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ABSTRACT 

Inosinic acid (IMP) has been prepared by the deamination of 
adenosine monophosphate (AMP) with an immobilized adenosine 
(phosphate) deaminase extracted from the snail Biomphalaria glabrata. 
The enzyme has been immobilized in polyacrylamide beads. The prep- 
aration and characterization of this system are described. 

Index Entries: IMP; immobilized adenosine(phosphate)deaminase. 

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

Inosinic acid (IMP) has been industrially obtained by several pro- 
cedures using as raw materials meat extract, dried sardines, enzymatic 
deamination of muscle adenylic acid or hydrolysis of inosine triphosphate 
(ITP) (1-5). Kinoshita et al. have described a mutant strain of Micrococcus 
glutamicus that is capable of producing IMP by microbial fermentation (5). 

We propose a method using adenosine (phosphate) deaminase (E.C. 
3.5.4.17.) obtained from snail muscle (Biomphalaria glabrata) and entrapped 
in polyacrylamide gel beads. IMP is synthesized from adenosine-5"mono- 
phosphoric acid (AMP). 

This process offers possible commercial advantages because the IMP 
is about ten times more expensive than AMP. 

*Author to whom all correspondence and reprint  requests  should be addressed. 
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MATERIALS AND METHODS 

All the reagents used in this work were analytical grade and were 
purchased from Merck. 

Extraction of Enzyme 

Snail muscle (6g) was homogenized in 0.06 M phosphate buffer (8.0 
mL), pH 7.2, using a Potter homogenizer. The homogenate was centri- 
fuged at 13,000 xg for 10 min. The enzyme was precipitated from the super- 
natant in several steps using 40-80% saturated ammonium sulfate. All 
procedures were carried out at 0-4 ~ The partially purified enzyme (2.0 
Uimg of protein) was used throughout, this work. 

Immobilization of Enzyme 

A solution (2.5 mL), prepared by dissolving 30g of acrylamide and 1.0 
g of N,N'-methylenebisacrylamide in 123 mL of water, was kept at 4~ 
After addition of the catalyst reagents, consisting of N,N,N',N'-tetra- 
methylethylenediamine 0.28% v/v (1.25 mL) and ammonium persulfate 
0.14% w/v (5.0 mL), an enzyme preparation with about 2 IU/mg of pro- 
tein (1.25 ml) and sodium lauryl sulphate (10 mg) was introduced into the 
mixture. Then this material (c.a. 10 mL) was incubated in a solvent mix- 
ture (90 mL) composed by chloroform/toluene 2:1 (v/v) under N2, at 25 ~ 
with continuous stirring (about 200 rpm). After approx 20 min of incuba- 
tion, the gel, now in the form of beads, was thoroughly washed with de- 
ionized water followed by 0.06 M phosphate buffer, pH 7.2, in order to 
remove unpolymerized toxic monomers, the catalyst reagents, detergent, 
and organic solvents. The granules were washed with the buffer solution 
until no protein was present in the effluent, as determined by the method 
described by Lowry et al. (6). 

Synthesis of IMP 

A continuous enzymic system using a gradientless recirculation 
packed-bed reactor was used to produce IMP from AMP. The equipment 
was arranged according to Fig. 1. In this lab-scale production of IMP, 20 
mL of 466 ~M AMP, prepared in 0.0005 M phosphate buffer, pH 7.0, 
were circulated through 3.5 g of entrapped enzyme preparation, contain- 
ing about 0.7 U, packed into a column measuring 80 x 20 inm at a flowrate 
of 3.0 mL/min -1. A column containing DEAE-cellulose (80 x 10 mm), pre- 
viously treated with 0.1 M NaOH, deionized water, 0.1 M HC1, deionized 
water, and 0.0005 M phosphate buffer, pH 7.0, was introduced into the 
circuit, as shown in Fig. 1. Under these conditions, the DEAE-cellulose 
column retained IMP, whereas AMP was recirculated (7). Finally, IMP 
was removed from the column by using 0.05 M phosphate buffer, pH 7.0. 
Under these conditions 93% of initial AMP was consumed in 90 min. 
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Fig. 1. Scheme of the continuous enzymic system using a gradientless 
recirculation packed-bed reactor to produce IMP from AMP. 

Detection of IMP Production 

The IMP product ion was moni to red  at 263 n m  (8) in a con t inuous  
flow cell. A decease of 1.0 o.d. at 263 n m  is equal to 0.25 #moles of AMP 
conver ted  to IMP (0.0005 M phospha te  buffer, pH 7.0). 

RESULTS AND DISCUSSION 

The e n z y m e  obtained from snails was  used  in this work,  since pre- 
vious work  carried out in this lab had  already demons t ra t ed  that  this 
animal  is a good source of the e n z y m e  (7). However ,  any o ther  source 
could easily replace, it. Cardoso (7) has previously  s h o w n  that at p H  7.0 a 
phospha tase  activity present  in the adenos ine  (phosphatase)  deaminase  
prepara t ion  from muscle of snail was  inactive. Therefore,  no inosine is 
formed unde r  the conditions of this s tudy.  Cardoso (7) showed  that  DEAE- 
cellulose is able to retain IMP p repa red  in phospha te  buffer wi th  a low 
ionic s t rength  and at pH 7.0, whereas  AMP and inosine are not  re ta ined.  

Comple t ion  of AMP to IMP convers ion  was de te rmined  w h e n  no fur- 
ther  change  at 263 n m  was observed in the co lumn effluent (Fig. 2). The 
DEAE-cellulose column containing IMP was  r emoved  from the  circuit 
and  separately washed  with 0.05 M phospha te  buffer, pH 7.0. Spec t rum 
of the effluent from the DEAE-cellulose was  analyzed and  s h o w n  to be 
identical to that reported by Kalckar (8) for IMP, wi th  a m a x i m u m  extinc- 
t ion at 248 nm.  
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Fig. 2. Time cour se  of  A M P  to IMP convers ion  by using i m m o b i l i z e d  
adenosine (phosphate) deaminase. 20 mL of 466/dV/AMP w a s  c i rcu la ted  through 
a c o l u m n  con ta in ing  i m m o b i l i z e d  enzymatic preparation and the effluent was 
monitored at 263 n m  in a f low cell. A n  addi t ional  DEAE-cel lu lose  c o l u m n  was 
introduced in the system to retain IMP and recirculated A M P  in to  the enzymatic 
c o l u m n .  

This co lumn was used several times over a 3-mo period with no ap- 
parent loss of activity. Between uses it was stored at 4~ 

The production of IMP from AMP using immobilized adenosine (phos- 
phate) deaminase can be performed easily by using this system. The addi- 
tion of a DEAE-cellulose co lumn to retain IMP increases the efficiency of 
the system and the ease of isolating the purified IMP. 
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