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1. Introduct ion  

The  annua l  c o n s u m p t i o n  of sucrose  in A.R.E. e x c e e d s  15 mil l ion tons 
and  a m a j o r  par t  of this  sugar  is impor ted .  The  shor tage  of sucrose  can be 
par t ia l ly  cove red  b y  enzymat i c  conver s ion  (glucose i somerase)  of g lucose  
sy rup  wh ich  is m a n u f a c t u r e d  of low pr ice  corn  starch.  G lucose  i somerase  
has  m a n y  o ther  appl ica t ions  (1). 

Fi rs t  r epo r t  for  i somer iza t ion  of free g lucose  b y  m i c r o o r g a n i s m  was  
s h o w n  b y  MarshalI  and  Kool  (2) and  Marshall  (3). Many  inves t igators  
s tudied  va r ious  m i c r o o r g a n i s m s  as a source  of g lucose  i somerase  (Mar- 
shah  and  Kooi  (2), T s umur a  and Sato  (4), N atake  and  Yosh imura  (5, 6, 7)) 
and  all r epor t s  give ev idence  tha t  S t r e p t o m y c e s  sp. is of ten used  to 
p roduce  g lucose  i somerase .  M a n y  m e t h o d s  were  used  for  pur i f icat ion of 
ex t r ac t ed  c rude  g lucose  i s o m e r a s e  b y  S u m u r a  and  Sato (8, 9, 10), Nataka  
(11), Yamanaka  (12), D a n n o  (13) and  S tandberg  and S m i l e y  (14). T h e y  also 
s tudied  s o m e  fac tors  af fec t ing reac t ion  ve loc i ty  of g lucose  isomerase .  

Materials  and m e t h o d s  

Materials 

1. Source of microorganism. Streptomyces phaeochromogenes which produces 
glucose isomerase enzyme was kindly supplied the Agriculture Research Ser- 
vice Culture Collection, Peoria, Illinois, U.S.A. 
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2. G l u c o s e  o x i d a s e  e n z y m e  w a s  o b t a i n e d  f r o m  a s t r a in  of Penicillium crysogenurn- 
811 a n d  was  k i n d l y  s u p p h e d  b y  Enz.  Res.  Uni t ,  Agrie .  Res.  C e n t e r  of Egyp t ,  w i t h  
a n  ac t iv i ty  e q u a l  to  500 U n i t  P e r g  g ram.  

3. D(+ )  g l u c o s e  a n d  D(-) f ruc to se  c h r o m a t o g r a p h i c a l l y  p u r e  w e r e  o b t a i n e d  f r o m  
B.D.H. (England) .  

Methods 
A. Microbiological methods  

1. M e d i u m :  T h e  m e d i u m  r e c o m m e n d e d  b y  Tsumura a n d  Sato (10) was  u s e d  for  
�9 e n z y m e  p r o d u c t i o n .  

2. Fermentation: F e r m e n t a t i o n  was  ca r r i ed  ou t  a e rob i ca l l y  a t  28 ~ for  24 hrs ,  u s i n g  
glass  f e r m e n t o r  5 l i te r  (bioflo eherns ta t ,  N ew  B u r n e w i c k ) .  T h e  m e d i u m  (3 L.) in  
t h e  f e r m e n t o r  was  s ter i l ized  at  120 ~ for  20 min .  T h e n  i n o c u l a t e d  w i t h  t h e  
s e e d i n g  m a t e r i a l  (30 ml). A t  t h e  e n d  of f e r m e n t a t i o n  per iod ,  t he  cel ls  w e r e  
h a r v e s t e d  b y  c e n t r i f u g a t i o n  a t  5000 r.p.m, for  15 rain�9 

3. P r e p a r a t i o n  of e n z y m e  ex t rac t :  T h e  w a s h e d  cel ls  w e r e  s u s p e n d e d  in  d i s t i l l ed  
w a t e r  and s u b j e c t e d  to u l t r a s o n i c  w a v e  a t  10 KC for  10 r a in  u s i n g  M S E  100 Wat t  
U l t r a s o n i c  D i s i n t e g r a t o r  N. 26131, L o n d o n .  

B. Chemical methods  
1. F r u c t o s e  was  d e t e r m i n e d  in  p r e s e n c e  of g l ucose  a c c o r d i n g  to t h e  m e t h o d  of 

Dische e t  al. (15) a n d  m o d i f i e d  b y  Marshall a n d  Kooi (2). 
2. G l u c o s e  i s o m e r a s e  ac t iv i ty  w as  m e a s u r e d  a c c o r d i n g  to  t he  m e t h o d  of Standberg 

a n d  SmiIey  (14). 
3. G l u c o s e  w a s  d e t e r m i n e d  in  p r e s e n c e  of o t h e r  r e d u c i n g  suga r s  b y  t h e  m e t h o d  of 

Brady and Zagorski (16). 
4. p H  was  r e a d i n g  b y  u s i n g  B e c k m a n  Z e r o m a t i e  p H  mete r .  
5. P r e c i p i t a t i o n  of g l ucos e  i s o m e r a s e  b y  sa l t ing  ou t  w i t h  a m m o n i u m  s u l p h a t e  

(Dixon a n d  Webb [17]). 
T w e l v e  c o n c e n t r a t i o n s  of a m m o n i u m  su lpha t e ,  i.e., 5, 10, 15, 20, 25, 30, 35, 40, 45, 
50, 55 a n d  60%, w e r e  t e s t e d  for  p r e c i p i t a t i n g  g lucose  i somerase .  I n  al l  expe r i -  
m e n t s  e n z y m e  e x t r a c t  (10 ml ,  340 uni ts / roD w a s  sa l t ed  ou t  w i t h  (NH4) 2 SO 4. T h e  
m i x t u r e  was  k e p t  for  6 h r s  a t  4 ~ be fo re  s e p a r a t i o n  b y  cen t r i fuga t ion .  T h e  
e n z y m e  p r e c i p i t a t e  w as  d i s s o l v e d  in  d i s t i l l ed  w a t e r  (10 ml)  a n d  t h e  e n z y m e  
r e c o v e r y  was  d e t e r m i n e d .  

6. P r e c i p i t a t i o n  b y  u s i n g  o r gan i c  s o l v e n t s  (Dixon a n d  Webb [17]). 
E t h a n o l ,  i s o p r o p a n o l  a n d  a c e t o n e  w e r e  u s e d  s e p a r a t e l y  in  d i f f e r en t  c o n c e n t r a -  
t i ons  0.5, 1.0, 1.5, 2.0, 2.5 a n d  3.0 vol. of s o l ven t  p e r  vol. of e n z y m e  ex t rac t .  T h e  
m i x t u r e  was  k e p t  for  6 h r s  at 4 ~ T h e  p r e c i p i t a t e  was  s e p a r a t e d  b y  cen t r i fuga -  
t ion ,  t h e n  d i s s o l v e d  in  d i s t i l l ed  w a t e r  (10 mD a n d  t h e  r e c o v e r e d  e n z y m e  w a s  
d e t e r m i n e d .  

Factors affecting the kinet ic  behavior  of recovered glucose  i somerase  

1. Effect  of  substrate concentration 

Dif f e r en t  q u a n t i t i e s  of g lucose  w e r e  d i s s o l v e d  in  t r i s -buf fe r  (0.05 M, p H  8.0) to  
g ive  f ina l  c o n c e n t r a t i o n s  of 0.1, 0.3, 0.5, 0.7, 0.9 a n d  1.1 M. T h e  m a g n e s i u m  c h l o r i d e  
(MgCl 2 . 7 H20)  was  0.07 M in  all  cases .  T h e  r e a c t i o n  was  ca r r i ed  o u t  u n d e r  c o n s t a n t  
t e m p e r a t u r e  70 ~ for  o n e  hour ,  t h e n  p e r c h l o r i c  ac id  (1 ml ,  0.5 M) was  a d d e d  to s top  
t h e  reac t ion �9  T h e  m i x t u r e  was  t h e n  d i l u t e d  a n d  f ruc to se  was  d e t e r m i n e d .  A b l a n k  
e x p e r i m e n t  was  ca r r i ed  ou t  u n d e r  t h e  s a m e  c o n d i t i o n s  w i t h o u t  g lucose .  

2. Ef fect  of p H  

F i v e  s o l u t i o n s  of D-g lucose  in  t r i s -bu f fe r  w e r e  a d j u s t e d  to p H  v a l u e s  of 5, 6, 7, 8 
a n d  9. H i g h  c o n c e n t r a t i o n  of D-g lucose  (0.8 M) was  u s e d  b e s i d e s  m a g n e s i u m  
c h l o r i d e  (MgC12 �9 7 H20)  a t  a c o n c e n t r a t i o n  of 0.07 M. T h e  r e a c t i o n  was  ca r r i ed  o u t  as  
m e n t i o n e d  above .  
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3. E f f ec t  o f  t empera ture  

Seven different temperatures, i.e., 40, 50, 60, 70, 80, 90 and 100 ~ were tested. All 
experiments were carried out at constant  pH (8.0), D-glucose concentrat ion (0.8 M) 
and MgCl 2 �9 H20 (0.07 M). 

4. E f f ec t  o f  me ta l  ions  

Different concentrations of Mg ++, i.e., 0.01, 0.03, 0.05, 0.07, 0.1, 0.13, 0.16, 0.19 and 
2.2 M were used separately and all other factors were standardized as pH, tempera- 
ture and high glucose concentrat ion (0.8 M). 

5. An tagon i s t i c  e f fec t  o f  s o m e  me ta l  ions  

Some metal ions, i.e., K +, Na +, Ca ++ and Fe +++ were tested for its antagonistic 
effect with Mg ++ ion. The concentrat ions  used for each metal ions were 0.01, 0.04, 
0.08 and 0.12 M in presence of Mg ++ ion (0.07 M) and all conditions were optimized 
as before. 

R e s u l t s  and d i s c u s s i o n  

G l u c o s e  i s o m e r a s e  is a n  e n z y m e  w h i c h  ca ta lyzes  the  t r a n s f o r m a t i o n  of 
D - g l u c o s e  to  D - f r u c t o s e  (Aldo-Ke to - i somer iza t ion ) .  

I n  th i s  w o r k  S t r e p t o m y c e s  p h a e o c h r o m o g e n e s  w h i c h  is a n  e f f ic ien t  
m i c r o o r g a n i s m  in  t he  p r o d u c t i o n  of g l u c o s e  i s o m e r a s e  w a s  used .  F e r m e n -  
t a t i o n  was  ca r r i ed  ou t  a e rob i ca l l y  o n  a m e d i u m  c o n t a i n i n g  D-xylose .  At  
t he  e n d  of i n c u b a t i o n  pe r iod ,  t he  cells  w e r e  h a r v e s t e d  b y  c e n t r i f u g a t i o n  
a n d  t he  c r u d e  g lucose  i s o m e r a s e  as e n d o c e l l u l a r  e n z y m e  was  e x t r a c t e d  b y  
u l t r a s o n i c  d i s i n t e g r a t i o n .  T h e  c r u d e  e n z y m e  was  pa r t i a l l y  p u r i f i e d  b y  
f r ac t iona l  p r e c i p i t a t i o n  w i th  a m m o n i u m  s u l p h a t e  or  o r ga n i c  so lven t s .  

T w e l v e  c o n c e n t r a t i o n s  of a m m o n i u m  s u l p h a t e  for  p r e c i p i t a t i n g  glu-  
cose  i s o m e r a s e  as d e s c r i b e d  a b o v e  w e r e  tes ted .  R e s u l t s  i n  t a b l e  1 i l lus t ra t -  
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ed by  f igure 1 show that  a m m o n i u m  sulphate  at  a concent ra t ion  of 50% 
(0.65 saturation) gave m a x i m u m  a m o u n t  of enzyme  recovery  (88.8%). It  
was also observed  that  a negligible a m o u n t  of the  enzyme  (7.6%) was  
recovered  in the precipi tate  at low concent ra t ions  of a m m o n i u m  sulphate 
(2O%). 

Accord ing  to these findings, partial purif icat ion of glucose isomerase  
enzyme  was achieved by  fractional precipi tat ion t h rough  two steps. The 
first step was  done  by  us ing (0.26 saturation) a m m o n i u m  sulphate  for 
precipi ta t ing a protein fraction with low enzymat ic  activity. In  the second  
step the a m m o n i u m  sulphate  concent ra t ion  was raised to 50% (0.65 satura- 
tion) to precipi tate  the active enzyme  fraction. 

These  results  are in line with those obta ined  by  Tsurnura et al. (10) and 
D a n n o  (13) who precipi ta ted g lucose  i somerase  enzyme  by  salting out with 
a m m o n i u m  sulphate  at 0.3-0.5 saturat ion wi thou t  any  appreciable  loss in 
the  activity. 

Organic solvents (Ethanol, i sopropanol  and acetone) were also tes ted to 
precipi tate  g lucose  isomerase.  Because  mos t  enzymes  are inact ivated by  
organic solvents at room temperature ,  the precipi tat ion was carried out  at 
4 ~ (Dixon  & Webb  [17]). 

The  results recorded  in table (2) and  il lustrated by  figure 2 indicate tha t  
acetone gave m a x i m u m  a m o u n t  of enzyme  recovery  (66.2%) when  used  at 
a concent ra t ion  of 3 vo lumes /vo lume  of enzyme  extract.  E thanol  and 
i sopropanol  gave 45% and 35% of the enzyme  recovery  w h e n  used  at 
concent ra t ions  of 2.5 and  2.0 (v/v) respectively.  

It  could  be conc luded  that  the mos t  suitable organic solvent  for the 
precipi ta t ion of g lucose  isomerase  is acetone.  E thanol  and i sopropanol  at 
high concent ra t ions  have a slightly effect on  enzyme.  When ethanol  con- 
centra t ion was  increased f rom 2.5 to 3.0 (v/v), the activity was  decreased 
f rom 45% to 35.9% respectively.  The same t rend  was observed  w h e n  the  
concent ra t ion  of i sopropanol  was increased.  The activi ty decreased f rom 
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Table 1. Effect of ammonium sulphate concentration on precipitation of glucose 
isomerase. 

Ammonium sulphate Re-dissolved Enzyme recovery 
Concentration Saturation*) precipitate activity % 
% (units/ml)**) 

6 0.06 0 0 
10 0.13 5 1.5 
15 0.20 14 4.1 
20 0.26 26 7.6 
25 0.33 76 22.3 
30 0.39 161 47.3 
35 0.46 257 75.6 
40 0.52 288 84.6 
45 0.59 295 86.8 
50 0.65 302 88.8 
55 0.72 302 88.6 
60 0.79 302 88.8 

*) Calculated by taken 77% ammonium sulphate equal to l.O saturation. 
**) Initial activity 340 units/ml (as 100% enzyme activity). 

35% to 27.9%, w h e n  the  c o n c e n t r a t i o n  of i s o p r o p a n o l  w a s  i n c r e a s e d  f r o m  
2 to 3 (v/v) r e spec t ive ly .  Th i s  m a y  be  d u e  to its p r e c i p i t a t i n g  effect  o n  
i n a c t i v e  p r o t e i n  w h i c h  c o n t a m i n a t e d  t he  ac t ive  e n z y m e ,  or  to the  pa r t i a l  
d e n a t u r a t i o n  of e n z y m e  p ro t e in .  

T a k i n g  in  c o n s i d e r a t i o n  t he  r e su l t s  j u s t  r e p o r t e d  before ,  pa r t i a l  pur i f i -  
c a t i o n  of g l u c o s e  i s o m e r a s e  c o u l d  be  a c h i e v e d  b y  f r a c t i o n a l  p r e c i p i t a t i o n  
u s i n g  a c e t o n e  in  two  s teps.  T h e  f i rs t  s tep  w a s  d o n e  b y  a d d i n g  0.5 v /v  
a c e t o n e  a n d  d i s c a r d i n g  t he  p rec ip i t a t e ,  t h e n  t h e  a c e t o n e  c o n c e n t r a t i o n  
was  i n c r e a s e d  to 3.0 v /v  in  t he  s u p e r n a t a n t  to p r e c i p i t a t e  the  ac t ive  e n z y m e  
p ro t e in .  

P u r i f i c a t i o n  t e c h n i q u e  f o r  g l u c o s e  i so rnerase  e n z y m e  

O n  the  ba s i s  of the  r e su l t s  m e n t i o n e d  in  t ab l e s  1 a n d  2 r e g a r d i n g  the  
p r e c i p i t a t i o n  of g lucose  i somera se ,  t h e  e n z y m e  w a s  p u r i f i e d  by  the  follow- 
i ng  t e c h n i q u e .  

Table 2. Effect of organic solvents on precipitation of glucose isomerase. 

Concen- Acetone Ethanol Isopropanol 
tration GI/ml*) Enz. GI/ml Enz. GI/ml Enz. 
(v/v) recovery recovery recovery 

% % % 

0 340 100 340 100 340 100 
0.5/1 12 3.5 0 0 27 7.9 
1.0/1 73 21.5 52 15.3 64 18.8 
1.5/I 158 46.5 71 29.0 65 25.0 
2.0/1 198 58.2 144 42.3 119 35.0 
2.5/1 218 64.1 152 45.0 105 30.9 
3.0/1 225 66.2 122 35.9 95 27.9 

*) GI/ml: Glucose isomerase units  per ml. 
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Table 3. Purif icat ion technique for glucose isornerase enzyme. 

Step Protein  Enzyme Specific 
concentrat ion activi ty activity**) 

mg % units % 

Crude extract*) 950 100 20,500 100 21.6 
Concentrated extract  906 95.3 19,920 97.2 22.0 
Dialysis 906 95.3 19,110 93.2 21.0 
(NH4)2 SO4 

0.0 -0.26 250 27.0 800 3.9 3.2 
0.26-0.59 610 63.9 18,000 87.8 29.0 

Amerbi l i te  CG-50 400 42.1 17,100 83.4 42.0 
Acetone 200 30.5 15,300 49.7 52.0 

*) Init ial  volume of crude extract  500 ml. 
**) Specific act ivi ty = uni ts /mg protein. 

T h e  e x p e r i m e n t  w a s  c a r r i e d  o u t  b y  u s i n g  e n z y m e  e x t r a c t  ( spec i f i c  
a c t i v i t y  e q u a l  to  21.6). T h e  e x t r a c t  w a s  c o n c e n t r a t e d  u n d e r  v a c u u m  a t  
40 ~ t h e n  d i a l y z e d  a g a i n s t  d i s t i l l e d  w a t e r  fo r  24 h r s  a t  4 ~ A m m o n i u m  
s u l p h a t e  w a s  a d d e d  a t  a c o n c e n t r a t i o n  of  50% (0.65 s a t u r a t i o n )  a n d  a l l o w e d  
to  s t a n d  o v e r  n i g h t  a t  4 ~ t h e n  t h e  p r e c i p i t a t e  w a s  c o l l e c t e d  a n d  r e d i s -  
s o l v e d  in  d i s t i l l e d  w a t e r  a n d  p a s s e d  t h r o u g h  c o l u m n  of  A m b e r l i t e  IRA-400  
p r e v i o u s l y  c h a r g e d  w i t h  a c e t a t e .  

T h e  e n z y m e  s o l u t i o n  w a s  t h e n  p a s s e d  t h r o u g h  a n  A m b e r l i t e  CG-50 
c o l u m n  w h i c h  h a d  b e e n  e q u i l i b r a t e d  w i t h  t r i s - b u f f e r  p H  7.0, 0.05 M 
( N a t a k e  [11]). T h e  c o l u m n  w a s  t h e n  w a s h e d  w i t h  t h e  s a m e  b u f f e r  to  
r e m o v e  t h e  i n a c t i v e  p r o t e i n .  T h e  e n z y m e  a d s o r b e d  o n  t h e  c o l u m n  w a s  
e l u t e d  w i t h  0.4 M s o d i u m  a c e t a t e  b u f f e r  p H  6.0. A c e t o n e  w a s  a d d e d  to  t h e  
e l u t e  a t  a c o n c e n t r a t i o n  of  3.0 v / v  a n d  le f t  fo r  15 m i n u t e s  a t  4 ~ T h e  
p r e c i p i t a t e  w a s  s e p a r a t e d  b y  c e n t r i f u g a t i o n ,  t h e n  r e d i s s o l v e d  in  d i s t i l l e d  
w a t e r .  

(v )  t 

18 t Vmax 
1 6 ~  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  

g lZ 

-~ ~o 
~ 8' 

's 6 

~ 4  500 n." 

i 

0.1 0.3 0.5 0.7 0.9 111 ( s ) 
D-Glucose (N) 

Fig, 3. Substrate cone. versus reaction velocity. 
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Table 4. Effect of substrate concentration on reaction velocity of glucose isomerase. 

D-glu- Reaction I/S l/v S/v v/s -Log (s) 
cose (s) velocity (x 10 -2) (x 10 -2) (ps) 
mole  (v) 

0.1 4.94 10.00 20.2 2.0 49.40 1.0000 
0.3 9.11 3.33 10.9 3.2 30.36 0.5229 
0.5 12.51 2.00 7.9 3.9 25.02 0.3010 
0.7 14.05 1.43 7.1 4.9 20.07 0.1549 
0.9 14.20 1.11 7.0 6.3 15.77 0.0458 
1.1 14.36 0.90 6.9 7.6 13.05 0.0414 

T a b l e  3 s u m m a r i z e d  t h e  s t e p s  u s e d  in  e n z y m e  p u r i f i c a t i o n .  T h e  e n z y m e  
w a s  o b t a i n e d  in  a n  a p p a r e n t l y  p u r e  f o r m  for  f u r t h e r  s t u d i e s .  

B. The  k ine t ic  behavior o f  g lucose i somerase  

K i n e t i c s  s h o w  h o w  t h e  r a t e  of e n z y m e  c a t a l y z e d  r e a c t i o n s  is  r e l a t e d  to  
v a r i o u s  e n v i r o n m e n t a l  f ac to r s .  So ,  t h e s e  f a c t o r s  ( s u b s t r a t e  c o n c e n t r a t i o n ,  
p H  a n d  t e m p e r a t u r e ,  e f f ec t  of  m e t a l  ions )  w e r e  s t u d i e d .  

S u b s t r a t e  c o n c e n t r a t i o n  is o n e  of t h e  m o s t  i m p o r t a n t  f a c t o r s  w h i c h  
a f f ec t s  t h e  v e l o c i t y  of  t h e  e n z y m e  r e a c t i o n .  T a b l e  4 a n d  f i g u r e  4 s h o w  t h a t  
a n  i n c r e a s e  of  s u b s t r a t e  c o n c e n t r a t i o n  r e s u l t s  a t  f i r s t  a v e r y  r a p i d  r i s e  in  
v e l o c i t y  of  r e a c t i o n  r a t e  ( f i rs t  o r d e r  r eac t ion ) .  A s  t h e  s u b s t r a t e  c o n c e n t r a -  
t i o n  w a s  i n c r e a s e d ,  t h e  r a t e  of  r e a c t i o n  fe l l  d o w n  ( m i x e d  of  f i r s t  a n d  ze ro  
o r d e r  k ine t i c ) ,  w h i l e  a t  l a r g e r  s u b s t r a t e  c o n c e n t r a t i o n  n o  f u r t h e r  c h a n g e  in  
v e l o c i t y  w a s  o b s e r v e d  (zero  o r d e r  k i n e t i c s ,  Sege] [18]). T h i s  can b e  a t t r i b -  
u t e d  to  t h a t  t h e  e n z y m e - c a t a l y z e d  r e a c t i o n  a t  d i f f e r e n t  s u b s t r a t e  c o n c e n -  
t r a t i o n s  is  d i p h a s i c .  A t  l o w  c o n c e n t r a t i o n  t h e  a c t i v e  s i t e  of  t h e  e n z y m e  w a s  
n o t  s a t u r a t e d  ( p h a s e  1) a n d  as  n u m b e r  of  s u b s t r a t e  m o l e c u l e s  i n c r e a s e ,  t h e  
a c t i v e  s i t e s  a r e  c o v e r e d  to  g r e a t e r  d e g r e e  u n t i l  no  m o r e  a c t i v e  s i t e s  a r e  
a v a i l a b l e  a n d  t h e  e n z y m e  is w o r k i n g  a t  fu l l  c a p a c i t y .  T h e n  t h e  r a t e  is 
i n d e p e n d e n t  of  s u b s t r a t e  c o n c e n t r a t i o n  ( p h a s e  I I ,  Dixon  a n d  Webb [17]). 

( I / v )  t.l~_ Km (I~, ] 
2o ,v,-~ ' ,~, ' .7~-~ / 
18 

'?-10 9koQe~ . . . .  
8 J K m = 0.2500 

6 ~i~..,4.,,. " vmla x 

~ ' ~  I I i i I i i I i I i 
,----l/Kin---,. 1 2 3 4 5 6 7 8 9 10 

Fig. 4. 1/s versus 1/v. 

(I/s) 
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TaMe 5. Different technique for calculating Km and Vmax for glucose isomerase 
enzyme. 

Plots Slope Intercepts Vmax Km 
Ordinate Abscissa 

(l/v) VS(1/S) Krn]V= 0.0140 L/v = 0.056 -1]Km = 4.0 17.85 0.250 
(v) VS (v/S) - K i n  = 0.250 V :- 18.20 V/KIn = 72.8 18.20 0.250 
(S/v) VS(S) 1/V = 0.0583 Km/V--  0.0145 - K i n  = 0.250 17.15 0.250 

T h e  Michae l i s  c o n s t a n t  for g l u c o s e  i s o m e r a s e  e n z y m e  w a s  c a l c u l a t e d  
b y  fou r  m e t h o d s  ( L i n e w e a v e r  & B u r k  t e c h n i q u e ,  E d i a  a n d  Hofs t ee  t ech-  
n i q u e ,  H a n e s  t e c h n i q u e  a n d  l o g a r i t h m i c  of Michae l i s  e q u a t i o n  - D o w d  a n d  
R l g g s  [19]). T h e  r e su l t s  are  s u m m a r i z e d  i n  t a b l e  5 a n d  i l l u s t r a t e d  i n  f igures  
5, 6, 7, 8. I t  was  f o u n d  t h a t  the  ave r age  Km v a l u e  o b t a i n e d  f r o m  t he se  
t e c h n i q u e s  was  e q u a l  to 0.250 M. 

S i n c e  e n z y m e s  are  p r o t e i n  i n  n a t u r e ,  p H  c h a n g e s  wil l  h i g h l y  affect  t he  
i on i c  c h a r a c t e r  of the  p r o t e i n  a n d  wi l l  m a r k e d l y  affect  t he  ca t a ly t i c  n a t u r e  

v _ v .  
18~.~ Vmax s Km K m 

4 "~max l  Km 
2 , , ~ , ~ ,  

o ib 2b ~ 20 ~o oo 70 ,~/~, 

Fig. 5. (v/s) versus (v). 

( s / v )  
8 

7 
6 

C ~  ~ 5  
• 

3 
2 

I I I I 

~--Km---~ 0.1 0.3 05 0.7 
Fig. 6. (s) versus (s/v). 

s I s - . K m  
r247 = ~ "r ~ v - - ~  

~ \ o ~  
Kr n : 0.2500 

K m I Vma x 

o~ ~i~ s) 
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(v) 

16 

> 14 

>~12 

~10 

o ~ 6 

Vmax 

~" " " ~ ' ~ .  Km :0.2500 

\ 

0 0~' 10 (pS) 

Fig. 7. p~(-Log s) versus (v). 

of enzyme.  Besides this effect, low or h igh pH value can cause consider-  
able denatura t ion  and inactivate the enzyme  protein. The  activity of 
glucose isomerase  was tested at different pH values. The effect of pH on 
the affinity was el iminated by using a sufficiently g lucose  concent ra t ion  
(0.8 ND to saturate the active sites of enzyme  at all pH's .  Table 6 and  figure 9 
show that  the  o p t i m u m  pH is 7.5 and  the~velocity falls on  either side of that  
pH. The results are in agreement  with those men t ioned  by  T s u m u r a  and 
Sato (9); Natake and  Yoshimura (6). 

Seven different temperatures were investigated at constant pH, glu- 
cose concentration and magnesium ion concentration. Table 7 illustrated 

1.2 

> 1.0 

o 
> 

c 
o 

r r  

0.8 

0.6 

OA 

O.2 

revel '  

7 8 
pH's 

Fig. 8. Effect of pH on the reaction velocity. 
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Table 6. Effect of pH on the reaction velocity of glucose isomerase. 

pH Reaction velocity (~/V[ fructose) 

5.0 0.42 
6.0 0.82 
7.0 1.07 
8.0 1.15 
9.0 0.46 

by  figure 10 shows that  the enzymes  activi ty was accelerated as the 
t empera tu re  increased until  80 ~ and then  fall, giving an apparen t  opti- 
m u m  tempera ture .  F r o m  figure 11 the o p t i m u m  tempera tu re  for glucose 
i somerase  was be tween 70 ~ ~ These  results are in line with those 
obta ined by  Standberg and  Smiley (14). 

Figure  11 shows that, as the t empera tu re  raised the curvature  increased 
until  the veloci ty fall to m i n i m u m  value. The o p t i m u m  tempera tu re  is 
de te rmined  by the balance be tween  the increase of initial veloci ty and  
des t ruc t ion  of the enzyme  at h igh temperature .  

To s tudy  the equi l ibr ium cons tant  (K) as effect of temperature ,  the 
enzymat ic  isomerizat ion was carried out  at t empera tures  of 40 ~ 50 ~ 60 ~ and 
70 ~ with D-glucose or D-fructose (0.03%) in tr is-buffer (0.05 M, pH 8.0) 
conta in ing  0.07 Mg +§ The  react ion mix ture  was  incubated  at each of the 

24 ~_~ 

>. 20 ~.. 

/ 
rr 

Temperature ~ 
Fig. 9. Effect of temperature on reaction velocity. 
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Table 7. Effect of temperature on the reaction velocity of glucose isomerase. 

Temperature ~ Reaction velocity (~r fructose) 

40 4.0 
50 8.6 
60 15.2 
70 20.2 
80 22.1 
90 17.1 

100 3.9 

a f o r e m e n t i o n e d  t empe ra tu r e s .  At  def in i te  in tervals ,  a p ro t e in  of the  reac- 
t ion  m i x t u r e  (0.5 ml) was  w i t h d r a w n  a n d  p o u r e d  i m m e d i a t e l y  in to  per-  
ch lor ic  ac id  (0.5 M) to s top  the  react ion .  The  c o n c e n t r a t i o n s  of f ruc tose  
f o r m e d  or r e m a i n e d  was  d e t e r m i n e d ,  the  r eac t ion  was  c o n t i n u e d  un t i l  the  
e q u i l i b r i u m  was  reached.  

F i g u r e  11 shows  typ ica l  t ime  courses  of the  g lucose  i s o m e r a s e  r eac t ion  
w h i c h  were  ca r r i ed  out  at  t e m p e r a t u r e s  r a ng i ng  f rom 40 ~ to 70 ~ 
s t a r t ing  f rom e i ther  D-g lucose  or D-f ruc tose .  The  lower  cu rves  r e p r e s e n t  
the  t ime  course  of fo rma t ion  of D-f ruc tose  f rom D-glucose ,  and  the  u p p e r  
curves  show the  t i m e  courses  of the  dec rea se  of D- f ruc tose  f rom the  ini t ia l  
c o n c e n t r a t i o n  of D-fructose.  I t  was  o b s e r v e d  t ha t  the  e q u i l i b r i u m  was  
r e a c h e d  af ter  3 hrs  i n c u b a t i o n  per iod .  The  e q u i l i b r i u m  c o n c e n t r a t i o n  of D- 
f ruc tose  was  o b t a i n e d  d i r ec t ly  f rom i ts  c o n c e n t r a t i o n  at  th is  t ime,  or  it  can  
be  o b t a i n e d  s i m p l y  b y  the  fo l lowing  equa t ion :  

(D-glucose)~.  = (D-glucose) i~t~ - (D-fructose)~.  

E 
d~ 
E 

0,30 
0,25 
0.20 
0.15 
0.10 
0.05 

030 
0.25 
0.20 
0.15 

0.10 
0.05 

0.30 
~ ~ . _  0.25 

0.20 
0.15 

~ 5  0.10 
0.05 

-I' 2 
0.30   60oc 0.25 

0.20 
~ 0.15 

f _ 0.10 
/ K= 1. 49 0.05 

K = 1.045 

I I 

Reaction time ( hrs. ) 
Fig. 10. Typical time course of isomerization reaction. 
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I/T ( • 10 -3 ) 

Fig. 11. Log K versus 1/7. 

T h e  v a l u e s  of  t h e  ~ q u i l i b r i u m  c o n s t a n t  o b t a i n e d  b y  t h i s  t e c h n i q u e  a t  
t e m p e r a t u r e  r a n g e  f r o m  40 ~ to  70 ~ a re  l i s t e d  in  t a b l e  (8). A c c o r d i n g  to 
t h e  V a n ' t  H o f f  r e a c t i o n  i sobar :  

dlnK H 
d T - RT 2 

where H is the heat of the reaction at constant pressure, T is absolute 
temperature and R is the gas constant. A H can be obtained from the slope 
of the plot of log K against I/T as shown in figure 12. The curve is linear 

Table 8. Kinetic parameters and equil ibrium constant of glucose isomerase. 

Temperature  T*) l f r  D-glucose D-fructose K Log K 
~ (x 10 -3) mg/ml % mg/ml  % 

40 313 3.19 0.155 51.4 0.145 48.6 0.945 -0.0246 
50 323 3.09 0.147 48.9 0.153 51.1 1.045 0.0191 
60 333 3.09 0.140 46.6 0.160 53.4 1.149 0.0603 
70 343 2.91 0.132 44.1' 0.168 55.9 1.264 0.1017 

*) T = ~ + 273. 

Table 9. Effect of Mg ++ ion concentration on the reaction velocity of glucose 
isomerase. 

Mg § ion Reaction 
(M) velocity 

0.01 7.0 
0.03 13.2 
0.05 17.6 
0.07 19.1 
0.10 16.0 
0.13 17.9 
0.16 14.5 
0.19 13.9 
0.22 12.3 
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Fig. 12. Effect of magnes ium ion concentrat ion on the reaction veloci ty of glucose 

isomerase. 

o v e r  t h e  t e m p e r a t u r e  r a n g e  40 ~ to  70 ~ T h e  h e a t  of  t h e  r e a c t i o n  A H 
w h e n  D - f r u c t o s e  is  f o r m e d  f r o m  D - g l u c o s e ,  h a s  b e e n  c a l c u l a t e d  f r o m  t h e  
s l o p e  of t h e  V a n ' t  H o f f ' s  P l o t  a n d  w a s  f o u n d  to  b e  e q u a l  to  2900 c a l / m o l e .  

I t  is  w e l l  k n o w n  t h a t  m e t a l l i c  i o n s  p l a y  a n  i m p o r t a n t  r o l e  in  t h e  v e l o c i t y  
of  e n z y m e  r e a c t i o n s .  B e c a u s e  of t h e  i m p o r t a n t  r o l e  of  M g  ++ i o n s  in  
a c t i v a t i n g  g l u c o s e  i s o m e r a s e  e n z y m e  ( T s u m u r a  a n d  S a t o  [10] a n d  S t a n d -  
b e r g  a n d  S r n i l e y  [13]), d i f f e r e n t  c o n c e n t r a t i o n s  of  M g  ++ w e r e  u s e d  a t  h i g h  
g l u c o s e  c o n c e n t r a t i o n .  D a t a  in  t a b l e  9 a n d  f i g u r e  13 i n d i c a t e  t h a t  t h e  
r e a c t i o n  v e l o c i t y  i n c r e a s e d  as  t h e  M g  ++ c o n c e n t r a t i o n  i n c r e a s e d  u p  to 
0.07 M. A t  h i g h e r  c o n c e n t r a t i o n  of  M g  ++, t h e  e n z y m e  a c t i v i t y  w a s  de-  
c r e a s e d  d u e  to  i t s  a u t o i n h i b i t i o n  a t  h i g h e r  c o n c e n t r a t i o n .  

A t r i a l  w a s  d o n e  to  c a l c u l a t e  t h e  K m of  M g  ++ ions .  W h e n  1/Mg ++ w a s  
p l o t t e d  a g a i n s t  1/V a d o u b l e  r e c i p r o c a l  f o r m  of  L i n e w e a v e r  a n d  B u r k  w a s  
o b t a i n e d  f i g u r e  14. T h e  g r a p h  o u t  t h e  v e r t i c a l  ax i s  a t  a p o i n t  w h i c h  g ives  
1/V m a x  a n d  h a s  a s l o p e  of K m / V m a x .  T h e  K m  w a s  f o u n d  to b e  0.02 M. 

( 1Iv 

14 
12 
10 
8 
6 

~ - l / K m  ~ 

k Y , , O ~  

/ Km= 0.0249 (M) 

i ~ . .  1 iVmax 

v:2b 
( 1 1 M g " )  ,mote 

( 1/-" 

Fig. 13.1/s versus 1/v (Lineweaver-Burk technique). 
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i i 1 
o11 03 o.s 0.7 0.9 ,!, 

D - G l u c o s e  ( M ) 

Fig. 14. (S/V) versus (S) at different concentrations of magnesium. 

A spec ia l  i n t e re s t  was  g iven  to  s t u d y  the  m e c h a n i s m  of ac t iva t ion  by  
m a g n e s i u m  ions.  The  m e t a l  m a y  ac t  as  a b i n d e r  b e t w e e n  e n z y m e  and  
subs t ra te ,  c o m b i n i n g  w i th  b o t h  a n d  so ho ld ing  the  s u b s t r a t e  a t  the  ac t ive  
cen te r  of the  enzyme.  In  o rde r  to s t u d y  the  af f in i ty  of the  me ta l  to the  
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Fig. 15. Antagonistic effect of metal ions on reaction velocity of glucose isomerase. 
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s u b s t r a t e  a n d  e n z y m e ,  t h e  v e l o c i t y  o f  t h e  i s o m e r i z a t i o n  w a s  d e t e r m i n e d  b y  

u s i n g  s i x  d i f f e r e n t  c o n c e n t r a t i o n s  o f  D - g l u c o s e ,  i .e. ,  0.1, 0.3, 0.5, 0.7, 0.9, 
a n d  1.1 M i n  p r e s e n c e  o f  d i f f e r e n t  m a g n e s i u m  i o n  c o n c e n t r a t i o n s ,  i .e . ,  0.01, 
0.03, 0.05, a n d  0.07 M f o r  e a c h  g l u c o s e  c o n c e n t r a t i o n .  O t h e r  c o n d i t i o n s  
s u c h  a s  p H  a n d  t e m p e r a t u r e  w e r e  o p t i m i z e d .  T h e  r e a c t i o n  v e l o c i t y  of  D -  
g l u c o s e  i s o m e r i z a t i o n  a t  t h e  v a r y i n g  l e v e l s  o f  m a g n e s i u m  w e r e  p l o t t e d  i n  
d o u b l e  r e c i p r o c a l  f o r m .  A s  s h o w n  i n  t a b l e  10 a n d  f i g u r e  15 t h e  l i n e s  
o b t a i n e d  a t  e a c h  c o n c e n t r a t i o n  l e v e l  o f  m a g n e s i u m  g a v e  t h e  s a m e  i n t e r -  
c e p t s  o n  a b s c i s s a .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  K m  v a l u e  a r e  n o t  c h a n g e d  
(0.024 M)  w h e n  m a g n e s i u m  c o n c e n t r a t i o n  w a s  v a r i e d  w h i l e  c h a n g e  i n  
V m a x  w a s  o b s e r v e d .  I t  c o u l d  b e  c o n c l u d e d  f r o m  t h e s e  r e s u l t s  t h a t  t h e  
m e t a l  i o n s  c o m b i n e d  w i t h  t h e  e n z y m e  i n d e p e n d e n t l y  o f  t h e  s u b s t r a t e  a n d  
t h e  e n z y m a t i c  r e a c t i o n  c a n  b e  i l l u s t r a t e d  a s  i n  t h e  f o l l o w i n g  e q u a t i o n s :  

E + M = E M  
E M  + S -- E M S  - E M  + P ( P r o d u c t )  

w h e r e :  E ,  E n z y m e ;  M, M e t a l ;  E M ,  E n z y m e - M e t a l  c o m p l e x ;  S,  S u b s t r a t e  
a n d  E M S ,  E n z y m e - m e t a l - s u b s t r a t e  c o m p l e x .  

T h e  m e t a l  is  a t t a c h e d  t o  t h e  e n z y m e  t o  f o r m  a c t i v e  E M  c o m p l e x ,  w h i c h  
c o m b i n e s  w i t h  t h e  s u b s t r a t e  t o  f o r m  E M S  c o m p l e x ,  w h i c h  d e c o m p o s e s  t o  
g i v e  t h e  p r o d u c t s .  

A s  i t  i s  w e l l  k n o w n  i n  s o m e  c a s e s ,  i o n s  m a y  c o m p e t e  w i t h  o t h e r  i o n s  
a n d  h a v e  a n  a n t a g o n i s t i c  e f f e c t .  S o m e  m e t a l  i o n s ,  i .e. ,  K +, N a  +, C a  ++ a n d  
F e  +++, w e r e  t e s t e d  f o r  t h e i r  a n t a g o n i s t i c  e f f e c t  w i t h  M g  ++ i o n .  I t  i s  c l e a r  
f r o m  t a b l e  11 a n d  f i g u r e  16 t h a t  N a  + a n d  K + a c t  a s  a c t i v a t o r s .  T h e y  i n c r e a s e  
t h e  a c t i v a t i o n  e f f e c t  o f  M g  ++ p a r t i c u l a r l y  a t  l o w e r  c o n c e n t r a t i o n .  T h e  

Table  11. An tagon i s t i c  e f fec t  of s o m e  meta l  ions  on  the  r eac t ion  ve loc i ty  of g lucose  
i somerase .  

Meta l  ion c o n c e n t r a t i o n  Rela t ive  
(1V~ x 10 -2) act ivi ty  

Mg ++ Na + K + Ca ++ Fe  +++ % 

7 . . . .  100 
7 1 - - - 133.8 
7 4 - - - 128.17 
7 8 - - - 126.05 
7 12 - - - 119.79 
7 - 1 - - 142.67 
7 - 4 - - 112.67 
7 - 8 - - 110.56 
7 - 12 - - 108.45 
7 - - 1 - 77.46 
7 - - 4 - 30.98 
7 - - 8 - 28.77 
7 - - 12 - 19.72 
7 - - - 1 2 3 . 9 4  

7 - - - 4 1 3 . 4 0  

7 - - - 8 6 . 3 4  

7 - - - 1 2  5 . 2 1  
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i n c r e a s e  w a s  33% a n d  4 2 %  a t  a c o n c e n t r a t i o n  o f  0.01 M u s i n g  N a  § o r  K § 
r e s p e c t i v e l y .  O n  t h e  o t h e r  h a n d  C a  ++ a n d  F e  +++ a c t  as  i n h i b i t o r s  a n d  t h e y  
h a v e  a d e l e t e r i o u s  e f f e c t  o n  t h e  a c t i v a t i o n  o f  M g  ++, t h e  d e c r e a s e  w a s  80% 
a n d  9 5 %  a t  0.12 M of  C a  ++ a n d  F e  +++ r e s p e c t i v e l y .  

Summary  

Glucose  i s o m e r a s e  was  p r o d u c e d  f rom Streptomyces phaeochromogenes by 
aerob ic  f e r m e n t a t i o n  at 28 ~ for 24 hrs.  The  c r u d e  e n z y m e  was  ob ta ined  by 
d i s in t eg ra t ing  the  h a r v e s t e d  cells. I t  was  found  tha t  a m m o n i u m  su lpha te  at a 
sa tura t ion  of 0.3-0.5 gave the  m a x i m u m  e n z y m e  r ecove ry  (88.8%) f rom the  c rude  
ext rac t ,  wh i l e  a ce tone  gave 66.2% at a c o n c e n t r a t i o n  of 3/1 (V/V). On this  bas is  t he  
c rude  e n z y m e  ex t r ac t  was  pur i f ied  fo l lowing several  s t eps  as concen t ra t ion ,  dia- 
lysis, p rec ip i t a t ion  w i t h  (NH4) 2 SO4, t h e n  pas s ing  t h r o u g h  c o l u m n  of Amber l i t e  
CG-50, and  the  e luate  was  t rea ted  wi th  ace tone  to p rec ip i t a t e  t he  enzyme.  

The  k ine t i cs  behav io r  was  s t ud i ed  a n d  it was  f o u n d  that:  o p t i m u m  D-glucose  
c o n c e n t r a t i o n  was  0.8 M, K m  was  0.25 M, o p t i m u m  p H  was  7.0 a n d  t e m p e r a t u r e  was  
70 ~ M a g n e s i u m  at concen t r a t i on  of 0.07 M gave  the  m a x i m u m  act iv i ty  and  its K m  
was  0.024 M. An tagon i s t i c  ef fec ts  of Na +, Ca ++ and  F e  § in p r e s e n c e  of 0.07 M of 
Mg ++ w e r e  s tud ied .  

K m and  Vm~ , at  d i f fe ren t  levels  of Mg ++ c o n c e n t r a t i o n  w e r e  d e t e r m i n e d  a n d  no  
c h a n g e  in K m value  was  obse rved ,  whi le  Vmax was  af fec ted .  These  f ind ings  ind ica te  
t ha t  t he  Mg § c o m b i n e d  w i t h  e n z y m e  i n d e p e n d e n t l y  of t h e  subs t ra te .  
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