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ABSTRACT

Tuberculosis (TB) is one of the major infectious diseases that cause health problems
worldwide. Antigen 85B is a secreted protein of the infectious strain Mycobacterium
tuberculosis. Our main focus is on production of proteins as a booster vaccine to replace the
traditional Mycobacterium bovis bacillus Calmetter-Guerin (BCG) vaccine formula. The main
challenge is to express a high yield of an active recombinant protein in native soluble form. To
the extent of our knowledge, the cultivation conditions, such as optimal temperature, for
overexpressing soluble Ag85B protein of the gene Rv1886¢c, have never been reported. This
study showed for the first time the optimizing culturing conditions for inducing expression of
soluble Ag85B protein by isopropyl B-D-1-thiogalactopyranoside (IPTG) in Escherichia coli
BL21 (DE3) pLysS. Protein yields were higher at a low temperature of 25 °C (for 12 h),
compared to those at a high temperature of 37 °C (for 5 h). To conclude, low temperature is
associated with slow expression which allows the protein to adopt a well-folded conformation
and provides a high yield of soluble recombinant protein.
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main causative agent in humans. Currently,

Introduction

Tuberculosis (TB) is one of the
leading causes of mortality in humans,
especially in third world countries. The
disease caused over 1.8 million deaths
worldwide in the year 2015 and remains a
major  public  health problem [1].
Mycobacterium tuberculosis (Mtb) is the

the only licensed vaccine against TB is
derived from Mycobacterium bovis bacillus
Calmetter Guerin (BCG), which has been
made since 1920. However, the efficacy of
this vaccine is limited. The BCG vaccine
fails to protect against pulmonary TB in
adults and does not persist long enough to
generate adequate long-term immunity. Over
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the past decades, the BCG vaccine has lost
sensitivity to new evolving multidrug-
resistant M. tuberculosis strains [2]. An
immediate search for a reliable and effective
vaccine against TB is required. Recent
studies have confirmed that proteins obtained
from M. tuberculosis, including Ag85 [3],
ESAT-6 [4], TB10.4 [5], and HspX [6, 7],
can be used as a booster vaccine or combined
with the conventional BCG vaccine to
enhance the immune system against TB [8,
9].

Antigen 85  (Ag85)  protein
complexes (Ag85A, Ag85B, Ag85C) are
major secretory proteins of actively
replicating M. tuberculosis. The protein
complexes participate in the biosynthesis of
the mycobacterial cell wall [3, 10]. The three
antigens - Ag85B:Ag85A:Ag85C are
expressed at a ratio of 3:2:1 [11]. The
proteins are the most abundant in M.
tuberculosis during the primary phase of
illness. Ag85B was capable of inducing the
highest antigen-specific humoral responses
[10]. The protective efficacy of Ag85B as a
vaccine agent has been increasingly explored
[6, 12, 13]. However, the overexpression of
Ag85B in other studies was found to
accumulate mostly in the inactive insoluble
form [10, 11]. Aghababa H. et al., cloned
Ag85B gene PJET1.2 plasmid (Fermentas)
in E. coli GM2163 (Fermentas) and
transformed  the  expression  vector
pET32a(+) (Novagen) in E. coli Rosetta
gami (Novagen). The recombinant plasmids
were induced by 1 mM isopropyl B-D-1-
thiogalactopyranoside (IPTG) at 37 °C. The
heterogeneous host lacks a specific
chaperone system, resulting in an incomplete
protein folding and a high vyield of
intracellular inclusion [10]. Zarif R. et al.,
transformed pET101/D Ag85B into E. coli
BL21 (DE3) and induced the protein
expression by adding 2 mM IPTG at 37 °C.
The expressed recombinant proteins were
found entirely in the inclusion body [11].
Overexpression often results in improper
folding machinery of the proteins and leads
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to insoluble aggregation [14]. For functional
and structural analysis, water soluble
proteins are required. In order to recover the
proteins in an active form, the inclusion
bodies have to be solubilized in denaturing
agents, including urea and guanidinium
chloride. The presence of these denaturing
agents causes proteins to have poorer
immunogenicity compared to native antigens
[15]. To the best of our knowledge, the
cultivation conditions for expressing a high
yield Ag85B recombinant protein of the gene
Rv1886¢ have never been reported.

Although it is possible to express
Ag85B directly from M. tuberculosis, it is
safer and more efficient to express the
protein in a heterologous prokaryotic host,
such as Escherichia coli. Prokaryotic hosts
are generally preferred due to their short
doubling time (20 min) compared to
eukaryotic hosts (18-24 h) [16]. The gram
negative bacterium E. coli has been widely
employed as a host due to its genetic
simplicity, fast growth rate, ability to host
foreign DNA, ability to express high levels
of heterologous proteins, and the advanced
knowledge of its protein expression
mechanism. E. coli BL21 (DE3) pLysS is a
common E. coli strain used for gene
expression. The bacterial strain contains the
T7 RNA polymerase gene which induces a
high level of protein production. In addition,
the presence of the T7 lysozyme inactivates
the T7 promoter and increases cell tolerance
for toxicity. BL21 and its derivatives were
also modified to be deficient in lon and
OmpT proteases to increase the protein
stability [17].

The present study focuses on
expressing these antigens in a native soluble
form by E. coli cells. Various factors need to
be optimized for enhancing protein
solubility. Inducing protein expression at
lower temperature demonstrated success in
increasing the intracellular concentration of
molecular chaperones [18, 19]. Isopropyl -
D-1-thiogalactopyranoside (IPTG), is a
common chemical inducer of the lac
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promoter [18]. This study aims to optimize
the induction parameters for high M.
tuberculosis Ag85B protein expression in E.
coli. The results from this study can be
applied to achieve the production of a high
yield of functional soluble recombinant
protein of the gene Rv1886c¢.

Materials and Methods

Strains and medium

Genetically engineered bacteria, E.
coli BL21 (DE3) pLysS (Invitrogen), were
transformed with the recombinant plasmid
pPMRLB.47  (Rv1886¢c-ss.pET32b;  BEI
Resource), containing the Rv1886¢ gene of
M. tuberculosis strain H37Rv (Fig. 1). The
lactose operon, including the T7 promoter
and T7 terminator, is responsible for
regulating the protein transcription. f1 origin
marks the origin of the DNA replication. The
plasmid contains an ampicillin resistant gene
(Ap") which was used as the selective media.
The expressed protein (32 kDa) was
histidine-tagged for simple specific protein
detection with the antibodies. The
recombinant plasmid was transformed into
E. coli by the heat shock method. The colony
that produced the highest induced over un-
induced protein ratio was selected as the
seeds.

Genetically engineered bacteria E.
coli were cultivated in a rich medium, Luria
Bertani broth (LB Broth, Miller) medium
(Sisco Research Laboratories). LB broth is a
widely used rich medium for culturing E. coli
as it permits fast growth rate and good
productivity. The medium contains the
essential components, including tryptone (10
g/L), yeast extract (10 g/L), and NaCl (10
g/L), for growing high density active
bacteria. All media were prepared with
ultrapure (Type 1) water and were autoclaved
(121 °C, 20 min). Ampicillin stock solution
(100 g/L) was added at a final concentration
of 130 pg/mL.

Cultivation methods

The recombinant protein production

protocol was adopted from Dobos
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laboratory’s  protocol, Colorado State
University.
T7 Terminator
His-Tag
} oy,
\d N\
Ky
&
Rv1886¢-ss.pET23b =
T7 Promoter 4483 bp .Q-

Fig. 1. Simplified recombinant plasmid map
of pMRLB.47 containing the gene Rv1886¢
of M. tuberculosis H37Rv (BEI Resource).

Seed culture

The seeds in frozen glycerol stock
(100 pL) were transferred into 10 mL of LB
broth supplemented with ampicillin in a
shaker, at 37 °C and 200 rpm. The
microorganisms were allowed to adapt and
grow overnight for 12 h.

Flask culture

The active seed culture (200 pL)
was transferred into 10 mL inoculum
containing LB broth supplemented with
ampicillin and incubated in a shaker, at 37 °C
and 200 rpm until ODew = 1.0. The
incubation time was approximately 45 min.

Protein expression

The inoculum containing a high
cell density (10 mL) was inoculated into 100
mL LB broth, supplemented with ampicillin
and incubated in a shaker, at 37 °C and 200
rpm. Two induction protocols, including
low- temperature induction at 25 °C (for 12
h) and high-temperature induction at 37 °C
(for 5 h), were performed. The two induction
parameters were modified from Schedl
laboratory’s protocol, Washington
University, St. Louis, U.S.A. IPTG (Merck)
was added to a final concentration of 0.5 mM
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for inducing protein expression after ODggo
reached 0.5. The recommended conditions
for adding the IPTG is at the mid-log phase
of E. coli growth (typically ODgwo = 0.6) [19,
20]. The exponential phase of E. coli
growing in LB broth was reached when
ODsgoo Was between 0.6-1 [21]. Therefore,
the inoculum was grown until ODgg = 1 to
obtain a high cell density, and IPTG was
added in the high cell density broth when
ODgoo = 0.5. The incubation time required to
reach the desired ODggo Was approximately
45 min.

Protein extraction

Protein extraction was performed to
obtain both the soluble and insoluble protein
fractions. Pre-induced and post-induced
cultures were collected in a 1.5 mL
microcentrifuge tubes by centrifugation
(5,000 rpm, 5 min, 4 °C). The samples were
adjusted to obtain the same number of cells
by the ODgoo measurement. Bacterial cells
were dissolved in lysis buffer (pH 7.9)
containing Tris-HCI  (tris-hydroxymethyl
aminomethane hydrogen chloride, 20 mM,
Merck), NaCl (0.5 M, Merck), PMSF
(phenylmethane sulfonyl fluoride, 1 mM,
Merck), and lysozyme (0.75 mg/mL, Sigma
Aldrich). The lysate was sonicated using an
ultra-homogenizer (Sonics Vibra-cell) at
20% amplitude with 10 s pulse, followed by
30 s rest for 10-20 cycles. Both the
supernatant (soluble protein fraction) and
cell pellets (insoluble protein fraction) were
collected by centrifugation at 12,000 rpm for
5 min, at 4 °C. The collected cell pellets were
resuspended in the lysis buffer described
above with the same volume as the collected
supernatant. The collected supernatant and
pellet samples were stored at -20 °C.

Analysis method

Western blot analysis was applied to
measure the amount of proteins. The samples
were heated (100 °C, 5 min) in the presence
of SDS-PAGE sample buffer, centrifuged,
and loaded onto 12% SDS-PAGE gel. The
specific protein band was detected by using
primary antibody (1:5000 mouse anti his-tag;
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Merck). The signal was detected by
enhanced chemiluminescence (ECL). The
intensity of the specific protein band (32
kDa) was measured with ImageJ software
(National Institutes of Health, NIH, USA).
The fluorescence intensity of each protein
fraction was measured and reported as a
percentage of  fluorescence intensity
(arbitrary units).

Results and Discussion

The use of  overexpression
conditions for protein production often
results in a low yield of soluble proteins [5].
Under these conditions, proteins are often
accumulated in a cell as inactive inclusion
bodies which require denaturing agents to
dissolve the proteins. These denaturing
agents damage living cells and limit the
biological use of the solubilized protein [10].
The optimization of the induction
temperature for protein expression is an
approach for enhancing protein solubility
and activity. Slow inducible expression
systems under lower temperature conditions
were found to increase the intracellular
concentration of molecular chaperones [19].
Low and high-temperature induction
protocols for overexpression of M.
tuberculosis Ag85B protein were conducted
side by side in this study, and the amounts of
proteins were compared.

The recombinant plasmid
PMRLB.47 (Rv1886¢-ss.pET32b) contains
the gene Rv1886¢ which is a precursor of
85B antigen. The gene was cloned without a
signal sequence (-ss). The gene encodes the
truncated form of Ag85B, in which an ER
signal sequence is absent. The solubility of a
truncated protein is higher than the native
form in the cytosol. This prevents the
expressed protein from aggregation as
inclusion bodies [22]. The protein expression
with  the low-temperature  induction
conditions at 25 °C (for 12 h) and the high-
temperature induction conditions at 37 °C
(for 5 h), were quantitatively measured.
Induction at low temperature in the range of
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15-23 °C was found to express significant
functional proteins [17], however, induction
at 25 °C (room temperature) was evaluated in
order to reduce the electrical load on the
cooling system.

The levels of protein expression
from two induction parameters were
analyzed by Western blot analysis (Fig. 2).
Results showed a significant increase in the
soluble protein yield after induction by 3 fold
(Fig. 3). The percentage of fluorescence
intensity of other protein fractions, including
pellet un-induced (PU), pellet induced (PI),
supernatant  un-induced  (SU), and
supernatant induced (SI) are shown in Fig. 4.
The protein was expressed at the highest
level in the supernatant induced fraction in
both induction conditions, as expected. The
results from this study indicate that the
induction parameter at 37 °C (for 5 h) was
better for expressing proteins in native
soluble form. However, the induction at 25
°C (for 12 h) increased the overall protein
production by 1.5 fold (Table 1). The
induction at lower temperature produced 1.4
fold higher soluble native protein than the
induction at high temperature (Table 1).
Although a large portion of protein
aggregated in the undesirable pellet induced
fraction, the induction at lower temperature
still expressed higher protein quantity.

Lower temperature cultivation is
associated with a slow growth rate and slow
protein synthesis rate [15]. Slow expression
conditions allow the forming proteins to
adopt a well-folded conformation [14]. This
corresponds to the temperature dependent
property of hydrophobic interactions. At a
higher temperature (37 °C), toxic phenotypes
are associated with the expression system.
Proteases are more active at a higher
temperature, leading to possible protein
degradation [17]. Although high-temperature
induction at 37 °C for 5 h enables a robust
process in which the proteins translation is
maximal, the expressed proteins are
frequently in the undesirable insoluble
aggregate form [19].

23

M PU PI SuU Sl
M PU PI SuU Sl
B) ' -
A —

.

Fig. 2. Level of Ag85B protein expression
(32 kDa) from A) low-temperature induction
conditions and B) high-temperature
induction conditions: M (protein marker,
Bio-Rad), PU (pelletun-induced), PI (pellet
induced), SU (supernatant un-induced), Sl
(supernatant induced).
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Fig. 3. The percentage of fluorescence
intensity of the SU (supernatant un-induced,
m) and the Sl (supernatant induced, =)
protein fractions from the low-temperature
induction conditions at 25 °C for 12 h and
high-temperature induction condition at 37
°C for 5 h.
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Fig. 4. The percentage of fluorescence
intensity of each protein fraction from (A)
the low-temperature induction conditions at
25 °C for 12 h, and (B) the high-temperature
induction conditions at 37 °C for 5 h: PU
(pellet un-induced, m), Pl (pellet induced,
m), SU (supernatant un-induced, m), SI
(supernatant induced, ).

Table 1. The fluorescence intensity of each
protein fraction from low and high-
temperature induction conditions: PU (pellet
un-induced), Pl (pellet induced), SU
(supernatant un-induced), SI (supernatant
induced).

Induction Parameters

Protein Fraction (2152 hC) ?zg h?
Fluorescence Intensity
Pellet
Un-induced (PU) ~ +496 7334
Pellet
Induced (P1) 55137 26222
Supernatant
Un-induced (SU) ~ 2/°04 19207
Supernatant
Induced (S1) 86527 62207
Total 173524 114970
Conclusion

Two induction conditions, including
low-temperature induction at 25 °C (for 12 h)
and high-temperature induction at 37 °C (for
5 h), were employed for overexpressing
native soluble M. tuberculosis Ag85B
protein in E. coli in rich LB media. The
soluble protein expression was more
pronounced in the slow induction protocol
performed at low temperature. Slow
inducible expression at low temperature
enhances protein correct folding and
suppresses protease activity. The findings
can be applied to achieve a highly functional
soluble recombinant protein yield of the gene
Rv1886¢. Further study on the appropriate
ODgoo for induction and the IPTG
concentration can be carried out to optimize
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the induction process. The expressed soluble
Ag85B recombinant proteins will be used in
the development of a conjugated vaccine
against tuberculosis.
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