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ABSTRACT

Bst DNA polymerase possesses strand displacement activity, enabling isothermal DNA
amplification without requiring a thermal cycler. This enzyme is utilized in the Loop-
Mediated Isothermal Amplification (LAMP) method, which offers advantages in speed
and simplicity over Polymerase Chain Reaction (PCR) method. The growing demand
for Bst DNA polymerase highlights the need for cost-effective in-house production,

KEYWORDS: 5 .. . . . .

as a commercial option is economically challenging. For that purpose, this study aims
Bst DNA Polymerase, . : .
Nucleic Acid Amplification Method to construct and optimize the expression of Bst DNA polymerase from Geobacillus
Llli(l:\/flic cid Amplincation Method, stearothermophilus in Escherichia coli. The expression constructs pET16b.BstHF vector

was constructed using Gibson Assembly and expressed in E. coli BL21 (DE3). Optimal

@ @ expression was achieved with 1 mM IPTG, induction at OD, 0.8 and 6-hour induction
time. The purified enzyme was achieved with a protein yield of 2,175 mg/L culture and
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demonstrated effective polymerase activity for LAMP.

1. Introduction

Nucleic acid amplification (NAA) is widely used in
fields such as pathogen diagnostics, genetic analysis,
gene cloning, recombinant protein production, and
halal product authentication (Widyanto et al. 2021;
Garg et al. 2022; Muflihah et al. 2023; Kundu et
al. 2024). Nucleic acid amplification methods can
be categorized into thermocycling and isothermal
amplification (Atceken et al. 2023). The Polymerase
Chain Reaction (PCR) is the most widely used
thermocycling amplification method since it was
introduced by Kary Mullis in 1983 (Mullis 1990; Bu
et al. 2023). PCR is extensively applied in clinical
applications, disease diagnosis, gene cloning and
sequencing, and rapid and highly sensitive quantitative
and genomic studies (Garibyan & Avashia 2013).
However, the PCR technique has limitations, such
as the requirement for a thermal cycler limiting its
application in resource-limited settings (Srivastava &
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Prasad 2023). Thus, alternative amplification methods
are necessary to address these limitations (Zanoli &
Spoto 2013).

Isothermal amplification methods offer advantages
over PCR, including faster amplification times and
the ability to operate at a constant temperature,
removing the need for a thermal cycler (Zhao et al.
2015; Oliveira et al. 2021; Boonbanjong et al. 2022).
Several isothermal amplification methods have been
developed, including Recombinase Polymerase
Amplification (RPA), Nucleic Acid Sequence-Based
Amplification (NASBA), Rolling Circle Amplification
(RCA) Strand Displacement Amplification (SDA),
Helicase Dependent Amplification (HDA), Loop-
Mediated Isothermal Amplification (LAMP) (Lobato
& O’Sullivan 2018; Garafutdinov et al. 2021
Boonbanjong et al. 2022; Zhang et al. 2024).

The LAMP introduced by Notomi et al. in 2000
is notable for its high specificity, efficiency, and
rapid amplification (Wong ef al. 2018; Boonbanjong
et al. 2022; Deliveyne et al. 2023). This technique
significantly reduces amplification time (Notomi
et al. 2000, 2015). LAMP can be integrated with
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colorimetric and turbidity-based detection methods,
enhancing sample identification and establishing it as
arapid, simple, and cost-effective molecular detection
technique for field use (Garg et al. 2022; Yang et al.
2024). The LAMP method utilizes DNA polymerase
enzymes with high strand displacement activity, with
Bst DNA polymerase being the most commonly used
enzyme in this method (Sorokaetal.2021). The demand
for Bst DNA polymerase is expected to increase due to
its potential for rapid and easy application. However,
Bst DNA polymerase remains costly in Indonesia due
to reliance on commercial imports, and research in
this area is limited (Agustriana et al. 2023). For that
purpose, this study aims to construct and optimize
the production of Bst DNA polymerase high fidelity
(BstHF).

2. Materials and Methods

2.1. Plasmids, Bacterial Strains, and Culture
Media

This study used Escherichia coli BL21 (DE3) as
the expression host. The Bst DNA polymerase gene
insert fragment was obtained from the pOpen BSTHF
vector (FreeGenes, USA), while the vector backbone
fragment from pET16b.PFU (Addgene, USA). The
medium used in this study was Luria-Bertani (LB)
(Himedia, Maharashtra, India) supplemented with 100
ppm ampicillin. The protein production of BstHF was
induced using Isopropyl-B-D-1-Thiogalactopyranoside
(IPTG) (Thermo Scientific, USA).

2.2. Cloning pET16b.BstHF Expression Vector
using Gibson Assembly

The cloning of the pET16b.BstHF expression vector
was carried out using the Gibson assembly method
(Gibson et al. 2009). Amplification of the BstHF insert
(1806 bp) from pOpenBstHF and the vector backbone
(5649 bp) from pET16b.PFU using PCR method.
The primers used for the amplification of the BstHF
insert fragment and the pET16b vector backbone are
listed in (Table 1). The overlapping regions between
the insert and the vector were created using the primer
sequences, which are indicated by underlining. The
Gibson Assembly method utilized Gibson Assembly®
Master Mix (New England Biolabs Inc., USA), resulting
in the pET16b.BSTHF expression vector (7419 bp).
This vector features an IPTG-inducible T7 promoter, an
ampicillin antibiotic resistance marker, a 10x His tag, a

Factor Xa cleavage site, and the BstHF DNA polymerase
gene (Figure 1). This construct was subsequently
transformed into Escherichia coli BL21 (DE3) via the
heat shock method (Hanahan 1983). The success of the
transformation was validated using PCR and Sanger
sequencing, with primers listed in (Table 1).

2.3. Optimization of BstHF DNA Polymerase
Protein Production

A single colony from the master plate was
inoculated into 10 ml Luria Bertani (LB)-ampicillin
(100 pg/ml) and incubated for 16 hours (37°C, 150
rpm). Subsequently, 1% of the overnight culture
was inoculated into 50 ml LB-ampicillin (100 pg/
ml) in a 250 ml Erlenmeyer flask and incubated
(37°C, 150 rpm) until OD,, 0.6 Isopropyl B-D-1-
thiogalactopyranoside (IPTG) was added at 0, 0.2,
0.4, 0.8, and 1 mM concentrations. The cultures were
then incubated for 6 hours at 37°C with shaking at
150 rpm. Harvesting by centrifugation at 8,000 rpm
for 6 minutes at 4°C. The pellet was resuspended in
lysis buffer (25 mM Tris-HCI, supplemented with 1
mM PMSF) at a ratio of 1:10 and sonicated on ice
with 30s ON and 15s OFF cycles for 6 minutes at
40% amplitude. The lysate was then centrifuged at
16,000 x g for 30 minutes at 4°C. The supernatant,
representing the soluble fraction, was subjected
to protein concentration measurement using the
Bradford Assay. The soluble fraction was visualized
using 12.5% Sodium Dodecyl Sulfate-Polyacrylamide
Gel Electrophoresis (SDS-PAGE), followed by BstHF
protein percentage (%) determination using Imagel
software. The percentage of BstHF protein was then
compared with the total target protein concentration
(mg/L culture). Each treatment was conducted in
triplicate. Statistical analysis was performed using
one-way ANOVA, followed by Tukey's post hoc test.
Growth curve analysis was also performed using
a spectrophotometer at a wavelength of 600 nm.
Sampling points were taken every hour following
IPTG induction. The optimal point for [IPTG induction
was selected based on the highest BstHF protein
concentration while ensuring robust E. coli growth.

The optimal IPTG concentration was used to
optimize the IPTG induction point with varying OD,
values of 0.4, 0.6, 0.8, and 1.1. The optimal induction
OD,,, point was then used to optimize induction
duration, with 3, 6, 12, and 16 hours being evaluated
in this study.
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Figure 1. (A) Plasmid map of pET16b.BstHF (B) Screening plate of the E. coli BL21 (DE3) transformant (C) PCR for validation of
transformation using vector-specific primers (A = 5649 bp) and insert-specific primers (B =1806 bp)

Table 1. Primers for target gene amplification

Primers Nucleotide sequence (5°-3’) Amplicon target (bp)
PET16b.PFU CCGCTGAGCAATAACTA
Vektor GCATAACCCC
Forward 5649
pET16b.PFU ATGACGACCTTCGATATG
Vektor GCCGC
Reverse
pOpen BstHF CATATCGAAGGTCGTCAT
Insert ATGGAGGCCAAAGGC
Forward GAAAAGC
pOpen BstHF CTAGTTATTGCTCAGC 1806
Insert GGTCACTTGGC
Reverse GTCGTACCAAG

2.4. Bst DNA Polymerase Purification using
Ni-NTA Affinity Chromatography

Purification was done using affinity chromatography
with a Nickel-Nitrilotriacetic Acid (Ni-NTA) resin
column (Thermo Scientific, cat#: 88221). The elution
fraction was then measured using the Bradford Assay
to determine the concentration of the purified BstHF
protein. The eluted protein from the purification process
underwent ultrafiltration treatment. The ultrafiltrated
samples were then subjected to dialysis for 16 hours
in dialysis buffer (25 mM Tris-HCI, pH 7.5, 50 mM
NaCl, 5% glycerol). The dialyzed samples were
subsequently stored in a storage buffer (10 mM Tris-
HCI, pH 7.5, 50 mM KCI, 1 mM DTT, 0.1 mM EDTA,
50% glycerol, 0.1% Triton X-100). The LAMP method
used the dialyzed sample in the activity assay stage.
Visualization of crude fraction samples from BstHF
protein production and dialyzed fraction samples was
performed using SDS-PAGE.

2.5. Activity Assay using Loop-Mediated
Isothermal Amplification (LAMP)

The activity of BstHF DNA polymerase was
assessed using the LAMP method. The LAMP reaction
mixture consisted of 10x isothermal buffer (200 mM
Tris-HCI, 100 mM (NH,),SO,, 100 mM KCl, 20 mM
MgSO,, 1% Triton X), 5 mM MgSO,, 400 mM betaine,
300 uM each dNTP, 6 primers (0.8 uM F3; 0.8 uM
B3; 2 uM FIP; 2 uM BIP; 1.6 uM LoopF and 1.6 uM
LoopB), and Nuclease-Free Water (NFW), in a total
reaction volume of 25 pL. Bst DNA polymerase Large
Fragment (New England Biolabs, cat # M0275S) was a
positive control. The results of the LAMP amplification
were then observed using agarose gel electrophoresis
and colorimetric method with an intercalating dye,
Diamond™ Nucleic Acid, at 1 pL. Amplification was
indicated by the presence of ladder-like patterns in the
agarose gel electrophoresis results and fluorescence in
the colorimetric method.

3. Results

3.1. Cloning and Optimization of BSTHF DNA
Polymerase Protein Production

The expression vector map pET16b.BstHF is
presented in (Figure 1A). Transformation of the
pET16b.BstHF expression vector into Escherichia coli
BL21 (DE3) via Gibson assembly yielded transformant
colonies (Figure 1B). The success of the transformation
was confirmed through PCR and sequencing, validating
both the transformation and the construction of the
expression vector (Figure 1C).
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Optimization of IPTG concentration revealed that 1
mM IPTG resulted in the highest average concentration
of BstHF protein at 0.317 mg/L culture, which was
significantly different from other IPTG concentrations
(0, 0.2, 0.4, 0.8 mM) (Figure 2A). Analysis of BstHF
protein concentration during IPTG induction point at
varying Optical Densities (OD, ) (Figure 2B) indicated
that IPTG induction at OD 0.8 produced the highest
average concentration of 0.3850 mg/L culture. This
significantly differed from others (0.4, 0.6, and 1.1)
with protein BstHF concentrations of 0.09, 0.20, and
0.34 mg/L, respectively. Growth curve analysis (Figure
2D) showed that OD, 0.8 corresponds to the mid-
logarithmic phase.

Protein concentration analysis for IPTG induction
duration (Figure 2C) demonstrated that BstHF protein
concentration increased with longer IPTG induction
durations. The highest average concentration of 0.4228
mg/L culture was achieved at a 16-hour induction,

although this was not significantly different from 6-hour
(0.3786 mg/L culture) and 12-hour (0.3942 mg/L
culture) inductions. The lowest average concentration
of BstHF protein, 0.1545 mg/L culture, was observed
at a 3-hour induction. The optimal conditions for
producing Bst DNA polymerase were identified as
I mM IPTG induction, induction at OD,, of 0.8,
followed by a 6-hour induction period.

0

3.2. Purification and Activity Assay

The BstHF DNA polymerase was purified using
Ni2+-nitrilotriacetic acid (Ni-NTA) resin. The protein
concentration obtained was 2,175 mg/L culture.
Post-purification, the eluate was concentrated by
ultrafiltration and dialyzed overnight. SDS-PAGE
visualization of the dialyzed samples is shown in
(Figure 3).

Amplification =~ was  performed  according
to Kanchanaphum & Maneenin (2014). Gel
electrophoresis visualization of amplification products

*kkk B ¢ ns
| *ok kK *k 'ﬁ
™ 0.5 Aok — ’é\ 0.5 - ! f&; *¥%%* NS NS
j:_.-; 2D A —| - 03 g *kkk = I.1 :5 0.59 I—”—| | 16
3 04 4 part = 04 8 04 =08 3 ] I, = |2
= ' =2 2 T =06 3504 —
E - 203 - g
£ 031 0 g0 =04 E 03 =
= = =
3 02 - 3 02 7 T 024
2 e 2 >
£ 0.1 4 g 0.1 - 'S 0.1
: : :
& 0.0 4 &~ 0.0 - & 0.0~
&,\ o o2 ok o RN 04 06 08 1.1 3 6 12 16
‘6\}\ OD,,.. IPTG induction Post incubation time (h)
IPTG concentrtion (mM)
D 2.00
1.75 4 !
1.50 -
E 1.25 4
o 1.00 -
o
0.75 4
0.50
0.25 1
00 L] T L] T

0.0 0.5 1.0 1.5 2.0 2.5

3.0 3.54.04.5 5.0 5.5 6.0

6.5 7.0 7.58.0

Time (hours)

Figure 2. (A) Protein yield (mg/L culture) under variation of IPTG concentration (B) Protein yield (mg/L culture) (C) Protein yield (mg/L
culture) under variation of IPTG induction duration under variation of IPTG induction point (D) Growth curve of E. coli BL21.
BstHF in LB medium+ampicillin 100 ppm, at 37°C, 150 rpm (triplicate). Statistical analysis was performed using one-way
ANOVA, followed by Tukey's post hoc test with a significance level of p-value of < 0.0001 (*¥***), <0.002 (**), > 0.05 (ns)
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is shown in (Figure 4A). LAMP results exhibited a
ladder-like pattern due to the formation of multiple
dumbbell structures (Notomi ef al. 2015).
Amplification products from 2 and 3 pL (protein
concentrations  0.079 pg/uL) of BstHF DNA
polymerase dialyzed sample and commercial Bst
DNA polymerase (C+) are shown a ladder-like
pattern. Colorimetric analysis (Figure 4B) further
confirmed successful amplification with both BstHF
and commercial Bst DNA polymerase, as indicated

kDa L CR D
180 — S
140 — [
100
7
60

45

Figure 3. SDS-PAGE of dialyzed samples (L: Ladder, CR: Crude,
D: Dialyzed sample)
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by fluorescence in the 2 and 3 pL samples. Diamond
Nucleic Acid binds to the external groove of DNA,
producing fluorescence proportional to the amount of
amplification (Haines et al. 2015). The visualization
results revealed a ladder-like band pattern and
fluorescence in the colorimetric assay for all activity
test samples. This confirms the successful amplification
by the LAMP method and indicates the polymerase
activity of the BstHF DNA Polymerase enzyme.

4. Discussion

The Bst DNA polymerase enzyme used in this
study was obtained from Freegenes, Stanford. The
BstHF DNA polymerase gene, consisting of 1770 bp
nucleotides, encodes a 543 amino acid protein with
an estimated molecular weight of 66.8 kDa. This
enzyme, a large fragment of the DNA polymerase
I from Geobacillus stearothermophilus, exhibits
polymerase activity at 50°C. The large fragment
lacks the N-terminal domain, specifically the 5'-3'
exonuclease activity, resulting in the enzyme devoid
of 5'-3' exonuclease activity (Oscorbin & Filipenko
2023). This truncated polymerase, often referred to as
BF or Bst polymerase, denotes a shortened form of the
original enzyme (Oscorbin & Filipenko 2023).

In this study, the optimal IPTG concentration for
BstHF DNA polymerase production was 1 mM. Studies
by (Ma et al. 2016; Oscorbin et al. 2017; Agustriana

B Non-fluorescent
Fluorescent

Figure. 4 (A) Elektroforegram LAMP amplification results (B) Colorimetric method of LAMP (L: Ladder, C+: positive Control (using
target DNA samples and LAMP amplification with commercial Bst polymerase enzyme), C-: negative control (using non-target
DNA samples and LAMP amplification with BstHF enzyme produced in this study), NPC: Non-Protein Control (using target
DNA samples and LAMP amplification without the addition of Bst enzyme)
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et al. 2023) also indicate that 1 mM IPTG is optimal
for producing the highest concentration of Bst DNA
polymerase. Research by (Agustriana et al. 2023)
demonstrated that increasing IPTG concentration
beyond 1 mM does not lead to higher recombinant
protein concentrations. Further research by (Dvorak et
al. 2015) indicates that IPTG can be toxic to E. coli
BL21 (DE3), exacerbating haloalkane substrate toxicity
and causing significant damage to the host £. coli BL21
(DE3). Therefore, a lower IPTG concentration for
induction is preferred as it can provide cost efficiency
and avoid metabolic burden (Donovan et al. 1996).

The highest BstHF protein concentration was
achieved with IPTG induction at an OD, of 0.8,
corresponding to the mid-log phase. This finding
aligns with the literature where Rajacharya et al.
(2024) demonstrated that induction during the mid-
log phase yields higher growth rates and protein
concentrations than early-log induction. The mid-
log phase is optimal for protein synthesis due to the
availability of cellular resources (Rosano & Ceccarelli
2014; Rajacharya ef al. 2024). Induction during the
mid-log phase is commonly considered optimal for
recombinant protein production (Xu et al. 2000).
Variation in IPTG induction time OD,  for protein Bst
DNA polymerase induction was studied (Agustriana
et al. 2023) found an optimal OD_ of 1.1, whereas
Oscorbin et al. (2015), Ma et al. (2016) and Li et al.
(2017) identified an OD,, of 0.6 as the optimal point
for IPTG induction.

The optimal IPTG induction duration for BstHF
production was 6 hours. This duration provided a
high average protein concentration without significant
differences compared to the highest concentration
observed, thus allowing for faster production. Emami
(2020) also identified 6 hours as the optimal IPTG
induction duration. Similarly, Agustriana (2023) found
6 hours to yield the highest average concentration
of Bst DNA polymerase. Using a rhamnose-based
promoter system, Laksmi et al (2023) also identified
6 hours as the optimal induction duration for Bst DNA
polymerase production. Prolonged IPTG induction can
lead to metabolic stress and decreased efficiency in E.
coli (Azaman et al. 2010).

The purified BstHF protein concentration achieved
in this study was 2.175 mg/L of culture, which is
lower compared to Agustriana et al. (2023), who
reported 11.7 mg/L culture with optimized parameters,

including IPTG concentration, OD, induction point,
IPTG induction duration, and agitation. Li et a/ (2017)
reported 1.5 mg/L culture, while Alekseenko et al.
(2021) achieved 3 mg/L culture.

Activity assays demonstrated that the BstHF DNA
polymerase enzyme possesses polymerase activity,
although false positives were observed. Previous
studies by Widyanto et al. (2021) and Alhamid et a/
(2023) using the LAMP method also reported false
positives. False positives in LAMP assays may result
from dimer formation, as LAMP employs multiple
high-concentration primers which can lead to primer
dimerization (Wang et al. 2015; Kim et al. 2023).
Wang et al (2015) confirmed non-specific amplification
due to primer dimer formation in LAMP targeting hlyA
from Listeria monocytogenes. Cross-contamination
can also produce false positives (Kim et al. 2023).
Strategies to mitigate false positives include reducing
primer concentrations to avoid dimer formation and
adding substances such as DMSO, betaine, pullulan,
and graphene oxide to disrupt secondary structure
formation in primers (Widyanto et al. 2021; Kim et al.
2023).

Acknowledgments

This work was supported by the Indonesian
Endowment Fund for Education (LPDP) (LOG-8460/
LPDP.3/2024), Ministry of Finance of the Republic of
Indonesia and Research granted to RF and AM, and
Community Service, and Innovation (PPMI) SITH
ITB (27A/IT1.C11/SK-TA/2023) Bandung Institute of
Technology (ITB) granted to IT.

References

Agustriana, E., Nuryana, I., Laksmi, F.A., Dewi, K.S., Wijaya,
H., Rahmani, N., Yudiargo, D.R., Ismadara, A., Helbert,
Hadi, M.I., Purnawan, A., Djohan, A.C., 2023. Optimized
expression of large fragment DNA polymerase I from
Geobacillus  stearothermophilus in  Escherichia coli
expression system. Preparative  Biochemistry —and
Biotechnology. 53, 384-393. https://doi.org/10.1080/1082
6068.2022.2095573

Alekseenko, A., Barrett, D., Pareja-Sanchez, Y., Howard, R.J.,
Strandback, E., Ampah-Korsah, H., Rovsnik, U., Zuniga-
Veliz, S., Klenov, A., Malloo, J., Ye, S., Liu, X., Reinius,
B., Elsdsser, S.J., Nyman, T., Sandh, G., Yin, X., &
Pelechano, V., 2021. Direct detection of SARS-CoV-2
using non-commercial RT-LAMP reagents on heat-
inactivated samples. Scientific Reports. 11, 1-10. https:/
doi.org/10.1038/s41598-020-80352-8



HAYATTI J Biosci

Vol. 32 No. 1, January 2025

Alhamid, G., Tombuloglu, H., Al-Suhaimi, E., 2023. Development
of loop-mediated isothermal amplification (LAMP)
assays using five primers reduces the false-positive rate in
COVID-19 diagnosis. Scientific Reports. 13, 1-13. https://
doi.org/10.1038/s41598-023-31760-z

Atceken, N., Alseed, M.M., Dabbagh, S.R., Yetisen, A.K.,,
Tasoglu, S., 2023. Point-of-Care Diagnostic Platforms
for Loop-Mediated Isothermal Amplification. Advanced
Engineering Materials. 25, 1-16. https://doi.org/10.1002/
adem.202201174

Azaman, S.N.A., Ramanan, R.N., Tan, J.S., Rahim, R.A., Abdullah,
M.P., Ariff, A.B.,2010. Screening for the optimal induction
parameters for periplasmic producing interferon-02b in
Escherichia coli. African Journal of Biotechnology. 9,
6345-6354

Boonbanjong, P., Treerattrakoon, K., Waiwinya, W., Pitikultham,
P., Japrung, D., 2022. Isothermal Amplification Technology
for Disease Diagnosis. Biosensors. 12, 677. https:/doi.
org/10.3390/bios12090677

Bu, S., Zhou, Q., Liu, L., Zhou, C., Hao, Z., Wan, J., Pang, C.,
2023. Ultrasensitive detection of nucleic acid based on a
novel isothermal amplification. Sensors and Actuators B:
Chemical.12,75.https://doi.org/10.1016/j.snb.2023.134593

Deliveyne, N., Young, J.M., Austin, J.J., Cassey, P., 2023. Shining
a LAMP on the applications of isothermal amplification for
monitoring environmental biosecurity. NeoBiota. 82, 119-
144. https://doi.org/10.3897/neobiota.82.97998

Donovan, R.S., Robinson, C.W., Click, B.R., 1996. Review:
Optimizing inducer and culture conditions for expression
of foreign proteins under the control of the lac promoter.
Journal of Industrial Microbiology. 16, 145-154. https://
doi.org/10.1007/BF01569997

Dvorak, P., Chrast, L., Nikel, P. 1., Fedr, R., Soucek, K., Sedlackova,
M., Chaloupkova, R., Lorenzo, V., Prokop, Z., Damborsky,
J., 2015. Exacerbation of substrate toxicity by IPTG in
Escherichia coli BL21(DE3) carrying a synthetic metabolic
pathway. Microbial Cell Factories. 14, 1-15. https://doi.
org/10.1186/512934-015-0393-3

Emami., Zahra., Gharavi., Sara., Asgarani., Ezat., 2020. Cloning
and Expression of Bst DNA Polymerase I Gene in E. coli
BL21. Biological Journal of Microorganism. 8, 41-46. SID.
https:/sid.ir/paper/748587/en

Garafutdinov, R.R., Sakhabutdinova, A.R., Gilvanov, A.R.,
Chemeris, A.V., 2021. Rolling Circle Amplification as
a Universal Method for the Analysis of a Wide Range
of Biological Targets. Russian Journal of Bioorganic
Chemistry. 47, 1172-1189.  https://doi.org/10.1134/
S1068162021060078

Garg, N., Ahmad, F.J., Kar, S., 2022. Recent advances in loop-
mediated isothermal amplification (LAMP) for rapid and
efficient detection of pathogens. Current Research in
Microbial Sciences. 3, 100120. https://doi.org/10.1016/].
crmicr.2022.100120

Garibyan, L., Avashia, N.,2013. Research Techniques Made Simple:
Polymerase Chain Reaction (PCR). J Invest Dermatol. 113,
1-8. https://doi.org/10.2807/ese.18.04.20382-en

Gibson, D.G., Young, L., Chuang, R.Y., Venter, J.C., Hutchison,
C. A., Smith, H.O., 2009. Enzymatic assembly of DNA
molecules up to several hundred kilobases. Nature Methods.
6, 343-345. https://doi.org/10.1038/nmeth.1318

Haines, A.M., Tobe, S.S., Kobus H.J., Linacre. A., 2015. Properties
of nucleic acid staining dyes used in gel electrophoresis.
Electrophoresis. 36, 941-4. doi: 10.1002/elps.201400496

Hanahan, D., 1983. Studies on transformation of Escherichia coli
with plasmids. Journal of Molecular Biology. 166, 557-
580. https://doi.org/10.1016/S0022-2836(83)80284-8

Kanchanaphum, P., Maneenin, S., 2014. Analysis of pork meat
using loop mediated isothermal amplification (LAMP) to
confirm halal status. International Journal of Biosciences.
4, 62-68. https://doi.org/10.12692/ijb/4.9.62-68

Kim, S.H., Lee, S.Y., Kim, U., Oh, S.W., 2023. Diverse methods
of reducing and confirming false-positive results of loop-
mediated isothermal amplification assays: A review.
Analytica Chimica Acta. 1280. https://doi.org/10.1016/].
aca.2023.341693

Kundu, S., Varshney, R., Sulabh, S.,2024. Exploration of isothermal
nucleic acid amplification techniques in the biomedical
field. Gene and Genome Editing, 7, 100032. https://doi.
org/10.1016/j.ggedit.2024.100032

Laksmi, F.A., Agustriana, E., Nuryana, 1., Rachmayati, R., Dewi,
K.S., Ismadara, A., 2023. Expression and purification
of Bst polymerase using a rhamnose-inducible system
in Escherichia coli. AIP Conference Proceedings. 2614.
https://doi.org/10.1063/5.0127168

Li, P, A, A. Amenov., Kalendar, R., Abeldenov, S., Khassenov, B.,
2017. Cloning and purification of large fragment of DNA
polymerase I from Geobacillus stearothermophilus and it’s
applicationinisothermal DNAamplification. Biotechnology.
Theory and Practice. https://doi.org/10.11134/btp.1.2017.6

Lobato, .M., O’Sullivan, C.K., 2018. Recombinase polymerase
amplification: Basics, applications and recent advances.
TrAC - Trends in Analytical Chemistry. 98, 19-35. https://
doi.org/10.1016/j.trac.2017.10.015

Ma, Y., Zhang, B., Wang, M., Ou, Y., Wang, J., Li, S., 2016.
Enhancement of Polymerase Activity of the Large
Fragment in DNA Polymerase 1 from Geobacillus
stearothermophilus by Site-Directed Mutagenesis at the
Active Site. BioMed Research International. 2016. https://
doi.org/10.1155/2016/2906484

Muflihah, Hardianto, A., Kusumaningtyas, P., Prabowo, S., Hartati,
Y.W., 2023. DNA-based detection of pork content in food.
Heliyon. 9, e14418. https://doi.org/10.1016/j.heliyon.2023.
el14418

Mullis, K.B., 1990. The unusual origin of the polymerase chain
reaction. Scientific American. 262, 56-65. https://doi.
org/10.1038/scientificamerican0490-56

Notomi, T., Okayama, H., Masubuchi, H., Yonekawa, T., Watanabe,
K., Amino, N., Hase, T., 2000. Loop-mediated isothermal
amplification of DNA. Nucleic Acids Research. 28, 12. doi:
10.1093/nar/28.12.e63



Taufik I et al.

Notomi, T., Mori, Y., Tomita, N., Kanda, H., 2015. A Loop-mediated
isothermal amplification (LAMP): principle, features, and
future prospects. Journal of Microbiology. 53, 1-5. https://
doi.org/10.1007/s12275-015-4656-9

Oliveira, B.B., Veigas, B., Baptista, P.V.,, 2021. Isothermal
Amplification of Nucleic Acids: The Race for the Next
“Gold Standard”. Frontiers in Sensors. 2, 1-22. https://doi.
org/10.3389/fsens.2021.752600

Oscorbin, 1., Filipenko, M., 2023. Bst polymerase-a humble
relative of Taq polymerase. Computational and Structural
Biotechnology Journal. 21, 4519-4535. https://doi.
org/10.1016/j.csbj.2023.09.008

Oscorbin, I.P., Boyarskikh, U.A., Filipenko, M.L., 2015. Large
Fragment of DNA Polymerase 1 from Geobacillus sp.
777: Cloning and Comparison with DNA Polymerases I in
Practical Applications. Molecular Biotechnology. 57, 947-
959. https://doi.org/10.1007/s12033-015-9886-x

Oscorbin, I.P., Belousova, E.A., Boyarskikh, U.A., Zakabunin, A.
I., Khrapov, E.A., Filipenko, M.L., 2017. Derivatives of
Bst-like Gss-polymerase with improved processivity and
inhibitor tolerance. Nucleic Acids Research. 45,9595-9610.
https://doi.org/10.1093/nar/gkx645

Rajacharya, G.H., Sharma, A., Yazdani, S.S., 2024. Proteomics
and metabolic burden analysis to understand the impact of
recombinant protein production in E. coli. Scientific Reports,
14, 1-15. https://doi.org/10.1038/s41598-024-63148-y

Rosano, G.L., Ceccarelli, E.A., 2014. Recombinant protein
expression in Escherichia coli: Advances and challenges.
Frontiers in Microbiology. 5, 1-17. https://doi.org/10.3389/
fmicb.2014.00172

Shirato, K.,2019. Detecting amplicons of loop-mediated isothermal
amplification. Microbiology and Immunology. 63, 407-412.
https://doi.org/10.1111/1348-0421.12734

Soroka, M., Wasowicz, B., Rymaszewska, A., 2021. Loop-mediated
isothermal amplification (Lamp): The better sibling of pcr?
Cells. 10, 1-20. https://doi.org/10.3390/cells1008193 1

Srivastava, P., Prasad, D.,2023. Isothermal nucleic acid amplification
and its uses in modern diagnostic technologies. 3 Biotech.
13. https://doi.org/10.1007/s13205-023-03628-6

Wang, D.G., Brewster, J.D., Paul, M., Tomasula, P.M., 2015. Two
methods for increased specificity and sensitivity in loop-
mediated isothermal amplification. Molecules. 20, 6048-
6059. https://doi.org/10.3390/molecules20046048

Widyanto, R.M., Dini, C.Y., Rahmawati, 1.S., Putri, S.R., Rozana,
AN., Abida, S.H., Yunimar, Y., 2021. Uji Deteksi
Adulterasi Daging Babi (Sus scrofa domestica) pada
Bakso Metode Loop-Mediated Isothermal Amplification.
Indonesian Journal of Human Nutrition. 8, 76-87. https://
doi.org/10.21776/ub.ijhn.2021.008.01.8

Wong, Y.P., Othman, S., Lau, Y.L., Radu, S., Chee, H.Y., 2018.
Loop-mediated isothermal amplification (LAMP): a
versatile technique for detection of micro-organisms.
Journal of Applied Microbiology. 124, 626-643. https://doi.
org/10.1111/jam.13647

Xu, Z., Peng, L., Zhong, Z., Fang, X., Cen, P., 2006. High-level
expression of a soluble functional antimicrobial peptide,
human B-defensin 2, in Escherichia coli. Biotechnology
Progress. 22, 382-386. https://doi.org/10.1021/bp0502680

Yang, N., Zhang, H., Han, X, Liu, Z., Lu, Y., 2024. Advancements
and applications of loop-mediated isothermal amplification
technology: a comprehensive overview. Frontiers
in  Microbiology. 15, 1-12. https://doi.org/10.3389/
fmicb.2024.1406632

Zanoli, L.M., Spoto, G., 2013. Isothermal amplification methods
for the detection of nucleic acids in microfluidic devices.
Biosensors. 3, 18-43. https://doi.org/10.3390/bios3010018

Zhang, Y., Luck, A.N., Tanner, N. A., 2024. Isothermal amplification
of long DNA fragments at low temperature by improved
strand displacement amplification. BioTechniques. 76, 255-
262 https://doi.org/10.2144/btn-2024-0012

Zhao, Y., Chen, F., Li, Q., Wang, L., Fan, C., 2015. Isothermal
Amplification of Nucleic Acids. Chemical Reviews. 115,
12491-12545. American Chemical Society. https://doi.
org/10.1021/acs.chemrev.5b00428



HAYATTI J Biosci

Vol. 32 No. 1, January 2025

Supplementary Materials

IPTG Concentration (mM)
L K- 0 1 08 04 02

Supplementary Figure 1. SDS-PAGE for visualizing the
optimization of IPTG concentration

variations; the red arrow indicates

the target BSTHF band
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Supplementary Figure 3. SDS-PAGE analysis for visualizing
the optimization of IPTG induction
with varying durations; the red arrow
indicates the target BSTHF protein
band
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Supplementary Figure 2. SDS-PAGE analysis for visualizing the
optimization of the IPTG induction
point at different OD,, values; the
red arrow indicates the target BSTHF
protein band
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Supplementary Figure 4. SDS-PAGE visualization for protein
analysis of the negative control (E.
coli BL21 without plasmid) and E.
coli BL21.pET16b.BSTHF with and
without IPTG induction, and with and
without heat treatment. The red arrow
indicates the target BSTHF band



