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We have shown prev ious ly  [1, Communicat ion X] that  the t r ea tmen t  of zos te r in  with enzyme p r e p a r a -  
t ions f r o m  Eulota  maacki i  and Helix pomat i a  fo rms  f r agmen t s  of the po lysacchar ide  with high and low 
molecu la r  weights ,  F r o m  the resu l t s  of a p r e l i m i n a r y  study of the low-molecu la r -we igh t  f rac t ion  it can 
be seen  that it includes neutral  and acid o l igosacchar ides ,  galacturonic  acid, and neutral  monosacchar ides .  
This  mix ture  was separa ted  in two s tages ,  p r e l i m i n a r y  separa t ion  being p e r f o r m e d  on columns,  with sub- 
sequent p r e p a r a t i v e  p a p e r  chromatography .  Twelve individual neutral  o l igosacchar ides  forming  three  
s e r i e s  in a g r e e m e n t  with the enzyme p repa ra t i ons  used for  their  product ion (Table 1) were  isolated.  

The s t r u c t u r e s  of these o l igosacchar ides  were  es tabl i shed on the bas i s  of the resu l t s  of acid and 
alkaline hydrolys is ,  per ioda te  oxidation, exhaust ive methylation,  and co lor  reac t ions  with t r ipheny l t e t r a -  
zolium chloride [2] and the "diphenylamine-anl l ine"  reagent  [3], 

The s e r i e s  of o l igosacchar ides  fo rmed  in the t r ea tmen t  of zos t e r in  with var ious  enzyme separa t ions  
di f fer  l i t t le f r o m  one another  (see Table 1). They f o r m  the following sequence of interconnected s t ruc tu re s :  

Xy| 1~3 Xyl; Xyl 143 Xyl 1-~3 Xyl; Xyl l-~(3Xyl)._.-~3 Xyl. (1) 

Xyl 1~3 Xyl 1-.3 Rha; Xyl 1~3 Rha 1~2 Rha, ¢2) 

Rha 1-~2 Rha. (3) 

It has been es tab l i shed  prev ious ly  [4] that in zos te r in  the rhamnopyranose  res idues  connect  f r agments  
of a g lac turonan with one another  and are  the points of branching of the carbohydra te  chain of the po lysac -  
char ide .  The nature  of the side chains attached to the rhamnose  res idues  has remained  undetermined.  
On consider ing the o l igosacchar ide  s t r u c t u r e s  given above, it may be said that  ca rbohydra te  chains con- 
s is t ing of 1,3-bound xylopyranose  res idues  a re  attached to the rhamnose  res idues  by a 1,3 bond. These 
chains a re  smal l  and include f r o m  1 to 4 xylose res idues .  

Thus, the following f ragment  of a ca rbohydra te  chain fo rms  pa r t  of the zos te r in  molecule:  

galacturonan-~2 Rha 1-*2 Rha 1--galacturonan (4) 

Xyl 1-~(3 Xyl 1)i a 
n=O,1,2,3. 

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

The par t i t ion  p a p e r  ch romatography  (PC) of the monosacchar ides  and o l igosacchar ides  (hydrolyzates 
and e n z y m o l y z a t e s ) w a s  p e r f o r m e d  on F i l t rak  FN-12, 2, and 3 pape r s ,  and the chromatography  of the meth-  
ylated sugar s  on Fi l t rak  FN-15 pape r .  Type KSK s i l ica  gel (270 mesh)  was used for  th in - l ayered  c h r o m a -  
tography.  The following solvent  s y s t e m s  were  used (by volume):  1) b u t a n - l - o l - p y r i d i n e - w a t e r  (6 :4 :3 ) ,  
2) methyl  a c e t a t e - p y r i d i n e - a c e t i c  a c i d - w a t e r  (5 : 5 : 1 : 3), 3) butan- 1 - o l - e t h a n o l - w a t e r  (31 : 11 : 9), 4) 
b e n z e n e - e t h y l  aceta te  (7 : 3), 5) benzene--e thyl  acetate  (5 : 2), 6) c h l o r o f o r m - a c e t o n e  (3 : 1), 7) c h l o r o f o r m -  
acetone (5 : 1), 8) c h l o r o f o r m - m e t h a n o l  (9.5 : 0.5), and 9) c h l o r o f o r m - m e t h a n o l  (9 : 1). 
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To revea l  the spots on the c h r o m a t o g r a m s  
we used a solution of aniline hydrogen phthalate 
in w a t e r - s a t u r a t e d  butanol at l l0°C, an alkaline 
solution of s i l ve r  ni t ra te  [5], 10% H2SO 4 in me th -  
anol, and the Bonner reagent  [6]. 

The o l igosacchar ides  were  sepa ra ted  p r e -  
pa ra t ive ly  on F i l t rak  FN-18 and Whatman No. 1 
pape r s  in s y s t e m  1. To de termine  the i r  mono-  
sacchar ide  composi t ions ,  the o l igosacchar ides  
were  hydrolyzed with 2 N sulfuric  acid at 95°C 
for  3 h. The hydrolyzates  were  deionized, evap-  
orated,  and analyzed by PC in s y s t e m s  1 and 2, 
and also by gas- l iquid  chromatography  (GLC). 
p e r f o r m e d  on a " T s v e t - 6 "  ch romatograph  [ f lame-  
ionization detector;  column a, 3% of H I - E F F - 8 -  
BP on G a s - C h r o m  Q (100-120 mesh)] and a l>ye 
Unicam chromatograph  [column b, 5% of neopentyl 
glycol succinate on C h r o m o s o r b  W (60-80 mesh)] .  

For  analysis ,  the monosacchar ides  were  
conver ted  into the cor responding  aldononitr i le 
ace ta tes  [7], and GLC analys is  was p e r f o r m e d  
with the p r o g r a m m i n g  of the t empe ra tu r e  f r o m  
175 to 225°C at the ra te  of 4°C/min on a. The 
amounts of sugars  in the o l igosacchar ides  were  
de te rmined  by using the aldononitr i le  ace ta tes  
and taking into account the appropr ia te  co r r ec t i on  
fac tors  of 1.5 for  xylose and 1.0 for  rhamnose .  
The methylated methyl  g lycosides ,  and the ace-  
ta tes  of the methyl  g lycosides  were  analyzed on 
column b with a p r o g r a m m i n g  of the t empera tu re  
f r o m  125 to 225°C at 5°C/rain. 

In the de terminat ion  of the reducing ends, 
the o l igosacchar ides  (1-2 mg) were  t rea ted  in 
aqueous solution with sodium te t rahydrobora te  
(2 mg), deionized, and hydrolyzed;  the hydroly-  
zates  were  analyzed by PC in s y s t e m  1, and by 
GLC. The degree of po lymer iza t ion  of the oligo- 
sacchar ides  was de termined by a method de- 
sc r ibed  previous ly  [8]. 

The enzymolys i s  of the zos t e r in  was p e r -  
fo rmed  with enzyme p repa ra t ions  f r o m  E. maacki i  
and H. pomat ia  (commerc ia l  and Moldavian) as 
descr ibed  prev ious ly  [1]. A mixture  of o l igosac-  
char ides  was formed (ser ies  A, B. and C, r e s p e c -  
t ively).  

Separat ion of the Enzymolyza tes  of the 
Ol igosacchar ides .  A. Chromatography  on Coal-  
Celi te .  A mixture  of low-molecu la r -we igh t  c o m -  
ponents of an enzymolyza te  (0.8-1.0 g)was  depos-  
ited on a column containing coa l -Ce l i t e  (60 g; 
1 : 1 by weight). The substance was eluted f r o m  
the column with water ,  and the combined e luates  
were  evapora ted .  The yield of a mix ture  of neu-  
t r a l  monosacchar ides  was 38-45 rag. The elution 
was p e r f o r m e d  with increas ing  concentra t ions  
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of aqueous ethanol (3, 5, 7 . . .  30%). This gave a s e r i e s  of f rac t ions  containing galacturonic  acid and a mix-  
ture of o l igosacchar ides .  

B_..~. Ion-exchange Chromatography .  A mixture  of l ow 'mo lecu l a r -we igh t  components  of an enzymoly-  
zate (300-325 rag) was deposited on a column (0.8 x 16 cm) containing Dowex 1 >." 2 res in  (acetate form) .  The 
subs tances  were  eluted f r o m  the column with water ,  and the combined e luates  were  evapora ted .  The r e s i -  
due consis ted  of a mix ture  of neutra l  mono-  and o l igosacchar ides ;  yield 112 rag. The acidic components  
were  eluted with 2 M CHsCOOH. Yield 153 rag. 

C.__=. Prec ip i ta t ion  with Bar ium Methoxide. A mixture  of low-molecu la r -we igh t  components  of an 
enzymolyza te  (300 rag) was dissolved in 10 ml  of water ,  and, with s t i r r ing ,  a 0.1 N solution of b a r i u m m e t h -  
oxide was added (until the deposition of p rec ip i t a t e s  ceased) .  The mixture  was left  at 4°C for  2 h, and then 
the prec ip i ta te  that had deposited was sepa ra ted  off by centr ifuging and was carefu l ly  washed with ethanol.  
The supernatant  and the w a s h - w a t e r s  were  combined, deionized and disti l led.  A mixture  of neutra l  mono-  
and o l igosacchar ides  was obtained in a yield of 133 rag. 

The res idue was dissolved in water ,  and the solution was t reated with Amber l i t e  IR-120 (H + form) 
and evapora ted .  Yield 158 mg (mixture of galacturonic  acid and a s e r i e s  of acid o l igosacchar ides) .  

Separat ion of the Ol igosacchar ides .  The ol igosacchar ide  mix tu res  were  separa ted  by p r epa ra t i ve  
chromatography  on p a p e r  in s y s t e m  1. The o l igosacchar ides  were  eluted f r o m  the pape r  s t r ip  with water ,  
and the e luates  were  concentra ted .  The individuality of theol igosacchar ides  was checked by ch romatog-  
raphing them in s y s t e m  2. In a num ber  of cases ,  the f rac t ions  contained mix tu res  of o l igosacchar ides  with 
very c lose  ch romatograph ic  mobi l i t ies .  To purify the o l igosacchar ides ,  it was n e c e s s a r y  to repea t  the 
opera t ions  s eve ra l  t imes .  The c h a r a c t e r i s t i c s  of the individual o l igosacchar ides  a re  given in Table 1. 

Per ioda te  Oxidation. A 1- to 2 -mg sample  of o l igosacchar ide  prev ious ly  reduced with sodium t e t r a -  
hydrobora te  was oxidized with a 0.03 M solution of sodium metaper ioda te  at room t e m p e r a t u r e  in the dark  
(pH 3.6) for  24 h. After  the usual working up, a compound was obtained in a hydrolyzate  of which the un- 
changed monosaccha r ides  were  identified by PC and GLC. 

Alkaline Hydrolys is .  An ol igosacchar ide  (1-2 mg) was t rea ted  with 0.005 N NaOH (2 ml) at 74°C for  
10 rain, and the mix ture  was then neutra l ized with Amber l i t e  IR-120 (H + form),  evaporated,  and c h r o m a -  
tographed.  

C O N C L U S I O N S  

The t r e a t m e n t  of zoster in ,  a seaweed pectin,  with enzyme p repa ra t ions  f r o m  Eulota maacki i  and 
Helix pomat ia  yielded 12 neut ra l  o l igosacchar ides ,  the s t ruc tu re s  of which have been de termined.  It has 
been shown that side chains consis t ing of 1,3-1inked xylopyranose  res idues  are  at tached to rhamnose  r e s i -  
dues connecting ga lac turonan f r agmen t s  to one another .  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
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