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Abstract-Four trypsm lsomhlhtors (CM-1 to CM-4) were punfied from Momordzca repens see& by gel filtration on 
Sephadex G-50 followed by ron exchange chromatography on CM-cellulose They compnse 29 ammo acids including 
SIX half-cystme residues The ammo acid sequences of CM-1 and CM-3 have been elucidated The sequences resemble 
those of the lsomtibltors from squash seed For CM-4 no free N-termmal ammo acid was found Intibltors CM-l, CM-2 
and CM-3 mhlblt trypsm strongly and they have practically no action on a-chymotrypsm The trypsm lsomhlbltors 
which occur m squash and Momordrca repens seeds are probably the smallest mhlbltors of senne protemases described 
so far 

INTRODUCI’ION 

In a survey of plant materials for serme protemase 
mhlbltors Hopma et al [ 1,2] found that numerous plants 
are good sources of mhlbltors with a variety of specl- 
ficltles These pumpkin seed extracts are remarkable, since 
they contam a low MW trypsm mhlbltor that strongly 
mhlblts Hageman factor fragment but does not mhlblt 
plasma kalhkrem HOJ~~M et al [3] reported the punfi- 
cation and characteruatlon of this interesting mhlbltor 
from Cucurblta maxwna (pumpkin) seed, which belongs to 
the plant family Cucurbltaceae Earlier, Polanowskl et al 
[4] described the punficatlon of three trypsm mhlbltors 
form Cucurbtta maxuna (squash) seed Subsequently, the 
Polish and American workers [5] published the ammo 
acid sequences of two lsomhlbltors from squash seed 
Both lsomhlbltors contain 29 ammo acids mcludmg SK 
half-cystme Their sequences differ only in one position 
and argmme m posltlon 5 IS present at the reactive site of 
both lsomhlbltors 

The present commumcatlon describes the purtication 
and some of the properties of five low MW trypsm 
lsomhlbltors from Momordzca repens seeds, also from the 
plant family Cucurbltaceae 

RESULTS 

Purrficatlon and properties of the rsomhlbltors 

Figure 1 shows the elutlon profile obtained for the 
crude extract on Sephadex G-50 m 02M ammonium 
hydrogen carbonate solution Several peaks were evident, 
of which only the Ss peak exhibited trypsm mhlbltor 
activity Peak Ss was lyophlhzed and further fractionated 
on CM-cellulose using a linear gradient of ammomum 
acetate-acetic actd buffer pH 5 (Fig 2) The chromato- 
gram showed various peaks, all of which, apart from CI 
and C,, possessed trypsm inhibitor actm~es The active 
peaks were rechromatographed using smular conditions 
as m the first separation The chromatograms each 
showed a major trypsm mhlbltor peak which afforded 

CM-l, CM-2, CM-3, CM-4 and CM-5 The purification 
of the mhlbltors IS sum& m Table 1 The specific 
actlvlty of CM-5 was small m comparison with those 
found for CM-1 to CM-4 Therefore, no further work was 
done on CM-5 Some of the properties of the mhlbltors 
are summarmzd m Table 2 I)lsc electrophoresls revealed 
a single band for CM-1 to CM-4 Their ammo acid 
composltlon IS gwen in Table 3 The mhlbltors were 
devoid of free sulphydryl groups Inhlbltlon of porcine 
trypsm and bovine a-chymotrypsm by increasing levels of 
mhlhtors CM-l, CM-2 and CM-3 IS shown m Fig 3 

Ammo acid sequences of reduced and S-carboxymethylated 
CM-I, CM-3 and CM-4 

The tryptlc digest of reduced and S-carboxymethylated 
mhlbltor CM-1 was fractionated on a column of DEAE- 
cellulose and the ammo acid composltlon of pure pepttdes 
IS shown m Table 4 The ammo acid sequence of CM-1 1s 
shown m Fig 4(a) The ammo-terminal sequence of 
reduced and S-carboxymethylated CM-1 was determined 
using a Beckman sequencer The known N-terminal 
sequence directly estabhshed the alignment of peptides 
T-l, T-2, T-3, T-4 and T-5 The only tryptlc peptlde which 
was not posltloned IS T-6 This peptlde contamed no 
argmme or lysme and had to be derived from the C- 
terminus of CM-1 The sequence of T-6 was determined 
by the manual Edman procedure 

The N-termmal sequence of reduced and S-carboxy- 
methylated CM-3 IS shown m Fig 4(b) Limited hydro- 
lysts of CM-3 with trypsm at pH3, and subsequent 
reduction, S-carboxymethylatlon and gel filtration yielded 
one peak (S,) Such limited hydrolysis occurs at the 
reactive site of the mhlbltors [6-81 Table 3 shows that SI 
comprises 25 ammo acids and its N-termmal sequence IS 
revealed m Fig 4(c) The N-termmal sequence of CM-3 
and S1 were aligned [see Fig 4(b) and (c)] and It was 
obvious that of the 29 residues of CM-3, 24 have been 
sequenced The C-termmal peptlde of CM-3 was isolated 
from a tryptlc digest as described above and Its sequence 
determined Thus sequence revealed that mhrbltor CM-3 
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Fig 1 Gel filtration of the crude extract of the seeds of Monwrdm repens Crude extract (2g) was loaded on 
Sephadex G-SOcolumn (3 8 x 150cm) and eluted wth 0 2 M ammomum hydrogen carbonate soluhon at a flow rate 
of 50 ml/lx The column temperature was 20” and the eluate was momtored at 280 nm The astask mdlcates trypsm 
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Fig 2 Chromatography of peak S, on CM-cellulose Peak S5 (0 2g) was loaded on CM-cellulose column 
(0 9 x 15 cm) and eluted by a hnear @ent of 0 05-Q 6 M ammomum acetate+wetlc aud buffer of pH 5 over 2 1 at a 
flow rate of SOml/br The column temperature was 20” and the eluate was momtored at 280nm The astensks 

m&te trypsm mhbltor actwt~ea 

contams two or more lsomhrbltors It was obvious that 
hted hydrolysis by trypsm at pH 3 cleaved CM-3 at its 
trypsm reactwe site, Arg’-Ile6 

DISCUSSION 

Edman degradation with the sequencer faded to yield 
The properties of the four trypsm mtibltors (CM-l to 

any N-termmal sequence for CM-4 The N-terminal 
CM-4) from Momordtca repens seeds are presumably very 
smular Their trypsm mhlbltor timties were ahke, their 

sequence could be blocked with an acetyl group or ammo acid cornposItIons were almost ldentlcal and the 
pyroglutamyl residue [9] sequences of CM-1 and the lsomhlhtors of CM-3 were 
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Table 1 Summary of the purficatlon of the trypsm lsomhlhtors 

Total mhlbltor Spe&c mhtbltor 

Steps 

Crude 
Sephadex G-50 
CM-cellulose 
CM-1 
CM-2 
CM-3 
CM-4 
CM-5 

Protein 
(mg) 

activity 
(units, x lo-‘) 

activity 
(units/mg, x 10e3) 

Yield 
(%) 

5000 4700 094 100 
200 32 12 1606 68 3 

16 544 34 02 116 
8 268 33 61 57 

31 10 23 33 01 218 
18 3 77 20 96 80 
10 035 348 07 

Table 2 Summary of the propertles of trypsm lsomhlbltors CM-l to CM-4 

Properties CM-1 CM-2 CM-3 CM-4 

Disc electrophoresls 
SDS* gel electrophoresls 
Molecular weight 
(1) Gel filtratlont 
(2) SDS gel electrophoresls 
InhIbItor actwltles 
Free SH 
N-termmal ammo acids 

One band One band One band One band 
One band One band One band One band 

4400 4500 4400 4000 
$ $ $ $ 

Trypsm Trypsm Trypsm Trypsm 
None None None None 
Glycme ND Alamne None 

*Sodmm dodecyl sulphate 
tin 0 05 M Tns-HCI pH 8 plus 0 2 M NaCl 
SMlgrated very close to tracker dye (bromophenol blue) 

Table 3 Ammo acid composltlon of protease Isotibltors CM-l, CM-2, 
CM-3, CM-4 and fragment S, gwen as mols of residue per mol of 

lsomhlbltor 

Ammo acid CM-l CM-2 CM-3 CM-4 Fragments S,t 

Asp 2 2 (2) 2 2 (2) 24(2) 24(2) 24(2) 
Thr (0) (0) (0) (0) (0) 
Ser 14(l) 14(l) 24(2) 2 4 (2) 22(2) 
Glu 34(3) 3 l(3) 2 4 (2) 2 4 (2) 20(2) 
Pro 13(l) 14(l) 18 (2) 18 (2) 1 O(1) 
Gly 29(3) 26(3) 3 3 (3) 40(4) 2 9 (3) 
Ala 12(l) 07(l) 17 (2) 18 (2) 13(l) 
Half-Cys* 5 6 (6) 5 5 (6) 5 4 (6) 5 7 (6) 4 7 (5) 
Val 09(l) 07(l) 0 2 (0) 04(0)$ 04(OH 
Met 08(l) 07(l) 0 2 (0) (0) 0 (0) 
Ile 15 (2) 17 (2) 16 (2) 17 (2) 14(l) 
LeU 17 (2) 17 (2) 13(l) 09(l) 1 O(1) 
Tyr 09(l) 09(l) 1 O(1) 09(l) 08(l) 
Phe (0) 02(O) (0) 0 l(0) 0 l(0) 
LYs 19(2) 2 l(2) 19 (2) 1 O(1) 15 (2) 
HIS (0) 0 l(0) 0 l(0) (0) (0) 
Arg 2 9 (3) 34(3) 36(4) 4 l(4) 2 7 (3) 

Total 29 29 29 29 24 

*Determmed as cystetc acid by the method of Hus [16] 
TObtamed by hnuted hydrolysis of CM-3 with trypsm at pH 3 
SObtamed after hydrolysis for 72 hr 
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Fig 3 Inluhtlon of (a) porcme trypsm and (b) of bovine a-chymotrypsm by increasing amounts of trypsm 
isomlubltors from Momordlca repens seed Inhlbltors CM-1 O-O, CM-2 0-O and CM-3 0-O 

Table 4 Ammo acid compowon of tryptlc peptides of reduced and S-carboxymethylated CM-l 
(l-01) gwen as mols of residue per mol of peptide 

Ammo acid T-l T-2 T-3 T-4 T-5 T-6 Sequence Analysis 

CMC* 
Asp 
Thr 
Ser 
Ala 
Pro 
GUY 
Ala 
Val 
Met 
Ile 
LCXI 

Tyr 
Phe 
I-YS 
His 
Arg 

1 O(l) 

09(l) 
07(l) 

1 O(1) 

12(l) 

1 O(1) 3 0 (3) 
20(2) 

1 O(1) 
1 l(1) 1 l(1) 

1 l(l) 
11(l) 

09(l) 
09(l) 
09(l) 12(l) 

11(l) 12(l) 

1 

08(l) 6 56 
2 22 
0 0 
1 14 

10(l) 3 34 
1 13 

20(2) 3 29 
1 12 
1 09 
1 08 
2 15 
2 17 

10(l) 1 09 
0 0 
2 19 
0 0 

1 3 29 

Total 5 6 1 11 1 5 29 

l S-carboxymethylcysteme 

very slmllar The mhlbltors each contam 29 ammo acids 
mcludmg SIX half-cystme residues Smce no sulphydryl 
groups could be detected m the intact mhlbltors, they are 
cross-linked by three dlsulphlde bndges The sequences of 
trypsm mhlbltors CM-l and CM-3 from Momordlca 
repens seed are highly homologous with those of the two 
trypsm nomhlbltors from squash seed (Rg 5) 

The mhlbltors from squash and Momordrca repens of 
MW ca 3300 are probably the smallest mhlbltor of serme 
proteases descrkd so far Previously the sequences of 
carboxypeptldase mhlbltors from tomato fruit and 

potatoes were reported [lo] These mhlbltors contam 
36-37 ammo acids including s1x half-cystme restdues The 
sequences of the carboxypeptidase mhlbltors were, how- 
ever, not homologous to those of the lsomhlbltor from the 
Cucurbltaceae seeds 

Momordlca repens seeds contam various potent ISO- 
mhlbltors for porcme trypsm The titration data of Fig. 3 
revealed that mhlbltors CM-l, CM-2 and CM-3 each 
mhlblted trypsm m a molar ratio of nearly 1 1 and the 
enzyme was almost completely mhlblted These mhlbltors 
have practuAly no action on a-chymotrypsm 



Fig 4 The ammo acid sequences of the Isomtihtors from Momordzca repens seed (a) Complete sequence of CM-l, 
(b) N-terminal sequence of CM-3 and (c) the complete sequence of fragment S1 obtained by hnuted hydrolysis of 
CM-3 with trypsm at pH 3 The reactwe Site ammo acrd residues are mchcated by the asterisks The upper half-arrows 
indicate the residues ldenttied by the sequencer and the lower half-arrows the residues ldentied by the manual 

Edman procedure 

Fig 5 Companson of the sequences of the trypsm lsomtibltor from squash seed with those from Momordlca repens 
seed (a) squash, ITD I [5], (b) squash, ITD III [5], (c)M omordlca repens, CM-l, (d) MonwrdEa repens, CM-3 The 

IUPAC one-letter notation for ammo ands IS used (Eur J Bwchem 5, 151, 1968) 

EXPERIMENTAL 

Materials Momordlca repens seeds were supphed by Major 
A K Smith, Sable, Eastern Transvaal The sources of trypsm, 
a-chymotrypsm and chemical reagents have been described 
previously [ 111 

Methods The physlcochenucal methods, the digestion of the 
mlubitors with trypsm and the punfication of the peptlde-s, the 
sequence determmation of the reduced and S-carboxymethylated 
trypsm lsomlubltors and of the fragment obtained by hnuted 
hydrolysis with trypsm with the Beckman sequencer have be-en 
detailed prewously [11, 121 

The esterolytic activities of trypsm and a-chymotrypsm were 
measured spectrophotometrrcally according to the method of ref 
[13] as descr&ed earher [11] The rates of hydrolysis at 30” of 
N-a-benzoyl+argmme ethyl ester by porcme trypsm and of 
N-acetyl+tyrosme ethyl ester by bovme chymotrypsm were 
recorded as a change m A at 253 nm and 237 nm, respectively The 
mhdutor’s activities were estimated from the residual enzymatic 
actiwties as d-bed previously [ 111 The cones of the enzymes 
were corrected for mactwe materials as determmed by active-site 
titrations [14] 

One unit of enzyme tivlty was defined as that amount of 
enzyme causmg a change m the amount of substrate of 1 eel/ 
mm at 30” One umt of mlutntor actwlty was defined as that 
amount of the u&&or which mlututed 1 umt of enzyme mmty 
Specdic mlubitor activity was expressed as mtntutor umts per mg 
mtubltor 

Lomted hydrolysrs wtth trypsm The procedure used for hnuted 

hydrolysis, at pH 3 of the mhibitor with trypsm, was the same as 
that described m ref [15] 

Preparatton of the crude lnhlbltor Ground defattcd Monwrdlca 

repens seeds (1OOg) were extracted wrth 02M ammomum 
hydrogen carbonate solution (11) overmght at 10” The suspen- 
sion was then macerated for 5 mm m a Waring blender The 
extract was clan&d by centnfugation at 16 0008 and lyophdm?d 
The yield of the extract was 24g 
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