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Summary 

An SH-proteinase (EC 3.4.22.--) has been isolated from beans of the 
species Phaseolus vulgaris var. Perli~ka. The enzyme is homogeneous when 
subjected to disc electrophoresis, electrofocusing and sedimentation analysis. 
The molecular weight was determined as 26 000--28 000 by gel filtration, 
30 850 + 1500 by sedimentation analysis and 26 930--27 410 by calculation 
from the amino acid composition (Lys20_21,  His3, Argg, Asp21-22,  Thr13, 
Ser ls ,  Pro12-13-~ Glu23_24,  Gly30, Ala l s ,  Cys/29, V a l ~ ,  Mete, I lel0,  
Leu~ 3, Tyrl 4, Phe6, Trp3). The N-terminal amino acid of the proteinase is 
isoleucine. The effect of concentration, time of hydrolysis, pH, temperature, 
cations, anions, urea and guanidine • HC1 on the proteolytic activity of the 
SH-proteinase was studied. 

Introduction 

Little is known about proteolytic enzymes isolated from leguminous 
plants even though it appears from the data obtained during the past few years 
that  various types of bean may represent a rich source of proteinases. 

The proteinase from soy bean is one of the first proteinases ever isolated 
from leguminous plants; it is obviously an SH-proteinase, with opt imum activ- 
ity at pH 5.5 [1,2]. A proteinase of the same type has also been isolated from 
Lima beans [ 3 ]. 

A mixture of proteolytic enzymes can be extracted from the kidney- 
shaped bean, Phaseolus vulgaris, which shows activity of the chymotrypsin,  
leucine aminopeptidase and trypsin type [4].  A so-far unspecified proteinase 
has been isolated from the seedlings of the bean Phaseolus aureus R e x b  [5].  

An endopeptidase has been isolated from the bean Phaseolus angularis. 
Inhibition studies have shown that  endopeptidase is not  an SH-proteinase, but 
its type has not  been determined so far [6]. The leaves of the bean Phaseolus 
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vulgaris vat. pencil contain an enzyme which hydrolyzes casein and hemoglobin 
to long peptide fragments [7] .  The type  of  this proteinase has not  been defined 
as yet,  but  it is assumed that it strongly resembles the proteinase which accom- 
panies phaseolain. Phaseolain is a carboxypept idase first isolated by Wells [8] 
together with other  proteolyt ic  enzymes (so far designated proteinases a, b and 
c) from French beans. Of this populat ion of  enzymes, phaseolain has been 
studied most  and is the most  interesting one because of  its unique structure 
around the active site [9- -11] .  It has been postulated that  one of the protein- 
ases mentioned is of  the SH-type. The SH-proteinase isolated by us will be 
compared with papain, ficin and bromelain, which are the plant SH-proteinases 
most  studied so far. 

Materials and Methods 

The SH-proteinase was isolated from the bean Phaseolus vulgaris var. Per- 
li~ka by covalent chromatography on mercury derivatives of  hydroxyalkyl-  
methacrylate gels [12] and purified by chromatography on a column of Sepha- 
dex G-75 (2.5 × 43 cm), equilibrated in 0.02 M ammonium acetate, pH 6 
{Fig. 1). The proteolyt ic  activity was determined by a modification [13] of  the 
method of Anson [14] .  The number  of  free SH groups was determined accord- 
ing to R o b y t  et al. [15] .  

Homogeneity o f  SH-proteinase 
Disc electrophoresis in 7.5% polyacrylamide gel and fl-alanine buffer, pH 

4.3, was carried out  according to Nagai et al. [16] .  The mobil i ty of  0.5 and 
1.0% solutions of  the SH-proteinase was examined by  electrophoresis runs of  1, 
2 and 3 h. 

The sedimentation coefficient of  0.25, 0.5, 0.75 and 1% solutions of  the 
SH-proteinase in 0.05 M NH4HCO3 was measured in Spinco Model E ultra- 
centrifuge at 59 780 rev./min (Fig. 2). 

The isoelectric point  was established by electrofocusing in a sucrose gradi- 
ent  at pH 3--10 in LKB 8101 apparatus, by the procedure recommended in the 
LKB manual [18] .  The focusing was allowed to proceed for 44 h at 300 V 
(Fig. 3). 

Characterization o f  proteinase 
The molecular weight was determined in the ultracentrifuge by the meth- 

od of Yphantis [19] and by gel filtration on a column of Sephadex G-150 (2.5 
× 48 cm) equilibrated in 0.02 M ammonium acetate at pH 6 [20,21] (Fig. 4). 

The quantitative amino acid analysis was performed by the method of 
Spackman et al. [22] and the results are given in Table I. The values shown in 
the Table are means of three determinations carried out  with both  oxidized and 
unoxidized samples. 

The sugar content  was determined qualitatively by the anthrone method  
[23] .  

Dependence of proteolyt ic  activity on t ime of hydrolysis was investigated. 
A proteinase solution (0.5 mg/100 pl) was pipet ted into test-tubes containing 
the hemoglobin solution at pH 5, 8 and 10. Unhydrolyzed hemoglobin was 
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precipitated by 5% trichloroacetic acid after 5, 10, 20, 30, 40, 50, 60, 70, 80 
and 90 min of hydrolysis (Fig. 5). 

Investigation o f  stability o f  SH-proteinase 
The stability of  SH-proteinase as function of  pH was investigated by add- 

ing a proteinase solution (2 mg/0.1 ml) to 2 ml of Brit ton-Robinson [24] 
buffer at various pH values. The mixture was allowed to stand 10 min, 3 and 
24 h at room temperature. After this period, 0.2 ml of  the activating solution 
(0.05 N Cys/0.02 M EDTA, pH 8.5) was added and the proteolyt ic  activity was 
determined at pH 8 (Fig. 6}. 

To investigate the effect of temperature on proteolyt ic  activity, the pro- 
teolytic activity of the proteinase was determined after 0.5 h incubation of a 
0.05% solution of the SH-proteinase in water (pH 5.8), 0.005 M CaCl: (pH 6.2) 
and 0.01 M NaC1 (pH 6.1) at temperature values of 4, 20, 30, 40, 50, 60, 70, 
80 and 90 ° C. The activity was determined after activation of the proteinase 
samples immediately before the assay (Fig. 7). 

To determine the effect  of cations on proteolyt ic  activity, a 0.05% solu- 
tion of  the SH-proteinase in 0.1 M Tris • HC1 buffer at pH 7 was incubated in 
the presence of 0.1 and 0.001 M solutions of various cations for 10 min at 
37 ° C. The activity was determined after 10 min of incubation, and is expressed 
in relative per cent, taking the activity of 0.05% solution of  the proteinase in 
0.01 M Tris • HC1 buffer, pH 7, after incubation in the absence of metal ions to 
represent 100%. 

To determine the effect of  anions on proteolyt ic  activity, 0.05% solutions 
of  the proteinase in 0.1 M solutions of sodium salts were prepared and allowed 
to stand 10 min, 0.5, 1 and 3 h at room temperature. Samples of  the solutions 
were removed and their proteolyt ic  activity determined. The activity of a 
0.05% solution of the proteinase in water was taken to represent 100%. 

The effect  of urea and guanidine • HC1 on proteolyt ic  activity was investi- 
gated by determining the activity of a 0.05% solution of the SHoproteinase 
incubated 0.5 h at room temperature in solutions of  urea and guanidine • HC1 
of various molarity (Fig. 8). 

Comparison of  the inactivation of  SH-proteinase, papain and ficin was 
made by determining the residual proteolytic activity of  a 0.1% solution of the 
SH-proteinase, papain or ficin in water and 0.1 M sodium acetate at pH 5 and 
37 ° C, as a function of time. 

Results and Discussion 

The SH-proteinase isolated from the bean Phaseolus vulgaris var. Perli~ka 
by chromatography on Hg derivatives of hydroxyalkylmethacrylate  gels [12] 
was separated into two fractions by  chromatography on Sephadex G-75, as 
shown in Fig. 1. The fractions in the second peak were lacking in proteolyt ic  
activity. The proteolyt ic  activity of  the material before the purification pro- 
cedure is 0.120 units A2~0/min per mg, and of the pure SH-proteinase (first 
peak) is 0.147 units A280/min per mg. The purified enzyme has one free 
sulfhydryl group and four disulfide groups. The material contained in the first 
peak was found to be a homogeneous protein when subjected to ultracentri- 
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Fig. 1. Pur i f ica t ion  of  SH-pro te inase  on a c o l u m n  of  Sephadex  G-75  (2.5 X 43 cm)  equ i l ib ra ted  w i th  
0 .02  M a m m o n i u m  ace ta t e ,  pH 6. The  same b u f f e r  was used  as e luent ,  and 2-ml f ract ions  were  co l lec ted  
a t  15 -min  intervals ,  0 .2 g was c h r o m a t o g r a p h e d .  (e) ,  A b s o r b a n c e  at  280  n m;  (o),  p r o t e o l y t i c  ac t iv i ty  at  
pH 8. 

Fig. 2. S e d i m e n t a t i o n  p a t t e r n  of  SH-pro te inase .  0 .75% and 1% solu t ions  of  the e n z y m e  in 0.2 M 
N H 4 H C O  3 were  used.  The  p h o t o g r a p h s  were  t aken  a t  59 780  r e v . / m i n  in Spinco  m o d e l  E u l t r acen t r i fuge  
a f t e r  30, 60,  78, 94  and 110  rain. 
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Fig. 3. D e t e r m i n a t i o n  of  p I  by  e lec t rofocus ing .  The  e x p e r i m e n t  was car r ied  ou t  in a l l 0 - m l  c o l u m n  wi th  
wide- range  ampho l ine ,  pH 3--10.  The  focusing was a l lowed to p ro ceed  for  44  h at  3 0 0  V, 5 m g  of  the 
sample  was appl ied  to the  c o l u m n ,  and  1.5 ml  f rac t ions  were  co l lec ted  for  d e t e rmin a t i o n s .  (e ) ,  A280~ (©), 
pH.  

Fig. 4. D e t e r m i n a t i o n  of  m o l e c u l a r  we igh t  by  gel f i l t ra t ion on  a c o l u m n  of Sephadex  G-150  (2.5 X 48 cm)  
in 0 .02  M a m m o n i u m  ace ta te ,  pH 6, a t  5°C; 3 .7-ml  f rac t ions  were  col lec ted  a t  15 -min  intervals .  S t an d a rd s  
used  in the  e x p e r i m e n t :  1, r ibonuc lease  [35 ]  ; 2, subtl l is in [ 3 6 ]  ; 3, o v a l b u m i n  [ 3 7 ]  ; 4, pig pancrea t i c  
amy la se  [38 ]  ; 5, h u m a n  s e r u m  a l b u m i n  [ 1 9 ] .  A is our  p r e p a r a t i o n  of  SH-pro te inase .  
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fugation (Fig. 2), disc electrophoresis and electrofocusing (Fig. 3). The protein 
contained one N-terminal group only, i.e. isoleucine. 

The sedimentation coefficient ($20,w = 2.75 S) of  the protein is indepen- 
dent  of concentration. The isoelectric point  determined by electrofocusing is pI  
= 6.34. 

The molecular weight determination carried out  by the centrifugation 
method of Yphantis gave a value of 30 850 -+ 1500. The molecular weight value 
found by  gel filtration (Fig. 4) varied between 26 000 and 28 000, and the 
value calculated from the amino acid composition, given in Table I, was 
26 930--27 410. For reasons of comparison, the amino acid compositions of 
papain, ficin and bromelain are also given in Table I. The N-terminal isoleucine 
found in the SH-proteinase from bean is identical with the N-terminal amino 
acid of  papain. Similar to papain and unlike bromelain and ficin, the SH- 
proteinase does not contain a sugar moiety. 

Table II shows some physicochemical characteristics of  the SH-proteinase, 
together with the corresponding constants for papain, ficin and bromelain. 

The dependence of proteolyt ic  activity on the time of  hydrolysis is given 
in Fig. 5. 

The SH-proteinase from bean is stable in buffers at pH 6--10 {Fig. 6) and 
is irreversibly inactivated at higher or lower pH values. 

The proteinase is inactivated at temperatures higher than 60°C (Fig. 7 ) i n  
all the buffers used. Thermal inactivation is effected by the addition of  salt. 

T A B L E  I 

A M I N O  A C I D  C O M P O S I T I O N  A N D  N - T E R M I N A L  AM1NO A C I D  O F  P A P A I N ,  F I C I N ,  B R O M E L A I N  

A N D  S H - P R O T E I N A S E  F R O M  B E A N  

N u m b e r  of  res idues  per m o l e c u l e .  

A m i n o  acid  Papa in  (34)  F ic in  (25)  B r o m e l a i n  (29)  SH-prote inase  

Lys ine  10 5 23 2 0 - -  21 
His t id ine  2 1 2 3 

Arg in ine  12 10 12 9 
Aspar t i c  ac id  19 17 29 21- -  22 

G l u t a m i c  acid  20 25 23 23- -  24 
Threon i ne  8 8 14 13 
Ser ine  13 14 28 18 

Prol ine  10 11 14 12- -  13 
Glyc ine  28 28 35 30 
Alan ine  14 20 35 16 
Val ine  18 18 22 19 
I so leuc ine  12 7 21 10 
Leuc ine  11 15 10 13 
Tyros ine  19 15 21 14  
Pheny la l an ine  4 5 9 6 
T r y p t o p h a n  5 6 8 3 
Ha l f - cys t e ine  7 8 10 9 
Meth ion ine  0 5 5 1 

To ta l  212  218  321 2 4 0 - - 2 4 4  

N- t e rmi n a l  a m i n o  acid  Ile [32 ]  Leu  [ 2 5 ]  Val  Ala [28 ]  Ile 

* B r o m e l a i n  is not  h o m o g e n o u s  by this  cr i t e r ion .  
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1.0 

Papa in  Fic in  Brome la in  SH-pro te inase  

Molecu la r  we igh t  by  
Molecu la r  sieve --  - -  22 500 i 1500  26 0 0 0 - - 2 8 0 0 0  
U l t r a c e n t r i f u g a t i o n  2 1 0 0 0  2 5 0 0 0  ± 750  2 8 4 0 0  +- 1400  3 0 8 5 0  + 1500  

[31]  [25]  [28]  
A m i n o  acid c o m p o s i t i o n  2 3 4 0 6  2 3 8 0 0  + 700  2 5 7 3 0  2 6 4 3 0 - - 2 7 4 1 2  

[33]  [25]  [29]  
I soe lec t r ic  p o i n t  8 .75  9.0 9.5 6 .34  

[31]  [26]  [30]  
S~0,w 2 .42  ± 0 . 0 4 5  S 2 .55  S 2 .94  S 2 .75  -+ 3% S 

[31]  [27]  [28]  

A number of cations and anions affect the proteolytic activity. Mercury 
cations caused total  inactivation, in the presence of Na + and Ca 2÷ the proteinase 
is slightly activated, and acetates and sulfates activated the proteinase during 
long periods of incubation. The activating effect of other anions (Cl-, phos- 
phate, citrate, tetraborate) is short-term. Fig. 8 shows the effect of urea and 
guanidine • HC1 on the activity of SH-proteinase. It is apparent that  both agents 
cause irreversible inactivation. The influence of the dilution of the denaturing 
agent, which could result in the reactivation of the enzyme was not  pursued. 
The stability of the SH-proteinase from bean and of papain and ficin in water 
and in 0.1 M sodium acetate at pH 5 and 37°C is compared; all three protein- 
ases show the same course of inactivation. 

Studies aimed at the determination of the degree of similarity in primary 
structure between the proteinase isolated by us and papain are in progress. 

,•0.8 
:E 
~ o.6 
< 

0.4 

0.2 

20 40 6 0  80 100 
Time (mln) 

T A B L E  II 
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Fig. 5. Ef fec t  of t ime  of  h y d r o l y s i s  on  p r o t e o l y t i c  ac t iv i ty  of  SH-prote inase .  Sample  c o n c e n t r a t i o n  0.5 
m g / 1 0 0  ~l. Subs t ra t e :  (oL h e m o g l o b i n ,  pH 8; (o), h e m o g l o b i n ,  pH 10;  (o),  h e m o g l o b i n ,  pH 5. 

F iE 6. Re l a t i onsh ip  b e t w e e n  pH and s t ab i l i t y  of SH-prote inase .  A p ro t e i~ase  s o l u t i o n  (2 r a g / 1 0 0  #1) was  
i n c u b a t e d  for (o) 15  rain,  (o) 3 h, (®) 24 h; p r o t e o l y t i c  ac t iv i ty  was d e t e r m i n e d  w i t h  h e m o g l o b i n ,  pH 8, as 
subs t r a t e  af ter  the  a c t i v a t i o n  of sample  wi th  the  ac t i va t i ng  s o l u t i o n  (0 .05  M c y s t e i n / 0 . 2  M EDTA,  pH 
8.5). A 2 8 0  p r o t e o l y t i c  ac t iv i ty  a c c o r d i n g  to  A n s o n  [ 1 4 ] .  
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Fig. 7. Relat ionship between temperature  and stability of solutions of SH-proteinase. A 0.05% solut ion of 
SH-proteinase was thermosta t ted  30 rain in water  (e), in 0.01 M NaCl (©) and in 0.1 M CaC12 (®). The 
activity was determined after activation of sample at  pH 8. A 280 proteolyt ic  activity according to Anson 
[14].  

Fig. 8. Effect of urea and guanidine • HCI on activity of SH-proteinase. A 0.05% solution of the proteinase 
after 30 min incubat ion in solution of urea (e) or guanidine - HCI (o). A280 proteolyt ic  activity according 
to Anson [14] .  
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