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ABSTRACT

The b io s y n t h e s i s  o f  the " r a f f in o s e  f a m i ly ” o f

o l ig o s a c c h a r id e s  in  V ic ia  faba  seed s  has been in v e s t ig a t e d

in  v i t r o .  P re lim in a ry  experim ents have shown th a t  the

o l ig o s a c c h a r id e s  are s y n th e s is e d  as the  seed s  mature and

reach  a maximum c o n c e n tr a t io n  a t the  dormant s t a g e .

R a ff in o s e  ( th e  lo w e s t  member o f the s e r i e s ) ,  has

been s y n th e s iz e d  v i a  two r o u te s :  , .V. fab a  e x t r a c t
(a )  UTP  ̂ + c^ -D ~galactose-I-phosphate  + su cr o se  r a f f i n o s e  +

-  IID!

The fo l lo w in g  r e a c t io n s  which r e s u l t  in  the  form ation  o f  

U D P-galactose  were a l s o  c a t a ly s e d  by V. faba  e x t r a c t s

(i) U B P -jlu cose V  ̂ U D P-galactose

(ii) ULP-^lucose + û - p - g a l a c t o s e - l -phosp hate  IID P-galactose t

a-.p~.giuc OS e-1 -p h osp h ate

* ÜT? U rid in e  tr ip h o s p h a te

ATP Adenosine tr ip h o s p h a te

UDP U rid in e  d iphosphate

UDP-Glucose U rid in e  cl ip hosph o-D -g lu co  se  

U D P-galactose U r id in e d ip h o sp h o -D -g a la c to se .

A D P-galactose  A den osined iph osp L c^ alactose

NAD N icotin am ide  adenine d in u c le o t id e .



ADP-galactose was considered as a possible galactose
donor, but a ttem p ts  to  s y n th e s iz e  t h i s  compound from

ATP and u -D -g a la c to se -1 -p h o sp h a te  were u n s u c c e s s f u l .

The combined ev id en ce  s t r o n g ly  s u g g e s t s  th a t  UDP-

g a la c t o s e  i s  the  g a la c t o s e  donor in  ( a ) ,  and th a t  such

a r e a c t io n  could  occur in  v iv o .
—  V. faba

(b) M e lib io se  + sucrose '̂'"*^^^^^  ̂ ^ ^ ? a f f  in o s e  + g lu c o se

In co n n ec t io n  v/ith  t h i s ,  th e  p r o p e r t ie s  o f  V. faba  a-galactosidose 

: were examined. I t  was shown th a t  th e  t r i 

sa cch a r id e  p la n te o s e  was a l s o  formed in  r e a c t io n  ( b ) ,  

but in  much s m a lle r  q u a n t i t i e s  than  the  iso m er ic  r a f f i n o s e .

The b io s y n t h e s i s  o f  r a f f i n o s e  in  v iv o  by e i t h e r  or both  

of t h e s e  r e a c t io n s  i s  d is c u s s e d .

S tachyose  has a ls o  been s y n th e s iz e d  v i a  c i -g a la c to s id a s e  

u s in g  r a f f i n o s e  as s u b s t r a t e .  Again the  p o s s i b i l i t y  of  

t h i s  r e a c t io n  o ccu r r in g  in  v iv o  i s  d is c u s s e d .

Another enzyme found to  occur in  dormant V. faba  seed s  

i s  a lk a l in e  P - f r u c t o f u r a n o s id a s e , The p r o p e r t ie s  o f  t h i s  

enzyme were examined and compared w ith  o th er  P - f r u c t o -  

fu r a n o s id a s e s  known to  occur in  p la n t  t i s s u e s .  The enzyme 

was shown to  h y d ro ly se  P -D -fr u c to fu r a n o s id e s  and to  t r a n s f e r  

a f r u c t o s y l  r e s id u e  t o  su cro se  form ing 1"̂ - P - f r u c t o s y l s u c r o s e , 

The p o s s i b i l i t y  of t h i s  enzyme and G—g a la c t o s id a s e  b e in g  

in v o lv e d  in  the breakdown of r a f f i n o s e  o l ig o s a c c h a r id e s  _i^ 

v iv o  i s  co n s id e r e d .
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INTRODUCTION



INTRODUCTION

The s t r u c tu r e  and occurrence  o f  g a la c t o s y l s u c r o s e  

d e r i v a t iv e s  in  n atu re  has been e x t e n s i v e l y  s t u d ie d ,  but  

l i t t l e  i s  known about t h e i r  m etabolism  or b i o s y n t h e s i s .

The ’’r a f f i n o s e  f a m i ly ” o f  o l ig o s a c c h a r id e s  ( F i g . I )  

i s  th e  most -w idely o cc u rr in g  o f  th e  g a la c t o s y l s u c r o s e  

d e r i v a t i v e s ^ , 2 , 3 , 4  may be of c o n s id e r a b le  m eta b o lic  

im portance . The low er members o f  th e  s e r i e s  i . e .

CH,0H

oh\ oh CHxOH

F i g . I .

r a f f i n o s e  and s ta c h y o se  (n = 1 ,2  r e s p e c t i v e l y ) ,  have been

found in  many p la n t  organs e . g .  r o . t s ,  s e e d s ,  sh o o ts  and 
3 5 5 7s i e v e  tu b es  ’ ’ ’ but h ig h e r  members of th e  s e r i e s  have 

been found o n ly  in  se ed s  and r o o t s .

The s t r u c t u r e  o f  r a f f i n o s e  was o r i g i n a l l y  e lu c id a t e d  

by h y d r o ly s i s  w ith  P -D -fr u c to fu r a n o s id a se  (P -D - fr u c to -  

fu r a n o s id e  f r u c t o h y d r o la s e ) which gave D - fr u c to s e  and



k
Q

m e lib io s e  , and almond em ulsion  a - D - g a la c to s id a s e

( a -D -g a la c to s id e  g a la c to h y d r o la s e )  which h y d ro ly sed  the
o

t r i s a c c h a r id e  to  D -g a la c to s e  and su c r o se  . i l e t h y la t io n

a n a ly s i s  by Haworth and h i s  a s s o c i a t e s ,  which y ie ld e d

2 , 3 , 4 , 6 - t e tr a -O - m e t h y l - D -g a la c t o s e , 2 , 3 , 4 - t r i - O - m e t h y l -
10 11D-gj.ucose and 1 ,3 ,4 ,6 - t e t r a - O - m e t h y l - D - f r u c t o s e  ’

su g g e s te d  th a t  th e r e  was a ( 1 , 6 )  l in k a g e  between th e

D -g a la c to s e  and D -g lu c o se  u n i t s ,  and th a t  g lu c o s e  was =  «
bonded t o  f r u c t o s e  as in  s u c r o s e .  The s t r u c tu r e  of

r a f f i n o s e  was f i n a l l y  confirm ed by u se  of p e r io d a te  
12o x id a t io n  ; C ou rto is  and Wickstrom showed t h a t  1 mole 

of  r a f f i n o s e  reduced 5 m oles o f p e r io d a te  w ith  th e  

form ation  o f 2 m oles o f form ic  a c id  p lu s  a h e x a -a ld e h y d e .

Ho form aldehyde was produced,

3_anteose ( c i-D -g lucopyranosy l 1 — > 2 p -D -fr u c to

fu r a n o s y l  6<—1 c t -D -g a la c to p y r a n o se ) , 

i s  a n on-redu cin g  isom er of r a f f i n o s e  v/hich has an v a lu e  

very  s im i la r  to  th e  l a t t e r  on paper chromatograms.

P la n t e ose may be d i s t in g u is h e d  from r a f f i n o s e  by th e  a c t io n  

of P -fr u c to fu r a n o s id a s e  which h y d r o ly se s  th e  l a t t e r  but not  

th e  form er. P la n te  ose  a l s o  r e a c t s  w ith  o .-ga lact  os id a s  e to  

g iv e  g a la c to s e  and s u c r o s e ,  but u n l ik e  r a f f i n o s e  p a r t i a l  

a c id  h y d r o ly s i s  y i e l d s  a red u cin g  k e t o s e  d is a c c h a r id e ,



p la n te o b io s e  (P ip .  I I ) .  T h is may be c h a r a c te r iz e d  by 

i t s  r e d u c t io n  to  a m ixture o f  m e l ib i i to l  ( P ig .  IlO and 

epimelibiitol*^^ ( P ig .  I l b ) .

CVUOH

o
OH

OHOH

CVUOH

O
OH OH

Ô  —CH;OH

OH

Tig l a . Tig Ib.

The n ex t  member of th e  r a f f i n o s e  s e r i e s ,  s t a c h y o s e ,  

has lo n g  been an o b je c t  o f  s tud y  in  th e  o l ig o s a c c h a r id e  

f i e l d .  I t  was f i r s t  i s o l a t e d  by Tanret in  1902 from  

Stachys t u b e r i f e r a ^  ̂ and has s in c e  been shovai to  occur  

in  65 d i f f e r e n t  p la n t  s p e c i e s .  I t s  s t r u c tu r e  has been  

e lu c id a te d  in  a way s im i la r  to r a f f i n o s e .  M éth y la t io n  

by Onuki"  ̂  ̂ proved the p resen ce  o f  ( 1 , 6 )  l in lc a g es  between  

th e  tv/o g a la c to s e  u n i t s  and the g a la c t o s e  and g lu c o se  

u n i t s .  P e r io d a te  o x id a t io n  showed th a t  7 m oles o f  

p e r io d a te  were reduced by 1 mole o f  s ta c h y o se  g iv in g



3 m oles o f form ic a c id  and an o o ta -a ld e h y d e . No
*16 17 1 8form aldehyde was produced. ’ ’

• P e r io d a te  o x id a t io n  has been used  to  prove th e  

s t r u c tu r e  o f  th e  two isom ers of s ta c h y o s e ,  ly c h n o se  

(P ig .  I l i a )  and is o ly c h n o s e  ( P i g .  I l l b ) .
CHxOH

"o

CHiOVi

OH P ig .  I l i a

CHxOH

OH OH

■bm dibio SC 

P ig .  I I I c

O H /  C H aO H

CHiOH

9v tvî OH

W

oh/  C>HxOH

4-melibiose

P ig .  I l l b P ig .  I l l d
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In cu b a tio n  o f  t h e s e  two t e t r a s a c c l ia r id e s  w ith

37*̂  f o r  2 days b r in g s  about s e l e c t i v e  

s c i s s i o n  o f  th e  f r u c t o s e - g lu c o s e  l in k a g e  g iv in g  in  

b oth  c a s e s  m e l ib io s e  and g a l a c t o s y l f r u c t ose

d is a c c h a r id e s ,  ( l l l c )  and ( I l l d )  from ly c h n o se  and
20  \  i s o ly c h n o s e  r e s p e c t i v e l y .  The l in k a g e  in  ( I I I c )

has been determ ined by th e  use  o f  p e r io d a te .

S tachyose  may be d i s t in g u i s h e d  from ly ch n o se  and

is o ly c h n o s e  by i t s  a b i l i t y  to  r e a c t  v/ith  P - f r u c t o -

fu r a n o s id a s e , V/liile s ta c h y o se  y i e l d s  m an n in otr iose

( u - l - g a la c to p y r a n o s y l  1— >6 a -3 -g a la c to p y r a n o s y l  1— >6
-  “  8 

a -p -g iu c o p y r a n o se )  ly c h n o se  and is o ly c h n o s e  do not

r e a c t  w ith  t h i s  enzyme. A lso  th e  l a t t e r  two o l i g o 

sa c c h a r id e s  show d i f f e r e n t  p a r t i a l  h y d r o ly s i s  p a t te r n s
p 1 pp

when t r e a t e d  vfith a - g a la c t o s id a s e  ’ ( P i g .  I V ) .

L ' / C H N O S H

ISOUCHîsJQ&E

- golcithosidose

G  A LACTOSE +- trnole, &UCft.OSE

ST/CHNOSE ^™W&PUVl.TosE+ltncJ.RftFFlNOSE-^— +WolfcSut(!.o&E
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Higher members o f  the  r a f f i n o s e  s e r i e s  (n = 3 -6
19? i g .  I )  have been found in  Verbascum th ap su s and a l l  

appear t o  be formed by th e  a d d it io n  o f one or more 

(a  1 , 6 )  l in k e d  g a la c t o s e  u n i t s  to  s ta c h y o s e .  The 

methods used  to  e lu c id a t e  th e s e  s t r u c t u r e s  are th e  same 

as th o se  used  f o r  th e  low er members o f  the  s e r i e s .

Korytnyk and M etz ler   ̂ have shov/n t h a t  th e  r a f f i n o s e  

fa m ily  o f  su gars are s y n th e s iz e d  in  Phasedus lu n a tu s  

se e d s  towards the end o f  th e  m atu ration  p er iod  and are  

p resen t  in  h ig h e s t  q u a n t i t i e s  when the  seed s  are dormant.

On germ ination  th e  o l ig o s a c c h a r id e s  r a p id ly  d isa p p ea r  and 

a t  the  same t im e , th e r e  i s  an in c r e a s e  in  the  c o n c e n tr a t io n  

of s u c r o s e ,  g lu c o se  and f r u c t o s e ,  but f r e e  g a la c t o s e  i s  

ab sen t or p r esen t  o n ly  in  t r a c e  q u a n t i t i e s  a t  t h i s  s ta g e  *
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'The s y n t h e s i s  o f  th e s e  g a la c to s y l  su cr o se  d e r i v a t i v e s

probably ta lœ s  p la c e  in  a s te p w ise  f a s h io n ,  r a f f i n o s e  

b e in g  s y n th e s iz e d  f i r s t ,  th e n  s ta c h y o s e ,  fo l lo w e d  by 

v er b a sco se  e t c .  C o n v erse ly , a t th e  o n se t  of  

germ ination , the  h ig h e r  members o f  th e  s e r i e s  are
2 g

probably  th e  f i r s t  to  d isa p p e a r .  This rap id

u t i l i z a t i o n  o f  th e  o l ig o s a c c h a r id e s  sugi^ests th a t  th e y

are p re se n t  as im portant r e s e r v e  carb oh yd rates .

The *r a f f i n o s e  o l ig o s a c c h a r id e s *  are sometimes found

to g e th e r  w ith  o th e r  g a la c t o s y l s u c r o s e  d e r iv a t iv e s  in  the
95same p la n t .  In Pla n ta g o  major f o r  example, su cro se

and p la n te o s e  are found in  th e  s e e d s ,  w h ile  s u c r o s e ,

r a f f i n o s e  and s ta c h y o se  occur in  the  r o o t s .  A lthough

no h ig h er  homologues based  on p la n te o s e  are known,

ly c h n o se  and i s o ly c h n o s e  and h ig h e r  members o f  t h e s e

s e r i e s ,  up t o  th e  h e p ta sa c c h a r id e s  have been found in

many plants^'^ , 2 8 , 2 9 .  w ith  the r a f f i n o s e  d e r i v a t i v e s ,

b o th  of t h e s e  s e r i e s  appear to  fu n c t io n  in  the r o o t s  and

se e d s  as carbohydrate r e s e r v e s  « Seeds o f  Lyclm is d io i c a

c o n ta in  the i s o ly c h n o s e  s e r i e s  in  June but in  October
50th e s e  compounds are r e p la c e d  by th e  ly c h n o se  s e r i e s .

The reason  f o r  t h i s  i s  not known. Some members of the  

C aryopliy llacae however, c o n ta in  the two s e r i e s  to g e th e r  

w h ile  o th ers  s y n th e s iz e  on ly  members of th e  *r a f f i n o s e  

fam ily*
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No exp er im en ta l ev id en ce  bas been p resen te d  to  show

how g a la c t o s y l s u c r o s e  d e r i v a t iv e s  are s y n th e s iz e d  in

p la n t  t i s s u e s ,  a lth o u g h  some o f  th e s e  compounds have

been s y n th e s iz e d  in  v i t r o  u s in g  c t - g a la c t o s id a s e •

B la g o v e sc h e n sk i c laim ed to  have s y n th e s iz e d  r a f f i n o s e

from almond em ulsin  c c ~ g a la c to s id a se , su cr o se  and

g a la c t o s e .  Anagnostopoulos^*^ has u t i l i z e d  a crude

G—g a la c t o s id a s e  from G offea  a r a b ic a  to  t r a n s f e r  g a la c to s e

from phenyl-O L -p-galactoside to  su c r o se  form ing r a f f i n o s e

t o g e t h e r  w ith  s m a lle r  q u a n t i t i e s  o f  p la n t e o s e .

cx-G-alactosidases from PI ant ago p s y l l iu m , P. ova ta  and

o th e r  p la n ts  have a l s o  been used to  s y n th e s iz e  r a f f i n o s e
32by a s im i la r  method. R e c e n t ly  C ourto is  has r e s o lv e d

a P lan tago  ovata  e x t r a c t  in to  two se p a r a te  a - g a l a c t o s i d a s e s ,

p o s s e s s in g  s l i g h t l y  d i f f e r e n t  optimum pH's.  V/hile one

(pH 4 . 8 )  s y n t h e s iz e s  r a f f i n o s e  from pheny 1 - c^ -D -ga lactoside

and su cro se  the o th er  (pH 5 . 5 )  s y n t h e s iz e s  p la n te o s e  from
33th e  same s t a r t i n g  p ro d u c ts .  P rev iou s  work by To Dong 

and P. P etek , however, showed th a t  o—g a la c t o s id a s e  from  

C o ffea  a ra b ica  could  be r e s o lv e d  in to  two f r a c t io n s  which  

b oth  s y n th e s iz e d  r a f f i n o s e  from -phenyl-CL-D -galactoside  

and s u c r o s e .

Calactomannan has been used as a sou rce  o f  g a la c t o s e
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f o r  th e  s y n t h e s i s  o f  r a f f i n o s e  u s in g  an enzyme from
35T rig o n ellu m  foenum graecum s e e d s .

S ucrose  i s  a p rob able  a c c e p to r  m o lecu le  f o r  the  

b i o s y n t h e s i s  o f  g a la c t o s y l s u c r o s e  d e r i v a t i v e s  in  v i v o , 

but i t  seems u n l i k e l y  t h a t  any s im p le  g a la c t o s e  

d e r i v a t i v e  i s  in v o lv e d  in  t h i s  r e a c t i o n ,  nor th e  enzyme 

a - g a la c 1 0 8 id a s e  ( s e e  p . ) .  The r o l e  o f  (^ -g a la c to s id a s e

as a p u r e ly  h y d r o ly t i c  agen t in  p la n t  t i s s u e s  i s  a l s o  

s u s p e c t .  In  v i t r o  i t  can be u sed  f o r  th e  s t e p w is e  

h y d r o ly s i s  o f  th e  g a la c t o s y l s u c r o s e  d e r i v a t i v e s

( a - D - g a l ) - — :— C lu -fr u  —> g a l  +(c-—D ~gal)  . -  g l u - f r u  — n =  n— I

g a 1 + ((% <al ) ^ _ 2  -  g l u - f r u  

e t c .

The f i n a l  p rod u cts  b e in g  g a la c t o s e  + s u c r o s e .  V/hether 

such  r e a c t io n s  b r in g  about th e  v e r y  rap id  d is^ ap p earan ce  

o f  g a l a c t o s y l s u c r o s e  d e r i v a t i v e s  from g er m in a t in g  se ed s  

i s  unknown. I f  t h i s  i s  th e  ca se  th e n  the  g a la c t o s e  

must be u t i l i z e d  im m ed ia te ly  i t  i s  l i b e r a t e d ,  perhaps  

v i a  a p h o sp h o ry la ted  in te r m e d ia te .

Other known enzymes cou ld  t h e o r e t i c a l l y  p la y  a 

r o l e  in  th e  breakdown o f  g a la c t o s y l s u c r o s e  d e r i v a t i v e s .
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P - f r u c t o f u r a n o s id a s e ,  f o r  exam ple, would s p l i t  o f f  

f r u c t o s e  from r a f f i n o s e  and le a v e  th e  d is a c c h a r id e  

m e l ib io s e .  H igher g a la c t o s y l s u c r o s e  d e r i v a t i v e s  would 

be s p l i t  in  a s i m i l a r  way to  g iv e  f r u c t o s e  and h ig h e r  

g a l a c t 0 s y l - g l u c o s e  o l i g o s a c c h a r i d e s .  There i s  no

e v id e n c e  f o r  t h i s  however.

p la n t s

P -F r u c to fu r a n o s id a s e  occu rs  w id e ly  in  h ig h e r  
3 6 , 3 7 , 3 8 In v i t r o  i t  p o s s e s s e s  t r a n s f e r a s e  as

In cu b a t io n  o f  
39

w e l l  as h y d r o ly t i c  a c t i v i t i e s .

P - f r u c t o f u r a n o s id a s e s  from su gar b e e t  l e a v e s " ^ a n d  Aspen  

s o f t - x y l e m  t i s s u e s ^ ^  w ith  s u c r o s e ,  both  y i e l d  1F-P-  

f r u c t o s y l s u c r o s e  ( F i g .  V ia) but P - f r u c t o fu r a n o s id a s e  

from banana y i e l d s  6 ^ -P - fr u c to s y ls u c r o s e ^ ^  ( F i g .  VIb) 

when in cu b ated  w ith  s u c r o s e .  The most w id e ly  s tu d ie dCrtiOH /  Ox

O H /  OHiOW

[i-fructosglsucrose.

OHaOH

OH

0

OH

fig Mb', (l-t-rucbos^lsucrose.
Oy CHiOH

f i g  V lo ' .  t  -  | ? > ' t r u c L o s g l 6 u c r a s e .
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P - fr u c to fu r a n o s id a s e  i s  t h a t  o f  H e lia n th u s  t u h e r o s u s .

T his in u l i n - c o n t a i n i n g  p la n t ,  which b e lo n g s  to  th e  

G om positae, c o n ta in s  an abundance o f  f r u c t o s e -  

c o n ta in in g  o l ig o s a c c h a r i d e s ,  th e  homologous s e r i e s  

s t a r t i n g  w ith  the  t r i s a c c h a r i d e  1 - P - f r u c t o s y l s u c r o s e .

The P - f r u c t o f u r a n o s id a s e  i s o l a t e d  from t h i s  p la n t  has
•2 ry -7 0

l i t t l e  or no t r a n s f e r a s e  a c t io n  on su c r o se  a lo n e  ’ 

but y i e l d s  h ig h e r  o l ig o s a c c h a r id e s  when in cu b a ted  w ith  

s u c r o se  in  th e  p resen ce  o f  1 - P - f r u c t o s y l s u c r o s e . The 

occu rren ce  o f  a f r u c t o s y l r a f f i n o s e  in  wheat r e p o r te d  by 

% i t e  and Secor^^ s u g g e s t s  t h a t  s im i l a r  t r a n s - f r u c t o s y l -  

a t io n  r e a c t io n s  in v o lv in g  r a f f i n o s e  may occur in  o th e r  

h ig h e r  p la n t s .

I f  r a f f i n o s e  does undergo s im p le  h y d r o ly t i c  a c t io n  

by P - f r u c to fu r a n o s id a s e  in  germ in a tin g  V ic ia  fa b a  se e d s  

th en  one would e x p ec t  t o  f in d  t h i s  enzyme in  th e  dormant 

se e d s  and in  th e  e a r ly  s t a g e s  o f  g er m in a t io n . Acid  

P - fr u c to fu r a n o s id a s e  ( i . e .  h av in g  a pH optimum o f  approx. 

4 . 8 )  i s  n o t found a t  t h e s e  s t a g e s ,  but in s t e a d  an 

a lk a l in e  P - f r u c to fu r a n o s id a s e  (pH optimum approx. 7 . 8 )  

f i r s t  d is c o v e r e d  by G reen sh ie ld s^ ^  in  P h a se o lu s  v u l g a r i s  

has been shown to  be p r e s e n t  in  V. fa b a  by Pridham.^^
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T his V. fa b a  enzyme appears to  h y d r o ly s e  r a f f i n o s e .

No m e l ib io s e  however i s  found in  th e  beans a t  th e  

o n se t  o f  g erm in a tio n  and t h e r e f o r e  i t  seems 

im probable t l ia t  h y d r o ly s i s  by a lk a l in e  p - f r u c t o -  

fu r a n o s id a s e  o ccu rs  in  th e  t i s s u e s  u n le s s  th e  m e l ib io s e  

formed i s  u t i l i z e d  v e r y  r a p id ly .

In a d d i t io n  t o  th e  a c t io n  o f  h y d r o la se s  th e r e  are  

two o th e r  main pathways v/hich cou ld  t h e o r e t i c a l l y  be 

in v o lv e d  in  th e  fo rm a tio n  and breakdown o f  ^ r a f f in o s e  

o l ig o s a c c h a r id e s  *.

(a )  P h o s p h o r o ly s is  o f  th e  g a l - g l u  or th e  g a l - g a l  bonds 

w ith  th e  d i r e c t  fo rm a tio n  o f  (% -D -g a la c to se - l-p h o sp h a te .

T h is  would be s i m i la r  t o  th a t  c a t a ly s e d  by su c r o se

g lu c 0 s y l t r a n sf e r a s e  in  p la n t  t i s s u e s . B y  a n a lo g y  w ith  

th e  l a t t e r  enzyme however, t h i s  r e a c t io n  would fa v o u r  

breakdown of th e  g a la c t o s y l s u c r o s e  d e r i v a t i v e s .

(b) The in vo lvem en t o f  a u r id in e - t y p e  compound e . g .  

a -B -g a l  1 —> 6 (%-D-glu 1 —^ 2p-D -fru  + H O P U D P - g a l  + su c r o se

Here a g a in  by a n a lo g y  w ith  U D P -g lu co se :D -fr u c to se

2- g l u e 0 8y l t r a n s f e r a s e  t h i s  r e a c t io n  would fa v o u r
45s y n t h e s i s  o f  th e  g a la c t o s y l s u c r u s e  d e r i v a t i v e .

A lthough in  i s o l a t i o n  r e a c t io n s  (a )  and (b )  fa v o u r  break

down and s y n t h e s i s  o f  * r a f f i n o s e  o l ig o s a c c h a r id e s *  i t  i s
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p o s s i b l e  th a t  th e y  cou ld  be r e v e r s e d  in  v iv o  under  

th e  in f lu e n c e  o f  s u i t a b l e  coup led  r e a c t i o n s .

U r id in e  d ip h osp h ate  d e r i v a t i v e s  have been  shown 

to  a c t  as c o - f a c t o r s  in  the  b io s y n t h e s i s  o f  many 

s u g a r s .  U r id in e d ip h o sp h o -D -g lu c o se  (U D P -g lu c o se ) , 

th e  f i r s t  compound o f  t h i s  ty p e  to  be s t u d ie d ,  was 

shown by L e lo ir  e t  a l . 50 b ecu iecessary  i n t e r 

m ed iate  f o r  the  r e a c t io n

0—D -g a la c to s e -1  -p h osp h ate  a~D——g lu c o s e -1  -p h o sp h a te

I t  has s in c e  b een  shown th a t  UDP-sugar d e r i v a t i v e s  can

be s y n th e s iz e d  from u r id in e  t r ip h o s p h a te  (UTP) and

m o n o sa c ch a r id e-1 -p h o sp h a tes  in  the  p resen ce  o f

UIP : m o n o sa cch a r id e-1 -p h o sp h a te  u r id y l t r a n s f e r a s e s

UTP 4- mono s ac char id  e - 1 -pho s phat e ̂  UDP-mono s ac c har id e + pp

These l a t t e r  enzymes occur w id e ly  in  h ig h e r  p la n t  t i s s u e s  ^ ^ ’^5

and N eu fe ld  e t  a l .^^^^^ have prepared U D P -d e r iv a t iv e s  o f

D -g lu c o s e ,  D - g a la c t o s e ,  D -x y lo s e  and D -a ra b in o se  by t h i s

r e a c t i o n .  Only th e  û,-p-anomers o f  th e  h e x o s e - 1 -

ph osp h ates  undergo r e a c t io n  w ith  u r id y l  t r a n s f e r a s e s ,

but s in c e  th e  c o n f ig u r a t io n  o f  th e  P -L -a r a b in o se ~ 1 -

phosphate around 0-1 i s  th e  same as th e  c^-anomer o f  th e

D - s e r i e s ,  i t  i s  th e  P rather" than  th e  a-anomer o f  th e

I -a r a b in o s e -1 -p h o s p h a te  t h a t  r e a c t s  in  t h i s  sy s tem .
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The above UDP-sugar d e r i v a t i v e s  have a l l  been  i s o l a t e d
51from P h a seo lu s  aureus by Uinsburg e t  a l . , but  

U DP-glucose h a s ,  so  f a r ,  been  the one most e x t e n s i v e l y  

s t u d ie d ,

E x tr a c ts  from th e  l e a v e s  and r o o t s  o f  su gar  b e e t

and from wheat germ have been  shown to  c a t a ly s e  th e
52 55 54 68fo rm a tio n  o f  su c r o se  from UD P-glucose and f r u c t o s e .  ' ' ’

They a l s o  c a t a ly s e  th e  fo rm a tio n  o f  su c r o se  phosphate

from U DP-glucose and \ - D - f r u c t o s e - 6 - p h o s p h a t e .

Keys and S k e w s h a v e  shown t h a t  l a b e l l e d  g l u c o s e - 6 -

p h osp h ate , f r u c t o s e - 6 -p h o s p h a te  and su c r o se  are formed

when l i v i n g  s c u t t e l a  o f  wheat s e e d l in g s  are fe d  w ith

^ C - la b e l le d  g lu c o s e  and f r u c t o s e .  This experim ent
72was a l s o  c a r r ie d  out by J . Edelman e t  a l . who showed

th a t  in  a d d i t io n  to  th e  above compounds " ^ ^ 0-ce llu lose

was a l s o  form ed. The tim e sequence o f th e  appearance

o f  a c t i v i t y  in  the  p rod u cts  su g g e s te d  th a t  th e  fo rm a tio n

o f  sugar ph osp h ates  preceded  the  fo rm a tio n  o f  UDP-

g lu c o s e  and s u c r o s e .  These o b s e r v a t io n s  agree  w ith
56th e  scheme proposed  by Burma and Mortimer , who f e d  

sugar b e e t  l e a v e s  w ith  r a d io a c t iv e  c t -D -g lu co se -1 -p h o sp h a te  

and e x t r a c te d  su c r o se  e q u a l ly  l a b e l l e d  in  b o th  h a lv e s .
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They a l s o  s u g g e s te d  t h a t  f r u c t o s e - 6 -p h o s p h a te  and 

a -p ~ g iu c o se -1 -p h o sp h a te  preceded  th e  fo rm a tio n  o f  

su c r o se  phosphate and s u c r o s e .

I t  appears t h a t  su c r o se  phosphate i s  th e  p r ec u r so r
57 58 58o f  su c r o se  in  p la n t s  ’ . H end ic ino  has su cceed ed

in  s e p a r a t in g  U D P -g lu c o se -D -fr u c to se -6 -p h o sp h a te

2 - g l u c o s y l - t r a n s f e r a e e  from U D P -g lu c o se -D -fr u c to se

2 - g l u c o s y l t r a n s f e r a s e  and p a r t i a l l y  p u r i fy in g  th e

form er. He showed t h a t  th e  a c t i v i t y  o f  th e  UDP-

g lu c o s e -D - f r u c to s e -6 - p h o s p h a te  2 - g l u c o s y l  t r a n s f e r a s e

was tw ic e  t h a t  o f  U D P -g lu c o se -D -fr u c to se  2 - g l u c o s y l -

t r a n s f e r a s e .

In a s im i l a r  way, t r e h a lo s e  phosphate has been  

s y n th e s iz e d  from U D P-glucose and D -g lucose-6-p h osiD hate  

u s in g  an enzyme e x t r a c t  from Brewers y e a s t .

P h e n o l ic  g lu c o s i d e s  have a l s o  been  formed from UDP- 

g lu c o s e ^ ^ ,6 2 ,6 3  p h en o ls  in  th e  p resen ce  o f  p la n t  

e x t r a c t s .  In  t h e s e  l a t t e r  two r e a c t i o n s ,  compounds 

w ith  a P -c o n f ig u r a t io n  a t  th e  anomeric carbon atom are  

form ed, u n l ik e  th e  fo rm a tio n  o f  su c r o se  in  which th e  

o r i g i n a l  cl- co n f  ig u r a t io n  o f  th e  g lu c o s e  in  U D P-glucose  

i s  r e t a in e d .

Another f i e l d  in  which U D P-glucose has shown to  be 

o f  im portance i s  in  th e  s y n t h e s i s  o f  p o ly s a c c h a r id e s .
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A g lu c o s e - c o n t a in in g  p o ly s a c c h a r id e  v /ith  a (Pl ^3)  

l in k a g e  i s  s y n th e s iz e d  when U D P-glucose i s  in cu b a ted  

w ith  e x t r a c t s  from P h a seo lu s  a u r e u s , cabbage and 

p a r s le y .  G lucose and v a r io u s  g lu c o s id e s  s e r v e  as  

a c t i v a t o r s  f o r  th e  r e a c t io n  which i s  thought to  be 

o f  th e  t y p e : -

UD P-glucose + a c t i v a t o r ^  g l u c o s e - a c t i v a t o r  + UDP 

L g lu c o s e -a c t iv a t o r ]_ ^ r = = ^  [ g lu c o s e ] ^  + n -  activator*^^

S ta r ch  i s  s y n th e s iz e d  when U DP-glucose i s  in cu b a ted
65w ith  an enzyme p r e p a r a t io n  from P h a seo lu s  v u lg a r i s  ,

a l s o  when th e  same enzyme p r e p a r a t io n  i s  in cu b a ted

w ith  U DP-glucose and m a lto se  or m a l t o t r io s e  or
66m a l t o t e t r a o s e . Other UDP-sugar d e r i v a t i v e s  a l s o

g iv e  p o ly s a c c h a r id e s  in  t h i s  way. For example 

p e n to s y l  groups can be t r a n s fe r r e d  to  s u i t a b l e  a c c e p to r s .
Ç  r j

F e in g o ld  e t  a l . have shov/n t h a t  an enzyme p r e p a r a t io n  

from asparagus s h o o ts  w i l l  t r a n s f e r  D -x y lo se  u n i t s  from  

UDP-D-xylose to  ( cl 1 , 4 ) - l i n k e d D - x y l o s e  o l ig o s a c c h a r id e s  

o f  P . P . 2 - 5 .  T his r e s u l t s  in  th e  fo rm a tio n  o f  ( G. 1 , 4 ) -  

l in k e d  o l ig o s a c c h a r i d e s ,  each c o n ta in in g  one more x y lo s e  

u n i t  than  th e  a c c e p to r .

U D P-glucose has a l s o  been shown to  undergo  

c o n v e r s io n  to  UDP-L-rhamnose and U D P -D -ga lactose  in
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th e  p resen ce  o f P h a se o lu s  aureus l e a f  e x t r a c t s ^ ^ . 

The fo rm a tio n  o f  th e  l a t t e r  n u c le o t id e  i s  b e l i e v e d  

to  proceed  by th e  f o l lo w in g  r e a c t io n  in  the  p r e se n c e  

o f  th e  co-enzyme NAD: -

O

O

CÛOVt

fiwXoH /  , \oH  A  uridine \  /-undm e.
 | /  pyrophosphate. \[  [ /  pyrophosphate. p y r o p h ^ W c

When ^^C -galactose i s  f e d  t o  Ganna le a v e s  and v/heat

s e e d l i n g s ,  th e  g lu c o s e  m o ie ty  o f  th e  su cro se  formed  

r a p id ly  becomes l a b e l l e d  and i s  shown to  come d i r e c t l y  

from th e  g a la c t o s e  w ith o u t  d eg r a d a t io n  o f  th e  carbon -
ry O

c h a in .  This i s  a f u r th e r  in d i c a t i o n  t h a t  g l u c o s e -  

g a la c t o s e  in t e r c o n v e r s io n  can occur in  p la n t s ,  presum ably  

v i a  th e  co r re sp o n d in g  n u c le o t id e  d e r i v a t i v e .  G a la c to se  

can a l s o  be formed from g lu c o s e  by th e  enzyme UDP- 

g lu c o s e  : o : -D -g a la c to se -1 -p h o sp h a te ju r id y ltr a n s fe r a se  : -  

U D P - g l u c o s e U D P - g a l a c t o s e ' ^ " ^  (See )p I : ii) 

U D P -ga lactose  i s  thou ght to  be in v o lv e d  in  th e  s y n t h e s i s  

o f  u - D - g a la c t o s y lg ly c e r o l  in  Ir id o p h y cu s  f la u d iu m  w hich  

has been shov/n to  c o n ta in  t h i s  n u c le o t id e  d e r i v a t i v e  in  

a d d it io n  to  U D P-g lu cose . Wlien "^^0-002 io  th e
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a lg a ,  th e  a c t i v i t y  f i r s t  appears in  th e  ^ ^ O -g lu cose—

monophosphate. T h is i s  fo l lo w e d  r a p id ly  by th e

fo rm a tio n  o f  l a b e l l e d  Ü DP-glucose and U D P -g a la c to se .

The l a t t e r  i s  th en  presumed to  condense w ith

0—g l y c e r o l  phosphate to  form c i -p ~ g a la c t o s y lg ly c e r o l

which a c t s  as a major r e s e r v e  carboh ydrate  in  red  
75a lg a .

UDP-glucose can a l s o  be co n v er ted  to  UDP-D- 

g lu c u r o n ic  a c id  in  th e  p resen ce  of NAD. The enzyme 

(U D P-glucose: lUlD o x id o r e d u c ta s e )  needed fo r  t h i s  

r e a c t io n  which has been  p u r i f i e d  from pea seed lin gs'^ ^  

i s  shown to  be s p e c i f i c  f o r  U D P-glucose , and has no 

a c t io n  on U D P -g a la c to se . UDP-Glucuronic a c id  and

U D P -ga lac tu ron ic  a c id  occur n a t u r a l l y  in  P h a seo lu s
ry c ry ̂

aureus s e e d l in g s  ’ ; th e  form er compound a l s o  o ccu rs
77in  the  red a lg a  Poruhvra u erF orata  . T h is

d eh yd rogen ation  may be a p o s s i b l e  pathway to  a s c o r b ic

a c id  but th e  l a t t e r  has n ev er  been  s y n th e s iz e d  from

U D P -glucose . U D P-glucuronic a c id  i s  a l s o  thou ght to

be a p rec u rso r  o f  p e c t i c  a c id  v i a  th e  f o l lo w in g  
79r e a c t io n s  : -

U D P-glucuronic a c id   U D P -g a la c tu ro n ic
a c id

p e c t i c  a c id
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P hasep lu s  aureus s e e d l i n g s  have been  shorn by
80F e in g o ld  e t  a l . t o  c o n ta in  enzymes w hich c a t a l y s e

each  o f  th e  f o l l o w in g  r e a c t io n s

UI)P-_:lucuronic ac id ?= = = ^ n P P -ga lactn ron ic  a c id

U D P-glucuronic acidî^==^ U D P-xylose

U PP-xylose.............. ..UDP-arabinose

‘These workers have su cceed ed  in  s e p a r a t in g  th e

U D P -D -ga lactu ron ic  a c id -4 -e p im e r a s e  from UDP-L-

a r a b in o s e -4 -e p im e r a se  a c t i v i t y  th u s  d em on stra tin g  t h a t

two se p a r a te  enzymes are in v o lv e d ,  U P I-g lu cu ro n ic

a c id  and U D P -ga lac tu ron ic  a c id  can a l s o  be formed by

r e a c t in g  th e  co rre sp o n d in g  u r o n ic  a c id -1 -p h o s p h a te s

w ith  UTP in  th e  p r esen ce  o f  th e  a p p ro p r ia te  p yro -

p h o sp h o ry la se s  which can be o b ta in ed  from P h a seo lu s

aureus s e e d l i n g s ^ ^ I t  has been p o s tu la t e d  t h a t

many o f  th e  above n u c le o t id e  d e r i v a t i v e s  are in v o lv e d
79in  th e  b i o s y n t h e s i s  o f  h e m i c e l l u l o s e s .

Another r e a c t io n  c a t a ly s e d  by P hase 0 lu s  aureus

i s  th e  fo rm a tio n  of U D P -h -acety lg lu cosam in e  from UTP

L-
83

k kand h -a c  e t  y I g lu c o s  amine- 1 - p h o s p h a te . U P P -h -A ce ty l-

g l u c 0 8 amine has been  found n a t u r a l l y  in  D a h l ia  t u b e r s .
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The l a t t e r  compound or i t s  d e r i v a t i v e s  were h i t h e r t o  

unknown in  p la n t s ;  N -a c e ty lg lu c o sa m in e  i s  known in  

a p o lym eric  form as c h i t i n ,  a c e l l  w a l l  c o n s t i t u e n t  o f  

some f u n g i .  R eports o f  g lucosam ine in  h ig h e r  p la n t s  

are somewhat l i m i t e d  but th e  amino sugar i s  supposed  

to  be p r e s e n t  in  th e  exh au sted  c o s s e t t e s  o f  su gar b e e t  

andnpineapple  p la n t s .

A lthough u r id in e - c o n t a in in g  compounds have been  

th e  group o f  n u c le o t id e s  most e x t e n s i v e l y  s tu d ie d  in  

r e l a t i o n  to  carbohyd rate  m etab o lism , o th e r  pur ine and 

p y rim id in e  d e r i v a t i v e s  have r e c e n t l y  been shown t o  

undergo an a logous r e a c t i o n s .

C ard in i showed th a t  th e  s y n t h e s i s  o f  g lu c o s i d e s  

and g e n t i o b i o s i d e s  to o k  p la c e  more r e a d i l y  when 

a d en o s in e d ip h o sp h o -D -g lu co se  (A D P -glucose) was sub

s t i t u t e d  f o r  U D P-g lu cose , a l s o  th e  s y n t h e s i s  o f  s t a r c h  

from ADP-glucose proceeded  t e n  t im e s  more r a p id ly  th an
O  r j

from U D P-glucose . A lthough U D P-glucose was i n h i b i t e d  

by A DP-glucose in  t h i s  l a t t e r  r e a c t io n ,  A D P-glucose was 

n ot s i m i l a r l y  i n h i b i t e d  by D D P-glucose . A D P-glucose  

however i s  n o t  q u i t e  so e f f e c t i v e  as U D P-glucose in  th e  

s y n t h e s i s  o f  s u c r o s e .  In  c o n t r a s t  to  s t a r c h  s y n t h e s i s  

by th e s e  two n u c le o t id e  d e r i v a t i v e s ,  su c r o se  s y n t h e s i s  

v i a  UDP-glucose i s  u n a f fe c t e d  by A D P -g lu cose , but
o q

s y n t h e s i s  from ADP-glucose i s  in h i b i t e d  by U D P-glucose.
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A DP-glucose has been  s y n th e s iz e d  from ATP and 

c t-D -g lu co se -1 -p h o sp h a te  in  the  p r e se n c e  o f  an enzyme
Oq

p r e p a r a t io n  from wheat f l o u r .  U sin g  t h i s  enzyme, 

A D P-zylose has a l s o  been  s y n th e s iz e d  from ATP and 

c t -D -x y lo se -1 -p h o sp h a te  but th e  r e a c t io n  ta k e s  p la c e  

l e s s  r e a d i l y  than  w ith  th e  g lu c o s e  a n a lo g u e .

I'To r e a c t io n  occurs  w ith  c i~ p - fr u c to se -1 -p h o sp h a te ,  

o—D -g a la c t o s e -1  -p h o sp h a te ,  cc-D-mannose-1 -p h osp h ate  and 

ATP.

The thym id ine compound co rresp o n d in g  t o  ADP-glucose^ 

( th y m id in e d ip h o sp h o -D -g lu c o se :  T D P -g lu c o se ) , 

has been prepared by r e a c t io n s  which were c a t a ly s e d  by  

an enzyme p r e p a r a t io n  from P h a seo lu s  aureus :

TTP + C L -p -g a la c to se -l-p h o sp h a te  v==à T D P -ga lactose  + PP 

T D P -ga lactose  T D P -glucose.^^

Q u ercet in  w ith  TDP-rhamnose and TDP-glucose has b een

u sed  to  s y n t h e s iz e  th e  p h e n o l ic  g ly c o s id e  r u t i n , ’ in

th e  p resen ce  o f  an enzyme p r e p a r a t io n  from th e  l e a v e s
91 92o f  th e  same p la n t .  The r e a c t io n s  were as

f o l lo w s  :
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Another n u c le o t id e  d e r i v a t iv e  found in  a d i f f e r e n t

s p e c i e s  o f  P h a seo lu s  (P . v u lg a r i s )  i s  gu an osin e

tr ip h o s p h a te  (G-TP) T his compound i s  one o f  th e

main phosphate e s t e r s  formed in  Pisum sativum ' during
Qkorth ophosp hate  u p ta k e . G -uanosinediphospho-P-

mannose and g u a n o s in e d ip h o s p h o - l -g a la c to s e  have been

found in  Porphyra p e r fo r a ta  where, t o g e t h e r  w ith

U P P -D -ga lactose  ( a l s o  p resen t  in  th e  a lg a )  th e y  b r in g

about th e  s y n t h e s i s  o f  a g a la c ta n ,  c o n ta in in g  D and L
77g a la c t o s e  r e s id u e s .

G-PP-P-manno s e

G P P -L -ga lactose

=  \
U P P - P - g a la c t o s e ^ ”PL”- g a la c t a n
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ê
1

“n

S

fR)



26

5 X P 3 H I I v I S I T T A L  

Paper Chromatography

Paper Chromatography was c a r r ie d  out on \71iatman 

HOo1, N o .3 and 3 mm p a p e rs ,  u s in g  th e  d e sc e n d in g  

te c h n iq u e  w ith  the  f o l lo w in g  s o lv e n t  sy stem s;  a l l  

p r o p o r t io n s  g iv e n  are  by volume u n le s s  o th e r w ise  

s t a t e d .

A E th y l a c e t a t e ,  a c e t i c  a c i d ,  w ater  (9 :2 :2 )^ ^

B B u ta n o l ,  e t h a n o l ,  w ater  (A0;11:19)^'^

E th y l a c e t a t e ,  p y r id in e ,  w ater  ( 2
QQ

P E th y l a c e t a t e ,  p y r id in e ,  w ater  ( 1 0 :4 : 3 )

E E th a n o l,  M-ammonium a c e t a t e  b u f f e r  (pH 7 .5 )^ ^ ^
1 n iP I so p r o p a n o l ,  a c e t i c  a c i d ,  w ater ( 7 : 1 : 2 )

1 0 ?G B u ta n o l ,  p y r id in e ,  w ater  ( 6 : 4 : 3 )

M o b i l i t i e s  o f  ca r b o h y d ra tes  were ex p re sse d  as or

^ r a f f
■q -  d i s t a n c e  t r a v e l l e d  by su b s ta n c e  

G
d is t a n c e  t r a v e l l e d  by g lu c o s e

and
T3 d i s t a n c e  t r a v e l l e d  by su b s ta n c e  

r a f f
d i s t a n c e  t r a v e l l e d  by r a f f i n o s e  

M o b i l i t i e s  o f  n u c l e o t i d e s  were e x p r e s se d  as g iv e n  by

^ _ d i s t a n c e  t r a v e l l e d  by su b s ta n c e

d i s t a n c e  t r a v e l l e d  by adenosindm onophosphate
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Paper e l e c t r o p h o r e s i s .

Paper e l e c t r o p h o r e t i c  ex a m in a tio n  o f  compounds was 

c a r r ie d  out u s in g  V/hatman N o .3 paper f o r  90 min. (^ )  

or 30 min. {JjJ a t  57 v /cm . The b u f f e r s  u sed  were  

I  0 .2  M -  sodium b o r a te  (pH 10 .0 )^ ^ ^

I I  8 .1  X 10~^M-ammonium m olybdate (pH 5 .2 )^ ^ ^

The m o b i l i t i e s  o f  th e  compounds were e x p r e sse d  as

■: ^ ^ c o s e  ^ ^ sorb ito l "ko
movement o f  ; . ■ " g lu c o s e  or s o r b i t o l  u s in g

r e s p e c t i v e l y  O H -m ethy1-fu rfu ra l and g l y c e r o l  as zero

m arkers.

Spray r e a g e n t s .

The f o l l o w i n g  sp ray  r e a g e n ts  were u sed  to  d e t e c t  

compounds on paper chromatograms and e l e c t r o p h o r e t ogram s.

(a )  p - a n i s i d i n e  h y d r o c h lo r id e  f o l lo w e d  by h e a t in g  a t  

120^ (r e d u c in g  su g a rs  and l a b i l e  n o n -re d u c in g  

o l i g o s a c c h a r i d e s ) .

(b )  Urea phosphate f o l lo w e d  by h e a t in g  a t "120° (k e to s e s )^ ^ ^

( c )  P e r c h lo r ic  a c id  and ammonium m olybdate s o l u t i o n

f o l lo w e d  by h e a t in g  a t  85^, th e n  sp r a y in g  w ith  a
107s o l u t i o n  o f  q u in o l  (p h o s p h a te s ) .

(d) S i l v e r  n i t r a t e  in  a c e to n e  and e t h a n o l i c  sodium  

h yd rox id e  ( po lyhyd roxy  compounds) . ^^^
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N u c le o t id e s  were d e t e c t e d  by the  u s e  o f  U.V. l i g h t  

( chrom aii t e )  and t h e i r  U.Y. s p e c t r a  d eterm in ed  in

0 . 1 .  NaOH on an S .P .1 3 7  s p e c tr o p h o to m e te r .  In  a l l  

enzyme work, c o n t r o l s  were s e t  up u s in g  b o i l e d  

e x t r a c t s .

1. D e te r m in a t io n  o f  c a r b o h y d r a te s .

(a )  R educing  s u g a r s ,

The Somogyi method^0 9 ,1 1 0  ^ sed  f o r  th e  d e t e r 

m in a t io n  o f  m o n o sa c c h a r id e s .  ^'

(b )  N o n -re d u c in g  s u g a r s .

O l ig o s a c c h a r id e s  were h y d r o ly se d  w ith  N-H2S0^

(4  ml f o r  5 mg o l i g o s a c c h a r i d e )  by h e a t in g  on a  

b o i l i n g  w a te r  b a th  f o r  1 h r .  A f t e r  n e u t r a l i z a t i o n  

w it h  BaCO^ and f i l t r a t i o n ,  th e  ‘s o l u t i o n s  were made 

up to  25 ml and a 5 ml p o r t io n  t r e a t e d  a s  f o r  

r e d u c in g  su g a r s  ( s e e  ( a ) ) .

2 .  D e n s ito m e te r  method f o r  th e  d e te r m in a t io n  o f  su g a rs  

Chromatograms were d e v e lo p e d  ( s o l v e n t  A) o f  th e

unknown q .u an tity  o f  su g a r  t o g e t h e r  w it h  5 d i f f e r e n t  

knov/n amounts o f  th e  same su g a r .  The i n t e n s i t y  o f  th e  

c o lo u r e d  s p o t s  was d eterm in ed  on an E e l d e n s i t o m e te r .  

S tandard  c u r v e s  v/ere p rep ared  by p l o t t i n g  th e  a r e a  

under th e  cu rve g iv e n  by th e  known s p o t s  a g a in s t  the  

amount o f  su g a r  p r e s e n t  ( P i g .  V I I ) .
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3 . O ccurrence o f  g a l a c t o s y l s u c r o s e  d e r i v a t i v e s  in  

la g u m in o s a e .

S eed s  o f  th e  f o l l o w i n g  p la n t s  were examined  

Q o llu ta  a h o r e s c e n s .

Oybsus s c o p a r i u s .

S e le g a  o r i e n t a l i s .

Lupinus p o l y p h i l l u s .

(a )  S eed s ( 0 . 4  -  2 .0 g  f r e s h  w e ig h t  sa m p les)  

were h a r v e s te d  a t  th e  b e g in n in g  o f  J u ly  and m acerated  

v /ith  75̂  ̂ aq m ethan o l (10  m l) .  A f t e r  f i l t r a t i o n ,  th e  

e l u a t e  was examined chrom âto g r a p h ic a l l y  ( s o l v e n t  A : 

s p r a y  a ) .

(b )  A nother sam ple o f  s e e d s  was a llo w e d  to  

d eh y d ra te  in  t h e  a i r  f o r  10 d a y s ,  a f t e r  w hich  th e  o l i g o 

s a c c h a r id e s  were e x t r a c t e d  a s  a b ove . Other sam p les  o f  

m atured s e e d s  -  Sp a r t ium junceum , Pisum s a t i v um,

V ic i a  s a t i v a  were a l s o  ta k en  and t r e a t e d  as (a )  ab ove .

4 .  D e te r m in a t io n  o f  g lu c o s e ,  s u c r o s e ,  r a f f i n o s e  and 

h ig h e r  o l i g o s a c c h a r i d e s  in  m atu rin g  V. fa b a  s e e d s . 

Ten sam ples o f  green  b ean s ( e a c h  c o n s i s t i n g  o f

t e n  b e a n s ) ,  were w eighed  and a l lo w e d  t o  dry out in  th e  

d a rk . At 2 4 -h o u r ly  i n t e r v a l s  a sam ple was r e -w e ig h e d ,  

th e  s e e d s  cu t  in t o  s m a ll  p i e c e s  and p la c e d  in
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aq. m ethan ol (25 m l) (Beans w hich had been  d r y in g  out  

f o r  5 -1 0  days were hardened w ith  l i q u i d  a i r  th e n  

ground in  a p e s t l e  and m ortar b e fo r e  m a c e r a t io n ) .

The r e s u l t i n g  a l c o h o l i c  s o l u t i o n s  were th en  combined  

w ith  th e  o r i g i n a l  f i l t r a t e s ,  each  combined s o l u t i o n  

c o n c e n tr a te d  t o  1-2  ml and s u b s e q u e n t ly  made up to  

5 m l. By s p o t t i n g  t h e s e  l a t t e r  s o l u t i o n s  q u a n t i t a t i v e l y  

on Whatman Ho.1 p aper , th e  amounts o f  g lu c o s e ,  s u c r o s e ,  

r a f f i n o s e  and h ig h e r  o l ig o s a c c h a r i d e s  p r e s e n t  in  each  

sam ple were d e term in ed , u s in g  th e  d e n s ito m e te r  method 

as d e s c r ib e d  in  ( 2 ) .

5.  Y. Paba enz,yxae p r e p a r a t io n s .

The b u f f e r s  u sed  w e r e : -

M-sodium a c e t a t e  (pH 4 «8 )  ̂  ̂^

0 . 5M-Sodium p h osp h ate  or  MeIIv a in e  (pH 7 . 0 )
1 1 2

0.5M -sodium  p hosp hate  (pH 7 . 8 )

The t e s t a s  were removed from a l l  beans b e fo r e  th e  

enzyme p r e p a r a t io n s  were made. During p r e p a r a t io n ,  

th e  tem p era tu re  was k ep t  b e low  5*̂ .

Dormant b ean s (o r  embryos) were powdered in  a 

v ib r a t o r y  b a l l - m i l l  f o l lo w e d  by m a cera tio n  w ith  

b u f f e r  ( 1 , 5  ml b u f f e r / g .  t i s s u e  powder) in  an M.S.E.  

h om ogen izer  (1 mi n) .  C e n tr i f u g a t io n  was c a r r ie d  out
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a t  0^ f o r  30 min. a t  3 ,0 0 0  r . p . m.  fo l lo w e d  by d i a l y s i s  

of th e  enzyme o v e r n ig h t  a g a in s t  approx. 20 v o l .  o f  

b u f f e r .

Beans were germ inated  by immersing in  w ater a t  

room tem perature and a e r a t in g  v ig o r o u s ly  f o r  two d a y s .

E x tr a c ts  were prepared from germ inated beans  

(o r  embryos) and g reen  beans u s in g  the  procedure  

d e sc r ib e d  above.

Enzyme p r ep a ra t io n s

pH 4 .8
(A c e ta te )

pH 7 .0
(Phosphate)

pH 7 .0
(M cllv a in e )

pH 7 .8
(Phosphate]

Whole dormant bean I . I I H a I I I

Dormant embryo XII - X III XI

Y/hole green  bean IV — - V

Whole germ inated  bean VI - —■ VII

Germinated embryo X V III V i l l a IX

Whole s te e p e d  bean XIX

6. S y n t h e s is  o f  r a f f i n o s e  from su c r o se  u s in g  n u c le o t id e s  

The f o l lo w in g  r e a c t io n  m ixtu res were p rep a r e d :-

A B O

Enzyme I I  (m l. h ea ted  f o r  -  0 .3
1 min. in  a b o i l i n g  w ater  
b a t h ) .

Enzyme I I  ( ml ) .  0 . 3  0 . 3
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A B 0

ATP ( / (M) 10 10 —

UTP ( / (M) 3 3 —

G a la c to s e -1 -p h o s p h a te M) 5 5 5

Magnesium c h lo r id e  {fill) 10 10 10

"'^C-sucrose ( yf M) 3
( + 2 0 / (C)  (

3
+ 20 ji

3
o ) ( + -

^ y s t e i n e  { k l ’) 3 3 3

A l l  t h r e e  r e a c t i o n  m ix tu re s  were in cu b ated  a t  35^, under  

t o l u e n e .  At 30 m in. i n t e r v a l s  sam ples were ta k en  from

( a ) and (B) f o r  paper chrom atographic  ex a m in a tio n .

A f t e r  2-J h r .  e t h a n o l  ( 0 . 3  m l . )  was added to  th e  th r e e  

r e a c t i o n  m ix t u r e s .  Sm all sam ples o f  (A) and (O) 

were s p o t t e d  on a s h e e t  of:.Y/hatman No. 1 paper fo r  

d i r e c t  ch rom atograp h ic  com parison and th e  rem ain in g  

s o l u t i o n s  ( a ) ,  (B) and (G) each s tr e a k e d  on Whatman 

N o . 3 p a p er . The chromatograms were th en  d eveloped  

w ith  s o l v e n t  A f o r  24 h r .  a f t e r  which th e y  were removed, 

d r ie d  and a u to r a d io g r a p h s  prepared ( I l f o r d  i n d u s t r i a l  

G X -ray  f i l m , 4 days e x p o s u r e ) .

The a u to r a d io g r a p h  o f  r e a c t io n  m ixtu re  (A N ig .  

V i l l a )  showed th e  p r e se n c e  o f l a b e l l e d  su c r o se  and 

fo u r  new r a d i o a c t i v e  s u b s ta n c e s :  Compound E, which

c 0  -  c hr 0  mat o gran he d w ith  r a f f i n o s e  ; compound K
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C ùm pow dR .

Compound K

OluCiOS^
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(Rq = 0 . 2 3 ) and two compounds which co-clirom atographed  

w ith  g lu c o s e  and f r u c t o s e .  The a u to r a d io g r a p h  o f  

(B) d id  n o t show t h e  fo rm a tio n  o f  any new l a b e l l e d  

compounds. The a u to r a d io g r a p h  o f  (0 )  how ever,

( P i g .  V l l l b )  showed t h a t  in  th e  a b sen ce  o f  th e  n u c le o 

t i d e s  t ixree  new l a b e l l e d  compounds had been  produced' a 

compound which was chrom âto g r a p h ic a l l y  i d e n t i c a l  t o  K, 

g lu c o s e  and f r u c t o s e .

7 . Exact l o c a t i o n  o f  r a d i o a c t i v e  bands on th e  

chromatogram o f  r e a c t i o n  m ix tu re  ( a ) .

S t r i p s  o f  paper ( 1 cm w id e) were cu t from the  

ed g es  o f  th e  chromatogram and b o th  marked o f f  in  0 .5  cm 

l e n g t h s  s t a r t i n g  from th e  o r i g i n .  Each s t r i p  in  tu r n  

was p la c e d  b etw een  two alum inium  p l a t e s  p o s s e s s in g  a

1 .0  X 0 .5  cm s l i t .  The paper was th en  drawn through^ 

each  0 .5  cm b e in g  cou n ted  f o r  3 min. u s in g  a G e ig e r -  

M u lle r  tu b e  and a p lo t  o f  th e  paper l e n g t h  a g a in s t  the  

c o u n t s /3  m in. was produced . B oth  paper s t r i p s  

produced i d e n t i c a l  p l o t s  ( P i g .  IX) w hich corresp on d ed  

w ith  r a d i o a c t i v e  bands shown in  th e  a u to ra d io g r a p h  o f  

th e  whole chromatogram, compounds R and K cou ld  t h e r e 

f o r e  be e x a c t l y  l o c a t e d .
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8 .  I s o l a t i o n  o f  compound R.

U s in g  th e  a u to r a d io g r a p h , th e  p o s i t i o n  o f  band R 

was marked on th e  chromatogram o f  r e a c t i o n  m ix tu re  ( A ) . 

The band was th e n  c u t  out and R e l u t e d  o f f  th e  paper  

w ith  w a te r ,  in t o  a w eighed  f l a s k .  The w ater  was 

removed w ith  a r o t a r y  e v a p o r a to r  a t  40°  ( Y i e l d  o f  R ®

4 mg) .  Compound R was th e n  d i l u t e d  w ith  an e q u a l  

w e ig h t  o f  a u t h e n t i c  r a f f i n o s e  and th e  whole d i s s o l v e d  in  

w a te r  ( 1 . 5  m l ) .

9 .  Paper chrom atography and e l e c t r o p h o r e s i s  o f

Chromatograms o f  (R + r a f f i n o s e )  were d ev e lo p e d  

u s in g  s o l v e n t s  A and C and th e  s p o t s  l o e o t e d  w ith  

s p r a y  a .  Paper e l e c t r o p h o r e s i s  o f  (R + r a f f i n o s e )  

was c a r r ie d  out u s in g  b u f f e r  I .  The paper e l e c t r o -  

phoretogram  was exp osed  to  HCl fumes f o r  10 m in. b e f o r e  

b e in g  sp ra y ed  w i t h  a .  In  each  c a s e  th e  s t r i p  con

t a i n i n g  th e  d ev e lo p e d  compound was cu t ou t and th e  

p a in t  o f  maximum c o lo u r  i n t e n s i t y  o f  th e  sp o t  m easured  

on an E e l  d e n s i t o m e te r .  The s t r i p  was t e s t e d  f o r  

r a d i o a c t i v i t y  as  in  ( 7 ) .

10.  A cid  h y d r o l y s i s  o f  (R + r a f f i n o s e ) .

S o l u t i o n  (R + r a f f i n o s e :  0 .5  ml) was h e a te d  w ith

N-HoSO, (3  ml) on a b o i l i n g  w ater  b a th  f o r  3 h r .
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The s o l u t i o n  was n e u t r a l i z e d  w ith  IE-4B (OH"" form )  

r e s i n  and examined o h r o m a to g r a p h ic a l ly  u s in g  s o l v e n t  

A ( s p r a y  a ) ; th e  c o lo u r  i n t e n s i t y  o f  th e  s p o t s  was 

d eterm in ed  as in  (9 )  and any r a d i o a c t i v i t y  in  th e  

paper l o c a t e d  as in  ( 7 ) .

11.  H y d r o ly s i s  o f  (R + r a f f i n o s e )  w ith  y e a s t  

P - f r u c t o f u r a n o s i d a s e .

B. D. H.  in v e r t a s e  c o n c e n tr a te  ( 0 . 1  ml) was 

d i l u t e d  w ith  M -a c e ta te  b u f f e r  (pH 4 .8  ; 0 .9  m l) and 

0 .1  ml o f  th e  r e s u l t i n g  s o l u t i o n  u se d .

The s o l u t i o n  o f  (R + r a f f i n o s e  : 0 .1  m l) was 

added t o  th e  d i l u t e d  y e a s t  P - f r u c t o f u r a n o s id a s e  (0^+1 ml) 

and th e  s o l u t i o n  made up t o  0 .5  ml w ith  M -a c e ta te  

b u f f e r  (pH 4 . 8 ) .  A f t e r  o v e r n ig h t  in c u b a t io n  a t  35°  

e l e c t r o p h o r e s i s  o f  th e  p ro d u c ts  was c a r r ie d  out u s in g  

b u f f e r  A f t e r  e x p o s in g  t h e  e le c tr o p h o r e to g r a m  to

HCl fumes f o r  10 m in. s p o t s  were lo c a t e d  w ith  sp r a y  a .

A compound had b een  formed w hich  c o - e l e c t r o p h o r e s e d  and 

co-ch rom atograp h ed  w ith  m e l i b i o s e .

12 . R ed u c t io n  o f  m e l i b i o s e  from ( 1 1 ) *

The s o l u t i o n  from ( l l ) ,  ( a f t e r  P - f r u c t o f u r a n o s i -  

d a se  h y d r o l y s i s )  was ev a p o ra ted  to  d ry n ess  and th e  

m e l i b i o s e  ( 0 . 4  mg) mixed w ith  p o ta ss iu m  b o ro h y d r id e  

( 0 . 0 2  mg) in  w a ter  ( l  m l ) .  B io d e m in r o l i t  (00^ form )
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was added t o  th e  m ix tu re  and an .e le c tr o p h o r e to g r a m  of  

th e  p r o d u c ts  d e v e lo p e d  u s in g  b u f f e r  I I .  C olour  

i n t e n s i t y  o f  th e  d e v e lo p e d  compound was d eterm in ed  as  

in  (5 )  a f t e r  s p r a y in g  w i t h  c and th e  r a d i o a c t i v i t y  in  

th e  paper was l o c a t e d  as in  ( 7 ) .

13.  H y d r o ly s i s  o f  m e l ib i i t o l

M e l ib i i t o l  ( 0 . 2 5  mg) was d i s s o l v e d  in  H-K2 S0 ^

( 0 . 5  ml) and t r e a t e d  f o r  3 h r .  on a b o i l i n g  w ater  b a th .  

A f t e r  n e u t r a l i z a t i o n  w ith  IR. 4B r e s i n  an e l e c t r o 

p horetogram  o f  th e  s o l u t i o n  was d ev e lo p e d  u s in g  

b u f f e r  I .  The s p o t s  were l o c a t e d  w ith  sp ray  

t h e i r  c o lo u r  i n t e n s i t y  was d eterm in ed  as in  (9 )  and 

r a d i o a c t i v i t y  in  th e  paper was l o c a t e d  as in  ( 7 ) .

14.  Chromatography o f  g lu c o s e  and f r u c t o s e  produced  

in  r e a c t i o n  m ix tu re  A.

G lu co se  and f r u c t o s e  were l o c a t e d  on th e  clirom ato-

gram o f  r e a c t i o n  m ix tu r e  A as in .  (8 )  and e lu t e d  from

th e  p aper v /ith  w a te r .  Chromatograms o f  th e  s o l u t i o n s

were d e v e lo p e d  w ith  s o l v e n t s  A and C, g lu c o s e  was

d e t e c t e d  w ith  sp r a y  a ,  f r u c t o s e  w ith  sp ray

The c o lo u r  i n t e n s i t y  o f  th e  s p o t s  was de t e m in e d  as in

(9 )  and th e  r a d i o a c t i v i t y  in  th e  paper lo c a t e d  as in  ( 7 ) .
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15.  S y n t h e s i s  o f  U D P -g a la c to se ,  A D P -g a la c to s e ,

A D P -g lu c o se .

The f o l l o w i n g  r e a c t i o n  m ix tu r e s  were prepared  

( a l l  q u a n t i t i e s  are  in  m o les)

UDP-
g lu c o s e

c."D— ct—D—

 ̂ TTm-p g lu c o s e  g a l a c -  
—1 — i/G se-1 — 

pho8 -  phos
p h ate  p hate

ATP ]MgClg O y ste in e Enzyme
V III

Time
(iir )

0 .8 1 .5 0 ,2 1 0 .3 0 .1 T&

0 . 3 0 . 7 5 0 . 2 1 0 , 3 0 . 1 2

0 , 3 0 . 1 5 0 . 2 1 , 0 . 3 0 . 1 6

2 , 2 0 . 6 1 0 . 3 0 , 1 2 / 3

2 . 2 0 . 5 1 0 . 3 0 . 1 2 / 3

A f t e r  in c u b a t io n  a t  3 5 ° ,  an eq u a l volume o f  e th a n o l  was 

added t o  ea ch  d i g e s t  and t h e  p ro d u c ts  examined on paper  

chrom atogram s ( s o l v e n t  E) • Acid h y d r o ly s i s  o f  th e  

n u c l e o t i d e - s u g a r  d e r i v a t i v e s  was e f f e c t e d  w ith  IR 120 

(H"̂  form ) r e s i n  ( 1 0 0 °  : 5 min),; n e u t r a l i z a t i o n  was 

a c h ie v e d  w it h  IR 4B (OH form) r e s i n .  Chromatograms o± 
th e  l i b e r a t e d  su g a r s  were d ev e lo p ed  w ith  s o l v e n t  A and 

sp r a y  a u se d  to  l o c a t e  th e  s p o t s .
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16 . D e t e c t i o n  of P - f r u c t o f u r a n o s i d a s e ,  a - g a l a c t o -  

È id a se  and a l k a l i n e  P - f r u c t o f u r a n o s i d a s e  in  

V. Faba seeds  a t  d i f f e r e n t  s t a g e s  of development

(a )  P - f r u c t o f u r a n o s i d a s e .

The f o l l o w i n g  Enzymes were t e s t e d  f o r  t h i s  

a c t i v i t y : -

I ;  IV; VI; %; %II ( a l l  a t  pH 4 . 8 ) .  The

enzyme (1 m l) was in c u b a te d  w ith  s u c r o s e  ( 0 . 1  g)  

f o r  18 h r .  a t  3 5 ° .  The d i g e s t  was t h e n  examined  

on a chromatogram ( s o l v e n t  A and sp ra y  a ) .

(b )  u ~ g a l a c t o s i d a s e .

The same enzymes as  (a )  above were t e s t e d  f o r  

t h i s  a c t i v i t y .  The enzyme ( 1 ml) was in cu b a te d  

w ith  m e l i b i o s e  ( 0 . 1  g)  as  above and th e  d i g e s t  

a g a in  exam ined on a chromatogram as in  ( a ) .

( c )  A lk a l in e  p - f r u c t o f u r a n o s i d a s e .

The f o l l o w i n g  enzymes were t e s t e d  f o r  t h i s  

a c t i v i t y : -

I I I ;  V; V II; IX; XI;M : :I ( a l l  a t  pH 7 . 8 ) .

The e x p e r im e n ta l  c o n d i t io n s  were as in  ( a ) .

17 « A c t i v i t y —tim e p l o t  f o r  a—g a l a c t o s i d a s e .

Enzyme I  (9 m l) was in cu b a ted  w ith  a s o l u t i o n  o f
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m e l i b i o s e  (5^  w /v :  1 ml) a t  3 5 ° .  Samples ( 0 . 1  ml)  

were w ithdraw n a t  z e ro  t im e and a t  15 m in. i n t e r v a l s  

and t h e  r e d u c in g  power o f  each  d eterm in ed  by the  

Somogyi m ethod. 0 . 2 3  g m e l ib io s e  = 0 . 1 5  g g lu c o s e .

1 8 . Optimum tem p era tu re  cu rve f o r  < ^ -g a la c to s ld a s e . 

F iv e  sam p les  (2 m l) o f  Enzyme I  were p reh ea ted

a t  t e m p e r a tu r e s  v a r y in g  from 20° to  6 0 ° .  M e l ib io s e  

s o l u t i o n s  ( 5^0 w /v )  were a l s o  p r e h e a ted  a t  th e  above  

t e m p e r a tu r e s .  At z e r o  tim e m e l ib io s e  s o l u t i o n  ( l  ml)  

was p i p e t t e d  i n t o  ea ch  e x t r a c t  and a f t e r  90 min. a 

sam ple ( O. l  'ml) was w ithdraw n from each  d i g e s t  and th e  

r e d u c in g  power d eterm in ed  by the Somogyi method.

Knowing t h e  r e d u c in g  power o f  m e l ib io s e  th e  in c r e a s e  

i t tc r c a o e  in  r e d u c in g  power co u ld  be c a l c u l a t e d .

19 . D e te r m in a t io n  o f  pH a c t i v i t y  cu rv es  f o r  

g - g a l a c t o s i d a s e  and P - f r u c t o f u r a n o s id a s e s  ( a c i d  

and a l k a l i n e ) .

pH's  ( 3 . 0  -  9 . 0 )  were u sed  f o r  t h e s e  e x p e r im e n ts .  

R e a c t io n  m ix tu r e s  were in c u b a te d  a t  35° f o r  90 m in. and 

th e  r e d u c in g  power measured by th e  Somogyi m ethod.

The s u b s t r a t e  ( s u c r o s e  or  m e l ib io s e )  c o n c e n t r a t io n  u sed  

was 0 .  5^L
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2 0 . I n h i b i t i o n  o f  < ^ -g a la c to s id a s e .

The f i n a l  c o n c e n t r a t io n  o f  each  i n h i b i t o r  u sed  

( 2 : 3  d im e r c a p to p r o p a n o l ,  p h eny l m ercu r ic  a c e t a t e ,  

i o d o a c e t i c  a c id  a n d b c y s t e in e )  was 1 x 1 0 " * and th e  

m e l i b i o s e  c o n c e n t r a t io n  was 0.5^6 w /v . The sy stem  

was b u f f e r e d  w ith  M-s odium a c e t a t e  (pH 4 . 8 )  and 

in c u b a t io n  c a r r ie d  out a t  35°  f o r  90 min. A f t e r  t h i s  

t im e  t h e  m on osacch ar id e  c o n te n t  was d eterm ined  as in(l7%  

B lank  e x p e r im en ts  were c a r r ie d  out in  the  ab sen ce  of  

m e l i b i o s e  t o  d e term in e  th e  r e d u c in g  power of th e  

i n h i b i t o r .

2 1 . D e te r m in a t io n  o f  Km v a lu e s  f o r  u - g a la c t o s id a s e
117w ith  v a r io u s  s u b s t r a t e s .

F iv e  sam p les  ( 0 . 5 ,  1 . 0 ,  1 . 5 ,  2 . 0  and 2 . 8  ml)  of  

a 0 . 0 1 7M s o l u t i o n  o f  th e  s u b s t r a t e  d i s s o lv e d  in  M-sodium  

a c e t a t e  b u f f e r  were each  made up t o  5 ml w ith  b u f f e r .  

T hese s o l u t i o n s  were p r e h e a ted  t o  3 5 ° .  Enzyme I  was 

a l s o  p r e h e a te d  and a t  z e ro  t im e  3 ml o f  th e  Enzyme 

were added t o  each  s u b s t r a t e  s o l u t i o n .  A f t e r  90 m in. 

a t  35°  th e  in c r e a s e d  r e d u c in g  power was d eterm ined  as  

in  (1 7 ).

2 2 .  S y n t h e s i s  o f  r a f f i n o s e  u s in g  u - g a l a c t o s i d a s e .

F iv e  s o l u t i o n s  were prepared as shown b e low .

A f t e r  1 8  l ir .  in c u b a t io n  a t  35° ,  th e  p ro d u cts  were
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examined c h r o m a to g r a p h ic a l ly  ( s o l v e n t  A; Spray a ) .

Enzyme I M e l ib io s e S u cro se R a f f in o s e Other compounds
(ml) (mg) (mg) produced produced

A 1..0 10

50

— O lig o s a c c h a r id e
Rq = 0 . 0 8 8  a l s o  g a la c
t o s e  and g lu c o s e .

B 1 .0 —

C 1 .0 10 50 + O lig o s a c c h a r id e s  
= 0 . 0 8 8  and 0 .0 9 4

a l s o  g a la c t o s e  and 
g lu c o s e .

D 1 .0 10 100 H 1! If

E 1 .0 10 250 + + + If If If

P 1 .0 10 500

T ab le  1

If If If

D ig e s t  (P) was r e p e a te d  on a la r g e  s c a l e  u s in g  s u c r o se  

(50 g ) and m e l i b i o s e  (10  g) and Enzyme I  (100 ml) and 

th e  m ix tu r e  in c u b a te d  f o r  1 8  h r .  a t  55^* Chromâto -  . 

graphy u s in g  s o l v e n t  A, sp ra y  a showed as in  Table  1 , 

th e  fo r m a t io n  o f  compounds which co - cliromatographed w ith  

r a f f i n o s e ,  g a l a c t o s e  and g lu c o s e ,  ( i n  a d d i t io n  to  th e  

o r i g i n a l  m e l i b i o s e  and s u c r o s e ) ;  h ig h e r  o l ig o s a c c h a r i d e s  

had b een  form ed , but as  t h e s e  were p r e s e n t  when Enzyme I  

had b een  in c u b a te d  w ith  m e l ib io s e  a lo n e ,  th e y  were 

presumed t o  be m a n n in o tr io se  and i t s  homologues ( P i g .  ^ ) .
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ou\ow

OH OH

P i g . X Manninotriose •

2 3 . S e p a r a t io n  o f  compounds from (22") on a c h a r c o a l  

co lu m n .
1 1 8A sq u a t  c h a r c o a l  column was prepared . The 

s o l u t i o n  from (2 2 ) was poured onto  the column and th e  

m o n o sa cch a r id e  v/ashed thjpugh w ith  w ater  ( 2 1 ) .  Aq. 

e t h a n o l  ( 10/I w /v :  21) was u sed  t o  remove th e

d i s a c c h a r id e s  and aq . e t h a n o l  (l5/<  ̂ w /v  : 41 )  u sed  to  

e l u t e  o f f  th e  t r i s a c c h a r i d e  f r a c t i o n .  (E lu a te s  

were ch ecked  by paper chrom atography : s o lv e n t  A 

sp ra y  a) • Chrom atographic exam in ation  o f  th e  con

c e n t r a t e d  1 5 /  aq . e t h a n o l i c  e l u a t e  r e v e a le d  th e  

p r e s e n c e  o f  two t r i s a c c h a r i d e s  : -  R2  ( th e  major o n e ) ,  

w hich  CO-chromatographed w ith  r a f f i n o s e  and P a s lo w e r  

moving compound which co-chrom atographed w ith  p la n t e o s e  

and was o n ly  p r e s e n t  in  s m a ll  amounts. The m ixtu re  

of  Rg and P was r e s o lv e d  on \Vhatman No. 3 paper u s in g  

s o l v e n t  C. The r e s u l t i n g  bands were e lu t e d  w ith  

w a ter  and t h e  s o l u t i o n s  c o n c e n tr a te d  under reduced  

p r e s s u r e .
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24 . Chromatography and e l e c t r o p h o r e s i s  o f  r a f f i n o s e  

p rep ared  in (2 3 ) .

Chromatograms were d ev e lo p e d  u s in g  s o l v e n t s  A,

3 and C, sp r a y  a was u sed  to  l o c a t e  th e  s p o t s .  

E l e c t r o p h o r e s i s  was c a r r ie d  out u s in g  b u f f e r  I .

The e le c tr o p h o r e to g r a m  was exp osed  to  HCl fumes f o r  

10 m in. b e f o r e  b e in g  sp rayed  w ith  sp ra y  a .

25* A cid  h y d r o l y s i s  o f  r a f f i n o s e  from(2;^.

R a f f in o s e  (a p p ro x . 2 mg) was t r e a t e d  w ith  

(3  ml) f o r  1 h r .  on a b o i l i n g  w ater  b a th .  A f t e r  

n e u t r a l i z a t i o n  w ith  barium ca rb o n a te  th e  p ro d u cts  were 

chrom âto g r a p h i c a l l y  examined ( s o l v e n t  A; sp ray  a ) .

2 6 . R e a c t io n  o f  r a f f i n o s e  (from  23) w ith  P - f r u c t o - . 

f u r a n o s id a s e  and c ^ -g a la c to s id a s e ,

P - f r u c t o f u r a n o s i d a s e  was u sed  as i n ( l l ) .  D i lu te d  

' y e a s t  i n v e r t a s e  c o n c e n tr a te *  ( 0 .5  ml) was in cu b a ted  

w ith  r a f f i n o s e  (2  m g), a l s o  Enzyme I  ( 0 .5  ml; was 

in c u b a te d  w it h  r a f f i n o s e  (2 mg), both  a t  35^ o v e r n ig h t .  

C hrom atographic e x a m in a tio n  o f  th e  p rod u cts  was c a r r ie d  

out u s in g  s o l v e n t  A, ( s p r a y  a ) .
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2 7 . P e r io d a t e  o x id a t i o n  o f  r a f f i n o s e  from (23).

P e r io d a t e  o x id a t i o n  o f  r a f f i n o s e  was c a r r ie d  out

w ith  sodium  p e r io d a t e  u s in g  th e  method o f  A s p in a l l  
113and P e r r i e r .

28 . A c e t o l y s i s  o f  r a f f i n o s e  from (2^.  ̂  ̂^

R a f f in o s e  (5 mg) was d i s s o l v e d  in  an a c e t i c

an h yd rid e  ( 0 . 5  ml) -  p y r id in e  ( 1 .5  ml) s o l u t i o n  and 

th e  m ix tu r e  poured onto  i c e .  The c r y s t a l l i n e  compound 

formed was r e c r y s t a l l i z e d  from  aq. e th a n o l  ( 9 0 /  w /v ) .  

mp = 9 7 °  ( l i t . m , p .  = 9 8 ° ) .

Mixed mp ( w i t h  a u t h e n t i c  u n d e c a -a c e ta te  o f  

r a f f i n o s e )  = 97^.

2 9 . Chromatography o f  p la n t e  ose  from (2 5 ). 

Chromatography was c a r r ie d  out u s in g  s o lv e n t  0 ,

( s p r a y  a ) .

3 0 . A c t io n  o f  P - f r u c t o f u r a n o s id a s e  on p l a n t e o s e . 

D i lu t e d  * in v e r t a s e  co n ce n tra te*  (0 .0 2  m l, d i l u t e d

as in  (1 1 )) was in c u b a te d  a t  35°  o v er n ig h t  w ith  p la n te o s e  

(0 .1  m g). C hrom atographic exam in ation  o f  th e  p ro d u cts  

was c a r r i e d  ou t u s in g  s o l v e n t  0 ( sp r a y  ^ ) .
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31. P a r t i a l  a c id  h y d r o l y s i s  o f  planteose^^^ '

P rep ared  and s ta n d a rd  p la n t e o s e  ( 1 . 0  mg each)  

were s e p a r a t e l y  d i s s o l v e d  in  w ater  ( 1 ml) and ' 

O-Gl-EgSO^ ( 0 . 3  m l) added t o  ea c h . A f t e r  in c u b a t io n  

a t  35^ f o r  52 h r s .  th e  s o l u t i o n  was n e u t r a l i z e d  w ith  

barium  c a r b o n a te  and d e m in e r a l iz e d  w ith  B io d e m in r o l i t  

r e s i n  (COj” f o r m ) . Chromatography o f  th e  p ro d u cts  

was c a r r i e d  out u s in g  s o l v e n t  A (apray  a ) .

32. I s o l a t i o n  of d i s a c c h a r i d e  from(3lV

The d i s a c c h a r id e  was p u r i f i e d  by s e p a r a t io n  o f  th e  

p ro d u c ts  f r o m (3^, on Y/hatman N o .3 paper u s in g  s o lv e n t  A. 

The d i s a c c h a r id e  band was l o c a t e d  v /ith  marker s t r i p s  

( s p r a y  b ) .

33 . Chromatography and e l e c t r o p h o r e s i s  o f  d is a c c h a r id e  

from  (3 2 ) .

The d i s a c c h a r id e  was examined chromât o g r a p h ic a l ly  

in  s o l v e n t s  A and and e l e c t r o p h o r e t i c a l l y  u s in g  

b u f f e r  I I .  ' Spray b was u sed  to  l o c a t e  th e  s p o t s  on the  

chrom ât0 grams and sp ra y  _d to  l o c a t e  th e  s p o t s  on the  

e le c tr o p h o r e to g r a m .

3 4 . C om p osit ion  o f  th e  d i s a c c h a r id e .

The re m a in in g  d i s a c c h a r id e  was d iv id e d  in t o  two 

p o r t io n s .
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(a )  was h e a te d  on a b o i l i n g  w ater  b a th  w ith

N-IÏ2 SC^ ( 1 ml) f o r  30 m ine.

(b) was in c u b a te d  w ith  Enzyme 1 ( 1 ml) f o r  24 iir .  a t

3 5 ° .  The p r o d u c ts  o f  b o th  ex p er im en ts  were 

exam ined chrom âto g r a p h ic a l l y  ( s o lv e n t  A, sp ra y  a ) .

3 5 . 8 . /n t h e s i s  of s ta c h y o se  (Compound,^^using < ^ -g a lac to s id ase .

Three r e a c t i o n  m ix tu re s  were prepared  as shown below.

A f t e r  18 h r .  in c u b a t io n  a t  3 5 ° ,  the  prod ucts  were 

exam ined chrom âto g r a p h ic a l l y  ( s o l v e n t  A, sp ray  a ) .

Enzyme I  R a f f in o s e  S ta c h y o se
(m l) (g )  produced

A 1 .1 +

B 1 .2  ++

G 1 .3  +++

A r e a c t i o n  m ix tu r e  (B) was prepared o f  r a f f i n o s e  (3 g )

in  Enzyme I  (10  ml) and in cu b a ted  as a b o v e .

36 . I s o l a t i o n  o f  s ta c h y o s e  from (35%

P r o d u c ts  o f  r e a c t i o n  m ix tu re  D were se p a r a te d  on 

T/hatman N o .3 paper u s in g  s o lv e n t  A. S ta c h y o se  was 

l o c a t e d  by marker s t r i p s  ( sp r a y  a) and e lu t e d  from the  

paper w ith  w a te r .
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37* Chromatography and e l e c t r o p h o r e s i s  o f  s t a c h y o s e .

Chromatography was c a r r ie d  out u s in g  s o l v e n t s  

A, B, C, P e l e c t r o p h o r e s i s  u s in g  b u f f e r  I .  Spray a 

was u sed  to  l o c a t e  th e  s p o t s ,  th e  e le c tr o p h o r e to g r a m  

b e in g  ex p o sed  v /ith  HCl f o r  10 min. b e fo r e  s p r a y in g .

38 . A c t i on o f  P - f r u c t o f u r a n o s id a s e  and a - g a l a c t o s i d a s e  

on p rep ared  s t a c h y o s e .

Two sam p les  o f  s ta c h y o s e  (e a c h  0 .4  mg) were 

in c u b a te d  s e p a r a t e l y  w ith  d i l u t e d  * y e a s t  inVeitase*

( d i l u t e d  as in ( l l ) : 1  ml) and Enzyme I  ( 1ml) a t  35° f o r  

18 h r .  The p r o d u c ts  were examined chromâto g r a p h ic a l ly  

( s o l v e n t  A, sp r a y  a ) .

39 . P e r i o d a te  o x id a t i o n  o f  prepared s t a c h y o s e .

P e r io d a t e  o x id a t i o n  was c a r r ie d  out on th e  prepared
113

s t a c h y o s e  a c c o r d in g  t o  th e  method o f  A s p in a l l  and P e r r i e r .

4 0 .  P a r t i a l  A cid  H y d r o ly s is  o f  prepared s t a c h y o s e .

S ta c h y o s e  (ap p rox  0 .5  mg) was t r e a t e d  w ith  0 .4N  -

H^SO^ ( 0 . 5  m l) f o r  1 hr on a b o i l i n g  w ater b a th .  A f t e r  

n e u t r a l i z a t i o n  w ith  barium ca r b o n a te ,  th e  p rod u cts  were 

chrom âto g r a p h i c a l l y  examined ( s o lv e n t  A; sp ray  a ) .

4 1 .  Q u a l i t a t i v e  d e te r m in a t io n  of p o s s ib l e  gc>l%ctQj^

donors in  V. Paba s e e d s .

1. Aqueous e x t r a c t .

Whole dormant s e e d s  (33  g) were powdered in  a
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v ib r a t o r y  b a l l  m i l l  f o r  2 h r , f o l lo w e d  by m a cer a tio n  

w ith  d i s t i l l e d  w a ter  (7 0  ml) in  an Ï.LS.E. h om ogen izer .  

The m ix tu re  was c e n t r i f u g e d  (3000 r .p .m .j  6^, 30 m in. ) 

and th e  s u p e r n a ta n t  l i q u i d  d iv id e d  in to  t h r e e  f r a c t i o n s :  

1 s t  f r a c t i o n  Chromatography u s in g  s o lv e n t  A (s p r a y  a) 

t o  d e t e c t  g a l a c t o s e  -  c o n t a in in g  o l ig o s a c c h a r i d e s .

2nd f r a c t i o n  Chromatography u s in g  s o lv e n t  A, u t i l i z i n g  

sp ra y  _c t o  d e t e c t  p hosp h ate  compounds.

3rd f r a c t i o n  T h is  f r a c t i o n  was added to  tinree t im e s  

i t s  ovm volume o f  e th a n o l  and t h e  m ixtu re  c e n t r i fu g e d  

as a b o v e .

The r e m a in in g  o l i g o s a c c h a r i d e s  were removed by  

r e p r e c i p i t a t i o n  w ith  e t h a n o l .  P r e c i p i t a t e  (m a in ly  

p o ly s a c c h a r id e  : 3g) was d r ie d  by washing w ith  e th a n o l  

and e t h e r .  A cid  h y d r o l y s i s  was c a r r ie d  out by h e a t in g  

th e  p o ly s a c c h a r id e  (2 g )  o v e r n ig h t  w ith  (10 ml)

in  a s e a l e d  tu b e  immersed in  a b o i l i n g  w ater  b a th .

The f o l l o w i n g  r e a c t i o n  m ix tu re s  were in cu b a ted  a t  35°  

f o r  18 h r s .

(a )  P o ly s a c c h a r id e  (0 .1  g) w ith  Enzyme I  ( 1 m l) .

(b) As in  (a )  but s u c r o se  ( 0 .5  g) was added. 

P o ly s a c c h a r id e  o f  th e  am ylose or a m y lo p ect in  ty p e  was 

d e t e c t e d  w ith  a s o l u t i o n  o f  io d in e  in  p o ta ss iu m  io d ia e  

( 1 /  w / v ) .
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I I  A lc o h o l i c  e x t r a c t ,

C o n d it io n s  f o r  powdering b ea n s , m a cera tin g  and 

c e n t r i f u g i n g  as  in  ( l ) ,  but e th a n o l  was u sed  in s t e a d  o f  

d i s t i l l e d  w a te r .  The e t h a n o l i c  e x t r a c t  was ev a p o ra ted  

t o  d r y n e ss  and t h e  r e s id u e  ( 1 .2  g) h y d ro ly sed  w ith  

(5 m l) on a b o i l i n g  w a ter  b a th .  A f t e r  

n e u t r a l i z a t i o n  w ith  barium  ca rb o n a te  th e  p rod u cts  

were exam ined chrom âto g r a p h ic a l l y  ( s o lv e n t  A, sp ra y  a ) .

4 2 .  D e t e c t i o n  o f  a l k a l i n e  P - f r u c t o f u r a n o s id a s e  u s in g  

b u f f e r s  o th e r  th a n  p h o sp h a te .

Dormant bean  e x t r a c t s  were prepared a t  pH 7 .8  as  

in  (5) but u s in g  t r i s ^   ̂  ̂ and d iethy lbarb itu rate" ^  ^  ̂ b u f f e r s .  

A lk a l in e  P - f r u c t o f u r a n o s i d a s e  a c t i v i t y  was d eterm ined  

as i n  16 ( c ) .

4 3 .  R e a c t io n  o f  a l lc a l in e  P - f r u c to fu r a n o s id a s e  w ith  

r a f f i n o s e  and s t a c h y o s e .

Enzyme XI (1 ml) was in cu b a ted  w ith  r a f f i n o s e  

(0 .1  g )  a t  35^ f o r  I 8  h r .  The p rod u cts  were examined  

chrom âto g r a p h i c a l l y  ( s o l v e n t  A, spray  a ) .

The exp er im en t was r e p e a te d  f o r  s ta c h y o s e  but 

u s in g  o n e - t e n t h  th e  q u a n t i t i e s  as f o r  r a f f i n o s e .
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*v4* T r a n s fe r e n c e  o f  f r u c t o s e  t o  a c c e p to r s  o th e r  th an  

w a te r  by a l k a l i n e  P - f r u c t o f u r a n o s i d a s e .

The f o l l o w i n g  r e a c t i o n  m ix tu r e s  were in c u b a ted  a t  

35^ f o r  4 8  h r .  th e n  exam ined c h r o m a to g r a p h ic a l ly  

( s o l v e n t  A, sp ra y  b ) .

Enzyme XI (m l) S ucrose  (g )

A 1 0 .1

B 1 0 .2

(B) showed t h e  fo r m a t io n  o f  t h r e e  new compounds, two 

o f  w hich co -ch rom atograp hed  w ith  g lu c o s e  and f r u c t o s e  

and a t h i r d  w hich  had a = 0 .2  and co-chrom atographed  

w ith

4 5 . S e p a r a t io n  o f  1 - k e s t o s e  formed by the  a c t i o n  o f  

a l k a l i n e  p - f r u c t o f u r a n o s id a s e  on s u c r e s e .

Enzyme XI (10  ml) was in c u b a te d  f o r  4 8  h r .  w ith  

s u c r o s e  (2  g )  a t  3 5 ° .  Chromatography as in  th e  

p r e v io u s  exp er im en t con firm ed  th e  form ation  o f  1—k e s t o s e  

w hich  was sep iarated  from o th e r  s a c c h a r id e s  by th e  u se

o f  a sq u a t  c h a r c o a l  column.

Aq. e t h a n o l  ‘( 107 0  w /v  : 4L) was used  t o  remove th e

d i s a c c h a r id e s  and aq . e th a n o l  (15y® w /v  : 5L) u sed  to

remove t h e  t r i s a c c h a r i d e  f r a c t i o n .  E lu a te s  were

checked  by paper chrom atography ( s o lv e n t  sp ray  ^ ) .
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A6. Ghromatography and e l e c t r o p h o r e s i s  o f  1 ^ -p -  

f r u c t o s y l s u c r o s e  i s o l a t e d  in  (4 5 ).

In  a l l  e x p e r im e n ts  1 ^ - P - f r n c t o s y l 8 u c r o s e , ( ) - ^ ^ ° ^ 0
F  G-6 - P - f r u c t o s y l s u c r o s e  5 - P - f r u c t o s y l s u c r o s e  ( F ig .  VI) 

were u sed  a s  s t a n d a r d s .  Chromatography o f  1- K e s to s e  

was c a r r ie d  out in  s o l v e n t s  A and D (sp r a y  h ) .  

E l e c t r o p h o r e s i s  was c a r r ie d  out in  b u f f e r  I  ( sp r a y  b ) .

4 7 .  E l u t io n  chrom atography and e l e c t r o p h o r e s i s  o f  

compound K f r o m ( j *

Compound K was e l u t e d  from th e  chromatogram o f  

r e a c t i o n  m ix tu r e  (a) and t h a t  o f  r e a c t io n  m ixture(C ) as  

compound R in (s ) .  A f t e r  e v a p o r a t io n  an eq u a l w eigh t  

o f  1 - k e s t o s e  (2  mg) was added t o  th e  prepared compound 

and t h e  w hole  d i s s o l v e d  in  w ater  (1 m l) .

Paper chrom atography o f  th e  m ixture was c a r r ie d  

out u s in g  s o l v e n t s  A and C (sp r a y  b ) .  Paper e l e c t r o 

p h o r e s i s  was c a r r ie d  out u s in g  b u f fe r  1 ( sp r a y  b ) .

In  a l l  c a s e s  c o lo u r  i n t e n s i t y  and r a d i o a c t i v i t y  were  

d eterm in ed  a s  w i t h  compound R.

4 8 .  H y d r o ly s i s  o f  compound K w ith  y e a s t  P - f r u c t q -  

f u r a n o s i d a s e .

Y ea s t  p - f r u c t o f u r a n o s id a s e  was d i lu t e d  as in  (j 1). 

S o lu t io n  (K 4" 1- K e s t o s e  : 0 .5  ml) was in c u o a te d  a t  35
0
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w ith  d i l u t e d  ' y e a s t  i n v e r t a s e '  (O .l  m l) ,  th e  s o l u t i o n  

b e in g  made up t o  1 m l. w i th  M-sodium a c e t a t e  b u f f e r  

(pH h . 8 ) .  Sam ples were ta k e n  a t  i n t e r v a l s  ( l  hr;

6 hr; 6 day) and a n a ly s e d  on paper chromatograms 

( s o l v e n t  A; s p r a y  b ) . In  a l l  c a s e s  c o lo u r  i n t e n s i t y  

and r a d i o a c t i v i t y  were d eterm in ed  a s  w ith  compound E.
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LIAIN SECTION

A p r e l im in a r y  i n v e s t i g a t i o n  o f  th e  g a l a c t o s y l -  

s u c r o s e  d e r i v a t i v e s  in  th e  immature s e e d s  o f  f o u r  

d i f f e r e n t  s p e c i e s  o f  Legum inosae showed t h a t  in  a l l  

c a s e s  t h e r e  was an in c r e a s e  in  t h e s e  su g a rs  when th e  

s e e d s  were a l lo w e d  t o  dry  out in  th e  a i r  f o r  a p er io d  

o f  t e n  d a y s .  A h ig h  p e r c e n ta g e  o f  t h e s e  o l i g o s a c c h a r i d e s  

were a l s o  o b serv ed  in  o th e r  mature Legum inosae s e e d s  

w hich  had b een  ta k e n  s t r a i g h t  from th e  pod. and exam ined  

(T a b le  2 ) .

I t  was n o t  p o s s i b l e  t o  show from  t h e s e  r e s u l t s  

w h eth er  r a f f i n o s e  was formed a t  th e  same t im e ,  o r  p r io r  

t o  s t a c h y o s e  and th e  h ig h e r  o l i g o s a c c h a r i d e s .

To d eterm in e  t h i s ,  t h e  exp er im en t was c a r r ie d  out  

quant i t  a t  i v e 1y u s in g  sam p les o f  V i c i a  fa b a  s e e d s  

( P i g .  X I ) .  I t  was shown t h a t  when s e e d s  were a l lo w e d  

to  dry out in  t h e  dark , th e  fo r m a tio n  o f  r a f f i n o s e  and 

s t a c h y o s e  (and h ig h e r  o l i g o s a c c h a r i d e s )  appeared  t o  ta k e  

p la c e  c o n c u r r e n t l y , a f t e r  an e a r l y  s t a r t  t o  r a f f i n o s e  

fo r m a t io n ,  and t h a t  th e  c o n c e n t r a t io n  o f  t h e s e  su g a r s  

rem ained  c o n s t a n t  when t h e  s e e d s  no lo n g e r  c o n t in u e d  

t o  l o s e  w a te r .  These r e s u l t s  co n f irm  o b s e r v a t io n s  made 

w ith  o t h e r  s e e d s . T h e  ra p id  d e c r e a s e  in  th e  con

c e n t r a t i o n  o f  s u c r o s e  may s i g n i f y  t h a t  t h i s  su g a r  i s  t h e
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p r e c u r s o r  o f  r a f f i n o s e  and perhaps a l s o  th e  h ig h e r  

o l i g o s a c c h a r i d e s .  The in c r e a s e  in  s u c r o s e  con

c e n t r a t i o n  a f t e r  3 days i s ,  how ever, d i f f i c u l t  t o  

e x p l a i n .  The drop in  th e  c o n c e n t r a t io n  o f  r e d u c in g

s u g a r s  d u r in g  m a tu r a t io n  has b een  r e p o r te d  by o th e r  
23w orkers and i s  p ro b a b ly  due to  th e  f a c t  t h a t  a t  t h i s  

s t a g e  r e d u c in g  su g a r s  are  b e in g  co n v e r te d  t o  s u i t a b l e  

s t o r a g e  compounds such  as  s t a r c h ,  in  the  s e e d .  I t  

sh o u ld  be remembered, hov/ever, a s  th e  beans were 

a l lo w e d  t o  dry out under n o n - p h y s i o l o g i c a l  c o n d i t i o n s ,  

t h a t  t h e s e  r e s u l t s  may n o t  a p p ly  e x a c t l y  t o  s e e d s  

in  v iv o  w hich  a re  m atu rin g  in  th e  pod and which dry  

ou t v e r y  much more s lo v / ly  under t h e  in f l u e n c e  o f  th e  

p a ren t  p l a n t .

I f  s u c r o s e  d oes  in  f a c t  a c t  as an a c c e p to r  m o le c u le  

f o r  g a l a c t o s e  in  V. f a b a , fo rm a tio n  o f  r a f f i n o s e  can be 

e n v is a g e d  e i t h e r  i n v o l v i n g  U D P -g a la c to se  or a ' low  

energy* d e r i v a t i v e  o f  g a l a c t o s e ,  such  as  an o l ig o s a c c h a r i d e  

or m onophosphate .

S .y n th e s is  o f  r a f f i n o s e  v i a  U D P -g a la c to se

U r id in e  compounds have been  shown to  a c t  as i n t e r -
52 53m e d ia te s  in  th e  s y n t h e s i s  o f  s u c r o se  ’ and i t  seemed  

p r o b a b le  t h a t  a u r id in e  compound m ight a l s o  a c t  as a 

g a l a c t o s e  donor f o r  t h e  fo r m a tio n  o f  r a f f i n o s e .
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A t r i s a c c h a r i d e  (E) co -ch ro m a to g ra p liin g  w ith  

r a f f i n o s e  was s y n t h e s iz e d  e n z y m ic a l ly  from  ÜTP,

<̂ -D*“g a la c t o s e - 1 - p h o s p h a t e  and ^ ^ C -sucrose  in  th e  

p r e s e n c e  o f  ATP a t  P̂  ̂ 7 . 2 .  Mature V. fa b a  s e e d s  were  

u sed  a s  a so u r c e  o f  th e  enzyme p r e p a r a t io n .  A lso  

form ed in  t h i s  r e a c t i o n  was a n o th e r  t r i s a c c h a r i d e  : K.

The s t r u c t u r e  and fo r m a t io n  o f  t h i s  compound w i l l  be 

d i s c u s s e d  l a t e r  (PCD.

The i d e n t i t y  o f  th e  o l i g o s a c c h a r i d e  E produced was 

co n f irm ed  by th e  f o l l o w i n g  m ethod s. I t  was f i r s t  

d i l u t e d  w ith  an eq u a l w e ig h t  o f  a u t h e n t i c  r a f f i n o s e  and 

th e  m ix tu r e  shown t o  be c h r o m a to g r a p h ic a l ly  and e l e c t r o 

p h o r e t i c a l l y  homogeneous in  a number o f  sy s tem s ( P i g .  X I I ) .  

T h is  m ix tu r e  was u se d  f o r  a l l  th e  f o l l o w i n g  s t r u c t u r a l  

d e t e r m in a t io n s .  The d i s t r i b u t i o n  o f  th e  r a d i o a c t i v i t y  

a c r o s s  th e  ch rom atograp h ic  and e l e c t r o p h o r e t i c  s p o t s  

co r re sp o n d ed  e x a c t l y  w ith  th e  d i s t r i b u t i o n  o f  th e  s u g a r .

An a b sen ce  o f  t h i s  co rre sp o n d en ce  would have in d i c a t e d
sth e  p r e s e n c e  o f  more th a n  one o l i g o s a c c h a r i d e .

X The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  and su g a r  con

c e n t r a t i o n  a c r o s s  th e  ch rom atograp h ic  and e l e c t r o 

p h o r e t i c  s p o t s  was m easured in  a l l  th e  d e g r a d a t iv e  

e x p e r im e n ts  w ith  l a b e l l e d  o l i g o s a c c h a r i d e s .
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A cid  h y d r o ly s i s  o f  t h e  o l i g o s a c c h a r i d e  y i e l d e d  

t h r e e  m o n o sa cch a r id es  : g a l a c t o s e ,  g lu c o s e  and f r u c t o s e ,  

o n ly  th e  l a t t e r  two show ing r a d i o a c i t v i t y  ( P i g .  X I I I ) .  

R e a c t io n  o f  th e  o l i g o s a c c h a r i d e  w ith  y e a s t  P - f r u c t o fu r a n o  

s i d a s e  gave a d i s a c c h a r id e  v/hich co-ch rom atograp hed  and 

c o -e le c tr o p h o r e s e d w ith  m e l ib io s e  ( P i g .  X IV ).

I t  has b een  shorn  th a t^ ^ ^ ’ *̂ ^̂  com bining th e  r e s u l t s  

o f  paper e l e c t r o p h o r e s i s  in  m olybdate (pH 5 .0 )  and 

b o r a te  (pH 1 0 .0 )  b u f f e r s ,  th e  g l y c o s i d i c  l in k a g e  in  a 

d is a c c h a r id e  can be d e term in ed .

D is a c c h a r id e L inkage
B u f f e r  I  h a r id e  
( M g lu c o s e )

M o b i l i t y  in  
B u f f e r  I I  
( M s o i - b i t o l )

S ophorose P(1 2) 0 .2 4 S o p h o r i t o l 0 .9

H ig e r o s e a ( i 3) 0 .6 9 N i g e r i t o l 0

L a m in a r ib io se P(1 3) 0 .6 9 L a m in a r i-
b i i t o l .

0

M a lto se a ( i 4 ) 0 .3 2 H a l t i t o l 0 . 4

O e l lo b io s e P(1 k) 0 .2 8 C e l lo b i i t o l 0 .4

L a c to s e * P(1 4 ) 0 .3 8 L a c t i t o l 0 .4

I s o m a lto s e a ( i 6) 0 .6 9 I s o m a l t i t o l 0 .8

G -en tiob iose P(1 6) 0 .7 5 G e n t io b i i to l 0 .8

M e l ib io s e * P-d 6) 0 .8 0 M e l ib i i t o l 0 .8

D is a c c h a r id e  
from  (l 1).

0 .8 1 Reduced d i 
s a c c h a r id e  
from  (l 2).

0 .8

3€ These compounds c o n t a in  g a l a c t o s e  and g l u c o s e ,  th e  l a t t e r  
b e in g  th e  r e d u c in g  m o ie ty .
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The r e s u l t s  shown in  T able 3 s t r o n g l y  s u g g e s t  t h a t  

th e  d i s a c c h a r id e  o b ta in e d  by th e  a c t i o n  o f  y e a s t  

P - f r u c t o f u r a n o s id a s e  c o n ta in e d  an (<%1 ;6 )  l i n k a g e .

P in a l  c o n f ir m a t io n  was o b ta in e d  by h y d r o ly s in g  th e  

red u ced  d i s a c c h a r id e  v/hich y i e l d e d  g a l a c t o s e  and l a b e l l e d  

s o r b i t o l .

Having proved  t h a t  r a f f i n o s e  co u ld  be s y n t h e s i z e d  

in  v i t r o  from UTP, ATP, c i -D - g a la c t o s e -1 -p h o sp h a te  and 

s u c r o s e  (and a V. fa b a  e x t r a c t ) ,  i t  rem ained n e c e s s a r y  

t o  d eterm in e  th e  g a l a c t o s e  donor in  th e  above sy s te m .  

I n c u b a t io n  o f  c ^ -D -g a la c to s e - l -p h o s p h a te  w ith  UTP and 

a V. fa b a  e x t r a c t  a t  pH 7 .2  y i e l d e d  a compound w hich had 

an o f  1 .2  (R ^,^  o f  U D P-glucose = 1 . 3 8 ) .  T h is

compound w hich  gave g a l a c t o s e  on a c id  h y d r o ly s i s  and was 

shown t o  c o n t a in  u r id in e  by i t s  UV spectrum

(^250 = 0 . 6 0 ,  ^280 = 0 .2 4 )  was th u s  proved t o  be UDP- 
^•^260 260 ^

89g a l a c t o s e .  However th e  work o f  Sspada showed t h a t  

ADP-sugars can be s y n t h e s iz e d  t h u s : -

ATP + su gar-1 -p h osp h ate^ = ^ A D P -su gar  + PP 

As ATP was p r e s e n t  in  th e  d i g e s t s  and an ADP-sugar  

d e r i v a t i v e  m ight have b een  form ed, a t te m p ts  were made to  

s y n t h e s i z e  A D P -g a la c to se ,  by in c u b a t io n  o f  ATP, 

a - p - g a l a c t o s e - l - p h o s p h a t e  w ith  a V. fa b a  e x t r a c t  a t  pH 7 . 2 .  

However no new compound appeared on th e  chromatogram o f
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t h i s  r e a c t i o n  m ix tu r e ,  S i m i l a r  a t te m p ts  were made t o  

s y n t h e s i z e  A D P-glucose (from  ATP and c n -L -g lu c o s e - l -  

p h o s p h a te ) ,  but t h e s e  were a l s o  u n s u c c e s s f u l .

There seems l i t t l e  d o u o t ,  t h e r e f o r e ,  t h a t  in  v i t r o  

r a f f i n o s e  i s  formed in  th e  f o l l o v a n g  w ay: -

UTP + G -D -ga lac  1 0  s  e -1 -pho sp h at  e ̂ ==AUDP-galac t  o se  + PP

U D P -g a la c to se  + su crose^  -^ ra ff in o se  + UDP

UDP + ATPr -  ■ ' UTP + ADP

and in  v iv o  s i m i l a r  mechanisms co u ld  o p e ra te  as a l l  th e  

n e c e s s a r y  enzymes and s u b s t r a t e s  are  p rob ab ly  p r e s e n t  by  

a n a lo g y  w it h  o th e r  p la n t  t i s s u e s .  As d e s c r ib e d  on 

p \(o , in  v iv o  ex a m in a tio n  o f  s u c r o s e  s y n t h e s i s  in  v/heat

s e e d l i n g s  and su gar  b e e t  l e a v e s  has shown t h a t  a - D - g lu c o s e -  

- 1 -  p h o sp h a te ,  D -g lu c o s e - 6 - p h o s p h a te ,  f r u c t o s e - 6 - p h o s p h a t e ,  

U D P -glucose  are  th e  p rob ab le  p r e c u r s o r s  o f  t h i s  d i s a c c h a r id e  

and th e   ̂g l u c o s y l t r a n s f e r a s e s  * m ention ed  on p M o ccu r  in  

t h e s e  p l a n t s .

A bdel Waliab and E l K in ay /a ii  ’ have shoy/n t h a t  

dormant s e e d s  o f  V. fa b a  c o n t a in  ATP» UTP and a n u c l e o t i d e  

f r a c t i o n  UDPX w hich  p ro b a b ly  c o n s i s t s  o f  U D P-glucose and 

U D P -g a la c to se .  A ttem p ts to  d e t e c t  a - D - g a la c t o s e - 1 - p h o s p h a t e  

in  V. fa b a  s e e d s  have b een  u n s u c c e s s f u l ,  p ro b a b ly  owing to  

th e  s m a ll  amount p r e s e n t .
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A lth ou gh  th e  s y n t h e s i s  o f  r a f f i n o s e  from  UTP, 

c t -D -g a la c to s e -1 -p h o s p h a te  and s u c r o s e  has n o t  b een  

exam ined k i n e t i c a l l y ,  o th e r  w orkers have shown t h a t  th e  

s y n t h e s i s  o f  s u c r o s e  from  U D P-g lucose  and f r u c t o s e  i s  

k i n e t i c a l l y  fa v o u r e d  (4 5 :  K = 5) t h e r e f o r e  i t  would  

seem l i k e l y  t h a t  th e  s y n t h e s i s  o f  r a f f i n o s e  would a l s o  

be fa v o u r e d  from U D P -g a la c to se  and s u c r o s e .

U D P -g a la c to se  can be s y n t h e s i z e d  by o th e r  r o u t e s  

w hich  are  m entioned  on pi.

( a )  U D P -glucose + ^ - R - g a la c to s e - 1 - p h o s p h a te  U D P -g a la c to se
. . T\7 A *n l-Qluco&e. - 1 - phos phoi-c.
(b )  U D P -g lu co se— -  —........— ^U D P -g a la c to s e . ^

These two r e a c t i o n s  were a ttem p ted  in  th e  p r e s e n c e  o f  a

V. fa b a  e x t r a c t  and in  b o th  c a s e s  t h e y  were s u c c e s s f u l .  

U D P -g a la c to se  was form ed and c h a r a c t e r iz e d  by i t s  a c id  

h y d r o l y s i s  t o  g iv e  g a l a c t o s e  and i t s  UV spectrum  to  show 

t h e  p r e s e n c e  o f  th e  u r id in e  m o ie ty .  R a f f in o s e  would th e n  

be formed from th e  U D P -g a la c to se  as a b o v e . I t  i s  

c o n c e iv a b le  t h a t  s ta c h y o s e  may a l s o  be s y n t h e s iz e d  from  

U D P -g a la c to se  by t r a n s f e r  o f  g a l a c t o s e  to  r a f f i n o s e .

T h is  exp er im en t however has n o t  b een  a ttem p ted  in  t h i s  

p r e s e n t  s tu d y .

S y n t h e s i s  o f  r a f f i n o s e  v i a  a lov/ en er g y  g a l a c t o s e

d e r i v a t i v e

The s y n t h e s i s  o f  g a l a c t o s e - c o n t a i n i n g  o l i g o s a c c h a r i d e s  

by a - g a l a c t o s i d a s e  c a t a ly s e d  t r a n s f e r  o f  g a l a c t o s e  from
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p l ie n y l -û .~ £ -g a la c to s id e  to  s u c r o s e  has

a lr e a d y  b een  d i s c u s s e d  (p 10 ) ,  In  v ie w  o f  t h e s e  

r e s u l t s  i t  was d ec id e d  t o  i n v e s t i g a t e  c i - g a la c t o s id a s e  

a c t i v i t y  in  th e  V i c i a  fa b a  and t o  examine t h e  p o s s i b i l i t y  

t h a t  th e  s y n t h e s i s  o f  g a l a c t o s y l s u c r o s e  d e r i v a t i v e s  m ight  

ta k e  p la c e  by a s i m i l a r  mechanism in  t h i s  p l a n t .

An i n i t i a l  su r v e y  was made o f  th e  bean a t  d i f f e r e n t  

s t a g e s  o f  developm ent (T a b le  4 ) .

S ta g e  o f  developm ent û '-g a la c t o s id a s e
a c t i v i t y

Green bean 4-

Dormant embryo 4-

Dormant bean 4"

G erm inated embryo 4-

Germ inated bean 4-

Table 4 .

o L -g a la c to s id a se  a c t i v i t y  was found in  w h o le , dormant and 

g e r m in a t in g  beans and in  a l l  c a s e s  th e  enzyme showed  

t r a n s f e r a s e  as w e l l  as h y d r o l y t i c  a c t i v i t y  tow ards an  

G L -galactosyl m o ie ty .

The C L -galactosid ase in  th e  dormant b ean s was 

exam ined in  more d e t a i l  and found t o  p o s s e s s  s i m i l a r  

p r o p e r t i e s  t o  t h a t  examined in  C o f fe a  a r a b ic a  by C o u r to is  

e t  a l .^ ^  I t  h y d r o ly se d  m e l ib io s e  t o  g iv e  g a l a c t o s e  and
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g l u c o s e  but  had no a c t i o n  on l a c t o s e  (ct-D-gall— > 4 P -D -g lu ) .  

I t  showed a pH optimum of  4 . 8  u s i n g  m e l i b i o s e  as  a 

s u b s t r a t e  ( F i g .  X I ) .  I t  was i n h i b i t e d  by phenyl  

m ercur ic  a c e t a t e  and a c t i v a t e d  by 2 :3  d im er^ captopropan el  

and L - c y s t e i n e .  l o d o a c e t i c  a c id  appeared t o  have o n ly  

a s m a l l  i n h i b i t o r y  e f f e c t  on th e  enzyiiie (Tab le  5 ) .

i<3 I n a c t i v a t i o n .

P henyl  m ercur ic  
a c e t a t e .

I  I I  
100 100

l o d o a c e t i c  a c id 1 5 .2  ' 1 4 .2

io A c t i v a t i o n

2 :3  d im erca p to -  
p r o p a n o l .

I  I I  

1 2 8 .2  140

L - c y s t e i n e 9 1 . 3  120

r O

Table 5.

The optimum tem perature  f o r  the  a c t i v i t y  o f  t h e  enzyme 

a g a in  u s i n g  m e l i b i o s e  as s u b s t r a t e ,  was found to  be 37' 

( F i g .  XVI) . Measurement o f  th e  Km v a l u e s  f o r  

G—g a l a c t o s i d a s e  w i t h  m e l i b i o s e ,  r a f f i n o s e  and s t a c h y o s e  

showed th e  * a f f i n i t y *  o f  th e  enzyme f o r  t h e s e  compounds 

was in  th e  f o l l o w i n g  order  m e l ib io s e ^  r a f f i n o s e ] )  s t a c h y o s e  

( F i g .  X V II) .

In c u b a t io n  o f  th e  c i - g a l a c t o s i d a s e  p r e p a r a t io n  w ith  

m e l i b i o s e  in  th e  p r e s e n c e  o f  e x c e s s  s u c r o s e  produced
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compounds Rg ^ which v/ere c h r o m a to g r a p h ic a l ly  

i d e n t i c a l  t o  a u t h e n t i c  r a f f i n o s e  and p l a n t e o s e ,  

r e s p e c t i v e l y .  A compound was a l s o  formed which behaved  

l i k e  m a n n in o tr io se  on paper chromatograms. The 

exper im ent  v/as r e p e a te d  on a l a r g e  s c a l e  and th e  o l i g o 

s a c c h a r i d e s  R2  and P i s o l a t e d  u s i n g  a c h a r c o a l - c e l i t e  

column.

m e l i b i o s e  + f r u c t o s e g a l a c t o s e  + s u c r o s e

ûc-galac 1 0  s i  das e

p - f r u c t o f u r a n o s i d a s e

a - ^ - g a l  1------ 5 ^ 6 a -^ g iu  1------ >2p-D-f3ru.

r a f f i n o s e

H

ga lacG ose  + g lu c o s e  + f r u c t o s e  P i g .  XIX

In a d d i t i o n  t o  paper chromatography and e l e c t r o p h o r e s i s ,

R2  was f u r t h e r  c h a r a c t e r i z e d  by in c u b a t io n  v / i th  

P - f r u c t o f u r a n o s i d a s e  and o ^ -g a la c to s id a se  and by a c id  

h y d r o l y s i s  as  shown in  P i g l  XIX. P i n a l  c o n f ir m a t io n  

t h a t  R2  was r a f f i n o s e  was o b ta in e d  by p e r io d a t e  

o x i d a t i o n ,  ( t h e  uptake b e in g  5 m o le s )  and th e  p r e p a r a t io n  

o f  an a c e t a t e ,  the  mp o f  w hich  was n o t  d ep r e s se d  by  

m ix in g  w i th  a u t h e n t i c  r a f f i n o s e  u n d e c a - a c e t a t e .
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The t r i s a c c h a r i d e  P which was formed i n  much 

s m a l l e r  q _uan ti t ie s  than  r a f f i n o s e  had an Hp v a lu e  v e r y  

s i m i l a r  to  the  l a t t e r  on paper chromatograms in  s i x  

d i f f e r e n t  s o l v e n t s ^ R e p a r a t i o n  was however  

a c h ie v e d  u s i n g  a b u t a n o l / p y r i d i n e / w a t e r  s o l v e n t .

The p u r i f i e d  t r i s a c c h a r i d e  P was t h e n  h y d r o ly sed  w i th  

a c i d  and o n ly  g a l a c t o s e ,  g l u c o s e  and f r u c t o s e  were 

l i b e r a t e d .  The d i s a c c h a r id e  which was o b ta in ed  by  

p a r t i a l  a c i d  h y d r o l y s i s  oo-ch rom âtographed w ith  the  

d i s a c c h a r i d e  o b ta in e d  from the  p a r t i a l  a c id  h y d r o l y s i s  

o f  a u t h e n t i c  p l a n t e o s e .  This  compound which had a 

s l i g h t l y  lo w er  m o b i l i t y  than  s u c r o s e  was presumed to  be 

p l a n t e o b i o s e  ( F i g .  I I ) .  B oth  o f  th e  d i s a c c h a r i d e s  

y i e l d e d  g a l a c t o s e  and f r u c t o s e  on h y d r o l y s i s  w i th

and w i t h  c i - g a l a c t o s i d a s e .
123Bourne, Hutson and W eigel  showed t h a t  r e d u c in g  

g l u e 0s y l f r u c t o s e  d e r i v a t i v e s  e x h i b i t  m o b i l i t i e s  i n  

m olybdate  b u f f e r  Wnich are c h a r a c t e r i s t i c  o f  th e  ty p e  

o f  g l y c o s i d i c  l i n k a g e  p r e s e n t .  The n o n -re d u c in g  

u n i t  has l i t t l e  e f f e c t  on th e  m o b i l i t y  in  molybdate  

b u f f e r .  The d i s a c c h a r i d e s  o b ta in ed  from a u t h e n t i c  

p l a n t e o s e  and P were observed  t o  have t h e  same m o b i l i t i e s  

which were equal  t o  t h a t  o f  i s o m a l t u l o s e  (^-B—g l u  1—>6B—fru^ 

T his  s t r o n g l y  s u g g e s t e d  t h a t  th e  two d i s a c c h a r i d e s  v/ere



65

b o th  6 - £ ~ g a l a c t o s y l f r u c t o s e . These e l e c t r o p h o r e t i c

r e s u l t s  are a d d i t i o n a l  ev id e n c e  f o r  th e  s t r u c t u r e  o f  

p l a n t e o s e  which was o r i g i n a l l y  deduced by French e t  a l . ^^

As mentioned p r e v i o u s l y  (p (Q ) ,  an enzyme 

p r e p a r a t io n  from P la n ta g o  o v a ta  has now been r e s o l v e d  

i n t o  two f r a c t i o n s  by C o u r to i s  and h i s  a s s o c i a t e s .

I t  has been  shown t h a t  w h i le  one c ^ -g a la c to s id a se  

(pH optimum : 5 .9 8 )  s y n t h e s i z e s  r a f f i n o s e  from p h e n y l -  

û . -D -g a la c to s id e  and s u c r o s e ,  the  o th e r  (pH optimum :

5 . 1 2 )  s y n t h e s i z e s  p l a n t e o s e  from th e  same s u b s t r a t e s .  

However th e  two C i -g a la c to s id a s e s  o b ta in ed  from C o f fe a  

a r a b ic a  by P e tek  and To Bong, which had pH optima a t  

5 and 6 ,  b o th  produced r a f f i n o s e  when in cu b a te d  w i th  

s u c r o s e  and p h e n y l - c i -B -g a la c t  os id  e .  The V. fa b a  

a - g a l a c t o s i d a s e  p r e p a r a t io n  has not  been  le so lved ,  but i f  

two enzymes ( o r  i so e n z y m es)  are  in v o lv e d  i n  th e  s y n t h e s i s  

o f  r a f f i n o s e  and p l a n t e o s e  i n  v i t r o , i t  would appear  

t h a t  th e  p l a n t e o s e  s y n t h e s i z i n g  enzyme i s  i n a c t i v e  

in  v iv o  as V. fa b a  s e e d s  do n o t  c o n t a in  p l a n t e o s e .

One argument a g a i n s t  t h e  h y p o t h e s i s  t h a t  r a f f i n o s e  

i s  s y n t h e s i z e d  by c i - g a l a c t o s i d a s e  in  v i v o  i s  th e  apparent  

ab sen ce  o f  a s u i t a b l e  g a l a c t o s e  donor .  The w a t e r - s o l u b l e  

and a l c o h o l - s o l u b l e  e x t r a c t s  o f  V. fa b a  s e e d s  v/ere 

examined. No g a l a c t o s e - c o n t a i n i n g  o l i g o s a c c h a r i d e s  were
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found ( o t h e r  than  r a f f i n o s e  and i t s  homologues)  or  

o t h e r  g a l a c t o s i d e s • The v / a t e r - s o l u b l e  p o ly s a c c h a r id e  

was shown t o  be m ain ly  a m ixture  o f  amylose and 

p ro b a b ly  a m y lo p e c t in .  However when th e  p o ly s a c c h a r id e

f r a c t i o n  was h y d r o ly sed  w ith  a c i d ,  g a l a c t o s e ,  mannose 

and a r a b in o s e  were a l s o  d e t e c t e d  in  a d d i t i o n  t o  g l u c o s e .  

I n c u b a t io n  o f  t h i s  p o l y s a c c h a r id e  f r a c t i o n  w i t h  s u c r o s e  

and c x -g a la c to s id a s e  d id  n o t  appear to  y i e l d  r a f f i n o s e  

but a s m a l l  amount of  g a l a c t o s e  was formed. C o u r to i s  

e t  a l . have shown^^ t h a t  th e  u - g a l a c t o s i d a s e  of  

T r ig o n e l lu m  foenum graecum ( p ( o )  s e e d s  can p a r t i a l l y  

h y d r o ly s e  a galactomannan and t r a n s f e r  the  g a l a c t o s e  to  

s u c r o s e  w i th  the  fo rm a t io n  o f  r a f f i n o s e .  I t  seems  

h i g h l y  dubious t h a t  such  a r e a c t i o n  i s  im portant  f o r  

r a f f i n o s e  s y n t h e s i s  i n  v i v o .

S ta c h y o s e ,  however,  co u ld  c o n c e iv a b ly  be s y n t h e s i z e d  

from r a f f i n o s e  in  th e  bean.  This  was shov/n t o  occur  

in  v i t r o  by in c u b a t in g  an a - g a l a c t o s i d a s e  p r e p a r a t io n  

w it h  r a f f i n o s e .  An o l i g o s a c c h a r i d e  S co-chrom atographing  

i n  4 s o l v e n t  sy s tem s  v/ith  a u t h e n t i c  s t a c h y o s e ,  was formed.

(X—B““gal1"^6 cc—B—g lu  1"^P—D—f r u  + c.—B—g a l  1 ^6 B—g l u  1~ 2̂P—B—f r u

r a f f i n o s e
G - g a la c t o 8 id a s e

V

a - B - g a l1 — ^6 ci-B-gal  1->6 a - B - g lu  1—> 2 p -B -fru  + s u c r o s e  

s t a c h y o s e
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Compound S a l s o  had t h e  same e l e c t r o p h o r e t i c  m o b i l i t y  

as st'achyoae i n  b o r a te  b u f f e r ,  ( g a l a c t o s y l s u c r o s e  

d e r i v a t i v e s  (up to  BP 6) e x i i i b i t  c h a r a c t e r i s t i c  

m o b i l i t i e s  in  b o r a te  b u f f e r ,  the  l o n g e r  th e  g a l a c t o s e  

c h a in ,  th e  g r e a t e r  th e  m o b i l i t y  0 ^ ^ ; ,  P e r io d a t e  

o x i d a t i o n  o f  S was c a r r i e d  out and t h e  o l i g o s a c c h a r i d e  

o b serv ed  t o  ta k e  up 7 m oles  o f  p e r i o d a t e .  F ur th er  

p r o o f  o f  th e  s t r u c t u r e  was o b ta in e d  by the a c t i o n  o f  

P - f r u c t o f u r a n o s i d a s e  and c i -g a la c t  os Id ase  ( F i g .  XK). 

P a r t i a l  a c id  h y d r o l y s i s  o f  S y i e l d e d  a m ixture  o f  

m a n n in o tr io s e ,  m e l i b i o s e ,  f r u c t o s e ,  g lu c o s e  and g a l a c t o s e  

and d i s a c c h a r i d e  w i t h  = 1 .3 5  which may have been  

5 - 0 - c x - B - g a l a c t o p y r a n o s y l - B - g a l a c t o s e  ( F i g .  XX).

m a n n in o tr io s e  + f r u c t o s e g a l a c t o s e  + s u c r o s e

(%-galactosj.dase  

P - f r u c f o f u r a n o s i d a s e

ci-B-gal  1“->6 ci-B-gal a-B-^glu 1—̂ 2 P -B -fru  

S ta c h y o se

P a r t i a l  a c id  

h y d r o l y s i s

Mof\ri‘inobrlose+roelibiose.-v gQ\ocbobbse.4- 

galacbose t  glucose + f ru c to s e  .

F ig .  XX
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No attem pt  was made t o  s y n t h e s i z e  v e r b a s c o s e  or 

h ig h e r  g a l a c t o s y l s u c r o s e  d e r i v a t i v e s  but  

presumably t h e s e  cou ld  a l s o  be prepared  by an 

a n a logou s  method.

A lk a l in e  P - f r u c t o f u r a n o s i d a s e  o f  V. fa b a  

As t h i s  enzyme was p r e s e n t  in  the  bean ,  i t  

was d ec id e d  t o  examine i t s  p r o p e r t i e s  in  r e l a t i o n  

to  the  fo r m a t io n  o f  t h e  o l i g o s a c c h a r i d e  K ( s e e  p5fc), 

and t o  s e e  i f  th e  a c t i v i t y  was in  any way r e l a t e d  

t o  th e  p r e s en c e  of  th e  g a l a c t o s y l s u c r o s e  

d e r i v a t i v e s  i n  th e  s e e d s .

The enzyme was shown to  be p r e s e n t  on ly  in  

dormant s e e d s  and s e e d s  t i ia t  had been s t e e p e d  i n  

w ater  f o r  12 h r .  w h i l e  a c i d  P - f r u c t o f u r a n o s i d a s e  

a c t i v i t y  was p r e s e n t  o n ly  in  green  and germ inated  

beans (Table  6 ) .

Source o f Acid A lk a l in e
enzyme P - f r u c t o f u r a n o s i 

dase
P - f r u c t o f u r a n o s i d a s e

G-reen beans + -

Dormant beans — 4-
Dormant embryo — 4-
S teep ed  beans - 4-
Germinated beans 4" —
Germinated embryo + -

T a b le  6
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Tobol ledaoin^ hbemi/ed.
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The pH a c t i v i t y  cu r v e s  f o r  t h e s e  two enzymes are  shown 

in  F i g .  XVIII and c l e a r l y  dem onstra te  t h a t  e x t r a c t s  

from dormant and germ inated  s e e d s  each  p o s s e s s  o n ly  

one ty p e  o f  P - f r u c t o f u r a n o s i d a s e  a c t i v i t y .

The a l k a l i n e  p - f r u c t o f u r a n o s i d a s e  was a b le  t o  

h y d r o ly s e  s u c r o s e  and g a l a c t o s y l s u c r o s e  d e r i v a t i v e s  

where f r u c t o s e  was an end group i . e .  i t s  broad
1 2.Us p e c i f i c i t y  was s i m i l a r  to  t h a t  o f  a c i d  P - f r u c t o f u r a n o s i d a s e .

A l k a l i n e  P - f r u c t o f u r a n o s i d a s e  was a l s o  shov/n t o  be ca p a b le

o f  t r a n s f e r r i n g  f r u c t o s y l  r e s i d u e s  to  s u c r o s e  a t  pH 7 . 8

w i t h  th e  fo r m a t io n  o f  an o l i g o s a c c h a r i d e  Eg.

Chromatography and e l e c t r o p h o r e s i s  showed t h e s e  two compounds
FK and Eg, were i d e n t i c a l  t o  1 - P - f r u c t o s y l s u c r o s e .

F u r th er  p ro o f  o f  t h e  s t r u c t u r e  o f  E was o b ta in e d  by  

i n c u b a t in g  i t  v / i th  y e a s t  p - f r u c t o f u r a n o s i d a s e .  This  

y i e l d e d  l a b e l l e d  f r u c t o s e  and a l a b e l l e d  d i s a c c h a r i d e  

w hich co -ch rom atographed w i t h  s u c r o s e ;  on lo n g e r  

i n c u b a t i o n ,  r a d i o a c t i v e  g l u c o s e  and more f r u c t o s e  appeared  

t o  be formed. 1 P - f r u c t o s y l s u c r o s e  b ehaves  i n  a s i m i l a r  

way w i t h  t h i s  enzyme which b r in g s  about a s t e p w i s e  c l e a v a g e  

of  th e  two P - f r u c t o f u r a n o s y l  r e s i d u e s .

A l k a l i n e  P - f r u c t o f u r a n o s i d a s e  d i f f e r s  from the  

a l k a l i n e  s u c r o s e  prepared  by C r e e n s h i e ld s  from P h a s e o lu s  

v u l g a r i s  (p|3> ) by t h i s  a b i l i t y  to  t r a n s f e r  f r u c t o s e .
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The s o - c a l l e d  n e u t r a l  P - f r u c t o f u r a n o s i d a s e  found in

th e  mature s e e d s  o f  Saccharum o f f i c i n a r u m  and S .  spontaneum
125by Hatch and G-laziou does  hov/ever p o s s e s s  t h i s  

p r o p e r t y .  A comparison o f  th e  v a r i o u s  P - f r u c t o f u r a n o s i d a s e s  

i s  g i v e n  in  Table  7 .  None o f  t h e s e  enzymes are  p h o s -  

p h o r y l a s e s  a s  t h e y  ‘w i l l  a l l  f u n c t i o n  in  the  a b sen ce  o f  

p h o sp h a te .

R e a c t io n s
V. fa b a V. fa b a  Saccharum P h a s e o lu s  

o f f i c in a r u m  v u l g a r i s

d a s e s . P - f r u c t o 
f u r a n o s i d a s e

S u cro se  + + + +
h y d r o l y s i s

F r u c t o s e  1"^'-P-fructosyl I ^ P - f i u c t o  1^ P - f r u c t o
t r a n s f e r  from s u c r o s e  formed s y l s u c r o s e  s y l s u c r o s e  
s u c r o s e .  formed. formed.

pH o f  maximum A .8 (broad)  7 . 8  ( a l s o  7 . 0  (broad)  7 . 8  (narrow)  
a c t i v i t y .  7 . 2 )

H yd ro lyse  + + + "
o t h e r  sub
s t r a t e s  ( e . g .  
g l a c t o s y l -  
s u c r o s e  d e r i 
v a t i v e s )  .

I n h i b i t e d  by + + +
T r i s  (hydroxy  
m eth y l )  -  
aminomethane -  
HOI.

T a b l e  7
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As s e e n  from th e  above t a b l e ,  Y. f a b a  a l k a l i n e  and

a c i d  P - f r u c t o f u r a n o s i d a s e  and S. o f f i c i n a r u m  and

S. spontaneum n e u t r a l  P - f r u c t o f u r a n o s i d a s e  appear t o

have s i m i l a r  p r o p e r t i e s  w i t h  t h e  e x c e p t i o n  o f  th e

v a l u e s  f o r  t h e  pH o f  maximum a c t i v i t y .

A lthough  a l k a l i n e  P - f r u c t o f u r a n o s i d a s e  w i l l

h y d r o ly s e  g a l a c t o s y l s u c r o s e  d e r i v a t i v e s ,  i t  i s  u n l i k e l y

t h a t  t h i s  r e a c t i o n  o ccu rs  i n  v i v o  as  m e l i b i o s e ,

m a n n in o tr io s e  e t c .  have n ev e r  b een  d e t e c t e d  i n  the
127g er m in a t in g  b ean .  I t  i s  c o n c e i v a b l e  however t h a t

t h e s e  o l i g o s a c c h a r i d e s  cou ld  be r a p i d l y  m e t a b o l i s e d .

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  change in  pH 

optimum o f  P - f r u c t o f u r a n o s i d a s e  from an a c i d  t o  and 

a l k a l i n e  maximum d u r in g  m a tu ra t io n  i s  a f e a t u r e  o f  

S. o f f i c i n a r u m  and S. spontaneum t i s s u e  as w e l l  as  

V. fa b a  s e e d s .  The r e a s o n  f o r  t h i s  i s  unlmown, a l s o  

i f  the  two enzymes are s e p a r a t e  p r o t e i n s  or a s i n g l e  

p r o t e i n  which und ergoes  change in  i t s  t e r t i a r y  s t r u c t u r e .

G eneral  C o n c lu s io n s

1. In t h e o r y  t h e r e  are  two p o s s i b l e  methods f o r  

r a f f i n o s e  s y n t h e s i s ,  ( i )  v i a  ^ - g a l a c t o s i d a s e ,  ( i i )  v i a  

U D P -g a la c to s e .  I t  seem s,  a t  th e  p r e s e n t  t im e  t h a t  ( i i )  

would be t h e  more f a v o u r a b le  r o u te  as  ( a ) ,  i t  i s  

k i n e t i c a l l y  fa v o u red  ( b ) ,  a l l  the  enzymes and the  

m a j o r i t y  o f  th e  s u b s t r a t e s  f o r  t h i s  r e a c t i o n  are  p r e s e n t
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in  V. f a b a  s e e d s  or are  known t o  o c c u r  i n  o th e r  

p l a n t  t i s s u e s ,  ( c ) ,  th e  p r o c e s s  i s  i n t i m a t e l y  

c o n n ec ted  w i th  o th e r  major m e t a b o l i c  p r o c e s s e s ,  which  

i s  o b v i o u s l y  im p o r ta n t .  Pathv/ay ( i ) ,  on t h e  o t h e r  

hand, req .u ires  a s u i t a b l e  g a l a c t o s e  donor which does  

n o t  appear to  be p r e s e n t .

In g e n e r a l ,  t h e r e  i s  no e v id e n c e  to  s u g g e s t  t h a t  

t y p e  ( i )  r e a c t i o n s  are  important f o r  th e  fo r m a t io n  o f  

o l i g o s a c c h a r i d e s  i n  p la n t  t i s s u e s .  In  f a c t  t h e r e  

appears  t o  be no known f u n c t i o n  f o r  carboh yd rases  in  

h e a l t h y ,  i n t a c t  t i s s u e s  and in d e e d ,  t h e s e  enzymes and 

t h e i r  p o t e n t i a l  s u b s t r a t e s  may n e v e r  come t o g e t h e r  

u n l e s s  th e  c e l l s  are  m e c h a n ic a l l y  damaged or become 

d i s e a s e d .  In  t h e o r y ,  however,  c i - g a l a c t o s id a s e  could  

be in v o l v e d  i n  r a f f i n o s e  b i o s y n t h e s i s  in  th e  p r e s e n c e  

o f  a s u i t a b l e  g a l a c t o s e  donor and p ro v id ed  t h e  n e c e s s a r y  

d i s t u r b a n c e  o f  t h e  e q u i l i b r i u m  c o n s t a n t  f o r  th e  

s y n t h e s i s  o c c u r re d ,  p o s s i b l y  by c o u p l in g  w i t h  o th e r  

m e t a b o l i c  r e a c t i o n s .

2 .  Again  t h e  breakdown o f  g a l a c t o s y l s u c r o s e  

d e r i v a t i v e s  cou ld  t h e o r e t i c a l l y  occ u r  by th e  c a t a l y t i c  

a c t i o n  o f  c c -g a la c t o s id a s e  or a l k a l i n e  p - f r u c t o f u r a n o s i d a s e  

in  v i v o .  However t h e r e  i s  no e v i d e n c e  o f  any h y d r o l y s i s
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p ro d u c ts  o f  such r e a c t i o n s  i n  th e  t i s s u e s .  A lso  by  

a n a lo g y  w i t h  s t a r c h  breakdown, a more fa v o u r a b le  

pathv/ay f o r  th e  breakdown o f  g a l a c t o s y l s u c r o s e  

d e r i v a t i v e s  would i n v o l v e  a p h o sp h o r y la se  w i t h  th e  

d i r e c t  f o r m a t io n  o f  ^ ^ -P -g a la c to s e -1 -p h o s p h a te ,  which  

co u ld  r a p i d l y  e n t e r  the  g e n e r a l  m eta b o l i sm  o f  t h e  

p l a n t  as  shown in  F i g .  XXI. R a f f i n o s e  cou ld  a l s o  be  

c a t a b o l y s e d  by t h e  r e v e r s a l  o f  th e  s y n t h e t i c  mechanism  

i n v o l v i n g  U D P -g a la c to s e .  Such a r e a c t i o n  might  be 

f a c i l i t a t e d  by o t h e r  m e t a b o l i c  pathways i n v o l v i n g  th e  

r a p id  u t i l i z a t i o n  o f  th e  UDP-gal.
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'ilîeprinted from  the Proceedings of the Biochemical Society, 11-12 January 19G2. 
Hiochein. J., 19G2, Vol. 82, No. 3, 44 p.]

T h e  B i o s y n t h e s i s  o f  G a l a c t o s y l s u c r o s e  
D e r i v a t i v e s

B y E. J . B o u r n e , J . B. P r i d h a m  and M a r y  W .  

W a l t e r . {Chemistry Department, Royal Holloway 
College, University of London, Englefield Green, 
Surrey)

Galactosylsucrose derivatives are widely d istri
bu ted  in the p lan t kingdom (French, 1954 ; Courtois, 
1959) although little is Imown about the biosyn
thesis or m etabolism  of these oligosaccharides. 
Members of the ‘ raffinose family ’ of oligosaccharides 
are formed in some seeds as the tissues m ature and 
they  are then  rapidly m etabolized when the seeds 
germ inate (e.g. Pridham , 1958).

Incubation of a-D-galactose 1 -phosphate w ith 
[^‘‘C] sucrose in the presence of ATP, U T P and an 
enzyme preparation from Vicia faba  seeds yielded 
an oligosaccharide which was indistinguishable 
from raffinose on paper chrom atogram s and elec- 
trophoretogram s. This sugar was fu rther charac
terized by hydrolysis w ith N-H 2 SO4  which yielded

labelled glucose and fructose and inactive galactose, 
and by trea tm en t w ith yeast invertase which p ro 
duced melibiose and fructose both labelled. The 
melibiose was identified by paper chrom atography 
and electrophoresis and by reduction to  melibi-itol 
w ith potassium  borohydride. Labelled glucitol was 
produced by acidic hydrolysis of the melibi-itol.

Prelim inary studies also suggest th a t  V. faba  
a-galactosidase can transfer a-galactopyranosyl 
residues to sucrose acceptor molecules (cf. Anagno- 
stopoulos. Courtois & Petek, 1955). The biosyn
thesis of galactosylsucrose derivatives in  vivo was 
discussed w ith reference to the pathw ays described.

One o f us (M. W. W.) is indebted to the Agricultural. 
Research Council for a studentship.
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