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NOTicE' I AVIS

The quality ~I . l"is microfiche i; hel~ily depenq"lt'lt U qualit6 de ~tte' microfiche ~pelld 9f"IIndemelit de
· upon me qUllity of the originll thesis IPbmined·lor la qUlt;t~ de Ia these soumise au microfilmlge. NollS

". rnlcrofllming.....&ery Iffort has been maclll to If'I;SUre aVQflS lout fait pour assurer une quallt' ~rietlie

the higHest qo6lil:y.o~ reproducliofi possible. de rlprocbctiOf'l. • . . ..'

II PlIget lle missing, 'eonUet lhe univtnirv which, S'il ~nqUi des ~; vetil;'';; 'COlTl~niqouer
.r.~g~tedthe~ee. . \ . '. . 'IYecl'~niversitiquiaCOl'lfer'legrade:' .

• Some' P.5 may 'have itldistinC1 .prinl ~1ty
if lhe OtigiNI~ were typed'with a poor typeyrriter
ribbora Ol" if the univerJity Sft'll lIS I poor photocopy,,.. ~. ,'.

Previously copynghled 'fMteritls (journal articleS,
.pub!,\lhedtes.ts,lii:.ll~notfilmed.,

Reproduction in ;~l( Ot i"Apart' 01 this li';~ is";'"
· enied. by th~ Canadian CoPY~ight, At!, R.S.C. 1970\.

c." C·JO. Plelse read th.. luthorlution IOtm't which
: a~~pany thi{ I~e~ls. ';

La quilite d1mpression de'ceru,ioes~ PetIt .
~iueri tWsirer.surt~tsi les pagri o(i~inalesont lui 'i
lUoctylogRphilla i I'.ide d'UI'l rtlban. uSlii ou 1i \,u'!ivn.· .
site n<JUS • I.it pIlrYellir UI'le photoeopie eft" m,uvli•
.qUIIlitr.' .

~,;u~:;~::=~ ~~f~x~:J'o:~:~i~:~;tC~f:

,~~:7;::~~:~' ~,~rt~i~'. de ~ ('~Ii;m~ "f

en SDumlse'\ r. L<li ..caRadiennesur II dfoit.%t'~ute\lf,
SRC 1970; c, C'3P, VlluiUet prerillrll connaisia;'ce,d~,
lomiults d·autoriAyon.qui ;cc:om~nentt:Jlt'l"e~. .
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Gr,enl.li~ ~~Od trypsin' arid bovine i~piJlT' were' alike' with r~lI'p.ci. to: .. :";

"'~~IO~& ~~rlierla.' Th~ "~ actlv.lty pro\I~~ of Greenla.,d· C;d' trypsin ~wa~, ;i~~lar'
'.1' .', " , . '-' ' ,·i'

to Iha.~ t;Jf bo'o'lf'l,& trypalo. 'lJkewli'e J!"f! arnrn~ acid c~mposl1lOf'1 of GreeJ1i!!ndJ

, '~. t~Plr~. ,.ev:aJ~ . 1ha.~ '~I wa~ rich In pOt,en~al ,cjd~~' emilIO acid "realdu;~1" .

.asres'l ~een,~por1ed;JO:~, ,trypsin, from' b~loe .a~,d: ~t,her' ~ou~cel'<':h~".. """

(3reenta~ 'Cod"U1!psin 'wa~ ~lm,lIa':, to bovlrts' trypsin. "n.:bei,.,g IIbID. to .

~,~~Oi~ 8~5tDr ,a,~d aml~e.'.llnk~'~~~ !~.VOlvin~ ihl car.~o~1 g~~,~~ '~, ar~inin.I," I

· ~h8 ..~o tryPlln~ w~re."both ,inhIbited '-:by phenyl tnethyi ~UIIOnYI' lIuo"i~e,
;rasyiOi 'and loyllean t;YpSln lnh;bltor '~Qd: allo by 'the A'hl~1 ,.~~~~nllJ.. ' 2~'"

,~:_. '" .'.'" .. ,. ". " " - ",' ... " . "

· m,rcaptoelhanot;.!"d dlthioeryth~ltO,I. ~and _rll b.OU\~~~tl~e In preventing ,

mlill .oxldati.O., )~,UCed ,by .,?oppw, ,_.Thll moteool~r ,:-w"gh.1 .of Qreeolan~ 'cod'

· tfyp,Sln.,. a~ d'terml.,e~ ~Y "~dIU~ dod~;I' ,~,~If!lle ~QlyaCryl:mlde" 'gill

"'j'

·,'·,i., ):':.:>'~"',.,':./
;~:. ~' '.'~ T ,.~< : /:B$r~qT I•.,.

"i··'I';· ,:~~:~:~.~: ·~:/~~;::~;,rI;~:r;~~r.o:;t~:;:(hi:··,,~:;::,:

'~;'~~~~~~~~,~
".' .,~ :~:' ,;:''':::..A1::'~::~:p:F·::~. "~::~~::d ::r:~:If::~

.' a!~ere.,ces belw&M t~~ two tr:yp~ln~,
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'i:~( ;::~;:~:~~t"::~;~:~::~:;:::.::'::,~':~,::f;,:;::tJ::'
. stipend' to'm~.'·'fOf"WtlICh I am elit(em~ly, gr't~luj.

,,'
'v,::' :'- " f wish '~I~-t;o ~~.re88 my'--~I~~e~e._grali~~~~,l~, thj Sc:ti~o'i ~1,_Gi-~U8.t~·:·

~Udle:~.f:,~·Itt'!'JeIlOWShIP:support: .:lth~ut.th~$,,~eIlO\llll'~r~ aUP~r1 ISrnI,.i.~e,~::,

.t1p~nd' ,from U;. 'flSE~C gr,n18. lIWOUldno~t~ ~~.-b~,n possible for me~':;

loo.e''T"'~'h. ~:;,; , '. ,"
I ~rn "Iso __ry grateluJ'lO Dr,fl. F.;:~'iJ.rd.;~r his gUld'~nce an4up~rt

. '~" , '. ,.' , , , . . ;." .\ -. ~"',', '.. - .: .
th~oug~OUt-IM"S1UdY IIncf",lsO .fOr.y.e p~lrist~klng ,care In correctlng- lIle

1h'~SI'S. 'l--'am als~ gr~lelul_ t;:' hfm '!or .rn~klng IS comp.uter~,~allable ~o me., 10

.use'.;';: pl~nlng' th~. graphs "n' ;"e- tlle~IS'., -

My,,·th~~kS. l!lso- go. to Dis. Fellham and O'Brien for their auggel!llons

1I~.~ CfftICISlJla~'i~ ';~i ,cpu'r'ie ~f the alu~y ~~·.-aJ&o·.;or f'adlng,t~r~ug~i1he•.

Iheals '",'nd' I~ Dr~ J: Barnes lor his advice and gU'ldance In tl)e pr.p~ral!~n

<I 'al~O :Wls~~' 10 ellpreas -my ,grq'ltud~e io _~r.; ~~.t8·,:'Siun-d,.j~~' ..nd'::~r..

A!'ianllla~anayan.fo~.-;he 9~~~ct;',...wOrk .t~ ~;d'.. 'O~, rn~. ,n.ci'.~!o Doug Han·

~nd Mrs'.. ' -~onla' BanflO!d: j~r' rtum,rous amino acid ,analys~!,.,work ',~ey
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. Ttle ,Inlluetice '."of .Iempe'ralure, .on _the Ict!v1t1e' 'of . 80 ~.
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···t~,'ra';'e:I"'PSln·was11~st c:oi'n~ by'KUhflll ,c1877»nf:t.~as~.'~ jor.:' ..-'

many. rears tl)' ijes.cr.b.....th••ii:We . ~!O:..(~~O~IC· ~cil"'l,ry 0.< p~n~r~~uo J£IITe~ :;'i~
.. was 'also the: 11"1 a,ibata'nc~ to ~ Ci<li~5ffied U .0 enrtme, Hf;!wever:. witen; _ ~l

~th~~ '-prot~jc: '~?tY~.~~..:~~'- tSOl~.d: lrom: ~•.: p.n:r~~~~~. jUi~.: ;"~."

......
:'1.2 ~.l~n. ~!'~ .~n.I\"prO.~.~ ~l".:",

·~..:.:<<:>n:-':th~,_ blfSls. 0,' Ih~:~,u.'1"O~i~-m~·~~1~9 0'. ,lh~''-'~.rd;,_ 'th~ E~m •..

~~in~s~ICin. ~f t~e l~~~rn~.tl.ona,. UQI~~ '~f ~loCt1e~~.~·.~:~ aSllg.~~ ~~Sl~

a,'~u.~~r'.f: ~,""3""4. 2\ 4, '10 I~P!y fIlat" It 'III--~ :hy~rolat!. :.~c~ng on '1:'~~.Udy~-"

't;::~::~:·:~:~·~:·,~o::::.~:;:r~:::.~j:·:::;~:,~:;n;:":":~,", '
hlgh,ly reactNe. serln.. r.sldue. In. th~ . '!c;u"o. center ?".uyps.!n: the .~.me.

'::.'

'to
/
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i .'3' ~fTenC9.:Ot:.~ enZYme In the ~u,raOr'~ .

';~} .'fr9,.m 20.0,00 da.lton~,· ~_}5:'~OO" da;~~~.,: an~ :catalyze p;'eferentJ~liy t!le.

hyd~oiYSI~ of ester ilrici" p8ptlde bond;$: -'l,nvol¥lng : the .. carbO.." . grOup of"

, ?A_~.l~~~: >a~~:., l_ya~~ .., }he:.·' ·a~~r~~. '>!:(jr~l '~~'eUP '-In t~~': ~c~~~: 'cen,ter '~~.. '

:trYP5In' 'i:;)acts wIth,. :and beCC!,"~··lrre've.rllbly~.-irihlbiie.C! by "reagents, ,like'

~;150:prO~I:fiu~'ro~~oSPha~- (6~~) 'acc~r4Lng.· .t~' . ~orke~"'Il~'''JanS8n ..1" ',j::'

:::::::'!~~~6:~:~":::::~:E:~:::J1:7:::~.:~::·:::::~:~:
. i~hlbiuo'n 'i,.~~ O,:"~ -o~ .~MSF as ,lndlcaU"":' or Itl.1 ,par1.lcular enzyme' ~IO~'~;~g

;." '.IO·.I~.•. ;fam,;,Iy· ~Of ,~zy~elJ. 'known ~s- 18r;~e, pro~~a.~~~'.', A~cor~lri~·--'to. _~H!;'
(Jill)', Irypsln.l:snow. mallHnum':act!¥-lly ,'IoWardB melr- sub,iralee wlthl,n the

: .. ,-.
:',
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. p;oieln 15. ~:'d'to .U008r90 ·~~nfO;~.UOnal·..Chan98" aC~O~~,'ng to.:N'8U(llh J1
;

Based on -the.

", ','. "" ", ... ; - .. ", ',,": .
lmpo~nce' In' ·s~.'.l :.lndustrl.1 procft,es.AccordJng to Godfrey - .and

~;,c~el~', ',", ~~;,; ~~,'" 80:)~",~' ~~nt,': ~l, ',,"';'"',;'!',,1._'.,",:~,'..~-','~' ~,", h',"dr~,:lI1S,,os"
of ",!,hlch approximately 60 p'etcent IIr.... proleases. Of ..the enzymes:' used .IS

food prOCeS$I~g,aids •. tnet proiease~' al"o' usod. most "8x1on5.j~e~ ,w~~re .thOY·

, .'dJ~~~SI~~;' '~Iructure ot" a-c~ymoi~~'.!n:·.·~ :~a., ·be.~': ,u"".lItod~~~::,th,,' .-. " ',' '." '.-.. "':'.

'conformational ch.nve{'~.rr•• "from; an • lon-p'lr .f.ormiltlon . betweeo tti~

.Pos!tlYe:tj· 'c,h.~ged-'neW: ,N,-termlnal' .nci ._.­

••p"rtate: In" th~-,lnt.rI9r ·of:tri8:.mcileeule",

::_l~~:I~stri81.U~.,~ pnn.ol~~ ..~~~.

·=;;tq..3~§7~~~t;;:
the .group: of enzyme. kno"n, a. -hydrotase" and are. of .(undaff1ental
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: .ey.'n :~OUV'h' .!~: ;t¥i~~. organisms .... POI-!'t1.I •.soU·rc.,: Cif 'lIM1ul'

eruy~ .•!or ~".trt:'.~' Gpef'.ti~5: (Qodf~Y' _Rd', ~c~li.., '1',83). ·'the·· ..... .;
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A~~~lhg ~~ '~~.~~~.~~'~(1975·)"·:·~n~ .~O.dfre~~·a".d

"'~' .
.:'

/. ,:-.;.

'-~ ,'<

.'p;:Otr8$~5. -' are '':': ~i~9 ,U'6~d ~. to, P\"e.~l're:" ~~oi~j~' . ·b'~C"r:Ol~~le~.:, :~:Irt>(I" ~ .,:

pro.lei'naceous :materl~'~ :ijk. liS'~ and ~g~n:es, ·'.Fo~ ·:l.~·s:~n~~;,._$pl.n~II"_ end" .' ><..'.':' _.~.

"":::~;'~S:~?";F2~;:;~~ih .;:
~reparl.ng ~.ml~k .~om,,'{t.faned &~yb4;'"l USj~ 1IIfl, acid, pretea.se. ';.~::'. .'~ i'i., ~~:

:.f~~7::t~~~$~£1~;")
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",~~!7C:::: ::n.::':'.::7.~'~~;::~~:~!~~I~1
I .... I,b,etIng ~I'ed }\Id'" with an ~kell'" pro~~ . . _~ .: ; ..; _
, .; ~., : ., . f . ,..

.'. ·..·.~.i,,:6:i':2:'225~=r::~~~;·
.~. ,':';...' ~\ ~.' ,~ - -tile cleaning of tI....UY;.plled .clothes lIucb "'. tho•• l,l'td by workers In .~~e ".;,'

.\ .. ,: <:~~
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~,,". - . :.,..... ~.... I
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;}~~jJ,~t:i~~~t~~~······
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..•~.
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,::,..t::-;;,O:::;:~:· ::~:::":i:ti::::::::;::'~ :~:.•:::: .'
Is .th·~· COncOm'I~~(fOf:mation of bitter p~PUdeB" I~ 'order':i9 O~~;~~m"e'.'~e

·.~I.tt8rn~ :prC?'blem. ·It 'hU"~n ,,!\~gg~s:~. ih~i:.~e:degr:e~ .O(hYd~Iy'ls be

~,refUlly c~iitroll~'.. :'Mackle . Cl.97".>"' wed"var~~ua', prot"~,~ to hydrOi~e::

. -Atlillnt~.:•."~ ,~G.dU3 "',o";'ua)/, ~a'ld IO~~d.·,tha~~SJlme:of ,tit., ,~_nz:Yme~:

.S~laUY'_trYP'I"'. ~h~dro~yt. the' ~sci.' P~Qt•.hl, to:',8,' .i8"8,~'·~nt':, in~n~'.

other. ~rot~~se~'.llk~ p,-~~,~'8"an~ ·.b~O:~~;~III~~ ~~:~ ~~y '0; ~~~~~f!l;~~tJ~g·.··~h:~ .

.:::~._::~~~:d::::~;I::'C:I~~;;:~::I'.·:·'~::':::;::~~~:'I'::
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• T e·~e.a~.~~ '9!OUPS. ·O'f. !,Yi~9' O;ga.~~~~. t:~~'. ':Y.~rteJ;ir~~~ '~,~1!5~~)~~~' :_h.ave '.:::,,~ ;:-

·':::1:0:~,,:~,"~·:tJ:'::;·:;:~:'S;Jf;:7,~::%~:":':.i:::',7..~~~J ',:::r;:;,

..:. :·:.~:j1~7.:7E~~i:~o:;E';~E:tE:::;:~:'::E~:':l&::':>:" .',i:.•·····
. " ;~~~~i~~·· ~~w-·s~,p~.·.;.,:;;<i~n;:. ~1~i'ci9IC;aj ·:~~·;e6~le~·;~'UC'h "'~S: ~nzy~~,'~ have :
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ere !'lore. 'e!'~~!ve' 'c~~'iY~~:'~t'-.~~~r. 4m~~~~~~~s,~_~~~~ ~~it..:~~~.~;p~.;.; ft~ri;~':; . .; ,..,.: :';'.

:':': ;;;~. .- .

.. .";:: ~~.,.-

.~ "::'~'. ::::.:

.:~...~t,.,.",,:.:_:.,.;.....:,:,.~·,....:;·:,-.~:~:;::,: ':.~,\:.-~o~.n~~i~,' o.i,J~ry"crud.~ p~~.-~r~I!'~:~~_ ,00'.', '\~~5;~j" 'rO~ :~~rl?~$~._'~~u;c.4~ ',:~rjd' :
". '.. ~" \!'I:elr·.atrit)l~nt '~p'8ralunt,<:!"'~~'H9!j-r.A1..~; ... !.~D7~)·;c.o,UI~ 'anrib~~e~,·t"~e-.lr,

~.::,a:·;:,.·::·'::':::~,~,··:~·;r,~::'\:y:::,,:'!I::~~~;~h~::I:::1';::::':;'~t7~.:~.:~:"::'"
~:~.i,~.~< :;:'~~':.... ' '. ~:h~~~~~~;d~:,_,. ;'-~o:~v~t-,·: ~~~~~idmab.;~:.. ·~~.~·u.~t':. o.fi~.O\k.~: ~~~ ::b:~,~n~~a~·~.:': ~:~, '

.' . Intracellular -enzyme5 end, acco:r~!n9.' 'JO' . Irive5tlgll!ors :flkll,J1ochapka.- 'lind· " '.

:~~~'::.', ~.,~", .- :~, ::,.L,'~~"::"'·' (",~9.'I.,h7...,'..'-,~;; ·-oPO,·,..-~I'h.I.!~.I,h",·,,'I·om•.,1,~.~~,';pc..!.';'1~.d"'b·~u,.':~....;.,.d.:'.-:y/.'-:~~i:fc;;:~l.-Ytl,~ .·'-a~i~,~ -;~:',;'.#~>:~.-~, <
:~....," :".;,,;<.~:,,::'.. .......... .. " .. :' :,~.iI<bY·. ~~(I~g :t~~~:i~~el~.:"

.' ..t~·:,e:::;:":~:~.::1;~i'.:::;:~"~,;i"i~·( :,:;(:':J;i~t~~:g::~;::f
.. .-.'~~f1j:CI.~~~~S'_:~fP~e~'d;tin9::~'n~i:!'es .. , ... ~,c._>!' . ,

.... . ,; ..., .~ -: ':.; ',;.:~ . .-;. ,

·."~2· :t:~:~!'~. J:~:~:d::;.r::=::::.·O~":~;::"::~~~"~~:'::".
. . etillng8$ ':'(1. the Ii!ri'-e;i~~ an~ .1he~mCM:jY';~mlc:r·p~~Peitles.:of j~~ ·-e';~m.e:Ju~,·,·.t~,~.'
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' .. ' ~ -. '\:' tha~: rhe: body. templtniture of pO!kJ.~t~e~ms 'are .-Ither at or. W!tliln 1°C. of

From this, It· Is .Implled tn~tthl!.:dIgesuvii.

'-.'!- ..

"

. -:;,' :. .;...•, - :. ~

''-~~ - ..~-' ...;.. -.- ~~.~.~~;:- _:....

,·:::;::.t::~·:;.~j[~~~:J:~:f~::EE~::·:~g,::~;~~:·
. '<"4fld ,nalitiul·•..,I;~ r.poned by !,tf8: e~.'U,e"~~o~~.rr. "·':l3.1 KcII~:~Ole. and 9. S

;kca."'-m·$·:'Et$~~?r __. .....:.~::....._.•. - ~.' .. -'" _~ •

,,•.'~:;::;.~;:,. ~:i::;;::Fj~·:!;·~:=,·~:::::~::: ~:~
- .... -cata}ytlc .f1I~I.nC)' of homologou.i'~l)'nfh_a~JlI,hedto "different terJ:\peratl,lre

".,'"\~~:;::,~:mm~::~:i~::;:-:·;~~:,.:p~:: ':~5:~:~:::
~.~.rm.1 ll~b~Il~_ ~." _,:,~r c.:~itl•.,ni~ .d.pted.;~ th~·'.:-.rm·.•nVI'7'nm.nt.

#:;;~E~1t2::d:::~
- m'tdY,la.llon, th.n.~th.lr.·cojJn,erpa~:lio.lIl!te~· tQ Ihe wirr:n.,envlronment. Til."

..·po~~.~, .correl~llon: ~bf~~·~:~~.h~:~-~~r~~i I(~' anq -~e~;~~atu,~ l~ Ih: C~lle.
.of ~klL6(heOns Is. thoU9h~' to _~-01 adaptlve-vahJ9. 'ac~orttl~g to workers

,':~;:,~.::!::'~~~:::~il~iik.~-eEi£:~·:::~·~::::,
',::::::..::,OC~'tr.:,~~: ~ "'i:i:';i~~:,~m+ •. ,;~",;.'-,':, ,""m~'

'j
g.
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'~~-:~BS_ ~n:~s~~s~,.:~:Me~iJ,,·:.n~..~~L~· .~·'~~;,~~·~~i"'~~,id:., ."'

....•f5.4SL2§i~V6:*tZ2§\
~::::~::::}::'::~~~~::~:~:ii.~~~·~::~~;~~~:;;~:::i>~::: ~~_.

.. • be. qu.8ntitatlvel.y ~onvert~"IO' ih''''~ctlv'' .en~m~, ."'YP~ln:'·, •

.' ~h~. lrwe~tg&;~~. ~.v~~ ~lr~IIY: isol...., ':\~ '-'C:~l~:' ~~+. wll~1

.. ,....
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.:;::;,:; ·:"~~7~: P:.:~' .~ 'h::l:~:;,::' ,;a::~:':::"',:: ?:,:::.::
:: J' fOll~6.'b:t:-c~(omatogrllph)' on, • dlm.thylaml,,~ethyl- (Oe....E) c::~lh,'lo:se

.,,'. ,-,',', .-, /. \' - . . ...
.'. :......... COIU';?;' C~'~~ChO Jl1, AI, .. ,." (~~91~)'. purified, '\W0 tryp:Sln~pe ~~_t~~:ses Iro~

..-'<' ", ,~~.e ,~~h~rlC ;¢eca :' :.~ ,Stat'115h, 09rml!l$t~.~/tJl!l 1~~rJC~tl by ~omo~~~I~lng. the

;~ " ,./tl~u" III .,pOld ,.:ltls..- bUffer 'and fracllonatlng the. super~atant ~Ih solid
.,."'''' ,~

....-.

\.-.

-,.'

.... ~ .

' . ,,~:::~·!~t~~~:·::;SS~,~:l:.~·.~;::j:.::~:~·p:::r.:~,
Oil ~,:o~.,~ep'ha,d.X ·......~5.0' column. ,,~'chi~-Sa,,:Chen '~.Jl1. ,.{.197~l . purtl!,oo

trypSin: typ.-'_~lYme:s I~om :ih." .anlar'o~IC'·;krll;;- E!'ph!'fl.!" "tJup,rtfl ,'bY'
, '. . ....', -, . . ~ .' -.
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, -hOql~en,liing',#OI.-: krill ,In' 0.' "" . Ph~ph~t. b~'fI,r., rH . 1: 0: and
. ~:; frIlCllO?~tJ"9; 'ihe $U,""rnl1f:tt'"t.' '!or~:O . fr~~: :~~e ~ ~~ntrliU9~11~.n .of the

. hoin~~.ruite, .,Wil~' sdlltt. tim.monlU~ ~~I!lIi~.:.;'.he frll:li~'P:-Clpltatln~be~een '

-30" and 7?... SIl~r.ti~I'l' ~'ajs,~I~~oi'ved,l~ 'ph9spna(e ,b.~ffe;,:· dlaJyz9ll a~il

.~::~':h1::<h~.:.~:~:~;:::::~;':;:~~,~0;:~::.7:~:;·:=;:::".
, the~.,·~1'1 'lIpE~~-~ep'hed,;~ .~~~< ·C::9,1~m.n .. ~H~I~;!~~nd, ".~"! "f:\~Il,','li982)

~~tf2~i~~~
,aff1ll111 COh"~,n:' of, be':''tll~I~ln~I+-SePhilro~e ~4~, 'Ihen~, rt!.~h~m!t~rll~h~~.' ,

flrst, on II Sephlldell 07100 coIUft1rr-, then on a ~ DEAE-Seph8de. A-25 •

~OhJlTln~ Katon ~iI (l:;BI ~escrlbed the PerfOr~Il?Ce of'lIffJnlty

ehr~mat~9r~pny'C01UtrtnS, lind ,tile procedure_ jnYC!,vl!td ...el~tl~~ of Irypsj~' In' 8' .'

5ephilro51l' .~B.-5?f'l18.ln tiyp$l!" 'lnhlbtlor (SSTI) column~tKatohtl AI, (197~)

-~.

. .....

';., ~lIl!lbrated "1tl8 .SePh~"05~"S$Ttilffi.nl~ COI~:,nn with· O.~-o5M ,~S':HCI,IJUff';r

c:(lntll"':,ln~ O.5M NtlCI. ",.d. O.~~2M CIICI2",2H2;0' pH '1,8: lI~lf..elu~'d" ;~~.

:. t~'l~ ~,~,'~m~ TI. . :\.. :' ..... "_: ,,;.' .. ,._ ..:..~.
"" LB 'Suney'or sorpe methodll available fOr'.d81Elrn1tnl"g'trypsl'; activity>

- . ..AS' n~t8d. ~(~~V::er.e" :~~P;l~{ ~~r~I~~' ~:d~' l~~PrOt~~.~·'ind'· pe~~l~:S .

·;~:t~~:~:;:·.:::,,::0:::.Of~:~;::~:d ·;:~~:'~:;c::'::';,:~r:~r:;;';;r
'- the.,·e"~:, ~~diolYZ"~ I~ .este;, ~~~~trites'.:~~.re:r~adUY.. tt'at;l, t~~",'~~~d~ ..

. ~" sUbsl;'at~1I ,lind. peptldes ,Jell~,1 o.',III1.... A 'proc~d(,lfe' hilll. ~~~~ ~ellcrl!Jed. tty"

,.
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Amo~ '..~ 19391 'USI~, 'h.~~ogl,:,i~' ~(:.Ub,~ate .~o tfet~rmlne trYPtic. aetMty~. ~i ,.. '
I"YoIYe5 a prelh:l'llnary. d~natUl'"a~on. 'of t~~. ~~~~910bln 'UbS~~I~ I~'"alka!i~e, .:~

~rea' ~~Iutlon' bef~ ilPPly!~(.~~:~~,S.I~,~,·,~h~.~:rO~!!c~ ....O!, .~~._ h~.rol~SI&,
. _ 1 ofI~e $OlublUz:ed In' Irlchlor~c~Uc eold. (~CAj .,olutlq,1) and:-;t.t:\e.-o/I'"oslne, and'· ."

~~lJt~Pha~.·~,c~~,~~\; ~f i: '~r~r~'$~t~~rl~ ·:.~c~' ·~.~~.~~::;l~~: :~~~~;~d-: ~,i~~Ii.",~~~: "
rrie:thod O(-'''F-Qlln' a~d "C!OCaltiu: -il9:27')':'" '"; I(Uni~~ j·194'7.)·'~~ ••eribe:d: '._ .

.. ,::,:~;~i::"':~: ::'~::~";;:.~:.~7~:~:::;:~;~:~~:;,;;:~: '
.:~:l·:e:.r::t~' ~:.m::::::;~:. ,::~·~::~:e~~l:i~~I:::·4~:::2a~: .-".;'

. "','

.. ~'.

':',:' , ....... ,'

. ','"\ .

,02N~C6H.-.NH~-cH( ~H~l.-f'; ­
.:.,H2N:·:C6H",-~02·

O"e, 01 'the :pr~r;iUC\$' ~t: ·.the.· :l'"el't:tI~n, p-:-nitroeAllnl' (~A? '..t;J8~:.':.:

!i yellO.·.~·o.;~r.8n,d,:~~$O;b.Sl,!:gh:·"~~~f9iy:";~:il'~.~:r;.'·;n~ ~18. 'f~,c,t ':.~' ~~e~' ·l~
. meaaurln!J81~her,' the .a~\lnt . Q~ ..eub$1r8te ~ydfQlyz~cl. ()~_the "m~unt of ~

. !. ... '. . .:'. ~:- / '. . , .; ,.'

;:E'::b1;~F::E2;::~:~::~~:E.:~::::;:ES:::-:~::::
~ac:.~Ity. ., I" .t14mZ~I-QL-?~.9:1:,?,.lne~.p~~1frO!nllld~ '.'t ~A.p..,;~ ~:: :~: :,~:.r,O?,O~.~I~.
sub,lrate WhOM utJllzatloll'waa firs! de~crlb~d by 'Erlan9."r .id AI., (JIHi1l .. In_ ..

. : J~iS pro~ed~r~~ ..'trYpsin B,PII!S' 'ihe . S~b5~ra'te' .8c7-o.rdi~!l .to.:"I~, 'fOU~:o"'1"9 '.

"

P~oduct ;o~'nied ,. .' "-.
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'N~n~l-.•.rgklln.; i1thy",g.I~: C8AEE): If II 'I~lll ~._~!I,\ .c~o;';n~."-·.J.-',~-",. f~I_ln.....,.;~ ,

~ •. C"'CH,-CocX~(NH,l-"~ . ..;O.~> _:".cCH,_~~~":~~.ci.l;;~~-

,,''2Eitff~?~7;S~E .. '"
,.,'r,

.,;

\ "

'(-~~591 -an~, ~Ch~~~ ':ti .:,41, • c'; 948) , '·,:~Ahl.E _!s. ~uch .,:,or8 ral?~dlY hydrolYZlci, ,

", "~Y: .lrWstn th'~~ ~B.:-E'e 'and u' CTAME~ ~- .~oi~"hYdrOlyzed,:-bY. ~,hymo~"tP~i~_.~ ,

" ," ~ '~~ .
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~ ':~' ~jr ...~...~Ug~~~.~ 7' ~f.. h ,:a'~S., ~~e,~, ~~: the' !IYPSl,lro.m ~.:.,

,Gr_nJ,nd"eod dl.lf~ rr5,"~ ~t:oI o~r trypsJn.1hus I,r Cheract.,..d by . '.',

-. ~lI'lg:' ")~e 8!tlel,it <:'.!'Iyst ,t Jow '.empe4tur.. _,,~f'~h'll'IOt., \!\W.. "....
h"p<I!t~SIZ8d~ that I~ unlq~. ~ properties of ~ch _" ehzyme. c:ou ,be '

exP!OIIed In e.ttal~ ~" pr,~' ~r'~1I0ns whleh,employ trypslll$ . ",'.-
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2-.1:'2 H'.-rln; (ClOP".';.-""'Q~~~~~,..nQUjJ ~,. ., ..,' "

.. The .herMg·~· fP~ Itl.~ ,rf\aid;,~ -'o:~ ~l!.tJ~s~:w.,-e OD.I~~~.d~r;~-:- ..rro~._,
~~. Lak~ .G~~ Of.Cpm~n~, __~~_,: ..~~e~~· Ba~k I~ ~~r",.Of 1!81 &!,.d. Ic~d ',~

10;' epproxTnielely.8 h poslmDrt,em prior ID the p,..pa·ratlon of the "'~'IJes·.

Tt~.":~~rrl~~~ w~~. ~;e,n~d' ':~~ ;'-.~ln9" :':';IS~ •.I.;··.n~ fins a~d rltlalrj~' ,With: • ~.
d.-Ionlt~ci ";'te~.:··~.(cil ·'he. ,herr;~g re 'dteapI~I~ and. ~ltl.~.fll.d ••.." ". - ~ ::; .··~l ','

. "'~l•.·olh.r, :re ~~l':l~d ~ ~tl.e.·round.IOf~:- ': .."" .'

,,~' i.i-' Squid illl:;:;".c.b~~).' , ,_,
• '.~ .'. T~. sqIIk:I ~;'f~r' ~ fer~tat.lon ,tudl......r. obtained fresh, ~ro~'.

· ..~~:.·FI.5h.ry;~U~ ,,:us:.• H.O'yr;ooc'·: -T~ ~qU~ _r. ~n.cH1 r.~( ~.'.

;.the. ~d~•. ~ard'. ·'!!!!.....~d . ..:!r»Jtheli&·~nd~d .lhl)l"oUghl1-eW!!!I"'.....,,''''.=.-_·~---T--7-
. -: ~on:l~.el1 "'(ale~ip~h;·r.:lo th~' I",m~rslon'ln t~"!~~mentallo~ medium.

/.

1h.·, ~Lng··c~.;;;~ts u'"d' In .Ihe . ,~ud1:. :i.ie~·III.: ~urt:h'''e~· lrb(f1 ..

"'..:S~~ ~h.",IC8i ~panY. SI:' .~~I~·. 'l!,:.s. A:."~ ..·~~tyi~~d'... :·.,y;~?~1~1; .

.; .'

"..;.,' ' ....

"'.:

~.'".: ..
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< ·~,powder.

~ 20
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•POlyoryethYI~ne' I~~iyl;' ,ether (brlJ 85) .. W<lS purcha,sjKl ,~~rorn ... aOH

eh~~i~~,~.~.~· rl~~1!!n, ~ele~;~;;p~or.!~~s.: g,,.ad:~ ar;d ~~~f~~' ~odfeY' .~~;~t~.:·
pOlyacrylamlde.gel electrophoresis (50S-rAGE) IO! m.plec1:'lar' :WBjg~t'. .. ; ~,' .' .' .. '. .

.suir:'~~rd~ WBr~ 1;'1I~chased 'frorn-' Blo-rad '.I!!~o!Bt~r1oi.

.' "

" .~ :'



.~ i .
..-

"~.

~,'2\S.1 ~n,of~~~'Of~ln-

:;'.:r~'i;~::~.;;tsW::::d:W::-;;£:~!:~ 'i~'~ '~
.. ,,'. I1rindlng ).n liquid ~llrog&(l (n, I.Wlrlr'ig blerydor:

'-';-'··'~.:s:'l:".~·~L~n~~f:~U~I.+.. ~·I:'f!O~·:~\pytol1C ~ ,a!. In&85";:- .~.,.
, "-:-'

:;,,-:,.,:~~'p.~~r .~. ~

~ '.,

.'" ,

'dnsolub1tJ ma~er:t~i· I';' 'obtaln th~' "~s~ ·.St,l~.'~M~la'l\I ':S,up' ...,n~.: ·t~ :Su~' l' ';Q5

~i:lded briJ 35. ·i~ '.: fil'lIii· 'co~c8ntrillion '·.oi' a,,2~ a~ Ih8"'-~YIi181h wl3lli'.I~h ~.

'.' ':;:!I~::::'-::::::~:d!;':'~:::~::::i,;!~::::;~:,::f::,~~; i:::~Z ..." .-
. 5up&r~atof,nt. ,('S.up'. 2),.

, ,.~" '> . ,~. 3:' ~,: ~ .Fr.:etlonall;~~.?!·,,,sup' ~~..~)!n. ~~I~~.~:~.~Ohl~~ .~u.;~:~lii, ."_. ,."
". T.ne" ;sup' .2' W~lI' '~l'lIelli?~al~d w~.t;. 's;bll(j, ~rI'l~Onlu.m:. iUllai~.· ,a!'ltt· fll~"

!ractJo"; ~r.clpltj;tlng be~8en 40,. .n~ 60~ "8-turlllon, (relative/to' hill

.-':::~:::)';;~::~~;;:':2~:;::~.:~;;:::~::::":": .'"~,::;:O::,:;~
'Cold .( ....0(;) O. 't!.~~ ~.~~~S:::HCI bull,r:



",'. ,

·::§'E§2fS~£~$~}~
.·~~:,;i;:::Y~,:~:'s::~:~~~:· ::::::,·~:;;:~;{~:££:o:~.2:i.·?···

~..-':-",----,.. ...,..~f§ts~..Kg~;~:fr~~1
'4~~" ?~~ dr~e~~' pr~~Ip.l14te :.w~~ .t~IS;:,~~d ~:I"; a;',~lri,:m.u~ ~~.~Ul\,t .·_~,f.
oKtract~~n. ,bu1;fal'" ~!\d;'el~her' storep al -;-20 C:-,U~t11 l\ee.~~ to .b' .. !l'Ppll$G,onto·

lhe "tilnltyChromatography column. o~ t~.e, prepua'tjo,..~wa~ (-'UII~','~etlyai.d:

',': I" l~ l~~, c~s~~ .0:.•~~o~·.j~~mJhe lSYlorl~ .~~a._a?~i . ~p~lIed~ ~~~~,Q~i,~ 9~~ "l~e'"\

... ,affi.':llty.~~Ju,~n,.' _ .~' .. '. ' .. ". ' .

.. '.,.:
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~..th'n¢l .and: 10,'" ·(Y'I.vl ~cell~; aole!" 'i" :wii~r, .. Th.·...QC-r
el.~'I~Pti~~~~~~ ..U$lnQ.;~e~.~~t.h~ 0; :'l:.Ii_~mm;; :'~ l~!i».: .

.;'.' 3.~.. ~., E5~1I~~~t'.~i:hilrnoge~e~ of,~~~..nd,'~'~lni:" .

:~'C.'~I~t~O.P~or~~I~· ,~~5' :~,~rl•.d· ~~t 1I.~~O~d·;~~: IO:~~'.. ,~~~~.~:,?r'··~~.~I~ .,:
.'f9~'. ·Ttl.· gel ..:$laining''-$C!iutl~.~ ~5e~,,::co,h,~lned •..o':,l.~, ...:C~inll,~.l~ ~Iue:'" .

:. A~2,5~>'2~;,j;' ·~,,,j"'l m';lh4'!OI. ..iQ."· (iiVJ' 'aceflC ~;licld. ~ ,.n~~· '(I"; 1"" cu~fc~,

..••. '".' 1I~1+,..,j~, ~it.~. ,The C!~ta.lhl~~ "orut.l,~ri. ~a-.m~~~:u·p·. :~I...2;l~, .:·(.V!V)·,

thoro':"gtil~' \I'II'~~t1.l1d. aff ttl~ column
~,' " .' . ,. ", :', , .',..

,'·::19~;::F~E::,.~f:t~::3'::S:,i~::;~~:~:~:~:7:::.
:~::L:·,:t:.:::i,,:r'::2,:'~m~:~~·'ih:'·;::C'::::~;'·~'::: :'
fracllon, ~b~Orblng. light lit 280 n?1 was· asuyed uslng elltler ..8~P.~. or~.

. .~A:M~ ,a,' $~.b'~~' i, desc'rl~"::~~~~r.,~~d,,5,,\ a,nd, ti!>3. 5, 2T·'~~iIY.~lr.';', ..

::,~':~~\:'l>:~:~:t:;:~;ilo:=:::~;;r:7~:;p:~:Z~'::::::; ;,.
':.dIU,,~...~;p~i r",,~ih~."".:"':'~~~~;.:~"'.-"~.d "i>~.m..t ,20·e

::~~.·,·~,:::~:·~':,~~,;~-~~;-~·~·~~~h~~~(:·;,:"., .','; ': :-''-,~~. -~'-'-',-"-.-

. ~~o' ,S:~f~=:~n'h ;:~ ,'::;~~:::i:.~.:;.;~~tl:.:;2::·:,~::::"~:::~'i;',,":

····':::E·;::::~; :~~,~:;:::~':~Z~II:::-;;~:£~:;:'~;::~ (:~:;:.

"1-","
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"."; .·~-~E::~·:~::~~:zj· G:t;~:~,.~::;i~w:~ :,:-<:
". ,:;':b~~t:;;;~.~;u;:~;::.i~:r;~~::CF~i

t. ...."tlibltor. -:-and. l)'&OLYme. The ...in/ong '\olutlon': COI'lr.lned·.o>l." ·.Coo{na.1t' •

.-~ ~ .

. ' ..

.,:

~'-.;a~rti8"~ at· 247' ~m In': ·tha ,ou':'o -spectrophotOmeter. 6aSed. o~· !ti•
... ~·~; ..~.~~~..t ..~~~I·' ( 11l5!~.. : Th~ prot.:~:.S~bllral•. u:.~...w.S ~caael"~ ~"d ,/

.... ,~. '.n:'Od1tleG,rorm ot1he prOQedure by. KUQI~ C1D47) vi•• uaed. - ..

. ,. ~ .' .•. j',. r.~ ~;•.• _:.:=_:>'::.; .
" ;' .:~.
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c:~::~:ti~;~i;'~~'~~; ,Q;yi~~~.;.,>,.>i:~'~~:cC~~~I;:~' ~r~

";'~'l:;~;;i:;~::'Ej';,:)i~'t~':::'~:~~~;:"~:Q .:" 1

pprlidn"Pli\.dlt.up l~' 1(1 ml wIth- th.• ~&J,IbltT.le~put(.(..•.t :2~C •.' '.: .

.l~3~~~1~~~:
•2~;5:2;"~'i.;i~,~~·£~":e ~'.,<,~::~;,~\:: .,:::':':~

\.!~hu¥:!,:bthe~e . :,?~·~mi.l·( ·..tryp1J~>·:.li:oiMty
d.18~';;~~~~: .,.~.:..~~;~.. ,+~. :':: I ~.,.;"/ ;;.~~~:.;:.': .~~~: ',',.:'., ' •.".,:.~.• :.::.?::.::.,;::.:. '.....

. .. . ·.,S"~.~••• ·~~~",::o'~.~·;;'~~~~:;~·h ..~.~~l~I~~O:;'~C:oi,'
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2:3:S.:·3:Hya:~iysF~.,,! ~~-:....::

.',.' _...... j:!!~I~.s ~th~ntl"-'~IfIei:l; .th"_~_rbl~I~··~f. c..~I,".'~~,.~I~ '~U~

.?_.f61I~~; ..

'.:: .. " ". :..J .
. . ·S..!!bi~~ie·· b~:'h'tr:' .•.!.lh~r ~O,>~ b~~.tU;.-~aCll,~,. :~ 9::5. :<:9"n18II'lI"g'

.': ;" S~~.Sfral~, "OO/i' 'sol~ii,9~": ·~~·:·~~:.")~-··C~~.lfl., I"' ;~.~str~ili "~~~;~" <lhe'

.:;~. '.:::;.~!:::..I~::~t:~ .:~:.l.l.:~;:~::. :::·L~':';:5.~~I.::~j~g,~~~::r::r :~:':j ..~.. '. :,..~~;;,:~.~: ~f·>-~~~·.· Th~. ~r~ponIO~':~~' r.~g~~~:"I~ ~: ~.~·C't1~';_~~~r~:·;~· '. ~ .~" .
.;_~ '~i~~~!fi'~ci .II~.~~~,~~~. C~~.:> ". . ,:.~. .

·s:-~~tt~~2~~ .....•...
~C~~~r.- .!I~~;.~~~,,~~ ~~a' r~~~: .1:__ ?8.:.::.0.._~7•..:,.~•.~.•r;.,~h.~•.O'.',::::~:':·.-',. '. m.<,.~L 1)"r".'S~: T~'
·wer.e~: adC,ec;' .(6 . i" 5. rill "01 .. -..w" ..._...... ;iii.. Of' ·the

;·.Z~';~:~b;::;~~;·:::o:-:~:~;~::;::,~~'. :J~~~;. ~:;:::"i~hp:~::;..~.~;
the· 'oy~'IlC~ T~_ i?e~,~~f,~,ge '.~·l·~:;OO "x~':g -i~r 20, ,fa'ln: ~

.. " ....
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Tn, .vypsltls w.r• .aI$O 1:I••d" ~p.rA1ely to",' "y~,oly'z8 ..iI;~.a;-i~8~.;t6d

::::~:':~,:';';d~o~~::~::i;:::.;:.tt7::h mo'! "to • pH '~l,

. 2;. s. ~:A ~~~o:.yal.s.. o~,~,r~(~~t1.~ted ~~e!'1~~~b~":. .,; ..:'. ".;. .' ' .

. ElIactly 0,08 '9 <II ,..~11,!,e hemoglobin wa5 put 'n In• .,.e~ctIO{l:"'es1el pf

·?£~:~~~]ES~jiZ
,:'

prcx:~ure ..~D~ the. hydroly~l.s_.: .:"8 procedure"used fOt the hYOrOIYSIS.

-', ',01, the-lyophilized .squid proleln p0!"lder was the-"same as l.tl.ilt described for

". the .hydr~IY$I' of the u'rea-treated ~hem~9Iobln. ell.capt Hult t~.IS ~me;, there
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k,·. 3.5. t, 'Hydrofpts: ot. cod,~ :n.~ ~~l',:

~ ,. ." ..

f~m' P~oJ,~I:. t;;u,:1.,"::u;:~;w~, ;,0. ;~::~~~~:}~:~::: ."
hrd~C.I~IS· :~.' SC!~ld.; 'p~!ln ari~ -rti~', diges~n .I~ ;~~'. '.~ . .~.~J: ~a~' :a~so: :'.

.carried o.;rt-ln,. the.64me·way"as, was qp.ne~·.lor the squid protein.

2.3.6 ~ S!-Udles

.The inflU~JlC~ 0' pH on th'~ ':ctivlty. of lhe trypslns was detqr.~ln.d;

. ··usln~ BA-P~, or casein as.•Ub;~rate. the- In1~u'nce 01 -pH .on the ·...blllty,o'

'1~ trypsln~ was al;O' del~rm~ned Y;I~ :r.(~E".as substrate,
, ·.f

'T~ pl;l optimum' for ~ .hydrolysfs 0; BAPA was ·determlned ~

. prepa'rlng, the. su!:'st.;ale· I~ ¥arlS',1S bvtfer 501~ons' ar.d.:allo~1l9 hy,drolyslS

.: :.~:~:o~;Tu::'r..::Z:~::~::~'~2. '~..;\ <:,om~ltl"'"

2,S·.622:The 1!,~~~~~':.6n ;he aCU~lty or:lI')e trY~~llIs USI~9'2~
, '~.,.

l .

The- pH~ op!lmll' f~r '.he ~)ld.OI)l~lli or '~aseln,. by" th~ .,rypsln~ 'w~.re.

, deter~ln.d 'by preparlr.9' .2,!'.c••e~n'ln ,¥arl.o\l$ .buffer SOluNOn!.inCl. allowlrig
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• =-.'

r;,.•.,~:" •.~~~~~, 1--
"_.: .~ • ,.. 'Either the ~CT, Of Ih. 8T wa:!' dl;S-S~ lit ~.~IOnILN w~l.r. folloWlng •

.• lhe f'roe.dure; of z,,"lng ti ill. t llJ6i) . and adjusted till ttlthed ..
• appnJlUmatefy."the~ ..me ·.~l~ toIIt'ard iAM~ aneS. u~ .;' 1M .4nzyme st~~
~IUU~' • Tnen o;~ ..ml:~;" :tb: :e~~' ~IUU~' witt. ~ad~ up to .1{~L

.\ ,- wid) the various bu~.r, ",a, d.serl~d unci').., 2 S 6.1, at 25·C "for S min' :
_: ./ • " I • ;' ....

,,' .' -', .::: ~::::~:~::U~I~."."'.d.''',:''':J'': ":d.~ ~)'51': ':" ',' '.:
~. Tha Influence' 01 Mm"'r.~u~. on t~••c~v;!¥! ~nd S~bl;1 ,'o~' J~~:;
.tl")'psln~ ••,'aUldled, usln» clIIs"ln and' .or W", ..., '1I~.tllt,j ,. .. / • ~ .

'" . . .... ~..... - - . "

... ''.' .'::~::~~~:.~~~~:"~" ~:.:;:~f,~~~~m1r~21~:::~ .....:
. '.' ." ~ .; • the GOT ;/ the BT .~, as d.sc~11eG under' f 3.. 5 'i· : ~.p rth.il lhe: ' •.

.... ~: '-;'~. substrates ~~,. ~1Il;;~~t~' at' ~lff.r~_nt as~y· t.",,~~~ti;r.1f l~r. :!h8~ ~ ,

.', .~~' ,'-.. enzymes ....r••ppUe<l ' .,~ , • ' .' ;":, ".: .::-
, , "\-.. . ,~~,' ,

., .. ~ ?.,~, 7 ~ 2..The lonuertC_, of ."";~I'1IWr.:~fl .tfle JCtl.-lty ~ trypslo~ .!;I.I.!,;'.

··.. C•••I~.~ .~~itr.~' '..: ': \ .' ." ;..... ..... , -
.T!le .prOced-~r.'::·U"d' :to.. de~r';'lnl!l ;th~ te·mp~r·at~r.·.,~P:I~~'-m,. iiI, 8Ii~:r.:. .'

::~~=::~;:.:::~::I1I:;'~d· d:"'~~::.C::;.:i·t.::.i~":::~P: ,:;:i:::: .'
" •. ,.tlflxym'es "'8re.atiRII~d.

,'.
,.' .

...
',- "

I.,.l ~ ....~

\ ~ .
~.f' ••' •

, . '. ~
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~:.3:;;'~:~~'.I~~ ~:'~l~tR,·.~..~.e _iII_~'or.~ ~n~., _' '::,' '('"

" 'The !ryp:sln SO!UllO~ilo ~re':lupplem9:nl.d with' 1l011d CiIIC'2.'2H2.0·lo llnilll

",. ~onc~';-t~I'lo.ns. o~ ~. 02~ .~~. O. 2M ~nd, iII'~Plled to B'APA illS 'descrlb':' :l)der '

2,'3.5,"') :' '.~d ,the'. reiNs•. ~f' p..!tllt"fI?a.nlllne W~$. followed .a1.;.419 ".~ _1';1,

;' 'd!If.;'nt te·~pe~alur.1l In a' ~ckTnan OU-B\:o';;puling sped'roPhotomele"r,- ,/
, .' " _" ~ , , ,. , '.' .,', . ", <I

. ··2.•. 1.• _ •••_ of ......,...'.·"0 ... ....",;, Of'''YP''~··. /

iTial~2-!f;igE~~~
..~~};6E7;::~~~;§S~}

.,:-:: 'J~ de~~.m;ne l~e·r.$ld,~"1 ,1~~i~'~a~ll.~·I~.:' .-:.

-. 2. s, B ~ Kineuc: studl8'$.

..f.~e, a~~,~e~t,;~~~~a~';:-~:~nl~<.~O~.$;:~t(K'~:'l :,all,~~,:~~x~;":~.m'rl~~lty;
(V~.) ~f.'the tryp~lns :-ere deler~i.ned ySI"-.~;"hl!_ Inlll~.J r.t~: of h)'~rolysls

o~ ~AP'A:'or'TAME lIIs' .SUbstral;·.'USlng LI,:,eW8avO'''':''B~rk ;anaIYSI~ .~~ least

squarei' ~e~Od'\Of,J~h8~sen" 8~d +¥;:;'(·~d~J,).:

·2"S'.B;1 u~~~ B~PA a~ ~'ba~81&'):)' \ .' _ .' ,;. ,

SUb.tstuii~ ~I~k ~~I:U~,n ;' ~ 5, rpM.a~~A ~tpck solu'lon W~S PJ8!,a:8d

by dllilu,-lYlng "~! ,FIJI! ~~P"'ln 2 I'l'\L .OMS B~~' th_~ tsO~~llDn ~as _rT\a~e, up 10 .

, ..r:

I, ..

I.,



'.'", ~;:s~b$tra,l; ';,bufle;
Ca~~.~o.. .

.", ~

'0.0511'

,31.

,.
con~lnlng. ~ O:02~- "

, I

'.

·:'E-~me .•OIU!IOn': GeT and BT were pr.pl,!"~d ~e~i!H.ale_JY, in ·Sm~·,":lCI.

and '~~'IU'~"d \lll:they had" apl)r~mal81y th.··silm~·_a9ti~lty ..to.ward BAP~ il:t

. 2S!p.· 'a~ Speci!,~ ~nd~r T8~le S-l•. The dl~e!-'rlt' ~neei'lir~lions Ol,,·t~. :

"S;~~~8tes U3.~d f~·~;.t~~_ ass;y _are SP~CI1.1,e_~ "In, Ip~nd_I.· F.

Substrate stock· 5Olution; 10,' ~M TAME" i~~k -~olu~~n ,;,.; ;r.~~;.d,:-"

by' CIlSs,O~!':lg ·3~. ~. mg of-TAME )n . ~o •. ml.i~/:d.;'l~n'lZ~d·· ~"t.r.··'

'J
0.046'" Irls-·Hel. 'pH 8,,·.:·con~hilng. a:01l5M

,',"

.:.;:."-

s~ec&ied....... '

...
Enzrme - ~Olutl.on GeT ~ 'arld" B"T .~ere .prepared .separal;8ly Ii:•.-6l!'M
.,' ,}

H~I The ~t quantlty of :enzyme ,olutlon used l~ specified uncler TaOle

"'3-12. TI'Ie .propo~on of r.~agenl$ in the rellptlon .·mhClure

"4n~e.r:8Ppendi. G:

T~e" klnetlc '~llr~meterri,'~;" ':~~.~. nd ',v~, ",ere ~t1ma.tedC at ~~rl.~~;" .....

teRll'erat~re~ ~ci in":"~tI9a.~ ··the effect 01 'le~perature '01'1,' tho~.e:·:p~"ra;,f.le~': :"':, ..

F~/ '~.th· 6AP~: 8~~ .'.~~~,E. , t~~. ~OnCll;It~~'t:~n~ UI~~ :wer~.:~.i~~l~., t~~'.:,r,,~g:~ ..C':.:,"

lor ::mICh stn?r ,atale."k!,n.lit:5~~.1'1 ~ ~PPlled. baaed on .w1'i.llake~:.'-f1~12)'.·..

reCommendations,. ~ .

.!,

';

'..~



'. !- .I

:~ "';", ,A"~Odlfl~ -~;~l~~ 0;: ;~e~,pr9Cedu;,!., b~~·Hofm.a·o~'- (,"~6~)'h:!I:S.·· 'used :~~'.~.',

~:~~:;; ~:,: ~~:~n:f;:rl:,~t:rdt;::::~:d~i~:;:;;·t::,It:;~:~.;::, ",
)0 9 mL of 88~ formIc 'acid and' codling It (0 P C'). and the l5.r:s1ems

~;:::'f:'::~~~~:E;:~:~~" ,:~o~:::::::~:::~if~lfE· .•
'C~Br. 'T~e ~Q""lUng: m'1~U:~W~~ Mi~~ '~l 30°C. iQf,' 30\. "lh,,~,~I~Op~n;l:.ed>.

,; ~h'e' Iree~e: d'rled 'prDdu~~ ~a6' 'r;ijI1l6ol~d-'IO '2' mL; 'd.-;onil~d :"wlli~~ • lind . "':',:,

.. ,,-

".' :h6' 'aminq "acid comBosltlci~ of' the' ,GCT". was ..delefl!'lnei b(
• . . " ", ", .'" .: '0'

~·hY,dr.QJyz~ng,ttl~ .,P~~I.ln wllh 6M .H~l ,o:r 2~,·h. '48 h a~d 7~. h at' ~,10 9,
then " sepal'1ltin~' ~h'8' '.~I"no' acids" I~r~"d" oil 'a Seckman 121. MS.•~l~o ,.acId,::

,:?:;;:"';,,:::::;:.:nd.~:~:::;~~~,,~:,,::;::~:i;::~:t~..:'~I~'::: '(.'
.'. 3N",mercaptoelhane sulfoniC' acid lor 24 h according to the 'rr'-elhod~'of '--" . , '" ' '.,' >

,,' 'Pe,":!!:e .~ '11.':.. ,091:'1'. .q~teil1.":"end . melhioni~~: W..... .-~~~18r,ml.fl~~.' a!l.er:~

.' p.rl~i~i~, acid axldatio.n us.i~~ ',:•.modlf;~·:f~~"_~f' the,' nl.ih~d "~y 8;.~'~l?l,i~~: ~

i)(;"·~):' < '" ' ,
";", ,2,,8;'10' P~•. mapp.l{lg

,"If:'-: ,Th;'~T w~s pU~fl.d to hOm;ge~eltf by paasln.9 -thr04.9h the atllnl~
• :. _ '~Olu'm~n and 1)lOP~Il!led'to Rowder form The p~rlfled 'ST ~n,d t~e G~T ':r.e

- ~ 4 _ separately hydroly,ted ~h alth~r CNSr or papal~ .' " • ,

, 2,a~ 10.1 UBlng 'CNBr ~ , I

I, ... '



c..

~..' ....ater. ).'

..... "

S3

t..8.in~li. p9.10Lwas. ~.ec1 to elec'trOpllor.e,e':ltle fr.~~.-· drt~ p~oduet' using·

12~~' WIY~~~I.~!~~,.~6:'.·.:~~.~tl.~9''~~J.•~ ~:;~::~s~>~~~::eil.~~d~·::;~. ,~~~, _~ ..
- slllcktng. gel. 'T,he.sampl. b~tf~r Cc)"!prl••d' .O.Q&25M trlll-!'ICJ, •.pH .e.8,- ~.""" .

i:f.il~3~fqf:.?~~~~S3 ..
•~~I~~-..;.~~..~_~~~~~~:~.,i:~~~~hOJ.~i~.>".::: t~.•~· ~e~~;;~.~;:~~~..~~. ~_ ~.~.~.~~t'·~ .~: :.. :: '

.' .curh,tn\.'of' 51,mA/ge,.· ;A~.r the '.Iec.trophor••ls, . tne-: g~I' ':wer.liI, flxe.e' wIth, _.

';6:~. ~~ -~;.0Igh·t,: .t~~/ ~UlI~~ \~r' 1, ~:':.t.,~·f.~._,Wlth /0: l;~t~m.~~·:.

·~:~~:~rb::~.::::~;~ :;~~~:,~i:;~~:~·~::{~,~::~.t;;.:;.: (:~'~:' :; ."
..llio~u1Jon of ,0." ,h/~) ee.'l~ acid al'!cl 20.... '(v~yr metfi:ll!'ol .In 'dl-;lon:tzed

:.~·~-a:'~,~;,.2, 4~i~.~:·p~~.'·;n, ' " ':,' .... r' .\. ';.,

Tl1e.melhQd us.~ fOf 1he .hydr~I;'IIl' 01 'l,,;AtryPllln. ~y papaln'~w.a

·.···;g~;~i:~'¥S7¥f~~,~'
t;!l?1I1~9-.• waler.fo~ about 2 ,":,I,n. 't~en ..COOled~~? 37 Canlf; '1-"'1.1:. ;ponlon:s .oJ. :

t~~- .~Ol~d'· '.~:tYme. sol'uiIOI1Il''(9re :.tr~at~ Wlt,h 0.05' :~L of ·o ..~'~/~l~.'

, p~p"I~. :.n~ .•Ihe dlg.~tio"- ...all. alloW9d. ;to proceed' for' '~b.-"min:·' A1.t-! "the.

.- : dl~.5tlonl ·-t~e ayate"!.....a~" ~reated wit!;,,' 2-mercaPloe~hllnOI . to a{ fl~al

''':'~onc~':tra~on'''OI''2'" ~~d' the llamPI~S _~, .boiled .Jor 2 '~ore min, 'then /
.' ., .. . '. .'. . ..~ .' ~ .
~~e:t ~raPldrr \jrid~( rtlnnl~g u:.~. waler,

,.

.",-.

'"',-"



','0' ':,

.. Jj.I.:~Um'p1'" -were .•i~ctroPh~~e~d·,bY·:applYlrig. "4? 05' .~L.' ·po.rtloris ,tQ'··l~. 5~"

~.l; :"'ri~:. 81~clropno'~e$l$ '~~~- ~~~'-~'I.ed·.~~ut.·,:-aC~O~~;I:ng .. t~ : lhe' "~,ethOd:'_~9f ;

... ,", , '~:e~mll ,~1'9/~)'" .'. . ~ , .~•.

.. .. ',

'.2:~·.1] ~~..~-~::7~s(~e>., ...:.,_"~. ;, "." ,
. , ~Baa.ed'.:on, th8autig8SUOn·.,by~~r~r. Includlng- $Omero' .i1973> '\hat,

...... '~ftt-~::f:t~-.::s:

. ~" ~ ~. '. '. '.. :p~~.~~~~~:''',~.::k~.D~~' ;C6~~~~~lra.'l~~"b~, ~c~,:~r. ~;T-'. ~~, ~,~·M.'~~ (.?'. '~'-~.~ .., .
·l·mg:'.!T'L. "S7 ,or~O.l.~ .ITI~"~L. GeT;. _~.~mat~ ·u.•l~g 'I~" me1b.od ~of..t.o.y... ":"

I ~~l~ .r~a~ .)+~~c~~'~ 1~~O:~ ._1~~~··~ ~~~l~' --~.;l :' :~..~ '~~~a~, J-~~" /.: .."J

.,. ...: ..':'.
""~." ;..

", .. '

•. !,.,;:,'

,
'-2... ~: 12 -til.. lnfluenctt' of ~i!lrlou&_ 1~lllbllo~,:On. ~paln'__" " • - '. "

;',:"rk~o~";~~I~::~::),,·:~.';,;:~;.tr.~:r:r:;::;~i:BTI'::::;::;~~~,::;, "'
..'0,. '.; :·d....ronlz8cl iw~t.r: t<t.. .....r!o!Js..:,~nc~trl!'lo"''' and . • q,ll!lI~fai.d. With. ·e.cjual

, , < ,,' ·'::'::~~~;:~t;2 .';~:t::B:;:h ;rh::~:',:; :i~d.·~::::d,~::.hOv.

... '"

. ".. ' ~,."::""'j .,~.

·,i,~·"···



.;.' '.
.~'. .

·i'.· ..••.

.'.' ~~;:;t:;:;~~.:;:i; ..:r:.~·:~p~~:·:': ~:;::,~6f i~':"

·········... ;~~~~~!2S~··.··.·
.;, .~ ..'

\2;('2,~ ,If;t~~ W'~T1

'. " .~':, -.'. " , .,

-
. S8~1 was~dls!':OlYecl ,In· ~-:;onIZ~{ waler tq I'" }~iJOwIJ'lg'~~ceri~.iIOn!· .: .

': _ '.0, 02~_, rrig/mL,. 0~.050 ~lmL.. ~~d O. '~'.mgJml" .Thli IrypS;I~. l!DlUIl~n~ •.

'. ~1 ~ ",~~. :.' ..~re.:a~u~ted.'~l~ 0..,. h~~d .pp.r~Jti~:..~ '~m~.~~c·t~. ~ard::.~~ :and: ' •..

···/~·~~;§E:S~2?~~·
.' ,~ _:.; .. ':::700~~:: 2~;::·,~li::', ,":1:,,:n;".:~:;~:::~:5 ::'~:';~:.:;

'Incutjatecl In an' Ice .bath fOr: 30 mlh, .BInd '0.2 'mL of'_the'~dUuted. enzyme ;.'

;·~::"a.oIUllon'W.BI·~- ap~ned to' the' S~b~I""te' as·descrlt)ad under 2.,ll\\, -: For ;he '
",-.: '.'. " '"

,>' roioronce, .0,2. ;mL of ~e-:lonlzod'w.I~'r w8'S~added 10 ·the r"ac~o~ ml~u.r;.

' 'I~$\~a~ cif;J~~_eniy~~ ~rth. onzyme-lnh~6Itor sohltlon .
..~.

'. '.

":

.. " .' ~

. . ,',
"

'~ .



:,L:':JJ;~:;:~:~jl~~'Z:;~ ~::5. ~;::1:"·: 2~:~'·~" :: 500 (W;:::w;,:
A-·$.1ii"~S· fi>, "Uyp;l~ .1.n.i:'II)ltO';':~l)"'It$~ ',' The trypsin solUtions were, pre-:~clJUSI~d-

.:-.·50·,i~.~i. ~~~~_,_,~i~~~i:.,~~~<~.p~ro~~~~~~iY,~Iml;a; .~d~:~lti.e5 on BA~A. 1l1..2S0.c
. .{·table. 3,:,"21.1. then' equal ,!olumes. o,,'lhe:enZyme llolut!ons were, Incuba!9d

~,;_~.~~I -'~'IJ"",~s:··~'i:;'I~P ·;'I~~~~'r~I;.;~;I~I"~~'1. ~~. Ice::b~t~, l(f~_': .30 min ll~d

.::~~:::'d:~:~~:Pj;~ctt.:;~.:i~:;it;':~d:,::t ~~l: <h. ."'Ym~.. .

.The tnl~t r.~g.n~_: ...u~:.·:~_ ~~·I.S .~~~d.~· ':We;.··,,2-!n.r~a.p~'~h.an.~I_· (!"l~)'

an'd d1th1oe~hrUol -(OTE),· -The -h)I~I' r';ll"gent5 'llefe ellh.r' .dHuled ""uti..' 'or-

. -," d:S~OIY9d ;:.dtl-(~~i~~· ~"!t~r :l~·.~~')r~n~~~·~~~tion.~'~d eqU~A~~r;l~d ~!~h
equ~,-voium~s o":i~e ,jryplilo' 40IUI'~r\s ~tii~h·' 'had' ti~~:·~re.:-a~J~s~~d:'lo.. ~.;ye'· .

';,'

~.

i.3:~.-1 am~. 2.. ~:5:::i:,

, • '2.3. 13. ,1: ·T~.:r""ue"~. of 2-m.rC.p'0.;';;.nol-'~n ~.' .9~~:~···~: ~~I"I;
\., .... ,. ,,' I' '. ',' ....• ,.. '.

M~; .~as dilUI~ ~rlh de-lo'~r:led"waJer to th8 :fou6\1t'1/l9 c.Q~-een:~~~o;nf.> ; ;
1.4SM~J; o.71:5M', ,0. 512M. '••••hi.•.4~8.~p.••I"O... : o~~~'.,.o\..,r 2HIM, '. ~'. 14'4M, . a~d ...

6 ..071;1'-'. Equ.-'I.Yolume,·' of 'r ." 11 .... were ad~e~ "10 ~~~~a.l~'

...:o;~~;O~::O":·o;~:~'":::~~~: ::,::i~':C;.:~i;;~?;O~~;~A~"~/
1.h~ Te~~s .. 01. p-:"I.'oaO~II"' al 410._ n~' f~~.owed ,as d~SC'Jqed li~deT

'. :~~::c\:::,::;:·::~;'~ t5:h:t:::~:P:~~:' ::;:~i::~~:;t~:~ -



- 37.·'

_ :/The.t?~;~~"wer':~used \0-. ,uppleme~t the ferm8,n~1l~~:p' 'h,~r~I'IiJ"'~nd'

:.sqlJl? al 10 C,',

-'.:; ....
. ~. 3. ~;::.~,/~~~t:~n·. ,~",, '~' . .

;< _';T~" m~lto~· ;0&8<1' w,,:& adapted frOl7'... ~alente~.. 'pr~es' for .saltea

herrl~S" (:Ma,e~~,' - .Unllever .lId: (197.5)., Fn'~h·I~,:.cau9~t 'h!frring,: ·-:were _:''':.:,

..;.,~It!,l.~~" :f~~~"~he L.a~" Grol!.p ql' Comp;nles ltd,. (lra~d Blink 1n~'Apr;I, '

.1~~1·:a~d ': cie.ined ,8~ described under 2.1,2. The. ~vjsc-'rate:d or, roUni:l. "

'~he~rl",gs werf. :dl:orlded InlO 5 belc'he& an,t!, pickled In brine 'mll,d;' up 0,',':,0.5

kg'·.~~lo.nlt:.a -w~"r>1~~:i9 9"'Naq;: ~~'::~ 9.'su98r, O.5~' 9·aO~I~m
nllrale. ,and 5,0 9 be"t~lc·ttC'd. The II.ri;6u~1 of h!,rrlng" ~ddad In eaCh, of, ,'.. " ," ',.;" '." '., -. ' ... ,

~'h~, ~ ~.b'!li~h~ "w!,s ••pi:'~o.lm.~ety 1.'~' kg, Batch numbe'; 1 (convenl/ona.l

:2: a. 13::(Th~ 'mllueric. of .olthlotirythrltol(·DT~) on ,in!, IICtw!ti-O( trypl5lnli"

',' rh~ .dTE - was', dissOlved, In d~lor\iz.d': w~ter..~·~·· the. f~1I0W~n~ .. ··,

·c~~.ce,~~~t1o~~,. .. ,. O'-.~~M. '0. 25~. 0, ~bM·.~'· O.. ~G,5M·. , ':8~d \,0, ~;~M'" '.~qtl;:' :'. ';: '
volumes .,of' the freshly ,prep.r~d ore: 5OIutions :~e!e }~ubll~ ~th .qu.~:. '

I' ,.... ."',"'_'
volumes' 01 either .lhe, G,OT or ,the BT (which' hlld been' pre-;ildjutted 'to have-

~~proxi~~t~~, ~.i~'!lar ~C~,I~I~ towllrd ~AM~ ill ?'~~~), I~"II~ I~::;~t~'.i~~';~~::..:,., .
:;':;i~:', llI~r. ~whlch '0. l<l~' mL ~Ions- -Of I~ .. en~m"e~.o~:;S~IUllo~~ we~~"'"

',IIP~U~ 10.•,~~l: 10' determine" ,the rO:I5'ld\,rIlI,tryp~ln IIcliV:ily,' '.;15: jjf!JK;~:6rcf:

_'un"dllr 2...3.5.2, The or!gln,,1 IIcllY!lIe& of t~e,tr.YPl5ln& w&r~ .delertn"~~.d,,~Y:.::.

;d~.~9. 0. ~~ ;mL ,0'. de~bnJEAtd w.\er..~IO .,0;.50' mL' 01' .a~h .Of.;t~" 't~f;in~':""

and; ~n:ubaljn9 the "d~lju:ied e~zymes. l~,' ~n, Ie. :bllth. for S~, min

." . ,: : apPlyl~~i~ the'Substrele,:. ,
'-' .' ,2.~.14, SUPPI.~~ntatl?~_Of'~~hferm.,.tat!ons .Ith ~Ins
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:: :-:pt'Odu~tf~-had round fJsh a~"5 n01.,.5upple~entBd Cirfth· trypsin', ba~h.:;:"

,S:::;:;~E\:f~~~:E2'
. ",' .~ ,~·~~r"~!l'~.-:~!J!l'·..nd !(llS su~plement9d ..-tlh p~rlfle(t~CT and. batch: number
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_'.: :,/', S"l.~ ~~. ~GI~nI: IIna rat:cpn~ of herong ;,-
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':;:~i:';-:~::~I:: .:~ .::;~ ~~::::~::t ::'~,,:,~::'~.
:-:~ ,: ·mg.:~~~ prot~n. • .' .

2 3'15 1:±'eftaTHil" d"""'O fenJlentiltion ..

• • Tl)e en. ges' 'n pH If! Ih. f.rmentello" brines wer~ folloWed .using a. \ ... . .
Fisher ~c::cum.t~~~.t.r model 140 ,.

.... 2'_3 1~ SRuid f. ~ntitlOfl " • " ~ " ,.

, P.resh squid pro<:urtd and cleaned :as:.-:oe';;lbed •undar. 2 1< 3, were

. .. ~~:::~;:~,;::~~:~,:~~~~~:::~~~~;~~:J~::~~J:rl~:: :
........ ~·'try~~l~l'~./~~~arnl~.~II: 10131 ~I~~~ ..:pr~~~n. ,,~c;.:..~I.U.ble prO~ln

~od· pH. Changes-}n ttMp. fennen'-llon brines were dJltennln8d,.S descrlbed.

f~/-~' ~;~!~. ·f"~~nlll~on.. AP~~';~ie+y__~~. I;m~ ~8AP':'_Urnts ~,~. -

GCT -.tId,,-the .BT· l,~jiteo .tlrwi.,: Table .s":'P) '••~. und to ,upPl_IMnt

..... ;::~:::[:~;:;~~i':i:~o:'~~,~;:.;~·'O:~. ~_".~ "0 -..,. ,;
·.~t 2~~,)~',1. ~u.;.~~.~ .I~ ~_~'trl~5'~ ....

1.>, • p'ortl,oiis '01 ·tne. ~rl!,!e/'ttp.~ - Ille ';;rl~US 'balCh.•; ',""e. ~,rou9hf up to .'

·· .. :~u.( PH'·.8"?:WI~··BA·P,~ ~Ubst~~t&,-,b'~Jr~~: . .an{ c"n~rtlU"ed'/n_ the AC-.S" " ~ ",

superspt,,,id relrlgereled' ce;llrUuge. at 6000 ~ 9 10;'.30 mfn 10 obtain' a chiar." ,~

.'::~~~:::,~,~::~~::,~~~:'::,.~':::~~:::~::::~'::,'::~ ::.~:O~.:.:~ ....
.... ~" i~.' Ih. ·'t~~~(l~l.' ~PIIC...•CIIYI~ . d~.~mrned:- .,a. d~llcr·fbe.cl ,under

'l~3.5.1 .1 Y.rl~?' I~"~.l" til. .!~::CoU~8 ...~f·lh. I~rrnentillion.· The r.,(dual

~ ." ...

......

\'
.. ' ;:-\'~

. " ..... : . : .~ ~ :

:.,:.
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,.~ 'f': .
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-'1',' •



.. t
. - . I .

. , tryptiC a~t~"'lty WAS.; ~lIma18d, In. a,I,! Sf.rmll~:Ollgn'brl"eS and cOntrols Were

".' a~~ ~u~ 'wlth ·the ST:y, ·the' bUffer.·or brlnll'qnly, ,

~, 3, 17~Prl,...enti~g· of .copp~r IndUCed·..{l.ldl~, f1."o~ In rew milk by

. I. tryp;ln~ itIJ -

"The me!h~ uli8d lor 'fYP~ln 'lnhlbillonof mUk Ollld~.llon was ~dop18d

• : trOm ;~It·:,proc~ure_~y ~i"1I.(l962<·As '~lInlloned'ln 2,1.4, th? raw mil":

llamp!es were procuted from:.Kenmount F~rm&' Si. ,John"" and the tJm.~.

~';liPsed ". belw,&!ri "', ~tleel~n an~.·!_ ,lnltlIlU:"- 'Of. ·e~p.~me~tatlon "wll!

appr~lriullely 1.5 do)'t .

. :rh~ '~\;I" solutio'" In 5mM' Hel adJusted till, tJ:ley, 'had

. ~pp~~lllmat~l~ Similar. actl ....lty loward T-!'M'E III 25°C.

,_ Various 'tOlumlts of tltu eflry",e _,:"~~l,utlons e lidded to.'. ffll~

volu~ of IRe raw m,llk ,••mp~':~5-""peCIfI n ·.ppen~lll, H.

.. ~ ..
T~: .~~ ~ "ater,.treeted lill';'ple~ :or.e litor~d In:~,!_c:~.~:

room (~.C) .lor . ,the," .plllteurlzed- by holding t~ a WIler bath at 70 C

./.fjJr 45 . ~": .' .'.ftlitf: pa5~urliiUon..5 mL p.onlol\liof ttlll 10 .ppm copper

vlfaJ" ~!oC~"0Iu,t10n'wlt~'added ~'the' m:r~k .•"m~le5 I~ rein .the cbpp,e;
. .'

conle~l'·t!(.l 'p~m·.~nd uie umples were'cooled arid '_lor~d a\4o~ and;.

el:a~!'l~ f~~ '~~'I,'~~,aldehy(ie -. for.ma.uon "n' an ·.lnd8'1( "!ll O?lldlz,d' '-It,''~Of ,;

development, uilng a .m~dlfl~. lo~m '.~I :Klll!i~. (196;) 'l~lob8rbl~r'IC~~cid

~".

CTBAI' metho'd,

• I

. ; ....



.\ ~ . .

2. ;~·17. 1.~8u"':ment of TBA Vllue'.ln-trypBI~ treated 'ano' ~rltr~allid·milk
~ . ~ .,' ,. ',' ,

··samp'es

:. ".

.AIl~lIots of'8.8 mL pf·the1?op~r 5URPlemen~d milk 5~m~~·Il._,Wllh 'or; - .

wl1houl ·!J:Ypsln. _wer.s trali.sferted .Into Erienmeyer·:fll.kS" filled .lth glass

.::::;:~:.~~~~;.,::::::.,'~::~;~:.•;\ :':":f~.': :,n:::L ~::' ,- •

;n;b. ¥tere sto~pered a"n<! ~lgo(Ously' S~~ken for 'a~ollt ;.' Of' sec and . lett ·to .'
,~ '. 0 : ., ." . , ".
~!I"d 111 25 C for 5 ml,.. Ttl.e, 6am~le•. Were • the,.. filtered· thr.ougn B

What,inan No "2'fllter paper and 10 :4. ml: p~rtlon"s of the dear ,f111r.•t&S _J,e ~..

• 6dlid~ 1 mL of 'rBA SOI~tlon prepared by diSSOlving. i .... g 01 TpA. In' 100

mL of 95'1io ethanol. ,The flasks were again slop~r~·•. and Ihe contOl1tS

thorough1r. ml1(8d., ·Ind.· ~~!f~ In I. ~~l~r ba;h at. 60°C. for: 1 h. lhe" eOt;lled 10'

room t8;;'perlltU~ '~nd~r runnl~ (a'p~ wlter and the ab.'?~bancleS.. at· 532 n1TI

-.m81l~Ur8d :l.h liI Bec~a;,-:_~~~, 'computing s.pectro~hOlomet8r l:"l,~g' de,-

'.:,. !~nl.r:ecI· wale;'· a~ 'refe~~,;e: ~'.Th·e vatll~s obillned ~~e r,llI.B1ef . I?> th~ ,.

;1118ralur.· :values. of . ~ln9 .~ ;962) a~' rnlloflar~,~h~d~ was 0<1.' 'lm":l,~~a.t.ly, ..

,-- •.:~_:__8.!~ll!l~~_.~'tol~~ ,~$_!l_ stan~~rd."_

..,::::.~: ·~::r;:::~~~~::::~:;~:~t~~·i:;~}~::::·J:::... .
.:r:Yd::'Y::·~::'::~ ':~':,.:'~::' 0::: .$:;~:::~:~::;::,;:~::::""~'

.d;scrib".d.und'.; 2.13·.~.2. " . '.' '. .':{'

'. ~. -
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.~: ~_ P"rlf!,~ilofl ~n.d a~.'tor of Uypa1nov.n ,tp ~pstn ~om'~""nl.nd: _.,.

G"'"~7~~od_ln 'ioe;, ,ble'n" fio"'th~ pt~;~C'ie-\",
: . Inltitln~; o~· ~~•.:~r..~~.nd ~~",w~•. pii-"ff;.~d ~.. iJ"P~.b.~' Uncler?.. 3~\' . ..:.

n .. re:s:ults: of trypsl?. P\lrlflc.tlo." -:are wmm.~M:l In .l.bl•• -&:""." ....2. 3

and 3~.:

. ....
". ~ .
~. .'

.,
~. ,"

. ;.
;.;

~.... ~~i . :~"'~~~'" -'Ch~~'." ~~?~pojl~ ~'oi.';h"".h t
To-.t '-lOla!. Tot41 '~'SplIClflc !'ekt. Purlri-j'

Vdh)m. pni~lrT:'....CS!'ity _. :ac~ • cA1lont:
(mU _ .(~9) '. (Unlls) CU"nlJ.s.Jmv) l.~~.." I

", '.

\,

", 'SUp"'l- ,2$5'" ·'501."~" .21. 7. O~~l~", 100 0 '1 '60il

"~:::o:;"m,.,P',;~·="::: '~.;, ':~::::;:':.':: .,. -;."
fraCtlon:C401lt.,.601llo1 • .;-

Aceton"o fraclion' 20,,,' 64:·i. ,"j l?Q •.O·· 0.308\ /lB. 1 :.'l.O:~O·

Afl~hlty,'fr'Cllon .~; .sa ••1.~'~"'" '~O"6 '0.780 46.6'" 51J4 <,:,' ,.,

. ~~A was used ~s sUDsjr~t. 'as (i.;~if;';d. under 2"~.5..\, Th~:;~l~t .Of'

".j~He c~~~ ~~.~:10r. ~ elCtr~~o~:~' ~~~,. g,. . .!~I; ...•.
~ , ... , ~.: .~.,' .

," . .' ,--.'" ", ,';'
'._~_ ..__~. ~;:::"<J- d



:T,oUtl. Speclric~ . Yi&Jd,; Pu:rlfi':':'
··ACI;v-1W· ACtlv-lty· ';callon
,(UnItS) (Unl~/~.! <0,

•40.2 0,: ~.18~ .1~0.q
,.

1.0b

,",,7 .0',,019 101.! .:',Q~",-.

'.4 .. (1" 0,.067 36.i 3.;66

29.7 0'.3"5. ~74: 0 16.-60

14':~, Q.74-8 37.. ',.- 40;.66

Total' ...-rota!'
Volume Protein

, .-' cmu ~~'mgl

~, : ',.~ ,.'~ , .: .' "'. ..', .' : ",': .. )"" \,' ,
PurificatIon scheme' : 'Get from pylorlc c.e.a of ,fish' caught

. " In·:.u,~~'r • ' .' ,

'Sup' 1 . :-27~': ~i8s"o

.:"~U~;!'~':·. .' 265:.2154.0....

'Anim;;:'1I~;" f;~th"I.·'·SO '. 220.0
fraction (40,,"-60"')'

·AcetOne. fraetl-p.~ . ,20. ~7.S

: 'A~I"lty- .~~ectl?""·:--' . 38,. 2.0.0

I...~'

Total, :rOtll' ·.Totel"·. Sp.clfic :
Vblu(fle. Prdtelfl .' Activity., Activity

_~~_-:~__ (m~.:~~,iCOnl~) .~u.nl~/m.g)~~•.,_.. :

20 '71:3 22:1 0':3'0'· 31.5 ~,OO
'.

as 10:9;. :8.4 0-.,770". ·.. J2,0 lV~7,

.'..

100:,0 . 1.00' .,

68,7

)~. T' . '0.062'.25.7:' 1131.8

.. ~;O .. ' :·;~~97' .. 1·

~:~I:iU(~o~!:ci~i
.A.Cei~·8 .i,.~cilo~ ..

'. Af1~IIY ,-~;:aCII,on.

" ....\..... :
"

J
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.'::" ,

PUrjflCaUOn'scneme.·:~ GCT· from Intestines 'of nih caught-In:
. - .... summer '",

Tota' ,i-Qt8I' '-. Total, Specific
V,'m'"ume,;' ~,',:,!)In .' A;cllvlty Act,,"ty

..... _~~n'ls)l\ (~nlt:"/.mlll

Y.lelci\. Pur1f1~
c.llon

''''I;

'SIiR"-,l:' 210 ..·.. 176~:.5 ·iJi.o ." ~.~'O&4 .~".100:0 1..00

·sup'.~ .'260 -C"·'1690.1 .- ~i'Tl,,, ~o-,066 98:,6 1.'09 ,::,.,.<-.. "

.A.mmonlum ',:ulfate "50' . 353.5 :.~'&':~', 0:'.139 .~3.,1 2.16

"1 f~8~tlon'. ~"'o~;So~I,
I

~ion,e,,""r~ctiori. -:20 112:5' 31,;0 ..
·~·0.S29.· \-32.7 5.14

,"'" :~!1lrltY;~r.ctJon sa ; l~ ..~ 12.0 • :o,~OO"_ )-0.6 1'2,60

'"

.,:.... ,_. I. '.';"":'.

BAP~...wii~. ,U~.ed ,'as ..ubstr.le .~ ~.~cr~,bt>d.. under 2. s.~,!~._.~T~e w~ht 'of -'

'th~ iritesi:l~e ~i:t~ used'f~r'~n.,.di-;;'c.iIort,~.~ 50,g .. '

From- 'Tab1." ·S-1 and 5:2. It' .l..s ~pp.renl. th.~t, when the: pyloric' ceci;. was

uSed'as 'tlie- loure. of. GC:, about 40 tp·:50··fold purljlc.t1ori '~ll~ :f1.chleved.

'wnIJ~:,";'i:h'~; .~tl~~d.. l~~m ~., ;nt~~I~~~ t~e'.::PUTlfI~~t;~n·.~Ch;~.:ed ,w~·~'.·
on'ty'..bout·12,,.fOld rra~les 'S-8: ... ntt ;,.:..i .. " "

'" ~

J-tc;-,e~l'. ih~' alllr'!Itr :pur~f1ed:'GCT jro:~. '-both .~.e' &iO~IC':'C'IlC~ a~, t,he

InteaUnes bild .. 5imila~ specific. ac"tivtty",'lt· "1"<-'1;0 ~ apparent lrom Tables

::;~.i ~ ~ ~-~~'.s-a ~~~ ~:~_. ~N~~.: ~()r.~\~'CT ,~~:, :~~cf~:r~a ;~r-' ~rl~":~f~'t!,$~.~~~.:
, fr.()~· Ihe ·f!Sh..caught, In ttfe_. sumlT}lO.r cC?~'pared.. with the' f~lih c;.ugl;'lt In' th,.·

winter~--I",,"ddluqn, mo~e Be.1- w.~ obb.rned·from:the p~orlc .CIlC:II than the,

"'~;:::·';i~:h~7":ht":":O::'?;:~:?::~'f3~,~:~~;';;o::;:~:',.'" '
It>eCame 'fuU~ aetlvllt~ onl~, lifter ·th•. acetone pr~Clplul\!On,step" as c.n be

.: seen ;~,orr:' ,lh~ ~,u~m~'~ ~'of. a:---tirlle .co~~se ',,~udY.· for Ih~ 'ictlvlltJon. ~o!

.. ;' ....

., ~.
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·,tfypSl~en .~th....artous ·trlc.uof'l"~· F.Ig, S-1.: it·i•.·:ap;;..r.~i·-~~m Tlb$ea...

:~:::~:~::~: ::",~:~'~r:.:. :, f~;~:~~:' .
2SO~. .... I' ,'~":-: •• -.

h is Ipparent from Fig.· &'-1 thlt the specl1lc ...ctw!U~ ~,of U:e. '/ ~

:;,::::.:-~:~.~:":,,1":~:~~::;~::;::: ::'./;~;:;;~'::C;:,7f:..
,landing at '" C fOl" up to 4a h. On thl oth.r hll'ld. U)I spectflc acllYlty of

1M acelone.... ';.C1l0... shoWed aboul 8 fold Inct"~s~'an:, 1~' h 1~~';batiOn .at

"4~C: A' poSSlbl''-8lIlPI.n.tl~n'for it,~: Incr.as~ In' l~ciflC;:'ictlvlty I" -:dl~C~~~~ ._T

. .. . • I

undor !,·r:1.3.::, , " : "

: , Tfi. speelflc activity of th~· affinity ~1r~·ctlon d.c....ased Ilightly fron:t .'

~ 'ij~.'l.~~h'to 8601,11.2. 't;~lt ~oo.·th.n,sut!~tairtJal~ :~t'7?" ~·;he\ilm.,- •. '

• ·~m~~I~re.•~Ich ~p~rt.w_. I...r·~~:~ u:'A' GC~,II_.eI~ 1a~,Ie,'(~S ~~

•: ~~tfJrI~ f.r.~O" wAJ~'" t~ ~.k 2.b~1I'" - 5~a Helt- unltke the "r1I~r

. hetlOllS 'wllieh ,~.rl In O:~M tl'b-HCl.buffer. <col'),:-l,,!ng ~.SW .N~Cl a~d

.'~"b;M-I.~C~·.;,· '.
I.. ' ~

. '", ~e ~x~~.n':~~,.fO" t~~·.~p.~-re:ri~t:incr~~~.•·"~.~I~ld~; tf'Yil"l~: f~~•...
pyloric ceca att~r th'~'"( NH4)IS04 .fr.e~r~liO" IIlp' ;"ay be .thlt aciPltton

~~~i~~;i~~;s:fii,t~:·;t
• the IniesU,nl<··' ••.•. '_", \. -," ",.' "

, .~..
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0.05

F.i,,:·3~): Effect. of inaila'tioo on '~c:ti~t:y of various fractions fran'
. " py'l:o~c ~~ . .,' ,~

0.60

:"T ,_',",'I'I'Sup". ....----..-.- .......... -~- - ---.-...
", - _,. I • _ " ~ .
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~.'~:·.i 'Gen~'I: ~~~~,::'~~n' ~:'~S.i;:fro~ ~;~~d'~ _ ",
';:. Very .lIttle Is'know", abO'ut fh"'PhyaiOlogy 01 Greenland cOd..bulllome··

'':-';'.'~'"'' '.' ~ 'lnf~~~."tt~.'" ;; .,¥al'r~l._ ,on ~ ·"~IOS.IY"'~'I.:.~. 1l;.C:1~~ ~.~ th'·::.~I~ .'COd.: '

...~;.;~~J~~~~~~~:
•c.••. ' ,. . ::,~:~~;.t:j:~;~::~~:";::~: ~i;;:~.~·;:~':~~''.ru~:,,~:n:J:~;::'

..~~~~~5_'.;'~:~~~.~'" ,~~:~~o.~:·::i~.~5!,~ ~ndi~~.,,~"'.~ .Ba('nitd",C }96~?: •. : ~~'~~h9;. 0

.~. !Ii,.m•. ~'lgr~l, ".~f)d: a~~~ 'llf\~ -.GUSlaIsOn ,( ~t!rS) tiS ,..ell 8S a,Yef~l, oth.er'

"~~~?i:$~~:~§

, ~'
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"'('

: GCl' is, unstable' at, ~cld. pH: Consequently. other procEld.ures whIch

'~~i~e<i~ 'n~UU"~1 or" ~i~aun~', '~O~ditlons ,were' trl~d ~!ir. t~e -p~rl.fl~lltlOn :'01

-GCl: Other'.wdrflerslllte ,Cfostqn C19f10l. Camllpho JU.D.,h' ('1970) and ."Jllny. -

" :'.' . .T~e )~~cedur~ 'by', Gama~ho. '~ ..Ai. (1970) ,'. InVolyln9. ·the iJ~e of

"ammoniy~ .auita(~ .f~ac.II~nllllon': aCelClne p~e~lptlallon .a~d Chromatography

',on' S4tpt}llde'l( 'G:"l~ .~a51.~.Pt.d .f~~~' ,.JClr"ctJo~· ~f ~CT'" j:h.;t;~:etJ~n
~':~le~ui~i,:,~.' ~~lHtn': "Oft. '...., : 60~,' sa~~a~l.on ,.rl,lh . ll~,~~';lum sUlfa'le _lI(~

;·:.\:oilec';~ .,-·!Of .fu~.r "pi.-~e~.tlc!~ .. lr:/ ord~;',~ '~In!ml~ '~~r.~lpitatlo" 01

. tiipaiQ:...m~~.r\Il' :~~". n·.~r"I,I~.:.pr.~~ent" ~Plln: lJ)t'ilb.l~ors .•.·~os. ~lu~enoe' ,~. '.',

,.\~:,~(ds: ~~..~~·p.~el,&Iy ...P::~~~ ,.Il~B~alytlc a~'!"~tlon~,of 'n~actly.· ~aln~n

'. 'to' actlv'e:-t!Yl;lsln, , kc~idln9 . to K~nl~ :and.. Nor;th(0f:!., .c ltiJ3b.l, . the.,. I'lllturilly

...::::':~::: ·'::';~~;"~::I,:::~P,:::~:::m·.::J"Z:.j', ,:~:) ~::~:~::
". ..,' ..

'. ?~_li:~ ~...·m.~!l~ ~.e.l"':~ ~'P~~~~ltale ':h~~,i:-g .. I';PSI~ "a,et~YI,ly. ~~~eare.d, ~t a~~l _'

: 60". 5'atur!lllon wUh' ammonIum sullale and' thaI 'Iu~her '1ner.llses ' In
..-~ •.' .' , : . " - ~.. '. " -". .,.' I ".

: ~rn:~l.u.m'. ~ullale.- .•,at~f.I~O~ . d:d' ':"_01 In?rO~$e the lr:'p~ln.,aetl.v1ty In the

'~:"~' :~r.~IP,ltale._ . ~~~es~~PI,e.5..¥lIt?~: ~dl~~S~~~.I)' .dl.il'7e.d.~ln :ord&t to. -renlo~e ll!

'-~~h :of' the, ·.~monlum· :l!lilfllt~. l~ th~. aampl!l<aa, poulble, T~..·aa~pl.e&

'l"81'"... i:ile~,.~I!o...el:i"-l9 ~Uloae·t!vale.·co~lei~IY .~f pH. 7,.8 .. bitlo,ce ~PP,IYIr}g ~O

. 'h;"a~lnltY: eOl~'';'i\ "t~ ·trnS·UfO.· ttiai Ihe~'&'';''8~' efllbienl blndll~9: ~'8tween the

~!i~'~nd"an~'~CT' SO,.·tk~I,'·mo$t. 01 Ih~ ::?CT 'WaB ;.e:ov~red in':lhe' ~l.ual~ and

".'

':'"



1echnique of. lIf~lnlty

'--:50

,"

'.:

'. ~.\

~:.

,.-:. " (.,."j

. :~:

':".;.'

.:" ~~~e~.n· trl:P'$I~ ln~ibl'~~;~~ui~ ~:~·S~~I.I~:~ .erp17i
." ,: ''''.''

.~';h.::~~::::~i;::~:; (;;~~:;,~:;~~:::::,:; '"::::; ":::r:,

-g5~2~~E~s~~~g~,
.«tl..."tlon' has .be;".~·.d8.r-O'l$tr.ted by NOrt~rOP".and.KUflltZ Cii-48l to ,J':'

proceed' al s~ghtiy~ alkallne-p~. T"hl, procedure ,;,'lrilm,IZed the IO,lIS of ·GCT

;11' "~e:~.!~r~' '~f.··lfllllit~,~·.· i.~p~,nogen W~:Ch WO~ld' 'fl01 ,?.!~'.~pe:~~~, .to 'bI~d,
llPPI1itCI~bly .10)1111 saTl on, .~h~e.aftJ~I'" COlum~. . ."";,"

'I'"

:'i:~;": ,:;:9~IClum ~a~",~a.~.~ ",r~,:,ill\'~IY, a~~~~:..~~ .t~&. 'el1ractl.on?Ufter. 10 p~.~ect
"1~ en,zyme ,frcim"lIutolysls I'lnd cCl~et'$ibn' to. ,,:o'c~llsd, 'Ine~ ~t~tlll.ns·.n t'.

re~rt~p by McOon.,I~·~~~ K!Jnl':t' (i~"l). ai. 'pr.ciuuon J,u" -1n.:c,••e: "

.-;."

;:.;:



,:.. ,~::,,:~"":~t.:,":.:::,?:.;::;~:~?:;:,::,:.~n~ ,0,". \~Iri.) '" ,is,-

~.1.:1.2'Eivlcl .•n~~;p'(~:zy:~ .•n ..:' "'-.,. . "':
·l:toe. purldc.atlon S~he~.s preur:r:ted In T~bl's' ~-l. "8-:.2:'8:-3 .n~ 8-4.

Indrcat~; that- In ·:·~~mPI.~:·.~~.~d:.~!r~~:.'~a}h., pY;~riC ~'d~c~~ ..~~~. \~~U".: ..:,.'
there was ~ome trypsin actl...lty at alt ,tag.~ In the purlfl.catlon scheme . r

,;::~.~n::~'::::"=.'~~ir~::":::,::J1:~\:':;h}';~:':~~::;.:i·~;~., .,'"
.conslderably ·hlgher than' ~o.se from the· ~ylorlc:. t:~:'~~ac~".Jn·.th,;,~~·riy':.,

.;~u.gItS,:, of.·~, -·P~;lfl.c~}I~n;' ..', e.....n ~~O~9h: "~the :·~P~~I~l~.~' !,~i,v~l~~ • .oi ~ ,·he.:

~~~23:~~j;3f~::;?§:~ ..
. ' '.' . . -

.' t!"e~, follOwing : .~ I,i", :~resen'c~.- o~ '" naturallY P"'~~9~t. tryp~ln in~IDItOr$ ~hJcti

PJ;.lln;~cl '~. el~~~r..?[.: ·~;.~e ,e~ri~:;~bla'. S~s~~ .:I~~~., }Jl.\~l.l!.~.~. '. '~h:~ .'ma.i~~~:;· ."

:, . possIble actlYlty· (st :l.nactlY"e ,zymogen' .in: lhe extractS .Irom. "':utciaCUv:"tlor,' by

t'~e ..~~.~: ~rypsln '~r~~·erit;. ;'Ii). pr~~e~ce '·~""a ·:;~~~s;a'\:u,a;.)Or1I,~,·· _'0;,
. pOl~ntlal, tiyp,$ln as InactlYe ti-yps.i~ge"n;· :or: HUI' ~ .rel~t1vely greatsr. amalint

.~I..non· try~Sln ~(~~ln~Ce~~5 .~~ierJa' :~ ...11,9 P;IO~I? C~~,h' ~wt~a~is.. :.

KlWltz '~lnd" N"OrtI)"~(';..{l~3.!i)••·ln ·thelr p;~para:ti~ri ~.r .er~de :1;YP~lndg~n;""
. " "', .. "" ,. "

11;Om boVine pancreas obserYed that actlvallon 01 the zymogen.to Ihe actl...~·· I

'J~~m;~' "COOI~ "C?I ·'oc'cur.·:~~ .·to. :th~' pre~9~c, QI "najurally prp'l!~t' ;;'Y~51~ "
.' . :""'~"'.':' .,-.,,..'..... , ...:::'. -."",':

InhlbltoTfi. Ev.n though the. pr•.S8l'1Ce of naturally' pr,.sent ~try~s!n. InbJb.llort"·

was· notspe<:InCall(10Ciked fO~.:.. thll~ pr~';'~~c' -CO~ld b9',as~'urri9~~~a~'Lon

the I~et' that they .. l?cin'tlt~te' .e.. phy~lological ..conlrol ·mecl\lj.nlsm>!.o~



:1mogen,"Is ,~cti...aletf 10 the activo' enzymo "'boloro 11'1' $ecr~lod 'I~~ "~he . ­

~··\nt.e;"~~.e 10 r;lIrry ~:"I;S ~~rmat fu~c'uon of 'hYd{Olyz~ng pr~~i~ .. ~IU~U;O:~':'"
~::;: ~ .'''''.

•• P. ._

. ,.~~k~rs I~k~ .camichO .Itl ~ (19'70i:~ hlln~~' a;lI;f-G~staf;;n':(1973'>

;.:f:, ::::<:::i :;t~:~:~~.o\.~::~::g·:,5: :~~:: ;;' ::;,~::
or~~:nl~ll'S und~~..:~~~~lI~J')'J~I)~i1lo.n~~" For.ell:8mpl& ~<;/~~ChO'1.l 11. n:970)'

Ob"8&rYll.d .that.~~u~ bomogenate, 01. pYlOriC, ceca ,,8KUIICls 10... O. P5~ Irls-Het

t~~::L~':":~'i::~:i2{t;-"Io~:'ld:~;:'b:h::'O~:~::~:':::::.~:':~"
",:t.~p~t~::::.;:~~YI::~;~:Z:ri:~:~::I:~: '~::.;":::.-:::""th:

, - 'tf)'.pstn actlv~'- ~:f ;!1 J'cotone ~acJ allproJillmalely doubled on standing

·o...~·rnfg~t· ~I ;'?C'U~ln~""BAjA·as ~~tr:~ "snit i·mput~·. the :1I'ctl~ali:~ to··~·.

'elimll'l::'lii:m or~ de'lruction',~,' e~d~enoustryps!n InhlbItO~S. T~e, apparenl

'.'" }-,'i~'cr~~ ,In Yl~id ba~ed·..:'j:ln 10t~'" :ctlvily. rocoyerGd In' 9~'1~9"'_'from, t~~'

. • ,'li~~onl~n\ 1\l~fate "ra~~lon~t10n 10 "he acelone slep ob~81·...ed In t~e pyl;rlc

;(: ce"Cll eJrtracts~~' bu.t "n~~,:. th~'lotesi;ne ·e)C\.;ac\.s was,~ pr~bably . ~ue to a~livatloo

f' -- /' Of~.,~~g~~n·s in;d; 'PO;~I~le· bY,' ~J~~; ,IWO o~ lin t~ree' O! ':1~8~~'-;~II:~I~g

,,~:', :::i::>"~n~~:'::::~:i "~~~·J~t~;tOI.::~:',:' s~::le n:~:;:.:::::!~~;:~p(~::.
dlalY;I¢::~f Ihl( ammoni~~; sulfate' Ir~'~~~on '~$I~g 6:0~0 ~_~ .~. 00.0 ":'OI~UI~~ .-' . ~

• !!olghl' WI. ~U d1.lllyslS .•?embranos, tl:Od- (hl) dostrucllcn or "ellml~~Hon ..?'
.' a;"'; rematnl'~9 nalurally. preS.Onl· Irypsln Inhibitors by. the acetone. 'treatment.

.».i~lvlll~n "'WlIS ~'Ol~:;~b~~~~~' wlto· .tho Intestlnar~ extracts 'becaus~ ~the

;:::~:.:.. :;;

.~ :" ~.:. :'.: .t··:.~~: ;~.'';; .. _. . ~ z ., ..... ~. ~
vertebrates- \0 .acco':!.Odale t:!'e ~()Illerwlse deva'\<l:tln~rolfects 01 ~F'0!'"JItur9

. f·;···
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i.'!~' ·...mpl. ""~". pr.par~ In ~·;..mPI'" bLift~r: ';Onlal!,l~g . 2-. -0-

merC:e:Ploethanol'JS '.n"d ur... ·-UMl~"'" bOI,led;' In:" ~ ..•et~.r >~lti,1. 'for ....

o·pprOlllmataly ~ 8 min". before ep'plylng .to. 'th~ gal. lIal.ng. the ~ Ii,rocedura.::

.," ;.,.h.·;,...~•..~U1lned~.·pr~.~nt.d 1':!·Flg. 872;~h~ th:'t"GCT ir~m

, ." alth..- .~ .pylorlc \~~ Of' I~~~~es .-~~~...nUtd: ~,'!l'." a~.•~•. In'" f~..y • r' -':i
" 8~) .PPM.... 10 ~...•.. single'~ ~ 1t'~mlgr.tMI.a•••fnp.l~ t

bIi:.d. -~u.. tl:~fmo~•. w...,k..ed to~ till u-.e ~ -fr;0!I~' ::'.: . .: ~
mO¥M ~"Of the V_Ii. "~......R,":!..I~~· ';~• .'~ot niJmated" ~lnC:·. ~.I;;'.~ ", ," 5 .,"

'~~~".~ WO~ld '~.t- h.~ b..n:'·r-rY:'l ...Mfu." In' ~m.Unll th~· mo.cular '"" :.~ ~.
".,?lgtna.:..Pf ~.• prO;'.n ..:- ..~: ~. "1:

", "
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Flgur. 3-2: SOS - PAGE with Ur.. (BAL. li8U

'b and 'd' are prole,n slanaards'a- .. GeT trom Ihe pyloriC ceca

c' '" Gel tram Ihe IntestInes

OVlIltlumln z' .. rIbonuclease A

'x '" Dovme serum album,n y.•
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3.2.2 ~~~lnatl~~'Of m~~I~~ ~eJgh~.·~i·n9 '50s - PA~E
Th~ . ssmple~' was. piep.ar~'d jn'~'..~se"\~le· burr~r '. conl8lnln~ 2-

",-,'rcaPIO~thl!l~OI.',8:~d 60S: Il:!en balled I~'" 'wate'~-b.AI~ lor. epproxl,!,~19IY S

, ~ln beloi~ ap,~YI~g, I.~ .•Ilie ,~~lll;.~ ,usirig Ihe method .~,f LeemmU (19701,

" ;~. r,eGutlS pr~~~~,~ In' appendix ,I agaIn. showS GC~ ,(on ,gel& ,:A'

~nd: :c:j' ',as "homogeneous 'end, migrating ,to almost the, same dlst8Qce as

·"lh~' sl"nda~~ ,llIbelled '!q' ,o;(~~l.;·"'~;'- The ctmUtminent 11'1"1' appura to be:"

PI~'~';~: et.,.~,:·: ~~gln& ~/ g~.i~ >~ ',B, and C,*,re '~Ol .observ!"if 0": "~e
, ' ;'~'rlglna( ',~'~I~' and I~,"': t~8~efore. attr.lbulecl 10 l!ptlcal prOb;~~15' d~r:Jng '.

• phO\~raphy. : Olh~r;: GC~ 15a~pleS rUfl 'under-slmllar cofldlilons (and .Whl~f1

· d~', nol Sh?w IIny' conlaml~e'nts ~l' .Ihe origins), are presenled In appendl~

J.

logarithm ~f mOlec~~ar wel9~1 .~f the proteins Yer~p.s mOblllt~ <R,)" ap'pen.d~x

K. 10 estimate '\ihG ~ole~ular' 'welghl or GeT, A sU,mmari :,~l, :'1ho'r

'deSC,!'iPtion of, Ih~. 'proteins, ..', t~elr R.,' value,s, end Ihafr, cor~eli~~~Jng·,'­

m~leciJlar ......l~hts Is presenlod Ln Table a-5.
. . ' .

:'" Th~ '~ol&CUlar 'wel~~ls of '.~h" prol~lns·"Vt~rG al~o ~~tl.i.Qd JSlng;'.a
. ",' ,. ":' " I', ,.... " ' '. .' :... ', ,: .' ' ',,: ',' .-'~ '"
Beckman DtJ-~~ ;co~puung spel?t~oph.ol~rt)9Iar In Ihe .. g",l. scan, mo~e wl!~

.~mol~,Ula~"'~819hl calcu·!3'jI0". (a~~.e.ndlx, p...

" .... :

, ., .
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0:.590
. 0,625
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•Of.~~~ ~~:r~~:,:;:.~·:j:~,:~·;:::I':,~t:~.:.::b,;t:~:>· .....
e,uroa.led'graphl~lI)'." ••PP.riCllll·K: 'It 15;li150 .•pp~r~nt f~0rP appendix I. and. -::::;:.:::::;:;:~ -::P:""'::' ..': ,i '.•

Tabl. 3-5': Summa" -of Ay. v'Blues 'arns molecular _lghts of "ptotltln'" .

· _--,--,,-.-'.;.,,-'',-,-'--,"'c-'-'._."--,.',+1-.:;"--,'__.~_:.:'-:--'-•.
'. proi~"(s)- OIl liel r'~ vrtU.~.: . : MOl: ~~hl

..h.~·25''''
! '4"~~O ;,'

· i " .. '
A. --) GeT h"{lfn pyloric ceca

,C --) aCT:'Ir~ '1"lltS';nlt .

·...~.~-). :~:. i~~~:~:t:~:~· ~
t •. B ---!t protein ,~n~.r~~.~ "

. ~ ftn5 P.hO'::p~~la,e b'

(n) bovine.. ~8ru," albumin

: ) fO)~" ••"ml":·· ":. ;';
• (pI 'carbo~1C ·8nhydr~~:.: " O:~1.0~ /. s~~.'O.o

Co.' :~::;=.vy~~;:i'h~.'!O: :";>'::.:::, ~_,:~~:~~~c __ ,
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'.:.

" .

'.,
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'~ .
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- "Th" ':"' .::, 1 WtI····:, .. ".i Ni ::"I~ , ," b . ," f ·SOS.· 2,. ' ..:." , .. ' '" _>:8' ~~~?'~~: '.~. r•.:,,_.pr~P!!r ~,,'., ...~ :'''~.''_: .a s:~nce-.·, ,~, '. ;-

.:. ercapl09tbanol\.or, ur•• , and .:·nlOdlf\cith?fl ot th'. mtttl'lOd of O....,1a.-(n~64)-.
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".:, ~.

:.' ,.

')nt.'lti~" ..; H~:w.".~':. - -tfte,: _A,.:v~I~_!' ~f '~e. :~f1I~.!tY.'" PU~.~8.a'-~T, '{-Ii;' 40~ . '.W'ali.

:~:E~£~i2:n:~~~i:EF~E::::~::M;~~~:~::~:::f. :
,','.-,,',<.

:..

,s-, 2. 4 Ge,!.~al .dlscusslon :-~Electio~hOJ;8'I~... ~r,'eci:: -:

ho~;:::::n:n:~':~~~l:;: ;::r~;::t,:t:i:.:::~ ::,~t;::::::~", '
'. A the · pur.lfl~~~lon - ~r?c,ed~~il :w:~~ e."~~e· _I~ .:~.u~ifyinB-' ~.CT ~,h.?~cig~n~lty. :11

.':;: ::;"h:~:z.7:;~:,n':i:~;i:l:~::::;r21~::;:O~d~,'I::I:';:~G~::"
. anf I,h. ~~~, ,~~l~~~<:.,
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Figure 3-3 Analytical polyacrylamide gel electrophoresis 01 lrypslns

A and Bare GCl hom the pylorIC ceca and Ine Inl8511nos 01 Groonland

COd respecllvely C IS 61 Itom Sigma aller "ll,nlly Chromatography
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1.1 ,

."

: I

;. ':: ..Lapend· ·ui··F.lg•.~-4' ;'\0. 0'5: ~L·. of 0'-'04 ~gfmL:' '~Ti or 0.. 092 mg/ml GCT

. -~~.s : addes! '.:'10 BAPf-. - (pH ~·8.:2·J~.;'at 2!i°C., ~ a~~ ~he' 'rale • 61 cha.nge In

, ·'abs'Orhanc.e; al.' .410· :nm_ ",measured 'at 3Q...~ec. 'InlJtr:vals In the OU"S

s~troPhot!:;mel.r;-:.a,· deS~{I~ u,;~~; 2.3.~.".· The 'elrtra Une for each

'.

.) .' ~



F.gU'" 3-5: Time. ~ou.r'$. : GCT. vs' ~T' on TAME

~ ",

Legend to Fig. 3-:-5 : 0.02' ml,.·'of ..0.12 mg/mL aT or 0.05 mL 01. O.02~
. . '" .
~gl.mL GCT _5 added t~ TAME (pH '~: 1i 'at .2~OC. and ,the ~aI8. of

eharige In absorbaince a 241 nm ,m'eesured at 15·.III.e, Interval. In ,llie

OU-S .•peclr~PI'10\om.ter. 'aa deacrlbed, urTder 2.8.'5:2. The elttra.lIna for

,"\ •••e' .""... I. th. lin....... Ill.

. " ....
...•'1".•
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'S'urn'mary ~f 'specific acU'lltl••: of GCf and ST on "vlous
:_ ""',' - "aubaft.... 2~C ,+

, ~
~ . Sp;'-cU!c ActlVltt.'"

(Units/mg. Inzyme> :.i..

.....A
.:

':228.2'2

1.90.82

0:150

"":.

I'··

5~!'f1~: ac1lvl~' ~ units/mg··'···· ,

AAzII'/" "'"'1I'lln x 1000 :10: 3

S40
b x, m~.n~. In a~~)'

• 'For SAP';' :iba~eei~on-WO"hlngtO!l·. cI~fJnl1l0n of ,plclflc actlYtty of. .
Hypsln on TAME).

b.'~o "~quals itie molar .irtlnctlon" '~O~fflCI8nt of "p-tolulnl, $~'lfOnyl.;.L-·
'aiglnlne (TAl It"24,7 "I!"

";~ ,

\
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~; .'

~' .
".".,

~_/~Xll0~r~;.
. "V byp.,ln .

'. y:.:ru-/~ tryp'I~·. -~"';'( ....:'"
··ILfiI~ln",.'AY-"

th.refoR. , ~~ eQntaln.• : .

'~'.' ~~

.. ..' ._: ...:~:Z; 7::;:-::.~;
"" ··~,,'.~i.::~;

l;'''eeOo,..~q\lal~ ,moiar"~lnc:'IO!'l:.~-C;~fflt:l.n.i..Of .f':7n!lr~.~.nill"'. at ';10 ~:,;, at" ..t
·;,oc:- .~r~ln·g to Er~n~.•~ ~.41~· (l&e~~,

...:

:.:

I."

...:.:.....

,~ ~.

. ".

3.3,1 ~~.·:-Trypsln'~

~ FOt' botl). GCT and 8T. TAMe appHred, 10 "'a benar. ,ub~lfat~ tha~'

SAP"- foe:' t~ folioWlo"li' 'raasons :

O)...~':'J:~ME .•a. ~droly%~ .i hlgMr r~tas th•.~ ~A .'nd _:s ·ttl.

:~~: :mora ..n.slt.lYa ~;.

(Ill i.-ME' ..... ra.dliy'· soluble In' ....at.r·· ·~Ilt the tilmper.t4r••

·'n"~ligat.d, unlike .BAPA :"hIC~: pr~Clp/1.ieo out oi 'OIi.rU~n .;·I~m~~;"'t~/e~
'. ."., ,:

'beIOW.2(/,C·. ',' . ' " r~
.., ..' ...

~' ~A-~.' ~'JCI8d f~:most.Of ~"~J~,"i"" .~... ~.n.
amid.', /1' .a. ckI.... 10 the nawral. sub.trata. fOf" try~ln than TAMe. iln

. ' .. .! .... , . . •

.er, F.u.~~rnor,: '~a Indlca1or-Ilke ~~~rty ~:.BAPA~d•. ,lt:':"'pOs~I~le·

.... .:;



'.'-':'...
h ~';100

.....DH ."

1878)

m..l .nd, ,liqUid' m~'CI."prot.lri! ~i·~., taken •• 7.8•. INovci EnZ)'in~•••..
'<':" .- '~:'::

. wha,. h iii the hyclrolyll. eq..."'.lent of the protal~.artd ."tot. I•. U;~..
total hydrolysis ltqufotalent ot' the . prot.in (g.....n In tabl.s· Jor sll~.i·

pfotelns). For. ~.mOVlobln·~ ",as" teken 'e; 8. o·.~rn:' for the Cod,.n.~

.. ~.

. '. tt ca: allo. b.e ~n ~~. ~a~la H ~~t. ~~T.'IS .bciut. 1,~.~;'~
":lOre aetlve ~~)8T 1ow.rds BAPA .~ .b<XIf. ~,2 tJ~... mor. ae1l....·:ttiiln

.'~T W-rd•. TAM~ at 2s"C .. ••..

.}~ :
1.,.4

to_~flrm, by·Wls....I.lnspe>ct~. that.~.~t1on.~ .~i....ii~·~kerl~~. :'.'

~lond prod...~ had formed from. tti. reactants .•• ·a· c:on..;:.....rice . of Iha

.j

......
h ~B II 1U£· II Nti'IM II ('Jlosiloon

'';', .

!'YPsln.adeted..

-.": ~'~:": ..:: "

3'.rt+rct~ of pnrteI~.eut.tr.1M.: _:." ,.. '-.:~ :•. ' ,.,;:;._::!-:•..:~:~ ~'; ~.~;;;.
J... .. ,.. ' The 'tryplllns, ~..re .Iso appll.d, ~o. ~g••t, .'p.roteJ~S .UI.lng _a ,P!:t stat.•s

dncrlb.ci urid... · 2.11.5,'4 to 2.3,5.e: The' pro'-Ina :'Invol~ed ....t. ·ur••:"
. ".'

tr••teet -1M~lobln al'lCl pniteln. htr.cted 'fro~ eo.;. "fl.•h m.l!Jf lind. squid •

~u$C", ··The hyd~' ....s l.tt ~ P~..d till ·....r ~. no. ·fUrth.r:_~~II.~·~~~ ,.'i··

con~umption. By. measuring ttle voluml!' of baa.' <:on m.d. the degr•• 01

hydrolysis COH) .......tlmateld U'i.~": !h& equatiOn 'II",-""'In' ~. bulle1ln .by

Nowo E~' n878) as fol~":



.1,'45

..L,es

8.82.a.S<

(~:::~f~~::,
. Sq'ulcl' m~je~~:,"~~~~in~':'

''''',

, .
the to~1 ~ mass 0' 11'1,\, __lY9ro}y~.ls mbttur-. Ig). S Is Ih. subllrate

Oo"oen~.~.n~'~~. ,".:~."m,I:~"'~."'7 "",~.'i~oll" b~~.

In' the' .caM of Ihe hemoglobin. 1 mL 0,' th•. ,varlO~I' solutlonl was

" .•numltd '10 ..IUh 1 g. but' fOr' ttl. :cod flj.h and 'squid mUlcl. prot.l.ns.

;;.;e<~I~~t ~f, .'hi: ~.cU~n' mlidu~w.i": cl.i.rmln~ .by w.lghlng 'IM 'r~actlon
··~~I~::~-,.~· w1,~out th.' ";"ctlon 'mlllChlre,~ ~. ,..ulla ,obtalnltd/er.

:·:.~m~li~ i,{ ~~'b~' '~~.i.:: :
"'- ..... "'.;':r:a~Ie·.s~7.: .'Deg~ of. hydro~~I~,"~~~~~~~g~.ln,IUbl.trlltn :by .tryp.I~~

....;; ..

:;1 ';'< ...

• 1-.)' ohly on. "d~,t~rmi~afkm '·w,. carrls~' out: the enzy.m. ,olutlons

" :..If!'Br.- ,~·dJ~·.f.~ ~aQ···it;.t' .-qual volumea had 8ppro.lmately the ,.m. activity" en

I··

I



,,"'.>

~,~ :--alu••· are :~ver.~~.1J .of ~ ~~,;'rm.ln~t;:"IJ; ~h. 'e~.: 801:llon"

.'.'~ ~~jW'~' ,~.: haft~"~PP~~iy\ 'the 'Mme acttytty on ..SAPA' ~t •2SoC~: ;

.0;'20. ~L '·9CT·.'~~u,l¥al.nt' lei' nl,·~~.'~lftln) .hydtot,ied. BAP~ at:·a ra~ '.,

~10, 1IlII/~" ~~i' o:'~~"; ai' ·2"iC., '. "'~Ii.' b:'~~, mL. -'sT :(equ~.';nt ;0" l1PG,:

prol~'n) ;hydroiYnd.BAPA·at a rat. 6A..10~,.~·~r,0.0~3 al 25°C, ),'-' .:. '.. ',> '" . ,
_.'TIMi. :.f1~i·'::Co~po~ItlOn:' '~f .'tha _re.~~n ~14I~r~, .e•. o."oa.. ~ prat.ln

.' ,.~~~:. ~:1, ~~"~~,'.~··~,.4:·~L~,~+_~..oi~on. "}/.

~. ~'.', Ge~.' Dl~unl.~.:;~ .o~· ~~I~!S:-

.':t. I•.apl?4re:n1 'rom lable ,!-7 ,!"at. ~.c:' ',and J:ll 'nyclrolyZ~ 1M,protel.n .'

.' .,UblJ1r.'" to alrnot.l th~ .,ame _nl.

.S;~.l: r'~neral, ,comm.n~ ~n,the. hYcsrolylJl., 9' .u~.ti-a~.I, bf ~ln.

~ithO:u9h trypsh'~ trom 'd"l~er~nt'"o.~.J:Ces ,.appear 10' ·hav. 'h._~m.

rcommon- aUbstr.ates. tti.y do 1'101, hydrolyZ. 0\.....~bl~ai.I' to th·......ni•.

., axtent.' F~r ~mPI.: B~n~, ,: and :. ~~ta~~o~·. "'e'''7S)': .ca~aChc - ':,J ~"
'(~ (lD70) ',;lAd Kozlo~klIy. "nd '·Ely.~. (1D,74) ".da"crrI6-e,d· 'IYP..lnl ~ltt~ J ,

. .' . , ' , " ,- . ,
gr",htr s~lflc .Ctlvlt!.s on th.lr SUl;l,Sll'lU.~ thlO, thO".' oljltaln.d with BT.
.' "

HI~lmel"nd.' and Ria :~li82) de!lcrlb.~ .. '~rYP!lI':" ,.jl~ alinost ~•. : ••me

a~t:I;"'ty .", BT' While, "nan 11-' J!, (1;7(1) and Zwmin.9,1.1 Jl.. (1DIID) al."o'···
: I '.' . ' ~ " '" . "

~.lCrlbecl trypslnl with subltantl.Uy ,IOW!lr .~••clflc: .etlYltI•• ,tha~ ~T.

.: 4

!'-\-. "

~

I
,:.1.:."

j



,:'

~,' ••Y.. ~t, tu'rthe; - ,"!J~ wh.tha~ _GCT hli. :tt1.. N"'"

.PK~~ .•• ST' II, ..~ , .~~: ':ti~;..~ncI:,' ST' "~;;u~med':~ ,.ornoga~~~
'~r.l~.,.·to •. weil: daflMd 'Ubllnl~'BUCtl •• til.· 6.::ch.ln -01 i~"uiln "!lnd

'.~~ng ',out' .~I. ~~troP;~.\~ ·'on:~.th. "~~,yUct" .I~,ulln' c~.I~-,~
d...m.I~ ..... a.-cl ,peP~dI.· u.ai' woults be prod~ i ••·,~.~••ult~1 th~"

trntment '~th .he tWO un.1~"

. " ;', ':,"- ~~ of;:~c~' to' ~rotYi~._i~ME ·.~d.' sAp.., ,~Qr\l th.aJ act. ,
Il~:,; $1'".,-Hydtoly*" bor!d.' In:--olYfng the,~~ grouP'~}6f .."inln.. '. The :' ..

'. 'f1ndl"'ia, that .both OCT-''ancl ~i tiydro!YDd·.·P~O~lri'.IUb"~~ _': .,li. ".. ur..­

trNUld ~h~OSI~~n;": ~. (I..,' ,.,e.' :'~nd' :·.q~~d·-·.~u~i .• ~rotaln'-~to'"''

.;.w,o;~;q~ '~~~~-·'';'~'~''lJg~ •.t. "that.th·. '_~i;'ay~i~:·~~m.;~~.-~

, $.5""'; lI~ft~ce of pH on~~!I.acttn1J' of. tJyp8ln~:.~ dtft.r.nt temperaturn
, .

u.l,ng:~,.~ ~~~ .

.' '\. eoth GeT and eT.~' " h... .i~".. ,H ",.,.. ,,,...... Th"

. '. ara ~ lesa actJwt at acid pH" and ~o~~ '~~tlva at mod.,a~ly alkaline pH

. (Fig .. 3-7)., Temperaljlre did [l01 ~~p~r' t~ affeCt the' :PH' 'op~murn 'of tha

~~~Iys!" of BA~A ~'.:GCT~' ~~' least tor tt1e t·emp~r.tlJr •• In.....ug.t'ad ,(Fig .. :.. ..
9-7).' H~e~. the 'pH. opU",!um of GCT' tend. to N .breader at (DW/iIr

18""'perelures· ·tha·n. a't higher te";peratures., Funhermpre-, an Incraase In "

·.t~P.erall,lre .pp.!a-';(~·:\'o-~ncre.~e 'Ih~ ac:ilYltY of' ~T more -than. ',I did that of

GC'J:, ":t)e tarnperl!lore coefflclent, CQ,ol for .th••n.zy~' .ctl"III•• In'llolng-

:1~' 69e, 10 259C· at dltf.re;nl.pH'. ar••ummarlzed, In Tible &-8.

-..
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The inn~.~e- of pH pn tt.~ --;'ctl¥I~ 'or tiyp.inl .i
"dlffti,.nt ~perll~r_ on BAPA,a._ 1Subltr••

"~""-'.,._:,."".,.~~C.
'., .. ,.JtI. "GCT
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.'. ;.~:'~I~:.;::;'i~2:E:::?~~~::~E0:"2:i~:,;··
~ t~r~'.I:}~t1~. "" .. "

.. "........0:, ~~."t ~Oni Fig: .~. ~t ~1i1~::B; ~al .~!.~_trt.y:.~~<.~:-:
.•~ tn..n'-!3CT at",add '-PH ~~ Gc,! ... ;al!Q!'ItIi ~c:i,. ..'.~' .~n -BT .~"

. ·...I~line. pH ..at ~ ..~p--.iU.._ "I~iJQI.ted.

. :', .~.6·n..·:.~.'o~,H~;.~..•tab~ of rr,;,.,nl.' ~n ;~ ....Utis.~

..TIMo .itabll~·; off .thl tryp'Jn; 'w., datwmln.ct 'al d..C!'lbtod un~ ...
: ..' .. l'- .:•.. , ... ' . ," -, . "

-.12.-"'.3.lndj.S:S.2 and the 'Hults 'bbla!n"aCS ar•.pr•••.n~·gr.p.hkialty In

··.~I~:.. :!-~. f~~' which .~ Is ~p·pi;.nt .~~~. W~I!.,7G~~:.~l!I. ~~.-,.•ta~l•.~l·
modlra,ely. alkelln. pH. "BT ••• m.ore. "stabla al acid' pH. :Ovarall;

. ·th....'ore. 'BT ·~•• ·fOU~d to 'be morit .•ia~I•••';d ~1;'ghtlY mor.:~tjy. 11 .t:I~·'
. "' -' • , .. I .', ", .:', '. "

pH while 'GCT. _,··more.,tilble "hd ,lightly mor.· aelr.,e .i al.kell'" PI1;'

~ a,iih~U91t"~ .!n~me~ :~~i~I~'.~,alll~11aCU.,lty at m'Odtrately\"a,lkallne .~,Ht:""

... ;'.

.' .
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8. e. 1 General· dt.cu..1on:; TN intJ'uenc. of pH on '~ttvJty .tld .tabUn, ,of.

tryp~na

"h~ pH" .l:f\lt~: !"Ome.- fo,. ,~~..h~rOlysIS of prot~~.~ia:.~ntl·,••.te~

aub$vll1!S by \r)'pSlnl' II'~_ ger...a1ly :.b~l!-;ahll~d" and reflect .maxlmal.

.. .nzym.~c aetlYity lit .I~.;l~. pH. ·'Kuh"". 1'~~77) obMll'ved ~t .trypt.ln

dlue'" Its IIllbw.at.. onr( 'In' ~Ikalln.. ~.uvaJ or" very'-' ••~kty acidic

.~IUtl~~•• Accordln; .tO~·Erl.ng.r .II A!. ·j1gell:, the P~ optlmu.m tor'~

; •.: tiYdr~lysl. of SAP" by BT at 2~C'occu,.. .....r pH 8.1. 'St4m!>llugh and

Buck!ey (1072) r.por1.c1~~.t the optlmu~ pH lor the hydrolysls_ol _B"'P~ by

BT",,:'s.a,.2. Northrop ancl·l(un!1Z (US2) Ob••""~ that 'B~ hydrolfzed R~.ln

. ",,\: to IN grNlnt' ....nt In th.. pH rang. of _ 8.0 to' pH e. o. Qih.r

W9ik..... lnc1udlrtg Camacho .M. ..II. ('070) .·I(OZJ~II4Y. and· EtyakO'O'1I

<lD74f. G... and T,..wla (UH'''l and Croaton (11160) haYe sImilarly

~~~:_that.·trypaln.. _nfdrolyl-ad th.elr .."b..ni... · to the g,........t ald.nt ilt

.lkeUne pH. 'anglng from· pH 7.0 to. i. 5 .

.J
In ..plnt of the observation ttlat trypslns 'rom varloua sources (bOth·

....rt.br.... ~nd Invertebr.le) -.I;IYdr~lyzed their .."b..tr.tell 9rea~.at ~t IIlt.lIne .

pH. Iryp..ln.. of lo....r vertebrates and In....nebr.t.s .ppallr to ~ Inlll:lI.... ted

under .cl~lc condltlo~5. 'unllq . l1'yp:slnll' Ir.om hlgtter VertebralelS. Fo;

eUlmpl.. Northrop (1932) and Vlthayathll e.1 AI. (19611 h..... reported th.t

bo... lne •~nd o...llla trypsills are stabla at .cld pH. but ~n'''lable at "~ltne pH

while porcine trypsin- Is stable at both" ae)d ..lInd , llikaline. pH. Camacho ti

11. (11170). Hje!mlliand and' Raa (lD~2).·Galell . lind Tra...ls (,lD6i). Jany

097&) a'nd ChinO-Ban C~F1 §1 41. (le78) t1a...~ de,erlbed ~ryp.ln, that are

Ul'lSUble' at acid pH but ."b~ at alkallna ~H.

;I.
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A,~ltHe'ppla~aUO" "for,the In...bllity of· GCT .t Icld pH I'" that ttl.
ratio or.·~te"tlIIl ~C'.t!IC"~.I"O'.CJd r".ld~" ,t.o -.bI'~ aml"o .~~ r.':'d~

I" ·greata(. for" GCT. compared to. BT. (from the am1r"O,acld· campaJ.on

data>. Also u.. fact that GCT' haa II. 'ewer num~r of basic -amino' acid·

resld"•• '.ugg~ ~,",aIGCT has'. relaU",ly f~.r number of trJp.,"":rabli.
'.' - , .

. ~d.. So that at the alkali"' pH wher.' trypsin, ar. ~Olt aeuv.. - OCT's

.... susceptible to .'.ltOclIg..t1~n· tIl.nEll and.lW porch'•. and oWI~.

counter~rU ,'m. probel;lly' makes :OCT more ,tabla, at alkali,.." pH th.~ 8T,

TtMo trypsin. _ra uMd to ...hJd~ SAPA or TAME -'-' dtff".nt

The trypsin, wer. also us.d to. hydrolrze c...ln '.•~ d•.scribed un~.r.

2.3.7.. 2 .a1.dlfferent temperaturn and the 'f.,e 01 hydr0l)'lll Will, mea"ured .
" .

• 1 the change In .blor~.nc••i 280 nm ~r ;1:0 ",In (~IIO' n",n:o /IIJn~'

~ ..

,....

\
J

i
! '
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1- ~.nd,io Fig'. &-10: ci~26 mL- ~I . • ·llher '0.031 m',i/~~:GCT, 0; 0.038

.. ~

dnl;rlt*:und.r2.S.S.1 anif2.3.7.1.... '
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F~".. 3-10:' :i l.fl1.i:~~::':~.~. Ua·...~.": ~.,;.
on BAPA •••ubttrale .
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111.0 15.01Zl:l.0 0 Ill.DI5.D ~04.5.D5Q.O:s.D lIl1..D .\

'lfTEMf'ERAT1JRE
... ' OEc;R,~E c..--,-

:"

:. l .,

.,'.'
, '~

- , .

T.~perat~"' optl~a'Of ~J"~ ~n.2~ ca~~ln.

. Legend to 'Fig, S-ll.: Cl.50mt' 01 "ither 0.039- rft~/';'L;:GC;';:or' O,'059~

I, m'Q/mL ~T' ad~e~-·to"":h~·.rea'ctlon mhct'ure as de~'c:;ibe<l un"cler 2~,3,,~'!J3 .and~
~' .', '. . " . -, " , :

.'\ ~;' ,
,."

:;.
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The ~~.e ~al.!l _re,"u~ to ObUlI~ Arrhenh.ia Plots to eIlUmate..~ e~'Il' fo~

t"'· '~~'~,~!~'d:' ~i~'~'n by/the lrypsina, ~hj'7diUl are pr!.I'.ril~d ~flg.
:'3-,1; and T~b'e;3-10,

3, ~... 1 ~Gel)8ral dlacl.laalon : The ~Influenee of ,temperawre .!I~d '~lol~m o~:

~ u:'& h~rolrall o}" ,BAP~:,!y: ~1;'11~

i,:' ~u'~ma:~ of the 't"~·Per:.t\,lr. optima at ",hIgh -"'GeT and 6T ~tllyze

.. the :YdroIY~la' ~f. ~A 1$ pre;:"-::~:'d;:~,~' i'al!l~ a-II, Tlbl~ 3.-i-g"·IIKI,:khOw&

::i~,~.,:t,:,f. ~.~ w:P:::~:.;~::.::.CllO~:, ~'lIm...' "I,•

•,T~e H: ';'~mtnary .¢..the ~.~I ~penlea.-;~:~,n.~·.:;i'~"~' _~".

~CT

...:, BT

6A.PA'···', 0.00. ~30~? ~.6 0,985'

,,'SAPA 0',02
"

35,0 '" o. 9?,~'

BAPA O'~ 20 40.0 .'
'.5 0,9S6-

BAPA -0';'00 40'-0 12.1 0:989.. .f·
~~A 0.02 .45:0 ;3.2 O. '81

;BAPA' >.'O.2t? SO, 13.-3 O. S88

.. TAME-~ , O.pl 3S..1t
'.5 .. 0, .g~,-i

TAM~ 0.01 3S..1t " '1~. 4~ 0,984

.,.....

" .'-It.;,,;) ,:'emperature 'f;nge Inyellligal.~'was SoC- is>: 35°C .
. , ..--:-..::--_",:,:,- . '.

-.. ' ,,~I Is apF/arent from' .Ta~i,•.3~9 1,~.t bi.ih .In .,~~>t~aa.';~e.,~~d' .bl'.~O. .:.

01 cal~lum, the ,temperati,treC?P'!mpIJI' !OT th.• 'hydro~als of BAPA, by' the two

tryp~lns ,;~~ higher ~'or BT;~ihari GC.T and ll'lso that 'the

</

"_-<iJ
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oPtimum ':'9f Ill.' "hydrolysIs .of the substrate IncreasN .w1~h Illcrelling

," ',' '" ' -' .,..
":, hydrolysis ,Of' ~PA or TAME than ST al the :*"Iou; ~e16 of calcium

';.II_allg.led. For 1nS'","ce. 1,11 the aMance o~ calcIum, Iha ea. ~~, GC~ :'.s·
ap;nOX!malely".equal to 5pllo of th,at eStlmaled for aT. F,urt,h~~or"

incre.sl~ con~."t~t1ons of ,the _calcium appeared to Incrlalle, the '.e.'11 of
, .' " "

"bOth GC'f ,and ST" but' tt1e ln~r':as. ,In the, cd&, 01 GeT wa., mo~.'. ,:" . ....
prollDullce,j th,lIIll ,w.:5 ~b::nj~,d-:: for 8T. ::

'.mplo~ 'n ,iUb$ln!,\~' 'it. ',pi,ullled In :rabl.,,'!~lO. :·fab,a 3-'10 "1II1so

rni~"a sumrnery:of th.'e/a ~I the triPalll!! on,'calialn '';5 substrate,
.... 1," ," .__ '.' ." .'

f.02 O,?8:4

11. ',,, ,O:9~5'

. ' e., , " f
','~callmole, '/

"'1 .. '

_':~-~-------='-';"---:--,,"-----,---~-------.----_-: .!

'. .' ,

Summafy";oi temperature Optima of trYPsin, Oil caa,ln ",~s
sublltr-ate

II Is, ~pparent fro"; rable 3-10 as we'll as Flgll, 5-10 and ,S-'r-' Itlal

c;om~ared, toBT, ,GCT" had a lower, temperature, optlm~1Jl and a lower

, 'en.!g~ ot' acllvati9n 'When ci,el" WIllS used •• ' IUbltr'~~. 0 The, ~., of. GC.'[· .' .

;~s i1ppro_lmately aqual 10 60"'" of, thaI ,loul'ld: for a.r under ,aimllar

pondllJOIlS.
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S,8 The -InftMnct of ~,. on the atablllty 01 tlyp8lna

Th.' th_rmal stability. 01 the'~ trypa'ns '"'u," In~~Ug'ltd .... d••crlbed

undar- 2.3.1.4 and 2.3.5.1. The aCtlYIU.',r:.c.m;lnlng aft.~ I"CUb~llng th~;"

(.ntym••. ~t C!lffMal'\t' temperatura. ' ......Ill used to. Pl~t • graph 01, ~rce.n.t

"';" original activity - 'IS tempenlli!ril and' tn., relults' .t. JlI:.~.nted In Fig.
. ~. '. , t,~ ­

3-12 •. from which It I' apparel'll thai GCT .11 mora heal labll!thanBT.

While GCr lost-about 50,. 'of-Its orlgolna' actlvtty III.pproxl"!.I.ty·~C.

: ratalnt!'d ~I!"ost all U.,.~tlvfty up to 80°C•

• 1
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TtMPER"'TURE
DECREES C

\
Legend 19 ·Flg. 5-'2 : O.2Q mL 01. ellner 0.039 mg~ml 'GeT or 0.0'52

.".. . -' ...
.mg/mL 8T In 5mM Hel con!:&lnlng O~ 02M Ca, . Th. enrym, .1I0Iutlon,. w!lr.

Incubated at ~llrlous le(flp4lrlltures lor 3D -min. lhen eooled rll'pldiy In Ice

ror ~ min before applying 10 the SUbstra~e as described 'Under 2.3.5.1. i

The 'orlglnal activities ot the trypliln solullona were as lollows : III GCT o~

SAPA; 0.20. mL ~~droIYZ.d SAPA It a ;~~' ~A410 "",'mlrl of 0,'0180 at 2r~.
and, (11) 8T~.on SAPA; 0;20 "mL ~Ydrotyz:ed' -SAPA lit II "a,'e :.d.....l~ ~7ifllln, 0'

0.0183 at 25°C. '



••
· 3.8',1 aerwn.1 dISCI/,HiO" i Til. I""itene•. of ....npenltu~.<:'In the .CtM~

,and _Olltt, 'of ~l~ '. . .', '. " \' i: .

S. 8. 1.' Th~ lnfl~~ C:f *:"~retu,.. o~'l•.•~...ity··_cil trypslna ,

.. ' ../) '. . ' ..
_Th~ Influenee of t.m~r~tllr.,Of! tile rat. of hydroJ~I' of' .ubltr~l••

· by uypa'ns ,•• ,~.Of1'Ibl"~ ,.Healof (I), ttl. Infl.II~"C. of I.m~,.tu~ o~ the"

rate' ol."clIta!ysIS.- and" dll :the ,Innuence "o( It'~per.tll'. on-the ·:r.~_ qt'

denalll,.-tlon of, the .n%ym.: In .,in. ,tuel)'. WI.... BAPA- as" .•ubatratll; . the

", ' .,' . '.' .
p'rogr~.Iv.Iy-)iI9her as the cpncentTlltion 'of the ,calcium Incutilted .wIth the
, ", :', ",

'. enryme .-Is Increased. :hls ~mpneJ that calcium aeu 10 IMblllle both BT

':, :and GCT 1~orn;' therma.' ·,denaturatlon•. 11'1 ."dltl~n. the--tneubatlon of the

·~~m••;th C.I~IU", "appears. to ~i~mU;.l' the "nICliP"' il temperaturn ":11

below tha•. ~i. Whlct.:'de"aturatlon Ii, _Ident:", This ·.ugges~ that C11lclum also

. -' , . ,:-. ',' " ,," .
~.absinc" of, calc~um, the· appar.~1 teJT1peratur-. optlmum of OCT wa, lowe I;

than. that of BT This" was also }ht! 'case when casein was USI!I~

sUbs,¥ate. Table 3-10,.

'·.:i;po: ,and ~e'ke.1 (1970) observ~d a concenlrillon d~p.nd.ncy of
C.I«l,~ .. acthlltlo~ of tryPaln.·' Vlt~ayat~l1' m .~. (1961) r,po~4Jd th,t lh~

.. '-'., .' .
~:ra~If~: of' bO'tlne ,,~d OVI,rl8lrypslns _were .·Con5Id"~~~IY lncr.a5~ by

. calcium while the Ill!blllly of porcine trypsin WSJ only at,ghtly ,lncrenOd.
\'-"'<' ,:'~ ..:-.:.' :' -. . .'. ", -".. .'

· Qua 11 Al· > (1;81) oba~rved. calcium, stlmulatlon o! pr~l.". &ct!Yhy II weU

'. ;~ "'~·n~'r~,,~. In ;.inper~tur~ C?ptlmum ~,n, "udles with • haloplllllc prOll!las:

~,-"'.'". .
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"
produC:ed,by • h"OF!~Ul¢" marl"'_~, ~Cl" •.

~~,ins or ,u).paln,:,~ .nz:Ym~. wtli~II' do flOI ._m to r.,qui

.....tlbUIt)< or' Ict!vlly n.WI 'been etl.r.ct.r~

<1i70.) ·•.nd·G~1" .n~ :'1"'15, (1t6~).

.Ab~.N1m..o~ and 'Maher. (, ~671 ob..",.cI I~' rr~l~t.on

~" the .tlmpe..ratur.-_ optlm.l,.t~";,~ pancreatic amY"'••••n\~\bodY
1emp.ra,:,:,rIOf 'lIZ11rds.: Simllirly: Ught ('1f&4) r.~'o~ 'the tern r~tur •

. optima' for myo5ln ATP,~ ~ctl\tlty,:fro~ .~~.I .peel.. of lizard, from

~ wldl" ..dl~r.~t 'l~mper~~,;. ':ri~~:'~··_re co":'atei:l ",with Ill~ bOdy I

t.m~.tl,lr. of ,1M ,Iturds. Ught m AI. ,( ,t8~) ~bMrvlKl that thl optlmel

t~~".,..~~ .•~' ,COI1~'Ctlllty'.· ~ ~:~~,~~' ·mu~c~.- ;~oin ~M~~' ~ptCl~~. 61

Auatrall.11) llurds _re ,correla!"d wlth11tl1 preferred body t~mpcilrawre. 1

. ,
found fo~ GCT '~mp.red to. aT Is limn., 10

-. -

f1nd'II'tgS made by Wor1,;,~ Ilk. -eowey (967). and ~.tIl.ll: '~191si,:";,thal '

enzymes 'from organisms adapted to cold temperatllres" g8"n.~"aIlY 'l!ld 'l~.er

", '"
:)ulapled enrymes show 's~me degree ~~ adapilon when comllared with their

~erm' ~depled> cou':lterperts.,~ Low ti J!, ~(;973) "~I'O lou,nd thai ~~ 01

muscle LDH from hel!but .lind tunl were 9. S(l. keel/mole and e. S5
• ". ,',,' " ': ,'I •

kCllfmale r~"pecU¥.')', while mU5c'~ . LOWs 'rom chicken' and' rabbfl had

e.'1 of .1.1.'" kcl"mole Ing. 13. 1 kCal;~l?'le,res~UYely. Other .Ylde"ce~

for 'the direct r.'~~On$hlll" be'i~"n_hab,I~1 te,:"per.att,ll'e ,nod E. -~''Y8 come
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· f~' ''''''"ti~a~n by .~~.., 11__ Somero Cl.HDI .u.lncI py~.te'. kiM.'

f,om' tun•• troUt~..•h~~P., ;z:oo.rcld. klng· cr.b· and !r.m.fomua••nd· t(wCIl
. '"

.nd Q~cci.~1('HS.). using 81001:,•• f.~m r.~It.:·,~rp:8~d t,u~.:~ ,w.1I II

Haz~' <1'72) ,u~ .aUCClnlc.,"':'.yd'og.n.... trqm·r.t. ,goldfish. k~ .nd

..·T~,!bnu3.. ." .

~ 1~1 :dlnerln.ees ..In'·E,.lrir' the Uypsln, ~bs..~', In~ study

·,.,.,.,e ·9ru,";- th~ uMdJff~~~·ln··.E~·a:Ob••~.bY othei .~I~ Ilk'.

~', 1:1,D15TJ '.nd.· ~ ,'~. il.::··, ('\"Sl '.. In:, lulr 'lu,diei ",lth .'inlrlo.illu\lr'

~.n:yrn~s: FD~ .u~P~•. ~~;:.~·'·e. ~:~CT:~aa app:~lmll'IY'40" to'~'"
'Ionr thoIn that·fourHi. ~r 81: (d.~~I"G· on t .... ,M1b.tr.tt1I. l.c!w JIS AI,

· (l~73) ~rved tt\at lIle E.,·•.,O! mu~. ~ ,;.~ hellbut .n~.!\11 :.....

only aboul. SO.. Iowe~ tti." tMIr homolog fl"O!" r.bIil. They alao louAd til,

:e.', 'of lIaIibut .Ms wna w~ on".•~t Ullo aow.,. th.,. their homolog

.. tnNn ch~. Kurd'l1 At, (1~21. ualng dlg.,trw. enzyme,. <pepsin,) '.. .
frOm C91~ ad.~ f1.h· also r.port.d Ihet Ih, e.~., of thl cOld .depl,d

· .fttrT~!~"r' enr,m:s . !rom. flali 'shO'llld larg,,, ~lffI~.n.C":when. ltIe.lr e,
....lues .~, COITIp.re<! 10 that 01 'hel,r.a rm' le",:~r':lu~ Id.pled homolo9 •

!rom'~ (similar. to Ute nndlng wIVI G(~m. They r.epol1l<l- ~.t'ltle cold
. . .

IIdIpted ftlh pepsIns. UtIlblted' e.·a ,.nglng Irom 4;.1 kc.llm~. 10 8, I

kclilfmo.. In ~trasi wi '.1.2 kca,"11l01. O~I• ..-...d (or porc~n.,!~pep.ln, .J

~r..nlallfl cod 'pep5ln tlad E:. n1U8$ oI.~.6 1«:.I/mOl, at pH l.g.and ",,2

.. kC.'lf~~" It .pH 3,0 "<Iitllhln thl tlmper.,u.;. ring. :OI.'lOoC 1035°0,



, .

\.I
.: '.2~· ...L.~··':-':'·Oft.~'''''-
~. .' " !".... . . . .' .

TIw ,...latallC* of BT \0 thermal dettablrllUon h_ been demonsrraliM

~ .~r~l ~~f ,'". .~.~' :~~. _1~a-2. ~otthroP.·and Kullr~ dMllOn~tr~1ed
thai wtMtn"trypsJn from boWM !HIner... w ••. boll~ In dilute IiCl a'"VS-C for

~~ mi~_'~ ~_ln'Jce lQ(on~_·.~··:mln; there ••• n.~ ~:.-·of .~".
'JrHlIenb, '.nd-· WOc»ey (·181a" ","rn.d·prevloulty· dMcrtbed this apparent

·~~~r~~;~" .bll~.ty Io~. BT' 10"/' r~l.t - 1~.rm.1 . den.tu(l~on. .~cf St~19~rw~lctt
· (1,,32) al~li• .1y I(U,Ind 8T to 0..•im.mel, rnl.tent to h• .,. cJena)uratl9"'

· .:: •. ';';;"·0' "I,oq",,, ~""'..,". 0",,,,,,. ;i~"l ....b".·h...... rh. BT
.. -. . .1 ",,' ".. ' .. "."._ ..

... der'!alured .~nl h.~tlnll but re_~,'d to. til., ".ellve condillon -:r "'PI.~IY I

~ 'coollng and,:.rt, the ~mtI~tlm.:._.qoml:'ltwty ~'lnft"II_III'~1c

act¥lty.· . . . . ~

. .... I.. ,.. ·Ob~;"'" ••1 .
. . VI~.IJ'~thll.~ ~. (l",'l. . tIM pH r'l)g•. ~~ which

~!:t.l. heat ,.~,..~ OCC:UI'$ with trypslrl' Is beIW..., ~ ~.O and \PH

2.5. o'n :'thl; s~. lttt' Obt.rv.ltori .llh~· ST' under 'mllch Ins·.harsh

~lttons ~ FIII.13_1~ - ~~'r~d to·lhosa 'used by .N~roP and KunltZ

'",
:.....

.'~ .
.(1~) It.. th.... ore~ • conftn,'!.atiOn W:orQra h.ve
". . . '. -- ~

~.mo:::,;°1~~:,:f ::.", 01 BT .10 '''!$\ :~.. •.....<au.,

. c108S n~1 ..~~.~.~ .be t c~m·m:on ,pr~."y '~(' all 'irY~sln~,' For' ~..mpla,
,!, ' '.. ',". ", " '.',,'

w:orke'rs like Bundy end Gusltlfson 111118>. Jtny 0'18) ancl C.macho 11
, , ,i' " ,
'AI, (191~l ha~'rH, clascrlbed l~ps.n"th••1 ••re" eomplel~ly, lnilell'l.•t~~ by

h ..lIAg III lower t mper"lIr.~ - trom ,__(Ie, 10 eo~c .. , for ,.rallltl",ly. Shoner . \\1

~r~s' 0; t1~. - ~Om"l(; min kJ 20 ml~: For 'theM ·'~PSlns. ru~rthlon'



,.0

, "l\ , ' ' , I '''' '....., 10.".Thill .~M H~ ltIed O.' the aolvent "Ii trypslns .

3-12~. was Hlected In order to ctll1.l11 autodIQ"t.Jon of ttl." trypsin. that ha.
" .... ' -"I'

" ~n "f~~d '? occur at ."eUlral 10 .11g1lt!y j'kIIl1ne ,pH. Eve.". thoU.Vh GCT

_s found to .be.. ackl.labUe (from th.~pH :rblllty .....cty, ~nd the p.-.llrnJ'.'ary l'

. aCid ex.v~et!O" proc.clur.) ,tt toJ.,..~ ~1~1 acidic condlllons-:-"",.n calcium '.

Ions.~ pr~'nt' lunllklll_ thlll,condition. f~ the p,H stabllfly and pl'8l1mln.,y .;;.'.' -. r . -, .
acid ..rtrllletlon.) at' I••st. for". f_ hou": as Inllieat..-d, by the ....ulW of

. ~ '~Ctl~lItl~ '.study .<Flg. S-"ll: "pr••l"mabIYothe -'~H'- ;n."bll~···Waa.
... ,'. ...1".", .. :- .

..CMfrco~ by the ~tel.um Ion, pr~!"t ajd- ~ le-.r; .Ionlc atra!lgth of th~

,mMllum:

Haze' .rid' Pros~r '(1074) h..... obMrvec:l',fhat th.... Is .·coueIIlUon"

between h.e.t 1OI",.~c.'by prot.I~' ~~, ~~.' 1."1pe~.tur. '01 : tJ:i~' c.lI.'·I.~Om,
~ICh ttley ~c...r. U5hakow 11~7> d~m~n.s~aled,.f;~m '~O":,p.~~.~••tUdl:~·

·O·fmyoal~. ATP,i,5e.•'dolah. ChOUn"ter•••. · a~.nr!.t•.kln"•• and .1~lln.

Phos~ta~' lI~es; ~rOrl\ II v..rI.ty of' species. th~l proteins'" Irom, .. . - . '.

ther:mophlUlc .pedeS ~e more, h.at-stable than protein. Irom. , - . . , .
pOIkllotl't.rms, Abrahe'mson and' . Mah.'r· (1967> .lmli.rly found ~.t··th.

th~~rriostabi;lty of. p.artC~.atlc .'myl.M' ••r. cOIT..!ated ..i~ ;~ preferred

~y temPer.ture .. 8n10_ '''I'\d 'Nigrelli C19~) found ··..C~tytCholl".star..se

from warm .ater lel8Os1$ wer. ~ore heal-stable than'· ..cetylcholll'llt$terase

fro~ e~l~ .at.r teleoll15., Komauu and. E:'eener- <19.1°) Ob~.rv.d th.. t

muscle ..lOolllsltl from .an·taretlc fishes --, Tremllfomu.:' and" DI:i~othl~u:J



'r

"

~. to.~~ 3-',,' ;, .(I) 0.05. mL or 13; Sf $L9/mL. .Ge: 'aolu'!-o'n:applled

to TAME.•t' 35·C'. : ~s~c .•nd· 1.SoC_" (lIl- O. ~ ,mL or 23 .ug/mL ,GeT ~hition

applied to"TAME at ~~, ,(Ill.) 0.0$ mL 0',17:: #g7ml BT applied 10 TAME

at 35°C and 25°C: (lvl :0,_ 05 mL .of 18.5, .uafmL 8T applied to TAME at

i~C .~d '5°C.. C,Y) ..yel~" -are averages .of 2.determlnatiOns.

j
. !
.1
j



"

. '. .
Th.' y_ .nd.Krn: of, the tryp.!n, ..~ .••t1ma'-d by ~.lIirl"g the

Inltl~l-' retn, 'for the tJydrolpla o( .~r TAME"OI"" e.(pA",a•. dtfferent luball.•te

..
,PCl -(m'M) r,ng. (mM)

oqr :3~ 0.·28 22:.89 x ,10'

"
0.5.":' 1.0 O.9~O

~o: 15', ·10',.,
.-1.56

2. ,'•. 70"x 0.' ~ 0,' '0. 99S'

t :'0'
1.65

lS 1;).12 8.811 0.' --.1.0. O.9~·

10'
1.11

0.14 ,5.. 21 . 0.&.- '",0 0.983., 3. O.P04 17.8.2 x 10' 0.' - 1:0 0.960 .,'

10
3 1.95

2. o-;.~5 9.13. 0,' - 1.0 ~.'S<l.
2:56'.

lS 0 .. 0:4 'S.81 x.1O'
2,:20

0.' - 1;-0 0,962

t .0'.05 ,'.16·x 10' 0.3 - 1.0 . 0.987
"



Tr'ypet" hydrolyale of T~ME' - J,. IN,i·,qua""· rnretflOd 'of
Johan..n and Lufn'Y <.1MB

0.5'- 1.0

IS"

0:,5.": l.q'

0.'-'::'.:0.8

~3~·:·-1.r­

0.5 -. 1.0

o.~ - .'.0

Q"

1'.05 ..

1,68 '.

1\ 70

.22.S8 .~. io''­

14;74'" 10'

8. as • ~~~.

5.25". 'uf.

11.-71'".10'

e.13 .. lr/
3.8;~ l~;'>

1. 74: .. 10~

,..
V_

(~~ltsllLm.ol.lJ)

,"';.. ....
2' 0.15

" 0.-12

, 0.15.. o.~ .

2~~ 0.0$

0.0.3.. 0.05

T.m~. Km'

(·ci. (mM)'

BT

'. lSI ., substrate conc.ntrlltlori
tIo Cunlls/f"IOJe ·trypaln)

. GCr·,

Lagend to Table &-12 : data lIsitd .fo~ .Un8~lla...~r' - ·Burke. plata ""~ .for

Tabla 3-12,

It 'I, Ipparent from Tabl.s 3-11 a~(t 37'S' that.·th. ,ldn~tIc p.~lm.i.:­

es,tlmated for the trypsin. by Uneweavvr - Burke plots were similar to tho••

~btal~ by ~. leasl, ~uare method of 'JOhJnaen, an'd Luinry. (1"1>.'
:.', ' .•• 'I . ,"

Tables 3-12 and .5-14. It, I~ alsO apparent from Table, :1-11 10 3';'1. th,at

Y'.'l!PPOrenl. Km: ...aluet ':-re ,higher' for GCT than"B: at th. variou~

le",,~r~Wre. l.nYe$llgatect '~n ·bO.~ 'I~bltl'a..es. ~'8APA .'and T~ME: "a~ while:

the: IPp.ran.i.: Km' 01 ·.tlle ~CT apPearsd to Inc,.~ase wI,ln ,. ' temp...~~'u~'

InQ..,'-•• lro';' "5°C to Ss'C.I ....r..n TAME was 'uaed' as,I'ub~ti~te~. and ~

- ---:----'--'-...:.._-_ ...

',r



T~bl. 3-18: Tryplll"n~rOIYSIIl'oiBAPA (pH 8:'1) -'lInal)'lllll by
U"'-II~r-Burb plota

GCT 8S ,l.9S .852.0;"· 0.4 - 1.25 -:".;;: 0.1$8
1.60, "- 2' 1.60 208.8 '0.4 - 1.'25': 0.H8

,
. OT "35 0.00 .... r2.09

D.' - 2.50 O.mtl

2' 0.97 28.2 '0.5' -""2.50 0;,057

[S,a"Km' - Vmu.

(mM) :lunlt5/itmol.'

.,.

'Ehzym.

/'"

Teble 3-14:

f'
• ..' f' .-

Tryp·Il.ln hydr:oIYII's: of BAPA - usl"9 III.llt squ.i,.. method of
Johan'e" and Lumry ll~l)'

: ..

"

)'.

r

Entyme . Tem.p. Km' ,v_. a" [S,

(oC~ .lmM) (UnllB/J,l-molal range (mM)

GCT 85 1.84 339.&" 0." - k25
1. ..

25 l.ti7 207.0 0.4'- 1.25

BT: 85 '0.90 .... 0 . .5. - 2.50,.. 2.04
25 1.02 26.8 0.5- 2.50

~.nd·to.T~b"'.~13.a~ 3-1~: (I) 0.20' mL or 17.5' _g/ml GOT_.
J

. Ilolutlon applied to BAPA ai' 35°C lind 25°C. (II) 0: 20 'ml 01.35 JLg/mt., BT. . \ '.

- solution IIppll~ to BAPA' lit 35°C and 25°0.. (III)' valuell ·are a,"rllge, of o.:-:~

tvro· determlnatlo"&.

"
"



i •
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fro,;:. 25·C: 10 ss·C ~Wh~ 8APA was uHd .~ ~~b.tr.te):· 'the,.." did not.

_PPM' to be an» d.f1~'" l~l1~.nc. of ..m~r.tur. on 'u;.' Km' 'of _~!: It I,

.pp~;ent. tha.t ,thti'Km' ....IUes for" the: 8T at, differ• ." temp:.r~tu~ did. riot

• '1180' l!-~pr!ltC!.b" ~th tampera'u,"! for both: l!Ub~tr.~.. It I, also .ppar~!.

fr9'"·"IIDI.. &-11 to 3-14 that both GCT and BT.had. hlghar .m"lUes for

the flSter· a.ia~'lr.ie <TAME). th.~ the a~l.d" U!APA) baNd oii Ute relative

dlff.~ences In thalr ".Km· ....h~••.

The Km' ".11,1" tourKt for BT-BAPA and ST-TAME are .Imlla' to
. :.

,values rep~.d In .ui~ lIteratur.. For example, Erlll"?".11 AI- (.l9tl'l)

reported ., Km" ....'tn"Of 0 .... mM forST-SAPA :" .~.ke" and !ShU C197~)

r.po~ a Km' ..&11,1•• qf O.7e mM - and 0:01 mM lOt BT-SAPA';' "and' •

Ttte finding ,that GeT had higher Km' ....lu.. for the hydrolysis of

BAPA ai.d .~"ME lhan ST. I'·~imll.r ~:.fJndin~ ~d. b)'~~r" ;~~I~i':lg' .

COwey (1967), Hoel\acb. ana. SOmero C1973;·,.Assaf,·an~·Gr~'J1969>"

.nd·Oosh;r~ i:1i71~. T~••• ~rkerS--,?bse,rv~ .tt'at.. th~ a~Par~nl:.j(m··vaiu~.··

for the. hydrolyses ~f su"trat~.• by tol~ "d.~t.d' .-n.tJ'!?'le. wer•.~en.•r.lly

.. higher 'th.n those ~f thel~ homOI09~_fr~~ .warm '.d'ap~~~ .pecl~•.

In:oreSUgallons carried ~ut by:worloe.rs Including 'Oollll~o (1971.') In~;~4te

Ihat there Pis a posltl...., correlaUOn between app.rent I(rn' ....lue' and

temperature, .speclally for emymel derived 'from ,organllJ~~' 'thaI are:':'"

~ ..
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1he ',sign!flcan.ce. Of .!"Illane.ed substrate "bind)!:'; at "QlWer l.m~r.tu;.s Is . (>

nard·to explain.

"Tables .9-11 to ,3-14 also show "that the- turnover n~~b~r':for 'GeT
, ... :'. '.' ':' - ".'

, w~re. GOr;ls'derably.· hlghe' than' for ~T ,at :the .various 'ien:'peratur•• :
". - " '" .,' "'. .
In.,e$llg.t~' fo:r both ;JUbS.tr.~~I.. , It can.•lso ~ dedy!.ed f~om·.T.bl.s S:-1'.

and 3-12·~.t'~,li8~_CT~IlS .~prOXlm.lely·3 .li~e~ ,more .~u-.:e thlll"~.B:-.t,

S'C.•. lh" dl~.i.nc. In actiVity. had QI~lni'h.d"1O .t>Out~':"? "tim•• ,.t s~oc..

This 'ts.CMslsteri, ~Ith .th"! -lower"E." Of GOT .~'dls.c.uall8d' ~rld.r a:s. '.'.'.
" When .'BAPA w.~ :u$ec In SUbsetTe1. 'or': ~PSI" hy'droiysls.•. It: was ".';0

.C!bs.•~' that th~. VmlIl\ : lind Km' ....l..111811 'fo.,' ttli" re.,ctJO".'Cll~lyzed by' GCT

we~e hlgher'than th"value.' for th~ reactlon catelyzed' by ST. :Kinell~

.!"/.

\.

, "

_re ,US8d ·toe,fimat" the enlhlllple!! (b.n " th" .It.. "oergles (bG"-j;;'and' .

entropies of Il~;i¥ation '·(6S·' 01 ~he tryPSi'; catalyle,:! ,reactions, USI~9

'. " ' ....
'. substrales ,lnvesli,gal"d. Ihe' 6H".:. AS"'-: al'!d' AG~ Yalulit'5,wer". k1w~r ro'r the

'GeT catalyzed", reaction:. ~h.n· the' Cor.r~5Pondlrig varve~ \~r Ihe 8T catlllyl:ed

~eactlons. Howeyer. "lhe dlnerences, in the 'bu" velues I~r, the reactlo'n., " , . ..
C~tlllyz:e'~ by the two 'enzyme, wer...not as pronO~"ced a~' lh'e, dlff.reflC8s ';n



the E.,_' 6H~"and ~... .,.aIU.ftS fOf Ihe ~me reacUons .. If would be pr.dlct~d

.trom, t~ E•.·- and he~ce 'the' AH·· that the ~(,i'" .,alu'es lor the ~ai::~ons

s~ould be consl~erably lower for the GpT, catalyzed reaetlons. than"the 'BT

cetalyzed r~cUOns I at! other things being equan _.to enabla the f~rmer.•et

01. reacUo'ns 'to proceed at r~tea ,seYaral 'cirde':5. ~f magnitude hlgh~r. than

the laner Nt of reacUons,

'. .'

~~. BT-BA'P:A, reaCtlonl Is- similar 10.,alu8s daserlbed ., aUferences b)i Low

.m,A!.. (197~),. Aa~f,'~'nd Gut".e,~ (l96,n, and Cowey.tl967),'

, H~~; .. Ihe gre.t,!r, neg~tl'(O - ~S·· .,alueaof Ihe 'GeT' catalyzed

. - - '. ", "- .-"-
reaqtlon!>,. compIJnsates -lor ,th.• rather l(M"ge _c:lltlerenC9s In the .~H values ·to

ma~ small vi•.- dmeren~ In; 'the; b,a"" ....alu.s: T~-' greet~r ·n.eg81Ive IJS"'

'v3Iue•.. of th~ G~T, ~bIIYZe~, rea~~,o.n~ also. mearis Ihat, the.d.IH~r.nC:it~'"in':

ttle·"n.r.s of th~ r~_ctio(l'S ·catalyzed.bY the: two ;"~II~I' shoutd not.be at;

hi~h •• ,WOUld ,b.' Pf.~lotad.,·by:· i~e dUf~"ences;.ln' their .E. ,values. The'- 19~'!Jr

,n""'" .,ai.~~;.Of :lhe:',~CT,;,C~~tyZ.lf r.ae:ti~~s.prob~blY l~dl~llleS ,thlll tho~e~
. reec~lo"s are" comperatlvely. (nore' _terriperewre-lndependont than ",&-, BT -'.

"" ....-. . " .~ - - - . -.'

cal8lYZe:d reactions.' T/:Ie· .l.ow~r AG.,.V~IU_.~ lor the GCT cata,lyzlKl .rvac~oni .

..(".. Otlc.a~,y t.h·e"8~;d.a...... re~:C~loni·'I."dI"'~:IO'.' GC.' " mo,". 7.'e~~ ~.'.•~:
~ I" lo"'!'erl"9 the ·e"e~9Y'~arrler·_10 t~e re~ctIO"S. ': in ,.... '~

./
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.T.b~ 8-15: Summary of thermod,nllmlc .cU....tlon paramete" for trypsin
c~taty;ild hycl~~.' of TAME and SAP'"

Entyn'le SUb,lnlt. Tomp .. 'H.. '·S .a
COCl kcal/mole 'kclillmole keel/mole

aCT TAME' 8S 8.' 7.' -21.8 14.4

2S 8.' 7.9 -21,2 14.8

" 8.S 7 .. 8 -21.2 H.D

8,5 7.9 .-2):"' 15.8 ..'1
."8T TAME' 8S la~ ~ 1~.8 -5.6 .14;.6 "'.

..
2S. "18;. l2.9~< -5.4 '4.5

~ '.' 18.4 .12:9 -5."5 14.5 \

18 .• • 12.91;·_:~ -5.8 '4~ ..
GCT'~ BAPA2 as '.2 7.' -15.8 12.5

.:!
2S '.2 7.' -16.8 12.6

BT BAPA2 as 18.2 12.6. -".2 ::c 18.9

" 2S 18;2 12.8 -6.1' 14.4

, E. of trypSl" catalyzed hydrolysis _of TAME .ere" .sUmaled 1rom ,tl..

slopes of Arrhenlus'plot.s Obtained' using the. VII\Vi values In Table 8-10.

2: . E. values of .1rypsln cala1yzed hydr.a,y,l. 9.' BAPA w"r6l' e,tilfJaled

from the slopes:of.. Arrh'~nl~~._ plots- using th8' initIal .vefocltles obtained ,by

IrlYtI,lIgallng the Innuenc~ 01 temperature, on the activity, of ·tne 'enzymell.,

, T,h,!~ 'thermodynamic; 'parl!lmelers ~r.,

follO'lring r.lailon.hlps (low m Ai .19731' :



.'
'gg

S.. 6$- '" ".570 (Jog K - 10.1.53 - log T .... ·f. I .~. 578 ~

, .~
·4. K (In sec:-1,. V.....,...of .nzyrn~ II ~Ol.wt ...~ 1 min/eo 7"

\ !

•.J."

The Krn' and V_ V.l....~.ln Table, 8-1" .nd'~'S ...r. also U'S~d to

estlmat. - scr-~lled ~PhySl;}09IC'1 emCltln.cY" 01 the . ~slns. r,f1e.

"'-phys!ologlcal efficiency' 01 ~.n. enzYme he.• , .bee" detlned by, FUUbro'o.k

(le8~)- and Mihaly' (11178) as the ratio' of Itt aub.ue" turnov.r',numb~·r

(v.;..) to IU 5ub~tf.tII blndln,SI" affinity Ikm,') - I.•·•· V".."/Km' . . ~til.· m~n.
. ., ... '. . ,,' ."' 'I

that tor. a g~!1ul? 01 enzyme. ~P'bl. OJ catalyz!".S1. ~h. tr."sformaUon of •

P.rtJCUI~r substrate (or group...of sub.traws).tO producUs). the.-.1zyme

with ~. "tllgh••t Vrnu/Km' ~.t~o .ou~ be the' most "fficle,,1 to 1,1•• to

translorm the sUbstrate to producl3.· Bisect on this. the V":"'/Km raUoa for

t~ tr8nslonullon of TAME an~ BAPA by the ttypalna ••re· ~pared and

tn. reSults o~telned ar. 'IImmartzed In Tabl~. 3-16. II Is ap~ar.nt lrom

. Tabl. 3-.16 that· ttt. physlologl~1 efficIency generatly In.creased· ..tttl

t~m~iul!e. elCcepl the GCT CII':1IY;Led hydrolylll 01 TAME al 35°6 which

was ,.to""e....".:en ttl. valu. obtaIned ·I.~r ~ hydrolysIs of th. sam.'· sutl..ra'e

. by the sam. enZl'!"e a' ..2~C; . II Is also ~pparent Irom .Table .3-.16 that

~hen 'TAME wa.· ~s.d as' sub.iralll. GCT was just 1I11ghtly more ".fflel.llt" ~

-tl1'an :BT':af ~oC.' ·~~'lIe 8T' appeared to be more ".fflcl.nt; than GCT "at

ltc!. ;2~~~.•n~· 3~OC\. This II In spit. C?f, thll 'act tl1at GCT had, hlgh.r

... ,,_. valullll than' 8T at al! Ih~ lemperatur.s In,,:~stlg.t.d. HOWev.r. wh.n of ••

B~A. wa.· u,ie.d a.; lubllrat.. GCT wal more "efflelant" than .• 8T In

hydro~ln~ the ..libstrat•• basect on t~e, V,...:;,/Km· r.tlo•• It would .~e.m

.. ' ~
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from the ObservMlons .,,·t1h TAME '"' "".A that the physiological efficiency

of th'. e"'9'me'dep.n,ds on...the·,type of "ub.tra~.

Table ~1lI: Summary of tn. physiological .mclencl.. of trypaln ,>.
. .~ydrolyal' of TAME and SAPA .

.'
~.. Enzyme Substrate ASSllJY temp. Km' v_ \ V_"lI<~

(oG) (mM)' (X1Oll ) "(x1th"

GeT T:AM~ 35 0.. 215 22.Bi BB:04

25 0.15 14.,70 iB.OO

15 0.12 B.BSI: . '74•.08

0,14 . .5.21 S7:21

~
BT ., TA-ME 35 . 0.04 17.B2 .....50

25 0.05 8.13 _lB2.60

:;-- 15 0.04' ·S.B7 i6.70

0.05 1.16 35.20

GeT BAP~ 35 ,~ B4 0.34 O.lB

25 1.67 0;21 0.12

BT ..BAPA 3' O.SlO '0.05 0.06

25 1.02' 0.03 0.03

--------.-"-----------------
Even though GeT had "(higher Km' ilrld .'Vmu y.lu9$ than Sr"lor <h.

f:hydro~ls .1 TAME (on ester> .n' SAf"A eon amide), It;"re " .n

Important <tItfer.nce between ~"e '". ~n~mes. In thel wt,lIe·the I<m' valuea

o( GCT appear~ .. Increase .", tempe,ralure. that ,01 BT 'Id no' appear

(0 va~ with temperature "!"lthl,; the- temperature range - Inye.tlgated, In

() addition, Ihe ,Km" . value. f., Ih~'hydrOlYSIIi of B~I;'A by OCT, .a. atloul' \.6

\
.'- '~-"'"-'''
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to 2Urn" hJ9".r than the y81u8. fOf the hydrol)'sls, of the .ama substrate

by aT.. while the.l<m' .,,'.'Iun' for "try. hycl,rolyslll' of TAME by GCT were 2~8. . . .
'to' 6.5 time, hlgh~r than t.he valu.; for th~ r",cU~"$.ea~lyz.d by 6T. The,

relat/Yely higher' Km' 'v.lU," for 'th.•' hydrolysis of TAME compared to BAPA

by GCT. th.ref~';·lmr,s the .efficle""cy 'of .GCT'tO. h!.d~OI~. !~7E comp.red

to'.8T. ' .. --=:.

Uu . and EII~t"(1971) '··c~m~r.d···~ 'h~rol~SIIl O;·'.15~r. end amide
SUbstrates by' proteolytIc ,enzyme,-. anil based' on th.lr· f1."dlngs. - ·~cl":lSlfi.cJ

prOle<Hytlc '":!zym.s lnlo two ,categorl.. - (I) those. ttlat '~hydfXItYz. ester

.Ubll~.t" at • rata at •••,t lOll tim.. f.ster than they ~o lowa'rd.. the
.- '.' .

'co","pondl"g amide sUbSUate. :and' (Ill thou Ih~t' hydrolyie .iter and
.llmid.;ubsvales at ~omparable rates.'·Accordlng to UU and E~II~t '('1971);'

, . /

m~sl of the serine' proteases, Uke trypsll" belong to 'U)e fif..t' c.I!t8gory ,of

'-enzymes.., '

The' \lmalliKm' Ce~1er) \lmax/Km' (amidO) ratio '(or BT. baSel! Or)

t~.·data In Ta~l. 3-16. ~~'7:'34 1l'103 and·'·6jS.X l(i at ~SOC,}~d 25°C

respeetlvei)': ,,!".~e Vmllll/Km' ·(ester.) : Vmax/Km' Camlcte)' rallo'for GCT are:

0:48. ~ .103, and. 0.19 II 10' at '35°C and ~50C resPe'ctlveiy. These ratios,

.. though dl11erenl. IndlC~le t~at' tfoiti., GCT' and BT h.ydr~I)'Z.8' the est8r"

substrate faster than the a.~i~e SUb~l~ate. '

The dlt1er.n~e In ~he pre'ent sludy Is that ,lAME is' 'not 't~e~ ...

corresponding ester ,~~bstrate fO~ !h'e eltl1de B.APA. FI;rthe""or~,,' Uu a~d.

EllIo~ (1911) did not speclt)' whether their Investigation I~clude~.enzymes

from' cold adapted ,species whose. Km' lIalues' are positively modulated by'

temperature. ii Ihelr s1\1d)' C,O,,:~r8d O.,,!I)'., enry'mes.' from' 'warm" te'!1P.r~I~.r~·
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. ~pted SPeeJft whoM ~ruil~V .trllIltln .r. rigidly ~1!S."".d and dC! riot
"... " ..".- . -:~ '-.

v.rj_.P9r~bly wtthl~ •.~"'OW rang. oC~.mper.tu,.. ~.. used In.1M

. '..~n.ll. • ----r---'­

: .191c-Mll1l· - :19Jrc '

~ ..

[E!)otot ., "l9Jrc

celi _'ength (em) '., cone.' of :pr~lcijn (gmilOO ml.:'

. chart 'readlng 'IC~l .•.. scila (em) I( MAW x' "0,.
:l tel

T~ CO spectra ~-oi- the ,?CT and "BT wa", a.termln~ .. d.scribed

u.)der.2.S.". and' 1,... r~ults obtained are summarl;1Id In Tabla 8-17 .

.. ,
Vm.x/K~·- (.m~.) ~.tlo. ·In Pf"aetlc.l !8rms c.ln nol tNi r.donellz~ ... ·th.

substrates -UMd' oar. amldes -Of - ~!Iot~~· Of, the CII':~.~ group'. '~'- ill'nlno

.~ids - 5ubstrat... that' do not ~r .I~ .pro·I"I~~. "the. Mb,ira' sUbstTa..a of

tfyp$ln •

. '-
:S.1C1 CO .apec1r'« of Irypsl".

. .
P~eM"t st.uety). thMI thalr "a,..,..llzaUon ~.t prow-Hs hydrolyze thalr ••r ...

's'ubstrates ~ 10' ~m.s luter than theIr _,:"Ida .uostr-a" 0'-10 almost·

the _ma .~l.may not be ..poK;tecl \10 hold for an%ymel .that .,a l!dapt4ld'

Ul thf' ~ (~p.cI.IIY """.,.. ·th".'r _J,loltmr.te blndlnll .m.n~ vary' .-:Ith

temp...-ature" ~~r.· It Is elu," fr~m 'Tabla 3-1i.that GeT I, almll.; to'. ~ ". ' .
.. BT 'In ~ far ~s ~ih app..~ ',to hYdro~. ~•••tar .ub~tr.te f••\8·; th.n·~·'

the amlda sub,irate.

., .. ,
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Tabl. 3-17:

"0:2 ~ 7.8
12.1 1.5"
22,2 1.6
~~.8· 7:8

0.2 :lr~'
1.Ll _ 11.6
22~2 11.8
35.4 12•.0

OCT

, 'J ' ',' ','
coli .~1· that w.t¥M.ngth .~ \.nq".t6J 'Cl~"'~'~IiI, iIlIPtj~lty_ of- the ~u~. lc;o~.

I ' ,
h.lhl: 81 ttl.' sam. waYe'en9m,

..~,.

it .-as .ssurri~ that!'thlil twt)'Uypsins had Mgllglbla or "no P-PI••t~., 'I ,', " , , " " '

\
E=-""'2..m_":..,_~_~\!-"I _~T_.mp.: (°0) ,,_"_',:_"'_"'_,__

I
\

\

l

i
. \ '" ';

~t 10. 1 G&n.~al tllacua.ion I; CD 'spec~" ~f 'trypaln~

II. I. IIpparem fro,:" T~bl._ 8-1:7 thai the two tryps'ln~ aro":both ran.dom

Colis - I. •...they both .h."·~. u"ordered structure.: ,Based on -the rel&U;.ly

lower «-helix conten't 01 1h'e of the GeT: II can be .aId ttllit GCT IS~

or'der~" than B!',: It can .1150 -be Inferred f':~m :~.bl. :,s-,?" tha! ~lthln the )

temperat~r~. range Investlgaled', neither GeT nor BT und.~.nt any major

C<info~m.lIo~al· cnange that could be detected by the technique. Verlou.,

':',' workers _rri to agr'" that It -I, ralh~r" difficult" 19 obtain absot",te

. 'l'nfOrmetlOfl ""tiom CO - spectra studies_ Howe~er," 'thetec~';lque I, ace"epted-
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.The InfOl.'matlon.. In- 'fable 8-17' supports the' concept that. tow'. .
temperat,ur•.~dapted enzymes' ha". mora flexible &~~reS·,-·This-.jl4l!mclnt

Is, fl:'rthlH' 'stre,ngttl.n~ - by th~ Obs.rn~on that -GeT, ·h~S. !.~_.c1.I~~,I~_.

, lInk8g!tS e~ a. re.atl'lety ioWe.r average .~ydrophObiclty,-"a~- ~~.II bt .d·lacusa.~ "

In the next,sectlon.

'. . .". . ",

ordered sta18" of GCT was· to'· some Illtlent due tOllcld:· denaturation

H~e~:i ,slnce".the ,lnS~~I;~ .~ GC~ tn' an a~ldle .n"'lro~~~~t 'I~

.' .. ,'. -" .
c:o~teni ",:.'.~ f"',ncUo" of t.m~ralur.' would t!ave been observe(!.

'"

S'. 1" ,Arilirio 'lIcld. compOsition. of Gc;r - Residues I. Molecule. (b8led On

·M. Wl. ot-23, 500 Gllitonal'

The amino acid composltlO~'of lhe GCT was determined "after

. hyd'rolyses,' at 2<4 h. 48 ". and '72, h: io correct for lone,. liS d85Crlbed'
. .'.) .

under 'section 2.8'.10. 'The re.ult5 ,obtalne:d are .J1mrn~rlz"d 'n Ta.ble .3-18.
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Table 9-18: . Amino' acid c~,,!,poaltlon of Grnnland cod ~•.ln

Amino acid 2<. .. . 72 • celcula'ed Ini~ral

C,"",··
value value

·A!~n~·; "16.'78 ):L95 )5.48 '16.-07 1. 142~."

Argln'lne 4:43 . 5.14 '5.1~ 4.8~ .871.00

Aspartic .leil:! 24.01 21.91 22.58 2~.S5.. 2' ;. '30a1,SO

•-:.Cystelne 8.03 B.OS- " . '969',-20
'r~

Glut&~lc ~Id 19.. 35 )8.29 18:81 lB ..67 '1. 2795.47

Glycine 2.:75 26.~ 28.M 27.54 . 2. 2101.96:

Htalidlne 7.32 7,27 7.. 37 7.32, 7 10e6.40

Isoleucine 6.15" 8'~ 61 8.:~6 '7',87 1049.38

"Leu£lne - '"13.39 14.09. 14.24 1:1".89 I. 18~6:S;8

Lysll),8 5~ 7:4- 5.95 6.04. 5",91 ",6 877.14:.

" - " ':Os!' , "Methionine 3"0.6 447.63

__,...__~h~ry1·I.nln. "S.81 3.48 3:4'- ~.5g : " 680,76

PrOline 10.77 9.30 9",45 9.84- 10 1151.30

Serine 25.,90 18.76 17,26 .3k70c 52 9362.88 ."

Threonine e.62 9.83 9.45 9.57 10 1191.20

Tryptoptv-" l~ 53 1.53d 408.48

·.TyrO.&I~e '7.45. 6. ~~ 6.29 6.78 1215&:33

Valine 10.79 16.29 '19.03 16.04 1•• 1874.40---------------------
Total 218 2fl.438.63~·

-~,~'---,---,.~------~.:-_--
• -> 'oetermined as'~lelc acId afte( perlormlc acId O.ldall~n.
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c. ooell;trapolllt.c;1. to zero tlrn. after hydrolYsis.

cr <=) determIned atter '24 h '~~roiysl. with -aN m.~.p~.lh.n. sUllonlc

Q Not, 'Corrected 01' water molecul•••rlalng· from peptide _bond

formeUOn.. So: .the. ackial. ";oieCUllllf. ~l?ht, Is' 26."!~L6S - U_n-;-lJ x· 18J

where n II< number of residues,.

Therefor. the .actual molecular walght from 218 amino" acid" reslt;lue~

Is ~U., ,to 2e.~i - 1217 )l '~J • 22.~!S. d~llOna;

Table 'S-19: co!"pares 'certaIn ,'.imino- acid 'r••'~u.i ."of G,CT,.wlth.'tiIat ,of

BT and tryp$ln~ f~om '. ~th.r sources. It Is, apparel',t- from: Tab!!! a-JI. th~l ~

both the' 'G~T_' and 8T. are rich In lI_rne. glycine an.d the potentl~1 acidic

amino. acid r..ldun.

T~., mlnlm~m ,moleCUI.r 'weight. basod. on 'the number.of .lTlf~O '/lcld.

resldu~s agrees' quite well with '1alu••". obt5l"ed by SOS potYI!~rylamlcl.· gel'

.el~trophor••l." .\lI,z.:· eu molecular,W~19ht' of .GCT ~Y'SDS':- PAGE

(g~aphIC~1 '~elermlnaUOn) .. 22,5 kdal,': I If) .niolec...la~ ..el~hi of. GCT' 'by,

505 - PAGE ,WU-:B gel'$c:~n progni~ lor molecular' .....elghtdeterminatlon '"' "~ ,

23.56 Mal,.):, ell!) moleCUlar weight 01 GCT by amIno acid ·comP9$ltlo~

data. Of 22.53 'kdal.'

.:Ba.1ed on' \lalu.. o~tal",ed·. by t~ S approaches listed, abolle, the

.....rag. molecular ...Ight of GCT 1$ computet! as,22.86 ;I;. 0-.60 kdat.
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42 ...~.~1~,

17 '7

14 2.1' .' ,.

84 .'. 12

42 • S6 54 S5

11 16 . 6' 1,1.
,. 17' T. 18

42. 4S .54 as
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SO 46 42 . 47·

,
i·

107

GeT aT' Shrimp, 'Po~-;;; Humin Cr~.i5~

Compar'laon of e.rt8ln· ~m'no',~Cld ....ldun '!'On! v.i~
; .ou~ . " " .

Table 3-19:

. , ' . ..'
por-clne and b~ne. 'Table 3-19 also reve.ls. ~'-t G.CT hal f...r ..ballc·

amino', ~Cld residues 'compared ~ the ~mam.m'allan.,·iryp.slns fro;'" bOVl~••

TObll polentla' acidiC
amino acid residues

Serlne\.~'Threonl,..

1~le~lne + leucine +
v~lln.

lysJne' +, "rglni,ne

:Ii I~:·.apparent from Table 3';'19 that GeT Is rich,'ln potentia" acidic amino.

:.cid·resl~ues:Uke tryps.l~ ffOl'l'l.• ot~r .ourc.~. 1lIi:~ .hrlm,p, :hu.,~a.!1. ~raYn~~,

l

......

"

":".
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.Tab•• S~20: AmIno ecld compoalUone: of -trypalna from verloua eourcn

'Spec~ BOIII"~ Porcine l:!umlln' eMne Shrimp GCT

~

AI. ,. " 13 17 "
,.,

A,S ".
~p + A$~ 22 ,," 2' 20 80 23

f
Hll~ Cys 12 12 • "2'

Go, :' Gin ",. 17' 21 2' HI'.

..G1y 2' 2• '\20 1. 2'" ••
HI;' " 3 • ,7.

II. " " "" 12 '10 ,.
Le.

~ ,.14 le 12 ,. 10 ,.

"'" (~ ,.
, ,~O

C
12

I
,',_Met· '2" "'2 ,2

p~~ "~'
e' 4

P~o;___ / ' .:,0 "9 11 10

SO' S3 ' "2. 24 "2' 2' 32 '

Th< ' '10,· 11 10 15 10 10 i
~T'f '4, "3 ." 1,
.T~' , '0 " 10 7"

V.I '? " 17 ',18' 1e

TQlal .~~ 22' "219 20\ 205 287 21'

....-. 1,035 1.081 : 0.988 'O,98~ /0,906 0.S6S

'. ~ Ilf\e~, f,o;;; Wlll~ ~~d ':·N.ur~t~ (19e4) : b illted f'O~ Trllllis ~nd' Uane,':

,~Je85) : G lifted frQm .Trllvla ll-nd'Robel1S (19691 d IIft"~ from Trlllll~" -:--

(1968) ~ "II!,.~ from·'Olli.s ll~d Travll ~1969),

:)", ,

(
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G~"I.ncl cod trypsin' I. similar .to other ttypslna '1". being ;ich In

. _ potent'-I acidIc ~mlno acid r••ldue!_ as ~11 •• glycine !lind serl,n. ·~T.bl.

8-201. GeT. IS_~ to be more like human, .•ll~lmp and porClrte trypsin.

· .b.~.d on the ,lmllaflU•• In :It'l•. t'IUt!lbe;..a of c",rl4i1n .ml~9·:.cld r~ldu••

~I~ :" _,lIInln8. ··~IyCln.: th.r.(;~ln•• _ cpt"ln..... Fmen)'l.l~"Ir:'.. ty~oai~.i '~f!d

Y~iine, For .qm~.: "Jlke hume'" 'a~d ~hrl";P' trypsin.:"' GCT' hai ,~_nl~:'8'"

· '~Utlne r.lldu.~ un:llka, BV o"!i"~ .n·~ pcjr~tn. t!'YP'II~~': ,~1~~" h~';', :"1~'
"cyswlne r_iduita. 't m••na that unnke-, BT which' h.. 8 cilsulflde :'I.n·lai,,~...
GeT ~n N .... ~ m.~lmum. of '4 ':dlIUI(la~ lll)ka~.I. >~n ~bs-erv~tion' "'hk:~"':

.u~g"t5· pro~bl. dlH.r.nee~· In I~•. thr••" dlmenilona'" structu'"! -o~ GeT-' .

com~r~ 10 ST. ·'!t·.c.ln elso'be Implied irom .tr.e·obhrvellon .thal·GCT has'··

, ,

. phenylalanln. ttlan aldolase Irom rabbll (.~ICh Is r.leUv.'y· ~ore heat

· stal?';~),' 'T~'S 'Is slmijer 10 lhe r~s~lts Obse",eei' for GCT end ST.

_ The· relall....ly .i~er a'll.rag'. hydrophobl,clty I~r OCT than 'ST baaed on

Ih•. eml~o' ecld ,c~mposltlori da~ ~- Table S-20, ,suBee.ts' Ihill the

. " 'stablllUtion of protein ~oleoulell' .by tiYdrOphO~IC I.recllons I. leils' In. OCT

• then' BT:·· BlgelO'l\l (111671 obaerved' thai prOlelnt from lherm~phlllC

org.l\lsma have dlsUnclly hIgher hydrophoblcltle" based :0" lhelr amino

''''',

.: .......
..~
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Bald composltlo~: than', l~lr ~"SDPhlllC. counterparts. Haze' and Prosse,.

'09,'.!'''? ~bS8no.d that ..prot~~,"5 f~om th~rmophl1es "eneraUy.contalned hIV,tier..

am~unts of hycl~Op:hOblC.. :.mll}(l a,Cllh, thar:\ their counterparts "from

mesophlles,"

II must be. pointed o'ui.· .~~8v.r. that ".amino acid composlti~n~ alon'"

doe not re,,";'i which amino acids react' ~~h ":one . a:'~Oti'l.r. in th'. ,"'allYe

knowl.clge of:the p.rlm~·r'y sequence' and thr.._dl~;"enlllon.1 ,Wcwr. of

GCT:,""'.', ~ded' In'' '~':d~r to'd.te"'nnln_e.wh~th.r tha.dlff.~~C:;·ln th., aminO

acid composition haye any ad.pUye value. A1IO, the effe"cis of' agenta
." "".,.~

which disrupt.hydrophobic lnl.taet_l~nll In protein molecules on, .~. actlYlty

of the enzyme ,may provide us.iu!. ~on!_orm.llon ;'regardln.9' the,: P.hyslologlcal

;lgnli1eance of the ~_ 'or tryps.lns:

3. 12 Pe~.....pping··

Peptide ·m.aps. 'of the"tioto trypslns .were Invesi!.g/lIled a'" dea~rlbed .un~er.. ·
'.. .

2.5.10.1 end .2.5. '10 ..2. The results are,· p~esentedln Figs. 3-'~: and

3-14~;, Thf(" resutts 01 the' papain' prot~IY$f$ 0,' ltie tl)'pslns' can not ~

easily inte~preted because of ·the streaking, of 'the bands: :Flg., 3-,13.

Controls were, rlln ,later ~ ~el.ermlne, w.hether t':le trY'pslns ,wer~·· co,-"plet8ly
. .

dl.gesled or n~l. .~nd· If, they ,were' nol. W.hlCh 'band, . on r the' gels

corresponcle~ ~o un.dl~ested trypslns.·, ~fJry' ,low .. m'~leclllar we;g~t ~ark~rs

wer;e not .~ell~ble for t~e determln'aUon of the relative slzel of 'th~

peptldes.



"

'; -. It ~ appvent fr~m Fig. $--14 ~..iloO ttlit ,whet!' CHBr ••~ .~~ ill ..

• ',- I__~.·'

On -iheb~.'a .~;.•~ th._ prlr:na'! ~~uc.t~r•. 0,' boylna' 1~5,I~ogen CKi.,1

'.' 'i1D7Hl."ihe3 P.Ptlcl•• lro~ 'C~8r: cl~•.;'.g. ol"ST ''''ouid hi.... 86,·14 and .,

. ~a_,""ldU'S cO"~.~.nd;!'lg. to' ~~CUI./.~19hl!0' .pproldmll,ely S1.24·kda!,'

7".56' k.csai" and 8.52. kdl' r.sp41~~~i)': .With Ittls In mln~. bands: II, .,' .•"~.

m on -C or. 0 Un' th~ . figure. !My correspond .to ~ 3 pepUd~5 ·that woUI~·.

~. ~~icl.d· from .~ 'tr~c~r~' of ~n. ~~Inog.n..t~"red··to ••'ril.r

Ofl. Sl1ce ~.. mo~lIr .-.'9hl of ?c! ••Um.t~ by J41lcry,amlda 'get

.lectr~~bt'&SIS WIS I~ik:a'l kl thal:~ .BT• .some 01 ttl. GeT bands .ell

I~~" 'm", be ~I(I to ~ lower ~.•elues than th'?'" of BT .band.

(t. i. and m). 'tn. finding tha! tha".f\ va~u'l of I.- g••nit (from-GCn
, ,

ar. 'slmilaf':IO ~ Ol·~. I. ·~nd ~ (from .. an. prObeb,'Y me~!'l.~ thel there

.TIt segmen~ of ~T Ihet .ar. hOmo.logoulI. to l~gm.n18 In aT.

,I

;./ l"

'.,."..,
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Figure 8-19: PapaIn proteolysle of trypslns

The r.,ult, are representlllti\l8 of two run,. Gels A and B have peptide,

from BT while gels C and 0 ha.... peptide, from GCT.
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CNBr c.....,ag. of trypsin.

Bands on gel A are from GeT: band. on g8' C .re from BT; Band 0 are

• dIagrammatic repr.sentatlon of bands on gels A and C Cfor clarity>: and

E Is BT run as control.

Estimated R, values of bands on A or B f:: 0 49; 9 :: 0,56; h ::

0.62. I :: 0 61 Estimated F\ .... lu.s tor bands on C or 0 J:: 0.31. II :0:

0.49: I :: 0,56; m • 0.68.

The results presented In Fig. 3-14 is representall"'e of 2 runs
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'lT_he' boY!_"e .,ypsln USecl·f~. ttle pepUcl~ tn.p. ~ILld)' ..as' also purlflH to

·~~~n.lty·:'bf ~..~g .1t,lh'O~'iI~.. th. SBT~S.~roH"B-_~ column .

. This .." to insure lhlt all the ~tkJ.5 lortned' ..re "''''ed ;from 8T and

"noJ some ';l~" ~~"~In~nll·~~• ..m 'In the.,commerCla) PI:.pa'~lIon.. . .f;
. A~_ln,d~t~ .~·n)~. 8-~, ~.T ,pllflfled by Ifflnlty ChrOl'll.l!u;tg~I~ .m!Dr.ted,

as a Sl~gl. bI.nd on ~IJacryla,mlde Q~~5. ~SJng 1"8 metho:d ·~t La,,,,enU

'(1910),

......

,/ .".'

\ .. · .•..•·..... ·1.(' ..

'. .'..~
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...3.12..1'~!.',~: Peptide Marg' _ ' ..
The r1I~.1" brti.d .'pe9I.flClly ~f p,p~ln.· - [cap.bil 'of cl..vinlil fld'.

boods inwqh1nv.!he CIfbOqI. ~roups.of Irlillnln... lysin" ·glutamate,

·glut.mln•. ··hblidIM, leucine. g1yClne.-.tlll tyTCSln. --'.ccord~ -to IOmmel

a~ Smith (1957;' .nd ~Ith 'nd"ta;;:"I(lt80I~~dl~thl.t papain
..' .

shoUld cli_ Ihl. trYPsin_,' InlC.· .....eril ....ry .,m.1I peptkft;,. Ho......r •.

·~us.e )h'~~~d,ro~sl~' ~"dl at dltleie.n't rall~. dV'.n~l1n9 on. til,' tYPe

~f .';"1 ~mlno .~I~' In....o~ In:~' pe~;I~. jl~lctit'. as well al l~' '~H: 'I~" Ii!

not PO_Sl5lti1".I~· aee~rate'i,·~;.dJe;'·~e''ri~~~er. 01 peptide. I~I'I' ~hOUhi'·'.rl.e

frvm ,l.!~lng til. ~nry~~·'·(~p.ln) t~:-CI'~~I<e .....n a pepuc:'e oi knoWn .~l";o

acid, s.quI~ Ilq 8T,

H~,. It .. clear fI"O~·.fI9s. :~1.~..•nd 3-14 lt~.t.lIIOre peptldell

.....~ deriYfld I1"0m' ih. two .tryp5ins by p.pllln ·c:l...,age thatl by CHBr

'. Cl~~ge~ . n;~' c~rvatk,1 thaI th~ .plplidel' from, the ~'try'PSI""':;":"
·different suggests "hilt w' OCT :nd BT ~re nol .ntll"etr ItomologOUS.· .

The Innuence ot thl. inhlb~r$ . - trasylol, SST! and PMSf o~ t~.

aet~!es . ~I' the ~pslnl was In....stlgll.d ., ~e.ertbed ~nder IIIK:Uons

2.5.12.1. 2.5.12,2 and.2.S. 12.3.

A' summary, 01 the Infl~8ne~ of the Inh·lbltorl·,on. l'he. tryp"lni'-~s " ;.

· preS~nt8d'ln !a~le '8-21:

oj,.
.'-,

.' :'.'



:rebl.- 3~21: Summary of the lnfluenee' of lntllbltd", on "C't/V.,;•• ,of
1rypll'ln. .

-'--~~~~--"'-~~~~~-----~--

.. ~..
2e.48

'0'.00(LOCI

2i.70

50.00 ~~

O.O~'(T!U/rnU

0.125 CTiUlmU

O.25!fC1'IU!rnU

InhIbItor Conc.,ntrltlon ft ,Rll'olduel ActlYlry
!-,_--,-~__--,---,- ~_--,-G:::C~T. -. -BT \

rra!yiOI \~ ,"'" 100.00

o.o:n tTIUJmU al,SO

L---._._,_' _~_.:~,_._.. _.._,:2~:: .~
I·-~ .... 25."00 mM -

\

.98,00 .1,00',00'

PMSF In S'llt 2-propanol 2.5 mM' 32.00 '27.00

;
e!l : VOI\lfl! are ay~rages of 2 oetermlfla.t10(lS:

.(11) 'With, tra,'ylol a';d S'BTI.: DL-BAPA ~Ii' 'used"lIS l5ubstrate•.

described under section ,2.3.5. 1. for;_ ~.~ml.tlng trypsin I~tlvity;

(III) For. P...,sF. TAME was used:· u substrate.

s.c~on' 2.3.5,2. fOf eatlm~tlti9 ,the trypsin lIctlYlty.
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and. :amlcl...",

·were. Inhibited to, 81":,08t the _me extent for the ,two trypsil,.·. The data 10
. ,",' !

:1'" - " ,: '.': _

Table 3-21 were based.;oo,. -the ,~nlts ,Of.. activity. In !he

":':~' 11,,> ~h~';iam, .GeT or 8T ~.tOCIH~lutlons w~.r.: lIsed:-~' the ~tu~.les '.

. wittl If.sylol and SeT!. Th. conc.ntratlon .~(.lh' a\oek,~T W'~91.~frn~,

·\and_in.I'~ th.-GCT ,w~i 74"l£g/m,-:- For "the, ~rjgl~al ICtl"'I~~qU~'
vc"lum.. 01.1h.:~nzym.:~IOCk s~lutiOns war. InCub~ted .eparataly wltil\Sr:;;M' .

HCs· follow~by l~cub.tiOn 'l~~ an Ice baUl for ~o min b~!O"'••ddlUQrl.,lO the

,<SUbflr.~te. F_~~. BT., ;·O_.,:~~ mL of thee dl:U~d .. ~lY:-':. pmdU~.~d· an•.~rlglnli~
activity of 0.0171· bA-410. M.I"'"', &',25, C, For -,GCT.' 0.20 ml of the ·dlluted',·

:~.~m., p:r~dUC'd"~n:'~ri~,;~i.~tI'Illy O/O.cI'~8 '~A410 ,n~~"'i; II, 2~~.~.

(v).: For.,_lhe ',J>MSF .!"hlti;!IO~; .lti~ '$10ck .nqlT!'." 'had. the lollo~in~'

'~one,.ntr.tlon~: 'GeT ,- 27.~· ·~!~.c ...,nd;.:BT .,_-~p.jCl, PIl/"mL,." ,For'lbe

o;lglnll .Cl~lty. '~I.I.I' '¥Glum..: of th. t?tO, -nAom'" w.r. Inc~bated
~~ ~~~. .. ~~.cL . ~.--,-'-'_~--,-'-~-,+-,

'. ':; 'aep8r8,t9IY ",llh 5mM H'C!· in ·an lee bath,lor SO. min.' before their addltloo' to

t~.·:,$lIbs"tr~ie:s;, , Wllh 'th'9, GeT.' 6.10:' ·nil '-of the' dilliled en.iyme:,pr~lIc~d.·a'

. c;han'gl .. In," ab50rba'~"" ::~.7' "mlf"~' 01' O. ,0"'7" :on 'TAME' lilt 2SoC,:'by '.'·the
.. 'procldu're d~"C=~lbad·u'i"td~rs~ilo~··.~.3.5.~.·'F~r~e ST. 0.10 ml<~~ the

d~~U.I~/en~e pr~~ I, Ch~Jn~e .'n ~bsor:b~noe.. b~ 'om/llIIft'-~f' 'o.·OS~$·'

on TAME 2SoC \I'log' the p,roC~_ure described \I~de~, 2.-3: 5.2,'.:- '
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, . ". ",' ",".

~·.1'.'1 =: \"'""":,Tho ~fl_. of ,",.".,... on .- 0:

'. P...."~ m~,;",~IfO':" n~o,~. lPMSF1"'~ ".n .OKrl". by .."""~
workers as a sen protease Inhibitor. Fahrney and GokI ll~) .

demonstrated/lnhtbiiJon of ,canaln ~.rIn. pr~s.. InclUding uyp,ln by,

PMSF. Jeny n1761. dem .•tr.t~.t~.i ~~~ from ...;~m.;hl"!.~iribh
';'.I5.ki~lblt~ by PMsF' whll HJ~~!MI.~cl Ind Ru Cn~72) 11~1l1':'Y ,Obs~rv.d .

. . i~hlbllkm of capelln trypsin, by PMS.F.". The InhtbltJon of GCT .by, P~SF

sl.lgge,~ tt1eref0r:a that It I.' a .rlne p·rcit&a'. tlke BT.

. 610w .11 AJ.. (1117,.) described BTl AI protalns whl~h bind ItTonllly to

. ," .,.~g I .Ctl.... '.il.--1n-lhe_ PfCICUI. tMs-e:d on ~ C~l.Il .

~,:.--.-.-. ~dur. ~n.lpes· ai, .. ecm~ '~f san .nd~ trrJaln." Statnbough .

·"1 . .,. and Buc~.., (15112), aete••rld~~r."<i!."C}(69).· Cam.~ho All!. f11l76L
. ",' - ..... ~". '" .

Travis and Roberts (196"1 .. Hj.I.~.nd and Ru de721 "a':'d Burns, and

~lIst8lson (11173) hve all c:Incr1bed Inhlbltlo" of U)'Pslns by san,

',' / .. " . . .'

Tras)'kIlJ',aproUnln) Is .a,lso .rel.~~ .)~,as basic; ~anc;,.atJc tryP..I~,

Inhib~r.. : a~ln; ~ Ba~. a"d'!lo~,(.1'73), WO~k.riS Il~ H~elm8land a~d

~- t1~82) have d.~:strated Inhibition of trypsin by traly1ol. S~....n ~nd

Gi'iffln' (l~81), de~ons~rat.d InhlblUDI'I o~, trypsin, by trliU5Yl,Ol, Th~ In~lblllo.n

of, GCT a(ld 81:' by SBTI and ~rasylol suggests that the two plln.. hl....e a

.Ihn;lla~· mec;hl'~h"m of '.Ub.'trll~ boridlrw by th~i~ 'Iell...o centllrs,.

)"

. >

;.
:::.
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The, effect 01· '2' ":~j.captoethllnOI, (MEl
., '. "

. . .1.:' '" .'
trypslns wa, Investigated ,a' described un~.....cnon 2:3.13.1. Th. resulll

:oblalned are .preMnted In FI~: .3,1'11 .;r~m't(hICh._It" i~, ";'~p~;entiha~ ~E

Inac:tlYatecl' G~T' mor~. fha.n'.11 'dld- ST....GCr<";:.IlI:i".i~~·b'I,t!ii'.'·bY ~",,: ,et.ri..15M·

, ME ~ere.~ ~ppro~~~.~~y ,,~i:;.M'E,'~ ...~;:~ni~~-ir~·':~~~;I~,~I~~(~t'·by::;~i ..f:am.

:m;:~~ T:::o:::,".:~: •.::::~S;~~'''::;:::~~~1n~!tl:;:J?:;'' ..
,.weight,: _r. ,t.-'ea18;'. ':/t" 'th:e.. :5~~e. '~i1C~~~~t1on" ~f· ..~~: '~'~'" G'~:l,lic:tlvi!Y

would ~tlll btl" lnhlblted.'io" .. 'a ~...~,e..~:e~I'I~, ~~~~'~~T} A &(~ll.r ObS.rI~UO~':

wo. modo ~hon ''''';'''''h"'o'' COTEi';;. 'PP"~~ lo'~.~";P~I;..~I'.
3-16.. Wlth-lh",.Ore, relatlvelY---Io,w~r-.con~e~tr~llonll~e~.":'r-;;'CJI!.I;ed-:lo-lntilblt-'-.~,::-,

tbe Irypslns In'!" 'Ihe, ME' -Whl~h su99~ts theL i~e~, ~TE .~~, I ·~:or, P;O~enl

,reducing agent Ihen ttl.' "'!='" Th, GC.!., WIIS Inhlbl,ted ·by 50111 . by

.. appr~.lmate~ ,0. ,06~~TE wherea" app[oxlmatety.·O, 14M .flTE ";"'5' required'

to l~hiblt- 'BT' by: the same amount. ,In the cll"e ~i, ttili' 1i:'hlblUori .1lY. 6'fE

~tso. e~en t~.,.gh the aClu'al 'prOIeI~ content,'in '~he :GCT ~1lS lesser than

. that of Ine BL It 5tlll.'#fOUld.ap'pear'ih~teven·when.equ/valent·amouf.l1S of'. .
Ihe Irypslns. in _lgnt: ,are .treeted 'wllh ttie lame "corocenlratlon of the

oTE'. tlie. cfep~e6&10~ 'Of ,activity ",~uld still tHt' greater wllh' the GeT then' the

6T..

I

I
. ./,



CONCEN'TRhTI ON 'OF ME
molar

." . "

Flgu~ 3-15: Thtl klflueI'lc. of ME on ,... :_ettiltJ of. 'tf,p.'n~

L.egeftd·tg FIg.' 3-15',: (I) .Iock GeT ",'0.058 mgl"mL::--.toek BT·",.O.077
: : , , '.~~ , / ., " ';.

mg~mL.:. CII) To d.etennlne.. the orIginal actlYlty. ;.equ.1 volumes 'of 'the

enzyme ,stOCk .SOlutJ.on .nd.,'~'!1M HCI" .we~ Inc:~t.~ In •.n lee batl1.~ a~

min ..bef~rt1 0.20 mL of It ,.,as' appll.d "to BAP~ •• delcrlbed ,under

2.'3.5.1. (ltll -Toe"thnate the re~ldu/tryPliln activity;· eq~'I",o.lume~ of

. 'the 'lO,ck .enzyme ,o",1tion .nd the .".,e .Olution _r., lncubai.d !n .n Ice
, bath for aO ..mln. b.for~ 0.20 mL, of, It w.,s .•~plled 10 B~P."'.· The Issay

.was .carried ,.out .1 250~, Thedaia used' t~ 'con,~u~1 Fig:' 3-150....e

.....r:.g~S of "~ ~.t~,rmln.t10ns. 'OMglnal icti....I~ 01 ~i::T on BAP.A ... 0"O,1~

6A410 ;'.,mln· '~d lh.t ,Of .-e~, WIUI 0, ~.135.. ~,410 'M.;m.Vl'

~. """~ -, _.__.....
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-,
Flgu"':lJ-Je: The Inf1U~:n.~·~ of Q#::Dn·,~i.~ltY:of ..ti:Y?ln.

':L8~~ io~ .FI;. ~~,~: .c;','·,toclC"'GbT ."';:Ose~~/~('~tOCk·,6T:.~0.04~··

. m~'mL; III) To ":tlma'l th.· orlllln.,I·.~Ylty.:Iq,~al ~~l,~m~ .of th~".I~ock

trypsIn, solution and, 5m:tr.l!· HOI we~e ,Incubated. 'rn an "lce'bath 'lor 3'0: ri,ln;

~rore;ci. 10 i'lL oj, i; was ·~PPll.~.·IO ;~~.al :i!SOC.., The ':~lllln.l· ~i:1I~1li~~:
ol·the trypslns on TAME wire as lolio.. :. GeT.'. o.~"5 ~..r'.""':'~1lIIn ~n.d.~

ST. 0.073 ~7 "",'lIIIn. To ~l\tirnate 'the re';l~ual try1sl~ .·CtIV'lty•..qU~1

'velum'.s ,of lhe' s~k trypsin ~~Iullon and fr~""ly prepared' o"-Te', were
...' "

Incubatlld In an -,-ce, bath for SO min, belore, '0.1(1' mL.. ,iortfori. Of It 'was
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'~:'l'''' 1 G.~l1eralt.OlscuS.IOn·: ,TM lnfluenc!' of thlol ,.~g.nb ~n actl''11ty of

trYpsln$
.~ ..

• The> observed. IntiJbltlon .of the trypsin.' by the thlol re!tgents ME alld

O~. suggests thai pre.ervatlon of Integrity of dlsutfld. 'IInkages In the .~alJ'IiI
4 " •••• ,- •

• nzy"!8S Is vital 'for the CtItalytic aetlvlty of th. enzymes.
, .. ,.\ .

":' :~ ::'.~~i:.:;r.;att~ re:P~asslon of' GCT' a~t1~lty, by Itla ·thlof r....gents _au'ggestli'
., ,~ .;'" ,~ , '. - - -. - - '

, .tha1 there' a~e .Jther few.r disulfide U,:\kag.s, In ,GCT \Ifl'Kls. Inl.rgrlty- n••d

~. ," :\~ ,", :.;~. ~ 4'P;~~~~d' ;or Its nci~al 'cata-Yu~'p.ot.ntla' ~-:b.'r.ahzed'than .~+,:'.o~
. >l . 1/J'at the ·....ntlal dlsuiflde, linkages m~lntalnlng tM Inwgrlty of th., active

. l ','" .

ce'nler of GCT~are ,p~bably m~r~~a~cce,"lbla to raduetJ~ by the thlol' ~.a" ~

BT, -

)
, , "'!'orkars'-: like '. Sta¥'.n ,and .AI-Hablb (1979) •. St....,.n ana Podra~ky

(19781 ha'vtF almll.ely oba.rve~,lnhlbltiori of trYpslns by thloJ reagents, . For,

.xam'ple. Steven' and Al-Ha~lb (11l7,a> demonstra~a that dlthlothrelloJ

(otT.> ·we.~: capable of Inl'1lb!t1ng tryp~ln ana also that the !'iitent of. . .,
Inhlbltlon Increased with 'Increasing conce~1rat.lon. of On,

Steven and Padra.ky' Cl978) alsO observild;'lnhlbltll?n of 'trypsin. b~

thro! r~-,gents like _OTT••' 2-merce.Pto~t~~n,OI ,_ (MEl and cyS\e~n~ They

Obierv~d th~t for t~e' same, .amoun\ of tryp5In •. Inhibition by d~ ;was'

,gr.alest fOllowed'. by ME;. and" cystellie .In' thaI or~ar. They also.: 'observed

that "lrthlbltIO" I"c.reased 'with I"Cr.e.511)9 C.O"Centratlon. ~f ·the. thioi' r.agenl. " ..
.and that the' ~m'ollnt of, OTT required' 10 cO,niplotely, 1"~~tt;"aIO' the enzy,,:,.e .1"

..-.' ..,
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purpose. Sand.ell and Ugh( (1071) ••~ o~.,""ed Inl'llbhloti of

ttypsln by sodium borohydflda -or .dttnloerythrttol (OTE). TMy' f,urth.' .:;

demonstrated ~.t Inhibition by DlE ••,. t!'!1e .nd concentration dependent. ," "

.~ '.:-.

''':;:.,

.'.

3. '.5 Supp~tatlon of nIh farm.natlon with trypa'na .

The f.~rnen...tion of. the' nerrin", _!"Ie squid • .:. C.ln"'i.1ld . a•.

- d..crlbeQ und.;' 2.8.13.

3.15.1 Herring fermentlltlon

In th•. CO_ of the herring. the mol,tur•.and fll:' cont_tlta of tl"!- fr••"

muscle ..ra determln}Kl as d•.SCrlb8d' under 2.3. "3, 2. T~. r..ul13·

.. O~l~ for.·~•.mOI•.tur••~d f~t.d.~.nnln.tlon•••r. 71.85'" j.....r.". of

8 d...rmlnatlonl> and 10.56'10 <a.,.rafle of 4 determlnatlon,) ~peetJ't.Iy•

'_ 3.15.'1 . .1 pH chang.. during fermentation

Th: pH change. during the fermentation of the herrlng I, "r...oted

In Teble 8-22.

Tabla !-22: pH chang•• In HerTtng bftn..

Fish pH ot ..,
12 " .. SO

Round fish '.7 '.S '5.0 '.2 ,.. ... 5.7

eviscerated conlrol' 4;lJ 4.9' 5.' 5.' 5.' 5.' 5.S
,

:~~~l"~~~ fJan +
'.7 ... 5.' .5.5 5.7 $.lJ ..6~e.~.

.-t
evIscerated flsn + GCT '.S '.S 5.1 .... .~~:.6 5 .•7 5.S

I· . ... 5.5 5. 7 ~'Evl$cerated flsh ,+ BT . .5.0... ~:5 5.' 5.•
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.t..g~n<t to' ·,tabl•. 8-22 ,: ,m ,lOck 8i und' to supJllemsnt herring

fermentation was 3.041 mg/m~ and stock GCY used'to: suppleme:nt, henlng:.

fe~ta".t10nwa5'2.49 '!I.9lmL., Stock'.e~.~e s~luilons 'a~J~'I~'~lth 5nlM

". HCI till .~ey had ..lmllar activity on SAPA' ~t 2SoC.

;,.('11) ,ActivitieS' of, dll,uted' en1:Y';'e:, ~olutlonS'on B~~ : ~ O. O~ m,L ,of

diluted 'Bi hydroiYz:8d ~PA at a rate 6....'0 M!I/ift1n of 0.0117 . while 0.05 me

'Of' (muted .G.~T, 'j,Ydrq~yz.~ SA!:>A al a .raie \,tJ..-!.'!.D· nm/lllln, .or,a.,On4:' . The

stock enzyme, Solutlonll _re dllulild 25 Ilme~ befor'" they ,_re applJ.ed

. '.- lIepe':etelr 'to BA.PA, \

. \
. ('UI; 'v0.lumeS"ot" stock' "nzyme. s~IUtl~nS '~apP~I~ to ·.fl~h :;' 10.·'mL of. BT.'

and 10.25 ·mL of GCi. ( .1,

" .. ' ,.. , i,' , .' '.. i
" (~'lItOC~ crude-'~.CT. u~ to s'!PPleitnt h.errlng'.le~msntatlon01·'r

~,09 1't!~!mL ;. O. 10 ~L Ci~ a ',,~O fOld: diluted ,ro.utlon hydrol~edfBAPA~

,;ate 't.A..1O ..m/~ '0,,~O~~1:2S at 2S·C.. TttO'!volume".o, C~dO, GCT stock

" ~1~uo,~':a~PIl.d to ~e':""~~' brln~ w~~ -i,s.? ~t.i· . '.
•• 1,,-

'), Tne •eVI5~er'kKl :-fliti:·""5~d" as control i.were 'not 5'upp·I~.mented wIth

trypsin..•
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~.,'

-(

,.- ",

.. ,:.:
lesI,,!nd to Flfl ·3-11· ~ (I) amOUnts oJ enzym.. "sed to lupple"*,i. .

. f~n\aUOfl _re' as desenbtiCS.l.(nder -table 8-28 : (II) nlues used.W pW>t
. . - . .~ . """""' -. .'.

·~~U,.. _ra .....ragh of 2 determlnallpns : (Ill) a.sumpllon. mada ...

cheng_ In" ab~.rtNtnc:. of .' O. D. "unl! at 289 "nrn ... asSIJ~~' to be. ~qU.1

,to 1 mg/rnL protein.
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. .
T~8' tola" .8stlmateil lolubl. pro~ln.'in the herring fermentation brln.. .

'-ls summiirl~.d. In" Fig. -S-17.

_l:..~p~rent.. from Fig: 3-17- thai the ·rate '-of InerelSe of 280 ·nm

.absOrblng material In, th., brine.' wal' hlghl!tr I~ tti. enzyme .5lIpp,amenliMs
" . -,' .. , ," .:

fish systems, .n~ the round" controls 11'1'-" th•. gutted control. ri' ,Is alie.

Durlrig the nrst. 6- daYs_ It· esp.clally GOT targely· compenntn fOr
. ,"~.. - . .

.¥tsceretlon :mor8 than 'BT .don. It '.tto appears.-tha" du~ng',tti. lnltlal

stapH- of -the.fermentatlon (about 6 da)'l) GCT was m~r••'ffeCtJ"8, than .BT
~"'~;--:~-'-. :-._._---~-------,---~-.-----. - ..-.-':- , ..
In ,oh~.blllzlr:tg protein. from - t;he . fish n••h Into .. tl'ii"": brine than' BT as

••l.e'" '.,om tho 'o~., 0'0 ••,"~. i,""" "i.~T,"i ••• 0' .i.. mol,,",.,
a~I"ltl.S of the. two enzymes -,observed with TAME as SUbstr~t.; Tabkls

"(9-1.' ard 9-12. '. GCT' wouid b'a 8J:"pecte,d to hydrolyze. tl'le proteins 01

h'errl"'g 2 to a times more efflcle':'Uy.than '8T, F~om Fig. ~17 how.ever,

'aCT ··.'ppe~ril., to' effect pro~olysls approxl~ately ,7 times greater· than' BT, lit

lea~t for the flnit -~: d~ya of ferm.lntatlon, ~ However. the, herring ,Is. a mo~e

c,OmPI~-'l ~u~strale Ihan TAME (,a~. esler). and ·the ~~II~n of ,I~e ,tiypaln:s~n

. the 1WO'd;lfferent SUbstrates mlgtrt ~ot be expected to be. !ilka?tJ)'. the same"
, . ,. - . \ '.

M, ferment.lltlan prOgreS.~d, the ~ cap.cl~ of' GCT\ 10 effect pr.ot~IYII&

oppeared. to 'diminish. when, compared to 8T and thl~, toss q( acU\'lty wa5

, prOba,bly d~e to the slightly acid P~O'I, Ihlf brln.~ end\ POS'I~'~ t~ "n~lur~liy
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. .'

P~."t and ·i":o~· en~ pTOCluct lnh.lbltors I~ ~ brines as di~~u:~s.~ under

S.15.5. {

3: 15;3 TCA soluble 'p~teln' In nemng ,f.-rm.~tJon bri,"""
. .

The'. 5" .TCA' .eoJubl~, "pfOteh":ln Ute ferTnent8tJon 'brlnes.ef•.•'SO

. ":., -.- .'." ,

A summary :o1"t·-"~\.ti....m~ntS. of lDt.lnth;'lIIi'l!'d ':I~·bl. 815 ,well '

. . . :-.

,,~t I. -apparent ~hai more ~ohJbl•..~ptJd.'i.•~d. 8?"ln9 :~cld. were prodUced

by. ~~_ round. f1!Jh I.han I.he trypsin' SUPPI.m~nl&d flail 'Y51~ms,

I'; round' ,tl.rri~g.. :·,h~ ,trypslns .facilltated "the formallon of lars•.:"

-:nol~~~~r .eltl:hl·~ly~pU:ea'.ln th.:·.a~lY 'day,' of .~~ :f~~el'l\aoon -~ '.~;...~

:.:""
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·a.ql5.4.·~ . ..mno IlClds '"~ bl1nes
..: I . .

The ~t.1 rr.. amino I.cldl •.ln ttt4. f.rmen~Uon brines _r. delermlned

., clescrlbK under 2.3.14 ..' and .tt", r..ults .;.. lu";marlled ...... Flg. 8-.20

f~ ~ich It Is "PP';"~~ Ihat thl!: round fish flnn.nUltlo.,," sp*" .~ ltIe
., .' - '. ,', .

-; an.tyma lupple~n," systems, faclll~~ the formatlon-.o' fr.. amino acfds

'".'.In'tha brtnes ittan the.ungurted control. F~. '-20 ~,.o ~dlCl1I" ~t at .

. '. d~ 6', _the, ~:nS"~un.t·~: ":'i- ~~l.no .cids· f:r~.~ In tha," ~~~.~ .;,.~. ,~ot ~ry
dl"arenl lrom ,I,hlt ~r !~ gu~~.:.c~ntrol•. akcapt ,!"-: .•ystelJ'i ~ppl.lfl.nl.d'

with p~.r.• '·GCT·.':..b,ut ,:~t day ,1'8" the, -r'l.t,"'·.•":,.oun~ ~I' fr'•• amino eclds

'.•'. :-':,:':h"':::"::::r,::d:;' ::~. ':~:Z:· .:::m.,;~:~;~
cou!'tlng. the. '~I'"."·· '~~P~~~..Wl~;.C;U~d. G~n '- 'Fig.•S-20 •...?'tl~h

.upporis~ me fil'ld'ing with OlI'rCA ~~b1e 'P,OI.I~.!n Fjg', 's-~;
.... ' ...

:.-b. _. ~'::. ." . " .•. ..

~~E§~f2Igp.§,
,eirtenntulI~ .~& Ob~.~ fO~··th~·~ther 1'P.le"!I': T!'~_.r.i~~l."'~ h'I~"-r fr.! :'.. ,'.

:"

.1-
:" .m.ln~ e~ .cOo..nl Ob••,.....~~~th.B:T.·...1 d.y" l~·~"!~.~.d :to.·the.. GCT '~I

~bab'ly 'due to II dlmlnU.tlon··tn· 'GCT, ~CI!'tI~'~II.·.lo It.. .~·nfll'tOrabi.,"Cld pH . '. '- ....

.'.o,~ .~~ b;i~. end ~~s;~/y .,t~, l~~ 'f~C~:'I~~~ \h.•:r~:~:,p'~~.l, '8<~~.~:}~I:~'·,~"P~~~'/ ;:', '.
th'an: '"the GCT and probably.- ha~ an ._.~Cll"", prbl••s~- .con~mln·ant'.,th.~;

p'rtk:ip~t~d l~. ·th•.~~~i~j~,l. orl~~:'pr~iel'"~·'.;d ~~'~~j.d.•!, 10' "~;'~o' "cl~~.. '.

: ~ .
. ~ ..:., .'

'''.'

/.

J.
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. . I
3,15.5 MItior" tasW~, .mlno·~ In brl~

\

The. major taste actll(e amino aCids. In lhe brine.. as classlfted by

,l.M" .Ii Ai. (19821 ••r.. ·.I,l~;n.rlz.d In FIll-5. - 3-21 a-:'d ,3-22 from' which ,It

Ie ~p~re,,~ th&t more of ~8 tIIs~ acllve amino, acids, _,lire .gan~r.~ In

th'. ro~~d fish. atKI the enzyme" su'pplemented b~n.$ than 'the gua.d

control. and ~!50 thai the tastl'""wetlve amino acids' f,..creased .lrom day 6 to

day 18 ,""all cases. OJlc.~t In the "Iscerated control -:"'." th ~.".I o!

alanine t.Il'~·aboht,90" In 90,ln; from day 6,to daYU.

In genaral. th!r......s' more' of me taste 1IC11'C,ii 8,:"11"0.'80101 at "dtry e'

~rth, tn. GCT supplemenlad ~t8m ,than the BT .up~l.m.nted l}'Stem-:

suggesthlll .galn that GeT facilitated. th,. hydrolysll of Iha fl'r. .in I':J'•••rly

...~

.~
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. TIMJ trypsJns' ..... UMd, to auppMmtl"t the t.rmentation ~Of ~qu.Id"~.

d.~bed under: 2. S. 15'~and ~. ch.nge. In pH. .~Iubl' ,picta,n., ,....

amino add 'arMS Vypsln ~etMty'I"~. brine. _ra'm..lUred .t_.,;.ri~. t1";','

:-.' ,"

.. ..
. ~" '.~ .--:. The .pH· .c.h.ng~ In th._ fermentatiOn" tirl"ai -:.r. -follo.....ed: ••"

",. ~Ct).bel:t· und~r 2. ':'4." ana: tli. "reluttS obt.l.ln.~ ~~. pr..."ted In rab!,_

. '3-:28. f:alt." which it I, apparent that tite pH of the 'brt~~" '1'~Crj'as~ f~m

"abOut"pH 4.8 to 'be~n ~~~ and 5.0, a"d thoIt.p,:", 5hange, was

'"~PC'!,dent of .1'IZ)'J"l•.•uppl.",.rnatJ~n. ,1",U.r to what ",iii," obse"'1d .,UIl

. VI. he","... :i~.ntation. Tabla 5-22 .

.. "~...

.~'\

' ... ~

....... pH 01 0.,
';5 8 12 . 28 sa

Sq.U'ld (no: enzyme) ".8- -'-.3, 6:0. 8.• 3.' 3.7 3.8

Squid.". a.CT " 3.• 3.4 '$.8. ~. t ,5.6 S',8

:S~uld + ;B~: 3.3 3.' 8.• 3.8 ; .... 7

'~~d/to T.~~II 3-:28 ~ .ili conc~nlr.I~.cn~ 01 Jto~k enzyme .olutlo~. u..d ,

I~ fermentellons .. GCT "!:, 1. 2.5 mg/mL and 8T··. 1. 87' mg/ml.. (II)

.:·~'~!Yin8~':"adJUllled td ,have ~.ppr~IY the_same actJ'Ilty:,on ~APA:iJ'l .

; .. ~ ...
'2,S.C: 0', ~,~~:t~It"~CT·hydr.otY.l'd 8~P~ ~l a. rate ~ ,"',0'
.MIll"", of .0,!J2815 .'n<! 0,,10 mL. of diluted, stoctl BT hydrolyZed BAPA at II

'.. :---"''' ·6A~10 .....,'"'" ·ol.O,O~',..(11I)' volu,m.. of ;Ioctl~.nrym. aCMI.one

IIPpI~ : ;'OCT .'20.ml. ~nd ~T _- ~O~~~;"(,:'~-~ .

•.-1' .. ~: :.



1S7

S. 16",,2 TotIIl-SGluble ~n In "-:quid brine.

The lotal estimated soluble, p~OI.ln In the ,q~ld\b~I';e5 ....IS determined

as" described ur:der 2. S, 1~. 2: and tti~ results llre";;mmarlzed In Fig. ~~2S

. t from which It Is apparent ;th!J~ the .nzym~, supplemented ayate":!, tied more ,

aoiUb!I!I' 'proteln In the' ~rrn.. than, the una~ppllm.n!.d Ilyst.m~ "and .'110

thaCtn••mau!'! of p.rot;,n reteased Incllllllled with time. It .Iao app~.rs
· .

· -.Ihat' GCT .·f'lICWtal~ ttie reiN'. Of SO'IU~I.·1 pr:?teln JnlO "th"•. ~rln•• al 'I••~t .

up 10 5" ~ays of. ttte f.r.m.n~tlon. "alt.r whlch.·lhe release 01 lhe soluble

'::p~"ln slowfl '. down relatlwt. to .the s)'!ilem 5UPPI.m.n'~d.wllh ~T. ..I;"Uar"

· to' w~.t _. ;b••""ed for .Ihe herring fermentlltJon. As een be .Hn t~m

Table' 8-24•.Ihe pH of tke brines .er. slightly' acidic - -whlch~s nOI ....ry

.sultable'. for GeT and. the diminution In GCT, activity durIng the letter atages
. .

of the fermenr.-tlon might probebly be due· to Ihe' Icldlc nalure of the
. . -

brin".s and possIbly also due 10' the pre!en,?e 01 n~tur.lly p~'esent Inhrbl~~s

and f or end· Pr:oduct Innlbliprs In ~he brlnes. II Ihould be. meniloned. elso
" -

that there ",as a I?t 01 9al produCllon I," the (ermentatlon' systems from day
. .

215 on",ards. Indlcat..... 01 the presance or mlc'r~rg.nlsma (halophlllc). In .

the iermentallon b':!nea. This developmenl. ",al . not nolleed I~ either the

herring f.rmenUltlon or a previous 'ermenUlllon wllh aquI~. c.rr~.d· OUI In

·thls laboratory by lee ,m 11..( 1lil821. A po~alhle expla~.tlon .'j ,l~:·wt.y gas

formed In ~the squid f.rm.n~tlon Is ,d;lscu~sed under S. 15. 5:1.
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,so

TM 5~ TCA soluble .prOleln In Ille squid brln" w.. detennll1;ed'.••

descrlb&l!·under 2.:$.1-4.3 and"ill' results obtaIned ~r!J-aumm~riz'd In-.·F'~.

8-24 frilm which It Is ',pparentthat the,. was mqr. TCA ,aoluble ptOleln~n

. tile ~nzym., supplem.n~ briMS Chan Ihe ",nsupplemented ,control at - aU

."g~' or I~ . !-rmentlllion .Inveltigate,d. Ho..v.r when.' the v,luee ~obUiln.d

_~r 'the 5'" :rCA ~oluble protein (Fig..g-~..,) ere _com.pared with tho,. _,for

th'- total. 'OlubJ~, pro..." 'Fig. 5-23) ll-bK:Ornn ,apparent 'Ihal Uie produda-'

of tlMo ~In l'tydrotyall are tlrgely ,TeA Insoluble, whleh Incllce... :thai" ttl,
. .

1~_lns: i?fObabfy' hydrolyn the protei'" 1.n .t_"" fish 10. p~uc, pred~ln.ntly, ..

large moleculer wttlght"polyopePtldeS flitter 'tNn small P.pUdl, and amino

·acldi ..

3:16 . .0\ Frw amino .aclda,ln squid brln". .

The results obt.all'led are slIm'!!arlzelt 1'1'1 Table 3"24. Irom which It I.

apparent that the enzyme SUPPI.mented, Iystema ~.r4t.d. more free amino,

acid. Into the brines thin' the control.

Table 3-24:

Sample ~poaunt ,time I .o&lys )

Squid + GeT

SquJ~ + 'Bf

94.7 109.8 164.9 184,5 181.5" 189:'8,

.81. S 105.2 e4.98 18r. .. 165.-7 17(8.

~"

'. "",'
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. . The lIl'lpr tNW ac~ ~Ino aeld. 10~ (n the .quld brln... over

" ....J1~s· lime (ntllN.I...tl summar1~ In Tible 3-25. Item! Wtalcll II .IS

apPIr.nt ~t ItM Inzyifte supplemented _mpln "Ilad m~ or" th.. ta.te

aetlvl aminO' .c~. O¥ef the perk>cl for wt)lc~ m••,ur,"minlt. _Ill made

than the '~~n%)"IT1' supplemented. control.

Amino .clds In brine (./Lmot,,/mU

·S.mple 'l~

se 5~t s~rt 5 se
Al.

• SO- • SO

.sqiHd 30 .~." .15 2 1
(C:otlltOU

Squld .~9 41 4. 1e 2 4 ~ 2:
" + BeT.

.2. ". "12 ,25

S 0.5, HI 2i 2: .11

."-,"

Squid 87 41 S "14 2'" 2 0.5 2, 2 1e 25
• or

2: • "8

",:,,;

.H~r; ',"I~I Ih~~lluatlon ~b_rvld ....Ith the harrlflg. GeT eppe".d.

to facUltat.- the re~ase of the ,ml~o - ,'c:lds mot~ rapk!1y In' the e.rly day.

of the fermentatlon' tnen slowed down. Whli. ~'T ..em.d to - Iltt~dlly

Increase til,' accumulation of lhe amino acids thro~ghout tile period for

....Illch . me..~,.meMa .er' madl, While GCT' ' ..med 10 Il;:cumul.te more

'_of the ~lfIO aC;:ld~ In thl. aarl~ day.· 0;' til." 'ferm.ntl~~n~· the. system ~I~



'"

actlYl!y towards ..,... latter dIllYS,' of 'f.rm.ntati~n lobserved forbOU, herring

and' liquid fermentation ", ,.weB as hI- a~ ~ar1I~~, It~dy by Lee m .AI,

(1982)). the 'residual, aCllvlty- of the -Irypslns In· 'the aqur~ brine.......ei~

,.stl~~led ~s: deSCrl~•.: ~.~~r 2'.8: 15< '1.',

. . .
~ Th. bd~fni .er•. dUllled. '10 .Iold •..;,.ih J~AM. 'Bubltrat. , butte', 10' filii.'

;;.': >the pH \0 - ~P'~ro~lril~l.f,.··:8: O:'-,·lh.n: c.intrf'U~d· at oo~' in .~~ S~rvall' RC-~

~u~~~· ~,~g.;:.~ :~ntrUu~ i~ '~mov~"~' pr~;~l~~',: ~ cl••','

. :~u;;"rn.t.~t·w.s ·used fO('lh~: ~ii~~~o:".C?r t'he·'·-~~8;dU.i l~p~ln actlYlty, bY

addln;. 2, mCportlons' of the clea,r.. a~~m!&blnt,tc? 1 mL of 1 rnhll BAPA

solution and lh, ",,111I' of r.~aa. 01 p-nilroanllln"at 4'0 ,n", WIll followed at

25°C '":the 00.,..8 Specu:OPhOtom'lJl8f. F?, .the blanks. 2.. 0.mL of BAPA



.143 .

.'

,.obs "llp .obl exp' obs up

- 3.3'5.5"2.1 ~.8 \.8.-~.3: 48.05

:- 3.08.3 1.9 2.1 1; 1 1.5" 36.7

.... 3 - ....-, 3,S' - ·s.7 8tL,1-.

0.' - o.• 0.' - 0.5 250.0

'.0 - ... 1.7 - 0.• ~.'

'3.8 - 3.-7 2.' - •. ;,J- .5~.&.

. Tabh &-26: TrrPrJn.dhfty In' briA~ at ".1"tcM stagea In ttllll ·
fennentl.tIon

Br:ln. + Bl
(~o .quid. pH 2.8)

Brln• .ffom·-,qu·ld
.control. no enzym.

Brin.'1rom GCT
s.ul!pleme.nted $q~lcI

BI'!neJrom 8T
SUpple,mOnled: squid,

Brin. from ar
..upplem.ented squid

al1~' Irom GCr
~,~pplemonted &qulcl

Brine from ar'
(nO $Quia, .control)

Brine from GCT
... upplemeritrtd squid

~end to Tllbl~ 3-26 : (I) vall/es are llyerages of two deterlJllnllllons:

. (II), UnlU/mL _ ~'0 iwnl~ X. 1000 'X' 3 I

8800 ' . X VOl. of b,rlne in IllS8Y

11lI) 2 equel volu~.. of the clear Sllpernllt4nts fro,m the 8T and GeT

supplemented .quld brine., 'ood '(Iv) 3 'lIl1al votlln:'es Of..Clear" .~pern.ta~~



r- .. ,. -:.

"'~'. '.
'.',

.~ .

.f~ aT" su~.m~n-.d. b~"" ~ncl G~~ ~.~ItfMd· squid ~r1nt. (,) 'obs~

- ~~ived: .and .1Pj)' - ..peeled.:

trypslna

··.panly.due ~ I':'hlbltlbn by.rn~"I1;I'''ln or a~cumv,.unV l~.tha i,quid brin;,a •.
" . ,.',.' ,I: " .. :.'
ea~lally ~us. \he addlUlI;)n of th, cl••r supernatant· from tha 'GeT

.,.'~':'~I~menta<l·~qUld :brlne 10 ~e, ,u~matant, frc:m tt'ie' ST brj'Il~' ttJ"t ~~d: ;'0

squid was consIderably lower thlln..mlglrt ha:--_ .baan ••~cted ~ th. actIVIty

.1r:qm both .ourc~ ware addlUYe.

;'" ,,'
)t ·~a. Men su99.~tad. by"Work'''' Ilk., Uytnko .IS A!, 09521 and

,;9r.J~ and U.ton/(1~82; lh.t."'~r~1 II\rYft'lH..p~l'tIcularl)'''ll'yPsl~•. ar.·

pr!ncI~fy ,"ponslbla' ~- th,.-·proltolpi... ~~' ~u~ du.r1ng the

, Iem,illatlon of ftsh In the pt'e..e~ of 'hlgh canCantraUon of nil. ·,'.lIOIiYer
. '.' .

<J9T5l of Grl.t Bnialn. hrIe' dftCT1'?ed • prOCKS lor the ptoductlon at

.' _~aaft~ 'he"l'T1ng (m.IIt.) .usill~ dlg'lt$llve Inrym•• - :tryPSIIl anet C~ym~ln

_. at l~~C. P;Oba~1J to ..~II.mlze the ~~~.rabl' .ffecll that .~cur Wh'~:

lorm~t10n.II ~rTled out at elev_led tem·pe~.turet:

Greenland cod trypsin wa, ther,lor, .appll'd ..paralely. to· BI\~d. , . .

,"herrlng and ,,~uld ,to ~.mlno " Its, higher rno.locular act!vlty at ,lo...r

...t'm:pe,alUr., com~artd to ST coulet ~. e.p,lolt.d •

. As p~sly nOl.ed. _n thollgh GCT ....matl to l.clllUlte pro~1ySls..... . . .

.of ·bolil tho haf'nng and ttIa. "qu~ 'n the .arty d.~ of th' l~.nta~n

coinpared to the ,.,ISc.r.ted . controls and pr,obably. also \hI iJ"!"·
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_uppIerrietMCl Sf"tIl'S •. ,IN GCT .PP'M~ to 10M'. consid"'" Pan Of It5

C.•Peclty to _"eel""~~IS at the l..u.r S~~" .of th~ 'f.rll'l';"~?on m~~
tl:\lln the 8T supplemented 5Y:S'M, .~." I.. 'lIg"••.ecs that the ·dectN~. In

:,'·G.c: actMtr'W~' ~b.btj:dUe. 'P one. two 0: .U'thr....of·th. ~owioa\.·

f ..~ -:.11> ·~.,pr....nce .of·n.tur~ .P,..MM.·trypsl; ~~h~lto:?"~tI'It :/

'bloOd. or the n.ri.· •• 'UVV..ted bt' OreJ4ula and. USto,,¥198(. thll.

~.•~.h~.J~h,~i\ed the ~CT m~i .tha~·_u;ey ~'i~:' -til) .. ,nh;-~ ~n·by..•n·~
.•~~ Dj·~. P~I.OI'~I"'lIk".ml~~.~ld •.•~d:~m'I;:.~' S: .1Id·, elm ,
1nactl~atlon due to" the acidIc pH of th!, .J.rmen\AlUon brines. '

. .' ..
~ Is Ilso BUvllested that In.~va't10!l: d~' to acid, pH of brines might '.., ',' .

'. b4I the"ma}Or C:.UM··of . the gre&i8f: d8JIfftsi.On of GCT' ;,eUvlty co":'plrsd to

BT:aeti~~. from the pH '~ie5•. st .PpN~··to ~ IlII.tiWty m~

'stable and &lightly. rflO'e~ .t apld pH than GC'T. So ·the .-plo~n of

th~: I16gher mo'el;;ular .cd¥lty of GCT at ~ 'temperllwr~. '-wu nol- . .

. ~ lSUCCK$fully demon.irated by the f.rm.ntation It\Idyo' '.nd·:tt wou'td probably

~ 'lr\Of"e ~efl~lal to ~~~ 1tI. OCT In ope~~ tn.t p~~ In
, ' . .

alk8J~ pH 'medla, where GeT' .w-ars 10 be more ~"b1. and .mor, .cUv.

than 8T. ~~rs' Ilk. ·~.I.nf·.nd.~tol) (1982). Ra•. ~nG G·ntl.berv

C19751 . and T.~ .II AI. l-H1'7tn have oti..rwd thaJ .nd product Inhlb'ltlon
'-... .. ' . . . . .
. .Dt.... l?rotltDlyt~ "."%yfIlIs during' f1ah l.rm..,IIt10n· doe' c:ic~r.

. . .
'The" 'J"erlml,nt '.on ,qi:'~d fermentlUon wi.! d.,I\lned [0 follow Ihe

. I ,ch'llinill.S. In l~. '.c~Y!1y ,O,'lhe tiypslns.ln tl:JI brlnaa, using 8APA,I& •

":~.I ~ubW4!t.. hoP.f~jly.1o find som, an.....r. to . ttl., probllm Or dlclln.

',In f1It. 01 prOteotyll, "rv.C! durln\l Itl•. hlfflng fermentallon.. So

.~d!,"O"~ ~'I Ihe llqIIr1ft1ent: "uetI .as Nit, .~ar., .~unl Of ns':! Idded

per. unit ~I~. 01 wI'e,T .Itc.. w'-' .!'I.d. verY Slmll.r to' thol. Utili. for
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----Ihe h'errtng flrmentatlon. W~~Ch ",e.~a that ,Ih~ prp~lon of fish: .alt :

augar per Un!I VOlum. of .waler In the,e fermenlatlona wes 3 D.o4:

'0.08. whlle.the pro~ruon ol'fi,h : ·~lt.: S~9ar per unit Wllume of water

employed,' 'by' lee m, A!.. (1982)' In an earne< swdy with s~uld wa.· 1. 4 :

0.,2:4.: 0.05.

TtHt .relaUvttIy loWer aalt· content used ~n 'thlll IIludy·"was, probably

responsible for haloph'lIlc bacteria or yoUI growth leading to' gal produe:tJon

In th~ sq",fd brines •. The difference' In sail conlenl' could "0\ be "'Old~
alnca the procedure used to- ferment .ine h.rrlng waa .dap~d from .ttHt,

.' Unllever '( 1915) pr~esa for making mati". which waa quit. dmerenl frotn

~a~ uaed by l:" m'AI...(1982). and the experiment with· the ,qulcl wa~

alm&d al replicating lhe herring IirmenUl110n atudy. It appear. from this ..

that ~lIe' thl lowlr ·1.....1 of, aall sutilC9d' 10 support llrmlnl,;~on 01 the

hlrrlng '!'"'Ithout mlcrobla( growth. the ••me llllt leo$l was too !ow to

IUpport the IIrmerilllllon .of liquid wti~out microbllli groWlIi:

",3,17 P..-ntllM'l ot ,the iomldon copper-;Indu~TBA~,~tt.ta~c...

In".. cow'e milk

Th" dlllrmlnaUOn of Ihe efficacy of trypslna In prewl~t1nli' TBA:­

reactive substances 'In raw milk samples was c"rrled, out 'III de1Crlbed

under section 2. S. 16.. To deiermlne the InlU~I. activity of the:. tryp5ins

before applying to the' rtlw milk samples. the 1~.Ck IrYpslns .ere tldJU.t.~

such Ihllt when 5 mL 01 II were diluted 10 ·so 'r11L wl,th de.,.lonlzed .Wllt.,....

O. ~OO ,ml 01 the dlluled enzyme co'uld hYd~olyze .lmM TAME .III a':r~te of .'



. /
·-

147.

efter pasteurizatlon. portions of the milk sampl•• '~.re centr11~ged In.. _

bench lOp epPIIl'ldot1 unt,.IIuge .i top apeed -It 40e fo~ l~' min~ . thi'h'_

0.100 mL of tilt supemetant.was applied ,.parllll'" .i~ TAME-,llS' ,~~Ibed

under ~uon 2:5.16.2 at ;509 .' A lIt:'tI'Imary 9"'".-- ;nrtlal anll' r.I:I~~aJ"'

.ctl"l~.' of tht:.try.pslns llpplillcl to, ttll milk 1& p~ellnted In Table S---2?

rebl. 9-27: A llU1'llmary of the lnlU.i1 and residual activities of tryp.mt "
applied ~,raw cow'. milk" .

""""," lnltla' A~\¥lty· Relldul' AcllYl~ ~4tnrn;1MI

l.A:2"t MlllIIln pute:::nD
;'tter

Pa.tIUrizatlonc·

GCT O.07iS 0.041.7

BT --- 0.01117 '0'.0880 O.OS7.

,Legend to Table 8-21 : Valun are 8"8r8g" 01 ~ det~.rmln.tlCllls. .po

10r the "isldu.t activities. only the samples", WIlt, ,the- Illg'hest 'eve;!, of

trypsin were tested; ltock GeT. 0.0193 mg/rnL stoc~ In • ~:O~l

mll/mL.

• loWal ectlYlty- '" .cllvl'Y of 8f1l'flTl8 before 11· ....as added to milk.

\ ." ~

Telble 3:"27 Indlc,tes that while ()qT. did not lllrvlv8, th, pa,tellrlzatlon

-",- .....

tr.,ltI'Ie~t. BT did

Orlllinai aetlvtty.

the ,treatment. retained abollt 47'" of Ita
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GCT AAm Ml - at Day • 81"

.3 12 1 3 .12

0.021 0.052 0,051 0:02', '0.052 O'.'°5:l
0.033 0:0&4' 0.067" 0.033 0.0&4- 0.067

, O.0\.4 .O.OSO 0.040 0'.02O=-- 0.034 ·0.04;8

O. Q~3 0.'028 o.o~ 0:,01:4 -0.02$ 0.042

0.009 0.020 ~-0.'02i 0.0'10 0.021 '0,03~ .

, 0.010 ...Q,JI14 0.022.. 0.011' .0,01i 0.024·

':;'0.032

0.064 ..

O.12~

>0,256

0.512 _ "0.012 0.016. 0,024 0.0\2 0.018 0,0\9

0.840 1 -'0'.009' O:.Olr 0.016 0.009· o.ois· 0.018_

"TM- ....els of. TBA:"~.aet,IYt''. 'mllirlal, ~l,n.... th\ mll,k ..m~II'. ••

. mA.ured ~)'tne U)l0ba~lturlq .!'Cld'__ (~~:~')" ~~t~'?d Of ·'Ki~g. .n~),

Dumrn.arb:ed I~ Table 3-28..

~u~m.iy ~tlBA V~I~.S·I"· ~ml;,"~~ f

~..:' .

Tabl. 3.:..28 l~dlellte' that both GqT and aT suppressed the ·i.....I& o~ ..TBA­

r.aetl~· llubstanclS In lh•. milk s.lmple" ,at 1t\":,qrlOU~·IrL.tym. Ilvels llnd'

al$O' 'that 'in. Mvell; of such a"'~'lInc~, decrN,.d ~Jlh IncreasIng IryP~In.

co~clt1tr"atlon.

.}

i.,

, ··.'l··",····If
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,3.17.1 Genera-I" OlscuMlon :'. p;"""ntIon of milk OlI.i1tJon b1 tr1P~.

It has ,been' ObMrv~: by w~r. ".~~ A~~~,rs~~ "Cl089">:, Do~ and

MllI.r', (11).4,0). Olson and 'Sfown· (1~4:4)' ..net. Foste':'. and ~omm.r. ,1,eS1);"

~thllt "bovine', ~ncn,...s',tryPllln ,tr'••tlMnt 01 m"k·lfr!\es:.i the rlnl....nc. Of

milk 10 oxidized f1llVOr .develppment'.. H~~.r,.. boYlne .lryp15l~ hBII, been

loun~ '~'~ ,rel~~V~~ heat ~~b,l~ .~",:ltpCull ,10 Inlcuva~',atte.r"I~' ~a,:~,~.:
applled'to milk 1S-IImp1es: ~ pr"'ent 0,- "'lard OlldlMd nl'fOr dtvelopment,

F~r '. lns~n';'. Stom ~nd 'HiJli '( ,1956)· ~bse~ed, th~1 ai~'p;lJIllm~tely a, third"·~·
ttl_ added",1'YP11n .:.mllined ecU"e ..lier P~~I'U;lutICln"et'·ebo'U1. 620~ .for ~o

"'. ,

i,
1\

l
',t

.',~

f".~
.,', . " ,- " .' .' "', J

: min •. ~ e ~sult.·, ~rk.ra ~ke 'Weetall non l .}''''' hn~oblUzed tryptln t? ,1

. Ilillas, ~uPPc!rti. and ut.d 'It 10 pr.vent old~lud n.~rs from develop'ng. uien ~

ramove the gina' bound' en~~. 'lrom tha milk 10 ~lrc~;';~t !;he: i=.-d lor:

In"acti¥.tlon. . ... -1

-.: B...... "'.' ~''';'.'}~''''b'''''of, OCT, 'II .....,Id.... ~~pIY,,; to ..,.' '\'
,.:.milk ,,~ d~n:'lln~i wh.th~r or ~'.J; ~~!d..l~;'t '\he f0'i"'!""on Ta;..:" '

reactll(:8 .ubtances I~U~~: bY'Co~ptI; and !I-!60 to determln"., ..hether or ndt,',,·. ,.~, .
It- would .'ul'YlVe paia"urtz8f1on t,.eatm~rn. .'Th~ . finding thill GeT co~let no/":""- \:,: .•

aurvlve'the ~steUrl~1I0n ·tre.~.~t aner It had lIten .PPIl~~ 10 suppress ..it'·-
d""elopment 'TaA-~~~~h'."'-~I~.~;ia:·nceS""'ln'th~e r~w ~lIk 'um"Plea ,llt~lr~~ ;:.. ~~.
t~.1 .ilva·n~"ge'~oul~,be ~ke.~: or·lhe,lo....~' th~rma! lIt.8bllity.qr aCT by "'.j
d'~.ry'· lhetUS~~,10' ~~Unltf'ac1·.~.: pro~l.em ~~ O~ldIZ"~ 1~~"Ott lil~t.:d ,p~ BT. <Ij

1
;,~,
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Chapter 4

CONCt.i.t~NS AND SVGGESTfONS

':;'.

1: ~.. ' ~l_." purified. f;om tn. pylorIO;' ·'nte,tlne.· of
.... , ...•. " '. .:. . .... ,..... " . ", .

Gr"n"la,;" cod' I' tryp.ln' li:.c, 3.4,21.4)':, Thla .collclu.lon I. b.....d on

~ • fl~,dl~g.·th'~t.: (I). th.' cod. enzym'Sca1alp:... the ':'Ydroty..1S of trypslll

B~lflc amld~ ',:,d .,l.r .ub..tr,tes. (II). th, degr•••. of hydrolysis Of

.....nou•. proter~ ,,,bstrat.. •. t¥t tha' cod a~ma wara IdantlQl to those' Of

bo¥I,... trypsIn. l.llD h. was _Il~~' to ,tandarel tryplln lnhJbh~ lneludlllil

t~. ..rl~a ,":,prote... 'Inhlbho~ ph.nyi methyl SUlfonyl QUorl,d.. (I.,., ttl.
" ,oceurre~ 01 ttl. prot.....:ln tl'Ie pyloric C.C. In tflt; IoI'm C?f •• zYmogen.

(...> th~ ~elatl.... abund.ne~ of e.r1aln ..amlno ach:J' rsaldu•• ,Im'nar to otl'ler :
': . (

: ..trypalns .nd ~ hI) mo~u~r.weigl'll of,. aJ;lp.rOJllmataly 25 kdal consistent llritho.r(
.~In.

2. Gr••nl,.nd cod trypsin ts a Itlqr.· .ttleIS·nl catatyst ~n ~"':ti
- -. - - - ~

tryp'I~. undar SaluraUng 1.....ls
8

of ,ub',:,".•" conc.nlr.Uon. Till. conclu,lon

l~ b~1t<l ~,,:,n tha finding. that the, cod S.,zym, h.as' (l) a r.l.U....iy hIgh

.~PKIIlC .cll...lty 'Of' th~ .mld~s•. aslsrai. and prot.in hydrolllsII reactlon~,

'~,:;,lJ) ': ~ ~.I.tI .... lY high ,ub,vata, turno....,. nU":lb'~ for tn. amlda.. ~nd
..•V-r.,.· ruetloll';" (1m e r.tell?ly lower A~" for: Ih~ '~ld'H."and

~~la,.... ,...ttlo~.. and CM a .l)lgher 'phyalologlca' .Hlclency" lor the

aml"s., rMctlon.

I '. '. ".".
~_._--.---~--.:-_.~-":-:----:::----~---._~--:-------~"""'''''-'''~,.
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H~r .f!O~ the I(m' '1alu8', ST ma'y ba a more ·.tllelent CI1~t

than BT 'whe." lubstr... lavalS' at. IlmlUng •

. Even thQ:ugh the commerelal BT uMd In lome of the ,.;"dl.' waI'. not. .
. as ·puie· .a:' GeT. the fractlOl\. l?f non:-trypsln In:lllerfal from the _affinity

column' (peptide mapp'lng _and CD spectra sludl••) ·w•• 8ypro.lmately 10'110

on!Y. :Slnca' the removai o(.....u4 "o~.'n mauirlal did . no~ .PP~~e:blY ","

. ·ln~;'ea•• the $,p.Cln~ aCtlYl~ of BT' (Increase due to purfflcatlon' by .mnl~·

. chroma.tography 'was .pproxlm.~ly.13"').' the. statemanta. ~.d. undar 12.>'

woU'ld ~.11Il be 'laUd If appropriate' adJust~.nts are m.d~ In th•.•ub.lr~le

':Wrn~r number for the 8mld85.,or _t.ras. re.~on. ca~IyZ•.cl by 8T.

S.- qetalysls by Greenland cbcJ trypsin I. I.~ ••nlltl... to tem~ratu,..

ttl." catalysis "by the bovl~., enzym•. This coni:lusI9~· II .baaed'.on' th!t

flndlng~.lhat:"th.•,.Cod· enzrme hat. (1) a relatively k?,!"r" Q,o for the.'

esler"e. amldue and protein hydrolase 'reactlons, and (II) a, r.laU....ly

I~er E. and lJ.~~' for the est.erase and am/dall.e reactions.

4, Tha ·a'Llblllty ~f.·Greenland. cod Irypllin la ·-dlfferent from "Ihe,t 01

. - bovine -Irypllin a. demon.trated by differences In., ·thalr pH and 1hermlll

·stabUltl.s .

.. 5, -.Th~ polypeptlde .~~In of ~reenfllnd'.'Co~ trypsin i., different, from

t~t of ~vln. tryp'ln, Th!. 'conclu.lon I. based on ~e flndlngl 'tha.t ~he

Cod enzyme. hli'd· II) different CN8r peptide.. ,till different eMlno. IIcld

comp'osition. Ollkdlfferent ¥roptioblCltY Inde... , I !V) t!lfferent num~r 01
.- " .

potential diaullide. p.l~•., . (y' dlfferellce. In "CD 1I~~etr •. and tVl' dIHe;.nt-



, ... o'o.'.ne.. On .m'..."0 ·com...,~~, ~,.,;":,.~",,nOH'
~tial n"umtt.r. Of "d"ulfid~ p.i~· -and tM' _CO', ap.ctfa IncllrKUY .uggtl~'

that the coc" .~ Is leU ordenHi' ~.n· tn. boYl.!".; .~m:.. ·Thls "n
orderllCl atrue~t. of Gr""la~ cocl.:tr}'Pi~_" 's ~bebty 'e,sponslble .tor.sorn.

Of v.. ob~ dlffefl!nceS In tn.. tMrm.I_~blIlU.s. s"bstr«te wm~r·

. ~um~l'$. ~',:•.AH~:' '~. AO"f·. ~. ~.~ p~ot~.,:"::..

6, TIul "'l.~ rap.ld ~~~.I;n actl'l'tty'ot 000 .~m~ O~-dUrl~~:
. halTing. or squid '.,m.nUt.u~~~·,!~Ci.ic_.~•.the.t. tt, I.: I~.'· .uit..~~ ·Ullin.. bO--:lne;:":

tryp~ln U:::- supplemant to flsh !.~m.n~Uon over Jcm; ~rl,od' of tl~•• ,but"',

. '. . '. ~. .
thai (I 'would. probably be • "mora .UI~bl'" pr~.. 10' U.'. to pr~nt'milk

oddaUon.

7. - It I, sug,,"lM tl'Yt Or..nland cod trypsIn Is potenU.lly uHful.•s
1':"'" .'

a~ lnd~,.,.l.l .~.. ~~ 'It"• .stllbillty arocl .ctl~~ at alleallna.pH Indicate > •

.~ entyme' m"ay " ~o.t .ult.ttl. frK 1~_u.tr1al proe..... Ilk; .nzYm~tlc

hydr~i,· of fI.h protel~· : Incorporation of tha .~ryme In· detervents for-

. hou~hOId· ~urpo... artd in. u.. 01 .th••~zym. In 'the d.halfll;g ·0' hlcl••

artd b.Ung f';If.' I~.th.r. C:urr.nt produCllon· practlca' In the,e .ar.", utilti.

bO¥lne trypsin or porelne tryp,ll"l or ~lh.r ,ll<ell"•. prol.a... of bacte"..1

origin. Other .d....l"ltolg.. Gr••nland cod tryp,ln m.y h..... O'W.r· ·bO¥ln.

tryp~ln a. In Indu.trlll .nzyme In addlUon I~ thl alkiline .U1biuty Include

(II Its hlgh.r mol.cl,llir actl... lty .t lower t.mp.ratur••• · ~hlch;WOUld m.ke It

... p~.ibl• .for reactlon, to '.M clrrl.d out ·at lo-:er'temperatur•• to cut down .

•nergy costs al"ld Ill) lU thermll In.t.bUlty' which make. It. pos.lbl. for the

raaetlon to b. terml"llld. bJ mild heat tr.atm.nt:

. ". ~1"

..·:1
: '~

" ..~:

1
j

...~.
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T~. !d"'~~ Gr_I~.~ ~~Ify~in could ~e oyer certain .]~"M
, pro~ of ba~rlal origlrt .Include the f.at th.t being .'rom anlm.' or+gln,

Gr_nland eod trypsin, would ;y,e.t ~lth Ie.. re.I'l.Irtee from the .c09Sumer

- end regulaWy .gertele' ·th.n b. tha ca,.• :!!!,h the bIoaterl.1 enzym., The

p~ o..f .~Iervlc re.cu~n.' art'lng. from ,~e. produeeci by' ,om~ ·of

" ~h... m~Cro-orv.nl,m. .lso tel'd to pu'i them .t • dl,advantage compared"

to 'Greenland cod·tryP'I":':.~o_r.'1tI' lUll ne~e..ary to carry out fUrther.

studl.. on .C3r_...land .C~ ,~p'l,n to determlrle If Ita potential ~n ba.'

. reallftd ,In praCtIce, .

The ~_ 01 a,_nland _cod tryp!ln .ould cut'down on th• .'deman!S tor

• bo'tlne ttypsln and' al~ minimize ...le. In the fI'h Industry ,';d help

VWin,lata 10 r_lJIy. co.-.cepts or tteadll,"" such a•.•...Ith from w~te· _"d

·~rtleg. Is gold'.

With the ..cepUon 'of the f_ I.,.,.,tlgatlon. carrl~ out by .0000e,.. like

H~f" .m .Il. 011751 - on the relatlo.n,hlp betwe!" ,ub.~I" binding

_.m"Itl.. of. - crude Iryp.~n· pr.~ratlon. 'rom .... rIOu. so"!rc.. and ~Ir ~

,emp..-.lufe p~...end.·· Owen (1'1611) 0" the 'papsln' dlge.tIon of

"Imonld fi.h : and Heerd m at. (11182) on cold.•d.pted pep.ln. Irom·the·

marlrle .e...-....ron,.;."'. 'there does not _pp..r 'to ~~ny defl"llioI~ ~:k Of!

C:Old . adapted 'e"lyme' .hlc:h .re e~r'C:'"UI.r like tryp,ln.: and no prior'
~. ,," -

,tudla, of this. type. h.....· been 'reponed 011 • pur~fled digestive enzyme.

. . .
It mu.t be emph.,lzed' al t~I.· point.. h?,...aver, .Ihat .not ali ':Ior:g.nl,ms

l~t Inh.blt tho, C:OI~ .n"lro~(nant s~o.·com'panNtory adJLlstm~"b '1n tha:

C'U1ly1lc affiel.rte~ ~f 1ha~anzymtl., avan ttlough the eVlde"c~ .".Ilabla

Indlcata Ih.t a graat nllm~r 01' enlmal••"billting. .undar '"Uc'h cond~Uo",

'. ~

~,~"
:;'1
.\
.~
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the organl~m may alter the' I_Is . of 'pr8,:",8xlstlng 8l\rYme, to. a,ehlev"

compensaiory adlustments. Th". potantl,.lpf .It.rl~9 anryrn.- lay,ls ,I'

."P-;C1H to p!ay a m~or ~·ol•. ~.re .. partl,cular enzyme or group of

.nzy~ .regulate rate IlmlU~~ '.tepa In a ~ea.ctlon" path.~y.. For -example

the:·, .,nth•.~I. o! such .,.,m... may ~ tu~d on lind theIr -d-vradaiJon

slowed doWn In' the 901d; .or\~••ynth••'. of~ .l'lrYine(.·~ rri,ay be tumed

: 0;' ,.~~ their. ',dtigradauon -.tepped up at ele...ated wmp.r..tur.'~: Ii would
,',' -', ", .

.~m- ll\a.! this etT81egy would ben.r .~11 org~nl.m. that ".Ithar Inhabit zoroe:

Who,. te:nPeratur•• ·oaclla-ie from· cold to warm ,or ,vlca v.rs.~ and. thoSe

other· organlam. that migrate 'from on. zon. to .noth.r 0, ditf.r.n~

temperature..

AnOlher method :01 adjusting ral.. of 'enzymatlc flctly.lty Involv8. a

dlfferant;form .of'. "p.lrtlcula," enzyme th:-t. I, e. ~tter catalySt. at.

~.
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sutmr•• 1.• 1.•

&tbWII"~ "
.' l.t ...

EnZyme ~vtIon'~ 0..2

..... "', ..'
.. T~~ tolutlorl w~ .added ~.t to ~ rNet!on mixture _and Ut.

ctJnge In 'ab.o~ at 15 Me ,Internl, ~•• tn••,ured at 41,0 tim In I!

a.ckl"8n ou--a computing .pectJophotom,tar.
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E~ solutlon··

0.1

0.'
2 .•

0.8

'2.'
0.1

'i "

,~

-The. e.nzyme 8OIU'UorI .... aOde<I .. 10 1;M .,..don· m~.::~~ the

~•.!".~ .....,. 15 Me I"I~. mMauNd·.t 2<17 nm III the:

B.e.m.n. ou:-e CO~pvUnG ~to.".. .
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5mM Hel

'Substrate buffer
. .
Subav'" a10ck

Enzy~"Qhrtlol'l •

170

al.nk (mU

0.'
1..0

1:5

,Teat (mL..)

1;0

0.'

;,;.



r

171

-pH -2_.' 0.'.-[ C,-: MC'

pH ••. ~.:. O. 1M ltnc .cld ~ N"OH

, -

_p~ .~. , 0_ ,. r''...~d -'.OH _,

pH 7.0: O.,MI'l- -HC?I \_

•pH 7.5: O. 1M tria - Hel

-~ .,

'-

\
_.\-

'-/1

.,::'

,)
-------

pH 8",0: O. '1~ tria - ..01 .

pH' 8.~: O.lM tri. '. Hel

p~ 8.0: O. 1M trt. - HOI

pH 8.5: O.\Mtrts-HCI

pH 10.0: O.1M glycine - ~,oH
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-,-

\
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-r



,,\
:t..

-"....

pH 2.0: 0.211\ citra" ... HCl

Oorn~luon. or bu,,-,:. -.ol"!lona... IIMd. :

."~'

172 'i

\
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~ 4.0: O.2N ct1nt8 -' NtOH

pH e.o: O.2M,c.ltra. -: N80H

" ,
.,-'~---,

,.-;,'

.'

" .. ' \

,;I
• ,All' tilt bu...r·IOi~·eonliinM SmM. ~. 2¥ .'.. '

"

pH e.5: 0.2Mbon"- NeOH

Ii" 12,0:: O.2'M.bota" - NtOH

pH e.o :.O.2M bora. - ~

pH. 8.0: 0.2M ~rat' - tiCl

"pI! lO.O' O,2~ bo"~·- ''''r.
pH 11.0: 0.2114 bor,l, - NaOH

~.
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,ApPtlndbl F

Sllb.tf.~ stoell Bun.r E"".... Subllrate cone.
III'lL) ·lmU <mLl (mM)

1.87 1.15 0." 2',60

: 1." 1..' 0." '.00
1." 1."" 0 .. 20 1.50

Cl,se' 1.81 0.20 1.33

0." 1..87 0." 1•. 25

0.'7 2."U 0." 1.00

0." ..... ,0.20 0.75

0," 2.•7 0." 0.50

,0.27 '.50 0." 0.40
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Appendix Q

~'I, ...

\.

Substr.,. stock '" B.... 'NY'" Subltratli cone.
cmU (",u· CmU CmMI

0." 2.81 0.10 0.'

0.12 2:11 0.10 0.'

0.15 2,.-16 0.10 0.'

0.1' 2.72 0.10 0.4

~.21 2." 0.10 0.7

0.24 2." O.lQ 0.'

0.27 2." 0.10 0.'

.0.10 2." 0.10 1.0

For the blllnks. 0.10 "mL' 01 ~IOI'lllecl .ater .a. adlhd 10 the

. ~..etion .

\"!.
_...._.__._--,.;......---.-.::..._---

f

1



'"

~mp... Vol. ,Of Milk emU Vol. of E~m~ (ml). Vol. D.-Water (mU.. ,- 1,000.. " 1.000.. a.Ol& 0,""
/ .. .0.012 0.H8.. O,Q.. O.tH

0.128 _ 0.872

0;258 0..144

8;' .. 0.120 0,080

--'-"--' -"
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Appendix I

A B C B 0
m mn n

0 0

p P

Q
Q

••J

Figure 6-1" estimation of mol. ..Ight of GeT by electrophoresis
(Laemmll. la70)

'A' '" GeT hom the pyloric ceca '8'. protein standards 'C'" GeT

from Ihe intestines • '0' • 8T from bo'<'me pancre.s
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Figure 0-2: Graph 01 m"ol~ul~r ..light .':I.R,~'
""'..

The R, Y4lu.s re ,stlmated "as follows :
, , ,

~l~ta.n~ ti".~11 d br pro"ln x· I.ngll, of ~'J ~{~'.'" ·.tal!,!ln; .

<.
,1
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Appendix I<

F;gur. 6-3· Gel acan of pro,,"". with mo*ule,. .elght CIIlculatlon
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Appendix l

Figure 6-4: 50S polyacrytamide gel of GeT (Laemmli. 1910)
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