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Summary 

A simple method has been developed for the rapid isolation of crystalline 
glucosephosphate isomerase (EC 5.3.1.9) from rabbit  muscle. The enzyme is 
first bound to cellulose phosphate by adding the ion exchanger to a solution of  
the crude tissue extract. After filtering and washing the cellulose with buffer, 
the isomerase is specifically eluted in a batch process by its substrate, glucose 6- 
phosphate. The entire procedure is very rapid and results in a good recovery (at 
least 50%) of  the enzyme with specific activity of  approximately 900 units per 
rag. The enzyme is homogeneous by  polyacrylamide gel electrophoresis in the 
presence or absence of sodium dodecyl  sulfate and by analytical ultracentri- 
fugation. 

Introduction 

Within the past five years glucosephosphate isomerase (EC 5.3.1.9) has in- 
creasingly become the center of a variety of structural-functional studies in sev- 
eral laboratories [1--4] ,  and currently, primary sequence and crystallographic 
studies are underway. The enzyme was first isolated in crystalline form by 
Noltmann [5,6] over ten years ago from rabbit muscle, which has, in general, 
served as the most  common source of  enzyme. However, the existing procedure 
for the isolation of  rabbit  muscle glucosephosphate isomerase, while quite re- 
producible, is rather long and tedious (requiring eight fractionation steps and 
repeated recrystallizations) *. In addition, the method makes use of somewhat  
nonspecific fractionation methods {e.g. precipitation by zinc acetate, organic 
solvents and salts, and  adsorption on bentonite)  and results in recoveries of  
only 20--25% [5,6] .  

* The enzyme can also be iso lated by a c o m b i n a t i o n  o f  the  original  procedure  and success ive  chro- 
matographic s teps  o n  carboxymethyl cellulose. H o w e v e r ,  spec i f ic  i n f o r m a t i o n  regarding r e c o v e r y  is 
n o t  available [7]. 
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Our laboratory has recently shown that glucosephosphate isomerase from 
human erythrocytes  and cardiac muscle can be specifically eluted from cellu- 
lose phosphate by its substrates [2,8] .  We thus felt that  a substrate elution 
method  might be developed for the rapid isolation of  rabbit  muscle glucose- 
phosphate isomerase. 

Materials and Methods 

Cellulose phosphate (0.91 mequiv/g) was obtained from Sigma and pre- 
washed sequentially with 1 M HC1 and NaOH. Substrates, coenzymes,  and 
coupling enzymes were also from Sigma. Glucosephosphate isomerase was as- 
sayed spectrophotometr ical ly as previously described [8] using fructose 6- 
phosphate as the substrate and measuring the rate of  conversion to glucose 6- 
phosphate by coupling with excess glucose 6-phosphate dehydrogenase. Protein 
concentrat ions were determined at 280 nm using an extinction coefficient 
(wlS _~ of  13.2 [6] One unit of enzyme is defined as the amount  catalyzing L ~ l e m - -  ! 

the conversion of  one micromole of  fructose 6-phosphate to glucose 6-phos- 
phate per min at 30°C, and specific activity is expressed as units per mg of pro- 
tein. 

Results 

Isolation procedure 
The following procedure has been developed for the isolation of  rabbit  mus- 

cle glucosephosphate isomerase. All steps are performed in an ice bath or in a 
cold room at 0--4 ° C. The entire isolation procedure can easily be completed in 
less than two working days. Although the following procedure is described for 
starting with 200 g of  tissue, it has also been carried out  on larger (500--1000 
g) and smaller (50 g) scales. 

Tissue extraction. Fresh or frozen rabbit  skeletal muscle (200 g) is passed 
through a meat grinder and mixed with 400 ml of  50 mM triethanolamine, 1 
mM EDTA, 0.1% v/v 2-mercaptoethanol,  pH 8.2. The tissue is then homoge- 
nized for 1 min at high speed on a Waring blendor, pH prompt ly  adjusted to 
6.6, and then stirred for 30 min in the cold. After  centrifugation (15 min at 
20 000 X g), the supernatant solution is collected, filtered through glass wool,  
and dialyzed overnight * against Buffer A (10 mM imidazole, 1 mM EDTA, 
0.1% v/v 2-mercaptoethanol,  pH 6.6). 

Adsorption to cellulose phosphate: The dialyzed enzyme is stirred in a large 
beaker and cellulose phosphate,  which has been previously cleaned and equili- 
brated in Buffer  A, is added to the extract. For an initial extract of  200 g of  tis- 
sue (i.e. approximately 107 000 units of enzyme) 150 g of  packed-wet weight 
cellulose (20 g dry weight) are needed to bind 70--80% of the isomerase. The 
mixture is stirred for 20 min, then poured into a large (19 x 8 cm) porcelain 
Buchner funnel containing Whatman No. 541 filter paper. The cellulose is fil- 
tered under mild vacuum and then washed with additional Buffer A (approxi- 

* Al t e rna t ive ly ,  this  dcsalt ing and buf fer  e x c h a n g e  can be  m o r e  rapidly  a c c o m p l i s h e d  b y  ul t raf i l t ra-  
t ion .  
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mately 5 liters) until the effluent exhibits an absorbance at 280 nm of less than 
0.01. The cellulose is then resuspended in l-liter of  Buffer B (10 mM imidazole, 
1 mM EDTA, 0.1% v/v 2-mercaptoethanol,  pH 7.2), and the pH of the suspen- 
sion carefully adjusted to pH 7.2 with NaOH *. The cellulose is then washed 
with Buffer B until the effluent is protein-free (approximately 7 liters). This en- 
tire process requires approximately three hours. 

Elution of  the enzyme. The cellulose is removed from the Buchner funnel, 
resuspended in approximately 700 ml of  Buffer B and poured into a 7.5 cm 
diameter glass column and packed under 5 lb/inch 2 of nitrogen (the height of  
the resulting cellulose pad is approximately 8 cm). The enzyme is then specif- 
ically eluted from the cellulose phosphate with 350 ml of  10 mM imidazole, 
0.1% v/v 2-mercaptoethanol,  3 mM glucose 6-phosphate **, pH 7.2. Under these 
conditions the enzyme is eluted with the front of  the substrate and can be col- 
lected in a volume of 100 to 150 ml. 

The enzyme eluted in this manner exhibits a specific activity of  approxi- 
mately 850 to 950 units per mg and is homogeneous as judged by several criteria 
(vide infra). The total recovery of pure enzyme from the substrate elution is at 
least 50%. The remainder of the enzy~ne activity can be fully accounted for as 
the amount  not  initially bound to the cellulose (approximately 20%) or materi- 
al lost during the two washing steps prior to substrate elution. All of the steps 
following the initial dialysis of the tissue extract can be completed in one work- 
ing day. 

Crysta!lization. Although crystallization is not  essential to achieve purity, 
the enzyme isolated in this manner can be easily crystallized as follows. The ef- 
fluent from the substrate elution is concentrated by dialysis overnight against a 
saturated solution of  ammonium sulfate (buffered to pH 8.2 with 25 mM tri- 
ethanolamine, 1 mM EDTA, 0.1% v/v 2-mercaptoethanol).  The precipitated 
protein is collected by centrifugation (20 000 X g, 30 min) and resuspended in 
the above buffer such that the protein concentration is approximately 10 mg 
per ml. A solution of saturated ammonium sulfate is slowly added until reach- 
ing 0.48 saturation (4°C), and any amorphous material which precipitates at 
this point  is removed by centrifugation. The solution is then transferred to 
room temperature and left overnight during which crystallization occurs (Fig. 
1). Table I summarizes the results of the isolation procedure. 

Homogeneity 
The specific activity of  the enzyme isolated by this procedure (850 to 950 

units per mg) is essentially identical with that of the enzyme isolated by the 
procedures of  Noltmann [5--7] .  The purified enzyme migrates as a single band 
in both standard and sodium dodecyl  sulfate polyacrylamide gel electrophoresis. 
Analytical ultracentrifugation studies (both sedimentation velocity and menis- 
cus-depletion sedimentation equilibrium) are also indicative of a monodisperse 
protein (Mr = 132 000 and se0,w (5.0 mg/ml) = 7.0 S). 

* T h e  ent ire  f i l trat ion  proces s  and r e s u s p e n s l o n  can b e  c a ~ i e d  o u t  in the  B u c h n e r  f u n n e l  af ter  releas- 
ing t h e  v a c u u m .  S t i r r i n g  o f  the  s lurry is b e s t  a c h i e v e d  b y  a s l o w  (15---20 r e v . / m i n )  o v e r h e a d  b l a d e  
stirrer during  t h e  w a s h  per iod .  

** T h e  o t h e r  substrate ,  f r u c t o s e  6 - p h o s p h a t e ,  can  also be  u s e d  to  e lu te  t h e  e n z y m e  u n d e r  ident i ca l  
c o n d i t i o n s  w i t h  c o m p a r a b l e  r e su l t s .  
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F ig .  I .  C r y s t a l s  o f  r a b b i t  m u s c l e  g l u c o s e p h o s p h a t e  i s o m e r a s e .  T h e  e n z y m e  was  c r y s t a l l i z e d  f r o m  a m m o -  
n i u m  s u l f a t e  as d e s c r i b e d  i n  t h e  t e x t .  P h o t o g r a p h s  were  t a k e n  u n d e r  o i l  i m m e r s i o n  u s i n g  p h a s e  c o n t r a s t  

o p t i c s .  T o t a l  m a g n i f i c a t i o n  is 4 2 0  X. 

T A B L E  I 

I S O L A T I O N  O F  G L U C O S E P H O S P H A T E  I S O M E R A S E  F R O M  R A B B I T  M U S C L E  

2 0 0  g o f  i n i t i a l  t i s sue .  

F r a c t i o n  T o t a l  a c t i v i t y  T o t a l  p r o t e i n  S p e c i f i c  a c t i v i t y  Pur i f i -  % R e c o v e r y  
( u n i t s )  (mg)  ( u n i t s / r a g )  c a t i o n  

T i s sue  e x t r a c t  1 0 7  0 0 0  13  4 0 0  8 .0  (1)  ( 1 0 0 )  

C e l l u l o s e  p h o s p h a t e  

a. p H  6 . 6  w a s h  31 0 0 0  - -  - -  --  29 
b.  p H  7 .2  w a s h  12  4 0 0  - -  - -  - -  1 2  

c. S u b s t r a t e  e l u t i o n  5 5  0 0 0  59 9 2 0  1 1 5  51 

C r y s t a l l i z a t i o n  50  4 0 0  54  9 3 3  1 1 6  4 7  
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Discussion 

The new isolation procedure described in this s tudy has a number  of  distinct 
advantages over the previous method for the purification of  this enzyme. The 
new procedure is much faster and requires only the single substrate induced 
elution from the ion exchanger as compared to the previous eight-step fraction- 
ation process and repeated recrystallizations requiring several weeks. The new 
method is very mild and avoids the rather harsh fractionating agents (e.g. zinc 
acetate, acetone, ethanol, and bentonite),  used in the previous method which 
could alter the conformational  or catalytic properties of  the enzyme. The inclu- 
sion of  2-mercaptoethanol in all buffers and the short t ime required to isolate 
the pure enzyme permits the enzyme to be isolated without  generating the mul- 
tiple electrophoretic forms which can arise from sulfhydryl oxidation [8] .  
Therefore, the new isolation procedure provides a far bet ter  method for obtain- 
ing the pure enzyme in bet ter  yields, in minimal time, with minimal labor and 
expense. 
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