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Abstract

Hand, foot and mouth disease is a common viral infectious disease caused by enteroviruses, including coxsackie A16
(CVAL16) and enterovirus 71 (EV71). HFMD can cause severe symptoms in children which can be fatal. Human scavenger
receptor class B member 2 (SCARB?2) is a cellular receptor for EV71 and CVA16, providing a potential approach for
preventing EV71 infection and transmission. In this present study, we constructed and assessed the potential of recom-
binant SCARB2, using E. coli expression system. To generate this construct, scarb2 gene was cloned into pET22b vector
and expressed in E. coli BL21 (DE3). The expression of SCARB2 was induced by 0.1 mM IPTG and analyzed using SDS-
PAGE, followed by Western blot. Expressed SCARB2 was in inclusion bodies and refolded to obtain the soluble form with
recovery efficacy of 100%. This recombinant protein was then validated for binding with EV71 via indirect ELISA in two
different pHs (7.4 and 5.5), which partially revealed the mechanism of virus—receptor interaction. These results envisaged

potential applications for utilizing recombinant SCARB2 in preventing the virus transmission.
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1 Introduction

Hand, foot and mouth disease (HFMD) is a common viral
infectious disease characterized by common symptoms
including fever, painful sores in the mouth, and a rash with
blisters on hands, feet and buttocks. In most cases, the
disease is mild and self-limiting, occurring mainly in
children under 10 years old, but it is most commonly seen
in children under 5 years of age. It can also appear in
adolescents and occasionally in adults. Viruses causing
HFMD are spread by direct contact with saliva, mucus,
fluid from blisters and stool of infected people. Adults
infected with HFMD may shed the virus and have no
symptoms (WHO). The dominant cause of HFMD is a
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group of enteroviruses, including coxsackie A16 (CVA16)
and enterovirus 71 (EV71) (Yamayoshi et al. 2012a).
Although complications are uncommon, EV71 infection
can lead to severe symptoms in children and has been
associated with neurological diseases, including acute
flaccid paralysis, aseptic meningitis, and brain stem
encephalitis with neurogenic pulmonary edema, which can
be fatal (Lee 2016). There are no specific antiviral drugs or
vaccine commercially available against enteroviruses
causing HFMD hitherto (WHO). EV71 belongs to the
human enterovirus A species of the enterovirus genus
within the family Picornaviridae (King et al. 2000). Virion
includes a non-enveloped capsid surrounding a core of
single-stranded, positive-polarity RNA approximately
7.5 kb in size (Brown and Pallansch 1995). Since its dis-
covery in 1969, EV71 has been recognized as a frequent
cause of epidemics of HFMD associated with severe neu-
rological sequelae in a small proportion of cases (WHO
2011).

Approaches have been intensively evaluated to prevent
the spread of the virus, in which vaccines are the most
priority (Yi et al. 2017). Several significant milestones
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have been archived recently in vaccine development of
China, which leads to its phase 3 testing on trial (Li et al.
2014; Zhu et al. 2013, 2014). In December 2015 and Jan-
uary 2016, two HFMD vaccines approved by the China
Food and Drug Administration were commercially pro-
duced and began to apply on Chinese children. However,
these vaccines required long duration to demonstrate their
efficacy and safety before becoming commercially avail-
able for application (Yi et al. 2017). In addition, the out-
reach efforts toward preventing the virus from entering its
target cells also achieved certain results. Many studies were
conducted to identify receptors on the surface of human
cells that play a role in facilitating the infection of EV71. In
particular, SCARB2 receptor presents in many cell types in
the body and has been shown to be an important factor in
the infection of EV71, which can be bound by all existing
EV71 strains (Yamayoshi et al. 2009). Moreover, SCARB2
is also a co-receptor for CVA16, one of the main causative
agents of HFMD besides EV71 (Yamayoshi et al. 2012b).
SCARB2 has been confirmed to have ten potential N-gly-
cosyl binding sites, considered to be responsible for its
proper folding (Yamayoshi and Koike 2011).

Recently, recombinant receptor produced in E. coli has
been shown to interact with EV71 in vitro (Xu et al. 2018).
However, the receptor was used in insoluble form, so it is
not suitable for related or further research, as well as put-
ting into applications. On the other hand, the role of the
receptor’s glycosylation remained unclear in interaction
with EV71. In this study, we created a SCARB2-expressing
plasmid to produce recombinant receptor in E. coli along
with a refolding procedure. Then, the interaction between
recombinant SCARB2 and EV71 was evaluated by indirect
ELISA.

2 Materials and Methods

2.1 Bacterial Strains, Plasmids, Reagents
and Growth Conditions

The scarb2 gene was amplified from pPHAGE-C-TAP-
SCARB2 (Harvard PlasmID Database) (Huttlin et al.
2015). E. coli DH5a and E. coli BL21 (DE3) were
employed as host strains for cloning and protein expres-
sion, respectively. Both were routinely grown in Luria—
Bertani (LB) medium containing 100 pg/mL of ampicillin
at 37 °C. The pET22b plasmid was used for both cloning
and expression for scarb2 gene, and protein expression was
controlled by T7 promoter via IPTG (isopropyl B-D-1-
thiogalactopyranoside) (Biobasic) inducer. DNA marker
(Bioline, 33,053), protein maker (GE, 17,044,601) and pre-
stained protein marker (Thermo Scientific, 26,612) were
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utilized for band size marking. Recombinant protein was
constructed, expressed and stored at —20°C.

2.2 Construction of Recombinant pET-SCARB2
(Fig. 1)

pPHAGE-C-TAP-SCARB2 plasmid was used as a tem-
plate for amplification of scarb2 gene by PCR with specific
primers (scarb2F: CATATGatcgagaagaaaattgtg and scar-
b2R: CTCGAGaatcatagacttcagtcgac). scarb2 gene and
pET22b plasmid were digested with Ndel and Xhol
(Thermo Scientific). The ligation reaction containing the
double-digested insert and expression vector was per-
formed in the presence of T4 DNA ligase (Thermo Sci-
entific), and the resulting mixture was transformed into
competent E. coli DH5a.. The transformants were initially
screened on ampicillin-containing LB agar plate and then
re-screened by PCR with specific primers and T7pro/T7ter.
Plasmids derived from positive colonies confirmed by PCR
colonies were sent to the Macrogen, Korea, for sequencing.

2.3 Expression of Recombinant SCARB2 in E. coli
BL21 (DE3)

The expression of recombinant SCARB2 was conducted as
described with some modifications (Seidmoradei et al.
2020). pET-SCARB?2 obtained from previous steps was
transformed into competent E. coli BL21 (DE3) strain.
Positive colonies were inoculated in LB media shaking
tubes supplemented with ampicillin and allowed to grow at
37 °C in 16 h. The cultures were then sub-cultured at 1:10
(v/v) and inoculated at 37 °C until ODgq reached 0.8—1.0.

(6387) Xhol (6xHis)

b/s'o

(5203) Ndel

pET-SCARB2
6549 bp

Fig. 1 pET-SCARB2 map
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At this point, the cultures were induced with the final
concentration of 0.1 mM IPTG, and the protein expressions
were performed at 37 °C in 4 h. Harvested cells proceeded
for sonication on ice in PBS buffer (pH 7.4) to obtain
proteins in total, soluble and insoluble fractions. A sample
of the bacterial culture was taken as negative control with
non-induced E. coli BL21 (DE3)/pET-SCARB2. Recom-
binant protein expression was analyzed by SDS-PAGE and
Coomassie Brilliant Blue stain, followed by Western blot
and probed with His-probe (Santa Cruz) and goat anti-
mouse [gG-HRP antibody (Proteintech). The membrane
plot was developed using 100 pL of ready-to-use 3, 3/, 5,
5'-tetra methyl benzidine (TMB) (Thermo Scientific,
37,574) and incubated at room temperature. The reaction
was stopped with PBS buffer and digitized documented.

2.4 Refolding of SCARB2 Inclusion Bodies

The refolding of recombinant SCARB2 was conducted as
described with some modifications (Tat Truong Dang et al.
2014). Harvested cells proceeded for sonication on ice in
lysis buffer (20 mM Tris—HCI pH 8.0, 1 M NaCl, 5 mM
EDTA). The inclusion bodies were obtained by centrifu-
gation at 13,000 rpm for 20 min, then washed five times in
washing buffer (20 mM Tris—HCI pH 8.0, 1% Triton
X-100) and re-washed in non-Triton washing buffer.
Obtained pellet was re-suspended in dissolving buffer
(20 mM Tris—HCI1 pH 8.0, 4 M Gu-HCI), well-vortexed
and put still for one hour at 4°C. Supernatant was then
harvested using centrifugation at 13,000 rpm for 20 min
and suspended in refolding buffer (20 mM Tris—-HCl pH
8.0, 2 M Urea, 10% Sucrose, 0.1% Tween 80). Mixture
was then well-stirred at 4°C for 14 h, and the solubilized
cell pellet comprising inclusion bodies was centrifuged at
13,000 rpm for 20 min to remove insoluble particulates.
Finally, the refolding result was verified using SDS-PAGE
and silver-stained, followed by Western blot and probed
with anti-His (Santa Cruz) and goat anti-mouse IgG-HRP
antibody (Proteintech). The membrane plot was developed
using 100 pL of ready-to-use TMB (Thermo Scientific)
and incubated at room temperature. The reaction was
stopped with PBS buffer and digitized documented.

The supernatant containing soluble SCARB2 obtained
from previous steps was dialyzed against PBS buffer (pH
7.4) to remove refolding buffer, which could interfere with
later experiments. The dialyzed SCARB2 protein was
concentrated by 10 MWCO Amicon® Ultra centrifugal
filter (Thermo Fisher). The obtained SCARB2 concentra-
tion was determined by using Bradford assay (Sigma).

2.5 Enzyme Immunoassay

The EV71 concentration was determined using TCID50 as
previously described (Quynh-Anh Nguyen-Ngoc 2015;
Thao et al. 2010). For UV inactivation, the conditions were
followed as described (Zou et al. 2013). Briefly, EV71
stock was spread on a Petri dish and then treated with UV
irradiation in a Biosafety Cabinet for 30 min or longer at
room temperature. Interaction of recombinant SCARB2
protein with EV71 was evaluated by the indirect enzyme-
linked immunosorbent assay (ELISA) conducted as
described with some modifications (Ding et al. 2015). The
96-well microtiter plates were coated with 10° UV-inacti-
vated EV71 virions in 100 pL carbonate buffer (pH 9.6) at
4°C overnight and then blocked with 100 pL of 3% skim
milk in PBS-T for an hour at room temperature. After
being washed three times with PBS-T, 100 pL of recom-
binant SCARB2 with concentration at 109, 1010, 10!
molecules (diluted in PBS pH 7.4 and PBS pH 5.5) was
added and incubated at 37 °C for 2 h. Solutions were
removed, and 100 pL/well of anti-His-tag-HRP antibody
(Proteintech) at 1/20,000 dilution was added and incubated
for 1 h at room temperature. The plate was developed using
100 pL. of TMB (Sigma, T0440) and incubated at room
temperature. The reaction was stopped with 100 pL of HCI1
2 N after 30 min, and the absorbance at 450 nm was
measured on a microplate reader (Thermo). Negative
controls were created using no virions coating or no
SCARB2 incubating. The cutoff value was calculated as
negative control value plus 3 times of SD. The values
higher than cutoff value were indicated as positive results.

3 Results and Discussion

3.1 Amplification of scarb2 Gene
and Verification of Recombinant pET-
SCARB2

The scarb2 gene was amplified from pPHAGE-C-TAP-
SCARB2 plasmid using specific primers. The length of the
amplified product with about 1179 bp correlated with
scarb2 gene (Fig. 2a). Under the PCR conditions per-
formed in our experiments, the scarb2 gene was success-
fully isolated, which was then cloned into the pET
expression vector. PCR colonies were performed to screen
for recombinant pET22b-SCARB2 from transformed
E. coli DH5a. Amplicons with sizes of approximately
1200 bp were obtained by using reversed primer of scarb2
and T7pro (Fig. 2b). The results showed that scarb2 gene
was inserted with correct orientation. Sequencing results
confirmed the amplified product was in 100% homologous
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Fig. 2 Amplification of scarb2
gene a and verification of
recombinant plasmid by PCR
colonies of E. coli DH5a/
pET22b-SCARB2 b in 1.5%
agarose gel electrophoresis. M,
DNA marker 1 kb; 1, negative
control; 2, amplified scarb2
gene by specific primers; 3-7,
screened colonies by scarb2R
primer and T7pro

with SCARB2 gene from GenBank (data not shown).
Collectively, the recombinant vector of desire was suc-
cessfully constructed.

3.2 Expression of Recombinant SCARB2

The pET22b-SCARB?2 vector was transformed into E. coli
BL21 (DE3) cells. Positive clones were induced by IPTG
to produce recombinant proteins. To verify the recombi-
nant SCARB?2 proteins, the E. coli cells were lysed, sub-
jected to 12.5% SDS-PAGE and stained with Coomassie
Blue. The separated bands on gel showed overexpression
of one band at about 45 kDa (lane 2, 3; Fig. 3a), which
were exact the predicted sizes of SCARB2. There was no
overexpression band in the negative control (lane 4,
Fig. 3a). In addition, the SCARB2 was designed to fuse
with His-tag at the C-terminal, so the presence of SCARB2
was confirmed using His-probe and goat anti-mouse IgG-
HRP antibody in Western blot. The results indicated that
the protein excessively expressed in the SDS-PAGE gels
was SCARB2 (lane 2, 3; Fig. 3b), and this protein

Fig. 3 Coomassie brilliant blue
staining of expressed SCARB2
analyzed by SDS-PAGE on
12.5% gel a and confirmed by
Western blot probed with anti-
His, b M, protein maker a and
pre-stained protein marker b;
1-3, E. coli BL21 (DE3)/
pET22b-SCARB2 (+ IPTG); 1,
soluble phase; 2, insoluble
phase; 3, total phase; 4, E. coli
BL21 (DE3)/pET22b-SCARB2
(-IPTG)

S @ Springer
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expressed mainly in the insoluble fraction. Thus, recom-
binant SCARB2 fused to His-tag was successfully
expressed in E. coli BL21 (DE3) in inclusion bodies.
Human SCARB2 has a theoretical molecular weight of
543 kDa (COPaKB 2015). The weight discrepancy
between its theoretical (54.3 kDa) and obtained in this
study (45 kDa) was due to the deletion of transmembrane
domain, which anchors the receptor onto mammalian cell
membrane. The extracellular domain was chosen to express
since the function of capturing or interacting with viruses
solely related to this region. This truncated transmembrane
protein could help enhance the solubilization of expressed
protein. It could also reduce the chance of transmembrane
domain, which contains mostly hydrophobic amino acids,
to interact with nascent polypeptides, thereby increasing
the solubility of target protein. SCARB2's structure has
been confirmed as it carries 10 high mannose-type
N-linked oligosaccharide chains and two disulfide bridges,
which contribute to the receptor in its proper folding (Dang
et al. 2014; Yamayoshi and Koike 2011). Glycosylation
and disulfide bridges could have facilitated the ability of

(b)
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interacting with virus capsid. Therefore, elimination of
these factors to study the dependence of receptor function
was performed. As E. coli expression system does not
facilitate post-translation modifications like glycosylation,
which has resulted in accumulation of recombinant product
in the form of insoluble inclusion bodies, this obstacle
might lead to difficulties in further experiments; therefore,
a refolding procedure was necessary.

3.3 Solubilization and Refolding of Recombinant
SCARB2 from Inclusion Bodies

SCARB?2 obtained from E. coli BL21 (DE3)/pET22b-
SCARB2 formed inclusion bodies. The suspension of
inclusion bodies in the washing buffer containing 1%
Triton X-100 aided for the inclusion bodies cleaning pro-
cess. Dissolving in high molarity urea, Gu-HCI containing
buffer, 10% sucrose and 0.1% tween 80 contributed to
complete denaturation and refolding of targeted protein.
After extraction from the inclusion bodies with a refolding
buffer, the final product was dialyzed and concentrated by
10 MWCO. Finally eliminating the molarity of urea, Gu-
HCI concentration by dialysis contributed to increase
proper folded protein, as well as ensured the ability of
SCARB?2 in later experiments.

As can be observed from the electrophoresis gel, the
targeted protein bands in lane 1, lane 3 and lane 5 were at
corresponding molecular weight (Fig. 4a). Simultaneously,
the targeted bands that appeared in lane 2 indicated that the
dissolution step was not fully completed. However, the
targeted bands disappeared in lane 4, which showed that
the protein of interest was successfully refolded. The
refolding efficiency was about 100%. As fused with His-
tag at the C-terminal, the refolding result was confirmed by
Western blot using anti-His (Fig. 4b). The corresponding
bands on the membrane plot proved the success of our
refolding method. This was the first report of obtaining the

Fig. 4 Silver staining of (a)
dissolution and refolding results M 1 2
of recombinant SCARB2 by kDa

SDS-PAGE on 12.5% gel a and
validated by Western blot
probed with anti-His b. M,
protein maker a and pre-stained
protein marker b; 1, inclusion
bodies; 2, precipitated phase
after dissolving; 3, supernatant
phase after dissolving; 4,
precipitated phase after
refolding; 5, supernatant phase
after refolding
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soluble form of SCARB2 from inclusion bodies (Xu et al.
2018).

3.4 Evaluation of the Interaction
between Recombinant SCARB2 and EV71

Indirect ELISA was conducted to determine the interaction
between recombinant SCARB2 and EV71 at two different
pHs (5.5 and 7.4). In order to investigate the ratio of
interaction between EV17 and SCARB2, molecule was
utilized instead of concentration. As revealed in the pre-
vious study, a conformational change was observed in
SCARB2 induced by pH, which led to a noticeable dis-
similarity in a specific region between structures at two pH
levels as an implication for the receptor’s function (Dang
et al. 2014). Our result showed that recombinant SCARB2
and EV71 did have interaction in dose-dependent manner
at both pH levels, but at lower pH SCARB2 (at 10"
dilution) exhibited a significantly higher interaction, which
was approximately 5 times higher compared to that of pH
7.4 (Fig. 5). Firstly, this result was in line with Yamayoshi
et al. (2011), supporting the finding that SCARB2 was an
EV71 main receptor. Secondly, this result was obtained
under soluble form of SCARB2, which was different from
Xu et al. (2018) as their insoluble protein product. More-
over, critical region of SCARB2 accountable for binding to
EV71 was identified (Chen et al. 2012; Yamayoshi and
Koike 2011). Zhao et al. (2014) stated that pH 5.5 was the
point at which the binding region showed significant flex-
ibility, whereas at higher pH level, this region was more
compact and steadier. This crucial observation contributed
to the explanation of differences between the two pH-in-
duced interactions.

There have been considerations about the role of gly-
cosylation in SCARB2. Yamayoshi et al. (2011) stated that
the N-linked carbohydrate chains of human SCARB2 were
not necessary for the EV71-SCARB2 interaction. Never-
theless, the study of Dang et al. (2014) indicated that the

(b)
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Fig. 5 The interaction of recombinant SCARB2 and EV71 determined by indirect ELISA at pH 7.4 a and pH 5.5 b

attachment of SCARB2 to EV71 decreased when glyco-
sylation was reduced. In agreement with this opinion, Zhao
et al. (2014) confirmed the role of glycan as an attachment
point for interaction between SCARB2 and EV71 due to
the finding of partial cover of glycan to the residues
responsible for viral attachment region. The discrepancy
was partly revealed in this study. Our soluble and non-
disulfide, non-glycosylated receptor had showed the ability
to attach with EV71 in vitro, despite low signals. Upon
acidification, the binding signals increased. It could be that
SCARB2 underwent confirmation changes, thereby
exposing viral attachment region though we could not
exclude the role of post-translation modifications. This
could indicate that conformational change played a more
important role in virus binding than post-translation mod-
ifications. Therefore, further experiments need to be con-
ducted for fully understanding the principal mechanism.
On the other hand, SCARB2-soluble form could facilitate
the initial step for cell and in vivo experiments, as the
expression system using E. coli BL21 (DE3) could not
provide needed post-translation modifications like glyco-
sylation and disulfide bridges, which might affect the
attachment efficacy. Consequently, to clarify the unclear
role of glycosylation, higher expression systems should be
employed. The E. coli Origami strain and yeast expression
system could be potential candidates for further
investigations.

4 Conclusion

In this study, the recombinant vector carrying the gene
scarb2 (pET22b-SCARB2) encoding for SCARB2 protein
was successfully constructed. Transformed E. coli BL21
(DE3) with recombinant vector pET22b-SCARB2 was
successfully created. Extraction of SCARB2 from inclu-
sion bodies was first time documented with a yield of

2
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100%. Interaction of EV71 and recombinant SCARB2 was
confirmed via indirect ELISA. To our knowledge, our
present study documented for the first time a procedure for
obtaining soluble form of E. coli-derived SCARB2 using
refolding method. Because early steps of viral infection
require crucial interactions between host cell receptors and
viruses, blocking or interfering with the interactions could
have potential applications. Due to its wide distribution in
human cells and organs (Kuronita et al. 2002), entrance
through one of the main EV71’s receptors SCARB2 could
bring more severe consequences to patients. On that
account, appropriate strategies, such as receptor-displaying
probiotics or generally recognized as safe organisms, for
utilizing recombinant SCARB2 should be performed to
help reduce the harm of EV71 on children during the
epidemic seasons.
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