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ABSTRACT

Two forms o f  a -g a la c to s id a s e s  ( l  and I I )  have been shown 

to  e x is t  in  V ic ia  fab a  seeds and th e se  have been p u r i f ie d  3660- 

and 337- f o ld ,  r e s p e c t iv e ly .  They behaved as homogeneous 
p re p a ra tio n s  when examined by u l t r a c e n t r i f u g a t io n ,  d isc  e le c t r o 
p h o re s is  and g e l f i l t r a t i o n .  The apparen t m olecu lar w eights o f 

enzyme I  and I I ,  as determ ined by g e l f k l t r a t i o n ,  were 209^000 
and 38 , 000, r e s p e c t iv e ly .  The carbohyd rate  c o n te n ts  o f  enzyme I 

and I I  were 25 .0^  and 2 .8 ^ , r e s p e c t iv e ly ,  and th e  enzymes d i f f e r e d  

in  t h e i r  arom atic  am inoacid com positions. Enzyme I  was s p l i t  in to  

s ix  in a c tiv e  su b -u n its  in  th e  p resence  o f  6M -urea. a -G a la c to s id a se s

I  and I I  showed d i f f e r e n t  pH optim a and K and V v a lu es w ithm max
v a rio u s  n a tu ra l  and s y n th e tic  s u b s tra te s  and a ls o  d i f f e r e d  in  t h e i r
therm al s t a b i l i t i e s .  The e f f e c t  o f  tem pera tu re  on v a rio u s  k in e t ic

param eters has a ls o  been examined. Both enzymes a re  in h ib i te d  by

excess s u b s tra te  (^ -n itro p h e n y l a -D -g a la c to s id e ) : w ith  enzyme I  t h i s

i s  co m p e titiv e  and i s  caused  by th e  g a la c to s y l m oiety . Enzyme I  i s
in h ib i te d  by v a rio u s  m etal ions and by o lig o sa c c h a r id e s  p o ssess in g

two te rm in a l non-reducing  g a la c to se  re s id u e s  and to  a  l e s s e r  e x te n t
by L -arab inose  and D -fucose. The e f f e c t  o f  pH on K and V v a lu es  ̂ sa =s m max
su g g ests  th a t  carboxy l and im idazole ( h i s t id in e )  groups a re  invo lved  

in  th e  c a ta ly t i c  a c t i v i t y  o f  enzyme I .  P h o to -o x id a tio n  experim ents 

w ith  I  a ls o  suggest th a t  an im idazo le  group i s  p re se n t a t  th e  a c tiv e  

s i t e .
H istd.chem ical and t i s s u e  f r a c t io n a t io n  s tu d ie s  show th a t  th e  

enzyme i s  w idely  d i s t r ib u te d  in  se e d lin g  t i s s u e s  and i s  n o n -p a r t ic u la te .  

Aerobic c o n d itio n s  in c re a se  th e  le v e l  o f  a -g a la c to s id a s e  d u rin g  
germ ination  and bo th  g ib ^ r e l l i c  a c id  aid k in e t in  enhance sy n th e s is  o f 

th e  enzyme in  v iv o . As germ ination  p ro ceed s , th e  c o n c e n tra tio n  o f 

a -g a la c to s y l  sucrose  d e r iv a tiv e s  d ec rease s  w ith  a  sim ultaneous decrease  

in  th e  lev e l o f  eneyme I  and an in c re a se  in  th a t  o f  I I .

R.H.C
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ABBREVIATIONS 

t r i s ,  T r is  (hydroxym ethyl) aminomethane•

ïNPG, 2 -N itropheny l a -D -g a la c to s id e .

DMF, N ,N ̂  -D im ethyl formamide,

R esidual a c t i v i t y ,  A/a° X 100 where A i s  th e  ensyme a c t iv i t y  

a f t e r  in a c t iv a t io n  and A? i s  th e  a c t i v i t y  b efo re  th e  in a c tiv a tio n #

K , M ichae lis  constan t#m

Ks, D is s o c ia tio n  c o n s ta n t o f  enzym e-substra te  complex.

K^, I n h ib i to r  c o n s ta n t .

V , Maximofc v e lo c i ty ,max

PC MB, £-C hlorom ercuribenzoic  a c id .

lAA, Indo l& acetic  a c id ,

GA, G ib b e re llic  a c id .



I N T R O D U C T I O N



G lycosidases (a ls o  term ed oarbohydrases) c a ta ly s e  th e  h y d ro ly s is  

o f g ly c o s id ic  bonds. The s p e c i f i c i t y  o f  th e se  enzymes may be d e fin ed  

in  term s o f  th e  s t r u c tu r a l  f a c to r s  th a t  determ ine w hether a  g iven  

g ly co s id ase  w i l l  a c t on a  p a r t i c u la r  lin k a g e . Such f a c to r s  a re  m ainly : 

a) The hydroxyl c o n fig u ra tio n  o f  th e  g ly co sy l r e s id u e , b) The c o n fig u ra tio n  
(a lp h a  o r b e ta )  o f  th e  anomeric carbon atom o f  th e  g ly co sy l re s id u e , 
c) The s iz e  o f  th e  h e te ro c y c lic  r in g .

The g ly co s id a se s  may be d iv id e d  in to  two broad groups ; th o se  which 
c a ta ly z e ^ th e  h y d ro ly s is  o f  g ly c o s id ic  bonds in  sim ple g ly co s id es  o r in  

o lig o s a c c h a r id e s , and th o se  which c a ta ly z e  th e  h y d ro ly s is  o f g ly c o s id ic  

bonds in  p o ly sa c c h a rid e s . (A few g ly co s id a se s  can u t i l i z e  bo th  sim ple 
g ly co s id es  and p o ly sacch a rid es  as s u b s t r a te s . )  The term  *glycosidase*  i s  

f re q u e n tly  a ss ig n ed  to  th e  f i r s t  group on ly  whereas th e  o th e r  group o f 
enzymes a re  o f te n  term ed p o ly sa c c h a rid e se s . Amongst p o ly sacch arid e  

h y d ro ly z in g  enzymes, th e re  a re  endo- and exo- enzymes. For example, a -  

am ylase, an endo-enzyme cleaves in te r n a l  g ly c o s id ic  l in k s  in  some glue a n s , 

whereas p -am ylase, an exo-enzyme, removes m altose re s id u e s  s t a r t i n g  from 

th e  non-reducing  ends o f  a -1 -^4  lin k e d  ch a in s o f  g lucose  r e s id u e s .

G lycosidases a re  w idely  d i s t r ib u te d  in  anim als (1 - 5 ) i m icroorganism s 
(6-9 ) and p la n ts  (1 0 -1 3 ). Most o f  th e  re s e a rc h  w ith  th e se  enzymes has 

c en te re d  around th e  am ylases, g lu co s id a se s  and in v e r ta s e s .  p -G a lac to s id ases  

have a ls o  been s tu d ie d  e x te n s iv e ly  w ith  re s p e c t  to  th e  mechanism o f  

a c tio n  ( 14) and induced enzym e-form ation. On th e  o th e r  hand, a -g a la c to s id a s e s  
have so f a r  rec e iv e d  l i t t l e  d e ta i le d  a t t e n t io n .

O lig o sacch arid es  c o n ta in in g  one o r more p-galactopJp?anosyl groups 

in  t h e i r  s t ru c tu re  a re  w idely  d i s t r ib u te d  in  n a tu re ,  e s p e c ia l ly  in  th e  

p la n t kingdom. (The s t r u c tu r a l  a sp e c ts  o f  th e se  compounds have been 

review ed by French ( 15) and C o u rto is  e t  al*  ( 16) . I t  i s ,  th e r e f o re ,  not 
unexpected th a t  a -g a la c to s id a s e s  which hydro lyse  th e se  o ligosaccheurides 

a re  a ls o  u b iq u ito u s  in  n a tu re .  a -G a lac to s id ase  i s  a  w e ll known m ic ro b ia l 

enzyme. I t  was f i r s t  d isco v ered  in  bottom  y e a s t in  1895 s im u ltan eo u sly  

by Bau ( 17) and by F isch e r  e t  ( 18) .  The enzyme was o r ig in a l ly  named
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m elib ia se  and s tu d ie d  f u r th e r  by Weidenhagen ^  a l  (19) and Adams ^  ^  (2 0 ). 
L a te r  a -g a la c to s id a s e  a c t i v i t y  was d e te c te d  in  v a rio u s  fu n g i and b a c te r ia  
(Table 1 ) h i ^ e r  p la n ts  (Table 2) and in  th e  anim al kingdom (Table 3)

Table 1. O ccurrence o f  a -g a la c to s id a s e  in  Fungi and B a c te r ia

Source o f  a -g a la c to s id a s e Reference

A sp e rg illu s  n ig e r 21

A sp e rg illu s  oryzae 19
A sp e rg illu s  fum igatus 22

A sp e rg illu s  lu ch u en sis 22

S ev era l sp e c ie s  o f  
A sp e rg illaceae  in c lu d in g  
some P e n i c i l l i a 23,24
Trichomonas fo e tu s 25
Saccharomyces c a r ls b e rg e n s is 26,27
L a c to b a c illu s  d e lb ru c k ii 28

TSulphuÉ b a c te r ia 28

K e fir  b a c te r ia 29
E sc h e ric h ia  c o l i 30,31
A erobacter aerogenes 32
G o lstrid ium  maebashi 33
A b a c te r i a l  s t r a in  from 
g u in ea -p ig  in te s t in e 34
S trep tococcus bov is 35
D iplococous pneumoniae 36

ce
S ev era l sp e c ie s  o f  Streptom yé^s 37

Table 2# O ccurrence o f  a -g a la c to s id a s e  in  th e  p la n t kingdom

Source o f  a -g a la c to s id a so Reference

Amygdalus sp , 
(&lmond) 38

Medioago s a t iv a 39



C offea sp . 40
S ev era l c o n ife r  seeds 41,42
Gossypium sp . 43
T ritioum  sp»- 44
C itru llu B  v u lg a r is 45
V ic ia  fab a 46

\/
V ic ia  s a t i r a 47
V ic ia  dumitorum 48
Pi sum satii^um 48
Acer pseudoplatanus 48
Zea sp . seeds 19
Guar seeds 49
Pbaseol^B v u lg a r is 50

Trigone Hum foenum 51 .

Cabbage 52
Raddisb 52
C asto r o i l  beans 52
Aspen s o f t  phloem 53
Papain commercial p re p a ra tio n 54
Popphyra u m b il ic a lis 55

O ccurrence o f  a -g a la c to s id a s e  in  th e  anim al

Source o f c t-g a lac to s id ase R eference

R abbit semen 56
Horse semen 56
Ram semen 57
V arious sp e c ie s  k idney  t i s s u e s 58
V arious human and r a t  t i s s u e s 59,60
H e lix  pom atia d ig e s tiv e  ju ic e 61

H elix  laed a  l iv e r 62

P a te l la  v u lg a ta 63
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O yster 64
Arion a t e r  (s lu g )

d ig e s tiv e  t r a c t 65
I n s e c ts ,  v a rio u s  sp e c ie s 66-78
Epidinium  ecaiidatum

Rumen c i l i a t e 79

To d a te  on ly  a  l im ite d  number o f oarbohydrases have been 

o b ta in ed  in  a very  pure form . The known examples o f  c r y s t a l l i n e  

oarbohydrases a re  P -g a la c to s id a se  (8o ) ,  ct-amylase (81- 87) ,  p-am ylase 
( 88 , 89) ,  c e l lu la s e  ( 90) , xy lanase  (91 ) and o&igo—iy&^^ltioo si&kse (84 ) .

Although a -g a la c to s id a s e  has been o b ta in ed  from a  v a r ie ty  o f  
sou rces and recogn ized  f o r  many y e a r s ,  i t  has n o t ,  u n t i l  r e c e n t ly ,  

been h ig h ly  p u r i f ie d ;  i t  has norm ally  been s tu d ie d  in  th e  presence o f 

o th e r  r e la te d  glycosidases©  H e lfe r ic h  ^  a l  (92) p a r t i a l l y  ( 1 0 -fo ld ) 
p u r i f ie d  th e  enzyme by trea tm e n t o f  an almond em ulsion s o lu t io n  w ith  

s i l v e r  hyd rox ide . S e p a ra tio n  o f  a -g a la c to s id a s e  from g -g lu co s id a se  and 
c h i t in a s e  in  t h i s  em ulsion was ach ieved  on a  b a u x ite  column ly  Zechm eister 

e t  a l  (93)* S h ib a ta  and N isizaw a (94) have shown th a t  i t  i s  p o s s ib le  t t  
se fia ra te  a -g a la c to s id a se  from p -g lu o o sid ase  in  ta n n in  p r e c ip i ta te d  a p r ic o t  
em u lsiin  by paper e le c t ro p h o re s is .  The a -g a la c to s id a s e  o f  D iplococcus 

pneumoniae was p u r i f ie d  (about 1 00 -fo ld ) L i e t  H  (36,95)» one o f  
th e  p u r i f ic a t io n  s te p s  was a b so rp tio n  o f  th e  enzyme on re d  b lood c e l l s .  

a -G a lac to s id ase  from w ater melon seeds has a ls o  been p a r t i a l l y  ( 1 0 -fo ld ) 

p u r i f ie d  (45)* Much l a t e r ,  e x te n s iv e  p u r i f ic a t io n  o f  a -g a la c to s id a s e s  

from sweet almonds (9 6 ,9 7 ) , Medicago s a t iv a  ( 98 ) and V ic ia  s a t iv a  (47) 
was re p o r te d  and th e  hom ogeneity o f  th e  p re p a ra tio n s  dem onstrated  by 

v a rio u s  p h y s ic a l m ethods.
H e lfe r ic h  and V orsatz (40 ) made an a -g a la c to s id a s e  p re p a ra tio n  

from c o ffe e  beans and Petek and To Dong (99) re p o r te d  th e  i s o la t io n  o f 
two a -g a la c to s id a s e  forms from th e  same source by chromatogaaphy on an 

alum ina column. The two a c t iv e  forms showed s im ila r  p h y s ic a l p ro p e r t ie s  

( 100) .  The French w orkers a ls o  dem onstrated  a  s im ila r  i s o la t io n  o f  two 

a -g a la c to s id a s e s  from P lan tago  o v a ta  seeds (101^.
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The pH optim a o f a -g a la c to s id a s e s  v a iy  somewhat w ith  th e  source 

o f  th e  enzyme and w ith  th e  s u b s tr a te  used  ( 14)* The optim a f o r  most o f 

th e  a -g a la c to s id a s e s  l i e  w ith in  th e  range 3*5 -  6*7 ( 14 , 50 , 98 , 102, 103)#
I t  i s  i n te r e s t in g  to  no te  th a t  whereas a  crude enzyme p re p a ra tio n  from 
c o ffe e  seeds showed two pH optim a (3*0 and 6*0) u s in g  phenyl a-D - 

g a la c to s id e  as s u b s tra te  ( 104) , th e  two forms o f  a -g a la c to s id a s e  o b ta in ed  
by alum ina column f r a c t io n a t io n  had .op tim a o f 5*3 and 6 *0 , r e s p e c t iv e ly  

(99)# I t  i s  no t y e t c le a r  w hether th e  two optim a e x h ib ite d  by th e  crude 

e x tr a c t  a re  due to  th e  p resence o f  tw o .se p a ra te , enzymes o r to  o th e r  fa c to rs#  

DeIv in  and G ianetto  ( 105) showed a  s im ila r  phenomenon o f  two pH optim a 
(4*7 and 5 *35) w ith  a  p a r t i a l l y  p u r i f ie d  p -g lu cu ro n id ase  from r a t  l i v e r  
lysozomes# The pH- a c t iv i t y  curve in  t h i s  c a se , however, showed a  s in g le  
optimum when th e  io n ic  s t r e n g th  o f  th e  b u f fe r  was r a i s e d .  C ry s ta l l in e  

P -g a la c to s id a se  a ls o  produced a  double peak when pH was p lo t te d  a g a in s t  

^max £ -n itro p h e n y l p -D -g a lao to sid e  a s  s u b s tra te  ( 14)#
Some a -g a la c to s id a s e s  have been shown to  re q u ire  t h i o l  groups f o r  

a c t i v i t y  (3 2 ,3 6 ,1 0 6 ). A few o th e r  g ly co s id a se s  have a ls o  been shown to  

have t h i s  requ irem ent (1 4 ,1 0 7 ,1 0 8 ). On th e  o th e r  hand th e  enzyme o b ta in ed  

from, sweet almonds re q u ire d  h i s t id in e  and carboxy l groups f o r  c a t a ly t i c  

a c t iv i t y  (IO9 ) .

The h ea t s t a b i l i t i e s  o f  a -g a la c to s id a s e s  v a r ie d  w ith  th e  enzyme 

so u rce . The lucerne  (Medicago s a t i v a ) enzyme (39) lo s t  80^ o f  i t s  a c t iv i t y  

in  3 h r .  a t  45^ , s n a i l  enzyme (IIO ) was com plete ly  in a c t iv a te d  in  30 m in. 

a t  70^ and Pneumococcal enzyme ( 36) lo s t  30^ a c t iv i t y  in  1 h r .  a t  50^#
The lucerne  enzyme was a ls o  in a c t iv a te d  w ith  D -ga lac to se  (co m p e titiv e  K^, 

2 .4  X 10**̂ M) ( 104) bu t no t in h ib i te d  by D -ga lactons -  H  4 - la c to n e  (39) in  
c o n tra s t  to  th e  pow erful in h ib i t io n  o f  o th e r  g ly co s id a se s  by a ld o n o lac to n es  

o f  co rrespond ing  s t r u c tu r e  and c o n fig u ra tio n  ( i l l ) .  The s p e c i f i c i t y  and 

h i ^  a f f i n i t y  o f  such la c to n e s  (a ls o  14 5 la c to n e s )  f o r  g ly co s id a se s  

probably  a r i s e  from ease  o f  in h ib i to r -b in d in g  due to  th e  f l e x i b i l i t y  o f  th e  

lac to n e  r in g  a n d /o r th e  s te r io c h e m ic a l s i m i l a r i t i e s  between th e  lac to n e  

and th e  s u b s tra te  in  th e  t r a n s i t i o n  s t a t e  whQich i s  p robab ly  in  th e  h a l f  

c h a ir  c o n fig u ra tio n  ( l 12).
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A g re a t d e a l o f  work has been done on th e  s p e c i f i c i t y  o f  a 

number o f  g ly co s id ases  (EC.3 ,2 .1 .2 0 -2 6 )  and d e ta i l s  o f  t h i s  can be 

found in  review s by H e lfe r ic h  (113 ), Pigman ( l 1 4 ) , .G o ttsoha lk  (115) 

and W allen fe ls  (14)* In  g e n e ra l, change o f  c o n fig u ra tio n  o f hydrogen 
and hydroxyl on anji s in g le  carbon atom o f a  g ly co s id e  s u b s tra te  i s  

s u f f i c i e n t  to  p reven t th e  a c t io n  o f  th e  co rresp o n d in g  enzyme. In  th e  

case  o f  th e  epim ers in v o lv in g  carbon atom s, 1 , 2  and 4 o f  an aldohexose 

r in g ,  s p e c i f ic  enzymes e x is t  f o r  th e  h y d ro ly s is  o f  th e  co rrespond ing  

g ly c o s id e s . With p -g lu co s id ase  any s u b s t i tu t io n  o f  H o r  OH on carbon 
atoms 2 , 3 o r  4 com plete ly  p rev en ts  h y d ro ly s is . S u b s t i tu t io n  on C-6, 
however, norm ally  on ly  low ers th e  r a t e  o f  h y d ro ly s is  th u s  rep lacem ent 

o f th e  prim ary a l ^ h o l  group in  a  glueopyranosy 1 r in g  by -H ( i . e .  

conversion  to  a  P-?xyloside) produces a  2 0 0 -fo ld  re d u c tio n  in  r a t e .  A 
s im ila r  s t a t e  o f a f f a i r s  e x is t s  w ith  p -g a la c to s id a s e  ( 14) .  P heny l-, 

m ethy l- and e th y l  P -L -a ra b in o s id e s , in  com parison w ith  th e  co rrespond ing  

a - ^ g a la c to s id e s ,  a re  hydro lysed  a t  a  reduced r a t e  by bo th  almond ( 92 , 

116, 117) and y e a s t (20) a -g a la c to s id a s e s .  The a -g a la c to s id a s e s  from 
S trep tococcus h o v is  (35) Epidinium  ecajdatum  ( I I 8 ) and D iplococous 

pneumonae (6) however had no e f f e c t  on a ra b in o s id e s . Phenyl JH glycero 

-a -D -g a lac to -h e p to p y raâ o s id e  i s  no t hydro lysed  by almond ( I I 9 ) o r  y e a s t 
( 20) enzyme.

The aglycon group o f  a  s u b s tr a te  may o r  may n o t have a  marked 
e f f e c t  on h y d ro ly s is  by g ly c o s id a se s . Normally th e  group w i l l  no t 

com plete ly  p reven t th e  h y d ro ly s is  bu t a f t e r  th e  ra te^fâost o f  th e  a v a i la b le  

d a ta  a re  exp ressed  in  term s o f  * enzyme e f f ic ie n c ie s *  which a re  e s s e n t ia l ly  

r a t e s  o f  hy d ro ly ses ( o f .  120). Thus th e  v a r ia t io n s  m i ^ t  be due to  th e  

e f f e c t  o f  aglycon s t r u c tu r e  on e i t h e r  enzym e-substra te  g tf f in i ty  o r th e  

c a t a ly t i c  s te p .  Here i t  appears th a t  th e  e le c t r o n - a t t r a c t in g  power o f 

th e  group ,D ather th an  i t s  s i z e ,  i s  th e  o p e ra tiv e  f a c to r  (121 ).

In  g e n e ra l w ith  a -g a la c to s id a s e , a ry l  o -D -g a la c to s id e s  a re  b e t t e r  s u b s tr a te s  
th an  a lk y l  d e r iv a tiv e s  o r  d isa c c h a r id e s  ( 14 , 117) .  In  homologous s e r ie s  

o f  a -D -g a lac to s id es  (35 ,118 ,122) th e  r a t e  o f  h y d ro ly s is  seems to  be
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reduced by in c re a se  in  cha in  le n g th . R eduction o f  rdducing  groups, 

eg . conversion  o f  m elib io se  to  m e l ib i i to l  and m ann ino triose  to  

m a n n in o tr i i to l , a ls o  reduces th e  r a te  o f  h y d ro ly s is  (3 5 ,1 1 8 ). O xidation  

o f th e  red u c in g  group, f o r  example conversion  o f  m elib io se  to  m e lib io n ic  

a c id  does no t appear to  a f f e c t  th e  r a te  (123)* In  o lig o sa c c h a rid e s  

a -g a la c to s y l  re s id u e s  lin k e d  (1-^ 6 ) ,  (1 4  4) and ( I 4  2) a re  a l l  h yd ro ly sed . 
0 -a-D -galactose-(l-=^ 4 ) -2 -g a la c to s e  i s  c leav ed  a t  a  s im ila r  r a te  to  

m elib io se  (113,124)*
In  a d d it io n  to  h y d ro ly s in g ^ e rm in a l g a la c to sy l  r e s id u e s , almond

tA.
# f-galac tosidase  i s  a b le  to  a t ta c k  th e  in te r n a l  g a la c to s id ic  linkage  in  

s tach y o se , form ing g a la c to b io se  and sucro se  (125 ,126)^  C o u rto is  e t  a l  

( 127) observed th a t  D -ga lac to se  re s id u e s  from lu cern e  galaotomannan were 

p a r t i a l l y  removed by th e  a c t io n  o f  c o ffe e  a -g a la c to s id a se *  T his i s  a  
p ro p e rty  o f  s e v e ra l  o th e r  p la n t  o -g a la c to s id a s e s  (51 , 128) .  Rees^^-and 

S h ib a ta  (22) observed  th a t  P-mannanase p re p a ra tio n s  from s e v e ra l  m ic ro b ia l 

sou rces possessed  a -g a la c to s id a s e  a c t i v i t y  and th a t  th e  p re p a ra tio n s  

removed g a la c to se  from guar and carob gums. I t  i s ,  however, no t known 

w hether h i ^ l y  p u r i f ie d  a -g a la c to s id a s e  p re p a ra tio n s  hydro lyse  g a la c to -  

mannans.
G lycosidases c a ta ly s e  g ly co sy l t r a n s f e r  r e a c t io n s  a s  w e ll as 

h y d ro ly s is . (H ydro lysis can o f  cou rse  be regarded  as  a  s p e c ia l  g ly co sy l 
t r a n s f e r  to  H^O). The f i r s t  o b se rv a tio n  o f  t r a n s fe r a s e  a c tio n  by a -  

g a la c to s id a se s  was made by B lanchard and Albon (129) who observed  th e  

fo rm ation  o f  two unknown compounds o f  lower chrom atographic m o b ility  
th an  m elib io se  in  a  d ig e s t  o f  m elib io se  and y e a s t - a -g a la c to s id a s e .  One 

o f  th e  new compounds was l a t e r  id e n t i f i e d  as m annino triose  ( I 5 )* There

a f t e r ,  a - t r a n s g a la c to s y la t io n  was s tu d ie d  e x te n s iv e ly  e s p e c ia l ly  by 
C o u rto is  and h is  co-w orkers w ith  re s p e c t  to  a cc ep to r  s p e c i f i c i t y ,  e f f e c t  
o f  acc ep to r c o n c e n tra tio n , pH, source o f enzyme and e f f e c t  o f  tem pera tu re  

( 14 , 51 , 100, 130) .  The r e s u l t s  o b ta in ed  so f a r  show th a t  no t on ly  th e  
h y d ro ly s is  and t r a n s f e r  r e a c t io n s  a re  c a ta ly se d  by th e  same enzyme hu t 

a ls o  th a t  they  ta k e  p lace  on th e  same a c t iv e  s i t e  o f th e  enzyme m olecu le .
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With p~ galact OB id a s e s , th e  sy n th e s is  o f  g ly co s id es from f re e  sugars 

and a lc o h o ls  has a lso  been shown to  occur in  a d d itio n  to  t r a n s f e r  

r e a c tio n s  from g ly co sid es  and h y d ro ly s is  (14)« Here again  one and 
th e  same enzyme i s  re sp o n s ib le  f o r  a l l  th re e  a c t i v i t i e s  (131)•

The accep to r s p e c i f i c i t y  o f  a -g a la c to s id a s e s  from c o ffe e , 
lucerne  and fenugreek  has been s tu d ie d  (14 ,51 ,100 ,130) w ith  phenyl 
a -D -g a lac to sid e  as th e  g a la c to sy l  donor and i t  has been shown th a t  

th e  fo llo w in g  compounds se rve  as a c c e p to rs : D -g a lac to se , D -glucose, 

D-mannose, la c to s e ,  m alto se , c e l lo b io s e , g e n tio b io se , su c ro se , t r e h a lo s e ,  
g e n tian o se , g ly c e ro l,  D -m annito l, m y o -in o s ito l, metfeyl a -D -g lu co sid e , 

m ethanol, e th a n o l, 1-p ro p an o l, 2 -p ro p an o l, 1-b u ta n o l, 2 -p en ta n o l. No 

t r a n s f e r  to  th e  fo llo w in g  compounds cou ld  be d e te c te d : D -rib o se , L- 
a ra b in o sa , D -xylose, L-xylose^ L-rhamnose, D -fru c to se , L -so rbose , D- 
glucosam ine, am ygdalin, m ethyl P -D -glucoside and m ethyl a-D-mannoside$

No coim edation  was observed between susceptor e f f ic ie n c y  and th e  number 
o f prim ary a lc o h o lic  groups o r th s ' m olecu lar s i z e .  However, i t  was 

suggested  th a t  t r a n s f e r  occu rred  p re fe rm e n tia l ly  to  th e  prim ary a lc o h o lic  

group o f  th e  accep to r m olecu le . The complete i d e n t i f i c a t iyg^ o f  t r a n s f e r  

p roducts was accom plished only  in  a  few cases  (6 , 25 , 95,101 / l  32 ,133,134,135)
A g a la c to b io se  and a  g a la c to t r io s e  were i s o la te d  from in cu b a tio n  

m ix tu res o f  D -ga lac tose  and y e a s t a -g a la c to s id a se  and a -1 ,6 - l in k a g e s  were 
a ssigned  to  th e se  compounds. O ther o lig o sa c c h a rid e s  were produced in  much 

sm a lle r  amounts ( 15) .  C lancy and Whelan (26 ,27) u s in g  th e  same enzyme 
and s u b s tra te  a lso  o b ta in ed  h i ^  y ie ld s  o f  a  a1*  ̂ 6 lin k e d  g a la c to b io se  

to g e th e r  w ith  sm all amounts o f  a -1 ,5 - ,  a -1 , 4-  aÿid a -1 ,3 - l in k e d  d isa c c h a rid e s  
and h i ^ e r  o lig o sa c c h a r id ^ e s . I t  should  be no ted  th a t  p -g a la c to s id a se  

a lso  shows s im ila r  p ro p e r t ie s  and W allen fe ls e t  H .  ( 14) dem onstrated 

th e  fo rm ation  o f p -1 ,6 - ,  P -1 ,4 -  and P -1 ,3 - lin k e d  g a lac to sy Ig lu co sesb y  
p -g a la c to s id a se  t r a n s f e r  r e a c t io n s .

The p h y s io lo g ic a l ro le  o f a -g a la c to s id a se  i^n  p la n ts  i s  presum ably 

th e  h y d ro ly s is  o f g a la c to se  c o n ta in in g  c a rb o h y d ra te s , which occur p r im a rily  

in  se ed s , ro o ts  and underground stems as re se rv e  c a rb o h y d ra te s . I t  has 

been shown th a t  a number o f a -g a la c to s y l  d e r iv a t iv e s ,  such as th e
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r a f f in o s e  fam ily  o f o lig o s a c c h a r id e s , and p o ly sa cc h a rid es , such as 

galactom annans and g a la c ta n s , occur in  many p la n t sp e c ie s  ( e g .15*16) .

Such compounds a re  degraded d u rin g  germ ination  o f seeds (43,136-141) 
to  p rovide energy and in te rm e d ia te s  fo r  e a r ly  embryonic grow th.
Pridham e t  ( 142) suggested  th a t  th e  co n ce rted  a c tio n  o f a -g a la c to -  
s id a se  and sucrose  : UDF g lu c o s y ltra n s fe ra se  may form an im portant 

mechanism fo r  the  ra p id  u t i l i z a t i o n  o f r a f f in o s e  and o th e r  g a la o to s y l-  
suorose re se rv e s  in  germ inating  se ed s . Pazur e t  ( 138) suggest th a t  
th e  l ib e r a t io n  o f g a la c to se  by th e  a c tio n  o f a -g a la c to s id a se  i s  fo llow ed 
by phospho ry la tion  by g a la c to k in a se . The l a t t e r  r e a c t io n  must be 
assumed to  be ra p id  as f re e  g a la c to se  does not norm ally accum ulate in  

germ inating  seeds (43 ) .
a -T ra n sg a la c to sy la t  ion  by a -g a la c to s id a s e s  has o f te n  been s a id  

to  be invo lved  in  th e  b io sy n th e s is  o f g a la c to s y l  sugars in  p la n ts  (4 6 , 134? 
143, 144) .  This type o f re a c t io n  i s ,  however, o f  d o u b tfu l b io lo g ic a l  
im portance and i t  i s  perhaps more reaso n ab le  to  assume th a t  th e  g a la c to sy l  

re s id u e  in  r a f f in o s e  and r e la te d  sugars in  v ivo i s  d e riv ed  from a 

nu c leo sid e  d iphosphate  D -ga lac to se  d e r iv a tiv e  ( 145, 146) .  Recent p u b li
c a tio n s  ( 141, 147- 150) ,  however, in d ic a te  th a t  g a la c t in o l  (O -a -D -g a lac to sy l-  

( 1*̂  1) m y o -in o s ito l)  might be th e  g a la c to sy l  donor fo r  th e  b io sy n th e s is  

o f  stachyose and v e rb asco se . S a s try  and K ates ( 151) b e lie v e  th a t  a -  
g a la c to s id a se  i s  re sp o n s ib le  f o r  th e  h y d ro ly s is  o f d ig a la o to sy lg ly c e ro l  

to  tfee m onogalactosyl d e r iv a tiv e  in  runner-bean  le a v e s .
Both th e  a c id -c a ta ly s e d  and enzym e-catalysed  h y d ro ly s is  o f

ivcu>e_
g ly c o s id ic  linkages^ ;stud ied  in  d e t a i l ,  bu t whereas th e  form er i s  now w e ll 
unders tood , th e  mechanisms invo lved  in  th e  l a t t e r  a re  s t i l l  la rg e ly  

unknown.
The ac id -ca g a ly se d  h y d ro ly s is  o f  a  number o f D -gluoopyranosides has been 

examined u s in g  H^O ( 152) and in  each case  th e re  i s  hexose—oxygen bond 

f i s s io n .  T his course  o f r e a c t io n  i s ,  no doubt, th e  g en e ra l c a se , th e  

only excep tion  b e ing  th e  a c id  h y d ro ly s is  o f  t ^ t u t y l  p-D -glucopyranoside 
which, because o f th e  f a c i l e  fo rm ation  o f  th e  t - b u ty l  carbonium io n .
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proceeds by alky1-oxygen bond f i s s io n  (153 ). H ydro lysis o f a -g lu c o s id es  

by y e a s t a -g lu c o s id a s e , p -g lu co s id es  by almond p -g lu co s id ase  ( 154) and 

p-galaotosidesm by E .C o li p -g a la c to s id a se  ( 14) have a lso  been shown to  

occur by hexose-oxygen f i s s io n  and w itl»  l i t t l e  s p e c i f i c i t y  tow ards th e  
a g ly c o n ..

The mechanism o f acid -hydro -iysis o f g ly c o s id ic  lin k ag es  was f i r s t  

suggested  by Edwards ( 156) and has been v a x if ie d  by s e v e ra l  groups (157? 
158) .  As i l l u s t r a t e d  in  Scheme I  w ith  m ethyl p-D -glucopyranoside (ijj 

i t  invo lves a ra p id  p ro to n a tio n  o f th e  g ly c o s id ic  oxygen‘to  give th e  

co rrespond ing  con jugate  a c id  ( l l ) .  T his i s  fo llow ed by a  slow r a t e -  

de te rm in ing  s te p  in  which th e  g ly c o s id ic  bond i s  broken w ith  th e  p ro d u ctio n  

o f m ethanol and carbonium ( i l l )  and oxonium ( l? )  forms o f  th e  g lu co sy l 

which probably  e x is t  as th e  resonance l^rbrid  (SC) in  th e  h a l f - c h a i r  
conform ation . T his i s  fo llow ed by th e  ra p id  n u c le o p h ilic  a t ta c k  o f  w ater 

to  give glucose and a p ro to n . Vernon ( 158) m entions th a t  th e  carbonium 
ions probably  re a c t  w ith  so lv e n t befo re  a ch iev in g  th e  h a l f - c h a i r  co n fo r

m ation and, s te r io c h e m ic a lly , in v e rs io n  a t  C-1 predom inates. H ydro ly sis  
o f g ly co s id es  by g ly co s id ases  m ight, as Kosh land  ( 1 5 ^  has suggested , 
proceed by such a  mechanism. T his would invo lve  two b im olecu lar nucleo
p h i l ic  s u b s t i tu t io n s  a t  th e  C-1 atom w ith  f i r s t  d isp lacem ent o f th e  
aglycone by th e  n u c leo p h ile  in  th e  enzyme lea d in g  to  a  glycosyl-enzym e 
in te rm e d ia te , and, second d isp lacem ent o f th e  enzyme by a  w ater m olecule 
(Scheme I I ) .  The scheme has tfee advantage o f c o r r e c t ly  p re d ic t in g  th e  

s te r io c h e m ic a l course  o f th e  r e a c t io n  (o v e ra l l  r e te n t io n  o f c o n f ig u ra tio n ) .  

Such a  type  o f co v a len t c a ta ly s i s  was suggested  fo r  P -g a la c to s id a se  a c tio n  

( 14)# However, W allen fe ls e t  ( 14) p o in ted  out th a t  an a l t e r n a t iv e  
o n e -s tep  mechanism namely a **sw itch -o v er” mechanism (Scheme I I )  may a lso  

be o p e ra tiv e  r e s u l t in g  in  r e te n t io n  o f c o n fig u ra tio n  o f th e  p ro d u c t. In  
t h i s  case  th e  au th o rs  p o s tu la te d  th e  e x is ta n c e  o f two s im ila r  s i t e s  ( f o r  

glycone and a c c e p to r , r e s p e c t iv e ly )  near to  each o th e r .

In  th e  case o f  lysozym e-cata lysed  h y d ro ly s is  o f g ly c o s id ic  linkage  

Vernon ( 158) p o in ts  out th a t  co v a len t bond fo rm ation  between th e  s u b s tra te
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and th e  enzyme i s  n o t very  l i k e l y .  The most s a t i s f y in g  h y p o th e s is  i s

th a t  h e te r o ly s is  o f  th e  C-1-oxygen bond o ccu rs  under th e  in f lu e n c e  o f

th e  n e g a tiv e  charge o f  th e  carb o x y l group Asp52. In  o th e r  words th e

r e a c t io n  p ro ceed s , as i t  does in  s o lu t io n ,  by th e  fo rm atio n  o f  a

carbonium  io n . The d if fe re n c e  i s  t h a t ,  w hereas in  f r e e  s o lu t io n  th e

carbonium  ion  i s  s t a b i l i z e d  by in te r a c t io n  w ith  th e  d ip o le s  o f  th e

so lv e n t m o lecu le , in  th e  enzyme i t  i s  s t a b i l i z e d  by a n e g a tiv e  charge
o

h e ld  a t  a d is ta n c e  o f  about 3A. The ion  p a ir  so formed cannot c o lla p s e  

to  g ive  a norm al c o v a len t bond, because th e  s u b s tr a te  fragm ent i s  h e ld  

more o r le s s  r i g id l y  in  p o s i t io n  by th e  geometry o f th e  p r o te in .
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(1 ) P re p a ra tio n  o f s u b s t r a t e s ; A lkyl a -D -g a la o to s id e s  were p rep a red  by 

th e  method o f  Dale and Hudson (160) eind th e  a ry l  a—D—g a la c to s id e s ,  by a 

re p o r te d  method (117 ,161) .  ^ -N itro p h e n y l p -L -a rab in o s id e  (162) and £ -  

aminophenyl a -D -g a lao to s id e  ( 163) were p repared  as re p o r te d  in  th e  

l i t e r a t u r e  and £ -n itro p h e n y l a-D - and P -D -g lu co sid es , by th e  method o f 

Montgomery e t  ( 164 ) .  £ -N itro p h en y l a-D -fucoside  was a  g i f t  from 

Dr. G r . A .  L ew y , Rowett R esearch I n s t i t u t e ,  Bucksburn, Aberdeen. The

r e s t  o f th e  s u b s tr a te s  were pure p ro d u c ts  o b ta in ed  from comm ercial s u p p l ie r s .

The p liy s ic a l c o n s ta n ts  o f 6 -b rom o-2-naphthy 1 a -D -g a la c to s id e  were 

found to  be d i f f e r e n t '  from th o se  re p o r te d  by M oâ 'is  e t  (165)« The 

r e s u l t s  a re  compared as f o 1low s^^6-brom o-2-naphthy 1 t e t r a - o - a c e ty l  a-D - 

g a la c to s id e , m .p. 155- 156®, + 175® in  CHCl^ (C, I .O ).(F ound : C ,52 .02 ;
H, 4 .6 3 ; 14. 46 . C a lc , f o r  C ,52 .08 ; H ,4 .52 ; B r,1 |.4 6 fo ) . The

v a lu es  re p o r te d  by M orris e t  a l .  ( 165) w ere, m.p.75-P5®i [a]D  f  94® in^  

dioxan (C ,1 .3 ) .  6-B rom o-2-naphthyl a -D -g a la c to s id e , m .p. 179-1^0®, [a]D  + 
200® in  m ethanol (C ,1 .0 ) . (Pound; C,5 0 .2 ; H ,4 .46 ; B r,2 1 .4 2 . C a lc , f o r  

C^^H^^O^Br: C , |g .8 8 ;  E ,4#46; 3 r,2 0 |f7 4 ^ ). The l i t e r a t u r e  v a lu es  w ere, 

m .p. 225®, [ a ^  + 60® in  p y rid in e  ( £ ,1 .2 ) .  The h i ^  o p t ic a l  r o ta t io n  o f

th e  compounds o b ta in ed  by us i s  c h a r a c t e r i s t i c  o f  th e  a-anomer and i s

comparable w ith  th o se  o f  o th e r  arom atic  a -D -g a la c to s id e s  ( I 61 ) .

( 2 ) Pnzyme a s sa y : In  a l l  th e  case s  on ly  i n i t i a l  r a t e s  o f  s u b s tr a te  hy d ro ly ses 

were m easured. av G alac to sid ase  was assayed  by a d d it io n  o f  a p p ro p r ia te ly  

d i lu te d  enzyme s o lu t io n  (O.I ml) to  a  m ix tu re  o f M cllvaine b u f f e r ,  pH 5*5 

( 0 .25  ml) and 12mM PNPG (0^05 ml) p reh ea ted  to  30®. T his tem p era tu re  was 

m ain ta ined  fo r  15 m in. and th e  r e a c t io n  was th en  stopped  by th e  a d d it io n

o f  0 .1 M -  Na^CO^ s o lu t io n  (5 m l). The re le a s e  o f  £ -n itro p h e n o l was 

m easured a t  405 nm. a -g lu c o s id a s e , |3 -g lucosidase  and 3 -g a la c to s id a s e  

a c t i v i t i e s  were determ ined uskng th e  co rrespond ing  £ -n itro p h e n y l g ly co s id e s  

under c o n d itio n s  id e n t ic a l  w ith  th o se  used  f o r  a -g a la c to s id a s e . S im ila r ly , 

’a lk a lin e *  in v e r ta s e  a c t i v i t y  was determ ined a t  pH 7*8 w ith  su c ro se  as 

s u b s tr a te  (4 6 ) .
A u n i t  o f enzyme a c t i v i t y  i s  d e fin ed  as th e  amount th a t  h y d ro ly ses

one micromole o f s u b s tra te /m in . under th e  c o n d itio n s  s p e c if ie d  above.



S p e c if ic  a c t i v i t i e s  a re  exp ressed  as enzyiûe u n ita /m g . o f  p ro te in .  The 

p ro te in  d e te rm in a tio n s  were made by th e  method o f  Lowry e t  ( l6 6 j ,  

w ith  c r y s t a l l i n e  bovine album in as a  s ta n d a rd .

For th e  s u b s tr a te  s p e c i f i c i t y  experim ents i n i t i a l  r a t e s  o f  h y d ro ly ses 

were measured in  M cllvaine b u f fe r ,  pH 4*0 under th e  assay  c o n d itio n s  
d e sc rib e d  e a r l i e r .

H y d ro ly sis  o f a l l  n itro p h e n y l g ly co s id e s  were fo llow ed  by e s t i 

m ating  th e  l ib e r a te d  n itro p h e n o l a t  405 nai. ; th e  e x t in c t io n  c o e f f ic ie n t s  

o f r% riouB n itro p h e n o ls  under th e  a s s s ^  c o n d itio n s  w ere, o ~ n itro p h e n o l,

4*05 X 10^5 m -n itro p h en o l, 1.56 I  10^; £ -n itro p h e n o l, 1.53 X 10^ cm^/m.mole.

The r e le a s e  o f  £-am inopheno1 from th e  co rresp o n d in g  g& lactoside  was 

m easured by th e  method o f  l \ i r th  e t  a l .  ( 167) •

To fo llo w  th e  enzymic h y d ro ly s is  o f 6 -b romo-2-naphthy  1 a-D - 

g a la c to sd d e , a  10 s u b s tr a te  s o lu t io n  was p repared  in  m ethanol. T his 

was d i lu te d  1 0 -fo ld  in  M cllvaine b u f fe r ,  pH 4*0 p r io r  to  a ssa y . T his 

s o lu t io n  (0 .05  ~ 0 .3  ml) and th e  p ro p e rly  d i lu te d  enzyme ( t o t a l  v o l . o f  

d ig e s t ,  0 .4  ml) were in cu b a ted  f o r  30 m in. a t  30®. The re a c t io n  was 

stopped by add ing  0.1H KaOH (4ml) and th e  l ib e r a te d  brom onaphthol d e te r 
mined a t  296 nm. ( F i g . I ) .  T h is method o f  e s tim a tio n  was 10 tim es more 

s e n s i t iv e  th an  th a t  d e sc rib e d  by Tsou e t  (10$).

The liy d ro ly s is  o f m elib io se  was fo llow ed by e s tim a tin g  th e  l ib e r a te d  

g lucose  w ith  g lucose  ox idase  as d e sc r ib e d  by Huggett e t  a l ,  ( 168) .

H y dro ly sis  o f a -D -g a lac to se -1 -p h o sp h a te  was d e te c te d  q u a l i t a t iv e ly  

by paper chrom atography u s in g  b u ta n -1 -o l-e th a n o 1-w ater (4 0 :1 1 :1 9 , by v o l . )  

so lv e n t and th e  l ib e r a te d  g a la c to se  was lo c a te d  u s in g  s i l v e r  n i t r a t e  

reag en t ( 169) .
The re le a s e  o f  g a la c to se  from o th e r  g a la c to e id e s  was meaeured by 

th e  m ic ro -cu p rim e tric  method o f  K elson ( 17O) u s in g  arseno-m olybdate  rea g en t 

( 171)* The prooeduro i s  d e sc rib e d  below;
C u-reagent A : , 20g, + KaHC0^,2g. + R ochelle  s a l t ,  2g. +

100 ml w a te r.

C u-re agent 8 : 15?  ̂ CuSO^.SH^O 

25 p a r ts  o f  A and 1 p a r t  o f  B were mixed to g e th e r .  One m l. o f t h i s  s o lu t io n
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was added to  s to p  th e  r e a c t io n  o f  th e  enzyme d ig e s t .  The l e s t  tu b es

were h ea ted  in  b o i l in g  w ater b a th  f o r  20 m in ., co o led , 1 m l. d i lu te
o

arsenp^m olybdate reag en t ( lv o l .  d i lu te d  w ith  2 v o l .  o f  1 .5  N H^SO^) 

added, f i n a l l y  3 m l. w ater was added and th e  b lue  co lo u r m easured a t  

560 nm. A l in e  ELI' c a l ib r a t io n  curve was o b ta in ed  fo r  0.1 to  0 .6  p. mole 
o f g a la c to s e .

The, linew eaver-B urk  p lo ts  (172) were c o n s tru c te d  to  c a lc u la te  th e  

K and V v a lu es  o f  each s u b s t r a te .  The range o f s u b s tr a te  c o n c e n tra tio nHi in&jL
used f o r  t h i s  purpose i s  shown in  Table 6 .

( 3 ) Sephadex-,gel f i l t r a t i o n ; Sephadex 0-100 and 0-200 columns (2 .4  cm.X 

50 cm.) were p rep ared  as d e sc rib e d  by Andrews (173). The columns were 

e lu te d  w ith  M cllvaine b u f f e r ,  pH 5*51 c o n ta in in g  0.1M-KC1, a t  a  flow  r a te  
o f 30 m l . / h r . ,  and f r a c t io n s  (4m l.) were c o l le c te d .  The columns were 

c a l ib r a te d  by d e te rm in a tio n  o f  th e  e lu t io n  volumes o f  a  number o f re fe re n c e  

p ro te in s  o f  knoim m o lecu la r w e ig h t. Sephadex G-100 columns were c a l ib r a te d  

a t  20^ and Sephadex 0-200 columns a t  4^# The r e s u l t s  were ex p ressed  in  

term s o f  v a lu es  ( i . e .  e lu t io n  volume o f  bovine serum a lb u m in /e lu tio n  

volume o f  th e  p r o te in ) .  The recovery  o f  enzyme a c t iv i t y  on g e 1 - f i l t r a t i o n  

was always 80-p0^. The f r a c t io n s  were c o n c e n tra te d  in  d ia ly s é s  sacs  u s in g  

Acpiacide (Calbiochem , C a li fo rn ia )  as th e  a b so rb en t.

(4 ) Disc e le c tro p h o re s is  : ^ E le c tro p h o re s is  on polyacrylam ide columns was 

c a r r ie d  out by th e  method o f  Steward e t  a l .  (174) w ith  a Shandon a p p a r tu s . 

The fie se rv o ir  b u f fe r  ( t r i s - g ly c in e ,  pH 8 . 3 ) was p rep a red  a s  d e sc rib e d  by 

Davis ( 175)# The enzyme p re p a ra tio n s  (25 Aig. o f  p ro te in )  in  4^  (w/v) 
sucrose  s o lu t io n  we©e a p p lie d  to  th e  po lyacry lam ide columns and e le c t r o 

p h o res is  was c a r r ie d  out f o r  90 min. a t  lOOv and 3 mA/tube.

(5 ) U l t r a c e n tr i f u g a t io n  s tu d y : S e d im e n ta tio n -v e lo c ity  experim ents were 

ca ,rried  out by Dr. S .P . Splagg o f  th e  U n iv e rs i ty  o f Birmingham w ith  a 

ip in c o  model E u l t r a c e n t r i f u g e .  The enzymes were examined in  M cllvaine 

b u f fe r ,  pH 5»5» c o n ta in in g  0.1M-K01, and th e  c o n c e n tra tio n s  o f enzymes I  

and I I  were 0.27?o and 0 .31^  r e s p e c t iv e ly .

(6) I n h ib i t io n  experim ents : The in h ib i t io n  s tu d ie s  were c a r r ie d  ou t w ith  

a -g a la c to s id a s e  I  in  M cllvaine b u f f e r ,  pH 4 .0  u s in g  PHPGr ( 0 .6  mM f i n a l
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c o n c e n tra tio n )  as s u b s t r a t e . The in h ib i t io n  o f  enzyme I  by su g a rs , m eta l 

io n s and group s p e c i f ic  re a g e n ts  was in s ta n ta n e o u s  and th u s  no p re 

in cu b a tio n  w ith  i n h i b i t o ^ a s  re q u ire d . In  th e  case  o f £^hydroxym erouri- 

benzene su 1phonic a c id , th e  e n zy m e-in h ib ito r d ig e s t  was p re - in c u b a te d  

u n t i l  ^ 'equ ilib rium ” was a t ta in e d  (20 m in .) i . e .  th e re  was no f u r th e r  
change in  a c t i v i t y .

(7) P h o tQ -o x id a tio n : In  t h i s  experim en t, a  t e s t  tube  (lcm . A 5 cm.) 
c o n ta in in g  2 m l. o f a  s o lu t io n  w hich’ c o n s is te d  o f  i pig» a -g a la c to s id a s e  I ,  

0m02% m ethylene b lue  and M cllvaine b u f fe r  (pH 6 .0 )  was p laced  a t  a  

d is ta n c e  of 10 cm. from two Shandon ”pho topo l” f lu o re s c e n t  lam ps. The 

s o lu t io n  was k ep t co o l w ith  ic e -w a te r  d u rin g  i l lu m in a t io n . A liq u o tas  

(0 .2  m l.)  were withdrawn a t  v a rio u s  tim es and assayed  f o r  enzyme a c t i v i t y  

u s in g  PHPG as s u b s t r a te .  P a r a l l e l  experim ents were perform ed w hile  

b ubb ling  a i r  th rough  th e  r e a c t io n  m ix tu re . In  a l l  c a se s , c o n tro l  

experim ents were c a r r ie d  ou t in  th e  absence o f l i g h t .

(8) E s tim a tio n  o f  su g ars  d u rin g  g e rm in a tio n : Dormant broad  beans (500g .) 

were t r e a te d  w ith  a  b le a c h in g  powder suspension  and washed th o r o u ^ ly  

w ith  w a te r. A beaker c o n ta in in g  th e  seed  was l e f t  f o r  12 h r .  under 

runn ing  w a te r, which was co n tin u o u sly  a e ra te d , and th en  t r a n s f e r r e d  to

an in cu b a to r  a t  26^ w ith  co n tin u ed  a e r a t io n .  The w ater in  th e  beaker 

was changed once every  24 i ir .  to  in i i ib i t  m ic ro b ia l co n tam in a tio n . Samples 

o f seeds ( l@Gg. ) were talcen out a t  v a rio u s  tim e i n te r v a l s ,  th e  t e s t a s  

removed and co ty ledons and embryos th en  c rushed  in to  f in e  s lu r a r e s .  These 

were washed th re e  tim es w ith  200 m l. volumes o f e th e r .  The d e fa t te d  

powders were re f lu x e d  f o r  30 m in. in  b o i l in g  e th a n o l (5^0 m l. 70fo) and 

th e  e x t r a c ts  f i l t e r e d  o f f  and c o n c e n tra te d  to  25 m l. The re s id u e s  on th e  

f i l t e r  paper were d r ie d  under vacuum and w e i r e d .  A liq u o ts  (100 ju l . )  o f  

each c o n c e n tra te d  e x t r a c t  were s tre a k e d  on lüiatman No. 3 p apers  (washed) 

and th e  papers developed f o r  48 h r .  w ith  e th y la c e ta te  : p ro p an e -1 -o l : 

w ater (1 :7 * 2 , by v o l . )  s o lv e n t.  S tandard  su g a rs , v e rb a sc o se , 

s ta ch y o se , r a f f in o s e ,  in e lib io se , su c ro se , g lucose  and g a la c to s e , were 

a ls o  a p p lie d  to  each chromatogram. The separ*ated su g ars  were e lu te d
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o f f  th e  papers w ith  w ater and th en  e s tim a te d  by th e  p h e n o l-su lp h u ric  

a c id  method ( 176) .

( 9 ) L evels o f  a -g a la c to s id a s e  d u rin g  g e rm in a tio n : The seeds were 

germ inated  as d e sc r ib e d  above and sam ples o f  15-20 g . seeds were tak en  

a t  v a rio u s  tim es f o r  enzyme e x tr a c t io n .  The t e s t a s  were removed and 

th e  rem ain ing  t i s s u e s  m acerated  w ith  M cllvaine b u f f e r ,  gH 4 .8  (5 m l.)  

and th e  su spensions th e n  allow ed to  s ta n d  a t  5^ overnm^ti^' A f te r  
c e n t r i f u g a t io n  th e  enzyme a c t i v i t y  in  th e  su p e rn a ta n t s o lu t io n s  was 

e s tim a te d  ( a t  pH 4*8) u s in g  PNPG as s u b s tr a te  (see  p . 2 I ) . A c t iv i t ie s  

were determ ined  in  th e  embryos and th e  c a t y l e d ^ s  s e p a ra te ly .  S im ila r  

e s tim a tio n s  were made when th e  seeds were * germ inated* under n itro g e n .

The e f f e c t s  o f  g ib b e rs11ic  a c id , in d o le -a c e t ic  a c id  and k in e t in  on th e  

le v e ls  o f  o -g a la o to s id a se  d u rin g  a a m ^  germ ination  were a ls o  exam ined.

In  th e se  experim en ts th e  seeds were aoaked in  s o lu t io n s  o f  th e  growth 
prom oters.

For d e te rm in a tio n  o f  th e  le v e ls  o f  a -g a la c to s id a s e  I  and I I  d u rin g  

normal g e rm in a tio n , 6 seeds (w ithou t t e s t a s )  o f  medium s iz e  were c rushed  

in  M cllvaine b u f f e r ,  pH 5*5t w ith  a  p e s t le  and m o rta r . The e x t r a c t ,  a f t e r  

ad justm ent o f  th e  pH to  5*5# was c e n tr ifu g e d  and 2 .0  m l. o f  th e  su p er

n a ta n t s o lu t io n  a p p lie d  to  a  dephadex 0-100 column. O e 1 - f i l t r a t io n  was 

e f f e c te d  a s  d e sc r ib e d  on p . 1 4 .

( 10) H istochem ica l lo c a l iz a t io n  o f  a -g a la c to s id a s e ? A s to c k  s o lu t io n  o f  

th e  chromogenic s u b s t r a te ,  6-brom o-2-n a p h th y l a -D -g a la c to s id e , was made 

in  ^^^dim ethyIform am ide (IO mg. in  0 .3  m l . ) .  The s ta n d a rd  in c u b a tio n  

medium, p rep a red  in  a  sm all b e ak e r, c o n s is te d  o f  M cllvaine b u f f e r ,  pH 5*5, 

(2 .5  m l.)  and d i s t i l l e d  w a ter (7*5 m l . ) .  In to  t h i s  m ix tu re ,a t  70^# was 
p ip e t te d  0.1 m l. o f  th e  s to c k  s u b s tr a te  s o lu t io n .  The m ix tu re  was coo led  

to  about 37^ and s e c t io n s  o f  V ic ia  fab a  seed  t i s s u e s  * were f lo a te d  on to  

th e  su rfa c e  and in cu b a ted  f o r  30 m in. k eep ing  th e  tem p era tu re  a t  c a  37^*

* B efore c u t t in g  th e  s e c t io n s ,  th e  beans were f ix e d  a t  OH-^ in  3% n e u tr a l  

fo rm alin#  o v e r n i ^ t .
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The s e c tio n s  were r in s e d  w ith  d i s t i l l e d  w a ter and p laced  in  a  beaker 

c o n ta in in g  P ast b lue  B s a l t  ( t e t r a z o t i z e d  d io r th o a n is id in e  ( lm g .) ,  

in  M cllvaine b u f f e r ,  pH 7*5 ( i m l . ) ) ,  The s ta in e d  s e c tio n s  were washed 

w ith  w ater and mounted in  g ly c e r in e  f o r  m icroscop ic  exam ination .

( 11) P u r i f ic a t io n  o f  g -g a la o to s id a s e s ! The fo llo w in g  s te p s  were c a r r ie d  

ou t a t  0- 4^# u n le s s  s t a te d  o th e rw ise .

(a ) E x tra c tio n s  In  a  ty p ic a l  experim en t, 500g. o f  t e s t a - f r e e  dormant 

b road  beans were powdered in  a  c o ffe e  g r in d e r ,  soaked o v e r n i ^ t  in  

M cllvaine b u f f e r ,  pH 4*8 (300 m l.)  and th an  c e n tr ifu g e d  (50OO-80OO r .p .m . 

f o r  30 m in .) to  o b ta in  a  c le a r  e x t r a c t .  The re s id u e  was e x tra c te d  tw ice 
in  th e  s im ila r  way.

(b) V a r ia tio n  o f  pH: The pH o f  th e  enzyme s o lu t io n  was low ered to  

approx im ate ly  3*0 w ith  IM -c itr ic  a c id . E f f ic ie n t  s t i r r i n g  was e s s e n t ia l  

a t  t h i s  s te p .  The m exture was k e p t o v e r n i ^ t  a t  4^ and t h i s  produced a 

heavy p r e c ip i t a te  o f  in a c tiv e  p r o te in s ,  which were rmmoved by c e n t r i 

fu g a tio n  a t  1OOOg. f o r  20 m in. The jH o f  th e  su p e rn a ta n t s o lu t io n  was 

a d ju s te d  to  4*8 w ith  1M-disodium hydrogen phosphate s o lu t io n .

(o) Protam ine su lp h a te  tre a tm e n t:  Protam ine su}.phate s o lu t io n  was added 

to  th e  enzyme p re p a ra tio n  ( f i n a l  conc. 10 m g ./m l.)  and any n u c le ic  sic id  

p r e c ip i ta te d  over 24 h r .  was removed by c e n t r i f u g a t io n .

(d) Acetone p r e c ip i t a t io n ;  T h ro u ^ o u t t h i s  s te p ,  th e  tem pera tu re  was 

h e ld  between -5 ^  and -1 0 ° . Acetone a t  -2 0 °  was grsidually  added to  th e  

enzyme s o lu t io n  ( a t  - 5° )  w ith  s t i r r i n g ,  up to  a  f i n a l  c o n c e n tra tio n  o f 

ZOfo ( v /v ) .  A fte r  45 m in ., th e  p r e c ip i t a te d  in a c t iv e  p r o te in  was removed 

by c e n tr i f u g a t io n  a t  10OOg. f o r  5 m in. The ace tone  c o n c e n tra tio n  o f  th e  

su p e rn a ta n t was in c re a se d  to  60^  (v /v )  and th e  r e s u l t i n g  a c t iv e  p r e c ip i t a te  

was c e n tr ifu g e d  down and d is so lv e d  in  M cllvaine b u ffe y , pH 4*8.

(e ) D ia ly s is :  The enzyme s o lu t io n  as o b ta in ed  above was d ia ly se d  a g a in s t  

w a ter M L .) and th en  a g a in s t  M cllvaine b u f f e r ,  pH3*5 ( d i lu te d  1:5 w ith  

w a te r ) ,  f o r  4 days. D uring t h i s  p e rio d  th e  b u f f e r  ( 1L . ) was changed 

d a i ly .  An a c t iv e  p r e c ip i t a te  was formed and t h i s  was i s o la t e d  and 

d is so lv e d  in  M cllvaine b u f f e r ,  pH 4*8. The reco v ery  o f  a c t i v i t y  a t  t h i s
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s te p  was v a r ia b le  w ith  d i f f e r e n t  p re p a ra t io n s . The h ig h e s t recovery  
was 60^.

( f )  F i r s t  Sephadex G-100 g e l f i l t r a t i o n :  The enzyme s o lu t io n  from 

s te p  (e )  was d ia ly se d  a g a in s t  M cllvaine b u f f e r ,  pH 5*5# c o n ta in in g  

0.1M -potassium  c h lo r id e ,  and th en  passed  t h r o u ^  th e  sephadex column.

(g) Second Sephadex G-100 g e l f i l t r a t i o n :  The enzyme p re p a ra tio n s  
were th en  re c y c le d  th rough  th e  sephadex column.

A summary o f  th e  whole p u r i f i c a t io n  procedure i s  g iven  in  
Table 4 .
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P u r i f ic a t io n  o f  a -g a la c to s id a s e s ; S ev e ra l g ly c o s id a se s  o th e r  th an  

o -g a la c to s id a s e  have been shown to  occur in  V ic ia  fab a  se e d s . The 

a ttem p ts  a t  p u r i f ic a t io n  w ere, th e r e f o re ,  d i r e c te d  to  remove th e  

co n tam in a tin g  a c t i v i t i e s  and u l t im a te ly  to  o b ta in  a  homogeneous p ro te in  

p re p a ra t io n . A summary o f th e  p u r i f ic a t io n  r e s u l t s  i s  p re se n te d  in  

Table 4 and th e  p rocedure  i s  d à sc r ib e d  in  th e  ex p erim en ta l s e c t io n .

The s o lu t io n  o b ta in ed  a t  each s te p  o f  p u r i f ic a t io n  was t e s te d  f o r  

a—g lu c o s id a se , 3- g a la c to s id a s e ,  * a lk a l in e  * in v e r ta s e ,  p -  g lu co s id a se  

and a -g a la c to s id a a e . The r a t i o  o f  th e se  enzyme a c t i v i t i e s  in  th e  crude 

e x tr a c t  was found to  be 1 .0  : 2 .0  : 2.1 % 3#0 : $ .0 .  The a c id i f i c a t io n  

s ta g e  ( s te p  2 ) r e s u l te d  in  th e  com plete rem oval o f  a l l  g ly co s id ase  

a c t i v i t i e s  o th e r  th an  a—galELctosidase from th e  crude e x t r a c t .  At t h i s

s ta g e  i t  was e s s e n t ia l  to  remove n u c le ic  a c id s  p re se n t in  th e  enzyme 

p re p a ra tio n  by protam ine su lp h a te  tre a tm e n t. Some ex tran eo u s p ro te in s  

seemed to  be c o -p re c im ita te d  which r e s u l te d  in  a  s l i g h t  in c re a se  in  th e  

s p e c i f ic  a c t i v i t y  (T able 4 )* T his tre a tm e n t proved h e lp fu l  in  ach iev in g  
e f f i c i e n t  p u r i f ic a t io n  in  l a t e r  s te p s .

S tep 4 I ace tone  p r e c ip i t a t i o n ,  in c re a se d  th e  s p e c i f ic  a c t i v i t y  
o f  a -g a la c to s id a s e  two—f o ld .  I t  a ls o  h e lped  in  rem oving f a t s ,  p h eno lic  

m a te r ia ls  and o lig o s a c c h a r id e s  which were a ls o  p re se n t in  th e  enzyme 

p re p a ra t io n . T races o f  low m o lecu la r w eight su b s tan ces  which were s t i l l  

p re se n t a f t e r  ace tone  p r e c ip i t a t io n  were f i n a l l y  removed in  th e  d ia ly s e s  

s te p  ( s te p  5 )« As th e  enzyme was p r e f e r e n t i a l l y  p r e c ip i t a te d  by d i a ly s i s  

a g a in s t  a  b u f fe r  o f  pH 3*5# i t  i s  p robab le  t h a t  i s o e le c t r i c  p o in t o f  th e  
p ro te in  i s  apppuxim ately 3 . 5 .

The f i r s t  Sephadex 0-100 g e l f i l t r a t i o n  ( s te p  6 ) produced two 

p ro te in  f r a c t io n s  w ith  a -g a la c to s id a s e  a c t i v i t y  (peaks I  and I I ;  P ig . 2 ) .  

Peak I  came o f f  th e  column c lo s e  to  th e  v o id  volume w hereas I I  lay  w ith in  

th e  f r a c t io n a t io n  range o f  sephadex 0- 100. I t  was th e re fo re  p o s s ib le  

th a t  peak I  m i ^ t  be f r a c t io n a te d  f u r th e r .  However, l a t e r  s tu d ie s  w ith  

Sephadex 0-200 suggested  th a t  t h i s  peak was, in  f a c t ,  a  s in g le  a c t iv e  

enzyme (F ig . 3 ) .  The f r a c t io n s  o f  peaks I  and I I  w ith  h i ^  s p e c i f ic
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a c t i v i t i e s  were pooled  s e p a ra te ly  and c o n c e n tra te d  u s in g  Aquaeide.

Enzymes I  and I I  th u s  o b ta in e d  were re c y c le d  s e p a ra te ly  t h r o u ^  a  

w e ll washed Sephadex G—100 column and th e  f r a c t io n s  w ith  h ig h  s p e c i f ic  

a c t i v i t i e s  were ag a in  pooled  and c o n c e n tra te d . There was a  v ery  l i t t l e  

in c re a s e  in  th e  s p e c i f ic  a c t i v i t y  o f  I  in  t h i s  f i n a l  s te p  ( P ig .4 ) .  The 

s p e c i f ic  a c t i v i t y  o f  I I  was one te n th  o f  th a t  o f  I  and f u r th e r  experim en ts 

showed th a t  bo th  o f  th e s e  enzymes were homogeneous. The h i ^  e f f ic ie n c y  

o f enzyme I  cou ld  be due to  th e  p resence  o f  more th an  one a c t iv e  c e n tre  

o r  a  d i f f e r e n t  c a t a l y t i c  mechanism from th a t  o f I I .

T h is work has produced th e  f i r s t  re p o r te d  h i ^ l y  p u r i f ie d  and 

homogeneous p re p a ra tio n  o f  a - g a la c to s id a s e s .  The two form s o f  th e  enzyme 

do no t appear to  be a r t i f a c t s  o f  th e  p u r i f i c a t i o n  p ro ced u re , a s  bo th  

f r a c t io n s  a re  found whan g e l f i l t r a t i o n  o f  a  crude e x t r a c t  o f  beans i s  

c a r r i e d  o u t .  In  a d d it io n  p u r i f ie d  I  and I I  do n o t appear to  be i n t e r 

c o n v e r t ib le  when re-chrom atographed  on Sephadex G-100 (P ig .4 ) .

Homogeneity o f  th e  enzyme p r e p a ra t io n s ; VJhen th e  f i n a l  f r a c t io n s  o f  

a -^g a lac to s id ases  I  and I I  were re-chrom atographed  on Sephadex 0-200, 

p r o te in  and a c t i v i t y  peaks c o in c id e d  e x a c tly  and were sym m etrical (P ig . 3) 

and th e  s p e c i f ic  a c t i v i t i e s  o f  th e  p re p a ra t io n s  a p p lie d  to  th e  columns 

were com plete ly  re c o v e ra b le . Thus i t  would appear t h a t  any ex tran eo u s 

p ro te in s  i f  p re se n t i^ n  th e  enzyme p re p a ra t io n s ,  must be o f  th e  same 

m o lecu la r w e igh ts  an th o se  o f  th e  enzymes.

In  th e  u l t r a c e n t r i f u g e ,  a -g a la c to s id a s e s  I  and I I  bo th  sedim ented  

a s  s in g le  components and gave sym m etrical S c h lie re n  peaks (P ig . 5)* The 

se d im e n ta tio n  c o e f f i c i e n t s  were ^.568  and 3*498, r e s p e c t iv e ly .  The two 

enzyme p re p a ra tio n s  a ls o  gave s in g le  bands when examined by po lyacry lam ide- 

g e l e le c t ro p h o re s is  (P ig . 6 ) .  Enzyme I  had a  low er e le c t ro p h o r e t ic  

m o b il i ty  th an  I I .
A ll th e  above r e s u l t s  su p p o rt th e  hom ogeneity o f  th e  enzymes and 

th a t  I  has a  h i ^ e r  m o lecu la r w e i ^ t  th an  I I .

M o le c u la r -w e i^ t  d e te rm in a tio n  by Sephadex-gel f i l t r a t i o n ; The method 

o f  Andrews (1 7 3 ), which i s  based  on th e  e lu t io n  volumes o f  p ro te in s  o f 

known m o lecu la r w e ig h ts , was fo llow ed  w ith  b o th  Sephadex G-100 and 0-200
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colum ns. The v a lu e s  were p lo t te d  a g a in s t  log^^ (m o lecu la r w eigh t) 

o f  th e  co rre sp o n d in g  p ro te in s  as shown in  th e  c a l ib r a t io n  cu rv es 

( P ig .7 ) .  Rg^ v a lu e s  were p lo t t e d  r a th e r  th a n  th e  e lu t io n  volumes 

because th e  l a t t e r  a re  in f lu e n c e d  by th e  c o n d itio n s  o f  experim ent and 

column c h a r a c t e r i s t i c s  which may n o t be alw ays i d e n t i c a l .  D iffe re n ce  

in  th e se  c h a r a c t e r i s t i c s  a re  more o r  le s s  e lim in a te d  when th e  Rg^ v a lu e s  

a re  compared. Moreover Rg^ shows a  d i r e c t  r e la t io n s h ip  to  log.^^

(m o le c tla r  w e i ^ t )  r a th e r  th an  th e  in v e rse  r e la t io n s h ip  which o ccu rs  

w ith  e lu t io n  volum es.

Assuming th a t  th e  m o lecu la r shape o f  th e  a -g a la c to s id a s e s  im 

s im ila r  to  th o se  o f  th e  m arker p r o te in s ,  th e  ap p aren t m o lecu la r w eight 

o f  enzymes I  and I I  as de term ined  from th e  c a l ib r a t io n  cu rv es a re  209,000 

and 38 , 000 , r e s p e c t iv e ly .  The m o lecu la r w e i ^ t  o f  enzyme I  was beyond 

th e  s e p a ra tio n  l im i t  o f  Sephadex 0-100 and th e re fo re  on ly  0-200 column 

was used  f o r  t h i s  p u rpose .

The ca rb o h y d ra te  c o n te n ts  o f  enzyme I  and I I  were m easured by 

th e  p h e n o l-su lp h u ric  a c id  method (176) and ex p re ssed  a s  g lucose  e q u iv a le n ts ;  

th ey  were 25 .0^  and 2 .8 ^ , r e s p e c t iv e ly .  The p resence  o f  a  h ig h  p ro p o r tio n  

o f  caurbohydrate in  enzyme I ,  th e r e f o r e ,  co u ld  con ce iv ab ly  i n t e r f e r e  w ith  

th e  m o le c u la r -w e i^ t  d e te rm in a tio n  tyy g e l f i l t r a t i o n .

a -G a la c to s id a se  I ,  when s u b je c te d  to  Sephadex 0-100 g e l  f i l t r a t i o n  

in  th e  p resence  o f  6M -urea, showed s ix  p r o te in  peaks o f  which two were 

m ajor (B and C in  P ig . 8 )» Peak A had an e lu t io n  volume co rre sp o n d in g  

to  th a t  o f  th e  n a tiv e  enzyme. The ap p aren t m o lecu la r w e i ^ t s  o f  

components B and C ( c f .  177) were 18,200 and 14,400, r e s p e c t iv e ly .

Peaks D, E and P seemed to  be low -m olecu lar-w eigh t components and were 

n o t w ith in  th e  range o f  th e  c a l ib r a t io n  curve f o r  th e  p a r t i c u l a r  column 

u se d . These e s t im a te s ,  based  on g e 1 - f i l t r a t i o n  d a ta ,  sh o u ld , however, 

be redgarded  a s  t e n t a t i v e ,  a s  th e  chrom atographic behav iou r o f  p ro te in s  

on Sephadex g e l can be a p p re c ia b ly  a l t e r e d  in  th e  p resence  o f  u re a  ( 178) .  

None o f  th e  above p r o te in  peaks showed enzymic a c t i v i t y ,  b e fo re  o r  a f t e r  

d i a ly s i s  a g a in s t  w a te r . The enzyme a c t i v i t y  was a ls o  no t r e s to re d  by



Fig# 1 • Determination of the ooleoular weights of ̂ -galaotoslàaees 
I and II by Sephadex 0-100 and Sephadex 0-200 gel filtration. The
procedure is described» and . is defined# in the text# Proteins 
used for calibration were: 1, oytoohron» oj 2, rlbonuolease; 
ohymotrypsin; 4» pepsin; 5, ovalbumin; 6, haemoglobin; 7t bovine 
serum albumin; 8» alcohol dehydrogenase; 9, hexokinase; 10, lactate 
dehydrogenase; 11, pyruvate kinase*
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p o o lin g  th e  f r a c t io n s  fo llo w ed  by d i a ly s i s  and c o n c e n tra t io n . T h is 

was ex p ec ted  a s  i t  was observed  t h a t  in a c t iv a t io n  o f  t h i s  enzyme w ith  

6M-iirea was i r r e v e r s i b le  even on rem oval o f  u re a  by d i a l y s i s .

When th e  enzyme was examined by d is c  e le c t ro p h o r e s is  a t  pH 8 .3  

in  th e  p resence  o f  6M -nrea, th re e  d i s t i n c t  and th r e e  d i f fu s e d  p ro te in  

zones were observed  ( F ig .6 ) .  A ll th e s e  r e s u l t s  tak e n  to g e th e r  le a d s  

to  th e  co n c lu s io n  th a t  enzyme I  i s  composed o f  subunits®  The m o lecu la r 

r e la t io n s h ip  betw een enzyme I  and I I ,  i f  any, i s  a t  p re s e n t  n o t a p p a re n t: 

th e  p resence  o f  ca rb o h y d ra te  in  enzyme I  co m p lica te s  th e  i s s u e .

U l t r a v io le t  spec trum ; a -G a la c to s id a s e  I  showed an a b so rp tio n  maximum 

a t  280 nm. and an in f le x io n  a t  291 nm. ( F ig .9 ) .  The was 18 and th e

. a -G a la o to s id a se  I I  had an a b so rp tio n  maximum 2oO/B2oO r a t i o  was 1 #4 #
a t  278 nm. w ith  an in f le x io n  a t  284 nm. ( F i g .1 0 ). The and

were 20 and 19, r e s p e c t iv e ly ,  and th e  ®28c/^ 2 6 0  was 1 .3 .
T y rosine  and try p to p h a n  r e s id u e s  were de te rm ined  s p e c tro p h o to -  

m e t r ic a l ly  by th e  method o f  Beneze and Schmid (1 7 9 ), and th e  r e s p e c t iv e  

v a lu e s  were 51 and 47 m oles/m ole o f  a -g a la c to s id a s e  1%^ I f  p ro p e r 

c o r r e c t io n  f o r  th e  c a rb o h y d ra te  c o n te n t in  enzyme I  i s  made, th e  

r e s p e c t iv e  v a lu e s  o f  th e  two amino a c id s  w i l l  be th e n , 13 and 12 m o le s / 

mole o f  enzyme.

Thermal s t a b i l i t y ; The r e s u l t s  o f  th e rm al i n a c t iv a t io n  o f a -g a la c to s id a s e  

I  and I I  a re  p re se n te d  in  T able 5 and th e  p a t te r n s  f o r  a  I 5 m in. in c u b a tio n  

a t  th e  g iven  tem p era tu re  a re  shown in  F ig .1 1 . Enzyme I  i s  h e a t - r e s i s t a n t  

over a  w ider range o f  tem p era tu re  th a n  enzyme I I ,  b u t w ith  th e  fo rm er 

th e re  i s  an i n i t i a l  15^ lo s s  o f  a c t i v i t y ,  w hereas enzyme I I  a p p ea rs  to  

be v e ry  s ta b le  w ith in  th e  range 35"*45^* The g ly c o p ro te in  n a tu re  o f

enzyme I  co u ld  accoun t f o r  i t s  th e rm a l s t a b i l i t y .  S p e c u la tio n s  on th e  

fu n c tio n  o f  th e  p o ly sa c c h a rid e  m oiety  in c lu d e  th e  concept t h a t  i t  

s t a b i l i z e s  an e n z y m a tic a lly  a c t iv e  con fo rm ation  in  th e  p o ly p e p tid e  

chairs ( 180) .  A rnold (181 ) ,  w orking on y e a s t  in v e r ta s e  showed t h a t  th e re  

was a  c o r r e l a t io n  betw een th e  h e a t s t a b i l i t y  and th e  p o ly sa c c h a rid e  

c o n te n t o f th e  enzyme p re p a ra t io n .

* and 13 and 9 m oles/m ole o f a -g a la c to s id a s e  I I .
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P ig. I I ,  Thermal inactivation  of t>{-gBlaotoBidaaes I  and I I .  Stazyise I  

(50 pg ./m l.) and enzyme I I  (600 p g ./m l.) both in  Mcllvaine buffer, 
pH4«0, were maintained for  15 min. at the given teg^rature and suitable  
samples were withdrawn and assayed spootrophotometrloally with p-nitro— 
phenyl^/ —B—galaotoaide a s  substrate.
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S u b s tra te  s p e c i f i c i t y : The and v a lu e s  f o r  th e  h y d ro ly s is  o f

v a rio u s  s u b s t r a te s  by a -g a la c to s id a s e s  I  and I I  were de te rm ined  as

d e sc r ib e d  in  th e  E xperim en tal s e c t io n  and th e  r e s u l t s  a re  p re se n te d

in  T able 6 . Both th e  enzymes were unab le  to  h y d ro ly se  2 ~ iiitro p h en y l

P -jD- g a la c to s id e  and £ -n i tro p h e n y l  a -  and p -D -g lu c o s id e s . T h is shows

th a t  th e  c o n f ig u ra tio n  a t  C-1 and C-4. o f  th e  s u b s tr a te ,  m olecule  i s

im portant#  On th e  o th e r  hand, th e  s t r u c tu r e  a t  C-6 o f  th e  g a la c to s e

m oiety  o f  an a -D -g a la c to s id e  seams to  be r e l a t i v e l y  le s s  im p o rtan t in

th e  case  o f  enzyme I  as change from -OH^OH to  ( i e .  a -D -g a la c to s id e

to  a -D -fucoside) does n o t cause any a p p re c ia b le  d e c rea se  in  th e  v a lu e .

Enzyme I I  h y d ro ly se s  £ -n i tro p h e n y l  a -B -fu o o s id e  a lm ost th re e  tim es as

f a s t  as th e  c o rre sp o n d in g  g a la c to s id e .  However, com plete .rem oval o f

C-6 (a s  in  P -L -a ra b in o s id e )  red u ces th e  r a t e  o f  h y d ro ly s is  by enzyme I

bu t has l i t t l e  e f f e c t  in  th e  case  o f  enzyme 11. The a f f i n i t y  (^/Km) o f

s u b s tr a te  f o r  bo th  th e  enzymes i s  la rg e ly  dependent on th e  s t r u c t u r a l

changes in  th e  glycone m oiety  and fo llo w s th e  o rd e r ,  a -B -g a la c to s id e  )

a -B -fu c o s id e  > p -L -a ra b in o s id e . T h is su g g e s ts  t h a t  one o f  th e  s p e c i f i c

p o in ts  o f  b in d in g  o f  th e  s u b s t r a te s  w ith  th e  enzymes may be th ro u g h  th e  prim ary

a lc o h o l group o f  th e  g a la c to se  m o ie ty .

The v a r i a t io n  in  th e  s t r u c tu r e  o f  th e  a g ly c o n e re s id u es  o f  th e

a -D -g a la c to s id e s  a f f e c te d  th e  K and th e  V v a lu e s  f o r  b o th  o f  th e  = °  m max
enzymes. The h y d ro ly se s  o f  a ro m atic  g a la c to s id e s  proceeded  more r e a d i ly

th a n  t h a t  o f  a lk y l  d e r iv a t iv e s .  R e la tio n s h ip s  betw een K and V v a lu e sQ m max
were h ig h ly  i r r e g u la r  w ith  chang ing  ag lycon^ . For exam ple, in  Table 6 

com parisons o f  th e  v a lu e s  f o r  r a f f i n o s e ,  m e lib io se  and n -p ro p y l a-D - 

g a la c to s id e  and o f  phenyl and ow nitropheny l a -D -g a la c to s id e s  in d ic a te  

t h a t  a  h ig h  a f f i n i t y  o f  th e  enzyme f o r  th e  s u b s tr a te  i s  n o t an e s s e n t i a l  

f a c to r  f o r  ra p id  h y d ro ly s is  and v ic e  v e r s a .

Among th e  a rom atic  a -D -g a la c to s id e s , a bu lky  brom onaphthyl aglyconÿ: 

re s id u e  does n o t reduce  th e  a f f i n i t y  o r  th e  r a t e  o f  h y d ro ly s is  to  a  g re a t  

e x te n t w ith  e i t h e r  enzyme. With th e  e x c e p tio n  o f  m- and o -  n i tro p h e n y l 

g a la c to s id e s ,  th e  n a tu re  o f  th e  s u b s t i tu e n t  in  th e  phenyl r i n g  does no t
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Table 6 . Specific it./ of g-galactosidases from Vida,  faba.

a -g a la o to s id a a e  I a -g a la c to sid a a a  II

Substrate * *=.
rain. rag. )

10  ̂ X K ratio [sQ in assay
rain. mg. ) (Mj (M) “ ( i/n ) (I/II) (mM)

Glyconl and steràoohemical specificity:
£-Mitropheayl a-D-galactoside 25.53 0.38 2.39 0.45 10.68 0.84 0.25 -  2.5

i trophany 1 a-D-fucosida 24.10 4.76 6.96 5.88 3.46 0.81 1.25 -  7.5
_2~Nit rophany 1 0-b-arabiiios ide 16.40 14.30 2.39 12.50 6.86 1.14 1.4 -  I3t?5
p-Hitrophenyl a-D-glucosids Mot hydrolysed Not hydrolysed - _ 1.5
2-Nitropheayl |3-T-gluooside Not liydrolysed Not 1-ydrolyeed - - 1.5
2-NitrophGnyl |3-b-galactoside Not hydrolysed Not hydrolysed - - 1.5
Sucrose Not hydrolysed Not hydrolysed - - 15
Agl./oon< spscifioit;/:
Methyl a-D-galactoside i .66 7.13 0.29 14.30 5.72 0.49 6.25 -  25.0
Ethyl a-B-galaotoside 1.66 8.93 0.28 8.00 5.93 1.11 6.25 -  25.0
n-Fropyl u-D-galactoside 2.20 6.13 0.27 5.88 8.14 1.04 6.25 -  25.0
Phen̂ '-l a-D-galactoside 20.30 1.11 4.36 1.25 4.65 0.88 0.25 -  2.5
£-i.;resyl a-D-galaotoside 26.00 1.33 2.90 0.78 8.96 1.70 0.25 -  2.5
m-Cresyl a-D-galactoside 24.30 1.38 2.80 2.00 8.68 0.69 0.25 - 2.5
2~t-resyl a-D-galaotoside 23.00 1.54 2.43 1.00 9.40 1.54 0.25 -  2.5
2-'hninophenyl a-D-galactoside 26.60 0.95 2.72 0.87 9.77 1.09 0.25 -  2.5
m-dhlorophei%'l a-D-galactoside 20.60 0.83 3.30 1.17 6.24 0.79 0.25 -  2.5
£-11 itropheny 1 a-D-galactoside 42.10 1.14 2.80 0.69 15.03 1.65 0.25 - 2.5
m-Nitrophenyl a-3-galactoside 5.86 10.00 0.31 2.50 18.90 4.00 0.25 -  2.5
j>-IIitropheny 1 a-D-galactoside 25.53 0.38 2.39 0.45 10.68 0.84 0.25 -  2.5
6-Jromo-2-naphthyl a-D-galactoside 22.70 1.80 1.66 0.62 13.67 2.90 0.25 -  0.75

a-D-Galactose-1-phosphate hydrolysed Hydrolysed - - 10

ilalactinol 2.15 0.13 0.72 0.69 2.98 0.18 0.50 -  5.0

Melibiose 2.54 0.96 0.41 0.77 9.16 1.24 0.50 -  50.0

Raffinose 28.40 4.00 4.18 5.00 6.79 0.80 0.25 -  25.0

Stachyose 9.00 7.50 1.36 5.26 6.61 1.42 2.5 -  12.5
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seem to  have a la rg e  e f f e c t  on th e  V . However, th e  a f f i n i t y  

( /l(^) fo r  both enzymes shows some tendency to  in c re a se  when e le c t ro n -  
a t t r a c t i n g  s u b s ti tu e n ts  are  p resen t in  th e  phenyl r in g  o f the  s u b s tr a te .
A p lo t  o f pK^ a g a in ^ s t th e  Hammett s u b s ti tu e n t  co n stan t (o") ( 182, 183) 
i s  shown in  F ig . 12. In  a study  on a -g lu c o s id a se , H a ll e t  (l82 ) 

o b ta in ed  s im ila r  r e s u l t s  and exp la ined  th a t  the  attachm ent to  the  
enzyme sid e  chain s -X through th e  hydrogen atoms o f the  sugar hydroxyl 

groups o f th e  s u b s tra te  would be f a c i l i t a t e d  by e le c t r o n - a t t r a c t in g  
s u b s ti tu e n ts  whereas th e  bond between g lu co s id ic  oxygen and -YH would 
be weakened; t h i s  does not appear to  be a very  s a t i s f a c to r y  ex p lan a tio n  
however, i t  i s  d ep ic ted  fo r  a -g a la c to s id a se  in  F ig .13. Electron®^ e f f e c ts  

a t  th e  hydroxyl on C-4 would be expected  to  be very  weak., f o r  example, 
and in  a d d itio n  th e  decrease  in  th e  n eg a tiv e  charge on th e  g ly o o sid ic  

oxygen would not favour b in d in g . I t  would however a s s i s t  a tta c k  by a 
n u c leo p h ile  a t  the  a c tiv e  s i t e  and hence f a c i l i t a t e  the  c a ta ly t ic  s te p .

The h igh degree o f s c a t t e r  o f th e  p o in ts  in  F ig .12 suggests  th a t  f a c to r s  
o th e r  than  e le c tro n ic  e f f e c ts  p lay  some ro le  in  enzym e-substrate  b ind ing , 

fo r  example, o r ie n ta t io n ,  m olecu lar s iz e  and the  degree o f h y d ra tio n  o f 
th e  s u b s ti tu e n ts  in  th e  phenyl r in g  o f th e  s u b s tra te  m olecule.
E ffe c t o f s u b s tra te  c o n c e n tra tio n ; p -N itropheny l a -D -g a lac to s id e  was 
in h ib i to ry  a t  h ig h e r c o n c e n tra tio n s  w ith  both o f th e  a -g a la c to s id a se s  
( F ig .14) .  Ko s u b s tra te  in h ib i t io n  occurred  w ith  r a f f in o s e  and c la s s ic a l  

M ichaelis-M enten k in e t ic s  were fo llow ed ( F ig .15)* a -G alao to s id ase  I  -  
c a ta ly se d  h y d ro ly s is  o f PNPG has been fu r th e r  examined in  more d e ta i l  

in  an attem pt to  e x p la in  th e  abnormal behav iour. One p o ss ib le  ex p lan a tio n  
o f s u b s tra te  in h ib i t io n  ( c f .  p . 71 in  r e f .  184) may be th a t  fo r  e f f e c t iv e  
enzym e-substrate  complex fo rm ation , a s in g le  s u b s tra te  m olecule must 

a s so c ia te  w ith  a b in d in g  s i t e  on th e  enzyme. At h ig h e r s u b s tra te  
c o n c e n tra tio n s , a second m olecule may a s so c ia te  w ith  th e  enzyme to  form 

an in a c tiv e  complex i . e .
E + S BS — \  E 4- p roducts

^  F ■

ES2 ( in a c tiv e  complex)
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Hence a t  very  h i ,^  [S ]  th e  r a te  o f product fo rm ation  would approach 

z e ro . Haldane ( 1 8 5 )  has t r e a te d  t h i s  p o s s ib i l i ty  th e o r e t i c a l ly  and 

s ta te d  th a t  two s u b s tr a te  m olecules may be bound by d i f f e r e n t  p a r ts  
o f a s in g le  s i t e  th a t  should  norm ally  b ind  d i f f e r e n t  p a r ts  o f th e  
same s u b s tra te  m olecu le . N e ith e r  m olecule i s  th e re fo re  c o r r e c t ly  

bound so th e  complex i s  in a c t iv e .  In  th e  p re sen t s tu d y , a p lo t  o f 

th e  r e a c t io n  r a te  a g a in s t log^Q[PNPG] ( F ig . I 6 ) r e s u l t s  in  a sym m etrical 

"b e ll-sh a p ed "  curve (open c i r c l e s )  (o f .  r e f . 1 8 4 ,  p . 72) w ith  l i t t l e  

in h ib i t io n  o c c u rrin g  u n t i l  [s] reached  7*5 X '/ifhilst h o ld in g  th e
[S ]  a t  t h i s  le v e l ,  g a la c to se  was added in  in c re a s in g  c o n c e n tra tio n s  and 

t h i s  r e s u l te d  in  an in h ib i t io n  curve (c lo se d  c i r c l e s )  p a r a l le l in g  

in h ib i t io n  by PNPG. In  a se p a ra te  s e t  o f experim ents i t  was found th a t  

g a la c to se  in h ib i te d  th e  enzyme com p à tà tiv e ly  w ithou t re q u ir in g  a  p re 

in cu b a tio n  (F ig . 17; K1- I . 4 I 0.05  mM). Glucose d id  no t a c t as an
in h ib i to r  under th e  same c o n d itio n s  ( F ig . I 6 ) .  T his d isc o u n ts  th e  

p o s s ib i l i ty  as s ta te d  by Dixon and Webb ( l8 6 )p .7 8 )  th a t  th e  re a c t io n  

r a t e  o f an enzyme a c t in g  in  an aqueous medium may be reduced a t  h igh  

[S ]  due to  th e  re d u c tio n  in  th e  c o n c e n tra tio n  o f w a te r. L a id le r  and 

Hoare ( 187) have a ls o  excluded such a p o s s ib i l i ty  in  t h e i r  s tudàée  

w ith  u re a se . I t  i s ,  th e r e fo re ,  p robable  th a t  PN PG -inhi^ition i s  a 

co m p etitiv e  s u b s t r a te - in h ib i t io n .  L ib e ra te d  g a la c to se  i s  u n lik e ly  to  

have a  marked e f f e c t  as i t  would only  be p re se n t in  low c o n c e n tra tio n s  

d u rin g  th e  measurements o f i n i t i a l  r a t e s .
Methyl a -D -g a lac to s id e  which e x h ib i ts  a  low V w ith  enzyme I ,Be max

a ls o  c o m p e titiv e ly  in h ib i t s  th e  h y d ro ly s is  o f PNPG ( P ig .18) .  There was 

no d e te c ta b le  h y d ro ly s is  o f  the  in h ib i to r  i t s e l f  under th e  experim en ta l 

c o n d itio n s  used* The f o r  m ethyl a -D -g a lao to sid e  (7*6 + 0 .2  Æ ) i s  

very  s im ila r  to  th e  (7*13 n#) which su g g ests  th a t  bo th  th e  g a la c to s id e s  
(and p o ss ib ly  th e  whole range o f s u b s tra te s  fo r  a -g a la c to s id a s e  re p o rte d  

in  Table 6) a re  bound to  th e  same a c tiv e  s i t e  on th e  enzyme m olecule and 

th a t  th e  K i s  alm ost a  t ru e  r e p re s e n ta t io n  o f  d is s o c ia t io n  co n s tan t 
( i e .  Kg) o f  th e  ES complex. Asp and D ah lqv is t ( 188) ,  working w ith  r a t
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o G a la c to se  
X G lu c o s e0.4

0.3

m

—  0.2

0.1

O
- 2- 3- 4

log  [S]

Pig« i6. I n h i l i t io n  o f g a l a c t o s i d a s e  I  a t  h ig h  o o n c e n tr a t io n s  o f 

j2 ,- n i t ro p h 8 n y l^ -B -g a la o to s id e  and th e  e f f e c t  o f  g a la c to s e  and g lu co se  

o ,  p i-M tro p h e n y lc x '-B -g a la o to s id e  ( d a ta  from  Pig* / 4  ) ;  e ,  g a la c to se }
X, g lu co se*  D e ta i l s  a re  d e s c r ib e d  i n  th e  te x t*
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lO /  [ p NjiiirophenyUc- D -g a la c io s id e  ] {M )

Fig* /y. I n h i b i t i o n  o f  .X—̂ a la o to s id a s e  I* -o a ta ly sad  h y d ro ly s is  o f  

^ -n itro p h e n y lo -C -D -g a la o to s id e  hy p - g a la c to s e .  C o n d itio n s  o f  a s sa y  
and p ro ce d u re  a re  d e s c r ib e d  i n  th e  E x p erim en ta l p a r t .  Enzyme 

a c t i v i t i e s  were d e te rm in ed  a t  d i f f e r e n t  g a la c to s e  c o n c e n tr a t io n s  (o ,  
n i l  j X, 1.25 m ; 3*75 %#).
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lO / [ p -N itrophenyloc-D-galcc tos ide](M  )

Fig* iS* I n h i b i t i o n  o f  g a la c to s id a s e  I —c a ta ly s e d  h y d r o ly s is  o f  

jg -n itro p h e n y lo ^ ’-‘h -g a la o to s id e  by v a ry in g  c o n c e n tr a t io n s  o f  m ethyl 

ûC ^V ^galao toside  (o ,  n i l  î A f  10 X, 20 mM). G o n d itio n e  o f  a s sa y  
and p ro ce d u re  a re  d e s c r ib e d  in  th e  E x p erim e n ta l p a r t*

i
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i n t e s t i n a l  p -g a la c to s id a s e s , have shown th a t  la c to s e  a c ts  as a

co m p e titiv e  in h ib i to r  when phenyl ^ -D -g a la c to s id e  i s  used as a  s u b s tra te

and g ive  v e rs a . The Ki v a lu es  a re  approxim ately  equal to  th e  v a lu es

in  th e  case 06 bo th  compounds. I t  was suggested  th a t  the  (3 -g a lac to sid ases

hydro lysed  la c to se  and phenyl (3 -L -galac toside  a t  th e  same a c tiv e  s i t e .

E ffe c t o f tem pera tu re  on enzymic a c t io n ; A r i s e  o f 10^ caused about 2 -

fo ld  in c re a se  in  both  V and K fo r  a -g a la c to s id a se  I ,  and about a 4 -max m '
fo ld  and 3~ fo ld  in c re a se  in  th ese  v a lu e s , r e s p e c t iv e ly ,  fo r  a -g a la c to -
s id a se  I I .  The r i s e  in  th e  K ( i e .  lower a f f i n i t y )  w ith  the  r i s e  o f  Vm  ̂ ' max
in  an independent way su p p o rts  th e  r e s u l t s  o b ta in ed  from th e  s u b s tra te

s p e c i f i c i t y  s tu d ie s  i . e .  th e  n a tu re  o f the  s u b s tra te  a f f e c t s  K and Vm max
d i f f e r e n t ly .  I t  i s ,  th e r e fo re ,  q u ite  l ik e ly  th a t  re p re s e n ts  the

d is s o c ia t io n  co n stan t o f th e  enzym e-substra te  complex.

The v a lu es  o f log  V and pK ( i . e .  -  lo g  K ) a t  d i f f e r e n t  ® max ^ m m'
tem p era tu res  were p lo t te d  a g a in s t / t and s t r a ig h t  l in e s  were o b ta in ed

fo r  bo th  th e  enzymes (F ig . 19)» The l in e a r  r e la t io n s h ip  between th e
k in e t ic  c o n s ta n ts  and 1/T su g g ests  th a t  K and V a re  sim ple c o n s ta n ts' m max
r a th e r  than  complex fu n c tio n s  o f s e v e ra l v e lo c i ty  c o n s ta n ts  and th a t  in  

th e  case  o f th e  a ~ g a la c to s id a se s  th e  breakdown o f a  s in g le  in te rm e d ia te  

complex i s  r a te  d e te rm in ing . The e n e rg ie s  o f a c t iv a t io n  c a lc u la te d  from 

F ig . 19a a re  15*4 and 27#'1 k c a l./m o le  fo r  enzymes I and I I ,  r e s p e c t iv e ly , 

and th e  co rrespond ing  AK v a lu es  (from F ig .1^  a re  -1 3 .2 8  and - I 6 .5  k c a l . /  

m ole. The AS v a lu es  f o r  I  a t  30^ i s ,  t h e r e f o r e , -3 2 .4  and fo r  I I ,  -43*6 
c a l . /d e g ./m o le .  I f  th e  i s  regarded  as th e  d is s o c ia t io n  c o n s tan t o f th e  

SS complex (as i s  in d ic a te d  by s p e c i f i c i ty  and s u b s tra te  in h ib i t io n  s tu d ie s )  
th e  v a lu es  o f AK and éS would re p re se n t th e  changes o c c u rrin g  d u rin g  the  

fo rm ation  o f the  M ichae lis  complex. The n eg a tiv e  en tropy  changes suggest 

th a t  profound changes in  bo th  th e  enzymes may occur d u rin g  com bination 
w ith  th e  s u b s tra te  and th e  la rg e  change cannot be ex p la in ed  only  in  term s 

o f e l e c t r o s t a t i c  in te r a c t io n s .  The r e s u l t s ,  th e r e f o re ,  suggest th a t  

c o n s id e ra b le  con fo rm ational changes probably)(l occur in  th e  enzymes du rin g  

th e  course  o f r e a c t io n .
E ffe c t o f pH; Fig.20A shows th e  p H -a c tiv ity  p r o f i le  o f th e  a -g a la c to s id a se s
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w ith  FNPO &B s u b s t r a te .  The a c t iv i t y  p a tte rn s  o f  the  enzymes ware
d i f f e r e n t  when r a f f in o s e  was used as th e  s u b s tra te  (P ig .20B ). a -

G alac tosidaao  I has been in v e s tig a te d  in  more d e t a i l .  The V andmax
the  K v a lu es fo r  both  o f  th e  s u b s tr a te s  were determ ined over th e  pH

JO ^

range 2•5*7*3 and th e  r e s u l t s  a re  p resen ted  in  P ig . 21 and 22 in  th e  
form recom^mended by Dixon ( 189) .  In  the  pK^-pH p lo ts  th e  s t r a ig h t  
l in e  p o rtio n s  (w ith  slope  o f  th e  c^jirves in te r s e c t  when they

a re  ex tended . The a p p lic a t io n  o f  Dixon’s ru le s  ( 186, p . 134; I 89) show 
th a t  w ith  both s u b s tra te s  th e  pK v a lu es  o f th e  io n iz in g  groups e x is t in g  

in  the  f re e  enzyme (downward bend o f  th e  cu rves) are  2 .9 -3 .4  and 4 .7 -4*8  
and th a t  in  th e  enzym e-subctrate  complex (upward bend o f th e  cu rves) 
th e re  i s  a group w ith  pK Groups p resen t in  th e  f re e  enzyme
w ith  pK va lu es 2.9*3»4 and 4#7*4#8 a ls o  appear in  th e  log  
p lo t s .  The group w ith  pK 4 .7 -4 .8  does not seem to  tak e  p a r t  in  th e  

s u b s tra te  b in d in g  but i t s  pK i s  s h i f te d  ( to  pK 4 '’* 13*5• 25) presumably due 
to  th e  p rox im ity  o f th e  s u b s tra te  in  the  ES complex. This l a t t e r  group 
corresponds q u ite  c lo s e ly  w ith  th e  pK value (5-1*5*2) ob ta ined  from log  
7 _-pH cu rv e s . The second pK (6 .3 * 6 .6 ) shown in  t h i s  l a t t e r  curve would
appear a lso  to  re p re se n t a group p re sen t in  th e  IS complex but i t  does 
no t appear in  the  pK^ p lo ts  and i s  p resen t in  th e  lo g  (^Vmax/lC^)-pK p lo ts  

(pK,6 .35*6.7)*  T his group, th e re fo re ,  which e x i s t s  in  the  f re e  enzyme, 
can s t i l l  io n iz e  when p resen t in  th e  33 complex w ithou t any change in  pK 
v a lu e . I t  la  th e re fo re  not involved  in  s u b s tra ta  b in d in g , a l t h o u ^  

concerned in a a o t iv i ty .  A com parison o f th e  above pK v a lu e s  w ith  those  
l i s t e d  by Dixon and Webb ( r e f . 186, p . 144) in d ic a te s  th e  p o ss ib le  p a r t i c i 
p a tio n  o f  an a -ca rb o x y l group (pK, 3 * 0 -3 .2 ) , an a s p a r ty 1 carboxy l group 

(pK, 3 .0 -4 .7 )  and a  h i s t id in e  im idazolium  group 5*6-7*0) in  th e  
enzym e-catalysed h y d ro ly s is  o f  bo th  FSÎPG and r a f f in o s e .
IT ioto-oxldat ion  i The pH s tu d ie s  suggest th e  presence o f h i s t i d y l  group 

in  th e  a c tiv e  s i t e  o f  th e  enzyme. T his p o s s ib i l i ty  was f u r th e r  examined* 

in  th e  presence o f m ethylene b lue  ( c f .  190-193)* As shorn in  F ig . 23 
i r r a d ia t io n  o f th e  enzyme in  th e  presence o f  t h i s  dye r e s u l t s  in  some 
lo s s  o f a c t iv i ty  and t h i s  i s  m arkedly enhanced when a i r  i s  bubbled th ro u # i

* by su b je c tin g  th e  enzyme to  p h o to -o x id a tio n
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k  Lî HT X  L K KT
cX

N. !
1

(a) ^  lb)

! f f 1 !
O 4

Time (hr.)
8 O 20  4 0

Time( min.)
60

Fig* i 3  . E f f e c t  o f  p h o to -o x id a tio n  on (X -g a la c to s id a se  I  in  th e  

p re se n c e  o f  m ethylene h lu e  (a )  u n a e ra te d ,  (h ) a e ra te d #  C o n d itio n s  

a re  d e s c r ib e d  in  th e  E x p erim en ta l s e c t io n .



64

th e  m ix tu re . However, th e  p o ss ib le  des tm o t io n  o f o th e r  re s id u e s  such 

as tryp tophan  and ty ro s in e  by p h o to -o x id a tio n  cannot be m le d  out ( 194-  
196) ,  In  c o n c lu sio n , i t  seems h i^ ^ ly  p robable th a t  h i s t id in e  and 

carboxyl groups a re  invo lved  in  a -g a la c to s id a se  I  c a ta ly se d  h y d ro ly se s . 
I n h ib i t io n  by -5H s p e c if ic  rea g en ts  and heavy m etal io n s : The r e s u l t s
p resen ted  in  Table 7 show th a t  a -g a la c to s id a se  I  i s  hig^:ily s e n s i t iv e ,

+  2 -fw ithout p re - in c u b a tio n , to  heavy m etal ions such as Ag and Hg but
2+rauch le s s  s e n s i t iv e  to  Cu . A lth o u ^  th e  h i ; ^  s e n s i t iv i t y  to  th ese  

m etal ions suggest th e  p a r t ic ip a t io n  o f a  t h io l  .group in  th e  enzyme 

c a t a ly s i s ,  ty p ic a l  t h io l  re a g e n ts  (Table 7) f a i l e d  to  in h ib i t  th e  a c t iv i t y  

even a f t e r  a 20 min. p r e - in cu b â tio n . In  a d d it io n , when th e  enzyme was 
t i t r a t e d  w ith  - d i th io b is  (2 -n itro b e n zo ic  ac id ) ( 197) no th io l  groups 

could  be d e te c te d . I f  t h io l  groups a re  p re sen t in  th e  p ro te in  they  m ust, 
th e re fo re ,  be h i ^ l y  in a c c e ssa b le .

In  th e  absence o f -SH a t  th e  a c tiv e  s i t e  the  in h ib i t io n  by Ag^ may 

p o ss ib ly  be a t t r ib u te d  to  i t s  com bination w ith  carboxy l an d /o r h i s t id in e  
re s id u e s .  This p o s s ib i l i ty  has been suggested  by Dixon and Webb ( r e f .  186 , 
p .346) and % rback  ( 198) . The Ag  ̂ in h ib i t io n  was com petitiv e  a t  bo th  pH 4#0 

(K^ 4 .0  )M} and pH 6 .0  0 .59 (F ig .2 4 ) . The la rg e  decrease  in
w ith  the  r i s e  o f pH suggested  th a t  the  ions vie re  b in d in g  w ith  a group th a t  

lo s t  p ro tons over t h i s  ran g e , i . e .  one th a t  was not la rg e ly  unpro tonated  
sJj pH 4»0. The f a c t ,  however, th a t  th e  decrease  was much le s s  than  100- 
fo ld  suggested  th a t  th e  group d id  no t have a pK above 6 .0 . A g ^ -in ac tiv a ted  
enzyme a t  pH 6 .0  reg a in ed  83^  o f i t s  a c t iv i t y  when d ia ly se d  a g a in s t 

MeIIvaine b u f f e r , pH 6 .0 . D ia ly s is  a g a in s t a b u ffe r  c o n ta in in g  0.1M- 
c y s te in e  r e s u l te d  in  r e s to r a t io n  o f a c t i v i t y .  A s im ila r  r e s u l t  was 

o b ta in ed  when in a c t iv a t io n  fo llow ed by d ia ly s i s  was c a r r ie d  out a t  pH 4 .0 .
As shown in  Table 8, th e  in h ib i to ry  e f f e c t  o f Ag^ was reduced when 

low c o n c e n tra tio n s  o f g a la c to se  were p re s e n t . The p ro te c tio n  was observed 

only when g a la c to se  was added befo re  th e  a d d itio n  o f Ag^• This confirm s

th a t  Ag r e a c ts  w ith  th e  a c tiv e  s i t e .
2-«-In h ib i t io n  by Hg u su a lly  su g g ests  r e a c t io n  w ith  t h io l  groups.
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Table 7« I n h ib i t io n  o f a -g a la c to s id a se  I  by heavy m e ta ll ic  ions and 

t h io l  s p e c if ic  rea g en ts  in  M cllvaine b u ffe r  a t  30^. The experim en ta l 

c o n d itio n s  a re  d esc rib ed  in  th e  "E xperim ental” s e c t io n .

In h ib i to r 10^ X I n h ib i to r  
c o n c e n tra tio n  (M)

In h ib i t io n
(^)

a/
(pH4.0)

0.250
0.125

76.0
32.0

(pK6.0)

(pH4.0)

0.025
0.010

10.00
0 .60

87.9
22.8

55.0
39.4

(pH6.0) 0.003
0.001

79.3
42.7

(pH6 . 0 ) 250
500

45.7
32.7

p-Hydroxymercuribenzene 
su lphonic  a c id (pH4 . 0 ) 0.050

0.010
57.0
29.8

(pH6 .û ) 0.200
0.100

67.9
39.1

N-Ethyl maleimide (pH4.0)
(pHO.O)

700
700

0
0

lodoacetam ide (pH4 . 0 )
(pH6.0)

250
250

5.5
1.7

lo d e a c e tio  a c id (pH4 . 0 )
(pH6.0)

250
250

2 .0
1.7

5 , 5 *-D ithiobhs 
( 2-n itro b e n z o ic  ac id ) (pH6.0) 250 6 .0
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F i g . ‘2-4-- I n h i b i t i o n  o f  o C -g a la o to s id a se  I - o a ta ly s a d  h y d ro ly s is  o f  
j j-n itro p h e n y lc x ^ -D -g a la c to e id a  hy v a ry in g  o o n c e n tra t io n s  o f  s i l v e r  
n é t r a t e  ( « , ° ,  n i l  ; *  , 0 .7 5  , 1 p#  ; q  , 6 .2 5  jiM } A , 12 .5  JiM)
C on tinuous l i n e s  r e p r e s e n t  h y d ro ly s is  a t  pH4.0 and broken  l i n e s  a t  
pH 6.0 . C o n d itio n s  o f a s sa y  and th e  p ro ce d u re  a re  d e sc r ib e d  i n  th e  
E x p e rim e n ta l s e c t io n .
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Table 8 . P ro te c tiv e  e f f e c t  o f g a la c to se  on th e  in h ib i t io n  o f 

a -g a la c to s id a se  I by Ag^. P u r if ie d  enzyme ( l^ g  p ro te in )  was 

incubated  fo r  5 min. w ith  D -galactoee  in  M cllvaine b u f fe r ,  

pH 6 .0  a t  30^ and then  s i l v e r  n i t r a t e  was added ( f in a l  c o n c e n tra tio n  

1 to  the  s o lu tio n  (0 ,4  m l). Enzyme a c t iv i t y  was determ ined 
w ith  p -n itro p h e n y l a -D -g a lac to s id e  as s u b s tr a te .  C o n tro l, 

experim ents co n ta in ed  g a la c to se  but no s i l v e r  n i t r a t e .

Cone, o f 
G alactose 

(ttiH)
I n h ib i t io n

0 .5 45

1.0 45

2 .0 40

4 .0 23

5 .0 18
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However, Webb ( l9 9 i p .737) has p o in ted  out th e  p o s s ib i l i ty  o f
2+c o -o rd in a tio n  o f Hg between carboxy l and amino groups i e . ,

\fx Hi.
N, 0 - C O

^ H g -x  Or R Hg R
O C -O  O C -O

Hx
2 +Hg i s  a lso  known to  re a c t  w ith  amino and im idazolium  groups of 

h i s t id in e  (200) and w ith  p ep tid e  lin k ag es (201 ) .  In  th e  p resen t
2'¥" jstudy  th e  degree o f in h ib i t io n  by Hg was le s s  than  th a t  o f Ag 

a t  pH 4«0 (Table 7) and i t  was non-com petitive  in  n a tu re  (K^ 75 pM)
(F ig .25 ) .  This d isco u n ts  th e  p o s s ib i l i ty  o f complexing w ith
carboxy l o r h i s t id in e  re s id u e s  a t  th e  a c tiv e  s i t e  o f th e  enzyme a t

2-f
pH 4*0. T herefore  i t  i s  p o ss ib le  th a t  Hg r e a c ts  w ith  th ese  groups

a t  s i t e s  o th e r  th an  th e  a c tiv e  s i t e  o f th e  enzyme. I n h ib i t io n  by 
2+Hg a t  pH 6 .0 , on th e  o th e r  hand was much g re a te r  and com petitive  

(F ig  25; K^O.035 pi'î)® Presumably r e a c t io n  i s  th u s o c cu rrin g  w ith  the
h i s t id in e  group a t th e  a c tiv e  s i t e  in  t h i s  in s ta n c e . The a c t iv i t y  o f

2+ ^  th e  Hg - in h ib i te d  enzyme a t  pH 6 .0  was r e s to re d  to  42^ on d ia ly s is

a g à in s t M cllvaine b u f fe r ,  pH 6 .0  c o n ta in in g  0 . 1M -cysteine.
The in h ib i t io n  by p—hydroxym ercuribenzene su lphonic  a c id  was

not in s tan tan eo u s and a p r^ in c u b a tio n  (20 m in .) w ith  th e  enzyme was
re q u ire d  fo r  com pletion o f in h ib i t io n  (F ig . 26). The in h ib i t io n  was
non-com petitive  both  a t  pH 4 .O (K_. 6 ;mlO and pH 6 .0  (K^ 10 pM).

In h ib i t io n  by sugars and r e la te d  compounds; The in h ib i to ry  e f f e c ts
a re  summarized in  Table 9* The in h ib i t io n  by g a la c to s id e s  fo llow s th e
o rd e r , g a la c t ia o l  > r a f f in o s e  > m elib io se  s tach y o se . D -galactose

i s  a very  pow erful in h ib i to r .
The s t r u c tu r a l  analogues o f H -g a lac to se , i . e .  L -arab inose  and

r- fu c o s o , a lso  in h ib i t  the  h y d ro ly s is  o f p -n itro p h e n y l a -H -g a lac to s id e  by
enzyme I  whereas t h e i r  enantiom ers a re  in e f f e c t iv e .  This i s  in  accordance
w ith  the  r e s u l t s  o f the  s u b s tra te  s p e c i f i c i ty  experim ents (Table 6 ) ,  i . e .

th a t  p -n itro p h e n y l 8 -H -arab inoside  and a-D -fucoside  served  as s u b s tr a te s .
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Table 9» I n h ib i t io n  o f a -g a la c to s id a se  I  by sugars and r e la te d  

compounds a t  30^ in  M cllvaine b u f fe r ,  pH6.0. .Experimental c o n d itio n s  

a re  d esc rib ed  in  th e  "E xperim ental" s e c t io n .

In h ib i to r
I n h ib i to r  

c o n c e n tra tio n  ( i# )
In h ib i t io n

(^)
L-Arabinose 25.00 16

6.25 0
h-virabinose 25.00 0
h-l'Vuctose=3 25.00 0
D-Pucose 25.00 14

6.25 4
L—IHicose 25.00 0

G a lac tin o l 25.00 74
6.25 44

D-G alaotose 25 . 00g 90
6.25 70

a -h -G a lac to se -l-p h o sp h a te 25.00 8
6.25 0

D -G alactose-6-phosphate 25.00 4
6.25 0

h-Glucose 25.00 8
6.25 0

a-D -G lucose-1-phosphate 25.00 8
6.25 0

M elibiose 3.75 39
1.50 21

% o - in o s i to l 25.00 44
6.25 16

R affinose 8.00 37
2.00 34

Stachyose 50.00 34
25.00 14

Sucrose 25.00 8
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D etec tio n  o f  a -g a la c to s id a se  a c t i v i t y  m  v iv o ; A h is to ch em ica l

method ( c f . 165) fo r  th e  lo c a tio n  o f a -g a la c to s id a se  in  v a rio u s
p a r ts  o f germ inating  seeds was used  f o r  t h i s  s tu d y . The h is to lo g ic a l
reag en t was 6 -b romo-2-naphthy 1 -a -D -g a la c to s ide and t h i s  on h y d ro ly s is  

a/r\ “
lib e ra te d ^  in so lu b le  aglycon whi^h can be converted  in to  a  blu^pigm ent

by t r e a t i n g  w ith  te t r a z o t iz e d  o -a ^ is id in e .  With eveiy  p re p a ra tio n
u n tre a te d  c o n tro l  s e c tio n s  were c a r e fu l ly  p repared  fo r  comparison*
The enzyme was found to  be r e a d i ly  removed from th e  c e l l s  by aqueous

systems and s ig n i f ic a n t  p rev en tio n  o f s o lu b i l iz a t io n  was no ted  only
a f t e r  fo rm a tin - f ix a t io n  o f  th e  samples f o r  24 h r .  a t  4^ . The use o f

n e u tr a l  fo rm alin  ( in  b u f f e r ,  pH 4 . 8 ) b r o u ^ t  about d i s to r t io n  o f
th e  c e l l  c o n te n ts . The use o f 3^ fo rm alin  so lu t io n  was b e s t s u i te d .

a -G a lac to s id ase  a c t iv i t y  appeared to  be i n t r a c e l lu l a r  and lo c a te d  a l l
over th e  cytoplasm ic p a r ts  o f  c e l l s  o f young stem s, ca ty ledons o r

embryos o f  germ inating  su4&.
A tism ae f r a c t io n a t io n  study  o f  soaked beans by d i f f e r e n t i a l  

c e n tr i fu g a t io n  was a ls o  c a r r ie d  out in  O.4M sucrose  s o lu t io n  acco rd ing  
to  th e  method o f  De Duve (202 ). The r e s u l t s  shown in  Table 10 in d ic a te  
th a t  th e  enzyme a c t iv i t y  i s  no t lo c a te d  in  any p a r t i c u la te  f r a c t io n .  

L evels o f t o t a l  a -g a la c to s id a se  a c t iv i t y  duOring g e rm in a tio n : F ig . 27
shows th a t  th e  enzyme le v e ls  in  th e  whole seeds and in  co ty lédons a re  

approxim ately  th e  same and rem ained c o n s tan t up to  th e  s ix th  day o f  a n - 

Gpobic "g erm in a tio n " . A s im ila r  p a ttè e n  occu rred  in  th e  embryo bu t th e  
t o t a l  a c t iv i t y  was h ig h e r th an  th a t  in  th e  co ty ledons on a  dry  w e i ^ t  
b a s is .  The enzyme a c t iv i t y  in  th e  embryo c o n s t i tu te d  only  10^ o f  th e  
t o t à l  a c t iv i t y  p re sen t in  th e  whole seed . On th e  o th e r  hand, th e  enzyme 
le v e l  d u rin g  th e  germ ination  (ae ro b ic  c o n d itio n s )  ro se  u n t i l  th e  t h i r d  
day o f germ ination  and th en  dropped slow ly over th e  nex t th re e  days 
f i n a l ly  reach in g  i t s  i n i t i a l  le v e l  (F ig .2 8 ) . The r a t e  o f d e p le tio n  o f 
a c t iv i t y  was g re a te r  in  th e  embryo th an  in  th e  co ty ledon  o r whole seed . 
T his decrease  cou ld  be due to  p ro tea se  a c t iv i t y  which might d e s tro y  a -  

g a la c to s id a s e .
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The e f f e c t  o f th re e  growth prom otors i . e . in d o le a c e tic  a c id  
( I M ) ,  k in e t in  and g ib b e r e l l ic  a c id  (GA), on th e  le v e l  o f  a -g a la ^ to -  

s id a se  was examined d u rin g  germ ination  o f  seed s . No apparen t e f f e c t  

was shown by lAA a t  two c o n c e n tra tio n s  ( i ^ .  1 Mg/b 10 P-s/^) (F ig .2 9 ) . 
The e f f e c t  o f k in e t in  ( F ig .30) was more pronounced on the  embryo enzyme 
than  on th e  enzyme in  th e  co ty ledons ; in  th e  form er case  th e  a c t iv i t y ,  

however, decreased  very  sh a rp ly  a f t e r  th e  t h i r d  day o f germ ination . In  
a d d it io n , i t  was observed th a t  10 pg/h  o f  k in e t in  was more e f f e c t iv e  a 

prom otor th an  a  c o n c e n tra tio n  o f 1 pg /L . Enhancement o f a -g a la c to s id a se  

a c t iv i t y  was observed a ls o  w ith  GA, bu t in  t h i s  case  a  h ig h e r concen
t r a t i o n  decreased  th e  a c t iv i t y  (F ig . 3 1 ). As i s  g e n e ra lly  im p lica ted  

( 203- 205) th e  in c re a se  in  th e  enzyme le v e l  produced by th ese  hormones 
may be due to  in c re a sed  p ro te in  s y n th e s is .  The in d iv id u a l le v e ls  o f a -  

g a la c to s id a se s  I  and I I  were a lso  determ ined d u rin g  germ ination  and th e  
r e s u l t s  a re  p resen te d  in  F ig .32. I t  i s  ev id en t th a t  th e  le v e l  o f  enzyme I  
decreased  w ith  a p robable sim ultaneous in c re a se  in  th e  le v e l  o f  I I .  The 

changes in  th e  le v e ls  o f th e  two enzymes d u rin g  germ ination  cou ld  be 

accounted fo r  by a ) ,  in te rc o n v e rs io n  o f I  and I I ;  b ) ,  p ro te o ly s is  o f I ;  
c ) ,  i r r e v e r s ib le  in a c t iv a t io n  o f I  o r d ) ,  a  com bination o f  th e se  e f f e c t s .  

F ig .33 re v e a ls  th a t  th e  r a f f in o s e  fam ily  o f sugars r a p id ly  decrease  
d u rin g  th e  i n i t i a l  s ta g e s  o f germ ination . I t  i s  q u ite  l ik e ly  th a t  enzyme I 
p lay s  an im portan t ro le  in  t h i s  reg a rd ; o f  th e  two a c t i v i t i e s  i t  i s  th e  
one w ith  th e  g re a te s t  h y d ro ly tic  a c t iv i t y  and i s  p re se n t a t  a  h i ^ e r  
le v e l  th an  I I  in  th e  dormant seed . At e a r ly  germ ination  s ta g e s  i t  i s  

th e re fo re  a v a ila b le  f o r  ra p id  u t i l i z a t i o n  o f su g a rs . The fo rm ation  o f 
g a la c to se  by a -g a la c to s id a s e -c a ta ly z e d  h y d ro ly s is  o f  g a la c to sy l  sugars 

d u rin g  germ ination  would be expected  e v e n tu a lly  to  in h ib i t  th e  f u r th e r  
u t i l i z a t i o n  o f th e  o lig o s a c c h a r id e s . The seed  can , however, convert 
g a la c to se  to  g a lac to se -1 -p h o sp h a te  ( 142) and t h i s  i s  a  very  weak in h ib i to r  

o f  a -g a la c to s id a s e .
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