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The seeds  of the cotton plant  a r e  an impor tan t  source  of food protein.  The p r e s e n c e  of gos sy -  
pol in the seeds  l imi t s  the use  of  pro te in  i so la tes  as  addi t ives  to food products .  The use  of 
sa l t  and alkal ine solutions fo r  ex t rac t ing  the pro te ins  leads  to the fo rmat ion  of i so la tes  with 
re la t ive ly  high gossypol  constants .  Ext rac t ion  in an acid medium p e r m i t s  the p r e sence  of the 
toxin to be excluded. In this p roce s s ,  a number  of p r o b l e m s  a r i s e  which a r e  connected with the 
p r e sence  of a l a rge  amount  of phytin (about 5%) in the seeds  of  the cotton plant.  The l a t t e r  a f -  
fects  both the yield of food pro te in  on ex t rac t ion  and functional p r o p e r t i e s .  A method is p r o -  
posed for  e l iminat ing t r a c e s  of phytin f r o m  an acid isolate .  A subs tant ia l  influence of phytin on 
the p r o p e r t i e s  of the pro te ins  has been  obse rved  in those cases  where the l a t t e r  is s t rongly  
bound to the pro te ins  at  acid pH values .  

The high amount  of prote in  (about 30%) in the seeds  of the cotton plant  and its re la t ive ly  high quali ty in 
re la t ion  to essen t i a l  amino acids makes  the cotton plant  an impor tan t  source  of food protein.  Consequently, 
the at tention of a l a rge  number  of  worke r s  has been devoted to it, as  to a whole s e r i e s  of o ther  plant sources  
of prote in .  A number  of methods of obtaining i so la tes  f r o m  cotton seeds  have been proposed  which a r e  based  
on the ex t rac t ion  of the pro te in  in alkal ine or  acid media  or  in sa l t  media  a t  neut ra l  pH va lues .  Each method 
has i ts  advantages  and disadvantages ,  which have led r e s e a r c h  worke r s  to seek  new methods of obtaining p r o -  
tein i so la tes  f r o m  the seeds  of the cotton plant.  The main  r e q u i r e m e n t s  f o r  these  is the product ion of food p r o -  
tein without the toxic p igment  gossypol .  

Such methods of e l iminat ing gossypol  as the cyclone method [ 1] and ex t rac t ion  with organic  solvents  [2] 
have not come into wide use for  a number  of r ea sons  [3].  The use  of alkal ine ex t rac t ion  or  ext rac t ion  with 5- 
10% solutions of sodium chloride to obtain i so la tes  is l imi ted  p r i m a r i l y  by the high concentra t ion of gossypol  
in the pro te ins  obtained. The product ion of cotton pro te in  i so la tes  in an acid med ium is of g r ea t  advantage in 
this connection. However ,  here  a number  of p rob l ems  a r i s e  that a r e  connected with the p r e sence  of phytin, the 
amount  of which in the seeds  r eaches  5%. The in terac t ion  of phytic acid with p ro te ins  has been studied, for  the 
case  of soybean pro te ins ,  for  30 y e a r s  a l r eady  [4--6]. It has been  shown that phytic acid is s t rongly  bound to 
the pro te in  a t  lys ine ,  arginine,  hist idine r e s idues  [ 5]. Phytin changes the p r o p e r t i e s  of the protein,  and this 
mus t  be taken into account in the  product ion of a p ro te in  i so la te  with improved  functional p rope r t i e s .  Methods 
have been proposed  for  e l iminat ing t r a c e s  of phytin f r o m  prote ins  by d ia lys is  in an acid med ium agains t  ca l -  
c ium ions [ 5], by d ia lys i s  in an acid medium,  by t r e a t m e n t  of the pro te in  solution with ion-exchange res in ,  and 
by prec ip i ta t ion  in an alkal ine med ium [4].  

To e l iminate  phytin f r o m  cot ton-p lant  i so la tes  we have used t r ea tmen t  with a 2% solution of hydrochlor ic  
acid [7]. Quanti tat ively the main  pro te ins  of cotton seeds ,  as  for  many other  plants ,  a r e  the globulins.  Conse-  
quently, changes in the p r o p e r t i e s  of  p ro te ins  i so la ted  in the p r e s e n c e  of phytin was studied in compar i son  with 
a nat ive globulin f ract ion.  

In Fig. 1A, curve  1 shows the marked  d e c r e a s e  in the solubil i ty of the nat ive globulins with an i nc rea se  
in the concentra t ion  of HC1, which becomes  ze ro  at  a concentra t ion  of 2°I0. Under these conditions the bond of 
the phytie acid with the pro te in  is broken,  and the f o r m e r  p a s s e s  into solution and can be sepa ra ted  by f i l t r a -  
tion. P ro te in  i so la tes  were  obtained by ex t rac t ion  in an acid medium f r o m  an industr ia l  sample  of mea l  that 
had been p r o c e s s e d  by a scheme of p r e p r e s s i n g  with subsequent  ex t rac t ion  by an organic  solvent.  Fo r  c o m p a r i -  
son we used a nat ive globulin f rac t ion  obtained f r o m  cotton seed f lour  defatted under  mild conditions. The l a t -  
t e r  p o s s e s s e s  the p r o p e r t i e s  c h a r a c t e r i s t i c  for  the native globulins,  which p e r m i t s  the changes in the pro te ins  
in the p r o c e s s  of p r e p a r a t i o n  and product ion of the indust r ia l  mea l  to be taken into account.  The solubil i ty of 
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Fig. 1. Dependence of the solubility of the native globulin (1), of a 
protein isolate obtained by acid extraction (3), and of a fraction 
(2) obtained by treating the isolate (3) with hydrochloric  acid 
solutions on the concentrat ion of hydrochlor ic  acid (A}, and de- 
pendence of the solubility of various protein isolates from the 
cotton plant on the pH (B). 

the protein isolate,  obtained by our  previous method [7] with pre l iminary  extraction of the phytin (Fig. 1A, 
curve 3), fell considerably with an increase  in the concentrat ion of hydrochloric  acid and was zero at a con- 
centrat ion of 2%. The nature of the solubility curve (Fig. 1A) shows the identity with respect  to protein com-  
position of  the isolate obtained by extract ion in an acid medium and the native globulin fraction, although this 
was appreciably denatured in the process  of treating the seeds and also in the preparat ion of the isolate itself. 
Analysis  of the protein isolates  1 and 3 (see Fig. 1A) showed the presence  of phytin in both fractions (2.7 and 
2.8%, respect ive ly) .  The elimination of the phytin f rom fraction 3 (fraction 2) improved its solubility, even 
though the solubility in 2% acid was again equal to zero.  The concentrat ion of phytin in fract ion 2 was 0.5%. 
The different amounts of phytin determined the nature of the solubility of fract ions 2 and 3 at various pH 
values (Fig. 1B). It must  be mentioned that fraction 2 was denatured to a g rea t e r  degree (hi/h 2 = 0.44, see the 
Experimental  par t )  than fraction 3 (ht/h 2 = 0.48), but both fract ions differed considerably f rom fraction 1 

(hl/h 2 = 0.62). 

It is impossible to re fe r  to the d i rec t  influence of phytin on the solubility of the protein isolates  in view 
of the solubilities of fract ion 1 (2.7% ofphyt in)and2 (0.5% of phytin) (Fig. 1B). The solubility is apparently af- 
fected to a large degree by the i r r eve r s ib le  change in the conformation of the proteins under severe  conditions 
of treating cotton seeds,  and also by the formation of various protein complexes the presence  of which sharply 
impai rs  the functional proper t ies  of the protein isolates.  Treatment  with 2°/0 HC1 solution changed the form of 
the solubility curve of fraction 1 (Fig. 1B) and approximated it to the curve of fraction 2. It must  also be 
borne in mind that the s imi lar  concentrat ions of phytin in fractions 1 and 3 affected their solubilities d i f fer -  
ently. In the case  of fract ion 3, the solubility deter iora ted sharply (as compared with fraction 2), while in 
f ract ion 1 the presence  of phytin had prac t ica l ly  no effect. Fur the rmore ,  the solubilities of fractions 3 and 2 
at pH 1.0 were higher than at pH 2, while the solubility of fraction 1 fell under the same conditions. Phytin 
s t rongly bound to the proteins in an acid medium apparently has a substantial influence on their  propert ies .  
The formation of var ious complexes of phytin with the proteins of cotton seeds and their  use for obtaining food 
proteins with improved functional proper t ies  will be considered in subsequent publications. 

EXPERIMENTAL 

Fraction I. A suspension of 10 g of defatted cottonseed flour in 100 ml of 10% sodium chloride solution, 
pH 7.4, was centrifuged at 6000 rpm for 10 rain. The supernatant liquid was dialyzed against tap water for 
two days. The dialysate was centrifuged at 3000 rpm and +4°C for 30 rain. The resulting precipitate was 
washed three times with distilled water (+4°C). The total native globulin fraction was freeze-dried. 

Fraction 3. The phytin, the water-soluble carbohydrates, and the native pigments were extracted from a 
comminuted industrial meal containing 15% of husks. The proteins were obtained from the moist insoluble resi- 

due as described previously [7]. The proteins were freeze-dried. 

.Fraction 2. This was obtained by washing fraction 3 twice with 2~c HCI solution. The solid matter was sepa- 
rated off by centrifugation at 8000 rpm, +25°C, for I0 rain and was dissolved in distilled water, and the solu- 
tion was neutralized to pH 6. The precipitate was deposited was separated off by eentrifugation and was freeze- 

dried. 
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Solubility was studied by s t i r r ing  a solution of the prote in  at the appropr ia te  pH value or  concentrat ion 
of acid for  15 rain. Then the suspension was centrifuged at 8000 rpm for  10 rain. An aliquot was taken f rom 
the supernatant  liquid and its prote in  content was de termined  by the biuret  method. 

The degrees  of denaturation of the separa ted  f ract ions  were  de termined  by a polarographic  method on a 
LP-7  polarograph [ 8 ]. 

Phytin contents were  determined as descr ibed  by Tevekelov [9]. 

S U M M A R Y  

1. It has been shown that pro te in  isolates  of the cotton plant obtained by extract ion in an acid medium 
contain mainly globulins. 

2. It has been established that the p resence  of phytin, which is s t rongly bound to prote ins  in an acid 
medium, affects  the p roper t i e s  of the globulins. 
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The possibi l i ty  has been shown of a one-s tage  synthesis  of 5 ,6-urey lene-3-methyl indan-1-one  
and 6 ,7-urey lene-3 ,5-d imethyl indan-1-one  by condensing the corresponding benzimidazol in-2-  
ones with T-butyrolactone o r  crotonic acid in the p resence  of aluminum chloride.  The react ion 
was pe r fo rmed  at a rat io of the reac tants  benzimidazol in-2-one (5-methylbenzimidazol in-2-  
one) :T-butyrolactone (crotonic ac id) .  A1CI 3 = 1 : 1 : 6. Several  der iva t ives  (oximes,  s emica rba -  
zones,  substi tuted hydrazones)  have been obtained that conf i rm the ketonic s t ruc tu res  of the 
indanones synthesized.  The plant growth inhibiting and fungicidal act ivi t ies  of the compounds 
synthesized have been studied. 

Recently,  var ious  natural  indanones possess ing  biological act ivi ty have been isolated f rom plant objects 
[ 1]. At the same t ime, p01ycyclic indanones exhibit  the p roper t i e s  of plant growth inhibi tors  [2 ], and such ke-  
tone der iva t ives  as semiearbazones ,  th iosemicarbazones ,  and hydrazones  possess  fungicidal act ivi ty [3]. We 
have previously  synthesized 5 ,6-urey lene-  3-methylindan- 1-one (V) and 6 ,7 -urey lene-  3, 5-dimethylindan- 1-one 
(VI) by the cyel izat ion of the corresponding 5-(2) carboxy-1 -methyle thyl ) -  and 5 - (2 -ca rboxy- l -me thy le thy l ) -  
6-methylbenzimidazol in-2-ones  (n-D and (IV) in concentrated sulfuric  acid [4]. 
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