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ABSTRACT

Streptokinase (SK) is a thrombolytic agent having broad applications in treatment of various diseases like
ischemia, Budd-Chiari syndrome, myocardial infarction, brain stroke and myocardial infarction. Strain
improvement is an important approach for its hyper production. In this connection, wild bacterial strain
Streptococcus equisimilis was mutagenized using ethidium bromide and UV radiation. The colonies (15
each) showing > 1% survival rate at 150 min of UV exposure and 12 % survival at 0.5 mg/ml of ethidium
bromide for 120 min were selected. Casein hydrolytic assay identified EB3, EB4, EB6, EB7, EB9, EB11,
EB13,UV2,UV4,UV6,UV7,UV9,UV11, UVI2 and UV 15 mutants producing halo zones. Percentage
blood clot lysis led to screening of mutants UV 2, UV 6, UV 7, UV 9, UV 11, UV 12, UV 15 and EB 3,
EB 4, EB 11, EB 13 with hyperactivity as compared to wild bacterial strain. Out of the total 15 isolates of
EtBr-treated strains, EB4 gave the maximum enzyme activity (7.3 + 0.005 U ml"') with a zone diameter
of 6 mm. While UV6 was found to be the best UV-induced mutant with an enzyme activity of 20.333 =
0.006* U ml" and 16 mm of zone diameter. The current results indicated 400 % and 146% enhanced SK
activity in mutants UV6 and EB4, respectively, compared to wild type. UV6 also exhibited the highest
enzyme activity (14.667+ 6.5) after precipitation with ammunium sulphate, at concentrations as low as 30
pl. Optimized conditions for maximum yield of mutant SK included CSL 6%, 24 h. of fermentation, pH
7.5, 37°C, KHZPO4 0.04%, KZHPO4, NaHCO3 0.15% and 0.015% CH3COONa. The results indicated that
UV is the most effective mutagen for hyper-production of SK. Mutant strain UV6 has the potential for
enhanced SK production with commercial applications.

INTRODUCTION

< - > CrossMark

Article Information

Received 15 July 2017

Revised 06 December 2017
Accepted 13 January 2018
Available online 15 March 2018

Authors’ Contribution

BS supervised the reported research
as part of PhD thesis of MN. BS,
FSA and MAZ conceived the study
and designed the experiments. MN
performed experiments, compiled
results and drafted paper. MAZ
provided bacterial strains and
mutation facilities. FSA supervised
data analyses and edited manuscript.
BS and FSA provided lab facilities.

Key words

Streptokinase, Mutagenesis, Hyper
production, Precipitation, Thrombo-
Iytic agent, UV mutagenesis.

treptokinase (SK) is an extracellular protein secreted

by various strains of streptococci. It is used clinically
as an intravenous thrombolytic agent for the treatment
of acute myocardial infarction (MI) by activation of
plasminogen indirectly in circulation. The enzyme SK is a
single chain polypeptide consisting of 414 amino acids and
47 kDa molar mass (Ganbgwar et al., 2011). SK has two
domains (amino-terminal domain and carboxyl-terminal
domain) which are involved in substrate recognition and
activation of plasminogen (Hernandez and Marrero, 2005).
Plasminogen is converted into plasmin which dissolves
blood clots. Two other plasminogen activators that occur
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naturally in human circulatory system are the tissue type
(tPA) and the urokinase type (uPA). These are used to treat
blood clot within blood vessels but there is a limitation as
to trigger plasminogen in absence of fibrin which results
in reduction of their efficiency as drug. SK works more
efficiently compared to natural plasminogen activators.
It has the capacity of activation both in the absence and
presence of fibrin by “catalytic switch” that contains NH,-
terminal. Mutant SK lacking NH,-terminal is unable to
activate plasminogen by fibrin independent mechanism
(Loy et al., 2001).

The incidence of MI disease is growing at alarming
rate in the world and in Pakistan (Hamid and Kalsoom,
2017). Being least expensive and more efficient, microbial
sourced SK is regarded as the drug of choice for MI,
compared to tPA and uPA (Ghosh ef al., 2012). However,
the therapeutic potential of SK is limited owing to its
immunogenicity, short half-life and less quantity produced
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by wild bacterial strains.

The commercial applications of enzyme require its
production at low cost and high reproducibility. Keeping
in view the extensive applications of SK in treatment of
various diseases, different strategies for enhancement in
quantity and quality of SK have been investigated (Sharma
et al., 2004). In this connection, strain improvement
and medium optimization are two important means of
hyper producing SK enzyme. Plenty of record exists on
enhanced production of various industrial enzymes via strain
improvement approach (Raju and Davikar, 2013). For strain
improvement, mutagenesis and selection are two efficient
approaches. In this regard, different physical mutagens
including X-rays, Y-rays, ultraviolet (UV) rays or chemical
mutagens such as N-methyl-N’- nitro-N-nitrosoguanidine
(MNNG), ethyl methanesulfonate (EMS) and ethidium
bromide (EtBr) have been reported (Abdelghani et al.,
2005; Iftikhar et al., 2010). UV and MNNG have been
frequently reported as effective mutagens for strain
improvement (Zia et al., 2010). UV is a preferred mutagen
owing to its simplicity, effectiveness and widespread use
in industry. UV light excites electrons in molecules during
mutagenesis, which leads to the formation of extra bonds
between adjacent pyrimidines in DNA. The UV light is the
vast studied mutagenic agent in prokaryotes. Moreover,
different chemical/ enzymatic and genetic modification
methods have also led to the production of structurally
modified SK (SK-k59E) with improved stability.

Present study describes the mutagenesis of wild S.
equisimilis strain using UV and EtBr in an effort to perform
strain improvement for enhanced SK production. One of
the core objectives of the presented research here was
to develop a baseline for hyper production of SK from
bacterial strain S. equisimilis. To this end following
research activities were attempted:

MATERIALS AND METHODS

Mutagenesis using UV rays

Ultraviolet rays are effective mutagenic agents for
strain improvement and enhanced enzyme productivity. The
wild strain of S. equisimilis was subjected to mutagenesis
by UV treatment (Bapiraju et al., 2004). The bacterial
cell suspensions (10 ml) were transferred to sterile Petri
plates and placed in UV (254 nm) chamber at a distance
of 11.5 cm from UV source (Philips UVC lamp, 15W).
UV lamp was warmed up to 30 min before irradiation
(Irfan et al., 2011). Plates were opened during treatment
to avoid shielding and covered with lids immediately after
irradiation. These were kept in the black box at 37°C. The
cells were subjected to UV light for different time periods

ranging from 0 to 270 min at an interval of 30 min. UV
irradiated cells were serially diluted in phosphate buffer
and 0.1 ml of the diluted cell suspension was spread onto
BHI medium and incubated at 37°C for 24 h. The number
of colonies in each plate were counted after 24 h, assuming
each colony originated from a single cell and colony
forming units per ml were calculated. The plates were kept
in a black box to avoid photo reactivation before and after
irradiation. An optimum dose of 150 min was selected
after preparation of the kill curve (Lin and Wang, 2001;
Abdelghani et al., 2005; Devi et al., 2013).

Mutagenesis using ethidium bromide

A stock solution of ethidium bromide (0.5 mg/ ml)
was prepared. One ml of the stock solution was added to 9
ml inoculum of S. equisimilis. This suspension containing
ethidium bromide was incubated at 37°C. One ml of
solution was drawn after a specific time interval (0, 30, 60,
90, 120, 150, 180, 210, 240 and 270 min) of incubation and
was subjected to centrifugation at 10,000 rpm for 15 min,
centrifugation repeated thrice for removal of the traces
of mutagen (Zia et al., 2010). The kill curve established
ethidium bromide dose of 120 min the best one (Devi et
al.,2013). The colony forming units were calculated using
following formula (Iftikhar ef a/., 2010):

Number of colonies on agar plate X 1

CFUml™ =
Amount plated (0.1 ml) X Dilution factor

Isolation of mutants by selective marker

The mutant cells were allowed to grow in BHI
supplemented with 2-deoxy-D-glucose (1 mg/ ml) at 37°C
for 48 h. The mutant resistant colonies that appeared in
the presence of toxic 2-deoxy-D-glucose were picked
randomly and subjected to the SK identification (Iftikhar ez
al.,2010). Following tests were performed for the detection
of hyper-producing specific mutants of S. equisimilis:

Qualitative screening of mutants

The positive strains of S. equismilis for SK were
identified. The mutants producing SK were selected by
caseinolytic plate method. The blood (10 ml) containing
anticoagulant (EDTA) was centrifuged at 13000 rpm for
10 min. The supernatant used as plasma was mixed with
nutrient agar and plated. The soft agarose overlay (10 ml)
containing semi solidified agarose (0.8% agarose), 200
pl of human plasma, 10% skimmed milk, 50 mM Tris-
HCI and 150 mM NaCl was poured on top of the plates.
Strains were streaked and incubated at 37°C for 2-6 h.
After incubation, the zones around the colonies indicated
positive SK activity (Devi ef al., 2013).
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Selection by semi quantitative SK activity

The strains producing larger hollow zone were
scratched, dissolved into phosphate buffer, filtered and
subjected to enzyme activity. SK activity was determined
indirectly by blood clot lysis method. The fibrinated
human blood (5 ml) was taken in tubes, filtrate (100 pl)
was added and incubated at 37°C for 18 h. One unit is
defined as the quantity of enzyme that liquefied the blood
clot completely. The strains with maximum activity were
selected for quantitative screening of mutant (Devi et al.,
2013).

Selection by quantitative SK activity

The strains selected by semi quantitative SK activity
were subjected to enzyme production at pre-optimized
conditions. Various concentrations (10, 20, 30, 40, 50,
60, 70, 80, 90 and 100 pul) of crude enzyme obtained by
centrifugation at 10,000 rpm for 15 min at 0°C were used
to perform enzyme assay. The strain showing maximum
enzyme activity at minimum concentration was selected
for further quantitative screening after partial purification
by precipitation with 60 % ammonium sulfate. Finally, the
strain exhibiting maximum activity after partial purification
was selected for enzyme production (Srinivasan et al.,
2013).

SK production

The inocula were prepared by transferring a loopful
culture of S. equisimilis and its mutants in 250 ml flasks
having 50 ml of sterilized inoculum medium. The corn
steep liquor CSL (6%) was used as economical substrate
along glucose (5%), KH,PO, (0.04%), KH,PO, (0.04%),
CH,COONa (0.15 %) and NaHCO, (0.15 %). The flasks
were incubated for 24 h at 37°C on an orbital shaker (JEIO
TEC SI-4000R, Korea) at 120 rpm (Madhuri e? al., 2011;
Zia et al., 2013). The conditions for fermentation were
optimized using different parameters for production of SK,
including pH (6, 6.5, 7, 7.5, 8, 8.5), temperature (25, 30,
35, 37, 39, 40, 45 °C), substrate concentration (CSL) (1,
2, 4, 6 and 8%), glucose (1, 3, 5, 7, 9 and 10 %), KH,PO,
(0.5,0.2,0.4,0.6,0.8, 1, 1.2 and 1.4), K, HPO, (0.05, 0.2,
0.4,0.6,0.8,1, 1.2 and 1.4), NaHCO, (0.1, 0.15, 0.2, 0.25
and 0.45), CH,COONa (0.1, 0.15, 0.2, 0.25 and 0.45).
Enzyme was harvested from liquid state fermentation
by centrifugation at 10,000 rpm for 15 min at 0°C. After
filtration, the residue was stored at -20°C and supernatant
was assayed for enzyme activity. Biuret method was
used for the estimation of protein contents of SK enzyme
(Gornall et al., 1949).

Enzyme assay
The percent blood clot lysis method was used for the

enzyme assay (Dubey et al., 2011).

Statistical analysis

Data obtained was analyzed by T-test, useful for
assessment of means and standard error of means (Steel et
al., 1997). Graphs of all recorded data were plotted on MS
Excel and Statistix 8.1 software.

RESULTS

Biochemical tests were performed for the
confirmation of the bacterial strain. Clear zones were
observed around the colony showing B- hemolysis in the
selected strain. Long chains of Cocci with Gram positive
result indicated that strains were Streptococci. The samples
were inoculated on THB agar medium which is frequently
used as selective medium for S. equisimilis. Catalase test
was also performed; where only Staphylococcus spp. gave
effervescence (positive) result. The results indicated that
the observed strain was beta hemolytic; it hydrolyzed
starch and exhibited negative results for VP test and
catalase. The strain showed positive results for sucrose,
maltose, fructose and glucose fermentation tests. These
results confirmed the selected strain as S. equisimilis. After
confirmation, the strain was subjected to improvement for
SK production followed by screening of hyper producing
strain.

Strain improvement

In the present study, SK production from S.
equisimilis is improved by random mutation using UV and
ethidium bromide and growing mutants under submerged
fermentation conditions.

About 1000 colonies were selected for further
screening. It was found that UV dose of 150 min., produced
81% killing and 19 % survival rate (2.2x10°CFU ml') as 3
log kill of wild S. equisimilis after exposure (Fig. 1). A total
of 15 colonies showing > 1% survival rate were selected
from plates (150 min of UV exposure) and SK production
was tested. The concentration of ethidium bromide used
was 0.5 mg/ml for 120 min. which produced 88 % killing
and 12 % survival rate (2.12X10°*CFU ml"') as 3 log kill of
wild S. euisimilis after exposure (Fig. 1).

The creation of mutant strains was followed by
selection of hyper producing mutants. The selectable
marker 2-deoxy-D-glucose was found effective for such
selection in earlier reports (Haq et al., 2005; Zia, 2007,
Adsul et al., 2007) and hence, was used in this study.
Thirty resistant colonies appeared in the presence of toxic
2-deoxy-D-glucose were picked up randomly and subjected
to the SK identification. The selected strains were named
as EBIL, EB2....... EB15 and UVI1, UV2, UV3....UVI5
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for ethidium bromide and UV treated strain, respectively.
Positive screening of SK production proceeded using
casein hydrolytic assay, as earlier recommended by Devi et
al. (2013) and Srinivasan et al. (2013). Strains with larger
zones indicated hyper production and activity of enzyme
and thus selected. Herein, mutants EB3, EB4, EB6, EB7,
EB9, EB11, EB13; UV2, UV4, UV6, UV7, UV9, UV11,
UV12 and UV 15 produced halo zones. Among these,
mutant strains UV 2, UV 6, UV 7, UV 9, UV 11, UV 12,
UV 15and EB 3, EB 4, EB 11, EB 13 showed hyperactivity
as compared to wild S. equisimilis (Table I). Out of EtBr-
treated strains, maximum enzyme activity (7.3 + 0.005 U
ml') was observed in EB4 with a zone diameter of 6 mm,
while EB9 exhibited the minimum activity (2.1333+0.005
U ml"). The mutant EB4 showed 146 % increased activity
among all EB mutants (Table I). On the other hand, UV6
proved the best among all the UV mutants with an enzyme
activity of 20.333 + 0.006* U ml"' (Table I). Overall, UV
radiations proved showed a significantly better in enzyme
activity as compared to EtBr (Table I). The selected hyper
active mutant strains were subjected to further screening
on the basis of partially purified SK enzyme activity
(Table II). Screening of mutants for enzyme activity at
the minimum amount of crude enzyme (30 pl) identified
the strains UV6, UV9, UV11, UV12, UV15 and EB4 and
EB13 with higher activity (Table III). Among all these
mutants, UV6 proved the best.
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Fig. 1. Kill curve of S. equisimilis for UV radiation (A) and
EtBr treatments (B).

Table I.- Qualitative and semi-quantitative selection of
specific mutants for SK.

Type of Zone size  %Age clot % Increase SK
strain (mm) lyses activity
Wild strain 4 5 100
uve 16 20 400
uvo 12 16 320
UVv1l 15 14.8 296
UV1s 14 13 260
uv2 11 12 240
Uvi2 12 12 240
uv7 8 7 200
EB4 6 7.3 146
EB13 6 7 140
EB11 5 6 120
EB3 4 5.1 102

Values are means of 3 Petri dishes/ mutant.

Table II.- Comparison of EtBr and UV mutants with
wild bacterial strain for SK activity.

Sr. EtBr mutagenesis UV mutagenesis
No. Strains Enzyme activity Strains Enzyme activity
Uml! Uml!
1 EB4 7.3000%+ 4.5%* UV6  20.333 A+ 3.3%*
2 EBI3  7.0000"+ 3.6* Uuvo 16.000%+ 6.4
3 EB11 6.000045+ 5.2 UVIl  14.833BC+ 6.3*
4 EB3 5.30008+ 3.2 UV15  13.067+ 5.5%
5 WILD  5.0000%+ 6.3 WILD  5.00005+ 4.5
6 EB6 31333+ 44 UVI2  12.000°+ 7.55%*
7 EB7 3.0000°+ 5.3 Uuv2 12.000°+ 5.7*
8 EB9 2.1333%+ 6.55 uv7 7.00005+ 3.5
9 -- -- UV4 3.1667"'+ 2.5

Values are means + SD of 3 replicates/ mutant. Means followed by
different letters differ significantly at P < 0.000 according to LSD all-
pairwise comparison test, * represents significantly different strains by
one-sided Dennett’s multiple comparisons with a control (wild).

Table IIL.- SK activity of S.equisimilis mutants at
minimum crude SK level (30 pl).

Sr. No. Strains Enzyme activity Uml!
1 Uve 14.667+ 6.5%*

2 UVl1l 9.3333 Bx4 4*

3 uvo 8.3333 B+5.6%*

4 Uvis 8.0000 B+5.3

5 EB13 8.0000 B+4.9

6 EB4 7.0000 B¢+6.2

7 Uuv2 4.0000 “+6.3

8 Uvi2 3.6667 €£3.2

Values are means + SD of 3 replicates/ strain. Means followed by the
different letters differ significantly at P < 0.000 according to LSD all-
pairwise comparisons test. * Represents significance according to Hsu’s
multiple comparisons with the best strain.
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Fig. 2. Comparison of wild and mutant S. equisimilis for SK production at optimized fermentation conditions.

Strains showing maximum activity at minimum
amount of crude SK were selected for further screening of
best mutant. Enzyme fractions harvested from UV6, UV9
and UV11 were partially purified with 60 % ammonium
sulfate and SK activity of 60 % residues, supernatant and
desalted samples was determined. The strain showing
maximum specific activity at least concentration of SK was
selected (Table IV). The strain UV6 was selected based on
hyper production and activity of SK. The efficient mutant
strain UV6 produced the maximum SK yield under the
optimized conditions in the current research which include
CSL 6%, 24 h of fermentation, pH 7.5, 37°C, KH,PO,
0.04%, K,HPO,, NaHCO, 0.15% and 0.015% CH,COONa

(Fig. 2).

Table IV.- Selection of mutants based on partially
purified SK.

Strains  SK activity Protein contents Specific activity
(U/ml) (mg/ml) (U/mg)
uve 81.2224415.7* 15.67°+13.8 10.3974+12.2
UVll 19.7788+10.8 5.628+1.8 6.131 8+ 5.4
uvo 14.00 B£15.1 4.048+5.5 2.333 8+ 0.6
Wild 7.88s9 B+4.2 3.67%£1.5 2.083 B+ 0.45

Values are means + SD of 9 replicates/ strain. Means followed by the
different letters differ significantly at P < 0.000 according to LSD all-
pairwise comparisons test, * is representing significance of strains by
one-sided Dunnett’s multiple and Hsu’s multiple comparisons with a
control (wild) and the best of SK activity.

DISCUSSION

A range of microorganisms (Bacillus, Pseudomonas,
Staphylococcus, Alteromonas, Coryne and Esherichi
acoli) are known for the production of SK (Balaraman and
Prabakaran, 2007). Among the Streptococci from human
hosts, S. equisimilis is reported as an efficient source of SK
(Babashamsi et al., 2009; Devi et al., 2013). The SK hyper
production using mutagenesis was also reported earlier
from different strains of S. equisimilis (Devi et al., 2013;
Abdelghani et al., 2005). The present study employed
bacterial strain S. equisimilis as it did not produce
erythrogenic toxins. The confirmatory tests revealed that
S. equisimilis was beta haemolytic, hydrolyzed starch and
exhibited negative results for VP test and catalase assay, it
also indicated that the strain fermented sucrose, maltose,
fructose and glucose. Similar confirmatory results were
observed by Madhuri et al. (2011).

Induction of random mutations under controlled
conditions using chemical or physical mutagens
followed by screening of improved cells is an efficient
and popular method to improve microorganisms. This
approach has been exploited to enhance the performance
of microorganisms for monogenic and polygenic traits of
commercial importance (Steensels et al., 2014). A typical
mutagenesis procedure comprises of three steps: overnight
growth of the bacterial strain, exposure to mutagenic agent
and a recovery and screening step. In this regard, carefull
selection and optimization of both the type of mutagen, the
dose and exposure time should be carried out (Crook and
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Alper, 2012). However, the type of genetic modification
brought about by any mutagen is unpredictable. Different
mutagens have been exploited for strain improvement
including UV, y rays, MNNG, and ethidium bromide
(Zia et al., 2013; Devi et al., 2013; Faran et al., 2015).
Strain improvement in the present study involved UV and
ethidium bromide (EtBr) treatments.

Our choice of UV rays as the mutagen for strain
improvement is in agreement with earlier reports (Iftikhar
et al., 2010; Irfan et al., 2011), where the proficiency of
UV is established for enhanced production of enzymes.
A low dose of the mutagen will lead to low frequency of
mutants, which intern will make the screening of improved
mutants difficult. Whereas, exposure of cells to higher dose
of mutagen will generate large number of mutants with
higher frequency of mutations, which may be beneficial
or deleterious. Hence, the standardization of the optimal
dose is the pre-requisite to mutagenesis approach, which
typically shows a monotonic dose-response curve. The
kill curve shows that the proportion of required mutants
increased with increasing the mutagen dose till it reached
the saturation point, proceeded by increased number of
undesirable mutants. The current results indicated 400 %
UV-enhanced SK activity in mutant strain UV6, compared
to wild type, these results are in agreement with Devi ef al.
(2013), who reported increased SK production also from
UV mutagenesis. Different reports exist on the effect of
UV exposure time on the enhanced enzyme production
from different microbes ranging from 150 min (present
study) to 45 (Irfan et al., 2011) and 3 min (Adsul et al.,
2007). Ethidium bromide is also reported as a potential
source of chemical mutagenesis. Enhanced enzyme
production has already been reported using this mutagen
(Iftikhar et al., 2010; Javed et al., 2011). Present study
reports 146 % increased activity (7.3 £ 0.005 U ml') of
EtBr-induced mutant strain EB4. Similarly, Iftikhar et al.
(2010) reported 124.68% increased enzyme activity using
EtBr. Our results demonstrated that UV radiations showed
significantly higher enzyme activity as compared to EtBr
and thus were considered more proficient for mutagenesis.
This finding is in line with other reports (Madhuri et al.,
2011; Abdelghani et al., 2005).

CONCLUSION

The hunt for SK hyper producing strains is a
continuous process. Present results revealed that UV and
EtBR were effective mutagens for strain improvement of
S. equisimilis with UV being the best mutagen producing
400 % UV-enhanced SK activity in mutant strain UV6,
compared to wild type. The mutant strain has potential for
commercial exploitation.
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