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Vaccination against Bovine Ephemeral Fever — Construction of a

recombinant vaccine and evaluation of its safety and immunogenicity.
Abstract

Bovine Ephemeral Fever is a viral disease that cause significant financial loss
to dairy cattle herds owners in tropical and sub-tropical areas around the
world, including Israel. The virus belongs to the Rhabdoviridae family and
transmitted by biting insects during spring and autumn seasons. The viral
genome expresses 5 non-structural proteins and 4 structural proteins (M, N, P
and G). Former trails to develop an efficient vaccine had been demonstrated

only limited efficacy in both vaccination coverage and immunity period.

In this research project we are developing a viral vector approach to induce a
potent and long-lasting immune response. This approach is based on using
attenuated Vaccinia virus strain (MVA) that have been proven to be efficient
vector to induce immunity against other viruses such as Rabies and SARS.
Vaccinia Virus (VV) recombinant strains were built independently to express
each of the structural proteins of BEFV and protein expression in these
strains was demonstrated using several molecular and biochemical methods.
For the N, P and M strains we have proven stable and robust expression,
while in the G expressing strains, we got ambiguous results. While, re-
cloning the G expressing strain, we started mice model trails, injecting
different combination of the recombinant Vaccinia virus strains. In our
vaccination trails we had standardized the efficient dose needed to induce
robust immune response against VV in the mice. We also demonstrated a
good immune response against GnRH, a protein tag that was expressed in
tandem with the G protein in one of the recombinant strains. However, in our

trails there was no establishment of neutralizing antibodies against BEFV.



Our results suggest that the expression of the G protein, the major antigen to
induce neutralizing antibodies, is impaired in our VV strains. Therefore, we
have re-cloned the protein to MV A and we are in the process of checking its

expression and preparing a sufficient dose for vaccination in mice.
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QY SV 72521 DMNVYNI OORN NPIINA ITI0 D2m 1Y )8 .MVA vomnn Pnn 1312 wonvnd
MY (ATCC) MVA msy 9000 nX 191 (ATCC) SL-29 9y DO0DY2171229 RN NWIT I TNND
ND) NTAYNI NTIAY ONIN LI HVDMIP PIANA NYIAX NNN DIPRI NPOD NVIVIA PN IVOV NN

.08

MTN 790na (107.5TCID50/0.2ml 5w 00 5¥a5 NNT) WINY PIN IV 5D NNIN
.2.6x10° PFU/ml XN 9097905 N1»20padNn

pLW44 1noYad pp 93 HYv 0131010 0MN3AYNND VIDY

(MOI=1) 1:1 ©M*2 PP 932 IPATINY vero XN NYNNYN PP PN Y¥ RNA npan 7180
Reverse mspnia vidwa 09 RNA npand Sry1min NN 119N DIRNN MYV 48 INND
DMINN DM OYHINM DMINMIY 1 DY >N DN Y cDNA 1% Transcription (RT)
9901 NN NN 199 INKY L(G) PROVIIIPIIN (P) PROINOIDI ,(N) TPOIPINIPN (M) DPMVN



INNNI) YN DN DY MannY ©yopnn (A 2 nn) PCR nvrwa 7991 1 Yo by opmvn
D>TNOYIN VYN INKD .(MSG234) 72y1n THNODSAY VWY NNTHN DINN THIND DDIRNN
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DY125¥N ,)IDNN NPITN INKRD OOIAY .DMNY D IPYN YN PIVN MV .NMIOOY IN PNINN
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Overview of the generation and isolation of recombinant MVA strain. (1) CEF cell were infected
with wild type VV-MVA followed by transfection of pLW44 plasmid including the inserted gene
of interest. (2) 2-3 day post infection, the growth medium and cells were collected and used to
infect fresh CEF cells. (3) After 48-72 hours, green fluorescence viral plaques were collected
separately and transferred to fresh CEF cells after disruption of the cells. (4) This process was
repeated 5-7 times until homogenous recombinant virus was observed.
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kb

plw44

BEF genes — M, G, N and P were amplified from BEF RNA (isolated from BEF infected VERO
cells), cloned in to a MSG234 plasmid and confirmed by sequencing. The figure represents PCR
products of the relevant genes. B. pLW44 was purified using DNAeasy mini-plasmid purification
kit from E. coli culture. The plasmid size was confirmed and sequenced. C. A map of the plasmid
pL W44 with its main features. The multi-cloning site (marked by red arrow) located downstream to
H5 promoter was used to insert the BEF genes.
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Chicken Fibroblasts cells (SL-29) were infected with MVA virus in MOI of 0.1. After
lhour, the virus was removed, and the cells were introduced to transfection agent
(FUGeneé) medium mixed with pLW44 plasmid cloned with the BEF genes (G, N, P, M)
inserted downstream to GFP, both under vaccinia virus promoter. Mock- uninfected cells
with pLW44 plasmid. pPLW44 — represent the plasmid with no BEF gene.
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G N P
Chicken fibroblasts cells were infected with supernatant medium that was collected from
cells induced to recombination of BEF genes with MVA (picture 2). The cells were
covered with semi-fluid medium for plaque formation originated from one recombinant
virus particle (A). Each collected plaque was introduced to nal ve cells covered with semi-

fluid medium for formation of new plaques which were collected again for further transfer
and isolation.
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Chicken fibroblasts cells were infected with recombinant MVA collocated from plaques
formed after 7-8 transfers. Each recombinant MVA strain expresses BEFV protein as
marked on top of each column. An estimation of the purity levels of the recombinant
MVA was conducted by the ratio between GFP expressing plaques to non-GFP plaques.
The cells were pictured under white light under X50 magnification (upper row) and under

dark-field with GFP excitation light (nm) (middle row). The pictures were overlay to
emphasis the dominantly of the GFP expressing plaques (lower row).
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Estimating success of insertion of BEFV genes into MVA genome. (A) DNA was
extracted from WT MVA and from each sample of recombinant virus: pLW44 (only the
GFP insert), M, G and N. The DNA was taken to PCR analysis to confirm the insertion of
each BEF gene. Next, PCR products were sent to sanger sequencing to reconfirm that the
sequences were inserted properly to the MVA genome. NC- Negative control. (B) Chicken
fibroblasts were infected without (Mock) or with clean homogenized stock of each
recombinant strain (pLW44, M, G and N) in high MOI (~1). After 2 days, the cells were
harvested and centrifuged in high speed. Next, the pellets were incubated with Lemmlie
buffer and loaded on SDS-PAGE for Western-blot analysis using antibodies against GFP
MW=27KDa - upper panel) and Actin (MW=42KDa - lower panel). (C) Chicken
fibroblasts were infected with MVA-WT or with clean homogenized stock of each
recombinant strain (pLW44, G or G-GnRH) in high MOI (~1). After 2 days, the cells were
harvested and centrifuged in high speed. Next, the pellets were incubated with Lemmlie
buffer and loaded on SDS-PAGE for Western-blot analysis using antibodies against
GnRH (MW=5KDa (85kDa for G-GnRH) - upper panel) and Actin (MW=42KDa - lower
panel). A unique band estimated to be G-GnRH was recognized in the ~75kDa size ladder
(marked with asterisk).
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Estimating success of insertion of BEFV genes into MVA genome using serum of BEFV
infected cow. Chicken fibroblasts were infected with MVA-WT or with clean
homogenized stock of each recombinant strain (pLW44, N, P, M and G) in high MOI (~1).
After 2 days, the cells were harvested and centrifuged in high speed. Next, the pellets were
incubated with Lemmlie buffer and loaded on SDS-PAGE for Western-blot analysis using
serum extracted from control uninfected cow (A) and from BEFV infected cow (outbreak
2005) (B). expected size of protein bands: N (49kDa) M (25kDa), P (32kDa) and G (81kDa).

I- ©91NN 07325y DIV MNINA TNPPN DNTPN QPN HY ININIVII MDY MINNN : 1 1YV
Neutralization
Mouse titer

Mock I -
Mock II -
Ultravac | 1:8
Ultravac II 1:16
Ultravac III 1:8
MVA -G 1 -
MVA -G 11 -
MVA -G III -
MVA G+N I -
MVA G+N II -
MVA G+N+M I -
MVA G+N+M II -
Bovine NC -
Bovine PC 1:64




11- ©19INN 5’125y DIV MNINA NNPPN NNTPD I DY TPSPIRIVI ND) MXNN : 2 NIV

Neutralization
Mouse titer

Mock I -

Mock II -

Ultravac I 1:8

Ultravac 11 1:16

MVA-GI -

MVA -G II -

MVA -G-GnRH -

MVA G+N_M+P | -

MVA G+N+M+P
11 -

MVA
G(2)+N+M+P I -

MVA
G(2)+N+M+P I -

Bovine NC -

Bovine PC 1:32

1I- 099NN ©125Y 01992 GnRH 735 92739 1189 ELISA »99) NINSN : 3 nvav

Sample ABS Calcplated
(450nm) Ab titer

Mock 1 0.0295 0.18457265
Mock 11 0.0101 0.06319267
G[BEF] - 1 0.1906 1.19252702
Ultravac | 0.034 0.2127278
Ultravac II 0.0579 0.36226293
MVA -G 0.0195 0.12200565
MVA -G I 0.0952 0.59563784
MVA G+N_M+P | 0.1358 0.84965986
}\fVA GHN+M+P 6110 0.06944937
MVA -G-GnRH 2.3072 14.43545824
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