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~lf teen v a r i e t i e s  of soybean have  been inves t iga ted  for  the amounts  of  p ro te in ,  o i l ,  and t ryps in  
inhibi ter  that  they contain.  A high t h e r m a l  s tabi l i ty  of the l a t t e r  has  been detected.  Informat ion 
is given on the k inet ics  of  the inhibition of the amidase  and p ro te inase  ac t iv i ty  of t ryps in .  It 
has  been  shown that  the " t ryps in  inhibi tor"  cons i s t s  of a mix tu re  of s ix  p ro te ins .  

Soybeans occupy an except ional  p lace  among leguminous and c e r e a l  c r o p s ,  s ince  the i r  pro te in  is  the only 
one out of all  p lant  p ro te ins  that  is c lose  in food value to the pro te ins  of animal  or igin  [1]. I t  m u s t  be ment ioned,  
howeve r ,  that  soybean s e e d s  contain l a r g e r  o r  s m a l l e r  amounts  of inhibi tor  p ro te ins  t ha t a r e - r e spons ib l e  in c e r -  
tain c a s e s  for  reducing the a s s imi l ab i l i t y  of soybean pro te in  by an imals  because  of the inhibition of the p r o t e o l y -  
t ic enzymes  of the d iges t ive  t r a c t  and,  in the f i r s t  p lace ,  of t ryps in  and chymot ryps in  [2-4]. F u r t h e r m o r e ,  it 
has  been es tab l i shed  that  these  inhibi tor  p ro te ins  a r e  f a r  f r o m  h a r m l e s s .  They not only supp re s s  the growth 
of  the an imal  but m a y  a lso  cause  hype r t rophy  of the panc rea s  [5, 6]. Consequently,  a r e a l  i n c r e a s e  in the food 
value of soybeans  m a y  take p lace  in two d i rec t ions .  The f i r s t  is the f ree ing  of the nu t r ien t  prote in  of  the s o y -  
bean f r o m  the accompanying  inhibitor p ro te ins  in the p r o c e s s  of p r e p a r i n g  the beans ,  which is economica l ly  un-  
f avorab le ,  and the second is the isolat ion of new va r i e t i e s  of soybean with a reduced content  of inhibitor p ro te ins .  
In the l a t t e r  c a s e ,  these  inhibi tors  b e c o m e  pecu l i a r  genetic m a r k e r s  that  can be used both in the ana lys i s  of  a l -  
r eady  exis t ing genetic  m a t e r i a l  of  the soybean and in the p r o c e s s  of isolat ing new v a r i e t i e s .  In view of th is ,  i t  
m u s t  be s ta ted  that  the re  is ano ther  impor tan t  f ac to r  - p r o t e i n s  inhibiting proteolyt ic  enzymes  have  an indepen~- 
dent va lue ,  s ince a number  of p r epa ra t i ons  used in medica l  p r ac t i ce  have been c rea ted  f r o m  them abroad.  We 

h a v e  inves t iga ted  15 v a r i e t i e s  of soybean grown in one of the regions  where  it  is cul t ivated,  Tadzhikis tan ,  for  
the i r  contents  of oil and pro te in  and have  a lso  made  a c o m p a r a t i v e  study of the ac t iv i t ies  of the inhibi tor  p r o -  
te ins  in re la t ion  to t ryps in .  As can be seen f r o m  Table  1, the amounts  of pro te in  in d i f ferent  v a r i e t i e s  of s o y -  
bean range  between 30.3 and 43.4%, and the amounts  of oil between 14.3 and 28%. According to the f igures  in 
Table  1, the v a r i e t i e s  of soybean inves t iga ted  can be divided in re la t ion  to the pro te in  and oil in the seeds  into 
th ree  groups :  1) the p r o t e i n - r i c h ,  o i l - r i c h  va r i e t i e s  (1-5}; 2) the p r o t e i n - p o o r ,  o f f - r i ch  va r i e t i e s  (7-15); and 
3) a p r o t e i n - r i c h ,  o i l -poo r  va r i e t y  (6). The mean  values  of the ra t ios  of the amounts  of pro te in  and oil in these  
groups  a r e  1.87, 1.41, and 2.76, r e spec t i ve ly ,  the sum of pro te in  and oil ranging f r o m  65.2 to 51.3%. 

2'he speci f ic  ac t iv i ty  of the t ryps in  inhibi ters  f r o m  the d i f ferent  va r i e t i e s  of soybean ranged  f r o m  17 to 
135 u n i t s / m l  of ex t r ac t  (determined in the p r e s e n c e  of N-benzoy l -d , / - a rg in ine  p-n i t roani l ide  (BAPA)} and f rom 
1.95 to 11.5 u n i t s / m l  of ex t r ac t  (determined with r e s p e c t  to casein}. These  r e su l t s  show the absence  of a c o n -  
nect ion between an i nc rea sed  content  of pro te in  and oil and the specif ic  inhibi tor  of the t ryps in  inhibi tors  i s o -  
la ted f r o m  soybean seeds .  

It m a y  be a s s u m e d  that  the d i f fe rence  in the ac t iv i t ies  of the t ryps in  inhibi tors  p r e s e n t  in soybean pro te in  
depends on a genotypic fea tu re  of a p a r t i c u l a r  va r ie ty .  In view of th i s ,  the act ivi ty  of the t ryps in  inhibi tors  may  
be a good t e s t  for  se lec t ing  those  v a r i e t i e s  that would combine  a high prote in  content with a low ac t iv i ty  of  the 
t r yps in  inhibi tors .  F r o m  this point of v iew,  accord ing  to the f igures  in Table  1, the m o s t  p romis ing  va r i e t i e s  
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TABLE 1. Amounts of Prote in  and Oil and Specific Activi ty of the 
Tryps in  Inhibi tors  in Soybean Seeds (1975-1976 Crop,  Tadzhikistan) 

Variety 

Protein 
oonr~nt, 

% 

Oil con- Protein: Sum of 
tent, % oil ratio protein+ 

oil 

I. Amurskaya-41 
2. Imeretinskaya 
3. Kubanskaya- 636 
4. Kubanskaya=276 
5. Khersomkaya-2 

6. Amurskaya-31O 

7. Orzu" 
8. Mao--shi-do 
9. Clark 

10. Chemovitskaya 
1]. Komsomolka 
12. Khersonskaya- 6 
13. UzDekskaya-2 
14. Ford 
15. Berunitsa-12 

43.4 
41,0 
40.1 
39.9 
39,5 

39,5 

Specific activity of the 
trypsin inhibitors 

amidase proteinase 
per m] per mg " per rr 
ot so- ~r soy- ~s mj of soy- 
tution bean lution t:,can 

,proteii ! prote 

Protein-rich, oil-rich 

21,8 1,99 65,2 
2i ,4 1,90 62,4 
20,6 1,94 60,7 
23,9 1,67 63,8 
21,3 1,85 60,8 

Protein-rich, oil-poor 

1 1 4 , 3 1 2 . 7 6  1 5 3 , 8 1 1 9 , 4  
Protein-poor, oil-rich 

38,3 23,0 } 1,66 61,3 I 49 50,6 
37.5 23,0 ] 1,60 1 27,0 60,5 
36.8 27,8 1,32 64,6 I 73,2 
34,7 25.0 1,38 59,7 1 25,3 
33,9 26,5 1,28 I 60,4 i 
33.4 22,3 ~ 1,50 55.7 1130,6 
33.0 23,0 I 1,40 56,0 i 51,9 51,9 
32,3 28,0 [ 1,I5 60,3 I 23,1 
30.3 21,0 1,44 51,3 ] 27,2 

135,0 133 0 11,50 11,4 
17,2 ' 1.95 
19,3 ] 2,26 
2L5 I 2.42 

112.5 I 4,70 

*Orzu  is  a hybr id  of C h e r n o v i t s k a y a - 4  × K o r m o v a y a - 2 8 .  

I 1,26 I 

3,60 3,7 
2,10 
6,35 
2,76 

7_4o 
5,50 5,5 
3.00 
2,10 

of soybean under the conditions of  Tadzhikis tan a r e  Ime re t i n skaya ,  Be l ' t skaya-636 ,  Knbanskaya-276,  A m u r s k a y a -  
310, Orzu,  and Ford ,  in which the total  of pro te ins  and oil r eaches  64.6?0. Figure  1A shows the r e su l t s  of the 
inhibition of the a m i d a s e  act ivi ty  of t ryps in  by prote in  ex t rac t s  of t h ree  va r i e t i e s  of soybean.  The highest  in -  
hibit ing act ivi ty  was found in a prote in  ex t r ac t  of  the va r i e ty  Amurskaya -41 .  Complete inhibition of the amidase  
ac t iv i ty  of t ryps in  by adlueous ex t r ac t s  of the va r i e t i e s  A m u r s k a y a - 4 1 ,  Orzu,  and Uzbekskaya-2  was achieved 
with amounts  of 0 .06 ,  0.165, and 0.156 m l ,  r e spec t ive ly .  The dynamics  of the inhibition of the p ro te inase  a c -  
t iv i ty  of t ryps in  a r e  shown in Fig. lb .  The amounts  of ex t rac t s  n e c e s s a r y  for  the comple te  inhibition of the t r y p -  
sin ac t iv i ty  we re ,  in the s a m e  sequence  of v a r i e t i e s ,  0.11, 0.35, and 0.23 ml .  The specif ic  act ivi ty  of  the t ryps in  
inhibi tor  in 1 ml  of an aqueous ex t r ac t  of the va r i e ty  Amurskaya -41  was a lmos t  th ree  t imes  g r e a t e r  than that  
for  Orzu and Uzbekskaya-2  which,  r eca lcu la ted  to a m i l l i g r a m  of the prote in  of the va r i e t y  A m u r s k a y a - 4 1 ,  c o r -  
responds  to 133 #g of t ryps in  (Table 1). It follows f r o m  this that although the pro te in  content of  va r i e ty  A m u r s -  
kaya exceeds  that  of va r i e t y  Orzu by 4.170 and that of  the va r i e ty  Uzbekskaya-2  by 10.4%, neve r the l e s s  the high 
specif ic  ac t iv i ty  of the t ryps in  inhibi tor  cons iderab ly  reduces  i ts  value.  Consequently,  some  of the va r i e t i e s  
given in Table  1 have  an undoubted advantage ove r  o thers  such as  Amurskaya -41  and Khersonskaya-2  and -6 ,  
s ince the i r  p ro te ins  a r e  a s s imi l a t ed  cons iderab ly  be t te r .  

It is known that  the t ryps in  inhibi ter  p ro te ins  p r e s e n t  in aqueous ex t r ac t s  that were  mentioned above [7, 
8] cons i s t  of m ix tu r e s  of a t  l e a s t  s ix individual prote in  f rac t ions  with d i f ferent  m o l e c u l a r  weights.  A s i m i l a r  
pa t t e rn  is obse rved  in the e l ec t ropho re s i s  of aqueous prote in  ex t rac t s  of these  th ree  va r i e t i e s .  The e l e c t r o -  
phoret ic  s p e c t r u m  showed identi ty of  the n u m b e r  ¢f prote in  components  but va r i e ty  d i f f e rences  was shown c l e a r -  
ly  in re la t ion  to the e lec t rophore t i c  mobi l i t i es  of  the inhibi tor  p ro te ins  (Fig. 2). It may  be a s s u m e d  that the d i f -  
f e r ences  in the re la t ive  e lec t rophore t ic  mobi l i t i es  of the pro te ins  and the i r  inhibi tory ac t iv i t ies  with r e s p e c t  to 
t r yps in  depend on a genotypic f ea tu re  of the var ie ty .  In view of th is ,  the act ivi ty  of the t ryps in  inhibitor and the 
re la t ive  e lec t rophore t i c  mobi l i ty  of  i ts  prote in  f rac t ions  may  be a good tes t  for  se lec t ing va r i e t i e s  in breeding 
work .  

We m u s t  a l so  mention the high t h e r m a l  s tabi l i ty  of  the inhibi tor  pro te ins .  Thus,  a f t e r  the t r e a t m e n t  of an 
aqueous ex t r ac t  containing t ryps in  inhibi tor  a t  120 °C for  an hour ,  65-70% of i ts  act iv i ty  was re ta ined (Fig. 1C). 
This  indicated,  that  in the f i r s t  p lace ,  not all  the inhibi tor  pro te ins  a r e  hea t - s t ab l e ,  and,  in the second place  that  
t he rma l  t r e a t m e n t  has  no fundamental  influence on the inactivat ion of  the t ryps in  inhibi tors .  

Thus,  in the evaluation of  the food quali t ies  of  soybeans  one mus t  a l so  take into account  such an index as  
the inhibi tor  pro te in  content.  
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Fig. 1. A. Inhibition of the a m i d a s e  ac t iv i ty  of t ryps in  (C = 20 rag) by an ex t r ac t  of the w a t e r - s o l -  
uble pro te ins  of the soybean 0 I t  8.2, t e m p e r a t u r e  25°C). B. Inhibition of the proteoly t ic  ac t iv i ty  of  
t ryps in  (C = 25 mg) by an aqueous ex t r ac t  of the pro te ins  of  the soybean 0H 7.8, t e m p e r a t u r e  40°C). 
C. h~hibition of the pro teoly t ie  act ivi ty  of t ryps in  (C = 25 rag) by an aqueous ex t r ac t  of the p ro te ins  
of the soybean a f t e r  i ts  thern la l  t r e a t m e n t  a t  120°C for  1 h. Soybean v a r i e t i e s :  1) Orzu; 2) Uzbeks -  
kaya-2 ;  3) Amurskaya-41 .  

Fig. 2. Dens i tograms  of gel e l e e t r o p h o r e t o g r a m s  {polyacrylamide gel ,  7.5%, pH 8 .9 ,280  V, t ime  
120 rain,  t e m p e r a t u r e  4°C). The f igures  a t tached to the dens i tog rams  denote the re la t ive  e l e c t r o -  
phore t ic  mobi l i t i es  of the f rac t ions  in disk e l ec t rophores i s .  The s e r i a l  n u m b e r s  a t tached to the 
cu rves  denote the s a m e  va r i e t i e s  as  in Fig. 1, 

E X P E B I M E N T A L  

2"he seeds  of  15 v a r i e t i e s  of soybean f r o m  the 1976-1977 c rop  were  obtained in the v a r i e t y  sect ion of the 
Crop Inst i tute of the Minis t ry  of Agr icu l ture  of  the Tadzhik SSR. We used case in  (kh.ch. ["chemical ly  pure"])  
and t ryps in  {both f r o m  Czechoslovakia) ,  the t ryps in  having been twice r e c r y s t a l l i z e d  and having a specif ic  a c -  
t ivi ty with r e s p e c t  to BAPA {Hungary) of 8.1 # g / m i n  and with r e s p e c t  to case in  of 34.8 m g / h .  

P repa ra t ion  of the Soybean Flour.  The beans w e r e  f reed  f r o m  husks  and the cotyledons w e r e  ground and 
pa s sed  through a s ieve  with 0 . l - r a m  a p e r t u r e s .  The f lour was defat ted with hexane in a Soxhlet appara tus  and 
was s to red  a t  2-4°C0 

Aqueous Ext rac t  of Tryps in  Inhibitor.  The f lour  (50 rag) was ex t rac ted  with d is t i l led  wa te r  in a ra t io  of 
1:200 in the cold fo r  1 h with s t i r r ing .  ~ne suspension was centr i fuged in the cold a t  6000 r p m  for  30 rain. 
2~ne superna tan t  liquid obtained was dialyzed aga ins t  dis t i l led wa te r  for  10 h. 

Determina t ion  of the Tryps in  Inhibitor  Act iv i ty .  F r o m  1 • 10 -2 to 1.6 • 10 -2 ml  of aqueous soybean ex t r ac t  
was  added to 0.4 ml  of a solution of t ryps in  (20 pg) and the volume was made up to 2 ml  with s tandard  buffer .  
The s tandard  buffers  used were  0.05 M t r i s ,  0.02 M CaC12, pit 8.2, in the de te rmina t ion  of amidase  ac t iv i ty ,  
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and t r i s -HC! ,  1 .10  -2 M CaC12, pH 8, in the determinat ion of p ro te inase  activity.  The solution was incubated 
at  25°C for 5 rain,  and then 1 ml of BAPA solution was added and incubation was c a r r i e d  out for  10 min. The 
react ion was stopped by the addition of 0.5 ml of 30% CHsCOOIt. The extinction of the sample  was measured  
on a Spektrom-20 4 spec t rophotometer  a t  405 nm against  a blank (BAPA-CH3COOI-I-aqueous e x t r a c t - t r y p s i n ) .  
By a graphical  method [9] with the drawing of a tangent,  the volume that could quanti tat ively inhibit 100% of the 
act ivi ty  of t ryps in  was found (Fig. 1). The concentrat ion of t ryps in  in a 0.001 N HC1 solution was de termined  
spec t rophotomet r ica l ly  (E280 = 0.65). The amidase  act ivi ty of the t rypsin  was found by the casein  method of 
Kaverzneva [10]. Disk e lec t rophores i s  was pe r fo rmed  by a known method [11] in 7.5% polyacry lamide  gel at 
pH 8.9. The dens i tograms were  r eco rded  on a "Joyce"  ins t rument  (United ICmgdom). The amounts of  prote in  
in the aqueous ex t rac t s  were  found by Lowry 's  method [12] and in the soybeans by the micro-Keldahl  method.  

SUMMARY 

I. An investigation of 15 varieties of soybean for their contents of oil, protein, andtrypsin Inhibltors has 
shown ihat the amount of inhibitor in some varieties may reach a considerable figure, which reduces their food 
and fodder value. 

2. A fairly high heat stability of the trypsin inhibitors has been found. 

3. The amount of inhibitor protein in soybeans is an important index of their quality and must be taken 
into account in the select ion of new var ie t i e s .  
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