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Abstract Li The effects of pH values, temeprature and some elements on the amylolytic
activity and stability of the purified S. aureofaciens 77 amylase were studied in this investiga-
tion. The purified enzyme showed its maximum activity at pH 6 within 8 min incubation at
40°C. None of the tested 6 metals showed on stimulatory effect on the enzymatic activity,
Fe***,Cu**and Hg* " at high dose inhibited the enzyme activity to great extent as com-
pared with Zn**, Mn** and Fe* " which gave less effect in this respect. The enzyme liquor
was found to be thermolabile, since it lost completely its activity after 4 days incubation
under room temperature and showed maximum activity during this period as a result of
additions of Ca** and NaCl. Gradual reduction was however recorded until activity reach-

ed 30% after 60 days of incubation.
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It is of great interest to study the stability of S.
aureofaciens 77 amylase at different pH values and
at different degrees of temperature lower and
higher than the optimum, in order to find out whe-
ther this enzyme inactivation is reversible or not.
Since it is known that certain changes in the native
structure of the protein molecule may take place at
low temperature.

Samia" found that the amylase produced by S.
orientalis was thermolabile, at 60°C up to 15 min
and the enzyme lost its activity after 30 min at 80°C
and 90°C. While amylase stored at 30°C at pH 7 it
maintained 82% of its activity up to one week and
60.5% after 3 weeks.

The effect of temperature on a-amylase activity
of B. subtilis was studied by many investigators.>?
They reported that the purified enzyme is stable at
70°C in the presence of 0.01 M. Ca** and 0.1 M
NaCl over abroad pH range from 5.5-9.5%, illustra-
ting that at very low temperature the rate of amy-
lase inactivation is so slow that it does not have to
be considered.

Obi and odibo® found that the optimum activity
of thermostable Actinomycetes p-amylase was at
60°C at pH 7 and it was stimulated by Mn* * and
Fe* * but strongly inhibited by Hg* *. Abramov ef
al.9 found that the optimum temperature was 65 °C
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for a-amylase produced by Thermoactinomyces
vulgaris strain 42 and the optimum pH was at pH
5.0-6.0. Fairbairn ef al.” found that amylase of S.
limosus was unstable above 45 °C,

MATERIALS AND METHODS

S. aureofaciens 77 amylases
Purified amylase was chromatographically ob-
tained.¥

DpH values

The activity of the purified enzyme was determi-
ned at different pH values (pH 4-10). This was car-
ried out by using a series of buffers.” The buffered
substrate was prepared by using 65 mg soluble
starch per 100 m/ of each buffer at various pH
values. Enzyme activity and relative amylolytic acti-
vity were determined.

Determination of amylase activity

The amylase activity is measured photometri-
cally according to the method adopted by Smith &
Roe'® and Garaway.'V

Temperature
Constant amount of amylase was added to the
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Table I. Effect of different pH values on the activity of
purified amylase enzyme

pH Values
Activities
5 6 7 8 9 10
Amylolytic 11.70 38.25 45 37.5 18.45 16.6 O

activity (U/mJ)
Relative activity 26 85
(%)

100 83 41 37 0

substrate (soluble starch) prepared in test tubes.
These were incubated together at varying tempera-
tures ranging from 20-80°C with 5°C interval. At
certain intervals of incubation periods aliquots were
taken from each tube and assayed for the enzyme
activity.

Microelements

Manganese, ferrous, zinc, mercuric, copper and
ferric were added individually to a diluted amylase
enzyme solution sample. They were added at two
concentrations (0.01 M and 0.0001 M). The activity
of S. aureofaciens 77 amylase sample was determi-
ned before and after the addition of the trace ele-
ments.

Enzyme stability against pH changes

Seven test tubes (containing one m/ of purified
amylase solution) were prepared. Amounts of 9 m/
of acetate buffer at pH 4.0 and 5.0; 9 m/ of phos-
phate buffer at pH 6.0, 7.0 and 8.0; 9 m/ of borate
buffer at pH 9.0 and 10.0 were added, respectively.
At specific intervals of time, samples were taken
from each tube after 30, 60, 90, 120, 150, 180, 210
and 240 minutes at 5 °C and assayed at the optimum
conditions to determine the remaining enzyme acti-
vity.

Thermostability

A suitable dilution of the purified enzyme at pH
6.0 was incubated at different temperatures ranging
from 30°C to 80°C with 10°C intervals. The deter-
mination of the enzyme activity was carried out
after 15, 30, 45, 60, 90, 120, 180 and 240 min.

RESULTS AND DISCUSSION
PH values

Results from Table I showed that the maximum
activity of S. aureofaciens 77 amylase was at pH 6.0
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Fig. 1. Effect of temperature on the activity of the puri-
fied amylase.

(45 U/ml). Increasing or decreasing the pH value
of 6.0 resulted in a progressive drop in the enzyme
activity. However, at lower pH values, it could be
noticed that a sharp drop in enzyme activity was de-
monstrated at pH 4.0 untill it reached 26% of the
original activity. At the highest pH value (pH 10.0)
no enzymatic activity was recorded.

The amylolytic enzyme system elaborated by S.
aureofaciens 77 appeared to consist of only one
type of amylase, as evidenced by a single activity
peak, within the pH range of 4.0 to 10.0. These re-
sults were in agreement with those obtained by
Okazaki er al.'®, who found that a-amylase of B.
subtilis reached its maximal activity at pH 6.0 and
the enzyme was active in pH range from 5.0 to 7.5
by Obi and Odibo” who reported that the optimum
activity of thermostable Actinomycetes p-amylase
was at pH 7.0, and by Abramov et a/.? who repor-
ted that the optimum pH for enzymatic hydrolysis
of amylase from Thermoactinomycetes vulgaris was
at 5-6.

Temperature

Data from Fig. 1 cleared that 25% of the enzyme
activity (12.5 U/ m/) was attained at 20°C. As tem-
perature increased, a progressive increase in enzyme
activity was observed till it reached its maximum
between 40 and 45 °C (50 U/ m/), which can be con-
sidered as the optimal temperature range of amy-
lase produced by S. aureofaciens 77. Above 45 C,
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Fig. 2. Effect of some microelements on the purified
amylase activity.

the enzyme activity showed a gradual decrease till it
reached 50% (24.9 U/m/) at 70°C, then sharply
decreased till it reached 7% only at the original acti-
vity at 80°C.

These results were in agreement with those of
Fairbairn et al.” who found that amylase by S.
limosus was unstable above 45 °C.

Microelements

Fig. 2 showed that none of the tested trace ele-
ments ions possessed any activating effect on the
activity of the enzyme. Addition of 10"2M manga-
nese (Mn * *) and ferrous (Fe * *) resulted in a slight
reduction of the enzyme activity amounted to 8 and
6% from the original activity, respectively.

Addition of Zinc (Zn* ") showed a significant
reduction effect on the enzymatic activity which
reached 33 and 15% at 1072 and 107*M, respectively.
Similary, mercuric (Hg* *) at the both concentra-
tions made the enzyme inhibition reached 60 and
52% at 10"2 and 107*M, respectively.

The amylase enzyme activity appears to be speci-
ally sensetive to cupric and ferric ions which were
proved to be strong inhibitors for the activity of
amylase. The inhibition was 90% with copper
(Cu* ") and 100% with ferric (Fe** ™) at the hig-
hest concentration (10 2M).

Enzyme stability at various pH

Table I1. Stability of S. aureofaciens 77 amylase at dif-
ferent pH values

Time Relative activity (%) at various pH
(min) 4 5 6 7 8 9 10
30 26 8 100 84 40 35 0
60 26 8 100 84 40 35 0
90 26 8 100 84 40 32 0
120 10 8 100 84 40 27 0
150 10 8 100 84 40 20 0
180 0 8 100 84 40 12 0
210 0 8 100 84 40 0 0
240 0O 8 100 84 40 0

The optimum pH for the amylolytic activity was
found to be pH 6.0 in the present investigation.
This shows naturally the pH nature of S. aureofa-
cins 77 amylase enzyme. Therefore, it was found of
interest to study the stability of this enzyme at dif-
ferent pH values lower and higher than this value.

Table II showed that exposure of the enzyme to
pH 6.0 for 4 hours did not affect the protein mole-
cule, where the activity was still 100% of the origi-
nal enzyme. However, keeping of the enzyme at pH
5.0, 7.0 and 8.0 for the same time, reduced its acti-
vity to about 86, 84 and 40% of the original activi-
ty, respectively. In addition, the activity of the used
enzyme decreased with the decrease or increase in
the pH value of the exposed enzyme. On the other
hand, it was found that exposure of the enzyme to
pH 4.0 and 9.0 apparently affected the enzyme
molecules as the activity of the enzyme exposed at
pH 4.0 was destroyed drastically within 180 min to
get completely lost its activity. The activity of the
exposed enzyme was gradually abolished within 210
min at pH 9.0. This activity showed complete
unstability at pH 10.0, where the enzyme comple-
tely lost its activity after 30 min from the start of
the exposure.

Thermostability

As shown before, the optimal temperature for
the amylase activity was ranged between 40-45 °C,
indicating the mesophilic nature of the enzyme.
Therefore it was found of interest to study the sta-
bility of this enzyme when exposed to different de-
grees of temperature lower and higher than this
value.

Data in Table III showed that the enzyme kept
its activity at 30-40°C for 240 min incubation.
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Table III. Thermostability of 8. aureofaciens 77 amylase

Time Relative activity (%) at various temperature (°C)

(min) 30 40 50 60 70 80

15 100 100 96 74 S0 0
30 100 100 96 71 41 0
45 100 100 94 68 30 0
60 100 100 94 65 14 0
90 100 100 90 58 0 0
120 100 100 90 52 0 0
180 100 100 90 46 0 0
240 100 100 90 46 0 0

Table IV. Effect of calcium ion on the thermostability of
S. aureofaciens 77 amylase

g éﬁ Relative activity (%)

% gg Time (min)

& & 15 30 45 60 90 120 180 240
S 60 74 71 68 65 S8 52 46 46
E 70 0 4 30 14 0 0 0 0
© 8% 0 0 0 0 0 0 0 0
Im 60 78 73 70 68 60 52 45 44
; 70 53 44 32 14 0 0 0 0
‘Tg 80 0 0 o0 ©0 0 0 0 0
-

Y60 92 9 8 8 719 71 62 53
; 70 88 85 80 75 68 S8 48 37
L 8 24 8 0 0 0 0 0 O

However, incubation of the enzyme at 50°C gra-
dually decreased its activity with the increase of the
incubation time to reach 90% of the original acti-
vity at the experimental period, namely 240 min. In-
creasing the temperature from 50 to 60 °C resulted
in an appreciable decrease in the enzyme activity
which amounted to 50% from the original activity.
Sharp drop of the enzyme activity took place at
70°C, where the activity reached 14% only after 60
min. No activity was however, detected after that.
Moreover, increasing of the temperature to 80°C
resulted in complete loss of the amylase activity.

Addition of calcium ion

Addition of calcium ion to the purified amylase
in the form of calcium sulphate, greatly increased
the thermostability of the enzyme. (Table IV) Addi-

tion of 0.01 M Ca™ * proved to be the suitable con-
centration of calcium sulphate which gave the hig-
hest active stability for amylase enzyme after 4 hr
incubation at 60, 70 and 80 °C. The addition of 0.01
M CaSO, helped the enzyme to attain its amylolytic
activity up to 68% at 70 °C incubation for 90 min,
where the enzyme lost its amylolytic activity during
the same treatment without the addition of Ca**
ions. Moreover, the enzyme showed relative stabi-
lity at 80°C for 30 minutes (8% of the original acti-
vity).

In this respect slight activation was recorded
with the addition of the lowest concentration of
Ca* ™ ions namely 0.0001 M. Hence, it could be
concluded that the removal of calcium from these
preparation gave sensitive amylase for denaturation
and loss activity after short period of incubation at
70°C. The addition of calcium ion into the amylase
preparations proved to be very important for the
production of active and stable enzyme. It is well
known that the addition of Ca** ion to the amy-
lase enzyme preparation is of importance for im-
proving its quality, activity and stability.

These results are in agreement with those of
Moseley and Keciy? who found that the amylase
enzyme has remarkable heat stability in the presen-
ce of 0.0l M Ca™* and 0.1 M NaCl.

Storage of liquor enzyme

Since it is well known that certain changes in the
native structure of the protein molecule take place
at natural conditions. Therefore preservation of the
amylase liquor without significant loss of its activity
is well known to be of great important for subse-
quent industrial technological process. Hence, an
experiment was designed to record the amylase sta-
bility under natural conditions using 0.01 M of
CaSO, and 0.1 M Nac(l as stabilization and preser-
vation agents for amylase activity. Storage was con-
tinued at room temperature (20-35 °C) for a period
extending for 60 days. Logically, cooling was avoi-
ded during storage to study the effect of the stabi-
lization and preservation agents only and to know
the stability of the purified amylase activity at room
ten _ crature, since refrigeration of the liquor by it-
self is a mean of stabilization and preservation.

Table V showed that storage of the enzyme li-
quor containing 0.01 M CaSO, and 0.1 M Na(l at
room temperature for a period of 4 days did not af-
fect its activity. This began to decrease gradually
reaching to 60% of the original activity after 14
days of storage, then dropped sharply to reach 30%
after 60 days of storage.
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Table V. Effect of Cat *+ and Na* on the stability of amylase solution when stored at 5°C and room temperature

Relative activity (%)

Storage time (days)

1 2 3 4 S 6 7 14 21 28 35 42 50 60
Without 100 100 100 100 100 100 100 100 100 100 100 100 100 100
soc Cat'+Na*
With 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Cat* +Na*t
Without 75 40 10 0 0 0 0 0 0 0 0 0 0 0
E ‘Ei Ca*+ +Na+
& &  With 100 100 100 100 97 92 85 60 35 30 30 30 30 30
Ca** +Nat
In this respect, it must be mentioned that the cation and characterization of thermostable
amylolytic activity of the enzyme liquor did not Actinomycete B-amylase. Appl. Environ. Mi-
changed as a result of storage in the refrigerator crobiol. 47(3), 571 (1984).
(5°C) for a period extended to 60 days. These fea- 6. Abramov, Z.T., Tsaplina, L.A., Mstepanov,
ture is of great importance for subsequent indus- V. and Gloginova, L.: Purification and pro-
trial technological process. Hence it was found that perties of a-amylase from Thermoactinomyces
storage of the enzyme which containing Ca* * and vulgaris sirain 42, Biokhimya 51(1), 119
NaCl at room temperature was more thermostable (1986).
than the enzyme which not containing Ca** and 7. Fairbairn, D.A., Priest, F.G. and Stark, J.R.:
NaCl, so the enzyme activity in the presence of Extracellular amylase synthesis by S. /imosus.
Ca™* and NaCl at the fourth day of storage was Enzyme Microb. Technol. 8(2), 89 (1986).
100% while it was 0% in the absence of Ca* * and 8. Arafa, M.A.l.: Microbiological studies on the
NacCl at room temperature. production of certain enzymes by some strains
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