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Abstract-Four protease inhibitors were demonstrated and two, BBPI-I and BBPI-2. were purified from broad 
bean seeds using a combination of (NH&SO, fractionation, ion-exchange chromatography on CM 52-cellulose 
and CM 50 Sephadex. BBPI-I and 2 had broad specificity and inhibited trypsin, chymotrypsin, thrombin, pro- 
nase and papain. Both inhibitors were heat stable, had a wide pH tolerance, a MW of approximately 11000 and 
contained 14.5% N,. BBPI-1 and 2 had a p1 of 8.5 and 7.5 respectively. 

INTRODUCTION 

PROTEIN inhibitors of trypsin and other proteases are widespread in both the plant and 
animal kingdom. The seeds of the Leguminosue are especially rich sources of these inhibi- 
tors l-3 and a number have been purified and characterized as far as the primary struc- 
ture.4,s These inhibitors have been well studied, chiefly because of their importance in the 
digestibility of protein by animals and humans6 The physiological role of these inhibitors 
in the plant remains obscure but involvement in the control of protein hydrolysis in ger- 
minating seeds’ and as protective agents against insects and fungal pests3 have been sug- 
gested. 

In this country seeds of I/iciu j&a, including field and broad bean, have traditionally 
been consumed by both man and animal, but in recent years the field bean has increased 
in importance as the source of protein for production of textured protein products for 
human consumption.’ Information on the deleterious effects of protease inhibitors (PI) in 
the seeds of I/iciafabu are scarce, indeed Borchers et al .’ failed to detect any inhibitors 
in the seeds. The presence of PI in double bean was demonstrated by Sohonie and Ambe’ 
in 1955, who described a method for its purification. Using a modified procedure a crystal- 
line inhibitor was prepared which was shown to be soluble and stable in 2.5% TCA, heat 
stable and tolerant to extreme pH. lo The inhibitor which had a broad specificity was active 

’ LII NEK, I. E. (1962) Am. J. C/in. Nuts. 11, 281. 
’ BOKC‘HI KS. H.. ACI(I KSON. C. W. and KIMMITT. L. (1947) A& Biochern. Biophys. 13. 291. 
’ BIKK, K. (196X) A/I/I. N. Z: Ac,od. Si. 146, 3XX. 
4 IKENAKA, T., KOIDE, T. and ODANI. S. (1971) Proc. First Int. Rrs. Conf Proteinase Inhibitors (FRITZ, H. 

and TSCHESCHE, H., eds.), pp. 108-l 16, de Gruyter, Berlin. 
’ STEVENS, F. C. (1971) Proc. First Inc. Rrs. Conf: Proteinase lnhibitors (FRITZ, H. and TSCHESCHE, H., eds.) pp. 

149-155, de Gruyter, Berlin. 
’ NESHEIM, M. C. and GARLIC-H, J. D. (1966) J. Nutrition 88, 187. 
’ SHAIN, Y. and MAYER, A. M. (1965) Physiol. Plant. 18, 853. 
8 FUNK, T. and CHRISTIANSENS, I. (1973) Food Sci. & Echnol. 6, 102. 
9 SOHONIE, K. and AMBE, K. S. (1955) Nature 175, 508. 

lo SOI~ONIE. K.. H~IPRIKAR. S. V. and JOSHI. M. R. (1959) J. Sci. Ind. Res. India 18C, 95. 
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against trypsin, chymotrypsin. acetyl trypsin and papain, contained 13’!,, Nz and had an 
isoelectric point of 8.6.“’ A similar inhibitor was found in field bean by Nitsan.” which 

also proved to be stable to autoclaving. while the purified inhibitor isolated by Wilson 
~‘t trl.” was found to be heat labile and had a low percentage nitrogen (Sal”,,). 

In view of the paucity and confkting information on the PI from Kcirrjlrha. an investi- 
gation was initiated to isolate, purify and charactcrizc the inhibitors from broad bean. The 
present communication is concerned with the isolation. purification and partial characteri- 
zation of the inhibitors from this bean. 

2,5”,, TCA and 0.05 M t1 -SO, pro\ed to bc sclccti\c cutractants of PI (antitrypsin ncti- 
vity) and similar proteins while the other reagents tested had the disadvantage of being 

effective protein solvents thus giving PI extracts of low specific actkit) (Table 1). In the 
extraction procedure finally adopted. TCA was used in preference to H,SO, because it 
gave extracts of slightly higher specific activity. A 4-Fold increase in the PI specific activity 
of the inhibitors in TCA extract could be obtained either by dialysis against distilled Hz0 
for 48 hr or by ad.justinp the pH to 4.5. The latter procedure was the one generalI>, adopted 
in the purification process. 

Extractant 131-l 
Total protein-b Total [TU]‘.” 

&I inhibited$ 
Specific 
acti\it>C 

0.1 M KCI-WC1 
0.1 M acetate 
0.1 M acetate 
0.1 M phosphate 
0.1 M phosphate 
w 1 M Trb HC‘Z 
005 M H,SO, 
0~05 M NaOH 
0.1 M NaCl 
7.Y TCA - IO 
Dist. H,O 213 

315 
55(l 
645 
350 
450 
5X> 

hW 
165 
550 
(II 5 
550 

* 1 kg Meal. 
+ Protein determined by t)luret.’ ’ 
t InhibItor units expressed as Kunitr ILlnits 
$ IO ‘[Tu]‘,” inhibited my Inhihitol- 

(N t+& SC:, fr;ictkaikm 6-F the p-I+ 4-5 extract &a+ clwifica~i~n pdtceti i-hw T-2 hir 

frac t ic ns rram&p he cureen 2&9Q’~~, 4G 50” () LK& scr--Be ; saturatiun. w k&t\ zXB.!,RM far 
almost 90”. of the total PI units of the original TCA extract (Table 2). Each fraction pos- 
sessed almost equal amounts of Trypsin Inhibitor Units (TI1J) but the 5@-60”. fraction 
had the highest specific activity. Acrylamide gel electrophoresis of each fraction revealed 
a similar qualitative pattern of the inhibitors but different quantitative protein distribu- 
tion. Tiie moriliiiy ol“tlie lintiliiliors EWtTU~4'on tlie gel: rellitltit‘ to the market d)c was 
01.5. 040. 03.5 and 030 respectively. 

’ ’ NITSAN. Z. ( 197 I ) ./. Gr. f W/ ~c/J,I. 22, 153. 
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TABLET. AMMONIUMSULPHATEFRACTIONATIONOFTCAEXTRACTFROMBROADBEANS 
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Fraction 
Total protein* Total [TU]‘“” Specific 

(mg) inhibitedt activity!: 

b-30 380 46 116.6 

3&40 1800 182 101.0 

4&50 2200 185 84.1 

5&60 1040 174 167.3 

60-100 2000 15 I.5 

* Protein determined by Folin-Lowry method’j For other details see Table I 

TABLE 3. YIELD AND POTENCY OF FRACTIONS OBTAINED DURING THE PURIFICATION OF PROTEASE INHIBITORS FROM 
BROADBEAN 

Fraction 
Protein [TU]‘“” 

(mg) inhibited Specific activity 
Yield 

(%) 

TCA extract 
Dialysis or 

pH 4.5 fraction 
(NH&SO, fractionation 

(a) 30-40% 
(b) 4@50% 
(c) 5@60% 

CM-Cellulose 

(a) Peak 1 + 2 
Peak 4 

(b) Peak 1 
Peak 2 
Peak 4 

(c) Peak 1 
Peak 2 
Peak 3 
Peak 4 

29000 615 21 100 

7500 615 80 100 

1800 182 101 30 

2200 185 84 30 

1040 174 167 28 

847 46 54 18.6 
95 68 712 

211 38 365 
51 20 399 27 

109 109 1000 
51 8 158 
40 9 202 
33 11 328 20 

129 103 799 

CM-Sephadex 
Peak 3 

(c) BBPI-2 
Peak 4 

(a) BBPI-1 
(b) BBPI-1 
(c) BBPI-I 

9 7 753 1.1 

58 61 1047 10.0 
92 96 1047 15.6 
87 91 1047 14.8 

Chromatography on CM-cellulose resolved each (NH&SO, fraction into four com- 
ponents possessing PI activity. These were numbered l-4 in order of elution. Components 
1 and 2 were eluted at 0.235 M and 0.25 M NaCl respectively, while 3 and 4 emerged 
between 240-400 ml and 4OW80 ml 025 M NaCl respectively. Each (NH&SO4 fraction 
contained different proportions of each component e.g. in the 50-60x fraction, component 
4 accounted for about 75% of the PI activity eluted from the column while the remainder 
contained equal amounts of 1,2 and 3 (Table 3). Acrylamide gel electrophoresis revealed 
that 1, 2, 3 and 4 each contained several proteins but only 3 and 4 were purified further 
on CM-Sephadex. Component 4 was found to contain a single inhibitor which was eluted 
between 160-400 ml 025 M NaCl and was named BBPI-1. Component 3 contained equal 
proportions of BBPI-1 and a second inhibitor which was eluted at @25 M NaCl and which 
was designated BBPI-2. BBPI-1 and 2 were shown to be single proteins on acrylamide gels. 
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The specific activity of BBPI-1 and 2 determined as antitrypsin activity using casein as 
substrate was found to be 1047 and 753 mg protein thus giving a purification of 50- and 
35-fold respectively. 

PiVpcWies cfthe hroctd bean protrasr inhibitors 

BBPI-1 and 2 were found to inhibit a wide range of proteases from widely different 
sources including trypsin, chymotrypsin, pronase, thrombin and papain albeit only slightly 
(Table 4}_ Both jnhj’&oIs musf possess a1 1casl two jnhj’&or sjles since chymolr~ptio was 
inhibifed by fhe BBPI-frypsin complex and vice versa. Pepsin, carhoxypepfidase .A and 
B, amino peptidase and subtilisin were not affected by either inhibitor. Pepsin was found 
not t(Dh,YkX+,Ysc i+ither’,n%~~1~Dr nYelra,~ej%b J3%hra1,&31. 

In lhcid m&k& (#X 1;5\ hCAtin3 at IQ&Y fnr I kr Y~ad )sc, e!%ct o>> 9~ a>>+&ypsjn ~ctiu%~ 
and at 120.’ for the same periods only 10’:; of the activity was lost. At pH 12 however. 

the inhibitors were rapidly inactivated al 70‘ and ahovc. 
prC’;-;” 11111111wiy ‘Ls~5T?~~te~ “I 1 , -d- t I @p#” $07 t]lR f,$(‘$( of Izg,B’,_< ‘,‘-“2 7 .r ..A,+< ;m >A A., m II +. 

L 11~ L vN.Y2 ~~uth~~hu try II~C%IA 

of elcctrophoresis on SDS-acrylamide gel, The isoelectric pH of BBPI-1 and 2 by isoelec- 
tric f(ocl&ing were founb fo he 3.5 ~DB 33 re.sjecj)-+P)_Y, Cener;is?y >bhe Ij,lro~~n con2erjr 
of both inhibitors was not lower than 14.5”,,. 

‘rAl<Lt 4. PI:R(‘t.N f’hC;f IUHIHITfON Ok I’ROII.ASf~S f?\r BBPI 

lnhihitor (I) 

Inhibition (I’,,) 
Ratio Trypsin Trypsin Chymo Ratio Acetyl 

EjI mol (Bovine) (Hog) trypsin Thrombin F. ‘lwt Pronase trypsin 

BBPI-1 

BBPI-2 

_____ 

60 
75 
40 
60 

40 33 25 1 .o 100 as 
54 55 50 0.5 100 86 
39 17 1 .o 94 59 
53 30 0.5 94 69 
--~ ~__ ____-- 

Four PI have been shown to occur in the broad bean seeds and two of these have been 
isolated in a highly purified state. The properties of both inhibitors are very similar with 
regard to specificity, stability, MW and nitrogen content, but both possess different activity 
towards trypsin, pI and other physical characteristics, indicating differences in composi- 
tion. Because both inhibitors have similar properties they may be regarded as iso-inhibi- 
tors. &iXip[e inhihitars have heen isolated fr0.m a ~U&KK af 1e~11.n~ seeds inc&G.ng _sq- 
bean. I3 Lima bean,’ 4 garden bean’ ’ and mung bean. “’ 

BBPI-1 and 2. like all the inhibitors previously described. appear to have ;I characteristic 
low MW. Both inhibitors are stable at low pH but are extremely labile at neutral and alka- 
line pH. This observation is contrary to those of Sohonie et ul.,‘” who showed the crystal- 
line ixin’tbitar From double bean was srahSe lo aurasSau~_~g Tns 3 IV al $G 7.6 and Wi\son 
et r/l.” who found ;I purified inhibitor from field bean dissolved 2.5 x 10 -’ M HCl was 
inactivated by autoclaving for 30 min. 
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The inhibitors purified here also conform to the general pattern of legume inhibitors 
in possessing a broad specificity to both plant and animal proteases, and in being capable 
of the simultaneous and independent inhibition of both trypsin and chymotrypsin. Further 
they are not destroyed or broken down by pepsin. As yet it is now known whether the 
BBPI are effective against the proteases of ficiafuha. With all this work, the ultimate aim 
is to determine the physiological role of the inhibitors both in the developing and ger- 
minating seeds. Only by characterising the pure inhibitors fully will these functions be 
completely understood. 

1:XPFRIMFNTAL 

~II[r~~ri<rl.\. Seeds 01‘ I ‘iciu /h CL. Long Pod wcrc dchullcd by hand and ground in a bench hammer mill 
to pass through a 0.2 mm sieve. The meal was defatted by several extractions with petrol b.p. 40 60 (I :4 w/v) 
for over 24 hr. After removal of the petrol, the defatted meal was stored at 4”. 

Suruey of extmctunfs. Crude extracts of the antitrypsin factors were prepared by extracting 1 g with 5 vol. of 
the following solns for 2 hr at 20’; H,O, 0.05 M NaOH, 0.05 M H,SO,. 0.1 M KCI-HCI buffer pH 2.4; 0.1 
M Na acetate buffer pH 4 and 5.6. 0.1 M phosphate buffer pH 7 and 8, 0.1 M Tris-HCl buffer pH IO. 0.1 M 
NaCl and 2,5”/ TCA. The supernatant obtained after centrifuging the extract at 15000 9 for 30 min was used 
as the crude crtract which was assayed for protein by the biuret method” ,lnd for antitrypsin activity by the 
Kunitz method.lx TCA was the most effective agent for extracting the antitrypsin factors of high sp. act. 
(Table I). 

Purijication procedure. Bean meal (100 g) was extracted 2 x with 5 vol. of 2.5% TCA for 2 hr at 20’. After centri- 
fugation at 150009 for 30 min the combined supernatants (pH 1.9) were adjusted to pH 4.5 with 2 M NaOH. 
After standing for I hr at 20-. the suspension was clarified by centrifugation at 15OOOq for 30 min. The superna- 
tant was fractionated at 30, 40, 50, 60 and 100’;” (NH&SO, saturation and the protein ppts in each case were 
collected by centrifugation at 15000 y for 30 min. The pellets were dissolved in the minimum vol. of HZ0 and 
dialysed for 60 hr at 4” against several changes of H,O. The dialysed proteins were lyophilized and stored at 
~ 14 until required. 

C’I~~r,,rrotoc/mphy on CM-52 cellulose. CM-cellulose, after equilibration with 005 M acctntc hufl’cr pH 4. was 
packed in a column 2.5 x 90 cm by pumping 5 mM acetate buffer pH 4 through the column at X0 ml hr for 
24 hr. Approximately 300 400 mg of the (NH,),SO, isolate was dissolved in 20 ml starting buffer (5 mM acetate 
bulfer pH 4). Elutlon of the antitrypsin factors was cl?cctcd by the following buiTcrs at X0 ml;hr: (a) I litre starting 
buffer: (b) linear gradient clution hctwccn 0 0.25 M NnCI in starting huffcr using :I total vol. of 4 I.: (c) I I. 0.25 
M NaCl in starting buffer. Fractions (4 ml) were collected and every 5th tube was checked for A at 280 nm and 
assayed for antitrypsin activity. Numbering from the start gf the gradient, the fractions eluted between 96@990; 
100&1055; 106GllOO and 1 lOlL1220 were pooled to yield fractions 1, 2, 3 and 4 respectively. These fractions 
were dialysed against several changes of HZ0 at 4” and then lyophilized. Each fraction was examined by polyac- 
rylamide gel electrophoresis. 

Ch~o,~~c/toc/~‘rrl,h, O,I CM Scphodc\- C-50. A 2.5 x 90 cm column of prc-swollen CM-Sephadex was packed by 
pumping 50 mM phosphate buffer pH 6 through it for 24 hr at a Ilow rate of 20 ml;hr. Fraction 3 and 4 from 
CM-cellulose chromatography was dissolved in IO ml (cu 100 mg) of 50 mM phosphate buffer pH 6 and applied 
separ;rtcly to the column which was eluted as follows: 
(a) 200 ml 50 mM phosphate bufTcr pH 6: (b) linear gradient from O-0.25 M NaCl in starting buffer using a 
total vol. of I litrc: (c) 500 ml of 0.15 M NaCl in starting huffcr. Fractions (4 ml) were collected and cvcrq 5th 
tube was checked for A at 280 nm and assayed for antltrypsin activity. Following the chromatography of fraction 
4 the fractions eluted between 340 and 400 were pooled to yield antitrypsin Factor I IBBPI-1) (vol. 240 ml). Simi- 
larly fraction 3 gave antitrypsin Factor 2 (BBPI-2) between 280 and 330 (vol. 200 ml) and BBPI-1 as above. The 
pooled fractions were dialysed against H,O for 78 hr and lyophilized. The purity of both inhibitors was checked 
by acrylamide gel electrophoresis at pH 4 and 9.4. 

Actruiry ofprorrusr irlhihirors. The inhibitory activity against trypsin, chymotrypsin, pronase, acetyl-trypsin and 
papain was dctermincd by the caseinolytic procedure described bq Kunit7. ‘* Under the conditions of the assay. 
Kunitz18 defined I unit of antitrypsin activity (TIU) as the amount of inhibitor which depressed the trypsin or 
chrymotrypsin activity by one trypsin or chymotrypsin unit. Sp. act. of the inhibitor was defined as the number 
of trypsin-inhibitor units/mg inhibitor protein. (The trypsin unit (TU)‘“’ is defined as the amount ofenzyme which 
results in an increase of 1 unit of A at 280 nm per min at 37” and pH 7.6). Antithrombin activity was assayed 
by the method 01” Hummcl ” using TAMF as suhstratc. 

” GOK~XALL, A. G., BAKUAWILL, C. J. and DAVID, M. M. (1949) J. Viol. C/IWI. 177, 751. 
‘* KUNITZ. M. (1947) J. Gal. Physiol. 30, 291. 
I9 HI,MMI I. B. C. W. (1959) COOL J. R;&Iv~II. Phwiol. 37, 1339. 



Pol~clcrJYumidr gel disc electrophoresis was performed according to the method of Ornstein and Davies?” and 
vertical flat gel electrophoresis according to the method described by Koberts..” 

Isorlrctric focussiny was effected” with ampholine giving a pH gradient between 3 and IO. stabilized against 
convection by means of a polyacrylamide gel matrix. The process was carried out in disc electrophoresls tubes 
using a conventional apparatus. 

Protein determination. Protein was determined either by the Biuret procedure” or b! Lowry’s method.‘3 Total 
N was determined by micro-Kjeldahl method as modified by Lillevick.“” 

“’ 0usr1 IN. L. and DAVIS, B. J. (1964) iluu. !Y. I: lurtl. SC;. 121, 371 and 404. 
’ ’ ROBI ~1‘s. P. C. H. (1972) C/~rn. I&. 850. 
” B\~cI<~ rr. A. J. Personal conltnunic:itio11. 
” LOW\. 0. H.. Rest IJHOCGH. N. J.. F,hKI(. A. R. and KA?IDALL. R. J. (1951) J. Bid C‘/ICW. 193. 265. 
-“’ I.11 1-t L~C I<. H. A (1970) .il~zt/~~/\ III Foori 3wl~.si.\ (Josr.~~. M. A.. cd.) 2nd cdn. pp 601. Academic Press. NC\\, 

York. 


