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ABSTBACT

Aoetolaotate synühetase, the enzyme whlch catalyzes

the eondensaülon of pyruvlc acld. üo cr-â.ceüoLacüLc a.cld,

was exüraoted. and. purlfLed frorn Aerobagüer ae4ogenes.o Ilt
orcler that a d.etatled- klnetlc study of the enzyne could.

be carrlecl out, a specürophotometrle assay procedure was

d.eveloped." It !ìtaÊ found. that the enzyne reactlon hadl

an inlttal lag, after whtch the reactlon beoaue llnear

wlth respect to tlne. All atüenpts to remove ühe lag

¡r¡ere unsuccessful. The enzyme ylelded. a noo-l1near plot

whea the reclprocals of enzyne actlvlüy were plotteÖ

agalnst the reolprooals of pyruvate concentratlon" Var-

lous metabolle lnternecliates, aad. oompouncls struoturally
related. to pyruvlo aoid. dld. not change the nature of the

non-Ilnear klneti.cs. Isocltrlo acld. lnhlblted. enzy-ne

actlvltyu The noleoular welght of the enzyme rqas estL-

maüed. to be Zt+?rOQQ ln the abse¡rce of sodlun pyruvate,

aaö 168roo0 ln ühe pressence of soctlum pyruvate. No

evidence coulcl. be found. for Scblff rs base fornaËlon.
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ABBBEUïATIONS

DPNH - cllphosphopyrld.lne nucleotlde (reduced)

DEAE-cellulose - d.lethyl amino ethyl ce1lulose

fÐP thi.anlne d,lphosphate

ATP ad.enoslne ürlphosphate
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ISERoDJCTIoN

Puriflcatloa of acetolacbate syntheüase from

Ae4o-þacüer åÐÊ,9&gE was flrsü oarrled out by Junl (L952)"

Uslng maaoueürlc teoh¡rlques, a llnear relaüloashlp was

obtalneÖ betsreen enzJrue actlvlüy and. pyruvaüe ooncenüra-

tLort. The effecü of thlanlne d.lphospl¡ate a&d. malagarxese

on euzytse actLvlüy were observed. by Junt(L7s7r, but lt

Ì{as Kranpltz et al (1961) who stud.Leô" the role of thlanlne

ln oatalysls and. showeÖ that the lnltla1 atüaok of pyru-

vate was by the oarbon at posLtlon 2 of the thLazole rf.ng

of thlannLne to fono ar,-hyd.roxy eühyl ÈhlanLne, whloh

oondte¡nsed wlth the seconê molecule of pyruvaÈe to form

t( - êcêtolaotLo acld.o

EvLd.ence was presented. for the exi.stanee of two

ölstinct o(-âoêüolactate fortlllg üzy:nes ln Aero-Þaoter

aerogen€s (Halpern and Unbarger, L959). One elczyúe, a

blosf¿ühetlc enzyne lnvolved. ln ühe blosyathesls of

vallne and, lsoleuolne, showed. a pH optlmum of 8"0 and. the

other enzJrne not lnvolved. ln vallne or lsoleuolne b1o-

syathesls, showed. a pH optlrnun of 6.0. Tltls pH 8.0

enzyne was also for¡nil 1o Esc.þetlchla coll (Unbarger anct

Brown, 195S) aad, ln Egfnong$a Uruhlnulågg (Bauer1e et al

196¿l).

I¡ studles of the blosyntheÈic er.zyø'e fron Salmonella
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typhtnuLlr¡n, d.ouble reciprocal plots of enzyme actlvlty
and. pyrurrate conoentratlon yteld"eÔ a stralght Ilne when

ühe oolorlnetrlo teohnlques ü¡ere useÖ to follow the course

of ühe enzyne reaotloa. Thls enzyne üras inhlblteÖ by

vallne ancl shorued requlrenent for flavlne actenlne ctlnuoleo-

tlÖe (Bauerle eü al, 1-9(*; Stormer and. Unbarger, 1964) 
"

Beoenüly lt has bee¡r showu, Èhat pyruvlo aci'd. oan

form a Schlff ts base wlüh theÉ-aml-ns group of lysine ln
&-hyöroxykeüoglutarlc al,d.olase (Bosso anÖ Ad.ams, L966) alrct

2-keþo-3-d-eoxy-6-phosphogluoonaüe alèo1ase (Grazl et elr

L963)" It appears that Sehlffis baee forsatlon ls a

general phenonenoa Ln blologlcal ald,ol cond-ensaülo¿

reaottonsu

T.n the presenü stud.y a specbrophotometrlc assay

nethod. for the enzyne vras d.eveloped., ancl used. to study

the klnetLas ln physlologlcal oonoentratlons of pyruvatet

slnce ühe prevlous lluear Llneweaver-Burk pLote ürere

obüalned. uslag very hlgh csnoenüratloris of pyruvateo A

klneülc sËudy of the enzyne was und.erüaken to conflrm

the chenlcal meohanlsm of c(-êoetol-.aatate syntheses

proposed by Kranpltz et gul ( 1961) 
"

A posslblllty of Soh.lff rs base forr¡atlon durl-ng

the enzyne reactLon vras exanlned. ln ord.er to conpare

ald-ol conùensatlon reactlons lnvolvlng thlamlne d.lphos-
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phate wlth those not f-nvolvf.ng thianlne d.lphosphate"

The propertleg of the enzyme und.er study were

compared. wlth those of the bJ.osynthetlc enzyne studled.

by Bauerte et gL (Lg64l and. i{al.pern and Umbarger (Lgsg).
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Voges and. Proskauer (1.893) d.esorLbed" the fornatlon
of an eostn-IJ.ke coloraülolr ln glucose peptone culÈures

of certaltr baoüerla to whlch had. been actd.eÕ a LOT|, soluüion

of potasslum hyd.roxld.eo The reactlon, termed. the Voges-

Proskauer reactlon, depend.s on the fornatlon of acetyl-

neühylcarblnol (acetoln), Hard"in and Norrls (fgf z)

explaf.ned. ùhe productlon of acetoi-n by assunlng a con-

d,ensatloa of Lu.termeillately fonmeil acetald.ehÍde" St¡b-

sequently, Neuberg encl Belnfurüh (L9?3) ooncludeÕ that
one molecule of naturally formed acetald-eh¡r¿" cond.ensed.

wlth one noleoule of ad.d.ec[ acetald.ehyd.e to for¡u one

nolecule of acetoJ.n. The reactlon vras termed, [acyloin

conöensatloa'raað the enuJrme respo¡lslþIe ¡ras oalleê

oarbollgase.

2 Cif3CHo CH3cHoHcocH3

Starülng fron pyruvlc acld., ühe seo¡enee of ¡reaatlon ls:
2 0H3CoCOOH --*;- ZCHTCHO + aCOz

?, cE3cBo --------> cHScHoHcocH3

A nunber of lnvestlgatons have suggested that the

nechanlsm of aaetol¡r formatlon lnvo].ves the condensattron

of acetaldehyde and. elther pyruvLc aoLd. or a d.erlvaü1ve

l.n the case of anlna] anö yeast preparatlons (Ðlrscherl,

1931; Green et aI, L9l+21 . It was generally accepüed tlraü

ln ühe for¡naül,on of acetoln fron pyruvlo aeld. by suoh
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bacterla as Aerobacteg aerogenes, the pyruvlc aold. must

flrst be d.ecarboxylated to acetal-dehyd,en No evidence

has been presenüed ühat Aerobaçter aerogen_es coul-c[ carry

ouü suoh a d.ecarboxylation. The urecha¡rLsn of fornatlon of
acetoln nay d.3-f'fer ln d.lfferent organlsms and tlssues as

evLd.enoeÖ by the faoü that ad.d.lti-on of acetald.ehyde to

bacüerlal Julees of Aefolas¡tglî *regees. d.oes not J.norease

Èhe ylelÕ of acetoln, whereas the ad.dltl.on of acetald.ehyd.e

to yeast Juices d,oes ylelô an luorease 1n aceto3.n (Green

et al, L942; Sllvernan and.'tüerkuran, l9l+l; Gross and. -t{erkmero,

L9Lþ7, l)þla) " sl¡ollar resulüs have been obtalnect by

leuolgne et ê1 (fp¿+g) wlth Bac,l=llus subtlIls.. If acetaLd.e-

hyd.e is an lntermed.late lrr bhe bacterlal systen, only ühe

blologlcaIly actlve for¡n is utlli.aed by the enz¡rme"

By grf.nd.lng oells wlth powd.erod. glass, Sllverrna.n anÖ

werknan (19¿å1) extracted an enzyme preparâtl,on from cells
of AeroÞActe.r aerogeneå oapable of convertlag pyruvlc

aold. to .aoetoln and. CQgo fie theLr stud.Les on pyruvlc acld

netaboltsm of þacterLa, Watt and. Krampltz (19¿þ7) suggested

thaü a new J.ntermedLate, ø -acetolactlc aold., CH3COH(COCH3)

COOH, probably forned by oond,ensatlon of acetald.ehyde and

pyruvle acld, mlghü be l.nvolveð Ln the formatlon of aoeüoÍau

Krampftz (1948) syntheslzed.X"-acetolaotlc aclð anÖ has shown

Ëhat a bacterlal preparaülon capable of formlng acetoln fro¡n
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pyruvlc acLd. ls also eapable of clecarboxylat,lng the syn-

thetlo o(-acêtolactlc acld rapld.Iy,

Based on these observatlons, Junl (Lg5Zl- und-ertook

a stud.y of the necha¡.lsn of acetoln fornaülon and resolved.

the enzyne sysüem of Aeqobaoter aeroF.enes lnüo two oom-

ponenüso The flrsË of these oo&poner.üs acüs on pyruvLc

acld. to proðuceú{'-aceüolaoülo acJ.d""

2 CH3COCCIOH oH3COH(COCH3)COOH + CO'

Ehe enzyne was termed. aoetolactate synthetase" The seoo¡rd.

component d"eoarboxylated c{-acetolactle aold. to yleld acetoln.

cH3coH(toGH3 ) coo¡¡ --------->"cH3c0cHoc$3 + co2

The enzyne was ter¡oed. tf-aeetolactate decarboxylâs€o Both

exlzyne components were found. to have a pH optlnun of 6"0

a¡¡d. aoetolaotate Eynühetase rrras sti.nulaüed. by cocarboxylase

(thlanlne ðlphosphate) . Ju¡l (L952') presented. evlde¡rce

thaü ln contrast to the baaterlal sysüem, the formatLon of
aceüoln by yeast and plg heart tJ.ssue preparatlons lnvolves

the conclensatlon of an acetald.ehyd.e to a pyru.vio ae1d. a¡d.

Ooes not involve cr-aceüolaotlc acld as an íntermed.late;

whereas aeetald-ehyde plays Do role ln bacterial- systemso

Evf-d.ence now ehows that there are at least three

d,lfferent meehanlsms for the formatlon of aceüoln; the

four-carþon ketol orlglnetlng fnom pyruvlo aolð ln bacterla



7

(SLlvernan and. Werknan, I9l+1; Leurof-gae et al, Lgltgl , from

pyruvlc acld and. acetaldehyd.e ln yeast (Neuberg a.nd Slnor,

Lg25t anô anlnal tlssue (Green et aI, ];g4Z) and fron

acetald.ehyd.e alone ln plaats (Tonlyasra, L937) "
Carborylase la yeast (Neuberg and Karczog, 1911)

brlngs about ühe followlng reacùlon:

cH3CocO0H --------> Ctl3CHo + AQ,

Auhagen (L933) was able to spllt carboxylase lnto a pro-

teln anð a prosùhetlc group. The }atter waÊ reoognlzeô

as ühLarolne df.phosphaüe by Lohma¡n anö Sohuster (193?),

Because of the slnllarlty Ln mechanlsm between yeast

oanboxylase and. bacüerlal systems fornlng acetoln, the

effeoü of tblanlae èlphosphate on aeetoln product'lon la
bacüerla ¡uas stud.led. by Sllverman and. T¡Íerkman (194I ) who

found that the cell-free enzJrlre preparatlon aetir¡g on

pyruvlo acld. was stlnulateÕ, 5,0fr by the add.ltlon of oooar-

boxylase (ühlanirre dlphosphate)" Jr¡nl (L952') ruorklng wlth

ühe purifled. enzyme systeu, found. f00ø stlmulaülon by the

ad.d-ltLon of thiaulne ölphosphate"

$everal theorles have been advanced to explaln the

role of thlanlne d.lphosphate ancl lüs necha¡rlsn of acti.on

tn the formation of aoetoln" Langenbeck (1933) proposeð a

Schiff rs base lntermed,tate between pyruvate and" the amlno

group at posltlon ,+ of the pyr1m1d.lne nolety of thlamlne
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d.lphosphate. Llpnann (1936) suggested. a¡e oxldatlon-
reÕuotlon mechanlsn lnvolving the quaternary nttrogea
of the thlazole ¡oolety. Ingrahan and. l{esËhelner (1956)

as well as Breslow (1956), proposed that carbanlon fornra-

tlon on ühe N-nethylene group of ühi.anlne ¡ras lnvolveiln

Sone of Èhese nechanlsrns have þeen experlnentally verlfled..
frso lnporüant observatlons nad.e wlüh a aon-enzyuatlc

sysüen contributed. üo a ratlonal approach to elucld.atlon

of the node of aotlon of, the coê1lzyne, I¿ilzuhara et aL

(fg5f, 19541 oþserveat that thLamlne and. pyruvate, when

ad"Justed üo pH 8"8 forned. aceüoln anö ühat thlanlne vsas

actlng eatalytically" Thls non-enzJmatlo system ls
renarkably slmS-lar üo þacterlal systems whlch f,orm aceûoln

from pyruvlc acld., wlth the exoeptlon that the rate of

reactlon ln the noile1 system ls nuch slowero c{ -Acetolactlc
acLd. has been shown to þe an latenned.laüe ln the formatlon

of aoeüoLn fron pyruvlc aold. by both systens, whlle aoeùald.e-

hyd.e cannot be d.etected. (Junl , L95?; Koffler a¡rd. Kranplü2"

L955; Taüco-Tlanzo et g], L959, " The followlng equatlons

have been enployed. to descrtþe the fornatlon of acetol¡l

f,roro pyruvlc acld.:

CH3COCOOH + TDP CH3CHO-TÐP + Coz

lHs
tH3cIio-EDP + cH3cocooH ---+ t"3tofi;ooH + rDP
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CHa
,J

cHscoccoo¡t
'l

OH

------+> CiI3COCHOHCH3 + COz

In aontrast to the eezyne systens obüaj-nect from bacterl.aL

sources, the uon-enuynatlc sysüen w111 also form aoetol,n

frsn acetald.ehyile. rr( -Aoeüolactlc acld. ls not ar¡ later-
¡oecllate uniter these conül.tlons"

The seoond. lroportant observatlon was nad"e by Breslow

(L959) r.rho found that the hyd.rogen at posJ.tlon 2 of the

thlazole rfng exohanged. wi.th d euterlu¡n of d.euterlun oxld.e

und.er oond.lülons of the non-enzynatlc system (pH 8"8),

lle proposed. ühat the inltlal aütaok of pyruvlo ac1d. was o¡1.

ühe carbanlon for¡oed. by ühe dlssoclatlon of ühe hyårogen

aüom at po6lt1on 2 of ühe thLazole rlng of thlanlne,
resulülng tn the fornaülon of a thiamlnê-ac€taldehyde

compJ-ex (active aoetald.ehyde)" Kramplüz et aI (1958)

synthes lzed DL-3-l( z-netfryl-4-antno-5-pyrfuoLdyl ) netfryfJ -2-
( t-f¡y¿ro xTl ) -&-¡ne t W1-5- ( Z-hydro xyethyl ) -th íazol tun o hlo rl d.e

b.yd,rogen chlorld.e, abbrevlaüed. as c{ -hydroxyethylthlamlne
(iüf¡, the proposed. lnüermed.laËe Ln acetoln fon¡naüloa fron
pyruvic acld.*
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lql-- cllll
c -'-- s/c

NHr
t-
CH

/\ 'N C-c
lllrll I H

CHa-C CH
Jx// \//.N,,

cH3 -, Ç
H

-eH3
H

-t -
H

I nçn)

It was estaþllshed ühat tbls lntermed.Laüe replaceil. thlanlue

La nÍeroblal- nuürlülon e4gerlmenbs and" substltuted for

thla¡nlne cllglhosphate ln yeast carboxylase preparatlons

oontalnlng AfP and. thlantnolclnase (Kranpltz et ?Lo 1961)"

KrampJ.tz et aI (Lgsg) showed. that HET and. aoetaldehyd"e,

ad.JusËed bo pH 8.5, forraect acetoLn rrorx-ellzlnaüj.oally" 1'¡'h11e

these results süror¡gly lnd.lcated. that HHI ls the aoü1ve

lnterned.Iate ln acetoln fonnatlon, the chenl-ca1 ¡aod.els d.ld

noË provlcle proof for übe enzymatlo proeess. Pro<lf of

the lnterrqed.late role of a,nø-hyd.roìryeti¡yl substiüutlon af

the posltton 2 ot the thtazole rlng d.epenö.ecl upon the

synthesls of C -lryd.roxy eühyl thalnine dlphosphate (HETDP)

and. the conversloa of substnate quantlüles of thls oompouncl

to speclflc end. procluots by varlous enzymes whloh oatalyze

pyruvlc reactLons. Hg[ÐP was prepareÖ (Krarnpitz et ù, 1961)

and. shovnr to þe an Lnterned"late |n the oonversioo of pyruvS'o

H

coH
H
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aold, üo acetofn. The enzy¡ne complex fro¡n Aero-L+gter

Cgægeûe.g, whleh forms aceËoln from pyruvlo aold. wlth

o( -ac€tolactlo aelct aS aII lnterned.late, reSembles ln some

d,etal} the non-eazynatlo systemo The reaotion sequence

for tbe systen oan þe u¡rltüen as follows:

E + TDP -..-__} E-TÐP

E-TDP + pyruvate .---------)' E-fDP-pyru\rate

E-EDP-pyruvate E-äETDP + CQ2

E-HETDP + pyruvate ---------+ E-acetolactla-TDP

E-aceüolactic-EDP aoetolactate + E-TDP

aoetolactate acetoln + COg

where E represents aceüolaetate,-sïrrtbüase.

ünbarger a¡ad. Brown (1958) showed that extracts of

g, coll have an acetolaotate-fornlng enzyne and. that thLs

enzyne ls lnvolved ln the blosynthesls of valtne a:sd. lso-

leuelne, cahaLyzlag ühe Synühesls of ør-&oêtolaotate and.

o< -aoetshyd.roxybutyrate (unbarger a¡rcl Brown, L957r, ühe

flrsü five and slx-oarbon precursors of valine and. lsoleuclne

respect!.vely. It has been shown boüh la E. coll stralns

l,i and. K12 (Leavlüt ar¡d Umbarger , l.962,) anð la Ëalpqael,Þ

üyphLnurlun (eauerle et a}, L96l+l that thls enzyme shovus

strong end. prod,uot inhibi.tlon þy vallae. The enzyge Ln

Èhese bacüerla has a pH optlnum of 8.0 (Irnbarger arxd' Brown,
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(1958) ln contrast to ühe enzyne from S.erobactef aeroÊe4eÊt

stuÕled- by Junl, whlch has a pH optLmum of 6,0 atr ls not

Lnhlblted by vallne. Iü was later sholrrn by Unbargen and

Halpern (L959) tf¡at Aerobaoter aeroÂenes possessed. two

illfferent enzymes thaü cataLyze the fornatlon of v -ac€tolactlc
acld. from pyruvate, one enzysle belng that studlecl extenslvely

by .funf (rLg52). This enzyu¡e cata]ryzed. the f or¡aatlon of

ü -aceüolaotlc acld- on]-y at acLd. pli (6.0)" The other

acetolactlo acld.-fornlng enzyne ls slnllar to ühat whioh was

recently for.md. Ln Ë. coll (Umbarger and. Brourn, L958) and

Salnonell-a lyphlnrrrlr¡n (Bauerle eü -êL, J-96t+) travi.ug a pH optl-
muu of Bo0o

Evid.ence for the exlstence of a covalerrt complex

between the enzyne fructose dlphosphate alÖoLase and one

of lüs substraües, dlhydroryaoetone phosphaÜe, has been

presented. by a nu¡ober of wor"kers (Bose and. Rslder, 1955i

Bloom and Topper, L956; Rose and" Reld.er, L95B; Rutter ancl

Llng, 1958) " The aldo]. oon,cLensatlon reacülons catalyzed

by fructose dlphosphate alÖolase aad. trarisaldolase have

been shorrnr to lnvolve Sohlff rs þase fornatlon wlth ühe

substrate carbonyl groups (Horecker et aI, 19ó1), the

actlve site of ühe enzyße reeponslble for the fornatlon of

the actlve lnternediate has been Ldentlfted. wlth both

ald.olases as { -annlno group of lyslne (Grazl et- gl.n L962aJ,

]¡Àhen the Sciriff ts base:enz¡rme conplex Ls treateil. iolltb bQro-
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hyÖrlde, lt [e red.uceÖ to a stable d.erl.vatlve and at the

sane tlrne the aotlve slte 1s blociced. and- enzyne actlvlty

1s lost (Grazl .gþ, aI, L963) " lfhe results wlth üransald.olase

aaÖ fruotose cüphosphaüe ald.o1ase suggest that slnllar
red.ucfble llnkages may be forned. wlth allphaülc oarbon¡rl

groups and bf¡åü the borohydrld.e teolurlque aalr be exte¡r'd.eil

to other enzymes ln ord.er to brlng about gtablllzatlon of

complexes lnvolvfng ühe aotlve slte of the enzJrmeô BecenËIy

evlèenoe has been oþÈalned. for Schiffss base formatlon wlth

2-treto-3-ðeoxy-6-phosphogl-uconate alctolase (Grazi- et al.., L9631,

suggestlng that an. a;zomeüheae group is formecl. between all

aatuo group, presu¡trably the €-anino group of lyslne, and.

the carbonyl group of pyruvlo aclû. Iü has also beæehovm

thaË pyruvJ.o actd, can forn a Sohlff t s bgse oonplex wlth the

€-ânlno group of one on more lyslnes tn 4-nyaroxylcetoglutarlo

aldolase (Bosso atrd. .tld.ans, ;-'966r"

These flnd.lags provJ.d.e support for the hypoühesls

thaü Schlffrs base formatlon ts a general phenomenon Ln

blological alôol oond.egsâtLon reactloas. Slnce ühe forma-

tLos of c<-acetolactlc acld. fron pyruvlc acld i.s essenblally

an alilol oonðensatlon reactlon, 1ü |s possLble that a

Sahlff,s base lnterned.late nay be Lnvolvecl ln the reactl"on*
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}IETHODS JII{D MATEBIALS

GROWTH OF BACTERTAI, CTII,TURE

A laboratory strain of .å,eroþacter a.eroge4eg 28-.å,

üras grown ln a ned.lum oonsLst'tng of L"Ofi glucose, 0.3fr

proteose peptone, anÖ O"8fr K2IIPO4. The proüeose peptone

and. K2HPO4 were d.lssolveð ln 1500 nl" of dl.stliled. water

ln a J 1lter Fernþaah culüure flask, stoppered wlth a

cotton plug¡ and autoclaved for 20 mln. at I20oC, The

glucose was d.l.ssolved. ln 500 !01. of d.lstllled water aad.

autoclaveè separatelyo [he solutlons were then nlxed. by

asoeptlo acld.ltlon of ühe glucose solutlon to tbe pepüone-

K2HPO4 solutLon" 'Ihe med.lum was insubated" oü roon tem-

perature untll adequate equi.li.brlum was achleved." ühen

lnnooulated. ¡¡lth a }oopfull of a oulüure of Ae{obaoter

aer-ogeneÊ from a nutrJ-e¡rt slant, and. lncuþaüed aü 28oC

wlühout shaklng or aeratlou for 18-2¿+ hours. The cells
were harvested by cenùrlfugatlon ln a SharpLes centrlfuge

aü 501000 r.Fon", washed. ln 0.13 s{ potasslun phosphate

buffer, of pll 5"7, and. centrlfuged. at 301000 x g for

t houro Ehe hlgh speed and long tlme were necessary a6

a large amount of s1lme was produced. by übe cellsr Provent-

lng then fron paoklng tlghtly" The cell paste was stored

ln a freezer at -zOoC.

1t+
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SENTRIFUGATÏON

All centrlfugaülons

ServalL Rt-Z refrlgerated.

stated.

were done at o-Ätoco Ln a

centrlfuge, unless otherwlse

PRFPARATI.ON OF CRIÐE Ð$BACT

The celI paste was homogenlzed ln 0o05 I'l potasslum

buffer of pH ?,0 contalnlng 0"01 l{ nercaptoethânoL, uslng

2 mL" of buffer for each gran of cell- paste" The hono-

geulzed suspenslo& was son,*.oated ln 50 ml-. porülons l"n a

IO-KC Ratheon osclllator for 20 mln", followed by centrl-
fugatf.on aü 301000 x g for I hour.

PQRTFTCATTON OF A.CE1'OLA9rA:ßE SnrminT¿SE

F 1{s! .Eüh.!r,gol" Precip $At"l oJr

Eo the sllghtly turbld. cell-free extraot was ad.cled

thlaml¿e dlphosphate and ltlnCl- Z þo glve a f lnal ooncenfra-

tlon of OoJ, nll of the foruer and 0.5 nll of the latter" To

thl.s, oold absolute ethenoL wae addecl d.ropwJ.se ¡ulth corl-

stant stirrlng untll ühe alcohoL ooncentratlon tl¡as l+5%"

fhe cell-free exürect was kept In a salt lce bath at 0oC.

and the temperature was graðually lowered to -15oC. by

the ad.d"ltlon of nore salt as the aleohol ooncentratlon

lncreased.n The nlxüure üras then placed In a freezer at
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-?OoC. for 12 hor¡rs to a.l-low maxlmun preclpltatlon to take

place. Îhe preclpitate ¡ras collecteð þy cenürj-fugatlon

at 301000 x g for l hour, 8t -15oC, horoogenlzed. la 0.05 14

potasslum pbosphate buffer of pH ?.0 contalnlng 0"I n$i

ühle.n1ne d.lphosphate, 0.5 ntii Pi:ectr2r and I0 nM mercap-

toethanol, uslng one half the volume as that of the oell-

free extraoü, and. oenùrlfugeð aE 3OrO00 x g for 1 houru

3he supernaüant contal"ned all the enzyne activity ' Thls

ethanol preolpftatlon süep gave 3 folð purlfloatlon"

Protami.ne åut:late Trea-tnent

[o the sllghtly turbJ.ð Êupernatânt was ad'd.ed 0.05 nl.

of 0 "Jfi proianLne sulfate of pH ?"0 for eaoh mg. of proteln"

The nlJcture was süj,rred ln an lce bath for 20 mlno, thea

oentrlfuged at 301000 x g for I hour, The ratlo of the

optioal ôenslty at z8o rnpr/the optloal öensity aþ 260 mp

lncreased from O,55 to 0"?-0.8 itr¡r|ng thls procedure clue

to the renoval of nuclelc aold."

Anno4lun Sul&r.!e SrePlPltall otr

To the protamlne sulfaüe supernataxrt, amnonlum

sulfate r4ras slowly add.eil wlth stlryLng r¡nt1l the eoncentra-

tfon was 65fr saturatlonn The ¡nlxture was allowed to stlr

ln an i.ce bath for 30 sln,, then centrlfuged aü J0r0o0 x g

forlhour"When¡¡reolplüatload.jld-notoocurlnmed.lately

ühe ni:cËure was plaoed. Ln the freezer aE '}OoC' unül} pre-
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oLpltaülon took plaoe. After oenürlfugatlon the pre-

clpltate was dLssolved ln 0.05 Fl potasslum phosphate buffer

of pli ?.0 contalntng 0"1 ÉIol thla¡olne dlphosphate, 0.5 utSI

I{nCI2r and. 10 mi{ mencaptoettranol, uslng one quarter the

volurae as thåt of the origlnal ce}l-free extract. The

preclpltated enzyme nad.e a elear yellovtlsh soluülon when

ctlssolved ln the buffer, Thle preparaülon stlll oontalned'

aotlve aceüolaoüate decarboxylase 
"

Second.-FÈ tra+gl, PreslPltat lon'

To the d.lseolved anmontun sulfate preolpltate, cold-

absolute ethanol was ad.d.eËt d.ropwlse wLth constant stlrrlng

to a flnal conoenùratlon of 60fi" rhe mlxture was kept Ln

a salt lce baütr at OoC, and ühe tenperature was gradually

IowereÕ to -15oC. bJr the ad.dltlon of more salt as the

ethanol concenüratton lncreaseô. [he nlxture was allowed

üo preol.pttaüe at -Zooto for 2-L? hours, or r¡ntll large

aggregates appeared.. The preolpltate was colleoted by

centrlf*s*aülon at 301000 x g for I hour at -15oC. a3d

homogeni.zeil in 0.05 rl potasslun phosptrate buffer of pH

?"0 eontaLnlng 0"1 nH thlanlne d-lphosphate, 0o5 m$i I{nC12¡

and. 0"1 mm dllthlothreltol. The turbld. solutlo¡r was

centrlfgged for J0 nln. to remove any lnsoluble proteln"

The supernatant at thls polnü was clear and. colorlesst
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DLAE-Ce llulo se ChrgnatosraPhY

DgAg-cellulose (med.l"u¡a nesh) was ïIashed. wlth dlstllled.

waterrthentwloewlth0.5NNaoËIrthenagalnwlthdlstilled
waüer untl} the pH was abouþ 10.0o Ehe DEA$-celluloee sus-

penslon was ad.Jusüed üo pH $.J wlth eonoe¡rtrated phosphorlc

aoid, fllüered, washect wlth 0.05 8l potasslum phosphate

buffer of pH 6,5, a:cd, flnally suspended |n potasslun phos-

phate buffer of ühe same nolarLty and. pH, The ÐEAE-

cel-lulose was paclceð lu a oolunn (1"5 cm" iliameter) to a

helght of 25 or 30 slllo! a¡lil equll-J.brated' v¡1tþ 1 llter of

0.05 Þl potassluc phospkra.te buffer of pH 6"5 contaÍnlng

0"1 n$ thiamlne cLlphosphate, 0.5 ni'i Mncl2r anô onl mi{

d.lthlothreLüoI. Thls ooluun was uged' for the ohronatography

of 5o0 *S. of proteln or lesSo For nore thap 5n0 o8. of

proteln a larger oolua¡r (3 cllo x 30 om. ) was used," The

enzyne la¡as gently placed sn üire colu¡nn, and' eluteö v¡lth

a þatchwlse elutisu rnethod using 0.05 mr 0oI ltlr 0o15 l{t

0.2 Yt potasslun phosphate buffer of pH 6"5 oontalnlng

0"1 nFI thiaualne d.tphosphate, 0.5 nM Ftrrcl2r and. 0"1 nÍt

d.ithlotf¡rei.tolo fhe eluent was oollected' ln 2 ml. frac-

tlons uslng alx BSCO (Besearoh Speof.alltles conpany) automatlc

fractloa collegtor. ila enzyrne peak ttras locatecl by assay-

1ng every thlrd. tube as follows:

One tentFr of a nf.l}lIlüer of eluent was lncubaüeü ln

O,tl'?5 ß!. of 0.13 I,'l potasslun phosplrate buffer of pH 5.7t
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0.1 mlo of acetoJ:actabe decarboxylase, and. 0,025 ml. of

1.0 i.i sod.lun pyruvate (2J pnole) for 20 mLn. at roon

temperaüuree The reaaüLon was stopped. by the ad-dltlon

of 0.2 m}. of 5"0 N H2S0þr and. the a¡nount of acetoln was

d-eternl.aed.

The contents of those bubes whj-ch shovsed- enzytre

aeülvlty urere pooled., nade 80F saturaüefl wlth anmonlum

sulfate, a:rnd- Ëhe preclpltate was oollected by centrlfuga-

tion at 301000 x g for 30 nLn, the preclplüate was then

d.lsso1veô ln 0.05 FI potasslun phosphate buffer of pH

?"0 oontalni-ng 0uI mH thlamlne ðlphospha.te, 0"5 ¡aÍ{ t{nGl2r

and. Qnl ml{ ülthlotbreLto}"

FITBIFICA,TION OF 2. 3-BUEAI(EDTOL ÐEIHgDA,OGEIIASE

to 300 EI. of the ¿+5þ eLlnanlol- supernatant fro¡a the

purlflcaülon of aoetolactate sillthetase, absolute ethanol

was ad.d.ed to a flnat conoentratlon of 6Oß" lhe prooess

llras carrled. out ln a salt lce bath ar¡d. the Èeunperature

y¡as gradually lowered. to -1500. b¡r the ad.Öltlon of nnore

salt as Èhe alcohol concentratlon lacreased" The nlxture

was stored. at -20oC" for 12 hours üo allow naxlmum pre-

ctpltatS.on üo take place" The preclpltate was collected.

by centrlfugatton at -15oC", at 301000 x g for J0 nln',

homogenlzed. ln 10 nlo of 0,05 yl poüasslun phosphste buffer
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of pH ?"0 eontalnlng Onl mFi dlthlothrelüoln and' centrl-

fuged to remove a¡1y lnsoluble proteln. The clear enzyne

soluülon was ühen placeil. on a ÐEAB-cellulose colum

{3 gûlo x 30 cm. ) nrhlch üras prevlously equlllbraüed. with

I llüer of 0.05 lI potasslun phosphate buffer of pH 6"5

contalnlng 0.1 Bli d.lthi.othreltol. The enzyme was eluteô

v¡|Èh 500 tI. of the sa&e fresh þuffero trt.actlous of 2"0

¡¡I. were collected. uslng a¡È I|SCO aì¡tomatlc fraotlon

colleotor" Án enzyme peak hlas locateð by assaying every

thlrd tube for erxzyne actlvlty as follows:

To 2"? r¡.L. of 0.13 Ëri potasslun phosphate buffer of

piI 5"? was ad.deè 0"1 mI" of 0.5 t'I acetoln (J0 pnole)t

0"1 mlo of 3 rdq DFNH, and.Oul nlu of eluent respectlvely"

The rate of oxlðatlon of DPNH was observed at f4O mp o¡r a

Unloam SP-?00 spectrophotoneter. lhose tubes showlng

enzyüe actlvlty were pooled. a11d. mad.e 80ø satureted t¡¡lth

asleonlum sulfate. The preclpltate was reoovered þ)'

centrffugatlo11 aü 301000 x g for 20 mln", suspeud-ed i.n 5 nl*

of 0.05 ]q potasslum phosphate buffer of p-tí 7.0 contalnlng

0oI mFI d.lthlothrettol, and d.Lalyzed. ag'alnst the sa¡re

fresh buffer for 4 hours, fhls preparaülon vras free of

laotlo èetryõrogerase, toe r¡nlt 1s d.efined. as the amount

of enzyme whlch brlngs aþout 1.0 optlcal densi.ty change

per mlnute,
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trhls preparation ls basecl on a nethod. by Junl (L9521 
"

A preparatLon actlve for the decarboxylatlon of d-acetola,cülc

acid, but oonpletely lnactlve on pyruvlc acld was oþtalned-

by heatlng 25 nI. of orud,e extract in a 100 ml" Erlenmyer

fLask at ?OoC. for 3 mln. ln a waüer bathn and. renovlng

the heat d.enatureÕ proteln by centrlfugattonu An¡noniun

sulfate was then ad.d.ed, to 80Í6 saturatlon and the nixt¡¡re

allowed. to stlr for 30 nlno ln the colÔ, The preclpltafe

was oolfecteð þy centrtfrrgatlon at 201000 x g for ?O mllt.,

suspend.ed. ln 15 !Ê1, of 0,05 M potasslum phosphate buffer

of pli ?.Ot and. d.ialyzed. agalnsü 1llter of the same fresh

buffer for 2 hours, and aga:rt for 2 hours agalnst 1 }iüer

of fresh buffer. ThLs preparatlon was free of laetlo

d.ehyd.rogenase ê

PROTEIN ÐETERI'IINA.ÎION

Proteln u¡as determlned. by the ¡¡eühod. of l,owry¡ Rose-

brough, Farr and. Rand.all (1951), uslng crystalllne bovl¡re

albumln as a standarÕ"

To I.0 nl. of sanple contalning 5 to I00 !¡9" of

pnotelnr 5 nlo of alka]lne copper solutlon (50 xt]. of ry,

Na2C03 ln O.l N NaOH + 1mlo of 0,5/" GuS04 ln 1"0F sod'iuB
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poùasslun. tartrate) was aðd.ed and. mixeÕ wello Àfter
10 nln,r 0o5 ¡nf, of 1.0 N FoLln reagent was ad.ded wLbh

lnruedlate mixlng" .åfter J0 nln. the extent of color

fornatlon l{as read. in a K}ett-Sumüierson photoelectrlc

colorLmeter usi4g a 66 K.,(. (red) fl}üer.

DETERIIIINÁ.TION gF ¿{CEPOLACTATE Snir}rEîAsg ACTI!|.IqI

Method. A. CglorlmeËrlo Assay Proce4ure

To 0"/J nl, of 0"13 i-l potasslum phosphate buffer

of plÍ J.f was adðed. 0.05 nl" of aoeüolaotate synthetase'

0"f ralo of acetolaetate d,ecarboxylasen and. 0"1 HI, of a

200 Fg"/nI. thlamine d-lphosphate solutlon. The reactlon

was süarüed. by the addLtlon of 0"1 nnlo of 1"0 Si sod.lun

pyruvate. The mlxture was allowed. to lncubaüe for 20 mln.

afüer lahlch tlne the reactlon was stopped by the ad.d.ltlon

of 0.15 mln of 5 N H2S04" The amount of acetoln was then

d.eter¡rl.neÕ by tbe method. of l,{esterfeld. (l-9t+5) as follows:

'Io 5 ml. of sanple contalnlng 1.0 to 12 pB" of

acetoln, was ad.d.ed. consecutlvely 1.0 n}. of O.5ft creatlne,

and. 0.1 rû1. of 0"5fi *-napthol La 2.5 N NaOHo The oolor

was allowed to d.evelop for I hour, after whlch time the

samples vÍere read. ln a KIett-Surn,¡erso¡1 photoelectrlo

colorlneter using a 5l+ KoSn(green) filüer" One untt ls
d.efined. as the anounü of enzyme v¡htch forms 1,0 Unole
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of acetoin per rnlnute, The enzyme was assayed. üsrng* thls

neühod during purlflcatlon procedures and' v¡hen otherwlse

stated..

Fiethod B. SpeotrophoüoJqetrlc A.ssa.y P-r9cedure

To2.25w!.of0.l3mpotasslunphosphatebuffer
in a glass cuvette was ad'd.ed'"

0.1 nlo of a 200 pg. per ßIn thiamine d.5-phosphate
solutiono

0"1 mI, of d-istlllecl watert

0"1 nlo of acebolaotate ðecarboxylaset

0,1 ml" of 2oJ-b*Ea.ned.1o1 d-ehydrogenåse (11,5 units),

0"1 rnlo of aoetolaoi;ate sfnthetase (30 to 6O ¡rg"i,
0.15 ml, of 3.0 mPi DPN¡Í .

The reactlon was starteð by the ad.dlti.on of 0.1 n]. of

0,5 Í{ sod.lun pyrì¡vate. The sample was nlxed by lnverslon

and. placed. in a U11icam SP-?00 specürophoto¡ueter. Elxzyine

activity was üeasured" by the rate of oxld'atlon of ÐPNH

at 3tl0 n¡r, The enzyÉe aeülvlty was d.eËernlaeô by bhts

meúhod for klnettc and other stud.ies uiÊless otherwlse

stated."

I{OLECUI,¿{R r/FIGHI-DETEIfi'lINiim Ot{Ê

lviolecular weLghü

uslng sìrcrose grad.leuf

ABes (f961). Suorose

d.etermlnati-ons were earuled- out

techalqueÊ d.escrlbed by l{artln anü.

gradlents ranglng fro¡n ¿l to zAfi tn
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1"0 i{ poÈasslu¡r phosphate buffer of p}i 5.?, contal:xlng
0.1 nlri thlamlne dlphosphate, and 0,5 mi¡l iUnClA were mad.e

Ln lusterold. ceatrifuge üubes üo a volume of 4.8 nL" One

tenth of a nll-IlLf.Èer of acetoLactate synthetase (0.03? n€;.

protefn) plus 0.1 rnl, of a hemoglobln solutlon were

premixed., ùhen genüly placed. on top of ühe grad.lent uslng
a m,icro plpette. The grad_lents were cenùrifuged. at 3gr00O

r.F.r. for I0 hours in a Mod.el L Sptnco cenùrlfüg€r uslng
a SId-39 swlnglng buckeÈ rotor. At the end. of ühe rr¡:r the

rotor lsas allowed. to d.ecelerate røIth the brake off.
fhe tubes T¡rere removed. fron the rotor, and. the bottom of

each tr¡þe was puu.ctured. iulth a fine needleo Two-d"rop

fractlons were col-Iected., and each fractLon was assayed.

colorlæetrlcally for enzyme actlvlty. arl eùxzyne peak was

locaùed" by the ¡nethod. d.escrlþeö for assay after DEAE-

cellulose chromaüography, using 10 u1n of eluent and.

lncubatlng for 10 mln. A henoglobln peak was located. by

brlnglng ühe volume of eaoh fraatlon to ? m]-o wlth ùLsÈl1led.

water, and. neasurlng the anount of absorptlon at 405 aF on

a Gllford. iliultlple Sanple Absorba¡rce Recorder. fhe molecular

welght was estl¡saüeè uslng the followlng equatlon:

S1/s2 = (irn\h,/irit+z )2/l

SL = fhe d.lstance travelled. fron the neniscus by the enzyae,
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Sa = the d.lstânce travelled.þ reference proteln,

IjiWl= the molecular welght of

Iftfe= Èhe nolecu]ar welght ofþ (henoglobln = 67rooo)

from the menlscus bY the

bhe enzyrae,

the reference proteln

ftsEAfþENT OI- ACETOLÅCTIITE S1T''IT1{ETASE i'ifTli KBH4

Brzyne iras tncubateÕ ln 2.25 g']-. of 0"13 11 potasslum

phosphate buffer (pll 5.7)r 0.1 dlu Ùhlenlne d.lphosphate

(?0 pg.) and 0"1 ¡nI. of 0,5 ff sod'ium pyruvate, 1n a flnal

volume of 2"J0 mI, for l* nln*, afüer whlch tlne 3 ¡rnoles

of KBH4 were ad.d,ed to the reactlon nlxüure " À control was

oarrled. out exaotly as above except water was ad,d.ed. in
plaoe of I{Bä4. The reactlon nlxtures were then ðlalyzed

separaËely agalnst I llter of 0.05 M potasslurn phosphaüe

buffer of pH ?.0 oonüalnlng 0ol mlq thiamlne d-1'phosphate,

0.5 rnSI ßIaC}2r ar.rd. 0.1 mFi d.lühtothreltol for 2 hourso A

seooad. control, corxtalnlng KBi{4r but wlühout ola}yzing

was also oarrled. out. After dlalysls the reaotlon mlxtures

were assayed. for resldual activtty si¡ectrophotometrlcally"

Fifty ml-oromoles of sod"luu pyruvate were add.eil to |nlÈlate

the reactlon.

CHEI,,IICÅJ,S

The followlng chentcals were obüalned. fron cornmerclal
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sourees !

Sod.lum pyruvaüe Slgma Chenlcal Co.

tfDPNH (di. sodlun)

d-ketobutyraùe rl

cls-Aconltlc acld^ tl

Glucose 6-phosphate tl

Fructose 6-phosphaüe Ì!

Fructose 11 6-alpnosPhate rl

Z-Phosptrogly.ceric acld. ¿(+) rl

3*Phosphoglyoerlc acld. (Ð(-)

Phosphoenol pyruvlc acld. 1l

L-Glutami-c aclcl rl

L-.å,spartlo aeld. rl

L-Vallne tl

L-Isoleuolne tl

fhiamlne ctl.phosphaüe (aooarboxylase) a

lYianganese ohlorlcle

d -Napthol
ÐLoxane

Funari.c aoid.

Sod.lum oLËrate

Potasslun phosphate (nonoo and-

SocLLun potasslun tarüraüe

Folln reagent

Flsher Sclentlflc Go"

tl

tf

d.lbaslc) tl

ri



27

Sod.lum phenyl pyruvate Nutrlüj.onal Ðlochenleals
CorP.

Creatlne n

Sucolnlc acld. E

Mallo aclcl rl

Sali-cylalÖehyde Hathesoa, Colenanr a¡âd'

Bell
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NESUtgS

PU-BIFIC.¿LÎI0¡! oE ACETOL,A.CTA'IE SYliTliET¡iSE

A sunnary of the purlfLcatlon of acetolactate synthe-

tase ls glvea ln Tab}e I and. representÊ an overall purL-

flcatton of 28 fold.. Ocoaslonally a large a¡nount of aotlvlty

was lost d.uri.ng amnoalum sulfate fracÈlonatlon" Also, 1Û

many trlals the proteln d.|d not preelpltate d"urlng this

Step until ühe mLxture was kept at -20oC. for Êeveral hours,

After bhls ammonlum sulfaüe fracülonetloix stepu freezl-ng

of the reoovered. enzyme ofüen resulteiL l-n as rauch aS a

50"Á lncrease ln enzYme actlvltY.
Because of the great loss of activlty ðurlng ÐEAE-

cellulose chromatograptry, varlous cofactors and' protectlng

agents were ad.d.ed. to both the u¡ash buffer and' the eluÈlon

buffers ln an aütenpt to proteci Ûhe enzyme d'urlng

chronatography. Thlannlne d.iphosphaüe and' HnCIZ were €ss€lx-

tlal oofactors d.urlng chro¡oaüography, thelr aþSence resü}t-

i.ng ln conplete loss of enzyme actlvlty. No mai'ked pro-

tection was observed. d.urlng ÐEAþI-oelluJose chrornatography

by the add.ltlon of sodlum pyruvate to the buff ers. Add'j'-

tion of d.ithi.oth¡relüol to tbe r,vash and' eluilon buffers

resulted' rn a 5 fold' increase in enzyme recovery" Ëubse-

quently all buffers r¡sed. for ÐE$E-cellulose chromaüograph¡r

srere mad.e oontai.ntng 0.I mI{ bblanine dlphospkrate, 0o5 mi{

?8
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ÍABLE 1

SUÍI}IART OF ÀCETOLACTATE SYNTTiETÀSE PIRIF'ICTI.TION

Fractlon

TotaI
Profeln

(neç. )
[otal
Units

Speoiflc
AoülvLty Recovery É

Crude
Extraet

o-t+sfi
Ethanol

Protamlne
SulfaÈe

o-65f;
(NHp) zso4

a-6sfi
Ethanol

ÐEAE-
cellulose

960

232

182

B8

zll

¿þ. o

L.?3

5.7?

6"al+

l0"g

29.8

48.0

I00

80

70

58

tti,5

L2

1660

t3?^7

11I0

957

7L9

L97
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MnCL2t and. 0.1 mll d.1i;hloËhreltol. Flgure I shows the

r,esults of ÐEÁE-eellulose ohronatography on ellzyme purl-

flcatlonn Tv[o etlzylne peaks were observed., the firsü
peak eluüecl Lmued.l,ate]y after the d.eaô volume of the column,

the second. and. maJor peak e}uüeil between 0"1 S{ anð 0"15 $[

poüasslum phospha.te buffer. occasi-onaIly onfy one peak

!ìras observed., thls peak belng eluüeci. at 0.I itÍ potasslum

phosphate -ouffer (FLg, 21"

.5,pëcTRSPl{qTOivlETRrC ASSAy PEOCEDUBFj

å,lthough ühe colorlmetrÍc assay procedure üras

a reli"able olxe, and. gave a llnear relaÈlonshlp þefweea

enzp[e conoentraülon anil enzyne aeËívlt¡r, Lt lras a ted.lous

one and not sultaþIe for d.eüal}ed. klnetlc süudy of the

enzy4e, uslng low oonce'ntratlons of pyruvate. A spectro-

photomeirlc assay proced.l¡¡s wâs therefore d-eveloÞedr

coupllng ühe prod.uctlon of acetola to ÐPNH oxldatlon us17¡g

2 rj-þlutanedlol dehyürogenase purlfLed. from Aerobacter

aqro e+es, From the d.ouble reclproeal ploü of ?r3-buËaned.lo1

dehyðrogenêse aetlviüy ancl. acetoin oor¡oentratlonr shown ln

Flgure 3, ühe Ifu for aceboJn was oalcutated' as 1.25 nli

(Llneweaver and. Burk, L934')" I11 the presence of excess

acetolacËaüe d.eoarÞoxylase and. 213-butened.lol dehyd.rogenase

the rate of DPITIH oxld.atloî bY pyl'uvate was proporütonal to



FIGUEE 1O ÐEAE-CelLulo se Chronatography
¡lcetolactaüe Sf¿thetase,

of
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FIGUìRE 2. DEAE-Cellulose Chronatography of
Acetolacüate SJrnthetase 
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FIGUEE 3" Effeot of ¿\oeüola Conoeutratloa on
2, 3*ButaneÖ,lol Dehydrogenase Actlvlty 

"

I/ = ln1t1a1 veloclty of DpNH oxJ.datlon(optlcal d.enstüÍ change per secondat 3&o rap)

I = êcetoin conoeutraül.on (nlÏ)
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the amor.¡nt of acetolactate synthetase present (¡'t9.4).

2r3-Butaned.lol d.ehyd.rogenase was lnhiblüed by a high

concentratLon of pyruvate (faUte II) " the spectrophoto-

netrlc assay procedure for acetolactate synthetaser there-

fcre, could. not be useð at a oonce¡rtratLon of pyruvate

greaüer than J0 ¡rnoles per 3 mI,

ENE$IIE ACTIVII{ AND INCIJBA,TIoN Trtæ

In a stud.y of the relatlonshlp between egzyne actlvlüy

and. lnoubaü|on Èlne, a peculf.¿¡ s¿pys WêS oþËalned." AS

shor,,¡:r f.n l+Lgure 5, an lnltlal lag was observed', afüer

-ruhlch the reactloir became linear" The lag was shortened'

wLth tncreaslng enzyne collcel3.tratlon, but was always

presellt. lL slmLlar lag perlod. was also observecl when the

colorlmetrlc assay prooeÕure was used. to follot¡ bhe course

of the enzyne reactlono

After measurlng the llnear portlon of the enzyûle

reactlon, double reclprocal plots of enzyne actlvlüy ana

pyruvate Gonoentratlox1 yielÕed a non-li.near Llner'¡eaver-

Burk plot 1l'tg.6). Thls aoa-llnear pLot was also obtalned.

when the stand.ard. oolorlmetrlc techniques were used' to

follow the enzyne reaoùlon (Fig"?).



FIGüBE &. Eff,ect of Þtzyme Concenþrablon on
the Specüropbotoneürte AssaY of
Acetolactabe Synthetase Aotivlty"
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TABTE ÏI

EFFECI OF PYEU\//ITE CONCEN-TBATION ON

2, 3-EUTS.NEDIOL DEHYÐBOGENASE

l¡nolesPyruvate Aotivlby F

36

0"0

30

50

75

100

100

80

80

32

28

Aotlvlty was meaaured spectrophots-
neürloally as descrlbed ln $iaüerlals
and. I{eühod.so



FTGURE 5" Acetolaeüate Synthetase .È.ctlvlüy and.
Incubaüi.on Tlme.

Actlvlty üras measurecl speetrophoto-
netrl,cally*



J 3 ID ^f
,

3o P

O
pl

lc
ol

 D
en

c 
ity

oo bþ
,

( 
34

o 
,r

rþ
l

6

f¡ o

\.^
) {



FTGUBE 6. Effecü of PyruvaÈe Concenüratlon on
Aceüolaetaüe SJrnühetase å.ctivlty.
( Specürophotonetrlo .tå,s say ) .

V = chänge ln ppüloal d.enslby per
seoond. at 340 nU"

S - pyruvaüe concenüratlon (mH)
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FIGUBE ?, Effecf of Pyruvaüe Coucenüraülon on
itoetolacüate SFrühetaee Actlvlty"
(tolorlmetrlo Assay),

y = pmoles aGetola produeed ln ].O mlno

$ = pyruvate ooncentratLon {n}1).
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ACTIVTTY OL CRUÐq E)$R.å,Cr ANÐ P:fi.tIlIATE CO¡LCFNTnATION

As sho¡,m ln Flguro 8, Þhe crud.e extraot yleld.ed a

non-Ilnear pLot vihen ühe reclprocal of enzyne acbJ-vlüy

was plotüed. agalnst the reolprocal of pyruvate conoenüra-

tlon. Thls result was consistent vslüh that obtainecL for
the purlfled. enzJruteo

EllABrrrEY_ oq _Acryor,ACTATE STNETiETÀS,E

In ühe aþsence of thiamlne ðlphosphate aucl MaCl2r

all the enzyne aotlvlty was d.estroyed after heatlng at 55oC.,

for 3 mln. Tn the presence of these eofaotors ?Oþ of the

aoti.vlty renalned. after the same treatmerrt, and 30# of tlrre

aotlvlty renalned. after heatlng at 6OoC. for J mln, In

ühe presence of thla¡nlne d.lphosphate and. iIn0l2r pyruvate

and. mercaptoethanol gave furËher prcüeotlon to ühe enzyne

iturlng heatlng as sho¡¡"n iu Table III"
The enzyme i¡¡as stable to freezing at -20o C. for at

least several ¡nonühs, Oooasi.onally freezing of ühe purl-

fled. enzyne resulted" ln up to a 1o folð lncrease f-n enzyme

actlvLty"

EFqscT qp PBEINCUBA.TTON Ì'{IT_H PTRüVATq

Beoause of the Lnltlal lag in the enzyne reactlon and.

the non-Llnear Llneweaver-Furk plot, lt was dJ"f'flcult üo



FIGUEE 8. Effeot of Pyruvaüe Concentratlon
on Aceüolaetate Synthetase Aoüivlty
ln Crud-e Extraot (ColorLmetrlc Assay).

V = ü&ol_es acetoln produoed ln 10 n01n,

S, = pyruvate oonce¡ntratlon (nH).



¿lr

t

v

il

to

I

I

7

6

5

4

3

2

I

o.5

l-
s



4z

TAÊT.E: IIT

EFFECT OF PYRTIVATE ANÐ ÞEECAPTOETH]INOL ON THE

T{EAf STABII,ITT OF ACE'IOLACTåTE SYIüTI]ETASE

Reactants Aotlvlüy Ø

I" Compleüe sysüem

lIo Oomplete sysüem nolnus

ïII" Complete systen mlnus

fV. Conoplete systen mlnus
¡oeroaptoef hanol

V. Unheated. eTl.zyme

pyruvafe

mercaptoethanol

pyruvate and.

I00

t+z. j
6tr

4z

L00

Tþ" couplete systern contaLned., 1n a toüaI volume of enz?6]cr 0'l prnore of rnercaptoethánol, 1o0 ¡rmole of sod.lun
!{"TI?tut ?9^pg" of thiamine d.rphóspharb, and 0.L m}.of er.zyne 1ó0 ¡rs,) prevlously olalyãed. for 2 hoursagai.nsü I llter of 0.05 M potasslum phosphate buffer of
ptl .?.-0.r--cggtaintng 0,1 ntrt thlamlne d.iphosphate and.0"5 nll \!n0¡-2t to remove d.LühloÈhreltoi" The ¡alxtureswere neated, for _3 -mlno at 554c., cooled ln an lce baüh,and. then assayed fo¡' resld.ual aóttvlty"
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carry out ktnetlc studles on the erxzyne. It was ëeslrable

to remove thts lag ln ühe hope that a llnear reaoülon raüe

would result ln a llnear lineweaver-Burk plot" The enzyme

was prelncubated wlttr a small amount of pyruva.te Ln an

effort to renove the 1a8. As show¡r 1n Table IVr the

treaünent actlva.ted the enzyne, but the lnlttaL lag wes

not renoved. Ðla-lysJ.s of Ùhe enzyme wlth sod'lun pyruva'te

(100 trrnole,/nlo of enzyne) resulted, tn 56fr gteater actlvlty

than enzyne ðtalyzed. wlthout pyruvate, but agaln the }ag

was not removeÕ' The d-ouble reclprooal plots of enzyne

actlvlty and pyruvate conoentratlon were not affected by

thls treatment'

varlous cor,pound.s whloh have a structure slullar

to thaü of pyruvlc ac1d. were employed. ln an attempt üo

remove the lnltla} lag fron the enzyrne reaction" Tnouba-

ti.on of the enzyB¡e lsLth soctlum phenyl pyrurrate (I0 ¡ntri

finaloolxc")rá-keboglutarate(l0niqflnalconc')'and'
o(-ketoþutyrate (30 miri f lna} oonco, assayed. colorlnetrioally)

exhibiËed 53ø, 96Ø e¡r¡ð, 36fi hhi-oltlon of enzyne actlvlty

respeotlvelyu No itifference ln enzyme actlvlty was observed

wlüh 0"1 nl! (flnal coirc.) of d-ketoglutaraÙeu Dlal-ysls of

the enzyme wltlr sallcylald^ehyd.e (10 ml'i flnal conc.) agalnsü
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TABLE IV

EFFECT OF PYfi.uV¿.TE ON ENAYHE

PBEINCUBA.TTOJ\J "A,T

ACEIVTTY DURTNG

z8oc.

ReacfanÈs Activity É

Io Compl-ete sYsten

II. Complete sYste'rn nlnus

IIf, Gomplete sYsüem nlnus

TV. Complete syste¡n mLrrus
nercapüoethanol

pyruvate

neroaptoethanoJ-

pyruvate and.

267

100

170

100

The complete reactlon sysùem contalneil ln a voLume of
Q.LZ n1., Onl pnole of rnercaptoeÙhanolr 1.0 puaole of
sod.lun piruvate, and. 0"1 n1.(60 pS') of enzyße prev-
iously Oialyzed.-for 2 hours agalhst l- llter of 0.05 m

potassf.una phosphate buffer of pH 7 "0-, containlng-0.1 nitl thlämlne d.l.phospbate, and. 0.5 mll l4nGI2 üo remove
dlthlothrelbol" The nlxtures were lncr¡bated. aü 26"Ç.
for 30 mln., then assayed. for reslilual actlvityo
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0"05 11 potasslurn phosphate buffer of pt{ ?.0 for 2 hours

resulteð ln ¿+Oit' lnhJ.bltlon of enzyne actlvlty. &ddltlon

of aoetald.ehyd.e to the assay syÊtem (10 mli final conc.)

resulted. Ln a 25ß luorease ln enzyme acÙivlty. Notrle of

the conpound"s nentLoneÔ had any effect on removlng the lag

fro¡o the enuYne reactlotl.

Gluoose, glucose 6-phosphaüe, fruotose $-phosphateu

fructose t, (-¿tptiosphate, Z-phosphoglycerlc acld, 3-phospho-

glycerLo acld, phosphoenol pyruvlc aold, andl acetyl toa

were sholrn to have no eff,eot on enzyne actlvlüy or on the

re&ovai of the inltial lag when ad'ded' to the essay nlxture.

The flnal coneentratlon of each compor.nd. ÎEas 1.0 mirio except

acetyl gofi !úhioh was 0nl nl{. Resu.Its wlth sod.lun cltraüe,

cls-aconltate, succlnate, fumarate, ÐÕ nalaüe¡ (a11 1"0 ü$i

f inal cono. ) were lnconslsterct, all showing slight lnhlbltlon

at tlnes and. at other tlnes showlng no eff ect o fuzyme

actlvlty was neasured. þy both ühe colorlmetrlc and ülre

speotrophotometrlc procedures uslng 10 pnaoles of soðlum

pyruvate per 3 nl" âssa.y nixtüIl€o Isooitrlc aolcl waB

the only Lntermed.late tested whlch showed. oonslstent

lnhlbltLon of, e¡1zyme actlvityo lnhlbl"tlon belng conplete

aE 2.0 nU (flnaL oono.) D-L lsocltrLo acld-. At 0"2 msi

(fLnal conc,) lxo effeot ü¡as observed (F19"9)' Ad^olülon



F.LGUItE 9" Effeet of Isocitric licid
on .{.cetolactate Synthetase
ir a+ -i rr.i.l-:¡laurJ"l.V.L¡JYo

;rctivity was measured spectro-
photometrically uncier standard
c onciitions "
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of D-L lsocitrlc aald (2.0 ¡n1i flnal conc.) to ühe assay

nnlxture d.urtng the llnear portion of the eazy¡ne reactlon

resulteð ln lnmed.late and conplete Lnhlbltlon of enzy&e

aotlviüy (Fie.10),

ISoCrrElrcL AcIp ¿rNp_ PIRIJVÀEIL GoNCENTIßIIQ$

Double reclprocal plots of enzyne actlvlty and.

soöLun pyruvate concentratlon ln the presence of 2.0

D-L i.socftrlc acld- (flnal conc.) are shovnn 1n X'lgure

fncreaslng ooncentratlons of pyruvate reduced the

lnhlbltory acùi-oa of lsocltrlc aeld-.

EF¡.SCT OF ÄT.TINO A.CÏDS

L-vallne, l,-lsoleucJ-ne, L-glutanlc aold, and. L-aspartlo

aold showed. no effeoÈ on e¡xzJrme actlvlüy at a flnal coäcerr-

tre.ülon of 1.0 n1il. Aetlvlüy was Éeasured^ speotrophoto-

¡setrlcally uslng 10 ¡rnoles of sod.lum pyruvateo

ETFECE oF PiI !N E$llr?ELlLggIvITY

As shorur ln Flgure 12, the enzynle showed. a plï

optlmum around 6,0" There was a narlred clecrease ln enzyne

actlvlüy at pH f.0 where 19fi of the actlvi.ty at pH 6.0

was observed. The d.ecrease was less ¡oarked on the acld.

sld.e of the opti.nun, ¡*¡here ?6fi of the actlvlüy was observed.

ab pH l*.5n

m$

11"



FïGIinE 10, Effecü of lrd.dlüion of Isocitrlc
å,cld, Ður1ng ühe Llnear portlon of
the Errzyme B.eacùlsn,
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FïGUBE 11, Effecü of fsocLtrlc jrcld o¡x
Acet_o1acËate Synthetase Actlvltyat Varlous Concentraüions of
Pyruvate"

V = ohange in opülcal d.ecslty per
seconö aü Jlf0 np"

E = ooncentra.tLon of pyruvate (n¡{)

A = ¡ro lsocltrlo aolè

B = 1"0 mlE Lsocl.trlc acld

C = ]..6 n$ lsoclürle aeld"
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FrGlrRE 12" Effect of Elydrogea ron concentraülon
on Acetol_actate Syathetase Acttvlty.
The colorJ.neürlc assay procedure
r,qas used.o
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$FFETT-OF INORGANIC gAL'fS

No dlfferenoe ln enzyme acblvlty was observed' when

the enzyme was assayed. colorlnetrically ln 0o02 f'1, and'

in 0.1 lni poüassf-un phosphate buffer, lndlcatlng that

phosphate concer:.tratlon Õoes not affect enzyÉe actlvlty"

Addltlon of 0.0I5 n}. of a saturateô ammoalum

sulfaüe soluülon to ühe enzyne assay nlxture resulted ln

88fi lnhlbltlon of enzyme acÙlvlfy"

EFFäç

Ethanol (,3fi flnal conc.) showed. no effecü oil ellzyme

actlviÈy. Dloxane (10Ë flrral conc") exhlblted 4ilp lnhtbl-

tion of enzyme actlvltY*

EEEEìCT OF 1JEE4.

Ad.öltlon of urea (1"0 I{ flna]- cono") to the assay

mlxture resulüed 1n oonpleüe lnhlbltlon of enzyne activlty.

Three trlals of Êucrose gradlenü centrj-fugaülon to

estlmate the nolecular welgtrt of asetolacüaüe synthetase

gave the va.lues ?381000, ?491000, 239r6\a (average = ?421000).

"l{lth Sod,lu¡n pyruvate {l-0.0 ml{ flnal conc,} ln the gra.dient



the noleeular welght

186, ?50, anð 149'¿f00

( I .0 mli f lnal oorro ' )

botton of the tubes

loss of actlvlty.

TBBATI'IENT 
-f'ltTH KBÍül

52

was estlmabeÖ fron two bria]-s as

(average = 168r00o). lJf'th isocltraf e

present the erl'zJrme seÕlmeated' to the

d.uring cent'rlfugatlon, wlüh compleüe

Ereabment of tlie enzyne wlth KBH,+ (1 pnole /mJ-' of

assay mtxüure) ¡ followed by dialysis' showed' no effeot oll'

enzymeaciivltywhentheeazymevÍasassayed.speotrophoto-

netrlca}ly.Therewasformatl.onofacetolnlntheunðlalyzed'
reaotlonnlxture,.outtheenzyIneactlvityremalned.urrohanged.

þytheborotryd'rld-etreatment.Inorêertoexamlnetheeffeot
of a large excess of KBH4 the colorlmetrle assay prooedure

v¡as ernployed., ad-dlng 0.5-1.o0 ngo of KBH4 ln smal"l quantitles

to the reaetl0n mlxture lmmed.iatety after adÕlt10n of pyru-

vate. Beeause of the lnhibltton of color fornatlon by

KBH4lntheoolorluetrf.cassaÍltrqasnotposslbleto
d.et,ernolne the resldual- acti.vlty vElühout the renroval of

KB!I4.Å'fterd'l-alyslsofüherea,ctlonmlxturefor2hours
agalnst0.13þIpotasslunphosphe,ÈebufferofþH5"7aon-

talnlag 0.I nlri thi-anlne diphosphate, 0.5 raffi I'lnc}2r a¡d'

0"1 mFi Ölthlotbreltol, ?5fi of Èhe actlvlty was observed"
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EFFECT oF QüINACBJTi{E DIHID_RO}üÇHL0ÊIDE

No d.lfferenoe ln aotlvlty was observed when aceto-

laotate syntbetase r¡¡aÊ assayed. in the presence of qu3.na-

crlne d.ihyd"rochlorld.e (0oI ntr{ flnal concu).

EFFTìCT OF BOILHD EXTFTIå.CI

To d,eüermlne whether ühere were any so1uble, heat

stable oofactors present in boiled extraot whloh mlght

affect the actlvlÈy of acetolacta.te synthetase, 0.1 nI.
of, þoi-led. extract of Aerobact_eJ aereflslngs was aÖd.ed- üo the

enzyne assay mlxture, No difference ln acülvi.Ëy was

oþserveô"
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Thlanlne dlphosphate, Fi:cGl2r and. sulfahydryl

reagenbs protected. acetolacþat-e syntheüase durlng purl-

floatlon procedures. The observatlon of two enzyme peaks

d.urlng ÐEA$-celiulose c!¡romatography was noü èue to over-

loadlng of the columnr or to lnconplete removal of salt,

but nusü have been Oue to lntrlnsio propertles of the

enzyae. I11 vlew of Ëhe fact that the results of sucrose

d.enslty gradleat oentrtf'ugatlon studies suggest a posslbl-

Ilby of dlfferent degrees of aggrega.tlon of ùhe er¡zyae,

the lnitlal peak in DþA$-oellulose chromatography uay have

been d.ue to greater aggregatlon of the enzyme than the

enzy!ùe elubed in the second. peak. Thls ldea is supported

by an j-ncreased ratlo of the flrst peak to the second' peak

when the enzyne proteln concentratlon of the sanple placed

on the colunn was lncreaged. Oceaslonally ühe first peak

eluate cane out aÊ an opalescent solutlon lnd.lcaflng a

hlgh d.egree of aggregatf.on".

The new Êpeotrophotometrlc nethod- deveLoped. for the

d.eterminatlon of enz¡rLe activlty 1s partlcularly sultable

for kineülc stud.les uslng physlologlcal concentratlons of

pyruvate. prevLous stud.tes of acetoLactate synthetase usLn8

elüher the manometrlc, or the colorlnetric nethod (Junlt

L95?, BaurLe et aI, L96Lþ) gave a }lnear Llneweaver-Burk plott

since the pyruvate coi3centu'atlons iÀSed. were 0.1" iri or even

hlgher.

5t+
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In the present stud.y the Llneweaver-Burk ploü gave

a non-linear crrrve whlch was partlcu]ar}y obvlous at lor,¡er

pyruvate ranges, The resulüs were unexpected slnoe the

neoha.ntsm of acetolactabe formatlon proposed. by Kra¡opltz

et al (1961) should gíve Ping-Pong' ktnetlos (Clelan¿11963',

as shown -þelow (E:enzyme).

Pyruvate ÇOZ Pyruvate Aceüolaciafe

E-TDP E-TDF-CH3üIiCl

Ia the Piag-Pong Bl Bl reaction (Cleland-t

substrates A and. Bo the lnii;lal veloclty,

the followJ.ng equaflon:

KlnB
( Kl, K?, K3, K4 t constant s )S=

L{rA"+K3B+K4AB

t¿¡'hen lI = B - pyruvafet

E.TDF

3,963) lnvolvtng

V, ls glven bY

KtAz
"=V(Kz+K"iA+Kr+A-

êJJ

The recf.procal form ls;

Kl&

KZ*Kr+K4i1

t- ntu*
vK1

Kz*K3 ¡r \-q- *Ã'
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whtch should. give a lluear öouþle reoiproca.l plot of enzyme

actlvtty and- pyruvate concentratlon.

SlncetheLlneweaver-Burkplotwasnon-llnea.r,the

mechanisn of aceüolactate synÈhetase must be Ôlfferent

fron the slmple Plng-Pong reaoülon"

Ån ord.ered' Bt Bl reactlon (ctelana t L963) glves the

followlng inltlal veloclty equatlon:

KlAB
u=q**+K4B+K,AB

lrhen A = B - pyruvaüe.

(K1r KZ, K1., K¿1, Kr:constanüs)

iL A2
v - Kz+ (lt3+Kg)À+K5u'

whlch ls a parabollo functlon ln the d-ouble reclprooal forf,o

A prellmlnary effort to flt the Oata to a F,ara-

bola using an IB$ L62O ðlgltat computer (HaeUa and' Sanwal'

Lg66) was unsuccessful, Fronn the steep rLse of the Õouble

reciprocal plot at lower Sryruvate concentrations it 1s

o-Ovlous that the fr¡goü|on is more compllcated tþe'n a sf'mple

parabol-a, It ls probably a cublo function or hlgher, lnvoLv-

lngatleastoneacttvaülonprooessbypyruvaüe.Amore
detalled. klnetlc stuoy is requlred. ln ord.er to clarlfy this

situaËlo4.

Everyefforttoremovetheilritlallagperlod.fron
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the errzyne reactlon was unsuccessful, Slnoe the lag

period, was also observed. when Ëhe oolorlmetric procedure

was used. to follov¡ the coì¡rse of tire enzyne reactlou,

lt was not d'¿e to the coupled. assay system. Also, slnce

the onLy compound. v¡h1ch removed the lag was the suþ-

strate, pyruvaten lt is belleved. that pyruvate converÈs

the enzyme to an actlve form. The suorose Ôenslty grad--

tent oentrifugatlon stud.les lnd.tcaüe a change ln the ¡nole-

cular weighü of the enzyme 1n the presence of pyruvabe.

ullthout pyruvate the rnolecular tteight of the enzyrre was

found. to -oe 242rA0A, whlle wlth pyruvate lt was found

to be 1681000. Ehese results nay lndioate that the ellzyme

ooilsists of -r,hree subuntts, each wlth a molecular Welght

of 801000. In bhe presence of pyruvate the enzyme may

change to an aetive forn r¡¡hloh conslsËs of two subwrlts'

These þpotheses w|}I have to þe tested in further stud.les.

I'al1ure to flnd. activators vlhich can replace

pyruvate ln removing the lag perlod fron the enzyme reac-

tionu or stralghten out the non-l-inear tineweaver-Burk

plot was very cllsappolntlng from the stand.polnt of elear-

out kLnetlo analysesu lrTone of the compound.s tested,, eltlier

struoturally or netabollcal-3.y related to pyruvate removed-

the initi.al IaS, or acüivated. the enzyße, except aceüaldehyd.e

which showed. some aoflvation"
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Inhtbltlon of acetolactate syntheüase by lso-

ciÈrate seened. to be com;oettülve v¡lth pyruvate slnce the

lnhlbltion was removed. at hfgh coneentratlons of pyruvateo

It is, however, d.tfficult to make a definite concl-usion

because the non-llnear Llneweaver-Eurk plot rnakes the

analysis dlfflcult, 'dhen the enzyÉe was cenürifuged. ln

a sucroÊe grad.ient in the presence of I,0 nivl lsocitraüe,

all ühe enzyne proteln was found. at the boÈtom of the

cenürifuge tube, but no enzyrne actlvity was recovered..

Thus 1È seems thab isocltrate inhibi.ts the enzyme actS"vlty

by formlng inactlve aggregatese

The concentration of KBit4 used by other workers

for the reductlon of Sohiff ¡s base interned.late ls less

than 1,0 prnole per m}" of reactlon rnj-xture, the conceil-

traülon used. in ühe presenü study. Thus the results

obtalned. v¡|th the specirophotometric assay clearly lndl-

caüe that Schiffrs base formatlon is not lnvolved. ln the

forrcatlott of á-acetolactic acld" by acetolactate synlthetase,

It appears bhat the thlamlne-pyruvate lnteractlon obvlaües

the Schiff ts base formaÈf.oa, whloh is necessary for ald.ol-

Èype cond.ensatlon reactíons not involving thJ-amine dlphos-

phaÈe. The inhibiülon of enzyme acLlvity by a large

excess of KBH4 nay have been due to a seoond.ary effecË orr

the enzyme rather tlian the red.uctlon of a Schlff rs baser
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Everr afler suoh a drastLo treabment 25/à of v}l.e enzyme

actlvlüyrenalnedrcontraryt'oSchif,f¡sbase¡nechanls¡r"
Slnce ihe ad'd'ltlon of bolled extract to the enzyne

assaynl.xtured'lùnotyleldaninoreaselnenzyneactivity,
ltappearstlnaj.therelsrroheaü-stair}ecofactorrequire-
nent by thJ-s eîzqe, ln contrast to the blosynthetic

aceüolacüate synthetase whioh requlres flavlne adenlne

d"lnucleotld,e (Storner, and' Umbarger ' l-96t+\ ' Fallure of

qulnacrlned.lhyd'rochlorldetolnhibltenzyneaotlvlbyaE

0"1mI{furthersupportsihreconclusionthatflavlnelsnot
requlred. by the en'zyme t¡¡lÕ"er stud'y" These observatlons

and..LhefacbEnattheenzymeshowed'aptioptl.nurnaround.6"o

and"v¡asnotlnlri-oltedbyelthervallneorlso]-euclnemake
ltapparenttkraüüheenzymeund.erçtud.ylsdlsttnctfrcm
the þlosynihettc en'zy!Ûe, whioh has a pll optlnuro of 8"0 a¡rd

i.s lnhlblted by valllre (Umbarger' and' Bro-uÍn' Lg5Bi

Bauorle et alr lt96j+; lialperir and' Unbarger ' 
L9591'
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