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°. SUMMARY

Sixteen proteolytic thermophilic bacteria were isolated from soil at Fayoum
Governorate. The isolates were screened for their proteolytic activity on skim milk
agar medium; the diameter of hydrolysis zone was the measurements from the level of
proteolytic activity. The most active isolates were selected for the fermentation
experiments and the determination of their productivity in the submerged culture. The
seven selected isolates were used in fermentation experiments and the proteolytic
activity was determined after £¢A hrs. The enzyme yields obtained in the fermentation
medium were corresponding to the proteolytic level recorded by the diameter of
hydrolysis zone on the skim milk agar medium. That indicates a positive relationship
between the amount of the enzyme and its spreading in the skim milk agar medium.
According to the results from the fermentation experiments, isolates S-°, S-A and S-4
which gave the highest enzymatic yields were chosen for studying the best
environmental conditions for the enzyme production. The three isolates were
identified based on morphological, biochemical and 1S rRNA gene sequencing
analysis, isolates S-° was identified as Brevibacillus panacihumi; isolates S-A and S-4
were identified as Bacillus aerius.

The environmental and nutritional conditions were tested for the highest
production of enzymatic yield e.g. pH of medium, incubation temperature,
fermentation period as well as carbon and nitrogen sources at different concentrations
for Bacillus stearothermophilus ATCCVYA°Y, Brevibacillus panacihumi S-°, Bacillus
aerius S-N and Bacillus aerius S-2.

The highest enzymatic yield was obtained in the fermentation medium at pH
V,+ for Bacillus stearothermophilus ATCCVY3°Y and Brevibacillus panacihumi S-°
while at A, + for both Bacillus aerius S-A and Bacillus aerius S-%. Below or above this
level showed a decrease in the enzyme production.

The fermentation at different temperatures i.e. £+, ©+ and 1+ °C showed that
the optimum incubation temperature for the enzyme synthesis was ¢+ °C for all tested
bacterial strains. The results, also, show that the enzyme production were decreased
about Ve,YE7Z, VV,007 VYYZ AAVZ XYY VL YVOYZ, Ye,Yol and YY.ot/ for
Bacillus stearothermophilus ATCCYA°Y; Brevibacillus panacihumi S-°; Bacillus
aerius S-N and Bacillus aerius S-% at ¢+ °C and 1+ °C, respectively.

Concerning the effect of the fermentation period on protease production,
fermentation period were tried to detect the most favorable for the highest enzymatic
yield. The maximum enzymatic activity was noticed, after VY hrs. fermentation
period. Increasing the incubation period over VY hrs the enzyme activity decreased by
Y’,J’Z’ £,V Z’ Y’i,V/\Z’ 2'&,M"Z’ ) 2,2VZ’ YV,JZ’ Yo ,YA and YV,¢+7 for Bacillus
stearothermophilus ATCCYA3eY; Brevibacillus panacihumi S-°; Bacillus aerius S-A
and Bacillus aerius S-2 at 371 and VY + hrs. , respectively.



Dextrin, sucrose, maltose, glycerol and glucose were used as carbon source in
the fermentation medium to evaluate the best one of carbon source which produces the
highest enzymatic activity. These materials were tested at various concentrations to
define the most suitable concentration of each source.

Glucose was the best carbon source followed by dextrin; sucrose; maltose and
glycerol respectively for Bacillus stearothermophilus ATCCYA3°Y; Bacillus aerius S-M
and Bacillus aerius S-3. However dextrin as well as glucose gave the higher
enzymatic activity than other carbon sources used for Brevibacillus panacihumi S-°.

Accordingly, the concentration of these substrates also, affected the amount
of protease production. The enzyme yield increased with the increase of substrate
concentration to a certain level after which the activity was gradually decreased. This
may be attributed to the substrate inhibition or repression.

Concerning the effect of nitrogen sources on enzyme production it may be
concluded that, the highest activity from the media containing tryptone at the
concentration of 1,7 was Y+A,YeZ: VYA, Vo7 Veo,¥a) and V+2,3¢7 of that from the
control medium by Bacillus stearothermophilus ATCCVYA3°Y;  Brevibacillus
panacihumi S-°; Bacillus aerius S-N and Bacillus aerius S-% respectively. However,
it was found the concentration of Y,/ yeast extract secured the highest enzymatic
activity which presented Vo), 47,V ey 007 for Bacillus
stearothermophilus ATCCVA°Y; Brevibacillus panacihumi S-° respectively. While
control which contain +,° % yeast extract seemed to be the most suitable
concentrations for Bacilus aerius S- and Bacillus aerius S-9.

Due to the fact that any waste product containing carbohydrates can serve as
raw materials for enzyme synthesis f bacteria, cane sugar bagasse as well as rice straw
was selected as a medium substrate for enzyme production by tested bacterial strains.

The maximum activity recorded in the cane sugar bagasse media at the
concentration of Y,Y¢% (equivalent *. YY% carbon) was only AY,oYZ and AY,3AZ of
the control medium for both strains of Bacillus stearothermophilus ATCCY4eY and
Brevibacillus panacihumi S-°, respectively.

Regarding Bacillus aerieus S-%, it was found that the best concentration of
cane sugar bagasse was V,V1/ (equivalent *.4% % carbon) which gave the
enzymatic activity only 1¢,) +7 from the control medium

Concerning the effect of different concentrations of rice straw on enzyme
production, it may be concluded that, in general, all the investigated bacterial strains
exhibited nearly the same trend. Increasing the rice straw concentration in the
fermentation medium, positively affected most of the bacterial strains under
examination. The highest enzymatic activity was produced in the medium contained
V,3A% (equivalent *,%7 % carbon) rice straw. At this concentration the enzymatic
activity was about Y+ +,YY % of that produced in the control medium by Bacillus
stearothermophilus ATCCY4eY,

Generally, we could be say that rice straw media resulted in somewhat
higher enzymatic yields as those in media cane sugar bagasse.



Extraction of the enzyme by precipitation method was carried with the
organic solvents, acetone, ethanol and isopropanol at different concentrations
(fermentation liquor/solvent v/v). Also, enzyme was extracted by salting—out using
different concentrations of ammonium sulfate.

Among the organic solvents, acetone was the best solvents followed by
ethanol and isopropanol for extraction efficiency and purification for both Bacillus
stearothermophilus ATCCVA3°Y and Brevibacillus panacihumi S-°. The highest
recovery percentage (Y+,A+7%) was ©+7 saturation of acetone supernatant Bacillus
stearothermophilus ATCCY3°Y culture while it was (Y3,0V7%) at A+ 7 for Brevibacillus
panacihumi S-°. The highest recovery percentage was obtained at V7. saturation of
ethanol for Bacillus aerieus S-M while at A+7. saturation of isopropanol for Bacillus
aerieus S-9.

Extraction of the enzyme by salting —out with ammonium sulfate gave
better extraction than that obtained by organic solvents with all tested bacterial
strains. The best concentration for enzyme precipitation seems to be between Y+ %
and A+7 saturation of ammonium sulfate since the highest specific activity and
recovery percentage were A+ 7 for all tested bacterial strain. Recovery percentage was
V4NV, YOV, Y,V and 1¢,Ae) for Bacillus stearothermophilus ATCCYAioY,
Brevibacillus panacihumi S-°, Bacillus aerieus S-A and Bacillus aerieus S-%
respectively. Therefore, ammonium sulfate gave better results than that obtained by
organic solvents for all tested bacterial strains. The best concentration for enzyme
precipitation seemed to be between Y+7 and A+’ saturation of ammonium sulfate
science the highest specific activity and recovery © were at A+7 for all tested bacterial
strains. Analysis of molecular mass of the partially purified enzyme was carried out
by SDS-PAGE which revealed four protein bands with different molecular weights
ranged from Y to Y+ KDa. These bands were varied in molecular weight (1Y, €A ¥
and Y° KDa).

The influence of pH and temperature of the enzyme solution on the activity
of partially purified protease was studied to detect the optimum conditions for the
application of the enzyme.

A set of enzyme solution was adjusted to different pH values ranging from
pH ©,+ to pH Y),+; another set was adjusted to the same pH values ina +,*+°M
CaClY solution. It was found that the optimum pH which gave the highest activity was
V,+ for Bacillus stearothermophilus ATCCY2eY while at pH A+ for Brevibacillus
panacihumi S-°, Bacillus aerieus S-N and Bacillus aerieus S-3. However, below or
above this levels, the activity of enzyme was gradually decreased.

With regard to the effect of Ca- ions on the enzyme activity, its presence
increased the activity at various tested pH values from pH ¢,+ to pH Y),+ by °,VY,
£,9+ %, V,YYZ, and ¢,07, 0,V e/ V,A¢/ and V,AY/ for Bacillus stearothermophilus
ATTCYAeY; £,¥. 0 0,00/ o, AL 1,4Y 9 Y,eY/ Y,00 9% and Y,'% % for
Brevibacillus panacihumi S-°; ©,Y07. Y,V /., 0,6V/ A,037 0,3+ 9% Y,V  and ),YY
for Bacillus aerius S-N and Y AN, Y,YY7, 0V %, ALY % Y, 9%, LAY and Y, Y
% for Bacillus aerius S-4.



The enzymatic activity was measured at different temperatures; the highest
activity was recorded at V+ 2C. In the presence of Ca-ions, the estimated activity was
higher at different tested temperatures than that in enzyme solution without
calcium for all tested bacterial strains.

The thermal stability of the enzyme was tested in the presence or absence
Ca-ions at Y+ C for )Y+ minutes. The enzyme activity was estimated at ' minutes
intervals. In general, the retained activity percent was approximately the same of
original activity after Y© and Y+ minutes (9%,1YZ and 4,Y4%) for  Bacillus
stearothermophilus ATCC YaoY Yo Y. ¢o0 and 1+ minutes ( A, €67 | AV, €A
1¢,9Y% and 9),4YZ ) for Brevibacillus panacihumi S-° , Y® Y+ Jand ¢°minutes
(39,477, 99,YYZ and 99,1A% ) for Bacillus aeruis S-A and )° minutes ( 43,Y¢7 ) for
Bacillus aeruis S-3. However, in the presence of Ca-ions, the thermal stability of the
enzyme was considerably enhanced with no apparent loss of enzyme activity after £°
minutes for Bacillus aeruis S-A and Y+ minutes for Bacillus stearothermophilus
ATCC VYaeY, Brevibacillus panacihumi S-° and Bacillus aeruis S-2.



