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B ' mund in the "lorlll Mlannc [t is post Tated th:trthe gnstné prote s 5T-this ish
have sevenl properties, in cumnmn wuh the ;utnn proteases from mammalian
speeles bllt nlso have aevenl charu‘teﬂﬁtlc: Imlqlle to fish !peclu “Therefore; the
gumc proluses and therr lyeogenx were'isolated from. th stomuh mucosa of
the Greenl.md cod -Gadus ogac ‘qnd their properties- comyned to m: nh;m
gastnc Pproteases md the gumc pmluse of other fish. “Attempts were :In made
L to punl‘y yomne pepsin A and porcine gutnsm from a crude commercial p pepsm -
preparation. The pmpertluol the p\mﬁed *gastriesin {raction® obtained differed
" substantially hom .the litetature data oo poréine gastriesin so that dire;:t i
compnlsnns of many of the properties of gl.strl(sln and the cod pmt.easu could
o not be nnd: o i =
s bty N .
_ The zymogens of three gastric protesses were sepafated and purified by

. ‘Seghhdex G100 ch hy at pH 7, focusing and, after

B of the zymo;ens, Sephadex G75 chromatography at pH -‘2.;. The, zymogens of

prntease 1, 2, ﬂ.nd 3 had unelectm points of >7.5, 6.2 nnd 5.2 respeétively. The

e 2% sruogens of the Greenlad cod gastric proteases were setivated. much more -
rapidly m Yow umpernlnre than porcine pepsmogen, All three of th: cod

proteases had more alkaline pH optima with protein substrates than porciné

v/
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pepsin, _éspecially with methyla.ted protein substrates. The pH op!%[ cod—

pmtease 2 and 3 and porcine peps\n with peptide s\lbstmm‘w all near pH 2

while the pH optimum of cod pmcem 1 with APDT as near pH 3. The'specific

schvxnes o( the mdlvldua.l cod prcteasu at 28 °C thh prolem substra!es were .

genemlly-lnwer than porcine pepsln However, a mmnre of the cod-proteasas had |
activity "with the prnlem subslrales ‘hat was greater lha\n the sum of the mwmes
of the 1nd|v|d||al pmeases Cod pmtesse 2 and 3 were active on a nnmber of .
peptide substrates !hxt are good sllbstra.tgs for gastricsin while cod }‘J‘rqtease 1 was

active only with APDT (N-scetykphenylalanine-diiodotyposine) of il the peptide

. submates mkugnted Fhe milk clotting :\ctxvxhes of the cod: proteases were

mucl}fgre—"ter thas, that" ol porcine papsia snd the cod proteasis had CU/PU

ratigs (the ratio, of the clotting activity- to bydrolytic- activity with hermoglobin)

that were 20-50 times higher than porcinc, pepsin. The 'individual cod proteases - .

hydrolysed hemoglobin to a greater pxtent than porcine pepsiny, indicating their,

'w1de1: substrate specmcxty Porcine pepsin had ‘2 high' Vmax and low Km'

compared to cod protease 1 which had low to moderate Vg and Kin' with all .

substrates. Cod . protease 2 _had comparatively high Vmax_ and Km' with

hemoglobin 1s substrate and moderate to low Vimax and Km' with the-other

substrates. Cod, protease 3 liad comparatively low to moderate Vihax and Km'
with hemoglobin :lI!d casein, . high Vmax and Km' with methylated hemoglobin
and low Vmax and high Km’ wi}h the peptide substrates. No significant |+,

differences were found in the activation energy for the' hydrolysis of the various

substrates by the different protease preparations. " e

The cod protesses were less stable to‘eating 8id retained less activity. at

PREwSI
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e;;;ému of pH (less than 3 and grester than 6.5) than porciné- pepsin. The *

aéivite of cod protease 1 and 2 with hemogobia s the substrate were doubled
m the pmence of 25 mM NaCI whl!e cod p[nuase 3 and porcine pepsm were no'.
mmulaled by salt. The cod pmmu did nol cross ruct wn.l: antibodies raised
against porcine’ pepsm. Antibodies were- aso . obtained l;aunt the"“Phrified _b
proteufi; T16 and T25 from p_sychmtr‘opﬁic pseudomonads.” 'Anti-Tl!S IgG ’
yrec:ipiuhd cod pr’utu‘se 1 and poroine pepsin at similar IgG/enzyme ratios but
did not affect cod proteases 2 and 3. Anti-T35 IgG precipitated all the proteases, . -
ct;d protease 2 A_nd borcine_ pepsih being p‘recipitated. 1;& similar lg/G/emyme
ratios. The snbunjt molecular weights of all the proteases were in ;he range of
35-37 kdal as estimated by SDS-PAGE and amino acid_eompé)sition. The amino :

acid compositions of the cod protesses differed from the mammalian- gastric

3 prot.e:.m by about the same extent that pepsin, ‘gastricsin and chymosin differ

from esch otber. Cid pioteian'l et Tt of € W pchessi
the mammalian proteases, while cod protease 3 was more like chymosm Cod
protesse 1 had the lowest hydrophobicity index aad chymosin had the bighest.
The hydrophobicty indices of cod Protease 2 and & were intermediate between

that of porcine pepsin A and chymosin. _
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‘ Chapter 1? ‘
" INTRODUCTION =~
1.1, Hisi;orical "

Some o{ the' earliest observations on’ the ‘action of eniymes were with
proteolytic. enzymes mvoxsd‘wnh the process of dlgeshon These early works that
will. be referrbd to here can be found in a-recent book. edxled by Fnedmann
(1981). The first, of these pabers was wrmen by R. A. deResumur in 1761 and

| was entitled *Sur Ia Digestion des Oiseau, Second Memoire: De lnrmn'nnit_zré dont

elle’se fait dans I'estomac des oiseau de proie”. In this -work, deReaummur tnkes

advantage of thé natural nblllty of buzzards to reg\lrg‘ltate whnt they cannot .

dlgeét. He fed these birds meat that was enclosed in a metal tube with wire gauze®

coverﬁg the ends-and. found that the meat was parti&ll} digested even though it +

was pmtected from physical gtinding. Comparable studies With plant materials
showed tbat they were not digested: Thxs work was eXCendeq by A. L. Spa.llanzam
in 1789 in his *Dissertation Relative to the Natural History of Animals and
Vegembles using other ammals He also noted that his owi"gastric juice in vi lru
could digest meat. He _recogaized the AT ‘principle  in gnsmc juice” had ihe
requirement for warm tempemtures during the digestion -md that the Yite ol’

digestion was pmpnmml to the aiount of gastri juice. In 1833, W. Beanmont

» showed that, eitric Jume contmned *some chemm\l principles* . as viell “as




A hydrochloric acid and that the activity was io\mfl in gastric mucosa-as well as in
- gastric juice. IR I . B W
The word *pepsin* was first used inT. Schwa.nns 1836 paper *On the  *

3 Nature of' the ngestlve Process' In thxs work, Schwann .stressed‘ ‘the analogy of b

the acmm or the unchanged acid in, gssmc dngeshon to the act\pn of acid in the. -

.. ~hydrolysis of smrch He recogmzed that dxgesnon by pepsm wn.s anothér example :

* of the type of activity represented by alcohohc and acetic acid fermentation. He -
4 X
was, slso the l'u-st to suggest a method for the purification of an enzyme that

involved a sequence of purification steps. E. W. von Brucke (1861), in his paper

*Contribution'to the Theory'of Pigestion, Second Part*, was, the fist to use -
:~'adsorption methods for enzyme puril’lca‘tion. These methodx were developed
forther by R. M. Willtatter in 1026 with bis paper *+0v Progies i owpiis
" Isolation®. In fact, enzymes were punﬁed to the. poipt that™ their enzymauc ;

- . actmty was still-strong but the protein could 'not. be detected by the. methods

s """ then available, This supported the widely held view of that period: that ‘ensymes

., .were. not proteins at all but were eatalytic groups Somehow associated with
g . -
© protein.: The crystallization of urease'by I. BY Sumner .in 1926 was the first

example of 3 crystallized enzyme and was followed in. 1930 b).': J,H."{qr-thoﬁ

when he crystallized_pepsin. These ‘wonks and others that followed o /{he ) N
K crysba]liz‘ation of trypsin and chymotrypsin established that enzymes were ;é fact

B 'p}oteinsA J.N. Langley in 1é82 and Langley and Edkins.in 1886 demonstrated the
'preéeuce of pepsinogen when they found that a slightly alkaline extract of gasric

mucosa which was idhetive had peptic activity, after aeldl[lcnuon Pepsmogen was K

first crysm]hzed by RM. Herriott [1938) k



1.2. le'operties of Gastric Proteases . \

L2.L Geneul ! : .

From the earliest work of: Northmp (1930) on the crystallxzahon “of porgine

" pepsin, a considerabls heterogencity was found i pepsin prepamions is i%dicmd

by measurements  of their solublhty behavior. With lhe advent ol’ ion exchnnge S
4
chmmatography, Ryle and Pcrter (1959) sepa.rated parapepslns l and I from

porcine gastric mucosa. The predommnnb enzyme from tlus hssue has since beén,

named pepsin A (EC SAA,I) xnd is secretqd by-the funchc area of the stomach.

Parapepsins I and I have been renamed pepsin B (EC 3.4.4.2) and pepsin C (EC
3.4.4.3) respectively. Pepsin ‘B was formerly called 'gélatinase\! by Northrop
(1932). Pepsin C was xsola!ed Imm human gastric juice by Tang et al. (1959) and
was relsolated from porcme gutm mucosa (Chiang et al., 1987) and called

*gastricsin®, It secretid by tho.pylorie Fegion of the stomach T symofen of -

-~ pepsin B ‘has Been studied” by Ryle (1965) and the zymogen of pepsin C has been”

studied by Tang and Tang (1963) and by Ryle and Hamilton (1966). In addition, -
“Let. agd Ryle (1967,1967s) reported the existence.of pepsin D' and its zymogen
which -a_re the dephosphorylm;ed forms of pepsin A. Other .investigators have .
' segu;iaiéd enzymes from human and porcine stomachs-and dave us.ed other
symbols to denote, the yasious Tractions, S5 eatly ilerbure it s aren hgs been
" reviewed by Taylor, (1962). Foltmann and Pedersen (1077) have suggested that the
- gastric proteases c:n be classified in three groups; (1) the main mmpo;lent, pepsin
A, (2) the minor components, pepsin B (gelatinase) and p;apsin c (gas&icsin) and |
(3) the fetal or neonatal protesses, which have historically been called chymosin or - *

. s .
rennin. Heterogeneity may exist within each of these groups because of multiple

.




gene pmduq!.s}resulting in only a few amino acid substitutions, variable degrees of
phosphorylation 3 carb:)hydr.a.té content and autolysis of the pepsins, especially

" during activatio‘u and purjfication. . ¢
In addition to the pepsins from pig and man, pepsins have been isolated Loy
from cow (Norzhmp, '1033), borde (Stepanov et al, 1915), sheep (Fox ef al., 1977), |
monkey [Kageyama and Takahashl, 1976), mouse (Esum: et al., 1978), chlcken‘
(Donta and Vunakis, 1070), toad (Ward et al,, 1078); and various fish species”
including Sardine(Noda and ‘Murakami,‘ 1081), salmon (Nonis and, Elam, 1940), *
tﬁna (Norris and Mathies,1053), dogﬁsh (Merrett et al:, 1969) and bonito (Kubota
and Ohnnma, 1970): Trout pepsin has been studied in erude homogeuates (Owen
and W)ggs, 1971). Pamally purified’ pepsins have also been - stujéed from Atlantic
cod Gudua miorhua (Brewer et al., %984), Green]ur_ld cod Gadus uglx.c, smelt
\95mcma‘ mordaz (Hasrd et ol 1982) and Arctic_cod Ear‘ea‘gadua aqi;ia

(Arinchalam snd Haard, 1084). . , . O . . : i
1.2.2. Pmperéies of Pepsin A »
The properties of porcine pepsin have been summarized by Ryle (1970).

Pepsln is unstable at pH values above 6 and helow 1 while pepsinogen is unstable

below pH 5, being activated to pepsin at a more acld pH. Pepsmogen is unstable

at.elevated zempemures at pH 7 or at room temperature ’m the pH 8.5-11 range,
The amino acid compositions of pepsin A and C and their zymogens. are known -’ o
1Ryle, 1970, Fruton, -1970). Pepsin D is not distinguishable in amino anid /

composltlon from pepsin A. Porcme pepsm A mnsmts of a single polypepnde

cross-linked by three disullide bndges The amino termmal amino acid is * v

@ " v . H
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leucine for tlfe zymogen and isoleucine for the active enzyme; the carboxyl

terminal residue is alanine for both the zymogen- and the active enzyme. The .

complste sequence of porcine pepsin s known (Dayhoff, 1072). The' phosphate.
group of pepsin A is bound to serineis\‘bﬁ is not required for activity. However,
thié rediiotion;of the distlfide bridges of pepiitiogen’ résults'in’the-1ois of the
potential enzym‘e activity. The molecular shape of pepsin A is a prolate elipsoid
(roughly cggshaped) with an’ a/b ‘axial ratio of 2.5-3.0 (Fruton, 1671). The

molecular weight of pepsin is about 35 kdal and:the molecular weight of the

zZymogen is approximately 40 kdal. The isoelectric pr’)inz (pl) of pebsin is below 1,

 dephosphorylation shifts the pl to 1.7. However, :the isoelectric point’ of

pepsinogen is 2.8, since the 44 residue portion of pepsinogen removed during the

& " ’
activation contains a majority of basic residues. -

"Pepsin has 4 rather broad specificity compared to the serinie proteases (e.g.

trypgin Galy attacks peptide bonds with 4 carboxyl aginine or lysine). Generally,

activity is greatest when the bond to be hydrolysed is next to bulky nonpolar

amino acid residues, particularly tyrosine and phenylalanine. However, even this

speciﬁciéy\‘ ot absolute as poly-L-glutamic acid is rapidly hydrolysed to
0 3

oligopeptides (Neumann et -al,, 1962). Pepsin ‘A readily’ hydrolyses N-

ucety]phenylz{a.nine diiodotyrosine (APDT) while Z-tyr-ala.is not hydrolysed. The

specificity of pepsin A has been systematically studied using peptide substrates

(Fruton, 1971, 1982). With small peptides of the typé A-X-Y-B, where X-¥ is the

susceptible -bond, maximal rates "of hydrolysis are obtained wherr X<

phenylalanine or p-nitro-L-ph ine and Y= ph ilanine, - tyrosine or '

f %
tryptophan. If either X or Y is another hydrophobic amino acid such as leucine or *

.




methionine, the bond is hydrolysed, but at a sl;)wqr rate. Ho\;/ever, if X= valin;
or isoléucine the bond is not cleaved while if Y= valine or isolet‘ncine the bond is
bmken Structural modification of the A and B groups of A-X-Y-B is important. If
" thess groupt see denithensd to include a number of ydrophobic amino acids, the

rate of hydrogsls-ol‘ the X-Y bond is increased by several, orders of magnitude and

peptide bonds that were previously - not ible may be hy . This

increased susceptibility of bonds located in a latger peptide is probably due to

very significant secondary enzyme-substrate interactions between the A and B

. groups and hydrophobic groups on the enzyme. These effects are based on Vmax
* father than on Km. Fruton (1076) has suggested that this effect is associated with
a f‘lex‘ible, extended active site of pepsin and this has been substantiated by X-ray

crystallography studies (Andreeva et al., 1977).

. 1.23. Propcrﬁes of Minor Pepsins K &
Porcme pepsms B and C are stable at pH 6. 9 at room temperature while'
pepsin A- is unstable above pH 5 ' Pepsm‘B is a highly active gelatinase.
(Northrop,‘ 1932), a poor milk clotting enzyme and ‘has little activity on
hemoglobin. It has mot received a lot of, attention in the literature. The
specificities of the n)in(]r' pepsins have been studiéd' using the ﬂ chain of oxidized
insulin (Ryle, 1970) and they havs been found to be sl’ight]y more restricted than
" pepsin A with this substrate. Pepsin C hds littls activity with APDT but is very -
active wlth protein as the sllbstmy_g\ (Ryle et al., 1969). T)ie amino acid

. . .
composition of: porcine pepsin C différs from. that of pepsin A (Fruton, 1671),

notably a decrease in lysine, seritie and isoleucine dnd an increase in glutamate,
R i ; .

,alanine and leucine in, pepsin C. Good agreement was found between the amino:
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acid compositions of pepsin C (Ryle and I"Iamilbon, 1066) and gastricsin (Chiang et
 al,, 1867) fo support the conclusion that they are the same protein. The substrate
specificity of gastriesin v‘lvith peptide substrates has been determined (Tang, 1970).
Peptides that are readily hydrolysed_ by buman gastricsia yet. are not suitable
snbstrs;tw for pgpsin A include Z-tyr-ala, Z-tyr-thr, Z-trp-ala, Z-tyr-leu a‘ud Z-tyr-
ser. The substrate specificities of human ‘pepsin and gas‘tricsin hav; also been
investigated with glucagon’ and oxidized ribonuclease ds substrates (Hiiang and
Tang, 1969). There were 23 col:r;mnn hydrolytic sites, 27pepsin specific.and 4
gastricsin specific sites with the two protein su_hsira'tes. Human ind porcine
gastricsin a_nd. p;psili have similar specilitaetivities with the milk clotting assay.
The pH uptim\‘xm of human and porcine gascxicsin with hemoglobin as substrate is
pH 3 compared to the pH 2 optimum for pepsin (Richmollld et al., 1958).
Gastriesins from both human and porcine ha;re> slightly-loyer mc;lecnlar'weigms
than their correspondidg pepsins (Mill.s and Tang, '1967). The amino .terminal

residue of human gastricsin is serine. The C-terminal sequence of human gastricsin

“is known (Tang, 1670) and it is very homulogou% to the C-terminal sequence of

human pepsin. The zymogen of gastricsin has been isolated from humans’

" (Foltmann and-Jensen, 1982). Bovine gastricsin” has been isolated (Martin et al.,

1082). In' this species, the heterogeneity of the gastricsin preparatiors appear to be
due to varying degrees of phosphorylation. These authors have pointed out th;L in
the amino acid-compositions of the minor pepsins the ratios of isoleucine/leucine
.’Lna ;asx/glx are in the range of 0.5-0.7, while for the pepsin A group these ratios

are higher (1.3-1.5).



L:2.4. Properties of the Fetal Proteases o
_ Fetal proteases or their :;mugens have been found in humans (Hilsd;}rMu'ie
et al, 1976), rats (Kotts and Jen"n, 1976), rabbits(Henschel, ur;q), lambs (Alais
‘¢t al, 1962), calves (Foltmnlm 1669) aiid juveni and iadulé. harp ‘seals
(Shamsuzzaman and Haard, 1984). The lmponmce for thls group of enzymu is
zheu- mraordmnry ahxhly to cloL milk and calf chymosin has been used in cheese -
producnon for centuries. Chymgsm has been purified from calf mucosa by salt

precipitation and ion exchsnge chromntogmphy (Foltmann, 1970) The zymugen

: \/Qrm of the enzyme, prochymosm‘T is stable from pH 5.5 to 9 and is achvated to

£
chymosm at lower pH values. Th\e amino acld compmlnons of the enzyme nnd

aymogen afe known. The N- lenmn:l amino acid of prochynmsm is alanine and -
the N-terminal amino acid residue of chymosm is glycine. The molecular wenght of
the zymogen is 40.8 kdl.l and the! {molecular welght of !Ile enzyme is 35.7 kdal.,
Several fractions (A, B, C) of chymosin have been separated by aq ion exchange
chromatography aad are npluble due to minor changes. in amino _acid

' compositon e5. positon 244 may- (b gl e sapli) Bovie iysaoiia Rah

: high degm or sequence homology. wnth pepsin A and it moves the slowst on agar
gel electrophoresis at pH 8.2 of all of the pepsin-like enzymes. So]utmns~of "
chymosin have optimal stability in the pH 5.3-63 range but in salt free solutions
the ‘enzyme’is stable at pl'i 2. Salt also increases the rate of activation of the

- zymogen. The concentration of salt also greatly affects. the solubility of the
enzyme, chymosin being very soluble in IM NaCl'at pH 5.5. The isoelectric point -

of bovine chymosin is 46. _ , . el o X



""" enzyme after maturity {Shamsuzzaman and Haard, 1084). .

o Species ) )

{Cliymosin was first found in the siomach of young ruminants but later
chymosin-like enzymes have been found in the young of some sin;ple-lst_oma'ched

mammals including human, rat, pig and seal. It is ‘probable that chymosin is

found in’ all .young . mammals - that receive maternal antibodies in. the milk.

Foltmann (1680) has sugsted Bhat,fis function of chymosin s to clot the milk
by selective prételysis of caein. Tn this manaer, the rate of passageof the milk
through the dlgestlve tract is slowed. down so that digestion can occur in the
Qntestme Meanwhzle Very little | destruction of the annbodles l'mm the mqthers
milk gceurs in the stomach, allowmg them to be absorbed by the youhg. Harp seal
‘appears to be nﬂiqug sinee it produces significant amounts of chymosin-like

1.2.5. F‘{op‘erzin of the Gastric Proteases from Other Mammalian

1 '

" As mentioned. above, ‘gastric ‘proteases have been isolated from a large
|

number of different species. Although the Kuman, porcine and bovine proteases

Id, 1980), no such dium of the

have been’ classified (Barrett and McD
gastric proteases Trom other species exists. This.is probably due to the somewhat
,sketchy data available to date ]u che discussion below, the properties of the

gastnc proteases fmm a wide variety ol species will be compared to. the properties

of the ﬁorclne gnstnc proteases.
.+, The gastric protea.ses from the anzmese monkey Macea fuscate fuscata

“have been charactenzed in a series of papers by Kageyama and Takahaslu 11976

1076a,. 1980, 1982). Five engyme fractions wergaisolated by gel filtration and
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DEAE cellulose chmmatography and deslg‘naud as’, o, s 1, -2 and II-3. - All
five fractions. produced ac',lve enzymes cn exposure to acid. The molecular

epsin I and I were 48 kdal and 43 kdal respectively and- because,of

pmpemes the suthors féi that they represeated the same enzyme

with different’ contents of carbohydrate Peps\nogens -1, T 2 and 103 all had

molecular weights of 40 kdal and very smnlar ammo acid eomposmons, sensmvny

to'inhibitors, and stability characteristics. Pepsin 113 was thought to correspond

to the type A, pépsin since it accounted fof more than half of the total pepsin

content. In their later ‘Work, these authors further. purified fraction T2 and

isolated & protease that was similar. to pepsin C (gastricsin). Pepsin II-L waé

. found to be dephosphorylated pepsin A.

Shaw and Wright (1076) have:isolated the pepsinogens from the cat gastric
miicosa. They have found'at least cight differeiit zymogens which produce discrete

zones of proteolytic activity on agar gels. Only one-of these proteases was active

on APDT. An electrophoretically slow moving zymogen was identified by Jensen

et al. (1982) "as prochymosin.” The active chymosin showed partial

immunockiemical identity with calf chymosin. Comparison of the N-terminal 27

‘residues of both cat prochymosin and chymosin to the corresponding sequence of

the ‘calf prochymosin and chymosin gave only 13 differences out of the 54

residues. Chymosin from the cat had a molecular weight of 36 kdal. It was present
in.new born kittens before any of th other proteases.

" Pepsin has been isolated from sheep by Fox el al: (1977) using pH

i 4B-poly-L-lysine column and gel
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filtration. “These authors did not identify more than one sheep gastric protease
using these techniques. The molecular weight of sheep pepsin was 34 kdal with N-

terminal valine and C-terminal alanine. The pH optimum was 1.8 using .both

and casein as The apparent K
(Km) for both methylated sibstrates was 50 ;M whil the Yeal (defined as the
Vmax/[enzyme] ratio) for methylated casein was 420 min™ and the keat for

methylated hemoglobin was 1100° min™, The amino_ acid composil 611 of. sheép

pepsin was similar. to-that of porcine pepsin.
Six different proteasés were isolated from the ‘gastric juice of the horse

(Stepanov et ~al, 1976) using 6B-G: dsorption

chromatography. The proteases all had pH optima with hemoglobin at 1.8 i
were more stable at alkaline pH thai porcine pepsin. The different proteases hiad
isoelectric points at va 2.1, 2.3, 2.6, 2.8, 3.2 and 3.6 with the pI 3.2 zm‘d 3.6
enzymes present in the greatest amounts. The amino acid composition of ‘the pl
2.3 protease has been reported by these authors. Proteases with, pl 2.1 and 2.3
contained 2 p»hosphomus’ atoms per r‘nolecu]e of enzyme, ‘all other proteases
contained one. The authors have sequenced the amiro terminai portion pf"e;ch of
the proteases. They have found that the amino acid sequences of the various horse

proteases are more: similar, to eachi other than comparable sequence comparisons

between' porcine pepsin and gastricsin. The sequence of the pl 3.2 protease.differs

to the greafest extent from the other horse proteases. The authors have found

that the relative yields of the various proteases differed between batches of gastric
N X . .
juice.




Esumi et al. (1978) have purified two pepsinogens’ froni mouse- gastric

mucosa using Sepharose 4B-pepstatin affinity chfomatography, gel filtration- and ~

Sepharosg‘ cLsB chromafography. Tiires ‘other. fafuor: bands of Sctivity vers
found o’ polyaerylamide gels but these .accounted for only 10% of the: total
gastric.protease activity. The molecular w;ighl of the major ]Jepsil:’ogehs was 41
'kdal, Ehch p‘epainogén‘ gave rise to two separate pepsins after initial exposure to
acid. The molecular weights of these pepsins were 38 kdal and 36 kdal, When the
activation was complete, only the 36 kdal pepsins remained. Thus, it is apparent

that the activation of mouse pepsinogen can occur in more than one step. Mouse

pepsins are active with hemoglobin as substrate and in the milk clotting assay.

The presence of chymosin and pepsin was inferred in rats Rattus norvegicus
at different stages of development by Kotts and Jenness (1976). These authors

used crude stomach homogenates and compared the activity at various pH values

that of crystalline calf chymosin and porcine pepsin. They found that in one
Qy old rats the pH profile of the stomackhomogenate was more like chymosin

than pepsin with a pH optimum at 3.5-4.0. However in.28 day old.rats the main

“ activity was at pH 2.2 which corresponded to the pH optimum of porcine pepsin.
§ | E

The authors therefore speculate that the gastric protease in the young rat is
chymosia-like and that this projéase is gradually replaced by a pepsin-like

protease after weaning.

N
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" separate pepginogens from the chicken. Th¥§

’ 13 i i

. ¢ ) : ;
Table 1-1: Summary of the Properties of Mammalian Pepsins, Gastricsins and

Chymosins 5
Property Pepsin  Gastricsin ~ Chymosin
pH Optimum with Hemoglobin ‘20 30° 34,
Hydrolysis of_‘AP.DT . v. active. inactive ; inactive
Milk glptting Activity moderate =~ moderate v. high
Elution from Amberlits‘eCo_lumn pH 2. L pH4E . K v
‘ Molecular Weight Bkdal | 32kdal | 3Tkdal |
Ratios ilefleu, asx/glx / ‘1315 0507 .
Site of Pr9dnction . fyndus pylorus , fetal stomach
Imﬁmnologj;: dijtinet distinet . distinet . )

R i Bem 0
1.2.8. mpmiu of Non-Mammalian Gastric Proteases

The varios pepsins and thei gymogens bave been-studied in e chicken
Gallus gallus by two groups; Bohak (1970) gnd Donta and Van Vunakis (1970}
The rrst{ group found that chicken pepsinogen cluted from a DEAE collulose
colum as a single.peak. The activated pepsin was stable between pH 1 a0d 8 aiid
had s free cjsteine in addition to the. thrpe disulfide bridges present in all. the
pepsms dlscus?ed so far. There were also 2 glucosamines and 6-7 hexoses per
molgtule of chickei pepsia. In"contrast, Donta apd Van Vanakis have described 4

. major pepsinogens, A, C and D

blve high activity with hemoglobin after acti¥ation and are present in'a ratio of
3:1:2 respectively. Pepsinogen B was preseit in very small amounts, Pepsin B was
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inactive in the milk clottiig assiy and with hefhoglobin & substrate but was

active with Zrglutyr at pH. 4. Pepsins A and D have similar ‘amino acid

and i logical ities ‘that were different from lhese of -

pépsin C. They have conﬁrmed the greater pH. slabﬁxty of the chicken pepsins
compated. to porcine pepéia’ and suggest that this may be' die-to the higher

number ‘of basic residues in chicken pepsin. The major chicken pepsins were less .

active than porcine pepsin in the milk clotting assay. These authors also. confirm .

- the presence of a free cysteine in chicken pepsin’ A. g

Two - zymogens have been isolated from the gastric mucosa of the toad
Caudiverbera caudiverbera by Ward et al. (1978) by gel filtration and an ion
éxchange chromatography. Zymogen 1 (Z1) gave a gastricsin-like enzyme after.

activation that eluted from an Amberlite IRC-SO column at pH 4.6, had optimal

achv)f.y thh hemoglobin as the ' snbstrabe nt pH 3, and had vulua.lly no acnvny

. on APDT. Zymogen o (z2y prodnced a yepsm—hke enzyme nl‘ter actwatlon that

was only 18% as sctive with APDT s porcine pepsin. These authors havé noted
the increased. stability of the toad protedses to alkali gompared to porciné gastric
proteases; They have speculated that s may ie an’inverse correlation between
the position of the species on the evolutionary seale and the slk‘nli.stal’)ility of its

Sastiic prokenses: i B, i % g Bk




1.2, Properties of the Gastric Prokeases of Fish.| © ' . .
The' gabtric proteases from a number of sk spec‘ies e beek olatad kad
* charaterid. The fist of the fish pepsins 1o b siuied we that ‘o the Puciie
. salmon Oncorhynchus tachauytscha by Norfis and Elam (1940). n ‘this eisly
work pepsin was purified by cryszauimibn ‘and thie purity of the preparations was
estimated by solubliy curves, Thiese authors found tht ‘salmon pepen contmned
twice as much oystine as poreine. pépsii. The pH optirmum yith hemaglobm as

tha;sibatrate was: g3 for bobkisslmon’isil pordse: pepsin prepared by, brid

itrastion of the gastric mucosa, except that salron pepsin still retsined 50% of
its activity at pH 4.5 while' porcine pepsin’was completely nactivated. However

when salmon pepsis wis preparéd by alkaline ext¥otion oI the gasitic mdsn

. followed by acidificatfon of the Zymogen to. form active pepsi, a pg-l curve with a
;
plateau from pH 2-3.5 was obtained. The rate of hemoglobin hydrolydis by salmon

pepsin was tripled in the presence of 0.1M NaCl: Silmon pepsi was unable to

hydrolysé small peptides of glutamate and tyrosine which were good substrates for
porcine pepsin (Fruton and. Bergman, 1940). !

Pepsin’ was - also ‘crystnllized from three species of tuna by Norris and

Mathies (1953).- These pepsins had greater activity towards hemoglobin than any
other pepsin isolated to- that time. Tuna’ pepsin was less stable to alKali than
salmon ‘pepsin but was nore stable than ‘porcine pepsini. In the absence of salt,

tuna pepsin displayed double pH optima with hernogldbin as the substrate. When

“bulfer salts were. present, the sctivity, was inerased and a single. pH optimun at
" pH 2.5 was obtained./At pH.2 funa pepsin was 50% inactivated By heating to 56




tuna pepsm demmmed 25 ‘the point of minimum solubxhty was 3.8.
i

The first:report ol thie isolation'of differeit: pepsinogen soenzymes from a

fish was that of Merrett ¢ al. (1960) and Bar-Eli and Merrett (1970). These *
I T .

suthors separated four pepsinogens, from the gistric mucosa of the smocth doglish

4 : < Bonl AR
Mustelus canis by DEAE.cellilose ghromatography Pépsine B was active with Z-

ghutyf but not with hemoglobm while pepsis A, C'and Drwere active with

prolem substrates. Pepsins 4 and D were slml!ur in chrcrnatugraphlc behavior,
lmmunologxca] reactmty and amino acid. eomposluon and Were dlfferent fmm
pepsin C. Pepsin B had a_higher molecular weight (45 kdal) compared t.o the
ogbe'r dogfish pepsins (3¢-36 kdal). The JoRtisk Pepaisig Wers &5 titned abre scts
; th;n p‘orcine pepsin. with hemog]nl;in % substrate but had only 5% of the milk
‘clomng acnvny of porcine pepsin. Dogﬁsh pepsin A displayed a broader oH

: ophmum with hemoglobin a3 ‘the Substrate than porcine pepsia A.

+ - Two gashic proleases have been isolaged l'rom the sar«line‘by Noda and

Mumka.mn (1981). " These workzrs used ammonium sulfate fmctmnahon, ™M

cellulose and gel, filtration chxomatog—raphy m their. purification scheme The.

ammiino deid composxtmnr onhe two pmteases were: similar except that ?hzymel

was “higher “in thr,eomne senne, and proline than asyme | l]. Enzyme 1 was

. reporwd to conmn 9 cysteme resldues wh)le enzyme II' contmned 7. Both enzymes

were inhibited by pepsmm to almost the samegstent as porcine pepsin. Enzymel

had'a pH optimum with hemoglobin at pH 4.0 while the optimum pH for enzyme

T was 2.0. The’ enzymes were unstable above pH 7, enzyme I being less stable
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-than enzyme I Sardine gastric proteases hydrolysed-APDT at only 10% of ‘the

rate of porcine pepsin. In strong contrast to other fish gastric proteases, the -
‘sardine gistric protesses were strongly inhibited by NaCl with casein or .

hemoglobm as the substrate. This inhibition by salt was" somewhat lesyened with

sa:dme muscle protems as the substme ‘These protems ‘were hydro[ysed at a

slower rate than hemoglobin jn the ‘absence of salt.

- Pepsin has ‘also been partially ‘purified fiom the bonito Sarda’sarde (a”

relative ;of the mackerels” and tunas) by Kubota and ' Ohnumia (1970) by

s ]
ammonium sulfate fractionation of a distilled- water extract of gastric mucosa. No

attempt was made by these suthors to separate pepsin isoenzymes: The pH’

" optimum of the bonito pepsin preparation was near pH 2 but. more activity
remained at higher pH compared to porcme pepsm Bonito pepsin was twice as

active with hemoglobin but only 5% = active with AP‘DT a5 porcine pepsin.

Bonito pépsin had a lower temperature upnmnm, decreased thermal stablhl.y, and ~

mcreased stability to alkah compared to porcme pepsih.

Gildberg. and Raa (1983) ave separéted two gastric’ proteases' from the
capelin Mallotus villosis by smmopium-sulfste—fractionation, DEAE cellulose
chromatography and gel filtration. The pH optimum of protease I, the major
prohe;se, was 3.7 and the 'pH optimum of protease I was é.s wilh Hemoglobin as.

the substrate. These erizymes had lower molecular weights and higher isoelectric

o
pints: than porcine pepsin; *protease 1 (pl= 6.6, molecular weight=.23 kdal),

protease Il (pl= 3.5, molecular weight= 27 kdal). The optimum temperature for
hemoglobin hydrolysis was 38 °C for protease I and slig\gl]y higher for pxoteﬁse 1.




8
The amino acid compositioss of the-caﬁclin gul.ric proteases were reported to be
similar to the sardine gastric protuses e_xtept that the capelin | gmnc proteases

lnve higher serine and lower cysteine Gontamts.

The pmu proteases have been islated by Smehu-Chimg :and Pone

(1981, 1981a, 198?) from the hake Mzrluema gayi (a relative of t]:e cod). In theu

i eu]y paper. r.wo proteases were sepanted using DEA,B cellu]ose and DEAE

' Sephadex A 50 Shromagogriphy. The- pH apum ofthe proteases vas/pii 3 wm..

hemoglobin“as substrate nnd the protmes did not hydrolyse APDT. Thue

‘authors have, classified these protesses, s gastnzslns becaiise of these properties;

Hawever the proteases were also inactive with Z«trp-nla and Z-tyr-ala which'were

] repcrted v.u be snbatrns for hunnn a.nd porcme gastricsin (Hmn; and

Tang, 1969). Th roteases also eluted from a colnmn of Amberlite IRC-50 at

higher pH values than gasiricsins. Thie molecnhr weights of the"lish proteases

were lower than “for porcine gulnc proteases. The fish gns'.nc proteases were
stable up.to pH 10, more umve thn.n porcine pepsin. with henwglobm as the .

substrate and less unv(e in the nulk clotting assay than porcine pepsin. ln 3 later

: _paper these authiors reporl; that the hydrolysis of hemoglobin by fish proteases was

stimulated dramatically. by NaCl, as has been reported for a number of other fish

. species.
'

'l;he. gastri£ pmteue: of the cod Gadus c'ulln’n‘ua ,lnw.- be;p studied in\clrudeb
stomach homogenates and gastric juice. by Labarreet al. (191}, They mmured
proteolytic activity using skim mn{k powder incorporated mbo agar plalu The
assay was based on the clarification of the ngn.r dne to pmmolyue action. In this

5
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. ' .
assay,the size of the clear e aroud the well cpulaining énzyme was a function
of the concev{,ra.mon of _enzyme in the well These workers found tha.t lhe pH
optimum for both cod muwsal extract and gastric juice was pH 5 whlle the
ptiinum pH foruporcine pepsin was pH'" 2. Gastric juice -also contained an enzyme
with activiy “at pH 9. . The lempemlure “optirnum for * the’ hydrulysxs of milk
protein by gstric juice was 30 oG, while the temperature optimum for mucosal

extract was 45 °C. This compared- o an’ observed cempemtme opumum for

porcine pepsin of 52 °C.- ' ;

. The gastric protease activity of the brook trout’ Saluelinus fontinalis was

" investigated in crude stomich homogenates by Owen and Wiggs (1971). They

foind that the: pH optimum with methylated hernoglobin' was at pH 3. Artbenius

" plots were discontinuous at 133, °C, Below this temperature, the activation energy

was 15.2 keal/mole and above this tempemhue the actlvmon energy was 9.4

ktal/mole. The kinetic characteristics of the extrack ‘obtamzd from fish held.at 5

°C were similar to those held at 15 °C. However, increased amounts of activity

. were present in the fish held at the colder temperatures

“Fwo pepsins A and B) have been isolated from the Arctic cod Boreogadus
saida’ by A:unchal!.m and Haard (1984). Both ¢hayines had pH optima at 2.0,
temperature optirfia of 37 °C and activation energies of appmxlmately 3 keal/mol .

with h lobin as the bstt The Km' wnth hemoblobin as the substrate was

0.08 mM for pepsin A and 133 mM for pepsm B, hnl the phys)ologmnl efficiencies

* (Vmax/Ki) of bath éenzymes were similar, hsetisliod hepan hiodss:vemperatize

coelficient (Q;q) of 1:2-14 in. the milk cotting sssay compared to 22.2 for
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- mammalian pepsins. A partially purified preimmé)n of pepsin from the Atlantic -

cod Gadys morhua has been studied by Brewer-el.al., (1984). The preparation

consisted of a’mixture of 4 pepsinogens of subunit molecular weight 41 kdal as'

.determined by ‘SDS-PAGE. The pH optimum was‘at pH 3 at 30 °C and
P 5

broadened to pH 2-3 at 5 °C. The enzyme preparation was:not vé;y active with

¥ "APDT and had ax Ea for the hydrolysis of hemoglobin of 7.3 keal/mol at pH 1.9. &

Itis apparent from the discussion above: that the gastric proteases of fish
and oter lover veriebrates have umque properties that sre diffeent from the

anzed in Table 1-2.

| Table 1-2: Propemes of the Gastrié Pmtesses of Fish that are Diffefent fom'

_ Those of Maiminalian Gastrie Proteases

‘, “generally stimulated by salt
£ ¢ . inkreased sabiliy to alkali -
* desreased thermal stability

I‘u\ver temperature tz‘ptimuﬂn 2
© . ative atbigherpH v

" higher isoelectric points
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1.3. Biological Diversity of Acid Proteases
! Acid proteases are defined as -those having two catalytically important
aspartic acid residues in. the active site and are also-known as sspartate or acid ‘
proteases. They are inhibited by compouids that bind to these aspartate residues,
namely  1,2-epoxy:3{p-nitrophenoxy)propane (EPNP) ‘and - diazoacelyk-DL-
norleucine methyl ester (DAN). In adtiton, all acd proleases are inhibited ‘by
papslatin wihich s, hexapiptide solated trom cullure brsths o Streplimyces
e, ot PO 16 il s i i ls
hydroxy-6-methyheptanoic acid].’ This residue is thought to be ransition state

. analog of the acid proteases for the hydrolysis of peptide bonds (Marciniszyn et

Coalete)t 2 -

Acid proteases are found: inside. the cells of o number of animal tisues as

‘well as- serving & purely digestive role extracellularly. These have been
. summarized by. Barrett and Mcdosald (1980). An important group of these
intracellular acid proteases sre’the cathepsins which are localized n the Iysosomes
(Mycek, 1970). Five cathepsins have been identified (A-E). Cathepsins A and B
have pH. optiia. with proteiss in the pH 45 range while cathepsios D and E are
“active ‘b pH 2.5-85. Cathepsin C is not activeon prokein substrates and s
shmstmerioreel el Mpeofify Chiessnl-old satdive 1 Treplay]
hydrlase reaction. Cathiepsis A s charioierized by its abily €o bydrolyse Z-gh
tyr while calhiepsia B requires a silffiydryl activatér such bs 2-mercaplosthancl
Nfor sctivity in vitro, Catlepsins ace fousd in a'wide, varisty of tssues 554 sare

3 G b » o
“usually isolated from tissues that are rich in lysosomes such as spleen or liver. It is
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thnughi llmpthey are responsible for tissue turnuv_ex‘ and tl;at. they may play an

* ifnportant role in certain diseased states such as the degradation of cartilage in

arthritis (Barrett, 1077). Cathepsin ‘D shows some structural homology to the

gastric proteases but does not have a zymogen form. The molecular weight of

cathepsin D is larger than pepsin due to the presence of a 100 residue hydrophobic -

tail at its C-terminal end. It: has beén siggested: (Tang, 1979) that the gastric
proteases and cathepsin D may hae evolved from the same ancestral protease.

- A pepsin-like enzyme hias also been isolated from human. urine (Zoller et al,

1976). It is thought to originate from either the kidney or the plasma and has

been named uropepsin. It has not been wellicharacterized to date but it sppears

to be related to the major pepsin A group of acid-proteases. The kidney produces

the acid protesse Temin which plays ‘2 regulatory rol¢ in converting

angiotensinogen.to active angiotensin I. The activaf ‘h‘u:mone produced by this

limited proteolysis is involved in the maintainance of blood ‘pressure. Renin has

also been found in the mouse submandibular salivary glands and a high molecular

weight precursor-for the enzyme has been identified. An acid protease has also

been isolated in zymogen form from the seminal plasma of human and guinea. pig.
v

‘The zymogen is thought to become activated in the slightly acidic environment of

the vaginal discharge and work to allow, the sperm to penetrate the cervical

mucus and fertilize the egg. The enzyme appears to have gastricsin-like properties

(Chiang ef al., 1981). g

Pepsin-like acid proteases are produced by a number Of yeasts and molds

including Aspergillus, Penicillium, Paecilomyces, Rhizopus and Trametes (Sodek

i
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‘et al; 1977 for crystal structure). This enzyme has a very similar specificity and

aid Hofmgap, 1070). -The amino'scid compositions and structural ‘and kinetic
propertics of the varjous microbisl protéases ave been reviewed (Matsubara and
Feder, ‘1971). These enzymes are extracellular and ha:re tee"n iso}nte\from the
culire broths; they do not existjn zymogen foim. One of the most stidied: of

these s penicillopepsin, solsted from the mold Ponicillium janthinellum (see Hsi

catalytic meéhanism, to porcine pepsin (Chu and Nakagawa, .1982). ‘A related
group of acld proteases,' the micgobial rennins, are produced by Endothetica
purmttcn, Mucar pusillus, Mucor mehei and related orgamsms (A.nma et al,

100, “Thws cusymes have ‘biéen used in corumércial chesse mapuiacturing in

place of call renmn An evolutionary scheme for the cnrboxumteasa has been

suggested (Tan, 1979). )

1.4. Structure snd Cataly tic Mechanism of Acid Proteases

'A ‘wide variely of acid protesses have Been discovered that'differ in 'Lheir/

" functional locations, biolegical roles and enzymatic properties. However, all of

these enzymes share common structural features and similar catalytic mechanism

(Tang, -1970). The structural and catalytic similarities between the acid proteases

‘were confirmed following the elucidation' of the complete crystal structure of
pepsin (Andreeva el‘all, 4077) and pesicillopepsin. (Hsu ef al’, .1977). As vell, the
crystal structures of two oiher fungal acid proteases have been worked 1uut> ‘and
the-cornplete amino acid sequences of pepsin, chymosia and -penicillopepsin are.
kriown. . The camyumﬁy important _residues in the active site of the acid
pmtenses were identified using the. two affinity Inbeﬂmg reagents prekusly
mentioned; DAN (diazoacetil D]_rnnrleucme ety ester) esterified to sspartate,

3




1.5. Mechanism of Pepsinogen Activation’

o : & 24
215 and EPNP (1,2-epoty-3-(p-nitropherioxy)propane) reacted with aspartate 32

of the pepsin sequence. These residues, as well as serine 35, have been conserved '

"in all acid proteases. -

The three dimensionl structure of pepsin*A. consists mainly of 4 sheet

structure with only three short segments of u—hellx An sppnrent substrace bmdmg

cleft sumcxent to.accomodate 7-8 amino acid residues Tuns the whole length of the

~molecule. The actrve site aspartate 32 nnd aspmate 215 are located in the center

- of.the binding cleft and are hydmgen bunded to each other. Aspartate 32 is also

hydrogen bonded to serine 35. The pKa of the carboxyl group of aspartate 32 is

* estimated to be 2.8 while the pKa ‘of the carboxyl group of aspartite 215 is

v
acid pH optimum of pepsm the carhcxyl group of aspartate 32 is therefore -

xomzed and the carbon)l carbon of the peptide bond to be hydrolysed \mdergmzs
nicleophillic'attack by this fonized group. Aspartate’ 215 has betn proposed to be

a proton donor to the carbonyl oxygen or. -amide nitfogen; tyrosine 75 may. also be

* the proton donor to Lhe amide nitrogen. ’I‘he catalytic mechanism of pepsin has

been studied- by mnng substrates toYie active site of the enzyme in models

" (Blundel et al., 1680, Foltman, 1081).

Tlie mechanism of pepsinogen activation has been extensively studied
(Mareiniszyn et al.,-19762) and involves the removal of 44 amino acid residues

from the N termital end of the zymogen to generate the active enzyme. The

activation segment is not relessed as one intact polypeptide”(Kay and Dykes,

.." Ve

i
|
b
|

"~ estimated at 5 due to difference ia ydrogen bonding of the two residuss. Af the
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1077) and it is now known that leult-ilel7 bond is first hydrolysed in the

activation process. at pH2:5: The seg—menu removed durmg the actwatmn process

ae tomposed of a ms.]m(lty of basic residies and contain an inlibition peptlde of

.29 amino acid residués. This inhibitor binds to pepsin at pH 5 but is cleaved at

lower- pH values (Kumar et al; 1077). A i:étemgeneity of ‘pepsin molcules bas . -

been found. under -some- accwmon condmons, notably at higher pH, and

Rajagopalan ctal. (1966) bave resommended that pepsinogen be activaied at i

2in order to produce a pepsin pre jon. The'h ity of

pepsin is thought to- be due' to the- removal of differént number of amino acid

‘residues from pepsinogen during the activation process.
“The process of pepsmogen amvahon can oceur by e:ther mtramolucu]ar or
s &
1 hanis The intr lecul. domi. at law

e
concentrations ‘of protem and be]ow pH 3." The actwntu)n is first ~order s with

réspect to zymogen concentration and is inhibited by pepstatin and the purified-
globin portion of hemoglobin which is a'good substrate for pepsin. The proposed

h

of intramolecul i tivation is as follows. At neutral pH,

the'zymogens are stabilized in an inactive conformation by the interaction of the
busic aming acid residues in the N-terminal portion of the zymogen with the
carboxyl groups in the catalytic portion of the molecule; At low pH, the carboxyl

groups are protonated and the interaction with the basic amiino acids in the N-

* terminal region is decreased. The, zymogen then undergoes 4 conformational

chatigge-to become active and splits the leucine 18-isoleucine 10 bond to remove

the activation peptide. This has been-further d by the finding.

* that pepsinogen will bind'to a pepstatin-Sepharose affinity column at slightly acid

o

e A

e S it




pH and isrecovered as the native zymogen by elution with pH 8 buffer. Above pH

. ;
. 3, the activation of pepsi involves the i activity of active

pepsin on the zymogen,to form even more pepsin, Because of the broad specificity

of active pepsin, the zymogen is attacked at a numiber of sites which generates a ~

number of slightly different pepsin species’ and results in heterogeneity in the

activated pepsin. 5 N

1.6, I_n‘xﬁuxinlhgica.l Comparisons of Acid Proteasll

e i i o

A large n‘umher of workers have used -various immunological techniques to
At Vi el FolatIs Bl RS, THE W o
immunochemiesl titratkn hes beén wed to tompare  vertebrste', lglate
 debiydrogenase isoenzymes ' (Holmes ' and Scopes, 1974) and - dspartate
amin;)tr.ansfers_se in different species (Porter et al., 1981). This method involves
i inoubitionof the atyin with: autbai dad, er & witable laaibation
period, the . antigentantibody complexes that have formed are separated by

centrifugation. The amount of antiserum (titer) required to- inhibit or precipitate

the enzyme is then’ de by ing the ic activity or protein

remaining in the supernatant. Enzymes that are precipitated or inhibited by

similar titers of antiboby are considéred to be i ically similar.

(1980), using rocket i Jestrophoresis, found ‘that ant-human pepsin A
anfiiodyrencbed Wik mivcosslextruats froin o i, gObt: 2ebie; Horse; dog, cat )
and seal while'sat, hate, poreupine, kangaroo and hen pépsin gave no reaction.
Meanwhile, amti<alf chymosin would precipitate the same estracts from goat, -

piglets, seal,.dog, cat, young ral, porcupine, horse, zebra'and kangaroo indiesting

- that these species contained a chymosin-like enzyme. These studies have shown' '




that there is ‘a-strong correlation becwm sequence homology and the extent of

antigenic smulmty With this in mind, it xs,mterestmg to note that wlule e
) pepsms and chymosins from different species shqw lmmunologlcal slmllamy, o

" cross reaction, has been, found among the pépsin; gnstr;cj?pd skpsddin of he :

ot -same species. The various techniques that are useful in_detecting the aﬂtibody—

anngen reactions have been summarized (Relch]m, 1977). IR

el e ) Objectlvau af This Study i en £ T b i

v B WY s The Greenland cod' (Rod( cod) is an mshoresub-archcspec)eswhlch thnves A

in near heezmg water temperat\lres of the North Atlznhc (Liem and Seott, mse) T

It ocoupies a ists low 5 imnt while the Atlantic 20d can

) occnpy different thermal strata in the oﬂshore water colllmn 1t was felt therefore

that the gastric proteases from ms specxes may fave adopted some- unique

 properties that may have useful i cations. These rties may

include lower thermal stability and temperature optimum with a higher molecular *

activity .at lower temperature. These propertis have beex reported for nyl;sins
" solated from: this species (Simpson, msa) In order to evoluate the possble

usefulness of the gastm proteases of this species to the food pmcessmg mdustry,

. the enaymes must first be isolated and characterized. 9, .

1t is apparent from the literature review above that the gastric proteases of -

Do . many different species have many ‘characteristics in common. The properties of

o © the ian pepsins, gastricsins and chymosins are ized in Table 1. As
has beén discussed in section 1.2.7, the gastric proteases of seeral fish species .

have been isolated and these enzymes have shown several unique properties while
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still recamu:g some or the baslc properues :of the mammalian gastric pmzeases
(Table 2). Some of these charabteristics, wlucb enable the am.mal to survive in its

eiviroument, have been successfull’ exploited in the food processing indistry. Tn

" thié regard, the: gastric proteases. from the seal Pagophilus groenlandicus

. (Shamsuzzaman and Haard, 1084) and Atlantic cod (Brewer et.al.,.1984] have

been’ successfully ‘used in’ cheese ‘making. Other food processes, that: utilize

proteolytic enzymes have been discussed by Haard et al., 1982.

1 is therefore hypothesizeg that the gastric proteases of the Greenland 6d.
have several catalytic and structural l'e’atures in common with the mammalian. . -
gastric protease; bnt also may possess prop‘erties unique to this species. The
appruach taken in this thesis is to compare and contrast the properties of the
Greenland cod gaslnc protees with ihé porcine gasmc Drotases and e anwer

the ronawmg quesnans . e e

13 What are the common- characteristics® of the mammalian gastric ,'
proteases? Do the gastric proteases of the Greenland cod share any of |
these characterictics?” s i .

2. What are the differences between the Gréenland cod gastric proteases
and the mammalian gastric proteases? Are. these differences also seeil
in the-gastric pfoteases from other fish specles .

=" this study thé fosus will be shore on, those ohasasteritics that are useful
“in. deciding whether the Greenjsnd cod gastric protesses,hay have commercial
applications rather than'on structural properties of the enzymes. These properties
include substrate specificity “and pH optima as well s Vinax and Km with

different substrates and assay techniques. Thermal and pH stability of the

Greenland cod gastric proteases will be compared to [iurci.ne pepsin. Finally,
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 structural similarities between porcine pepsin and the Greenland cod gastric

-proteasés will be investigated by amino acid composition’ measurements and

immupological studies. o ’ i




Chaj)ter 2 ;- .
: MA_.IERIALS AND METHODS
2.1. MATERIALS

2.1.1. Animals | .

Specimens ‘of Greenland Cod (Gadus ogac) were caught at Lake Melville,
Labrad‘or,v by fishermen using trawl lines.: Initial sa}m)‘)les were taken in February,
1980. Fu’rthe’r’s:unples were obtained from local fishermen in A;;ril, 19&"; and May,

1983 ‘nd in June, 1983. These fish were caught in 3 to 8 meters of water, one

quarter e south of Grecn Island” (53° 33% 05 N, 64° 00 oo WJ. A further

samp]e was obtained by the Fisheries and Oceans Ganada vessel *Gadus® in -/

November, 1082 off the Labrador coast. (54° 53" N, 55° 33" W) in ICNAF
Division 2J.

Stomachs were removed from the fish and immediately frozen for
transportation to the labratory. Onee there, the stomachs were partially thawed
and the inner mucosal linings peeled away from the outer muscular layer. Special

care was taken to remove any parnsites that ‘were present, since these may

contribute proteolytic enzymes of the own. The presence of Trypanosome worms

has been reported in Atlantic Cod*Gadus morhua hy Khan and chemuk (1983).

' The inner linings were clegned (mucus has-been reported to affect the activity of
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gastric proteases by Mikuni-Takagaki and Hotta, 1979) in distilled water, frozen

in liquid nitrogen, ground up with a mortaj and pestle and stored at -70'C until

used.

New Zealand white rabbits used for the generation of antibodies were

obtained from the Animal Care Facility, Memorial University.

2.1.2. Chemicals ",
Bovine hemoglobin(type 2), gelatin (type 3, from calf skin, 235 bloom) and
APDT (N-Acetylphenylalaninediiodotyrosine) were.obtained from Sigma Chemical
* Co., St. Louis, Mo. Soluble casein was purchasedfrom BIOH. Al protein substrates
+ ware diaijel. cxtensively [molecilar: weight eukoff of; dislysis: iubiag was
6,000-8,000) against pH 2 or 3 HCI before use in order to remove.low molecular

weight cqntnminahts and. lower the blank values of the assays. Peptide substrates

Z-trp-ala (benzyloxycarbonyl tryptophanylalanine], Z-tyr-ala benzyl bonyl
. tyrosylalanine), . Z-tyr-leu . (benzyloxycarbonyl ‘tyrosylleucine),  Z-tyr-ser
(benzyloxycarbonyl  tyrosylserine) :u;d Z-tyr—tixi- (l;eqzyloxycarbonyl
tyrosylthreonine) were obtained l‘mm.@hemical Dynnmi.cs Corp., South Plainfield,
N.J. Porcine pepsin ‘A (1:10,000 and 1:60,000), porcine pepsinogen (grade 1) and
" Nesslor's Reagent were obtained from Sigma. The reagents for gel electrophdresis
were obtained from Bio-Rad (Mississauga, Ontario). The reagents for isoelectric
focusing-and chromatofocusing were obtained from Pharm‘acia Fine Chemicals,
Uppsala, Sweden. *Coomassie Blue G250, Nin-Sol (ninhydrin reagent) and

mercaptoethaneshlfgnic acid wete the products of Pierce Cliemical Co., Rockford,

Illinois. Freund Adjuvant was obtained from Difco Laboratories, Detroit,
. PR 2
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Mishigans.All ibotatiey. clisuicals aad Wersiof Kailybisal grade:of equlva]ent
and were obtained from majéf suppliers (Fuher Scientific, Canlab BDH of Sigma) -
. 2.

2.2. METHODS

2.2.1. Tsolation of Greenland Cod Protesses

2.2.1.1. Preparation. of Homogenates i
Tane stomach linings that had been'previously frozen-in liguid pitrogensind
-grotid, 1 with ' morkar: wnd! pesle “were: Honpastized kit ROl
“hombgenizer- (Brinknidsn' Tnstruments, Rexdsle, Ontario) i two volumes’of 50
" mM Tris buffer adjusted to.pH 7.4 with phosphoric acid: Short periods ‘of
 homogenizatioh at setting 7 weré used“with the ‘mixturé cooled over ice. The
homogenate was centrifuged for 10 min at 17,000 rpm (34,000 X g) using a Sorval
RC-5B centrifuge (DuPont Instruments). The pellet obtained was homogenized
Sgaiu With rowo! volumses: of bulfer centrifuged and ‘the supernatants were
combined. i - . : ‘
g i . P e B ’
Hor'eestiin prepasationsiof Grsentand Codipepsinbgens shmoniit, dulfals

; o
precipitation was used as

ial purificatioh step. Solid smmonium sulfate was
slowly’ added with constant stirring o the cleared homogenate to 23% saturation

t 5 °C. Sufficient IN NaOH was added to. maiatain a neutral pH during the
m‘d‘ditien ofvthe ammonium sulfate. The mixture was centrifuged at 34,000 x g for
10 min. and the pellet was discarded. Thé ammonium sulfate concentration was
then adjusted to 63% saturation and the mixture was centrifuged-as before. The
pellét obtained was thén used in further purifieation steps. For some experiments,

the jum sulfate fractionation step’ was ommitted and the

fraction from the homogenate was used for further purification:



2.2.1.2. S l_ dex G100 C] h

Aliquots of Greenland cod stomach homogenate (10 ml) or 63% ammoniygm

- sulfate pellet were applied to a 2:5 x 32 cm column of Sephadex G100 and elutéd

: wlth 50mM Tns-phosphate pH 7.0. ‘The column ‘effluent . was monitored

continuously af 280 nm and collected into' 3.2 ml fractions. Alternste fractions
were_assayed for proteolytic activity by the method described in section 2.2.4,1
and active l‘;-actions. were - pooled, _concentrated by freeze-drying ‘and
rechromatographed of Sephadex G100. This purified naterial gave a single band
on sodium’ dodecyl“sulfate polyscrylamide gel electrophoresis (SDS-PAGE) but
multiple bands cn O_m»stein-Da‘vjs‘ gel electrophoresis.
2.2.1.3. Chromatofocusing

The different proteolyfic enzymes present in the mucosa from Greenland

Enzyme preparation was applied

_cod stomachi were resolved by
“"t6 a 1.5 x 30 cm column of Polybuffer exchanger 94 (PBE 94) equilibrated with 25
] 3 %

" 'mM. imidazole-HCI buffer; pH 7.4. The column was eluted -with Polybuffer 74,

diluted 1:8 and adjusted to pH 4 with HCL The column effluent was monitored .

ly at°280 nm, i 3 i), fractions were collected. and the pH

of alternate fractions was' messured using a Photovolt model 112 pH meler
equipped with 2 semi-micro calomel combination electrode (Corning Glass Works,

" Corning, N.Y.). The proteolytic activity of alternate fractions was determined by
the method of section 2.2.4.1 and  fractions ‘containing activity s pooled and

Iyophilized. In certain experiments, enzyme fractions from chromatofocusing were

d using a conti feed iltration system (Amicon’ Cofp:;

Danvers, Mass) with YMIO. filters at 50 psi nitrogen -pressure. However,
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approximately 50% of the enzyme activity was lost by this procedure and it was
g 3, . § v ¢
subsequently abandoned. Polybulfer was removed from the énzyme preparations,”

by chromatographyon’a. 15 x 80 cm colimn of Sephadex G75 (40-120.4 dry bead "

diameter) equilibrated: and eluted with 50 mM Tris-phosphate, pH 7.0." Active

enzyme was prepared by incubating thé zymogen at pH 2, 5 °C for 30 minutes .
el

- followed by chromatography on Sephadex G75 equilibrated and eluted with .003N
HOL. I this! way, the peptides released by the activation of the zymogen were
removed, since it has been reported (Bustin and Conway-Jaéobs, 1971) that.they
may inhibit - the exyme activity. Trearish ey e s proteolytic
activities e separated by prepargiiv'e isoclectric focusing. A flat bed system

_(FBE 3000) was used with Sephadex IEF and Pharmalyte 310. However,
chromatofécising as found to- give"superio Tesolution of the pepsinogens and

‘was more convenient than isoelectric focusing.

2.2.2. Purification of Porcine Pepsin and Gastricsin
Porcine pepsin and gastricsin: were purified as deseribed by Chiang et .
(1067). Crude’ porcine pepsin preparation (1:10,000), 2g, was dissolved in 0.2M
citrate buffer adjusted to pH'2.1 with NaOH and applied to a 1.5x 30 cm column
 of Amberlite CG-50 resin (hydrogen form, 200-400 mesh). The resin was first
cycled once through the sodium form by treatment with NaOH, water,and then
HC! a5 described by Hirs ef al. (1053). The column was eluted jnccesiye]y with
0.2M citrate buffer m}hsted with NaOH to pH 2.1, 3.8, 4.2 and 4.6, chzio;xs
eluted as p;enks of protein_ and containing proteolytic activity were pooled:
lyophylised and applied to a: 1.5 x 87 cm colur!;n of Sephadex G75 equilibrated
and-eluted with 003N HCI. The enzyme preparations were pur;\ as judged by

polyacrylamide gel electrophoresis as'described in section 2.2.3. 1,
; !




2.2.3. Estimation of Pﬁ;ity of E;nzyme Prcpuuzlon;
2.2.3.1. Polyacrylamide Gel Electrophoresis

* Thie purity of the enzyme breparstions was sxamined ”Frdectrﬂpl;orais on,
7.5% po]yzcry]mude gels (Davis, 1964). Electrophoresis was camed out in glass
tubes (os 13 em) “with s gel length of 10 em using a model 155 gel
electrophoresis " cell. (Bio-Rad). (_:old tap water was. circillated. through the
apparatus to maintsin & low temperature and 4 curfent of 2mA per gel was

applied usinig 2 Gelman power suppl¥ (Gelman Instruments, Ann Arbour, Mich.).

Bromophenol ' blue dye "was used. to estimate the leading edge of ‘the : -

electrophoresis pattern.

Electrophoresis was also carried -ouf/ in the presence of sodium dodécyl

i
sull‘ate (Laemmh and - Faire, 1913)‘71 used to separate protems of different

moléculsr weights: To éstiimato the mlecular weight of a protein with this

method, a calib mixture ining: phosphorylase B, bovine albumin,

ovalbumin, carbonic athygrase, soybean trypsin inhibitor and lysozyme was

included. A graph Of the logarithm of the molecular weight of these standards
ersus the R was then ‘sonstructed.and used 1o estiriate the inoleculsr wu/ﬂﬁ of
a test protein once its Rf had been determnined. The preparation of the various
eagantarasd the dotatls:of 45 procadars fov pausing the polyserylamids gels are
described in Appendix 1. ' ‘

The electmphoresls was judged to be complete when zhe bmmophenol blue

dye was 1 cm from the bottom of th¥ tube. The gels were removed immediately

from the glnss tubes using a syringe filled with distilled water fitted with 2. 21 -

E

St
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guage r-ﬂ.e:lle and were fixed in 14 ml of 12% TCA. Approximately 3 ml of 0.25%
Coomassic Blue G250 was then added and the gels allowed to stain. A sufficient
swmn; time was easily estimated since the bu:kgronnd takes up very little stain
(Diezekiet, al.,1072). The gels were 'ishmed overmght in 7.5%: acetic atid with

5% methanol in a diffusion destainer containing activated charcoal lBle-ﬂ‘l_)A

2.2.3.2. Use of High P ' Liguid Ct ?

. Numerous _attempts ~were made b “ublize high performance - liquid

h hy (HPLC) to Ih! purity of the enzyme preparmun:

- Several types of reverse phase columns were used, mcludmg octyl (Altex

Ultrosphere Cy) and octadecyl (Waters Scientific sBondapak Cyg) columas.

Solvent systems used included itrile/water with 0.1% trifl i’ acid

(TFA), .isopropn.nol]wner with 0.1% TFA -and 0.IM formate and phosphate
fuffers, with and without various concentrations of sodium chloride and at pH
values from 2 to 8. However, with all the various combinations of columns and
solvent systeihs, o satisfactory method was lound to elute protein of either
porcine pepsin or Greenland cod _proteases’ from the reverse phase column.
Samples of bovine trypsin, however, were chromatographed using a known
method (l.inee;x gradient from w;ter‘wilh .l%lTFA to 45% acetonitrile with .1%
TFA in 30 mia). It was surmised that the interaction of the acid proteaeses with
the reverse phns.eléolumn must be unusually strong.
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2.2.3.3. Estimation of Protein C

Three methods were used to estir:nte the protein concentration of solutions.
These were (1) biuret method (Gornall ef al, 1949) (2) Coomassie Blue G250
method (Sedmak and Grossberg, 1977) (3) and the determination of total nitrogen
by the micr:;-Kjeldnhl method (Lang, }058). The biuret method was used with
protein solutions ‘of 10 ﬁg]ml a‘nd greater while the Coomassie Blue G250 method

"was used with protein solutions in the 50 ug/ml range. The microKjeldahl
method is sensitive i the 100 ug/ml range but was rather tedious, It was wsed
with solutions,of extremely pure enzymes since it was felt that this st wiodld
be less subject, -ttt i oA i70vS1ala iors: ralisble SatiaAb oLt tEhe

protein concentration.

The biuret methiod involves the formation of a purple eclored complex
between copper and the peptide bonds it a protéin, and is interferred with by’
salts suc'h as ammonium Jsul_(ate. The Coomassie Blue G250 method is based :m
the forrhation of & complex between ihe dye andthe protein which ‘causés a 3hift.,
in absorbance maximurh from 465 am. for the unbound dye to 620 nm for the
protein-dye complex The micro-Kjeldahl method involvés the digestion of the
protein with strong acid and the determination of the- total nitrogen by a
colorjmetric reaction with Nessler's Reagent. It is useful only when the protein

_solution is free of other nitrogen-containiag substances. The details of the biuret,

Coomassie Blue and micro-Kjeldahl methods are given in Appendix 2.




Assay of Proteolytic Activity

A number of methods were used 0 assay the. hydrolytieactivity of the
enzyme preparations. All assay’s,' except those done to determine the elution
profile .01' a column, were performed in triplicate and duplicate blanks  were
included. The reaction rate versus time was deg’emined_fm all assay methods and
npp;'opriabe'incubation times were chosen to keep the reaction in' the line:‘avr range.
Appropiate concentrations of enzyme were used in il assays to kéep the reaction
rate in the linear rang;a :
2.2.4.1, Determination of the Increase in Absorbance of TCA Soluble

Material

This method is based on the traditional procedure described by Anson

(1938) and involved incubating the enzyme preparation with a protein substrate
at a suitable pH and, after an appropriate time, stopping the reaction by ndding
one volume of 12% trichloroacetic acid (TCA). The mixture was stored 'm. the
* cold for at least 2 h to allow comple}e precipitation of protein to occur and then

centrifuged at 3000 x g for 15 min. The absorl{ance at 280 6m of the supernatant

‘was measured using- a Gilford Model 250 Spéctrcphommeter and used as a

measure of proteolytic activity. Standard conditions for the a:ssay were; 1.5 or 2.5 °

ml of 2% protein at pH 2 to. 3 incubated at 27 °C for 10-60 min. The method is
convenient, sensitive and linear over a wide range of absorbance values. However,
it give‘s pqvin}iicntion of the number or type of lpepl,ide bonds hydrulysed.since
only the absorbance -at 280 nm of the. TCA soluble peptides,is measured. Also,
only that fraction ‘of the producg that absorbs at 280 nm is measured. The

contentration’ of TCA used to stop the reaction was increased from 6% in the

[




2.2.4.2; Use of Methylated Protein Substrates -
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initial studies to 12% when it was found- that some of the cod proteases were not

d at a final TCA jon of 3%.

' The use of methylated protein in the assay of pi [yt ;nzymes
allows the rate of hydi'olysis of peptide bonds to. be measured. Thé procedure
in¥olves the use’ of a- protein substrate in which all fiee amino groups . are
methylated so that the formation “of free amino gmups‘ by hydrolysis of peptide

bonds can be detected by reaction with trinitrobenzenesulfonic acid (TNBS). The

of methylated was decsribed by Lin et al. (1969) and is

outlined in Appendix 3. d hemoglobin, methylated . casein and

methylated gelatin were prepared as deseribed and the concentration of protein

was determined by.the biuret method.

l?r&eolytic activity -with the methylated substra’tb‘; was determined by the
method of Fox e al, (1977). Enzyme was incubated with 0:4% methylated
protein substrate (0.5 ml) and 0.2M citrate bulfer (.05 ml) adjusted with NaOH 5
an appropriate pH. The reaction wss’stopped by the addition of. 0.IM sodium

borate (0.5 ml) pH 9.5. No further hydrolysis was. noted in theredetion mixtures

" stored overnight in. the refrigerator ‘after the’addition of borate. Color was

developed by the addition of .025ml of 1.IM TNBS. The mixture was incubated
44 279 for 10 min and 2 ml of a solution of 1.5 mM sodium sulfite ia 98.5 mM
sodium dihydrogen phosphate was added. The absorbancé at 420 nm was then:
measured usin a Gilford Model 250 Spectrophotomer. The nuinber of peptide .

bonds hydrolysed was ited using an lly d ined

extinction coefficient at 420 nm for alanine of 6.057.
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2.2.4.3. Determination of Milk Clotting Activity
The time required for an enzyme to clot a 1.0 ml solution of 1295 milk solids
containing 10 mM CaCl,, pH 6.2, was determined. The reaction was carried out
in 18 100 rin tes tubes and the milk solution was examined by rolling it dlong

the sides of the tube. The clot time was judged to be)the time when the initial

flocculation' occured in the milk solution. The clotting activity was calculated -

i 08 158 binsd Eaag7a dottgsuaivdanned 5 theammoust 5F sayis thst
‘will clot 10 ml of milk if 100 sec at 27 °C. ' -
2.2:4.4. Use of Peptide Substrates . ) J Ve Ce
The hydrolytic activity of the enzyme preparations against'a number. of
 pepide derivativgs (Z-tyr-ala, Zrrp-ala, Zrtyr-ser; Z-tyr-thr, Zotyr-lew and APDT)
was determined. Peptide solitions (2mM) were made by adding sulfcient NeOH
to distilled water to bring the pH to 7. Peptide solution (.5 ml except .25 ml of
APDT), .05 ml of M citrate bulfer adjusted to pH 2 or 3 with NaOH and"
suﬂ"icient water and enzyme to 1.0 ml were incubx;ted mg;t.her.’ The reaction was
 stopped by adding 0.5 ml of ninhydrin reagent and:the mixture heated at 90 °C
for 15 min. After cooling, 5 ml of 60% e_tha;ml was adde;i and the absorbance at
570 nm was measured using's Gilford Model 250 Spectrophotometer. The

extinction coefficients at 570 nm of the C-terminal amino. acids:of the peptides

were ined following with ninhydrin and used to calculate the
rate of. peptid‘e hydmlysis'. » -
a : L™
Attempts were made to use sulfite esters as & kinetic method to determine
_pepsin activity (Reid and Fahruky,1967). However, these esters proved to be

-

—_—

i
i
1
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extremely insoluble and 1o activity could be detected using porcine. pepsin with
these compounds as substrates. L
2.2.4.5. Use of the pH Stat ) IS

The pH stat method was used fo determme the extent of hydrolysis of a2%

"'hemoglobm soluuon by each of the proteases A c,ompnrmn of the total extent of

hydrolysis- of ‘substrate by ‘each -of the proteases gives an_indication ol‘ the
percentsge of the total peptide bonds in hemoglobin that are hydrolyscd by each
of the v.-nzymes The eq\upment used i this study was,a Metrohm' pH titrator

{Bnnkmann Instruments, Rexdale, Ont) In this procedure, 5 ml of 2%

hemog]obm pH 3.0 was eqmllbrs.bed at 25 °C and, once 2 flat baseline w:

obtained for 20-30 min, 25-50 ul of enzyme (equivalent-to 25-100 pg) was added.

g vThe acid -uptake was recorded for 24-48 b with the titrator set'at pH 3.0 and
standardized 0.05M HCI i in the burette. The endpom! of the reaction was unted_

* ohen there was to Turther uptake of,acid and the numbe of smoles of HOI taken =

up was calculated. This figure, which represents the amount of HCl used to titrate

the free amino groups formed by the peptide bond hydrolysis -was then divided‘ by

0.83 to calculate '.he nnmhn o[ bonds hydro)ysed (Bohak, 1970) The degree of

l\ydrolym (DH] of.the- hemoglnbm suhstmte was then . :alculated assuming a value

, of80 meq of pepjide bonds/g of hemoglebin (l\m] using the following equation;

DH = b/h,, . o

whei‘e. b is the hydm]ysis’ equivalent defined .as the milliequivalents of:

‘peptide-bonds cleaved per gram.of protein. st

i
)
i



experiments left ovemight.‘
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2.2.5. Activation of . Zymogens
The activation of the zymogens of porcine pepsin and the three’ Greenland

Corﬁuroteues wis measured as described by Christensen et al. (1977). Zymogen
(.05 ml) was mixed rapidl} with 07M HCI (.05 ml) solution to give a pH of 2-2.5

and the ‘mixture was incubated at various temperatures from 0-35 °C. The

_n‘nlivaticn process was s‘tqpped by the addition of 0.1M citrate (.4 ml) adjusted to.

_ pH 6.2 with NaOH. Aliquots of this mixture were then sssayed in triplicate for

milk clotting activity” as described in seczion.z.g:4.3. An increase in milk clotting
activity following exposure to acid was taken as’a measure of activation of the
zyrp’ogem Similar chn‘ce‘ntrn;ions of the zymogens were used ‘and the percentage of -
activation was calculated using the clotting activity of totally activated zymogen.

Non-activated zymogens from Greenland cod mucosa failed to clot milk in

2.2.8. immnnolnglcal Comparisons of the Enzyme Preparations

22.6.1. Preparation of the Antise‘u B

Antisera to purified porcine p‘epsin and porcine gastricsin v‘lere 'pg-epnrefl in
randomly.bred’ New Zealand white rabbits. Approximately 100 pg of enzyme’
preparation in Freund adjuvant (Freund, 1856) was injected subcutaneausly at 2

week intervals. Blood samples were withdrawn from an ear vein immediately

before injection of the enzyme preparations: Ther presence of antibody in the:

rabbit sera was examined by Oucht;?lony Double Diffusion tests after the eighth
week (Ouchterlony, 1949). Two weeks efte; the pre;t;nce of antibody was
detected, the blood ‘was ml@ted by heart puncture and the ‘nnimnls w;re killed.
The, IgG fraction of the serum was purified By sodium sulfate precipitation’ and

DEAE Cellulose chromotography as described. in Appendix 4.

5
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. center well and: successive dilutions of enzyme were placed in the outér well. The

* 2.2.8.3. Immunochernical Titration Studies
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2.2.8.2. Immunodxffusmn Test.s? N

Anubady titers were estimated using Ouchmlony Double Diffusion jlates

(fof the preparation of these plates, see Appendix 5). Antibody was placed in the

plates were then developed in,a humid atmosphere at 5 °C for- 2448 h.
Concentrations of antibody 'and eazyme that produced sharp precipitin bands

were judged to be\f»!\ equivalent titer. The antigenic relatédness of the various

_ proteases wers‘ eximined by Ouchterlony Double Diffusion tests using multiple

otiter wells (Stollar and Levine, 1963). With this technique, the formation of a
spur at the junction of the precipitin bands is indicative of the presence of
5 ~

different, antigenic determinants on the adjacent proteins.

The inhibition of the activity of the various proteases by antibodies raised:to

dither porcine pepsih, porcine gastricsin or to protesses Tlli or T% isolated from -

psychrotrophic. psesdomonads (Jackman ef ol 1983) was measuired. Purified [gG

"fraction was incubated with enzyme in 15 mM sodium phosphate pH 5.5 ih

proportions ranging from 0-25 mg IgG/mg enzyme. The reaction was carried out
in 1.5. ml Eppendorf centrifuge zuba'(ﬁlinkmm Instruments) with a total
reaction volume of 0.4 ml at 5 °C for ovemight. The tubes were then centrifuged
2t.12,000 x g for 20 min at 5 °C aad aliquots of the supernatant solution’ were
;sgayed for protealytic’ astivity using 2% hemoghbin s substrate. The residual
proteolytic activity 'ré}l'n‘aining’ alter antibody treatment w"‘:s calcu)a}cd for each
entyme by comparison with the activitjyof enzymes similarly incubated in the

bulfer without TgG.
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2.27; Measurements of Shbl]ity of the En:yme Pr:kpumons .
2.2.7.1. Thermal Stability 2 ) -

The " thermal stabilities of the proteases were determined by incubsting

'enzyme in pH 1.9 or 3 HCl or 50 mM Tris phosphate, pH 8,5, at various-

températures ranging ffom 20 t6 60 °C for 60 min. Aliquots were. then assayed
under standard conditibns (20°rin st 27 °C with 2% hemoglobin as substrate).
Similar concentrations (30-50 pg) of all proteases were used in these studies and

‘the activity remaining after the heat treatment was expressed as a-percentage of

. theactivity preserit before treatment.

2.2.7.2. pH Stability -

The pH stability of the different protease preparations was compared.

Aliquots of the protesses (6070 ug) in pH 2.5 HCl were added to 2 ul of (.2M

“citrate buffer adjusted‘t;) pH.2:6.5 with NaOH or 0.2M Tris-HCI buffer pH 6.5-8.

Sufficient water was added to bring the final volume to 225 4l and the mixtures
were stored at 5 °C for 96 b, Satnples (40 4I) from esth pH ey
assayed under standsrd conditions (30 min st 27°C with % hemoglobin as
subsmte) Smular concentrations-of the d]ﬂerent enzymes were ,used in this study
and the activity remaining after ‘treatment was expresscd ‘88 ﬁerc:nmge of the'
initial activity present. 5 i ' . it
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2.2.8. Determination of Amino Acid Composition .

The amino acid contents after -acid };ydrolysis of the purified enzyme

preparations were determined with a Beckman Model 121MB Amino Acid

# Analyser. A single column of Beckman AAIO resin was used with a three buffer

lithium system as described in Beckman Technical ‘Bulletin 121_MB-TB-015.
Enzyme preparatiens were hydmlysed. in triplicate with 6N HC for 24 h, 48 h,
and 72 h. The amino acid compgsition was estimated as follows, (1) for those
.ammo acids thh constant valués for-all hydrolysis times (aspartate, glutamate,
| proline, alanine, glycine and tymsine) the arithmetic mean was used, (2) for those
" which increase with time of hydrolysis (ysie; histidine, arginine, rvalme,
uo]encme, leucine and phenylalanine) the maxmmm value obtained was taken, (3
for those which decrease with time of hydrolysis (setine and threonine) the
dicompoionicurves Weres Cxlrapolatal o zere:Gmie: Gysteinesanfl melbioslig
were determined by pcrformic acid oxidaftion followed " by acid hydrolysis (Bailey,
1967). Performic acid was prepared by adding 1 vohume of 30% hydrogen
- peroxide {n 9 volumes ;)( 90% formic acid. After 1 h at room temperature the

mixture was cooled t6 0 °C and a 2 ml aliquot was added to the protein sample

7(2-5 mg) and stored at 5 °C. overnight. Distilled water (,8 ml)- was thep added, the

mixture was freeze dried and then‘hydrnlysed» in 6N HCl-for 24 h. Cysteifie and

methionine were then determinéd by amino acid analysis as cysteic acid and
8 »

methionine sulfone. Tryptophan was ﬁgrmined after hydrolysis of the protein in

3N mercaptoethanesulfonic acid as described by Penke ef al., (1974).
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2.2.9. Caleulation of Results

‘The fnitial velocity data obtained at different substrate conceritrations were

fitted to a Michaelis-Menton model

v = Vmax(y| / Km + [S] ) .

using thie'ROSFIT program (Greco et al.,1982) on s Hewlett Packard HP-85

microcomputer: This package fits'the data to. a nonlinear“regression curve ‘and

allows weighting to be used- to offset the differences in accurnc)" of velocity

. measurements made at low and high substrate levels. All'data from_ the initial

. ;
velocity versus substrate determninations were weighted proportional to 1fv%,

Activation energy for the hydrolytic reaction Was caleulated from the slope

of the Arrhenius plots {ln Vmax versus 1/Temperature in °K) using a least
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B o Chﬁpter 3.
RESULTS:

3.1 Purification of Proteases

3.L1. Greenland Cod Proteases
/
Homogenates were prepared from the inner lining of the stomach of the

Greenland Cod (Gadus ogac) as described in section 2.2.1.1. Figure 3-1 shows the
profile obtzined when the homogenate is chromalographed on Sephadex G100.
The protesse activity, measured with 295 hemoglobin as substrate, was eluted as a

sbonidel of the large void volume“peak. The active fractions (24-36) were then

pooled, d by I drying, sad h hed on Sephadex
G100 until 3 single symmetrical peak of protein was eluted which conapénded
with the protease u;tivily. This peak was then applied to a chﬁmztaluushg
colimn (Figure 3-2) and thex protein eluted with s pH. g’ndient from 75 to 4.
With this kd:nique. the ;;mteins are eluted from the column at their mpective‘

isoélectric points-(pl). Three main peaks, répresenting the zymogen forms of the

proteases, were found with pI's of >>7.5, 5.9-62 and 5.1-5.4 with a variable .

amount of. activated protesse at pH 4.5. The zymogens were numbered 1-3 in

order _ of decreasing isoelectric points for future reference. The' zymogen .

preparations were then concentrated' by freeze drying, activated, and

chromatographed on Sephadex G5 as deseribed in section 2.

3. The active

ARTIEIeT I



48

protesses were eluted with pH 2.5 HCI solution as symmetrical peaks separated

from ihe Polybuffer (Figure 3). A summary of the purification’ scheme, spiific

activify and percentage yield is shows in Table 3-1,

The, purity. of the proiease preparatiors was confirmed by polyaciylamide

o [y .
vggl electrophoresis. ‘Single, clean bands were obtaied for.all protéases on both

Orastin-Davis type gels (Figure 3-4) and gols containing SDS. (Figure 3:5). The
zyl‘nugen for cod vprot‘eas’e 1.was the least-mobile and tlfe zymogen for .cod
Pprotease 3 was the most miobile on Ornstein-Davis type gels. The picture of the
aysogon dor- proluase 11 irs S “Poirblies wiS verdred Msbriss ihie

necessity of the Sephadex G75-chromatography step.

3.1.2. Porcine Pepsin and Gastricsin

" Porcine pepsin and gastricsin were purified from a ¢rude (1:10,000) pepsin
preparation as described in sectio!x 2.2.2. The elution profile of this crude
preparation from & Ambetlite CG-50° column is shown in Figure 3-6. Porcine
pepsin A was eluted as a large- peak with the initial buffer at pH 2.1. The column
‘was then ’wuhed with pH 3.8 and pH 4.2 buffer. The per of accivity’ that eluted
with pH 48 buffer was pooled and designated the 'gq.stric‘sin‘{hction', Both

.enzyme fractions were then concentgated by freeze drying and chromatographed

on a Sephadex G75 column equilibrated and eluted with pH 2.5 HCI solution ~

(Figure 3-7). The enzyme preparations were judged lo be pure by polyacrylamide

gel electrophoresis (Figure 3-8). Porcine *gastricsin fraction® was found to run

slightly behind pepsis A on both-Omstein Davis and SDS gel systems.
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" Figure3.1: Ehtion Profile of Gréenland Cod Gastric Proteases from Sephadex.

Approximately 10"l “of the "supem‘atant' fraction of Greenland cod

- . stomach mucosa homoéqnate was ﬁppliede 225 x 32 om column. of Sephadex

GI0D (40120 um dry’ bead diameter) equiibrated and elited with 5omM Tris

phosphate pH 7. Fraction'size was 3.2 ml. (=) absorbance at 280 nm of th;a_

eclum; effluent; (@) proteolytic m:!ivit_y with 2% hemoglobin ‘as !hev»substyate.

&
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o - _ Figure 3-2: Chromatofocusing of the Gre_er‘zland Cod Gastric Proteases
. The fractions containing proteolytic acti'»;ity from the Sephadex G100
column .wefe concentrated and applied to.a 15 x 30 em column of PBE 94
cqulibrated to pH 7.4 with 25 mM imidazole-HCI buffer, The column was eluied
with Polybuffer 74 diluted 1:8 with distilled water s adjusted to pH 4 with HOL _

Fraction size .wis 3.2 ml. (x) pH measurements made on_ alternate tubes; (9)

proteolytic activity with 2% hemoglobin' as the substrate, '(-)'absorbapce at 280

nm of the column effluent.
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“
hy of Active Greenland Cod Gasfric
:Proteases

Figure 3-3: Sephadex G75 Chro

Greenland cod :ymogm fractions 'v;ere—:}:tivued at pH 2, 5°C for 30 min -
and npphed to a-15x 90 em column of Sephxdu G15 (40-120 nm dry bud'
d..?m)eq.mnud and eluted with pH 2.5 HCI solution. anar\ne wis32
ml; (+) nbsorbmce at m nm of the column effluent; () prounlytlc uhnty with
2% hemoglobm as the mbstrm
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Table 3-1: Purification of the Greenland Cod Gastric Proteases

55

-
C
" Procedures Total Total Total Specific Yield"
. Volume' Protein Activity Activity (%)
1.Homogeriate 47 2,072.6 1133 5.47 100.0
2.First Sephadex G100 355 134.5 0.534 397 1138
3.Ultrafiltration and B 87 186.9 1.220 73.1 63.7 °
Becond Sephadex G100
4.Zymogen 1 -~ - 415 185.6 0.450 27.2 1.2 -
. §.Zymogen 2" 28 28.0 1.224 437.2 206
8.Zymogen 3 . . 50 137 0.925 675.2 27.8

Following activation, Sephadex G75 and Ultrafiltration

7.Protease’] ° 183 . 1167 0308 341 44
8.Protease 2 183 ‘3.5 1.301 953.7 143
9.Protease 3 - ' 183 109 1.184 1086.2 13.0

Stomachs used in the above purification Were from fish caught bn

ber, 1982. U was not used in schemes
due to low yields from this step. Total activity is reported-as AAuu/ZD min/50u1
and the specific activity is reported as AA,q,/min/mg protein determined ‘with
2% hemoglobin as the substrate by measuring the TCA reaction products (section
2.2.4.1). Protein concentration is reported in yg/ml. Fi .

=

!
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Figure 3-4: Polchrylnmxde Gel Electrophoresis of Greenland Cod Gastric
Proteases

Purified Greenland cod gastric proteases (50-100 ug) were run on Ornstein- -
Davis polyacrylamide gel electrophoresis at pH 8.3 as deséribed in Appendix 1. A
(left to right) activated protease 1'(P1) after Sephadex G75 chromatography' at
pH 2.5, zymogen of protesse 1 (21) (that had been inadvertently activatéd) after
Sephnde‘x G75 chromotography at pH 7 and (Z1A) zymogen of protease 1 from
... the chrorhatofocusing column before Sephadex G75 chromatography. B (left to
right) activated protease 2 (P2) after Sephad‘e'x G75 chromatography ;t pH 2.5, _

Zymogen of protease 2 (22) after Sephadex G75 chromatography at pH 7. C (left

Lo nght) actlvated protease 3:(P3) after Sephadex G75 chmmamgraphy at pH 2.5,
zymogen of protease 3 after Sephadex G75 chromatography at pH 7. The arrow
indicates the position of the tracking dye.

-- . ! B
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" Figure 3-5:  SDS PAGE of Purified Greenland Cod Gastric Proteases . -
and Zymogens »
. A (left to fight) molecular weight, standards; zymogen of proteise 1;

! zymogen of protease 2; zymogen of lirot_ease 3.'B The zymogens were activated at

.‘pH 2, 5°C for 30 min and chromatographed on' Sephadex G75 pH 2.5 (left to.

right) molecular weight standards; activated protease 1;: activated protease 2;

. activated profease 3. The arrow indicates the position of the trackig dye. -
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Figure 3-6: Chromu)mphy of 1:10,000 Pepsin Prepuatmn on
“Amberlite CG-50 i

Crude 1:10,000 porcine pepsin, 2g, was lpplied to a 1.5 x 30 em.column of

Amberlite CG-50 ion exchange resin. The columa was eluted successively with *

0 2M citrate buffer adjusted with NaOH to pH 2.1, 3.8, 4.2 and 4.6 and collected
o 32 ml fractions. The active  protease eluting with the pH 2.1 witteE W
deslpnted the “pepsin [faction® and the active prpum elutu_:g with the pH 4.6

buffer was designated the *gastricsin fraction®. (A) proteolytic activity measured

with 2% hemoglobin as the substrate.
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obtain a clean symmetrical peak of protein (8 absorbance at 280 nm.

62’
!“i;\u'e 3-7: S:ephédex G7.5 Chroma‘tography of Porcine Gastric i’mteases
“ Fractions. from the Amberlite OG-50 ion. exchange column were
c'oncenz}mrx' and applied to a 1.5 x 90 cm column of Sephadex G75 (40-120 pm
dry bead diameter) equilibrated and luted with pH 2.5 HOL The chromstography

of the pepsin fraction is 1llustrated here. The pro'.eolync amvn,y eluted as a largé

ini nl peak well sepnraoed fmm lower molecular wexght contaminants.” Where

isieRary, Rt fradiiane ik rechromatographed on Sephadex G75 to . -

S R
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Figure 3-8: Polyacrylamide Gel Electrophoresis of Porcine Gastric Proteases

" Polyacrylamide gel eleetrophoresis of purified porcine gastric proteases in
the absence A and presence B of sodium dodecyl sulfate. A (left to right) first two
gels are purified porcine pepsin A fraction, last two gels are purified porcine

* *gastricsin fraction® B (left to right) purified' porcine *gastricsin. fraction*,

purified porcine pepsin A" fraction, 1:60,000 porcine pepsin A obtained from .

Sigma. The arrow indicates the position of the tracking dye.
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3.2. Activation of Zymogens

Preparations of the zymogen forms of the various Greenland cod gastric
“proteases from the ﬁfromatorocnsing_colmﬂl; were further purified-by S;‘phadex
G5 chromatography. The column was eluted with 50 mM Tris-phosphate, pH
74, and by this procedure the zymogens were separated from the Polybuffer,
which eluted as an inactive peak of Ay absorbing material ‘after the enzyfe
(Figure 3-3). The activation rates of these purified Greenland cod zymogens were

measured an

mpared 4o the activalion rate of poreine pepsinogen as described

7 in sectioj
The activation of porcine pepsinogen at 0 °C, 5 °C, 10.1 °C, 20.1 °C and

8.1 °C is shown in Figure 3:0. At 35.1 °, porcine pepsin was approximately

90% activated in 2 min and completely activated in § min. However, at 0 °C it

took 20 min for the' zymogen to become completely activated, Astivation rates

bebween these values ere obtained at intermdinte t\:mperatures It can be seen

{hik tamperatite: st o.. drantatia Teffect ‘oit 'the WEGVRKSH, Fats fof. poRGHE

pepsinogen. g e

The activation of the Greenland Cod zymogens are shown in Figures 3-10 to

312, Tt is immediately obvious that that the effect of temperature on the
activation of these zymogens is much Mfked than with porcine pepsinogen.
Zymogen 1 (Figure 3-10) was the slowest of the Greenland Cod zymogens to
activate at 0 °C and was 65% activated in I min. At 5 °C it was 86% activated
and at 10 °C it was 90% activated in 1 min. The activation'of zymogen 2 (Fxgnre

3-11) was relatively independent ol‘ temperature and Was ‘vmually complete in 1
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Figure 3-0: ~ Activation of Poreine Pepsinogen o

The activation of porcine i at various was

determined as described: in section 2.2.5. Pepsinogen (505l of a 0.5 mg/ml
salution in 50 mM Tris phosphate pH 7.0) n a seres of tubes was tixed with 50
1 of HOI of suffcent strength to bring the final pH of the misture to 20. The
activation was stopped at various times up to 10,min after the addition of acid by

adding 0.4 ml of 0.1M sodium citrate buffer pH 6.2. Triplicate aliquots of each

_tube (100 4l) were then assayed for milk' clotting activity. The p'ge milk

clotting activity at various times of activation was expressed as a p®Centage of
the milk clotting activity. of ‘th'.e fully activated proteases. (a) 0° activation

(;j 5° activati ature, (#).10.1° activati ure, (0)

20.1° activati @) 35.1° acti

§
3

eanan

o G i

N A 15 b5 i



uagoursdo ] QUIOJ JO UOHBAIRY  :-§ dInBLg

o (uw) INL

L ¥ ¢

NOILVAILOV %




}
!

. ' S
miin, Similarl, zymaéeu 3 (Figure 3-12) was 8-00% activated alter Lmin at.0°C

or 5°C, Th\xx zymogen 1 is more hke porcine pepsinogen than zymcgen 2 or'din

| the umpent\xre dependence of activation.

3.3, Substrate Specificity ) L

The hydrolytic activity of the proteases was measured using the following
b (1) protein su b in, casein and gelatin (2) methylated
protein sub hylated h noglobi casein and hy

gelatin (3) various peptide derivatives; APDT, Z-trp-ala, Z-tyr-ala, Z-tyr-leu, 2-
"’tyr-se‘r and Zetyr-thr and (4) 12% milk powder with 10 mM CaCl, at pH 6.2 (milk
clotting activity). The experimental protocol was as follows. For each enzyme, the
reaction rate versus time was measured with all substrates. Suitable assay times

" were then chosen to insure that the linear part of the reaction rate versus time
. burve was used. The pH profile of cach of he proteases with many of the
_substmte: was then measured and further kinetic me:ﬂ{‘ements were made

usunliy at the optimum pH.
{ . L

3.3.1. Detu{nlnlﬂcn of pﬂ Optima
The pH profiles of poreine pepsin with the various substrates are shown in

" " Figure 3-13. The maximum activity was found at pjf 2 with both hemioglobin and

casein as substrates. However, with methylated substrates, the pH optimum -

Tme‘re&i‘ between the two substrates. A pH op!imun: was obtained nt pH 1.5 with

methylated casein while wml_me.!’hy]nted hemoglobin - a shni‘p optimum ‘was

obtained at pH 2.5.'Using the peptide APDT as substrate, a pH optimum was

< obtained at pH 1.5-2.0.

i
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Figure 3-.10: Activation of the Zymogen of Greenland Cod Protease 1

The *activation of the zymogen of Greealand Cod protease 1 st various -
temperatures was determined as described in section 2:2.5. Zymogen in a series of
tubes was mixed with 50 4l of HCI of sufficient strength to bring the final p of
the mixture to 2.0. The activation was stopped at various times up to 10 min
after the addition of acid by sdding 04 ml of 0.1M sodiurm citrate bulfer pH 5.2.
_Triplicate aliquots of each tube (100 ul) were then assayed for milk cloning‘
activity. The sverage milk clotting activity at various times of activation was
expressed as a pe;cenhge of the milk clotting activity of the {nljy activated

proteases. Unactivated zymogen [ailed to clot milk over the course of the day. (a)

0° activati (®) 5° activati (®) 10° actis

temperature.
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. '
Figure 3-11: Activation of the Zymogen of Greenland Cod Protease 2
The activation of the zymogen of Greenland cod protease 2 at \;urious
temperatures was determined as described in Section 2.2.5. Tymogen i a series of
tubes was mixed with 50 ul of HCl of sufficient strength to hrin‘g the final pH of
the mixture to 2.0. The activation was stopped at various times up to 10 min *

after the addition of acid by adding 0.4 ml of 0.1M sﬂdinm‘cih:ate buffer-pH 6.2.

_ Triplicate aliquots of each tube (100 al) were then assayed for milk: clotting
activity. The average milk clotting activity at various times of activation was
expres¥®d as'a percentage of the milk clotting activity of the fully activated’

“proteases. -Unactivated zymogen failed to clot milk over the coufse of the day. (a)

0° activation ) 5° activati
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Figure 3-12: ' Activation of the Zymogen of Greenland Cod Pmuase‘ 3

"The activation of the ymogen of Greinland'cod protease 3 at variois
temperatures was determined as described in section 2.2.5. Zymogen in a series of
‘tubes ~wu mixed with 50 4l of HCI of sufficient strength to bring the final pH of
the mixture to 2.0. The activation was stopped at various times up to 10 min
after the addition of acid by adding 0.4 ml of 0.LM sodium citrate buffer pH 6.2.

' Triplicate aliquots of eacH tube (100 ul) were then assayed for milk clotting
activity: The average milk clotting activity at vario\l: times of activation was §
exp'resser; as a percentage of the milk clotting activity of the fully activated \ !
proteases. Unactivated zymogen fail;d to clot milk over the course of the day. (a) 3

0° activation temperature, ) 5° activation temperature,
r . b
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Figure 3-13: pH Profiles for Porcine Pepsin A - s
The. activity, of porcine pepsin A was measured with :‘lil‘l’erent substrates and
at different pH at 27° C s described below. A (&) hemoglobin substrat;, (®)
casein substrate. Triplicate tibes containing 1.5 ml of 2% protein-substrate and
.075 ml of 02M citrate HC buffer (m'ijllsted to pH values below 2 with HCl and

above 2 with NaOH) were incubated with 50-100 ug of, enzyme for 20 min. The

" reaction was stopped by adding 1.5 ml of 1% TCA. Specific activity is-expressed

as aAo/h/mg protein. B @) methylated hemoglobin as substrate, ) methylated
casein as substrate. Triplicate assay mixtures containing 0.5 ml of 03%
methylated protein, 025 ml of 0.2 M citrate HCI buffer and 10 ug enzyme were
incubated at 2‘7 e C for 10 min. The reaction was stopped by adding 0.5 ml of
0.1M sodium borate and the free amino groups formed by the proteolysis were
detested with TNBS ss deserbed in section 22.4.2, Specifi activity is expressed

as pmoles of peptide bonds hydrolysed/h/mg protein. C (a) Tripligate assays were

¥ 3
performed with APDT as the substrate. 2mM APDT (0.25 ml) plus 0.2M citrate

HCl buffer (.05 ml) plus 35 yg of enzyme weré incubated in a total volume of 1 ml- -

for 2 b. The reaction was stopped by adding 0.5 mi of ninhydrin reagent and the

color was developed as described in section 2.2.4.4. Specific activity is expressed as’

. wmoles of peptide bonds hydrolysed/h/mg protein.
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) The $H optima for porcine *gastriesia fraction® are shown in Figure 3-14.
‘The pH. optimum was at pH 2 with either hemoglobin or case.in’ a;.subsuate.
However, as found with porcine pepsin- A-preparation, the pH optimum of the
* gastricsin fraction® was different with the two methylated substrates. The pH
optimum with methylated casein was at pH 15 while the PH optimum with
methy‘lnted bemoglobin was at VpH 2.0. The optimum pH for the *gastricsin
fraction® with methylated hemoglobin was quite sharp and was at 0.5 pH units
lower than that found with porcine pepsin A. The pH optimnrf\ for the "gastricsin

fraction® with APDT was qfite b{oad and extended from pH 1.7 to pH 2.7.

A Greenland cod ‘ protesse mixture was prepared by repeated

chmnnkognphy of a stomach homogenate on Sephadex G100 as described in

section 2.2.1.2. The pH optima of this mixture are shown in Figure 3-15. Very

broad optima wefe obtained extending from pH 15-3.5 using either casein or
hemoglobin as Substrates. The optima obtained with methylated subs;.ratu ;gain
dm‘ued between substrates. The ophmnm nctmly ob?med with methylated
casein was at pH 3 whlle the optimum wnh melhyhted hemoglobin was at pH 4.
The pH optima for the peptide substrates Z-trp-als, Z-tyr-ala and Z-tyr-leu were
at pH2-2.5. A '

Actwnted Greenland cod gastric  proteases were purlﬂed from a crude
stomach humogennte by Snphndex GlOO chramnwlocusmg, and Sephndex "G75.
2 chromntaguphy as described earlier and were used in the following experiments,

The pH optima of the Greénland cod protesse 1 are shown in Figure 3-16. The pH

. optimum was ot .pH 3.5 with hemoglobin as the substrate and was.at pH 3.0 with -

B ks om0



79

Figure 3-14: pH Profiles for Porcine *Gastricsin Fraction®
The activity of porcine *gastricsin fraction® was measured with different
substrates and at different pH at 27° C o seribed below. A (&) hemoglobin
substrate, (@) casein substrate, Triplicate tubes containing 1.5 ml of 2% protein
substrate and .075 ml of 0.2M citrate HCI buffer (adjusted to pH values below 2
with HCI and above 2 with NaOH) were incubated with 15-65 ug of enzyme for 20
min. The reaction was stopped by adding L5 ml of 125 TCA. Specific activity is
expressed as A0 /h/mg protein. B (m) methylated hemoglobin as substrate, (o)
methylaled.casein as substrate. Triplicabe may- mixtures containing 0.5 ml of
0.3% melhy]nled protein, 0.25 ml of 0.2 M citrate HCI buffer and 10 ug enzyme
were mcubnted at 27 ° C for l() min. The reaction was stopped by adding 0.5 ml
of 0.IM sodium borate and the free amino groups formed by the proteolysis were
detected with TNBS as d&criheduin section 2.2.4.2. Sp’eciﬁc.activily is express?d
a5 umoles of peptide bonds hyﬂmlysed/h/‘m‘g protein. C {g) Triplicaté dssays were
per[ormed with APDT as the substrate 2mM APDT (0.25 ml) plus 0 2M citrate
HCl buffer (.05 ml) plus 30 ug of enzyme were incubated in a totnl volume of 1 ml *

for 2 h. The reaction was stopped by addmg 0.5 ml of ninhydrin reagent and the

+ color was developed as described in section 2.2.4.4. Spe‘ci‘ﬁc activity is expressed as

wmoles of peptide bonds hydrolysed/b/mg protein.
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' Figure 3-15: pH Profiles for Greenland Cod Protesse Mixture

Th; ;clivil.y of a mixture of Greenland cod me{sa Was measired with
different substrates and at different pH at ° Cas :tescribed below. A (4)
hemoglobin substrate, (@) casein substrate. Triplicate fubes containing 1.5 ml of
2% protein substrate, and .075 ml of 0.2M ditrate HCI buffer (adjusted to pH
Values below 2 with HCI and above 2 with NaOH) were incubated with 30-60 45
of E;llyme for 20 m1n. The reaction was stopped by adding 1.5 ml of 1295 TCA.

Specific activity is expressed as AAjg,/h/mg protein. B (m) methylated

hemoglobin as substrate, (#) methylated casein as substrate: Trielknte assay .

mixtures containing 0.5 ml of 0.3% methylated protein, 0.25 ml of 0.2 M citrate

HCI buffer and 35 4g enzyme were incubated at 27 ° C for 10 min. The reaction

was stopped by adding 0.5 ml of 0.1M sodium borate and the free amino groups

formed by the proteolysis were detected with TNBS as described in section

2.2.4.2: Specific activity is expressed as umoles of peptide bonds hydrolysed /b/mg
_protein. "C (0} Z-tyr-ala as substrate, () Z-tyr-leu as substrate, (o) Z-trp-ala as

substrate. Triplicate assays were performed with the different peptide substrates.

" 2mM peptide (0.5 mi) plus 0.2M citrate HCI bilfer (05 ml) plus 90 g of enzyme
- ‘were inéubu‘ted in a total volume of 1 ml for 285 min. The reaction i_ns stopped

by adding 0.5 ml.of ninhydrin reagent and the color wis developed as described in

section. 2:2.44. Specific activity "is expressed .as pmoles of peptide *bonds

hydrcﬂysed/h/thmt‘ein. 39t ot

e st

3.
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casein a5 the' snbsm‘ce The pH profiles w;ith the methylated substrates were"

maxnmum at’ pH 4-4.5. Of all the- peptide snhstrates pmtease 1 was sctwe only

‘with APDT and had opumum actmty at pH 3-3. 5

Greenland éad protease 2 had » pH opimum at pH 2.5:3 with hemog}obm

: and PH 2. 5 Fith ot substmte (Figure 3-17). The pH opcm shifted w.u{
" ‘the methylaled substrates’ to pH 4 Tor: meﬂlyluled hemoglubm and. pH" 3.5 for’

methylated ‘casein wlth 2 tendency fora minor ophmum at pH 1. Protease 2 had
s ©

a smgle sharp optnmum at FH 2 with the pe_phde derivative Z-tyr-ala.

Greenland ead meesse 3.bad optimum activity with: hemoglnbm at pH

* 2.5-3and with. casein as substrate m, pH 3 [annre 3~18] “The pH opumum wnh

methylated casein was at pH 35 whlle with methy]ated hemoglobin the maxunum

activity was-at pH 4 wlth a minor sécond opmmum at pH 13. The pepnde

denvauve yr-ala § guve a sharp optimum at pH 2.5 with protease 3. ‘Thé data

for the pH optima of the gastric proteases are simmarized in' Table 3-2.

3.3.2. Specific Activity of the Proteases on Various Substrates

The speciic activites o all he. protease. preparations with the various

substrates are shown in ‘Table 3:3. Cod protease 1 had similar activity on 2%

hemoglobm as did_the porcine enzyme preprations whie protease 2 and 3 had

respect)vely 409% and 357 of thé ctivity of protease 1. *Gustricin fraction® was

" about §0% more’active than pepsin A with, casein as the substrats. God prlteases -

"1and 2 were70% as aclive and protesse 3 was 159 as u(;(trve as porcme pipsin

' : - .

—
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Flglre 3-16 pH Proﬁl: l‘or Greenland cod Protease 1

T‘he an:hvlfy of Grzenllnd cod protease 1 was memnd with thﬂ'eren(

substrates and nt different pH at 27° C as dBCl‘lb!d below. A (4) hemoglobin

: mbstnte (®) casein substrate. Trlphule tubes mnuunng 1.5 ml of 2% protein

stbstrate aad .07 mal of 0.2M cirate KO bufter (nd)usled to pH valus beiow 2 -

“With HCI and ‘sbove 2 with NaOH) were.incubated with 15 g of enzyme for W

** min. The reaction was stopped by adding L.5'ml'of 12% TCA. Specifié dativity & .

) ex‘pressed 35 ah,gg/bmg protein. B (1'methylted hemogldbin as substrate, ¥ .

methyhted ca.um .88 lubstrm Triplicate assay n'uxtnru contnmmg 0.5 ml of

0.3% methyhted p;olem, 0 25 ml of. 07 M citrate HCI buﬂer and 15 pg euzyme

- were mcubated at27°Cflor s min. The reac'.wn was mpned by adding 0.5 ml -

of 0.1M soditim borate and: the free amizo groups formed by the proteolysis were

detected with TNBS a5 described in seston 2242, Spefific actjity s expr
-.as umol: of peyude bonds hydmlysedlh/mg protein. C Triplicate assays wers

performed with APDT as snbstnxe 2mM APDT (0.25 ml) plus 0.2M cnuale HCl

buffer (.05 ml) plus 100 g of enzyme were incubated i na wnl volume of 1 ml for’

210 min. The reaction was stopped by adding 0.5 ml of pinhydrin reagent and the

cdlor was developed asdescribed in section 2.2.4.4. Specific activity is erprséed s

imoles of peptide bonds hydrolysed/h7mg protein.
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% * Figure 3-17: pH Profiles for Greenland cad Protesse 2

The ‘activity of Greenland cod protease 2 was measured with different
sbstrates and ";c differnt. pH at'27°'C as deseribed below. A (&) hemoglobin
substrate, (®) casein snbsm;te. Triplicate tubes containing 1.5 ml of 2% protein
anbstrate ami 0115 ml of 0.2M citrate HCl b;xf!er (adjusted to pH valnes below 2.
with HC] and above 2 with NaOH) were incubsted: with 60 g of enzyme for 30

min. The reacuon was stopped by uddmg 1 5 'ml'of 12% TCA. Specific acuvlty s

8 : =

expressed a5 AAm/b/mg protein, B (s) methylted hemoglobm as substrate, (0)

mothylated ‘casein as substrte, Triplicate assay .mxzum containing 05 ml of
.03% melhylated protem, 0.25 ml of 02 M citrate HCl buffer and 60 4§ enzyme
were incubated at 27 ° C for 45 min. The reaction was- stopped by adrlmg 0.5 m]
of 0.IM sod)um borate and the ﬁee amino g'roups formed by the proteolysts were
detected wnh TNBS as.described in section 2.2.4.2. Specific. activity ‘is expressed
- as wmoles of pepiide bonds hydrolysed /bjmg protein. C (O Tripliate asays were
performed with.Zityr-ola as substmte 2mM peplide (05 ml) plus 02M citrate
‘HCI buffer (.05 ml' plusm ug of enzyme were mcnbated in a total volume of 1 ml
for 120 min. The reaction was stopped by adding 0.5 ml of ninhydrin reagent Aand
the ‘color ‘was developed s described m section 2.2.4.4. "Specific activity is

. expressed as umoles of peptide bonds hydrolysed/h/mg protem
] )

o
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/ Figur#3-18: pH Profiles for Greenlnd cod Protease 3

The activity of Greenland cod protease 3 was measured with different

- . . v . - .
+ 7 substiates and at different. pH st 27° C 15 deseribed below. A'(&) hemoglobin .
substrate, (@) casein substrate. Triplicate tubes containing 1.5 ml of 2% protein .
substrate and .075 ml of 0.2M citrate HCI buffer (adjusted o pH values below 2

with HC1 and above 2 with NaOH) were incubated With 70 ug of enzyme for 30

min. The resction vas stopped by adding L5 ml of 1295 TCA. Specific activity, i"

. expressed as AA g./h/mg protein. B () methylated hemoglobin as substrate, 4!)
‘methylated casein is substrate. Triplicate assay skt containing 05 ml of

N 0.3% rr‘letizylned protein, 0.25 ml.of 0.2 M ciLmte'HCl buffer and 45 ug enzyme

were incubatéd at27°C for 20 min. The reaction was stopped by ;dding 0.5 ml

"ol . lM sedmm borate and the free amino groups formed by the proteolysls were .

detected with TNBS as descnbed in section 2.2.4.2. Specific actmty is expressed s

as ymoles of peptide honds hydro]ysed/h/mg protein. C (o) Triplicaté assays were
W eformed with Ztyr-alg s substrate. ‘ZmM peptide (0:5 ‘ml) plis 0.2M citrate
HOl buffer (05 mi) plus 225 g of enzyme were incubated in a total -volume of 1

m for. 120 min. ‘The reaction was stopped by adding 0.5 ml of ninhydrin reagent
and the color was developed as described in section 2.2.4.4. Specific activity is

expressed as umoles of peptide bonds hydrolysed/h/mg protein.

-



N

. e o L L S e i o o st s i AT SRS

.4 o
m.
k]
°
a.
[ B
g
°
g -
5
H
¥ 3
1
<]
) \
& - \
=2 \
=
1 2
&
=)
C
-
4 - = "
&
(&) m
nl
; T T L n . 1 L (3
o . @ ~ @ 3 ° ™ EEE = °

o AUMLOV Owpo3ds -




s . "Table 3.2: pH Optima of Gastric Protesses witli-Various Substrates .

Substrate PepsinA CP1 - CP 2 CPa Y .
Hemoglobin ~ * 2. . |35 25-3 253 i1

. Casen, < 2 0 30 15 3"

. Methylated Hemoglobit 2.3 . 445 4

Methylated Casein Tals G - 48 “3.5 e g5 v B

CANDT o APDT |t is2 2535 0 T

. Z-tyrala i 2 25-

The data for the gastricsin-fraction® was' not i duhrem from
that of pepsin A and fwss therelote not included here. CP 1= : cod protease 1, C
- P2—codproune , CP 3 =cod protease 3. i
-
xe h Thus it can be seen lh.t protease-l is more like the porcine gastric proteases

;|
3
Y

. than the other Greenland cod proteasss in’ the activily with protein “substrates.

The activities of porcine/pepsin A and *gastrisin fraction* are quite similar on
" the methylated substrates. : All of the cod proteases also have quite similar .

activitiés on the methylsted substrates. However, the cod proteases had"only 5% *

of the activity od metbylsted hemoglobin and 11% of the activity on methylated-
casein compared to the porcine enzymes, The activity of the eod protease mixture
wikh Hhe: protein; subsissies: t greatie-thas e~ aum:of s setiviies o the

* idividul c6d suymes. This syergim 35 probably due 1o the difirences in
specificity of the dlﬂeunb‘ cod. probmses (as demonslrated wnh the pepude
bstrate) which s ) i complete digetion of proten substrates by the . R

§
g:stnc protease mixture. “d %
%



were quite different. Porcine pepsin A was the most ‘ictive with APDT -and
porcine -gumcsin fraction® had 65% of the activity of pepsin | with this

substrate. Cod -protuse 1 was the most active of the cod protem wnh APDT

.- but was-only l% as uchve as pon:me pepsin A with this substrate. Protem 2 was

40% as active and pmcem 3 was only 3% _as active as cod protease I with

APDT. Protease 2"was the most mxve or 4l the proteases with z-u-p-al' Z—f.yr—

"ala, Z-tyr-leu, Z-cymer and Z-tyr-thr Cod protesse 3 was 3-8% ns active as

& pro!eaae 2-while protease ‘1 had no deteclnble activity wnh any of thls group of

substrates. Porcine 'gast.nr:sm fraction® was active only with Zrtyr ser, havmg
23% o[ the activity OILOQ_MQ}EZJ 2 with this substrate. Porcme pepsin A was

actwe with Z-tyr-s a.ud Z-tyr-thr havn&g respectively 18% and ,39% of the

‘activity of cnUotease 2. Thus, of the cod proteases, protease 1 was. 'ihp most

A
similar to chc porcine enzymies 'in its .'mhvlty on _ various substrates It is

“ noteworthy thnc Z-tyr- Lhr was a substrate for' porcine pepsm A but not for

porcine *gastricsin fraction®. An”Sarmiatipn iof i clotting activity of ‘the
various proteases is q\ube instructive. Gastricsin. fraction was the more active of
the parcme enzyme preparations, and pepsin A had only 45% of the actitity of
'gastncsm fraction*with this assay. chever, the cod -proteases were on the
average 8 times more active in. the milk clotting ssay than porsine 'gastncsmA
fraction®, with protease 1 bemg the most achve and protease 2 being th? least

“active. . ' o
. . I

e . L
The relative activities of “the various gastric protesses with the different
: . |
substrates aro expressed as o ratio of the proteolytic activity with hemoglobin as
i i

Ve

4

&
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‘Table 3-3: Specific Activities of Gastric Proteases with Various Substrates
Substrate | Porcine Gastricsin. - Cod Cod., Cod . Cod
| Pepsin Fraction ProteaseProtease Protesse Protease
| ¢ % "Mixtare ¢ - 2° *
'
e 2% hemoglobin w07g 826 12871 10224/ 4259 2584
¥ 2%ecasein | 1091 1505 . 1984 721 450
 S%gelatin | <04 <08 . <10 ND. . ND
; . ) ’
0.4% methylrted 160.44 134.51° 2303 8768, 712 021 |
l;emnglohm K P 5

'0.4%memy1_md 6558 235 | 2660 . 850 752 ¢ 493

camin :
0.4% methylated <30° <30 <30 . ND. ND. ND.
gelatin ‘ P %
05mMAPDT s166® 5206 o7 o088 027

. 1mMZtrpala <005 <.0003 <0008 135 -

002

19 008

16M Zyrala <005 <.0003 e <o 74 o6k
066 003

004

1gM Z-tyrleu <003 <.008 <.0008 .065 “

1mM Z-tyrser 025 - 032 ND.  <.0p08 .137 .

1mMZyrthr 027 <004 . ND. <0008 .07 002

milk cloting 2464  540.8 ND. 62274 20051 36642
205% hemoglobm md case\n were used; ® 0.4 m.M APDT was used; © 1.4%

casein, 0.26% methyl 0.18% methylated casein were used. N.D.

= not determined; temperature = 26 °C. Units of ‘activity were; for hemoglobir
Ly ' and casein, AAyg,/h/m enzyme; for all others except milk clotting, umoles of
" bonds hydrolysed/h/mg enzyme; for milk clotting, clotting units/mg enzyme. A
<milk clotting unit = amount of enzyme that will clot 10 ml of milk in 100 sec at

27° C

FRARERTOP




“the substrate in Table 3-4. Cod protesse 1 had a rehl.m casein activity that was
anly 50% of that of all other protease preparations. The relmve activities df the

cod pmasa were 100 times less’ with methylated hemodobm and’ APDT lnd

5-10 times less with y i ‘casein than the ding relative activities of

the porcine protease preparations. The relative activity of Cod protease 2 with =
peptide substrates (other than APDT) was at least 10 times greater than any /

other of the proteases, God pftease 3 was jetive with: a variety of pepiide

substrates bul, had o greater relative activity wn;h_lbepude xubstntes than lhe

porcine protease prepnmom A companson of the relative mllk clomng ac!mty
‘ (CU/PU) of the different proteases also reveals that the cod pmtea:u would be
, more s\nuble than the porcm enzymes in clotting milk. Pmteu! 3 had the
" highest CU/PU ratio vllnch 'was 52 times thzt*l porcine pepsin.

3.3.3. Mugurment of the Degree of Hydrolysis of Hemoglobin

summarized in Tsble 35. The reactions were carried oit at pH 3 using a pHstat

as_outlined in section 2.2.4.5. Porcine pepsin hydmlys«i the hemoglobin to a

similar extent as did porcine *gastricsin fraction®. Protease 3 was the most

. .,
“efective cazyme at ing the bemoblobin and produced 19 times the

deg‘ree of hydyolysls as did porcine pepsm The DH values for :od protease 1'and

2, although apparently larger, were not significantly different (P<,0$) from

_-porcirie pepsin. Generally ’spenk{né, the cod proteases more completely-hydrolyse

the hemoglogin substrate than the porcine enzymes. This is probably indicative of
the much wider substrate specificity .of the cod proteases. This is in agreement
with the activity of the cod proteases with the large l{nmber of peptide substrates

(Table 3-3).

The degree of bydrolysis (DH) of 2% hemoglobi by eachof the proteases is -
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'r.m. 3-4: Relative Specific Activities of the Gastric Proteises Compared to-
Pruteolytlc Actmty wnh Hemoglobm

Substrste . Porcine Gastriesih  Cod  Cod - Cod  Cod
. Pepsin . Fraction Protease Protease Protease Protease

B . Mixture . 1 2 3
wsein” G 002 0.7 015% 007 017 017
methylated 1.8 156 J018 007, our T 037 &

hemoglobin : !

metl‘xylated 0720 072
casein s '

APDT 009 0.08 00006 ~ 0.0007 00006  0.0001 -
Z-trp-ala o 0.0015 00032 0.0003
T-tyrals . * 0.0054 ' ooz 00025
Ztyrlu i .. 0.0005 00015 0.0001
Tetyrser 0.0003 -0.004 - : 00032 0.0002
Zetyr-thr 0.0003 . : 0.0016"* 0.0001
milk cotting 272 6.30 6001 6821 41.80
N
L
3.4. Determination of Kinetic Pu'ameters L~ .

.

The effect of chinging the substrate concentration on’ the initial velocities of

the various enzyme preparations were measured using  variety of substrates. The

~ estimates for Km? and Vmax were caleulated by fitting the data to the Michaelis-
/7

Menton modeband. are reported in Tables 30 to 3-11. In some. experiments yith
hemoglobin or casein 15 the substrate and messuring the activity by estimating

the TCA soluble:reaction. products (section 2.2.4.1) the measured rate of activity
e :




Engyme . . Degree orxydnlysu('y)

i
Porcine *Gastricsin Fraction* - 3n0s oso( ) .

 Porcine l"e.psinlA 37+ 1.02(6)

. CodProtease 1 ) 434t 08(3) .
Cod Proteasé 2 - : 58 00ty
CodProteased’ ! 7]£0.52°(3)

Values are expressed as the mean + standard devmtmn thh the n\lmber of

h ignif different from -porcine pepsi

(P<.001). All enzyme preparations * were pulecd as described _in the: text.
Hydmlysxs was measured.at 25 °C pH 3. for 24-48 h llntxl the Tegction., s

‘Table 3-5:. PH Stat Measurements of the Degree of Hydri)lysis of Hemogl?hin

completé - S

act\mlly decreased xt the highest substrate concentramou T!us effect was more
pronounced at colder temperatures and fitted: & Substrate Inhxbmon model very

well. This was not felt to be actual substme.inhibitibn but,more a function of the

"TCA solubles assay technique used for the reasons outlined below.

The digestion of, proteins by gastric protesses can be thought to occur in

two stages-In stage 1, thé large protein molecules are cleaved to ‘form smaller
: el ;

fragments, but these fragments are still too large to be soluble in TCA. In stage %;

‘these fragments. are split to form smaller peptides that are. soluble in TGA. At

very high substrate concentrations, the production of $mall TCA soluble peptides
will be competitively inhibited by the presence of an excess of large protein

molecules. This inhibition may be rirore intensé at colder temperatures due to

slower. rates of diffusion of the protein molecules and slower overall reaction rates.

-




e eoncentrated the TCA solution used, the smaller the size of the pephdes that will " e
e solibl in . Tn this regard, the concentration of "TCA was doubled from that S
* ‘normally used by most. workers when it was:found that some: o( the cod gasifnc ) q
protes.ses were 1t totally inbibited at 3 final TCA direntoation of 3%. Tn™ 'j’
3 " add\hon, the . in al tzmpemmre of the TCA/pmtem mixture ‘may affect the X Ja
“‘“ i /' ,solublhty of the peptides. These phenomena may aplum the lack of other repon,s ‘?
. e this apparent substrate inhibition i the vast iteraturé where Aoi's (1039 . L
- § metl{ud was used, It was concluc{eq therefore that’ the data at hngh substrate ‘;"
' ‘c‘once’ntmtiok‘t'hu" éhowed this unusual ‘effect should not. be \_lse; in the =° w o
i : calculation of Km’ and. Vmax - _* B ’ - _v. . . o [

Statistial comparisons of selected Km' or Vmax were made-using the t test

- and caleulating the t va\\les using the Iollowmg equahon, T 5 .

(x,xgwﬁ' o

2= (n1$2j51’ + (BQ-éjs'zZ)(hl a0

Xy X.Z are the mean of Km or Vmax 51' s,, are the correspondmg standsrd

'_ ertors ny, n, are the number of values ploﬂ.zd in the correspondmg Lmeweaver

1 B

Burke plots The number of degrees oﬂreedom are ul+n2-4
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-3.4.1. Estimates of Vmax and Km' & , . .
The Vmax.and Km ohtamed at dl“ﬂﬂll tempemtures for porcine pepsm
are reportqd in Table 3-6. The Vmax with 7:emoglobm and methylnted 3

hemoglobm as, subshatm were greater than the anx with cisein and methy]ated

casein, respectwely, by abo\lt the same extent The Km .Ior’ hemoglo‘bm were
similar to the Km' obtained with casein, but the Km' for methylated hemoglobin P

TR ", were twice those obtained with methylated casein. The physiological efficiency:

= & '_(Vmax/im‘] were remarkably -constant at the different temperatures with

hemogl

in-and casein as the substrat. Howéver, with the other substrates _

N physiological efficiency tended to decrease with decreasing temperature,
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The esnmates for Vmax and Km for porcme gastncsm fraction® obtmned

at different temperaﬁures are given in Table 3-7. The Vmax w1th hemoglobm and
o

cdsein &s the subitiates Wire aboiu the sams & thoss obfhined ror_pomue pepsin

A As found' for porcine- pepsm A, the Vmax for 'gastncsm fraction® with

lemoglobi and ‘,‘ d hem i were }ugher than those obtained iwith
casein and methylated casein. The Vmax with APDT were slmllx.r Tor porcine

epsin A and. " *gastricsin Iractmn".,However, estimates for Km’ for porcine
pep: . ; for P

" “gastricéin fraction® -were significantly lower (P ranged from <.05 to <.001)

than those for porcine pepsin A. The estimates for both-Vmax and Km! with

APDT a5 the substiate were similar for both porcine pepsin A and 'ga.smcsm
frnctlon' The physiological eﬂlclency of this enzyme preparation ‘tended to

mcre.ase with decreumg temperature with hemoglobm as the substrate. The

efficiency d d wﬁ,h ecreasi with casem and
ethy]ated hemoglobm as. the substrates ‘and was mdependent of témperature*

with meth}"lated casein and APDT “as’the substrates. .

. : g F
The kinetic r at different foJ a Greenland. cod

protease mlxtufe that has been purmed by repentcd chromatog‘mphy on Sephadex '

G100 are-given in Table 3-8. The Vmax with hemoglobm were hlgher than those

obtained with ‘casein as the substrate while the Vmax with methylated
- hemoglobin were significantly’ lower (P<.025) than those with methylated casein

at 25 °C, . Vmax obtained with most substrates for the cod protease mixture were -

compamb]e to bhose obtained forporcine pepsm A and gnsmcsm fraction® the

mosb notable excephun was the very low anx with melhylaled hemoglobm The *

Vmax for casein. with the cod protease mixture was  higher (P<.05) than the .’

B

o
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. Table 3-6: Estimates of Kinetic Parameters for Porcine Pepsin A
Substrate Temp Vmax . Q) Km’ N Vmax/Km' .

hemoglobin 272 110.3+13.0 S6LL0ST 6 2127
111

hemoglobin - 152  89:4+3.6 4314054 - 57 2074,

& . 2.53 h
hemoglobin . 50 346443 - 1301036 - 5. 2480
Gasein 272 288444 o513 5 02

v 2.22 Wt .

casein 181 . 07411 33050 75, 323

: o 2.46 . \
casein 54, 4403052 H3£030 . 5. 307 2%y

methylated' 270 23864212 - 143+017° 6 . 16685

hemoglobin 2.80 :
methylated - 151 7153467 12641060 5. 567.4
hemoglobin 2.90
methylated . 5.0 24.946.4 028+.014 6, 880.3
hemoglobin .

: ~ A e .
methylated , 27.2 ° 83.3+15.4 0655018 6 1815 .
casein ©L79 : $ g
thethylated 151 .. 38.4+3.6 0404006 6  960.0
casein & P . ' g
o syt !
APDT 270 11.24+,450 464000 5 770,

v 7% 151
APDT 161 . 6814839 1134023 6 603
L v . 188 o - i
APDT . 52, 3331631 085402 5 392 8

. Units for Vmax are; for hemoglobin and casein, AA,q,/h/mg enzyme; for allf
other substrates, pmoles of bonds hydrolysed/h/mg enzyme. Units for Km' are;
for protein substrates, ‘% ; for peptide substrates mM. The data for Km' and
‘Vmax ‘are expressed as. the mean + standard error caleulated from one‘set of
triplicate measurements of initial vegcity versus substrate concentration. N = the
humber of measurements on each ¥ vs [S] curve. Temp = femperature ® C. All
rate ‘measurements using [S| values greater than 0.5% were omitted from the
calculations of Vmax and Km' with casein and hemoglobin as substrates due to

*possible artifacts as discussed in,the text.
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’ Table 3-7:- Estimates of Kinetic Parameters for Porcine *Gasticsin Fraction®

Sibstrate Temp . Vmax Q; Km’ N Vmax/Km"
hemoglobin 7.2 16294123 4364046 5 3736 _/
e 202, .

hemoglobin 152 672463 .148+028 5 4541

I 2.61 Ty ' :
heffoglobin. 5.0 - 26.3+2.9 0264016 ° 5 10115
casein 272 205420 1034034 5 1990
° 1.55 "
casein 5.1 109417 088+.028 3 -1239 :

: 3.10 .
casein 54 363112 - 0814008 3 448
methylated ,  27.0 .160:1+10.3° 1074009 6 15804
- hemoglobin s T 1.84 : :
methylated 161 . 7711142 0624016 5 12435
hemoglobin - 3.22 ‘Er M
methylated 5.0  23.7+2.04 0234004 5 1030.4
liemoglobin . : 5 ] .
methylated  27.2 . 83.746.92 0744000 6 11311
casein 2.31 . ]
methylated . 15.1 . 20.243.82 0304007 6, 9733
casein » =
!
APDT 277 92741712 2424061 6 383
3 ’ 1.80
APDT © 4T 3.064.434° 0064018 . 6 - 413
. . 163

APDT - 52 2.56+.224 073+011 - 5 351

Units for Vmax are; for hemoglobin and. casein, 4Ag)/h/mg énzyme; for all
other subs’trates,‘nmo]és of bonds hydrolysed/h/mg enzyme. Units for Km' are;
for protein substrates, % ; for peptide substrates mM. The data for Km' and
Vmax are expressed as the mean + standard error calculated from one set of
triplicate measurements of initial velocity versus substrate concentration. N = the

. number of measurements on each V vs [S]-curve. Temp = temperature ° C. All

rate measurements using [S] values greater than 0.5% were omitted from the

calculations of Vmax and Km' with casein and hemoglobin as substrates due to -

possible artifacts as discussed in the text. kL
i
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\ =
Vmax with casein for porcine pepsin. However, the Vmax for the cod protease

mixture with the peptide substrate Z-tyr-ala was lower (P<.001) than the Vimdx )
for the porcine enzymés with APDT, Similar K’ for the cod protéase mixture
et Sitaiiod Wik scaseln 654 besmoglobin. The Kan® wikh T byeeela fox. (s o
protease mixture was 7-10 times higher than the Km' with APDT for the porcine

enzymes. T!:e physivlogical efficiency decreased with decru.tin; temperature with

and Z-tyr-ala wlnle the physmlogxcul

" éfficiency with cosein a3 the submau was not affected by temperature.

7 e . ¢ 5, B i

The .estimates for the kinetic parameters for cod protease 1 at différent
v : it

temperatures are listed in Table 3-9. The Vmax with hemoglobin was very low

compared to the porcine”gastric protease preparations and the e:d protease

" mixture but were twice those obtained with casein as the substrate for this

enzyme. Tn consrast, the Vimax obtained with metbylated hemoglobin were lower
than those obtained vm.h methylated casem as the substrate. The Vmax for cod -
protease 1 wilh, A.PDT was only 105 of the Vmax for porine pepsin with APDT.
The Km' for cod protease 1 with hemoglobin s the substrate were greater "
those obtained with casein as the substrate. The Km' for protesse 1 with
hemoglobin were similar to those obtained for the porcine e’nzym with
hemoglobin. The Kin' for protease 1 with methylated hemoglobin were similar to
»th’qse with.met'hylatec.i casein: The Km' with APDT was greater ‘for cod protease -
1 than for poféine pe;;sin A. The physiological efﬁcigncy.tended to dev;rense with

for all

The Kinetic parameters of cod protease 2 at different temperatures are given

S
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“Table 3-8: Esfimates of Kinetic Parameters for'Cod Protease Mixture
Substrate Temp Vmax Qq Km' N Vmax/Km'
hemoglobin . 27.2 - 1941478.2 1374676
hemoglobin 152 67.7+6.07 H .s7£¢_.083
hemoglobin 50  25.8+.780 T 324£.016
asein W2 4104488 Liseiss 5 424

 casein 151 2334481 + 5944162 5 3.2 h
casein 54 . 4054450 > 1014027 5 401

- : oo .
methylated ?7.0 5.0243.18 .044+.043 5 114.1

hemoglobin . . L7 i
methylated 151  2.44+1.34 . .0224023 5 1109
hemoglobin 1137 e o0 N
methylated 5.0 1.761+.306 ©.024+.008 5 3.3
hemoglobin 5 E
methylated® 27:0  67.8:£189 3054124 6 ' 1716 .
casein ' =
\ .
Z-tyr-ala 25.5 48644181 © 1.689+.090 0 5  2.880
o . 435 . i b
Z-tyr-ala 146 1:0274.204 1.247+.384 ' 5 0.824 .
" LT2 .
Ztyrala , 56  .633+.149 ' 1.2304£.431 ' 5 ' 0.515
% g
. Z-trp-ala 27.0; .1614.030 .6194.205 4 0.26

Units for Vmaﬁ are; for hemoglobin and casein, 4A,4,/h/mg enzyme; for all -

other substrates, smoles of bonds hydmlysed/h/mg enzyme. Units for Km' are;
for protein substrates, % ; for peptide substrates mM. The data for, Km' and
Vinax are expressed as the mean + standard error calculated from one set-of
triplicate. measurements of initial velocity versus substrate concentratidn. N = the

number of measurements on each ¥avs {S] curve. Teimp ‘= temperature ° C. All
rate measurements using (S| values greater than 0.5% were, omitted from the

calculations of- Vmax and Km' with casein and hémoglobin as" substrates due to
possible artifacts as discussed in the text. "

S
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Table 3-9: Estimates of Kinetic Pafameters for Cod Protease 1 *
Substrate Temp Vmax Q Km’' N .¥mix/Km’
hemoglobin 262 334147 . 8574469 ' 5 386
: 185

o hemoglobin 152 1634594 © 6304301 5 250

; . 270 . :
hemoglobin ' 5.6 * _ 6.303.60 5204412 5 119 B
casein ' 262  15.74.405 B17£011. 57 495
: 2.4 * sy
- casein 151 5.88+.207 1504013 5. 39.2 !
methilated 454 1774873 468257 6 - 308 !
hemoglobin L1786 - i} g 3
s methylated | 152 - 9.84+877 3084402 6 247 o
. hemoglobin 204 *F
methylated 57  5.07:£4.99 372k418 6 136
hemoglobin
methylasted 254 . 2364330 3054051 6 774
casein s 0.66 &
.methylated 5.7, 181+17.3 4874502 6 372
- ‘casein -
APDT 270 | .il4+016 3104060 5 - 368 -

¢ -

Units for Vmax are; for hemoglobin and casein, AAzm/b/mg enzyme; for all
other substrates, smoles of bonds hydrolysed/h/mg enzyme. Units for Km'. are;
for protein substrates, % ; far peptide substrates mM. The data for Km’ and
Vmax are expressed as the mean + standard etror calculated from one set of

triplicate measurements of initial velocity versus substrate cohcentration. N = the

number of measurements on each V'vs [S] curve. Temp == temperature ® C. All

fate measurements using [S] values greater than 0.5% were omitted from ‘the -

caleulations of Vmax and Km' with casein and hemoglobm as substrates due to
- possible artifacts as discussed in the text.
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in Table 3-10. The Vmax obtained with hemoglobin were 8-10 times greater than

those obtained with casein and 3-5 times greater than'those obtained for protease

1 with hemoglobin. The Vmax for proteasé 2 with Z-trp-ala were 5 times those for
protease 1 with APDT. The Km’ for cod protease 2 with hemoglobin were 10-20

tintes greater”than those with casein and 5-10 times greater than the Km' for cod

A prdtease 1 with hemoglobin. The K’ of all the peptide substrates listed in Table

» 210 were similar, with the possii)le, exc;pcion'ol Z-tyr-ser. 'The physiological

with hemoglobin and casein &5 the substrate decreased with. décreasing

efficien

temperature. Y B : .




* Km’ for all sub except methylated hemogl

« . 0.

The hnehv: parameters for cod protease 3 determmed al different
tempentum are found in Table 3-11. As founid for the othér protenss, the Vmax
with hemoglobin as substrate were greater than the Vmax with casein s the

% substr.au The Vmax for Z-tyr-ala hydmlym for cod pmlense 3 were similar to
Vmax for proluu 2 with Z-tyr-@er md much less than Vmax (or the poreine
enzymes with APDT. The Km' with- hemoglobin were much hlgher than those
obtuned with casein as the substrate (P<.025). Thls was lls‘o true for cod
protease l‘nnd 2 but not for porcine peps‘in A. The Km' for Z—\L‘yr-_ﬂ]a with cod
p.mte’" 3 were higher than for any of the other peptide subst"/u‘es with any of

!ve/(nﬁmes‘ The' physiological efficiency of,cod protease 3 didJLmt decrease with )
 decreasing temperature for the protein substrates. However, xy’}m_zrgyx-al;-as the

substrate physiological efficiency decreased with decreasing temperature.

" To summarize of all of this kinetic data, the-Vmax and Km’ for ‘enh of the
gastric p;omse; are ‘compared in Tgble 3-12. This table is meant for general
discussion only so the values are expressed as low, moderate and high. The values
for the 'pstnum preparation® were umilar to those of pomne pepsin A except
!or a somewhat lower Km' for casein and were not ineluded in this table. Porcine
pepsin has generally high Vmax and low Km’ with all substrates, except for a high

IKm"swith casein. The cod protease mixture had moderate to high Vmax and high

y Cod protease 1 had low to

moderate Vmax and Km' with all substrates. Cod protease 2 had both high Vmax

and Km' with hemoglobin as the substrate and moderate to low Vmax and Km'
with the other substrates: Cod protease 3 had low to modzrm anx and Km*

wuh hemanlebm and casein, high Vma;\and Km' wn‘h methylaled hzmoglobm
and low Vmax :nd high Km’ with the peptide substrates.
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* Table 3-10: Estimates of Kinetic Parameters for Cod Protease 2 -
Substrate. Temp. Vmax Qg .Km' N Vmex/Km' |,

hemoglobin ~ 27.4 18474073 7714431 6 240 e
Cosar -
bemoglobin 152 4494972 % 2804602 6 160
: 231

hemoglobin -~ 5.7 205+7.03 2484982 . 6 827
casin 274 1674199 4124064 5 405
. L i3 S8 :
casein ‘152 6074670 2574040 5 240
: N . - am :
casein 57 - 2404614 T, 144+084 5 167
methylated  15.2  6.16+6.05 2634318 6 234

hemoglobin . 1.55 2
methylated 5.7 4184461 1704234 6. 246
hemoglobin v o

methylated @a. . 66.6476.1 1431168 6 466
casein = *

methylated © 152 2224775 - T514277 C 6 206

casein’,

N
, :
"Z-trp-ala 260 5424071 . .3244.055 -6 167 .
Ztyr-ser 2.0 3484303 1204150 6 - .200
Z-tyr-thr 260 .072+.036 3314213 6 0218
Z-tyr-les 260 .009+.043 _, 3394186 6 0.202

Units for Vmax are; for héemoglobin and casein, 4A ggo/h/mg enzyme; for ali

other substrates, umoles of bonds hydrolysed/h/mg enzyme. Units for Km' are; .

for protein substrates, % ; for peptide substrates mM. The data for Km' and
Vmax are expressed as the mean + 'standard error calculated from’ one.set of
triplicate measurements of initial velocity versus substrate concentration. N = the

number pf’me_nsuremeﬁts on each V vs'[S] curve. Temp = temperature ® C. All.

rate: measurements using (S| values greater than 0.5% were omitted from: the
calculations of Vmax and Km' with, casein and hemoglobm as substrates due to
posstBle artifacts as discussed in the text.
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Table 3-11:  Estimates of Kinétic Parameters for Cod Protease 3

Substrate Temp

hemoglobin  26:0 &

_ hemoglobin 152

hemoglobin . .5.7

casdin 26.9
casein . 152
casein w57

methylated _ 28.9
hemoglobin
methylated 153
hemoglobin

methylated 26.9
casein

methylated 153
casein + )

Z-tyr-ala 26.9
Z-tyr-ala 154
" Z-tyr-ala 5.6
’ Z-trp-ala : 2&.6

Km'

1854517
1:0941.48

7324.320

- 1441018

Vmax— Qg
49.64116
0.99
4294288
316
14.345.04
TATES4
179
3.574:110
. 2.35
1.964.220
‘6474301
5 L1
50.1417.4
3074218
125
2124342 .
307+.434
X ¢
0934048
144
.066:+.000
018+.004

.063+,005

0184.012-

1.924.980~

1.814.605

v
9814.725

7854134

2.2343.35

8184478 .

8644135

1804050 °

8

N Vmax/Km’
268 -

5. 218 )

5 195 .

5. 519

5 ,14:5_ _ ¢

5 1089

9 31

9. o171

6 313

6 270

6

[}

0.138
0114
0.076

0.095

Units for Vmax are; for hemoglobin and casein, 44 q0/h/mg enzyme; for all
other substrates, smoles of bonds hydrolysed/h/mg enzyme. Units for Km’ are;
for protein substrates, % ; for peptide substrates mM: The data for Km' and
‘Vmax are expressed as the mean + standard error caleulated from one set of

triplicate measurements of initial velocity versus substrate concentration. N = the *

number of measurements on each V vs [S] curve. Temp = temperature © C. All
rate measurements using. [S] values greater than ‘0.5% were omitted -from the
calculations of Ymax and Km' with casein and hemoglobin as substrates due to
possible artifacts as discussed in the text. -,

]
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& As can be seen from the above u&?he Km' and' Vmax for the different
gastnc proteases are qlme different with the different substrates. The cnd
e it ameraly; has ‘s high Vmax and high Kmn' on. the different

Zsubstrates while the_porcine proteases have high Vmax but low Km'. Thus, the
physiological efficiency for porcine pepsin are, generally much higher than those
for the cod proteases. In ferms of the efficiency of digestion of protein by the
diﬂerent"mim:]s, the rather low -physiologiul ;lﬁciency of the cod proteases may

- be offset by the wi‘.ier snbs@rg.te specificity of these enzymes;cénfgan:"ed to the

porcine gastric proteases.

*Table:3-12: Summary of Kinetic — of the Gastric Proteases with
s Different Snbstnles

‘Enzyme _  Hemoglobin Casein Methylated  Peptides
E » Hemoglobin

Vmax Km' Vmax Km' Vmax Km' Vmax Km'

Porcine Pepsin'®~ H L M H. H L -H' L
ProtesseMix = H H M H L L M H )
. Protease 1 L. L M M L L L M

Protease BB M ML L LM

L LiE, . E L H

Protegse 3 L. M.

Values for methylated casein were not. included’ since ;the high standard
errors of the estimates for Vmax and Km’' made comparisons difficult. L= low,
M= moderate, H= high and re[er to comparisons among the different substrates
for the same enzyme.
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Vmax at chfferenc ! were d ined the

These data are mcluded in Appendlx 6.

o * . 109 B '

E 5 , N .
" 3.4.2. Ai:iivntion Energies of the Gmmc Proteases .-

\
“The adtivaio chergiés (Ea) for the hydrolysis ,of various ‘protein and _

peptide substratu were. calculatertlk from Arrhenius plov.s using mex obtamed at ,

various tg ¢ . The data are d m Table 313, The activation

energws obtained for the different gastric proteases were’ all qmte high. The En

: for they 'gastricsin fraction® twere the ‘highest on the average while the Eal for cod

protease 1'and 3 were generally the lowésk. However since on]y a Iew vslues of

"of this- data

cannot be taken too. !ar It seems mtumvely reasomble, however, .that the gs.stnc -

proteases‘of the Greenlxnd cod may have lower activation energies due to the cold

“temperature habitat of this species. In s Fogard, somewhat lower Ea. viere'

obtained with certain preparations of Greenland cod gastric profeases. There may
also be quantitative differences in the amount of gastric proteasés present in 'the
Greenln.nd cod compnmd to an animal whlch hves in a warmer envmmmem,

@ " . ' » -~
35 Structural Features of the Protesses g :

351 Thermnl Stabiliey ) A RS

A comprison was made of the thermal stabiify properties of the various

: proteases using the procednres ontlined in sechon 2271 Flgure 319 shmvs the

effects of heat treatment on’the achv)ty of a m)xture of cod prateases at various,
pH values and porcine pepsm A and 'gaxtncsm fraction at pH H) As can be
seen, there was little difference in the thermal stability of porcine pepsm A» zmd
gastncsm (mcnon' with: 1/2 of the activity remnmmg after treatment at 57 °C

'

T
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Table 3-13:  Activation Energy for the Hydmlysls of Protein and Peptide _

Substrates g
Enzyme . - Substrate  Activation ~ 2 SUNT
: ’ . © - Energy 2
Porcine' . _ hemoglobin 978 - 071 9
Pepsin T casein - 59.02 9009 3 .
e " methylated. _ 71.02 9908 - .3
4 ° o ' hemoglobin ~ -
: APDT . 4456 - 9804 T2
& B ) e : ’
"' Gastricsir . hemoglobin | 121385 .3
Pridtion - . casein 54.55 8
: methylated * . 61.49 .3
¢ hemtoglobin' % L
APDT" 673 " 984 7
Protease  hemoglobin . 54.55 " o039 - 3
. Mixture cisein 7.54 9247 ;3
© methylated 3308 - . .0848 Yo h,
. hemoglobin - - i
Z-tyr-ala 64.00 9498 . - 4
Protease . . hemoglobia- - 55.51 3

1 methylated @ 4372 - 9987. 3
¢ hemoglobin . :

_ -Protéase Bemoglobin® © ~ 70.68: - 9871 3 -
Ll casein oengl 0988 3 .
Protease / - cagein - . 4372 9996 R
3 | Ztyrala 50.% 212 B
Mucosal* . * hemoglobin 1368 0 0832 5 ¢

~Homogenate 5 . e et

Thé Vmax from Tables 3-6 to-11 and other data where applicable were

used in Arrheniu plots to determine the Activation enérgies (Ea) for the various
“‘gastyic proteases. Aclwahon energies are in kjoul/mel ‘The temperaturé range

was 0-40 °C. The r? values are the cof icients for the linéar regressi
analysis of the Arrhenius plots. The Ea for porcine, pepsin ; with hemoglobin was
calculated using- the velocities- obtained "with 2% hemoglobm (3% final TCA

" concentration) at pH L9.




" incréased'rapidly. with increasinig pH. .
: i G g

11’

In comparison, the cod protease mixture at pH 1.9 had lost.1/2 of its activity at

‘only 41,°C. It is interesting to note-that the protease mixthze had greater thermal

reported for many acid proteases, the tliemu stabilfy of the activited profedse

mixture was lower at pH 6.5 while a nonamvated mixture of me zymogeus from’
the Greenland cod'had. hxgher thermal stabiity than active SEGteEs AR Bt

PH. L9. The thermal stal

ties of porcine. pepsin A and *gastriesin frastion* iere

greater than those of the cod protea.ses by a s)mnla.r amcunt. : 2

3.5, pH Sability . v K

The pH stabilities of the various pmteases were measured by storing O.he

.enzymes solutions l'rcm pH 2 to 8-at § °C for 96 hours (Figure ZO) a5 outlined i in

section 2.2.7.2. The data for porcine pepsin and *gastriesin fraction* aré shown in
Figure 320A. The pH shablily” of depsti’ Av o marginally les's“&haﬂ;'thmi of
porcine "ggstric;in fraction®. The pH stability of the cod proteases are shown-in
Figure 3208, Protease 1 was the'least stable of the cod protesses 'in ihis
experiment. Protesse 2 was the most stable of the cod proteases whil the stabilty

profile of protease 3 closely esembled that of porcine pepsin A. However, il the

“cod progeases gradually lose activity as the pH rises while the pH. profiles of the )

" porcine enzymes have very flat plateau regions «right up until inactivation

‘ )
stability at pH 3 losing 1/2 of the sctivity at 52°°C at this pH. As has been .

s n e e
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Figure 3-10; Thermal ‘Stability of the Gastric Protesses ~ 3

Enzyme preparation (30-50 4g) in pH 1.9 or 3 HOlof 50 mM Tris phosphate

pH 6.5 were incubated at different temperatures for 1 b and then cooled-in ice.

= Triplicste aliquots: (0 4l) were then assayed for proteolytic. activty with
o “hemoglobin as the substrate as described “in section 224 1. (a)- cod protass -
mixture st pH 65 which had bee' first sctivated. at o 2, 30 min at 5° c, o
: ) nunacnvated eod ptoteue mumm pH B.a, () ¢od protease mixture pH 19, ) cod
Y protease mixturé pH § (0) porcine pepsin A'pE 19, (@) porine” “ptricin
¥ Iractlon' pH-14. . X
. . : .
} € o i .
It i = g ! R
B ; g
i | . y
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Figur'3-20:  pH Stability of the Gastric Proteases .
) -Enzymé preparation (60-70 ug) were.mixed with 25 4l of 0.2M citrate buffer
(pH 2-6.5 vith Neot]) or 0.2M Tris HOI bulfer (o s.s-s; and sufficient ‘water was
added to'bring the volume t0 325 4. After 9 245 C, triplicate aliquots (40 )
were then ussayed for proteolytic activity with hemaglobm as the ‘substrate as
dmnbed in section 2.2.41. The .actwny_nﬁer treatment was expressed as a
perce'n;age of the sctivity'of untreated enzyme Which wes frozen st/ pH 25, A’ (@
porcine pepsin A, (®) porcine *gastricsin fraction*, B (&) cod protease 1, (0) cod

protease 2, (0} cod protease 3.

3
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Figure 3.20: _pH Stability of the Gastric Proteases
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3.5.3. Effeét of NaCl . e, o
". The eifect of sodium chloride on the sctivities of all protenf;s was
in-vuzigazéd since it was reparted by Sanchez-Chisng and Ponee (1081, 1082) that
NaCl activates the prooeasu isolated from the hake Mulumus goyi. The resulis

are shown in F)gnre 3-21. Both porcine pepsm Amd porcine gasmcsm frsu:tmn'

= k " showed shght mhibmon of higher |evels of sodium’chloride whxlo ¢ pzotease 3
o was unaffected by the pxesence of NaCl. However, a 2-[old enhmcemenL m the

. ) 5 Gt
rates of proteolysis by cod proteases 1 and'2 were found with 25 mM NaCl-in the.
£ hy g v

reaction medium. Thus, Greenland cod proteases 1 and 2 are stimulated by salt s
. are many fish gastric proteases, such as those from Merlitcius gayi, while cod

- _ protease 3 is more like the porcine enzymes since it is. d by salt,

3.5.4. I.mmunologlcnl Compmsons o . . 4 5

" The cross—reactzvny of the various prot,eases ith four different antibody

'prepam_nons was investigated in order to estimate the structural similarities of the

various eniymes. Two. types of studies were carried out is deseribed in the section

226 (1) imhunochemical titration and (2) ouchterlony double diffusion téits.
. The |mmunochemxcll titrations of Shéprotesses wih a purified TgG fraction

contaxmng anubody against *gastricsin [mchon are shown in anure 3:22 The

5 " studied here have approximately the same molecular weight, thesé ratios can be

direetly compared among the ~yarious enzymes. It can be’seen ‘that"s similar-

. pereentage of the total precipitation of pepsin A and *gistricsin fraction® occurs

data'are 'plotted as the percentage of the activity remdining aftar insubstion witk

IgG. versis the ratio of [gG" to enzyme (mg/mg). Since the gistric proteases




w Bg
" ) o ’ - § ‘ :
| = Figure 3-21:  Effect of NaCl on the Activity of the Gastric Proteases _ " L,
Triplicate aliquots (10-50 4g). of enzyme preparation were assiyed for

4 proteolytic activity *with 2% bemoglobin solution pH 2 (dialysed extensively . - i
. sgainst pH 2 HO)in the presence of 0465 mM NaCl by messuring the TCA :
soluble reaction. produets ss described in section 22.4.1. Activity is expressed as <o

1 . % . ¥ .
‘ " A y50/h/mg’ enzyme. (0) porcine pepsin A, (B) porcine *gastricsin fraction®, () - - 1
. % L . z
“cod protesse 1, (8) cod protease 2, @) cod protesse 3.- o 1

- 24 s . 2
; . W i
£ i
; | ]
. ~ |
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) L
at all IgG/enzyme Fitios while the cod proteases are not affected. However, pepsin

A is more completely removed from solution than *gastricsin fraction® with the

anti-gastricsin fraction IgG. The immunochemical titrations of the proteases with

anti-pepsin A gG aze quite similar (Figlre &j:? The cod gastric proteases were

not affected by this IgG preparation, and the/percentage of the total amotint ‘of

precipitation of porcine *gastricsin fraction® and porcine pépsin A was the same

at all [gG/enzyme ratios. The reaction with the anti-pepsin IgG occurred at - .
lower IgG/enzyme ratios -and left 4 lower residual ‘acliiity compared. to the
‘immunochemical titrations with the anti-gastric_sin fraction IgG. This indicates

that the titers of the two IgG preparations are different Direct comparisons can

therefore only be made among the different protesses within a particular figure

and not between figures. T

Antibodies weré also raised against purified proteases T16 and T25 isolated

* from psychrotrophic pseudomonads (Jackman &t al., 1983) and the IgG fractions

were isolated & described in Appendix 4. The_effects of titrating the various

‘protesses with antiT16 IgG preparation are illustrated in Figure 3-24.

*Guastricsin fraction* was. precipitated at%. ratio of IgG /eniyme of about 4 but
. : G ;

this precipitation was decressed at higher ratios..Cod *protease 1 and porcine
pepsin gave very similar patterns of feaction except that the cod protease 1 was

more completely precipitated at higher IgG/enzyme va]ues{ Cod proiease 2and 3

. were unaffected by the anti-T18 preparation. In-contrast to all the other IgG
 “preparations, the anti-T25 IgG - preparation reacted with all the proteases at

different IgG /enzyme ratios (Figure 3-25). ‘Cod protesse 1 was precipitated at the

lowest congentration of antibody and was completely precipitated at an



- Figure 3-22: <Immunochemical tittation of the Gastric Proteases with
:mti—Ga'stricsin ‘Fraction IgG .

“Antibodies were raited in rabbits against purified porcine

frachon"and the IgG l‘nct}o(

preparations (mgo 1) havmg activity with hemoglobin &5 substiate as indicated

¥gastricsin

of the serum -was uolated

in Table 3—3 were incubated with' various smounts of IgQ@ fraction in 15 mM
sodium phosphate buffer pH 5.5/ina botzl volume of 0.4 ml at 5 °C ror avemxght
After cemrl{nganon the supernatwt was assayed in triplicate for pmteolytlc
actmty with 2% hemoglobln a5 substrate. The data are plotted as the percentage .
of the proteslytic achvn_,y femaining after incubation with IgG, versus the ratio of: -

IgG/enzyme used (mg/mg). (& pormne pepsm A @ porcme *gastricsin fractmn'

(O)cod proleue L, ) cod protease 2, (@) cod pmt.ea,se 3 - B

urified enzyme

1
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Figure 3-23: Immunochemical titration of the Gastric Proteases with
mh—Pepﬂn A LG

Antibodies were raised in nbbm against purified porcme peplm A.and I.hz'
' 1¢G fractidn of the-serum wn{uolatext Purified enzyme preparations (30-90 pg)
were incubated with various l;nountg of IgG fraction. in 15 mM sodiiim phosphate:
buffer pH 55 in & toial volume of 0.4 ml af 35 °C.for overnight. ‘Atter
" centrifugation the supematait was ‘ssiyed: in triplieate for proteolytc activity
with 2% hemoglobin - as substrate. The Hata. are plotted as the percentage of the’
= * activity ining after i f ion with IgG ersis_the ratio of

I;G/enxyme used (mg/mg). (4) porcine pepsin A, (A) pomne ‘gutnum fraction®,
(0) cod protease 1, (@) cod protesse 2, () cod protease 3.
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IgG/elrz me ratio ol’ 5. Porcme 'gastncsm I'ractlon' and cod protease 3 gave very

similar xeaccmn prof]es and were completely preclpltnted dtan: IgG/enzyme ratio «
ofa20. (..od protease 2 nud porcme pepsm A reacted in a very similar matner in~
this 1mm:nochermcal‘ titration study. -~ . y

Atcempts were also made to use Ouchteﬂony double dn‘fusnon gels with

multiple outer wal]s to detect tructural si nilari '_ and’ diffe e among the .

various _proteases The'results of such'a ‘smdy using anti-porcine ‘pepsin A

prepmuon are shown in Figure me The nbsence of any spur formation at the ¢

]uncnon -of the ‘precipi m‘]mes for porcme pepsl

‘A and *gastricsin fraction™

indicates “that ihis IgG ] ion detects no- st; i between

pepsin A and 'i;astricsin fraction®. As was foind in the immnnochemlcnl titration
.

studies, theré was o reactlon between the IgG prepa:atlon and any of qm cod

proteases. Ouchterlony dpuble dlﬂuswn expenmems were performed using anti-

T35 1gG preparation and the Various gastnc “proteases. However; precipitin lines

formed only ‘With T25 protesse asid ‘not with any other of the gastric proteases in

these i Additional where 4% polyethylene glycol was

included in_the agar to improve the sensmvlty also fajled to produce precipitin

_Tines with any of the other gastric proleases. e

3.5.5. AMo‘lecn[.x Weight’ Estimates

* The molecular weights of the cod proteases.and their zymogens were

estimated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) s described in

section 2.2.3.1. A calibration mixture of proteins of known molecular weight'was -

“run in parallel tubes and a calibration cyrve of the logarithim of the molecular -

e R




Figure 3-24: lmmnnochemlultxtrmon &f the Gastric Proteases
= i wib iTISG .

Astibodies were’ rnsed in_-rabbity nguns! purified puudomonnd Ti6

* protesse Jand~the-IgG Faction “of the. seruri “was isolated.” Purified_enzyme
ﬂrepuauons (30-00 ug) were incubated with virkos dinguntaol lgG fnctlon inls
mM sodium phosphate buffer* pH 5._5 ina tofal volume ‘of 0.4 m at 5 °C for
overight.” After centrifugation. the supernatant ‘was dssayed in wriplcatefor

proteolytic nczmty wnth 2% hemoglubm as substrate. The data are plotted as the

of the proteclytic aetivity-gemal i n‘m jon with IgG versus
* the rati® of IgG/enyme uséd' (mg/mg). (&) porciné pepsin A, (a) porcine
) 'pstxirxin"trution',i;

B

cod protease 1, f8) cod protease 2, (®) cod protease 3. -
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fi;un.s-zs: Immunochiemical titration of the Gastric Proteases
with antiT25 166

Antibodies wete raised: in rabbits -against pnnf’ ied -pseudomonad- T25'

professe and the 1sG fraction of the Serum was isolated. Puriﬁed gastric protease
& prepuauons (30-90 ;g) were incubated with various amounts of IgG l‘racuon in lS
mM sodium phosphste b\lﬂ'ex pH 5:5"in a 'total vulnme of 04 ml at 5 °C for

DR S

Aner ifugation the supersiatant was assayed in triplicate for

proteolync activity with % hemoglobin as substrate, The'data are plotted 8 the

& o the prtéplytic sctivitj, remsining ‘alier incibation with 1gG, versus

.the. ratio of'IgG/enzylﬁe wsed (mg/mg). (4) porcine pepsin A, (&) porcite :

*gastricsin fraction®, (0) cod protease 1, ) cod protease 2, (@) cod protease 3.




S e b o eI WA 1 D Sy e e 2% i Il

3 DI saL-Nue
sasealol g oLjSED) 9 JO UONEA) [voIWayPoUnWIM] 167 oanB1y

OlLvY  IWAZN3/9|
og: - oz ol

T I/ = =
o4

ot

09

ALINLOY %

08

ool



l‘_ 120

Figure 3-26: Ouchterlony Doubl Diffusion bt autl—PepsmAlgG and 7
5 ) the Gastrc Proteases

|
|

. Wells (0.4 cm) were punched approximately 0.5:cm apart in agsf gels o
-

lmcrcscdpe ‘lides prepared s deseribed in Appendlx 5. The outer wells were rned:

wnh different enzyme sollmons, P porcme pepsin A, G porcine 'gastmsm

fraction®, F Greenland <od prptease mixture prepared. b chromatography of F

. : . |
. crude stomach homogenate on, Sephadex G100. The inside well contained anti-

. pepsin A 1gG preparation. The intemsity of tht precxpmn bands was enhanced by

‘once refilling the wells be(ore they were completely emptied.. - o . !

oMyl LRk et 4 2
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weight versus Rf was constructed. This was used to estimate the molecular weight

of the cod proteases once their, Rf values were measured. The results of a number
of these runs are shown in Table 3-14. The different,cod protedses had, very
similar moleculat weighis in the 36-38 kdal range with zymogen forms that' were
5.9-7.4 kdal larger 3s determined by this method. The poréine gastrle_profeases

had molecular weights similar to the Greenland cod gastric proteases.

The molecular weights of the cod proteases were also determined by gel

filtration. A 1.5 x 80 em column of Sephadex G75 was calibrated with proteins of
kriown molecular weight. A plot of the logarithm of the molecular weight versus
the retention cocfficient Kav-for these standards is shown in Figure 3-27. This
calibration cyrve was used to estimate the molecular welghts of the cod proteases

‘and a zymogen mixture. The results of this experiment are included in Table 3-14.

The 'molecular weight estimates obtained by this method were lower than those *

from SDS-PAGE.

3.5.6. Amino Acid Composition

The amino acid composition of the Greenland cod proteases and pdrcine_

" *gastricsin fraction® were determined using the amino acid analyser. The data for

the analysis after 24 b, 48 h and 72 h were worked up as described in section 2.2.8
and relating the data to whole numbers of alanine residues. The results are given
in Table 3-15. Cod protease 1 was higher in threonine, alanine, lysixﬁ histidine

and arginine and lower in serine, glutamate, isoleucine, phenylalanine, cystine and

_methionine than the other proteases. The low content of cystiné was quite
»

striking and has not been reported for the gastric proteases of anytother species to

i
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Table 3-14: - Estimates of the Molecular Weights of the E}a.st}ic Proteases
. From SDS-PAGE

Cod Protease 1 zymogen | 42,434 + 2,516

or d activated . 36,358 ¥ 3,520
Cod Protéase 2~ 2ymogen 41,751 4 1,051
! " < activated 35,808 + 426
' God Protease 3 - zymogen. 45,320 4 1,714
[ activated .+ 37,970 £ 3,120
& .. Porcine pepsin A activated .. 37,600
¢ Gastricsin fraction - .- activated " 36,060
\ . From Gel Filtration i
Cod Protesse I * - "y 26,600 :
God Protease 2 ) 23,442
Cod Protease 3 : © T ese07 ;
Zymogen Mix ) ‘ - 34,860
8 v ~
s i

From Amino Acid Analysis.

. Cod Protease1” B 37,000
" Cod Protease 2 s oy 37,458

i . Cod Protease 3 ; ; 37,458 .
« * Gagtriesin Fraction > - ’ 35,933

Values for the molecular weight of the Greenland cod gastric proteases and
their zymogens by SDS-PAGE are expressed as the mean + standard error of
i i " three determinations. Molecular. weight- estimates from gl filtration are from &
single experiment. B B
I
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: Figure 3-27: Calibration Curve of Sephadex G75 Column

| The following proteias were chromatographed on & 16 x 80 e éolumn of

éephadex G75 equilibated and eluted with pH 2.5 HOI and the elution volume
(Ve) of each was noted;(§) RNAase, #) chymoirypsinogin A, (8) ovalbumin and,

(A) aldolase. The"void volume (Vo) of the eslumi was_defermined using e

dextrxn The retention’ coefficient Kuv was calculated for each protein usind the

'followmg formals; ... X

v Kav = (Ve - VO)/(v} - Vo)

.

‘the plot of the logarithm of the molecular weight versus Kav was 9958

L

. where Vt is the total volume of the column. The regression coefficient for "

et i
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" date. God protease 2 wis higher in valine and lower in proline and histidine than
the other cod proteases. Protease 3 was higher ‘in aspartate and glutamate::md
lower in glycine, lysine and argiine than the other cod proteases. Porcine
*gastricsin fraction® was lower in alanine, valine, lysine, bistidine-and arginine

. than thte other cod proteases. Porciné *gastricsin fraction® differs ffom poréine

pepsin A mainly in the content’ of seriné; proline, tryptophan, cystine and ;
methionins. Obvious differendes exist between the amiso acid composition data: of ¢ )

, the *gastricsin raction? isolated in this study and the litérature data for porcine ~

gastricsin and pepsin C. The isoleucine/leucine and tat ate ratios

were distinctively lower with gastricsin than pepsin‘A or chymosin. _

’ " Hydrophobicity indices for the gastric proteases were calculated according to
Bigelow (1967) and are included. in Tablé-3-15. The indices for porcine pepsin A

and gastricsin‘were similar, with thie *gastricsin fraction® being more like pepsin
N !

A:"The highest hydrophobicity index was obtained for bovine chymosin, - Cod 1
protease 1 had the lowest index while the indices‘for cod protease 2 and 3 were i

intérmediate between that. of pepsin A and chymesin.

The amino’ acid cpmp'osizion data can be conipsred.néing -the Metzger’
Difference Index- (Metzger ¢t al., 1968, Woodward, um) An estimate of the
. " differences in the amido acid composition of two proteins is obtmned by summing -

the absolute values'of the differences between the mole frnctmns for each of the

amino acids i the' proteins. For two polypeptides of completely different amino

acid yositi eg.-poly-lysine and poly-glutamic acid, this value would be 2

5 ’ while for two identical proteins the value would be 0. A Metzger Dilference Index

iy
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Table 3-15: Amino Acid Composition of Gastric Proteases

AA CP1 CP2.CP3 *GF* PepC Gast PepA Chym {
asx 33 © a7 43 - 46 28 .26 41 30 :
~thr 20 22 2 27 25 23 <28 8 i
ser 36 . 48 4 0 35 32 45 27
glx 23 30 36 28 41 39 26 2 - L
pro 21 16 19 22 18 15 15 12 %
gy - 41 42 37 43 32 31 36 25 ;s
ala . 45 22 22 18 21 19 8. 13 ra PR
val 30 36 31 21 20 19 21 21 . o
ile 17 24 24 - 2 14 13 23 15
leu 19 17 B 28" 34 0. o 19
. tyr 13 1 12 17 18 18 16 15
L phe’ 14 17 18 M n 19 14 14
lys u 9 6 2 4 4 1 8-
his 9 ] 6 2 1 1 1 4
arg 12 7 4 3 45 4 2 5 .
trp 1 2 3 .3 ] 3 5 4
Teys o2 6. 5. 4 [ (6) ] )
met 4 9 8 2 1 (1) 4 7
total 360 358 360 342 304 325 272 i
< HEF 7734 8432 8392 8132 '504,5‘ 817.2 8883 {
] o i
3 : 1
o ileflen .80 141 150 .83 41, 43 8 19 . i
: - ¢
. asx/glk 143 . 128 130  Led 68 67 158, 103
" 3
Amino acid compositions of. the purified Greénland cod proteases and %’

*gastricsin fraction® were determined by triplicate acid hydrolysis at each-of 24 b,

48 b and 72 h hydrolysis times at 110 °C. Cysteine and methionine were

détermined on 24 h acid hydrolysates after oxidation of the samples with

performic acid in duplicate. Tryptophan was determined after 24 h hydrolysis in s

3N mercaptoethane sulfonic acid in duplicate. The data are reported as moles of /
* amino_acid per mole of protein. Values in parenthesis were assumed. A A =

amino acid, H I = hydrophobicity index, C P1 = cod protease 1,,C P 2 = cod i

protease 2, C P 3 = cod protease 3, *G F* = *gastricsin fraction® isolated in ;

this study, Pep C = pepsin C (Ryle and Hamilton, 1966); Cast = porcine =

gastricsin (Chiang et al., 1967), Pep A = porcine pepsin A-(Fox et al., 1977), and

Chym = bovine chymosig (Foltmann, 1970) ’




K ‘r.ble_a-u. Mctzger Difference Indices for the Comparison of the Amino Acid

" *GF* = *gastricsin fraction® isolated in this study, Gast
" (Chiang et al., 1967), Pep A = porcine pepsia A (Fox et al., 1977), aud Chym = _

- ranging (ram 0 to 100 is obtained by mnlupllcauon of the values by 50. The"

Difference Indices for thz oompmns of the different pmtelm are given in,

Table 3—1& Cod protease 2 md 3 were very similar and were more like chymosin *

jie
. than) pepsin or ‘gastricsin Chymosm, pepsin and gastriesin were more closely

* zelated to each other than to cod protease 1. The" porcine g‘utngsm fraction®

was more ma pépsin A-than gastricsn ss judged by the Metzger Difference Tades:

Compasmon of Gastric Proteses . i

. Pep A *GF*Gast cP1 CP2 cpa

'Bw(na. Chymosin 12,09 1332 ~ 1075 1575 . 11.05 . 9.33- .

Porcine éepuh A 5.26 . 1234° 18690 11.66 i

Porcine Gastricsin 1243° 168. 1288 1090 4
Cod-Protease 1 TR oa f 1413 - 1483 . By
Cod Protease 2 ' & d -

C P 1= tod protesse 1, C P 2 = cod protease 2, C P 3 = cod pratesse 3,
porcine gastriesin

bovine chymosin (Foltmana, 1970) 5




BRI RA T ypeaceraeye) s

i o o
* 4.1. General Considerations

. Chaptérd~
“DISCUSSION *

4.1.1. Purification of Greenland Co(i Proieuas

The purificati dires for the Greenland cod gasmc prul.casm resnlted

“in enzyme prepunmns that were 6-200 tlmes hxgher in spécll’w actl ty thap thie !

starting homogenate (Table 3-1). The techniques -of-gel filtration, ammopium

sulfate Irgcn'mntinn and jon exchange chrom.llw:pl{y have been used by most - /

workers'in the purification of pepsinogens (eg. Ryle, 1970 and Kassel'and Meitner,
1870). Tn this work, ing gave supe}&g\ lution of the diﬂereJ

protesses ‘compared to flat bed isoeectrie focusing. Another zdunuge of
chromwfoclumg is that -the protems are eluted. l'mm the column at th}r

respective isoelectrié poipts. This pnmdes a Iabel for each of the fractions which "

" aids in “their ldanul‘icn§on Howeves, the various proteases in samples taken ot

" different times of the _year had snmewfmt vnnnble isoelectric * polnts These ,

differences have been aummanzsd in Append 6. It wu unc]enr -whether these
dlffgljepces were a seasonal phenomenon or due to dlﬂ'erences in the handling of
the samples. Varying degrees of phosporylation or carbohydrate content may be
nsponsible‘l’or these differences as was found with bovine gastricsin (Mdrtin et al,,

1082). This area was not investigated further since. the main thrust of this work

i

[Py
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was the comparison of the cod gastric proteases to the porcine gastric proteases. It

is apparent, however, that. the isoelectric poinfs of the Greenland cod gastric

. proteases and their zymogens-are uch higher than the isoelectric points f .

porcine pepsin and pepsinogen. : . %

4.1.2. Differences in Pr;ngrtles of Poreine Gastriesin and the
" +Gastiicsin Fraction® Isolated in this Study
A'number of differences have been found between the properties of porcine
~gastricsn fraction* isolated i this work aad the propesties of porcine gaskrizsin
" the same purification methods wére used in the présent study as by these workers
and similar elution profilss were obtained -from the don eschange column; In
addition, the yield of *gastricsis fraction® obtained in this study (37%) from

* 110,000 crude pepsin was similar to-the reported yield of gastricsin (5%) by
Chia;ag et al., 1967. The molecular wéight of gastriesin was lower' than the
mledular weight of pepin in all siudies, The diferences in the gastricsin

preparations are discussed below. By ’

Strking differences were foind i the specfcity of the «gasricsh fraction®
isolated in this study and that reported in the literature, In the early work on the
dlassification of gastricsin (Richmond et al., 1958), the pH optimum for gastricsin
with hemoglobin as the substrate was pH 3 while the pH optimum for pepsin was
2. Howerer, more recent studies (Waid et al, 1078) have shown sthat the pH

optimum with hemoglobin as substrate .can be affected by the salt concentration.

This has also been observed for human pepsin (Samloff and Dadufalza, 1977). The

reported in the literature (Chiang ef al, 1967). This was somewhat suprising since
. 2

el
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pH. optxmum l‘or both 'gasmcsm fraction* and pepsin A with hemoglobin as the

substrate was conslstently found a2t pH 2. The pH optimum may also be aﬂ‘ected -

by the treatment of the hemoglobin ‘solution. In fact, a higher pH optimiim "was
obtained with- 'gn'stricsin fraction® compared to pepsin. A with methylated
hemoglobin’ as’the substrate.” The pH optimum for pepsin A and *gastricsin

fraction® was the same with methylated casein as the substrate. '
! )

Literature reports on the substrate specificity of gastricsin differ from the :

data obtained in this study. Tang et al. (1959) reported that APDT, which was a

good substrate for pepsin A, was & very poor substrate for gastricsin. However,

the . " gastriesin fraction* isolated in the present work. was able to hydrolyse-*

APDT, but at 1/2 the rate of pepsin A. The substrates Z-tyr-ala, Z-trp-ala, Z-tyr-
Jleu, Z-tyr-thr and Z-tyrser were all reported o be good substrates for porcine

gastriesin and poor subsirates for pepsin A (Tang, 1970). However, the

*gastricsin. fraction® isolated in this .study was‘active only with Z-tyrser and °

pepsin A was active with Z-tyr-ser and Z-tyr-thr, Greenland cod proteases 2 and 3
were able to hydrolyse all of these peptide substrates. This result is particularly
interesting in light of a later report (Sanchez-Chiang aid Ponce, 1981) that

gastric proteases from the fish Merluccius gayi (which these authors have termed

Lo ‘ .
*gastricsins®) were unable'to hydrolyse Z-tyr-ala or Z-trp-ala.’lt has also been

reported. in the literature that porcine gastriesin was slightly less active than

pepsin in the milk clotting assay. The *gastricsin fraction* isolated in this study

clotted milk at twice the rate of pepsin A. The amino acid coriposition of the

*gastricsin Traction® also differed from the literature values for the amino” acid,
eomposition of gastricsin and porcine pepsin' C (Tang, 1070; Ryle, 1070). In

i




particular, the *gastricsin fraction® used in' this study bad higher ~aspartate,

glycine, isoleucine and lover glutamate, alanine, leucine, phenyllanine, lysine,

cystine and methionine than the literature values, The Metzger Difference Indéx

between porcine pepsin A and the *gastricsin fraction® was much lower than the

- . - ] s .
Difference Index between porcine pepsin A and the” gastricsin reported in the

Literature, - Also, the immypological properties of porcine pepsin\A and the

*gastricsin fraction® were not distinctive.

It is therefnre apparent that there are many differences in the propert:ies .of
J the 'gasmcsm fraction® lsolaced in this study and t|

‘Tt is clear, however that the 'gnsmcsm fraction® isolated in this study is different

from pepsin A. 'Gnstncsm fraction® had a shghtly lower pH opnmnm than "

" pepsin A with methylated hemoglnbm as substme Pepsm A was more active
than 'gastncsln fraction® with APDT and Z- tyr-thr and was only half as active
as the gastricsin fraction® in the milk clotting assay. The physiological efficiency

(Vmax/Km) for *gastricsin fraction® with both hemoglobin and casein were

higher than those,for ‘pepsin A. *Gastricin friction® had a higher average

-activation energy than pepsin-A. snd pepsin A- was marginally less pH stable than

“gastricsin [raction®. *Gastricsin fraction® was preferentially precipitated by
antiT16 antibody and had a slighlly lover molecular weight than pepsin A.-The
amio acid composition of the *gastricsin fraction® isolated in this study and

pepsin A were also different. A reaction of identity was found between porcine

. bepsin and gastriésfn on the Ouchterlony double diffusion plates. This means that

the antiboies in this preparation of aptipepsin IgG have been'raised- against
A ;

common strictural features in both proteins. If a spur had formied at the junction ©

i

e reported in the literature.”

i
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of the precipitin lines of two adjacent proteins; it could be assumed that the
\proteins have structural differences. The laek of spur formation, however, may
only mean that-the appropriate antibodies against the unique structural features

of the proteins were not present.

There may be many reasons for thé differences in the properties ofthe

gmncsm isgjated in this study and the literature data. The most obvxous reason
might be dlﬂ'erences in the 1:10,000 pepsln used in this study and lhat used by

Chisng el al. (1967). Th&se commercial preparations may have been treated

differently or changes in the preparations (such as autolysis or nxida’tion) may

have occurred in storage. This study leaves some doubt on the presence of

_ gastricsin in 1:10000 pepsin. The very similar properties of the *gastricsin

fraction® and pepsin A leads one to postulate that the *gastricsin fraction®

" isolated in this study is actually a modified form of pepsin A. The availability of a

commercial supply of purified gastricsin would be helpful in resolving these

questions. In any ease, it is apparent-that the *gastricsin fraction* is not the same

enzyme as the porcine gastricsin reported in the literature and the literature data

will be referred to in any comparisons involving poréine gastricsin.

4.1.37 Activation of Zymogens

. o ,
The rapid activation at low temperatures of the zymogens of the Greenland

Cod gastric protesses was not “unexpected since the habitat temperature of this
fish is consistently low-(Bobbitt dnd Akenhead, 1066). However, although porcine

pepsinogen was slow to adtivate at 0 °C, it was activated rapidly at 35 °C. This is

_cledrly not o disadvantage for thé pig since it maintains its.body temperature at




37°C, The differences in the sctivation fates of the different cod proteases a low
temperatures are interesting,, Since protease 1 was- activated at a sigoificantly
slower rate at 0 °C than the other proteases, this might be a disadvantage for the
cod. However, it is hi‘ghly ‘probable that the rate of activation of protease 1 e

‘muth faster in vivo due to the presence of active proteases in the’stoinach.

\ 4.1.4. Specificity of the Proteases . 3 Foagt

AT of substrates,were used to examine the substrate specifie
of the various proteases. The"’tudiﬁonal method for the measuremen.t of rates of
proteolysis is the-increase in Aygy of TCA soluble reaction products. Hovever, t‘his
method does not directly measure the rate of hydm‘lysis of peptide bonds and the
rates obtained ‘hy '.his; mecﬂod are not‘ directly:compa;nbl; to those obiu’ned by
other methods. The use of m"ephyla‘md protein substrates allows the.number of

pe_gtid_e‘ bonds hydrolysed to be.directly measured since’ the method detects the

free amino groups formed by proteslysis. It should’ be bered that both

hvlated

ylated and d proteins are comprised of a number of different

peptide bonds. Thus the actual substrate of the enayme may change as the
reac‘tion proceeds. The‘ enzyme will hydr«;lyse those bonds that are the preferred
substrate at first. end then switch to another type of bond.as the preferred
" substrate. js depleted. Also, since the chain length of the peptides produced by
hydrolysis gets shorter. as the reaction '/proceeds, secondary binding of the
subsirate_to the enzyme may become a factor as the reaction proceeds. As
+ mentioned in the Introduction, these secondary binding sites. car play. an

important role.in the rate of hydrolysis of the substrate.

TR
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The substrate spécifcity of a protease can be dstermirid by snalysis of the |
hydrolysis products of a small protein substrate of known sequénce (such as the 4
chain of insulin). This method is tedious and the interpretation may ‘be
" complissted by the variable effects of the secondary binding of the subsirate ‘a5
the . reaction” proceeds;, ~ Another method used to determine the substrate
£ _speeiﬁeity of proteases is to use a number of small peptides. Haweve}, the resctim;
rates with these small peptides are- generally slow due to the complete lack -of
ecombary biading of the substrates, For this reason the Bydrolytie actividie with
" peptide and i)rotein sub;trates have been referred to as - *peptidase’ and

*protesse® activities, respectively, by some workers.

Measurements of the degrée of hydrolysis (DH) of hemo‘gldbinv by the various
proteases alsa gives an indication of the subitrate specificty of the enzymes. A
protease that has a low DH will also have a narrow substrate specificity. Thus, *
when the particular peptide bonds in hemoglobin that are substrates for the
¢énzyme are completely hydrolysed, the reaétion ceases. A prbtesse that could ‘
hydrolyse a larger number of different types of pepiide bonds would result in a
higher ]?}i.'OBviously, direot comparisons of DH among different proteases can be
‘made only with the sume protein substrate since different proteins are composed
of different peptide bonds. It is therefore dl;pz\rent that theé" cod proteases

generally have.a broader subsirate specificity than the porcine proteases since

they have higher DH (Table 3-5); However, while eod protease 3 had the highest

1, the activity of this enzyme on a number of peptide substrates was less than

M activity of cod protease 2, Thus small differences in the rate of peptide
A

hydrolysis*are not as important as the overallspecificity for o large number of
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pepiides in determining the DH of an enyme. In addition, the rate of péptide

bond hydrolysis can be much different in. a protein compared to a peptide

Substrate due to secondary binding effects.

' The degree of hydrolysis of hemoglobin by the gastric protesses were greater
(#Xfor porcine pepsin, 45X for eod profease 3) ihan thise obtained with either
rellts the very narrow substrate specilficty of typsin conpared o pepsia whih
has i very broad substrate specificity. The value of b, for hemoglobin was taken
at'80 meq/g since this value represented the average of a number. of proteins.
would be

However, if one corrects for the presence of heme, ‘the value-of by,

dingly. This small dilf Was Tiot enough to correct

the assumed value for by,

The ratio of the rilk clotting activity to’ the proteolytié activity (CU/PU) of

the proteases is the major indicator of the chymosin-like properties of an enzyme,
A high CU/PU ratio means that the enzyme is suitable for the milk clotting

lg'mcm of cheese making since the curd yield is higher and fewer off-flavors will

be produced in the curd due to nonspesific proigolysis during and after the

clot’ting Pprocess. e e

Bovine trypsin or trypsin iolated from - Greenland cod (Simpson, 1083). This result *

- decreased by only 3.8% to 7.605 meq/g and the DH: would be -increased * -




146,

4.15. Kinetic Parameters

Initial velocity messurements at’ different substrate concentrations were

~fitted to a Michaelis Menton model and Km’ and Vmar were calculated. - The

Vmax for all enzymes were higher with the protein subszmm thari _the peptide
substmtes The Vmax wnth hemug)ubm was higher nhan the Vmax with caséin

using the TCA: solubles method but Vmax for methylnted casein were similar tu

those fOlL methylated hemoglpbin.‘ This is plfob;b[y due to a lack of nrom;tjc'

amino acids in casein which would result il\ low rate mea.surements with casein
using the TCA method. However, sevenl changes have been observed in the
St il o pAHGT of S otk a[ter the methylsuon pmcedure and these
changes may have ‘affected ‘the enzy me rntes, The methylation of hemoglobin
renlts in 4 5% décrense in the content of lewine and ‘phenyialaning, 2 10%
decrease in the content of Serine and valine; a 15% decrease in-the content of
threonine m‘d, most importantly, a 65% decrease in the content of tyrosine. This
data'was obtained by 24h acid hydrolysis of the hemoglobin before and after

methylation (data not shown).

A digestive enzyme has very a different function from that of an
intracellulsr enzyme. A digestive enzyme should function in such a way as to
digest food in' the fastest and most efficient way possible, Any discussion of kinefic

parameters of gastric proteases with protein substrates is -complicated by the

- multiplicity of différent peptide bonds present in the protein. A high Vinax or

turnover number 35 clearly desirable for rapid digestion but the effect of Km' is

not clear, Km' measured with a protein substrate *represents ‘the -cumulative
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_ effects of a”seties of individual Kn’ for the diferent peptide bonds present i the

. protein; Howsser, il Km' s regarded operationally_as the  conentration of

substrate that produces half maximal velociy, o digestive enayme with a low Kin'
would be funétioning at a faster rite with a siyaller amoust of Tood preset, The ©

dimAltaneous variations in both Vinax and Kn’ uake the interprettion of the
physiological significance of these parameters difficult, Tt has been noted in some
eystems; however, that the physiclogical effisiency (Vmax/Km') tends t0 be -a
Somatitt, T i vegai, the physioogical efficiencies of the enzyme f-lactamase
(EC 35.26) from different, species of bacteriy wers very similar while the Kmn’
were nof (Pollack, 1065).. However, this constancy . of the values for  the
phisio]agical lficiency has S L s gastric proteases and

.different substrates in this. study.

The physiological function aad the desirable kinetic properties of an
intracellular e‘nzynie may be q‘uite different from a digestive enzyme. A vqr& high

Km would be disadvantageous for a rate-limiting enzyme in a metabolic pathway.
it inportast for heesenpymies thave Km in the range of the physiological
lovel o their substruss 5o fhat small changs in concentraidn of the subsrate

\ result in-large changes in catalytic rate of the “enzyme. In this way the rate-
limiting enzymes regulate an entire metabolic pathway. A high Km for these
enzymes would make them insensitive to siial changes in substrate concentration.

The fusction of & digestive enzyme is quite different and req\livres only that

digestion proceed at as fast a rate as possible.

The activation energies for proteolysis were caleulated using the Arrhenius

equation; : . % \




' .48 w Y e
Infky/k;) = Ea (TyT)/R(TyT,)

where k; and k, represent velocity constants at-absolute temperatures T,

and T,. The fesults in Table 3-13 indicate that there was no significant difference

_between the activation,energies of porcine pepsin “and the cod proteases. Over the

course of this work some differences'have boow noted in the various samples of
Greenland cod stomachs, (Appendix 6). With some samples, differences were also
found in the activation enérgies of the proteases and on oceasion low. activation
energies ‘were obtained. In this regard, it is noteworthy that Greenland cod
trypsin ‘has aﬂmuch‘lower activation for’ catalysis. than does bovine\tr?'psin
(Simpson and Haard, 1084; 1984a). This was not pursued further fince it was not
the_r‘nn'm thrust of this work. "%

i «

- i The effect of temperature on the rale of a reaction can also be estimated by

m‘é;sunng the Q- The Qyq is the factor by which a reaction Tate is increased for
210°C risein temperature snd a low Qq is indieative of & low Ea. Qy vales
for the tempemme ranges 5-15 °C and 15-2&@1“‘1«1 in Tables 3-6 to
311 No distinct differences were seen bezwee/‘gn the Qpg-¥alues of the different

gastric proteases.

4.1.8. Structural Features of the Proteases

T Gl St TR susceptible 'to inactivation by heat than. the
porcine enzymes. This has been found in many animals which live at+ colder
habitat temperatures. Thus proteolytic enzymes from the-pyloric caeca of cod,

herring and mackerel are more heat labile than bovine trypsin (Rossebo and
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Underdal, 1072) and the thyroid protease of burbot from eold waters had lower

thermal stability than that from burbot in a warmer habilat (Wiggs, A., 1674). Tn

_ addition, the gastric proteases from tuna, cod Gadus callaris and other fish

species mentioned in the introduction have lower thermal stability. *Trypsin has
been ikolated from the Greenlaad cod (Simpson and Haard, 1984) and bas lower
thermal tability than bovine trypein. The thermal stabily of the Gresnland cod
proteases was greater at pH 3 and much less‘at pH 6.5 compared to pH 19

(Figure 3-19). This result s in agreement with the pH stability data. (Figure 3-20)

which indicated that the enzymes are unstable at pH values less than 2 and .
-

greater than' 7. The instability of the Greenland cod gastric profeases to alkali
contrasts with thé increased stability to alkali of the gastric proteases of many of
the lower vertebrate species (Ward et al., 1978).

The effect of the concentration of salt on the activity of the proteases was
very marked. Cod protease 1 and 2 showed a 2-fold stimulation in activity in the
; * 5

presence of 25 mM NaCl, cod protease 3 was not alfected gnd the porcine

enzymies were slightly inhibited. The ‘activating affect of salt on gastric proteases

has also beén reported.for ‘the gastric proteases bf a number of fish species”

including *gastricsins I and II* from the hake Merluccius gayi (Sancher-Chiang

and Ponce, 1981a). The *gastricsin I* of th"species was preferentially activated”

by monovalent. chlorides (Li, N, K, and NH,) while the *gutricsin I* was
preferentially activated by divalent salts (Ca, Ba, Mg and Be) while sodium and
., potassum acetate inhibited the activity of both ensjmes. In a later paper
(Sanchez-Chiang and Ponce, 1082) these authors report that *pepsin-liker

" ¢éhzymes from this species are’also stimulated by salt. The activating. effkct of-salts
from tHisspe
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was, to. increase Vmax and lower Km' for the bydrolysis of hemoglobin. Thesey

authors have interpreted, the pesils to be due to the bydration of the silt, thus
binding the water molecnlt’s and changing the hydrophnhlclty of the system to
favor hydmpho}m interactions between the enzyme and the subsirate: 'nm
interprefaton s probably an oversimplification and fuither work on the m:u;e-of

the enzyme-substrate interactions with these enzymes is necessary. ‘It. does

appear, however, that the hydrophobic interactions between enzyme -and

substrate are of & different nature with enzymes such as cod pmc.;sseé 1and?2
hat are stimulated by salt than with the gastric protesses that sre unallected by
‘. Tt sy be sigaificant that fhe activity of the Graenland cod gastriokroteases
that have the highest isoclectrid points are stimulated by salt while the cod gastric

protease of low pl was unaffected by salt.

The immunological work indicates ‘that there. are . similarities in _the
structures of the different proteases. Porcine pepsin ad *gastricsin fraction® both

regcted with either anti-pepsin or anti-gastricsi IgG ion. Using anti-T16

" IgG, "gastricsin fraction” was shown to be uniique, cod protease 1 was slmm to
pc;clne pepsln and the other pmtexses- did ‘not react. All the pm(esses ‘were
inhibited tu the same extem when antl T25 IgG - was- used. The ratios’. of

- IgG/enzyme that gave ccmplete mlublhon were similar for cod prote:ue 3 and
porcine *gastricsin fraction® and _l‘or_ cod protease 2 and poréine pepsin.

The molecular weights of the proteases were all in the range of 35-37 kdal as

determined by SDS-PAGE (Table 3-14). However, the ‘moleculaf weight estimates

Gbtained by gel fitration’ were signiﬁcuntl}tbmr the valuestrom SDS-

53
L4
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PAGE. Long rod-shaged moleules can show s effst-dlue o the difficulty of the i
molecules in penctrating the gel bed. However, pepsin A has aprcla.ce el\psold te Tk
shape (wughly egg- snaped)wmch would not result, in aE T slow elution from. - v
the gel The effect may be due to interactions -between the proteases and the

Seph:dex el structure which slowid 'the elution of the snzyme-snd -gave the -

appearance of a smaller molecular wéight. This dm'em‘ug befween mulecul'a’r
weights determined by gel fiiration and_ SDS page was S ako found with gasbnc

Jromm from Merluccius wyi (Smchez~Chlang and Ponce, 181) and seal : }

(Shamsuzzaman and Haard, 1084).

The amino acid compasitions of the various pmlea.sef can be compared by~ © %
calculating the Metager Difference Tndex (Table 3-16). Cod protesse 3’ was ‘thehw™

most similar to the porcine enzymes in amino acid composition as indicated by the i
lowest Difference. Index lol]owed ‘by cod prnlease 2 and 1. The: Towest Du'ference ’

Index for each of the cod proteases compared o ‘the mammnlmn ga.smc pmtsases

was with bovite chyriosin.. This n.suu is quite inberesting when one considers the
. liigh lm]k cloting” actxv:ty of the’ s protiss. The Diffsence Indices between
c'bymuam, gastriesin and pepiin werein me same range as the Difference Indzx for

the “cod proteases compared to pepsm, gastricsin -and’ chymosm Cvd protem 2

- and. 3 were veryslmllnr buc distinet from. cod proteasel e F " ”
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+4.2. Comparison of the Cod Proteases and Porcine Proteases

4.2.1. General Discussion

The cod proteases are similar to the porcine proteases in a number of ways.

 They are all gastric proteases with pH optima in the acidic region. They all have ..

inactive zymogen precursors. that are activatéd by. exposure to\acidic conditions.
They all have rather brosd specificity and. are active, with protein and peptide

substrates. Immunological studies indicated that ‘the enzymes share several

- structural features. The moledular weights of the proteases are quite similar and

the amino acid compositions are not grossly different.

* Overall, the cod proteases have few properties which are pepsin-like, and

more bropenies that are chymosin-like and- gastricsin-like. The low activity of the i

cod proteases with APDT is a gastricsin-like property while the high milk clotting
and CU/PU ratios are more like chymosin. The rather high isoelectric i)oinls of
both the zymogens and the activated proteases from the Greenland cod are more
“like gistriesin and ehymosin than pBpsin. Ao, the cod proteases generally have

much higher pH optima than porcine pepsin. The cod proteases were less active

with the hyl: P i d peptide:s than porcine pepsin: The cod

proteases generally lmve a vuder snhstrnte speenhcny than porcme pepsin as
indicated by both the data in Table 3-3 and the higher degree of hydrolysis of
hemoglobix (Table a_s). Both the pH stability and the thermal stabiliy of he cod””
proteases wéré lower than-those of porcine pepsin. The stimulatory effect of NaCI'
on two of the cod proteases makes. them different from both orelie pRptizai
gaszricf}n bt similar to other fish proteases which are thought to be gastricsin-
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like (Sanchez-Chiang and Ponce, 1981a). The cod proteases were also shown to be

different from porcine proteases with 3 out 4 IgG preparations.

4.2.2. Cod-Protegse‘ 1 and the ?orc?ne Proteases —_
Cod protease 1 had several characteristics that are similar to the porcine
enzymes. Its zymogen was the slowest of all the cod proteases to activate and the

enzyme was the most active of the cod" proteases with APDT (a good pepsin :

substrate). It also behaved in a similar maaner to porcine pepsin with the anti-

'T16 IgG preparation. Cod protease 1 also-had several unique properties that made
it, different from the porcine enzymes. Its amino acid composition was the most e

different from the porcine enzymes and the zymogen form ‘of protease 1 had the

highest isoelectric point of the cod enzymes. Also, the pH optima of the porcine
enzymes and cod protease 1 were very different. Cod protease 1 was more like
fish “gstricins® o it stimulation by N4l The Km' with APDT for ¢od

protease 1 was greater than that rcr porcine pepsin.

4.2.3. Cod Protease 2 and the Porcine Proteases

%

 Cod protease 2 also had some characteristics similar to the porcine enzymes. e

Cod protease 2 ‘and porcine pepsin were completely inhibited by anti-T25 IgG

lpreparation at similar IgG/enzyme ;zcios. However, it had a'broad specificity *

with the various peptide substrates, all of which were reported to be good

substrates for human and porcine gastricsin r(Chiangv e al., 1967)..Cod protease 2

T also had several_properties that were different from the porcine enzymes. Jt
B reacted differently from the porcine enzymes with anti-T16 IgG preparation. Its

zymogen was activated at a very fast rate while porcinie pepsinogen was activated
zymog Ly
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at 4 slow rate. In addition, it was stimulated by NaCl to ihe same extent as the ~
fish *gastricsins* (Sanchez-Chiang and Ponce, 19813): it -
4.2.4. Cod Protease 3 and the Porcine Enzymes T

. ; .

.~ Cod protease 3 has many properties that make it similsr to the porcine
enzymes. It had the lowest isoelectric point of all the cod proteases. Cod p’nﬂease
Sand i postis enyiass wire ot alfoitad by NACL Ta Qd;cion, cod protease 3
had,a broad specificity for the peptide substrates.that have also been reported to
be good substrates for porcine and human gastricsin. Cod protease 3 had a similar
pH stabiliéy profile to ‘porcine‘ pepsin. However, cod protease 3 ree‘mted differently
from porcine pepsin with anti-T16 IgG preparation. It also had the highest milk

clotting activity of all the cod proteases and can therefore be thought of as'the

most chymosin-like of the cod gastric proteases. _ -
\ .

4.2.5. Combparison of Gastric Proteases in Greenland Céd and Other _

Fish Species ) B

A number of common features exist among the gustyr_ic;pmteues ? the

* Various fish species discussed in the literature (section 1.27) and these have-bisn
summiarized in Table 2-2. Fish gastric proteases generally have higher pH optima
or seain ther activity at o higher pH than does porcine pepsin, Fish prteases

hive Idwer thermal stability aud temperafure optima,”are more_active with ¢
hemoglobin as a substrate and less active with peptlde substrates and in the milk
“clotting assay than porcine pepsin, The activity of many fish gastric proteases is
also stimulated by the presence of salt. The amino"acid compositions of fsh

gastric proteases reveal a larger number of basic residues, resulting in higher.
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isoelectric points for these proteins. Gastric proteages from some fish species also
have'a hxgher aystiig conbeit thian poreins pépéin. These dfferenees i aitio'aeid
content may be directly responsnble for the mcrea.sed stability to alkali found in

many fish species.

The Greenland cod gastric proteases share many of these ;;eneml properties

of other fish gastric proteases. However, Greenland cod gastrié protesses did not

have a incréased stability to alkali shown. by gastric proteases from other fish.
The high activity of the cod proteases in the mi’lk clotting assay was very unique.
In this regard, the Greenland cod gmm proteases are more chymosin-like than
the gstric proteases fror other fish species. Also in contrast to most other fish
gastric proteases, the Greenland cod gastric proteases were not more active than

porcine pepsin with hemoglobin as the substrate. B

Although some workers have classified some gastric proteases from fish as

gastricsins (Sanchez-Chiang and Ponce, 1081), most authors have been reluctant

. .
to do so. As can be appreciated {rom the previous discussion , the definition of

whit exactly constitutes a gastricsin is not clear. Undoubtedly, future detiiled

research on the characterization of the gastric proteases from other fish and other

lower vertebrate species will lead fo the classification of these enzymes. It seems

‘clear, however, that any classiﬁcxtiqn of enzymes must rely heavily on the

catalytic function of the enzyines and their snbstr:\te‘speciﬁcity and less on kinetic
proper‘ties that can be readily affected by the assay conditions used. The ‘gastric
proteases from the Greenland cod have many properties that resemble each of the
gastric proteases, pepsm, gastricsin and chymosm and thesa are summarized in

.

Table 4-1.
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Table 4-1: Comparison of the Properties of the Greenland Cod Gastric .
+. Proteases with the Gastric, Proteases of Other Specics
oo Pep A Gast Chym Fish ' Unique
Kinetic Characteristics
Activity on pr;)te;u substrates i ) - 2,3
Activity with peptide substrates - - 2 L
+ Milk clotting activity
pI-i oppima'pmtein sl[l;s;.rates .
oH optima peptide substrates toege 48 TR
Activation rate of zymogen - ? 1,1/,3
Vmax and Km % . 18
Activation energy and Qo : 123 1 LA
Structural Characteristics ' i . o
Thermal stability d . C123
pH Stability - 128 ¥ 5 '
E"m‘;, NaCl 3 12
Mt;lec\!_l?; weight 123 123
A.mim; va‘cid composition” . ) . 1,23
Tsoelectric point - BT S 1
. .
Immunological relatedness w1 1,23 N

- The numbers 1, 2, and 3 indicate that cod protease 1, 2 or 3 have properties ",
= similar to pepsin A (Pep A), gastricsin (Gast), chymosin (Chym) gastric' proteases

from other fish (Fish) or whether-the characteristic is unique to the Greenland
" cod. *#¥ indicates that no clear distinction could be made.
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" 4.2.8. Conclusions
This thesis was based on the hypothesis that the gastric proteases from the =

Greenland cod had the basic properties common to all gastric acid proteases but

also bad properties unique 16 gastric proteases from other fish species. The fesults -

- and.the discussion presented Rere-have d this hypothesis. In particular, it

was found that the Greenland cod gastric proteases have broad substrate

-

specificity and are active over a wider range of pH than porcine pe“psin. This.
broad sulistr‘ate specificity results in more complete hydrolysis of  protein *
substrates. The zymogens of the cod gastric proteases are activated at much Io;iyel

temperatures than porcine i This a cold

adaptive feature of .these enzymes. In :Adqilion, the Greel;hnd cod gastric
proteases are less thermally stable than porcine pepsin, a property 'that,ha.‘s been
found for enzymes from other poikilothermic animals. HoweveY, in contrast to the )
;::trie proteases of most other fish sp_ecie.q the gastric proteases from the _ .
Greenland cod are not more stable to alkali than mammalian pevsin,. but show a* *
similar pH stability ss porcine pepsin. - A unique adaptive feature'.of the.
; Greenland cod gastric proteases 1 and 2 l;: 2-fold stimulation of the hydn}lysis-"

of protein by 25 mM NaCl. This éxoperty_ .requjm further study'w determine the

i effect of NaCl on pH optima as well as Vmax and Km with different substratgs.
These properties, together with thie bigh milk clotting activity and CU/PU ratios .

of the Greenland cod gastric proteases may make these enzymes.useful in certain

L . industrial processes.

It is apparent that the different Greeniand cod gastric proteases have some

~ L : 2
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propéities in common with pepsin (APDT hydrolysis), some

with gastricsin (pH optima with hemoglobin, activity on peptide substrates) and
some pmperti.es in common with-chymosin (high milk clotting activity). From the .
data presented here, it cannot be conclusivel stated that a particular cod protease
is. more ke pepsin A, gistricii or, chymosin. I may be that the Gresnland cod
 gastric proteases represent less differentiated forms of proteases which are more
dosely related to-a commion ancestral protease from which mammalian pégsin A,
gastricsin “and chymousin have evolved.  However, speculation as to the

evolutionary, relationships of these proteases must await further conclusive

structural studies-such-as-peptide mapping, lusive i logical-studi , =

ultimately, the determination of the complete amino acid sequences.
&% -

4.2.7. Future Research

"At this point, it is appropriate fo pose a number of questions that have

arisen out of this. work in order to provide direction for future research. The

further characterization of the Greenland cod gastric proteases could -proceed in

many directions. The diséribution of pepsinogen i could be investigated.

What s the seasonal distibution of pepsiaog What is the nature of - .«

the diffe in i 5 i;, Are the diffe due to small changes in -
amino acid coinposition, degrees of phosphorylation or carbohydrat contentt Do 7
the ‘kinetic parameters of the cod proteases differ throughout the year? Does a 1
pepsin B (peptidase) type of protease active only on Zeglu-tyr or APDT exist. i Sy
the Greenland cod? What is the distribution of the various isoenzymes in the i
different regions of . the stomach? It may also be useful to fractionate the”
Greenland: cod gastriq protéases on o, DEAE column to allow a more .direct 4
compjarison with the literature. ! ‘ %}

. 4
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The: kinetic parameters of the Greenland ‘cod gestric protesses could be

further inyestigated. In particular, the stimulation of the activity of proteases 1
and 2 in the presence of salt i very. interesting. What is the nature o this
" stimulation? What is the effect of salt on Vinax, Km, pH optimum and_ thermal
and' pH szagiligy? Is the stimulation of activity found with peptide ‘as well as
protein substratgs, .’ does salt ‘affect the secondary. binding chatacterities of
large substgates? How does the naiure of the substrate affect the stimulation by
_ salt? Tn this regard, the approach taken by Fruton (1976) using.a variety”of
- peptide substrates'could be used. What are the stmctural l’eatu‘res of cod/lotease
3 that caMn by salt? A study of the possible synergism of a
midtire of the Greenland cod proteases would be of interest, What role does each
of the proteases play in the various stages of hydrolysis of the protein, ie. o the

. various proteases preferentially hydrolyse peptides of different chain length? The

inhibition of the Greenland cod proteases by EPNP, DAN and pe{;statin and the-

possible effect of salt on this inhibition would be of ilterest.

A number of investigations on the structure of the Greenland cod profeases-

‘could be done. What is the extent of « helix and other tertiary structures in the
enzymes}l{ow are these features nffected by temperature, pH and salt
concentration? What are the primary Sequences of the Greenland cod gastric
pmmsesz In this regard, a comparative study DIM ifference Index
versus the p'evcentsge of se&\lence difference of the acid:proteases would be of

interest.

i o T

g
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s . Chapter 6 ‘
APPENDIX = -°

. 6.Y. Appendix 1 : Preparation of SDS and Ornstein-Davis Gels

6.1.1, SDS Gels

Solutions required are:
1. Acrylamide 30g, bisacrylamide 0.8g make up to 100 ml with water

2. Tris base 18.17g , 6N HCl 20-25ml ,10% SDS 4|nl make up to 100 ml -
88

3. Tris base 6.06g , 109 SDS make up to 100 ml, pH 6.8 with HCI

4. Tris base 12g , glycine 57.6g make up to 4l with water (mnmn;
bulfer)

* 5. Glyeerol Sml , 2mefcaptoethancl 2.5 ml ,10% SDS 15 ml , solution (3)
625 ml dilute to 50 ml with water. (sample buffer) )

6. Ammonium persulfate 200 mg, dissolvein 2 ml water (make fresh) )
‘
. -

" Procedire: Clean gel tubes in DECON of equivalent, rinse vell and dry in the

oven. Cover one end of the tube with Parafilm and place the tub.es in'a level gel
- -
rack. Mix the lower gel solution, degas, fill the tubes to the 10 cm mark using a

pasteur pipette and layer .1% SDS on the n;p. When the gel has. hardened,
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To prepare 12 gels of 7.5% acrylamide: - "'-
Lowe Gel ) ) Upper Gel b b
: s owatel97ml water 3.25 ml ‘ ;
soln B 10.0 ml . z . soln C 1.25 ml
solnA10.0ml: T siBOSal C
soliF0.25ml solnF 15 ul .
TEMED 15 ul ‘TEMED 5 ul ‘
(TEMED = tetramethylethylenediamine) ™

remove the excess liquid with a pasteur pipette. Mix the ipper gel components,

degas, pipetts on 250 ul and layer on .1% SDS. When fhe gel s hardened, 3

remore the upper liquid and place the tubes in the electrophoresis unit. *

Samples are prepared by heating 1-5 4g of protein in 100-500 ¢l of solution

. E for 2-5 min- at 90 °C. Once the samples have gfoo]ed, add 5 pl of 1% o

bromophendl blue tracking dye and spply to the gel. Carefully layer on rumning
. buffer and fill the apparatus with this buffer. Run the gels at 1 ma/lube wntil the

tracking dye enters the lower gel when the current is increased to 2 ma/tube,
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8.1.2. Ornstein-Davis Gels L

o
Solutins req\nred arei

1 N HOl 48 ml, Tris bise 366 ¢, TEMED 033 ml mske up to 100 ml,
.- pHS8S :

2. 1N HCl 48 ml, Tris bue 5.98g, TEMED 048 ml make up to 100 ml,

© pH 81
3 Acrylalmt;le 28 g, bis acrylamide 0.735 g, make up to 100 ;xxl, %
4. Acrylumde 10 g, bis lcrylamxde 25, make up to 100 ml. b
5. Riboflavin 4 mg, water to 100 ml ’
6. Sucrose 40 g, make up to 100 ml. i
7 Tiis base 2.4, glycine I1.52 g, make up to 4, pH 83 (runaing buffer)
.8 Mmonium persulfate 0.14 g make up to 100 ml.
" Tomake enough gel solution for 12 gels: ' :
Lawer Gel : Upper Gel * T 3
sohA sml " sl B, 2 ml o
solnC. 10ml " sl D 05 ml
wasr Sml. .+ whE 25l
SonH 20ml .- . s F 10 x‘ni ° ;
; . : y - .

Procedure: Clean the gel tubes in DECON or ‘equivalent, rinse them well and dry
in ihe"oven. Cover one -end of the tubes wilh a double layer of Parafilm and place

in alevel, gel rack. Fill tubes with lower gel solution to the 10 tm mark with o

SENSEEY
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pasteur pipette: Carefully layer 50 ul water over the g;a; leave 3060 min to i o
polymerize. Remove _‘v;uer with pasteur pipette, add 200 ul of upper gel solytion,
layer water on the top and polyrpexi;e the gels in front of a flouréscent lamp.
When gelled remove water with pasteur’ pipette i place in electrophoresis

apparatus.

}, : Tu,prepm samples, add 20 ul solution 4, 50 4l solution F and up to 100 41

) . 'sample or '20 wl solution A, 150 4l sample and 2 x‘irops of Flycqwl plus 5 ul-of 0.1%

: bromophenol blue ;fackmg dye. Pipette on 200 1 sample ‘per tube and carefully
overlay the running buffer. Run at 1 ma per tube until sample enters the running i

gel and then run at 2 l_nl‘ per tube until electrophoresis is complete.
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6.2. Appendix 2 : Méthods for Estimating Protein G i

8.2.1. Biuret Method '

Prepare the following solutions; 5

1. Biuret reagent 1.5 g cuprolis sulfate is dissolved in 400 ml water.
" Then dissolve in 6 g,of sodium potassium tartrate. Add 300 ml of 10%
NaOH and make ‘up to 11 with water. - .

" 2. 5% DOC disolve 5 sodium deoxycholate (taurocholate) in 100 ml '
water '

®

Standards for most proteins use fat free bovine serum albumin as a
standard, for hemoglobin “solutions use purified hemoglobin as a
standard. make up a 10 ml solution of the standard.

Prepare a standard curve by mixing 0, .é, 4, .6, 8,°ml of standard protein
solution with .2 ml 5% DOC and sufficient water to 1.0 ml. For test solutions mix
up to 08 ml of sample with .2 ml of 5% DOC. Perform all assays in duplicate.

Add 4 ml of biuret solution and let. stand at room temperature for 30 min.

. Measure the absorbance at 550 nm and. construct a standxrd curve ol‘ Aggp ¥ versus

mg protein.
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8.2.2. Coomassie Blue G250 Method

The following solutions are required;

1. Dye Solution Dissolve 0.6 g.of Coomassie Bnlllant Blue G250 (Pierce |

Chemical Co.)in 1lof 3% perchloric acid and filter through Whatman '

#1 filter paper. Measure the absorbance of the solution at 465 nm and'

dilute with 3% perchloric to give a value of 1.3-1.5.

2. Standards 1 mg/mi fat free bovine serum albumin; dilute by 1:20 to

give a 50 ug/ml solution.

Prepare a standard curve using O, 2,74, .6, .8, 1.0 ml of standard protein
and*sufficient water to 1 ml. .For test iolutions use 'up to 1 ml sample. To each
tube, add 1 ml of the dye solution and mix well. Measure the absorbance at 465
m and 600 nm with water 3 a reference. Caleuhte the ratio of Agoo/Ags for

the samples and the blank. Subtract the blank ratio and construct a standard

curve of the corrected ratios versus the ug of protei.




8.2.3. MicroK jeldahl Method

. The following solutions are required;

1. Digestioxl. mixture The following, chemicals are combined in ‘the -
order gigen: potassium sulfate 40 g, selenium oxyehloride 2 ml, water
to 250 ml and sulfuric acid 250 ml.

2. Nessler’s Eugent Sigma ammonia color reagent (65 g/ double
iodide of mercury aiid potassium) -

" 3. Standard Protein Solution fat free bovine serum albumin 0.628
mg/ml (equivalent to 100 ug N/ml)

Construct a standard curve using 0, .2, .4, .6, .8, 1.0 ml of protein Ttandard

- with sufficient water to 1 ml. Use up to 1 ml sa’mple‘ Add .2 ml'of digesticn

mixture to all tubes and heat to 310 © C for at least 2 hr (usunlly overmgm)

When the tubes have cooled, dll\lte the acid digest to 10" ml wnh ‘water and

O.rnnsfer 1ml ahquots 16 another set of tubes. Add 0.33 ml of water to each tube, .

mix well aad add 0.67 ml Nessler's reagent, Measure thé absorbance at 500 nm

and plot a standard curve of Agyy versus ug of protein.
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\ 8,3. Appendix 3 : Preparation of Nieth;"lazed’}"mtein Substrates

Dissolye 15 g of proteinia 150 miof 0.IM borate buffer pH 0.0, For eolored -

‘., ’ proteins such a3 hemoglobin, the solution is bleached by heating to 50 °.C and 1

adding 45 nﬂ'of 30% hyaragen peroxide. éool tpe s\;luzinn to 0 © C, stir rapidly

and - add 600 g of sodium borohydride with  few drops of 2-octamokto prevent

foaming. Add 379 formaldehyde (6 ml)in 100 x] increments over 30 min. Addify !
the mixture to pHL 6 with - acetic. acid and dialyse against water. The solution can * "
then be freeze dried of the protein concentration. can be defermined by the biuret Cos
* method. ! P . : « SN E
> o B N Y % . & g "h d
GD’
N . * s L “
‘ . s ) i
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8.4. Appendix 4 } Purification of the I§G Fraction-from Rabbit
Serum ' )
Solutions required;

1. sodium’ sulfate 25% solution in water
2. sodium chloride 85% solution - <

., 8. sodium phosphate buffer 17.5 mM pH 6.3
Procedure; ' E 5

L Precipitate with 18% Sodium Sulfate To 20'ml of whole serum add
514 ml 25% \sodium sulfafe with constant stirring at room tempergture.
"Centrifuge the mixture ot 10000 x g for 10 min and dissolve the pellet in '

measured amouat of saline. Determine the-voltmé of the pelet by subtrunng the

volume of saline added from the final volume obiained.

2 Precipitite With 16% Sodmm Sulfate Add - 25% sodium- sulfate

dfopwise under mnsmc stirring. The vol\lme nf sulfate used is determined by:

vol sulfate = 1.78 x final vol - 2 X pellet vol (from step 1)
Centrifuge thé mixture at 10,000 x g for 10 min at 25 ° C. Dissolve the pellet in

the-mainigun amount of saline and dialyse overnight against | pho,sphn:f/ buffer pH -

6.3 in the cold. . -

3 DEAE Cellulose Ch Determine thé

of

protein in the crude preparation. by the Coomassie Bue G250 mathod, Prepare .




nd}usted to pH 65 with 0.2M sodium dibydrogen phosphm and washed with 175

mM phosphate -pH 6 3. Aj l‘ bhe dialysed sample to the column snd el\lt: with

17.5 taM phosphate pH 6.3 at room Monitor the absorbanei at 280

and combine the peak fractions. .Determine the Bongentralinn of protein in the

IgG fraction. -
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0.5." Appendix 5 : Prepalration of Ouchterlony Double Diffusi
Plates S

Solutions required:

, 1. Adhesive agar Noble agar (D.rco)ol g egcenneﬂDE ml dlssolve in
* 100 ml water by boiling

2. Ruming sgar Noble agar 1.5 g, water 75 ml 0.02% sodinm _azide
and 25 mlof barbital buffer (3219 tris, 13.7% barbital, 542%
* sodiym barbital pH7.2; Gelman Instruments Co.) dissolve by boiling. . -

Procedure: Wash slides well. Pour adhesive agar over the slides and dry at

37°C. Inert the slides in the frame and pour the ruhning agar to fill the wells

(Bpprox)mately 3 ml) Punch out wells i the desired pattern after the agar h.u .

v

hardened.

st




s . ' .
. : 183 -

8.6 Appendix 8 ; Di s Found in P from Different” ’
Samples A - \ <

6.8.1. Iioelectric points of Greenland Cod Protesses

A . &
SempleDate  pI (nonactivated) -+ plfactivated)
Feb.,1080 " 7.5,6.1-6.2, 5.15, 4.4-45 * 6.0,.5.2, 45, salt peak
: ) RIS }
Sept.; 1081 7.5,575, 5.3,48 5
Mar.,198%. 7.65,5.0-6.0, 48-5.1 . e : 4 @
o - W

Nov., 1082 7.6,545, 4.65 : 485, 4.40, 5alt peak -

Apr.,1983 8.0,625, 545,520-. ' 585, 4.95 45, salt peik e

Jn.,1083 ° 8.0,5860,515.4.6 58,5.05, 45; salt peak ,

»salt peak® rep activity remaini the atofocusing column
after the ;radxent was coqnplete which was eluted wnh M NaCI -
L

6.8.2. Activation Energies of Greenland God Proteases "

: Peak Number Isoelectric Point -~ Actjvation Energy '

from chromatofocusing - . (Kjoul/miol) ~ 2
1 75 49.95 |

g . s -

2 ; 62 L. 28.88 .
2 i 575 54.76 .
3 FE 38.00

3 58 ° ' 25.18
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