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alse hy' poly-cvylumma_‘ge; ﬂsn{rnphwanls in ma prosence of aodlum L Gy
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N 5 s
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00d trypsin revealed thai it was rich in potemlnl goldlc amino acia residugs *
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nd were both effactive in proventing
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many years to’ destribe” the_edtire pm(ealyllc acllvlly of pancreauo lulca ig %

* was also ihe. first subnanca 5 bQ clapsmn as an anzyme, Hc'mr vlnon i

~.  other proteoiytic nyzymos were Isolauﬂ from the” p.ncrnﬂc ]meo me )
name ‘trypsin_ was g a ‘single “éndope ‘synthesi by the
SAE Ty p creas in' the ‘om\ of .n lu.wn precursar called Arypsiniogen. Much of g

the current understanding” of wypslnogsn and; hypdn at the molecular level’

- . " .has been_possible e the piﬂnnr- ok o Mnnmop ot nl

ing of ‘mi word; “the Enzyme,

Commission of the hnvo assignod tyssin
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According to: Kiei' (1971). . irypsins have : molecular ' weights ranging
“from 20,000 dalions” to 25,000 dajtons. and ‘catalyze preferentially the

nya(olysxs of ester ana’ pepiide. bonds -lnvolving . the .carboxyl .group  of

. ‘Arglnlnu und lysine... Tho surlna hydraxyl “proup “in the active "conter. of

and bacomes »rravemmy inhibited by reagents. -like'

}rypsln feacts . with,,

(DFP) ccording. to vorkers Ilka Jansen et al."

€1949) ‘or’ by pmnyx methyi sulfonyl nuorm (PMSF) according to’ Fahrney’

and Guld (1968D Sn various, werkars like H)almllunﬂ -and: Raa (1?82) and’

Jany (1976) ha

used Ithe susceplibility of a panlculur proteise 1o °

inhlblhon by DFP or .PMSF as “of that jparti anzymo

1o’ the famiy nl onzymes known s serine. pro 8s." According to Kiel’

Qern- lrypslrls show. maximum’‘activity ‘towards their siibsirates within the

1.3’ Oequn-ne.«o?vﬂin enzyme In the precursor form .
“The cnzym|_<lsv'ayn$|luixod‘_ s ihe nactive zymogen. "called

trypsinogen.’ ' According to Kunitz and Northrop (1936). ‘the enzymeis.

sctivited naturatly uy-em'omklnue,- itself ‘an".enzyme secreted ‘in- small

amounts_by .the: mucous membrane of the ‘stomach. Once some “active’

lrypsln is formed from  th Inactive  zymogen - precursor: by the action of

ef\hirokmasl, the In“\m' lrypsln pelen(ll!e! activation of the msl ol the, |

zymogen. . According to” Davie and Nemm Q19557 e, activation of the
zymogen Involves. the cleavage of a.few amino soid:residuss ffom the N= _
“ferminal -end’ of “the  inactivé. zymogen. 'a précess described as. ‘limited

proteolysis’. . e

After the new N-terminal-has formed from ihe activation step: . the -




" protein Is. said to undergo conformational changes. according to Neurath st

al. (1956). leading to a- ‘catalytically active configuration, Based on the

studies’ by Matthews et al. (1967) and Sigier e al.- (1968) oH the -three

‘dimensional ‘structure of trypsin. it has been “that  the

_‘conformational . changes-“afise - from . an Joppale ot ks the

positively . charged new: N-terminal - and A negative cnrboxyl group. of
aspartate in the Inlorlor of ms molecule. .

;1.4 industrial .use ,cf pm-ouyne '-nzyym”

50 lmovm as provusu or prouln Ses. a-guda

i 5y Prolsolyﬂc enzymes, .
J protein molecules by. catalyzing hydrolysis of Pepige -bohay They belong to Yy -
I’ % tie group” of enzymes known . as nydrcna os -nd are of . fundamental

| importance " In sévoral  Industrial processes. According 1o Godrey, and

Reichelt (1983); over 80'\per cent of all Indusirial. enzymes are hydrolases

of which approximately” 60 | percent are. proteases. '01'0-{ enzymes: used.as

food processing . aids.._thel proteases are used most snsuslvavy wherg ‘they

act to° improvs me quality. - stability or solublllly of “foods. - as’ W baking. i
for it brewing., chnumuklng ang also meat pyocssung.' Some of ‘the features .of
the proumes as well as other enzymes which maké - them’ useful_in -

industrial nppncanons include the 'ollowlng : () they. are: derived" from. "

. plant. _:animal . and  microbi ‘sources and are . invarlably non-ioxic

substanices that arg ablo o ullllyze specific reactions _ without “sliciting’
unuesluma slde roacllons : (II! mny ara unﬂvo at vary low cun .nlrallnns

undor mild conditions ol lemp.ru\ura !nﬂ pH i !hsy can *be lnncllvllsd‘




after they have been employed 1o achieve the desired effect in the “material
being“processed. - or

Even though all* living organisms are potential - sources. of useful <. i -
onzymes for industrial operations * (Godfrey _ and Reichelf. - 1963). the ’

gr-mst variety of, |Mlunrlul enzymes are " presently. derived. from microbial .

sources with onlya ilmn.ﬁ number cnmlng from plant and. animal sources, ¢ &

Enzymes of plant sources used amnslvoly i Industry. include, pupuln ficin.

bmmshln and lmylll.l of cereal Vlhlle lh. animal enzymes af conilﬂ'rlb'l

Impurmncs “are | trypsin:

" lipases lnd} unnm (Godfrey. and Rq!ch-l(

ot T 9. spm,_oi. this fact, only ‘very few micro-organisms. ‘11 fungl. 8
bacterla and 4 ‘yeasts (Godirey and Reichelt; '1983) are used 1o Produce

i . all the different microblal proteases. because few of these organisms have

i bo.n stringently evéluated and accepied as safe. It is almost thhlt: ’
that' the use_ of proteases from plant and animal sources would —_

' substantally in the forseable’ future for the following reasons : (i) the few ‘
micro-organisms recognised as "safe” to use as sources of mauurul:

-nzymu are aimost sireiched to m- Jimit. and (i) even Ihwgh m may # 2N

3o be om.r wunﬂally safe mlcvv—wa_nlsms_nvl in_use ny-‘ the pmbloma T

Involved in obulnlng clearance for their use. .as doscrlb.d by Denner

* (1983),: are discouraging 10 lnvum which fend to favor. the. shift to.

use of animals. and plant mal-rla!s, ixnom.r factor In hvcr of nimals.g6 o8,

mg animal ganorany dlscamed as waste. The ytlization’ of, sich materials

' as soyrces of lnuusmn enzymes - would " not curtall the .un.nuny of vooa

m-mi-l for. human consumption. At the ‘same tim
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Protoases have_also- boon appliéd to' liquely fish muscl

% ot exiraciiyg “proteln from fish. “One ohjocﬁonabli'ou{com- of this process

L Is the éoncomllam formation of bitter peptides. In “order fo’ avamoma the

z;momou ‘problem. it has been , nggbs‘sd that the, ucgm u¢ hydrolysis be

carefully controllod: Macm_u_s_m sed - vur(aut pmmses 10 hydrolyzs

Mlanhm cod -(Gadus morhua) , ‘and lo«nu mat some " of thé. o nzymes.

espaclalvy trypsin. hydtolyte the' viwscle prqtgln w a; Jessor-exiant’ lh!n
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hallbut. " lobster and cod:
of ‘muscle ' ‘tjpe. . lacta

greater ‘than

envirshments

respociive. Rabitat temperatures.




" Several ‘workers. including Kéfier et all (1957). Ushakov' (1664 / ind
Uight et al. (1969,

Horwers. _inciuding ‘Gnv}Ey (1967) ‘and Hazel

and Pmsu"r

“that,_the. Km’ gr are m‘npemm‘a.penugm“

‘nzym-s

cnncenlrallnn B

e Be - # Lo m
* Carey.ot al." (1971) and "ththicum 'Snd ‘Caréy (1972) have observed °

s A that _the body: temperature of polkliotherms are slther at or, within 1°C. of

the amblent water temperature.

From this, It.is implled that the digestivé




L1948, other v(prk'rl

B by worksrs like Ghairles al. al’ nm) vslng mmovuum su"lb ynwomuon

" Iouuvnd by l:hrmtogrlphy on oarbnymmy!— (cm n.uuuu

ey . -t~ futs -been tugqcnod oy ucDonue ana. Kunle ¥ 1)_~ma§-mn;| o
\: R pt;pand by, the ‘method. ol Knnllz snd. Northrop (\vu) lms Iow yield gnd . . o
e ow sp-cmc .cmny. they. mnumaa tms to mc ‘pa comoralon of ‘some "
o N 27 : of the. zymogen. to . “nert’ pmtuin wm:« unnat be m-nm |e m- “active -

.77 the formation’ of - the “inert. prétein’ trom” \he-.xymogen‘ s como'h'-ly'

utoactiva

prévented if the 2

. 4 £
of catolum ‘ions. in the _preserice oi; nalclum tone: trypsindgen is, uld to

be. qulnﬂ!alhwly converted ‘to m. “active .nzyml trypsin:’ i g N

. Other. |mug-im have diréctly. isolaled .thé  active- enzyme without




lcllng it asthe zymngan For alumple winter and Nourath, <19701

. phosphm buﬂar pH 6.5, and mwunaung it wlm arihdsium sulfate. -
¥ followed by e on, a i ,' (oEAED cellulou

olumn, Camacnn ot ‘[ ()970) puriied m: \rypsln-type proteases 1rorn

'15/ butter “and vr-cuonaung "the supernatant’ With solid Fi

mimoniurh, suum o] tucunn procipitating  betwsen’ 0% and’ 60%

- acetons: The acetong action was redissolved in ‘the-extraction biffer. and

4 Sephader’ &-109 Golumn  then' on a DEAE .. . ' . -

chramlmgraphcd first” of

Bundy and aumlmn €1973) isolated “a trypsin-type

pHaL

i lrac!lana(rng

"5 the : obmmu by ¢

wm\ Jsolid, gmei Sulfate. The

; procipitae 'ormad wammssqlvon in me exmcnon bu"sr alulyieu uglatnsx

m sahs bufier | and chmmamgrnnnm on'.u Sepnndex G-loo umumn

5" and Travis (‘WEB) solated Irypsln from® shrimp * by prepmny an

‘powder. of, the ﬂ(gastlve glnnds The. acetone powder was su;r'ea in

pH 8.0 and bemnfu ed, to obtain a clear

40% * dnd " 60%° ._smurauon cpugcgnu by
o prd R

Cmng—sarl Chen u Al (1973) purllled % b




N B 8 ¥ : IR
P . 5 5o o ) ¢ .
. T = Ve e v & .
3 . "\ -homogeniting. _whole™ " kril _in® 0. w pnospnm biffr. pH- 7.0 cand

Wy PR lmc|\ona(lng |he suﬁemmanl hrmad from “the cunu'"ugaﬂon of the 4

: homogenam vnm uiild .mmomum sulfaie. Tne fraction praclplmung between *

'phesphatn buffer. dialyzod and

o recover the Ilyptm«canulmng

on a lox G-75 column.

homogenaie, with : solid ammonium suuau “and dlsm‘lwr\g the !ra,cuo

<L precipitating' betwpen’ S0

PH B.0. The ammonium sulfate ﬁucuon was: -nnmy. purcolalhd mrougﬁ an,

'/ affinity column " of - ber —45, ~then" re 3

> Se firsy,-on, a ‘Sephadex G-100  columm. thén: on a~DEAE—Snpnuaax A-Z5 °

o Ca b coln'mn Katoh ml " €1978) 'describéd the - performance of afinity

inhibitor (SBTD column’ hmn ot al (978’

™ . Sﬁhharosn 4B—saybean trypsi
LI eqmnbruuan “the Sopnamsa—sﬂ’n affinity colGmn with' 0305M “risTHOI bistter -

con(almnu 0.5M NaCl and, 0. ozu CaCly. 2H,0. pH' 7.8. and oluled the

. lryps(n with SmM HCI, ok _— » . e B
’ f« | fra N = o bt

S5 Cne .nzyme hydrolyxus the ester. su stmms mora  Feadly . than ma amide ,’ . 5

o subswates ano pspnuas Ieast of all. A proccduru has. baen d-scﬂned by .




“ actvity, 'is bmlzgy! DL-a

" shis procedure., ‘typdin  splits the

Ansnn €1939) uslng hemug!wbm as suh‘ul‘mla to determine tryptic uc{\vlly“li

invobves a prelimlnlry danaluraﬂnn of 8. hamogiobin, substrain /in .xun

“The, pl‘oducu ov e hydrolysls

s(mllar 1o the msl!md - of- Anscn (1ns9), ﬂm proancu formed. lmm .the

hydrolysis of caseln ‘are solubilizgd i TCA and-the -tyrosine “ang, WP‘OPh!n

content as«am«mg by musurlng ma lbsorbnnce 6f the_clear sup rhatant

obtained by csmr"ug‘ﬂon at 280 nanomotars (nm)’ e B

\

Apun m;m e p'cmam subnmos like hemoglobin_and ‘casein.” thére

am available : synmum: suhslralas that “are aiso l/nsed o~ assay Jfor irypsin

acnvny A nommomy used synthetis’ subs!rate for xhu “ostimation o tiypsin_

glnlne~ -—nmoanmao ’l?é\Pk). "a chromogenic
by Erlanger ot al.

whose was first d

equation : a ot

ozw—csﬂ‘-uuoo—cn( N Hz)

HZN-GGH;N% Lo

{ s

2961, 1

p—nllrohn[llno ('NA;’. has “a’

ibstrate according to. the ‘following




" “Another. - synthetic SUsed fo mine trypsin

-\ p'oelﬂum for its use. ﬂmﬂb.d hy Fhml'rwl (1959) . “is based on m. fact :

' - that’one of the products of the ruc\nn. mlmnmlw—-rgmfu. (TR

The” substrate. TAME.. has the' ad

- " waer' compared 19 the amidé.. BAPA. -

¥ s Mwm :y»moﬂc ester ~used to_assay for uypsin .eumy PR

'da’crlhed by'Schm and Ylklnnh 11955) Oni of lh. p’bﬂuc\s of m. . z P

- " .- reaction.” b'nzovyH.-.vglnlnl R -nm- ight surongly” at 255" nm’ and. i

¢
:m fact s used o -imeasure e amount of substrate hydrolyzéd or the

.moum of pvnduo( lolmpd Iry mb al;tlon ov "yv-ln Accerulng 0 Humm 3




or _tess, umwﬂnomm' yur. Ilwashypnmulz-ﬂ mnllhtmalnlrom
Gr.-m-nu God-differs’ lrpm um»of other trypsing thus far enmcm#-a by
hiﬂg

more -mmm c.mm “at tow mnp-murp 'Furm-rvnéc,-’ wn

d- be




ind .uvbugmnn s: John,s

hv b.icnu o m-




The horrlng wore clo’n-d hy ‘removing™ m.
co—lmlud vnrnn some of ma mmng -.ra u.cuplnin and

e’ m\wg,ng Cheinlosls = used - In he * study. ‘wers purchased’ from.

"' Sigma Chemical Company. St. -Louls. UIS.A. ‘.

-* lpersuiisie.  aprotinin  (wrasyloh. . N -

" (BAPAY. bovine’ serum “albumin.




« < -.powder. Coomasie brillant biua (Rx250). copper -

cyanogen _ bromide actvated Sepharose, 4B, dithiderythiitol. * glycine. . 2-

NN P a . papain

CStype” ). pn‘enyl ms!hyl “sulfonyl” fiuoride, sodium* carbonate. sodium

shioride,

~tetramethyl-sihylerie -laming._ (TEMED)

¥ :nmmmr" (iype 1-9),

N‘,N,N‘.

Na p-loluoqe—su"on’y?—l.—a:glnlne‘-melhyl oster. mcmhmeeuc acid.

uygsln lhuune pam:rsns. type uu

ino methane.

rls—(hyqronyma"_vyl)—-'

-88%

Boric acid:. cépper acetats, eiher um_vyars.ia).

 Acstic “acid “(ghaciab . hydrbehigric- -acid, \mmnol

S , ydrate . @ =,
PR ] i
[ S o e .
w ! ‘. ! . ’ :
, Bt Pmyn:yemylene» Iauvyl ether  ¢bri, 35 . -was puwhqsnd Arom . BDH
T P— chamrcals and rlboﬂnvln l‘elecxrophoresls grnda) lnd lod[nm dndécyl su"a\s 3

wabgl\l

odium” dodapyl sulfale.  sodium _hydropide. soybean rypsin




g " osM i ,—uc;‘ bul'er‘ pH 7 s o nlul ng 0.5M N&CI and’ -

p’ur_.s,ml. ot iz

f Rt enrmnon ‘butter.” The' mspnmlon Mas:

lh a Sorvnl! Rcvs remgaramd centrlluge at 4%..or 30 fiin- 10 e n' of

msalublg mnen- o obluln lhe nm suuarnauml (Sup 1) Ta Sup 1 -lgs

s\and m & uumngm then cenlnlnged a: 10. onu xg vor so mr' t

Sorvall RG-S sypmpaa

supamarant (Sup 2. | s . 7- . B i e E o .

tpH 7. a com




0.02M_ CaCIr?HzO

of .6 fitres ul me emracuon buffer.

mmuu Tain, Th. prm:|plmle “was: muecmd by |

amacnan huﬂe and-eithr- stored at ~2o c unlll naodeu ta be npplled onlo

lhe afﬂnlly chwmalography cnlnmn. or, q-m preparulqon was (lnuy acuvaled L

“in the dase of extraots icom the pylom: caca. anﬂ) Appllud directly ‘onto me .'







=2 . % B z X .
= . e ﬁn ({amwnomtc)' method ol Esemmil (19707 was® und L TR e B
» ’ Bourmlno iin mhoyu .-lbm of acr ~Some ‘or. ail of the vono-mg .

.
pl TAME yas m--aur.d by following the lnm‘isi»‘ In

’_amrﬁnc. at. 247 nm ‘in" the ,DU-8 apnclrophommel.r baseu,on m

S : t rqumnm 1esp).: Th'- prolul:l _substrate. u




Procedures in detall : ~

.-, 2.3.5.1 Hydrolysls of BAPA

3.3 ‘mg :BAPA Tirst: 3n

St

)% the_ hy

o up o 10 L with: the”substrates puRfei

ygrolyss “of BAPA=was

vifoxide: (DMS) “and-0:1-mL"




'Ithur

. "Substrate - buffar
5mM cac:, oro m odium oh




sepamevy 107 nyqrolyu o

e et Tne lrypslns wan Also CH

hgmbglahm é(;md muscle prwhﬂn und wd ﬂsh meal wlm

\- ‘(Metrohm He risau Dosl-gm and* mpnlsnmul E 473)

: »smullon (whose acllvllles toward: EAg had, bean adlusud w be

prmlmaielvy me “same * -e»-r'an'ne s‘-a)x

2 »Enracnon the squlu‘ prmeln wus accompllghed uslng ‘a modified . . "

/ g - Torm o e probeﬂum by..Fu]lmakI gy;; (19709 and it invived shaking  * -~

preclp«aw vms collectsd by cemrlmganon and washed with' dé‘lomzed water
'; sl and Iyophlllxed 1o obtain Wa pratein’ powder. Ct Yo ™ S
P Procegure for the_hy The used for: the
s : . "of the Iyo’pnlllza& squld profein pu_wds; was the ‘same as 1_th desorlbed for -
8 ) of the uré "nemo except that this time: _there .
5k )



was 1o pu—uummn u' mo snmp&e with urea -na llao‘ i('o 04 mL_of

cT. or ﬁ'r solutions’” was uuu 1o ulg.wnu plole!

“(Tabl; -

hydrolyslu of ¢ qulﬂ rotein and tho mgumm in e P stat” was

Y
carried ‘out- in the same oy ‘as was done” 'or the squid protéin.

2.s.apu'mam '_ § el @ © -

the vypslns was also’ newmlnod usmg TAME as Substrate.

zsa\Tmum”mmuucnm-cqumumm -lngaAPA.- g
-sumrm - _.' 3 ) : .

(CH
The ey cpﬂlmlm for e hyamlym of BAPA was oabrmlnod by

pmpmng the_ subsirate’ In varigus buffer solutions and, -ua-mg nysrolysis

by 4he GCT or BT.io procesd as ‘described, under- 2.3.5.). Compositions. _
. + ¥ s ¥
of buffer solutions used are specified in appendix D. -




the procedure of ,z-mmg :.1 n nmn

= Ilud lo

l' GCT or lho BY le ‘as. dalcrlbad undsr 2

and .d)uilld ~un m.y hlﬂ




. cnncamranons of 0, o2m qr 0.2M and applled to BAPA as described under

. 2. 8 5;1 1 md th ralnse nf p—nl!manlllna was. lDllWad auQ'IO nm -at

K mnorom lompem«m ina Backman oU-8 cumpuxlng spectrcphmommr Fa

Bufhy @ v e n R J i n
k s 2 8.7, N Tm Inllu.nae of wmp.ruluro‘ on I.hu nublllw of* vypslnl / v
< 5 T
T <" To; dolcrmlnn the ihermostabi of the gxyps._ns, a modxl‘nd .lorm/ of
ol -.8.3.8 Klnnk:smﬂlo;_ "l G e s Ta et TS AR i
.. dne npparnnl Mlchaells—M’ nten. conslam le) and: mnxlmum v'laclty e

Vi of the uypslns were dmermmeu uslng the Inltlul ralas of hydrolysls

‘oF BA#A or TAME hs subslrale \mln Li ewemer—ﬁurk 'unalyuls und least

5 . squares’ mamod~nl Johansen, and Lu nry (1951) & ok ",

B 3. s 1 Uslng BAPA as bsirdie 5 Al P Ry

sunslule mck solutien 3

4, 5 mM BAPA alpck snluﬂan .was preparsd PR I |

£ by msmiﬂng a1 ‘mg BAPA.In 2 n\L Dws nnd the solutlon was made up to .

ey o “a4ls L with suhmm ‘bufter. . Wt A :

s




..CaCly.

bs\m- bvﬂor : 10.05M m's;ncl. ';’M’ 8.2, contalning ,0.02M
c;cnz "z° 5 7 3
¢ T Enzyme solution ; GCT and BT wore propared separately in SmM, HCI

and adllnled |III lhey had’ approximately the same lc"vlly lallllrd BAPA at ¢

#5% c -as :pec[ﬂad unuer mue 3-14. The alﬁamm concgmvauone of.- the

e ~
The  kinetic puummrs - Kkm and Vg,

Suhs!ul‘a S!Dck soluticn.

by dlssolvlng s7 9 mg of -TAME In 10, mL. o aq-xomz

ok B [
Suos(mrm]nqr. : 0.046M .tris-HCI. pH 8.7 containing- 0.D115M

’ Enzyme'mlunon : GCT and BT were prepa'ed separately In SmM
HCI. The" exact quantity . of " snzyme solition used, lg specified under Tabla

“8-12.  The . propor\lon of reagents | Jn the veact\or\ mixture ls spnculad

* under. appendix G! . i : '

’ : G e

The klnsllc puumalers = K" and v,m vleve estimated” at ‘vavlous E

Ismparamms o investigate “the effect of temperature ‘on those pai

For both’ BAPA and\TAME lha concamrallons used were. ‘wlmln the ra

recommendatiors., -




claave the’ ypsins dnd It invoivéd lreaﬂng,s mg portions ot aither the GCT

L. Tne aming. acid compnsll\un _of “the’ em’ _win, detsringd by:

nydrmyzlng the protein with ‘oM MCI for 24, " P and 727h at* noc

then, sop-rnmg the' amino acids” formed oh & Beckman 121. MB. amino ,acld S

an-lym as Goscribed in : Beckman . 121 MB. ppllchilon now ‘|21.

TB-017. ; Tiyptophan was detary

3N marcaplooxhana sutfonic " a

L 1974,

sepnramly nyarmyzeu with elma cNBr or, pupaln E X \_ Y

2: 301 uslngcusr S l

A modified “version- of. lhe prql:edur by- Holmunn (\964) was ussd lo

BT with 2 mL of performic_acid (propajed. by adding 1 mL_ of 30% H;0,

xo 9 mL of aa'b !ormlc "acld amf coo!lng it o oc) and' ma sysmms

\The  freezé’ dried pmducr was radllsolvlﬂ» in 2 mL He—lonlzed ;water ind S

lyophlﬂzod agalh lo complmuly rsmm the mug»nu Tha malhod M '

o .




- sulcklﬂg gsl 'The sampln buﬂor :omprlswd 0 0625M WIB-HCJ . pH 6.8, 21.

To% -glycaml 5%

Amr the nloclrophoutls, mo g-'ls

br“lllnl blue. prcparw fresh in lM (vlv) ncellc lcld -nd 20“ (VIVI'

e R watar. .

aduplad 1mm the prouudura by. cr‘avauna at ;1 gz nnd h wulveu

sumpla bll"er (D’ 125M Iris=HCI comg‘lnlng Q‘.S% SDS.

0.001% * hromophunol blhe‘ pH 6. 8. The =amples' were Jmmmed n _ E

ey 7y bolllng Waler Hor about 2 mm. “then cooled o 37° g1~ -mt ,ponlor(s ot .t

the . ccolnd szmo solutions. were (realsd wlm 0.05 mL of 0.38 kg/mL' |

pupam and

the digestion was allowed. 1o procead” for 30 mln: Allu[‘m. 5o

$ . T dlgosliom the systém, was - treated with 2-msrcuploalhanol o o final j,' ;

conc-nmﬂon ol 2% and m- snmpl95 mrq bolled for 2 more mln‘ men




'\he nmplo »con 01 a ,:nco JzoA




pm:.aure oy F-nm-y and Goid" hsss) The' PMSF was axum in um

. 2—prvplnol 108 ﬁul conoom.uon of smu Land equal volunes- o' ihe BT

-ncamsomm -Mcnn-au.n.."..., mnm" mately: the

volumes o the S8 -owuons Rind lm:umd in -n ice bnn for’ 30 min.
5 mr the socuuﬂo't pomoqs ot m onzym-—inhlblw »sohmdns lT-blo

. 3-21) vnn lppll.d 'n BAPA |a dﬂanmn- the residual lryrmm mmy

1. Fér-the original® uypun .cumy 0.5 mL ol the

anwm vnd.r 2.3

mcubaled o an ice bum for 30 min, and 0.2 ‘mL of-the’

ned, enzyme

s :uluuon vlns npplllﬂ 1o the lubmrah as- dascrlbld und" 2

'yel_erpr_\ca. [ 2 ‘mL of de-ionized: water was- added to-1n reaq:og mixture

- WPBI') lolllﬂon’ were_ dllul‘d wllh 0.5 mL of de-ionized -'mr aam)v

1. For the *
a4




rTrgsyl_l_!l. vgas ﬂlluloﬂ uuh

de~iopized water o the following T

'co'ncqvitru'n;ma i T ~/m¥' 0. 0625 o 125, 0. 250 and o 500 (where nu

. siangs for rypsin nhibitor- nlu).' Tha trypsin solutlnns were . pre-adjusted-

= “'so_that. equal voiumes “had; pmnmatuiy similar activitios o BAPA at 25°C

'n"mw 3—2‘1) lhan equal volumes of! m : gnzyme solutions were  incubated . .

~_ O with equal voumos - mp rasyro; solullnrl in-ah e’ baih tor. 30 min end

i a d dl\hvovry(hrim| '(DTE) The miol IB ents vlefo Bllha dllulad vlllm ‘or©

ME. was diluted with ﬂe—lonlzeﬂ water 10 lhu lollowl,ng cmn‘cehva\loni

o 48“ 715M D 572M. 0. 428M, 0. ZWM, 0.216M. * D 'I“M nnd‘ |

. 0.070M. Equul volumes' of m \rypsln “solwions were &dded to squal

K g 5 volumes of the - ME’ and ‘incubated in an ice bath: 1ar 30 mi aﬁ- which':

- BRI * mL poruuns of :the -en:

ms—ME sulu(lér[s wgre applloﬂ t° BAFA

ma mienu ov p«nnwamnng at 410 nm' ionmd as dascrlqed unu

walnEay “The. original activtles df the® trypwu were, determined_ by pdd}ng'

" 0.50,mL o ds-lnnlzed water 10.0.50 mL ‘the, irypsins and Vncubaﬂng ma .




3. ‘43 2 The Inﬂuem:' cf d|mloﬂrytl'|rlml (DTE) on t

-cﬂv}lro! u—yp.ms' B e

o B T T Tne DTE -as. dissolved. in og—\omzbu water: 1o ‘ﬁg. (ollowlng

o cnncnnnﬂons: 0.50M. 0.25M. 0.10M.. oo,m and" ost Equul

vomes of the freshly prepared” DTE wluﬂuns \vers incubated with baidl:

1.’ volumes: o! either ine, GGT or ‘the BT (vmlcn had besn- prq— qjusmd o have

apprunmamy similar acnmy toward TAME at zs“c) in an Ice bum for 30

ufwr wmch 0. \0 mL portions™ of Ihe cnzyma—DTE soluﬂons were

< ol app"od 1o, TANE to dularmme the mslduul drypsin ucnvny, -as’ uaw»hed

unde( 2.3, 5 2. The nrlglnil activities of the trypslns were dﬂermlned r;y
aﬂqlng 0.50 :mL of, uwonlun water. o«

und: incubating the 'djtupd enzymos in." an 6

71 applying o the substrate: - . o

et 1. The |rypslns wem “used i supplement the «svmnnuumf of numng and

L » squid at 1w’ i )

£ o 2a|41mrnnglmnom-ﬂon

5 B harrh}gsr (Msl]e:)( = Unilever L1d. (978, Fré!hly cuughl hamrig “were

<. obtained ‘from the LARY Group' of' Companies Lid.. Grand Baiik o~ Apnl, 3

IBM'nh‘d’clurneu ai described under 2.1.2. The ov}scernnd or. ruund $

hernhgs wére * dlvlded nto 5 batches and plckled in brine mada up o( §

: ; " de-lonl:ad “water, 183,95 g “Nacl, 8. 3 o sug-r. 0.55 g nodlum




—
mducﬂ had round fish and whs not supplemented Siith uypsl..,

with purlﬂemﬁc’f and batch number

“With EI Tna teri

tractior humr (0. 05M~ iFis-HCI.

bcisture ; P’oﬁléna wer

Agmg'nvu atpoums |n, 4n"oven a

<4k iin, -Tha ether wag

batch, ™

pH 7.8, B







" Ritherto.| absorbance at 260 nm " was _roughly related 1o protein

by ma\on- vance uhil was alent to 1-

Ky iound cmvola lnd the .vlmumf Aou mppnmunm wm. the- semi “purified =

cod Itypsln') Fu.‘ aming acids total solunn “protein. TCA mluNc protein -

and pH changes- In_the. Ienunmlon brines were emmln-u as described

G e ‘the berring lvmuon Appmnm-my the same ‘BAPA units of the

= W GCT ‘and-ne BT m»cmu -maor. Tablé 329 wore -ma ‘o supploment LTI

3 e n.mm.nnnn'ot the “squid- as: was uuﬂ “for the n-nlng The squld

l.'m.nllllon was l‘su cl"l'd oul ar 10° c

S B T Fonlons of me brmoa rrmn mn various blch& mu brought up to

abom pN 8.2 wm. hAPA subslrnln buﬂnr and_

.nmlugod in the RC-5 (S

residual




lryptlc aéllvny was estimated. in, aII 3 lem\wnlnlion brlnas md controls were

alsﬂ un \vllﬁ the BT.in the' hnﬂer or brine only

“The molhod usaﬂ !or lrypsln Inhibition ‘of mllk oxidation was ndaplnd

rol:ldu's by King (1962) As menﬁonad in 2.1,

. the raw milk

. _ olapsed - between - coliectibn  and’, -iniiiation -of . experimentation wag

appnalﬁm“mly 1.5 days. ’ R Q - \ ‘.

"1he \ry\p;lvi solutions i SmM HCI were adjusted uu Ahey mu‘

nprprallmalely similar_activity lowar\! TAME at 25°C.

(% c . i . - 2 *
: various volumes of the enzyme solutions wers added 1o’ a fixed
e
s vnlum of the raw milk nmples as specifi in appendix H. ]
I The .ntymo,an/ ’ water. trealéd samples were stored In the _cold

- then pasteurized by holding i & water bath at 70°C
D ..t . _for 45 oiin. 'After pasteuriisiion. § mL portions u' the 10 .ppm ooppr

ulfate stock solution: uam".aum 1o’ the k. samvlas 1 ralse the copper

% " examined for malonaldehyde formation as’ an " |m13x “of axwmu ua'vor

deveiopment, ising & moum"od lorm of ‘King's (1862) thiobarbiuric- acid -
CTBA) method. « . s : s g

, . samples were procuted 'mm».Kenmoum Farms Si.,John's, and the time’, :

.content’ by .1 ppm’.and the 5umplcs were 'cooled lnd stored at ‘4% S‘ and :




soluuon/wus aaaaq 10 e S folloved™ By T mL of 95% ethanol. - The
/ﬂ/asks were stoppered and vlgomnsly shaken for “about 10 sec and-left ‘to

stand 4t 26°C for 5 min. The samples’ were * then Illlorsd through @ -

“stoppers. and_ \'Ilrmad o 85 C. !hon (8 5 mL allquois of. 1, g/’mL TGA s
o

Whatman No 42 filter paper and to 4.mL portions of the clear filtrates wexe *,

20d6- 1 mL of TBA Solution propared by dissolving: 1.4 g of TBA In 100
mL of 95% elhun;l.v The flasks were again s(npperad and the contents,
momughly mixed. Ind held in a, walor bnlh at Sﬂ C fur-'l h then coolnd to
room tampemxure 0ndar mnnlr\g tap- water and the nhsorbanclns at 532 am

“messured in a mmau ous compiting wactmpholomvler using de-

‘s lonlxld watar - as velerenca .The valugs oblained were ralated ,lg the ,

terature values. of 'King (1962 as 1 o was not
Ll . B > K sl

 avallable to yse as a standard. . W <

Tp. ms.auav activities nv the (ryps os i the, mﬂk nrriplas ware'




" Greenland - cod " trypsin

of % n'yp:ln from, Gmnllnd

(BCT) nbllln.ﬂ from thi pylorlc ceca |or.

The results of trypsin_purification -are summarized In Tables $-1. 3-2. 3-3

and 3-4.°

: ec‘l‘l‘rompy]oﬂceocudﬁ-nel

J

Mnhuy triton -+

* “atep-- Total Toal  Total ~ Spechfic  Yeld. Purifi-|

: , Vvolime protein: “-aclivity . actviy cation,
B . o (mb tmg)  (Onits) (Unigs/mgd (%2 .
“Sup* T 15014 -0 2.7 . 0.015 . 100.0 1.60

“isupt 2. s %1 ool ens”

%, Ammonium su 0 - 1687 - 9.9 . .0,058. 43.7
fraction”(40%-60%) © ., ‘. - < : e
Acetine traction * 20 .e4® 200" 0.308i. 88,1

38 . .' ‘)o.s T0.780  46.6




- % o « . : . o "2 W - - .

~ . s ‘act from pylorlc b ﬂsh uugm T
Y In-Summér - s
%, b . o

- Total,  Specific: . Yield. Purm—" : . R
‘Protein . -Activity.  Activity ~ ° cation ' e
¢mg). . . (Unifs) (Units/mg) (%) « . " . .

2183.0 ‘4.2 0.6 1.00

2154.0°  40.7 RERRTIE TR N IS

T Ammonium sulfaté . 50 .9 366 .
" fraction (40%-60%)" ) :
A ‘Acetone fraction . 20. . 7.8 29,7 . 0.305 740  16760° -
CUTLS U DAty fraction w88 - 20.0 © W9 "' 0.748 317 40.66
! BAPA was ised: s ‘substrate. a5 described. [under, 2.3.5. 1. The welgnt' of
R Pyloric. Ceca powder used.for. the exiraction was 50 g.
W* “ g 4 3 . ,‘V‘ .,- ' ’ % i
d Table 3-3: . Purification scheme. GGT ‘from Iitastinss. of fish caught in =
R - o S ieter ik .
| stép . . Total -+ Tolal  -Total' . Specific Yield . ,Purfi- . < -
. ; Volume Protaln . Activity - Activity - . . cation- -

¢ T mD] ¢ (mgy,  (Units) T (UnitE/mgy (%) - #

Lt 287 118180 20,17 D 6.062. 1000 © 1.00 -

" rsupy

i By » ) S
. Cegupt2t e 250, 68.7 0.069° 871 . uN1 e - o -f

L . .+ -Adhmonium sufate © S0 1952 ' "26.0.. 0.133 - 8%.0 / S g
i lucthr\ uon-sum L A ¢ . g
L Acomna draction . 20 yus’ oz W0t 815 500 =
e Ammry !racllon ’ ‘se R o-.:ﬁ/o. 120 1247 ]




B

Total Total .- Tol.  Specific  Yield', . Purliz
v Volurne, Protein " Activity  Activity cation
T mb emg) cumm\\ CUnits7mg) (%)

Suptd 1380 0664 . d00:0 1,00
‘Sup’2 Aite
" Arnmonium ‘sulfate oAb
fFactior, (40%-60%): N (e
Acet ne: raction . © 20 .. Y 870
LAffinlty fracton . 98 ’ .12,\:'»

Frum Yublﬂs S-'I and 8—-2 It Is lpparcﬂl mm when D|B pyhmc céca. was

: used as_the sourc OL GOT aboul 40 1 50’ fold purUlcaﬂon ‘was ucfl’avad

whlta ‘Ull"‘! lhc T darlvad |r9m the” ln(unlna~ 1ha pu.rlﬂcmon ichll‘vad was

only About 12.fald lTul{lcs S-S und S—A\

.3-5. 82 83 and 3-8 mn mova ‘GCT was racovarad pér ‘gram: ol tssue |

vrom lhe ﬂsn caugn! ln 1he_ summ-r compareq wlm the ﬂgh (:lughl in* |ha

wlnler,v In. lﬂdltlon, mor_

60T was Db\a(ned from: lhe pylvrlc

\lnmﬂnes ol ﬂsh uught 1n »oﬂl summer !nd wlnmr lT bls -'I vs leln

8-3 and, T-h. -2 vs 'ml- 4. Fu or. ‘ecr mm ,the” pylﬂric coca




% m,pslnqon in the various "u:ﬂons in’ Fig. 8-=1.. i ll .wlr-m‘lmm 'hbhl

: b‘]. 8-2. S-SIMHIMI'I.IPOCNICMOIBCTHOM M‘h.

i 15 apparent from Fig. $-1 _var the_specifi ,.ci»m.s of |i-a 5

ﬁ-pﬂcmt from ‘Sup’ a up 10 (and Incluﬂlnq) the (NH, ,scr fraction vur‘

o to -ny -ppuyuhh - extent o

.. , sianding st 4 'C for up 1o 48 h. on the other nmﬂ. the specific mlhlty of

“ 2 under!'llav & !

- lim.u'bhlolbmﬂ?‘hllQC.ﬂl.nlubll.mllllym"ZhlllMslm-

& \.mp.r.luﬂ which supporis a laler findiog that 6CT s acid labile (s the

'lﬁ)lllty fraction was  in tb. peak 2 blﬂ!‘v - 5mM HCI. Imlllll the lll‘"'r

- 'I’lcllons -nu were In D 05M trIerl b\l".' wnl.lnlnq D M NuCI lnd

The, speeme activity of the - affinty Tfraction decressed mgnuy from




s/ng).
s

Specific"Activity (Unit:

o
o
=4

: S tine gy
Fig., 3 11 L’ffectni incubation on acmuty of Various f'racﬁmsfm
pylor.u:oecl




In'ormlt]pn ls avallable en a cl ssly

(chus mumun) Whlle musl \qmrksrs

uncmpls -o use

" the: acid shrgc\\on

3 rypxlnogeh Srom thg -pyl&rlc 'i;’bcz; befre

. Vary uma 1s-known nbsux he" phyalology ol Gra.mmd e&d. ,bm some ™

elateid apeclu = the nl-nl": cod

um Blshnp and, Odsnse (1968), and i

pl'estl\l

chOln

nm as well as mem other-

imethod -of Kunitz, and,

tivating, It 1© lrypsln was unsuccsss'ul and no lrypsln»acllvlly could, bq 3

ot the purmc-uon pmaeanm wore asuqyalf ms qwurarll daslrucﬂan m

( 1957) Cpmuchp

Indirigs. ,mag




I GCT is unstable’ at acid. pH." Consequenty. other pro::oeuru which

: emplqyed ‘neutral or a|kulmb com!monl ‘werb Lnod for - \ha -purification -of

115?.6) ulso Dbstrvod completé |os; of tvyplln ncllvlly as a rﬂsulk ol an

E c 2en al:ldlr: a)m'm:llr.m mnlhod ] . S

sulrah ractio acetane pr a}m

.on S-phndm( G-‘DO wi apted lor ma nnrlcuon of BCT Thl frm:il\n

prai:lplta g betwean - 40% '~ '60% " saturation .vlli‘h_lmmanlum sullate _ was

*.coltected :for furer purmeauon i, order ‘to minimize ‘co-precipitatior of

Mﬂlllenally. Nonhrep !I‘\d Kunllz 11532) 0039(\100

at the most acme pmclpltaln

BO'b salurnum\ vmn ammomum sulfate  &nd “that lunhor lnl:rusas‘ln

tmmonlum sulfate samuuon dld

t increase the xrypsln, qctlvlky in the

praz:lpltaln The samplea were: uxhausﬂvaly \!Iulyznd In ‘order 16 remove as

. were, thé a|lnwed 1o autoactivate compl»la‘y af pH 7.8, hnlura applying to

- the, affi

Ilgand &l\d BGT sn thal mos( 0' the GCT was recoverbd ln lhe alunle and

uy mlumn to ensura that mem was’ olllclenl blndlng between tho

L, nol lnst !ovﬂhc' wllh lﬁa urlbouﬂd mulerlals washed off lhn column ln ‘the

|4 GCY. Other msrkars Tike C'oslon ”960) Camacho gt A[ (1970) and Jany |

ho pmceaum by Cumucho ol (1870)."_Involving the ime of

trypalu mmﬂ-! ith’ l\l\urally pruem xrypnn mmbnm. whose prauncé N

aving, krypsln acnvlly appumd "at abaut _

much of ma :mmomum sullale in ma sampla 'as. punlhl. Tha samples




sapnrale proteln’ motmnes, an the blsls of siz

) al pralaln ;

cr T fechmi "»a'ci-’mes‘ 5
. t

for a pamc ar Ilpl»ﬂ. With, thy

igand Jfor the

snpnamm-da m r'lx lnslea& ol comh‘\:"

(\963) lo hlvl Mlnbl ll

chymotrypsin. - 'nms dscldad 1o~ aligw ihe zymogen- present 1« be 'ully

W adivated be'ou loadihg” nn\¢ the affiny colmn sifce  avtocatalylic
o EUERS Pl :

o & has been ~der by Northrop - and, - Kunltz adee 6

¢ R procsed at s\lgmly alialine” pH. This procedure minimizéd e _loss of GO

RT3 me, tarm of lnncllv. (rypsinagan which would not h- -axpectae to ‘bind

", appreciably to ‘the san on the .mnm column, - T

s e i . peL N Yy

Calclum was. alSO roullnely added 1o the enrucﬂun.hu"er lc protect

‘the enzyme .frém 'auwlysls and commton (o 5o calisd “inart proteins” as -, .
: " reported by McDonald and Kunitz CioA). s'a precaution Just in'case +




extent. . However. - the lcllv"los obtainéd - with lha )’mssllne mdra?;ts were ,

consldarahly righer than’ those from the: pyloric teca oxraicts in the early.”

vagqs ol the puvmcallon ovon thouqh "the specmc\ ucnvma; of . ma

1racllons frorn)lhq dﬂmlly column lrom ellher souru il ’Iov\c cecu or

intedting, —- were’ similar. % ha_ rolatively " lowsr spesiic amwmas of. ths

fraétions from’ ihe' pylcrlz: cecd, peuisting w o »und lnclndlng ‘the,

. the’ 1uuowxng B0 presence ol naturally presot. uypsxn lnhlbllurs whlch
pra)smed ahhar “all. the snraclubls lryps\n from a)lnlllng the : maulmum. g @

posslbla activity o Inacuva zymogen

the smaczs |rnm amaacuvaﬁun by

the -active , trypsin vpresenl,[ an presanca of'a §nbslanllul portion “of

" potential trypsin as Inactive trypsinogén: or. €1’ a relatiely gieater, amoint
“of rion trypsin proteinaceous material in the pyloric cech extracls, 4

2 Kuitz.and Northrop.(1936) I their preparatic

3
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=
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enzyme ‘could not ‘occur, dva .10, lhe. presance o malvrally présent” lrypsln {

inhibitors. ~ Even thwgh the prosancn ‘of naturully PI'BSMI lrypsln inulhllbrﬁ

B

was- not speclﬂcn"y looked for, - thelr p!esgnce cnuld ho assumed baséd .on

the fact’ that they titite * a &ontrol ‘eg “for




“Gustatson ' (1973)

Eunay ang

Wnrkers like Camnoho ot A(—« 1070 |
1076) obsqrvsd activation _ of irypsinogen. lo_ trypsin_at’ various

ahd Jany
tagsu ‘of their purmcannn of lrypslns lrom “the pyioric, cha 3t verious

orggnlqms unner alkallnp condmons For,axampla Camncho et al. (1870) -

show any appreclabla lnarsusa “in’ activity when ©

re Incubaied at. anc 1ot 144 min. whereas crude homngnnaies

(1973) ob!orvsd !ha\

Bundy nnd Guslalscm

on or ion ‘of  endoy (ryps|n innitors. The apparenl

rocovered in aaing from e

norgess in y:e!d bused Jon wlél- activily

lollo_vjlng

the naturally present . trypsin
i -

of mme of
780% ammonium sullalé satifated fractions:
sulfate crapmm using s oaa -

'embl’anss. and i daslruc\lcn er Bllmlnuﬂnn o!

obsarvad “withe _the lntasllnal exiracts because

Acuvauun was nol
:ymogen s n,clivahﬂ to the active enzymé -bolore

8,000 molecular

15 secroted ‘into. the . :







= - 3 z P
N o & s 2 N . X 3§
= B n ) (A 3 ‘—
5 2 3 “ ~ 54 o
N = E : X = ¥ -

.The sample w sample - buffer. containing 2~

* mercaptoethanol. © SS add urea. then bolled In a

bath , for

approximately S8 min” before applying 1o, ‘the gel, using. the - procedure

By L orles (BAL.1981). - . .-

>

“resuMts _obtained. presented In Fig. 3-2 shows that GCT from

either the ﬁwﬂc‘m or |nu§ﬂ'no: (represented by, ‘a’ and ‘c’ in Fig.

e s-2) lmnbhlﬂnybmﬂmnmlmulul_r_
Bmuu’baruphu\uhmllwwmﬂlllhoéniv\mi

arond Fom Flg. -2 that GCT migrated to pa-mon

.ppvum.my n-nny " betwaen. ’u?albmhln (mol.wt. 45  kdal.

"and




55

Figure 3-2: 8DS - PAGE with Urea (BRL. 1981)

= GCT from the pyloric ceca : ‘D’ and ‘d’ are protein standards
‘e’ = GCT from the intestines : ‘x’ = bovine serum albumin . 'y’ =

2 =7 A




" ‘min beloje applying o the gels. using the mathod of Leemmil (1970).

* photography. : Other’ GCT samples run ‘under—similar conditions (and which

3.2.2 Determination 6! molecular weight"using SDS ~ PAGE :

. . o '
The : sample - was preparad in".sample buffer comnIMng 2-

mutcup'loq‘thanul and 8DS, lhen bolled in @ water” lu!h for apprcxlmakaly 3

<. The rosults presented in" appendix | again shows GCT (on -gels "A’

‘and. ‘G’ 83 "homogeneous and migrating to dimost the, same , distance as g

“the slandard tabetled g’ o!( i.‘B'. The contaminant that appears to be

Pmom at. uw oﬂglns yl gels A: B, and C were not absangh on ‘the

“original” Gols and s therefore attrlbuted t optical priblems ! during

- donot show any’ contaminants at the origins). are presenied in appendix

Jo € )
E ; § 5 ’
The R, values were estimaied and used to plot & graph ¢
. - i
logarithm of molecular welght of the proteins versus mobility (Rp. appendix v gt

he molecular ‘welght of GCT. - A summary, ‘of the

K. to estimate

description of ,tha, ‘proteins. -,thelt R values' and their - corrasponding’,
S g T ) : ! "
molecular wnlghbs is presentéd In Table 3-5. o gl - § % a4

s el )

. The molecular welghls of tng- protgins’ vere also es;l’md uslng a
v

Bockman DU 8. compullng speclrnpholameler in thé gl scan. rode with’

moiucular ualghl call:ulal\orv (appnndll U




Y2 § Jof GCT nompmsd by the Du-a gnl .-un wcqr-m was slmllir 1 lh.l

‘ : uummod qruphlcally. lpponﬂll Kt isaiso .g.pnmn l(cry\ appendix 1. and

; St
R ;% . Table 3-5:  Summary of R, g
o © .Y Proleints) on gel o
ST a7 Al GeT trom pyloric ceca -
; - &= GOT.trom 'm.siina " : g
. _' M ‘0 ——) BT (major bnnd)
e e BT. (minor ; band) . ) -
3 - L2 .
U Lo~ B b promn mndlrds g Sy
iy . ;
=% ) D m phusphq.ryla:o be <
nrt k g (m bovine. Serum’ albumin e s
¥ Sy o) gvabimin. . ¢, T T 24800, mL 0

Tees ¥ ot urbenic Mhyﬂrm -
f

(q) soybeap trypsin Inhlbhor U Y 743 k. =
W’ tysozyma' b ) '




samplrs ‘w-ro

pr.par-

’ Ay "%
8.2.4 Gcntral discussion

Elm:lrophomsls }:v et




Figure 3.3 polyacry gel P of trypsins

A and B are GCT from the pyloric ceca and the intestines of Greenland

cod respectively . C is BT from Sigma after affinity chromatography






ABSORBANCE -
o

-] . Figpre 3~&: ' Timé"Gourse : GCT vs BT.on BAPA ~

by . at 25° c.. and the ma‘bl change In -
S uhs\orbaned at’ 410 am_ ‘measured ‘at sn sec. ‘Intervals In the DU-8 . B
: 5:1. The ‘extra fine for esch
]
i 3

i AR et T




247. 04

ABSOROANCE

Figure 3-5:  Time coursé : GCT vs BT on TAME

. Legend to Fig. 8-5 : 0.02 mL of 0.12 mgImL BT or 0.05 mL of 0,025
mg/mL GCT was added to TAME (pH 8. |> at 2% C. and the raté . of

chn.nqn in absorbance a 247 nm moasured at 15 sec. intervals in the

b * pu-8. spoclrcphn‘omolnr. as described. urder 2.3.5.2. The extra line " for

|, @ach enzyme Is the line of best fit.




- ABSORBANCE*
' 280-NM

5 .10 15 Am. 25 3 35 & 45 S0 SS. 0 &S M -
' TIME '
‘min

:. Time course : GCT gn 2% casein at 25°C

0 mL of 5.9 up/mL GOT applied to substrate,




;3
Enzyme Substrate ~_Specific Activity®
o ; (Units/mg enzyme) . ; _

acT |, . TAME L ez

BAPA 0.79

casein L 7.20

- BT TAME 190. 82

‘ 2 . To0:60

. 5.827
_ o 1 cll;:ulahd tFom PH opumurm cata at 25 c PH '7.5. Conc. of BT = ’
W T "8G mL 7.8 ugrmL ﬂock BT solution. o Hee

. i For nwe —— 'as defined, by wcﬂhlhmon En2ym-s 978,

Sp.cmc lctlvlty = Units/mg"™

S My mimin X 1000 X 3 2
i b's40 equals the molar extinction’ coefficient of p-mluans suuonyl-l.- ; R
’ un‘glnme CTA) at'247 nm. s : o : N
: R :
Id t a

For BAPA ‘(based-on—Worthington's definition of specific activity of ~ *

trypsin on TAME) , . Py




‘below ZD C‘

ester. Fm\h.ﬂ'nol,. Iﬁ. indicator-like property .ol BAPA made Il,'mll

©“8800 _equals_molar "o V. Ge of

‘25%. -ooarﬂlng I Erung-r u al. (188N,

* For casein, “using Kunltz's _(1947) definitign of .trypsin -activity :
2 LA mpmin :
4g trypsin in. assay
therefore. 1 mg h’yptlll oomalns i =

| TU™/ag trypsin = -

#g trypsin 9 o

3.3.1 General Discussion - Trypsin Assay v

For both GCT and BT. TAME appeared. to be a better substrate than’
BAPA for the foliowing reasons :

() TAME was hydrolyzed at higher rates than BAPA and was the

<

‘more sensitive assay. : N -

(D TAME was readlly soluble In water i the ump.r-\u}-:

‘Invastigated. unlike BAPA which precipitated out ol solution_ at umpnimu

amide. It was closer 10 the natural substrates for uyp-zn than’ TAME, " an,

penitroar at 410 nm at”

It M'_.",“xw"l’u- . B

AR
' 7




1o gonfirm. by visual Inspection. _that ‘reaction had lcmllly sven p.e. 2
,sna pmﬂu&s had formed from .the reactants -as & eonusw-noc ol the

ncanalsobo»oummnbus-omxecrummlsumu
more active than BT towards BAPA and about 1.2 times. more active n-.n
‘BT towards TAME at 25°%C . ) Feiy g

3.4 Mmu-hmwu\n-um:_ .- _‘«4’*

The trypsins were also applied 1o digest proteins using a pH stat as |
described under 2.8.5.4 to 2.8.5.6. The proteins involved were urea- - |
treated hemoglobin and proisins éxiracted from cod -fish meal and. squid

muscle. - The hydrolysis was left to proceed 1ill there was no further base’

consumption. - By measuring the volume of base consumet

the degree of
hydrolysis (DH) was estimated using the equation given in a- bulletin by
Novo Enzymes (1978) as follows :

DH =

where h is the hydrolysis equivalent of the protein.and hy, Is the

total hydrolysis equivalent of the protein (given In tables for several

pfoteins) . For hemoglobin, “hy, was' taken as 8.0,and for the cod fish

meal and squid muscle protein? hy,

taken as 7.3, (Novo Enzymi

wre e

- hEB X1/ x Ng/IM x (%S7700] T

™

where 8= bate consumption-. tn, mL, a.= tinclién of (pH. = ;;‘o




16703, M Is

gnzyrnaﬁ‘:

s lha lubulrall

| B et g f
In' the- case of the hemoglobin. 1 mL of the various' solutions was

 the welght of the reactipn mitture was determined by weighing the Feaction

vessel /with and without the reaction ‘mixture. The results obtained.are

0.20 mL of GGT Coquivalont 1o 15,3 ug- protein)

.~ hydrolyzed BAPA. at. & 116 AAqq s Of 0.036 at 25°C while 0.20 mL- BT

\(squivalent 10 19.9 g protein) hydfolyzed BAPA at & rate Ay pimin O




0.0352 at 25 C. 1.mLof the -nzymo qullonl were dd? upawllly [

neegub|n1mLu'4Mnm

'-utmm.s fo almost the same exient. . . . T ¢

50.11@.10".! " on.the. y of sub "byuyp ns

Am.m.gh nypslnx from dl"erbm ,-ourcgs appear 10 hnu h

»eommnn ;ubsvalu. Ih.y do nm nydrolyzo ﬂ\nst lubﬂfl l to Iho same,
" edent.  For example. Bundy “and’: Gustafson '(1978) ‘CIm.cho o al
(1970) *.and Koziovskaya and - Elyakova (1974) “described trypsins with

greater specific activities on thelr substrates than .those' obtained with BT.

Higlmeland. and Raa - (1982) * desoribed a -irypsin with alinost thé .same

activiy as BT while Allan ‘szl (1970) and 2wiling. gt al. (1969) " also

trypsins with lower specific: activiies than a'r‘




Y Both GCT -nd BT ppear 1o have -‘l

IruM n.moglobln. cod fish' meal anit' ,-quld . musclé protain o™

spectficiies of
“the téo enzymes ‘are pmubry ldaﬂllcll. 3 T e TR

A way, ni forther u-ung \moﬂur GCT has -xn. same cllavly-
specifichy .as BT Is to_apply sc‘r and. BT (puvrllld ‘o nomoq-mny)

‘separately- 'to l “ll aonm luhlh’!lﬂ such -t the ﬁ-chlln of

wlln ‘and

unyinw ‘out u.l horeals on- the

ln-ulln chlln to -

.mmmn. the exact peptides um would be produced as a:result of the =

: mlmm with the two trypsins.

, 8.5 Tho (nﬂumco of pH on' mo .activity of lrypulnl -: difierent Imnp.rl\nm

ropH -wmy pmm-- They

are both less active at aoid pH- and mor' active at maderately alkaline pH

(Fig. s-n. T.mp.mur. did pot appear to atfect the pH’ optimum 'of the
b nyomw, of BAPA by ‘aCT. at toast for the tomperatures Investigated (Fig.
7. Hwavar, the 'pH_ Gptimum of GCT tends to b .broader at (ower
temperatures- than_ m higher temperatures., Furbharmors, an’ Incrodse in
|.mpnrawre Appenmd |u “dncrease " lhe ucllvlly of BT more than || did that of

GCT. The temperatore coefficients (le for the enzyme activitles In nolng
~

o from 5°C to 25°C. at differant pH's are .umm.ﬂx-u in Table S-8,

ulng WAnlubw-b B &

i
4
3
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+ Legend 1o Fig.

s described under 2.5.6.1 and 2.8.5.1. K

8=7 I (D 0.20 mL of elthet 0.094 mig/mL, stock GCT or ~
0.122 mg/mL BT applied 10'the substrate  (Il) “assays were .carried out
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The influence of pH pn th

* different hmpenmrn on BAPA as substrate
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Summary of .the Qg valuss of tiypsin on ‘BAPA ‘at varlo
Gt i P pew z S &
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@,y (18% = 25%) °
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The Mmmu of pN on m M:ﬁvny of nu "!Pl"ll towards casein was
“determined as ﬂne"lbod ‘under_ 2. M.z.- and. 2.3.5.3. . The results-
obtainéd are pr'unl.d ine Flg 3-6."The pH’activity profiles of GCT ‘and

'mm -um at: m-uuy -n-uno H.

. ’B‘rwshnnavln»l.rnbmh-
LW L, and Iossmm a -clc PH. THowew

el dicitvé han-GCT at' acld BH . GCT was . slightj more. actve ﬂun'ﬂ at

‘alkaling pH 3t the ump.uﬁ-m investigated. - . ... .

3.6 The effect of pH ON. the stablity of iypsins. on TAME as substraie
The stability off the trypsins ‘was determined ‘ss Gescribed under
©.:2/8.6.3 and 2.5:5.2 and the rosiits Shiainad are presented- graphically in
Fig. 3-9. from which It Is apparent that whils ‘GCT was more ‘stable at

mod.rll.iy llklllllt PH. BT was m‘ur' stable at” acid pH. Onrnll.‘

v therslore. BT was found o be ‘more_statle _ aid slightly mors: active ai acig”
pH while ‘GCT. was ‘more_ stable and siightly mor. aciive at alkallnl PH.

ammugn bnth anzyme: emlmu mullmnl lcllvlty at modbmeuy, alkaline, yu.-
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Figure -5:  The Infiience of pH on the sbiity of trypsins
uw-d to Fig: 39 : pp 5 mg of GET-or_ BT was :
mamwml.udo—wm-i.r-m‘oso mL of the anzyme 1

mmon was mudc Up 10 1 mL with v.rlout ‘buffer solutions “and” lncnbm-d

at room ump-rmrp (sbout '25°C) for ‘30 min before applying. 10 the 3

Substrate 10 determine. residual rypsin activity. ,'rn- volume of the ruuhlng
bu«-rod enzyme -olnuom applled 1d.the reaction mixture, with TAME as
-umuu. was 0.10 mL. Aauy Wes carriod_out'at 25°C as described
under 2.3.6.3 and 2.3.5.2.) L Se - '




3.6.1 General discussion : The influece of pH on Activity and stabillty of
(qpsins U . b -

'Thg PH .cph;y profiles: for «m hydrolysis of prolbln‘ amide and emr

subsuates by’ trypsins are gonurnliy,blll-shnpud’ ahd reflect - maximal.

onzymatic actvty at .Iullne pH. “Kufine (1877) . cbserved that trypsin

digests Hs substrates only n .»uun-. neutral or “very’ weakly acidic

néiuun Accarelng 10 “Erlanger gt al. (1981), the PH optimum m\ri.
hyormysls of BAPA by BT at 25°C occurs near PH B.1. sums-upn and

Buckley (1972) reported:that the optimuin pH for the hydrolysls .of BAPA by

BT I8 8.2. Northrop and Kunltz (1932 obberved that 'BT hydrolyzed casein

10 the greatest’ extent In the pH range of 8.0 to pH 9.0. Other
workers.including Camacho @t al. (1970)." Kozlovskaya and - Elyakova
(19747, Gais and Travis (1968) snd Croston (1960) have similarly
obagrved . that rypsin hydrolyzed thelr substrates to the greatest extent t
alkaline pH. ranging from pH 7.0 to 9.5.

in spite of the observation that trypsins from various sources (both

vertebrate . and thelr.

~hydroly

pH. trypsins of lower vertebrates and invertebrates vlppnr to be Inattivated
under acidic conditions. uniike trypsins’ from higHer vertebrates. For
example. Northrop (1932) and Vithayathil gt al.  (1861) have reported that
* bovine and ovine trypsins are stable at acid pH but unstable at llkz;llno pH
while porcine trypsinv Is stable at both” acjd. and alkaline pH. Camachb Q
al. Qe70), Hlllmulun'd and’ Raa (1982), Gulea and Travis (WGD). Jan‘y
(1976) and Ching~San CM» ol al. (1973) hnva described trypsins that are
unstable’ at -cw pH but stable at alkaline pM

greatest at alkaline

i
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" A possivle ‘explaniation o, e Instablity of GCT &t acld pH Is'that the

ratio of. potential lcldlc lmlm: acid uslduv 10 ‘basic amino acld r“ld
is greater -for' GCT compared to BT Cfrom’ ‘the amino acid compo
data). Also the fact that GCT' has a fewer number of basic amino acld
residues ‘suggests ;hal GCT has a relatively fewer number of trypsin-lablle

_ bonds. So that at the alkaline pH where trypsins are most active. GCT Is

less susceptible 1o autodigestion - than BT and s porcine and ovine

counterparts and probably makes ‘GCT more stable at alkaline. pH than BT.

8.7 The infiuence of temperature on the activity of trypsing.

The trypsins were used to hydrohze BAPA or TAME at’ difierent
2.8.7.3 and 2.8.8.2. Tne

‘temperatures as.described under, 2.3.7.1,
results obtained (when BAPA was used as subsirate) . ar¢ summarized in

~8-10. Flgum S—'ID alzo illustrates the effect of calcium on the ,

activity of trypsins. -The same data were used to obtain Arrhenius plots to

estimate the activation energles' (E,) for the hydrolysis of BAPA by trypsins

" and the results obtained are presented In Table $-9.  Table 3-9 also shows. *

E, for. the hydrolysis of TAME by the trypsins.

also used to hydrolyze casein as described under

The trypsins wes

2.8.7-2 at.different témperatures and the rate of hydrolysls was measured

" as the change in absorbance at 280 nm per 20 imin CAAy e son min? -

)
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Figure. 3-10: Tm Influgnce of wmpornun on ' the -ctlvnm of vypolm

on BAPA as substrate




.l'ng/rnL BT ndded lo !he reaction mixiure as uescrlbod under 2 .3. 55 3 and
2 8»7 2.

Figura 3-11:

: ugonu 1o Fig. 3-11,

3 . < .
. . %o Mg moeno BD MO KD &0 &0 RO BO ®O

TEMPERATIJRE A @
g DEGREE C.»™" i

Tompoumr- optima of l‘rypslnl on. 2% cluln. K

50mL‘ of either 0. oss mg/mL ecr or 0 059




The same unlu were usud 10 obtain Arrhenius. plms 1o estimate the E s lor

the hydmiy;ls St casein by %he trypsins. rna data are presented in In Fig.”

] and Table’3-10, Lo

s 7.1 General : The iinfl of

© the hydrolyall of BAPA by trypsins

?ogmtlnn unalysls as well as m- (z VAIIM&

_Table 3-9: s-umn.ry of the thermal prop.rll.t o nypunn :

Enzyme Substrate - * Conc.
> b

Ger BAPA™, ' '0.00 ":90.0

s ’ BAPA. 0.02 . 35.0
o “ BAPA" o'20 : 40.0°
o1 BAPA oo 40.0

BAPA ce.02’ 450

of  Temp.' ot E. - R
(M) -optimum(°C) (keal/mole) -

: 0.985
8.2 0.978
8.5 0 0,95

a7 | olees -
is.2 I 2 s81,

138 -,

it Is apparent frorh’ Table

-9 that Both in the presence and abssnce

of caiclum. e mmpomtww optimim for the hydrolysis of BAPA by the o

trypsins was hlghsf lor BT‘ than GCT and aiso

that the * temperature




optimum. -for ma hyowlysls of ‘the substrate Increased -with Increasing

concentration of ol E i

It is also- apparent from Table 3-8 that GCT has a lower E, for the

3 . i .
I hydrolysis of BAPA or TAME than BT at the yarlous levels of caloum

“investigated. For instance. In the absence of calclum. the €, ot e&r f
approximately -equal o 5os$ of that ““"»m..d» for BT. Funhermor-.
incressing. consenirations. o the -calcum appoared to Incresse the E's of

{both GOF. and BT... bu the . iniréase «in the, dase, of GCT was . more

pronounced than -was _obsarved for BT.

mp|ny6d as !ubstrl\' is presented ln Table.. 3—10 Tnbl. 3-10 ll!u

has a summary-of ihe E_s of the trypsins on. ‘casein as substrate.

Table Summary,of temperature optima of trypsins on casein as -
e _ ‘substrate

BES

(Enzyme .. < Yemp, optimum LB R
§ o e T cat/mole, - ]
" acT e \} 40 . 7oz ©0.984
BT - : .80 LTS 0.995

It is’ apparent from Table 3-10 as weil as Figs. 810 ang 3-11 that
compared: to BT. .GCT. had a lower \arﬁ;;ur;gure opﬂmﬁm and a lawer
. energy of actiation when casein was used us':uosm;_g. The E, 6f GCT.
v'J.»s Sipetinslely miusi B0 GO of SRl dousd tor B undsr st

conditions. ; =R

“a summlry of ‘the -temperature optima of the lrypslns wmn casein
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8.8 The Influence of temperature on the stabiity of trypsins

" The' thermal stabliiy _of the trypsins was  Iniestigated -as described i
under 2.3.7.4 and 2.3.5.1. The activilies temalning aher incubsting th %
{onzymu at different temperatures ‘wdre used to_plot a graph of percent
* original activity vs temperalure and the, results are presented In Fig. !

3-i2. trom which it Is apparent that GCT wes more heai iablle than BT,
% Whlle @G I0ST-about 50% ‘of s original activty at approximately 50°C. 8T
. retained simost all its:.dotivity up to 80°C. . x




d

13

PERCENT OF CONTROL
8

lneLavive activiry

- o F W . & _=. & m © &

TEMPERATURE
DEGREES C

-

Figure 3-1

Thermostabllity of trypsins &

. Legond to Fig. 8-12 : 0.20 mL of either 0.039 mg/mL GCT or 0.052

" mg/mL BT'in SmM HCI containing 0,02M Ga™. The enzyme solutions ware

at various for 30 ‘min. then cooled rapidiy In ice

for 5 min before applying to the substrate as described ‘under 2.3.5.1.

The ‘original activities Of the trypsin solulions were as. follows : M GCT oh
BAPA: 0.20 mL hydrolyzed BAPA at a rhte BAL0 amrmin OF 0.‘0\80 at 25"6.
and (i) BT:on BAPA: 0,20 ‘mL hydrolyzed BAPA at a rate Al nmimin OF
0,083 at 25°C.




and mnun, of trypslns I \

Cs.8.1.1 The Influence of temperature on the. acﬂvlw of trypsins g

The inflience of “temporaturs on e rate of hydrolysis of substrates

“ by typsins is & combined efiect;of (i), the mnuonc- of temperature on the

rate of ‘catalysis. and” (i) ‘the .Influence of femperatre on the rate of

denaturation of . the enzyme. inithe siudy with. BAPA as .substrate; .the

addition of calclum to the enzyme (prior 10 its. application 1o the substrate)
5e e

appears 1o influence both these processes —_ Fig. 3-10.

As summarized in Table 3-9. the Apparent tempsrature optimum is
progressively higher as the cdncmmﬂon of the calcium incubated with the

»onxyn\. is increased. Thls lmpll” that cllclum acts IO stabliize bolh BT

and GOT from ¢ : thermal denaturaton. In agdition. the ncubation of the
enzyme with c-lclum appears. 1o ‘smulate the ‘resction &t temperatures. well

belovl that at. vlhlch lnawrlllon Is, cvld'rll. Thls nlggnsls that calcium also

acts to sumumo the rate of the r:aulytlc reaciion. In_the presence or
. ‘absénce of calclum. the. spparent lemp'ru\um optimum of GCT was lowar
than that of BT . This-was also ghe ‘case when casein was used a

substrate. Table 3-10.

‘g ; sl .
Sipos and Merkel' (1970) observed a concentration dependency of
calclym. actvation of trypsin. Vithayathli et al. (196)) reported that the °

s'x'ablmy of bovine and ovine iypsins were onsidarably Increasetl by

cllclum whll. m- submly of porclna trypsin was only slightly Increased.

Qul o, al.. (1987 Dblnrvod G‘Iclum ltlmu!ullon nl prclnta activity as on

lnble\se in lemporaluu Qptimum in studies with a halophilié pwluusa'

~—




by a marine species. However, other

Iryvtlns or Irypaln-lyp' .nzymn which do not seem to require\- calcium for

glablity of activity have been characterized by workirs like Camicho gt al.

€1970) “and G.a-la; and Travis (1969) . . e
: Lo :

. Abrahamson and ‘Maher. (1967) obseved a pdfiive chrrelation

between the température  opimumi, of pancreatic amylases ang | body

temperatyre of ‘liaras. Simn'unyl Light C1964) reported ‘the * temprature

- optima for myosin ATPK. -cuvny from snll’ll species of lizards\ from

- widely _different |omp-u re mlmnmm ‘were corrslated with the boﬁy,

tomporaturs of the ‘lizards. Light = .| €1969) observed that the opﬁmnl

lnmp'rnmns for contiactility of slwl.)"l muscle- from several amloq ot
T . P O M . oy
Australian lizards were with'the pi body te |

i X 4 v
. 3 4 i E i
The lower E, wvalues found for GCT ‘compared o BT is similar to

vlm!lngs made by workers like Cowoy (1967) and anl ot al €1079). “that

nzymes ‘iom organisms adapled to cold temperatyres generally hed lower

“.aclvation energies than:their counterparts from organisms adapted 1o warm

tomperaiures. For. examplé.~Ciway (1967) obsorved that whlle GFDH from .

o8 and lobster had E.s of 145 kcal/mole. GPDH of rabbit had an £, of
1.0 koal/mote. Based on this finding, Cowey '(1887) condluded that. ol
“adapted enzymes show some degree of adapiion when compared with thelr

werm  adapted, counterparts.. low el al. ‘(1973 -aiso found that E, of

© muscle LDH from bhallbut and tuna were 9.30 kcal/mole and 9.85

keal/mole respectively. whilé miscié LDH's from chicken ‘and " rabbit had

18.1 kcal/mole respeclively. Other evidences:

E,'s of 11.1 kcal/mole an

for the direct relationship between habliat temperature and E, have come




@ -

from " investigation by workers like Somero (1968) .using pyruvais kinase
from tuna. trout.. shrimp. zooarcid. king: crab and Trematomus. and Kwon

‘and Qlcoll‘( 1965) . using aldolises [;vm rabbit, carp and tuna as well as

s il -
Hazel (1872) -using succinic dehydrogenases from- rat. . goldfish, frog and

However the differences.in E, for the iypsins observed in-this - study

. o A
. were greater than the Oifferéncés In' E,’

observed. by other workers like
Cowey (1967) ‘and Low @t gl €197 in thelr swdies with inracetiuir
enzymes. For ewmple. white.the “E, of GCT vas -pgrnxlm.mly s fo “50%
‘lower than that found for BT.(depending’ on the substrae). Low @t al.
(1973 observed that the E,'s of mucle LDH from hallbul and wna were
only about SO% lower than ther homolog from rabbit. They also found. the
ESs of halibut and tuna were Only about 15% lower than thelr homolog
from chicken. Haard gi al. (1982). using digestve enzymes.: (pepsing)
ffom coid adapied fish also reported that ihe Egs. of the cold adapled
mr?m(}&nr .v'\xym:s from fish ‘Showed larger Qitierences when, their €,
vaiues 'were compared. 1o that of thelr warm tempersture adapted homolog
trom - porcine Csimilar- to the finding with GCT). They reported that'the cold
sdspted fisn popsins emhibited E,’s ranging from 4.1 keal/mole- lo 8.8
Keal/mole in contrast 1o 11.2 kcal/mole observed for porcine, pepsin.
Groentang cod pepsin had E, values of,6. 6 keal/mole at pH 1.9 nd 4.2

keal/mole at pH 3.0 within the temperature range o10°C 1o 85°C.




1.2 The influence :of temperature on stabiitty of rypsins

The resistance of BT to thermal has been

by OMPIJ ﬁém‘r As riy a5 1932. Northrop and Kuniz demonstrated

that when Irypsln from m;am pancreas was boiled in dilte HCI at-85°C for
Elminm eoobd in ice Iumu!mln. there was nohladle‘hﬁ]
Mollonby and Wool.y (1918)  had “previously. described Ihlsilppul‘nl
romlmbln nbllll”ol BT to resist thermal denaturation. lﬂ.ﬂ Ewlgumlﬂl

1932) ulm“lr'y lound 8T Io be. extremely resistant to heat denaturation.

. Asa mull of subnqwm IMM. 4 Northrwp 09882 ll!lbll hed that the 8T

was denatured amh--nng but nv-md to, the native eenmuon very rapldly |

on noollng and n the same " time, nompmﬂy regained a

_its" enzymic

acivity. . - -

vnr'..,'.wn o al (198N obsenved that the pH range st which

reversible heat u‘nlmrllbn ocours. with” trypsin' Is. between pH 2. 0'and P

2.5 In s swy. e observation with BT under much less  harsh
|

conditions - Fig. 3-12 - compared lo-those used by Northrop and Kunitz

€1832)  is  thers| & confirmation of what eariler workers have

=

demonstrated to be a property of BT.

However . Ihls remarkable nblllty “of BT o resist heat denaturation

“does not sppear J\" be a common property nV’;n ‘trypsins. For example,

workers like Bundy and Gustafson (1873), Jany (1976) and Camacho gf

al. (19700 have ‘lll described trypsins that were. onmpleil'y Inactivated by

heating st lower temperatures - from 45°C to 60°C for . relativaly. Shorier
periods” 6f time - from 10 min to 20 min. For ‘these. trypsins. restoration

of activity was not 0bserved on cooling to 0°C in ice,
& | *

e gl



_adid extraction procedured It tolerated mild
o

e 90

o \ ’ |

The 5SmM HCI used_as the solvent for trypsins (see legend to Fig.
; . ‘

8-12) was selected in order fo curiail luwdl‘quuun of the trypsins that has

been ‘found 10 occur at meutral 1o slightly alkaline pH. Even-though GCT

{ ¢
was found to be acid labile (from the.pH B‘O-Ihllky study and the preliminary
" | 3

acidic conditions-when caicium

_ions were présent (uniike . the conditions for the pH stabliity and preliminary ..
acid extractions) at‘least. for ‘a few hours as Indicated by the resuits of .
. the activation 'study .(Fig. S$-1). Presumably, the 'pH ' Instabillly was
§ |

overcome by the calclum - lons present and the lower -ionic strength of the =

medium.’

Hazel and Prosssr (1974) have observed. that there is a.correlation

between heat tolerance by proteins and. the’ temperature ‘of the cells. from

Which they occur. Ushakov (1867) demonsirated from comparaive studies '

of ‘myosin ATPase. aidolase. cholinesterase. adehylate kinase and alkaiine
phosphatase activitles from a varisty of ~species. that proteins from
thermophillic  species were _more = heat-stable than proteins from

poikllotherms. ~ Abrahamson and Maher- (1967) similarly found that- the

the: ility of I were iated - with the preferred
body témperature. Baslow ‘and Nigrelll (1964) found - acetyicholinesterase

from warm water teleosts were more than -

from cold water teleosts. Komatsu and Feeney (1970) observed that
- : g ;
muscle . aldolases from _antarctic fishes - Tremstomus’ and ' Dissothicus

~ were more heat—labile than the enzyme from thermophilic: bacieria.




K " Legend w Table 3-11:. (1> 0,05 mL of 13, 8¢ ug/mL aer snlullon applied
to. TAME. at 35°C. ES.C and 15° C. (i 0.03 mL of 23 xg/mL GCT mlu(lun
applied to TAME at 5°C. <D 0.05 mL ot 17.2 ugimL BT applied to TAME

at 35°C and 25°C. () 0.05 mL of 19.5 ug/mL BT applied to TAME at

% £ 18°C and 5°C. (v values are averages of 2 determinations,
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3.9 K’ and Vp, Of tiypsins using BAPA .aid TAME a3 subsirates

7

: ¥
. C ot
The' Vyne, 200 _Km' of the trypsins were estimated by measiring the

inital " rates. for the hydrolysis of either TAME or BAPA"at different substrate

 These jons were urrild “oul - at - different.

temperatures: to determine whether the ump.mun dlpo{n’d.cncy Of Vg 8007

Km" ditfers: for GCT lnd BT.. Thl kinetic pll‘lm'hn‘ Venax lllﬂ-v Km', mr'

determined by | -ulyn- of  Uneweaver - Burke ‘piots and ‘by ‘the least
gavares mm»ﬂ of Johansen nﬂ Lumy ('IMI). The rﬁulb obtalhed are

'summ-dnd in lel.t 841, 3-|2, 8~18 and 8-14: - P

. - ; »
Trypsin hydrolysis of TAME (pH 8.2) — analysis by
: Veas e
“°C) ~tmm) (Units/zmole)® range (M)’
GcT 85 ‘0.26 2289 x 10° . , 0.5- 1.0 0.980
. {56 - . d
- 25 °70.15  14.70'x 20° . 0808 o 0.998
: : Cores .t
15 0012 s.eex 10 0.8-1.0 . 0.99%
= LN
. s 0.4 s.21x 30 0.3- 1.0  0.983
8t 35 0.04 17.82x 10° 0.87- 10 0.960
, 1es ¢ :
25 005 ©.18x 10 - 0.8-10  poso
a e 236" 7 . E '
15 0.04 .3.87x10° 0.3 - 10 © 0.962
s 005 . V.76x 100 - 0.3- 1.0, 0.987

SI81 = ‘substrate concontatiort TS . . i
P(units/imole. trypsin) & - : ;

A

bl

¥




Teble 3-32 " Trypsin hydrolysis of TAME - by loast’squares: method of .
r Johansen and Lumry ('IH'D ‘

- 3 r 8
e - : ¢
~) Enyme Temp.  Km' Venax T Qyp B
6. cm)  (Units/mmole . . range CrhM)
) T P = E
acT. - 35 026 22,98 x 10 - 0.5 10
T ; 3 .58 : .
25 015 . 14.74 %10 0.3-08 . . .
] . S 1.6 E
. w002 - 8.89 x 100 PSRN
. i ¢ o TRl e .
5. 0.5 525% 0 - . 0.8- 1.0
AN BT s ook mmrxi® o C o8- %0 -
. 25" . 0.05 9.13 x 10° . 0.3- 10
. Lo el e B
15 0.08 3.87 x 10° y ww.oa-,\;l 0
Vo ” 5. 0.05 1.74.x 10° 0.3-.1.0

5 181 = substrate concentration b
Cunits/gmole ‘trypsin)

" Legend to Table 8-12 : data used .for Linewsaver - -Burke_ plots used for
W Table 3-12. . Ve B . g

3-18' lhli the kinetic parameters

It is apparent from Tables 3-11 a

. N o
.asﬁmslad for the. trypsins by Linew ver = Burka plots were similar to those

L obtained by the loast. square method of Johansen: &nd Lumy (1061, s

" Tables 3-12 and &-14 It is also apparent from Tables 3-11 ic -4 lhli .

" the. spparent Km' values were higher - for GCT than BT at the various.

on bol.h BAPA and TAME “But !lhll.

the npparum. Km' of the GCT appeared to Incruse -Ilh a’ temperature’
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Table 8-13:

Trypsin ‘hyumym of BAPA (pH 1) - nnnlyl\o by
Uineweaver-Burke plots

0.987

‘Ehzyme Temp. Km’ Voax Qo 1s) L
T °0)  tmM) (Units/zmole) range (mM)
‘@cT 85 .88 ss2.0 0.4-1.25-2 0,098
¢ : g 60
25 169 208.8 0.4-125"  0.908
. L N
BT '35 0.80 54.6 0.5 - 2.50 0.991
25 26.2 v.5-2.50 ' 0.907

Table 3-14:  Trypsin hydrolyull of BAPA - using tosst square method of
§ Johansen and Lumry (1961)

Enzyme . Temp. .

Qe 1s1

Km'’ Vs
o (mM)  (Units/mole) range (mM) N
ecT 85 184 s30.6 0.4 - 1:25
q 1.64 ;
25 .67 207.0 0.4-1.25
BT -, : 35 0.9 . 54.6 0.5, - 2.50
o : 2.04 ;
25 102 26.8 0.5 - 2.50

" Logend 't Tables 3-13 and 3-14:

) 0.20 mL of 17 5 mg/mL GCT

solution applied to BAPA at' 35°C and 25°C. (i 0:20 mL of.35 ag/mL BT

solution applied to BAPA at 35% and 25°C. D’ values “are averages of 7

two - determination

Iy
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from 25°C to 35°C (when BAPA was used as substrate).’ there did not
appear 10 be any Mnlb lntlnmc. of hmp'l’llll(l on the Km* of BT. nis

lpplruﬂl that the' Km’ values for the: BT ll different temperatures did not

vary app with Sor both It is also apparent.

from Tables 3-11 to 3-14 that both GCT and BT had higher affinities for
the ester wbﬂr-h (TAME). than the lmld’ (WA) based on m ml.llv.

um.mu:-s in their Km* values. i

‘The Km' vaives found for BT-BAPA and BT-TAME are similar to
values reported In the literature. For example. Erlanger et al. (1961)
reported a Km’ value of 0.94 mM for BT-BAPA ;' Nakata and [shil ('1972!

reported a Km’ values of 0.76 mM and 0.97 mM for BT-BAPA : lnd

Koslovskaya and Elyakova (1874) ‘reported Km' values of 0.84 mM for BT- -

BAPA and 0.05 mM for B.T-TMfE. . - S .
: (7N §

The finding that GCT had higher Km' values for the hydrolysis of

BAPA and TAME than BT Is similar to findings made by workers including
Cowey (1967). Hochacka and Somerc (1873).. Assaf and Gum'uéas)
and boshlm €1971). These vwlwrs observed that |m apparent’ Km* ‘values

for the hyﬂrolysn of substratés by Told adapted: enzymes were _generally

* higher than those of their homologs from warm adapted species

Investigations carried out by workers including-Ooshiro (1971) Indicate

A . & }
that there Is a positive correlation between apparent Km', values and

temperature, ' especially for enzymes derived from _organisms that

adapted to the cold. The correlation of Km’' with temperature (observed
with GCT)* would be ‘expecied 10 be of -adaptive value If at certaln periods

in the fish's iifeghisiory substrate concentration becomes limiting. otherwise

i e

B
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the "significance. of enhanced subsirate ‘binding at -lower temperatures Is

hard.to explain. /

Tables 8-11 10 .3-14 also show thal the turnover numbers for GCT

were. considerably. - higher than ‘for BT .ai :the various temperatures

Investigated: for both substraies. It can aiso be deduced from Tables $-11

and 3-12 that ‘whils. GCT was approximately’ 3 times more active than: BT ‘at

5°C. the diff in activity. had ‘1o about/ 1.2 times. at 35°C.

o

\ - 3
This is consistent with the ‘lower 'E, of GCT as ‘discussed under 3.8.1.1.

When .BAPA was ‘used as substrate for trypsin hydrolysis.. It was -also
observed that the V,., -and Km’ values for the' reaction catalyzed by GCT
were higher ' than the ‘values for the reaction catalyzed by BT. .- Kinetic

parameters were not determined for ‘BAPA at lower temperatures since the

- substrate tended 10 precipitate out of  solution.  But while GCT was

approximately 8 ‘times more active than BT at'25°C" on BAPA. - GCT

hydrolyzed the same.substrate only about 6:2 times more than BY at 35°C.

The temperature cosfficlent was alss lower for the hydrolysis of BAPA by.

GCT than the hydrolysis by BT.
The E, values (Table $-8) and the V,,,, values Tabies 3-11 and 3-13

were .used ‘16 estimate the enthalpies (AH'). the free enargies (AG 3

ihe entropies of activation (AST) of the trypsin caialyzed reactions. using

the procedure described by Low et al. (1973)." The results obtained are

summarized in Table 3-15, from which It is ‘apparent that for the two

substrates investigated. the AH . AS™. and AG" valugs- were. iower for the
‘GCT. catalyzed. reactions than the’ corresponding valyes for the BT catalyzed
reactions. However, the differences, in_the ‘4G  valugs for. the reactions

catalyzed by the two enzymes were not as pronounced as the ditferences In




or
tho E,. ‘4™ and 85" values for the same reactions. "I would be predicied
from the E,~ ang hence the AW that the AG™ values for the reactions
should be considerably lower for the GCT. catalyzed reactions. than ‘the BT
catalyzed rsalcllohs (all other things being equal 1o enable the former set
of. reactions o proceed at rates several Grders of magnitude_higher. tian
the latter ‘set of roucunns. d

The slight differences in AG - values (200 ~. 600 cal/mole for GCT—
TAME vs. BT-TAME reaction and 1.400 - 1.800 cal/mole for. GCT-BAPA °
. vs.. BT-BAPA reaction) is similar 1o values described as differences by Low

t.al. (1973). Asaaf and Graves (1969). and Cowey -(1967).
i :

However. the greater negative AS  values of the ‘GCT: cataiyzed

reactions. compensates“for the rather lsrge ditferences In the AH" values ‘o

~make small the differences n- the. 4G values. The greater negétive 45"
values. of the GCT ca'alyzed macﬂons also means that the dm.rancu in
the ' rates of the reactions el'alyzod by the two lrypsms should not be as
high ds would -be proqhtad by |he d|"grancas‘_ln their El values. The‘lpwa!

H™ values of the GCT . catalyzed reactions -probably indicates that those

»
reactions are more J than e~ BT

V
catalyzed r.u-:duns The. lower AG “yalues for the GCT -:aunyzon reactions
(noticeably the amidase raaclluni indicate Ihhl GCT is marn of (EJOHI t)llﬂ
BT In’lowering the anargy barrier* to the “reactions. f <
S




Table 8-15:

y of 2 rs for trypsin
catalyzed hydrolyses of TAME and BAPA .

Enzyme  Substrate Temp Ea s - 4TS a6
i j °C) | keal/mole ‘kcal/mole u.  keal/mole

aeT  TAme' T ss 8.5 i 78 -21.8 144
) 25 - 8.5 '_' 7.9 -21.2 4.8

S s 8.5 | 7.9 ¢ -21.2 4.0

" e 16, 8:5 ‘7.9 -21.1 18.8

BT TAME' - ss 18.4 2.8 . =56 14.6

Yo 25, . as4 et -s.a 45
s e ‘ 12s. -5 14.5°

5 184 128 -5.8 . 1e4

GCT's  BAPA2 . ss 8.2 7.6 -15.8 2.5

oo 25 's._'z_'“' 7.6 -16.8 . 12.6

8T . BaPA? 35 8.2 12,6 4.2 = 1.8

ot B 25 8.2 12.6 ~6.1 14.4

7 E, of trypsin catalyzed hydrolysis of TAME were estimated from h¥.

“slopes of Arthenius plots obtalned using thé Vi, values In Table $-10.

2'g, values of trypsin catalyzed hydrolysis of BAPA were estimated
ffom the slopes ok Arrhenius_ plots- using the  initial .velocities obtained by

investigating the influence of temperature. on the activity of the ‘enzymes.

The it wers c g to the
following relationships (Low ot al..1973) :

4

bl

d



S1. 867 = AH - Tas
2. aH = E, - AT
s. As'=4sn (log K - 10.753 - log T +'E, / 4.576

4. K (in 50" = Vyyp g -of enzyme x mol. ) snseh y

The Km® &n0 Ve values: In Tables 3-11 and 3-13 were also used to

estimate 5o~ of the trypsins. The

““physiological efficiency® of an. enzyme has been defined by Fullbrook

- Table 3-16 that the physiological efficiency ge:

€1983) and Mihalyl (1978) as the nlllo of IIJ substrate lumnv.r,mlmh.r

/ma? 10 Its substrate blndlng affinity (Km') - l.e. Vg, /Km'. " This means

that for. a group of enzymes eap.m. of catalyzing the transformation of &

tor group of {0 product(s). the enzyme
with the “highest leKm‘ ratio would be the most efficient to use to

transform the subﬂlll' 1 prodllc!s. Based on this. the V. /Km ratios for

the transformation of TAME and BAPA by the trypsins were  compared and

the results obtained are summarized In Table 3-16. It is apparent from

ally Increased with
temperaiure. except the GCT catalyzed hydrolysis of TAME at 35°C which

was lower than the value obtained for the hydrolysis of the same-supstrate

"by the same enzyme at 25°C. . It is also apparent from Table 3-16 that

when TAME was used as substrate, GCT was just slightly more “efficlent” ~

than BT at 5°C. ‘while BT appeared to be more ‘efficient than acT ‘at

'I?'f(‘,r 25 °Cc -nd 35 c. This is in splm of the fact that GCT had high'r

Vinex Values lh-n BT at all (he temperatures Investigated. However, when

BAPA was \l&od as substrate, GCT was more ‘efficient® than BT In

hydrolyzing the substrate, based on the V, ./Km' ratios. It would seem
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from the observations with TAME and BAPA that the pnyslomglul etiiciency
of the enzyme depends on he type of substrate. -

Table 3-16: nary of trypsin
" hydrulysll of TAME and BAPA

Enzyme Substrate Assay temp. K’ Vinax \y Viman/ K
2 e M o) S bk ¢
act TAME © 35 0.26 22,89  '8Bl04
) 25 0.15 14.70 98.00
s 0.12 889 - 7408
WEA TR B 0.4 521 s7:21
; . Lo ) i
BT -\ TAME 35 * 0.04 17.82 445,50
) o 25 . 005 © 913 - 182.60
' 18 0.04 -3.87 96.70
5 0.05 1.76 .85.20
eeT e BAPA“ 35 .84  0.3¢ - 0.8
. s e 0.2 0.12
8T . BAPA 5. 0.90 0.05 0.06
’ 25 1.02 0.08 0.08

Even though GCT Hhad “higher Km’ and Ve values than BT for the
/ hydrolysis of TAME (an ester) and BAPA " (an " amide). there is an
important difference between thie two enzymes. In that while the Km’ values
of GCT appeared to Increase with femperature. that of BT did not appear
to vary with temperature within the' lemperature range investigated. In

ndrmium the Km’ values for the - hydralysls of BAPA by GCT was aiout 1.6
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10 2 times m'pn-r than the values for the hydrolysis of the same ‘substrate
by BT. “while the Km’ vaiues for'the hydmlysls‘ of TAME by GCT were 2.8
10 6.5 times higher than the values for the reactions_ catalyzed by BT. The
relatively higher Km* values for ‘the hydrolysis of TAME cor}.pamd 10 BAPA

by GCT therefore lowers the efficlency of GCT 0. hydrolyze TAME compared

10 BT. ; : .

Liv and Efliot (1971)  compared ‘the ‘hydrolysis of ester and e
substrates by ‘proteciylic enzymes and based -on their - findings. classified
proteolylic. enzymes info two categories = (I those. that hydrolyze ester
Subatates: AL W fate ot leakt V0° Wmes TSP Cien. ey 00 EwEraE W

corresponding amide substrate. and (I those that hydrolyze ester and

amide at rates. g to Lii and Efliot (1971,
most of the serine’ proteases. like trypsin. belong to the first ‘category of

+ enzymes. =y

The' Vmax/Km® (ester) : Vmax/Km' (amide) ratio for BT, based on
the data in Table $-16. are’7.34 x 10° and 6.95 x 10° at 35°C and 25°C .
respectively. The Vmax/Km' (ester) : Vmax/Km' (amide> ratlo’ for GCT are
0.48 x 10> and_0.79 x 10° a1 35°C and 25°C respectively. These ratios.
though different, - Indicate that boih. GCT .and BT hydrolyze - the ester

substrate faster than the amide substrate. *

The difference In the present study  is that TAME is ‘nol the'™
corresponding ester substrate for' the amide BAPA. Furthermore. Liu and
" Eot (1971) 0l not speclly whettier thelr Investigation Included . enzyms
from Gold adapted .species whose Km' values are positively modulated by’
temperature. I their study covered only_enzymes. from ‘warm température
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sdapted species whose binding affinities are rigidly conserved and do fiot - °
vary appreciably within & narrow range of' l-mpnn;;l‘: (as used in the
present stdy) . then their generalization that ‘protesses_hydroiyze. teir ester - .
substrates ether 10° Umes fasier than their amide subistrate .o o aimost
the same extont may not be expecied 1o hold for enzymes that are adapted

1o the cold (especially whore thsir substrate binding affinitios vary with
tomperature). © However. It Is clear from Table 3-16-thet GCT s simiar 1o

BT in so far as both appear ‘to hydrolyze the ester substrate faster than -
e aide subsirate. )

' The significance. of the - differences .In' the 'Vmax/Km' (ester) :

Vmax/Km* (amide) ratios in practical terms can not be rationalized as the C ¥
substrates used are amides or esters‘of the a-carboxyl groups of amino
acids - substrates that do not occur in proteins. the natural substrates of
trypsin. . o o K g
3.10 CD spectra of trypsins :

The CD spectra of the GCT and BT were determined as described
under 2.8.11 and ' the resulis obtained are summarized in Table 3-17.

The a=helix content was calculated from the following relationships :

5 chart reading (cm) x - scale (cm) x MAW x 10 .
e 3 5 =

cell length (cm) 'x conc. of protein (gm/100 mL)
2 Ml = 10 i W g

Wa-helix | =

B O IR N

whero. 6], = molecular ellipticlty ¢ (8}, = elipticity of the random
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. | . O ¥
E'ugr“nauu %a-helix in trypsin at various temperatures
3 |

Table 8-1 7;

. Enzyme i Temp.  (°C) bl %a-hellx
acT e | - 7.8
- 3 | - 7.5
. F g 7.6 Y
: |G 7.8 ;
7 ‘BT . 4 n.s
K 2 | .6
. . n.s
I 12.0

coll at- that wavelength : | and [8) a_pey = the. Gilipticity of the pure 100%

helix at the same wavelength.
St ®
S 5 "
' | o
. It was assumed mn{mo two trypsins had negligible or no S-pleal
* sheets.

od;

8.10.1 General discussion ': CD"spectra of trypsing

It is apparent from Table 8-17 that the two trypsins are” both random
coils - i.e..they both -have unordered structires. Based on the relatively
lower a-helix content of the of the GCT. it can be said that GCT Is.less

ordered than BT. It can also be Infefred from Table ‘$-17 that -im.mm
;- “temperature. range Investigated: neither GCT nor BT underwent any major

conformational change that could be detected by the techniqus.  Various

workers seem 1o agree that it Is rather  difficult to obtain absoluls

“Information ‘from GD- specira studies. * However, the technique Is acceptod:
- .

. ‘as & valuable tool when used In comparative studies.

] E
/ .
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I -y The information in Table '3-17° supports the' concept thal low
temperature adapted enzymu'h-v- more flexible struciures." Thiz- Statement

is. further ‘strengthened by the observation that GCT has fewer_disulfide

linkages and a relatively lower average 25 will be

i * .in the next section. N : . 2

s . V

However.' caution ‘musi be' exercised In “interpreting ‘the results from

- the CD 'spectra study for the following reasons : (). the study was. carried

out once and .with one sample only.. and (i) the medium In which the

2 trypsins were prepared was acldic. From the pH stabillty study (under . e

3.6). BT would be expected, to be more stable than GCT under the acidic

condition- of the " expi s ot . that the less
ordered state of GCT was. t0 - some -x\-m due to acid dennmrallon

However,, _since .the lnswh!my of GCT in !n aclaiu 'nvlrunmanl Is

"_dependent on ‘temperature. it wuuly.he expected that differences in helical

content as ‘a function of temperature would have been observed.

3.11 Amino lclq compasition. of GCT - Residues /. Molecule, (based on

4, M. wt. of 23,500 daltons)*

The amino acid composition of the GCT was defermined after

hydrolyses. at 26 h. 48 hand 72 h't5 comect for losses. as doscribéd  —

under wcﬂnn 2.8.10, The n!!lllls obtained are s_vmmavlzad ln Table 3-15

e



Table 3-18: * Amino ‘acid composition Gf Greenland cod trypsin

Amino acid 24h 48 h 72h calculated Infegral - Residues(®

‘ W value vaive  x mol. wt.
AankeS  “ie.re 15.05 a5.48 3607 16 Cazs.ds
Arginine 443, 504 58 w02’ ¥ - 871.00
'+ Aspartic acid - ' 24.01 21.97 22,58 - - 22.85 . , 23 i '90&1:90 )
.. .Cysteine 803 - LY .8 968,20
Giutamic acld 19.85 16.26 1837  18.67 . 19 - 2795.47
Gycine 7 20.75 26.53 26.34 2754 2 " 2ongs.
' Hisiidine 782 1277 r.ar  rs2, 7 1086. 40 Ko
lsoloucing 615" 861 8:86 - 7.87 -8 1049.36 :
Leuéine - 15.30 14.08 1424 13,89 N 183,98 -
sing | s7a U505 604 501 e 877.14 ",
Woiosing: 305 - Tul g 3 . 4768
Phepylalanine  3.87 .48 3141° ©3.59:°, . 4 660.76
~Proline 10.77- 8.30 .45 _' 9.84- 10 1151.80 :
' Serine " 25.90 18.76 17.26 . 8).70° s2 9362.88" ,
Threonine ' 9.62 9.63 - 9.45  9.57 10 191,20 7
* Tryptophan 158 - = ned 2 408.48 X
Tyrosine . - '7.45. 6.59 6.20 6.78 70 esiss
Valine 10.79 18.29 19.03  16.04 16 1874.40
< Total 4 . 218 26,438.63°-

* = 'determined as”cystelc acid atter performic acid oxidation.

' v

® = determined as maghionine sulfone_atter: pertormic acld oxidation,

v \ %
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© = extrapolated_to zero time after hydrolysis.

=d after 24 h with SN sulfonic

acid.

® = Not ‘corrected of water molecules - arising ' from peptide . bond

formation. . So lhs actual, moleculnr \nlght is 26.438.63 - ((n-'l) x 181

er- ne n\lmbsr of rusldun.

Therefore the .actual molecular weight from 218 amino’ acid residues
Is equal to 26,439 - [217 x 18] = 22,533 daltons.

'

Table $-19: compares ‘certain amino’ acid residues of GCT, with that of

BT and trypsins from other sources. I Is. apparent-from Table $-19. that ~

both the ‘GCT and BT. are rich in serine.” glycine and the potential acidic
. amino acid residues. - : “

The minimym molecular ‘weight, based on ‘the number of amino ‘acid,

residues agrees quite well with values obtained by SDS polyacrylamide- gel

elegtrophoresis. viz.:" () molecular weight of GCT by ‘SDS- '~ PAGE

(gfaphlcu! dalefmlnnﬂon) = 22.5 kdal.; (i) molecylar weight of GCT by .

08 - PAGE (DU-8 gel ‘scan program for molecular’ welght dewrmlnnnon =
23.56 kdal.d: G molocular Wwelght of GCT by ‘amino acid - cnmpptlﬁon

data = 22 53 kdal.

,Based on " values “oblalned by the 3 approaches listed above. the

average molecular weight of GCT is computed as 22.86 + 0.60 kdal.
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Table 3-19:  Comparison of certain® anfino acid residues from vafious
* sources S z

S o

o * Amino acid(s) ® GCT BT - Sh;'lmp‘ “Porgine Humin Craylish
L Total potential acldic 42 ‘36 54 " 8 a2 \\ 51
- g . amino acid residues o ' By W
. Lysine + Arginine T e ) u:" 7
Total aromatic residves’ 13 17° W@ - 18 4 2.t
Sering + Threonine S a2 43 .84 8 - se. s :
Isoleucine + Loucing + (38 46 42 .47 o 4

valine A

2t is-apparent from Table 8-19 that GCT s rich in potential acidic amino
“acid fesidues like trypsin from otfier sources like shrimp, human. crayfish. -
porcine and bovine. Table' 3-19 also reveals, that GCT has fewsr basic

amino” acid residues ‘compared o the ‘mammallan irypsins from” bovine,

porcine and human sources. Furthermore, Table 318 ‘shiows that GCT has

fower aromatic amino &cid residues and fewer: hydrophobic: amino  acid
5 ]

residues (represented by Isoleucine. ieucine and valine)- than trypsins from

. the“other sources referred 1o in the ‘table.,




Table 3-20: Amino acid compositions of ‘trypsins from various sources

* ' Species Bovinb - Porcine Human.  Ovine Shrimp  GCT
™ e 13 woo. 10y
: 2 .4 6 4 s ’ s
22 wE 21 .20 0 80 28
2 e A
REZ R TR uoo2e e
%5 2 "“‘\zn 10 28, 28
x“ (.l‘ s s 5 B *
RTINS P 0. Su e :
ETRI e B T IR VIR T ",
i .20 12 5 6
= 2 2 2 s
c e X 5 6 4
8 « 0 E 9 7 0 ¢
© st s .24 26 24 sz "
i u e w0 0
' R R ) - 3 LRt
o0 T e, 7 6 .. 10 7
O P 1 wooGe 1
223 . ‘218 201 ' 205 - 287 218
1.085 . 1.081 ° 0.988 . 0.980 /0.908 0.863

41985

(1968)

Hifted. from Walgly and Neurath (1964) 1iftéd from Travis and’ Llener:

* lifteg from’ Gates and Travis (1969).

lifled fram -Travis and Roberis (1969) : ? lifteg from Travis:

e a1



; 8.11:1 General discussion — Amino acid compostion of trypsins

Greenland cod trypsin’ is similar to other Irypsins in being rich In
potential acidic amino acid residues, as well as glycine and serine -(Table
3-20). GCT seems to be more llke human. shrimp and porcine trypsins
based on the simllarities In the numbers of ceriain amino acid residues

like alanine. glycine. threonine. cysteine. phenylalanine. tyrosins

and

vaiine. For examplo, llke human and shrimp. trypsins. GCT has only 8" -

cysteine residues uniike BT. ovine and porcine trypsing. which *have 12

“cysteine residues. It means that unfike BT which has 6 disiifide- linka;

GCT can have a maximum of ‘4 .disulfide linkages. an observation' which

suggests probable in the  three ; structure ‘of GCT
compared to BT. it can aiso be implied from -the -obsérvation that GCT has’
relatively fower Cysteine residues that If. ail other things were equal. then
the greater number of disulfide ‘linkages would make BT more stable or
miore rigid than GCT. Komatsu and Fesney (1970) observed that aidolases
from antarctic fish (which are  relatively more g-n; tablle) - had  lower
amounts of cysteine and a higher content of methionine. vaflne and
phenylalanine than aldolase from rabblt - (which Is relatively more heat

" stable). This'is similar to the results observed for GCT and BT.

. The relatively iower average hydrophobicity for GCT than ‘BT based on .

the amino acid composition data - Table 83-20, suggesis that the
. © Vs

B of protein m, by h yeractions Is less in GCT
“than' BT. Bigelow (1967) observed that protelns from thermophilic
organisms have distinctly higher hydrophobicities, based ‘on their amino
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acid than _their me: 1s. Hazel and Prosser

'(1874) observed that protnlns frDm thermophiles generally contained hlphar

amouits : of hydrophoblc_‘aming ' acids .than thelr counterparts “trom’

mesophiles.

it must be polnl.d out hnwav.r (hal amino ucld composmnn alone *

does not reveal which amino acids react \'Kh one anothar in the - native
enzyme. molecule  and -supplles no doﬂnlw In'ormallon abnul the fotal
'numhor of socandmy interactions In (ha nlﬂvt enzymes.

anloﬂga of '.m primary soquem:o and mrn ulm'nslann) wucmrn of
GCT Is. needed’ in. order 1o delevmlr\o whether the dlﬂer.nl:es in ‘hn amino

acid composluon have any adapiive value. Aliso. the eﬂecu al agenu

‘which disrupt_hydropl In protein onk theacilvity

of the enzyme may provide nufu] regarding the.

significance of the H®,. for trypsins. . : %,

3.12 Peptide Mapping

Poptide ‘maps_of the two trypsins were Investigated &s described under."

°2.8.10.1 and .2.8.10.2. The results aro:presented in Figs. 3-13° and
3-14; Tne results of the* papain prolaolysls of the trypsins can not be
easily intorpreted because of ‘the streaking of ‘the bands: Fig. 3-13,
Controls were run later to determine whether the trypsins were completely

digested or not. and If they were: not. which “bands .on the gels

corresponded to undlguled trypsins. . Very low . mnlscu]ur walgm markers
were not .v.nma for the " determination of the relative sizes - of tha

peptides.
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It is apparent from Fig. S—14 also that :when CNBr was used to *

Cleave the trypsins. there were up to 4 major bands formed from either -

GCT or BT: Based on the number of methionine residues In the trypsins.
+ poptides’ were sxpecisd from GCT and' 3 from BT as a msun‘of'créar
}:iuv-ge, The additional peptide found on the BT gels' probably was
incompletely digestod BT, since its Ry-value of 0.31 was quite Close 10 that
of the ‘co!uroI BT. which was about0.28, - i .

On the basis of the primary structure of bovine trypsinogen [Kiel

(197171, the 3 poptides from CNBF clsavage of ‘BT shouid have 86, 74 and

63 residues ng. 10 weights of 9.24 kdal,

7.56 kdal and 6.52 kdal respeciively. With this In mind. bnds k..{ and
mon G or D (in'the figure) may comsspond to the 3 pepides that would:
b6 prodictid - from -the siruckws .of biine Iypsincgen. ielered 1o eartier
on. 511: the molecuiar -weight of GCT esimated by polyacryiamide “gel
slectrophoresis was identical 1o that.‘of BT. some of the GCT bands (at
u_.so.' may be expecied 1o heve fower Ry values than those of BT bands
(k. I. and m). The finding that the' Ry values of L. g. and | (from GCT)
are similarto those of k. 1. ‘and m (from BT). probably means that thers

are segments of GCT that are homologous to segments in BT.

A possible .XP‘IHII_‘D" for> band ‘h* on A or B s (hl! 2 of ‘the
m}.pnonxno residues are probably close to sach other In tho native ag
iiolecula.: anid: somehiw some of e mulsoulas Wera ot sompletely
cleaved by the ONBr treatment. In othér words, band 'h’ Is'probably the ‘I
peptide plus an edra piece that was not cleaved ~ so that this particular

bind would have 2 methionine residues. : - -
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Figure 8-13: Papain proteolysis of trypsins
The results are representative of two runs. Gels A and B have peptides

from BT while gels C and D have peptides from GCT.
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Figure 3-14: CNBr cleavage of trypsins
Bands on gel A are from GCT: bands on gel C are from BT: B and D are
a diagrammatic representation of bands on gels A and C (for clarity): and

E is BT run as control.
Estimated R, values of bands on A or B : = 0.49; g = 0.56; h =
0.62: | = 0.67. Estimated R, values for bands on C or D : j = 0.3): k =

0.49: | = 0.56: m = 0.68.

The results presented in Fig. 3-14 is representative of 2 runs.



. The. bovine wrypsin vsed for - the pIpﬂdo map. siudy wes aiso purlfied 1o
Homagenelty by paulng it through the SBTI-Sepharose 4B affiny column.

“This was 10 énsure that all the pepiides formed were derived from BT and
_ not some other ‘present in the

As mmeau& l'n"FlQ 3-3. BT .purfied by affinty chromatography migratod:

as =2 single und on palyulylamle. g.ll using the method of Laemmil

'nwu).




,a.uz.f-e--g Discussion : Peptide Mapping

acid sequence like BT.
: .

. presented In Table 8-21.

s e

The rather broad specificly of papsin - [capable of cieaving p{u«_

bonds invoving the carboxyl groups of arginine, lysine, -gluamate,
Glumine. ‘histidioe. . leucine. ghoine, nd tyrosine - socording 1o Kmemel

and Smith (1957 and Smith and Klmmtl 119603 - Indicates that papain

Should ciéave the, trypsins. into. seversl very smail poptides.  However.
because the hydrolysis pmmds at diffefent mn. dnpanmng on m. type
of the amino acid involved In ‘e pepide iinkage, as well as he pH. It ‘Is
not possitle to’ accurately predict the rumber. of pepiides that should arise

from using the enyme (papain) to cleave -even a poplide of known amino

However. It Is Clear from Figs. 3-13 and 3-14 that more peptides

-&-»uoﬁm from the two .irypsins by papain cleavage than by CNBr

cleavage. The observation that the peptides: from the two’trypsins are °
xs ;

difierent suggests that the GCT and BT are not entirely homologous.

3.13 The Influence of various inhibitors on trypsins

The influence of the. inhibitars - trasylol. SBTl and PMSF on the
activies of the typsins was Investigsied as described under ~seclions

2.8.12.1, 42,9. 72.2 and 2.8.12.3.

A summary of the Influence of the < Inhibitors - on : the trypsins “is
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Table' 3-21: ©  Summary of the Influence of inhibitdrs on -dctivities of .
FERE rypsins :
inhibitor g Goncentration % Residual Activly |
i % : . - -+ 6cT ar
‘/Trasy(ol e ae .. .00 10000 "
: i 0.081 TTW/ML 81.80 ; 78.00
0.083 (TI/mLY " ° 58.86 - S9.27,
. S 0,125 CTWML Coamer m.s; .
" 0. 258 crUrmL> - see 5.23 )
seT : . L= % 100,00 100.00
) ;6,25 mM E . -.80.10 7s._u'
N e o ')v’igs.oimu'; T ez 61.19
- 2500 WM - 22.70 26,48 :
i ¥ 50.00 mM - « 0.00 0.00 L
5% 2-propanol - 98.00

PMSF in 5% 2~-propanol 2.5 mM- 82.00

Legend to Table 3-21 : .

/ .
(D _Values are averages of 2 delermlnnlona:
" N ” - s e ¥ Y
(D). With trasylol and SBTI. DL-BAPA was used as substrates.. as.

described under_ section 2.3.5: 1. for, estmating typsin activity.

(> For PMSF, TAME was used. as subsirate. as described under

section 2.8.5.2, for estimating the trypsin activity.




enzyme, produced an-original acthlly of 0.0168 g i o 28°C.

orlglnil lcllvlly. equal Wlumll of the two .nzymn ‘were llm:nhnted

. separuloly wih SmM HCL in &

: . =~y : :
.Change In absorbance.’ By nume:.0F 0,.0567 on TAME™ at 25°C by .thé

o . n

. (Iv> The' same GCT or BT stock-solutions were used-.for the lludles

‘wim trasylol and SBTI. Tno concentration of. the slock BT w-s\ o7 ng/wL”

‘and that of the GCT - was 74 ig/ml. For the original activity.) equal_
volumes of the enzyme -stock soluions were Incubated separately with|\SmM

HCI- followed by incubation in an ice bath for 30 min before addition fo the

substrate. For BT, 0.20 mL of the diuted enzyyme produced an: original '~ -

activly of 0.0171. AA,,,, v 21 25°C. For -GCT, 0,20 ml of the diluted.

) For. the PMSF [nﬁlb]ilon; the sStock onzymes had, the following

cannpnm(lunl: GGT‘— 27 2 ug[m

nd BT = 30 BO gimL.. For lbs v

h:l balh for 30.min. bslore their addition * to

the  substraies: . With the. CT.  6.10".mL of the diluted enzyme produced a

procedure described under secion 2.3.5.2. For the BT. 0.10 mL'of the 5 .
diluted’ enzyme profuced & change in absorbance. Al ‘nmma Of 0.0538

on TAME at 25°C using the procedire described under 2.3. 5.2:

it s apparent. ffom Tablo 3-21"hat the ostorsse -and. :amisase_ sctvities
were Inhlbﬂed to ulmosl the same amnl for |h. Mo lrypslns Tha dlu in

‘rah!o 3-21" were based ‘on. “the unlls of _ activity.” ' the enzyma ‘stock

solulons. which were adjusted. 1o be appmlmllaly similar.
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Pheny! methyl ‘sulfonyl fluoride (PMSF) has been described by various

workers as a uﬂ\ proease inhibitor. Fahrmey and Gold (1968)

demonstrated/ Inhibiiion \of certain serine proteases Inciuding trypsin by
PMSF. Jany (1976). demunstrated that trypsin from a stomachless bonefish
5 i i

was _inhibited by PMSF whill H]alml-ﬁﬂ and Raa (1972) similarly observed

Inhiblion of .capelin trypsins \by PMSF. The Inhibltion of GCT .by PMSF

* suggests therefore that It Is a sarine protease like BT.

Slow ot al. (1974) described SBT) as proteins. which bind strongly to
trypsin. _blocking its active site_in_the process. based on the crystal
" strucre analyses of a compiex of S8BT .naWclm trypsin. Stambough

and Buckl-y (1972). Gates lrld Yav@ (1969). c-mucno et al. (19700,

Travis and Roberts (1969). Hislmohnﬂ and Raa (1972) ‘and Bundy and
Gustaison (1873) have all described inhibition of trypsins by SBTI.

Trns;ld {;pmlnln) is also referred lo as basic pancreatic typsin
inhiblor. - according 10 Barion and Yin :(ma) Workers like Hjsimeland and
Raa (1982) have demSnstrated inbibaon of trypsin by trasylol. Steven and
Giiffin*(1981) demonsirated Inhibltion of irypsin by trasylol. The inhibltion
of GCT and BY by SBTI and trasylol suggests that the two trypsins have®a

similar mechanism of substrate bonding by their active centers.
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3.14 The Influence of thiol reagents on trypsins y; B
\ A -

The effect of 2 -_mercaptoethanol. (ME) on_the activities of the
trypsins was investigated .as deseribed under section 2.3.13.1. The resulls
‘obtalned are presented in Fig. 3=15 from which. it Is. appafent that ME
inactivated GCT' more  than It did BT. GCT: was Inhibited. by 50% iat 0. 15M

| ME wheroas approximately 1M ME was réquired 16 'intibit BT by’ the same

amount. This deduction Is based on_equivalent units of enzymes. . Howaver,

it would seem that even when equivalent . amounts % ‘the tr'ypslné." i,
A ; g £

woight, were trealed with the seme 'cocentration’ of ME.  the act gotiviy’

would stiil be inhibited- to-a grealer uxleﬂ( than BT, A slmllnr oburvallon

was made when dllnlnarylhrllnj (DTE) was. applied “to thé trypsins, Fig.

8-16. With-the. DTE. relaiively - lowsr-concentraions o required to-Inhilbit-
the trypsins than the ME which Auggnau thai, the. DTE Is; a more potent

reducing . agent than ‘e ME. _The ecr was' inhibited by 50% by

approximately 0. 06M DTE wheress approximately. 0. 14M DTE was required
to lnhlblt 8T by the same nmaunl lﬂ the case \nl the !phlb!klon by. BTE
also. even Iholgah the actual pro!am content' in -the GCT was lesser than
that of the BT. it still would -appear ~\'rm even ‘Wwhen Qqulvalanx-amounts of "

the trypsins. weight, are treated ‘with the same concentration of the

DTE. the, daprnsslon of .activity would still b6’ gualor with the GCT than’ the

BT. , - p e .
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Figure 3-15:  The influonce of ME on the actvly of typsins -
Legend to Fig. 31871 (I stock GCT = ' 0.058 mg/mL;- stock BT =.0.077
mg/mL. ;. () To deterriihe. the original acivly. _equal volumes'of ‘the
enzyme stock soluion and SmM  HCI wers incubated in an ice bath for 30
min. béfors 0.20'mL of It was appled to BAPA a3 described under
2ls.5.1. b To estimate the * residual ,trypa!n activity: equal volumes of
the stock enzyime solution and the ME solution were Incubafed in an ice
bath for 30 min. before 0.20 mlL of it was.applied to BAPA. The m.y
was carried .out at 25°C. The data used 1 'comstruct Fig. 3-15 ‘are

lvor_lﬂ;s of wo dolorminlﬂans. Original uclivlty of GCT on BAPA = 0 0134

2A#10 wmizemia 20 that of 6T was 0.0135 uxm SO '
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Flgun 8-16: The lnﬂuanct of DTE on. the lcﬁvuy af m-lnl

'ngoﬂd o Flg. Kol REN ] ltuGE‘GGT - 9; 056 mglmL' stock B

“mg/mL : (b To estimate the” origina) actvity.” squal volumies of

- trypsin solution and 5mM HGI were Incubated. In an ice’bath for 30.min; .

i " before=0.10 mL of it was applied to TAME at 25°C. - The ‘ariginal aclivities
of the trypsins on TAME were as foliows i GCT'= 0.075 AAL nmymy @0d.

(BT 0.073 My poymn- TO OStimate the residual irygin aclvity. equal

‘volurmos . of the siock trypsin - Solution and freshly  prepared’ oTE, weré‘

incubated in an lclv bath Vor 30 min be'are 0.10° r|'|L pnrﬂoﬂi o' It was

applied 1o tie” substrate at 25 G. The ma used 10, piot Flg, “s-ib are_

averages of wo determinations. . L Py




3014.1 Generat:Discussion : The influence of thiol reagents on activity of
* % . a a . 4

s 5 ey '-rypslns £ .

. The observed Inilbition ‘of the trypsins by the thiol reagents ME and

5 DTE suggests that preservation of integrity of disulfide linkages In the native

. enzymes is vital ‘for the umyue activity of m- enzymes.

5 o

.thay mero are either fower gisulfige linkages. In ‘GCT whose | intergrity. need

10 be pvourvad for s norma) catalytic potential 1o be reafized ‘than BT.' or

3% that the essential disuifide. linkages maintaining the Integrity of the active

. Workers " liké - Steven and Al~Hablb (1870). Steven and Podrasky

(1978) have- simllacly observed: inhibition of trypsins by thiol reagents. For

.. example. Steven' and Al-Hablb (1978) demonstrated that dithiothreitol

.’ (DTD was' capable of inhibling trypsin- and also that the esent of

B g, with’ g t of D¥T.

Steven and Podrasky (1978) also observed? inhiblilon of ‘trypsin by

ot thiol reagents like . DTT, "2-mercaptosthancl (ME) and cysteindl They
& . . . i A
_ observed that for the’ same .amount of trypsin, inhibition by oft was

/ greatest followed by ME and cysteine in - that order. ' They llau( obsorved

that - inhibition ‘with $ y o - me m|u| reagent
and that the amount of . DTT required to completely. iractivate the enzyme
was' less -than. 50% of that ‘requlred when ME .was -ised. and. .bnul 25

times, l-ss than, the amount required whon cystelne was employed for m-

A 3 : 5
i 'rm grgater rapuumn of' GCT" activity. by the thiol’ réagents augg.nl

center of GCT-are probably mbre; accessible to reduction by the thiol than’
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same purpose.  Sondack and Light (1871) also observed inhibition of
trypsin by sodium borohydride -or dithicerythritol (DTE). They further
demonstrated that inhibition by DTE was time and concentration dependent.

3.15 Suj of fish with trypsins =

The fermentation of the’ herrings and squid was carried out .as’
described under 2.3.18.
3.15.1 Herring fermentation i B

In the case of the herring. the moisture and fat contents of the fresh

muscle were determined as described under 2.8.13.2. ?. results
obtained for the moisture and fat determinations were 71.85% Javerage of

8 determinations) and 10.56% (average of 4 determinations) respectively.
8.15.1.1 pH changes during fermentation

The pH changes during the fermentation of the herring is presented
v
in Table 8-22. i k

Table 3-22:  pH changes In Herring brines

Fish ' 5 g pH &t day

] i 1 2 6 2 8 24 50
Round fish  * 47 46 50 52 56 58 657
Evisceratled control 4.9 4.9° 5.1 5.4 5.5 5.8 5.8
Eviscerated, fish + 4.7 49 53 55 57 S
crude . )

. s -
Eviscerated fish + GCT 4.8 4.9 51 5.4 '.5._6 5.7 5.8

Eviscerated fish+ BT 4.8 5.0, 55° 55 57. 55 5.9
. - v
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R 5, 5 e
ogend to' Table 8-22 : () stock BT used to suppiement herring
fermentation was 3.41 mg/mL and stock GCT used 1o supplement herring -

formentation was: 2.49 mg/mL. Stock-enzyme solutions adjusted™

', HCI till-they had similar activity on BAPA at 25°C.

-Ci) -Activities of diluted enzyme solutions on BAPA : = 0.05 mL.of
diluted ‘BT hydroiyzed BAPA at & rate 8Aqg pmsiia O 00117 while 0.05 mL
¢ of diluted ecv'hyarquna BAPA at a rﬁ-‘ BAago qmimin, ©f 0-0114; The

stock ‘enzyme solutions were diluted 25 trhes _before nwy were upplled

up.mely to BAPA

l
| 4 .
kS [} Volumes "of stock’ enzyme Iolullnnl appllcd 1o fish : 10 mL of BT
and 10.23 -mL of GCT. 7w | s

(¥¥.stock crude GCT. used 1o supplemant herring. fermentation(Wgs

8.09 mg/mL 0.70 mL of a Iﬂ fold" dllu\ud lo)ullnn hydrolyzsdeAPA af

Fal0 BAgg o O 0:0125 at 25°C. Tho volume of crude BOT stock

schmon npplled to h.rrlnp brine was 1a 7 m;’ |

. L

-TM Bvl&:orlbﬂ ﬂﬂ! usod as l:on(rul\vu

not supplemented with

T n'ypsln L .
M o : oy

The crude, GET was from the ammoniim sultate fractionT——— '~

] B Ps
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Legend to Fig 3-17 3 () amonts of enzymes used to supplement

fermentation were as described under Table 3-23 : (i) values used 1o M
ngun were averages of 2 au'-‘mmn_ons":’\um assumption made = a
- change In- absorbance of 1 O.D. unit at 280 nm was assumed 1o be. equal
10 1 mg/mL protein. .-

S

S
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* 8.75.2 Total estimated soluble protein In harring fermentation brines

~_

..~ . Tne total estimated soluble protein in the herring’ fermentation brines

*'Is summarized In' Fig. -8-17.

it is_apparent -from ‘Fig: 3-17 that the -rate ‘of increase of 280 nm
absorbing material in the brines‘was higher in the .nﬂm- supplemented

fish systems .and the round controls than the gltted control. W Is also

apparent that ‘trypsin. su at the v employed in this
experiment, did. not .com for over long term
férmentation. *

During the first. 6 days. 't especially GCT largely: compensates for

evisceration. more than ‘BT does. It also appears. that during “the Initial

stagé¥ of the fermentation (about 6 days) GCT was more effective. than BT

in_solubilizing protein . from- the fish flesh Into e~ brine than' BT as

- expected from the lower Q,q values found for GCT. Based on the molecular

attiyities of the. two enzymes -observed with TAME as substrate. Tables'
/s—\’t and 8-12.°. GOT would be espected o hydrolyze the proteins of
herring 2 10 3 times more efficiently .than BT. From Fig. 3-17 however.
acT 'appe;qs 1o effect proteolysis approximately 7 times greater thar BT, at
least for the firsi 6 days of fermentation.  However. the herring Is -
complex substrate than TAME (an ester). and ‘the qcnon‘ of the trypsins (;n
i, 0 BHTeT et SUEAPALER: IGHL ! B eRpReINY 15 e aeeety. WHETEEmG,
As. fermentation proéres?ed. the .clpuclly of GCT, 10 effect proteolysls,
appeared 1o diminish. when compl‘ud to BT and lhl\:s‘loss of, .cﬁvlly- was

. probably due o the slightly acld pH of the brines and| possibly to naturally
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présent and / or- end product inhibitors In the brines as discussed under
8.15.5.7. .o

3.15:3 TCA soluble protein in herring fermentation brines

‘The' 5% TCA soluble. protein’iin the fermentation brines were also

detormined s’ described under 2.3.14.3 and a summary of the results Is
pr.unuu in Fig. a—w L ¥ il B

It i5 ‘apparent from Figs,” 8-17 ‘and 3-18 that the products of trypsin

hydrolysis are largely TCA soluble.

A summary -of the relative amounts of ‘otal estimated soluble a5 .well

as ‘5% TCA wlu'bln’ protéin ‘In . e various brines’ (corrected- for cogmo;
vahies) aftor 40, diys of fermentation i§ presented In Fig. 3-19 from which .
It 15 -apparent thai more soluble. peptides’.and aming’ acids were produced

by. the round fish than the trypsin supplemented fish systems.

In round -herfing., the trypsins facilitated the . formation’ of large.’

mwocgar weight 'polypeptides: in the- early days of the fermentation ‘1o u'mn"

as substrate for other enzymes In the' git and thé’ flesh’ like chymouypulns.

carboxypeptidases “ang cathepsins;
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* day 6. the amount of 1:3‘- amino acids formed In the brines were. not very

= 181

8.95.4 Free amino acids in fermentation brines

The total free amino acids.in the brines were

as described under 2.3.14.1 and the results are summarized in-Fig. 3-20
from which it s ‘apparent that the round fish fermentation system and the

-nzym- supplemented systems facilltated the formation -of free amino acids

in the brines than the.ungutted control. Fig. $-20 Wi indiceses. ‘et ot -

different from that of 9u|u'a conirol, _except the system supplementod

with pure acr bu\ at duy |e the; ‘relative. amounts of free aminc acids

qq,r,rcgped for' the: control values, were greatest for
the round fish and least for the GCT supplemented system (l.e. not

counting_ the . system  supplemented with crude GCT) - Fig. $-20. which

supports. the finding with the TCA soiqu protein In Fig. '8-20°

i it s .uum.d that ait the fish had almost t

4 or level of pm in the.flesh. the round fish ‘had lddmonll

proteases in the gut like chym ,; . pepsins. es etc.
which probably facilltated thé formation’ of free amino letJ 102 grester

'
extent than was. observed for the "other systems.  The_reiatively hlghcr tree

amino acid content observad with (BT ‘at day 18 compared to the GCT was

probably due to a diminution Tn GCT. activity-due to the -unfavorabie.acid pH

of he brine dnd possibly to the fact- that the @ore!u} BT was iess pure,

than: the GCT and probably had an _active. p

toase- contaminant - that

participated in the hydrolysis of the proleins and peptides to'amino acids. -
It 4
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38.15.5 Major taste active nmlno acids in brlm o

The major waste active ‘amino acids In the brines, as classified by
Leo ot al. (1982). are”summarized in Figs. 3-21 and 3-22 from which It

is appirent that more of the taste active amino_ acids were generated in
the round fish. and the enzyme supplemented brines thin ‘the gutted

control, and also that the tastd™active amino acids increased from day 6 to

day 18 in all cases except in the eviscerated control where the level of ..

alanine fell by about.90% In going from day 6 1o day 18.

In general. there was more- of the taste actiyp amino . acids at day 6

with the GCT supplemented system .than the BT supplemented system.
suggesting again that GCT facilitated. the hydrolysis of the fish in the early

‘days” of the Iarmenu.“lor to a greater exient than BT. waor, at day 18

the shustion had Virtually reversed with the BT suppnamamaa system "having
more of the iaste. active amino acids than'the GCT supplamenleﬂ system.
The .GCT and BT appeared to cleave more arginine plus lysine bonds than

oven the round controls (l.e. assuming ihat the polypeptides from ‘the

trypsin cleavages had arginine and lysine as terminal residues which were
then cleaved by sxopepu.lanses in the brines). suggesting that the overall
greater degree of hydrolysis observed with the round fish was due o the
presence other enzymes in the fish gut that wers lacking in the GCT and
BT systems. 3

s
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.16 Squid fermentation’
f . The trypsins were used: to supplement the fermentation Of squid. as

described under” 2.8.15 and the. changes in pH. soluble protein. free

" intervals.,
8.16.1 pH changes in brines . L E p

oy 5 . The pH changes in the formantation.: brines wore ioliowsd: 88

-dﬂcﬂbﬁﬂ under 2.8. V4.4 and Ihl results obtained

ot “szs. lmlh which it is apparent that the pH of the brines’ ~|nmam 'wm
about’ pH 4.8 1o between 5.7 and 6.0, and that. pH change was

independent of enzyme supplementation. similar to what was observed with

the herting ‘fermentation, Table $-22.

.- : Table 3-28: pH changes in squid fermentation brines

v -
‘; Sample 5 pH at Day
) - "iiweds 2 e 26 33 |
Squw (no_enzyme) -4.8-83 60 60 59 . 57 58
squwo acr . 50 54 59 59. 57 56 58
= “Squid + BT, . 49 58 59 60 _ 58 5.6 5.7

. Legend to Table 3-28 : (I} concentratiofs of stock enzyme solutions used

i I;1 fermentations = GCT = 1.25 mg/mL and BT = 1.67 mn/mL «an

B '25 C: 0.10 mL .p' diluf

10cK GCT “hydrolyzed BAPA af a rate BA 4o’
‘m/min _OT D 0285 and 0.10 mL of diluted :mek BT hydro'yud BAPA at a
“Fats -BAgso msmin ‘Of . 0.0281.  CIlY volunes of stock” enzyme  solutions
applled : GCT = 20 mL and er-zo smL

amino acld and trypsin activity in the brines were measured at. various time

o, Entyma's adjusted 1d have .ppm'n\m/.w. same activity- on BAPA 'at °
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8.16.2 Total soluble protein in ‘squid brines

rmined

The total estimated soluble, p’[oleln in the squidibrines was d
as' described ur;dor 2.3,14.2 and tHe resulls are summarized In Fig. 8-28
from which it is apparent :mu the enzyme. supplemented systems had more /
wolibie praieth 1 it brines than. the unsuppiemented system. and aiso

that .the amount of protein reisased Increased with time. It aiso appears

’ that GCT ‘facliitated the release of mlublo»’ protein into the brine. at -least

up to 5 days of the formentation, -after which.the relesse of the soluble
profgin slowsd down relative .o the system supplemenied with BT. similar *
to" what was cbserved for _ﬂ';e herring formentation. As can be seen from
Table' 3-24. the PH of the brines were slightly acidic - which ls not very -
‘suitablo; for GOT and the giminution in GCT. activity during the latter stages
of the v.}c_n-m-non might probably be due -to the’ acidic nature of the
brines and possibly also due to the presence of naturally present Inhibitors
and / or end product Infilbliors In the brines. It should be. mentioned. also
t;m there was a lot of gas production in the fermentation systems from day

26 onwards. of the of - « in’

the fermentation brines. This development was not noticed in elther the
herring fermentation or a previous fermentailon with squid. carried’ out In
this laboratory by Lee ol al. (1982). A possible explanation as to, why gas

formed in the squid fermentation is discussed under 8.15.5:1.

oy
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“Totsl estimated soluble protein In squid brines

Values used to plot- Fig. 3-23 are a'v-rng-a of two determinations,
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3.16. 3 TCA soluble protein TA squid brines . §usy "o B

The 5% TCA soluble prolein In the “squid brines was determined as
described under 2.3.14.3 and the results oblained are - summarized In’ Fig. -
3-24 from which It is ‘apparent that theré was more TCA soluble proteing, n

- the enzyme supplernented brines than the ynsupplemented .control at - all

stages of the - fermentation investigated. However when-the values obtained

_,‘j;;r tha 5% TCA soluble protein (Fig. 3-24) are .compared with those for
the total. soluble pml‘oln (Fig. 8-28) it-becomes apparent that thie products
of the tiypsin hydrolysls are fargely TGA insoluble which indioates that  the
tnpsins probably’ hydralyze the proteir In the fish to producs predominantly. .
large molecutar weight polypeptides rather than small peplides and amino

. acids.. ’ ’ "

3.16.4 Fres amino aclds in squid brines

The results obtained are summarized in Table 3:24. from which it Is
apparent that the enzyme supplemented systems liberated more free amino
. aclds Into the brines than the control. 4

= o ga .
LB Table 3—24:  Free amino acids in squidbrines - '(umoles/mb)

Ssmple wo B * Ehposure ime ( Days )

i g FRRELEE PY W% s N
Controf 65.4 .B4.4 . 64.5 - 1364 141
Squid + GOT U947 109.8.164.9 1845 1.5 1808

Squid + BT 81.9 -103.2 84.08 1814 165.7 1758 . i
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3.16:5 Major tasis active amino acids In squid brings

The major taste active amino acids formed in the squid brines over

various- time intervals are summarized in  Table

3-25. from which It is

apparent that the enzyme supplemented samples had more of the taste

active amino acids over the period for which measureménts were made

than the ‘non-enzyme supplemented control.

Table 3—25: Major taste active amino acids In squid brines

Amino acids In brine (umoles/mL)

Arg Ala Glu’

Sample Pro Leu  Ser -

Lys
- . at Day =3

536 5 3°5 36 5 3 S 5 3 5 36
Squid 0 428 1.2 1 1 2 2 4-12225 1 8
Ccontrol} .
Squid 39 41 4. % 2 4 2 4 3 05162 2 N
+6CT s
Saquid 7.413 W 2 8 _2 052 2 1625 2, 8
+ 8T SN

However. like the~sluation observed with the herring.

GCT appeared

to facilitate the release of the amino’atids more rapidly in the early days

of the fermentation then slowed down,

increase the' accumulation of the amino acids throughout the period for ..

while BT seemed to - steadily

which measirements were iade. While GCT ‘seemed o accumulate more

‘of the amino acids In the early days of the: fermentation. the. system with

BT generally ‘elther caught up with, or overtook the system with GCT In

amino acid accumulation towards the latier stages of the fermentation.
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Based on the persistent cbservaon of apparent rediction In GOT
activly towards the'lattér days of ‘fermentation lobseved for both herring
and squid fermentation as well as i an earlior study by Leo ot al.
€1982)).  the ‘residual. acivity" of the typsins in. ‘the squld brines were

estimated as ﬂescr!bnd Imdar 2. ! 151

Thn brines  were - diluted | 10 luldwl\h BAPA substrate ' buHar lo raise

‘the pH to 8.0, then’ cent at 0% in:

Sorvall RC-5

superspeed refrigersiod cunﬂ'“usl to ‘emove  the precipliste. The clear

supematant - was -used for the esumnuan of the residual trypsin activy, by

adding 2, mL portions of the clear supernatant to 1 mL of 1 mM BAPA
solution and the rais'of release of pnilroaniline at 410 nm was followed at 2
25° In’the DU-8 spectrophotomster. For the blanks. 2.0 mL of BAPA

substrate buffer was added to 1 mL of 1 mM "BAPA solution.
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The résults obtained are summarized In Table_ 3-26.

Brine from BT
supplemented squid
+

Brine from GCT
supplemented squid

Bring from BT
Cno squid. control)
+

Brine from GCT
-supplemenited squid

Table 8-26: Trypsin actity In bilnes at various stages In the
- ) fermentation . - .
1 -3 -
Activiy ¢UnisymD " x 107" at Day
‘Sample %0riginat
‘obs ‘exp Obs'exp obs exp” obs exp- ' activity
. o . Cday 193
‘3 5 e 1w "
Brine + BT :
Cnosquid. pH 2.8) - 43 = 4.1 - 8.8 ‘~ 8.7 - 861
Brine from ‘squid : .
control. nio. enzyme’ 0.2 - 0.6 - 03 — .0.5 - 2500
Brine from GCT ’
‘supplemented squid 40 - 2.8 - L1 - 0.8 - .225°
" Brine from BT ’ ¥ :
supplomented- squid, 3.8 - 8.7 =*-2.5 = 2.08 - s

- = 8088 19 2,111 15, w7

& ~.8.885°2.1. 2.8 1.6 2:!_ 48.5 "

Legend to Table 3-26 : (i) values are sverages of two detarminations:
Bygo nmimin X.1000 X3

8800 X vol. of brine in assay

cn,
Units/mL =

iy 2 equal volumes of the clear supernaiants from the BT and GCT

supplemented squid brines, ‘and (v > equal volumes of. clear supernalants




. ’ : 144
from BT supplemented brine and GCT supplemented squid brine.  (v) “obs: o -

= observed: and ‘ex’ = expected.

3.16.5.1_General : of fish with

typsins ) .
It appesrs from Table 3-26 that the decline In trypsin activiy was
. pairty.dus 10 inhibion by.materials in or scoumlating In.the iquid Bines. '
. ' especially because the addiion ‘of the clear supernatant - from the ‘GCT
su;_;plomanm quid brin® 1o the supefnatant. frof the BT. brine that néa' no

squid was considerably lower than might have been expected If the activity

from both sources were additive.

- ;q ; » . .
It ‘has been suggested. by-workers like Uyenko gt al. (19520 and
Orejens and Uston’ (1982) that visceral enzymes, panicutarly rypsin, are
principaify ~ responsible  for . the ‘proteolysis - that = occurs during the

fermentation of fish in the presence of -high concentration of sat. - Unisver :
(1979 of Great Briwin. have described 8 procsss for the. producton of
_sahted herring (matjes) using digestive enzymes - trypsin and chymotnypsin
"~ at 4°C. probably to _minimize the undesirable effects that occur when .

formentation Is carried out at elevaisd temperatures.

Greenland cod rypsin was therefore applied ‘separately 1o salted
“'herring and .squid 1o determine If its  higher moleculsr actiiy at lower

* temperatures compared 10 BT could be explolted.

As previously noted. even though GCT seemed 1o facilliate proteolysis

of ‘both the herring and the .squid In the early days of the fermentation

compared 10 the eviscerated controls and probably - also the BT-




" somehow. inhiblied the GCT more than they did

" Inactivation die 1o the acidic pH of the fermentation brines.

of - proteciytic enzymes during fish fermentation: does ©oour.
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‘suppiemented syums he GCT appeared 10 lose a considerable part of its
capacity 1o effect proteolysis at the latter stages of the “fermentation more
than the BT supplemented system. and it is suggested that the decrsase in
GCT activity was probably due i one. two or all’tree of the following *
faclrs : () ‘the presenco of naturaly prasent - trypsin mmmnnm\m

blobd of the fish, as suggested by Orejans and Liston (19 s, that |

<1y Inhibltfon by. end

products of the proteolysis, ‘like amino acids- and “small pepyides: and (il

It is aiso suggested that Inactivaon dus to acid pH of brines might
be the major Causs of the greater depression of GCT activity compared to
BT activity since from the pH lh;dics. BT appeared 1o be relatively more
stable and slightly more active at acid pH than GCT. So the exploitaton of

the higher molecular actvity of GCT at lower temperawres ~was not

by the study. and :it would probably
be more beneficial to employ the GCT in operations that proceed iIn
alkaline pH media. where _BCT appears 1o be more siable and more active
than BT. Workers like Orejana and Usjon (1982)., Raa and Gildberg

(1975 and Tarky ol al. (1973) have observed that end product inhibition

The experiment ‘on squid fermentstion 'w._. designed 1o follow the
cnanﬁ._s in the aclivity of the trypsins.in the brines. using BAPA as ..
model substrate. hopefuily.to find some answers 1o -the. problem of decline
In rae of proteolysis observed during the herring fermentation. So
conditions of the experiment. Such as sait. suger. amount of fish added

per unit volume of water eic.. were made very similar to” those used for
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» Soeg
the Hherring fermentation. Which means that the proportion of fish : salt :

sugar per unlit volume of water In these fermentations was 3 .: 0.4 @
0.08, while.the' proportion of fish : “salt : sugar per unit volume of water

omployed by Lee ol al, (19823 in an earlier study with squid was 1.4 :

0.24 : 0.05.

The reiatively lower sait: content used in this study was  probably
responsible for halophilic bacteria or yeast growth leading 1o gas production

" in the squid brines. The difference in salt content could nol be avolded
since the procedure used to ferment the herring was adapted from the
- Unllever €1975) process for making mates. which was quite different from

that used by Lee of al. (1982). and the experiment with the squid was

aimed at replicating the herring fermentation study. it appears from this .. 4

that while the lower -level of salt sufficed to support fermentation of the
‘herring without microbial’ growth, the same salt level was too low to

support the fermenitation of squid without microbial growth.

- 3,17 of the pper-|

in raw cow’s milk

The determination of the efficacy of lryps‘lns in preventing TBA-
reactive substances In raw milk samples was carried out ‘as described
under section 2.3.16. “To defermine the initial act;v[ky of the, trypsins
before applying 10 the raw milk samples. the stock trypsins were adjusted
such that whon 5 mL of It were diluted lo 50 mL with' de-ionized water,
0.100.mL of the diuted enzyme could hydrolyze 1mM TAME at 2 rate of

0.080 8A,47 pnimin 2t 25°C.

“To determing the activiy of trypsina_in the milk_samples befors ‘and:




ez - e N

after pasteurization. portions of the milk samples were centriuged In &

bench lop eppendor centrituge at top speed ‘at 4°C for 15 min: " theh _

0.100 mL of the supematant was applied separately fo TAME. as gescribed
under section 2.3.16.2 at 25°C .. A summary of the Initial and residus!

activities of the.urypsins lppllad 1o the milk Is presented in Table 27,

Table 8-27: . A summary of the Iniial and residual actvities of Irypnlnl -

applied to raw cow's milk-

Enzyme Initiat Activity™ Rasidual Activity Ay
88247 mimin .

Before Atter
— Pasteurization’ Pastourization®

GCT 0. 0788 * 0.0477 o *0.000.

BT ~, ©0.0787 0. 0680 0.037.

'

Logond 1o Table 827 ; Valuss dre averages of tvo delerminations.  and
for the residual activies. only the samples with the. highest levels of
trypsin were tested: stock GCT = 0.0183 mg/mL stock BT = 0.028)
mg/mL. .

* inital actvity = activity of enzyme before It was added to milk.
® Raw milk-samples incubated. at 4°C for 4h.,

“Milk pasteurized at 70°C for 45 min.

Table 3-27 Indicates that while GCT. did not suvive; the pasteurization
treaiment, BT did survive the treatment ‘!M retained a&ul 47‘ of its

brxgln-i activity.




The lovels of TBA-reactive ~malerials “In_ thb milk samples, as

- " measured by the thiobarbituric acid: (TBA) n{mga of ‘King (1962), are
" summarized in Table $-28.. o e g s
*Table 3-28: ' Summary of TBA vaues Ih milk samples ; :
= . - Enyme-sdded cu gor MmO .
+ (% by voume),  (ppm) 1 JER T s e
i . - - . “- 0.021° 0.052 0.051 0.081 0.0s2. G051 .
. e i Ar 1 o.088 o.n‘s&’o.ndrio.nss' 0.064 o.0b7. " ot
£l L ager Stelose T 1. 00140030 0080 0.020 .o‘nur»n.o«é .
B 0.064 17 0.013 0.028 0,034 0,014 -0.020 . 0.042 :
¢ . T oz 1 _o:oos 0.000.027 0.010 0.021 'nAr'mq. : .
. w26 T 1 T0.010 0.0 0.022 0.0i1 0.0 0.02¢ . - %
L sz 1 C0.012 0.0 0.024 0.012 0.018 0.619 i
0.880 1 ~0.008 0.017" 0.016 0.008- 0.016 0.018- )
. Values are averages of 2 anermlnn’io'ns.

Table 3-28 Indicates that both GCT and BT suppressed the -levels of TBA—

reactive’ substances in the milk samples, at the various enzyme levdls and b

also that the tevels of such e with g typsin

s A concentration. ;




"< milk to oxidized flavor -development. However., bovine irypsin has. been

- that advantag

glass suppors and und it o prevent oxidized flavors from developing. then

3.17.1 General' Discussion :* Prevention of milk oxdation by u—ypuni .

It has been ubs.l'vcd by 'wkar! Ilk‘ Andwsog (1989)., Doan and

Miller' (1940), Olson and Brown HB“) lnd Fol'r and Sommer. (1951)

that mlne pancress trypsin | of mitk the of

found 10 be relatively heat stable ang dlogéun 10 Insctivats after It has boen

applied 16 mﬂk samples 10 prevent of retard oxdized fisior “deveiopment.

For " insiance. Storrs and Hill (1956)" obseived that approdmately a third of

the added trypsin | d active atier p ation . at’sbout 62°C . for 80

© mih. As & result.. workers Hke ‘Weetall (1969) haveimmobllized trypsin to

_remiove the' glass bound enymes ‘from the mitk to clrcumm the need for -

Inactivation . B *

Based on the: thermal, Instablllty of GCT. It was dlecided to apply.it 16 °

fow“milk 40 delerming. whether or not It could | prevéint ‘the formation TBA= -

rsac!lvc subances Imncod by ‘copper and also 16 dotermine whather or not."

L3 would squQ plsliurlzaﬂon treatment.. The ﬂnulng that GCT muld nDl

survive the vasl_aurln.uon (rulmem after It had been -pplled 10 sSuppre

“In the - raw milk ‘samples Illus(uws g A A8

couw bo takori of " the, lowsr thermal stablity <7 80T by the f‘

dmry Ihduslry o' Counteract lIw problem ol oxidized flavors instead D' ET
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CONCLUSIONS AND SUGGESTIONS = -

Thb ' protease purified . from the vylorla ceca or lnl-mn- of

Gr enland cod’ Is trypsin- (E.C. 8.4.21.4), This conclusion is based on

the findings ‘that : () -the' cod onzyme;catalyzos the hydrolysls of trypsin

specific amide and ester substrates. (I the degress. of hydrolysis. of

various * proteln substrates by the cod enzyme were identical to those’ of
bovine trypsin. (D it was sensitve to standard trypsin Inhibitors Including
the serine “protease Inhibtor phenyl methyl sulfonyl fluoride. (iv) the
: " occurrence of the protease in the pyloric ceca In the form of a.zymogen.

(V) the reiative abundance of certaln amino acld residues similar 1o other -

. - trypsins and (vh weight of 23 kdal wm.‘.s‘

o B s

) Y
2. Greenland cod trypsin is a more efficient umyn than bcm&
trypsin- under saturating levels’ of substrate concentration,  This conclusion

Is based “on the findings that' the, cod enzyme has’ (b a relatively high

specific activity for the amidase. esterase and protein hydrolase reactions,

Canca and

tively high substrate turnover number for the amid
sgorase reactions.  (IID s colaivply lower 46" for| tho amidase * and
$ . aswrsse rodbiiohe; . mnd (W ‘& ‘ligher “physlologiost amilenci. fov’ the

amidase_reaction. ,
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However from the Km' values, BT may be a more afficient cataiys

than BT when substrate levels are limiting.

"Even though the commercial BT used In some 01 the sludln was_ not

" as "puie” as GCT, the fraction. of non—irypsin material from the amnlly‘

column (peptide mapping.and CD spectra siudies) ‘was approximately 10%

Increase the specific activity of BT (increase due o purification by affinity

was <13%)." the statements made under (2)'

would still be valid If appropriate’ adjustments are made in the substrate

* turnover number for the amidase or esterase reactions catalyzed by BT.

N N * v v ¥
8. Catalysis by Greenland cod trypsin is less sensitive to temperature

% " than catalysis by the bovide enzyme. This conclusion- Is based:.on the
findings that, the . cod enzyme has (D a relatively lower Q,, for the
esterase. amidase and protéin hydrolase ‘reactions. and (i) a relatively

lower E, and AH™'for the esterase and amidase reactions.

4. The ‘stabillty of Greenland cod trypsin is different from that of

-bovine trypsin as demonstrated by differences In. ‘their pH and thermal

" stabllitie:

that of bovine trypsin. This conclusion s bassd on the findings that the
cod enzyme. hdd' (1) difierent CNBr peptides, (i) different amino acid
composition. (ill)._different hydrophobiclty index. (W) Hifierent number of
. potential disulfide p:ln. (v diflerences in CD spectra and (vi) different

electrophoretic mobllity.

only. ‘Since the removal oh-te non-trypsin material did not appreciably .,

8. The poljpepiide .qain of Groeniand <08 trypsin is: diffarant, from
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The difierences In amino - acid ‘composition, hydrophobicity index.
potential number of disulfide pairs and the CO. spectra indirectly suggest
that the cod enzyme is less ordersd than the bovine enzyme. This less

ordered structure of Greenland cod irypsin is probably responsible for some

of the observed differences in the thermal .- stabllities. substrale turnover-

fumbers. E,'s. AH 's and AG™'s of the ‘two proteases.

6. The relatively rapid loss.in activity’ of cod enzyme observed™ during

) herring or squid I.ﬂl'\lrll‘“oﬂl Indicates that It Is. less sultable thlrl bovin

trypsin as a 'uppl.mnnl o ﬂ-n fermentation over fong p.mm of time. bt

the complete |n-ennuon “of cod trypsin . by p-murlzanon atter it had
-successiully besn uded o mody mllk 50 a3 1o prevent oxidation suggests

that it ‘would probably be a more suitable protease to u;

oxidation. _

7.1t is suggested that Greenland cod trypsin Is potentially useful as

an’ Industrial enzyme. Its greater Siabillty and activity at alkaline pH Indicate
b_n- eniyme’ miay be most sultable for Indusirial processes like enzymatic
n,nv_onysxs' of fish protein : incorporation of the enzyme In detergents for
. household purposes and the use of the enzyme in‘the dehairing of hides
and bating ¢_:‘1 Iull;ur. Current production "practices In these areas utilize

of bacterial

bovine lrypsin or porcine trypsin or (;ﬂh-l alkaline prot
origin. Other advantages Greenland cod trypsin may have over bovine
trypsin as an Industrial enzyme in addition to the alkaline stability Include

it

(D its higher' molecular activity at lower temperatures. which* would mal
_possible for reactions 1o be carried out at lower temperatures to cut down
energy costs and (IDlts thermal Instability which makes It possible for the

reaction 10 be terminated by mild heat treatment.

1o prevent milk




The advaniage Greenland cod trypsin could have over Certain alkaline
proteases of bacterial origin ‘lfu:lucc the fact that being _lrom animal origin.
Greenland cod irypsin, would meet with less resistance from the cogsumer
&nd regulatory -Wln than is the case with the bacterial enzyme. The
problem of allerglc. reactions arising from spores produced by some ‘of

these micro-organisms .Iw tend 1o put them at a disadvantage enmplr.d

10 Greeniand cod trypsin. However. It Is stlll necessary 1o carry out further

stdles on Greeniand cod typsin 1o determine If Its potential can be .

realized in practice.

"The use of Gresniand cod trypsin would cut down on thé demand for

bovine trypsin and aiso minimize wasie in the fish indusiry and help

transiate 10 reality. concepts or headlines such as ‘wealth from waste" and

“garbage is gold®.

With the exception of the few investigations carried out by workers like
Hofer of al. (1875) - on the relationship between substrale binding
affinities of crude trypsin preparations from various sources and thelr
temperature prelerenda - : Owen (1968) on the p'psl.r; digestion of
salmonid fish : and Haard gt al. (1982) on cold_adapled pepsins rom ‘the

inisiie. Emonment, Tiens: Oces:niol SOPSF 16 A’lny cefitive wrk on

cold _adapted enzymes which are exiracsiiular like  trypsin. * ‘and no prior

swales of this. type. have: Beon ‘reported on a purl'ltﬂ digestive enzyme.

lt mull be emphasized ' at this’ point, however. that not nllvowlnlsmb

that inhabit the cold show y ‘in the

catalylic efficlencles of their enzymes. even though the evidence avallable

Indicate that a great number of animals subsisting under such conditions

9

|
|



oy WA 1840 T ' ¢ 5
. 5 i &

that have been Investigated do show such compensation. For example. -
_the organism may - alter the ovels  of 'pre=existing enzymes 1o achieve
compensatory adjustments.  The potential of altering enzyme levels Is
expected 10 play a major fole. where 3 particular enzyme or group of

enzymes regulate rate limiting steps in a reaction pathway. :For example

the' synthesls of such enzymes may be turned on and their degradation

slowed down in the cold: ‘orithe synthesis Bf the enzyme(s) may be turned

‘off and their. degradation stepped up at elevated temperatures: H would fé
5 seem that this strategy would betier Uit organisms that either Inhabii zones ‘)g
- S . i ¥ 3

whose temperatures “oscillaie from. cold to warm or vice versa. and.those

other organisms that migrate from one zone to another of 'different

temperature. F . y
. ~ e v &

Another method ‘of adjusting rates of enzymatic activity Involves a

.. different ;form of a ‘particular enzyme that Is a. better catalyst at.low

- temperature. * o . [ o o
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Appandix
Appendix A
Reageat ; Blank (mb Test (mL)
‘ o ! 0 - ;
Substrate 4 20 10 3
Substrate butfer e 18 18 . :
Enzyme solution ¥ - 0.2

ClgathEss

s

* The enzyms solution was added last to the reaction mixture and the

change in absorbance at 15 sec.intervals was measured at 410 nm In a

S

Beckman DU-8 computing spectrophotometer. {3
T . b . N % A
i X ) ‘ ?
e . .
i . : 3
o8 EX L T = , )
Bl . U A
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Appendix B i
' Reagent Blank (mL) . Test (mL) 2
Tt . 0.1 - nd
i !
L Substrate 0.8 o 0.3
) Subsvate bufler . 2.8 2.8
Enzyme solution = T 0.1
; ¥ A | ‘ o BRI

micture and the -
- change in absorbance -afier 15 sec intervals measured at 24
i % . : .

*The enzyme solution was. added last 1o the reaction

247 nm in the
-= Beckman DU-8 computing spectrophotometer. . :
= . e 4
2 : 3-
; ) i-
. @ . i = 4
< y
. '
1 g
K 5 ‘ %
i 4 ‘ ; v
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. Mpjoncie ¢ ¢ o ’
Reagent : Blank (mL ! Test (mL i
5mM HC) . . 0.5 . - o
Substrate butler 1.0 10 -
Substrate stock - o e S 15
Enzyme.salution * - 0.5
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n \ g
| Appendi D s | :
- ‘ :
] O £
i. L
pH 2.0 : o.m'iprcn - ket L
|
pH 4.0: 0. M u“nm acid ~ NaOH “ ’
pH ©.0: O.1M oltric acid - NaOH |
cuac |
® Lo i
’ » : i 1
pH 7.0: o.mﬂ; HCI | __?‘
PH 7.5: O.1M tris - HCI | 7
y pH B.0: O.1M tris - HCI
pH 8.5: O. 1M tris - HCI N
PH 8.0 O.1M tris - HCI > \
. |
) i pH 9.5: O. 1M tris - HCI \
» : , A i
PH 10.0: 0.1M glyche - NsOH \ 3 !
l| —iean G d ‘I .
| o ¥
RS
<« . . !




Composition of bufier soluions™ used .

PH 2.0 O.2M citrale = HCI

pPH 4.0 ©.2M clirale ~ NaOH

pH 6.0: O.2M citraw — NooH >
pH 7.0 : O.2M citrals — N2OH

PH 7.5 0.2u boraw - ol . .
ph_'o.n: 0.2M bonl.a.— Hel s O

pH 8.5: O.2M borate - HCI

pH 9.0: 0.2M boraws - HCI

pH 9.5: 0.2M borale - NeOH

‘pH 10.0: 0.2M beuu-n.of ’ Cosk e

PH 11.0: 0.2M borale — NaOH -

BH 12,01 0.2M borsle — NaOH ' o
*All- the butfer solutions  Conained SmM_ GiCly. 2H0
P » i )
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_Appendix F
;
Substrate stock Butfer Enzyme Substrate conc.
S tmb “tmb ¢mb) , (mM)
V.67 118 0.20 2.50
R 147 0.20 . 2.00
oo 1.80 0.20 1.50
0.80" 1.9 . 0.20 - 1.3
¢ o8 197 Co. ©,28
.67 2.18 ) = 1.00
0.5 2.30 0.20 0.75
0,33 2.47 0.20 0.50
0.2 258 S0 7 0.0
;
For the
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) Appendix
H R
3
; L
v 4
& Substate stock . Butier Enzyme Substrate conc.
B (mL <mb (mb) mm .
" 0.09 2.0 0.10 0.3 2
0.12 ' 2.8 0.10 0.4 i
! 0.15 2:75 0.10 0.5 . 4
0.18 Lo “0.10 0.6
0.21 2.6 0.10 ‘0.7 1
0.24 .28 = 0.10 0.8 i
i3 0.27 C z.es 0.0 © 0.9 \ 1
it . ;
0.80 2.60 0.10 10 4
i
3 .
5
. For the blanks, 0.10 mL of de-ionized watsr was added 1o the
_ reaction §
: L. : e L 5 ) :
' ’ Lo .
3 . o
g &~ -~ ¥
g ' : i .
' l X .
: . :
- - . %
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. Appendix H 3

Sample. Vol. ‘ol Milk (mL Vol. of Enzyme (ml.)_ Vol. of wd‘.r (mL)

v . e 1,000

- : 1.000

4

X “ . .08 0.984
Aaa .0.082 . 0.988

0.084 0.936

0.128 . -o.872

® N o 0 » @ N

44
44 3
as = 0.256 . 0.744 - 4
! C a4 0.820 i 0.680 §
| 3. . ,
i o -
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Appendix |
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Figure 6-1: Estimation of mol. weight of GCT by electrophoresis
(Laemmli, 1970)

‘A" = GCT from the pyloric ceca : ‘B’ = protein standards : 'C° = GCT

from the intestines : ‘D’ = BT from bovine pancreas
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* Figure 6-2:  Graph of molecular weight vs'Ry" ! i
d g - - %
The R, values ware estimated as follows : . .
distance mv-n].a by profein  x.'. length of gal befor ‘staining o
& dlsl'nn::d ml lled by dyé - x° length of gel -ﬂg staining
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Appendix K

# GCT

Figure 6-3:  Gel scan of proteins with molecular weight calculation
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Appendix L

SDS polyacrylamide gel

of GCT (Laemmili.

1970)
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