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Short  Communica t ions  
I I 

A simple method for the quantitative analysis of sugars by 
ion-exchange chromatography 

Several  years ago, KHY~ ..~,ND ZILL= showed tha t  bora te  complexes  of sugars could 
be separa ted  by  ion-exchange ch romatography .  This me thod  has been appl ied success- 
fully to the quan t i t a t ive  anMysis of sugars in p lant  materials~,a, 4. Al though the  
chro ,aa tographie  procedu~-e itself has been well developed,  there  are only  a few 
invest igat ions concerning the p repara t ion  of sugar solutions to  be ana lyzed  b y  this 
method .  Usual procedures  for the p repara t ion  of sugar solutions are as follows: 
P lant  mater ials  are ex t r ac t ed  with ho t  80 % ethanol ,  af ter  which the e thano l  is 
r emoved  b y  dist i l lat ion i n  v a c . o .  The  result ing aqueous  solut ion is t r e a t ed  wi th  lead 
ace ta te  to remove prote ins  and o the r  interfer ing substances.  Excess  lead is r emoved  
by t rea t ing  with H2S (followed by  aera t ion to  remove  excess H2S } or  with sodium 
phosphate .  The solut ion is then  dcsal ted wi th  a mix tu re  of Ambcrl i te  I R - I 2 o  (l-I+) 
and  Ambcrl i te  I R - 4 B  (OH-)  resins and concen t ra t ed  to  2-5 mg sugar/ml.  Af ter  
adding sodium t e t r abo ra t e  to  the  solut ion to  a final concen t ra t ion  of o,oox M,  the  
solut ion is ready  for chromatograph ic  separat ion.  

Based on a crit ical examina t ion  of the  condi t ions  of these procedures ,  we proposed 
a somewhat  simplified version which gave the best r ecovery  of sugars wi th  min imum 
hydrolysis  of sucrose a. Al though sugar solut ions ob ta ined  by  this me thod  are well 
sui ted for c h r o m a t o g r a p h y ,  the me t hod  itself is still laborious and  t ime:consuming.  

In  seeking another  me thod  to  s implify these procedures,  we t hough t  of the 
possibil i ty tha t  sugar -bora te  complexes might  be adsorbed from a 5o %-e thanol ic  
solut ion by  a s t rong-base anion-exchange rcsirl in i ts borate  form, because laONTXS 
el a l .  s had  repor ted  tha t  yeas t  nucleot ides  in 50 %-ethanol ic  ex t r ac t s  could be success- 
fully c h roma tog raphed  on a Dowex- i  (C1-) column.  The idea was tes ted  by  using 
a mix tu re  of au then t i c  sugars. As will be seen in Fig. IA, the adsorp t ion  of sugars 
on, and the succeeding elution from, the  co lumn is near ly  quan t i t a t ive .  Ano the r  
exper iment  showed tha t  sugars were comple te ly  adsorbed on the column even when  
thei r  concent ra t ions  were qui te  small (as low as 0.3 mg sugar /ml  of 50 % ethanol) .  

Results of exper iments  using ex t rac t s  from plant  mater ia ls  are shown in Fig. I ,  
B D. Ex t r a c t s  to  be put  on the  column were prepared  as feUows: P lant  tissues were 
ex t r ac t ed  three  t imes with hot  80 % e thanol  in the  presence of a small a m o u n t  of 
CaCO 3. The  combined ex t rac t s  were di luted with wate r  to 5 ° % ethanol .  The solut ion 
was cooled in an ice ba th  and  t r ea t ed  for 20 min wi th  occasional  shaking with a 
mix tu re  of 5 ml (wet vol.) each  of Amberl i te  IR - r2o  (H +) and I R - 4 B  (OH-)  per  
IOO ml of the  di lu ted ethanolic  ex t rac t .  The resins were fil tered off and  tho rough ly  
washed with 5 ° % ethanol .  A solution of sodium tetraborat_e ::,~s added  to the com- 
bined f i l t ra te ;  to give a finaJ concen t ra t ion  of o.oox :~i. The p repa ra t ion  of the  
Dowex-I  bora te  column and  subsequent  chromatograph ic  procedures  were carr ied 
out  according to  KHYM A,~'D ZILL. 
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I n  t he  cases  of p o t a t o  a n d  app le  e x t r a c t s ,  t r e a t m e n t  of t he  e x t r a c t  w i t h  ion-  
e x c h a n g e  res ins  m a y  be  o m i t t e d  w i t h o u t  s igni f icant  effect  on the  c h r o m a t o g r a p h i c  
b e h a v i o r  of  e a c h  sugar .  H o w e v e r ,  in the  case  of  e x t r a c t  f r o m  s o y b e a n  seedl ings ,  
e l a t i o n  of suc rose  w a s  g r e a t l y  r e t a r d e d  w h e n  the  de ion iza t ion  p r o c e d u r e  was  o m i t t e d .  
I t  m a y  be, t he re fo re ,  b e t t e r  to  p e r f o r m  the  de ion iza t ion  as  a ror t t ine  p r o c e d u r e  in 
o r d e r  to  o b t a i n  g o o d  s e p a r a t i o n  of c o m p o n e n t  suga r s .  
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F ig .  I. S e p a r a t i o n  of  S u g a r s  b y  I o n - e x c h a n g e  Chr , .muLt{]graphy.  T h e  pr~-l~arat ion of  a n  a n a l y t i c a l  
c o l u m n ,  o.85 c m  ~ x (3-5-4-5  era) ,  o f  O o w e x - I  KS,  b o r a t e  f o r m ,  200--4")0 me:~h, a n d  c h r o m a t o -  
g r a p h i c  p r a c e d u r e s  w e r e  p e r f o r m e d  a~ d e s c r i b e d  b y  l(n~r.~I A.~o ZlLL I. C o n c e n t r a t i o n s  o f  s o d i u m  
t e t r a b o r a t e  in t h e  e l n t i n g  s o l v e n t s  a r e  i n d i c a t e d  I W a r r o w s  in  t h e  f igure .  F l o w  r a t e ,  ~ m l / ' m i n .  
T o t a l  s u g a r s  w e r e  d e t e r m i n e d  b y  t h e  p h e n o l  m e t h o d  of I)tr,~ol~' el q.l. ~. T h e  reso rcauo l  nn.e~taod 
o f  ROE w a s  a l s o  u s e d  for  t h e  ( l e t e r m i n a t i c m  of  [ r u c t o s e  7. A b b r e v i a t i o n s  u s e d  in  t h e  figure." S, 
s u c r o s e ;  R ,  r a f f i n o s e  : S t ,  s t a c h y o s e ;  F, fruc~.ose ; a n d  G, gluc( ,se .  - A. E l u t i 0 n  p a t t e r n  of  a u t h e n t i c  
s u g a r s  in a s y n t h e t i c  m i x t u r e .  T h e  s u g a r  s o l u t i o n  a d d e d  t{, t h e  c o l u m n  c o n t a i n e d  4 .oo  m g  s u c r o s e ,  
3 .56 r ag  r a f f i nose ,  3.53 m g  s t a e h y o s e ,  3.95 m g  fruct , ,s t , ,  atwl 3.7 ° m g  g l u c n s e  in ao  m l  5o  t,g e t h a n o l .  
S u g a r s  r e c o v e r e d  f r o m  t h e  c o l u m n  w e r e :  4.06' m g  s u c r o s e  ~lot  0~3}, 2t.5o m g  r a f f m o s e  (98~.,,), 
3 .68 m g  s t a c h y o s e  ( to4° .g ) ,  3 .8I  m g  f r u c t o s e  ( t j6"~) ,  a n d  3.6o m g  g l u c o s e  {97°,g). ]3. S e p a r a t i o n  
o f  s u g a r s  e x t r a c t e d  f r o m  p o t a t o  t u b e r s .  P o t a t o  x u b e r s  I . qoh t~ tm taberosum L. v a t .  ".rish cobb l e r )  
w h i c h  h a d  b e e n  s t o r e d  a t  r~ ~ fo r  z w e e k s  w e r e  u.~ed. D~. ioniza t ion  p r o c e d u r e  w a s  o m i t t e d ,  z4 m t  
of  5 ° ~ - e t h a n o l i c  s o l u t i o n ,  c o r r e s p o n d i n g  to  1.6 g f r e sh  p o t a t o e s ,  w a s  p u t  o n  t h e  c o l u m n .  S u g a r s  

o f o u n d :  I6 .  t m g  s u c r o s e  0 . o r  ;0), 4 .0 m g  f r u c t o s e  ( o . a 5 ° , ) ,  a n d  2.6 rr, g g l u c o s e  ( o . 1 6 ~ } .  C. S e p a -  
r a t i o n  o f  s u g a r s  e x t r a c t e d  f r o m  s o y b e a n  s e e d l i n g s .  S ~ y b e a n s  (fi /yci~g m a x  Merr i l l  var .  N 6 r i n ,  No.  I } 
w e r e  g e r m i n a t e d  in t h e  d a r k  f o r  3 d a y s .  Seedling.~ w e r e  hu,~logen~zcd a n d  e x t r a c t e d  w i t h  h o t  
80°/0 e t h a n o l .  Oi l s  w e r e  r e m o v e d  b y  s h a k i n g  t h e  e x t r a c t  w i t h  p e t r o l e u m  e t h e r .  4 ° m l  of  5o~G- 
e t h a n o l i c  s o l u t i o n ,  c o r r e s p o n d i n g  t o  1.7 g f r e s h  w e i g h t ,  w a s  u s e d  for  c h r o m a t o g r a p h y .  S u g a r s  
f o u n d  : t 0.5 m g  s u c r o s e  ( t t 5 o/;,), 2. -, m g  s t a c h y o s e  (o. t 3 , 0), 3-3 m g  f r u c t o s e  (o. ~9 o / ) ,  a n d  t .7  m g  
g l u c o s e  (o. To o/~). O.  S e p a r a t i o n  o f  s u g a r s  e x t r a c t e d  i t e m  a p p l e s .  A p p l e s  (3Iallz~s pu~*iHa Mil le r  
v a t ,  M ¢ I n t o s h ,  A S A H I ]  p u r c h a s e d  f r o m  t h e  m a r k e t  w e r e  used .  9.0 m l  o f  5o ° .~=ethanul ic  s o l u t i o n ,  
¢ o r r e s p o n d i n g  t o  o. ~ 5 g f r e s h  a p p l e ,  ~x a s  u s e d  for  c h r o r m t t o g r a p h y .  S u g a r s  f o u n d :  3-7 m g  s u c r o s e  

(2-47°.'~,), 9 .3 mR [ r u c t o s e  i0._,o%), a n d  t_a m g  g l u c o s e  1o.8o~.51. 
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B y  employing  this simplified method ,  sugar solutions to be analyzed  by  ion- 
exchange c h r o m a t o g r a p h y  can be prepared  in a short  t ime, which is a great  advan t age  
over the exist ing methods .  Other  advan tages  a.re the smaller  possibilities for the loss 
of sugars and hydrolysis  of sucrose during the prepara t ion  of sugar solutions. The 
chromatograph ic  elut ion pa t t e rn  of sugars ob ta ined  by  this me thod  is, as far as the 
plant  matt-rials we have thus far t es ted  arc concerned,  essential ly the same as those 
ob ta ined  by the s t andard  method.  

We wish to express our  sincere thanks  to Prof.  S. F U N A H A S H I ,  tile Univers i ty  of 
Tokyo,  for his interest  in this work and  to Prof.  Z. NIKo~I,  Osaka Universi ty ,  for 
his kind gift of s tachyose.  
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Changes in the ultraviolet absorption spectrum of trypsin associated 
with disruption of tert iary structure 

Changes in the ul t raviolet  absorpt ion  spectra  of several  prote ins  have heen demon-  
s t r a t ed  when these were exposed to a var ie ty  of exper imenta l  condit ions.  "File changes 
may  arise from the ionization of the tyrosine h y d r o x y l  gr0upsX,2, a or  from the dis- 
rupt ion  of hydrogen  bonds involving tyros ine  h y d r o x y l  groups% a. I t  has also been 
suggested tha t  a change in charge of an ionizing group neighbour ing a non-iontzable  
chromophor ic  group (e.g. t r yp t ophan )  m a y  result in a shift in the absorpt ion  spec t rum 
of the la t ter  to  lower wavelengths  ~. Recent ly ,  Cm~.RV~XK,\ has shown tha t  the act i-  
va t ion  of chymot ryps inogen  is accompanied  hy a shift  in the absorptioxl of the  
tyros ine  residues to  lo~er  wavelengths  7. He also demons t r a t ed  a spect ra l  change  
accompanying  the  autolysis  of c h y m o t r y p s i n  similar to tha t  which occurred during 
urea t r e a tme n t  of e i ther  the zymogen  or the enzyme.  Under  bo th  condi t ions  of de- 
na tu ra t ion ,  the difference spectrunl  resulted from a wavelength  shift in the at)sorption 
of t rypLophan and prol ,ably  of all the ehromophor ie  amino acid residues. 

We have been una.l;)e to d,~.monstrate a significant change in absorp t ion  dur ing  
the act ivat ion of t rypsinogen,  bu*. have orJ.~ervcd a character is t ic  and reproducible  
diiieJence spec t rum when t ryps in  was au to lysed  in the  absence of calcium or  upon 
t r e a t m e n t  with urea. These spectra  Mlow a s tr iking s imilar i ty  to  those ob ta ined  by  
Ct~]~v]:xK,x with the  chymot ryps i n  system. 

In all exper iments  at pH &oo, the reference cuve t t e  of a Beckman  D K - I  re- 


