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Abstract-Four proteinase inhibitors (DE-l to DE-4) were purified from E. lysistemon seed by chromato- 
graphic procedures involving Sephadex G-50, DEAE-cellulose and DEAE-Sepharose. They comprise 166-167 
amino acid residues (MW 18 200) including four half-cystine residues and resemble the Kunitz-type proteinase 
inhibitors. The N-terminal primary structure of DE-3 showed also homology with those of the Kunitz-type 
inhibitors. For DE-l, DE-2 and DE-4 no free N-terminal amino acid was found. Whereas DE-1 inhibits bovine 
a-chymotrypsin strongly and has no action on porcine trypsin, DE-2 inhibits trypsin strongly and a- 
chymotrypsin only weakly. DE-3 contains a potent inhibitor for both trypsin and cu-chymotrypsin, but DE-4 
inhibits trypsin strongly and binds (Y-chymotrypsin only weakly. 

INTRODUCTION 

Proteinase inhibitors occur widely in the animal and 
plant kingdoms and they have been isolated from 
various Leguminosae seeds [l]. Members of the 
Leguminosae are usually divided into three sub- 
families, namely, Mimosoideae, Caesalpinioideae and 
Lotoideae (Papilionoideae) [2]. A number of pro- 
teinase inhibitors from the Lotoideae, which includes 
most of the common food and fodder legumes of 
agricultural importance, and several from the Caes- 
alpinioideae have been isolated and characterized [3]. 
Recently, Odani et al. [4] and Kortt and Jermyn [5] 
reported on proteinase inhibitors from legume seeds 
which belong to the subfamily Mimosoideae. 

The genus Erythrina, a legume of subfamily Papil- 
ionoideae [6], consists of about 108 species of trees 
and shrubs distributed throughout tropical to warm- 
temperature regions of the world [7,8]. It has been 
established that seeds from southern African species 
of Erythrina, viz. E. acanthocarpa, E. caffra, E. 
humeana, E. latissima and E. lysistemon contain 
large concentrations of proteinase inhibitors. The 
purification and characterization of two proteinase 
inhibitors (DE-l and DE-3) from the seed of E. 
latissima, have recently been described [9]. The 
present communication describes the purification and 
some of the properties of four proteinase inhibitors 
from the seeds of E. lysistemon. 

RESULTS 

The elution profile obtained for the crude extract 
on Sephadex G-50 in 0.2 M ammonium hydrogen car- 
bonate solution is shown in Fig. 1. Various peaks 
were evident with only peak S, exhibiting trypsin as 
well as chymotrypsin inhibitor activities. Peak SZ was 
lyophilized and further fractionated on DEAE-cel- 

Eluate volume, 1. 

Fig. 1. Gel filtration of the crude extract of the seeds of E. 
lysistemon. Crude extract (2g) was loaded on Sephadex 
G-50 column (3.8 x 150 cm) and elution effected with 0.2 M 
ammonium hydrogen carbonate solution at a flow rate of 
50ml/hr. The column temperature was 20” and the eluate 
was monitored at 280nm. *I indicates trypsin inhibitor 

activity and *2 chymotrypsin inhibitor activity. 

lulose using a linear sodium chloride gradient (O- 
0.2 M over 2 1.) in 0.05 M Tris-HCI at pH 8. This 
revealed three major proteinase inhibitor peaks (Fig. 
2). Peaks C,, CZ and C, were each rechromatographed 
on DEAE-Sepharose columns (0.9 X 15 cm) using a 
linear sodium chloride gradient (O-O.2 M over 1 1.) at a 
flow of 12ml/hr in 0.05 M Tris-HCI pH 8. The 
chromatograms revealed for C, a major peak (DE-I), 
for C, a major peak (DE-2) and two minor peaks, and 
for C, two major peaks (DE-3 and DE-4). The 
purification of the proteinase inhibitors is summarized 
in Table 1. Disc electrophoresis both in the absence 
and presence of dodecyl sulphate showed that the 
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Fig. 2. Chromatography of peak SZ on DEAE-cellulose. 
Peak Sz (0.25 g) was loaded on DEAE-cellulose (0.9 x 15 cm) 
column and elution effected by a linear sodium chloride 
gradient (O-O.2 M over 2 1.) in 0.05 M Tris-HCl at pH 8 at a 
flow rate of SOml/hr. The column temperature was 20” and 
the eluate was monitored at 280nm. *I indicates trypsin 

inhibitor activity and *2 chymotrypsin inhibitor activity. 

proteinase inhibitors DE-l, DE-2, DE-3 and DE-4 
were probably homogeneous. Some of the properties 
of the inhibitors are summarized in Table 2 and their 
amino acid composition is given in Table 3. The 
N-terminal primary structure of reduced and S-car- 
boxymethylated proteinase inhibitor DE-3, deter- 
mined using the Beckman sequencer, is given in Fig. 
4(e). However, Edman degradation using the 
sequencer failed to yield any N-terminal amino acid 
for intact proteinase inhibitors DE-l, DE-2 and DE-4. 
Inhibition of porcine trypsin and bovine cu-chymo- 
trypsin at pH 8 by increasing levels of inhibitor DE-l, 
DE-2, DE-3 and DE-4 is shown in Fig. 3. 

DISCUSSION 

The proteinase inhibitors from Leguminosae may be 
divided into two general groups depending on their 
MW and cystine content, namely. the Bowman-Birk- 
type inhibitors and the Kunitz-type inhibitors. The 
Bowman-Birk-type inhibitors have MWs of 8000- 
10000 and a high cystine content (usually seven di- 
sulphides) [10-171. The Kunitz-type inhibitors have 
MWs ca 20000 and a low cystine content (usually 
two disulphides). The Kunitz soybean trypsin in- 
hibitor [ 18-201 is a typical example of this group. The 
inhibitors from winged bean (Psophocarpus tetra- 
gonolobus) [21,22], the seeds of Albizzia julibrissin 
[4], Erythrina latissima 191 and Acacia elata [5] 
belong also to the Kunitz-type. 

The MWs of proteinase inhibitor DE-l, DE-2, DE-3 
and DE-4 from E. lysistemon by gel filtration and 
dodecyl sulphate gel electrophoresis were of the 
order of 18000, and hence the inhibitors comprise 
166-167 amino acid residues including four half-cys- 
tine residues (Tables 2 and 3). Since no sulphydryl 
groups could be detected in the intact inhibitors, they 
are cross-linked by two intramolecular disulphide 
bonds. The MWs and low disulphide content of the E. 
lysistemon inhibitors resemble the Kunitz-type pro- 
teinase inhibitors. Furthermore, in Fig. 4 the N- 
terminal primary structure of inhibitor DE-3 is com- 
pared with those of Kunitz soybean trypsin inhibitor 
[l&20] and Kunitz-type inhibitors from the seeds of 
AIbizzin julibrissin (A-II and B-II) [4] and E. latis- 
sima [9]. The high degree of homology is quite 
obvious. 

The inhibitory activity characteristics of the four 
Kunitz-type proteinase inhibitors from E. lysistemon 
seed were varied and different. For DE-I the titration 
curve (Fig. 3a) was at first linear and extrapolation of 

Table 1. Summary of the purification of proteinase inhibitors DE-l, DE-2, DE-3 and DE-4 

Total inhibitor Specific inhibitor 

Protein activity activity Yield 
Steps (mg) (units x 103) (units/mg protein) (%) 

Crude preparation 2000 T 2700 1350 100.0 
C 2940 1470 100.0 

Sephadex G-50 405 T 1976 4880 73.2 
C 2336 5770 79.5 

DEAE-cellulose and 
DEAE-Sepharose 

DE-l 48 T 0 0 0 
C 478 9960 16.3 

DE-2 52 T 383 7360 14.2 
c 190 3660 6.5 

DE-3 42 T 420 10000 15.6 
C 286 6800 9.7 

DE-4 45 T 437 9710 16.2 
C 76 1700 2.6 

T-trypsin inhibitor; C-chymotrypsin. 
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Table 2. Some of the properties of proteinase inhibitors DE-l, DE-2, DE-3 and DE-4 

1215 

Property DE-l 

Disc electrophoresis One band 
SDS*-gel electrophoresis One band 

MW by: 
(i) gel filtration 

(ii) SDS-gel 

Inhibitor activities 

18 loo 
19 100 

Chymotrypsin 

Free SH 

N-Terminal amino acids None found 

DE-2 

One band 
One band 

DE-3 

One band 
One band 

16 800 18400 
18 300 18800 

Trypsin Trypsin 
Chymotrypsin Chymotrypsin 

None None 

None found Valine 

DE-4 

One band 
One band 

17700 
18 700 

Trypsin 
(Chymotrypsin) 

None 

None found 

*Sodium dodecyl sulphate. 

Table 3. Amino acid composition of proteinase inhibitors DE-l, DE-2, DE-3 and DE-4 

Amino acid 

Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Half-cystine* 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Lysine 
Histidine 
Arginine 
Tryptophan 

Total 

Kunitz soybean 
DE-l DE-2 DE-3 DE-4 trypsin inhibitor [18-201 

18.1(18) 15.4(U) 16.2(16) 15.2(15) 26 
10.9(11) 7.9(8) 8.5(9) 7.6(S) 7 
12.6(13) 15.9(16) 13.6(14) 16.6(17) 11 
19.0(19) 19.9(20) 25.4(25) 20.3(20) 18 
12.3(12) 11.7(12) 9.9(10) 11.3(11) 10 
12.1(12) 15.7(16) 13.8(14) 15.4(15) 16 
11.9(12) 4.3(4) 6.2(6) 3.9(4) 8 
3.7(4) 4.1(4) 3.7(4) 4.0(4) 4 

12.0(12) 10.4(10) 11.7(12) 10.5(11) 14 
0.2(O) 1.0(l) 0.1(O) 1.1(l) 2 
6.1(6) 9.1(9) 5.8(6) 8.8(9) 14 

15.7(16) 13.6(14) 15.6(16) 13.6(14) 15 
6.0(6) 9.8(10) 7.7(8) 9.6(10) 4 
4.9(5) 6.1(6) 4.1(4) 5.8(6) 9 
7.8(8) 10.2(10) 11.8(12) 10.7(11) 10 
2.0(2) 1.3(l) 2.0(2) 2.0(2) 2 
7.6(8) 7.7(8) 6.5(7) 7.3(7) 9 
1.8(2) 2.1(2) 2.0(2) 2.1(2) 2 

166.0 166.0 167.0 167.0 181 

Samples were hydrolysed for 24 hr. Values are given as mol of residue/m01 of proteinase 
inhibitors. 

*Determined as cysteic acid by the method of Hirs [29]. 

the data indicated that 1 mol of the inhibitor reacts 
with ca 2 mol of a-chymotrypsin. At higher molar 
ratios CY-chymotrypsin was completely inhibited. 
Trypsin was not inhibited by DE-l. The titration 
curves (Figs. 3b and d) for DE-2 and DE-4 were 
similar. Data showed that inhibitors DE-2 and DE-4 
stoichiometrically inhibited trypsin in the molar ratio 
of 1 : 1, a-chymotrypsin was also inhibited but did 
not follow a stoichiometric relationship and the in- 
hibitor capacities were different, inhibitor DE-2 
showed a higher inhibitory capacity than DE-4. In- 
hibitor DE-3 contains a very potent inhibitor for both 
trypsin and a-chymotrypsin but the titration curves 
were scmewhat different (Fig. 3~). Trypsin was in- 

hibited in a stoichiometric relation by inhibitor DE-3. 
The inhibition was almost complete at a molar ratio 
of the inhibitor to trypsin of 1 : 1. The inhibition of 
a-chymotrypsin by increasing levels of DE-3 was 
linear at first and extrapolation of the data indicated 
that one mol of the inhibitor binds with 2 mol of 
a-chymotrypsin. 

A number of papers have appeared, recently, on 
the Kunitz-type proteinase inhibitors from various 
legume sources [4,5,9,21,23]. The inhibitory activity 
characteristics of the proteinase inhibitors from E. 
lysistemon seed in most cases resemble those of 
Kunitz-type proteinase inhibitors from other legume 
seed. 
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Fig 3. Inhibition of porcine trypsin and bovine u-chymotrypsin by increasing amount of Kunitz-type 
proteinase inhibitors from E. lysisfemon seed. (a) DE-l, (b) DE-2, (c) DE-3 and (d) DE-4. Inhibition of 

trypsin @--a. Inhibition of tr-chymotrypsin O-O. MW of I8 200 for the four inhibitors was used. 

15 20 

Leu-Glu~AswGly-Gly Thr iyr-Tyr-Iie-_eu SE, -Asp - 

HzN-Lys-GIL La-Leu-Asp Alo Asp-Gly Asp-Ile Leu Leu AS”-Gly-Gly 

(C) H,N-SWAsn-Leu Leu-Leu-Asp Thr Asp-Gly-Ax Leu Leu-G,u Asp G,ymG,y 

iii H~N~L~“-A~p!ii’,r:.,~G,~ i ~~~~~~~~~~A~a ! ! 

H2N Vol-Leu-Leu-AspmGly Asn Gly Glu Val Val Gin-Asn Gly-Gly Gly Tyi-Tyr Leu ~eu-Pro Gin - - 

Fig. 4. Comparison of the N-terminal primary structures of Kunitz-type proteinase inhibitors from various 
sources. (a) Kunitz soybean trypsin inhibitor [18-201; (b) AIbizzia juiibrissin A-II [41; CC) ALbizzia jdibrissin 
B-II [4]; (d) Erythrina latissima DE-3 [9] and (e) Erythrina lysistemon DE-3 (this paper). The circles in a 

boxed region indicate variant amino acid, x indicates unidentified amino residues. 

EXPERIMENTAL 

M&rids. Erythrina lysistemon seeds were supplied by 
the Forest Research Institute, Ketjen Street, Pretoria West. 
Procine trypsin (3 xcrystallized) was supplied by Miles 
Laboratories (Pty) Ltd, Cape Town. Bovine a-chymotrypsin 
was obtained from Worthington. N-a-Benzoyl-r_-arginine 
ester hydrochloride (BzArgOEt) and N-acetyl-t.-tyrosine 
ethyl ester (AcTyrOEt) was obtained from BDH Chemicals 
and Merck, respectively. Diethylaminoethylcellulose (DEAE- 
cellulose) was a microgranular preparation (DE-52) from 
Whatman. Sephadex G-50 (fine) and DEAE-Sepharose CL-6B 
were obtained from Pharmacia. 

Physicochemical methods. Sephadex G-SO, DEAE-cellu- 
lose and DEAE-Sepharose columns were prepared as 
recommended by the manufacturers and the eluates were 
monitored at 280nm with a Beckman spectrophotometer. 
Estimation of MWs by gel filtration was carried out as 

described in ref. [23] using a Sephadex G-50 column (0.9~ 
150cm). Markers used were soybean trypsin inhibitor 
(20 100) myoglobin (17 800). ribonuclease (13 700) and Naja 
niuen toxin a (7900). Disc electrophoresis at pH 8.9 using a 
15% gel was performed according to the method of ref. [24]. 
SDS gel electrophoresis at pH 7.2 using a IO% gel was 
carried out as described in ref. [25]. 

Proteinase inhibitor ussays. Assays used were based on 
the methods developed in ref. (261. The rates of hydrolysis 
at 30” of N-a-benzoyl-r_-arginine ethyl ester by porcine 
trypsin and of N-acetyl-I.-tyrosine ethyl ester by bovine 
chymotrypsin. were recorded as a change in A at 253 and 
237 nm, respectively. Both enzymes were kept as stock soln 
of 3 mglml in 1 mM HCI. The substrates were used at 
concns of 1 mM for both N-a-benzoyl-L-arginine ethyl ester 
and N-acetyl-L-tryrosine ethyl ester in 0.05 M Tris-HCI. 
0.01 M CaC&, pH 8 and 0.05 M KPi, pH 7. containing 109 
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MeOH, respectively. Inhibition of trypsin and chymotrypsin 
by increasing levels of the inhibitors was assessed by in- 
cubating the enzymes with suitable quantities of the in- 
hibitors in 0.1 M Tris-HCl pH 8, for 5 min at room temp. as 
described [22], and thereafter assaying for enzyme activity 
remaining. The concn of the enzymes was corrected for 
inactive materials as determined by active-site titrations 
[27]. One unit of enzyme activity was defined as that amount 
of enzyme causing a change in the amount of substrate of 
I pmol/min at 30”. One unit of inhibitor activity was defined 
as that amount of inhibitor which inhibited one unit of 
enzyme activity. Specific inhibitor activity was expressed as 
inhibitor unitslmg inhibitor. 

5. Kortt, A. A. and Jermyn, M. A. (1981) Eur. J. Biochem. 
115, 551. 

6. Palgrave, K. C. (1977) in Trees of Southern Africa 
(Moll, E. J., ed.), p. 214. C. Struik, Cape Town. 

7. Raven, P. H. (1974) Lloydia 37, 543. 
8. Krukoff, B. A. and Barneby, R. C. (1974) Lloydia 31, 

332. 
9. Joubert, F. J., Carlsson, F. H. H. and Haylett, T. (1981) 

Hoppe-Seyler’s Z. Physiol. Chem. 362, 531. 
10. Odani, S. and Ikenaka, T. (1972) J. Biochem., Tokyo 71, 

839. 
11. Odani, S. and Ikenaka, T. (1977) J. Biochem., Tokyo 82, 

1523. 
Chemical analysis methods. Amino acid analyses were 

performed with an automatic Beckman amino acid analyzer. 
Samples were hydrolysed with 6 M HCI for 24 hr in sealed 
evacuated tubes; phenol was added to prevent destruction 
of tyrosine [28]. Half-cystine was determined as cysteic acid 
by the method of ref. [29]. For the determination of trypto- 
phan the samples were hydrolysed with 3M p-toluene sul- 
phonic acid as described in ref. [30]. Free sulphydryl groups 
were assayed in intact proteinase inhibitor samples in 6M 
guanidinium chloride according to ref. [3l]. 

12. Odani, S. and Ikenaka, T. (1978) J. Biochem., Tokyo 83, 
739. 

13. Tan, C. G. L. and Stevens, F. C. (1971) Eur. J. Biochem. 
18, 503. 

14. Stevens, F. C., Wuerz, S. and Krahn, J. (1974) Bayer- 
Symp. 5, 344. 

15. Wilson, K. A. and Laskowski, M. Sr. (1975) J. Biol. 
Chem. 250,426l. 

N-Terminal amino acid sequence. The N-terminal 
sequence of reduced and S-carboxymethylated proteinase 
inhibitor samples was determined with a Beckman 
sequencer as described [32]. 

16. Ishikawa, C., Nakamura, S., Watanabe, K. and Taka- 
hashi, K. (1979) FEBS Letters 99, 97. 

17. Joubert, F. J., Kruger, H., Townshend, G. S. and Botes, 
D. P. (1979) Eur. J. Biochem. 97.85. 

18. Koide, T. and Ikenaka, T. (1973) Eur. J. Biochem. 32, 
401. 

Preparation of the crude proteinase inhibitor. Ground 
defatted E, lysistemon seeds (1OOg) were extracted with 
0.5 M NaCl solution (1 I.) overnight at 10”. The suspension 
was then macerated for 5 min in a Waring Blender. The 
extract was clarified by centrifugation at 10 000 rpm, brought 
to 70% satn with (NH&SO4 and the ppt recovered by 
centrifugation. The ppt was redissolved in 0.05 M NaCl soln, 
dialysed against HZ0 and lyophilized. The yield of the 
extract was 15.1 g. 

19. Koide, T., Tsunasawa, S. and Ikenaka, T. (1973) Eur. J. 
Biochem. 32,408. 

20. Koide, T. and Ikenaka, T. (1973) Eur. J. Biochem. 32, 
417. 

21. Kortt, A. A. (1979) Biochim. Biophys. Acta 577, 371. 
22. Kortt, A. A. (1980) Biochim. Biophys. Acta 624, 237. 
23. Andrews, P. (1970) Meth. Biochem. Anal. 18, 1. 
24. Ornstein, L. and Davis, B. J. (1962) Disc Electro- 

phoresis. Reprinted by Distillation Products Industries, 
Rochester, N.Y. 
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