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Liquefying a-amylase (a-l,4-glucan; 4-glucanoh- 
ydrolase, EC 3.2.1.1.) produced by Bacillus Amylo- 
liquefizciens degrades starch to maltose saccharides 
by cleavaging of a-l,4-glucosidic linkages between 
glucose molecules. The amino acid sequence of 
this enzyme has been reported1. It consists of 483 
amino acid residues, corresponing to molecular 
weight of 54,778 daltons. The amino acid composi
tion of this exoamylase as determined from DNA 
sequence shows that a-amylase has 39 aspartates, 
14 histidines, 28 glutamates, 17 tryptophans, 29 
tyrosines, and no cysteine. Chemical modification 
studies on this a-amylase indicated catalytic roles 
for aspartic/ glutamic acid and histidine and a bi
nding role for tryptophan and tyrosine2'4. As part 
of our efforts for studying molecular characteris
tics of a-amylase5, we have undertaken phenolic 
hydroxl ionization and iodination of a-amylase in 
order to assess the tyrosine residues in the enz
yme.

Crude a-amylase from Bacillus species (Sigma 
Cat. No. A3051) was purified by three consecutive 
steps including DEAE-cellulose chromatography, 
gel filtration on Sephadex G-100, and amylopectin 
affinity chromatography6. The purity of the enz
yme was approximately 99% as estimated by SDS- 
PAGE6. The activity of a-amylase was assayed of 
dextrinizing power by measuring a blue complex 

formed starch polymer with iodine7. Iodination of 
a-amylase was performed by the lactoperoxidase 
catalyzed system at pH 7.4气 The final concentra
tions were 1.82X 10'6M protein, 5.0X10-4M KI, 
1.0X10-3M EDTA, 1.11X1O-6M lactoperoxidase 
and 0.05 M phosphate buffer in a final volume of 
3.0 ml.

Titrations of the phenolic groups of native and 
iodinated a-amylase were investigated spectro- 
photometrically in the following manner5. Spectral 
changes of the enzyme in the region of 250 to 
320 nm were compared to each other at a given 
alkaline pH and at neutral pH. The maximum po
sitions of the positive peaks obtained were 302 nm 
for native a-amylase and 305 nm for iodinated 
one. The titrations were performed by measuring 
directly the differences in absorbance between va
rious alkaline pHs and the pH 7 solution (pig. 1). 
At zero time, 2.50 m/ of an aliquot solution of the 
protein (containing from 1.0 to 2.5 mg of protein) 
was mixed with 0.5 ml of appropriate buffer solu
tion. The buffer solutions used were: 0.05M Tris- 
HC1 buffer for pH values between 7 and 9; 0.05 M 
carbonate-bicarbonate buffer for pH 9 to 10.5; 0.05 
M biphosphate-NaOH buffer for pH 10.5 to 12; 
and mixtures of 1.0 Af KOH and 1.0 Af KC1 in 
varying ratios for pH 12.0 to 13.0. KC1 was used 
to maintain the constant ionic strength at p=0.17.
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Fig, 1. Spectrophotometric titration curves of a-amylase A, native enzyme; B, iodinated enzyme.

The first optical measurement was made within 
30 sec after adding alkali and readings were taken 
until the maximum difference at 302 or 305 nm 
was reached. The maximum difference was obtai
ned usually within 15 min and did not change sig
nificantly over a period of 3 hours. In order to 
evaluate the titration curves (Fig. 1), CH+]Ae was 
plotted against Ae as based on the equation
Ae = AemaxK— AeK, where A£max is the difference 
in molar absorbance after complete ionization of 
all tyrosines (Fig. 2). K is the difference in molar 
absorbance at a given pH value. The plots were 
treated as suggested by Markland9 and the me- 
thod of least squares was used to draw the best 
straight line through the experimental points.

From the Fig. 2A, apparent pK of native a-amy
lase was estimated to be about 8.7 and the value 
of Aemax from the mtercept of abscissa indicates 
that approximately 16 phenolic groups ionized per 
protein molecule in this pH region when a value 
of 2,320 was used as the molar extinction per ty
rosine residue9. For the iodinated a-amylase, the 
data of Fig. 2B can be best fitted to a straight 
line with a pKapp of 84 The current iodination 
of a-amylase by lactoperoxidase catalyzed condi
tion did not affect the enzyme activity but altered 

the Wpp value from 8.7 to 8.4. This change of 
pKa of 0.30 of comparable to that of the subtilisin 
Calsberg of 0.23 after iodination8. When conside
ring the normal hydroxyl pKa of L-tyrosine is 
9.9610, the observed pKapp of the 8.7 of native enz
yme is, in fact, rather large decrease of the disso
ciation constant. This implies that the titrable ty
rosine residues are in highly electrostatic surrou
nding. That is, the tyrosine residues easily give 
up their protons to neighboring proton acceptors, 
probably through electrostatic interaction or par
tial hydrogen bonding.

Generally the ionization of tyrosine residues in 
proteins studied by spectrophotometric titration 
can be classified into three groups: fully exposed, 
partially blocked, and buried12. The fully exposed 
tyrosines usually show normal hydroxyl pK va
lues of around 10 and the buried tyrosines show 
increased pKa values upto 12 owing to the hydro- 
phobic environment9,12. For example, the pKas of 
exposed tyrosines of subtilisin BPN'% subtilisin 
Calsberg8, and bovine serum albumin11 were repo
rted to b은 9.74, 10.13, and 10.0, respectively. The 
small pK of exposed tyrosine residues obtained 
here is therefore unusual compare to that of other 
proteins. Since the curves of Fig. 1 represent the
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Fig. 2. Interpretation of spectrophotometric titration of a-amylase. A, native enzyme; B, iodinated enzyme.

ionization of phenolic groups within 30 sec of ad
justing the pH without any significant perturbation 
of the enzyme structure. Present data of a-amy
lase reveal that at least half of tyrosine residues 
(approximately 16 out of total 29 residues) are 
exposed and these titrable residues are localized 
somehow in highly ionizable environment. Thi응 
information does not contradict to the reported 
findings of tyrosine function, such as a binding 
role for substrate starch2 and sites for thermolytic 
cleavage of a-amylase5.
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