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Chemical modification of bacterial a-amylase by monoiodoacetate 

The role of several sorts of amino acid residues of a-amylases in their catalytic 
activity has been studied by chemical modification techniques as  well as kinetic 
methods z-~. Possible participation of the histidyl residue as an essential group of 
a-amylase has been suggested from the study of p H  effect on the rate of enzyme 
reaction ~. An alkylating reagent has been successfully used by CRESTFIELD et at.~, 7 
for the chemical modification of essential histidyt residue of ribonuclease. In this 
paper, chemical modification of bacterial a-amylase ~ with monoiodoacetate was 
investigated in order to probe the sort of amino acid residue which is related to the 
catalytically active state of the enzyme. It  was found that no amino acid residue was 
modified at pH 5.5 and 4 °0 in acetate buffer. However, methionyl residues were 
modified by monoiodoacetate in phosphate and even in aceta±e buffer after removal 
of calcium. The result is discussed in relation to the role of methionyl residues and 
calcium in the enzyme molecule. 

Bacterial liquefying a-amylase (a-I,4-glucan 4-glucanohydrolasel EC 3.2.1.1) 
from Baci l lus  subtil is  was purchased from Daiwa Kasei Co., Osaka and used without 
further purification. The enzyme preparation contained 5.0% calcium and 619 • lO72% 
zinc, and any protein other than bacterial a-amylase was not contained in this enzyme 
preparation. Iodine-free monoiodoacetate was obtained by recrystallizatio n from 
chloroform. Hydrolysis of the enzyme for analysis of amino acid composition was 
carried out in 6 M HC1 at I i o  ° for 22 h. Amino acid analysis was performed with a 
Hitachi KLA-3 Amino Acid Analyzer according to the method of SPACKMAN et' al. 8. 

The enzyme activity toward soluble starch (o.i %) was determined at ~ pH 5.5, 4 °° by 
reducing value method 9. The chemical modification reactions were commenced by 
adding monoiodoacetate to the enzyme solution (0.28 raM) at 4 o°, and aliquots were 
removed for the determination of the remaining activity after definite time intervals. 
Calcium of the enzyme preparation was removed by column chromatography (Se- 
phadex G-5o, 0.2 M acetate buffer, pH 5.5). 

When the chemical modification with monoiodoacetate was carried out in 
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Fig. I. Effect of monoiodoacetate on enzyme activity. The reactions of chemical modification 
were carried out at 4 °0 in 0.2 M phosphate buffer, pH 5.5. Activity (%) represents the relative 
rate of the enzyme reaction of the modification reaction mixture at the indicated time of incu- 
bation. Bacterial a-amylase: 0.28 mM. Monoiodoacetate: O--O, i.o M; 0---0, 0.5 M; A--A,  
0.25 M; A--A, o.13 M; [~--VU, o M (control). 
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T A B L E  I 

A M I N O  A C I D  C O M P O S I T I O N  OF B A C T E R I A L  a - A M Y L A S E  T R E A T E D  W I T H  M O N O I O D O A C E T A T E  I N  P H O S -  

P H A T E  AND ACETATE BUFFER AT PH 5"5 

The number of amino acid residues was calculated on the basis of a molecular weight of 47 5 °o 
for bacterial a-amylase and of 29 for alanyl residues of the enzyme, ppt, the precipitated enzyme ; 
sup, the enzyme in the supernatant. Activity (%) represents the relative rate of the enzyme 
reaction of the modification reaction mixtures. Tryptophyl residues were determined by the colo- 
rimetric method 14. 

Reaction In phosphate buffer In  acetate* 
system buffer 

Monoiodo- o o.5 0.75 Lo  L o  
acetate ( M )  

Sample having zoo 5o 25 o o 
activity of (intact) 
(%) 

Preparation - -  ppt  sup ppt ppt - -  

Aspartic acid 53 53 52 5 ° 53 53 
Threonine 22 23 22 22 24  2z  
Serine 24  25 25 24 25 24 
Glutamic acid 41 42  41 42 44  42 
Proline 16 15 16 17 15 16 
Glycine 38 38 36 37 38 38 
Alanine 29  29  29  29 29 29  
Valine 23 24 24  22 24 24 
Methionine 5.5  3 .9  5 .o 2. 4 1.7 5. ° 
Isoleucine 16 16 16 16 16 16 
Leucine 2 1  2 2  2 2  1 9  2 1  2 2  

Tyrosine 23 24  24  24 24  24  
Phenylalanine 16 17 17 17 17 17 
Lysine 25 27 27  25 25 25 
H i  s t i d i n e  12 i i 12 I I i I 12 
Arginine 18 18 18 18 17 17 
Tryptophan 16 . . . .  16 

* Results obtained without removal of calcium and in 0.2  M acetate buffer, p H  5.5 ,  a t  4 °0  
for I5O min. 

0.2 M phosphate buffer, pH 5.5, a marked inactivation of the enzyme was observed, 
as is shown in Fig. i. Rate and extent of  the inactivation were closely related to the 
concentration of monoiodoacetate.  Therefore, various enzyme preparations having 
the desired degree of inactivation were obtained by varying the concentration of 
monoiodoacetate after a definite period (IOO min) of incubation. In the course of the 
inactivation, precipitates appeared, the amounts of which were proportional to the 
concentration of monoiodoacetate.  Amino acid composition of the enzyme protein 
in the precipitates and the supernatant are shown in Table I. The precipitates were 
isolated from the reaction mixture by centrifugation, washed with distilled water, 
and lyophilized. Only methionyl  residues of  the precipitated enzyme are found to 
react with monoiodoacetate,  other amino acid residues not reacting, as is shown in 
Table I. The amount of methionyl  residues and their derivatives, which are produced 
from methionyl  residue during acid hydrolysis of  the enzyme samples1°, 11, are presented 
in Table II. A total amount of methionine and its derivatives is almost equal to that 
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T A B L E  I I  

DETERMINATION OF METHIONYL RESIDUE AND ITS DERIVATIVES 

T a b l e  r e p r e s e n t s  m e t h i o n y l  r e s i d u e  a n d  i t s  d e r i v a t i v e s  of  t h e  p r e c i p i t a t e d  e n z y m e  in  t h e  m o d i -  
f i ca t i on  r e a c t i o n  m i x t u r e ,  w h i c h  h a v e  IOO ( in tac t ) ,  5 o, 25, a n d  O~o of  t h e  r e m a i n i n g  a c t i v i t y ,  
r e s p e c t i v e l y  (see T a b l e  I).  

Sample having activity of zoo 5o 25 o 
Residue (%) (intact) ppt ppt ppt 

H o m o s e r i n e  o o. 51 I .  I o I .  17 
H o m o s e r i n e  l a c t o n e  o 0.62 0.78 1.o 3 
C a r b o x y m e t h y l h o m o c y s t e i n e  o 0.62 0.78 1.35 
M e t h i o n i n e  5.5 3.9o 2.4 ° I. 7 ° 

T o t a l  5.5 5.65 5.06 5.25 

of the intact enzyme. This clearly indicates that  the modification reaction of methionyl 
residue with monoiodoacetate proceeds stoichiometrically. Decrease of methionyl 
residues coincides with loss of activity. Three methionyl residues of the completely 
inactivated enzyme were modified, whereas the intact a-amylase contained five 
methionyl residues. Methionyl residue of the enzyme in the supernatant was found to 
remain unmodified. Specific activities (4.0-5.0 glucose(y)/enzyme(y) per min) of the 
enzymes in the supernatant were nearly equal to that  (4.5 unit) of the intact enzyme. 
Therefore, the enzyme in the supernatant was intact and the precipitated enzyme was 
inactive. I t  was not confirmed that  the enzyme in the precipitates had well-defined 
components, because the precipitates were found to be insoluble in an aqueous solution. 
These results suggest that  the chemical modification of three methionyl residues of 
bacterial a-amylase with monoiodoacetate is intimately related with the denaturation 
which leads to the precipitation of the enzyme. Accordingly, these three methionyl 
residues may  be essential in the maintenance of the active state of the enzyme 

I t  has been reported that  calcium bears a role in the maintenance of active state 
of bacterial a-amylase moleculel~, 13. These experimental results obtained as above in 
phosphate buffer may  be interpreted as follows: The removal of calcium is caused 
by phosphate ion, and methionyl residues are exposed. The exposed methionyl 
residues are modified with monoiodoacetate, which leads to precipitation (denatur- 
ation) of the enzyme. This interpretation was supported by  the following experiments. 

Without using phosphate buffer, after removal (decrease) of calcium through 
column chromatography (calcium content decreased to 2.0%; control, 5.o% ), the 
chemical modification using monoiodoacetate was carried out in 0.2 M acetate buffer, 
pH 5.5. The result of chemical modification of this preparation by monoiodoacetate 
was the same as that  obtained by using phosphate buffer as described. In addition, 
another experimental result which supports the conclusion is: When the enzyme was 
treated with monoiodoacetate in 0.2 M acetate buffer, pH 5.5, which does not remove 
calcium, inactivation of the enzyme was also observed. But no precipitate appeared 
in this case. Amino acid composition of the inactivated enzyme was determined after 
elimination of monoiodoacetate by column chromatography with Sephadex G-5o. 
Amino acid composition of the fully inactivated enzyme (remaining activity, o%), 
which was treated by monoiodoacetate for 15o min, was almost equal to that  of intact 
bacterial a-amylase, as is shown in the last column in Table I. None of the amino acid 
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residues is modified by monoiodoace ta te .  These results d is t inc t ly  support  the above 

supposit ion.  

By  the t r ea tmen t  wi th  monoiodoaceta te ,  meth iony l  residues of  bacter ia l  a- 
amylase were chemical ly modified and inac t iva t ion  and dena tura t ion  of  the enzyme 

were observed in phosphate  buffer and even in ace ta te  buffer wi th  the remova l  of 

calcium. In aceta te  buffer wi thout  removal  of calcium, the chemical  modif icat ion of 

meth iony l  residue and dena tura t ion  (precipitation) of  the enzyme were not  observed. 

These results show tha t  chemical  modif icat ion of me th iony l  residues of  bacter ia l  

a-amylase  wi th  monoiodoace ta te  brings about  dena tura t ion  (precipitation) of the 
enzyme,  and the modif icat ion react ion is inhibi ted  by  calcium. I t  m a y  be possible 

tha t  these meth iony l  residues are located in the binding sites of the calcium to the 

enzyme.  These three meth iony l  residues m a y  play an essential  role in the main tenance  

of  the ca ta ly t ica l ly  act ive  s ta te  of the enzyme molecule in cooperat ion with calcium. 
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