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ABSTRACT

For the first time, the relation between the varief enzyme forms and different growing conditiohsoybeans is
studied. Data on the obtained electrophoretic sectf catalase, peroxidase, acid phosphatase, asteand
amylase of wild and cultivated soybean seeds weadyzed in detail and systematized. It was fourad thild
soybean has a high adaptive capacity and is charasd by high specific activity and a small numbgstudied
enzyme forms. Low specific activity of soybeanraagyis compensated by a larger number of their $pmrhich
increases the resistance of soybean in differeatvgrg conditions. Adaptive changes in specific\atgtiand the
number of enzyme forms under the influence of gipwbnditions cause changes in biometric and biotbal
parameters of soybean of different phylogenetigiorilt is shown that the specific activity and tipké forms of
catalases, peroxidases, acid phosphatases, esteeastamylases of soybean seeds can be used asrsafkts
adaptation to different growing conditions.

Keywords: Glycinemax, Glycinesojagatalase,peroxidasescid phosphatasesmylasegsterase, specific activity,
plural enzymesforms,adaptation.

INTRODUCTION

The study of adaptation mechanisms of various asgasito the environment is a priority area of moadaplogical
research. The general laws of the biochemical atiaptstrategy of animals are described in a nurobpapers [1-
3], but for plants, especially cultural ones, sugneralizing studies are not available. The leadalg in the
maintenance of intracellular homeostasis and atlapte stressors is played by enzymes [4].

Plural enzyme forms, including genetically deteradinisozymes, are of particular importance for #ggutation of
organism activity [5-8]. From the standpoint of gies and selection, the importance of studyingpibigmorphism
of enzyme systems lies in the fact that isozymesedfective genetic markers [9-13]. Using the infation on
isozymes, breeders are currently solving many #tea and practical problems of selection [14-18he
responsiveness of enzyme systems to changes iroemantal conditions is repeatedly noted in therditure [1;
17-22].

In recent years, particular attention is paid te #udy of the soybean genome [23-25], and polyhisnp of
proteins including enzymes [26-30]. Expanding amahegalizing the factual material about the pluinfs of
soybean enzymes may contribute to studying thetatlap mechanisms of this exceptionally valuabbnpkpecies.
SoybeanGlycine max (L.) Merrill is a unique alternative source of protein andst-effective industrial crop. The
Far East is a major soybean producer in Russiagiiyt20% of the country's demand is supplied k& dbmestic
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soybean, while its global production is rapidlyrie&sing. The Amur region produces 60% of all sogbéa Russia.
Acreage expansion is attributed not only to anaase in interest in soybean as a valuable higkeiprdforage and
food crop, but also to the favorable soil and ctimeonditions for its cultivation [31-33].

There is also the northernmost geographical digiob of wild soybeanGlycine soja Siebold & Zugavhich has a
high adaptive capacity [34] and is the source aherous genes that are not found in the genome lo¥ated
soybean [35].

Studying the introduction of soybean in our counthe breeders focus on the agronomic charactiséit the
same time, little attention is given to the studiimlogically active compounds of soybean [36] @amzymes that
are involved in plant adaptation to environmentaiditions [28].

The enzyme system including catalase (EC 1.11dn@é)peroxidase (EC 1.11.1.7) is an indicator ofstiaility of

the cultivar. Their role in the protection of plar(antipathogenic actions against viruses and bactold stress,
various environmental pollutants) is well known. Yases (EC 3.2.1.), esterases (EC 3.1.1) and dxidphatase
(EC 3.1.3.11) are the most important enzymes obmaetabolic pathways of living systems. Howevie study
on the specific activity and the multiple enzymenis of wild soybeans during the adaptation procesmt paid

enough attention.

The objective of the paper is to evaluate the jpidggi of using enzymes as markers of adaptatiosmfbean of
different phylogenetic origin to growing conditions

MATERIALS AND METHODS

Material and cultivation conditions

The material for the study were 33 accessions yiean Glycine max (L.) Merrill, 191y of various ecological and
geographical origin (from the Amur, Volgograd, Voezh, Omsk, Ryazan, Saratov regions, the Khabaramdk
Krasnodar Territories of Russia, as well as frontaBes, Bulgaria Canada, China, Poland, USA, Ukra@eech
Republic and Sweden) obtained from the Federal &elkeCenter «The N.I. Vavilov All-Russian InstituéPlant
Genetic Resourses» (St. Petersburg). The colfeetas grown in 2000, 2001 and 2002 at the expetiahérld of
Far Eastern State Agrarian University (southerm-adjmatic zone). Forms of wild soybeaBlycine soja Siebold &
Zucc., 184% obtained from the three agro-climatic zones ef Amur region were cultivated in the same period in
Sadovy settlement, Tambovskyarea, Amur region (eruat agro-climatic zone)at the experimental fiefdAd-
Russian Research Institute of Soybean.

Meteorological conditions during the study diffefedim the mean annual temperature and precipitdfan 1).

Precipitation

The sum of active Average air
temperatures temperature
T, °C T, °C mm
600 -
2800 -~ 16.5 -
2700 - 16 500 4 —
2600 - 15.5 1 400 -
Omorm 2500 15 -
i 300 -
145 -+
02000 i
2400 14 - 200
2001 2300 - 13.5
i 2200 13 - 100 -
m 2002
2100 12.5 0

Fig. 1. The sum of active temperatures, average diemperature and precipitation in 2000-2002

In 2000, it was hot during the soybean developmenibd. The air temperature was above the norm.»yQa. The
sum of active temperatures was above the long-téeerage annual data by 465 °C. Lack of moisturéksnidue first
half of summer and September. And only during thiedtdecade of July and August, a significant antoain
precipitation is recorded, which improved the ctindi of soybeans during the pod formation. The terafure
conditions in 2001 matched the long-term averageshie cultivation of soybeans in the Amur regidhe sum of
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active temperatures was slightly above the nornecipitation had a significant impact on the grovahd
development of soybean that year. In June-Septernitee was 60% of the norm.

The vegetation period of 2002 was more favoralidéHe growth and development of soybean. Only anfitst half
of the growing season the temperature was belodotigeterm average. There were minor rainfalls migithe pod
formation and seed ripening period.

Thus, it is shown that the limiting factor durirtgetstudy was temperature.

Research methods
Field experiments were performed in the breedingseny according to the method of studying the ctithe
samples. The selection of samples for analyzegedsrmed according to State methods of crop watesting.

We investigated the biometric (the number and wedaflseeds per plant, weight of 1000 seeds) andhkimical
indices of soybean of different phylogenetic oridiihe amount of protein, oil and higher fatty acidsseed oils,
specific activity and electrophoretic spectra afyanes).

Protein and oil content, as well as their quaktttomposition were determined by chromatograpliyguislir-42
scanner in the laboratory of All-Russian Reseandtitute of Soybean. For enzymatic analysis pradginacts were
prepared from the test material (500 mg), in whixbtein was determined according to Lowry [37]. ¥#ne
activity was determined by the appropriate standaethods: catalase by the gasometric method [&8hxidase
according to Boyarkin [39], esterase activity adinog to Van Aspern[40], acid phosphatase and araytgsthe
photocolorimetry method [38]. Reagents by Reanah@ary), Sigma (USA), Fluka (Belgium), Panreac {Spand
Merck (Germany). The specific enzyme activity wafculated as units per mg protein. Plural enzymm$owere
detected by electrophoresis on the 7.5% columngabyacrylamide gel on the Bio-Red instrument (USA).
Determination of enzymatic activity zones (enzyrmoenfs) in gel was carried out using appropriateokis¢mical
methods [41; 42]. Since the standard criterion tfur characterization of pluralenzyme forms is theiative
electrophoretic mobility (Rf), the difference iretlquality of soybean cultivars was evaluated bytified enzyme
forms according to their Rf. The numbering of forimgyiven from the high-mobile (to anode) formsthe low-
mobile forms. Each enzyme form was given an abht®r in accordance with Rf values (C1-C8 for lzge, P1-
P18 for peroxidase, AP1-AP13 for acid phosphatBdeE14 for esterase, A1-A10 for amylase). Additlorsae
forms were designated with «*» [43]. Areas of atyivdentified on enzymogramms (plural forms) weligided
into 3 groups by the rate of occurrence (0-19% w tcurrence; 20-49% —average occurrence;>50%-gla hi
occurrence of forms).

Biochemical studies were conducted in six analytieplicates. Statistic processing and calculabbrorrelation
coefficients were carried out according to the méthof N.A. Plokhinsky.

Studies were conducted with use of the equipmethefinterdepartmental Center of Analytical Cohwba State
of Environment” of the Far Eastern Federal Univgrsi

RESULTS AND DISCUSSION

We have previously shown that the biochemical asislgf seeds of soybean cultivars zoned in the Aragion
reveals changing the enzymatic activity of soybsee&ds, depending on weather conditions, growingossaand
ecological conditions in the cultivation area. Thésan indication of adaptive responses to differelimatic
conditions which, in its turn, leads to quantitetichanges in antioxidants (carotene, ascorbic acrdhor
constituents, oils, unsaturated higher fatty a¢idsic, linolenic acids), as well as yielding caipa¢44]. Also, we
have systematized data on electrophoretic spettuitiple forms), catalase, peroxidase, acid phosHea esterase
and amylase of soybean seeds of different phyldgeoegin, which differ in cultivars and lines [5

Under natural conditions, morphological and bioclwaiparameters of wild soybean are largely infesh by
environmental factors. Peroxidase and catalasensezyare important anti-oxidants. We found increasgiyity of
these enzymes in the seeds of wild soybean in casomawith the cultivated one, which is apparemtiye to the
higher adaptive potential of wild soybean. Studyth# activity of catalase and peroxidase in wilghsan seeds
showed that the peroxidase activity increased, emtie catalase activity decreased (Table. 1),wbarhesponds
with the previously set data proving the inverdatienship in the activity of these enzymes in sy seeds [46].
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Table 1.Biochemical composition and morphologicalarameters of wild (A) and cultivated (B) soybean sls grown in 2000-2002.
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Fig. 2.Enzymogrammchartsof catalases (A), peroxidas (B), esterases (C), amylases (D) and acid phoafatses (E), found in wild
soybeanseeds obtained in 2000, 2001 and 2002. Thew shows the direction of electrophoresis from tie anode to the cathode ™.
19% — low occurrence; ™= 0-49% —average occurrenc™ e

Feature 2000 2001 2002
A B A B A B
Catalase (u/mgproteinx | 229 | 152| 166| 135 104 91
Peroxidase (u/mgprotein) 338 1 466 300 877 260
Acid phosphatase 246 | 174| 146| 188 159 255
(u/mgproteinx 16)
Esterase (u/mgproteirl0°) | 238 [ 290| 125| 120 84 250
Amylase (u/mgprotein) 9.8] 4.2 2.3 4.6 2)1 0.9
Protein, % 4890 39.3 474 41)2 504 40.2
Oil,% 10.3| 18.2] 11.1] 189 95 203
Oleic acid,% - 124 164 13p 14|6 124
Linolenicacid,% - 10.2] 16.5 9.0 7.1 7.7
Number of seeds per plant 608 48 1069 19 793 |40
Weight of seeds per plant, 198 6|5 335 59 2259
Weight of 1000 seeds, g 32{7 132 29.8 120 295 47
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The seeds of wild soybean and cultivated soybedsiajned under the conditions of 2000, when thevgrg season
was marked by high temperatures and the seed miggrériod was marked by a large amount of predipita
catalase activity was stable and high, which catesl with the maximum number of forms (five andheig
respectively) of this enzyme (Figure 1A, 2A). Fbe tcultivars of cultivated soybean, six enzyme frwere
identified with high (C2 and C3) and average rdteazurrence (C1, C4, C5, C6). In the seeds of sagbean, four
catalase forms were identified with high (C1) andrage rate of occurrence (C1* C4 and C5), amohigwthat
year we found a more mobile additional rare form*.Chat year peroxidase activity of soybean seeds wa
characterized by a low number of forms with average of occurrence (P6-P8), which corresponds towa
specific activity of the enzyme (Fig. 3B, Table The seeds of wild soybeancontained6 forms of pdases with
average rate of occurrence (P4, P5, P7-P9) andrasfavith high rate of occurrence (P6 and P18), iga
minimum specific activity of the enzyme (Fig. 2Bafilel).
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Fig. 3.Enzymogrammcharts of catalases (A), peroxides (B), esterases (C), amylases (D) and acid pHepses (E), found in soybean
seeds of various ecological and geographical origobtained in 2000, 2001 and 2002. The arrow showsetdirection of electrophoresis
from the anode to the cathode ™ 0-19% — low occurrere; ™= 0-49% —average occurrenc™=  >50%- a high occurres of forms).

In 2001, soybean seeds obtained in a dry summénr,aMack of moisture at the beginning of the grayseason
and during the pod formation period, had a gresecific activity of peroxidase and, as a consegeietne number
of enzyme forms increased to 8 in the seeds of sdlgbean and to 14 in cultivated ones. The speadtivity of

catalase decreased, with 6 forms of average totaitghof occurrence in the seeds of wild soybea®and P16-
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P18), and 7 forms in cultivated ones (P8, P13-P18¢. number of catalase forms decreased to 3 wihage and
high rate of occurrence (C1, C2, C8 in cultivateeé and C2, C5, C8 in wild one).

In the more favorable weather conditions in 2002ré¢ was a minimum catalase activity in the obthiseybean
seeds of different phylogenetic origin. The seddsildl soybean revealed only two forms of catalagg® and C8),
while the cultivated one had three forms (C1, C8 @8) with average and high rate of occurrence. §pexific
activity of peroxidases in the seeds of wild soybeas maximum that year, but only one form of theyene with a
high rate of occurrence (P7)was found. The seedwwie cultivated soybean cultivars and accessikas’8042,
Lambert (USA), 76-11 (Canada), No. 4888 (Polandjisk 4 (Russia)) had a low specific activity of pedase,
indicating their good tastiness and ability to sediin the selection process. This fact is reftbatethe general
peroxidase specific activity of cultivated soybeseeds in 2002 year, which was lower than that dfl wi
soybean(Table 1). Also, in cultivated soybean weed@ high number of plural forms of peroxidase) (irkcluding
one with a high (P18) and two (P7, P8) with an agerrate of occurrence.

The results obtained for the antioxidant enzymeviagtsuggest that the increased temperature erdsatice
metabolic processes in soybeans and clears thefgdamthe harmful hydrogen peroxide.

The rate of biochemical processes in soybean séeplsnds on the level of hydrolytic enzyme activitlyich is
characterized by broad substrate specificity. Weelmreviously studied the electrophoretic spectnabonuclease,
amylase and esterase in the collection of seedbafoybean cultivars of different ecological ana@ggephical
origin, grown in different agro-climatic zones (Amand Moscow regions). It is shown that soybeativars grown
in the conditions of the Amur region have a highyene heterogeneity of hydrolase complex [47].

The activity of acid phosphatase, esterase andammylf soybeans also varied throughout the yeastudy, as well
as oxidoreductases (Table 1, Fig. 1, 2).

The soybean seeds of different phylogenetic ogitained in hot summer (2000) showed a high speadiivity of
esterase and an increased number of enzyme foratde(Tl, Fig. 2C, 3C). This indicates an increasehim
metabolic processes under stress. The seeds vhtedt soybean show the maximum number of estéoases (10)
with a high rate of occurrence (E3, E4, E5, E6,E,E9, E10, E11, E12, E13). This year is paréidulinteresting
in that the seeds of cultivated soybean had additidorms (E4* E6*-E9*) with an average electropdtic
mobility, which increased the number of esterasm#oin the seeds of some cultivars up to 17. A kmahber of
esterase forms were found in the cultivars with plagentage containing wild soybeans. In 2001, iought
conditions, we obtained soybean seeds having aageespecific activity of the esterase, which haty awo
enzyme forms with a high and average rate of oecwe. Wild soybean revealed forms E2 and E10, ahidated
soybeans E3 and E12. We should note the abserioentd with a average electrophoretic mobility (EByEwhich
appear at high and low temperatures. This observédi confirmed by the fact that in 2002, when itt@an annual
temperature decreased by 1°C, soybean seeds efediffphylogenetic origin had E5-E7forms, with &6 in the
seeds of wild soybean having an average rate afrmerce. It should be noted that this year shoveedesforms
with high rate of occurrence: E3 in wild soybeaadse E2, E3, El4incultivated soybean seeds. These rielate to
the valuesof the specific activity of esterasdsiminimal in wild soybean seeds, and high in galitd soybean
seeds.

The analysis of enzimogrammcharts of amylase inbsay seeds of different phylogenetic origin rewtale
significant differences in the spectrum of pluragme forms during the studied period (Fig. 2D, 3Dhe year
2000 was marked by a temperature increase of 1.arf€ high values of specific activity of the enzy(able 1).
Moreover, in wild soybean seeds it was more thdol@higher than in cultivated soybean seeds. &stémgly, the
seeds of wild soybean had only three forms (Al, AB) with an average rate of occurrence and no $ooh
amylase with low electrophoretic mobility (A7-A1®owever, the seeds of cultivated soybean contafidchown
amylase forms of soybeans. Four of them (A3, A5, A8) had a high rate of occurrence. In 2001, whics
characterized by a significant decrease in pregtipit (by 200 mm) compared to the long-term avesadiee
specific activity of amylase was different: maximumcultivated soybean seeds, and low in wild saybseeds.
The seeds of wild soybean revealed forms A3 and witl® a high rate of occurrence and form A8 witlow one.
Cultivated soybean seeds had two forms with hige ohoccurrence (A3 and A8) and five forms witleege one
(A2, A5, A7, A9, A10). We should note the identdf/the revealed forms of amylase in the phylogevlyich may
have formed in the harsh climatic growing condisiorin 2002, the samples of soybean seeds of diftfere
phylogenetic origin had low (in wild soybean) anthimum (in cultivated soybeans) specific activitiyamylase.
However, the analysis of enzymogrammcharts oféhizyme allowed to find out an increase in plurahfe (to 8 in
wild soybean seeds, and 10 in cultivated ones)¢chwlpparently enhances glucose metabolism at lmpéeatures.

It should be noted that the seeds of wild soybemhdne form (A2) with high rate of occurrence ahigké forms
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(A3, A6, A10) with average one, while the cultivditenes had five forms (Al, A2, A3, A6, A7) with higate of
occurrenceand three forms (A5, A8, A9) with average.

In 2000, soybean seeds are characterized by higgnolgeneity of acid phosphatases, particularlyhian deeds of
cultivated soybean, which had forms AP4, AP6, ARB9, AP11, AP12 and AP13 with high and average oéte
occurrence(Fig. 3E) and average specific activitthis enzyme (Table. 1, Fig. 2E, 3E). Wild soybsaeds which
hadhigh specific activity of acid phosphatase shtbeely two forms with average rate of occurrenceARP13).
Lack of precipitation in 2001 caused a decreasenzymatic activity: the values of the specific @ityi of acid
phosphatase were average, the number of pluralenfyims decreased. The seeds of wild soybean hadoom
with high rate of occurrence(AP4) and two formshndtverage one (AP12, AP13), while the seeds ofvaiitd
soybean had two forms with high rate of occurreAP4Q, AP13) and two forms with average one (AP56AM
the conditions of the growing season of 2002, teds of cultivated and wild soybean had five fowhsacid
phosphatases with high and average rate of ocaarekP5, AP8, AP9, AP10, AP13 in the cultivated ;0AP4,
AP5, AP9, AP12, AP13 in the wild one. That yeapgdfic activity of the enzyme differed significantfor wild
soybean it was average, whereas for cultivatedtamas maximum.

Thus, soybean seeds obtained in 2000, when it wasldring the growing season, are marked by higtcifip

activity of the studied hydrolases in wild soybeseds (Table 1) and an increased number of theirsfan the
seeds of cultivated soybean. The smallest numbédrydfolase forms was found in 2001. In 2001-2002reh
wereminor differences in the specific activity ofidase and acid phosphatase.

The analysis of enzymogrammcharts of soybean seatifferent phylogenetic origin revealed a higlteeence of
forms of catalases, peroxidases, esterases, amyaseacid phosphatases depending on the weathditions for
growing soybeans(Table. 2).

Table 2.The occurrence of forms of catalases, perdases, esterases, amylases and acid phosphatasgsedding on the weather
conditions for growing soybeans

Enzymes 1 2 3 4
Catalases W Cl C2; C8 Cl; C7
C C2; C3 C8 C8 Cl
Peroxidases W P6; P18 P17; P[L8 P7
C P18 P18
Esterases W E3 E1l E3
C | E4; E6-E13 E2; E12 E3
Amylases W A3; A10 A2
C A5 Al; A6 A2; A3; A7; A8
Acid phosphatase$ AP4 AP4; AP12 AP13
C AP6 AP10 AP5 AP13

Note: 1- high temperature and low precipitation;: Bormal temperature and drought; 3 — low tempeand normal precipitation; 4— occur
in all conditions; W—wild soybean; C — cultivatesybeans.

For wild soybean only two enzymes were revealedsetforms (P7 and AP13) are found in all growingditons.
Interestingly, in wild soybeans forms C1 and E3wat high and low temperatures and forms A3 andécur in
drought and low temperatures, while in cultivategl®an they are found under all cultivation condis.

Analyzing the results of the biochemical and morpbtric parameters (Table 1), it should be notetttfmweather
conditions during the growing season (temperatasgease by 1.3 °C or the lack of moisture by 60%)se
changes in the biochemical composition of seeds ahd result, in the yield structure. For culéahsoybean, high
temperatures during the growing season increaskeiiit acid content and seed weight per plantréadiice protein
and oil content. For cultivated soybean moisturiciiéncreased the content of oleic acid and prgtas well as the
number of seeds per plant, and reduced the wefgh®@0 seeds and the content of linolenic acid. @aning the
results of studies on wild soybean according t@agmic and morphological characteristics we hawmdothat in
2002 the seeds accumulated the maximum amountotdiprand minimum of oil. The maximum number ofd®e
having a high weight per plant, oleic and linola@d content in the seeds of wild soybean wereifsigntly higher
in 2001, which is apparently related to dry weatt@rditions.

CONCLUSION
As a result of three years of research on electigtit spectra of enzymes of soybean seeds ofreliffe

phylogenetic origin, we identified 8 forms of catsés, 14 forms of peroxidases and esterases, 8 fdramylases,
13 forms of acid phosphatases. In general, thdtsestiresearch for the first time allowed us t@cterize the
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electrophoretic spectra of soybean enzymes andniiet the effect of climatic growing conditions dheir
variability.

For the first time it is found that the activity otalases, peroxidases, acid phosphatases, estanmd amylases
may be an indicator of soybean adaptive capalsilitttable specific activity and number of enzymenfoor their
increase in various growing conditions indicate ighhadaptive capacity of soybeans. It was found thigd
soybean, having a high adaptive capacity, is claraed by high specific activity and a small numb&observed
enzyme forms. Low specific activity of the enzynwfscultivated soybean is compensated by an increasee
number of forms, which increases the resistancgogbean in different growing conditions. Thus sitshown that
the adaptive capacity of wild soybeanis determibngdhe high specific activity of enzymes in the dgewhile in
cultivated soybeans it is determined by the in@dasimber of enzyme forms.

It was found that different weather conditions odwing soybean seeds of different phylogeneticiorgge marked
by significant changes in the activity and the nembf forms of the enzymes, which affected the héwaical
composition of seeds.

Thus, for the first time we carried out a comprediesm approach to the study of the role of enzymethé process
of adaptation of soybean of different phylogenetigin and found that the electrophoretic specfrae@d enzymes
can be used as markers of soybean cultivars adaptidifferent growing conditions.

Work was supported by grant of the Ministry of $cie and Educational of Russi&3843).
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