[bookmark: OLE_LINK3][bookmark: OLE_LINK2][bookmark: OLE_LINK8][bookmark: _GoBack]Virologica Sinica

Supplementary Materials

A lethal mice model of recombinant vesicular stomatitis viruses for EBOV-targeting prophylactic vaccines evaluation

[bookmark: OLE_LINK22][bookmark: OLE_LINK21]Hong-Qing Zhang a, b, Zhe-Rui Zhang a, Cheng-Lin Deng a, Zhi-Ming Yuan a, b, c, Bo Zhang a, b, c, *

a Key Laboratory of Special Pathogens and Biosafety, Wuhan Institute of Virology, Center for Biosafety Mega-Science, Chinese Academy of Sciences, Wuhan, 430071, China; 
b University of Chinese Academy of Sciences, Beijing, 100049, China;
c Hubei Jiangxia Laboratory, Wuhan, 430200, China.

Corresponding author: 
E-mail: zhangbo@wh.iov.cn (B. Zhang).
ORCID: 0000-0002-8895-3679
 7 / 7


www.virosin.org

Materials and Methods
Cell lines, viruses and antibodies
BHK-21 (Baby hamster kidney) and Vero (African green monkey kidney) cells were cultured at 37 ℃ with 5% CO2 in Dulbecco’s modified Eagle’s medium (DMEM, 11965092, Gibco, Carlsbad, CA, USA) containing 10% (vol/vol) fetal bovine serum (FBS, 12103C, Sigma-Aldrich, St.Lous, MO, USA), penicillin (100 U/mL)-streptomycin (100 μg/mL) liquid (P1400, Solarbio, Beijing, China). Recombinant VSVΔG-EBOVGP with EBOV GP (Mayinga strain, GenBank: AF272001) replacing its own VSV-G (VSV-EBOV) were constructed and kindly provided by Prof. Zhi-Ming Yuan from Wuhan Institute of Virology, Chinese Academic of Sciences. VSV-EBOV was propagated in Vero cells, titrated and stored as aliquots at −80 ℃ for subsequent experiments. The mouse monoclonal antibody against EBOV GP was kindly provided by Prof. Hui-Min Yan from Fudan University. The rabbit antibody against EBOV GP (PA5-81819) was purchased from Thermo Fisher Scientific (Waltham, MA, USA). The mouse antibody against β-actin (AM1021b) was purchased from Abgent (San Diego, CA, USA). HRP/FITC-conjugated goat anti-mouse/rabbit IgG (SA00001-1, SA00001-2 and SA00003-1) was purchased from ProteinTech Group (Wuhan, China). 
Plaque assay
[bookmark: OLE_LINK1][bookmark: OLE_LINK7][bookmark: OLE_LINK9][bookmark: OLE_LINK17][bookmark: OLE_LINK60][bookmark: OLE_LINK63]Virus titration of VSV-EBOV was performed by monolayer plaque assay as described previously (Zhang Y. N. et al., 2022). Briefly, BHK-21 cells were divided into 24-well plate at 1×105 per well. After one day cultivation, BHK-21 cells were inoculated with serially-diluted aliquots in 10-fold. After 1 hour (h) adsorbtion at 37 ℃, viral supernatant was removed and the monolayer were covered with a semisolid DMEM mixture containing 1% methylcellulose (17851, EMD Millipore, Billerica, MA, USA), 2% FBS and penicillin (100 U/mL)-streptomycin (100 μg/mL) liquid. After 2–3 days incubation for plaque development, the cells were fixed with 4% formaldehyde for 24 h. Plaques were stained with 1% crystal violet for 10 min and counted after washing with running water. The titer was expressed as plaque-forming unit per mL (PFU/mL).
Production and titration of EBOV VRPs
VEEV-EBOVGP replicon was constructed by inserting the cassette encoding the EBOV GP (Mayinga strain, GenBank: AF272001) into the cDNA clone of venezuelan equine encephalitis virus (VEEV) replicon (TC-83 strain) with the deletion of its structural genes. The cDNA clones of two helper RNAs were constructed as previous study described (Zhang H. Q. et al., 2022), encoding the capsid and envelope proteins of VEEV, respectively. The resulting VEEV-EBOVGP and helper replicons were linearized, subjected to phenol/chloroform purification and transcribed in vitro by using the mMESSAGE mMACHINE™ T7 Transcription Kit (AM1344, Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions.
To produce the EBOV VRPs, 10 μg of replicon RNA and two helper RNAs were co-electroporated into BHK cells (1.2×107) by a Gene Pulser apparatus (Bio-Rad, Hercules, CA, USA) in a regimen of three times 850 V-25 μF pulses with 3-second intervals. The transfected cells were recovered at room temperature (22~25 ℃) for 10 min and cultivated at 37 ℃ in T75 flasks after resuscitation with pre-heated medium. After incubation for 24/48 h, the supernatants were collected, centrifuged and filtered by 0.2 μm membrane to remove the cell debris. The resulting EBOV VRPs were stored aliquots at −80 ℃ for subsequent experiments. The VRPs titration was conducted by infectious center assay. Briefly, BHK-21 cells (1×105 per well) were seeded onto slides in 24-well plates. After one day cultivation, the cells were inoculated with serially-diluted VRPs in 10-fold and cultured for 24 h. The slides were fixed and analyzed by indirect immunofluorescence assay for VRPs quantification. The titer was expressed as infectious unit per mL (IU/mL).
Indirect immunofluorescence assay (IFA)
BHK-21 cells (1×105 per well) were seeded onto Chamber Slides (Nalge Nunc, Waltham, MA, USA) in 24-well plates. After adherence, the cells were infected with diluted VRPs. At the time points of sample collection, the cells were fixed with pre-cold (−20 ℃) 5% acetone in methanol for 10 min, followed by washing three times with PBS. The slides were successively incubated with the primary antibody against EBOV GP and FITC-conjugated goat anti-mouse IgG for 1 h, respectively. The nuclei were stained with DAPI (C1005, Beyotime, Shanghai, China) for another 10 min. Finally, the slides were soaked with 95% glycerol and analyzed under Zeiss fluorescence microscope (Oberkochen, BW, Germany). 
Western blotting assay (WB)
The expression of EBOV GP was detected by WB. Briefly, the transfected- or infected-cells were lysed by RIPA buffer (P0013B, Beyotime, Shanghai, China) and denatured in SDS loading buffer (CW0027, CWBIO, Jiangsu, China) at 95 ℃ for 15 min. The samples were analyzed by SDS-PAGE electrophoresis and transferred onto PVDF membrane. The PVDF membrane was blocked by 5% skim milk (CN7861, Coolaber, Beijing, China) for 2 h, and successively incubated with primary/HRP-conjugated secondary antibodies for 1 h. Then, the PVDF membrane was incubated with the substrates (SuperFemto ECL Chemiluminescence Kit, E423-02, Vazyme, Nanjing, China). The corresponding signal was detected and analyzed by the chemiluminescence system (ChemiDoc, Bio-Rad, Hercules, CA, USA).
Ethics declarations
Female IFNα/β/γ R-/- mice (129S6/SvEv background) aged 8–10 weeks were maintained in Center for Animal Experiments of Wuhan Institute of Virology. All the mice were cared following the recommendations of National Institutes of Health Guidelines for the Care and Use of Experimental Animals. Studies related to virus infection were performed in biosafety level 2 (BSL-2) facility at Wuhan Institute of Virology under a protocol approved by the Laboratory Animal Ethics Committee of Wuhan Institute of Virology, Chinese Academy of Sciences (WIVA26202301).
Virulence evaluation of VSV-EBOV in IFNα/β/γ R-/- mice
To evaluate the susceptibility of IFNα/β/γ R-/- mice (129S6/SvEv background) to VSV-EBOV, mice aged 8–10 weeks were anesthetized by isoflurane (R510-22, Reward, Shenzhen, China) and injected intraperitoneally (i.p.) with different amounts of VSV-EBOV in a total volume of 200 μL. Mock-treated mice were set as negative controls. After infection, clinical symptoms, weight changes and survival were monitored daily for 14 days. Viremia was detected in the sera from the orbital of mice during the first two days by plaque assay.
For the detection of viral distribution and pathology changes in different tissues, IFNα/β/γ R-/- mice aged 8–10 weeks were i.p. injected with 1×106 PFU VSV-EBOV in a total volume of 200 μL. The infected mice were sacrificed for samples collection at 2 day post infection (dpi). Tissues were weighed, homogenized in DMEM and centrifuged for viral titration by plaque assay. Other tissues (livers, spleens, kidneys and lungs) were fixed with 4% paraformaldehyde for hematoxylin and eosin staining. Further histopathology analysis and scoring were conducted by Hubei Biossci Biotechnology Co. LTD. Scoring standards were shown as followed: 0, under the conditions of scientific research, lesions caused by the age, sex, and breed of the animal are regarded as normal tissues. 1, the lesions were slightly beyond the normal tissue. 2, the lesions can be visualized visually but are not severe. 3, the lesions are significant and may be more severe. 4, the lesions had taken over whole tissues and organs and were very severe. 
Immunization and VSV-EBOV lethal challenge
    To evaluate the application of mouse models for EBOV vaccine development, IFNα/β/γ R-/- mice aged 8–10 weeks were anesthetized by isoflurane and i.p. immunized with 5×106 IU EBOV VRPs twice with two weeks intervals. Mock-treated mice were set as negative controls. On day 14 and 28 post immunization, sera were collected for the detection of EBOV-specific IgG antibodies and nAbs against VSV-EBOV by enzyme-linked immune sorbent assay and plaque reduction neutralization test. On day 28, the immunized mice were anesthetized by isoflurane and i.p. challenged with 1×105 PFU VSV-EBOV. Clinical symptoms, weight changes and survival were monitored daily for 14 days. Viremia was detected in the sera from the orbital of mice during the first two days by plaque assay. 
Enzyme-linked immune sorbent assay (ELISA)
The titers of EBOV GP-specific IgG antibody of mouse sera were measured by ELISA. Briefly, 96-well plates were coated with purified EBOV GP (0.5 μg/mL) at 4 ℃ overnight and blocked with 5% skim milk in PBS at room temperature for 2 h. The plates were washed with PBST, incubated with 4-fold dilutions of heat-inactivated (56 ℃ for 30 min) sera for 2 h, followed by inoculation with HRP-conjugated secondary antibody. After PBST washing for 1 h, the plates were treated with a mixed substrate (two-component TMB substrate kit, PK10004, ProteinTech Group, Wuhan, China) for 20 min. The optical density at 450 nm was detected and analyzed by a multimode microplate reader (Varioskan Flash, Thermo Fisher Scientific, Waltham, MA, USA) after the addition of 1 mol/L H2SO4 to terminate coloration reaction. Antibody titers were defined as the highest dilution of sera giving an optical density twice than that of the naïve sera.
Plaque reduction neutralization test (PRNT)
The neutralizing titers of mouse sera were measured by PRNT. Briefly, Vero cells were divided into 24-well plates at 1×105 per well. VSV-EBOV (50 PFU) was pre-treated with serially-diluted mouse sera in 2-fold at 37 °C for 1 h. The monolayer was incubated with the virus-serum mixture for another 1 h. The subsequent procedures followed the same protocol as those employed in plaque assay. The neutralizing titers were calculated as the highest dilution of mouse sera leading a 50% reduction in plaque numbers (PRNT50) than that of the naïve sera.
Statistical Analysis 
All data were analyzed using GraphPadPrism 8.0.2 software (La Jolla, CA, USA) and expressed as geometrical mean ± standard deviation (SD). The statistical significance was assigned when P values were < 0.05. Student’s t-test was used to analyze the differences between two groups, and significant differences between groups were determined using a one-way or two-way analysis of variance (ANOVA).
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Figure. S1
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Figure. S1 Lethal infection with VSV-EBOV in IFNα/β/γ R-/- mice even at low dose. Cohorts of adult IFNα/β/γ R-/- mice (n=4) aged 8-10 weeks were i.p. inoculated with serially 10-fold diluted VSV-EBOV (ranging from 1×102 to 1× 105 PFU). Weight changes (A) and survival rates (C) were recorded daily for 14 days after infection. Viremia (B) was detected within the first two days after infection. The blood samples were collected from the orbital of mice. Data represent the geometrical mean ± standard deviation at each time point in each group. The asterisks denote statistical differences between the indicated groups. n.s., no statistical difference, *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001.
Figure. S2
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Figure. S2 Construction of VEEV-EBOVGP replicon and EBOV VRP. Indirect immunofluorescence analysis of VEEV-EBOVGP-transfected cells (A) and EBOV VRP-infected cells (B). Scale bar: 50 μm. Western blotting analysis of VEEV-EBOVGP-transfected cells (C) and EBOV VRP-infected cells (D). VEEV-control and control VRP were set as negative controls.
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