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A B S T R A C T

S t r a i n s  of S t r eptococcus s a l i v a r i u s  ( A T C C  13419 ,  N C T C  8506 and  

51) y ie ld e d ,  when c u l tu r e d  in a s u c r o s e  b r o th ,  e x t ra c e l  lu la r  

p o ly s a c c h a r id e s  that p ro v e d  to be D - f r u c t a n s  possessing  - l i n k a g e s .  

S ed im e n ta t io n  and g e l - f  i I t r a t io n  r e s u l t s  suggested  a v e r a g e  m o lec u la r  

weights  to l ie  in the ra n g e  1 0  ̂ to 25 x 1 0 .̂ M é th y la t io n  studies ind ica ted  

these po ly m e rs  to be b ra n c h e d  m o le c u le s ,  de g re e s  of b ranch ing  being

9 . 2 - 1 2 . 3 % ,  and in add i t ion  to possess  e i t h e r  2 ---------5-1 inked f r u c t o -

fu ran o se_ o r  2 ------^ 5 - 1  inked f r u c t o p y r a n o s e  re s id u e s  wi th  branch ing

in e i t h e r  case o c c u r r i n g  at C - 1 .  T h is  am big u i ty  was re s o lv e d  by 

showing the pos i t ion  of the l in kag e  to r e d u c in g  D - f r u c t o s e  groups in 

a d is a c c h a r id e  p r e p a r a t i o n  o b ta ined  f r o m  a p a r t i a l  a c id  h y d ro ly s a te  

of the f ru c ta n  of s t r a in  51 to be C - 5 ,  th e re b y  d e m onst ra t ing  that the

f r u c t a n  possesses  2 -----*-5 -  I inked f r u c t o f u r a n o s e  r e s id u e s  and

complying t h e r e f o r e  w i th  the d e f in i t io n  given f o r  a Ievan.

T h e  e x t r a c e l  lu la r  levanase  induced by c u l tu r in g  S .  sal  i v a r iu s  s t r a in  51 

in a I evan conta in ing  medium was iso la te d  and p a r t i a l  ly p u r i f i e d .  It was  

shown to com ple te ly  d e grade  I evan in an e xo - m a n n e r , D - f r u c t o s e  being  

l i b e r a te d .  A  c o m p ara t iv e  study w i th  the in v e r t a s e  of Candi  da uti I is 

dem onst ra ted  that the la t te r  enzyme possesses  a f a r  w id e r  a f f in i ty  fo r  

-  f r u c t o f u r a n o s i d o - s u b s t r a t e s  such as I e v a n , in u l in ,  s u c ro s e  and  

methyl - f r u c t o f u r a n o s i d e .  T h e  a b i l i t y  of the levanase  to degrade  

o l ig o s a c c h a r id e s  obta ined f ro m  inu l in  was inves t iga ted .

A  study of the lengths of b ran ch e s  in s t r a in  51 I evan was made by 

r e d u c in g - e n d  l inkage a n a ly s is  in ol ig o s a c c h a r id e  p r e p a r a t io n s  

obta ined  f r o m  a p a r t i a l  a c id  h y d r o ly s a t e  of the I evan.  Chemica l  

ion isa tion  mass s p e c t r o m e t r y  was  shown to f a c i l i t a t e  the ass ignment  

of s t r u c t u r e  to the hexi to l  d e r iv a t i v e s  obta ined.

T h e  exo levanase  was used as a p ro b e  in an a ttempted inves t iga t ion  of 

the t y p e - s t r u c t u r e  of the I evan e la b o r a te d  by S .  sal  i v a r iu s  s t r a in  51 , the 

ev idence  obta ined suggesting the s t r u c t u r e  to be of the t r e e -1 ike type.
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I. I N T R O D U C T I O N

I . A .  D e f in i t io n  of the T e r m  L e v a n

B e c au s e  some v a r i a t i o n  ex is ts  in the l i t e r a t u r e  as to the use  

and meaning of the te rm leva n ,  it is n e c e s s a r y  to give the 

m od e rn ,  a cc ep te d  de f in i t ion  as used in this  thes is .

A  levan is a h o m o - p o l y m e r  of D -  f r u c t o s e  in which- the 

m a jo r i t y  of the i n t e r f r u c t o f u r a n o s i d ic  l inkages  a r e  of the 

^3 - c o n f i g u r a t i o n  and between pos i t ions  C - 2  and C -  6 , any 

b ra n ch  l inkages  o c c u r r i n g  at pos i t ion  C - 1 .

T h e  p r a c t i c e  of  c a l l in g  al l  homo -  p o ly m ers  of D  -  f ru c to s e

( f r u c t a n s ) ,  of b a c t e r i a l  o r i g i n ,  " le v a n s "  is not employed.
1 2R e c e n t ly  ' " inul  in -  I ike"  f r u c t a n s  of b a c t e r i a l  o r ig in  have  

been c h a r a c t e r  ised in w hich  the m a jo r i t y  of i n t e r f r u c t o s id ic  

I inkages a r e  between pos i t ions  C - 2  and C  -  1 , w i th  branching  

at pos i t ion  C  -  6 .

I . B .  H i s t o r i c a l  S u r v e y  of B a c t e r i a l  F r u c t a n s

Of the substances  p roduced  by l iv ing  o r g a n is m s ,  

p o ly s a c c h a r id e s  fo r m  an important g ro u p ,  a g r e a t  d iv e r s i t y  

of b io lo g ica l  function  being d isp lay ed  by them. P o ly s a c c h a r id e s  

a r e  w id e ly  found as r e s e r v e  s u b s t a n c e s , ' s t r u c t u r a l  m a te r ia ls  

in h ig h e r  plants  and as p r o te c t i v e  substances  e . g .  as 

components  of b a c t e r ia l  cel l  w a l l s  and gums,  exuded by c e r t a i n  

p la n ts ’ and t re e s  to seal  wounds. P o ly s a c c h a r id e s  a r e  a lso  

found as const i tuents  of the exo -  ske le tons  of a n thropods ,  as 

components  of c a r t i l a g e  in v e r t e b r a t e s ,  in animal  Joint f lu ids  

and many o th e r  p laces .

P o ly s a c c h a r id e s  (g lycans) may be d iv ided  into two gro u p s ,  

homogiyeans and h e te ro g ly c a n s .  T h e  f o r m e r  c o m p r is e s  those  

p o ly m e rs  conta in ing  one k ind of p o ly m e r is e d  monosacchar ide



OP rnonosacchap i de d e r i v a t i v e ,  members  of the l a t t er  group  

conta in ing more  than one k in d .  In n a t u r e , h e t e ro g ly c a n s  occur  

in g r e a t e r  d i v e r s i t y ,  homiogi yeans  in g r e a t e r  abundance.

Of  the homogi y e a n s , the g lucans  (homogiyeans of D - g l u c o s e )  

a r e  the most abundant,  and a r e  found as both l in e a r  and b ra n ch ed  

po ly m ers .  T h e  l in e a r  g lucans  a r e  e xe m p l i f ied  by c e l lu lo s e ,  which  

o c curs  in f a r  g r e a t e r  abundance than any o ther  p o ly s a c c h a r id e ,  

by a m y lo s e , a component of  s t a r c h ,  and by I a m i n a r i n , which  

o ccu rs  in the b row n a lg ae .  T o  the b ra nche d  glucans belong  

a m y lopec t in ,  the o th e r  s t a r c h  component,  and most of the d e x t r a n s ,  

po lym ers  of D - g l u c o s e  s y n th e s is e d  f ro m  s u c ro s e  by many s t r a in s  

of b a c t e r i a .

F r u c t a n s ,  homogi yeans of D - f r u c t o s e ,  a r e  a lso w id e s p r e a d  in

n a t u r e ,  ma in ly  o c c u r r i n g  as r e s e r v e  substances in h ig h e r  p la n ts ,

notab ly  in s pec ie s  of C o m p o s i ta ea  and G r a m i n a e a . F r u c t a n s  in

this group a r e  ma in ly  of the inu l in  type,  being u nbranched

m o lec u le s ,  of m o le c u la r  w e ig h t  about 5 ,0 0 0 ^ ’"̂ ’^ possessing

S  -  2 -----------1 i n t e r f r u c t o s i d i c  l inkages  and te rm in a te d  by a
6 , 7

D -  g lucose r e s id u e  at the re d u c in g  end. , A n o t h e r  group of

f r u c t a n s ,  found p r i n c i p a l l y  in g r a s s e s ,  was te rm ed  the phle in

group and c h a r a c t e r  ised  by the p r in c ip a l  i n t e r f r u c t o s id ic  l inkages

being - 2 --------* - 6 , ® ’ ^ T h e r e  a r e  a lso f r u c t a n s ,  of p lant o r i g i n ,

that fa l l  in te rm e d ia te  between  the above two g ro u p s ,  e . g .  t r i t i C i n ,   ̂^
8a g ra s s  p o ly s a c c h a r id e  and a v i n a r i n , a v e r y  h igh ly  b ra n ch e d

polym er  possess ing  both 2 ----- ^  6  and 2 — 1 i n t e r f r u c t o s id ic

I inkages.

F r u c t a n s  and g luc ans ,  of  b a c t e r ia l  o r i g i n ,  f i r s t  a ro u se d  a t ten t ion  

in the s ugar  in d u s t r y ,  to w a rd s  the end of the n ine teenth  c e n t u r y ,  

when it was r e a l i s e d  that unwanted s l im y  grow ths  on s ugar  cane  

and in the r e f i n e r y  l iq u o rs  w e r e  due to m icrob ia l  in fect ion .

B e i j e r i n c k   ̂  ̂ made a study of  the b a c t e r i a  and enzymes r e s p o n s ib le  

f o r  these s l im e  fo rm a t io n s  and re c o g n is e d  that c e r t a in  b a c t e r i a

possess the a b i l i t y  to sy n th e s is e  glucans and f ru c ta n s  f r o m  s u c r o s e .
1 2H e  coined the te rm s  " v i s c o s a c c h a r a s e "  to d e s c r ib e  an enzyme  

w hich produces  s l ime f r o m  cane s u g a r ,  and "emulsion lae v u la n "   ̂^
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to d e s c r ib e  the I aevor  o ta to r  y p o l y s a c c h a r i d e ,  ident i f ied  

as a f r u c t a n ,  a m ajor  component of  some of the g row ths .

P r i o r  to 1930 levans w e r e  de f ined  as b a c t e r i a l

p o ly s a c c h a r id e s  composed of D - f r u c t o s e  as the sole

const i tuent .  T h e  te rm  I evan was  in t ro d u ce d  by

G r i e g - S m i t h   ̂^  ̂^ to d e s c r ib e  the I a e v o r o ta to r  y f ru c ta n

fo r m e d  by the act ion of B a c i l lu s  Ie v a n i fo rm a n s  on s ucrose .

H e  pos tu la ted  that the syn thes is  in vo lve d  in i t ia l  in v ers io n

of s u c r o s e ,  the " le va n "  being f o r m e d  f r o m  the "nascent"

f r u c t o s e  l ib e r a t e d .  H e  d i s c o v e r e d ,  h o w e v e r ,  that the

o rg a n ism  could  not p ro d u ce  a f r u c t a n  f r o m  the h y d ro lys is

p roducts  of s u c ro s e  ( D - f r u c t o s e  and D - g l u c o s e )  in th e i r

normal  condi t ion .  O w e n ^ ^ “ ^® on the o th e r  hand, showed

that gum fo r m a t io n ,  f r o m  s u c r o s e ,  by s o - c a l l e d  "gum fo rm ing

b a c t e r i a "  was g r e a t l y  inh ib i ted  by the addi t ion  of yea s t ,

ind ica t ing  that the p roducts  of  y e a s t  in v e r s io n  do not possess
1 9

s u b s t r a t e  a c t iv i ty  fo r  gum f o r m a t io n .  A l s o ,  Owen c la imed

to have iso la ted  the enzyme f r o m  B a c i l l u s  vu lgatus  and named

it " le v a n a s e "  as it p roduced  s o - c a l l e d  " l e v a n "  f r o m  s u cro s e .  
20 21K ope lo f f  et al.  ’ , in 1920 ,  found  that c e r t a i n  mould

s p o re s  conta ined a f r u c t a n  fo r m in g  e n z ym e ,  which e xh ib i ted  

maximum a c t iv i ty  at pH 7.  T h e y  c o n s id e r e d  this f r u c t a n  to 

be fo rm e d  f r o m  "n asce n t"  f r u c t o s e  and g lucose a ccord ing  to 

the hypothesis  of G r i e g  -  S m i t h .   ̂ ^

22H a r r i s o n  et a l .  , in 1930 ,  ob ta in e d  a p o ly s a c c h a r id e  f ro m  

c u l tu r e s  of B a c i l lu s  m e s e n te r ic u s  when g row n in a s u c ro s e  

medium. In add i t ion ,  they ob ta ine d  an enzyme p r e p a r a t io n  

f r o m  this spec ies  capable  of syn th es is in g  the same  

p o ly s a c c h a r id e  f r o m  s u c ro s e .  A n  a lmost q uant i ta t ive  y ie ld  

of D  - f r u c t o s e  was obta ined upon h y d r o ly s is  of the 

p o ly s a c c h a r id e ,  showing it to be a f r u c t a n ,  thought,  at the 

t im e ,  to be r e la t e d  to inu l in .  In the f o l lo w in g  y e a r ,  h o w e v e r .
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23H i b b e r t  et a l . , p a r t i a l l y  c h a r a c t e r i s e d  this f r u c t a n  by chemical  

means. I n i t i a l l y  they showed it to d i f fe r  f ro m  inul in  in the physica l  

p r o p e r t i e s  of the r e s p e c t i v e  t r i - a c e t a t e s  and t r i - m e t h y l  e t h e r s ,  

and on the ev id e n c e  of ro ta t io n a l  data ( = -  4 0 ° )  c o n s id e re d

the a n o m er ic  c o n f ig u r a t io n  to be of the - t y p e .

H y d r o l y s i s  of the m ethy la te d  f r u c t a n  y ie ld e d  a c r y s t a l l i n e  

t r i  -  O -  methyl -  D -  f r u c t o s e  (c la im ed to have s t r u c t u r e  I ) w hich  was  

found to d i f f e r  f r o m  the l iqu id  3 , 4 , 6  - t r i - O  -  methyl -  D  -  f r u c t o s e  

( I I ) ,  ob ta ined  f r o m  m eth y la ted  inu l in ,  in that an osazone.  could  not 

be fo rm e d  and o x id a t io n  of I ,  w i th  n i t r i c  a c id ,  y ie ld e d  a d iba s ic  

lactol  ac id  ( I I I  ) ,  w h e r e a s  ox idat ion  of compound 11 y ie ld e d  

monobasic  3 , 4 , 6  - t r i - O  -  methyl  -  D -  a ra b in o  -  2 -  Hexul  o fu r  anosonic  

ac id  ( I V ) . ^

HOCH

O M e

MeOCH

0 H , C H 2 0 H

OMe

II

COOH

OMe

M eOCH

OMe

II I IV

T h e s e  f ind ings  lead  to the conclus ion that c r y s t a l l i n e  I is 

O - m e t h y l a t e d  at pos i t ions  1 , 3 and 4. T h i s  is com pat ib le  w i th  the 

f r u c t a n  e la b o r a t e d  by B.  m e sente r icus  possess ing  2*-------^  6  l inked
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f r u c t o f u r anosyl r e s id u e s  (V) o r  2 

re s id u e s  ( V I ) .

5 I inked f ru c to p y ra n o s y l

CHAIN— OCH.

\
0  CHAIN

CH2OH CHAIN—

HO

CHoOH
OH

V V I

9 1H ibber  t et a l . f u r t h e r  su b jec te d  the 1 , 3 , 4 - t r i - O  -  methyl  -  

D - f r u c t o s e  to m ethanolys is  at room  t e m p e r a t u r e ,  fo l lo w ed  by 

m éthy la t ion  and h y d r o ly s is  to g iv e  a te t r  a -  O -  m e t h y l - p - f r u c t o s e .  

T h i s  w as  identica l  w i th  that ob ta ined  f r o m  in u l in ,  s u c ro s e  and
2 4methyl - D - f r u c t o f u r a n o s i d e ,  shown by A v e r y  et al .  to be 

O - m e t h y l a t e d  at pos i t ions  1 , 3 , 4  and 6  ( V I I ) .

M eO C H

O M e

V I I

M e ( ) \ ^

M eO  y 0 H ,C H 2 0 M e

O M e  

V I I I

OM e

IX

0 H , C H 2 0 Me

MeOCH O M e

MeO
CHoOMe

O M e

X

It w as  c la im ed  that this f in d in g  ind ica ted  the p r e s e n c e  of f u r  anosyl  

r e s i d u e s ,  and hence 2 ---------6  l i n k a g e s ,  in the f r u c t a n .  T h is
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sequence  of r e a c t io n s  , i . e .  methanol ys is  , methyl  a t i o n , h y d ro ly s is  ,

can y ie ld  1 , 3 , 4 , 5  - ( V I I I ,  f r o m  the p y ra n o s e  f o r m ,  I X ) a n d / o r

1 , 3 , 4 , 6  -  t e t r a - O - m e t h y l  -  D -  f r u c t o s e  ( V I I ,  f r o m  the f u r  anos e

f o r m ,  l ) .  S u ch  a sequence of r e a c t io n s  does not ,  t h e r e f o r e ,  a l low

a d is t in c t io n  to be made between fu r a n o s e  and p y ran o s e  fo rm s  of

p  -  f r u c t o s e  in f r u c t a n s .  T h e  fa c t  that H i b b e r t  et a l . ,  by*

methanol ys is  at room  t e m p e r a tu re  of the 1 , 3,  4 -  t r i  -  O -  methyl  -

p  -  f r u c t o s e , did indeed obta in  the methyl 1 , 3 , 4 , 6 -  t e t r a  -  O -

methyl  -  p  -  f u r  anoside  (X) is in a g reem en t  w i th  our  p re s e n t

know ledge  of the methanol ys is  of m o n o s a c c h a r id e s .  B ishop and 
25 26C o o p e r  ’ have shown that f u r  anosi  des a r e  the k in e t ic a l  I y 

c o n t r o l l e d  p ro d u c ts .

Unambiguous chemical  e v id en ce  f o r  the r i n g  s i z e  of  the f r u c to s e

r e s id u e s  in the so c a l le d  levans h a s ,  to the k n ow le dge  of the a u thor ,

not been ob ta ine d .  S ta te m e n ts  such as "A l l  known f r u c ta n s  contain
27

^  - p - f r u c t o f u r a n o s e  r e s i d u e s "  a r e ,  t h e r e f o r e ,  not  

s u p p o r te d  by chemical  e v id e n c e .  C i r c u m s t a n t i a l  ev id e n c e  such as 

the ac t ion  of in v e r ta s e s  on these p o l y s a c c h a r i d e s ,  the ease  of  ac id  

h y d r o l y s i s ,  and,  above a l l ,  the fa c t  that they a r e  enzymi  cal ly 

s y n th e s is e d  f r o m  s u b s t ra te s  possess ing  f r u c t o f u r a n o s y l  end groups  

(see s ec t io n  I . C . )  is h o w e v e r  c om pat ib le  w i th  levans  being  

composed of f ru c to f u r a n o s y l  r e s id u e s .  T h i s  thes is  w i l l  p ro v id e  

chemica l  p ro o f  that the f r u c ta n s  of S t r e p t o c o c c u s  s a l i v a r i u s  a r e  

in fa c t  levans ( for  de f in i t ion  see sec t ion  I . A . ) .

28H i b b e r t  and B r a u n s  found the f r u c t a n  of B a c i  I lus subti l  is to be

v e r y  s i m i l a r  to that of  B .  m e s e n te r icu s  and may l i k e w is e  be te rm ed
29a levan .  M i tc h e l l  and H i b b e r t  , in 1932 ,  p ro d u c e d  the f i r s t  

ev id e n c e  f o r  the fa c t  that on ly  s a c c h a r id e s  te r m in a t e d  by a 

^  - p  -  f r u c t o f u r a n o s y l  r e s id u e  can s e r v e  as s u b s t r a t e s  f o r  the 

e n z y m ic  syn thes is  of levan.  T h e y  used r a f f i n o s e  (O -  pd - p  -

g a la c to p y r  anosyl  -  (1-----  6 ) -  CX^-D -  g lu co p yr  anosyl. -  D -

f r u c t o f u r a n o s i d e ,  X I )  as a s u b s t ra t e  w i th  B.  m e se n te r ic u s  and  

obta ined  a po lym er  identica l  w i th  that when s u c r o s e  is the substrate .
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C h a l l i n o r  et a l est i mat ed chains  of B .  m e s e n te r icu s  levan to 

be 10 -  12 r e s id u e s  in length.  T h i s  they concluded f r o m  the fac t  

that the m ethy la ted  lev an ,  upon h y d r o ly s is  and g ly co s id a t io n ,  

y ie ld e d  1 0 -  11% of methyl  1 , 3 , 4 , 6  -  t e t r a  -  O -  methyl -  D  -  

f r u c t o f u r a n o s i d e  (X) which was id e n t i f ie d  by i ts c o n v e rs io n  to 

methyl  3 , 4 , 6  - t r i - O  -  methyl  -  D - a r a b i n o -  2 -  

hexu I o fu r  anosi  don am ide ( X I I ) ,  shown to be ident ica l  to the

au thent ic  compound p r e p a r e d  f r o m  s u c r o s e . 24

MeOCH. OMe

Me
CONH

O M e

X I

T h e  n a t u r e  of the reduc ing  terminus  was not e s ta b l is h e d  and the

methods employed did not r e v e a l  the p r e s e n c e  of any di -  O -

m e t h y l - f r u c t o s i d e  in the h y d ro ly s is  m ix t u r e ,  w h ich  would  have

p r o v id e d  the c lue to the t ru e  n a tu re  of these high m o lec u la r  weight

b ra n c h e d  m olecules .  U s in g  e s s e n t ia l l y  the same methods, U y n e ,
3 1P e a t  and S t a c e y  inves t iga ted  the f r u c ta n s  of  B a c i l lu s
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m e q a t e r i u m , B a c t e r iu m  (Phytomonas)  p r u n i and B a c te r iu m  

(Phytom onas)  p r u n l c o l a , the l a t t e r  two o rg an ism s  being  

re s p o n s ib le  f o r  s e r io u s  stone f r u i t  d is ea s e s .  T h e s e  

p o l y s a c c h a r id e s  w e r e  s i m i l a r l y  e s ta b l is h e d  as be ing levans  

and s i m i l a r  r e s u l t s  w i th  r e g a r d  to chain  lengths w e r e  r e p o r t e d .

A p p a r e n t l y ,  these e a r l y  in v e s t ig a to rs  b e l ie v e d  the 1 evan m olecu les

to be a c t u a l l y  composed of on ly  1 0 - 1 2  f r u c t o s e  r e s i d u e s ,  which

w ou ld  c o r r e s p o n d  to a m o lec u la r  w e ig h t  ra n g e  of 1638 -  1962.
32

In 1 9 4 4 ,  Ingel  man and S ie g b a h n  , showed by ul t r a c e  ntr  if ug at ion 

s ed im e n ta t io n  s tud ies  toge ther  w i th  e l e c t r o n  m ic ro s c o p ica l

o b s e r v a t i o n s ,  the p a r t i c l e  w e ig h t  of B a c i l  lus vu lgatus  (subtil  is ? )
7 33leva n  to be as high as 5 -  10 x  1 0 . In a l a t e r  pub l ica t io n

G i l b e r t  and S t a c e y  assumed that the levan of Pseudomonas

m ors  -  p ru n o ru m  (W o rm ald )  was an a g g re g a t io n  of re p e a t in g

u n i t s ,  each unit being a chain  1 0 - 1 2  f r u c t o s e  r e s id u e s  in length.

H o w e v e r ,  no exp lana t ion  was  f o r w a r d e d  at that t im e ,  f o r  how the

r e p e a t i n g  units w e r e  he ld  toge ther .

T h e r e  fo l lo w e d ,  then,  a p e r io d  of deve lopment in the  

u n d e rs ta n d in g  of b a c t e r i a l  levan s t r u c t u r e ,  in i t i a t e d  by B e l l  and  

P a l m e r  in 1 9 4 9 ,  who employed p a r t i t i o n  column  

c h ro m a t o g r  aphy to s e p a r a te  the p a r t i a l  I y m e thy la ted  f r u c to s e s  

o b ta in e d  upon h y d ro ly s is  of  an u n s p e c i f ie d  m e thy la ted  f r u c t a n .  

T h e y  ob ta ined  1, 3 , 4 ,  5 -  t e t r a  - O  -  methyl -  D  -  f r u c t o s e  ( V I I ) ,

1 , 3 , 4 -  t r i - O  -  m e t h y l - D - f r u c t o s e  (I) and 3 , 4  -  di - O  -  methyl -  

D - f r u c t o s e  ( X I I I ) .

HOCH2 Q

„;J^OH,CH20H
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B e cau se  of the v o l a t i l i t y  of compound V I I  it was d e te rm in ed  

co lor  irnetr ical  I y , compounds 1 and X I I I  being de te rm ined  

gr  avime tr  ical  I y. Compound V I I  was  c h a r a c t e r is e d  by compar ison  

of physica l  p r o p e r t i e s  wi t h l i t e r a t u r e  va lues  of s p e c i f ic  rota t ion^^~^^  

and methoxyl  content .^^  S i m i l a r l y  compound 1 was  c h a r a c t e r i s e d  

by com par ison  of s p e c i f i c  r ot a t i on^^’ and r e f r a c t i v e  index.  

Compound X I I I  was  c h a r  a c t e r  ised by com par ison  wi th  the 

s y n t h e t ic a l ly  p r e p a r e d  m a te r ia l  of M c D o n a ld  and Jackson.

P a l m e r  in 1951,  de tected  the p re s e n c e  of D -  glucose, in acid

h y d r o ly s a te s  of c e r t a i n  f r u c t a n s ,  inc luding the levan of B.  subtil  i s ,

by the g lucose  ox idase  method. On the assumpt ion that glucose

o r ig in a t e d  f ro m  the " r e d u c i n g ’’ te rm in u s ,  a m o lec u la r  w e igh t  of

3 7 , 7 0 0  was c a l c u l ated f o r  this p o ly m e r .  S u c h  a method, h o w e v e r ,

is p ro b a b ly  not r e l i a b l e  because the enzym ic  syn thes is  of levans

f r o m  s u c ro s e  involves  the l ib e r a t io n  of g lucose ,  and should any of

this m a te r ia l  be occ luded  in the po ly m er  s t r u c t u r e  it w ou ld  be

c o - d e t e r m in e d  wi th  any g lucose  f r o m  the po ly m er  i ts e l f  and lead to
44meaningless  r e s u l t s .  In the fo l lo w in g  y e a r ,  M u rp h y  obta ined a 

f r u c t a n  f r o m  B a c i l lu s  polymyxa when grow n in a s u c ro s e  conta in ing  

medium. On the bas is  of ident i fy ing  3,  4 -  di -  O -  methyl  -  f r u c t o s e  

( X I I I )  as a component of the h y d r o ly s a te  of  the m ethy la ted  p o ly m e r ,  

it was  suggested ,  f o r  the f i r s t  t ime,  that this levan is a b ra n c h e d  

p o ly m e r ,  the b ra n ch  l inkages o c c u r r i n g  at pos i t ion  C -  1. M u rp h y  

s e p a r a t e d  the p roducts  of the h y d ro ly s is  of the meth y la ted  po ly m er  

and q u a n t i ta t iv e ly  d e te rm in e d  the m o la r  r a t i o  of 1 , 3 , 4 , 6  - t e t r a - ,

1 , 3 , 4 - t r i -  and 3 , 4 - d i - O  -  methyl -  f r u c t o s e  by the methods of B e l l  

and P a l m e r . T h e  o i l y  compound X l l l  was c h a r a c t e r is e d  by 

com par ison  of physica l  p r o p e r t i e s  w i th  those obta ined by S ch lu b a ch  

a n d S i n h ®  and A r n i  and P e r c iv a l^  ^ , who iso la ted  this compound  

f r o m  the h y d r o ly s is  p roducts  of methyla ted  a v e n a r in  and t r i c i t i n  

r e s p e c t i v e l y ,  the l a t t e r  w o r k e r s  p e r fo rm in g  i ts o r ig in a l  chemical  

c h a r  a c t e r  isa t ion .

A t  about the same t im e ,  Hestr in"^^ d is c o v e re d  that the o rg a n ism  

A e r o b a c t e r  levanicum c onven ient ly  produces  la rg e  q uant i t ie s  of a
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f r u c t a n  when grow n in a sucrose conta in ing  medium. A  cel l  - f r e e

enzyme p r e p a r a t i o n ,  w h ich  c a ta ly s e d  the s yn thes is  of the

p o ly s a c c h a r id e ,  was e as i l y  obta ined by sonic  d is ru p t io n  of the

w ashed  b a c t e r i a l  c e l l s .  B e l l  and Dedonder^^  , in 1954,  c a r r i e d

out a s t r u c t u r a l  r e - e x a m i n a t io n  of the f r u c t a n s  e la b o r a te d  by s t ra in s

of Pseudomonas p ru n ic o la  and B a c i l  lus subti l  i s . T h e y  es tab l ished

that both po ly m e rs  a r e  b ra n c h e d  levans by méthyla t ion  and h y d r o ly s is ,

and s e p a r a t io n ,  on a s i l i c a  co lumn,  of the r e s u l t in g  p a r t i a l l y

m ethy la ted  f r u c t o s e s  T h e  a v e r a g e  r e p e a t in g  unit  fo r  both

p o ly m ers  was found to conta in  9 -  1 0 r e s i d u e s ,  c o r re s p o n d in g  to a

de g ree  of b ra n c h in g  of 10 -  11%.  T h e y  a lso  s e a r c h e d  f o r  the

p r e s e n c e  of g lucose  in h y d r o ly s a te s  of the p o ly m e r s ,  by the method

of P a l m e r .  F a i l u r e  to detect any g lucose  p rom pted  them to sta te

that the m o le c u la r  weights  must be v e r y  h igh.  T h is  was suppor ted

by the fa c t  that the B.  s u b t i l is  levan could  be c e n t r i f u g e d  down at

2 5 , 0 0 0  g. T h u s  the p o s s ib i l i t y  that a D  -  g lucose  r e s id u e  fo rm s  the

(pseudo) r e d u c in g  term inus  and the s p e c u la t io n  that such p o ly m ers

a r e  fo rm e d  by chain  lengthening t r a n s f e r  of  ^  - f r u c to f u r a n o s y l

r e s i d u e s ,  ab in i t io  s u c r o s e ,  could not be r u l e d  out.  T o  suppor t
47such a hyp o th es is ,  Dedonder  and N o b le s s e  d em onst ra ted  the 

fo rm a t io n  of an ascending s e r i e s  of D  -  g lucose  conta in ing  

o l ig o s a c c h a r id e s  dur ing  the enzym ic  s yn th es is  of  levan by the l e v a n -  

s u c r a s e  of the B .  s u b t i l is  s t r a in  used by B e l l  and D e d o n d e r .

A bout  the same t ime,  B a r k e r  and S te v e n s  showed that f r u c ta n s  

exh ib i ted  c h a r a c t e r i s t i c  i n f r a - r e d  ( i . r . )  s p e c t r a  dependant upon the

pos i t ions  of l inkages .  T h e  y f  - 2 -----------1 l inked  inul ins d is p la yed

m a rk e d ly  d i f fe r e n t  s p e c t r a  to f ru c ta n s  p o ssess ing  - 2 ------ — 6

l inka ges .  Indeed ,  B a r k e r  et a l . '^  ̂ , in 1955 ,  p roposed  the f r u c t a n  

syn th es ised  by a s t rep to co ccu s  iso la ted  f r o m  a " ro p y  -  f e rm e n ta t io n "  

to be a leva n ,  on the basis  of its i . r .  sp ec t ru m .  H e s t r i n  et a l . ^^ 

i d e n t i f ie d  the f r u c ta n s  e la b o r a te d  by A e r o b a c t e r  levanicum and cel l  

f r e e  enzym ic  e x t r a c t s  th e re o f  to be levans w i th  b ranch ing  at C - . 1  

by the then e s ta b l is h e d  method of m éthy la t ion  a n a ly s is ,  the p a r t i a l l y  

m ethy la ted  f r u c t o s e s ,  obta ined  on h y d r o ly s is  of the m ethy la ted  

p o ly m e r s ,  being id e n t i f ied  on the basis  of  v a lu e s .  T h e  two levans  

w e r e  f u r t h e r  shown to be s im i l a r  w i th  r e s p e c t  to th e i r  i . r .  s p e c t r a  

and cons iderab l  y d i f f e r e n t  f r o m  that of inuI in (F ig .  1. 1 . ).
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5 1 . 7F e in g o ld  , in 1955,  repainted a more  exac t  f i g u r e  ( 6 x 1 0  ) fo r

the m o lec u la r  weight  of A .  lov. inicum lev an ,  and F e in g o ld  and

Geh at ia  , using the methods of M u rp h y  , e s tab l is h ed  that the

av e ra g e  re p e a t in g  uni t  c o m p r is e d  9 r e s i d u e s ,  c o r res p o n d in g  to a

de gree  of b ra nch ing  of 1 1 % , f o r  both levans  of c u l tu re  and c e l l -

f r e e  enzyme o r ig in .  In these e x p e r im e n ts  the methyla ted  f r u c t o s e s ,

obta ined upon h y d r o ly s is  of the m ethy la ted  p o ly m e r s ,  w e r e
53s e p a r a t e d  on a h y d r o c e l lu lo s e  column.  P a r t i a l  acid h y d r o ly s is  of 

this levan fo l lo w e d  by c h arc o a l  -  Cel  i te c h ro m a to g ra p h y  y ie lded  

o l ig o s a c c h a r id e s .  P a p e r  c h ro m ato g r  aphy r e v e a l e d  two .ser ies  of 

o l ig o s a c c h a r id e s  at d e g ree  of p o ly m e r is a t io n  (D P )  va lues  of 4 and 

above,  p re s u m a b ly  of the l i n e a r  and b ra n c h e d  type.  T h e s e  w o r k e r s  

a lso  e s tab l is h e d  the a n o m e r ic  c o n f ig u ra t io n s  to be m a in ly ,  if not 

e n t i r e l y ,  of the -  type ,  by showing that o l ig o s a c c h a r id e s  in the 

ra n g e  D P 2 - D P 1 0  w e r e  c o m p le te ly  h y d r o ly s e d  by yeast in v e r ta s e ,  

a h y d ro la s e  s p e c i f ic  f o r  -  D - f r u c t o f u r a n o s i d i c  l inkages.  It 

was b e l ie v e d  that the p o ly m e r  was  f o r m e d  by sequentia l  addi t ion of 

s ing le  f r u c to s y I  groups to the g r o w in g  m olecu le^^ ’^^but no 

exp lana t ion  could  be found  f o r  p o ly m er  g ro w th  te rm in a t io n ,  which  

o ccu rs  even In the p r e s e n c e  of e x cess  s u b s t r a t e  and a c t ive  enzyme.  

Inves t iga t ion  of m o lec u la r  w e igh ts  r e v e a l e d  that of the "cu l ture '*  

levan to be 1 7 x 1 0 ^ and that of the " e n z y m ic "  levan to be about  

6 7 x 1 0 ^ .

One b a c t e r ia l  f r u c t a n ,  c h em ic a l ly  id e n t i f ie d  as a levan by A v ig a d  
57and F e in g o ld  , p ro v e d  to be somewhat d i f fe r e n t  f ro m  levans  

p r e v io u s ly  c h a r a c t e r  ised.  T h i s  was the levan of a Cory ne bac te rJum  

spec ie s  which  p ro v e d  to have an a v e ra g e  re p e a t in g  unit  of some 15 

re s id u e s ,

D edonder  , in 1958 ,  at the s t a r t  of what  p ro v e d  to be a v e r y  

e x te n s iv e  s e r i e s  of s tu d ie s ,  r e - e x a m i n e d  the chemical  s t r u c t u r e  of  

B a c i l lu s  su b t i l is  levans and p ro p o s ed  a model of  the s t r u c t u r e  w i th  

glucose  l inked  through its a n o m e r ic  p o s i t io n ,  as in s u c r o s e ,  fo rm in g  

the pseudo -  re d u c in g  terminus  of the m olecu le  (F ig .  1 . 2 . ) .  T h i s  

has s ince  become the accepted s t r u c t u r e  of all  b a c t e r ia l  l e v a n s ,
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although no at tempts have been made to d e te rm in e  In g r e a t e r  

deta i l  the s t r u c t u r e  of these p o ly s a c c h a r id e s .  D ed o n d e r  and
59

S l i z e w i c z  , using the methods of ul tr  a c e n t r  if ug at ion and l ight  

s c a t t e r i n g ,  d e te rm ined  the levan of B a c i l  I us subti  I is to be t r u ly  

m acro  m o l e c u l a r , its m o lecu la r  w e igh t  ly ing in the ra n g e  6 . 6 x 1 0 " 

to 1 0 ®.

F i g u r e  I. 2. T h e  levan molecule 58

0  CH 2 ^ 0 0  CH

CH^OH

OH OH

0  CH

CH2 Nj------- CHgOH

OH

CH.,OH ^0

9 ^ 0 ^ —

y  V T ch.oh

CH20H

V e r y  many o th e r  organ ism s have  been shown to p roduce  levans  f ro m  

s u c ro s e  conta in ing  media.  F u c h s ^ ^  , who w as  ma in ly  c o ncerned  

with  b a c t e r ia l  s t r a in s  connected w i th  s t o n e - f r u i t  d is e a s e s ,  on the 

basis  of i . r .  s p ec t ro s c o p y ,  showed that levans a r e  e la b o r a te d  by 

s e v e r a l  s pec ie s  of Pseudom onas ,  S e r r a t i a  k i l i e n s i s , A r t h r o b a c t e r  

sp ec ies  and again A e r o b a c t e r  levanicum and B a c i l  lus subti l  is . 

H a v in g  s tud ied  the i . r .  s p e c t r a  of t r a d i t i o n a l l y  c h a r a c t e r  ised

le v a n s ,  he concluded that t ru e  levans  ( p r i n c i p a l l y  2 ---------6  l inked)

have a bsorp t ion  maxima at 9 2 9 , 7 2 2  and 811 cm , w h e re a s  inul in,

(2 1) I in k e d , ty p ic a l ly  d isp lays  maxima at 9 8 4 ,  9 3 2 ,  8 73 ,  817

and 722  cm”  ̂ ( c f .  F i g .  I . I . ) .



27

L e v a n s  have a lso been shown to be produced  by s t r a in s  of 

A c h ro m o b ac te r  ®̂  , A z o to b a c te r  chroococcum , B a c i l  lus 

m esenter  icus , A c e t o b a c t e r  suboxydans  , Zymomonas

mob il is and Pseudomonas a u r a n t ia c a  .

In r e c e n t  y e a r s  in v e s t ig a to rs  have shown some d e g re e  of r e n e w e d  

i n te r e s t  in s p e c i f ic  b a c t e r ia l  f r u c t a n s  because of phys io log ica l  o r  

immunological  p r o p e r t i e s  d is p la y e d  by them.

G o ld s te in  and So®® , in 1965 ,  made the o b s e rv a t io n  that c e r t a in  

f r u c t a n s  g iv e  a p r  ic ip i t in  r e a c t i o n  w i th  concanaval  in A ,  the 

globul in  f r o m  Jack  bean (C a n ava l is  e n s i f o r m i s ) . L e w i s  et a l .®  ̂

w e r e  p ro m p te d ,  by the fa c t  that the f r u c t a n  of Le u co n o sto c  

m e s e n te ro id es  s t r a i n  C g ives  this r e a c t i o n ,  to inv es t iga te  this  

p o l y s a c c h a r id e .  B y  the now t ra d i t io n a l  method of méthyla t ion and 

h y d r o ly s is  fo l lo w e d  by s e p a r a t i o n ,  c h a r  a c te r  i sat  ion and quant isat ion  

of the r e s u l t i n g  methyl e th e r s  of  f r u c t o s e ,  they es tab l is h e d  the 

po ly m e r  to be a levan w i th  an a v e r a g e  re p e a t in g  unit  of 5 to 6 

re s id u e s  w h ich  c o r re s p o n d s  to a d e g re e  of branch ing  of 1 7 - 2 0 % ,  

the h ighest  f i g u r e  thus f a r  r e p o r t e d  f o r  b a c t e r ia l  f r u c ta n s .

T h e  f i la m e n to u s  o rg a n is m ,  Odontomyces v is c o s u s , r e s p o n s ib le  f o r

the development of  s u b -g in g iv a l  p laque and assoc ia te d  per io donta l
70d is ea s e  in S y r i a n  h a m sters  , was found to p roduce  a f r u c t a n  when

c u l t i v a te d  in a s u c ro s e  o r  r a f f i n o s e  conta in ing  medium. T h is

p o ly s a c c h a r id e  was e x t r a c t e d  by ethanol p r e c ip i ta t io n  and on the

ev id e n c e  of s p e c i f ic  ro ta t io n  ( = -  77.  3 ° )  and i ts i. r .
U _ i

sp ec tru m  (absorp t ion  maxima at 8 0 3 ,  874 and 919 cm ) was
71concluded to be a levan.

L e v a n s  have  been shown to be a n t ig en ic  in man and a r e  p r e c ip i t a t e d
72by some myeloma p ro te in s .  D i f f e r e n c e s  in the immunochemical

b e h a v io u r  of d i f f e r e n t  p r e p a r a t io n s  have  been a t t r ib u te d  to
72 73d i f fe r e n c e s  in the levan s t r u c t u r e s .  ’ T h i s  prompted L i n d b e r g  

74et a l .  to inves t iga te  the s t r u c t u r e s  of d i f f e re n t  levans  and inul in
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by the modern technique of m éthy la t ion  a n a ly s is  and gas 

c h ro m a to g r  aphy  

a ld ito l  a ce ta tes .

c h ro m a to g r  aphy -  mass s p e c t r o m e t r y  (gc -  ms) of the d e r iv e d  
75.  76

It w as  re c o g n is e d  that some d i f f i c u l t i e s  might be e x p e r ie n c e d  wi th

f r u c t o s e s ,  s in ce  on reduct io n  the e p im e r ic  g luc ito l  and mannitol

d e r iv a t i v e s  would  be expected .  H o w e v e r ,  the two fo rm s  did not
77s e p a r a te  on the columns employed.  It was  a lso re c o g n is e d  that  

the p a r t i a l  ly methyl  ated h e x i toi ace ta te  ( X I V )  der  ived f r o m  1 , 3 , 4 -  

t r  i -  O -  methyl -  D -  f r u c t o s e  (1, f r o m  h y d r o ly s e d ,  methy la ted  

levans)  and that (X V )  d e r iv e d  f ro m  3 , 4 , 5 - t r i - O  -  methyl -  D -  

f r u c t o s e  ( I I ,  f r o m  h y d r o ly s e d ,  meth y la ted  inul in) might not be 

d is t in g u ish a b le  by mass s p e c t r o m e t r y .  T h i s  p ro b le m  was o v e r 

come by the in t ro d u c t io n  of a deu te r iu m  label  at C - 2 ,  in the 

re d u c t io n  s tep of  the p r o c e d u r e ,  w i th  sodium b o ro d e u te r id e .

C H ^ O M e  
I 2

C H O A c

M e O Ç H

H C O M e

H C O A c
I

C H  O A c

C H ^ O A c  
I ^ 

C H O A c

M e O C H

H C O M e

n io A c

C H ^ O M e

X I V X V

C H . O M e
I ^

C D O A c

M e O Ç H

H C O M e
I

h Çoac

C H ^ O A c

C H ^ O A c
I '

C D O A c

M e O C H

H C O M e

H C O A c

C H ^ O M e

X V I X V I I

T h e  p r e s e n c e  of a 2 - ^ -  2 , 5 , 6 - t r i —O -  ace ty l  -  1 , 3 , 4  - t r i - O -  

methyl  -  hex i to l  ( 1 , 3 , 4  -  t r  I - O  -  methyl  -  hexi to l  a c e ta te ,  X V I )  was  

taken as ev ide nc e  of the p a re n t  p o ly s a c c h a r id e  being a levan .
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Inul in gave e x c lu s iv e ly  the 2 -  d -  1 , 2 ,  5 -  t r i  - O  -  acetyl  - 3 , 4 , 5

I'" i " .9  " niethyl -  hexi  toi ( 3 , 4 , 6  - t r i - O  -  methyl  hexi to l  a c e ta te ,

X V I I ). T h e  r e te n t io n  times / re la t ive  to 1 , 5 -  di - O -  acety I  -

2 , 3 , 4 , 6 - t e t r a ~ 0  -  methyl -  D  -  g luc ito l  (R^ v a lues )  and r a t io s  — — trng
of d i - ,  tr  i -  and te t r  a -  O -  methyl hexi to l  ace ta tes  w e r e  m eas u red  

by g. c. - p e a k  in te g ra t io n .  T h e  d e g ree  of b ra n c h in g ,  being  

p ro p o r t io n a l  to the p e rc e n ta g e  of the di -  O -  methyl  hexi  toi a c e ta te ,  

was found to be v e r y  v a r i a b l e  among the substances s tud ied .  T h e  

d i f fe re n c e s  in immunochemical  b ehav iour  w e r e  a t t r ib u te d  to these  

s t r u c t u r a l  v a r i a t i o n s .

O n ly  a v e r y  l im i ted  number of  uses  f o r  levans have been found or
52t r i e d ,  F e i n g o ld  and G e h a t ia  p r e p a r e d  f r a c t io n s  of s l ig h t ly  

acid  h y d ro ly s e d  levan f r o m  A e r o b a c t e r  levanicum and c a l le d  them 

1 evul  ans.  P r e l i m i n a r y  in v es t ig a t io n s  of a levul  an of m o lec u la r  

weight  3 0 , 0 0 0 ,  as a p o s s ib le  blood p lasma e x p a n d e r ,  p ro v ed  

en co u ra g in g .  S tu d ie s  in this d i r e c t io n  w e r e  continued by S c h e c h te r  

and H e s t r i n  , who found s u i ta b le  levan f r a c t io n s  to have a number  

a v e ra g e  m o le c u la r  w e ig h t  of 2 8 , 0 0 0  -  4 , 0 0 0  and a mass a v e r a g e  

f i g u r e  of 1 1 5 , 0 0 0  -  1 5 , 0 0 0 .  N o  tox ic  e f fec ts  w e r e  ob s erv e d .
79

T h e y  stud ied  the r e l a t i o n  of p o ly m e r  s i z e  to behav iour  in the body

and concluded that the maximum m o le c u la r  weight  of a levan

molecule  that can f i l t e r  through the k idneys  Is less than 7 5 , 0 0 0 .

A  patent  was taken out f o r  the p ro d u c t io n  of levans of c o n t ro l le d
80m o lec u la r  w e ig h ts  , f o r  use as blood plasma s u b st i tu te ,  but the 

use of levans in this context did not become e s tab l is h e d ,  p resu m ab ly  

because of the g r e a t e r  a v a i l a b i l i t y  of d e x t ran s  w hich  have found  

e xten s ive  ap p l ica t io n  In this f i e l d .

L e v a n s  have  a lso  found ap p l ica t io n  in the photograph ic  ind u s try  as 

a q e n t S  f o r  im proving  the c o v e r in g  p o w e r  of photographic
I - 81emuls ions.

A p a r t  f r o m  the l im i ted  a pp l ica t ions  levans  have en joyed ,  and th e i r  

immunochemical  p r o p e r t i e s ,  these po lym ers  have been found to
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have in fect ion  promot ing a c t iv i ty .  F o r  examp I e , levan

a d m in is te re d  to mice in t ra ve n o u s ly  in c re a s e s  the v i r u le n c e  of
82in tr  ap er  i toneal  I y in jec ted  b a c t e r i a  such as S a l  monel I a typh i. 

T h i s  f ind ing  h a s , at least in p a r t ,  been e xp la in e d  by the 

d is c o v e r y  that in t ravenous levan causes s e a l in g  of the v a s c u la r  

l in in g ,  thus p reve nt ing  escape of blood const i tuen ts  into the 

p e r i to n e a l  cavity.^® T h e  potent ia l  p r a c t ic a l  im por ta nce  of a 

substance  w i th  endothel ia l  s ea l in g  a c t iv i t y  is a p p a r e n t ,  but 

this l ine  of  app l ica t ion  has ,  it seem s ,  not been pursued .

I . e .  T h e  E n z y m ic  S y n th e s is  of L e v a n

U n t i l  the mid -  I 9 5 0 ' s ,  knowledge  on the mode of enzym ic  

syn th es is  ôf levans  was r e l a t i v e l y  m e ag re .  A  summary  of the 

e a r l y  w o r k  ap p ea re d  in a r e v i e w  by B a r k e r  and B o u rn e  in 

1953.

P r o m in e n t  among the e a r l y  in v e s t ig a to rs  w e r e  H e s t r i n  and his

col I a b o r a t o r s  who,  in 1943 ,  obta ined c e l l - f r e e  p r e p a r a t io n s  of

the enzym es re s p o n s ib le  f o r  levan syn th e s is  ( l e v a n s u c ra s e ,

( 2 — ^ 6 ) -  p  - D - f r u c t a n  : p  -  g lucose  6  -  f r u c t o s y  I t r a n s f e r a s e ,

E  C  2. 4.  1. 1 0) f ro m  cul tu re s  of B a c i l  lus subti l  is and

A e r o b a c t e r  levanicum.®®̂  I t was  w i th  p r e p a r a t i o n s  f ro m

the l a t t e r  o rg a n is m ,  that this group p e r f o r m e d  an important

s e r i e s  of in v es t ig a t io n s ,  beginning in 1 944 ,  when it was  shown
87

that the fo l lo w in g  r e a c t io n s  a r e  c a t a ly s e d  :

(n + m) s u c r o s e  + (n) H ^O  ------- ►  (n + m) g lucose  + ( n ) f r u c to s e

+ [ ie v a n j ^

(n + m) r a f f  inose (X I )  + (n) H^O   (n + m) mel ib iose  ( X V I I I )  +

(n) f r u c t o s e  + ^ levan j
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T h e  l e v a n s u c r a s e  p r e p a r a t i o n  was found to have a g r e a t e r  s p e c i f i c i t y

than the in v e r ta s e s  w i th  r e s p e c t  to h y d ro la s e  a c t i v i t y ,  methyl  ^  -

p  - f r u c t o f u r a n o s i d e  and inul i n , f o r  e xa m ple ,  not s e r v in g  as

s u b s t r a t e s .  In a d d i t io n ,  it was shown that D  -  g lucose can s e r v e  as

a f r u c t o s y  I ac c e p to r  and compet it ive !  y inhib i t  levan syn th es is .  T h e

optimum condi t ions of pH and s u b s t ra t e  and enzyme c once ntra t ions
88f o r  levan syn thes is  w e r e  then es ta b l is h e d .

89
H e h r e  s ucc eede d  in ob ta in ing  s im i l a r  l e v a n s u c ra s e  p r e p a r a t io n s

f r o m  S t r e p to c o c c u s  sal  i v a r  ius and a s p o re  fo rm in g  b a c i l l u s ,  the

I a e v o r o t a t o r y f r u c t a n s  ob ta ined  by the action of  these p r e p a r a t io n s

on s u c ro s e  being c la s s i f i e d  as levans on the basis  of s e r o lo g ic a l  
89.  90tes ts .  ’ S i m i l a r  tes ts  showed that c e r t a in  o rg a n is m s ,  including

91some s t r a in s  of group H  s t re p to c o c c i  and Le u co n o sto c
92m e s e n te ro id es  N R R L  B - 5 1 2  , w e r e  able  to syn thes ise  both

d e x t ra n s  and levans  s im u l tan eo u s ly .

T h e  suggestion that the le v a n s u c ra s e  s u b s t r a t e ,  s u c r o s e ,  is

i n i t i a l l y  h y d ro ly s e d  ( in v e r te d )  to D  -  glucose and p  - f r u c t o s e ,

p r  ior  to p o ly m e r is a t io n  of the f r e e  f r u c to s e  un i ts ,   ̂  ̂^ was
93r e j e c t e d  in 1944.  I t was r e p la c e d  by the v iew  that levan and

d e x t ra n  synthes is  o c c u rs  by re p e a te d  t r a n s f e r  of hexosyl  r e s id u e s

f r o m  donor molecules  to the g row ing  a cc eptor  molecules  v ia  an

enzym e -  f r u c to s y l  (o r  enzyme -  glucosyl  in the case of d e x t ra n

sy n th es is )  com plex ,  the f ru c to s y l  -  enzyme complex be ing

lo g ic a l l y  supposed to be fo r m e d  v ia  a t ra n s i t io n a l  enzyme -  s u b s t r a t e  
94

s p e c ie s .
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f r  -  R + E  •— K» (fr^----------------- 'R)  f r  -  E  + R

w h e r e  f r  -  R  denotes a s u b s t ra te  m olecu le  capab le  of  donating the 

f r u c to s y l  g ro u p ,  f r ,  to the e n z y m e ,E ,  to f o r m  the complex  f r  -  E .

T h i s  concept  was extended in 1955 when H e s t r i n  et a l . p roposed

that the t r a n s f r u c to s y la t io n  r e a c t io n s  c a t a ly s e d  by the le v a n s u cra s e  

of A .  levanicum const i tu te  a tw o -s te p  p ro c e s s  :

In i t ia l  r e v e r s i b l e  fo rm a t io n  of an enzyme -  f r u c to s y l  complex  

f r  -  R  + E  f r  -  E  + R

I r r e v e r s i b l e  t r a n s f e r  to an a cce ptor  m olecu le  

f r  -  E  + A  ------- ^  f r  -  A  + E

w h e r e  A  denotes an a cceptor  m olecule .

T h e  o v e r a l l  i r r e v e r s i b l e  p ro c e s s  was te rm e d  a " s te p w is e "  

p r o p a g a t io n ,  commonly now c a l l e d  a " m u I t i m o l e c u l a r " p ro c es s .

S u b seq u en t  s tudies  on the donor and a c c e p to r  s p e c i f i c i t i e s  of this  

enzym e r e v e a le d  the important fa c t  that on ly  donor compounds  

( f r  -  R)  such as s u c r o s e ,  r a f f  inose ( X I ) ,  jS  -  D  -  f r u c t o f u r  anosyl  

^  - D  gal ac topyranos ide  ( X I X ) ,  ^  -  D - f r u c t o f u r  anosyl  oC - p  -  

x y lo p y r a n o s id e  ( X X ) ,  O -  -  D  -  f r u c t o f u r  anosyl  -  (2 — -  6 ) -

^  -  p  -  g luc opyr  anosyl ^  - D  - f r u c t o f u r  anoside  (n e o -k e s to s e ,  

X X I )  and O -  - p  -  gal actopyr  anosyl  -  (1 — — 6 ) - 0 - P ( f - p -  

g a la c to p y r  anosyl  -  (1— ^  5) -  o C - D  -  g lu c o p yr  anosyl  y ^ - P  -  

f r  uc to fu r  anos ide (S ta c h yo s e ,  X X I I  ) can s e r v e  as donors .  A l l  of 

these s u g a rs  a r e  non -  re d u c in g ,  t e rm in a t e d  by a 

f r u c t o f u r a n o s y l  r e s id u e ,  the R  -  r e s id u e  be ing l ib e r a t e d  in e v e r y  

c ase .
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F u r t h e r ,  it was found that w a t e r  can act as a f ru c to s y l  acceptor  and

concomitant fo rm a t io n  of o l ig o s a c c h a r id e s  can o c c u r .  T h is  la t te r
97r e a c t i o n ,  f i r s t  noted by Kohanyi  and Dedonder  w i th  the leva nsucra se  

of B .  subti l  is , involves in i t ia l  t r a n s f e r  of a f ru c to s y l  r e s id u e  to the 

c a rb ln o l  g roup in the a cceptor  m o lecu le ,  the major  product being O -  

yS - D  - f r u c t o f u r a n o s y  I -  ( 2 — *-1 ) -  -  D -  f r u c t o f u r  anosyl  oC -  D -

g lu c o p y r  anos ide (1 -  k es to s e ,  X X l I l ) .  This lead to the suggestion  

that b ra n c h in g  at C -  1 in the g row ing  levan po lym er  may occur  by a 

s i m i l a r  p ro c e s s .

OH
HOCH

OHHO

CH2

OH OH

HO
CH2 OH

OH

X X I I I

T h e  net o v e r a l l  r e a c t io n  has been s u m m a r is e d  thus:

P a r t  r e a c t io n s  

(m) f r  -  R  + (m) H 2 O (m) f r u c t o s e  + (m) R

( invers ion )

V (q -  1 ) f r  -  R  + (v) f r  -  R  —^  (v) f r ^  _ R  + v (q -  1 ) R
(ol igosacchar  ide fo rmat ion)

(n) f  -  R  + P f r  _ P  + (n) R  
n

(po lym er isa t ion)
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A d d in g  ^

(s) f r  -  R  + (m) H « 0  + P  —fc- (m) f r u c to s e  + (v) f r  -  R + f r  -  P  
^ q n

+ (s -  v) R

w h e r e  P  denotes an acceptor  leading to po lym er  fo rm a t io n .

T h e  r e v e r s i b i I  i ty of the in i t ia l  complex  fo rm a t io n  was dem onstra ted ,  

by the same w o r k e r s ,  by showing that the f r u c to s y l  ga lac tos ide  

( X I X )  is fo r m e d  f r o m  r a f f  inose (V I  I) in the p r e s e n c e  of lev a n s u cra s e  

and D - g a l a c t o s e .  S i m i l a r l y  the f ru c to s y l  x y lo s id e  (X X )  is fo rm ed  

in the p r e s e n c e  of p - x y l o s e .

e . g .  r a f f  inose + E  ^ ^  f r  -  E  + mel ib iose  ( X V I I l )

f r  -  E  + p  -  ga lac to s e  — fr u c to s y l  gal actos ide ( X IX )  + E

T h e  l e v a n s u c r a s e  of B.  s u b t i l is  was  found by P ea u d  -  L enoe l  and 

D e d o n d e r ^ ^ ’ to d i f fe r  f r o m  that of A .  levanicum in r e s p e c t  to the 

r e v e r s ibi I  i ty of the t r a n s f e r  r e a c t io n .  L o w  m olecu la r  weight  

p r e p a r a t i o n s  of levan w e r e  found to s e r v e  as s u b st ra tes  f o r  the 

t r a n s f e r  of f r u c t o s y l  r e s id u e s  to a ldose a c c e p to rs  to give compounds  

of the type f r  -  R .

D u r i n g  this p e r io d ,  le v a n s u c ra s e s  w e r e  c o n s id e re d  as being s im i la r  

to y e a s t  and mould inver  tases  s in ce  these l a t te r  enzymes a lso  

p o s ses s  the a b i l i t y  to t r a n s f e r  f r u c to s y l  r e s id u e s  to molecules  

o th e r  than w a t e r .  Bacon ^ ^ ^ c la s s i f i e d  the v a r io u s  types of 

t r a n s f e r a s e  a c t iv i ty  e xh ib i te d  by these enzym es .  W h e r e a s  the 

in i t i a l  f o r m a t io n  of the yeast  in v e r t a s e  -  f r u c t o s y l  complex is 

i r r e v e r s i b I e , the c o r re s p o n d in g  complex  fo rm a t io n  wi th  mould 

i n v e r t a s e  and le v a n s u c ra s e  Is r e v e r s i b l e ,  f o l lo w e d  by subsequent  

I r r e v e r s i b l e  f r u c to s y l  t r a n s f e r  to a c a rb in o l  posit ion  in the 

a c c e p to r  molecu le .  In this r e s p e c t  the l a t t e r  two enzymes a r e  

s i m i l a r ,  al though mould in v e r ta s e  possesses  the a b i l i ty  to 

h y d r o ly s e  al l  - p - f r u c t o f u r a n o s y l  l i n k a g e s .  O f  these th ree  

e n z y m e s ,  the c h a r a c t e r is i n g  a b i l i t y  of  le v a n s u c ra s e  to syn thes ise
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m acro m o le cu le s  was c o n s id e r e d ,  by Beal  ing and Bacon^^^, to

depend upon the enzyme -  f ru c to s y l  complex to have a high a f f in i ty

f o r  l a r g e  a c ce p to r  m o lecu les .  T h is  p r o p e r t y  of A .  levanicum

le v a n s u c r a s e  was  de m onstra ted  by H e s t r i n  et a l L e v a n

o l ig o s a c c h a r i d e s ,  obta ined f r o m  p a r t ia l  ac id  h yd ro lysa te s  of levan ,

in the r a n g e  D P 4  to D P 8 , d isp layed  s h a r p ly  inc re as in g  acceptor  
. . 102

a c t iv i t y  , p o s s ib ly  an exp lanat ion  f o r  the o bs erv a t ion  that levan  

m o le c u le s ,  w i th  D P  va lues  less than 2 0 ,  could not be detected in 

l e v a n s u c r a s e  -  s u c ro s e  systems.^ A d d i t io n  of low m olecu lar  

w e ig h t  levans to systems conta in ing  B .  su b t i l is  lev ansucrase  

system s was found to enhance both the r a t e  of levan synthes is  and

y ie ld  of levan but d imin ish  the a ve ra g e  m o le c u la r  weight of the
^  ̂ 104.  105

p ro d u c t .

B y  the end of the 195 0 's  the hypothesis  of an enzyme -  f ru c to s y l  

com plex  was  f u r t h e r e d .  It was then g e n e r a l l y  agreed^ that the 

tr  a n s f ru c t o s y l  a t ion r e a c t io n s  involved an in i t ia l  enzyme -  subst ra te  

com plex  fo r m e d  by c h e m is o rp t io n  of the s u b s t ra te  molecule at the 

enzym e s u r f a c e .  T h i s  was thought to invo lve  bonding of the 

g ly c o s id ic  oxygen atom of the s u b s t ra te  to the enzyme bond form ing  

s i t e .  T h i s  hypothes is  is sup p o r ted  by the fa c t  that only when the 

a ld o p y ra n o s y l  r e s i d u e  p o ssesses  c e r t a in  conf igura t ional  

a r r a n g e m e n ts  can the s u b s t r a t e  s e r v e  as a f ru c to s y l  donor.  T h e  

r e q u i r e m e n t s  a r e  that pos i t ion  C - 2  be unsubst i tu ted  with  its 

h y d ro x y l  g roup c is  d isposed  to the g ly c o s id ic  oxygen atom and  

p o s i t io n  C -  3 be unsubst i tu ted  and c a r r y  a hy droxy l  group trans  

disposed  to that at C - 2  ( X X I V ) .  T h e s e  re q u i re m e n ts  a re  met in 

compounds such as s u c ro s e  ( X X V ) ,  the f r u c to s y l  ga lactos ide  ( X I X ) ,  

and the f r u c t o s y l  x y lo s id e  ( X X ) .

OH

OH

0

X X I V
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HOCH

OH
HO

OH

HOCH
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CHnOH0
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X X V

P ^ a u d  -  l_en<9el  ̂ advanced the hypothes is  that the enzyme can complex  

r e v e r s i b i y  w i th  s h o r t  chain levans in addi t ion to the s u b st ra te  

m olecu le .  T h i s  th e o ry  a l lows an exp lana t ion  f o r  the r e v e r s i b i l i t y  of 

the t r  a n s f ru c to sy l  at ion r e a c t io n  found w i th  B .  subti  I is lev a n s u c ra s e .

( levan) +
( l e v a n ) ^ - E  + f  r  -  R  —

( levan)^  -  E  

( levan)^  -  E  -  f r  -  R

T h e  f r u c t o s y l  r e s id u e  was then assumed to be t r a n s f e r r e d  to the levan  

chain  l i b e r a t i n g  the f r e e  a ldose ,  R .

( leva n )^  -  E  -  f r  -  R — ( l e v a n ) ^ ^ ^ - E  + R

T h i s  is an example  of an " in s e r t io n "  p ro c e s s .  I t was suggested ,  on

the bas is  of k in e t ic  ev id en c e ,  that in the absence  of so c a l le d  "levan

p r i m e r s " ,  o l ig o s a c c h a r id e s  a r e  i n i t i a l l y  f o r m e d  f r o m  s u c ro s e  which  

s u bse que nt ly  become bound to the s p e c i f i c  levan bui ld ing  s i te  f o r  the 

p o l y r e p e t i t i v e  " in s e r t io n "  mechanism to o c c u r .  T h e s e  ideas a r e  

s u m m a r is e d  in the fo l lo w in g  scheme :

+ 5
+  G

po lym er  isat ion

E + A  -  F  +  G

o l ig o s a c c h a r id e  synthesis

E + P  + G

in v e rs io n  r e a c t io n
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w h e r e  L  and L_ , . denote levan molecules  w i th  D P  va lues  of n n n + I
and n + 1  r e s p e c t i v e l y ,  A  denotes a f r u c to s y l  a cc eptor  molecule  

lead ing to o l ig o s a c c h a r id e  fo rm a t io n  and S ,  F  and G denote s u c r o s e ,  

f r u c t o s e  and g lu c o s e ,  r e s p e c t i v e l y .

1 07E b e r t  and S t r i e k e r  ob ta ined  a h igh ly  p u r i f i e d  p r e p a r a t io n  of

A .  levan icum  le v a n s u c r a s e ,  e s s e n t ia l l y  f r e e  of h y d ro la s e  a c t iv i t y ,

and,  by means of k in e t i c  s tu d ie s ,  e s ta b l is h e d  that the po ly m e r is a t io n

and in v e r s io n  r e a c t io n s  fo l lo w  a Michae l  is mechanism,

o l ig o s a c c h a r id e  fo rm a t io n  having a d i f fe r e n t  dependence,  the r a t e

in c re a s in g  w i th  s u c r o s e  c o n c e n t ra t io n  o v e r  the e n t i r e  r a n g e .  1 0 8 ,  1 09

F u r t h e r ,  it was found that p r i m e r s  a r e  not n e c e s s a r y  fo r  the

p o ly m e r is a t io n  r e a c t io n  which  is f i r s t  o r d e r  w i th  r e s p e c t  to enzyme  
1 08c o n c e n t r a t io n .  B e c a u s e  of the fo rm a t io n  of r e l a t i v e l y  fe w  l a rg e

m o le c u le s ,  E b e r t  and his col I a b o r a t o r s  proposed  that the s o - c a l l e d  

" p o l y r e a c t i o n "  f o l lo w s  an in s e r t io n  type mechanism.

T s u c h iy a  et a l .  ̂  ̂^ had used s i m i l a r  r e a s o n in g  to exp la in  the 

syn th es is  of r e l a t i v e l y  fe w  la r g e  d e x t ra n  m o le c u le s ,  a f te r  the 

in i t ia l  suggest ion  of  S t a c e y  in 1 943 .   ̂  ̂ ^

M o r e  r e c e n t l y ,  f u r t h e r  advances  have been made by the Dedonder

g ro u p ,  fo c u s s in g  its a ttention  on the le v a n s u c r a s e  of B.  subti  I is ,

an enzyme found to d i f f e r  fu n d a m e n ta l ly  f ro m  that of A .  levanicum
1 1 2in that it is induc ib le .  A g a i n ,  add i t ion of low m olec u la r  weight

levan i n i t i a t o r s  was  found to in c re a s e  the r a t e  and y ie ld  of levan  

s y n th e s is .  T h e  r e v e r s i b i l  i ty of the t r a n s f e r  r e a c t io n  was  

d e m o n st ra ted  by the a p p ea ra n ce  of s u c ro s e  and the f ru c to s y l  

g a la c to s id e  ( X I X ) ,  when low m o lec u la r  w e ight  levans w e r e  t re a te d  

w ith  the enzyme in the p r e s e n c e  of D  -  g lucose  and D -  g a la c t o s e , 

r e s p e c t i v e l y .  In add i t io n ,  such levans could  be h y d ro ly s e d  in the 

absence  of f r u c t o s y l  a c c e p to rs .  A l though the h y d ro lys in g  action  

was found to be much w e a k e r  than the syn th es is in g  ac t ion ,  it w a s ,  

n e v e r t h e l e s s ,  c l e a r  cut and tended to w a rd s  a l im i t  of about 50%  

h y d r o l y s i s .  A s  f r u c t o s e  was the on ly  h y d r o ly s is  p ro d u c t ,  de tectab le
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by c h ro m ato g r  a p h y , the enzyme was concluded to act  as an exo 

h y d r o l a s e ,  it be ing suggested  that the h y d ro ly s is  l im i t  c o r resp o n d s  

to the p e rc e n ta g e  re s id u e s  on e x t e rn a l  b ranches .  H ig h  m olecu la r  

w eig h t  l e v a n s , h o w e v e r ,  w e r e  found not to be s u b s t ra te s  f o r  this 

r e a c t i o n .  T h e  h y d ro ly s in g  act ion was concluded to be a p ro p e r ty  

of the l e v a n s u c r a s e  i ts e l f  on the ev idence  of heat d eac t iva t ion  

e x p e r im e n ts  and e le c t r o p h o r e t i c  b e h av io u r .

In a subsequent p a p e r   ̂  ̂^ , R a p o p o r t  and D ed o n d er  s tu d ied ,  in 

c o n s id e r a b le  d e t a i l ,  the donor  and acc ep tor  s p e c i f i c i t i e s  of th e i r  

enzyme p r e p a r a t i o n .  A s  the r e s u l t s  of th e i r  e xp e r im en ts  led them 

to propos e  a mechanism f o r  the e nzym ic  a c t io n ,  these w i l l  be 

b r i e f l y  d is cuss ed .  A s  f a r  as donor  s p e c i f i c i t y  is c o n c e rn e d ,  only  

f r  -  R  compounds w i th  an al d o p y ran o s y l  r e s i d u e  possessing trans  

disposed h y d ro xy l  g roups  at C  -  2 and C - 3  can s e r v e  as donors  

(see s t r u c t u r e  X X I V ) .  M o d i f ic a t io n s  at C - 4 ,  e . g .  in v e rs io n  of 

c o n f ig u ra t io n  o r  su b st i tu t io n  by a chain  of al dopyranosyl  re s id u e s  

(e s p e c ia l l y  1— —4 l in ked  D -  glucosyl  ) do not d e ac t iva te  the donor  

molecu le .  M o d i f ic a t io n s  at  C - 6  a r e  a lso  p e rm i t te d .  R a p o p o r t  and 

D id en o t   ̂  ̂^ found that g a lac to s id e s  of s u c r o s e ,  h ig h e r  homologues  

of r a f f  inose (X l )  possess donor  a c t i v i t y ,  pass ing  through a maximum  

at D P 4  (s ta c h y o s e ,  X X I I ) and d e c r e a s in g  t h e r e a f t e r  to z e r o  at D P 7 .  

F u r t h e r ,  the p r e s e n c e  of subst i tuen ts  such as a c a rb o x y l  group at 

C  -  6  of the a ldosyl  r e s id u e  does not d e s t ro y  donor a c t i v i t y ,  as 

dem onstra ted  by the in c o r p o r a t io n  of g lu c u r o n ic  a c id  in the exchange  

r e a c t io n .

D  -  g lu c u r o n ic  ac id  + s u c ro s e

I e v a n s u c ra s e

- P - f r u c t o f u r a n o s y l  o C - D -  

g lu c o p y ra n o s id u ro n ic  ac id  ( X X V I )  4-D -  glucose
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T h e  D - g l u c o s e  l i b e r a t e d  in the r e a c t io n  w i th  s u c r o s e  was found, on 

the ev id en ce  of i ts s lo w ne ss  to r e a c t  w i th  g lucose  ox idase  ( which is 

s p e c i f i c  f o r  the ^  -  f o r m  of D - g l u c o s e )  and p o l a r i m e t r i c  ev idence,  

to be in the (X -  f o r m ,  i . e .  it is l i b e r a t e d  w i th  r e te n t io n  of 

c o n f ig u r a t io n .

T h e  s p e c i f i c i t y  of the f r u c to s y l  a cc e p to r  was found to be f a r  lower  

than thought p r e v i o u s l y ,  t r a n s f e r  being poss ib le  to a g r e a t  number of  

compounds. Among the s u g a rs  a c t ing  as a c c e p t o r s , D - f r u c t o s e  was  

found to have no in f luence  on the r a t e  of D  -  g lucose  l ib e r a t io n ,  

w h e r e a s  t r e h a lo s e  ( X - D  -  gl ucopyr  anosyl  c X . - D  -  g lu c o p yr  anos ide,  

X X V I I ) , pi anteose ( O -  0C - O -  gal a c to p y r  anos y I -  (1 —— 6 ) -  ^  -  D -  

f r u c t o f u r  anosyl  o C - D  -  g lu c o p yr  a n o s id e ,  X X V I I  I) and m e le z i tos e  

(O -  X  -  D  -  g lu c o p yr  anosyl  -  (1 — 3) -  ^  -  D  -  f r u c t o f u r  anosyl  

<9C -  D  -  g lu c o p yr  anos ide ,  X X I X )  e x e r t e d  an enhancement in the r a t e  

of g lucose  r e l e a s e .

OH

CHoOH
HO

HO

OH
HO 0

OH

X X V I
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A s  w i th  yeas t  Invertase^  ̂^ and A .  levanicum le v a n s u c ra s e   ̂ ^

methanol was found to possess  a cc e p to r  a c t i v i t y ,  the r e s u l t in g  

methyl ^  -  D - f r u c t o f u r a n o s i d e  not being h y d r o ly s e d ,  h o w e v e r ,  

as in the case of y ea s t  i n v e r t a s e .  H i g h e r  a lcohols  did not possess  

a c c e p to r  a c t iv i t y  a lthough a s lo w  r e a c t io n  w i th  g ly c e ro l  lead  to 

g ly co s id e  f o r m a t io n ,  a r e a c t io n  independent ly  s tud ied  by E b e r t  and  

S t r i e k e r .  B y  using -  la b e l le d  g l y c e r o l ,  it was shown to be

in c o r p o r a t e d  in l e v a n s ,  suggest ing  that g ly c e ro l  might act  as an 

in i t i a t o r  fo r  levan s yn th es is .  O t h e r  po lyo ls  such as D - g l u c i t o l  

and myo -  inosito l  ( s t r u c t u r a l  ly analogous to D -  g lucopyra nose)  

e xh ib i te d  no a cc e p to r  a c t iv i t y .

T o  account f o r  the p r o p e r t i e s  of  the enzym e,  it was p ro p o se d  that  

th e r e  e x is t  th r e e  s p e c i f i c  ac t iv e  s i tes  ( F i g ,  I. 3. a. ) ,  a s i t e  f o r  the 

donor  m o le c u le ,  s u b d iv ide d  into a ldosyl  and f ru c to s y l  s i t e s ,  and a 

s i t e  f o r  the levan a c c e p to r .  I t  was  suggested  that a fo ld  in the 

po ly pept ide  chain  accounts f o r  the high s p e c i f ic i t y  f o r  the t r a n s 

f e r r e d  g ro u p ,  the on ly  m inor  modi f icat ion  p e rm it te d  being in v e rs io n
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F i g u r e  1 .3 .  Model fo r  l e v a n s u cra s e  : A c t i v e  s i tes  and mechanism of

t r a n s f r  uctosy I at ion 113

a.

s i te  of h y d r o ly s is
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of c o n f ig u ra t io n  at C - 5 ,  as in c< -  D  ~ g lucopyr  anosyl  — L  -

x y lo  -  2 -  hexu los ide  ( X X X ) ,  o r  r e p la c em e n t  of the C - 6  h y d ro x y  

methyl group of the k e t o - h e x o s e  by hydrogen as in -  Q  -  

g lu c o p yr  anosyl  -  D  -  th reo  -  2 -  pentu los ide  ( X X X  I ).

OH
HO

OH

HOCH CHoOH

HO
0

OH

X X X

CHgOH

OH
HO

OH

HOCH

HO
0

OH

X X X I

T h e  levan a cc e p to r  s i t e  is in the v ic in i t y  of  the sucrose  s i t e ,  the 

l as t  r e s id u e s  at the n o n - r e d u c in g  end of the levan chain not being  

in d i r e c t  contact w i th  the p ro te in  s u r f a c e ,  a l low ing  a de gree  of 

f r e e d o m  of movement ( F ig .  1 .3 .  b . ) .  T h i s  was concluded f r o m  the 

f a c t  that the s m a l le s t  levan o l ig o m er  to d isp lay  an a f f in i ty  f o r  levan  

in the h y d ro ly s in g  r e a c t io n  was le v a n t r  iose  ̂  ̂^ , indicating that X 
is the f i r s t  s i te  hav ing  a f f in i ty  f o r  f ru c to f u r a n o s e  re s id u e s .

( F ig .  1. 3. c. ).
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A s  the a f f in i t y  in c re a s e s  w i th  D P ,  the ad jacent  s i tes  con tr ib u te  

to w a rd s  the a ttachment of the levan chain .

D u r i n g  levan s y n t h e s is ,  a s u c ro s e  molecule  becomes a t tached to its 

s p e c i f i c  s i te  ( F ig .  I . 3 . b .  ) ,  the te rm ina l  re s id u e s  of the acc eptor  

being m obi le .  D  -  g lucose  is e l im in a te d ,  the te rm ina l  n o n - re d u c in g  

r e s i d u e  of  the a cc e p to r  then occupying i ts p la c e ,  th e re b y  p re se nt ing  

the C - 6  h y d ro x y  me thy I group to become l in ke d  to the f r e e  

f r u c t o s y l  r e s i d u e  (F ig .  I. 3. c. ).

T o  account f o r  the poss ib le  f ru c to s y l  t r a n s f e r  to a w ide  ra n g e  of 

a c c e p t o r s ,  a n o n - s p e c i f i c  space ,  A ,  can be e n v is a g e d ,  in the 

p r o x i m i t y  of  both the glucosyl  s i te  and the levan a cc eptor  s i t e ,  which  

a l lo w s  a c c e p to r  m olecules  "a cc e s s "  to the t r a n s f e r r e d  f ru c to s y l  

r a d i c a l  ( F i g .  I. 4.  ).

T h e  sy n th e s is  of 1 -  kestose  ( X X I I l )  wou ld  invo lve  in i t ia l  f i x a t io n  of 

a s u c r o s e  m olecu le  at i ts s p e c i f i c  s i te  and a second s u cro s e  molecule  

w i th  I ts f r u c t o s y l  r e s id u e  a t tached  at A  and the glucosyl  r e s id u e  in 

the g lucosy l  p a r t  of the s u c ro s e  s i te .  T h e  t r a n s f e r  of the f r e e  

f r u c t o s y l  g r o u p ,  upon e l im in a t io n  of D  -  g l u c o s e , o ccu rs  

p r e f e r e n t i a l  l y , f o r  s t e r  ic r e a s o n s ,  to the C  -  1 hydroxym ethy l  group  

of the a c c e p to r  f r u c t o s y l  re s id u e  ( F ig .  I. 5. ).

117R a p o p o r t  et a l . e s ta b l is h e d  that no p r i m e r  is n e c e s s a r y  f o r  levan  

s y n th e s is .  In the r e a c t io n  with  s u c r o s e ,  s u c r o s e  was found to act  as 

the f i r s t  a cc e p to r  in the synthes is  of levan cha ins  and 1 -  kestose  

( X X H I )  is the f i r s t  p roduct  fo rm ed.  T h e  r e a c t io n  was then found to 

be p r o p a g a te d  by the s u cce ss iv e  addi t ion to 1 -  kes tose  of  f ru c to s y l  

r e s  i dues I inked through posi t ions C - 2  and C - 6 . B y  means of 

T 4 Ç  _ label  led s u b s t r a t e s ,  D -  f r u c to s e  and D -  g lucose ,  at high 

c o n c e n t r a t io n s ,  w e r e  a lso found to be c apab le  of in i t ia t ing  levan  

f o r m a t io n .
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F i g u r e  1 .4 .  Model fo r  l e v a n s u c ra s e  : A c t iv e  sites 1 13

© ©

K ey  : F  

G 

!_ 

A

fr u c to s y l  s i te
, , _ s u c ro s e  s iteglucosyl  s i te

levan a c c e p to r  s i te

n o n - s p e c i f i c  space  f o r  acceptor  molecules

F i g u r e  1 .5 .  L e v a n s u c r a s e  : F o r m a t io n  of 1 -  kestose ( X X I I l )

--------\

\  /

K e y  ; F  = f ru c to s y l  group at s p e c i f ic  s i te  

G = glucosyl  r e s id u e

A  = n o n - s p e c i f i c  space f o r  acceptor  molecules
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It has p r e v i o u s l y  been mentioned that two mechanisms f o r  enzymat ic  

sy n th e s is  have been proposed : the " in s e r t io n "  o r  " u n im o le c u la r "  

p r o c e s s  and the " s te p w is e "  or  "m ult i r r io lecu lar" p r o c e s s .  In the 

f o r m e r  an enzyme molecule  is bound to an a c c e p to r  molecule  and 

t o t a l ly  bu i lds  up the po lym er  molecule  b e fo re  s t a r t in g  a new one.  

T h i s  im pl ies  p e rm an e n t  at tachment w i th  the in c re a s in g  chain  and 

w o u ld  lead  to a r e l a t i v e l y  low number of  high mol ecul  a r  w e ight  

p ro d u c ts .  In the l a t te r  mechanism,  h o w e v e r ,  al l  the po lym er  

m olecu les  g r o w  a t  the same t ime s ince no perm anent  enzyme  

attachm ent  is in v o lv e d , le a d in g  to a l a r g e r  number of s m a l l e r  

m o le c u le s .  In this  c a s e ,  addit ion  of low m o le c u la r  weight  levan  

i n i t i a t o r s  w o u ld  lo w e r  the a v e ra g e  m o le c u la r  w e ig h t  of the levans  

synthes  ised.

T h e  o b s e r v a t io n s  ob ta ine d  w i th  B .  s u b t i l is  l e v a n s u c ra s e  cannot

r e a d i l y  be accounte d  f o r  by e i t h e r  of these s im ple  t h e o r ie s .  F o r

e x a m p le ,  D e d o n d e r  and P ^ u d - L e n o e l   ̂ have  dem onstrated  that

add i t ion  of  low m o le c u la r  weight  levan d imin ishes  the a ve ra g e

m o le c u la r  w e ig h t  of  the levans  s y n th e s is e d ,  a r e s u l t  also obta ined  
118

by Mat toon et  a l .  , a l though in both cases  v e r y  high m olec u la r

w e ig h t  lev ans  w e r e  a lso  s yn th es is ed  to a d e g re e  of  10%.  R a popor t  
117et a l . , as a r e s u l t  of  s tud ies  on the m o le c u la r  we ight  

d i s t r i b u t i o n  of  levans  obta ined w i th  this e n zym e ,  suggested an 

in te r m e d ia te  type  of mechanism which  they te rm ed  a "m ul t iadd i t ion"  

p r o c e s s .  T h i s  mechanism (F ig ,  1 . 6 . )  r e l i e s  upon the p re s e n c e  of 

the n o n - s p e c i f i c  a c c e p to r  s p a c e ,  A ,  (F ig .  1 . 4 . ) .  F r u c t o s y l  

r e s i d u e s  a r e  s u c c e s s iv e ly  t r a n s f e r r e d  to the "m obi le"  end of the 

levan a c c e p to r  m o le c u le ,  the in c re a s in g  mobile  chain end being  

accommodated at the n o n -s p e c i f ic  a cc eptor  s i t e ,  A ,  until  the 

d is t o r t io n  becomes too g r e a t  and the levan molecule  becomes  

d is s o c ia t e d  f r o m  its s p e c i f i c  s i te  and s l id es  along to the in i t ia l  

p o s i t io n  ( F i g .  1. 6 . ). A t  the moment of d is so c ia t io n  the levan  

m o lec u le  can become complete ly  r e l e a s e d  f r o m  the enzyme thus 

account ing  f o r  the m u l t im o le c u la r  c h a r a c t e r i s t i c s  of what would  

o t h e r w i s e  be a p u r e l y  un im olecu la r  p ro c e s s .
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F i g u r e  1. 6 . M u l t iadd i t ion  mechanism of levan synthesis
1 17
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1 1 9
Rapopont and D ed o n d e r  at tempted to expla in  the o r ig in  of

b ra n c h e s .  T h e y  e s t a b l is h e d ,  by méthylat ion a n a ly s is ,  that the

degree  of b ra n ch in g  in the po lymer  is dependant upon the

ex p e r im en ta l  condi t ions  employed dur ing  the enzym ic  s yn thes is .

In the p r e s e n c e  of a high concentra t ion  of enzym e,  the de g ree  of

b ra n c h in g  is in c re a s e d .  T h e  lev a n s u cra s e  of B.  subti l  is had
1 1 2

a l r e a d y  been shown to p a r t i a l  ly h y d ro ly s e  levans- (p. 38 ) ,  

the extent  of h y d r o ly s is  being s u ppressed  at high levan  

c o n c e n t ra t io n s .  T h i s  was  thought to be due to the fo rm at io n  of 

new b ra n ch  l inkages  under  these cond i t ions ,  v e r i f i e d  by 

de te rm in a t io n  of the d e g re e  of branch ing  of a levan b e fore  and 

a f t e r  enzyme h y d r o l y s i s .  Thus  it seems that the fo rm at io n  of 

b ra n ch  points  is due to the lev a n s u c ra s e  i tse l f .

T h e  mechanism of this b ra n ch in g  is not com plete ly  c le a r  in the 

context  of the m u l t ia d d i t io n  mechanism,  but it may be that when the 

"mobile '*  end of the g r o w in g  chain  becomes s u f f ic ie n t ly  long, the 

a l ignm ent  of  the " a c c e p to r  r e s i d u e "  may be such that t r a n s f e r  to 

the C  -  1 p r i m a r y  a lcohol becomes fa v o u r e d  (F ig .  1 .7 .  a , ,  b . ) .  T h e n ,  

upon d is s o c ia t io n  and movement of  the chain along the enzyme to the 

" r e l a x e d "  pos i t ion  ( F i g .  I . 7 . c .  ) ,  a choice  of two f ru c to s y l  n o n -  

re d u c in g  ends a r i s e s  f o r  the subsequent p ropagat ion  r e a c t io n  

( F i g .  I. 6 . ) .
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F i g u r e  1 .7 .  P o s s ib le  mechanism fo r  the in i t ia t ion  of branch  

points in levans

O  ' 1^0e> IL e" F/ZucTDSE RESliiuES 
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a.



50

I . D .  T h e  R o le  of B a c t e r i a l  F r u c t a n s  in Denta l  C a r i e s

T h e  b e l ie f  is now w id e ly  held that m icrob ia l  dental  p laque is a
1 20n e c e s s a r y  p r e r e q u i s i t e  f o r  the in i t ia t ion  of dental  c a r i e s .

T h e  main c h a r a c t e r i s t i c s  of dental  p laque,  the a b i l i t y  to fo rm

a c id ic  substances f r o m  fe rm e n ta b le  c a rb o h y d ra te s  and the

a b i l i t y  to sy n th e s is e  e x t r a c e l l u l a r  substances,  w e r e  re co g n is e d
1 21as e a r l y  as the last  decade of the n ineteenth cen tury .

1 22
B la c k  • , in 1906 ,  d e s c r ib e d  dental  p laque as "a substance  

that  is g e la t in o id  o r  g e la t in e  -  l i k e ,  but not g e la t in e ,  but which  

has the a p p e a ra n c e  of the l a t t e r .  T h i s  m ate r ia l  is fo rm e d  by 

the same m ic ro o rg a n is m s  which  produce  the acids that cause  

c a r i e s .  " D u r i n g  the fo l lo w in g  y e a r s ,  much c o n t r o v e r s y  

e x is te d  as to the n a t u r e  of  the e x t r a c e l l u l a r  plaque m a te r ia l .
■I o  -j 1 ?  A

K i r k  ' c la im e d  the ge lat inous m a te r ia l  to be the r e s u l t  

of I actobac i  I lus p r e c i p i t a t e d  s a l i v a r y  mucin.  S u b s eq u e n t ly ,  it 

has been found that s a l i v a  on incubat ion loses s ia l i c  ac id  and 

fu c o s e   ̂  ̂ , and L e a c h  postu la ted  that these

h y d r o l y t i c  steps a r e  n e c e s s a r y  p r e r e q u i s i t e s  be fo re  s a l i v a r y  

g ly c o p r o t e in s  can c o n t r ib u te  to plaque fo rm a t io n .  H o w e v e r ,  

th e r e  is a ls o  evidence^  ̂ that n a t ive  s a l i v a r y  g ly c o 

p r o te in s  can be a b so rb e d  on the tooth s u r f a c e ,  a sub ject  

r e v i e w e d  by C r i t c h l e y  et a l .  in 1968.

I t is now known that the bu lk  of  e x t r a c e l l u l a r  plaque m a te r ia l  

co n s is ts  of b a c t e r ia l  p o ly s a c c h a r id e s .  S t re p to c o c c u s  

sanguis  accounts f o r  about ha l f  of the s t reptococca l  f l o r a

of dental  plaque^ and members  of this spec ies  w e r e  found  

to p ro d u ce  e x t r a c e l  lul a r  dext ran.^^ ’  ̂ L a r g e  amounts of 

e x t r a c e l  lul a r  p o ly s a c c h a r id e s  a r e  syn thes ised  by ca r  iogenic  

s t r a in s  of S t r e p to c o c c u s  mutans.^34-1  37 F u r t h e r ,  

p e r io d o n ta l  plaque has been assoc iated  wi th  Odontomyces  

v is c o s u s  , an o rg a n ism  capable  of synthes is ing  an

e x t r a c e l  lul a r  f r u c t a n  f r o m  s u cro s e  o r  r a f f  inose conta in ing
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71media .  T h e r e  is ,  in fa c t ,  a whole  gamut of o th e r  b a c te r ia l

s t r a in s  a s s o c ia te d  w i th  dental p laque,  notably  I actobaci  11 i which  

s y n th e s is e  h e te r o  -  as wel l  as homo -  p o ly s a c c h a r id e s .   ̂ In 

a d d i t io n ,  p laque  s t rep toc occ i  can,  under c e r t a in  d ie t a r y  

c i r c u m s t a n c e s ,  produce pronounced quant i t ies  of c ap s u la r  m a t e r ia l ,  

as shown by e le c t r o n  microscopy .  ^

A c t u a l  ev id e n c e  f o r  the p resen c e  of e x t ra c e l  lul a r  p o ly s a c c h a r id es  

in dental  p laque was prov ided  by M c D o u g a l l^ ^^  , in 1964 ,  who  

showed that an aqueous e x t r a c t  conta ined a f r u c t a n .  Subseq u e n t ly ,  

C r i t c h l e y  et a l .  ̂ found f ru c ta n s  and glucans and a glucan to be 

r e s p e c t i v e l y  p re s e n t  in aqueous e x t r a c t s  and 0.  1 M N a O H  e x t rac ts  

of dental  p laque .  On the basis  of modif ied  S m ith  degradat ions  they  

concluded  these po ly sa cch ar id es  to be levans  and d e x t r ans.  Because  

of the d i f f i c u l t y  in harve s t in g  su f f ic ien t  amounts of dental  plaque and 

the p ron o u n c ed  complex ity  and v a r i a b i l i t y  of this substance ,  many 

studies  on the e x t r  acel  lul a r  p o ly s a c c h a r id e s  of o ra l  s t re p to c o c c i ,  

no ta b ly  s t r a in s  of S .  mutans  ̂ have  been made by in v i t r o

e x p e r i m e n t s ,  m inor  amounts of f r u c t a n  be ing p r e s e n t  in many cases.

Som e s tu d ies  on d e x t ra n s u c ra s e s  iso la te d  f r o m  plaque s t rep to c o cc i  

have been made. Wood in 1967,  obta ined a c ru d e  d e x t r  a n -

s u c r a s e  p r e p a r a t i o n  f ro m  an F A  s t r a in  of S .  mutans and Gibbons  

and N y g a a r d   ̂ demonstrated  the p re s e n c e  of both d ex t r  ans ucr  as e 

and l e v a n s u c r a s e  in the cu l tu re  f lu ids  of o ther  s t r a in s  of this species,  

C a r I s s o n   ̂ , in 1970,  iso la ted  and p u r i f i e d  a le v a n s u c ra s e  f ro m

S .  mutans O M Z  176.

A  c lue  to the pos s ib le  b io logica l  function  of levan in dental  plaque

w as  p r o v id e d  by M an ly  in 1961 , who noted that dental  p laque,

a f t e r  a s h o r t  e xp o s u re  to s u c r o s e ,  cont inua l ly  produces  ac id  f o r  up

to s ix  h o u rs .  A  c a rb o h y d ra te  s to ra g e  mechanism was postu la ted ,

a l though,  at that  t ime,  the c a r b o h y d r a te  in te rm ed ia te  was not
1 47id e n t i f i e d .  G ibbons and B a n g h a r t  incubated mixed c u l tu re s  f rom  

dental  p la q u e ,  s a l i v a  and the tongue w i th  the dex t r  an e la b o ra te d  by
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L e u co n o s to c  m e s e n te ro id e s  and the s o - c a l l e d  levan of

S t r e p to c o c c u s  sal  i v a r  lus.  T h e  d e x t ra n  was r e l a t i v e l y  r e s is t a n t  to

m icrob ia l  a t ta c k  w h e re a s  the levan was found to be complete ly
1 48

h y d ro ly s e d .  In a d d i t io n ,  L e a c h  dem onst ra ted  that the p ropor t ion

of " le va n "  in the p laque  in c re a s e s  when plaque is sub jec ted  to

in c re a s in g  c o n c e n t ra t io n s  of s u c ro s e .  It was  found to be ra p id ly

fo rm e d  i n i t i a l l y  and diminish in quanti ty  upon cessat ion  of the

s u c ro s e  e x p o s u re .  Thus  it seems that the " le v a n s "  in plaque

function  as a s to r a g e  p o ly s a c c h a r id e  and the d ext rans  p robab ly

s e r v e  as a b ind ing  agent  fo r  the p laque  m a t r i x .  T o  f u r t h e r  support
1 49this h y p o th e s is ,  D a  Costa  and Gibbons , in 1958 ,  iso la ted  

plaque s t re p to c o c c i  w h ic h ,  in the p re s e n c e  of levan ,  p roduced  

induced levan h y d r o la s e s  ( l e van ase s ) .  M an ly  and R ichardson^  

succeeded  in e x t r a c t i n g  s im i l a r  enzymes f r o m  dental  plaque.

Al though the f a c t o r s  invo lved  in the es tab l is hm ent  of c a r io u s  lesions  

a r e  m ani fo ld ,  it is c e r t a i n  that the ingest ion of s u c ro s e  is a v e r y  

im portant  one. 1 ^ 1 , 1 5 2  s t re p to c o c c a l  s t r a in s  produce

m ore  copious qu an t i t ies  of e x t r a c e l  l u la r  p o ly s a c c h a r id e s  when grown

in s u c ro s e  conta in ing  media than in media  conta in ing  o ther  d ie ta ry  
1 47s u g a rs .  T h e  s ig n i f ic a n c e  of s u c r o s e ,  in this context ,  has been

f u r t h e r  d e m o n st ra ted  by e x p e r im e n ta t io n  w i th  animal die ts .   ̂ 154

P o l y s a c c h a r id e s  e la b o r a t e d  by b a c t e r i a  f r o m  s u c ro s e  undoubtedly  

play  a key r o l e  in the e s tab l ishm ent  of c a r i e s ;  indeed attempts  

aimed at d im in ish ing  plaque fo rm a t io n  and hence c a r i e s  incidence  

have been made by in c o r p o r a t in g  d e x t ra n a s e s  in animal diets  

 ̂ R e s u l ts  in this d i r e c t io n  h ave ,  h o w e v e r ,  been d isappointing.  ^

It is u n c e r t a in  to what extent the f r u c ta n s  e la b o r a te d  by s t r a in s  of

S.  sal i v a r  ius c o n t r ib u te  towards  the in i t ia t io n  of dental  c a r i e s .

A c c o r d in g  to S n y d e r  et a l . these substances  do not act  as

r e s e r v e  p o ly s a c c h a r id e s  because of th e i r  s o lu b i l i ty .  N e w b ru n  
1 59and B a k e r  , in 1968 ,  h o w e v e r ,  showed that the f r u c ta n  of
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5 .  sal  iv a r  ius A T C C  1 34 19 ,  thought to be a levan on the 

bas is  of i . r .  s p e c t ro s c o p y ^ ^  , possesses a v e r y  high 

m o lec u la r  w e igh t  (16 -  23 x 10^).  I t is possib le  that such 

l a r g e  m o lec u le s ,  a lb e i t  s o lu b le ,  if fo rm e d  w i th in  the plaque  

m a t r i x ,  would  be unable  to d i f fuse  out,  thus rem ain in g  

a v a i l a b le  f o r  subsequent lo c a l is e d  metabolism.

I . E .  S t r e p t o c o c c u s  sal  iv a r  ius

S t r  eptococcus sal  i v a r  ius is a chain  fo rm in g  spec ies  belonging  

to the fa m i ly  L a c t o b a c t e r  iaceae  , t r i b e  S t r  eptococcae, genus 

S t r e p t o c o c c u s .

A n d r e w s  and H o r d e r   ̂ in 1906 ,  f i r s t  gave the name 

S t r e p t o c o c c u s  sal  i v a r  ius to the s t re p to c o c c i  iso la ted  f ro m  the 

human o r a l  c a v i ty  that e x h ib i te d  the a b i l i t y  to c u rd le  milk -  a 

c h a r a c t e r i s t i c  not p osse sse d  by S t r e p to c o c c u s  mit is .  O e r s k o v  

and Paulsen^ in 1931 ,  d e s c r ib e d  the e x c e s s iv e  po lysa cch ar id e  

s y n t h e s is ,  by s t re p to c o c c i  iso la ted  f ro m  the human p h arynx ,  

when grow n in s u c ro s e  and r a f f  inose conta in ing  media.  A t  

this t ime,  S .  sal  i v a r  ius was not a w e l l  def ined species;  indeed  

Sherman^ in 1 9 3 7 ,  c o n s id e re d  al l  n o n -h em o ly t ic  

s t re p to c o c c a l  s t r a in s  of the human th roa t  to belong to this 

s p ec ie s .  N iv e n  et a l added the a b i l i t y  to synthes ise  l a r g e  

amounts of so lub le  f r u c t a n  f r o m  s u c ro s e  and r a f f  inose to the 

defin ing  c r i t e r i a  f o r  this s p e c ie s .  Indeed ,  the a b i l i ty  to fo rm  

• l a r g e ,  so f t ,  mucoid c o lon ies  on 5% s u c ro s e  a g a r  prov ides  a 

r a p id  test  in the id e n t i f ica t io n  procedure .^   ̂ To  f u r t h e r  

s t re n g th e n  the s ta tus  of S .  sal  iva r  ius as a w e l l  def ined s p e c ie s ,  

N iv e n  and Sm i  ley^ fo r m u la te d  a s p e c i f i c  medium that 

s u p p o r te d  s t r a in s  of S .  sal  iva r  ius but not those of o th e r ,  m ore  

h e te r o g e n e o u s , th ro a t  s t re p to c o c c i  belonging to the S .  mit is  

group.  M o r e  r e c e n t l y ,  c la s s i f ic a t io n s  of g r e a t e r  sophist ica t ion  

of o r a l  s t re p to c o c c i  have  been made^ 35 ,  1 67 r e s u l t  of 

D r u c k e r  and M e l v i l l e ' s  work^ suggesting that S .  sal ivar  ius
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is a s in g le  s p e c ie s ,  a p p a r e n t ly  in te rm ed ia te  between the 

w el l  de f ined S .  mutans and the more  heterogeneous 5 .  m i t is .

T h e  e x tent  of  the p a r t i c ip a t io n  of  S .  sal  iva r  ius and the 

e x t r a c e l  l u l a r  p o ly s a c c h a r id e s  and enzymes thereo f  in the 

e s tab l ishm ent  of dental  c a r i e s  is u n c e r t a in .  It is c e r t a i n ,  

h o w e v e r ,  that  5 .  sal  i v a r  ius , although not a major  plaque  

m i c r o o r g a n i s m , is a f a c t o r  in this d is eas e .  T h is  sta tement  

is s u p p o r ted  by the f in d in g  that of al l  the v i r id a n s  s t r a in s  of 

s t re p to c o c c i  in v e s t ig a te d ,  those of  5 .  sal  iva r  ius w e r e  found  

to p roduc e  the g r e a t e s t  amounts of l ac t ic  acid .   ̂ F u r t h e r 

m o re ,  the s t a t i s t ic a l  f ind ings  of  S h i e r e  et a l .   ̂ ind ica te  a 

c o r r e l a t i o n  between  the populat ion densi ty  of  S .  sal  iva r  ius 

in the s a l i v a  and the inc idence  of c a r io u s  les ions  in a random  

s e le c t io n  of  peop le .  In add i t ion ,  they dem onstrated  that  

5 .  sal  i v a r  ius , in in v i t r o  e x p e r im e n t s ,  is capable  of 

d e c a lc i f y in g  tooth enamel in g lucose conta in ing m edia ,  and to 

a g r e a t e r  ex tent  in s u c ro s e  conta in ing  media.  Sodium f l u o r i d e  

( 1 ppm) was  found to inh ib i t  the g ro w th  of this o rgan ism .

I .  F .  A im  of the P r e s e n t  W o r k

T h e  aim of the w o r k ,  documented in this th es is ,  has been to 

c h a r a c t e r i s e  the e x t r a c e l  lu la r  p o ly s a c c h a r  ides e la b o r a te d  by 

some s t r a in s  of  S t r e p to c o c c u s  sal  iva r  ius. to iso la te  and  

d e te rm in e  some of the p r o p e r t i e s  of  the e x t r a c e l  lu la r  

h y d ro la s e  p ro d u c e d  by one of these s t r a in s  and to develop  

methods a im ed at d e te rm in ing  the type s t r u c t u r e  of f r u c ta n s  

in g e n e r a l .
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I I .  G E N E R A L  M E T H O D S

I I ,  A .  Common P r o c e d u r e s

I I .  A .  i. E v a p o r a t io n s  w e r e  c a r r i e d  out under  re d u ced  p r e s s u r e

w i th  a " B u c h i"  r o t a r y  f i lm  e v a p o r a t o r .

I I .  A .  i i .  W a t e r . D e io n is e d ,  d is t i l l e d  w a t e r  w as  used in all  cases

unless  s ta ted  o th e r w is e .

I I .  A .  i i i .  L y o p h i l  isat ion ( F r e e z e - d r y i n g )  was c a r r i e d  out on a

" C h e m - L a b "  f r e e z e - d r i e r .

I I .  A .  iv.  U l t r a - v i o l e t  and v is ib le  a bsorbanc es  w e r e  m easured

using a " P y e  U n ic a m "  S P 5 0 0  sp ec t ro p h o to m e te r ,

11. A .  V .  M o le c u la r  s ie v es .  3 A  and 4 A  m o le c u la r  s ie ves  (BD H)

w e r e  a c t iv a te d  by heat ing at 3 5 0 °  f o r  4 h.

11. A .  v i .  Cot ton wool bungs f o r  s topper  ing of cul tu re  f  I asks w e r e

bandaged to p re v e n t  them ign i t ing  dur ing  " f la m in g -o f f " .

I I .  A .  v i i .  D i a ly s i s  w as  p e r fo r m e d  w i th  " V i s k i n g "  tubing (  ̂^ / 3 2

s iz e  un less s ta ted  o th e r w is e ) .  T h e  tubing was in i t i a l l y  

r e n d e r e d  f r e e  of g ly c e ro l  by bo i l ing  in s e v e r a l  changes of 

w a t e r .

I I . A . v i i i .  C e n t r i f u g a t io n  was  c a r r i e d  out w i th  a Beckman J 2 Î

c e n t r i f u g e ,  using JA 1 0 or  JA  20 r o t o r s ,  as sta ted.

I I . B .  P u r i f i c a t i o n  of Common S o lve n ts  and Reagents

I I .  B .  i. D im ethy l  sulphoxide  was d is t i l l e d  f ro m  ca lc ium hyd r id e

under  re d u c e d  p r e s s u r e  so that the bo i l ing  point was  

about 8 0 ° .  I t was s to re d  o v e r  a c t iv a te d  4 A  m o lecu la r  

s ie v e .

I I .  B .  i i .  C h l o r o f o r m  was d is t i l l e d  f r o m  anhydrous  sodium sulphate

and s t o r e d ,  r e f r i d g e r a t e d ,  in brow n g lass  bott les  o v er  

anhydrous  sodium sulphate .
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I I .  B .  i i i .  N , N  -  dimethyl  fo rm a m id e  was d is t i l l e d  f ro m  calc ium  

h y d r id e  under  re d u c e d  p r e s s u r e  and s to re d  o v er  

a c t iv a te d  4 A  m o lec u la r  s ie ve .

I I .  B .  iv.  Methanol ( " S u p e r d r y " )  was p r e p a r e d  as de sc r ib ed  by 
1 70Voge l  , d is t i l l e d  w i th  the e xc lus ion  of m o is tu re ,  and 

s to re d  o v e r  a c t iv a te d  3 A  m o lec u la r  s ieve .

11. B .  V .  Methyl  Iod ide was  d is t i l  led f r o m  s i l v e r  oxide and s to red  

in the d a r k  o v e r  s i l v e r  o x id e ,  a c t iv a te d  by heat ing to 

1 1 0 °  f o r  4 h.

I I .  B .  v i .  P y r i d i n e  was d is t i l l e d  f ro m  sodium hy d ro x id e  p e l le ts  and 

s to r e d  o v e r  sodium h y d ro x id e  o r  potassium h y drox ide  

p e l le ts  ( B D H ,  A n a l a r ) .

I I .  C .  C h ro m a to g ra p h y  S o lv e n ts

I I .  C .  i. S o lv e n t  1: f o r  p ap er  ch ro m ato g rap h y

n -  butanol

ethanol

w a t e r

40 p a r ts  by volume
II II II

19 II II II

171I I .  C .  i i .  S o lv e n t  2; f o r  t h i n - l a y e r  chro m ato g rap h y

n -  butanol  

a c e t ic  a c id  

w a t e r

4 p a r ts  by volume
1 II II II

5 " " "

T h e  above m ix tu re  was shaken together  in a s e p a ra t in g  

funnel  and the upper  l a y e r  was used as the solvent.

1 72U . C .  i i i .  D ipp ing  re a g e n t  f o r  paper  chrom atography

a. S i l v e r  n i t r a t e

stock so lut ion  : s a tu ra te d  A g N O ^  

dip so lut ion  : 5 ml stock solut ion in acetone  

(1 l i t r e ) .  A d d  w a t e r  to 

re d is s o lv e  p re c ip i ta te .
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b. S od ium  h yd ro x id e

stock  solut ion: 500 ml + 250 g N a O H  p e l le ts

dip so lut ion  : 960 ml ethanol + 40 ml stock

solution

c.  1 0 % aqueous sodium thiosulphate

11. D.  

11. D.  î.

B u f f e r  T a b l e s

173C i t r a t e  -  phosphate  b u f fe rs  (0.  1 M)

S t o c k  so lut ions:

A  ; 0. 1 M c i t r i c  ac id  ( B D H ,  A n a l a r )

B : 0.  2 M d ib as ic  sodium phosphate ( B D H ,  A n a l a r )  

P r e p a r a t i o n  : x  ml A  + y ml B ,  d i lu ted  to 100 ml

X y pH

44.  6 5 . 4 2 . 6

42.  2 7. 8 2 . 8

39.  8 1 0 . 2 3. 0

37.  7 12. 3 3. 2

35.  9 1 4.1 3. 4

33.  9 16. 1 3. 6

32.  2 1 7 .7 3. 8

30.  7 19. 3 4 . 0

29.  4 2 0 . 6 4.  2

27.  8 2 2 . 2 4 . 4

26.  7 23.  3 4.  6

25.  2 24.  8 4. 8

X y pH

24. 3 2 5 . 7 5 . 0

23.  3 26.  7 5.  2

2 2 . 2 27.  8 5 . 4

2 1 . 0 29.  0 5. 6

1 9 .7 30.  3 5. 8

17. 9 32.  1 6 . 0

16. 9 33.  1 6 . 2

1 5 .4 34.  6 6 . 4

13. 6 3 6 . 4 6 . 6

9. 1 40.  9 6 . 8

6 . 5 43.  6 7. 0
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1 7 A
I I . D .  i i .  P h o s p h a te  b u f fe rs  (0 .1  M)

S to c k  solut ions:

A  : 0. 2 M monobasic sodium phosphate ( B D H ,  A n a l a r )  

B : 0. 2 M d ib as ic  sodium phosphate ( B D H ,  A n a l a r )  

P r e p a r a t i o n  : x ml A  + y ml B ,  d i lu ted  to 200 ml

I I .  E .

X y pH X y . pH

93.  5 6 . 5 5 . 7 45.  0 55.  0 6 . 9

92.  0 8 . 0 5. 8 39.  0 6 1 . 0 7. 0

90.  0 1 0 . 0 5. 9 33.  0 67 .  0 7. 1

87.  7 12. 3 6 . 0 28.  0 72 .  0 7.  2

85.  0 15. 0 6 . 1 23.  0 77 .  0 7.  3

8 1 . 5 18. 5 6 . 2 19. 0 81 .  0 7 . 4

77 .  5 22.  5 6 . 3 16. 0 84.  0 7.  5

73.  5 26.  5 6 . 4 13. 0 87.  0 7. 6

6 8 . 5 3 1 . 5 6 . 5 1 0 . 5 90.  5 7 . 7

62.  5 37.  5 6 . 6 8 . 5 91.  5 7. 8

56.  5 43.  5 6 . 7 7.  0 93.  0 7. 9

5 1 . 0 49.  0 6 . 8 5. 3 94.  7 8 . 0

B a c t e r i o l o g i c a l  Media

I. E .  I. Medium I. : T o  obtain b a c t e r i a  in a non dormant s ta te .  

T o d d - H e w i t t  B ro th  co n ce n tra te  (Oxoid)  10 tablets  

D - g l u c o s e  ( B D H ,  A n a l a r )  1 g

d i s t i l l e d  w a t e r  1 0 0  ml

I. E .  i i .  Medium I I .  : Ma intenance  medium f o r  the s u b -c u l tu r in g

of s t rep toc occ i  

B r a i n  H e a r t  Infusion co n ce n tra te  (Oxoid) 5 tablets

T h i  ogl ycol late medium (D ifco) 2 . 4  g

D - g l u c o s e  ( B D H ,  A n a l a r )  0 . 5  g

d is t i l  led w a t e r  1 0 0  ml
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I L E .  i i i .  Medium I I I  : F  o r  the synthesi  s of f ru c ta n s  

T r y p t o n e  (D i fco) 1 %

s u c ro s e  ( B D H ,  A n a l a r )  8 %

K2HP0^ 0.2%
d is so lv ed  in d i s t i l l e d  w a t e r

I I .  E .  iv.  Medium I V  : F o r  the product ion  of  levanase . 

T r y p t o n e  (D i fco) 1% •

Y e a s t  e x t r a c t  (Oxoid) 0 . 5 %

K 2 H P 0 ^  0 . 3 %

levan 1 . 0 %

D - g l u c o s e  ( B D H ,  A n a l a r )  0 . 1 %

I I . F .  B a c t e r io lo g ic a l  P r o c e d u r e s

I L F .  i. R e a c t iv a t io n  of I yophil  ised b a c t e r i a l  ce l ls

A  1 oz M c C a r tn e y  b o t t le ,  w i th  a d r i l l e d  cap,  was  

f i l l e d  w i th  Medium I ( I I . E .  i . )  (10 ml) ,  s t e r i l i s e d  by 

autoci aving at 1 2 2 °  (1 5 p. s. i. ) f o r  15 min and a I lowed  

to cool to room te m p e r a tu re .

T h e  tube of IyophiI  ised m a te r ia l  was manipula ted in a 

s t e r i l e  cabinet w h ich  had p r e v io u s ly  been i r r a d i a t e d  

f o r  1 h with  a u. v.  lamp. T h e  tube was in i t i a l l y  tapped  

to loosen the contents  and deposit  them at one end of the 

tube. T h e  tube was  then f i l e d  at the opposite end and 

opened in the v ic i n i t y  of a Bunsen f l a m e ,  the open end 

being f lamed off .  T h e  contents  of the tube w e r e  then 

r a p id ly  t r a n s f e r r e d  to the M c C a r tn e y  bott le .  T he  

bott le  mouth and cap w e r e  f lam ed off  and the cap was  

re p la c e d .

T h e  bott le  was m a in ta ined  at 3 7 °  f o r  24 h the cu l tu re  

being then re a d y  f o r  su b -c u l  tuning.
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I I . F . i i .  S u b - c u l t u r i n g  of s t rep tococca l  s t ra in s

S u f f i c i e n t  ca lc ium  carbona te  ( B D H ,  A n a la r )  to cover  

the bottom of a 1 oz  M c C a r tn e y  bott le  was p laced into 

the r e c u i r e d  number of bot t les  which w e r e  f i l l e d  with  

at least  1 0 ml of Medium II ( I I . E .  i i .  ). T h e  bot t les  

w e r e  s t e r  il ised by autoci aving  at 1 2 2 °  (15 p. s. ii ) 

f o r  15 min and a l lo w e d  to cool to room te m p e ra tu re .

B y  means of s t e r i l e ,  d isposab le  s y r in g e s  (5 ml) ,  a 

suspens ion of b a c t e r ia l  c e l ls  ( I I .  F .  i. , 1 ml) was  

in t ro d u ce d  into each b o t t le ,  s e v e r a l  bott les  being  

inocu la ted  wi th  each s t r a in .

T h e  c u l tu r e s  w e r e  main ta ined  at 3 7 °  f o r  24 h and then 

s t o r e d  at 4 °  r e a d y  f o r  use.  T h e  c e l ls  re m a in  v iab le  

in this medium f o r  at least one month.

I I .  G. C h ro m a to q r a p h ic  Methods

I I .  G.  i. P a p e r  chro m ato g rap h y  (qua l i ta t ive )

P a p e r  chrom atography  was p e r fo r m e d  on Whatman N o .  1 

p a p er  by the descending so lvent method, using solvent  

1 ( I I .  C .  i. ). A f t e r  deve lopment,  p a p ers  w e r e  d r i e d  in 

an oven at 6 0 °  and the chrom atographed  components  

w e r e  r e n d e r e d  v is ib le  using the s i l v e r  n i t r a t e  -  sodium 

h y d ro x id e  dipping reag en ts  ( I I .  C .  i i i . ) ,  a l low ing  the 

p a p e rs  to a i r  d ry  between dips.

I I .  G.  i i .  P a p e r  chrom atography  ( p r e p a r a t i v e )

P r e p a r a t i v e  paper  chrom atography  was p e r fo rm e d  on

Whatman Nos.  1 7  and 3 mm p a p e rs .  T h e  papers  w e r e
1 75p r e p a r e d  as d e s c r ib e d  by F  rush  , w a t e r  w ashed  fc 

24 h and a l lo w e d  to a i r  d r y  thoroughly .
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T h e  m ix t u re  to be chrom atographed  was s t re a k e d  

along the s t a r t in g  l in e ,  this being re p e a te d  unti l 

al l  of the m ix tu re  had been appl ied.  A f t e r  

development in so lvent  1 ( I I .  C .  i. ) f o r  the a p p r o p r ia t e  

t im e ,  p a p e rs  w e r e  re m o ve d  f r o m  the tank and a i r -  

d r ie d .  T h r e e  s t r i p s ,  about 1. 5 cm w id e ,  w e r e  cut  

f r o m  the two edges and c e n t r e  of the p a p er .  T h e  

components on these s t r ip s  w e r e  r e n d e r e d  v is ib le  

w ith  the s i l v e r  n i t r a t e  -  sodium hy d ro x id e  reagents  

(u.c. i i i . ) .  T h e  p a p ers  w e r e  then cut into se g m e n ts , 

w ith  the a id  of the r e f e r e n c e  s t r i p s ,  c o r re s p o n d in g  

to the components s e p a ra te d .  T h e  m a te r ia l  on each  

segment was  e lu ted  off w i th  w a t e r ,  the solut ion  

obta ined  be ing lyoph i l ised .

I I .  G. i i i .  T h i n - l a y e r  c hrom atography  (t. I . e . )

T .  I. c.  was p e r fo r m e d  on p r e - c o a t e d  si l  i c a -g e l  p la tes  

( P o ly g r a m  S I L  G ) ,  deve lopment  being c a r r i e d  out 

w ith  so lvent 2 ( I I .  C .  i i .  ) unti l  the s o l v e n t - f r o n t  

n e a r e d  the top of the p la te .  T h e  p la tes  w e r e  re m o v e d  

f r o m  the deve lopment  tank ,  the posi t ion of the s o lv e n t -  

f r o n t  was  m a rk e d ,  and the p la tes  w e r e  a l lo w e d  to a i r -  

d r y .  T h e  s e p a ra te d  components w e r e  r e n d e r e d  v is ib le  

by s p r a y in g  the p la tes  wi th  s u lp h u r ic  ac id  (5 % ,  in 

e th an o l ) ,  and heat ing in an oven at 1 2 0 °  f o r  1 0  min.

I I . H .  A n a ly t ic a l  D e te rm in a t io n s

I I . H .  i. F r u c t o s e  de te rm ina t ion  ; A lc o h o l ic  anthrone  methodJ

A l c o h o l ic  an throne  r e ag e n t  : A b so lu te  ethanol (50 ml) 

was  p lace d  in a cooled B l 9  conical  f l a s k  (500 ml) and  

s u lp h u r ic  ac id  ( B D H ,  A n a l a r ,  1 00 ml) was s lo w ly  added  

w ith  cool ing  and s w i r l i n g .  When the m ix tu re  had  

r e t u r n e d  to room te m p e r a tu re ,  anthrone  ( 2 0 0  mg) was  

added and d isso lv ed  by s w i r l in g .
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T h e  re a g e n t  thus p r e p a r e d  was s toppered  and s tored  

at 3 ° .  It re m a in s  usable  f o r  3 w eeks .

P r o c e d u r e  : A n  aqueous so lut ion  of D - f r u c t o s e ,  of
— _ I

a c c u r a t e ly  known co n c e n tra t io n  (ca .  60 j jg ml ) ,  was  

p r e p a r e d  and so lut ions  of the substances being  

a n a ly s e d ,  of a c c u r a t e ly  known c o n c e n t ra t io n ,  w e r e  

a lso  p r e p a r e d  so that the c o n ce n tra t io n s  wi th  re sp ec t  

to f r u c t o s e  w e r e  ca.  60yug ml” ^. Into s toppered  

boi l ing  tubes was p la c e d  0 . 5  ml of each solut ion and

1 . 5 m l  of  w a t e r .  Into a f u r t h e r  boi l  ing tube was  

p la ce d  w a t e r  (2 . 0  ml) to s e r v e  as a re a g e n t  blank.  

T h e  tubes w e r e  cooled in i c e - w a t e r  and a lcohol ic  

a n throne  r e a g e n t  ( 8  ml) was  added to each tu b e ,w i th  

l a y e r in g .  T h e  s toppers  w e r e  r e p la c e d  and mixing  

was accompl ished by in v ers io n .  T h e  so lut ions w e r e  

m a in ta ine d ,  in a w a t e r  ba th ,  at 5 0 °  f o r  e xa c t ly  2 0  

min and then cooled f o r  1 min in an i c e - w a t e r  bath.  

T h e  contents of the tubes w e r e  then t r a n s f e r r e d  to 

1 cm g lass  ce l ls  and the absorbances  at 620 nm w e r e  

m eas u red  against the r e ag e n t  b lank.  Readings w e r e  

taken t w ic e ,  f ro m  tubes 1 to n and then f ro m  n to 1 , 

the mean of the two re ad in g s  being taken.

T h e  quanti ty  of f r u c to s e  in the test  solut ions  was  

found by compar ison of the absorbances  w i th  that of 

the known s tandard .  In the case  of po ly sa c ch a r id es

conta in ing  a n h y d r o - D - f r u c t o s e  r e s i d u e s ,  the re s u l ts
— 162 

w e r e  c o r r e c t e d  by use of the fa c t o r  ygQ (0. 9)

" m o le c u la r "  weight a n h y d r o - D - f r u c t o s e  r e s id u e
(  = ).

m o lec u la r  weight f r u c to s e
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H. H .  i i .  C a r b o h y d r a t e  d e te rm in a t io n  ; Phenol  -  su lp h u r ic

acid method ^

N o te ;  B e c au s e  d i f fe r e n t  s u g a r s ,  in p a r t i c u l a r  ketoses  

and h e xo s e s ,  develop d i f fe r e n t  co lours  in this 

method, it is n e c e s s a r y  to c onst ruc t  a p p ro p r ia te  

c a l i b r a t i o n  g ra p h s .

C a l ib r a t i o n  g ra phs  : D - f r u c t o s e  (in the case of f r u c t a n s ,  

0 - 1 0 0  yug in 1 0  p g  s teps) was made up to 1 ml w i th  

w a t e r  in each of 11 bo i l ing  tubes.  Phenol  ( 4 % ,  1 ml) 

was added to each tube fo l lo w e d  by 1 8  M s u lp h u r ic  acid  

( B D H ,  A n a l a r ,  5 ml) r a p id ly  added f r o m  a d is pens er  as 

c o n s is te n t ly  as p o ss ib le .  T h e  contents of  the tubes 

w e r e  a l lo w e d  to cool to room te m p e ra tu re  and the 

a bsorbanc es  at  470  nm, r e l a t i v e  to the r e ag e n t  b lank ,  

w e r e  obta ined  ( I I .  A .  iv.  ) using 1 cm c e l l s .  A  c a l ib r a t io n  

grap h  was co n s t ru c ted  p lo t t ing  c a r b o h y d r a te  ( in ^ g  ) 

against  a bsorbance  at 470 nm.

C a r b o h y d r a t e  de te rm ina t ion :  H a v in g  e s ta b l is h e d  which  

s u g ar (s )  is (a re )  p r e s e n t ,  and having c onst ruc ted  the 

a p p r o p r ia t e  c a l ib r a t io n  g r a p h ,  the c a r b o h y d r a te  content  

was de te rm in e d  as fo l lo w s .

A  so lut ion  of the d ry  m a te r ia l  under  te s t ,  of a c c u r a te ly  

known c o n ce n t ra t io n ,  was p r e p a r e d  conta in ing ca.  50 

p g  ml  ̂ c a rb o h y d r a te .  One  ml of this solut ion and a 

1 ml w a t e r  b lank w e r e  then t re a te d  as above and the 

c a r b o h y d r a te  content found f r o m  the a p p ro p r ia t e  

c a l ib r a t io n  c u rv e .

In the case of  p o ly s a c c h a r id e s  composed of anhydro  -

hexose u n i ts ,  the r e s u l t  is c o r r e c t e d  by the use of the

_ _ , m o lec u la r  we ight  a n h y d ro -h e x o s e  uni t   ̂
f a c t o r  0 . 9 {  r,-------------- " hexose
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I I . H .  î i i .  Reduc ing  sugar  de te rm ina t ion  ^

R e a g en t  A: A n h y d ro u s  sodium c arbonate  (25 g) ,  sodium 

potassium t a r t r a t e  (25 g ) ,  sodium 

b ic a rb o n a te  ( 2 0  g) and anhydrous sodium 

sulphate  ( 2 0 0  g) w e r e  d isso lved  in w a te r  

(800 ml) and made up to 1 I w i th  w a t e r .

R e a g e n t  B; C u p r i c  su lphate  pe n tahyd ra te  (30 g) was

d is so lved  in w a t e r  ( 2 0 0  ml) conta in ing fo u r  

drops of s u lp h u r ic  acid (1 8  M ,  S .  G.  1. 84) .

R e a g en t  C: Ammonium molybdate  te t r a h y d r a t e  (25 g) was  

d is so lved  in w a t e r  (450 ml) to which  sulphur ic 

acid (1 8  M ,  21 ml) was  added. Sodium  

a r s e n a te  h ep ta hyd ra te  (3 g) was d isso lved  

s e p a r a t e ly  in w a t e r  (25 ml) and added s lo w ly  

to the above solut ion w i th  s t i r r i n g .  T h e  

whole  was  d i lu ted  to 500  ml and w a rm e d  fo r  

30 min in a w a t e r  bath at 3 0 ° .

R e a g en t  D: Reagent  B ( 1 . 0  ml) was added to r e ag e n t  A  

(25 ml).

C a l ib r a t i o n  graph: A  solut ion of J D - f r u c t o s e  (or D -  

g lu c o s e ) ,  of a c c u r a te ly  known c o n ce n t ra t io n ,  conta in ing  

ca.  300 p g  ml"^ was  p r e p a r e d  and a l iquots  (0.  1 - 1 . 0  ml,  

0 . 1 ml s teps) w e r e  p laced  in boi l ing tubes and made up to

1 . 0  ml wi th  w a t e r .  A  f u r t h e r  tube conta ined only w a t e r  

( 1 . 0  ml) to s e r v e  as a r e ag e n t  b lank.  Re agent  D  ( 1 . 0 m l )  

was added to each tube which  w a s  then p laced  in a 

bo i l in g  w a t e r  bath f o r  10  min and cooled under  running  

cold  tap w a t e r  f o r  5 min.  Reagent C  ( 1 . 0  ml) was added  

to each tube,  the tubes being shaken to l ib e r a t e  carbon  

d iox ide  evolved.  W a t e r  (22 ml) was added to each tube.  

T h e  contents w e r e  mixed by in v ers ion  and a l lowed to 

stand  f o r  20 min. T h e  absorbances at  520 nm w e r e  

m e a s u re d  against the r e ag e n t  blank using 1 cm glass  

c e l l s  ( I I .  A .  iv.  ) and a graph was c o n s t r u c t e d  plott ing  

a b so rb a n ce  against weight  of reduc ing  s u g ar .
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D e t e r m in a t io n  of re d u c in g  sugar  content: A n  aqueous  

so lu t ion  of the m ate r ia l  o r  so lut ion under  test  of 

a c c u r a t e ly  known c o n c e n t ra t io n ,  was p r e p a r e d  so that 

an a l iquot  of 1 ml (or less) conta ined up to 250yjg  

r e d u c in g  s ugar  (as hexose).  T h e  a l iquot was made up 

to 1 . 0  ml w i th  w a t e r ,  the p r o c e d u r e  being then as 

above.  T h e  weight of r e d u c in g  sugar  (e x p res s ed  as 

f r u c t o s e  o r  glucose) in the a l iquot  taken was  found  

f r o m  the c a l ib r a t io n  g rap h .

I I . H .  iv.  D e te r m in a t io n  of  the d e g ree  of p o ly m e r is a t io n  (D P)  of
179

r e d u c in g  o l ig o s a c c h a r id e s  .

T h e  method depends upon m eas u r in g  the c a r b o h y d ra te  

content of a solut ion of the o l ig o s a c c h a r id e  b e fo re  and 

a f t e r  re d u c t io n  wi th  a solut ion of  potassium (or  sodium)  

b o ro h y d r id e .

A  solut ion of 4% potassium b o ro h y d r  ide (25 ml) was  

p r e p a r e d  and d i luted as f o l lo w s  :

a) 1 0  ml was made up to 2 0  ml w i th  w a t e r

(ac t ive  bo ro h yd r  ide s o lu t io n )

b) 10 ml was made up to 20 ml w i th  I M - s u l p h u r i c  acid

( i n a c t i v e  b o ro h y d r  ide solut ion)

P r o c e d u r e  : A n  aqueous solut ion of the o l ig o s a c c h a r id e  

w as  p r e p a r e d ,  conta in ing betw een 30 and 60 yjg ml . 

A l iq u o ts  (1 ml) of this solut ion w e r e  t r e a t e d ,  in 

du p l ica te ,  w i th  ac t ive  b o ro h y d r  ide so lut ion  (1 ml) and 

inac t ive  borohydr  ide solut ion (1 ml) and lef t  to stand in 

capped tubes f o r  24 h. T h e  c a r b o h y d r a te  content of 

each tube was de te rm ined  by the p h e n o l - s u lp h u r ic  acid  

method ( I I . H .  i i .  ).
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C a lc u la t io n  :

D e g r e e  of p o ly m e r is a t io n ,  D P  = -r—   r
’ A  -  A  r e d

w h e r e  A  = a b s o rb a n c e  at 487 nm of unchanged

o l ig o s a c c h a r id e

A  r e d  = a b so rb a n c e  at 487 nm of reduced

ol igosacchar ide

I I .  J. S p e c i f i c  P r e p a r a t i o n s  and Methods

I I . J .  i. P r e p a r a t i o n  of methyl su I phiny I methyl sodium ("dimsyl "
. . x l 8 0c arb a n io n )

R e ac t io n ;  Methyl  su I phiny I me thy I sodium is fo rm e d  by the

r e a c t io n  betw een d ry  sodium h y d r id e  and dimethyl  

su lphoxide  in the absence of a i r , the r e s u l ta n t  

c arban ion  being re so n an ce  s ta b i l i s e d .

o -I» ,
NaH + ( C H ^ ) 2 S = 0   C H ^ -  S ^ C H ^ N a  +

Method: Sodium h y d r id e  ( 5 0 % ,  coated w i th  minera l  o i l ,  3g) 

was w eighed  into a t h r e e - n e c k e d  250 ml round  bottom f la s k  

( B 1 9 ,  B 2 4 ,  B1 9) and sodium -  dr  ied - p e n t a n e  (60ml) was  

added. T h e  m ix tu re  was s w i r l e d  and a l lo w e d  to s tand,  the 

c l e a r  so lut ion of oi l  in pentane was decanted off  and the 

p ro c e s s  was r e p e a te d  tw ice  more.  T h e  f l a s k  conta ining the 

sodium h y d r id e  was set up as in the d iagram  (F ig .  I I .  1 . )  and  

e vac uated  f o r  15 min,  the magnet ic  s t i r r e r  being in operat ion .  

T h e  ap p ara tu s  was then f lushed  with  d ry  n i t ro g e n ,  excess  

p r e s s u r e  being r e le a s e d  by loosening the top B19 s topper .

T h e  f l a s k  was then a l t e r n a t i v e l y  evacuated  and f lushed wi th  

n i t ro g e n  until  the sodium h y d r id e  was complete ly  dry .

R e d i s t i l l e d ,  d ry  dimethyl  sulphoxide ( I I .  B .  i. ) was in t roduced,  

un d er  a f lo w  of n i t r o g e n ,  v ia  the condenser .  The  mixture  

was s t i r r e d ,  at 4 5 ° ,  f o r  s e v e r a l  hours  unti l  the solut ion  

became a lmost c le a r  and evolut ion of hydrogen had ceased.  

T h e  ca rb a n io n  s o lu t ion ,  thus p r e p a r e d ,  was t r a n s f e r r e d  to
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F i g u r e  I I .  1. A p p a r a t u s  fo r  the p r e p a ra t io n  of "dimsyl " carban ion

N 2

B l  9

vacuum

condenser

3 - w a y
stopcock

ther mometer
3 2 4

3 1 9

d r y  N

-fine a i r  bleed

250 m

re a c t io n  m ix tu re

magnet ic  s t i r r e r / h o t p l a t e
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c le a n ,  d ry  M c C a r t n e y  bot t les which w e r e  t ightly capped  

and r e f r  id g e ra te d  re a d y  f o r  use,  D imsyl  carbanion  

p r e p a r e d  in this way rem ains  usable  f o r  s e v e ra l  weeks.

T i t r a t i o n :  D im syl  carban ion  solut ion (1 ml) was placed in 

a con ica l  f l a s k  ( 1 0 0  m l ) ,  w i th  a l i t t l e  w a t e r  (in a fume 

cu p b o a rd  1 ) and phenol -  phthale in  in d ica to r  ( 1 - 2  d rops) ,  

and t i t r a t e d  against 0. 1 M - h y d ro c h  lor  ic acid .

N .  b. F o r  m é thy la t ion ,  a cc ord ing  to the method of 

Hakomor  

be used.

181H a k o m o r i  , at least 2 M  dimsyl c arb a n io n  solut ion should

I I .  J. i i .  Gas chro m ato g rap h y  -  mass s p e c t r o m e t r y  ( q c - m s )  of 

O -  ace ty l  - O -  methyl  -  a ld ito ls  

Ins trum ents :

P e r k i n  E l m e r  gas c h ro m a to g ra p h , model F 1 1 , (with  

m odi f ied  oven head)

H i t a c h i  P e r k i n  E lm e r  R M S 4 mass s p e c t ro m e te r  

H i t a c h i  P e r k i n  E l m e r  196 tw in -p en  r e c o r d e r  

S E  model 3006 u l t r a - v i o l e t  r e c o r d e r

E x p e r im e n t a l  condit ions:

column : 1 2  foo t ,  n a r r o w  b o r e ,  packed wi th

O V 2 5 5 ,  3 % ,  on C h ro m a s o rb  Q ,

80 -  1 0 0  mesh

■* oven te m p e ra tu re  : 190°  (unless o th e r w is e  stated)

c a r r i e r  gas : hel ium 1 0  p. s. i.

de te c to r  gases : hydrogen 30 p. s.  i.

a i r  2 0  p. s. i.

mass ra n g e  : 0  -  600
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P r o c e d u r e :  T h e  a l d i toi aceta te  m ix tu re  was dissolved  

in r e d i s t i l l e d  ch lo ro fo rm  (2 - 3  d ro p s ,  I I . B .  i i . )  and 

1 j j  I was  in jected into the gas chrom atograph .  When  

the total  ion monitor r e g is t e r e d  the p re s e n c e  of each  

chrom atographed  peak in the ion isa tion  chamber  of the 

mass s p e c t r o m e t e r , the mass spec t rum  of the 

component(s)  g iv ing  r i s e  to the peak  was r e c o r d e d .

I I . J .  i i i .  M e asurem e nt  of re te n t io n  t ime and peak a r e a  by gas 

chrom atography  -  peak in teg ra t io n  

Instruments:

P y e  1 04 gas chromatograph  

H e w l e t t - P a c k a r d  s e r ie s  3370 B i n t e g r a t o r

E x p e r im e n ta l  condit ions:

columns

in jec t ion  volume  

oven tem pera tu re  

c a r r i e r  gas 

de te c to r  gases

ampi if ie r  

i n te g ra t o r  

slope se n s i t iv i ty

noise  suppression  

base l ine  r e s e t  de lay  

a r e a  threshold  

sh o u ld er  control

9 fo o t ,  g lass  , packed  w i th  O V 225  

3% on C h ro m a s o rb Q . ,  80-1 00 mesh 

1 j j |  in c h lo r o fo r m  solvent  

1 75°  (unless o t h e r w is e  stated)  

n i t ro g e n  40 ml min 

hydrogen  17 p. s.  i.

- 1

a i r 1 2  p. s.  i.

: 2 0  X 1 0  a ttenuation

; ful  I s ca le  def lec t ion  at 10 mV input 
- 10. 03 mV min up 
-10.  03 mV min 

3

0 . 1 min 

1 0 0

f r o n t  ON  

r e a r  10 mV

down

P r o c e d u r e :  T h e  chrom atograph  was  used w i th  two 

ident ica l  columns with  e qua l is ed  c a r r i e r  gas f lo w  r a t e  

to e n s u re  a s table  base l ine .  R e tent ion  t imes (in seconds)  

and peak a reas  w e r e  au tom at ica l ly  r e c o r d e d  by the 

in t e g r a t o r .
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I I . J .  iv.  P r e p a r a t i o n  of a c h arc o a l  -  cel  i te column ( 4 4 x 7  cm) 

f o r  the s e p a r a t io n  of o l ig o s a c c h a r id e s  

A  m ix tu re  of a c t iv a te d  c h arco a l  ( B D H ,  400  g) and 

cel  i te (5 4 5 ,  K o c h - L i g h t ,  400  g) was t re a ted  w i th  

c o n ce n t ra te d  h y d r o c h lo r i c  ac id  ( 2 . 5  I ) f o r  24 h.

T h e  s u p e rn a te n t  l iqu id  was decanted of f ,  and the pH 

of the m ix t u re  was  r a i s e d  by s u c c e s s iv e ly  adding  

w a t e r ,  m ix ing ,  a l lo w in g  to s e t t le  and decanting off  

the s u p e rn a te n t  l iq u id .  T h e  s o l id  was then f i l t e r e d  

off  in a B u c h n e r  fu n n e l ,  under  vacuum, and washed  

w ith  w a t e r  unti l  the f i l t r a t e  was  n e u t r a l .  T h e  f i l t e r  

cake  was t r e a t e d  w i th  ethanol ( 2 . 5  I ) f o r  24 h,  with  

occas iona l  s t i r r i n g .  I t w as  then f i l t e r e d  o f f ,  as 

b e f o r e ,  and w a t e r  w as h e d  e x t e n s iv e ly  to f r e e  it of 

ethano l .  T h e  f i l t e r  cak e  was then s l u r r i e d  w i th  

w a t e r  to g ive  a smooth ,  p o u ra b le  m ix tu re .

A  2  inch th ick  l a y e r  of  a c id  w as hed  cel  ite (545) was  

in t roduce d  into the bottom of a g lass  column ( 4 4 x 7  cm), 

f i t t e d  w i th  a s to p - c o c k  and plug of g lass  wool in the 

c o n s t r ic t io n  above the s t o p - c o c k .  T h e  c h arcoa l  -  

cel  i te s l u r r y  was  c a r e f u l l y  added above the cel  ite 

l a y e r .  T h e  s t o p - c o c k  was  opened and f u r t h e r  addit ions  

of s l u r r y  w e r e  made w i th  s t i r r i n g  up of the bed s u r fa c e .  

A f t e r  all  the s l u r r y  had been added and the bed had  

packed down,  a f u r t h e r  l a y e r  of  a c i d - w a s h e d  cel  ite . 

was added. T h e  column was  washe d  by e lu t ing through  

s e v e r a l  l i t r e s  of  d i s t i l l e d  w a t e r .

I I . J .  V .  P r e p a r a t i o n  of a c h a rc o a l  -  cel  i te column ( 7 0 x 7 .  5 cm) 

f o r  the s e p a r a t io n  of o l ig o s a c c h a r id e s

T h e  p r o c e d u r e  was the same as in I I .  J. iv.  except that 

double quant i t ie s  of c h a r c o a l ,  cel  i te (800 g of each) ,  

h y d r o c h lo r i c  a c id  and ethanol  (5 l i t r e s  of each) w e r e  

r e q u i r e d .
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I I . J .  v î .  M é th y la t io n  of ol igosacchar  ides

T h e  o l ig o s a c c h a r id e  (0. 5 -  2. 0 mg) was d r ie d  fo r  24 h 

at 6 0 °  under  vacuum and then shaken w i th  methyl iodide  

( 0 . 2  m l ) ,  N , N  -  d im ethyl formam ide  ( 0 . 2  ml) and s i l v e r  

oxide  (0 . 2  g) at room te m p e r a tu re ,  f o r  18 h ,  in the d a r k .  

T h e  m ix t u r e  w as  f i l t e r e d  through a H i r s c h  fu n n e l ,u n d e r  

vacuum, c onta in ing  a glass  f i l t e r  p a p e r ,  the r e s id u e  

being r i n s e d  w i th  a l i t t l e  d ry  r e d i s t i l l e d  c h lo ro fo rm .

T h e  combined f i l t r a t e  and r in s in g s  w e r e  e va p o ra te d  to 

d r y n e s s ,  a t  ro o m  te m p e r a tu re ,  at a p r e s s u r e  of 0 . 3  mm 

Hg.

I I . J . v i i .  H y d r o l y s i s  of m ethy la ted  o l ig o sa c ch a r id e s

T h e  m ethy la te d  o l ig o s a c c h a r id e  ( I I .  J. vi )  was  d isso lved  

in methanol (2 m l ) ,  o x a l ic  a c id  ( 0 . 5  M ,  0 . 5  ml) was  added  

and the m ix t u r e  w as  r e f lu x e d  f o r  18 h. E xc e ss  methanol  

was re m o v e d  by e va p o ra t io n  under  re d u ce d  p r e s s u r e ,  at  

3 5 ° ,  and r e p la c e d  w i th  w a t e r  (2 ml).  R e f lux in g  was  

continued f o r  3 h ,  the r e a c t io n  m ix tu re  then being  

n e u t r a l i s e d  w i th  ca lc ium carb o n a te  ( B D H ,  A n a l a r ) .  

E x c e s s  ca lc iu m  c a rb o n a te  and insoluble  calc ium o xa la te  

fo r m e d  w e r e  re m o v e d  by f i l t r a t i o n  under  vacuum. T h e  

p r e c i p i t a t e  w as  r i n s e d  w i th  a l i t t l e  cold  w a t e r ,  the 

r in s in g s  and f i l t r a t e  being combined.

I I . J .  v i i  L B o r o d e u t e r  ide reduct io n  of h y d r o ly s e d ,  methyla ted  

ol ig o s a c c h a r id e s

T o  the combined f i l t r a t e  and r in s in g s  f ro m  I I .  J. v i i .  was  

added exc ess  (ca2 mg) sodium b o rodeute r  ide (M erc k ) .

T h e  m ix t u re  was  a l lo w e d  to stand at room te m p e ra tu re  

f o r  2 h,  and was  then n e u t r a l i s e d  wi th  washed Dowex  

5 0 W - X 8  r e s i n  ( B D H ) .  T h e  r e s i n  was rem oved  by 

f i l t r a t i o n  and the f i l t r a t e  was e vap o ra ted  under re d u c e d  

p r e s s u r e  to d ry n e s s .  T h e  r e s id u e  was th r ic e  co -  

d i s t i l l e d  w i th  methanol ( B D H ,  A n a l a r ,  5ml) ,  the f ina l  

t ime being to d ry n es s .
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11. J. îx.  A c é t y la t io n  of p a r t i a l l y  methy la ted  a ld i to ls

T h e  p a r t i a l l y  methy la ted  a ld i t o ls ,  de u te r iu m  lab e l led  

at pos i t ion  C - 2  (M. J . v i i i . ) ,  w e r e  t r e a t e d  w i th  p y r id in e  

( 0 . 5  ml) and a ce t ic  an h y d r id e  ( B D H ,  A n a l a r ,  0 . 5  ml).  

T h e  m ix t u re  was a l lo w e d  to stand at room  te m p e ra tu re  

f o r  1 0  min b e fo re  heat ing on a s te am -b a th  f o r  2 0  min,  

the r e a c t io n  f l a s k  being f i t t e d  wi th  a r e f l u x  condenser  

w i th  a c a lc ium  c h lo r id e  d ry in g  tube. E x c e s s  

a c e ty la t in g  agents  w e r e  re m o ved  by e v a p o ra t io n  under  

r e d u c e d  p r e s s u r e ,  the f ina l  t r a c e s  by c o - d i s t i l l a t i o n  

w ith  to luene or  w a t e r .



73

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

I I I .  A .  P r e p a r a t i o n  of P o l y s a c c h a r id e s  E la b o r a t e d  by

S t re p to c o c c u s  s a l i v a r i u s  f r o m  a S u c r o s e  -  Conta in ing  

Medium

I I I .  A . i .  Optimum c u l t u r e  t ime d e te rm in a t io n s

Medium I I I  ( I I .  E .  i i i .  , 100 ml) was p laced  in each of 

f i v e  250 ml conica l  f l a s k s .  C a lc iu m  carbonate  ( B D H ,  

A n a l a r ,  5 g) w as  added to each  f l a s k ,  these being  

s to p p e red  w i th  cotton wool plugs ( I I . A .  v i . )  and 

s te r  il ised by au toe lav ing  at 1 2 2 °  (15 p. s.  i. ) f o r  15 min,

E a c h  f l a s k  was inocula ted  w i t h  a f r e s h l y  s u b -c u l tu re d  

suspension of b a c t e r ia l  c e l ls  ( I I . F .  i i .  , 5 ml) ,  in the 

v ic in i t y  of a f l a m e ,  w i th  a s t e r i l e  d isposable  s y r in g e ,  

the cotton wool s topper  being f la m e d  off be fo re  

re p la c em e n t .  T h e  c u l t u r e s  w e r e  m a in ta ined at 3 7 ° ,  

rem ove d  at t ime in t e r v a ls  of 24  h and subjected to the 

fo l lo w in g  p r o c e d u re .

T h e  c u l t u r e  pH was m e a s u re d  and the c u l tu re  f lu id  was  

c e n t r i f u g e d  ( I I .  A .  v i i i .  ) ,  f o r  20 min,  at 3000 rpm  

(980 g , J A lO  r o t o r )  and 0 ° .  T h e  volume of the 

su p ern a te n t  was m e as u red  and ethanol (2. 3 volumes)  

w as s lo w ly  added, w i th  s t i r r i n g ,  to r e n d e r  the 

co n ce n tra t io n  w i th  r e s p e c t  to e th a n o l ,  7 0 % .  T h e  

insoluble  p o ly s a c c h a r id e  w as  p r e c ip i t a t e d  by 

c e n t r i fu g a t io n  at 980 g (J A IO  r o t o r )  f o r  20 min,  the 

su p ern a ten t  being d is c a rd e d .  T h e  c en t r i fu g a te  was  

d isso lv ed  in w a t e r  ( 1 0 0  m l ) ,  the w a t e r  being added in 

smal l  p o r t io n s ,  r e p r e c i p i t a t e d  w i th  ethanol (2. 3 volumes)  

and again c e n t r i fu g e d .  T h e  r e - d i s s o l u t i o n .
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r e - p r e c i p i t a t i o n  p ro c e d u re  was r e p e a te d  a f u r t h e r  

3 t imes.  F i n a l l y  the product  was d isso lved  in w a te r  

(100 m l ) ,  d ia ly s e d  ( I I .  A .  v i i .  ) f o r  48 h and f r e e z e  

d r ie d .  T h e  w e igh t  of f r e e z e  d r ie d  product  was  

m easured .

I I I .  A .  i i .  P r e p a r a t i o n  of a l a r g e  batch of p o ly s a c c h a r id e  f ro m  

8 % s u c ro s e  b ro th

Medium I I I  ( I I .  E .  i i i .  , 1 . 2 5  I) was p laced  in each of 

fo u r  2  l i t r e  conica l  f l a s k s  together  w i th  ca lc ium  

c arb o n a te  ( B D H ,  A n a l a r ,  30 g) .  T h e  f l a s k s  w e re  

equipped as in F i g .  I I I .  1. , s t e r i l i s e d  by autoclaving  

at 1 2 2 °  (15 p.  s . i . )  f o r  15 min and a l lo w e d  to cool to 

room  t e m p e r a t u r e .

E a c h  f l a s k  w as  inocu la ted ,  v ia  the P a s t e u r  p ipe t te ,  

w ith  a f r e s h l y  s u b - c u l t u r e d  suspension of b a c te r ia l  

c e l ls  ( I I . F ,  i i .  , 5 ml) f r o m  a s t e r i l e  d isposable  s y r in g e .  

T h e  c u l tu re s  w e r e  main ta ined  at 3 7 °  f o r  the optimum 

t ime. T h e  c u l t u r e  f lu id  was  then f u r t h e r  t re a te d  as in 

I I I .  A . i .

I I I .  A .  i i i .  P r e p a r a t i o n  of  a l a r g e  batch of p o ly s a c c h a r id e  f ro m  

8 % s u c ro s e  b ro th  (d ia ly s is  tube method)

S i x  f l a s k s  w e r e  equipped as in F i g .  I I I .  2.  , and s t e r i l i s e d  

by autoc iav ing  at 1 22°  (15 p . s . i . )  f o r  15 min.  Eac h  f l a s k  

was inocu la ted ,  v ia  the P a s t e u r  p ip e t te ,  w i th  a f r e s h l y  

s u b - c u l t u r e d  suspension of b a c t e r ia l  c e l ls  ( I I .  F .  i i .  , 5 ml) 

c a r e  being taken to avoid  contamination .  T h e  cu l tu res  

w e r e  m a in ta ined at 3 7 °  f o r  the optimum time. T h e  c u l tu re  

f lu id s  conta ined  in the d ia lys is  tubes w e r e  then f u r t h e r  

t r e a t e d  as in I I I .  A .  i.

I I I . B .  S p e c i f i c  R ota t io n  of P o ly s a c c h a r id e s

A  s o lu t io n ,  of  a c c u r a t e ly  known concentra t ion  
1

(ca.  1 mg ml” ) ,  of  the d r i e d  p o ly s a c c h a r id e  was p r e p a re d .  

T h e  ro ta t io n  of  this so lut ion  was m easu re d  in a cel l  of
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F i g u r e  111,1, C u l t u r e  f l a s k  f o r  p o ly s a c c h a r id e  production

aluminium fo i
cotton wool plugs

P a s t e u r  p ipette

2 I conica l  f l a s k

Medium 111, 1 ,2 5

ca lc ium  carb o n a te  ( A n a l a r ,  30 g)



76

F i g u r e  111,2, C u l t u r e  f l a s k  f o r  p o ly s a c c h a r id e  production  

(d ia ly s is  tube method)

alumin ium foi
cotton wool plugs

P a s t e u r  p ipette

1 , 5 "  V i s k i n g  tubing

700 ml Medium II

300 ml Medium I I I  

+ C a C O ^  ( A n a l a r ,  lOg)
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1 dm path length and 1 ml c a p a c i ty ,  at ambient  

t e m p e r a t u r e ,  using a P e r k i n  E l m e r  141 p o l a r i m e t e r , 

the in s t ru m en t  be ing in i t i a l l y  set  on z e r o  w i th  the 

c e l l ,  in p o s i t io n ,  conta in ing  de ion ised w a t e r .  N e g a t iv e  

r o ta t io n s  w e r e  found by s u b t ra c t in g  the read ings  

obta ined  f r o m  1 0 0 . 0 0 0 .

C a lc u la t io n :

S p e c i f i c  ro t a t io n  at t e m p e r a t u r e ,  t ,  [oC 1 = — ^ —

w h e r e  oC = m e a s u re d  ro ta t io n

c = c o n c e n t ra t io n  in g TOO ml ^

I = path length in dm

D  r e f e r s  to m easurem ent  being made at  

the sodium -  D  -  I ine (589 nm)

I I I .  C .  P a r t i a l  A c i d  H y d r o l y s i s  E x p e r im e n ts

I l l . C . i .  P r e l i m i n a r y  p a r t i a l  ac id  h y d r o ly s is  of the f r u c t a n

e la b o r a t e d  by S t r e p to c o c c u s  s a l i v a r i u s  s t r a in  51 

T h e  p o ly s a c c h a r id e  ( lO mg) was p la c e d  in each of two 

25 ml round  bottom f la s k s  (B 14). S u l p h u r ic  acid  

(0.  005 M ,  1 ml) was added to one f l a s k  w hich  was left  

at room  te m p e r a t u re  f o r  15 h ,  the contents then being  

n e u t r a l i s e d  w i th  b a r iu m  c a rb o n a te .  O x a l i c  ac id  

(0. 005 M ,  1 ml) was  added to the second f l a s k  which  

w as heated  on a w a t e r  bath at 7 0 °  f o r  3 h,  the contents  

being n e u t r a l i s e d  w i th  ca lc ium  c arb o n a te .  T h e  

r e s u l t i n g  m ix tu re s  w e r e  f i l t e r e d  and the f i l t r a t e s  w e r e  

su b jec ted  to p a p er  chro m ato g rap h y  ( I I . G .  i . )  f o r  24 h,

D - f r u c t o s e  being used as a r e f e r e n c e .

I I I .  C .  i i .  D e t e r m in a t io n  of the optimum time of p a r t ia l  h y d ro ly s is  

w i th  0. 005 M o x a l i c  ac id  at 7 0 °

T h e  p o ly s a c c h a r id e  (10 mg) was p laced  in each of f iv e  

25 ml B 14 round  bottom f  I asks and oxal  ic acid ( 0 . 0 0 5  M ,

1. 0 ml) was added to each f l a s k .  T h e  f l a s k s  w e r e
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p la ce d  in a w a t e r  bath at 7 0 °  f o r  p e r io d s  of 0 . 5 ,  1 . 0 ,  

2 . 0 ,  3 . 0  and 4 . 5  h,  the contents  then being n e u t r a l i s e d  

w ith  ca lc iu m  c a rb o n a te  and f i l t e r e d .  T h e  f i l t r a t e s  

w e r e  p a r t i a l  ly c o n c e n t ra te d  under  re d u c e d  p r e s s u r e  

and exam ined  by p a p e r  c h ro m ato g rap h y  ( I I . G .  i . )  f o r  

24  h w i th  D - f r u c t o s e  as r e f e r e n c e .

I I l . C .  i i i .  D e te r m in a t io n  of R f  and Rm va lues  of  the products

of the p a r t i a l  ac id  h y d r o ly s is  of  the f r u c ta n  e la b o r a te d  

by S t r e p to c o c c u s  s a l i v a r i u s  s t r a in  51

T h e  p o ly s a c c h a r id e  (20 mg) was h y d ro ly s e d  f o r  2 h wi th  

0 .0 1  N  o x a l i c  ac id  (2 ml) at 7 0 ° .  T h e  h y d ro ly s a te  was  

n e u t r a l i s e d  w i th  ca lc ium  c a rb o n a te  ( B D H ,  A n a l a r )  and  

f i l t e r e d .  T h e  f i l t r a t e  was  c o n c e n t ra te d  under re d u c e d  

p r e s s u r e  and su b jec te d  to p a p er  c hrom atography  

( I I . G. i. ) ,  w i th  p  -  f r u c t o s e  as a r e f e r e n c e ,  f o r  15 ,  4 8 ,  

72 and 144 h. F r o m  the 15 h chro m ato g ram  w e r e  

obta ined  the d is tances  moved,  f r o m  the s ta r t in g  l in e ,  

of the so lven t  f r o n t  and f r u c t o s e .  T h e  dis tances moved  

r e l a t i v e  to f r u c t o s e  and d i s a c c h a r i d e  w e r e  m e as u re d ,  

f o r  al l  o th e r  components ,  f r o m  the 4 8 ,  72 and 144 h 

ch ro m ato g ra m s .

I I I . D .  L i n k a g e  A n a ly s is  of F r u c t a n s  : P r e p a r a t i o n  of

O - A c e t y l  - O  - M e t h y l  - A l d i t o l s

181I I I .  D .  i. M e t h y la t io n . (adapted f r o m  the method of H a k o m o r i  )

T h e  f r u c t a n  (20 mg) was w e ig h ed  into a 1 oz .  M c C a r tn e y  

b o t t le ,  conta in ing  a smal l  t e f l o n - c o v e r e d  magnetic  

f o l l o w e r ,  and d r i e d  under  vacuum at 6 0 °  fo r  24 h. D r y  

dimethyl  su lphoxide  ( I I .  B .  i. , 4  ml) was added, the bott le  

being f lu s h e d  w i th  d ry  n i t ro g e n  p r i o r  to a d r i l l e d  cap  

w ith  a r u b b e r  sea l  being r a p i d l y  s c r e w e d  on. T h e  f l a s k  

w as w a r m e d  at 4 0 ° ,  w i th  s t i r r i n g ,  to e nsure  complete  

d isso lu t io n  of the p o ly s a c c h a r id e .
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•D imsyl*  c a rb a n io n  so lut ion  ( I I .  J. i.  , 1 ml) was  added  

d r o p w is e  f r o m  a syr i rQsand the m ix t u re  was s t i r r e d  

f o r  6  h,  w i th  w a rm in g  at 4 0 °  f o r  the f i r s t  h o u r .  T h e  

bott le  was  then cooled  in i c e - w a t e r  and r e d i s t i l l e d  

methyl  iodide ( I I . B . v .  , 0 ,  1 ml) was  added by s y r in g e .

T h e  m ix t u r e  was  s t i r r e d ,  at room te m p e r a t u r e ,

/ o v e r n ig h t  and f u r t h e r  dimsyl carb a n io n  so lut ion  (1 ml)  

w as  added ,  the m ix tu re  being s t i r r e d  f o r  a f u r t h e r  6  h.

A n  e xce ss  ( 1 . 5  ml) of methyl  iodide was added ,  a f te r  

cool ing  in i c e - w a t e r ,  and the m ix tu re  was again  s t i r r e d  

o v e r n ig h t .  T h e  r e s u l t in g  c l e a r ,  s t r a w  c o lo u r e d ,  

so lu t io n  was  p o u re d  into a smal l  quanti ty  of  w a t e r  

(ca .5  ml) and d ia ly s e d  ( I I . A .  v i i . )  aga inst de ion ised  

w a t e r  unti l  on ly  the m ethy la ted  p o ly s a c c h a r id e  re m a in e d  

as a w h i te  sol id.

T h e  m ethy la ted  p o ly s a c c h a r id e  was e x t r a c t e d  w i th  

c h lo r o f o r m  ( B D H ,  A n a l a r ,  2 x 1 0  ml) in a s e p a ra t in g  

fu n n e l .  T h e  c h lo r o fo r m  la y e r s  w e r e  ru n  o f f ,  combined  

and e v a p o r a te d  to d ry n e s s  under  re d u c e d  p r e s s u r e .

I I I .  D .  i i .  H y d r o l y s i s .  (adapted f r o m  the method of L e w i s  et a l f ^  )

Methanol  ( B D H ,  A n a l a r ,  10 ml) was  added to the m ethy la ted  

p o ly s a c c h a r id e  conta ined in a B l  9 25 ml rou n d  bottom  

f l a s k .  T h e  f l a s k  was h ea ted ,  under  r e f l u x ,  on an oi l  

ba th ,  unti l  the m ethy la ted  p o ly s a c c h a r id e  had d is so lv ed .  

O x a l i c  a c id  ( 2 . 5  M ,  A n a l a r ,  3 ml) was  added to the 

s o lu t io n ,  the m ix tu re  being r e f lu x e d  f o r  18 h. T h e  

methanol was  e v a p o r a te d  o f f ,  under  re d u c e d  p r e s s u r e  

at 3 5 °  and r e p la c e d  w i th  w a t e r  (10 ml) .  R e f lu x in g  was  

cont inued  f o r  a f u r t h e r  4 h. T h e  so lut ion  was  n e u t r a l i s e d  

w i th  ca lc iu m  c a rb o n a te  ( A n a l a r ) ,  coo led ,  and then 

f i l t e r e d  through a g lass  f i b r e  f i l t e r  p a p e r ,  under  vacuum,  

the r e s i d u e  being w ashed wi th  small  q ua nt i t ie s  of cold  

w a t e r .
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I I I .  D .  i i i .  R ed u c t io n .  T o  the combined f i l t r a t e  and washings

f r o m  I I I . D .  i i .  was  added e xcess  (10 mg) sodium  

b o r o h y d r id e .  T h e  m ix tu re  was m a in ta ined  at room  

t e m p e r a t u r e  f o r  4 h and n e u t r a l i s e d  w i th  w a t e r  -  

w ash e d  Dow ex  5 0 W - X 8  (H) r e s i n  ( B D H ) .  T h e  r e s in  

w as  r e m o ve d  by f i l t r a t i o n  and the f i l t r a t e  was  

e v a p o r a te d  to d ryness  under  r e d u c e d  p r e s s u r e .  T h e  

r e s i d u e  was  th r i c e  c o - d is t i l  led w i th  methanol ( B D H ,  

A n a l a r ,  20 m l ) ,  the f inal  t ime being to d ry n es s ,

I I I . D ,  iv.  A c e t y  la t ion .  T h e  p a r t ia l  ly m e th y la te d  a ld i t o ls ,

obta ined in I I I . D .  i i i ,  w e r e  t r e a t e d  w i th  r e d is t i l  led ,  

d r y  p y r id in e  ( I I .  B .  v i .  , 1 . 0  ml) and a c e t ic  anhydr ide  

( B D H ,  A n a l a r ,  1. 0 ml).  T h e  m ix t u r e  was heated on a 

steam bath f o r  15 min,  the f l a s k  being f i t t e d  wi th  a 

c o n d e n se r  w i th  ca lc ium c h lo r id e  d r y in g  tube. T h e  

a c e ty la t in g  re a g e n ts  w e r e  r e m o v e d  by e v a p o ra t io n  

under  r e d u c e d  p r e s s u r e ,  the f in a l  t r a c e s  being rem oved  

by c o - d i s t i l l a t i o n  wi th  w a t e r .

111. E .  L i n k a g e  A n a ly s is  of F r u c t a n s  ; P r e p a r a t i o n  of

O -  A c e t y l  -  O -  methyl  -  a ld i t o ls .  D e u t e r i u m - l a b e l  led  

at C  — 2

A s  I I I . D .  except  that sodium b o r o d e u t e r id e  (M e rc k ,

98% D) r e p la c e d  sodium b o ro h y d r id e  in the re duct io n  

step ( I I I .  D .  i i i .  ).

I I I .  F .  O l ig o s a c c h a r i d e  P r e p a r a t i o n s

I I I . F . i .  O l ig o s a c c h a r id e s  f ro m  the p a r t i a l  a c id  h y d ro lys a te  of

the levan e la b o r a t e d  by S t r e p to c o c c u s  sal  iv a r  ius s t r a in  51

S .  sal  i v a r  ius 51 levan (15 g) was  h y d r o ly s e d  w i th  o x a l ic  

ac id  (0. 005  M ,  1 .5  I) at 7 0 °  f o r  2 h. T h e  m ix tu re  was  

n e u t r a l i s e d  w i th  ca lc ium  c a rb o n a te  ( B D H ,  A n a l a r )  and 

f i l t e r e d .  T h e  f i l t r a t e  was c o n c e n t r a te d ,  under re d u ce d  , 

p r e s s u r e ,  to a volume of about 1 0 0  ml and again f i l t e r e d .
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T h e  c l e a r  I îquîd was  exam ined  by p a p e r  chro m ato g rap h y  

( I I . G .  Î . ) .  A  c h a rc o a l  - c e l i t e  co lu m n , ( 4 4 x 7  cm),  was  

p r e p a r e d  ( I I .  J. iv.  ) ,  and the p a r t i a l  h y d r o ly s a te  was  

in t roduced  the re o n .  T h e  column was s u c c e s s iv e ly  

e lu ted  w i th  1 % ,  5 % ,  10% and 20% e th a n o l ,  e lu t ion  

be ing cont inued ,  at each c o n c e n t r a t io n ,  until  no f u r t h e r  

m a te r ia l  in the e lu a te  could  be r e v e a le d  by t. I . e .

( I I . G .  i i i . ) .

F r a c t i o n s  (35 ml) w e r e  c o l le c te d  w i th  a G i lson  

" E s c a r g o t "  f r a c t i o n  c o l le c t o r  and e v e r y  f i f th  f r a c t i o n  

was sampled (1 ml) .  T h e  samples w e r e  c o n c e n t ra te d  

under  re d u c e d  p r e s s u r e  to a small  vo lume and examined  

by t. I . e .  ( I I . G .  i i i . ) .  F r a c t i o n s  conta in ing  s im i l a r  

components w e r e  p o o le d ,  f i l t e r e d  and c o n ce n t ra te d  to 

a small  volume unde r  r e d u c e d  p r e s s u r e  at 4 0 ° .  Each  

pooled f r a c t i o n  was exam ined  by p a p e r  chro m ato g rap h y  

( I I .  G. i. ). T h e  components in each pooled f r a c t i o n  

w e r e  then s e p a r a te d  by p r e p a r a t i v e  paper  

c h ro m ato g ra p h y  on W hatm an no. 1 7 p a p ers  ( I I .  G.  i i .  ). 

T h e  m a te r ia l  c o r re s p o n d in g  to each D P  was combined,  

f r e e z e - d r i e d  and w e ighe d .

I I I . F . i i .  OI  igosacc ha r id e s  f r o m  the p a r t i a l  a c id  h y d ro ly s a te  

of inul in

Inu l in  (S ig m a ,  32 g) was h y d r o ly s e d  at 7 0 °  f o r  1 h wi th  

o x a l i c  ac id  ( 0 . 0 0 5  M ,  1 . 5  I ) .  T h e  m ix tu re  was  

n e u t r a l i s e d  wi th  ca lc iu m  c arb o n a te  ( B D H ,  A n a l a r )  and 

f i l t e r e d .  T h e  f i l t r a t e  was  c o n c e n t ra te d  to about 1 00 ml 

under  re d u c e d  p r e s s u r e  and again  f i l t e r e d ,  through a 

glass  f i l t e r  p a p e r .  T h e  c le a r  f i l t r a t e  was examined  

by p a p e r  c h ro m a to g rap h y  ( I I .  G.  i. ) .  A  c harcoa l  -  c e l i t e  

column (70 x 7.  5 cm) was p r e p a r e d  ( I I .  J. v.  ) and the 

c o n c e n t r a te d  so lu t ion  of the ol ig o s acc h ar  ides was  

a p p l ie d  to the column.  T h e  column was i n i t i a l l y  e lu ted  

w ith  d is t i l l e d  w a t e r  (10 I) to re m o v e  most of the
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m o n o s ac c h a r id e .  A  5% ethanol so lut ion (5 I) was  then 

e lu ted  th ro u g h ,  f r a c t io n s  (35 ml) being c o l le c te d  with  

a G i ls o n  E s c a r g o t  f r a c t i o n  c o l le c t o r .  G r a d ie n t  

e lu t ion  was  then c a r r i e d  out ,  o v e r  the f o l lo w in g  10 I ,  

to b r in g  the f in a l  ethanol co n cen tra t io n  of the e luant  

to 2 0 % .  E v e r y  f i f th  f r a c t i o n  was sampled (1 m l) ,  the 

samples  being c o n c e n t ra te d  under  re duced  p r e s s u r e  

and exa m in ed  by t. I. c.  ( I I .  G. i i i .  ). F r a c t i o n s  

c onta in ing  s i m i l a r  components w e r e  pooled,  f i l t e r e d  

and c o n c e n t r a te d  under  r e d u c e d  p r e s s u r e  to a small  

volume.  E a c h  c o n c e n t ra te d  pooled f r a c t io n  was  

su b jec ted  to p r e p a r a t i v e  p ap er  ch ro m ato g rap h y  on 

Whatman no. 17 p a p e rs  ( I I .  G.  i i .  ) ,  and the p u r i t y  of  

the components obta ined  was checked by paper  

c h ro m a to g r  aphy ( I I .  G.  I. ). T o  obta in  components of 

D P - 3  and h ig h e r ,  homogeneous to pa per  c h r o m a t o g r a p h y , 

it was  n e c e s s a r y  to r e - c h r o m a t o g r a p h  them on Whatman  

3 mm p a p e r s .  F i n a l l y ,  al l  components of s im i l a r  D P  

w e r e  combined and f r e e z e - d r i e d .

I I I .  G.  M o le c u la r  W e ig h t  D e te rm in a t io n s

I I I . G . i .  A t te m p te d  m o le c u la r  w e ig h t  de te rm ina t ions  of

S t r e p t o c o c c u s  s a l i v a r i u s  levans by gel f i l t r a t i o n  on 

S e p h a r o s e  4B

S e p h a r o s e  4B  ( P h a r m a c ia  F i n e  C h e m ica ls  A B )  was made  

into a p o u r a b le  s l u r r y  w i th  w a t e r  and d e a e r a te d  under  

vacuum. A  P h a r m a c i a  K 2 5 / 4 0  column was f i l l e d  wi th  

the s l u r r y  and the bed was a l lo w e d  to s e t t le  under  e lu t ion  

w ith  1 % sodium c h lo r id e  so lu t ion .  When the bed had  

s u b s t a n t ia l l y  s e t t l e d ,  the c le a r  e luant above the bed 

s u r f a c e  w as  r e m o v e d  w i th  a p ip e t te ,  the s u r f a c e  of the 

gel was  s t i r r e d  up w i th  a g lass  r o d  and more  of  the 

s l u r r y  was  added. T h e  p ro c e d u re  was re p e a te d  unti l  

the s u r f a c e  of  the s e t t le d  bed was  2 - 3  cm f ro m  the top 

of the column.  T h e  column was lef t  to e q u i l ib r a t e



83

o v e rn ig h t  w i th  an e luant of 1 % sodium c h l o r id e ,  the 

o p e r a t in g  head being about 40 cm.

T h e  e luant  above the gel was re m o v e d  and B lu e  D e x t r a n  

200 0  ( P h a r m a c ia  A B ,  10 mg in 1 ml 1 % N a C I  ) was  

c a r e f u l l y  in t roduc ed  onto the column w i th  a P a s t e u r  

p ipe t te  and a l lo w e d  to absorb  onto the ge l .  E lu a n t  

(1 ml) was tw ice  app l ied  and a l lo w e d  to a bsorb  onto  

the ge l .  E lu t io n  was  then continued w i th  an o p e ra t in g  

head of about 40  cm and f lo w  r a t e  of  about 1 0 ml h ^.

T h e  e lu a te  was  f r a c t io n a t e d  (2 m l ) ,  w i th  a G i lson  

E s c a r g o t  f r a c t i o n  c o l l e c t o r ,  commencing w i th  the 

a p p l ic a t io n  of the B lu e  D e x t r a n ,  T h e  a b s o rb a n c e ,  at 

600 nm, of  each f r a c t io n  was d e te rm in e d  w i th  an E E L  

197 c o lo r  i m e t e r . A  h is to g ram  was  c o n s t ru c t e d  p lo t t ing  

a b s o rb a n c e  against e lu t ion volume.  F r o m  this the 

v o id  volume of the column was found .  E a c h  of the 

b a c t e r i a l  levans was sub jected  to c h ro m ato g ra p h y  by 

the same p r o c e d u r e .  A  s o lu t io n ,  con ta in ing  25 mg in 

e luant  (1 m l ) ,  was app l ied  in each c as e .  A l iq u o ts  

(0 . 2  ml) w e r e  re m oved  f ro m  the f r a c t i o n s  c o l le c ted  

and su b je c te d  to the phenol -  s u lp h u r ic  ac id  method f o r  

c a r b o h y d r a t e  content ( I I .  H .  i i . ) .  A b s o r b a n c e s  at 487  nm 

w e r e  m e as u re d  wi th  the E E L  c o l o r im e t e r  and h is togram s  

w e r e  c o n s t r u c t e d ,  plott ing a b s o rb a n c e  against e lu t ion  

volume.

I I I . G .  i i .  M o le c u la r  w e ig h t  de te rm ina t ions  of  S t r e p to c o c c u s  

sal  i v a r  ius levans  by gel f i l t r a t i o n  on S e p h a r o s e  2B

T h e  p r o c e d u r e  was as in I I I . G .  i. e xce p t  that a 

P h a r m a c i a  K 1 5 / 9 0  column w as  employed and S e p h a r o s e  

2B was  the pack ing  m a t e r i a l .  A l s o  the e luate  f r a c t i o n  

s i z e  was 2 . 5  ml (75 drops) c o l le c te d  w i th  a G i lso n  M T D C  

drop  counte r  -  f r a c t i o n  c o l le c t o r .
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B lu e  D e x t r a n  (20 mg in 1 m l ) ,  p o ly s a c c h a r id e  (25 mg 

in 1 ml) and D  -  g lucose  (10 mg in 1 ml) w e r e  subjected  

to c h ro m ato g r  aphy on the above column. F o r  the 

phenol -  s u lp h u r ic  ac id  d e te r m in a t io n s ,  0 . 5  ml al iquots  

w e r e  taken f r o m  the p o ly s a c c h a r id e  f r a c t i o n s ,  and 0. 1 

ml a l iquots  in the D -  g lucose  case .

I I I . G .  i i i .  S ed im e n ta t io n  constant and m o le c u la r  weight

d e te rm in a t io n s  on the levans e la b o r a t e d  by s t r a in s  of 

S t re p to c o c c u s  s a l i v a r i u s

A  0 . 5 %  solution of  each p o ly s a c c h a r id e  ( in 0. 1 M -  

potassium c h l o r id e ,  5 ml) was  p r e p a r e d .

S e d im e n ta t io n  runs  w e r e  p e r f o r m e d ,  using a Sp inco  

Model E  u l t r a c e n t r i f u g e ,  at 21 , 7 4 0  r . p. m. and 2 0 ° .

T w o  of the p o ly s a c c h a r id e  so lu t ions  w e r e  run  

s im u l tan e o u s ly ,  one in a ce l l  w i th  p la in  w in d o w s ,  the 

o th e r  in a cel l  w i th  wedge w in d o w s ,  this caus ing  a 

r e l a t i v e  d isp lacem ent  of the two optica l  images obtained.  

W hen the r o t o r  had a c c e l e r a t e d  to the o p e ra t in g  speed,  

the c lo ck  was  s t a r t e d  and photographs  of the S c h l i e r e n  

image w e r e  taken at a p p r o p r i a t e  t ime i n t e r v a l s , as the 

peaks obta ined m ig r a t e d  be tw een  the boundar ies  of the 

c e l l .  T h e  r e m a i n i n g  p o ly s a c c h a r  ide was ru n  in a cel l  

c o u n te rb a la n c e d  by a b lank  ce l l  w i th  a r e f e r e n c e  hole.

T h e  photograph ic  p la tes  w e r e  deve loped  and the m igrat ion  

of the peaks r e l a t i v e  to one o r  o th e r  of the r e f e r e n c e  

l ines  was m e as u re d  f o r  each e x p o s u re .  W i th  a knowledge  

of the dimensions of the r o t o r  and c e l ls  and the 

m agni f ica t ion  f a c t o r  of  the image,  the d is tance  of the 

m ig ra t in g  peak  f r o m  the r o t o r  ax is  was c a lc u la te d  in each  

case .
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I I .  H .  R e d u c i n g - E n d  L i n k a g e  A n a ly s is  of Ol igosacchar  ides  

by In i t ia l  B o r o d e u t e r  ide R e duc t ion  and M éthy la t io n  

A n a l y s i s

T h e  o l ig o s a c c h a r id e  (10 mg) was d isso lved  in w a t e r  (10 ml)  

and excess  sodium b o ro d e u te r  ide (5 mg) was added ,  the  

m ix t u r e  be ing a l lo w e d  to stand at room te m p e ra tu re  f o r  6 h.  

T h e  m ix t u r e  was  n e u t r a l i s e d  wi th  washed Dow ex  5 0 W - X 8  

r e s i n .  T h e  r e s i n  was  f i l t e r e d  off and the f i l t r a t e  was  

e v a p o r a te d  to d ry n e s s  under  re d u ced  p r e s s u r e ,  the 

r e s i d u e  being t h r i c e  c o - d i s t i  I led w i th  methanol .  T h e  

p ro d u c t  was  t r a n s f e r r e d  to a 10 ml B 1 4 round bottom f l a s k ,  

w ith  a l i t t l e  m e th a n o l ,  which was then rem oved  by 

e va p o ra t io n  under  r e d u c e d  p r e s s u r e .  T h e  r e s u l t in g  

o l ig o s a c c h a r id e  a ld i to l  was d ess ica te d .

T h e  product  was m e th y la te d ,  h y d r o ly s e d ,  re d u c e d  w i th  

sodium b o r o d e u te r  ide and acety  I ated ( I I .  J.  v i .  , v i i .  , v i i i .  , 

ix .  ).  T h e  r e s u l t i n g  m ix t u re  of O -  acety l  - O  -  methyl  

a ld i to ls  was  s e p a r a t e d  by gas chro m ato g r  aphy and a n a ly s e d  

by mass s p e c t r o m e t r y  ( I I .  J. i i .  ).
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I I I .  J. P r e p a r a t i o n  of  the E x t r a c e l l u l a r  L e v a n a s e  of

S t r e p t o c o c c u s  s a l i v a r i u s  s t r a i n  51 (A dapted  f ro m  

method of M e z n e r  ^

Medium  I V  ( I I .  E .  iv,  , 1 I) and c a lc iu m  c a rb o n a te  

( B D H ,  A n a l a r ,  10 g) w e r e  p la c e d  in a 2 I conica l  f l a s k ,  

w h ich  was  f i t t e d  w i th  a cotton wool  bung ( I I . A .  v i .  ) and 

s t e r  il ised by autoci  aving f o r  15 min at  1 2 2 °  (15 p.  s.  i,  ) ,  

A  f r e s h l y  s u b - c u l t u r e d  suspens ion of S .  sal  i v a r  ius 

s t r a i n  51 (11.F .  i i .  , 5 ml) was  p o u re d  into the f l a s k ,  in 

the v i c i n i t y  of  a f l a m e ,  the mouth of  the f l a s k  and cotton  

wool bung being f la m ed  off  b e fo r e  re p la c e m e n t .  T h e  

c u l t u r e  was  main ta ined  at 3 7 °  f o r  48  h.  T h e  c u l tu re  

f l u i d  was  c e n t r i fu g e d  f o r  20 min at 8000  rpm  (7020  g,  

J A IO  r o t o r ,  I I . A .  v i i i . )  and 4 ° .  T h e  s u p e rn a te n t  was  

d ia ly s e d  ( I I . A .  v i i .  , 1 . 5 "  tubing) aga ins t  an equal  

volume of s a t u r a t e d  ammonium s u lphate  ( B D H ,  A n a l a r )  

f o r  48  h,  at 4 ° ,  and then s u f f i c i e n t  s o l id  ammonium 

s u lphate  w as  s lo w ly  added, w i th  s t i r r i n g ,  to r e n d e r  the 

c o n c e n t ra t io n  60% w .  r .  t. ammonium s u lphate .  T h e  

m ix t u r e  was  a l lo w e d  to s tand at 4 °  f o r  24 h and was then  

c e n t r i f u g e d  at 8000 rpm  (7020  g ,  J A IO  r o t o r )  f o r  20 min,  

the c e n t r i f u g a t e  being d is s o lv e d  in w a t e r  (100 ml) and  

d ia ly s e d  against  de ion ised  w a t e r  f o r  48  h at 4 ° .  T h e  

r e s u l t i n g  so lut ion was c o n c e n t ra te d  in an Am icon Model  

52  c o n c e n t ra t io n  cel l  (UM 10 m e m b ran e ,  m o lec u la r  

^  w e ig h t  c u t - o f f  1 0 ,0 0 0 )  to a volume of ca .  5 ml.  I t was

then s u b je c te d  to gel f i l t r a t i o n  on S e p h a d e x  G200  

( P h a r m a c i a  A B )  using a P h a r m a c i a  K 1 5 / 9 0  column,  

at 4 ° ,  the e luant employed being phosphate  buf fer  

( 0 .1  M ,  pH 6. 6 ,  I I .  D .  i i .  ). T h e  e lu a te  was f r a c t io n a t e d  

(3 ml) w i th  an L K B  f r a c t i o n  c o l l e c t o r ,  the absorbance  

at 280  nm being a u to m at ica l ly  m e a s u re d  and r e c o r d e d  

w ith  an L K B  A u t o a n a ly s e r .
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A l îq u o ts  (0. 2 ml) w e r e  re m o v e d  f r o m  the f r a c t io n s  

conta in ing  high m o le c u la r  w e ig h t  m a te r ia l  w i th  an 

a b s o rb a n c e  at 280 nm and tes ted  f o r  levanase  a c t iv i ty  

by p r e p a r i n g  the f o l lo w in g  d igest  in each case.

levan ( 5 Î ,  5 mg ml  ̂) 0. 5 ml

f r a c t i o n  sample 0. 2 ml

phosphate  b u f fe r  (0. 1 M ,  pH 6 . 6 )  2 . 0  ml

T h e  digests  w e r e  m a in ta ine d  at 3 7 °  and a l iquots  ( 0 . 2  ml) 

w e r e  re m o v e d  i n i t i a l l y  and a f t e r  3 h and 7 h,  deac t iva ted  

by immers ing  in bo i l in g  w a t e r  f o r  15 s ,  and subjected  to 

the N e ls o n  method f o r  es t im a t io n  of re d u c in g  sugar  

content  ( I I .  H .  i i i .  ).

F r a c t i o n s  conta in ing  lev an ase  a c t iv i t y  w e r e  pooled and 

s t o r e d  under  a to luene la y e r  at 4 °  o r  lyoph i l ised .

I I I .  K .  D e te r m in a t io n  of the Optimum pH f o r  the H y d r o ly s is  of

L e v a n  by the E x t r a c e l  lul a r  L e v a n a s e  of S t re p to c o cc u s  

s a l i v a r i u s  s t r a in  51

C i t r a t e - p h o s p h a t e  b u f f e rs  (0. 1 M ,  I I .  D .  i. ) and phosphate  

b u f fe rs  (O. 1 M ,  I I .  D .  i i .  ) c o v e r in g  the pH ranges  4. 4 -  6. 8 

and 5. 7 -  8. 0 r e s p e c t i v e l y ,  in 0. 2 pH unit  s te p s ,  w e r e  

p r e p a r e d .  F r e e z e - d r i e d  levanase  p r e p a r a t io n  ( I I .  J. ,

30 mg) was  d is so lv e d  in w a t e r  (30 ml) and d ia lysed  

( I I . A .  v i i .  ) aga ins t  de io n is e d  w a t e r  at 4 °  f o r  24 h.

T h e  fo l lo w in g  d igests  w e r e  p re p a r e d :

levan ( 5 1 ,  2 mg ml  ̂) 0. 5 ml

enzyme so lution  0 . 5  ml

bu t te r  1 . 0  ml

A n  a l iquot  (0. 4 ml) w as  i n i t i a l l y  re m ove d  f r o m  one of the

d ig e s ts ,  to s e r v e  as a b la n k ,  and d ea c t iv a ted  by immersion  

in bo i l ing  w a t e r  f o r  15 s.  T h e  d igests  w e r e  mainta ined at
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3 7 °  f o r  15 h,  a l iquots  ( 0 . 4  ml) w e r e  then re m o v e d ,  and  

to g e th er  w i th  the b lank made up to 1 ml w i th  w a t e r  and  

su b je c te d  to the N e ls o n  method f o r  est im at ion  of r e d u c in g  

su g ar  content  ( I I .  H .  i i i . ) .  T h e  a b s o rb a n c e s ,  at 520 nm,  

f o r  each pH v a lu e  w e r e  m e asure d  and p lotted  on a g ra p h  

aga ins t  pH .

I I I .  L .  A c t io n  of the E x t r a c e l  lul a r  L e v a n a s e  of S t r e p to c o c c u s

s a l i v a r i u s  s t r a i n  51 on L e v a n

I I I .  L .  i. Q u a l i t a t i v e  d igest

T h e  f o l lo w in g  d igest was p re p a r e d :

leva n  ( 5 1  , 2 0  mg ml” ^) 5 . 0  ml

le v a n a s e  p r e p a r a t io n  ( I I I .  J. ) 1 . 0  ml

phosphate  b u f fe r  (0. 1 M ,  pH 6. 7 5 ,  I I .  D .  i i .  ) 4 . 0  ml

A n  a l iq u o t  ( 1 . 0  ml) was  in i t i a l l y  re m o ve d  and d e a c t iv a te d  

by im m ers in g  in a bo i l ing  w a t e r  bath f o r  30 s .  T h e  d igest  

was m a in ta in e d  at 3 7 °  and a l iquots  ( 1 . 0  ml) w e r e  re m o ve d  

a f t e r  1, 2 ,  3 ,  4 ,  5 and 22 h ,  and d e ac t iv a ted .  T h e  

a l iquots  w e r e  de ion ised  by shak ing  w i th  B io d e m in e ra l  i te  

r e s i n  ( B D H )  f o r  1 h. T h e  r e s i n  was rem o ve d  by 

f i l t r a t i o n  and the f i l t r a t e s  w e r e  su b jec te d  to p a p er  

c h ro m a t o g ra p h y  ( I I .  G.  i. ) f o r  24 h,  D  - f r u c t o s e  being a 

r e f e r e n c e  compound.

I I I . L . i i .  Q u a n t i t a t i v e  digest

T h e  f r e e z e - d r  ied levanase  p r e p a r a t i o n  ( I I I .  J. , 15 mg) 

was d is s o lv e d  in w a t e r  (3 ml) and d ia ly s ed  ( I I . A .  v i i .  ,

0 . 2 5 '* tubing) aga ins t  de ion ised  w a t e r  at 4 °  f o r  24 h.

T h e  f o l lo w in g  digest was  p r e p a r e d :

levan  ( 5 1 , 5  mg ml” ^) 0 . 5  ml

le v a n a se  solut ion (5 mg ml"*^) 1 . 0  ml

phosphate  b u f fe r  (0 ,1  M ,  pH 5 . 7 5 )  1 . 5  ml

to luene  2 drops ’
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I n i t i a l l y  an a l iquot ( 0 , 2  ml) was re m o v e d ,  to s e r v e  as 

a re a g e n t  b la n k ,  and d e ac t iv a te d  by im m ers ion  in boi l ing  

w a t e r  f o r  15 s.  T h e  d igest was m a in ta ine d  at 3 7 °  and 

a l iquots  ( 0 . 2  ml) w e r e  rem o ved  at t ime in te r v a ls  and 

d e a c t iv a te d .  T h e  a l iquots  w e r e  made up to 1 ml with  

w a t e r  and the r e d u c in g  su g ar  contents  (as f r u c to s e )  

w e r e  d e te rm in e d  by the N e ls o n  method ( I I .  H .  i i i .  ).

D e te r m in a t io n  of P r o t e i n  Content of F r e e z e - D r i e d  

L e v a n a s e  P r e p a r a t i o n  of S t r e p to c o c c u s  s a l i v a r i u s  

s t r a i n  51

Re agents  :

L o w r y  A  : 2% sodium ca rb o n a te  in 

0.  1 M sodium h y d ro x id e

" B l  : 1% aqueous c u p r ic  s u lphate

p e n ta h yd ra te  ( B D H ,  A n a l a r )

" B 2  : 2% aqueous sodium t a r t r a t e

" C  : A  (50 ml)

B l  ( 0 . 5  ml)  ̂ d i s c a r d  a f t e r  1 day  

B 2  (0.  5 ml) ^

" D  : F o l i n  and C io c a l t e a u 's

Rea g en t  (B D H )  

de ion ised  w a t e r

1 I

50 ml 

50 ml

5 ml 

5 ml

C a l i b r a t i o n  graph : A  so lut ion  of bovine  serum  albumin  

(S ig m a ) ,  of a c c u r a t e ly  known c o n c e n t ra t io n  (ca,  1 5 mg ml ) 

w as p r e p a r e d .  A l iq u o ts  of  this so lu t ion  (0. 1 - 1 . 0  ml in

0.  1 ml steps) w e r e  taken and made up to 1. 0 ml wi th  

w a t e r .  In a d d i t io n ,w a te r  ( 1 . 0  ml) s e r v e d  as a re ag e n t  

blank .  T o  each so lu t ion  (0. 8 ml) was added L o w r y  C  

(4 m l ) ,  the m ix tu res  being a l lo w e d  to s tand at room  

t e m p e r a t u r e  f o r  10 min,  L o w r y  D  ( 0 . 4  ml) was added to 

each  tube,  the contents  being mixed imm edia te ly  and ' 

a l lo w e d  to s tand f o r  at least 30 min.  A b s o rb a n c e s  of
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750 nm w e r e  m e a s u r e d ,  r e l a t i v e  to the re a g e n t  b la n k ,  

and a g rap h  was c o n s t r u c t e d ,  p lott ing absorbance  

aga ins t  w e igh t  of p r o t e in  (in j jg  ).

P r o t e i n  d e te rm in a t io n  : F r e e z e - d r i e d  enzyme p r e p a r a t io n  

( I I I .  J, , 5 mg) was  d is so lv e d  in w a t e r  ( 0 , 8  ml) and  

t r e a t e d ,  as above ,  toge ther  w i th  a re a g e n t  b lank.  T h e  

a b so rb a n c e  at 750  nm, was  m e asu re d  and the w eight  of 

p r o te in  in the enzyme sample  was found f r o m  the 

c a l i b r a t i o n  g raph .

H I .  N .  D iscont inuous  Gel E l e c t r o p h o r e s i s  of the L e v a n a s e

of S t re p to c o cc u s  s a l i v a r i u s  s t r a in  51

A p p a r a t u s  : Shandon S o u t h e r n  A n a ly t ic a l  Gel  

E l e c t r o p h o r e s i s  O u t f i t  S A E  2717

T h e  f r e e z e - d r  ied le va n a se  p r e p a r a t io n  ( I I I .  J.  , 15 mg) 

w as d is so lv e d  in w a t e r  (3 m l ) ,  d ia ly s ed  ( I I .  A ,  v i i .  , 0 .  25"  

tubing) aga ins t  de io n ise d  w a t e r  at 4 °  f o r  48 h and r e -  

f r e e z e - d r  ied.  I t was  su b jec te d  to d isc  e l e c t r o p h o r e s i s , 

toge ther  w i th  bov ine s e ru m  albumin ( B D H ,  100 j jg  ) ,  as 

a r e f e r e n c e , f o l lo w in g  the methods given in the Shandon  

o p e r a t in g  in s t ru c t io n s  and b y  W i l l  iams and Reisfelc / .^^A  

7 . 5 %  p o ly a c r y la m id e  g e l ,  w h ich  has a m o lec u la r  weight  

cut of f  of  ca .  3 x 1 0 ^  w as  employed. T h e  p ro te in  bands  

w e r e  r e n d e r e d  v is ib le  w i th  the combined s t a in - f i x a t i v e
1 go

of M a l i k  and B e r r i e .

I I I . G .  D e te r m in a t io n  of A c t io n  -  T  ype (exo o r  endo) of the

L e v a n a s e  of S t r e p to c o c c u s  s a l i v a r i u s  s t r a in  51 on L e v a n

A  P h a r m a c i a  K 9 / 3 0  c o lu m n ,  having a bed volume of ca.  19 

m l,  was  pa ck ed  w i th  S e p h a r o s e  2B ( P h a rm a c ia  A B ) .  B lu e  

D e x t r a n  2000  (P h a r m a c ia  A B ,  10 mg in 0.  3 ml 1 % sodium 

c h lo r id e  so lut ion) w as  s ub jec te d  to gel f i l t r a t i o n  on this  

co lum n,  w i th  0.  1 % sodium c h lo r id e  e lu an t ,  the e lu ate
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being f r a c t i o n a t e d  (25 d ro p s ,  0. 6 ml) w i th  a G i lson  

M T D C  f r a c t i o n  c o l le c t o r .  T h e  f r a c t i o n s  w e r e  d i lu ted  

by addi ton of  w a t e r  ( 1 . 2  ml) and the a b s o rb a n c e s ,  at 

620 nm,  w e r e  d e te rm in ed  using an E E L  197 c o l o r im e t e r ,

D - f r u c t o s e  ( 2 - 3  mg in 0 , 3  ml e luant )  was  sub jec ted  to 

gel f i l t r a t i o n ,  as above ,  a l iquots  ( lOOjJg) of the 

f r a c t i o n s  ob ta ined  being sub jec ted  to the phenol -  

s u lp h u r ic  method ( I I .  H .  i i .  ) f o r  c a r b o h y d r a t e  content ,  

the a b s o r b a n c e s ,  at  487 nm, being m e asu red  w i th  the 

E E L  c o l o r i m e t e r ,

A  so lu t io n  of  51 levan (25 mg ml ^) was  p r e p a r e d .

O f  this  s o lu t io n ,  0 . 1 5  ml was  d i lu ted  to 0 . 3  ml w i th  the 

e lu an t  used  and s ub jec ted  to gel  f i l t r a t i o n ,  as above ,  

a l iquots  ( 0 . 5  ml) of the f r a c t i o n s  obta ined  being  

d e te rm in e d  by the p h e n o l - s u lp h u r ic  ac id  method, as 

above.

T h e  f o l l o w i n g  d igest was  p r e p a r e d :

levan (25 mg ml” ^) 1 . 0  ml

le v a n a s e  p r e p a r a t i o n  ( I I I .  J.  , f r e e z e - d r i e d )  5 mg

phosphate  b u f fe r  (0.  1 M ,  pH 6, 4 ,  I I ,  D .  i i .  ) 1 . 0 m l

to luene  2 drops

T h e  d igest  w as  main ta ined  at 3 7 °  and por t io n s  ( 0 . 3  ml) 

w e r e  r e m o v e d  a f t e r  24 h and 96 h ,  and de a c t iv a te d  by 

im m ers ing  in a bo i l ing  w a t e r  bath f o r  15 s.  E ac h  of  

these p a r t i a l  h y d r o ly s a te s  w a s ,  in t u r n ,  s ub jec ted  to gel  

f i l t r a t i o n ,  as a bove ,  a l iquots  ( 0 . 5  ml) being taken f r o m  

the f r a c t i o n s  obta ined  f o r  es t im at ion  of  c a rb o h y d ra te  

content by the phenol -  s u lp h u r ic  a c id  method ( I I .  H .  i i ,  ) ,

H is t o g r a m s  w e r e  c o n s t ru c te d  p lo t t ing  absorbances  at  

600 nm (in the cas e  of  B lu e  D e x t r a n )  and 487  nm against  

e lu t io n  vo lume (e x p re s s e d  as f r a c t i o n  num ber) .
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I I I ,  P .  P r e p a r a t i o n  of Methyl  y6 -  D -  f  r u c to fu r a n o s id e

(adapted f ro m  the method of H o r v a t h  and M e tz e n b e r g   ̂^ b

T h e  fo l lo w in g  io n -ex ch a n g e  r e s in s  w e r e  employed :

D o w e x  -  50 H"*" ( A G - 5 0 W - X 8 ,  2 0 0 - 4 0 0  mesh)

D o w e x - 1  c r ( A G I - X 8 ,  2 0 0 - 4 0 0  mesh)

S u c r o s e  (6 g) was d e s s ic a te d ,  under  vacuum ,  o v e r  

phosphorous pentox ide  and r e f lu x e d  toge ther  w i th  d ry  

D o w e x  -  50W  H ^  (10 g) in anhydrous methanol ( I I .  B .  iv.  ) 

w ith  constant s t i r r i n g  f o r  1 h. T h e  r e a c t io n  m ix tu re  

w as  cooled  and the r e s i n  re m oved  by f i l t r a t i o n .  T h e  

pH of the f i l t r a t e  was  ad justed  to 7 . 0  w i th  ammonium 

h y d r o x id e  (0.  1 M) and e v a p o ra te d  to a th ick  s y r u p u n d e r  

r e d u c e d  p r e s s u r e .  T h e  s y ru p  was  d is so lved  in w a t e r  

( ] I ) and the pH was  again  ad justed  to 7 . 0  w i th  

ammonium h y d ro x id e  (0.  1 M) .

T h e  r e a c t io n  m ix t u r e  was  exam ined  by t. I.  c.  ( I I .  G.  i i i .  ) ,  

s u c r o s e ,  D  -  f r u c t o s e  and D  -  g lucose  being spotted as 

r e f e r e n c e s ,

A  g lass  c h ro m a to g ra p h y  column ( 4 0 x 3  cm) was p r e p a r e d

conta in ing  D o w e x  -  1 C l "  . T h e  l a t t e r  was  c o n v e r te d  to the
1 84b o r a t e  f o r m  by the method of Khym and Z i l l  , T h e  

aqueous r e a c t i o n  m ix t u re  was in t roduce d  at the top of  

th is  column and f r a c t i o n s  (20 ml) of the s e l f - e l u a t e  w e r e  

c o l le c te d  w i th  a G i ls o n  E s c a r g o t  f r a c t i o n  c o l le c t o r .  

A l iq u o ts  (1 ml) of a l t e r n a t e  f r a c t i o n s  w e r e  e v a p o ra te d  

down to a small  volume and examined by t. I . e .  ( I I . G .  i i i . ) .  

F r a c t i o n s  conta in ing  only  the component w i th  R f  0 . 4 2  w e r e  

pooled  and e v a p o r a te d  down,  under  re d u c e d  p r e s s u r e ,  in 

a taped f l a s k .  T h e  r e s u l t in g  y e l lo w  s y ru p  w as  d r i e d ,  in a 

d e s s i c a t o r ,  o v e r  phosphorous pen tox ide .  T h e  y ie ld  was  

then m e as u re d .  A  so lut ion  of  the s y r u p ,  of a c c u r a t e ly  

known c o n c e n t ra t io n  (ca.  1 % ) ,  was p r e p a r e d  and its 

r o t a t i o n  at ambient  t e m p e r a t u r e ,  at the sodium D - l i n e ,  

w as  m e a s u re d ,  the s p e c i f i c  r o ta t io n  being c a lc u la te d .
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I I I . Q .  A c t io n  of S t r e p to c o c c u s  s a l i v a r i u s  51 L e v a n a s e  and

Y e a s t  In v e r t a s e  on Methyl  ^  -  D - f r u c t o f u r a n o s i d e

Y e a s t  in v e r t a s e  ( -  D - f r u c t o f u r a n o s i d a s e ,

E .  C .  3 . 2 . 1 .  2 5 ) ,  g r a d e  X  , f r o m  C and ida  ut i l  is 

(a c t iv i ty :  535 U n i ts  mg ^) was  obta ined f r o m  S ig m a.

A  so lu t ion  of  methyl p ,  -  D - f r u c t o f u r a n o s i d e  ( I I I .  P . )  

w as p r e p a r e d  conta in ing  about 10 mg ml ^. T h e  

f o l lo w in g  d igests  w e r e  then p r e p a r e d  :

a) methyl p  - D - f r u c t o f u r a n o s i d e  (9. 2 mg ml  ̂) 0 . 8  ml

in v e r  tase 1 . 0  mg

p h o s p h a t e - c i t r a t e  b u f fe r  (0 .1  M ,  pH 5 . 6 )  4 . 2  ml

b) as a ) ,  e xc ep t  in v er  tase 20 mg

c) methyl  -  D  - f r u c t o f u r a n o s i d e  (9.  2 mg ml  ̂) 0.  8 ml

f r e e z e - d r  ied lev an ase  ( I I I .  J. ) 20 mg

phosphate  b u f fe r  (0 .1  M ,  pH 6 . 6 )  4 . 2  ml

A l iq u o ts  (200  j j |  ) w e r e  i n i t i a l l y  rem o ve d  and d eac t iva ted  

by im m ers io n  in b o i l in g  w a t e r  f o r  15 s .  T h e  digests  

w e r e  m a in ta ined  at 3 7 °  and a l iquots  (200  ^1 ) w e r e  

r e m o v e d  at t ime in t e r v a l s  (up to 45 min in the case of a) 

and 5 h f o r  b) and c) and d e ac t iv a te d .  T h e  red u c in g  

s u g a r  content of the a l iquots  was d e te rm in e d  by the 

N e ls o n  method ( I I .  H .  i i i . )  and graphs  w e r e  const ruc ted  

plo t t ing  % h y d r o ly s is  of the s u b s t r a t e  aga ins t  digest  t ime.

I I I .  R .  A c t io n  of C a n d id a  ut i l  is I n v e r t a s e  on L e v a n

I I I .  R .  i. Q u a l i t a t i v e  d igest

T h e  fo l lo w in g  d igest  was  p r e p a r e d :

levan ( 5 1 , 5  mg ml ^) 1 ml

w a t e r  3 ml

in v e r t a s e  (G r a d e  X ,  1 mg ml ) 1 ml

to luene 3 drops
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A n  a l iquot  ( 0 . 5  ml) was  i n i t i a l l y  rem ove d  and 

d e a c t iv a t e d  by im m ers ion  in bo i l ing  w a t e r  f o r  15 s. 

T h e  d igest  was m a in ta ined at 3 7 °  and f u r t h e r  a l iquots  

( 0 . 5  ml) w e r e  re m o ve d  at t ime i n t e r v a ls  up to 50 h 

and d e a c t iv a te d .  T h e  a l iquots  w e r e  c o n c e n t ra te d  to a 

small  vo lum e,  under  re d u c e d  p r e s s u r e ,  and s ub jec te d  

to p a p e r  ch ro m a to g rap h y  f o r  24 h ( I I .  G. i. ) w i th  

D - f r u c t o s e  as a r e f e r e n c e .

I I I .  R .  i i .  D e t e r m in a t io n  of the optimum pH f o r  the act ion of 

C .  u t i l i s  i n v e r t a s e  on levan

C i t r a t e - p h o s p h a t e  b u f fe rs  (0 ,1  M ,  I I .  D .  i. ) and  

phosphate  b u f fe rs  (0 .1  M ,  I I .  D .  i i .  ) ,  c o v e r in g  the  

r e s p e c t i v e  pH r a n g e s  3. 1 -  5. 6 and 5 . 6 - 8 .  0 ,  w e r e  

p r e p a r e d .

T h e  fo l lo w in g  d igest was  p r e p a r e d  w i th  each buf fer :

levan ( 5 1  , 5 mg ml  ̂) 1 ml
_  1

in v e r t a s e  (g rad e  X ,  1 mg ml ) 1 ml

b u f fe r  3 ml

toluene  3 drops

T h e  d igests  w e r e  main ta ined  at 3 7 °  and a l iquots  (200 jul ) 

w e r e  r e m o v e d  at t ime in te r v a ls  and de a c t iv a te d  by 

im m ers ing  in bo i l ing  w a t e r  f o r  15 s.  T h e  r e d u c in g  

s u g ar  content of each a l iquot  was  est im ated  by the 

N e l s o n  method ( I I . H .  i i i . ) .

I I I .  R .  i i i .  Q u a n t i t a t i v e  d igest

T h e  f o l lo w in g  d igest was  p r e p a r e d :

levan ( 5 1  , 5 mg ml ^) 1 ml

in v e r ta s e  (g rad e  X ,  4 mg ml ^) 1 ml

phosphate  b u f fe r  (O. 1 M ,  pH 6. 6) 3 ml

to luene 3 drops

A n  a l iquot  (200 yjl ) was in i t i a l l y  rem oved  and d eac t iv a ted

by im m ers ing  in a bo i l ing  w a t e r  bath f o r  15 s.  T h e  

digest  was m a in ta ine d  at 3 7 °  and a l iquots  (200 j j \  )
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w e r e  re m o v e d  at t ime in te r v a ls  up to 500 h and 

d e a c t iv a t e d .  T h e  ina c t iv e  a l iquots  w e r e  s to re d  at 4 °  

unti l  the d igest  was complete .  T h e  re d u c in g  sugar  

co n ten t ,  as D - f r u c t o s e ,  was d e te rm in e d  by the 

N e ls o n  method ( I I . H .  i i i , ) .

I l l ,  S .  A c t io n  of  S t r e p to c o c c u s  s a l i v a r i u s  51 L e v a n a s e

and C a n d id a  u t i l i s  In v e r ta s e  on Inu l in

F r e e z e - d r i e d  levanase  p r e p a r a t io n  ( I I I .  J. , 10 mg) was  

d is s o lv e d  in w a t e r  (2 ml) and d ia ly s e d  ( I I .  A .  v i i ,  , 0.  2 5"  

tubing) a g a in s t  d e ion ised  w a t e r ,  at 4 ° ,  f o r  24 h.

T h e  fo l lo w in g  d igests  w e r e  p r e p a r e d  :

a) inul in  (S ig m a ,  5 mg ml  ̂) 1 ml

in v e r t a s e  (g ra d e  X ,  1 mg ml"^ ) 1 ml

phosphate  b u f fe r  (0.  1 M ,  pH 6. 6 ,  I I .  D .  i i .  ) 3 ml

to luene  3 drops

b) inu l in  (5 mg ml  ̂) 1 ml

d ia ly s e d  lev ana se  (5 mg ml  ̂) 2 ml

phosphate  b u f fe r  (0 .1  M ,  pH 6 . 6 )  2 ml

to luene  3 drops

A l iq u o ts  (200  j j \ )  w e r e  re m o ved  i n i t i a l l y  and d e a c t iv a te d  

by im m ers ion  in a bo i l ing  w a t e r  bath f o r  15 s. T h e  

digest  was  m a in ta ined  at 3 7 °  and f u r t h e r  a l iquots  (200 j j \  ) 

.J w e r e  r e m o v e d  at t ime in te r v a ls  up to 45 h ,  d e a c t iv a te d

and s t o r e d  at 4 ° .  T h e  red u c in g  su g ar  contents of the 

a l iquots  w e r e  then d e te rm ine d  by the N e ls o n  method  

( I I . H .  i i i . ) .

I I I . ' T .  A c t io n  of  S t r e p to c o c c u s  s a l i v a r i u s  51 L e v a n a s e  on

O l ig o s a c c h a r i d e s  O b ta in ed  f r o m  Inu l in

L e v a n a s e  p r e p a r a t i o n  ( I I I .  J. , 2 ml) was d ia ly s e d  , 

( I I . A .  v i i .  , 0.  25"  tubing) against de ion ised  w a t e r , at 4 ° ,  

f o r  24 h.  T h e  fo l lo w in g  digests  w e r e  p r e p a r e d ,  in
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w hich  the o l ig o s a c c h a r id e s  obta ined  f r o m  inu l in ,  

inu lob iose (12 ) through to inu loheptaose ( ly )  w e r e  

p r e p a r e d  as in I I .  F .  i i .

ol ig o s ac c h ar  ide 2 mg

d ia ly s e d  levanase  0 . 2  mg

w a t e r  1 . 3  ml

T w o  a l iquots  (100 jul ) w e r e  i n i t i a l l y  re m o ve d  f ro m

each d igest and d e ac t iv a te d  by im m ers ing  in boi l ing  

w a t e r  f o r  15 s.  T h e  d igests  w e r e  m a in ta ined  at 3 7 °  

and 2 a l iquots  (100  jj l ) w e r e  re m o ve d  f r o m  each ,  at 

t ime in t e r v a ls  up to 1 7 . 5  h , and d e a c t iv a ted .  One  

s e r i e s  of a l iquots  w as  su b jec te d  to the N e ls o n  method  

( I I .  H .  i i i .  ) to d e te rm in e  the r e d u c in g  sugar  content.  

A b s o r b a n c e s  at  520 nm being p lo t te d  g r a p h ic a l ly  

aga ins t  d igest t ime. T h e  o ther  s e r i e s  of a l iquots  was  

c o n c e n t ra te d  under  re d u c e d  p r e s s u r e  and examined by 

p a p er  c h ro m a to g r  aphy ( I I .  G .  i, ) w i th  D  -  f r u c t o s e  and  

P  -  g lucose  r e f e r e n c e s  f o r  24 h.

I I I .  U .  P r e p a r a t i o n  of L e v a n s  P a r t i a l l y  H y d r o l y s e d  by

S .  s a l i v a r i u s  51 L e v a n a s e

I I I .  U .  i. S m a l l  s c a le  q u a n t i ta t iv e  d igest

T h e  fo l lo w in g  digest was  p r e p a r e d :

levan ( 5 1  , 15 mg ml  ̂) 1 ml

leva nase  p r e p a r a t i o n  ( I I I .  J .  ) 0 . 5  ml

phosphate  b u f fe r  (0.  1 M ,  pH 6. 6 ,  I I .  D .  i i .  ) 4.  0 ml

A n  a l iquot  ( 50 jul ) was i n i t i a l l y  rem o ved  and 

d e a c t iv a t e d  by im m ers ing  in bo i l ing  w a t e r  f o r  15 s. T h e  

digest  was m a in ta ined  at 3 7 °  and f u r t h e r  a l iquots  ( 5 0 ju l )  

w e r e  re m o ve d  at t ime In t e r v a ls  up to 1 0 h and  

d e a c t iv a te d .  T h e  a l iquots  w e r e  s ub jec ted  to the N e ls o n  

method ( I I .  H .  i i i .  ) f o r  es t im at ion  of  r e d u c in g  sugar
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content  and, w i th  a knowledge  of the maximum  

a v a i l a b le  f r u c t o s e  in a 50 jjI a l iquo t ,  the d eg ree  of 

h y d r o ly s is  was c a lc u la te d  in each case and p lotted  

aga ins t  d igest t ime.

F r o m  the g raph  the digest t imes r e q u i r e d  fo r  any  

d e g re e  of  h y d r o ly s is  could  be found.

I l l . U . i i .  L a r g e  s c a le  digest

A  d igest  was  p r e p a r e d ,  as in I I l . U .  i. , but w i th  a 

1 5 - f o l d  in c re a s e  in qu a n t i t ie s  :

levan (51 , 15 mg ml  ̂) 15 ml

le v a n a se  p r e p a r a t io n  ( I I I .  J. ) 7 . 5  ml

phosphate  b u f fe r  (0.  1 M ,  pH 5 . 6 )  60 ml

In i t i a l l y  an a l iquot  (50 j j | ) was  re m o ve d  and de ac t iv a ted  

by im m ers ion  in a b o i l in g  w a t e r  bath.  T h e  digest was  

m a in ta in e d  at 3 7 ° ,  and , at the times r e q u i r e d  f o r  the  

d e s i r e d  d e g re e s  of  h y d r o ly s is  ( f rom I I l . U .  i .  ) ,  w hich  

a r e  10,  2 0 ,  40 and 60% , a p p r o p r ia t e  la r g e  a l iq u o ts ,  

in addi t ion  to those of 50 ^1,  w e r e  re m o ved  and  

d e a c t iv a t e d  by im m ers ion  in a bo i l ing  w a t e r  bath f o r  1 

min and 15 s r e s p e c t i v e l y .  F u r t h e r  a l iquots  (50 ^1)  

w e r e  re m o v e d  and d e a c t iv a te d  at t ime in te r v a ls  up to 

22 h.

T h e  r e d u c in g  sugar  content ,  and hence d e g ree  of  

h y d r o l y s i s ,  was d e te rm in e d ,  f o r  each 50  jj I a l iq u o t ,  

by the N e ls o n  method ( I I .  H .  i i i .  ) .  T h e  l a r g e  a I iquots  

w e r e  d ia ly s e d  ( I I .  A .  v i i .  ) e x t e n s iv e ly  against de ion ised  

w a t e r  and f r e e z e - d r i e d ,  the y ie ld  of each p a r t i a l l y  

h y d r o ly s e d  p roduc t  being r e c o r d e d .
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IV .  R E S U L T S  A N D  D I S C U S S I O N

IV .  A .  P r e p a r a t i o n  and A n a l y s i s  of  the P o ly s a c c h a r id e s  

E l a b o r a t e d  by S t re p to c o c c u s  s a l i v a r i u s  s t r a in  51 ,

A T C C  13419 and N C T C  8606

IV .  A . i .  Opt imum c u l t u r e  times f o r  the p r e p a r a t io n  of the 

p o ly s a c c h a r  i des
1 49It has been shown that s t r a in s  of o ra l  s t rep to co cc i  

often possess  the a b i l i t y  to induce enzymes capable  of 

h y d r o ly s in g  the p o ly s a c c h a r id e  products  obta ined when  

c u l t u r e d  in s u c r o s e  conta in ing  media .  In o r d e r  to obta in  

optimum y ie ld s  of p o ly s a c c h a r id e s  f r o m  the s t ra in s  of 

S .  s a l i v a r i u s  employed it was c o n s id e re d  n e c e s s a ry  to 

i n i t i a l l y  s tudy ,  on a small  s c a l e ,  the dependence of  

p o ly s a c c h a r id e  y ie ld  on c u l t u r e  t ime.

S m a l l  s ca le  p r e p a r a t i o n s  w e r e  c a r r i e d  out as d e sc r ib e d  

in 111. A .  i. and the r e s u l t s  ( F i g .  IV .  1. ) show that  

p o ly s a c c h a r id e  y ie ld s  a r e  indeed c u l t u r e  t ime dependant ,  

pass ing  through maxima. T h i s  was c o n s id e re d  to be 

ev id e n ce  f o r  the induction of  h y d r o ly s in g  enzymes.

T h e  s t r a in  N C T C  8606  d i f f e r s  f r o m  the o ther  two in that 

its maximum p o ly s a c c h a r id e  y ie ld  was re a c h e d  in a longer  

t ime (ca.  90 h c o m p are d  w i th  ca.  50 h f o r  s t r a in s  A T C C  

13419 and 51) .  T h e  y ie ld  was a lso  s m a l le r  (ca.  17 g 

f r o m  100 g s u c r o s e  com pared  w i th  ca.  22g).  T h e  

p r e s e n c e  of ca lc iu m  c a rb o n a te  in the c u l tu res  e f fe c t iv e ly  

n e u t r a l i s e d  a c id  m eta bo l i tes  as ev idenced  by the 

maintenance  of a s teady  pH (ca.  5. 5) a f te r  the f i r s t  25 h.

IV .  A .  i i .  L a r g e  s c a le  p r e p a r a t i o n s  and a n a ly s is  of the 

p o ly s a c c h a r id e s

In o r d e r  to have  s u f f ic ie n t  of the p o ly s a c c h a r id e s  to 

p e r f o r m  a l l  the subsequent in v e s t ig a t io n s ,  la rg e  sca le



99

F i g u r e  IV .  1. D ep e n d en c e  of pol y sac cha r  ide y ie ld  and c u l tu r e  

pH on c u l t u r e  time
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p r e p a r a t i o n s  w e r e  c a r r i e d  out as d e s c r ib e d  in I I I ,  A .  i i .

( for  s t r a in s  51 and A T C C  13419)  and I I I .  A .  i i i .  ( for  s t r a in  

N C T C  8606 ) ,  C u l t u r e  t imes a c t u a l ly  employed w e r e  ca.

80% of the maximum y ie ld  t imes a r r i v e d  at in IV .  A .  i. (to 

e n s u r e  that the p roduc ts  would  be r e l a t i v e l y  undegraded  

by induced h y d r o la s e  systems) and w e r e ,  r e s p e c t i v e l y ,

40 h ,  40  h and 80 h f o r  s t r a in s  51 , A T C C  1 341 9 and 

N C T C  8606 .

S a m p le s  of the lyophil  ised p o ly s a c c h a r id e s  w e r e  an a lysed  

f o r  a sh ,  m o is tu re  and n i t ro g e n  contents .  F r u c t o s e  and  

c a r b o h y d r a t e  contents  and s p e c i f i c  r o ta t io n s  w e r e  also  

d e te rm in e d  (as d e s c r ib e d  in 11. H .  i .  , I I .  H .  i i .  , and I I I .  B .  ) ,  

and the r e s u l t s  a r e  shown in T a b l e  IV .  1. T h e  high  

f r u c t o s e  contents  suggest that a l l  th re e  pol y sa cch ar  ides  

a r e  f r u c t a n s ,  this be ing c o n f i r m e d  by ac id  h y d ro ly s is  of 

these m a t e r i a l s  w i th  0 . 0 0 5  M s u lp h u r ic  ac id  as d e s c r ib e d  

in I I I .  C .  i. P a p e r  c h ro m a to g ra p h y  of the h y d ro ly s a te s  

r e v e a l e d  f r u c t o s e  to be the on ly  component (see IV .  E .  i. , 

p. 162 ). T h e  n e g a t ive  s p e c i f i c  r o ta t io n s  suggest the 

a n o m e r ic  c o n f ig u ra t io n s  to be of the yô - t y p e .

I V ,  B .  C h a r a c t e r  isat ion of  the F r u c t a n s  E l a b o r a t e d  by

S t r e p t o c o c c u s  s a l i v a r i u s  s t r a i n  5 1 ,  A T C C  13419 and  

N C T C  8606

I V .  B .  i. M é th y la t io n  s tud ies  (gas c h ro m a to g ra p h y  -  e le c t r o n  impact  

mass s p e c t r o m e t r y )

It has been e s t a b l is h e d  in s ec t ion  IV .  A .  that the 

p o ly s a c c h a r id e s  e la b o r a t e d  by the th re e  s t r a in s  of  

S .  s a l i v a r i u s  under  c o n s id e r a t io n  a r e  composed of f ru c to s e  

r e s i d u e s ,  the i n t e r f r u c t o s id ic  l in k a g e s ,  on the basis  of 

r o t a t io n a l  data  (T a b le  IV .  1. ) ,  be ing p ro b a b ly  of the 

jd  - t y p e .  In o r d e r  to f u r t h e r  c h a r a c t e r i s e  them it was  

n e c e s s a r y  to d e te rm in e  the pos i t ions  of  the in te r f r u c t o s id ic  

l i n k a g e s ,  the d e g re e  of b ra n ch in g  ( i f  any) and the r in g  s iz e  

of the f r u c t o s y l  r e s id u e s .  S u ch  d e te rm in a t io n s  a r e  

f r e q u e n t l y  most e a s i l y  c a r r i e d  out by the app l ica t ion  of
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T a b l e  IV .  1. A n a l y s i s  of  the e x t r a c e l  lul a r  p o ly s a c c h a r id e s  of

S .  s a l i v a r i u s  s t r a in s  51 , A T C C  1 341 9 and N C T C  8506

51 A T C C

13419

N C T C

8606

p o ly s a c c h a r id e  y ie ld  

(g f r o m  1 00 g su cro s e ) 17. 5 13. 8 4.  1

c a r b o h y d r a t e  content % * 87.  8 87.  2 88.  9

f r u c t o s e  content % * 93.  8 8 7 . 6 8 5 . 4

ash c o n t e n t * *  % * 4 . 6 9 3 . 4 7 8. 34

m o is tu re  content  % * * 9.  67 8 . 0 8 13. 95

n i t ro g e n  c o n t e n t * *  % * 0 . 5 3 0.  65 0 . 7 4

p r o t e in  c o n t e n t * * *  % * 3. 32 4 . 0 8 4.  65

. [ - C
- 5 9 .  3 - 5 2 .  6 - 6 1 . 4

» On d r y  bas is

a n a lys es  p e r f o r m e d  by A .  B e r n h a r d t ,  E lb a c h  tiber

E n g e ls k i r c h e n ,  G erm a n y

n i t ro g e n  x 6.  25
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méth y la t ion  a n a ly s is .  E x h a u s t iv e  méthyla t ion  of  a p o ly s a c c h a r id e  

r e s u l t s  in the f r e e  h y d ro xy l  pos i t ions  becoming m ethy la ted .  Upon  

subsequent  h y d r o l y s i s ,  the p a r t i a l  ly m ethy la ted  const i tuent  

m o n o s a c c h a r id e s  a r e  g e n e r a te d .  D e te rm in a t io n  of the non 

m ethy la ted  p o s i t io n s ,  in the p a r t i a l  ly methyla ted  m o n o s a c c h a r id e s ,  

often y ie ld s  in fo rm a t io n  co n c e rn in g  the posi t ions of in te r g ly c o s id ic  

l inkages  and r i n g  s iz e s  of  the const i tuent  s u g a rs .  C l a s s i c a l l y  such  

d e te rm in a t io n s  invo lved  s e p a ra t io n  of  m ix tu res  of p a r t i a l  ly 

m e thy la te d  s u g a r s  by column c h ro m ato g r  aphy ^ A ,5 3  o r  

d is t i l l a t io n  in q u a n t i t ie s  s u f f i c ie n t  f o r  subsequent  chemical  

c h a r a c t e r  isa t ion  and q u a n t is a t io n .  S u ch  p r o c e d u re s  w e r e  not  

only  a rduous  but r e q u i r e d  la r g e  qu an t i t ies  of meth y la ted  

p o l y s a c c h a r id e s .  In r e c e n t  y e a r s  the app l ica t ion  of combined gas  

c h ro m a to g r  aphy -  e le c t r o n  impact mass s p e c t r o m e t r y  ( g c - m s )  has  

g r e a t l y  f a c i l i t a t e d  such d e te rm in a t io n s  w i th  only  v e r y  small  

q u a n t i t ie s  of  m e th y la te d  pol y s a c c h a r  ide being r  e q u i r e d  I t  is

usual  p r a c t i c e  to t r a n s f o r m  the m ethy la ted  s u g ars  ob ta ined  by 

h y d r o ly s is  of  the m ethy la te d  p o ly m er  into c o r re s p o n d in g  

O -  ace ty l  -  O -  methyl  -  a ld i to ls  by re d u c t io n  and a c é ty la t io n .  T h is  

r e s u l t s  in the e l im in a t io n  of p o ss ib le  ^  i so m e r is m  (hence giv ing  

r i s e  to less  c o m p l ic a te d  c h ro m a to g ra m s )  and p r o v id e s  f o r  su f f ic ie n t  

v o l a t i l i t y  and s u i ta b le  subst i tuen ts  f o r  the f a d  I itation of  mass  

s p e c t r o m e t r i c  a n a ly s is .  T h e  pos i t ions  of  a ce ta te  and methoxyI  

groups in the r e s u l  t ing O -  a ce ty l  -  O -  methyl -  a l d i t o l s , a s c e r ta in e d  

by a n a ly s is  of  the r e s u l t i n g  mass s p e c t r a ,  ind ica te  which  posit ions  

a r e  in v o lve d  in r i n g  f o r m a t io n  and through w hich  pos i t ions  l inkages  

o c c u r  in the c o nst i tuen t  r e s id u e s  of the p a re n t  po ly m er  although it 

is not a lw a y s  p o s s ib le  to d i f f e r e n t i a t e  between the p o s s ib i l i t i e s .

T h e  s ucce ss  of  this method r e l i e s  upon the s imple  fa c t  that the 

s u b st i tu t iona l  p a t t e r n  in an O -  a c e t y l - O - m e t h y l  -  a ld ito l  d ic ta tes  

i t s ’modes of f r a g m e n ta t io n  d u r in g  e le c t r o n  impact ms. T h e  c h a r g e -  

r a d ic a l  g e n e r a t e d  by e le c t r o n  impact can r e s i d e  on the e th e r  oxygen  

atom of a methoxyl  g roup  and be r e l a t i v e l y  s t a b i l i s e d  by the 

induct ive  e f fe c t  of  the methyl g roup .  U n d e r  the condi t ions of 

e le c t r o n  impact n o r m a l l y  employed (ca.  80 e V  ) exce ss  e n erg y  

tends to p rom ote  f ra g m e n ta t io n  of the m o lec u la r  ion -  r a d ic a l  in
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the case  of  O -  acety l  -  O -  methyl a ld i t o ls ,  norm a l  I y by f is s io n  of the 

C  -  C  bond between  the C  atom c a r r y i n g  the c h a rg e d  e th e r  O atom 

and an a d jac en t  C  atom. T h i s  r e s u l t s  in the fo rm a t io n  of a c h arge d  

f r a g m e n t  (de te c ted  a cc o rd in g  to its *^ /e  r a t i o )  and a f r e e  r a d ic a l .

I t f o l lo w s  that f ra g m e n ta t io n  betw een ad jacen t  C  atoms that both 

c a r r y  a methoxyl  group o c c u rs  most r e a d i l y  ( F i g .  I V .  2. a. ).

B e c a u s e  of the e l e c t r o n - w i t h d r a w i n g  e f fe c t  of  the carbony l  group  

a d ja c e n t  to the e s t e r  oxygen atom in an a c e ta te  g r o u p ,  the c h a r g e -  

r a d i c a l  is not so r e a d i l y  accommodated at  an e s t e r  O atom.  

C o n s e q u en t ly  f i s s io n  between ad jac en t  C  atoms c a r r y i n g  methoxyl  

and a c e ta te  groups  in v a r ia b ly  r e s u l t s  in the f ra g m e n t  c a r r y i n g  the 

methoxyl  g roup  being detected  as the c h a r g e d  sp ec ie s  (F ig .  IV .

2. b.  ).  W h e r e  ad jacen t  C  atoms both c a r r y  a c e ta te  g ro u p s ,  it 

fo l lo w s  that fo rm a t io n  of the i o n - r a d i c a l  and subsequent C  -  C  

bond f i s s io n  r a r e l y  o c c u rs  ( F ig .  I V .  2. c.  ) .

C h a r g e d  spe c ie s  that r e s u l t  f r o m  f ra g m e n ta t io n s  of  m o lecu la r  io n -  

r a d i c a l s  a r e  te rm ed  p r i m a r y  f ra g m e n ts  and a r e  c h a r a c t e r i s t i c  of a 

p a r t i c u l a r  subst i tu t iona l  p a t te rn  in the O -  a c e t y l - O  -  m e t h y l -  

a l d i t o l ,  a l though l i t t l e  o r  no ind ica t ion  of s t e r e o c h e m is t r y  can be 

g a in e d  by this method. In add i t io n ,  s e c o n d a r y  f ra g m e n ts  can a r i s e  

f r o m  p r i m a r y  f ra g m e n ts  by the s in g le  o r  co n s e c u t iv e  loss of n e u tra l  

m o lec u le s .  E xa m p le s  of commonly e n c o u n te re d  p r i m a r y  and 

s e c o n d a r y  f ra g m e n t  fo rm a t io n  a r e  g iven  in F i g .  I V .  3.

I t w as  d e c id e d ,  in this s tudy ,  to a ttempt  the c h a r a c t e r  isat ion of  

the f r u c t a n s  e la b o r a t e d  by S .  s a l i v a r i u s  s t r a in s  51 , A T C C  1 341 9 

and N C T C  8505 by gc -  ms of the O -  ace ty l  -  O -  methyl -  hex i to ls  

d e r i v e d  f r o m  the m ethy la te d  f r u c t o s e s , the h y d r o ly s is  products  of 

the m e th y la te d  f r u c t a n s .  S a m p le s  of  the p o ly s a c c h a r id e s  w e r e ,  

t h e r e f o r e ,  c o n v e r te d  to O -  acety l  -  O -  methyl  -  hex  i to I m ix tures  

a s ' d e s c r i b e d  in sec t ion  I l I . D ,  T h e  m ix t u r e s  w e r e  sub jec ted  to 

g c - m s  as d e s c r ib e d  in I I .  J. i i .  , the r e s u l t i n g  gas chrom atogram  

and mass s p e c t r a  being shown in F i g s .  I V .  4. and I V .  5 . re spec t ive ly .
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F i g u r e  IV .  2, i o n - r a d i c a l  s ta b i l i s a t io n  and modes of p r im a r y  

f ra g m e n ta t io n  in O -  acety l  -  O -  methyl  -  al di toi s,

—C—OMc

C—OMe 
1

“-C-rÔ~Me
\J

“  G—0 ~M 0

C = 0 ~Me
+

C -O M e

1
—C — 0  M e  

—C— 0  A c

C~Tf Ô~Me
J

C— 0  Ac

C = 0 -M e
+

- C - O A c
1

- 6 - OAc

C—0  Ac
I

Difficult ~9“ 0 -Ac

-C—OAc
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F i g u r e  IV .  3. P r i m a r y  and secondary  f raqmentr i t ion modes in 

O -  acety l  -  O methyl -  aid  i tols
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F i g u r e  IV .  4. Gas chrom atogram  of O -  ace ty l  -  O -  methyl -  hexi to l  

m ix t u re  d e r iv e d  f ro m  the f r u c t a n  of 5 .  sal  iva r ius  

s t r a in  51

O V 2 2 5  37o
CHROM ASORB Q 8 0 - 1 0 0 m esh  
2 0 0 "
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F i g u r e  IV .  5. E l e c t r o n  impact mass s p e c t r a  of O -  acetyl  -  O -  methyl  -  

h e x i to ls  d e r iv e d  f r o m  S .  s a l i v a r i u s  f ru c ta n s

101

87

l j _ i

71

99 101

J

129

145

161

Compound X X X I I  

(component 1 , 

F i g .  IV .  4 . )

ll iL .. _J_________ I

2 05

129

145

JlJ i I L l

161

L_jJ

189
Compound X I V  

a n d / o r  X V  

(component 2,  

F i g .  IV .  4. )

2 0 5  233

129

189

Compound X X X I I I  

(component 3,  

F i g .  IV .  4. )

233205
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T a b l e  IV .  2. C h r o m a t o g r a p h ic  p r o p e r t i e s  and e le c t r o n  impact mass  

s p e c t r o m e t r  ic a n a ly s is  of O -  acety l  -  O -  methyl  -  

h e x i to ls  d e r iv e d  f r o m  the f r u c t a n s  of S ,  s a l i v a r iu s

Component R tmg

M ass  s p e c t r o m e t r y

p r i m a r y *  and  

s ec o n d a ry  

f r a g m e n ts  (m /e )

pos i t ions  of  

methoxyl  groups  

in O -  acety l  -  O ■ 

methyl  -  hexi to l

P a r e n t  s t ru c tu ra l  

unit

0.  79

1. 70

3. 95

4 5 ,  71, 8 7 ,  101 ,  

1 2 9 , 1 4 5 , 1 6 1 .  

205

4 5 , 7 1 , 8 7 , 9 9 ,  

1 0 1 , 1 2 9 , 1 4 5 ,

1 6 1 , 1 7 3 , 1 8 9 ,  

2 0 5 , 233

8 7 , 9 9 , 1 2 9 , 1 8 9 , 

233

1 , 3 , 4 , 6  ( X X X I I )

1 , 3 , 4  ( X I V )

o r

3 , 4 , 6  (X V )

3 , 4  ( X X X I I I )

n o n - re d u c in g  D -  

f ru c to f u ra n o s y l  

te rminus  ( X X X I V )

D  -  f r u c t o f u r  anose  

I inked through  

posit ions 2 and 6 (V  

or

D -  f r  uc top yr anose  

I inked through  

posi t ions 2 and 5 

( V I  )

D -  f r u c t o f u r  anose  

l inked through  

posit ions 1 and 2 

( X X X V )

D  -  f ru c to f  ur  anose  

l inked through  

posit ions 1, 2 and 6

( X X X V I )

or
p - f r u c to p y r a n o s e  

l inked through  

posi t ions 1, 2 and 5

( X X X V I I )

*  P r i m a r y  f ra g m e n ts  u n d e r l in e d
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T h e  mass s p e c t r a l  in t e r p r e t a t io n s  and r e te n t io n  t imes of the  

components r e l a t i v e  to the r e f e r e n c e  compound 1 , 5 - d i - O -  

acety l  -  2 , 3 , 4 , 6 - t e t r a - O  -  methyl -  g lue i toi (m ea su re d  as d e s c r ib e d  

in 11, J. i i i ,  ) a r e  g iv e n  in T a b l e  I V ,  2,

I t  is e v iden t  that upon sub jec t ing  the th r e e  f r u c t a n s  to the sequence  

of r e a c t io n s  d e s c r i b e d  in I I I ,  D ,  , 2 , 5 - d i - O  -  ace ty l  -  1 , 3 , 4 ,  6 -  

t e t r a  - O -  methyl  h e x i to l  ( X X X I I  ) ,  2 ,  5 ,  6 -  t r i  -  O -  ace ty l  - 1 , 3 , 4 -  

t r  i -  p  -  methyl  h e x i to l  ( X I V  ) a n d / o r  1 , 2 , 5 - t r i - O  -  ace ty l  -

3 , 4 , 6  - t r  I -  p -  me thy I hex i to l  ( X V  ) and 1 , 2,  5 ,  6 -  t e t r  a -  p -  

acety l  -  3 , 4  -  di -  P  -  methyl  hex i to l  ( X X X I I I  ) a r e  p rod u ce d .

C H ^ O M e

2 0 5 ____

" f
C H  O A c

- 4-
C H  OMe  

4 ------------
C H O M e

C H O A c

- f -
C H ^ O M e

45

161
161

45

233

205

C H ^ O M e

C H  O A c  

C H  OMe

■ t -
C H  OMe
4 -
C H O A c
I

C H ^ O A c

45

161
189

X X X I I X I V

205

2 3 3 ______|_

C H „ O A c
I ^

C H  O A c

4"
C H  OM e

- f -
C H  OM e

C H  O A c

4 -
C H  ̂ OMe

1 89
161

45

233

233

C H _ O A c
I "

C H  O A c
-4 -

C H  OM e

" t
C H O M e

-4 -
C H  O A c

C H ^ O A c

189
189

X V X X X I I I
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Compound X X X I I  must have o r ig in a t e d  f r o m  D - f r u c t o f u r a n o s y !  

n o n - r e d u c i n g  te rm in a l  units  ( X X X I V )  in the p a r e n t  p o ly s a c c h a r id e .  

Compounds X I V  and X V ,  which  a r e  ind is t in g u is h a b le  by mass  

s p e c t r o m e t r  ic a n a ly s is  s in ce  they would  both g ive  r i s e  to the same  

f r a g m e n t s ,  a r e  r e s p e c t i v e l y  in d ica t iv e  of D  -  f r u c t o f u r  anose re s id u e s  

l in ke d  through pos i t ions  2 and 6 (V )  o r  p y ra n o s e  r e s id u e s  l inked  

th rough po s i t io n s  2 and 5 (V I )  J  and D - f r u c t o f u r a n o s e  re s id u e s  

l in ke d  through pos i t ions  2 and 1 ( X X X V ) ,  Compound X X X I I I  is 

e v id e n c e  of b ra n ch in g  D  -  f r u c t o f u r  anose r e s id u e s  l in ked  through  

p o s i t ions  2 ,  6 and 1 ( X X X V I )  o r  D - f r u c t o p y r a n o s e  re s id u e s  l inked  

th rough p o s i t ions  2 ,  5 and 1 ( X X X V I l ) .

HOCH Q -----

HO.

OH

O ------

HO
CHgOH

OH

X X X I V V

0 \  o —

HO

OH
V I

HOCH O ------

HO
CH

X X X V

 C H o -

HO

HO

X X X V I

HO

C H 2

HO

XXXV11
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I t  might have been expec te d  that each hexi to l  d e r i v a t i v e  would  be 

p r e s e n t  in the e p i m e r i c  gluco -  and manno -  c o n f ig u ra t io n s  s ince  

r e d u c t io n  of a ketose  g e n e ra te s  a new c h i r a l  c e n t r e  at C  -  2, 

H o w e v e r ,  under  the e x p e r im en ta l  condi t ions em ployed ,  the two 

f o r m s  of each hexi to l  d e r i v a t i v e  w e r e  not s e p a r a t e d ,  in agreem ent  

w i th  the f ind ings  of K u b b e r^ d .

T h e  c h ar  a c t e r  isat ion of  the f r u c t a n s  depended,  then,  upon 

d e te rm in in g  w h e th e r  the t r  i -  O -  acety l  -  t r  i -  O -  methyl -  hexi to l  

d e r i v a t i v e  was X I V  o r  X V .  A  p ro b le m  of this n a tu re  was r e s o l v e d  

by L i n d b e r g  and c o - w o r k e r s  by the in t roduc t ion  of a deu te r iu m  

label  at C  -  2 dur ing  the r e d u c t io n  step of  the méth y la t ion  a na ly s is  

us ing sodium b o r o d e u te r id e  (see S e c t io n  I . B .  , p. 28 ). Upon  

adopting this m od i f ica t ion  ( I I I .  E .  ) f o r  al l  th re e  f r u c t a n s ,  the 

t r  i -  O -  acety l  -  t r  i -  O -  methyl -  hexi to l  was  estabi  ished as being  

2 -  d -  2,  5 ,  6 -  tr  i -  O -  ace ty l  - 1 , 3 , 4 - t r i - O  -  methyl -  hexi to l  ( X V I ) , 

the p a r t i a l  mass s p ec t ru m  of this compound being

_ W _ M ® __________ 45

C D O A c

" h
C H O M e

- [ ---------------------
C H O M e

■4 -
C H O A c

233

206

162

1 89

C H ^ O A c

X V I

shown in F i g ,  IV .  6. T h e  n o n - t e r m i n a l ,  n o n -b ra n c h in g  re s id u e s  

in the th r e e  p o ly s a c c h a r id e s  a r e ,  t h e r e f o r e ,  D  -  f r u c t o f  u r  anose  

r e s i d u e s  l inked  through pos i t ions  2 and 6 (V )  o r  D -  f r u c t o p y r  anose  

r e s i d u e s  l inked  through p os i t ions  2 and 5 ( V I ) .

T h e  d e te rm in a t io n  of r i n g  s i z e  (and hence l inkage  posi t ion) of such  

r e s i d u e s  is not p o s s ib le  by the above p r o c e d u r e  and the re so lu t io n  

of this  p ro b le m  is dea l t  w i th  a f t e r  a d iscuss ion  of the de gree  of 

b ra n c h in g .
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F i g u r e  IV .  6. P a r t i a l  e le c t r o n  impact mass spec trum  of

2 - d  -  2 , 5 , 6  -  tr  i -  O -  ace ty l  -  1 , 3 , 4  -  t r  i -  O -  me thy I

hex i to l  ( X V I )
\29

162

189
87

10245

146

206 233

H j C O M e

“ 1 ---------------------
DCOAc 

HCOMe
“ f --------------

HCOMe 

HCOMe ‘

162
189

H 2 C O A C

X V I
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I V . B .  i i .  D e g r e e  of b ra n c h in g

It has been e s ta b l is h e d  that the f r u c t a n s  of this inves t iga t ion  

a r e  b ra n c h e d  p o ly m e rs .  T h e  " d e g r e e  of b ra n c h in g "  

(p r o p o r t io n  of al l  r e s id u e s  that a r e  b ra n ch in g  r e s id u e s )  in a 

pol y s a c c h a r  ide composed of hexosyl  re s id u e s  can be 

d e te rm in e d  by m easurem ent  of the p ro p o r t io n  of  d e r iv e d  

O -  acety l  -  O -  methyl  -  h e x i to ls  that a r e  t e t r a  -  O -  acety l  -  

di -  O -  methyl  -  hex! to ls  ( d e r iv e d  f ro m  b ranch ing  r e s i d u e s ) .  

S u ch  d e te rm in a t io n s  w e r e  c a r r i e d  out f o r  the t h r e e  f r u c t a n s  

of the in v e s t ig a t io n  by e l e c t r o n i c  in teg ra t io n  of the peaks  in 

the c h ro m a to g ram s  of the hex i to l  d e r iv a t i v e s  as d e s c r ib e d  

in I I .  J .  i i i .  A n  equal  w e ig h t - r e s p o n s e  theory  was  assumed:

i . e .  m e a s u re d  peak a r e a s  w e r e  taken to be p ro p o r t io n a l  to 

the w e ig h ts  of  components as d e tected  by f lam e  io n is a t io n ,  

thus a l lo w in g  the m o lar  r a t i o s  of  the th r e e  O -  a c e t y l - O -  

methyl  -  h e x i to ls  to be c a lc u la t e d .  S u ch  an assumpt ion has  

been e x p e r im e n t a l  ly shown to y ie ld  r e s u l t s  of re a s o n a b le  

a c c u r a c y  (p e rh ap s  5 % )  f o r  such d e r iv a t i v e s  w h e re a s  f o r  

o th e r  d e r i v a t i v e s  e . g .  analogous p a r t i a l  ly ethyl a ted hexi to l  

a ce ta te s  the E f f e c t i v e  C a rb o n  R e s p o n se  th e o ry  g iv es  a 

h ig h e r  d e g r e e  of  a c c u r a c y .^

F r o m  the r e s u l t s ,  w hich  a r e  g iven  in T a b l e  IV .  3. , it is 

ev id e n t  that the m o la r  r a t i o  of  t e t r a  - O  -  acetyl  -  di -  O -  

methyl  -  h e x i to l  to di -  O -  acety l  -  t e t r a  - O  -  methyl -  hexi to l  

is not in e v e r y  case  un i ty .  T h e s e  d e p a r t u r e s  f r o m  the 

e xp e c te d  r a t i o  of  the two components w e r e  due to the 

i n t e r f e r e n c e  of  s p u r io u s  p e a k s ,  d e r i v e d  f ro m  the re a g e n ts  

em p lo yed ,  in the r e g io n  of the di -  O -  acety l  -  t e t r a  -  O -  

methyl  -  h e x i to l  peak .  Remethy  lat ion of por t ions  of the  

m e th y la te d  f r u c t a n s  fo l lo w e d  by the same sequence of 

r e a c t i o n s  r e s u l t e d ,  h o w e v e r ,  in no change in the m o la r  

r a t i o  of  the t e t r a  - O  -  acety l  -  di -  O -  methyl -  hex i to l  to the 

t r  i - O  -  a ce ty l  -  t r i  - O  -  methyl -  h e x i to l .  T h e r e f o r e  the 

m é th y la t io n s  w e r e  concluded to be complete .  D e g r e e s  of 

b ra n c h in g  and num bers  of  re s id u e s  in a v e ra g e  re p e a t in g  

units  w e r e  c a lc u la t e d ,  the r e s u l t s  a p p e a r in g  in T a b l e  I V .  3.
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T a b l e  I V .  3.  M o l a r  r a t i o s  of O -  ace ty l  -  O -  methyl  -  h e x i to ls  ;

d e g re e  of  b ra n ch in g  and a v e r a g e  r e p e a t in g  unit s iz e  

of the f r u c t a n s  e la b o r a t e d  by s t r a in s  of  S .  sal  iv a r  ius
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T h e  f r u c t a n  e la b o r a t e d  by N C T C  8606  [ the  s t r a in  which

d is p la y e d  the s lo w e s t  r a t e  of levan synthes is  (see F i g .

IV .  1 . ) ]  , wh ich  was s yn th es is ed  unde r  condit ions of

h ig h e r  s u b s t r a t e ,  enzyme and p ro d u c t  co n cen tra t io n

(in a d ia ly s is  tube as d e s c r ib e d  in I I I . A .  i i i . )  is b ran ch e d

to the g r e a t e s t  e x tent  ( 1 2 . 3  %) .  T h i s  f ind ing  suppor ts
1 1 9that of R a p o p o r t  and D e donder  , who noted that high  

enzyme c o n c e n t ra t io n s  cause an in c re a s e  in d e g re e  of  

b ra n c h in g  d u r in g  th e i r  w o r k  on the le v a n s u c ra s e  of  

Ba c i  I lus subti  I is (see sect ion  I . C .  , p. 48) .

I V . B .  i i i .  R in g  s i z e  of  n o n - t e r m in a l  D  -  f r u c t o s e  re s id u e s

H a v in g  e s t a b l is h e d  that the f r u c ta n s  e la b o r a te d  by s t r a in s  

of 5 .  sal  i v a r  ius a r e  b ra n c h e d  po ly m ers  possessing  D -  

f r u c t o f u r a n o s y I  units  at  chain  ends ( X X X I V ) ,  the p ro b le m  

of r i n g  s i z e  of n o n - t e r m in a l  r e s id u e s  re m a in e d  to be solved.  

C i r c u m s t a n t ia l  e v id e n c e ,  v i z .  the fa c t  that these p o ly m ers  

a r e  e n z y m a t ic a l l y  s y n th es is ed  ^  in i t io  s u c ro s e  ( ^ -  D -  

f r u c t o f u r a n o s y l  -  o< -  D -  g lu c o p y r a n o s id e ,  X X V )  and the  

f u r t h e r  fa c t  that C and ida  uti  I is in v e r t a s e  (a h y d r o la s e  

s p e c i f i c  f o r  -  D -  f r u c t o f u r a n o s i d i c  l inkages) h y d ro ly s e d  

the f r u c t a n  of S .  sal  iv a r  ius s t r a in  51 (see la t e r  , IV .  D .  iv. b. ),  

suggest that they possess D  - f r u c t o f u r a n o s e  r e s id u e s .  P r i o r  

to this p r e s e n t  inv es t iga t ion  th e r e  has been ,  to the a u th o r 's  

k n o w le d g e ,  no unambiguous chemical  p ro o f  of r i n g  s i z e  in

b a c t e r i a l  f r u c t a n s  (a d iscuss ion  of the w o r k  of H i b b e r t  et  
23a I. , in this co n tex t ,  is g iven in S e c t io n  I . B .  , p. 17) . It 

was c o n s id e r e d  t h e r e f o r e  e s s e n t ia l ,  as p a r t  of this  

i n v e s t ig a t io n ,  to d e t e r m in e , by chemical  means, the r in g  

s iz e  of n o n - t e r m in a l  re s id u e s .

T o  a cc om pl ish  this  it was n e c e s s a r y  to obtain  a 

d i s a c c h a r i d e  p r e p a r a t i o n ,  as d e s c r ib e d  in I I I .  F .  i. , f rom,  

a p a r t i a l  a c id  h y d r o ly s a te  of one of the f ru c ta n s  (the most 

a b u n d a n t , that  of  s t r a i n  51) and to d e te rm in e  the pos i t ion  

of l in kag e  to the red u c in g  group .  S i n c e  it is most l i k e ly
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that a random  d e g r a d a t iv e  p ro c e s s  such as a c id  h y d r o ly s is  would  

l i b e r a t e  o l ig o s a c c h a r id e s  f r o m  al l  p a r ts  of the p o ly s a c c h a r id e  

m o le c u le ,  the r e s u l t s  would  r e f l e c t  pos i t ions  of l inkages  and hence  

r i n g  s i z e  of the const i tuent  D - f r u c t o s e  r e s i d u e s .

I t was  c o n c e iv ed  that the f o l lo w in g  sequence  of re a c t io n s  : -

D i s a c c h a r i d e  p r e p a r a t i o n

1) r e d u c t io n  w i th  N a B D ^

2) m éthy la t ion

3) h y d r o ly s is

4) r e d u c t io n  w i th  N a B D ^

5) a c é ty la t io n

2 - d - O  -  a c e t y l - O  -  methyl  -  hex i to ls

wo u ld  y i e l d ,  in addi t ion  to 2 - ^ - 2 , 5 - d i  -  O -  ace ty l  -  1, 3 , 4 ,  6 -  t e t r a  -  

O -  methyl  - h e x i t o l  ( X X X I I )  f r o m  n o n - r e d u c i n g  f r u c to f u r a n o s y l  groups  

( X X X I V ) , a 2 -  ^ - O  -  acety l  -  pen ta -  O -  methyl  -  hexi to l  w i th  the aceta te  

g roup  at C - 6  ( X X X V I I l )  o r  C  -  5 ( X X X I X )  depending upon the posit ion  

of the l inkage  in the d is a c c h a r id e .

C H « O M e
^ 45

5Ô5'

T6T'

■±

:DOMe  

C H O M e  

C H O M e

_90

134

117"  T
C H O M e

C H ^ O A c

C H ^ O M e  4 5

" I - - - - - - - - - -
C D O M e

205""1
C H O M e

TôT"”]
C H O M e

" +
C H O A c

45 h
C H ^ O M e

45 C H „ O A c  
1 2 

C D O M e  
_ L _______ 118

90 117 1
C H O M e  

_ I___ 162
134 133 r

C H O M e  
_ 1 _ _ _ 206

178 89

45

1
C H O M e

C H ^O M e

X X X V I I l X X X I X X L

It  is e v id en t  that compounds X X X V I I l  and X X X I X  could  be d i f f e r e n t i a t e d  

by mass s p e c t r o m e t r y  s in ce  the f r a g m e n t  117 can only o r ig in a t e  

f r o m  the f o r m e r .
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T h e  d is a c c h a r id e  p r e p a r a t i o n  was  su b jec ted  to the sequence of  

r e a c t io n s  above as d e s c r ib e d  in I I l . H .  T h e  r e s u l t in g  m ix t u r e  of  

2 - d - O - a c e t y l  -  O -  methyl  -  h e x i to ls  was  a n a ly s e d  by gc -  m s , as 

d e s c r ib e d  in I I .  J,  i i .  , the r e s u l t i n g  gas c h ro m ato g ram  and p a r t i a l  

mass s p e c t ru m  of component 1 = 0.  50) being shown in F i g s ,

I V .  7 and I V .  8. r e s p e c t i v e l y .  C h ro m a to g r a p h ic  and mass 

s p e c t r o m e t r  ic data  is g iven  in T a b l e  I V .  4.

T a b l e  IV .  4. C h r o m a t o g r a p h ic  p r o p e r t i e s ,  mass s p e c t ro m e tr  ic

a n a ly s is  and s t r u c t u r a l  s ig n i f ic a n c e  of 2 - d - O - a c e t y l  

O -  methyl  -  h e x i to is d e r iv e d  f ro m  the b o ro d e u te r id e  

re d u c e d  d i s a c c h a r id e  p r e p a r a t io n .

M ass  s p e c t r o m e t r y

Component ^ tm g

p r  imar  y 

f ra g m e n ts  m / e

pos i t ions  of 

methoxyl  groups

S t r u c t u r a l  unit  

in d is a c c h a r id e

1 0. 50

4 5 . 9 0 . 1 1 7 ,  

1 3 4 , 1 6 1 , 1 7 8 ,

205

4 5 . 8 9 . 1 1 8 ,  

1 3 3 , 1 6 2 , 1 7 7 ,

206

1 . 2 . 3 . 4 . 5  

( X X X V I I l )

2 . 3 . 4 . 5 . 6  

( X L )

P  -  f r u c t o f u r  anose  

1 inked through  

C - 6

P  -  f r u c t o s e  

1 inked through  

C -  1

2 0.  79 4 5 , 1 6 1 , 1 6 2 ,  

2 0 5 , 2 0 6

1 , 3 , 4 . 5 n o n - r e d u c in g  

p  -  f r u c t o f u r a n o s y  1 

group ( X X X I V )
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F i g u r e  IV .  7. Gas chro m ato g r  am of the 2 - d - O  -  ace ty l  - O  -  methyl  -  

hexi to l  m ix tu re  d e r iv e d  f ro m  the d is a c c h a r id e

p r e p a r a t i o n  obta ined f ro m  the f r u c t a n  of S .  sal ivar  ius

s t r a in  51

OV 225, 3%, ON 
CHROMASORB Q 
80-100 MESH

185
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F i g u r e  I V ,  8. P a r t i a l  e le c t ro n  impact mass s p ec tru m  of 2 - d - 6 - 0 -  

acety l  -  1 , 2 , 3 , 4 , 5 - p e n t a - O -  methyl -  hexi to l  ( X X X V I  ll) 

and 2 -  d -  1 -  O -  acety l  -  2 , 3 , 4 , 5 , 6 - p e n t a - O  -  methyl  -  

hexi to l  ( X L )  ( ra t io  ca ,  4; 1 )
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T h e  r e s u l t s  obta ined  ind ica te  component 2 ,  R .  = 0 . 7 9 ,  to be the' tmg *
e xp e c te d  compound X X X I I , d e r iv e d  f r o m  te rm ina l  n o n - re d u c in g  

P  -  f r u c t o f u r  anosy I units ( X X X I V ) .  Component 1, R ^^^=  0 . 5 0 ,  

a p p e a rs  to be a m ix tu re  of  2 -  d -  6 - O  -  acety l  -  1 , 2 ,  3 , 4 ,  5 -  penta -  

O -  methyl -  hexi to l  (X X XV I11 )  and 2 - ^ - 1 - 0  -  ace ty l  -  2,  3,  4 ,  5 ,  6 -  

penta  -  O -  methyl -  hexi to l  ( X L ) , these compounds being d e r iv e d  f ro m  

the r e d u c in g  groups of 6 - 0  -  ^  -  D  -  f r u c to f u r a n o s y l  -  D -  

f r u c t o f u r  anose ( le v a n b io s e ,  X L I )  and 1 -  O -  - D - f r u c t o f u r a n o s y l -  

P  -  f r u c t o s e  ( in u lo b io s e ,  X L I I ) .

S i n c e ,  in the mixed mass s p e c t ru m  of compounds X X X V I I l  and X L  

( F i g .  I V .  8. ) abundances of f r a g m e n ts  d e r iv e d  f ro m  each ( re s p e c t i v e ly  

^ / e  90 and 8 9 ,  117 and 118 ,  134 and 133 ,  161 and 162,  178 and 177)  

a r e  in the a p p ro x im a te  r a t i o  4 : 1 r e s p e c t i v e l y ,  it fo l lo w s  that  

l ev an b io se  ( X L I )  and inu lob iose  ( X L I I )  a r e  p r e s e n t  in the 

d i s a c c h a r i d e  p r e p a r a t i o n  in s i m i l a r  p r o p o r t io n s ,  Inu lobiose is 

undoubted ly  p r e s e n t  as a r e s u l t  of  h y d r o ly s is  of the 2 — > 6  l inkages  

on e i t h e r  s ide  of  a b ra n ch in g  r e s i d u e .

HOCH

HO

OH

CH

OH
X L I

HOCH
OH

HO

CH

OH
HOCH

HO

OH

X L I I
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I t can be concluded that the f r u c t a n  is composed of D -  f r u c t o f u r  anosyl  

units  at chain  en d s ,  and D - f r u c t o f u r a n o s e  r e s id u e s  l in ke d  th rough  

pos i t ions  2 and 6 and 2 , 6  and 1. In addi t ion to ro ta t io n a l  e v id e n ce  

(T a b le  IV .  1. , p. 101 ) ,  h y d r o ly s is  by in v e r ta s e  (see sec t ion  IV .  D.  

iv .  b. ) suggests  the a n o m e r ic  c o n f ig u ra t io n  to be of  the -  type.  

T h e  f r u c t a n  e la b o r a t e d  by S .  s a l i v a r i u s  s t r a in  51 h as ,  t h e r e f o r e ,  

been shown to comply  w i th  the de f in i t ion  of a levan given in I.  A .

I t is b e l ie v e d  that these  r e s u l t s  const i tu te  the f i r s t  chemical  

c h a r a c t e r  isa t ion  of  a levan .  A n  a v e r a g e  re p e a t in g  uni t  of the levan  

e la b o r a t e d  by S .  s a l i v a r i u s  s t r a i n  51 is shown in F i g .  I V .  9, A s  

the o th e r  f r u c t a n s  of  th is  inves t ig a t io n  a r e  synthes ised  by s t r a in s  

of the same spe c ie s  f r o m  the same s u b s t ra t e  and, in addi t ion  to 

y ie ld in g  the same O -  acety l  - O  -  methyl  -  hex i to ls  upon m éthy la t ion  

a n a ly s is ,  possess  s i m i l a r  s p e c i f i c  r o t a t io n s ,  it was thought  

re a s o n a b le  to c onc lude  that th e y ,  l i k e w is e ,  a r e  t ru e  b a c t e r ia l  

levans .
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F i g u r e  I V ,  9. L e v a n  of S .  s a l i v a r l u s  s t r a in  51 ; A v e r a g e  re p e a t in g  

un i t

CO,
X

csl CXI
(X I

CN

(O O
X
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I V ,  C ,  M o l e c u la r  W e ig h t  D e te r m in a t io n s

H a v in g  e s tab l is h e d  that the p o ly s a c c h a r id e s  of this 

in v es t ig a t io n  a r e  lev an s ,  it was  c o n s id e r e d  n e c e s s a r y  to 

obta in  In fo rm at ion  r e la t i n g  to t h e i r  m o le c u la r  weights .
P r e v i o u s  s tud ies  , 46 ,  51 , 5 6 ,  59 (ggg S e c t io n  1, B ,  ) have  

suggested  that m o lec u la r  w e ig h ts  of b a c t e r i a l  f ru c ta n s  can 

be e x t r e m e ly  high.

In g e n e r a l ,  e n z y m ic a l ly  s y n th e s is e d  p o ly s a c c h a r id e s  a r e  

p o ly d is p e r s e d  m a t e r i a ls  w i th  m o le c u la r  s iz e s  and weights  

being d is t r ib u te d  o v e r  a r a n g e  of v a lu e s .  In addi t ion ,  the re  

can of ten be some doubt as to w h e th e r  the e x t re m e ly  high 

v a lu e s  f o r  m o le c u la r  w e ig h t s ,  somet im es  obta ined by physica l  

methods,  r e p r e s e n t  t ru e  m o le c u la r  w e igh ts  o r ,  in f a c t ,  p a r t i c l e  

w e ig h ts  of  aggregat ions  of m o le c u le s .  T w o  physical  methods,  

v iz .  gel f i l t r a t i o n  and s e d im e n ta t io n ,  w e r e  used to de te rm ine  

the m o le c u la r  we ights  of the levans  of this investiga tion .  

B e c a u s e  of poss ib le  doubt m ent ioned above ,  it was f e l t  

j u s t i f i e d  to make use of c e r t a i n  assumptions and approx im at ions  

lead ing  to app ro x im ate  v a lu e s  f o r  a v e r a g e  m olecu la r  we ights .

I V .  C .  i .  Gel  f i l t r a t i o n

Gel f i l t r a t i o n  is a technique that s e p a r a t e s  molecules  

e s s e n t i a l l y  a ccord ing  to p hy s ica l  s i z e .  S u i t a b le  gels contain  

i n t e r s t i c e s  o r  po res  of v a r y i n g  s iz e s  that tend to h inder  the 

p a ssage  of molecules  through the g e l .  T h u s  la rge  m o lecu les ,  

above a c e r t a i n  s i z e ,  may pass  th rough the gel unhindered  and,  

if a p p l ie d  to a g e l - f i I t r a t i o n  co lum n,  be exc luded  f rom  the 

column,  em erg in g  in the vo id  vo lume.  S m a l l e r  molecules w i l l  

be r e t a r d e d  by the gel m ore  o r  less  a cc o rd in g  to the f r a c t io n  of 

p o re s  that can accommodate them. Conse quen t ly  the smal les t  

m olecu les  w i l l  be the last  to e m e rg e  f r o m  the ge l .  Gel  

f i l t r a t i o n  media a r e  a v a i l a b le  in a l a r g e  number of grades  each  

being able  to s e p a r a te  components w i th in  a c e r t a in  m o lec u la r
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w eig h t  r a n g e .  T h e  e x c lu s io n  l im i t  of a medium (the la r g e s t  s iz e  

m olecu le  that is r e t a r d e d )  depends upon the type (and shape) of 

m olecu les  being s e p a r a te d .  W hen  the technique  is employed fo r  

m o le c u la r  weight d e te rm in a t io n s  of poly  -  o r  mono -  d is p e rs e d  

substances  it is t h e r e f o r e  usual  to c a l i b r a t e  the gel f i l t r a t i o n  

column w i th  r e f e r e n c e  compounds of known m o lec u la r  we ight .  If 

s u i ta b le  r e f e r e n c e  compounds a r e  a v a i l a b le  the method is capable  

of y ie ld in g  f a i r l y  a c c u r a t e  r e s u l t s  f o r  m o le c u la r  weights  of unknown  

su b s tan c e s ,  these be ing "w e ig h t  a v e r a g e "  r e s u l t s  In the case of 

p o ly - d is p e r s e d  m a t e r ia ls .

It was  thought l i k e ly  that S e p h a r o s e  gels (P h a r m a c ia  A B ) ,  which  

c o n s is t  of s p h e r ic a l  beads of m odi f ied  a g a r o s e ,  and w hich  possess  

e x t r e m e ly  high ex c lu s io n  l im i ts  f o r  p o ly s a c c h a r id e s ,  might p ro v e  to 

be s u i ta b le  fo r  f r a c t i o n a t in g  the levans  of this inves t iga t ion .

T h e  levans  w e r e  s u b jec te d  to gel  f i l t r a t i o n  oh S e p h a r o s e  4 B and 2 B , 

as d e s c r ib e d  in 111. G. i. and 111. G.  i i .  , the re s u l t in g  e lu t ion  p ro f i l e s  

be ing shown in F i g s .  IV .  10. and IV .  1 1. r e s p e c t i v e l y .  It is evident  

that al l  th re e  levans  a r e  e x c lu d e d  f r o m  the column conta in ing  

S e p h a r o s e  4 B , w h ich  has a s ta te d  e xc lus ion  l imit  fo r  p o ly s a c c h a r id e s  

of 5 X 10^.  In the case  of  S e p h a r o s e  2 B , h o w e v e r ,  only  p a r t ia l  

ex c lu s io n  o c c u r s ,  this gel h a v in g  a s ta te d  exc lus ion  l im it  f o r  

p o ly s a c c h a r  ides of 20 x  10^.

If the p a r a m e t e r s  V  , V .  and V  a r e  c o n s id e re d ,  o ’ t e

w h e r e  V  = v o id  volume of the column  o
V^ = total  volume of the gel bed  

V  = e lu t ion  vo lume of the so lute

'  V  Vthen K = T- .Y-Qav
\ / t  -

w h e r e  K a v =  the f r a c t i o n  of the volume of the gel a v a i la b le  

to the so lu te
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F i g u r e  I V .  1 0.  Gel f i l t r a t i o n  e lu t ion  p r o f i l e  of an 5 .  s a l i v a r i u s  levan

( s t r a in  51) on S e p h a r o s e  4B
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F i g u r e  IV ,  1 1, Gel f i l t r a t i o n  e lu t ion  p r o f i le s  of 5 .  s a l i v a r i u s  levans  

on S e p h a r o s e  2B
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B e c a u s e  s u i ta b le  r e f e r e n c e  compounds w e r e  not a v a i la b le  f o r  the 

c a l i b r a t i o n  of  a column w ith  such a high e xc lus ion  l im i t ,  an in v e rs e  

I in e a r  r e l  a t ionship  was assumed  ̂ be tween and log^Q of an

a v e r a g e  m o le c u la r  w e ig h t ,  M W .

T h e n ,  I -  e x .  log^Q MW

A ss u m in g  = 0 at the s ta te d  ex c lu s io n  l im it  (20 x 10^) ,

then I -  = 1 . 0  when log^ ^ M W  = 7. 3

E x p e r im e n t a l  va lues  of ( T a b l e  IV .  5, ) w e r e  found f o r  the three

p o ly s a c c h a r id e s  and a p p ro x im a te  a v e r a g e  m o lecu la r  w e ig h ts .

M W ,  w e r e  c a lc u la te d  w i th  the e x p r e s s io n

log^Q MW (I -  K g J  X 7 . 3

T a b l e  IV .  5. Gel  f i l t r a t i o n  p r o p e r t i e s  of the levans e la b o ra te d  by

s t r a in s  of  5 .  s a l i v a r i u s  : a p p ro x im a te  m o lecu la r  w e ights  ^

S t r a i n V ^ ,  ml « a / ^ - K a v log^Q MW MW

A T C C  1 3419 —  50 0 (exc luded) 1 . 0 7. 30 20 X  10^

51 .—  55 0.  942 0.  058 6 .  8 8 7.  6  X 10®

N C T C  8606 ^ 6 5 0.  827 0.  173 6 . 0 4 1 . 2  X 10®

*  K c a lc u la t e d  f r o m  m e a s u re d  p a r a m e t e r s  f o r  column (using B lueav
D e x t r a n  2000  and D  -  g lucose)

V^ = 1 36.  5 ml

V  = 5 0 . 0  ml  o
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I V . C .  î i .  S e d im e n ta t io n

T h e  a n a ly t ic a l  u l t r a c e n t r i f u g e  enables the s ed im enta t ion  of 

s o lu te s ,  under  the in f luence  of a g ra v i ta t io n a l  f i e l d ,  to be 

m o n i to red .  T h i s  is accom pl ished  by pass ing  l ight th rough  

windows in the r o t o r  c e l l ( s )  and o b s erv in g  the r e f r a c t i v e  

boundary  c r e a t e d  by the m igra t in g  solute .  D i f f e r e n t i a t i o n  

of the r e f r a c t i v e  boundary  by S c h l i e r e n  opt ics r e s u l t s  in a 

m ig ra t in g  peak  be ing o b s e r v a b le ,  the shape of w h ich  being  

d e te rm in e d  by the homogeneity  of the so lute .  T h u s  h igh ly  

homogeneous,  high m o lec u la r  weight  m a t e r ia ls  such as 

c r y s t a l l i n e  enzymes w i l l  produce  sym m e tr ic a l  s h a rp  peaks  

w h e r e a s  p o ly d is p e r s e d  m a te r ia ls  can be expected  to produce  

som ewhat  b r o a d e r ,  less w el l  def ined pe ak s ,  the shape of  

w hich  depending upon the m o le c u la r  weight d is t r ib u t io n  of 

the s o lu te  in quest ion.

U s u a l l y  when a p o ly d is p e r s e d  m a te r ia l  is being in v e s t ig a te d ,  

data d e r iv e d  f r o m  the (pho to g rap h ic a l ly )  r e c o r d e d  S c h l i e r e n  

images can be used to c a lc u la te  a sedimenta t ion  c onstan t ,  S ,  

w hich  c a n ,  in t u r n ,  be used in the c a lc u la t io n  of an a v e r a g e  

m o le c u la r  w e ig h t  if m easurements  a r e  taken to the apex  of  

the o b s e r v e d  m ig ra t in g  peak .

T h e  s ed im e n ta t io n  constant S ^ ,  at a so lute  c o n c e n tra t io n  of ,

c ,  is e x p r e s s e d  in S v e d b e r g  units : -

g  ^ 2 . 3 0 3  d lo g io  x  ̂ io 3

^ dt

w h e r e  UT = a n g u la r  v e lo c i ty  of r o t o r  in r a d ia n s  s ^

X  = d is tan ce  (cm) of solute  peak  f ro m  r o t o r  axis  

at t ime t (secs. , f ro m  commencement of run)

T h e  t h r e e  levans  w e r e  s ub jec te d  to u l t r a c e n t r i f u g a l  

s e d im e n ta t io n ,  as d e s c r ib e d  in I I I .  G.  l i i .  , the r e s u l t a n t  

S c h l i e r e n  images be ing  depicted  in F i g .  IV .  12. It is 

ev id e n t  that a s in g le  sym m etr ica l  peak  is produced  by each
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F i g u r e  I V .  12. S c h l i e r e n  im ages  o f  l e v a n s  d u r i n g  s e d i m e n t a t i o n

N C T C  8606

21 , 7 4 0  rpm

A T C C  13419 51

21 , 7 4 0  rpm

51

14.290 rpm
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p o l y s a c c h a r i d e ,  al though that of  s t r a in  51 e xh ib i ts  a s l igh t  shoulder  

on the t r a i l i n g  edge ( i . e .  the low m o le c u la r  w e ig h t  s id e ) .  W i th  a 

know ledge  of the r o t o r  and cel l  employed ( F i g .  I V ,  1 3 . )  the d is tance  

( X cm) of the peak  apex f r o m  the r o t o r  ax is  could  be d e te rm in e d  in 

each c as e .  T h e  r e s u l t s ,  shown g r a p h i c a l ly  in F i g .  I V .  14. , 

d em onst ra te  that a l i n e a r  r e la t io n s h ip  ex is ts  between log^^ x and , 

t. S ed im e n ta t io n  constants  w e r e  c a lc u la te d  f o r  each p o ly s a c c h a r id e  

using the above e x p r e s s i o n ,  the c o n c e n t r a t io n , ( c ) ,  in each case  

being 5 mg ml"  . T h e  v a lues  f o r  S ^  thus ob ta ined  a r e  given in 

T a b l e  I V .  6.

S i n c e  p o ly s a c c h a r id e s  a r e  n o n - id e a l  s o lu te s ,  S ^  v a lues  v a r y  w i th  

c o n c e n t r a t io n .  I t is usual  p r a c t i c e  to obta in  S ^  va lu e s  o v e r  a 

r a n g e  of c o n c e n t ra t io n s  and,  by e x t r a p o l a t i o n ,  obta in  a v a lu e  f o r  

S q , the sed im e nta t ion  constant at z e r o  c o n ce n t ra t io n .

1 59N e w b r u n  and B a k e r  ob ta ined  S ^  va lue s  f o r  the levan e la b o ra te d  

by S .  s a l i v a r i u s  A T C C  13419 (one of  the s t r a in s  of  this p re s e n t  

in v e s t ig a t io n )  o v e r  a ra n g e  of c o n ce n t ra t io n s  and found that a l in e a r  

r e la t io n s h ip  e x is te d  between the r e c i p r o c a l  of  S ^  and c o n c e n t ra t io n ,

ad S, :  ,
2. 91 X  10

d c

w h e r e  c o n c e n t r a t io n ,  c ,  is in mg ml

A s su m in g  the same r e la t io n s h ip  to hold f o r  the levans of the p re s e n t  

in v e s t ig a t io n ,  v a lu e s  of  w e r e  c a lc u la t e d  and r e c o r d e d  in T a b l e  

I V .  6. T h e  same au th o rs  ob ta ined  an a v e r a g e  v a lu e  f o r  the m o lec u la r

w e ig h t  ( M W  ) of  A T C C  13419 Ievan of 23.  3 x  10 when S q = 21 7. 4.
 %On the basis  of this  d e te rm in a t io n  and on the assumption that MW  

is p r o p o r t io n a l  to S q ( i f  the r a n g e  is not too g re a t )   ̂ , the d e r iv e d

v a lu e s  of  S q w e r e  used to d e te rm in e  a p prox im ate  va lue s  of M W  f o r  

each of the levans  of this  in v e s t ig a t io n ,  the r e s u l t s  being given in 

T a b l e  IV .  6.
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F i g u r e  I V .  13.  U l  t r a c e n t r  if uge r o t o r  and c e l l  d im e n s i o n s
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F i g u r e  I V .  14,  S e d i m e n t a t i o n  c u r v e s  of  S ,  s a l i v a r i u s  le v a n s

0-8500

0-8000 -

ATCC 13419 (21,740 rpm)

NCTC 8606

0-7500
250020001000

TIME , t ; seconds
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T a b l e  I V .  6. S e d im e n ta t io n  constants  and a p p ro x im a te  a v e ra g e  

m o le c u la r  w e igh ts  of S .  s a l i v a r i u s  levans
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C o m p a r is o n  of the r e s u l t s  obta ined  by the two methods (T a b le  IV .  6. ) 

shows r e a s o n a b le  ag ree m en t  f o r  the levans of A T C C  13419 and 51.

T h e  two f i g u r e s  f o r  N C T C  8505 le v a n ,  h o w e v e r ,  d i f fe r  by a f a c t o r  of 

about ten,  no doubt due to the e r r o r s  invo lved in the v a r io u s  

assumptions made becoming g r e a t e r  at a lo w er  m o lecu la r  weight .  It 

is e v id e n t ,  h o w e v e r ,  that the l a t t e r  levan is of c o n s id e ra b ly  s m a l le r  

m o le c u la r  s i z e  than the o th e r  two. T h i s  levan was syn thes ised  by the 

d ia ly s is  tube p r o c e d u re  ( I I I .  A .  i i i .  ) ,  under  condi t ions  which p ro b a b ly  

invo lve  h ig h e r  enzyme and s u b s t r a t e  c o n c e n t r a t io n s ,  condit ions that  

would  be expec te d  to modify the m o le c u la r  weight  of the p o ly s a c c h a r id e  

produced .

It should  be quest ioned  as to w h e th e r  the r e s u l t s  obta ined t r u ly  

r e p r e s e n t  m o le c u la r  weights  or  r a t h e r  the w e ights  of aggregat ions  

of m o lecu le s .  T h e  only  unambiguous so lut ion  of this problem would  

be to d e te rm in e  the number of re d u c in g  te rm in i i  o r  in i t i a to r  molecules  

in a g iven  amount of p o l y s a c c h a r id e ,  s in c e  each molecule  can 

possess  on ly  one such te rm in u s .  H o w e v e r ,  w i th  such la rg e  m o lec u le s ,  

or  a g g reg a t io n s  of  m o lecu le s ,  th e r e  e x is ts  no su i tab le  method f o r  

a ss a y in g  the r e d u c in g  t e r m in i i .  I t has been shown that levan  

molecu les  a r e  fo r m e d  ab in i t io  sucrose^  thus any methods would  

have to r e l y  e s s e n t ia l l y  upon de tect ion  and est im at ion  of the te rm ina l  

n o n - r e d u c in g  D - g l u c o s e  r e s id u e s .  O b v io u s ly  any such method would  

be i n h e r e n t ly  u n r e l i a b l e  because  of the low abundance of D - g l u c o s e  

r e s i d u e s ,  and in a d d i t io n ,  the p o s s ib i l i t y  of D  -  g lucose ,  l i b e r a t e d  in 

the e n zy m ic  syn thes is  of  the p o ly m e r ,  being t ra p p e d  o r  occluded in 

the p o ly m er  s t r u c t u r e  and c o - de te r  m ined ,  could not be e l im ina ted .
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I V .  D .  T h e  E x t r a c e l  lu la r  L e v a n a s e  E la b o r a t e d  by S t r e p to c o c c u s

s a l i v a r i u s  s t r a in  51

It was shown in I V .  A ,  i. that s t r a in s  of S .  s a l i v a r i u s

a p p a r e n t ly  e xh ib i t  the a b i l i t y  to induce the fo rm a t io n  of

h y d r o la s e s  capab le  of degrad ing  the p o ly m e r ic  p roduc ts  of

the e n z y m ic  levan s y n t h e s is ,  a b ehav iour  p r e v io u s ly

as s o c ia te d  w i th  o th e r  s t r a in s  of o ra l  s t re p to c o c c i  ^
70 ,71and Odontomyces  v is c o s u s .

S i n c e  l i t t l e  is known about the levanases  e la b o r a t e d  by 

o ra l  s t r e p t o c o c c i  it was thought d e s i r a b le  to a ttempt  to 

e x t r a c t ,  p a r t i a l l y  p u r i f y  and conduct a p r e l i m i n a r y  study  

on the induced le va n ase  of a s t r a in  of S .  s a l i v a r i u s .

S t r a i n  51 was  s e le c t e d  f o r  the p r e p a r a t io n  of the enzyme  

and was  c u l t u r e d  in a medium conta in ing a levan e la b o r a te d  

by the same s t r a i n ,  as this was a v a i la b le  in the g r e a t e s t  

supply .

In this s e c t io n  the p r e p a r a t i o n ,  pH optimum and assay  of 

a p a r t i a l  ly p u r i f i e d  lev ana se  is d e s c r ib e d ,  fo l lo w e d  by an 

at tempted d e te rm in a t io n  of homogeneity ,  its act ion  on the 

s u b s t r a t e  le v a n ,  a c o m p a r a t iv e  study wi th an in v e r ta s e  

and f i n a l l y  i ts ac t ion  on o l ig o s a c c h a r id e s  obta ined f ro m  

inul in.

IV .  D .  i. P r e p a r a t i o n ,  optimum pH and assay

IV .  D .  i. a. P r e p a r a t i o n .  In o r d e r  to induce levanase  a c t iv i ty

S .  s a l i v a r i u s  s t r a i n  51 was  c u l tu r e d  in a medium conta in ing

levan as the main s o u r c e  of c a r b o h y d r a te  e s s e n t ia l l y  in the
188m anner  d e s c r i b e d  by M e z n e r  who obta ined a c ru d e  

l ev a n a s e  p r e p a r a t i o n  f r o m  O.  v is c o s u s . E x p e r im e n ta l  

de ta i ls  f o r  the c u l t u r e  and p a r t ia l  p u r i f i c a t io n  of an 

e x t r a c e l l u l a r  p r e p a r a t i o n  a r e  given in I I I .  J. T h e  f ina l  

step in the p u r i f i c a t io n  p r o c e d u r e ,  v i z .  gel f i l t r a t i ô n  on
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S e p h a d e x  G200  produced  the e lu t ion  p r o f i l e  shown in F i g ,

I V ,  15.  T e s t in g  the f r a c t i o n s  f o r  leva nase  a c t i v i t y  as 

d e s c r ib e d  in I I I .  J. y ie ld e d  a p o s i t i v e  r e s u l t  f o r  the h igher  

m o le c u la r  we ight  f r a c t i o n  only  ( f ra c t io n s  1 2 - 1 8 ) ,  T h i s  

a c t iv e  f r a c t i o n  was e i t h e r  s t o r e d  at 4 °  under  to luene or  

c o - l  yophil  ised w i th  its b u f f e r .  L y o p h i l i s a t i o n  caused  

n e g l ig ib le  loss of a c t iv i t y  upon subsequent r e d is s o lu t io n  

in w a t e r .

IV .  D .  i. b. Optimum p H . T h e  optimum p H ,  at 3 7 ° ,  f o r  the h y d r o ly s is  of  

l evan was d e te rm in e d  as d e s c r ib e d  in I I I .  K .  , the re s u l ts  

be ing g r a p h i c a l l y  r e p r e s e n t e d  in F i g .  IV .  16. I t is evident  

that  the enzyme p r e p a r a t i o n  is a c t iv e  in the ra n g e  pH 4 . 5  

to 8 . 0 ,  the a c t iv i t y  being maximal  between pH 6 . 6  and 6 . 8 .

I V .  D .  i. c.  A s s a y  of  a c t i v i t y .  T h e  a c t i v i t y  of  a h y d r o la s e  is u s u a l ly  

e x p r e s s e d  as the number o f ^ m o l e s  of  p roduc t  l i b e r a te d  

f r o m  e xce ss  s u b s t ra t e  by a f i x e d  amount of  enzyme at a 

c e r t a i n  pH (u s u a l ly  the optimum) in a c e r t a i n  t ime (usual ly  

1 min ). In o r d e r  to assay  the leva nase  p r e p a r a t i o n  fo r  

a c t iv i t y  to w a rd s  levan as s u b s t r a t e ,  it w a s ,  of  c o u r s e ,  

n e c e s s a r y  to know what the p r o d u c ^ ^ )  of  the de grada t ion  

was ( w e r e ) .  T h e  r e s u l t  o b ta in e d ,  by p a p er  chrom atography  

of a lev ana se  d igest of  levan ( l l l . L .  i. ) ,  suggested  that D -  

f ru c to s e  is the so le  p ro d u c t .  U s in g  the ly o p h i l i s e d  enzyme  

p r e p a r a t i o n ,  a q u a n t i ta t iv e  d igest  was  p r e p a r e d  as 

d e s c r ib e d  in l l l . L ,  i i .  T h e  r e s u l t s  obta ined  f ro m  this  

digest a r e  g iven in T a b l e  IV .  7.  and a g rap h  was constructed  

( F i g .  IV .  1 7 . )  p lo t t ing  D - f r u c t o s e  l ib e r a t e d  aga ins t  digest  

t im e ,  the r a t e  of D -  f r u c t o s e  l i b e r a t io n  be ing d e te rm in e d  

f r o m  the in i t ia l  l i n e a r  p a r t  of  the c u r v e .

I t is a lso  ev ident  f ro m  this h y d r o ly s is  c u r v e  that the 

d e g ra d a t io n  of levan by the le v a n a s e  p r e p a r a t i o n  smoothly  

p ro c e e d s  to com plet ion ,  a f in d in g  that suggests  that the 

l e v a n a se  p r e p a r a t io n  is cap ab le  of c le a v in g  the 2 — >1
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P î g u r e  I V .  15.  S e p h a d e x  G 2 0 0  gel f i l t r a t i o n  of c r u d e  le v a n a s e

p r e p a r at îon

200 nm

Blue Dextran—,

î
12

î
18 FR A C TIO N  NUMBER
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F i g u r e  IV .  16. pH optimum of the e x t r a c e l  lu la r  levanase  of

S .  s a l i v a r i u s  s t r a in  51
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F i g u r e  I V .  17, Q u a n t i t a t i v e  l e v a n a s e  -  le v a n  d ig e s t
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T a b l e  IV .  7,  Q u a n t i t a t i v e  le v a n a s e  -  levan d igest : L e v a n a s e  

a c t iv i t y

D ig e s t  t ime D - f r u c t o s e  l ib e r a t e d D e g r e e  of A c t i v i t y  *

min

/ 1 9 yXmoles

h y d r o ly s is

%

U  mg

0 0 0 0

0. 024

60 1320 7.  33 5 6 . 0

: 120 1860 10. 33 7 9 . 0

180 2205 12. 25 93.  6

240 2265 12. 58 96.  2

300 2325 12. 92 9 8 . 7

W e ig h t  l y o p h i l is e d  enzym e p r e p a r a t i o n  used = 5 mg.

T a b l e  I V ,  8. P r o t e i n  content of  l e va n a se  ( ly oph i l ise d )  : 

S p e c i f i c  a c t iv i t y

Wt .  lyo p h i l is ed  enzyme  

u s e d ,  mg

P r o t e i n  content  

/J -9  mg~^

S p e c i f i c  a c t iv i t y  

U  mg"^ p ro te in

5. 0 7. 4 3. 3
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i n t e r f r u c t o s id ic  l inkages  o c c u r r in g  at b ra n ch in g  r e s id u e s  

in add i t ion  to the 2 ------- > 6 i n t e r f r u c t o s id ic  l inkages .

T h e  p r o te in  content of the lyo ph i l is ed  p r e p a r a t io n  was  

d e te rm in e d  as d e s c r ib e d  in I I I . M .  , the r e s u l t  be ing given  

in T a b l e  IV .  8. A  u n i t ,  U ,  of levanase  a c t iv i ty  may be 

def ined as " the  amount of enzyme r e q u i r e d  to l ib e r a t e  1 

yùlmole of D - f r u c t o s e  p e r  min f r o m  levan at 3 7 °  and pH

6. 6 -  6. 8 " .  T h e  S p e c i f i c  a c t iv i t y ,  def ined as the number  

of un its  of a c t i v i t y  p e r  mg of enzyme p r o te in ,w a s  then 

c a lc u la t e d  ( T a b l e  IV .  9. ). T h e  va lue  ob ta in ed ,  v i z .  3 . 3 ,  

does not a p p e a r  to be v e r y  high c om pare d  w i t h ,  s a y ,  the 

sta te d  a c t i v i t y  of  535 (y^Cmoles s u c ro s e  h y d ro ly s e d  min 

mg~^) f o r  the i n v e r t a s e  p r e p a r a t io n  used la t e r  in this  

study (see p. 146 ). In the case of  the levanase

p r e p a r a t i o n ,  h o w e v e r ,  the s u b s t ra te  ( levan) is of a v e r y  

high m o le c u la r  w e ig h t  and if the enzyme p r e p a r a t i o n  should  

p r o v e  to have  an exo act ion (see l a t e r ,  p. 1 43 ) a s p ec i f ic

a c t i v i t y  v a lu e  of 3 . 3  is not u n re as o n a b le .  In a d d i t io n ,  the 

p u r i t y  of the p r e p a r a t i o n  has not been e s ta b l is h ed  . An  

im provem ent  in S p e c i f i c  a c t iv i ty  may wel l  be poss ib le  should  

the enzym e p r e p a r a t i o n  be sub jec ted  to f u r t h e r  p u r i f i c a t io n  

. o p e r a t io n s .

I V . D .  i i .  H o m o g en e i ty  of the levanase  p r e p a r a t io n

D u r i n g  the p u r i f i c a t io n  of the enzyme p r e p a r a t io n  ( I I I .  J. ),  

the a c t iv e  m a t e r ia l  was e lu ted  as a s in g le  p eak ,  a f te r  the 

vo id  v o lu m e ,  upon S ep h ad e x  G200  gel f i l t r a t i o n ,  as 

e s t a b l is h e d  by the use of B lue  D e x t r a n  2000 (P h a r m a c ia  A B ,  

F i g .  I V .  1 5 . ) .  A s  G 20 0  has s ta ted  m o lec u la r  weight  

ex c lu s io n  l im i ts  of 8 x 1 0 f o r  p ro te in s  and 2 x 1 0  f o r  

d e x t r a n s , the leva nase  p r e p a r a t io n  is of high m o le c u la r  

w e ig h t ,  p o s s ib ly  w i th in  this r a n g e .  B e c au s e  the a c t iv e  

m a t e r ia l  was e xc lu d e d ,  h o w e v e r ,  it is not pos s ib le  to use 

the s in g le  peak  as a c r i t e r i o n  of homogeneity .  O th e r  

methods a v a i l a b l e  f o r  the es tab l ishm ent  of homo-  o r
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h e te r o g e n e i ty  of b io log ica l  m acrom olecu les  inc lude discont inuous gel 

e le c t r o p h o r e s is  w hich  s e p a r a te s  components on the bas is  of th e i r  

m obi l i ty  in a potent ia l  g r a d i e n t ,  and i s o e l e c t r i c  fo c u s s in g  in which  

components of  d i s s i m i la r  i s o e l e c t r i c  point  a r e  b rought  to a ' focus*  

at d i f f e r e n t  po ints  in a pH g r a d ie n t .  Both methods w e r e  a v a i la b le  

s in c e  they both use the same b as ic  appara tus  but it w as  decided to 

use the l a t t e r  (which  r e q u i r e s  v e r y  expens ive  ampholytes  to set  up 

the pH g r a d ie n t )  on ly  if the e le c t r o p h o r e s is  e x p e r im e n t  suggested the 

p r e p a r a t i o n  to be homogeneous.

T h e  enzyme p r e p a r a t i o n  was sub jec ted  to d iscont inuous  gel  

e l e c t r o p h o r e s i s ,  as d e s c r ib e d  in I I I . N .  , using a 7.  5% p o ly a c ry la m id e  

gel wh ich  has a s ta te d  m o le c u la r  weight  c u t -o f f  of ca .  3 x 10^.  

E x a m in a t io n  of the r e s u l t i i i g  s ta ined  gel (shown d ia g r a m a t ic a l  I y in 

F i g .  I V .  1 8 . )  r e v e a l e d  an intense band at the s ta c k in g  gel - r u n n in g  

gel i n t e r f a c e  and a number of addi t ional  w e l l  de f ined  bands,  of 

v a r y i n g  m ig r a t io n  r a t e s ,  along the runn ing  ge l .  T h e s e  re s u l ts  

ind ica te  that a l a r g e  amount of p ro te ln a c e o u s  m a t e r i a l  is of  s u f f ic ie n t ly  

high m o le c u la r  w e ig h t  to exc lu d e  it f ro m  the ru n n in g  ge l .  T h e  p re s e n c e  

of the a dd i t iona l  bands c l e a r l y  ind ica te  that the p r e p a r a t i o n  is 

h e te ro g en e o u s  and can be concluded to be a m ix t u r e  of  components.  

I s o e l e c t r i c  fo c u s s in g  of the levanase  p r e p a r a t i o n  w a s ,  t h e r e f o r e ,  not  

attempted.

F i g .  IV .  18. Gel  e le c t r o p h o r e s is  of levanase  p r e p a r a t i o n

s tack in g

gel runn ing  gel
f— r

f II I
/

i n t e r f a c e  D i r e c t io n  of m ig ra t io n
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Al though of doubtful  com posi t ion ,  the levanase  p r e p a r a t io n  

was found to be e s s e n t ia l l y  f r e e  of I e v a n s u c ra s e  (synthesis ing)  

a c t iv i t y  s ince  no levan fo rm a t io n  o c c u r r e d  w i th  s u cro s e  as 

s u b s t r a t e .  C o n v e rs e ly ,  this f in d in g  r u l e s  out the po s s ib i l i ty  

that the h y d r o l y t i c  a c t iv i ty  Is a s s o c ia te d  w i th  the enzyme(s)  

r e s p o n s ib le  f o r  the levan sy n th es is .  T h e  hypotheses that  

the s yn th e t ic  r e a c t io n  is i r r e v e r s i b l e  and that the hyd ro las e  

is a s e p a r a t e  enzym e ,  induced when the a v a i l a b i l i t y  of simple  

su g ars  f a l l s  be low a c e r t a in  leve l  in the in v ivo  s i tu a t io n ,  a re  

t h e r e f o r e  supper  ted^  ̂ (see I V . A .  ! . ,  p. 98 ).

I V .  D .  i i i .  E x o  act ion of S .  s a l i v a r i u s  s t r a i n  51 levanase  on levan

G e n e r a l l y  speaking^a h y d r o l a s e ,  act ing  upon a p o ly s a c ch a r id e

s u b s t r a t e ,  possesses  e i t h e r  an exo o r  endo act ion .  In the

f o r m e r  c a s e ,  r e s i d u e s ,  o r  groups  of two o r  more  re s id u e s ,

a r e  s e q u e n t ia l ly  s p l i t  off  f r o m  the non re d u c in g  terminus

(or te r m in i i  in the case of a b ra n c h e d  p o ly s a c c h a r id e ) .  Endo

e n z y m e s ,  on the o th e r  hand,  act  in a m ore  random f a s h io n ,

be ing ab le  to h y d r o ly s e  l inkages  throughout the po lymer

o th e r  than te rm ina l  o n e s ,  th e re b y  g e n e ra t in g  products  or

in te rm e d ia te  produc ts  of v a r i a b l e  s i z e .  A n  example  of a

h y d r o l y t i c  enzyme possess ing  an exo act ion is the s ta rc h

d eg rad in g  yQ -  amylase^ ^9<vhich promotes  a ra p id

h y d r o ly s is  of the o u te r  chains  of  am ylopect in  molecules  to

m altose .  B e in g  unable  to p r o g r e s s  beyond the c<- (1----- > 6 )

l in k a g e s ,  w hich  o c c u r  at b ra n ch in g  p o s i t io n s ,  a s o - c a l l e d

" yS -  l im it  d e x t r in "  r e m a in s .  A  f u r t h e r  example  of an exo-

enzym e is the group of amyloglucosidases^^ ’ IgPucoamylases)

w hich  b r in g  about complete  d e g ra d a t io n  of s t a r c h ,  D - g l u c o s e

being the sole  p ro d u c t .  E x a m p le s  of endo -  h y d ro las e s  a r e
1 93the oC -  am ylases  , which  a r e  found in v i r t u a l l y  e v e ry  

type of  l iv ing  cel l  and which b r in g  about a r a p id  f ragm enta t ion  

of s t a r c h  m olecu les  by c le a v in g  oC. -  ( 1 -----> 4) -  l inkages at

ra n d o m ,  and the am ylopect in  debran c h in g  enzymes
194 195is o am y las e  and p u l lu la n a s e  which act by hy

of the oC- (1-----> 5 ) - l i n k a g e s  at  b ran ch in g  pos i t ions .
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It was c o n s id e re d  im por tant  to e s ta b l is h  the action type of the 

leva nase  under  in v e s t ig a t io n ,  not only  because act ion  type is a 

fundamenta l  p r o p e r t y  of  an e n zy m e ,  but a lso because it was  

r e a l i s e d  that a knowledge  of the act ion  type might p e rm i t  the la te r  

use of the levanase  p r e p a r a t i o n  as a tool in s t r u c t u r a l  s tudies of 

I evans.

I t was e s t a b l is h e d ,  by paper  c h r o m a t o g r a p h y , in IV ,  D .  I. c. , that  

P - f r u c t o s e  is most p ro b a b ly  the s o le  product  of the enzymic  

h y d r o ly s is  of levan by the lev an a se  under  c o n s id e r a t io n , a r e s u l t  

which suggested  the enzyme to possess  an exo act ion .  I t was  

re c o g n is e d  that an exo act ion would  in i t i a l l y  cause l i t t l e  change  

in the m o le c u la r  w e ig h t  d is t r ib u t io n  of a m a c ro m o le cu la r  s u b s t r a t e ,  

w h e re a s  endo a c t i v i t y  would  cause  d r a s t i c  changes dur ing  the 

in i t ia l  s tages of the d e g ra d a t io n .  I t  w as  t h e r e f o r e  thought that  

the act ion type of  the leva nase  could  be conf i rm ed  by compar ing  

the m o le c u la r  w e igh t  d is t r ib u t io n  a f t e r  p a r t i a l  degradat ion  wi th  

that  of  the u ndegraded  levan .

P r e p a r a t i o n s  of  the levan of S .  s a l i v a r i u s  s t r a in  51 , p a r t ia l  ly 

degraded  by le v a n a s e ,  the u n d e g ra d e d  levan and D - f r u c t o s e  

w e r e  s e p a r a t e ly  su b jec te d  to g e l - f i l t r a t i o n  on S e p h a r o s e  2B as 

d e s c r ib e d  in I I I . O .  T h e  e lu t ion  p r o f i l e s  ob ta ined ,  shown in 

F i g .  I V .  19 ,  d e m onst ra te  c l e a r l y  that the m o lec u la r  weight  

d is t r ib u t io n  of the p o ly s a c c h a r id e  re m a in e d  e s s e n t ia l l y  

u n a l te re d  upon p a r t i a l  d e g ra d a t io n  by le v a n a se ,  D - f r u c t o s e  

being the on ly  p ro d u c t .  T h i s  r e s u l t  c o n f i rm s  that the levanase  

of S .  sal  i v a r  ius s t r a i n  51 d e g rad e s  levan in an exo fash ion.
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F i g u r e  I V .  19, E x o  act ion  of levanase  : Gel  f i l t r a t i o n  of p a r t ia l  

h y d r o ly s a te s  of levan
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I V ,  D .  iv,  A  c o m p a r a t iv e  study of the levanase  of S ,  s a l i v a r i u s  

s t r a i n  51 w i th  the in v e r ta s e  of C a n d id a  ut i l  is

It was  noted by L e a c h  et a l ,  in 1 972 ,  that a 

p r e p a r a t i o n  of yeast  in v e r ta s e  (E .  C .  3 , 2 , 1 ,  2 6 ) ,  a 

n o n - s p e c i f i c  ^  -  D -  f r u c t o f u r  anos i d a s e , is capable  of 

d e g rad in g  f r u c ta n s  of o ra l  o r i g i n .  It was  suggested that 

the mechanism of this h y d r o ly s is  m ight .be  the same as that  

o c c u r r i n g  in dental  plaque.  A s  it seems l i k e ly  that f ru c ta n  

metabo l ism  in dental  plaque is due to the action of 

l ev anase s  and as no s ig n i f ic a n t  s tud ies  have been  

p e r f o r m e d  on the f r u c t a n  h y d r o la s e s  e la b o r a t e d  by ora l  

s t r e p t o c o c c i ,  it seemed p e r t in e n t  to p e r f o r m  a com para t ive  

study of the levanase  of S .  s a l i v a r i u s  w i th  a yeast  

i n v e r t a s e .  I t  was  decided to co m p are  the a c t iv i ty  of the 

two enzymes to w a rd s  methyl  yô -  D - f r u c t o f u r a n o s i d e  (a 

model s u b s t r a t e  f o r  i n v e r t a s e ) ,  levan (the typica l  levanase  

s u b s t r a t e )  and inul in. Inul in was  chosen as a subst ra te  

b e cau s e  it is a l i n e a r  o r  unb ran ch ed  p o ly s a c c h a r id e  

composed of /6  - D - f r u c t o f u r a n o s y l  re s id u e s  l inked

through p o s i t ions  2 and 1, B e c a u s e  such y6 - 2  > 1 -

l in kag es  o c c u r  in levan at b ra n c h in g  pos i t ions  (see IV ,  B,  , 

p, 110 ) and,  in this e n v i ro n m e n t ,  a r e  h y d ro ly s e d  by 

l e v a n a s e ,  it was thought w o r t h w h i l e  to d is c o v e r  w hether

a p o ly m e r  composed of cont iguous -  2  > 1-1 inked

r e s i d u e s  w ou ld  s e r v e  as a s u b s t r a t e ,

IV, HXiv.a, A c t io n  of lev ana se  and in v e r ta s e  on methyl  yg -  D -
---------------------------------------------------------------------------------7̂ ~------—----
f r u c t o f u r a n o s i d e . Methyl  ^  - D - f r u c t o f u r a n o s i d e ,  a

model in v e r ta s e  s u b s t r a t e ,  p r e p a r e d  by the method of
171

H o r v a t h  and M e tz e n b e rg  as d e s c r ib e d  in I I I . P .  , had

-  3 6 . 2 °  (cf.  Lit. va lue  -  6 0 °  - 3 ° ) .  T h is  su b st ra te  

w as d iges ted  w i th  levanase  and i n v e r t a s e  as de sc r ib e d  in

I I I . O .  , the r e s u l t s ,  shown g ra p h ic a l  ly in F i g .  IV .  20.  b. , 

c l e a r l y  d e m onst ra t ing  that the lev an ase  prepara t ion ,  has 

n e g l ig ib le  ac t ion  on this s u b s t r a t e  and d i f fe r s  in this 

r e s p e c t  f r o m  yeast,  in v e r ta s e .  It w as  assumed in this
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F i g u r e  I V . 20 .

a.  A c t i o n  of  i n v e r t a s e  on methyl

(111. Q.. , d igest  a. )

— D - f r u c t o f u r a n o s i d e

80 1
-75 7<

o~

■o ~o

5030 402010

Digest time: min

b. A c t io n  of levanase  and inver  tase on methyl

f r u c t o f u r a n o s id e  (l 11. Q.  , d igests  b. , c. )
- D -

901

50-

■o- invertase-o-
en

levanase, 
0 08 U ml '

Q

300200100

Digest time : m in



148

e x p e r im e n t ,  that the methyl  y ô  - D - f r u c t o f u r a n o s i d e ,  

f o r  the purposes  of c a lc u la t in g  p e rc e n ta g e  h yd ro lys is  

v a lu e s ,  was c o m p le te ly  d ry  and p u r e .  B e ing  a s y ru p ,  

it had r e t a in e d  some m o is t u r e ,  and the r a p id  h yd ro lys is  

to 9 0 % ,  obta ined  w i th  y e as t  in v e r t a s e ,  suggests that  

the m o is tu re  content  plus any im p u r i t ies  amount to about 

10% by w e igh t  of  the s y r u p .  I n t e r e s t i n g l y ,  the degree  

of h y d r o l y s i s ,  a f t e r  a t ta in in g  a maximum v a lu e ,  th e r e 

a f te r  d e c re a s e s  s lo w ly  w i th  t im e ,  e v idenc e  that the 

produc ts  of the h y d r o ly s is  s e r v e  as s u b s t ra te s  fo r  a
1 Q<7

s y n th e t ic  r e a c t i o n ,  a p ro c e s s  known as ’r e v e r s i o n ’.

F r o m  F i g .  IV .  20.  a.  , the r a t e  of D - f r u c t o s e  r e l e a s e ,  

f r o m  methyl y3  -  D  -  f r u c t o f u r a n o s  ide by the in v er tase  

p r e p a r a t i o n ,  was e s t im a te d  f r o m  the in i t ia l  l in ea r  p a r t  

of the c u r v e  and was found to be 2 4 y U g min“  ̂ o r  0 . 1 3  

y im o le  min“ ^.

I V .  D .  iv.  b. A c t io n  of in v e r t a s e  on levan

(T h e  act ion  of lev ana se  on levan and the a c t iv i ty  towards  

this s u b s t r a t e  was d is cu s s ed  in IV .  D.  i. c. ).

A n  u n b u f fe re d  i n v e r t a s e - l e v a n  d igest was p r e p a r e d  as 

d e s c r ib e d  in I I I .  R .  i. and exam inat ion  of a l iquo ts ,  at 

t ime i n t e r v a l s ,  by p a p e r  c h ro m a to g ra p h y  ind icated D -  

f r u c t o s e  to be the on ly  p ro d u c t  of the re a c t io n .  T h is  

suggests  that C .  u t i l i s  i n v e r t a s e ,  l ike  levanase ,  has an 

exo act ion on levan.  In o r d e r  to make a comparison of 

the r a t e s  of  levan h y d r o ly s is  d is p la y e d  by these two 

enzymes the optimum pH of the in v e r t a s e  re a c t io n  was  

i n i t i a l l y  found as d e s c r ib e d  in I I l . R .  i i .  T h e  h y d ro lys is  

c u rv e s  shown in F i g .  IV .  21.  ind ica te  the optimum pH to 

be 5 . 6 5 .  T h e  in c re a s in g  r a t e s  of h y d ro ly s is  at pH values  

less  than 5 w e r e  not taken as ev id e n c e  of increas ing  

enzym ic  a c t iv i ty  s in ce  levans a r e  h igh ly  lab i le  under  

condi t ions of low pH,
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F i g u r e  IV .  21,  Optimum pH f o r  the h y d ro ly s is  of levan by 
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A  q u a n t i ta t iv e  in v e r t a s e - l e v a n  digest  was  then p e r fo rm e d  

as d e s c r ib e d  in I I l . R .  i i l .  at pH 6 . 6 5 .  T h e  r e s u l t s ,  shown  

g r a p h i c a l l y  in F i g .  IV .  22.  , demonstrate  that in v e r ta s e  

h y d r o ly s e s  levan e x t r e m e ly  s lo w ly .  T h e  ex tent  of 

h y d r o ly s is  re a c h e s  a lmost 1 0 0 % b e fo re  s ubsequent ly  

d e c r e a s i n g ,  e v id e n c e ,  aga in ,  that yeast in v e r ta s e s  

possess  r e v e r s i o n  a c t iv i ty .  T h e  in v e r ta s e  c o n c e n tra t io n  

in this e x p e r im e n t  was 0 . 8  mg m l a n d  the s ta te d  a c t iv i ty  

(w i th  r e s p e c t  to s u c r o s e  h y d ro ly s is )  was 535 U  mg” ^.

T h e  r a t e  of  r e l e a s e  of  D - f r u c t o s e  f ro m  levan was  

c a lc u la t e d  f r o m  the in i t ia l  g ra d ien t  of  the h y d r o ly s is  

c u r v e  shown In F i g .  I V .  22 .  , the r e s u l t in g  a c t i v i t y  being

0. 75 X  1 O” ^ U  mg~^ , lo w er  by a fa c t o r  of  7 x 10 ^ than 

the s ta te d  a c t iv i t y  to w ard s  s u c ro s e  and c o n s id e r a b ly  

lo w e r  than that of the levanase  p r e p a r a t io n  (3. 3 U  mg 

p ro te in "^  , T a b l e  IV .  8 . ).

IV .  D .  iv.  c. A c t io n  of lev a n a se  and in v e r ta s e  on inul in

Inu l in  was  incubated  w i th  the levanase  p r e p a r a t i o n  and 

i n v e r t a s e  as d e s c r ib e d  in I I I .  S .  , the c o u rs e  of the 

r e a c t io n s  be ing m o n i to re d  by m e asur ing  the r e d u c in g  

s u g ar  content at t ime in t e r v a ls .  Assum ing  the inul in  

p r e p a r a t i o n  to be d ry  and p u r e ,  the d e g ree s  of h y d ro ly s is  

w e r e  c a lc u la t e d  and p lotted  against d igest  t ime in F i g .  IV .  

23.  It is ev ide n t  that in v e r ta s e  smoothly  h y d r o ly s e s  this 

s u b s t r a t e  to com ple t ion ,  w h e re a s  the levanase  p r e p a r a t io n  

has l i t t l e  o r  no ac t ion .  F r o m  the in i t ia l  g r a d ie n t  of the 

i n v e r t a s e  c u r v e  the r a t e  of D -  f r u c to s e  r e l e a s e  was  

c a lc u la t e d  as 2 . 1 9 ^  g min  ̂ , which is eq u iva len t  to an 

a c t i v i t y  of 0 . 0 1 2  mole min”  ̂ (U) mg“ ^.

T h e  a c t i v i t i e s  of the levanase  and in v e r ta s e  p r e p a r a t io n s  

to w a rd s  s u c r o s e ,  methyl  - D - f r u c t o f u r a n o s i d e ,  levan  

and inu l in  a r e  s u m m a r is e d  in T a b l e  IV .  9.
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F i g u r e  I V .  22 .  I n v e r t a s e  -  l e v a n  d ig e s t  at  pH  opt im um ( 6 , 6 5 )
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F i g u r e  I V .  23 .  H y d r o l y s i s  of in u l i n  by l e v a n a s e  and i n v e r t a s e
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T a b l e  IV .  9. A c t i v i t i e s  of  leva nase  and in v e r ta s e  p r e p a ra t io n s  

to w a rd s  v a r i o u s  s u b s t ra te s

S u b s t r a t e

S p e c i f i c  a c t iv i ty :  A m ole s  f r u c t o s e  r e le a s e d
/  . - 1  - 1min mg

leva n a se  * in v e r ta s e  * *

s u c ro s e 535 * * *

methyl  -  D  -  

f r u c t o f u r  anoside negl ig ib le 1 . 3  X 1 0 "^

1 evan 3. 3 7 . 5  X 10"^

inul in negl ig ib le 1 . 2  X 1 0 "^

» U  mg p r o t e i n ” ^

U mg sol id ^

M a n u f a c t u r e r s *  s ta ted  a c t iv i t y
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C l e a r l y ,  the levanase  of S .  sal i v a r  ius s t r a i n  51 possesses  

a f a r  g r e a t e r  s u b s t r a t e  s p e c i f ic i ty  than C .  u t i l is  in v e r ta s e .  

T h e  most s t r i k i n g  d i f fe re n c e s  between the two h y d ro la s e s  

being in th e i r  a f f in i t i e s  f o r  levan and methyl  ^  -  D -  

f r u c t o f u r a n o s i d e .  T h e  in v e r ta s e  p r e p a r a t i o n  was found to 

h y d r o ly s e  al l  the s u b s t ra te s  t e s t e d ,  the o r d e r  of r a t e s  of 

h y d r o ly s is  be ing s u c ro s e  >  methyl  ^  -  D - f r u c t o f u r a n o s i d e  

inul in >  I evan.

T h e  fa c t  that the levanase  p r e p a r a t io n  did not h y d ro ly s e  

inu l in  to any s ig n i f ic a n t  extent suggests  that it is able  to

h y d r o l y s e  the ^  -  2 -----> 1 l inkages as they o ccu r  at b ranch ing

r e s id u e s  in levan but not in the -  2 — > 1  l inked p o lym er .

A n  attempt  is m a d e , in the fo l lo w in g  s u b - s e c t i o n ,  to 

r a t i o n a l i s e  this  aspect  of the s p e c i f i c i t y  of the levanase  by 

d igest ing  o l ig o s a c c h a r id e s  obta ined f r o m  inul in .

IV .  D .  V . A c t io n  of 5 .  sal  i v a r  ius s t r a in  51 lev an ase  on the 

o l ig o s a c c h a r id e s  obta ined f ro m  inul in

It was  d e m o n s t ra te d  in I V .  D .  iv.  c. that  the levanase  of 

5 .  sal  i v a r  ius s t r a in  5 1 ,  u n l ike  i n v e r t a s e ,  is unable  to

h y d r o ly s e  in u l in ,  al though it h y d ro ly s e s  the ^  -  2  > 1

l inkages  in levan .  It was thought that th is  s p e c i f i c i t y  must

be due to e i t h e r  the need  to have  the yg -  2 -----> 1  l inkage at

a b ra n ch in g  r e s i d u e  l inked a lso through pos i t ions  6  and 2  o r  

the s im p le  f a c t  that the levanase  cannot d e g rad e  m o lecu le s ,

above a c e r t a i n  s i z e ,  possessing  contiguous ^  -  2 -----> 1 -

l in k e d  f r u c t o f u r a n o s y I  r e s id u e s .  In o r d e r  to test  the la t te r  

p o s s ib i l i t y  a s e r i e s  of d igests  w e r e  p e r f o r m e d ,  

q u a l i t a t i v e ly  and q u a n t i ta t iv e ly  in which  homologues of 

inu lob iose  ( X L  11) f r o m  D P 2  to D P 7  s e r v e d  as s u b s t ra te .

O l ig o s a c c h a r i d e s  f ro m  a p a r t i a l  ac id  h y d r o ly s a t e  of inu l in ,  

up to D P 7 ,  w e r e  p r e p a r e d  as d e s c r ib e d  in I I I . F .  i i .  T h e  

r e s u l t i n g  p r e p a r a t io n s  w e r e  homogeneous to paper  

c h ro m a t o g ra p h y  and had D P  va lues  v e r i f i e d  as d e s c r ib e d
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in 11. H .  iv.  E a c h  o l ig o s a c c h a r id e  was d ig e s ted  w i th  levanase as 

d e s c r ib e d  in I I I .  7 . T h e  p roducts  of the e n zym ic  degrada t ions  w e r e  

exam ined  by p a p e r  c h r o m a t o g r a p h y , the r e s u l t s  being given in T a b l e  

IV .  10. R e l a t i v e  in c re a s e s  in re d u c in g  s u g a r  content  with  t ime, in 

each c a s e ,  a r e  shown g r a p h i c a l l y  in F i g .  I V .  24.  F r o m  these  

r e s u l t s ,  p e rc e n ta g e  h y d r o ly s is  va lues  w e r e  c a lc u la t e d  with  the 

e x p r e s s io n :  -

d e g r e e  of  h y d r o l y s i s ,  % =.% r e l a.t i ve  in c r e a s e  j n  r e d u c i n a  s ugar  content
D P  -  1

C u r v e s  showing d e g re e  of h y d r o ly s is  v a lu e s  a ga ins t  t ime a r e  given  

in F i g .  I V .  25.

F r o m  the r e s u l t s  s e v e r a l  points  a p p ea r  to e m e rg e  concern ing  the 

s p e c i f i c i t y  of the enzyme p r e p a r a t i o n  to w a rd s  these s u b s t ra te s .  T h e  

a p p a re n t  d e g r e e  of h y d r o ly s is  of the d i s a c c h a r i d e ,  in excess of 1 0 0 % 

is no doubt due to the p r e s e n c e  of a c e r t a i n  amount of s u c ro s e  in the 

d is a c c h a r i d e  p r e p a r a t i o n .  S u c r o s e ,  p re s u m a b ly  o r ig in a t in g  f ro m  the 

" r e d u c in g "  end of inul in  dur in g  p a r t i a l  a c id  h y d ro ly s is ,  is a commonly  

e n c o u n te re d  im p u r i ty  in inu lob iose  p r e p a r a t i o n s  and. its p re s e n c e  

h e r e  is f u r t h e r  e v id e n c ed  by the p r e s e n c e  of a component wi th  a 

m o b i l i t y  s i m i l a r  to that of D -  g lucose  upon su b je c t in g  the d is a c c h a r id e  

h y d r o ly s a t e  to p a p er  c h ro m ato g rap h y .

On c o n s id e r a t io n  of the h y d r o ly s is  c u r v e s ,  it is ev ident  that s u b s t ra te  

a c t i v i t y  d e c r e a s e s  w i th  in c re a s in g  D P  up to D P 7 which  is e s s e n t ia l l y

u n d e g ra d ed .  T h i s  is co n f i rm e d  by the c h ro m a to g r  aphy and s e r v e s  as 

an e x p la n a t io n  f o r  why in u l in ,  ' 

not possess  s u b s t r a t e  a c t iv i ty .

an e x p la n a t io n  f o r  why in u l in ,  w hich  has a D P  v a lu e  of ca.  34^,^âoes

A n  in t e r e s t in g  and unexpected  f in d in g  was  that the t r i s a c c h a r i d e  

p r e p a r a t i o n ,  w h ich  p re s u m a b ly  cons is ts  m a in ly  of in u lo t r io s e ,  I^

( O - ^  -  p  -  f r u c t o f u r  anosy I -  ( 2 -----> 1 ) -  O -  -  D -  f r u c to f u r a n o s y  I

-  ( 2 ----->1) -  ^  -  D  - f r u c t o s e ,  X L I V ) , does not appear  to be

h y d r o ly s e d  by le va n ase  v e r y  r e a d i l y ,  if at a l l ,  on the ev idence of 

its h y d r o ly s is  c u r v e  and p ap er  c h ro m a to g ra p h y .  T h is  f ind ing
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T a b l e  I V ,  10. Components detected  upon paper  c h ro m ato g rap h y  of

o l ig o s a c c h a r id e s  obta ined  f r o m  inul in and d igested  with
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F i g u r e  IV .  24.  T i m e  dependence of re d u c in g  sugar  content in digests  

of o l ig o s a c c h a r id e s  obta ined f ro m  inul in with  levanase

150-
dp 2

DP4

- V —
DP5

50-

DP 6

DP3

- D —
DP7

2 3 3 5
Digest time : hours
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F i g u r e  IV .  25.  T im e  dependence of degree  of h y d r o ly s is  of

o l ig o s a c c h a r id e s  obta ined f ro m  inul in  digested  

with  I evanase

150
DP 2

u

50-

DP4

2 3

Digest time : hours
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HOCH

HO

Ch2

OH

HOCH

HO

CH2

OH

HOCH

OH

X L I V  In u lo t r  iose

is s u p p o r te d  by the o b s e rv a t io n  that the t e t r a s a c c h a r i d e ,  1̂ ,  upon 

l e v a n a se  deg rad a t io n  a p p a r e n t ly  loses  only  one f r u c t o s e  r e s id u e ,  

as ev ide nced  by paper  c h ro m ato g r  a p h y , leav ing  I 3 , wh ich  re m ains  

u ndegraded .  T h e  fa c t  that 1  ̂ is on ly  h y d r o ly s e d  to an extent of ca.  

30% is com pat ib le  w i th  the loss of one D  -  f r u c t o s e  r e s id u e .  H ig h e r  

homologues,  s i m i l a r l y ,  a r e  h y d r o ly s e d  by sequent ia l  loss of 

f r u c t o s y I  re s id u e s  until  I^ is r e a c h e d ,  C h r o m a to g r a p h ic  ev idence  

( T a b l e  IV .  10) a lso ind ica tes  the absence  of d is a c c h a r id e  in the 

r e a c t i o n  p roducts  f ro m  the d e g ra d a t io n  of o l ig o m e rs  of  D P 3  and  

a b o v e ,  f u r t h e r  supp o r t in g  the act ion p a t t e r n  postu la ted  above.

T h e  a p p are n t  lack  of s u b s t r a t e  a c t iv i t y  d is p la y e d  by inu lo tr  iose  

suggests  that a s t ro n g  s t e r i c  s p e c i f i c i t y  is in o p e ra t io n  which  

inh ib i ts  its accommodation at the a c t iv e  s i te s  on the enzyme at  

w h ich  h y d r o ly s is  can o c c u r .  S i n c e  the d is a c c h a r id e  and l a r g e r  

o l ig o s a c c h a r id e s  a r e  h y d r o ly s e d  it is d i f f i c u l t  to v isua l  ise only one 

s i t e  f o r  the accommodation of these s u b s t r a t e s .  C l e a r l y ,  this' is
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an a r e a  f o r  f u r t h e r  inves t ig a t io n  that ,  u n fo r tu n a te ly ,  fa l l s  outside  

the scope of this p r e s e n t  w o r k .

Upon r e - e x a m i n a t io n  of the h y d r o ly s is  c u rve s  shown in F i g .  IV .  25.  , 

it can be seen that some pass th rough maxima and o th e rs  do not  

r e a c h  the lev e ls  that would  be e xp ec te d  on the basis  of the action  

p a t te rn  postu la ted  above.  T h i s  could  be due to the o p e ra t io n  of 

a r e v e r s i o n  mechanism as in the cas e  of the in v e r ta s e  h y d ro lys is  

of levan d iscussed  in IV .  D .  iv.  b.

In conc lus ion ,  the levanase  p r e p a r a t i o n  of S .  sal  i v a r  ius s t r a in  51 

possesses  a f a i r l y  high s u b s t r a t e  s p e c i f i c i t y .  Many f a c e t s ,  

h o w e v e r ,  of  the p r o p e r t i e s  of this  h i th e r to  unstudied  enzyme  

r e m a in  to be in v es t ig a te d .  F o r  e x a m p le ,  the p o s s ib i l i t y  cannot  

be exc luded  that m ore  than one h y d r o la s e  is p r e s e n t ,  s p e c i f ic  f o r

the y9 -  2 — > 6  and 2 ----- >  1 i n t e r f r u c t o f u r a n o s id ic  l inkages

in levan.
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IV .  E .  S i z e  of B r a n c h e s  through 2 -  > 1 -  L in k a g e s  in the L e v a n

E l a b o r a t e d  by S t r e p to c o c c u s  sal i v a r  ius s t r a in  51

T h e  g ro s s  s t r u c t u r e s  of th re e  levans  e la b o r a te d  by s t r a in s  of 

S .  sal  i v a r  ius w e r e  e lu c id a te d  in section  IV ,  B .  T h e y  w e r e

found to be b r a n c h e d  D - f r u c t a n s  composed of -  ( 2 ------> 6 ) -

I inked f r u c t o f u r a n o s y  I r e s id u e s  with  b ranch ing  re s id u e s  

l inked  through pos i t ions  1 , 2  and 6 , the a v e ra g e  re p e a t in g  

unit  of the levan e la b o r a t e d  by s t r a in  51 being shown in F i g .  

IV .  9. It was  a lso  es t im a te d  that the deg ree s  of b ra nch ing  

f o r  the th r e e  p o ly s a c c h a r id e s  l ie  in the ra n g e  9 -  12%.

It is d e s i r a b l e ,  in a s t r u c t u r a l  study of a pol ysacch ar i d e , to 

gain in fo rm a t io n  not on ly  about the types and p ro p o r t io n s  of 

const i tuent  m o n o s a c c h a r id e s ,  the total  number of them and  

the p o s i t ions  of the l inkages  jo in in g  them but also about such  

aspects  as the lengths of b r a n c h e s ,  w h e th e r  branches  them

se lv e s  a r e  r e b r a n c h e d  i . e .  the type s t r u c t u r e ,  and the 

g e n e ra l  co n fo rm a t io n .

T o  gain in fo rm a t io n  co n c e rn in g  such f i n e r  aspects of 

p o ly s a c c h a r id e  s t r u c t u r e  it is in v a r ia b ly  n e c e s s a r y  to 

deg rad e  o r  f r a g m e n t  the po lym er  in a c o n t r o l l e d  manner  and  

in ves t ig a te  the s t r u c t u r e s  of the re s u l t in g  f ragm e nts .  Of the 

methods that can be employed f o r  e f fec t ing  f r a g m e n t a t io n , 

p a r t i a l  ac id  h y d r o l y s i s  has p ro v e d  useful  in the study of 

s iz e s  of b ra n c h e s  of l e v a n s , a b ranch  in this context meaning

a cont inua t ion  of the p o ly s a c c h a r id e  through a y 5  -  2 ------ > 1  -

l in ka g e ,  such l inkages  being in the m in o r i ty  and o c c u r r i n g  

only  at b ra n c h  po ints .

It was noted  in IV .  B .  i i i .  that a d is a c c h a r id e  p r e p a r a t io n  f ro m  

p a r t i a l  ly a c id  h y d r o ly s e d  levan conta ined  a s ig n i f ic an t  (ca.

2 0 %) amount of  the - 2   > 1 -  l inked  d is a c c h a r id e

inulob iose  ( X L  11 ) in addi t ion to I evanbiose  ( X L  I ),  a f ind ing

that suggests  that y S  -  2 -----> 1 -  l inkages  at branching pos i t ions

a r e  r e l a t i v e l y  r e s i s t a n t  to ac id  h y d r o ly s is  in compar ison to
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y ô  -  2 ------ > 6 -  l înka gés .  F e în g o ld  and G eh a t ia  noted

that p a p e r  ch ro m ato g r  aphy of a p a r t i a l  ac id  h y d ro ly s a te  of 

the s o - c a l l e d  levan of A e r o b a c t e r  levan icum  showed a 

s e r i e s  of components c o r re s p o n d in g  to D - f r u c t o s e ,  a 

d i s a c c h a r i d e ,  t r  i s a c c h ar  ide and h ig h e r  s a c c h a r id e s  wi th  two 

spots  at D P  va lues  of 4 and above.  T h i s  was  c o n s id e re d  as 

be ing e v id e n c e  that o l ig o s a c c h a r id e s  w e r e  g e n e ra te d

conta in ing  y 5  -  2 -----> 1 -  I ink age (s) o r  t e r m in a t e d  by

y5 -  2 ------> 1 -  I inked r e d u c in g  groups w h ich  would  be

e xp ec te d  if the j 8 - 2 ------> 1 - l inkage  is ,  indeed,  less

s u s c e p t ib le  to a c id  h y d r o ly s is  than the y ^  -  2 ------> 6  -

l in k a g e .  It was t h e r e f o r e  c o n s id e re d  p r o b a b le  that p a r t ia l  

h y d r o l y s i s  would  y ie ld  o l ig o s a c c h a r id e  f ra g m e n ts  f ro m  

levan w h ic h ,  upon s t r u c t u r a l  d e te r m in a t io n ,  might p ro v id e  

in fo rm a t io n  conce rn ing  the s t r u c t u r e  of  the p a r e n t
CO

p o l y s a c c h a r id e .  F e i n g o ld  and G e h a t ia  u n fo r tu n a te ly  

f u r n i s h e d  no d e ta i ls  of  the condi t ions employed f o r  the 

d e g ra d a t io n  of  th e i r  p o ly s a c c h a r id e  and it was  t h e r e f o r e  

n e c e s s a r y  to a s c e r t a in  s u i ta b le  cond i t ions  f o r  the p a r t ia l  

ac id  h y d r o ly s is  of the levan of S .  sal  i v a r  ius s t r a i n  51 

(a v a i l a b le  in the g r e a t e s t  y ie ld ) .

I V .  E H .  P a r t i a l  ac id  h y d r o ly s is  of the levan of S .  sal  i v a r  ius s t r a in  

51 ; Homologous s e r i e s  of the o l ig o s a c c h a r id e  products  

I n i t i a l l y ,  h y d ro ly s e s  w e r e  p e r f o r m e d  w i th  0 . 0 0 5  M s u lp h u r ic  

ac id  and 0. 0005  M oxal  ic ac id  as d e s c r ib e d  in II I .  C .  i. 

E x a m in a t io n  of the c hrom atogram s  of the h y d r o ly s a t e s ,  

shown in F i g .  IV .  26. , ind ica tes  that the s u lp h u r ic  acid  

t re a tm e n t  caused v i r t u a l l y  complete  h y d r o ly s is  to D -  

f r u c t o s e  w h e re a s  the o x a l ic  ac id  t re a tm e n t  p ro d u c ed  a 

s e r i e s  of components.  A  f u r t h e r  e x p e r im e n t  was then 

p e r f o r m e d ,  as d e s c r ib e d  in I I I .  C .  i i .  to d e te rm in e  a 

s u i t a b le  h y d r o ly s is  t ime f o r  the g e n e r a t io n  of o l ig o 

s a c c h a r i d e s  by d egradat ion  w i th  0. 005  M o x a l i c  a c id  at 7 0 °  

E x a m in a t io n  of the p a r t i a l  h y d r o ly s a te s  by paper  

c h ro m a t o g ra p h y  (F ig .  IV .  27. )  leads to the conclus ion  that  

the optimum time is ca.  2 h. It is ev id e n t  f ro m  the 2 h
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F i g u r e  IV ,  26,  P a p e r  c hrom atogr  ams of o x a l ic  ac id  ( 0 . 0 0 5  M) and 

s u lp h u r ic  ac id  ( 0 . 0 0 5  M) degraded levan

0

Key:  F  = D - f r u c t o s e

O = o x a l ic  acid h y d ro ly s a te  

S  = s u lp h u r ic  acid  h y d ro lys a te



164

F i g u r e  IV .  27.  P a p e r  c h ro m a to g r  aphy of o x a l ic  acid ( 0 . 0 0 5  M) 

h y d r o ly s a te s  of 5 .  sal iv a r  ius 51 levan : E f fec t

of r e a c t io n  t ime

DP
I ®

r\ r\

D P 2 0 0

D P 3 I 0

DP4 i 0 0

0 5

DP5

DP6

0

1 0  2 0  3 0

R E A C T I O N  T I M E  : HOURS

0

Û

4 5
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c h ro m a to g ram  that two s e r i e s  of components a r e  p r e s e n t  

at D P  va lues  of  3 and h i g h e r ,  e s s e n t ia l l y  in agreem ent  

with  the f in d in g  of F e in g o ld  and Gehat ia  , except that  

these w o r k e r s  found component dupl icat ion to begin at D P 4 ,

T o  a s c e r t a in  w h e th e r  the two s e r ie s  of components f o r m  

members  of homologous s e r i e s ,  R-f va lues  w e r e  found as 

d e s c r  ibed in 111. C .  i i i .  , the re s u l  ts being given in T a b l e  

IV .  1 1. v a lu e s  w e r e  c a lc u la te d  and plotted aga ins t

assumed D P  va lu e s  as shown in F i g .  IV .  28.  T w o  p a r a l l e l  

s t r a ig h t  l ines  r e s u l t  ind ica t ing  that the two s e r i e s  of  

components do,  indeed,  f o r m  members  of homologous  

s e r i e s .  T h e  upper  l in e .  A ,  co r res p o n d s  to the s lo w e r  

moving,  m ore  in tense s e r i e s  of components which  most  

p r o b a b ly  c o m p r is e s  u nbra nched  s a c c h ar id e s  possessing

only  ^  - 2 ------> 6 -  l inka ge s .  T h e  lower  l in e ,  B ,

c o r r e s p o n d in g  to the f a i n t e r ,  f a s t e r  moving components,

is p ro b a b ly  due to s a c c h a r id e s  possessing a -  2 ---- > 1 -

I inkage o r  I inkages in addi t ion to -  2 ----- > 6  -  I ink age (s).

T h e  component c o r r e s p o n d in g  to the d is a c c h a r id e ,  w hich

has been shown to be p red o m in an t ly  the -  2 -------> 6 -

l in ke d  I e va n b io s e  ( X L  I ) plus some j Q  - 2 -----> 1 - l inked

inu lob iose  ( X L  11 ) ,  al so f a l l s  on the B -  s e r i e s  l ine.

I V . E . i i .  P r e p a r a t i o n  of o l ig o s a c c h a r id e s  f ro m  the levan of

S .  sal  i v a r  ius s t r a i n  51 and de te rm ina t ion  of d egree  of 

p o ly m e r is a t io n  (D P )  v a lu e s .

H a v in g  e s t a b l is h e d  s u i tab le  condi t ions f o r  the p a r t ia l

d e g ra d a t io n  by ac id  h y d r o ly s is  of the levan of S .  sal  i v a r  ius

s t r a i n  51 it was  then n e c e s s a r y  to implement these

condi t ions  in a l a r g e  s c a le  h y d ro ly s is  and s e p a r a te  the

r e s u l t i n g  o l ig o s a c c h a r id e s .  C h a rc o a l  -  Ce l  i te adsorpt ion
1 99c h ro m a t o g r  aphy has found appl ica t ion  in this f i e ld .

T h e  techn ique  r e l i e s  upon the in c re a s in g  e lu t ing pow er  

of aqueous ethanol  ic so lu t ions  of in c rea s in g  strength, ,  

the w e a k e s t  s o lu t ions  rem ov ing  only the sm al les t  s u g a rs
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T a b I e I V .  1 1. O l ig o s a c c h a r id e s  obta ined f r o m  levan : R-p and  

va lues

D P R p ^ D F Rf R m

1 1 . 0 0 1 .4 4 0. 234 0.  504

2 0 . 7 0 1 . 0 0 0. 163 0.  710

B 0. 47 0 . 6 8 0 . 1 1 1 0. 904
3

A 0 . 42 0 . 61 0. 099 0. 959

B 0. 31 0 . 4 5 0.  073 1 . 1 0 4
4

A 0. 27 0. 39 0. 063 1 .1 7 3

B 0 . 21 0. 30 0. 049 1 . 288
5

A 0 . 18 0 . 26 0. 042 1 . 3 5 8

B 0. 145 0 . 21 0. 034 1 . 4 5 3
6

A 0 . 1 2 0 0. 17 0 . 028 1 .5 4 0

B 0. 0 94 0. 137 0 . 0 2 2 1 .6 4 8
7

* A 0 . 081 0 . 1 1 5 0 . 0 1 9 1 .7 1 3

Key : R p

R D F

_ d is tan ce  moved by component

" p - f r u c t o s e

_ d is tan ce  moved by component

" " " d is a c c h a r id e

R f

R M

= d is tan ce  moved by component

" " " so lven t  f r o n t

1 — Rf= log 10
R f
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F i g u r e  IV .  28.  O l i g o s a c c h a r i d e s  obta ined f ro m  levan  

Homologous s e r i e s

RM

2 3 5 64 7
DEGREE OF POLYMERISATION . DP.
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f r o m  the ad so rb e n t  bed.  T h is  technique was  employed  

d u r in g  the p r e p a r a t i o n  of levan o l ig o s a c c h a r id e s  as 

d e s c r i b e d  in I I I . F .  i. U n f o r tu n a te ly  r e m o v a l ,  under  

r e d u c e d  p r e s s u r e ,  of the la rg e  volumes of e luent needed  

r e s u l t e d  in p a r t i a l  h y d r o ly s is  of the r e s o l v e d  components  

to s m a l l e r  s u g a r s ,  p resu m ab ly  due to the l a b i l i t y  of 

o l i g o s a c c h a r i d e  products  which a r e  composed of fu ra n o s y l  

r e s i d u e s .  It was t h e r e f o r e  n e c e s s a r y  to r e - c h r o m a t o g r a p h  

on p a p e r  the f r a c t io n s  obta ined and ly o p h i l i s e  the re s u l t in g  

r e s o l v e d  components to p re v e n t  f u r t h e r  d egrada t ion .  

U n f o r t u n a t e ly ,  the p r e p a r a t i v e  paper  c h ro m a to g ra p h ic  

method employed did not p e r m i t  s e p a r a t io n  of members  

of the A  and B s e r i e s  (F ig .  IV .  28 , I V .  E .  i. ) and  

cl ig o s a c c h a r  ides of common D P  w e r e  t h e r e f o r e  co -  

lyophil  ised.  F i v e  p r e p a r a t io n s  w e r e  ob ta ined  which p ro v e d  

to be homogeneous to paper  ch ro m a to g rap h y .  T h e  y ie lds  of 

the p r e p a r a t i o n s , des ignated  A  -  E  in T a b l e  IV .  12. , w e r e  

v e r y  low c o n s id e r in g  that the amount of levan in i t i a l l y  

d e g ra d e d  was 15 g. T h e  D P  va lues  of  the p r e p a r a t io n s  

w e r e  e s t im a te d  as d e s c r ib e d  in I I .  H .  iv.  , the r e s u l ts  

being g iven in T a b l e  IV .  12 , to gether  wi th  va lues .

IV .  E ,  i i i .  S i z e  of b ra n c h e s

A n  a p p ro a c h  to the p rob lem  of lengths of b ra n ch e s  in levans  

has p r e v i o u s l y  been p ropos ed  by Z e l i k s o n  and H e s t r i n .^ ^ ^  

B y means of an endo h y d r o la s e ,  ob ta ined  f ro m  a soi l  

b a c t e r iu m  w h ich  possessed  the c h a r a c t e r i s t i c s  of 

A r t h r o b a c t e r  tumescens , they o b ta ined  a p a r t i a l  

h y d r o ly s a t e  of the levan of A e r o b a c t e r  l e v a n ic u m . P a p e r  

c h r o m a t o g r  aphy r e v e a le d  the p r e s e n c e  of two s e r i e s  of 

o l ig o s a c c h a r id e s  up to D P 8 . M e m b e rs  of one s e r ie s  

r e d u c e d  tr  ipheny I te t ra z o l  ium c h lo r id e  ( T T C ) ,  a reag en t  

s p e c i f i c  f o r  r e d u c in g  s u g ars  except when posi t ion(s )  

a d ja c e n t  to the r e d u c in g  group i s / a r e  su b st i tu ted ,  as 

in s a c c h a r id e s  te rm in a te d  by a re d u c in g  D  -  f r u c to s e  r e s id u e  

l in k e d  through pos i t ion  C -  1 ( e . g .  i n u l o b i o s e , X L I I  ).
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T a b l e  IV .  1 2, Y i e l d s ,  c h ro m a t o g r a p h ic  data and D P  values of 

ol ig o s ac c h a r  ides ob ta ined  f ro m  the levan of 

S .  sal  i v a r  ius s t r a i n  51

P r e p a r  at ion Y i e l d  ^ 

mg
R f  ' D P

de te rm in e d

D P

A 62 0. 171 2 . 2 2

B 215 0.  105 3. 3 3

C 146 0.  071 3. 6 4

D 1 0 0 0. 045 4.  9 5

E 1 8 0.  024 5. 5 6

a.  f r o m  1 5 g lev a n ,  b. s o lv e n t  system 1 ( U . C .  i. )
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It was suggested  that members  of the s e r i e s  that did not re d u ce  T T C  

w e r e  te rm in a t e d  by re d u c in g  D - f r u c t o s e  un i ts  l inked  through posi t ion  

1 , and concluded that up to at least 7 r e s id u e s  w e r e  a ttached to 

b ra n c h in g  r e s id u e s  v ia  2 ------> 1 -  l inkages .

S u ch  an approach  to the p rob lem  is u n s a t i s f a c t o r y  s in ce  it r e l i e s  

upon the n o n - f o r m a t io n  of a co lo u r  complex w i th  a s p e c i f i c  re a g e n t .  

F u r t h e r m o r e ,  the pos s ib le  p r e s e n c e  of o l ig o s a c c h a r id e s  te rm in a ted  

by b ra n c h e d  re d u c in g  units l inked  through pos i t ions  5 and 1 , as in 

the tr  is a c c h a r  ide X I _ V ,  was not c o n s id e re d .  S u ch  o l ig o s a c c h a r id e s

X L V X L  V I X L  V I I

w ou ld  a lso  be in ac t iv e  to w ard s  T T C  and, as a r e s u l t ,  the T T C  test  

has no r e le v a n c e  to lengths of b ra n c h e s  through -  2  ------> 1 -

l inkages  in levans .

A  chemica l  method was t h e r e f o r e  de v is ed  f o r  the inves t iga t ion  of 

b ra n c h  s iz e s  in levans.  H a v in g  obta ined  o l ig o s a c c h a r id e  p re p a ra t io n s  

f r o m  the levan of S .  sal  iv a r  ius s t r a in  51 and e s ta b l is h e d  that the

^ - 2 -----> 1 - l i n k a g e s  in the po lym er  a r e ,  r e l a t i v e  to the - 2 — > 6 -

l in k a g e s ,  r e s i s t a n t  to ac id  h y d r o l y s i s ,  it was thought l i k e ly  that the

p r e p a r a t i o n s  conta ined s a c c h a r id e s  possess ing  -  2 ---- > 1  - l i n k a g e s

in addi t ion  to -  2 ---- > 6 . A l though it was not found to be p r a c t ic a l

to s e p a r a t e  members  of the A  and B s e r i e s  ( I V .  E .  i. , F i g .  IV .  28.  ) ,  

a method was dev ised  f o r  the d e te rm in a t io n  of the s iz e s  of b ranches  

by e s ta b l is h in g  the p r e s e n c e  in each o l ig o s a c c h a r id e  p r e p a r a t io n  of 

s a c c h a r id e s  te rm in a te d  by r e d u c in g  D  -  f r u c t o s e  r e s id u e s  l inked  

th rough pos i t ion  1 on ly .  '
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It was r e a l i s e d  that such compounds could  only  be g e n e ra te d  by 

h y d r o ly s is  of  the y ô  -  2 — > 6 -  l inkages  at a b ranch  point.

o
_ _ _ Q

Of the p o ss ib le  t r  i s a c c h a r  ides o r ig in a t in g  f r o m  levan,  f o r  e xam ple ,  

two (XL.VI  and X L V ! I )  a r e  te rm in a t e d  by a r e d u c in g  D - f r u c t o s e  

r e s id u e  l inked  only  through pos i t ion  1, If e i t h e r  o r  both w e r e  p re se n t  

then b ran ch e s  in the p a r e n t  p o ly s a c c h a r id e  would  be concluded to 

possess at leas t  2 r e s i d u e s .  Indeed compound X L V I I , if p r e s e n t ,  

would  have  o r i g i n a t e d  f r o m  a b ra n c h  conta in ing at least 3 re s id u e s  

s in ce  al I 2 ----- > 1 -  I inkages o c c u r  at b ra n ch in g  pos i t ions.

/J ' 

/d

o
9
o X L V I  I

/d

Ô
In g e n e r a l ,  the detect ion  of r e d u c in g  re s id u e s  l inked only through  

posi t ion 1 in a p r e p a r a t i o n  w i th  a D P  va lue  of N would  be ind ica t ive  

of b r a n c h e s ,  l inked  through the C -  1 pos i t ion  of b ra n ch in g  r e s id u e s ,  

conta in ing  up to at least  N  -  1 r e s id u e s .
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D u r i n g  the d e te rm in a t io n  of r i n g  s iz e  of n o n - t e r m in a l  re s id u e s  in the 

le van of S .  s a l i v a r i u s  s t r a in  51 ( IV .  B .  i i i .  ) ,  the sequence ; -

d is a c c h a r id e

1 . r e d u c t io n  w i th  N a B D ^

2 . méth y la t ion

3. h y d r o ly s is

4.  re d u c t io n  w i th  N a B D ^

5. a c é ty la t io n

gave  a m ix t u r e  of  2 -  O -  acety l  -  O -  methyl  -  hex  i to I s ( T a b le  IV .  4. ) ,  

conta in ing  a component ,  = 0. 5 0 ,  w h ich  p r o v e d  to be a m ix tu re  of

2 - ^  - 6 - 0 -  a ce ty l  -  and 2 - _ d - l  -  O -  acety l  -  p e n t a - O  -  methyl  -  

h e x i to ls  ( X X X V I I I ,  X L  r e s p e c t i v e l y ) ,  the l a t t e r  compound ind ica t ing  

that the d is a c c h a r id e  p r e p a r a t i o n  conta ined a component, the re d u c in g  

end gro u p  of w h ich  being l inked  through pos i t ion  1 only .  It was  

t h e r e f o r e  thought l i k e ly  that a s im i l a r  p r o c e d u r e  could  be used to 

detect  h ig h e r  s a c c h a r id e s  the r e d u c in g  end groups of which being  

s i m i l a r l y  l in ke d  only  through pos i t ion  1 , th e re b y  y ie ld in g  information  

c o n c e rn in g  the s iz e s  of b ra n c h e s  in the p a r e n t  p o ly s a c c h a r id e .

S a m p le s  of the t r i  -  , t e t r a  -  and p e n ta s a c c h a r id e  p r e p a r a t io n s  w e r e ,  

t h e r e f o r e ,  s u b jec te d  to the above sequence  as d e s c r ib e d  in I I I . H .  i i .  

T h e  r e s u l t i n g  2 -  ^ - O -  ace ty l  -  O -  methyl -  hex i to l  m ix tu res  w e r e  

su b je c te d  to gc -  ms as d e s c r ib e d  in I I . J .  i i .  Gas  chrom atogram s of 

these m ix t u r e s  a r e  shown in F i g s .  IV .  29.  , 30.  , 31.  P a r t i a l  E .  I. 

mass s p e c t r a  of  the components obta ined f r o m  the t r i s a c c h a r i d e  

p r e p a r a t i o n  a r e  shown in F i g .  IV .  32.  and p a r t i a l  E .  I .  mass s p e c t ra  

of the components wi th  an R ^ ^ ^  v a lu e  of 0. 5 0 ,  ob ta ined f ro m  the t e t r a  -  

and p e n t a s a c c h a r id e  p r e p a r a t i o n s , a r e  shown in F i g .  IV .  33.  In 

addi t ion  a p a r t i a l  E .  I. mass s p e c t ru m  of the component wi th Rtmg ~

1 . 18,  found in the m ix tu re  of  hexi to l  d e r i v a t i v e s  f ro m  the 

t e t r a s a c c h a r i d e  p r e p a r a t i o n ,  is shown in F i g .  I V .  34.  Gas  

c h r o m a t o g r a p h ic  re te n t io n  data and i n t e r p r e t a t io n s  of the E ,  I .  mass 

s p e c t r a  a r e  g iven  in T a b l e  I V .  13.

I t  is e v id en t  that the component w i th  an R ^^^  v a lu e  of 0 . 5 0 ,  d e r iv e d  

f r o m  the t r  i - ,  t e t r a  -  and p e n ta s a c c h a r id e  p r e p a r a t i o n s , is a
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F i g u r e  IV .  29.  Gas  c h r o m a t o g r am of the 2 - d - O - a c e t y l - O -

me thy I - h e x i t o l  m ix tu re  d e r iv e d  f rom  the tr  isacch ar  ide 

p r e p a r a t i o n  obta ined f ro m  the levan of S .  sal iva r  ius 

s t r a i n  51

CNI

CD
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F  igur e IV .  30.  Gas ch ro m ato g ram  of the 2 - d - O - a c e t y l - O  -  methyl  -  

hexi to l  m ix tu re  d e r iv e d  f ro m  the te t r  a s a c c h a r  i de 

p r e p a r a t i o n  obta ined f ro m  the levan of S .  sal  iva r  ius 

s t r a  in 51

I— ------------------------------------------------------------------------------------------------— — -----------------------------

,____________  ^

CNI

ro
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F  igur  e IV .  31 . Gas ch ro m ato g ram  of the 2 -  d -  O -  acety l  -  O -  methyl  -  

hexi to l  m ix tu re  d e r iv e d  f rom  the p e n ta s a c c h a r id e  

p r e p a r a t i o n  obta ined f rom  the levan of S .  s a l i v a r i u s  

s t r a in  51

CNI

CO
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F i g u r e  IV .  32.  P a r t i a l  e le c t ro n  impact mass spec t rum  of 2 -  d  -  Q -  

acety l  -  O -  methyl -  h ex i to ls  d e r iv e d  f ro m  the 

t r  isa c ch ar  ide p r e p a r a tion obta ined f ro m  the levan of

S .  s a l i v a r i u s  s t r a in  51

117 161
101

Compounds X X X V I I I  

and X L  

(component 1 ,102

145118

134

146 205133 177
206

129 162
161

Compound X L V I I I  

(component 2 ,102
101

146
145

205 206

129
162 189

Compounds X V I  

and L

(component 3,  

F i g .  IV .  2 9 . )

102

161 190
206 233 

234205,
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F i g u r e  IV ,  33,  P a r t i a l  e le c t r o n  impact mass s p e c t ra  of m ix tu res  of 

2 — d — 6  — O — acety l  — 1 ^2^3^4^5 — p e r t a — O — m ethyl  

hexi to l  (XXXVI11  ) and 2 -_d - 1  -  O -  a c e t y l - 2 , 3 , 4 , 5 , 5 -  

penta  -  O -  methyl -  hexi  toi ( X L )

a . f ro m  te t r  a s a c c h a r  ide p r e p a r a t io n
101 161117

Component 1 

(F ig ,  IV .  30,  )

102
178

162118

205
177133

206

b , f ro m  pent 3 S a c c h ar  ide p r e p a r a t i o n

117

Component 1 

(F ig ,  I V , 3 1 , )

145
10 2

178
162134

118
205

.206

46133, 177,
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F i g u r e  I V .  34,  P a r t i a l  e le c t r o n  impact mass spec trum  of 2 - ^ - l , 6 -  

di -  O -  ace ty l  -  2 , 3 , 4 , 5 - t e t r a - O  -  methyl  -  hexi  toi 

( X L I X )  obta ined f rom  the t e t r a s a c c h a r  ide p re p a r a t io n

4 3
101

161 162118
Component 3 

( F ig .  I V .  30.  )
1 0 2
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T a b l e  IV .  13. C h r o m a to g r a p h ic  p r o p e r t i e s  and mass s p e c t r o m e t r i c

a n a ly s is  of 2 - ^ - O - a c e t y l - O  -  methyl  - h e x i t o l s  d e r iv e d  

f r o m  the t r i  - ,  t e t r a  -  and p e n ta sa c c h a r id e  p r e p a r a t io n s  

o b ta ined  f r o m  the levan of S .  s a l i v a r i u s  s t r a in  51

E.  1. Mass s p e c t ro m e try P a r e n t  s t r u c t u r a l

Component R,tmg p r i m a r y posi t ions of unit

f ra g m e n ts  m / e m ethoxy 1 groups  

in hexi to l  

d e r iv a t i v e

x x x v n i ^ * ^ ' ^ 0.  50 4 5 , 9 0 , 11 7 , 1 3 4 ,  

1 6 1 , 1 7 8 , 2 0 5

1 , 2 , 3 , 4 , 5 te rm in a l  red u c in g  

group l inked  

through posi t ion 6  

( L l l )

0.  50 4 5 , 8 9 , 1 1 8 , 1 3 3 ,

1 6 2 , 1 7 7 , 2 0 6

2 , 3 , 4 , 5 , 6 te rm in a l  re d u c in g  

group linked through  

pos i t ion  1 (L l l  I)

X L V I I I ^ ’ ^» ^ 0. 79 4 5 , 1 6 1 , 1 6 2 ,  

2 0 5 , 2 0 6

1 , 3 , 4 , 6 n o n - r  educing  D -  

f r u c t o f  ur  anosy 1 

te rm inus  ( X X X I V )

X L I X ^ 1 . 1 8 1 1 7 , 1 1 8 , 1 6 1 ,  

1 6 2 , 2 0 5 , 2 0 6

2 , 3 , 4 , 5 te rm in a l  re d u c in g  

group linked through  

posi tions 1 and 6 

( L I V )

1 . 7 0 4 5 , 1 6 2 , 1 8 9 ,  

2 06,  233

1 , 3 , 4 D - f r u c t o f u r  anose  

r e s i d u e  1 inked  

through posit ions  

2 and 6  (V)

j _ a , b , c 1 . 7 0 4 5 , 1 6 1 , 1 9 0 ,  

2 0 5 , 2 3 4

3 , 4 , 6 D - f r u c t o f u r  anose  

r e s id u e  I inked  

through posi t ions  

1 and 2 ( X X X V )

l _ lb ,c 3. 95 1 8 9 , 1 9 0 , 2 3 3 ,  

234

3 , 4 b ra n ch in g  D - f ru c to - -  

f u r a n o s e  r e s id u e

key: a ob ta ine d  f r o m  tr  is a c c h a r  ide preparation  
b " " t e t r a s a c c h a r i d e  " 
c " " p e n ta sac ch ar  ide "

1 inked through  

pos i t ions  1 , 2  and 6 

( X X X V I )
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m ix t u r e  of 2 - ^ - 6  — O — acety l  -  1 , 2 , 3 , 4 , 5  — pen ta -  O — me thy I — hexi  toi 

( X X X V l l l )  and 2 - ^ - 1  -  0 -  a c e t y l - 2 , 3 , 4 , 5 , 5 - p e n t a - 0  -  methyl  -  

hexi to l  ( X L )  ident ica l  to that obta ined f r o m  the d is a c c h a r id e  

p r e p a r a t i o n  in IV .  B .  i i i ,  , the l a t te r  ( X L )  being ev idence  f o r  the 

p r e s e n c e  of compounds pos ses s ing  re d u c in g  te rm in i i  l inked only  

through C  -  1 in the th r e e  p r e p a r a t i o n s .  T h e  fa c t  that the 

p e n ta s a c c h a r id e  p r e p a r a t i o n  conta ins  components wi th  re d u c in g  

t e r m in i i  thus l inked  can be c o n s id e re d  to be conc lus ive  ev idence  that  

b ra n ch es  in the levan e la b o r a t e d  by S .  s a l i v a r i u s  s t r a in  51 contain  

up to at least 4 D - f r u c t o s e  r e s id u e s .

A l though the method y ie ld s  in fo rm at ion  c o n ce rn in g  the s izes  of levan  

b ra n c h e s ,  it is unable  to y ie ld  in fo rm at ion  co n ce rn in g  the 

a r ra n g e m e n t  of the r e s i d u e s  conta ined  in the b ra n c h e s .  F o r  exam ple ,

if segments of p o ly s a c c h a r id e  te rm in a te d  by a 2 ----- -* 1 -  l inkage to a

b ranch ing  pos i t ion  and conta in ing  4 re s id u e s  a r e  c o n s id e re d ,  some of 

the poss ib le  s t r u c t u r e s  such as L V ,  L V I  and L V I I  contain  f u r t h e r

yS -  2 ------1 -  l in kag e s .  It has been e s ta b l is h e d  (sect ion IV .  B .  )

that such l inkages  o c c u r  e x c lu s iv e ly  at b ra n ch in g  posi t ions.  If 

s t r u c t u r e s  such as L V ,  L V I  and L V I I  a r e  p re s e n t  then there  must 

have been in e xcess  of 4 r e s i d u e s  conta ined in the branches  concerned:  

hence the g e n e r a l i s a t io n  "the detect ion  of s a c c h a r id e s  wi th  a D P  va lue
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r  ' I—

\
/

-  N
U - — I

L V L V I L V I I

of  N ,  te rm in a te d  by r e d u c in g  groups  l inke d  only  through C -  1 , Is 

e v id e n c e  that b ra n ch e s  In the pa ren t  po lym er  conta in  up to at l e a s t 

N  -  1 r e s i d u e s " .

C l e a r l y  the a pproach  employed In this sec t ion  could  e qua l ly  w el l  be 

a p p l ie d  to o ther  levans and bran ch e d  f r u c t a n s  In g e n e r a l .  Indeed  

the b ra n c h e d  "Inul  In - I  Ik e "  f r u c t a n s  e la b o r a te d  by s t r a in s  JC2   ̂

and In g b re t t  ^ of S t r e p to c o c c u s  m u ta n s , w h ich  have  been  

shown  ̂ ^ to c o m p r is e  D - f r u c t o f u r a n o s e  r e s id u e s  l inked

p r i n c i p a l l y  through pos i t ions  2 and 1 w i th  b ra n ch in g  through C - 6 , 

w ould  a lso be amenable  to b ra n ch  length a n a ly s is  by a s im i la r  

p r o c e d u re .  In these c a s e s ,  h o w e v e r ,  it would  be n e c e s s a r y  to 

detect  s a c c h a r id e s  te rm in a te d  by r e d u c in g  groups  l inked  only through  

C -  5 In the p r e s e n c e  of those I Inked through C  -  1,

T h e  compound w i th  = 1 . 1 8  ( F ig  . I V .  30.  , component 3) ,

de tec ted  In the m ix t u r e  of  hexi to l  d e r iv a t i v e s  obta ined  f r o m  the 

t e t r a s a c c h a r  Ide p r e p a r a t i o n ,  p ro v ed  to be ,  on the bas is  of E ,  I. ' 

mass s p e c t r o m e t r y  ( F ig .  I V ,  3 4 . ) ,  2 - ^ - 1 , 6  - d l - O  -  acety l  -  

2,  3,  4 ,  5 -  t e t r a - O  -  methyl -  hexi to l  ( X L I X ) .  T h i s  was c o n s id e re d  

to be d e r iv e d  f r o m  r e d u c in g  D - f r u c t o s e  t e r m in i  I l inked  througl^i both 

p o s i t ions  1 and 6  ( L I V )  by implement ing the sequence of re a c t io n s  

d e s c r ib e d  above.  P r e s u m a b l y  compound X L I X  should  a lso be
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p re s e n t  in the m ix tu re s  of hex i to l  d e r iv a t i v e s  obta ined f ro m  

the tr  i -  and penta  -  s a c c h a r  ide p r  e p a ra t io n s .  It is thought  

that the c o n ce n t ra t io n s  of X L I X  in these m ix tu res  w e r e  too 

low to be de te c tab le  by the methods employed.

IV .  F .  Chemica l  Io n isa t ion  Mass S p e c t r o m e t r y  of  2 -  d - O  - A c e t y l  -  

O -  M e t h y l - H e x i t o l s

W hen the w o r k  on the s iz e s  of b ran ch e s  in the levan of 

S .  s a l i v a r i u s  s t r a in  51 w as  com ple ted  it became poss ib le  to 

examine some of the 2 - ^ - 0  -  ace ty l  - O -  methyl  -  hex i to ls  

m ix tu res  by combined gas c h ro m a to g ra p h y  -  chemical  

ion isa tion  ( C . l . )  mass s p e c t r o m e t r y .

In E ,  I, mass s p e c t r o m e t r y , the m a jo r  d isadvantage u s u a l ly  

e n c o u n te re d  is that the e n e r g y  of  the e le c t ro n  beam r e q u i r e d  

to ion ise a s u f f i c ie n t ly  l a r g e  p r o p o r t io n  of  the sample  

m olecu les  is such that ex c e s s  e n e r g y  is a v a i la b le  f o r  the 

e x te n s iv e  f r a g m e n ta t io n  of  the r e s u l t in g  m o lec u la r  i o n - r a d i c a l  

(M ^ ) .  In consequence  the M t  ion is r a r e l y  d is c e r n ib le  in the 

s p ec tru m  of a complex  m o lec u le  such as an O -  acetyl  - O  -  

methyl -  a ld i t o l .  In a ss ig n in g  s t r u c t u r e s  to such d e r iv a t i v e s  it 

is n e c e s s a r y  t h e r e f o r e  to r e l y  on c h ro m a to g ra p h ic  r e te n t io n  

data and c o m p a ra t iv e  data  of r e f e r e n c e  compounds o r  l i t e r a t u r e  

values  in o r d e r  to ass ign  va lu e s  f o r  the numbers  of methoxy  

and ace ta te  groups  and the num ber  of carbon  atoms in the chain .  

C l e a r l y  if a mass s p ec t ru m  of such a compound conta ined a 

r e a d i l y  d is c e r n i b le  peak  c o r r e s p o n d in g  to the m o lec u la r  ion,  

the m o le c u la r  w e igh t  and hence  carb o n  chain length and numbers  

of methoxy and a c e ta te  groups  could  be es tab l ished .

Chem ica l  ion isa t ion  mass s p e c t r o m e t r y  has re c e n t ly  em erged  as 

an im por tan t  technique  w hich  can p ro v id e  in formation addit ional  

to that o b ta in ab le  by e le c t r o n  impact mass s p e c t ro m e try .
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E s s e n t i a l l y  the C . l ,  p ro c e s s  of sample  ion isation  o c c u rs  w i th  a 

much lo w e r  t r a n s f e r  of e n e rg y  to the sample molecu les  r e s u l t in g  in 

a g r e a t l y  d im in ished f r a g m e n ta t io n .  T h e  p a re n t  ion is ,  h o w e v e r ,  

not u s u a l ly  abundant as a r e s u l t .  A  quasi  - m o l e c u l a r  ion,  fo rm e d  

by loss o r  gain of one hydrogen  atom, is u su a l ly  the most prominent  

f e a t u r e  of the s p e c t ru m ,  C . l ,  s p e c t r a  a r e  t h e r e f o r e  able  to p ro v id e  

in fo rm at ion  about m o le c u la r  w e ig h ts .

Chem ica l  ion isa t ion  r e s u l t s  f ro m  in te ra c t io n s  be tween  sample  

molecu les  at a low p r e s s u r e  and a r e a c t a n t  gas at a h ig h e r  p r e s s u r e .  

B e c a u s e  of the low abundance of sample m o le c u le s ,  the r e a c ta n t  gas 

m olecu les  undergo p r i m a r y  ion isa t ion  when bombarded by e le c t r o n s .  

T h e  ion ised  r e a c t a n t  gas then undergoes  ion -  m o lecu le  re a c t io n s  

w ith  i t s e l f  and the r e s u l t a n t  "s teady  s ta te  p la sm a"  r e a c t s  c h e m ic a l ly  

with  the sample m o lecu les .  T h e  p ro c e s s  r e s u l t s  in f ra g m e n t  and 

pro d u c t  ions c h a r  a c te r  is t ic  of  the unknown sam ple .  T y p i c a l l y  ion

cham ber  p r e s s u r e s  w i l l  be 0 . 3 -  3 t o r r  f o r  the r e a c t a n t  g a s , which  

is most commonly i 

v a p o r i s e d  sample .

is most commonly methane o r  iso -  b u ta n e , and 1 0  ^ t o r r  f o r  the

If the r e a c t a n t  gas iso -  butane is c o n s id e r e d ,  im portant  r e a c t io n s  

that  o c c u r  a r e  as f o l l o w s : -

+
C^H^O + e  + 2 e ( p r im a r y

ionisation)

.Hr , + * C H ,3 7 3

+ C ^ H4 9 3

the ions C . H ^  a

g ive  r i s e  to prom inent  peaks at *^/e 43 and 57 r e s p e c t i v e l y  and a r e ,

t h e r e f o r e ,  abundant s pec ies  in the s teady  s ta te  p lasma.

In the p r e s e n c e  of p ro ton  a c c e p t o r s ,  ions such as and

can act as B r d n s t e d  a c id s  and pro to n a te  the sample  molecule .
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C ^ H y  + A H   ^  A H  2  + C ^ H ^

C 4 H 9 +  a h   —  A H  2  +  C ^ H g

S a m p le  m olecules  such as a lc o h o ls ,  a ldehydes and e s t e r s  w i l l  r e a c t  

as above and a dominant f e a t u r e  of a C .  I .  mass spec t rum  of such a 

compound is g e n e r a l l y  the high abundance of ions at M + 1 ,

w h e r e  M is the m o le c u la r  w e ig h t .

T h e  m ix tu res  of  hex i to l  d e r i v a t i v e s  f r o m  o l ig o s a c c h a r id e  

p r e p a r a t io n s  s tud ied  in I V .  E .  i i i .  w e r e  sub jec ted  to gc -  C .  I ,  ms as 

d e s c r ib e d  in A p p e n d ix  I. T h e  r e s u l t i n g  mass s p e c t r a  conta ined v e r y  

st ro n g  peaks at *^ /e  M + 1  f o r  the v a r io u s  components ,  the data

being given in T a b l e  IV .  14.

F r o m  the r e s u l t s ,  it p r o v e d  v e r y  easy to ass ign  values f o r  the 

numbers  of methoxy and a ce ta te  groups  in each hexi to l  d e r iv a t i v e .  

T h e  r e s u l t s  ob ta ined  c o n f i rm  the v a lues  a l r e a d y  ass igned in 

IV .  E .  i i i .  (T a b le  IV .  1 3 . ) .

S i n c e  al l  f u l l y  s u b st i tu te d  p a r t i a l  ly m ethy la ted  a ld ito l  aceta tes  

possess c h a r a c t e r  i s t ic  m o le c u la r  w e ig h ts ,  the technique of C . l .  ms 

enables  the ass ignment  of length of c arbon  chain and numbers  of  

m e t h o x y -  and a ce ta te  g ro u p s  to be made, w ithout  the need  to r e s o r t  

to the use of c h r o m a t o g r a p h ic  r e te n t io n  data ,  and t h e r e f o r e  

r e p r e s e n t s  an advance .
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IV .  G.  A n  A t tem p te d  S tu d y  of the T y p e - S t r u c t u r e  of the L e v a n  

E l a b o r a t e d  by S t r e p to c o c c u s  s a l i v a r i u s  s t r a in  51

I V . G .  i. In t ro d u c t io n

It has been e s ta b l is h e d  that the levans  e la b o r a te d  by s t r a in s  

of S .  s a l i v a r i u s  a r e  b ra n ch e d  molecules  possessing

-  2 -------— 6  -  I inked D -  f r u c t o f u r a n o s e  r e s id u e s  w i th

b ra n c h in g  o c c u r r i n g  at C - 1 .  A  method f o r  invest iga t ing  

the s i z e s  of b ra n ch e s  in levans  has been devised.  U s in g  

this method the levan e la b o r a t e d  by s t r a in  51 has been

shown to conta in  b ra n c h e s ,  l inked v ia  2 ------— 1 -  l inkages

to b ra n ch in g  f r u c t o f u r  anose r e s i d u e s ,  that conta in  up to at 

leas t  4 r e s id u e s .  T o  conclude this study it was thought  

d e s i r a b l e  to de v is e  and apply  an approach  f o r  the 

i n v es t ig a t io n  of some f i n e r  aspects  of the s t r u c t u r e  of 

levans  in p u rs u a n c e  of the u l t im a te  aim of hav ing a complete  

k n ow ledge  of levan s t r u c t u r e s .

S t r u c t u r a l  s tud ies  on b ra n ch e d  homoglycans u s u a l ly ,  at 

b e s t ,  p r o v id e  in fo rm at io n  on A v e r a g e  R e p e a t in g  S t r u c t u r e s  

becaus e  of the d i f f i c u l ty  in e s tab l is h in g  such po lym ers  to be 

s t r u c t u r a l l y  homogeneous. T h e  most e x t e n s iv e ly  s tudied  of  

b ra n c h e d  homoglycans ,  v i z .  am ylopect in   ̂ the b ran ch e d  

component of s tarches^ possesses  oC -  D -  g lucopyranose  

re s id u e s  l inked  through pos i t ions  1 and 4 wi th  b ranch ing  

o c c u r r  ing at C  -  6  ( F i g .  IV .  35.  a. ). F o r  the purpose  of 

e s ta b l is h in g  a n o m e n c la tu re  f o r  poss ib le  levan t y p e -  

s t r u c t u r e s ,  that deve loped  f o r  amylopect in  w i l l  be b r i e f l y  

c o n s id e re d  h e r e .

T h e  a r r a n g e m e n t  of re s id u e s  w i th in  the amy lopect in  molecule

has been the s ub jec t  of much c o n t r o v e r s y  and is a fa c e t  of

s t a r c h  c h e m is t r y  that is s t i l l  not e n t i r e l y  r e s o lv e d .  P e a t ,
2 0 1W h e la n  and Thom as  d is t ingu ished  3 types of c h a i n , v i z .

A  -  , B -  and C  -  chains  ( F ig .  IV .  35.  a. ). An A  -  chain is 

l in ke d  to the r e s t  of  the m olecule  through only its re d u c in g  

end group; a B -  c h a i n , in addi t ion to being l inked as an A  -  

c h a in ,  is a lso  s u b st i tu te d  through C -  5 of one o r  more  of 

its const i tuen t  g lucose  re s id u e s ;  a C - c h a i n ,  of which
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th e r e  is only  1 p e r  m o lec u le ,  c a r r i e s  the re d u c in g  end group.

A s  a r e s u l t  of e a r l y  s t r u c t u r a l  s tu d ie s ,  th ree  models o r  ' type*  

s t r u c t u r e s  w e r e  p ropos ed  f o r  amy lopect in  (and g lycogen).  T h e  

Iam inated  s t r u c t u r e  p ropose d  by H a w o r t h ,  H i r s t  and Ish erw ood  

in 1 9 37^^^  ( F i g .  I V .  35.  b. ) conta ins  only  one A  -  chain per  

m o le c u le ,  w h e re a s  that suggested  by S ta u d in g e r  and Husemann  

the h e r r  ing -bone  o r  c o m b - l i k e  s t r u c t u r e  ( F i g .  IV .  35.  c. ) ,  conta ins  

A  -  chains  , but no B - c h a i n s .  A n  in te rm e d ia te  s t r u c t u r e  (F ig .  IV .

35.  d. ) , p ro p o s ed  by M e y e r  and B e r n f e l d  conta ins  both A  and

B chains  and is often r e f e r r e d  to as a t re e -1  ike ( random ly  b ra n c h e d ,  

r a m i f ie d )  s t r u c t u r e .

B y  w ay  of an ana logy ,  a levan m olecule  may be c o n s id e re d  to 

possess one of the above 3 t y p e - s t r u c t u r e s .  In these ins tances ,  an

A  -  chain  would  cons is t  of -  2 ------— 6 -  I inked D  -  f r u c to f u r a n o s e

re s id u e s  l in ke d  to the r e s t  of the m olecule  v ia  a 2 -----— 1 -  l inkage ,

a B -  chain would  be l inked  as an A  -  chain  and, in add i t ion ,  

s u b st i tu te d  through C  -  1 of one o r  m ore  const i tuent  re s id u e s  and 

the C - c h a i n  would  be te rm in a te d  by a r e d u c in g  group o r  in i t i a t o r  

m olecu le .  P o s s i b l e  t y p e - s t r u c t u r es f o r  the levan molécule  a r e  

de p ic ted  in F i g .  IV .  36.

A  v a r i e t y  of amy lopect in  deg rad in g  enzymes have been used as
205probes  f o r  the e lu c id a t io n  of type s t r u c t u r e  of  this p o ly s a c c h a r id e

P e a t ,  W h e la n  and T h o m a s^ ^ ^  , f o r  e xa m p le ,  w e r e  the f i r s t

in v e s t ig a to r s  to submit  ev id e n c e  that w axy  maize  s t a r c h  (amylopectin)

possesses  a ra n d o m ly  b ra n c h e d  o r  t re e -1  ike s t r u c t u r e .  T h i s  was

a c h ie v e d  by exam in ing  the produc ts  obta ined  upon debranch ing  the

l imit  d e x t r in  f ro m  amy lopect in  (p roduced  by degradat ion  with
207c r y s t a l l i n e  y5  -  am ylase )  w i th  the s o - c a l l e d  R -  enzyme

In re c o g n is in g  that s p e c i f i c  enzyme d e g rada t ions  must be employed,  

in addi t ion  to chemical  methods ,  in o r d e r  that p r o g r e s s  can be made  

to w a rd s  a knowledge  of the f i n e r  aspects  of the s t r u c t u r e  of a 

b r a n c h e d  hom oglycan ,  it was  c o n s id e re d  that the exo -  levanase  

p r e p a r a t i o n ,  iso la te d  and p a r t i a l  ly c h a r a c t e r i s e d  in this p re se n t  

w o r k ,  might be used to p r o v id e  in fo rm at ion  concern ing  the t y p e -
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F i g u r e  I V ,  35 .  P r o p o s e d  t y p e - s t r u c t u r e s  f o r  amy lo p ec t  in

a. chain types 201 9 A

y__
B

C

B

b. laminated 202

c. cornb- l ike o

V

d. t r c c - l  ike

Key  : e
o

r e d u c in g  end group  

non re d u c in g  end group

oc -  1    6 -  I ink age to b ra nch  point

chain  of oc -  1— # -4 - l inked  r e s id u e s
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F i g u r e  I V .  3 6 .  P o s s i b l e  l e v a n  type  s t r u c t u r e s

0  ^
a. Chain types 9 B

b. laminated

c. c o m b - l ik e c

V '

)

t 'f!\ t

i

\ ^

i)

d. t r e e - l i k e

K e y  :

O

ducing end group ( in i t i a t o r  molecule)

non r e d u c in g  end group

- 2  -----   1 -  l inkage to branch  point

chain  of -  2 — 6 - l i n k e d  f ru c to f u r  anose r e s id u e s
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s t r u c t u r e  of leva n s ,  al though it was  r e a l i s e d  that the amount of 

in fo rm at ion  o b ta in a b le ,  as a r e s u l t  of us ing  a s in g le  enzym ic  

s t r u c t u r a l  p ro b e ,  would  be l im ited.

It was  e s ta b l is h e d  in section IV .  D.  that the p a r t i a l l y  p u r i f i e d  levanase  

p r e p a r a t i o n  e la b o r a t e d  by S .  s a l i v a r i u s  s t r a in  51 c o m ple te ly  degrades  

l evan in an exo f a s h io n , D - f r u c t o s e  be ing  the sole  p roduc t .  T h e

enzyme p r e p a r a t i o n  must t h e r e f o r e  h y d r o ly s e  both the -  2  ------ — 6 -

i n t e r f r  uctof ur  anos id ic  l inkages and the -  2 -----— 1 -  l inkages  that

o c c u r  at b ra n ch in g  pos i t ions.  B e c a u s e  the h y d r o ly s is  o c c u rs  in a 

s t r i c t l y  exo m a n n e r ,  the enzyme must w o r k  by rem o v in g  re s id u e s  f ro m  

the n o n - r e d u c in g  ends of the levan ch a in s .  It was r e a l i s e d  that,  

dur ing  the c o u rs e  of exo -  Ievanase  d e g r a d a t io n ,  the types and  

p ro p o r t io n s  of l inkages  re m a in in g  in the re s id u a l  p o ly s a c c h a r id e  

could  be dependant  on the t y p e - s t r u c t u r e .  If segments  of the e x t re m e  

p o s s ib le  s t r u c t u r e s  ( v iz .  the laminated  ( F i g .  IV .  36.  b.) , w hich  

conta ins  on ly  1 A  -  chain  p e r  m o le c u le ,  and the comb-1 ike ( F ig .  I V ,

36.  c.  ) w h ich  conta ins  only  A  -  chains  in add i t ion  to the C  -  chain)  a r e  

c o n s id e r e d ,  p o s s ib le  in te rm ed ia te  s t r u c t u r e s ,  as a r e s u l t  of p a r t ia l  

e xo - l e v a n a s e  deg rad a t io n  would  be as shown b e lo w ,  it be ing assumed,  

in the absence  of any ev idence  to the c o n t r a r y ,  that the enzyme is able

to re m o v e  r e s id u e s  I inked v ia  2  — 6  -  I inkages o r  2  ^  1 -

l inkages  to b ra n ch in g  pos i t ions .

LAMINATED

. . . f

COMB-LIKE 9

i 1
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C l e a n l y ,  th e r e  w o u ld  be some d i f fe r e n c e  in the l inkages r e m a in in g  

betw een the two p a r t i a l  I y degraded  po lym ers .  A  comb-1 ike  s t r u c t u r e  

could g ive  r i s e  to a p a r t i a l l y  degraded  in te rm ed ia te  cons is t ing  of a

chain of  ^  -  2 -------— 6  -  I inked r e s id u e s  w h e re a s  that f r o m  a

I aminated  s t r u c t u r e  cou ld  conta in  some 2 ----- — 1 -  l inked re s id u e s  in

the chain .  In e i t h e r  c a s e ,  the d e g ree  of b ranch ing  of the po ly m er  

could  be d r a s t ic a l  ly re d u c e d  as a re s u l  t of exo -  levanase  d e g rad a t io n .

A  t r e e - l i k e  s t r u c t u r e  ( F ig .  IV .  36.  d. ) ,  being in te rm e d ia te  betw een  

the I aminated  and comb-1 ike  e x t r e m e s ,  in that it possesses  many A  -  

and B -  c h a in s ,  would  , dur ing  the c o u rs e  of e x o - l e v a n a s e

d e g ra d a t io n ,  be e x p e c ted  to a c q u i r e  some 2 -----— 1 -  l inked  re s id u e s

in its c h a i n s , as a r e s u l t  of the rem oval  of chains I inked v ia  2  -----^  6 -

l inkages  to b ra n c h in g  pos i t ions .  S uch  a s t r u c t u r e  would ,  in this 

r e s p e c t  be s im i l a r  to a I aminated  s t r u c t u r e .  It is d i f f i c u l t ,  h o w e v e r ,  

to env isage  how the d e g re e  of b ra nch ing  of a random ly  b ra n c h e d  

levan could be g r e a t l y  a f fe c ted  dur ing  the c ourse  of exo -  d e g rad a t io n .

A s  a r e s u l t  of these a rgum ents  it was decided to make an a ttempted  

study of the t y p e - s t r u c t u r e  of  the levan e la b o r a te d  by S .  s a l i v a r i u s  

s t r a in  51 by m o n i to r in g  the types and p ro p o r t io n s  of the v a r i o u s l y  

l inked  r e s id u e s  and the d e g re e  of b ranch ing  dur ing  the c o u rs e  of 

exo -  I eva nase  d e g ra d a t io n .  T o  do so on a continuous bas is  would  be 

a v i r t u a l l y  im poss ib le  task and so it was  decided that the l inkage  

a n a ly s es  w ou ld  be p e r f o r m e d  on a s e r i e s  of samples of the d e graded  

po I y s a c c h a r  i d e , the extent  of de grada t ion  being up to 6 0 % .  T h i s  was  

c o n s id e re d  to be a re a s o n a b le  p r a c t ic a l  upper  l im it  s ince  it is h igh ly  

u n l ik e ly  that a b r a n c h e d  p o ly s a c c h a r id e  wi th  a degree  of b ra n ch in g  of 

1 1. 5% (i . e. w i th  9 r e s id u e s  in i ts A v e r a g e  R epeat ing  U n i t ,  see  IV .

B .  i i ,  p. 1 13)  w ou ld  s t i l l  possess  an intact  set of branching r e s id u e s  

a f t e r  re m o va l  of 60% of the const i tuent  re s id u e s .  It was thought,  

t h e r e f o r e ,  that a s e r i e s  of levans degraded  by 10,  20 ,  40 and 60% , 

in add i t ion  to the u n d e g ra d e d  m a t e r i a l ,  would  const i tu te  an adequate  

r a n g e  f o r  this study.
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It was c o n s id e r e d  that the methods f o r  the l inkage  a n a ly s is  of levans  

employed e a r  I i e r  in these s tu dies (see Sec t ion  IV .  B.  , p. 1 00 ) woul d 

be s u i ta b le  f o r  the l inkage a n a ly s is  of the p a r t i a l  ly degraded  levans,  

re m e m b e r in g  that an esse nt ia l  r e q u i r e m e n t  is the need to be ab le  to

detect and d i f f e r e n t i a t e  between two types of l inkage  v iz .  2 ----- — 5 -

and 2 --------- 1 -  I inkages o c c u r r  ing at non- b r a n c h i n g  posi t ions.

R e s id u e s  thus l inked w o u ld ,  as d is cu ssed  in S ec t ion  IV .B . ,p .  110 

g ive  r i s e  r e s p e c t i v e l y  to a 2 , 5 , 6 - t r i  -  O - a c e t y l  -  1 , 3 , 4 - t r i - O -  

methyl -  hexi to l  ( X I V )  and a 1 , 2 , 5  - t r i -  O -  a c e t y l -  3 , 4 , 5  - t r i - O -  

methyl  - h e x i t o l  ( X V ) .  T h e s e  compounds w ou ld  only  be d i f fe r e n t ia b le  

by E .  I. mass s p e c t r o m e t r y  if a d e u te r iu m  label  be in t roduced  at C - 2  

d u r in g  the re d u c t io n  step of the r e a c t io n  sequence  by using sodium  

b o ro d e u te r  ide as the re d u c in g  agent .  T h e  c o r r  esponding 2 -  d -  

hexi to l  d e r i v a t i v e s  ( X V I )  and ( X V I l )  w o u ld  then give  r i s e  to 

d i f f e r e n t  mass s p e c t r a .

C H ^ O M e  ^ 5

‘ 1 ---------------------------------
C D O A c

233 """" t"
____________ ? H O M e _ _________

189 C H O M e
_ 4 ________________ 206

C H O A c

C H ^ O A c

C H _ O A c
I "

C D O A c
--------------------------- 4 _
205  C H O M e  ,

r
C H O M e ________

C H O A c
---------------------- 4 _

C H ^ O M e

X V I X V I I

B e c a u s e  these d e r iv a t i v e s  c a r r y  the same numbers  of methoxy and  

a c e ta te  groups and possess s im i l a r  p a t te rn s  of s u bst i tu t ion ,  it is 

u n l ik e ly  that they would be s e p a r a t e d  by gas c h ro m ato g ra p h y  and  

consequent ly  would  be s im u l tane ous ly  p r e s e n t  in the mass s p ec t ro m e te r  

d u r in g  a n a ly s is  by g. c. - m .  s. If the l a t t e r  compound ( X V I I  ) was  

indeed present^ in  additon to the e x p e c ted  X V I ,  in hexi to l  d e r iv a t i v e  

m ix t u r e s  f r o m  one o r  more  of the d e g ra d e d  levan p r e p a r a t i o n s , its 

p r e s e n c e  would  be ap p are n t  by a change in the mass spec t rum  of
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the t r i  -  O  -  acety l  -  t r i - O  -  methyl  -  hexi to l  component.  T h e  

e xp e c ted  r e s u l t  would  be that the r a t io s  of the abundances  

of the p a i r s  of f ra g m e n ts  *^/e  ̂ 61 ,  ̂ ^ ^ / l  90 and

205  would  d e c r e a s e  r e l a t i v e  to the r a t io s  of the same  

f r a g m e n t  p a i r s  in the mass spectrum  of compound X V I  (which  

would  be ob ta ine d  f r o m  the undegraded  levan).  

D e t e r m in a t io n s  of the de gree s  of b ran ch in g  w ou ld  be 

p o ss ib le  by the p r o c e d u re  used fo r  d e g re e  of b ra n c h in g  

d e te rm in a t io n s  in undegraded  levans as d e s c r ib e d  in IV .

B.  i i .  , p. l i a

I V . G .  i i .  P r e p a r a t i o n  of levans p a r t i a l l y  degraded  by the e x o -  

l e v a n a se  of  S .  s a l i v a r i u s  s t r a in  51

I n i t i a l l y  the levan of S .  s a l i v a r iu s  s t r a in  51 was d igested  

w ith  the exo -  I evanase p r e p a r a t io n  as d e s c r ib e d  in I I I . U .  i. 

F r o m  the h y d r o ly s is  c u r v e ,  shown in F i g .  IV .  37.  , the 

digest t imes r e q u i r e d  fo r  1 0 , 20 ,  40 and 60% h y d r o ly s is  

w e r e  a r r i v e d  at .  T h e s e  w e r e  20 min,  45 min,  2 h and 3. 5 h. 

A  la r g e  s c a le  d igest  was then p r e p a r e d  as d e s c r ib e d  in I I I .  

U .  i i .  A t  the d igest t imes a r r i v e d  at above ,  p r o g r e s s i v e l y 

l a r g e r  a l iq u o ts  (12 ,  16,  20 and 32 ml r e s p e c t i v e l y )  w e r e  

r e m o v e d  and f u r t h e r  t r e a te d  as d e s c r ib e d  in I I I . U .  i i .  In 

add i t ion  smal l  a l iquo ts  of 5 0 j j I w e r e  re m o v e d  at z e r o  time^ 

at the t imes  s ta ted  above and at f u r t h e r  i n t e r v a l s  up to 2 2  h 

f o r  r e d u c in g  s u g a r  content and de te rm in a t io n  of d e g r e e  of  

h y d r o l y s i s  as d e s c r ib e d  in I I I . U .  i i .  T h e  h y d r o ly s is  c u r v e ,  

shown in F i g .  IV .  38.  , is s im i l a r  to that of the smal l  sca le  

digest ( F i g .  IV .  37.  ). T h e  degree  of h y d r o ly s is  and y ie ld  

of each d e g ra d e d  levan product  a r e  given in T a b l e  IV .  15.
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F i g u r e  IV .  37,  P r e p a r a t i o n  of levans p a r t ia l  ly d egraded  by levanase:  

S m a l l  s c a le  d igest

lOOl

90-

80-

70-

6 0

50-

TD

4 0

cn

30-

20 -

1097 86542 3
Digest time : hours
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F i g u r e  I V .  38 .  P r e p a r a t i o n  of levans p a r t i a l l y  deg rad ed  by levanase;  

L a r g e  s ca le  d ig e s t

lOOi

90-

80

70-

LO

LU 4 0  
LU
o r

30-

20-

10-

D IG E S T  T IM E  : HOURS
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T a b l e  I V .  15. P a r t i a l l y  l e v a n a s e  d e g r a d e d  le v a n s

D ig e s t  t ime
^  520  nm

D e g r e e  of 

h y d r o l y s i s ,  %

Y i e l d  ^ mg

2 0  min 0 . 0 2 1 7. 9 1 5

45 min 0. 042 15. 8 26

2  h 0. 094 35.  3 30

3 . 5  h 0 . 1 6 8 63.  2 33

5 . 5  h 0. 229 8 6 . 1 -

6 . 5 h 0. 267 1 0 0 . 0 -

2 2  h 0 . 266 1 0 0 . 0 -

a. F r o m  155 mg levan

IV .  G. i i i . L i n k a g e  a n a ly s is  and d e g re e  of b ranch ing  of levans of

S .  s a l i v a r i u s  s t r a i n  51 p a r t i a l  ly degraded  by e xo - l  evanase  

T h e  p a r t i a l  I y d e g ra d e d  p ro d u c ts ,  obta ined as d e s c r ib e d  in 

IV .  G.  i i ,  together  w i th  the u ndegraded  po lym er  w e r e  

c o n v e r te d  to m ix tu re s  of  2 -  d -  O -  a c e t y l - O  -  methyl -  

hexi to l  d e r iv a t i v e s  as d e s c r ib e d  in 111. E .  , w i th  the 

except ion  that 1 0  mg of each m a te r ia l  was  sub jec ted  to the 

r e a c t io n  sequence  d e s c r ib e d .  T h e  re s u l t in g  m ix tu res  of 

hexi to l  d e r i v a t i v e s  w e r e  a n a ly s e d  by g. c. -  E .  I. m. s. as 

d e s c r ib e d  in I I I .  J. i i .  and the a r e a s  of the peaks in the 

chro m ato g ram s  c o r r e s p o n d in g  to the hexitol  d e r iv a t iv e s  

w e r e  m e as u re d  by e le c t r o n i c  in te g ra t io n  as d e s c r ib e d  in

I I I .  J. i i i .
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F r o m  an exam inat ion  of the mass s p e c t r a  of the v a r io u s  2 - d - O -  

acety l  -  O -  methyl  - h e x i t o l s ,  it was ev ident that components w i t h R  

va lues  of 0. 79 and 3. 9 5 ,  in each c a s e ,  a r e  the expected  2 -  d -  2 , 5 -  

di -  O -  acety l  -  1 , 3 , 4 , 6  -  t e t r a - O  -  methyl  -  hexi to l  (XL. V U  1) and 2 -  d -

1 , 2 , 5 , 6 - t e t r a - O - a c e t y l  -  3 , 4 - d i - O  -  methyl  -  hexi to l  ( L I )  d e r iv e d  

r e s p e c t i v e l y  f r o m  n o n - r e d u c in g  D -  f r u c t o f u r  anosy I te r  mini i ( X X X I V )  

and b ra n ch in g  D  -  f r u c t o f u r a n o s e  r e s id u e s  l inked  through posi t ions 1 ,

2 and 6 ( X X X V I  ) (see T a b l e  IV .  13. , r  179) .  T h e  un d egrade d

p o ly s a c c h a r id e  gave the expected  2 -  d -  2 , 5 , 6  -  t r i  -  O -  ace ty l  - 1  , 3 ,

4 - t r i - O -  methyl  -  hex  i toi (R^ = 1. 7 0 ,  X V I )  der  ived f ro m  D -— tmg ’ =
f r u c t o f u r a n o s e  r e s id u e s  l inked through posi t ions 2 and 6 (V ) .  T h e  mass 

s p e c t r a  of compounds w i th  R^^^= 1 . 7 0  d e r iv e d  f ro m  al l  the p a r t i a l  ly 

e x o - l e v a n a s e  d e g ra d e d  levans conta ined in c re a s e d  abundances of

f ra g m e n ts  "^/e 161 ,  1 90 and 205 ( c h a r a c t e r  is t ic  of 2 - c l - l  , 2 , 5 - t r i -  

O -  ace ty l  -  3 , 4 , 6 - t r i  -  O -  methyl  -  h e x i t o l , L  ) r e l a t i v e  to those of 

*^ /e  162 ,  189 and 206 ( c h a r a c t e r i s t i c  of X V I ) .  T h e s e  f in d in g s ,  given  

in T a b l e  IV .  16. , w e r e  obta ined by d i r e c t  m easurem ent  of the peak  

heights  in the mass s p e c t r a  and a c c o r d in g ly  must be t r e a t e d  w i th  some 

caut ion (see l a t e r ,  p. 203).

T a b l e  IV .  1 6 . R a t io s  of  abundances of p a i r s  of f ra g m e n ts  o c c u r r in g

in e le c t r o n  impact mass s p e c t r a  of 2  - t r i  -  O -

ace ty l  -  t r i  -  O -  methyl -  hexi to l  (R^ = 1 .7 0 )  ________ 2 _______________    tmg____
components d e r iv e d  f r o m  the u ndegraded  and p a r t i a l  ly 

e x o - l  evana se  degraded  levans  of S .  sal i v a r  ius s t r a in  51

D e g r e e  of A p p r o x i m a t e  f r a g m e n t - - p a i r  r a t i o s In t e r p r e t a t io n

hydro l  ysis ' 5 2 / 1 6 , 1 8 9 / 1 9 0 2 0 5 / 2 0 5

z e r o 7. 3 10. 4 5. 4

Compound X V I  only  

(9. 6 % f rag m en t  / e

7.  9 5. 4 7.  1 4. 2

1 90 (e. g. ) due to 

n a tu ra l  abundance  

C)

15.  8 ( 7 . 6 ) 8 . 3 3. 9 Compound X V I

35.  3 5. 2 8 . 9 4.  2 +

63.  2 6 . 1 9. 0 4. 4 some Compound L
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If  the assumption  is made that these r e s u l t s ,  al though unconf i rm ed ,

a r e  v a l i d ,  then they const i tu te  e v idence  f o r  the p r e s e n c e  of 2  — 1 -

I inked p  -  f r u c t o f u r a n o s e  r e s id u e s  in the p a r t i a l  I y degraded  

p o ly s a c c h a r id e s .  S uch  a Feature  could only  a r i s e  as a r e s u l t  of

h y d r o ly s is  of 2 -------— 6 -  l inkages  to b ra n c h in g  r e s id u e s  in advance of

the 2  ------ — 1 -  l inkages  to these pos i t ions .

F u r t h e r m o r e ,  a de te c tab le  amount of r e s i d u e s ,  thus l inked ,  would  

e s s e n t i a l l y  p re c lu d e  the p o s s ib i l i t y  of the levan of this invest iga t ion  

p o sses s in g  a comb-1 ike s t r u c t u r e  (F ig .  IV .  36.  c. ) s ince  each  

m olecu le  w i th  such a s t r u c t u r e  dur ing  e x o - l e v a n a s e  degradat ion  

( p  -  f r u c t o s e  be ing the so le  p ro d u c t ,  see  IV .  D .  i i i .  , p. 1 43) could at 

any  instant in t ime p o s se s s ,  at most,  only  1 such  r e s id u e  by rem oval  

of the r e s i d u e  l inked v ia  pos i t ion  6  to the b ra n ch in g  re s id u e  n e a re s t  

to the n o n - r e d u c in g  end of the basal  C - c h a i n .  Removal  of s ide  chains

(A -  cha ins)  a t tac hed  v ia  2 -----— 1 -  l inkages  to the basal  chain would

s im p ly  g e n e r a te  new 2 — — 6 - 1  inked r e s id u e s  in l ieu of b ranch ing  

r e s id u e s ;  -
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If the above r e s u l t s  a r e  v a l id  then the levan e la b o r a te d  by S .  sal i v a r  ius 

s t r a in  51 must p o s se ss ,  t h e r e f o r e ,  e i t h e r  a laminated type -  s t r u c t u r e  

(F ig .  IV .  36.  b. ) o r  a t re e -1  ike type -  s t r u c t u r e  (F ig .  IV .  36.  d. ).

T h e  d e g re e  of b ran ch in g  f o r  each p r e p a r a t io n  was d e te rm in ed  as 

d e s c r ib e d  in IV .  B.  i i .  , the c a lc u la t io n s  being b ased ,  as b e fo r e ,  upon 

the a r e a s  of peaks c o r re s p o n d in g  to the te t r a  -  O -  acety l  -  di -  O -  

methyl -  and t r i  -  O -  acety l  -  t r i  -  O -  methyl -  he x i to ls .  R e  méthyla t ion  

of po r t io n s  of the m ethy la ted  levan p r e p a r a t io n s  r e s u l t e d  in no change  

in th e i r  d e g ree s  of b ran ch in g .  It was  t h e r e f o r e  concluded that the 

m éthy la t ions  had been complete .  T h e  r e s u l t s ,  shown g r a p h ic a l ly  in 

F i g .  IV .  39 as a funct ion  of d e g re e  of h y d r o ly s is ,  dem onstra te  that the 

de g ree  of b ra n ch in g  re m a in s  f a i r l y  constant dur ing the c o u rse  of exo -  

leva nase  d e g rad a t io n  up to an extent  of h y d r o ly s is  of 6 0% .

T h is  f in d in g ,  in i t s e l f ,  does not e nab le  the ass ignment of t y p e -  

s t r u c t u r e  to be made. A s  the d e g re e  of b ranch ing  of the o r ig in a l  

p o ly s a c c h a r id e  is ca.  1 1 % , the e v id e n c e  suggests  that dur ing  the 

c o u rs e  of  the de g rad a t io n  8  D  -  f r u c t o f u r a n o s e  r e s id u e s  a r e  re m ove d ,  

on a v e r a g e ,  f o r  the d is a p p e a ra n c e  of each b ra nch ing  r e s id u e .  S in c e  

it can be r e a d i l y  e n v is a g ed  that such a s ituat ion  could  o c c u r  wi th  

e i t h e r  a lam ina ted  or  ra n d o m ly  b ra n c h e d  ( t r e e -1 i k e ) s t r u c t u r e ,  it is 

not p o ss ib le  to d i f f e r e n t ia t e  between  them on the basis  of this evidence.  

A  t re e -1  ike s t r u c t u r e  (F ig .  IV .  36.  d. ) can be c o n s id e re d  to consis t  of 

(commencing at n o n - r e d u c in g  t e r m in i i  and proceed ing  " i n w a r d s ’* 

to w a rd s  the basa l  C - c h a i n )  o u te r  chains te rm in a t in g  at "ou te rm ost"  

b ra n ch  points  fo l lo w e d  a l t e r n a t e l y  by in t e r i o r  chains  and b ra n c h p o in t s .  

T h e  d e g re e  of b ranch ing  of such a s t r u c t u r e ,  upon exo -  d e g r a d a t io n , 

would  r e m a in  e s s e n t ia l l y  constan t ,  w h e re a s  this need  not be the 

case w i th  a lam ina ted  s t r u c t u r e .  I f ,  f o r  exam ple ,  the enzyme was  

capab le  of s p l i t t in g  off  r e s id u e s  f r o m  the B - c h a i n s  in a laminated  

s t r u c t u r e  r i g h t  up to the b ra n ch in g  posi t ions ( th ereb y  ge nera t ing  a

s ig n i f ic a n t  number of 2 ------ — 1 -  l inked  re s id u e s  in the rem ain ing

basal  ch a in ) ,  a d r a s t i c  re d u c t io n  in d e g re e  of b ranch ing  would be 

the e xpe c ted  r e s u l t .
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F i g u r e  IV .  39,  V a r i a t i o n  of d e g ree  of branching w i th  extent of 

exo -  levanase  d e grada t ion  f o r  the levan of 

S ,  s a l i v a r i u s  s t r a in  51
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60100 20 504030

Degree of hydrolysis : ®/o
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C o n v e r s e l y ,  it is d i f f i c u l t  to r e c o n c i l e  a lam ina ted  s t r u c t u r e  with

the a p p e a r a n c e  of  a s ig n i f ic a n t  number of  2 -------- — 1 -  c h a i n -

l inkages  and a l i t t l e  changed d e g re e  of  b ra n ch in g  dur ing  exo -  

l eva n a se  d e g rad a t io n .

On the bas is  of  the above re a s o n in g  it is thought that the levan  

e la b o r a t e d  by 5 .  s a l i v a r i u s  s t r a in  51 may w el l  possess a random ly  

b r a n c h e d ,  t re e -1  ike s t r u c t u r e .  C i rc u m s t a n t ia l  e v id e n c e ,  v i z .  the 

fa c t  that the levan of S .  s a l i v a r i u s  A T C C  13419 possesses  a 

s p h e r ic a l  o r  e l l ip s o id a l  m o le c u la r  shape ,  as o b s e r v e d  by e le c t ro n  

m icro s c o p y  (unpublished data of N e w b r u n  and Jahn ,  see  r e f .  ^^9 

would  be cons is te n t  w ith  such a s t r u c t u r a l  type .  F u r t h e r m o r e ,  on 

the basis  of  c o m p a r a t iv e  b io c h e m is t r y ,  such a s t r u c t u r e  is l i k e ly  

s in ce  o th e r  exam ples  of r e s e r v e  or  s to ra g e  p o ly s a c c h a r id e s  

(notably  g lycogen and a m ylopect in )  possess a ran d o m ly  b ra n ch e d  

s t r u c t u r e .  F i n a l l y  a t re e -1  ike s t r u c t u r e  would  be c ons is tent  w i th  

the m e chan is m s  p ro p o s e d  fo r  the e n zym ic  syn th es is  of levans  

and the o r ig in s  of  b ra n ch e s   ̂  ̂ as d is cuss ed  in S e c t io n  I. C.

In o r d e r  to c o n f i rm  the somewhat m eag re  e v id e n ce  p re s e n te d  above

f o r  the o c c u r r e n c e  of 2 ----- — 1 -  I inked re s id u e s  in p a r t ia l  ly exo -

lev a n a s e  d e g ra d e d  le v a n ,  it is re c o g n is e d  that the l inkage an a lys is  

should  be r e p e a t e d  and in c o r p o r a t e  a c c u r a t e  ( ins t rum enta l )  

m e as u rem en t  of  the peak  he ights  (and hence f ra g m e n t  abundance's)  

in the r e s u l t i n g  mass s p e c t r a ,  th e re b y  enab l ing  the r a t io s  of
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abundances of f ra g m e n ts  ^ / e  161 , 190 and 205 to those of 

*^ /e  162 ,  189 and 206 to be a c c u r a t e ly  found. In the case of 

the f ra g m e n t  p a i r  ^ / e  189 and 190 ,  it would  be n e c e s s a ry  to 

c o r r e c t  f o r  the c o n tr ib u t io n  to the l a t t e r  f ro m  the fo r m e r  due 

to n a tu ra l  I y o c c u r r i n g   ̂^C.  S i m i l a r  co n tr ib u t io n s  to f rag m e n ts  

*^ /e  162 and 206 f r o m  those w i th  *^ /e  161 and 205 would be of 

f a r  less im por tance  s in ce  the l a t te r  p a i r  would  be p resent  in 

a r e l a t i v e l y  f a r  lo w e r  abundance .

B y  c a r r y i n g  out this w o r k  (which u n fo r tu n a te ly  could not be 

completed  as a r e s u l t  of  d i f f i c u l t i e s  e x p e r ie n c e d  with  

m éthy la t ions  and a r e s u l t a n t  exhaust ion  of a v a i l a b le  degraded  

p o ly s a c c h a r id e s )  it is f e l t  that not only  could  the p re se n c e  of

2 ------ — 1 -  l inked  r e s id u e s  in exo -  leva nase  degraded  levans

be c o n f i rm e d  but a lso  the p r o p o r t io n  of  the total  re s id u e s  that  

a r e  thus l inked  could  be e s ta b l is h ed  and m on i to red  dur ing the 

c o u rs e  of the d e g rad a t io n .  Such  d a t a , in addi t ion to c onf i rm ing  

the s t r u c t u r e  not to be of  the co mb-l  ike type would  be of va lue  

in the p o s i t iv e  ass ignment of the t y p e - s t r u c t u r e  p re v a i l in g .

I V . H ,  G e n e r a l  C onc lus ions

In these s tudies  it has been e s t a b l is h e d  that the f ru c tan s  

e la b o r a t e d  by s t r a in s  of S t r e p to c o c c u s  s a l i v a r i u s  a r e ,  

a c c o rd in g  to the de f in i t io n  given in S e c t io n  I. A .  , members of 

the levan c las s  of p o ly s a c c h a r id e .  T h a t  these po lym ers  a r e  

of high m o le c u la r  w e ig h t ,  th e re  can be l i t t l e  doubt, al though  

the methods employed,  s t r i c t l y  s peak ing  , y ie ld  information  

lead ing to p a r t i c l e  w e igh ts .  W h e th e r  o r  not these r e p r e s e n t  

t ru e  m o le c u la r  weights  re m a in s  to be a n s w e r e d  and fu tu re  

w o r k  in this f i e l d  might at least be p a r t l y  d i re c te d  at f inding  

a r e l i a b l e  so lut ion to this prob lem .

L e v a n s  e la b o r a t e d  by o r a l  s t r a in s  of s t re p to c o c c i  undoubtedly  

p lay  a r o l e  in the ba lance  of eco lo g ic a l  fa c to r s  in the ora l  

c a v i ty .  T h e  fa c t  that they a r e  r e a d i l y  degraded  by the act ion
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of e x t r a c e l  lu la r  lev ana ses  is s t ro n g  ev idence  that th e i r  b io log ica l  

fu nc t ion  is one of c a r b o h y d r a t e  s to r a g e .  T h e  levanase  of one of the 

s t r a in s  s tud ied  has been found to possess an exo -  hydro l  y t ic  act ion  

tow ards  the levan e la b o r a t e d  by S t r e p to c o c c u s  s a l i v a r i u s  s t r a in  51.  

T h e  so le  product  of the en zym ic  deg rad a t io n  has been shown to be 

D - f r u c t o s e ,  which would  most c e r t a i n l y  be m etabo l ised  by the 

indigenous m ic ro b ia l  f l o r a  in the in v ivo  s i tua t ion .  In the context  of 

the p ro c e s s  leading to dental  c a r i e s ,  the levan synthes is  -  h y d r o ly s is  

system may indeed p la y  an im portant  r o l e  s in ce  it undoubtedly  

co n t r ib u te s  to the g ro w th  and a c t i v i t y  of c a r io g e n ic  s t rep to c o cc a l  

s t r a in s .  T h e  p o s s ib i l i t y  of c a r i e s  p re v e n t io n  by the inh ib i t ion  of 

I e v a n s u c r a s e  o r  l e va n a se  a c t i v i t y  has not been in v es t ig a ted ,  h o w e v e r ,  

and it is suggested  that h e r e  might be a w o r th w h i le  a r e a  fo r  f u t u r e  

r e s e a r c h .

T h e  exo -  leva na se  e la b o r a t e d  by S .  s a l i v a r i u s  s t r a in  51 , which  has  

been p a r t i a l  ly c h a r a c t e r i s e d  in the p r e s e n t  w o r k  has been h i th e r to  

ne g lec te d  and it is f e l t  that  a d e ta i le d  inves t iga t ion  of this enzyme  

system is w a r r a n t e d .  F o r  e x a m p le ,  it is unknown w h e th e r  the 

p r e p a r a t i o n ,  as o b ta in e d ,  conta ins  a s in g le  h y d r o ly t ic  enzyme o r

enzymes s p e c i f i c  f o r  the c le a v a g e  of the ^  -  2 ------ — 6 -  and

- 2 -----------1 -  i n t e r f r u c t o s i d i c  l inkages  in the levan molecule.  T h e

p o s s ib i l i t y  of a d e b ran c h in g  enzyme being p r e s e n t ,  analogous to the 

am ylopect in  d e b ran ch in g  enzymes R  -  e n z y m e , pul lu lanase  and iso -  

a m y l a s e , is r u l e d  out because  such an enzyme would  be incompat ib le  

with  the s t r i c t l y  exo -  ac t io n  found f o r  the d egradat ion  of levan by the 

l ev anase  p r e p a r a t i o n .  T h e  p o s s ib le  e x is te n c e ,  h o w e v e r ,  of a

s e p a r a t e  enzyme w hich  is capab le  of re m ov ing  ^  - 2 -----"-1 -  l inked

f r u c t o s e  r e s i d u e s ,  when exposed  as stubs at b ranch ing  posi t ions by

the p re v io u s  act ion  of a s p e c i f i c  ^  - 2 ----- — 6 - f r u c t o f u r a n o s i d a s e ,

cannot  be r u l e d  out.

T h e  use of the exo -l evana se  p r e p a r a t i o n  as a p robe  into the type — 

s t r u c t u r e  of levans  has been a ttem pted  and the r e s u l t s  obta ined ' 

suggest  that the levan of S .  s a l i v a r i u s  s t r a in  51 does not possess  

a comb -1  ike s t r u c t u r e .  It is thought l i k e ly  that the s t r u c t u r e  

p r e v a i l in g  is ,  in f a c t ,  of the ra n d o m ly  b ra n ch e d  • t r e e - l i k e  type.
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T h i s  hypothes is  r e m a i n s ,  h o w e v e r ,  to be exp e r im en ta l  ly s ubstant ia ted  

and in o r d e r  to do so it would  be n e c e s s a r y  to iso la te  and employ  

addi t ional  s t r u c t u r a l  e n zym ic  probes  as in the analogous cases of 

am ylopec t in  and g lycogen which  w e r e  s t r u c t u r a l l y  inv es t iga te d  using  

R - e n z y m e ^ ® ^ ,  i s o - a m y I a s e p h o s p h o r y l a s e ^ ® ^  and r a b b i t  muscle  

amylo - 1 , 6 -  g lu co s id a se^ ^ ^ .

A n  advance  has been made in the development and app l ica t ion  of a 

method f o r  r e d u c in g  end l inkage  a na ly s is  in m ix tu re s  of o l ig o 

s a c c h a r i d e s ,  ob ta ined  f r o m  l e v a n , of common d e g re e  of 

p o ly m e r is a t io n  and r e s u l t a n t  e lu c ida t ion  of s i z e s  of b ranches  in 

levans .  It is b e l ie v e d  that the p r o c e d u re  could f in d  app l ic a t ion  in 

s t r u c t u r a l  s tud ies  on levans  in genera l  and o th e r  b ra n c h e d  f r u c ta n s .

F i n a l l y ,  a f u r t h e r  advance  has been made in the use of Chemica l  

Ion isa t ion  mass s p e c t r o m e t r y  in the assignment  of s t r u c t u r e s  to 

O - a c e t y l  -  O -  methyl  - a l d i t o l  d e r iv a t i v e s  w i thout the need to r e s o r t  

to c h ro m a t o g r a p h ic  r e te n t io n  data.
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A P P E N D I X  I

Gas ch ro m ato g ra p h y  -  C hem ica l  ion isa t ion  mass s p e c t r o m e t r y  

Ins truments:

P y e  gas c h r o m a t o g r a p h , model 104 

V G  M ic ro m a s s  mass s p e c t r o m e t e r , model 1 6 F

E x p e r im e n t a l  condit ions:

column : g lass  (3. 0 m x 5. 0 mm),  packed wi th

O V 2 2 5 , 3 % ,  on C h r o m a s o r b  Q  ( 8 0 - 1 0 0  mesh)

oven t e m p e r a tu re  : p ro g ra m m ed  f r o m  170^ to 2 2 5 °  w i th

5 °  min"*^ r a t e  of in c re a s e

C ,  I ,  r e a c t a n t  gas : iso -  b u t a n e , 0 , 5  t o r r
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ABSTRACT

In  dexlran  S  e labo ra ted  by Leuconostoc mesenteroides N R R L  B -1299, the  

polym eric  chain consists, p rin c ip a lly , o f  segments o f  isom altose hom ologues w hich  

are m u tua lly  linked  th rou gh  positions 1 and 2 o f  the ir te rm in a l o-g lucose residues. 

T h e  average re p ea tin g -u n it, co n ta in in g  a to ta l o f  fifteen o-glucose residues, possesses 

five branches w hich  occur at each position  6 o f  such segments and at positions 2. 

Branches consist m a in ly  o f  a -D -g lucopyranosyl groups and some app ear to be 

term inated  by a-n igerosyl groups.

INTRODUCTION

Analysis o f  the com plex  m ixtures o f  o ligosaccharides produced by the action  o f  

dextranases on native dextrans possessing secondary linkages has a ffo rded  an  insight 

in to  both the patterns o f  the  action  o f  the enzym es^ and the structures o f  these 

dextrans^ '*. W e  now  re p o rt the results o f  studies on the action  o f  the dextranase o f  

Pénicillium iilacinum  ( C M l  7 9197 ; N R R L  896) (dextranase A  o f  P art i F )  on the  

native, w ater-so lub le  d ex tran  (dextran  S') o f  Leuconostoc mesenteroides N R R L  B -1299  

and on the acid-degraded  dextran  S  (d ex tran  S -A D ). O f  the reports concern ing  the  

structure o f  the dextrans o f  L. mesenteroides N R R L  B-1299, the fo llo w in g  are  

pertinent to the present investigation . Jeanes and associates^ concluded, on the  

grounds o f  statistical analysis o f  products o f  low  m o lecu lar w eight o bta ined  by p artia l 

hydrolysis w ith  acid , th a t m ost o f  the externa l branches in dextran  S  consist o f  single 

a-D -g lucopyranosyl residues. Im m u n o c h e m ic a l studies by K a b a t and c o - w o r k e r s ‘ 

have indicated tha t te rm in a l glucosidic linkages on non -reducing  chain  ends in 

dextran  5" and d extran  L  ( th e  less-soluble frac tio n  produced by L . me.senteroides 

N R R L  B -1299) are m ost frequ en tly  o f  the a - ( l - + 2 )  type and th a t others are o f  the  

a - ( l  - » 3 )  and a -( l  -» 6 )  types. W e  have recently reported  ' that the ap p ro x im a te  n u m b er  

o f  te rm in a l, n on -redu cin g  D-glucose residues and those linked  th rou gh  positions 1 

and 6, 1 and 3, as w e ll as 1 ,2 , and 6 in the average repeating-un it o f  dextran  S  are 5, 4, 

1, and 5, respectively. T h e  corresponding  figures fo r dextran  L  are  5, 4 , 3, and  5.
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RESULTS A N D  DISCUSSION

D e x tra n  S  was o n ly  s ligh tly  degraded by dextranase A . T h is  result was expected  

in vicw^ o f  the high co n ten t (4 1 % )  o f  a -D -g lucopyranosy l residues linked  throu gh  

secondary linkages; the same result was o bta ined  w ith  the dextranase o f  P .fun i- 
culosum ( C .M . I .  7 9195 ; N R R L  1132) (dextranase B o f  P art i F ) .  H o w ev e r, p artia l 

hydrolysis w ith  acid produced  a p o lym eric  m ate ria l (d ex tran  S -A D )  w hich  re ta ined  a 

p ro p o rtio n  o f  secondary linkages, and yet was read ily  degraded by dextranase A .  

C o n d itio n s  fo r  o b ta in in g  such a non -d ia lysable  m a te ria l in reasonable y ie ld  w ere  

o bta ined  fro m  a series o f  tr ia l experim ents. T h e  results o f  p eriod ate  o x id a tio n  

suggested th a t a ll ( l-> 3 )- I in k a g e s  in d extran  5" w ere hydro lysed  d u r in g .Its  acid ic  

d eg rad atio n , and th a t 9 %  o f  a -D -g lucopyranosy l residues in  d ex tran  S -A D  were  

linked  through  secondary linkages o f  the ( I  -» 2 )  type (the  m ethod  does n o t d is tin 

guish betw een residues lin ked  throu gh  positions I and 2, and positions 1, 2, and 6), 

the rem a in d er being te rm in a l, non -redu cin g  residues and residues lin ked  through  

p rim a ry  linkages o n ly .

P aper c h ro m a to g ra p h y  o f  a d ex tran ase -d ex tran  digest revealed, in a d d itio n  

to  products expected^ f ro m  sections o f  dextran  m olecules possessing o n ly  p rim a ry  

linkages {i.e., D-glucose, isom altose, and isom alto triose), several h igher saccharides, 

three o f  w hich  w ere iso la ted  by m ethods s im ila r to those described earlier^  '*. T h e  

assignm ent o f  th e ir m o le c u la r size was m ade on the basis o f  reducing  p ow er (T a b le  I) .  

T h e  m o lecu la r size o f  the heptasaccharide A was deduced fro m  its rate o f  c h ro m a to 

g raph ic  m ig ra tio n . T e trasaccharide  A and  pentasaccharide A  w ere selected fo r  

fu r th e r studies.

TABLE I

Y IE L D S  A N D  PRO PERTIES OF P R O D U C T S  FR O M  D E X T R A N  S-AD  P R O D U C E D  B Y  D E X T R A N A S E  A

Product Yield D .p.- » Rg ^to(B) M s(M o) *■
{g from 50 g o f (degrees)
dextran S-AD)

D-Glucose 0.60 1.00 1.00 1.00
Isomaltose 10.20 1.9 -EI20 0.74 0.70 0.70
Isomaltotriose' 7.10 2.9 0.56 0.60 0.58
Tetrasaccharide A 1.10 4.0 -E157 0.42 0.50 0.46
Pentasaccharide A 1.60 5.0 4-169 0.26 0.45 0.41
Hexasaccharide A 0.60 5.9 4-171 0.16 0.41 0.38
Heptasaccharide A Not measured O il

•Determined by the method of TimelR^. *’In water (c 0.6-0.7). '^Afler reduction with NaBH*. 'This 
fraction contained a trace component, possibly a trisaccharide, with /?o 0.60.

E lectrophoresis  o f  a  saccharide and its reduction  p ro d u c t in  b o ra te  and  

m o lyb d ate  solutions, respectively, can be used fo r  d e te rm in in g  the pos itio n  o f  the  

glycosidic linkage to  the reducing  u n it o f  the o rig in a l saccharide ’ ^. A c c o rd in g ly , the
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rates o f  e lectrop ho re tic  m ig ra tio n  o f  the te tra - and  penta-saccharides A in  borate  

solution  and o f  th e ir reduction  products in m o lyb d a te  so lu tion  (T a b le  I )  show tha t  

the reducing  D-glucose residues in  the o ligosaccharides are linked  o n ly  th rough  

position  6.

T h e  results o f  o x id a tio n  w ith  p eriodate  o f  the te tra - and penta-sacchandes A 

(T a b le  I I )  are those expected fro m  oligosaccharides possessing one (1 ^ 2 )- l in k a g e  to  

units o th er than the reducing D-glucose residue, the rem a ind er being ( 1 ->6 )-lin k a g e s ;  

m éthy la tion  analysis o f  dextran  S  and the o ligosaccharides (see b e lo w ) ru le  o u t the  

possib ility  o f  a (1 ^ 4 )- l in k a g e .

T A B L E  11

P ER IO D A TE  O X ID A T IO N OF O L IG O S A C C H A R ID E S

*-■

Oligosaccharide Periodate reduced (m ol.) F o rm ic  ac id  p roduced (m ol.)

Found Calc." Found Calc."

Tetrasaccharide A  • 9.0 9.0 5.9 6.0
Pentasaccharide A 10.8 11.0 6.9 7.0 '

"C alcu la ted fo r  oligosaccharides possessing one (1—>2)-iinkage, bu t no t to  the reduc ing  D-glucose 
residue, the rem a inder being ( l-^6 )- lin k a g e s .

G .l.c . o f  the m ethanolysates o f  the m ethy la ted  te tra - and penta-saccharides A  

revealed com ponents  hav in g  re te n tio n  volum es id en tica l w ith  those o f  the  m ethy l 

a- and )5-pyranosides o f  2 ,3 ,4 ,6 -te tra - , 2 ,3 ,4 - tr i- , and  3 ,4 ,6 -tri-O -m eth y l-D -g lu c o s e s . 

O n  the evidence presented so fa r , the  possible structures fo r  tetrasaccharide A  are  1 

and 2, and those fo r  pentasaccharide A  are 3, 4 , and  5 (F ig . I ) .  T h e  structures were

6 6 6 _  6 6 6 
G ^  G — Gp G — ^  Gp G — ► G — » - G — — Gp

G G ------G

1 2

6 6 6 6
G —^ G — " - Gp G — Gp G ------—  Gp

G

6

Gp Gp G — ^  G^— G — — Gp
2 .

6 61
G — ^  G — ^ - G  G

9

Fig. J. Structure of oligosaccharides. G a-D-glucopyranosyl unit; G ,, reducing D-glucose unit.
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fu rth er e luc idated  by fra g m e n ta tio n  by acetolysis and acid hydro lysis , and ex a m in a 

tion  o f  p roducts by paper e lectrophoresis and ch ro m a to g ra p h y  (T a b le  H I) .

T A B L E  I I I

PR O D U C TS  OF A C E T O LY S IS  OF T E T R A S A C C H A R ID E  A  A N D  P E N T A S A C C H A R ID E  A

Fraction R c M g (B ) M s ( M o ) “ Id e n tity

1 1.00 1.00 1.00 D-Glucose
2 0.83 0.30 0.70 K o jib io se
3 0.74 0.70 0.70 Isom ahose
4 0.56 (i) 0.60 0.58 Iso m a lio lriose  and 6

( ii)  0.27 7
5*’ 0.42 0.50 0.46 Isom a llo tc traose , 1, and 2

“ A fte r reduction  w ith  N a B H ^ . '’O n ly  fro m  pentasaccharide A.

Tetrasaccharide A . —  The characteristic fragments of the tetrasaccharides 1 and 
2 are isomaltotriose and 0-a-D-glucopyranosyl-(I-»6)-C>-a-D-glucopyranosyl-(l->■2)- 
D-glucose (7), respectively. The trisaccharide fraction obtained by acetolysis, followed 
by deacetylation, contained two components 4(i) and 4{ii), which had M q { B )  0.60 
and 0.27, respectively, expected o f trisaccharides in which the reducing D-glucose 
residue is linked through position 6 [isomaltotriose and 0-a-D-gIucopyranosyl- 
(l->2)-6>-a-D-glucopyranosyl-(l ^6)-D-glucose (6)] and position 2 (7), respectively*. 
Since the component with M q ( B )  0.60 stained far more intensely than that with 
M q {B ) 0.27, and as the Irisaccharide 6 can arise from both tetrasaccharides 1 and 2, 
it is likely that the faster-migrating component contained isomaltotriose and tri
saccharide 6. It is thus concluded that tetrasaccharide /I  is a mixture o f O-a-D-gluco- 
pyranosyl- (1 -*2 ) -  O - a-D- glucopyranosyl-(1 6)- 0 -a -D - glucopyranosyl-(l 6)- d-
giucose (1) and 0-a-D-glucopyranosyl-(l-E6)-6?-a-D-glucopyranosyl-(I-+2)-O-a-D- 
glucopyranosyl-(l -F6)-D-glucose (2).

Pentasaccharide A. —  The tetrasaccharide fraction (5), obtained from penta
saccharide A  by acetolysis followed by deacetylation, migrated during eletrophoresis 
in borate solution as a single component with M q { B )  0.50, expected o f tetrasaccharides 
in which the reducing D-glucose residue is linked through position 6. As a component 
with an M q {B ) value <0 .27 , expected o f 0-a-D-glucopyranosyl-(I-» 6 )-0-a-D- 
glucopyranosyl-(l-E6)-0-a-D-glucopyranosyl-(l->2)-D-glucose (8), could not be 
detected, it is likely that the pentasaccharide A contained only insignificant quantities, 
if  any at all, o f pentasaccharide 5. This conclusion is in agreement with the action

♦Since this work was co m p le ted ", Sakakibara et have obtained 0-a-D -g lucopyranosyl-(l-^2)- 
0-a-D-glucopyranosyI-{l—)-6)-D-glucose (6) and 0-a-D -glucopyranosyI-(l—»-6)-0-a-D-gIucopyranosyl- 
( I —>-2)-D-gIucose (7) by acetolysis o f the dextran o f L . mesenteroides N R R L  B-1397, and have 
reported rates o f  electrophoretic migration that are virtually identical w ith those recorded in this 
paper.
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pattern^ o f  dextranase A. I f  liberated  fro m  d extran  S -A D , pentasaccharide 5 w ou ld  

be hydrolysed by dextranase A  to  give isom altose and  trisaccharide  6.

T h e  trisaccharide frac tio n  obta ined  by the above fra g m e n ta tio n  could  be 

resobed  to  give the same com ponents  as w ere o b ta in ed  fro m  tetrasaccharide J ,  i.e., 
4 (i)  and 4 (ii) . As structure 5 has been e lim in ated , the co m p o n en t w ith  M q (B )  0 .27  (7 )  

u nd ou bted ly  arises fro m  pentasaccharide 4.

A c id  hydro lysis o f  pentasaccharide A gave, inter alia, a tetrasaccharide frac tio n  

w hich was isolated by paper ch ro m ato g rap h y . T re a tm e n t o f  this m a te ria l w ith  

dextranase A  resulted in rap id  and  extensive d eg rad a tio n , g iv ing  isom altose as the  

m ain  p ro du ct. T h e  acid hydro lysate  thus con ta in ed  app rec iab le  quantities  o f  iso- 

m altotetraose w hich , as ind icated  by the o th er evidence, could  arise o n ly  fro m  

pentasaccharide 3. Pentasaccharide A was thus a m ix tu re  o f  0 -a -D -g lu c o p y ra n o s y l-

6 6 6 6^  6^  6^  6 ^  6^  6„
— G  G — ►  G — G — —  G — G — G — ^  G

G G

G

10

.  6 6  6. ,  6 ^  6  ^  6 ^  6 6^  5 ^
G — ^  G — G — ^  G — ^  G — G G — ^  G — G — G2 12 12

G G

i
-G—*̂ Ĝ

12 13 14 •

6 6 6 6
G - ^ G

r T T - ,

17
15 G

16

Fig. 2. Segments of dextran molecules. G, a-D-glucopyranosyl unit; R, a-D-glucopyranosyl unit or 
glycosyl units of isomaltose and its homologues.
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(1 -»2)-C>-a-D-glucopyranosyI-(I 6)-C>-a-D-glucopyranosyl-(l 6) -0-oc  -D-gluco- 
pyranosyl-(I-> 6)-D-glucose (3) and 0 -a -D -g lu co p yran o sy l-(l-> 6 ) - 0 -a -D -g lu c o -  
pyranosyl-(l -> 2 )- 0 -a -D -g lucopyranosyl-(l 6)- 0-a-D -g lucopyranosyl-(l 6) 0 - 
glucose (4).

Structure o f  the dextrans. —  D e x tra n  S  m ay  possess tw o  general types o f  

structural features, consistent w ith  the  e a rlie r  re p o r te d ' percentages o f  the vario us ly  

linked  D-glucose residues. T h e  p o ly m e ric  cha in  m a y  c o n tin u e  e ith er th rou gh  a - ( l  -> 6 )-  

or a -( l-^ 2 )-lin k a g e s , as exem plified  b y  the average rep ea lin g -u n its  10 and 11 (F ig . 2 ), 

respectively. Som e a -( l-+ 3 )- l in k a g e s  in  d e x tra n  S  m a y ' ’^’ "  represent te rm in a l 

linkages on non -redu cin g  cha in  ends, as, fo r  exam p le , in 10 and 11, a lth ou gh  others  

m ay intersect a con tinuous cha in  o f  a - ( l -> 6 ) - l in k e d  D-glucose residues. I t  is a p p re 

ciated th a t som e branches in  b o th  types o f  s tructure  (10  and 11) m ay consist o f  m ore  

D-glucose residues than  ind ica ted . H o w e v e r , in v ie w ' o f  the high con ten t (3 4 % )  o f  

branch ing  D-glucose residues in d extran  S  {i.e., those lin k e d  through  positions 1, 2, 

and 6), m an y  m ust consist o f  o n ly  a few  o r, indeed, single D-glucose residues.

T h e  results o f  the p erio d a te  o x id a tio n  o f  d extran  S~AD  show th a t m an y  a - ( l  - * 2 ) -  

and all the o t-(l-» 3 )-lin k a g e s  in  d ex tran  S  had been hydro lysed  w hen  it  was treated  

w ith  acid. T h is  is in agreem ent w ith  the re la tive  rates o f  hydro lysis  o f  (2 -a -D -g luco - 

pyranosyl-D -g lucoses '^“ ‘ ®. T h e  fac t th a t the te tra - and  penta-saccharides A , ob ta ined  

fro m  d extran  S -A D  by enzym ic  lysis, d id  n o t co n ta in  com ponents  possessing 

a -( I-^ 3 )-lin k a g e s  is fu r th e r evid  th a t d ex tra n  S -A D  d id  n o t possess «-(!-»■ 3 )- 

linkages.

Fig. 3. Segment of dextran molecule showing glucosidic linkages which, if  present, are resistant to
hydrolysis by dextranase A. G, a-o-glucopyranosyl unit; — # ----->, glucosidic linkage resistant to
hydrolysis.

F ig . 3 shows a segm ent o f  a d ex tra n  m o lecule in  the  v ic in ity  o f  a D -glucose j

residue lin k e d  throu gh  a secondary lin k a g e , and  ind icates the  g lucosidic linkages ;

w h ich , i f  present a t a ll, are resistant^ '' ' ' '  to  hydro lys is  by  dextranase A . A c c o rd in g  I

to  this action  p atte rn , the unbranched  o ligosaccharides 1 -4  m ust have been p roduced  j
fro m  unbranched  sections o f  d extran  S -A D . In  a d d itio n , the reducing  D-glucose ,

residue in  tetrasaccharide 2  m ust also represent the reducing  D-glucose residue o f  (

d extran  S -A D . T h e  fac t th a t the b ranched  pentasaccharide  O -a -D -g lu co p yran o sy l- \
(1 - > 6 ) -0 - [ a - D - g lu c o p y r a n o s y I- ( l  -> 2 ) ] -a -D -g lu c o p y r a n o s y I- ( l  - > - 6 ) - 0 - a - D - g lu c o -  i

p y ra n o s y l-(1 ^ 6 )-D -g lu c o s e  (9 ) cou ld  n o t be detected w hen dextranase A  had  acted on {

d extran  S -A D  shows th a t such segments as th a t show n in  F ig . 3 do  n o t co n trib u te  !

sign ificantly , i f  a t a ll, to  the  s truc ture  o f  d extran  S -A D .  W e  thus conclude th a t the  

structure o f  d extran  S -A D , in  sections w h ich  can  be degraded by dextranase A ,  is
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essentially as represented by segm ent 1 2 *. T h e  structure o f  the oligosaccharides 1, 3, 

and 4, together w ith  the action  pattern  o f  dextranase A , fu rth e r establish th a t the 

isom altose hom ologues in segm ent 12, w hich  are m u tu a lly  jo in e d  th ro u g h  positions 1 

and 2 o f  th e ir te rm in a l D-glucose residues, have d .p . ^ 4 ,  i.e., in segm ent 12 n ^ 2 .

In  d extran  S, a ll D-glucose residues lin ked  th rou gh  position  2  are also lin ked  

through  position  6 and , hence, constitu te  b ranch ing  residues. T h e re fo re , the  p a rtia l 

degradation  o f  d ex tran  S  w ith  acid to give d extran  S -A D  entailed  d eb ran ch in g  also by  

hydrolysis o f  the a -( l-> 6 ) - l in k a g e  on the n on -redu cin g  side o f  a b ran ch in g  D-glucose  

residue, i.e., 1 3 -»  14.

I t  has been reported  tha t acidic hydro lys is  o f  dextran^  (and  o f  o th er g lu can s '^ ) 

proceeds p r im a r ily  b y  rem ova l o f  sm all fragm ents  {i.e., D-glucose and  sm all o lig o 

saccharides) fro m  non -redu cin g  chain  ends. T h e  pronounced  susceptib ility  to  acidic  

hydrolysis o f  the a -( l-^ 6 ) - l in k a g e  on the  n o n -redu cin g  side o f  som e b ranch ing  

D-glucose residues in dextran  S  suggests, there fore , th a t these b ranch ing  residues occur 

close to  n o n -red u c in g  ends o f  chains o f  a -(l-^^ 6 )-lin ked  D-glucose residues. A s  the  

m a jo rity  o f  the “ e x te rn a l” branches in d extran  5" app ear to  be single D -g lucopyranosy l 

groups^, we conclude th a t R  in s tructure 13 also is m ost freq u en tly  an a -o -g lu co - 

p yranosyl g ro u p  {cf. the exam ple 11 o f  an average repeating  u n it).

K a b a t and  c o -w o rk e rs ® '^ '"  concluded, fro m  im m u n o ch em ica l studies, that 

m any te rm in a l linkages in d extran  S  are o f  the a - ( l - > 2 )  type. Sequences o f  a - ( l - > 2 ) -  

lin k e d  D-glucose residues seem not to  occur in dextran  S, as the corresponding  

oligosaccharides [e.g., 0 -a -D -g lu c o p y ra n o s y l-( l -> 2 ) -0 -a -D -g lu c o p y ra n o s y l- ( l-» 2 ) -  

D-glucose] cou ld  n o t be detected as p roducts  o f  aceto lys is ’ ^. These observations, 

together w ith  the fac t th a t a ll D -glucose residues in  d extran  S  w h ich  are  linked  

th rough  p os itio n  2  are  branch ing  res id u es ', ind ica te  th a t a h igh p ro p o rtio n  o f  b ra n 

ches in  d ex tra n  S  are  (1 ^ 2 ) - I in k e d  a-D -g luco pyran osy l groups (as in  segm ent 15).

Present evidence {o f R e f. 1) does n o t exclude the  possib ility  th a t som e o f  the  

a -( l-» 3 )- lin k a g e s  in  d extran  5  intersect chains o f  a - ( l -» 6 ) - l in k e d  D-glucose residues. 

H o w ev e r, the  results o f  im m un och em ica l studies’ " '  ' suggest th a t m a n y  o f  the  

a -( l-» 3 )- lin k a g e s  occur as te rm in a l linkages on non -redu cin g  chain  ends. T h e y  are  

thus lik e ly  to  occur a t such chain  ends as represented by segments 16 a n d /o r  17 .

W e  n o w  conclude tha t the p o lym eric  chain  in  d extran  5" consists, p rin c ip a lly , o f  

segments o f  isom altose hom ologues w h ich  are m u tu a lly  linked  th ro u g h  positions 1 

and  2 o f  th e ir  te rm in a l D-glucose residues. T h e  average rep ea tin g -u n it, co n ta in in g  a 

to ta l o f  fifteen  D-glucose residues, and o f  w hich structure 11 is one exam p le , possesses 

five branches. These occur a t each pos itio n  6 o f  such segments and  a t positions 2.

"■[With Keith Marshall.] When we reached this conclusion, no more dextran S-AD  was available. 
However, méthylation analyses (i.e., méthylation, hydrolysis, reduction, acétylation, and g.l.c.-m.s.) 
of a sample of acid-degraded (hydrolysis for only 1.25 h) dextran S revealed, in addition to those 
D-glucose residues shown to be present in the native dextran S, D-glucose residues linked through 
positions 1 and 2 only. (The mass spectrum of the appropriate fraction showed a peak corresponding 
to mje 189.) The results could not be evaluated quantitatively as. under the conditions used, 1,3,5-tri- 
0-acetyl-2,4,6-tri-0-methyl-D-glucitol and I,2,5-tri-0-acetyl-3,4,6-tri-0-methyl-D-glucitol could not 
be resolved by g.l.c.
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Branches consist m a in ly  o f  a -D -g luco pyran osy l groups and some appear to be I

term in ated  by a-n igerosyl groups.

EXPERIMENTAL j

Paper chromatography. —  T h e  solvent used w ith  W h a tm a n  N o . I pap er was »

ethyl a c e ta te -p y r id in e -w a te r  (2 :1 :2 , o rgan ic  phase). M ig ra tio n  rates are expressed

relative to the m ovem ent o f  D-glucose (R q).
Paper electrophoresis. —  T h e  e lectro lytes used were those described^’  in ^

P a rt V I .  ,

Spray reagents. —  T h e  spray reagents used were (a) and (b), d escribed^ ' in |

P art IX .

Gas~IiquicI chromatography. —  T h is  was carried  out as described by A s p in a lH ^ , 

using colum ns co n ta in ing  {a) b u ta n e -1 ,4 -d io l succinate polyester o r {b) p o lyphenyl 

ether [m -b is -(m -phenoxyphenoxy)benzene]. R e ten tio n  times [ T  {column)] are  ex

pressed re la tive  to  tha t o f  m ethyl 2 ,3 ,4 ,6 -te tra -O -m e th y l-^ -D -g lu c o p y ra n o s id e .

Dextran. —  T h e  d extran  fra c tio n  (d ex tran  S ) used was e labora ted  by L. ‘

mesenteroides N R R L  B -1299 and has been d escrib ed ' in Part X . i

Dextranases. —  T h e  dextranase p repara tio ns  o f  P. lilacinum  (C  M . I .  79197; |

N R R L  896) (dextranase A )  and P. funicido.sum ( C .M . I .  79195 ; N R R L  1132) I

(dextranase B) used in the present w o rk  w ere prepared as described previously^. {

Preparation o f  dextran  S -A D . —  D e x tra n  S (200  g) was hydro lysed w ith  0.5m |
sulphuric  acid (5 1 ) at 90'^ fo r  1.75 h. T h e  hyd ro lysate  was neutralised w ith  b ariu m  I

carb on ate  and  filtered . T h e  filtra te  was concentrated  in vacuo a t 4 0 °  to  ca. 1 litre , j

filtered , and dialysed fo r  3 days against ru n n in g  tap  w a te r using V is k in g  Cellu lose j

T u b in g . T h e  dialysed so lu tion  was concentrated  fu rth e r, as described above,, and j

freeze-dried  to  give dextran  S -À D  (55  g, zero  ash content).

Periodate oxidation. —  T h e  m ethod  used was as described b e fo re '^ . D e x tra n  

S -A D  reduced 1.91 m o l. o f  p erio d a te  w ith  co n c o m ita n t fo rm a tio n  o f  0.91 m o l. o f  i

fo rm ic  acid per “ anh ydrog luco se” u n it. T h e  results o f  p eriodate  o x id a tio n  o f  o lig o - |

saccharides (see b e lo w ) are shown in  T a b le  I I .  U n d e r the conditions used, isom altose  

reduced 6.1 m o l. o f  p eriodate  w ith  co n c o m ita n t fo rm a tio n  o f  5 .0  m o l. o f  fo rm ic  acid. ■

Degradation o f  dextran S -A D  by dextranase A to oligosaccharides. —  D e x tran  

S -A D  (50  g) in 0.2m sodium  c itra te  (p H  5; 500  m l) was incubated  w ith  dextranase A  ^

(60  units contained in 500 m l o f  5mM sod ium  c itra te , p H  6) at 37° fo r 6 days. P aper j

c h ro m ato g rap h y  o f  the deionised so lu tio n  revealed the com ponents shown in T ab le  I .  j

These, except the heptasaccharide, w ere isolated  by m ethods s im ila r to  those 

described earlier^  \  P roperties o f  the saccharides are shown in Tab les I  and  I I .  |

M éthylation analysis o f  tetra- and pentasaccharide A . —  D r y  silver oxide (1 g) i

and red istilled  m ethy l iod ide  (3 m l) w ere added to  separate solutions o f  each o lig o - j

saccharide ( ~ 1 2 m g )  in  A ,A -d im e th y lfo rm a m id e  (1 .5  m l, red istilled  fro m  calcium  

o xide). Each m ix tu re  was shaken a t ro o m  tem pera tu re  in a darkened, sealed flask fo r  

24 h. Solid  m ateria ls  w ere filtered  o f f  and  washed w ith  c h lo ro fo rm , and the filtrates
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and washings were concentrated  under d im in ished  pressuie at 40°. T h e  residues were  

again treated  by the above procedure. Traces o f  A ,A '-d im e th y lfo rm a m id e  were  

rem oved under d im inished pressure at 30°. Each residue was dissolved in m ethyl 

iod ide (5 m l), d ry  silver oxide was added, and the m ix tu re  was refluxed fo r  6 h. Solid  

m ateria ls  w ere rem oved as before. T h e  residue obta ined  fro m  each com bin ed  filtra te  

and washings was dissolved in 4 %  m ethan o lic  hydrogen  ch lo rid e  (4  m l), the so lu tion  

was refluxed fo r  5 h , neutralised w ith  silver carb on ate , filtered , and concentrated . 

G .l.c . o f  the syrupy residue obtained  fro m  each oligosaccharide revealed com ponents  

having  re ten tion  times identical w ith  those o f  m ethy l a- and /?-pyranosides o f

2 ,3 ,4 ,6 - te t r a -0 - [7 '(a )  1.00 and 1.43, T  {b) 1.00 and 1.33], 2 ,3 ,4 - t r i-O  [T  {a) 2 .5 0  and  

3.50, T  {b) 1.33 and 1.83], and 3 ,4 ,6 -tri-O -m eth y l-D -g lu c o s e  [ T  (a) 2 .93  and 3.50, 

T{ b )  1.70 and  2 .30].

Aceiolysis o f  tetra- and pentasaccharide  A . —  Each o ligosaccharide ( ~ 9 0  m g) 

w as dissolved (b y  w arm in g ) in a m ixture  (3 m l) o f  acetic a n h yd rid e  and su lp h u ric  acid  

(100 :9 ; v /v ). Each so lu tion  was kept at 35° fo r  2  h and  then poured o n to  crushed ice 

(10  g). Each m ix tu re  was adjusted to p H  6 by ad d itio n  o f  sodium  hydrogen  carb o n a te , 

and the prec ip ita ted  m ateria l was extracted w ith  c h lo ro fo rm  ( 4 x 1 0  m l). T h e  

extracts w ere washed w ith  d ilu te , aqueous sodium  hydrogen  carb o n a te  and  w ater, 

dried (N a ^ S O ^ ), and evaporated  in vacuo a t 40°. Each residue was dissolved in d ry  

m ethanol ( 1 m l), and deacetylation  was elTected by a d d itio n  o f  a sm all piece o f  sodium . 

A fte r 24 h, each so lu tion  was deionised and concentrated , and the residue was 

frac tio nated  by paper ch rom ato graph y . Each fra c tio n  was subjected to  e lectro 

phoresis in b orate  solution  and, a fte r trea tm en t w ith  sodium  b o ro h yd rid e  fo llo w e d  by 

d eion isation , in  m o lybd a te  so lu tion . T h e  results are shown in T a b le  I I I .

Acidic and enzymic degradation o f  pentasaccharide A . —  T h e  o ligosaccharide  

( ~ 5 0  m g) was heated in 0.5m sulphuric  acid (4  m l), in a capped tube, a t 70° fo r 2 .5  h. 

T h e  hydro lysate  was neutralised w ith  b ariu m  carb on ate , deionised, an d  frac tio na ted  

by paper c h ro m ato g rap h y . T h e  com ponent ( ~ 5  m g) hav ing  id en tica l w ith  th a t o f  

isom alto tetraose was dissolved in 0.2m sodium  c itra te  (p H  5, 2 m l) and incubated  w ith  

dextranase A  (0 .2 4  un it contained  in 2 m l o f  5m M  sod ium  c itra te , p H  6 ) a t 37° fo r  

2 days. P ap er c h ro m ato g rap h y  o f  the deionised so lu tion  revealed th a t ap p ro x im a te ly  

h a lf  o f  the m ate ria l had been degraded to  the same com pounds as was isom alto 

tetraose in a con tro l experim ent, i.e., D-glucose, isom altose (m a in  p ro d u c t), and  

isom alto triose.
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ABSTRACT

T he  polysaccharide e lab o ra ted  by Streptococcus salivarius s tra in  51 contains  

//-D -fru c to fu ra n o s e  residues linked  th ro u g h  positions 2 and 6, as w ell as 1 ,2 ,  and  6. 

T h e  a p p io x irn a te  num bers o f  te rm in a l, n on -reducing  D -fructo fu rano se  residues and  

those linked  th rou gh  positions 2 and  6, and through  1, 2, and 6 in  the average repeat

in g -u n it are 1, 7, and 1, respectively. T h e  branches throu gh  the ^ -(2 ->  l) - lin k a g e  

contain  up to  at least fo u r D -fru c to fu ran o se  residues. C h em ica l-io n isa tio n  mass- 

spectrom ctry aids the assignm ent o f  structures to  O -ac e ty l-(9 -m e th y la ld ito ls  obta ined  

in m éthy la tion  analysis.

INTRO DUCTIO N

Strains o f  Streptococcus salivarius colonise in  the h u m an  m o u th  and p roduce  

ex trace llu la r polysaccharides w hen  g ro w n  on sucrose-contain ing  m ed ia . These p o ly 

saccharides have p rev iously  been classed as levans, i.e., D -fructans in w h ich  the  

p rinc ip a l g lycosid ic linkages are  o f  the  J?-(2-^6) type, the conclusions being based  

m ain ly  on sero logical tests'"^ and  the  in fra red  spectra^ o f  the polysaccharides. A s  

fa r  as we are a w a re , the D -fructans have not been characterised chem ica lly . C o n tin u 

ing o u r w o rk  on polysaccharides e lab o ra ted  by organism s isolated fro m  the h u m an  

m o u th *, it seemed to  us desirab le  to  study in g reater d eta il the chem ical s tructure  

o f  these D -fructans. A s a p re lim in a ry  to  deta iled  assignm ents o f  structures, w e now  

rep o rt on the types and percentages o f  the g lycosidic linkages, and the size o f  branches  

in the  polysaccharide e labo ra ted  by 5 . .salivarius s tra in  51.

RESULTS A N D  DISCUSSION

The extracellular polysaccharide was shown to be a D-fructan. Its negative 
rotatory power and the fact that invertase degraded the D-fructan almost completely 
to D-fructose indicated that it contained ^-D-fructofuranose residues.

♦Dedicated to the memory of Professor Edward J. Bourne.
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Since L in d b c rg  and co-w orkers  reported^ tha t O -a c e ty l-O -m e th y la ld ito ls  

can be characterised by e lec tro n -im p ac t (e .i.)  m ass-spectrom etry, the procedures  

fo r the linkage analysis o f  polysaccharides have been g reatly  s im p lified^ . T h e  m etho d  

involves m éth y la tio n  o f  the polysaccharide, fo llow ed  by hydro lys is , red uc tion , 

ac é ty la tio n , and g .l.c . o f  the a ld ito l derivatives thus o b ta in ed . T h e  results o b ta in ed  

w ith  the levan o f  5 . salivarius strain 51 when sod ium  borod eu teride^  was used as the  

reducing  agent are show n in T a b le  1. It  was expected tha t, on red uc tion , each O- 
m ethy l-D -fruc tose  w o u ld  give the corresponding  D -g luc ito l and  D -m a n n ito l d e riv 

atives. H o w ever, g .l.c . o f  a sam ple o f  au th en tic  1,3 ,4 ,6 -te tra -O -m e th y l-D -fru c to s e , 

treated  as described fo r  the hydro lysate  o f  the m ethy la ted  levan , show ed o n ly  a 

single peak, i.e., 2 ,5 -d i-0 -a c e ty l- l ,3 ,4 ,6 -te tra -(9 -m e th y lh e x ito l.  T h u s , the con d ition s  

used do not a llo w  the separation  o f  the corresponding  D -g luc ito l and D -m a n n ito l 

derivatives .

T h e  assignm ent o f  s tructure  to  0 -a c e ty l-0 -m e th y la ld ito ls  is based on the  

g .l.c . re ten tion  tim es (T -v a lu e s ) and the pattern  o f  e lec tro n -im p ac t (e .i.)  induced  

frag m en ta tio n s . A lth o u g h  it is possible by e.i. m ass-spectrom etry to  d e te rm in e  the  

p attern  o f sub stitu tion  in an 0 -a c e ty l-0 -m e th y l a ld ito l, the assignm ent o f  its structure  

is aided by d ete rm in in g  first the n um ber o f  m ethoxyl g roups; this n u m b er is o ften  

estim ated  fro m  the T -va lues. T h e  am bigu ities  inherent in this m ethod  can be avo ided  

by d ete rm in in g  the m o le c u la r w eigh t o f  the 0 -a c e ty l-0 -m e th y la ld ito ls . M o le c u la r  

ions, [ M ] ^ ,  o f  0 -a c e ty l-0 -m e th y la ld ito ls  produced by e lec tro n -im p ac t ion isa tio n  are  

u n fo rtu n a te ly  ra re ly  stable enough to  be d iscern ible in the e.i. m ass-spectra. H o w ev e r, 

d ete rm in a tio n s  o f  m o le c u la r w eigh t can easily be carried  o u t by chem ica l-io n isa tio n
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(stereochemistry at asymmetric carbon atoms is not shown).
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(e .i.)  m ass-spectrom etry, as its co m m o n ly  encountered  fea tu re  is the abundance o f  

[ M 4- I] '* ’ ions. T h e  m o lecu la r weights ( M )  o f  the a ld ito l derivatives  A , B, and  C  

o bta in ed  fro m  the levan (T a b le  I ) ,  and d ete rm ined  fro m  th e ir  [ M - t - l ] *  ions in the  

e.i. m ass-spectra, ind icate  them  to  be te tra -, t r i- ,  and  d i-(9 -m e th y lh e x ito l-2 -r / acetates, 

respectively. (C .i.- in d u c e d  fragm enta tio n  m odes o f  (9 -a c e ty l-0 -m e th y la ld ito ls  w ill 

be rep orted  elsewhere). T h e  e .i.-in du ced  fra g m e n ta tio n  p atterns  o f  the derivatives  A, 
B, and  C  (T a b le  I  and F ig . 1) showed th a t they  w ere , respectively, 2 ,5 -d i-O -a c e ty l-

1.3.4.6-tetra-O-methyl- (3), 2,5,6-tri-(9-acetyl-l,3,4-tri-(9-m ethyl- (5), and 1,2,5,6- 
tetra-(9-acetyl-3,4-di-(9-methyl-hexitol-2-^/ (7).

T h e  d ub ie ty  reg ard ing  the rin g  size o f  the  D -fructose residues in  the  fru c ta n  

was rem oved  w hen the d isaccharide fra c tio n  o b ta in e d  by  p a rtia l hydro lysis  o f  the  

fru c tan  (T a b le  I I I )  was reduced w ith  sodium  b o ro d eu te rid e , fo llo w e d  by m é th y la tio n , 

hydro lys is , red uction  w ith  sodium  b o ro d eu terid e , an d  acé ty la tio n . T h e  results  

(T a b le  I I  and F ig . I )  o f  g .l.c .-m .s . (e .i. and  c .i.)  analysis show  th a t the h ex ito l d e r iv 

ative D  was a m ix tu re  o f  6 -(9 -a c e ty l- l,2,3,4,5 -p e n ta -(9 -m e th y l-  (1 ) and  l- (9 -a c e ty l-

2.3.4.5.6-penta-(9-methyl-hexitol-2-r/ (2), whereas the hexitol derivative E  was 2,5- 
di-0-acetyl-l,3,4,6-tetra-(9-m ethylhexito]-2-^ (3). Hence, the disaccharide fraction 
contained 0-;9-D-fructofuranosyl-(2-^6)-D-fructose (levanbiose) and (9-/?-D-fructo- 
furanosyl-(2-»l)-D-fructose (inulobiose). We therefore conclude that the fructan of
S. salivarius strain 51 is composed o f )?-D-fructofuranose residues linked through 
positions 2 and 6, as well as 1 ,2 , and 6.

The chemical evidence for the suggestion that levans contain ^-D-fructo- 
furanose residues is the observation® that the tri-(9-methyl-D-fructose obtained by 
méthylation of a fructan, followed by hydrolysis, could be converted into a methyl
1.3.4.6-tetra-(9-methyl-D-fructofuranoside by methylanosis at room temperature

TABLE I I I
DI- A N D  O L I G O - S A C C H A R I D E S  O B T A I N E D  B Y  
P A R T I A L  H Y D R O L Y S I S  O F  L E V A N  W T F H  A C I D

Fraction Yield
(mg from 15 g o f levan)

D .p f

Disaccharide 0.70 62 2.2
Trisaccharide X 0.47 213 3.3
Trisaccharide Y 0.42
Tetrasaccharide X 0.31 146 3.6
Tetrasaccharide Y 0.27
Pentasaccharide X 0.21 100 4.9
Pentasaccharide Y 0.18
Hexasaccharide X 0.15 18 5.5
Hexasaccharide Y 0.12 -
Heptasaccharide X 0.09
Heptasaccharide Y 0.08

“Paper-chromatographic migration rate relative to that of D-fructose. "Estimated by the method of 
Timell'*.
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Fig. 2. S truc tu ra l un its o f  d i- and oligo-saccharides, and levan.

and m é th y la tio n . As ! ,3 ,4 -tr i-  O -m e th y l-o -fru c to s e  can give rise to  furanosides and  

pyranosides, it is, how ever, lik e ly  tha t the in term ed ia te , m ethyl 1 ,3 ,4 - tr i-O -m e th y l-  

D -fru c to fu ran o s id e , was the k in e tic a lly  con tro lled  p ro du ct o f  m ethanolys is . W e  

believe th a t o u r results represent the first chem ical evidence fo r levans to  be com posed  

o f D -fruc to fu rano se  residues.

C o m p le te  m éth y la tio n  o f  polysaccharides is often assessed fro m  the re la tive  

p ro p o rtio n  o f  the te rm in a l units and  the b ranch ing  residues. H o w ev e r, g .l.c . d id  not 

separate the te tra -O -m e th y lh e x ito l acetate A (T a b le  I )  sufficien tly  fro m  m ateria ls  

th a t arise fro m  the reagents used. N evertheless, when the m ethy la ted  fru ctan  was 

subjected to  a n o th e r m eth y la tio n -an a lys is  procedure, the m o lecu la r p ro p o rtio n  o f  

the t r i-O -m e th y l-  to  d i-O -m e th y l-h e x ito l derivatives rem ained  constan t. I t  was 

therefore  assum ed th a t the m o lecu la r ra tio  o f  the te t r a -0 -m e th y l-  to  d i-O -m e th y l-  

hex ito l acetates was u n ity . I t  cou ld  then be ca lcu lated  th a t the a p p ro x im a te  num bers  

o f  te rm in a l, n on -redu cin g  D -fru c to fu ra n o s y l units and those residues lin k e d  th ro u g h  

positions 2 and  6, and th rou gh  I ,  2, and  6 in the average re p e a tin g -u n it o f  the levan  

are, respectively. I ,  7, and  I .

P a rtia l, ac id  hydro lysis o f  the fru c tan  y ie lded  tw o  series { X  an d  Y ) o f  o lig o 

saccharides (T a b le  I I I ) ,  fo r  each o f  w hich  the p lo t’  versus d .p . was a stra ight 

line. A lth o u g h  o n ly  11%  o f  all D -fru c to fu ran o se  residues are b ra n ch in g  residues, 

a considerab le  p ro p o rtio n  o f  the d isaccharide  frac tio n  was inu lob iose. I t  is there fore  

lik e ly  th a t the susceptib ilities to  acid  hydro lysis  o f  the ^ - ( 2 - » l ) -  and  ^ - (2 -» 6 ) -d -  

fructosid ic  linkages are co m p a ra b le , and  tfia t the o ligosaccharides o f  one o f  the  

above series possessed also ^ -(2 -»  l)-lin k a g e s .

S im ila r  series o f  o ligosaccharides, w ith  d .p . up to  8, w ere o b ta in e d '®  by the  

action  o f  an endo-hydro lase  on the  levan  o f  Aerobacter levanicum. T h e  m em bers  

o f  one series reacted w ith  tr ip h e n y lte tra z o liu m  ch lo ride , and  it was concluded tha t 

the reducing  D -fructose residue in  these was lin ked  through  position  I ,  and th a t the  

branches th ro u g h  the j5 -(2 -»  l) - lin k a g e  in  th a t levan contained  up to  seven D -fructose  

residues. T rip h e n y lte tra z o liu m  c h lo rid e  can be used to  d istinguish betw een reducing
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fructose residues linked  through  position  1 o r 6. I t  fa ils , h ow ever, to  d istinguish  

betw een the fo rm e r and those linked  th rou gh  positions 1 and  6.

It  was conceived that the sequence o f  reduction  w ith  sod ium  b orod eu teride , 

m é th y la tio n , hydro lysis, reduction  w ith  sod ium  b o ro d eu terid e , a c é ty la tio n ,, and  

analysis by g .l.c .-m .s . could also be used to ascertain  the position  o f  lin kag e  to  the  

reducing fructose residues in the o ligosaccharides o b ta in ed  by p a rtia l hydro lysis  

w ith  acid. T h e  results obtained  w ith  the tr i- . te tra -, and pen ta-saccharide  fractions  

( it  was not practicable  to separate the o ligosaccharides o f  series X  fro m  those o f  

series Y) are shown in T a b le  I I .  T h e  tr i-  and p en ta-saccharide  frac tions  d id  not give  

all the hexito l derivatives w hich m ight be expected. I t  is s ign ificant, h ow ever, th a t  

each o ligosaccharide frac tio n  gave, inter alia, by the above sequence o f  reactions, 

l-0 -a c e ty l-2 ,3 ,4 ,5 .6 -p e n ta -< 9 -m e th y lh e x ito l-2 -(/ (2 ). T h e re fo re , each oligosaccharide  

frac tio n  contained  a com ponent in w hich  the reducing  D -fructose residue was linked  

only  through  position  1 (9 ). M é th y la t io n  analysis o f  the fru c ta n  had  a lready shown  

that those D -fructo furanose residues in the fru ctan  th a t are  linked  th rou gh  position  1 

a ie  also linked  through  positions 2 and 6, and hence con stitu te  b ranch ing  points (14 ), 

T h e  d i- and oligosaccharides (w ith  d .p . /r 4 - 1 ) w hich  are term in a te d  by D-fructose  

residues linked only  th rough  position  I (9 )  thus co n ta in  n fructose residues o f  a 

branch o f  the o rig in a l fru ctan . W e  now  conclude th a t the branches through  the  

/( -{2 -»  1 )-lin kag e  in the levan o f  5 . salivarius s tra in  51 con ta in  up to  at least fo u r  

D -fruc to fu rano se  residues (15 ).

T h e  d is trib u tio n  o f  b ranch ing  residues in the levan and  the  type o f  its branched  

structure w ill be reported  elsewhere.

EXPERIMENTAL

Paper chromatography. —  T h e  solvent used was e th a n o l-b u ta n - l-o l-w a te r  

(40 :11 :19 ). C om pounds  w ere detected w ith  s ilver n itra te  in ace to n e -e th a n o lic  sodium  

h y d r o x id e " .  W h a tm a n  N o . 1 paper was used fo r  the analysis o f  m ixtures , and  

W h a tm a n  N o . 17 paper fo r the fra c tio n a tio n  o f  larger q u an tities  o f  m ateria ls .

T.l.c. —  Plates coated w ith  silica gel (P o ly g ra m  Sil G )  were developed w ith  

b u ta n - l-o l-a c e tic  a c id -w a te r  (4 :1 :5 , u pper layer). C o m p o u n d s  were detected by  

spraying  w ith  sulphuric  acid (5 %  in e th a n o l) and  heating  at 120°.

G.l.c.-rnass spectrometry. —  {a) C .i.-m .s . A  V G  M ic ro m a s s  1 6 F  mass spectro

m eter was used w ith  2 -m e th y lp ro p a n e , at a pressure o f  0 .5  to r r , as the reactant gas. 

T h e  gas chro m ato g rap h  (P ye 104) con ta in ed  a co lu m n  (3 .0  m  x  5 .0  m m ) packed w ith  

3 %  o f  O V  225 on C h ro m o so rb  Q  (8 0 -1 0 0  m esh), and was operated  w ith  tem pera tu re  

p ro g ram m in g  (1 7 0 ^ 2 2 5 ° )  a t 5 ° . m i n " ' .

(6 ) E .i.-m .s . A  P e rk in -E lm e r  F l l  gas c h ro m a to g ra p h , o pera ting  a t 190° and  

co n ta in in g  a glass co lum n (4 .0  m x  1.6 m m ) packed w ith  3 %  o f  O V  225 on C h ro 

m osorb  Q  (8 0 -1 0 0  m esh), was used. T h e  c a rr ie r gas, h e liu m , was rem oved  fro m  the  

effluen t by passage through  a B iem an n  separato r. T h e  e ffluent was then passed in to  a 

H ita c h i R M S -4  mass spectrom eter o p era tin g  at 80 e V  and  5 0 -//a m p  target current.
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Preparation o f  levan. —  T h e  lyoph ilysed  Streptococeu.s .salivariit.s strain 51 m ic ro 

organism  "as reactivated  at 37° fo r  24 h in a m ed ium  co n ta in in g  D-glucose (0 .5 % ),  

B rain  H e a rt  In fu s io n  concentrate  (O x o id , 5 la b le ts /1 0 0  m l), T h io g lu c o la te  (D ifc o ,  

2 .4 % ), and w ith  a b o tto m  layer o f  ca lc ium  carb on a te  (2  g /1 0 0  m l). A  suspension 

( ~ 5  m l) was then used to  in o cu la te  m ed ia  (1 .2 5  1) c o n ta in in g  sucrose (8 % ) ,  d'ipotas- 

sium  hydrogen phosphate (0 .2 % ),  and  T ry p to n e  (D ifc o , 1 % ). A fte r  incu ba tion  at 

37° fo r  40 h , the cu ltu re  flu id  was centrifuged  a t 1000 ^  fo r  20 m in . T h e  levan  was  

prec ip ita ted  fro m  the c lear, sup ern atan t liq u id  by the a d d itio n  o f  2.3  volum es o f  

e th ano l, and sedim ented by ce n trifu g a tio n  a t 1 0 0 0 ^  fo r  20 m in . T h e  levan was 

dissolved in  w a te r and  p rec ip ita ted  by the a d d itio n  o f  e th ano l as befo re . T h e  procedure  

o f  red issolution  and re p re c ip ita tio n  was repeated  three  tim es. T h e  levan  wa^ freeze- 

dried  to  a w h ite  p o w d e r, and  fin a lly  d ried  in vacuo o ver p ho sp ho ric  oxide at 60°. 

T h e  levan had  [a]^® — 59 .3° (c  1.0, w a te r), and the average y ie ld  (based on sucrose 

used) was 3 7 %  [F o u n d : fructose (d e term in ed  by the m eth o d  o f  W ise  et a /. ' ^), 93 .8 ;  

ash, 4 .7 ; N ,  0 .5 % ].

Degradation o f  levan by invertase. —  Digests con ta in e d  levan (0 .5 % , w /v ) and  

Candida utilis invertase (0 .4 % , w /v ;  S igm a, g rade X )  in  phosphate  b u ffe r (0.1m , 

p H  6 .6 ), and w ere incubated  u n d er to luene a t 37°. T h e  reducing  sugar con ten t, as 

D-fructose, was determ ined  by the  m etho d  o f  N e ls o n ' and  in d ica ted , a fte r 350  h, 

th a t 9 0 %  o f  the levan  had  been degraded. C h ro m a to g ra p h ic  analysis o f  the digest 

revealed the presence o f  o n ly  D -fructose.

M éthylation o f  levan. —  L ev a n  (20  m g) was dissolved in m ethyl su lphoxide  

(4  m l) in  a M a c C a r tn e y  flask c o n ta in in g  a T e flo n -co vered  m agnetic  fo llo w e r, and  

fitted  w ith  a d rille d  cap w ith  a ru b b e r seal. S o d iu m  m e th y ls u lp h in y lm e th a n id e  (~ 2 m  
in  d im eth y l su lphoxide , 1 m l)  was add ed  w ith  the a id  o f  a syringe, and  the m ix tu re  

stirred  fo r  6 h , w ith  w a rm in g  a t 4 0 ° fo r  the  first h o u r. M e th y l io d id e  (0.1 m l) was added  

and  the m ix tu re  s tirred  fo r  a fu r th e r  18 h . F u r th e r  p o rtio n s  o f  sod ium  m e th y l

s u lp h in y lm eth an id e  (as abo ve , 1 m l) and  m ethy l io d id e  (1 .5  m l)  w ere added  in  the  

m an n er described. T h e  reac tion  m ix tu re  was then  p o u re d  in to  w a te r (2 0  m l) , and  the  

suspension was dia lysed against ru n n in g  ta p -w a te r and  then  against deionised w ater. 

T h e  m ethy la ted  levan  was extrac ted  w ith  c h lo ro fo rm  ( 2 x 1 0  m l) and  the  extract 

evaporated  to  dryness. A  p o rtio n  o f  the m ethy la ted  levan  was subjected to  a n o th er  

m éth y la tio n  p ro ced ure .

Characterisation and determination o f  O-acetyl-O-m ethylhexitols obtained fro m  

methylated levan. —  A  so lu tio n  o f  the  m eth y la ted  levan  ( ~ l 0  m g ) in  a m ix tu re  o f  

m ethan o l (1 0  m l) and  2.5m o xa lic  acid  (3  m l) was b o iled  u n d er re flux  fo r  18 h . T h e  

m eth an o l was rem oved  b y  d is tilla tio n  u n d er reduced pressure, w a te r (1 0  m l) was 

added , and the so lu tio n  was b o ile d  u n d er re flux  fo r  4  h. A f te r  n eu tra lisation  w ith  

c a lc iu m  carb on ate , sod ium  b o ro d eu te rid e  (10  m g ; 9 8 %  D ,  M e rc k )  was added, and  

the  so lu tio n  k e p t fo r  4  h . D e io n is a tio n  was effected by tre a tm e n t w ith  D o w e x  5 0 W -  

X 8  ( H * )  resin , e v a p o ra tio n  to  dryness, and  repeated  d is tilla tio n  o f  m eth an o l fro m  

the  residue. T h e  residue was acety la ted  b y  using acetic a n h y d rid e  (1 m l) and  p yrid in e  

(1 m l). A f te r  20  m in  a t 9 0 °, the  so lu tio n  was evapo ra ted  and  the  residue analysed by
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com bined  g .l.c .-m .s . R e ten tio n  tim es {T )  and peak areas w ere d eterm ined  separately  

w ith  a Pye 104 gas ch ro m a to g ra p h , o p era tin g  a t 175°, c o n ta in in g  a glass co lu m n  

(3 .0  m x  5.0 m m ) packed  w ith  3 %  o f  O V  225 on C h ro m o s o rb  Q  (8 0 -1 0 0  m esh), 

using n itrog en  as c a rrie r gas, and  lin ked  to  a H e w le tt P a ckard  3370B  in teg ra to r. 

T he  results are  listed in  T a b le  1.

A cid  hydrolysis o f  levan. —  {a) T h e  levan ( ~ 1 0 m g )  was hydro lysed  w ith  

5niM  su lp hu ric  acid ( I  m l) at ro o m  tem p era tu re  fo r  15 h . A f te r  n eu tra lisation  (w ith  

b ariu m  c a rb o n ate ), p ap er ch ro m ato g rap h y  revealed  D -fructose as the sole reducing- 

sugar present.

{b) T h e  levan  ( ~  10 m g) was hydro lysed  w ith  5m M  o xa lic  acid  (1 m l) a t 70° fo r  

2 h. A f te r  n eu tra lisa tio n  (w ith  ca lc ium  carb o n a te ), p ap er ch ro m a to g ra p h y  o f  the  

h ydro lysate  revealed  the com ponents show n in  T a b le  I I I .  C h ro m a to g ra p h y  o f  a 

deionised h yd ro lysate  o f  a la rg er sam ple o f  levan (15  g) on a c h a rc o a l-C e lite  co lu m n  

( 7 x 4 4  cm ; e lu tio n  w ith  1, 5, 10, and 2 0 %  e th a n o l), w ith  p u rific a tio n  o f  the frac tions  

thus o b ta in ed  b y  pap er ch ro m a to g ra p h y , gave sam ples o f  d i- , t r i- ,  te tra -, pen ta-, 

and hexa-saccharide fractions. T h e  yields are show n in T a b le  I I I .

Characterisation o f  oligosaccharides obtained fro m  the levan. —  T h e  d i-, t r i- ,  

te tra - and penta-saccharide  fractions (see T a b le  I I I ,  ~ 1 0 m g ) ,  separate ly  dissolved  

in w a te r (1 0  m l) , w ere reduced w ith  sodium  b o ro d eu terid e  (5  m g). A f te r  d eion isation  

(as described abo ve), each p ro du ct was desiccated and  then shaken w ith  m ethyl 

iod ide  (0 .2  m l), A ,V -d im e th y lfo rm a m id e  (0 .2  m l), and  s ilver oxide (0 .2  g) at ro o m  

tem p era tu re  fo r  18 h in the d ark . Each m ix tu re  was filte red  th ro u g h  glass-fibre p aper, 

and the filtra te  evapo ra ted  to  dryness. Each m ethy la ted  p ro d u c t was dissolved in a  

m ix tu re  o f  m e th a n o l (2  m l) and 0.5m o xa lic  acid (0 .5  m l), and  the so lu tio n  was bo iled  

und er reflux fo r  18 h. M e th a n o l was rem oved  by e v a p o ra tio n  u nd er reduced pressure, 

w a te r (2  m l) was added , and h eating  was c on tin ued  fo r  a fu r th e r 3 h. Each reaction  

m ix tu re  was neu tra lised  w ith  ca lc ium  carb on ate , an d  the p roducts  w ere reduced  

w ith  sod ium  b o ro d eu te rid e  and acety la ted  as described above. T h e  results o f  a n a l

ysis b y  g .l.c .-m .s . o f  the (9 -a c e ty l-0 -m e th y lh e x ito l-2 -c f p roducts  are show n in T a b le  I I .
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