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�:#{176}�I odifiemet 10)10 e of L’scioeuieio ia co/i L-asj)armigiiimise- ( E( ‘ 3.5. 1 . I ) u�it ii nmmihe-ie anhmvclnicle-, (-thvl

ti(’O’t iniiclmitt’, 0on nme-t ii�’i �3-dinmetImvlanuimiopropicomminmidate- r(-suitc-d imm -mizvme- d!c-nivmet ivc-s uvith

altc-ne-dl isoc-lc’e-tnic pe)ints. (‘mitalytie- mie-tivity ivas neot sigmmifie-mmntly chumimige-dI by thmc-sc- modifie-a-

tiomms ; imcavcver, aim limueX[)det(’d! covalc-mit c-neoss-lmnkiimg of e’nzynie’ stmbumiits w’as se-c-tm iii �-chi-
nmc-t imvlaniine 0J)I�( )j)ie onmlflmidiImoo-as�)miragmmimms(-. �\.lt houghm ufimnoumie oleogie-al studio-s in vitro imudicate-di

niimien miltcnatmo)Ims iii o-reoss-reac-tivitv be-t�ve-c’im time’ native- mimmd nme)dhific-(l c-nzvnme-s, no) mmnmuimc)-

logic-mu eliffet’eimce’s \vo-r(- al)1)mirelmt ill l’il’O. ‘Time biologicmml half-life- of thic-se e-umzyme-s umcre-as(-s

��-it Ii inme-r(-asinig ise o-lc-et tie point , amid this nelationmship ��‘as asso)ciat eel with ‘mmiiatme-e-cl timc-umm-

J)o’lit ic effe-et ive’mmc-ss imu ic-uke-mie- flue-c-.

L-�\.s�)aragiiiase- (i�-;msparmegimie- mmnmidomimy-

dre)imise’, E(1 3.5. 1 . I ) frotmi L.s’e/o(’li(-io ia (oh

is us-ful iii j)rodllld-itig tc-nm�)omnary re-missieons

iii seome (mi.Sd’5 (-of midllto’ le-uke-imeimi ( 1 , 2) . One of

time se-ve-ral pnebii-nms asseme-iate-eI uvithm time’ muse’
eof e-iozvnmc-s mu time-napv is t ime- rapid elemtrmIli(e

freonm pImmsmmu mmfte’n imitnmmve-neoiis iiijcctiomi. Of

pant ic-tulan mnmportmiiie-e- mere- t lie’ physicemeim’nm-

ical I)nopcrtie-s emf time- pneote-imm mis we-il as its

size- aiid stmite- of mtggnc-gmmtiemi (3). I’ore’igmm

e-nzyflie-s mmnc also huighhy mont igemmio- , mimudi m�e’-

pe-atc-c! thme-rap�’ e)ftc’mi resmults in rapid eilc’ar-
tiIi(d’ midc’O)flij)alii(’(! by ;ihic-tgic- re-mi(-tiemmus (4).

\lasiubunmi mimic! Lanchin (5) motte-nipte-cI to

c-c rrclatc - t lu- J)ltisfliti imaif-hi Ic’ ef L-misp;tragin-

misc- uvith. the- isoc-li-e-tnie- peint eof Vanieus c-n-

zvnmc- j)ne-j)anatieomis. i\I(ore- re’e-c-mitly Rutte-r

mmd \Vmide- (6) rc-poorte-d the’ rate-s of c-li-aramie-o-

‘Flits work W115 suppoorte-d imy gratots fromuu the

.\noieric’ani (�anLeer Society (l(-em4L iltO! Ph� 27) tonod

I lm(� >at ioomial (�atoe-er I nist i t nt e ((�.&10748)
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(of ti largo- mitinihe-r eof e-lie-mmmi-mihly mimocliuio-cl

mis[Mi nmigiilmiscs fne miii hiwin ia (‘a motorora . ‘Time

pro-se-nt st IldlV do-so-nbc-s t lie- pre-panatie am of a
se-rio-s of moclific-d E. (‘0/i mi5�)aniigimia5c’5 witim

cliffe-remit isemelo-c-t rio pe mints. I �hysie-oehic’nmie-al,

biological, tine! inmnmutiologie-al i)neope-ntic-s of

t lic-se’ o-iizyi-mic-s mire- e-(onipanc’dI.

M.u’rERiALS .-� N!) ME’I’HOI)S

L-Aspminagiimmise- !‘ro nm L’. (‘obi ( Lyemva(-,

1\li-m-k Sharp � I)ooimmiie-, i��t (1�7941) um�mms

pnovicle-d by time- Natiemnal (1miuu-c’n Institute-.

Ethyl ac-e-tiniiclate- hmvclreochleonide’, butvro-
miitnile-, mi-mudlme-ptaime’mmit rile’ �vo-r- obtmiine-cl fronm

Emistrmmmimm ()rgmimiic Chemicals, mimic! [2 .

malc-ic- mmmulmvdnide- wmis mmpro)dluc-t of �mo’r-

shmm,-Sc-anle-. Me’tl)Vl butvniniidate liv-

clne )e-hl( )nid(’ miim(1 rmme-thvl lie-pt mmmiinmidat e-

hvdnoc-imieoniclc- we-ne- j)ro-pmmnc-dh as rc-perte-d by

Breoke-r mimic! Wlmit- (7). Mc’thmvl $-climc-thv-

lamimue )�)l�O opie miinmidate’ clihmydro c-imle onide- uvas
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syntimesized from j3-di nme-thylaminopropioni-

true (Eastman) by time 1)rocedure of Baksheev

and (layrihov (5). Amphohiluc- carrie-n am-
pholytes were purciuas(-d from LKB In-

st ruments.

Amidinatioim of L-asparagimuase (2 nmg� nil)

was c-arnied out- in 0.2 u borate buffe-r, pH
9.5, at 25#{176}for 6 hr, accordimig to tlm(- g(-mic-ral
method describe-d by Humute-r and Ludwig

(9). ‘[1 inuidates were- 1)rese-nt iii 10-fold

nmolar excc-ss based omi lvsine residues in time-
t et nameri(- emizvme . )slalevlatiomm was le-r-

formed as clescribcd by Butler et a!. (10).
[ t4C]\Ialeic alihydlnide, tis-d to diuaimtitato-
the maleylatiomi, uu’as diluted with unlabeled

maleic animydride (Aldrich) and sublime-d.
[t4C]’sIaleic aimlmvdnielc (0.27 mok-/mole e)f

lvsvl residuc-s) withm a spc-cific activity of

1.2 X 10� cI)flm/mfliOle was mmcld-d to a solu-

tie)fl of I�-asparaginasc- (4 mg/mi) in 0.05
:o J)iiosj)immite buffen, aimd the- solution was

flimiifltailie(I mit l)H 5.0 for 30 nun iii a pH-stat.
All euizvme solutie)Ims were- dialyzed against

dist-ille’d uvater td) removc- c-xc-ess nc-agents

and uvenc- lvopimihizec! amu(1 froze-mm omit i I fur-
t lien use-.

IRachiommctivitv fl� tim(- malc-vlmmto-dl e-nzvnmc-
uu’as assayc’d itu a Pac-kand liquid scmntmliatmoii

sp(-ctnonme-tc-n mvitim a te)luc-ne--c-timaimol s(-intmiia-
tie)il fluid ccuitaining 1 #{182}(i1ab-(�)-Sil. Fnzynmc-
mmctiVit’v \\‘mis mc-asunc-d by memnitoning time-

catalytic dc-compositioii of I)ONV’ mit 274
urn tmc�cd)rdiiig te) time- 1)ne)c-c-dlmmnc-dc-scribe-c! by
.Jmicksomm and Haiiclscimumacime-r ( 1 1 ) , e or by

nmeamms c)f thc- couple-c! e-nzynmatic- assay of

Coommey et al. (12). Prote-mum co!id-e-Iitnatioll \\.�5

de-termine-d by usiimg atm c-xtine-tion ce)c-fh(-me-nt

of ‘�‘278nn = 7. 1 ( 1 3) . Time- muunmbc-r of free

amino grouj�s 111 thme niodified pneote-imi \\‘mis
-stimated by the TNBS mc-thed of Habo-e-b

( I 4), c-xcc-pt that time- assmiy um’mmsj)d-rfonflio-dl in

0. 1 ii bormmt- buffc-n, j)H 9.0, rathc-r thaim 4(7�

so )diilni i)id-arbc)mmatc-. LTimniodifiecl aspanagi -

imasc’ ui’as usc-d mi� a stauichmncl. The- numbe-r cmf

uimflio)difid-d1 mifliimiO) greoups uvimic-iu mm’c-nc- free- to

ne-net u�’it1m TNBS was cale-ulatc-d froni time-

nic)lar extiiu-tioim e-oc-ffic-ic’mmt o f I�’333, =

I .04 X 10� dc-te-nmine-cl fer the- 2 , 4 , 6-tnimmitre-

1 The abbreviationos used more : I )ONV, 5-diazo-

4-oxo-t-noorvmilinie ; TNBS, 2 , 4 , 6-t ri nut robeni-

zetiesulfonoic acid ; SI )S, soditttii (Ioodecvl sulfate;

I )�1AP, �-dimiiet livl:omiii nroproopionraniiidinio.

benzene deniva-t iVc- f nativ(- aspanagilia.se.

Time nc-sults usc-nc- e-xJ)ressed as time pc-ncent age

c)f the 55 total amimuo groups unrc-mu-tivc- with
TNBS (84 lysyl ne-siduc-s milid 4 NH2-termimmal

lcucvl re-sic!ues). Althcaigim this assay was re-

1)ontd-d to be c�uantitativc- with respc-ct to
lysyl rc-sicluc-s for several l)rotc-ins, the colo)r
yield w’mi.s mmomilimmear mit aspminaginase cc)ne�c-n-

tratiomms abcmve 1 70 umui. Nc-vc-ntlmc-lc-ss the

valtu-s e)btaimie-d frcm the TNBS nc-action
uu’c-re Hi agr(--fliemmt with thosc obtained by

radioactiVe la-beli tog wi t h [2 , 3 _t 4(’Jmali-ic� mimi-

imydride.

Isoc-le-tnic- feausing was J)c-rfe)nmno-d in

cohmnimis of 7 �; Pol�acn�’lamide by niodifica-

t.ion of timc- j)roc(-dune of Righm(-tti amid Dnys-

dale (15). The Sampl(-s were- dissolvc-d dirc-ctly
ito time ge-I solutiomm, mind j)ol�mc-nizatic)mi was

initiatc-d by time- addition of 0.03 mg/100 ml

(of riboflavimm afl(1 c-xpeosurc- to ligimt . �\. corn-

stunt poto-mitial c)f 1(110 \T was mipl)lie-dl to) the
-ooled ccilunmns (5 X (15 mm) for 10 hon. ‘id)

d-tc-rnminc- tiuc- pH gnmidic-mut, go-is c-c)ntaining

lid) samplc- we-nc- shiecd in 1-nmm sc-(-tiomms alid

ahlowddl to stmiiid imu distillc-d wat-n (0.4 ml)

fomn at l(-aSt 2 hun. TIme SlimI)le g(-ls we-ne- w’aslmc-d

exte’nsivc’ly witim 10 (-; tnie-hiormicetic a(-id to
r-nioVc- ti!iij)hiolilud buffc-ns a mid st aimied wit ii

0.05 � Coommmssic- blue in 10 #{176}; tnicimlcrti--tic

acid!. Afte-n clc-stmiimuimig iiu au EC mippanatus,

timc- go-is we-nc’ pnc-sc-nvc-d iii 5 �‘ aque’ous

glyc--nel mine! time- bmimmel itmtc-mmsitv um’as dc--

tc-rnminc-(l im’ithi a Ciilfemncl 51)ectnO)1)hc )te)me-tc-r
scaimniiig mi-ttac-immc-mmt mit 650 rim. SI)S-poly-

acnvlamide- e -lec-t.ropimc)re-sis usas pc-rformc-c1
as l)nc-Vie)ti5i� clemoc-nibecl (16).

Time- dlegrcc d)f dhssociatme)mu cf aspmmragitmasc’

into subulmits um’as dc-ternmimmc-dl b� ultnacc-ii-

tnifiugat.iotm ill a Bc-ckmaim L2-65 ultracen-

tnifuge- on 5-20 � su(-nose gradients (17).

‘Time gnadie-nts we-re- subje-te-d to) a fonce e�f

200,0(X) X g for 14 hr mimic! time-tm divided! into
25-drop frmu-tions. Prote-in was de-te-rmimue-d

by absorption at 275 tim, miticl time- n-hative

Pd )sit iO!is ( )f t c-t rmmm(-nic misparagimmas(’ (nuol
uvt 133 ,000) amid nionc )nic-nie- misparmigitiaso-

(nmoh mvt 33,()00) wc-r(- estabiisimc-cl with stamid-

and prote-mn me)lc-c-ular u�’eight markc-ns. Time

emmzvme- activity ef c-a(-im specie-s � me-as-

une-d by me-aims of time- I)ONV mmssay.

Animal studio-s we-ne coliduc-t(-d in AKD�I’�

fl�i�(�d’ (.Jak.-u )ll Laborat c r�’) bearing L5 1 75Y
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mmsparagimmase-s(-imsit ive t unions propagated as

clescnibc-d by Sunmmc’ns abc! Handschumachmc-r

(18). Iii time blood cid-aralice studie-s, aspara-
ginas(- pro-partitions (200 ummits/kg) were- iii-

j-c-tecl immtrav-mueaisly ili 0.ls M NmmCl 0!i t-imc

sixth dmiv aftcn imitnapc-ritofl(-al implalmta-

tion of 10� L5178V ce-his. Orbital blood

Sanul)leS (0. 1 ml) w’ene c(-mmtnifugc-d! at- 7500

rpni fer 10 miii, timid time plasma- was assaycd
for mis�)iinmigi!ias(’ activity. 1mm time survivmml

c-xpe-ninic-nts nuicc� w(-ne trc-atc-cl with intra-

pc-nitomic-mil L-aspmmraginase- Pre-i)arat iomus (200
units/kg) 3, 5, amid 7 days after implammta-

tion c-of 106 L5175V ce-Its. Immunolegical

studic-s we-re (-arnm(-d out according to tim’

nmet ho sils dc-scnibc-d by Pet c-rse mi, Hatudsclmu-

niacher, and i\Iitcimc-hl (19).

RESULTS

Time- propo-rtmc-s of tiuc minuidimmate-cI and

nimmlcy hat cd asj)anaginases mire tabulat c-cl in
‘Tmublc 1 . Acetanmidiiuo-, I)i\IAP-, amid maleyl-

aspminaginase rc-taimic-d at least 70 #{176}� of time-

onigimmal asparagimlase activity ; howe-yen, time

iiumbc’i’ of lvsimmc- nc-siduc-s me)difmc-d us’as dif-

feretmt ill ea(-im (tisd. Butvranmic!imico- amid

he-pt aliamidimuo-asparagilmase net ailied 55
aimd 20 ‘:�- of time- e)nmginal activity, rc-s�)ec-tively,

�vhi-ii 60 � Of the- lvsvl residues of -ac-hm we-ne-

anmidinatc-cl ; furtimc-n tre-mmtnuc-tit w’itim hid)-

t atiinmidat e c-arise-cl emizy me- pre-cipit at ion . Pne-

limimimmanv biologicmil r’stilts indic-atc-cI that
butvrarnidimn- and mmc-c-tamidlino-aspanagiima-s(-

exc’nt(-d mie-anlv ide-ntical c-ffc-c-ts ; thmc-refone

eomul\’ the’ latter dc-nivative- was stucliecl (‘X-

tc-tmsivclv. Time- � amid K, vmmlues of time

nmeodhifiedl dIiZVflids we-ne sinmilan to time- value-s
obtaiumed for L-aspanagilmas(- (Tmibic 1). 1mm

addition, time rc-lativc- a(’tivitie-s ef the- various

e-IiZvme-s with rc-spc-ct tO) the tmltermititive’ sub-

strat(-s glutamiime- almd I)ONV u’c-ne mum-

changed . Ult rac(-nt nifugatioim on sucrose- grmi-

diemits imudicatec! timat greatc-r thaim 40 #{182}�-

rnalevlatme)im of aspmmraginase resulted iii dis-

sociatmoim immto subuimits uvhichm did mmot- retaimm

emmzvmat ic activity . How’eve-n, the maleylated

specie-s used iii time biological studies coim-
ta-imu-d only 13 #{182}-- modified lvsvl rc-siduc-s amid
u�’as tet numeric . Extc’nsivc- a nuidination of

aspanaginase by tiu- imidat (‘s eli-scribe-cl above
did riot- -ause subtmmmit dissc)ciation.

1S( m(-l(-ct nc focusimig ommj)e)l�acrylamide g-ls

(Table 1 and l”ig. 1) iiidicate-d that time

cnzvme derivatives j)oSseSsed modified iso-

(-lectnic j)Oimmts, as e-xpc-ctc-d. The p1 of time
aceta-midino derivative was similar to that- e)f

iiative’ asparaginase-, while that of maleyl-

mis�)aragiflase uu’as 1 pH ummit- lowe-n. II�\IAP-
asparagimmase separated immto two pe-aks, con-

nespondimug to isoc-lc-ct nc points of 6. 1 amid

6.9, thc- latter bc-ing tin- nun-jon spc-c-ies. The

sime)uldc-ns evide-mmt- imi time- nmalc-yl-asparaginase’

peak sug�-st timat- this c!c-nivative is also
slight ly he-terogc-muc- nis . The- asymmet ny in

t ime jmo�mtks O)f nat ivc- amid mmc-c-talnidiliem-aspa-

ragiimase- was clue- to diageuual skewing of

tiic-sc� bamuds in time ge-is.
Polya-rvlamide- go-! elect rophe)r(-sis imm-

dicated timat D\IAP-asparagimiase uu’as mc)ne

hmighly aggrcgat c’d t imaim t hue- oot imer Pnc-Pana-

tie)fls. Time-sc dmmta suggc’stc-cI timat an umm-

e-xj)c-ctedl e-ross-litikage- of subunits nimiy have

oc(-unre-d during t he’ mmmidinat 10)11 r(-ac-t ion.

Ele-c-t-ropiionc-sis oh S 1)S-polyac-rylanuide gc-ls
verific-d time existe-mic- of cevmmlemmt- cross-

linkage- b’twc-e-n nueameonue-ns of t lie c-nmzyrra-

(F’ig. 2). Time niobiiitv of time major humid of

1)�\IAP-asparagiiiasc- Oh S1)S-polyacryl-

TAlent-: 1

J�ropert i(’.S’ of 00(11 it’d’ (1 10(1 mmoo)(/i,Iie(l I, -aspara�/o moan’

Enzyme derivative Catalytic Catalytic A’,, Lvsine p1
activity activity as modification

percentage � -� -�-
of control TNI3S ‘#{176}C

ieni1s/m,�’ (‘�� .1! X 10� (; � (

L-Asparagi noose- 25() 1 . Ci 4 . 9 2.0

Arel anuiidinieo-m.- 204 81 1 .5 77 4 .6 1 .8

omsparagi noaso-

1)NIAP-n.-asparaginoase- 213 85 1 .7 41 6. 1. em.�) 2.3

i\I:ohevh-n-asparaginrase 170 69 2 . 3 13 15 4 .0 1 .3



4010 20 30 50 60

Get length (mm)

O’l!E\IicAL \IOI)I FiO’AT!d)NS OF L-ASPARAGI NASE 537

pH

8

7 �-

5L

4r-

3�-

2r-

0

A650

Fm e; , 1 . J.’�b)(’I(’ot rU foo’ is o 0#{176}�/ of 00 (ii 0 00’ (1 mo-il m0000(lijie’(/ (lspar(lgi louse 0)0 /)Ol!/(1O’r!Jl(l 110 0 ole f/b-is

‘Flois figure re-l)re-se-not s a e’ootmcpoosi I ( oof ge-I sototis freon>> t �vo e’xI)eriniuetol 5. ‘Fhie p11 gnadietot n’eprcsentt s ono

average of t��’o ge-is which eeurtmomtoe-oI noe->rrI�’ tele9oli(-al gm:oelictots.

Fic. 2. �‘1)�S-poi!,ao’m!//aomo OlI(’ (/0/ b-/o-o-/roop/000m-b-sis

of native a-mod! ?m010(ilfie(l (1s/)olroL(/i moan’

anuido- g-ls \\.mts icle’mmtie-mil m�it Ii t hat eof tue

monomer e)f L-miSpmmrmigin;isc’. �vimiie- time- to--

nmaining tiui’c-c- baimcls I)o)sso-sso-dl nmethiiitic-s (()I�-

res�)onchng to) chinien. tninc-m, tOldl tot ranie-r.

\Vheim time- anmiclimmation was pe-nfonnmmc’cl at

pH 10, rathc-n tlmanm 9.5, loss -toss-iiiikmigo-

occunrc-d ( lig. 2) , miimel t hoc- spec-ic -s m�it hi mum

isb)c’iO’dtIi( pe)iiit of 6. 1 mmeanly dlisa�)pemmredl.
Time denivativo- e)btauuc-cI at 1)H 10 l)0550S5dd1

time- smenme anmount of o-mmzynmc- mictivitv as time

l�’� 0�)�5 derivative. Since botim spe-eic-s of
1)� I A P-as�)araginase u)e ssesse ‘d isoe icct nc
j)Oiflts coimsidc-mmmbl�’ gre-mite-n t iiamm t hat of

L-aspmmraginasc-, subsequent bie )le)gio-mil st n(li(-s

we-no- l)erforflie-d witim time- inixtun-.

‘[‘lie- oie-anane-e nato-s fcon tlu’ vanients nme)dl-

ifie(l !iSj)miragiliase’s fronm li-ukcmmuic nmicc mire

de-piete-ci imi l”ig. 3. -�il spc’(.ies e’Xhmibite(l mcmi

imiitimel rapid o-ic-merammc-c-nato- cloning time lirst

3 un; ho\vc-Vc-r, mictivity pc-rsist(-(l in time

blood lotS muiore- timaii 24 hun. ‘Time- biologic-al

immmlf-iivcs (l’abh- 1 ) \m.o-t.e- calculate-cl by the

flmd’tiie)dt emf ie’ast- sciu:it.c’s fruim time- imuitial

pontieotms of the- tinme eurv-s. ‘I’imc nato- of
disal)l)o-aralmc-o- ef c-iizvmiic mectivit�’ fnoaim the

biooel (lo-c-rc-ase-(! with imi(-remising p1. In mm
c-xpe-ninmc-nt mm’ifli mmonleukei-mic niice-, mimore

rmtpicl -lc-araiie-c- 0 of unniodified mispminagimiase

oeo�urre’c! O)VO’t 24 inn.
The- sammue- t-lmet iommsiiij) \VmLS ‘mccli in survival

stu(liO’s emf niio-e i!iii)laflteel with L5175Y cells
( 1’ig. 4) . ‘I’ime- nio�re rapidly clc-anc-! niale-yl-

asj)mcrmmgimmmmso- \vmiS le-ss cffe’ctive in iimcreasilmg

survival tinies timari i”ene- time otimc’n clcniva-

tives, �vhmiio- thc- nuost �)ositivcly chimirgecl timid

mimost slow’lv ck-arecl species, D�\lAP-mtspa-

nmmginmise-, imie-n-asecl tue nic-an survival tinme

2 dmmvs loiigc-r thuan L-misj)mmragitiase ill t hese

st 1.l(lies.
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‘Time altered isoele-ctric 1)oimmts e)f time-se’ cii-

zyIiies were also a�ssocimited w’itii alterc-d im-

nmumi re’mmct ivit-v . Immhibit ion of Iassivc- hmc-mag-

glutinmitiomm tite-rs omf time’ modific-d e-nzynme-s

05

025

1’;mie�h atoinmal receiv-d 5 uroits of e�nzytuie activity

it-i 0.1 nil of 0.15 ii N>oCl. The data represenot the

aver:oge of groups oof I hree niie-o-. A conot rol grooli)) oof

a.tui moimols toot l)ClOti tog t hoe- t ittimoom. was mmhsooi noo�litdeel

agaimost specific ammtibodic-s for L-asparagiriase

(Fig. 5) indicated that maleyl-asparaginase

compe-ted as well as L-asparaginase for time

antibodies ; imouveven, the amidinated deriva-

tive-s were less effc-ctive than L-asparaginase.

Extension of time-sc- results to a system in

rico was attd’mpt(’dl by preparing asparagin-

ase-immune- mice mis describc-d by Vadlamudi
et al. (20) . Large imutravemmous doses of L-aSpa-

raginmise activity (2000 units/kg) w’ere cleared

in less tlmmtmm 1 mm by these mice. The

modified enzymes we-re also removed from
the plasma witimimi 1 mm. Thus differences
in cross-ro-mictivity mimong the- enzyme deriva-
tiVes in Pitl() uvo-ro’ imot mippanc-nt in vito.

1)!SCUSSION

Ext-(-nsivc- succ-itmylat-ion of L-asparagimmase

has been clc-monstrated by Shifrimm and Gro-
chowski (21) to cause dissociation of L-aspa-
ragimmase from ..E. coli into subunits, with

concunreimt loss of enzymatic activity . We

have observed timat malevlatiomm a-Iso causo-s

subunit dissociation. How’e-ver, low’ degrees

of modification by nialo-ic- anhydride resulted

in re-teritiomm of most of the c-mizymatic activity
without affectimmg quatennary st ructure. This
moclificatiomm caused a considerable redue-tiomm

ilm the isoeh-ctnic I)oimmt of time enzyme.
Amidimuation was selected as aim alterna-

t-ive me)dificatioim of lvsine residues, since this
type of rc-a-ctie)n minimally affects I)rote-in

c-onfe)nmmiation or catalytic activity (22). I”ur-

50
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aspmor:ogituase were significant :mt p <0.1.



Asnose Mateyt - Asnose

0 31 62 125250500 0 3t 62 125250500

CHEMICAL MODIFId’ATIONS OF L-ASPAiCAGINASE 539

Toter

128

64

32

16

8

4

2

128

64

32

16

8

4

2

Enzyme (�sg/ml)

Fm 0;. 5. Inhibitiomo of passive Ioemmoaggiomtimoat ioomo liter of a oo/ i -E. o-omii cz.s’pooraqimoa.s’e rabbit serom ma preciously

i,ocombateo! u’itlo moatite or OmO()(!i,fie(! a.s’paragi m0-(1.s’(’

I )iluted atiti-asparaginoase rabbit serumii was first inocoibated wit hu soolont iono.s tof moat ive monod noodiflcd L-

asparaginase and serially diluted wit h niorniual rabbit seroinom ito nouiereot rays. Fornoualinoized gooat re-d blood

cells previously senosit ized e o E. co/i L-asparmoginoa.se were moddo-d I om oil wells. >onocl I he I rays were inoctil)ateol

iii I Inc cold overnight . The titers were ceonoipared wit In t hmeoso- oft mutre-ci wloeto alit isorrnnoo was noot first I nocu-

bated with asparagi tuase (19).

tlme-rniore, it is 1)O)ssible too imied)rj)O!mLtc’ differ-

ent- fumuctional gnou��s imito tue imi(latc- mine!

thus c)btain a variety of dc-nivativ-s. The rc�-
agent �-dimethylaminopnopiommimidmite, first
described by Humiten and Ludwig (9), causo-d
a large change imm time iso(-lc-o-tnic- point of

aspanagina-se without significant iy dc-st noying
enzymatic activity. Extc-nsivc- nmodificatiomi

of time lvsvl nc-siduc-.s with ac-c-timidatc- did not

havo- adverse’ e-ffc-c-ts upc�n as�)aragiIlase- tic-

t-ivity, but time ilmtro)ductiomi of alkyl (-imains
longer than mo-butyl nc-stilted imi inactiv- c-mu-
zymc-. None of time- amidiiiatioiu re-ac-tiomis

ca-used dissociation of timc- tetranienic cmi-

zyme into subummits.

Cross-linkage of aspanagimiaso- subunits humus

1)reviousi�’ been accomplished by thc’ rise of
dimethmvlsuberimidate (16), but was umme’x-

pect cci for time monoimidate- , �3-dinic -t liv!-

anminopropionimidat e. Such cnc)ss-lmimkage- calm
be explained by timc- mc-chmmmmism l)no)1)e)Se-cl by

Hand and ,Jencks (23) fon tiic- rc-ao-tio)mm ef

iflii(le) esters wit ii titiiitic’s . Tiuc-se ‘ mimithmors

1)r� opt sc’cl mmtc-t naimo-dra! midclition mtutc-rnmechimit-e
wimich conic! cleconuposo- t(m a nmomid)Substitut#{128}-d

amidimue. A1to-niuativc-l�’, at- nmore acidic- pH

valmu’s, anmfliomua mighit be lost timid a new

imidat(- ine-onporating thue- prot(-ilm lysyl res-

iduc’s would be- fornmed. This inmidate could

timeti re-act- with an additional lvsine aniino

group to) fennm a e-noss-hiiiked sj)ecies. At the

relatively high 1)H us(-d iii time rc-actiomm with

aS�)mmrtigimmasc, c-re ss-lin kage shc )uld be- a minor

memme-tiomm ; lmomvo-vo-r, time- imIHI-rmite profile- for

ea-h nc-ao-tieui is inifluenco-ci by the- functional

gre)ups iii time’ alkyl port-iomm of time inmiclate.

Time oc-curnc-nc-e- of mi small amount cof immtra-

subunit- c-nc)ss-!imukagc’ with mmcetinmidat e nmigimt-

explmiiii time- siightly lower isoeie(-tnic j)oimmt- for
thus sj)Ocies in comparison with mmati-ve aspa-
rmmgimmase. Cross-limikage c)f 1)\IAP-aspanagin-

usc- mvouicl muse) nc-chico- tue total c-halmge iii

mutt cimmmrgc’ obtmiimiecl in time timoohificatiomu. Thus

time’ major spc’d-ie’s (p1 6.9) nmay r(-pnc-sc�Imt

mioti-cn ss-hinkccl nmatc-nial wimile time niimmon
Sj)O’(lc’S (1)� 6.1) is �)robab1y cross-iilmked
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subunits. ‘This co nmclusioii is st r-migt imc-mmc’dby
time- fo!low’iiig eJbse-Ivmttic)mus. Approxinuately

30 � e of t iR’ t 0 ot al j)t�e mtci Ii exist ed imi cross-

himikec! fonnm ( 1”ig. 2) , mine! time lc)\ve-r ise)eic-e-tnic

Sj)d’(le’5 alseo me’I)r(-selitecl 30 � of time 1)re)tc�imi.

1”urt-iu’rnmemre-, time’ spe’d’ie’5 w’ithm time leav-r iso-

eli-etnic pcmimit iie-mmnly clisappc-are-d who-ti time

remic-tiotm \\‘as e-arnie-d c)ut mit- j)H 10 rathmc-n timan

9.5-----conditions uvimicim resuito-d imu lc-ss c-ross-
limukmige as obse-rv-c! in S1)S go-is. Since- time

rc-to-ntie)mm cot O’iiz\’nimitie activity u�’as ide-utica!
jIm ic-actiemnis o-arnic-d out at PFI 9.5 or 10,

both iscc-li--tni specie-s of lI\IAP-aspmiragimi-
ase- womui(1 app(-ar to be active-.

‘I’imc’sc’ e’hienmica! nmodificatiomis of asparagin-

misc mmffe-ctc-d tiic’ rmmt- cof (-lc-tiralmdc from
piasnimi a ften int-ravcmmous imuj d’dtid)mi . Initial

bioiegical half-lives of about 2 hr u�’c-ne ob-

served , amid subseque-nt clearammce occurred

with mipproximmitely a 24-hr half-life. Bilcv
(24) ne-peorted mm11-2 of 25 hum’for L-aspanaginase

mu niicc- immfc-eted with a lactate dehmydno-
gc-mmasc--e-le-vatiimg virus, mimic! mmvalue c)f 4 hr
foot- unimufected animals. It is assunied that

time’ L5175V tumor line used in these cx-

J)(-nimimo-nts is ilifected with the lactate de-
hyclneg-mmas’-c-levatimig virus; thus time immitial
rmipiel c-leanmimuee rate- may reflect the time

nc-c juin-c! for tissuc- distribution. Commfirma-

tioio of thus view’ camu he’ se(-n in time clemmnance

of mnumimodified asparaginase in mmc)nlc-ukemic
nuic-e-. Time initial rate’ mvmms essentially time

smcmi-mc-as timmit ill le-uke-mic- amuimals. Heavever,

nc-si(Iual activity aftc-r 24 hun was ouily 0.17

iitiit - nil of l)1t151i1mt, conil)anc-d! te 1 .13 illiits/”

nit e of j)lmisfliti iii lc-ukc-nmic mmninmals.

Sc-venal facteots have- be-c-mi postulate-cl as

d!e-t(’nmiuliamits imm the ck-anmmnc(- of 1)notd-imiS

fro )tii J)lmisliimi . �\ Imili\’ st udic-s ha-vc- ole-morn-

st-nato-cl that aggnegated prcmteitus are rapidly

re-inc ove-d frotmi t hue (-irculation , i)r(-sumabl�’

by j)iiagoeyte)sis. Otimc-r studie-s, using mod-

ifio-d serum 1)roteilis, hiaVo- suggc-ste-d timat

rate- of (-!earance is proportional to net

c-hamge 011 the’ i)ne)t-(-ilm mit phiysiological P11

(3). Howev-r, studies by Mashburn and

Lammclin (5) withm diffe-rent umunmodified PnePa-

rations of L-mmsj)araginase from E. (oh in-

dicat c-cl t hat 1�’ values below’ 5 u�’c-re asso-

(imitc’(l with thm(- siowest c-lcarance. Rutter

anuel \Vmmde (6) Imavo- reported on a series of

ciie-nimimmlly tmiochifie-d L-misparagimiase pncpara-

tions ft.e onu Emwiio ia (‘aI-oiovora. I ti t in/in
stuc!ic-s with this c-nzymc-, whmichi imas a p1 of

8.7 in tim- native- state-, plasma -leanance- was
slowest uvi t ii j)nc-j)anat iomis having an iso-

eli-c-tric I)Oimmt bc-twe-e-Ii 5 amid 6. 0mm r-sults

indic-atc- timat tiu- iotmgc-st imahf-lifo- was mmssc-

ciate-ci uvitim l)\IAP-mispanaginase (p1 � 7),

w’hichm \VO)Uidl 1)oSsd’Ss mi minimal change at

pimysiemiogic-al PH . This is surprising, since a

signific-ammt prc)pemntic)mi (30 �-) of this modified
c-nzvmc- o-xists imi aggre-gat(-d multiples of the

te-trammu-nic- st ruct nrc- . ‘Flue-se - (Iiv(-rsc- nc-suits

re-fleet whiat nmust- be a ye-ny cc)mnplex so-nc-s

0)f factors ne-sponsiblo- for plasma clc-ararmce of

ml, foreigiu prote-imi. LTmmtil mu(-h rnone is known

mibout- time- (-hm(-niio-al an(l �)i1ysio-tml factors

uvimicim affo -ct t his pro )(O ‘55 , fu nt hmc’nspcculat iomi
sc-ems inmul)1)re)1)niat c-.

Prolongmitiotm (of hif- in time- leukc-mic ammi-

mals (-c)rre-iatc-d uvitim himmif-hife- imi plasma. Time

mero- rapidly c-li-arc-cl mak-yl-aspana-ginase

was li-ss c-ffc-ctive thaim miative enzyme, while
the- pro)ionged half-life- of DMAP-asparagimm-
misc- resulto-d in aim incrc-ase in mean survival

tinme ov(-r native c-nzvmc-. It ne-mains to be
determined whc-the-r con not- tlmc-nc- is a cause-
effc-ct- rclaticonship betw’-emi these parameters.

Timus sitnple- -hc-mnicmil moclificatioii of i�-as-

paraginasc- cbs-s simow promise as a means of
improovimmg tiuc-rapeutic- efficacy . Wagner et al.

(25) l)revio)uisl� demotmstrated that i)artiall�’
deaminatc-d L-misj)araginase is as active as
the miativc- emizvmc-. Studio-s imm humans in-

(licated that tho- ehiniiimation ratc fnom sc-rum
of thus ch-nivmitive- is markedly diminished

(26).

Alt imeoumgii t iuc- amit ige-liic diffc-nc-nmcc-s ob-

so-nyc-cl iii titto by inhibitiomm of iu-magglutina-

tic)Ii we-no- too small to be- significamit in rico,

they did indicate thiat- o)tlm(-r alto-rations of

lvsimme rc-siduc-s might e-mmabio- one- to -lmange
time amit ig-nie�ity )f asparaginase w’ithout al-
te’ning c’nzymatic- activity . Sucim results Imave

beeti de-scnibed for trypsin, which retains

catal\’t ic mict ivitv but loses immunological
rc-mu-t ivity afte-n 1)ol�’alami�lmitiomm of amino
groups (27).
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