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ABSTRACT
Antibiotic susceptibility testing is the most suitable strategy for antibiotic resistance detection in bacteria.
This project was an initial step for the production of β-lactamase for clinical diagnostics in Pakistan.
The current work deals with the optimization of conditions for higher level production of recombinant
β-lactamase from Bacillus subtilis R5. Supplementation of LB medium with various carbon sources
including wheat bran, rice bran and molasses could increase the enzyme production from 25 to 43.7,
44.3 and 49 µmole/min whereas the nitrogen sources including tryptone, peptone and yeast extract could
enhance the enzyme production from 25 to 40.21, 41 and 43.76 µmole/min, respectively. The highest
β-lactamase production was recorded when the LB medium was supplemented with 4% wheat bran and
2% yeast extract. The locally produced recombinant β-lactamase exhibited strong potential regarding the
hydrolysis of β-lactam ring containing antibiotics and showed comparable results to β-lactamase from
Hi-media kit available in the market. The β-lactamase from current study was found suitable for its use as
positive control in antibiotic susceptibility testing and this enzyme will be utilized for the development of
antibiotic susceptibility testing kit at domestic level in near future.

A

ntibiotics are drugs used for the treatment of bacterial
infections. These might kill or stop the reproduction
of bacteria thus facilitates the human or animal in the
recovery from disease by bacterial strains (Loh et al.,
2018). Varieties of antibiotics are available in the market
and have different mechanisms of action (Kraemer et al.,
2019). Antibiotics have been classified into various groups
on the basis of their structures. A group of antibiotics
having β-lactam ring can comprise of subclasses
including carbapenems, cephalosporins, monobactams,
and penicillins (Tooke et al., 2019). Antibiotic resistance
is a natural process that occurs over time due to misuse
of antibiotics (Ventola, 2015), including the use of
antibiotics for a viral infection i.e. flu or to give antibiotics
to a healthy animal for rapid growth are the reasons for
the development of drug-resistant bacteria which thus
transferred from animals to humans when they consume
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meat products which becomes difficult to treat (Chen et
al., 2017; Aslam et al., 2018).
β-lactamase is one of the enzymes which is responsible
for the breakdown of β-lactam ring containing antibiotics.
β-lactamases have a broad range of promising applications
in food industry (Tham et al., 2012), pharmaceutical
industry (Essack, 2001), wastewater treatment plants
(Kummerer, 2009), poultry industry (Falgenhauer et al.,
2019), animal husbandry (Garcia et al., 2019), antibiotic
drug development (Boucher et al., 2013), cancer
chemotherapy (Singh et al., 2008), diagnostic laboratories
(Pereckait et al., 2018), academic laboratories (Bush,
2018), antibacterial prodrugs (Jubeh et al., 2020), and in
bacterial contamination monitoring (Kusuma et al., 2018).
Moreover, β-lactamases are utilized in assays for antibiotic
resistance detection and their innovative use in prodrug
molecule design which as shown ever increasing demand
of this enzyme (Smyth et al., 2000; Senter and Springer,
2001; Dirar et al., 2020).
Bacillus strains have most prominent position in
industrial enzymes production (Danilova and Sharipova,
2020; Latorre et al., 2016; Schallmey et al., 2004). A
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number of enzymes have been reported from genus
Bacillus (Bush, 2018). Bacillus subtilis R5 is a mesophile
that was characterized in 2009 and was involved in the
production of various enzymes including xylanase,
glycine oxidase and laccase (Jalal et al., 2009). In this
study, the conditions were optimized for the higher level
production of β-lactamase from Bacillus subtilis R5 and its
suitability was evaluated for the degradation of β-lactam
ring containing antibiotics as positive control in antibiotic
susceptibility testing.
Materials and methods
The chemicals utilized in this study were of high
purity and were procured from Sigma Aldrich, USA and
β-lactamase used as control was from Hi-Media (Mumbai,
India).
Recently coding region for β-lactamase from Bacillus
subtilis R5 was cloned in pET21a and was expressed in
BL21CodonPlus (DE3) cells. This β-lactamase has been
characterized (unpublished data). Expression vector (pET21a) harboring the β-lactamase gene from Bacillus subtilis
R5 (pET-LAC) was available in the lab and was utilized
in the current study for its enhanced production and its
efficacy was evaluated against various β-lactam ring
containing antibiotics.
For optimization of conditions for the higher level
production of recombinant β-lactamase the recombinant
BL21 CodonPlus (DE3) cells with pET-LAC were
grown on LB medium supplemented with 1-6% carbon
sources (Wheat bran, Rice bran and Molasses) and 1-3%
nitrogenous sources (yeast extract, Tryptone and peptone)
before sterilization. The sterilized medium was inoculated
with the overnight grown recombinant cells at 37°C under
shaking conditions. The cells were induced with 0.6 mM
Isopropyl β-D-1-thiogalactopyranoside (IPTG) when
the optimal density reached to 0.4 followed by further
incubation under same conditions. The samples were
drawn after every hour, up to 6 h and were utilized to
examine production of β-lactamase after lysing of cells by
sonication (Khalid et al., 2019; Krasauskas et al., 2015;
Sawai et al., 1978).
For evaluation of efficacy of β-lactamase in antibiotic
susceptibility testing antibiotic susceptibility assay was
performed in collaboration with Chughtai Labs, Lahore.
The petri plates were prepared using sterilized Hinton
agar medium (Merck) under sterilized conditions. Clinical
isolates of pathogenic strains of Staphylococcus aureus
and Escherichia coli were spread homogenously on the
above said petri plates. These plates were utilized for
exploring the effect of antibiotics on the clinical isolates in
the presence or absence of β-lactamase.
Five antibiotics containing β-lactam ring including
tetracycline (30 µg); erythromycin (15 µg); ampicillin

(10 µg); penicillin G (6 µg) and lincomycin (2 µg) were
utilized to examine their activity against the selected
microbial strains. The antibiotics concentrations were
selected as per guidance by the Clinical and Laboratory
standard institute (CLSI), USA and European society of
clinical Microbiology and infectious diseases EUCAST,
Sweden, Europe.
Five sterilized paper discs (1 to 5) were placed on
each petri plate having pathogenic culture. In each plate, a
separate antibiotic was applied on all the discs. In addition
to antibiotic on one of the discs (disc 1), β-lactamase
from Hi-Media kit was applied as control whereas on the
second disc (disc 2) the locally characterized recombinant
β-lactamase was applied to explore the efficacy of locally
characterized β-lactamase to degrade the antibiotics. The
results were recorded in term of formation of zone due
to availability of antibiotic and absence of zone due to
presence of β lactamase as this enzyme is involved in the
degradation of β lactam containing antibiotics.
The data was analyzed using univariate analysis
of variance tool using SPSS 16 software (Djembi et al.,
2017).
Table I.- Optimization of conditions for maximal
production of β-lactamase.
Medium
Activity (µmole/min)
Lauria Bertani (LB) medium
25
Supplementation of LB medium with carbon sources
Wheat bran (4%)
49
Rice bran (3%)
44.3
Molasses (3%)
43.7
Supplementation of LB medium with nitrogen sources
Yeast extract (2%)
43.76
Peptone (1.5%)
41
Tryptone (1.5%)
40.21

Results and discussion
The LB medium could produce 25 µmole/min of
β-lactamase whereas this production was increased to
43.7, 44.3 and 49 µmole/min when the LB medium was
supplemented with molasses (3%), rice bran (3%) and
wheat bran (4%), respectively (Table I). The immense
production of β-LACBS by wheat bran might be due
to its richness in macro and micro nutrients, minerals,
vitamins and bioactive compounds which resulted in
enhanced microbial growth and β-lactamase production
(Butt et al., 2004; Biswas et al., 2019; Krishna, 2005). It
had been reported from the literature that wheat bran is
most suitable substrate for production of enzymes from
the Bacillus subtilis strains (Javed et al., 2012). Less fat
contents, dry matter, crude proteins, more ash contents
in case of rice bran and viscosity of molasses might be
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the possible reason for lower production of β-lactamase
(Abinaya et al., 2017).

Fig. 1. Comparative analysis of impact of carbon and
nitrogen sources for the production of β-Lactamase. A,
comparative analysis of carbon sources on the production
of β-Lactamase. Molasses, rice bran and wheat bran were
used as carbon sources for the supplementation of LB
medium and for the enhanced production of β-Lactamase. B,
comparative analysis of nitrogen sources on the production
of β-Lactamase. Tryptone, peptone and yeast extract were
used as nitrogen sources for the supplementation of LB
medium and for the enhanced production of β-Lactamase.
X-axis shows the time of incubation (h) while Y-axis
shows the β-lactamase activity in µmoles/min.

Similarly the supplementation of LB medium with
Tryptone (1.5%), Peptone (1.5%) and Yeast extract (2%)
could enhance the production of β-lactamase from 25 to
40.21, 41 and 43.76 µmole/min, respectively (Table I).
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These results are in agreement with the previous report for
the production of β-lactamase from Bacillus licheniformis
(Celik, 2003). This is might be due to the composition of
yeast extract as it is rich in nucleic acids, amino acids,
peptides, vitamins, trace elements and growth factors that
could possibly elicit more microbial growth and enzyme
production than peptone and tryptone (Park and Reardon,
1996; Ramirez and Bentley, 1995). Comparative analysis
for the production of β-lactamase showed maximal
enzyme production after 5 h of post induction incubation
at 37°C (Fig. 1A, B) while further incubation decreased
the enzyme production.
The development of zone of inhibition around all
the antibiotics containing discs showed the intactness and
working of antibiotics. Presence of ampicillin, tetracycline,
lincomycin, erythromycin and penicillin G showed 23.16,
17.66, 21.33, 22.83 and 23.16 mm zone of inhibition against
the E. coli, respectively (Supplementary Fig. S1) and 14.16,
26.16, 15.33, 23.66 and 23.5 mm zone of inhibition against
the S. aureus, respectively (Supplementary Fig. S2). The
application of locally characterized β-lactamase on the
disc 2 containing antibiotic in each petri plate resulted in
the degradation of antibiotics and this antibiotic degrading
ability was confirmed with no appearance of zone of
inhibition around the disc on each plate (Supplementary
Figs. S1, S2). The locally characterized β-lactamase
showed comparable results to the β-lactamase from
Hi-Media kit that was used as positive control. The
β-lactamase from present study was found suitable for its
utilization in the antibiotic susceptibility testing and this
enzyme will be produced and utilized for the development
of antibacterial susceptibility testing kit at domestic level.
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