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V ,

/ab s trac t

INDUCTION, PURIFICATION AND CHARACTERIZATION OF MULTIPLE 

FORMS OF ISOMALTASE FROM SACCHAROMYCES CEREVISIAE

by

Gary L. Youngleib 

'  A dviser: P ro fesso r Morton D. G lantz

Four form s o f  i s o m a l ta s e ,  ( E .C .3 .2 .1 .1 0 )  , an enzyme p o ssessing  

s u b s t a n t i a l  h y d r o ly t i c  a c t i v i t y  a t  pH 7 .0  to w a rd s  iso m alto se , 

o ( - m e th y l - D - g lu c o s id e , p a l a t i n o s e ,  s u c r o s e  and  p -n it ro p h e n y l-o ( .-D -  

g l u c o p y r a n o s i d e  (PNPG) h a v e  b e e n  i s o l a t e d  fro m  a  s t r a i n  o f  

S a cch a ro m y ces  c e r e v i s i a e . Y e as t c e l l s  grown on m edia c o n ta in in g  

m a lto s e  a s  th e  o n ly  added sugar produce predom inantly  th e  more a c id ic  

fo rm  (M ), p i  4 .8 6 ,  w h ile  g row th  on c A -m e th y l-D -g lu co s id e  in d u c es  

p r e d o m in a n t ly  th e  more b a s ic  one (oL ), p i  5 .0 0 .  Growth on m edia 

c o n ta in in g  b o th  d l-m ethy l-D -g lucoside  and m altose  induces s u b s ta n t ia l  

am ounts o f  both  forms o f  th e  enzyme. The th i r d  form (B) i s  p re se n t a t  

v e ry  low c o n c e n t r a t io n  w ith  a  p i  in te rm e d ia te  between th e  o th e r two 

( 4 . 9 3 ) ,  a n d  c a n  b e  c o n c e n t r a t e d  i n t o  a  p r o t e i n  p e a k  upon  

h y d ro x y la p a t i te  chrom atography. The fo u r th  form (A) i s  p re se n t a t  low 

c o n c e n t r a t io n  w ith  a  more a c i d i c  p i  th a n  th e  M form o f iso m altase . 

Each o f  th e  two m ajor forms when added to  a crude e x t r a c t  o f  th e  o th e r 

sh o w s  n o  i n t e r c o n v e r s i o n .  E x t r a c t i o n  i n  t h e  p r e s e n c e  o f  

pheny lm ethanesu lfony lfluo ride , a  se r in e  p ro te a se  in h ib i to r ,  produces



th e  same d is t r ib u t io n  p a t te rn  as  in  th e  absence o f  in h ib i to r .

A n e a r  homogeneous p r e p a r a t io n  o f the-of and M form was achieved 

a f t e r  91 fo ld  p u r i f ic a t io n  (31% y i e l d ) . Homogeneity o f  th e  M form was 

e s t a b l i s h e d  b y  i s o e l e c t r i c  f o c u s i n g  i n  a pH 4 -6  g r a d i e n t ,  

p o ly a c ry la m id e  d i s c  g e l  e l e c t r o p h o r e s i s  and sodium  dodecyl s u l f a te  

p o ly a c ry la m id e  d i s c  e l e c t r o p h o r e s i s .  Homogeneity o f  the  ck form was 

e s t a b l i s h e d  by i s o e l e c t r i c  fo c u s in g  in  a  pH 4-6 g ra d ie n t .  A ll four 

fo rm s  w ere  s u b je c t  to  amino a c id  a n a ly s i s  and showed s i g n i f i c a n t  

d i f f e r e n c e s  in  am ino a c id  com position w ith  th e  M form co n ta in in g  h a lf  

th e  g ly c in e  and th re e  tim es th e  p ro lin e  o f  th e  ck form. A comparison o f
J Q

Km v a lu es  a t  pH 7 .0  and 25 C w ith  PNPG fo r th e  m altose induced form (M) 

and th ed rm eth y l-D -g lu co sid e  induced form (o^) gave va lues o f  8.54X10"^ 

and 3.2X 10“ 4M r e s p e c t i v e l y  and Vmax v a lu e s  3.18Xl04nmolmin“ 1mg” 1 

and 3.03X 104nmolmin” V g “ '1' r e s p e c tiv e ly . Km v a lu es  o f  th e  M form a t  pH 

7 .0  and 25°C fo r  oC -m eth y l-D -g lu co sid e  » iso m a lto se , p a la t in o s e ,  and 

s u c r o s e  w e re  2 .0 2 X 1 0 “ 2M, 2 .2 2 X 1 0 “ 2M, 2 .2 5 X 1 0 " 2M, 5 .6 8 X 1 0 _2M 

r e s p e c t i v e l y ,  and Vinax v a lu es  o f  8.42 >umolmin"’1mg~^, 12.9 jumolmin” '1mg’"1, 

9.16 jumolmin- \ i g - ^ and 2.30 jumolmin^mg- ^ re s p e c tiv e ly .

T tierm o lab ility  s tu d ie s  perform ed on th e  M and cL form o f isom altase  

g a v e  f i r s t  o r d e r  d e c a y  c o n s t a n t s  k = - 0 .0 9 0 + 0 .021min“ ^ and k=-

0 .1 0 0 + 0 .19min~^ r e s p e c t i v e l y .  Both th e  M and ot fotm  o f  isom altase  

ex h ib ite d  a  pH optimum o f  7 .0 -7 .2 , th e  form dem onstrating  d e te c ta b le  

a c t i v i t y  from pH 4 .6 -7 .7  and th e  M form from pH 4.6-8 .5 .
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CHAPTER I  

IWTRODOCTION

HISTORICAL BACKGROUND

Iso m a lta se  (E .C .3 .2 .1 .1 0 ) from Saccharomyces c e r e v is ia e  c a ta ly z e s  

th e  h y d ro ly s is  o f  iso m a lto se , c^-m ethy l-D -g lucoside,  p a la t in o s e ,  su c ro se  

and  p - n i t r o p h e n y l - o l - D - g lu c o p y r a n o s id e  (1 ) .  Y east c e l l s  ferm enting  

e i t h e r  e^-m ethy l-D -g lucopyranoside o r  m a lto se , produce in c reased  le v e ls  

o f  th e  enzym e, o (-m ethy l-D -g lucopyranoside  being  th e  p re fe r re d  inducer 

f o r  i s o m a l ta s e  ( 2 ,3 ) .  E i t h e r  o f  th e  afo rem en tioned  g lu o o sid es  w i l l  

in d u c e  m a l ta s e  (E .C .3 .2 .1 .1 0 ) ,  an enzyme c a ta ly z in g  th e  h y d ro ly s is  o f  

m a l to s e ,  s u c r o s e ,  tu r a n o s e  and  p - n i t r o p h e n y l - - D - g lu c s o p y r a n o s id e ,  

m a lto se  b e in g  th e  p re fe r re d  in d u cer ( 4 ,5 ,6 ) .  M altase  p o sse sse s  minimal 

h y d ro ly t ic  a c t i v i t y  tow ards o t-m eth y l-D -g lu co p y ran o sid e .

The f i r s t  c h ro m a to g ra p h ic  s e p a r a t i o n  o f  th e  two a c t i v i t i e s  was 

a c h ie v e d  by  Khan and Eaton (1) and by A xelrod e t  a l .  (2 ) , f a c i l i t a t i n g  

th e  e s t a b l i s h m e n t  o f  a  s e t  o f  c r i t e r i a  t o  d i s t i n g u i s h  m a lta se  from 

i s o m a l t a s e ,  b o th  o f  w hich  h a d  b e en  r e p o r t e d  a s  PNPG h y d ro ly z in g  

a c t i v i t y , o ^ - g lu c o s id a s e ,  by H a lv o rso n  an d  E l ia s  (3 ) . A com parative 

s t u d y  o f  t h e  t h e r m o l a b i l i t y ,  pH s t a b i l i t y  a n d  s e n s i t i v i t y  t o  

c h y m o t r y p s in  a c t i v i t y  (2 ) sh o w ed  d i f f e r e n c e s ,  w i th  is o m a l ta s e  

e x h i b i t i n g  a  g r e a t e r  t h e r m o l a b i l i t y ,  a  d i f f e r e n t  pH optimum, 7-8  a s  

com pared  t o  6 .4  -  6 .8 ,  and an i n s e n s i t i v i t y  to  chym otryp tic  a c t i v i t y .  

K han a n d  E a to n  r e p o r t e d  a  pH optim um  o f  7 .2  f o r  b o th  enzym es, a  

d i f f e r e n c e  i n  t h e r m o l a b i l i t y ,  w ith  i s o m a l ta s e  e x h ib i t in g  a  g re a te r  

t h e r m o l a b i l i t y ,  and a  m olecu lar w eigh t o f  68,500 + 1200 fo r  m a lta se  in  

c o n t r a s t  t o  64,700 + 2870 fo r  iso m a lta se  a s  determ ined  by Sephadex g e l
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f i i t r a t i o n .

A lso  i n  19 6 8 , Yau an d  L indegren  (6) re p o r te d  th e  chrom atographic 

s e p a r a t i o n  o f  i s o m a l ta s e  from  tw o d i s c r e t e  m a l t a s e s ,  e ac h  enzyme 

e lu t in g  in  d i f f e r e n t  f r a c t io n s  upon DEAE chrom atography.

A c o m p a r a t i v e  s tu d y  o f  th e  t h e r m o l a b i l i t y ,  pH s t a b i l i t y  and 

s e n s i t i v i t y  to  chym otrypsin  o f  m a lta se  induced w ith  m alto se  v e rsu s  th e  

o l-m eth y l-D -g lu co sid e  induced m a lta se  showed no d if f e r e n c e s  (2 ) . D esp ite  

e x te n s iv e  p u r i f i c a t i o n ,  co n tro v e rsy  rem ained a s  t o  th e  a c tu a l  number o f  

o (.-g lu co s id a se s  p re s e n t  in  y e a s t .

I n  1 9 7 6 , E a to n  and  Zimmerman (7) r e p o r t e d  p re lim in a ry  f in d in g s  

s u g g e s t in g  th e  e x is t e n c e  o f  th re e  m a lta se s  in  a  v a r ie ty  o f  s t r a in s  o f  

S a c c h a ro m y c e s  c e r e v i s i a e . E v id e n c e  r e s t e d  on o b s e r v a t io n s  o f  th e  

beh av io r o f  crude  e x t r a c ts  when su b je c te d  to  h e a t  d e n a tu ra tio n  a t  48°C. 

A p l o t  o f  lo g a rith m  o f  p e rc e n t rem aining a c t i v i t y  a s  a  fu n c tio n  o f  tim e 

o f  e x p o su re  t o  th e  te m p e ra tu re  showed a  d e v i a t i o n  from  th e  l i n e a r  

r e la t io n s h ip  expec ted  i f  in a c t iv a t io n  were o f  a  s in g le  m a lta se  s p e c ie s .  

When e x t r a c t s  w ere  s u b je c te d  t o  g e l  f i l t r a t i o n  ch ro m a to g rap h y  and 

sam p le s  rem oved from  e i t h e r  s i d e  o f  th e  r e s u l t a n t  p r o t e i n  p eak  no 

d i f f e r e n c e s  i n  t h e r m o l a b i l i t y  c o u ld  be  d e t e c t e d ,  s u g g e s t in g  no 

d i f f e r e n c e s  in  m olecu lar w e ig h t.

The m o s t r e c e n t  p u r i f i c a t i o n  o f  m a lta se  from y e a s t  r e s u l te d  in  a  

p r e p a r a t i o n  ju d g e d  homogenous by th e  c r i t e r i a  o f  i s o e l e c t r i c  fo cu sin g  

and  sod ium  d o d e c y l  s u l f a t e  e l e c t r o p h o r e s i s  ( 4 ) .  M u ltip le  forms o f  

m a l t a s e  w e re  n o t  o b s e r v e d  a n d  th e rm a l  i n a c t i v a t i o n  e x p e r im e n ts  

p e rfo rm e d  on  th e  p u r i f i e d  enzyme showed monophasic h e a t in a c t iv a t io n  

p r o f i l e s  in d ic a t iv e  o f  a  s in g le  enzyme s p e c ie s .

T h is  t h e s i s  r e p o r ts  th e  in d u c tio n  o f  fo u r form s o f  iso m a ltase  and
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t h e  p u r i f i c a t i o n  and  c h a r a c te r iz a t io n  o f  th e  two m ajor form s. In  th e  

p r o c e s s  o f  i s o la t in g  isozym es o f  iso m a lta se , two forms o f  m a lta se  w ere 

s e p a r a te d  by colum n ch ro m a to g ra p h y  and  t h e i r  i d e n t i t y  confirm ed by  

i s o e l e c t r i c  focusing  and a c t i v i t y  s ta in in g .

SURVEY OF ASSAY TECHNIQUES

T he m e th o d s  u t i l i z e d  f o r  th e  d e te r m in a t io n  o f  th e  c a t a l y t i c  

a c t i v i t y  o f  i s o m a l t a s e  in v o lv e  th e  d e t e c t i o n  o f  th e  p ro d u c ts  o f  

h y d ro ly t ic  c leav ag e  o f  th e  d is a c c h a r id e  lin k a g e .

PNPG (p - n i t r o p h e n y l - o t - D - g lu c o p y r a n o s id e )  a s s a y  -  Ohis method 

in v o lv e s  m easuring th e  r e le a s e  o f  p -n itro p h e n o l upon h y d ro ly s is  o f  p -  

n i trq p h e n y l-d  -D -g lucopyranoside . The e q u ilib r iu m  between 

p - n i t r o p h e n o l  and th e  phenoxide ion  can  be s h i f te d  tow ards th e  l a t t e r  

by r a i s in g  th e  pH, th e  phenoxide io n  having a  c h a r a c t e r i s t i c  a b so rp tio n  

maximum a t  400 n a n o m e te rs . The a s s a y  i s  s e n s i t i v e  in  th e  nanomole 

ra n g e  an d  c a n  be p e rfo rm e d  by  fo llo w in g  th e  con tinuous re le a s e  o f  p -  

n i t r o p h e n o l  o r  in  a  d isco n tin u o u s  fa sh io n  by te rm in a tin g  th e  re a c t io n  

W ith  sodium  c a r b o n a te  ( 4 ) .  I t  s u f f e r s  from a  la c k  o f  s e l e c t i v i t y  in  

t h a t  b o th  m a lta se  and iso m a lta se  h y d ro ly se  th e  s u b s t r a te ,  b u t i s  u s e fu l  

i n  d e t e c t i n g  m in u te  q u a n t i t i e s  o f  enzyme and  a s  a  c o l o r i m e t r i c  

q u a l i t a t i v e  t o o l  f o r  d i s t i n g u i s h i n g  a c t i v e  enzyme from nonenzym atic 

p r o te in .

G lu c o s ta t  a ssay  -  R elease  o f  f r e e  g lu co se  from g lu co se  c o n ta in in g  

d i s a c c h a r id e s  can be m onitored  by a  coupled g lu co se  o x id ase -p e ro x id ase  

a ssa y  (8 ):

yQ -D -g lucose  + ^ 0  + O2  g lu co se  oxidase, H2 O2  + g lu co n ic  a c id  

H2°2 +
O x id iz e d  d i a n i s i d i n e  c a n  be  d e te c te d  by a  c h a r a c t e r i s t i c  a b so rp tio n

O -d ia n is id in e  p e ro x id a se  H2 O + o x id ized  d ia n is id in e
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maximum a t  400 nanom eters o r  th e  r e a c t io n  can be te rm ina ted  w ith  s tro n g  

a c id  s h i f t i n g  th e  a b s o r p t io n  maximum o f  th e  dye  t o  525 nanom eters. 

P r e p a r a t io n  o f  th e  re a g e n t in  a  tr is -p h o s p h a te  b u ffe r  i s  n ecessa ry  to  

su pp ress m a lta se  a c t i v i t y  endogenous to  th e  g lu co se  o x id ase  p re p a ra t io n  

and  th e  i n c o r p o r a t io n  o f  g l y c e r o l  f u r t h e r  s t a b i l i z e s  th e  r e a g e n t .  

G lu co se  o x id a s e  i s  s p e c i f i c  f o r  -D -g lu c o se  and i t  i s  n e ce ssa ry  to  

a llo w  m u ta r o ta t io n  t o  p ro c e e d  t o  e q u i l ib r iu m  p r i o r  t o  a s s a y .  The 

enzyme i s  r e l a t i v e l y  s p e c i f i c  for^8-D -g lucose w ith  r e l a t i v e  r a t e s  o f  

o x id a t io n  o f  D -g lu c o s e , D-mannose and 2-deoxy-D -glucose o f  100:20 :20 . 

I t  e x h ib i ts  n e g l ig ib le  a c t i v i t y  on o th e r  hexoses (1 0 ).

H ex o k in ase  -  g lu c o s e -6 - p h o s p h a te  d eh y d ro g e n ase  (G-6-PD) a ssay  

system .

The e n z y m a tic  r e a c t i o n  sequence u t i l i z e d  in  th e  a ssa y  o f  g lu co se  

i s  a s  fo llo w s; (11 ,12 ):

(1) G lucose + ATP hexokinas^  g lu co se-6 -p h o sp h a te  + ADP

(2) G lucose-6-phosphate + NAD+ G-6-Pl^ 6-phosphogluconate + NADH + H+ . 

NADH can  b e  d e t e c t e d  by  i t s  c h a r a c t e r i s t i c  ab so rp tio n  maxima a t  340 

n a n o m e t e r s .  C o n t r a i n d i c a t i o n s  t o  th e  u s e  o f  t h i s  a s s a y  a r e  th e  

p re s e n c e  o f  m e ta l  c h e l a t o r s  and  p hosphate , hexokinase re q u ir in g  Mg+2 

f o r  a c t i v i t y  and  g lu co se -6 -p h o sp h a te  dehydrogenase being  a c t iv a te d  by 

pho sp h ate , s u l f a t e  and b ic a rb o n a te  (13).

Non-enzymatic a ssay  system s fo r  th e  q u a n t i ta t io n  o f  g lu co se  abound 

b u t th e  s p e c i f i c i t y  o f  chem ical methods i s  o f  a  q u e s tio n a b le  n a tu re  and 

enzym atic a ssay  i s  th e  p re fe r re d  method.

GENERAL PROPERTIES OF YEAST ol-GLUGOSIDASES
c ^ - g lu c o s id a s e  a c t i v i t y  h a s  b e en  r e p o r t e d  (3) t o  be com pletely
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i n h i b i t e d  by Cu++, Hg++f Ag+ , Pb+2, and Zn+2 and m odera tely  in h ib i te d  

by Fe+2 a t  3 .3  X 10~^M. The r a t e  o f  p -n i t ro p h e n y l -d  -I> g lu copyranoside  

(PNPG) h y d r o ly s i s  was u n a f f e c t e d  by th e  a d d it io n  to  K+ , Na+f L i+ o r  

NHij+ a s  c h l o r i d e s ,  p h o s p h a te s  and  m a lo n a te s  up to  c o n c e n tra tio n s  o f  

0.1M.

In cu b a tio n  w ith  5 X 10“ ®M p -ch lo ro -m ercu rib en zo a te  (PCMB) le a d s  t o  

a  c o m p le te  l o s s  o f  a c t i v i t y  a s  does in c u b a tio n  w ith  io d o a c e ta te , th e  

i n h i b i t i o n  b e in g  c o m p e t i t iv e  w ith  c y s t e i n e  an d  m a lto s e , im plying a  

r e a c t iv e  s u lfh y d ry l  group (3 ) .

H y d ro ly s is  o f  PNPG has been re p o r te d  t o  be re v e r s ib ly  in h ib i te d  by 

h i s t i d i n e ,  trishydroxym ethylarninom ethane ( t r i s ) , q u in in e , benzylam ine, 

n a p th y la m in e  and a n i l i n e  ( 3 ) .  The i n h i b i t i o n  i s  pH d e p e n d e n t and 

o b s e r v a b le  o n ly  a t  pH v a lu es  above th e  pK o f  th e  amine su g g es tin g  th a t  

t h e  n o n - p r o t o n a t e d  fo rm  o f  th e  am ine i s  th e  i n h i b i t o r y  s p e c i e s .  

Ouwehand and  W ijk  (5) have u t i l i z e d  th e  in h ib i to r y  p ro p e r t ie s  o f  t r i s  

a s  a  a l t e r n a t i v e  t o  h e a t  d e n a t u r a t i o n  f o r  t e r m in a t in g  e n z y m a tic  

re a c t io n s  p r io r  to  a s sa y .

K in e t i c  s t u d i e s  show ty p ic a l  M ichaelis-M enten k in e t ic s  w ith  PNPG 

a s  s u b s t r a te  and p lo t s  o f  pKm v e rsu s  pH show a  b reak  in  s lo p e  a t  pH 6 .8  

im p l i c a t i n g  an  e s s e n t i a l  h i s t i d i n e  re s id u e  (3 ) . Needleman e t  a l .  (4) 

r e p o r t  a  Km f o r  PNPG h y d ro ly s is  by m a lta se  o f  3.1XlO“ S l ,  Vmax=134X10- ^ 

m olm in_1mg”"^ and Km amd Vmax v a lu e s  f o r  m a l to s e  o f  1.7X10-2 M, and 

45X10“ ® m ol” ^mg“ 1 and  r e s p e c t iv e ly  fo r  su c ro se  1.5X10“ ^ ,  and 53 umol 

min“ *mg“ ^ . Km(PNPG) i s  re p o r te d  t o  be 0.7.X 10-2 M fo r  iso m a lta se  (14). 

FORMAL REACTION MECHANISM

M a lta s e  and  iso m a lta se  from Saccharomyces c e r e v is ia e  a re  s p e c i f ic  

f o r  th e  h y d ro ly s is  o f  c*»-D -glucosides, th e  h y d ro ly s is  o f  p -n itro p h e n y l



-6-

oi-D -glucopyranoside proceeding  w ith  th e  p ro d u c tio n  o f  g lucose  w ith  

W . "  a t  i n i t i a l  t i m e .  M u t a r o t a t i o n  y i e l d s  a  f i n a l
r  -iao o

e q u i l ib r iu m  v a lu e  o f  1ĵ J d =+S8 (1 5 ). E x tra p o la tio n  o f  th e  e q u ilib riu m  

re a c tio n  to  zero  tim e g iv e s  aP°t]*° = + 120°, approxim ating th e  value fo r"  P

o t-D -g lu c o se . R e te n t io n  o f  c o n f ig u ra tio n  about th e  anom eric carbon can  

p ro c e e d  by one  o f  two m echanism s a s  re v ie w e d  by Koshland (16). in  

h y d r o ly t i c  r e a c t i o n s  in  w hich an OR i s  re p la ce d  by an OH group , bond 

c leavage  may a c tu a l ly  occur between th e  O and th e  R r a th e r  th an  between 

t h e  0  a n d  t h e  C . I n  t h i s  c a s e ,  n o  d i s p la c e m e n t  o c c u rs  a t  th e  

a s s y m m e tr ic  c a rb o n  a to m , and no  in v e r s io n  would be e x p e c te d .  An 

a l t e r n a t e  e x p la n a t io n  i s  a  d o u b le  d is p la c e m e n t  m echanism  w ith  th e  

f o r m a t i o n  o f  a n  e n z y m e - s u b s t r a t e  c o m p le x  w i th  i n v e r s i o n  o f  

c o n f ig u r a t io n  a t  th e  C - l  p o s i t i o n  o f  th e  anom eric carbon o f  g lucose  

f o l l o w e d  by  a  seco n d  d is p la c e m e n t  t o  y i e l d  th e  f r e e  s u g a r  in  i t s  

o r ig in a l  c o n f ig u ra tio n  (2 ) .

L a i  and  A x e lro d  (17) h a v e  i d e n t i f i e d  a  s t a b l e  en zy m e-g lu co se  

in te r m e d ia te  o b ta in ed  from th e  r e a c t io n  between iso m altase  and ot-CH^- 

D - ^ C - g lu c o p y r a n o s id e .  A co v a le n t lin k a g e  between enzyme and g lucose  

was c o n firm e d  by th e  o b se rv a tio n  th a t  r a d io a c t iv i ty  was re ta in e d  in  a  

t r y p t i c  p e p t id e  i s o l a t e d  from th e  m ix tu re  by g e l  f i l t r a t i o n ,  and a c id  

h y d r o ly s i s  o f  th e  p e p tid e  re le a s e d  over 80% o f  th e  r a d io a c t iv i ty  a s  a  

com pound w ith  th e  same c h ro m a to g ra p h ic  m o b i l i t y  a s  g lu c o s e .  The 

p resen ce  o f  th e  in h ib i to r  glucosyl,am ine, p rev en ted  th e  fo rm ation  o f  th e  

in te rm e d ia te .

The is o m a l ta s e  s u b u n i t  o f  th e  s u c r a s e - i s o m a l ta s e  complex from 

r a b b i t  s m a l l  i n t e s t i n e  p o s s e s s e s  s i m i l a r  a c t i v i t i e s  t o  y e a s t  

i s o m a l t a s e ,  d e m o n s tra t in g  h y d r o ly t i c  a c t i v i t y  to w a rd s  is o m a lto s e ,
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m a l to s e , s u c r o s e  and  p a la t in o s e  (1 8 ). [% ]  —C o n d u r ito l-^ -e p o x id e  i s

r e p o r t e d  t o  be  an  a c t iv e  s i t e  d i r e c te d  in h ib i to r  fo r  bo th  su b u n its  o f  

th e  c o m p lex , 1 m ole  o f  i n h i b i t o r  b e in g  bound c o v a le n tly  p e r  mole o f  

s u b u n i t .  The in h ib i t io n  i s  i r r e v e r s ib l e  and p rev en ted  by th e  p re sen ce  

o f  c o m p e t i t iv e  i n h i b i t o r s  and s u b s t r a te s .  A fte r  la b e l l in g  and p e p t ic  

d i g e s t i o n  o f  th e  r a d i o l a b e l l e d  p e p t i d e ,  th e  l a b e l  was in  each  c a se  

bound t o  th e  carb o x y l group o f  an a s p a r t i c  a c id  re s id u e  (1 9 ).

A fo rm al mechanism fo r sm all i n t e s t i n a l  su c ra se  and iso m a lta se  has 

b een  p ro p o se d  by C o g o li and  Semenza (20) based on s tu d ie s  w ith  p -C l-  

p h en y l-o l-D -g lu co p y ran o sid e . They dem onstrated  t h a t  subs t i  t u t  io n  o f  

w i th  a t  o f  th e  g lu c o s y l  m o ie ty  l e a d s  to  a  d e c rea se  in  kc a t  o f  

b o th  su c ra se  and is o m a lta se , th e  k-jH/k-^H rang ing  between 1 .1 4  and 1 .2 0 . 

The m ag n itu d e  o f  th e  secondary  d eu terium  e f f e c t  i s  s tro n g ly  in d ic a t iv e  

t h a t  t h e  r a t e  l i m i t i n g  s t e p  g o e s  t h r o u g h  t h e  f o r m a t i o n  o f  an  

o x o carb o n iu m  io n . The d a ta  su g g ested  a  r e a c t io n  mechanism fo r  th e  two 

g lu c o s i d a s e s ;  p r o to n a t io n  o f  th e  g ly c o s id ic  oxygen i s  fo llow ed  by th e  

l i b e r a t i o n  o f  th e  ag lycone w ith  fo rm atio n  of. an oxocarbonium io n , which 

i s  te m p o ra rily  s t a b i l i z e d  by a  c a rb o x y la te  group (20) (F ig . 1 ) .  

BIOLOGICAL SIGNIFICANCE OF ISOMALTASE

Because o f  th e  m u ltip le  h y d ro ly t ic  a c t i v i t i e s  o f  iso m a lta se  th e  in  

v iv o  f u n c t io n  o f  th e  enzyme in  y e a s t  i s  s t i l l  unproven. In  y e a s t  and 

i n  some mammals (2 1 ,2 2 )  s to r a g e  p o ly s a c c h a r id e s  a r e  degraded by th e  

c o n c e r te d  a c t i o n  o f  a m y lo - l ,4 - g lu c o s id a s e  and a n y lo -1 , 6 -g lu c o s id a se  

y i e l d i n g  t h e  d i s a c c h a r id e s  m a lto s e  and iso m a lto se . N e ith e r o f  th e se  

tw o a c t i v i t i e s  p o s s e s s e s  h y d r o l y t i c  a c t i v i t y  to w a rd s  iso m alto se  o r  

m a l to s e .  P re su m a b ly , iso m a lta se  and m a lta se  fu n c tio n  to  c a ta ly z e  th e  

h y d ro ly s is  o f  iso m alto se  and m a lto se , r e s p e c t iv e ly ,  y ie ld in g  f r e e  o t-D -
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g lu c o se .

A su c ra se - iso m a lta se  complex has been id e n t i f ie d  in  homogenates o f  

human s m a l l  i n t e s t i n e  m ucosa (23) and d i s s o c i a t e d  in to  su b u n its  by 

t r e a tm e n t  w ith  m ercap to e th an o l. The iso m a ltase  su b u n it dem onstrated 

h y d r o l y t i c  a c t i v i t y  to w a rd s  o t - ( l  —*6) l i m i t  d e x t r i n s  and l i t t l e  

h y d r o l y t i c  a c t i v i t y  tow ards iso m a lto se . The su c ra se  su b u n it possessed  

h y d r o l y t i c  a c t i v i t y  tow ards su c ro se , m a lto se , m a lto tr io s e  and tow ards 

o l - ( l  —> 4 ) l i m i t  d e x t r in s  (2 4 ). The a u th o rs  su g g es t a  more a p p ro p r ia te  

name f o r  th e  complex m ight be su c ra se -c ^ -d e x tr  in a s e . Gray e t  a l .  (24) 

s u g g e s t s  t h a t  th e  f u n c t io n  o f  th e  com plex  in  v iv o  i s  to  degrade o( -  

d e x tr in s  by rem oval o f  in d iv id u a l g lu co se  re s id u e s  from th e  nonreducing 

end  o f  an  o l ig o s a c c h a r id e  by complementary a c t io n  o f  b o th  su c rase  and 

iso m a lta se .

A s u c r a s e - i s o m a l t a s e  complex has been i s o la te d  from r a b b i t  small 

i n t e s t i n e ,  th e  s u c r a s e  su b u n it p o sse ss in g  h y d ro ly tic  a c t i v i t y  tow ards 

s u c r o s e  and  m a lto se  and th e  iso m a lta se  su b u n it hyd ro lyz ing  iso m a lto se , 

p a l a t i n o s e ,  and  m a lto s e  (2 5 ) .  No a t te m p t  was made to  a s c e r ta in  th e  

p h y s io lo g ic a l s ig n if ic a n c e  o f  th e  complex.

C u r re n t  a v a i l a b le  l i t e r a t u r e  on o t.-g lu co s id a se s  av o id s  com parison 

o f  th e  enzym es s t r u c t u r e  and fu n c tio n  from d i f f e r e n t  system s. Indeed 

fu n c tio n  i s  s t i l l  s p e c u la tiv e  w ith in  each g iven  system .

PROTEOLYTIC ARTIFACTS IN ENZYMES FROM YEASTS

A w ide  v a r i e t y  o f  enzymes p u r i f ie d  from Saccharomyces c e re v is ia e  

e x i s t  i n  m u l t i p l e  fo rm s . I n  many o f  th e se  c a se s  i t  has subsequen tly  

becom e a p p a re n t t h a t  many o f  th e s e  isozymes were produced by a  p a r t i a l  

p r o t e o l y s i s  o f  th e  n a t iv e  form o f  th e  enzyme (2 6 ). In  sane c ase s  th e
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roodified forms have a l t e r e d  a f f i n i t i e s  fo r  t h e i r  s u b s tr a te s  b u t in  many 

c a s e s  d e g r a d a t i o n  c a n  o c c u r  w i th  e s s e n t i a l l y  f u l l  r e t e n t i o n  o f  

a c t i v i t y .

S c h u lz e  and Colowick (27) dem onstrated  t h a t  c r y t a l l i n e  hexokinase 

p r e p a r a t i o n s  c o n s i s t e d  l a r g e l y  o f  a n  en zy m e  w i th  a l t e r e d  

c h ro m a to g ra p h ic  p r o p e r t i e s  from  th o s e  d e m o n s tra te d  w ith  th e  n a tiv e  

fo rm . When p r e c a u t io n s  were tak en  to  i n h ib i t  th e  a c t i v i t y  o f  a  s e r in e  

p r o t e a s e  p o s s e s s in g  h y d r o l y t i c  s p e c i f i c i t y  fo r  c a s e in  and benzoyl-L - 

a r g in in e  a t  n e u t r a l  pH, th e  r e l a t i v e  d i s t r i b u t i o n  o f  th e  d i f f e r e n t  

fo rm s was a l t e r e d ,  a s  d e te rm in e d  by th e  c h ro m a to g ra p h ic  p r o f i l e s .  

I n c lu s io n  o f  p h e n y lm e th a n e s u lfo n y lf lu o r id e , (PMSF; a  s e r in e  p ro te a se  

i n h i b i t o r )  i n  a l l  b u f f e r s ,  enab led  th e se  a u th o rs  to  i s o l a t e  two forms 

o f  hexokinase b e lie v e d  to  be genuine in  v iv o  isoenzym es.

C la rk  and J a c o b y  (28) dem onstrated  th a t  amino te rm in a l end group 

a n a l y s i s  o f  homogeneous a ldehyde dehydrogenase p u r i f ie d  from au to lyzed  

y e a s t ,  r e v e a l e d  g r o s s  m ic r o h e te r o g e n e i ty  w hich  th e y  a s c r ib e d  t o  

p r o t e o l y s i s .  By s u b s t i t u t i o n  o f  a  M anton-Gaulin homogenizer fo r  th e  

a u to ly s is  s te p  and by p u r i f i c a t io n  o f  th e  enzyme in  th e  p resence  o f  th e  

e s t e r a s e  i n h i b i t o r s  p h e n y l m e t h a n e s u l f o n y l f l u o r i d e  (PMSF) and 

d i i s o p r o p y l  f lu o r o p h o s p h a te  (DFP), th e  c o n v e r s io n  o f  th e  n a t iv e  

d e h y d ro g e n a se , d e s ig n a te d  A , t o  th e  d e g rad a tio n  p ro d u c ts  B and C was 

p r e v e n te d .  DFP p ro v e d  m ore e f f e c t i v e  th a n  PMSF i n  p re v e n t in g  th e  

c o n v e r s io n .  Amino te rm in a l a n a ly s is , o f  dehydrogenase A showed s e r in e  

t o  be th e  amino te rm in a l end g roup .

The y e a s t  e n d o p e p t id a s e ,  p r o t e a s e  B , (29) h y d ro ly s e s  c a s e in  

r a p i d l y  be tw een  pH 5 .7  and 1 0 . I t  p o s s e s s e s  c o n s id e ra b le  a c t i v i t y  

to w a rd s  a z o c o l l  (30,31) and weak a c t i v i t y  fo r  c k -N -benzoy l-L -arg in ine
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e t h y l  e s t e r  and  cL.-N -a c e ty l-L - ty ro s in e  e th y l  e s t e r .  I t  i s  com pletely  

i n h i b i t e d  by  PMSF, DFP o r  p -ch lo ro m ercu rib en zo a te  (PCMB) and i s  roost 

l i k e l y  r e s p o n s ib l e  f o r  th e  p ro d u c t io n  o f  m u ltip le  a c t iv e  sp ec ie s  o f  

many enzymes in  th e  n e u tr a l  pH range (26).

A c a rb o x y p e p t id a s e  from  y e a s t ,  p r o t e a s e  C , c an  remove c a r  boxy 

te rm in a l amide and e s t e r  groups a s  w e ll a s  carboxy te rm in a l amino a c id s  

from  a  w ide v a r i e t y  o f  p e p tid e  and p r o te in  s u b s tr a te s  in  th e  pH range 

4 -9 .5  (3 2 ). I t  to o  i s  com plete ly  in h ib i te d  by PMSF, DFP and PCMB.

S u b c e l l u l a r  f r a c t i o n a t i o n  o f  y e a s t  c e l l s  d e m o n s tra te d  th e  

lo c a l iz a t io n  o f  th e se  p ro te a se s  in  th e  vacuo le  (33,34) and th e  p resen ce  

o f  p o ly p e p t id e  i n h i b i t o r s  in  th e  e x tra v a c u o la r  cy toplasm  (35). Upon 

c e l l u l a r  d i s r u p t i o n ,  p r o t e a s e - i n h i b i t o r  complexes a re  formed in  th e  

c ru d e  e x t r a c t ,  t h e  s t a b i l i t y  o f  each ty p e  o f  complex being  in flu en ced  

by th e  pH o f  th e  e x t r a c t  and th e  r e l a t iv e  le v e l  and a c t i v i t y  o f  v a rio u s  

p r o t e a s e s .  T he p a th w ay  w hereby  i n a c t i v e  p r o t e a s e  com plexes a r e  

a c t i v a t e d  in v o lv e s  a  m e tab o lic  cascade whereby p ro te a se  A in a c t iv a te s  

o r  c l e a v e s  a  p r o te a s e  B - in h i b i t o r  com plex , th e  a c t iv e  B p ro te a se  in  

t u r n  c l e a v e s  p r o t e a s e  A and p ro te a s e  C in h ib i to r  complexes producing 

h ig h e r  l e v e l s  o f  f r e e  p ro te a se  A and C (2 6 ,3 0 ,3 1 ) . The complexes a re  

s ta b le  a t  pH 7 .0  b u t w i l l  d is s o c ia te  in  th e  a c id  pH range (16) p o s s ib ly  

b e c a u se  o f  th e  e x i s t e n c e  o f  a  pH optim a o f  2-4 fo r  p ro te a se  A. T his 

f a c t  m ig h t e x p la i n  th e  im m ed ia te  l o s s  o f  dL -g lucosidase  a c t i v i t y  in  

c e r t a i n  s t r a i n s  o f  y e a s t  upon a d d i t i o n  o f  ammonium s u l f a t e  to  crude  

e x t r a c t s  (36 ).

P r o te o ly t ic  enzymes have been found t o  con tam inate  h ig h ly  p u r i f ie d  

p r e p a r a t i o n s  o f  o th e r  p ro te in s  (26). T h e ir e x is te n c e  becomes e v id e n t 

u p o n  SDS g e l  e l e c t r o p h o r e s i s  a s  a  s e r i e s  o f  low m o le c u la r  w e ig h t
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p e p t i d e s ,  th e  number and in te n s i ty  in c re a s in g  w ith  in c re a s in g  tim e o f  

in cu b a tio n  in  SDS and m ercap toe thano l. P ro te o ly s is  du rin g  d e n a tu ra tio n  

was p rev en ted  by adding PMSF a  few m inutes b e fo re  SDS w ith  an immediate 

t r e a t m e n t  a t  100°C  f o r  4 m in u te s  (3 7 ) .  An e x p la n a t io n  f o r  th e  

a p p e a ra n c e  o f  p ro te a se s  in  p u r i f i e d  p r o te in  p re p a ra t io n s  i s  o f f e re d  by 

P r i n g l e  ( 2 6 ) .  T he y e a s t  c e l l  c o n ta in s  a t  l e a s t  f i v e  d i f f e r e n t  

p r o t e a s e s .  T h e s e , and t h e i r  n a tu r a l ly  o ccu rrin g  in a c t iv e  com plexes, 

c an  d i s t r i b u t e  th e m s e lv e s  i n  d i f f e r e n t  f r a c t io n s  du rin g  p u r i f i c a t io n  

p r o c e d u r e s ,  in c re a s in g  th e  p r o b a b i l i ty  t h a t  a t  l e a s t  one p ro te a s e  w i l l  

o o p u rify  w ith  any p a r t i c u la r  p ro te in  (26 ).
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PMSF i s  th e  re a g e n t g e n e ra l ly  employed fo r  in h ib i t in g  s e r in e  type 

p r o t e a s e s .  I t  i s  hydro lyzed  w ith  a  h a l f - l i f e  o f  about 100 m inutes a t  

pH 7 (3 8 ). I t s  mechanism o f  a c t io n  i s  a s  fo llo w s:

C t U - S - F  ■+ +  HF

B o th  PMSF and DFP form c o v a le n t d e r iv a t iv e s  w ith  any a c c e s s ib le  s e r in e  

h y d ro x y l g ro u p s .  The use  o f  PMSF-^C i s  a  u s e fu l  c o n tro l  in  checking 

fo r  in c o rp o ra tio n  o f  th e  re a g e n t in  th e  p ro te in  under s tu d y  in  a d d itio n  

t o  a  s e r i n e  p r o t e a s e  (3 9 ) .  I m p u r i t i e s  in  comm ercial PMSF have been 

re p o r te d  t o  produce a r t i f a c t s  (4 0 ,4 1 ) . As an a l t e r n a t iv e  to  th e  use o f  

IMSF i t  has been re p o r te d  t h a t  g ly c e r o l ,  sodium p h o sp h a te , o r  (NH^SO^ 

a re  e f f e c t iv e  in  reducing  p r o te o ly t ic  a c t i v i t y  in  sane  s t r a i n s  o f  y e a s t  

(3 0 ,4 2 ) .

I t  i s  suggested  by P r in g le  (26) t h a t  th e  v a s t  number o f  s tu d ie s  on 

p r o te in s  o f  y e a s t  t h a t  have su b seq u en tly  p roven  t o  be done on p a r t i a l l y  

d e g ra d e d  p r o t e i n s  i s  a  problem  p re v a le n t  in  th e  i s o la t io n  o f  p ro te in s  

from many d i f f e r e n t  organism s (2 6 ).

OCCURRENCE OF MULTIPLE GLYCOSIDASES

The g ly c o s id a s e  enzymes e x i s t  in  m u lt ip le  form s in  a  wide v a r ie ty  

o f  o r g a n i s m s .  No a t te m p t  w i l l  be  made t o  s p e c u la t e  on  a  common 

f u n c t i o n  f o r  t h i s  phenomena o f  m u l t i p l i c i t y ,  b u t a  b r i e f  rev iew  i s  in
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o rd e r .

Dimond and  Loom is (43) d e s c r ib e  tw o -g lu c o s id a s e  isozymes in  

d e v e lo p in g  c e l l s  o f  D ic ty o s te l iu m  d isco id eu m . Type 1 i s  p re s e n t  in  

v e g e t a t i v e  c e l l s  and  i n c r e a s e s  i n  s p e c i f i c  a c t i v i t y  d u r in g  e a r l y  

developm ent w h ile  ty p e  2 i s  n o t  p re s e n t  u n t i l  l a t e  in  developm ent. The 

iso zy m es d i f f e r  i n  t h e i r  Km fo r  p -n itro p h e n o l s u b s t r a te s  and in  t h e i r  

t h e r m o l a b i l i t i e s .  Type 1 i s  e x c re te d  in to  th e  medium, and th e  a u th o rs  

s u g g e s t  t h e  enzyme a c t s  a s  a  b lo ck  to  s e l f in g  in  m acrocyst fo rm ation  

s i n c e  s t r a i n s  l a c k in g  th e  enzymes do n o t r e q u ire  th e  p re sen ce  o f  th e  

o p p o s ite  m ating ty p e  t o  form m a c ro c y s t- lik e  s t r u c tu r e s .  M utant s t r a in s  

w ere  d e r iv e d  from  p a r e n t a l  s t r a i n s  p ro d u c in g  fo rm s o f  th e  isozymes 

d i f f e r i n g  i n  Km a n d  t h e r m o l a b i l i t y .  T he is o z y m e s  w e re  n o t  

c h a r a c t e r i z e d  w i th  r e g a r d  t o  th e  s p e c i f i c i t y  o f  th e  s u s c e p t i b l e  

g ly c o s id ic  lin k a g e  ( yS l-» 2  j&l-> 4  e t c . ) .  The p resen ce  o f  an unknown 

f a c t o r  in  th e  c e l l  hom ogenate  caused  th e  lo s s  o f  15% o f  a c t i v i t y  p e r 

d a y  and  o n ly  a  20 f o ld  p u r i f i c a t i o n  o f  ty p e  2 was ach iev ed . A n tis e ra  

p r e p a r e d  a g a in s t  ty p e  1 d id  n o t  r e a c t  w ith  type  2. N e ith e r enzyme was 

p u r i f i e d  t o  h o m o g en e ity  and  th e  s t r u c t u r a l  b a s is  fo r  th e  d if f e r e n c e  

rem ains unknown.

I t  h a s  b een  r e p o r te d  by  Weeks (44) t h a t  c e l l s  o f  D ic ty o ste liu m  

d i s c o i d e u m  a r e  m a r k e d ly  a g g l u t i n a t e d  by  low  c o n c e n t r a t io n s  o f  

c o n c a n a v i l in  A and  t h a t  c e l l s  from th e  v e g e ta t iv e  phase  o f  growth a re  

f a r  m ore s u s c e p t ib le  t o  a g g lu t in a t io n  th a n  d i f f e r e n t i a t i n g  c e l l s .  The 

p o s s i b i l i t y  e x i s t s  t h a t  a g g lu t in a t io n  i s  be ing  m ediated  by d e g rad a tio n  

o f  c e l l  s u r fa c e  su g a rs  by y g -g lu co sid ases.

I t  h a s  been  o b s e rv e d  by  J o l l y  e t  a l .  (45) t h a t  in  th e  lysosom al 

s t o r a g e  d i s e a s e  o l -m a n n o s id o s is  t h e r e  i s  an  a l t e r e d  oi-m annosidase
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p o sse ss in g  a  d ecreased  a f f i n i t y  fo r  s u b s t r a te  and an  a l t e r e d  s t a b i l i t y .  

The a u th o r s  s u g g e s t  a  m u ta t io n  in  th e  s t r u c tu r a l  gene coding fo r  o i  -  

m a n n o s id a se  a s  th e  b a s is  fo r  th e  d is e a s e .  H ira n i and W inchester (48) 

h a v e  i d e n t i f i e d  f o u r  fo rm s o f  oC -D -m annosidase  in  norm al plasm a in  

a d d i t i o n  t o  t h e  a c i d i c  d -D -m a n n o s id a se . T hese  form s o f  th e  enzyme 

d i f f e r  i n  m o l e c u l a r  w e ig h t an d  i n  a f f i n i t y  f o r  a  c o n c a n a v i l in  A 

S e p h a ro se  colum n an d  a r e  p r e s e n t  in  th e  plasm a o f  p a t ie n ts  w ith  th e  

ly so so m a l s to r a g e  d i s e a s e ,  m a n n o s id o s is ,  w h ile  th e  a c i d i c  form  i s  

a b se n t (4 8 ).

M u e lle r  an d  R o sen b e rg  (46) r e p o r t  t h a t  th e  membrane bound yg -  

g lu c o sy lc e ra m id e : -g lu c o s id a se  o f  normal c u ltu re d  human s k in  behaves

a s  an  a c i d i c  p r o t e i n  i s o e l e c t r i c  a t  pH 4 .80  w ith  minor -g lu o o s id a se  

f r a c t i o n s  i s o e l e c t r i c  a t  pH 4 .5 5  and  pH 4 .6 7 .  The r e s i d u a l y S -  

g lu c o s id a s e  i n  c e l l s  from en zy m e-d efic ien t donors w ith  ty p es  I  and I I  

g lu c o s y lc e r a m id o s is  (G a u c h e r 's  d i s e a s e )  d is p la y s  p re c is e ly  th e  same 

i s o e l e c t r i c  p o i n t ,  pH 4 .5 5 , a s  th e  m ost a c id i c ,  t r a c e ,  ^ - g lu c o s id a s e  

component in  norm al c e l l s ,  and i s  p re s e n t in  rough ly  th e  same amount a s  

in  n o rm al c e l l s ,  s u g g e s t in g  t h a t  th e  enzyme d e f ic ie n t  c e l l s  produce 

o n ly  a  m inor s t r u c t u r a l  v a r ia n t .

J o l l y  (47) o b s e rv e d  t h a t  upon i s o e l e c t r i c  fo cu s in g  in  a  su cro se  

d e n s i t y  g r a d i e n t  co lum n th e  oC“ 9 l u c o s id a s e  a c t i v i t y  from G aucher's 

f ib r o b la s t s  e x is te d  in  a s  many a s  10 o r more d i s c r e t e  forms a s  measured 

by a s s a y  o f  th e  e lu te d  f r a c t io n s .  NO a ttem p t was made to  c h a ra c te r iz e  

f u r th e r  th e s e  f r a c t io n s  and th e  s p e c i f i c i t y  o f  th e  e (-g lu c o s id e  lin k ag e  

hydro lysed  was undeterm ined .

Nakagawa (49) e t  aL . r e p o r t  th e  p re sen ce  o f  two pH optim a fo r 

yS - g lu c o s id a s e  in  f i b r o b l a s t  c u l tu r e s  from c o n tro ls  and p a t ie n ts  w ith
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a d u l t  G a u c h e r 's  d i s e a s e .  W ith  i n t a c t  c e l l  su spensions from c o n tro ls  

and G a u ch e r 's f th e  pH optim a fo r  -g lu c o s id a se  a re  3 .8 -4 .0  and 4 .2 -4 .4  

r e s p e c t iv e ly .  L ysa tes  p rep a red  by freeze-th aw in g  and so n ic a tio n  show a  

s h i f t  i n  pH o p tim a  t o  4 .2  and 4 .8  f o r  c o n t r o l  and  G a u c h e r 's  c e l l s  

r e s p e c t i v e l y .  M aler e t  a l .  (50) r e p o r t  th e  fo llo w in g : when c u ltu re d  

ly m p h o b la s ts  d e r iv e d  from  p a t i e n t s  w ith  c y s t i c  f i b r o s i s  and norm al 

i n d iv id u a l s  were compared in  term s o f  th e  le v e l  o f  a c t i v i t y  o f  s e v e ra l  

ly so so m a l g l y c o s i d a s e s ,  d i f f e r e n c e s  were observed  p r im a r i ly  i n d l - L -  

f u c o s id a s e .  The s p e c i f i c  a c t i v i t y  o f  th e  enzyme in  homogenates o f  

c y s t i c  f i b r o s i s  c e l l s  was c o n s is te n t ly  lower th an  in  norm al c e l l s .  The 

Km and SDS m o le c u la r  w e ig h t o f  th e  enzyme from c y s t i c  f ib r o s i s  c e l l s  

w e re  i d e n t i c a l  t o  t h a t  o f  no rm al c e l l s ,  b e in g  40-60uM and 3 5 ,5 0 0  

d a l to n s  r e s p e c t iv e ly .  The o i l y  in d ic a t io n  o f  s t r u c tu r a l  change in  th e  

enzym e o f  c e l l s  fro m  p a t i e n t s  w i th  t h e  d i s e a s e  w as a  re d u c ed  

s u s c e p t i b i l i t y  t o  p r e c i p i t a t i o n  by c o n c a n a v i l in  A. These f in d in g s  

p ro v id e  e v id e n c e  f o r  a  r e d u c t io n  i n  JL-L -fu c o s id a se  l e v e l  (probably  

w ith  a l t e r e d  m annose c o n ta in in g  o lig o sa c c h a r id e s )  in  c y s t i c  f ib r o s i s  

w h ich  may c o r r e l a t e  w i th  r e p o r t s  o f  e le v a te d  amounts o f  L -fucose  in  

some g ly c o p r o te in s  o f  p a t i e n t s  w ith  th e  d i s e a s e  (5 0 ) . M aler, upon 

p e r fo rm in g  i s o e l e c t r i c  fo cu sin g  and a c t i v i t y  s ta in in g ,  observed  s ix  o r 

s e v e n  m u l t i p l e  fo rm s o f  th e  enzyme in  bo th  normal and c y s t i c  f ib r o s i s  

c e l l s  on a  p re p a ra t io n  judged homogenous in  SDS g e l  e le c tro p h o re s is .

B ish o p  and D esn ick  (51) p u r i f i e d  human © £ -g a lac to sid ase  A from 

s p l e e n ,  a n d  p l a c e n t a  t o  h o m o g e n e i t y  a s  ju d g e d  by  SDS g e l  

e l e c t r o p h o r e s i s .  I s o e l e c t r i c  fo c u s in g  and a c t i v i t y  s ta in in g  on th e  

p u r i f i e d  enzym es showed m u l t ip l e  banding p a t te r n s  t h a t  w ere m odified  

w hen t r e a t e d  w i th  n e u ra m in id a s e . The a u th o r s  c o n c lu d e  t h a t  th e
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m u l t ip l e  fo rm s o b s e rv e d  i n  th e  i s o e l e c t r i c  fo cu s in g  p a t te r n s  a lm ost 

c e r t a i n l y  r e p r e s e n t  v a ry in g  d e g re e s  o f  s i a l y l a t i o n .  The p r e c i s e  

c a r b o h y d ra te  c o n te n t  and  d i f f e r e n c e s  among th e  v a r io u s  form s o f d -  

g a la c to s id a s e  A have n o t  been determ ined .

T h is  t h e s i s  r e p o r t s  th e  in d u c t io n  o f  g en es  r e g u la t in g  m u ltip le  

fo rm s o f  i s o m a l ta s e  and th e  i s o la t io n  and c h a r a c te r iz a t io n  o f  th e  two 

m a jo r fo rm s o f  th e  enzym e (6 1 ) .  The p u rp o s e  o f  t h i s  s tu d y  was to  

c h a r a c t e r i z e  th e  two d i f f e r e n t i a l l y  in d u c ib le  form s o f  th e  enzyme, and 

t o  d e te rm in e  w h e th e r  th e  s t r u c t u r a l  d i f f e r e n c e s  w ould s u p p o r t  th e  

n o t io n  o f  a  d i s t i n c t  g e n e  f o r  each  enzyme. An a l t e r n a t e  e x p lan a tio n  

w ould be t h a t  o f  a  s i n g l e  g en e  c o d in g  f o r  one enzyme, fo llow ed  by a  

p o s t r a n s a t io n a l  m o d if ic a tio n  r e s u l t in g  in  m u lt ip le  form s. D iffe re n c es  

in  am ino a c id  c o m p o s i t io n  b e tw een  th e  two d i f f e r e n t i a l l y  in d u c ib le  

forms would su p p o rt th e  two gene h y p o th e s is .
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CHftPTER II 
MATERIALS AND METHODS

MATERIALS
A h a p lo id  s t r a i n  o f  y e a s t  w ith  th e  d e s ig n a tio n  number 1412-4D was 

o b ta in e d  from  Norman E a to n  and  s u s t a in e d  on g lu co se  2%, peptone 2%, 

y e a s t  e x t r a c t  1%, a g a r  2%. From Sigm a (S a in t  L o u is ,  M issouri) and 

C alb io ch em  (La J o l l a ,  C a l ifo rn ia )  was purchased  oL-m ethy l-D -g lucoside 

w h ic h  w as r e c r y s t a l l i z e d  f ro m  e th a n o l  when n e c e s s a r y .  E th a n o l 

r e c r y s t a l l i z a t i o n  was unnecessary  w ith  th e  Calbiochem p ro d u c t. M altose 

was from  D ifc o  ( D e t r o i t ,  M ic h ig a n ) , Sigm a and Mann (Orangeburg, New 

Y ork) . P a l a t i n o s e  and  is o m a l to s e  w ere  from  Sigma. S tandard  growth 

media components (peptone and y e a s t  e x tr a c t )  w ere purchased  from D ifco . 

S e p h a d e x  a n d  t h e  S e p h a r o s e  i o n - e x c h a n g e r  w e re  fro m  P h arm ac ia  

(P is c a ta w a y , New Je rse y ) and h y d ro x y la p a tite  from Bio-Rad (H ic k sv ille , 

Long I s l a n d )  a s  w ere  a c r y la m id e , b is - a c r y la m id e  and Coomasie R-250 

e l e c t r o p h o r e s i s  r e a g e n t s .  C oom asie  G -2 5 0 , g lu c o s e  o x id a s e ,  0 -  

d i a n i s i d i n e  h y d r o c h lo r id e ,  h o rs e ra d is h  p e ro x id ase  ty p e  I I ,  and 2 ,3 ,5  

t r i p h e n y l  t e t r a z o l iu m  c h lo r id e  were purchased  from Sigma. Ampholines 

w ere  from  LKB ( H ic k s v i l l e ,  Long I s la n d )  and Bio-Rad. FNPG was from 

C a lb io ch e m . A l l  o th e r  c h e m ic a ls  w ere  o f  re a g e n t g rade  and ob ta in ed  

from F ish e r  and B aker.

EQUIEMENT
An LKB U l t r o r a c  f r a c t i o n  c o l l e c to r ,  model number 7000 was used . 

E le c tro p h o re s is  c e l l s  were from Bio-Rad and Canaloo (D iv ision  o f  M iles; 

E l k h a r t ,  In d ia n a )  and  w ere  u sed  w ith  a  0 -2000  v o l t  c o n s ta n t  power 

s u p p ly  from  LKB, m odel number 2103. A ll chrom atography columns were 

from  P h a rm a c ia . The enzyme a s s a y s  and p r o t e i n  d e te rm in a tio n s  were
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p e r f o r m e d  w i th  a  G i l f o r d  240 u v , v i s i b l e  s p e c tro p h o to m e te r .  The 

S o r v a l l  ( D i v i s i o n  o f  D u p o n t;  N e w to n , C o n n e c t i c u t ) m o d e l  RC-2B 

r e f r i g e r a t e d  c e n tr i fu g e  was used  in  c o n ju n c tio n  w ith  a  con tinuous flow  

a p p a r a tu s  f o r  r e c o v e ry  o f  y e a s t  from la r g e  c u l tu r e  volum es. A Beckman 

( I r v i n e ,  C a l i f o r n i a )  116 am ino a c id  a n a ly z e r  was used to  determ ine 

am ino a c id  c o m p o s i t io n s .  A R a in in  (W oborn, M assach u se tts )  r e p ip e t  

system  was u sed  fo r  a l l  ro u tin e  p ip e t t in g  o p e ra t io n s .

ANALYTICAL PROCEDURES

P r o t e i n  e s t i m a t i o n  -  P r o t e i n  c o n c e n t r a t i o n s  w ere  determ ined  by th e  

m i c r o b i u r e t  m ethod  o f  Z am en h o ff, u s in g  b o v in e  serum  a lb u m in  a s  a  

s t a n d a r d  ( 5 2 ) .  M ost p r o t e i n  d e te r m in a t io n s  w ere  p e rfo rm ed  a t  two 

d i f f e r e n t  c o n c e n t r a t i o n s  p a r t i c u l a r l y  i n  th e  p re s e n c e  o f  ammonium 

s u l f a t e  an d  th e  r e s u l t s  av erag ed , th e  d e v ia t io n  between th e  two v a lu e s  

was ty p ic a l ly  2%. S ince  g ly c e ro l  in te r f e r e d  w ith  th e  p ro te in  a ssa y , i t  

w as d i a ly z e d  o u t  b e f o r e  th e  d e t e r m in a t io n .  The volume p ickup upon 

d i a l y s i s  w as c o r r e c t e d  fo r  by d i r e c t  measurement o f  volume b e fo re  and 

a f t e r  d i a l y s i s  and  confirm ed by c a lc u la t io n  o f  b e fo re  and a f t e r  PNPG 

h y d ro ly s is  r a t e s .  S tandard  c u rv es  were determ ined  in  t r i p l i c a t e .

PNPG a ssa y

T he  en zy m e  w as a s s a y e d  d u r i n g  t h e  c o u r s e  o f  p u r i f i c a t i o n  

p ro ced u res  by in cu b a tin g  1 .7  ml o f  enzyme s o lu t io n  w ith  0 .2  m l. o f  0.5M 

p h o s p h a te  b u f f e r ,  pH 7 .0 ,  and  lOO/il o f  PNPG (5 m g/m l). The re a c t io n  

was fo l lo w e d  s p e c t r o p h o to m e t r i c a l l y  by  m o n ito rin g  th e  p ro d u c tio n  o f  

p h e n o x id e  ion  a t  400nm.. Absorbance v a lu e s  were read  every  30 seconds 

and  r a t e s  w ere  p ro p o r t io n a l  t o  tim e  over th e  f i r s t  2 m in u tes . Enzyme 

d i l u t i o n s  were perform ed o c c a s io n a lly  t o  check p ro p o r t io n a l i ty  between 

v e l o c i t y  and enzyme c o n c e n tra t io n . A ll s o lu t io n s  were p re in cu b a ted  a t
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30°C  ’a n d  t h e  a s s a y  w as p e rfo rm e d  i n  a  G i l f o r d  s p e c tro p h o to m e te r  

c o n ta in in g  a  w a te r  j a c k e te d  c e l l  com partm ent. The re a c t io n  r a te  was 

e x p re s s e d  a s  m o les  m in” '1Tnl“ '1' fo r  enzyme k in e t ic s  by te rm in a tin g  th e  

r e a c t io n  w ith  1 . 0 M Na2 CO£ and m easuring th e  re le a s e d  p -n itro p h e n o l read  

a g a in s t  a  s ta n d a rd  c u rv e . '

G lu c o s ta t a ssa y

T he en zy m e w as a s s a y e d  d u r i n g  t h e  c o u r s e  o f  p u r i f i c a t i o n

p ro ced u res  by in c u b a tin g  0 . 8 ml o f  a  s u i ta b le  en zym e-so lu ticn  w ith  0 . 1 ml

o f  0.5M  p h o s p h a te  b u f f e r ,  pH 7 .0 ,  and  100^1 o f  0.05M  s u b s t r a t e

( p a l a t i n o s e ,  c ^ -m e th y l-D -g lu c o s id e , is o m a lto s e , su c ro se  o r  m a lto se ) .

A l iq u o ts  o f  0.2m l were w ithdraw n a t  v a r io u s  tim es and th e  re a c t io n  was

te rm in a ted  by h e a t  d e n a tu ra tio n  a t  98°C. Each a l iq u o t  was t r e a te d  w ith

0 .2 m l o f  g i u c o s t a t  r e a g e n t  ( 8 ) ,  incu b a ted  fo r  30 m inu tes a t  30°C and

th e  r e a c t i o n  t e r m in a te d  upon a d d i t i o n  o f  0 .8 m l 6 N HC1. R e s u l ta n t

c o l o r s  w e re  re a d  a t  525nm and t o t a l  g lu co se  produced e x tra p o la te d  from

a  s ta n d a rd  c u rv e . A ll  c o lo rs  w ere read  v s .  s u b s t r a te  b lan k s made up in

an  i d e n t i c a l  m anner a s  th e  r e a c t io n  m ix tu re , p r o te in  (h ea t denatured)

in c lu d e d  when p r e c i s e  m easurem ents  were n ecessa ry  ( k in e t i c s ) . R ates
— 1  1w ere  e x p re s s e d  a s jjlg g lu co se  formed min ml . Enzyme d i lu t io n s  were 

p e rfo rm e d  o c c a s i o n a l l y  t o  c h e c k  p ro p o r t io n a l i ty  between v e lo c i ty  and 

enzym e c o n c e n tr a t io n .  A s p e c ia l  a d a p ta tio n  o f  th e  a ssa y  was n ecessa ry  

t o  p e r fo rm  enzyme k i n e t i c s .  The re a c t io n  m ix tu re  c o n ta in in g  a  t o t a l  

volum e o f  0 .5 m l, w i th  v a r ia b le  com position  and q u a n t i ty  o f  s u b s t r a te ,  

was te rm in a te d  by th e  p re c is e  a d d it io n  o f  1 0 0 / 1  o f  th e  g lu c o s ta t  b u ffe r  

w ith o u t g ly c e r o l  and a t  3 tim es th e  o rd in a ry  c o n c e n tra tio n  (5 ) . A 0.2ml 

a l iq u o t  was w ithdraw n and th e  enzyme d en a tu red  by h e a tin g  a t  98°C fo r  3 

m in u te s .  The b a la n c e  o f  t h e  p ro c e d u re  was p e rfo rm ed  a s  d e sc r ib e d
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above.'

I s o e l e c t r i c  focusing

A p r o c e d u r e  f o r  i s o e l e c t r i c  f o c u s i n g  was d e v e lo p e d  from  a  

c o m p o s ite  v iew  o f  c u r r e n t  l i t e r a t u r e  much o f  w hich  i s  rev iew ed  by 

R i g h e t t i  a n d  D r y s d a le  (53) and  w i l l  be  b r i e f l y  sum m arized . The 

t e c h n i q u e  r e s t s  on th e  g e n e r a t io n  o f  a  pH g r a d i e n t  form ed by th e  

a p p l i c a t i o n  o f  an e l e c t r i c a l  p o te n t ia l  a c ro ss  a  m ix tu re  o f  polyam ino- 

p o ly c a r b o x y l ic  a c id s ,  th e  anode being  immersed in  a c id  and th e  cathode 

.in  b a se . Io n iz a tio n  o f  th e  am photere i s  dependent upon p ro x im ity  to  an  

e l e c t r o d e ,  a n d  a  pH g r a d i e n t  i s  fo rm e d  w hen a l l  p o ly a m in o -  

p o l y c a r b o x y l i c  a c i d s  a ssu m e  a  p o s i t i o n  su ch  t h a t  th e  number o f  

p r o to n a te d  am ine g ro u p s  i s  ba lanced  by th e  number o f  io n ized  carboxy l 

g ro u p s ,  a t  w hich  p o in t  th e  a m p h o te re  h a s  a  n e t  charge o f  z e ro . The 

a c id  e l e c t r o l y t e  a t  th e  anode  s e r v e s  t o  p ro to n a te  am pholines a t  th e  

p o s i t i v e  e n d . The r e s u l t a n t  p o s i t iv e  charge  proxim al to  th e  p o s i t iv e  

e l e c t r o d e  p r e v e n ts  m ig r a t io n  o f  th e  am p h o te re  o u t  o f  th e  g e l .  The 

d e t a i l s  o f  th e  tech n iq u e  a re  a s  fo llo w s :

Ten c e n t im e te r  le n g th  g l a s s  t u b e s ,  7mm O .D ., a r e  c u t  and f i r e  

p o l i s h e d ,  so ak e d  in  c le a n in g  s o lu t io n  and washed thorough ly  so  a s  to  

e l im in a t e  an y  io n i c  r e s i d u e .  Each tu b e  i s  m arked f o r  th e  d e s ir e d  

le n g th  o f  th e  g e l ,  8-9cm.

F or a  t y p i c a l  run  o f  12 g e ls  th e  fo llo w in g  s o lu t io n s  a re  mixed in  

in d iv id u a l t e s t  tu b e s :

0.41ml acry lam ide (30g acry lam ide-lgbis/lO O m l)

0.41ml TEMED (0.2ml TEMED/lOOml)

40-50/tL am pholines pH 4-6

0.688ml p ro te in  in  20% g ly c e ro l ;  th e  m ix tu re  o f  TEMED,
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acry lam ide and am pholines i s  cooled  to  0-4°C p r io r  t o  a d d itio n  

.o f  p ro te in .

0.1m l f i l t e r e d  r ib o f la v in  (15mg/100ml)

R ib o f la v in  s o lu t io n s  a r e  p rep a red  f r e s h  when re q u ire d . The p ro te in  i s
—3e x h a u s t iv e ly  d ia ly z e d  i n t o  20% g l y c e r o l - 10 M EDTA p r io r  t o  use t o  

e lim in a te  a l l  b u ffe r  s a l t s .  I t  i s  a d v isa b le  t o  add th e  r ib o f la v in  l a s t  

t o  a  p r e c o o l e d  s o l u t i o n  a n d  t o  m in im ize  e x p o su re  t o  l a b o r a to r y  

f lu o re s c e n t  l ig h t in g  p r io r  to  a d d itio n  to  th e  1 0 cm g la s s  tu b e s .

G la s s  t u b e s  a r e  f i l l e d  t o  th e  d e s i r e d  m ark and i f  n e c e s s a r y  

a d d i t i o n a l  m ix tu re  i s  added to  s e t  g e l  h e ig h ts  to  e x a c tly  th e  d e s ire d  

marks fo r  d i r e c t  com parison o f  fo cu s in g  p r o f i l e s .

Each g e l  i s  c a r e f u l ly  o v e rlay ed  w ith  w ater and th e  m ix tu re  i s  s e t  

d i r e c t l y  b e f o r e  a  (Canalco) f lu o re s c e n t  l i g h t  fo r  a  f u l l  2 h o u rs . I t  

i s  a d v is a b le  t o  d e a e r a te  a l l  n o n - p r o te in  r e a g e n t s  p r i o r  t o  u se  to  

p r e v e n t  e x te n s iv e  c r a c k in g  i n  th e  g e l s  d u r in g  th e  p o ly m e r iz a t io n  

p r o c e s s .  The g e l  m ix tu re  i s  a llo w e d  t o  s ta n d  u n d is tu r b e d  f o r  15 

m in u te s  p r i o r  t o  th e  pho to p o ly m eriza tio n  a t  0-4°C . As p o ly m eriza tio n  

p roceeds th e  developing  g e l  w i l l  tu rn  opaque w ith in  15-20 m in u tes .

G e i s  a r e  f r e e d  f r o m  s u r f a c e  w a t e r ,  a n d  a r e  s e t  i n  t h e  

e le c tro fo c u s in g  b a th  a t  th e  same l e v e l .

C a th o ly te  i s  e thanolam ine 0.2% w/ v .  A nolyte i s  s u l f u r i c  a c id  0.2% 

w/ v .  I n  a  pH 4 -6  g r a d i e n t ,  t h e  cathode i s  th e  bottommost e le c tro d e .  

The c a t h o l y t e  g e l  s u r f a c e s  a r e  w e tte d  w ith  e th a n o la m in e  and  th e  

a p p a r a tu s  i s  a ssem b led  a c c o rd in g  to  m anufactu rers  in s t r u c t io n s .  The 

minimum volum e o f  e l e c t r o l y t e  was used  so  as  t o  j u s t  cover th e  bottom 

o f  th e  g e l  tu b e s  and  th e  e l e c t r o d e  ( 7 ) .  F o c u s in g  i s  i n i t i a t e d  by 

a p p ly in g  a  v o l t a g e  such th a t  th e  t o t a l  power a p p lie d  t o  th e  system  i s
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0 .3  w a t t s / g e l  a t  c o n s ta n t  p o w er. The c u r r e n t  on th e  c o n s ta n t power 

s u p p ly  i s  s e t  to  maximum such th a t  th e  c u r re n t  c u t - o f f  i s  in o p e ra tiv e . 

T he v o l t a g e  l i m i t  c u t - o f f  i s  s e t  t o  e i t h e r  400 o r  500V. V o lta g e  

maximum i s  h e ld  f o r  5 hours and g e l  tu b es  a re  removed in d iv id u a lly  a t  

i n t e r v a l s  t h e r e a f t e r  t o  c h e c k  f o r  c o m p le t io n  o f  f o c u s i n g .  

O c c a s io n a lly , la rg e  p r o te in  lo a d s  w i l l  re q u ire  a d d i t io n a l  tim e and ru n s  

up  t o  12 h o u rs  a r e  n o t  uncommon. To in c re a s e  th e  r e s o lu t io n  o f  th e  

sy s te m  2 0 cm g e l  le n g th  fo cu s in g  was perform ed u s in g  a  f i n a l  ampholine 

c o n c e n tra tio n  o f  1.7% w/ v  a s  compared to  0.9-1.2%  w/ v  fo r  8 cm fo cu s in g . 

G e ls  w ere  p re p a re d  w ith  a  f i n a l  c o n c e n tra tio n  o f  15.6% re a g e n t g rade  

g l y c e r o l  and  th e  a n o ly te  and  c a t h o l y t e  w ere 0.01M g lu tam ic  a c id  (pH 

3 .3 ) and 0.01M h i s t id in e  (pH 7 .4 ) ,  r e s p e c t iv e ly .  O ptim al fo cu sin g  tim e 

f o r  20cm g e l s  was a t  l e a s t  36 hours w ith  a  c a th o d ic  d r i f t  s e t t in g  in  

im m e d ia te ly  p r i o r  t o  c o m p le tio n  o f  fo c u s in g . The maximum v o lta g e  was 

s e t  t o  750V and th e  c e l l  was coo led  w ith  r e c i r c u la t in g  w ater a t  0-4°C. 

A l l  fo c u s in g  o p e r a t io n s  w ere  p e rfo rm ed  in  th e  c o ld  room to  minim ize 

tem p era tu re  r i s e  in  th e  g e l  d u rin g  e le c tro fo c u s in g .

P r o te in  s ta in in g

The G-250 in s t a n t  s ta in in g  techn ique  was used a s  d e sc rib e d  in  th e  

LKB s t a i n i n g  p ro c e d u re  ( 5 4 ) .  The re a g en t was p rep a red  by d is so lv in g  

0 .7 g  o f  G-250 i n  59ml c o n c . p e r c h l o r i c  a c id  and d i lu te d  to  1 l i t e r ,  

s t i r r i n g  o n e  h o u r an d  f i l t e r i n g .  G els were incu b ated  in  th e  s ta in in g  

s o l u t i o n  u n t i l  b an d s o f  s u f f i c i e n t  in te n s i ty  were v i s ib l e  and th e  g e l 

t r a n s f e r r e d  t o  7.5% HAc -  5% m ethanol. O c ca s io n a lly , g e ls  re q u ire d  1 

h o u r  s t a i n i n g  tim e  and  e x c e s s  b ack g ro u n d  was e l im in a te d  by b r i e f ly  

so a k in g  i n  3% p e r c h l o r i c  a c i d .  The g e l s  w ere s to r e d  in  7 .5  HAc-5% 

m ethano l- 1 0 % g ly c e r o l .
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A c tiv ity  s ta in in g

An a l i q u o t  o f  enzym e w as a p p l i e d  t o  th e  g e l  t h a t  had  b een  

p re v io u s ly  determ ined to  hy d ro ly se  s u b s t r a te  a t  th e  r a t e  such th a t  1 0 0 -  

150/jg o f  g lu c o s e  was g en e ra ted  from 0.05M oC-m ethyl-D -glucoside in  5 

m i n u t e s .  The g e l s  w ere  im m ersed i n  a  s o l u t i o n  c o n ta in in g  0.05M 

cl-m ethyl-D -glucoside and 0.1% 2 ,3 ,5  tr ip h e n y lte tra z o liu m  c h lo r id e  in  0.1M 

p h o s p h a te  b u ffe r  pH 7.0;10"^M  EDTA fo r  a  p e rio d  o f  tim e such th a t  100- 

150/ig o f  g lu co se  was g e n e ra te d . O ptim al tim e fo r  a c t i v i t y  s ta in in g  was 

5 m in u te s  an d  p r o t e i n  c o n c e n t r a t i o n  w as a d ju s te d  a c c o r d in g ly .  

R e a c tio n s  w ere  t e r m in a te d  by a d d i t i o n  o f  0 .1  volum e 10N NaOH. Otoe 

tu b e s  w ere  t r a n s f e r r e d  t o  a n  80°C w a te r  b a th  and c o lo rs  v is u a liz e d  

upon co n version  o f  te tra z o liu m  to  in so lu b le  form azan. In  th e  re a c t io n ,  

th e  t e t r a z o l iu m  s a l t  a c t s  a s  a  hydrogen a c c e p to r , g lu co se  se rv in g  a s  

th e  reducing  compound. A lte rn a t iv e ly ,  su cro se  cou ld  be used t o  perform  

a c t i v i t y  s t a i n i n g  o f  b o th  d l  — > 6  and o t l  —> 4 g lu c o s i d a s e s .  

S ta in in g  was te rm in a ted  w ith  7.5%HAc- 5% m ethanol.
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P ro te a se  B a ssay

A r e a c t i o n  m i x t u r e  c o n t a i n i n g  lOmg a z o c o l l  d y e , 0 .5 m l 0.1M 

p h o s p h a te  b u f f e r  pH 7 .7  and  0 .1 m l 1% t r i t o n  X-100 was t r e a te d  w ith  

lO /i l  o r  m o re  o f  en zy m e e x t r a c t  an d  c o n s t a n t l y  a g i t a t e d  a t  room 

t e m p e r a t u r e  f o r  v a r y in g  t im e  p e r i o d s ,  30 m in , 1 h r ,  2 h r s  b e in g  

r e p r e s e n t a t i v e  o f  t im e s  o f  r e a c t io n .  The re a c t io n  was te rm in a ted  by 

t h e  a d d i t i o n  o f  3 .5 m l o f  0 -4 °C  ^ 0  and th e  u n d isso lv ed  s o l id  a z o c o ll 

w as f i l t e r e d  o u t .  The a b so rb a n c e  a t  520nm was compared t o  c o n tro l  

tu b e s  t h a t  c o n ta in e d  th e  r e a c t i o n  m ix tu r e  made up w ith  a z o c o ll and 

w i t h o u t  p r o t e i n .  A b s o r b a n c e s  w ere  p r o p o r t i o n a l  t o  th e  tim e  o f  

in c u b a tio n .

SDS g e l  e le c tro p h o r e s is

SDS g e l  e l e c t r o p h o r e s i s  was perform ed acco rd ing  to  th e  method o f  

W eber an d  O sborn  (55) w i th  c o n t r o l s  in c o r p o r a te d  from Weber e t  a l .  

( 5 6 ) .  A l l  sam ples w ere t r e a te d  w ith  1% SDS and 1% ySm ercaptoethanol in  

0 . 0 1 M sod ium  p h o s p h a te  b u f f e r  s e p a r a t e l y  a t  room tem peratu re  and a t  

1 0 0 ° C . The c h y m o try p s in o g e n  A s t a n d a r d  was t r e a t e d  w ith  PMSF in  

a d d i t i o n  t o  th e  SDS tre a tm e n t. The enzyme (Img) was in cu b ated  in  2ml 

o f  1% SDS and  1% ft m e rc a p to e th a n o l  f o r  v a ry in g  p e r io d s  o f  tim e -  5 

m in u te s ,  30 m in u te s , 6  hours and 24 h o u rs  and w ith  o r  w ith o u t 4% PMSF. 

T he PMSF c o n t r o l  and  th e  v a r y in g  t im e s  o f  in c u b a t io n  w ere  deemed 

n e c e s s a r y  s o  a s  t o  a s c e r t a i n  th e  e f f e c t s  o f  a  p o s s ib le  p r o te o ly t ic  

c o n ta m in a n t upon th e  o b s e rv e d  m o le c u la r  w e ig h t  o f  th e  enzyme. The 

b a lan ce  o f  th e  p ro ced u re  was acco rd in g  t o  Weber and Osborn (55 ).

H eat d e n a tu ra tio n

H e a t d e n a t u r a t i o n  s t u d i e s  w ere  perform ed by th e  method o f  Eaton 

an d  Zimmerman (57) u t i l i z i n g  PNPG a s  s u b s t r a t e .  An amount o f  enzyme
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w hich  l i b e r a t e d  4 0 -6 0  nanom oles o f  p -n itro p h e n o l min- "*" ( in  a l l  c a se s  

l e s s  th an  0.5m l) was added t o  b u ffe r  (10 M EDTA in  0.1M phosphate , pH

7 .0  e q u i l ib r a te d  a t  45°C) to  g iv e  a  t o t a l  volume o f  2 .5m l. H ie m ix tu re  

was e q u i l i b r a t e d  a t  45°C fo r  2 m in u tes . A t 2 m inute in te r v a l s  over a  

p e r io d  o f  2 2  m in u te s  0 . 2 ml sam ples were removed t o  c h i l l e d  tu b es  fo r  

s u b s e q u e n t  PNPG a s s a y s .  P o i n t s  w ere  f i t t e d  t o  a  s t r a i g h t  l i n e  

a c c o rd in g  t o  th e  l e a s t  s q u a r e s  method. The c o r r e la t io n  c o e f f ic ie n ts  

(r) were 0 .9 8 -0 .9 9 .

Amino a c id  a n a ly s is

Amino a c id  a n a l y s i s  w as p e rfo rm ed  acco rd ing  t o  th e  p rocedure  o f  

Moore and S te in  (5 8 ). A volume o f  70ml o f  pu re  enzyme (co n ta in in g  12mg 

o f  p ro te in )  in  0.1M phosphate  b u ffe r-1 0 _3M EDTA; 20% g ly c e ro l  (s tandard  

s to r a g e  b u f f e r )  w as d ia ly z e d  e x h a u s t iv e ly  a g a i n s t  H20  a t  0-4°C and 

ly q p h iliz e d  t o  d ry n e s s . The d ry  sample was tak en  up in  8 ml o f  c o n s ta n t 

b o i l i n g  HC1, made up  to  0.15% in  ^m ercap to e th an o l, and th e  suspension  

d i s t r i b u t e d  e q u a l l y  t o  4 C a r iu s  c o m b u stio n  t u b e s .  Each tu b e  was 

s u b j e c t  t o  4 c y c l e s  o f  freeze -e v a cu a te -th a w  and th e  tu b e s  th e n  sea led  

w i th  a  m e th an e -o x y g en  t o r c h .  E v a c u a tio n  was p e rfo rm ed  w ith  an  o i l  

vacuum pump and sam ples were fro z e n  in  l iq u id  n i tr o g e n . The tu b es  were 

p la c e d  in  a n  o v en  s e t  a t  110°C+1°C, and in cu b a ted  fo r  18 ,24 ,48  and 72 

h o u r s ,  r e s p e c t i v e l y ,  a f t e r  w h ich  th e  to p  p o r t i o n  o f  e a c h  tu b e  was 

s c o r e d ,  b ro k e n  o f f  and  th e  HC1 was rem oved u n d e r n i tro g e n  and a t  a  

te m p e ra tu re  o f  40°C . To th e  d ry  re s id u e  o f  amino a c id s  was added 4ml 

o f  pH 2 .2  c i t r a t e  b u f f e r ,  th e  sample b u ffe r  fo r  th e  Beckman 116 amino 

a c id  a n a l y z e r .  The sam p les  w ere  th e n  s t o r e d  a t  0-4°C  p r io r  to  th e  

a n a l y s i s .  T h is  p ro c e d u re  was c a r r ie d  o u t fo r  iso m a lta se  from m altose  

in d u c e d  c e l l s .  The same p ro ced u re  was fo llow ed  w ith  280/tg o f  p ro te in
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f o r  th e  ck -m e th y  1 -D -g lu c o s  id e  induced iso m a lta se . Both fonns o f  th e  

en zy m e  w ere  s u b j e c t  t o  am ino a c id  a n a l y s i s  u s in g  s ta n d a r d  colum n 

te c h n iq u e s  an d  th e  f lu o r e s c a m in e  r e a g e n t  in  th e  d e t e c t i o n  sy stem . 

P e a k s  w ere  i n t e g r a t e d  w ith  a  H e w le tt  P ack ard  3390 A in te g r a to r .  In  

a d d i t io n  t o  a n a ly s is  by th e  above methods b o th  form s o f  iso m a lta se  w ere 

s u b j e c t  t o  i s o e l e c t r i c  f o c u s in g ,  s t a i n e d  w ith  G-250 and th e  e x c ised  

b a n d s  s u b j e c t  t o  am ino a c id  a n a ly s is  w ith  th e  flu o rescam in e  re a g e n t. 

T h is  am ino a c id  a n a ly s is  was k in d ly  perform ed by S . S te in  o f  th e  Roche 

I n s t i t u t e  o f  M o le c u la r  B io lo g y  u s in g  a  l a b o r a t o r y  b u i l t  in s tru m en t 

(66) .

O p era tio n  o f  th e  Beckman 116 amino a c id  a n a ly se r

The Beckman 116 amino a c id  a n a ly ze r was o p e ra te d  acco rd in g  to  th e  

p r o c e d u r e s  o f  Beckman In s tru m en t Co. N irihydrin was p rep a red  in  m ethyl 

c e l l o s o l v e  s o lv e n t  and  s t o r e d  u n d e r  n i t r o g e n  and  a l l  b u f f e r s  were 

p u r c h a s e d  from  Beckman In s t ru m e n t  C o. An I n f o t r o n i c s  i n t e g r a t o r  

s p e c i a l l y  d e s ig n e d  f o r  amino a c id  a n a ly s is  was connected  t o  ch annel 3  

o f  t h e  a n a l y s e r ,  b a s e l i n e  t r a c k in g  b e in g  u n d e r c o r r e c t i o n  by th e  

i n t e g r a t o r .  A sam p le  i n j e c t o r  w ith  a  0 .5m l c a p a c ity  was u sed . A ll  

s t a n d a r d s  w ere ru n  in  t r i p l i c a t e  w ith  2  s ta n d a rd s  be ing  analyzed  p r io r  

t o  a c t u a l  sam ple  a n a l y s i s  and  one a t  th e  co m p le tio n . The p ro d u c t o f  

th e  p r o l i n e  an d  n in h y d r in  r e a c t io n  was m easured by in te g r a t io n  o f  th e  

a b s o r p t io n  peak a t  440nm, th e  machine b e ing  s e t  t o  sw itchover to  440nm 

fro m  570nm  a t  t h e  p r e s e t  t im e  o f  t h e  p r o l i n e  p e a k .  S ta n d a rd  

r e p r o d u c i b i l i t y  w as w i th in  2% on a l l  s t a n d a r d  am ino a c id s .  A 1ml 

am pule  c o n ta i n in g  1 .2 5  /m o l e  c y s t in e  and 2 .50 /m o le s  o f  each  o f  th e  

o t h e r  am ino a c id s  was q u a n t i ta t iv e ly  d i lu te d  1 : 1 0  w ith  sam ple d i lu t i o n  

b u f fe r  and a  0.5m l a l iq u o t  was used  fo r  th e  s ta n d a rd  a n a ly s is .
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A c o n c e n t r a t i o n  o f  sam ple h y d ro ly sa te  was analyzed  such th a t  th e  

c o n c e n t r a t i o n  o f  am ino a c id  in  g r e a te s t  abundance was n e a r ly  eq u al to  

0 .1 2 5 / m o l e s  ( th e  c o n c e n t r a t i o n  o f  th e  amino a c id s  in  th e  s ta n d a rd ) . 

The number o f  jx moles o f  amino a c id s  in  an unknown h y d ro ly sa te  o f  0.5m l 

w as q u a n t i t a t e d  by d iv id in g  th e  in te g r a to r  read o u t fo r  th e  unknown by 

th e  r e a d o u t  f o r  th e  a c t u a l  s ta n d a r d  and  m u l t ip ly in g  by 0 .1 2 5 , th e  

num b er o f  ^ tm o le s  o f  e a c h  a m in o  a c i d  (e x c e p t in g  c y s t i n e )  i n  t h e  

s t a n d a r d .  I n  a l l  c a s e s  th e  same sam ple was used fo r  bo th  long  column 

( a c i d i c  and  n e u t r a l  am ino a c id s )  and  s h o r t  column (b a s ic  amino a c id  

a n a ly s i s ) .

P re p a ra tio n  o f  g ra d ie n t  maker

o p t o

F la sk  A was capped w ith  an a i r  t i g h t  2 h o le  rubber s te p p e r  in to  which 2 

g l a s s  tu b e s  w ere  i n s e r t e d ,  one  le a d in g  th ro u g h  ty g o n  tu b in g  t o  th e  

column and th e  o th e r  t o  a  h ig h  m o la r i ty  fe e d e r  f l a s k .  Upon e lu t io n  th e  

p a r t i a l  vacuum c re a te d  in  th e  space  above th e  l iq u id  in  A drew s o lu t io n  

f ro m  B th ro u g h  th e  g l a s s  tu b e  an d  i n t o  A w hich  was b e in g  s t i r r e d  

m a g n e t i c a l l y .  T y p i c a l l y ,  g l a s s  tu b in g  w ith  a  7mm O.D. w as u s e d . 

H o w e v e r , when s o l u t i o n s  c o n ta in in g  20% g l y c e r o l  w ere  u se d  i t  was 

im p era tiv e  to  use  g la s s  tu b in g  w ith  an in n e r  d iam eter o f  4 -5mm in  o rd e r 

t o  i n s u r e  u n i f o r m  d ra w . The g r a d i e n t s  p ro d u c e d  by t h i s  ty p e  o f  

g ra d ie n t  maker a r e  h y p e rb o lic , and q u i te  re p ro d u c ib le .



P u r i f ic a t io n  o f  M altose

G lu co se ., which contam inated  th e  m alto se  p re p a ra t io n  to  be used a s  

a  s u b s t r a te  fo r  m a lta se , was removed a s  fo llo w s:

A 1 . 5x100cm column w ith  pack ing  re s e rv o i r  was packed w ith  G-15 sw elled

in  H2 O. M altose  was d is so lv e d  in  ^ 0  such th a t  th e  r e s u l t in g  v is c o s i ty

w as n o  m o re  t h a n  2x t h a t  o f  p u re  H2 O a s  m easu red  by an  O stw ald

v is c o m e te r .  The column was run  in  th e  manner recommended by Pharmacia 
* / 

w i t h  H20  a s  e l u e n t .  R e d u c in g  s u g a r s  i n  th e  e f f l u e n t  flo w  w ere

i d e n t i f i e d  by  r e d u c t io n  o f  a  te tra z o liu m  dye. G lucose was lo c a te d  by

th e  g lu c o s ta t  a ss a y  and m alto se  by h y d ro ly t ic  c leav ag e  w ith  m a lta se . A

r e p r e s e n t a t i v e  e l u t i o n  p r o f i l e  i s  i l l u s t r a t e d  i n  F i g . 2 . P u r i f ie d

m alto se  was ly o p h il iz e d  t o  d ry n ess  and s to re d  a t  -10°C.

F la t  bed i s o e l e c t r i c  fo cu sin g

P r e p a r a t i v e  f l a t  bed e le c t r o f o c u s in g  in  g ra n u la te d  g e l  w ith  th e
1

LKB m u ltip h o r was perform ed acco rd in g  to  LKB a p p lic a t io n  n o te  198. The

g e l  w as u l t r o g e l  a s  s u p p l ie d  by LKB and th e  s a l t  f r e e  sam ple  was

i n c l u d e d  i n  t h e  o r i g i n a l  g e l  s l u r r y  from  w hich  th e  g e l  bed was

p r e p a r e d .  E x c e ss  w a te r  was evap o ra ted  by a llow ing  th e  t r a y  to  rem ain

open  t o  t h e  a i r  fo r  s e v e ra l  d ay s . A fte r  16 hours a  f r a c t io n a t in g  g r id

w as u s e d  t o  s e c t i o n  th e  g e l  and  sam p les  w ere  r e c o v e re d  from  each
*/

s e c t i o n  by e l u t i o n .  The pH g r a d i e n t  was l i n e a r  o v e r th e  reg io n  o f  

i n t e r e s t .  A n a l y t i c a l  p o ly a c ry la m id e  i s o e l e c t r i c  f o c u s in g  on th e  

f r a c t io n  p u r i f i e d  in  t h i s  way i s  shown in  F ig u re  3.

F ra c t io n a tio n  o f  narrow range am pholines

A m pholines o f  pH 4-6 were f r a c t io n a te d  in  Sephadex G-15 accord ing  

to  th e  method o f  O 'B rien  (6 0 ). A 2.5x40cm Pharm acia column (bed h e ig h t
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F ig . 2
Sephadex G-15 chrom atography o f  m alto se  con tam inated  w ith  g lu c o se . 
G lucose was measured by th e  g lu c o s ta t  a ssa y  and m a lto se  by h y d ro ly tic  
c leav ag e  w ith  m a lta s e . The chrom atography was perform ed in  th e  manner 
d e sc rib e d  in  th e  t e x t .
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Figure 3
Analytical polyacrylamide isoelectric focusing pH 4-5 on 14 form of 
iscsnaltase purified by preparative isoelectric focusing in granulated 
gel on the K 3  Hultiphor. Gels were stained v;ith Coomasie G-250 
Lane 1 25 ug protein 
Lane 2 100 ug protein
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a s  to  rem ove a l l  charged  su b s ta n c e s . The column was th en  e q u i l ib r a te d  

w ith  tw o bed  vo lum es o f  a s o lu t io n  c o n ta in in g  1.5% c a r r i e r  am pholytes 

in  10% g ly c e r o l .  The oolumn i n l e t  flow  ad ap to r was removed and a  nylon 

n e t  su p p o rt was low ered on th e  su r fa c e  o f  th e  bed by means o f  3 le n g th s  

o f  m o n o filam en t f i s h in g  l i n e  t i e d  t o  th e  n e t .  Ten ml o f  an acry lam ide 

p o ly m e r iz a t io n  s o lu t io n  (60) was la y e re d  over th e  bed and n e t ,  and th e  

s o l u t i o n  a llo w e d  t o  g e l .  The m onofilam ent f a c i l i t a t e d  th e  rem oval o f  

th e  p o ly a c ry la m id e  p lu g  a f t e r  t e r m in a t io n  o f  IE P . The colum n was 

i n v e r t e d  and a  second p lu g  was c a s t .  The b a lan ce  o f  th e  p rocedure  was 

a c c o rd in g  t o  O 'B r ie n  (6 0 ) .  A r e p r e s e n t a t i v e  pH g r a d ie n t  o f  e lu te d  

f r a c t io n s  i s  shown in  F ig u re  4 .

Growth o f  y e a s t

N ine  l i t e r s  o f  m ed ia  in  a  V i r t i s  Model ferm en ting  v a t  and 300 ml 

o f  c u l t u r e  m ed ia  i n  a  E rlen m ey e r f l a s k  w ere  p re p a re d  c o n ta in in g  1% 

y e a s t  e x t r a c t ,  2% pep tone and 2% m a lto se . One ml 30% s i l i c o n e  an tifoam  

s o l u t i o n  w as ad d ed  t o  th e  fe rm e n ta tio n  v a t .  The fe rm e n ta tio n  v a t  was 

a u to c la v e d  f o r  50 m in u te s  a t  121°C and 1 1 5 1 b s /s q . i n . ,  w hereas th e  

f l a s k  w as a u t o c l a v e d  f o r  15 m in u te s  a t  th e  same te m p e ra tu re  and 

p r e s s u r e .  A l t e r n a t i v e l y ,  when i t  w as d e s i r e d  t o  induce  b o th  m ajor 

fo rm s o f  th e  enzyme s im u lta n eo u s ly , th e  c u l tu r e  m edia c o n s is te d  o f  1 % 

y e a s t  e x t r a c t ,  2% p e p to n e , 1% m alto se  and 1% 6L -m e th y l-D -g lu co s id e . A 

volum e o f  300ml o f  c u l t u r e  m ed ia  w ere  i n o c u la te d  w ith  y e a s t  s t r a i n  

1412-4D and  in cu b a ted  in  a  Brunswick in c u b a to r a t  30°C w ith  shaking  a t  

200 r .p .m .  f o r  24 h o u r s .  The s l a n t  c o n ta in in g  th e  s to c k  c u l tu r e  was 

i n o c u l a t e d  s e v e r a l  d a y s  i n  ad v an ce  and  u se d  im m e d ia te ly  w i th o u t  

r e f r i g e r a t i o n  t o  in o c u la te  300 ml o f  s t a r t e r  c u l tu r e .  S ta r t e r  c u l tu re  

was c o u n te d  i n  a  hem o cy to m ete r and th e  9 l i t e r  V i r t i s  ferm en ting  v a t
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F ig . 4
pH g ra d ie n t  o f  e lu te d  am pholines f r a c t io n a te d  by i s o e l e c t r i c  fo cu sin g
in  Sephadex G-15 a s  d esc rib ed  in  th e  t e x t .  F ra c tio n  volumes o f  15m l/ 
tu b e  w ere c o l le c te d .
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was c o u n te d  i n  a  h em o cy to m ete r and th e  9 l i t e r  V i r t i s  ferm en ting  v a t  

was in o c u la te d  w ith  300 ml o f  s t a r t e r  c u l tu r e  c o n ta in in g  2 .72  X 10® 

c e l l s / m l  (Aggg=2.429). The c e l l s  were resuspended in  co ld  (0°C) w ater 

and  c e n t r i f u g e d  a t  1 0 ,0 0 0  r .p .m .  i n  th e  S o r v a l l  RC-2B u s in g  a  GSA 

r o t o r .  W ashing w as r e p e a te d  o n c e . The wet w eigh t o f  th e  h a rv e s te d  

c e l l s  was 102 grams and th e  c e l l s  were fro zen  im m ediately a t  -15°C . 

D is ru p tio n  o f  y e a s t  and p re p a ra t io n  o f  c ru d e  e x t r a c t

One hundred and two grams o f  m alto se-in d u ced  c e l l s  were allow ed to  

thaw  and  d i s r u p te d  i n  th e  E aton  p re s s  (63) a t  20,000 lb s / s q . i n c h .  To 

th e  d is ru p te d  c e l l s ,  816 ml e x tr a c t io n  b u ffe r  c o n ta in in g  0 . 1 M phosphate  

b u f f e r  pH 7 . 0 - 0 . 2M (NH^)2 SOij-10“ 3M EDTA was added and th e  m ix tu re  was 

s t i r r e d  a t  0-4°C  f o r  2 1 /2  h o u r s .  U n le s s  o th e r w is e  in d ic a te d ,  a l l  

s u b s e q u e n t o p e ra tio n s  were perform ed a t  0-4°C in  th e  c o ld  room. A fte r 

s t i r r i n g ,  th e  s u s p e n s io n  c o n ta in in g  c e l l  d e b r i s  w as c e n tr ifu g e d  a t

1 0 .0 0 0  r . p . m .  f o r  30 m i n u t e s  i n  t h e  GSA r o t o r  a n d  t h e  y e llo w  

su p e rn a ta n t r e ta in e d  fo r  p u r i f i c a t i o n  p ro ced u res .

F i r s t  ammonium s u l f a t e  f r a c t io n a t io n

The su p e rn a ta n t was b ro u g h t t o  35% s a tu r a t io n  w ith  s o l id  (NH^SO^ 

a t  pH 7 .0  and 4°C. The p r e c ip i t a t e  was removed by c e n t r i f u g a t io n ,  th e  

s u p e rn a ta n t c o n ta in in g  a l l  th e  enzyme a c t i v i t y .  The yellow  su p e rn a ta n t 

was b ro u g h t  t o  95% s a tu r a t io n  by th e  slow  a d d it io n  o f  s o l id  (NH^^SO^. 

The pH was m a in ta in e d  a t  7 .0  by th e  slow  dropw ise a d d it io n  o f  IN NaOH 

in to  th e  v o r te x  c re a te d  by th e  s t i r r i n g  b a r .  The su sp en sio n  c o n ta in in g  

p r e c i p i t a t e  o b ta in e d  a t  95% (NH^) 2 SO4  s a tu r a t i o n  was c e n tr ifu g e d  a t

1 0 .0 0 0  r .p .m .  i n  a  GSA r o to r  fo r  30 m inu tes and c o n ta in ed  e s s e n t i a l ly  

a l l  th e  enzym e a c t i v i t y .  The s u p e r n a t a n t ,  c o n ta in in g  c o n s id e ra b le  

p r o t e i n ,  was found  t o  be  e s s e n t i a l l y  d e v o id  o f  a c t i v i t y .  A t t h i s
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p o in t  , th e  p r e c ip i t a t e  was s e p a ra te d  from th e  su p e rn a ta n t and suspended 

i n  a  s o l u t i o n  95% s a t u r a t e d  i n  (NH^) 2 S04 , a d ju s te d  to  pH 7 .0 .  Tfre 

enzym e p r e p a r a t io n  was s t a b l e  and co u ld  be s to re d  a t  0-4°C fo r  s e v e ra l  

m onths w ith o u t any lo s s  in  a c t i v i t y .
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Second e x t r a c t io n  o f  c e l l  d e b r is  and n o n -d is ru p te d  c e l l s

Thie c e l l u l a r  d e b r i s  from  th e  f i r s t  e x t r a c t i o n  was im m ediately 

f r o z e n  f o r  s to ra g e  and thawed when read y  t o  be u sed . I t  was e x tra c te d  

i n  a  B rau n  hom ogen izer w ith  0.45mm g la s s  beads in  th e  same b u ffe r  a s  

u se d  i n  t h e  f i r s t  e x t r a c t i o n .  E ig h t hundred ml o f  e x tra c t io n  b u ffe r  

was ad d ed  t o  th e  d i s r u p t e d  c e l l s  and  s t i r r e d  f o r  2 1 /2  h o u rs . The 

p ro c e d u re  in c lu d in g  th e  (NH^) 2 S04  c u t  was id e n t ic a l  to  t h a t  re p o rte d  

f o r  th e  f i r s t  e x t r a c t io n .  The second e x t r a c t  was found t o  c o n ta in  12% 

o f  th e  t o t a l  a c t i v i t y .  The 95% (NH^) 2 SO4  p r e c i p i t a t e  from th e  2nd 

e x t r a c t  w as p o o le d  w ith  th e  f i r s t  and th e  b a lan ce  o f  th e  p u r i f i c a t io n  

p ro ced u re  perform ed on a  s in g le  poo l o f  enzyme.

G-100 Sephadex Chromatography

The 95% (NHj) 2 S04  p r e c i p i t a t e  was re d is so lv e d  in  a  minimum amount 

o f  0 .1M  p h o s p h a t e  b u f f e r - 1 0 “ ^M EDTA c o n ta in in g  (NH4 ) 2 S0 4  a t  20% 

s a t u r a t i o n .  The c o n ce n tra te d  enzyme s o lu t io n  was d ia ly z e d  a g a in s t  two 

4 l i t e r  c h a n g e s  o f  0.1M p h o sp h a te  b u ffe r-1 0 ~ ^1  EDTA-20% (NH4 ) 2 S04-pH 

7 .0 .  (As review ed by P r in g le  (2 6 ), (NH^)2 S04  i s  a  p o te n t  in h ib i to r  o f  

p r o t e a s e  B ) . D i a l y s i s  a g a i n s t  b u ffe r  in  which 20% (NH^) 2 S04  was n o t 

in c lu d e d  r e s u l te d  in  a  lo s s  o f  50% o f  enzyme a c t i v i t y  o ccu rrin g  w ith in  

8  h o u rs  o f  d i a l y s i s  and th e  p ro d u c tio n  o f  a  la r g e  amount o f  in so lu b le  

m a t e r i a l .  Upon t e r m in a t io n  o f  d i a l y s i s  th e  volum e o f  th e  enzyme 

p r e p a r a t i o n  w as 2 0 0 m l c o n t a i n i n g  m a t e r i a l  im p a r t in g  a n  opaque 

a p p e a ra n c e  t o  th e  p r e p a r a t i o n .  A 5 X 100cm column f i t t e d  w ith  flow  

a d a p to r s  w as p ack ed  w ith  Sephadex  G -100 s w o lle n  i n  0.1M p h o sp h a te  

b u ffe r-1 0 ~ ^ M  EDTA-20% (NH^)2 S04-pH 7 .0 .  The bed h e ig h t a f t e r  packing  

w as 92cm a t  a  h ead  o f  h y d ro s ta t ic  p re s s u re  o f  80cm and a  flow  r a t e  o f  

7 0 m l/h o u r . The f lo w  r a t e  w as in c r e a s e d  t o  9 0 m l/h o u r d u rin g  sample
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a p p l i c a t i o n  th ro u g h  th e  flow  a d a p to rs . Two hundred ml o f  th e  e x t r a c t  

w ere a p p lie d  t o  th e  colum n, re p re s e n tin g  app rox im ate ly  1 1 % o f  th e  t o t a l  

b e d  v o lu m e .  D u r in g  sam ple  a p p l i c a t i o n ,  th e  h e ad  o f  h y d r o s t a t i c  

p r e s s u r e  w as 100cm. The f lo w  r a t e  was 70m l/hour a t  80cm h y d ro s ta t ic  

p re s s u re  and th e  column was developed w ith  0 . 1 M phosphate  b u f fe r  -10~3m 

EDTA-20% (NHg^SO^-pH 7 .0 .  As p r o te in  e lu te d  from th e  column o u t l e t  

th e r e  was a  c o n s id e ra b le  d ro p  in  flew  r a t e .  F ra c tio n s  o f  app rox im ate ly  

lO m l/tu b e  w e re  c o l l e c t e d .  The m a jo r p e a k  o f  enzyme a c t i v i t y  e lu te d  

j u s t  beyond  a  p eak  o f  w h ite  tu r b id  m a te r ia l  w ith  some o v e r la p  o f  th e  

tw o  m a t e r i a l s  o c c u r r i n g .  T he enzym e a c t i v i t y  was p o o le d ,  and  

s u b s e q u e n t  a s s a y  show ed  e s s e n t i a l l y  f u l l  r e c o v e r y  o f  e n z y m a tic  

a c t i v i t y .  P u r i f i c a t i o n  a n d  r e c o v e r y  a r e  show n  i n  T a b le  1 .  

O c c a s i o n a l ly ,  th e  m a jo r  p o o l  o f  a c t i v i t y  was rech rom atographed  and 

e s s e n t i a l l y  a l l  th e  t u r b i d i t y  p ro d u c in g  m a t e r i a l  was removed. The 

enzym e s o l u t i o n  was c h a r a c t e r i z e d  a t  t h i s  p o i n t  by a  c r y s t a l  c le a r  

y e llo w  a p p ea ra n ce . A r e p re s e n ta t iv e  e lu t io n  p r o f i l e  i s  i l l u s t r a t e d  in  

F i g . 5 .  No s e p a r a t i o n . o f  t h e  m u l t i p l e  i s o m a l t a s e s  o ccu rred  on t h i s  

co lu m n , an d  80% o f  th e  t o t a l  non enzym atic  p r o te in  was e lim in a te d  from 

th e  p re p a ra t io n .

S t a b i l i t y  s tu d ie s

D i a l y s i s  o f  th e  p o o le d  a c t i v e  f r a c t i o n s  fro m  th e  G-100 column 

a g a i n s t  0.1M p h o s p h a te  b u f f e r  -1 0  M EDTA r e s u l te d  in  a  p re c ip i to u s  

lo s s  o f  enzyme a c t i v i t y  accompanied by th e  appearance o f  a  la rg e  amount 

o f  i n s o l u b l e  p r o t e i n  i n  th e  d i a l y s i s  b ag . The lo s s  was n o t a p p a ren t 

when th e  p r e p a r a t i o n  was d i a ly z e d  a g a i n s t  th e  sam e b u f fe r  w ith  th e  

i n c l u s i o n  o f  20% (NH^)2 S04 . Enzyme p r e p a r a t i o n s  w ith o u t (NH^^SO^ 

a d d e d  c o n t a i n  a  s u b s ta n c e  p o s s e s s in g  h y d r o l y t i c  a c t i v i t y  to w a rd s



Table 1

Purification of the maltose induced isomaltase(M) from a maltose'induced extract

Volume
Palatinose 
Activity 

(ml) ̂min-lml~l
Protein 
mg ml“l

Specific
Activity

Total
protein
grams

Total
Activity Yield

Fold
Purification

1) Crude extract - Eaton press 
Second extract Braun 
homogeniser

885
850

336
40.3

10.4
2.8

32.3 9.2
14.4 2.4 
28.7(combined)

297,360
34,255

100 1

2) First and second extracts 
combined and enzyme re­
covered from a 35-95% 
(NH^^SO^ precipitate. The 
precipitate was dissolved 
in 0.1M phosphate buffer 
pH 7.0-10“3M EDTA-20% 
(NH4 )2 S0 4 and dialysed 
against two 4 liter changes 
of the same buffer

200 1158 22.9 50.6 4.6 231,600 70 1.8

3) G-100 column 
Fractions 55-97 pooled

350 704 4.8 147 . 1.-7 246,400 74 5.1

4) DEAE-Sepharose in the 
presence of 20% glycerol. 
All fractions containing 
only the maltose induced 
form (130-150) pooled

370 ' 359 0.456 787 0.169 132,830 40. 27

5) Second DEAE Sepharose. 240 432 0.165 2618 0.040 103,680 31 91
Fractions 175-200 pooled 
and assayed

Homogeneous upon isoelectric focusing pH 4-6
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F ig . 5
Sephadex G-100 chrom atography on a  crude  e x t r a c t  o f  m a lto se  
induced c e l l s  a s  d e sc rib e d  in  th e  t e x t .

  ,  Absorbance 280nm; , PNPG a c t i v i t y .



1

F0G.5 SEPHADEX G-100 CHROMATOGRAPHYo

Absorbance 28® ri~(|:io JiUiurn) 

•PMPG acfiviJy

Fraction number(520 m! eluted prior fo first fraction)
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a z o c o n  dye in  th e  n e u t r a l  pH ran g e .

S t a b i l i t y  s tu d ie s  perform ed on th e  enzyme p re p a ra t io n  e q u i l ib r a te d

w i th  c o n c e n tr a t io n s  o f  g ly c e ro l  rang ing  from  15-50% a re  i l l u s t r a t e d  in

F i g .  6 . G ly c e r o l  w as added d i r e c t l y  to  th e  p re p a ra t io n  t o  ach iev e  th e

d e s i r e d  c o n c e n t r a t i o n s  and th e  p r e p a r a t i o n  was d ia ly z e d  a g a in s t  2

changes o f  b u ffe r  c o n ta in in g  g ly c e r o l .

F i r s t  DEflE Sepharose Chromatography

A 5X60cm colum n (bed h e i g h t  46cm) w ith  flow  ad ap to rs  was packed

w i th  DEAE S e p h a ro s e  and e q u i l ib r a te d  w ith  2 l i t e r s  o f  0.05M phosphate

b u f f e r  - 1 0 “ ^M EDTA- pH 7.45-20% g ly c e ro l  fo llow ed  by 4 l i t e r s  o f  0.01M

p hosphate  b u f fe r  -10” 3w EDTA pH 7.45-20% g ly c e r o l .  Flew was m ain ta in ed

by a  p e r i s t a l t i c  pump.

G l y c e r o l  ( f i n a l  c o n c e n t r a t i o n  20%) was ad d ed  t o  th e  enzym e

p r e p a r a t i o n  o b ta in e d  from  G -100 ch ro m a to g ra p h y  an d  th e  enzyme was

d ia ly z e d  a g a i n s t  s i x  4 l i t e r  changes o f  e q u i l ib r a t io n  b u ffe r  o r  u n t i l
_2

th e  d ia ly s a te  showed th e  absence o f  SO^ .

The d i a l y s e d  enzym e s o l u t i o n ,  c l e a r  y e l lo w  i n  a p p e a ra n c e , was 

a p p l i e d  t o  th e  co lum n a t  a  f lo w  r a t e  o f  240m l/hour, a  b r ig h t  ye llow  

band  o f  bound p r o t e i n  a p p e a r in g  i n  t h e  to p  l-2 c m  o f  t h e  g e l .  The 

colum n w as washed w ith  2  volumes o f  e q u i l ib r a t io n  b u ffe r  fo llow ed  by a  

h y p e r b o l i c  s a l t  g r a d ie n t  o f  0 - 0 .3M NaCl. A flow  r a t e  o f  70m l/hour was 

m a in ta in ed  by a  p e r i s t a l t i c  pump, and f r a c t io n s  o f  15ml were c o l le c te d .  

The g r a d i e n t  m aker was p re p a re d  a s  d e s c r ib e d  w ith  th e  low m o la r ity  

cham ber c o n ta in in g  4 l i t e r s  o f  0.01M phosphate-20  % g lycero l-10"^M  EDTA 

and th e  h ig h  m o la r i ty  f la s k  c o n ta in in g  8  l i t e r s  o f  0.0IM phosphate-20  % 

g ly c e ro l-1 0 - ^M EDTA-0.3M NaCl. A r e p re s e n ta t iv e  e lu t io n  p r o f i l e  o f  th e  

c h ro m a to g ra p h y  i s  i l l u s t r a t e d  in  F ig .7 w ith  accompanying photographs



-44-

F ig .  6

S t a b i l i t y  s tu d y  a t  0-4  C o f  a  c ru d e  e x t r a c t  c o n ta in in g  a l l  form s o f  
is o m a lta s e . Samples were supplem ented a t  th e  in d ic a te d  g ly c e ro l  
c o n c e n tra tio n s  and d ia ly z e d  a g a in s t  g ly c e ro l  a t  th e  same c o n c e n tra tio n . 
A c t iv i ty  was m easured by r a t e  o f  h y d ro ly s is  o f  
p -n i t ro p h e n y l-  oC -D -glucopyranoside a t  30°C.
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o f  i s o e l e c t r i c  f o c u s i n g  a n d  a c t i v i t y  s t a i n i n g  c o n f i rm in g  th e  

chrom atographic s e p a ra tio n  (F ig .7A ).

Second DEAE Sepharose Chromatography

The m ajor peak o f  cL -m eth y lg lu co sid ase  (isom altase) was pooled and 

d ia ly z e d  a g a in s t  0.01M phosphate  buffer-10~^M  EDTA-20% g lycero l-pH  7.45 

p r i o r  t o  DEAE c h ro m a to g ra p h y . The enzyme was a p p lie d  to  a  2.6Xl06cm 

colum n a t  a  flo w  r a t e  o f  lO O m l/hour. The column was washed w ith  one 

volum e o f  e q u i l ib r a t io n  b u ffe r  a t  a  flow  r a t e  o f  60ml/hour follow ed by 

a  h y p e r b o l i c  s a l t  g r a d i e n t  o f  0 - 0 . 1M N aC l. The flo w  r a t e  was 

4 0 m l/h o u r and f r a c t io n s  o f  15ml were c o l le c te d .  The g ra d ie n t  maker was 

p r e p a r e d  a s  d e sc rib e d  above w ith  th e  low m o la r ity  chamber c o n ta in in g  4  

l i t e r s  o f  0.01M p h o sp h a te  buffer-20%  glycerol-10~^M  EDTA and th e  h igh  

m o la r i t y  f l a s k  c o n ta in in g  8  l i t e r s  o f  0 .0 M  phosphate-20% g ly c e ro l- lO -^  

EDTA-0.1M NaCl. A r e p re s e n ta t iv e  e lu t io n  p r o f i l e  o f  th e  chromatography 

i s  i l l u s t r a t e d  i n  F i g . 8  a lo n g  w i th  accom panying  p h o to g ra p h s  o f  

i s o e l e c t r i c  f o c u s i n g  a n d  a c t i v i t y  s t a i n i n g  c o n f i r m i n g  t h e  

chrom atographic s e p a ra tio n  (F ig . 8 A ).

C r i t e r i a  o f  P u r i ty

The d e g re e  o f  p u r i ty  was judged by i s o e l e c t r i c  fo cu sin g  p r o f i l e s ,  

SDS g e l  e le c tro p h o r e s is ,  and by polyacry lam ide g e l  e le c tro p h o r e s is ,  th e  

l a t t e r  a cc o rd in g  to  th e  method o f  G a b rie l (6 5 ). The running g e ls  were 

pH 8 .9  and th e  b u f f e r  sy s te m  was T r is -g ly c in e  pH 8 .9 . The g e ls  were 

s t a i n e d  a s  d e s c r i b e d  by  t h e  m e th o d  o f  W eber an d  O sb o rn  (5 5 ) . 

I s o e l e c t r i c  f o c u s in g  g e l s  s t a i n e d  w ith  th e  G -250 s t a i n  re q u ired  no 

d e s t a i n i n g ,  w h i l e  C o o m a sie  R -2 5 0  s t a i n e d  g e l s  w e re  d e s ta in e d  

e l e c t r o l y t i c a l l y  i n  a  C an a lc o  f a s t  d e s ta in e r  accord ing  to  Weber and 

Osborn (55).
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P u r i f i c a t i o n  o f  o 4 - g lu c o s id a s e s  From 1412-4D Under C o n d itio n s  o f  

S im ultaneous In d u c tio n

The p u r i f i c a t i o n  scheme re p o r te d  e a r l i e r  was fo r  th e  p u r i f ic a t io n  

o f  iso m a lta se  from m alto se  induced y e a s t  c e l l s .  When i t  was d e s ire d  to  

in d u c e  two m a jo r fo rm s o f  iso m a lta s e  in  approxim ately  eq u al am ounts, 

c e l l s  were grown on 2 % p ep to n e , 1 % y e a s t  e x t r a c t ,  1 % m altose  and 1 % ck -  

m e th y l-D -g lu c o s id e . The p u r i f i c a t io n  scheme was e s s e n t i a l ly  id e n t ic a l  

a s  t h a t  re p o r te d  fo r  th e  m alto se  induced enzymes u n t i l  th e  f i r s t  DEAE- 

S e p h a ro se  co lum n and  th e  m ethods o f  p u r i f ic a t io n  o f  a  s im u ltan eo u sly  

induced e x t r a c t  beg ins a t  t h a t  p o in t .

DEAE-Sepharose Chromatography

A 2.6X40cm column (bed h e ig h t 35cm) was packed w ith  DEAE-Sepharose 

and  e q u i l i b r a t e d  w ith  2 l i t e r s  o f  0.05M phosphate b u ffe r  pH 7.45-20% 

g l y c e r o l  fo llo w e d  by 4 l i t e r s  o f  0.01M phosphate  b u ffe r  pH 7.45-20% 

g l y c e r o l .  Flow  w as m a in ta in e d  by a  p e r i s t a l t i c  pump. A ll s o lu tio n s  

c o n ta in ed  10~^M EDTA.

The enzyme p r e p a r a t i o n  was p re p a re d  a s  p re v io u s ly  d e sc rib e d  and 

1 4 ,6 2 0 ,0 0 0  PNPG u n i t s  (One O .D . u n it= M ).0 0 1 /m in  a t  400 run) w ere 

a d so rb e d  o n to  th e  co lum n . The colum n w as w ashed w ith  2 volumes o f  

e q u i l i b r a t i o n  b u f f e r  follow ed by a  h y p e rb o lic  s a l t  g ra d ie n t o f  0 - 0 . 3 M 

N aC l. Flow  r a t e  was 1 8 m l/h o u r and  f r a c t i o n s  o f  5ml were c o l le c te d .  

The g r a d i e n t  m aker was p re p a re d  a s  d e s c r ib e d  w ith  th e  low m o la rity  

chamber c o n ta in in g  750ml o f  0.03M phosphate  buffer-20%  g ly c e ro l and th e  

h ig h  m o la r i t y  f l a s k  c o n ta in in g  750ml o f  0.0IM phosphate-20% g ly c e ro l-  

0.3M N aC l. A r e p r e s e n ta t iv e  e lu t io n  p r o f i l e  o f  th e  chromatography i s  

i l l u s t r a t e d  i n  F ig .  9 w ith  accom panying  p h o to g ra p h s  o f  i s o e l e c t r ic  

f o c u s i n g  a n d  a c t i v i t y  s t a i n i n g  c o n f i r m i n g  th e  c h ro m a to g ra p h ic
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s e p a ra t io n  (F ig . 9A). The dL-m eth y l-D -g lucoside  induced iso m altase  was 

c o n c e n t r a te d  i n t o  f r a c t io n s  75-103 and th e  m alto se-induced  iso m a ltase  

i n t o  f r a c t i o n s  103-137  a lo n g  w ith  o n e  form  o f  m a l ta s e  ( ot l  —̂  4  

g lu c o s id a s e ) .

H y d ro x y la p a tite  Chromatography

Follow ing d i a l y s i s  a g a in s t  0.01M phosphate  buffer-20%  g ly c e ro l-1 0 -^ 

EDTA-pH 7 .0  f r a c t i o n s  7 5 -1 0 3  and  103-137  w ere  a p p l ie d  t o  s e p a r a te  

1.6X30cm colum ns (bed h e i g h t  25cm) p ack ed  w ith  h y d ro x y la p a ti te  and 

e q u i l i b r a t e d  w ith  500ml o f  0.05M phosphate  buffer-20%  glycerol-10~^M  

EDTA pH 7 .0  fo l lo w e d  by 500ml o f  0.01M phosphate  buffer-20%  g ly c e r o l-  

10~hl  EDTA-pH 7 .0 .  Flow was m ain ta in ed  by a  p e r i s t a l t i c  pump. A fte r  

a p p l i c a t i o n  o f  th e  enzyme th e  colum n w as w ashed w ith  2  volum es o f  

e q u i l i b r a t i o n  b u f f e r  fo l lo w e d  by a  h y p e rb o lic  s a l t  g ra d ie n t  o f  0 . 0 1 -  

0.1M p o tassium  p h o sp h ate . A fte r  a t t a in in g  approx im ate ly  0.1M potassium  

p h o s p h a te  i n  th e  e f f l u e n t  f lo w  th e  column t o  which f r a c t io n s  103-137 

w as a p p l i e d  was s u b je c t  t o  a  h y p e rb o lic  g ra d ie n t  o f  0.1-0.3M  po tassium  

p h o s p h a te  i n  o r d e r  t o  e l u t e  m a l t a s e .  Flow  r a t e  was 8 m l/h o u r  and 

f r a c t i o n s  o f  4ml w ere  c o l l e c t e d .  The g ra d ie n t  maker was p repared  a s  

d e s c r ib e d  w ith  th e  low  m o l a r i t y  cham ber c o n ta in in g  2 0 0 m l o f  0 . 0 IM 

p h o s p h a t e  b u ffe r-2 0 %  g ly c e r o l-p H  7 .0  and  th e  h ig h  m o la r i ty  f l a s k  

c o n ta in in g  1,000ml o f  0.1M phosphate-20  % g ly c e ro l-1 0 - ^M EDTA-pH 7 .0 .  A 

r e p r e s e n t a t i v e  e lu t io n  p r o f i l e  o f  th e  chrom atography i s  i l l u s t r a t e d  in  

F ig .  10 and F ig . 11 a long  w ith  accompanying photographs o f  i s o e l e c t r i c  

f o c u s i n g  a n d  a c t i v i t y  s t a i n i n g  c o n f i r m i n g  th e  c h ro m a to g ra p h ic  

s e p a r a t i o n  ( F ig .  10A and F ig .  11A). A liq u o ts  o f  th e  e lu te d  peaks were 

m ix e d  a n d  s u b j e c t  t o  IEF and a c t i v i t y  s t a i n i n g  t o  a s c e r t a i n  th e  

i d e n t i t y  o f  th e  v a r io u s  form s.
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In d u c tio n  s tu d ie s

A v o lu m e  o f  300ml o f  c u l t u r e  m ed ia  in  E rlen m ey er f l a s k s  was 

p rep ared  c o n ta in in g ;

F la sk  1 1% y e a s t  e x t r a c t ,  2% p ep to n e , 2% m alto se  

F la sk  2 1% y e a s t  e x t r a c t ,  2% pep to n e , 2% ol-M3 

F la sk  3 1% y e a s t  e x t r a c t ,  2% p ep to n e , 0.8% o(-MG + 1.7% 

m altose

F lask  4 1% y e a s t  e x t r a c t ,  2% pep to n e , 1% oC-MG + 1% 

m altose

The m ed ia  w ere  in o c u la te d  w i th  y e a s t  s t r a i n  1412-4D and incubated  a t  

3 0 °C  w i t h  s w i r l i n g  f o r  20 h o u r s .  C e l l s  w e re  h a r v e s t e d  by  

c e n t r i f u g a t i o n  a t  1 0 ,0 0 0  r .p .m .  f o r  30 m inutes in  th e  GSA ro to r  and 

d i s r u p te d  i n  a  B raun  hamogenizer w ith  g la s s  beads o f  0.45mm d iam e te r . 

E x t r a c t io n  b u f f e r  was 0.1M p h o sphate  pH 7.0-5% (NH^)2SO^-10~^M EDTA. 

The suspension  was c e n tr ifu g e d  a t  10,000 r .p .m . fo r  30 m inu tes in  a  GSA 

r o t o r  and  th e  su p e rn a ta n t was e x h a u s tiv e ly  d ia ly se d  a g a in s t  a  s o lu t io n
3

c o n ta in in g  20% g l y c e r o l - 1 0 -  M EDTA pH 7 .0 .  I s o e le c t r i c  fo cu s in g  and 

a c t i v i t y  s t a i n i n g  w i th  ©( -m e th y l-D -g lu c o s id e  a s  s u b s t r a t e  w ere  

p e rfo rm ed  i n  20cm g e l s  a s  d e sc r ib e d . R esu lts  a re  i l l u s t r a t e d  in  F ig . 

12 w ith  la n e s  1 ,2  and  3 c o rre sp o n d in g  to  f la s k s  1 ,2  and 3 and F ig .13 

co rrespond ing  to  f la s k  4 (10cm g e l ) .

P re p a ra tiv e  e le c tro fo c u s in g  (20cm)

In d iv id u a lly  per g e l

1.26ml acry lam ide (30g ac ry lam id e-lg  bis/lOOml)

1.26ml TEMED (0.23ml TEMED/lOOml)

0.225ml am pholines pH 4-6 

0 .975ml 75% g ly c e ro l



-50-

. 1.12m l enzyme-H2o 

0.315ml f r e s h  f i l t e r e d  r ib o f la v in  (15mg/100ml)

T o ta l  volume=5.155ml

C a th o ly te  was 0.01M h i s t i d in e  and a n o ly te  0.01M g lu tam ic  a c id .

The r e s o l u t i o n  a c h ie v e d  i n  10cm g e l s  i n  a  pH 4 -6  g ra d ie n t  was 

i n s u f f i c i e n t  t o  r e c o v e r  m a t e r i a l  from  p a r a l l e l  u n s ta in ed  g e ls .  The 

s t a i n i n g  r e a c t i o n  produced a  s iz e  change in  th e  g e l  ty p ic a l ly  o f  0 .5 -  

1 .0cm  and  th e  s e p a r a t i o n  o f  a c t i v e  com ponen ts was in s u f f ic ie n t  fo r  

a c c u r a t e  a l ig n m e n t  and re c o v ery . For p re p a ra t iv e  fo c u s in g , g e l  tu b es  

o f  e i t h e r  7 o r  8mm O.D. w ere  u sed  and th e  fo cu s in g  was perform ed a s  

d e s c r i b e d .  A m p h o lin e  c o n c e n t r a t i o n  (1.7% w/ v )  was th e  minimum 

c o n s i s t e n t  w i th  g o o d  s e p a r a t i o n ,  w i th  h ig h e r  c o n c e n t r a t io n s  o f  

a m p h o lin e s  r e q u i r i n g  lo n g e r  fo c u s in g  t im e s . G els  were sampled a t  36 

h o u r s  an d  a t  i n t e r v a l s  t h e r e a f t e r  i f  f o c u s in g  was in c o m p le te  (a s  

e v id e n c e d  by u n d e f in e d  b ack g ro u n d  s t a i n i n g ) , u n t i l  a  f i n a l  s ta b le  

p a t t e r n  w as a t t a i n e d .  The c o r r e c t  p r o t e i n  lo a d  was a sc e r ta in e d  by 

s ta in in g  10cm IEF g e ls  w ith  Coomasie G -250, s l i g h t l y  more p ro te in  being 

a p p l ie d  t o  20cm g e l s .  L o ad in g  was a  fu n c tio n  o f  band s e p a ra tio n  and 

c o n s i s t e n t  w i th  a m p h o lin e  b u f f e r i n g  c a p a c i ty .  The s o lu t io n  fo r  th e  

e n t i r e  fo c u s in g  ru n  was p rep a red  and p ip e t te d  in to  tu b es  and a d ju s te d  

t o  th e  sam e h e ig h t  (from  18 — 19.5cm ). I t  was im p era tiv e  to  s e t  g e l  

h e ig h t s  e x a c t l y  s o  a s  t o  make a c c u r a te  c u ts  and i t  was d e s ir a b le  to  

make s l i g h t l y  more g e l  s o lu t io n  th an  needed . IEF was perform ed in  17- 

25cm g e l s ,  t h e  g e l s  w e re  s t a i n e d  f o r  a c t i v i t y  a s  d e s c r ib e d  and 

d e h y d r a t e d  t o  t h e i r  fo rm er s i z e  by in c u b a t io n  i n  40% e th an o l-2 0 %  

g l y c e r o l .  G e ls  w ere  m easu red  p r i o r  t o  th e  s t a i n i n g  r e a c t i o n  and 

i n t e r m i t t e n t l y  d u r in g  th e  c o u rse  o f  d eh y d ra tio n . R ep re se n ta tiv e  g e ls
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w ere* rem oved  from  o p p o s i te  s i d e s  o f  th e  g e l  b a th  a s  a  m easu re  o f  

r e p r o d u c i b i l i t y  o f  th e  banding p o s i t io n .  U nstained  g e ls  were a lig n e d  

w i th  2 s t a i n e d  g e l s  and g e l  s l i c e s  w ere tak en  co rrespond ing  to  a c t iv e  

bands. The po lyacry lam ide  g e l  s l i c e s  w ere th en  com pletely  m acerated in  

a  50ml b e a k e r  w i th  th e  p e s t l e  o f  a  P o t te r  Elvehem ap p ara tu s  and taken  

up  i n  10ml o f  0.1M p h o s p h a te  b u f f e r -p H  7.0-10% g ly c e r o l ,  allow ed to  

s t i r  o v e r n ig h t  and  th e  g e l  s e p a r a te d  from  th e  e x t r a c t e d  enzyme by 

c e n t r i f u g a t i o n .  The p r o c e s s  was re p e a te d  once more and th e  combined 

e x t r a c t s  w ere  p o o le d ,  a s s a y e d  and d ia ly z e d  a g a in s t  0.1M phosphate-pH 

7 .0-10%  g ly c e r o l  t o  remove am pholines. The s o lu t io n  c o n ta in in g  enzyme 

w as d ia ly z e d  a g a i n s t  20% g ly c e r o l - 1 0 -3 M EDTA t o  rem ove a l l  b u ffe r  

s a l t s ,  re fo cu sed  in  a  lOcm IEF g e l  and s ta in e d  fo r  p ro te in  t o  a s c e r ta in  

t h e  hom ogeneity  o f  th e  m a te r ia l .  Phosphate b u ffe r  was inc luded  in  th e  

i n i t i a l  d i a l y s i s  s o  a s  t o  p r e v e n t  c h a r g e  i n t e r a c t i o n s  betw een  

am pholines and p r o te in .
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CHAPTER I I I  

RESULTS AND DISCUSSION 

P u r i f i c a t i o n  o f  ck -g lu c o s id a s e s  From 1412-4D S tr a in  o f  Saccharomyces 

C erev isae  Under C ond itions o f  S im ultaneous In d u c tio n

The e x is te n c e  o f  m u ltip le  forms o f  iso m a ltase  was s u b s ta n tia te d  by 

chrom atographic s e p a ra tio n s  and IEF and a c t i v i t y  s ta in in g  o f  th e  e lu te d  

p e a k s .  F o r p u rp o s e s  o f  p ro o f o f  th e  r e a l i t y  o f  m u ltip le  form s, i t  i s  

m o re  i l l u s t r a t i v e  t o  c o n s id e r  s e p a r a t i o n s  w here a l l  fo rm s o f  ck -  

g lu c o s id a s e s  w ere  p r e s e n t  in  a p p ro x im a te ly  e q u a l am ounts a s  under 

s im u l t a n e o u s  in d u c t io n  c o n d i t i o n s .  D e s p i te  sy m m e tr ic a l and w e l l  

r e s o lv e d  p r o t e i n  p e a k s ,  c o m p le te  s e p a r a t io n  o f  th e  t h r e e  form s o f  

i s o m a l t a s e  w as n o t  a c h ie v e d  b e c a u se  o f  t a i l i n g  from  one p eak  to  

a n o th e r .  For th e  purposes o f  i s o la t io n  i t  i s  d e s ir a b le  t o  induce w ith  

o n ly  o n e  s u g a r ,  p ro d u c in g  p re d o m in a n tly  one  form  o f  th e  enzym e. 

C h ro m a to g ra p h ic  s e p a r a t i o n  was m axim al when sam p les  ap p lie d  t o  th e  

c o lu m n  c o n ta in e d  a  p re p o n d e ra n c e  o f  one  form  o f  th e  enzym e. The 

d i s c u s s io n  begins w ith  th e  s e p a ra t io n  on DEAE-Sepharose chrom atography 

o f  two forms o f  iso m a ltase  from s im u ltan eo u sly  induced y e a s t  c e l l s .

DEAE Sepharose Chromatography

( F ig .  9 ,  9A ). Enzyme a c t i v i t y  was d e te rm in e d  q u a l i t a t i v e l y  in  

p o r c e l a i n  sp o t p la te s  t o  de term ine  p ro te in  peaks p o sse ss in g  h y d ro ly tic  

a c t i v i t y  t o w a r d s  PNPG. T he a c t i v e  p e a k s  w e re  t h e n  a s s a y e d  

q u a n t i t a t i v e l y  w ith  th e  PNPG a ssa y . The n o n sp e c if ic  PNPG assay  showed 

f o u r  p e a k s  o f  o L -g lu c o s id a s e  a c t i v i t y .  Two o f  th e  peaks (1 and 2) 

d e m o n s t r a t e d  s u b s t r a t e  s p e c i f i c i t y  f o r  i s o m a l to s e ,  o l-m e th y l- D -  

g lu c o s id e  and p a la t in o s e  and two were a c t iv e  tow ards m alto se  (3 and 4 ) .  

I s o e l e c t r i c  fo c u s in g  and  a c t i v i t y  s t a i n i n g  were perform ed on pooled 

f r a c t i o n s  7 5 - 1 0 3  an d  o n  f r a c t i o n s  1 0 3 - 1 3 7 . .  D E A E -S ep h aro se
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F ig . 9
DEAE Sepharose chrom atography o f  pooled f r a c t io n s  30-90 
from G-100 chromatography. — , p -n itro p h en y l

-D -glucopyranoside h y d ro ly s is ;  , isom altose .
h y d ro ly s is ;  — , m alto se  h y d ro ly s is . E lu tio n  peaks 
a r e  d e s ig n a te d  1 , 2,  3 and 4 .
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Figure 9A
Analytical polyacrylamide isoelectric focusing pH 4-5 and activity
staining with oCMG as substrate of fractions separated by DEAE
chromatography
Lane 1 Fractions 103-137
Lane 2 Fractions 75-103
Lane 3 Combined aliquots
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ch ro m ato g rap h y  r e s u l t e d  in  s e p a r a t io n  o f  th e  qL -m ethy l-D -g lucoside  

in d u c ed  form  o f  th e  enzyme (F ig . 9A f r a c t io n s  75-103) from th e  m alto se  

in d u c e d  fo rm  ( f r a c t i o n s  1 0 3 -1 3 7 ) . S in c e  s im u lta n e o u s  in d u c t io n  

p ro d u c e d  a p p ro x im a te ly  e q u a l  c o n c e n t r a t io n s  o f  b o th  fo rm s o f  th e  

enzym es, th e  d is p ro p o r tio n a te  s iz e  o f  peak 1 compared t o  peak 2 can  be 

e x p la in e d  by th e  f a c t  t h a t  th e  oC -m e th y l-D -g lu c o s id e  form (peak 1) 

t a i l e d  i n t o  p eak  2 . F r a c t io n s  75 -103  and f r a c t i o n s  103-137  w ere  

c o n c e n t r a te d  and a p p l ie d  t o  s e p a r a t e  h y d r o x y la p a t i t e  colum ns. The 

column a ls o  produced s e p a ra tio n  o f  two forms o f  m a lta se , th e  i d e n t i t i e s  

o f  w h ic h  w e re  c o r r o b o r a t e d  by i s o e l e c t r i c  fo c u s in g  and  a c t i v i t y  

s t a i n i n g .  E i th e r  su c ro se  o r  o(.-m ethyl-D -glucoside cou ld  be used a s  a  

s u b s t r a t e  f o r  m a l ta s e  b u t  h y d r o ly t i c  c le a v a g e  o f  s u c r o s e  was much 

f a s t e r  th a n  c le a v a g e  o f  oC -m ethyl-D -glucoside. The bottommost a c t iv e  

band i n  F ig .  1 2 , i n  m alto se-induced  c e l l  e x t r a c ts  i s  m a lta se , and th e  

i n t e n s i t y  o f  th e  band  i s  n o t  p r o p o r t i o n a l  t o  th e  a c t u a l  am ount o f  

m a l t a s e  i n  th e  c e l l  s in c e  th e  ^ -m e th y l-D -g lu c o s id e  u sed  i n  th e  

a c t i v i t y  s t a i n  i s  a  poor s u b s t r a te  fo r  m a lta se . Iso m a lta se s  focus in  a  

c l u s t e r  in  a  pH 4 -5  g r a d i e n t  w h ile  m a lta se s  focus a t  a  more b a s ic  p i  

and i n  a  d i s c r e t e  c l u s t e r  a t  t h a t  p i .  I d e n t i t i e s  o f  iso m a lta se  and 

m a l ta s e  w ere confirm ed by reco v erin g  a c t iv e  enzyme from u n s ta in ed  g e ls  

and te s t in g  fo r  s u b s t r a te  s p e c i f i c i t i e s .

Samples dialysed against 20% glycerol prior to DEAE-Sepharose 
chromatography lose activity slowly due to proteolysis and it is 
desirable to perform the chromatography as quickly as is consistent 
with removal of NH^+ from the preceeding G-100 column pool. Enzyme 
activity in the eluted protein peaks is quite stable and samples can be 
stored for months at 0-4°C  with very little loss in enzyme activity. 
Samples selected for long term storage were supplemented with 20%
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(NH^) 2 SO4  i n  a d d i t i o n  t o  th e  g ly c e ro l  and were s ta b le  in d e f in i te ly  a t  

0-4°C .

H y d ro x y la p a tite  Chromatography

( F r a c t io n s  103 -1 3 7  F ig .  1 0 , 10A). N on sp ec ific  PNPG a ssa y  showed 

t h r e e  p e a k s  o f  e n zy m a tic  a c t i v i t y .  Two o f  th e  peaks (5 and 6 ) showed 

s u b s t r a t e  s p e c i f i c i t y  f o r  i s o m a l to s e ,  oL-m e th y l- D - g lu c o s id e  and  

p a l a t i n o s e  and  o n e  w as a c t i v e  tow ards m a lto se . Combined a l iq u o ts  o f  

p e a k  5 and  p e ak  6  show a  h ig h  c o n c e n t r a t io n  o f  a  m iddle form o f  th e  

enzym e t h a t  w as c o n c e n t r a t e d  i n to  peak 6 .  T his form ap p ears  in  a  

o l - m e th y l - D - g lu c o s id e  in d u c e d  c ru d e  e x t r a c t  (F ig u re  12 L ane 2) and  

t h e r e f o r e  i s  n o t  a n  a r t i f a c t  o f  s e p a ra t io n . The f a c t  t h a t  i t  can be 

c o n c e n t r a t e d  i n t o  a  p r o t e i n  p e ak  p ro v e s  i t s  e x is te n c e .  Peak 7 i s  a  

m a lta se  t h a t  was in c lu d ed  in  p o o l 103-137.

( F r a c t io n s  75-103 F ig . 11 , 11A). Peak 8  and 9 a lth o u g h  s e p a ra b le  

c h r o m a to g r a p h ic a l ly  w e re  i n d i s t i n g u i s h a b l e  by i s o e l e c t r i c  fo cusing  

p a t t e r n s .  S in c e  volum e p ickup  upon d i a ly s i s  fo r  peak 9 was id e n t i c a l  

t o  peak 6  (m iddle form  p re v io u s ly  dem onstrated  n o t to  be  an  a r t i f a c t  o f  

s e p a r a t i o n )  and  s i n c e  th e  s a l t  g r a d i e n t s  w ere  i d e n t i c a l  th e re  i s  a  

s t r o n g  p o s s i b i l i t y  t h a t  p eak  9 i s  e n r ic h e d  in  th e  m idd le  form . The 

d e g re e  o f  b in d in g  t o  t h e  co lum n fo r  th e  enzyme e lu t in g  in  peak  9 was 

id e n t i c a l  t o  t h a t  o f  peak  6 . P u re  enzyme was reco v ered  from th e  v a rio u s  

f r a c t i o n s  by p r e p a r a t i v e  i s o e l e c t r i c  fo c u s in g , a c t i v i t y  s ta in in g  and 

reco v ery  from p a r a l l e l  u n s ta in e d  g e l s .

I n  s u b s e q u e n t p u r i f i c a t i o n  p r o c e d u r e s ,  i t  became ap p aren t t h a t  

s e p a r a t i o n  c o u ld  be  g r e a t l y  enhanced by perform ing  chrom atography in  

c o lu m n s  100cm in  l e n g th  and  w ith  s h a l lo w e r  s a l t  g r a d i e n t s .  DEAE 

Sepharose was chosen s in c e  th e  back p re s su re  o f  a  100cm column was le s s  

th a n  t h a t  o f  h y d ro x y la p a ti te . In  a d d it io n  to  a  p a r t i a l  p u r i f i c a t io n  o f
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F ig . 10
H y d ro x y lap a tite  chrom atography o f  f r a c t io n s  103-137 (peak 2) 
from preceed irig  DERE Sepharose chrom atography —• — ,
p -n itro p h e n o l oL -D -gluoopyranoside h y d ro ly s is ;  ------ ,
iso m a lto se  h y d ro ly s is ;  — , m alto se  h y d ro ly s is .  E lu tio n  
peaks a r e  d e s ig n a ted  5 , 6 and 7 .
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F igure  10A
Analytical polyacrylamide isoelectric focusing pH 4-6 of fractions 103-
137 separated by hydroxylapatite chraaatography
Lane 1 Protein staining lane 2
Lane 2 Activity staining peak 5
Lane 3 Activity staining peak 3
Lane 4 Combined aliquots
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F ig .  11
H y d ro x y lap a tite  chrom atography o f  f r a c t io n s  75-103 (peak 1) 
from p receed in g  DEAE Sepharose chrom atography ——  ,
p -n itro p h e n o l o t-D -g lu co p y ran o sid e  h y d ro ly s is ;  -----
iso m a lto se  h y d ro ly s is
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pigure 11A
Analytical polyacrylamide isoelectric focusing pH 4-5 of fractions 75- 
103 separated by hydroxylapatite chromatography 
Lane 1 Protein staining lane 2 
Lane 2 Activity staining peak 8
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th e  enzym es, th e  chrom atography c o rro b o ra te d  th e  e x is te n c e  o f  m u ltip le  

iso m a lta se s  and m a lta se s .

A t no t im e  d u r in g  th e  p u r i f i c a t i o n  p ro c e d u re  d id  th e  r e l a t i v e  

l e v e l s  o f  th e  v a r io u s  fo rm s o f  th e  enzyme change on s to ra g e . At no 

tim e  d u r in g  th e  p u r i f i c a t io n  p rocedu re  d id  a  p re v io u s ly  se p a ra te d  form 

o f  i s o m a l ta s e  a p p e a r  in  an y  f r a c t i o n .  S in c e  t h e  v a s t  m a jo r i ty  o f  

iso en zy m es  from  y e a s t  t h a t  h a v e  su b seq u en tly  been proven to  e x i s t  in  

m u l t i p l e  form s a s  a  r e s u l t  o f  p r o te o ly s is  e x h ib i t  a  change in  r e l a t iv e  

d i s t r i b u t i o n  w ith  age o f  th e  e x t r a c t ,  i t  i s  h ig h ly  in p ro b ab le  t h a t  any 

o f  t h e s e  y e a s t  ( ^ - g l u c o s i d a s e s  a r i s e  a s  a  r e s u l t  o f  in  v i t r o  

p r o te o ly s i s .

P u r i f i c a t i o n  o f  oL - g l u c o s i d a s e s  From 1412-4D S t r a in  o f  Saccharomyces 

C e re v is ia e  Under C o n d itio n s  o f  M altose In d u c tio n

The r e a s o n  f o r  th e  e x i s t e n c e  o f  a  m a lto s e  in d u c e d  is o m a l ta s e  

d i f f e r i n g  f ro m  t h e  o C -m e th y l-D -g lu c o s id e  in d u c e d  i s o m a l ta s e  i s  

p u z z lin g , p a r t i c u l a r ly  in  t h a t  m alto se  i s  n o t hydro lyzed  by e i t h e r  form 

o f  i s o m a l ta s e .  M altose induced c e l l s  were a  so u rce  o f  th e  more a c id ic  

fo rm  o f  i s o m a l ta s e  and  c o n ta in e d  low  l e v e l s  o f  t h e  oL -m e th y l-D -  

g l u c o s i d e  i n d u c e d  f o r m . P u r i f i c a t i o n  o f  e x t r a c t s  by  G -100  

ch ro m a to g rap h y  was i d e n t i c a l  r e g a rd le s s  o f  inducing  sugar and re s u lte d  

i n  e l i m i n a t i o n  o f  80% o f  n o n e n zy m a tic  p r o te in  w ith  no s e p a ra tio n  o f  

m u l t i p l e  fo rm s o f  - g lu c o s id a s e s  o c c u r r in g .  The d is c u s s io n  beg ins 

w ith  th e  s e p a ra t io n  ach ieved  upon DEAE Sepharose chrom atography.

F i r s t  DEAE Sepharose Chromatography

( F ig . 7 ,  7A ). Enzyme a c t i v i t y  and s p e c i f i c i t y  was determ ined  a s  

p r e v i o u s l y  d e s c r i b e d .  N o n s p e c if ic  PNPG a s s a y  showed 3 p e a k s  o f  

o ( ,-g lu c o s id a s e  a c t i v i t y .  Two o f  th e  p e ak s  (1 and 2) showed s u b s tr a te  

s p e c i f i c i t y  fo r  iso m a lto se , o (.-m ethy l-D -g lucoside , and p a la t in o s e  and
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F ig . 7
DEAE Sepharose chrom atography o f  pooled  f r a c t io n s  30-90 from 
G-100 chrom atography. Peak 1 , oL -m eth y l-D -g lu co sid e  induced 
form o f  iso m a lta se ; peak 2, m a lto se  induced form o f  iso m a lta se ; 
peak 3 , m a lta se .
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Figure 7A
Analytical polyacrylamide isoelectric focusing pH 4-G and activity 
staining V7ith ©4. KG as substrate of fractions separated by DEA2- 
Sephaross chromatography. Aliquots V7ere selected such that 100-150ug 
of glucose was liberated from Z-IG in 5 minutes.
Lane 1 M form Fractions 130-150 
Lane 2 oL form Fractions 110-120 
Lane 3 Combined aliquots
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one was a c t iv e  tow ards m alto se  (3 ) . I s o e le c t r i c  fo cusing  and a c t i v i t y  

s ta in in g  was perform ed on pooled f r a c t io n s  110-125 (lane 2) and 130-150 

( la n e  1 ) .  S e p a r a t io n  o f  th e  tw o fo rm s o f  i s o m a l ta s e  was com plete 

p r im a r i ly  because th e  preponderance o f  iso m a ltase  a c t i v i t y  was th e  more 

a c id ic  v a r ia n t  and p a r t ly  because o f  th e  g r e a te r  column le n g th . P ro te in  

lo ad s  were a d ju s te d  a cco rd in g ly  p r io r  to  e le c tro fo c u s in g  fo r  e q u iv a le n t 

band i n t e n s i t y .  M a lta s e  ( f r a c t i o n s  155-180) was s u b je c t  t o  IEF and 

a c t i v i t y  s t a i n i n g  w ith  o ( -m e th y l  -D -g lucoside  a s  s u b s t r a te  (F ig . 14 

and 1 5 ) .  F r a c t io n  130-155 was pooled  and su b jec te d  t o  a  second DEAE 

Sepharose column.

Second DEAE Sepharose Chromatography
( F i g .  8 a n d  8 A ). N o n s p e c i f ic  PNPG a s s a y  showed 2 p e ak s  o f  

e n z y m a tic  a c t i v i t y  h y d ro ly z in g  i s o m a l to s e ,  p a la t in o s e ,  oL-m ethyl-D - 

g lu c o s i d e ,  and su c ro se . F ra c tio n s  150-170 and 171-200 were pooled and 

s u b je c te d  to  IEF and a c t i v i t y  s ta in in g  w ith  bo th  o(.-m ethy l-D -g lucoside  

and  s u c r o s e  a s  s u b s t r a t e s .  T here  were no o b serv ab le  d if fe re n c e s  and 

i n s u f f i c i e n t  q u a n t i t y  o f  th e  m in o r form  t o  p u rs u e  fu r th e r  s tu d ie s .  

P r o t e i n  s ta in in g  o f  10cm IEF g e ls  showed one m ajor band o f  p ro te in  and 

a  m in o r  p r o t e i n  b a n d  w i th  a  m ore a c i d i c  p i .  The m in o r band i s  

c a t a l y t i c a l l y  a c t i v e  and i s  w e l l  s e p a r a te d  in  20cm IEF (F ig . 12) in  

m a lto s e  in d u c e d  c e l l s .  I t  was e s tim a te d  t o  re p re se n t no more th an  a  

few p e r c e n t  o f  th e  m a jo r band  and  ju d g e d  n e g l ig ib le  in  term s o f  i t s  

e f f e c t  on subsequent a n a ly s is .  Polyacry lam ide d is c  g e l  e le c tro p h o re s is  

an d  SDS g e l  e l e c t r o p h o r e s i s  d e m o n s tra te d  th e  p r e p a r a t i o n  t o  be 

a p p ro x im a te ly  98% p u re  and su b seq u en t a n a ly s is  was perform ed on t h i s  

p r e p a r a t i o n  (F ig . 1 6 ). The m ajor band o f  enzyme appeared o c c a s io n a lly  

a s  a  d o u b le t  when s t a i n e d  f o r  p r o t e i n  (F ig . 1 7 ) .  I t  i s  n o t  known 

w h e th e r t h e r e  e x i s t  2 forms o f a  m alto se  induced form , th e  p ro p e r t ie s



Figure 14
Analytical polyacrylamide isoelectric focusing pH 4-6 and activity 
staining of naltases in fractions 155-130 of DSA3 separation of 
Figure 7
Lane 1 100-150ug glucose generated from e^MG as substrate 
Lane 2 300-500ug glucose generated from oCMG as substrate
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Figure 15
Analytical polyacrylamide isoelectric focusing pH 4-5 and activity 
staining of fractions fron DSAE chromatography illustrated in 
Figure 7
Lane 1 Marker shewing 3 isomaltases
Lane 2 Combination of fractions 130-150 and 155-.130
L^ne 3 Fractions 155-130
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Fig. 8
DEAE Sepharose chrom atography o f  peak 2 from p receed in g  DEAE 
Sepharose column.

—  / Absorbance 280nm ; p a la t in o s e  h y d ro ly s is
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F ig u re  SA
Analytical polyacrylamide isoelectric focusing pH 4-6 and disc gel 
electrophoresis confirming separation by second DEAE column 
Lane 1 Disc gel electrophoresis .and protein staining of protein prior 
prior to chromatography 

Lane 2 Disc gel electrophoresis and protein staining of fractions 
175-200 subsequent to chromatography 

Lane 3 Analytical polyacrylamide isoelectric focusing and protein 
staining of protein prior to chromatography 

Lane 4 Analytical polyacrylamide isoelectric focusing and protein 
staining of fractions 175-200 subsequent to chromatography 

Lane 5 Activity staining v.'ith ck MG as substrate of lane 4 gel 
Lane 6 Activity staining of IE? at 20cn gel length of material 
applied to lanes 4 and 5
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Figure 16
Analytical polyacrylamide isoelectric focusing pH 4-6 of purified M 
form of isomaltase
Lane 1 M form (lOOug) stained with Coonasie G
Lane 2 I-l form stained for activity with o<J3G as substrate
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Figure 17
Analytical polyacrylamide isoelectric focusing pH 4-5 of purified M 
form of isomaltaseia
T.̂ ne 1 M form (50ug) stained v/ith Coonvasie G 
Lane 2 M form (lOOug) stained with Goomasie G
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P ig . 18
A n a ly tic a l po lyacry lam ide i s o e l e c t r i c  fo cu sin g  pH 4-6 and 
a c t i v i t y  s ta in in g  w ith  ol -m ethyl-EH glucoside o f  a  crude 
e x t r a c t  a t  20cm g e l  le n g th . Uppermost m ajor band i s  m altose  
induced form; m iddle m ajor band i s  m iddle form; bottom  m ajor 
band i s  oi-m ethy l-D -g lucoside induced form . Focusing shows 
th e  s p l i t t i n g  o f  each m ajor form in to  m u ltip le  bands and i s  
a r t i f a c t u a l .  See e x p lan a tio n  in  t e x t .



Figure 13
Analytical polyacrylamide isoelectric focusing pH 4-6 and activity
staining at 20cm gel length of a crude extract
Lane 1 & 2 Activity staining with ©L"G as substrate
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o f  w hich  a r e  so  s im i la r  t h a t  th e y  appear fused  in  s in g le  p ro te in  band, 

o r  w h e th e r  th e  i n f r e q u e n t  d o u b le t s  a r e  an  a r t i f a c t  o f  i s o e l e c t r i c  

f o c u s i n g .  T he d i s t r i b u t i o n  o f  th e  v a r io u s  a m p h o te re s  i n  th e  pH 

g ra d ie n t  i s  n o t uniform  and th e re  e x i s t s  gaps o r  re g io n s  where th e re  i s  

v e ry  l i t t l e  b u f f e r i n g  c a p a c ity . Should a  p ro te in  focus proxim al to  a  

zone o f  no  am pholine, d i f f u s io n  away from th e  i s o e l e c t r i c  p i  would n o t 

r e s u l t  in  th e  p r o te in  a c q u ir in g  a  n e t  ch arg e  u n t i l  i t  impinged upon th e  

n e x t  r e g io n  o f  h ig h  am photere c o n c e n tra tio n  whereupon i t  would a cq u ire  

a  n e t  c h a rg e  and  t h e  r e p u l s i o n  o f  th e  p ro x im al e le c tro d e  would th en  

move i t  b a ck  t o  i t s  p i  p o i n t .  D o u b le t a r t i f a c t s  a p p p e a r  w ith  th e  

d e p o s i t i o n  o f  unfocused p ro te in  between th e  bands and change w ith  tim e 

o f  f o c u s in g  and s te e p n e s s  o f  th e  g r a d i e n t .  The d is ta n c e  o f  d o u b le t 

a r t i f a c t s  i s  u s u a lly  one m ill im e te r  o r  l e s s  and components fo cu sin g  a s  

d o u b le ts  beyond t h i s  d is ta n c e  shou ld  be co n sid e red  r e a l .  A r t i f a c t s  can 

be d is t in g u is h e d  by fo cu s in g  in  shallow er pH g ra d ie n ts  (longer len g th s) 

and by sam pling g e l  tu b e s  a t  d i f f e r e n t  t im e s .

P r o te o ly s is

P r i n g l e  (26 ) r e p o r t s  t h a t  a  w ide  v a r i e t y  o f  h ig h ly  p u r i f i e d  

p r o t e i n s  a p p e a r i n g  a s  s i n g l e  b a n d s  i n  p o l y a c r y l a m i d e  g e l  

e l e c t r o p h o r e s i s  show  t h e  p r e s e n c e  o f  a n  a d s o r b e d  p r o t e o l y t i c  

c o n ta m in a n t upon SDS g e l  e le c tro p h o r e s is  under d e n a tu rin g  c o n d itio n s . 

A m u l t i p l e  b a n d in g  p a t t e r n  upon SDS g e l  e le c tro p h o r e s is  t h a t  changes 

w ith  tim e  o f  in c u b a t io n  w ith  SDS and i s  e lim in a te d  by p r io r  tre a tm e n t 

w i t h  PMSF i s  i n d i c a t i v e  o f  an  a d so rb e d  p r o t e o l y t i c  c o n ta m in a n t .  

P u r i f i e d  i s o m a l ta s e s  d id  n o t e x h ib i t  t h i s  phenomenon d e s p i te  th e  f a c t  

t h a t  is o m a lta s e  i s  a  s u b s t r a te  fo r  p ro te a se  B. T h is  a d so rp tio n  can be 

a c c o u n te d  f o r  by c o n s id e r in g  g e n e ra l w e ll known p r in c ip le s  o f  enzyme- 

s u b s t r a te  in t e r a c t io n s .  P ro te in s  a re  o f te n  p u r i f ie d  in  th e  p resen ce  o f
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t h e i r  s u b s t r a t e s  s o  a s  t o  s t a b i l i z e  th e  enzyme by fre e z in g  i t  in  i t s  

n a t i v e  c o n fo rm a tio n  a s  when s u b s t r a t e  i s  bound a t  th e  a c t iv e  s i t e .  

P r o te a s e s  a re  ex trem ely  s ta b le  p ro te in s  fo r  th ey  a r e  in  an  environm ent 

i n  an  e x t r a c t  w here  th e y  a r e  i n  th e  p re s e n c e  o f  m u ltip le  s u b s t r a te s  

(o th e r  p r o t e i n s ) . S hou ld  a  c h ro m a to g ra p h ic  s e p a ra t io n  be a ttem pted  

u n d e r c o n d i t io n s  where p ro te o ly s is  i s  a c t iv e ly  o c c u r r in g , th e  a f f i n i t y  

o f  t h e  p r o  t e a s e  f o r  i t s  s u b s t r a t e  m ig h t  b e  m ore a v id  th a n  th e  

d i f f e r e n t i a l  a f f i n i t y  o f  th e  p r o t e a s e  and  s u b s t r a t e  f o r  th e  io n -  

e x c h a n g e  r e s i n .  C om m ercial enzym e p r e p a r a t i o n s  a r e  u n d o u b te d ly  

p u r i f i e d  w i t h  i n s u f f i c i e n t  a t t e n t i o n  g iv e n  t o  th e  i n h i b i t i o n  o f  

p r o t e o l y s i s  p r i o r  t o  colum n c h ro m a to g ra p h y . I n  a d d i t io n ,  once th e  

m e ta b o l ic  c a s c a d e  le a d in g  t o  p r o te o ly t ic  a c t iv a t io n  i s  i n i t i a t e d  and 

a m p l i f i e d ,  i t  i s  m o st l i k e l y  d i f f i c u l t  o r  im p ossib le  to  in t e r p r e t  o r  

i n h i b i t  t h e  e v e n t s  t h a t  t r a n s p i r e .  The in  v iv o  f u n c t io n  o f  th e  

m e ta b o l ic  c a s c a d e s  t h a t  l e a d  t o  p r o t e o l y t i c  a m p l i f ic a t io n  h as  wide 

r a n g in g  im p lic a t io n s  in  term s o f  i n t r a c e l lu l a r  p ro te in  d e g ra d a tio n  and 

t h e  m o d u la t io n  o f  c e l l  s u r f a c e  r e c o g n i t i o n  v i a  c le a v a g e  o f  t r a n s  

membrane c o n t r o l l in g  mechanisms.

In  v i t r o  i n h ib i t io n  o f  p ro te a s e  B a c t i v i t y  and p ro b ab ly  a l l  s e r in e  

ty p e  p r o t e a s e s  c a n  be  a c h ie v e d  by th e  p r e s e n c e  o f  NH4+ . E x tra c ts  

show ing enorm ous p r o t e o ly t i c  c a p a c ity  were co m ple te ly  s ta b i l i z e d  when 

20% (NH4)2S04 was p re s e n t  a t  n e u t r a l  pH, th e  pH be ing  m ain ta in ed  a t  7 .0  

d u rin g  th e  a d d i t io n  o f  (NH^^SO^. The ammonium ion  p ro b ab ly  mimics th e  

e f f e c t s  o f  l y s i n e  and  h i s t id in e  r e s id u e s ,  th e  h i s t i d in e  re s id u e  being  

e s s e n t i a l  fo r  s e r in e  ty p e  p r o te o ly t ic  a c t i v i t y  a s  review ed by Lehninger 

(64 ).

T he ammonium io n  q u i t e  p o s s i b l y  h in d e r s  th e  g e n e r a l  b a se  

c a t a l y s i s  e f f e c t e d  by th e  a c t i v e  h i s t i d i n e .  C o n s is te n t  w ith  t h i s ,
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d i a l y s i s  o f  G -100  p u r i f i e d  e x t r a c t s  i n t o  0.01M p h o sp h a te  b u f f e r  

c o n ta in in g  no NH^+ dem onstrated  c o n s id e ra b le  p r o te o ly t ic  a c t iv i ty  and 

concom itant lo s s  in  enzyme a c t i v i t y .

E x t r a c t s  w ere  supp lem ented  w ith  g ly c e ro l ( f in a l  c o n ce n tra tio n  o f  

20%) and d ia ly s e d  u n t i l  th e  d ia ly s a te  showed th e  absence o f  NH^+. The 

p e r s i s t e n c e  o f  NH^+ a t  low  l e v e l s ,  d e s p i t e  s i x  4 l i t e r  changes o f  

d i a l y s i s  b u f f e r ,  seem ed t o  i n d i c a t e  a  b in d in g  was o c cu rrin g  between 

NH^+ and y e a s t  p ro te a se  B.

DEAE S ep h aro se  was chosen because P r in g le 's  review  (26) in d ic a ted  

e l u t i o n  p r o p e r t i e s  o f  p r o t e a s e  B w ere s u b s t a n t i a l l y  d i f f e r e n t  from 

is o m a l ta s e  w ith  t h i s  p a r t i c u l a r  r e s in  f a c i l i t a t i n g  th e  se p a ra tio n  o f  

th e  tw o a c t i v i t i e s .  DEAE chrom atography in  th e  p resen ce  o f  g ly c e ro l 

was s u c c e s s f u l  in  e l im in a t in g  p r o t e o l y t i c  a c t i v i t y  a s  th e  p u r if ie d  

enzyme d ia ly z e d  a g a in s t  b u ffe r  c o n ta in in g  n e i th e r  g ly c e ro l  nor NH^+ was 

com plete ly  s t a b l e .  G ly cero l m ight fu n c tio n  through a  v is c o s i ty  e f f e c t ,  

r e t a r d i n g  m o le c u la r  m o tio n  and c o n fo rm a tio n a l changes e s s e n t ia l  fo r 

c a t a l y s i s .  SDS g e l  e l e c t r o p h o r e s i s  show ed th e  a b se n c e  o f  any 

s u b s ta n t ia l  p r o te o ly t ic  con tam inan t.

I  do n o t  recommend th e  u se  o f  PMSF f o r  a  v a r i e t y  o f  r e a s o n s .  

P r o t e a s e - p o l y p e p t i d e  i n h i b i t o r  c o m p le x e s  e x i s t  s u c h  t h a t  th e  

p o ly p e p t id e  i n h i b i t o r  i s  bound t o  th e  a c t i v e  s i t e  o f  th e  p ro te a se . 

D is s o c ia t io n  o f  th e  com plex  o c c u r s  o v e r a  p e r io d  o f  tim e (26). I t  

m akes no  s e n s e  t o  u se  a  re a g en t such a s  EMSF w ith  a  ^ / 2  =1(^  n,i n u tes 

a t  pH 7 .0  p a r t i c u l a r ly ,  when th e  a c t iv e  s i t e  o f  p ro te a se s  in  p ro te a se -  

p o l y p e p t i d e  i n h i b i t o r  com plexes i s  m asked by th e  p re s e n c e  o f  th e  

p o ly p e p t id e  in h ib i to r  and i s  rendered  in a c c e s s ib le  to  th e  re a g e n t. In  

a d d i t io n ,  b ind ing  o f  PMSF i s  s p e c i f ic  fo r  s e r in e  in  any p ro te in  and th e  

p r o b a b i l i ty  o f  re a g e n t a r t i f a c t s  i s  pronounced (26 ).
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I recommend the purification of enzymes in the presence of 

substantial concentrations of NH4+ and glycerol and the selection of 
resins and conditions where active proteolysis is inhibited, it is 
hoped that the insights achieved will lead to the production of 
commercially purified preparations free of proteolytic contaminants. 
Induction studies

Y e a s t  c e l l s  g ro w n  o n  m e d ia  c o n t a i n i n g  m a l to s e  p ro d u c e  

p re d o m in a n tly  th e  m ore a c i d i c  form o f  i s a n a l ta s e  P ig . 1 2 (M) and a  low 

l e v e l  o f  th e  m ore b a s i c  form  (oi). The form  o f  th e  enzyme w ith  a  

s l i g h t l y  m ore a c i d i c  p i  (A) th a n  th e  m a jo r m altose  induced form was 

p r o v e d  n o t  t o  b e  a n  a r t i f a c t  a s  d e m o n s tra te d  by i t s  p e r s i s t e n t  

a p p e a ra n c e  d u r in g  ch ro m ato g rap h y  and i t s  unchanged appearance during  

th e  c a th o d ic  d r i f t  phenom ena. The bottommost a c t iv e  band c lo s e s t  to  

th e  b a s i c  c a th o d e  (D) i s  m a l t a s e ,  e x h i b i t i n g  a  m in im al h y d ro ly t ic  

a c t i v i t y  to w a rd s  ot-MG and dem onstrating  in d u c tio n  by m a lto se . C e l ls  

in d u c e d  withc^-MG produce predom inantly  th e  more b a s ic  is a n a l ta s e  (pi) 

a lo n g  w ith  low  l e v e l s  o f  th e  m altose  induced form (M). The form o f 

i s a n a l ta s e  p re s e n t  a t  low c o n c e n tra tio n s  w ith  a  p i  in te rm e d ia te  between 

t h e  2 m a jo r  fo rm s  (B) w as c o n c e n t r a t e d  i n t o  a  p r o t e i n  p eak  upon 

h y d r o x y la p a t i t e  c h ro m a to g ra p h y . S im ultaneous in d u c tio n  w ith  m altose 

a n d  ek"MG p r o d u c e d  s u b s t a n t i a l  a m o u n ts  o f  b o th  m a jo r  form s o f  

i s o m a l ta s e ,  th e  m o la r ity  o f  th e  inducing  su g ars  being  th e  same in  F ig . 

12. When sim ultaneous in d u c tio n  was perform ed w ith  th e  same percen tage  

b y  w e ig h t  o f  e a c h  s u g a r  ( P i g .  1 3 ) ,  t h e  10 cm IE F  g e l s  showed 

approxim ate ly  eq u al amounts o f  th e  2 m ajor forms o f  th e  enzyme.

Each of the two major forms when added to a crude extract of the 
other shows no interconversion over time. Extraction in the presence 
of EMSF produces the same distribution pattern as in the absence of the
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Figure 12
Analytical polyacrylamide isoelectric focusing pH 4-5 and activity 
staining with d-MG as substrate at 20cm gel length of extracts of 
Saccharotnyces cerevisiae induced with various sugars 
Lane 1 Maltose induction corresponding to flask 1 (Materials and 
Methods)

Lane 2 oL -nethyl-D-glucosice induction corresponding to flask 2 
(Materials and Methods)

Lane 3 Simultaneous induction with 0.8% of-MG and 1.7% maltose 
corresponding to flask 3 (Materials and Methods)
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Figure 13 ij_k
Analytical polyacrylamide isoelectric focusing pH and activity staining 
v/ith ot-’-G as substrate at 10cm gel length of a simultaneously induced 
extract of Saccarcmyces cersvisiae 
v;ith l%olr-HG and 1% maltose
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i n h i b i t o r .  N e i th e r  e x t r a c t  was cap ab le  o f  co n v ertin g  one form to  th e  

o t h e r .  T h e re fo re , i t  i s  h ig h ly  im probable t h a t  any o f  th e se  y e a s t oL -  

g lu c o s i d a s e s  a r i s e  a s  a  r e s u l t  o f  an in  v i t r o  p ro cess  o c cu rrin g  in  th e  

e x t r a c t s .

I s o e l e c t r i c  fo cu sin g

F ig u r e  19 show s IEF and a c t i v i t y  s t a in s  o f  c rude  e x t r a c ts  in  th e  

pH 4 -6  ra n g e  and a t  a  g e l  le n g th  o f  20cm. Lanes 1 ,2  and 3 correspond  

t o  IEF and  a c t i v i t y  s ta in in g  i n  th e  absence o f  g ly c e ro l  a t  24 , 36 and 

48 hours r e s p e c t iv e ly .  Lanes 4 , 5 and 6 correspond  to  IEF and a c t i v i t y  

s t a i n i n g  w i t h  t h e  same p r o t e i n  lo a d  and  in  th e  same b a th  i n  th e  

p r e s e n c e  o f  15.6% g l y c e r o l  a t  24 , 36 and 48 hours r e s p e c t iv e ly .  The 

m a t e r i a l  a p p l i e d  t o  th e  20cm g e ls  had been focused  a t  10cm g e l  le n g th  

a n d  t h e  r e l a t i v e  l e v e l s  o f  t h e  d i f f e r e n t  fo rm s and  f i n a l  b an d in g  

p a t t e r n  w as known. G e ls  fo c u s e d  in  th e  absence o f  g ly c e ro l showed a  

d i s t r i b u t i o n  o f  m u l t i p l e  is o m a lta s e s  d i f f e r e n t  from th a t  achieved  in  

t h e  p r e s e n c e  o f  g l y c e r o l .  T he c a th o d ic  d r i f t  o f  th e  bands was 

p ro n o u n c e d  w ith  co m p le te  d e te r io r a t io n  o f  th e  re s o lu t io n  a t  48 h o u rs . 

G e ls  fo c u s e d  in  th e  p r e s e n c e  o f  g l y c e r o l  showed th e  p ro p er banding 

p r o f i l e  a s  c o r r o b o r a te d  by 10cm IEF. A pronounced ca th o d ic  s h i f t  s e t  

i n  a f t e r  36 h o u rs  b u t  th e  d r i f t  was c o n tro l le d  and m ig ra tio n  o f  bands 

to w a rd s  t h e  c a th o d e  a c t u a l l y  en h an ced  th e  s e p a r a t i o n  w ith  p i  band 

s e p a r a t i o n  g r e a t e r  a t  48 h o u rs  th an  a t  24 h o u rs . I t  can be seen  th a t  

t h e  m id d le  fo rm  a p p e a r s  a s  a  d o u b le t a t  36 hours and band broadening 

i n c r e a s e s  th ro u g h  48 h o u r s .  The d e te r m in a t io n  o f  t h i s  a r t i f a c t  can 

c o n v e n ie n t ly  be d i s t i n g u i s h e d  by sam p lin g  g e ls  a t  v a rio u s  tim es , an 

e s s e n t i a l  p r e r e q u i s i t e  f o r  IE F . I t  c an  be seen  th a t  th e  iso m a ltase  

fo cu s in g  a t  a  s l i g h t l y  more a c id ic  p i  th an  th e  m a lto se  induced form (A) 

d id  n o t  c h an g e  in  a p p e a ra n c e  d u r in g  th e  ca th o d ic  d r i f t  and fo r  t h i s



f ig u r e  19
Analytical polyacrylamide isoelectric focusing pH 4-6 (20cm gel length)
and activity staining with and without glycerol at vary
times of focusing
Lane 1 24 hrs no glycerol
Lane 2 35 hrs no glycerol
Lane 3 48 hrs no glycerol
Lane 4 24 hrs 10% glycerol
Lane 5 35 hrs 10% glycerolLane 6 48 hrs 10% glycerol
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reaso n  i s  judged to  be genu ine.

E v e n  i n  10cm  g e l s  t h e  p r e s e n c e  o f  g l y c e r o l  r e s u l t s  i n  

s t a b i l i z a t i o n  o f  th e  pH g r a d i e n t .  I t  i s  e s s e n t i a l  t o  have th e  same 

f i n a l  c o n c e n tra tio n  o f  g ly c e ro l (10-15%) in  a l l  g e ls  so  a s  to  make s id e  

by s id e  c o m p a r iso n s . I t  h a s  been  re p o rte d  (61) th a t  th e  decay o f  pH 

g r a d i e n t s  w ith  tim e  in  IEF i s  g r e a t l y  re d u c e d  when g e l s  a r e  made 

v isco u s  by th e  a d d it io n  o f  12.5% su c ro se .

T he n a t u r e  o f  th e  i n s t a b i l i t y  o f  th e  pH g r a d i e n t  in  IEF h a s  

r e c e iv e d  w ide a t t e n t i o n  b u t  no consensus o f  o p in io n  h as  been formed. 

B o th  a n o d ic  and c a th o d ic  d r i f t s  have been observed  a s  evidenced by th e  

f a c t  t h a t  p r o t e i n  bands a re  d isp la c e d  tow ards th e  proxim al e le c tro d e . 

F i g u r e  20 i s  a  10cm IEF g e l  pH 5 -7  d e m o n s tra t in g  b o th  a n o d ic  and  

c a th o d ic  d r i f t .  Bands fo cu sin g  in  th e  upper re g io n  o f  th e  g e l  c lo se  t o  

th e  anode  h av e  an  in v e r t e d  a p p e a ra n c e . A ll e le c tro p h o re s is  system s 

c h a r a c t e r i s t i c a l l y  show d is c s  o f  p ro te in  bands, th e  edges o f  which a re  

s l i g h t l y  re ta rd e d  due t o  c o n ta c t w ith  th e  g la s s  tu b e . Presum ably, th e  

i n v e r t e d  a p p e a ra n c e  o f  ban d s o f  fo c u s in g  n e a r  th e  anode l ik e w is e  

d e m o n s t r a t e  a  m ovem ent o r  a n o d ic  s h i f t  to w a rd s  th e  an o d e . The 

b o t to m m o s t  b an d  i n  F ig .  20 d e m o n s tra te s  a  c a th o d ic  s h i f t .  T h is  

in v e r s io n  i s  n o t a s  pronounced when p ro te in  i s  s ta in e d  fo r  a c t i v i ty  in  

IE F  d u e  t o  t h e  f a c t  t h a t  g lu c o s e  d i f f u s e s  away from  th e  s i t e  o f  

e n z y m a tic  a c t i v i t y  p r io r  to  s ta in in g .  P o s s ib le  e x p lan a tio n s  o f  th e  pH 

g r a d i e n t  i n s t a b i l i t y  a r e  re v ie w ed  by Chram bach (5 9 ) .  I t  h a s  been 

r e p o r te d  by Nguyen (61) t h a t  an anodic d r i f t  o f  th e  pH g ra d ie n t occurs 

in  a  6 -8  g r a d i e n t  when g ly c in e  i s  th e  an o ly te  (pH=6) and a rg in in e  i s  

th e  c a t h o l y t e  (p H = 1 0 .3 ). The d i r e c t i o n  o f  th e  d r i f t  i s  reversed  t o  

c a th o d ic  when (a) th e  c a t h o l y t e  i s  p o s i t io n e d  below th e  g e l  (in  th e  

lcw er b u ffe r  r e s e r v o i r ) ,  (b) tu b es  a re  co a ted  by l in e a r  po lyacry lam ide,
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Pigure 20
Analytical polyacrylamide isoelectric focusing pH 5-7 stained with 
Coomasie G of a partially purified extract demonstrating anodic and 
cathodic shifts
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(c) a rg in in e  i s  re p la c e d  by ly s in e  (pH=9.5 ) .

T he t e c h n i q u e  o f  IE F  p r o d u c e s  a n  e n t r o p i c a l l y  u n fa v o ra b le  

s i t u a t i o n .  The p ro te in  bands c o n c e n tra te  n e x t t o  re g io n s  o f  no p ro te in  

a n d  t h e r e  e x i s t s  a  pH g ra d ie n t  w ith  a  f i n i t e  c o n d u c tiv ity  proxim al to  

e l e c t r o l y t e  s o lu t io n s  o f  d i f f e r e n t  c o n d u c t iv i t ie s .  The f a c t  t h a t  when 

Nguyen (61) changed th e  c o n d u c tiv ity  o f  an e le c t r o ly te  (pH 9 .5  in  p la c e  

o f  1 0 .3 )  th e  d r i f t  r e v e r s e d  i t s e l f  i s  s u p p o r tiv e  o f  t h i s  v iew . The 

d r i f t  i s  a  f u n c t io n  o f  th e  Second law o f  thermodynamics -  th e  en tro p y  

o f  a  sy s te m  te n d s  t o  assume a  maximum and pH g ra d ie n ts  ten d  to  m ig ra te  

i n t o  th e  p ro x im a l e l e c t r o l y t e  so  a s  t o  e q u a liz e  c o n c e n tra tio n s  o f  a l l  

s p e c i e s .  P r o t e i n  b an d s c a n n o t  d i f f u s e  away from th e i r  p i  p o in ts  a s  

t h e y  w o u ld  a c q u i r e  a  n e t  c h a r g e  and  be  r e p e l l e d  by  th e  p ro x im a l 

e l e c t r o d e .  The p r e s s u r e  o f  th e  band  and  i t s  te n d en c y  to  randomize 

c a u s e s  i t  and th e  e n t i r e  segm en t o f  th e  pH g ra d ie n t  c o n ta in in g  i t  to  

m ig r a te  i n t o  th e  n e a r e s t  e l e c t r o l y t e  com partm ent. The r e v e r s a l  o f  th e  

d r i f t  w i th  e l e c t r o l y t e  c o m p o s i t io n  i s  c o n s i s t e n t  w ith  t h i s  v ie w . 

C onsequen tly , i t  i s  d e s i r a b le  t o  u se  a c id s  and b ases  in  th e  e le c t r o ly te  

c o m p artm en ts  such  t h a t  th e  pH i s  c lo s e  t o  th e  pH in  th e  e x tre m it ie s  o f  

t h e  g e l .  S tro n g  b a s e s  te n d e d  t o  d e s t a b i l i z e  th e  g r a d i e n t  a t  th e  

c a th o d e  en d  m ore s o  th a n  s t r o n g  a c id s  a t  th e  anode end . I t  has been 

d e m o n s tra te d  by companies m arke ting  c a r r i e r  am pholines t h a t  th e  number 

and  ty p e s  o f  a m p h o te re s  i n  th e  n e u t r a l  re g io n  o f  th e  g e l  i s  l e s s  and 

h e n c e  th e  c o n d u c tiv ity  i s  l e s s  in  th e  n e u t r a l  re g io n  th an  in  th e  b a s ic  

o r  a c i d i c  r e g io n s .  B asic  and a c id ic  range am pholines a re  m arketed a t  

20% w/ v  w h ile  th e  m idd le  ran g es  a re  a t  40% w/ v .  For t h i s  re a so n , th e  

c a th o d i c  r e g io n  was p ro b le m a tic a l in  a  pH 4-6 g ra d ie n t .  When cathode 

was u p p e rm o st t h e r e  was r a p id  m ig r a t io n  o f  b a se  i n t o  th e  g e l  w ith  

c o n c o m i t a n t  a n o d i c  s h i f t  o f  t h e  pH g r a d i e n t  i n t o  t h e  a c i d i c



e l e c t r o l y t e .  B ackground  am pholine s ta in in g  was com pletely  ab sen t in  

th e  c a th o d e  r e g io n  o f  th e  g e l  and th e  pH o f  th e  g e l  was id e n t ic a l  to  

t h a t  o f  th e  c a t h o l y t e .  For t h i s  r e a s o n ,  th e  c a th o d e  was made th e  

b o tto m  e l e c t r o d e  w hich  n e c e s s i t a t e d  th e  e l e c t r o l y t e  m oving upward 

a g a i n s t  th e  f o r c e  o f  g r a v i t y  upon e n t e r in g  th e  g e l .  T h is  p ro v ed  

s u c c e s s f u l  and  g r a d i e n t s  w ere  l in e a r  w ith  on ly  0.5ari a t  b o th  cathode 

and  anode end  b e in g  o f  a  pH i d e n t i c a l  w i th  th e  e l e c t r o l y t e .  I t  i s  

im p era tiv e  to  u se  th e  minimum volume o f  e le c t r o ly te  so  a s  to  j u s t  cover 

th e  b o tto m  o f  th e  g e l  tu b e s  and  th e  e le c tro d e  and c r e a te  th e  minimum 

h y d r o s t a t i c  p r e s s u r e  on  th e  bottom  g e l  s u r fa c e . When e le c t r o ly te  in  

th e  b o tto m  com partm en t was added such th a t  a  m a jo rity  o f  th e  g e l  tube  

was im m ersed i n  s o l u t i o n ,  th e  pH g r a d i e n t s  w ere l i n e a r  over a  much 

s h o r te r  d is ta n c e  w ith  s ig n i f i c a n t  m ig ra tio n  o f  th e  e le c t r o ly te  in to  th e  

g e l  from th e  bottommost com partm ent. When conducting  IEF i t  i s  adv ised  

t o  make th e  low  c o n d u c t i v i t y  r e g io n  o f  th e  g r a d i e n t  th e  bottommost 

e le c tro d e  and to  use an  e le c t r o ly te  o f  pH approx im ately  eq u al to  th e  pH 

a t  th e  e x t r e m i ty  o f  th e  g r a d i e n t .  Phosphate b u f fe rs  a d ju s te d  to  th e  

p ro p e r  pH d id  n o t  p ro v e  s u i t a b l e  f o r  unknown re a so n s . There was no 

in c r e a s e  i n  r e s i s t i v i t y  over tim e , no m ig ra tio n  o f  am photeres, and no 

pH g r a d i e n t .  Amino a c id s  a r e  s u i ta b le  e le c t r o ly te s  p a r t i c u la r ly  when 

p re p a ra t iv e  recovery  i s  d e s ire d  b u t re q u ire d  longer fo cu sin g  tim es th an  

d id  weak a c id s  and b a se s . When fo cu sin g  in  pH 3-10 g ra d ie n ts ,  NaCH was 

s u i t a b l e  a s  a  c a t h o l y t e  b u t  u n s u i t a b l e  in  pH 4 -6  g r a d i e n t s  and 

monoethanolamine was p re fe r r e d .  An e x c e l le n t  review  a r t i c l e  on IEF was 

w r i t t e n  by R i g h e t t i  and  D ry s d a le  (53) th e  m ethods p ro v in g  q u i t e  

s u i ta b le  when in c o rp o ra te d  w ith  th e  su g g es tio n s  m entioned in
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t h i s  t h e s i s .

The B io  Rad m odel 155 p ro v e d  u n s u i t a b l e  f o r  e l e c t r o f o c u s in g  

p ro c e d u re s  i n  w hich  th e  b o tto m  o f  th e  g e l  tu b e  was below th e  bottom  

e l e c t r o d e .  Tw enty c e n t im e te r  IEF re q u ire d  a  v o lta g e  maxima o f  750V/ 

tw o h u n d red  v o l t s  ab ove  th e  maximum ra te d  v o lta g e  o f  th e  c e l l .  T h is 

an d  th e  f a c t  t h a t  th e  in n e r  s u r f a c e  o f  th e  power c o re  a t  th e  bottom  

e l e c t r o d e  showed th e  p r e s e n c e  o f  e x p o se d  w ire  produced a  pronounced 

c a th o d i c  d r i f t  c e n te r e d  on  th e  p o s i t i o n  w here  th e  bottom  e le c tro d e  

s u r f a c e d  from  th e  c o re  (F ig . 2 1 ). P rox im ity  t o  an e le c tro d e  has been 

re p o r te d  (53) to  a c c e le r a te  c a th o d ic  d r i f t .  N e ith e r cem enting over th e  

e x p o s e d  w ire  n o r b a f f l i n g  o f f  th e  e n t i r e  b o tto m  o f  th e  c o re  w ith  

p a r a f i lm  a l l e v i a t e d  th e  d r i f t .  SDS g e l  e le c tro p h o re s is  in  th e  c e l l  

showed d i f f e r e n c e s  i n  m ig ra tio n  r a t e  o f  th e  tra c k in g  dye dependent on 

g e l  p o s i t i o n  in  th e  b a th .  The c e l l  was s u i ta b le  fo r  IEF in  g e ls  in  

which th e  low er g e l  su r fa c e  was c o n s id e ra b ly  above th e  bottom  e le c tro d e  

(10cm ) b u t  r e p r o d u c i b i l i t y  was n o t  q u i t e  a s  good a s  when IEF was 

p e rfo rm e d  i n  th e  B io  Rad m odel 150A. T h is  b a th  proved id e a l  fo r  IEF 

b u t g e l  le n g th  i s  l im i te d  t o  approx im ate ly  17.5cm and g e l  number o f  12. 

The C an a lc o  m odel 1200 m ight be s u i ta b le  fo r  IEF p rov ided  e le c t r o ly te  

volum e i n  th e  b o tto m  co m p artm en t i s  k e p t  to  a  minimum. The Canalco 

Model 12, k in d ly  su p p lie d  by Norman R. E a to n , i s  id e a l ly  s u i te d  fo r  IEF 

a s  t h e  t o p  e l e c t r o d e  i s  b a f f l e d  to  p re v e n t p ro x im ity  e f f e c t s  and th e  

b o tto m  e l e c t r o d e  i s  a  f l a t  p l a t e .  The f e a tu re  p ro v id in g  fo r  v a r ia b le  

l e n g th  g e l s  i s  q u i t e  c o n v e n ie n t  and IEF over 25cm was perform ed w ith  

t h i s  b a th  and  d e m o n s tra ted  h e te ro g e n e ity  (a m u lt ip le  banding p a tte rn )  

w i th in  th e  o i.fo rm  o f  i s o m a l ta s e  and w ith in  th e  m idd le  form (B) (F ig . 

2 2 ) . Focusing tim e was 60 hours a t  0 .3  w a t t /g e l  w ith  v o lta g e  maximum o f  

1600V. The h e t e r o g e n e i ty  was p ro b a b ly  a r t i f a c t u a l  and due  t o  th e
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Figure 21
Analytical polyacrylamide isoelectric focusing pH 4-6 (20cn gel length) 
and activity staining illustrating an Electrode Induced Cathodic Shift 
in the Bio-Had TJodel 155A. 3v?osed cathode electrode is bottommost 
Lane 7 Site of exposed wire
Lane 1-5 Increasing proximity o f ge l tubes to  exposed v.’ire  
Lane 8-15 Decreasing proximity o f  ge l tubes to  exposed wire
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F ig . 22
A n a ly tic a l polyacry lam ide i s o e l e c t r i c  fo cusing  pH 4-6 o f  a  
f r a c t io n  c o n ta in in g  approx im ate ly  eq u a l amounts o f  3 forms 
o f  i s a n a l ta s e  a t  10 and 25cm g e l  le n g th . Lanes 1 , 2 and 3 
d em onstrate  s p l i t t i n g  o f  what appear to  be s in g le  bands in  
la n e  4 . An amount o f  enzyme producing  100-150ug g lu co se  
from o(.-MG in  5 m inutes was a p p lie d  to  la n e  2, 3 , and 4 .
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Figure 22
■Ana3.yti.c2l poly ac r ylani5e isoelectric focusing pH 4-5 at 10 and 25aa
gel length illustrating increased resolution at the .longer gel length
Lane 1 Protein staining lane 2
Lane 2 & 3 Activity staining at 25aa gel length
Lane 4 Activity staining at lOcni gel length
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in c r e a s e d  le n g th  and in c r e a s e d  v o lta g e . Ampholines were d is t r ib u te d  

o v e r  a  25cm le n g th  a g g rav a tin g  th e  problem  produced by reg io n s  o f  low 

c o n d u c t i v i t y .  The h e te r o g e n e i ty  o b se rv e d  in  25cm focusing  was much 

more marked th an  th a t  observed  in  20cm, fo cu sin g  (F ig . 1 8 ), moreso th an  

w ould be  e x p e c te d  from  th e  a d d it io n a l  5cm le n g th . The l im i ta t io n s  o f  

th e  te c h n iq u e  a r e  a  f u n c t io n  o f  n o n u n ifo rm  c o n d u c t iv i ty  o f  th e  pH 

g r a d i e n t  and can  p o s s ib ly  be rem edied by m ixing am pholines o f  th e  same 

ra n g e  a s  s u p p l ie d  by d i f f e r e n t  m an u fac tu rers; An a l te r n a t e  approach 

fo r  in c re a s in g  r e s o lu t io n  i s  to  f r a c t io n a te  commercial 2 pH u n i t  ranges 

a s  d e s c r ib e d  in  m ethods and p e rfo rm  IEF in  10cm g e l s .  I t  would be 

im p e ra t iv e  t o  ch o o se  a c id s  and bases a s  e le c t r o ly te s  such th a t  th e  pH 

i s  v e ry  c lo s e  to  th e  pH in  th e  ex tre m e tie s  o f  th e  g e l .

A te c h n iq u e  known as  nonequ ilib rium  fo cu sin g  has been employed by 

i n v e s t i g a t o r s  w ork ing  w ith  p r o t e i n s  whose p i  v a lu es  l i e  o u ts id e  th e  

ra n g e  o f  co m m erc ia l am pholines. I t  in v o lv es  te rm in a tio n  o f  IEF p r io r  

to .  com pletion  and a tta in m en t o f  a  f i n a l  s ta b le  banding p a t te r n  so  a s  t o  

v is u a l iz e  a l l  components. When IEF and a c t i v i t y  s ta in in g  was perform ed 

on  g e l s  te r m in a te d  p r i o r  t o  a tta in m e n t o f  e q u ilib r iu m , th e  number o f  

a c t iv e  bands seemed t o  be c o r r e c t  b u t th e  d i s t r ib u t io n  in  le v e l  o f  each 

form  was t o t a l l y  d i f f e r e n t  from  th a t  o b ta in e d  when th e  techn ique was 

p e rfo rm e d  c o r r e c t ly .  R eso lu tio n  was d i f f i c u l t  to  o b ta in , r e s u l t in g  in  

th e  d e p o s i t i o n  o f  a c t i v e  u n fo cu sed  iso m a lta se  e v id e n t th roughout th e  

g e l  producing  a  s u b s ta n t ia l  smear o f  red  form azan. I  view th e  v a l id i ty  

o f  n o n e q u ilib r iu m  fo cu sin g  (non-focusing) w ith  g re a t  re s e rv a tio n  to  be 

u s e d  o n ly  t o  a s c e r t a i n  th e  number o f  com ponents and th e n  o n ly  in  

co n ju n c tio n  w ith  sane o th e r  method t o  v e r i f y  r e s u l t s .

The u se  o f  IEF and a c t i v i t y  s t a i n i n g  i s  a  pow erful to o l  in  th e  

i d e n t i f i c a t i o n  o f  v a r i a n t  enzymes and p ro te in s  in  c rude  e x t r a c t s .  I t
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i s  b e s t  to  i d e n t i f y  isozym es in  crude e x tr a c ts  p r io r  to  p u r i f ic a t io n  

and to  use IEF and a c t i v i t y  s ta in in g  to  m onitor th e  s e p a ra tio n s . I t  i s  

u nw ise  t o  lo o k  f o r  m u l t ip l e  fo rm s o f  enzymes a t  th e  com pletion o f  a  

p u r i f i c a t io n  scheme. P r o te o ly s is ,  d i f f e r e n t i a l  s t a b i l i t i e s ,  and lo s s e s  

a s s o c i a t e d  w ith  p u r i f i c a t i o n  m ight le a d  t o  th e  lo s s  o r  g a in  o f  one o r 

more form s.

C r i t e r i a  o f  p u r i ty

Upon i s o e l e c t r i c  f o c u s i n g  a t  a  10cm g e l  l e n g th  in  a  pH 4-6  

g r a d i e n t  t h e  p u r i f i e d  h o m o g en eo u s  m a l to s e - in d u c e d  form  (M) o f  

i s o m a l ta s e  showed th e  p resen ce  o f  a  t r a c e  amount o f  th e  A form o f th e  

enyzme e s t im a te d  t o  be l e s s  th a n  5% o f  th e  t o t a l  p ro te in  (F ig . 1 7 ). 

A c t i v i t y  s t a i n i n g  v e r i f i e d  th e  c o n c o m ita n t m ig ra tio n  o f  p ro te in  and 

a c t i v i t y  (F ig . 1 6 ). D isc g e l  e le c tro p h o re s is  dem onstrated th e  p resence  

o f  one m a jo r p r o t e i n  s p e c ie s  and f a i l e d  to  re so lv e  th e  A form o f  th e  

enzyme. SDS g e l  e le c tro p h o re s is  dem onstrated  th e  p resen ce  o f  one m ajor 

p ro te in  band along  w ith  t r a c e  im p u r i t ie s .

Upon i s o e l e c t r i c  f o c u s i n g  a t  a  10cm g e l  le n g th  in  a  pH 4-6  

g ra d ie n t th e  p u r i f ie d  homogeneous d. -m ethy l-D -g lucoside  induced form o f 

iso m a lta se  dem onstrated  th e  p resen ce  o f  a  t r a c e  amount o f  th e  B form o f  

th e  enzyme e s tim a te d  to  be 5% o f  th e  t o t a l  p ro te in  (F ig . 23 ). A c tiv ity  

s ta in in g  v e r i f i e d  th e  concom itan t m ig ra tio n  o f  p ro te in  and a c t i v i t y .

Upon i s o e l e c t r i c  focusing  a t  a  20 and 25cm g e l  le n g th , th e  ©(, and 

B form  o f  i s o m a l ta s e  showed h e te ro g e n e ity  e x is t in g  w ith in  what was a  

s i n g l e  p r o t e i n  on 10cm fo c u s in g  (F ig .  2 2 ) .  W hether o r  n o t  th e  

h e te ro g e n e ity  was r e a l  o r a r t i f a c t u a l  rem ains unknown.

A l l  fo rm s o f  th e  enzyme d e m o n stra ted  id e n t ic a l  p i  v a lu es  in  th e  

p u r i f i e d  s t a t e  a n d  in  th e  c ru d e  e x t r a c t s .  By t h i s  c r i t e r i a  th e  

p u r i f i e d  enzym es r e t a in e d  th e  s t r u c t u r a l  d if f e re n c e s  d is tin g u is h in g



Figure 23
iinalytical polyacrylamide isoelectric focusing pFI 4-6 (10cm gel length) 
of homogeneous cCfom of isomaltase. Protein was stained with Coonasie 
G.
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them  from  each o th e r  d e s p ite  e x te n s iv e  p u r i f i c a t io n  in  th e  p resence  o f  

c o n s id e r a b le  l e v e l s  o f  p r o t e o l y t i c  enzym es. The i s o e l e c t r i c  p o in ts  

d i s t i n g u i s h i n g  th e  d i f f e r e n t  form s dem onstrated  in  t h i s  s tudy  probab ly  

r e f l e c t  in  v iv o  s t r u c tu r a l  d i f f e r e n c e s .

Amino a c id  a n a ly s is

Amino a c id  a n a ly s is  perform ed on a  24,48 and 72 h r .  h y d ro ly sa te  o f  

th e  m a lto s e  in d u c e d  fo rm  on  t h e  Beckman 116 i s  i l l u s t r a t e d  in  T ab les 

2 , 3 , 4 .  No l o s s e s  o f  th r e o n in e  and  s e r i n e  w ere  o b s e r v a b le  and  no 

e x t r a p o l a t i o n  t o  z e r o  tim e  w as n e c e s s a r y .  The 72 hour h y d ro ly sa te  

showed d e s t r u c t io n  o f  ty ro s in e  and oonoom itant in c re a s e  in  NH  ̂ c o n ten t 

(5 8 ) . T he a n a l y s i s  showed a  p re p o n d e ra n c e  o f  a s p a r t i c  a c id  and 

g l u t a m i c  a c i d .  No h a l f  c y s t i n e  w as d e t e c t e d  d e s p i t e  f u l l  s c a l e  

d e f l e c t i o n  f o r  th e  a s p a r t i c  a c id  an d  g lu ta m ic  a c id  p eak s. However, 

c y s t e i c  a c id  s ta n d a r d s  w ere  n o t  r u n .  The d a t a  i n  T a b le  2 ,3  and 4 

i l l u s t r a t e  th e  e m p i r ic a l  r e l a t i o n s h i p  am ongst th e  c o n s t i tu e n t  amino 

a c i d s ,  m e th io n in e  being  th e  amino a c id  p re s e n t  a t  th e  low est le v e l  and 

th e  one which th e  e m p ir ic a l r a t i o  i s  based  upon.

T a b le  5 i l l u s t r a t e s  th e  r e p r o d u c i b i l i t y  amongst th e  s ta n d a rd s . 

P e r c e n ta g e  d e v i a t i o n  i s  th e  ra n g e  d i f f e r e n c e  b e tw een  h ig h  and low 

v a lu e s  o f  t h e  s t a n d a r d s  d iv id e d  by th e  average  v a lu e  tim es 100. The 

n u m b e rs  r e p r e s e n t  th e  i n t e g r a t i o n  o f  t h e  a r e a  u n d e r  th e  p eak  and  

c o r re s p o n d  t o  0 .625 umole c y s t in e  and 0 .125 umole o f  each o f  th e  o th e r  

amino a c id s .

Amino a c id  a n a l y s i s  was p e rfo rm ed  on a l l  forms o f  th e  enzyme by 

e x c i s in g  p r o t e i n  b an d s  from  C oom asie G s t a i n e d  g e l s  o f  i s o e l e c t r i c  

fo c u s in g  a t  10cm g e l  l e n g t h .  The A form  was re c o v e re d  from a  20cm 

l e n g t h  i s o e l e c t r i c  f o c u s in g  g e l .  P a r a l l e l  g e l s  w ere  s t a i n e d  f o r  

a c t i v i t y .
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Table 2

Amino a c id  a n a ly s is  o f  th e  m altose  induced enzyme on th e  
Beckman 116 24 h r .  h y d ro ly s is

R esidue T r ia l  1 T r ia l  2 Average p. moles
E m pirica l

re s id u e s0
E m p irica l
re s id u e s

Asx 727 0.086 10.8 11
Thr 302 0.035 4.38 4
Ser 443 0.051 6.38 6
Glx 570 0.066 8 .25 8
Pro 74 0.036 4 .5 5
Gly 422 0.050 6 .25 6
Ala 417 0.048 6 6
C y stine N.D.
Val 294 0.035 . 4 .38 4
Met 72 0.008 1 1
l i e 362 0.039 4.88 5
Leu 446 0.049 6 .13 6
Tyr 220 0.026 3 .25 3
Phe 292 0.035 4.38 4
Lys 667 643 655 0.048 6 6
His 174 150 162 0.014 1.75 2
NHo 1202 1174 1188 0.1389 17.4 17
Arg 241 * 238 240 0.023 2.88 3
Trp N.D.

a .  Numbers under t r i a l  1, 2 re p re se n t a re a  under th e  peak

b . p  moles = read o u t x .125
stan d a rd

c .  B n p ir ic a l v a lu e  = ju m oles re s id u e
p  moles m ethionine

d . N.D. n o t determ ined
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Table 3
Amino a c id  a n a ly s is  o f  m alto se  induced enzyme on th e  

Beckman 116 48 h r .  h y d ro ly s is

R esidue T r ia l  l a T r ia l  2a Average moles*3
1UU.

re s id u e s0
£4Ufc/J..L XUU.
re s id u e s

Asx 731 729 730 .086 10.8 11
Thr 281 282 282 .033 4 .13 4
Ser 386 386 386 .044 5 .5 6
Glx 613 611 612 .071 8 .88 9
Pro 72 72 72 .035 4 .38 4
Gly 424 427 426 .051 6 .38 6
A la
C y stin e

416
N.D.

417 417 .048 6 6

V al 310 313 312 .038 4 .75 5
Met 69 69 69 .008 1 1
l i e 371 373 372 .040 5 5
Leu 441 442 442 .049 6 .13 6
Tyr 169 170 170 .020 2 .5 3
Phe 296 298 297 .035 4 .38 4
Lys 639 635 637 .045 5.63 6
H is 147 145 146 .013 1.63 2
NH- 1266 1262 1264 .149 18 .6 19
Arg
Trp

217 , 
N.D.

248 233 .023 2 .81 S

a .  Numbers under t r i a l  1 , 2 re p re se n t a re a  under th e  peak

b . ju moles = read o u t x .125
s tan d a rd

c .  E m pirica l v a lu e  = ju moles re s id u e
/a moles m eth ionine

d . N.D. n o t determ ined



-100-

Table 4

Amino a c id  a n a ly s is  o f  th e  m alto se  induced enzyme on th e  Beckman 116 72 h r .  
h y d ro ly s is

W E m p irica l E m p irica l
Residue T r ia l  l a T r ia l  2a Average ju moles re s id u e s 0 re s id u e s

Asx 1000 1037 1019 .120 10.9 11
Thr 355 354 355 .041 3.73 4
Ser 463 450 457 .052 4.73 5
Glx 804 792 798 .093 8 .45 9
Pro 110 96 103 .050 4.55 5
Gly 576 * 576 .069 6.27 6
A la 561 626 594 .069 6.27 6
C y stin e N.D.
Val 393 377 385 .046 4.18 4
Met 105 95 100 .011 1 1
H e * 509 514 .055 5 5
Leu * 590 590 .065 5 .91 6
Tyr 116 113 115 .014 1.27 1
Phe 433 430 432 .051 4.64 5
Lys 771 774 773 .074 6.73 7
H is 198 183 191 .021 1 .91 2
NH, 2046 1896 1971 .313 28.4 28
Arg 288 243 266 .031 2 .81 3
Trp N.D.

a .  Numbers under t r i a l 1 , 2 re p re se n t a re a  under th e  peak

b . ) i  m oles = read o u t x .125
s tan d a rd

c .  E m p irica l v a lu e  - ja  m oles re s id u e
ja  m oles m ethionine

d .  N.D. n o t determ ined

* in a c c u ra te  b a s e lin e  tra c k in g
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Table 5

Long column s tan d a rd s  on th e  Beckman 116

Residue T r ia l  l a T r ia l  2a T r ia l  3a Average % deviation*3

Asp 1061 1056 1062 1060 .57
Thr 1073 1065 1076 1071 1.03
Ser 1097 1088 1092 1092 .82
Glu 1078 1066 1077 1074 1.11
Pro 257 255 255 256 .78
Gly UOO 1048 1052 1067 4 .9
A la 1132 1075 1080 1096 5.2
Cys 524 498 506 509 5 .1
V al 1044 1035 1043 1041 .86
Met 1115 1134 1144 1131 2.57
H e 1165 1165 1165 1165 0
Leu 1125 1126 1130 1127 .44
Tyr 1061 1052 1055 1056 .85
Phe 1060 1048 1052 1053 1.14

Average % d e v ia t io n  exclud ing  c y s tin e  = 1.56%
Range 0 -  5.2%

S h o rt Column S tandards
Lys 1767 1751 1772 1763 1 .19
H is 1436 1428 1442 1435 .98
NH, 1042 1047 1069 1053 2 .53
Arg 1329 1304 1301 1311 2 .14

Average % d e v ia t io n  = 1.71%
Range = .98 -  2.53%

a .  Numbers under t r i a l  1 , 2 and 3 re p re se n t a re a  under th e  peak and 
correspond  to  .125 jd  mole o f  each re s id u e  ex cep tin g  c y s t in e  which 
corresponds to  .625 / j  mole

b .  % d e v ia t io n  = range X 100 
average v a lue
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E x c ise d  p r o t e i n  ban d s w ere  h y d ro ly s e d  f o r  24 h r s .  in  6N HC1 a t  

1 1 0 ° C  a n d  a m in o  a c i d  a n a l y s i s  w as p e r f o r m e d  by  HPLC w i th  a  

f lu o rescam in e  d e te c t io n  system . H ydroch lo ric  a c id  b lan k s were run  and 

show ed m in im a l am ino a c id  co n tam in a tio n . The a n a ly se s  re p re se n ts  th e  

r e s u l t s  o b ta in e d  from  enzyme devoid  o f  any t r a c e  im p u rity  (Table 6 ) .  

E m p i r i c a l  r e s id u e s  w ere  c a l c u l a t e d  a s  p r e v io u s ly  d e s c r ib e d .  The 

m a l to s e  in d u c e d  fo rm  was a n a ly z e d  in  t r i p l i c a t e .  Amino a c id  a n a ly s is  

w as p e r fo rm e d  on  th e  Beckman 1 1 6 , on  th e  HPIC system  w ith  th e  same 

h y d r o l y s a t e ,  and from  an  e x c i s e d  p r o t e i n  band. The o n ly  pronounced 

v a r i a n c e  was in  s e r i n e .  The Beckman 116 a n a ly s is  and HPIC a n a ly s is  on 

th e  same h y d r o ly s a te  g av e  a  v a lu e  o f  6 e m p ir ic a l re s id u e s  w h ile  HPIC 

a n a l y s i s  o f  an  e x c ise d  band gave 3 e m p ir ic a l r e s id u e s . T ie  v a lu e  o f  6 

e m p i r i c a l  r e s i d u e s  b a se d  on  4 ru n s  was ta k e n  t o  be c o r r e c t .  As 

compared to  th e  cH -m ethyl-D -glucoside induced form , th e  m alto se  induced 

fo rm  c o n ta in e d  one h a l f  a s  much g ly c in e  (6 v s .  11) and 3 tim es a s  much 

p r o l i n e  (3 v s .  1 ) a s  t h e  c/L - m e t h y l - D - g l u c o s i d e  in d u c e d  fo rm . 

P e r c e n ta g e  e r r o r  o n  e ac h  am ino a c id  on th e  HPIC system  was 10%. The 

d i f f e r e n c e s  b e tw een  th e  oL fo rm  and  th e  M form  a r e  w e ll beyond what 

e x p e r im e n ta l  e r r o r  w ould  p ro d u c e  and cou ld  n o t have been produced by 

p r o t e o l y s i s .  B o th  m in o r fo r m s , A and B , g iv e  s i m i l a r  am ino ac id  

a n a l y s i s  w ith  th e  A form showing s l i g h t l y  more a s p a r t i c  a c id ,  g lu tam ic  

a c id ,  and g ly c in e  th a n  th e  B form . T ie  m ajor d if f e r e n c e s  e x i s t  between 

th e  tw o  d i f f e r e n t i a l l y  in d u c ib l e  fo rm s o f  th e  enzym e, t h e  m a lto se  

in d u c e d  fo rm  (M) an d  th e  oC-m ethyl g lu c o s id e  induced form (oO . The A 

fo rm  seem s t o  be  in d u c e d  a lo n g  w ith  th e  M fo rm  an d  th e  B form  i s  

induced by b o th  oC -m ethyl-D -g lucoside and m a lto se  (P ig . 12 ).

On th e  b a s is  o f  amino a c id  a n a ly s is  i t  i s  concluded t h a t  th e  y e a s t  

c e l l  c o n ta in s  a t  l e a s t  two s t r u c t u r a l  genes fo r  iso m a lta se  and p o ss ib ly
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Table 6

Amino a c id  a n a ly s is  by HPIC and th e  fluo rescam ine reag en t

ESnpirical re s id u e s

Form M (48 h r ) c M (24 h r ) b dk(24 h r ) b B (24 h r ) b A (24 h r ) b
Residue
Asx 10 11 11 12 14
Thr 4 3 4 4 4
Ser 6 3 5 ' 4 6
Glx 10 9 9 10 13
P ro 3 3 1 3 4
Gly 6 6 11 13 15
A la 6 5 7 6 7
C y stin e N.D.a
V al 5 4 4 4 5
Met 1 1 1 1 1
H e 5 5 5 5 6
Leu 6 6 6 7 8
oyr 3 3 3 3 4
Phe 4 5 5 5 7
H is 2 2 2 3 3
Lys 7 7 8 8 8
Arg 3 4 3 4 5
NH-3 N.D.
Trp N.D.

a .  N.D. n o t determ ined

b . ( ) in d ic a te  h y d ro ly s is  tim e

c .  M (48) run  was perform ed on th e  same h y d ro ly sa te  a s  
ru n  cai th e  Beckman 116 and a l l  24 h r  h y d ro ly sa te s  
were from e x c ise d  Coomasie G s ta in e d  p ro te in  bands

d . A ll  an a ly se s  a re  r e s u l t s  o f  d u p lic a te  runs
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fo u r ,  each coding fo r  an isoenzyme o f  iso m a lta se .

K in e tic s

T he a s s a y  f o r  t h e  l i b e r a t i o n  o f  g lu c o s e  from  s u b s t r a t e  i s  

p e rfo rm ed  in  two s t e p s .  I n  th e  f i r s t  th e  enzyme in  0.05M phosphate 

b u f f e r  pH 7 .01  a t  25°C i s  t r e a te d  w ith  an a l iq u o t  o f  s u b s t r a te  and th e  

r e a c t io n  allow ed to  proceed  fo r  one m inute a f t e r  which i t  i s  chem ically  

s to p p e d .  I n  th e  sec o n d  s t e p  th e  l i b e r a t e d  g lu c o s e  i s  t r e a te d  w ith  

g lu c o s ta t  re a g e n t (g lucose o x id a se -p e ro x id a se -O -d ia n is id in e ) , incubated  

f o r  30 m in u te s  a t  30°C and th e  r e a c t i o n  te rm in a ted  upon a d d itio n  o f  

0.8m l 6N BC1. The r e s u l t a n t  absorbance o f  th e  o x id ized  d ia n is id in e  dye 

i s  r e a d  a t  525nm and  t o t a l  g lu c o s e  p ro d u c e d  e x t r a p o la t e d  from  a  

s ta n d a r d  c u r v e .  V a r ia b le  c o n c e n t r a t io n  o f  s u b s t r a te  i s  achieved by 

v a ry in g  th e  a l iq u o t  o f  s u b s t r a te  added, f i n a l  volume o f  th e  in cu b atio n  

m ix tu re  i s  c o n s ta n t in  a l l  a s s a y s .

A v a r ie ty  o f  methods were experim ented w ith  to  te rm in a te  th e  f i r s t  

r e a c t  io n - th e  h y d ro ly s is  o f  s u b s t r a te  by iso m a lta se . Heat d e n a tu ra tio n  

a t  98°C p ro v e d  u n s a t i s f a c t o r y  f o r  two r e a s o n s .  P r i o r  t o  com plete 

d e n a tu r a t i o n  th e  enzym e m o st c e r t a i n l y  h y d ro ly z e d  s u b s t r a t e  a t  an 

unknow n a n d  e l e v a t e d  v e l o c i t y .  I n  a d d i t i o n ,  h e a t  d e n a tu r a t i o n  

d e stro y ed  on ly  98% o f  th e  enyzme a c t i v i t y .

When en zy m atic  h y d ro ly s is  was te rm in a ted  by th e  a d d it io n  o f  b ase , 

s h i f t i n g  th e  pH to  a  v a lue  g r e a te r  th an  11 th e  re a c t io n  was com pletely  

s to p p e d .  However, th e  enzyme was n o t denatu red  and r e a d ju s t in g  th e  pH 

t o  7 .0  w hich  was n e c e s s a r y  i n  o r d e r  t o  perfo rm  th e  g lu co se  ox idase^  

p e ro x id a s e  a s s a y  r e s u l t e d  i n  a  resum ption o f  h y d ro ly s is .  H eating an 

a l i q u o t  o f  enzyme a t  pH 11 r e s u l t e d  in  com plete d e n a tu ra tio n  o f  th e  

enzym e, b u t  a l s o  r e s u l t e d  i n  i s o m e r iz a t io n  o f  D -g lu c o s e . G lucose 

s ta n d a r d s  h e a te d  t o  98°C a t  pH 11 and compared to  id e n t ic a l  s tan d a rd s
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heated to 98°C at pH 7 .0  and to unheated standards showed greatly 
reduced quantities of D-glucose.

Termination of isomaltase activity by lowering the pH with acid 
was deemed inadvisable because of the lability of the disaccharide 
linkage to acid necessitating exper imentation to determine the lability 
of each of the five substrates to acid treatment.

The g lu c o s e - o x id a s e  b u ffe r  (g lu c o s ta t)  i s  composed o f  0.3M t r i s -  

0 .36M  p h o s p h a te ,  t r i s  b e in g  in c lu d e d  t o  s u p p re s s  th e  a c t i v i t y  o f  

m a l ta s e  endogenous to  th e  g lu co se  o x id ase  p re p a ra t io n . T r is  a t  pH 7 .0  

and  a t  c o n c e n t r a t io n s  l e s s  th an  0.05M proved t o  be  a  p o te n t in h ib i to r  

o f  i s o m a l ta s e  and d id  n o t  d im in is h  g lu c o s e  o x id a s e  and  p e ro x id a se  

a c t i v i t y .  Iso m alta se  h y d ro ly s is  was te rm in a ted  by th e  p re c is e  a d d itio n  

o f  lOO/il o f  th e  g l u c o s t a t  b u f f e r  w ith o u t g ly c e ro l  and a t  3 tim es th e  

t r i s - p h o s p h a t e  c o n c e n tr a t io n  o f  th e  g lu c o s ta t  re a g e n t. The pH o f  th e  

t r i s - p h o s p h a te  s o lu t io n  used t o  te rm in a te  enzym atic h y d ro ly s is  was 7 .0  

a s  was th e  pH o f  th e  g l u c o s t a t  b u f f e r .  I d e n t i c a l  a l i q u o t s  o f  th e  

r e a c t i o n  m ix tu re  t r e a t e d  w ith  t r i s  were incubated  fo r  vary in g  p e rio d s  

o f  t im e .  The q u a n t i t y  o f  m e a s u ra b le  g lu c o se  in  th e  m ix tu re  d id  n o t 

change. A liq u o ts  t r e a te d  w ith  t r i s  and s u b je c t  to  h e a t  d e n a tu ra tio n  a t  

98°C  w hen r e a c t e d  w i th  g l u c o s t a t  r e a g e n t  showed th e  same o p t i c a l  

d e n s i ty  a t  525nm as  d id  id e n t ic a l  unheated t r i s  t r e a te d  a l iq u o ts .

Enzyme activity for each Lineweaver-Burk plot was determined at 
seven different substrate concentrations such that increments on the 
V s  axis were identical. Data were fitted to a straight line by the 
least squares method. Velocities were expressed as molarity changes 
min-'1' of D-glucose produced. Vmax is expressed as nM or juMmin”Vg~^ 
protein. Velocity versus substrate concentration plots were 
hyperbolic. Enzyme assays were performed in duplicate for the
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m easurem ent o f  D -g lu c o se  and in  t r i p l i c a t e  when PNPG h y d ro ly s is  was 

m easured. B lanks were p rep ared  in  d u p lic a te  and co n ta in ed  an id e n t ic a l  

q u a n t i t y  o f  t r i s  t r e a t e d ,  h e a t  d e n a tu r e d  enzyme and  s u b s t r a t e .  

S u b s t r a t e s  w ere c o n ta m in a te d  w ith  c / .-D -g lu c o s e ,  a s  m easured by th e  

g l u c o s t a t  a s s a y .  I t  w a s  n e c e s s a r y  t o  w o rk  w i t h  s u b s t r a t e  

c o n c e n t r a t i o n s  s u c h  t h a t  t h e  back g ro u n d  g lu c o s e  i n  th e  h ig h e s t  

s u b s t r a t e  c o n c e n t r a t io n  w ith in  th e  range employed was no g re a te r  th an  

10% o f  th e  g lu c o s e  p ro d u c e d  by th e  enzyme. Sucrose and oC-methyl-D- 

g lu c o s id e  w ere  p u r i f i e d  by r e c r y s t a l l i z a t i o n  from e th a n o l .  P r io r  to  

g l u c o s t a t  a s s a y  t r i s  t r e a t e d  re a c t io n  m ix tu res  and g lu co se  s tan d a rd s  

w ere a llo w e d  t o  in c u b a te  a t  30°C fo r  1 hour to  a llo w  m u ta ro ta tio n  o f  

o l r D - g lu c o s e  t o  p ro c e e d  t o  e q u i l ib r iu m .  M u ta r o ta t io n  was shown t o  

p ro c e e d  t o  e q u i l ib r iu m  w i th in  30 m in u te s  a t  30°C. A s tan d a rd  curve 

based on v ary in g  g lu co se  c o n c e n tra tio n  was p re p a re d , each  d e te rm in a tio n  

b e in g  p e rfo rm ed  i n  t r i p l i c a t e .  The v a ria n ce  o f  o p t i c a l  d e n s ity  w ith  

g l u c o s e  c o n c e n t r a t i o n  w as l i n e a r  f o r  0 -1 2  jug g l u c o s e /0 . 2ml in  

a c c o rd a n c e  w ith  B e e r 's  law . G lucose c o n c e n tra tio n s  beyond 12 ;ug/0.2ml 

showed d e v i a t i o n  from  B e e r 's  law and d e c rea se  in  o p t i c a l  d e n s ity  w ith  

i n c r e a s in g  g lu c o s e  c o n c e n tra tio n . V is ib le  c o lo r  changed from p ink  to  

p u r p le  a f t e r  t h e  r e a c t i o n  was s to p p e d  w ith  a c id  in  th e  reg io n  where 

B e e r 's  law  no  lo n g e r  h e ld  t r u e .  Maximum a b s o r p t io n  o f  th e  p u rp le  

co lo red  o x id ized  dye was 525nm. In  a l l  a ssay s  th e  working range o f  th e  

B e e r 's  law cu rve  was u sed .

E r r o r  i n  t h e  d e te rm in a tio n s  was e s tim a ted  by perform ing k in e t ic s  

on th e  m a lto s e  in d u c e d  form  a t  two independent enzyme and p a la t in o se  

c o n c e n t r a t io n s  g iv in g  v a lu e s  f o r  Km o f 1.80xl0~^M and 2.70X10~"^M and 

f o r  Vmax o f  9 .61  /jmolmin”"\*g_ ^ and 8 .71  jumol min” '*Tng’"^. K in e tic s  w ith  

p a la t in o s e  a s  s u b s t r a te  and in  th e  p resence  o f  2% g ly c e ro l  gave a  value
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F ig . 25
Lineweaver-Burk p lo t  o f  a  M form o f  iso m a lta se  w ith  p a la t in o se
a s s u b s tr a te .
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F ig .  26
Lineweaver-Burk p lo t  o f  M form o f  iso m a lta se  w ith  p a la t in o s e  a s
su b s tr a te
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F ig . 27
Lineweaver-Burk p lo t  o f  M form o f  iso m altase  w ith  p a la t in o s e  a s  
s u b s t r a te  in  th e  p resen ce  o f  2% g ly c e ro l
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P ig . 28
Lineweaver-Burk p lo t  o f  M form o f  iso m a ltase  w ith  iso m alto se  
a s  s u b s t r a te
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F ig . 29
Lineweaver-Burk p lo t  o f  M form o f  iso m a lta se  w ith  ̂  -m ethyl-D -
g lu c o s id e  a s  s u b s tr a te
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F ig . 30
Lineweaver-Burk p lo t  o f  M form o f  iso m a lta se  w ith  su cro se  
a s  s u b s tr a te
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F ig .  31
Lineweaver-Burk p lo t  o f  M form o f  iso m a lta se  w ith  PNPG a s  su b str a te



OSS COS G9Z OOZ OGi

to

o z

OS
is 'G h?

- o r /  —



-121-

F ig .  32
Lineweaver-Burk p lo t  o f  oCform o f  iso m a lta se  w ith  PNFG a s  su b str a te
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—2f o r  Km o f  6 .90x10  M. K in e t i c s  fo r  th e  o i -m e th y l-g lu co s id e  induced 

form  was p e rfo rm ed  w ith  PNPG a s  s u b s t r a te .  A com parison o f  Km v a lu e s  

f o r  PNPG o f  th e  m alto se  induced form and o i-m ethy l-D -g lucoside  induced 

form  g av e  v a lu e s  o f  8.54X 10” ^M and 3.2X10” ^M re s p e c tiv e ly  w ith  'Vmax 

v a l u e s  f o r  t h e  M a n d  cL f o r m  o f  3 . 1 8X 10^nm olm in '"^m g '’^ a n d  

3.03X10^nmolmin-1mg_ 1 . D iff fe re n c e s  in  Km v a lu es  w ere s ig n i f ic a n t  and 

w e l l  beyond th e  experim en ta l e r r o r  o f  + 0 .9  determ ined w ith  p a la t in o s e  

a s  s u b s t r a t e .  L in ew eav e r-B u rk  p l o t s  w ith  PNPG a s  s u b s t r a t e  were 

c o n s i d e r a b l y  m ore a c c u r a te  ( c o r r e l a t i o n  c o e f f i c i e n t  r= .9 9 8 )  th a n  

k i n e t i c s  w i th  t h e  c o u p le d  g lu c o s e  o x id a s e  sy stem  b e c a u se  o f  th e  

s i m p l i c i t y  o f  a  s i n g l e  a s s a y  a s  com pared t o  a  co u p led  system . The 

d i f f e r e n c e s  in  Km v a lu e s  (PNPG) f o r  th e  tw o fo rm s was fo u n d  to  be 

s t a t i s t i c a l l y  s ig n i f i c a n t .  

pH optimum s tu d ie s

D e te rm in a t io n  o f  th e  pH optim um  o f  th e  enzyme a t  d i f f e r e n t  pa 

v a lu e s  by fo l lo w in g  th e  c o n tin o u s  re le a s e  o f  p -n itro p h e n o l from PNPG 

p r o v e d  t o  b e  p r o b l e m a t i c a l .  S t a n d a r d  c u r v e s  o f  p - n i t r o p h e n o l  

c o n c e n t r a t io n  v e r s u s  a b so rb a n c e  a t  400nm w ere pH d e p e n d e n t .  A t a  

p a r t i c u la r  p -n itro p h e n o l c o n c e n tra tio n  absorbance a t  400nm in c re ase d  a t  

h ig h e r  pH v a lu e s  (F ig . 3 3 ) . These d a ta  can be ex p la in ed  by a n a ly s is  

o f  th e  a b so rp tio n  p r o f i l e  o f  a  50nM p -n itro p h e n o l s o lu t io n .  (F ig . 3 3 ). 

A t pH 6 .1 5  th e r e  a p p e a rs  an a b so rp tio n  maximum a t  315nm corresponding  

t o  t h a t  r e p o r te d  f o r  f r e e  p - n i t r o p h e n o l  and a  sm all a b so rp tio n  peak 

e v id e n t a t  400nm. At pH 7 .01  th e re  appear two a b so rp tio n  peak s , one a t  

325nm and one a t  400nm correspond ing  to  p -n itro p h e n o l and phenoxide ion  

r e s p e c t i v e l y .  A t pH 8 .0 0  t h e r e  a p p e a rs  o n ly  th e  a b s o r p t io n  p>eak 

re p o r te d  fo r  phenoxide io n  w ith  an  a b so rp tio n  maximum a t  400nm.

The e q u i l ib r iu m  b e tw een  p > -n itro p h en o l and p h e n o x id e  ion  i s  pH
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P ig .  33
S tandard  cu rves o f  p -n itro p h e n o l c o n c e n tra tio n  v e rsu s  A .nn a t  
pH 8 .0 0 , pH 7 .0 0 , and pH 6 .1 5 . Bottommost graph  shews pH 
dependence o f  th e  a b so rp tio n  p r o f i l e  o f  a  50mM p -n itro p h e n o l 
s o lu t io n  a t  -----, pH 6 .1 5 ; —— fpH 7 .0 1 ; — pH 8.00
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F ig . 34
ESI optimum p r o f i l e  o f  oL form o f  iso m a lta se  w ith  PNPG a s  s u b s tr a te  
and M form o f  iso m altase  w ith  p a la t in o s e  and PNPG as  s u b s t r a te s .
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d e p e n d e n t and s h i f t e d  tow ards lo s s  o f  th e  p h en o lic  p ro to n  a t  h ig h e r pH 

v a lu e s .

The pH optim um  p r o f i l e  o f  th e  enzyme w ith  PNPG was g en e ra ted  by 

t e r m i n a t i n g  th e  r e a c t i o n  a t  e a c h  pH w ith  an  e x c e s s  o f  1M NajCOg, 

r a i s in g  th e  pH t o  1 0 .5  and m easuring th e  absorbance o f  phenoxide io n  a t  

400nm ( F ig .  3 4 ) .  The pH optim um  p r o f i l e  o f  th e  M form o f  th e  enzyme 

w i th  p a l a t i n o s e  a s  s u b s t r a te  was determ ined  w ith  th e  g lu c o s ta t  re a g en t 

a t  pH 7 . 0 .  B o th  th e  oLand th e  M form  o f  t h e  enzym e p o s s e s s  a  pH 

optim um  o f  7 .0 - 7 .2  (F ig . 3 4 ) . The M form o f  th e  enzyme dem onstrates a  

b ro a d e r  pH optim um  p r o f i l e  th a n  d o e s  th e  oL form . The M form o f  th e  

enzym e d e m o n s t r a te s  d e te c ta b le  a c t i v i t y  a t  pH 7 .8  w h ile  t h e e /  form i s  

* in a c t iv e  a t  t h a t  pH.

SDS g e l  e le c tro p h o r e s is

The M form  o f  i s o m a l ta s e  m ig ra te d  n e a r ly  c o in c id e n t w ith  bovine 

serum  a lb u m in  upon SDS g e l  e l e c t r o p h o r e s i s  and showed a  minor t r a c e  

im p u r i ty .  There appeared  no ev id en ce  o f  low m olecu lar w eigh t p e p tid e s  

w i th  i n c r e a s in g  t im e  o f  in c u b a tio n  in  th e  p re sen ce  o r  absence o f  PMSF 

p r o v i n g  t h e  a b s e n c e  o f  p r o t e o l y t i c  c o n ta m in a t io n .  The a p p a r e n t  

m o lecu lar w eigh t o f  th e  M form i s  approx im ate ly  67,000 D (F ig . 35) a s  

d e te rm in e d  by a  p l o t  o f  lo g  m o le c u la r  w e ig h t  v s .  r e l a t i v e  m o b ility  

(F ig . 3 7 ).

H eat d e n a tu ra tio n  s tu d ie s

F o r  t h e  h om ogeneouso^and  M form  o f  th e  enzym e a  p l o t  o f  th e  

l o g a r i t h m  o f  p e r c e n t  re m a in in g  a c t i v i t y  a s  a  f u n c t io n  o f  tim e  o f  

e x p o su re  t o  th e  tem p era tu re  (45°C) showed monophasic h e a t  in a c t iv a t io n  

p r o f i l e s  i n d i c a t i v e  o f  a  s i n g l e  enzyme s p e c ie s  (F ig . 3 6 ). The f i r s t  

o r d e r  d e c a y  c o n s t a n t ,  k , (s lo p e  o f  th e  l i n e  fo r  3 d e te rm in a tio n s) fo r  

th e  M form  was -0 .0 7 6 m in - ^ ,  -0 .0 9 7 m in ~ ^  and -0.090m in“ ^ th e  average
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Figure 35
SDS gel electroplToresis of standards and purified PO form of isornaltase 
Lane 1. & 2 M  form of isornaltase 
Lane 3 B3& 63,000 D 
Lane 4 Catalase 50,000 D 

5  H3,OOo O
Lane 5 frUUWse M-0;0oo C>
Lane 7 Chvmo'crypsino-gen 25,000 D 
Lane 8 Rioonuclaasa .13,700
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F ig . 36
Thermal in a c t iv a t io n  p r o f i l e  o f  iso m a lta se  a t  45°C. D e ta i ls  
in  t e x t .
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F ig . 37
D eterm in atio n  o f  a p p a ren t m o lecu lar w eight o f  M form o f  
iso rn a lta se . P lo t  o f  lo g  m o lecu lar w eight v s .  r e l a t i v e  
m o b ili ty  fo r  v a rio u s  m arker p r o te in s  and fo r  M form o f  
iso rn a lta se .
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b e in g . .090m in‘*'*' + .0 2 1 . The f i r s t  o r d e r  d ecay  c o n s t a n t ,  k ,  fo r  3 

d e te r m in a t io n s  fo r  th e  o t form was -0.092m in“ ^ , -O .ll lm in ” ^ and -0 .0 9 7  

m in” ^ th e  a v e ra g e  b e in g  -O.lOOmiri"*^ + .019 . W ith in  th e  ex p erim en ta l 

e r r o r  no  d i f f e r e n c e s  in  th e rm o la b i l i ty  between th e  ot and M form co u ld  

be d e te c te d .

C oncluding rem arks

The p r o p e r t i e s  o f  th e  m a l to s e  induced form o f  th e  enzyme (M) a s  

com pared  t o  th e  o ( ,-m e th y l-D -g lu c o s id e  induced form o f  iso m a lta se  a r e  

s u m m a riz e d  i n  T a b le  7 .  D i f f e r e n c e s  a r e  a p p a r e n t  in  am ino a c id  

c o m p o s i t io n ,  pH optim um  p r o f i l e s ,  i s o e l e c t r i c  p o i n t s ,  and  k in e t i c  

c o n s ta n ts  w ith  FNPG a s  s u b s t r a te .  The M form o f  iso m a lta se  h as  h a l f  a s  

much g ly c in e  and  3 tim e s  th e  p r o l in e  o f  th e  oCform. Such d if f e r e n c e s  

c o u ld  n o t  be th e  r e s u l t  o f  e i t h e r  an in  v iv o  o r  in  v i t r o  p r o te o ly s i s .  

T h is  n o t io n  i s  s u p p o r te d  by th e  f a c t  t h a t  each o f  th e  two m ajor forms 

o f  i s o m a l ta s e  when added  t o  a  c ru d e  e x t r a c t  o f  th e  o t h e r  shows no 

in te r c o n v e r s io n  over tim e . T h is  th e s i s  p ro v id e s  ev idence  t h a t  each  o f  

t h e  d i f f e r e n t i a l l y  in d u c ib le  fo rm s o f  i s o m a l ta s e  (M and  oL ) and  

p ro b ab ly  a l l  fo u r forms a re  coded fo r  by d i s t i n c t  s t r u c tu r a l  g e n es . In  

a d d i t i o n  i t  i s  h ig h ly  p r o b a b le  t h a t  t h e r e  e x i s t  m u lt ip le  s t r u c tu r a l  

g e n e s  c o d in g  f o r  iso zy m es  o f  m a l ta s e  a s  p o s t u l a t e d  by E a to n  and  

Zimmermann ( 7 ) .  Dimond an d  Loom is (43) d e s c r ib e  tw O yS-glucosidase 

isozym es in  develop ing  c e l l s  o f  D ic ty o ste liu m  d iscoideum . The isozymes 

w e re  n o t  c h a r a c t e r i z e d  w i t h  r e g a r d  t o  t h e  s p e c i f i c i t y  o f  th e  

s u s c e p t ib le  g lu c o s id ic  lin k a g e  ( yS 1 2 /  yfi 1 4 e t c . )

M a lta s e  and  iso m a lta se  from Saccharomyces c e r e v is ia e  a re  bo th  oC- 

g lu c o s i d a s e s  b u t a re  n o t c o n sid e red  t o  be isozymes on th e  b a s is  o f  th e  

d i f f e r e n c e s  in  th e  s p e c i f i c i t y  o f  th e  d is a c c h a r id e  lin k a g e  hy d ro ly zed . 

On t h e  b a s i s  o f  t h i s  w o rk , i t  i s  s u g g e s t e d  t h a t  is o z y m e s  o f
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Table 7
Comparison o f  p r o p e r t ie s  o f  M ando(form

pH optimum

p i  range  o f  
a c t i v i t y

K in e tic  c o n s ta n ts  (Km) 
FNPG
Iso m a lto se  
P a la t in o s e  
P a la t in o s e  

(2% g ly c e ro l)  
S ucrose

cL- m ethyl-I> -g lucoside

M form

7.0  -  7 .2  

4 .6  -  8 .3

8 .54 X 10' 
2 .22  X 10' 
2 .25 X 10^34 
6 .90 X 1 0 ^ 4

5.68 X 10"^1 
2 .02  X 10_ ^4

o tfo rm  

7 .0  -  7 .2  

4 .6  -  7 .7

3 .2  X 10_4M 
N.D.a 
N.D.
N.D.

N.D.
N.D.

K in e tic  constants(V toax) 
- FNPG 

Iso m alto se  
P a la t in o s e  
S ucrose

oL- m ethy l-D -g lucoside

F i r s t  o rd e r  decay 
c o n s ta n t

3.18X10 nmolmin~?Tng-  
12.9  umolmin“ rmg~:r 

9 .16umolmin“ rmg“ :r 
2 .30umolmin“  vTOB'J 
8 .42umolmin“  Tug

-0 .090+ .021m in"1

3.03X10 nmolmin"*^ng 
N.D.
N.D.
N.D.
N.D.

-0 .1 0 0 + .019min_1

Amino a c id  an a ly s

M olecular w eigh t 

I s o e l e c t r i c  p i

a .

.s g ly c in e  6 e m p ir ic a l 
r e s id u e s  

p r o l in e  3 e m p ir ic a l 
r e s id u e s

67,000 D

4.86

N.D. n o t determ ined

g ly c in e  11 e m p ir ic a l 
re s id u e s  

p ro l in e  1 e m p ir ic a l 
re s id u e

*

5.00

* On th e  b a s is  o f  id e n t ic a l  e lu t io n  volumes o f  th e  
ck and M form o f  iso m a lta se  on G-100 chrom atography 
th e  c*. form o f  iso m a lta se  i s  re p o r te d  to  have a  
m olecu lar w e ig h t o f  67,000 D
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g lu c o s id a s e s  be  d e f in e d  a s  enzym es t h a t  hydro lyze th e  same s p e c if ic  

g l y c o s i d i c  l in k a g e  (ot-1 —9  6 ,  <*1 —̂ 4  e t c ) .  By t h i s  d e f in i t io n  th e  

g lu c o s id a se  isozymes d e sc rib e d  by Dimond and Loomis do n o t belong under 

th e  c l a s s i f i c a t i o n  o f  isozymes u n t i l  th e  s p e c i f ic  g ly c o s id ic  lin k ag e  

hydrolyzed i s  a s c e r ta in e d .

The p r im a ry  p r a c t i c a l  consequences o f  my work w i l l  be  th e  use  o f  

i s o e l e c t r i c  f o c u s in g  and a c t i v i t y  s ta in in g  t o  id e n t i f y  changes in  th e  

i s o e l e c t r i c  p o in t  o f  g ly c o s id a se s  in  d is e a s e  p ro c e sse s  m entioned in  th e  

in t r o d u c t io n  o f  t h i s  th e s i s  and t o  se rv e  a s  a  gu ide  t o  th e  development 

o f  a  s u c c e ss fu l  th e ra p y  regim e.

T he p h y s i o l o g i c a l  s i g n i f i c a n c e  o f  t h e  o c c u re n c e  o f  m u l t ip l e  

g l u c o s i d a s e s  r e m a in s  unk n o w n . I t  i s  p o s s i b l e  t h a t  random  gene  

d u p l i c a t i o n  a n d  m o d i f i c a t i o n  h a s  o c c u r r e d  o v e r  tim e  t o  e n a b le  

Saccharomyces c e r e v is ia e  to  su rv iv e  when co n fro n ted  w ith  v a r ia b le  sugar 

c o n s t i t u e n t s  i n  i t s  e n v iro n m e n t. I t  i s  e q u a l ly  p o s s i b l e  t h a t  an  

im p o r ta n t  b i o l o g i c a l  f u n c t io n  o f  c e l l s  i s  being  m ediated  by g e n e tic  

e x p re ss io n  and re p re s s io n  o f  genes coding fo r  g ly c o s id a se s .

An enorm ous am ount o f  work i s  being  d i r e c te d  tow ards id e n tify in g  

e le m e n ts  o f  th e  c e l l  d iv is io n  c y c le  m odifying th e  e x p re ss io n  o f  l e c t i n  

r e c e p t o r s .  In  l i g h t  o f  f in d i n g s  t h a t  d if f e r e n c e s  in  l e c t i n  m ediated 

a g g l u t i n a b i l i t y  b e tw een  tum or c e l l s  and  norm al c e l l s  i s  a  r e s u l t  o f

c a r b o h y d ra te  e x p r e s s io n  on  th e  c e l l  s u r f a c e ,  i t  i s  e x c i t in g  and n o t
>■

e n t i r e l y  s p e c u la t iv e  t o  su g g es t th e  p o s s ib i l i t y  th a t  th e  ex p ress io n  o f  

m u l t i p l e  g l y c o s i d a s e s  m ig h t  b e  i n v o lv e d  i n  an  enzyme m e d ia te d  

d i s l o c a t i o n  o f  t r a n s  membrane c o n t r o l l i n g  m echanism s r e s u l t i n g  in  

i n i t i a t i o n  o f  c e l l  d iv is io n !
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