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Abstract—The effect of chemical modification of hustidine, lysune, arginine, tryptopban and methionine residues on the
cnzymatx activity of calotropin DI has been studied. 1,3-Dibromoacetone inhibited the enzyme completely, indicating
that a single histidine residuc and a cysteine residue are involved in its catalytic activity. Its second hustidine residue was
modified with diethyl pyrocarbonate without loss of activity. Modification of seven of its 13 lysine residues with 2,4,6-
trinitrobenzene sulpbonic acid led 1o 90 9, loss of its activity, but no single lysine residue appears 1o be cssential for its
activity Four of the 12 arginine residues by 1.2<cyclohexanedione can be modified with little loss of activity.
Modification of a single tryptophan residue and two methionine residues did not inhibit enzymatic activity. The blocked
amino-ternunal anuno acid residuc of calotropin DI has been identified as pyroglutam acid. Its amino-terminal amino
acd sequence to residuc 14 has been determined and compared with that of papain. They show an extensive homology

in their amuino-terminal amino ackd sequences.

INTRODUCTION

Calotropin DI which 1» classified as a plant cysteine
protease like the well-studied papain, ficin and stem
bromelan [1,2) bas been 1solated in crystalline form
from the latex of the madar plant, Calotropis gigantea [ 3].
Tbere are substantual sirularities between calotropin DI
and papain in their physicochemical and enzymatic

roperties [3] and overall three-dimensional structure

4. 5). However, distinct dufferences have been noted 1n
their immunologscal behaviour, amino acid composition,
carboxytermunal amuno acd sequence and specificity
towards synthetic substrates [6]. Calotropin DI does not
hydrolyse synthetic ester and amude substrates commonly
used for the hydrolysus by papain and ficin.

The necessity of a cysteine residue for the enzymatx
activity of calotropin DI and the reactivity of its tyrosine
residues with tetranitrometbane have been reported ear-
her [3,7] In the present commurcation we report the
results of modification studies on lysine, hustidine, ar-
gmne, tryptophan and methionmine residues aumed at
establishing whether these residues are cnitical for the
enzymati activity of calotropin DI. The determination of
its amino-termunal amuino acid sequence and a comparison
with the corresponding sequence of papain are also
described

RESLLTS AND DISCUSSION

Lysine modification

24,6- Trinitrobenzene sulphonic acsd (TNBS) has been
used as a modifying agent to arylate the amino groups in

*To whom correspondence should be sent.

proteins [8]). Since the N-terminal amino acd of calo-
tropin DI s blocked, its lysine residues have been
modified by this reagent. Figure | shows the effect of
modification of lysine ressdues by TNBS on the enzymatic
activity of calotropin DL Enzymatxc activity decreases
gradually with the increasing number of lysine residues
modified. It appears that no single lysine residue is
essential for the activity of calotropin. There are 13 lysine
residues in calotropin, seven of which were modified by
TNBS with the loss of 90 7, of 1ts enzymatc activity. In
contrast, papain lost only $ % of its acuvity on modifi-
cation of seven of its 10 lysine residues and probably the
N-terminal amino group. The result i1s consistent with that
reported by others (9] who showed that seven lysine
residues of papain were modified with O-methylisourea
with retention of full activity.

Histidine modification

1,3-Dibromoacetone (DBA)1s 3 bifunctional alkylating
reagent known to react with cysteine and histidine
residues 1n cysteine proteases [10,11]. At pHS6 i
completely inlubited calotropin DI. The M, of the
inlubited enzyme was found to be indistinguishable from
that of the native enzyme by gel filtrauon, indicating the
absence of cross-linking between enzyme molecules.
Amino acid analysis indicated the loss of 0.8 mol hustidine
residue and 0.5 mol halfcysteine residue per mol of
calotropin when compared with the native enzyme. The
loss of a half-cystine residue was less clear because of the
instabiity of this residue dunog acd hydrolyss. It 1s
suggested that, as with papan [10], fian and stem
bromelain [11], both cysteine and hustidine residues are
involved in the catalytic activity of calotropin DI.

Drethyl pyrocarbonate (DEPC) st | mM modified a
single hustidine residue of tetrathionate-ioactivated calo-
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Fig 1. Relatonship of proteolytxx activity of calotropin DI

(O——O)and papasn (@—— @) to the number of lyuoe resadues

modified by TNBS. Enrymes were incubated with excess TNBS

1n 01 M Na borate buffer, pH 9.5 and at room temperature. The

number of amino groups modified was determuned spectro-

photometrxcally and assays were performed on azoalburmun as a
substrate.

tropin DI at pH 7.5 1n 2 min. An increase in the DEPC
concentration or reaction ime dad not modify additional
histidine residues. but led 10 the precipitation of protein
molecules after 30 min. The UV absorption spectra of
natuve and DEPC-treated calotropin DI were different.
The dufference had a maximum near 242 nm, which
indicated a reaction with a hustdine residue [12]. The
absence of any detectable difference between the spectra
in the region of 280 nm, suggested that DEPC dud not
react with the tyrosine residue [13] The modified cal-
otropin possessed full enzymatic activity when its blocked
cysteine residue was regenerated by reactron with 2-
mercaptocthanol There are two histdine residues 1n
calotropin, one of which reacted with DEPC and had no
obvious catalytic function. The second hisdine residue
which was catalytically important, was probably not
accessible to DEPC. It was observed that under wdentikal
conditions active calotropin lost essentally all of its
activity when treated with DEPC. The loss of activity was
due to the reaction of its active cysteine residue with
DEPC as judged by titration with Ellman’s reagent [14]

Arginine modification

1,2-Cyclohexanedione (CHD) 1s known as a specific
reagent for modification of arginine resedues of proteins
[15). Calotropin DI has 12 arginine residucs, four of
which were modified with CHD 1n 2 br with 20°, loss of
s enzymati activity (Fig 2). No furtber modification of
the arginine resducs was observed on prolonged treat-
ment with CHD. A umular result was obtained with
pspun 1n whch four of 12 arginine residues were
modified with CHD 1in 60 min witha 10°, loss of activity.

Tryptophan modification

2-Hydroxy S-mitrobenzoy! bromide (HNBB) was used
as a modtfier [16]. Of the three tryptophan resdues of
calotropin DI, only one residuc was modified with HNBB
without affecung 1ts enzymatic activity significantly.
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Fig 2 Relanonshup of proteolytic actimity of calotropin DI
(O——O0) and papain (@——@) 10 the number of arpnine
resdues modbed by CHD. Enzymes were incubated with excess
CHD 1n 0.2 M Na borate buffer, pH 9 and at 37°. The number of
argnine groups modifed was estimated from amino acd anal
ysis, and assays were performed on azoslbumun as s substrate

Methiomne modification

Calotropin DI has two methiomine residues which were
modified with 0.1 M H,0, at pH 88 The amino acid
analysis of oxidized enzyme showed a quantitative con-
version of its two methionine residues to methionine
suipbone [17] Modification of methionine residues re-
sulted 1n 10°, loss of activity, indcauing their non-
involvement 1n the catalytic activity of calotropin DI

Amino-terminal amino acid sequence

Calotropin DI has a blocked N-terminal amino acid
residue, as reported earlier [6]. Mild alkaline treatment of
S-amidomethyl calotropin DI yielded a glutamixc acid
residuc as a major amino acid together with trace amounts
of other amino acids such as alamne, leucine and 1s0-
leuane, suggesting that pyroglutamuc acd was the N-
terminus of the enzyme This was confirmed by treatment
of the enzyme with pyroglutamate aminopeptidase which
removed the blocked N-terminal amino acid residue of
calotropin DI and exposed arginine as i1ts new terminal
amino acid.

After removal of pyroglutamic acid, S-amidomethy!
calotropin DI was subjected to Edman degradation and
the first 13 amuno acxd residues were identified. Figure 3
shows the N-terminal amino acid sequence of calotropin
D1 in companson with that of papain whose complete
amino acid sequence [18] 1s known. It appears that
homology between them is notably high, with nine of the
14 residues the same. When compared with the N-
terminal sequences of other plant cysteine proteases such
as stem bromelain [19), acunidin [20] and asclepains
(21]. severalamino acid residues have been observed to be
highly conserved On the other hand, there was no
homology among calotropins, papain and stem bromelain
in their C-terminal amino acid sequences [6].

EXPERIMENTAL

Matenals Papain, pyroglutamate aminopeptidase. catalase
and azoalbumun were purchased from Sigma. Protein modib-
cation reagents were obtained from Aldnch. Sequencing reagents
were from Prerce

Preparanion and assay of calotropia DI. Calotropin DI was
1solated and purified from the latex of C gigantea as dexcnibed
earbier [3]. Its proteolytic activity was determined at pH 1.5 at
37’ using azoslbumun as a substrate [22}. In moddication studies
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Paoo:n

63$

] 10

fie — Pro -G ~Tyr — vo1 —Asp - Trp- Arg +6ln — Lys - Gly -Aso-veol —
.

[P e s e i o e e — +

Fig 3 Amino-terminal amino acyd sequences of calotropin DI and papain Nurobers refer 1o the position of the
amino acd 1n papaun taken from Mitchel et ol (18] L Glu indicates pyroglutamuc acid 1dentical amino acxd
resadues are bozed

Na tetrathuonate-inactivated calotropin DI was used by conver-
s10n of ity active sulphydryl group to a sulphenyl thiosulphate
($S50,) " Prior 10 enzyme assay its activity was regencrated by
treatment with a thiol reagent, 2-mercaptocthanol The conc of
calotropin DI was determined spectrophotometrcally using
E{F™ = 195 a1 280 nm and a M, of 2300 1)

Lysine modfication with TNBS The lysine residues of
teteathionate-inactivated calotropin DI and papain were modi-
fied with TNBS according 1o refl [23]) The number of lysine
readues modified was calculated from the change in 4 at 367 nm
by using £,,- = 11 < 10* M cm for the thinitrophenyl amino
group

Histdine modification with DBA The histidine residuc of active
calotropin D1 was modified with 3-fold molar excess of DBA per
mol of protein axording to ref [10] The number of modified
Rroups was determined by amino acid analysus

Histudine modification with DEPC The modification of his.
udine tesidue of both active and tetrathionate-inactivated cal-
otropin DI was done with 1 mM DEPC in 02 M KPy bufler.
PH 7S &t room temp according 1o ref {12] The number of
histidine residues that reacted with DEPC was cakculated from
the change in 4 at 242 nm by using E;,, = 3200 M cm

Argimine modification with CHD The arginine rewdues of
tetrathionate-inactivated calotropin DI and papain were modi-
hed with a 20-fold molar excess of CHD per mol of protein in
02 M Naborate buffer. pH90at 37 acordingtoref [15] The
number of modified groups was determined by amino acd
analyss

Tryptophun modfication with HNBB This was done with
HNBB according to rel [16] on tetrathionate-inactivated calo-
tropin D1 in 005 M NaPi bulfer. pH 7 at room temp for 24 hr
Excess reagent was remosed by dialysis against the same buffer in
the cokd The dialysed soln was diluted with an equal vol of
2MNaOH win and A mcasured at 410 nm The extent of
tryptophan - moditication  wes Jdetermined by uaing &,
= 1800 M cm

Methiomne modification with H,0, The methiorune revidues
of tetrathionate-inactivated calotropin were oxdized with
01 MH,0,; at room temp 1n 01 M Na borate buffer. pH 88
accordingtoref [24) After | hr.residual H,0, was destroyed by
the addition of 1 ug of catalase The number of modified groups
was determined by armino ackd analysis

Prepuration of S-amudomethyl calotropn The active calotropin
DI wasy inactivated by blocking 1ts actve SH group with
wodoacetamide at pH ¥5 (23] to obtain the S-amidomethyl
detivative

Amino acd analyses Amino acid analyses of native and
modified calotropins were performed on s Beckman- Multchrom
amino acid analyser after hydrolysis under red pres. 1n constant
boihing HCl for 22hr at 110" [26]

Amino-termunal amuno ocsd analysis The blocked N-terminal
amino acxd of calotropin DI was determined by mild alkaline
treatment of its S-amidomcthy) derivative with 1| M NaOH
according to ref [27] followed by dansylation and thin-layer
chromatography (28]

Its blocked N-terminal amino acxd ressdue. pyroglutamx acud,
was removed by treatment with pyroglutamate aminopeptsdase
by the method of ref [29)

Sequence analyses The N-terminal amino acd sequence of
pyrogiutamate aminopeptidase-trested S-smidomethy!l calo-
tropin DI was determined manually by the phenyl isothuocyanste
method [30). The PTH-amuno acxds were Wdentified by TLC
[31] Ninhydnn-colidine spray was used 10 develop the
chromatograms {32]. PTH arginine was 1dentified by spot
reaction on a filter paper with modified Sakaguchi reagent [33)
In some cases the PTH-derivatives were characterized by identifi-
cation of amino acxds Liberated on hydrolysss with $7 M HQ
contaming 017, SnCl, a1 150 for 4 hrin evacuated vealed tubes
[34)
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