce between tﬁe schlieren patterns éroduced hy two
sects}s'af the cell at the distance r from thev%xi§ of
rotation. 3 ’
dist@nce in cmnfrom a pqsitionlin the cell to the'hxis
oi'%étatioq. ‘s
partial specific volume ‘ '!9
wavelength . L b' . v
conpé%tration of polyacrylamide gel monomer v
concentration of cross 1iﬁker relative to the total
, monomer, .. - '
max imum *humber of substrate wmolecules converted E?'
products per(dctive site per unit time or the ng@beg of
times the enzymé turns over per unit time (= Vmax/Eg,
where Eg. 15 total enzyine concentration) s ¢
Pconcentration of substrate giving half méxfma] acti&ity
(the Michaelis constant)
velocity of reggtion o

o
] L v

‘velocity of aff edZyme reaction when saturated with

* [

substrate. .

-log;oH where H is the hydrogen jon cencentration
the isoelectric point (the pH at which the net charge
on the protein is zero)

~10g; oK  where K is,the equilibrium constant

(5]
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Abreviations -\\\\\\L u ‘) <.
BAgE a—N-Benzoy]—L arginine ethyl ester.HCl
RAPNA a=N-benzoyl-DL-arginine -p-nitroanilidesHC
BPTI boyine pancreatic trypsin inhibitor

CF cystic fibrosis s

D daltons

CD circular dichroism g

DEAE _diethyl aminoethyl

DFP diisopropyl fluorophosphate

ES enzymg-substrate complex
* HPLC high performance 1iquid chromatography
LBTI Iima bean trypsin inhibitor '

Mw motecular wgight d

nm nanometer (10-2 meter) ‘

PAGE polyacrylamide gel e)ectrophoresis

rpm ﬁevo]utiods.per m1nut;. oA
SBTI soybean trypsin inhibitor

SDS sodium godecy1su1fate

Tris tris (hydroxymethyl) aminomethane

v/v volume per volyme

w/v weight per volume

€ o)
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N\ CHAPTER 1
GENERAL INTRODUCTION

» )

A. INTRODUCTION ’

Cystic fibrosis (CF) 1is an inborn error of meta§o1iém which'

has escaped precise defifiition But which invotves all the éxdtrine_

v

glands* and probably other :tissues as we]% “Zdi Sant.' Agnese aqg
Ta]éﬁo, 1967). The majority of tﬁ; clinically siQnificant abno}m-
alities in CF are caused by obstruction of the organ ducts by ab-
normal secretions. Normally the,secretioﬁs from the'digeéii&e or
respjratory sysféms are f]uiﬂlpnd mobile, de]iveriqg needed chemic-

L L

als or aiding 1in ‘clearing' open passages. But in CF something

_abnormal happens to the chehist?y of the body fluids and the secre-

tions become very'thick and viscous, so -they obstruct passages

v

especially in the lungs and in the pancreatic and bile ducts.

4

s

- CF. is inherited from both parenis, eaéh of whom must be a
carrier (obligatory heterozygote). The abnorm§1 gene has a
frequency of approximately five percent in the :population, which

means that one person in‘%weﬁiy is a/éirrier of the gene. The
) J
J

“carriers of the disease are asymptomatic and unfortunately there

is, at present, no reliable method to detect them. The incidence
of the d¥sease is approximately one in two thousand live births
(Nadler et al., 1978). If two carriers (one in approximately four

hundred marriages is estimated te involve two carriers) produce

* 1

.o, o

o
&



" chemical defect.’ In general the secretions have an increased

P A L ¢ e i
childrén, there. is a twenty-five percent chance with each

v

:pregnancy that the child will {nherit the abnormal genes from

both parents and thus have CF., Once having such a child, the

n

parents now Kknow that:they are'cayriers. If such a couple has

4
~ 9 ~

further children, there .s .no accurgte method, at present, to

* determine before hirth, whether or not thé infant is affecteq‘l'

. & ‘ . . .

v n

B. MAIN"AREAS OF CF RESEARCH ) ,

The basic hiochemical defect in CF is not yet known. At the

~

present time the Lol1owing four main hypotheses are bging inves-

i

tigated : . . ’ -
1. Abnormal Secretion ° *

. Abnormal secretions have been recognized: for some ‘time as one
.of the basic abnorﬁa1itibs in children wifh CF. Variobus chemical
abnormalities have been detected in these secretions (Mangos et
al., '1967a) but these haye not as yet led to the underlying bio-
yiscosity which is fesponsible for many of the’signs and syrmptoms
of CF. .

2. Autonémic Dysfunctionﬂ
The autonomic nervous system has been subjected to a'great‘
deal of studies in relation tq CF, because it is the system which

controls the secretory activity of the exocrine Jlands (Barbero et

al,, 1966). .
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Structural and functional studies of the ajitonomic nervous

. PR ]

- . . s §
system have thus far fajled to produce an éxplanation for the
. [
disease. N U - 4
-

3. . Humoral Abnormality

» v

The poséihi]ity of a humoral abnormality has received a great

%

deal of attention. ., Spock et al. (1967) described a serum factor

L]

idﬁchildr%§3with CF, and in their parents, which causes the dis-

-

organization of the ciliary rhythm in explants of respiratory

epithelium from Fabbits. The mechanism by which this serum factor
. Pr N '

’ produces disorganization of the ciliary beat is not as yet under-

stood.

* * a d
Mangos and.McSherry, in 1967b alsq'detected a factor in CF

v A

sweat and saliva which inhibited sodium reabsorption in rat paro-
tid and human sweat g]ands: It was proposed bynthese jnvestiga-
tors that é circulating inhibitor to §odium reabsorption Qas
resp;nsible for the abnormally high concentrations of sodium and
chjoride in CF. sweat. The relationship of ﬁpe factor or factors
to the pathogenesis of CF is presently unknown, but its presence
in CF genotypes appears to be related to the basic defect.

4, Ion TransporE Defect. ) ’

Ion transport dysfunction has been demonstrated in .CF and
this is the basis for the major diagnostic test; the 'Sweat Test'
(di Sant'Agnese et al., 1953). The sweat of virtually all CF
patients show,s'e]!ﬁzl sodium and chloride levels (sweat chloride

.CF compared to <50 mEq per liter in normal).

[y

60 mEq per Titer
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It should h@ noted t%pt the 'Sweaf Test' 13 not comp1ete1y accurate

as dragnost1c for €F° and that it shou]d be used in COﬂJUHszOﬂ thh

;

family h?StOPjr chronic pu1monary d1§ease and ma]absorpt1on. The

: ! Sweat Test' is-also not relf ab1e dur1ng the prenatal period.

L
o0

Aln summary thére are severa] hypotheses - as to the pathc-

genesis of CF-none &f Which- has heen proven and it may well be

that several of them are interrelqted and controlled by more tman -

one genetic facfor (Wood et al.,"1976)." As stated previously, CF
. . ;

) v
is chlaracterized by thick viscous secretions. Therefore it, seems

e

- - % N - 4 N Ry
1ikely that something has been added to the secretion, or tQat

-

someth1ng is absent that should be present

-

‘The fact that the cause of CF is not knowrd has forced inves-

L8

tigators to search w1de1y .for its cause, But unfortunately CF

ay

research is plagued by 1rreproduc1h]e results which hampers pro-

gress. ) .o
< ,
3 \ h
C. KALLIKREINS AND kININS \
; Ka111§rejns are serin$/<%20tea§es with specific and limited

proteolytic actions (Schachter, 1980) and which also show arginine
esterase activity.  These enzymes are present $in different body
fhuids §uch as sa]iba, urine, plasma and,a1séﬁgn organs of dif%er~
ent -species such as the pancreas and salivary g]andS of man., The
major known action of these enzymes is to liberate kinins froﬁ

kininogens present in %he plasma, lymph and other body fluids.
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: 1nf1ammat1on and pain’ productvon.

The formation - of kinins from kinfnogens by kallikreins is shown 1in
r e

Fig. 1. < The kin@hs whith are 1iberated are vaspactive peptides

]

'“known to‘]ower blood pressure and contract smoath musc]es. Kinins

3

are also kndwn to beb 7nvoﬂved *1n Vasqu]ar permeab111ty, shock

t . [

@ L}
-’U M ° i
The physiological importance of kinins.

?

<

a) Release of' Catechonlamines

Kinins indirectly affect airway function through their abili-
ty to release catecholamines, either from the adrenals or by sti-:.

a

inulation of méympathetik ganglia. In the cat,.only 50 ng of

bradykininiihieched"into the abdominal aorta, releases éatecho]-
amines from the ad(énal yland (Feldberg and,Lew%s, 1964). it was
estindted that one mo]gculé‘of bradykinin released approximately
fifty molecules of catéého]amines. Staszewska-Bérczak and Vane
(f567) have studied this effect further using thg blood-bath organ

technigue, in'which bldod f]oQing in an extracorporeal loop of the

«circulation, is superfused over test tissues with different sensi-

3

tivities to adrenaline and noradrenaline. Their exgeriments showed

!

that the only catecholamine released was adregalife. Feldberg and

Lewis (1964), found that bradykinin was slightly more-effegtivg
ghan kallidin, but fhe reverse order of potency was repértedyby
Staszewska-Barczak and Vane (1967) although both setiyof experi-
ments were done with cats. Expeerents done by Collier (1970) on
cats also demonstrated that kinins stimulate the release of

. 4



3

Kallikreins|

o0,

inhibitors

Kininogens

-

substrates p———y

i

Kininases

inhibitors

Kinins Peptides

effectors |——p| inactive fragments

3

éer-Leu—Met-Lys-Arg-Pro-Pro-G1y-Phe—Ser-Pro;Phe-Arg;§er-VaT
4 ) " o

-

Bradykinin'

Kallidin

Met-Kallidin — |

Fig. 1 : The kallikrein-kinin system: Diagrammatic represen

tation

of the major constituents of the kinin-forming pathway

(Fritz , 1983).

-

1



ca}echo]amine from the superior cervical ganglia.

Bradykinin s not always the wmost effective compound, for
releasing adrenaline. On a weight for weight basis, When péed via
the’intra-arteriaT route in the cat angiotensin was mosﬂ)éffective‘
in releasing adrenaline followed by histamine which was also more
Effectivehthan bradykinin.- However, the opposite was £he case in
the dog, where.bradykinin was ﬁore effectivg than angiotensin or‘

histamine.

b) Pain ‘

The pain-producing actions of the plasma kinins and specifi-
cally bradykinin were first sstudied by Armstrong et al. (1952).
Blisters can be raised by .applying cantharidin (the anhydride o%
cantharidic acid) plaster to the forearm of humangsubjects.) The
raised epidermis is cut off and test solutions are poureddénto the
denudgd base. The pain-producing actions Qf applied kinins are
recorded on a pain chart. Bradykinin and 5-hydroxytryptamine pro- .
duce pain that is burning in character and is delayed in onset
for ‘aﬁout 20 - 25 seconds, and the pain reactions are slow in
réaghing a peak. When bradykinin and structurally related agents
are applied to the exposed cantharidin blister base (generally
referred to as blister base) they also- show a characteristic
induction of ‘after Eain'. This 'after pain' is often intense, and
is felt during and eépecia]]y after the removal, of the agents by

gentle washing bfotha—ﬂrea (Armstrong, 1970). This characteristic

( .
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action would help a subject or an observer to guess at the nature

) v of the agent that 'had been ‘aplp"lied,o because 5-hydr‘0;<ﬁryptamine
. does not cause this ‘after pain'.’ The same 'after-”pai\n.' phenomenon
~can occur also after subthreshold app]ic.ét‘ion for pain pm;du'ctiona.
Tis;ye injuries liberate 5-hydroxytryptamine and brad;k‘inin-

1ike substances in addition to histamine tArmstrong, 1976). The
pain producing actions of histamine are qualitatively and quanti-
tatively different from S—hydroxyt;‘ypt?mine and brad):kénin. In'
the case onf *histamine ”the effective concentrét*fons are very high
(E"; x 103 tonS x 10="M). Because of this high effective: concen-
¢ tration, Keelé and Armstrong (1964) suggested that éhe direct pa’in
" producing ’actions‘ofchis‘tamine are probap]y not 0; great, phy‘sio-
Togical significance. The S-hydroxyt.ryptamine an‘d br‘adyk'i.nin-]ike'
agents, on iche other hand, are sejveral thousand—fo]d.more effec-
ti\{e in, inducing pain onnthe“human blister base. than 1s.hi§tam1‘n;3'
> . and thus may well be of physiopéihb]ogica] importance, The-effec-

tive, ¢oncentrations of 5—hydro>‘<‘ytryptamine for modderate pain pro-

ductions are low (about 10-6M), bradykinin is at least ten ‘times

more active, and its threshold cénc‘entrations for pain product’% k

* range from about 10‘08 to 10-7 M, B “a '

‘ ¢) Inflammation nd ' . )
The relation of kinin producth fo the early .stages of

inflammation has been explored by many-scientists. Since kinins
have potent effects qn ‘vascular permeability , and since a multi-

plicity of factorsﬁ' and kalljkreins, stimulate their production,

L]
o

L]

u /\/
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_they are prime tandidates for jnffammatory mediators.

Bradykin(i‘n may be a mediator of carrageenin edema, which is a
mndel for testing anti-inflammatory drugs. This type of -edema is

not. readily blocked b); anti-histaminic or -antiserotonergic drugs

(Leme et al., 1973). Co ' K

N
> 1

-

d) Prostaglandins ’ . b . »

The fi r]st evidence that bradyk/mn could release other vaso-
#

E ac&zve substances from tlssues came fhom P1per and Vane (1969b).

They used lungs isolated from gumea pig and perfused with Krebs'

snlution and measured the refease of’ active substances from the

1un§s’ by a-cascade bjoassay system (Vane, 1964, 1969). ° When lungs’

from sensitized guinea pigs were chéﬂenged, these researchers

h i

Hetected release of histamine, SRS-A (Jlow reacting substar_\ce of

anaphylaxis), PGEz"and PGFoa (prostaglandins E, and F,a), and a

w

previously unknown substance that cbontracted the rabhit aorta -

(Piper and Vane,\1969a§rl969‘b). This "rabbit aorta contracting
s'ubstanc?" (RCS) disappeared: very rapidly from the Krebs solution
and had a half-life of 1 to 2 m1'nu:tes. Gryglewski,and Vane (1972)
suggested tha{: the "rabbit aorta 'contracting substance" was a

proste;g]andin " intermediate , possibly the unstable cyclic endo-

peroxide. This sugyestion was supported by the fact that arachido--

v

nic acid, the prostaglandin precursor, causes a continuous genera-
tion of "rabbit aorta contracting su%stance' from guinea pig 1ung§

(Vargaftig and Dao, 1972). Furthermore, aspirin or mdomethach
' o N

.

B
a‘A
.~

~
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which interfere with prostaglandin biosynthesis- by substrat:
competition*at the active site of the enzyme (Lands et al, 1974),
also preveﬁt thé generation of "rabhit aorta contracting
substance” (Piper and Vane, 1969a, 1969b). In the 1970:5 several
groups have shewn tﬁat the cyclic—endoperoxide intermediates in
3prostﬁglaﬁg?z;%i::ynthe§is, which Hamberg and Samuelsson (1974)
have namedrP and PGHo, also contracyed the rabbit aorta. RCS
is’ now known to contain thromboxane A, (TXA,) which is a

" prostaglandini (Hamberg et 'al., 1975). g
Bradykinin releases prostaglandins from isolated organs such

-

as guinea piy lung, dog kidney and dog spleen (Vane and Ferreira,

* 1974). Substances such as indomethacin and meclofenamate have a

I} L]
_selective inhibitory action on prostaglandin synthetase at Tow

concentrations, and antagon@sm b& these agents on organ or tissue

responses to bradykinin ci:‘gsﬁ?y5umed to be due to the abolition
of prostaglandin synthesi r%lease. Antagonism‘by aspirin

-

has been described for bradykinin induced bronchocgnstriction'or“

hypotension in guinea pigs, hypotensid: in the rabbit and- renal
vésodi]ation in the dog (Vane and Ferreira, 1974). The mechanism
of prostaglandin release by bradykinin is independeng of tke-vas—
cular effects by bradykinin and may reflect actiwqtion of phos-
pholipase A2‘(Vaggaftig and Dao hai, 1972). It has since been
demonstrated by McGiff (1980) that bradykinin increases the
activity of ﬁhqspho]{pase A% in dog kidney cells and this resuit-

ed in an enhdnced down flow of the arachidonic acid cascade.

» g

A
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Prqstag1andins also contribute to the action of bradykinin by
poten%{ating the fapter's intrinsic effects. The main contribu-
tion of prostaglandins to the pain of inflammation is the sgnsi-
tization of pain receptors Eo mechanical or chemical stimulation
(Vane and Ferriera, 1974). Vane and Ferriera (1974) did a set of
expériments iﬁ which prostag]ghdins have been shown to sensitize
nerve ending to the pain-producing activity‘of bradykinin in the

skin of man and in the spleen, knee joints and heart surface of

2

«¥egs.  Prgstaglandin in Tow concentrations has also been réﬁorted

to potent}gte theY increased vascular permeability induced by

L

. bradykinin (Thomas and West, 1973). Thus,\endogénous bradykinin

and prostaglandins interact 1in many biolodical .syétems, and
aspirin-}f&e drugs mpdiﬁy or abolish the contribution of endogen-
ous prostaé]andin generation of these interactions. ’ )

In sufmary, the kinins have an impressive array of effects on
various physiological functions. ‘Thgy ‘can affect organ systems
directly or dindirectly through thei} interactions with neural
pathways and with other mediators. The recognized effeé%s of
kinins on prostaglandin synthesis and metabolism emphasize the
potentially broad-range effects these potent peptides may have,

However, kinins presently have no generally accepted role in

normal physiology. ‘. . '

e
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Kallifreins ‘
i;a}]ikreins were discovered, over fifty Xears ago by Frey
(]:926)':3)Ut even today the name ka]“likre;n still ‘apph'es to two
totally different' groups of enzymes. ‘The glandular, organ or
tissue kallikreins on the one hand nand the plasma or serum
kallikreins on the other. The reTatio;‘shﬁp between the” two groups

«

of kahHik,rein appears to be no closer than for example, those
bet'wegn trypsin and thrombin. P]as;; kallikreins Tliherate the
ndnaéeptide"br‘ad‘ykinin, (Arg-Pr:p-Pro-Gly—nPhe-Ser-Pro-Phe-zArg) from
kininogens whereas Oi;he +salivary kallikrein an;i other gl@n@uhr
kallikreins generate the decapeptide' kaHidjn,a‘ly,sy]bradykinin
“(Webster et al., 1970). o C ) |

1. GianduT’ar'KaHikr‘eins in Man & .

Glandular kallikreins occur madin]y inlthe pancreas, pa;\crea-
tic ju’ice,_ saliva, sagi‘vary glands, urine, kidney, sweat and lsweat
glands. They are not inhibited hy so;bean trypsin inhibitors
(SBTI) as opposed to plasma kaﬂikrei”ns which are inhibited by
SBTI. Also as mentioned before, the p]{isma, kallikreins relTease
bradykinin from kininogens whereas the glandular kallikreins

release kallidin. Glandular kallikreins are present in exocrine

secrgtions in their active form whereas plasma kallikreins are

present in the plasma as pre-kallikreins, that is, in an Tnactive

form. The plasma pre-kallikrein is activated ‘enzymatically by a

process of* tTimited proteolysis, by the Hageman ‘factor (factor XII)

and by trypsin (Wuepper and Cochrane, 1972) In addition, ‘the

}

2
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pdasma kallikreins re]easE kinins mainly from high molecular weight

kininogens and may be 9inactivated by different inhibitor(s) in

N

p1asmé which do not inactivate the glandular -kallikreins (Webster

et al., 1970). It has become clear in recent years that in some

instances 4he physiologically significant proteolytic actions of
A
these enzymes are not always related to the release of kinins.

Glandular Kallikreins are new believed to be involved in the

‘regu1ation of, secretion, sperm motility, cell proliferation, blood

flow capillary permeability, and electrolyte concentration (Bhoo1a
at al., 1979). A synops1s of the functional aspe@ts of the g]andu-

lar ka111kre1n-k1n1n system is shown in Fig. 2.

@

1

2. Cellular Tocalization of Glandular Kallikrein. . ' f

. There have ’gen numerous stud1es descr1b1ng the localization

of ka]]wkre.n ﬁi} pancréat1c t1ssues. " In every paper except one

'ka11kre1n was shown to be present in the apidal granule containing

part.of the ‘pancreaticf acinar cells. The only discrepancy was,

reported for human pancreatic kallikrein, which was found to be

N o

present only in the g-cells of the exocrine gland (0Te Moi Yoi et

[

al., 1979).. Amourjc et al. (1982).have investigated the ‘immuno-

- g .
Tocalization of hyman pancreatic kallikrein at ‘the cellular level,

using an indirect immunofluorgscence and immunoperoxidase method,

and at the subcelTulary Tevel using thé protein‘A-ggld‘technique
'
(Roth et a1., 1978) A11 their results demonstrated that human

pancreatic ka1]1kré1n was unambiguously located within the zymogen
' \ »

&
v o= B q

'
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granule of the pancreatic acinar cells and thatethe enzyme seems
to follow the same classic 5athway és thai described. for the other
secretory enzymes (Palade, 1975). =
: e .ﬁ%wever, the cellular Tocalization of salivary ka]]ikrein has
mnly recently been clarified. Ear]ie} studies (Emmelin and
Henrikson, 1953) correlated the 1ight microscope appearance of
parasympathetically denerﬁated submandibular glands in cat with the
kallikrein activity of saliva. Tiry concluded that the demilune
cells were the sources of kallikrein. On the pther band, studies
done by Bhoola et al. (1966) and by others, for example, Erdos et
.gi; (19685 and Géutvik_gg_gl. (1974a), demonstrated that ka]]ikrein
is present in secretory granules of many mammalian sglivary glands.
Bhoola and his co-workers (1975) suggested that kal]ikra%nv was
located -in 'the secretory granules in the acinar cells guinea-pig
" submandibular gland, ‘ \ .
Most ‘recent studies,.however, by Uddin et al. (1981l) and
Barton et al. (1975) have indicated.that safivany kallikrein is

; ) J
Tocated in the striated duct cells and ngot in the acinar. aﬁir

demilune cells. |
[
|

@ oo
3. 'Salivary Kallikrein(s)
In 1939, Werle and von Roden discovered kallikreins in the
- saliva and salivary glands of man,

The salivary glands are ?nn$F§ated by adrenergic and cholin-

! . . . < . ‘
ergic nerve fibres which activate the corresponding receptors

- \ -
2
] -
. ]

\
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. {(Garrett, 1967). Activation of the choh’nergié and g-adrenerygic

receptors raises .the intracellular calcium ion concentration and
this causes a rapid transport of jons and water. At the same time ’
the activation of the a-adrenergic receptors stimulates the secre-

3

tion of kallikrein into f,he»sqﬁva in the 'ducts. As discussed

_before kallikrein is located in the duct ce11§ of the salivary

glands. Since the duct cells are surrounded by a capillary plexus

'(Burgen et al., 1958) it 1is possible that a small amount of the

salivary kallikrein amefy also reach “the capillary plexus where it
could regulate local blood pressure and hlood flow. This latter

kallikrein function seems possible because:

- 0

(i) the vasodilation which occurs in the capi‘Haries of the

submandibulap glands of the cat after stimulation of the a-adre-

nergic receptors {s sustained by bradykinin - (Gautvik et al.,

1974b) and E "

°

(1) the presence of an antigen which is immunologically

jdentical to subnlandibu]ar kallikrein has 'been demonstrated J1‘n

[t

rat plasma (Nustad et al., 1977).
“Activation ,6f the g-adrenergic receptors results in-increas-

ed levels of cyclic AMP, because of _an induction of adenylate

\

cyclase which transforms ATP into cyclic: AMP. The increased levels

of cyclic AMP cause extrusion of enzymes,glycoproteins and other

macromolecules (Bhoola et al., 1979). Activation of cholinergic

"muscarinic  receptors and q-adrenergic  receptors stimulates

guanylate ‘cyclase to form cyclic GMP f‘r'om GTP. Perhaps the cyclic

@ g o
@

e 7
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5

nucteotides so formed combine w{tﬁ specific protein. kinases to
either phosphorylate or dephosphorylate key membrane proteins and
hence alter cation permeability. ° This gou1d result in an
intracellular rise in free calcium and initiate the exocytotic
:elease of kallikrein into the secreéory 1umen’ (A1bano et al.,
197s6). Ii is also likely that the <¢yclic nucleotides are involved

4+
in mediating the effect of kinins on the cellular lTevels (Alhano et

al., %977). Thus increaséd levels of calcium ions and cyclic.

nucleotides; the latter as a-result of the:activity of kinins on
the adrenergic receptors; could modify the activities of intra-
cellular enzymes 1ikeé glycosyltransferases. In fact Baker et al.
(1977) have demonstrated that canine tracheal exp15nts acquire
enhanced galactosyltransferase actiQ?%y in-the presence of kallidin
(1ysyl-bradykinin) which is produced by the salivary kallikrein .
It has been demonstratgd by Catanzaro et al. (1978), that the
salivary kallikrein levels in rats are related té the control of
th? secretion of sodium ions, potassium jons and  water. More
recently it has been shown by Martinez et al. (1981), that kallidin
inhibits Nat-reabsorptyon in the rat parotid gland. Perhaps
these latter kat}idin effects should be attributed to the product-
ion of prostaglandin Ep, which is stimulated by kinin (Terragno,
1979), and which has also been implicated in the inhibition of

Nat-reabsorption.

“ 4 -

a
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4, Sore Viﬁws on the Functional Role of Kallikrein in the Exocrine

)

Glands .

Y

The experfmqnts’ of Hilton ahd Lewis (1955, 1956) and’

subsequently those of Gautvik (1970) -established the general view

v -

that kallikrein regulates vasodilation in all glandular organs ,

during secretory -~activity,in particular in salivary giands and
sweat glands and the pancreas. The generalization and the specific

involvement of g]anpu]ar or tissde Kallikrein in reguldting
functional vasqdf]ation has been questioned‘ by Schachter (1969,
1970) and by éhoo]a (1968, 19Y0). T%? physiological experiments Qy
Schachter have provided evidence which indiéateé that kallikrein is
not implicated in the vas;di1ation of tgéasal;vary glands produced
on stimulation of the’ghorda tympani nerve.

Kallikrein is éecgeted primarily into the emocbiﬁe secretion
of the glands and therefore may hage eniymatic function in the
gastro-intestinal tract (Bhoola et al., 1979)w  Furthermore,
because of its location in"the striated ddct cells of all the
species examined so far, and its physiological, activity‘ in the
kidney (Mills aﬁd Ward, 1975), it may modulate fen transport across
the striated duct cells 6f-the exocrine glands. Although this is
an attractive propos{tion, no evidence exists for such an action in
the submandibular glands, or the pancreas. Furthermore, the
+ detailed mechanism and sequential steps involved in such an effect

&

is not knewn. The question whether kallikrein may act diréct]y to

]

alter cell membrane permability or whether this action depends

o
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entirely on the release of kallidin remains to be answered.
»Another interesting aspect, ?f the effect of the kallikrein-kinin
system, is the regulation of sperm motility and mfgratioﬁ (Pélm'gg
Elr’ 1975). The precise mode of action and ro]é‘of kallikrein in
the male and female reproductive tracts remains to be elucidated.
Clearty the different glandular ka11igreins may have different bhut
specific physiological roles. 8u? if we are to seek some
ssignificant function of the glandular kallikrein wh%ch is to_apply
in every case where it is found, then it muSt surely be some aspect o
of the sed?etory process itself that we should lobk to, because of

the ubiquity of the kallikrein in secretory structure.

.

.

5. Assay Method§ : . ,

The method of assay for kallikreins is an important problem
as the components involved 1in the kal]ikcein-kinin system are
rapidly metabolized and thé%ﬁ contents in tissues and body flutds
are low, extensively variable and dependent upon the physical
conditions of the animal qpq {ts speciestw

The hypotensive act%on of kallikreins has been of great gge in
deternﬁnjng their activity, but measurement of blood f}ow has %150
been used because of its increased sensitivity and other advantages
(Moriya et al., 1965). Isolated sgooth muscle tissuesljsuch as
guinea pig ileum or rat uterus are contracted by the kinins, and
this response has also been applied as an assay ﬁethod. Webster

et al. (1961) demonstrated that kallikreins hydrolyze N-substituted

‘
-

o
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arginine esters and that this esterolytic activity was nearly
proportional to the vasodilator activity, especially in urine.
This provided a method for the assay of kallikrein by a simple

enzymatic procedure.

v
.

The bioaséay is generally performed hy recording the hypoten-
sive activity of the ka)likrein on the dog's blood pressure and
measuring the ability of a kaHikrein. to release kinin frorﬁ a
guitable substrate, e.g., acid treated dog p]asmé. The amount of
kinin released is thep measured with an jsolated muscle prepara-
tior; such as the guinea-pig ileum or rat uterus. Thed advantage‘
of bioassays over chemicalftests is that they measure directly a
specific biological ‘property of the kallikrein. E;owever, in
agldikion to being imprecise, bioassays have pitfalls in so far as
the potency of the enzyme with res;)ect to the Trelease of kinin
depends on the specific mamma1iqn kini@r{uogen on which it is
acting. For example, cat salivary ka]Hkr‘e'in does not release
ki.rﬁn from horse plasma but horse saljvary kallikrein c;oes 50

readily (Bhoola et al., (1965). , ]

AN -glandular kallikreins hydro]yz; synthetic arginine esters
such as’N-benzoyl-L-arginine ethyl ester (BAEE).and N-toluenesulfo-
nyl-L-arginine m‘ethy] ester (TAME). Other synthetic substtates
for trypsin such as benzoyl-arginine-napthylamide (BANA) and bénz-
oyl-arginine-p-nitroanilide (RAPNA) are not hydrolyzed by salivary
or urinary kallikreins (Schachter, 1980). Also, unlike trypsin,

+

kaltikrein does not have proteolytic activity towards casein,
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Synthetic chromoéenic peptide substrates have®been introduc-,
~ f >

ed recently to measure kallikreins and other proteases. These

" substrates are p-nitroanilides of tri-and tetrapeptides with vari-

ous groups substitutedfat the terminal amino group. The chromo-
genic substrate itself is colorless but the p-nitroaniline Tiberat-
ed on proteolysis is a colored compound that is’ readily measured
with a }pectrophotometer (Cleason et gﬂ,,'1978). A synthetic
peétide substrate, with fluorogenic substituent has also - been
introduced and 1is said to have greater sensitivity than the
chromogenic substrates (Morita et al., 1977). Tke chromogenic ana
fluorogenic substrate methods, 1ike thosg with the synthetic ester
substrates have problems of sengitivity and specificity, and 1in
each case, methods must be developed in order to deal with inter-

Finally radioimmunoassay procedures have Been developed
(Mann et al., 1977). These are alleged to have the property
of remarkable sensitivity, detep%ing concgntratibns "of &a11i-
kr;ins in picograms.per ml. However, thege‘are p;oblems with the
complexity of the method and also with ité Timitéd specificity.
The Tatter resulting, for example, from the immunological cross

reactivity of salivary, pancreactic and urinary kallikreins in the

same species (Proud et al., 1977) e.g. in the case of’the rat.

-



D. GLANDULAR KALLIKRéIN(S) : IMPLICATIONS IN CF

In searching for a valid biochemical difference between norm-
al subjects agd CF patijents one has to focus on a definite area.
E]evatidgpgg«£he sodium ch?oride concentrations in sweat and in

“secretions from the minor salivary Q}ands is a cdonsistent finding
in CF (Weisman et al., 1972). This electrolyte abnormality in
eccrine swéat of CF patients, was first described by di Sant:APnese
et alt in 1953. ff was postulated that, the elevated concentra-
tions of sweat electrolytes reflect a distﬂrbance in cation trans-
port which is generalized among“%xocrﬁne glands and restricted to

them (di Sant'Agnese et al., 1968). The same exocrine glands also

:D

produce kallikreins,

-

When the salivary glands are stimulated they secrete anm iso-
}onic so]uf%on. of e]ectrol&tes and macromolecules. During the
pas;age of this solution through the glandular ducts, ions such
as sodium are reabsorbed and the final solution leaving the chts
is hypotonic: This reabsorption is believed to be an active pro-
cess and therefore must besinitiated by a Eomponent in the secret-
ion (Sutgliffe.gglgl.,‘1968); Dann and Blau (1978) suggested t&at
the reabsorption of ions is induced by a kinin. According to théir
hypothesis this kinin (which they called kinin E) 1is produced by
the protfo1ytic action of a kallikrein (an arginine esterase ) on a
precursor in the a§1nar cells., The ka1likreiﬁ iteeTF is activated

. . TN
by what 1is suggested to be another exocrine arginine esterase.

Their proposal calls for a deficiency in either of these two

\



-23-

\

enzymes, the kallikrein or the arginine esterase, to be tHb'causea

for abnormal secretion in UF. This hypothesis has become Tess

x
attractjve since it has been shown that kallidin inhibits sodium
- ¥ 7 .
reabsorption (Martinez et al., 1981) and one would therefore

anticipate a decreased level of sodium in §a1iva, if the hypothesis

of Dann and Blau was e. N

v

In 1981 Hallinan expinded the hypothesis of Dann and Blau to

~

include a defect in an intracellular enzyme which carries out some

«

functionally important post-translational modification to' the
arginine esterase, for exampie a g]yc;sy1ationtpr phosphory]ation.
The result of such a defective enzyme‘could be an abnormal exo-
crine secretion process and the\ particular manifestation of the

disease then depends on the nature of the exocrine glands., .
. 1)

The sequence of significant events in CF, in relation to
Y, A

Hallinan's hypothesis is outlined in .Figure 3. The primary
e 1

-

mutation can be in the structural gene for either of the pro- (T\)

¥
teins, numbered 1 to 3. The proposed defects will cauSe altered
interactions between the component .molecules of the processing
system, before the discharge of the secretion. The result is a
o *

defective exocrine secretion processing which could manifest

itself differently in the varjous glands. Perhaps the most direct

manifestation is that observed in the sweat glands where a defecti .

in jon reabsorption factor metabolism, results in altered ion
concentrations in the sweat. In mqus-g1ands a number of inter-
t -

acting events may account for the climical problems. On the-one
y

.

-
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hand, a combination of altered ion concentratjons and/or altered

processing of mucus,gyoteins results in an altered physicochemical

]

state of mucus, eventually causing blockages of the duct passages.

In the lung on the other hand, increased levels of the CDA (ciliary

dys%inesia) factors cause increased secretion of mucus {Conover- and

Conod, 1978) which, in combination with an altered physicochemical’

state of mucus, inhibits the ciliary activity thereby ihitiating
the respiratory problems. In Hallinan's hypothesis the CDA factors

and other such CF factor§: are considered to be normal products,
Y
in"the primary secretions of the cells. During processing in the

®

glands they are normally broken down but not so in the case of CF
whergfthe processing enzy&e is believed to be defective.

The altered Ca** metabolismn in CF- (Feigal and Shapiro, 1979)
is considered to be the result of the Catt ionophore-]ike‘;ffect
(Conover and Conod, 1978) of“the CDA factors. If the defect is in
the glycosyltransferase which is modulated by Ca+; concentrations
(Bhoola, 1979) it will. introduce a further\Jeve] of comp]éxity to
the interpretation of many expérimenta] observatjons ~ on CF,
Aldaheff (1978) has also 5pecd1ated that the CF defect is an
altered g]ycosylation because of sgvera] reports on altered g]&co—
sylations of CF'proteins. However, as discussed bhefore kallidin

Vitse1f might also be able to regulate the Q]ycosy1transferases in

‘ e -
one way or another, and it is therefore not clear to what'extent

n

defects in the primary secretion processing are involved.

X

[
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The central rdle of the secretion. process implies that te
[} s -
may be more valuable to examine the protein components of an

exocrine secretion, such as saliva, in search for the basic defect

o ’ L 5.
rather than the serum or plasma,, despite the convenience of

[
-

obtaining the latter.
A glandu]ar kallikrein, specifically salivary kallikrein was

chosen for this study. This enzyme-’ was chosen for several

. reasons: : . :

a 0 .

A

1. CF is an inhetited disease ‘characterized by a generalized

dysfunctior\ of ﬂthe~ex'ocr'1'ne glands. These glands produce -and.
) . "

secrete glandular kallikreins as are "found in the pancreas,

- I : - 0 ¢
1 M

panc?eatic juice,” salivary g]énds, saliva, 8 sweat glands,sweat,

“

kidney and urine. °

’n& [

2.  Although the phys1o1og1ca1(j%nct10ns of kallikreins 1n
oxocrine glands are 1ncomp?ete1y understood, it has neverthe1ess
been demonstrated by Catanzaro et g£.1(1978), Fﬁot the g1onﬁular
kallikreins have va}ious physioﬁogiifl functions. Aoart g:om their
ability to 1iberate kinins from kininegens, kallikreins also regu—L
late electrolyte concentrations, in particular sodium aod potassi-
um. In vivo experiments with the salivary QTands of rats have
shown that the amounts of sodium and potassiom that are secreted
aro correlated with a parallel change 1in kallikrein esterase
activity (Catanzaro eo al., -1978). The latter results led to the
hypothesis that the salivary kallikrein-kinin system is involved in

g‘%1vary controk of sodium, potassium and water secretions.,

y e LS N
.
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Since there s an increased level of sodium fons in the saliva of
CF patients (Weismann et al., 1970) one might speculate on the
re1a£ionship between the saiivany‘ka1lik¢ain—kinfn system and the
diseasg. It should be noted that there is also a lack of water in
.CF secretion (Wood et al., 1976) which is partly responsihle for
the increased viscosify and "e1evated levels of i6n§ such as
sodium. The paucity of water 1in mucous secretions may reflect
decreased water secretion, increased secretion of solids without
appropriatcly increased secretions of water, or increased
~ reabsorption of water from the primary secretory fluid. It should

be noted that at present there is no egvidence to support any Qf

. 7
¢

theSe tmechanism.

3. ft has been shown that kinins are directly involved in the

”

regulation of secretjon.  For -instance Manning et al. (1982)

demonstrated that ka11§din and bradykinin inhibit the absorption of

electraolytes in the guinea pig ileum. !

R

Thus in summary the fact that CF is characterized by abnormal
secretions and ion transport defects makes glandular kallikreins
an interesting prospect.

¥ ,

@

~ -

E. SCOPE OF THESIS

During the past’ years, a number of macromolecular "factors"

presumably unique to CF have been described, first by Spock et al.,

(1967), then by Mangos et al. (1967 ,71967b) and later by -others. -

a7

a
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Rao and Nadler (1972a) have postylated that various "CF factors"

are present because of a deficiencyfof a proteolyt

[ 2
them. Since the "factors"

enzyme which

w0u1q normally hydrolyze and inactiv
havennot‘been purified to hémogeneity, an empirical approach using
synthetighﬁﬁbstqates has been taken. Because polytysine can mimié
the effect of the "factor" on reabsorption of sodium in \kat
ﬁarotid gland (Mangos et al., 1968), ‘and because Qplylysiné and

other cationic polypeptides can be hydrolyzed by enzymes with a

specificity Eim%1ar to that of trypsin, the activity of the -

'tﬁypsin—Tike‘ enzymes has been assayed ;n saliva using
o~N-benzoyl-L-arginine etth ester “as substrate,. 'TE}psin-Wike'
activity was defined as the fraction of activiyy inhibited by, an
%fcess of soybean trypsin inhibitpr. This ﬁctivity héd‘an optimum
a;ound pH 8.

"The mixed 'saliva of CF patients .had about one~eighth‘

the'trypsin-Tike' activity of controls, whether the controls

wéreﬂage-matched or adults. Obligate heterozygotes had activities

higher than those observed in Pat137§5 but less than those in

tont?o1s. Studies on individual families.suggested that in most
cases, the parents had Tlevels hof 'trypsin-]ike'l activities
intermediate between those obsérved in controls and thoseyin the
affected children. 1In other 1nstancé§, sibs had 1é§e1s similar to
those of their parents. Though this suggested a genetic component
of the activity, fhe individual obligate heterozygote could not

be identified with certainty in each case. -This deficienéy of

P

~



-20-

"trypsin-like' activity -was the first yuantitative e?fymatig
difference between';ontrols and patients with CF (Rao and?Nad1er,
1572a5t Aitempfs to demonstrate hydrolysis of an amide or peptide
bond, wh{ch is a more precise measurement of proteolytic acfivity;
were unsuccessful, However, hydrolysis of a typica}‘ trypsin
‘substratea and inhibition of the ‘;ctiv{ty by sbybean trypéin
inhiPitor supported the concept of a deficiency of proteolytic
= activitj. ‘ ’ T ' -

‘A number of studies have’ beeq ncaréied 'out ~ to ,determine
whether a deficiency of proteo]xtic activity miéht accouﬁ% ﬁpﬁ’the
“CF serum factors (Rao and Nadler, 1974 and 1975). Since many
proteolytic enzymes in blood plasma are preseng, as zymogens, a
variety of conditions of activatien, such as kaolin, acid pH,
ellagic acid, and exposure to glass surfaces (Colman et al., 1971),
were %gsted on the plasma of patients with CF and controls.
The optiqf1 difference between® activity, as measured by the
hydrolysis of a typical tryp§in ( or’ kallikrein substrate,
, a-N-toluenesulfonyl-L-arginine 'meghyl ester (TAME), "has been
observed when activated by 4,4',5,5',6,5'-hexahydroxy-dipheéic
acid 5,6,2',6'3~ dilactone which is called ellagic “acid (éao et

¥

. ale, 1?72b). “This activity was termed plasma kai]ikrein by virtue
9% ?ts ability to hydrolyze only esters (but not amides or pep-

» tides) of ﬁ-arginine and because of i?s inﬁ}bitién by soybean
trypsin inhibitor. Assaxsfof this aqti&ity in samples of plasma

of CF patients, their. parents ‘and controls. showed that the

s

a
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“kallikréin" activity was about-..one-half the activity observed
'

when the fractions of activity, inhibited by soyabean trypsin’

. v i gt
*~~inhibitor were compared. = Thus,”the deficiency observed 1n mixed

<

'saliva was confirmed ig plasma.

» 3

{3. R . -
It, has been postulated that the partigl deficiency of.

arginine esterase activity might represent a total dgfiéfgnqy of

»

one of, several arginine esterases'(NaﬂJer.gg_gil, 1978). . -

Plagma fractionated on 5% polyacrylamide gels by isoelectric

[

focusing at pH 5-8 revealed six bands of arginine esterase

'

i

I

. activity in control samples, hut only Five bands in samp]esAfrom

CF patients (Rao wand Nadler,-1974). This deficiency of a plasma
. " . ;. - -

arginine esterase jn CF has been questioned by Leberman (1974) but -
. . "

was confirmed by Coburnmgg al., (1974). However, Goldsmith, et °
al.(1977) demonstrated normal “levels of preka1]ikreiﬁ in CF by

[ & e

‘coagulant and- esterase assays as well as ‘by jmmunochemical

®
o

determinations. .More recently Bury and Barrett (1982) havel
demonstrated normal levels of plasma kallikreins in both CF and
normal subjects. Tﬁese studies, however, do not rule out the '
de%iciency of g]gndu1ar kallikrein in CF because plasma kallikrein
and g[ap@q1ar kallikrein are ~th entire{y different enzymeg
(Webster lgi al., 1970).  Also studies have demonstrated that
g1andu1a; ka]]ikrein“may be transported, s&ﬁehow, into the p]asma
(Nustad et al., 1977). Therefore considering theﬂ prevjous1y

mentioned evidence and the involvement of the exocrine é]ands in °CF

it seems that.it would be essential to study glandular kal]likrein
2
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in an effort to find the underlying biochemical defect in CF. Thus

the work presented in this thesis was carried out on the premise

“that the salivary kallikrein, and in a broader sense the glandular

a

kallikreins, in CF is defective.
] The human saliva is an available source- of glandular kalli-

krein. ﬁowever, the enzyme had tg be purifiéd before comparative
studies could be carried out. The iso]ati&% of human salivary
kallikrein has been reported by Fu31moto et al. (1973) and Modeer
(1977), but the degree of' pur1f1cat1on was quest1onab1e in each
case. Hojima et al. (1975) reported that the protein purified by
Fujimoto was not homoéeneous when isoe]ect}ic focused,while Modeer
(1977) "did “not reporé 6n‘ the purity of the protein at all.
Hofﬁann et al. (f§83)-iso1ated salivary kallikrein which they ob-
ta1ned by se]ect1ve catheterization of the glandular duct. Kalli-
kre1n was a]so obtained from the human parotid saliva and purified’
by WOng et al. (1983) howevgr they did not do a detailed study of
the enzyme, The 1att9r group obtained a motecular weight of 38,900
Dusing SDS Page which was SImllar to that found by Modeer(1977)
using gel filtration. However th1s vatue dlffered markedly from
that of Fuj{moto”g& al.a1973) which was 23,000 D by ultracentri-
fugation and 28,000 ?;ge] filtration. The Mw obtained by, Hong
et al. (1983).also differed from that obtained by Hoffman et al.
(1983), who fdupd a molecular weight of 32,000 D. The resulés

. ..
from two 1isoelectric focusing expériments reported, were not

similar., Also one of the three amino s¢id compositions reported

o

i
B



was very different. Thereforé\fhe first‘stép was to purify normal
salivary kallikrein and characterize it.  After which the CF
salivaryaka1lik;e1n was similarly purified and characterized. The
normal and CF salivary kallikreins were compared in terms of their

physical and chemical properties. -

@
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CHAPTER 2
EXPERIMENTAL

A. Materials .

A1l Sreagents used were analytical grade unless otherwise -

specified, Organic solvents and water were g]ass‘d{stil1ed prior
to use. N

Whole saliva stjmu1ated by chewing parafilm wax (Sybron/
Kerr) was obtained from both male and female volunteers (5 CF.
patients between the age§ of 19 -24 years, each contributing
about 100 AT\gf saliva per isolation). , )

Chromatographic media (Sephacryl S$-200 and DEAE-Sephacel);
standard protein mixture centaining g-Lactalhumin(Mw = 14.4 KD)
soybean tryﬁs%n inhibitor (Mw =20.1 KD), carbonic anhydrase (Mw =

30 KD), ovalbumin (Mw = 43 KD}, bovine serum albumin (Mw = 67 Ké)n
and pﬁospﬁ%ry]a%e b (Mw =94 KD); and Pharmalyte (pH.3-10 and pH

! 2.5-5.0) were obtained from Pharmacia.

The Spherogel-TSK 3000 Sy column (7.5 x 300mm), 4000SW

‘CO]umA\TY<§~lii¥2?m$) and a Ultrasphere-0Ds column (4.6 x 250mm)

. were purchased from Beckman Instruments.

Most of the synthetic substrates were obtained commercially

froq Sigma Chemical Co.  Sources of other mééeria]s were

- bovine serum’ albumin - Miles Laboratories; soybean grypsin

inhibitor, 1ima bean trypsin inhibitor and trypsin - Worthington

Bjochemical Carp.; diisopropyl fluorophosphate - Aldrich Chemical

A

2

Y
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Company Inc.

- AT other unspecified chemicals were highly purified

/

commercial products.

B. METHODS

-

1. Column Chromatoqraphyv

Columns of DEAE-Sephace] and Sephacryl were' prepaﬁed
according to the manufacturer's instructions.
An affinity column of bovine trypsin inhibitor (BRTI) bound:

covalently to Sepharose 4B was prepared locally; CNBr activated

%

Sepharose was purchased firom Pharmacia and/lbg of this gel was
washed with 200 wl of 1 mM HC1 on aWlass filter. After which
the gel was washed with 25 ml of 0,25 M NaHCO,; buffer, pH 8.8,
containing 0.5 M NaCl and then suspended in 5 ml of‘the same
bicarbonate-sodium chloride buffer Eontaining 10mg BPTI (Sigma).
The suspensidn was gently shaken overnight at 20C after which the
gel was washed with 0.25 M NaHCO; pH 8.8 and then resuspended in
10 ml df‘p.z M g]ycine.buffer, pH ?.5. After gentle shaking_for
2 h at room‘tempergture, the gel was washed once more with at
Teast 100 ml of 0.IM sodiumﬁacetate buffer, pH 4.0. The gel was
poured into a colu%n of 0.9 cm diameter and carefully equilibrat-
ed with 9.05 M sodium phosphate buffer; pH 8.0, The amount of
BPTI .coupled to 1 g of gel was sufficient to bind the kallikrein

&
present in at least 500 ml of saliva. -
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HPLC was performed with a system consisting of a Beckman
Model 110A pump and a Hitachi ‘model 100-40 spectrophotometer
which was set at 275 nm. The sensitivity range of the spectro-
photometer output was set at 0.2. In each chromatographic
experiment the Spherogel-TSK 3000 SW column was loaded with 100
_;ﬂ of the protein solution previously purified by affinity
chr‘omahtography and this solution was pumped through the column

with a flow rate of 0.5 ml per min at room temperature.

2. Enzyme Assays

The arginine esterase activity, was used to monitor the
purification of salivary kaHikr‘ein.‘ The Activity was determined
with the method desribed by Schwert and Imkenaka (1955). The
“assay was carried out using the artificial substrate BAEE and the
{ncrease 1n absorbance at 253 nm was followed on a Zeis PMQ II or

Cary Model 14 spectrophotometer,

T

Kallikrein activity was also measured by the release of kinins
from acid treated dog plasma (Horton,*1959). The kinins released

were extracted ,and’ assayed by the contractions of guinea pig

1Teum (Stewart et al., 1970) or rat uterus (Trautschold, 1970)

\’&q’ng a force transducer and a Sanborn Pen Recorder.
The effect” of the salivary kallikrein on a rabbit's blood

pressure was also measured (Horton, 1959)., A rabbit weighing

approximately 2.5 Kg was anaesthesized with -sodjum barbitol and

o

then given a steady supply of oxygen, via an oxygen mask, thus
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o

¢ negating the need to cannulate the trachea. The blood pressure
was' -recorded from a carotid’ artery using a Statham SP1400
monitor. An injection of about 10: pg ka]likrein,'in saline, into

. ' *  the femoral vein was used to Tower the blood pressure.

. '3. Analytical Methods g

(i) Protein determination .

-

ontein was determined by the reaction with Folin-Ciocalteu

reagents as decribed by Lowry et al. (1951) and with Coomassie

Blue by the Big-Rad method (Bradford, 1976). A protein standard

(Bio-Rad) was included in each determination.

® (1) pe] Electggphoresis

(a) Gel electrophoresis at pH 9.5

Gel electrophoresis was done at 2°C with po%yacry]amide slab

gels (7.5% T, w/v) of 16 x 16cm. A continuous buffer of 0.37 M

= B Tris-§1ycine, pH 9.5 was used (Gordon, 1969). The protein was

dissolved in a 1:10 dilution of the buffer with 10% glycerol and

fapbroximate]y 20-100 pg was applied to a pre-equilibrated well of

the s]gb gel (ﬁS mA for 1 hr). E1ectr0phoresis was conductéd at

¢ , approximately 30 mA until the marker dye (Bromophenol Blue) had

) mov;d to the bottom of the gel. The gel was stained with 0.125%

-Coomassie Blue in 10% trichloroacetic acid (Fazekas de St.Groth

A;* ; et al., 1963). The purity of the kallikrein was determined from .

a tracing with an auébmatic re;ordiqg densitometer of picturgs

taken of the gel after destaining.

-
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(h) Gel electrophoresis in tﬁg presence“of dodecylsulfate.

[

Estimates of the Mw {(molecular weight)‘ values. = vere

O

o \

obtainedv dy. gel* 91ectrophores1s on 10%T (w/v) hpQ]yacqyﬂamide
reso1vidg gel and a '4%T stacking gel. The slab was(runvgh:hj
buffer of 0:025 M Tris, containing0.192 Meblycine, pH“8.3‘p1us
0.1% sodium dodecy]suﬂfate (Laemmii, 1970). The.slab gel, 16 x

¥

16 cm, was calibrated with a standard mixture of proteins. The

@

kallikrein Samples were dissolved in 0.01 M Tris-glycine buffer®

along with at 1east:'§-fo]d excess of dodecylsulfate with or

without 1% (v/v) g-mercaptoethanol. The samples were heated at

-

100°C for 5 »min and ¢lycerol and track1ng dye were added before

@

. rabout 20 ug of prote1n ‘was loaded On the pre-equilibrated ge]
E]ectrophores1s was conducted at 30 mA unt11 the tracking dye had
moved to the bottom of the gel. The sTab was treated with 10%

(w/v) trichloroacetic acid in 25% isopropyl alcohol for about 30

&

& -
glwater (50/10/40, v/v). The slab was destained in a solution of

1% acetic acid, 5% methanol in water. . :\
a ) ' 1

(c) Activity from Page-SDS . ' ,

Gels, 8xU.5,cm, were prepared in 0,1 M sodidm phosphate, pH

7.2 containing 0.1% SDS as described by WEber"and,Osbdrn (i975):
« The gels, were dredared with 7,5% acrylamide with 3% crosslinking
The gels were electrophoresednfor 1 h at a Tow current of 1
mA/ge1 and then Toaded with an a11quot of 50 pl of ka111kre1n

solution, contajning from 5 to. 50 ug enzyme. The gels were
A

-

min and then stained with Cbémaﬁéie Blue in ﬁéthano??acetic acid’

- g

1Y)
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electrophoresed at 8 mA/gel together with a gel which was Toaded

with a standard protein mixture (Pharmacia). When the tracking

j]

] i
dye, bromophenol blue, reached a level close to the bottom of the -/

gel,.the electroph&resis was stppped.' The gels were sliced with
- -~ ) . - -
- a ﬁ%vice obtained from Miles laboratories and the slices were

<

~ .
M Tris-HCT buffer with a Polytron (Kinematic

fomed

dispersed 1in 0.

-]

o

© GMBH, Switzerlan ), The activities -of the suspensions were

~

.

measured with BAEE.

(ii1) Amjﬁo Acids

The purified enzyme (about 20 - 30 pg) was .ﬁydrolyzed in
ev§cuated sealed tubes in 6 M HC1 at 1100¢C for 24 h. ‘T%ﬁ/solu-l
tion~was evaporated‘tq dryness and the residue suspended in 100
pl of 0.2 M citrate buffer, pH 2.2. Ané]yse§ were performéd with
a Beckman Model 6300 Automatic Amino Acid Analyser, with the
;yséEm'reéommended by the Béckman Company. Separate samples-were’
oxidized with penfor@ic acid at 2°C for 4 h and then analyzed for

cysteic acid and methionine sulfone following acid hydrolysis

»
-

(Hirs, 1967). ‘
Tryptophan was determined by :the metﬁod of Goodwin and
Morton (1946). J> N .
From the absorption -measurements at 294.4 and 280 nm one can

calculate the tyrosine/tryptophan ratjo with the equation: '

@

. .
W ‘ : :
- A
.
.
.



<J '’

-39~ -

: 2
Tzrosine — 0.592 Argyey = 0.263 Asgp
Tryptophan 0.263 Aggg = 0.170 Aggyey

ki

The“wavelength of 294.4 mm represents the‘ispsbestic point
for tyrosine and tryptophan at pH 13.0 (0.1 M NaOH) with a molar
extinction coefficient A = 2,395 em- 1, ’

At 280 nm the molar extinction coefficients of tyrosine and

~tryptophan at pH 13.0 are respectively, A = 1,540 and A = 5,340

Sﬁ‘l- Since both“ wavelengths are close"to the wmaximum

absorption, the stopes of the absorption curves are not yet' too

steep and the method is fairly reliab]e'when : ' ]
a)®eer's law applies

b) no other absorbing materials are present, -and "

c) the molar extinction coefficients of tyrosine and
tryptophan are independent of their 1;corporation
into proteins. ‘

To ensure that the extinction coefficients are independent

of incorporation into the polypeptide chain the 6rotein solutions

at pH 13.0 were heated at 70° for 1 hour.

o

6

(iv) Carbohydrates

. Carbohydrates were asssayed by the method of Dubois et al..

(1956) using a mixture of ‘'galactosé and mannose (1:1) as stand-
ard. The method of Warren (1959) was used for sialic acid deter-

minations’after hydrolysis at pH 2.0 and 80°C for 1h.

»

v

\
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* The purified enzyme was also chromatographed on Concanavalin
\ - o

o
A- and wheat germ lectin- Sepharose (both purchased from Sigma)..

. % ) N\
(v) N-Terminal end group -
The phenylthiohydantoin derivative was'bbtained by the Edman

‘method (Edman and Begg, 1967). The phenylthiohydantoin residue
was identified by reversed phase “chromatography hs}n% an® N

Ultrasphere-0bS, (4.6 x 250 mm ) column obtained from Beckman

~

Instruments. HPLC was carhied out ,with the ternary isocratic
solvent system; consisting of 68.5% of 0.01 M sodium acetaie,(pH
5.2), 31.5%_acet6nitrile plus 0.5% dich1oroéthane as described by
Lottspeich (1980). The HPLC was carried out at room temperature

I3 .

using a Beckman HPLC, system a fliow rate of 1.0 ml/min anh a

!

detection wavelength at 265 nm.

-~

{

(vi) Preparation of az-MacroéTobu1in. oo

Plasma was obtained from volunteers. ay~-Macrogiobulin
was prepared according to the method of Richman and Verpoorte
(1981) and assaye&‘as decribed by Ganrot (1966). C

The purity of the g,-macroglobulin preparation was deter-
mined by gel electrophoresis in the presence of dodecyTsulfate

and by HPLC on a Spherogel TSK 4800SW (7.5 x 300 mm) column with
0.02 M phosphate buffer, pH 6.0 and a flow rate of 0.5 ml/min.

>



e

] -

. 4. Physical.Methods:.

(i) Isoelectric Focusing .

Isoelectric focusing was done using a LKB 8101 column (LKB,
Sweden). The pH gradients were formed with Pharmalyte pH 3-10 or
Pharmalyte pH 2.5-5.0 in sucrose density gradients. The anolyte
(+) and catolyte (-) solutions were, respegtively, 0.01 M

sulfuric acid and 0.1% dimethylamine or 0.1 M Na(H,

(ii) Ultra Violet Absorption Spectra

Ultra violet absorption spectra were measured with a Cary
Model 14 recording speétrpphotometer. ‘The rate of hydrolysis of
BAEE by the salivary kallikrein was also followed on this

spectrophotometer.

(114) Sedimentation Equilibrium

The molecular weight, Mw, of salivary kallikrein from norma1
individuals was calculated from schlieren pictures taken at sedi-
mentation Pquilibrium. The experiment was done with a Spinco
Model E analytical ultracentrifuge at 200 uéihg a double sector
centerpiece.

A solution of pure kallikrein cantaining ca 150 pg enzyme
was exhaustively dialysed against water and‘then freeze dried.
The protein was redissolved in 100 pl of 0.1 M sodium acetate
buffer, pH 5.0 and transferred to one sector of\the double sector

cell. In the othersector was placed 110 pl of acetate buffer.



o

An initial rotor speed of 15,000 rpm (revolutions, per minute) was

used for 3 h, after which the rotor speed was reduced to 11,000

rpr.

T

he run was continued for another 16 h and pictures were

a

taken using a bar angle of* 40 degrees.

o

The molecular weight, Mw was calculated by the method of

’ € .
Lamm (1929), using ths following equation:

Mw

B
Sr

It can

[y

2RT d[ In (1/r dc/dr)]

[

(1-vp)w?,. dr? .

"
°
P q

¢ - -

, where R is the molecular gas c0n§;%nt ( 8.3f4%x 107 ergss

1

g N per degree per mole)

Q
»

temperature in K ' 4

angular velocity (2m x Fevotutions per §ec);~ .

<

partial specific volume of kallikrein which was
calculated from the amino acid composition as suggested

by Cohn and Edsall (1543). o K

..

the density of 0.1 M sodjum acetate

“the distance. in cm from a position in the cell to the

[N

'3
axis of rotation.

the distance between the schlieren patterns produced by

o

the two sectors of tﬁ% cell at the same distance r from

~ o

the axis of rotation. \

Y

N

be seen frém,the equation that a plot of In (1/r dc/dr)

A

°
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EX

versus r2 should yield the molecular weight Mw.
Once the value of Mw is obtained‘one can estimatemthe ratio of

the kallikrein concentrations at the cell bottaﬁ and the menjscug

by the equation: .
My = RT de/dr ' e
(1-vp) w? rc .

In this calculation it was assumed that  the Mw By the latter

» %

equation 'egua1s the value of Mw as ca]cu]éted by the .Lamm

: . *
equation. L
So that: |, Lot - o

l&c/dr‘ i

| re« | meniscus | re | cell bottom
L]

This equatio%"can be used to calculate the concentration ratios
at any two positions in the cell. .

Q N N
]

(iv) Fluorimetry . —
Fluorescence measurements were made with an Aminco-Bowman

spectrofluorimeter at room temperature, using a 3 mm square

cuvette which requires only 100 ul of solution. The method of

> Melhuish (1962) was used, to correct the spectra for variation in-
- S

\ .
*transmission, photomultiplier response and light source intensity

a

with wavelength. ' '

-
.

A horizontially oriented polarizer was used in. the

excitation beam to reduce scattering during measurements on the

«

intrinsic fluorescence (Chen, 1966). x

K ‘ \

|dc/drl ' -

<°
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" The sintrinsic fluorescence spectra of proteins _can be
analysed to determine the number of indegéndent contributing
fluorophores, that is, fluorescing cqyéonents~ (Weber, 1961).
These analyses can be done by simple algebrdic ca]bdlations. The
fluorescence intensities at n different ‘wave1engths ‘ﬁust Be

. . v
measured with m different.wavelangths of excitation. A rank
ané]yses of the resulting m x n matrix then wf11 give the numbér
of fluprophores, 'since the rank of a matrix is the order of -the
largest square subTatrix whose determinant is different from
zerﬁ. The determinant o% a submatrix is considengd zero as ifs
value divided bX the permanent, which 1is the sum of all.the ,
determinant prodd%ts, falls within the experimental error of|the
fluorescence iﬁtensity measurements. Q -

" Since only three f]uorophore§, i.e., tryptophan} tyrosiqe
and phenylalanine contribute to the intrinsic f]uorQ§cence

spectra, a 4 x 4 matrix normé]]y suffices to determine whether

all the groups contribute. Four different emission spectra were

s

measured for kallikrein, each with a different ,excitation e

wavelength. The ‘fluore§cent “intensities at four .dif%erent

wavelengths in- each spectrum were corrected.according to.Melhuish-
. 7

(1962) and the corrected intensities were combined in a 4 x 4

' °

matrix and then analysed. ) .

-

Reference spectraswere measured with N-acetyl tyrosine ethyl

[

ester and N-acetyl tﬁyptophan;l'hy] ester, both purchased from

L]

Aldrich Chemical Co.

a -

A

/
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' be expressed as:

.
.
~4h- ° ¥
.

(v) Circular Dichrofsm.’ ' .

©

Y

The carcu]ar dichroism (CD) was -measured below 250nm, using

"a Cary 6001 . 1nstrument. The data ' were: converted to

deg.cm2,dmoT-1 4sing a mean residue wéiéht of 106 whjch was»
calculated from ‘the amino acid composition. The experiﬁents were
conducted’wirh protein concentrations of about 100 pg per ml in a
Imm cuvette.

2

The mean residue ellipticity, [e], at any wavelength, A, can

S

JL6] = fy Lely-+ g Lol + fy [ol + R [olp

(Chang et :gl., 1978) where [ely, [e]B, [t and [elg are
the' reference ellipticity values of the a~helix, p-form, B-turn
and unorderedg form at the wavelength A. The fj's are the

corresponding fraetions of fhe s%ructura1 elements so that « -

sfj =l and 1> fj>0

.

The superscript n refers to the average number of amino acid
residues per helical segment and was chosen to be n = 10.
\ ®

To account for the chain ]ength dependence of the reference

value of [ely one can use ': [6Iyf = [ely (l-k(n) where

" [0I7 refers to a helix of infinite length and k is a wavélength
H .

dependent constant’ Values ®for Leln, k,. [9]6, Lely and

A*4

¥ : .
re obtained from Dr Yang {personal communication).
: 1
pef 4 reference spectra and ‘the equation for the

- t
observed mean residue ellipticities the fractions of secondary

structure of the salivary kallikrein were estimated by a least

o

-
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CHAPTER 3
FRACTIONATION OF WHOLE SALIVA . ' .
1. Results

(1) Fractionation
. v ~
Whole saliva was "obtained after stimulation by chewing
parafilm wax. The saliva was kept frozen until used. About 500
mt of saliva was thawed and'centﬁifuged at 4000x g for 10 min.
The supernatant was collected and filtered through'a nylon screen
with 37 pm mesh opening to remove any other particulate material-
s. The clear solution was directly poured over a 10 %3 cm bEAE-
Sephacel cofumn equilibrated with 0.01M sodium phosphate buffer,
pH 8.0. The unbound material was c_oﬁted and after all of the
saliva supernatant had pa§sed thrdhgh, the column was washed wi%h
0.01 M sodijum phosphate buffer, pH 8.0. Washing with this phos-
phate buffer initially increased the absorbance of the eff]uent

and was continued until the eluate had a very low absorbance at

280 nm. The column was then further washed with 0.1 M sodium

" acetate buffer, pH 5.5. The absorbance of the eluate at 280 nm,

which was monitored, showed that this‘buféer removed more materi-
al from the column.  When the absorbance was approximately zero
the column was washed with 0.1 M sodium acetate, pH 5.5 contain- ’
ing 0.5 M NaCl to remove the remainipg protein. The -chromatogram

~ .
obtained with saliva of normal individuals is shown in Fig 4.

Each set of fractions were dialysed against distil]édﬂwater and
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Fig 4.: Fractjonation of normal filtered whole saliva superna-

tant by DEAE-Sephaée] cHromatographya A DEAE-Sephacel
column 10 x-3 cm , equilibrated with 0.01 M phosphate,
pH 8.0 was loaded with 500 ml saliva supernatant.
After afl the saliva had passed through, the column was _,
washed with buffers.  Four fractions were obtained
which are respectively ; unbound material (I), material
eluted with 0.01 M phosphate (II), with 0.1 M sodium
acetate pH 5.5 (IT1) and with 0.1 M sodiué acetate, pH
5.5 containing 0.5 M NaCl (IV). Only fraction IV
showed arginine esterase activity wbﬁch .was assayed
with BAEE. The activity is expﬁessed/in pmole arginine
ester hydrolysed per min at 379C and pH 8.0.

The arrows indicate cEanges in the eluant; to
0.01 M phosphate, pH 8.0.at a; to 0.1 M sodium acetate
pH 6.5 at by and to 0.1, M sodiun acetate plus

0.5 M sodium chloride, pH 5.5 at c.

&
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1

used for further experiments. r
¥

Separate experiments were conducted with normal whole saliva

and \the whole saliva from CF patients. The amounts of non-dialy-

sable\ materials in the 4 fractions were weighed after drying and |

the results are summarised in Table 1.

(i1) Gel \Eleagrophoresis
The kesults of SDS-PAGE of the 1individual DEAE-Sephacel

b

pH 8.3 are shown jﬁ Fig. 5. The gels were stained

with‘Coomass e Blue as_shown {n‘Fig. 5A, or with Schiff's reagent
after periodig acid oxidétion, seg;Figl 5B.. The latter staining
method gives broader bands:but also demonstrates the presence of
seve}al carbohydrate containing components of fairly high Mw
values.

The Mmajor components whichQs}ained with Coomassie Blue do
appear to contéin Tittle or no carbohydrate. No difference has
been detected between the various comparable fractions obtained
from norméi'or CF'saliva, at least ﬁot in the predominant protein
and carbohydrate compounds. There appears a difference in fract-
ion IV obtained by é]utiqg the DEAE-Sephacel column with 0.1 M

sodium acetate buffer plus 0.5 M NaCl. This fraction from normal

saliva contains a band which stains with Coomassie Blue and which

"has a Mw value of about 30,000. However, when the same gels

after staining with Coomassie Blue were treated with the silver

stain this band disappeared, see Fig. 6. With silver stain one
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Table 1

3
a

I

- DERE-Sephacel fractionation of filtered saliva supernatant.

-~ N
¥

Frqction ’ EF Normal
mg* mg*
Non=bound ‘ " ' 12.4 -+ 8.5
0.01M Phosphate, pH 8.0 5.1 . 2.7
0.1 Sodium acetate, pH 5.5 .33 3.0
0.1M sodium‘acetate/0.5M¢NaCl .  * . ° 7.6 4.7

~ ~ A

u

-

*Average of samples taken from 3 individuals, original voTume 10

. m].“

«

o
st @
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: SDS-PAGE at pH 8.3 of fractichs from DEAE-Sephacel” chro-

¥
matography. The gels' were stained with Coomassie Blue
(A) or with Schiff's reagent' after periodic ‘acid oxida-

tion (B). CF saliva fractions I te IV in lanes 1 to 4, .

P ™

I3

normal saliva fractions I to IV in Tanes 5 to 8§ Each
jane was loaded with 100 pg material. The arrow indi-
cates the position of the 30,000 Mw po]ypeptfdg whicﬁ//

appears to be absent in CF.
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2
N

The gel shown in Fig. 5A was washed‘free of Coomassie

Blue and stained by the silver staining proceduré.

. The DEAE-Sephacel fractions I to IV from CF saliva in

Tanes 1 to 4, and fractions I to IV from normal saliva

in lanes 5 to 8.

>
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observes more bands than with Coomassie Blue, however, the
patterns obtained with normal and CF fractions are still gqualita-

tively the same.
-

(i11) Esterase Activity in Hho%e Saliva’

The esterase in whole ;a1iva supernatant is very stable,
The supernatant can be stored at 25° for at least 72 h without
any 1ds§ in activity. :At~1east 70% of the-%sterase activity in
&ho]e saliva supernatant .can be found in fraction IV from DEAE-
Sephacel obtained with 0.1 M sodiup acetate/0.5 M~Nacl, pH 5.5,

‘The esterase is degraded rapidly by trypsin, but this reaction is

blocked by soybean trypsin inhibitor (STBI). The argiﬁine ester-

ase in saliva supernatant does not appear to be active_ against

BAPNA (benzoyl arginine-p-nitroanilide),and it is not inhibited

by STBI although it is-inhibited by bovine pancreatic ‘trypsin in-
)

hibitor (BPTI). Inhibitors of the esterase will be discussed in

detail in the next chapter,
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Whole saliva was ohtained from normal ind?:?éua1s and CF pa-

\

tients while they were chewing dental wax. The saliva was mostly

q %

2. Discussion™

O o

go]]ecteb during the afternoon-or early at night, thds at compar-
able stages during the daily cycles of the 'salivary glands

(Dawes, 1974). The CF patienfs were young adults who had been

[

known to have the disease for about 15 years or'1onger25 Because

of thein ages ghé age matching of saliva contro]sb was no

»
[

problem. s O

4
&

The initial fractionation of:cgntrifuged whole saliva by
DEAE-Sephacel chromatography resulted in four fractions: A
surprisingly Targe amount ?f macromolecular materials, imost]y
protein, did not bind to the DEAE-Sephacel at the pH of the
saliva which ise gorma11y .close to pH 7.8. Furthekm re some
compounds, again mostly protein that bound very wpak]y could be
eluted with 0.01. M sodium phosphate buffer, pH ‘8.0 (frahtion
II). We suspect that these frahtidns of .macromolecules” form Targe
aggregates’ in solution thch either did not‘biﬂd or bound very
Qeak]y to thé DEAE:§ephace1. The effect of'the phosphate ions on

this b%nding, however,.at this moment is not clear.

3
s ®

The .amounts of non-dialysable materials, that is, the four

fractions obtaihgd By chromatogréphy were more or less® the same

for normal and"CF saliva. #choughl the CF saliva showed consis-’

tently larger amounts of macromolecular compounds in the non-

bound fraction I.

P

—
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et al', 1981),
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3

« Gel" electrophoresis of. all fractions from DEAE-Sephacel
hromatoyraphy at PH 8.9 was’ attempted. The resufts were dis-
appointing in that the non-bound material (fraction I) did not

move into”the gel at all whereas most of the materials in fracti-

o

“ .

on II also refused to move into the gel.
1

Gel qlectrophoresis in the presence of SDS was .more interes-

a

tWhg and demonstrated the qualitative similarity in the macro-
4] . \
Mlecular compositions of centrifuged control and CF saliva. Not

only were the\?oomassie Rlue sta&ged gels very much a1ihe, attes- .

o

ting to the similar protE1n compositions, the gels stainéd with

Sch1ff s ,reagent also showed that the carbohydrate compounds fre

s1n11ar. Only one band in the Coomass1e B]ue sta1hed ge]s of

i

fraction v from DEAE ~Sephacel chromatography wath Mw of approxi-
ANES

nate]y 30 000 appears absent in the CF samples. A]though th1s
§

band was noted on several occas1ons it was not cons1stent and we

have no evidence to show whether or not. this band is related to

4

CF.  Furthermore when'the gels were stained°with:Coomassie Blue

Al

-~

and then washed with 40% méthano1/10% acetic acid“(v/v) Tollowed
by 10% ethand]/S% acet1¢ ac1d (v/v) this band d1sappeared and
was not found by sta1n1ng with the s11ver Stain reagent (Merru] .
it may therefore be argued that th1s band .
represents a protein WhTCh is rather poor]y f1xed,1n the gel and
that it _could be {ost during staining. Thus it seems possib1e
that this component may. a1so be present in the CF saliliva. The

procedure for staining for phosphate (Cutt1ng et a].,°1973) has \‘

1

Y ®

©

o

o o
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PAGI .
also been applied. This method gives much Tess sharply defdned

bﬁﬁds. The ge1sj06tainéd by SDS-PAGE showed very broad,zones of
phosphate which indicated that the 3 wmajor protqim co&gonents,
with Mw about 60,000, and also the catbohydrate components
contained phosphorous. -Because of Fhis observation it s
suggested that the major pr&tein components are phosphoproteins,

probably proteins nd ¢ of Bennick (Bennick, 1977) and that

" they show abnormal elec rophoretic mobility during, SDS-PAGE.

About 75% of the a
. SN
fuged whole sa1iva&poyﬂd/

fraction on DEAE-Sephacel. Although CE saliva at first appeared

to have slightly less activity fhah normal saliva, a statistical

I [

6* .

material served as'a starting material for the firther purifica-

" tion of salivary kallikrein. .

énalysis of the dg}a indicated® no significant difference. This
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CHAPTER 4 ) . ~
PURIF&CATION AND CHARAGTERIZATION OF KALLIKREIN FROM 'NDRMAL'
INDIVIDUALS ,
1. Results ‘ ) " ’

A. Purification

(1) DEAE-Sephacel column chromatobraphy*' )

w\o1g saliva was centrifugep, filtered and the-clear super-
natant was chromatographed on a DEAE-Sephacel column as described
in the previous chapter. . .

>

The érginine esterase activity was eluted with 0.1 M sodium

- acetate, pH 5.5 containing 0.5 M NaCl (see chhpfer 3), Fig. 4,

fraction . The combined fractions with arginine esterase acti-

. -
vity, were dialysed against saturated ammonium sulfate which pre-

L3 -

'~cipitated the enzyme.

(11) Sephacryl S-200 column chromatography

The material precipitated with ammonium sulphate was extrac-

“

ted 2x with a small -amount of 40% saturated ammonium sulfate.

* The combined extracts were pooled and contained 100% of the enzy-

matic activity. This solution was again dialysed against satura-

ted ammonium, sulfate and the precipitate was collected. The

precipitate was.dissolved in a small volume of water and then
. ) . . ®
chromatographed on a 60 x 1.5 cm column of" Sephgcry1 5-200

equilibrated with 0.02 M sodium acg}aie pH 5.5. The column was .-

. o
fa t\. N \
-
3

i

¥



eluted with the same acetate buffer and: the results are shown in
Fig 7.
" (111) Affinity Chromatography on BPFI-Sepharose 4B .

The m?st active fractions after chromatography‘on tﬁe Sepha-~
cry1hS-200 ;olumn were dialysed briefly againsi distilled ?Gter
and adjusted. to pH 8.0 with phosphate buffer to a final concen~
tration of 0,05 M, 'Soybean trypsin inhihitor (SBTI), b.Ol volume

- of a 0.2% solution, was added and the solution was chromatograph-
ed on a BPTI-Sepharose 4B column. When the solution had comple-
tely run into the column the elution was started with 0.05 M

. phosphate buffer until the absorbance of the effluent at 280 nm
was essentially zero. Further washigg of the column wi?h phosph-
ate buffer was done while the ;bsorbqnce of the effluent was mon-
itored 4t 230 nm, until this absorbance was also virtually zero.
The enzymg bound §trong]y to the column at pH 8.0 'but could be
vgluted by—washing with 0.05 M sodjum acetate, pHéSYS, see’ Fig.
R 1.7 " y

(iv) High Bbrf&?mance 1iquid chrnﬁatography {(HPLC)

The active fractionj:irom‘%he BPTI affinity co]uﬁn chromato-
graphy, were dialysed aga1‘st water an& concentrated by freeze
dr§5q§4to'2‘vo]ume of less.than 0.5 ml. The pH was adjusted by

- addition of sodium phosphate buffer pH 6.0, to a final concen-

tration of 0.02 M. The solution was chromatographed on a

L]
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v

e - -
Fig. 7 : Chromatography of partially purified salivary kallikrein
on Sephacryl $-200, with 0.02 M sodium acetate, pH 5.5.
The 60 X 1.5 cm column was eluted with a flow rate of 15 -
. ml per hour at 29C. The absorption of the fractions was

measured at 280 nm and the arginine esterase activity

was monitored with the substrate BAEE.

q“) [
- . .
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Fig., 8 :

1 -64-

4 |

The affinity chromatograﬁhy of partially purified kalli-

"krein on a BPTI-SepharosgAB column. The column was

washed first with 0,05 M phosphate _buffer, pH 8.0 which,
at arrow a, was changed to 0.05 M acetate buffer pH

3.3. ’

The absorbance was measured at 280 nm as well as 230 nm

before the change “in--buffer. Activ’ was followed

using BAEE for substrate. '
I

-~

-
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0.75-x 30 cm Spherogel TSK 3000 SW column. ’Thgﬂ olumn was loaded
3 - i
with 0,1 m1 of the protein solution and & flow rgte of 0.5 ml per

min was maintained. As shown in Fig 9, HPLC resulted in-three
Pl " ‘a °

. fractions but more than 80% of ‘the arginine esterase activity was

found in the xfirst peak. While the Tast peak d]d Qot contain any .

arg1n1ne ‘esterase activity. ) s

o

o

The procedure for the purification of salivary kallikrein is
summarised in Table II. No excessive loss of activity was obser-
. .,

< ved during any of the purification steps. Althqugh affinity
k.x

; D . __chromatography on the BPTI- Sepharose column prov1de% thﬁ~dargest\ "
N . pur1f1cat1on factor of* a sxngfﬁ step in the proceduré the enzyme '@;-l
¥ L B \1
~ . . was -still not pure after pass:ng thrOUQh the co]umn. Jhe last = -
£ Du oy _‘\ « * 9

T step in the purification‘procedﬂre was done by HPLC at*pH 6.0 and

th1s removes the remalnlng 1nac%1ve mater]a]s from the‘enzyme. v

. - N * '3 - N
- ” " - *
o - - . - X ) “n ““' " 3 ﬁ“]
) I . ) ' s a;. ! - ¢ ’ * ’ ? i
-ﬂ © .+ .. . B. Purity of thegallikretn .’s * . . . .
T p The ‘solutionj contain;ng the argininer esterase activity
. obtained by HPLC was dialysed against water, .concenfrated and .
. A . N [ ! . - 0‘ - -'”
- . rechromafbgraphed on the BPLC colymn. A sxng]e peak was obta1ned '
, * '.~' '(see F1g. 10) In ordén.to .assess: the homogenew%g further the .o
. - # *
Kl -~ IS
I ’ so]ution from the first HPLC peak was’ subJthed\to 1soe1ectr1o
o : : focus1ng 1n the range of PH 3<0 to 10.0 and a1so in the rapge of
T o - N S
- . . pﬁ‘z 5 t0.5.0, A typ1Ea1 pattern obtained with the prote1n is
. C. 7™ shown in F1g. 11. A s1ng19 esterase activity peak\ pI = 4,07 was -
w ’ Pt ' ? A = . o ¥ " , ™
! : N ) \ 4 LS :\ »
. * 4 - 4 ?‘1 .
c . o N " r “ /)
' - ¥ s ¢ ’ ) . ' ’ -
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/f" About 80% of theL\arg'iniqe esterase activity emerged.
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Table 11

Purification of Normal Human Salivary Kallikrein

e

Preparation Volume Proteina) Total Specificb) Total # Yield Purification
protein activity Units
{steps) {m1) (mg/m1)  (mg) (nmol/min/ (nmol/min) (%) (fold)
mg protein) -
1. Whole saliva centrifuged ,
and Piltered 500,0 1.21 505.0 1.78 1076.9 ) 100.0 1.0

2, DEAE-Sephacel 74,0 0,80 59,2 . 15.96 944.8 87.7 9.0
3, Sephacryl 5-200 50.0 .240 12.0 60.50 726.0 67.4 34.0
4: BPTI-Affinity ) 4,5 Q;1150 0.520 987;0 510.8 47.4 . 544,0
§. HPLC ’ 7.5 0.0102 0.0765 4880.0 373.3 34,7 2742.0
a) Data based on the protein assay by the Bio-Rad méthod. R )

b) BAEE was the substrate used.

’3‘,
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. krejn with Pharmalyte pH 2.5 = 5.01 The experiment

2 N
® - .

_. " 'sucrose density gradient.

) -
-«

. The pH of each fraction was measumd on a pH meter
. . - .

S TR .
- 7rassayed with BAEE.
‘ e ' = ! . » ©
v‘—"&:' “

o
B

Isoelectric focusing of purified human salivary gé11i-~i

was -conducted at 500V for 24h at Tow temperature’in a ..

]

. dag o . . .
friom quiometer‘ topenhagen, - and the activity .was

%
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ohtained,, and no other protein could be TUetected by absorhance .
measwrements at 280 nm, u b . . ? i

» .. o v -
‘ | CoL
C. fiel Zlectrophoresis” T . . . -
(<Y Gel ein trophoresis at pH 9.5 ] o

The pesults of a typical polyacrylonide gel electrophoresis
. . :

avperinent at pi 9,5 is shown in Fig. 12A. The eniyme noves a

™ 4 N l_'ga o

frir Aista wua, intn the gl 3nd shows only 3 single band. > .

-

v

(i) ael electrophbresis in the presence of 508 :

. . ] ’
Polyacrylanide gel electrophoresis in the presence of SPS .

1]

has beef carried out with the active fraction ohtained hy HPLC

and also with- the inactive naterial that endérges from the column

.

between 31 and 34 min {see Fiy., 9 on paue 67). .

I ) M

No impurities in the active fraction from HPLC could be

detected, see.Fig. 12R. From the mohility of the enzyné in the

o

gel, a Mw of about 40,600 + 1,800 (n = 6) has been calculated.
The same resu1t has been obtained when the electrophoresis was

done at hH 7.2 in tubes. In the Tatter case a-slice containing- ,

~the, protevn was cut from a gel whvch Was not sta1ned" Fhe .gel .
P } .
was homogenized in 0.1 M TriszHCl., pH 8.0 and the suspens10n'was ,

'

& s -
-

‘shaken gently overnight at.20, . About 50% of the arg#h1ne ester- s

-ase acth1ty that was 1oaded onto the'ge1 was found sin the s]wce /-

-

extractu‘




Fig. 12 : Gel e1ectr-oph(;r‘es1's o:fhpuriﬁedckaal‘l-ikr‘ein at "’

. ~pH'9.5 (A) and at pH-8.3«in the presence of SDS
AN

o

_QThe’ gei electrophoresis of " a ‘$fandafd mixture for

o molecular weight deter:m'inatipn‘is shgwn in lane 1Y,

i

) purified k.a]]'ikrein is shown in lane 2 while «the last
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The Mw of the enzyme was. not changed by boiling-the sample,
~
by treatment of the sample with 9 M urea “Sr by addition of

Rl

g~mercaptoethanol prior to electrophoresis.

\
“
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0. Sedimentation Equilibrium ¢

The molecular weight§of kallikrein in 0.1 M_sodium acetate
buffer, pH 5.0 wasyca]cu]atéd from a~sedimentation equilibriun
experimnent. The regujts frdm an analysis of a schlieren picture
taken at equilibrium are shown in the inset of Fig., 13. The Lamm
pﬂotn(Fig. 13) was 11near hetweeﬂ the merfiscus and a level in the

2

cell close te the ce]] bottum where the prote1n concentrattdn was

© 3.42- ¥imes the cuncentratwon_et the ‘meniscus. - A molecular wewght‘

of 39,700 was calculated from the slope @ the Lamm plot’ when a

. A
partial specific vollime of .v-= 0.71 was used.
Ay . ~ . . . M
a ., 9
N - 4"“ N ! w ‘ e ’
¥ v b'
-' . e ) . ”
E. Enzymatic Properties R ST e g
(1) Demonstrat1on of kaT]tkrean activity ° .

L4 L]

An aliquot (2& u]) of a so]ut10n of pure arg1n1ne esterase
after HPLC was added to a so]ut1on Qf ac1d treated dog p1asma

buffered gt -pH 7. 3. After 1ncubat1n% at 370 the so]ut10n was -

nl

extracted with, ethano] and the extract tested ﬁor k1n1ﬁst The )

- results bf this’ assay u51ng rat uterus 15 shown rQ~F1g. 14 ’
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Fig, 13
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Sédimenta(tio;l ‘equﬂibrium; of purified human salivary
kaTHkrei‘n (1.7 mg/m1) in 0.1 M sodium acetate bt}ffer,
pH 5.0 at 11006 #pc% and-16.79C. The inset shows the
schlieren ;;ictur'e from leiﬁ‘ch the molecular weight-was

calculated. Pt ° K
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Fig. 14 :

78

e

The contract on of isolated rat uterus by an extract of
4 L
acid treated dog plasma after incubation with purified|

arginine esterase. The. isolated rat uter%s was sus-

pended in a 6 ml bath containing dé Jalon solution with

10-% M atropine and 10-° ’ pyrilamine sulfate.
Acid treated dog plasma (5 ml) was incubated with
0:5 ml pure salivary kallikrein, at pH 7.3 and at 370,
for 2 h and the kinin precipitated with ethanol as des-
sciribed by Horton (1959). The kinin was redissolved in
a small volume of de Jalon solution and aliquots werd
usedto contract .the uterus. At the arrow (a) 25 pl of
the kinin solution (the equfJalent of 2,5 pg kalli-
krein) was added tg bheebath. After _about 6 min. tqe.
kinin effect decreases and the pattern returns to
normal (b). -
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When the same purified arqinine OStEPaSP was 1nj@cted~intrq¢

. - venéus]y into a rabbit a dramatwc 10W@r1ng of the blood pressure

- ~ - s

CoWe
~  was observed almost 1nstantaneous1y.4 An amount of enzyme equiva-

lent to about 5 ml o? saliva reduced the blood pres$ure from 50 .

]

" mm Hy to 30 mm Hg. ' ’

The'burifﬁed,sa1i§ary%$g11ikrein\did not cleave azocasein,

. : ~ -nor N-benzoyl arginine-p-nitroanilide,
n o . ! .

. -
¥y . ’ .

.Y Y 1
) ‘ e v «

. (11) Variation. in the rédction velocity with kallikrein conen-

>

.

« - , tration

AN

'

The curve desc}ibing the.variatfon ih the rate of hydrolysis
o ' / of BAFE atapH°8.2<wiih the enzyme concentréti%n is shown “in Fig.
15, Et can bg"sgen from this plot that the arginine esterase
activity is:linear]&o p%oportiona1 to the enzyme iggﬂbntyation
. ) unti1 a concentratibn of about 20 pg per ml is reached.” At h1gh-

’ . er concentrations of enzyme the rate of hydro]ysws no 1onger

. 7 S \
\ ~

N ., /3,' 9

* increases.

(111) pH optimum and ¥tability:
3 - {
It was found that, the enzyme has an optimum pH between 8.0

and 8.5 .when BAEE was used as substrate. The activity wad

®

completely eliminated below pH 5.0, see Fig. 16.

' The enzyme -remained “activé when titrated to pH 2.5 with
phosphor1c ac1d and the activity determined after adding 10 pl of

’ . the enzmyme to 1 m] of substrate strong]y buffered at pH 8.2,

Y 4
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Fig. 16 : - The argiﬁine\3§té?é§e aétivify of salivary kallikrein

) T
{ ; ’ af various pH's;/ The activity was- determined *with
1.0 mM BAEE as ‘substrate and a protein concentration -
- 3 .
£&A %y

3
- .l

of 4 pg per ml. ',

.7, The following buffers were used : 0.1 M NaH,P0,/NaOH

4 ,
(pH 4.0 - 7.0) and 0.1 M Tris-HC1 (pH 7.0 -10.0). .,
.« 9t , , W ' . . a . , ”
S 2 . . [ e B
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. \ . but it lost- zts actw1ty acmpmtely Sn foN Jred. then heatpd at

4 » .

“pH 5.0 and 10()“(3 for.. min the engfme remamerﬂ at least 50.

. \ . . »
- active. even when 0.5% (w/v) SDS was added to the solution beXpre

. ’ ’ . - | i
. heating. Lt X : .0
. ! g . "N )
A A '\‘ . .
- . .‘(1’v)‘ The effect 01‘ ELl s,trate concgntration on enzyme activity .
"%

v s ~-  The RAEE concentratmn was varied and the actnnty of the

’ enzyme at pH 8 2 ‘was measur‘ed using ca 5 pg\V enzyme ;;er assay.A
“ The‘»dgta were )pmtted as shownﬂ ain F1g 17. At each iubstr‘ate
. cqnce%tra_tion the rate.of hg/dro]'ysis ;ua's constant for ‘at least
. 30 min. The rate of reaction increased linearly with substrate
s " gonc:éntration to about 0.6 mM. At higher substrate concentra-

. tions there appearéd Eo be a degrease ih enzymatic acivity.
' The Michaelis-Menten constant Km and also Vmax were deter-
1 “ vm;'ned“ from Lineweavgr—%urk plots. The su“bstre‘ate concentrations
. were kept, below 1 ’mM of BAEE s0 thgt’ the plot was linear, see
Fig. 18. A va]uev of K = 0.4 mM was . found by extrapolation whﬂe‘
Vmax was found tb be 20 mo]e/mn/mg protein. From the value of
Vmax and a mo]ecu]ar we1ght oF 40,000 the kcat is found to be

13 s~} assuming that the enzyme has only one~act1vews1te. )

24 . . .
+ [} »
® 2

. ’ ) N
(v) Inhibitor.studies : .
', o The arginine esterase actwﬁ;y was not inhibited by common
R : trypsin inhibjtors from s9ybean and Tima .bean. On the other

hana, aprotinin and bovine trypsin inhibitor did inhibit the

. 8 M o,

v

-
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The change in the rate of hydrolysis of BAEE with -’
- &

Y : . . °
increased substrate concentration. ~The reactions were .

. > '

carried out-at pH 8.2 and 37% ‘with 5 pg of purifijd

enzyme per ml. -
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v

: when BAEE is used for substrate.

s b

¥ . ) [ A ° LA
¢ s e .
esterase _activity. The Lstprase actiVity of hinan salivary

° rd

kallikrein was 1nh1b3t9d by d1150propy1 fiuurophOSphate (DER).

w

However, a concentration a? 3 m DFP inhibited the esteroiytic
1]

activity of trypsin tn a ]argernmxbpn thon the activity gf the

salivary Kall®-rein by DFP it was concluded that it belongs to

‘e 0 -

the group.of serine proteases., The DFP infiihition is reversible

b © » f

. L}
with time, and full regovery can be obtained by dialysis of the

-

"saiple at-pH-7.0 to 840, - / )

r *

(vi)¥ The znteractaon “of &a]]1krern w1th ag-nacroglobulqn .

B LY

As is the case with trypsan, az-macrog1obu11n does not inhi-

hit the arg1n1ne asterase ,act1v1ty of the salivary ka]]wkre1n

Y

&

The interaction of $alivary kalTikrein. with a,-macroglobulin
can‘fﬂérefére be studied by chromatography on Sephacryl 5-300 and

by HPLC using a Spherogel TSK 4000SW co1umn ‘while. monitoring the

U own

argwnwne esterase activity in the eluate. T

-

No binding of kdl]ikrein by. ag-maé;oglobu]in could be de-

tected by the chromatographic méthods, see Figurq}.ZO and 21. A

similar concﬁusjon was drawn from gel electrophoresis experiments °

.in/the presence of dodecylsulfate, see Fig: 22. This Tlatter

I'4 Ll
expériment‘a]so showed that azzmacroglobulin'was not cleaved by

salivary kallikrein.

' sa1xvany:>allqkre~ (see F}g. 19}, FEron the inhibition of the -~

.

*
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'800 p,g 'of az-macroglobul i on a 60 x 1lcycolumn of

Sephacry1 $-300.
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- at pH 8.2 and at’37°C before bemg chromatographed ‘

a3 5 and the\
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A, HPLC of wy-macroglobulin. P
B. HPLC of a mixture of 400.ug of g,-macroglobulin .
and 50 pg of\K§14ikrein after 6h incubation at 370 -
H ‘ 3
p . . »
C. HPLC of 50 pg kallikrein \& . .

v

A spherogel 4000SW column was ‘used with an eluting
buffer-of 0.02 M phosphate pH 7.4, .
No activity could- be detected 4n the fractions

emerging from the column between 15 and 18 min.~
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Some data on the enzymatih activity of the human salivary

kallikrein are summarized in Table IIIf

W F, CarBohydrate Analyses .

The enzyme did not contain a detectable amount of sialic

-

acid, while the carbohydrate analysis showed less than 5% (w(W)
was present. Preliminary results with Concanavalin A-Sepharose
or Wheat germ 1ect1n~Sebharose column chromatography did not in-.

dictate ﬁinding and thus no detectable amounts of carbohydrates.

- [y
-

9

o
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P ' Table III , Co ~ : : S,
¢ . * . . B '}
. E4
- 3 s g
Enzymatic properties of Salivary‘kallikrein @) = <

M ~
¢ . M = * !

Optimum activity : pH 8.0 - 8.5 :
No activity below pH 5.0 .
Km = 0.4 mM; Vmax = 20 pmole/min /mg protein; kcat ~ 13 st oo

a

. ;F . Inhibitors b) : Pancfeatic Trypsin Inhibitor |, .

s ! . . ‘
. N Aprotinin . ‘ v

. Diisoprop}] fluorophosphate ¢)
N ‘ Produces kinin in acid ‘treated dog” p]aéma' as measured by
contraction,o;snnnea ptg iie&m and rat uterus. ’ k
Lowers blood -pressyre in rabbits. . . -

‘Does no bind to az-macrog]obu]iﬁ

- a

i -
a), In most ‘experiments benzoyl-arginine ethyl ester was used as

t

v substrate,- and the reactions were measured at pH 8.2.
b) Not inhibited by : soybean trypéin inhibitor and‘1ima beén ‘
trypsin inhibitor. ¢

¢) DFP inhibition is reversible with time.

-

d) No digestion of azocasein.

i .\J .q '
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Z. Discussion o

g

« - " 4]
» DEAE-Sephacel strongly bound about 87% of the argi‘m‘ne as~

“terase activity that remained soluble after centrifugation and

[y

filtratiofi of human whnle saliwa. From this DEAE-Sephacel frac-
& ‘

tion a very pureze\nz»ne wes optained with a yié]d of about 35%.
A study of the reaction with inhibitars -and biological assays

identified this ar:gim‘ne esterase as a kaliikrein. The yield of

phre enzyme from 500 ml of saliva was approximaté]y 0.08 mg or

4

0.12% of the non-dialysable protein material in saliva. The

purification was about 2,700 fold, when BAEE was used as sub-
>

1

st-raj:e. This pur‘if‘iication“}actor appears to be éomewhat higher
than that reported by others (Fujimoto et al., 1973, Modeer, 1977
and wongle_t_ al., 1983). This may be due to the{/ fact that HPLC
was used in the final stép of the puri¥ication reported here.
The inactive protein fraction obtained by HPLC "did not bind to
the~ BPTI~Sepharpse afﬁ'njty co1umn'\cat pH 8.0, wHen applied b;/
itself. It is therefore very likely that the saHvE:& kallikrein
binds other protein compounds strongly and that these associated

proteins can be released only by slightty acid treatment, or by

separation on HPLC using acidic buffer, as is reported 1in this)

¢ .8

. thesis.

' Gel electrophoresis in the presence of SDS gave a Mw of

[}

40,000 which is in agreement with values reported by Modeer
(1977) and Wong et al.,(1983). However, it should be noted that

the r‘eport\ed molecular weight, as determined by gel filtration

a

vy

r‘:}
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97 ‘v

#
N - . . o
. di?fered wide]y from ,28,000 :(Fujimoto et al.,1973) to 38,000
(Modeer, 1977).

® L4

The molecular weight value. obtained from sed1mentat10n 9qu1-'-
{.
11br1um was found to be 39,700. This value confirms that obtain-

Y

ed by €lectrophoresis. The partial specific volume of kallikrein

i

used in the calculation was 0.71 although a valuéﬁof v = 0.713

was ca]cu1ated from the amino acid compos1twon (Cohn and Edsal]

13

1943). ,The, slightly Tower walue was dec1ded upon to corr t, at
leaét partidlly, for the distinat possibility of electrostrlction
in view of the stﬁﬁﬁg negative charge on the enzyme.

The esterolytic activity of human salivary. kallikrein was

-

inhibited by high substrate concentrations.” But it is not un-

cbmmd{ to find, that while the Michaelis equation is obeyed at

lower concentrations, the v&locity falls off again at high con-
centrations. The decrease in reactiok velocity at high substrate

concentrations-may, be due to the enzyme substrate complex binding

additional substrate molecules, forming ineffective complexes

-

(Dixon and Webb, 1979). In the case of human salivary kallikrein
it is possible that the enzyme s inhibited by the positive
charge on the substrate when multi-substrate complexes are form-

&
ed. Preliminary experiments with polylysine showed that the en-

zyme is inhibited due to precipitationf Precipitation o
krein by BAEE has never been observed. However the hydrol
' A 8

. R s
ug/ml (or below 5 x 10-7 M). It is possible that at/higher
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v

law ‘is obeyed (Dixon and’ Hebb, 1979).

LY

concentrations the enzyme forms aggregates in the presence of

BAEE. Of course at high substrape‘concentrafion, the chance of

formation of ineffective comp1exes,‘w$th two 'or more subsfFZte

v

molecules: 5pmbined with an active site, also dncreases.® The
Lineweaver-Burk plot is not_ affected because the graph spreads
a - - 1 f

out the data for the lower substrate’ concenthations so that the

N, ‘ Iy
greater part of the curve represents the region where Michaelis'.

o
T

The dev1at1on from kjchae11s -Menten kinetics at. high- BAEE
substrate concentrat1on was ‘also observed by F1ed1er and wecle
(1968) and Zuber, and Sache (1974) ffor porc1ne pancreat1c kalli-
krein, This deviation whs also Beljeved to be kinetically.relat-
ed to the binding of a secgﬁd substrate Wo1ecu1e at a secondary
binding site in the enéyme (%ro&bridge.gg__~ , 1963).

The pH-rate profile of the éa]iva}y kallikrein with 10w con-

centrations of substrate (BAEE) shows that the enzyme is essenti-

"~ ally inactive at pH below 5.0. Abpve pH 6.0 the activity in-

creases rapidly and reaches a maximum at about .pH 8.0 - 8.5.
One could argue that a group w1th an aq/ghent pK value of about 6
1o 7 is 1nvo1ved in the activity. Such aﬂgroup is usually iden-
tified as a h1st1d1n; residue, seeifor example Bender and Kezdy
(1964) for[chymotryps1n and Gutfreund (1955) for trypsin.

At pH va1ues above 8. 5 the enzymatic ac1t1v1ty decrease;
somewhat, but not significantly as is the case for trypsin.

Similar observations were made by Fiedler and Werle (1968) for

|

4

2o

.
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« site at high pH. Thus the presence of seCondary binding sites on

n
-

*

porcine pancreatic +kallikrein. These authors suggestea that the

¥

BAEE inhibition of the enzymatic activity decreases at higher pH,

probably because -of a Tbwer affinity of the secondary binding

- O
~

: A

the .enzyme could explain both the substrate fnhibition and the
& v ‘ r

indéﬁendence of the reaction vg]bcity 0f the pH in the region

abové pH 8.5. . PR

The hurfan salivdnx kallikrein has .a low isoelectric point,
1 ‘e ‘

(pI =4.07) which confirms the data repofted by Fujimoto et al.

(1973). The ‘enzyme was hompgéneous as dem&nstrateq'by\iso§1ectr~

1

i ‘. .&.
ic focusing. This was ysed as one ¢riteria forepurity. Other

criteria that were applied to demonstrate hbmogeneity, vere PAGE
. 4
at pH 9.5 and 'SDS-PAGE at pH 8.3. The'proéein.produces a single

'‘band in either electrophoresis. Rechromateg}aphx on HPLC using

Spherogel TSK 3000SW also gave a single peak.

The enzyme Tost on}y J;O% 6f its activity when heated at
1009 for 5 min in the presence of SDS. No other band was
detected after electrophoresis in SPS ge]s; therefore there was
no cleavage of ;he protein. Circular dic;roism (cDb) méasure~
ments, to be dfscusse& in a following chapter, indicated no’

ramatic changes inlthe structure after thisﬂtreatment. However,
the pD measurements and the activity assays were conducted after
the solutjon had cooled down,'hné thus de not provide fnformation

about protein structure at elevated temperatures in the presence

of detergent. v

M o

\



bFP inhibited salivary k;ﬂh'kr'ein to a lesser .exteni.'than
trypsin. Nornaﬂy the subst1tuted phosphoryl group ij§ trans-
ferred to the gnzyme with the formation of a phosphory]ated
enzyme and the Tiberation of h,ydrogen fluoride. The phosphoryl-
ated enzyme is a comparatwely stab]e compound which in-the case
of “trypsin and chymotrypsm hydrolyses only -at a neg1191b1e
rate. In the case of kallikrein, however, the subst1t'uted enzyme

hydro]ysé’s at a measurable rate. Nevértheless the inhibition

" with DFP suggests that serine cauld be involved in the active
- p

site of kallikrein. ' N

& @

There are numerous reports in"the literature describing the

presence of plasma proteins in saliva (Sch;ﬂtze and Heremans,

¢

1966). However no interaction could be detected between

«,~macroglobulin and salivary kallikrein. Since plasma kalli-

kr‘e{n is readily bound by - macroglobulin (Harpel, 1970) our
results prove that salivary kallikrein is a different protein and
that it belong to the group of glandular kallikreins.

The experimental evidences presented earlier clearly indi-

o

cate that the salivary kallikrein is not closely related to the’

plasma kallikrein, whick/ﬁhas a much higher Mw and which consists
of several subunits (Nagase and Barr‘et;,t, 1981), On the other
hand the salivary kaHikreﬁn has several properties 1in common
with th man urbnary kallikrein (Nustad et a1., 1974). * For
example s hvary k.‘(rem like the urinary kallikrein has no

significant activity to casein, and it does not appear to react

©

Y

A

[
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with SBTI although it reacts with -aprotinin ~and BPTI.  The

7 ' . .

<

14

L4 3 Ay
p v, -

“krein vary widely and are therefore of 1ittle use for comparative

B A ®
“

purposes. - It ?s, Kowever striking that isoelectric focusing of

. ° J

salivary kallikrein demonstrated a single peak with an isoelec-

’

tric poiht between 4.0 and 4.2 that is in a reéion of pH where

L

ple forms, of urinary kdllikrein has been observed (Hojima et al.,

5 ¢ ,

1975). Thus it remains possible that” the salivary and urinary

-

kaT]ikreiﬁs are closely related. : ‘%
, . . ¢ éeems unlikely that'humqn salivary kallikrein contains a

5

majorvcarbohydratq moiety. Chemical analyses for carbohydrates

were considered negative, indicating less than 5% carbohydrate.

Furthermore. the enzyme is not adsorbed by a Concanavalin A-Sepha-

a

) _ rose or a~Wheat germ lectin-Sepharose column,

1
- 5 i
. r 5
* v .
" ¥ . &
~ ¢

L3N]

molecular weihfs reported for both salivéry and urinary kalli-"

the fraction witf the highest isoelectric point among the multi- .

‘
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.-~ ISOLATION AND CHARACTERIZATION OF CF SALIVARY. KALLIKREIN
[y ) . 2 7 ‘. N . A *

' w
s
< ) @ °
" s

v

o

T

%

1 Results “ <

Y
%
Yo A3

A. Isolation of CF salivary Kallikrein

"y The procedure followed was the.same as that developed for

©

' ‘the isolation and purificationiof salivary kallikrein from normal
individﬂals. . The det;i1s of this precedure were described in thé
previous chapter. The procedure is illustrated in a flow chart
(Figs 23). The yields of activity and the purification factors
for the individial steps in ‘the procedure are g{ven in Table IV.
From a comparison with Table II it Eén be noted that the‘results
are very much the same as those observed with the normal saliva.
Because of, these sim{1a;ibies in the individual step§ of the

.purMication procedures ‘for both kallikreins, the chromatograms

are not shown, except for the HPLC result which is i11astrated in

- 4 3

Fig. 24. The HPLC of CF kallikrein prepﬁration, after affinity
chromatography on a BPTI-Sepharose column, shows tﬁo peaks. As
is the case with the normal produ; ,Qat Teast 90% of the arginine
esterase activity emerges from the Column between 23 and 2§ min,

These results are thus identical with those obtained with normal

<

~

enzyme.

7
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Dental Wax Stimulated Saliva

. 1. Freeze And Thaw
2. Centrifuge To Remove Precipitate
3. Filter Through 354M Screen

\ 4

STEPI nChmmawgraph Clear Filtrate
On DEAE-Sephacel Column

\

»

] g i
Fraction il Fraction 1V
(EluateIn0.1M  (Eluatein 0.1 M
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1. Precipitate With Sat (NH4)pS04
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3. -Dralyse And Concentrate Extract

.
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On Sephacryl S-200 With 0 05 M Acetate pH 5.5

v
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T
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3. Add 0 01 Vol 0f 0 2% SBTI
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'
. '
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Non-Active Fraction 1l

:

v 0 05 M Phosphate EluatepH 8 D
{ Inactive )

- £ 4 - .

. STEP VI —

0 1 M Acetate EluatepH 3 3
( Active)

\ 4

1 Dialyse And Concentrate
2 HPLCIn 0 02 M PhosphateeH 6 0

v

Active Fraction |

Inactive Fraction i

@

Figure 23. Flow chart for the pdriﬁcation of salivary kallikrein.
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TABLE 1V
\ : /
Purification qf CF sa1iv?ry kaliikrein A'
Preparation Totala) ActivityP) vYield Purification
. Protein ‘ . .
(Steps) (mé) (nmo1/min/mg (%) (fold) '
' O protein)
1) Whole saliva,
centrifuged 800.00 2.24 100.0 1.0
and filtered . ‘
2) DEAE-Sephacel i
(Fraction 1V)  95.94 14.53 77.8 6.5
3) Sephacryil . .
=200 15.96 70.8 63.1 31.6
4) BPTI-Affinity 0,60 1675.0 56.1 747.8
'5) WPLC 0.0428 «  6579.0 15.7  2937.1

a) Data based on the protein assay by the Bio-Rad method

L4

(Bradford, 1976).

Y

b) The substrate used was BAEE.

c) 500 ml of whole filtered saliva was used.

a
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- after BPTI-Affinity ‘chromatography. The esterase
activity was found in the first peak emerq}gg from the

column between 23 and 26 mi
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B. Electrophoresis . . -

7 the Mw value of the kallikrein' from normal individuals.
Lo ! .

“in Fig. 27.

(1) Gel e]ectroﬁhoreéis at°pH 9.5 ‘
After po]yacry1am1de°geﬁ e]ectrophoresis at pH 9.5 only one

band cou]d be observed upon staining with Coomasswe Blue. f[he

L
A

mobility of fhis band was identical to that of kéﬁ]vkre1n from* '

normal saliva, see Fig. 25. {/ .a

¥

¥

1{? Ge? e1ectrophores1s in ﬁhe presence of SDS~
Gel e]ectrophores1s at pH 8.3 1n the presence of SDS ‘gave a
singﬁ? bandofor the HPLC purified kallikréin of CF saliva, see
Fig. 26: The mobi1i£& of:thg enzyme'from'CF patients was also
the same as that of the normal individuals finder these denaturing

tonditions. , The value of 'Mw was calculated and found to be

40,000 + 1,800 D (débending on whether the Mw was determined at

&

o b »
. the leading or trailing edge of the band) which was the same as
Ny W ¢

’
e v

(ii1) Isoelectric focusing ' -

A solution.of the HPLC purified CF enzyme was subjected to
isoelectric focusiqg in the range pH 2.5 to 5.0. A single argin-
ine esterase activity peak with pI = 4.07 was detected in the

only protein peak observed by measuring the absorbance at 280

i TN

{

" nm, The pattérn obtained by isoelectric focusing is jllystrated r\j



Fig. 25
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salivary,kallikrein purified from noiﬂinal (1) and CF

. saliva (2).
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a

Fig. 26 : Polyacrylamide gel electrophoresis at pH 8.3 1in the

.

+ presence of SDS : (1) mixture of standard pro{eins of
given molecular weights; (2) purified kallikrein from

normal saliva and (3) purified kallikrein from saliva

#

of CF patients. Vo
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Fig. 27 : Isoelectric focusing, of purified salivary kallikrein
obtained from CF, using Pharmalyte pH 2.5 to 5.0. The
experiment was conducted in a sucrose density gradient
at low temperature and at 500V for 24h.

The pH of each fraction was measured on a Radiometer

Copenhagen, and thé activity was assayed usihg BAEE.
A"

-

- ¢
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C. Enzymatic Properties o "
i) Biological activity .

2

The enzyme caused an immediate Tlowering of blood pressdre
when injected intravenously jngo a rabbit. An amount of enzyme
equivalent to”5ml saliva gave a reduction in blood pressure from
58mm Hg to 43mm Hg. The salivary kallikrein from CF patients did

not cleave azocasein nor BAPNA,

-

7

ji) Variatjon of activity with CF kallikrein concentration.

-

The arginine esterase activity was assayed with 1.0 mM BAEE

at pH 8.2 and 370, When the activity was assaybdi from the ab- -

-3

sorbance at 253 nm after 60 min of incubation it was found to be
proportional with enzyme concentrations up to 16 pg per ml in the
é -

) - ~ 3 7 » -
assay mixture. When the initial reaction ve]oc1t1es, measured%§
4 [

during the first 10 min on a recording spectrophotometer, were

plotted, the esterase activity was found to be proportional to an
. J
enzyme concentration of up to 20pg protein per ml with 1.0 mM

LY

BAEE as substrate {Fig. 28). ‘

L4 -

v

ii1) pH optimum and stability ",

The pH optimum for the ﬁydro]ysis of BAEE by salivary kallix
krein was found to be pH 8.5 -9.0 ( Fig. 29). At pH v;?ues Tower
than 4.5 there was absolutely no hydrolysis of the substrate. At
pH va]ue§"higher than 9.0 t;ere was a small decrease in activity.

The enzyme was found “to be stable over the pH rqﬂ@e between

. 7

i 3
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.' [ ] I 1 X ] 1 ! L

O 4 8 12 16 20. 24 28 32 36 4

Mg protein /ml
H
Fig. 28 : The rates of reaction at varying enzyme (CF)

concentrations using 1.0 mM BAEE for substrate.

The rates of hydrolysis of the substrate’'were
e

‘measured during the initial 10 min at pH 8.2,

N

2

\ | :
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0-6

. umole/30min
Q
2

0-2

Fig.29 :

[N

The influence of pH on the hydrolysis of BAEE (1.0 mM)
hy 4 ug CF salivary kallikrein at 37%. The conditions
were similar to those used previously with the normal
enzyme, that is sodium phosphate buffer was used below

pH 7.0 and Tris-HC1 above pH 7.0.
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7 and 9 at room temperature., At lower pH values there was a slow
decrease _in enzyme activity but as much as 85% of the initial
activity remained after exposure to pH 4.0 for 30 min..There was
no siénificant loss of-activity at pH 8.0 when the enzyme was
heated at® 40°C, 50°C or even at 60°C. The ‘enzyme can be stored
at 0 to 4% for months without ény significant loss in act%vity.

i

jv) Determination of Km and Vmax ,

‘At Tow concentrations the reaction followed the kinetics
predicted by the Michaelis-Menten theory. However, at high BAEE
concentrations the velocities of the hydrolysis reaction deviated
again from simple Michaelis-Menten kinetics asﬂhadibeen observed

with enzyme from normal subjects. Values for the Km and Vmax for

CF salivary kallikrein with the substrate BAEE were estimated

, from Lineweéver-Burk plots and found to be: Km = 0.4mM and Vmax
21 pnole/min/mg protein (Fig. 301. From the value of Vmax a;d a
molecular weight of 40,000 thé calculated ket was %gund to be
about .14 s=1.  This value is the same aéﬁkhat found for the

normal enzyme, for which k., was calculated to be 13 s=1.

v) Inhibitor studies l .
The effects of various inhibitors ;; the CF kallikrein are

shown in Table V. The érginine esterase activity was inhibited

by bovine pancreatic trypsin inhibiﬁor, aprotinin and diisopro-

py1fluorophosphate but not by SBTI or LBTI.
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: ( BAEE )—1 mm -1

}

:

Fig. 30 : Lineweaver-Burk plot for the arginine esterase activity

of CF salivary kallikrein (5 ug). The reaction was

carried out at pH 8.2 and at 37°C.
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TABLE V

Enzymatic Properies of CF Salivary Kallikrein 2)

&

p el . s

Optimum activity : pH 8.5 - 9.0

No activity below pH 4.5 .

Km = 0.4 mM; Vmax = 21 umole/min/mg protein; keap = 14 s-!

Inhibited by b) : BPTI; aprotinin and DFP

Lowers- blood pressure in rabbits, but does not digest azocasein

a) In most experiments BAEE was used as substrate, and the

' v

reactions were conducted at pH 8.2.7

b) Not inhibited by : SBTI or by LBTI. .
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2. Discussion

The saliva of CF patients is very viscous’and therefore very

" difficult to work with. Approximately 0.04mg or 16% of the non-

dialysable arginine esterase activity in CF saliva, was obtained
in a pure forﬁ from 500 ‘ml of centrifuged whole CF saliva. This
yield is Tower than that obtained for the normal salivary kalli-
krein lm%jn1y because” the HPLC §tep gave a lower yield. o Thé
purification was about 2900 fold, using be@zoylarginine ethyl

ester for substrate. This purificagion factor is slightly higher

- than that obtained for the normat salivary kallikrein. , The dif-

ferences in purification factor and yiglds.are not believed to be

significant.

P

The esterolytic activity’ of CF salivary kallikrein, MWjke

normal® salivary kal]ikreih, was inhibited by high BAEE substrate
¢ &

concentrations and is 'pH—indepeﬁdent' above 9.0, This substrate

inhibition perhaps can be explained by the binding of a second
substrate molecule at a se&opdary binaing site thus leading to
the formation of inactive enzymé-substraté complexes as discussed
in the preJious chapter. The 'pH-independence'above 9.0 may be
due to an increased affinity of the catalytic BAEE “binding site
in the deprotonated enzyme for’gzg substrate, . o

As a]}ﬁsubstrates including BAEE, norma11y~biqg,betteﬁ to

c

¢ ) \
the correct enzyme-binding sites rather than to the secondary

‘sites, substrate inhibition is rarely severe enough at low con-

centrations to interfere with the analysis of initial velocity

-
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data. The possibility that Fhe BAEE preparation was contafffhated
was therefore investigated. Many substragps, and their competi=
tive 1inhibitors are structurally and chemically relgted. As
such, it is not surprising that contaminatjdn of a substrate by
inhibitors may occur ddring the chemical sxnthesiS\gj,the sub-
strate. To check for pfzbible contaminants we recrystalljzed the
BAEE preparation frém etManol. The .enzymatic reactions were
carried out-again, 'this time with the recrystallized substrate.
The results were the same as before, that is the arginine ester-
ase activity was still inh{thed at high BAE% concentration.
Thus the possibility that this inhibition is caused by contami-
nants in the substrate does notﬂappear likely, supporting the
hypothesis of multiple BAEE binding sites on the enzyme.

The pH-rate profile of the reactién of CF salivary kalli-
krein with BAEE is similar to that obtained-for normal salivary

&
kallikrein except for a slight shift in pH optimum, which perhaps
- -

is as much as 0.5 pH higher in the case of CF kallikrein.’ o

In general the results of studiés on the effects of pH on
enzyme activity are difficult to.interpretawith certainty. Even

[ 4

in sthe simpiest system the pK values obtained are relatively
complex molecular con;tants rather than simple group constants.
From the rapid rise in activity between pHs 6 and 7 it.can be
speculated Fhat an imidazole ring, namely that of histidine,:is
at or near the active site. .

Although it is generally recognized that enzymes may.b&

2

-
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unstable at extremes of pH, it is sometimes forgo;tep that the
same may be true for substrates; Not only coq1d the substrate
concentrations be diminished by spontaneous hreak-down, but their
breakdown preducts are likely to be enzyme inhibitors, since they

share some molecular features with the real substrates. There-

fore the pH stability of BAEE was checked by using control

_eXperiments and we fouhd that the BAEE was stahle over the pH

range used,

The analysis of progress curves form a very valuable part of
enzyme kinetics provided that it is carried out cautiously and
sensibly. The artificial ;usgtrate BAEEﬂ however, does not m;hic
thé physi61ogica1 response of the natural substrate of kallikre-
in, for exqmp]e, kininogen. . Therefore we confined ourselves lo
initial rates anM simple kinetic arguments. )

The Line&eaver—Burkwplot§,fqr normal and CF salivary kalli-
kreins gave values for km.and‘Vmax that were similar, despite the
fact that these constgnts could ‘only be obtained by a long extra-

o

polation in view of the, substrate inhibition.

*
‘

The kinetic results discussed above, suggest that the normal
and CE_kallikrein are identical. Further support for the iden-

tiﬁy comes from HPLC and isoelectric focusing as well as from

tﬁ%ir behaviour during gel electrephoresis, both at pH 9.5 and

" under denaturing conditions in the presence of $DS. In addition

the latter,method confirmed that both kallikreins, from normal

and fromyCF saliva, have a molecular.weight of 40,000. D,

H
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In the next chapf?g we shall discuss further physico-

chemical evidence pointing to identical kallikr&ns in saliva 6f

&

normal subjects and CF patients., . .

v

<3
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CHAPTER 6
. . a
PHYSICO-CHEMICAL COMPARISION OF SALIVARY KALLIKREIN OBTAINED FROM
g NORMAL INDIVIDUALS AND CF PATIENTS. 5

! v

1. Results ) .

A. Amino Acid Composition

The amino acid compositions of Ehe kallikreins from both

°

normal and CF saliva weré\determined’and°are gjven in Table VI.
[ ] e

The compositions qge very si&i]ar. Both enzymes show a large
excess of acidic over bagic residues aﬁd this confirms tgé Tow
isoelectric points that were obsérvgﬁ befqré? The venzymes
contain relatively low percentages of apolar rfesidues.

. Both enzymes are low in»su1fur-gontqzﬁiﬁélﬁééjdues.

' The N-terminal amino acid®in the kallikreins was found ‘to be

serine. . a0 T 7

B. Fluorimetry N d

The excitation spectra for salivary kallikrein from normal
individuals showed a maximum at 286 nm after cor;ection for the
variation in 1ight intensity output of the Xenon source.

The corrected gmission spectra for normal kallikrein obtain-

ed Py excitation at 275 nm, the wavelength of maximum excitation

"of Wacetyl tyrosine ethyl ester, and at 286 nm which is the

maximum for the enzyme are shown in Fig. 31. The two spectra
FIR n

B



~-124-

3

1Y v

Table VI

The Amino Acid Composition

Amino Acids : CF mole%d) fNorma] mole?
; Aspartic arid " 10.8 10.8 + 0.7
Threonihe 5.3 . 5.2 + 0.2 _
Serine 11.5 Nyl + 0.7
Glutamic Acid 13.6 (15,3 + 2.1 -
e proline 8.7 5.9 + 0.6
) ‘Glycine L 1244 13.3 + 0.8
. Alanine 6.6\ 6.5 + 0:3
“ Valine, 6.3 5.4 § 0.2
C T eystetne . | 0.7 0+ 0.3
' * “  Methionine 1.1 1.1 + 0.4
Isoleucine . 3.0 . 2.6 + 0.2
: g ' Leucine 7. T 7.6+ 0.3
Tyrosine .. 2.4 2.3+0,2
g -Phenylalanine .37 ‘ 3.4 + 0.1
: Lysine o 3. 3.3 + 0.3 ’
“ Histidine -T2, 2.6 + 0.3 .
‘ Arginine - 3.3 2.8 + 0.4
- Tryptophar@_ . 1.0« . 1.0 )

a) Values are the average of 3 determinations for CF kallikrein
and 4 determinations” for the enzyme obtained from controls.
The standard deviation is shown for the 4 determinations on
the .normal salivary. ka]]ikrein.
b) Tryptophan was determ1ned indirectly, by the method of Goodwin
' . and Morton (1946).
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Fig.31 : Corrected fluorescence spectra for salivary kallikrein
The protein concentration was about 50pg protein- per ml
- ,of 0.01 M bhosphate buffer, pH 7.2. The experiments
f were carried out 1in a 3mm square cuvette using excita

0
Lt

Q/ . tation at 286 nm (a) and 275 nm (b).
1

-
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show maximum emission at 33¢ nm.  The maximal emissions for‘ghe
ethy}_esters.of N-acetyl tryptophan and N-acetyl tyrosine were
foun& to be at 351 and 304 nin respectively.

The cornected. fluorescent jntensities of kallikrein at g4
different wavelengths were célcu]ated ffom specfra meqsured°at 4
differeﬁt wa@elengths of excitatioq. Tﬁe data were set down in a
4x4 matr%x“as shown tﬁ'Fig. 32 and the rank aqalysis is shown in
T;b1e VII. The nine independent 2x2 submatrices of this matrix
gave determinant/pérménent ratios varying between 0.0065 and -

*

0.1675. The latter value is about 3 x the experimental error.

* On’ the other hand the & independent 3x3 submatrices had

determinant/permanent ratios of between 0.0003 and 0.003 or
within the expérimenta] error. The calculations therefore show
that two dif%erent fluorophores, e.g., tyrosine and tryptophan .
residues%\ contribute to the intrinsic fluorescence of the
sal#vary kalQikrein obtained from normal jndivid&a]s.

Fig. 33 1llustrates the corrgcted 'e&ission spectra fgr
purified CF and normal ka]likcein obtained by excitation ét‘286

v

nm. The wavelength of maximum intensity is again found at 338

nm, ahd the spectrum appears to be the same as that ob;érveg for

* the _ enzyme from normal saliva. Furthermore the relative

-

fluorescence intensities are directly’ proport%bna1' to the

absorbances at 286 nm, of the normal and CF .enzyme solutions.-

An example of matrix analysis of the fluorescence data of-‘an

3

[
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: Corrected fluorescence intensities of a solution of
normal kallikrein in 0.02 M phosphate buffer pH 7.2,

The emissions were measured at~ } different ‘@ave-
1gpgths each at 4 different excitation wavelengths.

The data are shown in a 4x4 matrix and 4 independent

3X3 submatrices.

Iy
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Excitation Wavelength ( nm )

ok

275 282 286 292
3
30| @4 155 161 156
330 165 276 322 308
350] 160 209 303 279
370| 87 91 160 132
oty 1

275 282 286 282 286 292
310 84 155 161 155 161 156
330] 165 276 322 276 322 308
350 160 200 303 209 303 279
330] 165 276 322 276 322 308
350(° 160 209 303] {209 303 279
370 87 91 160°] 91 160 132

a3
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Table VIT

Rank analysis of corrected fluorescence spectra, of normal

sativary Ea]]ikre%n. .

Submatrix | Determinant Permanent Ratio,a)
4 x4 1.4580 x 107 74,2838 x 10° 1.963 x 10-3
3 x3 x 10% x 107 x 10-3
5.0420 " 2.10745 1.230
-2.6600 7.4696 - 0.356
1.1485 3.4952 ‘ 0.330
-18.2786 5.9210 . 0.080
2 x 2 x 103 x 10% | x 102
A -2.301 4,8759 4,90
5.474 9.4346 © 5.80
-0.644 9.9820 0.65
=9.675 5.7745 16.75
: 16.330 15.0026 10.82
\ -3.486 18.3126 1.90
-3.623 2.9120 12.44
" 5.867 ' 6.1013 . 9.62
-4.644 8.436 5.49

a) Ratio {s Determinant divided by Permanent. The lowest ratjos
are found far the 3 x 3 square submatrices and the rank of the

matrix is therefore 2.
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300}
T
200
100L
300 340 380 420
& ' WAVELENGTH (nm)

: Tﬁe corrected fluorescence spectra for normal sa}ivary
kallikrein ©—0) and kallikrein purified from CF
\\§&Lhug\9f=7%). The emission spectra were obtained
by excitation of solutions in '04.01 M phosphate Suffer
pH 7.2 using 3 mm square:cuvettes and an excitation
wavelength of 286 nm. The absorbanceg/;t 286nm were
_0.357 for the norm?] enzyme and 0.287 for the Ck

enzyme,



-131-

experiment with.a preparation of the CF enzyme is shown in Fig.
34 and Table VIII. The results once more indicate the combined
contribution of tyrosine and tryptophan residues to the fluo-
rescence of the enzyme.

The fluorescence of normal kallikrein 1in phosphate buffer,
pH 7.2 can be‘ﬂhenched by iogide. The quenching of #nhe fluo-
rescence in the presence of 0.1 M and 0:3 M KI is shown in Fig.

¥
35.

C. Circular Dichroism

The circular dichroism (CD) spectra for normal and CF kalli-
k;gins in the far u]travizlet, pe]ow 250 n; are quite similar,
see Fig., 36A. The spectra show a miﬂ%mum at about 197 + 1 nm
with (o) = -12,200 + 1,300. A computer fit of this curve with 4
reference spectra, for example, those *for a-helix, -pleated sheet,
p-turns and random coils, indicateg no ahelix structure, as
shown in Table IX. The data, however indicate 40% pleated sheet

t

and 15% s—turn structure. The ca]cZ]ated curve,- using thé data
shown in Table IX, give a relatively p;or fit.

The kallikreins are quite stable to heat and SDS. When the
normal enzyme is heated at 1000C for 5 min it looses 50% of its
.activity. The resulting spectrum, shown in Fig.36B, shows a

slight didcrease in ellipticity in the 220 to 230 nm rangé.

&

'
X4
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Excitation Wavelength (nm)

275 282 286 292

310 | 81 136 143 136 .
330 | 144 227 263 289

350 | 134 209 253 238 .
s70 | 76 1a M9 x

Emission Wavelength (nm)a

: A 4x4 matrix representing the corrected fluorescence
intensities of CF kallikrein measured with a 3 mm
square cuvette,

The enzyme Jas dissolved in 0.01M phosphate buffer pH

7.2 at a concentration of 121 pg/ml.

<



Table VIII o

Rank analysis of corrected fluorescence spectra of CF salivary |

kallikrein.
Submatrix |  Determinant Permanent Ratio @)
4 x4 9.3000 x 10° 18.1628° x 10° | 1.95 x 10-3
3x3 x 10" x 107 4 x 1073
* 8.302 27 .505404 0.30
18.4399 50.105885 0.368 .
’ 6.202 25,245558 0.25
7.531 44980623 ' 0.17
2x2 ]+ x 103 ©x 10% . x 10-2
1.195 3.7971 _3.152
3.307 6.8227 v |- 4,847
5,559 ‘ 7.7095 7.211
. 0.322 6.0514 0.532
2.464 11.2398 2.192
10.523 - 13,5711 7.754
0.608 ~3.1160 1.951
o , " 0.627 5.8311 1.075
. 0.3451 6.3665 5.421
» < - . a) Ratio is Determinant divided by Permanent. The lowest ratios

are found for the 3x3 square submatices and the rank of the

matrix is therefore 2. *

¢ -
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| ] | ] ] i L
300 320 340- 360 .380 400 420

"WAVELENGTH (nm)  ~ )

w

: The corrected fluorescence of Eorma] salivary kalli-

krein in 0.01 M phosphate buffer, pH 7.2 (—o); phos-
phate buffer with 1 mm sodium arsemite and 0.1 M
potassium ;‘odide'(x-——;-x) or 0.3 M potassium iodide

(s—e). Excitation was done at 286 nm.

">

¥
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A; The CD specta for Normal (——) and CF kallikreins
(~-~-) in 0.01 M phosphate buffer, pH 7.2. The cal-
culated spectrum for 0% a-helix, 41% pleated sheet

and 15% p-turn is also shown (—s—).

B: The CD spectrum of normal kallikrein in 0.01 M phos-

phgte’buffer, pH 7.2 p{us 0.5% SDS (——). :The enzyme
had lost about 50% of jts. activity during 5 qin heat- *
ing a? JOObC. The calculated specﬁrum (-~ for 0%
a-helix, 51% pleated 'she;t and 8% pg-turn is also

'}shown.
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Table IX ] 4

' Secondary structure of normal and CF salivary kallikreins.

‘

o

Preparation a-helix pleated, sheet B-turn Unordered
% % v |9
. . 1 s
Normal, pH 7.2 | 0" 21 15 44
Normal in SDS 0 51 ° 8 41
CF, pH 7.3 0 38 13 " 49
§’f
L 4
& -
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However, a computer analysis dindicated that this is due to
increased pleated sheet structure ratk;er than the formation of
a-helix. In fact the structural changes brought about by this
treatment do not appear as dramatic as norn?aﬂy observed, The

calculated curve, again using the data of Table IX, shows an

\\

improved fit, but this is still not very satisfactory.
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ey

2. Discussion

The salivary ka11ikreiné purified from normal individuals
and CF patients are very similar in structure and composition.

The amino acid compositions indicate that hoth proteins are
very acidic. This has. been confirmed by isoelectric focusing
which gave 1gpelectric points'of 4.07 1%0.05 for both enzymes.

The enzymes have ratiPS of polar amino acids (aspartic and
g1utaﬁic acid, lysine, histidine and arginine) over non-polar
amino acids (alanine: valine, ]euc%ne, iso]éucine, pﬁeny]a]anine,
methionine and tryptophan) of about 1.2. These vallies are fairly
high andvare ref?ec@ed in the‘high solubility of the enzymes in

aqueous, solut1ons. . o

The enzymes have 1dent1ca1 mob111t?§} dur1ng eiectrophoresxs

o

»

in poﬁyacry]am1de gels wnder non-ﬂenaturwng cond1t1ons, and a]so\\

in gels containing SDS. The molecular wegghts have heen'calcula

ted from electrophoresis experiments in the presence .of DS and a
[y 3 N [

value of .40,000 + 1,800 has beerr found. This molecular weight ¢

has also been confirmed for the enzyme from normal saljva using
! PN o .8

sedimentation equilibrium. ' ¢ . Y
The enzymatic propert1es of the enzymes are also similar ex-

capt for a siight var1at1on in the pH 0pt1mum of the activity and

_in the Km value for BAEE calcu]ated‘ by extrapolation of

Lineweaver-Burk p]ots, The latter variation is not surprising in

o

view of the inhihitory effectfof the substrate. This inhibitony

effect is evidept at BAEE concentrations of 1 mM and up and could

\
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1

™

«\\\ interfere with the regression analysis applied to the Lineweaver

-Burk plots. . ' .

¥

The salivary kallikreins show relatively wéak“ circulare e

Y

dichroism. The spectra exhibit maximum negative' ellipticity at

[y

197 mm. Curve fitting by computer analysis indicatéé that no

m

e=helix structure is present in the enzymes. - On the other hand
. .
the analysis shows large amdunts of pleated sheet structure,

despite the high: glutamic acid cbntents, Wwhich would favour |

ta «

ofhelix rather than pleated sheets. | | ; . .

[
s o

" The .general approach to the -estimation of,secondany struc-.

. ture is baﬁgd on the premise;%hat the CD spectra can be adequate-’

ly descrﬁbeddhyna Tinear ‘combination of a-hefix; pleated sheet, '

g-turn and unordered structure. When this(hypntﬁesis is applied

- ¥ 34
to salivary kallikreins it is found that the computed closest fit

L3

does not resemble the observed spectra. In the presgnce of SDS,

where the normal enzyme has lost about 50% of its activity during

s

heating, the computed closest. fit appears much impréved, yet the
oVEral] structural pﬁrameteﬁs did ‘not change dramatically.

These results may be used to argue agginst the"adquacy of

Lt fhe 4~§omponent model %or the estimation .of secondary structure

oinnsa1ivary ka]]ikrein.{ The results shown in Table IX should

- therefore be interpreted with a. great deal of caution, Hoﬁever,

the main CD finding is that,.notmal and Cf salivary kallikreins

. apparently have similar conformations. ~

The fact that the normal and’ CF salivary kallikreins possess °
N L} -

H
)

LY 7 . N 1
K x

N

.
.
. .
.
. o
. , .
.
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very similar conformations has further been_confirmed by a study
of ;,he intrinsic fluorescence of‘thé enzymes‘x Salivary kalli-
kreins show r‘elfat,j‘vew good fluorescence when excited at wave-
lengths between 270 and 295 nm, So]utj(‘)ns of ‘normal and CF
kallikreins with the same absorbances at 275:nm exhibit idgntica“’!
fluorescence intensities. The corrected .fluorescence spectra
show a maxima ‘at 338 nm r‘eg;'xrcﬂesg’of the wavelength of exca’ta:
tion. The wavelength of maximum fluorescence is lower than thaf
of the reference compound, N-acetyl tryptophan ethyl ester which
was .found to be at 351 nm., '

This shiﬁ:,'coum be due to the fact that the tryptophan
residues are part;y internal or that the fluorescence spectrum
contains contributions of other fluorophores, e.g., tyrosine
residues. Although the corrected spectrum does not show visible
evidence of tyrosine fluorescence, which would occur at Tower
wavelengths, their pr‘esence. has been demonstrated by an algebraic
analysis of the spectrum. This a]debraic an-a1ys1's ;Vh'iéh depends
on a rank analysis of a data matrix is considered reHaI;Te
because tﬁe fluorescence S“Pectra of model compounds such as the
N-acetylated ethyl esters of tyrosine and tryptophan, or the

spectra of the kallikrein do not show wdve1ength*swh1'fts upon

changing th“e excitation wavelength. -Tht;S tyrosine fluoresce‘nce

Y

Q

does occur but is likely par /1y obscured by énergy transfer to
tryptophan.,
It has been shown that pt‘ssium iodide quenches the fluo-

3
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rescence of normal kallikrein to some extent. This suggest that

& s

at Teast soe of the aromatic amino

the outér surface of the protein.

acid resdidues are located on



(2N

LI

i -143-

SUMMARY AND CONCLUSTONS

The work praesented in this thesis was undertaken in order to

. investigate whether or not glandular or tissue ka1likrein,‘speci-

fically salivary kallikrein is inyolved in the pathogenesis of
CF. In order- to carry out this investigation a method had to bhe
developed to purify the protein very quickly and efficfenth.

The resylts of this study can be summarised as follows:

® 7

1) Whole ?éntrifuged saliva, whether from normal individuals or

from CF patients, can be fractionated by DEAE-Sephacel chroma-

. - « tography. Four fractions are obtained only one of which exhi-

. bits arginine esterase activity. No gross differences in this
fractfoﬁlcoqld be detected between CF and normal saliva des-

.pite the drgmatig'difference.in viscosity. The direct frac-

 tionation of whole saiiva is a convenient method hfor the

jsolation of kallikrein, because whole saliva is -a ‘more
] ’ ’
readily available source than the <secretions of specific

. +

glands. Therefére 'this. method offers the advantage of speed

in collecting and fractionating salivary kallikreins. .

_2) The yield of pure kallikrein is 0.077 ‘mg from 500.m1 of normal

‘sal{Va. This represents a yield of 35% of the arginine'
es%erase activity. In coqtgast the yijeld of activity from 500
ml of whéle CF saliva supernatant is only 16% or 0.044 mg of

/enzyhe. The data indicate-that the CF satliva contains'a

normal amount of this soluble enzyme.

3) The kallikreins Tower the/blood pressure as demonstrated by
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intravenqus injection dnto a rabbit. They also produce
kipins.in acid t;eated dog plasma:which in turn contract the
smooth muscle of disolated rat uterus. Their esterolytic
activities are inhibited by Aprotinin and BPTI but not by SBTI
and 1BTI. The ésﬁer01ytic aékivity is reversibly inhibited by
DFP but’not by a,-macroglobulin which also does not bind to
the salivary kallikrein.

The arginine esterase activities of the kallikreins are
inhibited by high BAEE substrate con;entrations and ,are
‘pH-in?ependent‘ above pH 9.0. It dis speculated that this
'pH-indepeﬂdénce' and substrate inhibition are dué.to binding
of substrate molecule at se?:ondary sy’ on the enzymes.

The arginine esterase activity of the enzymg purified from CF
pétients is similar to that from normal 1ndividua1§ except for
a slightly higher pH, by about 0.5 upits, than the norﬁa]
enzyme. This 1is nop believed to be of any significance
because the enzyme obtajned from CF patients and non-CF

»

subjects both have similar Km and Vmax,values.

?

Human salivary kallikrein obtained from the whole saliva of
normal individuals and CF patients have ‘similar amino acid .
compositions. The amino acid compositions indicate that the
enzymes are rather acid proteins. Their disoelectric points
are indeed low and are 4.07 £f0.05. Neither of the proteins

contains detectab1eqamounts of carbohydratgs.
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5) The normal and CF kal]ikreins have identical electrophoretic
mobi1ity‘in polyacry1am?de gels. The enzymes have identical
molecular weights of 40,000 + 1,800 D, &nd identical optical
activities which indicaté the absenFe of a-helical struc-
tuge. The CD studjes, however, suggested the:presence,of a
re]ative]yt’1arge amount of pleated shéet' structure in bbth
enzymes. They also exhibit identical Tluorescence spectra
which again suggests identical conformations,

8) QPLC of preéarations that had previously been chromatographed

\ on a BPTI-Sepharose affinity column ‘suggest that both normal
and CF kallikreins bind a similar protein. It is believed
that this association is broken when the pH is adjusted to pH

v

6.0 or lower.

«
T
!

The purified salivary kallikrein reported here resemb]eg that
" of Wong et al. (1983) but differs from that of Hoffman gﬁ al.
(1983). The latter also reported on the presence p% more than
one salivary kallikrein in man as did Brandzaeg gg%él. (1976) for
rats, Fiedler et al. (1970) and Fritz et al. (1977) for pig. 1In
1975, Hojima et al. also described a micnoheterogeﬁeity in human
salivary kallikrein that was isolated by the method of Fujimoto
et al. (1973). We do not find any evidence—suggésting multiple
forms or microheterogeneity in puri%ied human  salivary
kallikrein., It may be important to point out that the initial

fractionation of whole saliva supernatant results in a quick
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separation of the kallikrein from oyher potentially harmful
factors in the saliva. *Furthermore the isolated ga]]ikrein is
kept, at a QH of 5.5 most of the time, where autolysis sholld be
"m{nima1. Thus we eliminated a number of possible factors which
cou1q well lead to appafgnt microhetérogeneity. N

%  When interpreting rAZDﬁgg of studies on bio]ogi%a¥ enzymes
with artificial sybstrates it should always be remembered that
the artificial substrates are much less bulky than their i11-
defined ‘olymeric natural substrates, and also that an enzyme
capable of binding a polymer is Tikely to bind a small molecule
in many ways. Thus instead of a single enzyme-substrate complex
that breaks down to products, there may be in addition numerous
"non-productive. complexes'. Therefore the results obtained with
synthetic substrates Tike BAEE should be int:rpreted with great
care.

The physiological function of salivary ﬁa]]ikrein remains an
enigma and jts natural substrate is as yet not defined. Thus
further studies will have Ep be carried out %n order to demon-
strate its function, mechanism and site of action.

) The initial fracgionation of centrifuged and filtered whole
sa]i&aﬂon DEAE-Sephacé1 and suﬁsequent gel electrophoresis does
not reveal any gross differences between CF patients and noéma]
individuals. This is rather surprising in view of the much in-
creased viscosity of the CF saliva (which in some case§ appears

almost jelly-1like). On the other hand our observation confirms
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those reported by Gugler et al. (1967) and Tabagﬁz?zfigg al.
(1981) who also did not detect any significant differences

between proteins of control and CP patient saliva. These
researchers supported the'notion that a quantitative rather than
a qualitative difference 1is associated with the r:ecretory
processes. .\
) We have goncLyded that the salivary kallikrein in éF is not
defective, and that its concentration in the CF saliva is quite
normal. 1 ot

Scientists have been battling with the problem of CF for many

years and with fhe advances in technology and knowledge we are

hopeful that all the pieces of the CF puzzle will snap into place

someday soon,  Thus T would like to conclude with a quote from

the 'Great Master'-Aristotle : "The search for truth is in one
way hard and in another easy. For it is evident that no one can
master it fully nor miss it wholly. fBut each adds a little to
our knowledge of‘Nature, and froﬁ‘all the facts assembled there

arises a certain grandeur".

7N
~
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