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ABSTRACT

Water so lub le  and water in so lu b le  polysaccharides were iso la te d  

from Bucrose-broth c u ltu re s  o f L> m esenteroides s tr a in  KRHL B-1299*

The polysaccharides were id e n tif ie d  as cC •D-glucopyrans and 

assigned to  the dextran c la s s  o f polysaccharides from a  considera tion  o f 

th e i r  p ro p e rtie s .

M éthylation and periodate  ox idations o f  the polysaccharides established^ 

th a t  they have h igh ly  branched s tru c tu re s . The branching occurs through 

lH»2,6 linked  glucose u n i ts .

The m ajority  o f  the glucose u n its  in  each case a re , however, l-» 6  

linked  although the polysaccharides do a lso  contain sm aller percentages 

o f l-^ 5  linked  glucose u n its  in  in t r a  chain p o s itio n s .

From the  av a ila b le  d a ta  a rep ea tin g  u n it  (see page 57) i s  proposed 

fo r  each polysaccharide.

I s o la t io n  o f a  s e r ie s  o f isom altose homologues from p a r t ia l  acid 

hydro lysis  in d ica ted  th a t  the  polysaccharides contain  chains o f  cC-(l-w6) 

linked  glucose u n its j  which probably form the molecular skele tons.

Examination o f  o ligosaccharides from a p a r t ia l  a ce to ly s is  in d ica ted  

th a t branches o f the w ater so luble polysaccharide are  more than one 

glucose u n it  long.

Enzymic degradation o f the w ater so luble polysaccharide gave 

o ligosaccharides whose s tru c tu re s  in d ica ted  th a t some branches are  a t  

le a s t  two glucose u n its  long and probably co n s is t o f fou r glucosyl u n its .

' R.H.a
D &
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1.

I .  niTHODÏÏCTION

The term dextran  has been applied  to  members o f  a  c la s s  o f  b a c te r ia l 

polysaccharides# composed predominantly o f cC-D-glucopyranose un its#

These u n its  are jo ined  p r in c ip a lly  by the  cC-(l-w«6) primary g lucosid io  

linkage# but may in  ad d itio n  con tain  varying percentages o f cc-(l-^4)#  

oC-(l-^5) andoC-(l-*-2) secondary g lucosid io  l in k s ; u su a lly  s itu a te d  a t  

branching points#

The dextrans in v estig a ted  in  t i l ls  work were produced by the  action# 

on sucrose# o f Leuconostoo m esenteroides HSRL B-1299# a s t r a in  o f chain 

forming coccus belonging to  the  b a c te r ia l  fam ily lac to b a c te r la ce a e . t r ib e  

gtre-ptococcae# genus Leuconostoo. species Leuconostoo m esenteroides 

(Betacoooug Arabinosaceous)#

H is to r ic a l

The species o f b a c te r ia  Leuconostoo mesenteroides was f i r s t  noted 

almost a  century  ago,^

Cienkowski (1878) in v e s tig a tin g  an outbreak o f slime in  sugar fac to ry  

vats# iso la te d  and stud ied  the  organisms responsible# Among them he 

noted a chain  forming coccus, producing about i t s e l f  a la rg e  ge la tinous 

capsule# which upon innocu lation  in to  sugar so lu tio n s  produced slime# 

Cienkowski described  the s t r a in  as Agcococciig m esenteroides# be liev ing  i t  

to  be re la te d  to  a re c en tly  Iso lated#  y e t l i t t l e  known, Ascococcug.

Van Tiegham (1878) stud ied  the organism more f u l ly  and# deciding 

th a t  i t  was m orphologically and ph y sio lo g ica lly  d is t in c t  from an Ascococcus. 

app lied  i t  i t s  p resen t generic name o f Leiiconogtoo. The name Leuconostoo 

re su lte d  d ire c t ly  from the  microscopic appearance of the  growing organism.
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whose c o lo u rle ss , e lin y , g lobu lar masses resembled the w ell known b lue- 

green Ho stop algae#

Many d if fe re n t s tr a in s  o f  L. m esenteroides have s ince  been iso la te d  

from such widely separated  sources as slimy sugar so lu tio n s , ferm enting 

vegetable m atter and milk products# In  1944 Sugg and Hehre^ observed a  

new s tr a in  o f the  organism which they named Leuconostoo m esenteroides 

s t r a in  K# This organism was deposited  w ith the ÏÏ.S# Department o f

A gricu ltu re  c o lle c tio n  o f typed cu ltu re s  ( l9 5 l)  as L. m esenteroides MRL

B-1299.

B e ije rlin ck  (1912)^ had f i r s t  id e n tif ie d  the slime produced by th is  

species o f organism as a dextran t the name dextran  having been conceived 

by Scheibler^  many years e a r l i e r  ( I 869) to  describe a polymer, re la te d  to  

s ta rch  end d e x tr in , which he had iso la te d  from sugar v a t mucilages#

Recent in te r e s t  in  dextrans was stim ulated  sh o rtly  a f t e r  World War I I ,

when i t  was re a lis e d  th a t  they could be used as  blood plasma volume

expander m ateria ls*^  An in ten siv e  su rv e y ? ^ f  dextrans produced by many 

s tr a in s  o f micro organisms wag in i t i a te d  by the North Regional Research 

L aboratories o f  the  United S ta tes  Department o f A g ricu ltu re . The research  

programme was concerned w ith typing dextran  producing organisms and 

in v e s tig a tin g  the most su ita b le  cu ltu rin g  conditions fo r  dextran production.

Methods o f is o la t io n ,  f ra c tio n a tio n  and p u r if ic a tio n  o f  the dextrans 

were examined# The p u r if ie d  dextrans were each subjected to  a lim ited  

s tru c tu ra l  an a ly sis  and a se lec ted  few chosen fo r  degradational s tu d ies  j 

p r in c ip a lly  to  assess commercial u se fu ln ess. (Since 1945 some 700 

p a ten ts  on dextrans and th e i r  d e riv a tiv e s  have been issued  in  26 c o u n tr ie s .)



On© o f the most s ig n if ic a n t fin d in g s  o f  tM s  survey has been tlia t 

each dextran was. in  i t s e l f  unique: the s t r a in  o f the p aren t micro

organism not the cu ltu rin g  conditions detemiined both the chemical end 

se ro lo g ica l p ro p e rtie s  o f any dextran# As a consequence dextrans ere 

u su a lly  named a f te r  the  paren t micro organisms* The dextrans produced 

by L. m esenteroides HHRL B-1299# a f t e r  f ra c tio n a tio n , a re  re fe r re d  to  as 

B-1299 S dextran and B-1299 L dextran# The su ff ix  S denotes a c u ltu re  

medium Soluble dextran and L in d ica te s  a c u ltu re  medium in so lu b le  or 

Lesser so lub le  dex tran .

B tru c tu ra l s tu d ies

The general chem istry o f the dextran  c la ss  o f polysaccharides he.s

been reviewed p e r io d ic a lly : notably  by Evans (l94& ),^ Barker (1952),^

Neely (l96o)*^ and Manners (1966),^^ w h ils t se lec ted  b ib lio g rap h ies  have
12 /been published by A, Jeanes (U.S. Department o f  A gricu ltu re) in  1952, 

i 960 and 1968.

Survey o f th is  l i t e r a tu r e  has in d ica ted  th a t  the s tru c tu re s  o f  the 

B-1299 dextrans have so f a r  been in v es tig a ted  only by means o f periodate  

o x id a t io n s ,^  p a r t ia l  degradations w ith a c e to ly s is  reagents^^*^^ and 

through s tu d ies  o f th e i r  immunochemical reac tio n s

A# Tlie f i r s t  s tru c tu ra l  inform ation about the B-1299 dextrans was 

obtained as a  r e s u l t  o f  ox id izing  the molecules w ith sodium meta ,"periodate 

when the  amounts o f  periodate  reduced and formic ac id  l ib e ra te d  in  the 

rea c tio n s  were used to  ca lc u la te  an approximate d is tr ib u tio n  o f  the 

g lucosid io  lin k s  in  each polysaccliaride f ra c tio n .
13b

This an a ly s is  revealed  l i t t l e  d iffe ren ce  between the two dex trans:



4#

In  B-1299 S dextran 50^  o f  the u n its  were linked  l-» 6  and $0^ could have 

been e i th e r  l-w«2 o r 1-^4 lin k ed , w h ils t B-1299 L dextran contained $8^ 

o f 1“^ 6  linked  u n i ts ,  3^^ o f  u n its  which could have been e i th e r  l-^ 2  o r 

l-»>4 linked  and Ùfo o f u n i ts  which may have been l-w*3 linked#

This method o f an a ly s is  had been conceived as a means o f ob tain ing  

s tru c tu ra l  da ta  rap id ly  from dextrans produced by 96 s tr a in s  o f b a c te r ia , 

and as such had l im ita tio n s  o f accuracy# The method, together w ith the

ca lc u la tio n s  involved, i s  d iscussed more f u l ly  on page 2 ) — 2 2 .
22S en ti e t  a l .  l a t e r  modified these  f ig u res  by studying the o p tic a l 

ro ta tio n s  o f the  dextrans in  cuprammonium solution#
2% o

Reeves had noted th a t  the o p tic a l ro ta tio n s  ( a t  o f  simple

glucosides were g re a tly  decreased i f  the molecules were complexe! w ith 

cupramrnoniuia a t  the 2,3 hydroxyl position#  Complexing a t the 3,4 

hydroxyl p o s itio n , however, caused an increase  o f ro ta tio n ; i f  both 

these p o s itio n s  were complexe! the  ro ta tio n a l  s h if t  was n e g lig ib le .

The ro ta tio n a l s h i f t  o f a l-w-6 linked  glucose u n it  was ca lcu la ted  

from experiments on cuprammonium complexes o f the homologous s e r ie s  o f
22oC-(l-^6) linked  meth^d glucosides o f degree o f polym erisation 1 to  11$ 

Using th is  value in  conjunction w ith  the  e a r l i e r  observations (o f  Reeves) 

an equation was derived which could d is tin g u ish  between the l-^*4 end 1-^2 

linkages in  dex trans. A pplication o f th is  an a ly s is  to  the  B-1299 

dextrans Ind ica ted  th a t  each contained a  high percentage o f l-^ 2  links# 

The modified periodate  f ig u re s  were: B-1299 S dextran 1-^6 l in k s ,

38^ l-^ 2  l in k s , 12^ l-^ 4  lin k s ;  B-1299 I» dextran 5®  ̂ l-» 6  l in k s ,  34^ 

l-»"2 l in k s ,  2^ l-»"4 lin k s  and Sfo of lin k s  which could have been l-^3*
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B. Chemical evidence to  confirm the presence of thecC -(l-»2) 

linkage in  the 3-1299 dextrans came i n i t i a l l y  from Japanese workers.

They c a rr ie d  out a  p a r t ia l  a c e to ly s is  on the u n frac tio n a ted  dextran and 

were ab le  to  is o la te  k o jib io se  (2-0-oG-D glucopyranosyl-D-glucopyrsnose) 

in  good y ie ld . Smaller q u a n titie s  o f nigerose (3-0-oG-D-glucopyranosyl- 

D-gluoopyranoee) were also  found, but maltose not observed.

Helire^^ also  app lied  th is  method o f degradation to  a s e r ie s  of 

dex trans, includ ing  3-1299 S dextran from which he id e n t i f ie d ,  by paper 

chromatography, cor^onents w ith m igrations id e n tic a l  to those o f  

k o jib io sa  end n igerose bu t no t m altose.

K iis method o f degradation has p iw ed  p a r t ic u la r ly  valuable fo r  

id e n tify in g  the secondary g lucosid io  l in k s  in  dextran m olecules. The 

a ttac iiing  species la  believed to  be a solvated acetylium  io n  (CH^.CO^) 

wiiich, fo r  possib ly  s te r ic  reasons, breaks primaxy g lucosid io  lin k s  

f a s te r  than secondary ones. Tli© method i s  discussed fu r th e r  on pag@i^.

C. The immunochemical s tu d ies  on the 3-1299 dextrans have been

p a r t ic u la r ly  extensive and stim ulated  much of the  e a r l i e r  in te r e s t  in

these dex trans. I t  was found th a t  dextrans were able to  p a r t ic ip a te  in

a type o f  p re c ip i t in  re a c tio n  in  widch the  dex tran , ac tin g  as a  so luble

sn tig en , was ab le  to  re a c t o r  cross re a c t w ith so luble an tibod ies to

produce a  measurable p re c ip i ta te .
l6N e ill and Eehre, ex&mining sucrose-bro th  supernatanta, noted th a t  

Leuconostoe polysaccharides v;ere se ro lo g ica lly  re a c tiv e  not only w ith 

leuocnoatoc antieeruma but e lse  by cross reac tio n  w ith ra b b it antiserum s 

to  typos I I  and 3Œ (and sometimes tyj)e %Il) pneunioeocci. Tide led  them



to  d iv ide the Lciiconofjtoc b a c te r ia  in to  two sero log ic  a l ly  d if fe re n t 

groups, A and B.Ceretype A Leuconostocs showed cross re a c tio n  in  high 

d i la t io n  with types I I ,  IX and XII a n ti  serums, Serotype B Leucoiiostocs 

cross  reac ted  only w ith types XI and XX a n ti  serums. Among the small 

nuuiher o f Sere type A leuconostccs was 1. mecentcroidea s t r a in  K (îuîKL 

B-1299).

A s tru c tiœ a l b as is  fo r  tlie unusuel r e a c t iv i ty  c f  the dextrans from

lUHL B-1299 s t r a in  had been proposed by Kabat in  a  s e r ie s  o f experiments

w ith an tid ex tran  a n ti  serums and cross re a c tin g  a n ti  pneumococcal serums.
17Xabat found th a t  p u r if ie d  dextrans were an tigen ic  in  man; in je c t io n

o f era&ll q u a n titie s  o f dextran. stim ulated  production o f en tid ex tran

an tibod ies (p re c ip itin e )  end using  refinem ents o f the Bandsteiner hapten

in h ib it io n  r e a c t i o n , i t  became possib le  to  e lu c id a te  the etri-ictural

requirem ent of the combi.ning s i t e  o f the an tid ex tran  molecule.

Koet dextrans te s te d  produced an tibod ies w ith a s p e c if ic i ty  d ire c ted
17towEirds th ec^ -(l-^ 6 ) g lucosid io  linkage; as the immune re a c tio n  was

strong ly  in h ib ite d  by the i  social to d e x tr in s , w ith i  so mal topent ao se end

isonmltohexaose (on a molar b a tig )  being the  beet in h ib i to r s .  However,

in  one in d iv id u a l in je c te d  w ith B-1299 S d e x tr in , a second antibody
18population  was produced. I t  was noted th a t  w ith the  isomaltos© se r ie s  

of ollgoeaccim rldes in h ib it io n  was not g re a t y e t with o ligosaccharides o f 

the  m altose s e r ie s  i t  was much improved; m alto trio se  and Bial.totstraose 

were no tably  b e t te r  In h ib ito rs  than m altose i t s e l f .

These find ings would e s ta b lis h  the  requirement fo r  in h ib it io n  o f the 

non l-*"6 sp e c ific  antibody combining group as involving twocC-glucosldic 

linkages and a minimum of two and a maximum o f th ree  pyranose r in g s . The



In ference being th a t  B-1299 S dextran could well con tain  sh o rt term inal

chains o f  two o r th re e  oC-( 1-^ 4 ) linked  glucose u n i ts ,  and th a t  a l l  the

oC-(l-^4) linkages do no t occur a t  branching p o in ts  on a  primary chain o f

cC-(l->6) linkages, as had already been noted fo r  B-512 dextran*
22L ate r evidence from cuprammonium ro ta tio n a l  a n a ly s is , th a t  many o f 

the  (l-»"4 ) / linkages o f the  B-1299 dextrans were probably 1-^2 lin k ag es,

and the a v a i la b i l i ty  o f  k o jlb io se  and n igerose , allowed a reassessm ent o f 

these  f in d in g s .

Re-imnnmisation^^ o f human su b jec ts  w ith B-1299 S dextran  again

provided a n tis e ra  w ith non 1-^6 e p e c if ic i ty .  The capacity  o f o th e r

dextrans to  p re c ip i ta te  th is  type o f an tid ex tran  could be co rre la te d  w ith

the proportion  o f l-» 2  linkages p re sen t, when the linkage values were
22c a lcu la ted  from cuprammonium ro ta tio n a l  d a ta .

Among dextrans thus te s te d  B-1299 L dex tran  showed one o f the h ighest 

r e a c t iv i t i e s .  Moreover, q u a n tita tiv e  In h ib itio n  find ings showed k o jib io se  

to  be th e  b e s t in h ib i to r  o f p re c ip ita tio n  in  these rea c tio n s ; m altose, 

n igerose and isom altose showed s ig n if ic a n tly  lower in h ib ito ry  capacity , 

suggesting an antibody s p e c if ic i ty  d ire c ted  against glucosyl residues in  

cC-(l-^2) lin k ag e . E a r l ie r  studies^^ had shown th a t  sugars a t  non

reducing ends o f chains con tribu ted  most to  antibody r e a c t iv i t i e s ,  w ith 

each successive sugar co n trib u tin g  a sm aller increm ent, and so i t  would 

seem probable th a t  many chains in  the B-1299 dextrans are  term inated a t  

non-reducing ends by k o jib io sy l (2-0-oG-D-glucopyranosyl-D-glucopyranosyl) 

u n i ts .

I t  has now been es tab lish ed  th a t  the c e l l  wall polysaccharides o f
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th e  pnevimooocci, whose antiserum s cross  re a c t w ith  dex trans, con tain
26cC-D-glucose re s id u e s . I t  i s  a lso  c e r ta in  th a t ,  fo r  cross reac tio n s

to  occur, the  s tru c tu ra l  arrangements o f the  glucose u n its  in  both dextran

and pneumococcus n u st be s im ila r .

The cross  reac tio n s  o f  types I I ,  IX, XII and XX antlpneumoooocal se ra

w ith ,a  number o f dex trans, has been i n v e s t i g a t e d . T y p e s  I I  and XX

a n tis e ra  show the  g re a te s t r e a c t iv i ty  w ith dextrans having a  high

percentage o f 1-^6 linkages (periodate  d a ta ) ^  In h ib itio n  of the c ross

re a c tio n  i s  g re a te s t w ith isom altodex trin s.

The capacity  o f each dextran te s te d  to  p re c ip ita te  these  antiserum s
20wag found to  be p roportional to  the content o f  l-^ 6  linkages* B-1299 L

dextran  showed a weak cross re ac tio n  y e t f e l l  in to  the  expected range.

B-1299 S dextran was unusual: i t  had a g re a te r  capacity  to  cross re a c t

than could be expected from i t s  content o f l-»-6 linkages. A possib le

explanation  may be sought in  the  ex istence o f short chains o f  non l-^ 6

linked  u n i ts ,  an arrangement which, i f  p re sen t, would reduce th e  numbers

o f such u n its  capable o f in te rru p tin g  sequences o f Ir*- 6 linkages and so

give r i s e  to  longer sequences o f term inal l-^ 6  linkages and r e s u l t  in  the

observed g re a te r  cross  r e a c t iv i ty .

Antipneumococcal type XII cross r e a c t iv i ty  was d ire c ted  ag a in st the

oC-(l-^2) linkage. Dextrans w ith a  high content o f 1-^2 linkages (as
22.

determined by cuprammonium ro ta tio n a l  experiments) showed the g re a te s t 

capacity  to  p re c ip i ta te  antibody; w h ils t k o jib io se  was the  b es t 

o ligosaccharide in h ib i to r .  Both th e  B-1299 dextrans had s im ila r  cross 

r e a c t iv i t i e s ,  and the h i p e s t  o f the  dextrans te s te d , which were strong ly  

in h ib ite d  by k o jib io se . I t  would appear from these experiments th a t  a



la rg e  number o f chains in  these dextrans a re  term inated byoC-(l-^2) linked  

glucose u n its .

R esults obtained w ith type IS  antipneumococcal serum proved more 
21d i f f i c u l t  to in te rp r e t .  . The g re a te s t cross r e a c t iv i ty  occurred w ith a 

dextran  having a high percentage o f oC-(l-^3) lin k ag e^ an d  th is  cross 

re a c tio n  was g re a tly  in h ib ite d  by n igerose . This would in d ic a te  & 

s p e c if ic i ty  d irec ted  towards the oC-(l-^3) linked  glucose u n i t .  However, 

the  B-1299 dextrans had a f a r  g re a te r  capacity  to  p re c ip ita te  th is  

a n ti  serum tlian could be an tic ip a ted  from the content o f  l-» 3  linkages in  

each, and the re a c tio n  was in h ib ite d  equally  well by n igerose , k o jib io se  

and m altose. Also, a  tr is a c c h a r id e , 3“0~«<rB-glucopyranosyl-4-OcG'i>- 

glucopyranosyl-D-glucopyranoe®, on a molar b a s is , was th ree  times as 

e ffe c tiv e  an in h ib i to r  while the  isom eric tr isa c c h a r id e , 4-0-oG-I)- 

gluoopyranosyl-3-'0cG»I)-glucopyranosyl-I)-glucopyranose, proved to  be even 

b e t te r .

These experiments in d ic a te  the presence of two antibody populations! 

one d ire c ted  ag a in st the  4-0-oG*D-gluoopyranogyl-3~0-®G*I)-glucopyranosyl 

arrangement of term inal u n i ts ,  and the o th er d ire c ted  ag a in st term inal 

u n its  linked  oC-(l“^ 3) to  the r e s t  o f the chain . I f  ti l ls  i s  tru e  then i t  

could w ell in d ica te  th£it c e r ta in  chains in  the B-1299 dextrans are 

term inated byoC-(l-^3) linked  glucose u n ite , w h ilst p o ssib ly  o thers  ere  

term inated by en oC-(l-^4) lin k ed  glucose u n it  which i s  ad jacen t to  a 

oC-(l-^3) linked  u n i t .

This su m arise s  the  more im portant s tru c tu ra l  work so f a r  reported  

fo r  the  B-I299 dex trans, from which i t  may be concluded that*
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1. the  two polysaccharides con tain  c<-(l->-2 ) , cC-(l-^3)# cC -(l-^6)

and possib ly  oC-(l-^4) linked  glucose units#

2# the  r a t io  o f  l-^ 6  linked  u n its  to  secondary g lu c o s id ic a lly  linked

u n its  i s  almost unity#

3# sequences of secondary g lu co s id ic a lly  linked  u n ite  may be p resen t

a t  the  non-reducing ends o f the chains#

4# the polymers msy or mey not have a  branching s tructu re#

The possib le  s tru c tu ra l  arrangements encompassed by these observations

a re  in d ica ted  in  fig* 1. The ty p ic a l branched dextran i s  represen ted  by

the s tru c tu re  sîiown in  fig#  IB, which has a backbone o f l-^ 6  linked

glucose resid u es  to  which side chains are attached  through the secondary,

i . e .  1-^2, l-^3  ov l-*"4* linked  u n ite . Many o f these brer.ches may
27co n s is t o f  a s ing le  glucosyl u n i t .  *

The unbranched ( lin e a r )  s tru c tu re  shown In  f ig .  lA may be regarded 

as o f  a non dextran type, but can be compared with the a lte rn a tin g
28sequences o f l->-3 l-^ 4  linked  oC-D-glucose u n its  seen in  Higeran.

in  the follov/ing sec tio n s o f  the th e s is  fu r th e r  chemical evidence 

w ill  be presented w ith  the in te n tio n  o f d is tin g u ish in g  more f u l ly  between 

these extremes of s tru c tu re .
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I I ,  som  ASPECTS OP THE ETRÏÏCT0HE3 OP WO EEXTRAHS PRODUCED IN 

C U L T U R E S OF Leuconostoo mesenteroides NRRL B-1299 

A, P reparation  and some -physical p ro p e rtie s  o f the B-1299 nolysaccharideg 

The Leuconostoo mesenteroidea NEEL B-1299 micro organism (donated hy 

the  U.S. Department o f A gricu ltu re) was preserved as described  in  exp t. 1, 

and was inocu lated  in to  a sucrose-bro th  medium to  syn thesise  the  B-1299 

polysaccharide when requ ired  (exp t. 2 ) .

The polysaccharide produced could be separated in to  cu ltu re  medium 

so lub le  [ s ]  and c u ltu re  medium in so lu b le  [L ] f ra c tio n s , wVdch were 

p u r if ie d  by repeated p re c ip ita tio n  from ethano lic  so lu tio n , depro te inated  

end freeze  d ried  to  white powders con tain ing  le s s  than 1^ n itrogen  

(ex p t. 3 ) .

Some physical c h a ra c te r is t ic s  o f the two polysaccharide f ra c tio n s  

are  shown in  Table I I . 1*

Table I I . 1. Some physical p ro p e rtie s  o f  B-1299 
polysaccharides

Polysaccharide Ash content c-1 .0 S o lu b ility
(I-NaOH) Water H-HaOH

F rac tio n  [S ] 6.5 + 211® Soluble Soluble

F rac tion  [L ] 3.3 + 220® Insoluble Soluble

O ptical ro ta tio n s  were determined in  N-NaOH (exp t. 5) and ash 

con ten ts by complete combustion (exp t. 4)*

Absorption peaks loca ted  in  the in f r a  red  spectrum o f each poly

saccharide a re  shown in  Table I I . 2.

The sp ec tra  resembled c lo se ly  those reported  fo r  the  p rim arily
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oC-(l-^6) linked  dextran polysaccharides#^^

Table I I# 2# Absorption peaks located  in  the  
in f r a  red  sp ec tra  o f B-1299 polysaccharides

, Absorption peak 
(cm -h

Origin^^

764 oC-(l-^6) g lucosid io  linkage

847 oC-D-glucopyranose r in g

918 oC-(l-*-6) linked glucose u n it

The o p tic a l ro ta tio n s  shown in  Table 11*1# provided the f i r s t  

evidence -  l a t e r  su b stan tia ted  by periodate  ox idation , acid  hydrolysis 

and a c e to ly s is  experiments -  th a t  the c u ltu re  soluble [ s ]  and in so lub le  

[b ]  polysaccharides iso la te d  in  expt# 3 were id e n tic a l  to  the B-1299S 

([ocj^p + 210®) and B-1299^ + 216®) dextrans reported  by Jeanes

end co-workers.

In  fu tu re  d iscu ss io n s , th e re fo re , th e  cu ltu re  so luble [ s ]  

polysaccharide w ill  be re fe rre d  to  as B-1299S dextran  and the cu ltu re  

in so lu b le  [ l ]  polysaccharide as B-1299L dextran .

In  c e r ta in  re sp ec ts  th is  was a  s ig n if ic a n t find ing  fo r  i t  provided 

evidence th a t  the B-1299S and B-1299L dextrans were ( s tru c tu ra l ly )  

d i s t in c t  polysaccharides synthesised by the same micro organism ra th e r  than 

f ra c tio n s  o f the same polysaccharidet th is  po in t w il l ,  however, be 

discussed more f u l ly  la te r#



IV

B* Oomrlete acid hydro lysis o f the B-1299 polysacchgrldea 
to  determine th e i r  monosaccharide c o n s titu en ts

I t  has been reported  th a t  c e r ta in  s tr a in s  o f L. m esenteroides« 

when cu ltu red  on a sucrose medium produce varying amounts o f  fruo tan  

In  ad d itio n  to  dextran.^^*^^*^^

Although the KHEL B-1299 micro organism appears to  syn thesise  

only dextrans (glucans) the p o s s ib i l i ty  remained th a t  the cu ltu re s  used 

in  the p resen t work may have elaborated  small amounts o f fru o tan  in  

ad d itio n  to  dex trans.

The monosaccharide co n s titu en ts  o f  each polysaccharide were, 

th e re fo re , in v estig a ted  a f t e r  complete ac id  hydrolysis o f  the m olecules.

As the optimum conditions fo r  cleavage o f  fru c to s id io ^^  and g lucosid io
xtz

lin k s  a re  no t id e n t ic a l ,  two hydro lysis  experiments were c a rrie d  o u t.

In  expt. 7 (a ) ,  a  small q u an tity  o f  each dextran was m ildly  hydrolysed 

under conditions (0.2H sulphuric ac id , 1 hour, 70*0) designed to  completely 

cleave frue  to s id le  l in k s  w ith the  minimum degradation o f any fru c to se  

l ib e ra te d . A fter n e u tra lis a tio n , the  hydrolysates were freed  from non

hydro lysed  polysaccharide, concentrated and spotted  on paper chromatograms 

(w ith fru c to se  and glucose as reference compounds) which were e lu ted  with 

so lvent ( f ) .

The chromatograms were developed w ith spray reagents (a) end (d) 

(sp e c if ic  f o r  ketohexoses)^^ which showed th a t  fru c to se  was absen t, although 

a  tra c e  o f a  component m igrating as glucose was presen t in  each hydro ly s a te .

In  exp t. 7(b) a  email quan tity  o f each dextran was hydrolysed under 

conditions (2N sulphuric acid  fo r  8 hours a t  100®C) which would completely
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cleave g lucosid io  l in k s  w ith the minimum degradation o f any glucose 

lib e ra te d  -  although any fru c to se  p resen t would have been ex tensive ly  

degraded*

The hydro lysate8 were n e u tra lised  before being concentrated and 

spotted  on paper chromatograms w ith glucose as the reference  compound* 

The chromatograms were ©luted with so lvent ( f ) ,  and then developed with 

spray reagent ( a ) ,  which revealed th a t  each dextran  gave a s in g le  

hydro lysis  product whose m igration r a te  was id e n tic a l to  th a t of glucose.

Each component from the  hydrolyses had a m obility  in  borate  

e lec tro p h o res is  id e n tic a l  to  th a t o f glucose and, a f te r  red u c tio n , a 

m obility  in  molybdate e lec tro p h o resis  co n s is ten t w ith th a t o f g lu c ito l*

Tiie c h a ra c te r is a tio n  o f each component was completed by converting 

i t  in to  the c ry s ta l l in e  sugar (exp t. 7 (c ))  and the ace ta te  d e riv a tiv e  

(exp t, 7 (d )) ,  which had physical constan ts  comparable to those of 

D-glucose and D-glucose ji -pen ta  ace ta te  re sp ec tiv e ly  (see Table I I . 3 . ) .

Table I I . 3* P ro p ertie s  of the  monosaccharides lib e ra te d  from
B-1299 polysaccharides

C ry s ta llin e  sugar A cetate
Dextran Mpt.

©0
Mixed

Mpt.
M o

(equilibrium )
Yield*

(mg)
Mpt.

»C
Mixed

Mpt.

3-12998 139-146 139-143 +52* 762 130-131 129-131

3-1299L 158-144 137-141 +51* 778 129-131 129-131

* From 1*5 gm. dex tran .
.36Anhydrous oC-B glucooyranose has a reported  m elting po in t o f 145-146*0, 

20
end an [@c]p + 112-^+52*5® (equilibrium ) B -g lu co se^ -p en ta  ace ta te  has a
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reported^*^ m elting po in t o f  133^0 ,

Tha glucose con ten t o f each polysaccharide was determ ined, a f te r  

complete h y d ro ly sis , w ith the  enzyme reagent glucose oxidase (ex p t. 7 ( e ) ) .

The r e s u l t s ,  uncorrscted  fo r  ash con ten t, were as follows*

B-1299 S dextran  95. 3#

b- 1299 L dextran 94.1^

I t  was, th e re fo re , concluded th a t  each o f  the B-1299 polysaccharides 

iso la te d  in  exp t. 3 was a pure dextran  (g lucan).

C. P a r t ia l  acid hydrolysis o f the B-1299 nol.Ysaccharides; to e s ta b lish  
the  presence o f l -»6  linked  educose residues

W hilst the basic  monosaccharide u n its  may be id e n tif ie d  by complete

ac id  hydro lysis  o f a polysaccharide; valuab le  inform ation mey be

obtained by examining (o ligosaccharide) products from the  p a r t ia l ly  

degraded m olecule1 ch a ra c te r isa tio n  o f which w ill in d ica te  how the 

mono saccharide u n its  a re  assembled in to  the parent polysaccharide.

Extensive use has been made o f ac id  hydro lysis as a means of
38p a r t ia l ly  degrading polysacciiarides.

Experiments w ith disacchsxides have es tab lish ed  the  o rder o f  

s ta b i l i ty  Of cC-glucosidio lin k s  to  acid  hydrolysis^^*^^ -  thec^-(l-»*6) 

linkage being th ree  o r fo u r times more r e s is ta n t  than a  secondary 

oC-linkage (see pageio^ ) .

Hence, p a r t ia l  acid  hydro lysis  o f ancC-glucan would appear to 

provide one o f the b es t means o f ob tain ing  fragments con tain ing  the 

oC-Cl-©*^) linkage, i f  p resen t.

When th is  technique was applied  to  dextrans^^*^^ the  products 

consisted  almost exclusive ly  o foC -(l-^6) linked o ligosaccharides
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(isom altoss homologues) wbiob. suggested th a t  t l i is  c la ss  o f polysaccharide 

contained as a general fea tu re  a backbone o f c(-(l-» '6) linîced glucose 

u n i ts .

To determine whether B-1299^ end 3-1299% polysaccharides -  v/hich had 

been p ro v is io n a lly  c lassed  as dextrans by e a r l ie r  workers on the b asis  o f 

se ro lo g ica l r e a c t i v i t i e s , ^ ^ * a n d  periodate oxidation data^^^ -  had the 

ty p ica l dextran backbone, each was p a r t ia l ly  hydrolysed with d ilu te  acid 

(expt* 8 (a ) ) .

A fter n e u tra lis a tio n , the hydrolysates were concentrated and spotted  

on paper chromatograms (w ith glucose and isom altose homolog»aes as 

reference compounds) which were then e lu ted  with solvents (a) end ( f )  

re sp ec tiv e ly .

The fra c tio n a ted  components 2 to 7 (shown in  Table I I . 4 .)  had 

m igration ra te s  id e n tic a l to  the se r ie s  o f isom altose homologues, and 

gave in  add ition  a green s ta in  w ith aprey reagent (c ) ,  c h a ra c te r is tic  

o f ^ucos©  oligosaccharides with 6-o -eu b s titu ted  reducing units."^^

When the %  value (see page'57) o f each component was p lo tted  

against a  degree of polym erisation p ro v is io n a lly  assigned on the b asis  

of i t s  chromatographic m igration r a te ,  a s tra ig h t l in e  (F ig * II» l.)  

c h a ra c te r is t ic  of a homologous e e r i e o f  o ligosaccharides was obtained.
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Table I I . 4# Chromatographio p ro p e rtie s  o f  o ligosaccharides 
produced by hydro lysis o f B-1299 polysaccharides

Component
Solvent ( f ) Solvent (a) S tain ing 

In te n s ity  
spray (a)

P ossib le  id e n ti ty
% % Rq %

1 1.00 0.78 1.00 0.35 10+ Glucose
2 0.46 1.15 0.50 0.74 3+ Isom altose
3 0.20 1.54 0.24 1.09 2+ leom alto trio se
4 0.09 1*88 0.12 1.43 + Isom alto te traose
5 0.04 2.19 0,06 1.75 + I  somal topent ao se
6 0.02 2.49 0.03 2.09 + Isomaltohexaose
7 0.01 2.83 0.01 2.37 Isom altoheptaose

These prelim inary re su lts*  th e re fo re , in d ica te  th a t  both B-1299S 

and B-1299L polysaccharides have y ielded  a s e r ie s  o f isom altose homologues i 

th i s  could p o in t to  the p o s s ib i l i ty  th a t  each has a  backbone, ty p ica l o f 

dex trans, con sis tin g  ofoC -(l-^6) linked glucose u n its .

A more complete ch a ra c te r isa tio n  o f the p a r t ia l  acid  hydrolysis 

products from B-1299S dextran appears in  sec tio n  IIIB .

D. A cetolvsig o f B-1299 dextranss to  e s ta b lish  the presence of non-1-»^
linked  glucose residues

.40lîatsuda and co-workers have demonstrated th ro u ^  experiments with 

oC-glucose d isaccharides th a t  the order o f s ta b i l i ty  o f oC-glucosidio lin k s  

to  a ce to ly s is  reagents i s  l-^ 2 ^  1-^3^ l-w -4 ^1 -^6  (see P ig .1 1 ,2 .)  which i s  

the reverse  o f th a t  found in  p a r t ia l  acid  hydrolysis (see Fig.Jl[^^.
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The increased s ta b i l i ty  to a c e to ly s is  of the secondery oC-glucosidio 

lin k s  has been a ttr ib u te d  to  the g re a te r  s te r io  hindrance to  the  

a ttack in g  species -  the solvated acetylium  ion -  a t  the  g lucosid io  lin k  

formed through the le s s  'open* secondary hydroxyl p o s itio n s  compared 

w ith the primary hydroxyl position*^^

These re s u l ts  show th a t ,  as a method o f degrading oC-glucosidic 

l in k s ,  a ce to ly s is  i s  complementary to  acid  hydro lysis, and explain  why 

p a r t ia l  aceto lyses have enabled various workers to  iso la te  fragments from 

dextrang containing secondary glucosidio linkages in  g re a te r  y ie ld s  than 

had been possib le  through p a r t ia l  acid  hydrolysis experiments*

Tiirough ace to ly s is  i t  has been es tab lish ed  th a t  dextrans may contain  

many glucose u n its  linked  and (l-*"4 )^^ in

add ition  to  those linked  oC-(l-^6)*

To in v e s tig a te  sp e c if ic a lly  any secondary lin k s  which may be presen t 

in  the B-1299 dex trans, small amounts o f each polysaccharide were p a r t ia l ly  

degraded w ith ace to ly s is  reagents as described in  expt* 9(a ) .

The ace ta te s  formed were deacety lated  and the ra te s  o f m igration o f 

the f re e  sugars were compared with those o f standard compounds on paper 

chromatograms e lu ted  with solvent ( a ) .  The cjuzomatograms were developed 

w ith spray reagents (a ) and (c) (which gives a c h a ra c te r is tic  colour w ith 

each oC-glucose d i s a c c h a r i d e n i g e r o s e  [oC-(l-#")), g rey ], maltose 

[oC-(l-^4 ) ,  b lu e ] , k o jib lo se  |oC-(l-^2) ,  brown] and isom altose [oc-(l-^6 ) ,  

green])*

In  add ition  each fragment separated in  solvent (a ) was e lu ted  from 

the paper chromatogram and subjected to  e lec trophoresis  in  borate  end



( a f te r  reduction) in  molybdate e le c tro ly te s .

The r e s u l ts  o f these experiments are summarized in  Table I I .  

which ind ica ted  th a t  each dextran gave (on ace to ly s is )  a s im ila r  

d is tr ib u tio n  o f components w ith paper chromatographic and e lec tro p h o re tic  

p ro p ertie s  id e n tic a l to  those of glucose, n igerose, k o jib lo se , isom altose 

end Isom altotrlOBe. Some ad d itio n a l u n id en tified  components were also  

observed but not a fragment corresponding to  maltose (so lven t (a ))  

0 . 67, %  (borate) 0 .52, Mg (molybdate, on reduction) O.46] .

Table IX .5. Chromatographic p ro p ertie s  of the oligosaccharides 
produced by ace to ly s is  o f the B-1299 dextrans

Component
Rg

solvent
(a)

borate
Mg*

molybdate
S tain ing

colour
spray

( 0)

S tain ing
in te n s ity

spray
(a)

Possible
id e n ti ty

1.00 1.00 1,00 Green 10+ Glucose
2 0.48 0.70 0.70 Green + Isomaltose

5 0.26 0.60 0.60 Green Isom alto triose

9 0.75 0.71 0.00 Grey? + M gerose

8 0.62 0.52 0.70 Brown Kojibiose
10 0.15 0.27 • - + ?

11 0.04 C.25 -• + ?

♦ A fter reduction  with sodium borohydride.

These prelim inary  re s u l ts  in d ica te  th a t each dextran con tains in  

ad d itio n  to  the l-^ 6  l in k , a  high percentage o f l-^-2 lin k s  w ith a sm aller 

p roportion  o f l - ^ J  l in k s . H either seemed to  contain the  l-*»4 l in k .

A more complete examination o f the fragments from a ce to ly s is  o f 

B -I299S dextran appears in  sec tio n  IIIC .
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E, An attem pt to  determine a r a t io  of 1-#- 6 to  non-1-*-6 linked glucose
u n it a by option of Nncl ear î 'a.me t ie  R e so n înc e Ï  f % % ) s r  ec tro  scony
to  B-1299 dextreng

Paseka and Cragg^^ have examined the Î3T'IR spectra  of deuteroted 

dextrans produced by KRRL B-512 and 5-742 micro organisms, and rep o rt 

th a t spectroscopy may provide a p a r tic u la r ly  rap id  means o f 

determ ining the degree o f branching, o r more co rrec tly  the r a t io  of 

glucose u n its  linked  l-*“6 to  those linked  non-l-+-6 in  polysaccharides 

of th is  type*

Because accummulated chemical evidence^^^*^^*^^ suggested th a t the 

B-1299 dextrans con ta in  considerable numbers o f non-1-^6 linked 

glucose u n its  (see pages 5-9) successful app lica tio n  of the ÎM  

spectroscopic technique to  these dextrans would be e sp ec ia lly  valuable* 

Consequently, the method was examined In  more d e ta i l  and an attem pt was 

made to  extend i t  to  the B-1299 dextrans*
*50In  th e i r  i n i t i a l  experiments Paseka and Cragg had used deuterated  

iso m alto trio se  aa a model compound to  aid  peak assignments, because o f 

i t s  c lose s tru c tu ra l  s im ila r ity  to  B-512 dextran before in v es tig a tin g  

the sp ec tra  o f the la rg e r  dextran molecules*

The spectrum which was obtained from the p rin c ip a lly  oC-(l-^6) 

linked  B-512 dextran^^ i s  reproduced in  F ig . I I .5*, and the  assignments 

o f the sp ec tra l peaks ere  shown in  Table I I . 6.
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Table I I . 6* Assigiamenta o f absorption peaks In  the 
ÎG® spectrum o f deu terated  B-512 dextran

Peak Chemical s h i f t  
(ppm)* Protons responsib le

1 *3,75 on and Cg carbon atoms

2 -3 ,95 on Cg, Cj and 0^ carbon atoms

3 -4* @4 BOH

4 -5 .09 on Cl carbon atoms 
associa ted  with the oC-(l-^6) 

g lucosidio  linkage

♦ r e la t iv e  to  a  TMS ex terna l standard, a l l  s h if ts  are  
to  the l e f t  o f  the standard and are  given a  negative 
sign

*52When, however, the  spectrum o f the l-» 5  branched B-742 dextran was 

examined an ad d itio n a l peak 5 -5*40 ppm was observed. This peak

could only have been due to  the presence o f the non-1-^6 linked  u n its  in  

the dex tran , and th erefo re  the  proton responsib le  must have been e i th e r  

the one on the o r 0^ carbon atoms involved In  the oC-(l-^3) linkage.

Because peak 5 could only have a r ise n  a t  the expense o f peak 4» 

determ ination o f the r a t io  o f the sum o f the areas under these peaks 

was a  measurement o f the r a t io  o f the  s ignal s treng ths from protons 

associa ted  w ith the I-**3 and l-w>ê l in k s ,  and a lso  represented the r a t io  

o f glucose u n its  linked  l -^ J  ( i . e .  non-l-w-6) to  l-*“6 in  th is  dextran .

(As a l l  the non-1-^6 lin k s  formed branching points^^ th is  a lso  represented  

the  r a t io  o f branched to  unbranched u n i t s . )
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52Whea th is  same r a t io  was caXcalated from m éthylation da ta  

ex ce llen t agreement was obtained between the  two vaines# which 

suggested th a t the KM spectroscopic teohnlgue might w ell be applied 

to  o th er dextrans containing non-l-^-d l in k s .

Samples o f deuterated  B-1299 dextrans were# therefore# prepared by 

the method ou tlined  in  experiment 10# and th e i r  lîT® sp ec tra  were 

recorded on a  Varlan EA 60 IL instrum ent using a sweep width o f 500 ops* 

The main fe a tu re s  of these sp ec tra  a re  i l lu s t r a te d  in  F ig , 11,4$ A and Bt 

each contained a  peak 4 a t  -5$10 ppm (due to  protons on carbon atom 

asso cia ted  with the 1-^6 link)#  and a  peak 6 (probably due to  protons on 

e i th e r  the o r  carbon atom associa ted  with the l-w-2 lin k )  a t  -5$30 

ppm.

Unfortunately# s ig n a l 6 lay  fu r th e r  u p fie ld  than had signal 5 in  

the spectrum o f B-742 dex tran . This re su lte d  in  overlapping o f peaks 4 

and 6 and made accurate determ ination o f the areas under these peaks# and 

hence p rec ise  measurement o f  the r a t io  o f  l-w-6 to  non-l->>6 links# 

im possible. Inspection  o f the spec tra  did# however# suggest th a t  1-^d 

and non-l-w-d linked  u n its  might be p resen t in  equal proportions in  each 

B-1299 polysaccharide,

A fu r th e r  d i f f ic u l ty  encountered, in  recording the B-1299 dextran 

spectra# was th a t  o f  poor peak reso lu tion# which might w ell have been due 

to  the  low s o lu b il i ty  o f  the freeze  d ried  polysaccharides in  the 

deuterium oxide so lven t.

In  conclusion then I t  would seem th a t  the EÎÎR spectroscopic 

technique presented here cannot be d ire c t ly  applied to  dextrans containing
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l-^ 2  linked  glucose unite#  o r which may he p a r t ic u la r ly  in so lub le  in  

w ater (o r  deuterium oxide).

F. Periodate oxidation experiments; to  e s ta b lish  the type and 
d is tr ib u tio n  of lin k s  in  B-1299 dextrans

The Kalaprade reaction^^ •  in  which 1#2 d io ls  are  o x id a tiv e ly

cleaved by periodate ion  •  has been p a r tic u la r ly  applied  to  determ ining

th e  s tru c tu re s  o f carbohydrates because o f th e i r  polyhydric na tu re .

The ox idation  o f a ty p ica l (polyhydrorylio) system i s  shown in

F ig . I I . 5.

c H ,o h

~  ^  (H  CO OH)

CH^OH H 2 C = 0

n

— — — ?  09\nt c\

When a dextran  was oxidized w ith sodium metau-periodate#^^ i t  was 

found th a t  -  provided each oxidation took place under id e n tic a l conditions 

the amounts o f periodate  reduced and formic acid  released# p er anhydro 

glucose unit#  in  a given tim e were c h a ra c te r is t ic a lly  constant f o r  th a t 

p a r t ic u la r  molecule. Furthermore# these experimental f ig u re s  could be 

used to  ca lcu la te  on approximate d is tr ib u tio n  o f linkages w ith in  the
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X-»>2 linked glucose units# or which may be particularly insoluble in  

water (or deuterium oxide}»

F$ D i s i o A & Ê f ,  M 1̂ ,%

The Malaprade reaotion^^ -  in which 1#2 diols are oxidatively 

cleaved by periodate ion -  has been particularly applied to determining 

the structures of carbohydrates because of their polyhydric nature»

The oxidation of a typical (polyhydroxylio) system is  shown in  

Fig. I I .5.

 ̂ F '6 '^  ;

çH^oh _ H i C = o

CcH-o H)̂ , (H Cooh)^

CHj^oH H^C^O

--------------- 'P o in t  of- c\tuVQ^e,

When a dextran was oxidised with sodium meta.'pericdate#^^ i t  was 

found that -  provided each oxidation took place under iden tica l conditions 

the amounts of periodate reduced and formic acid released# per anhydro 

^uoose unit# in  a given time were charac teris tica lly  constant fo r that 

particu la r molecule. Furthermore# these experimental figures could be 

used to caloulate on approximate d istribu tion  of linkages within the
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dextran  molecule.

The scheme o f an a ly s is# proposed by jeanes#^^ however allowed only 

th ree  groups o f anhydro glucose u n its  to  be recognised# fo r  whdch 

rep re sen ta tiv e  s tru c tu re s  are  shown in  F ig . I I . 6.

Glucopyranose u n its  lixdced through p o sitio n s  o r and -  

which were re fe rre d  to as I-** 6 linked  u n its  -  could be determined 

sp ec ifica lly #  as each would reduce two moles o f periodate  in  l ib e ra tin g  

one mole o f formic acid# but glucopyranose u n its  linked in  o th e r ways 

could be placed only in  c e r ta in  ca teg o rie s .

Those u n its  linked  through p o s itio n s  and o r o r 0^# Ĉ # Cg

o r  each reduced one mole o f periodate  and did no t l ib e ra te  formic

acid# and could not th e re fo re  be d if fe re n tia te d . They were c o lle c tiv e ly  

re fe rre d  to  as l-^ 4  "like* linked  u n its .

F in a lly , u n its  linked through p o s itio n s  end o r Cĵ # and

could not be d istingu ished  from c e r ta in  u n its  m ultip ly  linked  th ro u ^

Cl# (Cg), C  ̂ end Cj o r C^# (C^), and Cg. These u n its  were to g e th er 

re fe rre d  to  as l->5 'lik e *  linked  u n its  and remained unoxidized by 

periodate  ion .

For polymers as la rg e  as n a tiv e  dextrans the e f fe c t  o f  the  reducing 

end u n it  can be neg lected . Thus, the only  u n its  which l ib e ra te  formic 

acid  are  the l-^ 6  linked  u n its .  The percentage o f l-#-6 linked  u n its  in  

the  dextran w ill be equal to  F.A x  100# when F.Â. rep resen ts  the number 

o f moles o f  formic ac id  l ib e ra te d  per anhydro glucose u n it  o f  the dextran .

As two moles o f periodate  are  reduced fo r  each mole o f formic acid  

lib e ra ted #  any periodate  in  excess o f 2 x F.A. must have been reduced by
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1*^4 'lik e *  linked u n its  and the percentage o f the l-*>4 *like* u n its  w ill 

he equal to  (P#5. <• 2 F*A«) x  100, when P«E* rep resen ts  the to ta l  

periodate  reduced p e r anhydro glucose u n it  o f  the dextran .

The percentage o f l - ^ J  'lik e*  linked  u n its  i s  th e  remainder when 

the  sum o f the 1-^6 and l-> 4  'lik e*  linked u n its  are  sub tracted  from 

100 per cen t.

These ca lcu la tio n s  are  summarized by the equations shown in  

Table I I . 7 .
Table I I .7 #

Percentage of 
u n its  United I C alculation  involved i

1-^6

1-^4 'lik e*  
1*^3 ' l i k e '

F.A. X 100
(P.E . •  2 F.A .) X 100
100 (sum o f u n its  

linked  l-^ 6  and l-^ 4  ' l i k e ' )

, F.A. t formic acid l ib e ra te d  moles/mole i.O .ÏÏ.
P.B. s periodate reduced moles/mole A.G.ÏÏ.

Â.G.ÏÏ. t anhydro glucose u n i t .

A lth o u ^  th is  i s  a  most rap id  method fo r  ca lc u la tin g  the d if fe re n t 

kinds o f linkages, i t  i s  not n ecessa rily  accurater s l ig h t  e rro rs  in  

the  measurements o f  e i th e r  the periodate  reduced o r  formic acid 

lib e ra te d  tend to  be magnified in  the  f in a l  c a lcu la tio n s .

The g re a te s t source o f e r ro r  in  the  method could, however, come 

from over oxidation  •  th a t i s  the reduction  o f  a g re a te r  number o f moles 

o f  periodate  than can be accounted fo r  by the c la s s ic a l  1 ,2  d io l s p l i t t in g  

ac tio n  o f periodate  ion  shown in  F ig . 11.5 . •  which would r e s u l t  in  an



increased  content o f  u n its  linked l-» 6  o r l-» 4  'lik e *  a t  the expense o f 

the l-^ 5  *li}se* linked  u n ite , when the linkages values are  ca lcu la ted  

from the equations shown in  Table II# ? .

The metîiod o f an a ly s is  was applied to  the B-1299 dextrans as 

fo llow s:

A known weight o f  each dextran (d ried  to a constant weight and 

corrected  f o r  ash content) was d issolved (B-1299 S) o r suspended (B-1299 l )  

in  d i s t i l l e d  w ater end oxidized with an excess o f sodium met&periodate, 

equ ivalen t to  2.2 moles p er arliydro glucose u n it  (AGÏÏ) o f the dextran.

At reg u la r in te rv a ls  the periodate reduced and formic acid  l ib e ra te d  

were measured (exp t. l l )  and the r e s u l ts ,  expressed as periodate  uptake 

(mole/mole AGU) and formic acid  (HCOOE) lib e ra te d  (mole/mole AGU), are 

shown in  Table V.9. (p ag e i? j) and represented  g raph ically  in  F ig. I I . 7 .

The oxidation  curves shown in  F ig . I I ,7# do not a t ta in  lim itin g  

values even a f te r  200 hours, which i s  a  probable in d ica tio n  th a t -  under 

the  conditions used -  over oxidation  of the  dextrans has occurred.

Jeanes,^^ in  s im ila r  oxidations o f B-1299 dextrans observed th a t 

l im itin g  values were not reached a f te r  150 hours oxidation  and, in  the 

absence o f th ese , used a rb itra ry  72 iiour oxidation  re s u l ts  to c a lcu la te  

the  d is tr ib u tio n  o f linka^jes shown on page 4*

A possib ly  more s a tis fa c to ry  approach, adopted here , was made by 

ex trap o la tin g  the curves back to  sero time and ca lcu la tin g  the percentages 

o f linkages from the ex trapo lated  figures# The evaluationsof the 

d if fe re n t  types o f  linkages obtained from these extrapo lated  f ig u res  are 

shown in  Table Î I . 8 . ,  '. and. are in  c lose  agreement w ith the values
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previously  reported  by Jeanes e t

Table I I . 8* The r e s u l ts  o f  periodate  
ox idations o f B-1299 dextrans

Ik)lea/mole AGÏÏ fo AGE linked
Dextran Periodate

reduced
HCOOE

released 1-^ 6 1“̂  4 
l ik e

l-» 5
l ik e

B-1299 S 0.50 1.49 50 49 1

B-1299 B 0.55 1,52 55 42 5

To e s ta b lish  the id e n ti ty  o f the l-^ 4  *like* linked units#  fragments 

from the periodate  oxidized dextrans# o th e r than formic acid# were 

examined.*^

In  the scheme o f f r a ^ e n ta t io n  Ind icated  in  F ig , 11*8# e ry th r i to l  i s  

obtained as the c h a ra c te r is t ic  fragment from & periodate  oxidized 1-^4 

linked  A*G,b, and glyceraldehyde from an oxidized 1-^2 linked  A.G.B,

Only periodate  oxidized term inal non-reducing o r X-*-6 linked  A.G*B.

give eq,ual molar q u a n titie s  o f  g lycero l and g ly co llio  aldehyde# w h ilst

glucose can only a r is e  from aa unoxidized l-^ 3  'l ik e *  linked  A,G*U*
5AId e n tif ic a tio n  and q u a n tita tiv e  e s tim a tio n ^  o f these various 

fragraeats allows a r a t io  o f the various kinds o f g lucosidio  linkages to  

be ca lcu la ted  which has the advantage of being le s s  a ffec ted  by over 

ox idation  reac tio n s  (see page 31 ) "than th a t  ca lcu la ted  from the  amounts 

o f periodate  reduced and formic acid l ib e ra te d  by the dex tran .



CO
Z
c
a:
k
W
A

CT'

T
Çfl

&
A
X
o

uJ
k
d:
A
O
5
wa.
t0
u.

(Or
Z
uis
01 LL
U-
O

%

t£.
O

t  ?
-  -J

PL

t i

ft

ÇK

1 1 
-  J

OO

M
lU 
0  ̂ . 
3  !
Î? I 
ul

5 I

Z
2
X

x o ^ 5

I* %X
V - \o r ? ^ X

X ^ P

<
Xu

o
\
o 4

u ^ - V o ^ - r

uSC/Ï
O01oK

t
Z
0

o
z

uJ
vX
2
d:
I
o

I  0*0

<c

X 0 XU=O

u - J I o j O

Xu

%
2
X
u

<r
Xu

^ 7 ^
\ )  °  x<J-o

4x V iO

1

uJ
5
A

IW
<?*

A
ui k

11
o

uJ
u r  

o  %
z  <

I
o

l l
6 5

%5*

X
-o

X -o -o
±

2
<c
5

u

I) X 'O 'O

^ i 5 - oI-Ve JL'V
i V tf

<
X
u

<
IKJ

\

ui
tO
O
o
:j
j
cr

or

-i

<x
UJ

x . 8 j .
J

Jill'
X ul

Xof4

: 5 4lilu
Js
a /
U
5r
cr

j

I
er

pL

f t
s
5<c
a?

V

k
2
til
2
er
<c
(X
IL



3$.

Each o f the B-1299 dextrans was oxidized w ith sodium metaperiodate» 

reduced with sodium borohydride and the re su ltin g  dextran polyalcohol 

iso la te d  as a  freeze  d ried  poWer# The experimental d e ta i l s  and 

polyalcohol y ie ld s  a re  given in  expt, 12 (a),

A small q u an tity  o f each polyalcoîiol was then com pletely hydrolysed 

w ith d i lu te  sulphuric ac id  (ex p t, 12 (b )), A fter n e u tra lis a tio n , the 

fragmenta in  the  hydrolysates were fra c tio n a te d  on paper chromatograms 

e lu ted  w ith so lven ts (c )  end (d) re sp ec tiv e ly , and a lso  subjected to  

e lec tro p h o resis  in  boz'ate e le c tro ly te . The fragments were in  each case 

located  with spray reagent (a ) .

Comparison o f  the m igration ra te s  o f the f imaginent s from the polyalcohol a 

w ith thoa© o f re ference compounds spotted  on the esme ota’ojm to grams and 

e l  ec trophore to grams (Table 11,9$) ind ica ted  th a t  glyoezt?ldehyde from l-w-2 

linked A,G*ÏÏ* was p resen t in  each hydrolysate, but not e ry th r i to l  from a  

l-*>4 linked  A,G,C. The absence o f l-W‘4 linked  A,G,U* in  the  dextrans 

es tab lish ed  the im portant f a c t  th a t the glucose p resen t in  the hydrolysates 

o f  both polyalcoiiols must have a r ise n  from unoxidlBed u n its  linked through 

th e  C, p o s itio n  (see E ig, 1 1 ,8 ,) ,

The molar r a t io  o f the g lyo o llio  aldehyde, gl^^ceraldehyde and glucose 

was determined (exp t, 12(c)) by using sp ec ifio  co lo rim etric  re a c tio n s , end 

the r e s u l ts  were used to c a lcu la te  the  percentages o f u n its  in  each dextran 

linked  l-»-6, l-»*2 and l-^ 5 , which are  shown in  Table 11,10,
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Table ÎI#9» Fragments from the complete hydro lysis 
o f  the B-1299 dextran polyalcohol a

Component
%

solvent
(c)

%
solvent

(a)
%

borate
s ta in in g  
In te n s ity  
spray (a)

P ossib le
Id e n tity

12
3.7

d iffu se
spot

2.05
d iffu se

spot

1.18)
0.57; 2+ G lycollio

aldehyde

13
1.47-
3.20

streak

1,88
d iffu se

spot
0,73 + Glyceral

14 2,30 1.73 0,50 + Glycerol

1 1,00 1,00 1,00 + Glucose

E ry th r ito l hag an %  (so lven t (c ))  1*70# %  (so lven t (d )) 1.43» 

%  (borate) 0,75*

Table 11,10* The r a t io  of tiae fragmenta from hydrolysis 
of B-1299 daxtraiî polyalcohols

Dextran I% lar r a t io  o f j io AGG United:
polyalcohol Glyoolal G1 y 0822.1 Glucose l-»6 l-^2 1“̂ 3

hike

B-1299 S 0,56 0,36 0,07 56 36 7

B-1299 h 0.49 0,52 0.19 49 32 19

The fig u re s  in  Table 11,10, show th a t  th ere  are la rg e  percentages 

Of secondary ( i , e ,  l-^ 2  and l-^ 3 )  g lu o o sid ica lly  linked  u n its  w ith in  each 

B-1299 dextran» vMch could be an in d ica tio n  o f h ighly  branched s tru c tu re s . 

The most s ig n if ic a n t d iffe ren ce  between the dextrans appears to  be the
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higher percentage o f glucose u n its  linked  through the p o s itio n  in  the 

le s s  w ater soluble B-1299 1 polysaccharide. This i s  in  agreement with 

the suggestion made by J e a n e s , t l i a t  decreasing w ater s o lu b il i ty  can be 

c o rre la ted  with Increasing  percentage o f 1-^5 linkages in  dex trans5 

although in  the absence o f molecular f ra c tio n a tio n  d a ta  the con tribu tion  

o f molecular s iz e  cannot be assessed,

Tlie fragment 1-o-oC-D-glucopyranosyl g lycerol has been obtained 

as a product from Smith Degradation,^^ i . e ,  the mild acid  hydro lysis o f 

the  polyalcoholSjOf fou r d e x t r a n s s u c h  a fragment could only 

have a r isen  from a s itu a t io n  in  the n a tiv e  dextran, where l-w-5 and l-v*6 

liniced glucose u n its  are  adjacent (see F ig . I I ,9 , -  s tru c tu re s  I I I  and 17), 

This ind ica ted  the  p o s s ib i l i ty  th a t l-»‘3 end l->6 linJced gJ.ucose 

u n its  in  the 1W 299 dextrans ( id e n tif ie d  by periodate ox idation , a c e to ly s is  

end acid  hydrolysis experiments) zoi/^t e x is t  in  a Bimilar arrangement.

An experiment was therefo re  ca rried  out to  determine whether the 

glucopyronosyl g lycero l fragment could be obtained from the polyelcohols 

o f these dextrans.

In  expt. 12(d ), each o f the B-1299 dextran polyalcohols was 

p a r t ia l ly  hydrolysed v lth  d ilu te  eulpliuric acid and, a f t e r  n e u tra lis in g  

the hydrolyeates, the lib e ra te d  fragments were frac tio n a ted  on paper 

cliroma-togreiss e lu ted  w ith solvent (c) end subjected to e lec tro p h o resis  

in  borate  e le c tro ly te .

The separated components were located  wit}x spray reagents (a) and

(b) (sp e c if ic  fo r  reducing groups) end the r e s u l ts  -  which were e s s e n tia lly
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thô s&üH) fo r  both dextran pol>alcohols # are Euaaiarized in  Table 11*11, 

Coffiparloon o f  the  m igration ra to s  o f  the  f ra is a n ts  from each 

hydrolyoate v ith  standard reference compounde Ind icated  th a t  a fra^g'iieiit 

correspoM ing to  glucopyranos?yX glycero l (ao lveni ( e ) )  1*0, %  

(b o ra te ) C .lp]^? waa absent from both polyalcohol hydro lysates î from 

which i t  was concluded th a t  the arrangements o f glucose u n its  shown l a  

F ig , 11*9# were u n lik e ly  to  be p resen t in  e i th e r  f-1299 dex trans.

Table 22,11, Fragmente from mild hydrolysis o f  
the B-1299 dextran polyelcohols

Component
Tv̂

so lvent
(o)

f'b
borate

Gtalnlng
in te n s ity
Bÿmy (a)

fieeotion
Rpray

(b)

Possib le
Id e n tity

12
5#60

(d iffu se
spot)

1,20)
0,60) f G lycollio

aldehyde

13 1,50-3,30
(s tre ak ) 0.80 -f ■¥ Glyceraldehyde

14 2,30 0,50 4+ Glyc©2^1

15 2,50 0*35 + Clucoeyl 
glyctraldebyde?

A reducing fragment [[positive re ac tio n  with spray (b ) ,  (so lven t

(c ) )  2 ,30 , %  (bo ra te) 0*35] which had not previously been reported  was,

however, presen t in  each b-1299 polyalcohol hydrolysate,

Altiiough no more d e ta ile d  ch a irsc te risa tio a  was attem pted, the

absence o f  gluco^m from the hydrolysate euggested th a t  th i s  m y

w ell have been a  gluoosyl glyeeraldehyde fi*oa m  arrangement in  the B-1299
.u n it  ,

dextrans where e  l-»^3 and & l-v 2  linked  g lucose/are  ad jacen t (see  F ig ,21,10,
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structure V).

Such, an exrangementj i f  present, could provide a possible explanation 

for the unusual sex*ological reactivity  towards <C-(l-^2) and cC-(l-**3) 

specific antibodies reported by Kabat̂ *̂ *̂  ̂ (see pages 5*9)•

G. Hethvlatlon eznerlmenta; to determine the type and degree o f  
branching in B-1299 dextrans

Periodate oxidation experiments of the kind described in  experiment 

12 may indicate the presence of eecondaiy linked gluoose units in  the 

dextran but provide no inforïisation about the positions of these unite 

within the molecule.

In adx'iition, only in  certain circumstcnces# i . e .  the absence of 

l-^4 or 1-^2 linked u n its> m y  the presence of l-^5 linked units be 

established.

^ th  theme points may, however# be resolved through méthylation 

studies on the dextran* In general the technique of polysaccliaride 

méthylation involves the metherification of a ll  the free hydroxyl groups 

in  the molecule, complete hydrolysis o f the resulting methylated 

polysaecbari.de and chsrac tori sat ion and quontiiative estimation of the 

partia lly  methylated monosaccharide sugars released; each of which i s  

characteristic o f some structural feature of the parent polysaccharide.

The structure's of many dextrans have been cxaxiined by the méthylation 

experiment, from which I t  has been established that in  generali

1) e l l  dextrans arc branching polysaccharides; tho branching occurring
AO  t! 5

thrcu^i glucose units linked l*-^2, l-^>4 or 1-^J

2) the predominant units in dextrans appear to be linked
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5) eeoondary linked units ( i . e .  1-^2, l-^5 or l-»4  linked) rarely ( i f

at a l l )  occur at non.branching points of the molecules.

Of the procedures available for nietlydating the h-l2$9 dextrans^®

the one which proved to he most satisfactory was that due to Hodge and 
59Karjala.'^"  ̂ In th is method the dextran i s  suspended in  boiling liquid  

ammonia ( - 54®C) and treated f ir s t  with sodium metal, to form the sodium 

derivative, and fin a lly  with methyl iodide to complete the metlylation.

Complete d eta ils o f the procedure, as applied to the B.1299 dextrans, 

are outlined in  experiment 13(a).

After four or five  treatments with the metiiylating agents, the 

partia lly  methylated dextrans were extracted with coloroform to give 

products with methoxyl contents of 41*5^ (jB*1299 h) end 4i.T'/i/ (H-1299 S) •  

each corrected for ash contant .  which had only small absorptions in  the 

infra red spectrum at 3,200-3,700 cnT î chsracteristio o f free hydroxyl
60groups.

As a fu lly  methylated glucsn would have a methoxyl content of 45*%  

the methoxyl contents o f the methylated B-1 2 9 9  dextrans were considered 

su ffic ien tly  close to the theoretical value for a detailed exsminatioa 

of their hydrolysis products to be made.

Rxanlng tion of the methyl ated B-1299 dextran,?.. Each methylated dextran 

was in it ia l ly  hjdrolysed with sulphuric aoid^^ (expt. 13(b)) and the 

syrups obtained from the neutralised hydrolysates were fractionated on 

paper chromatograms eluted with solvent (e ) .

Separated components were located with sprsy reagent (b), and, after  

elution from chromatograms, were subjected to electrophoresis in  borate 

electro lyte .
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The r e s u l ts  o f these experiments appear In  Table 1 1 ,12 ., which 

each component wag id e n tif ie d  by comparison o f i t s  m igration r a te  w ith 

th a t  o f a  standard methyl glucose (Table I I . I J . ) #  run wherever p ossib le  

on the same chromatograms and electrophoretogram s.

A comparison o f Tables 11,12, and 11,13. in d ic a te s  th a t  conç)onent 

16, from each m ethylated B-1299 dextran , could be 2 , 3 , 4 ,6  te tra -o -m ethy l 

glucose, component 17 2, 3 ,4  tri-o -m ethy l glucose and component 18 ~

2 , 4 ,6  tri-o -m e th y l glucose. Component 19 appears to  be a  mixture i 

p r in c ip a lly  o f 3 ,4  di-o-m ethyl glucose, but containing tra c e s  o f 2 ,3  d i-o -  

methyl glucose and 2 ,4  di-o-m ethyl glucose. ,

Small amounts o f mixed mono-o-methyl glucoses (component 20) and 

glucose (component l )  were a lso  id e n tif ie d .

Small q u a n titie s  o f  each methylated dextran were then methanolysed 

(exp t, 13(c ))  and the meths^l glucosides re leased  were separated by vapor 

phase chromatography on b u ta n -l-4-d io l  succinate p o ly este r (column I )  and 

polyphenyl e th e r (a -b ig  [m-phonoxy phenoxy ]  benzene) (column I I )  

s ta tio n a ry  phases,

The re te n tio n  tim es (see page 137) o f  the separated components are  

recorded in  Table I I . 14*

Each component was id e n tif ie d  by comparison o f i t s  re te n tio n  times 

w ith those o f the standard methyl, o-methyl glucosides in  Table 11.13# 

which were chromatographed wherever p ossib le  on the same columns as the 

m ethanolysis m ixtures.

Comparison o f Tables 11,13* and 11.14* confirm the  previous 

id e n tif ic a t io n  o f methylated sugars 16 , 17 end 18. Ifeiidentified peaks



45#

Table 11.12. Chromatographie p ro p ertie s  o f  methyl glucoses produced 
by hydrolysis of the methylated B-1299 dextrans

M ethylated
component solvent

(e)
%

borate
s ta in in g  
colour 

spray (b)

S tain ing  
in te n s ity  
spray (b)

Possible*
Id e n tity

16 1.00 0.00 Eed 2+ 2,5,4#6 t e t r a -

n 0.89 0.00 Yellow*
brown

5+
2 ,5 ,4  t r i -

13 0.84 0.00 Eed 2 ,4 ,6  t r i -

19 0.68

0.51 Yellow-
brown 2+ 5,4  d i-

0.15 Yellow Trace 2,5 d i -

0.06 Orange Trace 2 ,4  d i -

20 0.40
0.28 Brown

Trace
2, o r 4 ,Bono-

0.79 Brown 5, o r 6,mono-

1 0.17 1.00 Yellow-
brown Trace Cluoose

* o f o-methyl glucose
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in  the vapor phase chromatograms* o f each siethanolyaed methylated 

dex tran , could be due to  the o-methyl gluooside o f 3 ,4  d i-o -ae th y l 

glucose (component 19), which had not previously  been examined by th la  

technique.

The remainder o f each methylated da itron  was tlion hydrolysed with 

sulphuric aoid^4 (exp t. 15(d)) and a p o rtion  o f each syrup was 

f rac tio n a ted  on a  paper chromatogram*

The molar r a t io  o f the  separated methyl glucoses was determined by 

the method o f  hypo id its  oxidation^^ (exp t. 1 5 (e )(1 )) . However* as i t  

proved im possible to  completely reso lve the  two tri-o -m ethy l glucoses 

using  solvent (e ), the trl-o~m ethyl glucoses were combined and estimated# 

The experim ental r a t io  obtained, together w ith the ca lcu la ted  

degree o f  branching (o f the methylated B-1299 dex trans), are  shown in  

Table 11 . 15 .

The degree o f branching was based on both the tetrer-o-methyl 

glucose u n it  from the non-reducing term inal end u n its  o f the methyl&ted 

dextrans and the  di-o-m ethyl glucose u n it  which represented the 

branching glucose u n it  in  the methylated dex trans.

As the  degree o f branching (o f  each methylated dextran) ca lcu la ted  

from both the molar r a t io s  o f the t e t r a -  and the dl-o-m ethyl glucose 

u n its  was n early  equal, the small proportions o f mono-o-metbyl glucose 

end glucose u n its  appear to  be the products of incomplete m éthylation of 

a l l  the  f re e  hydroxyl groups o f the  n a tiv e  dextrans#

The remainder of the syrups from the methylated dextran hydrolysates 

were applied to  c e llu lo se  columns which were elu ted  w ith a  bu tano l/
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Table I I .  14» The re te n tio n  times (ET 53,55) of-o-m ethyl 
gluooeides from methenolysed methylated B-1299 dextrans

Methyl giuooside 
o f

component

HT P ossib le  
id e n t i ty  +Column I Column I I

16 1.00
L

1»43
h

1.00
K

1*37
7L 2*3,4 ,6  t e t r a -

17 2.51
n

2.54
L

1.37
VL

1.88
L 2#3#4 t r i -

18 5.00
s H*

1.72
S

2.35
Sh 2 ,4 ,6  t r i -

19

8.00
L

9.60
T

2.50
L

. - 3.40
T 2,3 o r 2 ,4  d i-

YL very la rg e  peek
L la rg e  peak
M medium peak
S small peak
Sh shoulder
T tra c e

♦ S from B-I299 S dextran 

+ o f  o-methyl glucoside 

X see page 157.
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petroleum e th e r  mixture (exp t. 13( f ) ) .

Each Beparatioa was followed p o la rim e tr ic a lly  and by paper 

chromatography (so lven t ( e ) ) i  which in d ica ted  an almost complete 

separation  of the four major components 16, 17» 18 and 19 previously  

id e n tif ie d .

The re so lu tio n  of the tri-o -m ethy l sugars I 7 and 18 allowed an 

approximate value f o r  th e i r  molar r a t io  to  be calcu la ted  (ex p t. 13( e ) ( i i ) ) ,  

which was based on the  polarim etzic curves shown in  H g . 7 .5 . (pageZoi),

The r e s u l t s ,  summarised in  Table 11.16.» again in d ica te  th a t  the degree 

o f  branching based on both the te tra-o-m ethy l glucose u n it  and the  d i-o -  

methyl glucose u n it  a re  almost equal.

More d e ta ile d  ch a rac te risa tio n s  o f  the methylated sugars (separated  

on the ce llu lo se  columns) are  ou tlined  in  experiments 13(g) (component 16) ,  

13(h) (component 17) ,  13( i )  (component 18) and 13( j )  (component 19) * in  

which each component was id e n tif ie d  by:

1 ) comparison o f  i t s  m igration r a te  and s ta in in g  p ro p erties  (spray (b )) 

in  paper chromatography and borate  e lec tro p h o res is  w ith au then tic  

methylated sugars

2 ) coniparison o f the re te n tio n  times o f  the methyl glucoside d e riv a tiv e s  

w ith those o f standard methyl, o-methyl glucosides on two s ta tio n a ry  

phases (see exp t. 13(c ))

3 ) being c ry s ta ll is e d  o r converted to  a  c ry s ta ll in e  d e riv a tiv e  whose 

physical p ro p erties  were compared with those o f standard methyl 

g lucoses.

The re s u l ts  o f these experiments appear in  Table 11.17* end, fo r  

compariBon» the p ro p ertie s  of some methyl glucoses a re  given in  Table 11.18.
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Comparison of the periodate oxidation data (Table 11,10,) and the 

méthylation resu lts (Tables;II.15, and I I ,16.) indicate that the 3-1299 

dextrans are highly branched moleculesj the branching occurring through 

glucose im lts linked at the 0%, Cg and C(̂  positions (see Fig, I I . l l ) .

The sligh t differences between the percentages of l-^2 linked units when 

calculated from the periodate oxidation and méthylation experiments may 

be due to incomplete méthylation of the dextrrms or degradation during 

the méthylation reaction, but in any case the figuras (see Table I I ,16.) 

would indicate a s lig h tly  higher degree o f branching in the more water 

soluble 3-1299 S dextran.

The trace component, migrating in borate electrophoresis as 2*5 

di-G-methyl glucose probably arises from under méthylation as erythritol* 

also cbaraoteristio o f a l-^4* 6 linked glucose unit* was not observed as 

a fragment from hydrolysis of the 1 -1 2 9 9  dextran polyalcohols.

In contrast* the trace o f  component migrating in bora-te 

electrophoresis as 2,4 di-o-methyl glucose could be equally a product of 

incomplete méthylation or have come from branched glucose units -  linked 

l-^5, 6 -  in  the methylated dextrans. However, when the results o f the 

periodate oxidation and méthylation experiments are again compared, i t  

appears that almost a l l  the glucose units linked through the position  

give r ise  to 2,4*6 tri-o-methyl glucose (Fig. 11.11.) and do not therefore 

constitute branching points in these dextrans.

This Is  a particularly interesting observation, for the secondary 

glucosidle linkages in  dextrans so far examined have almost always formed

branching p o i n t s . 43*49*51
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Among the  few exceptions appear to  he the dextrans elaborated  by 

ERRL B-1293^^ and HCIB-2706^*  ̂ micro-organisms, in  which l - p j  linked  

glucose u n its  may a lso  occur a t  non-branching p o in ts , as tra c e s  of

2 ,4 ,6  tri-o -m e th y l glucose and i t s  o-methyl glucoside d e riv a tiv e  have 

been obtained from the m ethylated polysaccharides•

Also W allenfels reports^^  th a t  the dextran produced by an unspecified  

micro-organism contains 1-4*4 linked  in tra c h a ln  u n its  because vapor phase 

chromatography has in d ica ted  th a t  2 ,3 ,6  tri-o -m e th y l, methyl glucoside ia  

a  component o f the  m ethanolysate from the  methylated dextran#

However, only very  sm all q u a n titie s  o f each of these fragments have 

been obtained which may be an In d ica tio n  th a t  they are the products o f 

incomplete m éthylation o f  the dextrans concerned ra th e r  than rep resen ta tiv e  

o f s tru c tu ra l  fe a tu re s  in  these m lecu les#

In  Table I I #19# the  r e s u l ts  o f the periodate oxidation and 

m éthylation experiments are  compared and, from an average o f these 

experim ental f ig u re s , a repeating  u n i t ,  i#e# the sm allest number of 

glucose u n its  which could contain  a l l  the s tru c tu ra l fea tu res  p resen t in  

the polysaccharide, in  th e i r  co rrec t p roportions, i s  proposed fo r  each of 

the B-1299 dex trans.

In spection  o f the  proposed repeating  u n its  in d ica tes  th a t  they are  

very s im ila r :  ad d itio n  of two I-*-3 linked  glucose u n its  to  the

rep eatin g  u n it  o f  B-1299 S dextran gives the repeating  u n it  o f  B-1299 1* 

dex tran .
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I t  could w ell be th a t the more w ater soluble B-1299 S dextran I s  

an in term ediate  In  the  syn thesis o f the le s s  so luble B-1299 L dextran.

I f  th i s  i s  so the  question  o f whether the B-1299 S and B-1299 L dextrans 

are r e a l ly  to  be regarded aa separate polysaccharides ia  again ra ised .

P o ssib le  sequences o f the  glucose u n its  w ithin each o f  the proposed 

rep ea tin g  u n i ts ,  vhlch take account o f a l l  the inform ation av a ilab le  fo r  

the B-1299 dex tran s, a re  shown in  P ig . 11.12.

Each, fo r  example, i s  based on a skeleton o f 1-4-6 linked  glucose 

u n i ts ,  w h ils t l-^-J linked  glucose u n its  have been placed adjacent to  1-4-2 

linked  glucose u n its  r a th e r  than to  1-4-6 linked  u n its .

The branches o f  the  repea ting  u n it  represented by s tru c tu re  71 

co n s is t o f  one o r  two glucose u n its  and in  th is  respect c lo se ly  resemble 

the s tru c tu re s  proposed fo r  the 1-4*3 branched and 1-44 branched dextrans 

produced by MEL B-1375 and MEL B-1415 micro-organisms, ̂ 7 ,45 ,75 , 76 

In  c o n tra s t,  a  m ajo rity  o f branches o f the u n it  represented by 

s tru c tu re  711 are  two o r  more glucose u n its  In  leng th  and may be 

compared w ith the  s tru c tu re  proposed fo r  the  dextran  produced by NCIB- 

2706 micro-organism^^ and (ac id  degraded) L. mesenteroides B-512 dextran .

F in a lly  s tru c tu re  T i l l  contains two s tru c tu ra l  fea tu res  no t so f a r  

reported  in  dex trans, they are*

1) branches co n s is tin g  o f a s in g le  I -46  linked  gluoosyl u n it

2) secondary ( i . e .  1-4 2 and I-4 3 ) linked  ^ u co se  u n its  in  adjacent 

in t r a  chain  positions*

I t  i s  p a r t ic u la r ly  in te re s tin g  to  note the d iverse arrangements o f  

the d if f e re n tly  linked  glucose u n its  which may be accommodated l a  the
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rep eatin g  u n its  proposed In  Table 11,19. and emphasises the f a c t  th a t the 

two B-1299 dextrans could have to ta l ly  d if fe re n t d e ta ile d  constructions 

even th o u ^  th e i r  rep eatin g  u n its  are  ’s ta t i s t ic a l ly *  s im ila r .

In  the  follow ing Section I I I  of the  th e s is  the  repeating  u n it o f  

B-1299 S dextran  w ill  he re-examined in  somewhat g re a te r  d e ta i l .
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I I I , Into the «tniot'ire of a watec sol'xbl^ dextran
produced,In  cu ltu re s  o f  Peuconostoo mesenteroidea >ri?.h B-1299

More d e ta ile d  inform ation about the  eequentl&l arrangements o f

glucose u n its  In  B-1299 S dextran  » which comprises 95;^ o f the  to ta l

polysaccharide from I ,  mesenteroides B-1299 cu ltu re s  -  was obtained by

chm racterising  o llgoseeoharides produced from chemical end enzymic

degradation experim ents.

In  the  taidc o f  separa ting  and ch arac te ris in g  these o ligosaccharides

p a r t ic u la r  use was made o f paper e lec tro p h o resis  In  sodium borate and

sodium molybdate e le c tro ly te s .

Therefore» before proceeding to  d iscussion  o f the re s u l ts  o f

experiments in  Section I I I*  some aspects o f  oligosaecherid® e lec trophoresis

in  each o f these e le c tro ly te s  w il l  be considered,

A, F lectrouhoreeiS  o f some o ligosaccharides in  eodiua borate  and 
m o l v b d a t e  e l e o t r o l y t s s

R elationsh ips between the  s tru c tu re s  o f theoC-B glucose

ollgO sacoharides and © li^ sacch a rid e  alcohols* and th e i r  a b i l i t i e s  to

complex w ith  b o ra te  and molybdate io n  respectiTcly* have been estab lish ed

by Foster^^ and Weigel

In  ©umaiarising th is  work p a r t ic u la r  emphasis w ill  be placed on those

oC-B glucose o ligosaccharides (o r  oligosacelvn.’id s  a lcohols) which may be

obtained from de,praded dextrans,

( i )  E lec trophoresis  in  sodium borate  e le c tro ly te

Boric ac id  a c ts  as a  lew is acid* ra th e r  than a proton doner*

accepting  the e lec tro n  p a ir  o f a  base to  form the  s tab le  anion B(OH)^ •
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A t ô lk à l lm  pH th i s  anl&a la  c-apabls o f  fo rs ln g  a vezk  negatively  obsrged 

complex w ith many n e u tra l eugare end th e i r  d e riv a tiv es  i ap p lica tio n  o f a  

p o te n tia l d iffe ren ce  to  the anionic complex r e s u l ts  in  m igration towards 

the fmoda,
73F o ste r considers that*  In  general* the laa^pitude o f the  n e t charge 

and hence th e  r a te  o f  n ig ra tio n  o f the sugar' ccn^lex w ill depend upon 

two ffto torsf these  eres

(a ) the  number o f  co n trib u tio n s  o f the r in g  ( e i th e r  pyranose o r furanose)

and open chain forms o f the sugar (o r  i t s  d eriv a tiv e ) wbioli can

in te r a c t  w ith the bo rate  ion

(h) the  s tren g th s  o f  the in te ra o tio n s  a t  each compleririg cen tre ,
76Folsrogrephio s tu d ies  on so lu tio n s  o f  sugars undor equilibrium  

cond itions have revealed  the presence o f reducib le (probably aldebydo) 

forma* which in crease  rap id ly  with increase  of pH, I t  seams picobable 

th a t  th e  ©pen chein o r  aldehyde forms e f  thie sugars provide a s ig n if ic a n t 

co n trib u tio n  to  the  borate complex.

I f  th e  aldehyde forma c-f the sugar® adopt the favoured sig -sag  shape 

o f  & carbon atom chain then several p o s s ib i l i t ie s  fo r  the ic te ra o tio n  o f 

borate  ions w ith th e  various p a ir s  o f  hydroayl groupa along the open 

carbon chela  must e x is t  and the lim itin g  fa c to r  t i l l  be the d istance the 

borate  io n  can ep^sa In  forming s cofigg,lex.

In th is  re sp ec t there  i s  an analogy w ith the form ation end s ta b i l i ty  

©f a c e ta l rings^^  which ere  reg^ileted by the d istances separa ting  the 

Various p a ir s  o f  hydroxyl groups involved in  r in g  form ation.

I f  the  l e t t e r s  cCm à ^  r e f e r  to  the re la t iv e  p o s itio n s  o f the
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hydroxyl groupa along the  ohaia In  th@ eldelycLp fo ra * sjid 0 m d  T re fe r

to  c i s  and tra ils ,  th e  o rders o f s ta b i l i ty  are  ^  C, y9 , dC-T, bC, yQ T and

cC C,
78Ezperlments vdth msny ougsra* led  to  the com luslcn  th a t  fo r  

B-gluooae and i t s  d e riv a tiv e s  e ffe c tiv e  in te ra o tio n s  o f the borate  Ions 

with r in g  o r  open ohaln forms o f  the reducing sugar in  equilibrium  &.t 

pH 10,0 ai'@ lim ite d  to  th ree  p o e s iM lit ie s ,

These, In  p re fe rred  o rd er, involve th e  /3 0 hydroxyl groups a t  Cg and 

i a  the  aldehyde form (IX) the o is  hydroxyl groups a t  and Cg in  the

(fursnos® o r  pyrsnose) r in g  forms (%), and the  ^  hydroxyl groups a t

0^ and Cg i n  th e  aldehydo form (H )*

From th e  m igrations o f the  oC-D gluoose disaooluirides'^^ (Table 111 ,1 .)

i t  m y  be seen th a t  w ith re sp ec t to  values (see page»5f) the  

o i ls & o c h a r id e e  f a l l  in to  th ree  groups where î

(a) in te ra c t io n  a t  JX X are  p o ss ib le , leading  to  the high %  values ©f

isom altose and nigeroso

(b) in te ra c t io n  s i  X only i s  p o ss ib le , lead ing  to  the moderate value 

o f  m altose

(c) in te ra c t io n  a t  X£ only i s  p o ss ib le , lead ing  to  the moderate îîq value 

o f  kojib iO 80,
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Table 111*1# ‘i ’i i a  tû.^axixin x/itss of ee
disacûhsxidas. in  sodinm borate el©ctrolyta7S

Stigf-r link %

Isomaltose oC*(l-»6 j 0.Ê9
Mg&rose ®c*»(l-^5) 0.65

llaltose oc<»(i-^4) 0.52
Kojibios® oC*»(l-^2) 0.J2

The D-gXucose o ligosaccharides iu y  p rs^en t a  £ipeoiol case whers 

In te ra c tio n  a t  and 0^ o f  tli® pyrenose r in g  ( H I )  could occur#^^

The o on tx lba tioa  to  the o v e ra ll value cen be judged to  be small 

from th e  I g  value o f dC-methj’-l glucopyranoside (c*10) b i t  may become 

ra th e r  more consequential in  the  case o f branched oligo saccharides#

In  genexul thou^i i t  vould appear th a t  the r a te  o f m igration o f 

the  h"vluoose ollgot&GcharidoB arc  p r in a ip a l l /  con tro lled  by the p o s itio n s  

a t  vM ch the remainder o f the molecule ( th e  ncn-^-reducing moiety) i a  

attached  to  the reducing glucose un it#  O ligcsacdiaridea o f equal 

ro lc c u ia r  ©ise tarmina-tii:^ with m  oC»(l-^6) or oC^(l-^3) liulc lo the 

reducing u n it  could be expected to  m igrate much f a s te r  tluui those 

term inating  in  e i th e r  an oC^(l->£) o r  an cC^Cl-^h) l in k  to the reducing 

end uTiit#

( i i )  Eleetyoohoregds in  sodium molvbdate ele.ctrol;itg.

In  acid  so lu tio n  (pH 5*0) golybdates aj;e able to fo m  anionio
82cosplexeo with certain pol2,'hydrozy ccmpoimde* *“ but due to the

form ation o f sev era l isopolyacid  ions a t  ac id  pH, th s  form o f  the
81complexlng species was not i n i t i a l l y  apparent*
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As D#glüoopyraiioeldew do no t m igiate in  ü oélm  wljW.&W ths 

redaoed oCmh gluaose diBBCobaride# were used to  in v e s tig a te  the e f fe c ts  

o f  eubfetitueata on oomplexlng w ithin  the h ex ito i ïüoleoule*

The m igrations o f th e  cC*.]) glucopyxanoayl hoxito ls^^  ex® eiiown In  

Table I I I . 2 . The term %  value l e  defined on page 157»

Table I I I .  2 . The m igration r a te s  o f  some cC»D glucopyranosyl 
h e z ito ls  in  sodium molyMate © leotroiyte

Sugai- alcohol lizsk %

le o m a ltito l oC 6) 0,70
E o jib iito l oC-(i-*-2) C.70
m i t i t c i 0.45
H ig erito l « c -d -» : ) 0.05

/ 82 A nalysis o f  the molyMat^a/subotltnted, W a ito l complex' ind icated

th a t  ru h s titu te d  g ln o lto ls  f a l l  in to  th ree  groups.

(a ) The 2 o r 6 su b s titu te d  ^ u c i to ls #  which form a l a  which

the sugar aloohol/jsolyM emra atom r a t io  i s  1%2* hEve high values.

(b ) The 4 su b s titu te d  g lu c ito is»  which form a oompler l a  which the

sugar elcohol/molyMeaum atom r a t io  i s  1 :1 , have medium %  v a lu es .

(o) The 5 eu h e titu ted  g luo ito ls#  which do not appear to  form a  s ta b le

ecmplev, have &er& velues#
82iiîgus end Weigel, from poteatium etrio  t i t r a t io n s  o f  the

Eolybdata h e x ite i  complex have concluded th a t the complextng molybdate
2 ©anion i s  in  a l l  casee .
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P erioda te  ox ida tion  o f the  e s se n tia lly  s im ila r , th o ia^  more s ta b le , 
85tu iig sta te  con^lexea has in d ica ted  th a t ,  where a  complex i s  formed 

contain ing  a  hexitol/iaolybdenua atom r a t io  o f  I t 2, fou r ad jacen t hydroxyl 

groups e re  involved in  th e  completing#

M igration o f  iso m a ltito l (o r  any Isom altodextrinol) can be 

s a t i s f a c to r i ly  explained by form ation o f  a  complex X III , involving the 

1 ,2 ,5 ,4  (cf,cCT,cCf) t e t r i  t o i  arrangement, and th a t  o f  k o j ib i i to l  by 

form ation o f a  complex XIV involving the 5 ,4 ,5 ,6  (oCT,«CC,<c) t e t r i  to i
2©  opgrouping, each with a  s in g le  Mo^O  ̂ anion#

The m igration  o f  m a lt i to l  (o r  a  n a lto d ex trln o l)  i s  accounted fo r  by 

form ation o f  complex XV involv ing  the 1 ,2 ,3  (oC,ccT) t r i o l  system o f  2 

©oleoulea o f  m a lt i to l  end a  s in g le  ® anioa#®^ IT igsritol

possessing  only an (oCO,oc) t r i o l  arrangement i s  incapable o f  cor^lex 

formation*

In  general then  two fa c to rs  may in fluence the  o v era ll m igrations o f 

the a lcoho ls  o f  the  oC-D-'^ucose o ligosaccharides, they a re t

(a ) The p o s itio n  a t  which the remainder o f  the  molecule (non-reducing 

moiety) i s  a ttached  to  the  hex!to i  unit*

(b) The e iae  o f ,  though not the types o f  cC-linkages w ith in , the 

gluoosyl p o rtio n  o f  the  molecule*

As a  ru le  oC-D-glucose o ligosaccharide alcohols of equal m olecular 

s iz e , te m in a tin g  in  e i th e r  a  2 o r  6 su b s titu te d  g lu c ito l u n i t ,  can be 

expected to  have almost id e n tic a l  end g re a te r  m igrations in  ©olybdate 

e lec tro p h o res is  than the equivalent a lcohols term inating in  a  4 

su b s titu te d  ^ u c i t o l  unit#  Any oligosaccharide alcohol term inating  In  a
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3 B ubstitu ted  glucitoX  tm it w ill  have zero m igration .

The reduced branched o ligosaccharides o f  cC*.d glucopyranose f a l l  

In to  two groups.

(a ) When the  branch I s  not a ttached  to  the h e r i to l  p o rtio n  i t  cannot 

a f fe c t  Gomplezing end w ill#  th e re fo re , have a minimal e f fe c t  on 

th e  alcohol m igration .

(b) When the branch i s  a ttached  to  the h e x ito l p o rtio n , the molecule 

may be regarded as a  d i (o r  m ultip ly) su b s titu ted  g lu c i to l .

In  t i l ls  case th e  4 ,6  d i  su b s titu te d  g lu c ito l  w ill  m igrate , having 

an %  value equal to  th a t  o f  the  m alto d ertrin o l o f equivalent m olecular 

s iz e .

With one p o ss ib le  exception the  2 ,6  d i su b stitu ted  g lu c ito l ** 

a l l  the  o th e r  d i  (o r  m ultip ly ) su b s titu ted  g lu c ito l»  cannot be expected 

to  m igrate as they do no t possess th e  requ ired  sequence o f th ree  o r  fo u r 

c o r re c tly  disposed hydroxyl groups.

The 2 ,6  di-*substitu ted g lu c ito l  may be capable o f forming a weak 

complex w ith molybdate io n , fo r  experiments w ith models show th a t  when 

held  in  a c e r ta in  conformation (XTI) the d istan ces  between the  (ocT, cCC) 

hydroxyl groups on C j, end can approximate to th a t  o f  the 

4 -su b s titu te d  g lu c i to l  (Z7).

When held  in  Conformation (XYl) in te ra c tio n s  between ec lip sed  

groups must Increase  th e  in te rn a l  energy o f the  h ex ito l molecule.

However, i t  i s  probable th a t  tM s  increase  o f in te rn a l energy i s  no t so 

g rea t es to  be a fa c to r  preventing fozsaation o f » s tab le  molybdate complex, 

fo r  in te ra c tio n s  o f a s im ila r  magriitude must be presen t In  the 2»substitu ted
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gXucitCîI w tioh dûGo form & s ta b le  molybdate eonplçx when th is  

molecule i s  held  in  tho conformation (S I?) requ ired  fo r  oomploxirg 

v/itb îiolybdote*

F u rth e r, th e  id e n tic a l  r a te s  o f  the 2-* end &.m?betit%ted

g lu c ito l  a (Table I I I  .2*) may bo construed ad in d ica tin g  th a t  an equally  

s ta b le  molybdate complex i s  formed in  each cesei even though th e  

molyba&to completed 6^m ib8tituted g lu c ito l i s  f re e  o f eclipsed  groups 

(X III) .
I yro3uca^

acid  hvdroly e is o f the B-1299 S d e rtran

I t  was suggested in  Section IÎG th a t  the s e r te s  o f  isom altose 

homologues i s  l ib e ra te d  by p a r t ia l  acid  hydro lysis o f  the  B-1259 

polysaccharides Î from which i t  was concluded th a t each 3^1299 

polysaccharide con ta in s - sequences o f  l-^ 6  linked  glucoas u n i ts .

However, the  id e n t i f ic a t io n  ©f these o ligosaooharides re s ted  d ire c t ly  

upon th e i r  paper elrromato,graphic m igrations and s ta in in g  p ro p e rtie s , and a  

more complete c h a ra c te r is a tio n  seemed d e s ira b le .

The o b jec t o f  the  p resen t experiment was, th e re fo re , to  re-examine 

in  g re a te r  d e ta i l  th e  o ligosaccharides from the ac id  hydrolysed B-1299 S 

d ex traa ,

3-12$9 $ dextran  (22^^. -  w e i^ t  uncorreoted fo r  ash o r m oisture 

con ten ts) was p a r t ia l ly  hydrolysed w ith  d i lu te  sulphuric acid  (ex p t. 8 (a ) ) .  

The hydro lysis  products were i n i t i a l l y  frac tio n a ted  on a  charcoal column 

(see  F ig . T.2B. and Table V .l .)  and then re -sep ara ted  on Whatmann papers.

The f in a l  y ie ld s  o f the separated components are  shown in  Table I I I . ) . ,  

together with th e i r  degrees o f  polym erisation (ex p t. 8 (c ) ) ,  sp ec ific



ro ta tio n s  (ex p t. #(&)) and papor ohromato-grephla and slôotropho;*etio 

2!ii^ip*atloa r a t 00*

Tiis values fo r  the  o p tic a l ro ta tio n s  ©re in  good Agreement w ith 

those reported  fo r  th e  s e r ie s  o f Isotaaltose homologues isom altosa 

(+12Q8 ) ,  iso ffia lto triose  (+142*)* IsG oalto te traose  (+153*)* isom altopent- 

aose (+16C*) and leomaltohex&ose (+16)*). ,

However, to  in v e s tig a te  more f u l ly  whether m homologous eeries^^  

e x is te d , th e  degree o f  polym erisation e f  each o ligosaccharide component 

was p la tte d  ag a in s t i t s  VEilue^^ (see  pagei^p), and i t s  m olecular 

ro ta tio a r^  (m oleculsr w e i^ t  times sp e e iflc  ro ta tio n ) . The re su lt*  era  

shown in  F ig . X II. 1* In  e tch  case a  s tra ig h t  l in e  ind ica ted  th a t a l l  

the oligosfcohaildefc, \d.th the  «acception o f  corsponent 6 , belong to  a  

homologous s é rie » . The f i r s t  member o f  the s e r ie s  (component 2) wag 

converted to  th e  c ry s ta l l in e  ^  -o o ta  ace ta te  derivative^^  (ex p t. 8 (e ))  

which had a  m elting  p o in t o f  159-l41*G, undeprc3??ed by au then tic  

isO2ialtO£0 |3 -o o ta  a c e ta te .

In  exp t. 6 ( f )  the  o ligosaccharide components 2 to  ? were incubated 

w ith dexoranase ♦oC-(l-*‘6) giueosidaso -  and the  degradation p a tte rn s  

were compared w ith those o f  au then tic  isom altoso feomolo,gaes.

‘Kie degradation p a tte rn  o f each ©ligoeaocharide (Table I I I . 4 . )  was 

found to  be Id e n tic a l to  th a t  o f  the  ioom altase homologue o f  eqsd.valent 

m olecular e iz e .
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ï&ble ' Th# reeu ltü  o f  d ig e s ts  o f
oligôsaochaxldes from eoid feydrolysed B-1259 S doxtraa

E ubstra te
(component)

S egradatioa products# chromatographing as*

Glucose IHg IHj IM4 Mg IM7

2 2+ #» m

3 , * 2+ me «0 m

4 2+ + #w •M»

5 #»

6 2f #* m #» m

7 3f 3+ * ## 4#

Ulg iBcmaXtosef iso inalto trioee#  Tî'î  ̂ isom aliotetrao66# 

isosialtoy>€ntaosô, isom^ltohexaoee# ieomaltohept&ose#

jB'urther m iùm ice th&t oomponente 2 to  6 ver© a, s e r ie s  o f isomaitos® 

homologues was obtained by o jdd iaing  eaah oorapoueut w ith sodium meta- 

periodate  (expt» 8(g))#
85When fu l ly  ox id ised  by periodato  iaomeltoae has hetm reported

to reduce 6 moles o.f perlodate  and to l ib e r a te  5 moleg o f formic p er mol# 

o f th e  sugar ## & probable course o f  tM s oidLdatlon i s  shown In  Fig# 111*2, •

sad Isom&ltotriOB# to  re lue#  8 moles o f periodate  and re le a se  6 moles o f
05fonaic aoid p e r mole o f  the sugar#

Ihese experim ental reg u lto  eaehled the of poriodate reduced

and fo ra lo  acid  l ib e ra te d  p e r lïo lt o f each Isomaltose homologue to  he 

ca lcu la ted # flie ca lcu la ted  velues are shown in  Table T#4# (page‘76 ), and

are based on the f a c t  th u t each non-rediicing anhydre glucose iw it  o f  an 

ieom altoae homologue appesrs to  reduce 2 moles of periodate  and l ib e ra te  

1 mole o f formic ec ld , p er mole o f the unit#
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The r e s u l t s  obtained from the  periodate  ox idation  o f  oligosaoeharide 

components 2 to  6 (expt# 8 (g )) a re  shown in  Table V#5* m d axe i l lu s t r a te d  

in  Fig# I I I . 3,

The amounts o f  periodate  reduced end formic acid  re leased  are  i n

good agreement w ith those ca lcu la ted  fo r  isomaltose» isom alto triose#

iso m alto te trao se , isom altopentaose and tsoiaaltohexaose#

The r e s u l ts  o f  th e  in v e s tig a tio n s  in  th is  sec tio n  o f  the th e s is

confirm  th e  e a r l i e r  suggestion th a t  components 2 to  7 were re sp ec tiv e ly

isom altose and a  s e r ie s  o f  h i ^ e r  homologues*

CoB^nent 8 ,  which d id  m t  f i t  in to  th is  homologua series#  was

Id e n tif ie d  from i t s  paper chromatographic and e lec tro p h o re tic  m igration

ra te s  as  kojib iose*

The presence o f  th e  isom altose homologues in  the hydrolysate in d ica te s

th a t  the  2*1299 S d sx tran  must con tain  sequences o f a t  le a s t  7 cC*(l-*-6)

linked  glucose u n i ts .

In  terms o f an o v e ra ll s tru c tu re  i t  may be concluded th a t  B-1299 S'

dex tran  i s  u n lik e ly  to  be composed p rim arily  o f  sequences o f  a lte rn a tin g

1-^2 and l-^ 6  linked  glucose u n its  (Fig*IIi*4*# s tru c tu re  X ÎÎI) but could

co n s is t o f  chains o f  l -^6  linked  glucose u n ite  branching a t  in te rv a ls

through the  83 p o s itio n  (F ig . I I I . 4## s tru c tu re  XVIII) .

C. An inYesti.gatlQn o f the s tru c tu re s  o f  o ligosaccharides rrodueed by 
a c e to lv s is  o f the  2*1299 B dextran

I t  was reported  in  Section I I .2  th a t  the  B-1299 dextrans yielded# on

aceto lysis#  fragments having paper chromatographic and e lec tro p h o re tic

m igration r a te s  co n s is ten t w ith  those o f  kojib iose# nigerose and isom altose.



19
F\(nUR£ ULi^. POSSIBLE. STRUCTURES foR  3 - \ % 9 3  S 
3EX1RAM iNVESTiCiAiTÊ  IN AC%p Ĥ pROLySXS EX?ER\MSl4TS,
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The p resen t so e to ly s ie  o f 3*1299 S dex traa  was conducted in  o rder 

th a t  th ese  o l l^ s a c c h a r id e s  could he more f u l ly  ch a rac te rised  and o th e r, 

as y e t u n id e n tif ie d , h igher o ligosaccharides could he examined.

3*1299 S dex tran  ( 3 0 ^ .  * weight tm corrected f o r  ash o r  m oisture 

con ten ts) was degraded w ith  e ce to ly s is  reagen ts (expt* 9 (h )) and, a f te r  

d eace ty la tio n , th e  products were separated  on a  ea rh o n -ce lite  column 

(see  Fig* V*2A* and Tahle V*6.) and re fra o tio aa te d  on Whatman 3b;3 papers 

where necessary#

The f in a l  y ie ld s  o f  the  components 1^ 2 , 8 and 9 •  which were the 

major products o f  th e  a c e to ly s is  * a re  shown in  Table I I I ;5 * ,  together 

w ith th e i r  degrees o f  polym erisation (exp t; 9(®))» sp e c ific  ro ta tio n s  

(expt# 9 ( f ) )  and paper chromatogrspliio and e lec tro p h o re tic  m igration ra tes#  

In  a d d itio n , components 1 and 8 were c ry s ta l l is e d  fzum aqueous 

ethanol and converted in to  th e i r  ^  *peata a c e ta te  (exp t; %(&)) and 

^  -o o ta  a c e ta te  (expt# 9 (d )) d e riv a tiv e s  re sp ec tiv e ly ; The m elting 

p o in ts  o f  th ese  c ry s ta l l in e  compounds a re  shown in  Table

The amount o f c ry s ta l l in e  component 8; id e n tif ie d  as ko jib io se  

(2*o*oC*h*gluoopyr®no0yl l-glucopyranose) in d ica ted  th a t  a t  le a s t  20^ o f  

the  g lucosid lo  l in k s  o f  3*1299 S dex tran  were oC*(lr^2);

Syrupy component 2 , idiich was s l ig h t ly  contaminated with component 8 

(k o jib io se ) , was id e n tif ie d  by paper chromatography end e lec tro p h o resis  

a s  isom altose (é*o*oC-3-gluoopyx8nosyl ïî-glucopyranose), vMeh has already  

been obtained as a  major product o f  th e  p a r t ia l  acid  hydro lysis o f  3*1299 S 

dextran (see  Section I II# 3 ,)#
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The emli amount of syrupy component 9 which could not be 

crystallised # probably due to slight contamination with component 8 * 

had a h i^  positive specific rotation and paper chromatographic and 

electrophoretic migration rates consistent with those of nigerose 

(3-o*oC-3*gluûopyranôeyl 3*g3riccpy% @cK)ee ) #

This in d ica ted  th a t  a small p o rtio n  o f  the  g lucoaid ic lin k s  o f  

3*1299 S dextran  could he oC*(l-^5)#

The c ry s ta l l in e  d isaccharide  n i^^rose has, however, been Iso la ted  

from \m frae tio ra te d  3-1299 dextrans In  2^ y i e l d a n d  i t  i s  possib le  

tïia t in  th is  in stan ce  the  c u ltu rin g  oonditions Influenced the  leuconostoo 

organism to  produce g re a te r  amonute o f  the le s s  w ater soluble 3*1299 I* dextran 

which seems to  con ta in  a  much h l^^er percentage of l-^ 3  lin k s  than the  

3*1299 8 dextran  (see  Section H .F . and II.G ,)#

tJhfraotioaatedf h igher oligosaoolteridee ( to ta l  weight 1 gram) were 

a lso  e lu ted  from the o a rb o n -ce lite  column (ex p t. 9 (b )) , and were 

subsequently frac tio B ated  by chrom&togiaphy on Whatman No.) papers and 

e lec tro p h o res is  in  sodium borate  e le c tro ly te  (exp t. 9 (c ) ) .

Each o f  tîiSâô components was p a r t ia l ly  charaeteri.sed by methods o f  

p a r t ia l  acid  h y d ro ly s is , paper chromitogi'sihy and e lec trophoresis  in  

sodium borate^^ and molybdate^^ e le c tro ly te s :  the degree o f  polym erisation 

(see  exp t. 9 (e ))  o f  each component i s  siiown in  Table I I I , 6#, together 

w ith i t s  chromatographic and e lec tro p iio re tic  m igration r a te s  end sp ec ific  

s ta in in g  p ro p e r tie s .
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Table 111*6* ChroaatograpMo p ro p e rtie s  o f  wm# 
©ligosaceharide» froa aeetolyeed 3*1299 8 dsxtran

Component 3*r# % *solvent
(&)

% 
torat*

%*
melybdate

s ta in in g  
lA teneity  
epray ,(*)

Colour
spray
(o)

21 3*0 0.50 0.27 (0.57
(0.12 Ï Î brown

3 2*9 0.51 o .ei 0,58 green

22 4*1 0.50 0.24 (0*51
(0.10

j+ ) 
♦ ) b re w

23 3.T 0.25 0.51 0*49 green

24 3*9 0.23 0,22 (0*50
(0*10

2’*' ) 
34̂  ) brown

♦ e f t e r  reduction  w ith ao d iw  borohydride

was & trlemookeride whose r a te  o f m igration on paper 

cbromatogro^s (eolvont (&)) warn greater than timt o f  im om ltotriom  

{%  0*30)* Im rti# ! aold iy d ro ly s i#  o f  oorgionmt 21 gave degradation 

products hmring md.gr*tio n  ra te #  Ide&tio&l to  thoue o f  glucose# k o ji l lo e e  

mid isom altose*

This would i i^ io e te  that oomponeot 21 could be u mixture o f  ieomerie

trlsacohnrid© » w ith o truo turee %1%# IX and IKl*

X IX X X X X
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K e y
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tn. barite electropbom&l# { im l i im  IXI*A(i)) tr iaaco h arid e  XXX 

would hs'm m  %  value (eee 6 ) )  elmil&r to  th a t o f  isoiiudtotrioEe 

(%  0*60} end g ive & g ie m  s ta in  in  spray reagent (a)* cL a rac te iia tio  o f 

an ol%oâ /ÆGlmrld# with a é-oubsiituitd rwdunin# glucose 

TrieaoohRfidee XX and XXI would have much lower %  valuer# s in d la r  to  

th a t  ©f mil to  t r io  8# (% 0*20), end give a b ro w  s ta in  -  o b arao te rie tio  

o f  en eligQ saochsxide w ith a  2-eub@ tituted reducing g'lueo«e u n it  -  w ith 

©prey reagent (©)*

Th0 experimental remulte shown In Table I I I #6-#, th erefore , in d ica te  

th a t  ©emponent 21 cannot have the  s tru c tu re  XIX#

In  molybdate e lec trcp h o res ie  (# ea tio a  the reduced

trisaceh ax id e  XX would have a  high %  value (sea p«ige 6 6 ) , s is d la r  to  

ieofflaltotri-ifci3l{% 0*59)# expected o f e r$^duoed triaao eh srid e  te m lm tin g  

in  a  2 ©r 6 su b s titu te d  g lu c ito l  unit*

In  co n trast#  reduced iris ism hrx lde  XXI would have a  mmh lower 

value evpeoted o f a reduced t r is a s s h a r ld t  ter^dnating  in  a  2# 6 d i -  

Bubetitutod g lu c i to l  u n it  (see page 71 )*
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The expez-imental evidence suifiaarized in  Table I I I . 6* isd iea te g  

th a t  component 21 must be a  m ixture o f t r is a o e h a r iie s  XX and XXI. 

T rieaccharide XX appears to  be the major co n stitu en t o f  th is  m3.xture*

I t  i s  a lso  conceivable th a t  ko jit;rlcse^^  {2-o-oC-3-gXuoopyxano^l 

-2-o-oC-Ii-glacôpyraQOfiyl -Ü-glucopyranosa) could l a  p resen t l a  th is  

m ixture a© the  chromatographic end e lec tro p h o re tic  p ro p e rtie s  o f  th is  

compound have not as y e t been s u f f ic ie n t ly  repertcd .^^  and a re  probably 

s im ila r  to  thoae o f  component 21.

Component 5 was a  trieao o h arid e  whose m igration (so lven t (a ) )  and 

s ta in in g  (sp rsy  ( c ) )  p ro p e rtie s  vore id e n t io d  to  thooa c f  ie c a c l to tr io s e .

P a r t ia l  ac id  liydrolyeia o f  component 3 gave degradation products 

having paper eharomatographic lidgration r a te s  (so lvent (a ))  id e n tic a l  to  

those o f  glucose enrl isom altose, The degradation product chrote-tograpliing 

as is a ^ a lto s o , a f t e r  e lu tio n  i'roa a  cliromatograz.. had an M(j value in  

bo rate  eleetrophoreB ls co n s is ten t v i th  th a t  o f  isomaltome end, a f te r  

red u c tio n , m  î% value in  laolj'bdate e lec tro p h o res is  equal to th a t  o f 

isom & ltito l.

Triscicoharlds )  must th e re fo re  bo iso u ia lto tr lo se , which has a lready  

been id e n t i f ie d  aa  a  major jsrodvnt o f the  p a r t ia l  acid hydro lysis  o f  

B-1299 S dextran (see  Section 22X.B.).

CôSiTiQiKînt 22 vas a  te  tru e  ecch.arid e whose paper era'omtQgrephic 

m igration r a te  (so lven t (&)) was the came as th a t o f  iso m a lto tr io se , but 

component 22 gave a  brown s ta in  with spray reagent (c)$ and could be 

separated  from iso m elto tr io se  by bo rate  electrophoresis*

P a r t ia l  ac id  h^jdroXysia o f  component 22 gave the degradation 

products shown in  Table I I I . 7*
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'ab le I I I #7, Chroi3atograph5.o p ru p ertlee  o f the 
degradation products from component 22

Pegradatioa
product

^8
so lven t (a) borate

% *
molybdate Id e n tity

22.1 1.00 Glucose

22.2 0.62 0.50 0.69 Zojlbiose

22.5
S treak
0 .5 0 -©.
0.56

, 0 .70 Isom altose

0.28 Kixed
trlBOocliaxides

________  ________________ ,

* After reduction vdth rociium borohydride 

From the figures in  Table 111,7* degradation product 22,1 wag 

identified  as glucose and 22.2 &o kojiblo&o.

The product 22.3# which strouked. on the paper chroTnatogmm# , 

appeared to  he a  Mixture contain ing  isom altose, oompcnent 21 end 

possib ly  a  th i rd  componeat v i th  an value in term ediate between these

VïfO.
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I t  seems p o ssib le  th a t  th i s  th ird  eomponent i s  the tr isa cc h a rid e  

k o jitrio se ,® ^  fo r  th e  in d ire c t  evidence presented below suggests th a t  

k o j i t r io s e  would have an Eg- value between th a t  o f Isom altose and 

component 21,
8"T

In  so lven t (a ) the  t r i  saccharides iso m alto trio se , panose end 

m alto trio sa  have Bq values o f  0 .)1 ,  O.40  and 0.49 respectively#

Iso m alto trio se  con ta ins twooC-(l-*-6) l in k s , panose a  s in g le  

oC-(l-^6) and a  s in g le  oC-(l-»*4) l in k  and mal to t r io  se two oC-(l-*-4) 

l in k s .

The ca lcu la ted  Eg values o f the t r i  saccharides a re  I iso m alto trio se  

(0 . 35) ,  panose ( 0 . I 8) end ffialto triose (0 .02) -  in d ica tin g  th a t  the  

d iffe ren ces  in  E^ values between iso m alto trio se  and panose, and panose 

and m alto trio se  a re  almost equal.

I f  th e  s e r ie s  o f t r i  saccharides,  iso m a lto tr io se , component 21 (a  

l - ^ 2 /l-^ 6  linked  t r i  saccharide) and k o j i t r io s e  (a  1-^2 linked  tr is a o c h a r id e ) , 

a re  now considered, by a n a lo g , the  d iffe ren ces  In  the  Eg values between 

iso m a lto tr io se  and component 21 and between component 21 end k o ji t r io s e  

should be n ea rly  equal ( a l th o u ^  these d iffe ren ces  w ill  no t be the same 

as th a t  o f  the  e a r l i e r  s e r ie s ) .

The %  values o f  iso m alto trio se  and component 21 in  solvent (a ) are  

G.3I  end 0 .53  re sp e c tiv e ly , in d ic a tin g  a  d ifferen ce  o f  0.135 in  th e i r  

ca lcu la ted  Eg v a lu es . I f  0*135 a lso  rep resen ts  the  d iffe ren ce  o f Eg 

value between component 21 and k o j i t r io s e  the  l a t t e r  would have an Eq* 

value o f  0,45 -  and could th ere fo re  be a  co n s titu en t o f  degradation 

product 22. 3#
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The presence o f  iBomaltose and k o jib io se  in  th e  hydrolysate o f 

component 22 in d ic a te  th a t  the  l a t t e r  contains only t-^ 6  and 1-^2 linked  

glucose u n i ts .

I f  k o jitrio s©  i s  p resen t in  the same hydrolysate th is  would fu r th e r  

in d ic a te  th a t  two o f  the g lucosid io  l in k s  were l-^ 2 .

Til© m igration  r a te  o f  component 22 (%  0*50) a lso  appears to  in d ic a te  

th a t  th i s  te trseacch a rid e  contains two l-^ 2  and only a s in g le  l-^ 6  l in k , 

f o r  enxymio degradation  o f  B-1299 S dextran  (Section I I I .D ( i i i ) )  y ie lded  

t w  isom eric te tra saech a rid es  X3CVIII and XXH w ith %  values (so lven t (a ))  

o f 0 .2 4 , which when oxidized with periodate  proved to  con tain  two l-» 6  

end a  s in g le  1-^2 lin k ag e .

I f  co n ^ n en t 22 does indeed contain  two l-*«2 l in k s ,  then i t  could he 

a  m ixture o f  th e  Isom eric te tra saech arid es  X IlI , X H II, H IT , H T , XXTI 

and m n i .

The experim ental r e s u l ts  shown in  Table H I . 6. in d ic a te  th a t  

component 22 could no t have the s tru c tu re  XITXI, fo r  th i s  te tra sacch arid e  

would have a  h l ^  value in  bo ra te» e lec tro p h o resis , s im ila r  to  th a t  o f  

iso a a lto te tra o se  (%  0 . 50) and would s ta in  green with spray reagent (c ) .^ ^

The o th e r  isomers would have lower %  values, s im ila r  to  th a t  o f  

mal to te  trao se  (%  0 . 24) &nd give a brown s ta in  with spray reagent (c) 

(c h a ra c te r is t ic  o f  an o ligosaccharide w ith a  2-G ubstituted reducing 

glucose u n i t )  and a re  th ere fo re  a l l  p o ss ib le .

In  molybdate e lec tro p h o resis  th e  reduced te tra saech arid es  XXII,

XXIII and XXIV would have h i ^  %  values -  s im ila r  to  is o m a lto te tra ito l 

(Hs 0.50) -  expected o f reduced te tra saech arid es  term inated by a  2 o r  6
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su b s titu te d  g lu c ito l  un it*  i a  c o n tra s t tîiô reduced te traeeccharides 

XXV and would have the lower %  values expected o f reduced 

te tra saec iia rid es  term inated by a 2 ,6  d i  eu h s titu ted  g lu c i to l  unit#

Tii0  experim ental r e s u l ts  in  Table H I# 6* show th a t ,  on reduction , 

component 22 m igrates w ith %  values o f 0,51 end 0*10, and could in  

consequence be a  m ixture o f te trasaocharideg  H H ,  H I I I ,  H IT , X3CT and 

XXTI# The r e la t iv e  in te n s i t ie s  o f  the  spo ts on the  molybdate 

electrophoretogram  would, however, suggest th a t  to trasaocharldea  XXII, 

HXXl and H IT  a re  th e  major o ligosaccharides in  th is  mixture*

Component 29 wag a  te tra sa c c h a rid e , whose r a te  o f m igration on 

paper chromatograms e lu ted  with so lven t (a) was m argluaily g re a te r  than 

th a t  o f  iso m alto te trao se  (Mq D#22)#

P a r t ia l  ac id  hydro lysis  o f  component 2J gave the degradation 

products shown in  Table III#8*

Table 111*8* Chromatographic p ro p ertie s  o f the 
degradation products from component 23

degradation
product so lvent

( 4

%
borate molybdate Id e n tity

23.1 1.00 m Glucose

23,2 0.60 0*30 0.68 E bjlbiose

23,3 0.50 0,68 0.63 Isom altose

23,4 0,35
0*56

0*25
^ jte d

triea cch a rid es

* A fte r reduction  w ith sodium borohydride
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From the f ig u re s  in  Table 111*3. dagradatioa product 23,1 was 

id e n t i f ie d  as ^ucose, 23*2 cis kojibiose ond 23*5 as isQîsaXtoi;©* 

fli© presence o f  k o jib io se  snd ieoiaaltoca in  th e  hydrolyeate o f 

oompoaent 25 in d ic a te  th a t  th e  component oon tsias only l->>2 and l-©-6 

linked  glticesQ indtc*  _

Tlie chromatographic rdlgration r a te  o f component 25 (%  0*25) %;a8 

id e n tic a l  to  th a t  o f  th e  ieo n c ilc  tctraaacchgzidea ZTCHII imd H IX , 

iso la te d  from an ensyniio îiydrolysatg o f  th e  B-1299 S dextran (Section 

Z II*D (iii))*

I 'e iio d a te  ox idation  of tetratîaoehrurldoo 3GCfXlX and XXIX had 

in d ic a te d  tlia t tlicy contained t\ra l-w-6 linkages and © s in g le  l-w-2 link# 

and i t  oeems prchablc th a t  a  ^ is ii la r  r a t io  o f  the  glacosidi©  lin k s  i s  

pre&ent in  component 25*

Component 25 gar# & green o ts in  w ith spray ( c ) ,  end had a  high Mq 

value in  borate  e lec tro p h o resis  -  s im ila r  to  ioomaltotetr&oae (%  C*50) 

from which i t  was concluded th a t the component could be a  mixture o f 

isom eric te tra saech a rid es  XXTXIX# HXX and X H , each o f wiilch 

term inates in  r  6 -e u b s tita te d  reducing glucose unit*

0-0,
O ^

0-0-0,

x s z X X T X X X X

t
o .

I—#"6 LINK
I—^ 2 i  L\  N V\

FEJ)UONC-\  C-kUUCOST. UN\T



92,

T@trA3&9ch%%li@3 XOTII 42iid XUX ware al^o Iso la ted  from enyjmlo 

hydrolyaate© of 3-1299 3 daxtrau* A so rs  oonpleta oAaraoWrlomtloa 

i s  dssozibod in  Section SII.B (iii)#

was a totragaooharia# which migrated v lig litly  faster  

tht-râ isoaaltotetznog* 0*22) in  goXvent (a)*

Partial m ià  hyarolyola of oomponoat 2 4  gave the degradation 

prod'aote ahown iji Table 111*9*

Table 111*9* C b r o m a t o g r © p ro p erties  o f tlie 
p3eoducts from degradation ©f component 24

Degradation
product

%
solven t

(* )

%
borate

%%*
molyhoate Id e n tity

24,1 1*00 té Gluccee

24.2 0*60 0*50 0,69 K ojibiose

24,3 0*50 0*70 0.69 lijofflfiXtase

24*4 0.35
0.61 0*52 Mired 

tr isacch a rid es0*26 0*11

*  A f te r  re d u s tio a  w ith aoditm borohydride 

The r e s u l ts  summarized in  Table lll* g *  in d ic a te  th a t component 24*1# 

i s  g lucose, 24*2. i s  k o jib io se  end 24*5 ie  isomaltose# The presence o f  

k o jib io se  and isom altose in  the hydrolysate In d ica te  th a t  component 24 

contains only l-©*2 and l-e-6 linked  glucose units#

The chromatographic m igration r a te  o f  component 24 in  so lven t (a ) was 

id e n tic a l  to  th a t  o f  Isom eric te traeaeoharidee  H V III and XXIX which were 

is o la te d  from the enzymlcally degraded 3-1299 S demtran (see Section 1II*B

( i l l ) ) .
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Aa periodate  cx id a tio n  expérimenta had indloate<î th a t  t e t r a -  

saccharide» XXinil and. H3X contained two 1-^6 and a  s in g le  l-^2  

linkage i t  was concluded th a t  component 24 contained these lin k s  in  a
V
s im ila r  ra tio *

In  bo rate  e le c tro p h o re s is , liowerer# component 24 had a  much lower 

%  value -  s im ila r  to  th a t o f  m alto tetraoso  (!% 0,24) *• than e i th e r  

te tra sacch arid ee  XKTXII c r  XXIX* end gave a  h rom  s ta in  w ith spray 

reagent (o ) .

Component 24 therefore*  he t e r 2io.atod hy a  2 -su b stitu ted

r^duoirig gluooee unit#  end in  ccnsequwce could <shly h® & mixture o f  

t e trmmacAb%ride» vd th  e tru c tu ree  XXH c r  XXXII*

v_ /'

Y T 7 T  E Z X I I A -  X X Z E B

—». I - . 6  l i n k  , t  I - . Z  LINK

REpUC\NGv C-vUUCOSH- UNIT.

X'û molybdate e lactropdcresis» the reduced tctras^s^oiiaride XXZI 

would have a  high %  value -  s im ila r  to  iG om alto te tra ito l (Kg O.go) •  

especied. o f  a  reduced te traecech arid e  term inating i a  a 2 o r 6 eu b s titu ted  

g lu c ito l jzrdt*

I-fcductd te trasex ’chsr3.de XXXll# however# would have & 'oiuc-h lower Kg 

'Value expected o f & reduced tst.c&oacohsride term inated by a 2*6 d i -  

s u b s titu te d  g lu c i to l  unit*
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th e  eaporimaataJL reau ltg#  l a  iab l#  %I%#6* iaUloatw th a t

component 24 araat b@ a mlztmzo o f  te  ̂ radaccharldoa H X I auu 

Tetrasacoiiaslde HiCXI# iiowever# appears to be the major c a n s tl «ruent 

e f  th i s  mixture*

On the h&ela o f the  linkage to  the glucose u n it  a t  the reducing end 

c f  the  molecule these  M giïer o ligosaccharides i>om acatolysed 3-1299 S 

dex tran  may be divided in to  the follow ing groups*
brt

(a )  XeomaXto/sef and t e tr&saocharldea HVXIX# HXX and which are  

term inated by & c -c -su b a titu to d  reducing gluccee unit*

(b) TrigacoiK'rlde XX* and tetraaaooharldea H I l#  XXIII# XXT'J and XXXI# 

which a re  term inated by a  2 -o«substitu ted  reducing glueoG© tm it*

(c ) Trieaccnexide XXI# and tetx-aaacoharides XXV# XXVI and XXXII# which 

a re  term inated by a  2 ,0  d i-o -e a b s titu te d  reducing glucose u n i t .  

Although th e  o ligosaccharides f a l l in g  in to  group (e) are fu r th e r

evidence th a t  3-1299 •* dextran  ham a branched s tru c tu re , only members 

o f group (b) Wve any Importent e tru o tu ra l g ign ifioance; fo r  

fragments o f  th i s  kind could ©my have a r ise n  from mi arrangeaient where 

a  i-*-2 l i r k  in  the  B-1299 8 dextran i s  in  an. in t r a  chain position*

I t  has already  been es tab lish ed  (S ection  II.G #) th a t  a l l  the  1-^2 

l in k s  o f  B-1299 S dextran  form branching p o in ta , and i t  i s  tiierefo re  

l ik e ly  th a t  th i s  dextran contains segments o f the kind represented by 

structures H X III and XXXIV in  F ig . Î Ï Ï .5 .  I t  would appear, from a 

co n sid e ra tio n  o f the  r e s u l ts  o f p a r t ia l  acid  hydrolysis experiments 

(S ection  I I I .3 * ), th a t  s tru c tu ra l  segment XXXIII i s  rather more 

im portant than XXXIV,
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The s'baencQ c f  a  rariopi o f  ollgosafteharlfleg hpped on

e l the:? kojiM ope o r n igerose in d ica te  th a t  extended eegumome o f  

eeae>ndaiy linked  glticose im ito  do no t occnr in  th e  3^1P^9 S dm^tran.

Uhrardnation o f the  tetnasaeohaT^Jo component 2,^ d id  mi^geaty however, 

th a t  two l-^*2 l in k s  may “be ad jacent In  th le  deztran  # gi.ving r i s e  to  a  

eegment o f the  kind shown in  Fig* 111*5.* e tn io tn re  XXK7.

The premenoa o f i n t r a  chain l-^ 2  lin k s  in  the  B«1299 S deztran  

ig  p a r tie n lf ir ly  in te re s t in g ,  ag fe>i dertrnna mo f a r  examined appear to  

ooritain non l-» 6  lin k s  w ith in  the gain  chain*

Exceptions so f a r  reported  &:ce 'BA.2^3 S deztr^'D -  froia itiich  the 

tr^.wioohiirido 5*^is'^^2altosyl.*3.*-i^xacOi3-a liaa been Inol&ted^^ •  and the  

1-» 5 hranehed ÏÏCÏ3«2706^'^ end B.512'̂ '̂  d ez tran s. I'Jlgnif/.oe.ntly, B*1293 

doxtrani^^ « which i s  e iisilR r to ^ 1 2 ^ ^  B deztran in  th a t  eC*.(l-»-2) lin k s  

forsi m zy  o f  tho branching po in ts  f a i le d ,  on a e e tc l^ s ie , to  give h igher 

oligoePCcharldaB term inated h j  e. n-^o-.g'i'xitit'itevi reducing glnoose m i t ,  

end so th@ hrar/ohes t^^jrdd appear to  co n s is t o f s in g le  2) linked

glncogyl w i t s ,

arran^eaenta o f the alaoowe m ilts a t  the hranchin# w in ta  

Tsuehiya (195%)^^ ret>orted tiia t c e r ta in  species o f  Fp n ic i l l la«^ 

Ftroulds, when cu ltu red  on ETiEh 3-512 d es tran  (95^' oC<-(l-^6) lin k e d ), 

produced exoceliular enayme# (dextrmaees) which degraded t i i is  end 

o th e r dex traas to  give Isom altose and Ifecm altotrioee l a  high y ie ld s .

The cu ltu re  f lu id s  from these morld# were, however, found to pos«iess 

only a lim ited  capacity  to  hydroly&e dextrsam with high degree© o f  

branching.
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L a te r, Veigel^^ and co-workers were ab le  to  induce se lec ted  

p én ic illiu m  moulds to  grow in  medsa contain ing  th e  e s s e n tia l ly  unhranched 

S#__Boyis' dex tran , and so to  produce dextranases v i r tu a l ly  unoontamtnated 

by o th e r  carbohydrases#

The ex o o e llu la r dextranasea o f P. lllaclnum  (lEBL 896, 79197)

and P. fimiculosum (MRL 1132, B d  79195) were shown to  hydrolyse

S. Bovig dex tran , isom altodex trins and modified isom altodextrina 

con ta in ing  not le s s  than th re e  oC-glucosidio l i n k a g e s . T h e  dextran 

o f  Lé meaenteroides lïHHÎ» 3-1375 (an  cC -(l-»3) branched dextran) was 

degraded to  g lucose, isom altose, iso roa lto trio se  and a  complex mixture 

o f * branched* o ligosaccharides.'^^
91To explain  these  find ings Hutson and Weigel proposed an •action  

pattern*  f o r  each dex tranase, which i s  summarized as fo llow s;

(a ) The sm allest l in e a r  (non-branching) system hydrolysed by e ith e r  

dextranase was o f  the  type represen ted  by s tru c tu re  XXXTI in  f ig u re  

I I I . 6.

I t  had a  s in g le  po in t o f  hydro lysis a t  the  c e n tra l g lucoeidic 

lin k ag e , in  c o n tra s t to  the  s l i ^ t l y  la rg e r  system, represented  by 

s tru c tu re  XXXVII, which had two equivalen t po in ts  o f  hyd ro lysis .

(b ) The most re a d ily  hydrolysed system, re a lis e d  in  an unbranched dex tran , 

consis ted  o f  a  long chain o f < c-(l-^6) linked  glucose u n i ts .

( 0) The s tru c tu re s  o f  the  •branched* o ligosaccharides obtained from 

tBEL B-I375 dextran ,^^  shown in  f ig u re  I I I . 7», in d ica ted  th a t ,  

w ith in  th is  system, c e r ta in  oC-(l-^6) linkages were r e s is ta n t  to  th e  

ac tio n  o f the dextranases by v ir tu e  o f  th e i r  proxim ity to  th e  oC -(l-^3)
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branohlng linkage . These r e s is ta n t  linkages are shown In  f ig u re  

I Ï I . 3 .

However, slow hydro lysis  o f  these  ollgosacchaxldss when incubated 

f o r  long periods iflth  dextranase suggested th a t  the re s is ta n c e  was 

no t t o ta l .

These dextranase •ac tio n  pa ttsm s*^^  enabled the s tru c tu re s  o f 

o ligosaccharides obtained from dextranase d ig es ts  o f  the dQ-(l-^4) 

branched. EEPX 3-1 ,^$  dextran to  be c o rre c tly  p r e d i c t e d r e s u l t s  which 

a lso  in d ica ted  th a t  the • ac tio n  p a t te rn s ’ were unaffected  by the types o f 

-llnJcsges forming the branching points*

I t  was s ig n if ic a n t th a t  the  branches o f  the  oligosaccharides -  shown 

in  f ig u re  I I I . 7* ^ consisted  o f  a  s in g le  g lacosyl u n i t .  Indeed th is  

f a c t  was the  f i r s t  in d ica tio n  th a t  in  the  parent dextrans the branches 

might a lso  co n s is t o f  a s in g le  glucosyl u n it  -  l a t e r  proved by an 

unambiguous method.

Thus th e  o ligosaccharides arose from the  enzymio hydrolysis o f 

aC-(l-^6) l in k s  o f  the  main chain .

I t  was now o f  in te r e s t  to invs'srtigate the e f fe c t o f daxtronascs on 

the  s tru c tu re  o f  L. meReoteraidee HBBL 3-1299 8 dextran.

The r e s u l ts  o f  these in v es tig a tio n s  a re  d iscussed under the follow ing 

headings.

( i )  I n i t i a l  f a i lu r e  to  degrade n a tiv e  3-1299 3 dextran  with tifo 

dextraaa-'Bos.

( l i )  The dabrancbing o f n a tiv e  3-1299 S dex tran  by co n tro lled  acid  

h y d ro ly sis .
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F\CiURE. IE '6- ------ ACTION Of
DE%TRANASES ON TWO LINEAR SYSTEMS ,

O O l O - K g )  X X X V

O — K D ^ - r K Z ) —

( 2 ^  c ^ L u c o s y u  u s \ T .

C-jLUCOSE  ̂ F R U C T O S E   ̂ SoRB\ToL^ M E T H Y L  C^Roup, 

— >• d 2 - ( l - > 6 )  G^LUCOS\p\C L \ N K .

 ^  oL -  GlLUCOS\p\C L\NE\

  p r i n c i p l e  POINT OF H y 3 > R o L y S \ S .



loo

F \ ( \ U R a  Z5I-7. ------  OU\GxO S a CCMAR\5)ES ? R o p U C E p
BY THE ACT\ON Of '?EN\C\LL\Ub\ DEXTRAf^ASES 
ON NRRL ANp MRRL B -  3)EXTRavAS

^ u.y\ \cu\oSum 
do /brciv \A 5e ou\y

*V. ^un\cu\oSvAyr\ 
dcytrc\n<xse. on\y

C X H Q O O O „

 ^  ^  6  l \ n k  ,

^  OV' 1“^ / ^  L INK,

O p  R E 5 ?UC\NCt  Oi LUCo S E  u n i t



101

F'C-xURE  m . g .  D E X T R A N A S E  R E S I S T A N T
LINKS IN A N  o C - ( l - ^ 3 )  B r a n c h e d  î >e x t r a n  .

“ 0 “ X Z } - K I X K 3 ' K I ) ‘ K ^ X ' K I ) ~
oo

? .  UUAC\NUK DEXTKAHASE .

^ I ) ~ 0 + 0 " ' 0 ' * 0 “ K 3 ~
oo

9 .  E U N X C U L O S U K  D E X T R A N A S E

(2) G \ L U C O S Y L  U H VT  ̂ L I N K ,

,» L I N K   ̂ R E S I S T A N T  L I N K

I N  d e x t r a n  a n d  O L K i O S A C C K A R ' D E S .  

A p p i T l O N A U  K E S l S T A N T  L I N K  I N

OLic-^oSACCHAKipES,
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( i l l )  The cheraaterlg& tloa o f  o llgoaw oheriùea prndxiced hy the ao tlo a

' b.f Té l i l p c in m  dextranase on ac id  degraded B-1299 ^ dex tran .

( iv )  Bwmary o f  r e s u l ts  1% Section IIZ.D.# and aome general cow lualonc.

( i )  I n l t l c l  f a i lu r e  to  dégradé n a tiv e  B-1299 S dextran w ith two
dextranaaes

The dextranase from P. fimlQuloeiim (MHRL I I 32) was obtained from the 

departm ental c o lle c tio n . The P. lilacinum  (ERRL 6$6) dextranase was 

prepared in  the usual way^^ by cu ltu rin g  P. lilacinum  mould in  a medium 

con ta in ing  S. Bovis dcx trsn  as the cole scarce o f carbohydrate (ex p t. I4

( a ) ) .

The S. Soyj.8 dextran  had beau prepared according to  the method o f 

Zailoy^^ (expt* 14(b)) srd  h&d 95f  ̂ o f  l in k s , when these were 

determined from periodate  oxidation  dat®^^ (expt* 14(c))*

Each o f the doxtrasvaees iToadily Ijydroly^ed B oris . MLBI, B-1375 und 

ÎIEIIL i -1415 dextrajw  in  standard d ig e s ts ,  to giT®. products chromatographing 

as glx'icOG&f isom altose, iso m alto trio se  txil liigher ’branched’ o lig o - 

saoohaiidas^^’^^ (expt* 14(d))*

The P. lil& clritm  (e x tra c t)  had an a c t iv i ty  o f 0,12 dextranase 

im its/w t;., and the P* funioulosum (freeze  d ried ) o f 1.25  dextranase 

U iiits/m g.j whvu 1 dextranase u n it  i s  the amount o f eng^nne which w ill  

l ib e ra te  1 equ ivalen t o f isomCLtose monchydrato in  1 hour a t  40®0 

from 8# 3ov5..£t doxtran (Tsiuchiyas* d£4?inition)*^'^ Let&j,ls o f  the 

determ ination o f  the a c t iv i t i e s  ere  given in  exiorim ent 14(e)*

While the f .  fm-iiculosum dextrsoiase wac able to  re le a se  tra c e s  o f  

c ligo  s&cch&ridcc, the P. I l l  acinic, prop^^ratlon wus unable to  a f fe c t  any 

degradation o f the  n a tiv e  3-1299 S dextran (o r  o f the n a tiv e  3-1299 t
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d e x te n )  ► • •

Thi.îi f a l lu ro  to  afjfoot appreciable degradation o f  B-1299 S dextran

i s  a t t r ib u te d  to  the  veiy  h S ^  degree o f brenchJ.ng o f  the molecule (pageJZ ) ,
90as e e r l i e r  experiments had in d ica ted  th a t  degradation o f  a dextran by 

these  dextranases vou3.d be u n lik e ly  I f  the molecule had a  degree o f 

tean ch in s  In  excess o f  41?  ̂ (?.. f!.-.ni<n»lesa»> o r  37# (E . J l l e o l m a ) .

Hg* 111,9* summarises th is  work in  which the •ease* o f  enzymic 

h y iro ly s is  (expressed in  terms o f the amount o f Isomaltcme equivalent 

lib e ra ted *  compared \rith. the amount which could th e o re t ic a l ly  be re leased  

from the c<#(l-*^6) linkages p resen t) I s  compared with the degree o f  

branching o f  the  dextran*

I t  apparent from th is  evidence th a t  before e i th e r  o f  the 

dextrm^^ses oo^xtd ex tensive ly  degrade ^ dextran e  considerable

debrnncblng o f  the s tru c tu re  would be necessary*

(11) !Mip^^dÿW9nching..o^  ̂ ^ 1299. 8 d ex trm
dégradation

K ethyiation  and e c e to ly s is  experiments (sec tio n s  II*G. and III*G*) 

had shown th a t  the  branching In  n a tiv e  3*1299 8 dextran occurred 

exclusive ly  through oc*t-(l-^2) llWced glucose u n i t s ,  although a  small 

percentage o f  ec,*(l-^3) linked  u n its  were s itu a te d  a t  non-branching 

p o in ts . Together these  dextrcns.se r e s is ta n t  linkages accounted f o r  40» 

o f th e  to t a l  glucGsidle linkages in  th is  dextran.

In  ad d itio n , p a r t ia l  acid  hyd ro lysis  o f the dextran  (g ee tlo n  H I .B ,)  

in d ica ted  th a t  the  molecule contained sequences o f  oC-(l-^6) linked  

glucose u n its  -  which probably formed the •skeleton* o f the molecule#
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39 40Wolfrota aiîà lfe.tsuâa| Ing IndepsKdsTitly v l th  cC^gXuoo&a

disacohaxldeet hav* demonstrated ths.t th® rate® o f acid  b^rd.rol '̂-Blg o f 

the oc«.(l-^2) and «C-(l->3) lirk a ^ e s  are  considerably g re a te r  th>in th a t 

o f  Bxi oC"(l-»6) l in k  (F ly . I I I . 10*)*

This in d ica ted  the  p o s t ih l l i ty  o f  acMeTing the nocecaary d@hrench.lng 

hy a m ild hydro lysis  c f  th e  B*1299 S dextran .

In  experiment 14( f ) ( i )  •  using a  guide fo r  the hydrolysis 

cond itions the  values given In  F ig . I I I . 10* # eemples o f  B-1299 S deztr&n 

were hydrolyeed w ith  d i lu te  acid  fo r  d if fe re n t periods o f  tim e, to  produce 

a e e r le s  o f v a rio u sly  degraded dsxtrang. I t  wse noted th a t ,  8.3 the time 

o f  h yd ro lysis  in creased , th e  re tu rn  o f degre^îe<î dextran  decres^sd. s.e shown 

in  F ig . Y .6 ., hut the  more h igh ly  degraded o f these d»xtrans g&ve the 

g re a te r  y ie ld s  o f  o ligosaooharides (estim ated v isu a lly  from chro^atograma) 

a f t e r  inotjhation w ith each o f the dextranasea (expt* 14(d ) ) .

Both o f  these  fa c to rs  were considered when se le o tlag  conditions f o r  a 

la rg e r  sca le  acid  degrselation o f B-1299 8 dextran . In  expt* 1 4 (^ ) ( l l ) f  

th e  B-1299 ^ dex tran  (200 gm.) was hydrolysed as hofora to  y ie ld  degraded 

dex tran  (55 gm .), p lus glucose and IsonaLtoae homologuaa which wore 

recovered from d la ly sa tes*

The degraded dex tran , which w ill b@ re fe rre d  to  aa AIW1299 8 dex tran , 

was ox id ised  w ith sodium metaperlodato (ex p t. 14(g )) and,from the
13experim ental r e s u l t s ,  "by applying the  an a ly rla  descrihod on pages23-31, 

i t  was ca lcu la ted  th a t  $1^ o f  th e  linkages were end l-»2*

In addition the spectrum o f the deuteratsd ^3^1299 S dextrea 

(Fig. I I I . 11 .) E.howcd a greatly increased signal ** at PP® * fron*

mailto:d@hrench.lng
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protoas associa ted  with th# g laoosid ic  iiakdgo wlioa compared with

th a t  o f tha  a a tiv a  #*1299 S dex traa  (F ig . I I .4 * ) .  fiia proaenc® o f i-^ 2  

gXucosidic linkages was in d ica ted  "by the  a d d itio n a l s ig n a l •  a  saiouldor 

a t  *5.28 ppm to  the  main peak * which was not observed in  the  epeotrum 

o f th e  1-^6 linked  B-plS dextran ( f ig .  X I.3 . ) .

( i i i )  .GAarmcterle&tion o f ollgoscicch&rides produced hv tha_.action 
of P. lilacliTum dextranase on eoid degraded 3-1299 S dextran

The A2>*1299 S dextran  was incubated with P. lilacinum  dextranase 

( th e  one chosen f o r  fu tu re  study) to  determine i t s  ’degradabillty* in  

terms o f  the reducing power (as  isom altose) o f the o ligosaccharides 

l ib e ra te d . The r e s u l ts  a re  summarized in  Table V.21# (see expt* 14 (h )).

The absence o f a lim iting value for the released reducing power, 

which i s  seen clearly  in  H g . 11.12*, i s  probably due to a slow hydrolysis 

o f the dextranase resistan t 1-^6 linkages described in  the * action 

patterns* on page 97 *

I t  i s  particularly interesting that, i f  the AB-1299 S dextran i s  

compared with the dextrans in  f ig .  I I I .9 . ,  i t  shows a far greater 

resistance to the lilacinum dextranase than could be anticipated from 

the numbers o f l-»2  links present in  the molecule. The amount of 

reducing sugars (estimated its isomaltose) liberated f̂ orn AD-1299 S 

dextran (l7i^) ia much smaller than that expoeted^^ (72^) from the resu lts  

summarized in  Fig. 111.9.$ for a dextran containing of 1-^2 lin ks.

This re s is ta n c e  was again demonstrated when paper ciiromatography o f 

the  products o f  AD-1299 £ dextran-dextranase d ig es ts  (ex p t. 14(d)) 

revealed  la rg e  emouata o f  unresolved *high molecular w e i^ it* m a te ria l.
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Bcsifî o f  Xh0  paper pjxîpeirfcles o f the reso lv ab le

C‘llgosî?3Ccîîerldô;3 from the ce d ig ests  or© ehovn in  Table 111*10..

Each eoüï.ponent gave e g;reen s ta in  w ith sprey refiren t (c ) 

c h a ra o te r ia tie  o f  a  ^ ^ su b stitu ted  reducing glucose unit*  The major 

p roducts, component a 2 and 3 ,  were chrome tograpM cally  id e n tic a l  to  

isom altose and iso m alto trio ee  in  solvent (b), but the h igher 

o ligosaccharides 2$ , 26, 27, 28 end 2$ migrated m arginally  f a s te r  than 

th e  isom altose homologues w ith degrees o f polym erisation 4 , 5 , 7 end 8

reep€'Ctively.

%ben the  Rg value {m e  page 137) o f  each o f these oon^onents was 

p lo tte d  againnt a  degree o f  polym erisation, p ro v is io n a lly  assigned on 

the b a s is  o f  the  chromatographic m igration r a te ,  a  s tra ig h t  l in e  re su lte d  »# 

in d ic a tin g  the p o s s ib i l i ty  th a t these oligo^acaharides fom ed a 

homologous s e r ie s  d is t in o t  from the isom altod t^ tz ln s, w ith which they 

a re  compared in  H.g# 111*13*.
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ïa b ls  III#  10. ûiigossxîchflriûôa produced by enzyndo 
dégradation o f AD-1299 S dextran

Component
%

Bolvent
(b)

%
sta in in g  

colour 
spray (c )

S tain ing  
in te n s i ty  
spray (a)

P ossib le
id e n t i ty

1 1#00 «, 4* Glucose

2 o#74 0.45 green 4+ Isom altose

3 0,55 0.70 green 5+ leoB ialtotriose

25 0.41 0.95 green + •Branched*
trisa c ch a rid e

26 0.27 1,10 green 1&+ •Branched’
pentasaccharide

27 0,18 1.20 green 4 •Branched*
hexasaocharide

28 0,12 1.55 green 4 •Branched*
heptasaccharide

29 0.07 1.75 green 4 •Branched*
ootaeaccharide

S u ffic ie n t q u a n titie s  o f these 'em^mio* o ligosaccharides fo r  

s tru c tu ra l  an a ly sis  were obtained by incubating the AD-1299 S dextran 

(50 grams) v l th  P# lilacinum  dextranase (ex p t. 14 (i))#

The o ligosaccharides were separated  on a carbon column, and 

components 25» 26 end 27 were re fra c tio n a te d  on paper chromatograms# 

The y ie ld s  o f  these  o ligosaccharides axe given in  Table V.22#

Some p ro p e rtie s  o f  components 1» 2» 5 (2l)» 25» 26 and 27 are  

l i s t e d  in  Table l l l . l l # »  includ ing  th e  degrees o f  polym erisation (see 

expt# 15 (a)) and o p tic a l ro ta tio n s  (see expt# 15(b))#
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Table 111*11, Pi^^ptsrtles o f some ollgosacchsxidoa 
produced by enzymic degradation o f  A3-1299 S dextran

Component D.P, (equilibrium )
\  . so lvent
0>)

%
borate

Ms*
ffiolybdato

1 m 1.00 1,00 1.00

2 1.9 +120® 0.74 0,70 0,70

3
2.9

0.5Ô 0.60 0,58

21 0.60 0.27 0.12

25 4 .0 +157® 0.42 0.50 0.46

26 5.0 +169* 0.26 0.45 0.41

27 5.9 +171* 0.16 0.41 0.38

* A fte r reduction  w ith sodiu# borohydride 

Although components 25» 26 and 27 were chromatographioally 

homogeneous in  so lven t ( b ) ,  heav ily  spotted  borate electrophoretogram s 

revealed  tra c e s  o f  components having values o f  0 .24  ( in  component 25) ,  

0,21 ( in  component 26) and 0*20 ( in  component 27), A lso, heav ily  

spo tted  molybdate electrophoretogram s revealed tra c e s  o f  reduced 

components w ith %  values o f  0,11 ( in  reduced component 25)» 0,10 ( in  

reduced component 26) and 0.09 ( in  reduced component 27)#

The p a r t ia l  a c e to ly s is  experiments (Section  I I I .C .)  had ind ica ted  

th a t  such e le c tro p h o re tic  behaviour was ty p ic a l o f oligosaccharides 

having a  2 , 6 d i-o -su b s titu te d  glucose u n it  a t  the reducing end o f  the  

molecule.

Because o f the  small amounts o f these  m ateria ls  p resen t no attem pt 

was made to  remove them from the major isom ers, but re ference i s  made
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to  them l a t e r  (S ection  X II.D (iy)} . The ch ax ao te risa tio n  o f  the 

components 1 , 2 , 3, (2 1 ), 25# 26 and 27 vaa complete as  fo llow s.

Component 1 . had chromatographic p ro p ertiea  id e n tic a l  to  those o f 

glucose end, a f t e r  c r y s ta l l i s a t io n  from aqueous e thano l, had a  mpt. o f  

138-143*0, undepressed by au then tic  D-glucose.^^

The presence o f  a  small amount o f  glucose in  the  hydrolysate was not 

unexpected as the  ’a c tio n  p a t te m ’^^ p red ic ts  th a t th i s  monosaccharide 

w il l  he re leased  in  small q u a n titie s  when jP. I tlp e im m  dextranase i s  

used to  degrade a  dex tran .

Component 2 . had ohromatographio p ro p ertiea  end m. o p tic a l ro ta tio n

c o n s is te n t %dth isom altose. On ox idation  td th  sodium m etaperiodate

(ex p t. 15( e ) )  the  d isaccharide  reduced 6 Ksoles c f  periodate  in  l ib e ra tin g

5 moles o f  formic acid  p e r mole o f  the sugar. These f ig u re s  are
85id e n tic a l  to  those provinusly  reported  fo r  iso a a lto se .

The dextransee •ac tio n  p a t t e r n p r e d i c t s  th a t  a lexgo q uan tity  

o f isom altose w il l  be l ib e ra te d  when a dextran i s  degraded by P. lilacinum  

dcxtranaeo. ,,

Component 3. had a t  f i r s t  appeared to  be chrom atographically 

homogeneous cn paper chromatograms e lu ted  w ith solvent (b) b u t, vh@n 

th i s  component was separated  on c a rb o n -ce lite  and thon rechromatographed 

in  so lven t ( b ) ,  heav ily  spo tted  chromatograms revealed th a t  component 3 

was contaminated by a  small amount o f  a  second component which m igrated 

f a s t e r  on the chromatogram, w ith an %  value id e n tic a l  to  th a t  o f  the 

tr is a c c h a r id e  component 21 obtained from a ce to ly s is  o f  B-1299 S dextran 

(S eo tioa  I I I .C . ) .

In  a d d itio n , component 3 vas no t homogeneous a f t e r  borate
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e le c tro p h o ie s is  on he&Tlly spotted  oleotroplwa^eto^irama,bslng contajcinated 

by & email emoimt o f a  slow m igrating component, whose %  value was 

Id e n tic a l  to  th a t  o f  component 21.

A fte r reduction  component J  proved to  be non-homogeneous \ihen 

eubjected  to  aolybdate e le c tro p h o re s is | containing a small amount o f a  

component whose %  value was id e n tic a l  to  th a t  o f  reduced trisao ch a rld e  

XXI -  a  c o n s titu en t o f  the  reduced component 21 (see Table 111,6.)*

From these r e s u l ts  i t  was concluded th a t  the trisa c c h a rid e  f ra c tio n  

from th e  enzym ically degraded AD-1299 S dextran contained two components | 

the  major component 3  having chromatographic p ro p e rtie s  id e n tic a l to  those 

o f  IsomaltotriOBe and a  minor component having chromatographic p ro p e rtie s  

id e n tic a l  to  those o f tr isa c c h a r id e  XXI o f  the  m ixture c o n s titu tin g  

component 21*

Components 3 end 21 w#re no t separated * bu t th e  m ixture was examined 

by p a r t ia l  a c e to ly s is  (ex p t. 15(d)) and by periodate ox idation  (ex p t. 15

( c ) ) .

The p a r t ia l  acetolysat®  contained components oîiromatographing as 

g lucose, isom altose and k o jib io se  ( t r a c e ) .

P eriodate  ox idation  in d ica ted  th a t  th e  mixed trisac ch a rid e s  reduced 

an average o f  %.% moles o f  periodate  i n  l ib e ra tin g  5*6 moles o f  fozmic 

so ld  p e r  mole (see  Table V.25* end P ig . I I I . 1 4 .) .  These f ig u re s  were 

s l ig h t ly  lower than  those reported  fo r  isom altotrloso® ^ (8 moles o f  

p erio d a te  reduced and 6  moles o f formic ac id  lib e ra te d )  but were 

c o n s is te n t w ith the presence o f a  small amount o f  tr isa c c h a r id e  XXI in  

admixture w ith ieo m alto trio se .
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The presence o f  la rg e  q u a n titie s  o f  isom altotrios©  was p red ic ted  

by the •ac tio n  p a t t e r n o f  P ., lilacinum  enzyme, hu t the  ad d itio n a l 

presence o f  tr ls a c c h a r id e  XXI was no t expected end fo r  th i s  reason i s  

considered l a t e r  (S ec tion  I I I .D .( iv ) ) ,

Componant 25* had a  paper chromatographic m igration rat® (so lven t (h )) 

s l ig h t ly  g re a te r  than th a t  o f  iso m alto te trao se , bu t in  borate  

e lec trophoresis#  and ( a f t e r  reduction) in  molybdate e lec tro p h o resis  

the  two were in sep arab le .

A fte r  Incubation (ex p t. 15(e)) in  a  standard d ig est w ith l i l a c inum 

dextranase# however, component 25 was found to  be only s l ig h t ly  degraded 

and could no t th e re fo rs  have been iso m alto te trao se . On p a r t ia l  acid  

hyd ro lysis  (ex p t. 1 5 (f))  component 25 gave fragcaents which had paper 

chromatographic m igration  r a te s  (so lven t (b )) s im ila r  to  those o f  glucose# 

isom altose# k o jib io sé  ( tr a c e )  and ieom alto trio se  -  r é s u l ta  which in d ic a te  

th a t  th e  re s is ta n c e  to  dextranase was due to  the preoence o f  the  1-^ 2 

l in k  w ith in  an otherw ise l-» 6  lin k ed  m alecule.

To determ ine the  number o f l-» 2  linked  u n lta  w ith in  the molecule, 

component 25 was oxidized with au excess o f sodium m etaperiodate 

(ex p t. 15(c))* The re a o lts  of the ox ida tion , sumaarlzed in  Table V.25* 

and M g. 111 .14 ., show th a t  9 moles of periodate  were reduced and #*9 

moles o f  formic acid were l ib e ra te d  p er mole o f the te tra sa c ch a rid e .

These f ig u re s , when compared w ith the  10 moles o f  periodate  reduced 

and 7 moles o f  formic acid re leased  per mole o f Isom altotetraos©  in d ic a te  

th a t  each molecule o f tetrasacoharid©  component 25 con tains a s in g le  l-* 2  

g luoosid ic  linkage .
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ïo  e e ts t l le h  whether the  lin k  formel a  hrartchin^ p e in t o r n o t, 

eozEponezit 25 wae laetbylatecL by tha m à  Pitrdie^^ p ro c e to e s

(e s p t.  15(g ) ) .

The- m othylateà tetrasF.Ê<.*harlde \mB thon methanolysed and tha  aiethyl 

gluoeside? ko formed were e%smtned b$' vepow  phase ohr^mstography. The 

çomponento lo ca ted  he.d th e  re te n tio n  times (HT '# eee page ehova 

i a  Table Y*27* (page )♦ «nd were Id e n tif ie d  by reference to  standard

cosijcunds, cfcrcîTÆtogrcphed on the eese colnmne, whose re te n tio n  times are
!

shown in  Table 7*26» (page ) .

The presence o f  2 ,3 ,4  ^hd 3,4#& tri-^o-acthy lt .ir.ethi^l ^ n o o sid es  in  

the  KothanüIyEate ohowed th a t  the  im jor laoi^or (o r Iso ae rs)  comprising 

coi-iponent 25 miKt have a  l in e a r  c tziic tn re ,

Three isomers which f u l f i l l  both tho re^nj regents of the perioda.t© 

ozida tlon  end icethylatlon  d a ta  are  l l te s tro .te d  la  F ig. I I I . 15*

I-iomerXCH can, however, bo ru led  ont fo r  tlm ni.gration r a te  In  

bo rate  e leo tro p h o ree is , end s ts in in g  property  (green with spray (c ))^^  

o f co£^oncnt 25 in d ica ted  th a t  the oligosaCGlifu-ide hod a  d -o -su b stitu ted  

glucose u n it  e t  th e  reducing end of the moleoiile.

The more d i f f i c u l t  pioblem o f  ew tabllsljlng th e  presence oi? absence 

o f isomers I€OTII and 3CCDC renmined.

has overcome a s im ila r  problem in  loo&ting tîie  p o s itio n s  

o f 1-^3 and l-^ 4  branched glucose u n its  in  otherwise l-> 6  linked  

o ligosaccharides (see Fig# H I.7«}» by sub jec tlng  %hé aolec'olea to a 

process of ^reduotif e ex-osioii^ *

The tsoiiniquo involved a  progressive fragm entation o f the  reduced
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oligoceccfcaride ar;d the r.nd id e n tif ic L tio a  of the frz^.giiients

1'7 piipex- ahr-3Tnat/5gr?ph '̂ atid eleotiephorasiB  in  a o ly t la te  e le c tro ly te .

Ir. esecatl& l requirem ent o f  thi.s method vsa , however# the.t a f r è t e n t  

con tain ing  a t in g le  ^hiimched* (eeoondary g l^^oeid le) lisk a^#  ehouli he 

eeparahlo in  paper chromatcgrapliy frcia the Isoaalto&e homologue o f 

cqui,Y£lent de&reg o f poljn;:srl£o.tion.

Ihiss requirement prevented the* d ire c t  ap p llo c tlsn  o f  th ig  method ta  

coaponant 25# fo r  although l-» 6  linked olig)jfacchrridoR contain ing  & 

a in g le  l-^ 2  linkage do m igrate a t  & f a s te r  r a ta  than isoasltoB e hcmologuea 

o f  équ ivalen t degree c f  pslym erioüticn# th-a l if fe rc n c c  ia  b o  f l ig h t  th a t 

adequate raeo lu tio n  o f m ixtures c f  ths tv/0 ±s not p ra c tic a lly  possible#

TiSr. approach did# however, suggoat ü s im ila r BOher,ie in  vhich 

frogm.ents from the degraded molecule wars id e n tif ie d  hy electropLorceia# 

but which did not req u ire  qaparating Isom altosa homologaes from fragmenta 

con ta in ing  the X-^2 linkage .

The bssig  f o r  the method# diseunded in  awotlan IIX.A* re s ta  on the 

f a c t  th a t glnoGae o ligO Q aacharide^f equivalent moleoular w e i^ t#  

term inating  In, e i th e r  a  c-o-a& bctitutvd# 6**o-sub$tltutad o r a  2,6 

d i^ o -a u h stltu ted  reducing end m iit w ill  behave d if fe re n tly  l a  borate and 

( a f te r  reduction) in  laolybdate e lcc tiophorea ia  •  differeacG s wMch make 

possib le  tne separations ou tlined  in. f ig .  111.16.

A fte r p a r t ia l  dégradation (F ig . 111.17.) the isomexia tetrasaocdxaxldeg 

1A V ÏIÎ and M.ÏX w ill  each give conzson d i sac char i0.e f ra c tio n s  containing 

k o jih io se  and iaow altoee, but tho trisacch ax id s  f ra c tio n s  w ill  be 

d if fe re n t  I degradation of isomer 2 X V X I I  w ill  give rij^e to  the



F\C\URE. m,. SCHEME. Fo r  SEpARKT\M(h 121

OLl(KOSACCH^R\pES FROM A p -\Z < )< )S  DEXTRNY4

6 - 0 - S U B S T \ T U T E 1 >  CnLUCOSE.
^  -  0 — "  ̂ ,
6 -  0 -  " u ,

©  3oRAiTC ELECTR0PH0RES\S

H\CiH Mc^

6 - 0 -  S u B S T \T U T E p  
C-iUUCOSE.

®  R E D U C T \0H

®  MOL'YBpKTE-
E.LE.C lRoFH O R ES\S

H\GyH H<5

V
L ovJ H ct

2 - O -SuB ST \T U T E p C\LUCOSE.. 
2^6 - o  -  *' u *

®  R E pU C T IO rd

®  M O LX B PA TR
ELECT ROPH ORES \S

L o W  M s

6 - 0 - SUBSTVTUTEp G^LUCvTOU. 2 ,  6 “ O -  S u B S T \ T U T E p
2 - 0 -  " “ . G\LUC\TOL..
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tr is a o c h a rid e  XIX and iso iaalto trlose#  bu t 1 corner XXIX w il l  produce 

tr is a c c h a r id e s  XIX and XX#

A lth o u ^  these  trisa c c h a rid e s  have e s s e n tia l ly  the  came paper 

chromatographic m igration r a te s  iso m alto trio se  and t r i  saccharide XIX, 

which have 6 -o -su h s titu te d  reducing end u n i ts ,  w ill  m igrate f a s te r  l a  

bo ra te  e lec tro p h o res is  (%  approx. O.60) than trisa c c h a r id e  XX 

approx. 0 .28) which has a  2*o-substitu ted  reducing end u n i t .

In  p ra c tic e  lo c a tio n  o f two components (%  approx. O.6O and 0.28) in  

bo ra te  e lec tro p h o res is  o f  the trlsaco h a rid e  f ra c tio n , from p a r t ia l  

degradation  o f component 25» w ill  in d ic a te  the presence o f  t r i  saccharides 

XIX and XX which could only come from isomer XXIX. A s in g le  component 

( l^  approx. 0 . 60) in  borate  e lec tro p h o res is  w ill  in d ic a te  th a t  only 

iso m a lto tr io se  end trisa c c h a r id e  XIX from isomer XXVIII are  p resen t.

I f  component 25 i s  a  m ixture o f  isomers XXVIII and XXIX th is  w ill 

be r e f le c te d  In  a  g re a te r  s ta in in g  in te n s i ty  o f  the t r i  saccharide 

component %  approx. 0.60 when compared w ith th a t  o f  the slower component 

%  approx. 0.28 on the  ©lectrophoretogram.

The p a r t ia l  degradation o f  component 25 by ao e to ly sie  reagents i s  

described  in  expt# 15(d). P a r t ia l  ace to ly s ia  was chosen in  preference 

to  p a r t ia l  ac id  hydro lysis  because o f  the g re a te r  y ie ld  o f  fragments 

con tain ing  the  l-^ 2  linkage which could be expeoted^^ (see Section I I .D .) .

The deaoety lated  products were separated on paper chromatograms in  

so lven t (b ) ,  and a f t e r  e lu tio n  the d isaccharide and trisecchax ide  

f ra c tio n s  were examined by e lec tro p h o resis  In  borate  and molybdate 

e le c tro ly te s .
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The résultés c f  the^e er© sîioim l a  fa h le  I I I . 1 2 ,. The

dlsacchcixldeg iso la te d  he& chromatographlo p ro p e rtie s  co n s is ten t v i th  

those o f k o jlh io se  and iaom altooc, hut h o rate  e lso trophorea is  o f  the 

tx isacc h arld e  f ra c t io n  revealed  two components %  0.61 and 0,2% wlilch 

a f t e r  reduction  m igrated as a  s in g le  component %  0.58 *• f ig u re s  which 

in d ic a te  th a t  tr lsa c o h a rid e  XX (from isomerXXIX) was a  component o f th is  

f ra c t io n .

The s ta in in g  in te n s i ty  of the component w ith 1% 0.61 was approximately 

th re e  times g re a te r  than  th a t  o f the slower component w ith  %  0.2%# from 

which i t  was concluded th a t  isomer XXITIII was presen t in  admixture w ith 

isom er XHX,

Table I I I . 12, Products o f  th e  p a r t ia l  ao e to ly sis  o f
component 25

Degradation
product

%  , ,  
so lven t (b)

%
borate

Ms*
molybdate Id e n tity

25.1 1.00 (3+) - Glucose

25.2 0.82 (+) 0.30 0.65 X ojiblose

25.3 0.74 (♦) O.TO 0,69 Isom altose

25.4 0.55 (2+)
0.51(3+)

0.58
Iso m a lto tr io se , ,  

T rlsaoeharide XDC

0.27 (+) T risacchnride XX

♦ A fte r réduction

The f ig u re s  In  p aren th esis  r e fe r  to  th e  * re la tiv e *  s ta in in g  
in te n s i t ie s  o f the components w ith spray ( a ) .

■ Although te tra sacch arid es  have been observed in  the o llgosaocharida 

p a tte rn s  o f  n a tiv e  dextrans degraded by P. funiculosum^^*^^ and 

la c to b a c illu s  b lfldug^^ dextranases they had been absent from s im ila r
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p.. lila.cinvLïïJ^*^^ d ig e s ts .  The Importance o f  the te tra sacch a rid es  X X m i 

and XXIX w ill  th e re fo re  he considered l a t e r ,  w ith resp ec t to  both the 

B-1299 S dex tran  s tru c tu re  and the 'a c tio n  pattern*  o f  the  P. lllaclm im  

dextranase*

Component 2$ had a  s l ig h t ly  g re a te r  m igration r a te  in  so lvent (b) 

than isom altopentaose, from  which i t  was inseparab le  by borate  and ( a f te r  

reduction) molybdate e lec tro p h o res is .

Component 26 was, îiowever, only s l ig h t ly  degraded by P. lilaeinum  

dextranasQ (expt* 15(e)) end could no t have been leom sitopentaose.

F r t^ a i t s f x o a  tW  p a r t ia l  ac id  hydro lysis o f component 26 (exp t. 1 5 (f))  

had paper chromatographic m igration r a te s  s im ila r  to  tlioae o f glucose, 

k o jib lo se  ( t r a c e ) ,  isom altose, iso m alto trio se  end 'ieom alto te traose* .

To e s ta b lis h  v i t h  more c e r ta in ty  the id e n t i ty  o f the  * isoiaalto tetraosô*, 

th i s  component was e lu ted  from the  paper chromatogram and incubated w ith 

P. li l? ,c lnum dextranase (ex p t. 15(c))*

Paper chromatography (so lven t (b ))  revealed  th a t  approximately h a lf  

th e  *tetrasaochGrid©*had been degraded to  products chromatographing as 

g lucose,isom altose and iso m alto trio se  (bu t not k o jib io se ) . Reference to  

P ig . I I I .  18. m which shows th e  only two dextranase degradable 

te tre saco h a rid es  which could have been produced by ac id  ty d ro ly s is  o f  

component 26 ■* in d ic a te s  t iia t these products could only have com© from 

iso m alto te trao se .

I t  would, th e re fo re , appear th a t  component 26 co n s is ts  ( in  p a r t)  o f  

isomers which had a  backbone o f  fo u r dt*.(l-»-6) linked  glucose u n its  to  

which ancC»(l-^2) linked  u n it  i s  a ttached  to cause the  re s is ta n c e  to  

dex tranase .
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To determ ine whether each molecule contained only a  s in g le  I -#-2

l in k  component 26 was oxid ised  w ith codinm m etaperiodate (ex p t. 15( c ) ) .
.tfie

The r e s u l ts  o f | ox id a tio n , summarised in  Table V.25. and F ig . I I I . I 4 . ,  

show th a t  10.82 moles o f periodate  were reduced and 6.85  moles o f formic 

acid  were re leased  p e r mole o f  th e  pent?.saccharide.

Comparison o f  these  ox idation  fig u res  >dth those from isom altopentaose 

(12  moles o f  periodate  reduced and 8 moles o f formic acid  lib e ra te d )  

confirm th a t each molecule o f pentssacoheride component 26 contains a  

s in g le  l -^2  linked  glucose u n i t .

The proposod^^ •ac tio n  pattern*  o f  P. lil?ci?mm dextranase in d ica ted  

the p ro b a b ility  th a t component 2 $ had a  brencbl^^ s tru o tu re . To ob ta in  

confirm atory evidence the  pentasaccharide was methylated by the Kühr?^ 

and F o r d p r o c e d u r e s  (ex p t. 1 5 (g )).

The m ethylated component 26 was methanolysed and the  methyl glucosides 

lib e ra te d  were exsjrimed by vapour phase chromatography.

The components lo ca ted  had the re te n tio n  times shovm in  Table 7.28# 

(page 22^)» were id e n tif ie d  by reference to  standard compounds ** 

chrometographed on the  earns columns #» whose re te n tio n  times ere  shown in  

Table 7 .26 .

The presence o f  the  methyl glucoside o f 5,4#6 tri»o-m ethyl glucose,

and absence o f  the  methyl glucoelde o f 5 ,4  di-o-m etbyl glucose, Ind icated

th a t  the  l -^2 l in k  o f component 26,  co n trary  to  the expectations o f the  
91•ac tio n  pattern*  formed a non-branching p o in t.

Tho fo u r isom eric pentasaccharides viiich, cn the evidence c f  the  

p erio d ate  ox idation  and m éthylation experim ents, could comprise component
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2 6  ar© shown in  F ig. I I I . 19.

isom er XXXXI can b© ru led  o u t, fo r  the  e lec tro p h o re tie  and s ta in in g  

p ro p e rtie s  o f component 26 in d ic a te  th a t  i t  has a  6-o«*3u b s titu te d  reduoing 

end u n i t .  Inomer XXXVIII being the only remaining s tru c tu re  based on the 

iB om alto tetraose system ( id e n tif ie d  in  p a r t ia l  aoid h y d ro ly sa tes), must 

equally  be p resen t.

F u rther, the ’ac tio n  p a tte rn  in d ic a te s  th a t  s tru c tu re  XXXVIII 

would be s ta b le  to  the  ac tio n  o f  P .i i l p c i num dextranase.

Two isomers XXXIX and XXXX remain which do no t have the 

lEOmeltotetrao?© backbone. Of the.?» leomer XXXIX could be expectel to  

be r e s is ta n t  to  hydrol%/ris by dex tranase, but isomer XXXX has a  s tru c tu re  

which should be re a d ily  hydrolysed by dextranase (see H g . I I I . 21. ) .

A more d e ta ile d  examination o f the  © truoture o f  component 26 was, 

iiowever, po ssib le  by the scheme o f  degradation ou tlined  in  f ig .  111. 20. .

By th i s ,  p a r t ia l  de.gradc.tion o f  each isom eric pentasaccharide w ill give 

a  comma dlaacoharlde f ra c tio n  contain ing  ko jib lo ae  and is o m lto s e ,  but 

the tr ia a c ch a rid e  and te traaao ch a iid e  f ra c t io n s ,  although paper 

chrom atographloally hamogeneous, w ill  have d if fe re n t e lec tro p h o re tic  

p ro p e rtie s .

Isomer XXXVHI w ill  give iso m alto trio se  and trj.sacoharide  XIX which 

term inate in  es, 6-o -cubst.ttu ted  reducing glucose ixnit, and w ill th e re fo re  

have id e n tic a l  m igration r a te s  in  borete  e lec tro p h o res is .

Isomers XXXIX and XXXX w ill  give the  same th ree  t r i  saccharides, one 

o f  which ( tr is a c c h a r id e  XX) term inates In  a 2 -o -su b stitu ted  reducing 

glucose u n it  and w ill  have a low r a te  o f m igration in  borate  e lec tro p h o res is .
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l30iaeo? aad/oi' X/ZKX y i l l ,  thai'&fure# %)@ iadisafced by t}i«? of

two coüipôiionts 0#60 &itd 0*28) i a  bor&t# o f the

titlsaooliarido frao tion*

Esaiuiaatioa o f th e  te trasaooharide  l^ a o tio a  ©ïiows th a t  isomera 

XliZVXIX arid XXXIZ w ill  give OidLy tetx*asaechai*idea term inating  in  a  

6#»o-8nb8titutod reduoiisg gXnoose n n i t ,  which w ill  m igrate in  borate  

© Isctrophorosle aa a  s in g le  component wliose %  value w ill  be e im lla r to  

th a t  o f  isom altoteLcm ae (%  approx* O.^O)*

1 comer XKM w ill  give te tra sao ch arid e  XXXI which las a  2-*0‘*-au'b3tituted 

redaclog end u n it  end w ill tliera io re  have a  much slower m igration r a te  in  

borate  eleatiopijoxesis* Ihe presence of i&omar XXXX w ill be ind ioated  

by two oompoaouta (%  approx* O.pG and 0*24) in  borate eleotrophorosla o f  

the  ts tra sa c c h a rid e  fran tion*  A lim ita tio n  o f ih ia  analyslâ  i s ,  however# 

th a t  tils preaoïice o f  isomer XXXIX cannot be estab lisiied  in  m ixtures walch 

a lso  con tain  isomer XX%X*

The paxtisX aoetolywia of component 26 i s  described in  expt, 15(d)i 

the deaccty la ted  px-oducts were f ra c tio n a ted  on paper otcTOMatograao and 

exaiilneà by borate and ( a f te r  reduction) by molyMate eXectrophoreoie*

The r e s 'ü t s  ere  smmmRrlzed in  Tab!® 111*13#

The d isaeciiarides loca ted  huâ ciiromatographio p ro p ertie s  id e n tic a l  to  

those c f  k o jib io se  and Isomaltose# but borate  e lec tro p h o resis  o f  the 

tr is a c c h a r id e  f ra c tio n  revealed two components (%  0*60 end 0,2?)# which 

a f te r  reduction  migrated &s a s in g le  component in  molybdate e lec tro p h o resis  

f̂ S 0*58) ^ f ig u re s  which &how th a t ir isa co h a rid s  X X  from isomer XXXIX 

and/or XXXX was p resen t in  th is  frac tion*
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Table I I I . 13. Produc ts  o f  th e  p a r t i a l  a c e to ly s i s  o f  
component 26

D egradation
product so lv e n t  (b)

%
b o ra te molybdate I d e n t i t y

26.1 1 .00(2+) Glucose

26.2 C.83( +) 0.30 0.70 K o jib io se

26.3 0 .74 (  +) 0.70 0.70 Isom alto se

26 .4 0 .56(2+)

0 .60(3+)

0.58

I s o m a l to t r io s e  
T r i s a c c h a r id e  XIX

0.27( +) T r i sa c c h a r id e  XX

26.5 0.40(4+) 0.50 0.47
Iso m alto te trao sG  
T e t ra s a c c h a r id e s  
XXVIII, XXIX

* A f te r  r e d u c t io n

The f ig u r e s  i n  p a r e n th e s i s  r e f e r  to  th e  r e l a t i v e  s t a i n in g  
i n t e n s i t i e s  o f  th e  components w ith  spray  ( a ) .

Exam ination o f  th e  t e t r a s a c c h a r id e  f r a c t i o n ,  however, re v e a le d  a 

s in g le  component (l-In 0 , 50) i n  b o ra te  e l e c t r o p h o r e s i s ,  which a f t e r  r e d u c t io n  

had an Eg v a lue  o f  0 . 4 7 ’'in  molybdate e l e c t r o p h o r e s i s .  This  in d ic a te d  t h a t  

t e t r a s a c c h a r id e  XXXI from isom er XXXX was absen t  from the  t e t r a s a c c h a r id e  

f r a c t i o n  o f  component 26 , which must, t h e r e f o r e ,  c o n s i s t  o f  a m ix ture  o f

isom ers XXVIII and XXXIX.

The im portance o f  p e n ta sa c c h a r id e s  XXXVIII and XXXIX w i l l  be 

cons idered  l a t e r  (S e c t io n  I I I . D ( i v ) )  w ith  r e s p e c t  to  bo th  the  B-1299 S 

d ex tra n  s t r u c t u r e  and th e  ’a c t io n  p a t t e r n '  o f  the  P. l i la c in u m  d e x t ra n a se .  

Component 27 had a paper chroma to grapl li c m ig ra t io n  r a t e  s l i g h t l y  g r e a t e r  

than  isom altohexaose  from which i t  was in s e p a ra b le  in  b o ra te  and molybdate 

e l e c t r o p h o r e s i s .
U nlike  isom altohexaose ,  component 27 was only  s l i g h t l y  degraded by 

P. l i ln c in u m  d e x tra n ase  ( e x p t .  1 5 (e ) ) .
P a r t i a l  ac id  h y d ro ly s is  (e x p t .  1 5 ( f ) )  re v e a le d  components 

chrom atographing as g lu c o se ,  iso m a l to s e ,  k o j ib io s e  ( t r a c e ) ,  i s o m a l to t r io s e .
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•isom altotetraosô* and *1aomaltopentaoae*#

component chromatograpl^ng as ^Isom alto te traose’ was considerably 

degraded ty  dex tram sa  (expt* l$ (e ) )  and gave products which chromatographed 

as glucose» Isomalto se and Iso m alto trio se  (but no t ko jib iose)#  These 

products could only have come from isom alto te traose  (see  fig#  I I I . 18#)# 

Component 27 must» therefore#  con tain  compounds based on the isom alto te traose  

un it*  In  a  s im ila r  incubation  w ith dextranase the  component chromatographing 

as •isomaltopentaose* vas ex tensive ly  degraded to  give products 

chromatographing as glucose# Isomaltose# and iso m alto trio se  (bu t no t 

ko jib io se)*  f ig u re  I I I #21# shows the  only th ree  dextranase degradable 

pentasaccharides which could he produced by hydrolysis o f  component 27# 

from which i t  would seem th a t  component 27# contained o ligosaccharides based 

on an iaomaltppent&Oee u n i t .

However# s im i la r i t ie s  in  the  chromatographic p ro p e rtie s  o f each o f  

the tr is a c c h a r id e s  l ib e ra te d  from the  pentasaccharides in  Fig# I I I# 21# 

make th is  id e n t i f ic a t io n  m  means certa in#

The number o f 1-^2 lin k s  in  each moleoule was deteimined by 

o x id is in g  component 27 v i th  sodium m etaperiodate (expt# 15(c))# The 

r e s u l ts  summarized in  Table T#25* and fig*  III*  14* -  show th a t  f o r  each 

molecule o f  th e  hexasaocharide 12.6 moles of periodate  were reduced and 7#& 

moles o f  formic ac id  lib e ra ted *  Under s im ila r  conditions Isomaltohexaose 

reduced 14 moles o f periodate  in  l ib e ra tin g  $ moles o f formic aoid# which 

in d ica ted  th a t  component 27 consis ted  o f  a  m ixture o f compounds, cone o f 

which probably contained a  s in g le  and o th ers  two l-^-2 lin k s  p er molecule.

This f a c t  prevented a  s a tis fa c to ry  s tru c tu ra l  an a ly s is  o f  the
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hexasaochaxldô by the  methods o f m éthylation and p s r t i a l  ao e to ly sia  

p rev iously  described». The follow ing in fo rm tio n  vas# however# obtained# 

Component 27 was m ethylated m  described  i a  experiment 15(g) and# 

a f t e r  methanolysis# the  lib e ra te d  methyl glucosides were examined by 

vapour phase chromatography. The r e s u l ts  a re  shown in  Table V#2S># and 

the components were id e n t i f ie d  by reference to  the standard methyl 

^ u c o s id e s  shown in  Table V#26.

The major components correspond to  2#5#4,6 tetra-# and 2#5»4 tri^ o *  

methyl# methyl glucosidea a l th o u ^  a email amount o f 5#4 i^ tri-o-m ethyl#  

methyl g lucoside a lso  appeared to  be present*

From these  r e s u l t s  i t  was concluded th a t  component 27 contained 

p rim arily  non#branchii2g oligosaccharides#

P a r t ia l  ao e to ly s ie  o f component 27 (expt* 15(d)) gave a disaccharido 

f ra c t io n  con tain ing  k o jib io se  end isom altose (Table 111*14#)# but borate  

e lec tro p h o res is  o f  th e  tadsacchaxide f ra c tio n  rèvealed  two components 

(%  0#59 end 0 . 25) which a f te r  reduction  m igrated as two components 

(%  0*58 and 0 #10) in  molybdate e lec tro p h o res is .

The te tra sa cc h a rid e  f ra c t io n  a lso  m igrated as  two components in  

b o rate  (%  0*50 and 0 . 21) e n d ,a f te r  reduction# in  mOlybdate (î% 0*50 end 

0 . 0$) e lectrophoresis*

The pentasaccharide f ra c tio n  m igrated as  a  s in g le  component i n  both 

b o ra te  (%  0 , 42) end ( a f te r  reduction) in  molybdate (%  0 . 42) electro-# 

phoresis*

These r e s u l ts  in d ic a te  the  presence o f tr isac ch a rid e  a end 

te tra sac ch a rid e s  w ith 2-o -  end 2# 6 d i-#o-substitu ted reducing end un its#
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bu t show th a t  a l l  the  have only é -o -îtunstltu tod  reducing

end u n i ts .

I f  these  fr&gmento are  subjected to  the  stone in te rp re ta tio n s  as those 

from coisjionents 25 and 26 (sea Figures 111,17, end I I I . 20 .) i t  would 

appear th a t  ccroonent 2? could co n s is t o f  a  mixture o f  a t  le a s t  the s ix  

c ligosaccharidee  shov/n in  F ig . I I I . 22.

Table 111, 14.  Products from the  p a r t ia l  ao e to ly sia  ~ 
o f  component 27

D egradation
I«roduot

%  , ,  
so lven t (b)

%
borate molybdate Id e n tity

27.1 1 . 00( 3+) Glucose

27,2 0,82( +) 0.31 0.71 K ojibiose

27,3 0.74(+) 0.72 0.71 Isomaltosd

27.9 0 . 40( 2+)
G,5ü(4+) 
0 .2 l(  +)

0.50(9+)
G.09( +)

Mixed
trlsacch a rid es

27.6 0.28(2+) 0 .42 0.42 !üxad
pentasaccharides

*  A fte r reduction

The fiipares In  p e re rth e s ie  r e f e r  to  the  r e la t iv e  s ta in in g  
in te n s i t ie s  e f  the componemts id th  spray (s.).

Hexasaocharides XXZXHmd XZXXIH could w all be presen t because they 

have stin îc tu rcs c in i la r  to  those assigned to  components 25 ®uid 26.  In  

addition» icomer XIXXHChae an isom altopentaose *bsnkbone * and could 

exp la in  the r e s u l ts  o f  tkie p a r t ia l  ecid  hydro lysis/dex tranase d ig est 

experim ents. Isomer XXXnH should be s tab le  to  dextranase» a l th o u ^  

whether isom er HGCXH would also  be s ta b le  i s  u n certa in .
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c l & e e  XXTXIXI, ICSZIV M d XKTOT appear to  be th e  

only l in e a r  boxaeacoharldes which oo^ld contain  tvo l-^  Z l in k s  mid. s t i l l  

give the prodiieta observed in  the p a r t ia l  ace to ly sa te  o f  component IT# 

l^sxtiaX îJCstC’ly e is  o f  component ET Ind ica ted  th a t  the  iri^stur© . 

contained branched atruo turcs*  In  the abeem e o f & 1-^2 branched 

pentacaecharlde o f  the kind ^ m m  In  Fig* 111#%# I t  i s  ‘onlikeXy th a t any 

branched hexaeaccli^ride conld be p resen t in  which th e re  was a  s in g le  

l-» 2  linked  gluooapl u n i t .  Homc^^cdioride be praeont f o r

th is  c ligosaooharids imuld give dégradation products c i rd la r  to those 

obeezved in  t)ie ace tc lypate  o f  comi-&nent 2%*

( iv )  Pirinr.K' o f  m s u i ts  in  ? 2*tion  IT I.h , ar.-d Fjom ;y?nsr?l conclusions 

The s tru c tu re s  o f tatri'-3a.och:*ri.d© %K3% mid pen tasaccturide %%%!% 

c le a r ly  Indio  a t q 'ihat the  ecid  dsgz-£?d.ed iUD-12̂ 3i S dextron contains i n t r a  

cliain l-*-2 2Inks |  end ^eovlde fu rtlie r  e’/idenoa th a t In  the rm tii'e S
— f-,

d e x tr in  bratioh-os occur which are îKa^e then a s ing le  gluooe^ im i i  Jong
, v -  /

(oe© s tru c tu re  ZZXIII* F5.g« I I I . 5 . ) #

Although pericd a te  oxidation  o f S doztran h?id ind ica ted

th a t  o f  tho gluGOso ixnito are l-^ 2  lin k ed , an e z p o r l f ^ t  of th is  kind 

cannot cpooify the s i t e  o f  these Hnkages wMoh make i t  p o ssib le  fo r  the 

’enzyïïîic* oligosnooharidea to  have e riean  from degradations a t  branching 

o r  non-branching eec tlcn s  o f the m olecule.

However, the abesnco c f  a  *branchedi pentasacoharlda In  the ^h-l2P9 S 

dartre,n hydrolys&te -  which had been observed In  dextranase d ig e s ts  o f  

32-1375^^ and dextrans -  i s  a  good in d io e tio a  th a t  branches

c o n s is tin g  o f  a c ing le  linked  gluoosÿ'l u n it  ai'o e i th e r  no t
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accessib le  to  the  dextranase o r  no t p resen t in  the  ac id  degraded dextran#

I t  may th e re fo re  be assumed th a t  th e  •enzymio* o ligosaccharides from 

AB-1299 S dextran  have a r ise n  from hydrolyses a t  non-branching p o in ts , o r  

where the branches c o n s is t o f  more than one glucose u n i t .

The •ac tion  pattern*  proposed by Eutsoa and Weigel^^ f o r  P. lilacinum  

dextranase can, however, most adequately explain  the s tru c tu re s  o f  the 

t e t r a  and pentasaccharides (and hexssaccharidee XXXŒand XXXXIITif 

p resen t)  i f  i t  i s  accepted th a t  they a r is e  from hydrolyses a t  non^branching 

cen tre s  o f th e  kind shown in  F ig , H I , 23# In  ad d itio n , the hexasaochaxides 

in  the  m ixture comprising component 27 , which appear to  con ta in  two l-» 2  

lin k s  may w ell have a r ise n  from s im ila r  hydrolyses where l-^ 2  linked  u n its  

a re  ad jacen t o r  in  c lo se  proximity#

I t  i s  in te re s t in g  to  no te  th a t  i f  these o ligosaccharides d id  o r ig in a te  

from hydrolyses a t  non-branching cen tres  then th e  ’ac tio n  pattern*  ( ï i g ,  

111, 23#) would appear to  req u ire  the t r i  saccharide XH to  be in  the 

hydrolysate#

The experim ental evidence does no t in d ic a te  th a t  th is  fragment i s  

p resen t in  the  hydrolysat© and i t  may w ell be th a t  •  as appears to  be the
OR

case w ith 1# b lfld u s  d e x tra n a s^  where a  tr lsaco h a rid e  could a lso  have been 

expected -  in  p ra c tic e  the enzyme system cannot remove a  fragment o f  th i s  

type#

In  c o n tra s t , the tra c e s  o f o ligosaccharides in  the  enzyme hydrolysate 

which appear to  have 2 ,6  d i-o -su b s titu te d  reducing end u h its  (see  pagellj ) 

ere  very  probably fragments which the F, lilacinum  dextranase has removed 

from the reducing ends o f  the  ilD-1299 S dex tran  chains, because the 'a c tio n
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91pattern*  caaanot otherw ise aooouat fo r  the presence o f  oXigosacoharides 

w ith  t id e  arrangement a t  the reducing end#

F ig . I I I . 24. ,  f o r  ezample, I l lu s t r a t e s  en arrangement a t  the reducing 

end o f the A]j-#i299 8 dextran  vtdch could have given r i s e  to  trisao eh a rid e  

XXI (sea  page 11̂  ) .

The p ic tu re  p reasated  here of the prchabla course o f the  dextranase 

JiydroXysis o f  Ah«-1299 S doxtrtm  rs ip iire s  many of the l-^ 2  lin k s  to  be a t  

(dextranase access ib le )  iw>n*branching p o in ts j in  c o n tra s t to  the n a tiv e  

B -I299 S dex tran  in  which a l l  the I-*-2 l in k s  form branching points#

The reasons fo r  these d iffe ren ces  become apparent i f  the acid  

hyd ro lysis  re a c tio n  i s  examined in  g re a te r  d e ta i l .

Experiments o f  Wolfrom^^ and îîatsuda,^^ w ith oC-P-gluoopyranosyl-D- 

^u co ses»  have in d ica ted  th a t  in  these  s im ila r  environments cC-(l-»2) 

glucosidi©  lin k s  have a  fax  g re a te r  r a te  c f  ac id  hydro lysis than cC*(l-*«6) 

linkages#

Where th e i r  environments are  d if f e re n t  the  same cC#-linkagea may no t 

have equal hydro lysis  ra tes#  Foe example, Jo n ea^ ^  has shown th a t  the 

h ÿd ro lysis  r a te  o f the cC-(l-^6) l in k  a t  the non-reducing end o f  

iso m a lto tr io se  i s  1#7 tim es g re a te r  than th a t  a t  the reduelng end o f the 

m olecule, w M lst in  s ta rc h  hydrolyeates^*^ glucose i s  th e  f i r s t  d e tec tab le  

product followed by o ligosaccharides o f  p rogressively  in creasin g  molecular 

size#

I t  l e  th e re fo re  probable th a t when B-1299 S dextran i s  acid  

hydrolysed <

a) on dC,-linkage À a t  the  non-reducing end; o f the czmin %dll hu-ve a
,0n

g re a te r  rat® o f  ac id  hydro lysis than -linkage; n ea re r the middle o f
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the  same chain*

b) <<-(!-♦• 2) liîikages a t  non-rsdacicg ends o f the chains w ill  have a

h igher r a te  o f hydro lysis than s im ila r ly  positioned  o c -( l-» 6) links# 

Thus hydro lysis o f  a  * segment* o f the  n a tiv e  3-1229 S dextran (Fig* 

111*25*) could he envisaged as a  th ree  stage process involving in  

approximate o rd e r1

a) hyd ro lysis  o f  c c - ( l-^ 2 ) linked  non-redxxcing term inal residues 

h) liydro lysis  of s im ila r  o c -( l-^ 6) linked  residues 

0 ) progressive erosion  o f th a  remaining chains p r in c ip a lly  from the  

non-reducing ends*

Although no s a tis fa c to ry  reason can he advanced to  exp lain  the 

g re a te r  r a te  o f acid  hydro lysis  o f the o c-(l-^ 2) l in k  compared w ith the 

oC-(l-^Ê) l in k ,  the g re a te r  acid  l a b i l i t y  o f  the non-reducing term inal 

linkages can he accounted fo r  i f  a  mechanism involving a  cy c lic  in term ediate  

opera tes  i a  dextran  hydrolysie*

This mechanism o f  aoid hyd ro ly sis , which was f i r s t  proposed by 

Edward has re c en tly  gained favour, end Involves the  s tep s  o u tlin ed  in  

Fig* 111*26. -  where i t  i s  applied  to  an cC-glueopyxanoside* I n i t i a l l y  

p ro tona tion  o f the g lucosid io  oxygen atom occurs to  form the conjugated 

ac id  A, followed by h e te ro ly s is  o f  the exocyclio oxygen to  carbon atom 1 

(Cx) bond to  give a  cy c lic  carbonium^oxosaium ion  B which probably e x is ts  

in  a h a lf  c h a ir  conformation D* Beaetion with water then gives the 

pro tonated  reducing sugar B from which the reducing sugar E i s  formed*
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The r a te  deteraiining ctep  i s  the  form ation o f the  carhonium-oronitim 

io n , which Involves a  n e t eonnterclockwise ro ta tio n  about the  O2  to  

and to  bonds# Evidence In d ic a te s  th a t  th e re  i s  a d ire c t  re la tio n sh ip
î»9

between the hydro lysis  r a te  and the  ease o f  ro ta tio n  about these bonds#"

One fa c to r  which in creases  opposition  to  tiiese changes, and so decreases 

th e  r a te  o f glucoside hydro lysis  i s  the presence o f a  bulky su b s titu en t 

on e i th e r  p o s itio n s  0^ o r  o f the  glycon ring#

The higlier r a te  o f  hyd ro lysis  o f  term inal gluoosidio lin k s  in  B-1299 S 

dextrun could th e re fo re  be accounted fo r  by the absence o f bulky 

su b s titu e n ts  on e i th e r  C^, C^, o r  0^ o f  the term inal non-reducing 

glucose resid u es  -  widch would f a c i l i t a t e  oarbonium-oxoniuia ion formation# 

The g re a te r  re s is ta n c e  to  hydro lysis o f a  g lucosid ic  l in k  s itu a te d  

fu r th e r  from the  non-reducing chain  end could conversely be due to  the  

f a c t  tlia t oarbonium-oxojaium io n  form ation, in  th is  case , would req u ire  

f i r s t  the  re o r ie n ta tio n  o f an e n tire  chain (o r  chains) o f  glucose units#

In  conclusion , the more im portant p o in ts  made in  these experiments 

may be summarized as fo llo w s3

a) The reasons fo r  the  f a i lu r e  o f dextranaaes to  hydrolyse na tive  

B-1299 S have been considered!- the main fa c to r  appeared to  be th e  high 

degree o f  branching, although experiments w ith en acid  degraded dextran 

(iID-1299 S) in d ica ted  th a t  the  B-1299 8 dextran had a lso  a •resistance*  

to  dextranase which must have been due to  some o th er fe a tu re  o f the 

molecule -  p o ssib ly  the  presence o f many sh o rt chains o f « ^ -(l-^6 ) linked  

glucose u n its  o r  o f  many branches more than one glucose u n it  long#
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b) Th# enî3j^mio dégradation o f an aoid  degraded dex tran  (A2**X2̂ 5 S)

gcve l in e a r  t e tm  and pentaaaoolisridee wha^e s triio tu res  vere re la te d  to
91a  preTio'Jfîly proposed p a tte rn *  o f  P. l i le c in u n  dextranaEO*

IbreoYern the s trtio tu re  o f pentasacoiuixide o lc^ rly  in d io a ted  tîia t

in  the n a tiv e  B-129Î? S d e riran  some hranchee im at eo n e is t o f  a adnlmum o f 

two g lucosy l n n lts  and these same branches era  probably a t  le a s t  fon r 

gluoosyl m i t s  long i f  th e  * ac tio n  pattern*  o f jP$.. Il^^^cteoa i s  token in to  

consideration (sec  f ig .  111*2?*)*

c) ^ha p j^ rtia i ac id  hy«lrûlÿcis o f n a tiv e  1U12$^ S dextran has bean 

disctiGRcd in  terïRs o f  a  laeciianiyat o f  acid  h^^dro3.ysis*
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IT . SOKE CEHEEAL OOHOI.ÏÏSIOB3

( i )  Some general observations

Water so lub le  and w ater in so lu b le  dC.-D»glucopyraji3 were iso la te d  from 

Buorose-broth ou ltu ree  o f 1 . mesenteroldea EBHl B-1299*

Determ ination o f  the o p tic a l ro ta tio n s  and ox idation  o f  the two
»

glucans w ith  sodium m etaperiodate e s ta b lish ed  th a t  they were almost 

c e r ta in ly  id e n tic a l  to  th e  B-1299 S and B-1299 B dextrana iso la te d  by 

Jeanes from s im ila r  culturea#^^^

The w ater so luble B-1299 S dextran  accounted fo r  95^ o f the to ta l  

polysaccharide iso la te d  from our c u ltu re s  in  co n tra s t to  the f ig u re  o f 

23^  reported  by Jeanes* The d iffe ren ce  can, however# probably be 

a t tr ib u te d  to  d iffe ren ces  o f  the  c u ltu rin g  conditions employed*

Jeanes had o r ig in a l ly  reported  th a t  1 . m esenteroldes BEEL B-1299 

belonged to  an unusual c la s s  o f  micro organisms producing heterogeneous 

dextrans*^^^ The experim ental r e s u l ts  obtained in  the  p resen t work do 

no t e s ta b lis h  whether th e  B-1299 dextrans wr© to  be regarded as two 

d is t in c t  polysaccharides o r  simply as  the two major f ra c tio n s  o f the  earn© 

polymer# fo r  although they d i f f e r  widely in* fo r  example, th e i r  w ater 

B o lu b ili t ie s  they appear to  have many s tru c tu ra l  fe a tu re s  in  common*

( id )  T̂ m syn thesis  o f  B-1299 dextrmns

The B-1299 dex trsns con tain  the  earn® oC-gluoosidio linkages -  though 

in  d if f e re n t  p roportions -  end a re  thus almost c e r ta in ly  eynthesised by 

th e  same enzyme system#

Purthermore, the  incidence ofoc-(l-w>6), cC -(1 -^2 ) andcC»(l-^5) l in k s  « 

the  l a t t e r  not forming branching p o in ts  -  in  these dcxtrans i s  an
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In d ic a tio n  th a t  they era  pm bably eynthesised by e m ulti anzyma system,

through a  maohanlsm o f the  kind proposed by Barker end Bourne^ r a th e r  than
120by the  agencies o f a  s in g le  enzyme as has been suggested by E bert.

In  p a r t ic u la r ,  the  c lo se  s im ila r i ty  which e x is ts  between th e  two 

rep ea tin g  untt?r, proposed on page 571 r e f le c t  the fa c t  th a t  the  

w ater so lub le  B-1299 8 dextran  i s  an In term ediate  in  the  s^Tathesia o f  the 

w ater in so lu b le  B-1299 1» dex tran .

( i l i )  lin k s  in  B-1299 doxtr?nm ■■

îîe th jla t io n  experiment® (Section  XI*0) have es tab lish ed  th a t  both the  

B-1299 dextrana con ta in  l-^ 3  lin k s  idiich do no t form branching p o in ts .

In spection  o f  tho repeating  u n its  proposed fo r  the B-1299 dextrana 

(psge 53) rev ea ls  th a t  th e  major chemical d iffe ren ce  between these  dextrana 

i s  the  number o f oC^(l-e"5) l in k s  which esjsh con ta ins.

I t  i s  po ssib le  th a t  tM a d iffe ren ce  could be la rg e ly  responsib le  fo r  

the markedly d if fe re n t  w ater s o lu b i l i t ie s  and o p tic a l rotation.^ o f th e  

two polymers.

These two physic&l p ro p e rtie s  end th e  r e s u l ts  o f  Inrnmochemloel 

etudies^^*^^ p o in t to  th e  f a c t  th a t  the  oC -(l-^5) lin k s  each o f these 

dextran© could be fe a tu re s  a t  the non-reducing ends o f  th e  chains.

The immunocheTcical s tu d ies  o f  Eabat and the  r e s u l ts  o f CMth 

Begrodatioa (S ection  I I .F )  in d ic a te  th a t branches co n s is tin g  o f  J-o-oC-2)- 

glucopyranosyl -2-o-oC-B-glucopyranceyl m i t e  (see f ig .  XV*1.) may be 

im portant s tru c tu ra l  fe a tu re s  o f  both dextran  m olecules.

( iv )  The branches in  B-1299 dextra x s  

A p a r t ic u la r ly  unm ual fe a tu re  o f the  B-1299 dextrana are  the  la rg e
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percentages o f eooondary gluoosidio  linkages which eaoh co n ta in s .

*lhe cC -(l-^ 2 ,é )  linked  u n i ts  -  which form th e  branching p o in ts  in  

both dextrana -  appear to  remain la rg e ly  as iso la te d  from each o th e r  (a  

p o ssib le  exception i s  considered on page $6) w ith in  chains o f  cC»(l-e-6) 

lin k ed  u n i ts ,  g iv ing  %h& 3-1299 dextrana m  essoatiaIX y dox tran -liko  

s tru c tu re .  (See page l ) .

The branches themselves may w ell be o f  throe types j

(a ) Tiio products obtained from p a r t ia l  w e to ly s ls  (S ection  I II .G ) 

and enzymic degradation  (Section  I I I .S )  o f  the 3-1299 S djMctran provide 

evidence th a t  many branches o f t i l ls  dextran  co n s is t o f cimins o f cC -(l-^6) 

lin k ed  glucose un its*

(b) Bruaciwe co n s is tin g  o f  a s in g le  oC-(l-*-2) linked  glucosyl u n it  

must a lso  be p resen t i n  B-1299 8 dextran  in  order to reco n c ile  the  

experim ental f in d in g  th a t  th i s  dextran con tains chains o f a t  le a s t  é 

(< - ( l-^ c )  lin k ed  glucose u n its  (Section  I I I .3 )  and has a  degree o f 

branching o f  approximately 35a* In  ad d itio n , the  production o f an tibod ies  

w ith  a  eero log ioa i s p e c if ic i ty  d ire c ted  towards the e :-(l-^ 2 ) g lucosld lo  

l in k  in d ic a te s  th a t  many chains are term inaWd byc*:-(l-e-2) linSied non- 

reduciisg glucose

Attempts during the course o f the p resen t work to in v es tig a te  ti i is  

fe a tu re  d ire c tly  through c a ta ly t ic  ox ida tion  experiments o f the kind 

app lied  to  EPdiL 1375 and HEhli 1415 dextran»*'*^ proved unsucccssfal -  the 

degree o f ox idation  o f  av a ilab le  p rin a ry  hydroxyl groups n&vsr exceeding 

9^ even a f te r  extended periods o f oxidation*
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freliE itngxy examination -  by paper chroma,tograpby and e lectrophoresia  

o f  an aldobiourcnlo acid  f ra c t io n  from the hydrolysed B-1299 S cerboxy 

dextran In d ica ted  th a t  i t  contained aa a  me^or product isom altoblouronie 

ac id  -  in d ic a tiv e  o f chains term inated by oC-(l-^6) linked  non-reducing 

glucose units#

(c )  i s  has been already  muggasted i t  i s  probable th a t  some chains 

(pee Fig# 1T#1#) cr® term inated by an cC-(l-^3) linked no>i-reducing glucose 

un it#

i f  th e  e a r l i e r  eiiggection # th a t  the  w ater soluble B-1299 8 dextran 

l a  m  in term ed iate  in  the form ation o f the w ^tar in so lub le  B-1299 B 

dextran  - Is c o r re c t ,  then the l e t t e r  may rep resen t a lim itin g  case where 

no branches ren a in  which co n s is t o f  a  s in g le  cc-(l-*.2) 3inked glucosyl 

u n i t  -  a l l  having b am  term inated by an cC -(l-e3) lick ed  glm?ose u n i t  o r  

extand.ed th r o u ^  a chaju o f  oc-(l-+-ê) linked  glucose unitg#

I f  tM s  S.Csumption i s  c o rre c t, re fe rm e #  to  the proposed, repeating  

u n it  (page 5g) rev ea ls  tK at 60^ o f f<Ll the brmnt^ee <soru.d be o f the  kind 

shown in  Fig* IT# 1#, and th% remaining 40^ world conaipt o f  extended chains 

o f oC-(l-e“Ê) linked  g li'ccse u n ite . In  B-1299 ^ dcrtron  4 ^  c f  a l l  the  

branches may likew ise  co n s is t o f  extended chains of dC-(l-e^5) linked  

glucose u n i te 3 bu t only  20ÿ< could be o f the  kind shown in  fig# IT#1., end 

the  rem aining must, th e re fo re , c o n s is t o f  s in g le  dC -(l-w 2) linked  

g lucosyl u n i ts .
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T. EtPESEERTAl DETAIIÆ

A. General Procedures

( i )  Faner chromato.^ranhy was c a rried  out by descending technique on No.l 

Whatman paper fo r  general u se , and on Eo#3 and No. 17 papers fo r  medium 

and la rg e  sca le  p repara tive  work. The No.17 paper was washed with 

d i s t i l l e d  w ater before use* loadings of these papers were: No,3; 

3mg.lcm. and No.17; lOmg.lcm,

The procedure used when f ra c tio n a tin g  sugars on a la rg e  sca le  was 

as  fo llow s: the  sugar m ixture to  be separated  was applied  as a  s treak  to

the  base l in e  o f  the  paper and standard compounds were spo tted  on the 

margins o f the paper to  a id  lo ca tio n  o f  the separated components. A fter 

development o f the chromatogram in  the  chosen solvent s tr ip s  were cu t from 

the edges and cen tre  o f the paper and s ta in ed  with one o f the spray 

reag en ts .

The p o s itio n s  o f the  bands on these s tr ip s  helped lo ca te  the 

components o f the m ixture resolved on the chromatogram.

An a lte rn a tiv e  technique}°used p a r t ic u la r ly  w ith No, 17 papers, was 

to  take the chromatogram, while s t i l l  wet w ith the so lven t, lay  i t  on a 

sheet o f  g la ss  and p lace a  sheet o f No.l paper upon i t .  An im print was 

then taken by running a  b lun t edge up and down the  No.l paper several 

tim es, which, when sprayed up, gave a  p ic tu re  o f the d is tr ib u tio n  o f  

components on the chromatogram. The areas containing the separated  

components were cu t from the  chromatogram, s tap led  to  a  paper *wick* and 

e lu ted  w ith d i s t i l l e d  w ater.
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( i l )  Boivent .Bypîtfiîrip* uDed fo r  paper cbromategrppîjy were*

(a ) n-butanoX«p>ncidlne*vater (6*4(3# by volume)#^^^

(b) the upper la y e r  o f en e th y l ao e ta te jp j’r ld in e i  water m ixture 

(2*1*2, by volume)

(o ) n-butm w l * etlm io l * water (40(11:19, by volume

(&) rw -b u ta n o l ib e r iz e n & jp y r id in e iw a ts r  (5 * 1 (3 (2 #  by v o Iiu q o ) .

(e )  n-butenol I e thanol: water* aBÆOîÜR (40*10*49*1, by volurm).^'^'^

( f )  e th y l E e tta te ia c e tio  acid*forirdo aoidtvm ter (18*3*1*4, by 

volume).

( i l l )  l"Aper eleo trouhoresim was c a rr ie d  out in  the follow ing e lec tro ly te s#  

(fi) Sodium b o ra te , pH 10.0#^^

Standard m igrating marker* glucose.

Kon-ndgrating marker* te tra -o -m ethy l glucose.

(b ) Sodium molybdete, pH

Standard m igrating marker* g lu c i to l ,

Non-migrating marker* glixoose*

( iv )  Snray rc .^ ^ n ts  used fo r  lo c a tio n  of oompcnents separated by paper 

ehromatograpl’̂  o r  paper e lec tro p h o res is  were*

(a )  S ilv e r  n i t r a te  in  acetone/sodium lijrdroxide in  ethanol
107(b) p -an is id in e  hydrochloride*

(o) A niline/diphenylajd.ne/phospheric ac id .^^

(d) Diphenylamine/pho spite l i e  acid*^^

(v) F re ra ra tio n  o f a  carbon -  c e l l  t e  coliina'x^^^

Equal weight c f  B*H*K. ac tiv a ted  charcoal and Lig^its No,545 o o li te  

were mixed, tre a te d  td th  4 volumes o f  concentrated hydrochloric ac id , and
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allowed to  stand fo r  24 hours*

The m ixture was then washed (by décan tation) w ith tap  w ater to  

reduce the a c id ity , and poured onto a la rg e  Büchner funnel# The mixture 

was then re-washed, under su c tio n , w ith running tap  w ater u n t i l  the 

f i l t r a t e  was neutral* A fte r standing (24 h r)  in  2 volumes o f absolute

ethanol the m ixture was given a  f in a l  washing (by décan tation) w ith

d i s t i l l e d  w ater.

A 90 X 7*5 cm* g lass  column was packed under g rav ity  in  d i s t i l l e d  

w ater, which was allowed to  run f re e ly  through the column throughout the 

packing procedure* To ensure h o rizo n ta l in te rfa c e s  between the lay e rs  

o f packing media the  column was plumbed to  the  v e r t ic a l  beforehand. The 

packing media was supported on a  hard packed la y e r  o f g lass  wool (5 cm .). 

The column was closed e t  the  base by a la y e r  o f  Whatman CF 11 c e llu lo se  

(5 cm .), added as a  th in  aqueous slurry*

This was followed by a layer o f  L l ^ t s  No *545 C elite  (5 cm. j washed 

in  concentrated hydrochloric a c id ) , a lso  added as a  s lu rry .

The charooal-ce lit®  s lu rry  was then added to  a depth o f JO cm. end

allowed to  pack down over 4-5 hours, by which time the e luen t flow ra te  

had reduced to  a  f a s t  d r ip .

Next, a 3 cm. la y e r  o f washed C elite  was added and the column closed 

w ith a  la y e r  o f CP 11 c e llu lo se  (3 cm .), on top o f  which was placed a 

f i l t e r  paper to  hold the column surface firm . The column was e lu ted  

w ith d i s t i l l e d  water fo r  5 days before use .
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( v i )  Terms used during-: -paper chroma to,--^raphy and ya.yer e l e c t r o p h o r e s i s

(a )  Faner chromatography

1. Hp = D is tance  moved by th e  component from th e  base l i n e
D is tan ce  moved by the  s o lv e n t  f r o n t  from the  base l i n e

2. = D is tance  moved by the  component from th e  base l i n e
D is tan ce  moved by th e  s tandard  component x from th e  base  l i n e

X, a s tan d ard  marker, was u s u a l ly  g lucose  (R^) 

o r  2 , 3 14»6 te t r a -o -m e th y l  g lucose

J . H, =

when Ry may be Rq , o r  Rp

(b) Paper e l e c t r o p h o r e s i s

= D is tance  moved by component from the non-m igra ting  marker 
D is tance  moved by s tan d ard  component X from th e  non

m ig ra t in g  marker

X, a s tan d a rd  marker, was u s u a l ly  g lucose  (Mg) in  b o ra te

e l e c t r o l y t e ,  o r  g l u c i t o l  (Mg) in  molybdate e l e c t r o l y t e

(c)  Gas l iq i j ld  chromatography

R̂ , ( th e  r e t e n t i o n  tim e) =

Time taken  f o r  the  component to pass  throu.ph the  column 
Time taken  f o r  th e  s tan d a rd  component X to  pass  through

the  column

X, th e  s ta n d a rd ,  was always 2 ,3 ,4 ,6  t e t r a -o -m e th y l ,

methyl g lu c o s id e  (RT̂ ^̂ .̂ ĝ) o-m etbyl, methyl g lu c o s id e s .  

( v i i )  Borohydride re d u c t io n s  o f  s u ^ p r s .^^^

Aqueous s o lu t i o n s  o f  the  sugars  ( l ^  w/v) were reduced w ith  an 

equal volume of sodium borohydride  ( 2 /  w/v) f o r  a peuiod o f  12 h ou rs .

The s o lu t io n s  were then d e io n ise d  by shaking w ith  IR 120( h’*') r e s i n  and
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evaporating the recidu® with dry methanol.

( v l i i )  Carbohyàx’ate contents of the eugars were determined by the phenol- 

eulpliuric acid m e t h o d A  standard graph was prepared as follows : 

analar D-glucoae (100 mg.) was dissolved in  d is t il le d  water ( l  l i t r e )  

end from this solution aliquots c f 1 .0 , 0.75» 0 *5 0 , 0.25 and 0.10 ml, 

were removed and made to 1.0 ml* with d is t ille d  water. Tliese solutions, 

and a blank (d is t ille d  water; 1 ml.) ware treated with concentrated 

sulphuric acid (5 ml.) rapidly added from a pipette with a broken tip  

to generate the colour. The tubes were cooled, stoppered, mixed and 

the optical densities of the solutions determined at 490 with a 

I/nlCcjn S.P.500 spectrophotometer*

(ix ) Bacteriological procedures

(a) Inoculations, were made with pre-sterilized , cotton wool plugged 

pipettes* The tip s were 'flamed*, i . e .  passed through a bunsen 

flame, before inoculations.

(b) Flasks and tubes, were sealed with s te r ile  cotton wool plugs. 

During a l l  transfers, the neck c f the vessel end the plug were 

'flamed* in  a bunsen burner.

(o) S ter ilis in g . A ll media was ster ilized  e.t 151b. per square inch 

for 10-15 minutes. Th© carbohydrate was ster ilized  separately 

and combined la ter  to reduce decomposition.

(d) Media used were as follows:
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1# Idtmtis -  £ norj-dextran producing, p reserva tion  medium

consisted  o f ? .

0 ,yfj y east e x tra c t (Marmite Co )

1 ,0^  glucose 

InOfo calcium carbonate 

litm us in d ic a to r  

( I n i t i a l  pH 7 .0)

Tiia calcium carbonate n eu tra lised  acid m etabolites; a t  0®C 

organism v ia b i l i ty  could be maintained fo r  4 months*

2# Glucose mediumf^a non-dextr^m pxcducing medium consisted  o f;

Glucose 10 g

Evans peptone 10

Yeast e x tra c t 10

^ticrocosFiic s a l t 5

Mangenese sulphate 0.05

Magnesium sulphate 0.2

Sodium ace ta te 2.0

Potassium dibydrogen phosphate 1 .0

( I n i t i a l  pH 6.7)

This was e s s e n tia l ly  a Kubculturi.ng medium in  which dormant c e l ls

(from freeze  d ried  cu ltu re s)  o r  slow growing c e l ls  (from p reserv a tio n

medium) could be rev ita lise d *  Organism v ia b i l i ty  could be m aintained

fo r  48 hours a t  25°C.
Ill3, Sucrose medium, a dextran producing medium consisted  o f:
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Sucrose 100 gm,

Evans peptone 10

Yeast e x tra c t 10

M crocosado s a l t 5

Manganese sulphate 0.05

Magnesium sulphate 0 .2

Sodium ace ta te 2

Potassium dihydrogen phosphate 1

( I n i t i a l  pH 6.7)

In  th is  medium maximum b a c te r ia l  groifth oocuTrcd a f te r  an I n i t i a l  

lag  o f 24 hours, w ith high CÔ  production. Increasing  a c id ity  

u su a lly  k i l le d  th e  organisms e f te r  ?2 hours#

4# Media used fo r  the  S> Bot3.s organism

long term p reserv a tio n  was possib le  on Litmus -  m ilk, but sub- 

c u ltu iln g  took p lace through the follow ing medium:

Sodium ace ta te  0,15 molar

Yeast e x tra c t 0#5^ w/v

Facto try p to se  1 ,4^  w/v

Glucose 8 . 5^  w/v

Potassium carbonate 0,004 molar 

The potassium carbonate was sep ara te ly  s te r i l iz e d .  For dextran 

production the glucose was replaced by an equal weight o f sucrose. 

A dditions o f pantothenic ecid (20 mg. per l i t r e )  and b io tin  

( 0,01  mg. per l i t r e )  may be b e n e f ic ia l. Organism v ia b i l i ty  on 

both media cou2.d be maintained fo r  48 hours a t  38*0,
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(x) Determ ination o f the degree o f polym erisation o f an ollg^gaccharlde 

A so lu tio n  (25 m l.) o f 4^  potassium borohydride was prepared, and

d ilu te d  as follows#

(a )  10 ml# were made to  20 ml. w ith d i s t i l l e d  w ater (ac tiv e  

borohydride so lu tio n )

(b) 10 ml# were made to  20 ml. w ith 2N sulphuric ac id  ( in a c tiv e  

borohydride so lu tio n )

An aqueous so lu tio n  o f the sugar was prepared, contain ing  between

30 and 60 |ig o f  carbohydrate per ml.

A liquots (1  m l.) o f  th i s  sugar so lu tio n  were then tre a te d  with

ac tiv e  borohydride so lu tio n  ( l  m l.) and in ac tiv e  borohydride so lu tio n

(1  m l.) , and l e f t  (12 hours) in  capped tubes.

The so lu tio n s  were then tre a te d  with 4^  phenol so lu tio n  ( l  ml#) and

an a la r  concentrated su lphuric  acid  (3 m l.) was added rap id ly , from a

p ip e tte  w ith a broken t i p ,  to  generate the co lour.

A fter cooling fo r  0*5 hours, the o p tic a l d e n s itie s  o f the so lu tio n s

were measured a t  490 using a Nnioem S.P#500 spectrophotom eter.

The degree o f polym erisation ( M ) wag ca lcu la ted  from the

follow ing re la tio n sh ip ;

n  ̂ o p tic a l density  o f the  unreduced suger so lu tion  
n - 1  "  o p tic a l d en sity  o f the reduced sugar so lu tio n

(x i)  Determ ination o f  the o n tie a l ro ta tio n  o f a sugar

The sugar (approx. 15 mg.) was d isso lved  in  d i s t i l l e d  w ater (2 ml#) 

and an a liq u o t (0 .3  m l.) was removed and d ilu te d  to  25 ml#

The phenol-sulphuric method (see General Procedure ( v i i i ) )  was used 

to  determine accu ra te ly  the  sugar concentration  o f  th i s ,  end hence the
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o r ig in a l ,  sugar so lu tio n .

The o p tic a l ro ta tio n  was measured w ith  a mercury po larim eter in  a 

1 dm. tub© ( f i l l i n g  on 0.7 m l,) .

The sp ec ific  ro ta tio n  was ca lcu la ted  from the follow ing expression#

S pecific  ro ta tio n  [  oC ]  » ICO, oc' degrees
I.e.

when, oC -  observed ro ta tio n  o f the sugar so lu tio n  

L -  o p tic a l  leng th  o f the tube ( l  dm.) 

c •  sugar concentration  (gm./lOO m l.)

The sp e c ific  ro ta tio n  (mercury 5461 A l in e )  was converted

to  the  sodium D l in e  value on d iv id ing  by 1.175#

( x i i )  P eriodate  ox idation  o f o ligosaccharides

Solutions (10 ml*), each contain ing  15 to  20 mg. o f o ligosaccharide 

(whose concentration  had been accu ra te ly  determined by the  phenol-sulphuric 

method (see  General Procedure ( v l i i ) ) ,  were tre a te d  w ith an equal volume 

o f standard sodium meta perio d a te  so lu tio n  and made to  100 ml, in  a 

volum etric f la s k .  A blank was prepared fo r  each o ligosaccharide 

con tain ing  standard periodate  so lu tio n  (10 m l.) mad© to  100 ml. with 

d i s t i l l e d  w ater.

10 ml. o f each standard  periodate  so lu tio n  contained approximately 

twice the amount o f sodium metas p erio d ate  ca lcu la ted  to completely 

oxid ize an equal weight o f the isom altodex trin , whose degree o f 

polym erisation i s  the  same as th a t o f  the oligosaccharide to  be oxidized.

The ox idation  was conducted a t  room tem perature (approx. 25*G), in  

the  dark,
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(a s  moles per mole o f o ligosaccharide) a liq u o ts  (5 m l.) were removed 

from th e  re a c tio n  m ixture end blank so lu tio n , and tre a te d  w ith sa tu ra ted  

sodium bicarbonate so lu tio n  (10 m l,) .

A known excess (20 m l.) o f standard O.OIN sodium m eta-arsen ite  was 

added, followed by 2CX/J potassium iodide so lu tio n  (2 m l.) as a  c a ta ly s t .

The so lu tio n s  were sw irled , l e f t  in  the  dark (15 m inutes) end the 

unreacted a rse n ite  was estim ated by t i t r a t i o n  with standard C.OIN 

iod ine  solution.B-3

From these t i t r e s  the q u an tity  o f a rse n ite  which had reacted  with 

the excess p e rio d a te , and hence the amount of periodate  which had been 

reduced by the oligosaccharide, could be ca lcu la ted .

The amount o f formic acid  lib e ra te d  by the o ligosaccharide (moles 

per mole o f  o ligosaccharide) was determined by removing a liq u o ts  (10 m l.) 

from the  rea c tio n  mixtui'e and blank so lu tio n , and tre a tin g  each with 

ethylene g lycol ( l  m l.) to destroy  the excess sodium m eta^periodate.

The so lu tio n s  were stoppered and l e f t  in  the dark ( l  hour) before the 

formic acid  was estim ated by t i t r a t i o n  w ith standard O.OIH sodium 

hydroxide, in  an atmosphere o f n itro g en , u sing  phenolphthalein in d ic a to r .^ ^

( x i i i )  Incubation o f oli^ns^ccbprideg >dth P. lilacim im  dextranass

The o ligosaccharide (approx. 5 mg.) was disso lved  in  0 .2  M sodium 

c i t r a t e  b u ffe r  so lu tio n  (2 m l.) which had been adjusted  to  pH 5 with 

c i t r i c  ac id .
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An equal volume (2 ml.) of P. lllaclnum dextranase preparation 

was added and the solution was mixed by inversion, sealed under a 

layer of toluene and incubated ( 4 8  hours) at 36*0.

After deionisation with IR 120(E^) and IRA 4OO (OH ) resins the 

digests were fractionated on paper chromatograms ( solvent (b;) and 

examined with spray reagent (a>,

B. Individual Experiments

Expt. 1 Preservation of the Leuconostoc organism

The NREL B-1299 organism was donated by the tJhited S ta te s  Department 

of A g ricu ltu re , P eoria , I l l i n o i s .

The bacteria were received in  a  dormant sta te , as a freeze dried 

suspension o f c e lls  grown on a s te r ile  bovine serum.

The ampoule was transferred to the National Dairy Centre, Shinfield, 

Reading, and accepted into the collection  as N.C.D.O. 1875* On request 

ampoules o f the freeze dried organism were supplied by the Centre.

The organism was held in  the Chemistry Department for limited 

periods on the Litnnis-Milk medium at 0*C.

Expt. 2 Preparation and iso la tion  of the dextrana

To reduce the p o ssib ility  o f infection most o f the dextran was 

prepared as required (in  10 l i t r e  batches) d irectly  from freshly opened 

ampoules of the freeze dried organism. Before innocoulating the sucrose 

broth, the bacterial c e lls  were subcultured twice through the glucose 

medium.

Glucose Medium (O.lml.) was added to the dormant c e l ls ,  s t i l l  in  the 

ampoule, and the suspension used to Innocoulate 2-3 tubes each containing
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A fte r  56 hours iaoubation , a t  28*C, these culture® were used to  

innoccu la te  2-5 tubes o f  f re sh  glucose medium, which were incubated in  

a © im ilar manner.

C ells  from the glucose b ro th  ( im l.)  were Irm occulated in to  Sucrose 

Medium ( l  l i t r e ) .

file sucrose b ro th  was incubated a t  28®0 f o r  4 days, by which time 

th e  pH had dropped to 5 0? 4# The crude dextrsns were ex trac ted  from 

the  sucrose b ro th  by the ccheme in d ica ted  in  F ig . V .l.

Expt. 3 P u r if ic a tio n  o f th e  dextrana

, The crude F-1299 S dex tran . was d isso lved  in  d i s t i l l e d  w ater, 

re p ro c ip ita te d  w ith an equal volume o f  abso lu te  e thano l, cen trifuged  down 

(3,000 r .p .m .;  I 5 m inutes), and red isso lved  in  d i s t i l l e d  w ater.

f i l ls  aqueous so lu tio n  was dep ro tsinated  by shaking w ith an equal 

volume o f  a m ixture o f  ohloroform-amylalcohol (3*5*1 by volume)?‘̂ ^ The 

p ro te in  p re c ip ita te d  ou t a t  the  in te rfa c e  Of the two phases and was 

reirioved w ith chloroform la y e r . This procedure was repeated  u n t i l  no 

more p ro te in  was seen to  p re c ip ita te  o u t.

The deproto lnatcd  so lu tio n  vm® then tre a te d  w ith ethanol to  

p re c ip i ta te  the dex tran , which was cen trifuged  down, red isso lved  In  w ater, 

end freeze  d ried  to  a  w hite solid*

file crude F-1299 L dex tran . was d isso lved  in  warm H sodium hydroxide 

so lu tio n , and the  pH ad justed  to  4*0 w ith g la c ia l  a c e tic  ac id .

The dwxtran was p re c ip ita te d  from th is  so lu tio n  by adding an equal 

volume o f  absolute ethanol* A fter cen trifu g in g  down (3,000 r.p .m , |  15
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iEinutes)f the dextran waa again d isso lved  in  H sodiua hydroxide so lu tio n  

and the pH ad justed  v i th  a c id .

The p ro te in  waa removed from th i s  so lu tio n  by shaking with chloroform» 

amyl a lcohol m ixture.

The dcpro teinated  dextran  was again  p re c ip ita te d  by adding e thano l, 

cen trifuged  down, and f in a l ly  suspended l a  warm w ater before freeze  drying 

to  a  w hite s o lid ,

1 l i t r e  o f  cu ltu re  medium, con tain ing  lOOgm, o f sucrose produced on 

average th e  follow ing weights o f polysaccharide#

B-1299 h dextran 1 g#, 

b-1299 S dextran  IT .5 m *

Expt, 4 Ash contents o f the  dextrans

These were determined by A, Bernhardt (Gksaaaauy) on req u est, and 

are  recorded in  Table 11 ,1 ,

Expt, 5 O ptical ro ta tio n s  o f the dextrana

S p ec ific  ro ta tio n s  o f standard so lu tio n s  o f  the dex trans, iu  H sodium 

hydroxide so lu tio n , were measured w ith a H ilg er sodium polarlm eter.

The dextrans had been d ried  over phosphorus pentoxide a t  90*C, in  

vacuo end the  weights co rrected  fo r  ash co n ten t, Tno o p tic a l ro ta tio n s  

ere  l i s t e d  in  Table 11 ,1 ,

Expt# 6 In fra red  suec tra  o f the dextrans

These were determined upon dex tren-nu jo i m ulls held  between 

potassium bromide p la tes*  A Hnicam S.E.lOO in fra re d  spectrophotom eter 

waa used to  scan the  range 650 to  1000 cm The main fea tu re s  o f these 

sp ec tra  are  shown in  Table 11 ,2 ,
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Ikpt* 7 ÇoT^plête g-cld bvdroly s is  experiments

(a ) Ortlnim conditions fo r  bydrolygls o f fru o to s ld lc

The B-1299 polyeacoharidc» (SOCmig,) were hydrolysed w ith 0.2Î? 

sulphuarlo acid (lOml#) in  capped tubes placed in  a  w ater bath  a t  70®C 

f o r  1 hour.

The hydrolysates were n e u tra lis e d  w ith sa tu ra ted  barium hydroxide 

so lu tio n  using  bromothymol blue as  an in d ic a to r .

The n e u tra lis e d  so lu tio n s  were ad justed  to  80^ with abso lu te  ethanol 

and cen trifuged  (lO s in u te s ;  2,000 r.p#m ,) to  remove p re c ip ita te d  

polysaccharide and bcrium s a l t s ,

Tiiô supernatant so lu tio n s  were concentrated by ro ta ry  evaporation, i n  

vacuo a t  and eubjected  to  ©î^iro/fjatograpl^ in  so lven t ( f ) .  The

chrom tcgraias %mrc developed with spray réagents (a )  end (d ) ,

(b ) Ontlmum conditions f o r  hydro lysis o f  &lueosidic llnkaæes^^

The B-1299 polysaccharides were hydrolysed w ith  ^  sulphuric

sc id  ( 2 r l f )  in  capped tubes placed in  a  w ater ba th  a t  100®0 fo r  8 hours.

The bydro lysates were n e u tra lis e d  w ith an excess o f  barium carbonate^ and 

th e  in so lu b le  barium s a l t s  were removed by o e n tr ifa g a tio a  (10 m inutes,

2,000 r .p .m ,) ,

Til® supernatant so lu tio n s  were deionised  w ith  IE 120(S^) and IRA 

400(0H“ ) r e s in s ,  snd oonoentrated by ro ta ry  evaporation, in  vacuo a t  40*0,

The hj^^drolysates were subjected  to  paper chromatography in  solvent ( f )  

and sodium borate e lee tro p h o resio , , The reduced hydio lysatea were subjected  

to  sodium molybdate e lec tro p h o res is . The chromatograms and e le c tro -  

pboretcgrams v®re developed w ith spray reagent ( a ) .
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(c ) C?::Fr.?cteYif;f^tion o f  the ^glucose from the  dextrans

Tîie B-1299 po lysscchsridcs were hydrolysed w ith sulphuric

ftCid (2CtoI.) in  sealed f la s k s ,  placed in  a  w ater hath  a t  100*0, f o r  8 hours# 

Thf hydrolysffites were n e u tra lise d  w ith excess barium carbonate, cen trifuged  

and the supem atan t so lu tio n s  deionised w ith IE 120(H^) and IRA 400(0îT) 

re s ia s#  Tm  so lu tio n s  were then charcoaled and ro ta ry  evaporated to  th in  

syrups, which wars tre a te d  w ith ethim ol u n t i l  a s l ig h t  tu rb id ity  was 

observed# A fte r  seeding with c ry s ta ls  o f  B-glucose the  syrup c ry s ta l l is e d  

out in  the re fr ig e ra to r#

Constants fo r  the c ry e ta ll in e  m ateria l aze given in  Table I I , ) ,

(d) Prei^mratlon o f  /3 -penteaeetate^*^

F resh ly  fused sodium ace ta te  (ibOmg*) was mixed with glucose and 

refluxed  w ith ao atio  anhydride ( im l,)  fo r  40 m inutes. The reac tio n  

m ixture was poured onto crushed ic e  ( ) s d ,)  and the eo lu t  ion  n e u tra lis e d  

(pE £#0) w ith sQdiuiA b icarbonate .

The p re c ip ita te d  ace ta te  wes f i l t e r e d ,  washed w ith d i s t i l l e d  w ater, 

chkOTGoaled from ethanol and re o iy e ta llis e d  from ac»ieous etbanol,

(e) le tc rm ln r t l o n o f  the f lu c c ee con ten t o f the dextrans

The g lue0ce wss detezvined with glucose oxldase-peï'oxid&se reagent 

obtained In  a  k i t  from Boehri.nger IlocW m lc.als, Germazy, The contents o f  

the  k i t  Wire umed to prepare the follow ing standard solutions#

S olu tion  1 , (JOOeIs) contained peroxidase ( 40{ig/ml) and glucose 

oxidase (250ug/^ml) in  0,10 molar phosphate b u ffe r  (pH 4*7).

S o lu tion  2. (Smlfl) contained o-diaiîieidin®  hydrochloride (6 .6#g/m l),

The so lu tio n s  could be sto red  fo r  th ree  weeks in  th e  r e f r ig e ra to r .
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Fresh ’glucose reagent* was prepared by mixing so lu tio n  X (100 p a r ts )  

w ith so lu tio n  2 ( l  p a r t ) ,  w ith  vigorous s t i r r in g ,  then e q u ilib ra tin g  a t  

20*0 before use#

Several standard so lu tio n s  were prepared containing an a la r  B-gluoose 

(lO to  200 Mg/ml) in  d i© tille d  water# The standard glucose so lu tio n s 

end a  d i s t i l l e d  w ater blank (0«2ml.) were mixed with f re sh  ’glucose 

reagent* (5ml#) end incubated in  the dark fo r  55 minutes#

The o p tic a l d e n s it ie s  o f the so lu tio n s  were measured a t  435 w ith

an S#P#500 Bpeotrophotometer, and used to  prepare a  standard graph#

3*1299 1 dex tran  (lOOmg.) and B-1299 S dex traa  (lOlmg. ) were d ried  

over phosphorus pentoxide, in  vacuo, a t  $0*0, and then hydrolysed w ith 2H 

su lphuric  ac id  (5ml#) in  eej^ed tubes, p laced in  a  w ater bath  a t  100*0 

fo r  9 hours#

Acid degradation o f  the  lib e ra te d  gluoos© was compensated fo r  by 

Includ ing  co n tro l so lu tio n s  prepared as  fo llow si

A nalar B-glucose (500mg#) was d isso lved  in  d i s t i l l e d  w ater (20ml#), 

and two a liq u o ts  (4ml#) were removed, d ilu te d  a d d itio n  o f  5S su lphuric 

acid  (im l#) and incubated alongside the  two dextrans# Each o f  the  

so lu tio n s  was n eu tra lise d  by ad d itio n  o f  H sodium hydroxide (5ml#) end 

made q u a n tita tiv e ly  to  500ml#

A liquots (0#2ml#) were removed from these  so lu tio n s , incubated w ith 

f re sh  ’glucose reagent* as  described e a r l i e r ,  end the glucose content 

ca lcu la ted  from th e  standard graph#

The r e s u l ts  obtained were#
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3*1299 h dextraa 190 jig# glucose per ml.

2-1299 S dextiaa 195 * * * »

Control so lu tio n  200 * » « h

^■'Ixolyssd co n tro l 130 ** " * *

These f ig a r m  in d ic a te  th a t  the lo s s  c f  glucose through ac id  

degradation was 10^ end the  amount o f glucose l ib e ra te d  froia each dex tran , 

a f te r  co rrec tio n , wag 3-1299 %» (95mg#) and B-1299 B (97#3%g#)«

The fig u re s  were converted in to  percentages o f glucose (see  page 16) 

from th e  f a c t  th a t  l62mg. c f  dextran  would th e o re tic a lly  l ib e ra te  ISOmg. 

o f  glucose on complete hy d ro ly sis .

Hxpt. 8 Fiirtial aeli hrdrolTsla experiments

(a ) F relim insry  h y d ro ly sis . fe x tra n  (3'9mg.) was hydxolyeed w ith K 

eu lphutic  ac id  (5m l.) in  a  capped tube placed in  a  w ater bath  a t  100*0 f o r  

1 .5  hours.

The hydzulysate was n eu tra lise d  w ith an excess o f barium carbonate , 

and the in so lu b le  barium s a l t s  were removed by cen tr ifu g a tio n .

The c le a r  supernatant was deionised w ith IB. 120(E'**) and U ll 40G(0h") 

r e s in s  and concentrated by ro ta ry  evaporation , in  vacuo, a t  40*C to  a  syrup.

The syrup was subjected  to  paper chromatography in  so lven ts (a) cad

( f ) j  cbr*omatograms being developed with spray reagents (a )  and ( c ) .

(b )  larza scale Tpsrtial acid liydrolvsis o f 3-1299 B dertra.n

3-1299 S dex traa  (55gm.) was tre a te d  with ^  sulphuric acid  (700ml.) to  

g ive a  5^ so lu tio n .

The so lu tio n  was hydrolyse! ( l.2 5 h r)  in  a sealed 2 l i t r e  f la s k ,  

placed in  a  water bath  a t  100*C. The f la s k  was sw irled  occasionally  to
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qudckea so lu tio n  o f  th e  dextran .

The hydrolysate was n e u tra lised  w ith excess barium carbonate and 

the in so lu b le  barium s a l t s  cen trifuged  down. The supernatant was 

f i l t e r e d  through a  Ho.42 Whatman paper and deionised with IE 120(E^) and 

m  400(0BT) r e s in s .

The so lu tio n  was concentrated to a  syrup (2 4 ^ # )  by ro ta ry  evaporation, 

in  vacuo, a t  40®C and checked by paper chromatography in  so lven t ( a ) .

The syrup (l3gm.) was taken up in  a  minimum q uan tity  o f  d i s t i l l e d  

w ater and placed on a carbon^eelite  column (70 % 7 .5  o m .)^  ^  see Genez^l 

Procedure (T ).

The column was e lu ted  p rog ressive ly  with Increasing  percentages o f 

aqueous e thano l, and f ra c tio n s  ( 25m l.) were co llec ted  and monitored 

p o la rim e tr io a lly  (2Dm, tube) and chrom atographically in  so lven t ( a ) .

D e ta ils  o f the sep ara tio n  are  recorded in  Table V .i. and histogram

V.2B.

A ll syrups were subsequently re fra c tio n a te d  by paper chromatography 

i n  so lven t (a ) on Ho. 17 Whatman papers* The separated sugars were 

charcoaled from aqueous e th an o l, f i l t e r e d  end freeze  d ried  to  white 

powders.

D e ta ils  e re  given in  Table I I I . 3*
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Table V.I* Separation o f o llgocaoebaridee frcm 
p a r t ia l ly  ac id  hydrolysed 3-1299 S dex traa

EXufiat F rac tions 
(each 25&1*) Component Chromatographing a s : 

( l a  so lvent ( a ) )
W e l^ t
(g%.)

D is t i l le d
w ater 145-260 1 Glucose 4*6

65S aqueous 
etlianol 490-590 2

8
IsOEialtose
K bjibiose

0.75

16^ aqueous 
etuanol

1 r

25̂ 1 aqueous 
ethanol

770-810 3 Isom alto trio se 0 ,65

310-080
3
4

Isom alto trio sa
iG om nltctetraose 0*73

880-950
4
5

Xsomaltotetraose
X sosal topentfio c© 0.63

950-1080
5
6
7

laom altcpentaose 
I  so aal tob^xa 0 se 
I  feomal tohepiuo s@

1.00

(o) Determ ination o f  the  Ae,«rrees o f  PolyR»eri ea t Ion o f the oi l  ̂  saeofexrl de 3 
from the  p a r t ia l ly  hydrolysed 3-1299 S dextraa

The experim ental procedure i s  ou tlin ed  l a  General Procedure (X)* The

re s u l ts  a re  Bummarlsed in  Table V*2*

Table T.2*

Component
O ptical d en s ity  (490m(i)

Vnreduoed Reduced

2 0.305 0.146 1 .9
3 C.3OI 0.137 2.7
4 0.297 0.223 4.0
5 0.262 0.207 4 .3
6 0.295 0.244 5 .8
B 0.425 0.225 2.1
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(^) tha orticei rotatioasj of the olij^osaecharideg from
jbhq. partially  todx-olysed B*1299 8

ïh e  «xperlmential proeadiiro i s  o u tlined  in  General Pi-ocsduT® ( r l)*  

r e s u l t s  ere  summarised in  Table T«5#

T M ê J L l*

The

Component Concentration 
geV̂ iOO ml.

Observed
ro ta tio n

S pecific  ro ta tio n
%  l ig h t Sa l ig h t

saccharide 1 0.571 + 0.7Ü0* 4 61# 4 51.9
Dieaccharide 2 1,115 + 1*575® + 141* 4 120
T ri s ac charide 3 0*550 + 0*910# 4 165* 4 141
Tetrasaccharlde 4 0.623 f  1.090* f  171* 4 150
Pentasaccharide 5 0.658 + 1.220* 4 186» 4 158
Eexaeaccheride 6 0.966 ■f 1*640® 4 190* 4 162

(e) frecc ira ticn  laom altose ^  * o e l;aace ts te^

îHae sugar ( 50nig.) was nixed with fre sh ly  fused sodium ac e ta te  (75®g#) 

and gently heated tmder reflux with acetic snJaydride (iml*) £ o t  1 hour*

Tile re a c tio n  m x tu ro  was pou3?ed onto cruRk^ed io e  ($ml*) and the so lu tio n  

n e u tra l !Eéd to  p3 6.0 w ith so lid  sodium Mc&rhonate* The p re c ip ita te d  

a c e ta te  was f il te re d *  washed with d i s t i l l e d  water charcoaled from ethanol 

and c ry s ta l l is e d  from aqueous ethanol* Hpt* 1$>*141*G undepressed by the 

au th en tic  derivative*  f ie ld  1 5 %

( f )  Incubation o f the oll^osACcharides from part i a lly  hydrolysed B-1299 S 
dextran with P* lilacln im  de&tranase

The experim ental procedure i s  ou tlin ed  in  General Procedure ( x l i i ) .  

R esults a re  l i s t e d  in  Table 111*4#

(g)  Peri All a ta  nTidatioam e f- tho 'oligeeaeoh&rides 'frosa'pax t̂arsrl ly  h^dgüïyggd 
2-12')3 B dextrpu

Tb0 expariaontal procedure i s  outXinod in  Conoral Procedure (x ii)*  The
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r e s u l ts  a re  summarized in  Table T*5«f and i l lu s t r a te d  by the  curves in  

F ig . I I I . ) ,  The ca lcu la ted  amounts o f periodate  reduced and formic acid  

lib e ra te d  p e r mole o f  each member o f  the s e r ie s  o f isom altose homologues 

a re  summarized in  Table V.4*

Table V.4#

Isom altose
homologue

P eriodate reduced 
Moles/mole o f  sugar

Formic ac id  l ib e ra te d  
Fbles/m ole o f  sugar

Isom altose 6 5
Iso m alto trio se 8 6

Isom alto te traose 10 7
I  somal topentao se 12 8
Isomal tohexaose 14 9

Expt. 9 P a r t ia l  a c e to lv s ls  experim ental^

(a )  Prelim inary a c e to ly s is . Dextran (l50mg.) was tre a te d  with 

a c e tic  anhydride-concentrated sulphuric ac id  100*9 volume/volume (1.2ml*)# 

The a c e to ly s is  mixture# in  a  capped tube# was held  a t  )5-)7*0 fo r  )0  hours 

w ith occasional shaking to  quicken so lu tio n .

The re a c tio n  m ixture was poured onto crushed ic e  (20&il«) end 

n e u tra lis e d  (pH 6*0) w ith  sodium bicarbonate* The p re c ip ita te d  a ce ta te s

were ex trac ted  w ith chloroform ()x )0  m l.) and the chloroform e x trac ts
!

wasïied w ith d i lu te  sodium bicarbonate so lu tio n  and d i s t i l l e d  w ater. Tiie 

e x tra c ts  were d ried  over anhydrous sodium sulphate ( 24hr)# f i l t e r e d  end 

ro ta ry  evaporated# in  vacuo# a t  40#G to  a  syrup. The syrup was taken up 

in  d ry  methanol (lOml*)# end deacety la ted  by ad d itio n  o f  a  email p iece  o f  

sodium m eta l.^̂ 9*

The d eaoety la ting  so lu tio n  was l e f t  In  tlie r e f r ig e ra to r  (24 hours)#
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tre a te d  w ith  d i s t i l l e d  w ater (2ml#) and deionised w ith  IH 120(H^) end 

lEâ. 400(0È") resins#

The deionised so lu tio n  was concentrated in  vacuo to  a  syrup end 

subjected  to  paper chromatography in  so lvent ( a ) .  Chromatograms were 

developed w ith spray reagen ts (a ) and (c)*

The remaining syrup was fra c tio n a te d  on a Vhatmaa Ko#) paper (so lven t 

(a ))*  end the separated  sugars were e lu ted  from the paper and subjected to  

e lec tro p h o res is  in  borate  end ( a f te r  reduction) molybdate e lec tro ly te s#

The r é s u lta  ere  summarised in  Table II#5#

(b) Lsxm  sca le  a c e to ly s is  o f  B-1299 S dextran

B -I299 S dextran  ()Oga#) %̂as tre a te d  w ith a c e tic  anhydrlde-conoentrated 

su lphuric  acid  100*9 volume/volume (l20ml*)# The re ac tio n  mixture, In  & 

250ml* flask# was placed in  a  w ater bath  a t  )5*G fo r  )2 hours*

For the  f i r s t  12 hours the  so lu tio n  was s tirre d #  under & mercury s e e l ,  

to  quicken solution* The rea c tio n  m ixture was poured onto crushed ic e  

(1  l i t r e )  end n e u tra lis e d  (pH 6*0) c a re fu lly  w ith  sodium bicarbonate* The 

p re c ip ita te d  ac e ta te s  were ex trac ted  w ith chloroform ( 4x500ml#) and the 

chloroform e x tra c ts  washed w ith sa tu ra ted  sodium bicarbonate so lu tio n  

()x 750ml#) and d i s t i l l e d  water#

The e x tra c ts  were d ried  over anhydrous sodium sulphate (48  h r s ) ,  

f i l t e r e d  and evaporated in  vacuo to  a  syrup ( 50gm*)*

P e a c e t v l a t ! The syrupy ac e ta te s  were disso lved  in  methanol (700ml#) 

and deacety la ted  by adding clean  dry sodium metal (l^a*)* The d eace ty la tln g  

so lu tio n  was l e f t  in  the r e f r ig e ra to r  ( 24h r ) ,  tre a te d  w ith d i s t i l l e d  w ater 

(150m l.) and deionised w ith IS  120 (H*̂ ) 400(0H ) resins#
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The deionised so lu tio n  was concen trâ ted# In  vacuo, to  o syrup (19*5g®*) 

which t.rao cxôjBineà by paper chromatography in  so lven t (&), to  ensure 

complete dosee tjla tio n #

Til® syrup (l) .5 g m ,) wao taken up i n  a minimum q u an tity  o f  d i s t i l l e d  

w ater and placed on a  ca rb o n -ce lite  co lu m  (70x7#5oni#) -  see General 

Procedure (V).

The column was e lu ted  p rog ressively  w ith increasing  percentages o f  

aqueous ethanol* F rac tions (25ml.) were co llec ted  and monitored both 

p o la r im e tr ic s lly  (2 3)m. tube) and by paper chromatography in  so lven t ( a ) .  

D e ta ils  o f  th e  rep a ra tio n  a re  recorded in  Table V.6* and histogram

V.2A.

Table V .6. Separation o f o ligosaccharides from
Boetolysed B»1299 S dextran

Eluant F ractions 
(em h  25ml.) Gonqponent ChcoiaatGgraphlng 

as (fiolvont (a ))
Weight

(gm.)

D is ti l le d
w ater 140-2)0 1 GincOîî© 5 .3

6fo aqueous 
ethanol 500-550 8 KojibiOse 3 3

6% aqueous 2 IsoBiiltose
ethanol 550-650 3 K ojibiose 1.5

9 Bigeroso

l6 ;l aqueous 3 Isom alto trio se
etiianol 21

i 22 #e 1.0
2 ^  aqueous 1000-1250 2)

ethanol 24

The syrups from disacoharid® f ra c t io n  550-650 and th e  h i ^ e r  

o ligosaccharides from fra c tio n s  1030 to  1250 were reseparated  on Ko.) 

Ifhatman papers (so lv ea t ( a ) ) .  D e ta ils  ere ^ v e n  in  Table I I I . 6.
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(o) Fxactionailuu o f  the h i^ ie r  ollaoeaaohdrldea from aceto lyssd

The mixed o ligosaccharide eyrup vaa streaked  on a s e r ie s  o f  Ho.5 

Whatman papers (approxim ately )Omg# p e r paper) end e leo tro p h o re tised  in  

sodium borate  é lè o tro ly te  (pH lo) fo r  1 .5  hours at 2,000 v o l ts .

Th@ BopcZ'^twd components ver© loca ted  lay ing  t æ  th in  s t r ip s  o f 

H o.l Whstmsn po.per along the wet eleotrophoretogS'SiB and tak ing  en 

im pression which was developed w ith  spray reagent (a). The areas 

contain ing  the components were e lu ted  w ith d i s t i l l e d  water# and deionised 

by shaking w ith Id  I20(H^) r e s in  end then evaporating wiMi dry methanol.

As Bomu decoiîipcsitlon had occurred, the  sug^irs wore re fra c tio n a te d  on Ho.5 

Wliataan papers in  so lven t ( a ) ,  ©luted# and oonoeatrated to  syrups.

(d ) Prerfkratlon of kojibloo© p  -o c taace ta ta

The sugar (ZOGmg.) was mixed w ith fro iJû y  fuzed sodium a c e ta te  (lOOmg.) 

and heated under re f lu x  on a  water bath  w ith ace tic  aohj^-dride (2m l.), fo r  

2 hours.

The nd-xtuce was brougiit to  r s f lo x  Over & bunesa fo r  1 minute and 

poured onto crushed ic e  (5ml*). Tlic so lu tio n  we.s n e u tra lised  to  pH 6 .0  

w ith  s o lid  sodium bicarbon&.te. The p x ec ip ite ted  ace ta te  was f i l t e r e d ,  

washed d i s t i l l e d  w ater, charcoaled from ethanol, end re o ry s ts l l is e d  

from equeous e th tn o l (tw ice ). Y ield 50mg. D e ta ils  o f the  physical 

constan ts a re  given in  Table I I I . 5*

(e )  P ctcrf’in a tio n  o f the der%ree3 o f  r-cl:*;mer5..g^tlcn o f  th e

The expi:;rimtmtal pi-ooedure i s  o u tlin ed  in  General Procedure (x ) .

The r e s u l ts  are  î^ucîm/rlzod in  Table V.7*
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Table V.7#

Component
O ptioal d en s ity  (490m^)

Ifnreduoed Reduced

2 0,400 0.195 2.0
3 0.380 0.250 2.9
8 0.380 0.182 1.9
9 0.575 0.175 1.9

21 0.220 0.155 3.0
22 0,410 0.3.10 4.1
23 0.710 0.530 5.7
24 1.100 0.820 3.9

i f )  Detcxydnr.tiçg. e f  the  cpticrJ. r c t s t l c &a of  the- o llm sa o chariden 
fifTom acetclvsed  9-1299 S dextrzn

The experim ents! procedure i s  o u tlin ed  in  Genexal rrooedure ( x i ) .

The rooultA a re  suEsnajrlsed in  Table V.6»

Table V.8.

Component Ccnoisntrs,tlon Cbaerv'sd S pécifié  ro ta tio n
(pï/lOOml, ro ta tio n %  l ig h t Ha l ig h t

Kono»«ncharide % 0.501 4 0.610® 4 60.4® 4 51,3*
D isaceharide 8 0 .7 2 0 4 1.164 4 161* 4 157*
DisacduLcide , 9 0.6)0 4 0.80» 4 127* 4 108»

Expt, 10 Fuolear Reaoncnce (BMP.) sp ec tra  o f the  dextrang^^

Bsfors In troducing  the dextran sample in to  the spectrom eter i t  wea 

tre a te d  w ith deuterlim  oxide to  exchange the  la b i le  protons o f  the 

hydroxyl groups w ith deuterono. The procédure pjsed was as follows#
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Dextran (approxim ately ÔCkag.) was d rie d  over phospliorus pentaoxide 

(50®C, i n  raoüô fo r  24 hours) and d isso lved  (o r  suspended) in  deuterium 

oxide (approxim ately Jm l.) •  warming I f  necessary#

The dex traa  so lu tio n  was allowed to  stand in  a  stoppered f la s k  f o r  

1 hour before freeze  drying.

The procédure was repeated  th r ic e  more. F in a lly  the deu tera ted  

dex tran  was red isso lved  in  deuterium oxide# introduced in to  a  sample 

tube and the spectrum recorded on a  Varian AéO IL machine.

THSterrdm ethylsilane) was used as an ex te rn a l standard f o r  a l l  peak 

assignm ents.

In  th is  experiment the  M l  sp ec tra  o f  the  follow ing dextrans were 

recorded# HHRL 2-512 (see  Fig, I I . 3.), KffiL 2-1299 L and HEEL B-1299 8 

(see  P ig . I I . 4 . )  and AD-1299 8 (an ac id  degraded dextran# see Pig* 111*11.)*

R esu lts  a re  d iscussed  in  Sections I I .E .  and I I I .B ( i l ) ,
IX

Expt. 11 Periodate ox idation  o f  the  dextrans ^

The dextran # 2-1299 8 (512mg.) and 2-1299 L (Z!9^g*) was d ried  over 

phosphorus pentaoxide in  vacuo a t  50*G for  48 hours# end d isso lved  (or  

suspended) in  d i s t i l l e d  w ater ( 300m l.) in  a  500ml* volum etric f la s k .

A standard  so lu tio n  ( 100ml.) con tain ing  sodium metaperiodato (950mg.) -  

s u f f ic ie n t  to  allow approximately 2.2 moles p e r anhydre gluoos® u n it  (AGU) 

o f the  dextran -  was added to  the  dextran  solution# and the to ta l  volume 

was made to  500ml.

A blank so lu tio n  (250ml.)# con tain ing  sodium m etaperiodate (4 7 5 % ) vas 

a lso  prepared.

The dextran was oxidized in  the  dark a t  room temperature# nnd the



periodate  i-iîduced m à  fcm Lo  aaid  re leased  p e r AQVf o f  dextran were 

meafeured a t  re g u la r  ia tsr^ry la  the  same method ea il ia t  o u tlin ed  in  

General Prooedure ( x i i )  f o r  the  o ligosaccharides.

The experim ental r e s u l ts  -  co rrected  fo r  ash contente o f the 

dextrans -  a re  G%maii»@d in  Table T.9* and by Figure I I . ? .

Table V.9. The r e s u l ts  from oxidations o f  B-1299 
dextrans w ith sodium m etaperiodate

Time
(hours)

P eriodate  reduced, 
moles p er mole AGÏÏ

Formic acid re lea sed , 
moles p er mole AGG

2-1299 S B-1299 & B-1299 s B-1299 &

2.50 0.46 0.10
5.00 0.76 — 0.16
8.00 1.15 0.26

10.00 0.78 0.27
14.00 1.26 — 0.34
21.00 1.56 1.26 0.39 0.51
52.0 1,45 0.42
48.0 1.46 1.51 0.47 0.55
72.0 1,53 1.55 0.51 0.60

102.0 1,55 1,59 0.52 0.62
150.0 1.61 1.60 0.54 0.65
199.0 1.62 1.61 0.55 0.69

Expt. 12 F r a i e n t a tio n  e f  the  reduced, periodate  oxidized dextrans

(a) P reparation  o f the nolyglcoholQ o f B-1299 dextrans 

The d ex traa  (Sgm., d ried  over phosphorus pentaoxide in  vacuo a t  

50*0 f o f  48 hours) was oxidized in  0.4f« aqueous so lu tio n  w ith sodium 

m etaperiodate In  the  dark a t  room tem perature.

The course o f  the ox idation  re ac tio n  was followed by oxid izing  

sep a ra te ly  a sm aller q u an tity  (igm .) o f  the dextran under id e n tic a l  

co n d itio n s.

A liquots (im l. and 2ml. re sp ec tiv e ly ) were removed from th is  so lu tio n
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and used to  estim ate th e  periodate  reduced and formic acid  l ib e ra te d  -  

see General Procedure (x ii)#

The ox idation  o f  B-1299 S dex traa  was stopped a f t e r  7 days end 

B-1299 I» dex traa  a f t e r  16 days; when each dextran  had reduced th e  amounts 

o f  p erio d ate  shown in  Table V.IO*

Table T.IO*

Time
(days)

1.50
5,50
7.00
8.00

10.25
15.25 
16.00

P eriodate  reduced, 
moles p e r mole AGÏÏ

B-1299 8

1.44
1.49
1.54

B-1299 1

1.31
1.33

1.43
1.51
1.54
1.56

Formic acid  re lea sed , 
moles p er mole AGÏÏ

B-1299 S

0.47
0.50
0.53

B-1299 L

0.40
0.49

m
0.51
0.52
0.53
0.54

% e so lu tio n  o f  periodate  oxidized dextran  (dex tran  polyaldehyde) 

vas tre a te d  with ethylene glyool (20ml.) to  destroy  unreacted sodium 

me tap er iodate  end then d ia lysed  (5 days) ag^inet running tap  w ater. 

Reduction o f the dex trnn  poly^ddfekvde. Sodium boro%%."drlde (4gm.) was 

then added to  the di&lyeed so lu tio n , followed by bo ric  acid  so lu tio n  

(9.6gm. c f  the acid in  100ml.) to  b u ffe r  the  reduction .

The so lu tio n  was l e f t  (24 hours) e t  room te c ^ r a tu r e .

A fu r th e r  M d itio n  (Sgm.) ©f borobydride was %W.@ end th e  so lu tio n  

l e f t  a  f u r th e r  12 hours to  ensure complete reduction .

The dextran polyalcohol was then d ialysed  (5 days) ag a in st running 

tap  water# eonoentrated to  approximately 200ml. on a  ro ta ry  evaporator 

in  a t  30*0 and freeze  d ried  to  a  white ©olid*



Y ields were#

: B-1299 8 dex traa  polyaloohol 3#5gsu

B-1299 L dex traa polyalcohol 7#7gm#

(Ash conten ts were n eg lig ib le )

(b) Complete acid hydrolysis o f the dextran nolyalcoholg

The dextran  polyalcohol (50isg#) was hydrolysed w ith H su lphuric  ac id

(3ml#) in  a sealed  tube placed in  a  water bath  a t  100*0 fo r  7 hours# The

hydrolysate was n e u tra lis e d  w ith excess barium carbonate and the in so lu b le

barium s a l t s  cen trifuged  down. The supernatan t, w ith ©thanolio washings

o f  the  b«rium m alts, was deionised w ith IB 120(H^) and IHÂ 400(GBT) r e s in s .

The so lu tio n  was concentrated to  a  syrup by ro ta ry  evaporation. In

vacuo, a t  30*0 and subjected  to  paper chromatography in  so lvents (c ) and

(d) and e lec tro p h o res is  l a  borate  e le c tro ly te .

The r e s u l ts  o f these  experiments a re  shown l a  Table I I . 9»

( g)  Determlngtlon o f t h e  vwt i e  of glucoset glyco lllo  aldehydeI 
f.'lyc %lde e

( i )  Clucop# was estim ated w ith th e  glucose r&r&j,cnt#

A prepared with «uiïtlar D-glucose a.a o u tlined

in  ex p t. 7(e)*

( i i )  p iy e n lllc  aldel^r-de r rd  r lv comldohydo v/ere determined by the 

eoloilmpi'txlc iif^thod o f Dische end 2x>renfround. ~

Clycollio aldehyde reacts with cllpheryl.imin© to produce & deep green 

colour, having on. abjsorptioil moxlmaia a t  660 r p« At 66O %i, the  presence 

o f equal q u a n titie s  of glucose, g lycero l and glyocraldehyde, cause a 

combined er&cr o f  not more thnn in  ccloriaetrio estimations ©f

glyco lllo  aldehyde.
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Glyooraldehydc a lso  re a c ts  w ith diphenylamin® to produce a  brown 

colour w ith an absorp tion  maximm a t  510 mfi* At th i s  wavelength the 

e r ro r  i n  quan tita tiv n  estim ations o f  g lyoeraldeîyde due to  the  presence 

o f  equal q u a n titie s  o f  glucose and g ly cero l i s  no t more than 2- 3;L 

However, the  e r ro r  due to  g ly c o llic  aldehyde# which a lso  has a  la rg e  

absorp tion  a t  510 b^i, i a  considerable*

In  th i s  experiment the e r ro r  due to  g ly c o llic  aldshj»‘de absorption 

a t  510 mp was co rrected  as fo llow si

The o p tic a l d e n s itie s  o f  standard so lu tio n s  o f g ly co lllo  nldehyde, 

a f te r  re a c tio n  w ith diphenylamine rongent, were determined a t  660 end 

,510 B̂Ji and th a t  o f  glyeorrldeiiyda, a f t e r  re ac tio n  with diphenyl amine 

reag en t, a t  510 E%i.

Reference to  th e  g ly c o llic  aldehyde standard graph a t  660 mp enabled 

th i s  component to  be estim ated In  a  m ixture o f dextran. poly alcohol 

hyd ro lysis  p roducts, and a lso  determined th e  g ly co llio  aldeh^'de absorp tion  

a t  510 mp#

S ubtrac tion  o f  the  l a t t e r  from th e  observed absorption  a t  510 mj# 

f ix e d  the absorp tion  due to  th e  glycez'aldehyde %dd.eh was then estim ated 

from the glyoeraldehyde standard graph.

P reparation  o f standai-d graphs* Standard so lu tio n s  ( l.5 m l.)  

con ta in ing  g ly o o llic  eldehgde (5  to  4D mg*) and e  blank ( d is t i l l e d  w ater) 

were tre a te d  w ith a  so lu tio n  (0*5^1*) o f tr io lû o io a c e tio  ac id  (lgn«/m l. o f  

to  tail so lu tio n ) end f re sh ly  prepared re c ry s ta l l is e d  diphenylamine in  

g la c ia l  a c e tic  ac id  ( 5*6ml#)*

The tubes ware well shaken and placed in  a  b o ilin g  w ater bath (jO
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n±aute^)t <uid s p t ia a l  6&aalll@s meaiamW a t  SuO and $10 bi(i

w ith an B*P#5CG epeotrophatorncïter# Tlie rso iilta  were used to  p lo t twu 

e tim darl graphz#

Standard so lu tio n s  (l.J ird # ) eonti^lnlng glyoeraldehyd© (50 to  300 mg.) 

and a  'blsixùz ( d i s t i l l e d  w ^ter) were tre a te d  ad th  tr io h lo ro a c e tic  acid, 

so lu tio n  (0,5m3.$) and dlphen^lmdiie reagent ( 3. 6ml.)# The tubes were 

shaken, p laced ±a a  b o ilin g  w ater b&th (30 m inutes), coolod, and the 

O ptical d e n s it ie s  zneapured. a t  510 t p ,  A standard graph was then p lo tted#  

( i l l )  R y d rr 'ly i f? o f ^e?tT"n rol;?~?leohcl- and, ,con tro l so lu tio n s

The dextran polyaloohols (lOOmg.) vcr« hydroiÿsed v illi  |^-gulphuzlc 

.ac id  (Si'd.#) in  sealed  tubee placed in  & w ater hath a t  100*0 fo r  7 hours# 

fh® hydroljased m ateria l»  m ro  d ilu ted  q u a n tita tiv e ly  to  SJi-l* (so lu tio n  A).

Control so lu tio n s  o.f g lucose, gl^nsollio aldehyde and glyceraldehyde 

in  ^ s u lp h u r ic  ec id  (5 )^ .)  v ers  incubated alongside the dextran pclyalcoho ls, 

and l a t e r  ui?êà to  apply commotions fo r  le s se e , reoiiltin^: frou. a d d  

degradation , during the  hyd ro lysis  re a c tio n .

( iv )  D etem dnation o f  the  peresnttise d em u la tio n  e f  jt;lycolllo..g.lde.hy_de#

The ecici de,graded g ly c e llio  aldehyde con tro l w.s n eu tra lise d  (pH 7*0)

w ith barium carbonate m d the in so lu b le  brilisr. s a l t s  cen trlfaoed  down#

P ortions o f  the  mmemBt?nt (l.f?m l.) were tre a te d  as described e a r l i e r

w ith  dlphenylf'ndxe rearen t#  ürlegraôed co n tro l so lu tio n s , d llu tp d  to

the  same ev teu t, were p lm ile rly  tre e  ted ,

O lycclllc aldehyde content of the oontrol 29 (%&] #

ClycoXlic fide.hyde content c f  the ecid
degraded co n tro l 23 (^g/cl#

Acid degradation 17.8^
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The cicid degraded glyceroldciyda co n tro l was n e u tra lis e d  (pli 7*C) 

w ith  'b a rim  carbonate and the i;riclubl<s barium B&lts wore cen trifuged  

ùùwit PürtiDîxe c f  the  £aipermtaiit (1*5^^#) ver® tre a te d , as described 

e e r l io r ,  w ith cipbenylsDlne recgen t.

Dhd©graded co n tro l aolL tio iis, d ilu te d  to  the oaim e x te n t, were

elo ilir;rly  treated*

GlyceraXdth,‘’do content o f  the con tro l t:CD

C-lyçerrldebj-'dt- c o n tin t o f  tho acid
degraded ccn trc l 263 pg/ml#

Acid de-g3?adation 7*7^

Tfic acid degraded glucose oon^rol was tra a ta d  w ith H-sodiua hydroxid® 

(pml,)# A liquots ( im l.)  were t r s a t t d  w ith glucose oxidase roagente as 

described  In expt* 7(c)*
thdegrcded eontrfjl a o lu tio n s , d ilu te d  to  the  sans© extc^nt, were 

elm ilfirly  treated#

Glfjcose content c f  the con tro l 77*3

Glnccea contend of the acid
degraded co n tro l 72*5

Acid degradation 6*5^

(v) Fctl%ntlo& o f tha ^ y e o l l io  aldehyde and glycersldehyde from 
df^xtr%_.:nolyra cohol n

Aliquots (approximately 4 r l.)  voro r3xcv,(d frcm tlxe hydrc-lysed 

d ex irsn  polyalo-ohol co ln tlon  A, n.rut.rrj.i.acd bariw i ccc’bcnate, 

can trifu g ed , end the clce:'? d ilu te d  to  w ith

d i s t i l l e d  vatdr*

A fte r  re-acting w ith  dipbcnyl.7«ins reagent the o p t ic t l  d e n s itie s  o f the  

eolutinni^ ŵ s.m deten«lned a t  C6o fcncl 510 mi as described e a r l i e r ,  and the  

g ly o o llic  aldohyd® and glyc©raldeh^-de estimated*
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lliÿ reaûit-i are whowa in  Tabler T.IX* 7.12*

(vî*) Estlnf iiun of tha Æiccrj.g from the Ig.rbr ui uilr&lcohol:; 

Aiiquotâ CbffiX*) wei’8 removed fro?n thi? hydrolysed dextrim polyalco;iOl 

solation A, and iiontroliasd wltli 0.2H-8odiim hydroadda solution (5uil*)* 

uiuooso was estimator as dosoribol in  azpt. 7(e)#

The r a s u l ts  are shown In  Tables V * ll. and T.12*

Tabla T. 11* . Ratio ù î  tii© frig-iant^ fron D*-?v2.19  ̂ polyaloohol^

Fragment Concentration*^ (u g / 
l*5 iil* )ln  so lu tio n  A

M oleeular
weig-ht

M olecular
r a t io

G lycollio  aldehyde 234,0 60 0*49
Glyoeraldchyde 226*2 90 0,32

CilHU>ae #9.2 160 0*19

Table V* 12. Ratio o f  tho frog:icnt@ froK B-1299 S polyaloohol

Fragment Coîîoentratlûn* ( p-g/  
l*>aii*)in so lu tio n  A

M olecular îîoleQ-oIar
r a t io

0.56
0,36
0.07

G lyeo llic  aldehyde 
Glyc e n ld  s hyde 

O.l'àoom

234*0
225,0

271*5

60
90

190

^ oorrcüted fo r  aoid dogratiatioa 

A du p lica te  estim atio n , o a rrisd  out under s im ila r  cond itions, gave 

tu 0 follow ing Jiiüiar ra tio a*

G iycollio  aldehyde Glyoeraldehyd® JlujGce

£-1299 L pulyalcohcl 0.49 0.32 0.19
B-1299 8 polyK'liÿohol 0*56 0.36 o.oa



190.

(a )  P a r t ia l  a e ia  toraro lysis o f  th e  dextran  TOlyalcohola 

The dex traa polyalcohol (50iag.) was hydrolysed w ith  0.2H sulphuric 

ac id  (5m l.) in  a  capped tube a t  room tem perature f o r  24 hours. The 

l^ d ro ly sa te  was n e u tra lis e d  w ith excess barium carbonate and the  in so lu b le  

barium s a l t s  cen trifuged  down.

The supernatant so lu tio n  was deionised  w ith IR 120(H^) end IRA 4 0 0 (0 ^ ) 

re s in s  end was then concentrated to a  syrup; "by ro ta ry  evaporation a t  30»C.

The syrup was subjected to  paper chromatography in  so lven t (c ) and, 

a f t e r  e lu tio n  from the  chromatogram, to  e lec tro p h o res is  in  sodium borate  

e le c tro ly te .

The r e s u l ts  a re  summarised in  Table 11.11#

E zpt, 13 M éthylation o f the dextrans

(a )  M éthylation procedure. The m éthylations were conducted in  th e  

apparatus I l lu s t r a te d  in  F ig . V.3.* l iq u id  ammonia from a  storage 

cy lin d er was allowed to  evaporate in to  co n ta in er 1 , where i t  was ro llq u if le d ,  

by ex te rn a l cooling to  -78®G (aoetone-card io e  b a th ) , and d ried  by ad d itio n  

o f  small p ieces o f sodium m etal (in d ica te d  by a f a in t  blue co lo u r).

The dry  l iq u id  ammonia, under p ressure from the  ammonia cy lin d e r, was 

passed in to  the u n silvered  Dewar v esse l B, in  which th e  m éthylation re a c tio n  

took p lace a t  -34»C* (th e  b o ilin g  p o in t o f  l iq u id  ammonia)

Except during ad d itio n  o f  reagen ts the  system was closed to  the 

atmosphere. The b o ilin g  l iq u id  ammonia was conducted away to  be 

r e l iq u if ie d  in  the  card ioe-acetone tra p  C.

A weighed amount o f dextran (d ried  over phosphorus pentoxide, in  

vacuo, a t  $0*0) was suspended in  liq u id  ammonia (l00-150m l.) and s t i r r e d
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m agnetically* A ca lcu la ted  emount o f  sodium m etal was added to  convert 

the  dextran  to  i t s  sodium derivative*  To reduce the p o ss ib ili 'ty  o f 

degradation re ac tio n s  caused by la rg e  excess o f  sodium m etal o r  sodamide 

the  follow ing p recau tions were observed during these  additions*

tm The presence o f  a  la rg e  excess o f  sodium m etal in  the  system was 

avoided by adding th e  t o ta l  (ca lcu la ted ) amount o f  sodium in  the  form 

o f  email p e l le ts  over a  period o f  time*

II*  f r e e  sodium (in d ica te d  by a  blue colour) was no t allowed to  

remain unreacted in  the  system f o r  more than 15 minutes# so 

reducing th e  r is k  o f sodamide formation*

When th e  ca lcu la ted  amount o f  sodium had reacted# o r uptake o f

sodium by the  dex traa  had ceased# th e  re a c tio n  was term inated by rap id

ad d itio n  o f aco lcu la ted  volume o f r e d i s t i l l e d  methyl iod ide (from a

plunger type p ip e tte )*  The add ition  o f  reagen ts took p lace  over

approximately 1 to  2 hours# a t  the end o f  which the  re a c tio n  m ixture was

s t i r r e d  f o r  6 hours# before the ammonia was allowed to  evaporate away*

The residue was suspended in  d i s t i l l e d  w ater and d ia ly sed , i n i t i a l l y

a g a in s t d i s t i l l e d  water# (5 l i t r e s ;  24 hours) then ag a in s t running tap

w ater (43 hours)# before freeze  drying to  a  white solid* îîethosyl
119con ten ts were determined by the  method o f  Zeizel*

The d i s t i l l e d  w ater d ia ly sa te  was deionised  with IS 120(H^) and ISA 

400(0ST) re s in s  concentrated# in  vacuo# a t  40*0# end examined by paper 

chromatography (so lven t ( e ) )  f o r  small degradation fragments*

( in  the  absence o f  these  fr& ^ients# th i s  s tep  was om itted in  l a t e r  

m éthylations*)
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The r e s u l ts  o f  the  m éthylations a re  shoi&n i a  Table V#13#

,Ch%qrofo'm eztrmotten# Each raethylated dextran wag extracted# by 

chaîîlîïg a t  room tem perature w ith chloxoform (200aal*) and# a f t e r  evaporation 

o f  the  chloroform# mepended in  d i s t i l l e d  w ater end freeze  d ried  to  a  

wlilte solid*

D e ta ils  o f  the f ra c tio n a tio n  are  eum^qrized in  Table V*14*

Table Y.15,

Dcxtrmi
Humber

o f
Treatments

Weight c f  
dextran 

methylated 
(gfn.)

Sodium
gm. atoms 
p e r AGb*

Methyl iodide 
gra* moles 
p e r AGU*

Product
weight

(gia,)
OCHjj

B-1299 S

1
2
5
4
5

13,00
11,70
11,05

9.60
8.55

2 .0
2 .0
2*0
1 .0
0*5

2.2
2.2
2*2
1*1
0.55

*#
' <•* 

m 
5.10 
8.15

37.8
38.0

B-1299 B
1
2
5
4

8*21
7,65
7.43
6*60

2*0
2*0
1.0
0.5

2.2
2*2
1.1
0*55

L
6*50

33*7
33*8

* ACrXF anhydro glucose u n it  

Table 7*14*

i t i t e r i a l  ex trac ted

Methylated 
B-1299 G dextran

Methylated 
B-1299 B dextran

Weight (0%#) f* 0C%2 Weight (gm,) f  OCH3

8*15 36.0 6.50 33.8

Chloroform soluble 7.25 41.2* 5.45 40. 9*

Chloroform in so lu b le 0.45 0*60

* Ash con ten ts! methylated B-1299 S dextran (l*2^)# 
m ethylated B-1299 1 dextran  (l*60/Q*
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The ce tby la ted  dextran (jOn^g*) tms tre a te d  vdth 72^ v o l- /v o l.  su lphuric 

cc id  (0 . 5&I») and l e f t  f o r  1 hour a t  room temporetnrre in  a  sealed tubs. 

B ie til lo d  w ater (d .O rd .) was then, added (g iv ing  an 8 / vol./vol*. eulphurio 

acid  (solution) end hydro lysis  was completed by p iec ing  the tube in  a  

w ater hath  e t  100®C fo r  4 hours. The hydrolyeate was n e u tra lis e d  w ith 

an excess o f  bsrium carbonate# and. the  In so lub le  barium s a l t s  cen trifuged  

down#

The m ipem atant so lu tio n  wea deionised w ith XM. 120(H'^) end 400(0lT) 

r e s in s  sad ro ta ry  svc,porated» in  veeuo# a t  35*0 to  a syrup.

The ryrup was examined ty  pap$r clu?omatograpby in  so lven t (e ) using  

eprtay resgen t (b) and,# a f te r  poperatlon in  the same solvent# by 

e lcc tro p h crec ia  in  borate  buffer*

The r e s u l ts  ero summarised In  Table 11.12*

Tha m ethylated dex traa (3(hig#) was re flu zed  fo r  24 hours in  7*2!;̂  

laethanolic î^drogen ch lo rid e  (lOml. ) # prepared by adding a ce ty l ch lo ride  

(7m l.) to  cooled dry methanol (2 ?a l# ). 

y c o . c i  + ca fca ,;co # c i + ch, o h  ► c-h, . co*ooe,. + i m

The so lu tion  %fas then n e u tra lised  with excess a i lv a r  carbonate, 

f i l te r e d #  mid the f i l t r a t e s  evaporated to  dryness a t  30*C, The residue 

was ex trac ted  w ith culoroform (iO rl# ) and th e  e x tra c t ro ta ry  evaporated 

to  a  syrup a t  30*0 .

The syrup was d isso lved  in  sodium d rie d  e th e r ( im l.)  and examined by
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vapo'oa? phae© # Samples wer* iajeoted. o&to the follow ing

ooluimg ;
y 4 ̂

I ,  Bataa 1-4 h io l eueoinate pol^estej^

II#  polyphenyl ethea? (la^bis [m-phenoaq^pheaoay]) feexi^ene (2Q0®C)*^^ 

fhe zeau lta  a re  ehowa l a  la b le  11,14#

(â ) lax'ge sca le  aold hydrolysla o f the methylated deztrgms 

lleiîiÿl&ted 3-12$^ Ï* d ex traa  (4&3i#) aad B-1299 S dex traa  (5 # 4 ^* ) were 

hydroly&ed as deK crihei i a  eatpt, 15 (h ), Y ields o f  sugar ejrupe were;

3 ,^  g%,, from 1*1299 3 d a s traa  

4*5 Ê3i*t li'om 3*1299 h dextxan

(e )  ^eterm iaatlon  o f the r a t io  of the  methyl ea^erd

( i )  E^polodlte ox idation  method^^

Ireaa ra tlo B  o f  a  standard kt^vïu 0,1N iodiias e o la tio a  ( im i,)  was 

added to  standard sugar so lu tion# ($m l,) each eont&ining between 0,25 end 

2,5iïig, o f  tetra*o-metli;yl gluoose, and a  d i s t i l l e d  water b lank , ooatained 

in  stoppered tubes.

So lu tions (2m l,) 0 ,2 ^  w ith re sp ec t to  both sodium hydrogen carbonate 

and sodium carbonate (pH 10.6) were added and* a f t e r  m oistening the 

stoppers w ith 20^ po tassium io d id e , the cx idatlone allowed to  proceed in  

the dark a t  room tem perature f o r  2,5 hours,

I'he potassium Iodide on the  stopper# was washed in to  the  reac tio n  

m ixtures which were d ilu te d  to  15ml, w ith d i s t i l l e d  w ater and a c id if ie d  

w ith  2^ su lphuric  a c id , fhe contents o f the tubes were mixed and 

t i t r a t e d  ag ain st 0.Û3.H sodium thicsnlpW vte, using sodium s ta rch  g ly o o lla te  

as in d ic a to r .
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These result®  ware used to p lo t the  standard graph i l lu s t r a te d  

in  Fig* T*4*

Fgti!B?-tion c f  the mathyl su^arg* The methyl Bug;ar eyrup from expt* 

15(d) (lOCiïig*) wea separated  on e  S'o#5 Wheim&n paper in  eolTent (e)* 

7ertlo& l p a ra l le l  sided e tid p s  (2cm* across) were cu t from th e  

chromatogram and th e  areas eontalning the methyl glucose3 eech sep ara te ly  

e lu ted  w ith d i s t i l l e d  w ater (5ml*)* Ilamk so lu tio n s  (5m l,) were prepared 

fo r  each methyl glucose by e lu tin g  en id e n tic a l area  o f  JTo*3 paper.

The sugars wore determined (aa t0tra*&*w%thyl glucose eg,ulTal<mt) 

by hypoiodlte o x ida tion . The r e s u l ts  a re  summarized in  Table V .l$ . and 

T .16.

Table V.15* Eatio  o f the methyl glucoses from 3*1299 S
dextram

îiethyl glucose T etra T rl Di Mono Glucose

Erperim ent^l t i t r e  
0*C1£ th io su lpbate  

(m l.)
1*45 1,46 1.27 0 .26 «»

Te t'ca*o-me t-hyl 
glucose equlTalent

(m * )
1.79 1.65 1*59 0.53

K oleoular welghte 
o f th e  methyl

eugars
256 222 2C8 194 m

Molar r a t io 1.00 1.08 1.01 0.22

Molar percentages 50 55 30 7
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U^>£J) \N 0 ?  M ETHyL
G ,uuC oS E S .

STAMP A A p €iRAPV\

2,5,1^,6 TETR.A-0-METHYL G,V.UCOSE. (MC,\ ^MUS)
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Table V*16. Ratio o f  the  Bethyl glucoses fzxna 
B-1299 X» dextran

Hettiyl glucose T etra T ri h i Xibno Glucose

Experimental t i t r e  
OéOlK tldosu lphate  

( a a .)
1.10 1.56 1*06 0.21

Tetra^Omrnethyl 
glucose equivalent 

(mg')
1,58 1.70 1,33 0.26

Idblar r a t io 1.00 1.50 1.09 0.22

Molar percentages 28 36 30 6

( i i )  M^a^UTpn*rt o f r>e k̂ mre^.s

The eepsjcations o f the methyl glucoses (exp t. 1 5 (f))  were followed 

p o la rim e tr ic a lly  and are  represented  by th e  o p tic a l ro ta tio n a l  curves in  

F igure 7,5# "Rie in d iv id u a l equilibrium  o p tic a l ro ta tio n s  o f  the 

separated  methyl sugars varied  by le s s  than 10̂ '̂ , wMch enabled a  r a t io  f o r  

the methyl gluooses to  be ca lcu la ted  from determ inations o f the areas 

under the peaks in  Figure V#5#

The resffults ax*e eiuamaiized in  Table 7,17* and 7# 18#
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Table 7.17* R atio o f th a  glucoses from
B-I299 S dextran

Metîryl glucose T etra 2 ,3 ,4
S ri

2 ,4 ,6
T ri h i

Area under curve 
(om.3) 4 4 .4 32 .4 9 .0 37.2

M olecular w e i^ ts  
o f  the  methyl

glucoses
236 222 222 208

îb î a r  r a t io 1,00 0.76 0.20 0.94

rtol^r percentages 34 '0 26.4 7.2 32.3

Table V.18. Ratio o f the  methyl glucoses from 
B-1299 b doxtran

î-Ietbyl glucose T etra 2 ,3 ,4
Tri

2 ,4 ,6
Tri m

Area under curve
(cm.5) 90,4 40.7 25.0 53*0

Molar r a t io l.CO 0.36 0.53 1.17

î 'b la r  percentages 27.9 24.0 14 .6 51.0
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( f )  of the suitors from the i;;etliylated 

Prepprrtlnn of p. fel3ulose column. F o .ll bTritman cellu lose was

s lu r r ie d  in  acetone, and packed under p ressure on a bed o f g la ss  vool 

(3cm.) to  gir® a  80 x $cm. column.

The coluMî vas washed i-jith a m ixture o f r e d i s t i l l e d  n«*butanolipetroleum 

e th e r  (h p t. 100~l2G*0) 3*7 voluae/voiuma sa tu ra ted  with w ater.

The methyl glucoses from hydrolysed m ethylated B-‘1299 L dextran  (j.Sgm .) 

were app lied  to  the c e llu lo se  column as  a  th ic k  syrup.

The separation  was followed p o la rlia e tr io a lly  (2dm. tube) aM  paper 

chrom atographically in  so lvent ( e ) .

Components 16 (tetre^o.-m ethyl g lucose), 17 (tri*»o-methyl glucose) end 

18 (tri-o -'m ethy l glucose) were e lu ted  from the column with n^butanoli 

petroleum e th e r  (b p t. 100*120®C) 3*7 volume/volume.

Component 19 (dl-o^mothjrl glucose) was e lu ted  by changing th e  e luan t 

p roportions to  4:6  volume/volume#

Tiie syrupy h^*drolysate from m ethylated 33*1299 S dextran  (4#4gm.) was 

separated on a  c e llu lo se  column in to  components 16, 17, IS and 19 by ea 

id e n tic a l  procedure.

D e ta ils  o f  these separations are  given in  Table 11.17# and I l lu s t r a te d  

i a  F ig . 7 , 5 ,

(g ) C haracterisa tion  o f comronent I 6 from each methylated dextran 

F rac tio n s  contain ing  component 16 were combined and evaporated to  a

semi c ry s ta l l in e  s o lid  W'lich chromatographed (so lven t (©)) as tetra*o-m etliyl 

glucose#

The crude m ate ria l was washed w ith a  l i t t l e  petroleum e th e r  (b p t. 6Ô-êD®C).
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weighed» charcoaled frcm ethanol end recry e t& lllsed  from ethanol«*pet2ole(iaa 

e th e r  (b p t. 40«60®C)* Ihe re o r^ s ta llie e d  m ate ria l was ersirdned as follow sI

( i )  w ith spray reagent (b) a f te r  paper ©iieomatogi'eph»’’' in  so lvent (e)

( i i )  the  m gex  (5mg.) was metîianolyaed by re f ln r ln g  In  4^  metlianolic 

hydrogen ch lo rid e  (lO hours) end th e  methyl gluooside was 

subjected  to  vapour phase chromatography on a  butan-l*4»dto l 

succinate  p o ly e s te r  (175^0)^^ -  c o X m a .  I  

( i l l )  th e  O ptical ro ta tio n  o f the  sugar was deteriglned in  d i s t i l l e d  

w ater w ith a sodium po larim eier (idm. tube» f i l l i n g  on 

approximately 0#7ml.) 

ill® r e s u l ts  wares

Component 16 Concontrutioa
gm#/lOOml,

Observed
%\)tation

S pecific
ro ta tio n

From B-12^^ t  dertrr.n  

From B-1299 S dextran

0.204

0.212

0,201t#. 0 . 171* 

0 .208U  0 . 175* +98%  +83«

( iv )  the m elting point* fM  mixed, m elting po in t w ith au then tic  

2#)*4*6 tri-o -m e tb y l glucose* was determined

(v) a sample (gisg*) was sent fo r  Independent methoxyl content 

determ ination.

Til® y ie ld  and physica l constan ts o f  component 16 from each methylated 

dextran  are  sIioto in  Table 11,17#
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(h) C haracterj-sriicn  of comron-nt 17 from each methylated dextran 

F rac tions containing component 17 were combined end evaporated to  a

eyrupf which chromatographed (so lven t (e ) )  as 2*5#4**tri«‘0»methyl glucose.

The crude m ate ria l was taken up In  ethanol charcoaled# re-evaporated  end 

weighed as a  syrup. Ihe syrup was examined as  follows#

( i )  w ith spray reagent (h) a f t e r  paper chromatography In  so lvent (®)

( i i )  the sugar (5mg.) was methanolysed end subjected  to  vapour phase

chromatography (see exp t. 13(g))

( i i i )  the  syrup from m ethylated B-1299 S dextran was converted in to  

the h-phenyi glucosylamine ( ’anilide*)*^^ d e riv a tiv e .

Syrup 17 (SOmg.) was tre a te d  w ith r e d i s t i l l e d  a n ilin e  (55wg.) and 

refl'oxed in  absolu te ethanol ( l i s l .)  fo r  4# 5 hours on a  w ater ba th . The 

re a c tio n  m ixture was cooled and concentrated by ro ta ry  evaporation# in  

vacuo# a t  30*G to  an o f f  white so lid . The crude *anilide*‘ was charcoaled 

from a Isrg e  excess o f e th e r  end r e c ry s ta l l is e d  (tw ice) from ethertpetro leum  

e th e r  (b p t. 40®C). H e ld  12aig* The ph^feical p ro p e rtie s  of tixe *aailidô*

are  shown in  Table I I . 17.

The y ie ld  end physical constan ts o f  component Vf from each methylated 

dex tran  ere  shown in  Table 11.17.

( i )  C hnracterisa tion  of component 18 from each m ethylated dextran 

F ractions con tain ing  component 13 were combined end evaporated to  a 

semi c ry s ta l l in e  so lid  which chromatographed (so lven t (e ))  as 2#4#& t r i - o -  

methyl glucose. The crude m ateria l was washed w ith a  l i t t l e  petroleum 

e th e r  (b p t. 60-80®C)# weighed# charcoaled from ethanol# and re o ry s ta H ise d  

from ethanol«petroleum  e th e r  (b p t. 40-60®C). The re c ry e ta l l is e d  m ate ria l
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vas examined as  follows*

( i )  w ith spray reagent (b) a f te r  paper chromatography In  so lvent (e)

( i i )  the sugar (5mg#) was metîmnolyseà and subjected  to  vapour phase 

chromatography (see expt# 15(g))

( i l l )  the O ptical ro ta tio n  o f the  sugar was determined in  methanol 

(see  exp t. 1 5 (g )) ,

The r e s u l ts  vers*

Component 18 Concentration
gm./lOOml,

Observed
ro ta tio n

S pecific
ro ta tio n

From B-1299 I* dextran  

From 3-1299 S dextran

1.025

0,816

1 ,0 1 %  0,745* 

0,7752#, 0,605*

+98% +75*

+95^+74®

( iv )  the m elting point# and mixed m elting po in t w ith au then tic  2#4#& 

tri-o -m e th y l glucose# ve.s determined#

(v) & sample (Smg,) was sen t fo r  independent matho%yl content 

determ ination .

The y ie ld  and physical constan ts Of component 18 from each methylated 

dextran  are sl'iown in  Table 11,17*

( j )  C h arac te risa tio n  of comnonent 19 from eoch m ethrlated dextran 

F ractions contain ing  component 19 were combined and evaporated to  a 

semi c ry s ta l l in e  so lid  which clr*omatogrspheA (so lven t (e ))  as a  di-o-m ethyl 

glucose and in  borate  e lec tro p h o resis  m igrated as 5#4 di-*o-methyl glucose 

although tra c e s  o f  both 2#5 di-o-m ethyl end 2,4 di-o-m ethyl glucose 

appeared to  be p re sen t.
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The crude m ate ria l wag washed with a l i t t l e  petrabum e th e r  (bpt* 

60-80*C), weighed, charcoaled frora n-propanol end re c ry s ta l l le e d  from 

e th y l a c e ta te . The r e c ry s ta l l is e d  m ateria l was examined aa follows*

( i )  w ith spray reagent (b) a f t e r  paper cliromatography l a  so lvent (e)

( i i )  th e  sugar (5mg.) was methanolysed and subjected  to  vapour phase 

chromatography (see  expt* 13(g))

( i l l )  the o p tic a l ro ta tio n  o f  the sugar was determined in  d i s t i l l e d  

w ater (see expt* 13(s))*

The r e s u l ts  were*

Component 19 Concentration
gm./lOOml*

Observed
ro ta tio n

S pecific
ro ta tio n

From 3-1299 h dextran  

From 3-1299 S dextran

0*991

0.999

1.076* 0.735* 

0.735*

+108» +74* 

+74*

( iv )  a  sample (5 ag .) was sen t fo r  independent determ ination o f  th e  

methoxyl content

(v) the  m elting po in t was determined

(v i)  the sugar from m ethylated B-1299 S dextran was converted in to  th e
72F#"phenyl glycosylairlne (•a n llid e* ) d e r iv a tiv e .

Component 19 (50mg.) was tre a te d  with r e d i s t i l l e d  a n ilin e  (32mg.) and 

re flu x sd  in  absolute ethanol ( im l.)  on a  water bath  fo r  4 hours* Ethanol 

(iCm l.) was added to  the  re ac tio n  m ixture which was charcoaled, f i l t e r e d  

end concentrated by ro ta ry  evaporation In  vacuo a t  30*C,



The crude m ate ria l was r e c i^ e ta l l is e d  (tw ice) from a  m ixture of 

n-butarw)3.tn-heptane# Y ield lOmg. îUiie pli^'slcal conutarits o f the *anlllde* 

appear in  Table I I . 1?,

The y ie ld  and physical constante o f component 19 from each m&thyl&ted 

dcxtren  are  shovTi in  Table I I .  17*

Expt. 14 d e w  ac tion  o f the B-1299 S dextran

(a ) P reservation  of the P cn ic illiam  lilv.ciimsi mould and p repara tion  
o f th e  dextranase

( i )  Preservation of mould.a

The mould Pcn io llltum  lllp.clnum was obtained from the Commonwealth

î^o o lo g io a l In a titu te #  Kev. The mould was preserved on agar slopes o f

th e  follow ing composition*

Sodium n i t r a te  2.0 g m ./ l l t r e
Potassium dihydrogen phosphate 1.0
llagnesium sulphate , 0 .5
Potassium cldLoride 0.5
Ferrous su lp h a te , hepta  lijd ra te  0.01
Sucrose 30,0
Agar Poiifder 20.0

At 0*0, v ia b i l i ty  o f the moulds could he m aintained fo r  4 months, 

before subcu ltu ring , on th is  medium.

( i i )  P reparation  o f  the  P e n ic ill lu n  lilac lnum  dextranase^^

Ager s tab s  o f the  P* l i la c lr rm  mould were Innoooulated in to  a s t e r i l e  

medium (10ml.) contain ing

1^ 8 . Bovig dextran
1 .5 ^  Yeast e x tra c t (IfeOTlte C»oJ

and sw irled  a t  25~29*G.



207.

A fter Bubculturlng 5 tim es 3 day in te rv a ls  through 10ml. o f  tb@ 

medium the mycelia were Introduced in to  6 conical f la sk s  each contain ing  

200ml. o f  the medium. These f la sk s  were sw irled  f o r  7 days a t  25- 29*C.

The c u ltu re  medium (cooled to  0®C) was f i l t e r e d  under reduced pressu re  

tiirough g la ss  wool to  remove most o f  the m yoelia, end the f i l t r a t e  

cen trifuged  (3,000 r .p .m ., 15 m inutes) a t  0®C. The supernatant liq u o r  

( l . l  l i t r e s )  was made 5 m.molar w ith re sp ec t to  sodium c i t r a te  (ad justed  

to  pH 6 .0  w ith c i tz ic  a c id ) , d ialysed  ag a in st 4 % 6 l i t r e s  o f  c i t r a te  

b u ffe r  (5 m.molar, pH 6 .0 ) a t  C»C and sto red  in  the r e f r ig e ra to r  a t  0*0 

fo r  usQ.

(b) P reosra tion  o f  8, Boris rlextrrn.^^

Tlie dextran producing organism St ran to coccus s trcd n  1 was

obtained from th e  îîa tio n a l Dairy Centre, Shinfield# Beading. The organism, 

from a freeze  d ried  s ta te ,  was suboulturad (tw ice) tlarough ^ u o o se  media, 

before innooculetlng  a sucrose b ro th . The compositions o f  these  media a re  

given under General Pz'ocodure ( ix )d .

A fte r incubation f o r  3 days a t  38®0 the 0. Bovig dextran  was ex trac ted  

from the c’d tu re  f lu id  end p u r if ie d , by the mothods described  fo r  the w ater 

so lub le  3-1299 ^ dextrjia (ex p t. 2 end 3)* The average y ie ld  from X l i t r e  

o f  medium wai 4 .2g^, o f  dextranj eah content 0 . 19^ .

(o) Pcx’iodatQ oxidation of the S. Bovis

Bovls dextran. (3iOmg#), d ried  over phospuoru.3 pentaoxide, in  

vacuo, fo r  48 hours a t  50*G# vas d isso lved  in  d i s t i l l e d  w ater (300ml.) in  

a  500ml. volume t r io  f la s k .



A standard so lu tio n  (lOOml#), con tain ing  sodium m etaperiodate (950mg.), 

was added to  the dextran  so lu tio n , and th e  t o t a l  volume was made to  gOOml.

A blank so lu tio n  (250ial#) con tain ing  sodium m etaperiodate (475mg.) 

was a lso  prepared. The dextran was oxidized in  the dark a t  room 

tem perature, and the  periodate  reduced and formic e-cid l ib e ra te d  p er AGÏÏ 

were measured a t  reg u la r  in te rv a ls  •  see General Procedure ( x i i ) .

Til® experim ental r e s u l ts  -  co rrec ted  f o r  ash content o f  the dextran  -  

a re  summarized in  Table V.19. and Figure 7.7#

Table 7 ,1 9 . The r e s u l ts  from oxidations o f  g. Bo v is  
dextran w ith sodium m etaperiodate

Time
(hours)

P eriodate  reduced1 
moles p e r  mole AGG

Formic ac id  released* 
moles p e r mole AGÎT

4.00 1*17 0.56

10.00 1.41 0.51
19.50 1.61 0.69
49.50 1.86 0 .90

75.50 1 .92 0.96

98.50 1.94 0.97
154.50 1.95 0.97

A fter ex trap o la tin g  the curves in  l ig u re  7.7* back to  zero time 

(see page 52) the  co rrected  f ig u re s  were*

periodate  reduced 1.90 moles p e r  AGÏÏ 

formio acid  l ib e ra te d  0*95 moles p er AGU 

Applying the equations i n  Table I I . 7 . th i s  in d ica ted  th a t  the Bovis 

dex tran  contained 95^ 1-+6 and 5^ 1"»“5 l in k s .
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(d ) The standard dextran/dextrsnage diigest contained dextran  (Smg.) 

in  O .g  sodium c i t r a te  (pH 5*0, 2ml#) end dextranaee so lu tio n  (2ml*) which 

were incubated under to luene (im l#) f o r  43 hours a t  37» C#

(e ) Determ ination o f the a o t lv i ty  o f P. l l la c im ia  dextranase 

Tsuchlya#^^ defined dextranase a c t iv i ty  in  terms c f  the  •dextranas*

u n it* . One *dextranase unit*  i s  the  amount o f  enzyme which w ill  l ib e ra te  

Img# equivalent o f  isom altose monohydrate i n  1 hour, a t  40®C from a  

su ita b le  substrate#

S# Bo v is  dextran  ( 50mg.) in  d i s t i l l e d  w ater (im l#) was buffered  w ith

0 . ^  sodium c i t r a t e ,  pH 5*0 (2ml«) and tre a te d  w ith 0#05ml* o f  dextranaso 

p rep ara tio n  d ilu te d  to  1ml, w ith d i s t i l l e d  water# An id e n tic a l  so lu tio n  

was a lso  prepared in  Wiich the  dextranaso had been in a c tiv a te d  by b o ilin g  

fo r  1 minute#

The so lu tio n s  were Incubated in  capped tubes fo r  2 hours a t  39® G• An

a liq u o t (lm l«) was removed from each so lu tio n  end th e  reducing sugars 

estim ated (as  isom altose) by the Felson-Somogyi method#

A standard graph fo r  th is  determ ination was prepared as follows*

Three standard reagen ts were f i r s t  made up#

I# Arsenomolybdate reader.t# Ammonium molybdate (25g®*) was d isso lved  

in  w ater (450ml*) and concentrated sulphuric ac id  (21ml#) added 

w ith s tir r in g #  Sodium arsen a te  heptaiiydrate (3gm#) was d isso lved  

in  d i s t i l l e d  w ater (23ml,) and added to  the  molybdate solution#

The re su lt in g  so lu tio n  was l e f t  f o r  2 days a t  3?®G and then s to red  

a t  0°0 in  a  brown b o t t le .
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II#  Eoohelle s a l t  (l5gm#) and. anhydrous sodium carbonate (jOgm#)

were d isso lved  i n  d i s t i l l e d  w ater (jOOml#), and sodium bicarbonate 

(20gra,#) then  added* The so lu tio n  was cooled and combined w ith a  

so lu tio n  (500ml*) con tain ing  enhydrous sodium sulphate (18Cgm#).

The re su lt in g  so lu tio n  was d ilu te d  to  1 l i t r e  with d i s t i l l e d  water# 

I I I#  Copper sulphate pontabydrate (5#^*) and anhydrous sodium sulphate 

(45gm.) were d isso lved  in  d i s t i l l e d  w ater ( 250ml#)* 

dust before use so lu tio n  I I  (4  p a r ts )  was combined w ith so lu tio n  I I I  

(1 part)#

Standard sugar so lu tio n s  (im l*) con tain ing  isom altose (20 to  200 jig#) 

end a  d i s t i l l e d  w ater blank were p ip e tte d  in to  pjocex tubes (1*3 x  lOom#) 

and tre a te d  w ith  copper reagent (iml*)# The tubes were capped w ith g la ss  

bulbs and heated on a  b o ilin g  w ater bath  (30  min#) cooled and au'seno- 

molybdate reagent (im l#) added#

Til© so lu tio n s  were mixed (by in v ersio n ) d ilu te d  to  6ml, w ith d i s t i l l e d  

w ater and the  o p tic a l d en s ity  measured a t  520 mp, w ith  an S#P#500 

spectrophotometer#

R esu lts* the  o p tic a l d en sity  o f  the so lu tio n  from the dextreimse 

d ig e s t was equ ivalen t to  th a t  from a  so lu tio n  con tain ing  105 o f  

isom altose per ml# Tiùs was equ ivalen t to

,3̂.Q5. j n g ,  equivalent o f

isom altose p er ml# o f dextranase so lu tio n  o r  0.12 ♦dextranase un its^  per 

ml* o f  dextranase solution#
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( f )  A eld o f  the  n a tiv e  B-I299 8 dextran

fetstida^^ datazsiim d th a t ,  whan hydrolysed w ith H-siilphurio aoid a t  

90®C, the pa2?centage dégradation o f the oC .»(l-+2) g lucosid io  l in k  o f 

kojlhlOGG vas as foHoww.

TIMS (mln#) Degradation

50 50
6D 66
90 73

120 88
150 95
180 93
210 ( 100)

These f ig u re s  were taken as ea approximate guide fo r  the  acid  hydro lysis  

o f  the o C -(l-r2 ) l in k s  In  B*1299 S dextran#

( i )  Prelim inary hydrolyses

B-I299 S dextran (l5gm#) was d isso lved  in  warm d i s t i l l e d  w ater (300ml.) 

and Inouhated ( in  a sealed  f la sk )  in  a thermo s ta te d  hath  a t  90*0 ( -  3*C). 

5H -sulphuri0 aoid (75 2̂1#) was incubated in  a  s im ila r  manner# Idien. the 

two so lu tio n s  had a tta in e d  90*0 they were quickly  combined, mixed and 

re tu rned  to  the  bath#

A liquots ( 25ml#) were removed from the  hydro lysis  re ac tio n  a f t e r  

30,  60 ,  90» 120, 150,  180, 210, 240 and 270 minutes# The a liq u o ts  were

n e u tra lis e d  w ith barium carbonate, and the  Inso lub le  barium s a l t s  

cen trifuged  down# The eupenxatant so lu tio n  was passed through A Ko#42 

Vhatmans* f i l t e r ,  and d ialysed  (48  h rs )  ag a in st running tap  water# The
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d ia lysed  so lu tio n  was concentrated, by ro ta ry  evaporation, in  vacuo,

a t  40*C and freeze  d ried  to  a white solid# The weights o f  the  freeze

d ried  degraded dextran  appear in  Fig# 7# 6# Each degraded dextran (5mg#) was

incubated with dextranase (expt# 14(d)) end, a f te r  d e io n isa tio n , was

subjected  to  paper chromatography in  so lven t (b)# The r e s u l ts  are

discussed on page lo6 *

( i i )  Iia.r.?e sca le  acid hvdro lvsig» B-1299 S dextran  (200gm#) was

d isso lved  in  warm d i s t i l l e d  w ater (4  l i t r e s )  and incubated a t  90*0 , in  a

therm ostated ba th , ^ü-sulphuric acid  ( l  l i t r e )  was incubated in  a

s im ila r  inanner# two so lu tio n s were then combined, to  give a  4^

so lu tio n  o f dextrim  in  H sulphuric a c id , mixed and reinoubated a t  90*C

f o r  i#75 hours# The hydrolysate wag neuta^ilised w ith excess barium

carbonate, cen trifuged  and f il te re d #  The f i l t r a t e  was d ia ly sed  ag a in st

d i s t i l l e d  w ater (10 l i t r e s ) ,  which was concentrated down to  y ie ld  glucose

p lus isom sltodex trins (jpgni#), then d ia lysed  (5 days) ag a in st running tap

water* The d ialysed  so lu tio n  was concentrated In  vacuo a t  40®C, and the 
dextran

ecld  degraded/freeze d ried  to  a  white so lid  (5 5 a ^ )# Ash content 0#00^#

(g) Periodate oxidation  o f the acid degraded AD-1299 S dextran^^

AD-1299 S dextran (308mg#) d ried  over phosphorus p en taox ide ,ia  vacuo, 

a t  50*0 fo r  48 hours, was d isso lved  in  d i s t i l l e d  w ater (300ml#) l a  a  500ml. 

volum etric flask#

A standard so lu tio n  (lOOml#), contain ing  sodium metaperiodat© (940mg#), 

was added to  tlia dextran so lu tio n  end the to ta l  volume was made to  500ml#
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A blsiïk so lu tio n  (250ml#) con tain ing  sodium m etsperiodate (470®g#) 

was a lso  prepared# . The dextran  was oxidized in  the dark a t  room 

tem perature, end the  periodate  reduced and formio ac id  lib e ra te d  p er AGÏÏ 

were measured a t  reg u la r  in te rv a ls  ^ see General Procedure (x ii)#

The experim ental r e s u l ts  are summarized in  Table T#20# and Figure T#7«

Table T#20# The r e s u l ts  o f  ox idations o f  AP-1299 S 
dextran  w ith sodium m etaperiodate

Time
(hours)

Periodate  reduced! 
moles per mole AGÏÏ

Formio ac id  re leased ! 
moles p e r mole AGIT

3.00 1.17 0 .46
9.00 1.55 0.65

19.50 1.70 0.79
48.50 1.8& 0 .92
75.50 1.94 0.94

100.00 1.95 0.97
133.0 1.98 0.98

(h) liberation o f reducing* sugars from the acid 6 evaded AD-1299 8 
dextran by the action of P* lilacinum dextranasa

( i )  fiualito .tive experiment. The AD-1299 S dextran  (5mg#) was 

incubated in  a  standard d ig e s t (expt# 14(d))# The products were , 

subjected  to  chromatography in  so lvent (b)#

( i i )  Quantitative experiment# The AD-1299 8 dextran (50mg.) -  d ried  

over phosphorus pentaoxide a t  50*C, in  vacuo, fo r  5 days was d isso lved  

in  d i s t i l l e d  w ater ( im l .) ,  buffered  w ith 0#2H c i t r a te  b u ffè r  (pH 5#0, 2ml#) 

and tre a te d  w ith P. lilaclm tm  dextranase e x tra c t (0.05ml* -  made to  1ml# 

w ith d i s t i l l e d  water)* An Id e n tic a l blank so lu tio n  was prepared in  which
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the  enzyme vas In ac tiv a ted  by b o ilin g  f o r  1 minute#

93ie d igestv  were incubated i a  capped tu b es, a t  59*0#

At In te rv a ls  a liq u o ts  (0 .02m l.) were removed and the  reducing sugars 

estimated» as  isom altose eq u iva len t, by the method o f  Helson-Somogyi^^® 

(see  experiment 1 4 (e )) ,

The r e s u l t s  a re  shovn in  Table 7.21# end i l lu s t r a te d  by Figure I I I . 11.

Table 7 .21 ,

Time
(hours)

Isom altose
equivalen t
(p g ./m l.)

Isom altose 
l ib e ra te d  

mg./lOO mg. dextran

0.00 45.5 17.3
1.50 50.5 20.2
5.00 55.5 21.4

11.50 60.0 24.0
27.00 71 .0 28.4
52.50 78.0 51.2
95.00 62.5 33.0

120.00 85.0 34.0

( i )  Larr-rc goal® dertranase  dlfccet o f the âl)«»1299 S d e rtran  

AD-1299 S dex tran  (50gm. ) was d isso lved  in  sodium c i t r a te  b u ffe r  O'

(pH 5#0; $00ml.) and tre a te d  w ith P. llleeinum  dextrenase so lu tio n  (500m l.).

The d ig e s t was incubated , under to luenei e t  57®0 f o r  6 days.

The so lu tio n  was deionised w ith IH 120(1**’) and ISA 400( 0ïT ) re s in s ,  

concentrated  to  50b1. end placed on & carb o n -o e lite  column (70x7» 5o^#)*

The column was elu ted  w ith in creasin g  percentages o f aqueous ethano l. Due
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to  overloading, sugar separations wore poor. The column was th e re fo re  

washed w ith 55^ aqueous etlmnol ( to  rew v e  sugars o f D.P. 2 to  9) and 

th e  washings combined and concentrated to  a  syrup. This syrup was 

placed on a  second carbon column (yOxY.Scm.) wlîlch was e lu ted  w ith aqueous 

e th aao lio  so lu tio n s . The separa tion  was followed p o la r im e tr ic a lly  

(2Dm. tube) and by paper chromatography in  so lvent (b ) .  D e ta ils  o f the 

sep ara tio n  ere  recorded in  Table 7*22.

Bote. In  re tro sp e c t a b e t te r  work up o f  th e  d ig e s t a t  th is  stage 

would probably have been i n i t i a l  d e io n isa tio n , d ia ly s is  ( to  remove eugare 

o f  D.P. < 9 ) and carbon column separa tion  o f  the sugars In  the  d ia ly sa te .

The syrups from fra c tio n s  510-565 (each 25ml.) were streaked  on 

washed Bo. 17 Whatman papers and re fra c tio n a te d  in  so lven t (b ) . The 

o ligosaccharides were charcoaled from aqueous e thano l, f i l t e r e d ,  end freeze  

d ried  to  white so lid s . Y ields were* component 25 ( l . lg m .) ,  component 26 

(l.6gm .) end component 27 (O.COgo.)#



Table 7*22# Separation o f oligos^ficchprides from 
enzym ically degraded AD-1299 S dextran

Kluant F ractions 
(each 25ml*) Co^onent Chromatographing 

a s :( in  so lven t (b ))
V e i^ t

( m * )

D is ti l le d
w ater 160-220 1 Glucose 0 .6

6/5 aqueous 
ethanol 255-285 2 Isom altose 4 .7

aqueous
ethanol 285-360 2

3
Isom altose 

I  Bomal to  trj, o se 5.5

6% aqueous 
ethanol

1
580

-510
2
5

Isom altose
I s o m lto tr io s e 7.1

T
16^ aqueous 

ethanol

16yp aqueous 
ethanol

1

510-
565

3
25
26 
27

Isom M iiotricse 

«#
4.2

20f/o aqueous 
ethanol

565-
645

26
27
23

—

—
3.5

20^ a<l,ueoua 
ethanol

1
25.» aqueous 

etVtanol

A
fu rtiic r  

10 l i t r e s  
o f  

e luan t

27
28
29

8 .0

Fxpt# 15# Chr.ractrrlgo.tion r'f the eliaoga.cc'bryldes from enrT.»ntcp.lly 
dr-qrrdod .AD-1299 S dextrnn,

(a )  Determination o f the decrees ù f  ro lym erleatlon  o f the  ollgosaccharldeg 
from AD-1299 8 dextran

The experisasntsil procedure i s  ou tlin ed  in  General Fxricaduro (x)#

r e s u l ts  a re  summarized i n  Table 7.25#



Tailla T. 23

Component
O ptical den sity  (490 rajA.)

Unreduced Reduced

2 0.800 0.400 2.0

3/21 0.580 0.580 2 .9
2 5 0*575 0.450 4 .0
26 0 .6 0 0 0 .4 0 0 5 .0
27 0.590 0.490 5 .9

(b) Determ ination o f the o-pxicflX r o t a t i on of  the olia^osaecharlgeg

The experim ental procédure i s  o u tlin ed  in  General Drooedurt (x i)#  

Tiié r e s u l ts  er# elmw in  Table T.24*

Table T .24*

Component Concentration 
gm./lOO ml.

Observed
ro ta tio n

S pecific  ro ta tio n

%  l ig h t Ba l ig h t

D isaccharide 2 0.744 +1 . 05» +141» +120*
Tetrasacoharide 25 0.620 +1 . 14* +184* +157*
Pentasaccharide 26 0.700 +1 . 59* +198* +169*

Eexasacchaxide 27 0.687 4-1.38* +201* +171*

(c )  Periodate  ox idation  of the saocharides from AD-1299 8 dextran 

The expérim ental procedure i s  o u tlin ed  l a  General Procedure ( x i i ) .

The r e s u l ts  a re  summrlzed i a  Table V* 2$, and i l lu s t r a te d  by the curves i a  

F ig . I I I . 14 ,

(d ) P a r t ia l  a c e to ly s is  o f  the  o ll^ sacch o x i d es from; AD-1299 S dextran 

The o ligosaccharide (approxim ately 90®S*) was tre a te d  w ith aa ao e to ly s is
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Edxture (3ml.) consietlxig o f a ce tio  aiihydridoi concentrated  eulphurlo 

acid# 100*9 voliame/voltme.

After warming to complete Bolution# the cugar eolution was cooled 

and incubated at 35*G for 2 hours in  a water hath.

The acetolysis reaction mixture was then poured onto crushed Ice 

(lOml.) and neutralised with sodium hioarhonate (pH 6 .0 ) . The precipitated  

acetates were extracted with chloroform (4x10ml.)# and the extracts washed 

with d ilute sodium hioarhonate solution and then d is t il le d  water.

The chloroform extracts were dried over anhydrous sodium sulphate 

( 2 4  hours)# filtered  end concentrated# in  vacuo# at 40®C to a syrup. The 

syrup was taken up in  dry metkmnol (l^m l.) end deacetylated by addition o f  

a small piece o f sodium metal ( 2 4  hours# in  the refrigerator). The 

deaoetylated sugars were deionised with IH 120(H*̂ ) end lEA 400(0H* )̂ resins 

and were subjected to paper chromatography in  solvent (b ). The sugars 

were then separated in  solvent (b) on a Ho.3 Whatman paper# eluted from 

the paper with d is t il le d  water# end subjected to electrophoresis in  borate 

and (a fter  reduction) molybdate e lectro ly tes. Chromatograms and 

eleotrophoretograms were developed with spray reagent (a ).

(e) Incubation of the ollaosaccherldes from AB-1299 S dextran with 
P. lil&cinum dextranase

The experimental procedure i s  outlined in  General Procedure ( x i i i ) .

( f ) Partial acid hvdrolygig of the oligosaccharides from AD*1299 $ 
dextran

The oligosaccharide (approximately 5 0mg.) was heated for 2.5 hours# in  

a capped tube# at 7 0 ®G with ^sulphuric acid (4ml.)#

The hydrolysate was neutralised with excess barium carbonate and
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the  in so lu b le  baxium s a l t s  cen trifuged  off# The supernatant so lu tio n  

was deionised  w ith IE 120(H^) end IHA 400(0]^) resin s#  evaporated to  a 

syrup and sub jected  to  paper chromatography in  so lven t (b ) .  tloe 

chromatograms were developed w ith spray reagent ( a ) .

The degradation products from components 2o end 27 were# in  addition# 

fra c tio n a te d  on a Whatman Ho#) paper in  so lven t (b)# and the pentasaccharide 

and te tra sac ch srid e  f ra c tio n s  from component 27 and the te tra sao ch arid e  

f ra c t io n  from component 26 were e lu ted  from th e  papers*

These f ra c tio n s  were incubated# to g e th e r w ith iso m aito te trao se  and 

isom altopentaose s tandards,w ith  dextranase see General Procedure (x iii} *  

The r e s u l t s  a re  d iscussed  in  Section l l l . & ( l l i ) .

(g) F ethv lg tion  of the o llgosaccheridea from /D»1299 S dextran^^*^^

The eligofsscciiaride (approxim ately 12mg.) was d isso lved  in  H#H dimethyl 

formamide ( r e d i s t i l l e d  from calcium oxide; 1 ,5m l.) and tre a te d  w ith dry 

s i lv e r  oxide (igm. ) and r e d i s t i l l e d  methyl iod ide ()m l*). The m éthylation 

m ixture was sliaken a t  room tem perature (24  hours) in  a darkened# sealed  

f la s k .

TTie in so lu b le  s i lv e r  s a l t s  were then f i l t e r e d  off# washed w ith 

chloroform  and th e  f i l t r a t e  and washings concentrated# by ro ta ry  

evaporaticn# in  vacuo a t  40®C. The concentrated  so lu tio n  was re tre a te d  

w ith dry s i lv e r  oxide (igram) and r e d i s t i l l e d  methyl iod ide (3m l.) and 

shaken ( 24. hours) a t  room tem perature in  the  dark . The in so lu b le  s a l ts  

were again removed by f i l t r a t i o n  end the  f i l t r a t e  and wasîiiaga concentrated# 

in  Vacuo# a t  4Û®C end then placed on a  high vacuum l in e  a t  30*0 to  remove 

th e  l a s t  tra c e s  o f dimethj^l formamide.
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The syrupy residua  was d isso lved  in  methyl iod ide  (5ial,)# dry s i lv e r  

oxide added (0#5gm.) and the  m ixture refluxed  on a  w ater ha th  f o r  6 hours.

The in so lu b le  m a te ria l was f i l t e r e d  o f f  and th e  f i l t r a t e  and washings 

were concentrated  to  a  syrup ( in  vacuo a t  40®C) >ddch was methanolysed 

(5 hours) w ith 4/  ̂ methanolic hydrogen ch lo rid e  (4%L.) -  see exp t. 1 5 (c).

The so lu tio n  was n e u tra lis e d  w ith s i lv e r  carbonate# f i l te r e d #  end the 

f i l t r a t e  concentrated# in  vacuo# a t  50®C to  a syrup.

The syrup was taken up in  sodium d rie d  e th e r  ( l ia l .)  end examined 

vapour phase chromatography. Samples (0 .6p l« ) were in je c te d  onto the 

fo llow ing columnst

i .  B u tan-l#4-d io l succinate  p o ly es te r  a t  175®C.^^

II#  Polyphenyl e th e r  (m-bis[m-%jhenoxy phenoxy]) benzene a t  200®C.^^

The re te n tio n  tim es (BT gg,^)# end probable id e n t i t ie s  o f  the methyl 

glucoeides found in  the m etiunolysates o f  metîiylated components 25# 26 and 

27 a re  shown in  Tables V.27## 7 .28 . and 7,29* re sp e c tiv e ly .

The re te n tio n  tim es o f  some standard metiiyl glucosSdes# chromatographed 

on columns I  and II#  a re  included in  Table 7 .2 6 .
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Table 7 .26 . R etention tim es o f some standard 
o-methyl# methyl g lucosides

o-methyl# methyl 
glucoside

R etention time (ET w )

Column I Column I I

2 ,3 ,4 ,6  t e t r a 1.00 1.43 1.00 1.32
2 ,3 ,4  t r i 2.50 3.52 1.35 1.83
3 ,4 ,6  tad. 2.95 3.50 1,73 2.28
3 ,4  d i #e 2.43

Table 7.27* R etention tim es o f  the  degradation products 
from the  methanolysed m ethylated component 25

R etention time (RT Id en tity *
Column I Column IX

1.00 X. 1.43 L 1.00 I, 1 . 5 3 1 2 ,3 ,4 ,6  t e t r a

2.50 I, 5.50 I, 1.33 L 1.83 1 2 ,3 ,4  t r i

2.93 H 3.50  t 1.70  Sh 2 .30  M 3 ,4 ,6  t r i

4.40 T - ## « Under m éthylation?

♦ o f  the •o-methyl# methyl glucoeide

EST f o r  Tables 7.27## 7 .28 . and 7 .29 .

Xr la rg e  peak 
H medium peek 
8 small peak 
Sh shoulder 
T tra c e



Table V*28# R etention times o f the  degradation pioduots 
from the methanolysed metlnyl&ted component 26

R etention time (RT Id e n tity *
Coluzsn I Column I I

1.00 L 1.43 L 1.00 t 1.35 X. 2,3#4#6 t e t r a

2.55 & 3.50 L 1.53 I. 1.65 L 2 ,5 ,4  t r i

2.95 s 3.50 h 1.70 Sh 2.30 S 3 ,4 ,6  t r i

4.50 T Under m éthylation?

22?

* o f  the  •o-methyl# methyl g3.uooside

Table 7*29. R etention tim es o f the  degradation products 
from the  methanolysed m ethylated component ZJ

: R etention time (ET Id en tity *
Column X Column I I

1 .00  t 1 .43  & 1.00 If 1 . 3 3 1 2 ,3 ,4 ,6  t e t r a

2*55 1 3.53 L 1.33  L 1.83 & 2 ,3 ,4  t r i

3.53 L 2 .54  s 3 , 4 ,6  t r i

mt 2.34  s m 3 ,4  d i

4 .50  T Under m éthylation?

*  o f  the  •o-m®thyl, methyl glucoeide
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