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/Abstract: Organic solvent-resistant proteases are used to synthesize valuable pharmaceutical and industrial compounds. Using an available and inexpensive \
source can be very effective in producing this enzyme. For this purpose, Staphylococcus aureus KP091274 was isolated from burn infection and a medium opti-
mization procedure in the presence of organic solvents was considered for four factors of incubation time, the concentration of Mg?*", glycerol and sorbitol using
the response surface methodology. The results of this statistical method showed that incubation time has the most effect and glycerol concentration has the least
positive effect on enzyme secretion. As a result of applying the optimized conditions in the bacterial culture medium (3mM of Mg*, 1.5% W/V of glycerol, 0.4%

W/V of sorbitol and 72 hours of incubation), the enzyme secretion reaches its maximum.

| Key words: Protease; Organic solvent; Nosocomial infection; Optimization.
o
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Introduction chemical and pharmaceutical industries, increase of tem-
perature stability, removal of microbial contamination.
Among the accidents that endanger human health and Also, these enzymes can be used directly in the next or
life, burn accident is one of the most severe. When the new chemical process. Despite these advantages, orga-
skin is damaged, pathogens invade the body and burn nic solvents break down the three-dimensional structure
wounds become infected by resistant microorganisms and denature the protein by separating the protein water
shortly after injury, which is the leading cause of death molecules, and their use in the organic solvent medium
for patients following burns (1). But these microorga- is always associated with this great challenge (11, 12).
nisms can have both positive and negative effects (2- Therefore, many efforts have been made to stabilize
5). Microorganisms are the most important and major proteases in the presence of organic solvents, including
source of enzyme production. In industry, plant and ani- optimizing the environmental conditions of enzymatic
mal resources produce 8% and 4% of the total enzymes, activity and optimizing the stability of the enzyme itself
respectively, and other enzymes have a microbial origin (13). Thus, finding organic solvent-resistant protease-
(6, 7). Most commercial microbial enzymes are found in producing bacteria is one of the interesting topics that
a small number of fungal and bacterial genera, of which have many capabilities in industrial and pharmaceutical
Bacillus, Pseudomonas, and Staphylococcus are the biotechnology (12).
best known as bacterial species (6, 8). Because burn infections are an available and inex-
Bacteria are the main producers of most commercial pensive source of bacterial enzyme production, many
proteases (9). However, the discovery of enzymes with researchers use these nosocomial bacteria to isolate and
specific properties has always been an interest to scien- produce enzymes (14). Staphylococcus aureus is one
tists, prompting them to search for new protease sources of these bacteria. Staphylococcus aureus is gram-posi-
with a variety of properties and functions. Proteases tive cocci and optional anaerobic that appear in clus-
have many applications in many industries, including ters under a microscope and its colony is yellow. This
peptide synthesis, protein processing, food, pharma- bacterium produces the enzyme catalase. The enzyme
ceuticals, and detergents. These enzymes hydrolyze the catalase breaks down hydrogen peroxide (H,0,) into
peptide bond in an aqueous medium and the absence of water and oxygen. The catalase test can also be used to
water, form a peptide bond (9, 10). distinguish strap from staph. In addition to the enzyme
In general, the advantages of using enzymes in the catalase, other enzymes such as lipase, amidase and pro-
presence of organic solvents include increasing the so- tease are produced by this bacterium for industrial and
lubility of nonpolar substrates, changing the direction of pharmaceutical uses (15-17).
thermodynamic equilibrium towards synthesis instead In this study, our attempt was focused on the Isola-
of hydrolysis, limiting reactions water-dependent side, tion of organic solvent tolerant protease from Staphylo-
substrate change and selectivity of chirality required in coccus aureus KP091274 as a bacterial nosocomial in-
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fection and optimization of effective factors on a culture
medium to achieve a suitable medium for producing this
enzyme in the presence of organic solvents.

Materials and Methods

Chemical compounds

Tris, tryptone, yeast extract and casein were pur-
chased from Liofilchem (Italy). Materials required for
PCR such as 10X PCR buffer, dANTP (10mM), MgCl,
(20 mM) and Taq DNA polymerase were purchased
from Sigma-Aldrich and other required chemicals from
Merck (Germany). The required primers were also
synthesized by Bioneer (Korea). The organic solvents
were purchased from Merck.

Screening of organic solvent-resistant protease-pro-
ducing bacteria

After the preparation of the bacteria from the bac-
teriological laboratory, they were cultured in a nutrient
broth medium containing 30% cyclohexane and toluene
for 48 hours at 37 °C (to prevent evaporation of orga-
nic solvent). After this period, Sml of this medium was
removed and inoculated into a fresh medium containing
30% cyclohexane and toluene (18). After 24 hours of
growth at 37°C, 100 pl of this medium was removed
and cultured on SKM-specific solid medium. The bac-
terial species that showed the highest halo after 48 hours
of incubation was selected as the optimal strain for pro-
ducing organic solvent-resistant proteases.

Strain identification

16S rDNA molecular method was used to identify
the species (19). The bacteria were first cultured on a
nutrient agar medium and exposed to 37°C for 24 hours.

The grown bacteria were collected from the surface
of the culture medium using a loop and a suspension
was prepared in sterile distilled water. The resulting sus-
pension was centrifuged at 4°C for 10 min at 8000rpm.
Genomic DNA isolation was performed using the Sig-
ma-Aldrich kit. In order to estimate the quality and
quantity of the extracted genomic DNA, the adsorption
of the diluted DNA solution (at a dilution of 100) was
measured at 260 and 280 nm. Using relation DNA (ng/
ml) = 50.d.A ,, Conc. and A, /A, ratio were estima-
ted for DNA concentration and purity, respectively (20).
The primers were designed in accordance with general
primers to amplify the 16S rDNA gene as follows (21):

Forward primer: 5-GTTAGCGGCGGACGGG-
TGA-3’

Reverse primer: 5-GGTTACTCGACCGACTTC
GG-37

The PCR reaction was performed according to the
following program: 1) initial temperature of 94°C, for 5
minutes; 2) 30 cycles, each includes: 94°C, 45 seconds
and 54°C, 45 seconds and 72°C, 90 seconds; 3) For fi-
nal replication at 72°C, for 8 minutes. The PCR product
was purified after 1% agarose gel electrophoresis using
a DNA extraction kit. The DNA sequence was then de-
termined using a DNA sequencer by Bioneer (Korea).

Enzyme production and partial purification
The pre-culture medium contains the following com-
pounds:

Nutrient broth (8 g/L), soy meal (17 g/L), peptone
(10 g/L), tryptone (10 g/L), NaCl (5 g/L)

The pH of these media was increased to 6.8 before
autoclaving. Enzyme culture medium included: Yeast
extract (17 g/l), tryptone (10 g/L), NaCl (5 g/L).

48 hours after inoculation of the production medium
with the pretreatment medium, the culture medium
containing the amplified bacteria was centrifuged for 4
minutes at 4°C at 5000rpm and transferred to the su-
pernatant, which was transferred to another vessel, MS
PMSF solution ( Phenylmethyl sulfonyl fluoride) was
added; So that its final concentration in the culture me-
dium is ImM. Ammonium sulfate was added to the stir-
ring supernatant to 65% saturation. Then it was placed
at 4°C for five hours and after this time it was centrifu-
ged at 4°C at 12000rpm for 15 minutes and the resulting
precipitate was dissolved in a minimum buffer volume
of 20mM Tris with pH 7.8. A concentrated protein solu-
tion containing protease activity was dialyzed at least
three times at 4°C in the presence of this buffer and used
for enzymatic studies.

Measurement of protease activity

Protease activity was studied by casein substrate as
a natural substrate. Casein hydrolysis was measured by
enzymatic solution with measurement of adsorption at
280nm with endpoint method. The 500ul reaction solu-
tion consisted of 250ul of 50mM Tris buffer with pH
of 8, 200ul of 2% casein solution and 50pl of enzyme
solution. This solution was incubated for 10 minutes at
50°C. Then 500ul of 10% trichloroacetic acid solution
(TCA) was added and precipitated at 12000rpm for 10
minutes. The supernatant contains hydrolyzed amino
acids of the casein substrate which adsorption was mea-
sured at 280nm (22). In all reactions, a control solution
was used, which was added to the TCA solution before
adding the enzyme. The experiments were repeated five
times and their standard deviation was calculated.

Evaluation of enzyme stability in the presence of
organic solvents

To evaluate the stability of the enzyme in organic
solvents at room temperature, concentration (V/V) of
40% of organic solvents (dimethylformamide, metha-
nol, isopropanol, chloroform and cyclohexane) was pre-
pared in 50 mM Tris buffer with the desired pH. Equal
amounts of this solvent and enzyme were then mixed in
a micro-tube. The final solvent concentration was 20%
at incubation (V/V). The micro-tubes were then incuba-
ted at 25°C for 3 hours. After this period, the amount of
residual enzyme activity was evaluated (23). The final
solvent concentration (V/V) was two percent.

Experimental design and optimization

The response surface methodology was done in or-
der to find the optimal medium for enzyme production
in the presence of a different organic solvent. The res-
ponse surface methodology consists of a set of expe-
riments that evaluate the relationship between the fac-
tors and measure the resulting response (24). Studies
have shown that a variety of factors can affect bacterial
growth and enzyme secretion, including the presence
of inducers such as surfactants, long-chain substrates,
and metal ions (25). Previously, the amount and effec-
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tive concentration of various factors for Staphylococ-
cus aureus KP091274 were measured by the univariate
method. Among these various factors, incubation time,
the concentration of Mg, glycerol and sorbitol were
more effective on enzyme secretion than others. In the
next step, the Behnken-Box method was used to study
the effect of four effective components on the culture
medium. The experiments were performed in 100ml
Erlenmeyer flasks containing 20ml of culture medium
with 2ml of the organic solvents (2% V/V of dimethyl-
formamide, methanol, isopropanol, chloroform and cy-
clohexane) at 30°C and aerated at 180rpm. The 3-level-
4-factor Box-Behnken factorial design with 5 replica-
tions at the center point was used to determine the qua-
dratic response surface. Regression analysis was per-
formed to evaluate the accuracy of the results. For this
purpose, enzyme activity is considered as a dependent
variable or response (Y). Based on the results of this
method, a quadratic polynomial model was considered
to predict the response. The proposed model for each
response (Y) was as equation 1:

Y = B0 + BIX1 +B2X2 + B3X3 + p4X4 + p22X22 +
B33X32 + f44X42+ B12X1X2+ B13X1X3+ B14X1X4+
B23X2X3 + p24X2X4 + f34X3Xs (Equation 1)

Where Y is the predicted response, B, is the model
constant, X, X, X, and X, are the independent va-
riables, B,, B,, B, and B, are linear coefficients and f
B,,» B, and B,, are quadratic coefficients.

Design-Expert Software (V. 8.0.4 Trail, 2010) was
used for regression analysis and plotting. The optimal
amount and concentration of the above variables have
been determined with the help of contour diagrams. Sta-
tistical analysis of the model is shown in the form of
data analysis of variance (ANOVA).

11°

Results and discussion

Measurement of protease activity

In the first stage, 91 samples of Staphylococcus au-
reus were isolated from burn infections, among which
48 samples showed protease activity. Finally, a sample
that showed better protease activity was selected.

Identification of Staphylococcus aureus strain
KP091274

According to bacteriological methods (26), this
strain belongs to the genus Staphylococcus. Ribosomal
RNA molecules play an important role in the produc-
tion and synthesis of bacterial proteins and are conser-
ved in all living organisms, and their sequences are well
used for the phylogenetic classification of bacteria. For
this purpose, the 16S rDNA fragment of the bacterium
was amplified and its sequence was determined. The
length of this amplified fragment is 1374bp. 16S rDNA

sequences for the genus Staphylococcus were provided
by NCBI Website (http://www.ncbi.nlm.nih.gov) and
they were compared by ClustalW (version 1.82). The
phylogenetic tree was drawn by the nearest neighbor
method. Multiple comparisons of the sequences and the
phylogenetic tree showed that the strain KP091274 be-
longs to the genus Staphylococcus and it is 99% similar
in sequence to the 16S rDNA of Staphylococcus aureus
(Figure 1).

Fitting the model

Preliminary results in this study showed that incuba-
tion time, the concentration of Mg*", glycerol and sor-
bitol increase enzyme secretion. As shown in Table 1,
the values of these factors are considered as three codes
-1, 0 and 1 for low, medium and high values, respecti-
vely. To optimize the culture medium, 29 experiments
or Runs are designed that includes the effect of all four
factors at different levels (Table 2).

According to Table 2, the Box-Behnken method de-
signs a set of 29 experiments with 5 replications at the
center point. The resulting model is shown by Equation
2, in which the activity of Protease (Y) is a function of
the amount of independent variables.

Activity (U/ ml) = +9.76+3.58 X1 -1.68X2
+2.93X3+ 6.92 X4 -1.88X1X2 -0.22X1X3 +0.40
X1X4 +0.65X2X3 -4.55X2X4 +1.15X3X4 +1.17X12
+0.18X22 +0.98X32 +3.74X42 (Equation 2)

As shown in Equation 2, the coefficient of the three
factors (Mg?*, sorbitol, and incubation time) is positive,
while the coefficient of the glycerol factor is negative.
The negative effect of glycerol on the response function

88 Staphylococcus aureus KM893011
67 _E Staphylococcus aureus KM893010
Staphylococcus aureus KP137514
Staphylococcus aureus KP091275
%0 90 [ Staphylococcus aureus KP091274
13 7 [ Staphylococcus aureus KP137513
Staphylococcus aureus DQ269498.1

Staphylococcus aureus NR118997.1

98 Staphylococcus aureus DQ997837.1
Staphylococcus aureus KI094694.1

66 Staphyl aureus KF011976.1

64 Staphylococcus aureus NR0O74925.1

Staphylococeus aureus K1643929.1

Staphylococcus aureus IN092619.1

0.1

Figure 1. Drawing a phylogenetic tree of 16S rDNA ribosomal
sequence of Staphylococcus using ClustalW software.

Table 1. Selected levels and codes for Mg*', glycerol, sorbitol, and incubation
time used to Box-Behnken experiment design.

. Coded levels
Independent factors Factor  Unit 1 0 1
Mg* X1 mM 1.5 225 3
Glycerol X2 %W/V 125 1.87 2.5
Sorbitol X3 %W/V 0.2 0.3 0.4
Incubation Time X4 h 24 48 72
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Table 2. Box-Behnken design table with measured and predicted answers. Enzyme activity is considered as the response.

Run Factor X1 Factor X2 Factor X3 Factor X4 Measured answer A(U/ml) Predicted answer A(U/ml)
1 -1 0 0 1 17.6 17.6
2 0 0 0 0 10.1 9.7
3 0 0 0 0 10 9.7
4 1 1 0 0 11.5 11.1
5 1 0 0 1 25.6 25.5
6 1 1 1 0 10.2 9.7
7 1 0 -1 0 12.1 12.7
8 -1 0 -1 0 5.2 5.1
9 1 0 1 0 17.3 18.1
10 1 -1 0 0 19.2 18.2
11 0 -1 1 0 14.7 14.8
12 0 -1 0 -1 3.7 3.8
13 0 -1 0 1 26.1 26.8
14 1 0 0 -1 11.2 10.9
15 0 1 0 -1 9.5 9.6
16 0 1 0 1 13.7 14.3
17 0 0 1 1 26.3 254
18 0 1 1 0 13.2 12.8
19 -1 0 1 0 11.3 11.4
20 0 0 0 0 7.4 9.7
21 1 -1 0 0 7.4 7.7
22 0 0 -1 1 17.9 17.3
23 0 0 -1 -1 5.6 5.7
24 0 -1 -1 0 10.2 10
25 -1 0 0 -1 4.8 4.5
26 0 0 0 0 8.4 9.7
27 0 0 1 -1 9.4 9.3
28 0 1 -1 0 6.1 5.6
29 1 -1 0 0 7.6 7.3

indicates that higher values of this parameter lead to
lower protease production. Among these three parame-
ters, the incubation time has the most effect, which its
linear coefficient indicates this fact. Then the concen-
tration of Mg** (with a coefficient of 3.58) and sorbitol
(with a coefficient of 2.93) have the greatest effect on
enzyme production and secretion, respectively. Rahman
et al. (27) previously reported that incubation time is
the most effective factor in protease secretion. Statisti-
cal evaluation of Equation 2 was performed for quadra-
tic response surface methodology by F-test and analysis
of variance (ANOVA) and the result is given in Table
3. ANOVA data confirm the accuracy of this quadratic
model. Parameter F is a measure of the deviation of data
from the mean value. In general, for a model that suc-
cessfully predicts test results, the value of F is usually
very high. The value of the Prob> F parameter less than
0.0500 also means that the model is significant. The F-
value for this model was 95.214, which indicates that
the model is quite significant. In this case, there will
be only 0.01% error probability for the model. In this
equation, linear parameters include Mg*" concentration
(X)), glycerol concentration (X,), sorbitol concentration
(X,) and incubation time (X,), and quadratic parameters
X%, X?and X ? along with the interaction parameters of
Mg* and glycerol concentrations (X, X.,). The concen-

tration of glycerol and incubation time (X,X,) and the
concentration of sorbitol and incubation time (X,X,) are
the index parameters of the model. The results showed
that all four independent factors have significant effects
on enzyme activity. The mismatch calculation can be a
good reason for the accuracy of the model data. In fact,
the non-significance of this parameter is desirable and
it means that this model can predict the activity of the
enzyme in different conditions of the combination for 4
independent factors. The value of this parameter is not
significant for the regression of Equation 2 (P=0.6077).
In examining the model, the question arises as to what
extent can a change in response be justified? To answer
this question, the value of R-squared must be measured.
The value of this parameter for protease production is
0.9931, which indicates the accuracy of the model. The
closer R-squared value to 1, better relationship is cal-
culated between the laboratory and the results. Finally,
adequate precision measures the signal-to-noise ratio. A
ratio greater than 4 is acceptable. For this model, the
signal-to-noise ratio was 43.719, which indicates a high
signal-to-noise ratio.

Analysis of response surface methodology
The effects of four factors on protease activity are
shown in Figure 2 in the form of graphic designs of
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Figure 2. (A) Effect of Mg* and glycerol concentration on pro-
tease activity. Sorbitol concentration and incubation time are
considered constant. (B) Effect of Incubation time and glycerol
concentration on protease activity. Sorbitol and Mg** concentra-
tions are kept constant. (C) Effect of Incubation time and sorbitol
concentration on enzyme activity. Mg?* and glycerol concentration

are kept constant.

response surface and contour diagram. In each of these
images, the response surface diagrams are plotted as a
function of two parameters and the other two parame-
ters are considered constant. By examining the shape
of the response surface diagrams (elliptical or circular),
it can be determined whether the relationship between
the parameters is significant or not (28). The contour
diagram between glycerol and Mg?* and between incu-
bation time and sorbitol is elliptical, in other words,
the interaction of these parameters can have significant
effects on enzyme activity. The effect of the interaction
between glycerol and Mg?* concentrations on enzyme
activity is shown in Figure 2A. According to this figure,
increasing the concentration of Mg?" increased the pro-
duction of the enzyme, while increasing the concentra-
tion of glycerol not only did not have much effect on the
activity of the enzyme but even had an inhibitory effect
on the activity of the enzyme at higher concentrations.
This result can also be seen in Figure 2B. In this dia-
gram, increasing the concentration of glycerol does not
have a positive effect on enzyme activity and incubation
time at low concentrations of glycerol is more effective
on enzyme activity. Thus, to produce the maximum
amount of protease, the concentration of glycerol must
be kept at its minimum (1.5% W/V). Also, the results
showed that at constant concentrations of glycerol and
Mg?*, both incubation time and sorbitol factors had a
positive effect on enzyme production (Figure 2C). Fi-
gures 2B and 2C emphasize the key role of incubation
time in enzyme secretion. This result is consistent with
Equation 2.

Experimental approval of the model

To confirm the above results, Staphylococcus aureus
KP091274 were cultured under the optimal conditions
proposed by the model (3mM of Mg*, 1.5% W/V of
glycerol, 0.4% W/V of sorbitol and 72 hours of incuba-
tion) and the resulting enzyme activity was measured
(35.7 U/ml), which is very close to the predicted value
(38.04 U/ml). In this way, the model can well predict the
results of experiments and optimize the culture medium

of the bacterium in the presence of organic solvents.
Organic solvent-resistant bacteria have received
special attention due to their enzymes with high resis-
tance and efficiency in the presence of organic solvents.
Solvent-resistant proteases can overcome the challenge
of inactivating proteases in organic solvents without
the use of costly and time-consuming methods of pro-
tein engineering. On the other hand, using burn infec-
tion as an inexpensive source of bacteria can make the
production of this enzyme very cost-effective. The re-
sults of this study showed that Staphylococcus aureus
KP091274, as a nosocomial infection, is a protease ge-
nerator that has significant stability in the presence of
organic solvents. Therefore, this enzyme can be used in
industry to synthesize valuable pharmaceutical and in-
dustrial compounds in the presence of organic solvents.
Also, this study provided a model that predicted the re-
sults of experiments and optimized the culture medium
for the bacterium in the presence of organic solvents.

References

1. Aydogdu HI, Kirci GS, Askay M, Bagci G, Peksen TF, Ozer E.
Medicolegal evaluation of cases with burn trauma: accident or phy-
sical abuse. Burns 2021; 47(4): 888-893.

2. Pohl H, Kaler K, Pollock K. The continuous positive and nega-
tive dielectrophoresis of microorganisms. J Biol Phys 1981; 9(2):
67-86.

3. Kazemi E, Kahrizi D, Moradi M, Sohrabi M, Yari K. Gastric
cancer and helicobacter pylori: impact of hopQII gene. Cell Mol
Biol 2016; 62(2): 107-110.

4. Kazemi E, Kahrizi D, Moradi M et al. Association between Heli-
cobacter pylori hopQI genotypes and human gastric cancer risk. Cell
Mol Biol 2016; 62(1): 6-9.

5. Kazemi E, Kahrizi D. Lack of association between gastric can-
cer and hopq alleles in Helicobacter pylori. Genetika 2016; 48(3):
893-902.

6. Bornscheuer UT, Pohl M. Improved biocatalysts by directed
evolution and rational protein design. Curr Opin Chem Biol 2001;
5(2): 137-143.

7. Garba L, Ibrahim M, Sahara E, Adamu M, Isa S, Yarma A. Pre-
liminary Investigation of Amylase Producing-Bacteria from Soil in
Gombe Metropolis. J Environ Bioremed Toxicol 2021; 4(1): 1-3.

8. Bommarius AS, Riebel-Bommarius BR. Biocatalysis: funda-
mentals and applications: John Wiley & Sons; 2004.

9. LiQ,YiL, Marek P, Iverson BL. Commercial proteases: present
and future. FEBS letters 2013; 587(8): 1155-1163.

10. Nilsang S, Lertsiri S, Suphantharika M, Assavanig A. Optimiza-
tion of enzymatic hydrolysis of fish soluble concentrate by commer-
cial proteases. J Food Eng 2005; 70(4): 571-578.

11. Clapés P, Torres J-L, Adlercreutz P. Enzymatic peptide synthesis
in low water content systems: preparative enzymatic synthesis of
[Leu]-and [Met]-enkephalin derivatives. Bioorg Med Chem 1995;
3(3): 245-255.

12. Mattos C, Ringe D. Proteins in organic solvents. Curr Opin
Struct 2001; 11(6): 761-764.

13. Doukyu N, Ogino H. Organic solvent-tolerant enzymes. Bio-
chem Eng J 2010; 48(3): 270-282.

14. Biswas K, Upadhayay S, Rapsang GF, Joshi SR. Antibacterial
and synergistic activity against f-Lactamase-producing nosocomial
bacteria by bacteriocin of LAB isolated from lesser known traditio-
nally fermented products of India. HAYATI J Biosci 2017; 24(2):
87-95.

15. Bergdoll MS. Staphylococcus aureus. J AOAC Int 1991; 74(4):

Cell Mol Biol (Noisy le Grand) 2021 | Volume 67 | Issue 2

146



Xin Liao et al.

Isolation of solvent tolerant protease from S. aureus.

706-710.

16. Lowy FD. Staphylococcus aureus infections. N Engl J Med
1998; 339(8): 520-532.

17. Foster TJ, Geoghegan JA. Staphylococcus aureus. Mol Med
Microbiol 2015: 655-674.

18. Dalfard AB, Khajeh K, Soudi MR, Naderi-Manesh H, Ranjbar
B, Sajedi RH. Isolation and biochemical characterization of laccase
and tyrosinase activities in a novel melanogenic soil bacterium. En-
zyme Microb Technol 2006; 39(7): 1409-1416.

19. Russell DW, Sambrook J. Molecular cloning: a laboratory ma-
nual. Vol 1: Cold Spring Harbor Laboratory Cold Spring Harbor,
NY; 2001.

20. Krimmer V, Merkert H, von Eiff C et al. Detection of Staphylo-
coccus aureus and Staphylococcus epidermidis in clinical samples
by 16S rRNA-directed in situ hybridization. J Clin Microbiol 1999;
37(8): 2667-2673.

21. Takahashi T, Satoh I, Kikuchi N. NOTE: Phylogenetic relation-
ships of 38 taxa of the genus Staphylococcus based on 16S rRNA
gene sequence analysis. Int J Syst Evol Microbiol 1999; 49(2): 725-
728.

22. Badoei-Dalfard A, Khajeh K, Asghari SM, Ranjbar B, Karba-
laei-Heidari HR. Enhanced activity and stability in the presence of
organic solvents by increased active site polarity and stabilization of
a surface loop in a metalloprotease. J Biol Chem 2010; 148(2): 231-

238.

23. Sievers F, Wilm A, Dineen D et al. Fast, scalable generation of
high-quality protein multiple sequence alignments using Clustal
Omega. Mol Syst Biol 2011; 7(1): 539.

24. Zou X, Chen C-F, Hang H-F, Chu J, Zhuang Y-P, Zhang S-L.
Response surface methodology for optimization of the erythromycin
production by fed-batch fermentation using an inexpensive biologi-
cal nitrogen source. Chem Biochem Eng 2010; 24(1): 95-100.

25. Alpert C, Frank R, Stiiber K, Deutscher J, Hengstenberg W.
Phosphoenolpyruvate-dependent protein kinase enzyme I of Strep-
tococcus faecalis: purification and properties of the enzyme and cha-
racterization of its active center. Biochem 1985; 24(4): 959-964.
26. Elhaig MM, Selim A. Molecular and bacteriological investiga-
tion of subclinical mastitis caused by Staphylococcus aureus and
Streptococcus agalactiae in domestic bovids from Ismailia, Egypt.
Trop Anim Health Prod 2015; 47(2): 271-276.

27. Abd Rahman RNZR, Geok LP, Basri M, Salleh AB. An organic
solvent-tolerant protease from Pseudomonas aeruginosa strain K:
Nutritional factors affecting protease production. Enzyme Microb
Technol 2005; 36(5-6): 749-757.

28. Rajendran A, Thangavelu V. Sequential optimization of culture
medium composition for extracellular lipase production by Bacillus
sphaericus using statistical methods. J Chem Technol Biotechnol
2007; 82(5): 460-470.

Cell Mol Biol (Noisy le Grand) 2021 | Volume 67 | Issue 2

147



