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The Thermus thermophilus (Tth) DNA polymerase enzyme, originating from the thermophilic bacterium 7.
thermophilus, exhibits bifunctionally as both a DNA polymerase and a reverse transcriptase. When expressed in
Escherichia coli, the T. thermophilus DNA polymerase enzyme frequently results in the formation of inclusion

bodies. This occurrence is attributed to the rapid rate of protein expression in E. coli which surpasses the availability
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of chaperone proteins and reduced cytoplasmic conditions. The formation of inclusion bodies can reduce the recovery
of soluble protein. A combination of GroEL/ES and trigger factor chaperone co-expression was used to overcome
this deficiency. Thermus thermophilus gene DNA Pol/pG-Tf3 was transformed into the host E. coli BL21(DE3) and
expressed with and without chaperone co-expression. Utilizing co-expression of the chaperone combination GroEL/
ES and trigger factor can reduce the formation of inclusion bodies or decrease the insoluble fraction in the expression

of the 7. thermophilus DNA polymerase enzyme, resulting in a co-expression total protein content of 3.9258 mg/ml.

INTRODUCTION

Enzyme biosynthesis is generally done using a
recombinant DNA technology approach. Recombinant DNA
technology itself is defined as the transfer of genetic materials
of one organism into another to enable easier manipulation,
research, and achieve products with desired characteristics en
masse [1]. Escherichia coli serves as a frequently utilized host
cell for the expression of recombinant proteins [2]. This is due
to E. coli possessing advantages such as a rapid growth rate,
affordable growth mediums, and a well-documented genetic
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profile [3,4]. Specifically, £. coli BL21(DE3) was selected as
the host strain because it is widely employed in recombinant
protein production due to its lower levels of proteases caused
by deficiencies in the protease Lon and OmpT gene. Numerous
types of enzymes, including the Thermus thermophilus (Tth)
DNA Polymerase enzyme, have been effectively produced
in E. coli hosts. Derived from the thermophilic bacterium
T. thermophilus, Tth DNA polymerase exhibits dual functionality
as both reverse transcriptase and DNA polymerase [5,6].
Protein production in E. coli is accomplished through two
methods: intracellularly and extracellularly [1,7,8]. In intracellular
expression, proteins are synthesized within the cytoplasm of the
cell [9], whereas extracellular expression in E. coli entails protein
translocation into the periplasm or culture medium through fusion
with signal peptides such as OmpA, TorA, PhoA, and PelB
[10,11,12]. According to Su et al. [13], extracellular expression
generally yields lower levels of protein compared to intracellular
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expression. Consequently, intracellular protein expression is often
employed as a method to enhance recombinant protein production.
However, intracellular protein expression in E. coli is subject
to certain limitations, such as the formation of inclusion bodies.
Multiple factors influence the formation of these inclusion bodies,
including misfolding of proteins, low levels of chaperones, which
impede proper protein conformation under reduced cytoplasmic
conditions, and susceptibility to degradation by proteases [14]. To
address this challenge, various strategies have been devised, such
as using MBP-tagged fusion proteins, refolding with the freeze-
thawing method, adding a redox system (GSH/GSSG), and co-
expression with chaperone [15-19].

Chaperones are proteins that aid in monitoring non-
native conformations, stabilizing proteins, and facilitating
the folding process, despite not being part of the final native
structure of the protein [20]. The co-expression of chaperones
with heterologous proteins in E. coli has been shown to elevate
the soluble fraction and diminish the occurrence of inclusion
body formation. As indicated by reference [21], concurrent co-
expression of GroEL/ES and Trigger factor in E. coli facilitates
protein folding and impedes the formation of inclusion bodies in
recombinant proteins. GroE proteins are molecular chaperones
derived from E. coli, with GroEL and GroES encoding proteins
of sizes 57 kDa and 10-15 kDa, respectively [22]. The GroEL
rings create a cavity serving as a folding chamber for polypeptide
substrates [23]. GroES functions as a co-chaperone for GroEL.
Another relevant chaperone is the Trigger Factor, which operates
independently of ATP and has a molecular weight of 48 kDa
[24]. In this study, GroEL/ES and Trigger Factor chaperones
were constructed into the pG-Tf3 plasmid, which is resistant
to the antibiotic chloramphenicol and can be induced with
tetracycline and L-arabinose. The aim was to investigate whether
co-expression using chaperones could facilitate proper protein
folding and enhance the solubility of 7. thermophilus DNA
Polymerase enzyme.

Based on the explanation above, this research begins
with E. coli BL21(DE3) [pD861-His-Tth DNA Pol/pG-Tf3]
transformation. Thermus thermophilus DNA Polymerase
enzyme is then expressed both with and without chaperone co-
expression. Following that, the Tth DNA Polymerase enzyme is
characterized using SDS-PAGE, and the total enzyme level is
quantified using the Bradford Assay.

MATERIALS AND METHODS

Agar bacto (Oxoid), APS 10% (Sigma-Aldrich),
acetic acid (Merck), hydrochloride acid (Merck), aquabidest,
Bisacrylamide ready-to-use 30% (Sigma-Aldrich),
B-mercaptoethanol (Merck), coomassie brilliant blue, EDTA (1’st
Base), ethanol (Merck), E. coli BL21(DE3) (laboratory stock),
glycerol (1’st Base), Glycine (Merck), calcium chloride (Merck),
kanamycin sulfate (Sigma-Aldrich), chloramphenicol (SANBE
Indonesia), L-rhamnose (Merck), L-arabinose (Merck), marker
protein (Biorad), methanol (sigma-aldrich), plasmid [pD861-
His-Tth DNA Pol] (ATUM, California), plasmid pG-Tf3, sodium
hydroxide (Merck), sodium chloride (Merck), nuclease-free
water (ThermoFisher), SDS (Merck), tetracycline (Merck), tris
base (Merck), tryptone (1°st Base), and yeast extract (Oxoid).

Plasmid [pG-TF3] transformation into E. coli BL21(DE3)
[pD861-His-Tth DNA Pol] host using the heat shock method

The pG-Tf3 plasmid (1 pl) was delivered into a micro
tube containing 100 pl competent cells. The creation of competent
cells was carried out when the cell’s OD_, reached 0.45-0.5,
indicating that E. coli was in the exponential growth phase. The
mixture was homogenized and then cooled in an ice bath for 30
seconds. Subsequently, the mixture was subjected to heat treatment
in a water bath at 42°C for 45 seconds, followed by transfer back to
the ice bath for 2 minutes to cool. Following the heat shock process,
900 pl LB medium (1 % (w/v) tryptone, 0.5 % (w/v) yeast extract,
and 1 % (w/v) NaCl) was added into the micro tube. The cells were
resuspended and then incubated at 37°C for 3 hours with agitation
at 200 rpm. Afterward, 100 pl of the transformed cells were spread
onto solid LB media supplemented with kanamycin (75 pg/ml) and
chloramphenicol (20 pg/ml) [26].

Tth DNA polymerase enzyme overexpression with and
without combined co-expression of GroEI/ES and
trigger factor chaperone

Stock glycerol E. coliBL21(DE3) [pD861-His-Tth DNA
Pol/pG-Tf3] was cultured in 5 ml of LB medium supplemented
with chloramphenicol (20 pg/ml) and kanamycin (75 pg/ml) at
37°C with 200 rpm for 16—18 hour. Subsequently, 1% (v/v) of the
overnight culture was transferred to 50 ml of liquid LB medium
supplemented with chloramphenicol (20 pg/ml) and kanamycin
(75 pg/ml) at 37°C at 200 rpm to 0.4 OD . For chaperone co-
expression, L-arabinose (5 mg/ml), tetracycline (10 ng/ml), and
L-rhamnose (4 mM) were added meanwhile without chaperone
co-expression was only done with L-rhamnose inductor with 4
mM final concentration on the media. The expression culture
obtained was harvested 4 hours post-induction, followed by
centrifugation at 6,000 g for 20 minutes at 4°C. The resulting
supernatant was collected as a soluble fraction. Subsequently, 8
ml of solubilization buffer (8 M urea, 20 mM Tris-HCI, and 5
mM B-mercaptoethanol, pH 8.5) was added for each gram of the
pellet. The suspension was then incubated at 100 rpm for 1 hour
at room temperature and centrifuged at 12,000 g for 20 minutes
at 4°C. The supernatant obtained was collected as solubilized
inclusion bodies and stored at —20°C for further analysis.

Determination total protein concentration

The total protein concentration was assessed
utilizing the Bradford Assay. Bovine Serum Albumin (BSA)
ranging from 0.2 to 2 mg/ml was used as the standard protein.
Subsequently, 100 pl of each sample and standard was mixed
with 1 ml of Bradford reagent, followed by incubation at
room temperature for 10 minutes with intermittent inversion.
The absorbance of each sample was measured at 595 nm,
and the protein concentration was deduced by referencing the
absorbance against the standard protein curve (Fig. 1).

RESULT AND DISCUSSION

[pG-TF3] plasmid transformation into host E. coli BL21(DE3)
[pD861-His Tth DNA Pol] using heat shock method

In this research, the heat shock method was used
due to its advantages, which include not requiring specialized
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Figure 1. A comprehensive illustration of (A) pD861-His-Tth DNA Pol plasmid construction, consisting of; Ori PUC (origin of replication); M_Kanamycin-r antibiotic,
p_rhaBAD promotor (ATUM, 2021) and (B) pG-T1f3 expression plasmid construction consisting of; ori (origin of replication); cat (chloramphenicol acetyltransferase
gene); araB p/o (araB promoter-operator); araC (araC repressor gene); Pzt-1p (Pzt-1 promoter); tetR (tetR repressor gene); tig (gene encoding trigger factor) [25].

equipment and being simple and cost-effective [27]. The results
of the transformation are presented in Figure 2. Media control,
positive control (media without antibiotics), and negative
control (media with antibiotics) were used as controls to assess
the quality of the competent cells to be utilized. The result
indicates that the competent cells are in optimal condition and
free from contamination. The E. coli BL21(DE3) [pD861-His-
Tth DNA Polymerase/pG-Tf3] cells, following transformation,
were examined on solid Luria-Bertani media supplemented
with kanamycin and chloramphenicol as selection markers
(Fig. 3D). Singular colonies, indicative of successful
transformation, were observed, as the plasmids harbored the
neomycin phosphotransferase II gene, conferring kanamycin
resistance and the chloramphenicol acetyltransferase gene for
chloramphenicol resistance [28,29]. This confirms the success
of the transformation process.

Thermus thermophilus DNA polymerase enzyme
overexpression with GroEVES chaperone expression, trigger
factor, and combination of both

An enzyme expression comparison was conducted to
assess the impact of chaperone co-expression on the solubility
of His-Tth DNA Polymerase. Three different chaperone
conditions were tested: Trigger factor alone, GroEL/ES alone,
and a combination of both. The results of protein characterization
using SDS-PAGE are depicted in Figure 4A, where bands
representing the target enzyme (His-Tth DNA Polymerase) at
96 kDa are observed. The area of this target band was quantified
using densitometry analysis with ImagelJ software (Fig. 4B).

The result of this analysis reveals that His-Tth DNA
Polymerase enzyme expression using combined GroEL/ES
and trigger factor chaperone co-expression is the best option

to increase solubility. This finding aligned with the work of
Hoffman et al. [30], who highlights the synergistic role of the
Trigger Factor and GroEL/ES chaperones in the protein folding
process. The Trigger factor serves as a chaperone facilitating the
folding process of the nascent proteins within the cytoplasm by
impeding premature aggregation and promoting proper folding.
It achieves this by recognizing and binding to the peptide chain
as it is being synthesized and stabilizing it in a partially folded
intermediate state. This intermediate state enhances the efficiency
and accuracy of protein folding, minimizing the likelihood of
misfolding. Misfolded proteins are then recognized by Trigger
Factor and directed to GroEL for further folding assistance.
Inside the GroEL cavity, the folded protein is trapped, and
GroES binds to the complex, inducing a conformational change
that seals the folded protein inside. Release of the folded protein
occurs upon ATP binding to GroEL, causing the detachment of
the GroES cap and subsequent release of protein. Through this
coordinated mechanism, GroEL and GroES play a pivotal role
in facilitating the accurate folding of proteins and preventing the
accumulation of misfolded proteins, which can be detrimental
to cellular function [30].

His-Tth DNA polymerase enzyme expression with and without
GroEVES, Trigger Factor chaperone combined co-expression
and without combined co-expression

His-Tth DNA Pol expression in E. coli BL21(DE3)
[pD861-His-Tth DNA Pol/pG-TF3] was done with and
without chaperone co-expression as illustrated in Figure 5.
Quantification using imageJ software revealed that in the
absence of chaperone co-expression, the insoluble fraction still
contained various proteins. This outcome can be attributed to
an imbalance between the high-level gene expression required
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for target protein production and the insufficient folding In comparison to His-Tth DNA polymerase expression
capacity within the expression host. This imbalance leads to without chaperone co-expression, the presence of chaperones
the development of inclusion bodies that accumulate in the resulted in a decreased width of bands within the insoluble
insoluble fraction. fraction, while bands within the soluble fraction exhibited more

prominence (Fig. 5A). This observation was further supported
by area quantification using imagelJ software (Fig. 5B), where
the insoluble fraction with chaperone co-expression exhibited a
significant reduction compared to that without co-expression,
although some insoluble fractions still persisted.

Determination of total protein concentration using

Bradford Assay
Figure 2. Results of pG-Tf3 plasmid transformation on E. coli BL21(DE3) . . .
[pD861-His-Tth DNA Polymerase] host. A: media control; B: Positive control; The total proten concentration without ch.apero.ne
C: Negative control; D: E. coli BL21(DE3) [pD861-His-Tth DNA Polymerase/ co-expression was measured as 3.7019 mg/ml, while with
pG-Tf3] transformed. combined GroEL/ES and Trigger Factor chaperone co-
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Figure 3. A: Characterization results comparison of only GroEL/ES co-expression, Trigger Factor co-expression, combination of both using SDS-PAGE; B. Area
Quantification using ImageJ “N = 3”; M: Protein marker; 1: GroEL/ES Chaperone Co-Expression Soluble Fraction Result; 2: GroEL/ES chaperone Co-Expression
Insoluble Fraction Result; 3: Soluble Fraction Result from Trigger Factor chaperone co-expression; 4: Insoluble Fraction Result from Trigger Factor chaperone co-
expression; 5: Soluble Fraction Result from combined chaperone co-expression 6: Insoluble Fraction Result from combined chaperone co-expression.
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Figure 4. A: Characterization comparison of His-Tth DNA Pol enzyme expression with and without combined Trigger Factor and GroEL/ES chaperone on SDS-
PAGE; B. Area Quantification using ImageJ] “N = 3”; M: Protein marker; 1: Soluble Fraction Result of combined chaperone co-expression; 2: Insoluble Fraction

Result of chaperone co-expression; 3: Soluble Fraction Result without Trigger Factor chaperone co-expression; 4: Insoluble Fraction Result without chaperone co-
expression.
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Figure 5. Standard protein curve (BSA) with various concentration (0.2—
2 mg/ml).

expression, it increased to 3.9258 mg/ml. The total protein
concentration showed an increase of 0.2239 mg/ml. These
results indicate that co-expression using chaperones leads to an
enhanced production of protein.

CONCLUSION

Based on the findings of the conducted research,
it can be inferred that as per the SDS-PAGE analysis and
densitometric analysis using imageJ, the co-expression of
Trigger Factor and GroEL/ES chaperones alongside Tth
DNA Polymerase enzyme results in a reduction in inclusion
body formation and a decrease in the proportion of insoluble
fractions compared to expression without co-expression. The
total protein concentration resulting from co-expression is
measured at 3.9258 mg/ml.
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