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ABSTRACT

Beta-hemolytic Streptococci are being used to produce streptokinase (SK) for decades however, increase in production
rate is lucrative. The focus of this study was to enhance the production of SK from mutant derived strain Streptococcus
mutants EBL-37-UV90. Fermentation parameters were studied by response surface methodology (RSM) like pH (5-8),
fermentation time (12-60 hours), temperature (22-66°C) and inoculum size (1-5) in the presence of carbon source
(glucose 1%), yeast extract (3.5%) and corn steep liquor (4%). Model was statistically analyzed by ANOVA using RSM
(design expert version 7.0) and coefficient with P<0.05 was taken as significant. Statistical examination on response
surface and contour plot was carried out the effects of single factor and interaction between two factors. Streptokinase
was purified by standard methodologies such as ammonium sulphate, salting out process, dialysis, ion exchange and size
exclusion chromatography. The maximum streptokinase production was obtained with the mutual interaction of different
optimization parameters at 37°C temperature, 36 hours fermentation time, 6.5 pH and 3.0 ml inoculum size. Results
indicated that mutant Streptococcus mutans EBL-37-UV90 exhibited the highest production of SK with enzyme activity
275.6 U/mL which is 4.6-fold higher yield than control. Moreover, after purification processes 2.6 folds enzyme activity
has been decreased and 75.66 folds specific activity has been increased as compared to crude enzyme. An amount of
38.09% streptokinase was recovered in purified form as compared to crude extract. The present study is a step forward
towards cost effective production of streptokinase by virtue of enhanced activity per unit of the purified enzyme which
may have important application in treatment of cardiovascular diseases.
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INTRODUCTION transforms plasminogen into plasmin (Cook et al., 2012).
All these three domains also carry antigenic sites in their

The process of thrombogenesis leads to origin (Akbar et al., 2020). The fibrinolytic activity of

obstruction of blood flow that brings about lethal this enzyme depends upon its capability to convert
presentations like pulmonary embolism, coronary heart plasminogen into its active form which is referred to as
disease and acute cardiac failure. The important remedies plasmin. There are many substrates like casein, fibrin
with thrombolytic enzymes include streptokinase, clots, and different types of synthetic esters, upon which
urokinase or other agents like tissue plasminogen plasmin acts to degrade them hydrolytically (Aneja et al.,
activator (tPA) (Zia, 2020). The streptokinase as 2013).

fibrinolytic agent was firstly identified by Tillett and .The. morbidity and mortalit.y rates from
Graner in 1933, while examining fibrinolytic activity in myocardial infarction are extremely high around the
fresh cultures of beta hemolytic Streptococci. There is a globe and streptokinase is the major embolus dissolving
range of Streptococcal strains which have ability to enzyme being commonly employed as myocardial
produce fibrinolytic enzyme streptokinase. It is a protein in.fal.rction (MI) the.rapy in many cour}tries. Almost h:cllf
consisting of 414 residues of amino acids with 47kDa m%lhon ?afdla? patients are being fruitfully heal;d with
molecular weight, and has three structural domains: o this fibrinolytic enzyme every year (Aslanabadi et al.,
(alpha) domain comprising of 1 to 150 amino acids 2018). Microbial sources produce small number of
residues, B(beta) domain ranging from 151 to 287amino enzymes, hence for vigorous enzyme production strain
acids residues and y (gamma)domain consisting of 288 to development with medium optimization is needed. For
414 amino acid residues. The site of SK interaction with strain improvement many physical and chemical mutation
plasmin is highly conserved involving a and y domains tech.ni.q.ues are employe?d for the Over—pr.o.duction of SK
which display synergistic influence on plasminogen §xh1b1t1ng .hlgh quality, better stability and less
activation. However, - domain plays a key role in the Immunogenic  response. (Apjum ?l al., 2013). These
synthesis of streptokinase-plasminogen complex which ionizing rays penetrate in tissues induce break down of
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several compounds cause microbial inactivation
depending upon the quantity of dose, kind of energy
source and quantity of dose absorbed (Mucka et al.,
2018). For strain improvement 99.9% killing is the most
suitable because few survivor strains in the medium have
undertaken many fold mutations resulting in increased
metabolite production (Zhou et al., 2005). Response
surface technique is an arithmetical tool which makes
possible to find the mutual relationship between several
response variables and explanatory variables. The key
point of RSM application is the use of designed
experiments in an order for the optimum production of
required metabolite (Jasni et al., 2020). By applying
second order polynomial the predicted response was
measured (equation 1) that showed interaction with the
optimization parameters of experiments.

In the current research work, an attempt was
made to produce high yield of fibrinolytic enzyme from
Streptococcus mutans EBL-37-UV90. This goal was
achieved through random mutagenesis of the
Streptococcus  equisimilis  cells in  UV-irradiation
treatments and by optimizing medium components. This
enhanced production methodology will be helpful as an
alternative for commercial production of streptokinase
with clinical applications.

MATERIALS AND METHODS

Chemicals: Triton X-100 USA, TCA MERCK Germany,
DEAE-cellulose Sigma Aldrich, all these imported
chemicals have been used. Carbon sources, nitrogen
sources and substrate sources used of GPR™, Anala® 2"
Bioworld chemical companies.

Microorganism: Streptococcus mutansEBL-37 was
collected from Enzyme Biotechnology Laboratory
University of  Agriculture Faisalabad, Pakistan,
previously identified by API kit and was re-cultured on
nutrient agar plates kept at 37°C incubator for 24 hours.
These cultured colonies expressed hemolysis on blood
agar medium having 10% (v/v) defibrinated sheep blood.

Mutagenesis: The process of mutation was performed
with ultraviolet rays to wild type Streptococcus mutans
EBL37 by adjusting various time interval on petri plate at
a fixed distance from light source. UV light exposed
mutant colonies were re-cultured to check streptokinase
production efficiency. This method was also applied by
Devi et al., (2013).

Plate screening method: The selection of the best
colonies was carried out by culturing on nutrient agar
medium containing 1% triton X-100. The measurement
of colonies length was done for 1-2 days at incubation
temperature 37°C and the largest actively growing mutant
colonies were selected for further studies. The kill curve
was formulated between colony forming units (CFU)
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against various time interval’s UV-mutants. Mutant
colonies with survival rate of less than 1%were taken and
screened on the basis of fibrinolytic assays. This method
was also applied by (ElI-Mongy et al., 2012; Naeem et al.,
2018).

Streptokinase production: Mutant derived
Streptococcus strain was added in 25 ml phosphate buffer
pH 7.5. This suspension was placed on the orbital shaker
(120rpm and at 37°C) for 24hours to prepare inoculum.
Fermentation medium comprises glucose, corn steep
liquor (CSL), yeast extract, pH (6-8), inoculum (5ml)
added in this media. All these parameters were studied by
applying RSM to observe maximum production of SK.
This procedure was also applied by (Taiwo et al., 2018).

Blood clot lysis assay: In this assay 5 ml fresh blood was
added in pre-weighed tubes separately. After clot
formation tubes were again weighted and different
concentration of streptokinase extract were added in all
tubes except control where distilled water was added
instead of streptokinase. Tubes were placed at 37 °C for
18 hours. After that liquid portion in each tube was
removed carefully and again weighted. So, the difference
in weight of blood clot before and after lysis was noted
and enzymatic activity was estimated by calculating
percentage clot lysis.

Casein digestion assay: In this assay test solution
including 2ml of 4% casein was added which followed by
the addition of 0.1ml of cold streptokinase. This solution
was kept at 37°C upto 30 min and 2ml of TCA wad
added to stop the reaction. Absorbance in
spectrophotometer was measured at 280nm (Keramati et
al., 2013). One unit of streptokinase is equivalent to
micromole of tyrosine released per milliliter per second.
Biuret method was used to determine protein content
before extraction (Liu et al., 2017). This current research
work followed this procedure.

(AA2800m/min Test-AA2gonm/min Blank) (B)

xdilution factor

Units/ml enzyme

Extinction coefficient x (C)
Where
AA$280nm/min Test
solution
AA280nm/min Blank= Change in absorbance of test solution
B = Total volume of reaction mixture
Extinction coefficient = 8.25 (mg/ml)'cm’!
Dilution factor =d. f
C = Volume of enzyme

= Change in absorbance of test

Enzyme purification and characterization: Crude
fermented broth of SK was subjected to a process called
salt precipitation. The saturation of crude SK extract was
met by mixing 40% ammonium sulfate salt in the process
of salting in and 60% in salting out and sample was
desalted by dialysis procedure. Chromatographic column
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was prepared using diethyl amino ethyl (DEAE) cellulose
for purification in ion exchange chromatography. Fifty
fractions for both wild and mutant produced SK were
collected and their specific activities with protein
contents were measured. Active fractions were pooled
and subjected to size exclusion chromatography for
further refinement. The collected enzyme fractions were
taken from mutant and wild type strains. S. mutans were
analyzed with their protein estimation and enzyme assays
(Erickson et al., 2009; Karimi ef al., 2011). This current
research work followed this method. The Michaelis
constants Km and Vmax for streptokinase were computed
by following Khudir et al., (2019).

Statistical analysis and model validation: The
computation of predicted response was carried out using
second order polynomial equation (Eq. 1) which involved
all the interacting terms of the experiment as given
below.

Y= BotPiXi+BiXa+ BsXz+ BuiX? + BaaX?+ BasX?s
+ BaaX?s + ProXiX 2 + BisXuXs + PraXaXa + BasXoX; +
B2aX 2 Xq+ B3aXs3at+ € (Eq. 1)

Where

X1, X2 and, X3 = Independent variables
1, B2, B3 = Linear terms
coefficients

B11, B22, B33, p44
polynomials for quadratic terms
B12, B13, B14, B23, p24, B34 = Coefficients of
polynomials for combine effect of variables

In this research work four parameters (pH,
temperature, incubation period and inoculum size) were

= Coefficient of
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40
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optimized through RSM following screening of run
orders. The statistical significance of the data obtained
from experiments was analyzed using analysis of
variance (ANOVA). The interactive effect of the four
process variables was analyzed by three-dimensional
surface plots to eventually determine the optimum levels
of these parameters for enhanced SK production
(Vellanki et al., 2013). The fitness of the regression
model obtained was given by the -coefficient of
determination, i.e., R2 following Bhardwaj et al., (2017).
The probability level P<0.05 was assumed as significant
for model terms and probability values >0.1000 indicates
non-significant model terms.

RESULTS

Streptococcus mutans EBL-37 cultured broth
medium was placed in ultraviolet rays chamber for
random mutagenesis to obtain increased production of
streptokinase (SK). Inoculum (1ml) was poured into 10
tubes and exposed to UV-irradiations (254nm) at various
time interval of 0 to 90min (UV0, UV10, UV20, UV30,
UVv40, UVS50, UV60, UV70, UV80 and UV90) with a
distance of 8.0 cm from fixed UV source. A kill curve
was derived for all these doses of UV-exposure
representing survival percentage of bacterial colonies
along with exposure time shown in Fig.l. Mutant
colonies of Streptococcus mutans EBL-37-UV90 which
expressed survival rate of 0.1% exhibited the largest clear
zones than other mutants and wild type colonies.

60 80 100

Exposure time (Minutes)

Fig. 1. Kill curve for Mutant colonies Streptococcus mutansEBL-37

Optimization parameters: By optimizing nutritional
parameters such as carbon, nitrogen and substrate sources
were evaluated to get high production of streptokinase. In
this study these parameters were studied for SK
production from mutant S.mutansEBL-37-UV90. Among
carbon sources the maximum production of 270.0UmL™!
SK was obtained using 0.6% glucose with 7.0 pH at
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37°C, 1ml inoculum size  after 36hrs of incubation.
Enzyme production was not significantly supported using
starch and lactose while fructose exhibited SK production
was 217.0UmL™ with 0.6% concentration (Fig. 2.A).The
degradation of a suitable substrate by microorganisms
support the production of a specific metabolic product
inside or outside the microbial cell. In present study
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different substrates were used for SK production in which
0.4% corn steep liquor expressed maximum production
with 280.0UmL™ by using 1.5ml inoculum with 7.0 pH
at 37°C after 36hrs incubation time. Among other
substrates molasses expressed higher amount of
streptokinase as compared to sugarcane bagasse and rice
polishing as shown in (Fig. 2.B). However, in case of
nitrogen source optimum production was obtained with
0.6% peptone with 255.0UmL™ enzyme activity by using
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1.0 ml inoculum with 7.5 pH at 37°C after 36hrs as
compared to other nitrogen sources (Fig. 2.C).

The ranges of different fermentation parameters
which were studied via RSM are given in Tablel. RSM-
based statistical analysis was applied on four parameters
which provided combinations of 30 run orders with
predicted values. These statistically predicted and
experimentally observed values were found very close to
each other for streptokinase (SK) production.
Significance of each coefficient was determined by
comparing with P-values given in Table 2.

200

+

—

150

100

Enzyme activity UmL-1

50

0.2 0.4

—3

0.6 0.8 1

Concentration of carbon source

=@=CGlucose =@=Fructose

350

300

[\
i
o

[\
[
(=]

=@==Sucrose

=@=] actose =@=Starch

150

Enzyme activity UmL-1

100

50

0.1 0.2 0.3

0.4 0.5 0.6 0.7 0.8

Concentration of substrate source

e=@==(Corn steep liquor e=@==Sugarcane bagasse e=@==Molasses e=@==Rice polishing ===

1791



Akbar et al., The J. Anim. Plant Sci., 31 (6) 2021

300
250
200
150

100

Enzyme activity UmL-1

50

0.2 0.4 0.6 0.8 1
Concentration of nitrogen source
=@="Tryptone ==@==Peptone yeast extract «==@==Beef extract ==@=proteose peptone

Fig.2. (A) Evaluation of carbon sources for the optimum production of SK from mutagenized S. mutansEBL-37-
UV90, (B) Nitrogen sources estimation for the optimum production of SK (C) substrates
evaluation for the production of SK from mutagenized S. mutans EBL-37-UV90.

Table 1. Experimental ranges of different factors required for optimization.

Ser. No.  Factors Low range Middle range High range

1. A-pH 5 6.5 8

2. B-Incubation period 12 36 60

3 C-Temperature 22 44 66

4 D-Inoculum size 1 3 5
Polynomial model: Second order polynomial model B = Incubation period
equation 1 is fitted in the central composite design’s C = Temperature
(CCD) optimization parameters obtaining equation 2. D =Inoculum size
glzé]érézgsme +2fzgg¥3gj/rilll)6;3 l_ 2;2'32 134 (J)r ;i.gggi%? ] Analysis of variance: The interactions of these
0.57871AC - 4.33868AD + 0.044200BC + 0.73729BD - ndependent variables of 2nd order polynomial were
0.4034CD - 4.16473A% + 2.80562B - 0.053113C> +  observed by CCD to check the model significance and
0.43056D2 -2) lack of fit. Using many 1nd1c§1to.rs, the adequacy o.f ﬁtt(?d
Where model was assessed and their inferences were given in
A=pH Table 2.

Table 2. Analysis of variance for response surface reduced quadratic model [partial sum of square-type iii].

Source Sum of Squares df Mean Square F Value p-value

Prob>F
Model 41968.63 14 2997.76 49.51 0.0001*
A-pH 2044.80 1 2044.80 33.77 0.0011*
B-incubation period 0.18 1 0.18 2.973 0.9583"
C-Temperature 817.78 1 817.78 13.51 0.0104*
D-Inoculum size 0.18 1 0.18 2.973 0.9583 ™
AB 3077.85 1 3077.85 50.83 0.0004*
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AC 7505.58 1
AD 106.10 1
BC 9881.37 1
BD 2904.80 1
CD 811.24 1
A2 1257.69 1
B2 49.11 1
C2 10938.52 1
D2 61.28 1
Residual 363.31 6
Lack of Fit 115.04 2
Pure Error 248.27 4
Cor Total 42331.94 20

7505.58 123.95 0.0001*
106.10 1.75 0.2338 "™
9881.37 163.19 0.0001*
2904.80 47.97 0.0004*
811.24 13.40 0.0106*
1257.69 20.77 0.0039*
49.11 0.81 0.4025"™
10938.52 180.65 0.0001*
61.28 1.01 0.3533 ™
60.55
57.52 0.93 0.4670 ™
62.07

Note: “* for significant and ‘ns’ for non-significant. Std. Dev
Pred. R-Squared =0.7888

Analysis of variance represented for different
treatments relative variations and random error
variations. The variation in predicted R? (0.7888) and
adjusted R? (0.9714) are less than 0.2 which indicate that
the model is suitable. However, the low wvalue of
coefficient of wvariation (C.V) means conducted
experiments are precise and reliable. If p-values are
below 0.05 then model terms are significant and the
model terms are non-significant for the values which are
greater than 0.1. In this case A, C, AB, AC, BC, BD, CD,
A2, C? are significant model terms. All the interaction
terms are significant except AD (pH vs Inoculum size).
Therefore, present model is highly significant which
representing < 0.0001 p-value for model reproducibility.
The lack of fit must be non-significant so that model
should be best fit upon undergone research parameters
level. In this model lack of fit (0.4670) is non-significant
which is indicating a good fit of the present model upon
the experimental factor’s main effect, their cross
interactions and self-interactions between different factor

Normal Plot of Residuals

Normal % Probability

1.23 2.29

Internally Studentized Residuals

.=17.78, C.V. %= 3.12, R-Squared=0.9914, Adj. R-Squared=0.9714,

levels (pH, temperature, incubation period, inoculum
size).

Predicted versus actual plot: The graphical
representation of predicted values versus actual values
showing close resemblance to each other for the
production of SK from Streptococcus mutans EBL-37-
UV90 while normal plot of residuals is showing close
proximity between normal % probability and internal
studentized residuals. So, the statistical model applied on
present research parameters was good fit for the
production of streptokinase. The maximum SK activity
for crude extract was 275.6 U/ml and at final stage after
gel filtration enzyme activity was 105.0 U/ml. Protein
contents obtained for these steps were 13.12 and 0.06
mg/ml correspondingly (Fig. 3.A). Plot of residual
representing internally studentized residual and normal %
probability (Fig. 3B) Comparison between predicted
versus actual values of SK production from
Streptococcus mutans EBL-37-UV.

Predicted vs. Actual

275.60 —

275.15 —

274.70 —

Predicted

274.25 —

273.80 —

I I I I I
274.75 275.18 275.60

Actual

Fig.3. (A). Plot of residual representing internally studentized residual and normal % probability (B) Comparison
between predicted versus actual values of SK production from Streptococcus mutans EBL-37-UV90
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Interaction between factors: The 2D contours and 3D
response surface graphs representing that model is
significant on designed optimization parameters. The
(2D) contour plots are used to express the main effect of
variables and 3D response surface graphs are used for the
mutual interaction of experimental parameters required
for optimization. The 2D contour plots may be elliptical,
circular, rising or saddle nature to represent results
interpretation. Among them elliptical and saddle ridges of
contour plots represent significant results and circular
lines in contour plots indicate non-significant results

The J. Anim. Plant Sci., 31 (6) 2021

experiment between pH and incubation period,
temperature and incubation period, incubation period and
inoculum size, inoculum size and temperature for the
production of SK enzyme, which are similar to the results
predicted by ANOVA and 3D response surface graph.
Combine pH and temperature influence on SK yield
found significant in the presence of glucose (1%), corn
steep liquor (4%) and yeast extract (3.5%). There was
also significant interaction between pH and inoculum size
for the optimum production of streptokinase that was also
shown in response surface (Fig.5).

(Fig.4). A significant relationship was found in
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Fig.4. (A) 2-D contour plot representing pH and incubation period impact on SK production from S. mutans
EBL-37-UV90 with (B) Contour plot is representing interaction of pH along with temperature on SK
secretion(C) Plot is representing inoculum size with pH combination influence on enzyme manufacturing
(D) Contour plot is representing main effect of temperature vs incubation period on enzyme production
(E) Contour plot is representing main effect of inoculum size vs incubation period on enzyme
production(F) Contour plot is representing main impact of temperature along with inoculum size on SK
synthesis.
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Fig. 5.(A) 3D Response surface graph is exhibiting mutual interaction of pH and incubation period on SK
production from StreptococcusmutansEBL-37-UV90 (B) Response surface graph is displaying mutual
interaction of pH and temperature on enzyme production (C) Response surface graph is presenting
mutual interaction of pH and inoculum size on SK production (D) 3D graph is unveiling mutual
interaction of temperature and incubation period on SK production (E) 3D graph is representing mutual
interaction of inoculum size and incubation period on SK production (F) Response surface graph is
representing mutual interaction of inoculum size and temperature on SK production.

Enzyme purification and characterization: After ion
exchange chromatography absorbance (at OD 280nm)
and enzyme activity were measured for the collected 100
fractions and its summary is graphically represented in
Fig. 6. The same procedure was performed in gel
filtration chromatography by taking absorbance (at OD
280nm) and analyzing enzyme activity which are
graphically shown in Fig. 7.
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In enzyme purification enzyme activity, protein
contents and percentage recovery have been decreased
after each successive step of purification from 275.6 to
105.5 U/ml, 13.12 to 0.06 mg/ml and 100 to 38.09%
respectively. However, specific activity and purification
have been increased after each respective step of
purification from 21.0 to 1589.0 U/mg and 0.0 to 75.66 %
respectively and its complete summary is also given in
the following Table 3.
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Fig. 6.Partial purification profile of SK via ion exchange column (DEAE-celluose) fractions elution
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Fig. 7.Partial purification summary of SK via gel filtration chromatography using sephadex G-100 .

Table 3:Summary of streptokinase purification produced from mutant derived Streptococcus mutans EBL-37-

UVv90.
Purification Total Enzyme Enzyme Specific Protein Purification  Recovery
Stages Volume Activity (Units) Activity contents (fold) (%)
(ml) (U/ml) (U/mg) (mg/ml)
1. Crude Extract 200 275.6 55,120 21.0 13.12 0.0 100
2. Dialysis 100 135.0 13,500 73.0 1.85 3.47 48.98
3. Ion exchange 60 119.0 7,140 298.0 0.40 14.19 43.17
4. Gel filtration 40 105.0 4,200 1589.0 0.06 75.66 38.09
Estimation of Kinetic parameters Km and Vmax: ‘Vmax’ of partially refined streptokinase were calculated
Michaelis-Meten constant ‘Km’ and maximum velocity by using various concentration of casein (substrate). The
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graph was drawn between initial velocities versus
substrate concentrations, and Vmax and Km were
determined having values 3.02 pM/min and 0.3 pM
respectively (Fig.8). The total enzyme concentration [Et ]
used was 4.0 uM attaining Kcat value(1.26 x102S)
along with the catalytic efficiency (Ec) 4.2 x102 M-S,

Effect of pH on enzyme activity: In current research
work enzyme activity was measured for 3-10 ranges of
pH values at the same substrate concentration where 7.0

3.200

The J. Anim. Plant Sci., 31 (6) 2021

pH expressed the higher activity over others graphically
shown in Fig. 9. Beyond this limit enzymatic activity was
decreased largely.

Effect of temperature on enzyme activity: The
incompletely purified streptokinase remained active over
a wide range of temperature 20-90°C by using casein at
7.0 pH. The maximum activity was observed at 40°C and
above this range enzyme activity was began to decrease
as shown in Fig.10.
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Fig. 8. Michaelis-Menten plot for SK along under different concentrations of substrate representing Km and

Vmax.
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Fig. 9. Effect of pH on SK activity at various pH levels
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60 80 100
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Fig. 10. Effect of temperature on SK activity over a range of temperature (20-90).

DISCUSSION

There are many techniques through which
random mutations are made in microorganisms. Such
techniques include gamma-rays, X-rays, and ultraviolet
radiations, and chemicals such as ethyl methane
sulfonate, NTG, and ethidium bromide (Et-Br) (Iftikhar
et al., 2010). It has been described that gamma and ultra
violet rays have more mutational effect than chemicals
such as ethyl methane sulfonate (EMS) due to high
piercing efficiency (Dhulgande ef al., 2011). Similarly in
a research investigation Lactobacillus amylovorus was
subjected to 0, 0.2, 0.4, 0.6, 0.8, and 1.0 kGy gamma
doses and was found that higher doses decreased the
viable number of L. amylovorus per milliliter (Neysens et
al., 2003).

The evaluation of strains for increased
streptokinase (SK) production was performed by
screening with enzyme assays in which UVM6 mutant
derived strain expressed the maximum activity. UV-
irradiations have been found to decrease viable growth of
Streptococci strains and its correct dosage is necessary to
get a useful mutant. After applying UV-irradiation for
strain improvement in enhanced streptokinase production
was observed and in this regards mutant derived
Streptococcus equisimilis expressed maximum activity
(Doss et al., 2011).

Nutritional sources are necessary for the
enhanced production of streptokinase. Naeem et al.
(2018) and Arshad et al. (2019) evaluated work on
enhanced production of streptokinase from Streptococcus
equisimilis by optimizing carbon sources, nitrogen
sources and substrate sources to study enzyme
production. They observed glucose, peptone and corn
steep liquor as optimum producers among estimated
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carbon sources, nitrogen sources and substrate sources
respectively. Glucose recognized as the best carbon
source evaluated from earlier studies for the production
of SK from Streptococcus species. In another
investigation Zia et al., (2013) obtained highest growth
and SK yield by using 0.3% corn steep liquor as substrate
in the fermentation medium. In a study 0.6% glucose,
0.2% substrate (corn steep liquor) and 0.6 % peptone
expressed maximum growth and SK production from
Streptococcus agalactiaeEBL-32 (Arshad et al., 2019).

In several investigations microorganisms
underwent strain development process to get better yield
of thrombolytic and other industrial and pharmaceutical
enzymes (Khudir et al, 2019; Alinodehi et al, 2019).
Faran et al. (2015) obtained hyper yield of thrombolytic
enzyme in mutant Streptococcal species with 335U/ml
enzyme activity and 1116.66 unit/mg specific activity
(Faran et al., 2015). Felsia et al. (2011) in a research
work found 6.7 IU/mg enzyme activity and 1.21mg
protein content in crude enzyme, and after dialysis they
observed 76 IU/mg enzyme activity and 0.77mg protein
contents with 44.2% recovery. Separation through ion
exchange chromatography was performed on this
dialyzed sample using DEAE-Sepharose column and
obtained 31.10 units enzyme activity with protein
components 18.70 mg (Hua et al., 2008).In an
investigation, seven doses of gamma radiations were
reported for mutagenesis of S. equisimilis cell suspension.
The doses were 20, 40, 60, 80, 100, 120, 140 K Rad (unit
of absorbed radiation dose) and optimal mutant gamma
dose was 120 K Rad formulated by 3 log kill curve
(Weigel et al., 2012). Moreover, in another study,
Streptococcus equisimilis was isolated and subjected to
random mutagenesis by UV-rays for strain improvement.
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In a research finding S. equisimilis T3 mutant
strain expressed 120% higher enzyme yield with 821
U/ml than wild S. equisimilis while other UV mutant S.
equisimilis UV10 also exhibited higher SK production of
0.3U/ml (Abdelghani et al., 2005). In a recent attempt
EMS (ethyl methanesulfonate) mutant S. equisimilis SK-
6 produced streptokinase with enzyme activity 168.46
UmL"! which was 3.2 fold increase in production rather
than unoptimized medium (Arshad ef al., 2019). In other
research work enhanced production of Streptokinase was
achieved by using UV-mutant Streptococcus equisimilis
and EtBr mutant S. equisimilis where UV- mutant was
detected for the higher production of Streptokinase 400%
as compared to EtBr-mutant 146% more production
respectively (Naeem et al., 2018).

The key point of RSM application is the use of
designed experiments in an order for the optimum
production of required metabolite. The response surface
graphs help to predict the enzyme production for various
levels of testing factors and its contour plots help to
identify the kind of interaction between variables.
Contour plot curves indicate unlimited combinations of
two factors while keeping other variable constant at zero
level. Circular lines of contour plot represent a non-
significant interaction among different variables. On the
other hand, elliptical lines of contour plots indicated
significant interaction between variables. 3D graphs and
2D contour plot are the graphical representation to
manipulate the interaction between variables and to
minimize the optimal conditions (Oberoi et al., 2014;
Jasni et al., 2020).

Faran et al., (2015) used the same methods for
the purification of streptokinase and obtained 335.0
U/mL enzymatic activity, 1116.66 U/mg specific activity
and 0.30 mg/mL protein contents 41.92 fold purification
and 69.79% recovery. While gamma mutant strain
showed 300 U/mL activity, 1428.57 Umg' specific
activity, 0.21 mgmL-' protein, 59.52 fold purification and
75.94% recovery which are resembling to current
research findings. Khudir et al, (2019) purified the
protease enzyme from Staphylococci sciuri and obtained
25.49 fold purification, 235.1 UmL"!' enzyme activity,
982.22 Umg™! specific activity and 3.76% enzyme was
recovered. Alinodehi et al, (2019) also applied
chromatographic technique for streptokinase purification
and obtained 98% purified enzyme after cloning,
expression and purification processes. These findings are
also close relevant to my findings.

By following Michaelis-Menten equation rate of
reaction along with Km and Vmax were measured in
several research investigations (Khudir et al., 2019:
Arshad et al., 2019). El-mongy and Taha (2012) observed
optimum SK activity (91.6 U/mL) at pH 7.5 which are
closely related to the current findings. Dubey et al.
(2011) and Abdulghani et al. (2005) examined the
highest activity of bacterial origin streptokinase at
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temperature 37°C that is closely associated with current
findings.

Conclusion: It was concluded that UV rays have good
efficacy for the mutagenesis of industrially important
microbes to develop specific desired products. In this
research work the most incredible achievement is the
boost production of streptokinase from highly potent
perfect mutant Streptococcus mutansEBL-37-UV90. The
evaluated and optimized culture conditions with the help
of response surface technique are also strongly supported
for this higher level production of streptokinase. This
strain can be used as alternative source for the large scale
cost effective streptokinase production. Hence, in future
mutant derived or genome edited expression of
Streptococcus genes by virtue of increased SK production
and reduced immunogenicity need to be used in
laboratory scale for the evaluation at industrial scale.
That’s the way to save the lives of millions of cardiac
patients throughout the world.
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