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Abstract

Background Crimean-Congo hemorrhagic fever (CCHF) is a tick-borne zoonotic disease that presents with severe
hemorrhagic manifestations and is associated with significant fatality rates. The causative agent, Crimean-Congo
Hemorrhagic Fever Virus (CCHFV), is a high-priority pathogen identified by the World Health Organization with no
approved vaccine or specific treatment available. In addition, there is a critical need for enhanced diagnostic tools to
improve public health awareness, prevention measures, and disease control strategies.

Methods We designed plasmids to enable the purification of soluble CCHFV glycoprotein Gc expressed in
mammalian 293 F cells, followed by purification using affinity and size exclusion chromatography. The purified
antigen was analyzed by SDS-PAGE and Western blotting to confirm its reactivity to antibodies from CCHF survivors.
Additionally, an in-house indirect ELISA was developed using the purified Gc as a coating antigen.

Results The optimized expression system successfully produced soluble and pure Gc antigen after affinity
chromatography. The protein showed specific reactivity with CCHFV-positive serum antibodies in Western blot
analysis. The indirect ELISA assay demonstrated high efficacy in distinguishing between CCHFV-positive and -negative
serum samples, indicating its potential as a valuable diagnostic tool. Size exclusion chromatography further confirmed
the presence of aggregates in our protein preparation.

Conclusions The purified Gc antigen shows promise for developing direct diagnostic assays for CCHFV. The antigen'’s
suitability for subunit vaccine development and its application as bait for monoclonal antibody isolation from
survivors could be investigated further. This work lays the foundation for future research into the development of
rapid diagnostic tests for field deployment.
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Introduction

Crimean-Congo hemorrhagic fever (CCHF) is a zoonotic
disease transmitted primarily by infected ticks belong-
ing to the genus Hyalomma, or through contact with
contaminated bodily fluids. This disease is character-
ized by severe and often fatal hemorrhagic symptoms in
humans and has a fatality rate that ranges from 5 to 30%
but has been reported to exceed 30% in certain regions
[1-3]. CCHF is endemic in Africa, Asia, the Middle East,
the Balkans, and regions of eastern and southern Europe,
where it causes sporadic outbreaks [4]. Misdiagnosis or
underdiagnosis is common in low resource countries that
lack specialised diagnostic facilities, leading to poorly
defined disease prevalence [5]. Given the risk of the virus
spreading to non-endemic regions, enhancing diagnostic
and capacities and establishing serological surveillance
programs are critical [6].

The causative agent of CCHF is the Crimean-Congo
hemorrhagic fever orthonairovirus (CCHFV), a highly
infectious virus that belongs to the genus Orthonairovi-
rus within the family Nairoviridae and the order Bunya-
virales. CCHFYV is an enveloped virus with tri-segmented
negative-sense RNA genome comprising, small (S),
medium (M), and large (L) segments [7, 8]. The S seg-
ment encodes the nucleocapsid protein (NP), essential in
packaging the viral RNA genome. The L segment encodes
the RNA-dependent RNA polymerase, responsible for
replicating the viral genome and transcribing viral RNA.
The M segment encodes the glycoprotein precursor com-
plex (GPC), which is post-translationally cleaved for
the production of mature glycoproteins, Gn and Gc. In
addition, it produces a GP160/85 protein that undergoes
further proteolytic processing, resulting in a heavily gly-
cosylated mucin-like domain (MLD) and a GP38 protein.
The M segment also encodes a medium non-structural
protein (NSm), which promotes glycoprotein process-
ing and virion assembly. The proteolytic processing of
the GPC occurs as the proteins traffic through the endo-
plasmic reticulum and Golgi apparatus and involves host
furin-like and SKI-1 proteases [9-11].

Although commercial serological assays for diagnosis
and surveillance are available, their cost is prohibitive
for low-resource settings, and no rapid assays have been
approved due to a lack of suitable reagents. The glyco-
proteins Gn and Gc are particularly valuable as antigens
for the development of various immunoassays due to
their role in virus-host interactions, making them prime
targets for neutralizing antibodies and vaccine develop-
ment [12-20]. Furthermore, Gc has been used as a bait to
isolate Gc specific B cells from individuals who survived
CCHE, leading to the production of monoclonal antibod-
ies targeting the Gc, which show promise for prophylac-
tic and therapeutic interventions [21].
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While molecular and serological approaches can diag-
nose symptomatic patients, both may require expensive
equipment or a biosafety level (BSL) 4 facility. Therefore,
enhancing serological assays for surveillance remains
critical to track the virus’s spread and providing afford-
able diagnostic alternatives. One of the challenges in
achieving these objectives has been the difficulty in pro-
ducing soluble CCHFV glycoproteins. The expression
of soluble recombinant glycoprotein Gc has previously
been achieved in Drosophila Schneider 2 (S2) cells after
truncating 17 amino acids from the C-terminus of the G¢
ectodomain [22]. Furthermore, a construct with an inter-
nal deletion of residues 520-1039, fusing Gc directly to
the MLD and GP38 and expressing the fusion proteins
in stably transfected S2 cells and the Gc protein was
secreted and harvested from clarified S2 culture superna-
tant via a C-terminal double strep-tag II sequence using
affinity chromatography for further analysis [21]. Recent
studies have solved the structure of CCHFV Gc using
X-ray diffraction and cryo-electron microscopy [23, 24].

Expression systems for recombinant proteins using
mammalian cells can introduce correct protein folding
and post-translational modifications, which are often
essential for full biological activity [25]. A recombinant
CCHEV glycoprotein Gc produced in HEK293 cells and
purified from culture supernatant is currently commer-
cialized by the Native Antigen company and has recently
been used for the development of an in-house ELISA
[26]. However, detailed reports on the design and pro-
duction of this essential protein remain limited.

In this study, we report for the first time the design and
purification of soluble recombinant CCHFV Gc antigen
from the South African strain SPU187/90 [27], expressed
in 293 F cells using the human insulin leader peptide. We
also investigate CCHFV Gc antigenic property and give
an insight into the potential quaternary structure of the
expressed glycoprotein.

Materials and methods

Human samples

All the participants provided written informed consent
prior to the study. The study was approved by the Uni-
versity of Free State’s Health Sciences Research Ethics
Committee. A total of 12 serum samples from previously
laboratory confirmed CCHFV-infected individuals and
11 CCHFV-negative control samples, isolated from vol-
unteers with no previous history of CCHF virus infection
were used in this study. CCHF positive and negative sam-
ples were previously tested using commercial Crimean-
Congo fever virus Mosaic 2 (IgG) kit (Euroimmun,
Germany) which contains slides for use in the IFA [28].
Each slide contains ten fields, and each field contains
three BIOCHIPS, coated with non-transfected cells,
cells expressing the CCHFV NP and cells expressing the
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CCHEFYV Gc. The 12 positive samples used in this study
were collected between 2008 and 2011 (Ethics reference
number: HSREC 95/2016) and the 11 negative samples
were collected in 2013 (Ethics reference number: HSREC
95/2016). All samples were heat inactivated at 54°C for
30 min before storing at -80 °C.

Cells

For the transfection experiments, adherent HEK-293 cells
(ATCC CRL1573, ATCC, USA) were specifically used
for immunofluorescence assays (IFA) and were grown
in Dulbecco’s Modified Eagle Medium (DMEM) supple-
mented with 5% gamma-irradiated fetal bovine serum
(ThermoFisher Scientific, UK), 1% L-glutamine (Lonza,
Belgium), 1% penicillin-streptomycin (Lonza, Belgium)
and 1% non-essential amino acids (Lonza, Belgium) and
cultivated at 37°C, 5%CO,. The 293 F (Obtained from
Prof. Penny Moore) cells were utilized for protein expres-
sion and purification and were cultivated in Freestyle™
293 Expression medium (ThermoFisher Scientific, UK)
and incubated at 37°C, 8% CO,, with shaking in a Bruns-
wick™ S41i incubator (Eppendorf, Germany).

Construct design and cloning

The mammalian cell codon-optimized nucleotide
sequence coding for the glycoprotein of the CCHFV
isolate SPU187/90 (Genbank: KJ682814.1) was syn-
thesized commercially (GenScript, USA), the strain
was isolated from an abattoir worker in the northwest
province in South Africa, who tragically succumbed
to a fatal CCHF disease [27]. Primers were designed
to amplify the Gc ectodomain (from amino acid 1050
to 1594 of SPU 187/90), and a C-terminally truncated

Page 3 of 12

version (from amino acid 1050 to 1577). The signal pep-
tide of the CCHFV glycoprotein (GPC: MHISLMYAVL-
CLQLCSLG) or the human insulin leader sequence (INS:
MALWMRLLPLLALLALWGPDPAAA) were inserted
in the forward primers together with a Kozak sequence
and the EcoRI restriction site, while an Avi-tag (GLN-
DIFEAQKIEWHE), a hexahistidine tag and the Xhol
restriction site were inserted in the reverse primers
(Table 1). The Gc gene was amplified from a plasmid con-
taining a codon optimized SPU187/90 M-segment, using
Phusion PCR polymerase following conditions described
in Table 1 and cloned into the mammalian expression
vector pCDNA3.1(+) using EcoRI and Xhol restriction
sites. Ligation reactions were used to transform beta-10
competent cells (New England Biolabs, USA) and positive
transformants were identified using Sanger sequencing.

Immunofluorescence assay

To confirm the expression of Gc from construct 1, an IFA
was carried out on transfected HEK293. Transfected cells
were detached using trypsin (#TRY-4B; ThermoFisher
Scientific, UK) and centrifuged for 5 min at 500 g, the
supernatant was discarded, and cells were re-suspended
in PBS (#10010015ThermoFisher Scientific, UK). 10 pl
aliquot of the cells was added to each well of the 10 well
slides (#X2XER208B; New Erie Scientific, USA) and left
to air-dry for an hour, then fixed with methanol and
acetone in a 1:1 ratio for 30 min at minus 20 °C. An IgG
CCHEF positive serum sample diluted 1:100 in blocking
buffer (1% BSA in PBS) was applied to each well and incu-
bated for 30 min at 37 °C. A CCHF negative serum was
used as control. The IFA slides were washed three times
for one minute with PBS to remove unbound antibodies.

Table 1 Primers used to generate expression constructs and PCR conditions

Constructs Primer names Sequences num- cloning PCR conditions PCR product
ber of
bases

Construct 1 Fwd-2-Gc GCATCTAGAGAATTCGCCACCATGCATATTAGCCTGATG 93 - Initial temp: 98° C, for 30 s. Gc ectodomain
TATGCGGTGCTGTGCCTGCAGCTGTGCAGCCTGGGCTT 35 cycles of: with GPC
CCTGGACAGCATCGTG - denaturation at 98° Cfor 10s,  leader, Avi-tag

Rev-2-Gc GCACTCGAGTTAGTGGTGGTGGTGGTGGTGCTCGTGCC 93 -annealing at 72° Cfor30's,and  and His-tag
ACTCGATCTTCTGGGCCTCGAAGATATCGTTCAGGCCC - extension at 72° C for 1 min,
ACGTTGCCGAAGATGCC and 30s.

Construct 2 CCHFV-Gc-F_Ins  GCATCTAGAGAATTCGCCACCATGGCCCTGTGGATGAG 111 - Initial temp: 98° C, for 30 s. Gc ectodomain
ACTGCTGCCTCTGCTGGCCCTGCTCGCCCTGTGGGGC 35 cycles of: with human
CCTGACCCCGCCGCCGCTTTCCTGGACAGCATCGTG - denaturation at 98°Cfor 10s,  insulin leader,

Rev-2-Gc GCACTCGAGTTAGTGGTGGTGGTGGTGGTGCTCGTGCC 93 -annealing at 72° Cfor30's,and  Avi-tag and
ACTCGATCTTCTGGGCCTCGAAGATATCGTTCAGGCCC - extension at 72° C for 1 min, His-tag
ACGTTGCCGAAGATGCC and 30s.

Construct 3 CCHFV-Gc-F_Ins  GCATCTAGAGAATTCGCCACCATGGCCCTGTGGATGAG 111 - Initial temp: 98° C, for 30 s. Gc ectodomain
ACTGCTGCCTCTGCTGGCCCTGCTCGCCCTGTGGGGC 35 cycles of: with truncated
CCTGACCCCGCCGCCGCTTTCCTGGACAGCATCGTG - denaturation at 98° C for 10's, C-terminal,

CCHF-GCR (-51)  GCACTCGAGTTAGTGGTGGTGGTGGTGGTGCTCGTGCC 97 -annealing at 72° Cfor30's,and  human insulin

ACTCGATCTTCTGGGCCTCGAAGATATCGTTCAGGCCC
TTCACGCTCTCCAGCCAGCAG

- extension at 72° C for 1 min.
and 30s.

leader, Avi-tag
and His-tag
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The secondary antibody, goat anti-human IgG conjugated
to fluorescein isothiocyanate (#172-1006; KPL, USA),
diluted 1:20 in 0.1% Evans blue (#2589375; Merck, Ger-
many) was then added and incubated at 37 °C for 30 min.
The slides were washed again three times with PBS for
one minute and were left to air dry. The slides were then
mounted by inverting the slides onto mounting media
(#F180907DO; Euroimmun, Germany) on a cover slip
(#0101142; Marienfeld, Germany). Cells were observed
for fluorescence using a Nikon Eclipse Ni fluorescent
microscope (Nikon, Japan), and the image of fluores-
cent cells was captured with the mounted Camera at 40x
magnification.

Expression and purification of recombinant CCHFV Gc
Recombinant proteins were produced by transfecting
293 F cells with purified plasmid DNA using PEI-max
(#A803669; Polysciences, USA). Briefly, 293 F cells were
cultivated until concentration reached 2x10° cells/ml.
DNA was mixed with PEI-max at a 1:3 mass ratio (w/w)
and incubated a room temperature for 20 min. The
mixture was then added to cells and incubated at room
temperature for 20 min, then transferred in the shak-
ing incubator and incubated at 37°C, 8%CO,. After 72 h
incubation the supernatant from transfected cells was
harvested and centrifuged at 4,000 g for 30 min. The
supernatant was then passed through a Nickel-NTA Aga-
rose (#88222; ThermoFisher Scientific, USA) column and
allowed to flow by gravity. The column was then washed
with a washing buffer (50 mM Tris-HCI, pH8.0, 20 mM
imidazole, 300 mM NaCl) and the recombinant CCHFV
Gc, bound to the column was eluted with elution buffer
(50 mM Tris-HCI, pH 8.0, 300 mM Imidazole, 150 mM
NaCl). The protein was concentrated using a 30 KDa
cut-off Amicon centrifugal units (#UFC903024;Merck,
Germany) and proteins were stored in PBS, pH7.4. Size-
exclusion chromatography (SEC) was further performed
with a Superdex 200 (10/300) GL column (#28990944;
Cytiva, USA) equilibrated at a flow rate of 0.3 mL/min
using an AKTA Go protein purification system (Cytiva,
USA). Purified Gc and gel filtration standard (#1511901;
Biorad, USA) were eluted at a flow rate of 0.5 mL/min.

SDS-PAGE and western blotting

The purified recombinant CCHFV Gc was analysed by
SDS-PAGE and Western blotting. To determine protein
yield and purity, samples were mixed with 2x Laem-
mli sample buffer (non-reducing) or 5x lane marker
reducing sample buffer (#; ThermoFisher Scientific,
UK) and loaded onto a NuPAGE™ 4-12% Bis-Tris gel
(#NP0322PK2;Invitrogen, USA) and proteins were visu-
alized with GelCode™ Blue Safe protein (#24590;Ther-
moFisher Scientific, UK). Protein concentrations were
estimated using Nanodrop™ (Thermofisher Scientific,
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UK) at 280 nm. For the western blot analysis, the eluted
protein was first separated on a SDS-PAGE, then trans-
ferred onto a nitrocellulose membrane using a transblot
turbo starter system (Biorad, USA) and the membrane
was incubated with anti-CCHFV serum sample as pri-
mary antibody (dilution 1:200), then detected using goat
anti-human IgG alkaline phosphatase (AP)-labelled sec-
ondary antibody (dilution 1:10000; #AP124A; Merck,
Germany). The expression and the target protein were
then visualized by BCIP/NBT substrate (#34042Thermo-
Fisher Scientific, UK) reaction.

Native PAGE

The purified recombinant CCHFV Gc protein was fur-
ther analyzed using a NativePAGE™ 4-16% Bis-Tris gel
(#BN1002BOX; Invitrogen, USA). The CCHFV Gc was
prepared by mixing with NativePAGE™ 4x sample buffer
(#BN2003; Invitrogen, USA) and 1%Triton X-100 (BDH
Chemicals, UK). The NativeMark™ (#;,LC0725 Invitrogen,
USA) unstained protein standard was resolved alongside
CCHFV Gc to estimate the size. After electrophoresis,
the protein and markers were stained using GelCode™
Blue Safe protein (ThermoFisher Scientific, UK) and de-
stained using a de-staining solution (10% Acetic acid and
50% methanol diluted in distilled water).

Anti-CCHFV Gc-specific ELISA

Recombinant CCHFV Gc protein was used for the devel-
opment of an indirect IgG ELISA. Unless stated other-
wise, all volumes were 100 pl/well, plates were incubated
at 37°C for an hour, and washed three times for 15 s with
PBS containing 0.1% tween 20 (#655204;Promega, USA).
Briefly, 96-well PolySorp microtiter plates (#162161;Nal-
gene Nunc International Corporation, USA) were coated
with 0.5 pg/ml of purified CCHFV Gc antigen and incu-
bated overnight at 4°C. The following day, plates were
washed and blocked with 200 pl of 5% skim milk/PBS
and incubated. Post-incubation plates were washed and
incubated with 10-fold serially diluted serum in dupli-
cates, serial dilutions were prepared in 2% skimmed
milk/PBS. Samples were diluted 10-fold from 1x10! to
1x107. On each plate the bottom row was reacted with
PBS and used as a control to calculate the net OD. Post-
incubation, plates were washed and incubated with goat
anti-human IgG conjugated to horseradish peroxidase
(#5220—0361;SeraCare, USA), diluted 1:10000. Post-
incubation plates were washed and visualized by adding
2,2" -Azino di-ethyl-benzothiazoline-sulfonic acid per-
oxidase substrate (ABTS) (#5120-0042;SeraCare, USA).
Plates were then incubated for 10 min at room tempera-
ture in the dark and the OD values were read at 405 nm
using the 800™ TS microplate reader (Biotek, USA). Net
OD values were determined for each sample as follows:
net OD=0D values from serum samples minus OD
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values from 2% skimmed milk/PBS. The same protocol
was used to compare the reactivity of a CCHF-positive
and CCHF-negative samples on CCHFV Gc aggregates
and the monomers with serum dilution starting at 1:100.

Statistical analysis

Statistical differences between CCHF negative and CCHF
positive samples were analysed using an unpaired t-test
using GraphPad Prism (version 9.5.1). Statistical differ-
ence between the reactivity of a CCHF positive sample
against Gc aggregates and Gc monomers was analyzed
using a paired t-test. P-value of less than 0.05 was consid-
ered statistically significant.

Database and Computional Biology servers

We obtained signal peptide sequences from the signal
peptide database (http://www.signalpeptide.de/index.
php?sess=&m=listspdb_mammalia&start=11294&ord
erby=id&sortdir=as) and added them at the N-terminal
end of the Gc amino acid sequence. We then used Sig-
nalP 5.0 (https://services.healthtech.dtu.dk/services/Sig-
nalP-5.0/) to predict the location and the probability of
the signal peptide cleavage sites in the Gc sequence. We
estimated the theoretical molecular weight of CCHFV
Gc using Compute pI/Mw tool on Expasy (https://web.
expasy.org/compute_pi/). To determine the sequence of
the ectodomain to express, we used the transmembrane
predictor TMHMM 2.0 (https://services.healthtech.dtu.
dk/services/ TMHMM-2.0/). To predict N-glycosylation
sites on the amino sequence of Gc, we used NetNGlyc
— 1.0 (https://services.healthtech.dtu.dk/services/NetN-
Glyc-1.0/). The plasmid was designed using ApE plasmid
editor (https://jorgensen.biology.utah.edu/wayned/ape/)
and the map was obtained by opening the file in Snap-
Gene 7.2 (https://www.snapgene.com/).

Results

Design, expressing and purification of CCHFV Gc protein

A total of three recombinant plasmids were engineered
containing CCHFV envelope protein Gc (Fig. 1A and
S2). The initial construct encoded the entire ectodomain
along with the GPC leader sequence for secretion. How-
ever, we only observed Gc expression via IFA (Fig. 1B) as
depicted by the green fluorescence in the cellular com-
partment of HEK293 cells, with no detectable secretion
into the culture supernatant. To achieve secretion, we
searched for an optimal leader sequence by comparing
signal peptide sequences from the database with GPC
leader sequence using Signal P 5.0. A subsequent plasmid
encoding the Gc ectodomain alongside a human insu-
lin leader sequence, predicted to have a higher cleavage
probability than the GPC leader (Fig. S1) did not result
in secretion of CCHFV Gc in growth media. In our
third construct, we implemented a previously described

Page 5 of 12

17-amino acid truncation [22] reported to enhance solu-
bility in insect cells. We successfully achieved secretion
using the third construct (Fig. 2A), and soluble CCHFV
was purified using affinity chromatography. This suggests
that the 17-amino acid truncation was the primary deter-
minant of secretion.

CCHFV Gc analysis

In our investigation of the expressed CCHFV Gc protein,
we employed SDS-PAGE with a gradient gel under non-
reducing conditions, and this analysis revealed the pres-
ence of a recombinant CCHFV Gc migrating between
the 70 and 100 kDa molecular weight marker (Fig. 2B).
The size of CCHFV Gc on the gel is slightly larger than
the theoretically expected value of 65 kDa (Fig. S2).
Expression and purification of CCHFV Gc ranged from
1.3 to 1.7 mg/L of culture. Further examination through
Western blot analysis using CCHFV positive serum
demonstrated the specific binding of serum antibodies
to the recombinant CCHFV Gc (Fig. 2C). The presence
of additional bands above the CCHFV Gc protein on
the SDS-PAGE and Western blot may indicate the pres-
ence of tertiary, quaternary structures, or aggregates. To
assess the potential nature of the additional bands, we
first repeated the analysis under reducing conditions, and
results indicated that the high molecular weight proteins
appeared to be reduced (Fig. 2D and E), especially the
prominent bands between the molecular weight mark-
ers 130 and 170 kDa. The size of CCHFV Gc remained
unchanged whether analyzed under reducing or non-
reducing conditions and a high molecular weight band,
above the 170 kDa persisted on the western blot under
reduced condition. To get an insight into the high molec-
ular weight structures, we further assessed CCHFV Gc
using Native PAGE and SEC. The native PAGE indicated
the formation of three apparent oligomeric structures of
higher molecular weight. (Fig. 2F).

SEC analysis of Gc revealed that there were two sig-
nificant peaks (Fig. 3A and B). Peak 1 appears to be an
aggregation of Gc monomers, and the other distinct peak
2 appears to be the Gc monomers. A smaller peak (peak?)
between the two major peaks appears to be an oligomer
of CCHFV Gc. SDS-PAGE and Western blot of peak 1
and peak 2 showed a distinct pattern. Peak 1 nearly reca-
pitulated the Gc preparation before SEC as observed in
Fig. 2B, while peak 2 is predominantly the monomeric Gc
and the faint band above the 170 kDa marker observed
on the gel (Fig. 3B and C) could explain the presence of
the small peak (peak?) in the SEC profile. Peak 1 and Peak
2 were further analysed using native PAGE and Peak 1
contains oligomers 1 and 2 as observed in Fig. 2F while
peak 2 corresponded to oligomer 3. The oligomer 3,
migrated between the molecular weight marker 146 kDa
and 242 kDa on the native gel as observed in Fig. 2F.
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Fig. 1 A. Schematic depicting the M-segment of SPU 187/90 (top) encoding the mucin-like domain GP38, Gn, and Gc and transmembrane domains.
Below are the constructs for recombinant protein expression (bottom right). Numbers correspond to full-length glycoprotein amino acid precursor
numbering. Ectodomains, transmembrane (TM) domains, and endodomains were predicted using the TMHMM server v. 2.0. B. Localization of expressed
CCHFV Gc by immunofluorescence assay: HEK293 cells transfected with construct 1 were stained with the human anti-CCHFV serum sample followed by
the goat anti-human IgG (H+L) antibody conjugated with FITC. A negative CCHF serum was used as a control

Reactivity of recombinant CCHFV Gc to CCHF positive
serum

We developed and used an in-house ELISA using the
Gc protein to ascertain its accuracy and precision in the
detection of IgG antibodies in human sera. To evaluate its
performance, 12 positive and 11 negative serum samples

were diluted tenfold from 10! to 10%. The net OD values
obtained were utilized to calculate the area under the
curve (AUC) for each sample. All 12 serum samples from
individuals with previously confirmed reactivity to NP
and Gc using a commercial IFA [28] displayed a robust
response to the CCHFV Gc recombinant protein purified
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Fig.2 A.Schematic of the plasmid: Gc-ecto(Ins) represents construct 3 in Fig. 1A. B-C. Analysis of CCHFV Gc under non-reducing conditions: Supernatant
from construct 3 transfected 293 F cells was passed through a nickel agarose column and the eluted protein was analyzed by SDS-PAGE (B) and western
blotting (C). D-E: Analysis of CCHFV Gc under reducing conditions. Supernatant from construct 3 transfected 293 F cells was passed through a nickel
agarose column, the eluted protein was treated with the reducing agent DTT and analyzed by SDS-PAGE (D) and western blotting (E). F: Analysis of CCHFV
Gc by Native PAGE. Supernatant from construct 3 transfected 293 F cells was passed through a nickel agarose column, the eluted protein was treated with
1% triton X-100 and resolved on a 4-12% native PAGE gel. PageRuler™ Pestained Protein Ladder (#26616;ThermoFisher Scientific, UK) was used to estimate

the size of the protein on the SDS-PAGE gels and Western blot membranes

in this study (Fig. 4A, table S1), confirming the detec-
tion of anti-CCHFV IgG and 100% concordance with
the commercially available IFA performed previously
[28]. In contrast, the OD values for the negative serum
samples were consistently tenfold lower in intensity when
compared to the positive samples. This stark contrast
underscores the assay’s capacity to effectively differen-
tiate between positive and negative serum specimens.
Importantly, the AUC values for the CCHF positive sam-
ples were significantly higher (p=0.0013) in comparison
to the negative samples (Fig. 4B). We further compared
the reactivity of Gc aggregates and the monomeric Ge
(Fig. 5B). We use a positive and a negative sample for
the comparison and we found out that both reacted to
CCHFV IgG in serum and there was no significant differ-
ence between the two (P=0.087). This result suggests that
Gc can be used for ELISA directly after affinity chroma-
tography with no requirement for SEC.

Discussion

CCHEFYV is a pathogen transmitted by ticks covering a
broad geographical range. As a result, CCHF is pro-
gressively expanding following tick migration [29, 30].
Despite its propensity to spread to non-endemic regions
and cause sporadic outbreaks, no preventative treatment
currently exists. There is an urgent need to develop alter-
native treatment options and enhance diagnostic capacity
for improved disease control and case management until
a prophylactic vaccine is available. The effective pro-
duction and purification of the soluble Gc protein from
CCHEYV offer great potential for various applications in
diagnostics, vaccine, and antibody-based therapies. Nev-
ertheless, the scale-up production of this protein has pre-
sented notable difficulties.

We designed a plasmid and introduced modifications
that led to the expression and purification of CCHFV Gc¢
using an efficient one-step affinity chromatography puri-
fication with nickel agarose. This outcome demonstrates



Makoah et al. BMC Biotechnology (2024) 24:59

UV absorbance (mAU)
- N w H [2.]
o o o o o
1 1 1 1 1

o
g |
(4]

10 15 20 25 30

Volume (mL
B 250 - (mb)

200
150

100 - o

UV absorbance (mAU)
a
o
1

o
o -

Volume (mL)

5 10 15 20 25 30

Page 8 of 12

£
<
£
)
i 5 & &
x~ = o ] o
MmoF g U
s .
N
170 \
130 \ -
170
130 100 wa . -
100 70 .
70 -
55 "
55 -
-
-
-
(kDa) (kDa)  j—

Fig.3 A.SEC elution profiles of CCHFV Gc: Ge protein purified by affinity chromatography was concentrated and stored at -80°C. Subsequently thawed
and loaded on a AKTA™ Go and separated using a Superdex 200 increase 10/300 GL column. The stored solution is composed of aggregates (peak
1), multimers (peak?) and monomers (peak 2). B. SEC elution profiles of Gel filtration standard: chromatogram of Gel Filtration Standard (Bio Rad cat#
151-1901) comprised of five proteins. The profile denotes five peaks of which molecular weights can be determined. From left to right, peak A: thyro-
globulin (670 kDa), peak B: gamma globulin (158 kDa), peak C: ovalbumin (44 kDa), peak D: myoglobin (17 kDa), peak E: Vitamin B12 (1.35 kDa). C. Analysis
of CCHFV Gc under non-reducing conditions by SDS-PAGE: Approximately 4 ug of peak 1 and peak 2 were loaded on the gel and separated as described
in the method. D. Analysis of CCHFV Gc under non-reducing conditions by Western blot: Approximately 4 ug of peak 1 and peak 2 were loaded on the
gel, separated, and blotted as described in the method. The SARS-CoV S-glycoprotein tagged with Avi- and Histidine using the same approach described
for CCHFV Gc was used as a control in the experiment. PageRuler™ Pestained Protein Ladder (#26616;ThermoFisher Scientific, UK) was used to estimate

the size of the protein on the SDS-PAGE gels and Western blot membranes

that incorporating an effective leader peptide and trun-
cating 17 amino acids, as previously documented in
insect cells [22], can enhance the solubility and secretion
of CCHFV Gc in mammalian 293 F cells. The analysis of
the CCHFV Gc protein through SDS-PAGE revealed a
highly pure recombinant protein with a molecular weight
slightly exceeding the theoretical molecular weight of
65 kDa. Most enveloped viruses contain one or more gly-
coproteins, usually found as oligomers embedded within
the lipid membrane [31]. The correct arrangement of
CCHEFV Gc within the membrane has yet to be clarified
[23], as well as receptors on the target cells. The soluble
CCHEFV Gc expressed in this study has three asparagines
predicted to be N-glycosylated (Fig. S3). N-glycosylation
has been documented in CCHFV glycoproteins [32-34],
and the glycosylation of Gc was previously studied by
removing N-linked and immature carbohydrates through
digestion with PNGase F and endo-H, respectively [35].
The digested Gc migrated faster than the non-digested,
indicating the presence of glycans. In this study, we did

not assess glycosylation. However, data from previ-
ous studies [35] explain the increased molecular weight
observed on the SDS-PAGE. Western blot analysis fur-
ther confirmed the specificity of this protein, as it reacts
to a human anti-CCHFV serum. The absence of IgG
binding to the SARS-CoV S-glycoprotein tagged with avi-
tag and histidine tag in the western blot further validates
that the binding is specific to Gc and not the tags. The
SDS-PAGE and western blot in the presence or absence
of treatment with the reducing agent DTT (Fig. 2B, C,
D and E) also show that some aggregation could result
from incorrect disulfide bond formation as the molecu-
lar weight of the CCHFV Gc remained unchanged. The
SEC profile (Fig. 3A and B) supports the presence of
aggregates (oligomer 1 and 2) and the presence of mono-
meric Gc in solution as previously described [24]. The
sequence of CCHFV Gc expressed in this study contains
27 cysteines, suggesting the possibility of disulphide
bonds formation between CCHFV Gc monomers, or Ge
and other intra- or extracellular (from media) proteins.
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The high molecular weight proteins observed on the CCHFV Gc monomer in peak 2 was resolved as a single
Western blot between 130 and 170 kDa (Fig. 2C and E)  band at a molecular weight between 146 and 242 kDa
appeared to be reduced by DTT, indicating the presence  (Fig. 5A), which is larger than the monomer observed
of oligomers resulting from disulfide bonds formation.  between80-90 kDa on the SDS-PAGE (Fig. 3C). A simi-
When the protein sample was analysed by native PAGE, lar discrepancy was previously reported when analysing
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CLpA for crystallization [36]. The discrepancy between
the profiles observed in native PAGE and SDS-PAGE
were attributed to further oligomerization of the mono-
meric protein during migration in the native gel. This
highlights a complex behavior of certain protein under
various conditions. While the potential of CCHFV Gc
as a diagnostic target is well recognized, these findings
highlight the need for additional studies to fully elucidate
its structural properties.

We used the purified CCHFV Gc as a coating antigen
in an in-house developed ELISA to detect IgG in CCHF-
positive sera. This preliminary evaluation, using a small
sample set previously tested by a commercial IFA, was
aimed at determining whether our ELISA will repli-
cate the results previously obtained. Our ELISA results
(Fig. 4A) showed that all 12 positive samples displayed
a strong signal, whereas the negative samples exhib-
ited considerably lower optical density (OD) values. The
AUC values suggest that the ELISA could effectively dis-
criminate between positive and negative serum samples.
However, the number of samples used was insufficient
to validate our assay for diagnostic in humans, as this
requires reliable validation panels from different endemic
regions. Based on our findings, CCHFV Gc produced in
this study could be used as a reliable antigen for identi-
fying IgG antibodies in humans using serologic assays.
Most importantly, lateral flow assays for point-of-care are
needed in resource-limited regions and the production of
suitable antigens and antibodies is needed to accelerate
the development of a rapid serological test.

Interestingly, no significant difference was observed
when the aggregates (peak 1) or the monomers (peak 2)
were used separately in the ELISA. This finding suggests
that aggregates do not hinder the protein’s diagnostic effi-
cacy in an ELISA format. However, the suitability of the
produced Gc for other applications, such as lateral flow
assays, needs to be evaluated. The produced CCHFV Gc
expressed in this study has added application in antibody
isolation from single B cells using its avi-tag that can be
biotinylated. In a recent report, a recombinant polyprot-
ein bait (rGn/Gc) was used to isolate protective neutral-
izing antibodies from CCHF-convalescent donors [21].
The resulting monoclonal antibodies mainly targeted
some conserved epitopes in Gc. It is not evident from
the report if the recombinant Gc used was a monomer, as
only SDS-PAGE data are available. Avi-tagged Gc can be
biotinylated using various biotinylation kits and the bio-
tin-avidin interaction can be exploited to label CCHFV
Gc with various fluorophores. This approach has been
successfully used to isolate monoclonal antibodies from
convalescent blood donors in several studies [21, 37-40].
Protein aggregation as observed from the SEC can how-
ever impact the adequate labeling of proteins with bio-
tin by affecting the accessibility of biotinylation sites.
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Furthermore, protein aggregation in biotherapeutics has
been identified to increase immunogenicity, leading to
immune-mediated adverse effects [41]. This could have
an impact when the CCHFV Gc is used as a vaccine can-
didate alone or in combination with a recently reported
adenoviral vector vaccine against CCHF [20].

This study highlights the necessity of employing ana-
lytical techniques to monitor and limit the formation
of protein aggregates to ensure their integrity in down-
stream applications. Ideally, eliminating aggregates could
improve the yield and quality of the Gc antigen. Further
research will aim at validating the ELISA using a larger
and more diverse panel of samples from various endemic
regions to ensure robustness and reliability.

Conclusion

This study represents a significant advance in CCHFV
research by demonstrating the successful expression
and purification of the Gc antigen in mammalian 293 F
cells using a human insulin leader sequence. The affinity
chromatography purification process yielded a protein
that shows promise for diagnostic use in ELISA assays
and potential for development into lateral flow assays
for point-of-care testing, particularly in regions where
rapid and accessible diagnostics are desperately needed.
The work lays a foundation for further validation stud-
ies to assess the performance of the Gc antigen in diverse
diagnostic platforms and to investigate its immunogenic-
ity for vaccine development. Additionally, the Gc anti-
gen could be pivotal in isolating neutralizing antibodies,
offering therapeutic possibilities for a disease that cur-
rently lacks specific treatments. Future efforts will focus
on overcoming the challenges of scale-up production to
meet the needs for large-scale diagnostics and vaccine
manufacturing.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512896-024-00885-y.

[ Supplementary Material 1 J

Acknowledgements

We thank Prof. Penny Moore (National Institute for Communicable Diseases)
for donating the 293 F cells, Prof. Ikechukwu A. Achilonu (University of
Witwatersrand) for advice and providing the Transblot Turbo Starter System
and Dr Thandeka Moyo-Gwete (National Institute for Communicable Diseases)
for providing the Gel Filtration Standard.

Author contributions

NAM: conceptualization. NAM, MML, FBNS, KKM: performed experiments.
NAM, MML: data curation and writing initial manuscript, NAM, FJB, MML, FBNS:
review and editing. All authors have read and agreed to the published version
of the manuscript. NAM and FJB: secured funding.

Funding
Research reported in this publication was supported by the South African
Medical Research Council (SAMRC) under a Self-Initiated Research Grant.


https://doi.org/10.1186/s12896-024-00885-y
https://doi.org/10.1186/s12896-024-00885-y

Makoah et al. BMC Biotechnology (2024) 24:59

The views and opinions expressed are those of the author(s) and do not
necessarily represent the official views of the SAMRC. Further support was
obtained from the National Research Foundation Thuthuka (grant no. 129875),
the South African Research Chairs initiative of the Department of Science and
Technology and the National Research Foundation, SARChI in vector borne
and zoonotic pathogens research, grant no 98346.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

All the participants provided written informed consent prior to the study.
The study was performed in accordance with the Declaration of Helsinki and
approved by the University of Free State’s Health Sciences Research Ethics
Committee. Ethics reference numbers: HSREC 95/2016.

Consent for publication

All the participants in the study provided written informed consent which
includes consenting to research data obtained from the study may be
published anonymously in a scientific journal.

Competing interests
The authors declare no competing interests.

Received: 18 December 2023 / Accepted: 14 August 2024
Published online: 27 August 2024

References

1. Hawman DW, Feldmann H. Crimean-Congo haemorrhagic fever virus. Nat
Rev Microbiol. 2023;21:463-77.

2. FErgénil O. Crimean-Congo haemorrhagic fever. Lancet Infect Dis.
2006;6:203-14.

3. Bente DA, Forrester NL, Watts DM, McAuley AJ, Whitehouse CA, Bray M.
Crimean-Congo hemorrhagic fever: history, epidemiology, pathogenesis,
clinical syndrome and genetic diversity. Antiviral Res. 2013;100:159-89.

4. Shahhosseini N, Wong G, Babuadze G, Camp JV, Ergonul O, Kobinger GP, et al.
Crimean-Congo Hemorrhagic Fever Virus in Asia, Africa and Europe. Microor-
ganisms. 2021,9:1907.

5. MsimangV, Weyer J, le Roux C, Kemp A, Burt FJ, Tempia S, et al. Risk factors
associated with exposure to Crimean-Congo haemorrhagic fever virus in
animal workers and cattle, and molecular detection in ticks, South Africa.
PLoS Negl Trop Dis. 2021;15:20009384.

6.  Fritzen A, Risinger C, Korukluoglu G, Christova |, Hitzeroth AC, Viljoen
N, et al. Epitope-mapping of the glycoprotein from Crimean-Congo
hemorrhagic fever virus using a microarray approach. PLoS Negl Trop Dis.
2018;12:0006598.

7. Goedhals D, Bester PA, Paweska JT, Swanepoel R, Burt FJ. Comparative analysis
of the L, M, and S RNA segments of Crimean-Congo haemorrhagic fever virus
isolates from southern Africa. J Med Virol. 2015,87:717-24.

8. Halim SA, Aziz S, llyas M, Wadood A, Khan A, Al-Harrasi A. In Silico Modeling
of Crimean Congo Hemorrhagic Fever Virus Glycoprotein-N and screening of
anti viral hits by virtual screening. Int J Pept Res Ther. 2020;26:2675-88.

9. Sanchez AJ, Vincent MJ, Erickson BR, Nichol ST. Crimean-Congo Hemorrhagic
Fever Virus Glycoprotein Precursor is cleaved by furin-Like and SKI-1 prote-
ases to generate a novel 38-Kilodalton glycoprotein. J Virol. 2006,80:514-25.

10.  Sanchez AJ, Vincent MJ, Nichol ST. Characterization of the glycoproteins of
Crimean-Congo Hemorrhagic Fever Virus. J Virol. 2002;76:7263-75.

11, Freitas N, Enguehard M, Denolly S, Levy C, Neveu G, Lerolle S, et al. The
interplays between Crimean-Congo hemorrhagic fever virus (CCHFV) M
segment-encoded accessory proteins and structural proteins promote virus
assembly and infectivity. PLoS Pathog. 2020;16:¢1008850.

12.  Buttigieg KR, Dowall SD, Findlay-Wilson S, Miloszewska A, Rayner E, Hewson
R, et al. A Novel vaccine against Crimean-Congo Haemorrhagic Fever pro-
tects 100% of animals against Lethal Challenge in a mouse model. PLoS ONE.
2014;9:e91516.

13. Garrison AR, Shoemaker CJ, Golden JW, Fitzpatrick CJ, Suschak JJ, Richards
MJ, et al. A DNA vaccine for Crimean-Congo hemorrhagic fever protects

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 11 of 12

against disease and death in two lethal mouse models. PLoS Negl Trop Dis.
2017;11:0005908.

Golden JW, Fitzpatrick CJ, Suschak JJ, Clements TL, Ricks KM, Sanchez-
Lockhart M, et al. Induced protection from a CCHFV-M DNA vaccine requires
CD8+T cells. Virus Res. 2023;334:199173.

Hawman DW, Ahlén G, Appelberg KS, Meade-White K, Hanley PW, Scott

D, et al. A DNA-based vaccine protects against Crimean-Congo haemor-
rhagic fever virus disease in a Cynomolgus macagque model. Nat Microbiol.
2021;6:187-95.

Suschak JJ, Golden JW, Fitzpatrick CJ, Shoemaker CJ, Badger CV, Schmaljohn
CS, et al. A CCHFV DNA vaccine protects against heterologous challenge and
establishes GP38 as immunorelevant in mice. NPJ Vaccines. 2021;6:31.
Hinkula J, Devignot S, Akerstrém S, Karlberg H, Wattrang E, Bereczky S, et al.
Immunization with DNA plasmids coding for Crimean-Congo Hemorrhagic
Fever Virus Capsid and Envelope proteins and/or Virus-Like Particles Induces
Protection and Survival in Challenged mice. J Virol. 2017,91:e02076-16.

Hu Y-L, Zhang L-Q, Liu X-Q, Ye W, Zhao Y-X, Zhang L et al. Construction and
evaluation of DNA vaccine encoding Crimean Congo hemorrhagic fever virus
nucleocapsid protein, glycoprotein N-terminal and C-terminal fused with
LAMP1. Front Cell Infect Microbiol. 2023;13.

Ozdarendeli A. Crimean-Congo Hemorrhagic Fever Virus: Progress in Vaccine
Development. Diagnostics (Basel). 2023;13:2708.

Saunders JE, Gilbride C, Dowall S, Morris S, Ulaszewska M, Spencer AJ,

et al. Adenoviral vectored vaccination protects against Crimean-Congo
Haemorrhagic Fever disease in a lethal challenge model. EBioMedicine.
2023;90:104523.

Fels JM, Maurer DP, Herbert AS, Wirchnianski AS, Vergnolle O, Cross RW, et al.
Protective neutralizing antibodies from human survivors of Crimean-Congo
hemorrhagic fever. Cell. 2021;184:3486-e350121.

Kortekaas J, Vloet RPM, McAuley AJ, Shen X, Bosch BJ, de Vries L, et al.
Crimean-Congo Hemorrhagic Fever Virus Subunit vaccines induce high levels
of neutralizing antibodies but no protection in STATT knockout mice. Vector
Borne Zoonotic Dis. 2015;15:759-64.

Ye W, Ye C,HuY,Dong Y, Lei Y, Zhang F. The structure of Crimean-Congo
hemorrhagic fever virus gc is revealed; many more still need an answer. Virol
Sin. 2022,37:634-6.

LiN,Rao G, Li Z Yin J,Chong T, Tian K, et al. Cryo-EM structure of glycoprotein
C from Crimean-Congo hemorrhagic fever virus. Virol Sin. 2022,37:127-37.
Khan KH. Gene expression in mammalian cells and its applications. Adv
Pharm Bull. 2013:3:257-63.

Belij-Rammerstorfer S, Limon G, Maze EA, Hannant K, Hughes E, Tchakarova
SR et al. Development of anti-crimean-congo hemorrhagic fever virus gc and
NP-specific ELISA for detection of antibodies in domestic animal sera. Front
Veterinary Sci. 2022,9.

Goedhals D, Bester PA, Paweska JT, Swanepoel R, Burt FJ. Next-generation
sequencing of southern African Crimean-Congo haemorrhagic fever virus
isolates reveals a high frequency of M segment reassortment. Epidemiol
Infect. 2014;142:1952-62.

Pieters D. Development of molecular and serological assays for diagnosis and
surveillance of Crimean-Congo haemorrhagic fever virus. M.Med. Sc. disserta-
tion. University of the Free State; 2015.

Lindeborg M, Barboutis C, Ehrenborg C, Fransson T, Jaenson TGT, Lindgren
P-E, et al. Migratory birds, ticks, and Crimean-Congo Hemorrhagic Fever Virus.
Emerg Infect Dis. 2012;18:2095-7.

Grandi G, Chitimia-Dobler L, Choklikitumnuey P, Strube C, Springer A, Albihn
A, et al. First records of adult Hyalomma marginatum and H. rufipes ticks
(Acari: Ixodidae) in Sweden. Ticks Tick-borne Dis. 2020;11:101403.
Navaratnarajah CK, Warrier R, Kuhn RJ. Assembly of viruses: enveloped par-
ticles. Encyclopedia Virol. 2008;:193-200.

Altamura LA, Bertolotti-Ciarlet A, Teigler J, Paragas J, Schmaljohn CS, Doms
RW. Identification of a Novel C-Terminal cleavage of Crimean-Congo Hemor-
rhagic Fever Virus PreGN that leads to Generation of an NSM protein. J Virol.
2007;81:6632-42.

Erickson BR, Deyde V, Sanchez AJ, Vincent MJ, Nichol ST. N-linked glycosyl-
ation of Gn (but not gc) is important for Crimean Congo hemorrhagic fever
virus glycoprotein localization and transport. Virology. 2007;361:348-55.
Tyrrell BE, Kumar A, Gangadharan B, Alonzi D, Brun J, Hill M, et al. Exploring
the potential of Iminosugars as antivirals for Crimean-Congo Haemorrhagic
Fever Virus, using the Surrogate Hazara Virus: liquid-chromatography-based
mapping of viral N-Glycosylation and in Vitro Antiviral assays. Pathogens.
2023;12:399.



Makoah et al. BMC Biotechnology

35.

36.

37.

38.

39.

(2024) 24:59

Bertolotti-Ciarlet A, Smith J, Strecker K, Paragas J, Altamura LA, McFalls JM,

et al. Cellular localization and antigenic characterization of crimean-congo
hemorrhagic fever virus glycoproteins. J Virol. 2005;79:6152-61.

Ma J, Xia D. The use of blue native PAGE in the evaluation of membrane pro-
tein aggregation states for crystallization. J Appl Crystallogr. 2008;41:1150-60.
Liao H-X, Levesque MC, Nagel A, Dixon A, Zhang R, Walter E, et al. High-
throughput isolation of immunoglobulin genes from single human B cells
and expression as monoclonal antibodies. J Virol Methods. 2009;158:171-9.
Tiller T, Meffre E, Yurasov S, Tsuiji M, Nussenzweig MC, Wardemann H. Efficient
generation of monoclonal antibodies from single human B cells by single cell
RT-PCR and expression vector cloning. J Immunol Methods. 2008;329:112-24.
Zhang R, Prabakaran P, Yu X, Mackness BC, Boudanova E, Hopke J, et al. A
platform-agnostic, function first-based antibody discovery strategy using
plasmid-free mammalian expression of antibodies. mAbs. 2021;13:1904546.

40.

41.

Page 12 of 12

Jiang L, Jiang T, Luo J, Kang Y, Tong Y, Song X, et al. Efficient Acquisition of
fully human antibody genes against self-proteins by sorting single B cells
stimulated with vaccines based on nitrated T helper cell epitopes. J Immunol
Res. 2019;2019:27914326.

Lundahl MLE, Fogli S, Colavita PE, Scanlan EM. Aggregation of protein thera-
peutics enhances their immunogenicity: causes and mitigation strategies.
RSC Chem Biol 2:1004-20.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Purification and characterization of soluble recombinant Crimean-Congo hemorrhagic fever virus glycoprotein Gc expressed in mammalian 293F cells
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Human samples
	﻿Cells
	﻿Construct design and cloning
	﻿Immunofluorescence assay
	﻿Expression and purification of recombinant CCHFV Gc
	﻿SDS-PAGE and western blotting
	﻿Native PAGE
	﻿Anti-CCHFV Gc-specific ELISA
	﻿Statistical analysis
	﻿Database and Computional Biology servers

	﻿Results
	﻿Design, expressing and purification of CCHFV Gc protein
	﻿CCHFV Gc analysis
	﻿Reactivity of recombinant CCHFV Gc to CCHF positive serum

	﻿Discussion
	﻿Conclusion
	﻿References


