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Abstract
Protease Inhibitors belong to class of drug which are used to cure or prevent infection by viruses like HIV
and HCV. Protease Inhibitors from Bacillus subtilis-M15 prevent viral multiplication by inhibiting the
activity of Trypsin and Pepsin. Pharmaceutically designed ion-exchange resins are proved as promising
candidates to enhance the Inhibitory activities of Protease. The novel Biological anti-viral drugs are
characterized by Hydrogen Peroxide, Dimethyl Sulfur, HCl, and Acidic-Alkaline Proteinase. When Protease
Inhibitory activity of chemically formulated drug already available in market i.e. Lopinavir/Ritonavir are
compared with novel anti-viral drug from Bacillus subtilis-M15 then Lopinavir/Ritonavir are proved as
less effective than Biological drug due to their lower Inhibitory activity in terms of units per milliliter.
Lopinavir/Ritonavir has 2446U/ml and 241U/ml Protease Inhibitory activities against trypsin and pepsin
respectively whereas Biological drug from Bacillus subtilis-M15 has 2581U/ml and 3360U/ml Protease
Inhibitory activities against Trypsin and Pepsin respectively. In this context Biological drug developing
treatment has attracted much attention than chemically designed drug due to their high e�cacy, least
side effect, cost e�cient and environment friendly nature. Hence we conclude the current application of
novel anti-viral drug as a Protease Inhibitors from Bacillus subtilis-M15 and its future clinical prospects
against targeted Protease based HIV and HCV therapy.

Introduction
The agents, which can lower the catalytic activity of enzymes, are known as enzyme inhibitors. Enzyme
inhibitors work as therapeutic agents and regulators to control enzyme activities in living organisms.
These also behave as a useful tool to study the structure and mechanism of action of enzyme1–3. The
vital function of Protease Inhibitor (PIs) is to control the unnecessary proteolysis and have an important
function in physiological regulation. The e�ciency of Protease Inhibitors depends upon the protease that
they inhibit. To understand PIs, it is necessary to understand protease regulation and its proteolytic
activity. The proteolytic activities of proteases are monitored and need to be under control. The
Association of an enzyme with their respective inhibitors is an effective regulatory mechanism. De�nite
inhibition of proteases with their respective inhibitor is a special technique adopted for drug designing.
PIs are used as a diagnostic tool against different bacterial, parasitic, fungal, and viral diseases in
medicine. PIs may also play their role as therapeutic agents for treating cancer, cardiovascular and
immunological diseases4.

Approximately 50,000 natural products are obtained from the microorganism. Among them, 10,000 have
been reported for biological activity, and more than 100 microbial products are used nowadays as anti-
tumor agents and antibiotics. PIs from microbial sources are identi�ed and reported in several
applications5. To identify a novel compound, there is a need to isolate novel microbial PIs from natural
sources like bacteria, fungi, and microbe6. Protease inhibitors (PIs) are proteins naturally occurring in
living organisms and able to inhibit and control the activity of proteases. They are ubiquitous proteins
occurring in animals, microorganisms, and plants7. PIs are primarily classi�ed based on the class of
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protease that they inhibit; thus, four main inhibitor families have been established: serine protease
inhibitors, cysteine protease inhibitors, metalloprotease inhibitors, and aspartyl protease inhibitors8.
Different protease inhibitors inactivate the target protease in human diseases like high blood pressure,
arthritis, pancreatitis, thrombosis, muscular dystrophy, cancer, and AIDS. For the last ten years, scientists
and pharmacists have tried to make drugs from protease inhibitors due to their mechanism of action
against killing of disease causing viruses like malaria, HIV, cancer, in�uenza, and Alzheimer9. Protease
inhibitors can block protease activity and convert proteins into peptides. Pepstatin has the potential
ability to degrade aspartic protease10.

For the treatment of acquired immunode�ciency syndrome (AIDS), the US Food and Drug Administration
has approved 25 compounds for the clinical uses which are included around 10 Protease Inhibitors, i.e.,
ritonavir, fosamprenavir, saquinavir, indinavir, atazanavir, amprenavir, nel�navir, darunavir, lopinavir and
tipranavir11. It has been found from various studies that the Natural products played a vital role in the
prevention and treatment of various diseases in humans. The quality of natural products may be
evaluated through (i) introduction rate for a new chemical entity with wide structural diversities, which
can serve as a template for synthetic as well as semisynthetic modi�cations12. (ii) total number of the
diseases which can be prevented or treated through using these natural products13 (iii) the natural
product use frequency for treatment of human diseases.

Along with the progress in computer-based drug design in microbiology, there is a strong need to combat
diseases like Human Immunode�ciency Virus (HIV), Alzheimer's disease and cancer14–16. Microbial
enzymes are the preferred source of industrial enzymes as they are produced in large quantities in a short
period and have shorter generation times. Genetic manipulations are performed more easily on bacterial
cells to increase enzyme production. Pepstatin A (HIV-1 Protease Inhibitor) is a potent reversible inhibitor
of aspartic proteases like pepsin and HIV proteases. Pepstatin A inhibits pepsin at picomolar
concentrations. Statine, an amino acid, is thought to be responsible for the inhibitory activity of pepstatin
A. That is because it mimics the tetrahedral transition state of the peptide catalysis17.

Methodology
Sample collection for bacterial strains

Bacterial strains were isolated from different soil samples of Government College University, Lahore,
Pakistan Botanic Garden, Tolinton Market Lahore, and a water sample from a hot spring in Azad
Kashmir. Soil solution (1%) was prepared for serial dilution. It have been con�rmed that the experimental
samples of bacteria, including the collection of bacteria, complied with relevant institutional, national,
and international guidelines and legislation with appropriate permissions from authorities of the
Government College University, Lahore, Pakistan Botanic Garden; Tolinton Market Lahore, and from
authorities of ‘Azad Kashmir’ Pakistan. Soil solution with suitable dilution (10-5-10-6) was transferred
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aseptically on prepared Petri plates. Prepared Petri plates were placed in a 37o centigrade incubator for 48
h selected strains were transferred to prepared slants and kept in the incubator at 37 °C.   

Preparation of fermenting media for an anti-viral drug

 For the synthesis of a novel anti-viral drug from Bacillus subtilis-M15, the following sub-merged
biotechnological method of fermentation was adopted. 2 g of soybean meal, 1.5 g of glucose, and 2 g of
peptone, 0.1 g (NH4)2SO4, 0.1 g KH2PO4

, and 0.5 g sodium carbonate was weighed and mixed in 70 ml of
distilled water. Water was mixed continuously until marked with 100 ml of that solution. Then it was
autoclaved for 15 min. for 15 lb/inch2 pressure at 121 °C. Then 0.5 ml of inoculum was mixed in
fermentation media. The �ask was placed in a shaker for 48 h at 37°C with a 200 rev/min revolution
speed. Then after 48 h, the sample was centrifuged with 6000 revolutions per minute for 10 min.
Supernatant and protein precipitation was kept in a safe place. 

Assay for Protease Inhibitory Activity of the anti-viral drug

Protease Inhibitory activity of the anti-viral drug was calculated with few amendments by Kunitz's
(1947)18 methods. 1 ml of Trypsin/Pepsin was mixed with 1 ml of Protease Inhibitor for 15 min with an
optimum temperature of 37°C. Then 2ml of casein (1%) was transferred to the test as mentioned above
tube for 30min. 2.5ml 0f TCA (0.44M) was added to the test tube for the reaction termination. In this
method, the TCA soluble fractions were formed by the action of trypsin/pepsin on the protein substrate.
Hammerstein casein was measured by the change in absorbance at 280 nm. The residual caseinolytic
activity of the trypsin/pepsin in the presence of an inhibitor at 37 °C was used to measure inhibitory
activity. Appropriate blanks for enzyme inhibitors and substrate were included in the assay. The mixture
was further processed for 15 min in a centrifugation machine with a speed of 1000rpm. Then absorbance
of the supernatant was taken at 280nm. The highest protease inhibitory activity of the anti-viral drug
depicted the high e�cacy and good potency of a drug against viral protease. 

Partial puri�cation of the anti-viral drug (Biological PI)

Ammonium sulphate (NH4)2SO4 was added with the enzyme at a temperature of 4°C. The continuous
addition of (NH4)2SO4 was con�rmed and marked up to 70% of solution saturation. Then this solution
was placed at 4 °C for 10 min. After 30 min, the test tube sample was centrifuged at 10000 revolutions
for 10 min. The precipitated enzyme (pellet) was dissolved in a minimum amount of 0.1 M Tris-HCl buffer
solution, and then it was dialyzed. Then 10 ml of dissolved pellets were added to a given dialysis tube of
length 10 cm and width of 25 mm and kept in 1000 ml of 0.1 M Tris-HCl buffer solution with continuous
stirring for 24 h at 4°C buffer was refreshed 3-4 times during this period19.

The immobilizing technique (Physical adsorption)

5 ml of partially puri�ed protease inhibitor was taken, and 0.5 g of each adsorbent denoted as S1 to S7
will be continuously stirred and placed in the water bath at 37° centigrade with the speed of 100 rpm for

file:///C%3A/Users/Dr%20Khawar/Downloads/6%20W%20category%20Article.docx#_ENREF_18
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60 min. Then it was centrifuged for 10 min with 6000 revs. Then the supernatant was used to calculate
the activity of protease inhibitor20.

Characterization of Antiviral Drug

Effect of oxidizing agent on Protease Inhibitory activity of anti-viral drug

The impact of oxidizing agents was measured through incubation of anti-viral drug (biological protease
inhibitor) with 1, 2, 3, 4, and 5% (v/v) of hydrogen peroxide and dimethyl sulfoxide (DMSO) for 30 min.
Protease Inhibitory Activity was measured as mentioned before.

Effect different supports on Protease Inhibitory activity of anti-viral drug

Different immobilizing supports/ion-exchange resins like Amberlite, Doulite, Lewatit, Dowex 66, Dowex
80, IR 401 and IR100 were used to enhance the Protease Inhibitory activity anti-viral drug. Different ion
exchanges and resins were checked using the immobilizing technique mentioned above. Protease
Inhibitory Activity was measured.

Effect of Acid Treatment on Protease Inhibitory activity of anti-viral drug

The sensitivity of anti-viral drugs in an acidic environment was evaluated by incubating puri�ed protease
inhibitors with different concentrations of HCI ranging from 0.02, 0.04, 0.06, 0.08 and 0.I M (pH 2.0) for
30 min. After the incubation, pH was neutralized with 1 m1 of 0. l M Tris-HCl buffer pH 9.0. Protease
Inhibitory Activity was estimated. 

Effect of Protease Treatment on Protease Inhibitory activity of anti-viral drug

The sensitivity of anti-viral drugs to gastric enzymes like trypsin/pepsin was assessed by incubating the
partially puri�ed protease inhibitor with different concentrations of trypsin/pepsin ranging from 0.2, 0.4,
0.6, 0.8, and 1% for 30 minutes at 37 °C. Protease Inhibitory Activity was estimated. 

Comparison of Protease Inhibitory activity of biological anti-viral drug and ritonavir (synthetic drug)

Protease Inhibitory Activity of Ritonavir (synthetic Protease Inhibitor of HIV-AIDS, Cancer and HCV) was
calculated through standard assay technique as described above for anti-viral drug as Protease Inhibitor.
The value of the Inhibitory Activity of Ritonavir was compared with the Inhibitory Activity of a novel anti-
viral drug.

Results
Inhibitory activity of 25 bacterial proteases was determined before and after partial puri�cation. After
partial puri�cation, the inhibitory activity of bacterial protease became enhanced. All the 25 bacterial
different strains values were denoted from M1 to M25. Among 25 bacterial strains, two have shown
maximum protease inhibitory activity, 14.2U/ml for bacterial strain M15 (Bacillus subtilis) and 16.1U/ml

file:///C%3A/Users/Dr%20Khawar/Downloads/6%20W%20category%20Article.docx#_ENREF_20


Page 7/15

for bacterial strain M24 in crude form. After partial puri�cation, the enhanced values of bacterial strain
were 89U/ml for M15 (Bacillus subtilis) and 97U/ml for bacterial M24 (Fig. 1)

Seven different ion exchange resins (from S1 to S7) were used for immobilization. Lewisite, Dowex 80,
Dowex 66, Duolite, Amberlite, 1R 100, and IR401 were denoted with S1, S2, S3, S4, S5, S6 and S7,
respectively (Table 1). Protease inhibitory activity of bacterial strain M15 (Bacillus subtilis) against
trypsin (Alkaline Protease) was calculated through immobilization. Immobilized PIs showed enhanced
activity compared to the partially puri�ed sample of the same bacterial strain. Dowex 80 showed the
highest value (13) fold of puri�cation than Lewatite, which showed the least (9.2) puri�cation fold. An
immobilized sample of PIs against pepsin (Acidic Protease) showed enhanced activity compared to a
partially puri�ed sample of the same bacterial strain. IR 401 showed the highest value (13.3) fold of
puri�cation than Lewatite, which showed the least (9.4) puri�cation fold.

Table 1
Protease Inhibitory activity of Bacillus subtilis-M15against pepsin and trypsin with ion exchange resins
SI = 
Lewatite

S3 = Dowex 66 S5 = Amberlite S7 = 
IR401

 

S2 = 
Dowex 80

S4 = Doulite S6 = IR100      

Ion
Exchange
Resins

Protease Inhibitory
activity with Trypsin
(U/ml)

Folds of
Immobilization

Protease
Inhibitory activity
with Pepsin

(U/ml)

Folds of
Immobilization

S1 132 9.2 210 9.4

S2 167 13 270 12.2

S3 152 10.8 253 11.5

S4 165 11.6 268 12

S5 172 12.1 292 13

S6 157 11 281 12.6

S7 138 9.7 298 13.3

Effects of hydrogen peroxide on protease inhibitory activity were calculated for bacterial strain M15
against trypsin (Alkaline Protease) and pepsin (Acidic Protease) through standard assay as mentioned
earlier. Protease inhibitory activity was checked for �ve concentrations of Hydrogen peroxide (V/V %).
Bacterial strain M15 showed the highest (15.3) Inhibitory Activity (U/ml) at 4% (v/v) Hydrogen peroxide
concentration against trypsin. Bacterial strain M15 showed highest (23.4) inhibitory activity (U/ml) at 3%
(v/v) Hydrogen peroxide concentration against pepsin (Table 2).
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Table 2
Protease Inhibitory activity of `Bacillus subtilis-M15 against Pepsin and Trypsin with Hydrogen peroxide
Hydrogen
Peroxide

V/V (%)

Protease Inhibitory Activity with Trypsin
(U/ml)

Protease Inhibitory Activity with Pepsin
(U/ml)

1 14.3 20.8

2 13.2 21.3

3 12.1 23.4

4 15.3 22.7

5 13.7 20.6

Effects of dimethyl sulfoxide on protease inhibitory activity were calculated for bacterial strain M15
against trypsin (Alkaline Protease) and pepsin (Acidic Protease) through standard assay as mentioned
earlier. Protease inhibitory activity was checked for �ve different concentrations of dimethyl sulfoxide
(V/V %). Bacterial strain M15 showed highest (17.3) Inhibitory activity (U/ml) at 2% (v/v) dimethyl
sulfoxide concentration against trypsin (Table 3). Bacterial strain M15 showed the highest (23) Inhibitory
activity (U/ml) at 4% (v/v) dimethyl sulfoxide concentration against pepsin.

Table 3
Protease Inhibitory activity of `Bacillus subtilis-M15 against Pepsin and Trypsin with Dimethyl sulfoxide

(DMSO)
Dimethyl Sulfoxide
(DMSO)

V/V (%)

Protease Inhibitory Activity with
Trypsin (U/ml)

Protease Inhibitory Activity with
Pepsin (U/ml)

1 14 21.5

2 17.3 20.9

3 11.2 22.5

4 15 23

5 13.2 19.8

Effects of HCl (Molar concentration) on protease inhibitory activity was calculated for bacterial strain
M15 against trypsin (Alkaline Protease) and pepsin (Acidic Protease) through standard assay as
mentioned earlier (Table 4). Protease inhibitory activity was checked for �ve different (Molar
concentration) of HCl (0.02M, 0.04M, 0.06M, 0.08M & 0.1M). Bacterial strain M15 showed highest
(14.2U/ml) inhibitory activity (U/ml) at 0.02M HCl concentration against trypsin and least (0.2U/ml) value
at 0.1M concentration. Bacterial strain M15 showed highest (24.3) Protease inhibitory activity (U/ml) at
0.02M HCl concentration against pepsin and least (0.7U/ml) value at 0.1M concentration.
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Table 4
Protease Inhibitory activity of `Bacillus subtilis-M15 against Pepsin and Trypsin with Acid Treatment

(HCl)
HCl Concentration Molar
Solution

(M)

Protease Inhibitory activity with
Trypsin (U/ml)

Protease Inhibitory activity
with Pepsin

(U/ml)

 

0.02 14.2 24.3  

0.04 12 19.5  

0.06 7.5 10.1  

0.08 3.1 5.7  

0.1 0.2 0.7  

Effects of protease treatment on protease inhibitory activity were calculated against trypsin (Alkaline
Protease) and pepsin (Acidic Protease) through a standard assay. Protease inhibitory activity was
checked for �ve different protease concentrations (0.2%, 0.4%, 0.6%, 0.8%, 1%). Bacterial strain M15
showed highest (14.5U/ml) inhibitory activity (U/ml) at 0.2% protease concentration against trypsin and
least (8.3U/ml) value at 1% protease concentration (Table 5). Bacterial strain M15 showed highest
(23U/ml) inhibitory activity (U/ml) at 0.2% protease concentration against pepsin and least (9.7U/ml)
value at 1% protease concentration.

Table 5
Protease inhibitory activity of `Bacillus subtilis-M15 against Pepsin and Trypsin with Protease Treatment

Protease
Concentration

(%)

Protease Inhibitory activity with
Trypsin (U/ml)

Protease Inhibitory activity with
Pepsin (U/ml)

0.2 14.5 23

0.4 12 20.1

0.6 11.3 18.3

0.8 10.8 12.1

1 8.3 9.7

Protease inhibitory activity of Lopinavir/Ritonavir tablets USP/ compremies USP 200mg/50mg Mylan
(Synthetic Protease Inhibitor of HIV-AIDS, Cancer and HCV) was calculated from Koiwa8 standard assay
against trypsin (Alkaline protease present in the cancerous cell) and pepsin (Acidic protease present in
HIV-AIDS & HCV). The value of protease pnhibitory activity of Lopinavir/Ritonavir (synthetic PI) was
compared with protease inhibitory (PI) activity of novel bacterial Strains of Bacillus subtilis-M15
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(Table 6). The protease inhibitory activity of the crude extract was 14.2U/ml, the PI activity of the puri�ed
sample was 89U/ml, and the PI activity of Lopinavir/Ritonavir was 2446U/ml. In contrast, the PI activity
of the immobilized enzyme was 2581U/ml against trypsin. The protease inhibitory activity of the crude
extract was 22.3U/ml, PI activity of the puri�ed sample was 120U/ml, and protease inhibitory activity of
Lopinavir/Ritonavir was 3360U/ml. In contrast, the PI activity of the immobilized enzyme was 2411U/ml
against pepsin.

Table 6
Protease Inhibitory activity of `Bacillus subtilis-M15 against Pepsin and Trypsin with Ritonavir (Synthetic

Protease Inhibitor)
Bacterial
Strain

(M15)

Protease
Inhibitory Activity
of Crude Extract
(U/ml)

Protease
Inhibitory Activity
of the Puri�ed
Sample

(U/ml)

Protease Inhibitory
Activity of
Immobilized
Sample

(U/ml)

Protease Inhibitory
Activity of Ritonavir
(Synthetic PI)

(U/ml)

Bacillus
subtilis-M15

(Trypsin)

14.2 89 2581 2446

Bacillus
subtilis-M15

(Pepsin)

22.3 120 3360 2411

Inhibitory activity of Bacillus subtilis-M15 was calculated against pepsin. Seven different Ion-exchange
resins were used to immobilize partially puri�ed protease inhibitors. The �gure clearly described the
e�cacy of ion exchange resin through their enhanced values. The �rst column represented the crude
sample (PI), the second column represented the partially puri�ed sample (PI), and the third column
represented the increased values of a sample (PI). Seven ion exchange resins, Lewatite, Dowex 80,
Dowex66, Duolite, Amberlite, IR100 and IR401, were represented by the following symbols S1, S2, S3, S4,
S5, S6 and S7, respectively. Duolite had shown the highest value (3360U/ml), whereas Lewatite had
shown the minimum value (2024U/ml) in a bar chart (Fig. 2).

Discussion
Many researchers, scientists, and authors have practiced the different immobilization methods for
different enzymes21–23. Different techniques of immobilization were adopted by Beshay and Abd-El-
Haleem24,25. Effects of hydrogen peroxide were checked on different bacterial strains, and their activity
was compared on different concentrations of hydrogen peroxide from 1% v/v to 5%v/v. Inhibitory activity
of strain M15, Bacillus subtilis M15, was highest against trypsin at 4% v/v. Inhibitory activity of strain
Bacillus subtilis M15 was highest against pepsin at 3% v/v. Effects of hydrogen peroxide were checked
on different bacterial strains, and their activity was compared on different concentrations of hydrogen
peroxide from 1% v/v to 5%v/v. It was observed through studies conducted by Bijina et al.26 the effect of
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hydrogen peroxide and dimethyl sulfoxide on inhibitory protease activity was negative. On increased
concentration of oxidizing agents (Hydrogen peroxide and Dimethyl sulfoxide), there was a decreasing
trend of inhibitory activity. Inhibitory activity did not show any signi�cant change by lowering the
concentration of oxidizing agent (Hydrogen peroxide and Dimethyl sulfoxide). Effects of dimethyl
sulfoxide was checked on different bacterial strains and their activity was compare on different
concentration of Dimethyl Sulfoxide from 1% v/v to 5%v/v. Inhibitory activity of Bacillus subtilis M15 was
highest against trypsin at 2% v/v. Inhibitory activity of strain M15 was highest against Pepsin at 3% v/v.
Effects of Dimethyl sulfoxide was checked on different bacterial strains and their activity was compare
on different concentration of Dimethyl sulfoxide from 1% v/v to 5%v/v. It was reported by Bijina et al.,26

that, in case of Hydrogen peroxide, there was abrupt loss of inhibitory activity at a concentration above
1%. In case of DMSO, there was gradual decrease in inhibitory activity on increase concentration of
DMSO from 1–5%. At 1.4% of Hydrogen peroxide, the complete inactivation of inhibitory activity was
observed. At 6% of DMSO, the complete inactivation of inhibitory activity was mentioned.

Results obtained from Yang and Rhee27 deducted that the ionic binding was a better source of
immobilization with higher inhibitory activity and increased mechanical stability; for Amberlite IR-4B,
activity was 402U per gram of support, while for Amberlite IRC-50, activity was 600U per gram of support.
Inhibitory activity of bacterial strain M2 was calculated. Seven different ion exchange resins were used to
immobilize partially puri�ed protease inhibitors. The �gure clearly described the e�cacy of ion exchange
resin through their enhanced values. The �rst column represented the crude sample (PI), the second
column represented the partially puri�ed sample (PI), and the third column represented the increased
values of the sample (PI). Seven ion exchange resins, Lewatite, Dowex 80, Dowex66, Duolite, Amberlite,
IR100 and IR401, were represented by the following symbols S1, S2, S3, S4, S5, S6 and S7, respectively.
Amberlite had shown the highest value (41.3U/ml), whereas Lewatite had shown the minimum value
(21.2U/ml) in the bar chart. It was reported by Minovska et al.20 that the activity of the enzyme was
increased up to 3.3 folds for Amberlite IRC-50.

Ritonavir is a potential PIs already available in the market, and its inhibitory activity was compared with
the inhibitory activity of bacterial strain M15 Bacillus subtilis. Ritonavir is a commercially used anti-
cancerous, anti-HCV & anti-AIDS drug and a synthetic protease inhibitor. The growth of human myeloid
leukemia cells showed degenerated trend while using HIV-1 protease inhibitors. His research concluded
that PIs like Ritonavir, Indinavir and Saquinavir was used as inhibitory agents against DU145 and PC-3
androgen-independent prostate cancer growth. Research conducted by Beshay et al.,24, described that
Amberlite IRC 50 had an inhibitory activity of 42.3U/ml. Amberlite CG-120 (NA) type III had an inhibitory
activity of 31.2 U/ml, and Amberlite CG-4B (OH) type I had 28.4 U/ml. Studies conducted by Minovska et
al.20 described that Lipase enzyme was immobilized on Amberlite IRC-50 (H) with the activity of
40.3U/ml, Amberlite IR-4B (OH) with the activity of 75.9U/ml.

Conclusion
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Among twenty-�ve bacterial strains, protease inhibitory activity (U/ml) of Bacillus subtilis-M15 tends to
degrade acidic and alkaline protease. The immobilized form of the strain has a high potential to break
down the pepsin and trypsin. Then protease inhibitory activity of Lopinavir/Ritonavir Tablets USP/
Compremies USP 200mg/50mg (Mylan) was compared with Protease inhibitory activity of identi�ed
bacterial Strains Bacillus subtilis-M15. Then it is concluded based on results that immobilized bacterial
strains have very much higher protease inhibitory values (U/ml) than commercially available medicine on
the market. Finally, a novel biological anti-viral drug, which is an immobilized protease inhibitor of
Bacillus subtilis-M15, having strong acidic protease Inhibitory activity, has proved to lower the
concentration of pepsin and pepsin resemble HIV-1 protease based on its 3D structure. Due to the acidic
nature of pepsin, the same strains may be used against HCV. Hence, due to the biological nature of �nally
identi�ed bacterial strains, these may have few side effects compared to already available chemical
formula-based medicine like Lopinavir/Ritonavir Tablets.
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Figures

Figure 1

Protease Inhibitory activities (U/ml) of 25 bacterial strain
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Figure 2

Protease Inhibitory activity (U/ml) of Bacillus subtilis M15 for crude, puri�ed and immobilized sample


