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Effecté_of hydrostatic'preSSure-up.td 3,000.atm on phosphoenblpyruvate ‘
(PEP) carboxylase [EC 4.1.1.81] were studied. The enzyme in the absence
of its ;igands.lost.sqmeiactivifygby,the]éompression.atvl,OOO.atm.for 15
min at 22°C and was inactivated COmpletelyiby the.bompression<at 2,000 atm
for 15 min in COmplete nonreverSibility'upon.releése-df'présstre.. An ac-
* tivation volume for the inactivation was evaluated as‘about.4120.ml/mole
of the enzyme‘based on the dependency -of inactivation rate on the magnitude
of pressure. .§n§estigétion of?the[effect:of~each liggnd on the pressure
inactivation of the enzyme.revealed?theifollowing facts: (i) PEP, one of
the substrates, and the allosteric activators such aslaéetyléCoA and
o fructqse—l,G-diphésphate shbwedlno:effect; (ii) L-Aspartate, one of the

allosteric inhibitors, showed a marked protective effect.. The extent of

* A preliminary.account of ‘this work' appeared. in Seikagaku, 40,.'385:(1968)

(in Japanese).



protection increased with increasing concentrations of L-aspartate and was
saturated,atin'mM; (iii).Lopg:ehain-fattyiacidlsuch.as'iauratesXthe.other
allosteric activator, markedly accelerated. the pressure: inactivation. |
Discussion was . done on.the.ccnfbrmafional,states induced by each ligand'
based on these results. In.addition, the response of enzyme to the ef-

Cyhererthe native subunit structure was possibly retained,):
fectorsAatrSOO.athwas investigated with the intension of getting some

information.on the chapge in partial molar volume of the enzyme associated
with the allosteric transition.. Although no significant pressure effect
was observed in this.regard, a;possiblequefulness'of:thiS’approach~was

" discussed.

PEP#* carboxylase [EC 4.1.1.31]:is a,key:enZyme in Enferobacteriaceae,
‘supporting the biosyntheticiactivity:of.the;tricarboxylic,acid‘qyclé,by
v ‘replenishing~oxaloacetaté.toAit1(552);.uThefenzymeAacfivity.is known to
bevundér the control of }ultiple.allosteric,effectors,.reflecting impor-
tant roles of the énzyme in intermediary metabolism: .The enzyme from E.
:ESEE is inhibited by‘L—éspartateﬁ(gkﬂ);andlactivated by .CoASAc '(5), FDP
"(6) and by long chain fattyiacids’or.their.CoA.derivatives762)..EFurther—

more, the enzyme is markedly .activated by . high concentrations:of -various

"% Abbreviations used arve: ‘PEP5.phoSphoenolpyruvafe;fFDPs'fructose—l,G—
diphosphate; CoASAc, acetyl-CoAj .DTT,. dithiothreitol;.DINB, 5,5'-dithio- -

bise(2énitrobenZOiclacid).



~organic solvents such as dioxane.and alcohols (8) which are presumed'toA'
bind at the same site’of.thelenZyme.that.for‘faﬁtylacidéfQZ)...At,least
four distinct regulatory sites have been shown to.be inherent in the en-
zyme for binding with. these effectors by.the.technique :of genetic ”
desensitization (9). TheSe“effectors.seem{to affect the‘éatalytid,activity
by causing éonfbrmational chapges;ofAthe;enZyme'protein...Therefore,.it‘
is of interest to inquire the~nature,Of.conformétional changes of such an
enzyme having multiple effectors:inducedjby«éach;effector., A series of
~ studies in.this laboratory have provided some piéces;of.evidence.support--
ing that multiple conformatiénalAstates“arelaccessiblé.to.theAenzyméi(ig,
11) and that the state ihducedlby.bind;ng witﬂ aspartate.ié,rémarkably
“different from those by.otherfeffectoré5(§5}£). :
As a .new approach.to‘this'ppoblem.thejeffectvof'each.allosteric ligand

' pressure is known.to be one of th§‘agents‘forudesfryction;of.folded,struc-
‘ture of native proteins, ‘an alteration;of'pressufeastébiiity;of.the enzyme

. caused by.effector is.supposed}to,beﬂindicative.ofﬂsome’conformational
change of the. enzyme associated with‘an‘allosteriC‘transition..;Further-

more, the.resppnse;of.the enzyme ‘activity:.to.the effectors under pressure

was investigated from the following point: . An increase in pressure, in
7 .general, shifts the equilibrium. in.the direction which reduces the volume
fzof.the,system as a whole. If a;change.in:the?partial.molar,volume’of the

enzyme protein is associated with an allosteric transition,.the. application

of hydrostatic pressure onh the. enzymé may shift.the allosteric equilibrium



definedlby[Monod?gzigisi(&g}.as;if.itlﬁere a kind of "effector". .Such a
‘study will provide. some infbrmation:abOUt:thettherquynamic‘properties'of~
‘allosteric transition, and. comsequently:about the nature of.chemical bonds

involved in.the transition.

-EXPERIMENTAL -

PEP carbq#ylase was partially:purified'from Ejfggli:wlby"the.methodr
.described previouslyi(gglg)k.,ThelénZyme-preparation;-capablejof»catalyzing 
"5 to 20«pmoles;¢f oxaloacetate. formation per min.per mg‘protein.under the
.standard,reaction.conditionsi(%g),-was.usedfthrqughouf.thisAstﬁdy. It was -

.stored at 0°C in suspension in 60%-saturated’(NHu)2SO solution.containing

Iy

10 mM aspartate, ‘10 mM Mg+fiand 0.1 M Tris-HCl, .pH 7.4. .Before use, the
.enzyme was collected by .centrifugation, dissolved in 0.1 M'TriseHQSOu,.pH‘
- 8.5, containing 1 mM DTT, and. the.solution was passed 'th'ro.ugh.'the.column'

of Sephédéxfe-so equilibrated with 0.1 M Tris-H S0, , pH 8.5, containing

2
0.1 mM DTT. In the expérimént‘of:Sucrose,density gradient centrifugation, :
the Tris—stoq?DTT.buffers.containingﬂl:mM.and 0.1 mM EDfAuwere.usedier
dissolution.gnd.forAelution,ofbthelenZyme,;respectively.
The'enZymecactivity-was,determined;by.photometric method (13) or
isotopic method (10). The former was used.for thelmeasurement ofAresidual
enzyme activity after apPlication;of-pre#suré, and the'latter,forsthe .
meésurementjofvthe enzyme .activity under pressure. The standard reaction

mixture for photometric:-assay.contained:the. following constituents in

- Fmoles.pervone,mlz"Tris{stQu:buffer;IpH 8.5,«100;“potassium'PEP, 1.03



KHCO,, 103 MgSO,, 10; dioxane, 151703 .NADH, 0.13 and.l.8 I.U. of malate

3’
: dehydpogenase'[EC.l.l.l.Q?J.L:ThelStandard,reaCtion‘miXture.for‘i30t0pi6‘~
assay contained.theLfollowi;g,constituentS“in‘FmOles.per oné .ml: . Tris--

_HQSOH.buffer,.pH 8.5, 100;,potassium&PEP;'4;4;nKHlucoal(O;S pCi{pmole), N

10; MgSO 103 NADH, 1.8; and ‘10 I.U. of malate.dehydrogenase. ‘Malate '

N
- dehydrogenase was assayediaccording‘to:thelmethodﬁoflOchoaIClH)¢
The. pressure equipment. used: was of: “the same type as .described by -

Suzuki and<SuZUkl»(£§).. A pressure . vessel ‘was ‘a cyllnder, '10°em in dlam—"
eter and 13 cm in height with a.hole of l.64cm'dlameter.at:theAcenter. -
The hole was filled with-liquid paraffin.and the.réactioﬁ;tubes,.at.mosf
-7, were'immefSédAtogether-into,theiliquid-paraffin in the hole.  Pressure
was applied‘by‘pressing thefbar fitted'in;the]hole by the use,of;hydro;
pressure.a;ignmeht.» The .reaction tube was a plasticized‘polyvinYIChloride
. tube having a dimension of‘2'mmAin innerAdiamgter'and 4'cmAiﬁ,hgighta

.stoppered %ithnglaSS‘rodS"on.bothﬁsidés;:_The&tube Was:washed,thrgughly

" with detergent and.éther\befbre,uSG#.f\;”.

% The enzymeﬁactivityyin the,absence;6f:anyAallostericﬂactivator‘Was found
always higher by abouf'S—foldtwhen“theireaction~was.allowedutO'proceed
in avwater—washed.tube’of.plasticizedLpquviﬁchhloride.than.when.it was
‘done in avglass.test.tube;l.This.phehbmenon‘was aseertained‘tonbe.due to

, the.activation_by trace amounts;of.Someiplasticizer.whiChtexuded from»the

. tube of.polyvinylchiqridé4to:theirea¢tion mi#ture.. To.avoid this unfa-

. .vorable effect Athe':t_ub.e"ha‘d to.be washed as described. . "Among :the -3 XE A sh<



- Zone sedimentation of the.enzyme.in sucrose. density: gradients was

carried:out,as,described'by»Martin:and'Ames;'taking‘yeast.alcohoi.déhydro-

genase ([EC l.l.l(l],[sQQ w 7.4 :8) ‘and .bovine liver catalase '([EC 1.11.
: ‘ oW N ‘ . ‘ :
' 1.6],,820 w =~ll.3JS).as.internal.standardsTC}Q).1 AflOO—pl«Sample;solution-ﬂ
' 3 . : :

| ) containing PEP : carboxylase. (10 or 100" pe protein), ‘alcohol .dehydrogenase

- (140 pg) and catalase (37 pg) was layered on a.linear 5.to 20% (w/v)
~ sucrose gradient of total.volume of 4.6aml."Bothfthe-samp1e4solution and
| ,S0,, ‘buffer, pH '8.-5,_ 0.1 mM EDTA, 0.1

mM DTT and, when indicated, the compound which was to.be .tested as ligand.

. the gradient.contained 0.1 M Tris-H

Afterlcentrifpgation.at»40,000.rev/min.foﬁ 8 hr at 20°C in a~RPSiSOA.rotor,

 of Hitachi model 65P ultracentrifuge,.thg“gradient was~f®actioﬁated. ‘PEP
: carboxylase;was.assayed'spectrophofdmetfically‘af'30°C with‘a lOTFl por;
. tion of eachlfraction inAtheLstandardireaétion mixture. .Alcohol |
dehydﬁogengse and catal§§é.were.aésayed*spectréphotometrically with a 5-
~Plfportion;6f'each fractionlaccordipg.toithelmethods;of‘RackerTCEZ), and
Chance and Maehly (18), respectively.

.Protein.concentration was.determinedlbyAthe>method:of,iowryigzggik
(19) with qrjstélline.bovine.serum.albumin.as a.standard.

'CoASAc was prepared by.the method of Siﬁon-and.Shemini(gg)hand was

TRV .authentic ‘samples of plasticizers.tested Such as dioctyladipate,
dioqtylphthalate,and‘tetraethylenégcholdimethylether,.the*last'compound7
was effective inffﬁ%;activation;~'Presumably.it1causes:anlactivation_by

bindipg;to@theiallosteriq'siteszr'freéEfattyiacids"QZ)."-



determined‘by”the.method with:Citrate;éyhthaSe;[EC.4.1.3;7Juand.DTNBt(21)fiF,
Bovine liver catalase,Lbovine.Serum.albﬁmin;,DTTg'FDP‘and.DTNBAWere.pur~~
chased from Sigma Chemical.Co;,.yeaSt:alcohol.d@hydpogenése;-malaté X :

dehydpogenase,icitratefsyhthaée'énd.CoASHlﬁeretfrom.Boehriﬁger7Mannhéim;; AL
All.other,chemicals.ﬁere preparéd?of}pUrchaSed as»despribed:previously "

(E) .

" ‘RESULTS.

ressure -~ Figure 1 shows timeé course of

the enzyme inactivation under. various magnitudes of pressure.. The enzyme
~ lost -50% of .its original activity in -30-min. compression.at 1,000 atm of

.pressure.at;ZZQC.i,Theflinearityxof:semilpgarithmictplots1of.residual
. Fig. 'l

activity against time shows that.the.inactivation Dy:pressure.is of first
‘order with .respect to.the enZymé.bdncentratién;, The influence of pressure

on the inactivation rate constant{(kg,is.related by§Eq..(l),nwhere Pis

. Alnk oave o
-_— = 1)

“the magnitude;of7preséur§;”gﬁis:thq;gas.constant;'z;is:the'absolute



temperature and';ezf is,the,molar.volumé;ehapge,oflacti;atioﬁ.,‘Froﬁ thg.h‘“

plotsAaccordipg,to'Bq.'(l)‘(ihset?in Eig;”l),fAyf~ﬁas.evaiuatedfto.be

about -120 ml/mole. Inactivation wasfirreversible, and .séemed not to be

2 attrlbutable to the oxidation of. essential - sulfhydryl groups of the enzyme. - -

'(ll) .accelerated by compre531on, since. no protectlve effect :of . sulfthydryl - -

compound .such . as 5.mM,mercaptoethanol~or 5'mM.glutathlone=was.observed. |
ThelinfluenCe of allosfericfeffectors'andAsubstrétes on.theienZymef 

.stability.undef'high'pressure'was.then?inveStigatéd»in“ordef)to,obtainEf‘”"

some information about the nature of conformational.states of the. enzyme

induced by binding with éach ligand. ..As seen from Fig. 2 and Table I,
S e o -~ .-Table I

15 mM aspartate.s¥rongly protected:the. enzyme against-pressure inactivatiom.
B Since‘lS'mM.glutéﬁatesman analogue 'of aspartate but not ‘an-allosteric in-
hibitor;of.the'enéyﬁé,*shoWedﬂno'protectiongctheﬁeffect;of.aspartate'may‘

.be.attributable.to:thé'specific.allbsteric‘interaction“withfthe?enzyme.



 Theudegree1of protection was.dependentfon.thelconcentrationjoflaspartaterf,V,;_'

~and saturatedlat.thelééncentration;ofﬁlO“mMs;as;shOWﬁ‘infEig§‘S.f.Thef
"1 Eig{;S,e

 reason for a significant departure of "protectlon curve" from "1nh1b1tlon
’fcurve" lsenot.clear.at present.(flg.‘a) ‘Unlike .to aspartate, 1. l M di-- |
oxane as.well as 6.2 mM7leurate,{b9th40f,wh1ch’are knownvto‘blpd.to,the
same site on?the'enzyme.fofexert.theiriactivating,effecf7CZ}5.femarkably
.accelerated the enzymeé inactivationfby?preSSUre.(fig; 2 and Table I).

. .However, .it seeﬁs notereasonable;to:ascribe:theSeieffeetS‘primarily,to the
conforma?ibnal.chapgé~caused byLallosteric:interaction of the effectors
~with the enzyme, since‘non—speqific.denaturingjeffect'of.theseACOmpounds
cannot.be,excluded.. The apparenf eynergismjbf_themeith:pressure'inzthe

effect en.thelenzyme inactivation:euggesttthat.both may -have something in

. common wifhfreepect to the mode 'of .action:on. the protein structure,. e.g.

labilization;of‘hyarophobicAbondicgzggggli,TheLother~effectors;Such as
‘~CoASAc-(Ogu'mM)'and'FDP.(IO'mM)-causedﬂﬁo.sigﬁificantjeffecteon.the enzyme
.stability. under high pressure, and lO ‘mM Mg 5 one of the.reaction . compo-

;‘,nents, with or without 18 mM PEP;showed:only'a.slight*protection.(TablefI).

From these results’ it may be :supposed: that a gross conformational change .

‘i is induced in: the enzyme at least- upon blndlng with. aspartate.

b

B



"Effectfgfgggessure generated’ _z‘centrlfugal force” on'Sﬁbunlt structure

C— As known with~mostAallosteriC‘proteinsiPEP‘carboxylase:is.also an.
ollgomerlc proteln which is composed.of .4 subunits of equal. molecular
weight (88 200. daltons®):(cf. 13).: Slnce‘pressurewle generally‘known.tO'ey
facilitate.depelymerization1of.polymericuproteins,to-theirlsubunitsiczueg?

‘,>26), it is highly probable that PEP carboxylase. revers1bly dissociates

under several hundred.atm of pressure where . the allosterlc effect was

“_finvestigated$as:described,in,thelfollowing.Section;I;In'order,toatest'this s

| Fig. b

pos31b111ty the.. sedlmentatlon proflle of.the.enzyme. in the pressure.

. gradient from 1.to 600. atm, whlch ‘was expected to' be generated by. centrlf-

e eugal fbrce, was';examlned, In.addltlon;Athe.1nf1uences of effectors on

"the profile .were also examined. . Rigure.u.and-Table II show.the results

of.suerose‘denéity'gradientlcentrifugatibn.in.the absénce,bf;effectorS'

* T,.Yoshinaga, H..Teraoka,AK.SIzuivandHH;»Katsuki; Qresented;at.thefuqthf
. Annual,Meetipg;offtpe.Japanese'Biocheﬁical.Society.held.at‘Sendai in-

'.October,_;971;7

.*'103f\'
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. \Table II.

and in the presence of 10 mM aspartate, 10 mM Mg “or -10 mM- FDP 2 s 0. 82
mM CoASAc. In all runs the symmetlcal single. peak of the enzyme act1V1ty

: X \
was observed, and;all s20’w

‘values estimated from the internal standards
- were almost the same (12.8-13.1 §) within experimental errors.: These

- results indicateithat.thé'énZyme}doesLnotfdisSociates to.its subunits

‘even undér”several:hundred:atmgéf}preSSure,vand<that»the]effectors.do nof S
. cause any.chapge‘in.subunitistructure,Ofmtheienzyme‘under.theSe.cohditionng'
The observations with the enZymé'from E}iégli_W,described.here.seem.to.b;,7

gignificantly.différent'from.thOSe'withfthelénZyme1from E;iggli;B which is

» similar,toﬂthe former enzyme'in.allosteric'properwies?627);

‘Vthatvby the appllcatlon;of'pressupe,;the-rate;of enZyme—catalyzed.reactlon

is accelerated or retarded owing.to:the.volumeé change associated with the

- formation of‘enzymeesubstrate:éomplexﬁ(28).n In.the case of allosteric

.. enzymes, the. follow1ng addltlonal pressure effect is. expected to occur,

I:lf the volumé change is assoclated w1th.the allosterlc transition of en-

e zyme protein: The enzyme,actlv;ty-1s-extradrd1nar;ly enhanced or depressed, . -

or the.cooperativity of each allosteric effector is;increased?or.decreased 
by the application of pressure.. ‘From.this point of view, PEP:carboxylase
seemed.to;bela-faboﬁaﬁlé,eQZyme.for.studying:whetherior.ﬁot pressure .acts

on enzyme as if it were a kind of -"allosteric activator or:inhibitor".

-1 -



Because our previous kinetic.studies!whiéh,were.dohe.unaer;thé‘atmoépheric-;  
pressure'(lgjgg}}had establishedlthat“tﬁeﬁéffects'of.CoASAé'CQCtivator)
and,asPartate'(ihhibitor)jare'antagonistic.to éne another:and that the
-cooperativityjof;the'one.becdmeslremafkable.by*increasipgrthéLcénéentration" 
- of the other. | ‘. | | :
The:applied preséure was'5007atm;.underﬂwhi¢h’irreversibléAinactiva—f;
tion of the enzyme was negligible:duripg1154mih.compressionf(gﬁ, Eig;-Z);lf:
: Undef the.conditions}zmalate.dehydpogenaseywhichVWas confained in.the ~
reaction mixture for trappipg1ofloxa10acetate:as4maiéte'ﬁas'faiply stable:

It only.lost‘S% and 11% of its original. act1V1ty in 0.1 M Tris-HC1, pH 8. 5,

  :? by lS—mln compre331on at 1,000 and 3,000-atm, respectlvely.u.The.results-“’

"'are given. in Flg. 5.”vA ppessure;of»Sooﬂatm:caused.n04glgnlfiCant;effectA;*
. Fig. 5

on the-allosteric properties;of'PEP}cérquylase‘with.resPect.touboth
.aspartatetand}poASAc,‘namely, on half-saturation concentration, maximal
extent of lactivation or inhibitionj aﬁdﬂon.thefshape,of-satuﬁationlcurve
viﬁ_of the effector. .furthenmoré,‘presSure:caused.no.remgrkablefefféct on
?1.the‘enzymelactiviffrin themabsenCé;cf.an~effector as éeen‘from fhe.plots';

”.;'on the ordlnates of . ba:h flgures Aeand B .These results. indicate.that a  

L pressure of 500", atm dld not ‘act.on:the: enzyme as: 1f lt ‘were a klnd of -




"effector".

 DISCUSSION .

: PEP carboxylase was found.to;be“iﬂactivatedfét rathér[lower:pressure;::
compared with;cther'enzymes'so'far.studiedTC§g$§£)'ﬁhiahfWere.reported to
::},be inactivated at pressures above 456007atm;*:Furthermore;.tﬁe;activation"

: volhmé'(—iqu);of inactivation;of‘PEP*carbo#ylase:was éhown.to:béﬂsignifié';A
. cantly larger than thdse»described'on<qther.en2ymesfcgl)._ Since preViousf

studies on the.stability of enzymes under high pressure were rather con- o

' fined .to monomeric enZymes'orqthefones?with?IOWerﬂmoleeular.weight (below :

'5ﬁ}‘5 x 10" ‘daltons), it is uncertain: whether ‘the" 1nstab111ty of PEP carboxylase

; under hlgh pressure is an 1nherent nature of oligomeric enzymes composed » 
V.of subunits of.hlgher,molecularAwglghtSj(above 5 x'lO ‘daltons) “or this
. fact refieéts one of the chabacteriétids%of,fhelallosteric enzymes in
which conformational flexibilitytplays”an‘important.role.fdr.their funCtioﬁ.'
Aspartate,ione of.the allosteric;éffectors, was foundgto.be'mafkedlyi

' protective,against'pressure inactiVation;ofIthe‘enzyme, whereas PEP and

: ‘

s Mg ', the.reaction.components, were.not.so effective. This implies that

>

'afj aspartate:causes, by binding.atJitsvallosteric.site,'a conférmational

s S change of the. enzyme protein through which. the catalytlc site of the en--
v zyme,acqulres_a.more.stabll;tyiagalnst-h;gh pressure. In.accordance W1th
v this_observation,'preyious.studiés,by‘us-have.revealed'the'dlst%ngulshed

- effect of aspartate. among other’ ligands;on:the enzyme conformation:

Aspartate:Was:shoWn,strqggly"protectivekagainst;inactiVation;by;heati(g)'




-~ and by SH-modification with'Nvethylmaleﬁnidef(E});”and;it-caused 40%
,-,depressionjqf‘thetquantum yield}of-fluorescenCeJdue.to-l~anilinda8~naph—
. thalenesulfonate .bound to ‘the enzyme®.. Since aspartate did.not-exert.its"i‘;"

* © effect on.the subunit structure of the enzyme as observed by.sedimentation |

. velocity in .sucrose.density gradient.centrifugation, the above-mentioned A

 effects of aspartate may -be ascribed to.some marked change in.tertdiary

7[ ‘strtcture}of,the,enzyme.. Howeverg,it.remains.to"belelucidated.whether

e‘espartate has ‘any effection.theLstebilityﬁofasubunitastructure,ofvthe enéeglf'
-~ zyme in order to get more inférmation:On,thelmechaﬁism~fbr protective :

" effect of aspartate against:presSure:iﬁactivaticn of the enzyme. Since;i K

>:pressure.ie.generally known.to~facilitatemdepolymerizetion1of.pqumerib'

i proteins‘to.their,subunits‘aswmentioned;alfeady,eit_is_highly:probable~

. that the dissociation precedes;the?ifreveréible:inactivation of.the;enzyme‘

_:.at high pressures (>1,000. atm) . as.seen:in. the case of F—actln (32)

'e Therefore, if. asPartate stabilizes. the tetrameric. structure .of the enzyme,

::,:the:protectipg;effect of,aspartete:may‘mainlytbe.axtributable.to,the an- .
i»tagonistic‘action against the.diSSociatiﬁg;action'of pressure.. /1t ol

No eignificant‘effeet;Of preseuref(SOO:atm) was detected on the

k\? allosteric:natﬁre‘of.PEP carbeXylase;}.Unfbrtunately:thelinstability:ofe

5._the enzyme under pressure.didunot.permit=the<investigation;at higher

’; % T Yoshinaga, K. Izul and H. Katsuki, presented at the 19th. Annual
Meetlng of Klnkl—branch .of .the: Japanese Blochemlcal 8001ety held at

Osaka in .June,:1972."
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.. pressures (j>500 atm) In.general,-if;the;changeAin:partial.molar‘vclume
;‘(ZSV) of an.enzyme.is. assoclated w1th its.allosteric: trans1tlon, the effect
- of pressure. on.the allosteric. constant.QL)=def1ned by .Monod: et-al .612)'='{

~ may .be estimated. accordlng to the. follow1ng thermodynamlc equatlon, where

In Lp/Ll = - (v —A.z )Ag/.g_... = ,.-4_\/_43/51,' (2)
-V, and ¥, are the partlal molar volume of an: enzyme in: T—state (inactive

I R
- .state) and R-state (actlve.state),.respectlvely; -If,'for-example,.at

least one hydrophoblc bond is involved in the" tran51tlon, about 20 ml- per . 5‘

mole of volume change is expected (33) and hénce L- may be " increased’ ore. '

"i decreased by about ‘5-fold by.the.appllcatlon-of 2’000.atm'ofspressure. On;;
: the other hand a remarkable effect of pressure may .be expected in. those |
figs. . allosterlc enzymes, in which’ the d133001at10n—assoc1atlon processes of
" subunits are closely assoc1ated w1th:the.allosterlc‘tranSLtlonA(cff 34).
Because ‘AV‘accompanled with polymerlzatlon of . subunlts are usually known "
to be larger than 100 ml/mole of. subunlt (25 ©35= 37) so that L may.be. |
‘changed by about 3, 000 fold at 30°C by the’ appllcatlon of 2,000. atm as
estimated according to Eq..(2). .Recentrour.study extended to the system

human hemoglobin showed tha
' pplication of 2,000 atm of pressure 1ncreased the blndlng afflnlty of

I

 .hem9globin<for ethylisothibcyanide by about -7-fold but caused .no -effect

'b’os the ligand cooperafivityftgg);:.Althqugheho:sighificent1effect;of'pres—f“
‘1ﬁlvsure wasvobserved"en the.allosteriC'properties’siph tﬂeSe‘systems,,it |

-,seems‘necessaryhte»apply this approaeh.tofmany other allosteric systems

[{1iﬁVOrderfto’obtsin.moré ipsightkintojtheiellosteric;transition." 
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- TABLE I. . The,effect,of.reactionxéomponents;and.allosteric;gffectors-]"
~on theﬁstability;of'PEP.carquylasetunderlhigh'presSure;}:The}experimentalﬁ,'
- conditions were the same as déscribed:in Fig: 2.

...............................................................................

' R o T“uRésidual’enzjme‘activity.C%) 
"Addltlgn (mM) . - -after the compression . at . e
i ,....4.;4.‘.[.fw,Olﬂfﬁ?SOOff;ff1;000717§ﬂ13200x1.;;15500}é$@f '

Exp. 1 Nome 1000 LWL 700 - a1 =
' L-Aspartate(15) 100  e8. .10 .70
I-Glutamate(15) . 100 . 100 Ces SR 1u

| ugt 0y 100 10270 82 © 35

SORUULR Mgt (10) + PEP(18). 200707 10070 TTITIBO UL 89

© Exp. 2 Nome 200 2027 | TE2
‘  CoASAc(0.4) 1100 - . 10¢
lllll .. FDP(lo) s ,. ,: .', ‘.' T T e T P P PR P

)'.Exp{_3 None o

L .1~L;Aspartate(lo)' _
. FpR(10) o | N
T Laurate(0.2) .. ... LLL0Q T

™ SR [
:

et




TABLE II. Sedlmentatlon coefflclents of. PBP carboxylase under
i'various,conditiops.. The exPerlments were carrled out as- descrlbed 1n>

- "EXPERIMENTAL".

T T T L T T T T S T S S S T T T I 0 T T PR

Addition to . e .f; "fﬁlEnZyme”amount ) e ' Estimated

. centr'ifugation B _ used  , , 1)
. .medium. (mM) ....... ff:ff;fff:f};,;1(pg}§roteiﬁ):?}fifji.[iy.“

1l Nome
.+ ... 2 Nome
C 3 Mgtt(10)
5

L-Aspartate(10) = 2)-
FDP(10) E s CoASAc(0. 82)

1) The values were'obtainedfon.thelésgumption:that the partial specific
‘ volumes of the three enzymes shown;ingfig(Aaﬁwere 0.725-ml/g of protein
©(16).

.'f-2)vThévdonéentration‘of.COASAcjafterttheﬂcentrifugation»wasA04u7:mM.
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.Legends.to Figures
Fig. 1. . Time .course -of .the 1nact1vat10n of PEP caﬁboxylase under - varlousn;
magnitudes of pressure.’ Pressure was applled to the enzyme solution (0. 1

mg protein/ml) in 0.1 M Tris-H S buffer, pH.e 5,.at 22°C. for indicated

2 4
periods. . The residual enZymeqact;v;ty;was:measured:w1th a 101pl.portlon :
of each sample,. A<control experimentgfbr sﬁbntaneous'inactivafion of'the“
enzyme '(ca. .5% loss of thelactivity;after’anfhour.atﬂ22°C),-was-parried;
-out under_exactlj the same conditions»éxcept:fbr,the‘bmission:pf-pressure—‘
application. Insgt.showsfplotszof:the}felationfaccordipg;td'Eq(,(l);giveﬁ ;

in ‘the text.

Fig. 2. .Curves of pressure inactivation of PEP carboxylase in the pres-

“ence of aspartate or dioxane.l.ThelenZyme‘solutions,(0,1 mg‘protein/mlyof '

2~
or 1. l7 M dioxane ( ———£r———), and . not contalnlng any one ‘of . them

0.1 M Trls—H 80,, buffer, pH 8.5). contalnlng ‘15 mM aspartate (-———o——— )

- ( ——o0— ) were incubamed:at.22°c.for:15 min under increasing magnitudes
‘of pressuré,as indicated and:the;residualnenZyme.activities.weré.measured.'
Fig. 3. Pratection of PEP-carbokylase:against pressure inactivation by
various concentrationsvof,aspartéteR:.ThelenZyme solutioﬁs.(o.l mg protein/i
n'. ml of‘O.i M’TristZSQu.buffer;ApH.S;S)icontéining aépartate;of indicated
concentrationsgwére incubated.at.lgﬂoohatm;at;22°¢ for '15 min, and the
residual eﬁzymelactivity~waS.meaSured;w!As'ordinate.in the figure was

" ;ogarithmically:plqttedlfheFrat101of:thekbpiginalLactivityf(gé).to.the

cemna ™



Y

‘ residual,activityrQX)_sovthat~the;plots{reflecfAthe;iﬁactivationvrate'

constant (k)3 k log( ),.Where t indicates time.

0 4343t
Por,comparison, the inhibitionjof:the}enzyme<activity;byﬁin0reasing5gs?7
_concentrations of,aspartafe,was also plotted. Theireaefion mixture useddé‘
for photometric assay”in the inhibition experimeaf was;the same aS’de—e'
" scribed in "EXPERIMENTAL" except for the omission of dioxane. . The enzymeéﬁll
l~>amount used was 10 pg proteln per 1 ml of the reactlon mlxture and the ff?

' assay temperature was 30°C.,

‘fEig. 4. Sedimentation of PEP carboxylase in sucrose density gradient
centrifugation in the absence of the ligand.. The experiment was carried

out as described in "BXPERIMENTAL"..*The?activities of PEP carboxylase.

- and alcohol dehydrogenase are expressed in terms - of the changes in absonb—-

ance at 340 nm/min, and that of catalase 1n terms of the change in

" absorbance :at 240 nm/mln.

Fig. 5.  Response of PEP carboxylase}activitfito varioﬁsiconcentrations
of aspartate (A) and CoASAc (B) under 500 atm of pressure. The reaction
- mixture for isotopic assay as described in “BXPERIMENTAL" contalned 1nd1-,
~cated concentratlons of aspartate or CoASAc, and the enzyme concentrations
" were 60 and:l2 pg protein per ml, respectlvely. As soon aS'the reactlon‘.
mixture was completed by the last. addltlon of the enzyme, it was .quickly .

'syrlnged 1nto the ‘tube . at 22°C, and. the tube ‘was 1nserted 1nto the’



- pressure cell pre-equilibrated at.the: same temperature.. After the .

“incubation.at 500 .atm for .15 min,.the.ireéaction was substantially arrested S
by the immersion of theitubesfintoiicé:bathaiACohtrol-experimehts~were‘
done under the same conditionsiéxcept.for[thelperfbrmanbe,Of.theﬂreactionﬁ?*

outside of the;pressure.cell.poth;at:229Crand‘090..’AfterAthé;reactioh an;jajf

it aliquotA(201pl);ofgeach,mixture~was withdfawn‘and:transferred.to the scin~

" tillation vial containing 0.5 ml.of 0.02 N HC1. Thevradioactivity'

5 incorporated into malate'was.meaSuredfécc@rding:tq the procedures as

déscribed previously (6).. Thekradiéactivities‘whibhvwefe incorporated

during the ekposure of the'éample.at:229c‘and 0°C (less thaﬁ 2 and 10 min;; 3

- resPectivély) under the atmospheric preséuﬁe,wefe éstimated” from their o
‘corresbonding COntfols and.were.SUbtracted'fﬁém thevtotallradiéactivities Lo
~ on each sample.. Under these,conditionszthepénZymeiréacfioﬁiproceéded

- linearly with time up to 20 min .at 22°C:
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