
In the range of concentrations from 0.002 to 0.1% the absorption of light by the colored solutions of the 
substance obeys the Bouguer-Lambert-Beer law. 

As the result of observations made over a year, it has been established that in the storage process the 
optical density of solutions of the preparation rises. In view of this, in all cases the quantitative determination 
was made 30 rain after the preparation of the solutions. 

To plot a calibration graph we prepared standard solutions of the substance. With this aim, accurately 
weighed samples (0.0025,0.0075, 0.0125, 0.0185, 0.025, 0.0315, and 0.0375 g) were transferred to 50-ml measur- 
ing flasks and water was added to the mark in each case. The resulting solutions were subjected to photo- 
electric colorimetry as described above. 

The zero point was determined with distilled water (Fig. i). The metrological results for the concen- 
tration of 0.015% were as follows: mean of five determinations 0.0146; mean square error 7.953- 10 -4 ; 
relative standard deviation from the mean result 0.0544. 

ANALYSIS OF THE PRODUCTS OF THE ENZY- 

MATIC HYDROLYSIS OF LAMINARIN WITH THE 

AID OF AN AUTOMATIC LIQUID ANALYZER 

L. A. Elyakova, N. M. Denisenko, 
and To N. Zvyagintseva 

UDC 577.154 

Severa l  examples  of the separa t ion  of mix tu re s  of neutra l  mono-  and o l igosacchar ides  using au tomat ic  
ana lyze r s  a re  given in the l i t e r a tu re .  Thus,  good re su l t s  have been achieved in the separa t ion  of mal todex t r ins  
by gel f i l t ra t ion on Bio-Gel  P -2  [1] and of s - l i n k e d  o l igosacchar ides  of g lucose  on anion-exchange r e s ins  
using a borate  buffer  as eluent [2]. For  the ana lys i s  of l aminar in  o l igosacchar ides  we have used a Jeol JLC 
6AH automat ic  liquid ana lyze r  (Japan). 

F igure  1 shows the pa t t e rn  of the dis t r ibut ion on Bio-Gel  P - 2  of the mix tu re  of o l igosacchar ides  ob- 
tained by the enzymat ic  c leavage of l aminar in  by the e n d o - ~ - l , 3 - g l u c a n a s e  LIV f rom the m a r i n e  mol lusc  
.SPisu!a sacha l inens i s  [3]. The sharp  fall in the amount  of l aminar in  with the format ion  of a l a rge  amount  of 
o l igomers  is typica l  for the act ion of an endo enzyme;  on prolonged enzymat ic  hydro lys i s ,  glucose and l a m i n a r -  
ibiose p redomina ted  in the reac t ion  products .  On Bio-Gel  P - 2  separa t ion  of the o l igosacehar ides  according  
to thei r  m o l e c u l a r  weights took place ,  but the i s o m e r i c  d i m e r s  and t r i m e r s  were  not separa ted .  This  p rob lem 
was solved by the f ract ionat ion of the mixture  of o l igosacchar ides  produced by enzymat ic  hydro lys i s  on LCR-3  
anion-exchange r e s in  (Jeol,  Japan).  On using bora te  buffers  with va r ious  pi t  values  [2], it p roved  to be poss ib le  
to sepa ra t e  [aminar ib iose  and gentiobiose (Fig. 2). In compar ing acid and enzymat ic  hydro lyza tes  of l aminar in  
it is  impor tan t  to obse rve  that gentiobiose is  p r e sen t  in the f o r m e r  and is absent  f rom the la t te r  (see Fig. 2). 
Obviously,  under  the act ion of LIV enzymat ic  hydro lys i s  does not take p lace  to the s tage of the format ion of 
gent iobiose.  Thus,  it i s  poss ib le  to use  the au tomat ic  liquid ana lyzer  in kinetic inves t igat ions  of ~ - l , 3 - g l u c a -  
m a s e .  The advantages  of the proposed  method a re  obvious: the use  of smal l  amounts  of substance  (250 pg  
of enzymat ic  hydro lys i s  products  pe r  separa t ion) ,  rapidi ty  and a c c u r a c y  of the ana lys i s ,  and the possibi l i ty  
of the quant i ta t ive t r e a t m e n t  of the resu l t s .  

The ca rbohydra tes  were  sepa ra ted  on LCR-3 ion-exchange r e s in  under  the conditions desc r ibed  by Tor i i  
and Sakakibara  [2], but the pas sage  of buf fers  1, 2, and 3 was continued for 110, 120, and 240 rain, r e spec t ive ly .  
The column (2 × 100 cm) of B io-Gel  P -2  (200-400 mesh) was eluted with wa te r  a t  the ra te  of 0.51 m l / m i n  at 
65°C. The ana lys i s  took 9 h. The sugars  were  de te rmined  co lo r ime t r i ca l ly  a f te r  r eac t ion  with a 0.15% solu-  
t ion of orc inol  in 70% H2SO 4 at 95~Co The ra te  of feed of the reagent  was 0.042 m l / m i n  and of the eluate 0.21 
ml/min. 
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Fig. i. Separation on Bio-Gel P-2 (200-400 mesh) of the pro- 
ducts of the enzymatic hydrolysis of laminarin (for conditions, 
see text). Markers: I) glucose; 2) laminaribiose; 3) laminar- 
itriose; 4) laminarin: dashed line -gentiobiose. 
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Fig. 2. C h r o m a t o g r a p h i c  s ePa ra t ion  [2] on L C R - 3  t on -exchange  r e s i n  of  
the p roduc t s  of  the e n z y m a t i c  (I) and ac id  (II) h y d r o l y s e s  of  l aminar in .  
M a r k e r s :  1) gen t iob iose ;  2) g lucose ;  3) l amina r ib io se .  
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The concentrat ion of the enzyme was de te rmined  by Lowry ' s  method [4] and the amounts  of ca rbohydra tes  
in the s a m p l e s  by the p h e n o l - s u l f u r i c  acid method [5]. Enzymat ic  hydro lys i s  was p e r f o r m e d  in the following 
way. To 27 ml  of a solution (1 mg /ml )  of l aminar in  f rom L__~. cychar iodes  [6 ] in  wa te r  was added 0.85 ml  of  
LIV (50~g /ml )  in 0.05 M (pH 5.6) succinate  buffer with 0.05 M NaC1, and the mix tu re  was incubated at 37°C. 
Af ter  p r e d e t e r m i n e d  in te rva ls  of t ime ,  al iquots (3 ml) were  taken and they were  boiled for  5 rain to stop the 
enzymat ic  r eac t ion  and were  analyzed.  The pa r t i a l  acid hydro lys i s  of the l aminar in  f rom L__~. cychar iodes  
(5 m g / m l )  was p e r f o r m e d  with 0.25 M sul fur ic  acid at  100°C for  175 rain. After  neut ra l iza t ion  the mix tu re  
obtained was f i r s t  chromatographed  on a c a r b o n - C e l i t e  column [ c a r b o n - C e l i t e  (1.5:1)]  with ana lys i s  of the 
f rac t ions  by p a p e r  ch romatography  on YN-1 pape r  in the b u t a n o l - p y r i d i n e - w a t e r  (4 : 6 : 3) sys tem:  the 
f rac t ions  containing bioses  were  ch romatographed  (see Fig. 2). 
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