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PROTEIN CONTENT, ACTIVITY AND AMINO ACID COMPOSITION 

OF PROTEINASE INHIBITORS OF SEEDS OF SOME VARIETIES 

OF PEA AND THEIR HYBRIDS 

M. Nigmonov, N. I. Koryakina, V. K. Burichenko, 
and L. I. Lavrent'eva 

UDC 581.19 

The results are given of a study of the quantitative content of protein in 
the seeds of some pea varieties and mutants, the activity of the total inhi- 
bitor proteins, and correlations of their activity with the protein content 
of the seeds and the amino acid compositions of the proteinase inhibitors. 
Considerable differences have been found in the amounts of a number of 
amino acids of the protein inhibitors of parental varieties and mutants of 
the pea, the amounts of serine, glutamic acid, alanine, and valine corre- 
lating positively with the inhibitor activity. 

Considerable amounts of proteins capable of acting as effective inhibitors of proteoly- 
tic enzymes of living organisms -- trypsin and chymotrypsin -- have been found in the seeds of 
legumes (soybean, pea, bean, iupin, etc.) [i-4]. 

Various functions are ascribed to proteinase inhibitors in plants. It is considered 
that they may play the role of reserve proteins or regulators of the activity of proteolytic 
processes preventing the premature breakdown of the reserve proteins [5]. Proteins inhibit- 
ing trypsin and chymotrypsin are capable of suppressing the activity of the proteases of a 
number of harmful insects and phytopathogenic microorganisms thereby protecting plants from 
damage [6]. In addition, these proteins find use in the elucidation of the mechanism of 
the action of specific enzymes [7] and in practical medicine [8]. 

At the same time, it is considered that the presence of inhibitors in a grain, particu- 
larly when they have a high activity, considerably lowers their nutrient value and impairs 
the technological properties of the proteins of cultivated plants [9]. Therefore, in the 
selection of agricultural crops directed to increasing protein content one of the criteria 
of the quality of the seeds is the amount and activity of proteins that are proteinase 
inhibitors. 
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TABLE 2. Correlations Between Inhibitor Activity, Protein 
Content, and Amounts of Individual Amino Acids in Pea Seeds 

Variety and line of 
pea 

Activities of inhibitors, Total activity 
Amount of p ro-  arb. units 
rein in the seed, IT + ICh, arb. 

of % trypsin lchymotrypsin I units 

Ramonskii 77 
Falenskii 42 
Torsdag 
K-2 
A-2%04 
K-5 
990 
829 
900 
940 
419 
888 

30,7 
28,5 
30,2 
333) 
29,5 
27,5 
24,5 
26,2 
26,2 
26,2 
31,5 
26,6 

1,93 
4,09 
5,48 
4,75 
5,28 
6,25 
2,64 
4,10 
4,27 
4,34 
5,49 
6,65 

O. 66 
1,37 
1,48 
1.22 
1,5) 
1,41 
0.91 
1,30 
1,19 
1,16 
0,74 
1,31 

2,59 
5,46 
6,96 
5,97 
6,78 
7.66 
3,55 
5,40 
5.46 
5,50 
6,23 
7,96 

Amino acid mg per 100 mg of )rotein 
Variety and line glutamic 
of pea serinc acid alanine valine 

Ramonskii 77 
Falenskii ~2 
Torsdag 
K-2 
K-2~04 
K-5 
999 
829 
900 
940 
419 
888 

4,70 
5,26 
5,54 
5,23 
6,¢7 
5,37 
6,06 
5,88 
5,94 
5,58 
4,20 
6,10 

16,10 
17,61 
t9,52 
16,98 
19,28 
18.91 
18,77 
17,86 
17,76 
18,88 
14,77 
19,86 

proline glycine 

7,08 8,12 
9,27 7,85 
3.91 10,55 
4,08 10,73 
5,40 10.33 
5,4O I0,70 
5,61 10,65 
5,53 11,19 
4,10 11,16 
3,79 11,05 
4,39 8,05 
4,53 11,80 

5,45 
6,16 
7,15 
6,87 
7.89 
6,36 
8,50 
8,95 
9,21 
9,14 
6,21 
9,04 

2 56 
3,99 
6,26 
5,16 
6,35 
4,27 
3,96 
3,49 
3,30 
2,63 
2,75 
3,76 

The task of our investigation was the study of the quantitative content of protein in 
the seeds of several varieties and mutants of the pea, the activity of the total inhibitor 
proteins, and a correlation of their activity with the protein content of the seeds and the 
amino acid composition of the proteinase inhibitors. Since mutant peas (K-2, K-5, K-2004) 
were used as the mother plants in hybridization, we attempted to analyze the influence of a 
mutant gene of the manifestation of the above-mentioned indices. 

As can be seen from Table i, the amount of protein in the seeds of the mutant and hybrid 
pea varieties studied varied widely: from 25.4 (line 990) to 33% (mutant K-2). It must be 
mentioned that the majority of hybrids considered were inferior in their protein content to 
both parental forms. It has been reported previously [i0] that in the inheritance of the 
protein content of seeds of pea hybrids that have been produced, a low protein content is 
dominant, and therefore in selection for increased protein content it was recommended to 
select parental pairs with a high level of this index. As an example we can give the com- 
bination of parents of line 419 (31.5% of protein). 

An investigation of the proteolytic action of trypsin and of chymotrypsin in the pres- 
ence of the inhibitor proteins isolated from the pea varieties and hybrids studied showed 
that their inhibitor activities varied within wide limits; from 1.93 to 6.65 arb. units for 
trypsin and from 0.66 to 1.50 arb. units for chymotrypsin. At the same time, it must be 
mentioned that a high activity of inhibitors with respect to trypsin is almost always 
accompanied by a high activity with respect to chymotrypsin (for K-5, 6.25 and 1.41 arb. 
units for trypsin and chymotrypsin, respectively, for K- 2004, 5.28 and 1.50; for Torsdag, 
5.48 and 1.48; for line 888, 6.65 and 1.31; and so on). As the results obtained show, the 
process of hybridization acts ambiguously on the activity of the inhibitor proteins of the 
hybrids. In some combinations, the hybrids obtained were close with respect to the inhibi- 
tion of the amidase activity of trypsin to one of the parents (line 419 -- to Torsdag; lines 
940 and 828 -- to Faienskii 42) or occupied an intermediate position (lines 900 and 990). 
In a number of plant combinations, particularly with respect to the inhibition of the protein 
activity of chymotrypsin, a lower level of inhibitor activity was observed in the hybrids 
as compared with the parental forms. 
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For the pea varieties used as the male parent plant in hybridization (Torsdag, Falenskii 
42, and Ramonskii 77) no appreciable dependence of inhibitor activity on the protein content 
of the seeds was observed. 

For peas of the Torsdag variety and mutants (K-2, K-5, K-2004), negative correlation 
was traced between the protein content in the seed, the total activity of the inhibitors, 
and the inhibition of the amidase activity of trypsin, while for the hybrids a positive 
correlation was observed (Table 2). The activities of the inhibitors with respect to chymo- 
trypsin were close for all the mutants and hybrids studied. 

In a number of cases, the comparative amino acid analysis of the inhibitor proteins of 
pea seeds of the parental form and their hybrids showed an intermediate position with respect 
to the amounts of certain amino acids (Table i). This relates to the amino acids aspartic 
acid, threonine, cysteine, valine, methionine, and isoleucine. So far as concerns lysine, 
serine, glutamic acid, glycine, and alanine, for the majority of hybrids studied their levels 
were higher, while the amounts of histidine, arginine, and proline were smaller than in the 
parental forms. 

The paternal varieties Ramonskii 77, Falenskii 42, and Torsdag differed considerably 
from one another with respect to their serine, glutamic acid, proline, glycine, alanine, and 
valine, contents (Table 2). This is apparently explained by the fact that these varieties 
differ in their genotypic features. For example, the variety Ramonskii 77 has recessive and 
dominant genes, while dominant genes predominate in Falenskii 42 (a fodder variety) [ii]. 

The indices of the serine, glutamic acid, a!anine, and valine contents correlate posit- 
ively with the inhibitor activity and negatively with the protein content of the seeds. 

A deeper study of the inhibitor proteins, their isolation in purer form, and their 
separation into individual components will possibly assist in establishing clearer correl- 
ations between the activity of individual inhibitor proteins and their amino acid compositions 
and in the elucidation of the mechanism of their action. 

EXPERIMENTAL 

Physiologically ripe pea seeds of the varieties Ramonskii 77 (R-77), Falenskii 42 (F-42) 
and Torsdag -- the paternal forms -- and of the pea mutants K-2, K-5, and K-2004 -- the mater- 
nal plants -- and their constant hybrids of 7-8 generations, lines 888, 900, 990 (the com- 
bination K-5 x R-77), 940 (K-5 x F-42), 829 (K-2004 x F-42), and 419 (K-2 x Torsdag) from 
the collection of the Institute of Cytology and Genetics of the Siberian Branch of the USSR 
Academy of Sciences (Novosibirsk) were investigated. 

The protein contents of the seeds of the plants studied were determined by the biuret 
method [12, 13] after a finely ground flour had been prepared. 

The isolation of the protein inhibitors, the determination of the specific inhibition 
of the amidase activity of trypsin (arbitrary units per 1 mg of protein/min), and the amount 
of inhibitor protein in a sample were determined by the procedure developed by Gofman and 
Vaisblai [14]. 

The inhibition of the proteinase activity of chymotrypsin was determined in accordance 
with [15] and was expressed in arbitrary units per 1 mg of protein/min. As the arbitrary 
unit of the activity of an inhibitor we took that activity of it at which the optical density 
of a solution of chymotrypsin with respect to casein measured spectrophotometricaily at 280 
nm fell by 0.01. The activities of the trypsin and chymotrypsin inhibitors were studied in 
parallel. 

The amino acid compositions of the inhibitor proteins were determined by the analysis 
of standard acid hydrolysates of them by the method of Spenser and Wold [16]; the amount of 
cysteine was found after its oxidation to cysteic acid by low concentrations (2%) of DMSO 
in 6 N HCI [17]. The analyses were performed with the aid of an ILC-6 AH amino acid analyzer 
(Japan). 

SUMMARY 

i. A comparativeevaluation has been made of a number of pea varieties and mutants 
and their hybrids with respect to protein content, and the activity of inhibitory proteins 
in the seed and their amino acid compositions. 

2. An inverse correlation has been shown between the protein content of the seeds and 
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the inhibitor activity of- pea mutants(Kl2, K~5, and-K-200 ~ matern-al 7forms). A-positive 
correlation of these indices has been found for hybrid forms. 

3. The use of mutants in the hybridization process does not lead to a sharp change in 
the amino acid composition of the inhibitor proteins and, consequently, it is more difficult 
to trace correlations. 

4. Considerable differences have been found in the amounts of a number of amino acids 
of inhibitory proteins of parental varieties and pea mutants, the amounts of serine, glutamic 
acid, and valine correlating positively with inhibitory activity. 

LITERATURE CITED 

I. M. Nigmonov and V. A. Shibnev, Izv. Akad. Nauk SSSR. Ser. Biol., 5, 787 (1986). 
2. N. M. Vaisblai, Izv. Akad. Nauk SSSR. Ser. Biol., ~, 133 (1979). 
3. I. I. Benken and V. I. Budanova, Trudy Biokhim. Bot., Henet. Selekts 56, No. 3, 67 

(1976) .  
4. A. V. Mironenko. V. I .  Domash, e t  a l . ,  P r i k l .  B i o l .  Mik rob io l ,  15,  No. 5, 760 (1979) .  
5. V. V. Mosolov, P r o t e i n a c e o u s  I n h i b i t o r s  as R e g u l a t o r s  of  P r o c e s s e s  of  P r o t e i n o l y s i s  

[ in  Rus s i an ] ,  Moscow (1983) ,  p. 40. 
6. I .  I .  Benken, V. V. Mosolov, and N. V. Fedurk ina ,  Mikol.  F i t o p a t o t .  l__00, No. 3, 

198 (1976) .  
7. N. A. Loshadk in ,  Zh. Vses. Khim. O-va im. D. I .  Mendeleeva, 1-6, No. 4, 403 (1971) .  
8. K. N. Vereemenko, Proteolysis Enzymes and Their Inhibitors in Medical Practice [in 

Russian], Kiev (1971), p. 159. 
9. M. P. Cherlnkov, E. Ya. Stan, and M. E. Lyaiman, Zh. Vses, Khim, O-va im. D. I. 

Mendeleeva, 23, No. 4, 379 (1978). 
i0. N. A. Sobolev, Urgent Questions of the Selection of Varieties of Leguminous Crops of 

the Intensive Type [in Russian], Orel (1983), p. 52. 
ii. L. I. Glazacheva, K. K. Sidorova, and V. V. Khvostova, Genetika, 9, No. 9, 31 (1973). 
12. P. N. Pyl'neva, Scientific papers of VSGI [All-Union Institute of Selection Genetics]: 

Biochemical Methods of Investigating Selection Materials [in Russian], Odessa, No. 15 
(1979), p. 25. 

13. V. I. Sichkarev, V. F. Mar'yushkin, B. S. Muzychenko, Tsitologiya Genet., ~, No. i, 77 

(1973). 
14. Yu. Ya. Gofman and I. M. Vaisblai, Prikl. Biokhim. Mikrobiol., ii, No. 5, 777i(1975). 
15. S. Sumathi and T. N. Pattabiraman, Indian J. Biochem. Biophys., 13, No. i, 52 (1976). 
16. R. Y. Spenser and F. Wold, Anal. Biochem~, 32, No. i, 185 (1969). 
17. M. Nigmonov, N. I. Koryakina, V. K. Burichenko, and S. Naimov, Dokl. Akad. Nauk Tadzh 

SSR, 28, No. 4, 235 (1985). 

342 


