(Invitrogen), followed by limiting dilution cloning, S6.2 and BOS-5 clones were
obtained. To detect S protein expression in S6.2 cells, the cells were stained with
biotinylated anti-S mionoclonal antibody (Ohnishi et al., 2005) or control antibody,
followed by the incubation with APC-streptavidin (e-Bioscience Inc., San Diego, CA),
after which they were analyzed by FACScalibur (BD Bioscience) using the Cell Quest
II program. Propidium Iodide was used to exclude dead cells. The data were re-analyzed

and depicted using Flowjo software (Tree Star Inc., San Carlos, CA).

ELISPOT assay. Spleen T cells of mice immunized with rDIsSARS-N or rDIsSARS-
E/M/N/S were separated using a MACS system (Miltenyi Biotec, Auburn, CA). To
enrich CD4™ T cells in the T cell fraction, CD8* T cells were partially removed using
anti-CD8 mAb-coated magnetic beads (Miltenyi Biotec). This procedure reduced the
number of CD8" T cells to less than one third. Overlapping 20-mer peptides covering
the whole N sequences of SARS-CoV were obtained from Sigma-Aldrich Japan. S
peptides S44 (5331-350), S45 (S381-400), S46 (S431-450), and S47 (5481-500)
corresponding to the ACE2 binding region of the S protein were selectively produced
" based on a web-site program by SYFPEITHI (http://syfpeithi.de/). A20.2J murine B
cells irradiated at 2000 cGy were used as APCs with peptides corresponding to either S
or N proteins. In some experiments, A20.2J cells stably transfected with pEF-S or the
empty vector pEF-BOS were used.

ELISPOT assays were performed according to the methods outlined by DIACLONE
research (Besancon, France). In brief, 96-well flat-bottom plates (Maxisoap Nunc plates,

Nune, Rochester, NY) were coated with anti-IFN-y capture antibody for one hour at
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37°C. The plates were then washed with PBS containing 0.05% Tween 20 (PBST), and
blocked with PBS containing 2% bovine serum albumin overnight at 4°C. Freshly
isolated splenic T cells (5x10%) and APCs (1x10%) were added to the plates in the
presence or absence of 5 pM of N or S peptides and incubated for 16 hr at 37°C in 5%
CO, on the anti-IFN-y-coated plates, followed by a lysis with ice-cold de-jonized water.
After the plates were washed, biotinylated detection antibody was added, then the plates
were further incubated for 1 hr at 37°C. The plates were washed three times with PBST,
then 50 ul/well of Streptavidin-alkaline phosphatase-conjugated anti-biotin
immunoglobulin G solution was added, followed by incubation for 1 h at 37°C. After
washing with PBST, substrate mix (50 ul/well) was added, and the plates were allowed
to develop over four hours at 37°C. The wells were imaged and the number of spot-
forming cells SFC counted using a2 KS ELISPOT compact system (Carl Zeiss, Jena,

Germany).

Histopathology and immunohistochemistry. Lung tissue from the mice was fixed in
10% buffered formalin and embedded in paraffin. Paraffin block sections were stained
with hematoxylin and eosin (HE). SARS-CoV antigens were immunohistochemically
detected using a labeled-streptoavidin-biotin complex staining system (DakoCytomation
Co. Japan, Kyoto, Japan). Rabbit polyclonal antibodies raised against UV-inactivated,
purified SARS-CoV were used as a primary antibody. A catalyzed signal amplification
method (Dako) was also used to detect SARS-CoV antigens with enhanced sensitivity.
Lung sections from mice vaccinated with rDIsSARS-E/M/N/S and infected with SARS

Co-V were stained with anti-CD3 antibody. (Santa Cruz Biotechnology)
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Figure Legends

Fig.1. Schematic diagram of rDIs constructs expressing SARS-CoV structural
proteins. DNA fragments encoding E, M, N and S proteins were inserted into the
location of the 15.4 kb deletion in DIs using the vaccinia virus transfer vector

pDIsgptmHS5. Six rDIs constructs are shown.

Fig.2. Western blot analysis and indirect immunofluorescence analysis.

A: CEF cells were infected with rDIs constructs expressing SARS-CoV structural
proteins (M, N and S, respectively). Purified SARS-CoV virion (0.5 mg) was used as a
positive control. SARS-CoV proteins were detected using monoclonal antibodies (N
and S) or polyclonal antibodies (M). Detection of bound antibodies was done with
horseradish peroxidase-conjugated goat anti-mouse or anti-rabbit antibody, and
visualized by chemiluminescence.

B: CEF cells were infected with rDIs constructs expressing SARS-CoV structural
proteins (M, N and S, respectively). To detect SARS-CoV proteins, the cells were
incubated with rabbit polyclonal antibodies against these proteins. The cells were
further incubated with FITC-conjugated goat anti-rabbit IgG. To analyze subcellular
localization of these proteins, monoclonal antibody against GM-130 (Golgi marker) and
rhodamine-conjugated goat anti-mouse IgG were used. SARS proteins are shown in
green, Golgi apparatus is shown in red and co-localization, where it occurs, is shown in

yellow.

Fig. 3. Detection of anti-SARS-CoV IgG in vaccinated mice.
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IgG antibody levels against SARS-CoV were determined as described in the materials
and methods section. SARS-CoV-specific IgG titers were calculated as follows: SARS-
specific IgG titer (ELISA units/ml) = (the unit value obtained for wells coated with
virus-infected cell lysate) - (the unit value obtained for wells coated with non-infected
cell lysate). *: p<0.1, **: p<0.05, ***: p<0.01 vs. DIs-administered group. The data for'
neutralizing sera are represented by closed circles and the data for non-neutralizing sera

are represented by open circles.

Fig. 4. Mucosally secreted anti-SARS-CoV IgG, but not IgA, antibodies are
protective from nasal SARS-CoV challenge in vaccinated mice.

The levels of Ig A and IgG antibodies against SARS-CoV were determined as described
in the materials and methods section. Fig. 4(A): Titers of anti-SARS-CoV IgA in the
nasal washings of vaccinated mice. Error bars represent the mean +/- SD. Fig. 4(B):
Titers of anti-SARS-CoV IgG in the nasal washings of vaccinated mice. Error bars
represent the mean +/- SD. Fig. 4(C): Titers of anti-SARS-CoV IgG in the sera of
vaccinated mice. Error bars represent the mean +/- SD. Fig. 4(D): The titers of SARS-
CoV in the lungs of vaccinated mice challenged one week later with 10* TCID;;, of
SARS-CoV. Virus titers are expressed as log,,TCIDs,. Error bars represent the mean +/-

SD. *: p<0.1, **: p<0.05, ***: p<0.01 vs. DIs-administered group.

Fig. 5. In vitro response of SARS-CoV-specific T cells in mice subcutaneously

immunized with rDIsSARS-S.

CLN, ALN and spleens were obtained from mice one week after the third vaccination of
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either DIs control or rDIsSARS-S. After preparation of single cell suspensions, T cells
were purified and cultivated with irradiated and T-cell depleted normal BALB/c mouse
splenocytes as APCs in the presence or absence of 10 pg/ml of purified UV-irradiated
SARS-CoV virion. Four days later, IFN-y and TNF-o concentrations in the culture

supernatant were measured.

Fig. 6. Detection of SARS-CoV-specific T cells elicited by rDIsSARS-E/M/N/S or
rDIsSARS-N vaccination.

Splenic and lymph node (LN) T cells of mice s.c. or i.n. immunized with recombinant
rDISSARS-E/M/N/S (A) or rDIsSARS-N (B) were separated using a MACS system
(Miltenyi Biotec), and IFN-y ELISPOT analysis was performed.

A: T cells (5x10° cells) from mice immunized with rDIsSSARS-E/M/N/S were cultured
with irradiated A20.2J B cells (1x10%), in triplicate, in a 96-well membrane plates coated
with IFN-y capture antibody in the absence or presence of 5 puM of S peptides
(S44~S47). The numbers of IFN-y spot-forming cells were then counted and are
depicted.

B: T cells from mice immunized with rDIsSARS-N and A20.2] B cells were cultured as
described in A. N protein (422 amino acids) was divided into 5 parts by 100 amino acids
(A, B, C, D and E) and 10 peptides each of pooled 20-mer overlapping peptides specific
to the each stretch of N sequence were used as an antigen.

Fig. 7. Detection of SARS-CoV S-specific CD8" T cells in mice immunized with
rDIsSARS-E/M/N/S.

A: A20.2] B cell clone expressing S (56.2) or empty vector (BOS-5) was stained with
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biotinylated anti-SARS-CoV S monoclonal antibody (solid line) or control IgG
(shadowed line), followed by the incubation with streptavidin-APC, and then analyzed
by FACScalibur. A histogram of APC fluorescence of gated live cells (PI negative) is
depicted.

B: Splenic T cells from mice immunized s.c. or i.n. with recombinant rDIsSARS-
E/M/N/S were purified and IFN-y ELISPOT analysis was carried out using y-irradiated
$6.2 and BOS-5 as APCs. The number of T cells reactive for BOS-5 control (white
column) and $6.2 (black column) cells are shown. Error bars represent the mean +/- SD.
C: Using the same splenic T cells as in B, CD8* T cells were partially removed using
anti-CD8 mAb-coated magnetic beads (Miltenyi Biotec), and the number of T cells
reactive for BOS-5 and $6.2 cells were counted by ELISPOT. The number of BOS-5-
reactive T cells was subtracted and the number of S-specific T cells is depicted. Black

columns: total T cells; grey columns: partially CD8-depleted T cells.

Fig . 8. Histopathology and immunohistochemistry.

Lung specimen of mice immunized with rDIs expressing structural proteins of SARS-
CoV and challenged with SARS-CoV. Mice were immunized in. or s.c. with DIs,
tDIsSARS-N, tDIsSARS-E/M/S, rDIsSARS-E/M/N/S or saline. Mice were challenged
with SARS-CoV 2 weeks after the final vaccination. Lungs were harvested 3 days after
the challenge. The section was stained with hematoxylin and eosin (H&E) or

immunohistochmically stained with anti-SARS-CoV antibody or anti-CD3 antibody.
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