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Abstract-A protcasc of M, 50000 was purified from the latex of Ficus elastica. The enzyme has a pl of 3.7 and pH 
optimum at 6.0. Its activity is dependent on serioe and histidine residues. The amino acid composition is reported. 

iNTRODUCTION 

Fkin (EC 3.4.22.3) is a proteolytic enxyme with an 
essential eysteine at the active site [ 11, which is commonly 
isolated from F&s glabruto [2]. A compositionally 
similar enxyme was purilied from F. anthplminrieu 12.33, 
though that from F. carice differs in amino acid eom- 
position [4] while still having an essential eysteioyi 
residue at the active site. The enzyme from F. ghhtu, 
which is the most extensively studkd, exists in a number of 
charged forms [4,5] and is related by sequence studies, in 
the regions of both the vital eysteioe and histidioe 
residues, to papain [6] obtained from the latex of papaya 
(CQJee papaya L) 

The protease of Ficus ekmica, a oommoo house plant, 
has not formerly been investigated, and during aeootiou- 
ing study of the proteascs from a variety of plant latiees 
[7-131 we have lately examined the latex of that species. 
Unlike the proteolytie enxymes of F. glubrum and the 
other members of this genus listed above, protcasc activity 
in F. elustku was unaffected by the presence of mild 
reducing agents or such sulphyd~l-sac agents as p 
chloromereuribenxoate, suggesting that enxymie activity 
is not determined by a vital eysteinyl-residue. 

We have recently isolated and described [7-133 a 
number of trypsin-like proteases of the scrine class from 
latias of the genera Euphorbiu, Efaeophorbia and Herea 
of the ftily Euphorbiaecac. As that family is of the order 
Urtkaks, which comprises also the Moraeeac to which 
Ficus belongs, it was of interest to examine the protcasc of 
F. elasticu for comparison with the analogous enzymes 
previously charaeterixed [ 7- 131. 

We shall report here the isolation and purification to 
homogeneity of a protcasc from the latex of F. elastica 
and describe some properties of that enzyme. To dis- 
tinguish it from those previously isolated from Fiats 
species 22-41 we have given it the trivial name ficin e. 

RESULTS AND DESCUSSION 

The product from HPLC had an M, of SOMO, es- 
timated using a standard line composed of M,s wrsu.s 
eiutioo times for i~~o~obulio G. bovine serum 
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albumin, ovalbumin, myoglobin and lysozyme. This is 
double the A4, of the enxymc from F. glabrata [2]. On 
SDS-gel ekctrophorcsis the enzyme fragmented to a unit 
of M, 29000 with a minor band of 27OCO. Isoeleetrie 
focusing [14] showed that ficin e consisted of a single 
charged form with a pI of 3.7. The comparable mcasure- 
ment for &in from F. &brutu is not available, but the pI 
of the related enzymes papain and bromelain [I] are 8.75 
and 9.5 rcspeetively. Clearly fiein e is distinct from 
previously examined fieins. 

Fiein e is reactive with the proteolytie substrates 
azocollagcn (0.05 units/mg cnymc) axoeasein 
(0.04 units/mg) and hemoglobin (0.03 ~its/mgA dem- 
onstrating its activity as a protease. This is further 
demonstrated in Fig. 1 which contains two dimensional 
thin layer maps of digests of in&in B chain made with 
fiein e and with fiein from the latex of F. glabraru It is 
evident that the two proteolyses arc dilfcrcnt, and as that 
catalyscd by the latter fkin is related to those rcportcd for 
other sulphydryl proteases [Is] it is again demonstrated 
that &in e is a different enzyme 

While such sulphydryl specific reagents as p 
chloromereuribenxoate inhibit fiein and other cysteinyl 
protcascs, they are without effect on fiein e. However that 
enzyme was rapidly and completely inhibited by the 
classic scrioe-spceilic reagent di-isopropyl Iluorophos- 
phate [16J: %% inhibition in 40 min with a io[lfold 
molar exass of reagent. A sceond, less powerful ~hibitor 
of scrine enzymes, phcnylmethane sulphonyl guoride [ 17l 
caused 75 y0 inhibition of fiein e when in lob-fold excess. 
Dicthyl pyroearbonatc, a reagent with high spceilieity for 
histidine rcsiducs [ 181 compktely inhibited fiein e when in 
lo*-fold molar excess. The proteasc from F. elustica thus 
apparently has essential scrine and hi&line residues, and 
so rcsembks some of the tqpsin-Iike enzymes isolated 
from the family Euphorbi [7-133. Other inhibitors 
of the serine class of protcascs~hymostatin, ekstatinal, 
potato inhibitor I and soybean trypsin inhibitor-did not 
a&et ficin e activity. This was also unaffceted by two 
rcagcots spceilk for earboxylcentrcd proteases such as 
pepsin, namely pcpstatin A and diaxo-rrt.-oorleucine 
methyl esters 

Fkin e has an optimal pH at 6.0, mcasurcd with axocoi- 
lagcn as substrate. In Tabk 1 the results from amino acid 
analysts of the protcase tkin e are presented. Shortage of 
material prevented determinations of cysteine, 
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Fig, 1. Two dimensiinal thin layer pcptide maps of the digestion 
of insulin B chain with (I) 5cin from F. globrota and (2) 6cin e. 

tryptophan and amino sugars, but the data ckarly show 
that this enzyme has a composition distinctly difkent 
from that of the ficins from F. ghbrato [2] and F. mica 
[4] as well as F. atrthclmintica [2,3]. Nor is it closely 

Tabk 1. Amino acid composition of 
ficine 

Amino weieht % 
acid Number composition 

cys n.m* nm. 
Axx 74 17.4 
Thr 38 7.8 
ser 37 6.7 
ax 44 11.6 
RO 25 5.0 

Gly 38 4.4 
AlEl 32 4.6 
Val 25 5.1 
Met 2 0.5 
Ik 22 5.1 
Leu 39 9.0 

TYr 14 4.7 
Phe 23 6.9 
His 7 20 

LYS 12 3.1 

Arg 19 6.1 

Trp nm nm 

*Not measured. 

related, in composition, to the proteases from 
Euphorbiaceae [7-131. 

EXPERIMENTAL 

AU reagents employed were of analytical grade cxapt as notai. 
BioGel P150, BioLyte amphoiytes and BioRad protein reagent 
were obtained from BioRad. Sigma supplkd the mereapt+ 
ethanol, diaxo-DL-norleucine methyl ester, dicthylpyro- 
carbonate, pchloromercurt ‘bcnxoate, CBZ-glycinapnitro- 
phenyl ester (0, axocollasen. axocasein, hemoglobin, insulin 
B chain,di-isopropyl tluorophosphate, soybean trypsin inhibitor, 
lcupeptin and pepslatin A. Antipain, elastatinal and chymostatin 
were pmchased from the Protein Research Foundation, Osaka, 
Japan. Potato inhibitor I was prepared as described in ref. [ 193. 

Auoymcrti Procedures described were used with CGN 173. 
axmllegen [A. azocasein [8] and hemoglobin [13]. Protein 
content was measured as A2s0 or using the Folin-Lowry 
procedure. Various inhibitors of the several classes of proteaKs 
were tested by measuring the residual activity of Ikin e under 
standard conditions with CGN [q in the presena and absence of 
the inhibitors in varying concns. 

SDS-polyacrylamide gel rlectropharesk The procedure of ref. 
[14] was usai. 

!soekctrfefbc~&ng. BioLyte ampholytes were employed in the 
method of ref. 1201. 

M, d&m&&on with HPLC. A column (300 x 7.5 mm) of 
TSK Spherogel GMOOSW. equipped with a 10 mm precolumn 
(BioRad)wasusaiwithaBcckman Model I 1OA solvent metering 
pump and a Varian Model 2050 UV detector. The buffer 
employed was 2OOmM KPi_ pH 7 at 21” and a Bow rate of 
0.5 ml/milL 

&n&w oeid onalyws. Shortage of purifted enxymc only 
allowed duplicate standard hydrolysata in 6 M HCI under 
vacuumat 110”for22hr.~oscidanalyseswe~madconr 
Durrum D-500 automatic analyser using previously calibrated 
columns. Norlcucinc was used as an internal standard. The 
independently determined hf. was employed in the calculation of 
the amino acid residues. 

Mapping digests o/hsulin B chin. Digestions were made with 
600 @ml insulin B chain in 100 mM NfiOAc, pH 7, at 37” for 
18 hr. The enzyme/substrate ratio was I : 100 by wt. Peptide maps 
were prepared on thin layer c&dose sheets (Macherey-Nagel 
Polygram Gel 400) and developed. as deactibed in ref. [21]. 

PuryFcotioa o/jcin e. Ficw elpnIc0 Roxb. & Homem (var. 
decora) plants were obtained commercially and latex colkcted 
from incisions in the trunk and stett~ Larger m*, of the same 
spa& at the greenhouse, Carkton University, Ottawa were 
similarly ‘millred’. TIC latex obtained was claritial by 
centrifuption (20000 g, 1 hr) immediately following colkction, 
and stored at -20”. The protein content of the latex was only 
600 pg/ml, which limited the availability of fkin c. 

Latex serum (26 ml_ sp. ectivity 3.3 units/mg) was applied to a 
column (1.5 x 9Oan) of BioGel P 150 in IOmM NaOAc. pH 6, 
at 4”. The aterolylically active peak was coned and subjected to 
HPLC on TSK G3OOOSW at room temp. in 200 mM KPi btier. 
pH 7. A sozond Cole through the same HPLC column produced 
homogeneous enxymc. The sp. act. of the ticin e was 45 units/mg 
(13.6 fold purification); the yield of protein was 2 mg (1.8 %). 
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