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We have p rev ious ly  [1] r epo r t ed  the ca rbohydra te  content of glutelin - an a lka l i - so luble  pro te in  f r o m  
fodder  yeas t  of the genus Candida, s t r a in  Kd-14. The imposs ib i l i ty  of l ibera t ing  the pro te in  molecule  f r o m  
the ca rbohydra tes  by r epea ted  reprec ip i t a t ion ,  e l ec t ropho re s i s ,  and gel f i l t ra t ion compel led  us to ass ign  
this glutelin to the complex  prote ins  - g lycoprote ins .  The composi t ion  of the sugges ted  pros the t ic  grouping 
of the glutelin of Candida fodder  yeas t  includes mannose and glucose [1]. To invest igate  the i r  par t ic ipat ion  
in the fo rmat ion  of a ca rbohydra te  - p r o t e i n  bond, in the p re sen t  work  we have analyzed the nature  of the 
kinetic curves  of the ca rbohydra tes  and amino acids l i be ra t ed  f r o m  the glutelin when it is hydrolyzed with 
a 0.5 N solution of hydrochlor ic  acid at 100°C. The ca rbohydra tes  of the glutelin a re  l i be ra t ed  and pass  into 
the hydrolyzate  at different  t imes :  the glucose on hydrolys is  for  9 h and the mannose  on hydrolys is  for  6 h 
(Fig. 1). The nature of the kinetic curves  apparen t ly  re f lec t s  d i f ferences  in the s t rengths  of the bonds of the 
glucose and the mannose  to the pro te in  par t  p r o p e r  of the glutelin molecule .  

The action of dilute minera l  acid also causes  the specif ic  hydrolys is  of the peptide chain [2], and 
the re fo re  the amino acids we re  de te rmined  in the glutelin hydrolyzates  obtained. The ma jo r i ty  of them 
accumula te  in the hydrolyzate  in v e r y  smal l  amounts  even a f t e r  reac t ion  for  24 h. However ,  except ions a re  
f o rmed  by a spa r t i c  acid and ty ros ine .  The i r  amount in the hydrolyzate  is e x t r e m e l y  sma l l  during the f i r s t  
9 h of hydrolys is  and then the re  is an abrupt  accumulat ion;  i .e . ,  this takes place a f t e r  the complete  l i b e r a -  
t ion of the glucose and its passage  into the hydrolyzate .  

In view of l i t e r a tu r e  informat ion on the pa r t i cu l a r  ease  of c leavage of a peptide bond at a spa r t i c  acid 
[2] because  of the par t ic ipa t ion  of its f l - ca rboxy  group in this p r o c e s s  and the in te r re la t ionsh ip  that we have 
obse rved  between the l ibe ra t ion  of the amino acid and of the glucose,  it may  be a s s u m e d  that one of the 
f o r m s  of the c a r b o h y d r a t e - p r o t e i n  bond in the glutelin molecule  is effected through the f l - ca rboxy  group of 
a spa r t i c  acid. 

In view of the known fo rms  of the c a r b o h y d r a t e - p r o t e i n  bond in g lycoprote ins  [3, 4] and taking into 
account the absence  of amino sugars  f r o m  the fodder  yeas t  glutelin invest igated ( E l s o n -  Morgan reac t ion  
negat ive [5, 6]), we a s sume  that  one of the f o r m s  of the c a r b o h y d r a t e - p r o t e i n  bond in the glutelin may  be an 
e s t e r  bond of the glucose and the f l - ca rboxy  group of the a spa r t i c  acid. Such an assumpt ion  explains the 
sequence of accumula t ion  of glucose and a spa r t i c  acid in the hydrolyzate .  To con f i rm  this ,  we studied a lka-  
line hydro lys i s  as a method of cleaving the sugges ted  f o r m  of the bond. Hydrolys is  with weak bases  in c o m -  
bination with kinetic m e a s u r e m e n t s  is widely used [7-9] and has given in teres t ing  r e su l t s  in the invest igat ion 
of O-glycosidic  and O-acylg lycos id ic  bonds. 

Alkaline hydro lys i s  under  the cata lyt ic  influence of a 0.05 N solution of sodium carbonate  was p e r -  
f o r m e d  at 70°C and the p r o c e s s  was checked e v e r y  hour by gel f i l t ra t ion  on Sephadex G-100 and a lso  by IR 
spec t ro scopy  (Figs.  2 and 3). The ca rbohydra tes  were  spli t  off mos t  comple te ly  f r o m  the pro te in  p a r t p r o p e r  
of the glutelin molecule  in 4 h. 
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Fig.  1. Kinetic curves  of the ca rbohy-  
d ra tes  and the amino acids l i be ra t ed  in 
the hydrolys is  of the glutelin by a 0.5 N 
solution of hydrochlor ic  acid at 100°C: 
1) glucose;  2) mannose;  3) a spa r t i c  acid; 
4) ty ros ine .  

As a r e su l t  of the alkal ine hydro lys i s ,  the ca rbohy-  
drate  moie ty  of the initial glutelin (Fig. 2a) was spl i t  off and, 
as a component  of lower  molecu la r  weight,  appeared  a f t e r  
the pro te in  component  on gel f i l t ra t ion  (Fig. 2b). The p r e s -  
ence of s e v e r a l  f rac t ions  in the carbohydra te  moie ty  spli t  
off shows e i ther  a s e r i e s  of ca rbohydra te  chains in the c o m -  
posi t ion of the pros the t ic  grouping of the glutelin o r  the deg-  
radat ion  of the ca rbohydra te  moie ty  during the alkaline hy- 
dro lys i s .  The a lmos t  complete  e l iminat ion of the ca rbohy-  
drate  moie ty  f r o m  the glutelin molecule  under mild alkaline 
hydro lys i s  con f i rms  the assumpt ion  of the e s t e r  nature  of 
one of the c a r b o h y d r a t e - p r o t e i n  bonds. 

On compar ing  the IR absorp t ion  of the initial glutelin 
(Fig. 3a) and that  which had been subjected to mild alkaline 
hydro lys i s  (Fig. 3b) the following facts  can be observed .  The 
initial fodder  yeas t  glutelin has absorpt ion  bands at 1740- 
1690 c m  -1 and 1300-1200 c m  -1, which are  c h a r a c t e r i s t i c  
[10, 11] fo r  e s t e r  bonds of a spa r t i c  acid. 

On alkaline hydrolys is  (Fig. 3b), the absorpt ion  max i -  
m u m  at 3600-3000 cm -~, re f lec t ing  the p re sence  of hydroxy 

groups  and a lso  indicating the fo rma t ion  of sa l t s  in the l ibera t ion  of the amino acid groups [12] r i s e s  con-  
s ide rab ly .  The absorp t ion  max ima  at 1440 and 1390 c m  -~ i nc rea se ,  which shows the p re sence  of d i s soc ia t -  
ing c a r b o x y  groups [12]. Simultaneously,  the absorp t ion  in the 1740-1690 c m  -1 region fal ls  sha rp ly  and be-  
comes  unclear  and diffuse. It is l ike ly  that on alkaline hydrolys is  the des t ruc t ion  and d i sappearance  of the 
e s t e r  bonds in glutelin take place .  

Thus,  in the mild  alkaline hydrolys is  of the glutelin,  the nature  of the kinetic curves  of the accumula -  
t ion of ca rbohydra te s  and a s p a r t i c  acid,  permi t t ing  the assumpt ion  that one of the poss ib le  types of c a rbo -  
h y d r a t e - p r o t e i n  bonds is an e s t e r  bond, has obtained unambiguous conf i rmat ion by the use of alkaline hy- 
dro lys i s  with moni tor ing by the gel f i l t ra t ion  and IR absorp t ion  methods.  

On the bas i s  of the kinetic curves  ref lec t ing  the mild  acid hydrolys is  of g h t e l i n  it can be seen  that in 
addition to the l ibe ra t ion  of ca rbohydra te s  and a spa r t i c  acid there  is an inc rease  in the amount of f ree  t y r o -  
s ine .  These two amino acids a re  apparen t ly  par t ic ipants  in the c a r b o h y d r a t e - p r o t e i n  bond. 

On cons ider ing  the poss ib le  role  of ty ros ine  in the fo rmat ion  of the bond with the ca rbohydra te s ,  a s -  
suming the par t ic ipa t ion  of the phenolic hydroxyl ,  we expected  a shift  in the sho r t -wave  par t  of the UV s p e c -  
t rum.  The absorp t ion  curve  in the UV region has a ve ry  flat  m a x i m u m  at 285 nm. This gives no c l ea r  idea 
of the poss ib i l i ty  of a bond between the phenolic hydroxyl and the ca rbohydra te s .  The nature  of the abso rp -  
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Fig.  2. Gel f i l t ra t ion  on Sephadex G-100 of the initial 
gluteltn (a) and its alkaline hydrolyzate  (b): 1) pro te in  
by L o w r y ' s  method; 2) ca rbohydra te s  by the anthrone 

method.  
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Fig.  3. IR s p e c t r a  of the ini-  
t ial  glutelin (a) and of the glu-  
tel in subjected to alkaline hy- 
dro lys i s  fo r  4 hours (b). 

t ion in the UV s p e c t r u m  p e r m i t s  the assumpt ion  of an extended s t r u c -  
ture  of the glutel in studied [13]. 

The nature of the p ros the t i c  grouping of the glutelin was inves -  
t igated by the methylat ton method. In each  individual case  the ach ieve-  
ment  of the m a x i m u m  degree  of methylat lon was de te rmined  f r o m  the 
IR spec t rum.  

The nature  of the accumula t ion  of methoxy groups as a function 
of the method of methylat ion of the glutelin (% on the d ry  substance)  
was as fol lows: 

Method Number of Content of 
methylations - OCH 3 groups 

Haworth 5 7,00 
Purdie 3 7 ~ 73 
Hakamori 3 8,30 

Below we give informat ion  on the identification of the methyla ted  
monosaccha r ides :  

Methylated R_ according Rg according to 
monosaccharide t~ the authors the literature 

2,3,4,6-O-Tetramethylgucose 1,00 1.00 [14t 
2,3,4,6-O -Tetramethylmannose 0.95 0~95 [151 0.94 [16] 
2,4,6-O-Trimethyiglucose 0.76 0 76 [14] 
3,4-O-Dimethylm annose 0:54 0.54 [16] 

The r e su l t s  of the identif ication of the methyla ted  monosaechar ides  show that  the ca rbohydra te  moie ty  
of the p ros the t i c  grouping is r e l a t ive ly  l i t t le  branched.  The p r e sence  of 1,6 and 1,3 bonds between the 
monosacchar ide  r e s idues  in the p ros the t i c  grouping may  be a s sumed .  

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

Absorpt ion  in the UV s p e c t r u m  was de te rmined  on an SF-4a  ins t rument .  The IR s p e c t r a  were  taken 
on an IKS-14 s p e c t r o g r a p h  in carbon t e t rach lo r ide  as solvent  (possibil i ty of its use in the range f r o m  900 
to 5000 c m  -1 [17]). 

The isolat ion and f rae t ionat ion of the glutelin was p e r f o r m e d  by  a method descr ibed  p rev ious ly  [1] 
f r o m  Candida fodder  yeas t  of s t r a i n  Kd-14 obtained f r o m  the inoculators  of the Krasnoda r  Chemical  Com-  
blue.  Af ter  ex t rac t ion  of the glutelin with 0.2% sodium hydroxide solution, p rec ip i ta t ion  at pH 4.5, and r e -  
peated r ep rec ip t t a t ion  to constant  composi t ion,  the subs tance  was f rae t iona ted  p r e p a r a t i v e l y  on a column 
of Sephadex G-100. The ra t e  of elution was 0.5-0.7 ml/min. The pro te in  f rac t ion  was de te rmined  by 
L o w r y ' s  c o l o r i m e t r i c  method and the ca rbohydra te  f rac t ion  by the anthrone method. 

The homogenei ty  of the glutelin f rac t ion  i so la ted  was de te rmined  by independent methods - gel f i l t r a -  
tion on Sephadex G-100 and e l e c t r o p h o r e s i s  on pape r  in an I~FA-1 ins t rument  using bora te  buffer ,  pH 10.8, 
ionic s t rength  0.05, potent ia l  gradient  12-15 V /cm,  and cu r ren t  s t rength  25 mA. 

The composi t ion  of the p ros the t i c  grouping was de te rmined  a f t e r  hydrolys is  in the p re sence  of a 0.5 
N solution of hydrochlor ic  acid by pape r  ch roma tog raphy  [1]. A difference f r o m  the method indicated was 
the use in the quanti tat ive de te rmina t ion  not of s t andard  curves  but of a compar i son  of the spot of the hy-  
d roca rbon  under invest igat ion with the spot of a model solution of s i m i l a r  optical  density.  The pros the t ic  
grouping was c h a r a c t e r i z e d  by methylat ion according  to Hawor th ' s  method [15] ,Purdie ' s  method (in N. P.  
E l inov ' s  modification) [16], and H a k a m o r i ' s  method [18]. The comple teness  of methyla t ion was checked 
f r o m  the accumula t ion  of methoxy groups  both by t i t r a t ion  [19] and by IR spec t roscopy  [17] in carbon t e t r a -  
chlor ide.  The methyla ted  monosaccha r ides ,  a f t e r  the hydro lys i s  of the whole of the methylated glutelin [14], 
we re  s e p a r a t e d  by pape r  ch roma tog raphy  in the b u t a n o l - e t h a n o l - w a t e r  (4 • 1 : 5) sys t em.  The methyla ted  
monosaecha r ides  were  identified by the Rg values of the spots obse rved  re la t ive  to 2, 3, 4, 6 - O - t e t r a m e t h y l -  
g lucose and by quali tat ive reac t ions  cha rac t e r i z ing  the posi t ions of the f ree  hydroxy groups [20]. 

The degradat ion  of the glutel in was studied by using mild  acid and alkaline hydro lys i s .  
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Mild acid hydrolysis was effected under the catalytic influence of 0.5 N hydrochloric acid solution at 
100°C for 1-24 h. The hydrolyzates obtained were characterized with respect to the presence of amino 
acids and carbohydrates by paper chromatography [21] and by the plotting of kinetic curves. 

Mild alkaline hydrolysis was performed under the catalytic influence of a 0.05 N solution of sodium 
carbonate at 70°C. The hydrolyzates obtained were studied by gel filtration with the colorimetric determina- 
tion of the proteins by Lowryts method and of the carbohydrates by the anthrone method. 

The determination of the amino sugars was performed by the Elson-  Morgan method [5, 6] using as 
markers amino sugars of the f irm California Corporation of Biochemical Research, Los Angeles. 

SUMMARY 

The prosthetic grouping of the glutelin of Candida fodder yeast is relatively little-branched. One of 
the forms of its bond with the protein part proper of the molecule of the glutelin is an ester  bond. 
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