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H-IcrrnlNl sapJcnct 

Aktrut-The effect ofchcmtal mtiftatton of hstd~nc. lysme,rrgmme, tryptopbrn l nd rnettuonme ratdues on the 
enzymattc ~IIVII~ of alotropm Dl tu.s ban studred. I.EDrbromoeatone mhtbited tb cnzytx~ compktely. mdiating 
MI e smgJe htstldtne restdue end l cysteme radue UC mvolvcd tn ItsaLllytic rt~v~ty. Its saxnd hatdine rcvdue was 
modtficd wttb dtethyl pyroarbonatc wtthout loss of rttnty. Modtdation of yvett of~tr 13 ly~ne r&ues wttb Z4.b 
trinttrobenzene sulpbonic acid led to 90 Y0 toss of its rttvtty. but no ungk lysinc residue rppars to be cucntirl for 11s 

wtlvlty Four of the 12 rrgmnc rardua by 1.2cyclohcunedtone an be mod&d wtth ltttk IOU of rt~v~ty. 

Moddatlon ofr single tryptophn raiduernd IWO autbionmc rtuducsdd not mbibtt cruymaticrtivtty. The blocked 
ammotenmrul unmo wid mrdue of alotroptn DI hs been dcn116ed u pyroglut~.~~ rd. Its unino-tcrmtnrl rmmo 
wd sequence to radue I4 hs ban detammed rnd compued wtth tht of papain. They show rn ex~en~ve homology 
in their ammo-tcrmtnrl ammo red uquenas. 

..- 

lhTRODlX-TlON 

Glotropm DI whrh IS clrsufiod u 8 plant cystanc 
protase hkc the well-stud& mn, bcin rnd stem 
bromclam (1.2) hs been 1so0Lted tn aytilne form 
from tbe Ltex of the mcdu pLnt. Calofropis &snre~ [ 31. 
There are substentul smulu~t~es ktwan alotropm DI 
and pnpun tn tbetr pbysuocbemial mnd enzytn~tic 

P 

ropertta [3] and overlll tbradrmcnwonrl structure 
4.51. However, distmct dtfTercnas hw ban noted m 

thetr immunobgtal behrnour. unino utd compo~t~on, 
arboxytermlMl MIno rd saJuenfx and spectfiaty 
towuds syntbettc substrrtes [ 6 1. Gbtropm DI does not 
hydrolyse syotbetv ester rnd emtde substnta commonly 
used for the hydrolyvs by pepun rnd ficrn. 

The naocurty of a cys~cme revdue for the enzymettc 
rt~v~ty of alotropm DI rnd the racttvtty of IIS tyrosmc 

reudues wrtb tctnnttromethlne hrvc ban reported ar- 
Ila [3.7]. In the present commuruatton we report tbe 
results of modlfiatton studtes on lysme. hrstrdine. U- 
gmme. tryptopbut rnd methtonme residues umed II 
atabhshiag whether those rcrrducs ue cntial for the 
cnzytt~w wt~vny ofalotropm DI. The dcterminatton of 
IIS emmotermtnrl armno red so~ucnoe end I comportson 
with the concspondmg sa~ucnce of pkptn rre rlso 
described 

RF& LTS AYD DlSCtJS!SlON 

Lysmt mod&mon 

2.4.bTnmtrobenxnc sulpbonr rd (TNBS) hu ban 
used as e modtfymg agent to qLte the amino groups tn 

*To w&m omqondcoce should be amu 

protcms [lt]. Sma the N-tamuul l mtno red of alo- 
troptn DI IS blocked. 11s lyrrnc residues hve been 
mod&d by thts ragent. Figure I shows the effect of 
modtfiatton of lyune rcudues by TNBS on the enzymats 
actrvity of alotropm Dl. Enqmrtr rttvtty decrases 
grdurlly wtth the mcr~ng number of lysmc restdues 
mod&d. It rppars that no ungk lysme rarduc IS 

mentd for the rctivtty of alolropm. There uc I3 lysinc 
restdues tn alotropm. seven of wbtcb were modtBod by 
TNBS wttb the loss of 90% of tts enzymrtr rttnty. In 
contrut. pupuin lost only 5% of Its rcunty on mod& 
cation of seven of its IO lysmc r&ucs md prokbly the 
N-termt~l tine group. The result tsconsistent witb tbrt 
reported by others (91 wbo showed tht seven lysme 
rutdues of ppun were mod&d wrth O-methyhsouru 
wtth rctcntton of full uttnty. 

Hmhr mdgkorron 

l.3-Dtbromouetone (DBA) USA btfuncttorul rlkylrttng 
ragent known IO rmct wttb cysteine ti histdmc 
rutdues rn cystanc protases [IO, I I]. At pH 6.6 II 
compktely mbtbttd abtropm DI. The M, of the 
mhtukted enzyme was found to be mdutm~tdrbie from 
that of the mttve enzyme by (cl dltntron, idiatiq the 
l bserta of cross-hnkmg ktwao auymc amkda 
Ammo rid uuJy)~s mdtatcd the loss of 0.8 mol hrstidtne 
rcsdue and 0.5 mol h~Uc)rtdnc reudue pa mol of 
abtropin when cornprod with tbc native v The 
IOU of a hlfcysrme rcwdue wks kss cku beaux of the 
msubtlny of this residue dunog rd bydrolyw II IS 
su~ed that. IS wttb wrt [IO], frcln rnd stem 
brorndun [I I], botb cynane rnd btstdtne rardua UC 
mvolval in I& atdytw rtinty of aJotropm DI. 

Dkthyl pyroarborutc (DEE’0 l t 1 mM modiM a 
smgk htsttdme ratduc of tetnthtonrtc-ttmcttntal alo- 
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FIN I Rdrtloashlp of poteolytr UWI~ of abrropm DI 
(O-O)axi ppam (-0) 10 lb number of Ipot redua 
ad&d by TNBS Eruyrna were INXMQ~ *l[b cxass TNBS 
,n 0 I M NJ bomc buffer. pH 9 J and II room rcmpcmurc TIK 

numbu of ammo group mod16cd ru 6*cfmmcd Igattro- 
phocometrcally and assap WCYC perfor& on uoalbumrn u x 

SUklf~W 

tropm DI at pH 7 5 In 2 mm An mcrcax In the DEPC 
conccntratlon or reactron time dd not modify addltronal 
hlsrdme residues. but led to the prcslpltatron of protem 
mokcules after 3Om1n. The UV absorptton spectra of 
native and DEPC-treated calotropm DI were different. 
The dtfTcrencr had a nuxlmum near 242 nm which 
mdntcd a ructlon with a Lstdmc radue [ 121. The 
absence of any dctatabk ddTcrcnce bctwan the spectra 
In the r@on of 280 nm. suggestal that DEK dd not 
IWI with tbc tyros~nc revdue (131 The modldad cal- 
otropm possas4 full eruymatr act~~ty wben IIS blocked 
cystanc revdue was regenerated by rcactK)n with 2- 
meraptoctbanol Tbcre arc IWO hlstdmc rcsrdua in 
calotropin, one of whrh reacted with DEPC and had no 
obnous catalytic function The second hrstdme residue 
w&b was catalytrally Important. was probably not 
rmrvbk IO DEPC. It was observed that under dentrrl 
conbt~ons actlvc alotropm lost essenllrlly all of Its 
WIVII~ when treatad with DEPC. The loss of acttvlty was 
due IO the reaction of IIS LCIIVC cystanc rtiduc with 
DEPC as Judged by trtratlon with Ellman’s rcagcnr [ 141 

Arpunt ndJicarlon 

1.2Cyclohexanadronc (CHD) IS known as a spr.clfK 
I for mcxlldcalion of ugmine reudues of protans 

iffgrnCCalotrop,n DI has I2 argmmc r-dues. four of 
whrcb WQC mod&d mtb CHD In 2 hr with 2O”b loss of 
11s cnzytua~r activity (FIO 2). No fur&r modtbacion of 
tbc ar@~ raadua was oW on probnpd val- 
wnt with CHD. A umlar result WI) obtmnal with 
spun m whrh four of I2 argmme reuducs were 
mod&al with CHD In 60 mm with a 10”. loss of actibrty. 

Trypropbl lnodgkorlon 

2.Hydroxy S-rutrokruoyl bromde (HNBB) was used 
as a mod&r [ 161. Of the tbra tryptophn rewducs of 
calotropm DI. only one restdue was modified with HNBB 
without affatmg its cnzymatw actinty signrfranlly. 

FIG 2 Rctatronstup of protcolyrw XIIW~~ of ulotropln DI 
(O-O) l nd -lo (-0) to the numkr of qUunc 
resdua mddkd by CHD. Ew west trmba~cd vltb excus 
CHD III 0 2 M Na borax krlla. pH 9 l & at 37’. TIM number of 
ugmint group rnodldsd was aruarld from ammo rd aru& 
)lu ud aurys were performal on uoalbumm a8 a suktr8lc 

M~rhwrwv mod#iccrrron 

Glotropm Dl has IWO methlonmc restdues whrh were 
modified with 0.1 M H,Oa at pH 8.8. The ammo acid 
analysrs of oxldued enzyme showed a quantrtatlve con- 
version of Its two mcthronmc residues IO mctborune 
sulpbonc [ 171 Mod&atron of mct)uonme reslducs rc- 
sultad in IO’, loss of activity. mdtcatmg their non- 
mvolvcmcnt In the cl~alytw activity of calotropm DI 

Ammo-rtrmrnal awuno Mrd stqwnct 

Glotropm DI has a blockal N-termmal ammo acid 
rcslduc.ar reported earlier [6]. Mild alkahnc treatment of 
S-amdomabyl calotropm DI y~cldal a glutamr acid 
rcwducasa~Jorammoaccldtogctha wlth~raceamounts 
of other ammo acds such as alanme. lcucmc and ISO- 
Icuanc. suggesting that pyIoglutarmc acd was the /V- 
tcrmmus of the enzyme This was confirmad by treatment 
of the enzyme with pyroglutaruate arnmopcpttin whh 
removed the blocked /V-tammal ammo acrd rcsdue of 
alotropm DI and expod argmmc as IIS new tcfmrnal 
ammo acid. 

After removal of pyroglutamr acti. S-amrdorncthyl 
calotropm DI was subptal IO Edman degradation and 
the first 13 ammo acd residues were Idcnttfiad. Figure 3 
sbowr the N-tcrmmal ammo acid sequence of alotropin 
DI rn comparison with that of papain whose compktc 
ammo acid sequence [IS] IS known. It appears that 
homobgy ktwan them IS notably high. wlrh nine of tbc 
I4 residues the same. When compared with the IV- 
tcrmmal sa~utnas of other plant cystanc proteases such 
as stem brortsclam [ 19). uvordm [200] and as&puns 
[2l].x~~lunrno~c~dr~tduahPvebecnobmved tok 
highly coovrved On tbc other hand, there was no 
homology amongalotropms. papam and stem bromelam 
In their C-rcrrnmal ammo acd sequences [6]. 

MafmoLc Pqmm. pyrgluUmatc rmmopcptdrw. catAh= 

rnd uodbumm were purchusd from SIP Rotaa modd- 
ailon ragcnts were oburnal from Aldnch Scquenang racenlr 
wae from ha 

ptrpartu~n cvd 4~0~ of cdorropn DI Gbrropln Dt wu 
1~0lrtod ti plrldod froca the btcx of C qwrro as drnlbcd 
arha [ ,I. err protady~ uur~ty a dc~~~~ncd a( pH 7 5 at 
17’ uvn~~lburmn l s l ~bstnrc [22). In moddkal~on S~K!ICY 



ModtfIatIon and N-tummal laqucna of abtropm 

P000.n llr ~P~~-C*~-~,.-~MI-A~~~T,~-A,,,GI.~~,,-CI,-~~-VQI$ 
L...._____.d L_____..d c_______ _____, 

F I& 1 Ammo-tmntnal ammo ad uquetas of alotropm DI Ad pepAm Numbers refer to the poutton of lhc 

ammo red In wn t&en from h411cbcl Ed d [ 16) LGlu ~ndlatcr ~~TO~UIUUK wd ldentd MU~Y acx! 

reMduo arc bold 

Na ICI~~I~ONICI~~CIIV~I~~ calotropm DI wan usai by conrcr. 

\Ion of 115 •CII~C ,ulphydvl group IO a sulphtnyl thIo$ulphaIc 

lSss0,1. R~or IO cnzymc l suy IO ac~lrlty was repcncntal by 

traImcnI wIIh a Ihlol rugcnt. Z-mcruptucclhnol The cone of 

alotropn DI wu detammed spoctrophotometrally usmg 

E~~-l95~t280nmandaM,of2.\8tX)[~] 

Lyatnr mod#tc~c~on ~4th TUBS The ly\lnc relduc1 of 

IctrathIonaIc~muI~bal~ ulotropin DI and papam were modl. 

tied with TNBS according IO rcf [23] The number of Iy,lnc 

rc\ldua mod&ad wa\ ulcula~cd from Ihc change In A aI 367 nm 

by urmg L,,. = I I s 10 H cm for Ihc IrlmIrophcnyl ammo 

group 
Htsfdu~rrmdficofmn *&I DBA The hl,Idmc rc~~ducofw~~rc 

calotropn 111 was modhd wcth ).fold molar cxccv of DBA per 

mol of protein aaordlne to ref [IO] The number of mod&cJ 

croup ~1% dctcrmmcd h) amino acid a~lyw 

H~srdurr md#~u~c~n rlrh DEK' The modlfxatton of hlr. 

tldmc rc\lduc of both l cII\c and IctrathIowIc.l~IIvat~ al. 

otropln DI was done with I mM DtK’ In 02 H KR butler. 

pH 7 5 41 rwm tcmp l ccordmg to rcf [I?] The number of 

hotdmc revdue that ructcd with DLPC -11 okula~cd from 

Ihc chrnpc In .4 at 242 nm hy uunl &:., = 3200 H cm 

4rytnvu mmdficur~cm rlrh CHD lhc argrnmc rcuduc, of 

IcIralh~onarc-uucll~~lcd alotropm DI and papam wcrc modI. 

tial wlIh a ?@fold molar CLCCU of CHD per mol of protcm tin 

0 2 H Na horaic buffer. pH 9 0 ai 17 l aordlnp IO rcf [ 151 The 

number of moddicd group\ wat dcicrmlnal by amino l cd 

l nalyu\ 

rr)propbn mo@,rorlon ntrh H.%BB fhlr wax done wIIh 

HNBB l ccordmg IO rcf [ 161 on lclrrlh~orulc-lnrclI\~lod ulo. 

tropm Dl In 005 M haPl bulfcr. pH 7 aI room tcmp for 24 hr 

Eaccr, ra8cnt aas rcrnod by dolyrti, l glln\I the umc bulTcr In 

Ihc cold The Jlalyvd win wax dllutal with an equal \ol of 

2 M NaOH aln and A mw\urcd at 410 nm The cxIcnI of 

rr)pIophn mod*llhuImn ~4, dctcrmlncd h! u,lnp E,,,. 

= I8Utl M cm 

.WI~~KJJUIU mnd&lcor~on nllh H,O, The mclh~otunc rclldutr 

of IcIrathJoruIc-Inutlbrtad alotroptn WCTC ordued wIIh 

OIHH,OIaIroomIcmp mOIMNaboratcbufTcr.pH88 

l aordmg IO rd [ 24) After I hr. rcrldual H,O, wan destroyed by 

the ddltlon of I erg of athu The number of mod&d groups 

wat dnrrmmal by rmmo red l nalyu, 

Prrprraruwoj SdomrfhyIrulorropn Tbc rc~~rculoIroptn 

I)1 wa\ IructI~aIcd by blockme 11s YIJ~C SH group with 

OMACclAm~dC ai pH X 5 [25] lo obtam ~hc S-amldomcthyl 

dcrlrrIl\c 

Amu CUJ dye> Ammo ud l nalyus of NIIW and 

moddtcd caloiropm~ were performed on a Bakman~.Wullrhrom 

ammo XJ analyur after h)droly%lr under red pm m constani 

bolhng HCI for 22 hr aI I IO’ [ 261 

AmtnDrrrmrrwl omtno acd adguc The blocked S-tarnIna 

amma l cwl of oloIropm Dl wa\ dacrmlncd by mild alk~I~nc 

IrcatmcnI of II> S-•mtiomcIhyl dcrlrrilrc wlih I M NoOH 

xcordmg IO rcf [-‘7] follownl by dan\ylaIlon and thm.layrc 

chromrtograph) [ 281 

Its Mocked N-tcrminrl amino acd resduc. pyrogluumr rd. 

wu remorad by tratmcnt with py~ogJuumatc ammopcpIdrv 

by the mctbod of rd [29] 

&q-r a~lyus The .!b’-tcrmlnrl ammo ud vqucna of 

pyrogluumric amInopcpt&s-tratal S-amdomcthyl ale 

tropm DI wrsdeItrmtncd manually by the pbcnyl ~~ttuocyuu~c 

melhod [30] The PTH-ammo l cds were dcntlfiad by TLC 

[)I] NInhydrIn~lldInc spray rat u& to develop the 

chromrtogrrms [32] PTH argmmc was ldenttdcd by spot 

rurtlon on a filter paper with mod&d SakaguchI ragent [33] 

In lorncau~thc PTHdcrInI~rowcrcchuwtcrucd by dcnt~d. 

callon of ammo ad\ Ilbcratad on hydrolyus *rlIh 5 7 M HCl 

conIamIng0 I .‘9 SnCI, at I50 for 4 hr m cvm~cd uakd IU~, 

IUI 
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