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By means  of a total  p r epa ra t i on  of the s tomach  of the snail  E. maaki i  it is poss ible  to obtain the native 
t r i t e rpene  genins of panaxoside A (PA) and of caulos ides  D and E (CD and CE) [1] and the progenins  of the 
s te ro ida l  polygonatoside D (PG D) [2]. On tes t ing  the combined prepara t ion ,  it was found that it contained 
enzymes  hydrolyzing synthetic g lycosides  of betulin [3]. It was also found that the p repa ra t ion  acts  on the 
pect in  of seaweeds  - zos t e r in  [4] - and p o s s e s s e s  l amtna r ina se  (/3-1,3-glucan glycanohydrolase)  act ivi ty .  
The p re sen t  pape r  gives the resu l t s  of the pur i f ica t ion of the c a r b o h y d r a s e s  f r o m  E. maaki i .  

The p r e l i m i n a r y  de te rmina t ion  of the op t imum pH values of the action of the enzymes  hydrolyzing 
zos ter in ,  betulin glucoside (BG), and panaxoside C (PC) showed that the opt imum pH is in the acid region. 
Fo r  the invest igat ion we se lec ted  a 0.1 M succinate buffer  with pH 5.6 ("working buffer") .  

The combined ex t r ac t  was subjected to gel f i l t ra t ion  on a column of Biogel P-200 prev ious ly  equi-  
l ib ra ted  with the working buffer .  All the f rac t ions  were  analyzed for  the i r  pro te in  contents  and the i r  ca rbo -  
hydrase  ac t iv i t ies  with r e spec t  to the following subs t ra t e s :  p-ni t rophenyl  ~-  and f l-glucosides and c~- and 
f l -galactos ides ,  l aminar in ,  zos ter in ,  PG D, PC, CE, BG, choles te ro l  glycoside (CG), and panaxadio! diglu- 
coside (PDDG). Compounds PC, CE, and PG D contain glucose,  rhamnose ,  and arab inose  in var ious  c o m -  
binat ions.  Consequently,  the columns were  a lso  tes ted with methyl  f l -D-arabinos ide  and rutin, which con- 
ta ins  rhamnosy lg lucose .  

The r e su l t s  of the f rac t ionat ion a re  shown in Fig. 1. Most of the glucosidase  ac t iv i t ies  a re  assoc ia ted  
with the h igh-molecu la r -we igh t  peak A (fractions 2-8) and the peak C following it (fractions 10-16). Glyco-  
s ides containing o l igosugars  (CE, PG D, rutin) a re  hydrolyzed by s eve ra l  f rac t ions ,  which are  apparent ly  
respons ib le  for  the spl i t t ing off of different  sugar s  f r o m  them. In actual  fact ,  the TLC behav io r  of the p rod-  
ucts  of enzymat ic  hydro lys i s  shows the fo rmat ion  of two poss ib le  progenins  f r o m  CE under  the action of the 
f rac t ions  of peak  A and of one of these progenins  and the genin by the f rac t ions  of peak C. Similar ly ,  f r o m  
PG D the f rac t ions  of peak C f o r m  one of the progenins ,  and f rac t ion  26 gives two poss ib le  progenins .  The 
enzymat ic  hydro lys i s  of PC (fraction 14) leads to the fo rmat ion  of two progenins .  Synthetic CG and BG 
f o r m  the agiycones  - cho les te ro l  and betulin - w i t h  the f rac t ions  of peak A. Synthetic PDDG (at C 3 and C12), 
on enzymat ic  hydro lys i s  with f rac t ions  5 and 15, g ives  pansxadiol  glueoside at C12. The f rac t ions  of peak 
B spl i t  off rhamnose  f r o m  rutin; glucose and rhamnose  are  fo rmed  f r o m  rutin on incubation with f rac t ion  31. 

On f rac t ionat ion on Biogel P-200, two peaks  were  obse rved  that p o s s e s s e d  " z o s t e r i n a s e "  activity,  
one of which (Z2) caused  a cons iderab le  fall in the v i scos i ty  of solutions of zos t e r in  and the o ther  (Z 0 a 
r i se  in the amount of reducing suga r s  with no change in the v iscos i ty  (see Fig. 1). It has been  es tab l i shed  
that  the f r agmenta t ion  of zos t e r in  with Z 1 and Z 2 takes  place different ly f r o m  that with a c o m m e r c i a l  p r e p -  
a ra t ion  of pec t inase .  

As can be seen  f r o m  Fig. 1, the l amina r inase  of E. maaki i  was sepa ra t ed  into two f rac t ions  the r e l a -  
t ive ac t iv i t ies  of which var ied  according  to the t ime of col lect ion of the snai l .  

The products  Of the hydro lys i s  of l aminar in  with the l amina r ina se s  were  invest igated by pape r  chro-  
matography .  Only glucose was found as the product  of enzymat ic  hydrolys is ;  it is poss ib le  that these en-  
zymes  with the exo type  of action. 
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Fig. 1. Gel f i l t ra t ion on Biogel P-200 of the total ex t r ac t  of the g a s t r o -  
intestinal  t r ac t  of E. maakii :  ca rbohydrase  ac t iv i t ies  with r e spec t  to: 
1) laminar in ;  2) zos ter in ;  3) zos te r in  (from the viscosi ty) ;  4) p - n i t r o -  
phenyl f l-D-glucoside;  5) p-ni t rophenyl  o~~D-glucoside; 6) p-ni t rophenyl  
f l -D-galactoside;  7) p-ni t rophenyl  ~-D-ga lac tos ide ;  8 )PGD;  9) CE; 10) 
methyl  f l -D-arabinoside;  11) rutin; 12) BG; 13) PC; 14) protein.  At the 
top: z y m o g r a m s  of the cor responding  types:  A - activity; B -  protein.  

Simultaneously with the appearance  of protein,  there  was a local izat ion o f a c t i v i t t e s  for  a number  of 
g lucos idases  (with the corresponding 2-naphthyl g lycosides  as subs t ra tes ) .  By this method we found at 
leas t  two bands in each case  for  the f l -glucosidases  and f l -ga lac tos idases  that coincided in position, and 
two bands of ~ -ga lac tos idases ,  one of which coincided in posit ion with one of the bands of the f i -glucosidases  
mentioned above. 

Fo r  all the c a rbohyd ra se s  tested,  an inc rease  in specif ic  activity by a fac tor  of not more  than 2 was 
achieved by gel f i l t ra t ion.  For  the f rac t ions  investigated,  the ra tes  of enzymat ic  hydrolys is  of the p - n i t r o -  
phenyl glucosides exceeded the ra tes  of enzymat ic  hydrolys is  of the s teroid  glycosides  (PG D and CG) by 
an o r d e r  of magnitude and those of the t r i t e rpene  glycosides  even m o r e .  The g lycos idases  found inE.  
maakii  cannot apparent ly  be cons idered  as specif ic  for  these s te ro id  or  t r i t e rpene  glycosides .  

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

'Production of a Total  Enzyme Preparat ion~ The snai ls  were  col lected in J u l y - S e p t e m b e r  in regions 
of the Mar i t ime T e r r i t o r y .  The work was c a r r i e d  out at +4°C. The gas t ro in tes t ina l  t r a c t s  of the snai ls  
were  carefu l ly  ground with s i l ica  gel and ex t rac ted  with the working buffer  {two volumes) .  The resul t ing 
homogeneous m a s s  was centr ifuged for  20 rain at 12000ppm. The supernatant  was used as the initial p r ep -  
ara t ion.  
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Subst ra tes .  The 2-naphthyl and p-n i t rophenyl  glucosides  were  c o m m e r c i a l  p repa ra t ions ,  and so were  
the rut in and the methyl  f l -D-arabinos ide .  Betulin and choles te ro l  glucosides and panaxadiol diglucoside 
were  synthes ized  [3, 5]. PC, CE, and PGD isolated f r o m  natural  sources  were  kindly given to us b y w o r k e r s  
lnthe Labo ra to ry  of the C h e m i s t r y  of T r i t e rpene  and Steroid Compounds of TIBOKh [Pac i f ic -Ocean  Institute 
of Bio ,organ ic  Chemis t ry] ,  and zos t e r i n  by w o r k e r s  of the Labora to ry  of Carbohydra te  C h e m i s t r y  of TIBOKh. 
Soluble l amina r in  was obtained f r o m  the seaweed L a m i n a r l a  cychar io ides  by Black ' s  method [9]. 

Dete rmina t ion  of the Activi t ies  of the Enzymes .  The act iv i t ies  of the major i ty  of the ca rbohyd ra se s  
were  de te rmined  f r o m  the inc rease  in the amount of reducing sugars  in the incubation medium.  The in- 
c r e a s e  in the reducing capaci ty  of the sugar s  was m e a s u r e d  by Nelson ' s  method [7]. Below we give the 
composi t ions  of the incubation mix tu re s  and the t imes  of incubation for  the var ious  subs t ra t e s :  a) for  rutin, 
zos ter in ,  and methyl  f l -D-arabinose ,  0.4 ml of a 0.2% solution and 0.1 ml  of the fract ion,  30 min; b) for  
l aminar in ,  0.25 ml  of a 0.05% solution, 0.2 ml of water ,  and 0.05 ml of the fract ion,  10 min; c) for  PG D, 
PC, CE, BG, CG, and PDDG, 0.3 ml of a 0.1% solution and 0.2 ml  of the fract ion,  24 h. The reac t ions  were  
stopped by the addition of 0.5 ml of a mix tu re  of Nelson 's  reagents  A and B [7]. 

For  p-n i t rophenyl  ~- and f l -glucosides  and ga lac tos ides  the ac t iv i t ies  were  m e a s u r e d  f r o m  the amount 
of p-ni t rophenol  l ibera ted:  0.25 ml of a 0.05% solution of the subs t ra te ,  0.2 ml  of water ,  and 0.05 ml of the 
f rac t ion  (10 rain) with the addition of 2 ml of 1 M Na2CO 3 at 400 nm. Fo r  all the reac t ions  mentioned, c o r -  
responding blanks on the subs t ra t e  and the enzyme were  pe r fo rmed .  

To de te rmine  zos t e r inase  act ivi ty with r e spec t  to viscosi ty ,  the fall  in v i scos i ty  was m e a s u r e d  in an 
Ostwald v i s c o m e t e r  with a 0 .56-ram d i a m e t e r  cap i l l a ry .  The incubation mixture  consis ted  of 10 ml of a 
0.5% solution of zos t e r in  and 0.5 ml of the fract ion,  and the t ime of incubation was 3 h. The resu l t s  were  
calcula ted to 1/Vs p. The concentra t ion  of prote in  was de te rmined  by Lowry ' s  method [8]. In calculat ion of 
the specif ic  activity,  the act ivi ty obtained (mg of glucose) was r e f e r r e d  to 1 mg of prote in .  

Gel F i l t ra t ion  on Bio~el P-200.  Columns (2 × 50 cm) of biogel P-200 were  p r epa red  in accordance  
with the s tandard  p rocedure  r ecommended  by the manufac tu r e r s  and were  equi l ibra ted with the working 
buffer .  Then 160 mg of the total enzyme p repa ra t ion  was deposited on a column. The ra te  of elution was 
12 ml /h .  

Disk e l e c t r o p h o r e s i s  was p e r f o r m e d  in 7.5% po lyac ry lamide  gel and t r i s -g lyc ine  buffer ,  pH 8.9. The 
pro te in  was revea led  by means  of a published p rocedure  [9]. The local izat ion of some g lycos idases  was 
de te rmined  in the following way. Af ter  incubation of the gel columns (20 h) with a 0.025% solutions ofnaph-  
thyl g lycos ides  the l ibe ra ted  fl-naphthol was stained by reac t ion  with Diazo Blue B (0.1% solution in water ,  
30 min.),  the excess  of dye being washed out with a 7.5% solution of acet ic  acid. 

P a p e r  Chromatography .  The products  of the enzymat ic  hydrolys is  of l aminar in  and of rutin were  
ch romatographed  on FN-1 pape r  in the b u t a n - l - o l - p y r i d i n e - w a t e r  (6 : 4 : 3) sys t em.  The spots were  r e -  
vealed with aniline phthalate.  

The t h in - l aye r  ch romatography  of the products  of the enzymat ic  hydro lys i s  of the t r i t e rpene  and 
s te ro id  g lycosides  was p e r f o r m e d  in the c h l o r o f o r m -  ethanol (6 : 1) s y s t e m  for  the progenins  and the ben-  
z e n e - e t h y l  aceta te  (5 : 2) s y s t e m  for  the genins.  The spots  were  revea led  with sulfur ic  acid. 

C O N C L U S I O N S  

A complex  combinat ion of c a rbohydra se  ac t iv i t ies  has been demons t ra ted  in the digest ive t r ac t  of the 
inland snai l  E. maaki l .  Gel f i l t ra t ion  on biogel P-200 enables  par t i a l ly  purif ied p repa ra t ions  of seve ra l  
g lycosides  (including those acting on some t r i t e rpene  and s te ro id  glycosides) ,  two l amina r inases ,  and a 
pect inase  - " z o s t e  r inase"  - t o  be obtained. 
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