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(57) ABSTRACT 

The present invention relates to a recombinant bacterium 
expressing an antigen that is translocated to the cytosol of a 
host organism, and uses thereof. To this end, the present 
invention provides a recombinant bacterium comprising a 
nucleic acid encoding an antigen that is translocated to the 
cytosol of a host cell utilizing Type III secretion system. The 
recombinant bacterium is generally chosen from intracellular 
pathogens that reside in the phagosome and fail to induce 
rapid T cell activation. The translocated antigen may be a viral 
antigen, a bacterial antigen, or a tumour antigen. Methods of 
imparting immunity using the recombinant bacterium are 
also provided. 
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RECOMBINANT BACTERUMAND USES 
THEREOF 

FIELD OF THE INVENTION 

0001. The present invention relates to recombinant bacte 
rium and uses thereof. More specifically, the invention relates 
to recombinant bacterium expressing an antigen that is trans 
located to the cytosol of a host organism, and uses thereof. 

BACKGROUND OF THE INVENTION 

0002 Various vaccine vectors or adjuvants that induce 
potent T cell responses are known in the art (Kaufmann and 
Hess, 1997). However, very few vaccine vectors exist that 
induce rapid and potent memory CD8+ cytolytic T cell 
responses, and that are safe and cost-effective (Raupach and 
Kaufmann, 2001). Unlike other T cells, CD8+ T cells 
uniquely provide immune-Surveillance to the entire body 
because they recognize targets in the context of MHC class I 
molecules, which are present in every cell (Bevan, 1995). 
Furthermore, CD8+ T cells can eliminate infected cells or 
tumour cells rapidly. Thus, the induction of specific, potent 
CD8+ T cells is highly desirable for diseases that are caused 
by intracellular pathogens and tumours. 
0003 Intracellular pathogens induce CD8+ T cell 
responses; however, the responses are either highly attenu 
ated or the organism itself is highly toxic. Generally, rapid 
proliferation of pathogens is countered by rapid presentation 
of antigen to CD8" T cells within the first few days of infec 
tion and activated CD8" T cells undergo profound expansion 
(>1000-fold) within the first week of infection, which results 
in resolution of infection (Kaech and Ahmed, 2001). Simi 
larly, CD8+ T cells play a key role in mediating immune 
surveillance against tumours (Smyth et al., 2000). While anti 
bodies and helper T cells mainly promote clearance of 
extracelluar pathogens (Kaech et al., 2002), CD8+ T cells 
play a principal role in controlling intracellular pathogens and 
tumours. Thus, rapid induction of memory CD8+ T cells is 
essential for developing vaccines against tumours or intrac 
ellular pathogens. 
0004 While the CD8+ T cells play a key role against 
various diseases, their induction is highly tedious. Antigenic 
proteins injected into hosts in the absence or presence of 
adjuvants does not lead to the induction of CD8+ T cells 
(Moore et al., 1988). This is mainly because extracelluar 
proteins do not gain access to the cytoplasm (cytosol) of 
antigen-presenting cells (APC) (Rock, 1996). Rather, these 
extracellular proteins or vaccines are trafficked through spe 
cialized intracellular vesicles called phagosomes, which 
leads to the activation of helper T cells to aid antibody pro 
duction. For induction of CD8+ T cell responses, the patho 
gen or the vaccine has to reside within the cytosol of an 
antigen-presenting cell (Bahjat et al., 2006). 
0005. Alternative routes of cross-presentation of non-cy 
tosolic antigens to T cells have been Suggested (Schaible et 
al., 2003: Houde et al., 2003:Yrlid and Wick, 2000), however 
the efficiency of these pathways in controlling pathogens isn't 
clear (Freigang et al., 2003). Dendritic cells may pick up 
antigen from dying APCs and present it to CD8" T cells 
(Albert et al., 1998). Salmonella enterica serovar Tiphimu 
rium (ST) induces rapid death of macrophages and dendritic 
cells (Hershet al., 1999; vander Velden et al., 2000) and it has 
been shown that cross-presentation of ST antigens occurs 
through dendritic cells (Yrlid and Wick, 2000). Phagosomes 
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have themselves been considered to be competent at promot 
ing cross-presentation (Houde et al., 2003). However, these 
mechanisms are of little protective value since rapid pathogen 
elimination is not observed. Cells that are cross-presenting 
ST antigens don’t appear to serve as good targets for CD8"T 
cells to mediate their function. Thus, target cell accessibility 
seems to be the critical difference between direct and cross 
presentation. 
0006. Subunit vaccines that consist of purified proteins 
admixed with adjuvants typically do not induce CD8+ T cell 
response due to residence of these entities within phagosomes 
of cells (Bahjat et al., 2006). However, some adjuvants induce 
CD8+ T cell responses most likely by the cross-presentation 
pathway (Krishnan et al., 2000). Subunit vaccines are difficult 
to mass-produce and are faced with numerous technical dif 
ficulties including batch to batch variability, quantitation of 
the antigen-adjuvant ratio, and extensively laborious proce 
dures. To avoid this problem, live vaccines are preferred. 
However, live vaccines can be either over- or under-attenu 
ated and it is difficult to find the right balance (Raupach and 
Kaufmann, 2001). 
0007 Typically, viral infections (such as Lyphochori 
omeningitis virus, LCMV) lead to potent activation of CD8+ 
T cell responses due to their replication within the cytosol of 
infected cells (Kaech et al., 2002; Murali-Krishna et al., 
1998). However, it is difficult to justify the use of viral vectors 
as a live vaccine due to the lack of availability of reagents to 
control the virus, particularly in immunocompromised hosts. 
Live bacteria can be considered as an alternative option for 
vaccine development since antibiotics can be used in case 
they are not controlled by the host. However, extracellular 
bacteria do not gain access to the cytosol of infected cells, 
hence fail to induce CD8+ T cell response (Bevan, 1995). On 
the other hand, intracellular bacteria induce CD8+ T cell 
response, albeit poor, despite residing within the phagosomes 
of infected cells, perhaps by cross-presentation (Kaufmann, 
1993) the caveat being that intracellular bacteria (e.g., Sal 
monella, Mycobacteria, Leishmania) that reside within the 
phagosomes of infected cells induce a chronic infection, 
implying that CD8+ T cells fail to eradicate them from the 
host (Kaufmann, 1993; Hess and Kaufmann, 1993). 
0008. There remains a need in the art for a safe, cost 
effective method to induce rapid and potent memory CD8+ 
cytolytic T cell responses. 

SUMMARY OF THE INVENTION 

0009. The present invention relates to recombinant bacte 
rium and uses thereof. More specifically, the invention relates 
to recombinant bacterium expressing an antigen that is trans 
located to the cytosol of a host organism, and uses thereof. 
0010. The present invention provides a recombinant bac 
terium, comprising a nucleic acid encoding an antigen that is 
translocated to the cytosol of a host cell. The bacterium may 
be Salmonella, Mycobacteria, Brucella, or Leishmania. In 
one example, the recombinant bacterium may be Salmonella. 
0011. The antigen expressed by the recombinant bacteria 
as just described may be a viral antigen, a bacterial antigen, or 
a tumour antigen. The antigen may be the nucleoprotein of 
LCMV, tyrosinase related protein 2 (TRP-2), MART-1, mela 
noma associated antigen 1 (MAGE1), gp100, or Her-2/neu or 
other viral or bacterial antigens. 
0012. The nucleic acid encoding the antigen may encode a 
fusion protein comprising the antigen and a translocation 
domain from a type III Secretion system. For example, the 
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translocation domain may beYopE, Soph, SptP, or a fragment 
thereof; in one specific example, the chaperone may be SycE 
or a fragment thereof (such as, but not limited to MKISS 
FISTSLPLPTSVS, SEQ ID NO:2). The fusion protein may 
optionally further comprise a chaperone. The chaperone may 
be derived from a type III secretion system. For example, the 
chaperone may be SycE or HSP70. 
0013 The nucleic acid may be comprised in a vector. The 
vector may be a pHR vector; in a specific example, the vector 
may be a modified pHR-241 vector. In the modified pHR-241 
vector, the vector may be modified to remove the sequence of 
p60/M45, may be optionally further modified to remove the 
sequence of SycE. 
0014 Specific, non-limiting examples of fusion proteins 
encompassed by the present invention are those of SEQ ID 
NO:7 to SEQID NO:12. 
0015 The present invention also provides a method of 
imparting immunity against naturally-occurring bacterium in 
a subject, the method comprising administering the recombi 
nant bacterium described above to said subject. 
0016. The present invention further provides a method of 
imparting immunity against tumours in a Subject, the method 
comprising administering the recombinant bacterium 
described above to said subject. The recombinant bacterium 
may be administered by intravenous, oral, or Subcutaneous 
routes of immunization. 
0017. The present invention also encompasses a use of the 
recombinant bacterium described herein as a vaccine. 
0.018 Previously, it was known that pathogen-specific 
CD8+ T cells remain ineffective as long as the pathogen 
remained in the phagosome. For example, when conventional 
memory CD8" T cells against a givenantigen were adoptively 
transferred to naive hosts, they failed to respond rapidly in 
response to the same antigen expressed by ST infection (Luu 
et al., 2006). Presently, a recombinant ST that injects an 
antigen directly into the host cytosol has been developed. This 
results in profound CD8" T cell activation and consequent 
elimination of ST. It is also shown that when CD8" T cells are 
engaged in this manner, they undergo profound expansion 
which results in massive pathogen and tumour control as well 
as abridgment of pathogen chronicity. For example, as is 
evident in present FIG. 3E, the numbers of OVA-specific 
CD8" T cells were similar at day 60 in STOVA-T versus 
STOVA-NT groups, but the burden was controlled only in the 
STOVA-T infected group, reiterating the notion that anti 
genic accessibility is the key to CD8" T cell functionality. 
This strategy works even with attenuated Strains of Salmo 
nella. 
0019. Notwithstanding the numerous genes that patho 
gens Such as ST employ for virulence and chronicity (Jones 
and Falkow, 1996; Kaufmann et al., 2001), the present data 
provide novel insights into the incapacity of the immune 
system to efficiently control the bacterium, as well as reveal 
the power of the acquired immune system, wherein engage 
ment of potent antigen-presentation early on can be sufficient 
to control anotherwise uncontrollable bacterium. The present 
results provide compelling evidence that modulation of the 
cell biology of antigen trafficking is a key avenue that is 
employed by various pathogens for immune evasion. Thus, a 
novel vaccine vector (Salmonella) is presently provided, 
wherein a key modification makes the bacterium generate 
rapid, potent CD8+ T cell response, resulting in self-destruc 
tion of the vaccine in Vivo, making it highly efficacious, safe 
and cost-effective at the same time. 
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0020. The use of OVA as an antigen is described herein as 
a proof of principle. Using a similar approach, other putative 
antigens from other pathogens (bacteria, virus) or tumours 
can be cloned into ST and these antigens can be translocated 
into the host cell cytosol for rapid and potent antigen-presen 
tation using the YopF/SycE system. When a tumour-antigen 
is cloned into ST using the YopE/SycE system, potent and 
rapid anti-tumour CD8+ T cell response is generated which 
consequently results in rapid destruction of the bacterium. 
0021 Additional aspects and advantages of the present 
invention will be apparent in view of the following descrip 
tion. The detailed description and examples, while indicating 
preferred embodiments of the invention, are given by way of 
illustration only, as various changes and modifications within 
the scope of the invention will become apparent to those 
skilled in the art in light of the teachings of this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. These and other features of the invention will now 
be described by way of example, with reference to the 
appended drawings, wherein: 
0023 FIG. 1A shows a schematic of the fusion protein 
constructed, where an antigen (OVA) is fused to YopF, which 
is then incorporated into the plasmid pHR241 containing the 
Sych chaperone. FIG. 1B shows a schematic of the antigen 
(OVA) translocation into the cytosol for STOVA-T, and the 
lack thereof for STOVA-NT. Ag: antigen; OVA: ovalbumin; 
ST: Salmonella Tiphimurium. FIG. 1C shows expression of 
OVA (by western blot) in the bacterial pellet, supernatant, and 
the cytosol of spleen cells of mice infected for 24 h with 
STOVA-NT and STOVA-T. 

0024 FIG. 2A shows a graph representing the doubling 
times of the STOVA-NT (closed circles) and STOVA-T 
(open circles) bacteria in liquid culture, based on the mea 
surement of OD at 600 nm. Based on these values, the bac 
teria were found to be similar. FIG. 2B is a graph showing the 
ST burden in IC-21 macrophages (H-2) infected with ST 
OVA-NT or STOVA-T (multiplicity of infection, MOI=10). 
No statistically significant difference was detected in the abil 
ity of STOVA-NT or STOVA-T to infect and replicate within 
macrophages (p-0.05). Results are representative of three 
independent experiments. 
(0025 FIG. 3A shows flow cytometry results of in vitro 
infection of IC-21 macrophages (H-2') with recombinant 
bacteria (STOVA-NT STOVA-T, or ST). The reduction in 
CFSE intensity of OT-1 CD8+ T cells indicated that infection 
of macrophages with ST or STOVA-NT did not result in any 
detectable proliferation of OT-1 cells, and thus, a lack of 
antigen-presentation. Infection with ST-OVA-T resulted in 
strong dilution of CFSE expression, which is indicative of 
rapid and potent antigen-presentation. FIG. 3B shows flow 
cytometry results of in vivo infection of B6.129F1 mice 
infected with ST-OVA-NT or STOVA-T (Day 5). In ST 
OVA-T-infected mice, the majority of transferred OT-1 cells 
displayed reduced expression of CFSE while OT-1 cells in 
STOVA-NT-infected mice maintained high levels of CFSE 
expression. Results represent the mean of three mice+SD per 
group, and are representative of 2-3 independent experi 
ments. FIG. 3C is a graphical representation of the kinetic 
evaluation of in vivo antigen-presentation. STOVA-NT 
infected mice displayed muted and delayed activation of 
CFSE-labelled OT-1 cells. STOVA-NT (closed circles); ST 
OVA-T (open circles). 
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0026 FIG. 4 shows the numbers of spleen cells (A), spleen 
size at Day 14 (B) and bacterial burden (C) in resistant (B6. 
129F1) mice infected with STOVA-T or STOVA-NT, as well 
as the percentage (D) and numbers (E) of OVA-specific CD8" 
T cells in the spleen. Results represent the mean of three to 
five mice+SD per group and are representative of three inde 
pendent experiments. STOVA-NT (closed circles): 
STOVA-T (open circles). 
0027 FIG. 5A shows the OVA-tetramer profile in the 
spleens of STOVA-T or STOVA-NT-infected resistant (B6. 
129F1) mice at Day 7. The expression of CD62L (FIGS. 5B, 
5D) and CD127 (FIGS. 5C, 5D) on OVA-tetramer+CD8+ T 
cells is also shown. Results are representative of three inde 
pendent experiments. These results indicate early generation 
of memory CD8+ T cells in mice infected with STOVA-T. 
STOVA-NT (closed circles); STOVA-T (open circles). 
0028 FIG. 6 shows the bacterial burdens (A) in spleen 
cells of susceptible (C57BL/6J) mice infected with 
STOVA-T or STOVA-NT, along with the percentage (B) and 
numbers (C) of OVA-specific CD8" T cells, as well as the 
frequency of OVA-specific CD8" T cells evaluated by 
ELISPOT assay (D). The specific killing of OVA-pulsed tar 
gets in naive mice exposed to OVA-pulsed and control spleen 
cells is shown if FIGS. 6E and F, indicating that STOVA-T 
infection results in rapid induction of antigen-specific CD8+ 
T cells that can efficiently kill antigen-bearing target cells. 
Results represent the mean of three to four mice+SD per 
group, and two independent experiments. STOVA-NT 
(closed circles); ST-OVA-T (open circles). 
0029 FIG. 7A shows the OVA-tetramer profile in the 
spleens of susceptible (C57BL/6J) mice infected with ST 
OVA-T or STOVA-NT at Day 7. FIG. 7B shows the expres 
sion of CD62L versus CD127 on splenic OVA-tetramer" 
CD8" T cells in the STOVA-T versus STOVA-NT infected 
mice. CD8+ T cells generated with STOVA-T infection 
express high levels of CD127 and CD62L (memory markers). 
Results are representative of three independent experiments. 
0030 FIG. 8A shows the bacterial burden in spleens of 
C57BL/6J mice treated with anti-CD4 (clone GK1.5), anti 
CD8 (clone 2.43) or Rat IgG isotype antibodies following 
infection with STOVA-T. Results represent the mean of three 
to four mice +SD per group. Anti-CD4 and anti-CD8 anti 
body treatment resulted in near complete elimination of CD4 
and CD8+ T cells respectively. FIG. 8B shows the bacterial 
burden in spleens of WT. MHC-I- or MHC-II-deficient mice 
following infection with STOVA-T. These results indicate 
that the control of bacterial burden in STOVA-T infected 
mice is mediate exclusively by CD8+ T cells. Results repre 
sent the mean of five mice+SD per group. 
0031 FIG.9 shows the relative numbers of OVA-specific 
CD8" T cells in the spleen (FIG.9A) and peripheral blood 
(FIG.9B) of B6.129F1 mice infected with wild type (WT) or 
attenuated (AaroA) STOVA expressing non-translocated 
(NT) or translocated (T) OVA. Results represent the mean of 
five mice+SD per group. Results indicate that even attenuated 
strain of ST can induce potent and rapid CD8 T cell response 
when antigen is translocated to the cytosol of infected cells. 
WTOVA-NT (closed circles); WTOVA T (open circles): 
AroA-OVA-NT (closed inverted triangles); AroA-OVA-T 
(open inverted triangles). 
0032 FIG. 10A is a graphical representation of the results 
of prophylactic vaccination with STOVA-T in C57BL/6J 
mice followed by subcutaneous challenge with B16-OVA 
tumor cells. This protocol resulted in potent protection 
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against tumor challenge. Non-infected (closed circles); ST 
OVA-T (open squares). FIG. 10B shows a graph of results of 
therapeutic vaccination with STOVA-T in C57BL/6J mice 
after subcutaneous challenge with B16-OVA tumor cells. 
Mice receiving STOVA-T displayed the best protection 
against B16 melanoma cells. Protection induced by 
STOVA-T was far greater than that induced by STOVA-NT 
and the another recombinant bacterium, Listeria expressing 
OVA (LM-OVA). Results represent the mean offive mice+SD 
per group. Non-infected (full circles); STOVA-T (open 
squares); ST-OVA-NT (closed triangles); LM-OVA (open 
diamonds). 
0033 FIG. 11A shows the frequency of CD8+ T cells 
against a tumour antigen (Trp-2) in the spleens of mice 
infected with wild-type (WT) or attenuated (aroA) ST-Trp2-T 
on Day 7. FIG. 11B shows the bacterial burden in the spleens 
of mice at various time intervals post-infection with WT 
ST-Trp2-T (open squares) or ST-Trp2-NT (closed circles). 
FIG. 11C shows the bacterial burden in the spleens of mice 
infected with aroA mutant of ST-Trp2-T (open squares) or NT 
(closed circles). 
0034 FIG. 12A shows the bacterial burden in the spleens 
of mice infected with translocated or non-translocated aroA 
ST expressing another tumour antigen (gp100). aroA 
gp100-T (open squares) or aroA-gp100-NT (closed circles). 
FIG. 12B shows the numbers of gp100-tetramer+ CD8+ T 
cells in the spleens of infected mice at various time intervals. 
aroA-ST-gp100-T (open squares); aroA-ST-gp100-NT 
(closed circles). 
0035 FIG. 13 A shows the schematic of the fusion con 
structs. FIG. 13B shows the frequency of NP-specific CD8+ 
T cells in mice infected with ST-NP-T or ST-NP-NT at day 7 
post-infection. FIG. 13C shows the in vivo cytolytic activity 
of NP-specific CD8+ T cells on NP-pulsed target cells at day 
7 post-infection. Cytolytic activity was evaluated after trans 
ferring naive spleen cells (pulsed with media or NP peptide) 
into infected mice at day 7 and evaluated the killing of pep 
tide-pulsed targets at 24 h post-transfer. FIG.13D shows the 
frequency of NP-specific CD8+ T cells in mice infected with 
aroA-NP-T (black bars) or aroA-NP-NT (white bars). FIG. 
13E shows the bacterial burden in the spleens at various time 
intervals. aroA-NP-T (open squares) or aroA-NP-NT (closed 
circles) FIG. 13F shows the influence of antigenic transloca 
tion on the induction of inflammation in the spleen. aroA 
NP-T (open squares); aroA-NP-NT (closed circles). 
0036 FIG. 14 shows that truncated YopF is equally effec 
tive at inducing CD8+ T cell response. FIG. 14A shows the 
schematic representation of the full length (upper panel) and 
the truncated YopE (lower panel). FIG. 14B shows the OVA 
specific CD8+ T cell response in the spleens of mice infected 
with full YopE or truncated YopE. FIG. 14C shows that both 
the full length and truncated YopE induce the rapid generation 
of OVA-specific CD8+ T cells expressing memory marker 
(CD127). FIG. 14D shows the inflammation induced (num 
bers of spleen cells) in mice infected with full length or 
truncated YopE. FIG. 14E shows the bacterial burden in the 
spleens of mice infected with full length or truncated YopE. 
STOVA-NT (closed circles); STOVA-T (open circles); ST 
OVA-tyopB (closed triangles). 

DETAILED DESCRIPTION OF THE INVENTION 

0037. The present invention relates to recombinant bacte 
rium and uses thereof. More specifically, the invention relates 
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to recombinant bacterium expressing an antigen that is trans 
located to the cytosol of a host organism, and uses thereof. 
0038. The present invention provides a recombinant bac 
terium, comprising a nucleic acid encoding an antigen that is 
translocated to the cytosol of the host organism. 
0039. The bacterium may be any virulent or attenuated 
bacterium that resides in the phagosome of macrophages 
and/or dendritic cells and induces poor T cell activation. Such 
a bacterium may be, but is not limited to Salmonella, Myco 
bacteria, Brucella, Leishmania, and the like, which are all 
intracellular pathogens that reside in the phagosome and fail 
to induce rapid T cell activation, hence causing diseases that 
are not controlled by the immune system. 
0040. In one example, the virulent or attenuated bacterium 
may be Salmonella. Any Suitable strain of Salmonella known 
in the art may be used; for example, and without wishing to be 
limiting in any manner, the virulent or attenuated bacterium 
may be Salmonella enterica, serovar Tiphimurium (ST). ST 
is a highly virulent pathogen that induces gastroenteritis in 
humans, and typhoid-like disease in mice (Jones and Falkow, 
1996). In susceptible C57BL/6J mice, which lack natural 
resistance-associated macrophage proteins (NRAMP), ST 
(strain SL 1344) induces a systemic lethal infection even at 
doses as low as (10) (iv), and all mice die within 7 days of 
infection (Albaghdadi et al., 2009). In contrast, ST induces a 
chronic but non-lethal infection in resistant 129SVJ mice 
(which express NRAMP). F1 hybrids between susceptible 
and resistant mice (B6.129F1) also harbour a chronic, non 
fatal, infection (Luu et al., 2006). Genes that are involved in 
Salmonella invasion of epithelial cells are clustered at the 
Salmonella pathogenicity island-1 loci (SPI-1) (Bliska et al., 
1993; Zhou and Galan, 2001; Galan and Curtiss, III, 1989; 
Hardt et al., 1998). They encode several factors, including a 
type III secretion system (TTSS) apparatus that exports spe 
cific proteins (effectors) into the host cell. Two major viru 
lence loci allow Salmonella to survive inside cells (Jones and 
Falkow, 1996). The two-component regulatory system phoP 
lphoO, which controls >40 genes (Groisman et al., 1989; 
Miller et al., 1989), is involved in intracellular survival 
(Garvis et al., 2001). Another pathogenicity island (SPI-2) 
encodes a second TTSS, mediates resistance to intracellular 
killing, and is key to virulence (Hensel et al., 1995; Shea et al., 
1996). 
0041. The CD8+ T cell response against ST is delayed, 
which fails to control the bacterium leading to a chronic 
infection (Albaghdadi et al., 2009). aroA mutant of ST was 
developed as a vaccine against Salmonella (Hoiseth and 
Stocker, 1981), which induces minimal inflammation and 
poor immunogenicity (Albaghdadi et al., 2009; Dudani et al., 
2008). The virulent or attenuated bacterium of the present 
invention may be the aroA mutant of ST, comprising a vac 
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is considered a major impediment to T cell activation, and the 
antigenic translocation strategy described herein can be used 
for other intracellular bacterial vaccine vectors, including 
Mycobacteria, Brucella or Leishmania. 
0042. By the term “recombinant it is meant that the bac 
terium has been genetically altered or engineered; Such 
genetic engineering may be the inclusion of a recombinant (or 
artificial) nucleic acid or vector (comprising a nucleic acid) 
encoding a foreign protein that is an antigen. 
0043. The antigen may be any suitable protein or fragment 
thereofthat is processed and presented efficiently by dendritic 
cells and/or macrophages resulting in efficient T cell activa 
tion. Without wishing to be limiting in any manner, the anti 
gen or fragment thereof may be a nascent protein, a bacterial 
antigen, viral antigen, or a tumour antigen. For example, the 
antigen may be, but is not limited to tyrosinase related protein 
2 (TRP-2), MART-1, melanoma associated antigen 1 
(MAGE1), gp100, Her-2/neu or other proteins or fragments 
thereof known in the art. Other proteins may include, but are 
not limited to ovalbumin, henegg lysozyme, and myelin basic 
protein, nuclear protein of LCMV. In a specific, non-limiting 
example, the antigens may be ovalbumin, TRP-2, gp-100, 
LCMV-NP, or fragments thereof. 
0044 Upon infection, the antigen is translocated into the 
cytosol of the host cell (for example macrophages and/or 
dendritic cells). The antigen may naturally translocate to the 
cytosol, or may be a recombinant protein engineered to do so. 
Thus, the antigen may be comprised in a fusion protein that 
further comprises a translocation domain from a type III 
secretion system; optionally, the fusion protein may further 
comprise a chaperone. As would be known to those of skill in 
the art, the fusion protein, also referred to herein as “fused 
proteins’, comprising the antigen may be generated via 
recombinant methods well-known to those of skill in the art. 
The antigen and translocation domain, and the optional chap 
erone, may be joined directly or by a linker, appropriate 
linkers would be well-known to those of skill in the art. 

0045. By the term “translocation domain, it is meant a 
protein domain or fragment thereof that directs translocation 
ofaprotein from the phagosome to the cytosol of the host cell. 
The translocation domain may be any suitable translocation 
domain from known type III secretion systems of bacteria, 
which are well-known to those of skill in the art. For example, 
and without wishing to be limiting in any manner, the trans 
location domain may be YopE or a fragment thereof. YopE is 
a 23 kDa protein comprising a N-terminal Secretion domain 
of approximately 11 amino acids and a translocation domain 
of at least 50 aa. In one specific, non-limiting example, the 
YopE translocation domain may comprise the sequence: 

(SEQ ID NO: 1) 
MKISSFISTSLPLPTSVSGSSSVGEMSGRSVSOOKSEOYANNLAGRTESPOGSSLASRI 

TEKLSSMARSAIEFIKRMFSEGSHKPVVTPAPTPAOMPSPTSFSDSIKOLAAETLPKYIQ 

QLSSLDAETLQKNHDQFAT, 

cine vector modified such that the bacterium resides in the 
phagosome of infected cells, but translocates antigen to the 
cytosol. This modification allows rapid induction of CD8+ T 
cells; without wishing to be bound by theory, this may lead to 
the self-destruction of the vaccine. Phagosomal localization 

a fragment thereof (such as, but not limited to MKISS 
FISTSLPLPTSVS, SEQ ID NO:2), or a sequence substan 
tially identical thereto. Another suitable translocation domain 
may be the SptP protein of ST (Russmann et al., 1998); again, 
the SptP translocation domain could be the full length protein 
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or a truncated version thereof. In one specific example, the 
SptP translocation domain may comprise the sequence: 
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(SEQ ID NO : 3) 
MLKYEERKLNNLTLSSFSKWGWSNDARLYIAKENTDKAYWAPEKFSSKWLTWLGKMPLF 

KNTEVVOKHTENIRVODOKILOTFLHALTEKYGETAVNDALLMSRINMNKPLTORLAVOI 

TECVKAADEGFINLIKSKDNVGWRNAALVIKGGDTKVAEKNNDVGAESKOPLLDIALKGL 

KRTLPOLEOMDGNSLRENFOEMASGNGPLRSLMTNLONLINKIPEAKOLNDYWTTLTNI 

OVGVARFSOWGTCGGEVERWVDKASTHELTOAVKKIHVIAKELKNWTAELEKIEAGAP 

MPOTMSGPTLGLARFAVSSIPINOOTOWKLSDGMPVPVNTLTFDGKPVALAGSYPKNTP 

DALEAHMKMLLEKECSCLVVLTSEDOMOAKOLPPYFRGSYTFGEVHTNSOKVSSASO 

GEAIDOYNMOLSCGEKRYTIPWLHVKNWPDHOPLPSTDOLEYLADRVKNSNONGAPG 

RSSSDKHLPMIHCLGGVGRTGTMAAALVLKDNPHSNLEOVRADFRDSRNNRMLEDAS 

QFWOLKAMOAOLLMTTAS 

a fragment thereof, or a sequence substantially identical 
thereto. Yet another example of a suitable translocation 
domain is Soph, a type III secretion protein in Salmonella ST 
(Zhu et al., 2010). In a specific example, the Soph transloca 
tion domain may comprise the 

sequence: 
(SEQ ID NO : 4) 

MTKITLSPONFRIOKOETTLLKEKSTEKNSLAKSILAWKNHFIELRSKLSERFIS 

HKNTESSATHFHRGSASEGRAVLTNKVVKDFMLOTLNDIDIRGSASKDPAYASOTREAI 

LSAVYSKNKDOCCNLLISKGINIAPFLOEIGEAAKNAGLPGTTKNDVFTPSGAGANPFITP 

LISSANSKYPRMFINOHOOASFKIYAEKIIMTEVAPLFNECAMPTPOOFOLILENIANKYIQ 

NTP, 

a fragment thereof, or a sequence Substantially identical 
thereto. 
0046. The fusion protein may optionally comprise a chap 
erone. By the term “chaperone, it is meant a protein that 
assists in translocation of the immunodominant antigen. The 
chaperone protein may be any suitable protein known in the 
art, and must be compatible with translocation domain cho 
sen. The chaperone may also be from a type III Secretion 

system. For example, and without wishing to be limiting, the 
chaperone may be SycE. SycE is a YopF-specific chaperone 
that is required for YopF-mediated translocation of fused 
proteins to the cytosol (Russmann et al., 2001). Sych assists 
in translocation of the fused protein into the cytosol of 
infected cells through the type III secretion system of ST. In a 
specific, non-limiting example, the SycE chaperone may 
comprise the sequence: 

(SEO ID NO; 5) 

MYSFEOAITOLFOOLSLSIPDTIEPVIGVKVGEFACHITEHPVGOILMFTLPSLDNNNEKE 

TLLSHNIFSODILKPILSWDEVGGHPWLWNROPLNNLDNNSLYTOLEMLWOGAERLOTS 

SLISPPRSFS, 
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or a sequence Substantially identical thereto. In another 
example, the SopB translocation domain has been used in 
combination with the chaperone protein heat shock protein 70 
(Hsp70) to deliver an antigen to the cytosol (Zhu et al., 2010). 
In a specific, non-limiting example, the chaperone may com 
prise the sequence: 
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(SEQ ID NO: 6) 
MGKIIGIDLGTTNSCVAIMDGTOARVLENAEGDRTTPSIIAYTODGETLVGOPAKROAVT 

NPONTLFAIKRLIGRRFODEEVORDVSIMPYKIIGADNGDAWLDVKGOKMAPPOISAEVL 

KKMKKTAEDYLGEPVTEAVITVPAYFNDAOROATKDAGRIAGLEVKRIINEPTAAALAYG 

LDKEWGNRTIAWYDLGGGTFDISIIEIDEWDGEKTFEWLATNGDTHLGGEDFDTRLINYLW 

DEFKKDOGIDLRNDPLAMORLKEAAEKAKIELSSAOOTDVNLPYITADATGPKHMNIKVT 

RAKLESLVEDLVNRSIEPLKVALODAGLSVSDINDVILVGGOTRMPMVOKKVAEFFGKE 

PRKDVNPDEAVAIGAAVOGGVLTGDWKDVLLLDWTPLSLGIETMGGVMTPLITKNTTIPT 

KHSOVFSTAEDNOSAVTIHVLOGERKRASDNKSLGOFNLDGINPAPRGMPOIEWTFDID 

ADGILHVSAKDKNSGKEOKITIKASSGLNEEEIOKMVRDAEANAESDRKFEELVOTRNO 

GDHLLHSTRKOWEEAGDKLPADDKTAIESALNALETALKGEDKAAIEAKMOELAQVSOK 

LMEIAQQOHAQQQAGSADASANNAKDDDVVDAEFEEWKDKK, 

or a sequence Substantially identical thereto. The inclusion of 
the chaperone is optional, as the translocation domain, or a 
fragment thereof, alone may be sufficient to cause transloca 
tion of the antigen to the cytosol; for example, and without 
wishing to be limiting, YopE alone, or an 18-amino acid 
fragment thereof (MKISSFISTSLPLPTSVS, SEQID NO:2) 
are presently shown to produce the desired effect. Similarly, 

expression of the endogenous Salmonella chaperone protein 
InvB is sufficient to mediate the translocation function of 
Soph (Lee and Galan, 2003). 
0047. In one specific example of the present invention, the 
recombinant bacterium comprises a nucleic acid encoding an 
antigen comprising a fusion protein comprising the sequence 
of Sych, YopE, and ovalbumin: 

(SEO ID NO: 7) 

MYSFEOAITOLFOOLSLSIPDTIEPVIGVKVGEFACHITEHPVGOILMFTLPSLDNNNEKE 

TLLSHNIFSODILKPILSWDEVGGHPWLWNROPLNNLDNNSLYTOLEMLWOGAERLOTS 

SLISPPRSFSMKISSFISTSLPLPTSVSGSSSVGEMSGRSVSOOKSEOYANNLAGRTES 

POGSSLASRITEKLSSMARSAIEFIKRMFSEGSHKPVVTPAPTPAOMPSPTSFSDSIKOL 

AAETLPKYIQOLSSLDAETLQKNHDQFATGSNFOTAADQARELINSRVESOTNGIIRNVL 

OPSSVDSOTAMVLVNAIVFKGLWEKAFKDEDTOAMPFRVTEOESKPVOMMYOIGLFRV 

ASMASEKMKILELPFASGTMSMLVLLPDEVSGLEOLESIINFEKLTEWTSSNVMEERKIK 

WYLPRMKMEEKYNLTSVLMAMGITDVFSSSANLSGISSAESLKISOAVHAAHAEINEAGR 

EWVGSAEAGVDAASVSEEFRADHPFLFCIKHIATNAVLFFGRCVSP 





US 2013/01568.09 A1 

- Continued 

Jun. 20, 2013 

VPRNODWLGVSROLRTKAWNROLYPEWTEAORLDCWRGGOVSLKVSNDGPTLIGAN 

ASFSIALNEPGSOKVLPDGOVIWVNNTIINGSOVWGGOPVYPOETDDACIFPDGGPCPS 

GSWSOKRSFWYWWKTWGOYWOWLGGPWSGLSIGTGRAMLGTHTMEWTVYHRRGSR 

SYWPLAHSSSAFTITDOVPFSWSVSOLRALDGGNKHFLRNOPLTFALOLHDPSGYLAEA 

DLSYTWDFGDSSGTLISRALVWTHTYLEPGPWTAOVWLOAAIPLT, 

a fusion protein comprising the nuclear protein of SycE, 
YopE, and LCMV-NP: 

(SEQ ID NO: 12) 
MYSFEOAITOLFOOLSLSIPDTIEPVIGWKVGEFACHITEHPVGOILMFTLPSLDNNNEKE 

TLLSHNIFSQDILKPILSWDEVGGHPWLWNROPLNNLDNNSLYTOLEMLWOGAERLOTS 

SLISPPRSFSMKISSFISTSLPLPTSVSGSSSVGEMSGRSVSOOKSEQYANNLAGRTES 

POGSSLASRITEKLSSMAHSAIEFIKRMFSEGSHKPVVTPAPTPAOMPSPTSFSDSIKOL 

AAETLPKYMOOLSSLDAETLOKNHDOFATGSFWSDOVGDRNPYENILYKVCLSGEGWP 

YIACRTSIWGRAWENTTIDLTSEKPAVNSPRPAPGAAGPPOVGLSYSOTMLLKDLMGGI 

DPNAPTWIDIEGRFNDPVEIAIFOPONGOFIHFYREPVDOKOFKODSKYSHGMDLADLF 

NAOPGLTSSVIGALPOGMVLSCOGSDDIRKLLDSQNRKDIKLIDWEMTREASREYEDKV 

WDKYGWLCKMHTGIVRD, 

or a sequence Substantially identical thereto. The fusion pro 
tein further comprises the sequence of the antigen of interest. 
0048. A substantially identical sequence may comprise 
one or more conservative amino acid mutations. It is known in 
the art that one or more conservative amino acid mutations to 
a reference sequence may yield a mutant peptide with no 
Substantial change in physiological, chemical, or functional 
properties compared to the reference sequence; in Sucha case, 
the reference and mutant sequences would be considered 
“substantially identical polypeptides. Conservative amino 
acid mutation may include addition, deletion, or Substitution 
of an amino acid; a conservative amino acid Substitution is 
defined herein as the substitution of an amino acid residue for 
another amino acid residue with similar chemical properties 
(e.g. size, charge, or polarity). 
0049. In a non-limiting example, a conservative mutation 
may be anamino acid Substitution. Sucha conservative amino 
acid Substitution may substitute a basic, neutral, hydropho 
bic, oracidic amino acid for another of the same group. By the 
term “basic amino acid it is meant hydrophilic amino acids 
having a side chain pK value of greater than 7, which are 
typically positively charged at physiological pH. Basic amino 
acids include histidine (His or H), arginine (Arg or R), and 
lysine (Lys or K). By the term “neutral amino acid (also 
"polar amino acid), it is meant hydrophilic amino acids 
having a side chain that is uncharged at physiological pH, but 
which has at least one bond in which the pair of electrons 
shared in common by two atoms is held more closely by one 
of the atoms. Polar amino acids include serine (Ser or S), 
threonine (Thr or T), cysteine (Cys or C), tyrosine (Tyr or Y), 
asparagine (ASn or N), and glutamine (Gin or Q). The term 
“hydrophobic amino acid (also “non-polar amino acid) is 
meant to include amino acids exhibiting a hydrophobicity of 
greater than Zero according to the normalized consensus 

hydrophobicity scale of Eisenberg (1984). Hydrophobic 
amino acids include proline (Pro or P), isoleucine (Ile or I), 
phenylalanine (Phe or F), valine (Val or V), leucine (Leu or 
L), tryptophan (Trp or W), methionine (Met or M), alanine 
(Ala or A), and glycine (Gly or G). Acidic amino acid refers 
to hydrophilic amino acids having a side chain pK value of 
less than 7, which are typically negatively charged at physi 
ological pH. Acidic amino acids include glutamate (Glu or E), 
and aspartate (Asp or D). 
0050 Sequence identity is used to evaluate the similarity 
of two sequences; it is determined by calculating the percent 
of residues that are the same when the two sequences are 
aligned for maximum correspondence between residue posi 
tions. Any known method may be used to calculate sequence 
identity; for example, computer Software is available to cal 
culate sequence identity. Without wishing to be limiting, 
sequence identity can be calculated by software such as NCBI 
BLAST2 service maintained by the Swiss Institute of Bioin 
formatics (and as found at http://ca.expasy.org/tools/blast/). 
BLAST-P. Blast-N, or FASTA-N, or any other appropriate 
software that is known in the art. 
0051. The substantially identical sequences of the present 
invention may be at least 70%, 80%, 90%, or 95% identical; 
in another example, the Substantially identical sequences may 
be at least 70, 71, 72,73, 74, 75, 80, 85,90, 95, 96, 97,98, 99, 
or 100% identical at the amino acid level to sequences 
described herein. Importantly, the substantially identical 
sequences retain the activity and specificity of the reference 
Sequence. 
0.052 The present invention also encompasses nucleic 
acids encoding the antigen as described above, as well as 
vectors comprising the nucleic acid. 
0053 Thus, the recombinant bacterium of the present 
invention may comprise a nucleic acid encoding the antigen 
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as described above, or may comprise a vector (also referred to 
herein as "plasmid') comprising such nucleic acid that is 
fused with the nucleic acid of a translocation domain and 
optionally the nucleic acid of a chaperone; for example, and 
without wishing to be limiting in any manner, the vector in 
which antigen is translocated to the cytosol of infected cells 
may be a modified pHR plasmid. The modified pHR construct 
uses the type III secretion protein to generate fusion proteins 
that are transported out of the phagosome and through the 
host bacterial type III secretion system for direct cytosolic 
antigen presentation. The pHR constructs may comprise 
sequences encoding a translocation domain and optionally a 
chaperone protein to aid in proper trafficking of the down 
stream fusion protein. In a specific, non-limiting example, the 
vector may be a modified pHR-241 plasmid (Russmann et al., 
2001); more specifically, the pHR-241 comprising the 
sequence of SycE-YopE-p60/M45 fusion protein (Russmann 
et al., 2000) modified to remove the sequence of p80/M45. In 
another example, the pHR241 vector is modified to comprise 
YopE or a fragment of YopE (for example, but not limited to 
MKISSFISTSLPLPTSVS, SEQID NO:2) with the sequence 
for the SycE and p60/M45 proteins removed. Replacement of 
the antigenic sequence by appropriate restriction enzymes 
and Subsequent ligation of other antigens would result in 
development of the desired CD8+ T cell response against said 
antigens upon vaccination. Furthermore, the recombinant 
bacterium that harbors this plasmid need not be a highly 
virulent bacterium; for example, attenuated Salmonella is 
presently shown to be effective at inducing the desired 
response. The response can be accentuated further by vacci 
nation with higher doses of the attenuated Strain. 
0054 The recombinant bacterium as described above may 
be utilized to impart immunity against other naturally-occur 
ring and virulent bacteria. This may be accomplished by 
administering an effective amount of the recombinant bacte 
rium of the present invention to a Subject, and allowing a 
CD8" T cell response to be mounted. Similarly, the recombi 
nant bacterium may be utilized to impart immunity against 
tumors in a Subject, by administering an effective amount of 
the recombinant bacterium of the present invention to said 
subject. In both methods, the recombinant bacterium may be 
administered through intravenous, oral or Subcutaneous 
routes of immunization. This approach avoids the unwanted 
side-effects of persisting bacteria and undesirable toxicity/ 
inflammation associated with live vaccines. Thus, higher 
doses of the vaccine can be used for improved efficacy. 
Because the recombinant bacterium of the present invention 
is eliminated after a few weeks, there is little concern regard 
ing toxicity. Furthermore, Salmonella when given orally 
induces a mucosal CD8+ T cell response (Jones and Falkow, 
1996). Thus, the modified bacterium can be administered 
through the oral route for induction of the desired CD8+ T cell 
response. 

0055. The recombinant bacterium as described above may 
also be utilized as a vaccine; the vaccine may protect against 
other naturally-occurring and virulent bacteria, other bacte 
rial pathogens, viral pathogens, or tumors. When the antigen 
is a tumour-antigen, the tumour-antigen will be translocated 
to the host cell cytosol, resulting in rapid activation of tumor 
specific CD8" T cells, which will translate to better tumour 
control by tumor-specific CD8+ T cells. 
0056. A recombinant ST that injects an antigen directly 
into the host cytosol has presently been developed. This 
results in profound CD8" T cell activation and consequent 
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elimination of ST. It is also shown that when CD8" T cells are 
engaged in this manner, they undergo profound expansion 
which results in massive pathogen and tumour control as well 
as abridgment of pathogen chronicity. The present data pro 
vide novel insights into the incapacity of the immune system 
to efficiently control the bacterium, as well as reveal the 
power of the acquired immune system, wherein engagement 
of potent antigen-presentation early on may be sufficient to 
control an otherwise uncontrollable bacterium. The present 
results provide compelling evidence that modulation of the 
cell biology of antigen trafficking is a key avenue that is 
employed by various pathogens for immune evasion. The 
recombinant bacterium described herein may be used as a 
novel vaccine, wherein a key modification makes the bacte 
rium generate rapid, potent CD8+ T cell response, resulting in 
self-destruction of the vaccine in vivo, making it highly effi 
cacious, safe and cost-effective. 
0057 The utility of the recombinant bacterium described 
herein is demonstrated using OVA, TRP-2, and gp-100 as 
antigens. Using a similar approach, other putative antigens 
from other pathogens (bacteria, virus) or tumours can be 
cloned into the recombinant bacterium; these antigens can 
then be translocated into the host cell cytosol for rapid and 
potent antigen-presentation using the a translocation domain/ 
chaperone system. 
0058. The present invention will be further illustrated in 
the following examples. However, it is to be understood that 
these examples are for illustrative purposes only and should 
not be used to limit the scope of the present invention in any 
a. 

EXAMPLE 1. 

Preparation of Recombinant Bacteria 
0059 Recombinant bacteria comprising Salmonella 
enterica, serovar Tiphimurium (ST) expressing ovalbumin 
(OVA) were prepared. Construct STOVA-NT, which does 
not translocate antigen to the cytosol, was prepared as previ 
ously described (Luu et al., 2006). A recombinant construct, 
STOVA-T, that produces an OVA fusion protein that is trans 
located to the cytosol; FIG. 1A shows a schematic of the 
fusion protein, where OVA is fused to YopE and SycE. YopF. 
is a 23 kDa protein comprising a N-terminal Secretion domain 
(~11 aa) and a translocation domain (at least 50aa); the latter 
domain provides the binding site for the YopE-specific chap 
erone (SycE) that is required for YopE-mediated transloca 
tion of fused proteins to the cytosol (R). Sych is a chaperone 
necessary for translocation of the fused protein into the cyto 
sol of infected cells through the type III secretion system of 
ST. A schematic of both STOVA-NT and STOVA-T con 
structs and their proposed actions are shown in FIG. 1B. 
0060 Plasmid pHR-OVA was constructed by the modifi 
cation of the plasmid pHR-241 (Russmann et al., 2001), 
which contains the sequence of the fusion protein SycE 
YopE-p60/M45 (Russmann et al., 2000). In a first step, the 
genes of pé0/M45 were removed by cutting plasmid pHR 
241 with BamHI and KpnI. Then, the pKK-OVA plasmid was 
purified from the recombinant STOVA-NT bacteria by mid 
prep kit (Invitrogen, US) according to the manufacturers 
instructions. The OVA gene was PCR-amplified using the 
plasmid pKK-OVA as a template (forward primer BamHI 
5'-CGGGATCCAACTTTCAAACAGCTG-3 (SEQ ID 
NO:13) and reverse primer Kpnl 5'-GGGGTACCT 
TAAGGGGAAACACATC-3' (SEQ ID NO:14). Subse 



US 2013/01568.09 A1 

quently, the OVA gene was inserted between the BamHI 
KpnI sites of the cut pHR-241 palsmid, creating new plasmid 
pHR-OVA. PCR amplification of the inserts was performed 
with Taq polymerase using the following cycling parameters: 
94°C., 5 min; 25 cycles of 94° C.,30s to 58° C., 1 minto 72° 
C., 1 min; followed by a 7 min extension time at 72°C. The 
amplified insert was ligated into the intended vector then 
sequenced to verify the accuracy of the amplified cDNA. The 
pHR-OVA plasmid was then transfected into the highly viru 
lent ST (strain SL1344). 50 L of electrocompetent Salmo 
nella (WT or aroA) were mixed with -20 ng plasmid DNA and 
pulsed in a Bio-Rad micropulser using one pulse of 2.5 kV. 
Immediately afterwards, 1 mL of SOC recovery medium was 
added to the bacteria and they were allowed to recover with 
shaking at 37°C. The bacteria were then plated on LB agar 
plates with amplicillin for the selection of individual clones. 

EXAMPLE 2 

Detection of Antigen 
0061 STOVA-NT and ST-OVA-T constructs of Example 
1 were grown and expression and translocation of ovalbumin 
was evaluated. Pellet and supernatant of ST-OVA-NT and 
STOVA-T growing in liquid cultures were tested for the 
presence of OVA. 
0062 C57BL/6J mice were injected intravenously with 
10 STOVA-NT or STOVA-T reconstituted in 200 microli 
tres normal saline. Two days later, spleens were obtained 
from infected mice; spleen cells were isolated and lysed with 
Triton X-100 in the presence of protease inhibitor, phenylm 
ethylsulfonyl fluoride. The soluble lysate containing cytoso 
lic proteins was tested for OVA expression by western blot 
ting. Samples were normalized for cell number and were 
loaded on SDS-10% polyacrylamide gels. SDS-PAGE was 
performed and proteins were transferred to membranes, 
which were then blocked with 5% skim milk powder in PBS 
Tween. OVA expression was detected using a 1/10,000 dilu 
tion of polyclonal anti-OVA antibody (Sigma-Aldrich), fol 
lowed by incubation with HRP-conjugated goat anti-rabbit 
Ab (1/5,000 dilution in PBS-Tween) from Roche Applied 
Science. Immuno-reactive bands were detected with 
enhanced chemiluminescence substrate (Roche Applied Bio 
science). Results show that OVA-expression by STOVA-NT 
and STOVA-T (from ~5x10) in the bacterial pellets was 
similar (FIG. 1C). However, OVA could only be detected in 
the supernatant of STOVA-T cultures. Expression of OVA 
was detectable in the cytosol of spleen cells from mice 
infected with STOVA-T but not STOVA-NT (FIG. 1C). 

EXAMPLE 3 

Proliferation of ST-OVA-T and STOVA-NT 

0063. The ability of STOVA to proliferate extra- and 
intra-cellularly was also analyzed. 
0064. Liquid cultures of ST-OVA-NT and STOVA-T 
were set up in flasks to enumerate extracellular proliferation. 
At various time intervals (eg. 60 min., 120 min. 240 min. 
etc), aliquots were removed for measurement of OD at 600 
nm. Both STOVA-NT and STOVA-T displayed similar pro 
liferation and doubling time (FIG. 2A). 
0065. The influence of antigenic translocation on the abil 

ity of STOVA to proliferate within the intracellular compart 
ment was evaluated. IC-21 macrophages (H-2) (5x10/well) 
were infected with STOVA-NT or STOVA-T (MOI=10). 
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After 30 min, cells were washed and cultured in media con 
taining gentamicin (50 pg/ml) to remove extracellular bacte 
ria. After 2 h, cells were washed again and cultured in media 
containing reduced levels of gentamicin (10 ug/ml). At vari 
ous time intervals cells were lysed and bacterial burden in the 
cells determined. No statistically significant difference was 
detected in the ability of STOVA-NT or STOVA-T to infect 
and replicate within macrophages (p-0.05). Results are 
shown in FIG. 2B and are representative of three independent 
experiments. Thus, the ability of STOVA to infect and sur 
Vive within macrophages in vitro was not influenced by anti 
genic translocation. 

EXAMPLE 4 

Translocation and Antigen Presentation 

0066. It was previously reported that STOVA-NT infec 
tion does not induce a detectable CD8T cell response within 
the first week of infection (Luu et al., 2006), due to delayed 
presentation of antigen to CD8" T cells (Albaghdadi et al., 
2009). Therefore, it was evaluated whether translocation of 
antigen to the cytosol would result in rapid antigen-presenta 
tion. 

0067. In vitro antigen-presentation was performed as pre 
viously described (Albaghdadi et al., 2009). IC-21 macroph 
ages (H-2') cells (10/well) were infected with different MOI 
of ST (Albaghdadiet al., 2009), ST-OVA-NT (Example 1), or 
STOVA-T (Example 1) for 30 min. Extracellular bacteria 
were removed after incubation in medium containing gen 
tamicin (50 ug/ml). At 2 h, cells were cultured in media 
containing lower levels of gentamicin (10 ug/ml) and incu 
bated with CFSE-labelled OT-1 (CD45.1'45.2)TCR trans 
genic cells (10/well). After 4 days of culture, cells were 
harvested, stained with anti-CD45.1 and anti-CD8 antibod 
ies, and the reduction in CFSE intensity of OT-1 CD8" T cells 
was evaluated by flow cytometry. 
0068 Infection of macrophages with ST or STOVA-NT 
did not result in any detectable proliferation of OT-1 cells, 
indicating lack of antigen-presentation (FIG. 3A). Interest 
ingly, infection with STOVA-T even at reduced doses, 
resulted in strong dilution of CFSE expression, which is 
indicative of rapid and potent antigen-presentation in vitro 
(FIG. 3A). 
0069. In vivo antigen-presentation was done as previously 
described (Albaghdadi et al., 2009). B6129F1 mice were 
infected with the recombinant bacteria of Example 1, fol 
lowed by adoptive transfer of CFSE labelled OT-1 cells. 
B6.129F1 mice were used because B6 parents are highly 
susceptible and die within the first week of infection (Albagh 
dadi et al., 2009). Briefly, B6129F1 mice were generated in 
house by mating 129x1SVJ female mice with C57BL/6J male 
mice; mice were obtained from The Jackson Laboratory and 
were maintained at the Institute for Biological Sciences (Na 
tional Research Council of Canada, Ottawa, Canada) in 
accordance with the guidelines of the Canadian Council on 
Animal Care. For immunization, frozen stocks of ST-OVA 
NT or STOVA-T (Example 1) were thawed and diluted in 
0.9% NaCl; mice were inoculated (iv) with 10 organisms 
suspended in 200 ul. At various time intervals, CFSE-labelled 
OT-1 cells were injected (5x10, iv). Four days after the 
transfer of OT-1 cells, spleens were isolated from recipient 
mice and spleen cells were stained with OVA-tetramer and 
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anti-CD8 antibody. Reduction in the expression of CFSE 
intensity was evaluated by flow cytometry, as described 
above. 
0070 Results are shown in FIGS. 3B and 3C: results rep 
resent the mean of three micetSD per group, and are repre 
sentative of two-three independent experiments. At day 5 of 
infection, the majority of transferred OT-1 cells displayed 
reduced expression of CFSE in mice infected with STOVA-T 
(FIG. 3B). In contrast, OT-1 cells in STOVA-NT-infected 
mice maintained high levels of CFSE expression. When in 
Vivo antigen-presentation was evaluated kinetically, 
STOVA-NT infected mice displayed muted and delayed acti 
vation of CFSE-labelled OT-1 cells (FIG. 3C). Interestingly, 
the massive antigen-presentation that was induced early on in 
STOVA-T infected mice was subsequently reduced to base 
line levels as the pathogen was cleared. 

EXAMPLE 5 

Antigen Translocation and CD8" T Cell Response 
0071. The question of whether the induction of rapid anti 
gen-presentation in vitro and in vivo by antigenic transloca 
tion to the cytosol would result in the development of a rapid 
CD8" T cell response in vivo and whether this had any influ 
ence on pathogen control was examined. 
0072 B6.129F1 mice were infected (10, iv) with ST 
OVA-T or ST-OVA-NT without any adoptive transfer of OT-1 
cells. At various time intervals, the numbers of spleen cells, 
spleen size and bacterial burden were evaluated. OVA-spe 
cific CD8+ T cell response was enumerated by Flow cytom 
etry. Briefly, aliquots of spleen cells (5x10) were incubated 
in 80 ul of PBS plus 1% BSA (PBS-BSA) with anti-CD16/32 
at 4°C. After 10 min., cells were stained with H-2KOVAs, 
264 tetramer-PE (Beckman Coulter, US) and various antibod 
ies (anti-CD8 PerCP-Cy5, anti-CD62L APC-Cy7, and anti 
CD127 (PE-Cy7) for 30 min. All antibodies were obtained 
from BD Biosciences. Cells were washed with PBS, fixed in 
0.5% formaldehyde and acquired on a BD Biosciences FAC 
SCanto analyzer. 
0073 Results are shown in FIG. 4; these results represent 
the mean of three to five mice+SD per group and are repre 
sentative of three independent experiments. Infection of mice 
with ST-OVA-T resulted in the development of a rapid and 
potent OVA-specific CD8" T cell response as evaluated by 
staining with OVA-tetramers (FIGS. 4D, 4E: FIG.5A); these 
mice displayed reduced spleen cell numbers and size (FIGS. 
4A, 4B). At day 3 of infection, similar bacterial burdens were 
noted in mice that received STOVA-T or STOVA-NT (FIG. 
4C). However, at subsequent time intervals, the burden of 
STOVA-T were enormously controlled which was reduced 
to non-detectable levels by day 30. In contrast, STOVA-NT 
burden was maintained at high levels and the burden was 
detectable even at day 60 (FIG. 4C). Interestingly, at day 60, 
while both groups of mice had similar numbers of OVA 
tetramer" cells (FIG. 4E), the STOVA-T group of mice had 
controlled the burden whereas the ST-OVA-NT group of mice 
failed to control it (FIG. 4C); this suggests that directantigen 
presentation in case of STOVA-T makes the targets suscep 
tible. 
0074 Phenotypic analysis of OVA-specific CD8" T cells 
induced against STOVA-T versus STOVA-NT was also per 
formed. FIG. 5A shows the OVA-tetramer profile in the 
spleens of infected mice, and the expression (MFI) of CD62L 
(FIGS. 5B, 5D) and CD127 (FIGS. 5C, 5D) on OVA-tet 
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ramer"CD8" T cells. In contrast to ST-OVA-NT, OVA-spe 
cific CD8" T cells induced against ST-OVA-T displayed rapid 
activation (CD62L down-regulation) and rapid progression to 
the memory state (CD127 up-regulation) (FIG. 5B-D). Taken 
together, these results clearly indicate that antigenic translo 
cation to the cytosol in the context of ST infection accelerates 
the kinetics and increases the potency of antigen-presenta 
tion, CD8 T cell differentiation, and memory development. 
Thus, the differentiation of CD8" T cells that is noted with 
STOVA-T infection mirrors the one that is induced against 
the potent pathogen, LM. 

EXAMPLE 6 

Rapid CD8" T Cells Response and Survival of 
Susceptible Mice 

0075) Given the results noted with antigenic translocation 
in resistant mice (Example 5), determination of whether the 
rapid induction of CD8" T cells would influence the survival 
of susceptible C57BL/6J mice was undertaken. 
0076 C57BL/6J mice were infected (10, iv) with ST 
OVA-T or STOVA-NT. At different time points (day 1, 3, 5, 
7 and 14) after infection, spleens were removed and the bac 
terial burdens were enumerated. Spleen cells were stained 
with OVA-tetramers and antibodies against CD8, CD62L and 
CD127. The percentage and numbers of OVA-specific CD8" 
T cells were determined, as was the expression of CD62L 
versus CD127 on OVA-tetramer"CD8" T cells. 
0077 Results are shown in FIG. 6 and represent the mean 
of three to four mice+SD per group; results are representative 
of two independent experiments. At days 1 and 3, similar 
bacterial burdens were noted in STOVA-NT- and STOIVA 
T-infected groups (FIG. 6A). At later time periods, while the 
bacterial burden in ST-OVA-NT-infected mice continued to 
increase exponentially to lethal levels, the burden in STOVA 
T-infected mice was rapidly controlled and became undetect 
able after day 14. Abridgment of bacterial burden in STOVA 
T-infected mice correlated to the early emergence of potent 
OVA-specific CD8" T cell response, as detected by OVA 
tetramer staining (FIG. 6B-C) that peaked at day 7. 

EXAMPLE 7 

Antigen Translocation Induces Functional CD8" T 
Cells 

0078. Two functional assays were carried out to determine 
whether the CD8+ T cells that were induced by antigenic 
translocation would result in induction of CD8+ T cells that 
mediate appropriate functions. 
0079 Enumeration of IFN-y secreting cells was per 
formed by ELISPOT assay as reported previously at day 7 of 
infection (Dudani et al., 2002). STOVA-T-infected mice 
mounted a profound CD8" T cell response (FIG. 6D), indica 
tive of IFN-Y production. In contrast, infection of susceptible 
mice with STOVA-NT did not result in any detectable IFN 
Y-secreting CD8" T cells. 
0080. The ability of stimulated CD8" T cells to kill target 
cells specifically was enumerated as another functional read 
out. To do this, CFSE-labelled, OVA-pulsed and control 
spleen cells from naive mice were transferred to STOVA-T- 
and STOVA-NT-infected mice on day 7, and the specific 
killing of OVA-pulsed targets was evaluated. In vivo cytolytic 
activity of CD8" T cells was performed according to previ 
ously published reports (Luu et al., 2006: Barber et al., 2003). 
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OVA-specific CD8+ T cells that were induced at day 7 in 
STOVA-T-infected mice displayed rapid, potent and specific 
cytolytic activity towards OVA-pulsed target cells (FIG. 
6E-F). In contrast, STOVA-NT-infected mice displayed little 
cytolytic activity, as expected (Luu et al., 2006). Thus, the 
kinetics of CD8+ T cells response in STOVA-T infected 
susceptible C57BL/6J was similar to that observed in resis 
tant B6.129 F 1 mice, as was their phenotype. 
0081 FIG.7 shows results of phenotypic analysis of OVA 
specific CD8" T cells induced against ST-OVA-T versus ST 
OVA-NT. Similar to the profile in resistant mice, OVA-spe 
cific CD8" T cells induced against STOVA-T in susceptible 
mice displayed rapid down-regulation of CD62L and rapid 
transition to the memory phenotype (increased CD127 up 
regulation: FIG. 7). 

EXAMPLE 8 

Control of Bacterial Growth 

0082 While the data of Example 6 indicated that rapid 
emergence of functional CD8" T cells by antigenic translo 
cation can control ST burden rapidly, it was still correlative. 
In order to test if the rapid emergence of CD8" T cells are 
responsible for elimination of bacteria during STOVA-T 
infection, C57BL/6J mice were treated with anti-CD8 or 
anti-CD4 antibody or isotype control then infected with ST 
OVA-T to eliminate those cells specifically. C57BL/6J mice 
were treated with (100 g/injection) anti-CD4 (clone GK1.5), 
anti-CD8 (clone 2.43), or Rat IgG isotype antibodies on days 
–3, 0 and 3 after infection with 10 STOVA-T. At day 7 after 
infection, spleens were harvested and the bacterial burden 
evaluated. At day 7 after infection, anti-CD8 antibody treated 
mice had a >100-fold higher STOVA-T burden (FIG. 8A), 
suggesting that when CD8" T cells are depleted, STOVA-T 
cannot be controlled by the host. Depletion of CD4 T cells 
had no effect on the bacterial burden. 
0083. The importance of CD8" T cells in controlling bac 

terial burden was further confirmed by infecting WT. MHC-I 
or MHC-II-deficient C57BL/6J mice with STOVA-T. Since 
MHC class I deficient mice lack CD8" T cells they should be 
susceptible to infection. Twenty days after infection, MHC-I 
deficient mice were moribund, displaying very high bacterial 
loads (FIG. 8B) whereas control mice had undetectable bur 
den, and MHC class II-deficient hosts (lacking CD4 T cells) 
showed only a minor effect. MHC-I deficient mice were sick 
due to high bacterial loads, while MHC-II-deficient and WT 
mice were healthy. Taken together, these results indicate that 
antigenic translocation to cytosol in the context of ST infec 
tion results in a rapid emergence of a potent CD8" T cell 
response which is sufficient to control the burden. 

EXAMPLE 9 

Translocation of Antigen in Attenuated Strain of 
Salmonella 

0084. In order to design vaccines, attenuated strains of 
bacteria are often used to avoid undesirable toxicity that 
occurs with highly virulent bacteria. It was therefore deter 
mined whether translocation of OVA in a highly attenuated 
strain of ST (AaroA) would induce rapid activation of CD8" 
T cells. 
0085 B6.129F1 mice were infected with 10 (virulent) 
wild type (WT: SL 1344)) or 10 attenuated (avirulent; 
AaroA) ST-OVA expressing non-translocated or non-translo 
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cated OVA. At various time intervals (day 7, 14, 21 and 30), 
spleens and peripheral blood were collected and the relative 
change in the numbers of OVA-specific CD8" T cells enu 
merated after staining with OVA-tetramers and anti-CD8 
antibodies as described in Example 5. 
I0086) Results in FIG. 9 represent the mean of five 
mice+SD per group. Translocation of OVA by avirulent ST 
also resulted in rapid and profound induction of OVA-specific 
CD8" T cell response in the spleen (FIG.9A) and peripheral 
blood (FIG. 9B). Thus, these results indicate that antigenic 
translocation works equally well for virulent and avirulent 
bacteria. 

EXAMPLE 10 

Translocation of Antigen and Tumour Control 
I0087. It was also investigated whether antigenic translo 
cation would result in effective protection upon tumour chal 
lenge. 
I0088 C57BL/6J mice were infected with 10 STOVA-T: 
non-infected (naive) mice served as controls. On day 60, mice 
were challenged Subcutaneously in the lower dorsal region 
with 10 B16 melanoma cells carrying the OVA gene (B16 
OVA). Survival of mice was measured subsequently. As 
shown in FIG.10A, prophylactic vaccination with STOVA-T 
resulted in potent protection against tumour challenge. Pro 
tection in a therapeutic model, where mice were first chal 
lenged with tumours and then Vaccinated with immunogens, 
was also tested. B6.129F1 mice were challenged first with 10° 
B16-OVA tumour cells subcutaneously in the lower dorsal 
region. Three days later, mice were vaccinated with STOVA 
NT or STOVA-T. Non-infected mice served as negative con 
trols and LM-OVA infected mice served as positive controls. 
At various time intervals Subsequently, Survival of mice was 
monitored. Mice receiving STOVA-T displayed the best pro 
tection against B16 melanoma cells (FIG. 10B). Protection 
induced by STOVA-T was far greater than that induced by 
STOVA-NT and LM-OVA. Results represent the mean of 
five mice+SD per group. 

EXAMPLE 11 

CD8+ T Cell Response Against Tumor-Antigens 

I0089. The use of OVA as an immunodominant antigen is 
described herein as a proof of principle. Using a similar 
approach, other putative antigens from other pathogens (bac 
teria, virus) or tumours can be cloned into ST and these 
antigens can be translocated into the host cell cytosol for rapid 
and potent antigen-presentation using the YopE/SycE System. 
0090 The gene for the tumour-antigen (Trp-2) (Schuma 
cher and Restifo, 2009) was cloned into the WT or aroA 
mutant of ST, which translocates antigen to the cytosol. PCR 
was done using pCDNA3-Trp2 as template using the follow 
ing primers: 

Forward primer: 
(SEQ ID NO: 15) 

TAGGATCCGGAATTCTGCTCAGAG, 
and 

Reverse primer: 
(SEQ ID NO: 16) 

AGATGGTACCTTTAGTGCCACGTG. 



US 2013/01568.09 A1 

0091. The PCR product and pHR-OVA were digested with 
BamHI and Kpnl and ligated. PCR amplification of the 
inserts was performed with Taq polymerase using the follow 
ing cycling parameters: 94°C., 5 min; 25 cycles of 94°C., 30 
s to 58° C., 1 min to 72° C., 1 min; followed by a 7 min 
extension time at 72°C. The amplified insert was ligated into 
the intended vector, then sequenced to Verify the accuracy of 
the amplified cDNA. The PCR product was digested with 
BgIII and Kipni; pHR-241 was digested with BamHI and 
KpnI and the digested products were ligated. pHR-Trp2 plas 
mid was then transfected into the highly virulent ST (SL1344) 
or aroA mutant of ST. 50 uL of electrocompetent Salmonella 
(WT or aroA) were mixed with ~20 ng plasmid DNA and 
pulsed in a Bio-Rad micropulser using one pulse of 2.5 kV. 
Immediately afterwards, 1 mL of SOC recovery medium was 
added to the bacteria and they were allowed to recover shak 
ing at 37°C. The bacteria were then plated on LB agar plates 
with ampicillin for the selection of individual clones. 
0092. The gene for gp100 tumour-antigen (Rosenberg et 

al., 2008) was cloned into a pHR or pKK plasmid. PCR was 
done using pCDNA3-gp100 as template with the following 
primers: 

Forward primer: 
(SEO ID NO: 17) 

GAAGATCTGGGAAGAACACAATGG, 
and 

Reverse primer: 
(SEQ ID NO: 18) 

GGGGTACCTTAGGTGAGAGGAATGG. 

0093. The PCR product was digested with BgIII and KpnI; 
pHR-241 was digested with BamHI and KpnI and the 
digested products were ligated. Infection of B6.129F1 mice 
with these recombinant nucleic acids resulted in the induction 
of CD8+ T cell response against Trp-2 (FIG. 11A). This was 
associated with accelerated control of the bacterium (FIG. 
11B,C). Similarly, infection of mice with the gp100 express 
ing aroA-ST resulted in accelerated control of the bacterium 
(FIG. 12A) and induction of a better CD8+ T cell response 
against gp100 (FIG. 12B). 

EXAMPLE 12 

CD8+ T Cell Response to a Viral Antigen 

0094. The immunodominant epitope recognized to stimu 
late a CD8" T cell response from LCMV nucleoprotein (NP) 
in C57B1/6 mice was also used as an antigen and cloned into 
ST, and its effect on T cell response in mice was evaluated. 
0095 LCMV-NP was encoded over amino acids 396–404 
(FQPQNGOFI) of the protein (Basler et al., 2004). cDNA 
encoding amino acids 288-463 of the NP protein was cloned 
into plasmid pKK to generate pKK-NP (FIG. 13), using PCT 
methods as described in Example 1 and 11. Again, DH5C. 
clones were selected using amplicillin. In this case, Nicol and 
HindIII restriction sites were added to the oligonucleotides 
used for amplification of the insert sequence. The oligonucle 
otide sequences used for the cDNA amplification were: 
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(SEQ ID NO: 19) 
s' TACCATGGCATTTGTTTCAGACCAAGT 3" 
and 

(SEQ ID NO: 2O) 
s' TAAAGCTTCTAGTCCCTTACTATTCCAG 3 '' . 

0096. The final insert in the pKK plasmid was truncated 
prior to the end of the amplified insert due to the presence of 
an internal HindIII restriction site, ending at codon 461. After 
confirmation of the sequence, this plasmid was also trans 
ferred into ST wild type and STAAro using a standard elec 
troporation protocol (as described below and in Examples 1 
and 11). cDNA encoding amino acids 288-461 of the NP 
protein was similarly cloned into the plasmid, pKK, togen 
erate pKK-NP (FIG. 13). Again, DH5O. clones were selected 
using amplicillin. In this case, NcoI and HindIII restriction 
sites were added to the oligonucleotides used for amplifica 
tion of the insert sequence. The oligonucleotide sequences 
used for the cDNA amplification are: 

(SEQ ID NO: 21) 
5' TACCATGGCATttgtttcagaccaagT 3' 
and 

(SEQ ID NO: 22) 
s' TAAAGCTTCTAGTCCCTTACTATTCCAG 3 '' . 

0097. The final insert in the pKK plasmid was truncated 
prior to the end of the amplified insert due to the presence of 
an internal HindIII restriction site, ending at codon 461. After 
confirmation of the sequence, this plasmid was also trans 
ferred into ST wild type and STAAro using a standard elec 
troporation protocol. Briefly, 50 uL of electrocompetent Sal 
monella (WT or aroA) were mixed with ~20 ng plasmid DNA 
and pulsed in a Bio-Rad micropulser using one pulse of 2.5 
kV. Immediately afterwards, 1 mL of SOC recovery medium 
was added to the bacteria and they were allowed to recover 
shaking at 37°C. The bacteria were then plated on LB agar 
plates with ampicillin for the selection of individual clones. 
PCR amplification of the inserts was performed with Taq 
polymerase using the following cycling parameters: 94°C.. 5 
min; 25 cycles of 94°C.,30s to 58° C., 1 minto 72°C., 1 min: 
followed by a 7 min extension time at 72°C. The amplified 
insert was ligated into the intended vector then sequenced to 
verify the accuracy of the amplified cDNA. 
(0098 B6.129F1 mice were infected intravenously with 
10 recombinant ST expressing NP. Both virulent (FIG. 13B, 
C) and avirulent (FIG. 13D) ST induced profound NP-spe 
cific CD8+ T cell response when NP was translocated to the 
cytosol. Furthermore, antigenic translocation resulted in 
decreased bacterial burden (FIG. 13E) and control of vaccine 
induced inflammation (FIG. 13F). 

EXAMPLE 13 

Use of Truncated YopE as a Means to Induce Potent 
CD8+ T Cell Response 

(0099] To determine whether the full length YopE was 
needed for induction of a better CD8+ T cell response, or 
whether a truncated version of this protein would be suffi 
cient, the gene for OVA was fused with truncated YopE (first 
eighteen amino acids only), which does not carry the C-ter 
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minal domain for binding to the Sych chaperon (FIG. 14A). 
PCR was done using pHR-OVA as template with the follow 
ing primers: 

Forward primer: 
(SEQ ID NO: 23) 

GTGTCAAAGTTGGGGAATTCGC, 
and 

Reverse primer: 
(SEQ ID NO: 24) 

CTGCTGGATCCTGACACTGATG 

0100. The PCR product and pHR-OVA were digested with 
EcoRI and BamHI and ligated. PCR amplification of the 
inserts was performed with Taq polymerase using the follow 
ing cycling parameters: 94°C., 5 min; 25 cycles of 94°C., 30 
s to 58° C., 1 min to 72° C., 1 min; followed by a 7 min 
extension time at 72°C. The amplified insert was ligated into 
the intended vector, then sequenced to Verify the accuracy of 
the amplified cDNA. 
0101 B6.129F1 mice were infected with STOVA-NT, 
STOVA-T (carrying full length YopE), and STOVA-tyopB. 
(carrying truncated YopE). As is clear from results shown in 
FIG. 14B, the fusion of the desired antigen with the first 
eighteen amino acids of YopE is sufficient to induce rapid 
CD8+ T cell response. CD8+ T cells induced by the truncated 
YopE differentiated rapidly into memory cells (FIG. 14C), 
which lead to curtailment of inflammation (FIG. 14D) and 
bacterial burden (FIG. 14E). 
0102 The embodiments and examples described herein 
are illustrative and are not meant to limit the scope of the 
invention as claimed. Variations of the foregoing embodi 
ments, including alternatives, modifications and equivalents, 
are intended by the inventors to be encompassed by the 
claims. Furthermore, the discussed combination of features 
might not be necessary for the inventive solution. 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 24 

<21 Os SEQ ID NO 1 
&211s LENGTH: 138 
212s. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic YopE 

<4 OOs SEQUENCE: 1 
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Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro Thir Ser 
1. 5 1O 15 
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- Continued 

Val Ser Gly Ser Ser Ser Val Gly Glu Met Ser Gly Arg Ser Val Ser 
2O 25 3O 

Glin Gln Lys Ser Glu Glin Tyr Ala Asn. Asn Lieu Ala Gly Arg Thr Glu 
35 4 O 45 

Ser Pro Glin Gly Ser Ser Lieu Ala Ser Arg Ile Thr Glu Lys Lieu. Ser 
SO 55 6 O 

Ser Met Ala Arg Ser Ala Ile Glu Phe Ile Lys Arg Met Phe Ser Glu 
65 70 7s 8O 

Gly Ser His Llys Pro Val Val Thr Pro Ala Pro Thr Pro Ala Glin Met 
85 90 95 

Pro Ser Pro Thr Ser Phe Ser Asp Ser Ile Lys Gln Leu Ala Ala Glu 
1OO 105 11 O 

Thir Lieu Pro Llys Tyr Ile Glin Glin Lieu. Ser Ser Lieu. Asp Ala Glu Thir 
115 12 O 125 

Lieu. Glin Lys Asn His Asp Glin Phe Ala Thr 
13 O 135 

<210s, SEQ ID NO 2 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic YopE fragment 

<4 OOs, SEQUENCE: 2 

Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro Thr Ser 
1. 5 1O 15 

Wall Ser 

<210s, SEQ ID NO 3 
&211s LENGTH: 543 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Salmonella enterica SptP 

<4 OOs, SEQUENCE: 3 

Met Lieu Lys Tyr Glu Glu Arg Llys Lieu. Asn. Asn Lieu. Thir Lieu. Ser Ser 
1. 5 1O 15 

Phe Ser Llys Val Gly Val Ser Asn Asp Ala Arg Lieu. Tyr Ile Ala Lys 
2O 25 3O 

Glu Asn. Thir Asp Lys Ala Tyr Val Ala Pro Glu Lys Phe Ser Ser Lys 
35 4 O 45 

Val Lieu. Thir Trp Lieu. Gly Lys Met Pro Leu Phe Lys Asn Thr Glu Val 
SO 55 6 O 

Val Glin Llys His Thr Glu Asn. Ile Arg Val Glin Asp Gln Lys Ile Lieu 
65 70 7s 8O 

Gln Thr Phe Lieu. His Ala Lieu. Thr Glu Lys Tyr Gly Glu Thir Ala Val 
85 90 95 

Asn Asp Ala Lieu Lleu Met Ser Arg Ile Asn Met Asn Llys Pro Lieu. Thr 
1OO 105 11 O 

Glin Arg Lieu Ala Val Glin Ile Thr Glu. Cys Val Lys Ala Ala Asp Glu 
115 12 O 125 

Gly Phe Ile Asn Lieu. Ile Llys Ser Lys Asp Asn Val Gly Val Arg Asn 
13 O 135 14 O 

Ala Ala Lieu Val Ile Lys Gly Gly Asp Thr Llys Val Ala Glu Lys Asn 
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- Continued 

145 150 155 160 

Asn Asp Val Gly Ala Glu Ser Lys Glin Pro Lieu. Lieu. Asp Ile Ala Lieu 
1.65 17O 17s 

Lys Gly Lieu Lys Arg Thr Lieu Pro Glin Lieu. Glu Glin Met Asp Gly Asn 
18O 185 19 O 

Ser Lieu. Arg Glu Asn. Phe Glin Glu Met Ala Ser Gly Asn Gly Pro Lieu. 
195 2OO 2O5 

Arg Ser Lieu Met Thr Asn Lieu. Glin Asn Lieu. Asn Lys Ile Pro Glu Ala 
21 O 215 22O 

Lys Gln Lieu. Asn Asp Tyr Val Thir Thr Lieu. Thr Asn Ile Glin Val Gly 
225 23 O 235 24 O 

Val Ala Arg Phe Ser Glin Trp Gly. Thir Cys Gly Gly Glu Val Glu Arg 
245 250 255 

Trp Val Asp Lys Ala Ser Thr His Glu Lieu. Thr Glin Ala Wall Lys Llys 
26 O 265 27 O 

Ile His Val Ile Ala Lys Glu Lieu Lys Asn Val Thr Ala Glu Lieu. Glu 
27s 28O 285 

Lys Ile Glu Ala Gly Ala Pro Met Pro Glin Thr Met Ser Gly Pro Thr 
29 O 295 3 OO 

Lieu. Gly Lieu Ala Arg Phe Ala Val Ser Ser Ile Pro Ile Asin Glin Glin 
3. OS 310 315 32O 

Thr Glin Val Lys Lieu. Ser Asp Gly Met Pro Val Pro Val Asn. Thir Lieu. 
3.25 330 335 

Thir Phe Asp Gly Llys Pro Val Ala Lieu Ala Gly Ser Tyr Pro Lys Asn 
34 O 345 35. O 

Thr Pro Asp Ala Lieu. Glu Ala His Met Lys Met Lieu. Lieu. Glu Lys Glu 
355 360 365 

Cys Ser Cys Lieu Val Val Lieu. Thir Ser Glu Asp Glin Met Glin Ala Lys 
37 O 375 38O 

Gln Leu Pro Pro Tyr Phe Arg Gly Ser Tyr Thr Phe Gly Glu Val His 
385 390 395 4 OO 

Thir Asn. Ser Glin Llys Val Ser Ser Ala Ser Glin Gly Glu Ala Ile Asp 
4 OS 41O 415 

Gln Tyr Asn Met Gln Leu Ser Cys Gly Glu Lys Arg Tyr Thr Ile Pro 
42O 425 43 O 

Val Lieu. His Val Lys Asn Trp Pro Asp His Gln Pro Leu Pro Ser Thr 
435 44 O 445 

Asp Gln Lieu. Glu Tyr Lieu Ala Asp Arg Val Lys Asn. Ser Asn Glin Asn 
450 45.5 460 

Gly Ala Pro Gly Arg Ser Ser Ser Asp Llys His Lieu Pro Met Ile His 
465 470 47s 48O 

Cys Lieu. Gly Gly Val Gly Arg Thr Gly Thr Met Ala Ala Ala Lieu Val 
485 490 495 

Lieu Lys Asp Asin Pro His Ser Asn Lieu. Glu Glin Val Arg Ala Asp Phe 
SOO 505 51O 

Arg Asp Ser Arg Asn. Asn Arg Met Lieu. Glu Asp Ala Ser Glin Phe Val 
515 52O 525 

Glin Lieu Lys Ala Met Glin Ala Glin Lieu. Lieu Met Thir Thr Ala Ser 
53 O 535 54 O 

<210s, SEQ ID NO 4 
&211s LENGTH: 24 O 
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- Continued 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Salmonella enterica SopE 

<4 OOs, SEQUENCE: 4 

Met Thr Lys Ile Thr Lieu Ser Pro Glin Asn Phe Arg Ile Glin Lys Glin 
1. 5 1O 15 

Glu Thir Thr Lieu Lleu Lys Glu Lys Ser Thr Glu Lys Asn. Ser Lieu Ala 
2O 25 3O 

Llys Ser Ile Lieu Ala Val Lys Asn His Phe Ile Glu Lieu. Arg Ser Lys 
35 4 O 45 

Lieu. Ser Glu Arg Phe Ile Ser His Lys Asn Thr Glu Ser Ser Ala Thr 
SO 55 6 O 

His Phe His Arg Gly Ser Ala Ser Glu Gly Arg Ala Val Lieu. Thir Asn 
65 70 7s 8O 

Llys Val Val Lys Asp Phe Met Lieu. Glin Thir Lieu. Asn Asp Ile Asp Ile 
85 90 95 

Arg Gly Ser Ala Ser Lys Asp Pro Ala Tyr Ala Ser Glin Thr Arg Glu 
1OO 105 11 O 

Ala Ile Lieu. Ser Ala Val Tyr Ser Lys Asn Lys Asp Gln Cys Cys Asn 
115 12 O 125 

Lieu. Lieu. Ile Ser Lys Gly Ile Asn. Ile Ala Pro Phe Lieu. Glin Glu Ile 
13 O 135 14 O 

Gly Glu Ala Ala Lys Asn Ala Gly Lieu Pro Gly. Thir Thr Lys Asn Asp 
145 150 155 160 

Val Phe Thr Pro Ser Gly Ala Gly Ala Asn Pro Phe Ile Thr Pro Leu 
1.65 17O 17s 

Ile Ser Ser Ala Asn Ser Lys Tyr Pro Arg Met Phe Ile Asin Gln His 
18O 185 19 O 

Gln Glin Ala Ser Phe Lys Ile Tyr Ala Glu Lys Ile Ile Met Thr Glu 
195 2OO 2O5 

Val Ala Pro Leu Phe Asn Glu. Cys Ala Met Pro Thr Pro Glin Glin Phe 
21 O 215 22O 

Glin Lieu. Ile Lieu. Glu Asn. Ile Ala Asn Llys Tyr Ile Glin Asn Thr Pro 
225 23 O 235 24 O 

<210s, SEQ ID NO 5 
&211s LENGTH: 130 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic SycE 

<4 OOs, SEQUENCE: 5 

Met Tyr Ser Phe Glu Glin Ala Ile Thr Glin Leu Phe Glin Glin Leu Ser 
1. 5 1O 15 

Lieu. Ser Ile Pro Asp Thir Ile Glu Pro Val Ile Gly Val Llys Val Gly 
2O 25 3O 

Glu Phe Ala Cys His Ile Thr Glu. His Pro Val Gly Glin Ile Leu Met 
35 4 O 45 

Phe Thr Lieu Pro Ser Lieu. Asp Asn. Asn. Asn. Glu Lys Glu Thir Lieu. Lieu. 
SO 55 6 O 

Ser His Asn. Ile Phe Ser Glin Asp Ile Lieu Lys Pro Ile Lieu. Ser Trp 
65 70 7s 8O 
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- Continued 

Asp Glu Val Gly Gly. His Pro Val Lieu. Trp Asn Arg Glin Pro Lieu. Asn 
85 90 95 

Asn Lieu. Asp Asn. Asn. Ser Lieu. Tyr Thr Glin Lieu. Glu Met Lieu Val Glin 
1OO 105 11 O 

Gly Ala Glu Arg Lieu. Glin Thir Ser Ser Lieu. Ile Ser Pro Pro Arg Ser 
115 12 O 125 

Phe Ser 
13 O 

<210s, SEQ ID NO 6 
&211s LENGTH: 638 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Salmonella enterica HSP70 

<4 OOs, SEQUENCE: 6 

Met Gly Lys Ile Ile Gly Ile Asp Leu Gly. Thir Thr Asn Ser Cys Val 
1. 5 1O 15 

Ala Ile Met Asp Gly. Thr Glin Ala Arg Val Lieu. Glu Asn Ala Glu Gly 
2O 25 3O 

Asp Arg Thir Thr Pro Ser Ile Ile Ala Tyr Thr Glin Asp Gly Glu Thr 
35 4 O 45 

Lieu Val Gly Glin Pro Ala Lys Arg Glin Ala Val Thir ASn Pro Glin Asn 
SO 55 6 O 

Thir Lieu. Phe Ala Ile Lys Arg Lieu. Ile Gly Arg Arg Phe Glin Asp Glu 
65 70 7s 8O 

Glu Val Glin Arg Asp Wal Ser Ile Met Pro Tyr Lys Ile Ile Gly Ala 
85 90 95 

Asp Asn Gly Asp Ala Trp Lieu. Asp Wall Lys Gly Glin Llys Met Ala Pro 
1OO 105 11 O 

Pro Glin Ile Ser Ala Glu Val Lieu Lys Llys Met Lys Llys Thir Ala Glu 
115 12 O 125 

Asp Tyr Lieu. Gly Glu Pro Val Thr Glu Ala Val Ile Thr Val Pro Ala 
13 O 135 14 O 

Tyr Phe Asn Asp Ala Glin Arg Glin Ala Thir Lys Asp Ala Gly Arg Ile 
145 150 155 160 

Ala Gly Lieu. Glu Val Lys Arg Ile Ile Asin Glu Pro Thr Ala Ala Ala 
1.65 17O 17s 

Lieu Ala Tyr Gly Lieu. Asp Llys Glu Val Gly Asn Arg Thir Ile Ala Val 
18O 185 19 O 

Tyr Asp Lieu. Gly Gly Gly Thr Phe Asp Ile Ser Ile Ile Glu Ile Asp 
195 2OO 2O5 

Glu Val Asp Gly Glu Lys Thr Phe Glu Val Lieu Ala Thr Asn Gly Asp 
21 O 215 22O 

Thir His Lieu. Gly Gly Glu Asp Phe Asp Thr Arg Lieu. Ile Asn Tyr Lieu. 
225 23 O 235 24 O 

Val Asp Glu Phe Llys Lys Asp Glin Gly Ile Asp Lieu. Arg Asn Asp Pro 
245 250 255 

Lieu Ala Met Glin Arg Lieu Lys Glu Ala Ala Glu Lys Ala Lys Ile Glu 
26 O 265 27 O 

Lieu. Ser Ser Ala Glin Gln Thr Asp Val Asn Lieu Pro Tyr Ile Thr Ala 
27s 28O 285 

Asp Ala Thr Gly Pro Llys His Met Asn. Ile Llys Val Thr Arg Ala Lys 
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- Continued 

29 O 295 3 OO 

Lieu. Glu Ser Lieu Val Glu Asp Lieu Val Asn Arg Ser Ile Glu Pro Lieu. 
3. OS 310 315 32O 

Llys Val Ala Lieu. Glin Asp Ala Gly Lieu. Ser Val Ser Asp Ile Asn Asp 
3.25 330 335 

Val Ile Leu Val Gly Gly Glin Thr Arg Met Pro Met Val Glin Llys Lys 
34 O 345 35. O 

Val Ala Glu Phe Phe Gly Lys Glu Pro Arg Lys Asp Wall Asn Pro Asp 
355 360 365 

Glu Ala Val Ala Ile Gly Ala Ala Val Glin Gly Gly Val Lieu. Thr Gly 
37 O 375 38O 

Asp Wall Lys Asp Val Lieu Lleu Lieu. Asp Val Thr Pro Lieu. Ser Lieu. Gly 
385 390 395 4 OO 

Ile Glu Thr Met Gly Gly Val Met Thr Pro Leu. Ile Thr Lys Asn Thr 
4 OS 41O 415 

Thir Ile Pro Thr Lys His Ser Glin Val Phe Ser Thr Ala Glu Asp Asn 
42O 425 43 O 

Glin Ser Ala Val Thir Ile His Val Lieu. Glin Gly Glu Arg Lys Arg Ala 
435 44 O 445 

Ser Asp Asn Llys Ser Lieu. Gly Glin Phe Asn Lieu. Asp Gly Ile Asn Pro 
450 45.5 460 

Ala Pro Arg Gly Met Pro Glin Ile Glu Val Thr Phe Asp Ile Asp Ala 
465 470 47s 48O 

Asp Gly Ile Lieu. His Val Ser Ala Lys Asp Lys Asn. Ser Gly Lys Glu 
485 490 495 

Glin Lys Ile Thir Ile Lys Ala Ser Ser Gly Lieu. Asn. Glu Glu Glu Ile 
SOO 505 51O 

Glin Llys Met Val Arg Asp Ala Glu Ala Asn Ala Glu Ser Asp Arg Llys 
515 52O 525 

Phe Glu Glu Lieu Val Glin Thr Arg Asn Glin Gly Asp His Lieu. Lieu. His 
53 O 535 54 O 

Ser Thr Arg Lys Glin Val Glu Glu Ala Gly Asp Llys Lieu Pro Ala Asp 
5.45 550 555 560 

Asp Llys Thir Ala Ile Glu Ser Ala Lieu. Asn Ala Lieu. Glu Thir Ala Lieu 
565 st O sts 

Lys Gly Glu Asp Lys Ala Ala Ile Glu Ala Lys Met Glin Glu Lieu Ala 
58O 585 59 O 

Glin Val Ser Glin Llys Lieu Met Glu Ile Ala Glin Glin Gln His Ala Glin 
595 6OO 605 

Glin Glin Ala Gly Ser Ala Asp Ala Ser Ala Asn. Asn Ala Lys Asp Asp 
610 615 62O 

Asp Val Val Asp Ala Glu Phe Glu Glu Val Lys Asp Llys Llys 
625 630 635 

<210s, SEQ ID NO 7 
&211s LENGTH: 523 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic SycE-YopE-OVA 

<4 OO > SEQUENCE: 7 

Met Tyr Ser Phe Glu Glin Ala Ile Thr Glin Leu Phe Glin Glin Leu Ser 
1. 5 1O 15 
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- Continued 

Lieu. Ser Ile Pro Asp Thir Ile Glu Pro Val Ile Gly Val Llys Val Gly 
2O 25 3O 

Glu Phe Ala Cys His Ile Thr Glu. His Pro Val Gly Glin Ile Leu Met 
35 4 O 45 

Phe Thr Lieu Pro Ser Lieu. Asp Asn. Asn. Asn. Glu Lys Glu Thir Lieu. Lieu. 
SO 55 6 O 

Ser His Asn. Ile Phe Ser Glin Asp Ile Lieu Lys Pro Ile Lieu. Ser Trp 
65 70 7s 8O 

Asp Glu Val Gly Gly. His Pro Val Lieu. Trp Asn Arg Glin Pro Lieu. Asn 
85 90 95 

Asn Lieu. Asp Asn. Asn. Ser Lieu. Tyr Thr Glin Lieu. Glu Met Lieu Val Glin 
1OO 105 11 O 

Gly Ala Glu Arg Lieu. Glin Thir Ser Ser Lieu. Ile Ser Pro Pro Arg Ser 
115 12 O 125 

Phe Ser Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro 
13 O 135 14 O 

Thir Ser Val Ser Gly Ser Ser Ser Val Gly Glu Met Ser Gly Arg Ser 
145 150 155 160 

Val Ser Glin Glin Llys Ser Glu Glin Tyr Ala Asn. Asn Lieu Ala Gly Arg 
1.65 17O 17s 

Thr Glu Ser Pro Glin Gly Ser Ser Leu Ala Ser Arg Ile Thr Glu Lys 
18O 185 19 O 

Lieu. Ser Ser Met Ala Arg Ser Ala Ile Glu Phe Ile Lys Arg Met Phe 
195 2OO 2O5 

Ser Glu Gly Ser His Llys Pro Val Val Thr Pro Ala Pro Thr Pro Ala 
21 O 215 22O 

Gln Met Pro Ser Pro Thr Ser Phe Ser Asp Ser Ile Lys Glin Leu Ala 
225 23 O 235 24 O 

Ala Glu Thir Lieu Pro Llys Tyr Ile Glin Glin Lieu. Ser Ser Lieu. Asp Ala 
245 250 255 

Glu Thir Lieu Gln Lys Asn His Asp Glin Phe Ala Thr Gly Ser Asin Phe 
26 O 265 27 O 

Glin Thr Ala Ala Asp Glin Ala Arg Glu Lieu. Ile Asn. Ser Arg Val Glu 
27s 28O 285 

Ser Glin Thr Asn Gly Ile Ile Arg Asn Val Lieu Gln Pro Ser Ser Val 
29 O 295 3 OO 

Asp Ser Glin Thr Ala Met Val Lieu Val Asn Ala Ile Val Phe Lys Gly 
3. OS 310 315 32O 

Lieu. Trp Glu Lys Ala Phe Lys Asp Glu Asp Thr Glin Ala Met Pro Phe 
3.25 330 335 

Arg Val Thr Glu Gln Glu Ser Llys Pro Val Gln Met Met Tyr Glin Ile 
34 O 345 35. O 

Gly Lieu. Phe Arg Val Ala Ser Met Ala Ser Glu Lys Met Lys Ile Lieu. 
355 360 365 

Glu Lieu Pro Phe Ala Ser Gly Thr Met Ser Met Leu Val Lieu. Leu Pro 
37 O 375 38O 

Asp Glu Val Ser Gly Lieu. Glu Gln Lieu. Glu Ser Ile Ile Asin Phe Glu 
385 390 395 4 OO 

Lys Lieu. Thr Glu Trp Thir Ser Ser Asn Val Met Glu Glu Arg Lys Ile 
4 OS 41O 415 

Llys Val Tyr Lieu Pro Arg Met Lys Met Glu Glu Lys Tyr Asn Lieu. Thir 



US 2013/01568.09 A1 Jun. 20, 2013 
22 

- Continued 

42O 425 43 O 

Ser Val Lieu Met Ala Met Gly Ile Thr Asp Val Phe Ser Ser Ser Ala 
435 44 O 445 

Asn Lieu. Ser Gly Ile Ser Ser Ala Glu Ser Lieu Lys Ile Ser Glin Ala 
450 45.5 460 

Val His Ala Ala His Ala Glu Ile Asn. Glu Ala Gly Arg Glu Val Val 
465 470 47s 48O 

Gly Ser Ala Glu Ala Gly Val Asp Ala Ala Ser Val Ser Glu Glu Phe 
485 490 495 

Arg Ala Asp His Pro Phe Lieu. Phe Cys Ile Llys His Ile Ala Thr Asn 
SOO 505 51O 

Ala Val Lieu Phe Phe Gly Arg Cys Val Ser Pro 
515 52O 

<210s, SEQ ID NO 8 
&211s LENGTH: 4 O3 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic SycE-YopE (18) - OVA 

<4 OOs, SEQUENCE: 8 

Met Tyr Ser Phe Glu Glin Ala Ile Thr Glin Leu Phe Glin Glin Leu Ser 
1. 5 1O 15 

Leu Ser Ile Pro Asp Thr Ile Glu Pro Val Ile Gly Val Llys Val Gly 
2O 25 3O 

Glu Phe Ala Cys His Ile Thr Glu. His Pro Val Gly Glin Ile Leu Met 
35 4 O 45 

Phe Thr Lieu Pro Ser Lieu. Asp Asn. Asn. Asn. Glu Lys Glu Thir Lieu. Lieu. 
SO 55 6 O 

Ser His Asn. Ile Phe Ser Glin Asp Ile Lieu Lys Pro Ile Lieu. Ser Trp 
65 70 7s 8O 

Asp Glu Val Gly Gly. His Pro Val Lieu. Trp Asn Arg Glin Pro Lieu. Asn 
85 90 95 

Asn Lieu. Asp Asn. Asn. Ser Lieu. Tyr Thr Glin Lieu. Glu Met Lieu Val Glin 
1OO 105 11 O 

Gly Ala Glu Arg Lieu. Glin Thir Ser Ser Lieu. Ile Ser Pro Pro Arg Ser 
115 12 O 125 

Phe Ser Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro 
13 O 135 14 O 

Thir Ser Val Ser Gly Ser Asn. Phe Glin Thir Ala Ala Asp Glin Ala Arg 
145 150 155 160 

Glu Lieu. Ile Asin Ser Arg Val Glu Ser Glin Thr Asn Gly Ile Ile Arg 
1.65 17O 17s 

Asn Val Leu Gln Pro Ser Ser Val Asp Ser Glin Thr Ala Met Val Lieu. 
18O 185 19 O 

Val Asn Ala Ile Val Phe Lys Gly Lieu. Trp Glu Lys Ala Phe Lys Asp 
195 2OO 2O5 

Glu Asp Thr Glin Ala Met Pro Phe Arg Val Thr Glu Gln Glu Ser Lys 
21 O 215 22O 

Pro Val Glin Met Met Tyr Glin Ile Gly Leu Phe Arg Val Ala Ser Met 
225 23 O 235 24 O 

Ala Ser Glu Lys Met Lys Ile Lieu. Glu Lieu Pro Phe Ala Ser Gly Thr 
245 250 255 
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Met Ser Met Lieu Val Lieu Lleu Pro Asp Glu Val Ser Gly Lieu. Glu Glin 
26 O 265 27 O 

Lieu. Glu Ser Ile Ile Asn Phe Glu Lys Lieu. Thr Glu Trp Thr Ser Ser 
27s 28O 285 

Asn. Wal Met Glu Glu Arg Lys Ile Llys Val Tyr Lieu Pro Arg Met Lys 
29 O 295 3 OO 

Met Glu Glu Lys Tyr Asn Lieu. Thir Ser Val Lieu Met Ala Met Gly Ile 
3. OS 310 315 32O 

Thr Asp Val Phe Ser Ser Ser Ala Asn Lieu Ser Gly Ile Ser Ser Ala 
3.25 330 335 

Glu Ser Lieu Lys Ile Ser Glin Ala Wal His Ala Ala His Ala Glu Ile 
34 O 345 35. O 

Asn Glu Ala Gly Arg Glu Val Val Gly Ser Ala Glu Ala Gly Val Asp 
355 360 365 

Ala Ala Ser Val Ser Glu Glu Phe Arg Ala Asp His Pro Phe Lieu. Phe 
37 O 375 38O 

Cys Ile Llys His Ile Ala Thr Asn Ala Val Lieu. Phe Phe Gly Arg Cys 
385 390 395 4 OO 

Wall Ser Pro 

<210s, SEQ ID NO 9 
&211s LENGTH: 273 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic YopE (18) - OVA 

<4 OOs, SEQUENCE: 9 

Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro Thr Ser 
1. 5 1O 15 

Val Ser Gly Ser Asn. Phe Glin Thr Ala Ala Asp Glin Ala Arg Glu Lieu 
2O 25 3O 

Ile Asin Ser Arg Val Glu Ser Glin Thr Asn Gly Ile Ile Arg Asin Val 
35 4 O 45 

Lieu Gln Pro Ser Ser Val Asp Ser Glin Thr Ala Met Val Lieu Val Asn 
SO 55 6 O 

Ala Ile Val Phe Lys Gly Lieu. Trp Glu Lys Ala Phe Lys Asp Glu Asp 
65 70 7s 8O 

Thr Glin Ala Met Pro Phe Arg Val Thr Glu Gln Glu Ser Llys Pro Val 
85 90 95 

Gln Met Met Tyr Glin Ile Gly Lieu Phe Arg Val Ala Ser Met Ala Ser 
1OO 105 11 O 

Glu Lys Met Lys Ile Lieu. Glu Lieu Pro Phe Ala Ser Gly Thr Met Ser 
115 12 O 125 

Met Lieu Val Lieu Lleu Pro Asp Glu Val Ser Gly Lieu. Glu Glin Lieu. Glu 
13 O 135 14 O 

Ser Ile Ile Asin Phe Glu Lys Lieu. Thr Glu Trp Thr Ser Ser Asn Val 
145 150 155 160 

Met Glu Glu Arg Lys Ile Llys Val Tyr Lieu Pro Arg Met Lys Met Glu 
1.65 17O 17s 

Glu Lys Tyr Asn Lieu. Thir Ser Val Lieu Met Ala Met Gly Ile Thr Asp 
18O 185 19 O 

Val Phe Ser Ser Ser Ala Asn Lieu Ser Gly Ile Ser Ser Ala Glu Ser 
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195 2OO 2O5 

Lieu Lys Ile Ser Glin Ala Wal His Ala Ala His Ala Glu Ile Asn. Glu 
21 O 215 22O 

Ala Gly Arg Glu Val Val Gly Ser Ala Glu Ala Gly Val Asp Ala Ala 
225 23 O 235 24 O 

Ser Val Ser Glu Glu Phe Arg Ala Asp His Pro Phe Leu Phe Cys Ile 
245 250 255 

Llys His Ile Ala Thr Asn Ala Val Lieu. Phe Phe Gly Arg Cys Val Ser 
26 O 265 27 O 

Pro 

<210s, SEQ ID NO 10 
&211s LENGTH: 613 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic SycE-YopE-Trp2 

<4 OOs, SEQUENCE: 10 

Met Tyr Ser Phe Glu Glin Ala Ile Thr Glin Leu Phe Glin Glin Leu Ser 
1. 5 1O 15 

Lieu. Ser Ile Pro Asp Thir Ile Glu Pro Val Ile Gly Val Llys Val Gly 
2O 25 3O 

Glu Phe Ala Cys His Ile Thr Glu. His Pro Val Gly Glin Ile Leu Met 
35 4 O 45 

Phe Thr Lieu Pro Ser Lieu. Asp Asn. Asn. Asn. Glu Lys Glu Thir Lieu. Lieu. 
SO 55 6 O 

Ser His Asn. Ile Phe Ser Glin Asp Ile Lieu Lys Pro Ile Lieu. Ser Trp 
65 70 7s 8O 

Asp Glu Val Gly Gly. His Pro Val Lieu. Trp Asn Arg Glin Pro Lieu. Asn 
85 90 95 

Asn Lieu. Asp Asn. Asn. Ser Lieu. Tyr Thr Glin Lieu. Glu Met Lieu Val Glin 
1OO 105 11 O 

Gly Ala Glu Arg Lieu. Glin Thir Ser Ser Lieu. Ile Ser Pro Pro Arg Ser 
115 12 O 125 

Phe Ser Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro 
13 O 135 14 O 

Thir Ser Val Ser Gly Ser Ser Ser Val Gly Glu Met Ser Gly Arg Ser 
145 150 155 160 

Val Ser Glin Glin Llys Ser Glu Glin Tyr Ala Asn. Asn Lieu Ala Gly Arg 
1.65 17O 17s 

Thr Glu Ser Pro Glin Gly Ser Ser Leu Ala Ser Arg Ile Thr Glu Lys 
18O 185 19 O 

Lieu. Ser Ser Met Ala Arg Ser Ala Ile Glu Phe Ile Lys Arg Met Phe 
195 2OO 2O5 

Ser Glu Gly Ser His Llys Pro Val Val Thr Pro Ala Pro Thr Pro Ala 
21 O 215 22O 

Gln Met Pro Ser Pro Thr Ser Phe Ser Asp Ser Ile Lys Glin Leu Ala 
225 23 O 235 24 O 

Ala Glu Thir Lieu Pro Llys Tyr Ile Glin Glin Lieu. Ser Ser Lieu. Asp Ala 
245 250 255 

Glu Thir Lieu Gln Lys Asn His Asp Glin Phe Ala Thr Met Lys Ile Ser 
26 O 265 27 O 
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Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro Thr Ser Val Ser Gly Ser 
27s 28O 285 

Ser Ser Val Gly Glu Met Ser Gly Arg Ser Val Ser Glin Glin Lys Ser 
29 O 295 3 OO 

Glu Glin Tyr Ala Asn. Asn Lieu Ala Gly Arg Thr Glu Ser Pro Glin Gly 
3. OS 310 315 32O 

Ser Ser Lieu Ala Ser Arg Ile Thr Glu Lys Lieu. Ser Ser Met Ala Arg 
3.25 330 335 

Ser Ala Ile Glu Phe Ile Lys Arg Met Phe Ser Glu Gly Ser His Lys 
34 O 345 35. O 

Pro Wal Wall Thr Pro Ala Pro Thr Pro Ala Glin Met Pro Ser Pro Thr 
355 360 365 

Ser Phe Ser Asp Ser Ile Lys Glin Lieu Ala Ala Glu Thir Lieu Pro Llys 
37 O 375 38O 

Tyr Ile Glin Glin Lieu. Ser Ser Lieu. Asp Ala Glu Thir Lieu Gln Lys Asn 
385 390 395 4 OO 

His Asp Glin Phe Ala Thr Gly Ser Gly Ile Lieu. Lieu. Arg Ala Arg Ala 
4 OS 41O 415 

Glin Phe Pro Arg Val Cys Met Thr Lieu. Asp Gly Val Lieu. Asn Lys Glu 
42O 425 43 O 

Cys Cys Pro Pro Leu Gly Pro Glu Ala Thr Asn Ile Cys Gly Phe Leu 
435 44 O 445 

Glu Gly Arg Gly Gln Cys Ala Glu Val Glin Thr Asp Thr Arg Pro Trp 
450 45.5 460 

Ser Gly Pro Tyr Ile Lieu. Arg Asin Glin Asp Asp Arg Glu Gln Trp Pro 
465 470 47s 48O 

Arg Llys Phe Phe Asn Arg Thr Cys Lys Cys Thr Gly Asn. Phe Ala Gly 
485 490 495 

Tyr Asn Cys Gly Gly Cys Llys Phe Gly Trp Thr Gly Pro Asp Cys Asn 
SOO 505 51O 

Arg Llys Llys Pro Ala Ile Lieu. Arg Arg Asn. Ile His Ser Lieu. Thir Ala 
515 52O 525 

Glin Glu Arg Glu Glin Phe Lieu. Gly Ala Lieu. Asp Lieu Ala Lys Llys Ser 
53 O 535 54 O 

Ile His Pro Asp Tyr Val Ile Thr Thr Gln His Trp Lieu. Gly Lieu. Leu 
5.45 550 555 560 

Gly Pro Asn Gly Thr Glin Pro Glin Ile Ala Asn Phe Ser Val Tyr Asp 
565 st O sts 

Phe Phe Val Trp Lieu. His Tyr Tyr Ser Val Arg Asp Thr Lieu. Leu Gly 
58O 585 59 O 

Pro Gly Arg Pro Tyr Lys Ala Ile Asp Phe Ser His Glin Gly Pro Ala 
595 6OO 605 

Phe Val Thir Trp His 
610 

<210s, SEQ ID NO 11 
&211s LENGTH: 572 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic SycE-YopE- gp100 

<4 OOs, SEQUENCE: 11 

Met Tyr Ser Phe Glu Glin Ala Ile Thr Glin Leu Phe Glin Glin Leu Ser 
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1. 5 1O 15 

Lieu. Ser Ile Pro Asp Thir Ile Glu Pro Val Ile Gly Val Llys Val Gly 
2O 25 3O 

Glu Phe Ala Cys His Ile Thr Glu. His Pro Val Gly Glin Ile Leu Met 
35 4 O 45 

Phe Thr Lieu Pro Ser Lieu. Asp Asn. Asn. Asn. Glu Lys Glu Thir Lieu. Lieu. 
SO 55 6 O 

Ser Asn. Ile Phe Ser Glin Asp Ile Lieu Lys Pro Ile Lieu. Ser Trp Asp 
65 70 7s 8O 

Glu Val Gly Gly His Pro Val Lieu. Trp Asn Arg Glin Pro Lieu. Asn. Ser 
85 90 95 

Lieu. Asp Asn. Asn. Ser Lieu. Tyr Thr Glin Lieu. Glu Met Lieu Val Glin Gly 
1OO 105 11 O 

Ala Glu Arg Lieu Gln Thr Ser Ser Lieu. Ile Ser Pro Pro Arg Ser Phe 
115 12 O 125 

Ser Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro Ala 
13 O 135 14 O 

Ser Val Ser Gly Ser Ser Ser Val Gly Glu Met Ser Gly Arg Ser Val 
145 150 155 160 

Ser Glin Gln Lys Ser Asp Glin Tyr Ala Asn. Asn Lieu Ala Gly Arg Thr 
1.65 17O 17s 

Glu Ser Pro Glin Gly Ser Ser Lieu Ala Ser Arg Ile Ile Glu Arg Lieu. 
18O 185 19 O 

Ser Ser Met Ala His Ser Val Ile Gly Phe Ile Glin Arg Met Phe Ser 
195 2OO 2O5 

Glu Gly Ser His Llys Pro Val Val Thr Pro Ala Lieu. Thr Pro Ala Glin 
21 O 215 22O 

Met Pro Ser Pro Thr Ser Phe Ser Asp Ser Ile Lys Gln Leu Ala Ala 
225 23 O 235 24 O 

Glu Thir Lieu Pro Llys Tyr Met Glin Glin Lieu. Ser Ser Lieu. Asp Ala Glu 
245 250 255 

Thir Lieu Gln Lys Asn His Asp Glin Phe Ala Thr Gly Ser Gly Lys Asn 
26 O 265 27 O 

Thir Met Asp Lieu Val Lieu Lys Arg Cys Lieu. Lieu. His Lieu Ala Val Ile 
27s 28O 285 

Gly Ala Lieu. Lieu Ala Val Gly Ala Thr Llys Val Pro Arg Asin Glin Asp 
29 O 295 3 OO 

Trp Lieu. Gly Val Ser Arg Glin Lieu. Arg Thir Lys Ala Trp Asn Arg Glin 
3. OS 310 315 32O 

Lieu. Tyr Pro Glu Trp Thr Glu Ala Glin Arg Lieu. Asp Cys Trp Arg Gly 
3.25 330 335 

Gly Glin Val Ser Lieu Lys Val Ser Asn Asp Gly Pro Thr Lieu. Ile Gly 
34 O 345 35. O 

Ala Asn Ala Ser Phe Ser Ile Ala Lieu. Asn. Phe Pro Gly Ser Glin Lys 
355 360 365 

Val Lieu Pro Asp Gly Glin Val Ile Trp Val Asn. Asn. Thir Ile Ile Asn 
37 O 375 38O 

Gly Ser Glin Val Trp Gly Gly Glin Pro Val Tyr Pro Glin Glu. Thir Asp 
385 390 395 4 OO 

Asp Ala Cys Ile Phe Pro Asp Gly Gly Pro Cys Pro Ser Gly Ser Trp 
4 OS 41O 415 
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Ser Gln Lys Arg Ser Phe Val Tyr Val Trp Llys Thr Trp Gly Glin Tyr 
42O 425 43 O 

Trp Glin Val Lieu. Gly Gly Pro Val Ser Gly Lieu Ser Ile Gly Thr Gly 
435 44 O 445 

Arg Ala Met Leu Gly Thr His Thr Met Glu Val Thr Val Tyr His Arg 
450 45.5 460 

Arg Gly Ser Arg Ser Tyr Val Pro Leu Ala His Ser Ser Ser Ala Phe 
465 470 47s 48O 

Thir Ile Thr Asp Glin Val Pro Phe Ser Val Ser Val Ser Glin Leu Arg 
485 490 495 

Ala Lieu. Asp Gly Gly Asn Llys His Phe Lieu. Arg Asn Gln Pro Lieu. Thr 
SOO 505 51O 

Phe Ala Lieu. Glin Lieu. His Asp Pro Ser Gly Tyr Lieu Ala Glu Ala Asp 
515 52O 525 

Lieu. Ser Tyr Thr Trp Asp Phe Gly Asp Ser Ser Gly Thr Lieu. Ile Ser 
53 O 535 54 O 

Arg Ala Leu Val Val Thr His Thr Tyr Lieu. Glu Pro Gly Pro Val Thr 
5.45 550 555 560 

Ala Glin Wal Wall Lieu. Glin Ala Ala Ile Pro Lieu. Thir 
565 st O 

<210s, SEQ ID NO 12 
&211s LENGTH: 491 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic SycE-YopE-LCMV-NP 

<4 OOs, SEQUENCE: 12 

Met Tyr Ser Phe Glu Glin Ala Ile Thr Glin Leu Phe Glin Glin Leu Ser 
1. 5 1O 15 

Lieu. Ser Ile Pro Asp Thir Ile Glu Pro Val Ile Gly Val Llys Val Gly 
2O 25 3O 

Glu Phe Ala Cys His Ile Thr Glu. His Pro Val Gly Glin Ile Leu Met 
35 4 O 45 

Phe Thr Lieu Pro Ser Lieu. Asp Asn. Asn. Asn. Glu Lys Glu Thir Lieu. Lieu. 
SO 55 6 O 

Ser His Asn. Ile Phe Ser Glin Asp Ile Lieu Lys Pro Ile Lieu. Ser Trp 
65 70 7s 8O 

Asp Glu Val Gly Gly. His Pro Val Lieu. Trp Asn Arg Glin Pro Lieu. Asn 
85 90 95 

Asn Lieu. Asp Asn. Asn. Ser Lieu. Tyr Thr Glin Lieu. Glu Met Lieu Val Glin 
1OO 105 11 O 

Gly Ala Glu Arg Lieu. Glin Thir Ser Ser Lieu. Ile Ser Pro Pro Arg Ser 
115 12 O 125 

Phe Ser Met Lys Ile Ser Ser Phe Ile Ser Thr Ser Leu Pro Leu Pro 
13 O 135 14 O 

Thir Ser Val Ser Gly Ser Ser Ser Val Gly Glu Met Ser Gly Arg Ser 
145 150 155 160 

Val Ser Glin Glin Llys Ser Glu Glin Tyr Ala Asn. Asn Lieu Ala Gly Arg 
1.65 17O 17s 

Thr Glu Ser Pro Glin Gly Ser Ser Leu Ala Ser Arg Ile Thr Glu Lys 
18O 185 19 O 

Lieu. Ser Ser Met Ala His Ser Ala Ile Glu Phe Ile Lys Arg Met Phe 
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195 2OO 2O5 

Ser Glu Gly Ser His Llys Pro Val Val Thr Pro Ala Pro Thr Pro Ala 
21 O 215 22O 

Gln Met Pro Ser Pro Thr Ser Phe Ser Asp Ser Ile Lys Glin Leu Ala 
225 23 O 235 24 O 

Ala Glu Thir Lieu Pro Llys Tyr Met Glin Glin Lieu. Ser Ser Lieu. Asp Ala 
245 250 255 

Glu Thir Lieu Gln Lys Asn His Asp Glin Phe Ala Thr Gly Ser Phe Val 
26 O 265 27 O 

Ser Asp Glin Val Gly Asp Arg Asin Pro Tyr Glu Asn. Ile Lieu. Tyr Lys 
27s 28O 285 

Val Cys Lieu Ser Gly Glu Gly Trp Pro Tyr Ile Ala Cys Arg Thr Ser 
29 O 295 3 OO 

Ile Val Gly Arg Ala Trp Glu Asn. Thir Thir Ile Asp Lieu. Thir Ser Glu 
3. OS 310 315 32O 

Llys Pro Ala Val Asn. Ser Pro Arg Pro Ala Pro Gly Ala Ala Gly Pro 
3.25 330 335 

Pro Glin Val Gly Lieu. Ser Tyr Ser Glin Thr Met Lieu Lleu Lys Asp Lieu. 
34 O 345 35. O 

Met Gly Gly Ile Asp Pro Asn Ala Pro Thir Trp Ile Asp Ile Glu Gly 
355 360 365 

Arg Phe Asin Asp Pro Val Glu Ile Ala Ile Phe Glin Pro Glin Asn Gly 
37 O 375 38O 

Glin Phe Ile His Phe Tyr Arg Glu Pro Val Asp Gln Lys Glin Phe Lys 
385 390 395 4 OO 

Glin Asp Ser Lys Tyr Ser His Gly Met Asp Lieu Ala Asp Lieu. Phe Asn 
4 OS 41O 415 

Ala Glin Pro Gly Lieu. Thir Ser Ser Val Ile Gly Ala Leu Pro Glin Gly 
42O 425 43 O 

Met Val Lieu. Ser Cys Glin Gly Ser Asp Asp Ile Arg Llys Lieu. Lieu. Asp 
435 44 O 445 

Ser Glin Asn Arg Lys Asp Ile Llys Lieu. Ile Asp Val Glu Met Thr Arg 
450 45.5 460 

Glu Ala Ser Arg Glu Tyr Glu Asp Llys Val Trp Asp Llys Tyr Gly Trp 
465 470 47s 48O 

Lieu. Cys Llys Met His Thr Gly Ile Val Arg Asp 
485 490 

<210s, SEQ ID NO 13 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Forward Primer 

<4 OOs, SEQUENCE: 13 

cgggat.ccaa ctittcaaaca gctg 24 

<210s, SEQ ID NO 14 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Reverse primer 

<4 OOs, SEQUENCE: 14 
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gggg.tacctt aaggggaaac acatc 25 

<210s, SEQ ID NO 15 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Forward primer 

<4 OOs, SEQUENCE: 15 

taggat.ccgg aattctgctic agag 24 

<210s, SEQ ID NO 16 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Reverse primer 

<4 OOs, SEQUENCE: 16 

agatgg tacc tittagtgcca C9tg 24 

<210s, SEQ ID NO 17 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Forward primer 

<4 OOs, SEQUENCE: 17 

gaagatctgg gaagaacaca atgg 24 

<210s, SEQ ID NO 18 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Reverse primer 

<4 OOs, SEQUENCE: 18 

gggg.tacctt aggtgagagg aatgg 25 

<210s, SEQ ID NO 19 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Primer 

<4 OOs, SEQUENCE: 19 

taccatggca tttgttt cag accaagt 27 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Primer 

<4 OOs, SEQUENCE: 2O 

taaagcttct agt ccc.ttac tatt coag 28 

<210s, SEQ ID NO 21 
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&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Primer 

<4 OOs, SEQUENCE: 21 

taccatggca tttgttt cag accaagt 

<210s, SEQ ID NO 22 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Primer 

<4 OOs, SEQUENCE: 22 

taaagcttct agt ccc.ttac tatt coag 

<210s, SEQ ID NO 23 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Forward primer 

<4 OOs, SEQUENCE: 23 

gtgtcaaagt toggaattic gc 

<210s, SEQ ID NO 24 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Reverse primer 

<4 OOs, SEQUENCE: 24 

Ctgctggatc Ctgacactga tig 

1. A recombinant bacterium, comprising a nucleic acid 
encoding an antigen that is translocated to the cytosol of a 
host cell. 

2. The recombinant bacterium of claim 1, wherein the 
bacterium is an intracellular bacterium Such as Salmonella, 
Mycobacteria, Brucella, or Leishmania. 

3. The recombinant bacterium of claim 1, wherein the 
bacterium is Salmonella. 

4. The recombinant bacterium of claim 1, wherein the 
antigen is a viral antigen, a bacterial antigen, or a tumour 
antigen. 

5. The recombinant bacterium of claim 1, wherein the 
antigen is a fusion protein comprising an antigen and a trans 
location domain from a type III Secretion system. 

6. The recombinant bacterium of claim 5, wherein the 
translocation protein is YopE, Soph, SptP, or a fragment 
thereof. 

7. The recombinant bacterium of claim 5, wherein the 
fusion protein further comprises a chaperone. 

8. The recombinant bacterium of claim 7, wherein the 
chaperone is derived from type Ill secretion systems. 

9. The recombinant bacterium of claims 8, wherein the 
chaperone is SycE or HSP70. 

27 

28 

22 

22 

10. The recombinant bacterium of claim 1, wherein the 
nucleic acid is comprised in a vector. 

11. The recombinant bacterium of claim 10, wherein the 
vector is a pHR vector. 

12. The recombinant bacterium of claim 10, wherein the 
vector is pHR-241. 

13. The recombinant bacterium of claim 1, wherein the 
antigen is tyrosinase related protein 2 (TRP-2), MART-1, 
melanoma associated antigen 1 (MAGE1), or Her-2/neu, 
gp100, or other viral or bacterial antigens. 

14. A method of imparting immunity against naturally 
occurring bacterium or virus in a subject, the method com 
prising administering the recombinant bacterium of claim 1 
to said subject. 

15. A method of imparting immunity against tumors in a 
Subject, the method comprising administering the recombi 
nant bacterium of claim 13 to said subject. 

16. The method of claim 14, wherein the recombinant 
bacterium is administered through intravenous, oral or Sub 
cutaneous routes of immunization. 

17. The use of the recombinant bacterium of claim 1 as a 
vaccine. 
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18. The method of claim 15, wherein the recombinant 
bacterium is administered through intravenous, oral or Sub 
cutaneous routes of immunization. 

k k k k k 


