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ABSTRACT

Bacillus sp. can biosynthesize fibrinolytic enzymes. Culture conditions and nutrient sources
are important factors affecting microbial growth and production of the Fibrinolytic enzyme.
Therefore, we investigated the culture conditions of the strain Bacillus sp. ES4, such as temperature,
pH, C nutrient source (glucose, sucrose, glycerol, and maltose), N source (yeast extract, meat
content, peptone, and tryptone), metal ions (Ca**, Mg?*, Mn?*, Zn**, K*, Fe?*, and Cu?*), and time
to obtain enzyme product. The results show that for Bacillus sp. ES4, the best C source was glucose,
peptone and yeast extract. Ca2+ and Mg2+ are nutritional factors that greatly influence the
biosynthesis of the fibrinolytic enzyme of strain ES4. At the culture conditions of 37°C and pH = 6.5,
the strains for the best enzyme activity at 24 hours and the enzyme activity of the strain when cultured
in a 250 ml flask containing 50 ml of medium for the highest enzyme activity at 450£25. FU/m.

Keywords: Bacillus sp; culture conditions; enzyme production; fibrinolytic enzyme; optimal
nutrient medium

1.  Introduction

Fibrinolytic enzymes are known to have many advantages in the prevention and
treatment of blood clots and many other popular acute and chronic diseases, such as
cerebrovascular accidents, myocardial infarction, stroke, and cardiovascular diseases (Zu et
al., 2010). It can be eaten directly and has been proven safe during use (Weng et al., 2017).
Fibrinolytic enzymes are mainly synthesized by bacterial strains isolated from traditional
fermented food sources in Asian countries such as Japan (Sumi, 1987), Korea (Jeong et al.,
2009; Yao et al., 2020), China (Wang et al., 2008; Chen et al., 2013; Hu et al., 2019), India
(Sharmaet al., 2020), Thailand (Chantawannakul et al., 2020), Indonesia (Afifal et al., 2014;
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Yanti, 2018), and Vietnam (Anh et al., 2015; Uyen et al., 2015; Huy et al., 2016; Thu et al.,
2020). Isolated strains that can biosynthesize fibrinolytic enzymes include B. subtilis, B.
amyloliquefacien, B. cereus, B. licheniformis, Pseudomonas aeroginosa. The majority are
strains of Bacillus sp. (Raju et al., 2017; Yogesh et al., 2017; Singh et al., 2018).

The Bacillus sp. has high adaptability to the culture medium. However, the enzyme
activity biosynthesized from Bacillus sp depends on many factors, such as bacterial strains,
culture conditions, nutrient composition, and methods. Before that, there have also been
studies on optimizing culture conditions and nutrient media of strains to increase enzyme
activity, such as those by Liu et al. (2005), Wang et al. (2009), Agrebi et al. (2009), Mahajan
etal. (2010), Eldeen et al. (2015), Tuan et al. (2015), Huy et al. (2016), Smitha et al. (2018),
and Ju et al. (2019). Therefore, to obtain fibrinolytic enzyme products with high activity, it
IS necessary to investigate the factors affecting the biosynthesis of enzymes of each strain.
In this study, we investigated several factors affecting the production of fibrinolytic enzymes
of Bacillus sp. ES4 strain, including nutrient sources, culture conditions, and time obtaining
enzyme during culture. Bacillus sp. ES4 is a mutant strain that has high biosynthesis
of the fibrinolytic enzyme. This result is the basis for improving the enzyme activity of
Bacillus sp. ES4.

2. Material and method
2.1. Microorganism and media

Bacillus sp. ES4 was obtained from the collection at the School of Biotechnology and
Food Technology/Hanoi University of Science and Technology (Bui et al., 2022). The strain
was stored at -800C.

The medium for strain activation and propagation is Luria-Bertani (LB) medium
consisting of Peptone (10g/l), yeast extract (5g/1), and NaCl (5g/1), solid medium adding agar
(159). /). The fermentation medium GYP composed of glucose 10 g/L, yeast extract 5 g/L,
peptone 5 g/L, NaCl 5 g/L, MgSO4 0.25 g/L, and CaCl20.5 g/L.

2.2. Method
2.2.1. Strain activation method

Before use, this strain was activated on an LB agar plate and incubated at 37°C for
24 h. Colonies growing on agar plates were transferred to propagation medium in a 250 ml
flask containing 50 ml of LB medium at 37°C for 12-14 h before use.

2.2.2. Culture method to obtain enzymes

After being activated and propagated after 12-14 hours, the strain will be transferred
to a 250 ml flask containing 50 ml of GYP medium (OD = 0.2). Culture strain 37°C, shake
150 rpm for 24 hours, enzyme solution obtained after centrifugation to remove cell biomass
at 10,000 rpm, temperature 4°C for 10 minutes.

2.2.3. Fibrinolytic enzyme activity assay
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The fibrinolytic enzyme activity was determined according to the method described by
Thanh et al. (2022). One unit of the fibrinolytic enzyme activity was defined as the amount
of enzyme that increased absorbance at 275 nm, equivalent to 1 ug of tyrosine per minute
at 37°C.
2.2.4. Determine cell density

Cell growth was monitored by measuring the optical density (OD) of the culture medium at
600 nm using a spectrophotometer (Shimadzu UV-1800, Japan).
2.2.5. Effect of carbon sources on enzyme production

Different strains of bacteria will have different nutritional needs for growth and
enzyme production. Therefore, we investigated the effects of the carbon source on the ability
to produce fibrinolytic enzymes of Bacillus sp. ES4, including glucose, sucrose, maltose,
and glycerol. Based on the composition of the GYP medium, the carbon source in the
medium was changed after 24 hours of culture shaking at 150 rpm at pH = 7 and a
temperature of 37°C. Measure the enzyme activity to select a carbon source for the enzyme-
producing strain.
2.2.6. Effect of nitrogen sources on enzyme production

Nitrogen is also the primary source of nutrients for bacterial growth and enzyme
biosynthesis. Therefore, to determine a nitrogen source for the Bacillus sp. ES4 strain to
biosynthesis fibrinolytic enzymes, we investigated the effects of nitrogen sources, including
yeast extract, peptone, meat extract, and tryptone. Based on the composition of the GYP
medium with a selected carbon source according to Section 2.2.5 and a changed nitrogen
source, after 24 hours of culture shaking at 150 rpm at a temperature of 37°C, pH=7.0.
Measure the enzyme activity to select a nitrogen source for the enzyme-producing strain.
2.2.7. Effect of metal ions on enzyme production

In addition to the effects of carbon and nitrogen sources, enzyme-producing strains
are also affected by metal ions in the culture medium (Cui et al., 2008; Nascimento et al.,
2015; Wu et al., 2019 and Salunke et al., 2019). Therefore, we investigated the effects of
metal ions, such as Ca?*, Mg?*, Mn?*, K*, Zn?*, Cu?*, and Fe?* on the enzyme biosynthesis
ability of the strain, adding metal ions in the form of salts at a concentration of 5 mM
(CaClz, MgSO4-7H20, MnCl2.4H20, KH2PO4, ZnSO4, CuS04.5H,0, and FeSO4..7H20).
Based on a GYP medium with C and N sources as defined in 2.2.5 and 2.2.6, with metal
ions in a variable medium. The strain was cultured at 37°C, pH=7 for 24 hours at a shaking
speed of 150 rpm, measuring enzyme activity and selecting metal ions for enzyme-
producing strains.
2.2.8. Effect of culture temperature on enzyme production

The temperature and pH of the culture medium affect the growth and synthesis of
enzyme products of the strain. Therefore, to determine the temperature of Bacillus sp. ES4,
we investigated the temperature of the culture medium at the values of 30°C, 35°C, 37°C,
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40°C, and 45°C with pH 7.0. After incubation, shake at 150 rpm for 24 h. Measure enzyme
activity to determine the appropriate culture temperature for the strain.
2.2.9. Effect of environmental pH on enzyme production

Based on determining the appropriate temperature for enzyme-producing strains in
Section 2.2.8, we continue to investigate the influence of the initial pH of the medium on the
enzyme’s ability to produce enzymes in the culture medium at pH = 5. 5; 6.0; 6.5; 7.0; 7.5
and 8.0. Culture strains were shaken at 150 rpm for 24 hours. Enzyme activity was measured
to select the appropriate pH value for the strain.
2.2.10. Effect of the culture time to obtain enzymes of the strain

To determine the appropriate time to collect fibrinolytic enzymes of Bacillus sp. ES4,
we cultured the strain on 50 mL of GYP medium with a determined carbon source, nitrogen
source, metal ions, pH, and temperature of the culture medium. After being cultured in flasks
for 26 hours and shaken at 150 rpm, samples were taken hourly to measure OD and enzyme
activity. The appropriate time to obtain enzyme is at the highest enzyme activity of the strain.
2.2.11. Statistical analysis

Process the data with SPSS software, which was used for all statistical analyses.
3. Results and discussion
3.1. Results on the effects of carbon sources

This strain is grown on media with modified carbon sources: glucose, sucrose, maltose,
and glycerol. The effect of the carbon source on the enzyme activity of the strain is shown
in Figure 1.
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Figure 1. Effect of carbon sources on enzyme product
Figure 1 shows that, among the four carbon sources, glucose gave the highest enzyme
activity with 3755 FU/ml, followed by sucrose (3455 FU/ml), maltose (280+20 FU/ml),
and glycerol (1655 FU/ml). For the glycerol source, the lowest enzyme activity was not
equal to half of the glucose source. Therefore, we used the carbon source as glucose to
increase the enzyme product of the strain. Some previous studies used glucose as a carbon
source to improve the ability to obtain fibrinolytic enzymes (Wang et al., 2009; Kwon et al.,
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2011; Tuan et al., 2015). Some studies used glycerol in the culture medium to increase
fibrinolytic enzyme production, such as Unrean et al. (2012) and Cui et al. (2020). Xiao et
al. (2015) used maltose in the culture medium to increase enzyme production. Vijayaraghave
et al. (2017) used sucrose in the culture medium to increase the enzyme product. Thus,
carbon sources have different effects on bacterial strains that synthesize
fibrinolytic enzymes.
3.2. Results on the effects of nitrogen source

Based on the glucose selected, four nitrogen sources, including peptone, yeast extract,
meat extract, and tryptone, were investigated for their effects on the enzyme product of the
strain. The results of the effects of nitrogen sources are shown in Figure 2.
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Figure 2. Effect of nitrogen sources on enzyme product

From Figure 2, we see that the nitrogen source was peptone, and yeast extract had
higher enzymatic activity than the meat extract and tryptone sources; the highest enzyme
activity was 345+£25 FU/ml when the strain used a peptone source, and the lowest was a
tryptone source reaching 195+5 FU/ml. However, using the combination of two sources of
peptone and yeast extract available in the composition of the GYP medium, the enzyme
activity of the strain was higher than that of the peptone source (385£5 FU/ml). This has
shown that yeast extract and peptone in the culture medium are more effective. Therefore,
to obtain high enzyme activity of the strain, we used peptone and yeast extracts as nitrogen
sources in the culture medium. Before, Deepack et al. (2008) and Tuan et al. (2015) used
peptone in culture to increase the enzyme activity of strains. Vijayaraghave et al. (2015) used
meat extract to increase the enzyme activity of the strain. From the above results, different
bacterial strains have different needs for nitrogen sources. Therefore, to obtain high enzyme
activity of the strain, we used peptone and yeast extracts as nitrogen sources in the
culture medium.
3.3. Results on the effects of metal ions

In culturing bacteria, the presence of metal ions in the medium also affects enzyme
activity. Figure 3 depicts the effect of metal ions on the results.
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Figure 3. Effect of metal ions on enzyme product

Enzyme activity can increase, decrease, or be inactivated in the media content metal
ions. Figure 3 shows that for Bacillus sp. ES4, enzyme activity was higher on medium
containing metal ions Ca®*, Mg?*, and K* (356+4 FU/ml, 336+8 FU/mlI, and 292+12 FU/ml|
respectively) than on medium without metal ions (288+0 FU/ml). For the four metal ions
Mn?*, Fe?*, Zn?* | and Cu?*, when added to the culture medium, enzyme activity was lower
compared to the non-added medium, indicating that the above metal ions can inhibit enzyme
activity. Especially for metal ions Zn?* and Cu?*, enzyme activity 9.2+1.2 FU/ml and 6.4+0.8
FU/ml, respectively, and enzyme activity has been lost (inactivated). However, when added to
the two metal ions Ca?* and Mg?* in the medium, the enzyme activity of the obtained strain
was higher than the medium added one ion, reaching 388+12 FU/ml. This result is similar to
the study of Nascimento et al. (2015), which proves that the addition of Ca?* and Mg?* in the
GYP medium is efficient. This result is also consistent with some previously published studies
showing that the metal ions Ca?* and Mg?* affect the biosynthesis of enzymes of the strain
(Deepak et al., 2008; Tuan et al., 2015; Xiao et al., 2015; Wu et al., 2019).
3.4. Results of the effect of culture temperature

The effect of temperature on the enzyme activity of the strain during culture is shown in
Figure 4.
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Figure 4. Effect of culture temperature on enzyme product
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Figure 4 shows that Bacillus sp. ES4 had the highest enzyme activity of 4055 FU/ml
when cultured at 37°C and the lowest enzyme activity at 45°C (285+5 FU/ml). This shows
that, at each temperature value, bacterial strains had different enzyme activities, and when
the temperature is high, the enzyme is easy to lose activity. Besides, when the temperature
is high, the strain grows slowly, affecting the biosynthesis of the strain’s enzyme. Thus, for
Bacillus sp. ES4, a culture temperature of 37° C was used to obtain the fibrinolytic enzyme.
3.5. Results of the effect of pH culture medium

In the culture of bacteria to obtain enzymes, the pH of the initial culture medium also
affects the growth and enzyme production of the strain. For Bacillus sp. ES4, the results of
the investigation on the influence of culture medium pH are presented in Figure 5.
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Figure 5. Effect of pH culture medium on enzyme product

From Figure 5, it can be seen that, at pH 6.5, the enzyme activity of the strain reached
the highest value of 434+14 FU/ml. At pH 7, the enzyme activity of the strain reached
392+14 FU/ml. At pH 5. 5, the enzyme activity of the strain was the lowest at 231+21 FU/ml.
This shows that, at each pH value, bacterial strains give different enzyme activities.
Therefore, the pH of the culture medium affects the enzyme activity of the strain. Strain
Bacillus sp. ES4 at medium pH 6.5 had the highest enzyme activity, which is the suitable
pH for the strain to grow and biosynthesize.
3.8. Result of the effect of the culture time to obtain enzymes of the strain

Strains of bacteria grown on different nutrient mediums under different culture
conditions will have a different time to obtain enzymes—Strain Bacillus sp. ES4 was
investigated for the culture time to obtain enzymes; the results are shown in Figure 6.
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Figure 6. Effect of the culture time to obtain enzymes of the strain

From Figure 6, it can be seen that the bacterial strain developed the strongest biomass
at the time of culture from 2 hours to 7 hours, and the OD value reached the highest at 8
hours (OD = 9.085). After 8 hours of culture, strains begin to enter the equilibrium phase.
Enzyme products were obtained at the end of the equilibration phase; the highest enzymatic
activity of the strain was at 24 hours (45025 FU/ml), followed by enzyme activity at 23
hours and 22 hours (445+10 FU/ml and 440 £5 FU/ml, respectively). After 24 hours, the
enzyme activity of the strain tended to decrease. At 25 hours, the enzyme activity decreased
to 402.5+12.5 FU/mlI. This can also be due to many reasons.It could be that during the culture
process, bacteria can produce substances that are detrimental to the enzyme, that the enzyme
Is unstable in the culture medium, or bacterial strains can produce inhibitors that lead to a
decrease in enzyme activity. The Bacillus sp. ES4 strain had the highest enzyme activity of
450+25FU/ml at 24 hours. Therefore, we chose to obtain enzymes of strain cultured in 250-
ml flasks at 24 hours for further studies.
4.  Conclusion

Strain Bacillus sp. ES4 was cultured on a medium with a carbon nutrient source of
glucose, a nitrogen source of peptone, and yeast extract, with the addition of metal ions Ca2+
and Mg2+ for better biosynthesis of fibrinolytic enzymes compared to other sources.

At a temperature of 37 degrees, the initial pH of the medium was 6.5; Bacillus sp. ES4
for the highest fibrinolytic enzyme biosynthesis.

Strain Bacillus sp. ES4 has the highest enzyme activity at 24 hours, reaching 450+25
FU/ml in GYP medium at 37°C and pH = 6.5.

«» Conflict of Interest: Authors have no conflict of interest to declare.
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TOM TAT

Vi khuan Bacillus sp. c6 kha ndang sinh tong hop enzym tiéu sei huyér. Biéeu kién nudi cay va
nguon dinh dwéng 12 nhing yéu to quan trong anh hwcng dén sy phét trién va san xudt enzyme cuia
chung. Vi vdy, trong nghién cizu ndy, ching toi khao sat diéu kién nudi cdy cia chung Bacillus sp.
ES4 nhw nhiét do, pH, nguon dinh dwéng C (glucose, sucrose, glycerol va maltose), nguon dinh
dwrong N (cao ndm men, cao thit, peptone va tryptone), cac ion kim logi (Ca2+, Mg2+, Mn2+, Zn2+,
K+, Fe2+ va Cu2+) va thoi gian thu nhdn san pham enzyme. Két qud cho thdy doi véi Bacillus sp.
ES4, nguon C tét nhat 1a glucose; nguon N tét nhat 1a pepton va cao nam men; Ca2+ va Mg2+ la
nhiing yéu té dinh dwong cd anh hwong lén dén qua trinh sinh téng hop enzym tiéu sei huyét cia
chuing. O diéu kién nudi cay 37°C va pH = 6,5, chiing cho hoat dg enzym tot nhat ¢ 24 gio, ching
nudi cdy trong binh tam giac 250ml chita 50ml méi truong cho hoat dé enzym cao nhdt dat 450+25.
FU/ml.

Tir khoa: Bacilus sp.; diéu kién nudi cdy; san xuat enzyme; enzyme tiéu soi huyét; méi truong
dinh dudng tbi wu
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