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Abstract,  Three protein fractions (albumins, globulins and glutelins) of cotyledons of ripe 
and dormant soybean seeds were analysed by a modified polyacrylamide disc electrophoresis 
method. All fractions were shown to be multieomponent and easily characterized by their 
"protein electrophoresis spectra". A method of characterizing proteins by their relative electro- 
phoretic mobility (R.E.M.) by comparison with a new nontoxic dye as a tracer is employed for 
a preliminary identification of proteins. Specificity of protein complement was investigated in 
view of the autors, further studies on dynamics of specific proteins in the course of ripening 
and germination of soybean seeds. 

Being  r ich  in soluble rese rve  seed pro te in ,  p lants  of  the  Papil l ionaceae 
f ami ly  are o f ten  sui table  sources of  p ro te ins  for  p l an t  p ro t e in  studies.  How-  
ever ,  in spi te  of  p r o t r a c t e d  s tudies  on pro te ins  of  legumes these  subs tances  
are  still insuff ic ient ly  k n o w n  (BLAGOVESECHE~SKY 1967). U n d e r  na t ive  con- 
di t ions  seed pro te ins  exis t  as qui te  complex  m ix tu r e s  or composi t ions  of  
mul t ip le  p ro te inaceous  components .  Sets of  such c o m p o n e n t s  and  the i r  
re la t ive  concen t ra t ions  are  more  or less d i f ferent  a t  var ious  phases  of  seed 
d e v e l o p m e n t  (G~ETIE and  B ~ z ~ A  1964, KLoz,  KLOZOVs an d  Tu~KovA 1966, 
SAFONOVA 1967). 

I n  o rde r  to  inves t iga te  con ten t s  and  p roper t i e s  o f  m u l t i c o m p o n e n t a l  pro-  
te in  complexes  in seeds in connec t ion  wi th  physiological  p rob lems  i t  is 
expe d i e n t  to  use new me thods  of  b iochemical  analyses.  Some of  t h e m  have  
high d i sc r imina t ive  po ten t i a l  and  offer possibilit ies of  s imul taneous ly  fol- 
lowing several  p ro te in  componen t s ,  even  those  of  v e r y  similar proper t ies .  I t  
is v e r y  desirable  to  quickly  iden t i fy  mul t ip le  p ro te in  co m p o n en t s  b y  the i r  
charac ter i s t ic  f ea tu res  and  small a m o u n t s  of  these  purif ied pro te ins  could be 
ob ta ined  for  f u r t h e r  s tudy .  Methods  of  m o d e r n  p ro te in  ch em is t ry  based  on 
differential  migra t ion  of  macromoleeules  are  especial ly capable  of  mee t ing  
these  requi rements .  The  mos t  conven ien t  and  economical  ana ly t ica l  m e th o d s  
in this  group are po lyac ry l amide  gel e lec t rophore t ic  methods ,  especial ly disc 
e lec t rophores is  (DAvis  1964). 
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BI~IGGS and MAN~ (1950) were the first to publish electrophoretic studies 
on soybean seed proteins. They found seven protein components in a water 
extract from the seeds and several proteins were observed in globulin (g!y- 
cinin) preparations made by a series of methods the number of constitutents 
depended upon the particular preparative procedure. S~IT~, SC~VB~T and 
:B~LT~ (1955) separated soybean proteins into 2 fractions: a soluble one at 
pH 4.5 and an insoluble fraction under the same conditions. Five protein 
components were found in each fraction. Two proteins exhibited the same 
mobility so that  the total number of components was 8. However SZYLAOYI 
(1965) after separation of soybean proteins into albumins and globulins at 
pH 4.5 found 9 protein components in the albumin fraction. Thus a high 
multiplicity of protein components in soybean seeds was becoming more and 
more evident. 

Perhaps, these features of soya proteins could be demonstrated still more 
clearly, if polyacrylamide gel electrophoresis were used because of its superior 
resolving power. For example Fox, T~U~MA~ and BOUTLE~ (1964) were able 
to find up to 23 separate proteins in the albumin fraction of pea seeds. 

Therefore we thought a first step in our studies on dynamics of proteins 
in ripening and germinating soybean seeds should be an application of a disc 
electrophoresis method to reveal a real multiplicity of protein complexes in 
dormant ripe seeds. Further observations on dynamic protein patterns in 
soybean seeds were expected to be useful for an appreciation of the im- 
portance and probable function of a least several main protein components 
in these seeds. 

Material and Methods 

Separated cotyledons of ripe dormant seeds of soybean variety Primor- 
skaya 529 (recolted in 1965) were prepared by hand and milled in an electric 
coffee mill. The resulting meal was defatted with light petroleum at room 
temperature by means of several washings and decantations of the extractant 
layer. Defatted meal was dried on filter paper sheets and kept cool. 

Proteins were extracted twice with a 15-fold volume of phosphate buffer 
(pH 7-0) with 10 % NaC1 added. Extractions were performed for 3 hours at 
4 ~ and with periodical hand stirring. The extracts were clarified by centri- 
fugation at 5000 rev./min in a water-cooled centrifuge. Proteins were then 
totally sedimented by saturating the extract with pulverized solid (NH4)2SOa. 
The resulting sediment was separated by centrifugation, then s~spended in 
a minimum of water and dialysed in Visking cellophane tubing against 
distilled water for 3 days. Albumins were then separated from globulin by 
acidifying the dialysed solution with dimted acetic acid up to pH 4.5 (BOET- 
oE~ 1958). 

Glutelins were extracted from the insoluble residue of seed meal with 0.2 % 
solhtion of ~aOH at 4 ~ The extracts were then dialysed. Each protein 
fraction was lyophylised and analyzed by a disc electrophoretic method 
described separately (SAFONOV and SAFO~OV~ 1969, in press). 

Electrophoretic separations were performed in 7.5% polyacrylamide gels 
with basic and acidic buffer systems, as described by DAvis (1964) and 
REISFELD, LEWIS and WILLIAMS (1962), but with several modifications 
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important  for plant protein separations. The sample gel was replaced with 
6 % linear polyaerylamide solution containing the corresponding electrode 
compar tment  buffer. Protein zones were stained with 0.1% solution of 
xylenebril lantcyanin G (Sandoz, Basel) and were observed as very  bright 
and clear bands even at the  lowest component  concentrations (less than 10/~g 
per zone). Excess dye was easily washed out with a mixture of methanol,  
water and concentrated acetic acid ( 1 0 : 3 0 :  1). A food dye -- Sunset 
yellow FCF Supra (Pointing, Hexham,  England) was used as a tracer during 
electrophoretic separations for it obviously did not  interact  with acidic 
proteins and migrated as a single compact zone in front of all the  proteins, 
which then could be characterized by their  relative electrophoretic mobility 
(la.E.M.). 

A simple electrophoretic apparatus made in The Plant  Physiology Inst i tute  
was used throughout  because it had a cooling system with melting ice and 
an efficient buffer circulation system (SAFoNov and S.XFONOVA in press). 

Results and Discussion 

I t  appeared, after electrophoresis in the alkaline gel, tha t  soybean cotyle- 
dons possessed numerous (up to 17) albuminous components migrating to 
the  anode (Table 1). In  the  acidic gel 5 protein bands moving to the cathode 
were found. I t  was of interest  to determine whether  all these 21 proteins were 
different kinds of molecules or if there were any proteins among them which 
exhibited basic properties in the acidic buffer and acidic ones in the alealine 
buffer. For this purpose a brief additional experiment was performed as 
follows. 

The whole set of protein zones which migrated to the anode in the alkaline 
buffer system were removed from the gel (not fixed and not stained, of 
course) with the tris -- glycinate buffer used normally for electrode vessels. 
This extract  was introduced into electrophoretic tubes filled with pure 
acidic gel for subsequent electrophoretic separation. Two protein zones were 
observed in the elcetrophoregrams obtained. These zones were almost 
identical on the basis of their  Ir (0-32 and 0.52) w-ith 2 normally seen 
acidic components (R.E.)5. 0.33 and 0.58). So it would be reasonable to 
admit  tha t  the albumin fraction of soybean cotyledons consists preferentially 
of acidic proteins (not less than of 14 components), but  also includes 3 basic 
protein components and 2 approximately neutral  proteins whose mobility 
changes readily in accordance with pH of solutions. 

Globulins were separated into 11 anodie components when subjected to 
electrophoresis in the  alkaline buffer gel (Table 1) in the acidic gel there 
were 7 cathodic components. In  the alkaline gels containing 2 ~ urea globulin 
components separated less clearly, globulin pat terns were clear after electro- 
phoresis in acidic gels with 2 ~ urea. Obviously, urea induced a dissociation 
of some globulins into their  subunits because 4 additional protein bands were 
seen under  the respective electrophoregrams (Table 2). A dissociation of 
leguminous globulins under the  influence of urea has been observed by  several 
other authors (Fox, THUI~MAN and BOULTEI~ 1964, WEINTRAVB and SEUTOV 
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1966). When globulins were subjected to electrophoresis in the acid gel with- 
out urea a wide protein zone (very near to the start) was observed which 
almost disappeared in the presence of urea. I t  would be possible to admit 
that  there existed a protein (or proteins) dissociable into subunits with urea 
(Table 1). Several globulin bands disappeared as well from the gel electro- 
phoregrams (Table 1) when urea was present in the alkaline gel (for example, 
components with R.E.M of 0.05; 0.39; 0.44; 0-64). At the same time there 

Table  1 

Re l a t i ve  e lec t rophore t ic  mob i l i t y  (R.E.M.)  o f  anod ic  p ro t e in  com-  
p o n e n t s  o f  so3,bean co ty ledons  in a lkal ine  buffer  g e l  

A l b u m i n s  

0"02 

0.15 
0-18 

0-28 
0.35 
0.38 
0.42 
0.47 
0-52 
0-54 
0.57 
0.68 
0.78 
0.81 
0.89 
0-95 
1.00 

Globul ins  

0-05 
0.14 
0-20 
0-25 

0.33 
0.39 
0.44 

0.56 
0-64 

0.86 

1.00 

Globul ins  in  
t h e  presence  
o f  2M u rea  

4 

0-13 
0-18 
0-23 

0.33 

0-50 
0-55 

0.73 

0.88 

1-00 

Glute l ins  

0.06 
0.11 0.13 

0.17 

0.28 
0-33 
0.39 

0.50 

0.63 
0.73 

1-00 

(Sunse t  yellow F C F  Supra  is u sed  as t h e  t racer  wi th  R .E .M.  = 1.00 

appeared additional protein zones with R.E.M. of 0.50; 0.73; 0.88. We 
believe that  in this ease a similar dissociation of protein components into 
subunits with higher relative mobility and, perhaps smaller molecular di- 
mensions occurs. A certain role of hydrogen bonds in such association -- 
dissociation processes could be expected. 

Glutelins of soybean cotyledons were presented by 11 anodic components 
when separated in the alkaline gel (Table 1). In the acidic gel there were 
7 cathodic components (Table 2). 

I t  can be seen from the results obtained that the polyacrylamide gel 
electrophoresis used made possible sufficiently more detailed separations of 
protein fractions of soybean cotyledons into characteristic components. The 
protein fractions analysed (albumins, globulins and glutelins) are undoubtedly 
complex mixture of multiple and various protein components. Every fraction 
contains its inherent proteins with a characteristic electrophoretic mobility 
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(R.E.M.). I f  the  relative concentration (evaluated visually or otherwise on 
the  basis of staining intensity) is also considered a specific and very  charac- 
teristic "protein electrophoretic spect rum" is observable for each of  the  
fractions studied. I f  some additional factors (for example urea or gel con- 
centration) are involved a still more specific identification and s tudy  of 
a particular fraction can be performed. 

There arc several components  in common for all or some of the  protein 
fractions studied. Perhaps,  t hey  are almost inevitable products  of fractions 
obtained b y  a solubility fractionation. I t  may  be supposed tha t  any kind 
of  salt --  like or adsorptive weak interaction plays its role in such cases, 

Table  2 

R e l a t i v e  e lee t rophore t ie  m o b i l i t y  (R.E.IVI.) o f  ca thod ic  p ro t e in  
c o m p o n e n t s  o f  s o y b e a n  co ty ledons  in acidic buffer  gel. 

A l b u m i n s  

m 

0.21 

0-33 

0.58 

0.67 

0.79 

Globulins 

0.17 
0.20 
0.25 
0.30 

0.36 

0.45 

0.62 

Globu l ins  in 
t h e  presence  
o f  2M u rea  

0.14 

0.20 
0.26 

O.34 
O-35 
0.40 
0.43 
0.49 
0.57 
0.60 
0.66 

Glute l ins  

0.23 
0.26 
0.29 

0,39 
0.42 

0 '55 

0.70 

(Methylene  b lue  is u sed  as  t h e  t r a ce r  w i th  R .E .M.  ~ 1.00). 

especially in salt -- free solutions. I t  appears from our experience tha t  more 
pure  preparations of  albumins and globulins are obtainable when a total  
extraction of proteins with a high concentration (10%) salt solutions is first 
applied followed b y  a dialysis fractionation. On the contrary a traditional 
stepwise solubilization of albumins and globulins often results in more heavily 
contaminated preparations of seed proteins. 

A simultaneous polyacrylamide gel electrophoresis in acidic and alkaline 
buffer systems and the method of a protein zone identification used seem to 
be useful tools for a short  --  t ime preliminary evaluation of a real complexity 
of protein fractions, their comparisons and evaluations of pur i ty  of pre- 
parat ions obtained. Fur ther  studies on soybean seeds protein fractions from 
dynamic aspects perhaps, will enable us to interpret  the results obtained 
more comprehensively. 
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Byly s tudov~ny t~i bflkovinn6 frakee (albuminy,  globulfny a glutellny) d~loh zral~ch tdido 
v:~eh semen soje modifikovanou metodou diskov6 elektroforesy. Bylo zjifit~no, ~ie vw frakce 
jsou ranohokomponentnf  a dobfe charakterizovan6 sv~m ,,bflkovinn~rm elektroforetick:~m 
spektrem".  ]pro p~edb~nou  identifikaci bflkovin byla pou~.ita metoda jejieh charakterisovs 
podle jejlch relativnf elektroforetick6 pohyblivosti  pfl porovngml s nov:~m netoxick:~m potravi- 
nov~'m barvivem ,,Sunset Yellow FCF Supra" ,  jeji~ pohyblivost  se pokls za 1. SpecifiSnost 
bilkovinn6ho komplexu semen soje byla s tudovs ve vz tahu  k dalw pracem autorfi t~kajlclch 
so dynamiky specifick:~ch bilkovin p~i dozrgwA~d a kli6enf semen soje. 
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