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Abstract-Three senne-centred proteolytlc enzymes, euphorbams y-l, -2 and -3, were Isolated from the latex of 
Euphorbra cyparlsslas These proteases have different specific actlvltles to azocoll and CBZ glycme p-mtrophenyl ester 
The pIs and M,s of y-l, -2 and -3 are 5 2 and 67 000,s 2 and 33 000, and 6 3 and 67 000, respectively The enzymes, which 
are glycoprotems, are mununologically distinct from euphorbam 1, but clearly related to that enzyme m ammo acid 
composition 

INTRODUCTION 

While cysteme-centered proteases have been found m a 
number of plants (see ref [1] and refs cited therein) and 
some of these have been extensively exammed both 
structurally and mechamstlcally [2], proteolytlc enzymes 
of plant ongm carrying an essential senne residue have 
not been widely reported [3] 

From the latex of Euphorbra luthyr~s (caper spurge) and 
that of E pulchrr~m (pornset@ we have recently 
pm&d separate proteases which were of dflermg M,s 
and substrate spe&cltles, but sun&u per cent residue 
weight compositions [4,5] Both enzymes, which were 
gven the tnvlal names euphorbams 1 and p respectively, 
were mhlbtted by dusopropyl fluorophosphate (DFP), 
suggesting that they each have an essential serme residue 
at the active site Neither of them was sensitive to the 
presence of sulphydryl reagents such as mercaptoethanol 
or p-chloromercurlbenzoate, and so they are not cysteme- 
centred proteases Smnlarly, the presence of metal com- 
plexmg reagents, and of mhlbltors effective agamst pro- 
teolytlc enzymes Hrlth essential acid residues were ovlthout 
effect on the two enzymes discussed here, supporting then 
ldentticatlon as serme proteases This was further con- 
firmed by the close resemblance, m per cent weight 
compositions, between euphorbam 1 and cocoonase, 
which 1s related to trypsm [4] 

In extending the work on the latex of members of the 
family Euphorblaceae to E cyparrssras (cypress spurge), 
we isolated three proteolytlc enzymes These have been 
named euphorbams y-l, -2 and -3 to dlstmgmsh them 
from a protease reportedly present m E cerlfera [6] which 
was named euphorbam c [7] Whtle euphorbams y-l, -2 
and -3 areclearly related by composltlon to the proteolytlc 
enzymes obtained from E lothyns and E pulchernmu, 
they display mdlvldual properties, which will be d-bed 
here 
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RESULTS AND DISCUSSION 

Figures 1 and 2 show that euphorbam y-l 1s the major 
component of the rmxture of enzymes separated It was 
recovered as 26 % of the ongmal activity m the crude dned 
latex (10% of the ongmal protem) Euphorbams y-2 
and -3 were each recovered as 4 % of the ongmal actlvlty 
and 10 and 13 % of the ongmal protein, respectively 

The homogeneltles of the three enzymes isolated from 
E cypanssras were demonstrated by amomc gel elec- 
trophoresls Each gave a single band y-l and y-2 had R, 
values of 04, and for y-3 the R, was 0 3 Isoelectnc 
focusmg experunents also showed that the enzymes were 
homogeneous, with single pIs of 5 2,5 2 and 6 3 for y-l, -2 
and -3, respectively The M,s reported above were con- 
firmed by SDS gel electrophoresls of the punfied enzymes 
66 000 and 68 000 being the weights then estimated for y-l 
and y-3, and y-2 was found to have an M, of 31000 The 
observation of proteins with M,s between 30000 and 
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Fig 1 Elutton of two euphorbatn y proteases from DEAE- 
Sepharose CLdB (1 5 x 20cm) wtth a linear gradtent 
((t600 mM) of sodium chlortde m 1OmM sodmm acetate, 
pH 6 0, at 4” (0-O) A2s0, (O-O) spectfic acttvlty (umts 

CGN/ml) 
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926 K R LYNN and N A CLEVETTE-RADFORD 

L / c2 

! PO, 
‘o.i b. 

-0 

I I I 

IO 15 
Time (min) 

Y-l 

0 

OOo 
0 

OO 
0 

Lo” x 
-1 

Y-2 

Rg 2 Separatlon of euphorbams y-l and y-2 on HPLC 
(condltlons as described m the text) (-) AzSO, (O-O) 

specific actwlty (umts CGN/ml) 

60 000 after SDS gel electrophorests suggests the presence 
of more than one cham m the larger molecules of these 
euphorbams (y-l and y-3) 

The three euphorbams pun&i m this work are not 
only physically &stmct, as described above, but also have 
Qfferent activities to both esterolytlc and proteolytlc 
substrates Thus the specdic actlvltles (umts/mg protein) 
for euphorbams y-l, -2 and -3 were, m that order, for 
CBZ-gly-pNp, 17 8,3 0 and 2 1, for azocoll, 0 13,O 18 and 
0 29, and for azocasem, 0 07,O 07 and 0 06 A commson 
can be made of the spe&ic actlvltles reported here with 
those from punfied, homogeneous preparations of eu- 
phorbams 1 [4] and p [5] The former of these had a 
specific activity of 7 3 with CBZ-gly-pNp and 3 3 with 
azocasem while the comparable figures for euphorbam p 
were 1 0 and 0 7 The relatively high reactivity of eu- 
phorbam y-l with CBZ-gly-pNp IS a noteable aspect of 
these results 

That the euphorbams from E cypurzsszas react in 
mdlvldual ways with protein substrates IS further dem- 
onstrated from 2D-TLC maps of digests of insulin B 
chain Such maps are shown in Fig 3, and it can be seen 
that for the two enzymes examined (y-l, y-2), significant 
differences were found m the products from prolonged 
digestion 

Mixtures of the three euphorbam y enzymes discussed 
here were unaffected by the peptlde mhlbltors of trypsm 
obtamed from bovine pancreas, soybean and ovomucold 
(cf ref [4]), nor was hlrudm inhibitory However, a-l- 
antltrypsm and potato mhlbltor I were mhlbltory when in 
lOOO-fold molar excesses, as were the mlcroblally derived 
serme protease mhlhtors elastatmal and chymostatm 
Clearly, none of the commonly employed peptlde and 
protein mhlbltors of serme proteases are notably efficient 
against the E cyparzsszns euphorbams Homogeneous 
euphorbam y-l was inactivated by 55% after 1 hr m the 
presence of a lOOO-fold molar excess of DFP, and so 
apparently, like the other proteases isolated from the 
lattices of euphorbs [4,5], it has a vital senne group at its 
actwe site Euphorbam 1 was shown to be related by 
composltlon to cocoonase, a serme protease of the trypsm 
family m which there are vital senne and hlstldme residues 
[4] However, hlsttdme-specific reagents such as dlethyl 

Fig 3 2-D TLC maps of digests of msuhn B chain in 100 mM 
ammonium acetate, pH 70, 37” for 18 hr Horizontal 

dimension-electrophoresls, vertical-chromatography 

pyrocarbonate [8] and p-bromophenacyl bromide [9] 
had no effect on the activity of euphorbam 1 or p [4,5] 
These two reagents were, though, Imme&ately mhrbltory, 
m 1 000-fold molar excesses, for euphorbam y- 1 As will be 
shown below, euphorbams 1 and y-l are of markedly 
snmlar ammo acid composltlons, so the results described 
for the hatldme-spec& reagents, as well as the mcom- 
plete mhbltlon by DFP reported above (cf ref [4]), 
suggest that some difference m three-dlmenslonal struc- 
tures must exist between the protemases of E lathyrzs and 
E cyparlsstas 

The activities of the euphorbam y enzymes were 
unaffected by reducing reagents such as mercapto- 
ethanol, or by sulphydryl-blocking reagents such as p- 

chloromercurlbenzoate or the peptlde mhlbltor leupeptm 
However, another peptlde mhlbltor which affects 
cystemyl-centred enzymes, antqam, did mactlvate eu- 
phorbam y-l when m lOOO-fold molar excess, and a 
2 x 10’ molar excess of mdoacetlc acid cause-d 40% 
mhlbltlon m 1 hr These results suggest the posslblhty that 
a cystemyl residue has a functlonal role m this enzyme 

Such a hypothesis would explam the findmg that the 
proteases of E cyparlsszas were totally inhibited by 
10mM Hg2+ and Zn’+ Ca’+, Mg’+ and Mn2+ were 
without effect on the enzymes The metal complexmg 
reagents EDTA and o-phenanthrohne did not mhlblt the 
euphorbams described here, which suggests that the 
enzymes are not metallo-protems 

Reagents which are inhibitors of such carboxyhc acid- 
centred proteolytic enzymes as pepsin, namely pepstatin 
and dlazo-IX.-norleucme methyl ester [lo], had no effect 
on euphorbam y-l when m 2 x 10’ molar excess The 
enzyme 1s not, apparently, related mechanistically to 
pepsin 

The three proteases Isolated from E cyparzsszas dls- 
played somewhat different pH maxima with azocoll as 
substrate, these bemg at pHs of 5 2,5 5 and 7 0 (y-l, -2 and 
-3, respectively) m flattened, ‘bell-shaped’ curves of ac- 
tivity vs pH With azocasem as substrate, the euphorbams 
y-l and y-2 had maxuna at pH 6 57 0, and the extent of 
proteolysls with y-3 increased with increasing pH, to pH 9, 
the highest value measured The pH maxm~ for eu- 
phorbams y-l and y-2 are slgndicantly lower than those 



Proteases of E cypartssm 

Table 1 Ammo acid composltlons of euphorbams y-l, -2 and -3 
(euphorblan 1 data from ref [4]) 

Resldues/mol Wt composition (%) 
Ammo 
acid Y-l Y-2 y-3 y-l y-2 y-3 1 

CYS 9 5 10 14 16 15 16 
Asp 97 40 95 166 142 163 118 
Thr 35 14 31 52 44 47 78 
Se.r 74 43 77 97 117 101 100 
Glu 46 21 44 88 84 84 65 
Pro 32 15 27 46 45 39 42 
GUY 68 37 67 58 65 57 65 
Ala 45 23 49 48 50 52 63 
Val 41 18 40 60 55 59 72 
Met 0 0 0 0 0 0 0 
Ile 28 16 29 47 56 49 72 
Leu 35 15 35 59 52 59 64 
TYr 10 7 14 24 35 34 37 

Phe 24 11 24 52 50 52 50 
HIS 16 11 13 32 47 26 28 

LYS 35 18 40 67 71 76 50 

A% 23 8 23 53 39 53 39 

Trp 9 3 7 24 17 19 30 

Glc-NH2 4 3 6 10 15 14 11 

M, 67 152 32 362 67 214 
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found with other euphorbams [4,5], and with other 
serme proteases such as trypsm, suggesting that these two 
enzymes may be mechamstlcally distinct 

The ammo acid composmons of the three proteases 
isolated from E cyparwas and that of euphorbam 1 are 
compared m Table 1 All of the enzymes are glycoprotems 
containing glucosamme but not galactosamme, as does 
euphorbam p [5] The data further show that the three 
newly isolated enzymes are of remarkably similar ammo 
acid composltlons, euphorbams y-l and y-3 carrying 
different charges (see p1 values above), and y-2 1s probably 
a monomer unit of one of these two molecules, possibly 
y-l, from comparison of the pI values measured The 
relatlonshlp between the proteases from E cypansstas 
and the comparable enzyme from E lathyns [4] 1s also 
evident in Table 1 However, differences m composltlon 
(Thr, Ala, Val, Ile, Lys and Trp) are apparent, and the 
proteases of E cyparrssm are clearly distinct entitles 

That euphorbams y-l, -2 and -3 differed from eu- 
phorbam 1 was confirmed by lmmunoelectrophoresls 
experiments when the proteases from E cyparmus 
showed no precipitation with antibodies raised m rabbits 
to euphorbam I 

While the latex of E lathyrts, like that of E pulcherrrmu, 
was found to contam only a single proteolytlc enzyme, the 
latex of E cypartssws has three related proteases Work 
currently m progress has demonstrated that from the latex 
of E tlrucalll, also, several proteolytic enzymes can be 
obtained, and these are being isolated 

EXPERIMENTAL 

Materials Euphorbra cypanssus L latex was collected from 
plants growmg wild near Ampnor, Ontario The latex was 
immediately clantied by centnfugatlon at 20000 g for 1 hr and 
the aq layer separated and stored at - 20” until required 

All reagents employed were of analytical grade except as noted 
Pharmacla (Canada) Ltd supphed the DEAE-Sepharose CL- 

B, Sephadex G-25, Polybuffer 74 and Polybuffer exchanger 94 
&agents for disc gel electrophoresls, and LoLyte ampholytes 
were obtamed from BloRad Chenucals, Richmond, CA Sigma 
Chemical Co, St Louis, MO suppbed mercaptoethanol, dlazo- 
DL-norleucme methyl ester, dlethylpyrocarbonate, p-chloro- 
mercunbenzoate, CBZ-glycme-p-mtrophenyl ester (CBZ-gly- 
pNp), azocollagen, azocasem, msuhn B chain and dusopropyl 
fluorophosphate (DFP) Bovine pancreatic, soybean and ovom- 
ucold trypsm mhlbltors were from the same company, as were 
hlrudm, leupeptm, pepstatm A and a-1-antltrypsm Antlpam, 
elastatmal and chymostatm were purchased from the Protein 
Research Foundation, Osaka, Japan Pierce Chermcal Co, 
Rockford, IL supphed the methane sulphomc acid, and Eastman 
Chermcal Co Rochester, NY, the p-bromophenacyl bronude 
The potato mhlbltor I was prepared as d-bed in ref [ll] 

Esterolytlc assays with CBZ-gly-pNp were performed as 
described m ref [4] Proteolysls was measured, using reported 
methods, with azocoll [4] and azocasem [S] Protein contents 
were measured as A2s0 or with the BloRad protein reagent 

PAGE Anionic and catlomc gels were used as described m ref 
[ 123, SDS gels were employed followmg ref [ 133 

Isoelectrtc focusmg BloLyte ampholytes were used m the 
procedure of Rlghettl and Drysdale [14] protein stammg was 
with 005% Coomassle brdhant blue-0 5 % CuSO, m 10% 
HOAc-27 % EtOH 

Chromatofocusmg Enzyme m 25 mM Imuiazole-HCl buffer, 
pH 74, was applied to a column of Pharmacla Polybuffer 
exchanger 94 (1 x 25 cm) which had been eqmhbrated with that 
buffer Elution was effected by a 1 8 ddutlon of Polybuffer 74 at 
pH 40 Fractions were assayed for pH, protein content and 
enzymatic activity 

M, determmatron by HPL.C A column (600 x 7 5 mm) of TSK 
Spherogel G3OOOSW, equipped with a 10 mm precolumn (Altex 
Scientific Co), was used with a Beckman Model 1lOA solvent 
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metermg pump and model 153 analytical UV detector The buffer 
employed was 200 mM KPI, pH 7 0, at 21” and a flow rate of 
0 5 ml/mm A standard hne was prepared, of M, vs elutlon times 
for Immunoglobuhn G, bovme serum albumm, ovalbumm, 
myoglohn and lysozyme 

Ammo octal unalyses Hydrolysates were prepared either m 6 M 
HCl or, for tryptophan determmation, 4 M methane sulphomc 
and [ 151 under vacuum at 1 lo” for 22 hr Cysteme content was 
measured after oxldatlon and hydrolysis [ 163 Ammc sugars were 
determmed following hydrolysis under vacuum m 4 M HCl for 
6 hr An automatic ammo acid analyser was used throughout this 
work, and all hydrolyses were performed m duphcate 

these enzymes had activity and protein peaks which were 
coincident, showing them to be homogeneous The enzyme 
eluted lirst from the ion exchanger (Fig l), on appbcation to the 
HPLC following concn, was also shown to be a homogeneous 
protan, of M, 67 000 (euphorbam y-3), and agam the protein and 
actwlty profiles were comcident 

Acknowledgements-The ammo acid analyses were performed by 
Dr M Yagucb, Dr Bhasm provided the rabht anti-euphorbam 1 
serum, and Mr J Guoux prepared the maps of msuhn digests 

Immunoelectrophoresm Rabbit anti-euphorbam 1 serum was 
produced conventionally after mJectlons of homogeneous 
enzyme [4] mto the ammals The Immunoelectrophoresls pro- 
cedure used was essentially that of Weeke [17] Plates 1 5 mm 
thick of 0 86 % agar m 90 mM barbltatal buffer contammg 0 02 % 
NaN, were prepared Parallel wells of 3 mm dmmeter, 6 mm 
apart, were loaded with, on one side, anti-euphorbam 1 serum and 
on the other, varying chlutlons of the euphorbam y samples The 
plate was chilled on a water-cooled flat bed electrophoresis 
apparatus and SubJected to 4 V/cm using the barbital buffer m the 
electrode troughs and saturated paper bndges to the agar plate 
After 45 mm, the plate was stored at room temp m a hurmd 
atmosphere and mteractlon between antigen and antibody was 
exammed visually 
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