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i ansTRACT T

| Four’ =ymog=ns of actdic-] praceasas A, B,-C, and ! were isﬁa;gd

Erm the ga!tria mucosa of :harp seal (Pagophilus gmenlandicus) by

1on exchange chrcmal’.ography on-a DEAE Sephadeic t—SO column;, - Zymogens

S and C wére furthsr purified by’ afﬂnity‘ chroma tography using

e =

-D-phenylalanta ylene-tetrar :ndgel

“on-a Sephadex G-lOO Eolum, “Gertain physical and uumyuc.properues

oteases A afid Ciwers compared with those of ‘calf chymostn

: ‘(x c.'s 4.23: I.) and poreine pepsln (E.C. 3 4023.1) .

© Zyiogen' C -ndv the e enzyme were: ¢ _on’.—

e Zymoge{n A'vias

poly: fm’xel

molecular ueigh:s ot 26,300, % 1540 and 37, mo 10is daltons

33,800, + 1800 and

B as ‘estifi by el Filtration Bit]

*4%,000 + 1100 dalmn.s respectlvely as. esumced'by sns polynnz.ylamide

2 'A'had’ an 4;,. Teatric poln: o <907
3 i . 2 90

gel

§ : =
The ‘énergies of: activation of pmt=as & and.calf chymosin wera 156,

 and 13:1 Keal/mole: calculst: .1 fmn ‘the milk clotei an:ivi(y of the

enzymes... ' e

‘Protease A 'was similar“_tc calf. chymsln with " Tsipecc to:several

criteria; It had.a higher ratio o muk clotting ‘to proteolytic

activity than those of.eal profedse C and po réine pepsin, clotced. |
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. . + " INTRODUCTION

Prelinindry studdes indicated that'a crude extiact from the = . ' N

- :stomachs of harp seal.(Pagophilus groenlandiscus) pups had properties

"similar to thése of calf chymosin and different from most pepsins.

The crude extract had milk cluctlng uctivif.y similar to that of calf

chyaosin 'in the pH range 6:0.to 6.7, and different from that of y .

porcine pepsifi, had a higher: racio of milk clotting activity to
hemoglobin hydrolytic activity than that of pepsin, was-more stable.
:ﬁau'pepsin in. casein at pH 6.1 and had A iigher pH optimu for *

hemnglobin hydrolysis than that of pepsm (see Appendices A-D).

Chadda!‘ cheese prepared with the crude extract was cumparnble to, that'

L Bada vAth calt rénnct in ylelds ind sensory qualities (Appendix E): : h

' "hese observations: led to the hypothesin that crude SGP contains @ .

chymosin-1ike anzyme< occurrence of a chymasin—like enzyme Y et |
stomach has beevn‘ régorted by Kotts and’ Jemess (1376) based_on ‘the . ':' [

; PH optimui of the g;smc jitice for hemoglobin hydrolysis, altHoigh i
chymosin 1s heueved' to oceur only 1n young fuminant srom;mhs

0 (Foltmann, 1970) Halpress (1967) demonstra:ed the absence ‘of any

protease that was stable in alkaline buffer in the ghstric juice of |

children and concluded that chymosin does not Gceur in human stomach. '

However, Hirsh-Marie et all (1976) reported the presence of a foetal

pepsifogen that did mot cross react with antibodysagdfibt adult human - - " & 5

" pepsinoge A e o e ivasas in non-runinant stonach ' o
B tserilla controversy. : )
- .- The possible existence of the mul'tiple‘ fsoénzyne forms gF seal

* gastric proteases was also of interest,.in view of:the bocfrrence of
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several isomers of gastric pro teases in other species including humans
(Asato ‘and Rand, 1977;}.@,-:. and Takahashi, 1976; Meltner and . 7
Kassel, 1971; Ryle, 1970; Donta and Vaq Vusakis, 1970; Bar-El1 aad
Nerrett, 1970; Etherington and Taylor, 1970)+. Partial’aiimo actd
sequence of ‘a "pepsinogen" from risg seal (Phoca hispida) has beem
reported by Klem et al., (1976) . - However, the enzyme vas not,
cx..muruea to examine whecher 1t 1s & pepsin, chymosin, or
gutttuin. The possible occurrence of chymosin and of Illid?le

- isoenzyme forns was  also not quesgea{ _?(;x ithese  reasons gastric

proteases fron another pluntped npui:iés Pagophilus gxn-nlnndicns were |

.u:lldied- Earp sell l:onm:h was r.ho en bacauua it 1.! nlily a llahle

" as aby pmdunt from the seal _fm.e:y in Newfoundland.

Pxepnntion of ‘Cheddér cheese uv_ also repeatad using. the crude -

SGP and protease A, ‘Chesses werd aiso yupated with calf remet as’

: cohbrel el Peonasy (uucox miehei ), a lelding

rennet substituce, for' cimpariscn:




_The proteolytic enzyme traditionally used as milk coigulant for
‘heese gaking is remnet - the crude preparation from suckling calf

stomch unium;g malaly chymostn (2.C.3.4.23.0). " However, diring

. the last :venty years there hu heen a nhorugo uE calf nnnez De ecause.

of-an facreasify production of ciitass ud decr:ue in the nusber of .
young calves ullugbt:reﬂ (usoa, 1972) - This uhcr:lue generated
] comidg\ruble internc in a search tor new sourcas of milk, cnlgulnnt!.

y:ocaulyuc anzy}u fron plnnts, satmal aggans, and micxnézg«niuu

have been =x:en$"rv=1y atudied (see'” smm' 19743 Grun, 1977 for

revi_eu) Al mll n\m'bar of relm:l: suh!titutal are now in Cﬂﬂ!!CilL_

ue. In 1976 calf mne: lupplled only 25% of the world demand for.

nilk cosgulaits ( deKondns, 1978):. ¥ilk coagulating enzymes from

various sources and their chafdeteristics will be briefly discussed

: ™
1. ciymosin

* Chymosin is an acidic protease secreted by the shomasa of young

‘ruminants. It is secreted as a precursor called-prochymosin:  Calf-

prochysosin has a molecular weight of 36,000 daltons. It undergoes

‘,aucucuvac’i.on optimally at 7 2.0 The sctivation {ovlypd vemoval

of a small peptide bond from the. amlnoturmil\uu ot the: precursor

- (Foltnann, 1970). The 1soelectric point oE calf chyaosin 15 4.7

R
(Righetti et al!,1977). The ptlmry structure of(c:u chymsin hae

begn elm:ldlud (!’o],:manu ul- s. 39! 79)

Chymosin possesses some uniqué characteristics that make it the
i § LA, :




‘et al,, 1965) lmder “the conduions usad “in cheese waking As a resul

less tha the nunber, of peps 1b1e bonds en’ et al

" 1964): Chymnsin has'a higher ratio of - mm clotting to, proteolytie

enzyme of choice £6r cheese production. During milk clotting) it is

highly specific for ;pati:lculu: peptld.e bond in K'-caséin (Delfour

of this ‘narrow speciﬂclry there is ninimm solobtTization and logs of

curd. prmm resulting from proteslytid EeElon, The enzyme ‘1s

relatively stable at the PH nf I:he curd’ 80 :that the residua: enzyma

carried fito, the' cheese z;mmu:es‘r flavor develnpment by

'pro:eolym during aging4 The rate and specifictty of proteolysis by

~ chynogin during’the:ripening stage are conducive to gawd :ex;ure and

" flavop of the' aged cheese, The narmw speciﬂcuy of qhymosh,\ls also

dent £rom us'iank of; ‘ar_r.ion on. ribonuclease (Bang—J nsen et

1964, which 16 hydeolysed by pepsin (Berger et al. ,419553 Morenveng,

the nimber of Ehymﬂsin—susceptible bonds in the B chain aﬁ Ansulin is N\

Activities (Gteen, 1972) and higher pH optl.mum for pruteln hydmlysis

thaii does peps‘h (Foltmban, 19593 Chiang et al.; 1967).; Chymosin‘ts

4160 more stable than pepsin under conditions oF m Ik nlntdng, i’

hamiling angd ::heese Hhpening (Creen and pomr 1974).., During :mnmg

of theese, chymosin preferentially hydrolyses ag-casein (Lodford 2t als,

19&6)

2 Foltnann (1970) separated calf chynssin Lito, thres different

“ having minor dif fe (n their prupernes. Chymnsin or
‘cride prepatnl‘ions conts:ln.lng chymsin galied renet from other

i
r\ninants have also béen s:udled. Lamb ‘chybosin vas l:hrnmatographll:—

ity separated into three ditferent Fractions which. had different

ratios of milk. clotting to pmealym actxvgzies (orunmva and




Seltoy, 1971)." Anifantakis and Green (1980) examined P s

rennet] m,'(m.md that" rennets from these animals have lower ratios

of -ﬂk r.xnnu; to.proteolytic activities thén ulf rennet. Qadri

el (1962)- isolated "rennet" from adult goats: n.. yield of ©

“rennet" was low. compared o calf reanet. lamb remnet has been

reported to be more efficient in clotting sheep milk than bovize

‘milk (Herfa and Kreal, 1971). - AARE Z

' Remnat substitutess o el %

epsing - e : e SERE

V. pepativ <z €13.4.2%% 1) m s:.muat to chymn.n 1n na.l\yvr'especta.‘

’ 'nur.h are acidic protuues sennted hy r.hn animal. stomach and autos
activated in the acidic medium of the'organ as a result oE the: removal
nf n small quu Ewn the amino terminus bf the ccxte-ponding il
precursors (Folemarn, 1970; Ryle, 1970). Certain acctling of thi

. “polypeptide chain of enquin'-nd'papnin have been found to have
.miar amino acid sequerices. However,: dlyl‘uln was_reported tobe

fmmunologically diltincl:. £rom pepsin (Rothe et a:

1976). * Pepsin has

-been’widely studied as a remnet substitute perhaps because of the

guu..mm between chylnodn il pipets’ dactizsud. abGve and the (ac:
. that mmu rennet, used for cheene pmductim -lvuya contatns sone
" amourt-of p:puln (Bmmons et al.

» 1978; Banons gt al., 1976). Reports

on “the’ sumbuuy oE bovine pe))ulll ds o’ remnet substitute are

cun:mucr.ary. Bottnui et Al (1974, Car:-dini et n 3 (1971;) and .

‘Phel.n (197:) :eported Successful use o bovine pepsin in cheese -'

pmdnccinn, Fox and u.uq (1971) reported no. ‘significant zuffamm

ber.veen the ch.m.. nade with bovine. pepéin and those made with calf




i

H
i

A.tennet eithet alone or'in a 50: S_D blend‘

cheese Hids with rennet indi

“wlién ‘tested on hémeglubin and s1ightly lower when based on casein &

" deKontng, 1978)

. sllghtly inferior-to that ‘made with. ¢alfi remnet.

However, the pH 46 soluble N

in dged chebse made with 1007 boviné pepsin S vt tisa it of the

g slowet rafe of pmgein “degradation

_ in chieese made with morbw?#ﬁepsm than n xenngE*Zh‘eese. TFox.

(1969) shﬂwad that ‘bovine pepsin coagnlate! milk at pH 6. 9 This

uhaemtion suggests that -the-enzyme is stable at this' pH ahd

preuumsbly alsn‘ at other stages of cheese mskipg and ‘ripening. o
; T

Green"(1972) found that thé ratio o

activity of‘bovine pepsin was slightly higher. thin that of calf rennet

stbstrabe: . Howdver’ purifiad bovine pepsin has a Jover ratio.of

clotting to 'pmteolyr.ic ac!ivity than :mlf chymsin (Ams! et 1., 1980 N

'ﬂle Chaddax cheese msde using hoviﬂe pe‘pain was

Emmons e al 1978).,

,(1976), Phﬂan (1973) andS:anley and' Bmmons (1977) h&va

"confirned thiis obseryation by repérting that bovine pews_ln was

associated with 'siightly. reduced yield and lower: quality . of Cheddar

cheese: g —

;!o;vine can be s ly 1nto ‘four
cmnpunents. (ALl r.hese fractions have potential hydralytic actiyities 7
on hemoglobin, and also on the') ¥-act: 1

Lanyl:

o Kassal -and Meither ,(1970)

—diiodur_yrosine (APM) acnording

Fol'tmann ot al., - s 79) showed cansiderable hcmlcgy in’ the antio uciﬂ

of yumne ' ind bovine

Use 'of porcine pepsin asa rennet_substizute dates back to zhe
estlier part of the: tyentisth century (See Brastrom, 1974 for'a

review). " Studies on-the use of porcine pepsin as a rennet substitute

i1k-clotting to proteolytic




wer'e “tntensified du

mhcﬁémn

“uaragoudakis et Hs (1951) and Melal:houtis ud Tuckey (195&) ‘showed ,’r

that there was o, nmmm i Chgildar. ‘chidess mads yl,!.Lh “porcine f

= pePsln. .

curd and lnss of fat (Rmmans et al 1970 L‘napmnn a

| éhecse made: uith :t.he m:xmfe m 1th cdntrol ‘ennet were esgentially

of equal quian:y ’l'hey also 3 sgested mac Boxe: £ pepsin o d notit

| present probterm. ThA research cmnmlr.:ee oi the-Nactonal thse.




nts. - Ernstmm (1961) shmved that: b tween pl( 6 "

15. elatively unstable undei these condltions M.h:ke

) wher “'s gaa:rh:ain csunov: Tsng, 11970) .




,',pepsm Tesulted in pﬂu'l quality chesse with fextize and Elavor -

calf ‘remnet. Neither of the cheeses ‘had aniy bmeméss; While :r(e
soluhlevni:rogan a.nd free amina acid contents of -thé Emmntal ty;;e
cheaa:s were cofiparable {n both e cases Khashkhavai cheese nade wll:h

t:hir—ken pepain showed much highez snluble nitrogen than rennet d|eeae .

gnhanced sis in che ' ch:ese made with

chicge;r yep’sinl The Tauthiots. dl8o report the use'of chicken’ pep!in fot

:he succes.sful mﬂnufac:ute of many klnda of cheeses in Israel. >4

Green (1972) reported that a Cheddaz cheese I:zial. with chirkan

$ dafem, ptobably dud e axcessive siotadlyats by resxdual hickel\

bepstn: - Stailey et al’, (1930) also. reported chicken ‘papsin to be .

Lmsuitahre for, Cheddsr che:sz 'becluse the ch:ese made with it resulted
“in; gofter body nnd bit:er taste In ndditi\m, there aws an increased

luss of nnnprotetn nitrogen( ) ) mw whey frum ‘curd mde with chicken

pepsin; compated to, that made: with calf rsm\e&.’l‘his increased NPN lnxs

suggests a poten:ially 1over yield of étieese than’the pheese made with €

‘calf xenne:. Nﬂnpx‘atein ni:ragen in :ba chaesl made with chicken nzpsin
S

ﬂas appreximl:ely twice as much as- in. the cheese mada vith talf rennet.
Donta nnd Van, Vunakis(1970) :haractsriz:d chicken pepsin: {ehicken fore—

stoudch, b different papsmogens.l’epsincgens Aand D and their

correspunding enzymes were stnilar in andio: actd coumosxc:.m.repsmugm

C was immunologi.cally diff t from A and D: B

was ac:lve only on the synr_hetlc substra\:e N«Cb -L-Glu— -ryr.nehak(mo)'

shuwed ‘that chicked pepsin vas stible between n“ 1.0 and 8 0at’ 259C.

(b).. Microbial Tennet. substitutes G .

Hicrenrgani.sms are probably the best means wf prcducing Low. cost -




chaose From, and it is relamaly easy to.‘control production af
% microbial enzymes.’ Numerous ‘genera of Mcmozganiuu hLve ‘been'
screaned for ‘production of suitable rennet Iubatimr.a (Tendler and.

Eurkhclde‘r, 1961' Srinlvssan etal.; 1954 ‘Schulz’ et sl., L967' Arlm

et 51., 1967 Sa!ﬂims, 1968' Prins am‘l Nielsen, LWB) Howev&;r, only

- & small imber of nrganiums Have been found to,be prcrmisingA Linited

o ’Sard‘i\ma (1972) zeviewed the utemtute on baucnia rep
pmdune mllk—nloc:ing enzymes 1nc1uding the’, genera Alkuliganes,

. Bacillus Durmehanterlum. Estherichia 'l.nctcbm:illua, Pratens, 2

Sezxatia, t st

Themnactimmes, i Vibrin. of r_heae che genux nuulus has been

l:horoughly studied. ‘A heat-lnhile alkaline p\‘nteasa from Bncillua L

g zy s wag pntented a8 a redret substituta (Godo Shusei-, (h., 1968

1969; ‘Imal et

al., 1970) Hwever,, cheesemnklng triAla she ed & small

but cumnc: 1oss. in curd’ yield. 'mesé authors Teportad no'bitter .

“flavor 6f ithe chedse aftik 4 nontiis of aging, others haveobserved <. -

batrer Hlavar 10 the eurd- made with this enzyme preparation (Emons

and Elliott, 19 72) his e X

Bacillus’ sereiss protease vasipatentad-as:a tennet-substitute by

MNiles Lsboratories Tne. (Sardinas, 196" a{eddaz chésae pade: uith

‘this enzytie was found o ‘be- £ree ‘of bitter ﬂavo: (Szinivassn ét 51.,

1962a,'b) . Hovev:r, the texture was dot typical of| C'heddsx chaese und v

maturation vas delayed. Helaclmurls and Tuckey (1959) repor:ed higher

preteelytic action of this enzyme: th.n Tennet on casein! - The ‘enzyne




usldlaleolus The Enzymes were. :hanctetised and fa\l

in bitter flavor “in chL:

i chlracterised the. acidlc pro eage’ frum Endochi.a gnrasltiz Itihas'a

- molegular weight ufrak 000 m'?g ooo,

:A.ﬁ. “The muk clotting activicy of the. e enzymeaas less sansitive te




and producéd bitterness in Edam, Tilsit and Butter cheeses ‘(Thomasow -

et al,, 1970y. Ramer et al.,(1969) .reportéd the preparation of good
‘parasitica. Erodycrion,

of Knmantal cheese 1nvalves cooking at High' temperature, The enzyme

qiialicy Emmental cheese with protease’ from

16 probably inactivated it that temperature before it effects;

‘hydrolysis €0 produce bitter peptides.

A -eidic protease from Mucor pusilus ' (Lindt) was charécterized
by Arima et al.,(1967), and Iuaéaki. e} i1.,(19s7a,'b, €),.and its
properties werd later réviewed by Arima’et al., (1970) -me ghzyme ‘has
an isoélectric potnt, nf PH-3.5 o 3.8 and ds pmble e PH range

.4.0.t0. 6.0, The pmteoly\:ic ac:xvu;y of the enzyme is less spec: f)r:

“iehan’ tat of 6alf remner. Itlwss found to be‘mre P[otealyl:ic “than

 calf rennet, deStroying B—casein eola geeater extent than @4 cals

’ relmet: ‘and pepsin (ch‘kslsen and Pish‘ 1970)‘ Mum:x gusilus protease e
‘wag found to be-a ghtisfactory rennet substitute in the- sanataceuze of

" Bridk, Buteer, Camesbert, Cheddar, Cottage, Sdas, Gouds, some Tealtan

i vaxie:ies and Tilsit cheeses (Arima et al., 19703 Schulz. et .al., 1967

However, bitter flavor was' reported 1 somecheesas hade with the:
enzyne " (Richardson et als, 19675 Kikuehi. and Toyoda, 1970); *
(1 Richardsen et ai. reported ‘that WP protéase vas incompatiblé with calf
Temnet, because in solution it destroys :he‘ﬁﬁer. & P
"patents have been granted:for manifactute of ik’ esagulent £rom

1
sevpral strains of M. Mighol. These are M. mlehei Cooney

£ Emerson

(Ams_:rup, 1968), M. michei NRRL 3420, M. miehel ATGC 1645.7_(Feldnm_1,

1969), M. michei NRRL 3169 (Bixter:Labbratorled, Inc., 1970). Several

companies are selling these milk coagulants under various trade names

(Rennilasé - Novo Industries,,Fromase - G.B: Fermentation Industries; I1l.)




’ 4
protesse were ‘the same. as that with calf rednet,-and here wag. no

|
it

. cheese, (Handy, 1970)..

Proteolyti¢ enzymes. from M. michei Cooney et Emerson was purified

@1 characterised by Ottenscn ‘dnd Rickert. (1970a, BB ike the other

i

two, l:ommerd-l fungal tennets, M. miehei Temnét is an acidic-protease

with an optimum pH for hemoglobin hydrolysis at 4:5. Its specifieity,, . A L
: : - A

on the-oxidized B chain of insulin was reported to be m.im to that of "¢ i

“ealf rennef. Ottensén and Rickert (1970b) observed I'.hat the enzyme

is quite akable; 1t retained 907 of its activity in the pH range 3 to

6 duﬂng 8 days of in at ambient, ;c hes a .
‘molecular weight of 38,000 daltons and an ‘i'soele‘:tric' joint of pH 4.2.

Yield and ‘quility. of Emmental cheese! unufaccuxeq with M. michel

Bitter taste (Kiuru, 1§69; Hayg‘ 1971) . = Thomasow et al. (1971) made

‘similar observations ‘about Edam; Tilsit and Buttér chéeses made with' ' i i
michel rernet. Domiati' cheese made with M. filehei renmet was

: Ty, al:hnugh it more soluble N thap calf rennet - -

(¢) , Remnet Substitutes ‘from higher plents, -
Rennet substitutes fxon tifgher plaiits’ were sought’ not outy

‘because of Ténnet shortuge but for religidus und ethnic reasons ds . Lot

‘well' (Reed, 1975). In Indis, enzymes from fig and a.wild shrup . - -

" (Strebius asper) ylelded slightly less curd than-that: made with calf

rennet (Veringa, 1961): Both curds were softer than that made gith
calf renmet. According to Oosthuizen and Scott Blair (1963). the

mechanién of casein hydrolysis by ficin is different from that of calf

renmet., P of fictd, a 1 pr c enzyme from P

7., fig hdve been revxeued by Liener and Friedensen. (1970) The milk:

clotting and protasiytic activitids of ficin have beed reported to be -




due 't two different factors, Cheese made with ficin had bitter

flavor which disappeared with aging, prestmably due to degradation

of bitter peptides (Krishnaswamy et al.,1961)% .
‘Bromelain, a proteolytic enzyme preparation from gineupple was

reported 'to'be.-teo" proteolytic & be uéed as-a renneg substitute

(Poszarne“Ranjal et.

:al.,1969) .Papain from papaya latex was reported to
have strong proteolytic activity (Dastuf, 1948) but its proteolytic

activity was also too hlgh for use as 4 remnet swbstitute. . Papain

3 nid a free sulphydryl Feoup essential for catalytic activity and ‘loses

activity reversibly . due to nxida!ion i att in the, absence of added

cysteine (see review by Arnoq, 1970) . There.is caqtmversy over, the -
‘catalytic activities of papati, oné group Of vorkers suppoting the
.vidw that proteblytfe ‘and miik clotting sctivitie sre. the same.”
whereas’ another. group’ believes these two propertias are wnrelated
. (Skelton, 197; Minkle and Alford, '1931; Balls and Hoover, 1937).
Kothavalla and Kiibchandani’ (1940) wsed extract fron Withania
cosgulans’ £o¢ making Some :vrngiia_r. etttk o dhensh 15 Yhlen a0

iinusial $lavor was found. However, there were high fat losses:

Extract from cerdoon flowef is.traditionally-used by portuguese
farners for Serra cheese from shicep's milk, Studies on the milk
clotting prupettxas of the extract showed that the clotting activity

yon noimsensteive o PH' nf w1k than® calf remnec: (Vieira dé Sa and:’

Barbosa, 1970a; b; <), It yas more pmteclyr.ic than calf remnet when

“used in Edam cheese which.was bitter and deld. Ernstrom aswy. 7
reborted ektremely bitter Flawor in Cheddat Chieasa nide,with, cacdoon
extract only after 30 days of ripening.: Gupta and Eskin (1977) ;.

‘isolated a w

e from ash gauxd and lised 1t fnr Cheddar -




- 1.5
cheede. It 'was found:to be a ‘sevitral protedse.. Chgddar:énssse siade
wich e ‘ash gourd protease hnd a slightly Lover sensory seore than
that of ‘rennet cheese. Fat Skt th ey wie hgg\er &nd the yield of

chease was lover. . . : {

3;  Conservation of remmet and other alternatives

Shortage of rennet may also be eirgumvented by miking changes' in

the conventional methdd ‘of cheess production. The amowt of coagilant B .
caqidiei ot malitig chanbs vl b caduded by o conceitrating the
milk, (2) Islng CaClz, (3) raising the milk tempzratuu, and. (4) tha 2 o =
"coagulant, may bé mmhumd for repeated use. |’ S =
fhe use of ‘twafold concentrated milk to. sake Cheddar. and Gheshixe.

cheeses re!u.lv:ed in 75-80% _saving of remét. ‘compared with the
conventional method. However, botli the cheeses showed less inténse

“flavor than the cheeses e 1 e eaatan nalk con S etal., .

1974). The above-named authots also used w1k condEntrated .more than

‘twofold to make Cheddar cheese. They found that the cheeses so

prepared were of poor quality (Chapnan.et a 1979) . ' Green gt al:

(1981) prepared Cheddar cheeses with 1. ot -fold cuncentra:ad milk,
‘end ound that‘the-fat’ contenta f thé chéedes were Less thait” naxml
i : Moreover, with increase in the concen:rzdon facmr of 'the milk, the:

rate’of casein breakdown; the intensity ui tgddir Elevor and t\\e »

G o ¥ ) concentrations of T8 dnd methancthtol in the cheeses decreased
"Additton of CaCly to miik 1n otder to Faduce. the ‘amount“of s
coagulant. required. to clot milk is'a coungn practice, particularly
Nl itk seriors proteolytic aagulants’ (Gresi; 1977, Hovever,. the use

.of CaCl; 18 reported to reduce the ripening Tate of cheese (Erfstrom:
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etal.; 1958) v : 2 Bels

Othér conservation methods include: the Tecovery of remnet from

whey (Creen, 1977). This metbod would have an additional advantage
; in that the remnet free whey is-more sultable for the preparation of

concentrated whey protein. . Amother method is the possible use of

fistulated calves to produce femnet contimuously: Gengull (1970)

i reported that such calves produce remnet at @ satisfactory rate.. .

The of remnets by feally "echanced”
U5 “microorganisms has been suggésted by Welsey (1981). However, since

the commercial rémets of microbial origin are hot: completely

— . eutlhFactry; in témms of the yield and quality F the cheese they

S ‘i prodce (dmonxng, 1978) an 1du1 solutlun to che renec ‘shortage | -
would be 'ts masd produce calf: chymosiy b 1ncnpunmg the calf .
chymosin genes into. .ppmpuau uxl:rmrpniuu. Tq:lullq\tgn are, fiow
available for the {solation of eukatyotic genes and their gunrpanuon >

fato Acmorgmm (Dally et .1., 19&1). The : G

“The usé of imsobilized proteases is anothér: possible choice to

coseive Tentiat.Cregt sk 1969) ismobilized. calf chymosin to

use it repeatedly fo:":l_nu:i.n; silk.However, the enzyne had low activity

because of inactivation during the i.-zbux‘ntlon '-u hum.( ©of leaching

i) “of the enzyme £rom the support.Successful fsmobilization of chymosia sy /
oaly partly suxv- the Fehem of Zeumat av-ﬂ‘nbllily. beckuse the card

 formed by the temobilized’ enzyse-would lack the residual ehymosin

nquired for the ripaning process of the cheiss.Howsver; Temnet can be

added to the card and, there would still be a na:" saving. of rennet.The *

successful :lmnb'i.‘l!:.tlun of any px'uuu thnh dcup noc dlect the.




4, Chenistry of milk clotting Z

place inpresence of c{* and the maehanism by Which 1t brings about *

immobilized calf; rexinet and an“alkaline’ protease, from Bacillu
on Dowex. Remnet-was fmmd to have a very shurt half-life, whereas

the alkﬂline protdhise rrom B! subillis hdd 4 halflife of 8days sfter’.

immobilization. Cheddér' cheese prepared by using the 1mmhiliud

alkaline protesse was found to tipen 4t a ratelsinilar m ‘mormal

" rénnet cheese.  The organoleptic quuug of, this cheess was similar to

those' of noml and mmhinzed rennet cheesés.. -However, the rlpening

rnm as judged by e felease -of NEN for b1 11 zed -calf Tennet vas

. ‘slower ‘than that of nnrmal talf Yenier: chedst, These: stultes cast

doubt n-the snpposil’.lm “that residial’ rennar. comeributes e flawsr
davelopnzm:. Green_ (19775 has arguatinatiihe Latapratatim, of fada

m_ulies is ‘dpelent.on the fnvestigator carefuliy establishing that .

-0 "en'zynes ‘1eath from the reactor dnto the milk.

In the primary or

Enzynatic milk clotting occurs in two phases

enzymatic phase, k-casein in milk undergoes hydrolysis and thus loses,

its ability to'stabilize the casein micelle.’ In the secondary or

nonerizynatic phase ‘the micelles aggfegs':e to'form a.clot.  This: takes

the t1on'1s ‘not fully d.  Alais et 314,(1953) ‘has

2 dmnstuted this biphasic nature of w1k Clotring.. The ensymatic;

;'reacton was carried out at 2°

at vhich ho-clotting occurred.

“Coagulation took ‘place timediately” on warming’ the milk’ to'a higher :: .

tenperature’ _Berridge (1942) made a'similar obsevation.. Datpieist

(1979) shows ‘that coagylation is not'iniriated until 887 of the’
k-casein is hydrolysed. The action of chyubs&h on Kk-caseln was the

weilis -




s

' et ali, (196! \ust;uhn.shed that éiynosin hydrolyses' a peptide bond ' s

involving phenylalinine and methionine. 'As ‘a result a soluble glyco- ..

macropeptide and af tnsolible peptide are produced. ~The glymn:m»

peptide isa s g de with a molelcular welght: of
6,000 to' 8,000 daltohs (Hill et al., 1970 N4 tachmiatn a5 Henat, 1959):
Besides chymosin other: proteases als, e.8. paplin and chymotrypsin
(Denats and Wake, 1965, Green 1972), Eglzasitiu protease

(Vanderpoorten and Henkx 1972) M. Eusil\ls protaase (Yu et ll ~ 1968)

“'alsoiattack ‘k-casein:at ‘the aame/slce.

The su:andqu phnse of milk clotting is ot clearly ‘undetstopd!
beciusé it st knevn Dow tha afor ‘etshin.comorients, nanely a,

7 and B cuseins 1nten:: with each other and alss with c-casein (which

is npparently responsible for micelle .subili[y) and cﬂlloidll calelm

phosphiate to form a sta'hlz suspension called casefn” mxcal-e. “Nor 1s

1 ko Tiow k-casein loses its. capacity to stabilize the: micelle
hecause.of hydmlysm The function of Catt tobring sbout’ ;ggragatimr

of the, micall=s 15 also mot cla-!tly understood. - There are vnricus

models to explai.n the miegllar arvingenent. 6F' caseins fn @i1k nd £tie

of o milk onis but morie of them samsnc—

:orily explnlu clotting phenomenon (se= Ernstronm, 197“0 for a r&view)

Most recent fodel of usein micelle is hued on racons!t:ur.inn of

Amictugrnph of casein miceilm

ons L tuted ustag go1d labelled

k=cageln shoved ‘that all. the {<>§¢m 16 on” the surfae. " Simlllr i
il a2t ;

expirinénts using labelled & .and B caselns shoued that. ihese coiponents

are-in the core of the reconstitutéd micelle; Howéver, Payens (1981)

meeumam .gold labelied casetn compunanu (Plyens 1931). ‘z‘:.ecmn'




o . prectiide; ()

proeolysis ilso reaults in 1B

1ittie proteolysis by the us}d\nl cod)

Qid not mention_whether the micelles thus recomstituted behave like

the native casein wicelles in milk clotting. T

5. ‘Criterla for 15d0d reanet swstitite
. Zeagluga and Nendts (1973) recommended that'a co.,.um should
have the following properties to replace calf remnet: (a) yleld of
cheese should be equal to that made with calf remnet; (b) chuie‘
should not develop of~flavor o bad, texture; () the use of the’
cosgulant Whould not require any shange in lnndn'd ch:asu-mung ;

ould be free frﬂm l:o)dc and ln:tbiozic activity and

pathogens;. (8). should not have npu].yuc ot other ccnlﬂmlrmzing

eniyme (f) should not: be. too pmcmly:u- ‘and (;) prieé’ shmlld be -

ac::yta.b le.
m!chll.y avéilable

Acording tb deKontng' (1§7B)V’nnn¢ of the

ennet ‘substitutes aget all the requirements. 1sted above. For

‘examle,  pilot-scale trisl vith -poreine pepsin muuua in lover

quality’ Cheddar chesse. Although the yields of Cheddar chees: made.

with Bovine pepsin and enzymes from Endothia Ernl:iu. Mucor &11 5

and Mucor michei were lower, ghe cheeses were orbeMle ladsfnl:tory.

A1l the comercial fungal rennets contain amylase. e

Tie mst comaon problep with rennet substitutes is the anucp-

tivity (Green, 1977). Excessive

£ fat 1n whey (Varinu, 1961).' Too

gnt alsh has undestisble

effects-on flavor. Tor ex l:plA. Cheddar chee




» i :
£ oa " pepsin failed to dévelop characteristic aged £1avor(Green and l’ol:et,

i Loag7dy. i

* Proteolytic BPEr.‘:Lficll:y is-another, :h*nportsnt factor . B:gradatian of

Hg-easetn 1a predomtaant in 4 normlly Tipened cheese(LedEotd ‘et. al.,

19665 Stanley and, Fmmona,. 1977) whereas -the cheesés with'poor flavor are
¥ assqciated with a high rate of degradation of /s -clsein(l’hﬂan et. al.,
.0 1973): The ratio of mux_clmmg to pruteolytic ottt i P b rarinat:

substitute is a generalyy eccepted ‘indication of its natrow specificity.

Greed; 1972). However, the best way to determine’if a proteolytic. enzyme

i T is  gegood remet subsiicpzéfgs to'prepre cheese oh an igdustrial

. “scale,( deKoning, '1978).~

- Lipase, fated with wicre a reiuuts ¢

15 demmemal tothe flavor oF Jesttatn chgeses(ﬂr:en, 1977).: Some™

Ttalian’ cheeses requm pregastric Lipasg présent inTennet paste whm

cannot be” x;emced by any other ;spuses(umg ad ‘Harper; 1956)5

Flajor, - texture dnd chésse-ripming. |

The' developuenit of flavor in a chees with aging is & function ‘of
the_breakdown/of catbohydrate, fg:_md protein by the: enzymes' from :t!e..

‘coagulant -and the’ microorganisms groving and decaying in the. cheese.

The combined actiwf these enzymes result in the production‘of a fey

classes of ¢ some of these e.g, e1d: nd

czn:bnuyls are quaumively common to all the cheese—typzs while .

others are characteristic ‘of a particular cheese—vntiet:y. Harper( 1959)

S g aapnnted :heu cempmmds broadly into two categnxies by, acuum
distitlation. The volatile distillate’ contributes aroma vhile the nion-

volatile residue - imparts ' the Eén:lti_on of taste to the checse.Hie ‘shoved




that the non-volatile part wis co
keto acids and Othéf non<volafile ‘a

volatile camp.sngnz 1s. ‘compnsed of fary aéids), Aldehyd&s kE‘_tonﬁa,

almtmm, anines, featiie, s and sulphides.‘ al E

" M examtnation of “the iterature on ihtas Hlavor: slidus sae’ Bia

lationship between Fhive a2 cheesp” and'a cnemxcal

compound. ot growp of compounds’ 15 baged on (a) ‘the preachce g the-

cheese of that compound, (b) Lncrease m com:entrubion o the nnm'peund

with ripening and Lacrease in Elavur 1ntenslty of tiie cheese,,and (c)

reproduction o5 r.he cheese f] avcr when :he mmpnund 1n ques tion is

as : to bevcnutinus AR,

‘added to a bland base. However. ona

conclusions using siich :ri{eria. A :ompﬂund' Found ‘to. be associted -

£lavor compound may be present in cheuxlcnlly undetec table amuunts.
The fatlure 9f g aied guipotnd. v xepmduce o, to, enhance a"i "
paritentar, uspact ‘sf £laver doss’ not File sut the ccm'pound -as a flavot

onpgent: Fecause 1t ds alpst iwoasi‘hle to.add ‘the. campound in'its

may play supplementary roles in expression of the flavor.
Hafper (1959):observed a definite correlation between free amino
acids dnd characteristic Cheddar chéese flavor. Cheese.with low free

amim acid content 1uked flavor and - cheese wm\ High antno acld”

content had characteristic flavor. Clutasle actd oceiired 1
highest concentration and appeared
flavor. Furtiermore; Harper Found that

bland base in concentration found 1

Figinal’ chentcal and physiedl Foru along with other compounds hichy,.




“ulvg: Ju-.ung aromatic character. Silverasn and Kosikowski (1953)
! nade siatlar observations with Swiss cheese l!mr. Others alsc

mpor[:d occurrence of frée amino acids ia ‘chosse (Batpar and Swansom,
19497 mnmu 1651} Eindqvist etal., 1953 Bullock and Irvite;
(1976) stated that

2 Velaéhourts ‘and Tuckey; 1964). 0'Keate et

* the Fall-gange of siltno ;ci_ds fd:x(nd in casein also occur in chgm_ and

thei’r liberation i3 actompa by flavor . O'Reefe et al.,

(1976) observed thl! ul\ly a ltm: unge of -free amino n:idn. nmly

—‘war_hxmune, msmune, llyclne. ‘gierine .na glL-:.\uc acid. are libe) nted <,

in meuut-ble amounts m Ccheese vh‘ich were chémically aciiulated 3

1ns:ead of adding -mm cuitira before unnating. This cbservation

led to :he cwduliun :hl: free amino" anid: in d)eddlr _cheese are

mainly-the result.of -suobm pepua-u activity. Salli and Kroger

(1981) bserved fncreade in peptidase activity: in Cheddar cheese with
ripentie. /
Mabbit (1961) deswnseraced char thé ratios of the quantities of

" free amim aclds m::un'in. in Ghieddar. chesse were tn ‘som {nstances -

diEFerent from those in casein. He aiddd aa lqumnl solution of a
sixture of aming acids in prvpo'zl:i.on fmmd 1n s1xmmontheold Cheddir
“cheese: to fresfily made curd. Sensory- :vﬂuﬁan of this 'cheese” had

a'brothy £lavor but no modd-x flavor. n.cm‘(usz) -1;u luun a

similar nhum:ion. However, Mabbit (1961) concluded’ E -hn

studles that .the free anino acids’ corntrib\lte :Wltdl l:h blckgtaund

(1-vox. —

There nunu to-be Lack of agreement bemeen wotkers on' :ha

'relaEive (t1on of nrf and’ enzymes l:nwlrds 2
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proteolysis in cheese. Orla-Jensen (1939) showed that -remet alons
can hydrolyse milk pmm‘x'._'bu: cannot produce free amino'acids:
TOReefeet al.,(1976) concluded from thetr chseFvations maem
cheese. made with and without starter organisws that microorgandses
“ make no li.gn!.ﬂ:mt :on:rﬂ:udm o the: foraation of large peptides:
from caseln durlng chéess ripening. Ledford st al. (1966), Retter et
1., (1969) and Oreen and Fostet. (197) ‘also. Teportsd: éhar reinet s, &

asjor proteolytic: facior in Cheéddar cheese, Howevet,; Greed and Foster

(1974) "and m'nliyl and sato (1972) sune!t.d that both- reanet and 4

-.lcmo'znnlam Are Fesporis1ble for nrutmlylu 1n cheese.. Remet

was ioul\ﬂ ‘to accehrue protenlysis by !tarhar hactaria in m!.lk

culture. (Julpunan. 1966) . _' L et g

1959) shoved I:hnt o

- Uetg ‘aseptic vat uchnique xn: T et al
cheeses: prepared by chemical icidul ci6n Lnst
s

i, of uatzg

el baze befora feaneting had failed to develop fla

or whereas “cheese

asde. with starter alose did dgvunp flavor. These abgémilms_

cnmldexed in the light of t.he rapotl by Gntn (1911)

cheese pxqund ising pirctne pepois (WhLeh 1s co-plc:uy inactivated
during cheese making) s very slow-ia flavor developient ledd o the ..
logical mluwn that rennet l:rin": .-béu: the majority of z;a'séin
breakdous:'to - For, large Pepcides. - These . pepeides aré broken down to

ninn aclds By aicroblal enzymes in cheese.

e w0 starter urgsnis-: produce’ bum_nw}n

llm\atu'r:ur licraur.lnism llso lffe;t cheese. fllvﬂ!‘.v Rm nﬂlk

vizh a hlgh bacterial count can give rise to poor-llnvored l:heq s(Smlth'

956) © Fry:r (1959) mde a cnmprellznlive revlew uf ek

of mll:toﬂnta on thaan ripentag:




Relative rates of breskdown of cig &4 B-casein and the nature of .
£he peptides formed*also determine the cheese flavor. Stamley and =" 3

" Emmons: €1977) shoved that in a norsal Cheldar cheese oy casein Was *

" degraded toa greater extent than § ‘casein. ~The degradation products’
had higher electrophoretic sobility thin the corresponding. casein -
compaents. _Hydrolysis of § casein was implicited in the development A

- " of-bitter flavor in Cheddar chesss(Phelanet

1973) .~l!o?l‘e'v=z;‘|_:i;r.k

i »"'V‘.r«'ﬂp-fm:

‘to Anines, sldeliydes 1and ketona ete.. s:re:kar degndnlien isan

exnple. In this tele:ion ami no lcidi lnd dlr_lrbonyll !.nl:enct “to |

prquce an lldehyde with aue leu arbonaton !hln Lhe ami.m acid

‘(Schombeig and Moibasher;.1952) . . SR —

i
wf
i - RCO - CO_= R+ R'CHNH,COOH + R”CHO + COp + RCHNH; - COR - - S :
i .. Al1-the necessary reactants occur-in cheese (Keeney and Day, 1957). | :
i These authors also demonstrated the Cheddar flavor ‘in'test -tube by
33 5. . heating individual amino scid solutions with fsatin (Indole-2,3-dione). -

Derivatives of each amimo acid gavé ‘rise to a characteristic flavor.. -

- Me thionine derivative had Cheddar cheese flavor: | Strecker. degradation- ; S

* produwss sbtained by steas usuu.:un of ai incitration miztore of - i

e :as:in solution; ymunlydr. enzynes; mun. wnme nd other Kot 1a7®
ac 145 wers found to' tuipart Cheddar-1ike flavor m om-n cheese curd,

N R AAlnhuugh prnmn nd.carb derlvad ipounds ‘aré

St i fox nheea: flavor the 1ipid component ol its, der!.vnives ‘are’ per‘hnpn

imach nore inportant (Ervstrom, 1974) - (Chfen-and Tuckey, (1989)"




( 3 @
demonstiated that ¢heese made of skim,nilk “La yl;xul navmb." Freg'

© £atey acids formgd from asino. actds of in:emdiaces of 1actoss
mcahau.sm (Schom lﬂr, 1968) have been zeponed i.n s cheene types.

Pnc!em ul vfatt:y add seens -to, be chﬂrncteristic ofia p-rucuur :ype ;

“of nhaede. llurper (1959) showed t\mt ln Cheddar uheega ucetic anid;

butyrtc actds axa the predmnlnam: {a:ty zcids vhereas prnpiu © acid

is the major fatty acid cosponent m a nnnnzll suise, dse . In’ Blue

chedsd fatty acids with 5 and higher- nullber ui carbcm atoms gecur in:"

higm conuncratinn tHan the *short, hatn fan:y acids _‘u:yric acid j

smmunn (1968 has Fevi

ds: pradominlnt inFrovolone heese

kinds of, 'che ese,

“the lif_aramze on t.::y actds of vlr:lo

Kriar_nifersen ,'d Mlls and Day (1161&) del:lrminad

fal:ty aci p in Chaddat cheese. " Neither: g:oup in\md Any cuxuiaciun X

.bgtween fm fal:ty u::lds and Flawr except dn. cheese with ot flavur

Which haa 1a fold increaxa oy free fa:r.y acids. Patwn (l96k) " >

eheese -arom:

Carbonyl compmlnda of varimls chain lengths have been uwciaud

with cidese £1avun A:idtc carhcnyl campnunds teported to” be yrasgnt

"in cheese.are axalnsuccinic, glyoxyuc, pytuv-lc. : —kuouutang, e

acetoacetic and u—ketoiseuproic .l::;ld.u (Baise:c and lhrpar, 19585

K:ismffersen and could ;959~ walker and, Hsrwy, 1;59)

gmhn (1951) !epntud the follouing neutral: caxl ”..;,1

diautyl, bu:yra].emwde,' n:ecaldahyde, adetyl

ln meddat chuse‘




(1966) isolated acetaldehyde, propionaldeliyde,. acetone, pyruvic acid;
L daceryl; glyoxal and an G-ketoalkinal from a milk culture inoculated

with a lnctic starter knam\ to pndm;e normal fhvured Cheddar chees:,

A culture that cm\sistently prnd\lced fruity flavor in Chieddar cheese,
was’ found to produce ‘ore carbonyl :ompounds than .the, noTmal starter
- “under ‘thé sase conditions.” Besides it produced fomaldehyda 1n§tead

. of propionaldehyde. Beide.and Hammond (1979a,.b) fractionated Swiss

cheese. into. oll-Soluble; vatet-séluble volacile and ’wazer-solui,le

nonveinue cumpr'menr_s. Each of r.hese :owponen!s‘weze fur:her analysed

“for, indi\vi:lual ccmpcunds and’ (their ccnuibutinn to cheese fla\mr.

Vater-soluble volatile f;.c;mn vas composed GE wcetic, pmpzcn;c and

butyric acids, dtiacetyl and gmwonta. A synthetic mixture of these

‘compounds reproduced  the flavnr of water-soluble voiatile Fraction:

Sl ']'he wal'.n‘-scluhle nonvolatile frantion contdined small neptlde! and : amim

Z et s Yo these were correlated with thie. acidity of ‘the fnemm, not

ihe Lactic.acid content or pH. -me intéraction of calcium and magnesium

ions with smail péptides and-antno acids vas attributed to. the water-
o i solu?ble ‘nommla’:ila fraction.. Free fatty acids were: ccrre;l.ated wi\:h
the nutty flavar of: the’oil-soluble fraction whereas the rieutral

_portion of the au-soluble fraction gave undesinhle "fermenited” .

flavor.. Howevet, the flavor of the whole cheese could not be predicted
- *

from those of 1ts’ individual fractions.
. Sulphur compotinds hwe been, feported as inortant in cheese,

P Singh and Krft réen (1970) fa” flivor

o Cheddar slurry by’ treamnt with reduced glutathione. Sin\{é and ‘o

Keis toffersen (1971) also made the same observation about/wasu

g . cheesé flavor. Manming 1978). cortelated Cheddar cheese ‘flavor. with
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the of HpS-and m 1., He concluded that

reduced sulphur cnmpo\mdg_‘v.g -DrT; G3Ht which:are known to accelerate

Flaver developmen - do.’so by providing necessary rados pocential to

‘form methanethiol from 1its précursor, namly_mechipnine. Degradation |

* of sulphur-containing amino acids by Strecker degradation has also

IO flavor. Ty
From a.bmle discussion it seems. that our understanding of :heeue

Hlavor 1s ‘far’ from cleat. ‘Monitoring ome or more of 'the flavor

" associated cem‘pmmds Grvis an 1nd1ca:1°n of the rate and stage of the

explain flavor. development more logically. Accor

ripening ytucess but not 2 complete pleture of (he cheese quality.
"Comp,unentfbnlance meoty of Kosikowski and Mocquot (1958) seems’ to:

to this theory

only a-stiall nusber Of compounds are ygeponsible for cheese and other

food flavors.

comnon to' 2l cheeses :and

Soms of these compounds are
are responsible for background Flavor, FLavor of s paredcular’ cheese
exbe results from blending.of a nusber of these compoundsin a
defintte proportion with respect to the, background, Intensification °
of'a fornal ‘Flavor tesults when concentrations of i11 ehiobe” conpeiinds

waintaining: the balance. F ple, 1n a ‘good Cbeddat

cheese. the amino, acids, peptides, carbunyls, Jarty acids; salts and
residual para—caaein ‘may bé présent in certain proportion to ‘Lmpart

flavor -and Cheddar flavor: may be pefceived:

‘when the. volatile sulphur cnmpuunrla (Manning, 1978) are prEaEmt 1\1 -

"the theesé in a definite prnpn!tinn with tespec: to each othér and also

with respect to the background.
" Like flavur:, texture is also an. important characteristic of

chieeses, ‘andl the hiachemica):‘c}mngas occirring diring Fipening also




influence ‘the texture of ‘cheeses' as well. .Milk-coagulating enzymes.
o, contribute’ to, cheese’ texture either by retention of fat during:
;. %+° . cubdling and algo”through proteclysis (Stanley and Emions, 19773

Stanley et'al., 1980). - .. - g S




MATERTALS. AND METHODS

I.0 Seal Stonachs e )
Stomachs from harp seals"(hgaghu;u seilandlcus) vere
cnllected b} officials of the Deparcmnt of Flsheties and Oceans,
St John's in 1979 and 1980. The seals were caught off the coast of
Newfoundland -during the ‘hunting season in March. The stomachs :
'vcellected 401979 yere, from xpprcxi.mately two-week-0ld pups ‘mese"

stonachs. vere shipped: frozén. - On arrival in St. John's the stomachs

were cleaned and freeze“dried. 4 ;
The stomachs  collegted, i‘nVIBBD‘:ere ir}m both 2-weck-o1d and
2-yearrold adals; “ehilpped frast: chilled. on Lcki: ‘0n arrival the
stomachs ‘were cleaned, the mucosdl layer separs:ed ‘and freeze-drted.
The wet velghts, of the cleah stdnachs from tivo-véek-old pups were from
30 to 75 grams -and Ehoss! frni{ the two-yearold 'seals weze,ger Q'

t0 250 grams. The freeze-dried samples. were' stored at ~20°C until |

used.

1T, Chemicals

N-acetyl-L-phenylalanyl-L-di: y (apDT),

. "grade yeast ‘ribonucleic acid (RNA), disodium

ethylerediantné-tetraacetic acid (EDTA), aciylamide, W,N'-methylene-

bu—ncrylamide (BIS), N,N,N',N ucnmn.ylechylenedimne (rmn),
amnontum pezsulphute, riboflavin, panicillln. strep tomyetn, bovine

panuenic ribhnuglease (RNAase E. €.2.7.7.16); twice-crystallized

pﬂrcine pepsin (E.C.3. 4 4.23.1); and calf chymosin (E.C. 3.4.1 3.4) were -

purchased £ron Stgna Cheikeal Go., St. Louts, 0.  Disthiylantnosthyl




Sephadex A-50"vere fron Pharmacia Fire Chemicals (Uppsals;

Swedén) . lanyl-triethy

[¢ h s6).was fmm Piexm Chenicals, Im

Hansen's buttermilk culturé and calf xennet vere purchased ftom Horan

Lally Co., Mississauga, Ontario.: Mucor
was a gift fmm G B. Fermentation Imiuslrxes“!m:., 111.

A1l other chémicals were of the highest purity nvlilablk and -
purchased from various commereial sources. y

I Preparsdnn of cruie. enzyie

Enzyme used s naky a:ucues dtscussed in thel 1

nfehet pruteue (Fromase 100)-

was pupared follnwlng the: maﬂmd of Qadri et'al. (1962) vith a sligh:

modi fication.’ ereze—dried whole stomch (aee Seczlun 1) was pulver

‘ised in a Waring uender at the maximum setting-in the cold room

at 4°c; Ior a mtal of 2 minutes with 30-second burnts and a ‘cooling

: 3
seriod of 4 minutes in betwéen.. Thé povderivas stored ak+20°C until

used. 7 % -

For’extraction of enzymes 1 gram.of the, povder vas. stirred with -

20.u1 70 107 acetic aeld'dt 4°C for 12 h. " The hombgenate this

obtained vas adjusted to pH 5.3 by adding 10 NaOR dnd :entrifuged in-

a Sorval RC-5 re! for 30 minu:es at’

38,000: The" n was about 10' fold by,

ulzr.fiicraexon in.a 43 mm Anicpn ultrafiltration apperitus fitted

with a mw membr:ne usxng nitrogen gas as a propellant. This

prepuuion was used in'the preliminnry work dls:ussed in the

g.ntrodul:tlon (results 'in .Appamnem—x) i




"1V.. Tsolatién and Puﬂficaunn of zymogens

(a): Extraction of crude zymegens" The fzeeze-dried SHRpISE Of
g’asmc mucosa from ‘two ueek old and' two year. old seals collected

1n1980° (see Sec:mn 1) were pnlverlsed as in Section III.. —One

_ gram of pulverised mucosa was suispended in 20 m1 ‘of buffer A (20 M

sodium phosphate pHi' 7.2 containing 5000 units of penicillin, +50 ‘mg:

- and streptomycin per litre) and stifred gertly at 4°C. for 12 h. The .
slubry thus obtainéd was centrifuged at 48,000xg at 4°C for, 30
\mnuzes'. The peliet was resuspendsd in 19 nl of ‘bigteria and LA

fuged ‘again.’ The two supernataits were' Con\bined, and, cem:r}fuged

at/1%,000xg Tor 60, minutes at 4°C i a BeckmanL3:50 ultracentrifuges

.The Supernatant was used as 4 crude preparation’ of zymogens.This was-
converted ‘ty enzyme by adjusting the pH to.2.0.with 13 HCL and.

incubating at 30°C for 30 minutes vhen needed.

® 1 ; Zaphy: . Diethylanin 50

(DEAB—Sephadex A«SD) was packed into'a 2.5 x 30 cm cnl\xmn follouing
the hanufactirer's instruction. The’ column was equu:.brated with

buffer, A for-24 h beiore usel oo Tl &z

Forty mliof exudé. zymogen ition obtained as

above (Iv-) were dialysed agAinsU 2x2L buifer A at &°C C nnd applied m

the’fon exchangé column; Five,ml fractions vere zluted with buffer A

un:u thc absorbance at ZSOx\m of ‘the frac:ions and tReir prateolytic
gg:;vi:y approached zero: The column was Ehen eluted by stepwise
addition of 0.1M,°0.2M and 0.8M NaCl to blffer A. - - .

P : : :
. (e)-Gel fiitration: - An 88 x 1.6 cri column-was packed with Sephadex




© 16-100"according’ to

er! u and washed “with buffer B

(huffer A containing 1. it dxmm.u;m 1mt disudi\m ethylene-

: aumzne retraacetic acid,and 0.5 NaCL)\ . -~

4 S markers ccnsisting ufJ,ovine sérun aibumn (65 000. dalmns)

mo;liﬁl:atiwnl for zymugen

(). Aftintey-colomn’ chionatograp

Fractions eluted. from t‘he n}:AE-Sephndex column with pa:anual
proteolytic aclvity vere paoled, con;ancmted by ultrafileration and’

_ 4 mI of the concefitrate wére applied. through the bncr_am of-the colum
and eluted uithhbuffzr Bt the sscanding mode’, Tne' :olu-nm was,

“previoisly 'cllibra:nd with & ni¥rare of standard mle:hl‘ax-ua!ghr.

chi ckl.n

The methud of Fu wara and

' Teufu (1977) for purification of pepsll\ wes' folloved wt:h necessary

 Teh ol of c.lzhubenwxy— -phenyul.ny:.-v

‘were.packed

trie:hy e-tetrami ose (

“into'a 10-ml disposabie plastic syringe with glass wool to ‘support

the gell | Tvo'ml of concentrated zymogen A fron DEAE-Sephadex:colum:
were ‘.'nxxea'uim 4 'ml of v;'he‘sr.atting huff;r and ;ppuga to: the colum
and. eluted dulckly with the same buffer (3050 dcetate pH 3.5, i
bance ‘ot the’ fractions at 280 nm .

containing 0. m NaCl). .When the abs

" reached the baseline the. colmn ras’ waghad th:h g sndiun acetate pH 3.5

cancaiutng m NaCl. fhe,eds orbed symofen vas then etuted with- the

s:urting buft’er cunzaining ™ guanidine hlorlde S Altquets T from




PH 7.2.. Thé mixture was then dialysed agaitist 2L of Water at 4°C for:

3h'and’ concentrated by ultrafiltration using a PMiO meibrane:,
e HHEE S \: 4 %

V. ‘Dérermination of Enzyme Activity: \

(a) .Measurement of pepsin activity: The method of Bohak(1970) was

" ~'followed to determine the proteolytic activity of enzymes using

hemoglobin: as the substrate with the folloiing modification. ‘A 7.5%
(w/v) solution of bovine hémoglobin in 0.06N HC1 was dialysed agaimst

50 volufies of 0,068 HC1 at 4°C with 2 changes of the acd at 4 b

intervals. The dialysed solution was then freeze-dried and stored 1
scrw Gap be:\:laa at ﬁ (] until used. Dialysis '(emved most of the
ttichloruucedc actd (TCA)-suluhle matérials that absorbed at 280 nm.
"o assay, a wl. volume, of a 2% hemogluhin solution.in 0.06N HCL
(H 1.8), vas gquilibrated at 30°C in a yatéf Bath and incubated with
1.0°al of: protealykie enzyme. At various tine fntatvils, 0,8l © .
aliquots siexe removed, and-the reaction stopped by mixing with 1.0 L
of 6% TCA. After cooling on ice for 30 minutes the samples were
centrifuged.at approximately -3;000xg for 30 minutes! * The .absorbarice

"'of the superndtant at'280 nm was measuréd in a Beckman DU 8 spectro-.

photonster. . For -control 0.8 ml solution of hemoglobin was incubated *

in duplicate fur'gnge - length of tire and the enzyme added after . i !
TCA. -One Ps;)sin un‘i'; Yo the amotint of enzymé that prodices an Yo
absorbance increase‘of 0.0084 per minufe-vnder, this condition. Emzyme -
activity measured with hemoglobin as the substrate has been termed :

pepsin.activity or proteolytic activity in. thi§ study. s

b)Y Milk-clotting assa:




)

determined Eollwing the method of Berrldge (1965) " cep( that ‘the

velumes of the Berzidge stbstrate (12 g skim milk pwder suspended

in 100 ml1"0701M CaCly). and ‘enzyme. were scaled’ dof to, 120 m1- snd

- 0.1 ml respectively. Instead of clottlng .\11k sample 10 100 seconds

the concentration of :he enzyne vas adjusted to .nlut milk in 600 + 10

seconds 1p order.to minimize personal error. rmilk.-clnf_:ing unit. used

in this study was. as. defined by Berridge (1945)." One clotting unit'is
‘the gmnun_i 55 enzyme ‘that clots 10 ml of milk 10100 seconds.

(c) APDT:assay:- Method of RByle (1970) was fbliched

to determine the

1-L-diiodo-

rate of enzy of W .:etyl— ~ph

:ymsine (APm‘), except for volumes of substrate and enzyme. ~To .

23 AS ml cf 0.01N HC1 was: added 0.7 ml snlutio of 0. ODZH APDT. in

0.005M NaOH. " After equilibration to 30°C; 0 35.ml o( enzyne was

added. At intervals 0.4 ml.of sample was pipetted out, mixed um.

0.2 ml each Df the cy nide acetate buffet and ninhydrin solutinn.
éter heating oy 18 tButes o  OLLIG Waree bath. el dampled, vete
coled; ‘and 'L nl of '50% -iwpm;ané}l snlur_in:n was added .and \dgorv:;usiyb
aken‘. The n\xsnrbance 5{{}!! cnloux 80 dEVElOPEd was reuurded lt
570 om: The blank fncubation mixture con:-med 0.0054 Naoi instead o S

APDT.

_ (d) .Inactivation of ribonuclease: ' The method of Bang-Jensen €t.al., 1964
vas used 'for the; enzynatic degradation of ribonuclease Ribonuclease

vas dlsselvéd 1n,0.05H t!.trzl:elHCl bugfer, pii 2.6 prior to incubation :

‘with crude seal gas:ric piotedses’and. the isﬂenzymes A and B. Tor T

porcide pspsin and seal protease C, ribunuclease was, dissolved in
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0.01M HCI and for calf chymosin it vas dissolved in 0.05M citrate/HCL

PH3.5. . The incubation of Tiboniclease. with proteases was' carried

out for 2 i instead-of 40 ‘mimutes and the digestion s:npped by addtng

.25 ml of 1.5 dodium phsphate plf 7.0.. The residual ribonuclease:

. 'vas diluted by adding 14 ml-of wdter. Afrér 5 minutes 0.1'ml of this’

diluted mixtute contaiing the tésidudl ribonuclease was added to-a

rea:tinn nﬂxtute consisting of 0. 65 ml of 0.1K sodium acer.atg 10.:8 5.0).

L0:5.ml of 1% BA“n the samé buffer.  Incibation wis carried: outat

@ of the Lon of by rear - One .

| After 24, minutea 0.25 ml of 0.75% nnmyl acetate’in 24%

"perchlo teactd vas et stop . the' reaction.. TAfter cooling on ice

for 30 minutés, the samples‘were centrifuged at 3000xg For 30, minutes

at. roon terperature. 'mn—:y' {u of the supernatant.were added to 1.0 ' .

Bl vaterin.alca qunl‘tz cuvette. ;After thorough ixing the

st ay F60 My 45 saved, meeear v sy possible ribonuciease

in' the protease samples the latter were incubated with. respective

buffers instead of ribonuclease.. To determine A260ml-absg_gb1ng m

materials in RNA which are soluble in-uranyl acetate, a blank teaction

wes set up with 0. 75 mltof sodtum acetatte and 0. 5"ul of 1% RNA. After

" {neubation at 25°¢- for. 24 ‘minutea:0.25 ml ot uranyl acetate was aaded

‘and the absorbance, at 260 im 55 the supemnanc was def.ermined as

described aboye. . | : . Nl " .

volume of the respective pm:ense, di.ssolved 0,014 HCL'wag incubated
with twa volumes of 9M ufea 1n 0. 15M sodtum acetate, pi 5.647 . The

final pHiof the mixture was s.tm, At intervals 30 ul'ialiquots were

withdrawn in duplicate and addéd-to 0.8 ml of 2% hemoglobin Tn 0.06M




. v.luas bar.vean PH1.. 2 And 5.0. - Both the buffers used in mlk‘lns the

HCl. After 30 nﬂm[u oE incuhatiorﬁl 30°C the rnctlpn. was’ swgp.d

at 280 om vas deternined as described {n section-V(a). The stock.

enzymes irfn standardized so that a 30 3l aliquot of the ureatscetate-

enzyme- mixture would produce %n inttial increase in Azao fin of ca 0.5
30 minutes under the assay condi tions. 2

VL. Determination of the pH optima for pepsin activity' 5

A 2% solution of hemoglebin in citrate buffer PH 1.2 vas used to

4 zitrlte 5:ml volunes of another: 2% hemnglohin lolutlnn in lodimn

acetate buffer.pH 5. o to ‘make hemoglobin solutions of varlous s

stock solutions had the sane fonil strength (§=0:05). A 0.8 ml \iohm-
of cnch -hemoglobin solution was thén i.ncublud with 30 u1 “of enzyne. *

containing 0.4 pepsin unit at 30°C for'60 minutes, and the reaction

" stopped by ‘adding 1. o ml of 6% m The absorbances at 280 nm of

the vere as described 10 Section V(a).

VII. Determination of thé influence of pH on the stahility of:the .

“proteases.

Five hundred mi,

Fve rolitres of 10 mM-sodium 5.3 containing . -
24-28 pepsin units of the respective proteases-wére mixéd with an equal

vélume of a series of buffers of lonic strength 0.1. |One drop of

toluene was uddul to each’ of the mixtures, the tubes ;x'- a:o'pp_:ea

v-nd inc\lhn!ed u: ZS"C. After-24 h 50 Ml aliquots nf :h!\ mixtures

" were assnyed for residual paplln -cuvn:y as aeucnbad Ahcva (Sa:l’.iﬂn

V(i)) except :hlﬁ Chl 2% hemoglobin solution was praplud in 0.24




VIII. - Isoelectric focusing

Preparative isoelectric focusing-of the crude a-:d.var.ed euzyme
on Sephadex IEF was done'on a Pharmcia fla: bed lsoelencdc fm:using

apparatus following the manufscturer's 1nsm:m2 l’hamalyce 3-10

was, used as pH gradient. The gel'was pxe"fucuua or 30. mnmes ate

wal: setting of the Phamacla‘ elec:fupheresis colistant power supply

mndel ECPS moo/uo. After applying the satple, :ne gel was .focused

For'o 1 at '3 -watt setcing, The gel was cmled by circulatlng wa:et

’mln‘:ained at .4-8°C. nm gel was  then efvided Tato. 21 aqual seutions,

. scooped 'off the' ﬂnt—hed into test tubes, aid the pil of the i:ncr.ien_.s s

was measured. | The. gl Etnctions were then placed in 2 hypodexme
syringe plugged with glass wool. The protein was theri eluged from.

i the gel. . Fifty mictoliter aliquots. veid .thén ised-toidatéct ‘the

protéolytic’ activity by 1ncub‘a[1ng with 0.8 al hemoglobin solution,

Lo F L for 60 o yucnm with ratectytic scr_ivity seckipoaled ihta
4 purtionu 6" devernthe cuipw. [ g FL )
oo el & Aﬂalydmll pnlyac‘rylanide gel Lsuelectriajocusl.ng of: yurified
".% zynogens Alndﬁ vas carried our \lsing Phatnalyte 3-10 ds thepH -
'gradient. The gel was_cast ln a 115 % 230 mm' glass plate fallouing
the manufacturer's suggestion. Samples (16-20-111)-were applied
2 directly on i st oF ik gei. The focu(_gg ‘Was:carifed but for
it at 30007 4nd 20N setting ustig the power supply des ribed above.
After focusing, the ‘P of the gel was me.!uurad using a surface —
electrode -The'protein was'stained and déstained hy fonwmg the |

i mmufst:r_uret s lnstrucd.on
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IX. - Electrophoresis o
Polyaciylamide gel électrophoresis at pH 8.3 was. petformed

following the method o ‘bavls (1964) . Sodium dodecyl sm’phum.(sns)'

= polyacrylnmh‘le gel elsctroyho;asla in 7.5% separating.gel and 3%

stacking gel uaa done nccurdiug to Laenld. (1970). Unlesa uchamse 7

lnd.iuul:ed the gels were et ‘off-at the’ msr‘ker dye after slectt - .

phoredis. . The gels ure sr.a.lned for 30 minutes 4 0.1% Coomaasie %

“blue 1n 5% mettignol, and 107 acétic ncid and’ deatal fea by diffuston’
in 4 golution Of 5% methanol and ‘ux dcettc ‘actd, "B vine sem
nhickan ese. albymin (m 13 ono dnlton.s),

cytochrone C 061 12,700

albimtn (8 65, 000. dultm‘us)

sheep ptolnctln (m 2; /800, ﬂaltﬂns)

_dal tulm) wete used ‘as standard molecular. wgight mnrkus.

X Anirio-agtd analynls
Antio acid analysis was ‘peFforned in a Becknan Model 17148 amino
acid analyser “using the method described in‘the Beckman bulletin -

XI. Dgtemlnntlon anitrogen ﬂnd prutein estimation '

Totdl-and nongroteln nitrogen 1n \'hey vere. seigtutriad fallwing

thé meﬂlod af RWland (193ﬂ). Totll and’ nunpxotein ﬁtmgen produgts.

of ‘enzymatic’ casein dige!rinn were. datermined snnntding ‘to the method

of Lang (1958).
Pmtein eal:imation was canied out fnl]nwing the ‘method of

Har:ue (1972) &




. :he method of Radke (1974) . Aftar prsasing fnr 18'h in :hi.s barxel

' the’ cheue ‘block was spllr_ into 4 amu T blecks and.- pru;ed in

Pnsteuria:d ki milk (S\nuhine nairy, St. Jnhn sy Nela, ) was -

-sed fof the tsolation of ac1d caséin at PH4.6 fuuwmg the method

of Fox and.Guiney ; (1972) Th&;prodpct was fxeezefdxjie_d and ‘stored

“Lat 4°C untid used. ool 9

XIII. Cheddar Cheese

(a) hepm;uen- Cheddax' cheese ‘was prepaxed usingpasteurls!d whol

nctivated DEAE paa.k A crude sces. amgw Mucor mi

1'00)‘, DEAE yEak A mmnn and crude zymogen from two weck aﬁd unl

cnnsv:rnc::d ‘with: &, plastic banel, 7 inl:hes in diamacet felluwln;

gerfgra:qd squure p ltlc boxes (12 %12 cm ‘and 'S K ‘h: gh) limd uith

maesacluﬂi. Three xmues each contalnl'ng 16, g,;llanu of watex wexe

nsad to, press these blocks for ‘another 8 hi._ Tne nheese bln:ka

(ulightly moxe thar & pound each) were vacuum: pAckad a




® mmm mLysea. Pmuln, fat and Eunu:e 1d chesse verp. £
determined £oumung the methods of A.0.4.C. 970). B of :hane
was deumined by mixing 5 g of cheese with 5 nl of- detontsed water
isliga gllu alasiinds, Lt o vy 5
" (@ Bensory evaluation of cheese: (neeses m;' evaluatagby -
‘preference test’ (ur-md. 1977) at mg taste ylnel rogm in'the
Deparcaent ot Fisheries and Oceans, Y John's: " Thirty untn.lmd

- plnel.‘l.l ' were pmvidﬂd 'ith n\limx-cndld d\lue ulplel (lppm

"L 302 on), aind. gensral infoination shout medd-r cheese. . Panelists
,.au asked' to’ fate ;he nnplel s L prefarenu on :

© numerical ﬂuh nnging from 9 (like ntnn.ly) to l (dilllke i

‘extrémely).  The data were evaluated by analysis of varignce ,
(Larsond; 1977). _° . E




o e RESULTS . AND DISCUSSION
T._ Extraction of crude enzyme
“Crude seal gastric pn:use,ésm‘) used in the preliu!;n.lry

stufies (See’ Appendices A-E) was'prepared following the method of
Qadri et al., (1962) modified as dg’.ﬁ;-ma in Materfals and Methods
(Section IIT). Approximately-4.5 clotting Stte were obtained per-

gran of whole stomach powdés From a 2-ueek-old -e__-1v pup. éol}gugd 1 .
1979 (section T, Matertals and Methods) . * It vas later found that -
extraction with 20, uf phosphnte pH 7.2 utter., Hn(arials “and- i
" Jethods, Sec:ion 111) for 12 b, yield:d 26.3 clntclng units’ per. gran, .

of the same ntnn-ch pouder. The latter mthqd ax:rq:;q the Zzymogens

while the'method of ‘Qadri et al., (1962) extracts the activated gastric -

__proteases. n:\& lover yield obtained following the method of Qadri et.al.,

2\ ; :
may be attributed to autodigestion of the proteases. Based on.this

“observation, phosphate buffer was used for extraction in subSequent

studfes. Also; instead of the whole stomach the Iwc?sxl layér was

used in order to have higher specific activity of the starcing

materials. The stomachs used for this purpose were from*both twos

week- (. and 014 xtaately) harp seals -
collected 1n 1980, ; ‘ ;

" The average yield of nctivated zymogen extracted fron ‘mucosal
i:wder vag'191.5 clcmng uni:s/g-,sur tuo-week-old pups and 262.5
clotting units/g for to-year:old seals. These averages are based

on measuremen:s on’ two stomachs fz adults and hhree stonachs' from

pups.. The yield of zymogen £rom whole stomach cgllected in 197 was

much less (26.3 elogting units/g whole stomach ‘pdder) -than fro- the

it 1o




stomachs coliected in. 19805 because (1) only ‘the, mucosa was extracted .
 from ‘the ‘stomachs collected in 1980 whreas in the casa of the stomachs :
collected 1n 1979 the frvana dried poider ‘of irhol€ stonach was :.

extructed, End (2) the 1980 stmachs Uere empty but the 1979 sbmnch

vas ‘Eull of curdled wilk, indicating that séme.of the zymogens 'had

already been secreted. The fact that the 1980 stomachs were shipped’ .
chilled on fce shile the 197" stomach vas shipped. frozen and the
pos!ﬂa difference between mamduus of the sane speciss may nlso

hlve cnncribumd to the diffarences ohservad‘

pxouuym activity r
Hemglobin solumn (22 in 0. 06N HCL, ph 1.8) was used roucinely

‘a8 sub![r'm’.}’. o montor the pro[evly:ic'acr_ivity of the' enzymes at Vo
siages of purification.’ Zymagens were “activatéa by incul:ating at pu
2 0.'fox.’30 minutes at 25°C (ﬂesulcs “and msr.usnen, Section V). -
Hauev:!, this presctivation step was' omitted when au@ms of 1ndividuul 3

f:al:tinns irom chroma:ogtaphic column eluatés were nssnyed £ mnitor

their proteolytic activities, . The raté of’ hemugl\:bin hydrolysis at

PH 1.8 and 30°C was. linear wich time:up to 1zp:mm:esv when .the  enzyme’

‘concentration was 1.‘9"upun’udm pér ml of 1ncub’.mn mixtire

of hydrolysis vas ‘alao 1Lneat asa functinn of the concentation of

“the crude ‘enzyme (ngun u)

1n. Inn exchange a.mw:ugup\.y

A shovn in Figufes 2 dnd zx, érude’ Ereparat!.ons of zymogens .

frum :hz fnucosa of young and adu).: seal stomnchs separa:ed into: 4 -




Figire 1. . ?rnr.eoly:ic uuvuy a8 functions of time and: enzyme

concenu‘ation .

(g A ZZ he'moxloh!.n solution 1n 0. 06)1 HC1 was incubated \d:h 1.9 pepsin'

units of ‘cride exmc: per al of: reaction mi.xtnre at'30°C.7 At 1nmv.1s :

0 5
lmlicnted dupllcate umples of 0.9 ml ‘were wi;hd!a!-m and “the pro:snlytie

lctlvi:y de!cmintd as dncribsd in Hatsrlils Ind ‘Hﬂ‘.hnd:.

(b ‘A 2% hiemoglobins6lution in 0,06} HCI vas incubsted vith the

Andfcated:volunes. of d‘iluze soluton of crude enzyse so-thay the final

“volugie of 'reaction mixture was 0.9 L After 30 minites o {incubation at

“a0vc, . thé raction vas stopped by adatng TCA'ss. desctibed in Materials and

Methods and utent of

- pr ined. A es due to control

were su\?trnc:ed for each enzyme -concentration.*




Extrace ).

. (a)-

1.2




gastric

eluted stepwise additién of NaCl to'buffer A'as indicated: Tienty
‘aliquots fmn{ alternate fn‘umns ‘vere inbuba:ed ‘with hemoglobin at’
300C o7 300 Niniear potential prozeely:ic activity. E‘lw rate'20”

ml/h f'mctinn s\ze 540 ml. (a). homngenate from a Z-week—nld 5ea!,(b)

rngaits from &

~yeartold seal.The ‘zymogens' are activ!led in the test

procedure for proteolytic acu.viuy at pﬂ 15 a

@, Absorbance at 280m; T, enzyme activity,’ absor\:ance of .TCA 'soluble

“fractlon at 280,
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pepsimgen culrpol\em’.s, Ay B, c andQ' afvhidl Band C' vere minor aud of

lowspecific a::ivil:y. No further purificﬂti:m of the nnmpununts B

and.¢'‘was . Mé'relative 1 0f zymogen & i fepatn
-activity ftumks;omnchs of wo._’weepo/l‘d Pups. was higher than that’ from
pre stu\?u;h. hs shown in Table I the activity of peak A-was 44.5% .
“of the total recovered ftmixfune an;ch and 51% in the other. The

proportion of-peak. € vas 48.5% and 37.61, respectively. These

G estillatinns were: based on, che areas’ of - the ‘peaks m the sctivity

pxu{ile» hown Ln Figures ln and Zb. N the adult—stmch muco!a

peak A actlvicy represenced 32.5% m oie Tun and’ 27% n the other.
The proportions” of peak C activity in those two o winples weré 54.8%

and'59.1%, respective!y. These 4 ganplas weré Erom the sam antnal,
Cmnpared with peaka A and 0, the yisida o penks B and ¢"were highly

‘varlnble “in both the ‘Youngeand s the adnlt-moaal samplee.

* Multiple isoen ymequrm ‘of both chymosin and pep!in ‘have been

:eporrad i other spect we.u. 4 oL 4 cnlE
From theis cun’eapnnding Zymogens has been reported by Asato and Rand

.(1977). Aner et al., (1980)‘ sepamtad Madult bovine renfiet" ints two

= - conponents, -The major ‘component was’ pepsin-like with a CU:PU ratio

of u.oaz and; the utnor coﬂi)nnenc chymosin-like with a CU:PU ratio of

0829, Huwe\ver. :he authntﬁ did not define theunits of milk-ulouing

“and yrueoly:ic activiciea. Ypltlmnn ez al., (1978) slwweﬂ that zhe

 ratlo f nilk clmmg ‘actlvicy to general protedlyric ac:lvlty of

. adult fundu! aml plylorous respentively and 4 timi as much as that for

calf chymcsin 3 -0




Tab1é, 1. Relative proportions’of yarious DEAE pesks from micosal

Age.  CUL/PU2 of Crude
' homogenate . - A e | ¢ (]
2 veeid - 0:024. C s R 8.5 2.9.
0,028 sl 5.0 37.8 6.2
2 yearsd ~0-018: 32,5 1 a7 54,8 T 9.0
0006 Lot ame h 1.8 5941, 2.1
—~*Notes: 1. .Qne C.U, (a:ln:tlng init) 1o S ot of, ciizyue mc il
clot 10 ml of.12% skin milkin 100 seconds.
g 2. One pepsin wnit (PU) 18 the amount of enzyme that produces

49~

5.

Relative Proportions3

of Peak %

. homogenates' of the stomachs of young and adult harp. seals

an’ increase -in'the sbeorbance at 280 nm of TCA-soluble

hydrolysls products of 0.0084 per ninute wder the *

condiEsdng ‘deieribed 1n text.

:Stomachs from two. different animals’

‘Sanples from the ‘same stomach.,

Based. on pepstn ‘activity (m f1g. 2a; b




i

|
i
i
3

. (@). Gl filtracions .

5 trials.

“1075. daltons. fron two.trials. I

_obtained had somié. of :he zymom activated: gs evldent fron @ milk-

¥ clatting uctivir.y of-2.1 0 clocttng lmits/mg of pmzeln.

.. Pnllfica[ians of zymngena .\ and c

The ewvo-mador symbgens & and’G were purttied
b7 molecular-sfeve chrokiatography tsing Sephadox C-100" as dascrinid

in Matefials and Methods (Section IV()).. Figure. 3 shows the protein

'p'ruflle and the pepsln ‘activities. of the c\;mmn:oguphir: fractions §

The ..

The column was calibrated with standard: molecular weigh!: mnrkera.

peak péptic activity yas eluted in a position correapunding to a f

solecular’ weight of 26,300, + 1sz.n dmm for'dymogen A bassdion <
The molecul waight of zy ‘at’ 3,7,000 *

(b) . Purification of. zyiogen A by affiilty chromatography:” The

peak-Aon the ¢olum was'also:

purified by with a henylalanyl

(a-Dept ,as in Material

and Methods (Saction @) i me majnr pomon nf the profein

applied to the cnlu-m vas eluted ur adaorhed Bnd had vury little
proteolytic -ucdvlty (Figure A) -Most of :he proteolytic activity was '

eluted with: the buffer cnntaining gllal\idl.ne—-ﬂcl. The actiye ftnctions

vere pooled, mixed with equal volume af 012K sodiim plmsphute (pH i.Z)

1in order to. prevent che conversion of the zymogen to the active enzyme

This. mixture was then dialysed againet vater at 4°¢ 'llhe dlalysau was -

thet Gontentratad by, ulr.rafilr.mtiﬂn fo'Ligals. The ptepaﬂtion 80

After activa
at p'ﬂ !} (l the apeclfir. nc:ivuy 1ncre=sed o 39 4 clutcing unitslmg A'

(Tahle Z)




Plgute3.  Ciromatogriphy of DEAE p-k-,m ‘Sephadex G-100 colum. °

nmdm—auihm-kph-du A-50  column with proteolytic sctivity

were pooled; concentrated ﬂz ll.d' the uu:mttltu material were

_m:nu to w 6-100 mm (sa x1.6 cm equulbuld with

Auendlu mode. - nuuqn -u- 2.7 -m1, flow u:e 5.0° ull




| Proteolytic activieym

Ao 0







qd]ug the n te 2.0 at zs'c. h—dnzaly -inr -dun.

- HC1 and at iatervals lnl.lutad a0p -uq-n:- were removed in duplicate
to monttor -nb.auuu a:uv!.:y. + Zymogen A;

Zymogen B, ad &,




PurLfication -R..‘ “Volume *
! ()
Crude supernatant 46.0°
b ?nﬁan.n.c.i s_.
DEAE Sephadex - -
Paak A L L G0
Peak B . bk
. TPeak T . -t 6.2
ok Peaik € .. - 41
: G e arnanunn-n-g
3 . Sephadex 100 ;
% P
¢ e adal

Affinity chromatography

cu

9.0

3 85
* Table 2. w..n:an-ﬁeu um u«!.n!.- ' and’C from u:na-nu. un!.a...-n ofa2 « ar E..._ --u -...uln__

.Fn»a.s.\l 4
S 0

589.0 -

1535

633.2°

250.2,

Total -nnran«

cu

213.0

18

6.6

130:5

2-29.3

R

414.0,

475.4
o

9.4

Y ] t
4 : :
ES:E ?n:.»ﬂna! cufes
U PU L CUE PU
2700400 1.5 . 99.8
4350.0 “10. 8. 12200
Y S 1]
2.6, 347.0
16810 " 0,2 48,8
. 1750.0° ' 3L8 426.5 212 a3 0%
L 4B75:6 5.2 . 867.5.°0 2.5 8.7 s.sn
532,40 26,




(e) 's\mmry'of purification ’proééﬂu:e: Pnr,{ﬂcaﬂon stepa of the
Zyuogens, from thé. micosal powdaz of a twb year old harp geal fo
g slnnmsrlud in/Table 2. Zyogen A vad putlfigﬂ 11 £51d. by ‘gel-

Eu:rution on'd: Sephadex 65100 colnmn wiih o fheréase 1i its mi lic

'nlo:ﬂng .uc:ivuy from'135° clo::i.ng \mits/mg of the crud! zZymogen
io 3: cletting unlts/mg By affinity chrmna:bgraphy of DEAB~peak K

2 further punficatlun f the milk nlacth\g untivity e dchieved

(394 l.lal:l:l.ng units/mg)

Approximately 9 fo1d purlfleation of *

zZymogen C was uchizved }sy g:L'fllttu m ‘the yepsi 'nctlvlcy

“incredseéd from 99.3 hepsin “units/mg of cmd- exnnc: €586

" inita/ng/of protein. As a fesule of puriflnution the xm.o o, witk

‘clsning ac:ivir_y m protaolytic actlv‘l:y incnnszd in the case Gt

zymgen ‘A compared with thia ratio 18 mg crqde axttact,. m thl\

case of zymogen C l:hj,s ratio dgcuaud by'a factor: of e tader che 2

/g:ay conditions (Sendona V(n), V(b)) nr,ystalline calf ‘éhyniosin: had’

K- clatl:Lng and p:m:equtlc 1ct1v1tias oE 21.4 and: 126 uaite,

’respec:ively; ber mg of protein xmsgd on an average of two. :

N\

+ determipations.

Activation of the aymgens

¥ The time course 6f e -c:ivam.m of Zymogens ‘A, 3 and cat 5'

an. apptaptia:e duumm ofitha etuck

1§ stiown, 1a. mgu:e 5. The pu;/

“somuon oF -aach, :ymge wag’ ad; \ur.ed to zm by ding a ptede!;emin&ﬂ‘ o

-vﬂume of 1 HCL. 1he cmvetslon of the’ lylmgens €9 the. reupectlve

‘ezymes ad- nijnitored by milk clotting unxy at'pH6.3 ()(a:eriala and

Methods, Section V() 45 ‘ahoyn 1n the figure the. ‘activation §E - :




[Proteolytic Activity
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zymogen C in 6 minutes. These ob: served as a guld to
activate the zymogens prior’to routine assays. Routinely the activa-

tion process was carried out for 30 minutes. F N

VI. Properties of the ehzymes

(a) - CU/PU ratics: The ratios of milk clotting activity to proteo-

tytse activity of the crude isoenzyme forms A, B, C and C' are shown
n rnbm 3 and 4. The ratios for enzyme N were 6 to 9, fold higher

. than thnt nf ‘the ‘other' major isoenzyme: C. noveve;, as shown in

Table 2, the ratié for. the purified zymogen A was. about 12-times as o -

high as u-‘u of purdfied zymgel\ c.' e cu-rn ratios for 1isoeniyme B
‘veiis'stnilar to those of A and the ratios: for isoenzyme C''are simtlar

to those for 1lnln=yu c ir{upu:(ln of the -ge of the animals.

The CU::

U ratios for the total extract from the two-wesk-old'
pups were slightly higher than those for the crude enzymes from thé™

# Ex
adult seals as shown in Table 1. This is consistent with the higher

propo of 1s A g the’ two-weeks- 013 pup stomiche. The®
CUsPU zatto for protesse A purified by gel Hltration and affintty”
chromatography vas higher' (Tabje 2) than that of the crude iscenzyme ;
A (Tables 3.and 4). - This suggests that.the purification process :
femoved some. material(s) vith Tow” 'cu-ru‘ ratio. ‘It is also p-:ssiue
(it Soueothiar uokaisRaLLe Enctuts which nlcct!valy affect the nilk’
¢lotting activity of enzyme A were rmuved by the, purif!.eutlcn. % (

"(b) Milk clotting as funcelon of pi . Milk .:’:.ouxé.g tines: for

active isoenzynes A and’C are shown {n Figure 6a and_ that of 1soenlyu

B s shown.in Figure . cnum; ties -for porcine pepsin and calf




SRS :
"‘Tdble 3. "Relative rates of milk-clotting and hemoglobin

hydrolysis by vafious DEAE peaks from homogenate of 2-week-old '

harp ‘seal gastric mucosa

: 5 o Milk-Clotéing @
5 Peak - - Pepsin Unit/mg Unit/mg? B0
. Experiment i A Coars.0 C. 142 T 0.051
B 13.08 " 0.69.- 7 0,053 ~
- 223.8 . ..1:83 . .0.008°
1.9 0.02 . 0.007 :
r = . 2 g
. ] T E 5 B N
“Expertment 23 A, 21086 <7 7.48

. RO " 6.6 _‘ © 036

¢ C e e Tl

o ey T roder

i 'P:pl’.ic activity was determined at.3 to i different
concentrations.
'z. Average of‘at léast two d‘:eminucione.

3 e freeze-dried powder was stored in'a —zo'c freezer for.
*" about ‘a year -before the extraction. Some sétivity nay
een lost during storages




6

Table 4. Relative rates of mk.:ln:ung and hemoglobin.

hydzolysis by DEAE pesks from homogenates of 2year-old
‘harp seal gastric muco
. ‘; o '.
ol Lz 1k-ﬂor.tlng _
Peak Pepain’ unxt/ul 1t/mg?
Experimeat 1 A 219.6 105
< = 3.9 0.12 3
. c 346.9 © - 3.09 0.000 . . T
ct 2 8.8 SUne 0,00k
Experiment 2 A 228.0 3 o 0.055
a3, S Tede 46 0.047-
€ PSS 0 B sager s T
L WE Y 4615 L 0.8 \ oioos

- Pepsin activity wae dsteralned at 3 to.4 differeat
_-concentratitns of each sample in duplici
2. Average of at
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Milk-clotting activity as a function of pH.

Figure 6.

A1 .nspmu{m of skin. milk.1n 0.01M CaCly was.édjusted to.pH 6.0 to
sch_eazyne was -

7. OZwlth 1 BCL o 14 NaOH. - “The concentration of

ndjultul StEe 50,41 voh-e will nloe milk at pR 6 3 in 5 minytes

+.10 seconds. :
(a3 Milk-clotting lnLivi:y of yrqtellel ol and ¢ canplted with :mne of -

A+ calf! chymosln and porc!.ue peplin. > g

a)

protease B. -

g
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chymosii ‘are also includéd for comparisah. ‘The three seal gaéizia

P hibited ‘a pH y for clotting tlnes similar to

that ior calf chymnin ‘and different “teon that ok ‘Poreine- hepotas ;

mfantakh and, Graen (1980 observed” that the nilk, clotting

activities of lamb and id reinets. increased Leds with deuresse 4n

PHthan that of calf remnet.

(&) . “Acton of protess on ribonuclease: The o beviie
. pnncreatic ribonuclease, by e Fratenlytic enzynes’ was parfomad ag
. descnbea in mrenus ind M.e:hoda (section ¥(8)).: Tncubation wiéh:
seal proteases A8 and' the c!url& enzyne was euruef ot g: PH 26

bised on ‘the pif optimum of. crude seal gsal:rh: broteases (Appendix D).

Incuhauon swith poréine :pepsin and’séal Srotease € was carried our

“at pH 350 As

at'pH 2.0 and ‘that with calf chymosin was performec

shown in ‘Table 5 :hﬂre was no ’ tion of ibont

by the protedses ‘A, B of calf chymsln after.? Hours of 1n:ubu|:1¢n

+ whereas pmtesue € Cired ‘ax averdge of Lotk insotvation, Pnrn.lne

pepsin. at the putuu:‘l.:s of 1.6 and 5.8 pepoia \mi(s effected ssx bl

8 tnm:tivatinn. respeclively. S T *

Inactivax:lm\ of ribammlease by crude s P uas also. examined.

Tigure. 7. stiows' the parcentage lodses of ribonuclease sietivity after

2h -Lof with vartous of crude see and of poume

pepsin at 30°C, .The Eigire, ahmvs that with 76 pepsin nnlts of enzym, 3

seal gastric pmtease inativated only 224 of"the tlh‘nnuclen!e acdvity
‘whereas porcins pepsin with® the, same por.ancy inactivated 79% oi the

ribdnucleass.,

s
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(D Hydrolysis of APDT: Hydrulysis of the pepsin. suhscrn:e

N-atetyl- L—phenyl-alanyl L—dﬂndatytusine (mrr) by protease A was

very lw., As shown. in Table’ 6 .the chvi:y of pxotme A expressed

he. ratio of APDT unit/pepsin nit of the enzymevas similar to !
B n.{g of calf chymostn, but’ mich lowst than, thogaBE. prntease Cand -

porcide pepsih. The activity of: pmtease B on this subserate vas.

nagugiue Zvery high entra of A 1 calf

vere used in order t’o obtdin de:.ecmbla increases m nbsorbanue at.
570mm. A5 a mul: of cms. therd Vas high. background sbsorbance: and
duung the: iaetal 20" 1ncubution the incréase in’~ AS70mm vas very * .-
T teptodnclhllity vas poor.. . ﬁc;w;ve: there i‘m appreciable

increase in absnrbance after'4 h nnrl 13 h of 1nc|lbation. ‘The

ralntlvely 10w uc:ivicy of protease-A and calf chyngsin o APDT shown

in this. stndy is mmcen: with repor:s cha: chymosin 1s misch less i
semicive to cettain synthetiv. aubstntes than .to’k-casein and milk

@artin ot a7 1981) ':rhese auf.hnts 85 e e hovine pepsin 4.

was 55 foid 3s active ok ‘the henpeptide Leu—Ser-Phe(lmz)—Nle—Ala—
Leu-Oke than calf ?hymnsin when, equal nilk’ clotting unh:s or the ‘two

enzynes, were ‘vsed.

, h

(e, Clotying activity as®

of caif :hymsin and protease Nasd nctiof of tenpera is shown

in Figure Ba Futiﬂ.ad peak A p'mtea.se had muk-cxamng tims elose

o, .\tho:e ‘of éalf Shymosik in ‘the temperature. range-15° to 45°C. At.

2’ function of temperaturg c1om.'ng activity
:finction gt tee




-.Table 6. Hydrolysis of N—lcetyl—[.—phenyl alanyl—l.-dliﬂdotyruslm

; r i "(Am) ’ ; L
* . Ve o 8y 08 ; 3

‘ Protease . Potency Incubation :Absorbance (570nm)

¥ ¢ W SeD ) Hae iy 2 18 Aol
A 5a e 00640 06" 0. 06340, 007 0,22240:009, 2.2
B L6 o7 0iosseo. oss Z0.0240.02. 0.0b40. 0s

'_0.91510 015, 0.17240.023 0:275+0.028 % 14:9;

v v Porcine 3 : # S
Fpepsin 16 . 0i06540.001 " 0.10640.005 0,1710400L 429 ;
L cale ; )
e e "q.‘cﬁio:ob 0.07340:011°0,29740.015 414

A 1. One Amrr mx: (A!I) is the amount of enzyme r.h;: causes. an
& G : “ absorbance increase at 570nm iof 0.079/mtn. '

- . Because; of high background absorbance and low activity
. : Teadings after Zh were not reliable for A, C, and ‘calf.
- ; i chymosin. Therefore values of Asofiu:after4h vere:ysed

fﬂr ulcu.'lation oS AU fn these cases.

Aversige:of ‘diplicate readlngs ' Fange after ;gbs.:mung ,mY
** Ag70 "of control samples. . e

-Could " mot. nuertain bec!\xse of lw AFD'I.' utivlty. %




)

-..points in :he mqunnn-e range 15° to Js'c. Above that Tange data

R mpz:duly.

‘step is different.from that of the eniymatic step (Dalglelsh, personal '

=N

temperatures for ‘calf chymosin and protease A are shoun in Figure 8b. i

Acr.ivadan energies of 13.1 and 15.6 Keal/mle were c-llcular.ed for .

chymosin and protease A_tespectively. The u1cu1.mm Harbased on .

the slopes ofan Arrhentus plot computed fron’ linear regression of the

pnxnu were unund in_the case of prutml A. In thg case of calf

r_hymsin there were. breaks in the Arrhenius plat, one at %°c .nd the N\ -

other at 35°C. ' This mey relate tol the henmgnn:iry of the :hymnn

28 will be'shoun lates, (see Figure 17) Mk clonxng acr.i.vitiu S LY

chicken pepsin and eal( chymosin as a funtdon of l’.emperuture nyer:-d

by Gdtdﬁn and, Rolenrhll (1978) were alic plat:ed ﬁere ior conparilon. }

The energies ef Actlvnﬂnn for ¢hicken pepsin and- ulf renne: cllculaud
from Gordin: and Rosenthal's data (1978) are 15.0° md 11.6 Keal/mole

P 7 v o et !
It sho\lld be noted t)u: the acdva:iun energy for the milk cht:i-nl

activity'of an enzyme is s-complex. property because milk I:lotd.n; is

a two-stage process and the " ¥ - of the

conmunication).

Milk clotting activity

) added caledun chloride




Plgure 8. . Effect of temperature on clotting activity.

i Y ‘ 3 :
‘ . " Concentrations, of ‘énzymés were o ldjuand that hoth calf chymosin and: -~

M 7R Enzyme ‘A had equal mllk clotting lctivlty at 3

dn Be“hige -uburutt pﬂ

.3.

B g G e, by
‘(8) " clotting times ‘s’

_protease A (A).

d from this e

() Arrhdntcpl

Amimu's

A, ptotnue A.










“Figure 9. Influsnce of calcism chloride concentration on milk-clotting
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o of Lhelr proteulyr_lc accivlry by Caclz and NaCl.

L . L
S i e 11 agreenént with roparts of Goxdin
and Kosenthal (1978) ‘and of Tough and Yamauch (1959); However these!

audwm obsézved only small decreages im the clotting ucc’ivities of

calf rennet and a:hu coagulants .at hiy| Caclz cﬂncentrntiun :ompared i

Hith the. decrease in".clotting anlivities of protease A and calf o}

dlymain_tmr_hj.g study. These disctapn_ncies are p(ublbly rluzvr.o

differences. in the Gonditions  of milk-clotting assay. The drop in

Tadik pr that oteurs on the addttion of cﬂcxz vis not"adjusted in the "

-studies teported by these autham. The' pHl of ru:nna:itn:ed skim milk
1n 0.01KCaCl, (Hettidge subs Tate) .used routinely 1n this study v was

6.3 and dts pH dropped to'5i5 o addition of 0.1M Cally! " The delay

ﬂ'Ae clht:ing tinas due to (he nﬂdlt!on of CaCly was probahly

and xugenml (197&) E

) offse: by the lover pH of the atik used by Go

llowever. it 18 possible that part of- the 1nh1b1tion nﬁ ‘wilk=clotting’

activities ahaemd in this study was e tu hrevemihla ichange in

" the casein m:eues as.a result of o ndjuetment as ‘suggested by

‘.Gordln and lnsanthll. Amex st nl (193{]) reported slig}lt stim\llndon *

of mllk—clﬂtting lccivil:y nf bovine chymosln ami pepain snd inhibition

(g) Clntting ting as: a ﬁm:tion of uuyma concentration: "Milk- -

p&'pal.n dla0 Had.a staeper

slnye thén tha( ‘of calf ‘:hympsi ateus protease < haa smxu:




N,
ugﬁ‘ge 10.

Effect of enzyme dilution on the clotting activity.







(W Hydrolysis'of caseint

'cofgﬁlénc. was exaiinied at

(ohmzya et al.,; 1979 also
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;v Tate of

" bj? Influetice of pH o enzyné stability:

e -
% nbservauonu support. those suumatised 111 ‘Figures 6a-6b. :

" of autndigestian (Fnltl:alm, 1959) .

. of their nriginal actiFIEy réspectively, in 90 ninutes.

at 30°C by. A and C arg shown

in Figure 12... Peak C protease had' an ‘optimin’pl ‘at 2:4 and protedse
K showed acrivity over ‘a wide pll ‘range her.ween 2.2 and'3.5, In this
reapect protease A resembles cali chymosin (Ee:ridge 191.5) and
gastricsin (Ward et al., 1975)

T'na's:ahuuy of the active

| enzyies A & ¢ was compared in buffers cf vadouu pH values ‘having

.an innic stmngth 0.05 sftar 24 hours, of, 1ncubar.ion at 25°C. At H

- values below 7.0 p:o:ease A Tost more pepsin ac:ivil:y than did the

other proteases (Fig. 13)

ipsin and Tess stablé than calf chymosin and protease C. These |

pH range all the pro:euses lost move A:tivl:y at'their ph optima for

B henwglobin hydrnlysis thsn ar’ nny other PH, values p:esumably becsuse

ALl the proteases shoved minimum

loss of activity’ between pll 5.0 and 6.0.

' of by urea: Th

A and C. 1n 6M urea at pH 5.40 and 37°C was complred w:u'.h :hau: of aalf

chymosin, and poreine pepsin As shm-m in Figute L4, after 90 “minute

incubation both pro:exsa A and calt chynosin vere ‘Saptdly dendtired

’
and lost about oz of their initial pepun al:tivlty. ihe intefal rate

of denaturation of protease. A ugs congiderably faster’ than that  of the

othet. proteases. Seal protedse C'and porcine pepsin lost 62% and 56%
These results

agree with thase G hgessada (1965) Gho cEsuriad anly;13% fdactivaiion

ACPI7.04¢ was mm:h,mcx:e stable.than, poreirie

Tn the actdic’’




it

Figure 12:Effect of ‘substrate ph on proteolytic activity.
_Hemoglobin solutions of the pH values indicated in the figure were
‘prepared as described’ in Materials and Methods and .incubated at 300C

for 60 minfites with 20 vl of. each enzyme containing 0.4¥pepsin unit.
o b X i

" The onic strength of the buffers was 0105, |

4, Protease A;4,protease C. =
B 4 i







“ Figure, 13, ' Stability of the 'proteases with Tespect to. pi

To 0.5 ml of ‘enzyme solutions 0:5 ml of buffers were added'to give the

final pH' values indicated 1n the Figure. 'The mixtures were incubated |

- at 25°C. "After 24h Tesidial proteolytic activities were determined . * E :

‘as described in Materials and Methods. O, Citrate; O , acétate; and

A, phospltate buffers:.

i X " :
. . ..
own }
; i
e k :
_ .




" Loss of pepsin activity %

e
0_0/8/0/ —’D\RE/A
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Figure 16

Inactivation .of proteases'in 6N uréas

- vn—GH at pu 5 4

hydrolyr.ic

* The nixnm u-b then 1nr:ub|l:ed ntﬁ7'c arid at; lnuuud

tivitle







deg(ee of ihactivation of pepsin in this study from that Soynd iy

" Sephadex-column. | However,

ubich zymgen eluted from the DEAB-Sephadex column. 'However)

Lmuvuy i QO'minu:es. 'nm-e vere nat gnough da:ails abuu: the
Lk
. expérimental pxocedutes 1n Cheesemafi's report apart: trom pH, miarity

- of urea ‘and 1m:ubation temperel:m’e. Thexefure ‘the aifference 1a [he

- Chiessenan may be at:rxbuted to any: possible difﬁerenbeﬁ 1 zr

experimental mnditicns O cannentrltion of Buffer and -

q.e,pu_ncy of pepsin-used. . >

ay ‘Teoelectric bofnts; A ide prepagxmm St hroteasen mm ,an

adult harp séal Stoiach Téso. ved mcn'a isuenzywea by pteparltive

isoalectr!.c focnsing on Sephadax 1e¥ (ﬂgure 15) .. Théstsosicetiis,

botnte’ of th iscenzymes, U, Ny 0 asd ? vere; 490, 4. 31, 3.82:and 3. 40

resye:tively. The result of 1soe1ecmc focusing agues with the

charaticaof. ote eymopeuiry iun-exuhsuge chmmtogmphy on nm- -

the relative peskc sides of ‘the protaasgs

o, and P are- differEnt from those of the zymogens A, B, € and Yin

by Pl entomatography. it 1s ‘possible that :l.m

recoveries of zymngans B.and ¢ fmm the DEAE—SéphadEx ETum Foriilens

than [hose ‘of-the zymogens”A afid . It ¥as not determined

RUCER u enzyme sgpara:ed by isnelactrlc fecuulng cottesponds tu

isoenzyme M 18 probably ‘the sime ds propéhed’A since I:hey Had smmr

B

U, x‘atio - Tne 1soelectric point of calf, chympsin was reporced to
be lo 70 + 0 05 (hghgtr_l et al., 1977) slm!.lar to that of :he seal

1ueenzyme ] isoelectric pﬂint of purified zymogen. < vas 4.02 by

analytical po

|
i



gure 15. Preparative isoclectric focilsing of cride SGP on sephadex IEF.

Piva h\lndtad AL of - crude pl'o:elael from an adult harp’ sedl stonach'were
cribed in’ Hal:er!..lls and Methods

T subjected to muamle fotusing as’d
(\(senmn VII1). The- .mple was ;applied in the position indicated, by the
. arrow. After electrofocuslng the protein was eluted fron the gel ;

. " snd pr yt -cuv:.zy as -in Materiala

: and Methods. numn. with proteolytin sctivity vere divided as

mucmd by mm I.lneﬁ and pooled m deternine CU:PU.
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e vi-iua hea el incusiu; vas perfo on putlfied

symogen A under v.hc same conditions.. The pm-tu © i 10 20 i) a”

T the sanyh pxemxy um.:;d into m::xms belmﬂ hzecuue level.

(@) _purity of the prowsses: ly\m.m A purtfied by gel Hlczation. -
% Sebatak 2100, loim’ abacgad st single aymeu'lcll peak by
v

high- perfomanne tiquid cheomiogtahy on 4 column 6f Becksan spherogel-

* I5K30008¥. (Figurs. 16). Nowever, on poly de gel_ele s
+ at pH.8.3 (Davis, * 195L) zymogen A rvpentud as. a; m-d smear coymng
an.axea between RE 0.17'to 0.5 Crot shown) lnaTvlfy:%nt lmzy‘»band

N hnwev-f. as al‘l:traphore[lcally:

Bey '_h.mun RE 0.4 amid 0,63, .zymgen

“honogegeius. vilth an B¢ 0. 713, After activition of ymogen G at P 2.0,

m mohm:y was 1oua>x mn that of e zymogen (RF.0: 510), as:shovn:
. in' Figure 17. DEAE-eak A smogen affer ‘puri i cation by affdnicy el
- omatography an 2-D-Phe-T-Sepharese colum was also e;éump)w—'

ally hgumgengm- (Pigm‘e 15) Ic moved as o clauLy nvtng

xir_i
broad beads with RE's .39 (5) and 050 (0):~ There vere slso o
‘smallér bands with “Rf's 0.07 (A) an 0-63'(D). Since che afFinity |

chromatogeaphy was - done at“pi 3.5 it was likely that the electro:.

R pboreueheiumpne'ny vas iduw to sloy conyersion of zymogen A to 7%

protease A ‘and its polsﬂ;le -ul.od gestion: 7o examine’ this pamuu:y

2.0 for 307sinutes for complete activa-’.

zmogen Awas incubat
ivund that: dxa

tion.

on electmphouﬁu of this protease s it

band. A dhlp)lund and 1io" nnuez “bails :ay' dnd .1 pre ‘uagd the ba(d

'l’ha absorbnue- ol bind ‘B'vas demasaa tu ‘™ 1 irnm 1.3, upuul

dlnsity i £s on .cmmu[ ‘The area unﬂlr peak B for-the .zymgen

‘lecrassed £ron 53% to 3% .fm a;livati.nn Peak Ciincressed in area




ks ] :
6. Chrouatography. of Zymogen A on hig peéssure lguid

s chromatography,

(15 Ag proteta) purified on Sephadex G-100

:“liquid .

albumin (655000 -;ion), chicken” egg. albumin (43,000-daltons) , >

e







= %
Figure 17.  Electrophoresis of zymogens and enzymes:

anide gel s was_carried out at pH 8.3 folloving —

the gethod of Davis (1964) at 125V constant-voltage settlng of a
Pharaacia ECES 2000 power supply £or.6 hours’with cold-watsr clrcilstion
maintained at 4°C. The gels were cut off at dye fromt after electro-
e, -m fgr 30 Iinu(z. in 0.1% Coomassie blue and destéined by
diffusion in nlu:ion containing 5% methanol, and 10Z acetic acid.

1, zymogen C, 2, protease C, 3, porcine pepsin, 4, calf ¢chymosin.
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Figure 18. Gel scans of zymogen A and its.active form.

Thirty p8 of zymogen A purified by affinity chromatography and its
enzyne fora obtained by activating zymogen A at p 2.0 were subjected
to gel 2 to the method of Davis

(1964). The gels were stained in blue: After ats
the gell vere scanned at 570 ta. (1) Zymogen Aj (11). protease A. 'The

pmmn of bromophenol ‘blue 1s indicated by arrow. ‘

7, The starting point of the scan was set'at.a point 15 mm Foow tia agate

of the scan-length scale of the. gel holder‘
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. .activation from a faint band in zymogen A. .

100 d
2 3 i
from29% to 52% after activation, Peak D increased to 2.4% after
The areas -under various
peaks weré estimated by method of triangulation. These results
strongly- suggested that A and B-are zymogens. which are converted to
faster moving bands. However; the activation seems to be partlal and

complex ds the band B’ did not completely disappear on- activation.:

To détermife which electrophoretic component of zymogen A is

proteolytically Active 50 iig of zymogen A purified by affinity chroma-

in Materials and.

tography was el d.at pii 8.3 as
Methods and the gel was:sliced in'2 mm thickness. By incubating

these slices wiv:h ‘hemoglobin s6lution at 87at 30°C ior 17 hours'

i highest activicy was:detécted in a position corresponding to.Rf 0.37

(peak Ay} Tigure 19). There were minor activity peaks corresponding
to RE values of 0.10 and 0.55 (peaks A and Ag, respectively).
However, based o the gel-scanning results shown.in Figure'18 peak C

15 297, of the total ared whereas A3 in Flgute 19 represents only

about 9% of the total pepsin activity: 11.1.-; may herue ol dristability’

of ‘the active enzyme at high pH of the buffer used during e{eccra-
plu;l:esis. mo_n:f [hE;:nds of protease A had mobilities close to those
of two bands 1n calf chymosin' (R 0.180 and 0.650). However, the
mn‘b‘ility‘nf one of the bands 1n calf chymosin (Rf 0.590) was also '
close to that of porcine pepsin which was homogeneous with Rf 0.570 -
(see Figure 17).  The heterogeneity of ‘the czystalline calf chywosti

is probably because of the presence: of tiore than. one 1so;n:yu forms

‘(Folulann, 1960 Asatn and Rand, 1977), and pruducts of autodigesr.ion.

() - Molecular weight: -Polyacrylamide ‘gel electrophoresis in the




e gel v

Figure 19.

n of é activity ‘on

Fifty yg, of -zymogen A pugpiffed by affinity cnrm&og:.p‘hywgu‘.{uhjeeced

Davis (1964).
nl hemoglobin

of Ty s

id. gel at pH 8.3 !olloﬂn! tlle method of
Two m :hil:k slices from the gsl vu‘: lnl:llhlted with 1.5

solution. at BH 1.8 at 30°C for 17 hours, and. the product

Materidls and’

1y as in

Methods. b




i |
i
; \ i
g ; +
"
. Ll
YOI %0 ..
— B .
3o
3 5
1 g :
- & L
& : £ D
g 5
g g
; ; g "
; g ]
iy by :
o 2
3 y
P o 2 oy
2 5 T L B S
i 5 S 2 5 : i :
i ‘ . & d / o
. - (u1/98%) Karazaov opakroviolg :
: . . o
L .
| S - ‘ v
5] v B ! 7
L i 3 A TN




H
i

'‘corresponding to a molecula

p:esencg of s0diti dodecyl sulphate shoved c\m zymcgen A purified
" by atintty cheomatogeaphy’ sppeared aa a single baid (Figure" 20)

eisi\t of 33,800+1800 daltons based on

an average Of two estimagighs. This fs'higher than.th¢ molecular
welght estimated by gel filtration (Table 7). Electrophorests’ of
protesse A uider’ the same condi tions shoved a broad diff\lse bapd

appearing at a position corresponding to molecular veight betueen

32,000 and 25, 000"'dal ton’ Purifxed'zngen C had a moleculn weighr.

'of 4t 000+2].00 ds].l:ons and after uc:ivaclon the molenular weighr. of

the min protein band was found to be 38,000 daltons. There. was *

also s hazy bund in. the dolecular i 1ght ‘range of 373000-23,000 daltons.

(o). Anino acid compositions: The amino-acid composition of the
electrophoretic conponent of zymogen A'with the hi.ghestvpru.tenlytic
activity (peak Ay uf—ﬂgun 19) ‘s shown_in Table 8. - This protein was
Ldolated s follovs: 480 Ug of purifled zymogen vas exucmphuesea
on 12 Amalytical gels at pi 8.3 as described in Materisls and e thods.
& 3mm Length from each gel vas Gt off at'a posieion corresponding to
i 0,97 Theslices vere tonbined into a test tube, macerated.on a -

Vortex mixer with @ spatula dipped into the 'gel. When the gels were'

broken to-small pieces it was homogenised. into a thin-slurry with 3.0

_ml of 0.1¥ NaCl using a polytron homogeniser (setting 4) for 3 minutes.

The howogenate was centrifuged  at 3 1000xg "for 30 minuces. The pellet

was wsshqd two more timedwith 3.0 ml of 0.1M NaCl. ‘The washings were -
cambined, dlalysed against 2L water,. H adjusted with NijOH to 7.0

The dialysate was freeze-dried and subjectéd fo amino acid analysis.

after 24 hour acid hydrolysis. .




‘Figure 20. ' Polyacrylamide gel

.Polyacrylanide gel eiec‘:myhamis in :i,e presence a'f sodium dodecyl

o 'zymgens Aland C yere: purified by ufﬁnity chmmltegraphy ‘and'gél - -

Cand (a), l:y[nchrnme ‘6: (Hw 12 700 dalt.cn.s)

104

|
lecty ‘of the ses. and f Y

b et zymge}.s in the presence nf sndium aadzeyqﬁsu;ph'.ge,i
|
s\llphnte (SDS PAGE) was pexfutmEd as ﬂeurﬂ)ed in Materials and ng.hcd.:i.
i
|

filtration :espectively A,- zymgen As n, pruunse A; ¢, Aymgen c;

3 yroceue L und E, standard mleculu weight markers as’ ' dndicated |

by (a), hovime serim n.lbumin <] 6 oou daltun!). (b). chicken egg

albumin: (MW 43, DDO daltuns), (c) ovine pmlantin (M‘H 23,800 da.‘lr_ous)‘
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Table 7 \s-uy of nu estinations of the molecular velights
f zymogens A and C. o

Method of

r.oruhum\ mezncmm ¥o' of trials }:-‘:iunaﬂ
of standard curvel . M x 10
e . : - v, - P > . .
Zymogen A = : it o e .7 Meants.D.-
Sephadex G-100 _0.9% - . 5 26,300+1540
WPLC | T osss 1 26,300
$PS_PAGE ’ 0.998 1 2 © 33,80041800
“zymogen ¢ - T S e L 5
sap\wl!x o100 - 0.99 - - i - 37,10041075
<508 Gk~ ; S ¥ 0.998 - ) M.ouoi.z'mg. g
lAnllﬁ‘«! by the method of. least squares. E
5 €
% " y
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s shown in Table 8, there n‘ppenrs to be some similarity in the
peréentage compositions of aspartic acid, threontne, proline, glutasic
acid, ysiae, histidine and -xginine for zymogen A and calf prochymstn.
The perciatagas, of tha following anino ‘acids tend to be differert in the
two_zymogens: glycine, valine, leucine, tyrosine shenylalanine, serine,

alanine and mﬂ\ionine plus its oxidized ptodu:t(utmmine Sulphone) .

Iseleucine in pmchynclin lupelred to be Mu as much as in zymogen A. W=

Cysteine ‘and eyur.ah: acid together seened hlgher in Fymogen A than in -

was nnt in zym s A and C.
“There .pp.md to be soe ui.mi'luruy between zynogen A arid: pnrclnt

pepsinogen as well. The percentages of sertric, prnlinl, Vattng, Eyvoat

5 md‘phmyl lanine seemed similat.. There was Iugh: difference in the

pércentages of the following: -threonine, aspartic acid, alanine, and -
tyrosine. However, there scemed to be a great difference in the -
percentages of the following: “glutamic acid, glycine, cysteine(together

with cysteic acid), methionine(together with its sulohone), isoleucise,

. -leucine, lysine, histidine and arginine. Therefore, theré seemed €o be .

more. sintlarity batwesn symogsn A-and poot : than between

and pmr_hymlin. ’ s
Zysogens A and C seened to be simiiar with respect fo sspartic acid; |

threontne, serine, glutemic acid, alanine, isoleucine, Levctne, cyrostae, |

and phenylalanine. Percentages of proline, . cysteine plis cystete acid

and valine appeared to be slightly different in the.two zymogers . nouevn,

these two Zymogeris seemed greatly ssintiiE with respect to the

of glycine, lysine and arginine. -




Cystétc Acid

R .. 'Iable 8. Comparison of Amino Acid Compositions
: g g L Porcine 4
Zynogen A 8% Zynogen €| A A

3 © Methionirie sulphone S 4
R Aspartic 0.7, 121 * LB
_ Threorine 0.1 727 L0
% dne 35127 .30,
2. L{’/ 1.8

0.3 1 7.3 - 3.8
46956 7 0.9
1.9°7 5125 10.9
0.0 £7 03
‘2.8 6.3 03

i 0.7 .. .1.1-° ;1.1
5 1.0
: 100
¢ e T, Tydostoe” 0.9 ¢
Phenylalanine ougted
Lysine'. i <22 :
] : 0.8
o 11 &
- GRLE ~ Meand S1.a8 1.35 =3
= 1.  Expressed as percentage of total.. LR
A " 2. Calculated from data r‘zpm-d‘by

Cnl%ll ed f!\'m dlu t:port- 17
Not detarlninm:l. ~

A= nsmunce fml prnchynwaln‘ 4
,




crude homogenate from (i gastric mucosa and activated DEAE

. temperatute différence of.the milk.  The-pH of vhey at the end o

 Chedda ing was between 5.4 and 5+

- obtained from one lot of ch’euu.-}lowcver, data from a preliminary {

VII. Preparation of chedddr- cheese

Cheddar cheeses weré prepared from 18L batches of milk with

commercial calf rennet, Mucor michel Fbtaike (Fromase),, activated

peak A protease as milk coagulants. Some aspects of the cheese
siking process ‘are sumarised in Table 9 ‘Although the imitial p of I
ﬂ\g)antau:ised milk was almost the same for all the 4 lots of ik
" used, .the time: requlred for the P to reach. 6.4 aftef adding starter
varjed slightly. Although equal clotcing units of all the coagulants

were uséd setting time varied slightly, yerhaps because of slight

fheu was ‘an inftial xapid drop

in pH of the cheeses: One week nf@munng the cheeses the P was

between 4.70 to 4.90. The pH oF the chéeses yere similar af:er 30

weeks of ‘aging. - .

The yields of cheeses vere very similar for all coagulants used
(Table 10) vAlthwugh there was slight difference in the total N values! -
in whey, recovery of p\'utein‘ in the c.he'?s‘esv was similar (Table 11).
There were slight differences in the fat contents of cheeges. It

is difficult to judge the significance of, these 'differdnces from data €

cheesa~mnklng :rial(Append;b{ E) alse appears to show that ‘the yields

ara/ccmplrable "re\t"““ the chesdes made with calf remnet .and SGP.




o of milk

" pi at, remneting
Temperature at remneting °C
Time between adding starter

and Mut (min)

Setting time (amin) i

¢+ pHat start of cheddaring
PH after one week

pH after thirty weeks

C1e

+6.60

6.40

6.40

" 6.50
6.40

22
5.40
4.90

s.18
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Table 10, Yields of -cheddar cheeses and 1oss of nitrogen. in vhiey

Enzyme used “ Yield' of cheesel E »7}?i»nri?ge;1 in Whey?
L CE " fotal' - -+ Nom protein
. : L% %
Calf rennet . . 10.04.° 0.1091 0.0509
Protease A : 10.08 . 0:1109 . 0.0515
crude. s 9.96 L0227 . 00517
Fromase <,." 10.00 - 0.1316 .. 0.0510

. P o k X

1 After pressing and before vacuum packing cheeses, without adjustment

for moisture differences: BT e o .

2 Figures




.

Coagulant

Calf remnet
Protease A
Crude SGP

Fromase

1 Numbers

Table 11¢

Proxingte analyses of ‘the Cheddar cheeses

30.79

31.49
30.58

31.06

112

Percent compositionl

Moisture
38.41

" 3822
38.26

38.66
il

two

: Protein

25,19

25.49
25.23

25.02

2

2.0btained by multiplylog Kjeldahl N values by a factor of 6.38,

Dats fron oie anslysis on onel lot of heesen,




VIII. Amalyses of the cheeses - - .

The ‘sensory evaluation of ‘the cheeses aged for 4 weeks and 30

‘test by 30 1igts. The.sensoxy

weeks was by
_ scores were evaluated by analysis of variance (Larmond, 1977). As
shown in Tat;le 12 there was no sikn‘{fiun: diffa;:em:: in sensory
—_preference scores between :;1é Lueak-oid cheeses made u&cﬁ ealf remet
and protedse. A and bétween the cheeses made with calf remnet and SGP.
However | the differences ir,scores betueen chesses mads with calf

Terine and Fromase was significant at 5% level. After 30 weeks of

aging the.score for the cheese made with crude SGP was signiffcantly '
higher’ than that for the cheese made with calf remmet at 5% level, as
shown in Table 3. The sensory scorés. for .the cheeses made with @zgmase

and proteage A were not significantly different from that of the cheese

. made with SCP.

(a) Citrate-HCL extract: ' Figure 21 shows the sbsorption:spectra of

citrate-HCl extracts from 30week.old cheeses. The uaﬁ‘?iﬂangdlsvui

" maximum absorbance of citrate-HCl extract from. chéeses were similar.
Figure 22 shows the increase in ai;su{banu of the citrate-HCl extracts
with aging. Tt shows that tatesaliys ‘the rate of vipehing vas saster,

for.the cheeses made with' crude SGP and Fromage up to 12 weeks when

all the cheeses ‘produced about the ‘same-amoyat. OF UV absorbiag

mt=rials. “After 30 weeks,. however, the citrate-HCl extracts from the ~

cheeses made with calf rernet and Fromase appesx‘ed w0 have, higher

- absorbance than: than'the extracts-irom the cheeses made with'SCP. This

may indicate instability of SGP as shown by data in figures 10 and 13,




g 2 ;
* Table 12. Sensory evaluation of 4-week-old Cheddar cheeses!

.- 2. Standard_error'of mean = 0.26;

{ Cae Gs g g

.

Coagulant - [ . Mean sensory score?
Calf rennet” " : U . < e.a®
Protease A s8R |
Crude scB ¢ - 5.778:b,¢
Fromase

5.50°

-1. Evaluated by preference test by 30 panelists on a

_9-potnt scale:

difference =.0.95.

Mean values followed by the same superscript are not

significantly different at p < 0.05. )




Table 13. Sensory evaluation 30-week-old Cheddar cheeses!

- Cosgulant ¥ean sensory score?

5.67% '
- Protease A . 5.83%°
Crude see - - 6.832 v

Fromas 590"

L. Bvaluated by ﬁut‘urgm;e‘égst by.30 pimelists on &

9-point’ lulg.

2 Standard ertor of means 0. 29 least &: |n££lun!

dﬂflr-nm = 1.07.

Mean values followed hy the same uupnlctipu are nnt- 2

‘aifferent at p‘o 05.




Figure 21.

. ‘cheeses:

nethod of Vakaleris .u Price (1959) lnd _scaaned xn o Bectain DUB

* spectrophotometsr.  a, Fromase; b, calf remneti c, pnt-‘u A; d, crude

SGP. . X L -
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The citrate-HCl extracts from 30 week old nheesi,weze analysed

by pol lamide gel el is following the method of Davis

(1964). The gels vere steined and the mobilities of each component
was, doternined using a Beckman DS gel scammer at 570 nm.- The contri-
bution of each pesk'to the total vas calculated as the percentage of
the total area (Table 14; photographs in Appendix L) . _There are
stuilarieids in the mumbér of profein binds present in the eitracts
£ron the cheeses made with the SCP, protéase A and calf rennet (bands
a top). Telextract £rom Fromase cheese showed a lesser miher of.

protein bands .than was present in the extracts from the other three

cheeses . + There.was ‘considerable difference in the percentages of the
. fast-oving peptide desigated g {ranta 145 dn 1S e hrners Erln the
four cheeses. . The extract from Fromase chese had the highest percen-
tage-of fast:moviagbands vhereas that fiom calf rennet cheese had the
_ lowest percentage. The extract from crude SGP cheese had a percentage
P of fasz-mn:llng bands between these two values. This information may
explain. the'highér sensory prefersnce scores (Table 13) of the SGP
cheese after 30 weeks of ging. ‘However, the contribution of the
peptides to the sensory quality of the cheeses would mot be known. until

the peptides are idolated and subjécted to.sensory’ evaluation,

(b) Elettrophotesis of wholé chesse protein: Polyacrylamide gel

electrophoresis of the whole cheeses was pexformed at pH 8.3 (Davis;

.+ 1964) at various stages of ripening.. - The.protein inm whole chesse

- samples was completely solwbilized in citrate biffer containing urea
ds previously shown by Stanley and Emmons (1977). * Figure “23 shows

the pictures of gels superimposed on theit scans from M-week-old
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©“Tablle 14, Percentage compasitton of protetna tn citrate-1Cl oxt
. o A
Sty e gd g 0 Tt L L g
HEETSE - 0,371~
20150 | 0.121 | 0.156 | 0.233 | 0.256 | 0313 | 0i340 | 0,378 | 0.402

.6 - L - 1.2 - - - 6.0 -
PO (0 P L i P o ] O (R
- oo eas | S b e o | s -

GRS IR T RO I U Y Rt S At X Tt I o




of whole che

* Samples Erom 0-week-0ld Cheddar cheesés were solubilizéd Folloving the s

method of Stanley .and Emmons (1977) and 10 pl ‘aliquots electrophoresed

. according to the method:of Davis. (1964), stained, destained and scanwed
5 described in the legend to Figure 23.. Cheesé made with' (a) protease A,

Fromasé.

() ‘crude SG2,(e) calf remmet, “C
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cheeses . - Whole caséin vas also electrophoresed as reference (Figure

24) each time the cheese samples were electrophoresed. The reproduc-

ibility of the RF values of the various caseins and of their

degradation preducts was good (0-4.7Z) for the fast-moving S

(E to M, Table 15) but poor for the relatively slow-moving components ¥

(A to'D). The components of standard casein were identified on the = -

basis of: their relative mobility as shown by Stanley .and Emmons (1977).

Para K-casein component (RE=0.07) vas not observed in one-wesk-old

" cheese samples. However, a band was present at the starting point of
the amali-pote gal. This may st para~c-casein plus the degrada-

. tion product of other casein cosponents with overlapping mobility
Dacitsn: e pertantage of:thishesdwss higher than that of PG,
the vhole casein gel: In the 3-wesk-old-clieests there wers two bands
in the ;xnuunn of para-k-casein in_the cheeses made with protease A

_and SGP whereas in the case of cheeses made with calf remnet and

> Fromese the' two bands:were margad.’ These twocoiponents waie satimated
€ogether and recorded as para-xofasein. Therefore what has been
u{m—wi here as para-K-casein & perhaps the sum of para-K-casein
and some u.:har peptides. In'all the cheeses the pércentages of para
K-casein, Ts=, and y-casein increased after ‘30a¥eeks of aging. ©

“However, 1t §HGuld be poiated out here that since changes in percentage
cn-pnpi:ion_e.g'uu:-d this way are only relative, an increase in the
pm'an_mga of‘one compongat may.algo suggest that the component in

 .question :g:k, changed slovly or wot at all, while the gther  components g

“have diminished’ faster (Stankey: aid’Emions, 1977). "

. The mogt remarkable differences are kn thé major.éaseincompanents
casein was mich:more extensively degraded in the

@gy and B. The d,




Figure 24. 3 d ‘of whole cdsein.

Acid casein prepnred fullowing therns thad 3 Fox and- Guiney (1976).
l’otty g of freeze-dried casein was dissolved in 10 jnl of 6M urea

containing 0.1%, potusium r:ir.rute (stanley nnd Emnwns 1977) and

15 U1 used for elac\‘;ruphoresis following the method 6f Davis (1964).

é;\wr conditions. described in legend to F‘igute 23.

Tdenti on of ‘casetn
"% Relative distance®
. (mm)
K-casein AR '
y-casdin" R
T,-casetn 4.6
N bﬁ‘—cusei:'u 5 ‘5210
* Minor af. casein ‘604 o
“dgi-caseln ‘ s 68.3

Minor ag”caseln

1. Identifying numbers appearing above each pesk represents its .
distance in millimeters from the start of ‘the scan lengfl scale

"of the gel #ouez. The starting, point of the scan was set at a.

peinc 20 mm £mm -t t7of the .scale.
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30-week }1:1 calf -rennet. clicede (Table 15, Figure 25a, b) than in'the

“other three cheeses. In the Fromase cheese the degradation of a1
" e s 1oab ExrEsRtve bian Ynudale venseE cheese but fréasedn under~
wen[ the highest degrad.n:ion, In the cheeses made with prﬂtease A

and SGP, the percentages of xesldunlusl—caseln were higher than.in

7 ! tage.compositions.of most of these proteins.in- the seal protease
cheeses vere,similar,to those of the ¢alf.rennet cheese after 30

wedks of aing! (Table 15). g R R * - -

(" Gel‘filtrat’ion of cheese extracts: ’Sa‘mples’ £rom 30 wesk old”
¢heases were. dissolved in 0.18 tris citrate buffer pH 8.6’ containing
6 ures, 1 @M EDTA and 1w DIT according to the method of Poster and
Green (1974) and chromstogtashed oh a Sephadex 6100 colum €6 estinate

the sfzes of proteins and thie extént of thelr degradation. To, estimate

thaspescenkiba compositions ot tre proteins‘a. triangulation method was

follaved fof calcilation of peak areas. Sincé the peskd were not
resolved completely the base-line was connected to the lowest pdint
.." between the unresolved -peaks. 'Figure 26 shows the’elition patterns.

The approximite molecular weights of the proteins.and their percentage

_ compositions are listed.in Table 16. The percentages of ‘lowmolecular

: hooh weight proteins (1éss than 12,700 daltons) in ‘the cheeses made. with the’

seal proteases were less than:fhat in the Fromase cheese but higher. than
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Figure 25, Degradaticn of mafor casein couponents during ripening of

Cheddlr :)wese.

‘Samples from 1 week, 4 week and 30 week old Cheddar cheeses vere 2

it to. polyaceylaitde gel el ; as ibed fin
naterials aud nefhods and the gels ‘scanned in a Bégkman DUB
spectrophotonster equipped with a gol scamer capable of area
[,1 i caleulation. The figures show changes 1n each caseln componeAt as-a
- percentage of total icaseln residues in cheese with aglng.  (a):.and: (b) B
i oLoi“casein (), B-casetn (-3, (c) paraK-casetn (—, Ty-
caséln (-3, @ Y-casein. O ,. cheese made with ais rem‘\e!,‘ ©, checse
made with Fromase A, cheese made with protease A, O, cheese made

with ‘crude SGP.  The data is for 1 sualysfe. for 1 16} of. cheese.
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o ' &nte 26. Separation of cheese proteins on Sephadex G-100 column. -

Samples from 30-week-old cheeses vere dlssolved in buffer as deseribed A
z " by Foster and Green (1974) and 5.6 nl solution applied to a 1.6 x B8.5
cm column ‘of sephadex G-100. Void volume of the column,52 ml. Flow

rate 6ml/h, fraction size, 2.0 ml.
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Crude SGP

2.4

e .o e, M i twe Y
& KA d 8 e
wu 08%y c

Fraction number -




Calf’ retmet RO X e

l:-u.u:ed by t:hng\lllnon method .. sum the' péaks were lwt .resolved

Toble.16. “Protetn degradation pacterns i 30-ueek-c1a Ch-dau cheeses 5
. edtinated by set Hitration -

Toagulait - % . rrote’in mpﬂ.lzlnn(!)l

s *pesk 1 (70 000 tuE 2 (ao G0 = e 3 (<12,700 E
=  dalto daltons) .~ .

"Fromase ~ 336 53.7

Protease A - 464 L

Crude SGB. .

o ¥R

calculation was done by connecting ‘the base ‘Line to’ the Loveat pom: ;

hctv én two unresolved peaks.
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“that in calf rennet cheese. This observation supports that sumarised
in Ta!‘rlle 14 which shovs that'the percentages of the fast-moving peptide
q in the extract from SGP.che-‘e;es were between those.of -thg extracts
from Fromase and.calf remet chedse. Although the moleclar ueiéllr_s !
Yot dbleselindpsieitt e between 18,000 .43d 23,000 dalonss e
considerable amount of protein in the cheeses had molecular welght
bigher than those of caselns indicating the aggrega;ion of the proteins
# even'in the presence of 6} urea., Foster and,Green (1974) ‘also made
_siylidr observations: Theee autfiors also qbser’v&d'that in the fresh

¢urd the protein peaks of molecular weights between 11,000 and 22,000

daltons were Felatively'small but increased in size duringaging.
. ”

@

Amino acid analysis of cheeses:

Citrate-HCl extracts from 1 week

3. . rose significancly ‘(Appendix F) to 33-39 umoles/g cheése..

and 'm-ueek-ou cheeses were analysed for both free and total (i.e.
hydrnlysar.e) amtno .cids. Results are shown in Flgure 274 and B

/ Anino s-:id cnmpositinn of the cil'.rate-HCl extract nf uld "Forfar"

‘CheddaT cheese - a very popular brand of Chéddar cheese is also
_included for comparison (Figure 28).

The free amim acid contént of L-wegk-old cheeses were about 4

to s'umlg}g cheese (see Appendix F). ‘The compositions .of the total

st acids were also similar for the extracts fromall the one- week-old

.cheéses (Appendix H). After 30 weeks, 'uf aging free amino acid levels

The Levels

of free ﬂmino acids in the ti GP cheeses were somewhat lower than

those,of calf rénet’ and ‘much lower than Fromase cheese (Appendix G, J
and Figure 27). Cheeses made with protease A and crudeSGP showed

lower levels of phenylalanine and higher levéls of cystele acid and

S
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Figure 27: Anino acid compositions of the Citrate-HCL etenory tod 5

‘' Cheddar Cheeses: ’ ’

. Free amtno actds were deterulned on the clear supernatant obtatned

by treating e Citrate-HC1 extracts with 4 volumes of 20% sulpho- » =
salicylic acid. ‘The total anino acids were determined by hydrolysing

the Citrate-HCl extracts in 6N HC1 for 24h at 110°C. Amino acids have

been mumbered as follows:  — _ ° _ )
1. cystete actd 15. - Hethionine
. 2 1o 16. _ X
3. Aspartic.acid . 17. 1soleucine 5.8 !
4. Threonine o 18. Leucine " ¥ i
Lo T B Serine e g . 19. Tyrosinme -

-
6. Asparagin

20. " Phenylalanine

7. Glutemic acid ' 21. Y-Auino butyric acid ®

8. Glutamine . 22. Tryptophan -
9. Proline ) ) 23 Orntthine

10. Glycine & 24. ‘Lysine

“11. Alanine . 25. Histidine " :

12. Citrulline 2. Argintne :
13. Valine . 27.° Taurine .

14. Half cystine 28. B -Alanine

.Legends: Cross-hatched bar, free amino acid;
‘Open bar, total amino acids.

(a) . One week old cheeses; (b) Thirty week old cheeses
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figure 28. Aming acid composition of ‘the cirrate-HCL

5 "Forfar" Cheddar chesse.
Legend same as in Figurg 27. R :
.
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glutamine than in calf rennet cheese (see Appendix G).” The level of

threonine was higher in crude SGP cheeses than in the cheese made with

protease A. Whereas the levels of glycerophosphoethanolasine, serine,

d proline were lower. Cheese made with Fromase showed higher levels

of threonine, serine, glutamine, valine, methionine and ornithine while
the levels of aspartic-acid and.letcine ‘and arginife were lower compared
to:calf Temnet cheese:, Excape for valine which had a higher ‘percentage

i the exttact from 30 week nld crude SGP cheese d'un in ﬂle uther

t.hree cheeses, the percentage ‘compositions of- the total e acids for

all the' Eour cheeses were very sintlar (see Appendix 1,

"Foriux is_considered an oul:sunding Cheddar cheeue, which is .
mnufacturad ln On:arib Ro details were lvnilnble Ernm r.he retailer

about dze(chezae gxupt that it was ageﬂ for 1-2 yenru and was pupared

. with l;alf .!Bn.nel with no cheese color or other additives added: 'Bl:Ls

chesse.is piasumsbly. smfactorad Frow rownilk. None of the chesses
prepared in this study had any added color but there was sigaificant
color. similarity between the N-wesk-old SGP chreeses and the "Forfar”

chieese.  "Forfar" andthe’ o SGP cheeses had a : yellow tlage which -

& lppeamd to be lbuen( in the hmuu ‘and. calf reanet eheues. =Y

Free am‘lnn acid levels in the citrate-HCl cx:uc: from "Farfar"'

cheese was much higher than any of the aged cheem of this study as

shown in Pigure 28. Percentages of free asparticlacid,

rginine and

: ph;nylnlanine are parcicularly 1ower and the pereen:ages of frea

,..cysteic acid, glutlmlc acid, ci:rulix\e, 1isoleucine, 0:1|1:h1ne lysin:

and histidine are higher in "Forfar' - than in the calf rfennet cheese.
The percentages of total aspartic acid and arginine are lover and the

percentages of tothl valine, ornithine and taurine are higher in the
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“Forfar' than in'‘the calf rennét cheese. High levels.of anio acids

or. di nees in’ relative prop do not seem to explain; the

'ubsem'd seasory quality of the four checses made in this laboratory.

Likewise, these higher 1ayels o8- antio actds in iforfar® cheese than’ s
in the calf remet chesse may not be entizely respongible for s
superior quality. "Forfar" cheese is believed to be manufactured with

s raw milk. Other manufacturing conditfons such as the type of starter -

culture 'and' the type of remet used in the."Forfar' are not knoim:

These are alsu very important-in the develapuent ef flavor ( see

(Fryer, 1969 for'a x:vieu) “ Lo ® " 85




|GENERAL, DISCUSSTON AND' CONCLUSTON

' "Pepsinogens ' were .isolated ‘from the.stomach micosae of young and
adult hat}; seals- (Pagophilus groenlandicus): The two major pepsinogens
& "
_were purified, jactivated and characterised with emphasis.on the

chymosin-like properties and use as"a rennet substitute.

1. Pysical properties qf SGB and other gastric proteases: The crude
estract from young, ami adult harp seal gastric mucosa separated into
four activé cmnpnnents by don’ exchange chronatograghy on DEAE-Sephadex

A-50 colum (mguze 2) or isaelec:rld focusing ‘(Figure. 15). Based on

thé relative peak, si.zes pepsinogens A and C £rom fon exchange chrmnu(o—- -
graphy comprised “the. majority of the pepsin activity of the crude——

extract; components B and-C!'occurred in relatively ‘small proportions.

Occurrence of miltiple Qoenzymes had been répfted .in stomaths of
othet ‘species’ as well! Hutin stomach secretes 7 pepsinogens (Ftheringtun
and Taylor, 1970) and onkey._stondch secretes 5 pepsinogens (Kageyana

“ang Takahashi, 1976). Chicken stomach seéretes 4 (Donta and Van -
Vunakis, 1970) or 5 pepsinogens (Green and‘ Llewellin, 1973)." Stomachs
of hog (Fruton, 1971), cow (&e;mgr‘ and Kassel, ~.197x) and’ dogfish
(Bar-E1i and Merret, 1970) secrete 4 pepsinogens. Castle and Wheelcck .

(1971) shoued that calf gecretes 2, prochymostns. Gastriesin, another

proteolytic enzyne, has hda reputted to gecur’ 1n smmchs ot _several

" speces (ang, 19703 a

4 '1951) Howevet, miltiplé gastricsing have been reforted ool 1d the” fish
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of Davis (1964) was much slower than that of zymogen C. . The main

proteintband of protease A also showed much slower mobility than
those of ‘protesse; C, porcine pepsin and-aiso those bE ths sajor
components of calf chymosin. However, both chymosin and protease A:
‘had a slow moving band. = :

Xe s Lt Elug ko note HHE protease A is alectrofhsreticatly

faster than §ts precursor and this observation is similar to that - of

Asato ‘and Rand (1977) who noted \:ha: ;11 chyna‘im from calf !tmm\r_h

were elecn‘uphnraticllly faster than their xenpective pracutsors.

“ on the other hand, chizken pepsins were found to move alover than the
:ortesponding pepsinogens (nom dnd Vain Vunakis. 1970, similar’to

the pepsln/pepainngen € of harp sial observed th this study. iherefore .

the relative electrophoretic mobilities of Eymogen and enzyne also
siggest. thit protease A 15 a chymosin-like enzyme.

. “Isoelectric focusing of the crude enzyme from the gastric mucosa

. of a two year old harp seal revealed that there are & iSoenzymes X, N,

0, and P as shown u Figure 15. The lsoenxy- M uhich had a higher
CU:PU than the unm- three had an 4scelectric point of 4.90, smm
to that of calf chymosin with a I of 4.70 (Righett! et al., 1977).
Toe jooelectric points OF the other three isoenzymes were 4.31, 3.82,
and'3.40. Thede values se mgher than the reported isoelectric :
points’ of bovine and porcine pepsins but similar to those of chicken
p:ystn (Vd.ghg:[i et il 1977). =t

The fiolecular walghz of zymogen A ebclmted by gel Fleration as

26,300 dxltmu, a simlllr molecular ueigh: was estinated by HPLC, ~

'.“This ia.mol lovér theh,thous ‘of most pepstoogens’ aad aleo lower” than'

_that of calf prochymosin. However, the molecular weight of zymogen A
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by SDS y gel e was close to that of

. calf prochymosin. Zymogen C had an estimited molecular weight of 37,100

daltons by gel filtration and 44,000 daltons by SDS polyacrylamide ‘gel
electrophoresis (Table 7). Similar discrepancies in the molecular
weights of porcine pepsin estimated by two different methods were re-

ported ‘before (Dieu, 1956; Edelhoch, 1957).. Chiang and Ponce (1981)

reported the molecular ‘weights of 1 I and IL from M. gayi

to be 27, 000 and 28,000 rhl!wns by g!l ﬁlzra!lm and 23,300 and 33, 1)0

daltons, respectively, by SpSPAGE, " Actual mle:ulat veight of Zruogen

" A would be known only After complete elucidation of its primary structure,

II. Catalytic properties of SGP and other gastric proteases:. ALL the

four isoenzymes of harp seal gastric protedses Showed milk-clotting and

hemoglobin-hydrolytic activities. However, thé milk-clotting activity
Gf tha iscenzymes per unit of t ir peptic activity ‘called’ CU:PU
dﬂ(e:hﬂh iscenzymes. 'me cv PU ratio for protease A was hxﬁzzr

than that of the other major pryteale C*ut was similar to that for

chysosins £rom calf (Green, 1972, kid and lamb (indfaneakis and Green,

1980). Piglet "chymosin” vas reported to have a CU:PU higher than that

for calf chymosin (Foltmann et al., 1978).’ Creen (1972) observed that
a2 crude extract from adult bovine stomach had a higher CUsPU than calf

remnet. -However, CU:PU for purified bovine chymosin is much Iower than

that for. puriffed chynosin (Amer et al., 1980; deKoning, 1978).
Gastricsin alsé has activities on milk and on hemoglobin, but there is

Little data on {ts CUtPU ratio. However, Tang (1970) réported that the '

milk-clotting and ¢ activities of hunan gdstricsin ars less

than those of porcine pepsin. A s ;
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IThe optimuin pii of hemglobin hydrolysis for seal protesse A was
3.5 (Figure 12) uhich s also similar to that for calf chymein .
(Bertidge, 1945). The pH optimm for protease C was 2.2, whichgis
atalar to those for human pepsin (Tang, "1970), poreine’ pepsin
(Citang et al., 1967), And bovine pepfin (Amer et al., 1980). An fon-
exchange fraction of adult bovi gifstric proteases’ with CU:PU similar

to_that: of calf chymosin (adul

ovine chymosii) had a pH optimum of
4 :on herioglobin substrate (Amer st al., 1980). A gastiic protease
— 1; from young ra:s‘m;{s called chymosin based on its PH Optim;m (3.8-4.2)
for hydrolysis of hemoglobin (Kotfs and Jenhiess,'1976). Piglet chymsin
Al ) (based on {munological activity and CU:PU) also had B.'pH e
around 3.5 (Foltmann ie_c ., 197N Gastricsins hydrolyse hewglobin ¢
opt:limully at pH 3.0 (Chieg et al:, 1981; Ward et al., 1978; Chiang
and Ponce, 1981; and Tang et al., 1967). .

Stability and milk-clotting activity near neutral pH are considered
distinguishing characteristics of chymosin fMulvress, 196‘7; Ernstrom, i
1961; Foltmann, 1956) . Although seal gastric protease A was fore

-~ : ‘u\':stable than ‘calf chymosin in buffers of various pH‘ values, (Figure |
13), it was much more stable at pH 7.0 than porciné pepn‘n. Seal

proteases A and C exhibdt%

whereds undér. similar conditions porcine pepsin failed to clot milk

lotting activity up to pH 7.02

above pH 6.5 (Figure 6) . More recent reports show however, that other =
gastric proteases also have these properties. Fox (1969) shoved that

bovine pepsin clots milk up to pli 6.9..  Chicken pepsin (Donta and Van

'S Vunakis, 1970), poreine pepsin B.(Ryle, 1970), gastricsins from Eish
(Chiang and Ponce, 1981), and toad (Ward et al., 1978) are stable in

neutral or slightly alkaline buffers. Protease A'and calf chymosin
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were denatured by urea to- the same ex;ent in 90 minutes although the
indtial rates of inactivation were different. Protease Cand porcine
pepsin undetvent much less inactivation. These observations, are il
consistent with the vies "that hydrogen bonds may play more  ifportant

role in hing the active

£ seal protease A'and
of calf chiyrosin thas of pepsin (Bmstrom, 1974).

Calcdun chloride added w “reconstituted skin nilk influenﬂed the
slottisg activitias of both wlf chuosfy aid protesse A stinilarly
(Figure'9). The optimm concentration of added"calelum chloride vas
0.02M for both the e‘nzymes;’above‘d\nt conFentration milk clcfrtiné was
inhibited. Tis observation was consisteit with the reported Lanib tion
of the lttinn nf chymsin on K—casein (Kal\amnri et al., 1977). However,

Gordid and Rosenthal (19 75) observed only slight inhibition of milk- .

‘lotting activitics of chicken pepein and calf remet.at high conicen=.

trations of added calelum chloride, The discrepsncy between: the results.
of this study and “those reported by GSrdin and: Rosenthal may be due’to
differences in the conditions of m!lk-clo[ting assay as diecussed
earlier (Results and Dlscussinn Section Vl(f)) .

s " )
III. Conclusion: Tables 17, and I8 compare' the properties of calf

- chymosin and protease A.  Although'there are some differences between

. the tvo enzyms most of the evidences Support the hypothesis® that

protesse A is chymosin-like. One notable difference is the lack of

stability of protease A in buffers of varlous pH values particularly

in pH values near ‘7 whex‘e chymnsin is relatively stable (Fnltmnlm‘ -

1959). This vas considered as a basis for distinction between calf

_ chymostn and porcine peps inat 1em in one thstance to conclude that




. Table 17. ° Comparison of the phys ul—chuiul pnrpertiel of" pmuue 2

A-and other gastrié proteases.

Properties . Ghymonin iike’ - Pepatacithe m:ﬂuin—lﬂm

- Molecilar weight similad®. - different :amia . o
oV me. ol i, 3y <

_Aniw\uj.d composi tion similar aifferent” | aifferent’

Isoelectric s sidiler. uff-mz' £5 !

!].e:mpﬁoradc -mh;my partly ullﬂur pnn:ly mnaz -

s:ab!llty in i ural © eimilar’ ;¥ different

.Stability T \mEEan of

et gtmilad . simitar®

variouw pH v
L e .

y SDS PAGE. 3 {
2461115 and Tang . - B o t, ' AR
3bags ot availsble. ; : %
fMore stible than _porcize pepsin at pn 73 et \
5Bieh gitricsin is, exception (un.ng and‘Ponce, 1981);

T e
. . % o &5
2 F !
H
z . e T = 2 3 -1
2 i
-~
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", 3.SStanley and Emmons (1977)
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Table 18. Comparison of proteases A 4nd other ‘acidic proteases

Properties - N - Chymosin-like Pepsin-like . Gastricsin-
. - like -
CU:PU ) similar different
pP optimum for Hb hydrolysis stnilar different
Time-course. of NPN release . 4 %
- from caselr > similar , different -1
*Ipactivation of ribonuelease similar different * different
% Aetdvity on APDT - similar,.  different similar
, Sensitivity of milk-clotting - :
activity .to Catt similar different PR BN
= = “
Clotting ucr.ivity s & i ox Ry
\ﬁmctinn of milk similar different
Casedn’ degradation in chedse patEly ' aifferent?,
similar
" Milk-clotting activity as “partly . partly
a famction of r.emperax:ure ’ similar . -  similar -1
Activation energy . ‘partly - partly
similar similar =1
"Milk-éioteing petivity as . .
a.function of ‘enzyme dilution ° ‘different similar’ -1

Data pot available

%, feomly Hosenthal (1978) observed slight difference between calf
- chymosin and chicken pepsim'with respect to their semsitivity to Catt.

in the
pattatns of casein in  Cheddar cheeses made with calf rennet and
bovine pepsin. —_—
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‘human stomach does not secrete chymosin (Malpress,.1967). ‘However, as
discussed in the introduction, lack of stability in'buffers of certatn
Pl ‘values does not rule out the possibility of existence of chysosin
(Hirsch-Marie et al., 1976). The broad pi optimun of protease’ A for
hemoglobin substrate ié similar to both chymosins (pH optima 3.§4.2)
and gastriceins (pH optima 3.0). This, coupled with the very low hydro-
lytic activity of protease A on APDT and the low mg;:tuular weight of
zymogen A estimatéd by HPLC-and gel filtration raise the questionwhether
pratesse’A'ls 2 chymoaln of gastricsin, Howsver; wnlike chympsin snd

seal gastric protease A, gastricsin has been chssified as a minor

 gastric protease (Foltmann and Pedersen, 1977). ‘Besides, gaal’.xicsins

from pig and human inactivate ribonuclease (Tang, 1970) whereas seal
protease A’ and chymosins from calf, lamb, kid and piglet do not (Bang-

Jensen et al., 1964; 0'Leary and Fox, 1975). The last named authors

concluded that ribonuclease test is generally applicable to differentiate

_‘chymosin from other gastric proteases,

Based on the eviden¢é discussed above, it maybe concluded that seal
gastric protease A s a chynosin-like ‘enzyme.  Rovever, in view of the
difficulty in defining an . enzyme as chymosin as distinct from the homo-

logous enzymes like pepsin and gastricsin, further studies, e.g.,lmmumo-

" logical relationship betweem protease A and nmu homologous g,aur.ric

proteases (Foltmann, et al., ;991) and the comparison of its primary
structure with those of the other gastric proteases (Foltmann'and
Pedersen, 1977) would confirm whether proteaseA is-a chymosin or not.

i

V.- Cheese making properties of protease A and SGP: The properties

of crude SGP and protease A with respect to their application as milk -~




~

. without prior acidification is often ‘practised by .cheese industry,

coagulants for making cheesé are comparable to those of daLt FaRaeE
(Table 19). Tike calf chymosin, the desirable component in-commercial
reanct, SCP clots milk near pll 7 and has limited specificity. ' A
combination of these properties is not found in.other remnet substi-:

tutes. Curdling of cheese milk at its physiological pH (near 7) -~

particularly to avold phage contamination (Phelan, 1973). Most |
pepsins do m;: clot milk at pH 7; others can clot milk at neutral pH
but are too proteolytic Rt for yield,
béxtice and flavor considerations of the aged chéese.

In the actual cheeserm.king trials the yield of cheese and Eat
retention were similar in cheeses made with' cilf rennet_and SGP. The
sensory preference scores of the cheosts made with crude SCP and )
protease A were either higher than or“comparable to that preparedj
with calf rennet (Table 20). Protein degradation in the cheeses made
with SGR_and protease A was low as evident from the low amino acid
contents and ripening indices. of the citrate-HCl extracts of—the
cheeses made with these two coagulants: These observations suggest -
that Limited proteolysis is desirable for development of sensory
qualities of cheese, and are consistefit with the 1iterature reports

that is iated with poor quality. cheese.

1In view of the similarity of calf chynostn and protease A in i
enzymatic and physicochentcal proyerties and the, resylts of the_Cheddar
“cheesg preparation with respect to yleld, chemical and sensory analyses
it may be concluded that seal, g’ustrin‘prﬂtense A and the crude SGP
tontaining protesse A may be a good rednat substitute, However,

+ further trials, with larger number of cheesé samples on an industrial
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Table 19. Some criteria for an ideal rennet.

Chymosin scP

Ability tg clot .~

milk at pH 7 + +
Yield of cheese R +
Fat-retention + +
Specificity + +
Availability - ’ +

1. Bovine and chicken pepsins are exceptions

2. Data not available

3. From reports on bovine(Emmons et.

et. al:, 1980) pepsins.

Pepsin Gastricsin

a o2

-3 ~e2

-3 sl
/

- =2

+ -

al., 1978) and chicken (Stanley

4. Seal stomach should be easily available as a by-product of seal

fishery in Newfoundland.

ey
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scale will be to lusively the.suitability of
seal gastric proteases as remmet substitutes.
o 5 5
r . L o
» -
~ = 5 ’
« .
s . ; , d
b (
4 ; § e
4 :
" £




REFERENCES

A.0.A.C. (1970).. Offieial Methods'of Analysis.' 11eh Edftion,
Assoc. Official Anal. Chemists, Washington, D.C. =

Alais, C. and Jolles, P. (1961). Biochim. Biophys. Acta 57:

© ;. Aais, C., Mocquot, G-, Nitschman, K., and Zahler, P. ‘(1953).
Helv. Chim. Acta 36: 1955.

Fl-Batavay, M.A.," and

5%

Amer, S.N., Naghmoush, M.R., Fahmi, A.H
Tsmail, A.A.  (1980). Egyptian.J. patry Sci.

Anifantakis, E., and Green; M.L. (1980). J. Dairy Res. 47: 221.

Anson, M.L. (1948). "In: "Crystalline Enzymes", p. 305.
Northrup, J.H., Kunitz, M. and Herriott (Eds.). Second Editiom;
Columbia Press, New York. . B

Arima, K., Iwasaki, S., and Tamura, C. (1967). Agri. Biol. Chem.
31: 540, i :

Arima, K., Yu, J., and Ivasaki, S. (1970). In: "Methods in
Enzymology" 19: - 446. Perlman, G.E., and Lorand, L. (Eds.). Academic
Press, New York.

Arnon, R. (1970). TIn: "Methods in FEnzypol." 19: 226. Perlmam,
G.E., and Lorand, L. (Eds.). Academic Press, New YOrk.

Asdto, N., and Rend, A.Go Jr. (1977). Biochem. J. 167: 429.
- Aunst#ap, K. (1968). Bricish Pat. No. 1,108,287

Balls, A.K., aud Hoover, S.R. (1937). J. Biol. Chem. 12

737.

Bang-Jensen, V., Foltmann, B.; and Rombaufs, W. (1964). .CiR.
Trav. Lgb. Carlsberg. 34: 36,

Bar-EL{, E., and Merett, T.G. (1970). In: "Methods in Enzymol."
19: 364. .Perlman, G.E., and Lorand, L. (Eds.). Academic P‘ress, New
York. %

Bassetty E.W., and Harper, W.J. (1958). J. Dairy Sci. 41: 1206.
~ Baxter Laboratories fnc. (1970). British Pat. No, 1,207,892.

Beide, S.L., and Hammond, E.G. (1979a). J. Dairy Sci. 62: 227. .

Beide, S.L., and Hamwond, E.G. (1979b).° J. Dairy Sci. 62: 238.

Berridge, N.J. (1942). Nature 14

194.

315,




" Berridge, N.J. (1945). Biochem. J.7 39: 179.

Bergei, A., Neumann, H., and Sela, M. (195%).
Acta. 33:.249. - G It et

_ Bills, D.A., and Day, E.A.

Bohak, 2. (1970). In "Methods in Enzymol." 19: 347. Par!man, [
and Lorand, L.(Eds.). Academic Press, New York.

Bottazzi, V., Corradini, C. And Battisto , B. (l974) ‘Scienza
Technica Lattiero-Casearia. 25:

) Bulluck, D.H., and Irvine, O.R." (1956) J.Dairy Sci JL 1129.

Castle, A.V., and Wheelcock, J.V. (1971). J.Dairy Res. 38 69.

Chapman, H.R., Bines, V:E., Glover, F.A., and Skudder; P.J. (1974).
J.50c. Dairy Technol. 27: 151 N

Chapman, H.R., and Butnete,: J.(1968). Dairy Tnd. 33: 308.

Chapman, H.R”, Glover, F.A., McIntyre, H., and Green, M.L.(1979).
National Inst. for Res. in DuiryLng Report 1977- 78. p 141, Cited by
creen of. al., (1981). '

Cheeseman, G. c. (1965). Nature. 205: 1011.

Chiang, L., Contrerds, L., Chiang, ., and Ward, P.E. (1981).
Ar:hi.ves Biochem. Biophys. 210: 14.

Chiang, L.S., and Ponce, O. (1981). Comp. Biochem. Physiol. B.
Comp. Blochen. 68: 251.

3 )
Chiﬂng, Loy Sanqhez—chlang,l.., mﬂs 3., and Tang, T. (1967).
3098

and Bottazzi, V. (1974).Scfenza Technica

Dacke, J.C. (1953).7.5¢1.. Food Agri. 4} 604..

‘Dalgleish; D.G. (1979)-J.Dairy Res. 46: 653.

Dally,, E.L., Eveleigh,.D.E., Montenmecourt, B.S., Stokes, H.W.
‘and | Williams, R.L.(1981). Food Technol. 35:

Dastur, N.N E , K.N., and h, D.(1948).
Ind. J.Vet. Sci. 18: 233. = i -

L W.L., Davis, J.G., Dearden, D.V.] and Mareick, A.T.R.
(1934). J Dairy Res. 5: 144, -




-159
Davis, B.J. (1954) Ann. N.Y. Acad.’ Sei. 121: 404. &
deKbning,AP,J. Q978). Dairy Ind. Intern. 43(7): 7.

5 Delfour; A., aJolles, J. Alais, C., and Jolles, P.- (1965).
. Biochen. llophy:. Res. Comm. 19: 45

Denni- E.S., and Wake, R.G. (1965). Biochim, Biophyl Acta.

Dieu, H.A. (1956) Bull Soc. Chim. Belgaa. 65: 603. Cihd by
. William, R.C., and Rajagopalan, T. G. (1966) Biol.
4951

Donta, S.T., and Van Vunakis, H. (197). Biochesistry, 9(14):

. Edelhoeh, H.J.(1957). J.Am. Chea. Soc. 79:° 6100
Ewmons, D.5, (1970). J.Dairy'Sei. 53: 1177. = : -

Emmons, D.B., and Ellfott; J.A. (1912) Ann. Conf. Cam. Inst. . .~
Food Sci. Technol.; Toronto.

Emmons,, D.B., McGugan, W.A.
J o set A31 861.

and Elliott, J.A. (1960a). J. Dairy
Emons, D.5.,. McGugan, W.A., and Ellioet," J.A.(1960b). J. Dairy
Sei. 43: 862, »

Eamons, DB, McGugan, WiA., and Ellott, J.A.(1972). J. Datry
86t 453 332

!l.o\u D.B., Petrasovits, A,
—ls:h Intern. Bairy Congs., Sydaey,

EBimons, D.3., Petrasovits; A. » Gillan, R.H.G and Bata, JM.(1971).
Can. Inst. Food Technol. J. 4: 3l.

, Gilian, R.H., and 4 Bata, J.K. (1970).
. 294.

Emmons, D.B., Reiser, B., Gimux, R.N., and snnl-y D.¥.(1976).
Can. Inst. Food Sci. Technol. 189..

Emmons, D.B., Reiser, B., Glmux, R.N., and s:mlzy, D.W.(1978).
Dairy Ind. Intern. 43¢-27.

Ernstrom, C.A.(1961).Milk Prod. J. 42(5): 8.

Exnstrom, C.A.,(1974). In "Fundamentals of Dairy Chem." p 662.
Webb, B.H., Johnson, A.H., and Alford, J.A. (Eds.). AVI Fnblilhiﬂg Co.
Heltpatt Conn.

-




1607 "

Ernstrom, C.A., Price, W.V., and SHunson, A.M. (1958): OiDadry
Sei. .4 i

1.

Echerington, D.J,, and Taylor, W.H. (1970). Biochem. J. 118:
587.

Feldman, L.I. (1969). Fr. Patent. No. 1,556,473.
Foltmann, B.- (1959). Acta Chim. Scand. 13: 1927. ! 4

- Foltmann, B. (1960). Acta Chim. Scand. 14: 2249.

Foltmagn, B. (1970). In “Methods in Enzymol. 19::421.Perlman, G.E:,

and Lorand, ‘L. (Eds.) . Academic Press. New York.
.8 [ ¢
Foltmann. en; A. L., Lonhlad ?., smd:, E., and Axeuén .
N.H. (1981). Comp. Biochem. Phystol. B. Comp.‘Biochem. 68:

-, Foltmann, B., ‘l.onhlad P., ‘and Axelsen, N.H.(1978). Biochem,JJ.
169(2): 425.
Foltmann, B., and Pedersen,

Structure, Func:ion, and Biology,
New York.

B.(1977). In "Acidic Proteases:
p 3. Tang; J. (Ed.).?lemnn Press,

: Folimny B., Pedersen, V.5., Kaufaan, D., and Wybrandt, G. (1979).

J. Biol. Chem. 25k: BI47. -
" Foster, P.M.D., ‘and Green, M.L. (1974). J. Dairy Res. 41 259,
Fox, PIF. (1969). J. Dairy Res. 36: 427. T
Fox, P.F., and Guiney, J.-(1972). J. Dairy Res, 39} 49.

Fox, P.F.; and Walley, B.E. (1971). Tr. J. Agri. Res. 10: 38.

) Fruton, J:S. (1971), In "THe Enzymes." 3rd Ed. 3: 119. Boyer,
P.D. (Ed.). Academic Press, New York.

Fryer, T.F. (1969). Dairy Sci. Abstr. 31: 471.

Fujiwara, K., and Tsutu, D. (1977). Intern. J. Peptide Protein
Res. 9: 18,

Ganguli, N.C. (1970). Indian Farming. 20: 36.

Garnier, J. (1958). Proc. Intern. Symp. Enzyme Chem., Tokyo,
524. ‘Cited by Ernstrom, C.A.(1974).

Kyoto.




Godo Sushei Co. (1968). Cited by Sardinas, J.L.(1972). Adv:
Appl. Microbiol. 15 39. - .

Godo Sushei Co: (1969). Cited by Sardinas, J.L.(1972). Adv.
Appl. Microbiol. .15: 39.

Gordin, S., and.Rosenthal, I. (1978). J. Food Protection..41:684.
Green, M.L: (1972). J. Dairy Res. 39: 261.
‘Green, M.L. (1977).-J. Dairy Res. 4h: 159.

Green, M.L., and Crutchfield, G. (1969). Biochem. J. 115: 183.

\M.L., Giover, F.A., Scurlock, E.M.W., Marshall, R.J., and
Ha:fleld b5 (1981). J.Dairy Res. 48: 333.

Green, M.L.; and Fopter, P.M.D.(1974). J:' Dairy Res. 41: 269.

. .. — ‘Green, M.L., and Llewellin, J.M.(1973). Biochen. J..113: i05.
- Gupta, C. B > and Eskin, N.A.M. (1977). J. Food Technol. 31: 62.

+ Kageq\eyer, K., Fawwal, I., and Whitakery J.R.(1968). J.Dairy Sci.
51 1916, i

Hagihara, B. (1960).In "The Enzymes." 2nd Ed. 4: 193. Boyer, P.D.
lardy, H., and Myrback, H. (Eds.).Acadenic Frass, New York.

Handy, A. (1970). 18th Intern. Datry Congies |

Harper, W.J. (1959). J. Dairy Sci. 42¢ 207.

- Harper, W,J., and Swanson, A.M. (191‘9)‘ 12m Intern Dairy Congr.
~ 7 cited by Mahbit L.A.(1959). J. Datry Res.

Hartres, E.F. (1972). Anal. Biochem. 48:-422.

Herian, L., aid Krcal, A,(1971).Prum. PotroviniCited by Emstrom,
C.A. (1974).

Hill,.R.J., Naughton, A.M., pnd Wake, R.G.(1970). Biunhh Biophys.
* Acta. 200} 267.

lLlnkle E.T., and Alford, C.E. (1951).Anm.N.Y. Acad. Scii 43: 208.

Rirsch-Marie, H., Loisillier, F., Touboul, J.P., and Burtin, P.
(1976)= - Lab. Invest. 341 623¢.. &

2 Imn‘l I., Irie, Y., Mastudo, C., and Kamazawa, Y. (1970). Can.
Patent No. 852,711,

:J‘




(1970)
- 19: 337. . Perlman, G.E., and Lorand, L. (us,). Academic Press, New

167 - » S \/"\

Twasaki, S., Tamura, G., and Arima, K. (1967a). Agri. Biol.
Chem. 31: S546.

wasaki, S., Yasui, T:, Tamura, G., and Arima, K. (19675). Agri.
Biol. Chem 31 1421.

was al ki S., Yasui, T., Tamura, G., and Arima, K. (1967c). Agri,
Biol. Chela 31: 1427,

Jesperson, N.J.T. (1966). 17¢h Tntem. Dnity Cong. D: 465.

Kageyama, T., and Takahashi, K. (1976). J. Biochemistry 79: 455.

Kanamori, M., Tbuki, F. Yon, C., Yawata, I., Hagagucht,
53.

.X., and Myoshi, M. (1977). Nul:x. su Vituminol 23: 1

Kassel, B., and Meitner, P. ‘Methods in Enzymol

Yozk.
Keeney, M., and Day, E.A. (1957). -J. Dairy Sci. 40: 874.

Kikuehi, T., and Toyoda, S. .(1970). 18th Intern. Dairy Congr.
1E: 25, . . *
Kiuru, K. (1969). Cited in Dairy Sci. Abstr.'32: 2186 (1970).

em, P., Poulsen, F., Hatbor, M., and Féltmann, B. (1976).
Acta Chen. Scand. Ser. B. 30: 979:

. ")
Kosikowski,F.V. (1951). J. Dairy Sci. 34:: 235.°
4 .

Kostkovski, F,V.(1978). In " Cheese and Fermented Milk Products .
P 48. F.V. Kosikowski and Associates, New York.

Kosikovski, F.V., and Mocquot, G. (1958). Alv. Chéese Technol.

.F.A.0. Agri. Study No. 38. p 141.

Kothavalla Z., and Khubchandani, P.G. (1940).Ind J. Vet. Sci. 10:
284, ; -

Kotts, C., and Jenness, R. (1976). J. Dairy Sci. 59: 1398.

Krishnaswamy, M.A., Johar, D.S., Subramanyan, V. and Thomas, S.P.
(1961). Food Technol. sgup 482,

Kristoffersen, I and Gould, I.A., (1959). 15¢h Intern. Dairy
Congr. London, 2: 720.

Kris(efiarsan, -r.. Gould, I.A., and Harfer, W.J. (1959). Milk
Prod. J. 50:




163
+ . Laenli, U.K: (1970). Nature 227: 680. ;
= - Lamg, AtA. (1958). Anal. Chem. 30: 1692,
L N ‘ Larmond, E. (1977). Canada Dept. Agric. Publication No. 1637,
i p. 56. a * - »
<y i
Larson, M.K., and Whitaker; J.R. (1970), J. Dairy Seii 53: 253.
Leaford R.A., O'Sullivan, A.C., and Nath, K.R. . (1966).. J. Dairy
goi. 49: 109 _
Liener, I.E., and Friedenson, B. (1970). In: “Methods in
Enzymol." 19: 261. Perlman, G.E., and Lorand, L. (Eds.). -Academic i
Press, New York. . . s . I3
H Lindquist, B., Strorgards, T., and Goransson, M.Ba (1953). 13th
i e Intern. Dairy Congr. The Hague 3: 1754. N g .
s - i . Vg 5
ng, J.E., and Harper, W.J.' (1956). Cited by Richardson, G.H. ¢
. (1975). p. 361. Tn:" "Enzymes i Food Processing”, Redd;.G.S. (Ed.).
i . Academiic Press, New York. -
; i . Mabbit, L.A. (1961). J. Dairy Res. 28: °303.
| % Malpress, F.H. (1967). Nature 215: 855. e U et
it N . Manning,<D.J. (1978). Dairy Ind. Intern. 43(4):. 37.~ = -
B Maragoudakis, M.E., Young, J.0., and Stein, R, (1961). Cited -
BE by Green, M.L.- (1972). Dairy Res. 39: : 261 -
. Mértin, P., Collin, J., Garnot, P., R‘Lbadesu Dumns, n., and
: Mocquot, G. (1981). J. Dairy Res.
i : k &
Mayr, A. (1971). - Cited by Ernstrom, C‘A.(1974).
1 = Meitner, P.A., and Kassel, B. (1971). Bicchem, J.:121: 249. '~
Melachouris, N.P.; and Tuckey, S.L. (1964).  J. Dairy Sei. 47: 1.
. . Meldchouris, N.P., and Tuckey, S.L. (1968).. J. Dairy Sci. g:’ -
650. - X R
Mickelsen, R., and Ernstrom, C.A. (1972). J. Diiry Sci. 55:
294
Mickelsen, R., and Fish, N.L. (1970). J. Dairy Sci, 53: 704,
= . Mills, J.N., and Tang, J. (1967). J. Biol. Chem. 242:° 3093.
& ris, T.A., and MeKenzie, C.J. (1970). 18tH Intern.’ Daify
& Congr. 1E: 293. . ) L ot
; ;




164

Murzay, E.D., and Prince, M.P. (1970). . U.S. ‘Pat. Ko. 3,507, 150.

National Cheese Institute unueh !:o-uue. Milk Prod. J. sl; )X}
43. Cited by Emstrom, C.A. (1974) «

Witachman, H., and Henzi, R. (1959). Helv. Chim. Acta &2: 1985,
O'Keefe, R.B., Fox, P.F., and Dally, C. (1976). J.Dairy Res. 43 97.

_O'Keefe, A.M., Fox, P.F., and Dally, C. (1977). J.Dairy Res. 44: 335.-

O'Leary, P.A., and Fox, P.F: (1975). J. Dairy Res. 42: 445.
Ohmiya X , and Sato, Y. (1912). Milchwissenschaft 27: 417

Tanimura, S., Kobayashi, T., gud Sholchi, 5. s
1584.

Ohren, J.A., and Tuckey, 5.1 (1969) . 3.Dairy Sci.52: 598. k

1s71).
and Alford, J.

Clt:d by !mtm. C.A. (1974). Webb, B.H
- (Bds.). p. 662, "im Publ{sh 1..; Oo.,

Westport, Conz.

thutzen, J.C., and Scott Blar, .. (1963). J. Daicy Res. 30:
197. Cited by Richardsom, GAl. (1975). p. 361.- In: "Enzymes in Food
Processihg". Reed, G.S. (Ed.). Second Ed., Academic Press, New York.

. oringer, K. as60). v.s. Pat. No. 2,927,060.

Orla-Jensex,’S. (1939). In: Congr. Microblol. Cited by Pryer,
J.T.0 (1969). Dairy Sci. Abstr. 31: 471.(1969).

Oruntaeva, K.B., and Seitov, 2.9.  (1971). Cited'by Sardinas,
J.L. (1972). Adv. Appl. Microbiol/15: 39. .

. Ottensen, M.,'and Rickert, W. (1970b). In: "Methods in Enzymol."
" 19: 459, Perlman, G.E., and Lorand, L. (Eda.). Academic Press, lew York.

U Pahkala, E., and Antila, V. (1980); Neljeritiet. 38} 33, (From -
‘English Abstr.). i

Pattdi, S. (1964). J. Food Sci. is: 679.

Ottensen, M., and Rickert, W.\ (1970a). C.R. Trav. Lab., Carlsberg.”
301. i g 4 ST

Payens, T.A.

" (osny.

Pellisster, J.P., Mere
Cited by Green, M.L. (1977)

Phelan, J.A. (1973).

Proc. Marshall-Int. Cheese Conf.

er, J.C., and Bibld.l\l Dumas
3. Dairy Res. 4h: 159

Dairy Industries 38(9):: 418.

p. 122,




165

Phelan, J.A:, Guiney, J., and Fox, P. F.(1979). 3. Dairy Res:
40: 105.

: Bomsaros-fnial, K, Vensene-Vigsers; L.y Honetecane, B.. a6d
- Bégedusne-Volgyesi, E. (1969). Elelmiszertudonany- 3(2); 55-

’ X Prins, J., and Nielsen, T. (1970). Process Biochemistry'S: 34. -
Pohan, 2. ( 1969)+ 3 Dairy Sei. 52: 1372. .

“ 7T U2 ‘Qudrt, R.B., Ansari, M.A., e Mihdihassan, S. A1962). Pakistan © . .
J. Sci. Ind. Res: 5i° 196. : .

g V. Radke, D. (1974). Ta: "Cheese making at home", p. 80. Double-
& day and Co. Inc., (:arden City, Hew'York. R %

lais, C.,,and" Heber, F. (1969). Lait. 49:. 40.

Ramet, J.F,,

Keed, G.5.* (1975). Int “Enzymes in Food Processing", p. 361.
Reed; G.S. (Ed.). Academic Press, New York. }

o . i - . .
) . Reiter, B., Saxokln, ¥.; Pickering, A., and nau, A.J. (1969).
_J. Dairy 36

Ril:hardsm\. G.1 H., N:laon, J H., Lubmu. R.] EA, and_Schwarberg,
R.L. (1967).  J. Dairy Sei. 50: 1066.

. Righeted, P.GI, Molinari, B.M., aad Molfmari, 6. (19772 J. .
] . Dairy Res. 44: 69 g
£t | Rothe, G.AL., Axelsen, N.H., Johak, and Foltharn, B: @976). i

3. Datry-Res. 4

3 ,Rmrlnnd 8.3, (938). A Daizy Res. 9: 42.
' Ryle, AP\ ('1960). Blochen. J. 96: 6. o .

Ryle, A.P. (1‘966). Biochem. J. 98: 485.

b

= ™ gyle, A:2. (1970). Tn."Methods in Enzymol." 19: 36 Perlman, G.E.
* .. and'Lorand, L. (ds.). Academic Press, New ork. ;

.

Ryle, A.P. and Porter, W (1859). Blochen. J. 13:075.0 u

7 Salgt) 1P and Keogérs M (1981). . Fobd Sci. ﬂ.- s, e
S e Sardinas, DL, (1965) Fr. Pagent No.of,04L474. T o

-Sardftds, JL.(1967): 15th Ader. Chem. Soc. Paper No. 229.

. Sardinas, J.L.(1968). Appl:"Microbiol. 16:.248
iy 3 3 G 5 5

|
j
|
|




a)‘lulchwiasenschaf: 22: ° 139,

"574. j . -

166 : . » ]

Sardinas, J.L. (1969). Process Biochem. 4: 13.

Sardtnas, TiL. (1972). Adv. Appl. Micrblol. 15: 39. . 4
Schonberg, A., and Moubasher, R. (1952). Chem. Revs. 50: 261.° :
Schornuller, H. (1968). Adv. Food Res. 16: 23l.

Schulz, M.E., Voss, E., Sell, H., and Mrowetz, G.,k (1967): i

si.)mzs. 3., and Bavisotto, V.5.. (1967). 3. Dairy Set. 50v 942. v, §

Sflvernan, G.J., and Kosikowski, F.W. (1953). J. Dairy Sei. 3

*“Singh, S., aud Kirstoffersen, T. (1970). J. Dairy Sei.-53: 533.

singh,'S., and Kristoffersen, T. (1971). J. Dairy Sci. 54: 1. : i
con -
Skelton, C.S. (1971). Enzymologia 40: 170. l
Smith, K.N., Johns, C.K., and Elliott, J/A. (1956). l4th |
Intern. Dairy Congr. 2: S546. . 3 ’
RA., h, S.N., e
and Iya, K.K. (1962a). Cited by Sardihas, J.L. (1972). Ady.'Appl. ‘.
Microbiol. 15: 39. . = it !

KA S, shnan, C.P.,
and Iya, K.K. (1962). Cited by Sardinas, J.L. (1972). Adv. Appl.
Mircobiol. 15: 39. %

Srinivasan, R.A., Iyenagar, M.K.K., Babbar; I.J., Chakravorty,
s.C., Pudani, A.T.,,and Iya, K.K. (1964). Appl. Microbiol. 12: 475.

. Stanley, D. W., and Eomons, D. B. (1977). Can. Inst. Food Sci.’
and Technol. 10:~ 78.

 f
' 'Stanley, D:., Emmons, D.B., Modler, H.W., and Irvine, D.M. (1980).
Can. Inst. Yood Sci.iand Techiol. J. 13(2): 97

, 3., Mills, J., Chiang, L., and DeChiang, L. (1967). Amn.
N.Y Al:ad "Sei. 140: - 686 o

" Tang, J. (1970). - Tn: "Mthods in Enzynol." 195", 406. Perlman,
G.E., and Lorand, L. (Eds.). Academic Press, Ne York. .

. Tendlgr, M.D., and Burkholder, P.R. (1961). " Appl. Microbiol. 9:
394, - . *

Thomasow, J. * (1971). mll:hwissenschaf:, 263:7276.




167

T
Thomasow, J., Mrowetz, G., and Schmake, E. (1970). Milchwissen-

schaft. 25: Cited by C.A. Ernstrom (1974) In: "Fundamentals of Dairy

Cuen.", p. 662. Webb, B.H., Johason, A.H., and Alford, J.A. (Eds.).

AV Pubishing Co.‘,"ﬂest‘nn, Conn..

- P v Tsugo, T., and Yamauchi, K. (1959). 15th Int. Dairy Congr.
London 2:- 636. . ,

\A.. (1972). Agr. Stat. .P.0. Washington, D.C., . Cited
by Reed, G.S. (1975). "Enzymes in Food Processing", p. 361.
Academic Press, New York. .

-

Vakaleris, D.G., and Price, W.V. (1959). J. Dairy Sci. 42: 264.

Vanderpoorten, R., and Weckx, M.. {(1972). - Neth. Milk Dairy J. 26:

Vedamuthu, E.R:, Sandine, W.E., and Elliker, P.R.. (1966). J.
Dairy- Sei. 49: -151. . 8,
Veringa, HtA. (1961). Dairy Sci. Abstr. 23: 5.

Vieira, de sa F., and Barbosa, M. (1970a). 18th Intern. Dairy
Congr. 1E: 286. . =

| A Vieira, de sa'F., and Batbosa, M. -(1970b). '18th Intern? Dairy L
Congr. 1E: 287 > 5

Vieira, de sa F., an Barbosa, M. (1970¢). 18th Intern. Dairy w2
Congr. 1E: 288. . w ” &

. Vhrtanen; Aty aod xzeuu, M.S. (1948)., Metjeritfeteeliner
: Mkakﬂuskirja p{ - .t «

Wake, R.G. (1959). Aust. J. Biol. Sci. 12t 479. = =

-y Walker, J.R.L., and Harvey, R.J. (1959), .J. Dairy Res. 26: 265.

Ward, B.H., Neunan, V.K., and Chiang, L. (1978). Comp. Biochem.:'
ysiol. B. Bl: 491.

Wesley, P, (1981). oot Dev. 15(2): 60.

S8 : Whitehill; A.R., Abondi, F.B., Mwact J.H. and KtllPk!, G.
+ </1960). U.S. Pat. No. 2,936,265,

A

Y, RiTS, Hammon, S.R., and Blank, F.. (1968): I. Bacteriol. 96:
1635, i eRG s A e =

* Zuaginga, P.; and Naudts, M. (1973). 'Int. Daiy Fed. J4i '




168

Appendix A Tnfluence of pH on milk-clotting times of the enzymes i
: Enzyme concentrations were adjusted to have equal milk clotting times. i
at pH 6.1. The milk pH:was adjusted with 1 M NaOH or HCl.. Porcine o A | (

pepsin,0 ; seal ‘gastric protease,0; and calf chymosinA.




169

L
2
4

"
°
g

L
9
]

() sy Sapiorn




170

'

.Append.ix B. Relative rates of milk-clotting and pmm‘olyue activities

of pmmnsr.:.“’ ¥
) . . Swstrate
e Protease Hemogloin © Casein
: . ) ’ cu:pot 2 cu:py
:./t chymosin v i 0am- . 1.60
= Porcine pepsin L 0.005 0.3
e 0.025° 0.26

1 Pepsin wniz (PU) and clotting unit (CU) age as' defined by
Anison (1948) andBerridge (1945). The pepsin units are based
on initial velocity. : o

Ry o ] \




Appendix C. T4 of casein by

Ten" ul “of A‘ZX cmtn sel,ution\ras -incubated with 0.5 ol of each of the’

tllru protnnu .{pon:lu wnin, crude seal pntril: prp:nn. and calf *

_’sozsu.mm..aamzmn;d.::oooginnmnm. e .,

absorbance” at 280“ was -lqu!!ll u hscrﬂ::d ln‘htedlls and Methods .

" Porcipe pepsin,*0; SGP .0 ; calf chymosin, A .
5 sin,

e
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Appendix D." Influence of i on the hydrolysis of hemoglobin by crk,de )

" sep. ' ; L :
Three ul of 2% hemoglobin in citrate buffers of v.u.c{un PH values we\:e
equilibrated at 30°C.. To each sample’ ﬂ 2 ul ‘of crude: 5GP containing
3.9.pepsin mite of activity was -dded. ‘After 20 ninutes 0.9 a1’
sanples' were vithdrava, mixed u&h 10 mlof 6% 1A, cosled on fee Hor
30 ninutes ‘and ‘centrifugéd at 3,000 x.g “tir. 30 minutes. The 4260 nm of
tha sipernaiant was m;u‘:ed. The 2280 nm of the control samples in which
the énzyme vis added sfter the TCA-vas subtracted from the

corresponding test sanples. : -
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MppendixE. Analysis of experimental Cheddar cheeses

Cosgulant Yield .
: (8/100.ml mill) - 5
Fresh Dry - z Citrate-HC1.
Veight Weight. moisture  Soluble Nl
Ag74 .5m
sGp Ly 938 6.60 29.3 11,13
3 " ' Ly
Calf remmet: 864 6.25 1 | 27.6 1.48

Sensor:
quality?

Typical
Cheddar

Typteal
Cheddar

1 Averagq of d\lplica:e measurements following the method 'of Vakaleris and %

Price (195

2.Based -on_tasting by 5 indtviduals 1 the laboratory after Il weeks of
aging. The cheéses showed mold grovth when 17 weeks old and therefore vere

ot suitable for'a routine taste panel.
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Appendix F. Free amino acid composition of citrate-HCl extracts from one-week
old Cheddar cheeses

.

Amino Acid Calf Remnet Crude SGP . Protéase A Fromase
puole/g % gmlels X pwlels X smole/g X
Cystelc sctd —0.60

13:6 - 0.79 15.3 ——0z73712:8 0.72 15.6 -, —
Clycerophospho- " S -

ethanolamine 0.00 “:0.0  0.00 .0.0  0.00 0.0 0.00 0.0
Aspartic acid 0.40 9.0  0.33 6.4  0.15 2.6 0.28 6.1
Threonine 0.05 1.1 '0.06 0.8. 0.09 .1.6 0.07 1.5
serine 0.06 0.9 © 0.05 1.0 0.07. 1.2 0.07 1.5
Asparagine 0.07 1.6  0.24 4.6  0.19 3.3 Trace —— !
Glutanic Acid 0.69 15.6  0.73 14.1 ~ 0.92 1611 0.65 14.1
Glutaaine 0.00 - 0.00  0.14 2.7 - 0.17 3.0 0.00 0.0 :
Proline 0.18 4.1 " 0.44 8.5  0.33" 5.8 .0.29 6.3
Glycine 0.09 2.0° 0.07 1.4  0.07 1.2 0.07 1.5
Alanine 0.15 3.4 . '0.23. %.4 - 0.44 7.7 0.13 2.8 5
Citruline . - 0.00 0.0 _-0.00 0.0 0.00 0.0 0.00 0.0
Valine % 0.09 2.0  0.10,°1.9  0.14 2.5 0.07 1.5 i
Cysteine 0.00 0.0 0.00 0.0 0.00 0.0 0i00 0.0
Kethionine 0.00 . 0.0. ~ 0.03 0.6  0.07 112 0.00 0.0
Cystathionine Trace :-——  0.00 0.0 0.00 0.0 0.00 0.0
Isoleucine 0.07 1.6 0.12.2.3. 0.14 2.5 0.08 1.7
Leucine - 0.74 16.7°  0.51 9.8 . 0.41 7.2.'0.67 14.5
Tyrosine 0.18 * 4.1 . 0.29- 5.6 . 0.37 6.5 0.40 8.7
.Phenylalanise - - 0.39 8.8  0.26 5.0 = 0.14 2.5 0.60 13.0
Y-Aminobutyric scid 0.00 ~ 0.0  0.00 0.0  0.00 . 0.0 0.00. 0.0
Tryptophan. . - 0.00. 0.0  0.00 0.0.° 0.00. 0.0 0.00 0.0
ornithine 0.07 1.6 005 1.0 0.09 1.6 0.06 1.3
Lysine 0.31 7.0 . 0.49 -9.5 - 0.88.15.4 ©0.23 5.0 \
Eistidine 0.07 1.6 .0.10 1.9 . 0.07 1.2 0.07. 1.5
Arginine 0.23 5.2 0.17 3.3 0.24 4.2 0.15 3.3 -
_Taurine 0.00 0.0  0.00 0.0 . 0.00 0.0 0.00° 0.0
b-alanine 0.00 0. 0.00 0.0 -~ 0.00 0.0 0.00. 0.0
Total L ka2 5.18 - 5.71 b

5 o5 *
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Free anino acid composition of citrate-HCL extracts<fron 30-week

old Cheddar cheeses.
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L
Anino Acid

. Serine -

:6lycine

£ -alanine

‘Note (a) Total dnino acid

. Cheddar, cheesesl
gl
z_;m Rennet

mole/g

Cystede acld
Glycerophospho-,
ethanolemine '
Aspartic sedd .
Threonine

Present =--

Asparagine
Glutamic. Acid
Glutaminé
Proline

Alanine
Citruline’

Valine

Cysteine
Methionine ' -
Cystathionine .
Isoleucine  °
Lewcine | -
Tyrosine .
Phenylalanine | .
Y-Aminobutyric acid
Tryptophan g
Ornd thine
Lysine "
Histidine
Atginine
“Taurine -

Total 133.68

(acld hydrolysate).
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S Appendix H. Total antno acid composition of citrateHCL extracts £ron one-jeek old 4

crude scp

. Protease A
,mle/g 2V me/g % puole/g
. P:;sen: ‘Present -Present

12:44

130.84 127.70

.. Fromase

o

i
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 Appendix J, Anmdno acid cmwsltiml of citrate-ﬂcl ex:ncta trm "Forfar"
eddar cheese. -

Anino acid

Cysteic acid
Glycerophéspho=
ethanolanine
Aspartic acid
Threonine
Serine
Asparagine
Glutamic Acid

-Citrulline
Valine
Cysteine
Methionine
Cystathionine
Isolegeine
Leucine
Tyrosine
Phenylalanine™
Y-Aninobutyric
Tryptophan
Ornithine
Lysine
Histidine
Arginine
Taurine

P-alanine

Total

,~

Free

7.7

SommERd Nl Ynbbbo!

= L 2 S
conmErooRuwluoaobluvauwwBlElrdwo

Btk ol

2
&
B

- pmole/g

.t Total
% umole/g
T8

0.0.

1.6

3.6

2.4

5.7

17.9

34", *
2.5 . 8.1
3.1

3.8

1.6 .
6.5

0.0

3.0

0.0

2.4 .

1623

3.7 - .15.1
5.4 26.9
0.2 . 0.1
0.3 0.0
2.1 . 5.6
7.9 .53.9
1.3 . 18.4
1.4 134
0.0 11.0
0.0 _0.0

618.8

orNLWEOOOFNBUORONGWWLE

ChhoNboooRrLnONbhNb NG

L4

*converted to corresponding

acid during HC1 hydrolysis.




‘Appendix K. Anind’Actd Composition of Whole Casein .
! : ! v or o :

Amino Acid

Aspartic Acid-

-Percentage Composition
B ¥

&
&2

Méthionine sulphane

- Threonine
Serine
Glutamic, Acid
Proline _
Glycine
Alanine
Valine
Gystéine
Methionine
Cystathionine
Isoleucine
Leucine
Tyrosine
Phenylalanize
Ornithine
Lysine -
Histidine
Arginine

Soro®

BLbno

MNOOWIrVPrO SO ORW Y
PR oBLNhoRhE WD
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Appendix;L. "Protein band patterns of citrate-HCl extracts. % "

Cittwta—HCl extracts ,uf SQ-week 0ld ‘cheeses were prepared follawing the

me:hed of Vnhleril and Price (1959) lm‘l loﬂ nf :xtrlbté were -
jvsubjected to polyacrylamide gel electroptoresis at pH 8.3 (Davis, 1964)

and the gels stained wiFh. coqnullle b]‘.ne and destained. Thé &eli were ’
" then scanned in DU8 up'ec:zophoéag.ecez. (2) extract fron cheese’ade | .

with protease A, (b).crude SGP, (c) calf rennet, (d): Fromase.
rich peg ;

e
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Appendix M.

Starch gel electrophoresis of. Berridge

. calf chymosin and protease’A.

. . Bl

4 0.5.m1 sample ‘of Berridge substrate, equilibrated at.30°C yas treated

with calf chymosin or protease A so that the substrate would clot ‘in

about 10 minutes:. The clotted substrate was-then:dissolved in urea

e{nd analysed by ‘smch gel ae‘c:ropm:ests acca‘zdin‘g to Green (1972)

‘A, calf chymosin-treated, and '8, protease A-treated Berridge substrate,

C, Protefise A—conzrol. o B e ‘ o




sis of symogen A and its

Lactive form. ' -

Polyauyla\lu.d: gel electtophoresis in the absence df ‘sodiun dedecyl

N T sulpha:e was perfnrmed as_described ‘in Matenala and Metlmds
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Sensory preference sco

aging®
a w, 3
Protease Control . Fromase * Crude
A. remmet . B .- SGP.
8 75 -3 8
6 73 3 4
A ) z 5 * 5 s
7 = e 5. 4
7 6 .6 5
7 7 8" 7
7 6 22 3 8
g 8 s 8
, 8 % — A
=T 6 -8 7 .
e 3 = 3 I
6 & 8 8 59
6 = 8" 8 v ok
2 [ 6 3. 4
: x: 6 w4 %
8 fii2 g o ] 3=
L B ? L 8
SR R 8 Sy 6
T o # 3 3 6
E 7 7 8 3 9 . 6
5 v6.t- . =4 5
e 8. 6 Tl
7 g 27 5 15
3 S Nk 5 ?
S It s 5 R 1Y
8- 9 7 e 7 o
-1 5.6 4 3
1 .6 ‘8., 4
8 7 6 . 3
¢ 8 9 - 4 2
6.8741 6374171 5.50¢1.73° . 5.7M41.87 * .
2% S 2 13 bt
“Neither liked -, & 7
nor disliked v 2 8 5,
‘Disliked by BT 4§ 3 . 9
: ) S ’ 5
*Rated on a 9 point hedonic scale. ’ - X
e - o =
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d ~'"| Appendix P. Sensory preference scores* nf,:u-;,na.ou Chedder cheeses -
R SFLTRS T TR ARl T
2 JUDGE: - > Control - -
1 NDMBER Protesse-k fennet ~ . .Fromase S=-
8 . ! 3 . semsory score
5 4] V5. 5. .
i i) 6. .t
= 8> 8 B
£ . | A . 9.5
e 3 7
e 8 -
g a2 '3 "
6

|

N NNNEL® NN W s o N e

NLHUM NN RN AN AN B U RO AU R BT e o N

&
U0 G e 0 0 <t 0 B e o

66 SIETHLLOT. L 5.90HL.52

Liked by 18 Judges

T *Netther' Itked/ - . o T Ay
“'." 'Ddsliked by 6 Judges: 3'judges 6 Judges

Digtked by . 6 Julges ' 9 Judges 4 Judges

iq' Judg |20 Judges’

| *Rated on a9 poiat hedontc scal
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192;

_like_extremely
+ __like very much,

1ike moderately

__dislike
__dislike
__dislike
__dtslike

__1ike slightly = =

ike or dislike
slightly
moderately
very ‘much
extremely

L] 1l
i Appendix “Q-Questionngfre for hedonic acals ?
% 3 P i 5
Name . Date
. o ) - -
You are provided with samples of Cheddar cheeses. Taste the samplds and check how much
* you like or dislike each ome. . . /
g o B p . T
__like extremely , . __lke extrenely __like ‘extremely
__like very much __1ike very much __like yery much
_1ike moderately _ 1ike moderately __like woderatély,
_-1ike slightly like slightly _like alightly"
__neither 1ike or dialike _neither like or dislike neither 1ike or-dislike _neither
~'  _dislike slighely _ aislike slightly __dislike slightly
__dislike moderately __dislike moderately _di-likn" moderately
_dislike very much  _dislike very much __disltke very much
__dislike extremely slike extrembly . dislike extremely -
Conments: E 1 ¢
: . a
! - -
~ {
A & i
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