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We have shown prev ious ly  that  the 11S globulin is a complex prote in  consist ing of three  types  of sub-  
uni ts  [1]. Subunits I ' ,  I" ,  and II (A, B, and C, respect ive ly)  were  invest igated for  the p re sence  of ca rbohydra t e s  
[2]. Subunit C proved  to be a g lycoprote in ,  Af ter  the acid hydro lys i s  of the g lycoprote in  obtained, mannose  
was obtained, being identified by TLC and GLC (in the l a t t e r  case,  in the fo rm of the TMS der iva t ive  of 
mannose) .  In o r d e r  to study the s t ruc tu re  of the carbohydra te  moie ty  of the g lycoprot ien  we p e r f o r m e d  the 
digest ion of subunit C with p ronase .  The r eac t ion  was continued for about three  days,  its course  being followed 
by TLC on cel lulose in s y s t e m  1. The res idue  a f t e r  the f r e e z e - d r y i n g  of the react ion  mix tu re  was dissolved 
in 50% aqueous pyridine.  The mix tu re  was sepa ra t ed  on a column of Sephadex G-25 equi l ibrated with the same  
solution. The r e su l t s  of ch romatography  a r e  p resen ted  in Fig. 1. 

Two f rac t ions  containing glycopept ides  were  obtained. Both f rac t ions  were  r ech roma tog raphed  on a 
column of Sephadex under  the same conditions as  in f i r s t  case.  In this way we obtained peptide (I) in the pure  
fo rm.  Frac t ion  (II), a f t e r  r e c h r o m a t o g r a p h y  did not consis t  of a pure peptide and the re fo re  it was purif ied i 
fu r the r  by pape r  ch romatography  in s y s t e m  1. Since the yield of glycopeptide (II) was cons iderably  s m a l l e r  
than that  of (I), we inves t igated the la t ter .  Glycopeptide (I) was found to contain isoleucine and a s p a r t i c  acid, 
the N - t e r m i n a l  amino acid being isoleucine with a smal l  amount  of  a s p a r t i c  acid. The amount  of  mannose ,  as  
de te rmined  a f t e r  acid  hydro lys i s  by GLC, was about 50%, which cor responds  to 2.5 moles  of marmose p e r  mole  
of peptide.  F u r t h e r m o r e ,  by the E l s o n - M o r g a n  method we detected about 12% of g lucosamine ,  which was a lso  
de te rmined  on the amino-ac id  ana lyzer ,  the res idence  t ime for  g lucosamine  on the column of the Swedish 
amino-ac id  ana lyze r ,  type LKB 4101, being the s ame  as  for  ty ros ine .  The amino group in the g lucosamine  
was blocked, as  was shown by the products  of  the dansylat ion reac t ion  before and a f t e r  complete  acid hydro ly-  
s i s .  

To de te rmine  the sequence of ca rbohydra te  r e s idues  in the chain of the g lycoprote in  we p e r f o r m e d  
pa r t i a l  acid hydro lys i s .  This  gave  a mix tu re  of glycopept ides  and mannose  which was sepa ra t ed  by pape r  
ch romatography  in s y s t e m  2 (Fig. 2). 

On analyzing the composi t ions  of the pept ides  obtained, we found mannose  in all  the f rac t ions  apa r t  f rom 
III ,  which contained I leu,  Asp,  and GlcNH 2. F rac t ions  I and II contained Asp and GlcNH2, IV contained Ileu,  
Asp,  and GlcNH2, and VI pure  mannose .  Consequently,  the pa r t i a l  acid hydro lys i s  led to the incomplete  spli t t ing 
off  of the mannose.  No spli t t ing off of  GlcNH 2 or  GlcNHX was observed .  I t  may  be concluded f rom this that 
the GlcNH2, the amount  of which is  0.5 mole  p e r  mole of peptide,  is  the connecting link between the carbohydra te  
and peptide moie t i e s .  The glycopeptide was methyla ted  by H a k o m o r i ' s  method [3]. The comple teness  of the 
methylat ion was checked by TLC. The methyla ted  glycopeptide was hydrolyzed,  and the hydrolyzate  was 
invest igated by TLC in s y s t e m  3. Two products ,  M I and M 2 with R f M  0.25 and RfM z 0.6 were  obtained. 
P roduc t  M 1 gave no reac t ion  for  an ~-d io l  grouping and was identifie~ with an authentic sample  as  d imethyl -  
mannose .  Substance M 2 was identified as  t e t r ame thy lmannose .  The per ioda te  oxidation of the glycopeptide 
led to the complete  loss  of  the mannose,  which shows the absence  of a subst i tuent  in the hydroxyl  in position 
3. Consequently,  the o l igosacchar ides  of  the g lycoprote in  have branching,  p robably  in the 4,6 position: 

Ileu-Asx 

GIcNHX 
i 
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Chromatography of pronase-d iges ted  subunit C on Sephadex 
1) absorption at 570 nm; 2) anthrone react ion (625 nm) (rate 

of elution 15 ml /h ;  f ract ion volume 5 ml). 

Fig. 2. Paper  chromatography of the glycopeptide af ter  par t ia l  acid 
hydrolys is :  1) ninhydrin staining; 2) aniline phthalate staining; a) 
glycopeptide af ter  par t ia l  acid hydrolysis ;  b) native glycopeptide; c) 
mannose.  

E X P E R I M E N T A L  

For  chromatography we used sys tems:  1) p y r i d i n e - w a t e r - b u t a n - l - o l - a c e t i c  acid (10 : 12 : 15 : 3), 2) 
p y r i d i n e - w a t e r - b u t a n o l - l - o l  (4 : 3 : 6), and 3) benzene -ace tone  (2 : 1). 

Cleavage of Subunit C with P ronase  [4]. P ronase  (Merck) was added to a solution of 3.5 g of carboxy-  
methylated subunit C in 60 ml of 0.15 M Tr i s  acetate buffer, pH 7.8, containing 1.5 mM potass ium acetate to 
give an enzyme : subst ra te  ratio of 1 : 100. After  20 h, a new portion of enzyme (1 : 100) was added, and the 
pH was brought with dry Tr i s  to 7.8. After 48 h, a third portion of pronase  (1: 50) was added and after  16 h 
a fourth portion of the enzyme (1 : 50). The react ion mixture was centrifuged at 6000 rpm and the supernatant  
liquid was f reeze-dr ied .  

Gel Fil tration of the Products  of the Cleavage of Subunit C by Pronase .  The hydrolyzate  obtained was 
dissolved in 18 ml of 50% aqueous pyridine and deposited on a column (4.0 × 70 cm) of Sephadex G-25 (fine) 
equilibrated with 50% aqueous pyridine.  The fract ions were analyzed by the ninhydrin react ion af ter  alkaline 
hydrolys is  (2.5 N NaOH, 90°C, 2.5 h), and their  absorpt ions were measured  at 570 nm. The glycopeptides 
were  detected by the react ion with anthrone (100°C, 16 rain), the absorpt ion being measured  at 625 nm. 

Quantitative Determinat ion of Glucosamine [5]. The glycopeptide (1 rag) was bydrolyzed with 2 N HCI at 
100°C for 16 h. The hydrolyzate  was f reeze-dr ied  and the dry  residue was dissolved in 2 ml of distilled water 
and 5.5 ml of acetylacetone.  The react ion mixture  was kept in the boiling water  bath for 20 rain and cooled 
with ice, and 2 ml of the solution was distilled into a flask containing 8 ml of the Ehrl ich reagent.  The absorp -  
tion was measured  at 548 nm; D548 = 0.265. A calibration curve was plotted with standard glucosamine.  

Determinat ion of the Neutral Sugars. A weighed sample of the substance was hydrolyzed with 3 N HC1 
at 100°C for 4 h. The hydrolyzate  was diluted with water,  t reated with Dowex 50 × 4 resin (H + form, 400 mesh) 
and filtered. The resin was washed severa l  t imes  with water,  and the fil trate was f reeze-dr ied .  The TMS 
derivat ives  were obtained as descr ibed by Gorovits [6]. GLC was per formed on a Tsve t -4  inst rument  with a 
f lame-ionizat ion detector  on a column (2 m long, 4 mm in internal diameter)  filled with 5% of SE-30 on 
Chromaton N-AW (0.2-0.25 nm) at a column tempera tu re  170°C with helium as the c a r r i e r  gas (50 ml/min) .  

Par t ia l  Acid Hydrolysis  of the Glycopeptide: The glycopeptide (5rag) was hydrolyzed with 0.5 ml of 
3 N HC1 at 100°C for 20 rain. The mixture  was evaporated to dryness ,  the residue was dissolved in water ,  and 
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the solution was deposited on FN-17 chromatograph ic  pape r  (Fi l t rak) .  Chromatography  was ca r r i ed  out in 
s y s t e m  2. The f rac t ions  obtained were  eluted with 0.005% ammonia ,  the eluates  were  evapora ted  in a r o t a ry  
appara tus ,  and the N - t e r m i n a l  amino acids and composi t ions were  de termined.  

The glyeopeptide was methyla ted  by H a k o m o r i ' s  method [3]. The comple teness  of methyla t ion was 
checked by TLC,  for which purpose  aliquots were  taken and were  analyzed a f t e r  acid hydro lys i s  (3 N HCI, 
100°C, 5 h) on p la tes  (6 x 9 cm) with a fixed l aye r  of  type KSK si l ica  gel in s y s t e m  3. The reveal ing  agent  used 
was a 3% solution of anisidine in n-butanol  and b e n z i d i n e - s o d i u m  metaper ioda te  [7]. 

Per ioda te  Oxidation of the Glycopeptide.  A suspension of 2 mg of the substance in 2 ml  of 0.005 M KIO4 
solution was left  overnight  a t  4°C. The mix tu re  was f r e e z e - d r i e d  and the sugars  were  de te rmined  as desc r ibed  
above.  

• SUMMARY 

1. The oligosaccharide of the glycopeptide (1) from subunit C of the 11S globulin of cotton seeds consists 
of one molecule of glucosamine and three molecules of mannose° 

2. The oligosaccharide is attached to the protein through the glucosamine and has a branched structure. 
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In preceding  communica t ions  we have considered the isolation,  purif icat ion,  and cha rac t e r i s t i c s  of the 
amino-ac id  composi t ions of pept ides  f rom the t rypt ic  hydro lys i s  of the 7S globulin [1, 2]. In the p resen t  pape r  
we desc r ibed  the determinat ion of the amino-ac id  sequences  of the t ryp t i c  pept ides .  

Judging f rom the amount  of bas ic  amino acids in the polypeptide chain of the prote in  (12 arginine and five 
lysine res idues)  and f rom peptide maps  [3], t ryp t i c  hydro lys i s  should give about 20 peptides.  We have obtained 
such r e su l t s  by p e r f o r m i n g  the hydro lys i s  of subunit I and the 7S globulin with T P C K - t r y p s i n  [1]. For  p r e -  
pa ra t ive  pu rposes  we used unmodified t ryps in  (Spofa, Czechoslovakia)  [2]. 

In all  the pept ides  obtained, the sequences  of  the amino acids were  de te rmined  by the method of Edman 
degradat ion with d i rec t  identification of the PTH der iva t ives  of the amino acids ,  and a lso  of the DNS der iva t ives .  
The s t ruc tu r e s  of the long pept ides  were  de te rmined  by compar ing  the i r  N- t e rmina l  sequences  while taking 
into account  the s t r u c t u r e s  of the i r  f r agments  and the s t ruc tu r e s  of over lapping ehymotrypt ic  peptides.  

The amino-ac id  sequences  of the t ryp t ic  peptides a r e  as follows (x in the case of subunit I denotes an 
amide  and in the case of subunit II an acid; the number ing of the pept ides  is given in the o rde r  of the i r  sequence 
in the chain f rom the N-end): 
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