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Thermostability of three  a-amylases of Streptomyces sp IMD
2679
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The amylolytic system of  Streptomyces sp IMD 2679 is composed of three  a-amylases, amylase |, Il and Ill, with
temperature maxima of 60, 60—65 and 65 °C, respectively. Although each  a-amylase displayed higher stability in the
pH range 6.0-8.5 than at pH 5.0-5.5, differences in their thermostabilities were more evident as the pH increased
from pH 6.0 to 8.5. There was a 14-min difference in half-lives between amylase lll, the most thermostable enzyme

and amylase Il at pH 6.0, and a 46-min difference in the half-lives of amylase Il and the least thermostable enzyme,
amylase | at pH 6.5. In addition, the a-amylases underwent a pH-dependent monomer-dimer transformation.
Increased thermostability of the  a-amylases was reflected in the variable contents of amino acids (Arg, His, Ser)
responsible for electrostatic interactions, and in the levels of aliphatic and bulky hydrophobic amino acids. There

was a two-fold reduction in Cys levels in amylase Il relative to amylase | and II.
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Introduction Materials and methods

a-Amylases (1,4a-d-glucan glucanohydrolase, EC 3.2.1.1) Microoraanism
hydrolyse starch and related compounds in an endo-acti g . o
mechanism releasing maltooligosaccharides and glucosengrt;i?éggycde:&”\gg dZEfzglwas isolated and maintained as
the a-anomeric form [5]. The majority of industrial appli- y '

cations fora-amylases require their use at high tempera-

tures. Thg upper temperature for the activity of suc_h nzyme production and purification
enzymes is, however, dependent on the limits of protenﬁrude enzvme was produced at °@0 as previous|
stability. Proteins have a temperature range within which Y P P Y

structural integrity is maintained. Outside this range denatplescrlbed [10]. The amylolytic system Btreptomycesp

ifi i —| 0
uration occurs resulting in the loss of activity [1]. IMD 2679 was purified by ammonium sulphate (0-60%)

The physicochemical basis of increased protein thermofracpionation, followed by affinity chromatography on baci-
stability has been a subject of investigation since the lat :Zggsaeﬁgi?gzﬁy 4pE;é pﬂﬁ;"’mgaﬁg&’/ essgg g’;;;g]i C?eel g]l,ll-
1960s. Comparative studies on homologously-related proélectrophoresis. The final step in the purification procedure

teins, coupled with advances in protein engineering, sug: . . S i
gest structural trends characteristic of thermostable protein%ep""r"’lted the amylolytic system into three distiagtmyl

. " . se components, amylase 1, Il and Ill. Eaglamylase had
[4,11,17]. Higher thermostability has been attributed to o L . .
alterations in specific amino acid sequences resulting i specific activity of 3042 units mj protein.
enhanced conformational stability and a reduced entropy of
unfolding, both of which increase the reversibility of the
: A e _a-Amylase assay
thermoinactivation process [17]. Conflicting results, how a-Amylase was assayed by the addition of 0.5 ml enzyme

ever, have made it apparent that no global rule for increas- o .
ing thermal stability is as yet available. 0 0.5 ml soluble starch (1%, w/v) in 0.1 M acetate buffer,

: : . pH 5.5, followed by incubation at 4C for 30 min. The

torzgger:;l)n Icli/(I)[r)npz%r%nt:an :Ereezxr?g*?;}(ggessyséﬁﬁgpm reaction was stopped and reducing sugars determined with

. o . . - 3,5-dinitrosalicylic acid according to the method of
their thermostability properties. This system provided emfeld [2]
unique opportunity to examine and extend the knowledg ’
of protein stability. Subtle differences in the amino acid
composition of each of the enzymes are discussed in th . . L
context of implications for differential thermostability, and Fialf-lives of thermoinactivation
conformity and/or non conformity, with structural trends
previously proposed to mediate thermostability.

The half-lives of thermoinactivation were measured by
incubating aqueous solutions of each enzyme at the desired
pH (buffer conditions are indicated below) at °€5
Samples were withdrawn after specific time intervals,
Correspondence: Professor CT Kelly, Department of Industrial Micro cooled on ice for 10 min, then diluted appropriately with
biologyr,) Universify College Dublin, Na)t/i’onaIpUniversity of Ireland Dublin, 0.1M a}cetate buffer, pH_ 5.5 th? residual activity was th_en
Belfield, Dublin 4, Ireland determined. The catalytic half-lives were calculated using
Received 31 August 1998; accepted 11 January 1999 Enzfitter, a non-linear regression analysis programme [7].




The a-amylases of Streptomyces sp IMD 2679
HEM McMahon et al

s

Amino acid composition solution influencing the overall charge of the protein. To
Amino acid analysis was carried out at Alta Bioscience,evaluate differences in thermostabilities of amylase I, Il and
School of Biochemistry, University of Birmingham, UK. Il from Streptomycesp IMD 2679, the half-lives of inacti-

The amino acid composition was determined as the numberation were determined over the pH range 5.0-8.5

of residues per mole of protein. (Figure 2a). With pH, there were major differences in the
thermostability properties of the threeamylases. Differ-
Relative molecular mass ences in half-life values of the most stableamylase

The relative molecular mass (Mwas determined by gel (amylase Ill) and the other two amylases were examined
filtration on a prepacked Pharmacia (Uppsala, Sweden) HRelative to pH (Figure 2b). The variation in half-lives
10/30 FPLC Superose-12 column. The standards used werketween the enzymes was minimal at pH 5.0 and 5.5; how-
cytochrome ¢, M12 400; chymotrypsin, M22 500; oval- ever, as the pH increased, differences in the thermostabili-
bumin, M. 45 000; bovine serum albumin, M6 000 and ties became evident. The highest variation in stability
y-globulin, M, 160 000. The column was equilibrated with

buffer (as indicated below). Aliquots (2Q4) of each pro- a g

tein sample in the appropriate buffer were applied to the B
column by means of a valve injection system (Pharmacia). i
A flow rate of 0.5 ml min* was used and column eluents 50 ~
were detected using a UV monitor and recorded with a i
Spectra Physics (Manchester, UK) SP 4270 integrator. 40
= -
Results E i
. < 30
Effect of temperature on activity of amylase I, Il and =
1 e B
Amylase I, Il and Il had temperature maxima of 60, 60— f 20 +—
65 and 65C, respectively (Figure 1). At PC, amylase I i
displayed higher % relative activity (greater than 70% of
the maximum) than amylase | (15%) or Il (49%). 10 —
Effect of pH on the rate of irreversible I . |
thermoinactivation of amylase I, Il and Il 0
The relative strengths of protein interactions including elec- 4 9
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Figure 1 Determination of the temperature profiles of amylase I, Il and Figure 2 The effect of pH on the respective half-lives of irreversible
Il of Streptomycesp IMD 2679.a-Amylase activity was assayed using thermoinactivation of amylase |, Il and Ill frorBtreptomycesp IMD
starch (final assay concentration 0.5%, w/v), in 0.1 M acetate buffer, pH2679. Enzyme was incubated at°65 at pH 5.0 and pH 5.5 (0.05 M
5.5, as substrate over a period of 30 min at the temperatures indicatedcetate buffer) and at pH 6.0-8.5 (0.05 M Tris/maleate buffer). (a) Effect
Relative a-amylase activity (%) at each temperature is calculated inof pH on thermostabilityA amylase I;[] amylase II;A amylase Ill. (b)
relation to activity at maximum temperature (100%)amylase {1 amy- Differences in half-life values betweerk amylase Il and |;l amylase
lase II; O amylase llI. Il and II.

i
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Table 1 The effect of pH on the relative molecular mass of amylase I, and 1:0.9, respectively (Table 2). Conversely, higher levels
II'and IIl of Streptomycesp IMD 2679 of Glu and Cys were detected in amylase II.

Greater variations in amino acid composition were
observed on comparing the amino acid content of amylase

[l to that of amylase I. Lower levels of Asp, Glu, Pro, Phe,

Amylase Amylase Amylase .

| i m Trp, and Arg as well as higher levels of Thr, Ser, Cys,
Val, lle and His were observed in amylase I. The largest
0.05 M acetate buffer, pH 5.5, 47900 48400 48400 difference between amylase | and Il and the most thermo-
containing 6 M guanidine hydrochloride stable enzyme, amylase Ill was observed with respect to
the Cys content (Table 2). Two-fold lower levels of this
amino acid were observed in amylase Ill compared with
amylase | and II.

Superose-12, gel filtration (Eluent) Relative molecular masg (M

0.05 M Tris/HCI buffer, pH 8.5, 84140 84140 84140
containing 6 M guanidine hydrochloride

Discussion
between amylase Il and | occurred at pH 6.5, yielding a .
46-min difference in half-lives, whilst with amylase Ill and StU'€Ptomycesp IMD 2679 produced three-amylases dif-

Il this occurred between pH 6.0-6.5 with a 14-min differ- fering in their thermostability properties. The existence in
ence. nature of related multiple forms of enzymes presents valu-
able opportunities, which cannot be engineered in the lab-
Effect of pH on the relative molecular mass of oratory, to inv.estigate.and .expand the knowledge of the
amylase I, Il and Ili structure-function r_elatlonshlps of enzymes.
The relative molecular mass (Mof eacha-amylase was A number of highly thermostable enzymes occur as
determined by gel filtration in the presence of 6 M guani-Stable oligomeric structures [6,15]; the oligomeric nature
dine hydrochloride to preclude non-specific interactions2f Multisubunit enzymes is thought to confer increased
between the enzymes and the gel matrix. At pH 5.5, a valugt@Pility. Each of thea-amylases underwent a pH-depen-

in the range 47 900—48 400 was obtained for each enzym@ent monomer-dimer transformation. As each form pos-
(Table 1). By increasing the pH to 8.5, a value (84 140)sessed higher stability at pH 8.5 than at pH 5.5, the trans-

almost twice that obtained at pH 5.5, was observed. ~formation evident at pH 8.5 may provide an adaptive
mechanism to increase stability under adverse conditions.

The influence of pH on the susceptibility of theamyl-

The amino acid composition of amylase I, Il and Il . e . .
Comparison of the amino acid composition of amylase jjases to thermoinactivation also reflects a difference in the

and II, revealed lower levels of His, Trp and Arg in amy|ase|onisation of internal amino acid side chains and could indi-

Il (Table 2). The ratios of the His, Trp and Arg contents in Cat€ subtle differences in the primary structure of the
amylase Ill relative to those in amylase Il were 1: 0.7, 1:0.92Mylases manifested in their thermostability. An increase
in the Arg content correlated with increasing thermal stab-

ility from amylase 1 (14.8 Arg residues) to amylase I
Table 2 Amino acid composition of amylase I, Il and 11l Gtreptomyces ~ (15.9) and amylase 111 (16.9). Others have noted an increase

sp IMD 2679 in the Arg: Lys ratio in thermophilic proteins [11,12]. This
_ _ _ _ would allow for formation of stronger salt linkages as Arg
Amino acid Number of residues per mole Ratio possesses a higher pi12.0) than Lys (9.5) and, unlike
Amylase Amylase

Lys, Arg remains positively charged at highly alkaline pH
values and at higher temperatures [17]. With the amylo-
lytic components of Streptomycessp IMD 2679, the
increase in Arg content was not, however, accompanied by

Asp 45.9 56.8 56.2 1:0.8 1:1.0 : X .
Thr 32.9 295 295 1:1.1 1:1.0 an equivalent decreas_e in Lys content. However, His levels
Ser 21.0 17.3 16.9 1:1.2 1:1.0 were greatly reduced in amylase Il (19.1) and amylase llI
Glu 111 16.0 12.4 109 113 (26.7) in contrast to amylase | (36.6). Examination of the
g; ,{‘%2 1\114D'3 ng-g NleO.Q NlD-l-O individual amino acid contents of each amylase indicated
Ala ND ND ND ND ND that the most pronounced reduction lay in the His content
Cys 3.7 3.9 1.5 1:2.5 1:2.6 between amylase IIl and Il. As His possesses a ipkthe
val 28.2 25.0 25.3 1:1.1 1:1.0 region of pH 6.0 [13], its replacement by Arg would allow
I"I"Et ;8-2 ig? ig-; i}‘lli i}i-g for the formation of stronger salt linkages in amylase Il and
L‘; ’ ‘ ’ i " [ll. In addition, as the Arg and His levels are higher in the
u 22.3 21.2 225 1:1.0 1:0.9 > :
Tyr 21.7 225 225 1:1.0 1:1.0 most stablex-amylase (amylase III)_than in amylase |, th|s
Phe 19.1 20.7 21.1 1:0.9 1:1.0 strengthens the argument for the involvement of salt link-
His 36.6 19.1 26.7 114 1.0.7 ages in stabilising the structure of amylase Ill. Such a pro-
Tp 48 6.6 74 106 109 posg| can be substantiated by examining the pH depen-
Lys 23.9 22.7 23.9 1:1.0 1:0.9 d fth . L9 h e
Arg 148 15.9 16.9 1:0.9 1:0.9 ency of thermoinactivation, as the greatest variation in
half-lives between amylase Il and IIl occurred at pH 6.0.
ND = not determined (due to buffer interference). Polar amino acids such as Ser and Thr are less common

aDetermined as cysteic acid. in thermophilic proteins [11]. With the amylolytic system
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