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SUM MA RO’

L-Asparaginase fnonm Eselieric/tia- co/i B was treated withm N-acetylinmmielazole oven a wide
ramoge of concemmt-na(ionms. �floe results inmeiie’m-tte thomot (hoe 44 tyrosyl residues of moa(ivc’ mospar-

aginase camo be divided into tior(’e classes. Time finst group consists of 5-7 tynosyl residues

that react readily with (be’ rcagemmt and mono’n(ot- iomvolve’ei in (hoc’ cmttmolytie’ site. The’ second

class consists of 10-12 anommitic residues timat react less rapidly ovitlo ac’e’tylimielmozole aoud
whose modification nc’sul(s in mm70 #{176})� decrease in enzyme’ activity . Full activity can be re-

stored after deacc’tyhmmtionm w’itlo hvdnoxvlanuiime. The’ third class consists o)f (hoe nc’maininug

tyrosyl groups thoat are’ unoavailable for moce(yha(ioino ito (hoe tma(ive enuzynme.
All time (yrosvl residue’s could be’ mtce(vlated in S on urea. Modificatieono of 10 residues in

urea did not immtc’nfere’ with subunit ne’mossociationu, wimilo’ mtcet-yla(ioono of 15--22 residues gave

variable results. Modificatioono cf 30-44 residues inmterfe’o’ed witlo ro’associatioooo of the sub-

units. Removal of (he ae’etyl groups wit ho imvdnoxylamine, hoowe’ve’r, did noeot alloow (hue sub-

units to aggregate, bc’e’mouse oif other, inno’vensible reactions of moco’tylimidmozole with the

denatured pnco(eimm.

INTII0DUC’Tnox

L-Asparaginimise fnonm Esc/eerieh ia co/i B

inhibits the groovtim of tumors ito mice (1)

and is active agaimms( lynmphoblastmc leukemia
in cboildren (2). In sI)ite of mmumerous n(’ports

deaiinog os’it-im (imis enozynue, time structure of
the catalytic site ammd the nature of the forces

through which the subunits associate more’ moot-

completely understood. In arm effort- to

elucidate these structural elememo(s, we’ have
undertaken a series of inove’s(igat-ionms on
cbmemical modifications eof the e’nmzvme,
using a wide’ range of comocc’ntnatiomos of

reagents. The present report presents the
results obtained when the enzyme was
treated witim acetylinmidazoie in buffer and

in S M urea.

MATERIALS ANt) METHODS

L-Asparaginase from E. coli B (lot C8067)

w’as a product of Merck Shmarp & Dohome
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mmmclovas supplied (ci us thmroougio (hoe’ courtesy

of (hoc’ Cmmnmcen Choe’noo(luenapy Limit, National

(‘amocer Institute. The ivophmilized ��ampIe
o�’as dissolved in 0.05 on l)hOosPiOa(e buffer, pH

7.5, amod oo’as dialyze’d against 200 voilumes of

(lois buffer iii order to nenooove tIme noamonitol

Present- as a pneservativ(’. Time stock solutionu
(14 mg/mb) was stoored mit 4#{176}.After 1 w’eek at
(lois temperature (hoe stock solution became

cloudy, al(hooughm (hoe spe’cific mic(ivit-y was
hot reduced signmifican(ly, aomd time material
sbmow’ed a momoodispo’nse’-iooomogeomcous bound-
any imm time ultracentnifuge. Freshly prepared

solutions of the enzyme gave tw’o bands on
polyacrylamide gels, w’imere 95 % of the

protein was time’ tetranuen anod the remaining
S % was time larger octamer.

N-Acetylimidazole w’as purchased from

Cvclo Chemical Company amod was stored

over P205 in the ceold. As soomo as moisture

appeared, the sample was dissolved in
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benzene atiel dnie’(l oven’ socliuno sulfate.

Urea (Fishier) was recrystallized fronm (lilute

etlmanol amid tioenm dried moooden vmocuuno.

Urea solutions weo’e frc’shol\’ Prel)aned l)nion to

use. Nessler’s nemigemot- \s’as also l)tlncimmised

from Fisher.

Acet-vla(ionm with ,‘-s-a(’et-vlinoidlazole os’m-os

cmtnnied out mos follows. Asj)anaginase (14

mg-’nol) in 0.01 �m Tnis buffer (pH 7 5) or in

S M urea (pH 7.5) oo’as treated w’itlm atm ace-

tomme solutiono e)f acetylinoi(lazole (40 nog -‘nol)

to time desired noohar excess. Atm aliquo( of

the nnixtune was i’enmmovecl, fohlow’ed by

anootloer adelitionm of (hoe mocetyla(imog moge’not

t() time next huigher conoceomtrmotiomm. This p”#{176}-

cedune was followed unotil the reagent os’mis

present in 100 M (‘X(’esS in buffer anod 250 �n
excess in unemm. Time remoctiomo mixtures w’o’ne

allowed to stmmtO(1 for mit lemmst 1 hon before the�’

were dialyzed against sev(’rmol chianiges of 200

volunoes of 0.05 or I)lmosPhmmtte buffer, pH 7.5.

lime extemot of fT)-aee(yhmitiono was ele(ernumoed

spectroscopicmollv at 275 nono after t-rea(nmenot

wi(im 1 M lmvdroxvlanoitie’ moccoondimog to Sinmp-

solo and Vallee (3).

Time activities of mospmmt’:ogitoase amid acetyl-

asj)aragimmase were detc’noooiooc’ol by the lies-

sl(’nization met-hod (4). Ito (lie� case’ of time

mimodified enzynoe deacet-ylat cd wit-b ioydroxy-
laoooimme, tIme excess loydnoxylanmine mond time

imydroxama(e homo(i to) be’ neoooo�oveel by cx-
haust-ive dialysis before (hoe assay ceould be

j)erfornoed.

Seehinmentmmtionm velocity st todic’s were can-

ned out jim a Spinoco mooodc’l E aimalytical

uitnmocentnifuge according tco the niethooci

described previously (5) . 1] uoo’escenice spec-

tra- were taken witio amo Anmmiomco-Bowmami

spectnophotofluoro onmoet en romodifleel as des-

cribed immamo earlier pubhicmotionm (6). Absorp-

tion spectra oo’ere determined w’i(im a Cary

15 spectnoploo(otioe(er, atmd diffcremmce spectra

usinog tandeno elouble cuvet t es mis previously

described (5, 6).

RESULTS

Asparaginmase ito buffer was treated with

acct-yhmidazole in noolmmr excesses rangimmg

fronom 20- to 100-fold. Time pencemmtage of time
44 tvnosyl residues (limit-oo’ere acetvlated anoci
tue conresponmdinog loss in catalytic activity

obtaimmed oo’Ioeni (-hoe conmcemmtratiomm of acet\’li-

midazole was iooo’n’o’asedate’ slooowno ito Fig. 1.

\Vhmemm (hoe acetylatinog mogc’not woos 1)nescmm( in

20 �r excess, be(-weemo S mono! 7 (yrosyl residues

(11-is %) were acetylated, mmoome of wimich

wmis immvolvcd in tioc oat mtlvtically active site.

Imocreasing the acetylinmidmo.zole to mmSO-fold

excess nesul(e(i ito acct�’iationo oof a total of

15-17 residues (34_350 �), a(’c’ootompmmflicd by a

70 #{182}�loss of catalytic activity. Further ito-

creases in time conocemmtratienm (of moo’e(ylimida-

zoic did toot affect (hoc numbe’r of acctvl-

(yrosimoes fonromeel, noor woos (hoe mmctivi(v de-
creased further.

Thoe acet ylasj)anooginoIoscs we’re c’xanmmitocd in

FnG. 1. Percentage o,f 44 tyrosyi residues acety-

lated and of cataii�tic’ (1(tilit!/ lost after treating

asparuginase Witlt luriotos conceit trations of acetyl-

ion ldaZe)iC

The enzynoe, itt 0.01 mmTris buffer, pH 7.5, was

treated with the molmot’ excess of n’rotgetot- shown,

aomd the reaction was allowed to po’oceed for at-

least 1 hr before the excess m’eageoot was removed

by dialysis.

TABLE 1

Number of tyr0s�Ji resioltoes aCet!/iate(i in 8 mt urea,
a not effect on ro-con st it ut ion after remootai

of torea
Excess acetvl- Ivrosvls State oof

inmlazole acetvlaoed associat i(Ofl

of

20 10-12 Tett’ouooeo’
50 15-22 50 ± 20% tetramer

50 ± 20% slower
se(hinoetlt itog

100 30-35 100#{176}/csloower

250 44 1(X)’ � slooweo’ corn-

l)0)tte000
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the tiltrmicemotnifuge, anod mill sminoplc’s were

foutod tc) h000V(’ t�l� hmcnmogo’noo’oios, n0000mio(lisI)o’rse

boundary with a sedinientatioto coefficic’not of

7.4 5, indica(iimg thmat (hoe 20 (ynosyl residues

that o�’erc mocetyiateel were tmeot immvoolveel in

holdimog time subummits together.
The fluorescence spectra oof all sanoples

showed atm emissiomi maximum at 317 tim,

identical w’itim (he sj)ectnum of (hoe mmative,

unmoodifled emmzyme. Thocrefonc time sioogle

trvp(opimvl residue in eachm subumoit os’as still

located iii a very hmydnoplmobic regioni. Tioe

intensity of (lois enoissioni band mos a function

of time’ moniouoot of lighot mobsorbed tot 278 mom

also rcnoained constant.
Tioe acetyl groups w’c’rc nenoeovc’el by treat-

ing the acetylasparagitoase samples with 1 �n

hydroxylaminoe for 10 nmimo, after wioio’ho time
samples overe cxhaustivc’iy dialyzed. All the

samples regained full activity after de-

acetylat 1010.

Reactions -in 8 M �rea. Aspanagimmase was

dissociated ito S �n uremi mimod tiocno treated w’ith

imocneasinmg mmnomeounts (of micet-ylimielazole. Ti
numbe’r of tyrosyl residues (hat were modi-
fied mind (hoe effect ono neconstitutiomm of the
subunits arc sunomanized ho Table 1. Time
lowest conmcenmt nationm of the acetyia(ing

A)

NATIVE

agent noodihe’el 10- 1 2 (ynosyl residues mind

die! nno( affect (he neassociationm of stobummits.

TIme’ nc’siolt 5 (obtaimmedl w’hc’mo 1 5-22 residues

were ace’(ylated oo’ene quite variable. Some

smmnmplcs simooived SO % of (hoe sedinoenoting

mmiteniah to be mm tetramen, mmmd time othmer

SO � t� be a more siow’ly sedimc’miflng,

loorne og(’omecous boundary wit h a sedinmenmta( ion

cocffie’ic’not oof 3.2 S. In otimer samples, treated
witho tIme’ sminme amount of acetyiimidazole,

time nmi(ios of (imese two Species vanie(1. ‘floe

ae’e’tylationo of 30-44 tyrosyl residues jwe-

v(’nuteel fonmmotiomm of any tetnamen, tonic! (he

acctyla(cd subunit gave (hoc’ se’dimo’mo(mo( ion

pattern sheowmo in Fig. 2. ‘floe eobscrved
sedinmenmtation coeffieicimt- (3.2 5) os’mos (‘on-
siderablv larger (loan tIme vmtluc’ (of 1.S S
(observed for (im(’ me omoonoen ito ure’a (6) or the

succimmylated subunit (7).

Time fluorescence spec(nmo cof (hoc stonoples

ob(ainoed at noolan ratios cif 50: 1 amod 250: 1
are coonopmore’el w’itho the nua(ive enzyme in
Fig. 3. The 50:1 sample e’eonmsistc’d of 50%

each of (hoc 7.4 S amod 3.2 5 species amid had
its emissiono maximum at- wmtvc’lenigtims konoger

thoanm 317 nom. The 2S0:1 sanoplo’, wimicho con-
tainmed 100% of (hoc’ 3.2 S noatenial, load a
single e’noissioono maximunm tot 335 nino. The

‘7.4 S

y

B)�,,)7�

meniscus

250:1 (acetylimidazole:
asparaginase)

FnG. 2. Sedimentation velocity tcttrae’cntriftogation of aspeiraginase aiod acetijiasparayinase in 0.05 .ot

phosphate buffer, pH 7.5

A. Uounooodified asparagitiase was deooat toted ito 8 mm urea aood theni dialyzed against phosphate buffer.

B. Asparagina.se was acetylateel with a 250 mo excess of acetylinoidazole ito 8 H urea, followed by dialysis

againost buffer. The (Iirecti001 of sedinoeiotaeiooo is from left to right. The tracings were noade 54) mini molter
rotor acceleratiooo was started. Speed, 60,000 rpm at- 20#{176}.The monochromator was at 280 torn for these
ultraviolet ab.sorptioono scaoos.
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Fret. 3. Ittoore.s-ceit(-e sj)(-(-tra of ot(lIim’e asparagi-

fl(ISC (111(1 (if (lsp(Ir(ifjilt(lse tr(-ato-(l wit/c a 50 .or excess

of acet//lilfli(t(IZ(tle in 8 ti -ur(-a (50 : 1 ) or a 250 or

excess (Of reagcitt in 8 �oi tore-u (250:1)

The’ ioo’ea monod excess m’emogetit weo’e n’eoiooved l�’

dialysis.

disseoc’imo(ed subitomit- oob(airoed freono urea eon by
succinmyla(i(ono m-ohooove’ei twoo nomtxinomt : one’ mit

340 nono, clue teo trvpteophmoio ito mono aqioc’eous

eloviroomonoc’ro(, mood (ho’ eo(ioo’o’ met 303 mom, mis-

sigimecl to (yneosiomo’. The’ hotter was abse’nut

from (-lois s00011pl(’, sinmee mic’e’tyltynosiroe is Io(oto-

fluoresecoot (7). I�’nootovot1 tof (hoe ooe’c’tyl group

ovithm im�’drox�’honoiooe’ re’sotlto’d ito (hoc’ mmppean-

ttfl(’d’ eof tyn’osiooe’ fluores(’e’nuc’o’ (303 nonm).
I)c’acetylatkono e)f mmlismompl(’s w’itio hm-vdreo-

xylanninmo’ did nooot result mm rcasscocimmtiomm of

the subunoits, iooolio’atiimg (hunt m-mo’ctyhinoidazole
reactc’d irncvo’nsibl\’ with time e’ioz�’me imo

urea.

1)nse:UssnoN

TIme 20 “free” (vrosvl re’sidues (-hoat caim bc’

acetylatce! with ae’etyhinoidmizole may be
compared with (lie’ 14 tyrosyl residues thoa(
ionize with mm noonnmal pK value (5). Thmis

diffenenice is sonomewhoat- grcato’n tloanm (hoe 10 %

vaniationo ob(ainoc’d imo time eI(’te’nminia(iolm of
acetyl greoups by time nmc(heoel cof Sinopsoim amid
Vahlee’ (3). It is clean, hoowever, that time

first 10-is ()� of time’ (vrosyl residues acety-

lated are noot- inovolveel ito catalytic’ activity

and t-hoat ano(onmg time moc’xt most reactive
residue’s are seorooc involved ito time m-ict-ivc site.

These results agre’c-’ ooithi time’ ncp(on(- by Liu

and IIanudsclmunomio’ho’n (9) ti-omit 25 #{182}�of time

tyrosyl nc’sidooc’s ceould be’ toi(ra(cel with

tctrmtooito’onoc’tiomonie’, ovimie’lm rc’sults ito a 70 �

10)55 (of e’nozynome mo(’tivity. Time’ complc’tc

reversibility eof tIme’ inihoibitiomm lenods further

sttl)l)(On’t ((0 (lid’ nmile’ of t�’rtos�’l residue’s ito (he

active’ 51((’.

Time immvolvenrn’mot eof tvnos�l residues in

subuooit inutc’nac’ti(omms is mono’ aonbiguous,

5110(0’ micetyhiommidaze ole’ t’(’ti(’(s irnevc’rsiblv

with (hoc’ enzvoiie imm S mo urea. mi addi(ioon to

time no’mic’tieooo witim (hoe’ pioe’nmohie’ loydroxyl

greoup, ae’e’t�’linioidazeole’ can ac’c’tyla(c’ #{128}-

anoitoeo groups eof l�’sinuo’, wimie’hi arc toot c’s-

scnitimil for (‘motttly(i(’ activity but an’o’ in-

voolvc’eI imi subunit inote’rmie’tiomms (5) . Ace’h’lmo-

(i000 oof (lois monoinoeo group would disrupt mmtmy

elc’(’t roostatie’ iooteract ie ooos be(wc’c’om (he peosi-

tivo’h’ c’hmao’gc’d lysimmo’ muod soome’ of time

carbeox�’latc’ greoups.

\Ve’ have de’oomeommstrate’d aboove’ timat (ime’ne

arc’ (lmnee e’lmossc’s of t\’o’Tosyl no’sidues in
moative mmspanagimoasc. live ((0 so’vc’mo residues

react readily witio a(’etylinmi(Iazcolc’ amid are

Imeot inovolved in (hoe activ(’ site. The’ nocx( 10

residues m’(’ti(’t less no’moeIil�’ with (ho’ neagcmm(,

but anoonog (hc’se’ is at least 1 rc’sidue that

Panti(’il)mlte’s ito (hoe o’noz�’nomttic site. The rest
of (lic’ 44 (yreosinoo’s more’ toot available’ for

reactiono with aco’tyliniidazoie ummtii (he

pnotc’iom is dissociated by S mn urc’a. Bec’ause of
time inrc’vc’rsiblc’ no’actiooio (of acetylinmidazole

with greoups eothoo’n tlmamm (ynosinc in the
demoatuo’o’d j)ro(c’inm, it limos moot been possible

to) do’finc time noole’ oof t�’nosiioe residues in

subumuit iro(erae’tionos.
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