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SUMMARY.

Propiorrlrl-CoA carboxylase whl,ctr catalyeec ttre reactlon:

""3."tZ.CO.SCoA 
+

3

coH)

.CH.CO.SCoA+ADP+Pi
3

was purlfl-ed froro pig treart and a series of experiments were

carried out to investigate E¡ome of the chemlcal and kinetic

propertf,es of the enzJnne.

tlre fi¡nctlon of thc esecntLal thÍo1. group Ln propionyl-

CoA carboxylase was l-nvestl-gated usi.ng N-ettryl ualeÍrnide as ttre

thiol modf-fl¡ing reagent. TIre J-nhibl-tion of the enzJ¡rne was

first order ¡rfth reapect to tl.me and Lnhibítor coneentratlon.

From an analyeLc of ttre data Lt was concluded that only one

molecule of N-ettryl ua1-el-mide reactcd wtth the enu¡me. The

rate of i-nhib1tion remained eonctant between pII 7.O and 8.O

ühen increased very rapJ-dly with lnereael-ng pH. Tl.e lnfl-ectl.on

polnt at pH 8.2 f.n the nt<^/nfr plote indicated that the thlol

group waa l.nvolved Ln the formatlon of ttre enzlme-proplonyl-CoA

complex. th.is was cor¡firued by a comparlson of the kl-netlc

constants of ttre native and ttre cheurical-ly modlfJ.ed enzyme

whictr shor¿ed that ttre apparent Ko, value for propionyl-CoA

fncreaee6 sht].e the valtrea for ATP and, HCO remained constant.
3

By measuring tlle rate conetant of the inactl.vatlon proceas Ln

ATP + HCO

Me2- 
,

- 
cll+

ttre presence of varrying propionyl-CoA concentrations, lt was
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concLuded that ttre 1r¡hl-bl-tor could not react wl-th the cnz¡rme-

proplonyl--CoA complex. Tl.e l-nhibited amino acid was

ltridentifled as cyctelne by reactlon witl. C-N-ethyl malefuLd,e

and the subeequent J-eolatl-on of

1r¡hibitor couplex. From thl-E

a cyeteLne resldue was Lnvolved

the active ¡l.te.

the radlo-active cystelne-

evldence Lt was concluded ttrat

Ln bl-ndl.ng propionyl-CoA to

Ihe enzym€ le also stimulated in the presence of

certal-n unlvalent cations. IÌr the presence

increased.

of K+ ions the

v
IDA)(

apparent

affJ.nlty for tt¡e

evidence thus suggestecl

e resul't

values for all substrates In addLtÍon, ttre

K vafu¡ett for HCO.- rae decreased, alttrougtr theJ

ott¡er subEtrates 'hras unaffected. KinetLc

on the enz]îre,

of tlre entropy changes

that K+ caused. a conformational change

that was eupported by the caJ-cul_ation

ind.uced in tl.e proteLn by this univalent

cation.

Tleia trypottresl-s ¡uas further eubstantiated by showing

an increase l-n the rate of ir¡I'.l.bition by N-ethyl_ nalelmid.e in
the presence of K+ lons. this accunrulated. data provLd.ed

stro¡xg evidence that a confortatloual change accotrpanied. the

reactlon of alkali metals with propionyl-CoA carboxylâsêr

tlee al-losterlc aetivation of propionyl-CoA carboxylase

Uy ttg2* and !IgATP2- ,0"" also exanined,. Ttre resul-ts suggest



that lr{g2+ has at

Firstly¡ 1t fo¡ms
2-

MgATP- substrate

enz)nne to actlvate

complex wÍtl- the

lhe Mg-A.TP2- complex

and secondLYr tt forrns

tha enz¡rmic reaction.

2+

slte.

à

a coupetitive 1nhibltor wlttr

(*')

least truo rcles in ttre reaction mectranism.

a conrplex with ATP4- to form ttre true

deviates frour Michaelle & Menten klnetLcs 1n such a Uay as

to incllcate a homotropl-c co-oPerative effect involving at

least two uolecr¡les of l1gand. Free Mg2* reduces tlre slope

of tþe Hlt-l plot for ÞfgATPz- tt¡us suggestirrg either a ctrange

in the order of the reaction ul-th respect to MgATPZ- o" "
reductLon Ln ttre Lnteractlorr betyeen the MgATP2- sl-tes.

ft J,s proposcd that one cLte acts as an effeotor al-te and

the other¡ a catal"Ytlc sLte.

Furthersorer ATP4- ic

respect to MgATP2- and sl-nce Mg

kl-netic propertles¡ tt could be suggested that thls catfon ls
,-

bind.íng at the effector slte for Mg¡tTP- and mimLcs the action

of MgATP2- aü ttrl-s site.

bf.ndtng at tl.e catalytlc

On the otlrer Ìrand, ATP4- could be

tras been slrown to alter the

lwo substrate kinetics uer@ also carried out l.n an

endeavour to substantLate previouo r€actLon mechanLsm proposals.

Although the evldence ls only preliuinary¡ tt¡e data obtalned

does not eonform b tlle sJ.uple roactlon ech,eus propoaed by

otlrer invcctlgetors.
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DNZYMES a

For ttre sake of elmp].iclty¡ ttre enzJ¡ute$ have been

referred¡ Ln the tcxt of tbLg tlreel-sr by their trlv|al nå'Hes.

A ll-st of ttrc ênz)nûea that have been ucntloaed foll-ows¡

togethor with the nr¡mÞero by whiclr thcy sre desf-gnated in

t¡e Report of Cornuissl-on on E\rz:nneE of the Inter¡ratl-onal Unlon

of Bl-ochemi-stry (rg6f ).

Proplonyl-GoA earboxylase

Acetyl--CoÂ carboxylase

Z-uethyl crotonyl-CoA

carboxylase.

\rrrrvate cnrboxylase

Transcarbo:rylase

- Proplonyl-Co.A. : carbon-dÍoxide

ligase (¿oP) 6.4.1.3.

Acetyl-CoA : carbon-dloxl.de

f.igase (¿PP) 6.4.L.2.

f,-methyl- crotonoyl--CoA r earbon-

ciioxide ll-gase (¡uP) 6.4.1.4.

þrrrvate ¡ carbon-dLoxide llgaee

(e¡p ) 6.4. r .1 .

Methyl ual-onyl-CoA : pynrvate

carboxyltrangferaso 2.L.3.1.
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^ 
nprLuery CO, firetlon h¡r Þ¡cn dofLucd by lfood &

sitJrrnhoh (WeZ) 
"t a rcactlon lry rhlch Coz L¡ coublncd rtth

roÊ. eccrptor qolteuh to foru r rtau crrbon-cerbon bond ubtch

ro¡ult¡ t-a a nrt firrtlon of COrn. In tho h¡t trrnty yGar3

Ð¡ny prlnrrlr co, aarl,øflatton rractloar h¡v¡ bcon do¡crl'bcd.

Tlro¡c roactlon¡ h¡vo booa cla¡¡l.ficd by vrrloul lnvoetl8atora,

büt fn thl¡ rcyiev¡ th. ¡chc6 of Ocù,or & Xazlro (!gSl) rffl

bc u¡td.

(" ) C"rtoñ-câfbQa bo¡rd forein6 o¡rbo¡r dio¡ldo lf6elcr.

(r ) Prsptoryl-Coa cerborYlmc

(a ) Ac¡tyl-GoÂ oertorYlerc

(3 ) xctnyl-crotortyl-CoÂ oarborylaro

(tl) þnrvtc eartorylaro

Îho o¡rsyr.. J'n 6roup (") cetelyoc ra ÂlP do¡roadolrt

c¡rboa d!.o:Ldc fl¡rtloa, lttd coat¡la biotln lt t proltlrOtLc

gror¡p.

(t) Carboryl trrurforttcü¡

(f ) U¡t¡yl.ryalonyl-GoA s pyruvttr crrboryl. tren¡fcr¡so

flrc traaecrrlro¡ylrtl'ng .n{f'üo of Sreup (t ) :L¡

rreponrtblo for th¡ traanfcr of r carboryl trouP fror nctþyl

ueloayl-GoAtopynrvatctgforu¡lropionyl-CoAando¡g.loacetatc.

lbl'¡ .rr!!rr. ¡l¡o eontaln¡ bl'otln.
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(") Draoyl carbox¡¡-J-yasee.

(r ) Phocpho-enol- pymvate earboxylases

(" ) Phospho-pyruvate carboxytase (phoephorylatlng)

(U ) Phosptro-pyrrrvate carboxylaee (tranophosphorylating)

( 
" ) Ptroeptro-pymvate carboxyLaoe ( transphosph.orylating )

(¿ ) Phospho-pyruvate carboxylaee (transphosphor'¡¡lating )

(e ) nfU.rl-ose dlphosptrate cerbox¡rlase

(f ) Pbospho-rl-bosyl-aulno-iml-dazol-e carboxylase

The carboxylasea of 6roup (") do not requfre ail. €x-

ternal source of energlr, because the gubstrate Lg already l-n an

ilactiven fonn. Phogptro-eno1 pynrvate is carboxylated. ¡uitTr the.

concomitant release of a phocptrate group. Ttris group can be

transferred to GDP s¡ ¡pp (t), ADP ("), inorganic p¡ocphate (¿)

or water ("). Rfbulose diphoophate l-o carboxylated. to yl.eld.

two molecul-eg of J-phosph.o-glycerate (z), A carboxyl group is

bound to 4-anino-iuLdazole-rlbotide at posf.tl'on 5 of the imfdaãoLe

rl,ng to yie1d 4-amLno-5 carboxy-imidazole-ribotlde¡ whLch l"s an

LntenoedLate l-n the biocynthecLs of purine nucleotld.es (¡ ).

(a) n"a,rctive carboxyJ-aeoa.

(r ) uarate dehydrogenase (decarboxylatJ-rrg)

(Z) feocl-trate dehydrogenaøe

(: ) Phocptro-gluconate dehyd.rogenaae (d.ecarboxylatr-ng)

l:re carboxylasGs of group (d) uttllee redtreed nlcotinamide-
adenfne dinucleotide aa the source of energy.
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Ttrl.s preaent thesL¡ Ls concerned wl-th the enEymes of

g?oup (") and. (U) J-.ê. the blotin anz¡iues. RecentJ-y¡ Beveral

reviews¡ ochoa & I(azLro (tgeS), Mlstr:,' & Dakshínauurtl. (tgø+)

and. Kazfro & oct¡oa (fp64 )r Ìrave been wrLtten about this partlcular

gror¡p of cnzymee¡ however¡ tbis introduction ¡u111 conelder only

certaJ.n aepecte of the literature coverJ.ng fhia groupr vLz.

(" ) Ctreuietry of tl-e actLve centre lncJ.udl-ng the role of

biotLn in tl.e reaction aequênce

(U ) ff^e reactlon mechanigu includi-ng ttre roLec of varl.ous

r¡etal l-onsr and

(") Soue acpeete of the quatertrarry ctructure of these

enzJm€g.

¡

(1 ) Acetwl-C,oA Carbo¡vlase

fn lpjO, Brady & Gr¡rtn (f qSO ) obaencd that fatty

acLdc could be synthecl-zed l-n a bl.carbonate buffer but not l-n

a phoaphate buffer¡ a requlrement that wa¡ later conffrted by

Glbeon¡ litct¡ener & Iüakll (fpSg), (fg5Aa) and lfakl-L, TLtchener

& Gibaon (f g5g ). A ¡rurf-fJ-ed fractlon fron chicken liver wáe

l-ncubated wJ-th aceùyl-CoA, ATP and biearbonaùe to fort an inter-

mediate that was then converted to paluJ-tJ-c acl,d in tl-e presence

of TPNH and a eecond ].lver fractl.oa (Uatff, l95g). Tt¡e Lnter_

medLato waa later l-dentJ"fJ.cd ae rralonyl-CoA.
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co2H

CH3.CO 'SCoA + ATP + HCO3- c]f.z.Co.SGoA + .aDP + Pi ...(1,1)

Ttre purlfied ênzy-ne from ctricken llver contalns J. gro.-.

molecule of btotin per 35OrOOOg. of protel-n and is inþibited

by avldin (Watte & Ifakll , t96Z). lhe enzJnne ig not absolutely

speclfJ-c for acetyl-CoA slnce 1t w111 carboxylate both propJ-onyl-

CoA and. butyryl-CoA to soue extent. !\¡rtheroore¡ the errzlme

regulree a dlvalent cation, Mt2+, althougtr partJ-al substltution

by Ni2+ , c,o2+ ot Ùrg2+ has been achieved'

A high.l-y purifi-ed acetyl-CoA carboxyJ-aae from chicken

Liver uat prepared by Gregolin¡ Ryder¡ KJ.elnschmidtr lÙarner,&

Lane (fgeø) and had a sLmilar bLotin content but the uoleeular

weigfrt on lcolat{on wae ?.8 x 106. thlc was ln contrast to

prevlous preparatl-orrs fron rat ].iver (y'atstthashi¡ Matsuhashl &

L¡rnen¡ L964) and adJ,poee tlssue (Martl-n & Vagelos¡ Lg62) and

ftrrttremorê¡ thl-s preparatlon vag not coLd labil-e whereas the

rat l-iver 6nz)me ghowed tbl-s cbaracterlstle.

Tlee stfu¡ulatLon of faùty acid cyntheaJ'c by ci'trlc

acJ.d and ottrer carborylic acids 1n cel.l free extracts rvas

obeen/ed by Brady & Gr¡rin (tgSZ) and l-atcr conflroed by Porterr

I{akfl¡ Tietz¡ Jacob & Gibaon (l-gS|) ana Uakil, Porter & Glbson

(tgSZ). ft was ttrought that tbe generation of TPNH and CO,

from tt¡e oxidatlon of isocl-trate wae responalble for the in-
creaaed fatty acid a¡rntheeÍa. Howcver, isoeÍtrate could not

Mn2+
a
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be replaced by el.ttrer carbon dloxLde and/or other ?PNII re-

generatlng oyetems. ThLE aopect of citrste acttvatl-on of

fatty aoJ.d oynthecis w111 be rovLered latcr 1n tl.c introductlon.

(z)

tbe Lnltt al discovery that proplonJ.c acld was metabol-

lsed Ln anLnal tle¡uee via tÌ¡e fornatlon of a dlcarboxylf-c acld

led. üo the fLndlngc of Lardy & Peanasky (tgSl), that rat llver

mltoch,ondrla oould catelyee an .â.1P dependcnt fLxatLon of CO"

by propionate to fo¡m succÍnate. Subaequently FJ-avl-n & Ochoa

(ryfZ) showed that propionaÊe raa fl.rct convorted to proplonyl-

CoA wtrl-ch was then carboxylated to yleld nethyJ- ualonyl-CoA.

Tfrl-s er¡z:ntre lras been obtal"ned Ln a hLgb gtate of

lrurity from pJ.g heart (K.zi'ro, Ochoa¡ tÍartrer & Chen, L96t) and

ox l-lver (H*I-"t o, Fsngr ltregre & Laner L962) and has becn showa

to contain cl-bl-otl,n as thc actLve prostl'otic g"roup. Ttrl.s

carboxylase catalyeae s reactl,on siu1-lar to acctyl-CoA carboxyl--

ase 1n that an aoceptorr proplonyl-CoAr 1a earboxylated to

yi.eld uethyl' ualonyl-CoÂ, rittr the sLnultaneoua hydrol-ysle of

ATP yl-el.dlng ADP and Pl.

'lotnt
.CH.CO.SCoA+AÐP+Pl

... (r.z)
C\.CHA.Co.SCoA + ATP + HCO'- g, 

"t3

lfre uethyl malonyl-Co.â, ean be f\rrttrer raceml_zed to ite
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optical ênantlonor?h (Mazumder, Saeakasa, Kazlro & Ochoar

Lg6L) anA thic in turn ean be l-comerlzed to succiny1-CoA by

tlre enzyoe metbyl uralonyl-CoA uutase (St¡erntrolm & Ifoodr Lg6L)

(Mazumder¡ Sasakawa & ochoar Lg63).

Proplonyl-CoA carboxylase is alEo active in carboryl-

ating butyryl-CoA and acetyl-CoAr al-thougb. to a leseer extent

(ra"tro 9.t--4.. , Lg6L ) (rlarenz g.t--åL., Lg62).

the elmilaritieg 1n eedlmcntation coefflcLents¡

bt-otln content and substrate specfficitiee of ttre propJ.onyl-

CoÂ carboxylaeee isol-aüed frou Ll,vcr and heart indLcate that

thc two enz¡mes are ver? cl-Eilar. fhc biotin content of tÌ¡e
EFoñ

czyatalline enz)¡ue obfained frou pJ-g heart fs or.ramolecu1e per

L|5¡OOOgrn. of protein or 4 uoJ-cculee of blotl-¡il p€r noJ-e of

enu:ntre (rartro, Leone & octroar Lg6o).

In cxperlmonta yith propionyl-CoA carboryl8sê¡

Rctey & Lyncu (J-gøS) ao¿ ArlgonL, Lynen &, Retey (l-gOe) tave

¡horl that the üranccarborylatLon ocsurc ul-tt¡ ctri-ct stcr€o-

spccifJ-cl,ty. In the carboxylatl,on procc.a thât leada to the

for"oatlon of tlre rnethyl-Ealonyl-CoAr the sterle configuratlon

ic retained¡ l-ndl-catlng that the enterl-ng carboxyl 6roup

occupi-es the place tl¡at ttrc hydrogen atou has vacated.



7.

(J ) z-I{e,thv1-crotonvl--CoA Carboxvlase

In ttre metabolieu of leucLne the isopropyl portion of

lsovaler1rl-CoA is converted to acetoacetate by a etoichlometric

fl-xation of carbon dioxid.e (Coon, L95O). Plaut & Lardy (fg¡O)

obserr¡ed that biotin deficl-ent J.ivers incorporated J-oEs radio-

active bicarbonate lnto acetoacetate than thc norual- preparatione.

tr\rrthenroro¡ Lardy gt--€Å.. Ggsl) ano Fisetrer (]-gts) domonstrated

ttrat mitoctrondrl-a from bl-otin deficient rat ]-lvers faLled, to

oxidíze l-sovalerate and aone of Lts unsaturated analogues, wt¡ereas

th.ese oompounda were readily converted to acetoacetate by normal

mltochondria. These studies tcndcd to Lnvolve blotLn in the

carboxylation reaction precedÍng the cleavage of 2-hydroxy-Z-

methyl-glutaryl-coA to acetoacetatc (Hoeeener, Bacr¡lrawat & coon¡

1958 ).

However, l-t was due to the work e¡ Lynen and. hl,s

assocl-ates tt¡at conclusl-ve proof for the ATP ¿6psndent carboxylation

of 2-mcthyl-crotonyl-CoA to 2-methyl-glutaconyl-CoA catalysed by

a bl-otl-n contal-nlng carboxyr.ase wae finally obtained (t ynen,

Kraappc¡ Lorchr JuttJ-ng, RJ-ngelnann & La0hanocr Lg6L), (Krappe,

ScllLege]- and Lynen, 1961).

thc errzyme was purlfied from þtvcqbacterluu and slaown

to catalyae the followl-ng reactlon:
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:"3
CH,.C:CH.CO.SCoA + ATP + HCO3 É

T*..cooH
CH,.C¡CH.CO.SCoA + ADP + Pl-

.,' (r.l)

Himcs, Young¡ Rlngelmann & Lyrren (tg6|) pur1fled the

enzpe frou @ and domonetratcd thåt thc enz¡nne con-
g.Ofrr

tal-ns one. r¡olcoulc of bLotirr per 184rOOOg. of proteln. î?re
^

produot of the rcactLon l-s the trans-l.souer of 2-reethyl-2-gluta-

conyJ--CoA.

(+ ) þruv3,t,c carb,oxr¡lase

Gluooncogenecis¡ wl-Lch Ls the convor¡Lon of ccrtaLn

aulno aclds or latl.c acJ.d lnto gluooee¡ uas orfgC-nally aËeumed

to occur vLa pymvic acf-d and fron tl¡creon by the dLrect reversal

of gJ-ycolycie. Doubt was thrown on thJ.e concept ¡*hen Lt was

realised and especiaLLy cnphaaÍzed by Krebe (J-SSI+) tfrat tt¡ree

stepc ln the glycolytic s€quence of reaotLonc aro not readfly

rewerslble. The uoet complJ-cated of these atepo l-s the sequenco

of reactlons by whLoh ptrocpho-enol pyrrrvate ic for.ued from pyruvate.

Tþo enzJmes that were dl-soovered by Utter & Kuratrast¡1

(tgy{) 
"ro¿ 

Utterr Keectr and Scrutton (l-g64), rúere tllougbt to

catalyse rcactlona which collectl-vcly could b¡4raes thls unfavourable

pathuay. Onc of tÏ¡esc Ls the bLotln-contaLnlng pyruvate carbo:qrI-

aee whlch synthcgises oxaloacetate frou pynrvate arrd bicarbonate,

and rcquLreg .å,1P + V.g2*. H€nce¡ thLc cnz¡mc 1o sl.ul"I-ar to tlre

grouP of bíotln-contal-ning cårboxy].ases whicl¡ have been shown to
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carboxylate acy]--CoA esters Ln ttre preaence of Mg2+ and. ATP.

In ttrls instancer a keto acld, viz. pyruvater Ic carbox¡rJ.ated to

yleld oxaloacetate. However, a CoA ester ia again neces6ar.Jr

since the ¡naumallan cnu)rure exl¡ibl-ts an aboolute requlrement

for acetyl-CoA.

co2H
y2+ .

cn3.co.cozH + ATP + Ilco3l fu"r-a"o cH2'co'cooH "' (f '+)

Since tl-ís erlz.lute is aty¡rica]- with respect to other

blotin-containlng e¡rzJru¡es Ln terms of the Cor-acceptor, it was

ttrought tTrat the acetyl-CoÂ y¿g firnctioning in two ways¡ i.ê.

(" ) to forsr roalonyl-coA and this l-n turr¡ would trane-

carboxylatc the carboxyl group to pyruvate

(U) To fort pymrryl-CoA r¿hLch j's the trrre acceptor molecule.

Howcver, Lnvestigatlons rdLth J,eotopf.calry labelled

aeetyl-coA have ¡rrled out thege poasibilities (utter, Ibech &

scrtrtton, 1964). The action of acetyl-coA is nou thougb.t to

lnvolve confomational changea ln protel-n strrrcture¡ l_nd.eed. the

recent work of BarrLtt, Keech & Ltng (rySe) nae demonetrated. that

at leaet two acetyl-coA molecules are requl-red to actÍvate

pyruvate carboxylase effectivoly.

Ekaruination of tl.e initial reactlon rate as a function

of effector eoncentratLon rcvealed- a eigmoid relatíonship suggeet-

lng th^at rrore than one molecule of effector per active eite is

requlred for tha aetl-vation proceas and that co-operative lnter-
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actLonú bctrecn tha boued cffoetor solccr¡ler hrvc oecurrcd.

f\¡rtlrcr evl'd¡ncc fbr tbr ¡¡sa-partl.clpetion of aootyl-CoÄ at r

rub¡trrtr la thr crrbæyl¡tlon reaotlon r¡¡ fortåcotlqg rdrcn t t

raa obrcryed thåt thr pyn¡vatl earborylaec fror Pccudoton¡r

cttroa¡llolLr dld not requLrc ccetyl-CoA for actlvLty

(setrUrrt & Berborgcr¡ 19é1).

Ï¡rrt pynrvetr carbcylaec dl.ffcr¡ fro¡ ùbl ues¡ll'e¡

onzyne tn thrt Lt doo¡ aot roqul"rc acctyl-CoA for oal¡ml'c eetLvfty

(¡u1g-Aû11¡ dc lorroutcgul., Pelrefra, Cetalf¡¡ & Io¡¡dr, Lg6r').

Tlrcrcforcr the enr¡ær cstrld bc cl¡satft¡d along rl'th' th¡

baoùorl.al group of p¡rrrrvetc cerborylrrc¡ iroLrt¡d frq¡

Asoe-¿{rlur 4l'ttr (ffoou & Johnaon, Lg6Z) .¡d P¡eudoeon¡¡

cl-t'.onalloli.¡ vhLcb do not rcqml.re rcotyl-CoA for rctl'vl.ty.

thc purtfled 6leq!¡!ro fro"tr Pscudoeon¡¡ ,cltroacllolL¡ contaln¡ one ç3r-o"n

aolecr¡lc of bl"otl.n per {OorOOO6. of protcl.n (Seubcrt {" R¡mbcr6or¡

1g6¡. ).

(¡) :

Tf¡tc .bz!¡Bo catrlyecd a dlrcct crrboxylrtloa froa a

carùoryl doaor ruel¡ ¡t D.thy1-rmloay1-CoÂ to an eccoptor ¡ucl. e¿

pynrve.to¡ r¿lti-¡out th.r lntrryrntLon of c¡rÞea dio¡Ldc or th

c¡PcadLturo of .Ë.16!r to aetivrtc tho ryrtc. Th.o cnz¡rnr anurd

reübyl rrlonyl-CoA s plrït¡yrtc crrboryl tnsfrr¡rc (tr¡e¡ear|roç¡l'-

¡.c) (stSerrrUot¡ å Ycod, 1961) ortrlygcrl th¡ follort.'.û ro¡ctiotrs



11.

co H co2H ÖoaH2
a

cH3.årr.ro.scoa + cH3.co.cozH 

- 
cH3.cfl..co.scoA + cÍLr.co.cozH

... (r.5)

lhe oxaloacetate so for"med was reduced to euccinate¡ which 1n

turn r¿as esterifíed by the tranafer of CoA frou propJ-onyl-CoA.

Methyl ualonyJ--Co.A, wae regenorated from eucclnyl-CoA by a vltaurln

B.'Z co-enzJßre dependent isomerization (Swfclr & Itood¡ 1960).

ÎÌrue the cycle was completed and pymvate was reduced to propionate

witbout the expendlture of en6rg:f.

ÎLe roJ-e of blotln in the transcarboxylaee reaction

(Stnl"l< & lfoodr L96O) *.r confimed by Stadtmanr Overathr Eggerer

& L¡rnen (fg¿O). Radioactive transcarboxylase was prepared by

growl-n6 propionic acl-d bacterLa l.n a uedJ-um contalnJ-rrg tritl-ated

bf'otLn (Yood, Allen, StJernJrolm & Jacobaon, L963). The biotin
g-ott-

content¡ l-molecule of bl-otin per 161, OOOg. of proteín, ua6

simllar to the bj-otl-n content of crystallLne pig hcart propionyJ.-

CoÁ. carboxylase (If.otro gt-3l.. , Lg6L'). fr1th oxaloacetLc acid.

as tt¡e carbo:ryl donor, tï¡e tranccarboxylaee df.rplayed a broad

speclfl-city towards acetyl-CoA, propionyl-CoA, butyryl-CoA and

aceto-acetyl-Co.A.. On tt¡e other harrd, wl-th pyruvate as the

carboxyl aceeptor, only rnalonyl-CoA and methyl uaalonyl-CoA cou]-al

act as donors (St¡erntrofun & Iùood¡ Lg6L) (wood g.û-4.. , L963).

îhe group of enzyues surnrrarlzed Ln the pneceding aectl-on

all poeaeac bl-otJ-n as the prostt¡etic group. The el-mflarltles in
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th¡ blotLn contcnt and nolcctrl¡r rolgù.tr ron¡ld, l¿dl,ceûo thet

ûh¡¡o üûa:nlo¡ hpr corpnFab¡.. ¡tn¡otr¡rrt. Dforoør¡orr tho oquon

1æol'vrelönt of 6oA o¡torr rrd !.n ¡¡oct catet ÂTP ¡ad reO,- oorúd

:Lndle¡tc thrt tho rctlvc ¡ttr¡ of, tb¡rc groupt rr.".c v{irl¡¡n ¡f.rnflar

ía nrür¡ro. Ilte prrtlaerrt lltonetr¡rc oonecrrnl,nC üho ¡tn¡tûrrrc¡

and rctlvo ¡ito¡ of, thors cnt!¡üGr riJ"l bo proaont¡d ln th,c follsu-

l'ng prgoc.
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ACTTVE CE}ÍIRDS OF TIIE BIOTIN EMYMES:

TLc actLve centre of an er:ru)me may be defl,ned as conclgt-

l-rrg of thoge functLonal- arrarig€Eents of peptide lir¡kageÉrr bydro-

phoblc and hydrophillc reglons wt¡ich belorrg to the eruzJnne proteLna

and whJ-ch are dfrecüly lnvolved in the constn¡ction of the trans-

ítlon state (or atatea) for the cher¡J.cal. transforrnatl-on catalysed

by the enzJnme. An actlvc sJ.te rnay be ema11 and slupl.e (perhaps

a el.rrgl.e group) or J-t may extend oycr a large reglon of ttre

en¡zJme and LtseJ.f contaLn uany lntcraot1ng groupe and rnultJ.ple

bindlng sitea. Althougtr eonteupotdry uork 1n various laboratorl-es

l-s concsrned vitb the inveatigation of the chentetry of t}¡e active

a1Ûcs of varioua qrzyuesr so far only prelfun1nary irrformatton

t'a¡ been obtalned about the active centres of blotLn-containing

eluz)i-tca. îhls ruork hae been centred on the role of biotln l.n

the reactlon urechanj.sm although, other cbemical. lnformatl-on is

no¡* becoming avallable.

ThLs sur¡¡ey will be mainJ.y comcerned wl'thr
(") î'tre roJ-e of bLotln and the fo¡matlon of th.e en.z)¡me

COZ couplex

(t) the nature of the anl-no acids at the actlve centreg.

(1) Role of uiottn

Tn L959, LSnren Ê.t_3t. $gSg) d.emonatrated that free
d-blotln could be substltuted for Z-methyl crotonyl-CoA ae tb,e

coz aceeptor molecule in tt¡e reactlon catalysed by Z-nethyl
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erotonyl-CoA caf,boxylâ! ê ¡

Althougtr tl'e biotin-COa complex i8 extremely unstable,

l.t can bc stabl"liaed by esterl-f1-catl-on of tl:e carboxyl group

rl-th diazo-rnctlrane . Ttre product waa '¡hown to be i_d.entical witl.
chemlcally cyntbeoJ.zed 1 r -N-carbomettroxy-biottn rneth.yl eeter

w}¡lcb raE prepared frou blotin and ctrloro-uethyl foruate.

ltre cheaical aynthosis resulted 1n the formation of tro producta,

(") 1r-N-ç6¡6ouethory bLotln nctJryl ester¡ and

(t) 3r-N-earbornetho:ry biotLn rnettryl egter (Lynen et a]..r

1961 ).

The maJor product wae the 11-N-s¿pþomcthoxy biotLn d.erLvatl,ve.

ltrl-c uas ârcuucd to be due to the faet that the valerl-c aci-d

El"de chain atcrfcal.ly hlndered addltl-on to ttrc 3t -N poeltLon.

On thic baaLo¡ 1t wae concluded that the enz¡nmical.ly eynt¡esised

bJ-otin-coa eouplex wae elullarly orLentated. (Ktrappe, Ringelmann

& Lyncn¡ L96L).

(2 ) Carborv-BÍotL'' Elprnne Couo1ex

In their ¡üudlee wlttr propionyl-CoA carboxylas¡e,

Kaziro & ochoa (rger), and ochoa & KazÍro (rgør), provided

ewidence for the fomratfon of a Cor-enzyme complex. Upon Ln-

cubation of the enzyue witÌ¡ the necesaary substratee¡ vLz. ATP,

MgZ* rlrd l4c-caz (¡.rt no aeceptor ruolecule), ttre l4c-cor-enzylate

cornpl-er uae Lsolated. by subaequent chrouatography on a Dowex-l

eolumn. Îb.e 14c-CO2 frou tbe lcolated I'trC-COe-enzJnile couplex
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could be transferrod to propionyl-CoA to form uethyl-malo¡lyl-

CoA. .A.lthough the enzyloc-C0, comp].ex can be fomed froul

þtta*, ATP and IICO3-r it can also be a¡rntheslsed from rnethyJ-

malonyl-coa (tr ztro & ochoar 196r ). rn reqlityr tb.e fomatl,on

of the Cor-enzyme complex from rnethyl- malonyl-CoA Ls nore

specJ-fl-c for propionyl-CoA carboxylace¡ sl-nce any blotin enz¡me

can form a C)"-enzyme couplex Ln th.e presence of ATP4-, MgZ*

and HCO,-.

lhe structure of the carboxy-bl-otl-n enzJ¡ne complex

isolated from 2-methyl crotonyl-CoA carboxylase (K.t"pp",

Biederbick & llrrnnmer I Lg62) Uar been ehoun to be ldenüical with

that of enz¡nnlcally eyntheeized carboxy-biotln. After treat-

i-ng the carboty-blotLn-enzjrne complex with diazoæethane and

degradlng wlth tr¡pcin and biotl-nidase¡ a corupound, rr -N-carbo-
methoxy biocytin was l-aoJ.ated,

Nuua, Rl-ngefunann & L¡rnen (]-g6t+) *"r" able to isolate

t 14c-co2 blotln-acetyl-CoA carboxylaae wl-th preparatl-ons from

rat rl-ver after lncubatlon of th.e enz¡me wi-th j-14c-r^1orry1-coA

and su'bsequcnt ge]- fÍ].tratl-on through Sephadex. ftey found,

thic complex to be acld J-abl-le and to yJ,eld on uethylation and

treatment wíth Pronager the 14c-f !-N-carboucthoxy biocytJ-n,

thl-s coupound r¡potl dlgeetlon by biotinj-dase raa found. to yield
the 1t-w-140-carbomethoxy blotln. these obserr¡ations ted ttrem

to conclude tÌ¡at acetyJ.-CoÂ carboxylaee frou rat l_iver behaves

in a uanner similar to the other enz¡rrea descrl-bed co far.
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I{aite & llakll (t962, L963) publlstred, obserr¡ations

rrhich dl-ffered fror¡ the recults of Lynen eonce¡rrl-ng the identity

of tïre 14c-cor-acetyl-coÂ carboxylase couplex. Their complex

l-¡olated by ge1 f,iltratlorl waã lncubated wJ.th barlum hydroxide

whl-ch rsuovca the ureLd.o carbon of biotin. Most of ttre radlo

actlvlty vac recovered as barlum carbonate¡ a degradatlon

produetr 3r 4-dlau¡1no-2-tetra-trydro-thiophene valeric acid, r{ag

a].go laolated. Frorr thLc evLdence ltaite & llakl,l postul_ated

that the ureldo carbo:cyl group waa functlonal l.n the carboxyl-

ation reacùl-onsr a scheme quite different fror¡ thc proposal put

fonard by L¡rnen.

Allen¡ stJer¡¿trolu & trood (tg6l) t-nveatigated the role

of the ureÍdo earbon of bl-otl-n in tÌ¡e tran¡carboxylaae reactlon

by growlng PropionibFcte.Tl,um Ln a nedlu¡¡ containiog l4c-tlotin

(lauctted. 1n tl.e urel-do poeitton). After icolatLon of tlre

labelled enzJrme frorn th.e cells, arrd by ucl-ng ft to catalyse

the transcarboxylaee reactLon¡ tbey uere unable to de¡nonetrate

ei.ther;

(") rrre transfer or 14c to thc oxaloacetater or
(t ) r,oss of tb.e l4c t"b"t frou the €nzJ¡ü¡€.

thue they al-co concluded. that {n the case of the transcarboxyl-ase¡

the biotl-n does not fr¡nction througtr the transfer of tl¡e ureido

carboD.

Sj-nce their orJ.gina]- obceryatloac, Ifal_te & Hakl_]- (tgøø)
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have fê-examlned the basis of their h¡4poth^esis and now agree

th-at the carboxy-bl-otin complex involves ttre carboxylation

of the imino groups of bíotin and does not include the I.ê-

versíble carboxylation of th.e dlarnino derivative of blotín'

L¡rnen (tg6z ) rr* described the reactivfty of the

carboxy-biotln as beirr¿, .lue to the r+reakly acidJ-c nature of the

biotln, whlch when carboxylated betraves much llke an acid

arrhydri-de. Îihe bond between the carbon dioxide and ttre

nltrogen atom becomes polarlzed, wtrl-ctr strengthens tb'e electro-

philic nature of ttre carboxyl Sroup and, therefore, the abiLity

to errter transcarboxylation reactions (tcnappe & Lynen¡ Lg63)'

The reactt-vl-ty of ttre biotin-bound carbonic acid uay be êx-

pressed l-n ttrermod¡rnamic terrns. Uoodr l'octrmuller, Riepertlnger

& Lynen (tg6l) detenmined tlre free eîer* of cleavage of tÏ¡e

carboxy-btotln enzyme accordLng to the equatíon:

H+ + Enzyme-Biotin-Coa 

- 

Enzynre-Biotin + 
"OZ 

... (f.6)

Tlre obsen¡ed value aF. = -l+.?kcalr pêf, uole at pH 7.O, ls

sufficient to al1ow ttre compound to act as a carbo:rylating

agent with euitable acceptor molecules. llte exergonic nature

of tlre cleavage of the carboxy-blotl-n err;zllme also explains the

ATP requirement for lts forrnation from bicarbonate and bl-otln-

êTLZ!ÍÛê o
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(3 ) substrate sites

The table of properties of the bl.otLn Broup of erxzyEes

listed by Octroa & Kaziro (ry6f), indicated that several members

of t].e group are susceptl-ble to inaetivatl-on by thiol group

reagents.

A variety of thiol lnlllbitors haE been used to in-

actlvate propl-onyl-CoA carborrylaee froun pig heart (I(.ot"o 9¡þ-3!. r

Lg6L) and ox llver (uatenz P.È-3Å.., L962), and the protectLon of

the enz)me against these lnhl-bitore by propionyl--CoA would seem

to Lír¡k th.is substrate wl-th tlre thiol group. Hegre (tg6+)

working vittr the l-iver enz¡nne bas also denonstrated that

propionyl-pantethelne can also partlally protect agaJ.nst ttriol

group reagents. Furthemore, CoA and JlAllP úrere found to be

competltlve tnhibltors of propionyJ--CoA. lhis indieated tt¡at

a multlpoint attachnrent of thJ's substrate ls needed for bl.nding

and. that the proptonyl-pantetheine moiety of ttre substrate

eoul-d be bound to a cysteine resldue.

I{ith regard to the other biotln-contal-ning enzymet

inhlbltl-on studLes rrrith Z-methyl crotonyl -CoA carboxylase

(utrnes g&-ef-., 1963), and acetyl-CoA carboxylase (warte g¡!-3L.r

L962), trave also l-ndieated the presence of an essentl-al thioL

group. þruvate carboxylase from chicken ll-ver (Keech & Utterr

L963) fras been reported to be susceptible to thiol group re-

agents, yet the experimental coadltl-ons under whl-ctr ttrese
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reagente roâcted Eay have given aÌI annbi€uoua resr¡lt. lhe

auxiliaty enz¡ntrê uaed la ttre asstay sycteur viu. talate dehydrogen-

ase, a thioL contalrring enz¡rue¡ uay bave been Ír¡l.iblted ln ttre

procee6. Bacterl.al (Seubert g¡þ-3L., Lg6L) an¿ sheep kLdney

pyruvate carboxylaseÉr (Lfoe & Keechr 1-966) are not Ínhiblted,

appreciably by thiol group reagents. Wood .gt-3l. íg6t ) h"ve

shown that the transcarboxylase can be inhlbtted slowly by thl-ol

reagents.

Although soue biotin errz)mes are l-r¡tribl,ted by thiol

group reagents, eepecially thoEe requiring acyl--CoA esters aa

CO^-acceptor molecules¡ those using keto aclds do not appear to
I

be suseeptible to these reagents. thusr it could be visualised

that ttre bLnding of the acyl-CoA ester requires ttre preeence of

a free thl-ol eroup at the active sl-te. the blndlng of tt¡e keto

acld acceptor molecules may be achfeved tlrnough the preseace of

a divalent catlon, whl-ch was recently shown to be present l-n

chÍcken Ll-ver pyruvate carboxylase (Scrtrtton, Utter & MLldvan,

Lg66). lhe metal rraÉ¡ slaown to be M..2* by chemLcal, neutron

activatl-on, emlssion spectral and atomlc absoqptlon spectral

analysee. MJ.ldvan, Scn¡tton & Utter (tg66) trave provLded evidence

that the catl.on may be fnr¡o1ved in the bindJ-ng of the keto-acid

pynrvate to the enzlnme because of the change in proton relaxaùl-on

rate wlren the enz:rne is perturbed with pynrvate. No other re-

actLon couilponent had tllis effect. tr\:rthermore, uanganese ehowed
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an enhanced NMR signal when bound to tt¡e enzyme as ooupared to

that of the free metal and clenatured enz¡rme. Studl-ea on tl¡e

effect of added substrates and lnhlbitors show ttrat tb€ carboxyl-

ation of pymvate by the enzyue-Co, complex causes a reduction ln

the proton relaxation rate. Rate of Lr¡Ìribftl-on and analysfs of

kinetic corrstants obtaLned by enhanceuent values have agreed well

wLtl- inl-tLal rate studl-es and i.nhibl-tion studles obtalned by the

norrmal as¡eey procedure. Thl-s data strongly supports tt¡e l-dea

that bound Banganese plays a fl¡nctlonal role l-n ttre transcarboxyl-

atl-o¡r portJ-on of the pyrrrvate carboxylaÊe reactl_on l-.e. ttre

transfer of a carborryl gnoup frou ùt¡e enzyue-co^ complex to

pymvate.

These reeults, together wr-ttr caplovrs studlee (tg6il,

suggeated that bound metal lons may be present ln other biotin

elnuJmes. For example, tlre caLf Llver pyruvate carborrylase algo

conüains Mn, whereas ttre yeast enzyme d.oeg not appear to contal_n

Mn but Co and' Ztl- (utter, Lg67). Furtheroore, ttre transcarboxyl-

aõe wac subJected to tlle proton relaxatl-on rate method descríbed

abovo. lÍl-ile a ssall effect wac obseryed, lt appeared. that aL-

th'ougtr Mn was not Lnr¡olved, the preserrce of other uetal ions could

not be excluded. fndirect evldence from lntribltor slildies af,fords

soutê support for carboxylase

(seubert &(Losada 9È3!. r

Illrth, 1965) ana nethyl unalonyl-CoA transcarboxylase from

thie poetulate, Elnce yeaet pyruvate

L964), rat liver pyruvate carboxj¡lase

Prooíonibacterl-um sheruanll (Scrutton & Utterr L965) are lnhibl-ted
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by oxalata.

(4) Acttvator Sites

Keech & Utter (]-geS) strowed. thåt acetyl-CoA was requlred.

l-n catalytLc quantitiec for pyrrrvate carboxylaee actLvJ.ty.

Recently, Barrltt g.t lt. , (1-966) d.emonstreted that acet¡rl-CoA

was an effector of the enøyme and conaequently thc uanner by r¿Ìrich

tlrís acyl-coA eeter 1s bound to the effcctor cl-te 1s of naJor

imFortance In terus of a1logteric actlvation.

fn avlan |iver pyruvate carboxylae€¡ Êcêtyl-CoA can be

replaced. by proplonyl-¡ crotonyl-anrl fomyl-CoA (I(eocf¡ & Utter¡

L9631 Uütcr¡ Keech. & Scmttonr Lg64) Uut not by butyryl-¡uethyl

ualonyl-and Z-hydroxy 2-nethyt-g1utaryl-¡ aceto-aeetyl-coÂ or by

acetyl-glutathioner acetyl pantethelne and acetyl glutarnate

(Keeetr & Utterr Lg63). Sirnl-lar results wer€ obtaLned for cheep

kfdney pynrvato carboxylace (f-fng & Keectrr Lg66) aud co the 3s-

quirenent for an acyl-coA ig highly apecific. No rcactlon

occurred Ln thc pregence of both reduccd CoA and ¡odLum acetate¡

lndl-catlng that the etereochernlcal chape of the acetyl-CoA molecule

l.e crl.tical.

Ttre ct¡cmlcaL naturc of the easentíal auino-acídE lnvoLved

fn the actl-vator ¡l-tee of pyrruvatc carboxylase La the subJect of

lnveotigatJ-on in Keechr e laboratoryr

Acetyl pantethelne 1¡ a competJ-tLve inhibitor of acetyl-
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CoA whllgt both slanine and. ttrio-ethand.auine can cause uarked

irrtrLbition (Barrl-tt , Lg66). It would. aeern t¡at for pyr-uvate

carborrylâ8ê¡ as Ls ttre câce with propionyl-CoA oarboxylase, th.e

pantethel-ne portlon of the acyl-CoA molectrLe Ís involved. l-n bind-

fng to ttre enulrne. I¡tveetJ-gations into tt¡e actlvator el,te on

ttre ld.dney enz)me by Níelsen & Keech (tgeZ ) nave revealed. a

tryptophan reeidue, wh,ich ls neeoeaary for bLndlng acotyl-coa to
ùhe n¡olecuIe. By the uee of apeclfic tryptoph^aa irrhLbitors, N-

brouogucclnl-mlde end. N-lr 4-pyridyl-pyridl-niuu chlortdc, e¡,.5)¡-D¡e

actlvity la decreaeed, Dxauin^ation of tl¡e kinetl-ca of th.e re-
versibly L¡¡hibited enz)n¡oe revealed tl¿qt the Ç for acetyl-CoA ls
altered, thu¡ refleotíng that tl¡c bj.nd.J.ag of acetyr-coA may be

affected.

Other Lnvestlgations have revealcd that shccp kidney

pyrnrwate carboxylaÉc pose€aaes a lyelae reeldue r1:osc lntegrity
1e esacntial for enz¡mLc activity (Keech & Farrantr Lg6T).

Mod.lfication of the e¡lu)¡'oe with auLno group reagento such as 1-

fluoro 2r4-dl'nj-tro-benzen€r trinltro-benzene aulphonic acid. etc,
reeulted Ln loes of activLty. ÎÌre abiLity of ttre allostørlc
effectorr aeetyl-CoA, to proteet th.e enzJme againct this i¡rhibition
suggested that the E-¿¡1¡16 group of lyslne may be l_nvolved in tl¡e

enzJflnê-acetyL-CoA lnteractLon.

Ttris brj-ef review of the actLve centres of the blotin
enz¡me hac enabled one perleaps to generallse on their reapective
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reactlve groupr.

(.) ¡, thio]- group is requLred by thoee biotin-cbntalnlag

enz]nne^a uaing an acyl-ester as the COr-acceptor. lhl_s statement

trae only been suspected by inhLbitl-on studieo¡ yet the partial
protectl-on afforded by propionyl-CoA l-n the propJ-onyl-CoA carboxyl-

ase reactlon and tt¡e lack of irrtrl-bitlon sb.own by ttrose e¡1zJnnes

using a keto acld ao an accêptor uolecuJ_e, suggests that thLs

inïribited group may be l-nportant in the reactl-on uechã,nigm.

(U ) ¿ metal ion¡ marr€larreaer has been found Ín avian llver
pyruvate carboxylase and, although all pymvate carboxylaseg do

not contain thls parti-cul,ar metal, prelLmJ.nary invcstJ-grtrons

suggeat that ottrer metal Lons rnay be parù of ttre en:¿Jnne mo.Lecul.es.

î}ris mctal could functl-on at or near the pymvate binding síte¡
but the evidence accumulated eo far requLrec soue further co1-

fl-rmatlon.

(") An interestirrg problemr 88 regards active site investigat-
¿Ctr\èeîñlFg

lons¡ has ariscn 
^ 

the activator gltes cf pyrtrvate carboxyJ-ase.

lhe idcrrtLfl'cation of a lyeLne resLdue qt the effector sfte and

the tentative dcuonetratr-on of a try¡rtophanyl group could mean
Kr'o'^l\ed3ø oç

th^at thc^oPeratlonal functLon of thla eite nray eoon be forthcomlng.
on the other hand, tt ellould be crnphaeised that no knowledge Le

yet avallable on whether th.e two propoeed sltes are l-dentical- as

regards amino acLd uakeup or have Lndivldual. characterlstLce brought

about by a di'esiuil-ar amino acid sequencer
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REA.CTION MECITANTSM¡

--

lrre primsry coz-fLxatlons catalyced by ttre biotin-

containlng enzJrmee are complex reactlone invoJ-vfng ttrree substratea

and tt¡ree products,

Methods of obtalnlng relevant l-nfon¡atLon concernlrrg
''rrCJr¡dè

reaction pattrways -+-+ran f,þs analysls of lnLtJ-al velocity atud.ies

and produet inhl-bltion patte¡ns obtafned from steady state kLnetlc
data. In'additlon¡ inforuatl-on can be obtained by Means of iso-
topie erehange ctudies, For exauple ltazfro g.t_.ål. Ígez) ehowed

thaù proplonyf-cor{ carbo:ryl"ace catalysed an ATp-ADp erchange re-
action vhlch requlred the presênce of Pl-. fn slailar experinents,
ADP wac found to be essentl-sl for ttre ATp-pi exehange reaction.
A special requlrement for tbe ATP-Pi exchange was the preaence of
bfcarbonate Lons. In further expcrimenta, an exchange between

methyJ--mal-onyl-CoA and propionyl-CoA wae also deponstrated.

It should bc noted that the specJ-fleJ.ty of the avLdLn LnlrLbition

tends to rrrle out any Dorx-specific exchanteô conducûed by corr-

tamlnatlng enzJrotes.

on these bases, the partral reaction seçt'ence for
proplonyl-CoÂ carboxylage ïras agsumed to be:

ATP + HCO3-+ E i-å Ð-CO2 + ADP + Pi (r:z)aaa

E-CO, + propionyl-CoA 
=È 

methyJ- malonyl-CoA + Þ ara (r.e)
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the prosence of uragnesluut lons rac sl¡own to be D.ecessary for ttre

ffrst partfal reactl-on (f .7) althougtr not requJ-red for the second

step (f .8). tr\¡rthemor€¡ tl.e fomatl.on of ttre E-COZ cornplex is
inl.ibited by tlle presonce of either p-hydnoxy-¡¡g¡curl--benzoate or

av1clLn.

Lynen g.t-¿L. (f g6f ) ualng 2-mettryl crotonyl-CoA carboxyl-

ase and Seubert S^t-.gL. ígø1-) uslng pymvate carboxylase lsol,ated.

frou¡ Ps,e¡¡douonqa cl-tnonalloJ-l.g presented evl-dence supporting t¡e
fl-rst partial roaêtlon. Since neLther of theee excharrge reactions

l-.e. th.e ÀDP-AîP exchange and ttre ATP-Pi excbange, could. ftrnctlon

wft?rout the presence of added Íntennediatec¿ ttre poesJ-bility of
an intemediate suclt ag ena¡nue-Pi or cnz¡nne-ADP eeemed unlJ-kef.y.

Ho¡,¡everr scn¡tton & utter (ryeS) usJ-ng avlan pynrvate carbo:rylase

could not denonstrate an abeolute requl.reuenü for Pi in ttre .AÐP-

.å.TP exct¡a¡rge reaction. tlee fomation of a phosphorylated-biotin

lnteruedlate h,as been raised and alttrougtr ttre uaJority of evldence

would not favour lüs erletence¡ tt¡ia posslbility ca¡not be dLs-

carded (tynen¡ ]-967). Moreover, the arP-Pi exchange reaction

of propJ,onyl-CoA carbo:<ylaee only proceede at O.Zft tne rate of the

overall fo!'¡rard reactlon and elnce ttre CoA-ester erchange rate is
qulte rapldr it l-c apparent that thoee exe.hanges concer¡iled. l-n the

first partiaL reaction are not workJ-ng at arr expected rate (rarrro

Èt a,1. , Lg6Z) .

T?re occurrence of th.e second. step in ttre reaction sequence
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1.e. ûhe transcarboxylation, wss demonatrated by L¡rnen Êt_BL.

(tgSg). The en:zJrare, 2-uethyl-crotonyl-CoA carboxylâse¡ ïras

l-ncubated wtth 14C-e-r"thy1-glutaconyl-Coá. and non-labetled 2-

netbyJ.-crotonyl-CoA. the latter compound¡ l.€r 2-nethyl-

crotonyl-Co.A., wae then ieolatcd and chosrr to be labcIled,. Ttrere

was no requJ-renent for el-ther Mgz+ or Pi Ln this exchange re-
action. Sl-ml-lar exchanges between propionyl-CoA and uethy].

ualonyl-coA were catalyeed by propJ-ony1-Co.A. carboxyJ-ase (ttatenz

Eg.-€¿,. , L962) (uaf enz & Lane, I-}GL) (frfearran & Sterrro Lg6L)

(f<."tto & Octroar Lg6L) (f("rtro, Ifasar Boyer & Octroar Lg6Z).

The J.eotope exchange betweer, l4c-p5rn:vate and oxaloacetate tras

been demongtrated ln both bacterl.al and avLan pyruvate earboxyl-

asss (Seubert & Re¡¡bergerr L96]-) (scmtton & Utterr t965).

Qrce agaln thece ercbangea are inl¡ibLted by avLdin, p-hydroxy-

mercurl-benzoatcr but not by EDtA, indicati¡rs that thc d.ival,ent

catl-on 1s not rcqulred -for the trsnscarbo:rylatl.orr atep.

MetÏ¡yl ualonyl-CoA s pyruvate carboxyl-transferase

catalyaes two partlal reactLons, one betwecn the coA-6g¿srs mettryl

ualonyl-CoÂ and proplonyl-CoA and tbe othcr, between the respectLve

keto acids; pyruvate and oxaroacetate (uooa & stJernholm, Lg66).

As expected¡ bottr these exchanges proceed. in the absence of ad.ditlon_

a]. substrates.

-A'dditional inforuation øupporting the propoeed reaction
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mech.anlsm was obtal-ned by Kaziro g!-EL. îg6Z) wtr.en they tn-

1"8vestigated'"O-exchange reactlons. Píg heart propLoayl-CoA

carbonylase was asaayed ln ttre presence of eitþe" t8O-HrO or

l8o-N"Hcor. It wae obeerved that the oxyg:en incorporated drrring

tl.e cleavage of AÎ|P is derived. fro¡a the HCO2- ion¡ one
J

blcarbonate oxygen atom appearine ln ttre liberated Pi and two

atoms in the free carboxyl group of metbyL malonyl-CoA. thus

ttre bicarbonate oxygen ís lncorporated into the ll-berated Pt

during ATP c1-eavage. Ttrese results su€gest tt¡at the formatlon

of the CO"-ertzywe complex rnay proceed by a rrconcertedrr meehanism.

Kaziro gl!-é1, îgeZ) also suggested frorn this experiment that

bicarbonate rattrer ttran free carbon dl-oxide ie tl.e actlve species

in ttre carboxylaae reactlon.

Additional factore wtrich have to be taken into coru¡lder-

atlon ln consldering the reaction pechanism of proplonyl-CoA

carboxylase are the roles of the varlous uetal ione. The reports

of Neujatrr & Hietry (tg6z) ana Neujahr & Mistry (tg6l) tnat the

activlty of rat liver uitochondrlal propionyl-CoA carboxylase

could lre stl-mulated by the å¡L-$Lg.Eg, additlon of a supernatant

fraction f'¡.'om liver wl-ich had ll-ttle or no enzymic activJ.ty pÊÊ-€.Er

eventually resulted in the id.entlflcati-on of K+ as the stJ-mulating

factor. Althougtr not as uarked, the actlvation of crystalLine

pig Ìreart propJ-onyl-CoA carboxylaee by potassluu and oth.er unívalent

catíons was algo obeerr¡ed (Neujahr & Mistry, L963b an<l 1963).
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More recently (Gtorgto & Plaut, Lg6Z ) demonetrated a

el-mil-ar stJ-mulation of purl-fied bovlne liwer proplonyl-CoA

carboxylase whlch suggested thaü tbe actlvrty of propl-onyl-coA

carboxylases from several sourceË can be affectod by ttre presenc€

of univalent catLons,

In additl"on to the stluul-atlon of enz¡mlc aetivity by

unlvalent catJ-ons, a

the bl-otJ.n enz)mes, except

also been essentLal

ttre uethyl rnalonyl-

carboxyl transferâEê¡ requLre th.e presence of a

d.lval-ent caùJ-on9 in uost cases, Mg"*, al-though Mn2+ can occasl-on-

for actlvlty.

CoA' : pyruvate

suggest that Þlg

wLttr ATP4- s¡¡¿

ally be substl,tuted.

vestigated the role of

A]-l-

ttrus

and have postulated BoEtê lnterestlng theoriea. For example, tlrey
2+

Recently Kaech & Barritt (1-gAZ ) Uave 1n-

¡lg2* in tlre pyruvate carboxylase reaction

has two eeparate functLone¡ firatJ.y, to couplex

fonn the trrre eubatrate, MgATP2-, and sec.ondly,

to activate ttre enzyme as the free metal .' Furthe¡tore, tlle

complex to the enãyme does not followaddiü1on of tt¡e ^MgATP-

classical Mictraells-Menten klnetlcs but exhibl-ts a homotropic co-

operatl-ve effoct. That is, prots of velocJ-ty as a fìrnction of

M8ATPZ- concentratlon resu.Lt in sl6molda1 currreg. hlhen free

Mg2n iE presentr ¡rorfital h54>erbollc curvee are obtalned, whlch rcoul-d.

indicate ttrat no co-opêrâtivity now exlsts between the MgATPZ-

sl-tes, Moreover, w2* causes a decrease 1n the n value obtaLnecl

from the Ht1l equatlon wtrich lras been usred to indicate el-ther tlre
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nupber of sitce or th€ etrerrgütr of ûÌre interaction bstween the6e

sLtes. thcce resultc suggeat that ltg2* can actlvate pynrvate

carboxylase eLther by actf.ng at a epocLflc sl-te or perhaper act-

ing at orre of ttre laS¡fPZ- slte¡.

Recently Greenspan & Lowen¡teLn (l-gee) nave chown tl-at

the dtvalent uetal l-on ean l¡ave LnterestLng effeots on the

actlvlty of rat lLver acetyl-CoA carbo:ryL83ê¡ TbLs cnzJnne l-e

actlvated etrongly by incubation rj,ttr Mg-Z*, although naxlmuu

actJ-vJ.ty ls onl.y obtalned after a 2O-3O rnln. lncubatl-on. Tb.e

presence of cJ-trate¡ a1.though not required for ttre prclncubation,

ie nececsary for the cornplete reaotlon. ltre addltion of ATP to

the prelncubation mixture canrðcE a decréacc l-n acctyl-CoA carboxyl-

ase actl-vlty¡ h,owever, tbi.c i.ntrlbLtlon l-a not due to tbe ctrelatl.on

of th.e ¡timulatory Mgz+. thcae authore håvc ou6gcotcd thet certaln

fomc of acctyl-CoA carboxy].ace exl.st r'lrl-ch arê co¡ryortcd fro¡¡ one

to another by the addltlon of Þfgz+, ATP4- or citrateo

ïn eurnuarl-zLngr ttre propoced uech¡nlgn descrfbcd l-n

equatlons (t.7 & 1.8) docs not fl.t all- tbe avallable evidencc.

For exarnpler the erchangee¡ especlally the ATP-ADP and ATP-Pi ex-

ctrange reaetloncr do not proceed at a rate couparable to the over-

aLl forrsard reaction. ÎÌrie hac bcen explaincd by ttre argument

that ATP azrd ADP nay be competl-ng for tb,e aane gitea and tbus Ln-

hibJ-tJ-ng thc exctrange reactlon. Sl"neo thc ott¡cr exchange reaction

i.ê. l-n thc proplonyl-CoA carboxylaee reactl.onn the propionyl-



30.

CoA : methyl nalonyl-CoA exclrangc 1e qulte raptdr it could be

sald that ttre .A'ÎP-Pi alrd ATP-AÐP exeharrges are the rate

determfning stepc. Iu vJ-ew of the rork of Ëcech & Barrltt (tg67)

ared Grcencpaa & Lorero.steÍn (rySe) vhl-ch, revealed thst free u¡etal

eould play a ¡urt lrr tlre errz¡nnie actLvity¡ a æle must be made

for ùhfc ln tho roÊctiorr aêquemco. Fì¡rtJref,irorer the double sLte

postuJ-ated for !IgATP2-¡ could tndlcato that an activator ¡lte

and a catalytlc cite could be operating wbLch nay aleo auggeat

that differcnt l-nteruedf-ary forua of tlto EnZyü€-rubstrate and

free snz!'oe uay cxltt.

It vttt be our endeavour to place some neanLng on

aeveraL of tt¡,ece cenf\rclng l.aauee and, pert¡aps al.d ln el-ucldatlng

a more precl.ae reactl,on nechanl.su for tho biotJ.n group of enzJrn€s.
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OÜÁ.TERNARY STRUCIT]RE :

Manï elrzJflrlos have been 6hOy¡A tO be composed of a number

of sub-unl-ts, incleed, it now appears thât mostt l.f not al-l

enzJnÍes with uolecular weights greaten than IOTOOO ¿rs colTlposed

of suctt sub-unlts. Some of ttrese enz)mes have been shown to

exhibít a diesociation-association behaviour ln regporrse to

certain low molecular wetght coupounds. It has been suggested

that these substancets control enz)/-Eíc actl-vity by this manipulat-

lon of the protel-n quaternaqr gtrr¡cture. Thl-s sltuatlon may

exist in the bLotln-containlrrg €nzJmesr slnce the actlvatfon of

the pyruvate carboxylase by acetyl-CoA (Barrlttr 9!-ê!.r L966),

the houotropl.c eo-oPeratLve effect by MgATP2- d'tsplayed in eheep

kJ-dney pymvate carboxylase (Keech & Barritü¡ L967 ) attd the

actLvatlon of aeetyl-CoA carboxyl-ase by citrate (Vagelos, Alberts

& Martin, L963) could be medLated by a disgociatlon-aseoclatlon

procese. Ttre evldence favouring tÏ¡is idea w111 be presented in

ttre following paragraphs.

ltre bLotin group of enz¡rmee have moleeular weigtrts

approachirrg fOOTOOO, and contal-n up to 4 molesulee of bLotin per

molecule of enz¡rrnê. Thereforer l-t seeure lJ-kcly that these

errzJnaes may oorrslet of four strb-unl-tsr wfth uolec'uLar weigtrts of

of b1otl'n (K.ol-ro, E!-.4.. r175rOOO, eaeh contal,ning orre molecule

l96L; Uood¡ All-en¡ StJernholu & Jacobson¡ L9631 Hiures g.Ê-éL. r

îhie concept gaineda963; Scrutton & Utter, L965 (") & (u)).
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support frou the vork of l(azl-ro g!--g!. ¡ (fp6f ) who used

crystalline propl-onyl-CoA earboxylaee. ÍTrey shoued tlrat on

ultra-centrJ-frrgatlonr the natLve enzJ¡utè sedinented. ag a slngle

peak wLth a sediuentatlon coeffl-cient of lp./S. lreatment with

J.OII-u¡ss caueed ttre proteLn to sedLment wlth a coefficLent of

2.65. TtrJ-s suggested a dissociatiou of the erru¡me molecr¡le into

a nuuber of sub-units of equal eLze. Ilor,lever, thl.s process led

to tl-e l-rrevereitrle lnactl-vation of th.e enzJme.

Other factors wtrictr favour the ldea of dLssocl.ation-

assocLation behavl-our are the stiuuJ-atlon of activity of acetyl-

CoA cart¡oxylase by dicarboxylic aclds and the stJ-mul-atJ-on of

activity of yeast pymvate carboxylase by aeetyl-CoA. the

recent obeervatlone on ttre allosterlc control of enz¡mic activity

by smal1 ligands otlrer than the normal substrates and the

medlatlon of these effects by conforuatLonal changee J.n tl¡e

proüein, bave camsed irrvestigators to predfct that the above

errzJmec are under allosteric control. Ïh.ese predictions are

fast becoml-ng realleed and the pertlnent inforwratLon will be

sumnnarised Ln the foJ-I-owl-ng pagèc.

(1 ) Acetvl-CoA Carboxvt-ase

Ttre actl-vation of acetyl-CoA carborryla"se by eltrate and

isocl-trate has been studLed by Vagel-os g.t--el. (tg63)t Martl-n &

Vag:elos (l-g6Z); I{aite & liakLl (tg6l) an¿ Matsu¡aehl et al , (t964).
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lbe stluulatlon of actLvlty of ttre enã)rue isolated from adipose

tl_ssue l-¡ Z3-¡oLd,. Prelncubatl-on @f ttrio 6rtzy-Ee wl-tl¡ cl-trate

for JO uÍn" åt 3Oo uaa uecêcËarJ¡ for optLnal" actlvatlon; actLvat-

ion dld'not occur if the preincubation nag carrled out at oo.

Ïae actLvatlon Proêess

Vagelos 9.t-3L. , (tg63\

could be reversed by romovl-ng ttre cltrate.

Vagelos, Alberts & Martinr Gg6Z), shoved

ttrat slgnificant aI-teratLon¡ ln ttre sedimantation ctraracterlstl-cs

of t1 e enzJme uerê obsenred durlrog the prefncubation wLth el-trate.

In the absence of citrate, the enu)me h^ad a eedLuentation co-

effl-cient of 18.9Sr whil-st after pfel-ncubatlon wLth cl'trate f t

increased to 43.55, corresporrdf.ng to a 3-fo1d lncreaEe l.n molecular

weígtrt of the enuyme' This euggeeted that a polymerization of

sub-unlts was takl-ng plaee.

An acetyl-CoA carboxyl.ace frou ctricken l.lver (Gregol-in

ÊL3L. , 1966) tras been found to reseubl-e the other blotl-n enz]rues

¡yíth regard to enz¡rø1c characterictles ærdbtotin content.

Hou'ever¡ the enzyme isolated in phosphate buffer has a molecr¡lar

weight approactring 8 mLll1on. Ttre strtcture ofthe enzyrre ag

seen Ln tl¡e e]-ectron microscope 1s of a fllauentouc typer whicÌ¡

can be dlgsocLated l-nto small sub-units ylth concomltant loss of

activlty. lhe errzJnüe can be reaseocfated in tlre presence of

ísocltrate and other carboxyllc acide. ÎIte uolectrlar weJ-gtrt of

tl.e sub-unlt Is approx. I+OO, OOO and the biotin content corresponds

to one mo1ecule of bLotLn Per eub-unit.

In the prlaseuce of ttre asrsay mixtr¡rer ttÞ smaller form
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of ttre enz)rure predominate¡ and the factor responsfble for tÌ¡is

change l-s MgATP. Mal-onyl-CoA can aleo eaua€ thig dl-saociatíon

and J-t was cpeculated by the authors th^at the ilcarboxylatedrl

enø¡rue haa a greater tendency to dLasociate ttran the rruncarboxyJ--

atedrr fo¡u. The addJ-tl-on of J-socJ-trate to the agsay mixture

gtves rlse to tt¡e larger gtrrrcture r¡bettrrE¡ MgATP or nalonyl-CoA

is present or not and this c¡beervatJ-on Í's supported by the fact

that Laocltrate 1ø a competitive ir¡hl.bitor of the enzyme wittr

respect to malonyl-CoA, r\lth.ough certain subatrates can promote

tl e dissoeiation, eertain factors suct¡ as pH or preaênce of

certaln salta can also effeet tt¡eoe changea'

However¡ acetyl-CoA carboxylace f¡.ou yeast 1e not

etl-mulated by cltrate (t'tatauUashL &, L¡rnen¡

that ttre activat.3-on proceas 1s not general

carboxylâEos r

J-964) and. so it appears

for all acetyl-CoÂ

(2 ) hruvate Carborr]-ase

l}le allooteric actl.vatlon of enz¡mes by an actlvating

compound J.n some casee 1s ned.iated by sl-gzrificant cor¡fomatj-on

alteratLori.s ¡ In th.e Brevlorrs sectLon, eviderrce !ùao presented

for a dl"ssoclatíon-aaeocLstLon betravlour prouoted by cltrate.

Slnco pynrvate carborgrlase t¡as a large uoLecular weight, is

allosterica.lI.y acti¡¡ated by acetyl-CoA, 1t could be ercpected that

eorrformatJ-onal clranges may be takíng place. The evidence for

this aseunptlon w1"11 be preserrted in the followin€i paragraphs.
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Tbe avian pynrvate carboxylaac ic co1d labile (Scnrtton

& Utter L965a), irêr ís stable at rloon temperaturo but rapLdly

inactÍvated below 1Oo. Proteetion agalnet cold l-nactivation

ie afforded by high protein and. salt coneentratlong or by the

preserrce of acetyl-CoA. ReactLvatlon ean be effEcted by J-n-

cubation of tlre erur¡rme at roor¡ tcmperature and. this prrocess'1.s

stituLated by MgATP. Acetyl-CoA affordc al-mosü conplete pro-

tection agal-nat cold J-abilJ-ty al-thougl. the cold. lnactivated

eruzlmè can atl-ll. catalyee the .{DP-ATP excrhantc reactlon¡ indLcat-

ing that not all the actlve gitcc ltavc been affectod. lhis col-d

Lnactlvatl.on process ls accou¡panlcd by a ch,ange in aed{ Eentation

coeffioient from 15S to 7.55 prosumebly due ùo lablllzation of

bonds involved 1n naintaining quaterrrary ctntrcture. Howev@r,

aeeùyl-CoA l-n tlre presence or absence of the other reaction

couponontc has no signl-fl-cant effect on th.e gediuentatlon pro-

pertiea of pyruvate carboxyJ-aae .

Avldln l-nlrJ-bJ.tLon trae been used succeosfirJ-ly to identlf]

biotl-n-contal.ning enzJmes (It"rrrrtt & Iterlsilanr 1950 ). In the

specl.al case of pyrruvate carborylase, the lrihibLtion by avidin

1s íncreased by tÌre preaencê of acetyl-CoA but decreased by the

preincubatl-on of tt¡e enz)ÍEe wl-th ATP, ADP or 5tAlIP (Scn¡tton &

Utter¡ L965, Scrutton & Utter¡ L967). ltrecc rcaulte could

cuggest that dl-fferent conforoatLons exlct in the presence of

certal.n subgtratcs thuc affecting thc degree of Lnh.tbLtion by

avidin.
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El-ectron microecopy of pyrrrvate carboxyJ.ase isolated

from chicken ll-ver rlemonetrated that tïre enzJrorê molecules are

arranged ae tetramers with the four eub-units orl-entated at the

cornerc of squares (Valentine, I{rigleyr Soruttonr Irias & Utterr

L966). T?re h¡rpottresle that the tetramer fo¡m is the catalytic-

ally active epecles Ls supported by gedis¡entatlon analyei.s.

Oo1d J.abJ-Li-ty of ttro enzlme resulte l.n a dlssocLation of ttre

poLymer lnto ruono¡neric sub-unitsr but the errz¡me can regaLn

catalytlc activity and reatoratl-on of tl.e aggregated en ¿Jme as

ty¡rJ-fied by ultra-ce¡rtrifirgation, el-ectron microceopy and

enzywJ-c asaay. The molecular wel-ght of tl¡e eÌrzJrnre, as calculated

by measure¡nent of the dlameter of' tte eub-un1ts in the tetraner¡

agrees sell with the value obtained by sedlme¡ntati-on studies.

the electron micrographs of the yeact pyrrrvate carboxyl-

ase vatT¡ sLgnJ-fJ-cantly frou the eruz¡mes obtalned from chieken

and calf Ll-ver (Utter, Lg67). Thl-s obeerrratlon togettrer wl-th

th.eir different aensitlvitles to acyL-CoAr e would indlcate that

the yeaat and maumallan eru¡Jmes Eay have dl-fferent stnrctures.

fncidentally, intrl-bitore of the anl-mal enzJnnes such. ae uethyl

malonyl-CoA and benzoyl-CoA are as good as acetyl-CoA for activat-

lng the yeast errzJ¡me and thie becomes Lnterestlng physlologlcally.
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A]MS OF lHE PROJECT

-

a

My f'J.ret aim was to investigaùe ttre actlve centres

of propionyl-CoA carboxylase in order to provlde proof of the

functlonal. r'oles of certal-n amino aclds at these areas. ÏtI

particular, a reactÍve thiol- residue which trad been suggested

by other workers to be essential for actLv:-ty, !ùas re-examined

wl-th a vJ-ew to establ-3-shing its function in the reaction

rnechanism,

Anottrer parameter that required Lnvestigation was

ttre stiuul-atlon of enzymic actlvl-ty by unlwalent cations.

Since other enzJrmes of tt¡is group slaord unusual eonfo¡:rr¡atl-onal

betravlour in response to certain l-igalde, l-t could be expected

fl.at such changes malr accoupalry thi-s actl-vation. Certain

methods of detecttng confomational. changea were exauined to

test thl-s h¡4rotheof.s.

fhe roleE of lfgz* and IþATP2- t""" also inveøtigated

eince the ftndings of l(eech & Barritt (tg6Z ) urust be eupported.

with evldence from other mernbers of the group to be accepted as

part ot' the reactlon ¡rechanl-sm of all biotin-contalnfng enz)rmes.

F\rrthermorer 1t was hoped to el-ucl-date ttre role of the modLfier

site in ttre reaction sequence.

Finally, initia1 velocity data uas ueed as a tool to
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reaction mechau.ism. Overall

aLme<i at explicl-tl-Y defl-nJ-ng

this

ttrosekinetic

areas on

lnvestLgatlon was

the proteln r¡here the aubstrates are bound and

eventually catalYsed.
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MATERI.ALS AND MDTTIODS
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MATRIALS:

(r)

(a) W (uo 5o) loac a Uhatuan produot. Before

use it was waghed wLth LN-NaOHr IN-HCI- and fl-nall-y wl"th dl-still-ed

uater untll frce of cÏrlorlde l-ons.

(b) CalcLpF nhosllhåte was prepared by thc u¡ettrod of Kelli,n

&.ÉIartree (fgfg), washed th.oroughly with water and flnally süored

at 40 Ln O.o2M-phosphate buffer¡ pH 6.J.

(") Protarnlne euJ.ot¡ate (rror saluon spelrtr) wae obtalned from

Nutritiona1 Biochemical- Cor?. Clevcland¡ Ot¡io U.S.A. Aqueous

golutl-ona (t# t/o) were prepared arrd adJucted to pH 6.5 wtth

LM-¿p1t bagc Juct prior to uee. All prcparatlona had to be teeted

before uge slnoc not all campl-ee were gatlefactotyr

(a) Ptg¡ ttearts were obtained fron tJre Metropoll-tan Dxport &

Abattoirs Board and packed l-n l-ce untLl. requl.rcd.

(e) Etbvlgno dl.anlnc tetrq-¡cetic-ae1¿.,(EDTA) rae obtained

from Brl.ttgh Dnrg Houseo. The solutLons were madc up Ln glacs

dl-stLlled water, noutraLizod wl.tl¡ LN-NaOHr dlluted to O.lM and

stored at I¡o.

(f) @ nas obtalned from Slgua Ohemieal Co.

St. Loul-g Mo. U.S.A. Solutlonc (O.ft'l) were pre¡rared and

neutralized wl,th l-M-tris ba¡e l-mnedl-ateIy before use.

(g) Aur¡onLuu ¡ulnhate. .Ammonl-urn sulphate A.R. (By proôrets

and Cheul,oal Pty. Ltd. AustralLa) waa purJ-fied by two recrystallts-

aüione fron fo-4tu-um¡ in glaes dl-stLlled water.

(n) trrs. sJ-guna trie 7-g (srgara chml-cal Co.) was re-
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crysùallLsed. twLce frlam 8J$ k/u) ethanol by t}-e mettrod of

Suttrerland. & Ifosilal-t (]-956).

(i ) Hrosphate buffers were prepared frorr 1M-K2HPO4 and

1M-KII2PO&.

(¡ ) Dialvel-s membrane of all eLzes was supplied by ttre Vi.eking

Co.; Dl-vl-eion of Union CarbLde Corlporatlon¡ Chicago fl]-lnois¡

U.S.A¡ ârrd washed Ln EÐtA at least once before uslng.

(t) trts-xcr Uurferc. Solutions of trLs prepared. frou

purifled tris base were adJusted to the approprlate pH using freslr-

J-y dlstÍLled constant bolling HCI. îhe pH of these buffers wae

ueasured. at 4o slnce the teuperature ooefflclent for tris buffers

is quite eignif1cant.

(z)

(a) Aaenosine trinhosr¡hate (ÂTP). hrrohaeed from ¿¡6 Sigura

Ch,emical Co. Solutiong uere adJusted to pH 7.O wtth lM-tris

base. Metal-free ATP soJ-utione were prepared using catlon resins

and are descrlbed in a later section.

(U) Pota¡al,uu cþJ.oride lKClì. ltrís compound was obtaLned

frorn M"y & Baker Ltd., Eregland.

(") Preoaration of l4c-N.Hcoo. 14c-co^ ,"" prepared from

14
C-BaCO, (fft" Radiochemica1 Centrer Amereham, Bucks.) ar¡d 7ÍL

(v/v) perchloric acid and dtstLl-l.ed under vacuo at room temperatürê¡

th" 14C-CO, waa abeorbed by an equJ,valent auount of sodLu¡r trydroxl,d.e

dlssoLved 1n glass dlstil-led water from rúrlch all COa had been
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expelled by boiling. A trace of phenol-phtl.alein in tbe sodlum

tryd.roxide fndicated that the reactlon had gone to coupletion.

îthe diettllation flask waÉ warued slightLy to engure complete

liberation of thc-coz. The soLutlon or l4c-r¡aH0o, was diluted

to approxLuately 5opcr p€f urlr and adJueted to o.2M-NaHCO, by

addition of solid NaIICO3.

The actual speclfic activlty of the l4C-¡l"IIco3 sol-utlon

wag deterulned by dil-ution ía trie-Hclr buffer pH 8.O. Al-iquots

of tbis soLution rere spotted onto l{haùman 3 MM e}¡rornatography

paper squares (ru x 1n) prevlously uol-etened sl-tl¡ lfi (v/v) tarluur

ch-Loride aol-ution. After drylrrg, the squares rtrere counted by

a 1iquid acLntillatlon procedure 1n a Packard Scintillatlon

Spectrometer.

(¿) Masrreelum chloride (¡lecf ^). t'lgclz. 6Hzo nae Purchaced

frou Mây & Baker Ltd., Ebgland and the concentratLon of the

aqueouÉr solr¡tion dcterrolned by couplexouetrLc titratlon using the

1¡rdlcator Solochrorno Bl-ack 68 (Vogel., Lg6L).

(" ) P."o"rrtioo .r"d otrriflc.tio'" of o"soiotn,'l-CoA.

Propionyl-CoA ïan prepared frou Coenz¡me A (Con ) (Sfæa Ctremlcal

Co.) by a uodlflcatLon of tt¡e uethod of Simon & Sheuin (tg5Z).

CoA (35te. ) *as dlssolved in glase dJ.stLl-led water

(o.5rt. ), and a drop of bromoth¡moI blue lrrdicator added. The

solutl-on vaa kept in lce. To ensure ttrat the CoA wa¡ l-n the
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fully reduced forrn¡ a soJ-utlon of sodiuu borotrydride in water

was added slowly untll the CoA solution wae approximately pH J.O'

After standing for 2 min.¡ the solution was acldified wittr

constant boill-ng HCl to destroy the excesr¡ sodium borotrydride

and then adJusted wtth LM-trís base to pH 8.O and allowed to

stand for a furttrer J mln. at oo. Propl-ontc arrhydride (o.o5utf .)

rta€i then added and after J rulnr at oo' the pH was adJueted' to

pH 6.0 and tfue eolutLon kept frozen at -15o. The propionic

antrydrtde used above was purifled by dlstíllation and stored in

O.lmJ.o euantities in sealed ampoules.

The cnrde propÍonyl-CoA solutlon was purJ-fled by

ascending chromatography orr an acld-vtasl.ed Whatrnan 3 MM paper¡

using the solvent systeu ísobutyric acid-watêr-corrc' NH4OH

(ee ¿n:1 by vol. ) adJusted to pH 3.8 contaínlng fO-fo-EDTA

(zetteqetrou & Ljunggren¡ L|SL). The band of propionyl-CoA was

located by its absorption under ultra viol-et l1ght and eluted

wlth to-5tu-eof*, pH f .o. Îlre preeence of proptonyl-CoA was

verl-fied by activatlon of the pyrrrvlc carboxylase reactlon.

fts concentration was detemined by ureasurLng the extinction at

259rntt.

(¡) Matanl a 1c rrearl {r,l +h + I fæaa 6 ¡-.rJ ^-

(a) N-etbvl morntrolLne. N-ethyl norphollne (Eastman

Org;anÍc Chemlca].s¡ U.S.A.) was purifJ-ed. by d.ietilJ.ation und.er

reduced pressure at 33o. The buffers were prepared by welghJ-ng
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the appropriate asrount of N-ethyl morpholine and adJustlng the

pH of the varloua sol-utions wtth conctant boill-ng HCI-.

(u) .

ATP y¿s purchased from Pabgt LaboratorLea and purJ.fled

as fol]-ows. AfP (66 -6.) w"s dl-ssolved Ln water (e tf .) ad,

tl¡e neutralLsed eolution added to a Dowex.AG f x I (fOO-eOO rnesh)

colrmrn, 24q:m. x I .2cú., rt¡lch had prcvl-ously been uashed with

2N-HC1¡ 2N-l{aOH arrd ftnalJ.y JM-codiuu fortate to convert lt to

the fonaate form. AI'4P a¡rd ADP uere eluted wtth 8Om1. of

O,4M-a¡monium fonnate at pH 4.3. Tb.e ATP wae eluted wLtb. lOful.

of N*HCI and eollected. 1n lful. fractlons at Oo. Íb.e nucleotide

content of eact¡ fractLon waa deteruined by measurLng ttre extinct-

ion at z|Çrnlt. 1b.e fraetionc contal-ning ATP vêre coubl-ned and

added to 3 voJ-. oî 95ft G/v) ethanol contalnlng saturated F,aTz

(o.5 ¡n1.) at oo wÍtb. etlrrlng. After cta¡rdLng at oo for Jo mln.

the preelpJ-tate of Ba.ATPZ' t^, collected by centrifuglngr wast¡ed

euccessl-ve1y wl,ttr ethanolr acetone and ether then drled Ln a

dessLcator.

ÎLe dry BaATPZ- was converted to ttre N-ethyl-urorph.oline

aaLt by stJ-rrlng a¡r aqueous suapensLon vJ.th beads of the lon

exchange resin Zeo Carb 225 (N-etnyf -uoqptroline fo¡m ) for 3o uin.

at oo. To ênsure complete reuovaL of Baz+, ttre eolution ¡cas

final.ly parced down a emal-I. coluwn of the saue resin. lhe

purity of the .û.TP ¡olution uae deteruJ'ned by aacemding paper
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chronatography usJ.ng the aolvent systcu isobutyrLc aCld-water-

eonc; NIr4oH (66233rt, by vol. ) (zetteretrou e LJunggren' 195I).

Tþe concentratlon of tT¡e eolutíon vas deterr¡lned by meaaurlng

ttre extl-nctl-on at 259rr1 and uelng a value of 1.54 x tO4 for Dr

ttre ¡rolar extinctíon coefflcÍ.ent (Boclc, Língr Morcll & Lipton¡

tg56).

(.') .

Reduced glutattriono waa dis¿olved 1n glaso distllled

water and neutralieed to pH 7.O with l{-ethy1 morptroline base.

(d) N-ethvl uorThoLine blcarbonate.

N-cttryl uorpbo1ltre was weiglred a¡rd crt ssolved in an

approprlate volurne of gJ-aoc dJ.¡tJ-l1ed water. Carbon dioxlde

was bubbLcd Èhrough the cslution under prGtsure until pH 8.O

was obtalned. This solution waa ua€d to adJuet the nol-arity of

tne 14c-l,I-ethyl morpho].J.ne bl-carbonate ¡ol-ution prepared below.

14(.) C-N-ethy]. uorphol l-ne bl-carbonate.

Inetead of dlsttl-ling the 14C-CO" into sodium hydroxide

as descrt-bed 1n section e(c) for tt¡e preparatlon of l4c-sodium

bicarbonate¡ t¡c l4C-COa wac trapped by N-ettryl morphol1neo

l'he solutlon was adjusted to O.2M by additl- n of concentrated

N-ethyJ. nor¡ptrollne bicarbonate prepar€d Ln l(a).

(f) h¡re uasnesium cbloride. SpeetroccopfcalJ.y pure

magnesium metal obtained frou Hilger & Watts Ltd., England was
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dLseolved in lN constant boilíng HCl. Ttre aolutlon waa

evaporated to dr¡rnees under reduced pressure. Îb€ solld rilas

diesoLved Ln waùer and evaporated to dr¡rnesc. thl-e pnocess

rdas repeated several tlmes to erraurê complete removal of excess

HCL. Aqueoua solutLona were prepared l.n glaos-dletl-lled water

and ttrelr colr'cerrtratlon d,stemined as descrtbed ln section (Z) (¿).

(t+ ) Motar{ ql - ¡-¡"{saá fa- ^---Àl 
-

(") ln x J.n squares of JMM l{hatrnan fl-lùer paper uere used

to absorb the radfoactive material.

(U) sctntttlation ftu:.¿. The Packard Instnrment Co.r

flJ-inoie¡ U.S,A. aupplied. PPO (2, ! diphenyl oxazole) and d.iurethyJ-

POPOP, (f r4-Uf.-2(4-nethyl-J-phenyl-oxazoylyl )-benzene ). these

compounds uero dissolved in sulplrur-free toluene (nrttfsn Dr¡ig

Houses Ltd.. Pooler Erng-Land)¡ accordlng to tJre method. of Bousqueü

& Ctrrigtian (rgeo).

(¡) Mqtar.'l a1 s { ¡azl fnr lh{ al ffir!ñ { ^-¿¿ --åJ ^-

(a) N-ethvl qaleinl.de. thie l-r¡hl-bLtor uas obtaJ"ned. from

Sigma Cheul-cal Co.r St. Louier Misaourl¡ II.S.A. Thfs solution

was prcpared Juct prior to ugc slnce thi¡ coupound wae found to be

unstable ecpecial-Ly at high pH valuea.

(u) 14c-N-"thy1 rnaleimide was obtained dLsrolved tn 5glÁ

etlrano]- frorn Sclrrarz Bioreaearch, ftr.r N.Y.r If"S.A. the solutl-on
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vaÊr €vaporatcd to dr¡meao under vacuo and then dlcælved 1n ttre

approprLate buffer Ëolutlon. Radloactlve N-ethyl ualelmide

was 9?* p'rê a6 certLfled by the naaufacturera baaed on paper

chr,omatograpby anal-yala and waa used wl,tbout fi¡rther purlflcation.

(") o

N-ethyl ualeLmide reacts uLth cyatelne to ylel-d a couplex¡

s- (t-etnyL-2rJ-d.ioxopyrrolLdfna-}-yL)L-cyetelnc¡ (srnytn,

Blr¡mer¡fe1d & KonJ-gcbergr Lg64't. Coupound (r).

HO CH . S. CH.

ffie

clf . cHz. s. cH. cHz

HOzc co2H

HO
fz
cH.ac' zc'2

Corupound 1

CH
2

a

co
a

aa

co
a

N
a

c zE5
Compound 2

(a) S-(1.e-dl-carboxï-ethv1ì-L-cwgtetnq. The above chemical

("ompo.tnd 1) wTren hydroJ-yeert wLth 6N HCI- fot 72 ttr. 1a converted

i¡rto S-(1, 2-dJ-carboxy-ethyl )-t -.""teine (eotpotrttd 2) and

ethy]-amine. S-(1r2-dicarboxy-Êthyf )-L-eyetelne waa prêpared

from mE1eic anhydrf.de and cyatelne aecording to tbe met'hod of

Suryth 3.t--r!. (1-g6t+).
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METHODS:

(1 ) Protein deterrin"atiop

For tbe puryose of fol-lorlrrg ttre elutlon of proteJ-n

from DD/[.8-ce1lu1oge co]-uuns¡ protein was determined by measurLng

tl.e extlnetlong of tho eo1utioas l.n lcu. quartz cuvettes at

28fup. (L"yt", 1957). lhiE technl-qu€ was used because 1t

provlded a qul"ek and gensftive mettrod and can be used for the

ueasurenent of proteJ-res in solutlou contaJ.nlng l-arge quantltJ-ea

of l-norgani.c salts. Tilhero an estinate of tlre proteJ-n concentrat-

l-on waa required for ttre egtiuatl-on of the speeiflc actl-vLty of

the enz¡rme in a preparatíonr the uethod of LowrTr Roaeborougtr

Farr & Randall (]-g1t) r¿as uaed. Eovine cerum albuuen was used

as the stanrrard proteln.

(2) ProeÍonvl-CoA, carbo:nrlaee asgav

For the purlfieatio¡¡ of tbe €rrzJmer enz¡nmic actLvlty

uaa üreacured by a uodifl.cation of tlre radLoactlve laotoplc

ueth.od, of Kaziro & osþes (f9óf ). The reaction mixture¡ (tot.f

volurne O.5o1. ) contalned in ¡tmoLer¡ trLs-IICI buffer¡ pH 8.O,

too; ATP, L.5¡ Mg0l2r 3.o¡ prôpionyf-coA, o.5¡ l4c-u"Uco,

5.o, (z.o x to5 cpn per ¡rnole)¡ Kclr 4.o¡ reduced glutathlone,

O.25| thc reactton uixtures wêre Lncubated for I-J mJ-n. at JOo

a¡rd. the reactl-on ctopped. wLth O.zml, of 1OÉ trfchJ-oro-acetic

acid. After tl.e solutl-ons were treated w{th aoJ.J-d CO, to
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displace frec t4c-coar centrifuged to renové denatured protøin¡

all,quotc of the cupernaüant were counted for radlo-actLvitY¡

The countl-ng tectrnique wal a uodLfl-cation of th.e method

of ÌJang & Joncs (tglg) ror the wea¡ureuent of l4c-"ompounds on

paper dl-acc usl.ng eclntl-llatl"on countJ.ng. AlJ.quota of the

reactj,on ralxturcr O.OJul¡ T€fê applled l,n trJ.pl-lcate to the

dlsce usl'ng an Agla mlcro-aYrlnga. the di¡cs rúere drled at

LOOo fon J ml.n. and then pl-aeed fnto toluene phosph.or contal-ned

in 3n1.. aclntl-llatlon vLal¡. All sauplcs uere counted twice

and ühe re¡u1t¡ were averaged Ln order to avoLd. coøplJ-cations

due to tlre georactry of üT¡e discs. Any sauple not countlng LOOfi

above the control wae dl,gcarded. Reactton ulxturcs counted 1n

this nanrler ehowed hl-gh reproducfbf-lLtyr were not affected by

quenchJ.ng problema ar¡d aLl-owed recovory of ccl.ntll.Lation fJ.uld

and via]-c wltbout radio-active contauinstloa.

(s)

PropÍonyl-coA carborrylace (rfug. of sp¡ âct. J.o) wae

dLalysed agalnet O.OzM-tris-HOlr pH 7.5t contaJ.ning I x 1O-3-Eü[A

and 5 x tO-5U-glutathLone for 2 int. 1Ïre proteLn waa l.nsubated.

at 22o with I x 1o-4M-1&c-N-etlryl ¡ralctnLde contal.ned, in a

voh¡me of O.Jrnl. of O.O5M-¿¡1g-HC1 buffer¡ pH 8.4r for JO min.

the rnodifl.catl.on was stopped by tbe addltion of O.ã1. of 10É

trichl oro-acctl-o acl-d (w/v) containl'ng 1 x 1O-2M rcduced.

gJ.utathLong. th.e ¡o1utLon was l-ur¡cdJ.ately fÍltercd through an
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Oxold uembranc fLlter, ttre Lneoluble precipitate vs¡hed

erhauetlvely yith ncoldü N-etlryl ualeimlde dl-acolvcd fn lOS

trichroro-acetLc aeld and finally wLth 1É aeetlc acld. TIre

radlo-active resldue was tben dLreolved Ln O..ful. of O.1M-NaOH.

(t+ )

Ttre pnotein to be hydrolysed rac ouapendod l.n 6N-HC1

la Kontes O-rtng hydrolyotc tubes. Nitrogcrr wag bubblcd

throrrgb th,e aolution to ræowe diesol.ved oxygen and thon tt¡e

ùube uas evacuated,. T]re hydrolysl-a tubes rere heated at 11Oo

for 12 lrir. r'he hydrolyaate was evaporated to drlrness eeveral

tLnes to reuove the HCJ.. thc caupla wao then dl-¡soJ.ved in

smalJ. anoulrt of thc br¡ffcr rrsod for tl¡e eloctrophoro¡l¡.

(! ) Paoer alectropboreel-s

HJ.gh voltage paper electrophoreal¡ wag carrLed out

usLng ttre trcooled fJ.at platetr equl-pment. Ifhatuan JMM paper uas

used'; the clectroplroretograma rora ¡nrn 1n acetlc acld-water

buffer¡ (l* t/n) adJusted to pH 6.5 rsitlr pyridLne, at 3rOoo

volts for pO ¡uín. Wlren tþe run wss eonplcted¡ ülre papera were

d.rled 1n an oven at 8Oo.

(6 ) DetectLon of ttre selrarated amÍno acl,de

fte a¡¡ino aclds werê detected on developed electro-

phoretograur by sprayl-ng rltll nJ-nhydrLn-acetone 1o.Otfi y/v)

fol-l.oved by hcating at 8Oo for J uitr. (Toenntee & Kol-ber L|SL).
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CHAPlER THREE

PREPAR-å.ÎION OF PROPIONÏI--Co.A, CARBOXYLASE
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INT}ìODI]CTIO}T:

Ttre mettrod. of ísol-atioa of propiotxyl-CoA carboxylase

was based on the procedure described by Ttetz & ochoa (tg5g).

lhe l4itl-al eteps of the purl-flcatLon deecrlbed by ttrese

authors were uneultabl-e for conditions existirrg itr thie

laboratory¡ i.ê., 1t lnvolved centrifirging large voLumes of

liquíd. Furtherr¡orer the initial (¡{H+)ato+ fractlonatLon

and. tt¡e subsequent dial-ysís proved uneconomical with respect

to the amounts of bottr (ffi+)rto4 and reduced gl-utathlone

requLred. Initlally, Z-uercpÞto-ethanol wae tried as â rê-

placernent for reduced gJ-utathione but this waÉt unsatisfactor"¡r.

Moreover, both the yj-eld and specific actLvity of the eîzynne

followlng these inl-tl-al purification steps ldere poor compared

w{ttr data obtalned by lletz & Ochoa (ryfg). Ttrís was probably

due to onr uae of l4c-NaHCo, Lnstead or 14c-rzao3 Ln ttre

reactlon mixtures. At the tíme ttris did not seeü important

but the work of NeuJahr & tvlístry (tg63) 
"¡¡d 

Neujahr (tg6l)

d.emonstrated tl.at propionyl-Co.A carboxylase lr-aa stlmulated

several fo].d uy K+. Since ttre purl.fication of tÏ¡o enzlrure on

D¡iAE cellulose columns was reproducible, probably due to the

use of KCI- and KIIaPOU/II-2$POU buffers ln ttre elutlng uediuns'

these methods rdere retaLned, although el.mpll-fLed puriflcation

procedures trave subsequently been publlslred. (ft"tto, Ochoa,

ÌIarner & Chenr ]-g6a Ka,zl;rol Grogsman & Ochoa, L965),
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Tt¡e rIodification of tlre previously published

¡iroced,uree Lnvolved concentrating tl¡e inJ-tial cell-free extract

by absorptl-on ont-o protauine sulptrate. lhis neant tlaat all

subsequent eteps could be carried out usl-ng rolatively much

smaller volumes. These steps ldere prfmarlly those of the

orlginal authors (fietz & Ochoar lg59). In our hands¡ tl.e mettrod

described was reproduclble and. yl-elded reasonable ar¡ountg of

enz)¡me of catisfactor-5r specific actlvl-ty. ?he enzpê preparations

used for most of the work described l-ad a specJ-fic actlvity

greater than 2.O atrrd v¡?tc€, free of contarninating enz)rmes wh.ich

couJ-d have interfered with the aesay method.

ISQL.ATI,ON OF PROPIONYL-CoA CARBOXYLASE:

S.tgp-Å¡ PEeparatLon of cell-fFee e,ËFract,

Tbelve pig hearts were trd.mued of fat¡ washed with

cold dLstilled r¡ater¡ drled and minced I'n a meat grinder using

a 3mm. grldr ltre uince uaa r¡ashed r*l-th an equal wel-gtrt of cold

O.O{M-f,¡ls-HC1 buffer¡ pH 7.5, containl-ng I x tO-3U-EDlfAt

stirred for JO mín. and then centrifuged at 2t5OO x t. for 10

mi¡r. The supernatant solution was discarded'

ÎÌre ul-nce rilas homogenlsed wltl. 2 volumes of buffer

("are 
"" abowe) for 1mln. J.n a l{aring blender. TIre suspension

was stirred at 4o for lJ nin. then centrifuged at 22r5OO x B.

for 20 uin. The eupernatant solutlon was filtered througtr.

musl-j-n and cotton wool- to retove llpid-like material. Reduced



53.

glutathione was adde¿ to a final cou,centration of 5 x l-o-4ttl'

Tb.e protêLfr concentraÈion was J.tug. per rnl. speclfic actlvity

= O.O28.

ÊSsp3:

Freshly prepared 1É protarnLne sul-p¡ate (adiuated to

pH 6.8 wlt1. lM-tris base) to"* added to the solutlon fn the

proportlorr of lmg. protamlne sulphate to z()ff.g. Óf protein and

thepHadjustedto6'5with'l}l-aceticacid.Tlreextractwas

stirred at Oo for 2O urin' , ttren centrlfuged at 22r 5OO x 8' for

I! min. î?re Supernatant vas dlscarded. The resldue was

wasþed wlth PJOrnl. of dLetlLled water contalnlng 5 x 1O-4¡'¡-

glutathJ-one, pH 7.o and centrd-ftrged at 22r5oo x 8. for 15 ul-n.

Ttre super*ratant ¡uss'1{ searded.

The reeLdrre ¡cas auøpended 1n 2OOm1. of O.ÙJM-tri5-IICt

buffer, pH 7.5t containlng 1- x fO-3t'l-EmA, 5 x tO-h¡l-glutathione

and, 5f" (ffif*)r"O+ an¿ houogenised using a Potter-DlveJhem

homogeniser. lhe auspenalon was stirred for lJ min. t then

centrl-fuged for JO min. at 22t5O0 x g.

Ttre resldue ffas re-homogenl.sed r¡1th a firrther 25On1.

of the sane buffer solutlon and centrlfr¡ged as before. the

proteJ-n concentratlon of the coubined supernatents vaa adJusted

to loug. per mL. wlttr buffer solutl-on. SolLd {NUU)USOU wae

ad.ded üo 35{ g,at:u,ratlon, equtlj-brated for 30 mln. and centrifuged
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at 22r5oo x g. for 20 min. îthe supernatant was ad.justed to

6Of, saturating wf-th so1ld (WH¿*)ruo+ and centrif\rged as before.

TIre precipitate was dlssolved ín O.O2M-tris-HCL buffert PH 7.5¡

containlng I x tO-3lt-fOTA and 5 x fO-4M-glutathione to

approxinrately I1Omg. protein per ml. êDd díalysed against 2

litres of tl¡e $ane buffer. ltrE buffer tras changed three times

during tt¡e 16 hr. dJ.alysis. SpeclfÍc activity = o.25.

Esg!._3.r ChroEatoaralrhv on diethvl-al[ino-ethYl cellulose

A DDAE-cellulose column (eocm. x 3 cm. ) rùras prepared

without appt-ied pressure and equtllbrated with O.O2M-tris-HCl

buffer, r¡H',..5¡ containing I x lo-3¡l-EDTA and 5 x to-4u-

glutathJ-ortg¡ îhe dl-atysed protein eolutl-on from atep 2 was

cenùrifìrged to remove any l-nsoluble materlal, dlluted to lOug.

protein per mlr attd then added to the DEAD-cellulose column.

After all-ovfng ttre protein solutlon to mn into the resinr ttre

column waß ïraahad w1th 5ofu1. of O.OIM-tr{g-HCl bufferr ÞH 7.5,

ro-3-noîA arrd. 5 x ro-4M-glutathione and fJ-nallyxcontai.nlng 1-

wlth 5OOE1, of the sate buffer containing O.C'5}I-KC1.

A gradf-ent elution wae carrled out
I

O,OJM-¿vis-HCl buffer, þH 7.5, eontaini¡ng 1

5 x fo-&M-glutathione and o.O5M-KC1 1n the mixing chamber and

5Oornl-. of the sane buffer inel-uding O.2M-KC1 Ln the resen¡oir.

Fractl.onc of lOul-. rrere collected sith an autouatic fraction

collector and aesayed for protel-n concentratlon a¡rd enzymie

wlth 5OOm1. of

x ro-fo-ÐDTA and
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actívlty. A typÍcal elutLon pattern ie shown l-n FJ.g. (3.1).

Only tho fractlsns containing th.e hl-gtrest speeifie act!.wlty

rrere combÍaod and precJ-pt-tated witt¡ (ffit)rtO+ (3gïe. per lLtre).

Tlre prccÍpl-taùo waa coJ.lected by contrLfuging at 22r 5OO x g.

for 3O ul.no, dls¡oLvad Ln O.O2M-ptrotphate buffer¡ pH 6.5¡

containlng I x tO-3tt-EDt^ and J x tO-4tl-glutatJelone thcn dfalyeed

agafnct 2 x 2 lltres of the saue buffer. Spccl-flc aotÍvlty =

2.2.

Ðenj¡ Abgo?'ption on caLcLu¡n oho¡nbate eel

lhe protel-n concentration of ttre d{alyced solution

obtaLned frour Step 3 waa adJusted to lJurg. per m]-r ând

Car(fOU)" ê;eI wae added olowly ln the proportJ.on lmg. of gel to

fug. of protein. the soJ.utJ-on waa stl-rred for 20 ¡uin. at 4o

and centrifuged at 22r 5OO x B. for 20 ¡nln. lhe epecJ.fic

aetLvity = 3.2.

9ten-5:

.A.fter adJusting the protein concentratLon to 5¡ng.

protein per ø1. the supernatant waE then added to a DEAE-

cel-J.ul.oee column (f5co¡. x Zcm.)¡ equtll-brated wJ.th O.OZM-

plrosphatc bufferr pH 6.5, conüafnlng 1 x lO-3M-EI/f.4, snd

5 x ro-4M-6lutathfone.

O. OJM-pb,ocph,ate buffer¡

5 x ro-4M-glutatb,1one.

Ît¡e column was wash,ed with Z5Oû]-¡ of

pH 6.J¡ contaLnlng 1 x tO-3lt-EDTA and.
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A gradlent eLutlon was performed ueing 25ou1. of

O.OJM-ptroEphate buffer¡ pH 6.5, containlng I x tO-3lt-EDTA and

5 x ro-4M-glutathl-one l-n the mlxing cham'ber and o'lM-phosptrate

buffer¡ pII 6.J¡ contalning 1 x 1O-3M-EDTA and J x to-4t'l-

glutathione ln the reservolr. The fractionc of $mlr lf€fe

collected wLth an autornatlc fraction col-lector and asgayed for

protein conce¡¡tratl-on and enz¡nnic aetivity. Ttte resulting

elutíon patterrr is descrLbed in FJ-g' (3'z¡' Ttre fractlons of

higtrest specific actívity rere pooled and preclpl-tated trith

(Mt)r"O,* (398e. per lltre). Tlre protein preeipl,tate was

coJ-lected by centrifuging at 22t5OO x g;. for 3O mln. and

dl-ssolved in O.OlM-ptrosphate buffer¡ pH 6.J¡ contalning

1 x 1o-3M-EDTA and 5 x ro-4M-glutathLone and etored at -15o.

1fhe specific actlvity = 7.4.

A cunuary of the purlfLcatlon eteps is outlLned 1n

îable 3.1. ÎÌre overall yield of enz¡me Ls of speclflo actLvity

rolriclr l-s lower tt¡an the publl-stred reporta e¡ lle tz & octroa (tgSg).

Howevern the preferential selection of fractLons obtalned from

the DDAD-celluloce clrrouatograptryr rneant that díscarded enz¡me

of quJ.te good cpecifi.c activlty eould be stored and added to

firrtlrer preparatlons .
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îABLE 3.I

stêp

1. Extraet...rr.....o

Voluue ïieJ-d

100

35

f,

782.

fraetLonatlon
(aftcr dlalysic)..

3. DEAE-ccllulose
ctrromat
(pu z.¡
dJ.al.yal-

It. Calelun ptroaphate
961 aupcrrratallt¡¡¡

5. DEA,E-ocl-1u1oae

Protauríne sulphate
and (ffit )rsou'

24

I
cb:io¡¡at
(plr 6.5

aphy

One unit of enz¡me val defl.ned as the auount cataLysing

the fLxatlon of one ¡rmole of 14C-CO2 Per rnlnute under ttro

condltlon of the acsay and ühe specíflc actlviùy l-a expreesod

SpecJ.ft c
actJ'vity

Unite Protøl.n

,+55

140

47

584

2olr

EGf.

7.2

2L.tt

9.2?

lf.o

4.2

2r9oo

ul .

85

10

10

1.5

un3-ts/ag.
proteln

o.o28

o.25

é¡1

3.5

7.4

l-n units per rng. of Protcln.
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lhe cnzyulc betravlour of ttre purlfied enzJrmc lvaÊ¡

briefly examlned to ensure ttrat tlrla aauple was indeed l-dentLcal

to tb,e proplonyl-Coá. carboxylase l-Eolatcd by ll.etz & OcÌ¡oa (tgSg).

(r)

JECsg$1g¡t.

A reactlon nlxture was incubated rul_th O,O5 unlts of

propl-onyl-CoA carboxylase for 1 hr. et 9Oo. The reaotLon was

stopped and treated. as d.escrl-bed i.n Materlel-s & Methode.

A sample of the reactlon uixture nae taken and chromatograptred

1n lsobutyrlc acLd-water-aumonla soLvent (66,33¡f), PH 3'8r for

5 hr. The radlo-active and U.V. abaorbing band waa elutedt

concentrated. and hydrolyeed at pH 1O.O for JO ml-n' at 85o. the

solution was acl-dlfi-ed to pH 2.O and extracted twLce wl-th eth.er.

Tlre etlrer plrases were coubl-nedr taken to dr¡rness and a sauaple

co-chroüatographed wLth cold uethyl malonic acid Ln fto-amyl

alcolrol--forri-c acl-d solvont (ftavfn & Octroa¡ Lg57). the R,.

vaLue = O.78 of the radLo-actl-ve waterlal coupared to the

authentlc uettryl u¡alonlc acíd (nr = o'8) wouLd suggest that th'is

conpound Ls methyJ. ma1onic aeid and that the product of propionyl-

CoA carboxylase, prepared l.n tllLs laborator"¡rr 1s uaettryl malonyl-CoA.

(z) .

Tlre tl-me l-nter¡ral and the ênrJnne concentratLon required

to give a llnear relationstrJ-p uere LnveetLgated. The l4c-Coe

assay gavo a ll-near recporrse to tl-rne (up to 2O min. ) uairrg o.O15
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Fi¡¿. 3 .3 tion of activ ìtv it The velocity

of the propionyl-CoA carboxylase reaction was plotted as

furrction of time using O.O1! units of e..,z*e (Grapn B).

a

Vafiation of activi- tvw th enzvme concentr tionFis. 1. lt a

Thevelocityofthepropionyl-CoAcarboxylasereactionwas

plotted as a function of enzy'me concentration over a lo mj-n'

incubatlon period (Graph A). The welocity of the reaction

(irr both diagrams ) it expressed as c'p"m' and represents the

propionyl-CoAd.ependentfixedradio-activityint'hedeproteinized

superreatan.t. The incubation temperature was loo arrd the

details of the assay are outlined in Material5 & Mettrods'

B
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unlte of enz)m€ (fig. 3.]). tr\¡rthermore, tlre ffxation of

t4"-"o, uas proportional to enzJ¡me concentration (.tp to o.o2

units of enz¡rme ) durirrg a 10 mln. asËay period (ntg. 3.4 ).

In ttre subsequent ctrapters, kinetic measurements w1L1 be derlved

and. it w11L be essentlal that J.nLtia1 velocity kl'netics are

obserr¡ed, thus ttre need for tht-s data.

(3 ) El""trort roi"r<rr"oo.. of oFopiottr¡l-CoA c"rbo*n'1"".

Investigations into the structuree of acetyl-CoA

carborcyl-ase (Gregolin g.¡þ--åI. r L966) an¿ pyruvate carboxylase

(Valentinê gl_-ul. r Lg66) frave involved ttre use of electron

microscopy. Propionyl-CoA carboxylase was aleo exarnirred by thl-s

technique. Certain structures in ttre electron uicrographs rdere

consistently observed ard these couLd be described as follows¡

(") A number of 1ong rcy]-J-nderan (polf'uera) wtrictr rrere

courposed of repeatl-ng unlüs. Tlrese norroûeric unfte (¡t) can be

obee red in tlle dlcsocLated fo¡u (ftg. 3.5).

(t) tf." Longer poJ.yueric forms vere not obseryed In

recerrtly l-solated preparatlone but only after standlng at 4o

for at Least 14 daye (ffe. 3.6).

(") K*, MgZ* and MgATP2- w!¡1cb, have been shown by kínetic

analyses to car¡se actLvation of th.e enzJ¡Eer dld not appear to

cause any stnrctural changes.

From thls informatlon, it wae proposed that the



Itjll._ i . i. I'l x ¿tiili¡ì¿¡tion r¡ I' proP i o¡'¡r'I -('r¡r\ carl)oxy I ¿tse-' i ¡r the

electrt¡tl !!.!J.l.1l:s ('(lI2Jl . S¡rec i ntt'rl.s t¡ l' pro¡li ott¡'l' -CoA c¿rrboxylase

t{ere pr.cpirt.r,rl iìs ()utlinetl 1¡1 l*tale.ri¿rIs & Ì'letllocls. Samples

a, tr atttl

(" )

( r, )

(")

c t\'(ì re I'i xed PrePíìrati()¡ìs :

I\lir¡,Jrif ic¿rtion 120rOOO x

Nl;r ¡¡r-i f i c ¿t t .i on 24O 
' 
OOO x

lrt:r¡îrrific¿rt ion 5O4'OOO x

Note: t ltp m<.¡¡onleri c f ormt (nl ) arrcl 1.llc pol y-nreri c l'<¡rms (p ) '



p

o

i,x

Fis. l. (, lix¿r¡ni¡r¿rIion of ¡)roD iotrl l-O<lÀ e¿ì lase in the

electrot-r ln i c t'o.scrrpr:. Sirnt¡l I c:s (1, <' ¡ttttl f' rvere unf-ixed

preparati ons :

(,r ) M¿,ain i f i c;r l. lon 2l¡o, ooo ¡

(" ) llagniJ'i c¿rl ion 2f O, OOO x

(r) If¿rflrri f-i c¿.r1. i on 211o, ooo x

Note : tllr-. po1-yme r.i c forms ( p ) rvlt:i clr ¿tre nracle up of' monoruet' jr,

units (t ).
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Eotrouerl,c unlto eould be the norue.l form of the etlzJme.

tr\¡rt1.errorê¡ ttrc enzJrue ataocf.at€t on atandlng to foru the long

cylJ-nderc whLch, Lt trae been epeculatedr uay be relet¿d to the

cry6talllno form of the ênzyÌEe (faztro 9$--ål.r 1961 ). In other

rrords, there appears to be no physlologlcal rGasob. for this

polyurerizatlon but Ls due Ln fact, to a olow c4¡stallLzation of

propJ.onyl-CoA cerboryJ.âBe¡ Îhere are aI¡o indicatlona that the

uottcrnerie units are rrot tetrade, aÉ¡ in tbe pyruvate oarboxylase

sltuatlon (Vatentlne 3þI. r L966) tut appear to contal-rr flve

or u¡or6r component parta. Horúovor¡ Lt ahould be eurptrasJ-sed tbat

theEe l-nterprctatLona are only epeculatl-vc at tbLa Juncture¡

mair¡1y becar¡sc Lt h¡s not been posLtive.Ly deuonstrated that

these etn¡ctures are proplonyl-CoA carbo:rylase.



CH.â.PTER FOUR

TIiD ESSENTIAL TIffOL GROUP Of' PROPIONÍL-CoA CARBOXYI,ASD
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Prevlous etudÍee carri€d out wlttr plg heart proplonyl-

CoA carboxylase have l-ndicated that ttre enzJrue la dependent on'

the preaence of at least one free sulptrydryl group for enz¡nuic

activity (ttetz & Ochoar ]-gSg). Glutathione protected, the

enzJrme agal-nat J'nactivation and also cnhanced the reaction rate¡

suggestlng the involvæent of thiol groupe " Y,ezi:o É¡þ-31,.

(1-gøO) lnveetigated ttre effeet of culp¡ydryl group reagente

guch as iodoacetaulde and p-þydroxy-s¿rcuri-benzoate orl this

etazlu7nø. rncubatlon of ttre er,;zy'Eftè in the precGlrce of proplonyl-

CoA or to a lescer extenü, reduced gLutatbiotl€¡ afforded some

protectl-on againct thece lnhibltors uhereao, ATP 1¡¿6 ¡6 effect'

lbese results indl-catEd ttre presence of cystelne resldues and

al-so suggested that tþeee groups may be proxiuaL to tþe

proplonyl-CoÂ alte on the enzJrue.

Itre ATF-Pi and ATF-AÐP e*change reactlons w€re alEo

eubject to lnlrtbítlon by p-hydroxy-Eercuri-benzoate (Xa=tro

et al. ¡ 1960 ). Slnce theae exchange reactiotl{t ïere l-nhibited

only ell-ghtly compared wlth the LnhJ-bJ.tion of ttre overall

reactlon, orre carr assume that the ir¡hLbited groups are not

rel-ated to tl.e nucl-eotide sitesr but ast auggested beforer uâY

be involved witl¡ the bindlng of propl-onyl-CoA. Howeverr this

evLdence provJ'des no l-ndlcation of the number of essentl'al
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susceptlblc groups and thel-r ft¡nction in the enz¡nnic process.

Hegro (tg6+) detonsùrated that ttre beef lLver

propionyl-CoA carbo:rylase was J-nl¡lblted by a varlety of thiot-

group reagents. ltre protection agalnat inhLbitLon by

propionyl-CoA was al-rnl-lar to ùhe reeults obserrred wfth the pig

treart errzlnre. fn eontrast to the protection by proplonyl-CoAt

the cor¡bl,nation of ltg2* and ÀTP4- appeared to factlitate

ir¡tribltlon. the author speeulated tl¡at slnce HCO3- ions were

also present tt¡e CO2-enzJ¡lIo complcx uay be more cucceptible to

the thiol- group rcagentc ttran the natlvc cnzJnne. Proplonyl-

pantethei-ne¡ Likc proplonyl-CoA protected ttre en¡Jme agaLnst

p-hydroxy-Eercr¡rl-bensoate LrrtribltLon¡ cuggectl-ng tb'at ttrl-s

compound ls bLndLng at¡ or sterically hindering the ir¡Ìribl-tlon

of the same thiol resldue. HcÊ¡ce (]-g64) aløo dernonstrated'

t¡at, alttrough 3rAUp did not protect agai.net lnhlbl-tl,on¡ it was

an effective coupetltive inhl-bLtor of propionyl-CoAr indlcating

that the 3|AMP noiety of proplonyl--coA ruet be bl-ndlng at a

sl-te dlstant from the thiol. residue.

(r)

In practice¡ no thiol grouP reagent vJ-l-l be entireJ"y

specJ.fJ-c under all condi*iona. Îhe mcchanlem by vtrlch a

reagent react¡ wi,th thiol grtol¡ps applJ-cs also to auinot

al.iph,ati.c trydroryl- and several ott¡cr 6roupa (Leach, Lg65).

ltre reagentg of choLce ar€ those whlctr reaet uuch uorG rapidly
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with thíol groups than w:!-tt¡ any ottrer resl-due. The temper-

attrre, pII a¡rd time of reaction nust be sel-ected frr such a way

as to preserve tl¡is differential rate of reaction. Ïn

partícular¡ tl¡c corrcentratlon of tb,iol group reagerit must be

kept to a ¡¡lniu¡upr. The acivantage of ttris difforential. rate

is J-oet when procedures invoh'1ng the use of a large excess of

thiol group reag:ent and prolonged reaction tlmes are ueed.

.f' varLety of ttriol group reagents are avatJ-able, vlz¡

(") Ttroae co¡ltalning reactLve metal ions, such ae the

tercurl¡ containing coupounds;

(t) ¿ftylating agents auch as ttre aubstituted halogenated.

acetic acf.d derLvatl-ves (e.g. iodo-acetaml-de and. l-od.o-acetf.c

acf.d) and the cthylenic compounda (".g. N-ethyJ- ual.eiuid.e).

(") oxidLzing agento (".g. iod.oso-benzoic ac1d).

All of these compounds lnve been uced with some sr¡ccess in

iuplleating tlrl-ol groups fn euz¡mic reaetlong.

N-ethyl- maleiwlde (Wrfu) fras been used for the

cheurical modlfication of protelns, and ít is usual-r-y assumeci

that ttre reactLon occurs speclficalJ-y at th'e thlor group of

cysteLuyl-resl-duee (Morell, .þers, Greenwalt & Hoffìaan, Lg64).

The thiol €iroups of netive protelne are frequently unreactive to

N-ettryJ- nalelu1de, thus th{ e reagent is not reliabLe for the

tLtratLon of total protel.n thiol- gror¡ps. Howeverr certain

accessíble tl: iol groups react, J.nferrJ.ng that N-ethyl maf.eLul.de l.as
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apecl.fJ-cl.ty, whercas other reagenta do not. The advantages

of ttùls roagent arcs

(r) ftc relatl.vcl.y hJ.gh aelectl-vlty for thlo1 groupe

(t) It¡ reaction wlth onJ.y certaln aococ¡l-ble rc¡Ldueg

on the €trzyûê r

Eouever, l{-cthyl usleLmLde hae aloo becn ahorn to reaet wtth

th,e a¡nfno groupa of peptidøa and rrJ.th the iøidazole gtroup of

h,Lsttd.lnc (Smytn, Nagarnatcu & Fmton¡ L96O) and r{th the aul-no

groupe of ccrtal.n a¡níno acLda (Srnyth et aJ-.¡ 196ot RJ.ggcr 1961).

Alttrougtr the reactlon of H-s¿¡y1 ¡¡a1cLmido rcfth EoEe proteins

le rur¡ch ¡J-ovcr than Lte reactl-on uJ-th the thl-ol group of

cysteine (ercgory, L955), ttrc pocalbl-ll-ty tlrat N-othyt

maleLul-de could react wtth prrcteinr¡ at groups oth,cr than

cysteLnc realduca, rnust be conrLdcred. I¡¡ ttric J-nvertigati-on,

N-ethyl se1eLpLde waa u¡ød at 1ow concentratlono¡ wtth ghort

laeuÞatl.on pord.odrr Lrr en cndcavour to ¡nsJ.ntaln a cpeclfJ.c

1r¡hl-bt-tor attack on ths cucccptlblc rcsi'due.
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RESULÎS:

(r) (;rder of LnactlvatLon wlth reape ct 1¿o tl-ure and N-ethyl

maJ. el-nide concentration

Flg. 4.1- ehowa the percantage of propionyt-CoA carboxyl-

ase actlvity plotted ae a funetlon of tl-rne on a sernl-log scale

for varlotrs N-ethyl maleiulde concentratlons. the linearity

of ttrc plot down to 2016 of th.e Ln1tLal enz¡nmic actl-rrtty lndicates

th^at tt¡e inactivatlon process approxluates flrst order kLnetlcs

wlth respect to time¡ at any fixed concentratLon of tlris l-nhl-bitor.

ltre same data replotted and presented Ln Fig. 4.2 st¡owed thet

tl.e inactivatlon process f.s flrot order wJ-th respect to the

N-ethy]- ua]-elmide aonccrrrtratLons uscd l-n thLs lnvestLgatlon.

F\rth.eruore¡ if ono aasunes the Lnactivation procesa aos

E + n I = DIr^ ... (4.f ¡

tlren K = lofrr)
(¡) (r)' ... (+.2¡

MultJ-plyJ-ng both sid.es of the equation by (f)t and talcing l-ogsn

then equati-on (4.2) becomes:

log losK+nJ-os(r) aal (+.¡)

wliere Er Ef,,r n and K are actlve enz¡nner lnactive enzJme-fu¡Ìribitor

conpl-exr apperent number of Lr¡híbl-tor moleculss reacting to foru

an lnactlve eouplexr and apparent overall- essoc1ation constant

respectlvely. lfrcreforcr when Log (Err )l@) rr plotted agai-nst
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I'i¡r. 4"L" 'fhe rate of inhi fri tion of on ionvl-CoA carboxylasenr

with varvine concentrations of N-ethvl maleimideo Enzyme

(ZOO IJg) was incubated with N-ethyl maleimide contai-ned in

1 ml. of O"O5 M tris-HCl buffer, pH B.O at 22oo Aliquots of

O.OJ ml. were taken at warious time intervals and assayed.

T?re reaction mixture also contained t/" nSI- and reduced

¿llutathioneIxlO-2M.

maleimide used were 2 x 10

( o-o ), o.75 x ro-3

The concentrations

-f M( o ), I

M( a )an¿

of N-ethyl

x ro-3 u

o.5 x ro-3

( r-l ). Loe /. activity was plotted against time.

Appropriate controls were necessary since enzywic activity

decreased slightly under these conditionso
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FiE. '4. 2 The pseudo first order kj-netics of the inactivation

with resnect to N -ethr¡l mal eimi cle The half-time (t o.5 was

obtained from the data strown in Fig. 4o1o Tkre rqciprocal of

)

the half-time h¡as plotted against N-ethyl maleimide c<¡ncentration.
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J-og (f), a ctralgtrt Ilne 1s obtaLned with clope n, and 1og K,

tt¡e lntercept on the ordLnate wtren 1og (f ) equals O.

Fig. t+.3 ehows the values obtal.ned f-n Fig. 4.1 plotted

in ühts Eârtttaf,¡ The reciprocal of tÌ¡e ha1f-tlne for Lnactl-vat-

ion has bcen used rather than rate of l-nactlvationo lhe

experiuental data fl-t a ctraight line w1tt¡ a slope (t - 1.O5).

this l.s taken to J.ndJ-cate that whcn Lnactivatlon occurar only

one uolecule of N-61¡¡yl rraleluide rc¡cts wLth one catalytic site

of pnopl-ony1-Co.A' oerborgrlâeê¡ Uslng a slmílar plotr Levltr

Leber & Ryan (tgøl) concluded that J moles of 2¡4-dLnitro-ptrenol

bl-nd to one molecu1e of rryosín caual-ng inactl-vatlon. Scrutton

& Utter (tg6S) obtaJ-rnd a value of 1.4 for the slopc of a sLmi1ar

plot when they studl-ed tlr€ LnactLvatlon of pyrrrvatø carboxylase

by avldJ.n. They concluded thåt at l-east tr¡o u¡oleculee of

avl.dLn ¡rer€ l-nvolved Ln ttre proceaa.

(2) Effoct of r¡H on tbe ar¡parent L and vmax-@g

Since the pK val-ues of varl-ous arnlno acLd reeLduee

dLffer apprecl-abJ-yr a tentatLve idcntl-fication of an amlno acld

residue Lnvolved J'n substrate bt-ndl-ng or J-n attaLning maxlmum

reactlon ratee can be made by lnvestfgatJ-ng tt¡e varLatLon of

Vr"* or X; with pH. Sinoc proplonyl-CoA t¡ad been shown to

protect tl.e enzJrue agalnst thLol group lnhibl.torsn thts substrate

raõ ugçd for thc followlng atudy.
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Apparent Michaelic congtants lrere calculated from a

serleg of double reciprocal plots obtaLned at varlous pH values

ueing propJ-ony1-CoA as tlre varLeble substrate. Fig. 4.4 ehorùs

a plot of loe(l /\) agal.nst pH. The iurportant feature of t}¡e

pH proflle is the dlmlnutl-on of ttre pK, In the pII range where

the enzJrmê cxhibtta maximum activLty. This lrrdlcates a pH

dependcnce of K, when V.o"* or velool-ty (V) at hlgh subctrate

concentratlon La lndependent of pH. From the theory of Dixon

(tgSl), the J'nflection at pH 8.2 Is due to the change l-n

ionizatl-on of the etrzyme-tubstratc complcx.

Thl-s lnterpretatlon ic applJ-cable 1f the ànløytøe fonns

a si.ngl.e enzfue-Bubstrate intermedfate, If, on the other band,

a nuuber of enz¡rme-substrate coaplexes are forted, the erperlment-

ally derlvod value for ttre apparent 1" thcn reprecente a complex

kinetlc fr¡nctlon and tlre change l't Ç with' pH nay inctead

refJ-ect a ohange Ln the rate controlll-ng step.

(3 ) rcffect of pH on the rate of locs of activJ-ty

Although prevlous vorkers have Lndicated that s

reactive thiol group is raquLrcd. for proplonyl-CoA carboxyl-aee

aettvi-ty, thc pff" val-uo of 8.2 obtaLned Ln E5-g. 4.4 could ro'ot

be takcn ao poaitlve proof th^at the lonlzatlon was due to the

thlo1 group. ths pK" val-ue of a thLo1 group J.s markedly

dependcnt on the lonic envLron¡rent preoent, that ls, on the

vl-cinal ionLc groupe. Ttre pK" value for the thiol group Eay
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varJ¡ between ?.2 and 8.J when it is aituated near a poel-tlvely

ch^arged group. tlre valuo ûay vary betwecn 8.J arrd t.2 1f

ttrere is rro eiectrlc field l"n ttre vioinity of tbc BrouPr wtriJ-et

if the group ig ln cJ-oee proxl-ulty to a negâtLveJ-y ch'arged

group, thc pK" value nray varT betwecn 9.2 and 1O.2 (u"Ut, Lg63).

thereforcr to poaitl-vely idcntLfy thc ionl-zation at pH 8.2 ag

bel-ng due to e tlrLol gnoupr a scrleE of c:<pcrl.rcntc verc carrlcd

out to dctonrl,ne the rate at whJ-ch the th,l"ol tror¡P reagent

(i.e. N-cthy1 uale1mid.c) would rcact with the cnzyuc at varying

pH valucE. thc ratlonaLe used herc L¡ tJrat tlre rate at whl-d¡

N-ethyl ual.elnLde reactc wl-th the thl,ol group rÍ11 depend on

the etate of lonl-zatl-on of thie group.

Alkylatl.on of the GnzJmc fol-lowcd fLrst order kl-netl-ca

with respeot to inl¡ibl-tor concentratlon (ffg, 4.1). therefore¡

the apparent rate conatant for the Loss of enz¡nnl-c actlvlty was

detemined over the pH ranÊge fro¡n 7.2 to 8.8 (ftg. 4.5).

It canr bc aeon ttrat uihen th.e rate conatant (or t/to.r) of

inactl-vation of proplorryl-Co.A oarboxylaae by lÛ-ethyl maleímide

was plotted ae a functLon of pEr the rate of Lnactlvatlon re-

ualned constant at the pH increaead to pH 8.O. At highor pH

valuea the rate of lnactl.vatJ.on increaged rapldly. ÎÌ¡e

lnter¡eotLon of tbc two ltnear seetlonc of thc graph (ntg. 4.5)

at pII 8.2 ie al-milar to th.e pK" value of ttrc onaJmc-rubetrate

cou4rl.ex obtal.ncd J.n FLg. 4.4. the lncroace {n t}rc rate of
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lnactivatLon at pH values above 8.O indtcates tt¡at the re-

actíve amlno acld reBidue is underpçoing an ionlzation cþange

and that t}.e trrhfbj-tor r€acts tore feadtly wttþ the lonized

fozm. Virden & Irratts (1-g66) obtained a sLmllar result

when tl'ey lrrhibited argl-nl-ne kinase with lodoaeetamidø'

F\¡rtheroofê¡ l{ollaway¡ MathLas & Rabln (tgø+) found that the

free thiol group 1n ficin reacts wl-th an. equimolar concsntrat-

l-on of íodoacetamlde at a rate too fast to uteasure above pH 8.2.

(+ ) Ðffect of chemlcal mod.ificatlon of tho active slte

Most experlments invol-ving chemlcal modlfl'cation of

amíno acld residues of enz¡nnee result in tlre production of

catal-ytícally l-nactive proteín. If arr enz¡rme can be ruJ'nlmall-y

mod.ifled by a cheuicaL reagent so as to decrease the actlvity

(tut not eompletely destroy it)¡ studies on ttre resi,dual

activtty may define the function of the modifled residue¡ as

d.Lstinct frou eimply defining J-ts exlstence at the actlve site.

î1e imrestigation to be sarried out ¡cas based o¡r the

fact that aulno acíds may be one of four ty¡res 1n a protein.

(r) gfrr¿1ng - concerrred ryl-th' the formatlon of enzyme-

substrate couplexcsr

(U) Catalytic - irrvolved 1n ttre actlvatíon step of enz¡ruric

catalyals.

(") Stn¡ctural - requlred to give the correct spatial-

relationshtp between (") and (u).
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(,r) Non-contributing - iloû essential aud hence may be

urodj-fied witl¡out affectlug tl-e catalytic activÍty.

Ebz¡rrrric reactlons uay be eonaldered l.n teme of two

¡lt stinet steps:

(f ) Reaction of the substrate wl-tt¡ ùhe errzJnre to

fon¡ arß enz)mte-substrate complex.

(ff¡ Aetivation of the enzyme-Éubetraüe complex whfch

leads to the fomation and releaee of products.

k, k^
Iù + S.'1¡ Es --3, E + producte ... (+.+)

o,

If a rrbÍndJ-ngrr amino acid ís uodlfi.ed by chemical means tlren

one could observe a change in apparenÙ K* value 1.e. either

kt and k, or both are charrged¡ 1..€. apparent *.n is a reflectLon

of tlle atillty of'the sr,-rgnê to coubine u'lth, th.e stzbatra.te.

If a cata].ytl.c auino acid is uodified by cleemical neans then

one should obeen'e a change it Vr.o 1.ê. a ch.au'ge 1n kr.

Zertter & Bender (tg6l+); tsr¡owlea (tg6S) an¿ Koel¡.landr Str.umeyer

& Ray (1-g6Z) Uave used. this technl-que to lnvestl-gate certaln

rnodifled enz¡rmes. Uslrrg this approachr ârr attempt has been

made to deternnlne the functlon of the susceptfble residue in

propionyl-CoA carboxylâsê e

Ttre apparont K, "od Vr"- valueg of propionyl-CoA

carboxylase ner€ detemlned for HCOr-r ATP ar¡d propl-onyl-CoA

wLttr tb.e enz)me J.n the natLve state aad agal.n, after varioua
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Btages of Lnactlvatlon uaLng N-ethyl maleimLde aê tlre b]-ocking

reagent r

Frou tl:e d.ata ehown in Figc. 4.6, 4.7 and lr.8

respectlvely, tt can bê ceen that tÌ¡e aPparent \ valuea for

HCO'- and ATP are unchantged J-n the modLfLed ctruuymo but the
J

apparent K, value for propionyl-CoA lncreaoec as uore of the

enzJrnê Lc modlficdr Thl¡ later obúoffetlon implica th.at

althougtr the velocJ.ty of tb.e reactlon decreased at fLxcd

propionyl-CoA corrcentratJ-onsr the Vr"* doeg not c.lraLge¡ i.êo¡

the substrate concentratfon requlrcd to ssturate the €nlrlrme

lneroaces with irrcreasl-ng modification. It l-a concluded from

this cerles of experiments that the nodiffcatl-on alters a

bLndLng anino acid for propl-onyl-Co.A..

It could be argued that the changeo obscrved f.n the

Vro for ATP and HCor- (ffgs. 4.6 e 4.7) reflect a uodLfication

of catalytlc reslduee ínvolved Ln the breakdorrn of enz)me-

subsùrate 'complex invo1vfng tlrese eubstratee. However¡ tbe

fact thât only one moleoule of N-etJryl ualeimidc reacta ¡rl-th

the enrlmc and tbat AîP stl.uulatec the fate of lnactlvatl,on due

to p-hydroxy-¡¡s¡curl-benzoate 1n ttre lLvcr orrzJntro tendc to

lessen ttrLc poasibíl-J.ty. The moet J.ikel.y ex¡r1anation for ttre

decreace ir Vr.* when eitt¡er ATP ss HCO,- J-o ttre varLable

aubstrate¡ J-c that the fl-xed propl-onyl-CoA conccntratLon ueed
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in the aÉcay cyetem is no lorrger eaturatLng the cheuically

modified errEJme. A ft¡rttrer characterl-atlc of the inllibitLon

by covalently bound. N-ethyl-uaLefmlde Ls that it lntroducee

a rrerir sld.o ehaLn into ttre actl-ve aite and the change l. Vr"t

may be duc to ttre presence of thia alde chal-n. Íhl's explanatlon

could vor-y well apply to the obaenred reductlon l-n the rate of

the propionyl-CoA carborryJ-are catalyaed ATP s Pi oxchange l-a

ttre presence of p-hydroxy-66rcurL-bonzoafe'

7L.

Propl.onyl-CoA prote ction agal'nst N-ethYl ualelnide Lnt¡LbLtion(¡)

Previouc reports of protectl-on by proplonyl-CoA

agalnet thl-ol 6roup reagente l.ndl-cated thât proplonyl-CoA uray

be bound to a cyrteine re¡ldr¡e, (ttegre & Laner L9661 Kaziro

Ê¡[-åL., 1960). In tJrle invectigation¡ addltional- evidence

both from th,e pK-/pH profile and thc change Ln the apparent K,

value for propionyl-CoA fn tlre cheoLcal.ly uodlfJ.cd enz1rme

irnpJ-icatec a cyctelne realdue at the Co.â.-eater binding site.

F\¡rther kl-netic proof wac obtalned by dcterulnJ-ng the ratio of

the rate constantc for tbc J'nact1vatl-on of the free enz)¡me and

tlre eñzlma-propionyl-CoA eorrplcx. thl,s waE accoupliched by

measuring the inactlvatLon ratc congtant l.n the prcsence of

varyl-rrg coneentratLons of propfonyl-CoA (ftg. 4.9).

Scrutton & Utter (]-g6Ð bave uaed thio techntque to

deuonetrate that avidin cannot react wLth pyrrrvate carboxyJ-ase-.ATP
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couplex. fhey derived the equation:

k2+ (r-v
^/Y 

ol
v

k¿
o

lreo tlle ratLo of th,e

roaction between free

wittr i¡rhLi¡l-ùor. The

dcrívcd frorn the data

Fi6.4.1O.

ve (l+.t )q aaa
A

fractLonal order rate conatantc for the

erlzpe and cnz¡nne proplonyl-CoA couplex

clope of tho greph f.s kU. Such a plot

obtaLned in FJ'g. 4.9 J-a preoented Ln

where V" and Vo repreøent¡ reapcctively¡ ttre pseudo fLrst order

rate conctants for Lnaetlvation in th,e prceence and abeonce of

Ar the protectlng agent¡ J..êr proplonyl--CoA; kl and ka are

ttre fractLonal order rate constanta for LnactlvatLon of free

enzJnnc (equatton 4.5) and the €ïrzfme-proplonyl-CoA cornplex

(equation 4,6) reepectively¡ and kuo thc dis¡oclatlon conotant

for DA (equatl-on 4.?).

E + nr kl ,, Er, ... (+.¡)

EA + nI u" , EÆr. r.. (+.e¡

E + A , ou , DA o,. (t+.2)

I{hen t}¡c ratLo of the paoudo fl,rct ordcr constants for lnactLvat-

l"oa in t?re prcccnce and abgencc of proplonyl-CoAr 1.6. rtrflo,

is pJ-ottcd againat 1-v o tlrc J-ntcrcept rpeprGsenta kr/k,
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Frcm the fact that the J.ine in Fig' 4.1O passes

through the origin 1t is concluded that N-ethyl. maLeiuide

cararrot conbine vith ttre enz¡rne-propionyl-CoA cornplex i.êe¡

k, ls very grnall conPared wlth kt.

k¿ Is calculated to bø 2.5 x 10-4¡4.

The dissoclation constantt

Ttris kineti-c data ln canJunctlon wLth the subetantial

evldence presenÈed above confirms that a cysteine residue

provides a poi¡xt of attactruent for proplonyl-CoA at the actl-ve

centre of proplonyl-CoA carboxylêsêr

(6) IeolatLon of the reactl-we of ewstel re*ldrra l-ra

rcrol¡ionvl -CoA carborrvles €

From ttre cJ-rcumstarrtLal evldence preo€nted by other

workerc, 1t wac auggeeted that an ar¡lno acLd rosiduer preeuuably

cysteLne¡ uâE involved Ln bindlng proplonyl--CoA to the enzJnne

surface. In order to verif5r the aeeumption tl:at the inl:ibitor¡

N-ethy]- maLeloide waa speclfically rêectL¡tg vith a thiol

residuer âlr experlnerrt was carrl-od out nlttr a vlew to poeJ-tiveJ-y

ldentifytng this anlno aeld. Ïris lnveetigatlon J.nvol.ves the

use of 14c-1"t"l1ed N-ethyJ. maleimide wtrlcl¡ ehould. alLow a

radioactíve lnhibftor-emÍ¡ro acld couplex to be isolated after

degradation of tl¡e modífied protein. '

lhe labelLed enøJme wac uodified rrJ-th l4C-u-"ttyt

malelmide aÉ¡ deecrl-bed in MaterLals & Mettroda. After
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degradatlon wl-ttr Pronaae and eubaequent chrowatograptry on

sepl¡,ader G-lOr the radioactive uaterlal waa subJected to Paper

electrophorealg. lhe radioactive areas on th'e electro-

pb.oretograu were located and the ølgration rate eompared wl-th

authentl-e N-etlryl malel-uide-cystelne. A dla6rarnatic re-

presentatl-on of ttre electrophoretograu ia preaented in Ftg.

4.11; It aþould be noted that the maJor Portlon of the radfo-

activity has ¡l.milar eleetrophoretic characteri¡tl-ce to the

chemically syntheELzed N-ethy1- malelmide-cyctelna derlvatlve.

A feature of N-etbyl u¡a1elmJ-de derl-vatLves La their uodLficatl-on

rrnder ttrong aeld eondltions caualtrg an openl-ng of tl.e iuido

rlng. ThJ.¡ proccsa result¡ Ln the q)pearance of two carboxyLic

acl-d resl.duos r*trLclr sl-gnificantly alter the electroptroretfc

uobillty of thJ.s derlvative. T?rls characterÍEtlc rüas uaed to

conflru the prevlouc identificatlon¡ since it could be cuggested

thåt radlo-active peptidea could be conta¡ninattng tl.e alowly

migrating 14C-U-ethyl maleimide-cystelne couplex'

lhe radlo-actlve material fro¡¡ th.e prevLous electro-

plroretogram raË eluted and hydrolysed using 6N-HC1 for 72 hrr.

arrd. th,e hydrotyaate (after reuoval of the scid. by repeated.

vacr¡um dJ-stll1atlon) ,¡." subJected to an electrophoretic

anaJ.ysfs as prevloualy deseribed. Fig. 4.12 l-s a dia6ram

wl.icrh depicts the radlo-active pattern obtaLned from thie

e'1ectrophoretogrêEr ¡
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The acid degradatlon product of thr N-atbyl rnalel-l¡Lde-

cy6telne coaplex (i.", S-(1, z-dlcarboxy-stlryl )-L-cycteLne) w"t

ch,emlcally aynttregl.sed frou malelc acld and cyotelne (t""

Materialg & MettroAa). Ttre migratlon of tllc blo1o61ea11y pre-

p€¡red. radlo-actl-ve corcpound war eoupared wl'th tho chulcally

ayntheetsed substanoe. Flg. 4.LZ atrows that the radlo-acü1ve

coupound haa ¡iullar eJ.ectrophorêtic ch^aractorlstiee to thø

cl.ennically synttrcsLzed S-(f r 2-dlcarboxy-@tttyf )-L-cy"telnc.

lhia evidence 1n conJunctLon rr:J.th subctantlal kl-netic

evldenco prercnted above cor¡fLrrn¡ the orlginal tsrtatLve

suggestlon that a cysteírrc reÐldr¡e 1¡ i¡¡volved 1n binding

propJ-onyl-CoA to ühô en:z¡mo surface.
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DISCUSSTON¡

The lmportarrt aspecùa of the inveetigation deecribed

in thie aection were¡

(") Ttre positive identiffcation of a reactive cysteine

resl-due 1n propionyl-CoA carboxylaee

(t) Assigning a fu¡nction for eystel-ne in tl¡e reaction

mechanlsm, and

(c) tlee .rse of kínetic tectrnlques, parti-cularJ-y on the

eheml-cally modlfied enzJimer âs a tool for investigatlng the

chemJ-stry of the actJ-ve site of the enzlnne.

Uslng bottr llvor and heart aE the source of propl-onyl-

CoA carboxylase¡ Kazl-no gl-il. L96O and Hsg¡6 & Lane (tgee)

flrst reported that the enzymlc actl-vlty was suseeptible to

thiol group reag'ents. rn ttre present atutly, the reactivlty of

the eegential thiol group was inveetigated¡ it wae label-led

eovalently wLth 14c-t¡-*thyl maleimide, isolated from a pronase

dLgest and Ldentlfied by paper electropltoreels. lhue the

kl-netlc evidence and actual l-eolatl-irn of the reaetive residue

provided conclusive proof of th.e cystelnyl group.

The thiol groups of rrany enzJmes are knowrr to react

wl-th thiol group reagents yieldLng catarytl,carly inactlve

products. In rnoet casee it l-s not clear whether ttrc thl-o]. group

at the actÍve site has been blocked or w}¡etb.er tl.e reactLon ¡rith

a grouP elsewhere l-n tl.e proteln tras eaused confornational changes
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tl¡at lu¡ve lecl to an fueactÍve enzyÌ¡rë. lrebb (tgøe) rra" pointed

out that it is dlfficuJ-t to distir:gulsh w}rether the exposed

reaction groupt

(") Is at tl¡e actj-ve site and f\rnctiona'l in ttre reactlon

mechanlsra¡

(tr) Is ut the actiwe sl.te but non-fu.rstionaL,

(") Ig vJ.cina1 to the activc såter or

(o) Reactc and alters ttre enujrme structure causing non-

speclflc denaturation.

Proof of the fi¡nctLona]' role of reactive 6roups nust

ttren oome frou evidence additional to the ir¡hibj.tion and

protection experiuents carried out by Kazriro gjjl. (fpøO)

and Hegre &r l,ane (tg66), since the d.emorestratl-on of inhibJ.tlon

by thlot group reagente aad protectl,on by a cubstrate indicates

at best that onê or more cystelne reEiùres are euffLclently near

tlee actfve site to ftff.ru.""' tb.e catalyals. In the present

ínvestigation sevcral kLnetl.c approaches have been used to

iupllcatc and asslgn a f\¡nction for the e¡sentLal ühLoL rosidue

in tbe reactlon uechanism of propionyl--CoA carboxylåEêr

îb.e protection experiments of Hsg¡s (]-g6tt) and Kaz:tro

g!-$.. OgøO) tnaicated that propLonyl-CoA rattrer than either

ATP or HCoo- was lnvolved 1n reaeting with the cystelne reeidr¡e.)
fn the experlments reported Lrere, kin,etic evid.ence was obtained.

to show that the thiol group reagenÈ, iil-ethyl malein¡id,e, could
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taot reac+ with ùhe propl-onyl-coA-€rzt,'to complex thtre confil.lfting

t}.e prev:l,ou.; tentatlve evltlence. Support for ttr:r-s concluslon

was obt,qined fro¡n the pKr,/pH profl'les (using proplonyl-CoÂ as

ttre varl-abIe substrate) whlch ebowed ttrat the proptonyl-CoA-

erxzJnne couplex has " 
pKa at pH 8.2. T?rls value oolncLded with

a clange in t¡e rate of Lnactivation of the enz¡mic actlvity by

N-ethyl uraleiml,de at vatryl-ng pH valueg. Final proof wae

obtaLned by shoving th.at ttre ctreml-cal rnodificatlon of the enz)nne

increased the apparent I{, val,ue for propionyl-coA but not for

ttre other two gubatrates.

Cecil (1-g6l) ft"" polnted out t1.at the high reacti-vlty

of t1.e ttrlol groupcl 1n enz¡rureg has Led l-nvectígatora to poetulate

t1.elr partictpation at tb.e active site. In vel} few Lnstâtlc€a¡

however¡ l.as l-t been chowrr that the thl-ol group forms part of

the activa sLte and becoues lnvol-ved 1n the catalytic eeQnerrcêr

Some of t¡ese exaaplea are d.eecrLbed ln tl-e followlng paragraphe.

ltre reaction of acetyl-CoA wlth tbe fatty acld sSrntbetase

resulted Ln thc for.uatÍon of an acetyl-enzJme (t ynen¡ Lg62).

F\rth.ermoro¡ he suggested that ttre acetyl group is transferred

from Co.A to a thlol group bound to tbe ênzJme. Howevêr¡

recently J"t l.aa been Ëhorn tlrat two thíol resld.ucc treve roles Ln

tlle rrultl.-enElÆle eouplex. tr'irstlyr a central thio]. group whictt

É¡eema to be due to 4r-phosptrs-pantethetno and aecondlyr a

perlptreral ttriol group whl-ctr sGertrE to be a cysteinyl reeidue

(t¡'nen, L96Z). Apparently the aoetyl-molety Ls transferred
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from tho central to the perlpheral group in tþe course of

tl. e reactlon.

Glyceraldehyde-3-phosphate dehydrogeRaae can react

with acetyl ptroephate ùo form an acetyl-ellølne (Krrncty & Racker¡

L955). By neacurepent of the ntrmber of ttrl'ol groups reactl"ìg

with p-bydroxy-Eersuri-benzoate before a¡rd aftor the acylatLonl

it rap lnferred that the acetylatlon slte was a ttrlol resl-öle

(noepp", Boyen & stalbergr 1956).

Smlth (fgSg) propored tbat the reactlon mcchanlsm of

papaLn lnvolved an acyl-atLon of an eesentlal thlol group.

Tlowever, hLs echomc l-nvolved an l.nternal thLol eeter whl-ch was

not conalstent wLth the Gaae of 1r¡lllbltioa by thlol group

ín1-lgitors. the orlgJ-nal sche¡ae was then uodifie d to include

a flree thtol group and aapartic acLd reelô¡es whLel- provfde a

change dlstributl-on favourable for this reaction (nlff & SnÍth¡

1960 ).

T¡eae ttrree eræpJ.ee r¡ould l-ndieate that cysteíne

reslduea arc ftrnCtlonal for the fonration of acyl-enz'yme

compLexee. Indced.¡ Cecil (J-g6l) U"" suggeøted that Ln those

enz¡nm€c uhere tl: e thioJ- group 1o operatlng at ttre actlve ceø.fre

and r¡ot j-nvol.ved in mal-ntalning the configuratlonr an acy3.-enzJ¡ûre

couplex sl¡ou1d be srrÊpected. However, Flegre 6ge4) tr¿e¿

unauecclaaf\rlly to show that an acyl-propionyl-CoA carbo:grlasê waa
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formed. A1so Vlrd.en & t{atts (tg66) concluded ttrat at leaet

one of ttre five ttriol grìoups of arginine k1¡raEe is eeeential

for actLvity and Lt probabl-y forms part of tl.e catalytlc

uecl.anism. Ilor¡everr the l-nvol-vennent of an êcyl-enz)rne was

not reported. Itr tlrerefore¡ Beeua tb,at cysteine resldues

carr operate at the active contree of enr¡nnes wLthouù bel-rrg

required for acyl--enzym€ foruration. At preeent¡ the group on

the proplonyl--CoA ¡aolecr.¡l-e LnteractLng wit?r tl.e cystel.ne

residue tras not yet been l.dentLfl-ed" Prelimlrurry evldence by

Hegre (1-g6t+) would suggest that tlre ñrnctlonal group resldes in

the propionyl-pantetheine noiety of proplonyl-CoA.

Ïn this eturly¡ evLdenee was presented to indLcate that

an essentl-al- thlol group was required to bLnd propLonyl-CoA to

the enz5rme. Ïre data required to defl-ne eucb a role care froru

a study of the klnctlc constants of both the native and th.e

ctremieaLly nodifi-ed enz¡rme. TtrLs ratlonaLe can be f-llustrated,

in wlraù is obvlously are oversiunplificatlon, by considering a

eirnple one substrate erezymj-c reactíon:

E+S

T?re apparent ,t

k^J, E + produetsES aaa

aaa

(+.s )

(4.q )
k2 + kg

kt

and tl.e apparent V*"* *3 I e"l a aa (qro)
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ff a bl-ndl-ng auj.no acicl, j..e. an ami¡ro acid invoived ln fornoing

DS, j-s rnodifÍed so t}.at ttre rate constant, k'r ls reducedr ttren

K wlII increase. Ît¡at Ís, ttre affl-nl"ty for tl.e aubetrate
EI

w|LI be deer€aeed. fr" Vr., uLll not be altered. ?tro present

studies shoved th.at ühe afffnlty of the eÍrzJme for propf,onyl-CoA

decreaced as thc ood.Lfieatlon of the €arz)me lnereased (ffg. 4.8).

However, J-f a catalytic reølô:er l.e. an amlno acid

involved l-n breaklng down ttre ES eouplex, Ls modified so tbåt

ttre rate constant, k^, 1s reduced, ttren both K'Jm
be reduced slnce both expressÍons contaln ttre terrnr n3.

lhls situatlon could yleld parallel double reelprocal plots

for the native and urodifled enzynea. Slnce prop1ony1-CoÂ

carboxylaee did noù yieJ-d plote of ttrJ's kJ'nd, theoretJ-ca1- plots

lrero prepared by aasigrling valuee to kl, ka and. [e] (which were

kept corurtant ) rrhtle k, was varied. It can be Been from

Fig. 4.13 ttrat, under certal-n condltl,one, peeudo-parall-el ll-nes

could be obtal.ned, thus supporting ttrJ.s hy¡lothesiø.

fire cbange in slope when elttrsr IíCO,- or M6çAîP ¡¡¿E

tlre warLable substrate (nfga. 4.6 e 4.?) ia not ex¡rl-alnsd by

ehangeg 1n k, or kr. Th.erefore, it was a66uned tlrat tlre

obeetred d.ecrease l.n the VtaIc vslues wae due to the fact thaü

th,e propLonyl-coÂ concentratl-on 1n ttre asaay aolution was no

longer aü eaturatiag leveJ.s ulth recpect to t}¡e rnodlfl-ed enz)nme.

A sLmllar result ¡rould be obtaLned l-f the LnhLbLtl.on denatrrred

arrd V ¡,¡11Lüax
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tlre elluJnne non-spêclfl-ca11y. In tb,l's cas€ the total actl've

enfrlme concentration would docrease¡ thus decreasint vrax

wlthout affectLng ç. Howevêr¡ fn the caae preacnted Ln

Flg. l+.8 the Vuax ls dependent on propionyl-coA concentratLon

and therefore non-specifl"c d.enaturatl-on 1s not concldered as

a J-ikely cxplanatl-on for the deoreased Vr"* with Hco3- and

IþATP qa the varlab]-e subctrates'

Although experlnenta1 cupport for ttrc above concepte

is not as yet well developed¡ sooe data frou ttria Laboratory

eupportlng thoce lry¡lothcsee fs worttry of comment. Keech &

Farrsnt (tgeZ) u¡irrg sheep kldney pyruvate carborrylase h.ave

shown that a lyslne resldue I e caeential for bindirrg the

allosterl-c activetotr¡ acetyl-CoA. It would be expocted thaü

modiflcatl-on of thl's resldue vLtlr dlnitrofluoro-berLzene would

af,fect only th,e V."* but not the blnding of the ottrer eubetrateg.

Ttria waa ttre case wben HCO3- and pyruvate uerc the varl-abLe

subetratee but not r'¡hen MgATP ¡¿6s thø varÍable substrate.

Variation of thl-g substrate reEulted l-n a cerl-es of paral-Lel

llnes aa uodifioatlon incrcaccd tndl-cating a change ln k, for

the brcakdown of the E-MgATP oouplex. ThiE was lnterpreted

to l"ndicate that ttre bl-¡ndl.ng of acetyl-CoA to pyrrrvate earboxylase

induced c¡angea in the errzy¡Ee wtrLctr reducod tl¡e rate of E-MgATP

hydrolysla.
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INÎRODUCÎION:

In a recent reyiew concernlng tl.e effect of unlvalent

cations on the various €nzJnne systems, Evans & Sorger (tgøø)

emp¡asise that the nonovalent catlons may elttrer actl-vate or

sti¡nulate a fLxed reactlon rate.

exhibite an abso1uüe requlrement

Phl-lliPs t L942) whtle the ual-t.c

egêÞ¿Egjgg fs actlve J-n ttre abeenee 6¡ tC Uut ie stl-nulated by

AJ.moet wltilrout excePtlonr r*herepr@selrce (Noseal, ]-g52).

lons stfuuulate or actlvate enzJme syateus, b1""n t. replaced

e{ther Rb+ or NHU+ lons. The molar concentratl-ons of tTre

cations requlred for maxLual actlvi-ty ln moct casea ic high

compared witt: the correspondl-ng uolar concentrstLon of the

substrate for ttre partlculaf, enz)rue. For examPler aeetaldehyde

detrydrogenase requlres for uaxlmal actl-vity; o.o5M-K* salt,

O.Oool7M-acetaldehyde, and O.OOO5M-NAD (Black, L?SL). Ttrese

generallsatlons, arrd tl:e fact that the reaetLonE lnvolving

univalent catlonc are cheuJ.cal-ly unretated makea it dlfflcult to

conceive a general uechanlsm of action l-nvolving actJ-vated

complexes of substrates or cofactorlt or botÌ,rr and unlvaLent

catlong.

Nevertbelessr EoEe proposale have been advanced to

ex¡rlaJ-n tlre actl.vatlon processes lnduced by ttre varl-ous !ûotlo-

For exauple¡ pyrrrvate kin"ase

for Kr ions (Boyer, LardY &

enzJ¡rne l-solated from Ler:to o{llrrs

its

K+

by

walant catl,ons. Cbemica]- uodels of Na-ATP and K-ATP complexes
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s¡ord that the Na+ l-on ls completely buried 1n the complex

molecule but, l-n contraet, K+ is almost completely exposed

(Melchior, Lg54). thl-s autbor concluded that certaln enzJnnes

uay eatalyse reactions lnvolvLng the K-ATP tocomplex but fa1J.

of the stericcatalyse reactlone

consideratlons.

lnvolvJ.ng Na-ATP because

Lo¡uensteln (rg6o ) proposed a trLner relation-

sÌrip between the nucleotlde, divalent and monovalent cations.

rn agreement wlth Melchior (tg54), Lowensùetn proposed that

dífforences in ttre strape of ttre univa1ent catlon-nucleotide-

dlvalent cation complex ntght affect ttre rate of ttre rcactions

catalysed by enz)mes. Howev€r¡ these proposals have not

recelved general acceptance because, (") not all' K+ ion activated

systems trave nuc!-eotid.e substratee, and (U) for maximum activat-

ion¡ the concentratlon of ühe K+ lone is rnuch greater than ttre

other substrates.

Recently, NeuJalrr & MLstry ¡g6l) and Neujahr (tgØ)

strowed that the enz¡me activity of propionyl-CoA carboxylase

was stiululated by uonovalenü ions. Cs* and Rb+ lons were the

most effectLve unXvalent catlon actlvators although NHr++ and

K+ ions were aI-so abLe to stimulate enzyuic actl-vity. Howeverr

slnce all asaay eolutlons ueed by prevlous l-nvestlgators Lnclud-

lng those of Neujatrr & Mistry ¡g6S) were earrÍed out iu ttre

presence of elttrer Nar or K+, lt Ìras not been poe lblc to ascertain

frorn the literature whether tbe GlrzJmc poeaesses an abcolute

requLreuent for nonovalent catlona or wtrettrer ttre catlon si'mply
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stimrl-ates a l¡asa1 enz¡tuic acÙ1vf'ty'

lhef.nvcetl.gatl-onprecea.tcdl-nthlccbapterwae

carried out to aacertaln¡

(.) VU"tl¡cr the enz¡me possetEed an absolute rcqul'remenù

for nonovarent cations or whethor the oaù1on alulply atLmulated

a basel actl-vltYt

(t) thc loouo of aetlon of t¡e catl.on ln tho reactlon

mechanLenr and

(") The ueetranism by which ttre cation cxerta lto effect.

loengurcthÊtthelevelofunlvalenteatlon

contamlnatl-on of ttre enzJrtc preparatlon an¡| tþe reag'cnts ueod

fn the al6ay mlxture was at a vorT/ 1or levcl¡ ¡rurJ'ficatlon of

all reagents uas Carrled out as outlined ln Materfalc & Dfettrods.
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RDSULTS:

(r ) IC 4on stLmulation.

Although ever:r effort waa made to enaure that alkali

metal--free reagents rdere used in the preparatl-on of the enzJnne

and the acsay solutLoner Lt uas not poseible to demonstrate a

unJva].ent cation requlreuent. Iloveverr a 1.6-fo1d stl-nulation

of actlvity was consistently obaen¡ed. To exclude the

posslblllty tbat the anion of ttre K+ salt 1.€., ttre chlorlde

ionr uas reaponslble for ttrre stl-mulatfon¡ the effect of various

anions of potacsiun salts vas exanlned, the resulte presented

in lab1e 5.I l-ndlcate thåÈ there waE uo dl.fference in enz¡nnlc

activity whatever uuivalent anl-on wag

2-so a dÍvalent anlon, caused a 5Ûfi

added Ylth tÞ.e K+ although

loes of actl.vlty.
4 ,

In orrler Èo denonstrate that the obsert¡ed ctLmulation

wae not conflned to K+ ions, varlous univalent catlons uere

used to replace the K+ 1on. Flg. (5.f ) repreeents the data

obtained ln the form of double reciprocal plots, nleere the

reclprocal of tb.e reactlon veJ-oci-ty l-s pLotted as a function of

the reciproeal of the catfon concentratl-on. rt can be seen

that t1le apparent Vr"* f,or each catlon was identical.. lfrereforer

a comparJ-son of varLoua catlone U"""iì sJ-ngle veloclty Eêaaurê-

ment at a sfrrgle metal Lon concentrstion ie not a valLd procedure.

the apparent Ç values and. afflnfty eonstante 1.ê., the reclprocal

of the apparent Ç value for eactr of tTre c¡tfone vae determiued

are eurmarLsed fn Table 5.2. îhe order ofand ttre reaults



TâBLD 5.L

ANION

Chloride

Iodlde

Chlorate

Acetate

Sul-ph.ate

the reactlon mlxture was as

The concent¡iation of anLon was I x 10

ACÎIVITY 4

100

gg.7

99.o

98.9

54'o

described in FLg. 5.L,
-M.
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values
fn

for Rb
4

'a' and Cs' The velocity of the reaction in

the absence and presence of the activating ca t ions (U,, ) an¿

K'. NH

(v) respectively was calculated.

was plot ted. against the reciprocal

Rb+ ( o-+ ); K+ ( r-a );

The reciprocal of L/Y-Yo

of the cation concentration.

NH,* ( o-o ) an¿'4
+

l-l ). The reaction mixture (rlnar volume o.5 ml. )Cs (

contained. in pimoles: N-ethYl

loo; t4c-¡,-"thyl morphol ine

¡-tmole ), 5.O; proPionYl-CoA,

glutathione, o.25; M82*, J.o

T"5.

morpholine HCI buffer, PH 8.O

bicarbonate (z.z x 105 c. p.m o

O.5; N-ethyl morpiroline

and N-ethyl morPholine-ATP 4-

per



TABLE 5.2

I

üctel

Àpparent \ Âffi.nt-ty eonatant

(r ro-4u)

Rb'

+
K

5.9

6.6

14.6

Lg.6

tüI +

Lr695

Lr 5L5

68s

s'-o

4

+G¡

Ihc drts ¡r¡nm¡rlccd Ln thl.¡ tablc rGrG obta{ned frou

Fl,g. J.L. Ex¡mrluenüll eoadl'tloac !r.rr8 tho ¡arc ag thoEc

dcserl.bod Ln ffg. 't.1.



87.

afflnity for the bindl-ng of ttre catlons was Rb+, K*, *"4* and

Csf . Na+ lons did not stlmulate tlze er'¡zlnne l-n the experiments

where l-t was uged.

(z) Tlme oourÉ¡e of ation bv K+ lons.

Îlae actlvatl.on of soare enz)¡Ìnes by metal i-ons lras been

ahorflx to be tlue dependent. For ulaxipum actl.vatlon of tlrreonine

d.ehydrogenase, prel.ncubation for 211 hr. wLttr K+ l-ons was

required (Green, Lg64). The K+ ion atlmulation of acetaldehyde

delr¡rdrog@nase (Btack, L95L) strowed a 1O-3O sec. I-ag period.

Apart from the unLvalent catlonsr the elow actlvatlon of certain

peptidaaea by Mrr2* (surtrr, L95L), and of argLnase by Mnz+ and

CoZ+ (Moharrned & Greenberg¡ Lg45) trave been deuonatrated.

Sinee any poatulated, mechani-em of K+ ion stlmulatf.on of proplonyl-

CoA carboxylase would require a knowledge of the tl.me course of

the proceasr thla aspect was lnvestl-gated. The enzJme was

pJ-aced iu two separate reacù1on uixtures containing h.igh specific

actlvlty 14C-HCO3 r one eolution ooutal-nlng K+ Long and ttre otlrer

witl-out thls cation. At 15 E€c¡ lnterrrals, aliquots lrore

removed usfng a Hamilton preEs-button syrfnge. The enz¡rmfc

reacúion ¡rae stopped by addltlon of the standard al-iquot to

measured. volumeE of Lo$ cold aqueoulr TcA, and tl'e flxed 14c-co
a

was detetmirred.

l]rc reeul-üe (r're. 5.2) indl-eate that the aetLvatíon

procesa proceeded at a rate too fast to be meaeured by thls
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Fj'A. 5.2. Time of act

The assay mixture

N-ethYl morPholine

TIME(min)

ivation. T?re velocity of the propionyl-

tr-tr ) plobted. as a function of

0
30 2

CoA carboxYlase reaction

absence of 8 x tO-Jl"t-t<+ (

in tïre Presence ( v 

-e 
) and

time. Aliquots of the assay mixture were taken at L5 sec'

intervals using a Hamilton press button syringe and the

reactionstoppedwithO'Jvolurnesofs'fttrichloro-aceticacid'

as descrlbed in Fig, 5"L

bicarbonate (z.o x 106

r,,ras used including

and. O"2 units of eîzyfie"

c.p m per prmol e )
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particular t¡rpe of experf-uent¡ 1.ê., the K+ activated enzylle

reaction rate curre wlrerr extrapolated to zeto tíme Íntersected

the tLme scale at the same poJ.nt ac the rate curve for th,e K+-

free system. Furthemorer even the earllect tlue aample

showed a 1.6-fota etimrJ-atLon of actfvlty lndl.catl-ng ùhat the

stlmulatlon had reached s msxLmum wLtt¡.in 15 Eêeo llre increaee

l-n activlty remaJ-ned co¡¡stant throughout the tl.me of the

e:qreriment.

(r) Dffect of K+ lons on the kl"netl.c conatants.

the additíon of K+ ions to varlous errz)me eystema

hae resulted 1n a nr-uber of dl-fferent effecte. frr soue caaea

th* Vr"* value was effected whlle in otberør the cation caused

an alteration ln the apparenù K, value for one or urore of the

substratee (Evanc & Sorg:ert L966). Therofore¡ ttre inveetigation

lnto ttre mode of K+ ion stimulatÍon on propionyL-CoÂ carbox¡rlaee

wao extended to Lnclude the effects of ttre actÍvatlon on th.e

kinetic constants of the eubetratee 1n the presence and absence

of K+ ÍonE.

Double reciprocal plotc rù€re obtaLned uel-ng proplonyl-

CoAr MgATP2- and HCO,- as the varlable substrates ro6p€ctlvely,

1n ttre preaenc€ and absence of K+ ions (r'igs. 5.3, 5.4 & 5.5).
llre apparent Ko, and Vr"* valuee were calculated from a cou¡ruùer

analysls of the hy¡rerbol-l-c cun¡es and. tl¡e va]-ues obtained are

sumuarl-sed Ln Table 5.3.
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Fig. 5.4" De t ermination of the apparent K and V form- max-

2- êsertce and ab sence o K+. T?re reciprocalMqAT P 1n the pr

ofthevelocltywasplottedagainstthereciprocalofthe

MgATp2' concentration in the absence ( o-o ) and presence

of 8 x f O-Jlrt-tç+ ( o-O ). The reaction mixture was as

described. in FiS. ,.I.

I



I

V

0

5

I

3

2

I

-5

[xcq1 xû4M

Fig. 5.5. Determination of ttre aPParent K and V for
m-üla)(-

HCO in the resence and absence of K*. Ttre reciprocal

10

of ttre velocity was plotted against the reciprocal of the

HCO^- concentration in the absence ( o-o ) and presence
)

of g x to-Jt't-tç* ( r-r ). The reaction mixture was as

described in Fig" 5.f.



TABLE 5.3

+Effeot of K lon¡ on ttre kl-netfc

congtante of the reactlon eomÞonents

wlth K+ ULthout K+

Subgtrate

aPP. K
m

epp .v app. K app .vnax uax

MsATP2- L. j x ro-4M grooo 1.5 x ro-4tl 41655

Propionyl-coA 2.7 x to-4t't ztÍ¿oo 2.48x Lo-h Lr612

J.o x ro-3¡,r zr}Sj B.o x ro-3u Lr667HCO
3

Data gurnrnarl,ged in thls table was obtaÍned from

Figs. 5.30 5.4 and !.J. Experlnental condLtLons were tt¡e

saure as thoae dc¡crlbed l-n FJ-g. 5.1.
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The apparent K, value for propionyl-CoA was simllar

spectrophotometric assay method and of slmilar unagrrltude to

th^at obtal-nod by Halenz gl.3L. (tg6Z) ustng thc enzlme isolated

from beef l-Lver. th.e gtLrrul-ation obsen¡ed ln the preeence of

K+ J-ons dl-d not result ln a sJ-gnlfl-cant ch.ange tn ttre apparent

Ifo value - lhe Eame ty¡re of reeult was obtaLned when MgATP2-

was ttre variable eubstrate (ftg. 5.4) i.€., the apparent ç
value was not a]-tered. wh{le t}re apparent Vr"* almost doubled-

It slrould be noted. tlrat ttre apparcnt Ç val.ue for MgATPZ- ls

different to that obtalned by Tietz & Ochoa (fg¡g). the

difference could be due to the fact that theee fnvestlgatorg

plotted ATP concentratione (ustng exe@sß free ltg2* 1n the

reaction uixture), whereas Ln tl¡ie experiuent the MgATP2- couplex

was ueed as tl.e variable substrate.

In contrast to tlre ottrer substrates, th.e preaence of

K+ ions had a uarked effect on the apparent Ifo value for HCOr-.

this value ehanged from 8.o x fo-fo to 3.o x 1o-3M. the slte

of actton of allosteric acetyl--CoA on tþe yeast pynrvate

carboxylaae (cooper & Benedlct¡ Lg66) t." al-eo at the HCoo-)
binding elte slnce ttre Km value for HCO'- d"."""sed 7-fold Ln the

preserrce of acetyt-CoA.

(+) .

T?¡e data presented J-n the prevl.ous eectLon showed that

at least one of tlre effects of th,e K+ l-on on propionyl-CoA
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carboxylace tdaÉ¡ to reduce the concentratlon of HCO3- required

to Ïralf saturate ttre erlzyrÉte. A ctrange of tlrts magAi-tude In

ttre kinetic constant for one of tl.e substrates h'as been talcen

to lndicate a protel-n confomationaL change. For examplet

Cooper & Benedict (tg66) uslng yeast pynrvate carboxylase showed

thât acetyl-coÀ lowered the apparent fu value for HCOr- and

concluded that ttre allosteric activator caused a etrange Ln tl.e

tertiary stmcture

for confor¡raülonal-

of tlre proteLn. Houerrêf¡ kinetic evl-dence

deflnl-tlve evl-dence

ctranges can only be cl-rcumstantial-. More

can be obtaLned from theruod¡rnamlc data and

tþerefore¡ an attempt wac made to ueasure tþe entropy eTrange due

to the precence of unl-valent catlons'

Hl-l1 plots for K+ over the temperature range from 2Oo

to 4Oo are presented l-n Fig. 5.6. Since ttre slopee of the

lines over ttre whol-e temperature range never exceeded a walue

of L, 1t 1s assuued that there 1s only one blndlng slte for K+

at ttre actlve centre. Support for thiE conclusLon cones frorn

the fact that ttre erLz:yE,e exhibits claseical Mlctrael-is-Menten

klneticg. Therefore¡ the reactlon between t}.e @nzJrrnê and cation

can be uritten as:

k. k.'
E + A 

"=- 
EA -i t E + products ..r (5.f )

oz

In systems extribit1ng Mtcho"11s-Menten kl.netLcs, the apparent K,

value 1s equal to k, + kr/kr. Holdever¡ sl-nce the enzJnne-

potassluu couplex cannot break dovn to enzy-me and productar tt¡en
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That l.s, the apparent Ç val-ue for potassiuu is

wtrlctr l-s al-so the dissoclatl-on conetant for the enzlmeá

potassLum complex.

Â,c can be sêen frou Tabl-e 5.4., tbe apparent Ç value

for potassiuu decreases wlth incrcaslng temporatr¡re. From

this data¡ other themodynamic propertles of the K+ stfmulatlon

can be deteruined.

the use of enthalpy ( aH) and cntropy clrangec ( "s)
as al-de |n ttre understandJ.ng of bLochemlcal reactlons I'c

lLlustratcd by a consideratlon of tcupcrature dependence on ttre

denaturatLo¡t of proteins ê.g. for oh¡motrypeLn the ¡S ls 438 êollo

per mole (entropLe unlte)¡ trypcln¡ ¡S 1E I"8O Brtlo per wole

and for trypsJ'n lrrhfbttor, as i¡ 213 e.u' per uoJ'e (Matrter &

Cordeo¡ L966). Ttrese entropy changes are exeeedirrgly Large

the ¡S valuee for uost elrernical resetlo¡¡s falllrrg 1n the rari€e

+1O to -JO e.u. per mole, and thuo curphaal-eoa Ln a drauatic

fash.ion, the dcgree of structural organloatl.on of theee protelns

tn the natlve atate and the l"osg of thle organlsation Ln the

themal. donaturstÍon proceco o

Tlne standard entropy change¡

¡H ¡F (s.z)¡S= T a aa

where ¡H l-s the gtandard entl-a1py change s¡d aF ie the change

in free êrtergy. ¿H can bc evaluated flo¡t tneasurencnts of the
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I rt of tbc S+ aetlvatlon.

H - t0r06t orlrr pta dols

AÞD. K
TE

(x to*4u) (o¡lcr por uolr) (".u. )

¡F ¡S

Tøup.

200

o
25

350

300

11.5

9.2

6.6

4.9

4.5

' \927
4r3o5

- 4,394

- 4r649

- l+¡777

41.76

tr8.23

47,7t

47'.78

47.1+2olto

Expa¡lseata1 condl'tlons â¡ doreribcd l-n FLg. 5.L.
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dissociatl-on cor1stant as a ftrnction of temperaturêr i.ê.

lnK= arf + constant a aa ß.1)
RT

À plot of 1og K (fte.

absolute temperature

-aI1/2,3R, from whlch

5.7) ag;ainst the

yielded a stralgtrt

H was ealeulated

reciprocal of ttre

line wittr slopet

10.1 kca]-.to be per

th.emo1e. Ttre change irr free energy, 4F, is derlved from

fol1.owLng equation:

¡F = -RT lnK "'
lJjis value, ÄFr together wit]1 H can be eubstituted in

(¡.4 )

equation

5.2 to derlve aS. ?able 5.5 sum¡narises ttre data obtalned frou

a serles of experiments. In partlcuLar lt ehould be noted

that the etandard entropy cl.ange, as was 47'8 e'tl' per mole'

Sl-nce the range of values for most chenical reaetions is muctr

less than tt¡is figure, ttre valuea presented l-n Table 5.5

pred.ict a significant conformatlonal ctrange in the protein.

lbo other exauples are krrorn where theruodynauie

evJ-dence hae been userl to support kinotic evldence for

conformatlonal ctrarrges. tr.or exarnp]-er laketa end Pogell- AÑ5¡

Etudied tl'.e ttútibltlon of fn¡ctose-l-6, diptrosphatase by AMP

and obtal.ned a aS value of -9g (B.uo per mole. Uorcel (tgeø)

investigated ttre actLvatl-on of NADH dehydrogenas¡e by AÙ1P and

slrowed that ttre AS value waa +JJ €¡tl . per uole. In eachoase

tl-e authors concluded tb.at the allosteric ligand produced a

sigrriflcant change J.n the tertiary stmcture.
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Log Km

De t erm ination of the Àl{ <¡f

36

the activation of

30 12 3{
x

I
T

to3

lìi¿r. 5 ,7

rrropionYl-CoA c a rboxylas e LoÉl K lvas pLot ted againsl
m

thereciprtlcaloftheabsolutetemperatr-¡re.Theapparerrt

K l.or K+ r\ras cl etermined
m

that the tetrPerature was

Lhe line was calculatecl

as described in F-ig i.1 excePt

variecl as clescribed. 'lÌre s ltrpe of'

frorn the method of 1er¿rst s(lll¿ìres.
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(¡) '

Confo¡uational changee Í-n protei-ns induced by

d.lfferent perturbatlons can be investi-gated by a number of

technlques. Kayne & Seulter (tg6S) obaenred a d.ifference

in the Ebsorbancy ln the 28O to IOO np reglon between pyrrrvate

kinase lncubated wittr and wLthout a combination of activatlng

univalent and divalent cations. They concluded th.at alùtrough

dl-fferent conforuatior¡al states of the errã¡nne existed and

depended on th.e catl-onic environment, tlre spectral changes in

ttre errz,pa resul-tlng frou tlre additl-on of catí<¡r¡É¡ u¡ay not be

related to ttre actlve forms of the enz¡nile.

Imuno-elcctroph.oretfc behavl.our of pyruvate kinase

Ls also urarkedly changed by manípulating tlre cationlc envl-ron-

u¡ent (Sorger, Ford & [Vans ) Lg66). Richard.s & Rutter (:-g6t)

and Rotlretein 6o Þ¡rns (tg6l+) tr.v" reported that similar

conditlons exiet ¡¿Lth ttre two ruannmaLian aldolaseer one of

utrLch requl-res univalent cations for actl-vJ"ty whl.le the

ottrer does not. Deuterium erchange l.s anotlrer tectrnique wtrich

has beon used to Índ.lcate changes in th.e tertlary structure of

proteins but 11ke the other physJ.cal tuetl.ods it has the

dlsadvantage 1n ttratr altlrougtr ctranges tray occurr they often

cannot be related to biological activity (Stracher, 1960).

In the case of propionyl-CoA carboxylase, speetral

changee 1n the ultraviolet regJ-on Ln the presence and absence
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of IC lons were not observed. Several explanatlons are

possibletoaccountfortlris]"ackofaclrangei.e.

(") spectral_ changea can onl-y be expected if the environ-

merrt around arouatic resfdues is alteredt and

(u) since the moLecular weigtrt of the enzJntre is so hlgla'

ítJ-spoesl-blethatclrangesaffectingoneortwoaromatic

resldues would represent a very small- percentage of ttre total

so that a change would not be expectad'

I{ith these dtfficulties Ín mJ.nd, lt was decl-ded

ttrat confl-matory 6videnco for a ctrange ln tertJ-ary structure

due to K+ ions shoul_d be obtaLned by utiLl"slng e¡ortre otl¡er

property of ttre enzJnne. Therefore¡ the rate of lnactl-vatlon

of tl.e cnz)nme by N-ethyl-maleimide, ln ttre presetoce and absence

of IC¡ uâE f-nvestigated. T?re data obtalned is preaented 1n

Fig. J.8 where it can be seen that the presence of IC ion

increased tlre rate of inactl-vatl-on of ttre eriz]ntre. It should

be pointed out that tl.e difference Ln the two inhlbition rates

1s not verar great but thie may be expected wh'en it 1s considered

ttrat thls inhlbltlon is, ln the uainr âtl expresglon of the

betravLour at the propionyl-CoA site'

To conffum thls result¡ tl.e experiment was repeated

using l4c-w-"tlryl ualeimide as ttre thiol- blocking reagent.

lhe radio-actlvlty fixed, to the prctein was detenrnlned by

iso1ation of the "rrr5-"-14c-rr*^rtitor 
complex ae deecrlbed ln
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t.8

Log%

Activity

t.6

r.4

ll_g;.r_ i_8. Dl'l'eg'

5 20
5 t0

TIME (min)

f ol
+

t( () n the raL ê' o f irrhiÌ i on of'

rr'i blr

tn

the

I L

1)r'uþj orrr, l -(loA carboxyl¿rse-bv N-et-lU!---U-*tç-i[j dç.

(loA t'¿rrl¡oxy1;rse (O. Z units) w¿ìs lrrctrbatecl t'tt 22')

_t,
2 x lO-'lM-N-r:tlryl rn,'-rleirnicle (1in¿r1 volums o.! m1 .

O"O/¡,1{-t ris-ltCI lruf'f'err PH 8.2 r"vith ancl tt'itho,rt B

Al itlLr()ts of' tllr: e..,.ztrÍne (O.Ol m1. ) I,{crre relnovecl aL

I'ropionyl -

')Lx lo-'M-K'

v¿rriotrs t jmc¡ intervals and assayecì Lrsirr.¡3 the nornlal assay

v/.

,f/

me'i hol ex('opt th¿it 1 x

¿rcti.vlt y' u'as pl ot t ercl erg;arìnst tirne,

reduced ¿3 lLrtartlr ione and
_)10 '-yt

(W/V ) lrovine senrm albumetÌ were al scl preserlt. LrtB



95.

Materl-alg & Method!. However¡ Ln thls cas€ tÌ¡e moubrano

flltere wer€ drled and ttls radJ.o-actlvlty detc¡uincd by

scl-ntillatj-on coutltlng. Flg. 5.9 tlepfcta the reeults obtaLn-

ed fron thlc e¡rp€rluent. Ttre preee¡1eg of K+ lncreased th,e

amount of radLo-actLve inhibitor fl.xed to thc enz¡me. Sl-nce

l"n thl-c sltuatl.on, tlre fixed radLo-actJ-vlty could be due to

bl-nding at essentl.al- and non eûaential reclducsr the effect

of K+ may be 'expected to be greater eoupared to tbe resu].t

from the prevLoug experJ-uent (ftg. 5.8) where the reactivity

of an c¡scnü1al. reslduc was belng obeenrred. thl¡ partlcuJ-ar

approacb. i.€. lnhibl.tlon etud!-ec¡ wae uaed to provl-de eupport

for the Ìrypothesl.c tbat a conforuational change l.a expGrJ.onced

by aectaldehydc dehydrogenaco ln the presencc of unlvalent

catl-onc (Strpp"o1 & IIl].e telu, L957).
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Fis. 5.9 . Effect of' Kt on tÌre uPtake of C-N- e thyl

maLeimide by Prop ionyl-CoA carboxylase.

(O. ¡ units) t.. incubated with

Propionyl -CoA

-h2x IO'Mcarboxyla s e

14a-tt-" thyl

pfl 8.2, at

maleimide contained in O"O4M tris-FICI buffer,

22o with and. without 8 x ro-3tt't Aliquots of+
K

the incubation mixture were taken at various time intervals

i,rr(l 'bhe reaction stoppecl quickly by rìilution into LO/" TCA

containing 1 x rO-21,{ N-ethyl maleimide.. The d-enatured

protein r.vas isolated by filtration on a membrane filter

apparatus, washed thoroughly with N-ethyl maleimide and

fÌ *ally wi th L/" acetic ac-Ld. The membrances \^Iere dried at

1OO() for lO min. and the rad.io-actiwity determinecl by

soirrtil 1¿a tion counting.
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The origl-nal alms of thfs

detenr¡1ne whettrer tl.e

for monovalent catlons

investlgation Ïrere¡

erLzpe exhlbited an absolute

or whether the cation

sJ.mpJ-y etimuLated a basal actLrrlty.

(t) To locate tTre poJ-nt in ttre reactiorr aequence rrhere

K+ íons ínfluenced ttre rate of ttre reaction¡ and¡

(") If possible, to obta1n some lnfonnatlon wl.lch could

elucl-date the mectrarrism by rvhich the cation exerts its effect.

of alkal.f uetals from both ttre enz¡rue

preparation and the reagents used l-n the acsay mixture.

Tl.e locus of K+ ion stimul-atl-onr âe d.educed frou a

kinetic analysls in the presence arrd abeemce of the uodl-fier¡

suggests that the point of attack is at or near ttre HCO-
3

bíndlng ette. Studles by Giorgio & Plaut

J.iver propJ-onyl-CoA carbo:rylâõê¡ wtrl,eh íe

(tgøZ) uslng bovl-ne

the fl-rst obJectiver {t wae not
+an absolute K ion requirepent even

etl-uulated 7-9 fold

l-n tïre preeence oJi K+ lons, showed that ttÞ ATP-P1' ADP-ATP

exchange reactlons and the transcarboxylaee actlvity catalysed

by the enzJnne were stlmulated by K+. Two posslble explanat-

l.ons couLd be advanced to account for ttre apparent dffference

between ttre data of GJ-orgio & Pl-aut (tgøZ) and the evlderrce
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presented here.

enz¡rue and ttre

AJ-ternatLvel-y,

Ftrst of all 1t ls possible that the liver

heart enzlnne bave different reactlon uecharrlsus.

the increase ín ttre .A'TP-Pi exchange rate

obsenred by these vorkers could be d.ue to the pres@nce of K+

HCO l-s essentialions at or near the HCOr- blnding site slnce )
for ttrls exchange reaction. ïIle ATP a¡¿ Hco3- btndl-ng sites

may be in close proximlty and thereforer l-t Ls not unreasonable

to expect that a chnnged errvirorrurent lnduced at one sLte would

not be ¡rLthouû coue effect at tl.e other slte. the fact

remains tt¡.at K+ lons caused. a signiflcant lncrease ln tÌ¡e

afflníty of the enz¡¡mê f6r1 FICO3-'

It woul-d be expected ttrat to be most effectJ-vet

potassiuu would have to exert its actLvlty at the sLowest step

in tl.e reaction sequenee. TentatLve evidence was obtaLned from

the profiles of ph veraus pH plots to

fo¡:uration of the ID-COZ eomplex ls the

euggest thât the

sJ-ow step ln the reaction

pathway. 11:1e type of plot haE lreen used to dete'ruine the

rate-deterurlnlng step ln the glyceraldehyde-l-phoeplrate

detrydrogenaae reactlon (xetetr & Batke, L967). Ttre l-nter-

pretation of ttre data relier o¡r the theory that the veloclty

of the reactlon depends upon ttre concentration of ùhe MÍchaells

couplexes. lfr however¡ orrê of the elementary steps l-s rate-

dete¡mfning the ret.atJ.onship between the apparent Vr", "td
apparent ç is altered l-.e. the apparent \, for that substrate
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involved in ttre l-lmiting step wiLl be hígh wl.en ttre apparent

V --- reaches a maxlmum. In Fig' 5'l'O the pÇ for HCOr- wae
- ma'C

plotted as a firnctlon of pH. It can be aeen ttrat tlre apparent

K for HCO.- Ls hlgh at pH 8.O to 8.2 which is the pH optimum
m)

for the enzJrBe (l'tetz & Ochoar L95g). this lnfonnstion would

suggest th.at the rate lfml-tíng etep Ln the propS-onyl-coA

carboxylase reactlon l-s the fomation of the COt-enzlr-ne complext

a step whie1- could be accelerated lry the presetnce of rrnlvalent

catlons.

At tlris staget

musù reualn speculative.

any poatulated mechanLsm of K+ actl'on

that a eubstantial. conforøatfonal

charrge is l-nduced. by potaselum l-s eupported by several different

lLnes of evldellc€¡ vlz.,

(" ) A sJ-gnificant shLft 1n tl.e apparent K, val-ue for

HcO^- in the Prese¡ace of K+ J-ons,
)

(u) a a,S of 48 ê¡n. lnduced by K* ions, and

(") ¿t increased rate of lnactlvatlon by eulphydryl group

reagents Ln the Presence of K*'

Íhe st1mulatlon process requires a mechanism whereby the activator

changee üt¡e conformation of ttre proteJ-n inatantaneouoly so that

the uodified proteln is fully gtLrnulated as soon as the cation

reacte wl-th ttre €nzyúûe. It is difficult to vlsuallse hor¡ IC

ions could lnduce a conforuatlonal ch.ange except by influencing

tlr.e ionlc envLronment at the actlve sLte. lherefore a detailed
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deecriptton of the stimulatl-on process wlll trave to waít untll

more informatlon about ttre ctremical" environ¡nent around the

biotin molecule l-s available.



CHAPTDR SIX

TIIE .ALLOSTERIC ACTIVA TON OI\ PROPTONYL-COA CARBOXII'ASE BÏ

MA*NDSTUM (Msz* ) AND MAçNESIUM ADEN9SINE IRIPH9SPHÂTE (us^rnz- ¡

---6Q6---
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INTRODUCTTON:

Variou¡ theoriea have been advanced to explaÍn ttre

functLon of the metal lon l-n uetal-l,on catalyaed reaotl-onã'

It has been propored for exarr¡rle tþat tl¡e uetal lon;

(a) Uay particlpate 1n bLnding eLther the oubetrate¡

co-factor or both to ttre enãJrwe eurface.

(U) CouLd activate ttre enz5rme-sr¡bstrate complex¡ or

(c) r'ray particl-pate Ln both (") and (t)'

(a) Uay trelp to maintaln the eeeondaryr tertiary and

quaternary atructure or to lnteract withfcide-ctraln suclr that

the ensuJ-ng co-ordlnatlon cornplex can fì¡nction catalytLcally.

(") May undergo oxidatlon-reductl-on durLng tb.e enzymic

reactLon and thus are consldered to transfer electronsin the

oxidattv6 proces6€e¡ êog. tr."2* J-n eytoehrome oxidage.

In the propionyl-CoA carboxylase reaetlonr there 1s

a requlrerrent for bottr AlP ¿¡a¿ MgZ* (tretz & ochoar L959) '

slnce the apparent stabl-lLty conctant for MgATP2- ts T3roooM-lr

thíe would cuggeat that Ln ttre Preterrce of e¡ces" Mgz*, the

amount of free .lTp4- ts extreuely snall (orsutttvan & Perrinr

Lg64). Ttre lnteracti.on between metal lon and l-ab1le phosphate

l-on has always been a source of l-nterest and speculatLon.

lbere are trro theorl-ee whLcl- have been proposed. FJ-rstly¡

Koshland (l-gSZ) euggested that chelatiort 1.ê. th.e fortatlon of

the cyell,c lnterrnedl-ate by ttre metal iorr and J-abl.Le phosphate
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neutralizatfon i.€.
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Secondly, Kosower (tg6z) proposed charge

the reduction of ttre I'onic charge on ttre

phosphate anion by the interaction of a metal ion of opposl'te

charge. Ita thls case, chelatl-on ís not required. Infra-red

stud.ies of ATp4- and Mgz+ complex by Feldman & KeeI- (tg65) trave

indicated tb^at NlE2* does not interact with the adenlne moiety'

The sa'e concluslon uas reached by Happe & Morales (lgøe)

using l5w-u'M'R'

conley & Þfartin (tg6s) suggested that chelatl-on to

a divalent wetal cation makes a specles tore susceptLble to

attack by hydroxfde lon and (p"""rrt"bly also by water) ttran does

protonatl-on. Oestrelc¡ & Jonee (tg6Z ) concluded frour thelr

experiments that the role of the metal ion is to neutrallze

the charge. llnerefore, altleough t}'e nature of the interactfon

is not f\rlly undcrstood, ttrere Ls no doubt tl.at a uetal-

nucleotl-de cornPlex exists.

In ttre previoue chapter evldence was preÉrented wtrich

suggested tÌ¡at monovalent catlons can stluulate tÌre actl-vlty

of propionyl--coA carboxylâsêo ltre presernt chapter J-s concerned

mairrLy wít}. the rol-e of tl.e dl-valent cation in the propionyl--CoA

carboxylaÉte reaction' The reactl'or¡ mechanlsu pnopoaed for

thebl'ot|n-groupofenz¡ruresh'asbeenderl-vedfromisotope

excbange reactlona (Lynen fu.L. , L959¡ Kazl.ro 9S4'r L96Oi

Sc¡rrtton E^t-jÅ.. , L965i and Scrutton 9!-3L. , L965(" ) ) ' Aê a
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reÉult of these lnvestlgations the folLowlng two-steP reaction

sequencebagbeenpostulatcdforttresee¡rz)rE€s:

Blotin-er¡tr]mc + ATP + HCO3-
.. (ø.r )

COr-blotin-enzyrue + acceptor u, Cor-¿¡;çsptor + bLotl¡r-enzlnúe
Ð o (6"2)

Maglresluu is lcnown to be requir,erl for reactl-on

(6.r) uut unùil recently no role had been assLgned for thls

metaL Ln the reactlon mecl.anism. Tlre l-nvestlgations of Keech

& Barrl-tt (tg6Z ) using py¡n¡vate carboxylase lsolated from slreep

kidney lrave dl.Eclosed that uagnesluu has tro noles ln the

reactlon tequence. Firstlyr 1t couplexed with ATP4- to form

the tnre eubstrater MgATP, arnd secondly¡ Lt formcd a couplex

wLtb. tþe elrzy-rüe to actlvate tJre enzyuo. F\rrtheruore¡ tho

addLtion of MgATP2- to tt¡e enzlme devlated frou no¡tal

Mictraelis-Menten klaetlcs, Ln sucb a ray as to ln'dieate a

homotropic co-operative effect. the addltLon of free Mg2*

caused a ttrreefold chalge Ln thc errrz¡rmic actLvity at caturatlng

leveL 6f MgATP2- and also changed the apparont K, value ar¡d t1-e

slope of the III-11 p1-ot¡ botlr with respect to MgATP2-. It was

conclud,ed that MgZ* ex¡lbitod. a heterotropi-c co-oPêrâtive effect

wj.th respect to Ilg.{rTPa-. Wl-th this Lnformation in mind¡ the

authorei proposecl two possl-ble uechanlsrns for the binding of Mgz+

t-
arrd. ÞigA1.p- to the @rLzyße surface. Ttrey suggested that Mg2*
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may bind el-ther et a specLfic effector sLte or alternativelyt

at one of th.e blndlng sitos for MgATP2- whlc}. is capable of

functlonJ-ng as an effector slte. Before these proposals can

be accepted as representatl-ve of all the biotln carboxylatlng

e¡rzJ¡ùt€6, furtl.er eonfirTlatory evl-dence rnust be forthcomlng from

otl¡er uembero of the grorrPo

Proplonyl-CoA carbox]rlase frou pig treart (faztro

.9,Ê.-âL.' 1960; Kaziro .Ê$-3L., Lg6L¡ TLetz & oehoar L959)

exlribits uaxlmum activlty w1.en tle ratl-o of MEz+ to ATP4- l-s

at least 2:l or greater. Ttrl-s suggesta that MgATP2- may be

ttre tnre subctrate 1n the reactlon a¡d also that free M,.2*

can also react slth the enzyne, thr¡s actLng ln a sløllar fashLon

to pyrrrvate carboxt¡l-asêr

lhe J-nterpretatlon of any lnfortatlon re¡ultlng from

a study of the rols of Mgz+ and ATP4- in t1.e proplonyl-coA

carboxyl-a6e reactlon l.s compli-eated by the poseíble involveuent

of the univalent catlorr, K*. îlre prevlouc chapter, wþLch

descrlbed experl.ments invol.vJ-ng tlæ unl-vsLent catlonr provided

evidence for suggeotfng that the site of aetlon of thlc cation

was in tbe fomaü|on of the Cor-€nzJntre compLer. Although

l¡otþ Mg2* and ATP4- ."" also requlred for the formatlon of the

co -biottn-enzyue complex (Equatlon ó.1), it will be ehown 1n
2

thtg cbapter that the slte of action of the dl.valent cation is

dlfferent to tbat propoged for the K+ ion. .A¡r alternate

urectrarrl-sm for ttre foruatlon of ttre actlve enzJme-õubstrate complex
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rr'i.11 be proposed. TentatLve evLdence wllI alco be produced

to suggest that the ratec of breakdown of these couplexêÉ¡ are

iderntical azrd furtlrerrnor€¡ ttre Mgz+ and, ÞfgATPz- Lons are

blrrding at the sa@o rnodlfler slter ttrus supportl-ng the second.

meclranlsm proposed by Keech & BarrLtt (tg6Z).
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ÌìDSIILI,s:

Îb.e preparatlorr of apeclal subatratcs as outlined

in Materlals & Methods was r¡ecescary to ensure that the kLnetfc

obsen'atlons resu].ted from specLfic and uncontaml-nated reagentg.

Thís was especially pertinent for the magneslum chlorl-de which

tdaa contamlrrated with potasel-um chl-orlde. N-ethyl uorpholine

was ueed as the truffer eLnce the complex fortat1-on between this

cornpound and Mgz+ ions is rnuch less than with tris (Morrison,

OrSulllvan & Ogston¡ Lg6L). Conetant boJ.].irrg hydrochlorlc

acLd. Tea used to adjust the pH of ttre N-ethyl" raorptroline buffert

since the associatíon between lig2* anrl Cl- l.s coneiderably less

than betr¡een ottrer anions and Mgz+ (C.trrrr, & Kibrickr 1938 ).

îhe coaditions of the assay were no't elranged from the 14c-c0^
2

fixatíon ruethod of Tiots & ochc,a {tgSg) since these sere ideal

for stuqyirig th.e reactj.on sequeÈce usíng the dlssociation

constant c¿rlculated by orsullivarr 6: Perrin (1-g6+), whj-ch was

also iteterrninod at pH B"O.

(1) $onot..ot¡ic co-ooeraf,Lve effect of MeATPZ-

I{hen tite veloclty' of the propionyl-CoA carboxylase

reactlon was plottect as a f\¡nction. of MgATPZ- concentration a

sigmoid-straped curve was obtalned (ffg. 6.1). Tl.J-s type of

curtre is l-ndícative of a houotropic co-operâtlve effect (Iulonod¡

Irr¡nnaa & Ch^angeux¡ L965) ana is vary slnil-ar to the data putrLietred,

for severaL other €nuJmes (Saawal.I. & Cook¡ L966¡ Okazakl &
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Kornberg, Lg64; Ctrangeux' Lg63 and AtkinÉ¡olil. & Walton¡ Lg65)'

Îvl-e same data, when plotted in ttre doubl-e reciprocal

shorded a norr-l1near relatl-onship (ntg. 6.2). Frou

formt

this data

the double recfProcal

Subsequently ttre

tlre Vuax

plot to

Ç val-ue

of llgATPz

tabul-ated

two molecules

these bind at

vas calculated by extrapolatLon of

infinite substrate concentratlon.

rvas deteroined from Fig. (ø.f ) as ttre concentration

ll.ese coïlstants were- requlred to gfve hal.f Vrax.

in Tabl-e (6. r ) .

lhe sane data was alEo fl-tted to the HtI.l equationl

L"eGåt-ñtogs+logK oal ft.t)

where Vr v¡ S, ñ an¿ K are maxlual veloclty, initial reactlon

velocity, MgATP2- concentration, a couplex frrnction of an

interactlon coeffLclent and number of binding sl-teg (Atkinson,

Hathaway & Suittr, L965) and a complex equlllbrl-um constant

respectlvely. Ttre curved double reelprocal plots obeenred for

MgATP2- as the varlable substrate and the value of 1.6 for the

Hill. slope of the HiL]. p]-ot (fts. 6.3)

Lnvolved

suggested that at least

in ttre reactlon and thatef MgATP2- were

dLfferent sifes and exhibJ-t a homotroplc co-

operatlve effect.

It can al.so be seen that ttre slgnoidal curtre obtained

ry1tl. MgATÉ aq ttre varl-able substrate has a posl-tLve inltia].

sJ-ope¡ êvêrl at very lorc substrate coneentratlonsr auggestíng

that a partial all-osteric effect l-s operating i.e. th,e reactlon
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occurÉ¡ rdith tlre addl-tlon of one uolecule of ÈIgATP2- but 1s greatly

errhanced when tl.e two mol-ecules are added. Thls íe ei¡E1lar to

the alloaterLc effect reported for aspartate trane-carboxylase

(Gerhart & Pardee, Lg6I+).

(2) Actlvatfon bv mamesium'

A plot of lnltial veloclty as a frrnction of M6AîP2-

concentratLon was made in ttre precence of excese Mg2+ (rtg. 6.1).

It can be sreen that t}-e enzy-Ire extrlbited classleal Michaelis-

Menterr kLnetlcs in the presence of excegs Mgz+ ione (l'e' a

hyperbolic eunre a6 aeen in trlig. 6.L resulted). The Eame data

when replotted ln the double reclprocal fcrr¡¡ now showed a

stralgtrt llne relatlonship (ft*. 6.2). F\rrttterruore, thß

ad.d.itlon of Mg2+ to Ùhe reactlon mixture lnduced changes Ln the

apparent Ç value for MgATPZ-, ttre apparent V*- and ttre slope

of tfre Hl-ll plot (fre.6.3). 'â' chan6e in tt¡e HtIl plot from

!.6 to 1.O eltl.er lndicated thåt ttre lnteraetlonsbetween tlre

birrding sltes are uarkedly decreaaed or that the nuuber of bind-

íng siteo 1s altered. frou¡ 2.o to 1.o. Îrtrl-s informatLon 1s

summarlzed ln lable (6.r). It should also be noted from lable

6.I tlrat the Ç value for MgATPZ- tn tÏre preaence of Mgz+ l-s

hal-f the value ln the abcence of Mg;z+i a result whlctr agaln

euggeste that only one cite Le operating thuo requlring only

hal-f the prevl-or¡g MgATP2- concentratlon to saturate thc enz)¡te.

(3) Pfrect or K+

îhe effect of K+ Lons on tl.e binding of IIgATP2- to
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t¡e proteln was also examlned (f'fg. 6.1). Ïhe cation dl-d not

alter tl.e sigrnoidal- nature of t].e curqFe, alttrough a swall

actfvation did occur. The apparent vr"* values obtai-ned by

extrapolation of the double reciprocal plots indicated that the

univalent catl-ons caused a sma1l sÈiuulatLon of actlvity.

$Ioreoverr the apparent IÇ values obtained by cal"culating the

substrate concentratlon requlred to gc-ve Ï¡â1-f vr"* indlcated

th.at K+ caused a ctrange in ttris k1neüic conetant (tatfe 6.1).

l'tris value l-s dlfferont to the valuc obtalned I'n the prevlous

clrapter r¡here thc differencea 1n the apparent K, valuee in tt¡e

prese¡1ce a¡rd abeence of If werc l-nsLgnlficant. In thåt

partlcular cåaê¡ ttre concentratLons of MgATP2- were kept high

1n order to derlve stral-ghù J-Lnes {n the double reelprocal plot.

tr|.urt?retüofê¡ tlre prsaencc of K+ dl-d not cauae a change l-n tlre

slope of the Hl-ll plot lndlcating that th{ s eation dl-d not

alter either tbe atren6th of the 1nteraction or the nuuber of

blnding sites for l"fgATP?' - a result quite different to t1.at

ut' ¡ F\rr

observed bt

T-tre co¡¡binecÍ effect of Inlgz+ arrd. K+ on the blnding

of M*ATPZ- to ttre enz)mle was also examlned and is depj.cted in

Flg. (6.f ). Tïre stiurulation j.ndueed by both of ttrese cations

wag ad.dLtive¡ the hyperbolÍc cur'\¡e uaa st1ll apparentr wl"th the

K+ cauelng only a.small- change in the apparent Ç value for

MgATP2- (calculated in ttre presence of free ItA2* ). There was

no change ln tTre_slope of tl.e H111 plot. T'his data lndl-cated

MgZ* .
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that ttre most signiflcant klnetic changes wlth reapect to

MgATp2- are brought about Uy Mg2* and' not Kt (1.aUte 6.1).

It can be olrserr¡ed ttrat both MgZ* and Kr stl-mulate

the enzytlc activlty, but tl.e greatest stlEulation wac obse¡r¡ed

with ¡le2* at th.e lower MgAlp2- concentratlona. Uhen ttre

actívatLon f\rnctiottr l.e. V-Vo/Vo was plotted as a fi¡nctl-on of

MgATpz- concentration¡ a 14-fo1d stlmulation was obtal-ned and

wíth lncreasing concentration the effect graudally decreased

until only a basal etlmulatlon was noted (ntg. 6.3). TÏris

prono'nced stimulatLon was induced uaJ.nly by MgZ* whereas lfi"

had ll-ttle effect. Fì¡rtt¡emorrê¡ Aig. (6.3) ohowa tt¡at the

aetfvation by (r* + M82+ ) rrae additLve'

(4) ActJ.vatron uv MEATP2-

Uhen the reciprocal of the velocLty wae plotted as a

frrnctLon of tt¡e reciprocal of tl.e l4g2* concentraÈion¡ at various

ftxed concentratlons of MgATPZ-, À aet of ].inc¡ wtrLctr inter-

sected. on the velocLty aris reaultcd (ntg. 6'4). Îhls type

of pattern la cLltrilar to the pLots obtaLned when studyÍng

cornpetitive inhibltion, however, ln this case lncreasing MgATP2-

eoncentrations caused actlvatlon lnstead of inJribrition.

F\¡rthertorsr wtr¿n the elopes rtere plotted as a firnctlon of

MgATp2- concentration¡ a parabola resu1ted (nig. 6.5).

Modiflers whl-eh reduce the combination of tbe substrate wl-th tl-e

enz:rule Ln the absence of any complicatlng effects can give a

competitive type plot¡ but tl-e replot of the slopes of the ll-nee
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against inåibitor coÍlcentratlon yields a h¡rperbola. This ls

known ss Hyperboll,c Competl'tive or Partlal Coupetltive

j"nhibition and occurs $tl¡en both the enz)rme-substrate and

enzJnne-modifier-substrate complexes break down at the sane

rate (Morrl,son, Lg65). Altlrougtr the effectú of rractlvating"

modifíers have not been studied as comprehensf.velyr a slullar

concluslon may be reached concernl-rrg the effect of tl:e modLfier.

In this cae€, ttre activation rrras competltive l..ê. MgATP2-

.rrd Mg2* may be operatLng at the sau¡e stte. ff however the

reclprocal of ttre slope 1s plotted agaLnst the MgATP2-

concentratlon, a hyperbolic curve is observed. Ïhis actlvation

pattern is opposlte to tÏ¡at obta{ned for a classl.cal inhibited

systemr but l-f the sane príncl,pl-es aPPlYr then thl-e would

infer that enzfme-substrate and the enzlne-Eodífier-substrate

are breaklng down at the saue rate.

(¡) Inhl-bitlon bv ATP4-

Arr inhl-b{tion pattern carr be obsen¡ed in Fig. 6.5

when ttre recLprocal of veloefty ie plotted as a functl-on of

übe reclproeaL of

l-ons of AîP4-.

real- conclusl-ons

If the same data

MgATP2- corrcerrtratl-on at vanlous concentrat-

However¡ slnce the graphs are norr-l-inear, no

can be reached as to ttre type of lnhibl-tion.

were plotted to an equatl-on of the forr:

+1
v

1

5z
l=a
v

aoa (6.4)

where v, Vr a and S are the inl-tial velocLty, maximum veJ.ocíty,
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a cotrstarrt and MgATPZ- cùncoutration roepectl.vc].y¡ thcn sone

pred.lctiorra may be urade (nre. 6.6).

A rruutrer of rvorkers have used a plot of the

recLprocal of reactl-ou rate agaLnet the reciprocal of the

squar€ of the subetrate eoneentratlon arrd trave shown a pseudo-

llichasl-la-Mcnten kl.netl-c reLatlonshl.p (Okazefcf & Kornbergr

L964i thbargcr & Broryn, L958 & Sanwal gå3!. , L966) .

Howeverr Ín ucing an equatlon of thl.c t¡4re, it should be

rea].l-eed that thLs doee not coupletely deecrlbe the data

and h.ence haa not been used to dorLve arry kl-netLe eonstant.

Ebou FJ,g. 6.6 i-t can be 6eon ttrat "aTP4- inhLbl.ted tho reactLon

in a pertl-al conpetJ-tl-ve nanner. The LnlrlbLtlon by ATP4-

indicated that ATP4- couf-d eotnbine wLùh the aame foro of the

onzJnnê aa ltgATPz- to fo¡u a d.ead end complex and fr¡rther

MgATP2suggested¡ that 1n thia caËc, th.s mrclootlde rnoJ.ety of

$as responcLbl.c for blndl-ng thf"s coupLex to thc enzjme.
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DTSCUSSTON:

the evidence presently available indicates that

propíony1-C6A oarboxyl,ase reguires a divalent catlon for tlre

fl-rst partial reactlon (Equation 6.1). lhe subsequent studies

of Keech & Barritt (tg6Z), working with sheep kLdney pynrvate

carboxylâs€¡ revealed that yl82* could have two roles in the

reaction mechanism and they proposed two theories which could
2+account for their findings. ll-ey suggested that Mg reacted

wltl: ATP4 MgATP2to

the

form as tlre free metal to
2+indLcated that Mg coulden,zpe. They

2-
of ttre MgATP-

and also

furtheractivate

bind at one sites or al-ternatively at a speclfic

activator slte.

rtre evidence presented in tt¡is chapter indicates ttrat

propJ-onyl-CoA carboxylase behaves in a sl-mllar fael.ion to

pyruvate carboxylase witlr respect to M6ATP2- and Mg2+. However¡

there are some dl-fferences between the

pyruvate carboxylase sYstemt

of ttre Hill plot for MgATPZ-

free ltg2*

two enzJ¡mes. In the

did not alter ttre slope

appreciably and tlre auttrors

euggested that ttris ¡r¡as consl-stent wl,ttr the two site trypothesJ-s¡

(.nttineon g!3!. r 1965). However, in thie present l-nvestlgation,

2+free Mg caused ttre slope of ttre Hill plot to

n 1. O, tt¡e apparent for M8ATP2- üras

be ctranged to

halved andK value
m

normaf- MichaeLis-Menten klnetics rÍere obsen¡ed - all lndlcatíng

that in ttre presence of free NIg2* only one sl-te exists for
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MgATPz- at the aotlve centre.

loalrnpll-f}anyfrrrtlrerdl.¡cusslon¡atlrcorotlcal

model uhLct¡ could accourrt for soue of tbe behavlour ext¡l'bLted

bypropionyl.-CoAcarbo:ryJ.agewl.l.lbeout]-ined.rtia

propoced that propl-onyl-CoA carborylase poEsesa€a two dietinct

sltes:

(") An actlve site at wtri.ch the substrate¡ MgATP2-

comþines and undergoe6 reactlon to yield pircducts.

(U) A modifl-er sl-te at w¡Íctr anotlrer uolectrLc of M*ATP2-

o" Mg2* ean react so as to lfrfluenee t¡c rcaction of the

eubstrate at tho actlve slte.

fi¡e modlfler sl.te would pocaess lao catalytlc actLvLty and' tlre

modifler¡ i.ê. M82*, irr tl.lc câ5€¡ is an actlvator because l-t

aids the eombl-natl-on of the suLstrate at the actlve glte.

ThLs can be df.agranmatlcally reprcsented as¡

+7 AE + productaA
EA AD.â.

^il
E .å.

"ll
MEA

A
AT

E

M,l
t- MD + products aaa (e.¡)ME

wlrere A = MgATPZ-, M = Mgzt. and E = eûEp'i-uê. Ifhen the uodLfier

fs preeent at rron saturatLng condLtlonar thß rate equation

pre¿{l cte that a parabola wl-ll be evl-dent when the recLprocal

of tlre velocl-ty is pt otte.d. as a function of eulcetrate

A
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concentratlon, On ttre other hand, in tt¡e presence of

saturating colrcentratlona of ttre modlfier¡ the rate equation

1s sirnpt-lfled and pred.l-cts a straigtrt llne for ttre double

recJ.procal plot, fnvestlgations l-nto the propionyl-CoA

carboxylase reactlon lndicated that tl.is enz)me posaesses

most of the properties outllned above. For exampler ín tl.e

absence of free uBZ*, the reciprocal of the velocity versus

the recl-procaL of the MgATP2- concentration resulted in a

parabol,ic cLlrlro o

a straight l1ne

F\¡rthemor€¡ in tlle presence of tl.e modifiert

uas observed Ln ttre double reciprocal plot.

deflniteA scrutiny of tlre data from the H111 plots indicated a

the reaction wítTr resPect toalteratl,on ln the order of

MgATP2- aue to the presence of tbe free M82*. The ohang€

from second order to first order with reapect to MgATP'- O"
,-

that only one MgATP- site

Thl-s could nean that most of

MgATP

bound

tl-e uodLfier stronglY suggeste

l-s now aval-lable for reactlorr.

tlre ewzyur,e l-s forced into the enzJmte-rnetal forn so tl.at the

reactl,on prooeeds ual,nly via the loweet pathway as descrlbed Ln

Equation 6.3.

Although the naln emphasie of thiE dlscusslon has

been centred on the modl-fier site or sites, evldence lyas also

forthcoulng wtrl-ch may h.elp elrrcidate the nature of tl.e substrate

site. Ttte demonstratlon of the oorupctltlve lnllibition of

"- ot free ATP4- could l-ndJ-cate ttrat MgATP2- uay be

to the erlzpe surfaee vLa the nucleotide molety. Since
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there is el,ldence to suggest the couluolt binding of Mg2+ and

!IgATP2- at the nodifier site¡ poesl'bly b]'means of ttre metal'

subetrate site may be ttre site epeclflcally lr¡l.ibited

ùhe free ATp4-. Itr ottrer uordc¡ there l-s a diEcriuination

2- eitl er the substrate or

tr¡at MgATP2- bind.E to these

ttrø attachment of MgÂÎP to

the

by

1n

modlfier sl.tes due to tTre fact

sites in dlfferent rraya. It could even be

the M8ATP2 ís only trYdrolYsed to ADP + Pí

site even when another uolecul-e of MgATP2-

modifl-er slte¡ sl-nce the dLfferent Eeans of blndLng the seme

mol-ecule to the recpectlve sites must LndLcate dlfferent

a¡nino acl,d e€QUêrrC€ar

Several Lnvestlgators have deruonstrated tl.at other

d1valent eatlone can be substltuted for NI82* in ttre reactions

carrled out by tþe biotla-containlng erEz]yT,eg. Giorglo &

Plaut (tg6Z), uslng |iver proplonyl-CoA carboxylaeter observed

that M'.2* coul_d functLon 1n ttre ATP-P1 and ADP-ATP 6¡çç|¡ange

reactlons. lhey furttrer demohstrated that when both MgZ*

and Mn2+ vùere ba..t lncluded 1n tlre assay mlxture, the previous

exchange rate was slgnificantly decreased. Nielsen & Keectr

(tg67) aleo

catalysed by

tl:at MnATP2-

substl-tuted Mn2+ fo" Mg2* 1n ttre reactlon

sheep llver pyruva i;e carboxylace and ehowed

speculated that

at the eubgtrate

J.s occupylng th.e

2+

actfv.lty. Îrey assuued ttrat botl.

operating sJ.mflarly wtren bound to AT

could funetion adequately, whereas free Mn

dl.d not

Mn2*

stimulate thl-s

ue?* could beand P4-
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butasthefreeuetal,lrelravedl.fferently.

suggest

IfnATPz-

Coll-ectLvel.y tlrese tlco pieeec of lnfo¡ulation could

that Mt 2* could bLnd wlth ¿tP4- to fo'u a subetrate

wlrichcanbl-ndatthecatalyti.csl-te.Il.oweV@f,rln

the presence of free IuInZ+, a stLmulation l-s not obeerrred

because this cation cannot bind at

I{hen ltgZ* is used as the dlva].er¡t

a stirru].ation because ít blnds at

the actlvator sl.te.

catl-on, free nEZ* causef¡

ttre actl-vator siùe. It
2+

1. ê. ttre actLvation bY Mg

is in tl¡e dlrectl-on of carbo:rylatlon. lhus tl.e exchange

reactfons wl.lch rely on a reverslble reacting uiecl¡anlsu wLl-1"

not operate optiurally ln the preaence of free MgZ*, whereas

free Mrr2* lr..s no effect becauee tt does not bind. at trre

actlvator síte. Tlris could be the reac¡on wtry the exchange

reactions prevJ.ously conducted on ttris ef¡^51ya¡re have not resulted

in tt¡e expected exchange rates (Kaziro C.!-31. t 1960 ) '

Vhl-lsttl¡eseinterpretationsareonl-yspeculative

at this Juncture¡ they provlde EoEG basls frorn wh.Lctr a Eore

preciee uilechanism may be elucidated and also ald in deviaLng

could also be aPeculated ttrat in

tl.e reaction is uni-directiona]-t

the preaence of free M€

experimente to prove sone of theee hypotheseo'

the seguence of events lrrvolvlng both MgATP2-

2+

At present¡

2+and Mg are

agsumed. to be as folLowe:

(, ) MgAîP2- blnds at the sul¡strate aLte througb ttre
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nucl-eotl-de portLon of thts subetrate and here lt 1e hydrolyeed

to yJ-eld ADP + Pi.

(U ) f"fge,tp?' Ay bindi.ng at tt¡e modl-fler sltc by ueans of

ttre metal 1lgand,¡ can facilLtate the blndtng of MgATP2- to

ttre subgtrate slte.

(" ) }lgz+ may be el-ther bindl.ng at a speci-flc modLfl-er

or at the Eame modLfLer site occupled by MgATP?- '

An alternatlve pathway for the formatLon of a

nucl-eotide-enz¡rme complcx is proposed lnvolvLng in the first

instance¡ two molecules of MgATPZ- and in Ùlle second', on'e

molecule of MgAl'PZ- and one uolecule of Mgz+. It l-s euggested

that in ttrc preael¡ce of frce it/'lg?', the foroatio¡r of the

n-ug2+-I,tgATP2- l-c the prefcrred pathvay, thus raeultJ"ng l'¡l

the ehangea f.n ttro kl-neüic cheracùerLstlcs of ttre enzyme wt-th

respeot to MgAîPZ-. F\¡rthemore, l-t wa¡ euggesüed that ùheee

two couplexes break down at th.e sane retc' AlthougÌr the

J-nveetl,gatlons usl.ng Mr"2* are only prcllninar'¡r, certal-n findings

cuggeat that both Mr"2* and Mg2+ carr reaet wl.th ATP4-¡ but

excess frce Mrr2+ does not sctlvate the errzy'øe. fte aativation

by free MgZ* l.E assumed to be uni-dlrectlonal and ttre

conaequenceã of ùÌrl-e fJ.nding on the exehange reactlon has been

epeculated.
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Int-or|nation about errz¡nnfc reactlon sequelrces may

be galned. froun initLal veloclty atudlee. Togetlrer rítt¡

produet t|ßhlbftion atrd Laotope exchange ln*'eatLgatlons' it

tras enabled. inveatl,gators to poatulate the order of afl.dltion

of substratea and rem.oval of products frou the elrlz:me eurface'

Cteland (tg63t tg6ZG) and, L963(¡)) rrac slnpl-J-fied

the kinetlc equations for enz¡mres lnvo}vlng two or gtore

subetratce or prodrrcts by aesuuing thst Lrreapactive of

tho rn¡pb8f of corttral lnter-convetralotaaf the forrurå of tb6

veloclty aqr.ratlona do not cbange. Tb,e poaslbLe mechs¡'l-gma

for tþeao enzJ¡soð can be df.vl"dcd lnto t¡lo ualn cJlasgec¡

(") Scquentlalr y¡ar€ both subetrates Euct add to the

errz¡rue bcfore oLtl-cr productl ar€ rølçaaed''

(t) t¡on cequentlal, w¡ere a product Ls releascd before

the secoud cul¡strate add^s to the errøJrüe'

InLtlal velocity equatLonc for tÌ¡ese mechanfeus

t¡ave been dcrl-ved. For exauaPle,

VAB for the segueatJ.al. ¡nechanism

... (z.r)
vs K. K + K B + KA +LeÞ A D

.A3

VAB for t}¡e ¡roÍr-lregucntl.al mechanlsm
(z.z)

andv= ¡tö+a \lL + -rrJJ

K arespectLvely where v, Vr Ar Bt a K and K.
D1a are velocity¡
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EaxiBuE velocity, sr¡bstrates A a¡rd B¡ MiclraelLs eorrstants for

À and. B and tlre dlgsoclatLon conetant between enz¡me and

substrat€ A.

For aequentLal rtrechanLsErs, plots of L/v agal.nst

L/L at dlfferent fl-xed concentrations of B wLll yicld a

famil-y of atraLgtrt llnea whose clopea and iirtêrcepta aro a

funetion of the concentratloa of B¡ 1.o.

11
AV

K"

i-
1

v
(
(

)
)

(\"1
(E-

(b
(n

+1 )
)

(?.g)

(z.r )

+1

Ttrus the Lj-nes will intersect at a point to the left of ttre

ordLnate and this pofnt may be above, below or on tl.e abscJ-ssa¡

dependl.ng on ttre ratlo of Kr./K".

For the norr-aeguentlal uoclraailm, the ølopco of tlre

llnes g¡6, lndepo¡¡dont of the eonccatration of Br 1.ê.

aaa

aa a
Ka
v

L

v
11

+
AV

)
)

whlle ttre vertl-cal- intercepts w111 vary wLtÌ¡ th.e eonccntraffon

of B. Ttrc re¡uIt l-e that e series of parall-el Ll-nes l.a

ol¡tal-ncd.

Ul"th thl-c background lt uas conaidered that confirrnation

of the coquence of cvents Ln the propfonyl-CoA carboxylase

reaction sêquenee may be confJ-tted usl,ng Lnl.tl.aL velocity

stud:løs. Thl-a waa congldered partlcuJ-arly Lrnportant sÍnee



ttre order of events

provLded no clues to

released frou the sutrface of the en'uyu¡e.

120.

ae deduced from i-sotope exchange studlee

indicato when either A.DP s¡ Pl. were
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RDSULTS:

In thie sectlon the initl-al- veloclty patterns wl'll

be analysed as outlined by Cl-elan¿ fgó3(b), i'ê. thê

mecTranlsue wLll be predicted by J-nspection. lhJ-s was

considered necessarlr sLnce tl.e corrplexity of the reaetlon

togettrer wttl¡ ttre complicatlons arislng from alloeteric

effectors coul-d make a systeuatl-c study very tedl-ous.

(r ) lhe Influence of propio¡rwl-coa 
, on. tl¡e lr0orlJ;lae.]Eå.ee..

Flg. 7.L strorùe that the Lineweaver-Burk pLota in

tenns of ttre concentratlon of HCO^- at different propionyl-
)

CoÂ levels gives a set of lLnes with a comuon lntercept on

the HCOr- axis. Ttris indlcates that the Hichaelis constant

fclr HCO^- l-s independent of ttre propionyl"-CoA concentratl-on.)
Replotc of the slopes and fntercepts versus the propJ.onyl--CoA

concenúratlon u€tre ll-near (nie. 7.3r.

(z) Tre inftuence or HCor .

Lineweaver-Burk plots l-n terms of the propJ-onyl-CoA

eoncentratlon at dl-fferent HCO3- 1evels gave lntersecting

l-ines (rtg. '/.2). the replots of slopes and intereepte

'r,lr9re agaf.n 1l-near (rtg. 7 .4).

From ttre tlreor¡r of Clel-and (tg6t$), L967), tl¡e

intersectl-rrg patterns and the .ll-near repJ.ots of bottr slopee

and l-ntereeptc obtained fron F.J-gs. 7.L, 7.2, 7.3 and' 7.4

Lndicate that a reversible co¡rnectLon exfste between ttre
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ropao l-CoA on the HCO kinetics.nyFj-A. 7.L The inf lrrence of 3

The reciProcal of tl e functi-on of the

reciprocal of the HCO3 propionyl -

CoA concentrations, The concentrations of propionyl-CoA

-4

velocitY was Plotted as a

concentration at warious

10 M(

a-u
ro-krvr ( o-o ); 2.oB x

o-o ); 4"L5 x ro-41'l (

o-O ). The reaction mixture (finaf

) contained in ¡lmoles: N-ethyl morpholine

aL

, IOO; Mg-', 3; N-ethyl morpholine-ATP4-,

N-ethyl morpholine bicarbonate, 5; N-ethyl

V-Vwere: 1, l8 x

_t,
z"7B x 1o-a¡4 (

-IL5.55 x lo-+M (

volume O, J ml "

buffer, PH 8'O

L .5i 4;
+

K!

morpholine glutathione,

were the concentrations

O"25; proPionYl-CoA, O.5' These

used excePt wl.en the Particrrlar

substrate was t'tre wariable or fixed wariable substrate'
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Fis. 7.2. The influence of HCO on the proPionYl-CoA

Erngtg.. The reciprocal of the welocity was plotted as a

[Prooionvl co A] x lo-sM

reciprocal of the propionyl-CoA concentration

1evels" The concentrations of HCO,- were:
function of ttre

at various HCO

-?1x10-M

2.32 x 10-

_'ì
4x10-M

3

( o-o ); L.66 x

lM ( o-o ); J x

ro-31,t ( v-v )

ro-3r'l ( ^-^ )

( r-r )"
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intercept

1

-4 -2 2 4 6 I

þropionyt con] x 10- 5 M

o and rc fr F
R

Tlre slopes and intercepts from Fig, 7.I lvere replotted against

the reciprocal of the propionyl-CoA corlcentration'

Intercept ( v- v ); SloPe ( ¡-r ) "



tslope

interceS

1

-2 40 6 810

replo tted aga i rrs t

Int erc ep t

Fié{" 7, 4 B*.Lo- tS-- "L-ål-opes 
and intercggt9-lr"m-IÐ'Lt4-^

F.or] xlo-4M

slopes and- intercepts from FiS' 7 '2 were

reciprocal of the HCO3- concentration-

r-r ), slope ( v-v ).

'Ihe

the

(
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addition of proPionYl-CoA and HCO

r¡ords, a procluct is not relr¡ased

between the addition of theee two

surface. Tïeis reeult conflicts

3
to ttre enz:rure. In other

or a substrate is not added

substrates to the enzJ¡me

with prevloua proposals¡

especialJ-y

and Pi.

after ttre

concernLng ttre removal of the two products, ADP

It was assun¡ed that ADP and Pi must leave the enz)me

18
HCO was¡ added because ttre O-excûrange studles

3

conducted. by Kaziro eå-3!,. Íg6Z) ftt¿fcated ttrat the label

from the bicarbonate species wae incorporated into the

orthoptrosphate. Furthermore, ft ts also realised tbåt ADP-P|

cannoù remafn on the enzyme for the ùrratlon of ttre reaction

siD.ce tl.e propionyl-CoA : methyl malonyl-CoA exchange reactlon

proceeds wlthout ttre intervention of el-ther ADP or PL. One

could only suggest then that ADP and Pi conie off before the

HCO^- l-s ad.ded, a scheme lnvolving perhaps a protel-n relaxation
1

effect.

Atkinson (tgee) nas poLnted out ttrat exauples of

protel-n reLaxatloa have been cÍted, l.€. DPNH oxldase of

Mvcobacterl-um Sg.þe.Eg¡¡Lg^gjLE 1s actlvated by AMP (Uorce:-, Gol.dman

& Cleland¡ 1965), but the reversl-on of the etlzJme to the

inactivated fsrzr required minutes to hours de¡rendlng upon the

condltions. In ttre propionyJ.-CoA carboxyl-ase altuatlon thls

rrould suggest that tlme J-s requf.red for ttre enzyue to relax

back to 1tg inactivated confornation after ADP arrd Pi have
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been rel-eased from tl-e enz¡nne surface' TIte studfes of

Gregolin et aL. (tg66) and Greenspan & Lowensteln (t966)

þave shoûrn that acetyl-CoA carboxylaso can be sLgnificantlrr

affected by MgATP2- ".rd 
Mg2* respectlvely l-ndlcatlng that

ttrese two llgands are both capable of forming lactivatadfl

enzJnoes.

2+
(:)

(t+ )

h¿ss.t¿.sg.

Fíg.T.SshowsthatLiaeveaver-Burkplotsi-nter:gs

of the concentratl.on of proplonyl-CoA at different

(Mg^ffz- + Mg2* ) tevels gave a set of parallel lines. .¡1he

replots of bottr slopes and intercepts agalnst the reclprocal

of tlre (t{gafn2- + Mgz* ) concentration resulted l-n atraight

t-ines (rtg. 7 .7 ) -

-c
+

+

&Ègs.!.lg.s.

Reciprocalploteofvelocltyversust}rereclprocal-

of (Þrg¡,rez- * Mg2* ) eoncentratLon at varyirrg fJ-xed concentratl-ons

of propLonyl-CoA reaulted' l-n a cerles of paraLlel lines

(ntg. 7.6r. TIle ana1ysls of elopes and lntercepts plotted

agafnat ttre reciprocal of the propionyl-CoA concentratl.on

sh.owed linear relatLonsh'íps (nig' 7'8 )'

The paralleL pattern of llnes obtalned Ln FJ'gs ' 7 '5'
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The influence of (t{gnrl +M

4

þopionyl Coa]
-?xl0rM

() r'r 1. he

6
-2 0

r 1() 1-
Irig. 71!

CoA [<irre t, i c's

aga irrs t the

at various
2-(ugn're^ +

I x ro-4tr't

. )-
( Iusnre- +Mg The conc e rl t ra f i ons <¡ f'

J x to--)M ( r-r );

2 x ¡9-4¡4 arrcl 2 x 1o-4¡1

-|hereciprocalofthevelocityh'¿jlsplotted

reciprocal of the propiotryl-CoA c()ncentrzrtions

2+

ruts2* )

atrd I

were: 5

x ro-41"1 (

x r o-4t't

) tevels.

x ro-5tr,t and

o-o );

a--a )( o-o ); 5 and Jx ro-4t't (
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luglus¡re] x to{u

2+
of o -CoA on e

)-
ATP-

o-o );

+ )oFie. 7 .6. e

kine!!g. The reciProcal of

ttre reciProcal of the (t{gÁ'te2-

proPionYl-CoA concentrations'

CoAwerez 2 x ro-4t*'t (

4 x to-4t*'t ( o-o );

the velocitY was Plotted against

* Mg2* ) concentration at various

The concentrations of ProPionYl-

3 x ro-4u (.-t );

J x 1o-4¡a ( )

( o-o ); I x ro-31"t ( r-r )

V-V 8x ro-4t''t
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slope
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t

4

omF

TheslopesandinterceptsfromFig"T.5werereplottedagainst

the reciprocal of the (tqgAtl2- * MgZ* ) con"entration"

Slope ( r,-r ); rntercelt ( r-l )'



intercept

IU

5

slope

A

0 2 4

þropionyl cor] x ldlr¡

Fig. lot7.8. R e L F 6.

The slopes and intercepts from Fig. J.6 were replotted as a

function of the reciprocal of tkre propionyl-CoA concentration.

Stopes ( a-a ); IntercePts ( r-l ).
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7.6 and the 1lnear replots of bottr intercepts and slopes ln

Figs, 7.7 and J.8 inclicate that an lrreversíble connection

exists between the eoml¡ínation of these two substrates to

the eflzpe. fn order tl.at l-lnear double reciprocal plots

rùould. result, the double

used instead of MgATP?-.

rlsubstraterl (Mgatr2- * Msz*) .,rae

mentioned above can be due to el-ther;

(") '¡¡e releaee of product at zeto concentratlon

(U ) 1?re addltlon of substrate at saturatl-n6 corxcentratlons.

In tlrls câBê¡ the add.ltlon of HCO.- at caturating concentrat-)

ione to the etlzyme wiLl conetftute an lrreverstble ctep

between the blna1ng of (t'lgatnz- + Mg2* ) and proplonyl-CoA

to the enzytre.

( c) the influence of HCo

llee lrreversible connectíon

a

I¡1 Fig. (7.9 ) tfre effect of HCO, concentration is

obsen/,ed at varl-ous levels of MgATP2- (vartabte substrate)

on the veLocity of tbe propJ.onyl-CoA carboxyl¿rce r€action.

At t3re present, a literature sura¡€y l.ae not Lndlcated exauplee

of eigrroldal relationstrf-pa bein6 analysed in two substrato

kinettcs, Síncc ùhe theorlee of Cle]-and (t963, L963(u))

are baeed on dl-fferences lo Urr* and K valuesr 1t seemed

poesibl.e, by usJ-ng ttrLs approaclrr to replot tht-s data l-n

or.'d.er to conform to the uore ueual llnqt¿r patterrrs. the

V values for the curveð in Fig. 7 .9 rdere obtained by
max
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þeerd r þ{x

Fis. 7 .9, e nfl of HCO on- the MgATP2- kine t I (]S

T?re velocity of the propionyl-CoA carboxylase reaction was

plobted as a function of the MgATP2- concentration at various

fixed concentrations of HCOr-" 'The concentration of HCOr-

were: I x ro-lt't ( o-o ); 2 x ro-3t"t ( v-v );

3 x ro-31,1 ( r-r ); 4 x ro-3t'l ( o-o ); 6 x ro-3tt't

( o-o ); B x 1o-3¡a ( t-t ).
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þoare] x lo-4ut

Fi¿r. 7.LO. Recirrrocal D I ots from data obtained in Fi.-- 7-q

The apparent K.n and apparent V'n.* values for the plots in

Fig. 7.9 were calculated. The reciprocals of these two

values were derived, Plobted and lines u/ere drawn between

the two points as observed in Fig. 7,1O. The apparent Vr.*

value lvas obtained by extrapolation of the double reciprocal

plot and the apparent K, value determined as the concentration

2_
o f MgATP^ at ha I f' Vmax "
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and intercePts
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); Intercepts
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from Fig.

the HCO^-
J

( v-v I
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reciprocal of
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of tlle paraboll-c curves by plottl-ng the

the velocity versus reciprocal of the MgATP2-

K valuesû

MgATP2 requíred to

reciprocal of theae

gLve

two

same data l-s plotted

eoncentratlon as outlined

r¡iere obtained by deterrínlng the

half V - l-n FJ-g. 7 .9. I{lttr tt¡.e
max

result may be forttrcoming wtren the

agalnst ttre reciprocal of the IÍCO3

1n the succoed.fng eectlon.

concentrations. From ttrese valuesr the apparent

kinetic constants, two point linee wère drar¡n 1n the non¡al

double reciprocal plots (rte. 7.10).

Ttrl-s interseetl-ng pattern l-ndicates ttrat there l-s

no product being rel-eased or substrate added between tl-e

ad.d.ltlon of tlrese two substrates. However, analysJ-s of the

replots of slopes and l-ntercepts appeara to be someuhat

compllcated (nigs , 7 .LZ). rt 1s troped that a cornprehenslbl-e

(6) ltre lnfluence of !ÍEATPZ- on the HCo

Uhen ttre recLprocal

a funetl.on of the reciprocal.

of the veloclty l-s plotted as

of HCO concentratlon at varíous
3

fixed co:ncentratlons of Mg.ATPZ'

(r¡1th a couurolr lntersectl-on) to

reeulted (rrg. 7.11). However

cepts \dere plotted agaLnst tt¡e

concentratlon, parabolic curuea

, a sct of lLnes, ut¡Lclr meet

the lefü of the vel-ocl-ty axis,

, when the slopes and lnter-

recl-procal of tl-e M6ATP2-

were obserî\red (frg. 7.L3).

placesThie would l-ndl-cate tl-at MgATP2- ic coubinínB at two
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Fig. 7 "LI. The influence of MgATP2- on the HCO kineti-cs.
3

The reciprocal of the

reciprocal of the HCO

velocity was Plobted against the

concentration at various fixed

Ttre concentrations of MgATP

); 2 x ro-31"t ( o-o );

3

concentratj-ons of M8ATP2-

were: 1 x ro-3u ( v-v

3 x to-3t'l ( y-v ); 4

( r-r ).

2-

x ro-lt*l ( o-o ), and J x ro-3¡,1
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þsare] x þaM

Fie" 7 .Li "
Renlots of slones and i terceots from Fig. 7 -77

The s,lopes and intercepts from

against

Slopes (

the reciprocal of the

FiS. 7 .LL r4/ere replotted

MgATP2- concentration.

t-l Intercepts ( y-Y
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ín the reaction sequence. Iloreover, ttrese two points of

combination are separated.by reversible steps along which

lnteraction may take place so ttrat an increase in the

concentration of MgATPZ- causesr tB a result of thie combinat-

1on, an lncrease 1n tt¡e steady state concentratlon of ttre

erazyme form reactl-ng wJ-th ttrig coupound at th'e next point of

combinatl-on.

Thl_s idea war propoeed in the last chapterr where

siguroidal curves resulted wl¡en ttre veloctty of the propionyl-

CoA carboxylase reactiorr was plotted. as a functLon of MgATP2-

concentration. Thls indicatod a homotropic co-operative

effectr i.€. one molecule of MgATP'- O" binding presurnably

molecu]-e of MgATP2-

at ttre activator s1.te¡ facJ.l-ltates the bl-ndlng of another

the substraùe eLte' tr\rrther^morer the

3

at

intersectt-ng pattern again indicates that a reversible

connectlon exiete beürdeen ttre addltLon of MgATP2- and HCO

to the enz)me.

0) The Lpfl-uence of HCor .

Ttre plots obtained trhen tl¡e reciprocal

as a frrnction of (Irsatr2-velocl.ty J-a pl-otted

co:rcentratLon tn ttre

are non l1near (ntg.

+

1eve1s

of the

¡ne2* )

of HCO,preserxce of varylng

'7 .t4). Thece llnes do not confonr

exactly to parabolJ-c or hy¡rerbol-Lc eurÌ'es. It could be

euggested that the lines have been errorreoucly plotted and
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Fig o 7.ll+. Ttre influence of HCO 2-on tkr ATP M

kinetics. The reciprocal of the velocity was

a function of the reciprocal of ttre (Mgafe2- +

2+

at various fixed HCO3 levels.

were¡ 1 x ro-3t'l ( o-o );

plotted as

Me2* )
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_?lo -M

concentration

ions of HCO

( o-o

8 x ro-3t"t

3
3x

); 4 x ro-3u ( o-o ); i x ro-3lt (

)( l-I a

a-a );
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ot.s of Lhe inLerc g-p_t g ¿rncl ;; J t¡pe's_-f 'roir _Fi¡r. 7.IL.

Tì ri: slopc:s ;rnc.l jrrt.ercepts J'rom l-ig, 7 L4 \ver(' t-t,'¡;lotl<'cl
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should not Lnclude those few polnts wtrlch, amplify the non

linearity. Yet a similar type of plot has been observed

rvittr ptrosphoglycerate kinase (L.tu"orr-Raznikl ewlcz, L96?)

where MgATpz- (rn trre presence of free MgZ*) ta" ttre variable

substrate and. phosptroglycerate the changl-ng flxed substrate.

The interpretation of ttris phenomenorr vas that there Ìrere two

sites on ttre enz)me molecule for M*ATPa-. Hlgh Èng?* mig1-t

then change the eecond. centre Ln such a way that tl.e kl-netic

parameters for ttre substrates wLJ.1 change.

lbis expJ-anatLon when appJ-ied to propionyl-CoA

carboxylaee could velTr well be accurate eince our prevlous

evidence has l-ndlcated tïrat two sLtes for MgATP2- are

available and that MgZ* eould be affecting one of ttrese sl-tes.

tr\¡rttrermofê¡ Okazaki & Kornberg (7-g6r+) deuonstrated t}¡at

deoxy-¿¡y'qldlne klnase ytelded non llnear plotc eimllar to

tlrose obsen/ed in FLg , ?.L4. Îbey argued that this

behavlour was due to eÍther;

(" ) ffr" eÌrzJmes wLttr dLfferent kLnetic paran¡eters

actíng on the aane substrate, or

(u ) lhe slngle €nzJnne present l-n two dJ-fferent fonrs

eaoh of wtrieh has different kinetl-c parateters.

Moreover¡ when ttre slopes and lntercepts were

replotted agaínst the reciprocal of ttre HCOâ- concentratlon)
lryperbolíc cutnres resulted (n¿e, 7.L6). Accord.ing to
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Clet.and (tg6l (¡)), Ïryperboll-c replots fndl-cate that a compound

reacts wlttr two dlfferent enzyme foms to caus¡e l-¡hl-bitl-on

at one point and actlvation at another. Thl's evldence from

botl' tl'e doulrle reclprocal plots and tþe replots of bottr

slopes and lntercepts indl-cates that HCO3- coÛbines wltl-

two clifferent for.us of tbe efrz)¡Ee in the reactlorr EêQtlêIlGêr

(a) Tlne lnfluence of (tq*¡.tp2 - + ¡¿*2* ) on HCO kinetics.

lfiren the reciprocal of ttre velocity is plotted as

a function of HCO-- concerrtratLon at varylng fixed lewels of
)

(Mgntez- n ltg2*), a set of lines, intereectlng above the

abscissa, reeulted (ftg. 7.L5). F\¡rt¡ermorer wtren the

s]-opes were replOtted agaJ-nst the recl-proeal of ttre

(!tgnte2- * Mgz* ) concentratlon, a tryperbolic cu-.ve lras

obeenred (nlg. 7.L7). llhen the lntereepts Ìrere plotted

l-n tlre sanne wsyr â 11êar linear plot waa dewonstrated.

F.rom ttrece regulta 1t was suggeeted tt¡at no subsfrate was

added or product was released between the addl-tÍon of these

two subgtrates. Moreoverr ÈÏre tryperbolic patterrr seen l-n

the repl-ot of the elopes agaLnst the reciprocaL of the

(ugatrz- * Mgz* ) concentration indlcatea that this double

nsubstratetr is reacting wlth tr*o different fo¡ms of the same

errzlnne. AnalysLa of the repl-ot of ttre íntercepts ls rather

difficult at thLE Juncture becauee of the non llrrearl-ty of

the replot.
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?þ1¡ Íaltlrl vü1o61,úy rtudy hnr produecd ¡ nwÞ¡r

of LntorÐttfnt yüt eøaftrrf.ng rc¡ultr. 4n etüæpt wr. !4tdê

to {aËor-¡lrot tb¡¡c ff.nû:t$gr u*f.rrg tho rLanpcoùlæt nrtbsd

prt foryard by ëlo1æd (fgøf (U)), y.t La ¡ono rl*untfon¡

üb.ts apprìo{r€ù. ur¡ r¡eü odequrto. Iä rpt t. of tlrLr¡ roæo of

ühlc d¡ta u!'lt Þ; Þrougb,t f,orrnrd trn thr dfrstr¡rl,offi ¿nd tt

|c boped thrt tþro oo{*f|¡ütng ptreoer oea, Þo oollloctcd

to6otlrcr to foru e fcqsfblc cnd aesuraûs ptaturo of Ûhc

rraotj.on ucehrr¡L¡u '
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In thlc gection ttre data w111 be dLscussed under

tuo Ïroadlnga:

(r) Evidonce for tl:e exlatenÇc of an alternat1ve

patbway in the re¡ctfon aêQu€Dcêr

(Z) Propocals for the relcase of tl.e prodtrcts ADP stlfl p1

from tt¡e €rrzltl€ r

(r) Iþl-dence for the exl-etence of an aLternat nath.r.rav

in the rcaotion sêeuêtrc€ o

Data preeented in thLs chapter cuggeeted that

HCO^- could be reacting wJ-th clthor trr¡o forms of tlre one
J

erur¡mÊ or two dfffcrent errzlruet (fte. 7"1t+). Slnce it 1g

consldered unlLkely that a contaulnatlng en¡¡J¡Ìae could be

reacting wittr HCO, I the possiblLlty of two dl-fferent forms

of proplonyl-CoA oarboxylace ehould be consl-dcred. In tl¡e

prevlous chapter¡ aa alterrratlve meohaniem for the foruation

of the enzflDe-rrrrcleotfde couplex wae put foruard. It was

suggected tb^et botlr enz¡rne-MgATt2--l,lgATP2- and cnz¡m6-Mg2+-

Mgá.1P2- could act as the €rrZ)ffi€anucleotlde couplex.

thareforo¡ Ít Ís proposed that these two spcc{ec are the two

different formrs of the elrzJnne wlth wtrLcÌ¡ HCO3- has been

reactlng. lhis Ldca ls r€presented Ln EquetJ-on 7.5.
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In vlew of thLc proposal, the hyperbollc curyeg

obse¡r¡ed l-n Figs. 7.L6 and 7.1f uay not lndl-cate ttrat HCO^-
3

l-g bindl.ng wittr two €ru)¡Be fotrns to csuse l-nlrl-bitl.on at one

point and activation at another as prevlously suggested.

lhis 1s due to tlre restriction placed on thLs aseuuptJ-on by

Cl-eland (]-g6S(U ) ) wlro otated |tfn a uectrani.en, without

s]-ter4ate reaction .Egf¡¡1g¡tggg,r wtrcn a aornpound reaetc wl-th

two different ênz1me forss to cause lnbtbttl-on at one pol-nt

and actl-vatlon at enottrer .. .. . . Rcplots of slopec and

Lntorcepts would bc tryperbolasn, thcreforer l.t cccus aa

thou6h. thc hyperboll-c curr¡os obtained in the reploto could

be dtre Ln faet to tt¡e ex1etence of an aLte¡nnatl-ve pathway

and conaequently no conclusl,on can be made about ttre 1r¡hibl.tlon

and actlvatLon by HCO' at the dlfferent poLnta of attachment.
J

Howeverr lt should be rroted that tho fdea of aetlvatlon and

Lnhl-bttlon by HCO'- could be of conseguencê since the ATP-PIJ

exch.ange reactLon catalysed by propl-onyl-CoA carboxylase fs
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actfv¡Àted by HCO3- but irrlribÍted at high concerrüratLons of

HCO^-. Of colrrsê¡ it ig also ¡roesl-ble tlnt ttre two errz);'ue-
J

nucLeotLde complexea could have dLfferent affiniÙies for

HCO a
3

In apl-te of several contentlous polrrtst 1t 1s

felt that the tnl.tial, veloc{-ty data dl-scuesed abovc supports

the alternatÍvo roactlon scheme propoõed in thc lact clrapter.

I\gtberrnotrè, lt ía possLble tbåt due to tbia al-to¡natLve

patþway¡ tþe exchange reactlon rates wþlc}- b¡vo cauaed

consiclcrable conc€rn¡ EêY h¡ve been affected.

(z)

@.

The Lnitial- veloci.ty pattcrn obtal'ned when

(ugetnz- + Mg2* ) and pro¡rLonyl-coA rGrG the v¡riat¡le

substratee¡ sas a eot of paralLel l1ncs. th,1a was tl¡c

expected resuLt slnce t}¡e bindJ.ng of I{co3- (at aaturatíng

concentratl.ons ) to tt¡e enzJrue eurface betwea¡n ttre add.lùLon of

ttre t*o varl.ablee would lead to arr Lrrevarelble conneetion

between proplonyl-coA arrd (Ìrgatl2- + t'tgz+ ).

Ilowever, the foll,owirrg data whl-ctr su@ariaea tlre

findinge ol¡talned when otlrer combJ-nat:Loas yere ueed dLd not

procluce ttre expected pattexns, F.or exannpl.e, vhen IICOr- and

proplonyl-Co.ô. were the varled palr - an interaecting pattern
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resu]'ted. A siml-l-ar patterrr occurred when HCOr- and

M'ATP2- or (tUg*tn2- + Mgz+ ) an¿ HCOâ- rrere the respective
t

comblnatl-ons. Itn ottrer words, there rdas ¡1o indlcatl-on in

any of these plots that .AÐP, Pi or both had left ttre

enu)ruie surface. rt was ttrougtrt frou¡ tt. l8o-ercleange

studies tlìåt .aDP and Pl_ strould cone off ttre enzJrue after the

add.l-tLon of thc HCO^- (ftttro 9.!-3L. ' Lg62). Yet the double
t

substrate klnetlco uelng propionyl-ooA and HCor- dl-d' not

indicate this. I¡r viev of thie resuLt, tbe idea of a

proteln reLaxatLon effeet was proposed. ÏeLs suggestlon

may leave l.ad sone merit, lf the data from tl.e ottrer substrate

combinationc trad in<tl-cated that products had come off before

t¡e addltion of HCOr- to tÏ¡e en;zyrûe. Therefore, for tlre

present, any idea of ttrls tJæe will have to awalt fi¡rtþer

investl-gation.

T?re lntersecting velocLty patterns obtaLned

_.-2- (Mgatrz- * Mg2+) ,er" the varLedwl-en MgATP-- and HCO, or

substîates again indl-cated thåt ADP¡ Pl or both were not

released between the additlon of the two variables to the

errzJ¡ne. Iloweyêrr thls lnterlpretatlon aÉt proposed by

Cl-elan¿ (tg6l (U)) is only valLd when a reverslble connectlon

exiete l¡etween ttre two eubstrates. fn tl.e alternate pathway
T.eu*ralior..

gcheme as proposed Ln t5g. 7.5¡ eve¡il if a product was

released between the additl-on of MgATP2- and HCOo-r an)

lrreverslble step worrld not result, because the dffferent
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eruzyøe foms can slruttle l¡ack and forth a1ong the b¡4lass.

thus a paral-I-el patteflr rould aot bc produccd eYorr thougtr

the product was releaaed batween these particular varlables.

Thlo argunent Eay appJ-y to the data obtaLned when

(Mgetf2- + tr1z* ) ana HcO3- wêro ttre varLed pal,r because the

presence of frae Mg2+

ecb.eme to operaùe.

would a1J"ov thc alternatc ¡rathway

However; tha use of MgATPZ- and HCo3-

an tlre varLable subatratea resultcd 1n tl¡e sane fntergecting

pattern altlrougb fn ttrie ceser f.t would be expecüed thât

only one pathray wouJ-d be firnctlonal. It could be argued

that enouglr free ,82* nay be preacnt to al,lov tt¡e dua1

pathway to operate gufflclcntly and thua prevent any

irreversible step frou becoming apparent.

At present¡ thLs data concerrtLng tba rê1cs6e of

products 1s far fron satiefactory. Thla may be due in
part to thc exlatence of an alternatl.ve pathway, tlre double

bind.Lng of MgATPZ- ot ÌEy oun Lack of undcrctandlrrg of ttrese '--

terreactant ryatens. It J,s lropcd that the approaeh

adopted here, al-though prellninary, has dê¡aonstratcd that

certaLn f,eatr¡ree of the propionyl-CoA carboxyJ.asê r€actl-on

are not firl.ly comprehe¡rded.
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Thls thesie reports ttre J-nvestlgatione into tl¡e

ki-netic properties of propi-onyl-coA carboxyl€Ì€ê. several

aspects have been otudied. yet uore intensive lnvestfgatiorrs

l-nto sone of these areas could enable a more preclse mechauisu

to be establLehed.. thl-s inforoatfoln would not orrly elucldate

the steps lnvoLved. in. fo¡mLng the respeetlve intemediates

but could J.dentt fJr the epecl-flc aniuo aclda lnvolved ln bJ-nding

and catalysing the parti.cul.ar substrate'

Alttrough prellnrinar-¡r theories concernlng modification

experlments ¡ave boen evolved, further substant:lating svidence

from ottrer ellz)me systems must be fortlrcomlng to provide

general proof for ttrese concepts. TLe obvlous use of

modlftcatLon experlments requlres that a start uust be made to

ínterpreù results, especiall-y sincer âs l-nd'j.cated in ttre

pyrtrvate carboxYlaoe

Lnfo¡matl've about the

si.tuation, the results could be very

a questJ.on that uray not be Eolved by other kinetic procedurêg.

.4, further extension of th'e modl-flcatLon type of

ex¡terlment l-s its use ae a safeguard against non specific

LnhLbitlon. In the case of propionyl-Co.A. earboxylaser tl-e

essentlal ttrl-ol group 1s reactive torrrards ctber amino acid

sLte of actiou' of the al-losteric effectors¡

lr¡Ìribitors i,ê. dinltro-fluoro-benzener trinitro-benzene
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suLptronic acl"d, dl-azo-benzene eulptronlc acíd etc. to such an

extent that ínvestigatLons into other amir.o acl-ds responsLble

for some function at tl.e active centre could be thr¿arted.

It was proposed to modt-f] the t?riol group wtth

N-ethyl maleLmide to ä degree where this residue would be

conrpletely protected. Proplonyl-CoA woul-d then be added in

high concentratlons to the assay ulxtrrre to provide a measurable

assay of actlvity. IÌrus, by ttris proeedurer the otlrer amino

acld speclfic reagents could be tested wlth ttre knowledge that

the inÌ¡ibit1on of cysteine resfdue would not be contrJ'buting

to any loss of activlty. However¡ there are certal.n drawbacks

to this Ldea. Fl-rstly, the determination of the 1OO$ loss of

activity; a value r*rl.clr 1s úeaningless under these conditions

sl-nce, even Ln the presence of low concentratÍous of propionyl--

CoA sorne activlty should be obser¡¡ed. This mearrs that some

way of determinÍng this value ulust be found. Secondly, tlre

extended uodification of ttre thlol group could, as su6gested

apart frompreviousl-y, result

tl.e speci.fic tl.tol

probl-eme could be

in an attack orr other resLdues

group at ttre propíonyl-CoA slte. If these

remedied, it seerns theoretlcally poseibJ.e

to use such an approacl. to deduce more usefl¡l Lnforratl"on

about actl-ve centres.

Another problem wÌ¡-ict¡ is belng attempted tn tl.is

laborator"¡rr is the elucfdatlorr of the aequerrce of aml-no acid.s
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aroun4l- tÏ'-e active thíol group. lllis is protrabl.y an exterrsl-on

of the exercise carried out in chapter 4, when the ttrl"ol group

nas positl-vely identified by ttre label-lJ-n6ç experlments rùitfi

14C-tt-"thyl malelmid.e. In this ca6ê, however¡ tt" 14C-1abe11-ed

proteln will not be degraded corrpletely to the amlno acid-

ln-hlbitor adduct but a selective enz¡rmic Ïrydrolysl-s w{lL be

eurpl-oyed to all-ow a peptide of practical length to be l"solated.

lhe sequ€nce analysls would then be follcued by use of th.e

approprlate technlques .

Another project whl-cÌ¡ could be atte¡upted ls the

In th.ie caÊê¡ lnstead.

the bLottrr-l4c-co compl-ex

could be fomed. Thl-e compJ-ex could be treated wJ.th

dl.azouethane

as prevlousLy

propionyl--CoA

to stabl.I.ize ttre label and the enzJnme degraded

l{trat is usore, the fact that th,e

eJ.ucidat1.on of the sequerrce of amlno

group of proplonyl-Co.A' carboxylase.

of usJ-ng l4c-ttotin labelled enz¡nne¡

suggested.

síte must

acLds around. the biotin

2

be proximal to the biotin moiety could

aequences may be couplementary to eachsuggest

other,

that both these

that ls, of corrrse¡ provided that bofh eites are on

As you can see the lnvestigatio:r

fi¡nrAshed Lnteresting information

t.}ae samê pepül-de chaJ.n.

Lnto thts ttrl,ol group has

not onJ-y in l-tself but also because it t¡as opened up other

lnterestJ-ng avenues.

In several meubers of the biotin-containl-ng group
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of errz)nmes, the el-te of action of t}leir respectlve activators

has been studied. In tl.e pynrvate carboxyJ-ase frou yeastt

acetyl-coÂ caused a sf-gnifJ"cant decrease ln ttre Km for

HCO^- (Cooper & Benedlctr )-966), wtrilst in ttre kid.ney eÌtzyÃe
J

prel-iminarSr evLdence l-as been presented to suggest that the

slte of actlon 1s the brealidown of tTre enz¡rme-ATP complex'

Ifurtheruof€¡ eLtrate, the allosteric effector of acetyl--CoÂ

carboxyl-âs€¡ stl-mulatee the breakdown of tl¡e C0r-enzÍae complex

an effect whtch Haa aJ-so obse¡n¡ed for the actlvation of ttre

avian pyruvate carboxylase by acetyl-CoA (Utter 9t-3L., L967).

All of ùhose examples seem to íuply ùhåt tlre aetlon of the

actLvatlrrg co¡trpounde is focus$ed ln arr area whichr to sot1e

extent, l-s corrmon to al-l these ens¡nnes. Ttris area couLd be

the sequence

breaks down

of reactions in whlctr tt¡e enzlEe-ATP complex

be arguedto fo¡u CO -erazJ¡Ee couplex. It could
2

that since the reaetion uechanis¡ne are verJ¡ sfmilar, 1t could

be expeoted that tt¡e sloweat cteP Ln the reactlon catalysed by

rate deteml-nJ-ng event in the

that the fo¡mation of the t0e-

the blotln-contaj.nlng errøJmes

atry one ênz)nne coul.d be the aane

otbers. Ït could be speculated

errz)roe couplex 1s siuiLar in all-

but the effectivoness of tl.e aetl-vatirrg l-igand. provÍdes the

controll1rrg speci.ficity. I¡t tb.is re6ard, 'Lt Ls fulJ-y realised

that acetyl-CoA and cítrate are ¡netabol-icall-y of greater

signj-ficance ttran K+, yeÈ tir.e data and tJre subsequent l"¿ter-

pretatJ-ons forthcomíng in this th,esís may trelp to fìrL1y elucidate
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ttre roles of these allosteric modifl-erg.

The effectg of the al-l-osteric effectors, lrg2* and
¿-

MgATP- , have been studled and varloue proposals have been

pût for$rard to expJ-afn tl¡eir role s in tl-e reactlon mectranls¡x.

l¡'rom these l.uveetigattonsr it waa speculated that apeclfJ.c

modifier and substrate sites exlet and therefore the

identiff-caü1on of these ar6aa could be of Luportance l-n the

future. 'Ihe amino acl-ds vhlch comprise theee areaa oa the

proteln uray be cucceptJ-ble to attack by aulno acÍd specl_fic

reagents. these sltes may be protected a6ainst ttris inhJ.bition

to soule extent by tt¡e incubation wl.tll MgZ*, ATP4-, M-.2*, MnATp2-

etc" all of whlctr have been suggested to have EorÍe speciflc

fr¡nctl-on in the reaction seqlrence. For exanple, incubatLon

v¡l-th Mgz+ r"y cause protectlon of ttre uod.ífier síte but

expoaure of the substrate sfte whereas, ATP4- r+oul-d b.ave th,e

opposite effect. F\:rtrrermore, the comparison of the kLnetíc

bebavlours of both MoZ* and. Mg2+ may also lead to interestLng

results. Morcovér¡ by thio use of Mrt2*r whlch is paramagnetlc,

sueh technl-ques aa M{R ma.y be errployed to good effect.

Îre lnl-tial veloclty etud.ies reported in thls thesLe

rrere originally uadertaken to d.efÍne the stage at wh{ ch the

productsr A.DP and. Pi, left the enz¡nne eurface. Al"thougb thl_e

endeavour was not real-ised, tlrta approach brough.t forwc.rd. soue

interestJ'ng yet complex data. Tlxsss findinge dld not conforu

to estab]-{ehed predl_ctions and becau¡e of t}rlsr tbe results
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firffi übf.¡ rtudy üry ba cur¡rtct., xlnd.tdr th¡ dsubh rddLttoa

of, XgrÂBPg- lo thr cøyt* ¡¡d th6 Bolrtbll c trË,cssl of, an

nltc,11o¡t* *roh,æfun ffilr ooøfu¡c ûtr* latrr¡rmtrtlon ef, ü&t

lnttfql rrrtect,ty ¡nüùottr, Ytt¡ ûÞ* *æc cs¡¡ld bc s¿ld, for

Èbc d¡tr ebt*lsed f,fffi lrstepa lroharcge ¡&tsh blr botc ùfu

øf.n t¡eb¡'wr rrrr¡d üo pro¡rucr tào mcab*rllamr for t¡h* bloüf"æ¡.

cou.hl,ntts rgg{!ü.afr For ühfr fçû¡ðßr {ü fs hepdl tbct o'*kr

apl¡æoaohcr rrLll bo u¡ed. ts u¡nr¡Ye1 ¡sor sf, tl¡¡ u¡¡¡rurl

Þohavâonr dårpl.rytd ry t$,lc SlqP o:f r*s¡rocr.
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