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Abstract-Psophocarpin B,, a major storage protein of winged bean (Psophocarpus tetragonolobus) seeds, inhibits the 
activity of bovine pancreatic chymotrypsin. This inhibitory activity is abolished by heat treatment above 70”. In 
germinating seeds total chymotrypsin inhibitory activity (CIA) declines steadily as germination proceeds. By means of 
the Western blotting technique, it has been demonstrated that both psophocarpin B, and CIA disappear concurrently 
during germination. 

INTRODUCTION 

Psophocarpin Br is one of the major seed storage proteins 
of Psophocarpus tetragonolobus (winged bean), an out- 
standing crop of humid tropical regions. In a recent 
communication, we reported on its purification, physico- 
chemical characterization, tissue distribution and levels in 
germinating seeds [I]. It is one of the major components 
of a highly heterogeneous group of proteins of similar 
size, collectively known as psophocarpin B fraction [2]. 
Although all the components have not been individually 
characterized, some lectins and protease inhibitors have 
been isolated from this fraction 113-51. This led us to 
investigate whether psophocarpin B,, which has been 
previously shown to possess the characteristics ofa vicilin- 
type seed storage protein [1, 21, has any additional 
biological properties, such as hemagglutinating or pro- 
tease inhibitory activities. The chymotrypsin inhibitory 
activity of the purified protein and some additional 
information of its metabolic fate during germination are 
presented. 

RESULTS 

Metabolic fate of psophocarpin B, in germinating seeds 
The metabolic fate of psophocarpin B, in germinating 

seeds was investigated by means of the Western blotting 
technique. The results clearly indicate that there was a 
gradual decrease in psophocarpin B, in the cotyledons of 
germinating seeds and no lower M, fragment was de- 
tectable (Fig. I). 

In a separate experiment, the protein profiles of the 
cotyledons during germination were studied by 
SDS-PAGE, followed by Coomassie Blue staining. The 
appearance of any additional small polypeptides (M, 
< 19 000) as a result of degradation of the larger ones, was 
not detectable (Fig. 2). 
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Fig. I. Western blot analysis of the proteins of germinating 
winged bean seeds. Seeds were germinated under controlled 
contitions and extracts were prepared in lOvolumes of 
Tris-saline containing EDTA, PMSF and NaN,; and suitable 

aliquots were resolved by SDS-PAGE (18’:: acrylamide) and 

analysed by Western blot as described in the text. Soybean trypsin 

inhibitor (21500) and a and p chains of insulin (3000) were used 

as standard M, markers. Their positions are shown on the right 

hand margin. Cotyledons from different days of germination 

were analysed: lane 1, purified psophocarpin B, (150 ng): 2, 21 

daysofgermination(l.l~gprotein);3,15days(1.5~g);4,10days 

(1.4 pg); 5, 5 days (1.9 pg); 6, 0 day (2.1 pg). 

Amino acid composition of‘ psophocarpin Br 
The amino acid composition of psophocarpin B, was 

found to be very similar to that of the chymotrypsin 
inhibitor, previously characterized by Kortt [S] (Table 1). 

Protease inhibitory and hemayglutinatiny acticities of 
psophocarpin B, 

Purified psophocarpin B, was found to inhibit bovine 
pancreatic chymotrypsin. The inhibition was increased as 
increasing concentrations of the protein were pre- 
incubated with the protease (Fig. 3). More than 50% 
inhibition was observed at a molar ratio of about 1 
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Fig. 2. Protein profile of germinating tiingeci bean seeds b) SDS- 

PAGE. Seed germmation, preparation ot‘ extract and SDS- 
PAGE (12.5 ‘V,, acrylamide) uere carried out as described m Fig. i 
Proteins were stained with Coomassx Blue Lanes: 1. 0 daj 01. 

germination. 2. 1 day; 3. 3 daya: 4. i daqs; 5. Ii1 days. 6. 15 days; 7. 
20 days; 8. 25 days; 9. purltied psophocarpin B, and 10. various 

standard M, marker proteins. The number\ on the right hand 

Table 1. Amino acid compositlon ot pwphocar 

pin R, 

Residue per mole ‘* 

C‘hymotryp~~n 

Amino 1nhrhrtor 
actd Psophocarpin B, lKortl).i 

LVS I! I I 
HIS 6 0 

Arg x 7 

Asp 20 IY 

Thr x: 

Ser ] 5-1 i 1-i 
Gill 21 31 
Pro I- ., i4 

Glj IS !4 
Ala 1 I l(l 
CS’ 3 : 4 
Val I! ii% 
Met 0 Ii 

lie 10 tj 

Le 11 10 / if 
T>r 6 

Phe 5 

Try 2il 

* C’alculatlons are based on a VI, 01 200(N) for 

psophocarpln B., 

+ I’alues taken from Kortt 1-5 j 

: Values obtained by entrapoiatlon IO /era time 

of hydrolysis. 
bDetermmed by the DNTB merhod aftor 

sodium borohydride reduction [ 20 1. 
I/Determmed after hydrc4y\ih ulth 3M methanc 

sulphonic and rZl]_ 



Chymotrypsin inhibitory activity of psophocarpin B, 33 

Temperature 1’) 

Fig. 4. The effect of temperature on the stability of psophocar- 

pin B, and its chymotrypsin inhibitor activity. 100 ~1 aliquots of 

psophocarpin B, (4 mg’ml) in 100 mM Tris-HCI, pH 8.0, con- 

taining 10mM CaC12 were heated separately at appropriate 
temperatures for 5 min and immediately cooled in an ice-bath, 

centrifuged at 15 Ooo g for 15 min. The supernatant solutions 

were assayed for residual protein and chymotrypsin inhibitor 

activity, as described in the text. A-A, remaining inhibitor 
activity; O-O, remaining phosphocarpin B,. 

Days of germination 

Fig. 5. Chymotrypsin inhibitor activity in germinating winged 

bean seeds. Seeds were germinated under controlled con- 

ditionons and extracts were prepared in 0.1 M Tris-HCI, pH 8.0. 

Total protein and CIA were measured as described in the test. 

The protein (O--O) and CIA (a-0) values are expressed as mg 
or units per g of fresh seed weight, respectively. 

fragments if the latter happened to cross-react with the 
antisera. Our inability to detect any such fragments by the 
Western blot technique (Fig. l), indicates the absence of 
any such immuno-reactive fragments in the cotyledons 
and the values obtained by RIA would represent only the 
intact psophocarpin B,. Additional evidence that 
psophocarpin B, has a storage role, is provided by the 
results of SDS-PAGE analysis of the proteins in the 
germinating seeds. Moreover, these studies do not in- 
dicate the presence of any significant peptide pool during 
the degradation of the storage protein(s) since the appear- 

ance of a newly generated small peptide is not obvious 
(Fig. 2). This also suggests that once the proteolytic 
process starts, it is quite rapid and extensive, generating 
small peptides and amino acids to meet the nutritional 
demands of the growing seedling. 

Some storage proteins have been found to possess 
additional properties and therefore, the present finding of 
CIA for psophocarpin Bi, is not unique. It has been shown 
that the Gz storage globulin from PhaseoLus wigaris 
possesses hemagglutination property [6, 71, while urease 
in the seeds of Canaualia ensiformis appears to have a 
secondary storage role [SJ. Chymotrypsin inhibitor I of 
potato also appears to serve as a nitrogen source during 
the growth of young plants [9] and may, therefore, be 
considered as a secondary storage protein. 

The present finding that psophocarpin B, has chymo- 
trypsin inhibitory activity (Fig. 3) raises the question as to 
whether or not this protein is the same as the one 
previously purified by Kortt, by a chymotrypsin- 
Sepharose affinity chromatography [5]. The close simi- 
larity in the physico-chemical properties of psophocarpin 
B, as reported earlier by us [1] and those of the 
chymotrypsin inhibitor by Kortt [S], lends support to the 
idea that these two proteins, prepared by two quite 
different methods are the same. The striking resemblance 
ofthe amino acid composition ofpsophocarpin B, to that 
of the chymotrypsin inhibitor (Table l), further sub- 
stantiates the idea that these two preparations may 
represent the same protein. Moreover, complete in- 
hibition of chymotrypsin even in the presence of a large 
excess of the inhibitor could not be demonstrated either in 
the present studies or in the earlier work by Kortt. This 
inability to bring about a complete inhibition of the 
enzyme may be accounted for by the low affinity of the 
inhibitor for the enzyme; this observation is not at all 
surprising since chymotrypsin is not of plant origin. 
However, it is possible to speculate on the significance of 
the occurrence of a chymotrypsin-like protease in winged 
bean seeds for which psophocarpin Bi is the naturally 
occurring inhibitor. It is quite tempting to suggest that the 
existence of such a protease and its specific inhibitor in the 
same system could have vital regulatory functions as has 
been demonstrated in the case of human elastase and al - 
antitrypsin [lo]. With this objective in mind, studies are 
underway to identify a protease in winged bean, which is 
specifically inhibited by psophocarpin Bi. 

EXPERIMENTAL 

Materials. Bovine pancreatic chymotrypsin (Type VII) and 

trypsin (Type XI). N-benzoyl-i-tyrosine ethyl ester (BTEE), p- 
tosyl-L-arginine methyl ester (TAME), SDS, BSA, phenyl methyl 
sulphonyl fluoride (PMSF). soluble protein A from S. aureus, 

soybean trypsin inhibitor, Antifoam C emulsion and sodium 

deoxycholate were purchased from Sigma. Nitrocellulose (BA 85) 
paper was obtained from Schleicher and Schuell, Gmbh. NP-40 

was purchased from BRL. USA and Na’251 (carrier-free) was 

supplied by Bhabha Atomic Research Centre, India. Other 

chemicals were analytical grade reagents. Purified psophocarpin 

Bi and monospecific antisera against it were prepared as de- 

scribed earlier [l]. 
Plant material. Dry seeds of winged bean were obtained from 

the farmhouses of Manipur (India), where it is a common long- 

standing crop. 
Germination of seeds and preparation of tissue extract. Dry 

winged bean seeds were sterilized with a soln of 0.01 “/, HgCl, and 



washed thoroughly with sterile HZ0 andallowed to gcrmmate on 
moist filter paper at 30 under sterile condltmns. The cracking nl 

the seed coat was counted as day zero and germination H;LS 

continued on moist, sterilized sand. 

Ewes were homogenized m 2 10 \ok ( g ,r wt) 01 100 m bf 

Tris-tiCI. pH X.0, and centrduged at 15000 r, to; I5 mln at 4 

The clear supernatant solns represented the ti\\ue extract>. f-or 

the extracts used in SDS-PAGE, thu bu!?~r &o contalnel 

5 m:M EETA. 5 mM PMSF and OE”,, ha?-, 

Wrstern hlrtr unul~s~r. This was pcrtormed essentlall~ ah 
described m ret. [I I] \slth mmor modlticatwms m rhc washing 

procedures. Protems resolved h!, SDS-PAC;f: b) the Inemml; 

procedure [12] under reducing con&tlon>. were c!ectrophoret!- 

tally transterred to mtrocellulose paper The fatter was rreate$i 

with 3 :‘,; BSA In Trl\- saline I 10 ntM .iri\ HC‘I. pH 7 5, contau- 

lngO.9”,, NaCI)anda few drops01 Antil<xim I t~,r? hrat 37 and 

then incubated wth (i.5”,, IV,\) antt-x-rum m 11w came butler at 
25 for 16 hr. It ~a:, succosiiely wa&cti wtth !I) iOm4t 

Tris-HC’I. pH 7.5. containing Cl.!,“,, I\ia<‘l. !u; 0 Z”,> NP-4(1. 0.f , 
SDS. 0.25 ,, sodium deoxycholate and 5’ ,, gri:tt~n 111 I’m sahnc. 
(in)lrwsalinc. It was then Incubated u ith Z!, ml i !“f ]-protein A 

(1 5 x IO” cpm ml~. iodmated by the chlorannmc r method ret 
[13j. in IO mM Tria-HCI. pH 7.5, Cl ?‘,, NP-ltIand 4”,, BSG lor 

45 min at 25 wth gentle shaking. l-he n~tro~~:llulose paper ~&a\ 

thoroughly washed as described abwc. .lr:cd and auto- 

radiographed ‘The sensitillt! o!’ tictrctwn ~13h 50 ng oi 

psophocarpm B, 

Hemay~q/~trnar~an rrssu~. The hemagglutinating actl\rt! of the 

purltied psophocarpin f3, aas carried out by the method OI rel 

[14] as described earlier [15j. usmg Con Aas the pw,m~e~ontrol. 

‘Ir>‘psin wl~thrrtv ~LKWI‘. Trypsm mhlbitor was C~sra!,cd using 
L4MF ai the -ub\trate as described !n U’<brthmptc>n manual 

L’61 
Ch)motr~psrrl mhihiror ULWV This ~a> ~I)IIC ,tccordmg to ret 

[I 71 as modified b) rel’[5] usmg B TtE as thd ,,uh\trdt? and one 

inhibitor tmtt was defined a> the amount oi p!otern ~hlch can 

inhihlt the chymotrypsln actlilt: b!, 50 “,,. WKf<i ti1c assay 
conditions. ProreIn wab assayed by the p~-~~.~~i!~~~ 0, it.1 [ 1x1 
using BSA as the standard 

~nnno acid unpins I-his war carried out ,v_xxrrding to the 

method otrel. [IY]. Samples were hydrolysed at 1 Ii) in 6 M tICI 

tbr 24. 4X and 72 hr in evacuated. se&d tubcb. Thi: total hali- 

cystine resdue was determrned accor&n& il: ict [?-(I! For the 


