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Methods for isolating a number of individual globulin components f rom cotton seeds have been reported 
previously [1-4]. By th in- layer  gel chromatography we have found in cotton seeds five globulin fractions 
differing in molecular  weight. 

The ciefatted flour, which had been washed with water  to eliminate albumins, was extracted with a 10 % 
solution of sodium chloride,  and the ext rac t  was deposited on a glass  plate coated with a thin layer  of Sepha- 
dex G-150 Super Fine equilibrated with a 10 % solution of sodium chloride.  Chromatography was performed 
for 42 h, and then a paper replica was taken (Fig. 1). It can be seen from the figure that the cotton seeds 
contain two main globulin components (3 and 4) amounting to 55 and 38 ~c of the total amount of protein. The 
molecular-weight  distribution of all five components according to the resul ts  of th in- layer  gel ch romatog-  
raphy is given below: 

Protein Rf, cm Mol. wt. 

1, Bovine serum albumin 13.2 68000 
2. Ox heart lactate dehydrogenase 16,4 140 000 
3. Catalase 17,5 240000 

Globulin fractions 
1 9 m 
'2 IX," 12,8 
3 Ill 16,1 128800 
4 IV 19,5 >300000 
5 V 21,3 >500000 

Fract ion III was investigated further.  Three methods were used to isolate it in which the protein 
f rom the salt extract  was precipitated by changing the ionic strength of the solution o r  the temperature  o r  
by the addition of var ious  amounts of ammonium sulfate. The protein fract ions obtained were analyzed by 
gel chromatography in a thin layer  of Sephadex G-150 Super Fine as descr ibed  above. 

The protein obtained by reprecipi ta t ion with a change in the tempera ture  of the solution [1] possessed  
a higher  solubility and contained a smal le r  amount of h igh-molecular-weight  impuri t ies  than the proteins 
isolated by the other two methods mentioned above. The yield of protein was 2 % of the weight of the defat-  
ted flour. To determine the degree of purity of the globulin obtained we used gel filtration in a column of 
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Fig, 1. Separa-  
tion of cot ton-  
seed globulins 
in a thin layer  
of Sephadex G-  
t50 Super Fine. 

Sephadex G-200 and chromatography on DEAE-cellulose.  The amount of impurity 
found did not exceed 10 % in ei ther  case.  To determine the molecular  weight o f  the 
globulin by gel fi l tration in a column of Sephadex G-200 we took the same standard 
proteins  as for gel filtration in a thin layer;  the molecular  weight of the globulin so 
determined was 125,900, while according to ul t racentr i fugat ion it was 130,000, the 
sedimentation coefficient being 7 S. 

By spectrophotometr ic  t i tration according to Boyer  [5] we found seven free SH 
• groups in the protein component under study. After the reduction of the globulin with 
fl-mercaptoethanol,  the number  of SH groups had increased  to 21. This makes it p o s -  
sible to assume the presence  of seven S - S  bonds in it. On subsequent carboxymethy-  
lation of the reduced globulin, t i tratable SH groups had completely disappeared.  
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Fig. 2. Separation on a column of Sephadex G-200 of the globulin d i sso-  
ciated in 8 M urea.  

Fig. 3. Separation on a column of Sephadex G-200 of the globulin d i s so -  
ciated in 1% dodecyl sulfate (* - a n  e lec t rophore togram of the protein 
dissociated in 1% dodecyl sulfate). 

By dansylation and dinitrophenylation methods we determined the amount of N-terminal  amino a c i d -  
arginine (6 moles p e r  mole of protein). The results  of a compar ison using th in- layer  gel chromatography,  
ion-exchange chromatography,  and a determination of the N-terminal  acids, of the 8.2 S globulin isolated 
previously [2] and the globulin that we had obtained showed their  identity. 

In o rder  to determine the quaternary s tructure of the globulin we used e lec t rophores is  in polyacryl -  
amide gel in the presence of 8 M urea  and 0.1 7c sodium dodecyl sulfate (SDS). The e lec t rophore tograms 
obtained in the presence of 8 M urea  showed two intense bands in the upper part  of the gel and two weak 
bands corresponding to proteins with higher mobilities, tn the presence of 0.1% SDS two intense bands were 
found at the end of the gel and four low-intensity bands above. 

To determine the molecular  weights of the subunits corresponding to the bands mentioned we used 
e lec t rophores is  in polyacrylamide gel by the method of Weber and Osborn [6]. The standard proteins used 
were catalase cleaved in 1% SDS, pepsin, and cytoehrome.  The following values of the molecular  weights 
were obtained: 70,790; 56,230; 38,020; 35,480; 18,620; and 15,800. On e lec t rophores is  in the presence  of 
dissociat ing agents the reduced and carboxylated protein gave no new bands, which shows the absence of 
disulfide bonds between the polypeptide chains. On studying the globulin dissociated in 8 M urea  by gel 
chromatography in a thin layer  in the presence of proteins of known molecular  weights, we found two com-  
ponents in the cleaved globulin, with mol. wt. 54,950 and 40,740. On preparat ive separation in a column of 
Sephadex G-200 of the protein dissociated in 8 M urea,  we obtained four fract ions the e lec t rophore tograms 
of which are shown in Fig. 2: The first  two, present  in major  amount (80(~), were found by gel chromato-  
graphy in a thin layer  of Sephadex and the two minor  components (18 %) of the deposited protein were not 
found in the thin layer  because of their small  amount. The molecular  weights of the minor  components iso-  
lated f rom the column (23,000 and 17,380) were determined by gel chromatography in a thin layer  of Sepha- 
dex G-75 Super Fine. 

In the preparat ive separation of the protein cleaved in 1% SDS on a column of Sephadex G-200 four 
fract ions were obtained (Fig. 3) the percentage rat ios  of which were 20, 25, 18, and 22; their molecular  
weights (37,000, 35,000, 18,750, and 1700) were determined by ultracentrifugation using the method of un- 
established equilibrium. 

The two fractions of low molecular  weight were dialyzed against distilled water  to eliminate SDS and 
were f reeze-dr ied ,  and their molecular  weights were determined by gel fi l tration through a column of Seph- 
adex G-75 equilibrated with 0.0i M tr is  buffer, pH 8.2, with the addition of sodium chloride to ~ 0.5. As 
the standard proteins we used cytochrome in the monomeric  and dimeric forms,  and also ox serum albu- 
min. The free volume of the column was determined with respect  to dextran blue. The molecular  weights 
found were 67,610 and 47,860. On comparing the resul ts  obtained, we assume that the globulin consists  of 
two types of polypeptide chains with molecular  weights of about 18,500 and 16,000; the molecular  weights of 
70,790, 56,230, 35,480, and 38,020 found on e lec t rophores is  in the presence of 0.1% SDS and of 67,610 and 
47,860 determined by gel filtration relate to t e t ramer ic  and dimeric  forms of the two polypeptide chains 
mentioned. 
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E X P E R I M E N T A L  M E T H O D  

T h i n - L a y e r  Gel Chromatography .  The defat ted flour (1 g) was washed three  t i m e s  with d i s t i l l ed  wa te r  
and centr i fuged,  and the sol id  m a t t e r  was ex t r ac t ed  with 5 ml of 10 ~ sodium chlor ide  solution for  30 min 
and was  centr i fuged.  The concent ra t ion  of p ro te in  in the e x t r a c t  obtained was 55-60 m g / m l .  

F o r  ch romatography  we used  g l a s s . p l a t e s  (20 ×40 cm) on which a 0 .5 -mm l a y e r  of Sephadex G-150 
Super Fine in sodium chlor ide  solution had been deposi ted .  The p la tes  were  equ i l ib ra ted  for 12 h. The p r o -  
te ins  in a concent ra t ion  of 20-40 m g / m l  were  depos i ted  in the form of a s ingle drop.  The c h r o m a t o g r a p h s  
were  run for  40-42 h. The angle of slope of the p la tes  was 15". 

A p a p e r  r e p l i c a  was t r e a t ed  with a 0.1% solution of Bromophenol  Blue in a mix ture  of methanol  and 
ace t ic  ac id  (9 : 1). Then a ca l ib ra t ion  curve of the dependence of Rf on log M was plotted,  and the mo lecu la r  
weight was de t e rmined  f rom this.  F o r  the globulin components  we obtained mo lecu l a r  weights  of 68,000, 
128,000-130,000, 320,000-340,000, and above 400,000. F o r  ca l ib ra t ion  we took pro te ins  of known molecu la r  
weights :  bovine se rum albumin (68,000), ca t a l a se  (240,000), and lac ta te  dehydrogenase  (140,000). 

I so la t ion  of the Main Globulin of Cotton Seeds.  The defat ted f lour (500 g) was  e x t r a c t e d  with a 10 % 
solution of sodium ch lor ide  buffered with phosphates  to pH 7.4 in a ra t io  of 1 : 30 for  12 h. The mixture  was 
centr i fuged.  The superna tan t  l iquid was d ia lyzed  agains t  flowing w a t e r  for two days.  The p rec ip i t a t e  that 
had depos i ted  was s epa ra t ed  off and washed,  with cooling, with 0.05 M Na phosphate buffer,  pH 7.4, and r e -  
centr i fuged.  The p rec ip i t a t e  was d i s so lved  at  30 ° C in a 0.3 M solution of sodium ch lor ide  buffered with 
phosphates  to pH 7.4, the solution was centr i fuged,  and the supernatant  liquid was  cooled to - 2 ° C  and below. 
The p rec ip i t a t e  that depos i ted  was cent r i fuged and r e p r e c i p i t a t e d  s i m i l a r l y  three  more  t imes .  The prote in  
obtained was f r e e z e - d r i e d .  Yield 1.8 % on the defat ted flour. 

Pur i f i ca t ion  on a Column of Sephadex G-200. A solution of 100 mg of pro te in  in 3 ml of phosphate 
buffer ,  # 0.5, pH 7.4, was  depos i ted  on a column (2 × 200 cm) on Sephadex G-200 equ i l ib ra t ed  with the same 
buffer .  The r a t e  of elut ion was  6 ml /h .  The pro te in  was e lu ted  in two f rac t ions .  The m a t e r i a l  c o r r e s p o n d -  
ing to the individual  peaks  was d ia lyzed  and f r e e z e - d r i e d .  The y i e ld s  of f rac t ions  1 and 2 amounted to 9 ~c 
and 90 7c, r e spec t i ve ly ,  of the pro te in  deposi ted .  

Reduction and Carboxymethy la t ion  of the Globulin. The pH of a solution of 3.5 g of the globulin in 
25 ml of a f r e s h l y  p r e p a r e d  8 M solution of u r ea  which had been r e c r y s t a l i z e d  f rom 75% ethanol was brought 
to 8.5 with a 1 N solution of l i th ium hydroxide.  Then 6 ml of mercap toe thano l  was added and the pH was 
r e s t o r e d  to 8.5 with the 1 N solut ion of l i th ium hydroxide .  Reduction was p e r f o r m e d  in a b e a k e r  p ro tec t ed  
f rom the l ight in a cu r r en t  of n i t rogen for  4 h with continuous s t i r r i n g .  Then the p ro te in  was p r e c i p i t a t ed  
with a 10-fold excess  of cold ac id i f ied  ethanol  (39 p a r t s  of ethanol + one p a r t  of 1 N hydroch lo r ic  acid  at 4-  
6°C) and was centr i fuged at 3000 rpm for  15 min.  Af te r  this  it was washed with ac id i f ied  ethanol  th ree  t imes  and 
d i s so lved  in 8 M u rea ,  the pH of the solution was  brought to 8.5 with a 1 N solution of l i th ium hydroxide ,  
and 1.5 g of monoiodoacet ic  acid (20-fold exces s  for 1 SH group) in 10 ml of 8 M u rea ,  pH 8.5, was added. 
The a lkyla t ion  reac t ion  was continued for  30 min under  the same condi t ions as  for the reduct ion p r o c e s s .  
The pro te in  was  p rec ip i t a t ed  with acidif ied ethanol,  washed twice,  and cent r i fuged.  The p r ec ip i t a t e  was 
d i s so lved  in 8 M u r e a  and d ia lyzed  aga ins t  d i s t i l l ed  w a t e r  for two days.  The p ro te in  pur i f ied  by d i a l y s i s  
was f r e e z e - d r i e d .  Yield 0.43 g (12%). 

Determina t ion  of F r e e  SH Groups.  p - C h l o r o m e r c u r i b e n z o a t e  (purif ied by two r e p r e c i p i t a t i o n s  with 
1 N hydroch lo r i c  acid  f rom a 1 N solution of caus t ic  soda, the p rec ip i t a t e  being washed twice with wa te r  
and with acetone and d r i ed  ove r  phosphorus  pentoxide) (20 rag) was d i s so lved  in 160 ml  of a buffer p r e p a r e d  
by mixing  3 M d ipo tas s ium phosphate with 2 M monopotass ium phosphate in a r a t io  of 39 + 1.5 ml.  Urea  
was added to the r e su l t ing  solution to a concent ra t ion  of 6 M. Samples  of 1.25, 2.5, 5, 6.25, 8.7, 10, 12.5, 
15, 16.2, 18, 20, 25, 30, 40, 47, and 50 ml were  taken from the ini t ia l  solut ion and the i r  vo lumes  were  made 
up to 50 ml in each case .  

To each of a number  of t e s t  tubes With g round- in  s toppers  were  added 4 ml  of the p - c h l o r o m e r c u r i -  
benzoic acid  solution and 1 ml of p ro te in  solution with a concent ra t ion  of 1-2 m g / m l .  The s a m p l e s  were  
incubated at  room t e m p e r a t u r e  for 30 min in a c u r r e n t  of n i t rogen and were  pho tomete red  at  250-280 cm. 
Then g raphs  of the dependence of the ext inct ion at 250 nm on the number  of m o l e s  of added p - c h l o r o m e r c u -  
r ibenzoate  were  plotted.  The absorp t ion  at  280 nm was used  to ca lcu la te  the accura te  concent ra t ion  of p r o -  
tein. The point of inf lect ion on the graph c o r r e s p o n d e d  to the number  of su l fhydryl  groups.  

Study of the Dissoc ia t ion  of the P ro te in  in 8 M Urea  and 1% SDS. The p ro te in  was  d i s so lved  in 8 M 
u r e a  o r  1% SDS and incubated at  47-50°C for 45 min. In the e l e c t r o p h o r e s i s  of s a m p l e s  d i s s o c i a t e d  as  
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descr ibed above, the solutions for the preparat ion of the gels were treated with dodecyl sulfate to a con-  
centrat ion of 0.1 ~ or  with urea  to a concentration of 8 M. Elec t rophores is  was per formed for 3 h (5 mA 
per  tube) using t r i s -g lyc ine  buffer. The plates for gel chromatography in a thin layer  of Sephadex G-150 
Super Fine were equilibrated with 8 M urea.  Gel chromatography was per formed by the method described.  

Separations of the Prote in  Dissociated in 8 M Urea on a Column of Sephadex G-200. The protein (300 
mg} which had been incubated in 8 M urea  was deposited on a column of Sephadex G-200 (2 × 200 cm) equi-  
l ibrated with 8 M urea.  The rate of elution was 3 ml/h.  According to the elution graph, four fractions were 
obtained containing 107, 130, 15, and 18 mg of protein. The fract ions were dialyzed and f reeze-dr ied .  

Separation of the Protein  Dissociated in 1% SDS on a Column of Sephadex G-200. A solution of 75 mg 
of the protein in 1 ~ SDS was deposited on a column of Sephadex G-200 (2 × 100 cm) equilibrated with 0.1 ~c 
SDS. The rate of elution was 4.65 ml/h.  Four  fract ions were obtained with yields of 20, 25, 16, and 22 
of the protein deposited, respectively.  

By the method of unestablished equilibrium at 22,000 and 8000 rpm molecular  weights of 37,000, 
35,000, 18,750, and 17,000 were found for the polypeptides obtained. 

S U M M A R Y  

1. Cotton seeds contain five globulin components,  two of which are the main representat ives;  the mo-  
lecular  weights of the lat ter  are 130,000 and more  than 300,000. 

2. The globulin with a molecular  weight of 130,000 (N-terminal  amino acid arginine) has a quater -  
nary  s tructure:  it consis ts  of two types of polypeptide chains. 
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