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(57) Abstract: Disclosed are methods and compositions related to polypeptides comprising a fusion of the needle tip protein and
translocator protein of a type III secretion apparatus (T3SA) from a type III secretion system (T3SS) of a Gram negative bacteria.
Disclosed herein are fusion polypeptides comprising a fusion of a needle tip protein, such as, Bsp22, LerV, BipD, PerV, CT053, or
CT668, or an antigenic fragment thereof; and a translocator protein, such as, BopB, YopB, BipB, PopB, CopB, or CopB2, or an antigenic
fragment thereof from a Type III secretion system (T3SS) of a Gram negative bacteria, such as, Bordetella, Burkholderia, Chlamvdia,
Pseudononas, Vibrio, or Yersinia.
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METHODS AND COMPOSITIONS RELATED TO THE NEXT
GENERATION VACCINE
i CROSS-REFERENCE TO RELATED APPLICATIONS

1. The present application claims the priority benefit of U.S. Provisional Patent
Application Serial No. 62/667,599, filed May 6, 2018, which is incorporated by reference in
its entity herein,

k. BACKGROUND

2. Bordetella periussis 13 a Gram-negative bacterial pathogen that causes
pertussis, or whooping cough, a highly contagious, severe respiratory disease that is life
threatening for infants and young children. This pathogen colonizes the trachea and secretes
toxins that paralyze the cilia, which prevents clearance of mucous. Severe {paroxysmal}, non-
productive coughing fits are a result and attempts to acquire oxygen are manifested by the
characteristic “whoop” upon gasps for air. The majority of deaths associated with pertussis
are actually caused by secondary respiratory infections resulting from the inability to clear
pulmonary secretions. In the 1940s a whole-~cell pertussis {(wP) vaccine was introduced that
dramatically reduced the mortality caused by pertussis. Due to side effects atiributed to the
wP vaccine, a new acellular pertussis (aP) vaccine was developed and introduced in the US
and other parts of the world tn the 1990s. Although the aP vaccine has few side effects, its
protective efficacy is lower than that of the wP vaccine. In 2012, which s considered the
most recent major epidemic, 48,277 cases of pertussis were reported and, in 2015, 20,762
cases were reported. During the last 15 years, in addition to a greater overall incidence of
pertussis, there 18 growing concern over the increase in the peak number of reported cases for
each ensuing epidemic. In 2015, 45% of the 0.5 to 6-year-old children that contracted
pertussis had been vaccinated with DTaP at least three times (with five vaccinations being
optimal: 2, 4, 6, 15 months and one at 4-6 years). Additionally, there is evidence that
selective pressure is causing B. perfussis to eliminate virulence factors that are components of
the aP vaccine, further compromising the vaccine’s efficacy. Taken together, a better vaccine
is needed.

i, SUMMARY

3. Disclosed are methods and compositions related to polypeptides comprising a
fusion of the needle tip protein and translocator protein of a type I secretion apparatus

(T3SA) from a type HI secretion system (T35S5) of a Gram negative bacteria.
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4, Disclosed herein are fusion polypeptides comprising a fusion of a needle tip
protein (such as, for example, Bsp22, LerV, BipD, PorV, CT0S3, or CT668) or an antigenic
fragmeunt thereot and a translocator protein (such as, for example, BopB, YopB, BipB, PopB,
CopB, or CopB2 } or an antigenic fragment thereof from a Type IH secretion system (T388)
of a Gram negative bacteria (such as, for example, Bordetella spp., Burkholderia spp.,
Chiamydia spp., Pseudomonas spp., Vibrio spp. or Yersinia spp.), wherein the gram negative
bacteria is not a Salmonella enterica or Shigella spp.

5. In one aspect, disclosed herein are fusion polypeptides, wherein the fusion
polypeptide is arranged such that the needle tip protein is §7 of the translocator protein.

6. Also disclosed herein are fusion polypeptides of any preceding aspect,
wherein the fusion further comprises an adjuvant such as, for example, Cholera Toxin or
antigenic fragment thereof (such as, for example, CTA1) or double mutant labile toxin
(dmbLT) or an antigenic fragment thereof labile toxin {such as, for example, LTAT) from
Enterotoxigenic Lscherichia coli. 1n some aspect, the drolLT or fragment thereof can also be
fused to the needie tip protein-translocator protetn fusion at the 57 end,

7. In one aspect, disclosed herein are fusion polypeptides of any preceding
aspect, wherein the fusion polypeptide further comprises pertussis toxoid {(PTd}.

3. Also disclosed herein are compositions comprising a T3SA needle tip protein
{such as, for example, Bsp22, LerV, Biphy, PerV, or CdsF) or an antigenic fragment thereof
from a Gram negative bacteria (such as, for example, Borderelia spp., Burkholderia spp.,
Chiamydia spp., Pseudomonas spp., Vibrio spp., or Yersinia spp.) and a T3ISA first
translocator protein (such as, for example, BopB, YopB, BipB, PopB, or CopB/CopB2 ) or an
antigenic fragrment thereof from a Gram negative bacteria; wherein the gram negative
bacteria ts not a Salmonella enterica or Shigella spp. In one aspect, the composition can
comprise the needle tip protein or fragment thereof and the translocator protein or fragment
thereof as separate components or as a fusion polypeptide. Also disclosed herein are
compositions of any preceding aspect, wherein the composition comprises an adjuvant (such
as, for example, dmLT, LTAL, cholera toxin, or CTA1) and/or bacterial toxin protein such as
a pertussis toxoid (PTd).

9. In one aspect, disclosed herein are vaccines comprising the fusion
polypeptides or compositions of any preceding aspect. In some embodiments, the vaccine
can turther comprise an acellular gram negative vaccine or active components thereof. In one

aspect, the vaccine can comprise pertussis toxoid (PTd).
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10. Also disclosed herein are methods of treating, inhibiting, or preventing an
infection of a Gram negative bacteria (such as, for example, Bordetelia spp., Burkholderia
spp., Chlamydia spp., Pseudomonas spp., Vibrio spp., or Yersinia spp.} in a subject
comprising administering to the subject the fusion polypeptide, composition, or vaccine of
any preceding aspect.

1 In one aspect, disclosed herein are methods of treating, inhibiting, or
preventing an infection of a Gram negative bacteria of any preceding aspect, wherein the
method further inhibits or prevents colony formation of the bacteria and/or transmission of
the bacteria to another subject.

12, Also disclosed herein are methods of eliciting an immune response in a
subject to a Gram negative bacteria (such as, for example, Borderelia spp., Burkholderia spp.,
Chiamydio spp., Pseudomonas spp., Vibrio spp., or Yersinia spp.) comprising administering
to the subject the fusion polypeptide, composition, or vaccine of any preceding aspect. For
example, disclosed herein are methods of eliciting an immune response against at least one
Gram negative bacteria serovar in a subject in need thereof, comprising administering to the
subject a composition comprising at least one needle tip protein or an antigenic fragment
thereof and/or at least one translocator protein or an antigenic fragment thereof;, wherein said
composition 18 administered in an amount sufficient to elicit an immune response to said at
least one Gram negative bacteria serovar in said subject; and wheretn the Gram negative
bacteria is not a Shigella spp. or Salmonella enterica.

13. In one aspect, disclosed herein are methods of eliciting an immune response in
a subject to a Gram negative bacteria of any preceding aspect, wherein the immune response
provides sterilizing immunity.

V. BRIEF BESCRIPTION OF THE DRAWINGS

14, The accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate several embodiments and together with the description
illustrate the disclosed compositions and methods.

15 Figure 1 shows the protective efficacy of intranasally administered 22BF
against 8. bronchiseptica challenge. Mice (n=10}) were vaccinated intranasally biweekly three
times with the indicated formulation which contained 10 ug protein + dmLT. Zoetis vaccine
was delivered subcutaneously on day 1 and 21 as per manufacturer’s directions. Mice were
challenged with 1.3x107 5. bronchiseptica on day 56. BopB was not available at day 0. #

P<0.05 compared to survival of mice vaccinated with PBS.
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16 Figure 2 shows the weight gain/loss of vaccinated mice during 5.
bronchiseptica challenge. Mice (same as above) were weighed daily in p.m. Note that the
22BF+dmLT mice gain weight and have small error bars.

17.  Figures 3A and FIG. 3B show the protective efficacy of 22BF+dmLT. Mice
were vaccinated on days 0, 14, 28 and challenged on day 56 with a sublethal dose of B.
bronchiseptica. Figure 3A shows that on day 7 of the challenge, the CFU/lung were
determined. * =P <0.05, ** =P < 0.01 when compared to dmLT. Figure 3B shows the
decrease in CFU compared to the 22BF average. * = P < 0.05, ** = P <0.01 when compared
to 22BF.

18 Figures 4A, 4B, and 4C show the kinetics of 1gG response. Blood was
coliected on days -1, 13, 27, 41, and 55. The kinetics of anti-Bsp22, -BopB and -dmLT IgGG
were assessed in all sera and shown in (4A) BopB, (4B) Bsp22, and (4C) drlLT. Typical
logarithmic increases were seen. * = P value of < 0.05 when comparing to PBS controls.

19. Figures SA, SB, 5C, 5D, 5E, 5F, 5G, SH, and 51 show stimulation of antibody
secreting cells from bone marrow, spleen and lungs. Bone marrow, spleens and lungs were
collected on day 56. Single cell suspensions from 5 mice per group were stimulated in vitro
Bsp22, BopB or dmLT. IgG (black) and IgA (white) ASC were measured by ELISpot. Bars
represent mean ASC per 10° cells +8D from replicate wells. Data for bone marrow is shown
in (4A), (5D), and {5G) for Bsp22, BopB, and dmLT, respectively. Data for spleen is shown
in (SB), (5E), and (5H) for Bsp22, BopB, and dmLT, respectively. Data for lungs is shown in
(S5C), (5F), and (S1) for Bsp22, BopB, and dmLT, respectively.

20. Figures 6A, 6B, 6C, 6D, 6F, 6F, 6G, 6H, and 61 show Thl cytokine secretion.
Splenocytes were extracted from S mice of each group and incubated with Bsp22, BopB or
dmLT. After 48 b, supernatants were collected and levels of cytokine secretion in response to
specified antigen were then measured (in pg/ml) using an MSD cytokine detection plate.
Each bar represents mean of triplicate wells =S . Asterisk specified a P < 0.05 when
comparing specified groups. Data for IFN-v i1s shown in (6A), (6B), and (6C) for Bsp22,
BopB, and dmL T, respectively. Data for TNF-o is shown 1o (613), (6E), and (6F) for Bsp22,
BopB, and dmLT, respectively. Data for IL-1f is shown in (6G), (6H), and (61) for Bsp22,
BopB, and dmLT, respectively.

21. Figures 7A, 7B, 7C, 7D, 7E, 7F, 7G, 7H, and 71 show Thl cytokine secretion.
Splenocytes were extracted from S mice of each group and incubated with Bsp22, BopB or
dmLT. After 48 b, supernatants were collected and levels of cytokine secretion in response to

specified antigen were then measured (in pg/ml) using an MSD cytokine detection plate.
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Each bar represents mean of triplicate wells £5.13. Asterisk specified a P < 0.05 when
comparing specified groups. Data for IL-2 1s shown in (TA), (7B), and (7C) for Bsp22,
BopB, and dmLT, respectively. Data for IL-10 15 shown in (7D), (7E), and (7F) for Bsp22,
BopB, and dmLT, respectively. Data for IL-6 1s shown in (7G), (7H), and (71} for Bsp22,
BopB, and dmLT, respectively.

22 Figures 8A, 8B, and 8C shows HL-17 secretion. Splenocytes were extracted
from 5 mice of each group and incubated with Bsp22, BopB or dmLT. After 48 h,
supernatants were collected and levels of IL-17 secretion in response to labeled antigen were
then measured by the MSD® U-Plex Platform Multiplex Assay and the data 1s shown in (8A)
BopB, (8B} Bsp22, and (8C) dmLT. Each bar represents the mean of triplicate wells + §.D.
Significance {Asterisk = P < 0.05} was calculated for the comparison between labeled groups.

23. Figures 9A, 9B, 9C, 9D, OE, and 9F show Th2 cytokine secretion. Splenocytes
were extracted from S mice of each group and incubated with Bsp22, BopB or dmL'T. After
48 h, supernatants were collected and levels of cytokine secretion in response to specified
antigen were then measured (in pg/ml) using an MSD cytokine detection plate. Each bar
represents mean of triplicate wells £8 D, Asterisk specitied a P < 0.05 when comparing
specified groups. Data for [L.-4 is shown in (OA), (9B), and (9C) for Bsp22, BopB, and
dmLT, respectively. Data for IL-5 is shown in (D), (OE), and (9F) for Bsp22, BopB, and
dml. T, respectively.

24 Figure 10 shows the change in weight in percentage after infection with
sublethal dosage of 8. pertussis intranasally. There was an observable difference in weight
[oss between mice vaccinated with the 2Z2BF+dmLT+PTd formulation and those that only
received PBS. By Day 7 all mice aside from PBS treated mice had recovered to within 3% of
pre-infection weight.

25 Figures 11A, 11B, 11C, and 11D show serum antibody responses to BopB,
Bsp22, Pertussis Toxin Mutant, and dmbT. Mice were immunized on days 0, 14, and 28 with
22BF+PTd admixed with dmLT. Serum IgG antibodies specific for BopB, Bsp22, PTd, and
dmLT were measured by ELISA and the data 1s shown in {(11A) BopB, (11B) Bsp22, (11C)
PTd, and (11D) dmLT. Data are the mean titers (EU mi”-1) from group peols of animal
samples. An asterisk indicates a # value of 0.05 when comparing vaccinated mice and the
PBS controls. No responses were seen in the control mice that received PBS. Mice
vaccinated with Infanrix only displayed a response against pertussis toxin mutant, which is

part of its formulation.
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20, Figure 12 shows the Lung Colony forming units (CFU) from mice 3 days post
intranasal infection. Mice vaccinated intranasally with 22BF+PTd and dmLT showed
statistical (P <0.05) decreases in lung CFUs when compared to PBS treated mice. The mice
vaccinated intradermally and mice vaccinated intramuscularly with 22BF+PTd and dmLT
either showed stertlizing immunity, or no statistical decrease in lung CFUs. Infannix appeared
to show a decrease in fung CFU, but this was not statistically significant (P > 0.05) (* =P <
0.05, KW p-value = 0.0003).

27.  Figure 13 shows the Lung Colony forming units (CFU) from mice 7 days post
intranasal infection. Mice vaccinated intranasally with 22BF+PTd and dmLT showed
statistical (P <0.05) decreases in lung CFUs when compared to PBS treated mice, with 60%
of the mice showing sterilizing immunity. The mice vaccinated intramusculardy or
intradermally with 22BF+PTd and dwl T showed no statistical decrease in lung CFUs.
Infanrix appeared to display sterilizing immunity with CFU measuring below the limit of
detection. (* =P < (.05, ** P <0.01, KW p-value = 0.0001).

28, Figure 14 shows the protective efficacy of LTAT-DBF vs DBF+dmLT. Mice
were vaccinated ntramuscularty on days O, 14 and 28 with the indicated pg of DBF+ 0.1 ug
dmLT or DBF equivalent of LTAT-DBF. The positive control was DBF+dmLT delivered
intranasally. On day 56 the mice were challenged with Shigelia flexneri. Figure 14 indicates
the percent survival of mice post infection with Shigella flexneri.

29. Figures 15A, 15B, and 15C show the kinetics of Ig( response. Mice from
Figure 14 were bled prior to vaccination and on day 42. Sera were assessed for anti-IpaD, -
IpaB and ~dmLT IgG, and the data is shown in (15A) Ipaly, (15Bb) IpaB, and (15C) dmLT.
Differences 1n the IgG levels in mice vaccinated with dmdLT vs. LTAT are attributed to the
recognition of the entire dimLT on the well.

30.  Figures 16A, 16B, and 16C show the stimulation of antibody secreting cells
from bone marrow. Bone marrow was collected on day 56. Single cell suspensions from §
mice per group were stimulated in vitro IpaD, IpaB or dmLT. IgG (black) and IgA (white}
ASC were measured by ELISpot, and the data is shown in (16A) IpaDy, (16B) IpaB, and
(16C) dmLT. Bars represent mean ASC per 10° cells +SD from replicate wells.

31, Figures 17A, 17B, and 17C show the stimulation of antibody secreting celis
from spleen. Spleens were collected on day 56. Single cell suspensions from 5 mice per
group were stimulated i vifro Ipab, IpaB or dmLT. Ig( (black) and IgA (white) ASC were

measured by ELISpot. Bars represent mean ASC per 10° cells +SD from replicate wells.
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32, Figures 184, 18B, and 18C show the stimulation of antibody secreting cells
from lungs. Lungs were collected on day 56. Single cell suspensions from 5 mice per group
were stimulated i vitro IpaD, TpaB or dmLT. IgG (black) and IgA (white) ASC were
measured by ELISpot, and the data is shown in (18A) IpaD, (18B) IpaB, and (18C) dmLT.
Bars represent mean ASC per 10° cells +8D from replicate wells.

33. Figures 194, 198, 19C, and 19D show the protective efficacy and 1gG
response kinetics of LTA1-22BF. Mice were vaccinated on days 0, 14, 28 and challenged on
day 56 with a sublethal dose of 5. perfussis. On day 7 of the challenge, the CFU/lung were
determined. Figure 19A shows the CFU/lung while Figure 19B shows the decrease in CFU
compared to the PBS average. * = P < 0.05 when compared to PBS. Figures 19C and 19D
how the kinetics of the response of the anti-Bsp22 and anti-BopB Ig(G, respectively. No
difference 1s seen between the mice vaccinated with 22BF-+dmLT and LTAT-22BF.

34, Figure 20 shows the ADPr activity of L-antigens. LTA1 was fused to DBF,
22BF or SseB. LTAL however, must retain its ADP-ribosylation activity to maintain
adpavant activity. The ADPr of NAD+ was biotin conjugated and LTA1 transferred the
biotin-ADPr motety to ARF4. The biotin was then detected with Streptavidin—IR800. Lane 1:
LTA1-DBF; 2. LTA1-22BF; 3. LTA1-SseB.

V. DETAILED DESCRIPTION

35, Before the present compounds, compositions, articles, devices, and/or
methods are disclosed and described, it is to be understood that they are not limited to
specific synthetic methods or specific recombinant biotechnology methods unless otherwise
specified, or to particular reagents unless otherwise specified, as such may, of course, vary.
1t 1s also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting.

A. Definitions

36. As used in the specification and the appended claims, the singular forms “a,”
“an” and “the” include plural referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a pharmaceutical carrier” includes mixtures of two or more such
carriers, and the like.

37.  Ranges can be expressed herein as from “about” one particular value, and/or
to “about” another particular value. When such a range is expressed, another embodiment
includes from the one particular value and/or to the other particular value. Similarly, when
values are expressed as approximations, by use of the antecedent “about,” 1t will be

understood that the particular value forms another embodiment. It will be further understood
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that the endpoints of each of the ranges are significant both tn relation to the other endpoint,
and independently of the other endpoint. It is also understood that there are a number of
values disclosed herein, and that each value is also herein disclosed as “about” that particular
value in addition to the value itself. For example, if the value “10” is disclosed, then “about
107 15 also disclosed. It is also understood that when a value 1s disclosed that “less than or
equal to” the value, “greater than or equal to the value” and possible ranges between values
are also disclosed, as appropriately understood by the skilled artisan. For example, if the
value “107 is disclosed the “less than or equal to 107as well as “greater than or egual to 107 is
also disclosed. It 1s also understood that the throughout the application, data is provided in a
ranges for any combination of the data points. For example, if a particular data point “107
and a particular data point 15 are disclosed, it s understood that greater than, greater than or
equal to, less than, fess than or equal to, and equal to 10 and 15 are considered disclosed as
well as between 10 and 15, Tt is also understood that each unit between two particular uniis
are also disclosed. For example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also
disclosed.

38. The needle tip protein and/or translocator proteins or antigenic portions
thereof disclosed herein are used to elicit an immune response in subjects to whom they are
administered. By "elicit an tmmune response”, “induces or enhances an immune response”,
or “stinlates an immune response” which are used interchangeably herein, is meant that the
subject mounts one or both of an innate and/or an adaptive immune reaction against antigenic
determinants of the proteins or antigenic portions thereof that are administered. Preferably a
statistically measurable induction or increase in an immune response over a control sample to
which the needle tip protein and/or translocator proteins or antigenic portions thereof
disclosed herein has not been administered. Preferably the induction or enhancement of the
immune response results in a prophylactic or therapeutic response in a subject. In particular,
the adaptive immune reaction entails production of e.g. B and T cell lymphocytes and
antibodies specific for binding and forming complexes with the antigenic determinants. In
some embodiments, the proteins and/or antigenic fragments thereof elicit a protective
immune response in the subject, t.e. administration of one or more of the proteins and/or
antigenic portions thereof results in an immune response that is protective against later
challenge by the disease causing organism itself, either preventing infection altogether, or
jessening the impact of infection by decreasing disease symptoms that would otherwise

occur, had the subject not been vaccinated as described herein.
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39. “Vaccine” as used herein 1s a preparation that stimulates an immune response
that produces immunity against particular antigens, e g Gram negative bacteria. Vaccines
may be administered prophylactically (for example, to prevent or inhibit the establishment of
an infection} or therapeutically to inhibit, reduce, or treat an established infection, or to
ameliorate the effects or symptoms of an infection. Vaccines may contain, but are not himited
to, live, attenuated infectious material such as viruses or bacteria, and dead or inactivated
organisms or purified products derived therefrom. A vaccine can be administered by
injection, orally, or by inhalation. Injections may be, but are not limited to, subcutaneous (sc),
intramuscular (im), intraperitoneal (ip), intradermal (id) or intravenous (iv).

40, “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said
event or circumstance occurs and instances where it does not.

41 The term “subject” refers to any individual who is the target of administration
or treatment. The subject can be a vertebrate, for example, a mammal  In ove aspect, the
subject can be human, non-human primate, bovine, equine, porcine, canine, or feline. The
subject can also be a guinea pig, rat, hamster, rabbit, mouse, or mole. Thus, the subject can be
a human or veterinary patient. The term “patient” refers to a subject under the treatment of a
clinician, e.g., physician or veterinarian.

42, Throughout this application, various publications are referenced. The
disclosures of these publications in their entireties are hereby incorporated by reference into
this application in order to more fully describe the state of the art to which this pertains. The
references disclosed are also individually and specifically incorporated by reference herein
for the material contained in them that is discussed in the sentence in which the reference is
relied upon.

B. Compositions

43, Imsclosed are the components to be used to prepare the disclosed compostiions
as well as the compositions themselves to be used within the methods disclosed herein.

These and other materials are disclosed herein, and it is understood that when combinations,
subsets, interactions, groups, etc. of these materials are disclosed that while specific reference
of each various individual and collective combinations and permutations of these compounds
may not be explicitly disclosed, each is specifically contemplated and described herein. For
example, if a particular needle tip protein (such as, for example, IpaD, SipD, SseB, Bsp22,
LerV, BipD, PorV, CT053, or CT668), transiocator protein (such as, for example, IpaB,

SipB, SseC, BopB, YopB, BipB, PopB, CopB, or CopB2), or tusion polypeptide thereof
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{such as, for example, 22BF, Burk¥, PaF, YerF, CT053-CopB, CT053-CopB2, CT668-CopB,
or CT668-CopB2) is disclosed and discussed and a number of modifications that can be made
to a nurober of molecules including the needle tip protein {such as, for example, TpaD, SipD,
SseB, Bsp22, LerV, BipD, PorV, CT053, or CT668), translocator protein {such as, for
example, IpaB, SipB, SseC, BopB, YopB, BipB, PopB, CopB, or CopB2), or fusion
polypeptide thereof (such as, for example, 22BF, BurkF, PaF, YerF, CT053-CopB, CT053-
CopB2, CT668-CopB, or CT668-CopB2) are discussed, specifically contemplated is each
and every combination and permutation of needle tip protein such as, for example, Ipals,
SipD, SseB, Bsp22, LerV, BipD, PerV, CTO053, or CT668), translocator protein (such as, for
example, IpaB, SipB, Sse(, BopB, YopB, BipB, PopB, CopB, or CopB2}, or fusion
polypeptide thereof (such as, for example, , DBF, 81, 82, 22BF, BurkF, PaF, YerF, CT053-
CopB, CT053-CopB2, CT668-CopB, or CT668-CopB2) and the modifications that are
possible unless specitically indicated to the contrary. Thus, if a class of molecules A, B, and
C are disclosed as well as a class of molecules D, E, and F and an example of a combination
molecule, A-D is disclosed, then even if each is not individually recited each is individually
and collectively contemplated meaning combinations, A-E, A-F, B-D, B-E, B-F, C-D, C-E,
and C-F are considered disclosed. Likewise, any subset or combination of these is also
disclosed. Thus, for example, the sub-group of A-E, B-F, and C-E would be considered
disclosed. This concept applies to all aspects of this application including, but not limited to,
steps in methods of making and using the disclosed compositions. Thus, if there are a variety
of additional steps that can be performed it is understood that each of these additional steps
can be performed with any specific embodiment or combination of embodiments of the
disclosed methods.

44, Toinfect a host, B. pertussis uses an arsenal of well-characterized virulence
factors. These factors include pertussis toxin (PT), adenylate cyclase toxin (ACT), the type
HI secretion system {T38S), tracheal cytotoxin (TCT), dermonecrotic toxin (DNT),
filamentous hemagglutinin (FHA), pertactin (PRN), and lipooligosaccharide (LOS). Current
aP vaccines are comprised of PT, FHA, PRN, and the fimbrial proteins in varying
proportions, but not necessarily all four proteins. Though the aP vaccine causes fewer adverse
reactions than the wP vaccine, it 18 not as efficacious. This same situation exists for other
pathogenic Gram negative bacteria. Accordingly, disclosed herein are fusion polypeptides
from a Type HI secretion system (T358) of a Gram negative bacteria (such as, for example,
Shigella spp., Salmonella enterica, Bordetella spp. (such as, for example 8. perrussis and/or

B. bronchiseprica), Burkholderia spp. (such as, for example, 5. cepacian, B. mallei, and/or B.
______ 10 e
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pseudomalledy, Chlamydia spp. (such as, for example, C. frachomatis), Pseudomonas spp.,
Vibrio spp. or Yersinia spp.) comprising a polypeptide of needle tip protein (such as, for
example, IpaD, SipD, SseB, Bsp22, LerV, BipD, PerV, CT0S3, or CT668) or an antigenic
fragment thereof and polypeptides of a translocator protein (such as, for example, IpaB, SipB,
SseC, BopB, YopB, BipB, PopB, CopB, or CopB2) or an antigenic fragment thereof. In
some aspect, the fusion polypeptide does not comprise a needle tip protein polypeptide or
translocator polypeptide from a Shigella spp. (IpaD and IpaB) or a Sa/monelia spp. (such as,
for example, §. enterica) (SipD, SseB, SipB, and SseC). It 1s recognized and herein
conterplated that the disclosed polypeptides can be separate components of a composition or
more preferably a fusion construct. By a "fusion polypeptide” is meant a peptide,
polypeptide, or protein that is translated from a single, contiguous nucleic acid molecule, and
which comprises sequences from at least two different proteins or antigenic regions thereot.
Typically, the individual sequences are joined via a linker or spacer sequence of e.g. from
about 2 to about 20 amino acids, usually from about 2 to about 10 amino acids. The amino
acids in linking sequences are typically uncharged and the linker sequence usually does not
exhibit secondary or tertiary structure, but does allow the fused protein/peptide segments to
adopt functional secondary, tertiary, ete. conformations. One such exemplary fusion
polypeptide includes Bsp22 (as set forth in SEQ ID NO: 4 and encoded by the nucleic acid
sequence as set forth in SEQ 1D NO: 3) and BopB (as set forth in SEQ 1D NO: 6 and encoded
by the nucleic acid sequence as set forth in SEQ D NO: 5). The amino acid sequence of this
chimera (1.e., 22BF) 18 set forth 1in SEQ 1D NO: 2. The chumera may be encoded by any
suitable nucleic acid sequence, e.g. the exemplary nucleic acid sequence depicted in SEQ ID
NO: L

45, Thus, in one aspect, disclosed herein are fusion polypeptides comprising a
fusion of a needle tip protein (such as, for example, IpaD, SipD, SseB, Bsp22, LerV, BipD,
PerV, CTOS3, or CT668) or an antigenic fragment thereof and a translocator protein (such as,
for example, IpaB, SipB, SseC, BopB, YopB, BipB, PopB, CopB, or CopB2 } or an antigenic
fragment thereof from a Type Il secretion system (T3S8) of a Gram negative bacteria (such
as, for example, Bordetella spp., Burkholderia spp., Chlamvdia spp., Pseudomonas spp.,
Vibrio spp. or Yersinia spp. For example, the fusion polypeptide can comprise a fusion of the
Shigella spp. needle tip protein (IpaD} and first translocator protein (IpaB) or fragments
thereof (the fusion referred to as DBF), Salmonelia spp.(such as, for example, 5. enterica)
SPI-1 needie tip protein (SipD) (as set forth in SEQ 1D NO: 52 and encoded by the nucleic

acid sequence as set forth in SEQ ID NGO: 51} and translocator protein (SipB) (as set forth in
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SEQ ID NO: 54 and encoded by the nucleic acid sequence as set forth in SEQ IB NG 53) or
fragments thereof (the fusion referred to as 81) (as set forth in SEQ 1D NO: 56 and encoded
by the nucleic acid sequence as set forth 1in SEQ ID NO: 55), Safmonella spp.(such as, for
example, 5. enferica) SPI-2 needle tip protein (SseB} (as set forth in SEQ ID NO: 62 and
encoded by the nucleic acid sequence as set forth in SEQ ID NO: 61) and translocator protein
{SseC) (as set forth in SEQ ID NO: 64 and encoded by the nucleic acid sequence as set forth
in SEQ ID NO: 63) or fragments thereof (the fusion referred to as S2) (as set forth in SEQ 1D
N 66 and encoded by the nucleic acid sequence as set forth in SEQ ID NO: 65}, Bordetella
spp. needle-tip protein (Bsp22) and transiocator protein (BopB), or fragments thereof (the
fusion referred to as 22BF}; a fusion of the Yersinia spp. needle-tip protein (LerV) (as set
forth in SEQ 1D NO: 42 and encoded by the nucleic acid sequence as set forth in SEQ ID
NO: 41) and translocator protein (YopB) (as set forth in SEQ ID NO: 44 and encoded by the
nucleic acid sequence as set forth in SEQ ID NO: 43), or fragments thereof (the fusion
referred to as YerF) (as set forth in SEQ ID NO: 46 and encoded by the nucleic acid sequence
as set forth in SEQ 1D NO: 45); a fusion of the Burkhwolderia spp. needle-tip protein (Biplh)
{as set forth in SEQ 1D NO: 22 and encoded by the nucleic acid sequence as set forth in SEQ
ID NG 21) and translocator protetn {BipB) (as set forth in SEQ ID NG: 24 and encoded by
the nucleic acid sequence as set forth in SEQ 1D NQO: 23), or fragments thereof (the fusion
referred to as Burk¥F) (as set forth in SEQ D NG: 26 and encoded by the nucleic acid
sequence as set forth in SEQ ID NO: 25); a fusion of the Pseudomonas spp. needle-tip
protein (PerV) (as set forth 1o SEQ 1D NO: 32 and encoded by the nucleic acid sequence as
set forth in SEQ ID NO: 31} and translocator protein (PopB) (as set forth in SEQ ID NO: 34
and encoded by the nucleic acid sequence as set forth in SEQ ID NO: 33), or fragments
thereof (the fusion referred to as Pal) (as set forth in SEQ 1D NO: 36 and encoded by the
nucleic acid sequence as set forth in SEQ ID NO: 35); and/or a fusion of the Chlamydia spp.
needle-tip protein CT0S3 {as set forth in SEQ D NO: 74 and encoded by the nucleic acid

sequence as set forth in SEQ ID NO: 73) or CT668 (as set forth in SEQ [D NO: 84 and

{CopB (as set forth in SEQ D NO: 76 and enceded by the nucleic acid sequence as set forth
in SEQ ID NO: 75) or CopB2 (as set forth in SEQ ID NO: 92 and encoded by the nucleic
acid sequence as set forth in SEQ ID NO: 91}), or fragments thereof such fusions including
but not limited to CTOS3-CopB (the CTOS3-CopB fusion as set forth in SEQ ID NO: 78 and
encoded by the macleic acid sequence as set forth tn SEQ 1D NG: 77), CT668-CopB (the
CTo68-CopB fusion as set forth in SEQ 1D NO: 86 and encoded by the nucleic acid sequence
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as set forth in SEQ 1D NO: 85}, CT053-CopB2 (the CT053-CopB2 fusion as set forth in SEQ
1D NO: 94 and encoded by the nucleic acid sequence as set forth in SEQ 1D NO: 93), and
CT0S3-CopB2 (the CT668-CopB2 tusion as set forth in SEQ 1D NO: 100 and encoded by the
nucleic acid sequence as set forth in SEQ 1D NO: 99} and collectively each fusion being
referred to as ChlamF. In one aspect, the fusion polypeptide does not comprise any needle
tip protein or translocator protein or fragment thereof from a Salmonella spp. or a Shigella
spp. Accordingly, disclosed herein are fusion polypeptides comprising a fusion of a needle
tip protein {such as, for example, Bsp22, LerV, BipD, PerV, CTO053, or CT668) or an
antigenic fragment thereot and a translocator protein (such as, for example, BopB, YopB,
BipB, PopB, CopB, or CopB2 ) or an antigenic fragment thereof from a Type 111 secretion
system {T385) of a Gram negative bacteria (such as, for example, Borderella spp.,
Burkholderia spp., Chlamydia spp., Pseudomaonas spp., Vibrio spp. or Yersinia spp. wherein
the gram negative bacteria is not a Salmonella enterica or Shigella spp.

46. It is understood and herein contemplated that the arrangement of the
polypeptides in a fusion construct can have significant impact on the antigenicity of the
fusion construct. Accordingly, in one aspect, disclosed herein are fusion polypeptides,
wherein the fusion polypeptide is arranged such that the needle tip protein 1s 57 of the
translocator protein.

47.  The present invention provides compositions for use in eliciting an immune
response and/or vaccinating an individual against Gram negative bacterial infection, and/or
against disease symptoms caused by Gram negative bacterial infection. The compositions
include one or more substantially purified proteins, polypeptides or antigenic regions thereof
as described herein, or substantially purified nucleic acid sequences (e.g. DNA cDNA, RNA,
etc.) encoding such proteins, polypeptides or antigenic regions thereof, and a
pharmacologically suitable/compatible carrier. By "substantially purified" is meant that the
molecule is largely free of other organic molecules, cellular debris, solvents, etc. when tested
using standard techniques known to those of skill in the art (e.g. gel electrophoresis, column
chromatography, sequencing, mass spectroscopy, etc.). For example, the molecule 18
generally at feast about 50, 55, 60, 65, 70, or 75% pure by wt%, and preferably is at least
about 80, 85, 90, 95% or more preferably pure (e.g. 96, 97, 98, 99 or even 100% pure). The
preparation of proteins, polypeptides, and peptides as described herein is well-known to those
in the art, and includes, for example, recombinant preparation; isolation from a natural

source, chemical synthesis; etc. The purification of proteinaceous materials i3 also known.
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However, specific exemplary methods for preparing the vaccinating agents utilized in the
practice of the invention are described in detail in the Examples section below.

48.  In addition, the composition may countain adjuvants, many of which are known
in the art. For example, adjuvants suitable for use in the invention include but are not limited
to: bacterial or microbial derivatives such as non-toxic derivatives of enterobacterial
lipopolysaccharide (LP8), Lipid A derivatives, immunostintulatory oligonucleotides and
ADP-ribosylating toxins and detoxified derivatives thereof. Non-toxic derivatives of LPS
include monophosphoryl lipid A (MPL) and 3-O-deacylated MPL (3dMPL). 3dMPL is a
mixture of three de-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated chains. A
preferred non-toxic derivative of LPS is 3 De-O-acylated monophosphoryl lipid A, Other
non-toxic LPS derivatives include monophosphoryl lipid A mimics, such as aminoalkyl
glucosaminide phosphate derivatives, e.g. RC-529.

49, Lipid A derivatives include derivatives of lipid A from Escherichia coli such
as OM-174. Immunostimulatory oligonucleotides suitable for use as adjuvants in the
invention include nucleotide sequences containing a CpG motif (a dinuclectide sequence
containing an unmethylated cytosine hinked by a phosphate bond to a guanosine). Double-
stranded RNAs and oligonucleotides containing palindromic or poly{(dG) sequences have also
been shown to he immunostimulatory. The CpG's can include nucleotide
modifications/analogs such as phosphorothioate modifications and can be double-stranded or
single-stranded, e.g. replacement of guanosine with 2'-deoxy-7-deazaguancsine. The CpG
sequence may include, for example, the motif GTCGTT or TTCGTT. The CpG sequence
may be specific for inducing a Th1 immune response, such as a CpG-A ODN, or it may be
more specific for inducing a B cell response, such a CpG-B ODN, CpG-A and CpG-B ODNs.
Preferably, the CpG is a CpG-A OBN. Preferably, the Cp( oligonucleotide 1s constructed so
that the 5" end s accessible for receptor recognition. Optionally, two CpG oligonucleotide
sequences may be attached at their 3' ends to form "tmmunomers”.

50.  Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be
used as adjuvants in the invention. Preferably, the protein is derived from £ coli (e.g. £, coli

heat labile enterotoxin "LT"}, cholera ("CT")(Table 1), or pertussis ("PT"}.

Table | Cholera Toxin (CTAl) subunits and sequences

Subunit DNA sequence AA sequence

Subunit A | ATGGTAAAGATAATATTTGTGTITITTATITICTT | MVKIFVEFIFLSSFSYAND
ATCATCATTTTICATATGCAAATCGATGATAAGTTAT | BKLYRADSRPPDEIKQSGG
ATCOGGGCAGATICTAGACCTCCTGATGAAATAAA | LMPRGOSEYFDRGTOMNI
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GCAGTCAGGTGGTCTTATGCCAAGAGGACAGAGT
GAGTACTTTGACCGAGGTACTCAAATGAATATCA
ACCTTTATGATCATGCAAGAGGAACTCAGACGOEG
ATTTOGTTAGGCACGATGATGGATATCGTTICCACCT
CAATTAGTTTGAGAAGTGCCCACTTAGTGGGTCA
AACTATATIGTCTGGTCATICTACTTATTATATATY
ATGTTATAGCCACTGCACCCAACATGTTTAACGTT
AATGATGTATTAGGGGCATACAGTCCTCATCCAG
ATGAACAAGAAGTITCTGCTTTAGGTGGGATTCC
ATACTCCCAAATATATOGGATGOTATCGAGTTCAT
TITGGGGTGCTIGATGAACAATTACATCGTAATA
GGOGUTACAGAGATAGATATTACAGTAACTTAGA
TATTGCTCCAGCAGCAGATGGTTATGGATTIGGCA
GOTTTCCCTCCGGAGCATAGAGCTTGGAGGGAAG
AGCCGTGOGATTCATCATGCACCGCCGGOTTGTGG
GAATGCTCCAAGATCATCGATCAGTAATACTTIGC
GATGAAAAAACCCAAAGTCTAGGTGTAAAATTCC
TTGACGAATACCAATCTAAAGTTAAAAGACAAAT
ATTTTCAGGCTATCAATCTGATATTGATACACATA
ATAGAATTAAGGATGAATTATGA (SEQID NG: 115)

NLYDHARGTQTGFVRHDD
GYVSTSISLRSAHLVGQTIL
SGHSTYYIYVIATAPNMFN
VNDVLGAYSPHPDEQEVS
ALGGIPYSQIYGWYRVHFG
VLDEQLHRNRGYRDRYYS
NLDIAPAADGYGLAGFPPE
HRAWREEPWIHHAPPGCG
NAPRSSMSNTCDEKTQSLG
VKFLDEYQSKVERQIFSGY
QSDIDTHNRIKDEL (SEQ ID
NO: 116)

Subunit B

ATGATTAAATTAAAATTTIGGTGTTTITITTACAGT
TTTACTATCTTCAGCATATGCACATGGAACACCTC
AAAATATTACTGATTTGTGTGCAGAATACCACAA
CACACAAATATATACGCTAAATGATAAGATATTT
TCGTATACAGAATCTCTAGCTGGAAAAAGAGAGA
TGGUTATCATTACTTTTAAGAATGGTGCAATTTTT
CAAGTAGAAGTACCAGGTAGTCAACATATAGATT
CACAAAAAAAAGCGATTGAAAGGATGAAGGATA
CCCTGAGGATTGCATATCTTACTGAAGCTAAAGT
CGAAAAGTTATGTGTATGGAATAATAAAACGCCT
CATGCGATTGCCGCAATTAGTATGGCAAATTAA
(SEQ ID NO: 117)

MIKLKFGVFFTVLLSSAYA
HGTPONITDLCAEYHNTOI
YTLNDKIFSYTESLAGKRE
MATITFKNGAIFQVEVPGS
QHIDSQOKKAIERMKDTLRI
AYLTEAKVEKLOVWNNKT
PHAIAAISMAN (SEQ ID
NO: 118)

51

The toxin or toxoid is preferably in the form of a holotoxin, comprising both A

and B subunits. Preferably, the A subunit contains a detoxifying mutation; preferably the B
subunit is not mutated. More preferably, the adjuvant is a detoxified LT mutant such as LT-
K63, LT-R72, and LT-G192. The use of ADP-ribosylating toxins and detoxified derivatives
thereof, particularly LT-K63 and LT-R72, is known. Such adjuvants are described, for
example, in 1ssued US Patent No. 8,039,007 (the complete contents of which is hereby
incorporated by reference in entirety). Various interleukins may also be used as adjuvants to
increase the immune response in a subject. In preferred embodiments, the adjuvant is a
mucosal adjuvant such as, for example, the double mutant heat-labile toxin (dmLT) as set
forth in SEQ D NOs: 113 and 114) from enterotoxigenic £. cofi or the active moiety thereof
known as LTA1 (as set forth in SEQ ID NO: 13 and encoded by the nucleic acid sequence as
set forth in SEQ 1D NO: 12) and encoded by nor cholera toxin or the active moiety thereof

known as CTA1. Accordingly, disclosed herein are fusion polypeptides of any preceding
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aspect, wherein the fusion further comprises an adjuvant such as, for example, double mutant
labile toxin (dmLT) or an antigenic fragment thereof (such as, for example, LTAT or CTA1)
from Enterotoxigenic fscherichia coli. Tn some aspect, the dmLT or fragment thereof can
also be fused to the needle tip protein-translocator protein fusion at the 5” end. For example,
specifically disclosed herein are LTA1-DBF, LTA1-51 (as set forth in SEQ ID NO: 57 and
encoded by the nucleic acid sequence as set forth in SEQ ID NO: 58), LTA1-52 (as set forth
in SEQ 1D NO: 68 and encoded by the nucleic acid sequence as set forth in SEQ ID NO: 67),
LTA1-SseB (as set forth tn SEQ 1D NO: 70 and encoded by the nucleic acid sequence as set
forth in SEQ 1D NO: 69), LTA1-22BF (as set forth in SEQ ID NO: 18 and encoded by the
nucleic acid sequence as set forth in SEQ 1D NO: 17), LTA1-Burk! (as set forth in SEQ ID
NO: 28 and encoded by the nucleic acid sequence as set forth in SEQ D NG: 27), LTAl-
CT668-CopB (as set forth in SEQ ID NO: 88 and encoded by the nucleic acid sequence as set
forth in SEQ 1D NO: 87), LTAI-CT668-CopB2 (as set forth in SEQ D NO: 102 and
encoded by the nucleic acid sequence as set forth in SEQ ID NO: 101), LTAL-CT053-CopB
{as set forth in SEQ ID NO: 80 and encoded by the nucleic acid sequence as set forth in SEQ
D NG: 79), LTA1-CT053-CopB2 (as set forth in SEQ 1D NO: 96 and encoded by the
nucleic acid sequence as set forth in SEQ 1D NG: 95), LTA1-PaF {(as set forth in SEQ ID
NO: 38 and encoded by the nucleic acid sequence as set forth in SEQ ID NO: 37), and LTAL-
YerF (as set forth in SEQ 1D NO: 48 and encoded by the nucleic acid sequence as set forth in
SEQ ID NO: 47).

52, Whooptng cough still causes significant mortality and morbidity in children
all over the world. It also continues to be a problem in adults whose immunity has waned.
Herein is disclosed a strong candidate for a new protective vaccine based on research on the
T3SK protetns and resulting subunit vaccines, including the vaccine against shigellosis. Itis
demonstrated herein that the vaccine has 100% protective efficacy against B, bronchiseptica
using 22BF+dmLT. While this is a remarkable step forward, examined herein ts the immune
response and the protective efficacy of 22BF+dmLT + PTd against 5. pertussis. The vaccine
can also be taken a step further by eliciting sterilizing tmmunity so that the B. perfussis
transmission chain can be broken.

53, Originally, the mechanism of protection against 5. perfussis, an extraceliular
organism, was thought to be the humoral immune response, however, cell-mediated
immunity has been found to also be important for protection with bacterial clearance
mediated by Th1 and Th17 cells. By measuring cytokines corresponding to specific immune

pathways, Ross et al. concluded that the wP vaccine promotes Thl and Th17 responses while
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the aP vaccine elicits a mux of Thi and Th2 responses. These differences likely account for
the increased protection seen for the wP vaccine. A study in a baboon model compared wP
vaccines with an aP vaccine and confirmed that the wP elicits a Th1/Th17 response while the
aP vaccine elicits a Th1/Th2 response. Moreover, these studies found that aP does not
prevent colonization or transmission of B. pertussis, even in asymptomatic subjects. Thus, the
current pertussis resurgence could be due, in part, to the ability of the aP vaccine to protect
the host against the overt symptoms of the disease while not preventing colonization and the
resulting transmission of B. pertussis to susceptible children. Furthermore, protection of
newborns against pertussis via aP or wP is problematic due not only to possible side effects
but also because newborns lack the ability to mount a vaccine-induced Thi response elicited
through the requisite antigen presentation and T-cell activation. Although 1t has been shown,
in some cases, that neonatal immunization can prime the immune system for subsequent
booster vaccinations, the development of a protective pertussis vaccine for infants remains a
need.

54, As noted above, the current aP vaccine does not provide sterilizing immunity.
That is, the aP vaccine protects the immunized host, but does not stop colonization and
transmission of the Bordefellc spp. In one aspect, disclosed herein are fuston polypeptides of
any preceding aspect, wherein the composition or fusion polypeptide further comprises an
acellular Gram negative vaccine component (such as, for example, the acellular pertussis
vaccine (aP) component pertussis toxoid (PTd}).

55, Pertussis toxin (PTX) 1s produced by Bordetella pertussis, the bacterium
responsible for whooping cough. Pertussis toxin is a multi-component protein composed of
six non-covalently bound subunits ranging in molecular weight from approximately about 9
kD to about 28 kDa. These subunits are designated as 51, 82, $3, 54 and §5 and cccur in
native pertussis toxin in a ratio of 1:1:1:2:1, where the subunit 54 1s present in two copies
The largest subunit S1, also called the A protomer, is responsible for the ADP-
ribosyltransferase activity. List Labs produces Pertussis Toxin Mutant ROK, E129A (both in
the S1 subunit), a genetically inactivated mutant of pertussis toxin, which has a modified
sequence encoding the enzyme subunit {Table 2}. Virulence of this pertussis mutant is

reduced relative to that found with the wild type.

Table 2 Pertussis Toxic Mutani R9K, E1294A

! Subunit DNA sequence AA seqguence

| Subunit 1T | ATGCGTTGCACTCGGGCAATTCGCCAAACCGC | MRCTRAIRQTARTGWLTWL
5 AAGAACAGGCTGGCTGACGTGGCTGGUGATT | AILAVTAPVISPAWADDPPA |




WO 2019/217243

CTTGCCGTCACGGCGCCCGTGACTTCGCCGGC
ATGGGCCGACGATCCTCCCGCCACCGTATACC
GCTATGACTCCCGCCCGCOCGGAGGACGTTTIC
CAGAACGGATTCACGGCGTGGGGAAACAACG
ACAATGTGCTCGACCATCTGACCGGACGTTCC
TGCCAGGTCGGCAGCAGCAACAGCGCTTTCGT
CTCCACCAGCAGCAGCCGGCGCTATACCGAG
GTCTATCTCGAACATCGCATGCAGGAAGCGGT
CGAGGCCGAACGCGCCGGCAGGGGCACCGGC
CACTTCATCGGCTACATCTACGAAGTCCGCGC
CGACAACAATTTCTACGGCGCCGCCAGCTCGT
ACTTCGAATACGTCGACACTTATGGCGACAAT
GOCOGGCCGTATCCTCGCCGOCGCGCTGGCCAC
CTACCAGAGCGAATATCTGGCACACCGGOGT
ATTCCGCCCGAAAACATCCGCAGGGTAACGC
GGGTCTATCACAACGGCATCACCGGCGAGALC
CACGACCACGGAGTATTCCAACGCTCGCTACG
TCAGCCAGCAGACTCGCGCCAATCCCAACCCC
TACACATCGCGAAGGTCCGTAGCGTCGATCGT
CGGCACATTGGTGCGCATGGCGCCGGTGATA
GGCGCTTGCATGGCGCGGCAGGCCGAAAGCT
CCGAGGCCATGGCAGCCTGGTCCGAACGCGO
CGGCGAGGCGATGGTTCTCGTGTACTACGAA
AGCATCGCGTATTCGTTCTAG (SEQ ID NO: 103)

PCT/US2019/030694

TVYRYDSRPPEDVFQNGFTA |
WGNNDNVLDHLTGRSCQV |
GSSNSAFVSTSSSRRYTEVYL |
EHRMQEAVEAERAGRGTGH |
FIGYIYEVRADNNFYGAASS |
YFEYVDTYGDNAGRILAGA |
LATY(QSEYLAHRRIPPENIRR |
VIRVYHNGITGETTTTEYSN |
ARYVSQQTRANPNPYTSRRS
VASIVGTLVRMAPVIGACM |
ARQAESSEAMAAWSERAGE |
AMVLVYYESIAYSF (SEQ 1D |
NO: 104) f

Subunit 2

ATGCCGATCGACCGCAAGACGCTCTGCCATCT
CCTGTCCGTTCTGCCGTTIGGCCCTCCTCGGAT
CTCACGTGGCGCGGGCCTCCACGCCAGGCATC
GTCATTCCGCCGCAGGAACAGATTACCCAGC
ATGGCAGCCCCTATGGACGCTGOGCGAACAA
GACCCGTGCCCTGACCGTGGCGGAATIGCGC
GOCAGCGGCGATCTGCAGGAGTACCTGLGTC
ATGTGACGCGCGGCTGGTCAATATITGCGCTC
TACGATGGCACCTATCTCGGCGGCGAATATGO
CGGCGTCGATCAAGGACGGAACACCCGGCGGE
GCATTCGACCTGAAAACGACGTTICTGCATCAT
GACCACGCGCAATACGGOGTCAACCCGCAACG
GATCACTACTACAGCAACGTCACCGCCACTCG
CCTGCTCTCCAGCACCAACAGCAGGCTATGCG
CGGTCTTCGTCAGAAGCGGGCAACCOOGTCATT
GGCGCCTGCACCAGCCCOGTATGACGGCAAGT
ACTGGAGCATGTACAGCCGGUTGCGGAAAAT
GCTTTACCTGATCTACGTGGCCGGCATCTCCG
TACGCGTCCATGTCAGCAAGGAAGAACAGTA
TTACGACTATGAGGACGCAACGTTCGAGACTT
ACGCCCTTACCGGCATCTCCATCTGCAATCCT

ATGCTGATCAACAACAAGAAGCTGUTTCATCA
CATTCTGCCCATCCTGOTGCTCGLCCTGCTGG
GCATGCOGCACGOGCCCAGGCCOGTTGCGCCAGE
CATCGTCATCCCGCCGAAGGCACTGTTCACCC
AACAGGGCGGCGCCTATGGACGUTGCCCGAA
CGGAACCCGCGCCTIGACCOTGGUCGAACTG
CGCGOCAACGCCGAATTIGCAGACGTATTTGE
GCCAGATAACGCCCOGGCTGUGTCCATATACGGT

MPIDRKTLCHLLSVLPLALL

GSHVARASTPGIVIPPQEQIT |
QHGGPYGRCANKTRALTVA |
ELRGSGDLQEYLRHVTRGW |
SIFALYDGTYLGGEYGGVIK |
DGTPGGAFDLKTTFCIMTTR |
NTGOPATDHYYSNVTATRL |
LSSTNSRLCAVFVRSGQPVIG |
ACTSPYDGKYWSMYSRLRK |
MLYLIYVAGISVRVHVSKEE |
QYYDYEDATFETYALTGIST |
CNPGSSLC (SEQ 1D NO: 106)

MLINNKKLLHHILPILVLALL |
GMRTAQAVAPGIVIPPKALF |
TQQGGAYGRCPNGTRALTV |
AELRGNAELQTYLRQITPGW |
SIYGLYDGTYLGOAYGGHK
DAPPGAGFIYRETFCITTIYK

TGQPAADHYYSKVTATRLL



(]

WO 2019/217243

56.

CTCTATGACGGTACGTACCTGGGCCAGGCGTA
CGGCGGCATCATCAAGGACGCGCUGCCAGGT
GCGOGOGGTTCATTTATCGCGAAACTTTCTGCAT
CACGACCATATACAAGACCGGGCAACCGGCT
GCGGATCACTACTACAGCAAGGTCACGGCCA
CGCGCCTGCTCGCCAGCACCAACAGCAGGCT
GTGCGCGOTATICGTCAGGGACGGGCAATCG
GTCATCGGAGCCTGCGCCAGCCCGTATGAAG
GCAGOGTACAGAGACATGTACGACGCGCTGOG
GCGCCTGCTGTACATGATCTATATGTCCGGCC
TIGCCGTACGCGTCCACGTCAGCAAGGAAGA
GCAGTATTACGACTACGAGGACGCCACATICC
AGACCTATGCCCTCACCGGCATTITCCCTCTGC
AACCCGGCAGCGTCGATATGCTGA  (BEQ 1D
NOYOT)

ATGCTGAGACGCTTCCCCACTCGAACCACCGC
CCCGOGOACAGGGCOGGCGCCCGGOGETCGCGC
GTOGCGCGCCCTOGOCGTGOGTTGCTOGCATCCGG
CGCGATGACGCATCTTTCCCCCGCCCTGGLCG
ACGTTCCTTATGTGCTGGTGAAGACCAATATG
GTGGTCACCAGCGTAGCCATGAAGCCGTATG
AAGTCACCCCGACGCGCATGCTGOTCTGCGEC
ATCGCCGCCAAACTOGGGCGCCGCGGCCAGCA
GCCCGGACGCGCACGTGCCGTITCTGCTTCGGC
AAGGATCTCAAGCGTCCCGGCAGCAGTCCCA
TGGAAGTCATGTIGCGCGCCOGTCTTCATGCAA
CAACGGCCGCTGCOGCATGTTTCTGGUGTCCCAA
GCAACTCACTTTCGAAGGCAAGCCCGCGCTCG
AACTGATCCGGATGOGTCGAATGCAGCGGCAA
ATGCAGCGGCAAGCAGGATTGCCCCTGAAGG
CGAACCCCATGCATACCATCGCATCCATCCTG
TTGTCCOTGCTCGGCATATACAGCCCGGUTGA
COGTCGCCGOCTTGCCGACCCATCTGTACAAGA
ACTTCACTGTCCAGGAGCTGGCCTTGAAACTG
AAGGGCAAGAATCAGGAGTTICTGCCTGACCG
CCTTCATGTCGOGGCAGAAGCCTGGTCCGGGCG
TGOCTGTCCGACGCGGGACACGAGCACGACA
CGTGOGTTCGACACCATGCTTIGGCTTIGCCATA
TCCGUGTATGUGUTCAAGAGUCCGGATCGCGCT
GACGGTGGAAGACTCGUCGTATCCGGGCALT
CCCGOGCGATCTGCTCGAACTGCAGATCTGCCC
GCTCAACGGATATTGCGAATGA (SEQ 1D NO:

PCT/US2019/030694

ACASPYEGRYRDMYDALRR |
LLYMIYMSGLAVRVHVSKE |
EQYYDYEDATFQTYALTGIS |
LONPAASIC (SEQ ID NO: 108) |

MLRRFPTRTTAPGQGGARRS |
RVRALAWLLASGAMTHLSP |
ALADVPYVLVKTNMVVTSY |
AMEPYEVTIPTRMLVCGIAA |
KLGAAASSPDAHVPFCFGKD |
LKRPGSSPMEVMLRAVFMQ |
QRPLRMFLGPKQLTFEGKPA |
LELIRMYECSGKQDCP (SEQ |
ID NO: 110)

MQROAGLPLKANPMHTIASI |
LLSVLGIYSPADVAGLPTHL |
YKNFTVQELALKLKGKNQE
FCLTAFMSGRSLVRACLSDA |
GHEHDTWFDTMLGFPAISAY |
ALKSRIALTVEDSPYPGTPG |
DLLELQICPLNGYCE (SEQID |
NO: 112)

It is understood and herein contemplated that the disclosed polypeptides,

adjuvants, and acellular vaccine components for use in eliciting an immune response or for

treating, inhibiting, or preventing a Gram negative bacterial infection can be administered in

compaositions such as vaccines as individual polypeptides or as a fusion construct or a

combination thereof. Thus, in one aspect, disclosed herein are compositions comprising a

T35A needle tip protein (such as, for example, Bsp22, LerV, BipD, PerV, CT053, or CT668)

19—
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or an antigenic fragment thereof from a Gram negative bacteria (such as, for example,
Bordetella spp., Burkholderia spp., Chiamydia spp., Pseudomonas spp., Vibrio spp. or
Yersinia spp.y and a T3SA translocator protein (such as, for example, BopB, YopB, BipB,
PopB, CopB, or CopB2) or an antigenic fragment thereof from a Gram negative bacteria;
wherein the gram negative bacteria is not a Salmonella enterica or Shigella spp. Tn one
aspect, the composttion can comprise the needle tip protein or fragment thereof and the
translocator protein or fragment thereot as separate components or as a fusion polypeptide.
Also disclosed herein are compositions of any preceding aspect, wherein the composition
comprises an adjuvant {such as, for example, cholera toxin, CTAL, dmLT, or LTA1) and/or
bacterial toxin protein, such as a pertussis toxoid (PTd). Thus, in one aspect, disclosed herein
are vaccines comprising any of the peptides, polypeptides, proteins, fusion peptides, fusion
polypeptides, fusion proteins, or compositions disclosed herein. In some embodiments, the
vaccine can further comprise an acellular gram negative vaccine or active components
thereof.

i. Sequence similarities

57. It is understood that as discussed herein the use of the terms homology and
identity mean the same thing as similarity. Thus, for example, if the use of the word
homology 15 used between two non-natural sequences it 1s understood that this is not
necessarily indicating an evolutionary relationship between these two sequences, but rather is
looking at the similarity or relatedness between their nucleic acid sequences. Many of the
methods tor deterroining homology between two evolutionarily related molecules are
routinely applied to any two or more nucleic acids or proteins for the purpose of measuring
sequence similarity regardless of whether they are evolutionanly related ot not.

58, In general, it is understood that one way to define any known variants and
derivatives or those that might arise, of the disclosed genes and proteins herein, is through
defining the variants and derivatives in terms of homology to specific known sequences.
This identity of particular sequences disclosed herein 1s also discussed elsewhere herein. In
general, varnants of genes and proteins herein disclosed (such as, for example, Bsp22, LoV,
BipD, PerV, CTO53, CTo68, BopB, YopB, BipB, PopB, CopB, CopB2, 22BF, BurkF, PaF,
YerF, CT0OS3-CopB, CT0S3-CopB2, CT668-CopB, or CT668-CopB2) typically have at least
about 70, 71, 72, 73,74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, or 99 percent homology to the stated sequence or the native sequence.

Those of skill in the art readily understand how to determine the homology of two proteins or
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nucleic acids, such as genes. For example, the homology can be calculated after aligning the
two sequences so that the homology is at 1ts highest level.

59, Another way of calculating homology can be performed by published
algorithms. Optimal alignment of sequences for comparison may be conducted by the local
homology algorithm of Snuth and Waterman Adyv. Appl. Math. 2. 482 (1981), by the
homology alignment algorithm of Needleman and Wunsch, J. Mol Biol 48: 443 (1970}, by
the search for similarity method of Pearson and Lipman, Proc. Nat#l. Acad. Sci. U.5.4. 85:
2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, W1), or by inspection.

60. it is understood that any of the methods typically can be used and that in
certain instances the results of these various methods may differ, but the skilled artisan
understands if identity is found with at least one of these methods, the sequences would be
said to have the stated identity, and be disclosed herein.

61. For example, as used herein, a sequence recited as having a particular percent
homology to another sequence refers to sequences that have the recited homology as
calculated by any one or more of the calculation methods described above. For example, a
first sequence has 80 percent homology, as defined herein, to a second sequence if the first
sequence is calculated to have 80 percent homology to the second sequence using the Zuker
calculation method even if the first sequence does not have 80 percent homology to the
second sequence as calculated by any of the other calculation methods. As another example,
a first sequence has 80 percent homology, as detined herein, to a second sequence if the first
sequence 18 calculated to have 80 percent homology to the second sequence using both the
Zuker calculation method and the Pearson and Lipman calculation method even if the first
sequence does not have 80 percent homology to the second sequence as calculated by the
Smith and Waterman calculation method, the Needleman and Wunsch calculation method,
the Jaeger calculation methods, or any of the other calculation methods. As yet another
example, a first sequence has 80 percent homology, as defined herein, to a second sequence if
the first sequence is calculated to have 80 percent homology to the second sequence using
each of calculation methods (although, in practice, the different calculation methods will
often result in different calculated homology percentages).

2. Mucleic acids
62, There are a variety of molecules disclosed herein that are nucletc acid based,

including for example the nucleic acids that encode, for example Bsp22, LerV, BipD, PerV,
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CT053, CT668, BopB, YopB, BipB, PopB, CopB, CopB2, 22BF, BurkF, PaF, Yer¥F, CT053-
CopB, CT053-CopB2, CT668-CopB, or CT668-CopB2 or antigenic fragments thereof, as
well as various functional nucleic acids. The disclosed nucleic acids are made up of for
example, nucleotides, nuclectide analogs, or nucleotide substitutes. Non-limiting examples
of these and other molecules are discussed herein. It 18 understood that for example, when a
vector is expressed in a cell, that the expressed mRNA will typically be madeup of A, C, G,
and U. Likewise, it is understood that if, for example, an antisense molecule is introduced
into a cell or cell environment through for example exogenous delivery, it is advantageous
that the antisense molecule be made up of nucleotide analogs that reduce the degradation of
the antisense molecule in the cellular environment.

a) Nucleotides and related molecules

63. A nucleotide 13 a molecule that contains a base motety, a sugar motety and a
phosphate motety. Nucleotides can be linked together through their phosphate moieties and
sugar moieties creating an internucleoside linkage. The base moiety of a nucleotide can be
adenin-9-yi (A}, cvtosin-1-yl (T}, guanin-9-yl (G), uracil-1-yl (U}, and thymin-1-yt (T}. The
sugar moiety of a nucleotide is a ribose or a deoxyribose. The phosphate moiety of a
nuclectide is pentavalent phosphate. An non-limiting example of a nucleotide would be 3'-
AMP (3'-adenosine monophosphate) or 5'-GMP (S'-guanosine monophosphate). There are
many varieties of these types of molecules available in the art and available herein.

64. A nuclectide analog s a nuclectide which contains some type of modification
to either the base, sugar, or phosphate moteties. Modifications to nucleotides are well known
in the art and would include for example, S-methylcytosine (5-me-C}, S-hydroxymethyi
cytosine, xanthine, hypoxanthine, and 2-aminoadenine, as well as roodifications at the sugar
or phosphate moieties. There are many varieties of these types of molecules available in the
art and available herein.

65.  Nucleotide substitutes are molecules having similar functional properties to
nucleotides, but which do not contain a phosphate moiety, such as peptide nucleic acid
(PNA). Nucleotide substitutes are molecules that will recognize nucleic acids in a Watson-
Crick or Hoogsteen manner, but which are linked together through a moiety other than a
phosphate motety. Nucleotide substitutes are able to conform to a double helix type structure
when interacting with the appropriate target nucleic acid. There are many varieties of these
types of molecules available in the art and available herein.

60, It is also possible to link other types of molecules {conjugates) to nucleotides

or nucleotide analogs to enhance for example, cellular uptake. Conjugates can be chemically
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linked to the nucleotide or nucleotide analogs. Such conjugates include but are not limited to
lipid moieties such as a cholesterol motety. (Letsinger et al., Proc. Na#l. Acad. Sci. US4,
1989, 86, 6553-6556). There are many varieties of these types of ruolecules available in the
art and available herein.

67. A Watson-Crick interaction 1s at least one interaction with the Watson~Crick
face of a nucleotide, nucleotide analog, or nuclectide substitute. The Watson-Crick face of a
nucleotide, nuclectide analog, or nuclectide substitute includes the C2, N1, and C6 positions
of a purine based nucleotide, nucleotide analog, or nucleotide substitute and the C2, N3, C4
positions of a pyrimidine based nucleotide, nucleotide analog, or nucleotide substitute.

68. A Hoogsteen interaction is the interaction that takes place on the Hoogsteen
face of a nucleotide or nucleoctide analog, which is exposed in the major groove of duplex
DNA. The Hoogsteen face includes the N7 position and reactive groups (NH2 or Q) at the
C6 position of purine nuclectides.

b) segquences

69. There are a variety of sequences related to the protein molecules involved in
the signaling pathways disclosed herein, for example Bsp22, LerV, BipD, PerV, CT053,
CT668, BopB, YopB, BipB, PopB, CopB, CopB2, 22BF, BwkF, PaF, YerF, CT053-CopB,
CT053-CopB2, CT668-CopB, or CT668-CopB2, or any of the nucleic acids disclosed herein
for making Bsp22, LorV, BipD, PorV, CTO0S3, CT668, BopB, YopB, BipB, PopB, CopB,
CopB2, 22BF, BurkF, PaF, YerF, CT053-CopB, CT053-CopB2, CT668-CopB, or CT668-
CopB2, all of which are encoded by nucleic acids or are nucleic acids. The sequences for the
human analogs of these genes, as well as other analogs, and alleles of these genes, and splice
variants and other types of variants, are available in a variety of protein and gene databases,
including GENBANK®. Those of skill in the art understand how to resolve sequence
discrepancies and differences and to adjust the compositions and methods relatingto a
particular sequence to other related sequences. Primers and/or probes can be designed for
any given sequence given the information disclosed herein and known in the art.

3. Mucleic Acid Delivery

70. In the methods described above which include the administration and uptake
of exogenous DNA into the cells of a subject (1.e, gene transduction or transfection), the
disclosed nucleic acids can be in the form of naked DNA or RNA, or the nucleic acids can be
in a vector for delivering the nucleic acids to the cells, whereby the antibody-encoding DNA
fragment is under the transcriptional regulation of a promoter, as would be well understood

by one of ordinary skill in the art. The vector can be a commercially available preparation,
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such as an adenovirus vector (Quantum Biotechnologies, Inc. (Laval, Quebec, Canada).
Delivery of the nucleic acid or vector to cells can be via a variety of mechanisms. As one
example, delivery can be via a liposome, using commercially available liposome preparations
such as LIPOFECTIN, LIPOFECTAMINE (GIBCO-BRL, Inc., Gaithersburg, MD),
SUPERFECT (Qragen, Inc. Hilden, Germany) and TRANSFECTAM (Promega Biotec, Inc,,
Madison, W1}, as well as other liposomes developed according to procedures standard in the
art. In addition, the disclosed nucleic acid or vector can be delivered i vivo by
electroporation, the technology for which is available from Genetronics, Inc. (San Diego,
CA) as well as by means of a SONOPORATION machine (ImaRx Pharmaceutical Corp,,
Tucson, AZ).

71 As one example, vector delivery can be via a viral system, such as a retroviral
vector system which can package a recombinant retroviral genome (see e.g., Pastan et al |
Proc. Notl Acad. Sci. U5 A. 854486, 1988, Miller et al, Mol Cell. Biol 62895, 1986}, The
recombinant retrovirus can then be used to infect and thereby deliver to the infected cells
nucleic acid encoding a broadly neutralizing antibody {or active fragment thereof}. The exact
method of introducing the altered nucleic acid into mammalian cells i, of course, not limited
to the use of retroviral vectors. Other technigues are widely avaiiable for this procedure
including the use of adenoviral vectors {Mitani et al., Hum. Gene Ther. 5:941-948, 1994},
adeno-~associated viral (AAV) vectors {Goodman et al., Blood 84:1492-1500, 1994), lentiviral
vectors (Naidini et al., Science 272:263-267, 1996), pseudotyped retroviral vectors (Agrawal
etal, Fxper. Hemaiol 24:738-747, 1996). Physical transduction techniques can also be
used, such as liposome delivery and receptor-mediated and other endocytosis mechanisms
{see, for example, Schwartzenberger et al., Blood 87:472-478, 1996). This disclosed
compositions and methods can be used in conjunction with any of these or other commonly
used gene transfer methods.

72.  Asone example, if the antibody-encoding nucleic acid is delivered to the cells
of a subject in an adenovirus vector, the dosage for administration of adenovirus to humans
can range from about 107 to about 10” plaque forming units (pfu) per injection but can be as
high as about 10** pfu per injection (Crystal, Hum. Gene Ther. 8:985-1001, 1997; Alvarez
and Cunel, Hum. Gene Ther. 8:597-613, 1997). A subject can receive a single injection, or,
if additional injections are necessary, they can be repeated at six month intervals {or other
appropriate time intervals, as determined by the skilled practitioner) for an indefinite period

and/or until the efficacy of the treatment has been established.
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73. Parenteral administration of the nucleic acid or vector, if used, is generally
characterized by injection. Injectables can be prepared in conventional forms, either as liquid
solutions or suspensions, solid forms suitable for solution of suspension in liquid prior to
injection, or as emulsions. A more recently revised approach for parenteral administration
involves use of a slow release or sustained release system such that a constant dosage is
maintained. For additional discussion of suitable formulations and various routes of
administration of therapeutic compounds, see, e.g., Remington: The Science and Practice of
Pharmacy (19th ed.) ed. A R. Gennaro, Mack Publishing Company, Easton, PA 1995,

4. Delivery of the compesitions (o cells

74, There are a number of compositions and methods which can be used to deliver
nucleic acids to cells, either inr vifro or in vivo. These methods and compositions can largely
be broken down into two classes: viral based delivery systerus and noun-viral based delivery
systems. For example, the nucleic acids can be delivered through a number of direct
delivery systers such as, electroporation, lipofection, calcium phosphate precipitation,
plasmids, viral vectors, viral nucleic acids, phage nucleic acids, phages, cosmids, or via
transfer of genetic material in cells or carriers such as cationic liposomes. Appropriate means
for transfection, including viral vectors, chemical transfectants, or physico-mechanical
methods such as electroporation and direct diffusion of DNA, are described by, for example,
Wolff, J. A, et al., Science, 247, 1465-1468, (1990}, and Woltt, J. A. Nafure, 352, 815-818,
{1991). Such methods are well known in the art and readily adaptable for use with the
compositions and methods described herein. In certain cases, the methods will be modified
to specifically function with large DNA molecules. Further, these methods can be used to
target certain diseases and cell populations by using the targeting characteristics of the
carrier.

a) Nucleic acid based delivery systems

75. Transfer vectors can be any nucleotide construction used to deliver genes into
cells {e.g., a plasmid), or as part of a general strategy to deliver genes, e.g., as part of
recombinant retrovirus or adenovirus (Ram et al. Cancer Res. 53:83-88, (1993)).

70. As used herein, plasmid or viral vectors are agents that transport the disclosed
nucleic acids, such as 22BF into the cell without degradation and include a promoter yielding
expression of the gene in the cells into which it is delivered. Viral vectors are, for example,
Adenovirus, Adeno-associated virus, Herpes virus, Vaccinia virus, Polio virus, AIDS virus,
neurcnal trophic virus, Sindbis and other RNA viruses, including these viruses with the HIV

backbone. Also preferred are any viral families which share the properties of these viruses
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which make them suitable for use as vectors. Retroviruses include Murine Maloney
Leukemia virus, MMLYV, and retroviruses that express the desirable properties of MMLYV as a
vector. Retroviral vectors are able to carry a larger genetic payload, 1.¢., a transgene or
marker gene, than other viral vectors, and for this reason are a commonly used vector.
However, they are not as useful in non-proliferating cells. Adenovirus vectors are relatively
stable and easy to work with, have high titers, and can be delivered in aerosol formulation,
and can transfect non-dividing cells. Pox viral vectors are large and have several sites for
inserting genes, they are thermostable and can be stored at room temperature. A preferred
embodiment is a viral vector which has been engineered so as to suppress the immune
response of the host organism, elicited by the viral antigens. Preferred vectors of this type
will carry coding regions for Interleukin 8 or 10.

77.  Viral vectors can have higher transaction {ability to introduce geunes) abilities
than chemical or physical methods to introduce genes into cells. Typically, viral vectors
contain, nonstructural early genes, structural late genes, an RNA polymerase 111 transcript,
inverted terminal repeats necessary for replication and encapsidation, and promoters to
control the transcription and replication of the viral genome. When engineered as vectors,
viruses typically have one or more of the early genes removed and a gene or gene/promotor
cassette is inserted into the viral genome in place of the removed viral DNA. Constructs of
this type can carry up to about 8 kb of foreign genetic material. The necessary functions of
the removed early genes are typically supplied by cell lines which have been engineered to
express the gene products of the early genes in trans,

{1} Retroviral Vectors

78. A retrovirus 1s an animal virus belonging to the virus family of Retroviridae,
including any types, subfamilies, genus, or tropisms. Retroviral vectors, in general, are
described by Verma, I M, Retroviral vectors for gene transfer.

79. A retrovirus is essentially a package which has packed into 1t nucleic acid
cargo. The nucleic acid cargo carries with it a packaging signal, which ensures that the
replicated daughter molecules will be efficiently packaged within the package coat. In
addition to the package signal, there are a number of molecules which are needed in cis, for
the replication, and packaging of the replicated virus. Typically a retroviral genome, contains
the gag, pol, and env genes which are involved in the making of the protein coat. Itis the
gag, pol, and env genes which are typically replaced by the foreign DINA thatitisto be
transferred 1o the target cell. Retrovirus vectors typically contain a packaging signal for

incorporation into the package coat, a sequence which signals the start of the gag
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transcription unit, elements necessary for reverse transcription, including a primer binding
site to bind the tRNA primer of reverse transcription, terminal repeat sequences that guide the
switch of RNA strands during DNA synthesis, a purine rich sequence 5'to the 3' LTR that
serve as the priming site for the synthesis of the second strand of DNA synthesis, and specific
sequences near the ends of the LTRs that enable the insertion of the DNA state of the
retrovirus to insert into the host genome. The removal of the gag, pol, and env genes allows
for about 8 kb of foreign sequence to be inserted into the viral genome, become reverse
transcribed, and upon replication be packaged into a new retroviral particle. This amount of
nucleic acid 1s sufficient for the delivery of a one to many genes depending on the size of
each transcript. It is preferable to include either positive or negative selectable markers along
with other genes in the insert.

80. Since the replication machinery and packaging proteins in most retroviral
vectors have been removed (gag, pol, and env), the vectors are typically generated by placing
them into a packaging cell line. A packaging cell line 15 a cell line which has been
transfected or transformed with a retrovirus that contains the replication and packaging
machinery, but lacks any packaging signal. When the vector carrying the DNA of choice 15
transtected into these cell lines, the vector containing the gene of interest ts replicated and
packaged into new retroviral particles, by the machinery provided in cis by the helper cell.
The genomes for the machinery are not packaged because they lack the necessary signals.

{2} Adenoviral Vectors

81.  The construction of replication-defective adenoviruses has been described
{Berkner et al., J Virology 61:1213-1220 (1987); Massie et al., Mol Cell. Biol. 6:2872-2883
(1986); Haj-Ahmad et al., J. Virology 57:267-274 (1986); Davidsoun et al., J. Virology
61:1226-1239 (1987), Zhang "Generation and identification of recombinant adenovirus by
liposome-mediated transfection and PCR analysis" BioTechnigues 15:868-872 (1993)). The
benetit of the use of these viruses as vectors is that they are limited in the extent to which
they can spread to other cell types, since they can replicate within an initial infected cell, but
are unable to form new infectious viral particles. Recombinant adenoviruses have been
shown to achieve high efficiency gene transfer after direct, in vivo delivery to airway
epithelium, hepatocytes, vascular endothelium, CNS parenchyma and a number of other
tissue sites (Morsy, J. Clin. fnvest. 92:1580-1586 (1993); Kirshenbaum, /. Clin. Jnvest.
92:381-387 (1993); Roessler, J Clin. Invest. 92:1085-1092 (1993); Moullier, Nature
Genetics 4:154-159 (1993); La Salle, Science 259:988-990 (1993); Gomez-Foix, ./ Biol

Chem 267:25129-25134 (1992); Rich, Human Gene Therapy 4:461-476 (1993); Zabner,
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Nature Genetics 6.75-83 (1994); Guzman, Circulation Research 73:1201-1207 (1993}, Bout,
Human Gene Therapy 5:3-10 (1994); Zabner, Cefl 75:207-216 (1993); Caillaud, Fur. J.
Neuroscience 5:1287-1291 (1993); and Ragot, J. Gen. Virology 74:501-507 (1993})).
Recombinant adenoviruses achieve gene transduction by binding to specific cell surface
receptors, after which the virus is internalized by receptor-mediated endocytosis, in the same
manner as wild type or replication-defective adenovirus (Chardonnet and Dales, Virology
40:462-477 (1970); Brown and Burlingham, J. Virology 12:386-396 (1973); Svensson and
Persson, J Virology 55:442-449 (1985); Seth, et al., J. Firol 51:650-655 (1984); Seth, et
al., Mol Cell. Biol. 4:1528-1533 (1984); Varga et al, J Virology 65:6061-6070 (1991},
Wickham et al,, Cell 73:309-319 (1993}).

82. A viral vector can be one based on an adenovirus which has had the E1 gene
rernoved and these virons are generated in a cell line such as the human 293 cell line. In

another preferred embodiment both the E1 and B3 genes are removed from the adenovirus

genome.
5. Adeno-associated viral vectors
83.  Another type of viral vector is based on an adeno-associated virus (AAV).

This defective parvovirus is a preferred vector because it can infect many cell types and is
nonpathogenic to humans. AAV type vectors can transport about 4 to S kb and wild type
AAYV is known to stably wnsert into chromosome 19, Vectors which contain this site specific
integration property are preferred. An especially preferred embodiment of this type of vector
is the P4.1 C vector produced by Avigen, San Francisco, CA, which can contain the herpes
simplex virus thymidine kinase gene, HSV-tk, and/or a marker gene, such as the gene
encoding the green fluorescent protein, GFP.

84. In another type of AAV virus, the AAV contains a paur of inverted terminal
repeats (ITRs) which flank at least one cassette containing a promoter which directs cell-
specific expression operably linked to a heterologous gene. Heterologous in this context
refers to any nucleotide sequence or gene which 1s not native to the AAV or B19 parvovirus.

85, Typically the AAV and B19 coding regions have been deleted, resulting in a
safe, noncvtotoxic vector. The AAY ITRs, or modifications thereof, confer infectivity and
site-specific integration, but not cytotoxicity, and the promoter directs cell-specific
expression. US Patent No. 6,261,834 is herein incorporated by reference for material related
to the AAV vector.

86, The disclosed vectors thus provide DNA molecules which are capable of

integration into a mammalian chromosome without substantial toxicity.
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87 The inserted genes in viral and retroviral usually contain promoters, and/or
enhancers to help control the expression of the desired gene product. A promoter is generally
a sequence or sequences of DNA that function when in a relatively fixed location in regard to
the transcription start site. A promoter contains core elements required for basic interaction
of RNA polymerase and transcription factors, and may contain upstream elements and
response elements.

a) Large payload viral vectors

88.  Molecular genetic experiments with large human herpesviruses have provided
a means whereby large heterologous DNA fragments can be cloned, propagated and
established in cells permissive for infection with herpesviruses (Sun et al., Nafwre genetics §:
33-41, 1994; Cotter and Robertson, Curr Opin Mol Ther 5. 633-644, 1999). These large
DNA viruses (herpes simplex virus (HSV) and Epstein-Barr virus (EBV), have the potential
to deliver fragments of human heterologous DNA > 150 kb to specific cells. EBV
recombinants can maintain large pieces of DNA in the infected B-cells as episomal DNA
Individual clones carried human genomic tnserts up to 330 kb appeared genetically stable
The maintenance of these episomes requires a specific EBV nuclear protein, EBNAT,
constitutively expressed during infection with EBV. Additionally, these vectors can be used
for transfection, where large amounts of protein can be generated transiently in vitro.
Herpesvirus amplicon systems are also being used to package pieces of DNA > 220 kb and to
infect cells that can stably maintain DNA as episomes.

89.  Other usetul systems include, for example, replicating and host-restricted non-
replicating vaccinia virus vectors.

b} Nou-nucleic acid based systems

80, The disclosed compositions can be delivered to the target cells in a variety of
ways. For example, the compositions can be delivered through electroporation, or through
lipofection, or through calcium phosphate precipitation. The delivery mechanism chosen will
depend in part on the type of cell targeted and whether the delivery 1s occurring for example
# Vivo or i Vitro.

o1. Thus, the compositions can comprise, in addition to the disclosed needle tip
protetn-translocator protein fusion (such as, for example, 22BF) or vectors for example, lipids
such as liposomes, such as cationic liposomes (e.g., DOTMA, DOPE, DC-cholesterol) or
anionic liposomes. Liposomes can further comprise proteins to facilitate targeting a
particular cell, it desired. Administration of a composition comprising a compound and a

cationic liposome can be admuinistered to the blood afferent to a target organ or inhaled into
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the respiratory tract to target cells of the respiratory tract. Regarding liposomes, see, e.g.,
Brigham et al. dm. J. Resp. Cell. Mol Biol. 1:95-100 (1989); Felgner et al. Proc. Nafl Acad.
Sci USA 84:7413-7417 (1987), U.S. Pat. No. 4,897,355, Furthermore, the compound can be
administered as a component of a microcapsule that can be targeted to specific cell types,
such as macrophages, or where the diffusion of the compound or delivery of the compound
from the microcapsule is designed for a specific rate or dosage.

o2 In the methods described above which include the administration and uptake
of exogenous DNA into the cells of a subject (i.e, gene transduction or transfection), delivery
of the compositions to cells can be via a variety of mechanisms. As one example, delivery
can be via a liposome, using commercially available liposome preparations such as
LIPOFECTIN, LIPOFECTAMINE (GIBCO-BRL, Inc., Gaithersburg, MDD}, SUPERFECT
{Qiagen, Inc. Hilden, Germany) and TRANSFECTAM (Promega Biotec, Inc., Madison, W1},
as well as other liposomes developed according to procedures standard in the art. In addition,
the disclosed nucleic acid or vector can be delivered /n vivo by electroporation, the
technology for which is available from Genetronics, Inc. (San Diego, CA) as well as by
means of a SONOPORATION machine (ImaRx Pharmaceutical Corp., Tucson, AZ).

93. The materials may be in solution, suspension (for example, incorporated into
microparticles, liposomes, or cells). These may be targeted to a particular cell type via
antibodies, receptors, or receptor ligands. The following references are examples of the use of
this technology to target specific proteins to tumor tissue (Senter, et al., Bioconjugate Chem .,
2:447-451, (1991); Bagshawe, K.D., Br. J. Cancer, 60:275-281, (1989); Bagshawe, et al., Br.
J. Cancer, 58.700-703, (1988}; Senter, et al., Bioconjugate Chem ., 4:3-9, (1993}, Battell, et
al., Cancer Immunol. Immunother ., 35:421-425, (1992), Pietersz and McKenzie, lmmunclog.
Reviews, 129:57-80, (1992}, and Roftler, et al., Biochem. Pharmacol, 42:2062-2065, (1991)).
These techniques can be used for a variety of other specific cell types. Vehicles such as
"stealth” and other antibody conjugated hiposomes {(inchuding lipid mediated drug targeting to
colonic carcinoma), receptor mediated targeting of DNA through cell specific ligands,
lymphocytie directed tumor targeting, and highly specific therapeutic retroviral targeting of
murine glioma cells in vivo. The following references are examples of the use of this
technology to target specific proteins to tumor tissue (Hughes et al., Cancer Research,
49:6214-6220, (1989); and Litzinger and Huang, Biochimica et Biophysica Acta,
1104:179-187,(1992)). In general, receptors are involved in pathways of endocytosis, either
constitutive or ligand induced. These receptors cluster in clathrin-coated pits, enter the cell

via clathrin-coated vesicles, pass through an acidified endosome in which the receptors are
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sorted, and then either recycle to the cell surface, become stored intracellularly, or are
degraded in lysosomes. The internalization pathways serve a variety of functions, such as
nutrient uptake, removal of activated proteins, clearance of macromolecules, opportunistic
entry of viruses and toxins, dissociation and degradation of ligand, and receptor-level
regulation. Many receptors follow more than one intraceliular pathway, depending on the
cell type, receptor concentration, type of ligand, ligand valency, and ligand concentration.
Molecular and cellular mechanisms of receptor-mediated endocytosis has been reviewed
(Brown and Greene, DNA and Cell Biology 10:6, 399-409 (1991)).

94, Nucleic acids that are delivered to cells which are to be integrated into the host
cell genome, typically contain integration sequences. These sequences are often viral related
sequences, particularly when viral based systems are used. These viral integration systems
can also be incorporated into nucleic acids which are to be delivered using a non-nucleic acid
based system of deliver, such as a liposome, so that the nucleic acid contained in the delivery
systern can become integrated into the host genome.

95.  Other general techniques for integration into the host genome include, for
example, systems designed to promote homologous recombination with the host genome.
These systems typically rely on sequence flanking the nucleic acid to be expressed that has
enough homology with a target sequence within the host cell genome that recombination
between the vector nuclete acid and the target nucleic acid takes place, causing the delivered
nucleic acid to be integrated into the host genome. These systems and the methods necessary
to promote homologous recombination are known to those of skill in the art.

e} In vivo/ex vive

96. As described above, the compositions can be administered in a
pharmaceutically acceptable carrier and can be delivered to the subject’s cells s vivo and/or
ex vive by a variety of mechanisms well known in the art (e g, uptake of naked DNA,
liposome fusion, intramuscular injection of DNA via a gene gun, endocytosis and the like).

97. If ex vivo methods are employed, cells or tissues can be removed and
maintained outside the body according to standard protocols well known in the art. The
compositions can be introduced into the cells via any gene transfer mechanism, such as, for
example, calcium phosphate mediated gene delivery, electroporation, microinjection or
proteoliposomes. The transduced cells can then be infused (e.g., in a pharmaceutically
acceptable carrier) or homotopically transplanted back into the subject per standard methods
for the cell or tissue type. Standard methods are known for transplantation or infusion of

various cells into a subject.
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6. Expression systems

08. The nucleic acids that are delivered to cells typically contain expression
controlling systems. For example, the inserted genes in viral and retroviral systems usually
contain promoters, and/or enhancers to help control the expression of the desired gene
product. A promoter is generally a sequence or sequences of DNA that function when in a
relatively fixed location in regard to the transcription start site. A promoter contains core
elements required for basic interaction of RNA polymerase and transcription factors, and may
contain upsiream elements and response elements.

a) Viral Promoters and Enhancers

99. Preferred promoters controlling transcription from vectors in mammalian host
cells may be obtained from various sources, for example, the genomes of viruses such as:
polyoma, Simian Virus 40 (8V40), adenovirus, retroviruses, hepatitis-B virus and most
preferably cytomegalovirus, or from heterologous mammalian promoters, e.g. beta actin
promoter. The early and late promoters of the SV40 virus are conveniently obtained as an
SV40 restriction fragment which also contains the SV40 viral origin of replication (Fiers et
al, Nature, 273 113 (1978)). The immediate early promoter of the human cytomegalovirus
is conveniently obtained as a #indlll E restriction fragment (Greenway, P.J. et al, Gere 18:
355-360 (1982)). Of course, promoters from the host cell or related species also are useful
herein.

100.  Enhancer generally refers to a sequence of DNA that functions at no fixed
distance from the transcription start site and can be etther 5" (Laimins, L. et al |, Proc. Nail.
Acad. Sci. 78 993 (1981)) or 3' (Lusky, ML, et al., Mol Cell Bio. 3: 1108 (1983)}) to the
transcription unit. Furthermore, enhancers can be within an intron (Banerji, J.L. et al,, Cell
33: 729 (1983}) as well as within the coding sequence itself (Osborne, T.F,, et al., Mol Cel/
Bio. 4. 1293 (1984)). They are usually between 10 and 300 bp in length, and they function
in ¢is. Enhancers function to increase transcription from nearby promoters. Enhancers also
often contain response elements that mediate the regulation of transcription. Promoters can
also contain response elements that mediate the regulation of transcription. Enhancers often
determine the regulation of expression of a gene. While many enhancer sequences are now
known from mammalian genes (globin, elastase, albumin, a~-fetoprotein and insulin),
typically one will use an enhancer from a eukaryotic cell virus for general expression.
Preferred examples are the SV40 enhancer on the late side of the replication origin (bp
100-270), the cytomegalovirus early promoter enhancer, the polyoma enhancer on the late

side of the replication origin, and adenovirus enhancers.
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101, The promotor and/or enhancer may be specifically activated etther by light or
specific chemical events which trigger their function. Systems can be regulated by reagents
such as tetracycline and dexamethasone. There are also ways to enhance viral vector gene
expression by exposure to irradiation, such as gamma irradiation, or alkylating chemotherapy
drugs.

102.  In certain embodiments the promoter and/or enhancer region can actas a
constitutive promoter and/or enhancer to maximize expression of the region of the
transcription unit to be transcribed. In certain constructs the promoter and/or enhancer region
be active 1n all eukaryotic cell types, even if' it is only expressed in a particular type of cell at
a particular time. A preferred promoter of this type ts the CMV promoter (650 bases). Other
preferred promoters are SY40 promoters, cytomegalovirus (full length promoter), and
retroviral vector LTR.

103, 1t has been shown that all specific regulatory elements can be cloned and used
to construct expression vectors that are selectively expressed in specific cell types such as
melanoma cells. The ghal fibrillary acetic protein (GFAP) promoter has been used to
selectively express genes in cells of glial origin.

104, Expression vectors used in eukarvotic host cells (yeast, fungi, insect, plant,
animal, human or nucleated cells) may also contain sequences necessary for the termination
of transcription which may affect mRNA expression. These regions are transcribed as
polyadenvlated segments in the untransiated portion of the mRNA encoding tissue factor
protein. The 3" untranslated regions also include transcription termination sites. Itis
preferred that the transcription unit also contains a polyadenylation region. One benefit of
this region is that it increases the likelihood that the transcribed unit will be processed and
transported litke mRNA. The identification and use of polyadenylation signals in expression
constructs is well established. It is preferred that homologous polyadenylation signals be
used in the transgene constructs. In cerfain transcription units, the polyadenylation region is
derived from the SV40 early polyadenylation signal and consists of about 400 bases. It is also
preferred that the transcribed units contain other standard sequences alone or 1o combination
with the above sequences improve expression from, or stability of, the construct.

b} Markers

105, The viral vectors can include nucleic acid sequence encoding a marker
product. This marker product is used to determine if the gene has been delivered to the cell
and once delivered is being expressed. Preferred marker genes are the /. Coli lacZ gene,

which encodes B-galactosidase, and green fluorescent protein.
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106.  In some embodiments the marker may be a selectable marker. Examples of
suitable selectable markers for mammalian cells are dihydrofolate reductase (DHFR),
thymidine kinase, neomycin, neomycin analog G413, hydromycin, and puromycin. When
such selectable markers are successfully transferred into a mammalian host cell, the
transtormed mammalian host cell can survive if placed under selective pressure. There are
two widely used distinct categories of selective regimes. The first category is basedon a
cell's metabolism and the use of a mutant cell line which lacks the ability to grow
independent of a supplemented media. Two examples are: CHO DHFR- cells and mouse
LTK- cells. These cells lack the ability to grow without the addition of such nutrients as
thymidine or hypoxanthine. Because these cells lack certain genes necessary for a complete
nucleotide synthesis pathway, they cannot survive unless the missing nucleotides are
provided in a supplemented media. An alternative to supplementing the media s to introduce
an intact DHFR or TK gene into cells lacking the respective genes, thus altering their growth
requirements. Tndividual cells which were not transformed with the DHFR or TK gene will
not be capable of survival in non-supplemented media.

107.  The second category is dominant selection which refers to a selection scheme
used in any cell type and does not require the use of a mutant cell line. These schemes
typically use a drug to arrest growth of a host cell. Those cells which have a novel gene
would express a protein conveying drug resistance and would survive the selection,
Examples of such dominant selection use the drugs neomycin, {Southern P. and Berg, P, J
Molec. Appl. Gener. 1. 327 (1982)), mycophenolic acid, (Mulligan, R.C. and Berg, P.
Science 209: 1422 (1980)) or hygromyecin, (Sugden, B. et al, Mol Cell. Biol 5. 410-413
(1985)). The three examples employ bactenal genes under eukaryotic control to convey
reststance to the appropriate drug G418 or neomycein (geneticin}, xgpt {mycophenolic acid) or
hygromyecin, respectively. Others include the neomycin analog G418 and puromycin.

7. Peptides

a) Protein variants

108 As discussed herein there are numerous variants of the needle tip protein-
translocator protein fusion (such as, for example, Bsp22, LorV, BipD, PerV, CT053, CT668,
BopB, YopB, BipB, PopB, CopB, CopB2, 22BF, BurkF, PaF, YerF, CT053-CopB, CT0S53-
CopB2, CT668-CopB, or CT668-CopB2) that are known and herein contemplated. In
addition, to the known functional strain variants there are derivatives of the needle tip protein
and translocator protein which also function in the disclosed methods and compositions.

Protein variants and derivatives are well understood to those of skill in the art and can
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involve amino acid sequence modifications. For example, amino acid sequence
modifications typically fall into one or more of three classes: substitutional, insertional or
deletional variants. Tnsertions include amino and/or carboxyl terminal fusions as well as
intrasequence insertions of single or multiple amino acid residues. Insertions ordinarily will
be smaller insertions than those of amino or carboxyl terminal fusions, for example, on the
order of one to four residues. Immunogenic fusion protein derivatives, such as those
described in the examples, are made by fusing a polypeptide sufficiently large to confer
immunogenicity to the target sequence by cross-linking 7 vifro or by recombinant cell
culture transformed with DNA encoding the fusion. Deletions are characterized by the
removal of one or more amino actd residues from the protein sequence. Typically, no more
than from about 2 to about ¢ residues are deleted at any one site within the protein molecule.
These variants ordinarily are prepared by site specific mutagenesis of nucleotides in the DNA
encoding the protein, thereby producing DNA encoding the variant, and thereafter expressing
the DNA in recombinant cell culture. Techniques for making substitution mutations at
predetermined sites in DNA having a known sequence are well known, for example M13
primer mutagenesis and PCR mutagenesis. Amino acid substitutions are typically of single
residues, but can occur at a number of different locations at once; insertions usually will be
on the order of from about 1 to about 10 amino acid residues; and deletions will range from
about 1 to about 30 residues. Deletions or tnsertions preferably are made in adjacent pairs,
i.e. a deletion of 2 residues or insertion of 2 residues. Substitutions, deletions, insertions or
any combination thereof may be combined to arrive at a final construct. The mutations must
not place the sequence out of reading frame and preferably will not create complementary
regions that could produce secondary mRNA structure. Substitutional variants are those in
which at least one residue has been removed and a different residue inserted in iis place.
Such substitutions generally are made in accordance with the following Tables 3 and 4 and
are referred to as conservative substitutions.

TABLE 3:Amimo Acid Abbreviations

Amino Acid Abbreviations
Alaning Ala A
Allosoleucine Alle

Argimine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteme Cys C
Glutamic acid Glu E
Glutamine Gln Q
Glyeme Gly G
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Histidine His H
Isolelucme e i
Leucine Len L
Lysing Lys K
Phenylalanine Phe F
Proline Pro P
Pyroglutamic acid pGla

Serine Ser 5
Threomne Thr T
Tyrosine Tyr Y
Tryptophan Trp W
Valine Val v

TABLE 4:Amino Acid Sabstitutions
Original  Residue  Exemplary  Comservative
Substitutions, others are known in the art.

Ala Ser

Arg Lys; Gla
Asn Gln; His
Asp Gla

Cys Ser

Gln Asn, Lys
Glu Asp

Gly Pro

His Asn:Gin
He Leu; Val
Leu He: Val
Lys Arg; Gln
Met Leu; Hle
Phe Met; Leu; Tyr
Ser Thr

Thr Ser

Trp Tyr

Tyr Trp; Phe
Val He: Leu

109, Substantial changes in function or immunological identity are made by
selecting substitutions that are less conservative than those in Table 4, 1.e., selecting residues
that differ more significantly in their effect on maintaining (a) the structure of the polypeptide
backbone in the area of the substitution, for example as a sheet or helical conformation, (b)
the charge or hydrophobicity of the molecule at the target site, or (¢} the bulk of the side
chain. The substitutions which 1o general are expected to produce the greatest changes in the
protein properties will be those in which (a} a hydrophilic residue, e.g. seryl or threonvi, is
substituted tor (ot by) a hydrophobic residue, e.g. leucyl, 1soleucyl, phenylalanyl, valyl or
alanvi; (b} a cysteine or proline is substituted for (or by) any other residue; (¢} a residue
having an electropositive side chain, e g, lysyl, arginyl, or histidyl, i1s substituted for {or by}

an electronegative residue, e.g., glutamyl or aspartyl; (d) a residue having a bulky side chain,

OO
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e.g., phenylalanine, ts substituted for (or by) one not having a side chain, e.g., glycine, in this
case, or (¢} by increasing the number of sites for sulfation and/or glycosylation.

110, Forexample, the replacement of one amino acid residue with another that is
biotogically and/or chemically similar is known to those skilled in the art as a conservative
substitution. For example, a conservative substitution would be replacing one hydrophobic
residue for another, or one polar residue for another. The substitutions include combinations
such as, for example, Gly, Ala; Val, lle, Leu; Asp, Glu; Asn, Gln; Ser, Thr; Lys, Arg; and
Phe, Tyr. Such conservatively substituted variations of each explicitly disclosed sequence
are included within the mosaic polypeptides provided herein.

111, Substitutional or deletional mutagenesis can be employed to insert sites for N-
glycosylation (Asn-X-Thi/Ser) or O-glycosylation (Ser or Thr}. Deletions of cysteine or
other labile residues also may be desirable. Deletions or substitutions of potential proteolysis
sites, e.g. Arg, is accomplished for example by deleting one of the basic residues or
substituting one by glutaroioyl or histidyl residues.

112, Certain post-translational derivatizations are the result of the action of
recombinant host cells on the expressed polypeptide. Glutaminyl and asparaginy! residues
are frequently post-transiationally deamidated to the corresponding glutamyl and asparyl
residues. Alternatively, these residues are deamidated under nuldly acidic conditions. Other
post-translational modifications inchude hydroxylation of proline and lysine, phosphorylation
of hvdroxyl groups of seryl or threonyl residues, methylation of the c-amino groups of lysine,
arginine, and histidine side chains (T.E. Creighton, Proteins: Structure and Molecular
Properties, W. H. Freeman & Co., San Francisco pp 79-86 [19831]), acetylation of the N-
terminal amine and, in some nstances, amidation of the C-terminal carboxyl.

113, Htisunderstood that one way to define the variants and derivatives of the
disclosed proteins herein is through defining the variants and derivatives in terms of
homology/identity to specific known sequences. For example, SEQ 1D NO: 1 sets forth a
particular sequence of Bordetella needle tip protein-translocator protein fusion (22BF) and
SEQ ID NO: 2 sets forth a particular sequence of a 22BF fusion protein. Specifically
disclosed are variants of these and other proteins herein disclosed which have at least, 70% or
75% or 80% or 85% or 90% or 95% homology to the stated sequence. Those of skill in the
art readily understand how to determine the homology of two proteins. For example, the
homology can be calculated after aligning the two sequences so that the homology is at its

highest level.
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114, Another way of calculating homology can be performed by published
algorithms. Optimal alignment of sequences for comparison may be conducted by the local
homology algortithm of Srotth and Waterman ddv. Appl. Math. 2. 482 (1981), by the
homology alignment algorithm of Needleman and Wunsch, /. Mol Biol 48: 443 (1970), by
the search for simularity method of Pearson and Lipman, Proc. Natl. dcad. Sci. U.SA. 85:
2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, W1}, or by inspection.

115 The same types of homology can be obtained for nucleic acids by for example
the algorithms disclosed tn Zuker, M. Science 244:48-52, 1989, Jaeger et al. Proc. Nail.
Acad. Sci. US4 86:7706-T710, 1989, Jaeger et al. Methods Inzymol. 183:281-306, 1989.

116, Itis understood that the description of conservative mutations and homology
can be combined together in any combination, such as embodiments that have at least 70%
homology to a particular sequence wherein the variants are conservative mutations.

117 Asthis specification discusses various proteins and protein sequences it is
understood that the nucleic acids that can encode those protein sequences are also disclosed.
This would include all degenerate sequences related to a specific protein sequence, t.e. all
nucleic acids having a sequence that encodes one particular protein sequence as well as all
nucleic acids, including degenerate nucleic acids, encoding the disclosed vartants and
derivatives of the protein sequences. Thus, while each particular nucleic acid sequence may
not be written out herein, it is understood that each and every sequence 13 in fact disclosed
and described herein through the disclosed protein sequence. For example, one of the many
nucleic acid sequences that can encode the protein sequence set forth in SEQ ID NO: 2 is set
forth in SEQ IB NO: 1. It is understood that for this mutation all of the nucleic acid
sequences that encode this particular derivative of the 22BF are also disclosed. It is also
understood that while no amino acid sequence indicates what particular DNA sequence
encodes that protein within an organism, where particular variants of a disclosed protein are
disclosed herein, the known nucleic acid sequence that encodes that protein in the particular
needle tip protein-transtocator protein fusion (such as, for example, 22BF) from which that
protetn arises 15 also known and herein disclosed and described.

118, TItis understood that there are numerous amino acid and peptide analogs which
can be incorporated into the disclosed compositions. For example, there are numerous D
amino acids or amino acids which have a ditferent functional substituent then the amino acids

shown in Table 3 and Table 4. The opposite stereo isomers of naturally occurring peptides
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are disclosed, as well as the stereo isomers of peptide analogs. These amino acids can readily
be incorporated into polypeptide chains by charging tRNA molecules with the amino acid of
choice and engineering genetic constructs that utilize, tor example, amber codons, to insert
the analog amino acid into a peptide chain in a site specific way.

119, Molecules can be produced that resemble peptides, but which are not
connected via a natural peptide linkage. For example, linkages for amino acids or amino acid
analogs can include --CH:NH--, --CH28--, --CH--CHo--, --CH=CH-- (cis and trans), --
COCHz-~, ~-CH(OH)YCH2~-, and ~~-CHH>S50— (These and others can be found in Spatola, A
F.1n Chemistry and Biochemistry of Amino Acids, Peptides, and Proteins, B. Weinstein, eds.,
Marcel Dekker, New York, p. 267 (1983); Spatola, A. F., Vega Data (March 1983), Vol 1,
Issue 3, Peptide Backbone Modifications (general review), Morley, Trends Pharm Sci (1980}
pp. 463-468; Hudson, D. et al., Int J Pept Prot Res 14:177-185 (1979) (--CHaNH--, -
CH2CHa--}; Spatola et al. Life Sci 38:1243-1249 (1986) (--CH2--8); Hann J. Chem. Soc
Perkin Trans. 1307-314 (1982) (--CH=CH--, cis and trans); Almquist et al. J. Med Chem.
23:1392-1398 (1980) (-~-COCH:2--); Jennings-White et al. Tetrahedron Lett 23:2533 (1982) (-
-COCH)--); Szelke et al. European Appln, EP 45665 CA (1982} 97:39405 (1982) (--
CH{OH)CHy}; Holladay et al. Tefrahedron. Lett 24:4401-4404 (1983} (--C{(OH)YCH2--); and
Hruby Life 8§ci 31:189-199 (1982} (--CHz--8--); each of which is incorporated herein by
reference. A particularly preferred non-peptide linkage s --CHaNH--. It is understood that
peptide analogs can have more than one atom between the bond atoms, such as B-alanine, y-
amincbutyric acid, and the like.

120, Amino acid analogs and analogs and peptide analogs often have enhanced or
desirable properties, such as, more economical production, greater chemical stability,
enhanced pharmacological properties (half-life, absorption, potency, efficacy, ete.), altered
specificity (e.g., a broad-spectrum of biclogical activities), reduced antigenicity, and others.

121 D-aminoe acids can be used to generate more stable peptides, because D amino
acids are not recognized by peptidases and such. Systematic substitution of one or more
amino acids of a consensus sequence with a D-amino acid of the same type (e.g., D-lysine in
place of L-lysine) can be used to generate more stable peptides. Cysteine residues can be
used to cyclize or attach two or more peptides together. This can be beneficial to constrain

peptides into particular conformations,
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8. Pharmaceutical carriers/Delivery of pharmaceutical products

122, As described above, the compositions can also be administered i vive in a
pharmaceutically acceptable carrier. By "pharmaceutically acceptable” is meant a material
that is not biologically or otherwise undesirable, i.e., the material may be administered tc a
subject, along with the nucleic acid or vector, without causing any undesirable biological
effects or interacting in a deleterious manner with any of the other components of the
pharmaceutical composition in which it is contained. The carrier would naturally be selected
to minimize any degradation of the active ingredient and to minimize any adverse side effects
in the subject, as would be well known to one of skill in the art.

123, The compositions may be administered orally, parenterally (e g,
intravenously), by intramuscular injection, by intraperitoneal injection, transdermally,
extracorporeally, topically or the like, including topical intranasal admunistration or
administration by inhalant. Asused herein, "topical intranasal administration” means
delivery of the compositions into the nose and nasal passages through one or both of the
nares and can comprise delivery by a spraying mechanism or droplet mechanism, or through
aerosolization of the nucleic acid or vector. Administration of the compositions by inhalant
can be through the nose or mouth via delivery by a spraying or droplet mechanism. Delivery
can also be directly to any area of the respiratory system {e.g., lungs) via intubation. The
exact amount of the compositions required will vary from subject to subject, depending on
the species, age, weight and general condition of the subject, the severity of the allergic
disorder being treated, the particular nucleie acid or vector used, its mode of administration
and the like. Thus, it is not possible to specify an exact amount for every composition.
However, an appropriate amount can be determined by one of ordinary skill 1o the art using
only routine experimentation given the teachings herein.

124, Parenteral administration of the composition, if used, is generally
characterized by injection. Injectables can be prepared in conventional forms, either as liquid
solutions or suspensions, solid forms suitable for solution of suspension in hiquid prior to
injection, ot as emulsions. A more recently revised approach for parenteral administration
involves use of a slow release or sustained release system such that a constant dosage is
maintained. See, e.g., U.S. Patent No. 3,610,795, which s incorporated by reference herein.

125, The materials may be in solution, suspension (for example, incorporated into
microparticles, liposomes, or cells). These may be targeted to a particular cell type via
antibodies, receptors, or receptor ligands. The following references are examples of the use

of this technology to target specific proteins to tumor tissue (Senter, et al., Fioconjugate
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Chem., 2.447-451, (1991); Bagshawe, K.ID., Br. J. Cancer, 60:275-281, (1989}, Bagshawe, ¢t
al, Br. J. Cancer, S8.700-703, (1988); Senter, et al |, Bioconjugate Chem., 4:3-9, (1993};
Battelli, et al., Cancer Immunol. Immunother | 35:421-425, (1992}, Pietersz and McKenzie,
Immunolog. Reviews, 129:57-80, (1992); and Roffler, et al. | Biochem. Pharmacol, 42:2062-
2065, (1991)). Vehicles such as "stealth" and other antibody conjugated liposomes
{including lipid mediated drug targeting to colonic carcinoma), receptor mediated targeting of
DNA through cell specific ligands, lymphocyte directed tumor targeting, and hughly specific
therapeutic retroviral targeting of murine glioma cells in vivo. The following references are
examples of the use of this technology to target specific proteins to tumor tissue (Hughes et
al., Cancer Research, 49:6214-6220, (1989}, and Litzinger and Huang, Biochimica et
Biophysica Acta, 1104:179-187, (1992)). In general, receptors are involved in pathways of
endocytosis, either constitutive or ligand induced. These receptors cluster in clathrin-coated
pits, enter the cell via clathrin-coated vesicles, pass through an acidified endosome in which
the receptors are sorted, and then either recycle to the cell surface, become stored
intracellularly, or are degraded in lysosomes. The internalization pathways serve a variety of
functions, such as nutrient uptake, removal of activated proteins, clearance of
macromolecules, opportunistic entry of viruses and toxins, dissociation and degradation of
ligand, and receptor-level regulation. Many receptors follow more than one intracellular
pathway, depending on the cell type, receptor concentration, type of ligand, ligand valency,
and ligand concentration. Molecular and cellular mechanisms of receptor-mediated
endocytosis has been reviewed (Brown and Greene, DNA and Cell Biology 10:6, 399-409
(1991)).

a) Pharmaceutically Acceptable Carriers

126,  The compositions, including antibodies, can be used therapeutically in
combination with a pharmaceutically acceptable carrier.

127, Suitable carriers and their formulations are described 1n Remingron: The
Science and Practice of Pharmacy (19th ed.) ed. A R Gennaro, Mack Publishing Company,
Easton, PA 1995, Typically, an appropriate amount of a pharmaceutically-acceptable salt is
used in the formulation to render the formulation isctonic. Examples of the
pharmaceutically-acceptable carrier include, but are not limited to, saline, Ringer's solution
and dextrose solution. The pH of the solution is preferably from about 5 to about 8, more
preferably from about 7 to about 7.6, and most preterably about 7.5. Further carriers include
sustained release preparations such as semipermeable matrices of solid hydrophobic

polymers containing the antibody, which matrices are in the form of shaped articles, e.g,,
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filras, liposomes or microparticles. It will be apparent to those persons skilled in the art that
certain carriers may be more preferable depending upon, for instance, the route of
administration and concentration of composition being administered.

128. Pharmaceutical carriers are known to those skilled in the art. These most
typically would be standard carriers for admuinistration of drugs to humans, including
solutions such as sterile water, saline, and buffered solutions at physiological pH. The
composttions can be administered mtramuscularly or subcutaneously. Other compounds will
be administered according to standard procedures used by those skilled in the art.

129 Pharmaceutical compositions may include carriers, thickeners, diluents,
buffers, preservatives, surface active agents and the like in addition to the molecule of choice.
Pharmaceutical compositions may also include one or more active ingredients such as
antimicrobial agents, anti-inflammatory agents, anesthetics, and the like.

130.  The pharmaceutical composition may be administered in a number of ways
depending on whether local or systemic treatment is desired, and on the area to be treated.
Admintstration may be topically (including ophthalmically, vaginally, rectally, intranasally),
orally, by inhalation, or parenterally, for example by intravenous drip, subcutaneous,
intraperitoneal or intramuscular injection. The disclosed antibodies can be administered
intravencusly, intraperitoneally, intramuscularly, subcutaneously, intracavity, or
transdermally.

131.  Preparations for parenteral administration include sterile aqueous or non-
aqueous solutions, suspensions, and emulsions. Examples of non-aqueous solvents are
propyiene glycol, polyethylene glycol, vegetable oils such as olive oil, and injectable organic
esters such as ethyl oleate. Aqueous carriers include water, alcoholic/agueous solutions,
ermulsions or suspensions, including saline and buffered media. Parenteral vehicles include
sodium chloride solution, Ringer's dextrose, dextrose and sodium chloride, lactated Ringer's,
or fixed oils. Intravenous vehicles include fluid and nutrient replenishers, electrolyte
replenishers (such as those based on Ringer's dextrose), and the like. Preservatives and other
additives may also be present such as, for example, antimicrobials, anti-oxidants, chelating
agents, and inert gases and the like.

132, Formulations for topical administration may include ointments, lotions,
creams, gels, drops, suppositories, sprays, liquids and powders. Conventional pharmaceutical
carriers, aqueous, powder or oily bases, thickeners and the like may be necessary or

desirable.
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133, Compostiions for oral administration include powders or granules,
suspensions or solutions in water or non-aqueous media, capsules, sachets, or tablets.
Thickeners, flavorings, diluents, emulsifiers, dispersing aids or binders may be desirable..

134, Some of the compositions may potentially be administered as a
pharmaceutically acceptable acid-~ or base- addition salt, formed by reaction with inorganic
acids such as hydrochloric acid, hydrobromic acid, perchloric acid, nitric acid, thiocyanic
acid, sulfuric acid, and phosphoric acid, and organic acids such as formic acid, acetic acid,
propionic acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid, malonic acid, succinic
acid, maleic acid, and fumaric acid, or by reaction with an inorganic base such as sodium
hydroxide, ammonium hydroxide, potassium hydroxide, and organic bases such as mono-, di-
, tri-alkyl and aryl amines and substituted ethanolamines.

b} Therapeutic Uses

135, Effective dosages and schedules for administering the compositions may be
determined empirically, and making such determinations is within the skill in the art. The
dosage ranges for the administration of the compositions are those large enough to produce
the desired eftect in which the symptoms of the disorder are effected. The dosage should not
be so large as to cause adverse side effects, such as unwanted cross-reactions, anaphylactic
reactions, and the like. Generally, the dosage will vary with the age, condition, sex and
extent of the disease in the patient, route of administration, or whether other drugs are
included in the regimen, and can be determined by one of skill in the art. The dosage can be
adjusted by the individual physician in the event of any counterindications. Dosage can vary,
and can be administered in one or more dose administrations daily, for one or several days.
Guidance can be tound in the hiterature for appropriate dosages for given classes of
pharmaceutical products. For example, guidance in selecting appropriate doses for antibodies
can be found in the literature on therapeutic uses of antibodies, e g, Handbook of
Monoclonal Antibodies, Ferrone et al.| eds., Noges Publications, Park Ridge, N.J., (1985) ch.
22 and pp. 303-357; Smith et al | Anfibodies in Human Diagnosis and Therapy, Haber et al |
eds., Raven Press, New York (1977) pp. 365-389. A typical daily dosage of the antibody
used alone might range from about 1 ug/kg to up to 100 mg/kg of body weight or more per
day, depending on the factors mentioned above.

136.  In a preferred embodiment, the amount of protein that 1s administered per dose
of vaccine 1s 1n the range of from about 0.0001 to about 1000 pg/kg. In one embodiment, the
amount ts in the range of from about 0.001 to about 1000 ug/kg of body weight of the

recipient. In one embodiment, the amount 1s in the range of from about 0.01 to about 1000
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ug/kg of body weight of the recipient. In one embodiment, the amount 1s in the range of from
about 0.01 to about 100 ug/kg of body weight of the recipient. Those of skill in the art will
recognize that the precise dosage may vary from situation to situation and from patient to
patient, depending on e.g. age, gender, overall health, various genetic factors, and other
variables known to those of skill in the art. Dosages are typically determined e g in the
course of animal and/or human clinical trials as conducted by skilled medical personnel, e g.
physicians or veterinarians.

. Methods of using the compositions

137 Herein, the protective efficacy of the Bordetella spp. tip/translocator fusion,
22BF, is examined agatnst lethal tung challenge and with complete (sterilizing) clearance of
colonizing bacteria. Unlike some components of the current aP vaccine, Bsp22 and BopB are
required for infection and are not mutable since they must be retained structurally and
functionally within the context of a large nanomachine residing within the Sorderella cell
envelope. Furthermore, targeting the Borderella T3SA renders the pathogen less able to fight
off the host innate and adaptive immune responses. Regardless of whether 22BF is protective
alone or when used with components of the current aP vaccine, the innovation of this high
risk, high reward investigation lies in whether this subunit vaccine can elictt sterilizing
immunity and thereby prevent the colonization that results in host to host transmission. It has
been reported that Bsp22 (a component of the 22BF fusion vaccine) does not elicit a serum
antibody response in humans during the course of natural infection and is not a protective
antigen in mice. Nevertheless, as shown herein, protective and sterilizing immunity can be
obtained with the compositions disclosed herein.

138 Thus, in one aspect, disclosed heretn are methods of eliciting an immune
response in a subject to a Gram negative bacteria (such as, for example, Bordetella spp.,
Burkholderia spp., Chlamydia spp., Pseudomeonas spp., Vibrio spp. Enteropathogenic or
Enterchemorrhagic £. cofi or Yersinia spp.) comprising administering to the subject the
fusion polypeptides, compositions, or vaccines disclosed herein. Accordingly, in one aspect,
disclosed herein are methods of eliciting an immune response against at least one Gram
negative bacteria serovar in a subject in need thereof, comprising administering to the subject
a composition comprising at least oune needle tip protein or a fragment thereof and/or at least
one translocator protein or a fragment thereof, wherein said compostition is administered in an
amount sufficient to elicit an immune response to said at least one Gram negative bacteria

serovar in said subject; and wherein the Gram negative bacteria is not a Shigella spp. or
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Salmonella spp. In one aspect, the tmmune response elicited provides sterilizing tmmunity to
the infectious bacterium.

139, As can be appreciated by the skilled artisan, the methods of eliciting an
immune response can be used for the purpose of treating, inhibiting, or preventing an
infection of a Gram negative bacteria (such as, for example, Bordetella spp., Burkholderia
spp., Chiamydia spp., Pseudomonas spp., Vibrio spp. Enteropathogenic or
Enterchemorrhagic . cofi or Yersinia spps. Thus, in one aspect, disclosed herein are
methods of treating, inhibiting, or preventing an infection of a Gram negative bacteriain a
subject comprising administering to the subject a therapeutic amount of any of the fusion
polypeptides, compositions, or vaccines disclosed herein. As one goal of any vaccine is not
only to prevent infection or reducing the severity of disease in the individual receiving the
vaccine, but also to prevent further transmission of the infectious agent (sterilizing
immunity), it is understood and herein contemplated that the disclosed methods of treatment,
inhibition, or preventing an infection can further comprise inhibiting and/or preventing
colony formation of the bacteria and/or transmission of the bacteria to another subject.

140.  The term “therapeutically effective” refers to the amount of the composition
used that is of sufficient quantity to ameliorate one or more causes or symptoms of a disease
or disorder. Such amelioration only requires a reduction or alteration, not necessarily
elimination.

141, The term “treatment” refers to the medical management of a patient with the
intent to cure, ameliorate, stabilize, or prevent a disease, pathological condition, or disorder.
This term includes active treatment, that is, treatment directed specifically toward the
improvement of a disease, pathological condition, or disorder, and also includes causal
treatment, that is, treatment directed toward removal of the cause of the associated disease,
pathological condition, or disorder. In addition, this term includes palliative treatment, that is,
treatment designed for the relief of symptoms rather than the curing of the disease,
pathological condition, or disorder; preventative treatment, that is, treatment directed to
minimizing or partially or completely inhibiting the development of the associated disease,
pathological condition, or disorder; and supportive treatment, that is, treatment employed to
supplement another specific therapy directed toward the improvement of the associated
disease, pathological condition, or disorder.

142 The term “inhibit” refers to a decrease in an activity, response, condition,
disease, or other biological parameter. This can include, but is not limited to, the complete

ablation of the activity, response, condition, or disease. This can also include, for example, a
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10% reduction in the activity, response, condition, or disease as compared to the native or
control level. Thus, the reduction can be a 10, 20, 30, 40, 50, 60, 70, 80, 90, 100%, or any
amount of reduction in between as compared to native or control levels.

143, By “reduce” or other forms of the word, such as “reducing” or “reduction,” is
meant lowering of an event or characteristic (e.g., turor growth). It is understood that this 13
typically in relation to some standard or expected value, in other words it is relative, but that
it is not always necessary for the standard or relative value to be referred to. For example,
“reduces tumor growth” means reducing the rate of growth of a tumor relative to a standard
or a control.

144 By “prevent” or other forms of the word, such as “preventing” or
“prevention,” s meant to stop a particular event or characteristic, to stabilize or delay the
development or progression of a particular event or characteristic, or to minimize the chances
that a particular event or characteristic will occur. Prevent does not require comparison to a
control as it is typically more absolute than, for example, reduce. As used herein, something
could be reduced but not prevented, but something that is reduced could also be prevented.
Likewise, something could be prevented but not reduced, but something that is prevented
could also be reduced. It is understood that where reduce or prevent are used, unless
specifically indicated otherwise, the use of the other word is also expressly disclosed.

B. Exampies

145 The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how the compounds, compositions,
articles, devices and/or methods claimed herein are made and evaluated, and are intended 1o
be purely exemplary and are not intended to limit the disclosure. Efforts have been made to
ensure accuracy with respect to numbers (e.g., amounts, temperature, etc.}, but some errors
and deviations should be accounted for. Unless indicated otherwise, parts are parts by
wetght, temperature is in °C or is at ambient temaperature, and pressure is at or near
atmospheric.

1. Examplel
a) Use of a TISS needie tip /translocator protein fusion as a
protective antigen against B, pertussis:

146, The donunant antigen eliciting protection against Gram-negative pathogens is
LPS, which confers O-antigen serotype specificity. The initial project focused on Shigelia,

however, there are at least 58 distinct Shige/lla serotypes. This reduces broad-spectrum
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efficacy for live, attenuated and whole, killed vaccines, which tend to be somatic antigen
driven. IpaD and IpaB are the surface-localized needle tip and first translocator proteins of
the T3SA, respectively. They are essential for virulence 1o all Shigella, are >98% conserved
across all Shigelia species, and provide serotype-independent protection. When
IpaD-+IpaB+dmLT was given IN to mice, the formulation was about 80-90% protective
against lethal challenge by homologous and heterclogous Shigella spp. (Table 5). To reduce
the production cost, IpaD} and IpaB were genetically fused to make DBF. Not only did the
DBF provide protection against lethal challenge, it also unexpectedly increased the cell-
mediated immunity, most notably the IL-17 and IFN-y responses. When the Sa/monelia
enferica tip and first translocator protetns of the T385s of SPI-1 and SPI-2 (Salmonellu
Pathogenicity Islands 1 and 2) were fused, about 70% protection against lethal challenge by
two S. enterica serovars was observed when both fusion proteins were administered

simultaneousty (Table 5).

Table 5. Protective efficacy of tip/translocator fusions against challenge by appropriate
pathogen.

Vaccine Protection {Ye) Pathogen
DBF+dmLT 80-9¢ S. Hexneri, 8. sonnei
S1S2+MPL (IM) 70 8. Dyphirmrinm, 8. Fnteritidis
22BF+dmbLT 100 B. bronchiseptica

Mice (n=10} were vaccinated 3 times biweekly with the vaccine and then challenged with
indicated pathogen at day S6. Protection is indicated as percent survival after 21 days.

147.  B. bronchiseptica and B. perfussis infections have been shown to also require
a T388S for virulence. To determine if a subunit of the T35S could be used to confer
protection, B. perfussis Bsp22 and BopB, the T3SS needle tip and first transiocator proteins,
which are 98% conserved with those of B. hronchiseptica were genetically fused. Mice were
vaccinated biweekly, three times with 22BF, 22BF+dmLT, Bsp22+dmLT, or PBS. One
group was also vaccinated twice with the Zoetis canine vaccine that is a killed cellular extract
of B. bronchiseptica. The 22BF+dmLT exhibited 100% protection against 8. bronchiseptica
in a mouse lethal pulmonary model, while the commercial vaccine provided 80% protection
(Fig. 1). Moreover, the mice vaccinated with 22BF+dmLT did not show signs of illness and
they actually gained weight throughout the challienge (Fig. 2). In contrast, the mice
vaccinated with the Zoetis vaccine lost weight and then regained it, however, they continued
to display lower health scores than the mice vaccinated with 22BF+dmLT for the remainder

of the experiment (Fig. 2).
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148 Next, the protective efficacy of the 22BF fusion with and without dmLT and
in comparison to the needle tip protein Bsp22 and translocator protein BopB and the effect of
fusion of dmLT relative to concurrent administration was examined. Mice were vaccinated
IN on davs 0, 14, 28 and challenged with Bordetella bronchiseptica on day 56. On day 7
mice were sacrificed and the colony forming units (CFUYlung were determined (Figure 3).
22B¥F+dmLT reduced the B. bronchiseptica CFU lung burden by 96.5%. Blood and fecal
samples were collected on days -1, 13, 27, 41, and 55, The kinetics of Ig(G were assessed.
Typical logarithmic increases were seen (Figure 4) regardless of the antigen on the well. No
IgA was detected in fecal samples of any of the mice. Antibody secreting cells in the bone
marrow, spleen, and lungs (Figure 5) were stimulated with Bsp22, BopB and dml.T. All
organs from mice that had been vaccinated with the single proteins or double proteins or
fusion, as long as the dmL T was present, exhibited some level of IgG or IgA ASCs

149, While protection is important, the key to a next generation subunit vaccine
against Bordetella spp. must be that it exhibits sterilizing immunity (fo prevent carriage). The
fungs of the mice that survived the challenge of Fig. 2 were examined to look for sterilizing
immunity. All of the remaining 22BF and PBS vaccinated mice exhibited CFU/lung. In
contrast, the 22BF+dmLT vaccinated mice demonstrated 38% sterilizing immunity while
only 12% of the mice vaccinated with the Zoetis vaccine demonstrated sterilizing immunity .
Thus, the 22BF represents an innovative new antigen 1o protect against 5. bronchiseptica and
B. pertussis due to the conservation of these antigens.

150, It1is shown herein that the use of a broad, serotype-independent subunit
vaccine against Shigella spp. and S. enferica serotypes. These vaccines are based on the
fusion of the T3SA tip and first translocator proteins, which are highly conserved within a
given bacterial gemus. The DBF has also been shown to protect monkeys from severe
diarthea and 5. enferica S152 fusions are protective in a bovine calf model. A genetic fusion
of the 8. pertussis TISA tip/translocator system, 22BF, was generated which protects 100%
of the mice challenged with a lethal dose of the heterologous B. dronchiseptica. Furthermore,
22BF elicited 38% sterilizing immunity while the commercial vaccine provided 12%. Herein,
not only was the B. bronchiseptica experiment repeated, but also it demonstrated that the
22BF+dmLT protects against B. perfussis. B. bronchiseptica was chosen as the first
challenge pathogen since it lacks pertussis toxin (PT}, which could conceivably compromise
adequate assessment of the 22BF. PT is an especially important toxin secreted by B. pertussis
that can significantly affect the health of the host. Shiga toxin was also considered when DBF

vaccinated mice were challenged with §. dysenteriae, however, DBF protected 40% of those
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vaccinated mice while the individual proteins did not. Furthermore, due to the disease
progression of 8. dyvsenteriae, mice killed by the Shiga toxin versus those succumbing to the
bacterial infection {(based on health score immediately preceding death) were distinguished.
22BF provides some level of protection against 5. pertussis, which can be boosted by the
addition of pertussis toxord (PTd). At the end of this study, it was demonstrated that 22BF
protects against both B. bronchiseptica and B. pertussis . Results for two vaccination routes
and doses are obtained. PTd is required in the protection against 5. perfussis was shown
herein. Finally, it is demonstrated that 22BF+dmLT elicits >90, if not 100%, sterilizing
immunity.

b} Cytokine Assay

151, Cytokines were collected from splenoccytes collected on Day 55. 100 yL of
homogenized splenocytes were seeded at a concentration of Sx10° cells / mL onto a flat-
bottom 96-well plate. 100 ul of BopB, Bsp22, or dmLT at a concentration of 20 pg/mL was
added onto cells (bringing final protein concentration to 10 ug/ml.). Plates were incubated at
37°C and 5% C{: for 48 hours. After incubation, plates were centrifuged at 1600 rpm at 4°C
for seven minutes. Supernatants were collected and stored at -20°C until analysis. Cytokines
were analyzed using the MSD® U-Plex Platform Multiplex Assay for the following
cytokines for the following immune responses: Thi: IFN-y, TNF-g, IL-1f, IL-2, {L-6, IL-10;
{Figures 6 and 7) Th17: HL.~-17A; (Figure &) Th2: HL-4, IL-5 (Figure 9).

2. Example 2: Assess the respective humeoral and cell-mediated immune
responses elicited by 22BF+dm LT delivered IN and IM,

152, INdelivery of 20 ug 22BF+2.5 pg dmb T protects 100% of vaccinated mice
from death and provide 38% sterilizing immunity 1o the lungs tollowing B. hronchiseptica
challenge. 50 pg or 15 pg 22BF IN is delivered and then in parallel deliver 100 pg or 20 pg
22BF M or ID to assess the humoral and cell mediated responses in each case. Based on
previous work, it s known that some of these dose/route combinations do not protect mice
while others offer protection.

153 First the effect of the route of administration of 22BF following challenge was
assessed. Group 115 a2 22BF+ 2.5 ygdmLT IN, group 21s 22BF+ 2.5 ug dmLT IM, and
group 31s a 22BF+ 2.5 ng dmL T IN. For each administrative route, PBS vaccinated controls
were included (Groups 4, 5, and 6). Group 7 (n=10) is vaccinated subcutaneously on day 1
and 21 with the Zoetis vaccine. After day 56 following initial vaccination, mice were
challenged with a sublethal dosage of 8. perrussis intranasally. There was an observable

difference in weight loss between mice vaccinated with the 22BF+dmLT+PTd formulation
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and those that only recetved PBS. By Day 7 all mice aside from PBS treated mice had
recovered to within 3% of pre infection weight.

154, The immune responses can be compared with the protective efficacy and
potentially define a protective correlate in the mouse model. The correlate is useful in the
development of the 22BF vaccine, making the necessary adjustments when it is translated to
humans. The systemic immune response can be assessed by measuring serum Ig(G against
BopB, Bsp22, and dmLT, as well as the mucosal immune response by assessing [gA in fecal
peliets. Cytokine secretion is assessed in splenocytes from vaccinated mice.

155 This experiment can be performed in two parts. The IN route can use a high
dose of 50 ug and low dose of 15 ug. The IM route uses a high dose of 100 pg and a low
dose of 40 ug. For each route, three groups of female C57BL/6 mice (10/group) are
vaccinated on days 0, 14 and 28. Group 1is a 22BF+ 2.5 pg dmLT IN, group 2 18 22BF+ 2.5
ug dmbT IM, and group 3 is a 22BF+ 2.5 ug dmLT IN. For each administrative route, PBS
vaccinated controls were included (Groups 4, 3, and 6). Group 7 (n=10) is vaccinated
subcutaneously on day 1 and 21 with the Zoetis vaccine. Blood and fecal pellets are
coliected on days -1, 13, 27, 41 and 55 to assess mucosal and systemic humoral responses.
Individual samples are tested for the presence of anti-Bsp22, -BopB, -dmLT, -PTd IgG and
IgA antibodies by ELISA. Mice were immunized on days 0, 14, and 28 with 22BF+PTd
admixed with dmL T, Serum Ig(s antibodies specitic for BopB, Bsp22, PTd, and dmLT were
measured by ELISA. and IFN-y/IL-17A secreting cells by ELISpot and cytokine secretion
using Multi array assays. BAL is collected to measure Ig( and IgA responses. GraphPad
Prism 5.04 can be used for graphics and statistical comparisons. Differences were analyzed
using 7 test or ANOVA where appropriate. A P value of less than 0.05 is considered
significant for all comparisons.

156.  For these experiments, serum fgG levels are >10° EU/ml, antibody secreting
cells at >50 IgG ASC/10° cells or >20 IgA ASC/10° cells, and cytokine secreting cells at >50
IFN-y/10° cells and 11.-17/10° cells. There can also be unique systemic and mucosal humoral
immune responses from mice immunized via the IN and IM routes. 50 ug IN was chosen to
facilitate an increase in sterthizing tmmunity. The 100 ug IM dose was based on prior
findings. Antibody secreting cells specific for both proteins are detected in both mucosal and
memory compartments. Finally, the full profile of cytokine secretion elicited by the vaccine
can demonstrate a dose and administration route dependence. Thus, these two routes {each

with a high and low dose) are expected to give rise to unique immune response profiles.
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3. Example 3: Determine the protective efficacy of 22BF-+dm LT against
EB. bronchiseptica and B. pertussis challenge.

157 Asdiscussed above, it is demonstrated herein that initial protective efficacy of
22BF+dmLT against 5. bronchiseptica challenge. Insight is gained into the immune
responses elicited by two doses of 22BF delivered IN and IM. Here, mice can be vaccinated
and challenged with B. bronchiseptica and B. pertussis. In addition to assessing protective
efficacy and stertlizing immunity of the 22BF+dmLT as well as the requirement for PTd, a
protective correlate can be established for use. This method was used to identify a protective
correlate associated with DBF protection of mice against Shigella. This, however, prior to the
present disclosure has never been determined for such a vaccine type against an extracellular
pathogen.

a) Assess protective efficacy of the 22BF+dmLT delivered IN and
M against B. bronshiseptica challenge using the mouse lung model
with two challenge doses — a lethal dose to assess survival and a
sublethal dose to assess sterilizing immunity.

158, Protective efficacy of 22BF+dmLT delivered IN, IM, and 1D against a 5.
bronchiseptica challenge can be assessed in the mouse lung model. A high dose of 5.
bronchiseptica can be administered initially to assess protection via the lethal dose. In a second
trial, a lower dose can be used to assess sterilizing immunity.

159.  Expernimental Details: Mice (20/group) are vaccinated IN on days 0, 14 and 28.
Serum, and stool samples are collected as described above to measure specific antibody
responses to confirm that immune responses are comparable to those obtained above. For
bacterial challenges, 10 mice are challenged on day 56 with 1 x 107 B. Aronchiseptica (lethal
dose) and 10 animals are challenged with 1 x 10° B. bronchiseptica (sub-lethal dose). The
mouse experiment can be repeated with vaccination occurring by the IM route. Survival can
be plotted and a Log-rank test used to evaluate the differences. A F value of less than 0.05 1s
considered significant for all comparisons. Association of protective efficacy and markers of
humoral and cellular immunity can be assessed with logistic regression models (see Figure 1).

160, With respect to the IN vaccinated mice, at both doses, some level of protection
18 shown in the lethal lung model. The mice vaccinated with SO ug are protected with complete
sterilizing immunity. The 15 pg dose gives >90% protection with a moderate level of sterilizing
immunity. Similarly, 100 ug 22BF+dmLT delivered IM has a high level of protection as well

as sterilizing immunity, but perhaps not 100%, but greater than 70% protection. The 40 ug
g \ & p g & Mg
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dose shows minimal protection. With these results, a protective corvelate for B. bronchiseptica
can be predicted, as long as the immune responses were above the levels anticipated.
b} Assess protective efficacy of the 22BF+dmLT = PTd delivered
IN, IM, and 1D against B, pertussis challenge using the mouse lung
model with two challenge doses — a lethal dose to assess survival
and a sublethal dose to assess sterilizing immunity.

161, The ultimate test of the 22BF formulation is the protective efficacy against B.
pertussis. Here, the protective efficacy of 22BF+dmLT is tested with a focus on a 5. pertussis
challenge using the mouse lung model. Vaccinations occur IN with PTd. Furthermore, a high
dose of B. perfussis is used wnitially to assess protection via the lethal lung model.

162, Mice (10/group) are vaccinated IN on days 0, 14 and 28. Serum, and stool
samples are collected. as described above to measure specific antibody responses to confirm
a comparable immune response. For bacterial challenges, all mice can be challenged on day
56 with 1 x 107 B. pertussis (lethal dose). The experiment can be repeated using IM route and
1D route again with the most protective vaccine and challenge with a lethal dose and a sub-
fethal dose to assess protection and sterilizing immunity. Survival can be plotted and a Log-
rank test used to evaluate the differences. A £ value of less than 0.05 is considered significant
for all comparisons.

163, PTd can additionally be administered for protection against 8. pertussis and to
prevent the cellular damage associated with PT as well as increase sterilizing immunity. Mice
can be vaccinated IN, IM, or ID with 22BF+PTd and dmLT and challenged with B. perfussis.
Lung CFUJ were measured at day 3 (Figure 12) and day 7 (Figure 13} post challenge. As with
the predicted B. bronchiseptica results, 100% protection and sterilizing immunity s obtained
with 50 pg 22BF+dmL T+PTd delivered IN with reduced protection for the 15 ug dose
delivered IN. Similarly, the 100 pg 22BF+dmLT+PTd delivered IM and ID achieves some
significant level of protection, but stertlizing immunity is limited though could be greater at
higher dosage by day 7 post challenge. Antibodies are important, but the impact of cytokines
cannot be ignored.

4. Example 4: LTA-1 fusion

164.  LTAl is the active moiety of lethal toxin from Enterotoxigenic F. cofi
(ETEC). The activity of the LTAL1 is required for the adjuvant activity of dmLT. The double
mutants are in the region usually targeted by a protease to allow Al to traffic to the
cytoplasm of intestinal cells to cause the secretory diarrhea. Without the protease the LT stiil

has some activation of cAMP. Likewise, LTA1 remains active.
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a) LTAl-Fusions:
165,  The LTAl-fusions were expressed in a manner similar to the fusion alone. The
LTA1 sequence was inserted 5 to the start of the each fusion. Some of the LTA1-fusions
required a small linker between the LTA1 and fusion in order for protein production to occur.
LTAI-DBF, LTA1-S1, LTA1-82, LTA1-SseB, LTA1-22BF, LTA1-BurkF, and LTA1-PaF
were produced. One of the assays that appear to be required for adjuvant activity is the ability
to ADP ribosylate ARF4. The ADP ribosylation assay was performed with the LTA 1-fusions.
In the assay, ADPr was biotin conjugated and when mixed with L TA1 and rARF4, the LTATL
transferred the biot-ADPr to rARF4. The biotin was then detected with Streptavidin—IR800
{Figure 20).
b} LTAI-Fusion protective efficacy:
166.  Mice were vaccinated parenterally with LTAT-DBF or DBF+dmLT (Figure
14). Although the DBF+dmLT delivered IN elicited complete protection, this formulation
cannot be given to humans since the dmLT can travel the olfactory nerve to the brain causing
Bell’s palsy. Thus, parenteral routes or other mucosal routes are required. DBF (100 ug) +
dmLT (0. 1ng) delivered IM was only 50% protective while LTAT-DBF at a concentration of
100 pug BBY equivalent was 70% protective. The lower dilutions, regardless of formulation,
exhibited less protective efficacy. Similarly, LTA1-22BF+PTd elicited significant protective
efficacy at a concentration of 80 ug of 22BF equivalents (Figure 19A-D)
¢} LTAI-DBF immune response:
167, When the kinetics of the IgG titer was examined, responses against IpaD and
IpaB were essentially the same. Mice from Figure 14 were bled prior to vaccination and on
day 42. Sera were assessed for anti-IpaDl3, -IpaB and —dmLT IgG. The lower IgG titers of the
LTAT samples can be attributed to the lower recognition of the dmL. T on the well for the
LTAT1 samples vs the samples from mice vaccinated with dmL T (Figure 15). No IgA was
detected in the fecal samples of the mice vaccinated IM, but was detectable in mice
vaccinated IN with DBF+dmLT. Antibody-secreting cells (ASCs) present in the bone
marrow {Figure 16), spleen (Figure 17), and lungs (Figure 18) were also stimulated with
{paD, IpaB and dmLT. In each compartment, anti-IpaD, anti-IpaB, and anti-dmLT IgG ASCs
could be detected. Interestingly, IgA ASCs could also be detected 1n the bone marrow against
all dilutions of LTA1-DBF and resemble a curve similar to the dose escalation. A similar

phenomenon was seen in the IgA ASCs from the lungs, but less pronounced.
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d} LTAL-DBF Purification,

168.  The yield of LTA1-DBF was very low. Therefore, a linker was inserted in the
DNA sequence between LTAT and DBF to encode GSAAS (Seq. 1D No. 14). The rother
plasmid was Novagen’s pACYCBDuet-1. The translocator for each fusion cannot be made
without 1ts cogoate chaperone. Therefore, the complex of LTA1-DBF/Histag-IpgC (IPG
chaperone comprises the nucleic acid sequence as set forth in SEQ ID NO: 10 which encodes
the amino acid sequence as set forth in SEQ ID NO: 11)was produced from the plasnud
pACYC-His-IpgC-LTAT-GSAAS-DBF where the ipgC gene was inserted into the
BamHI/HindII sites allowing for expression of His-tag IpgC and LTAI-GSAAS-DBF
{nucleic acid sequence as set forth in SEQ D NO: 15 and amino acid sequence as set forth in
SEQ ID NO: 16)) was inserted at the Ndel-Xhol site. The DBF sequence had a 37 stop codon
prior to the Xhol restriction site.

169, pACYC-His-IpgC-LTAI-GSAAS-DBF was transformed into Tuner cells. A
stall overnight culture of LB+ Chloramphenicol (Cm) that had been inoculated with the
freezer stock of the cells was transferred to 8L TB, and grown at 37 °C until OD= 1-1.5, add
0.5mM IPTG with 20ug/liter AEBSF, 16C overnight, harvested at 4000rpm for 1Smin at 4
°C, and resuspended in IMAC binding buffer. The cells were frozenat -80 °C until ready for
purification. After thawing the suspension was sonicated at 70% amplitude for 3-4min, 15s
on, 30s off, clarified by centrifugation at 13000rpm for 30min at 4 °C and decanted to obtain
supernatant.

170, IMAC purfication with Sml NiNTA FF crude column on AKTA was as
follows: (1) equilibrate column with 5CV binding buffer (20mM Tris, 500mM NaCl, 5mM
Imidazole pH 7.9), (2) load supernatant on column, collect FT in outlet], (3) wash with
binding buffer for 30CV, (4} elute with linear 0-60% elution buffer (20mM Tris, 500mM
NaCl, 500mM Imidazole pH 7.9) for 10CV, (§) elute with 60% elution buffer for 2CV, (6)
wash column with 100% elution buffer for 3CV, (7) re-equilibrate column with SCV binding
buffer for SCV.

171 HIC purification of the protein was as follows: Dilute pooled fraction into
equal volume of 2X HIC binding buffer (530mM Sodium Phosphate (dibasic), 1M
Ammonium Sulfate, pH 7.0). Purify with 5ml HIC Pheoyl HP column: (1) equilibrate column
with S5CV binding buffer, (2) load diluted sample on column, collect FT in outletl, (3) wash
with binding buffer for 5CV, (4) elute with linear 0-100% elution buffer (SmM Sodium
Phosphate (dibasic), pH 7.0) for 40CV, (6} elute with 100% elution buffer for 6CV, (7) wash
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column with 100% elution buffer for 3CV, (8) reequilibrate column with binding buffer for
SCV.

172, Pooled fractions were dialyzed in 4L Q binding buffer for Zhrs, exchanged
buffer, and then dialyzed overnight.

173, Purification using a Sml O FF columns on AKTA was as follows: (1)
equilibrate column with SCV binding bufter (50mM Tris, pH 8.0), (2) load dialyzed sample
on column, collect FT in outlet!, (3) wash with binding butfer for SCV, (4) elute with linear
0-30% elution buffer (S0mM Tris, 1M NaCl, pH 8.0} for 20CV, (6} elute with 100% elution
butter for SCV, {7} wash column with 100% elution butfer for 3CV, (8) re-equilibrate
column with binding buffer for SCV.

174, To facilitate final IMAC purification 8x IMAC binding buffer (NO Imidazole)
was added to pooled fractions to obtain Ix and then LDAGO to 0.05% was added

175, Purification by LDAOC IMAC using 5ml NiNTA FF was as follows: (1)
equilibrate column with SCV LDAO (20mM Tris, 500mM Na(l, 0.05%LDAO pH 7.9)
binding buffer, (2 load supernatant on column, fractionate FT, (3) wash with binding buffer
for SCV, fractionate, (4) wash with 3% LDAO elution buffer (20mM Tris, 500mM NaCl,
500mM Imidazole, 0.005% LBAO pH 7.9) for 5CV, fractionate (5) elute with 6% LDAQO
elution butter for 6.65CV, fractionate (6) elute with 100% LDAO elution butter for SCV, (8}
re~equilibrate column with SCV binding buffer for 5CV.

176, Pooled samples were dialyzed in 4L PBS+0.005%LDA0, exchanged buffer
after 2hrs, and then dialyzed overnight.

e} Protective efficacy of LTAI-22BF

177 The initial assessment of the protective efficacy of the LTAT-22BF is
presented here and demonstrated that LTA1-22BF+PT reduced the CFU lung burden by
99 8% while the 22BF+dmLT+rPT reduced it to 99.98% (Figure 19 {a}). Non-toxic pertussis
toxin was added to the groups that prior to challenge by 8. pertussis to offset the damage that
pertussis toxin would cause and negatively impact the challenge. The kinetics of the IgG
response is also shown where no differences are seen between the two groups (Figure 19 (b))

fy LTAI-22BF purification

178.  The mother plasmid was Novagen's pACYCDuet-1. The translocator for each
fusion cannot be made without its cognate chaperone. Therefore, the complex of LTA1-
22BF/Histag-BerHI is produced from the plasmid pACYC-His-BerH1-LTA1-22BF where
the brcHI gene (as set forth in SEQ D NO: 7 with a histidine tag and encodes the amino acid

sequence as set forth in SEQ ID NO: §, the sequence nmunus the his-tag set forth in SEQ ID
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NO: 9} is inserted into the BamHU/Hindl sites allowing for expression of His-tag BerHIE and
22BF is inserted at the Ndel-Xhol site. The 22BF sequence has a 37 stop codon prior to the
Xhol restriction site.

179, pACYC-His-BerHI- 22BF was transformed into Tuner cells. A small
overnight culture of LB+ Chioramphenicol {(Cm) that had been inoculated with the freezer
stock of the cells was transferred to 8L TB, grown at 37 °C until OD= 1-1.5, added 0.5mM
PTG with 20ug/liter AEBSF, 16 °C overnight, harvested at 4000rpm for {Smin at 4C, and
resuspended in IMAC binding buffer. The cells were frozen at -80 until ready for
purification. After thawing, the suspension was sonicated at 70% amplitude for 3-4min, 15s
on, 30s off, clarified by centrifugation at 13000rpm for 30min at 4 °C, and decanted to obtain
supernatant.

180, IMAC purification with Sml NiNTA FF crude column on AKTA was as
follows: (1) equilibrate column with 5CV binding buffer (IMAC elution buffer: 20mM Tris,
500mM Nad(l, 500mM Inudazole pH 7.9}, (2) load supernatant on column, collect FT in
outletl, (3) wash with binding buffer for 30CV, {4) elute with linear 0-60% elution buffer for
LOCV, (5) elute with 60% elution buffer for 2CV, (6) wash column with 100% elution buffer
for 3CV, (7} re-equilibrate column with SCV binding buffer (IMAC binding buffer: 20mM
Tris, 300mM NaCl, 5SmM Imidazole pH 7.9) for 5CV.

181, Diluted pooled fractions 20X into Q binding buffer (3 binding buffer: 50mM
Tris, pH 8.0}. Purification with 3x SmL Q FF columns on AKTA was as follows: (1)
equilibrate coluron with 6CV binding buffer, (2) load dialyzed sample on column, collect FT
in cutletl, (3) wash with binding buffer for 12CV, (4) elute with 15% elution buffer (Q
elution buffer: SOmM Tris, 1M NaCl, pH 8.0) for 6CV, (5) elute with linear 15-40% elution
buffer for 34CV, (6) elute with 100% elution bufter for 6CV, (7) wash column with 100%
elution buffer for 3CV, (8)re-equilibrate column with binding buffer for 6CV.

182,  To facilitate final IMAC purification 8x IMAC binding buffer (NO Imidazole)
was added to pooled fractions to obtain 1x and then LDAO to 0.05% was added. Purification
by LBAQO IMAC using Sml NiNTA FF was as follows: {1} equilibrate column with SCV
LDAQ binding buffer (LDAQO IMAC binding buffer: 20mM Tris, 500mM NaCl,
0.05%LDA0 pH 7.9), (2) load supernatant on column, fractionate FT, (3) wash with binding
buffer for SCV, fractionate, (4} wash with 3% LDAQO elution buffer (LDAQ IMAC elution
butfer: 20mM Tris, 300mM NaCl, 500mM Imidazole, 0.005% LDAO pH 7.9) for SCV,

fractionate (5) elute with 6% LBAQ elution buffer for 6.65CV, fractionate (6) elute with
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100% LDAO ehution buffer for SCV, (8) re-equilibrate column with SCV binding buffer for
S5CV.

183,  Pooled samples were dialyzed in 4L PBS+0.005%LDAO, exchanged buffer
after 2hrs, and then dialyzed overnight.

g) LTAL-BurkF purification

184.  The mother plasmid was Novagen’s pACYCDuet-1. The translocator for each
fusion cannot be made without its cognate chaperone. Therefore, the complex of LTAL-
BurkF/Histag-BicA (SEQ ID NOs: 28 and 20) was produced from the plasmid pACYC-His-
BicA-LTA1-BurkF (as set forth in SEQ ID NO: 20 and encoded by the nucleic acid sequence
as set forth in SEQ 1D NO: 19} wherein the bicA gene was inserted into the BamHEFHindIH
sites allowing for expression of His-tag BicA and LTA1-BurkF was inserted at the Ndel-
Xhol site. The Burk¥ sequence had a 37 stop codon prior to the Xhol restriction site.

185, pACYC-His-BicA-LTA1-BurkF was transformed intc Tuner cells. A small
overnight culture of LB+ Chioramphenicol {(Cm) that had been inoculated with the freezer
stock of the cells was transferred to 8L TB, grown at 37 °C unti] OD= 1-1.5, added 6.5mM
PTG with 20ug/liter AEBSF, 16 °C overnight, harvested at 4000rpm for {Smin at 4C, and
resuspended in IMAC binding buffer. The cells were frozen at -80 until ready for
purification. After thawing the suspension was sonicated at 70% amplitude for 3-4min, 15s
on, 30s off, Clarified by centrifugation at 13000rpm for 30min at 4 °C, and decanted to obtain
supernatant.

186,  IMAC purification with Sml NiNTA FF crude column on AKTA was as
follows: (1) equilibrate column with 5CV binding buffer (20mM Tris, 500mM NaCl, 5mM
Imidazole pH 7.9), (2) load supernatant on column, collect FT in outlet], (3) wash with
binding buffer for 30CV, (4} elute with linear 0-60% elution buffer (20mM Tris, 500mM
NaCl, 500mM Imidazole pH 7.9) for 10CV, (§) elute with 60% elution buffer for 2CV, (6)
wash column with 100% elution buffer for 3CV, (7) re-equilibrate column with SCV binding
buffer for SCV.

187 The pooled fractions were diluted 20X into Q binding buffer (50mM Tris, pH
8.0). Purification using 3x SmL Q FF columns on AKTA was as follows: (1) equilibrate
column with 6CV binding buffer, (2) load dialyzed sample on column, collect FT in cutletd,
(3) wash with binding buffer for 12CV, (4) elute with 15% elution buffer (50mM Tris, 1M
NaCl, pH 8.0) for 6CV, (5) elute with linear 15-40% elution butfer for 34CV, (6) elute with
100% elution buffer for 6CV, (7) wash column with 100% elution buffer for 3CV, (8)re-

equilibrate colurmn with binding buffer for 6CV.
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188 To facilitate final IMAC purification add 8x IMAC binding buffer (NO
{midazole) to pooled fractions to obtain ix and then LDAO to 0.05% was added:

189, Purification by LDAO IMAC using 5ml NiNTA FF was as follows: (1)
equilibrate column with 5CV LDAO binding buffer (20mM Tris, 500mM NaCl,
0.05%LDA0 pH 7.9), (2) load supernatant on column, fractionate FT, (3) wash with binding
buffer for 5CV, fractionate, (4) wash with 3% LDAO elution buffer (20mM Tris, 500mM
NaCl, 500mM Imidazole, 0.005% LDAO pH 7.9} for SCV, fractionate (5) elute with 6%
LDAQ elution butfer for 6.65CV, fractionate (6) elute with 100% LBAQ elution buffer for
5CV, (8) re-equilibrate column with SCV binding butfer for SCV.

190.  Pooled samples were dialyzed in 41 PBS+0.005%LDA0, exchanged buffer
after Zhrs, and then dialyzed overnight.

h) LTAL-PaF

191, The PaF+dmLT vaccinated mice exhibited 100% survival with 44% sterilizing
immunity against Pa challenge in a mouse lethal puloonary model, while the PBS vaccinated
mice exhibited 60% survival but all had >10*" CFU/lung.

iy LTAl-PaF purification

192, The mother plasmid is Novagen’s pACYCDuet-1. The translocator for each
fusion cannot be made without its cognate chaperone. Therefore, the complex of LTA1-
PalF/Histag-PerHI was produced from the plasmid pACYC-His-PerH1-LTA1-PaF where the
breHI gene was inserted into the BamHI/Hind!l sites allowing for expression of His-tag
PorHI (as set forth in SEQ ID NG: 30 and encoded by the nucleic acid sequence as set forth
in SEQ 1D NO: 29) and LTAT-PaF {(as set forth in SEQ ID NO: 38 and encoded by the
nucleic acid sequence as set forth in SEQ ID NO: 37) which was inserted at the Ndel-Xhol
site. The PaF sequence had a 3’ stop codon prior to the Xhol restriction site. The purification

of LTA1-PaF was the same of for LTA1-22BF.
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F. Segquences

SEQ B NG: 1 22B¥F Nucleotide Sequence

 ATatgaccattgatcteggagittcacteacgtegeaggeeggeggectgeaaggeategacctcaagageatggata
tccagactotcatggigtatgtacagggtegtegegecgaacteetcacggetcaaatgeagacccaggecgaagigetacagaagg
ccaatgaacgcatggegeageicaacgaggicctgtecgegetgieccgggaecaaggeegagiticcgorcaatccgaageeggg
cgacaccatcocgggotgggacaaccagaaggicagecggategaggticeteteaatgatgegetgegegetgeeggectgacg
ggcatgticgaagegegogatggecaagtgaccgeeccoggoggecggggtacgeaggtcgtgaacggeacgggcgtcatgace
ggttceacgacctataaggaactcgaaagtgectacaccacegtaaaggggatgetggatacggegiceaatacgeaacagatggac
atgatcaggetgcaggeogecageaacaagegoeaacgaggetticgaggtoalgaccaacaccgagaagoggegeagegaccty
aacagticcaicaccaacaacatgegeaagotiatgacegtcatgagtacgaccataiccacageecegageggegeegegetitgeg
cegtetegeatagatatgeggecaccggageccgggagtgecggegaaggegecggeateotggegecggtgacgacgetgget
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ctggcggcggeccggccggctiticcagegicaccgicgetgcgeacegegeccgtectggatecgecagigegegateicagece
cgeogacttggeogacctgetgegegtettgegatecagggeggtggacgggcagtiggecacggegegegagaacctgeagga

cgegeaagicaaggecgaageagaacacccaggeccagetcgacaagetggacgcatggiiicggaaggccgaagaggccgaga
geaagggatggctgagcaaggtgticggctggateggeaaggtgciggeggtegtggcateggecctggeggtggectitgecgee
gtcgeecagegtggecaceggegeggeggecacacccatgetgetgetcageggeatggeactggteagegecgtgacategetgg
ccgaccagatatcgeaagaggegggaggecegectaicagectgggegggtitcteiccgggetggecggacgtcigetgacage

gitgggggtogaticagtcgeaggecgaccaaatigecaagategtegecggectggeegtgceegtegicttgetgategaaceeca
gatgclgggcgaaatggogcaaggegtggecaggctggctggcgccagegatgecaccgeggggtacatagecatggegatgtc

catcgtggcggcgatcgeggicgccgogatcaatgecgecggtacagecggogegggtagegcticggegaicaaggggaccty

ggatcgggccgecgeggtagecacccaggtocticaagggggtacggeagiggegeaaggeggcgteggegtgtogatggeagt
cgatcgeaaacaggecgatetectggtcgecgacaaggeggatctggcggcgagectgacaaaactgcgggcggccalggageg
igaggeggacgatatcaagaagatectggetcaaticgacgaggectatcacatgategegaagatgatcagegatatggegagtac

gcacagecaggteagegecaacctegggeggegecaggeggtetagCTCGAG

SEQ D NG: 2 22BF Amino Acid Sequence

MTIDLGYSLTSQAGGLOGIDLKSMDIQTLMYVYVQGRRAELLTAQMQTOQAEY
YOKANERMAQLNEVLSALSRAKAEFPPNPKPGDTIPGWDNQKVSRIEVPLNDALRA
AGLTGMFEARDGOQVTAPGGRGTOQVVNGTGVMAGSTTYKELESAYTTVKGMLDTA
SNTQOMDMIRLOAASNKRNEAFEVMTNTEKRRSDENSSITNNMREKLMTVMSTTIST
APSGAALAPSRIDMRAPEPGSAGEGAGILAPVTTLALAAGRPAFPASPSLRTAPVLDP
PVRDLSPADLADLILRVLRSRAVDGQLATARENLODAQVKAKONTQAQLDKLDAWEF
REAEFAESKGWLSKVFGWIGKVLAVVASALAVGFAAVASVATGAAATPMLLLSGM
ALVSAVTSLADQISQEAGGPPISLGGFLSGLAGRLLTALGVDOSOADQIAKIVAGLAY
PYVLLIEPOMLGEMAQGVARLAGASDATAGYIAMAMSIVAAIAVAAINAAGTAGAG
SASAIKGAWDRAAAVATOVLOQGGTAVAQGGVGVSMAVDRKOADLLVADKADLA
ASLTKLRAAMEREADDIKKILAQFDEAYHMIAKMISDMASTHSQVSANLGRRQAV

SEQ ID NO: 3 Bsp22 Nucleotide Sequence

C ATatgaccattgatctoggagtticacteacgtegeaggecggeggectgeaaggeategaccicaagageatggata
tccagactctcatggtgtatgtgeaggetcgtegegecgaactccteacggeticaaatgragaccoaggecgaagtegatecagaagy
ccaatgaacgceatggegeageteaacgaggiectgicegegetgteccgggocaaggecgagtitccgeocaalecgaagecggeg
cgacaccateecgggctgggacaaccagaaggtcagecggatcgaggticotcicaatgatgegetgegegetgecggectgacg
ggcatgitcgaagegegegatggecaagtgaccgeccecggcggccggagtacgcaggtegigaacggeacgggcgicatggee
ggticcacgacctataaggaactegaaagtgectacaccaccgtasaggggatgctggatacggegtecaatacgeaacagatggac
atgatcaggeigeaggecgecageaacaagegcaacgaggctttcgaggtcateaccaacaccgagaageggcacagogaccty
aacagttceatcaccaacaacatgege

SEQ ID NO: 4 Bsp22 Amine Acid Sequence

MTIDLGVSLTSQAGGLQGIDLKSMDIQTLMVYVQGRRAELLTAQMQTQAEY
VOKANERMAQLNEVLSALSRAKAEFPPNPKPGDTIPGWDNQKVSRIEVPLNDALRA
AGLTGMFEARDGQVTAPGGRGTOQVVNGTGVMAGSTTYKELESAYTTVKGMLDTA
SNTOQOMDMIRLOAASNKRNEAFEVMTNTEKRRSDLNSSITNNMR

SEQ ID NGO: 5 BopB Nucleotide Sequence

Atgaccgicatgagtacgaccatatccacageccegageggegecgegettgegeegtetegeatagatatgeggeeac
cggageccgggagtgecggegaaggegeoggeateetggegecggtgacgacgctgacteigecageggeccaaccggctitte
cagegicaccgtegetgegeacegegeeegicetggatecgecagtgegegatetcageecegecgacttiggecgacctgotgege
gicttgegatecagggeggtegacgeeragtiggecacggrgcgegagaacctgeaggacgegeaagicaageczaagragaa
cacccaggeccagetcgacaagetggacgeatggtttcggaaggecgaagaggecgagageaagggatggctgageaaggtgit
cggotggateggeaaggigctggcggtegtggeatcggocciggeegtegactitaccgecgtegreagegtggccaccggescy
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geggecacacccatgetgetgeicageggeatggeactggicagegecgigacategeiggecgaceagatatcgcaagaggceg
gaggecogectatcagectgggoggatitetetecgggetggeoggacgtetgotgacagegitgggegtogatcagtogeaggcc

gaccaaatigecaagategtcgecggectggecgigeecgtegictigetgatcgaaccocagatgoteggcgaaatgacscaagg

cgtggecaggetggctggcgocagegatgecacegeggggtacatagecatggegatgtecategtggeggegategeggtegec
gegatcaatgecgeoggtacageeggegegggtagegcticggcgateaaggegacetgeeatcggaecgregeggetagecace
caggtccttcaaggggatacggeagtggecgcaaggeggegicggegigtcgaiggeagtcgatcgeaaacaggecgaictceiget
cgeegacaaggeggatetggeggcgagectgacaaaactgegggeggocatggagegigaggeggacgatatcaagaagatect
ggctcaattcgacgaggcectatcacatgatcgegaagatgatcagegatatggogagtacgcacagecaggicagegecaacctcg

gecggcgccaggcggtetagCTCGAG

SEQ ID NO: 6 BopB Amino Acid Sequence

MTVMSTTISTAPSGAALAPSRIDMRAPEPGSAGEGAGILAPVTTLALAAGRPA
FPASPSLRTAPVLDPPVRDLSPADLADLLRVLRSRAVDGQOQLATARENLQDAQVEKAK
ONTQAQLDKLDAWFRKAEEAESKGWLSKVFGWIGKVLAVVASALAVGFAAVASY
ATGAAATPMLLLSGMALVSAVTSLADQISQEAGGPPISLGGFLSGLAGRLLTALGVD
QSQADQIAKIVAGLAVPVVLLIEPOMLGEMAQGVARLAGASDATAGYIAMAMSIVA
ATAVAAINAAGTAGAGSASAIKGAWDRAAAVATQVLOQGGTAVAQGGVGVSMAVD
REKQADLLVADKADLAASLTKLRAAMEREADDIKKILAQFDEAYHMIAKMISDMAST
HSQVSANLGRRQAV

SEQ 1D NO: 7 His-BerH 1 chaperone with histidine tag nucleotide sequence

ATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATCCGATGCCAAA
GTCAGCCGAGCAGGGCGGLTCCCCGGCGTCAGCTTCGCATGAGGCGTTGCGLCA
TATTCTCGACGCAGGCGCTTCGATGGGCAGCTTGCAGGGGTTGGACGAGGTGCA
ACAGCAGGCOTTOGTACGCGATCOGCTCATGGCGCCTACGAACAGGGCCGUTATGL
CGACGCGTTGAAAATGTTCTGCCTGCTGOTCGCGTGCGATCCGUTGGAAGCCCGT
TATCTGCTGGCCCTGGGCGCCGUGGCCCAGGAGCTGHGGCTGTACGAGCATGCC
TTGCAGCAATACGCGOCCGCGGCOGCTTTGCAGTTGGACTCCCCCAGGUCCCTGY
TGCATGGCGCCGAGTGCCTGTATGCGTTGGGTCGTCGCCGCGACGCCCTGGATAC
GCTCGACATGGTGCTTGAGTTGTGCGGOTCGLCGGAGCATGCGGCCCTGCGLGA
ACGGGCCGAGTCGCTGCGCAGGAGCTATGCACGTGCCGACTGAAAGCTT

SEQ ID NG: 8 His-BorH1 with histidine tag chaperone amino acid sequence

MGSSHHHHHHSODPMPKSAEQGGSPASASHEALRHILDAGASMGSLQGLDE
VOQOQALYAIAHGAYEQGRYADALKMFCLLVACDPLEARYLLALGAAAQELGLYEH
ALQOYAAAAALQLDSPRPLLHGAECLYALGRRRDALDTLDMVLELCGSPEHAALRE
RAESLRRSYARAD

SEQ ID NO: 9 BerH1 amino acid sequence

MPKSAEQGGSPASASHEALRHILDAGASMGSLQGLDEVOQQOQALYAIAHGAY
EQGRYADALKMFCLLVACDPLEARYLLALGAAAQELGLYEHALQOYAAAAALQLD
SPRPLLHGAECLYALGRRRDALDTLDMVLELCGSPEHAALRERAESLRRSYARAD

SEQ ID NG: 10 IpgC Chaperone of DBF nucleic acidsequence

CCatggpeageagecateatcatcatcateacageageggectggigeogegeggeagecatatgetegagatgtctita
aatatcaccgaaaatgaaageatcictactgeagtaatigatgcaattaacictggegetacactgaaagatattaatgeaattcctgatga
tatgatggatgacattiattcatatgettatgacttitacaacaaaggaagaatagageaagctgaagttitcticaggtttitatgiatatacg
acttttacaatatagactacattatgggactegeagctatitatcagataaaagaacagttccaacaageageagacctttatgetgtegot
titgcattaggaaaaaatgactatacaccagtaticcatactggacaatgecageticggttgaaageccecttanaagetaaagagtact
icgaactcgtaattcaacacageaatgatgaaaaattaaaaataaaageacaatcatactiggacgeaattcaggatatcaaggagtag
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SEQ ID NO: 11 IpgC Chaperone of BBF Amino Acid sequence

MSLNITENESISTAVIDAINSGATLEDINAIPDDMMDDIYSYAYDFYNKGRIEE
AEVFFRFLCIYDFYNVDYIMGLAAITYQIKEQFQUQAADLYAVAFALGKNDYTPVFHTG
QCQLREKAPLEKAKECFELVIQOHSNDEKLKIKAQSYLDAIQDIKE

SEQ ID NQO: 12 LTA1 nucleic acid sequence

CATAtggacaatggcgatcgtttatacegtgccgacicgegteecccagatgagatiaaacgtageggtgggttaatac
cacgtgggcacaatgagtattitgacegtggaacacagatgaacatiaaccittacgateatgecegtgggacecagacegggtttgte
cgttatgatgacggptatgttagtacgagiitgtccttacgetccgeacacctigegggacaaagtatittaticaggctacageacatatta
cattiatgtgatcgecactgecccaaacatgttcaatgigaacgatgigttgggggtitacageccccatecatatgaacaagaagicicg
geeettgggggegateccatatagecagatttatgettootacegogtaaattiiggtgteattgatgaacgtitgeategtaacegtgaata
ccgegatcgetactacegtaacttgaacatigeacctigecgaggacggctatcgtitageggaattcccacccgatcatecaggegliag
cgtgaggaaccgiggatecatcacgececticaggggtgcgggaacagiagtcge

SEQ ID NG: 13 LTAT amino acid sequence

MDNGDRLYRADSRPPDEIKRSGGLMPRGHNEYFDRGTOMNINLYDHARGT(Q
TGFVRYDDGYVSTSLSLRSAHLAGOSILSGYSTYYIYVIATAPNMENVNDVLGVYSP
HPYEQEVSALGGIPYSQIYGWYRVNFGVIDERLHRNREYRDRYYRNLNIAPAEDGYR
LAGFPPDHQAWREEPWIHHAPQGCGNSSR

SEQ ID NG: 14 GSAAS Linker amino acid sequence
(GSAAS

SEQ ID NO: 153 LTAI-GSAAN-DRF (IpaD-LE-IpalB) nucleic acid seguence

CATAtggacaatggegategtitatacegigeogactegegicocccagatgagattaaacgtageggteggttaatgc
cacgtgggcacaatgagtatttigaccgtggaacacagatgaacattaacctitacgatcatgecogtgggacccagacegggtitgte
cgttatgatgacgggtatgitagtacgagttigtectiacgeteogeacacctigegggacaaagiattitatcaggetacageacatatta
catttatgtgatcgecactgocecaaacatgtticaatgigaacgatgtgitegggptttacageccecatecatatgaacaagaagtetcg
geecttggggggateccatatagecagatitatggtiggtacegegtaaatittggtgtgattgatgaacgtitgeategtaaccgtgaata
ccgegategetactacegtaacttgaacatigeacctgeegaggacggetategtttagegegattcecaccegatcatcaggegtgg
cgtgaggaaccgtggatecatcacgecceicaggggigcgggaacagtagicgegggtcegeggeateeatgaatat
aacaactctg actaatagta tttccaccte atcaticagt ccaaacaata ccaacggitc atcaaccgaa acagitaatt
ctgatataaa aacaacgacc agttctcate cigtaagtic ccttactatg ctcaacgaca cecticataa tatcagaaca
acaaatcagg cattaaagaa agagcettica caaaaaacgt tgaciaaaac aicgctagaa gaaatageat tacattcate
tcagattage atggatgtaa ataaatcege teaactatty gatattottt ccaggaacga atatccaatt aataaagacg
caagagaatt atfacatica gceccogaaag aageegagct tpatggagat caaatgatat ctecatagaga actgiggget
aaaattgcaa actccatcaa tgatattaat gaacagtate tgaaagtata tgaacatgee gttagttcat atactcaaat
gtatcaagat titagegetg tictitecag tettgeegge tggatctete cecggaggetaa cgacggaaac teegtgaaat
tacaagtcaa ctegetiaaa aaggeattgg aagaactcaa ggaaaaatat aaagataaac cgctatatce ageaaataat
actgitagtc aggaacaage saataaatgg cttacagaat taggiggaac aatcggeaag gtatctcaaa aaaacggesy
atatgitgtc agtataaaca tgaccccaat agacaatatg ttaaaaagct tagataatct aggtggaaat ggcgagettg
tactagalaa tgcaaaatat caggeatgga atgecggatt cictgecgaa gatgaaacaa tgaaaaataa teticaaact
ttagttcaaa aatacagtaa tgecaatagt atttttgata atttagtaaa ggtittgagt agtacaataa geteatgtac
agatacagat aaactittic tccatttc CTCGAG  atgeataatgta agcaccacaa ccactggitt tectettgee
aaaatattga cttccactgagettggagac aatactatee aagetgeaaa tgatgeaget aacaaattat tttetettacaattgetgat
cttactgeta accaaaatat taatacaact aatgeacact caactfcaaatatattaate cctgaactta aageaccaaa
gtcattaaat geaagiteee aactaacgctittaatigga aaccitattc aaatactcgg tgaaaaatet ttaactgeat
taacaaataaaattactget tggaagicee ageaacagge aagacageaa aaaaacctag aattetccgataaaattaac
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actcitctat ctgaaactga aggactaace agagactatg aaaaacaaattaataaacta anaaacgeag attctaaaat
aaaagaccta gaaaataaaa ttaaccaaattcaaacaaga ttatcgaace tegatccaga gteaccagaa aagaaaaaat
taagccgggaagaaatacaa ctcactatca aazaaagacgc ageagttaaa gacaggacat tgatigageagaaaaccetg
tcaattcata geaaacttac agataaaica atgeaactcg aaaaagaaatagactetttt tetgeatttt caaacacage
atctgetgaa cagctatcaa cocageagaaateattaace ggacttgeea gtgttactea attgatggea acctttattc
aactagitggaaaaaataat gaagaatcit taaaaaatga tetggetcta ticcagtcic tecaagaatcaagaaaaact
gaaatggaga gaaaatctga tgagtatgct gotgaagtac gtasageagaagaactcaac agagtaatgg gtigiatigy
gaaaatacit ggggcacttt taactategitagtettgtt gecageagett ttictggage agectctcta geactggeag
ctgttggtitagetctiatg gitacggate ctatagtaca ageagegace ggcaattect tcatggaacaageccigaat
ccgatcatga aageagteat tgaacectta atcaaactec titcagatgeatttacaaaa atgetegaag gettgggegt
cgactcgaaa aaagccaaaa tgatigeetetatictgeey gcaategeag gogetetigt cotagtigea geagtegtic
icgtagccactgtiggiaaa caggeageag caaaacitge agaaaatatt ggeaaaataa taggtaaaaccetcacagac
cttataccaa agtttctcaa gaattittet tetcaactgg acgatttaatcactaatget gttgecagat taaataaatt tettggtgea
gcgagtoaty aagtaatatccaaacaaatt atttecacce atttaaacca agcagtitta ttaggagaaa
gtgttaactetgecacacaa gegggaggaa gigtegetic tgetgtttic cagaacageg cgtegacaaatetageagac
ctgacattat cgaaatatca agitgaacaa ctgtcaaaat atatcagtgaageaatagaa aaaticggee aattgeagga
agtaatigea gatctattag cctcaatgtecaactcicag gotaatagaa clgatgtige aaaagceaatt ttgcaacaaa
ctactgettga GGATCC

SEQ ID NO: 16 LTAI-GSAAS-IpaD-LE-IpaB3 {DBF} Amino Acid sequence

MDNGDRLYRADSRPPDEIKRSGGLMPRGHNEYFDRGTQMNINLYDHARGTQ
TGEVRYDDGOYVSTSLSLRSAHLAGONMLSGYSTYVYIYVIATAPNMENYNDVLGVYSP
HPYEQEVSALGGIPYSOIYGWYRVNFGVIDERLHRNREYRDRYYRNLNIAPAEDGYR
LAGFPPDHOQAWREEPWIHHAPQGCGNSSRGSAASMNITTLTNSISTSSFSPINNTNGSS
TETVNSDIKTTTSSHPSSLTMEINDTLHNIRTTNQALKKELSOQKTLRNEYPINKBDAREL
LHSAPKEAELDGDOMISHRELWAKIANSINDINEQYLEKVYEHAVSSYTOMYQDFSA
VLSSLAGWISPGGNDGONSVKLQYNSLKKALEEL KEKYKDKPLYPANNTVSQEQANK
WLTELGGTIGKVSQKNGGYVVSINMTPIDNMLKSLDNLGGNGEVVLDNAKYQAWN
GFSAEDETMENNLQTLVOKYSNANSIFDNLVKVLSSTISSCTDTDKLFLEHFLEMHNY
STTTTGFPLAKILTSTELGDNTIQAANDAANKELFSLTIADLTANQNINTTNAHSTSNILE
PELKAPKSLNASSQLTLLIGNLIQILGEKSLTALTNKITAWKSQOQARQOKNLEFSDKI
NTLLSETEGLTRDYEKQINKLKNADSKIKDLENKINQIQTRLSNLDPESPEKKKLSREE
IQLTIKKBDAAVEDRTLUIEQKTLSIHSKLTDKSMQOLEKEIDSFSAFSNTASAEQLSTQQK
SLTGLASVTQLMATFIQOLVGKNNEESLENDLALFQSLOESRKTEMERKSDEYAAEVR
KAEELNRVMGCVGRKILGALLTIVSVVAAAFSGGASLALAAVGLALMVTDAIVQAAT
GNSFMEQALNPIMEAVIEPLIKLLSDAFTEMLEGLOVDSKKAKMIGSILGATAGALVL
VAAVVLVATVGKOAAAKLAENIGKHIGKTLTDLIPKFLKNFSSQLDDEITNAVARLN
KFLGAAGDEVISKQUSTHENQAVLLGESVNSATOQAGGSVASAVEOQNSASTNLADLT
LSKYOVEQLSKYISEAIEKFGOLOEVIADLLASMSNSOANRTDVAKAILGQTTA

SEQ B NO: 17 LTAI-22BF nucleic acid sequence

CATAtggacaatggegategtttatacegtgecgacicgegicecccagatgagattaaacgtageggtgggttaatge
cacgtgggcacaatgagtatitigaccgtggaacacagatgaacattaacctitacgatcatgeccgtgggacceagaccgggtitgte
cgitatgatgacgggtaigttagtacgagttigicetiacgetccgeacacctigegggacaaagiattitatcaggctacageacatatia
catttatgtgatcgecactgocccaaacatgticaatgtgaacgatgigttgggpgtttacageccecatecatatgaacaagaagtetog
geccttggggegatcocatatagecagatttatggttpgtaccgegtaaattitgetetoattgatgaacgtitgcategtaaccgtaaata
cegegategetactacegtaacttgaacattgeacctgecgaggacggetategttiagegggaticecacecgatcatcaggegigg
cgtgaggaaccgtggatecatcacgecceicaggggtgcgggaacagtagtegeatgaceattgateteggagtttcactcacgtege
aggecggcggectgeaaggeategaccicaagageatggatatccagactctcatggtatatgigeagggiogtegegecgaacice
tcacggctcaaatgeagacccaggecgaagiggigeagaaggecaatgaacgeatggegeagetcaacgaggtectgteegeget
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gicoogggecaaggecgagiticcgoccaatccgaagecgggogacaceatccegggeigggacaaccagaaggteagecggat
cgaggttccictcaatgatgegetigegegetgecggectgacgggcatgitcgaagegegegatggocaagigacegooccoggeg
gecggeetacgeaggicgigaacggeacggacgtcatggecggitccacgacctataaggaacicgaaagigectacaccaccgta
aaggeeatgctgoatacgoegiccaatacgeaacagatggacatgaicaggetocaggeogecageaacaagegeaacgaggcett
fcgaggicatgaccaacacegagaageggegcagegaccigaacagiiccatcaccaacaacatgegeaagettatgacegicatga
giacgaccatatccacageeecgageggegecgegctigegecgtcicgeatagatatgeggelacoggagocegggagtaccgg
cgaaggegecggealcciggegecggigacgacgetggeictggeggegggecggecggcettitecagegicaccegicgotgege
accgegeccgicctggatecgecagigegegatetcagecoegecgacttggecgacctgetgogogictigegatecaggeogat
goacgoocagtiogCCacggegegleagaaccigrageacgcgcaagicaageegaagragaacacceaggecageicgac
aagctggacgeatggtiicggaaggecgaagageocgagageaagggatggctgapcaaggigttcggetggateggcaaggiy
ctggeggtcgtgecatcppcociggoggetggacitigocgecgicgocagegiggccaceggegegeeggccacacceatgctgc
tgcicageggeatggeactggicagegecgigacaicgetiggecgaccagatalcgeaagaggegggaggcccgectatcagect
gggegggitictetcegggotggccggacgictgetgacagegtigggootogateagicgeaggocgaccaaatigecaagatogt
cgeoggoctiggocgtgcecgiogtctigotgaicgaaccecagatgetggocgaaalggcgcaageigliggreagaotegciggc
gecagegatgecaccegeggggtacatagecatggegatgteeategiggeggegategeggtegecgegatcaatgecgeeggta
cagecggogeggatagogcticggogatcaagggpaccigggatcggaccgccgoggtagocacccaggiccticaagggppta
cggeagtggcgcaaggoggegicggegtgicgaiggeagicgalcgeaaacaggccgatctectgatcgocgacaaggoggatct
ggeggegagectgacaaaacigegggcggecatggagegigaggeggacgatatcaagaagatectggeteaaticgacgagge
ctatcacatgatcgegaagatgatcagogatatggogagiacgcacagecaggicagegecaacctogggoggcgccaggegsts
tagCTCGAG

SEQID NO: 18 LTAI-228BF Amino acid sequence

MDNGDRLYRADSRPPDEIKRSGGLMPRGHNEYFDRGTOMNINLYDHARGT(
TGEFVRYDDGYVSTSLSLRSAHLAGQSILSGYSTYYIYVIATAPNMENVNDVLGVYSP
HPYEQEVSALGOGIPYSQIYOGWYRVNEFGVIDERLHRNREYRDRYYRNLNIAPAEDGYR
LAGFPPDHQAWREEPWIHHAPQGCONSSREMTIDLGVSLTSQAGGLOGIDLESMDIQT
LMVYVOQGRRAELLTAQMQTOAEVVOKANERMAQGQLNEVLSALSRAKAEFPPNPKPG
DTIPGWDNQOKVSRIEVPLNDALRAAGLTGMFEARDGOQVTAPGGRGTOVVNGTGVM
AGSTTYKELESAYTTVKGMLDTASNTOQOQMDMIRLQAASNKRNEAFEVMTNTEKRR
SDENSSITNNMRKIMTYVMSTTISTAPSGAALAPSRIDMRAPEPGSAGEGAGILAPVTT
LALAAGRPAFPASPSLRTAPVLDPPVRDLSPADLADLLRVLRSRAVDGOQLATARENL
QODAGVKAKONTOQAQLDKLDAWFRKAEEAESKGWLSKVFGWIGKVLAVVASALAY
GFAAVASVATGAAATPMLLLSGMALVSAVTSLADQISQEAGGPPISLGGFLSGLAGR
LLTALGVDOSOADQIAKIVAGLAVPVVLLIEPOMLGEMAQGVARLAGASDATAGY]
AMAMSIVAATAVAAINAAGTAGAGSASAIKGAWDRAAAVATQVLQGGTAVAQGG
VOGVSMAVDRKOADLLVADKADLAASLTKLRAAMEREADDIKKILAQFDEAYHMIA
KMISDMASTHSQVSANLGRROQAV*

SEQ ID NG: 19 His-BicA {(Chaperone of BurkF) nucleic acid sequence

ATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATCCGATGACGCA
ACGCGACGTGAACATAGACGACATCGAGGCGCAGGAAATGOCGGCGGCGCTGOT
GGACGCGOGTCCAGAACGGCGUCOACGCTGAAGGACCTGCATCAGGTGCCGCAGGA
CCTGATGGACGGCATCTATGCGTTICGCGTACCGUTTCTACCAGCAGGGGCGGCTC
GACGACGCGGAGOTGTTCTTCCGCTTTCTGCGCATCTACGACTTCTACAACGCCG
AATACGCGATGGGGCTCGCGGCGOTGTGCCAGTTGAAGAAGGAGTACGCGCGGG
CGATCGATCTGTATGCACTCGCGTATTCGCTGTCGAAGGACGACCACCGGCCGAT
GTTCCACACCGGCCAATGCCATCTGCTCGATGGGCAAGGCGGCGCTCGCGCGGLG
CTGCTTCGGCATCGTCGTCGAGCGCTCGCGCGACGAGCGCCTCGCGLCAGAAGGC
GCAGTCCTATCTCGACGGGCTCGACGAAGTGGOCGCCGACGCGOGCGLCCGLATC
CGCCGOGGAACGACCACTGAGCGGLCGC
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SEQ ID NGO: 20 His-BicA (Chaperone of BurkF)Amino acid sequence

MGSSHHHHHHSOQDPMTQRDVNIDDIEAQEMAAALLDAVONGATLKDLHQV
PODLMDGIYAFAYRFYQOGRLDDAEVFFRFLRIVDFYNAEYAMGLAAVCQLKKEY
ARAIDLYALAYSLSKDDHRPMEFHTGOQCHLEMGEKAALARRCFGIVVERSRDERLAGK
AQSYLDGLDEVGADAAPASAGNDH-

SEQ ID NG: 21 BipD nucleic acid sequence

CATATGAACATGCACGTGOACATGGOTCGTGCGUTGACCGTTCGTGATTG
GCCOGCGCTGGAGGCGCTOGLCGAAAACCATGCCGGCGGATGCGGGTGCGLGTGE
GCATGACCGATGATGACCTGCGTGCOGCOGGOTGTGOGACCGTCOGTGTTCCGGAGCA
GAAGCTGGOTCGCGGCGATTGATGAATTCGCGAGCCTGCOGTCTGCCGGATCGTATC
GACGGTCGTTTCOGTGGATGGCCOGTCGTGCGAACCTGACCGTTTITTIGATGATGCGC
GTOGTTGCGGTTCGTGGTICATGCGCGTGCGUCAACGTAACCTOCTGGAGCOGTCTGGA
GACCGAACTGCTGGOTGGCACCCTGGATACCGCGGOTCGACGAAGGTGGCATTCA
GCCGGACCCOGATCCTGCAAGGCCTOGGTGGATGTTATCGGTCAGGGCAAAAGCGA
TATTGACGCGTACGCGACCATCGTGOAAGGTCTGACCAAGTATTTTCAAAGCGTG
GCGGACGTTATGAGCAAACTGCAGGATTACATTAGCGCGAAGGATGACAAAAAC
ATGAAGATCGACGGTGGCAAGATCAAAGCGCTGATTCAGCAAGTGATCGACCAC
CTGCCGACCATGCAGCTGCCGAAGGGTGCGGATATTIGCGCGTTGGUGTAAAGAG
CTGGGCGACGCGGTTAGCATCAGCGATAGCGGTGTGOTTACCATTAACCCGGAC
AAACTGATCAAGATGCGTGATAGCCTGCCGCCGGATGGCACCGTTTGGGATACC
GCGCGTTACCAAGCOTGGAACACCGCOTTCAGCGGTCAGAAAGGCCAGCATCCG
GAACGTCGTGCGGATGCGCGTCGTAAATATAGCCACCAGAACAGCAACTTITGAT
AACCTGGTGAAGGTTCTGAGCGGTGCGATTAGCACCCTGACCGACACCCAGAGC
TATCTGCAAATC

SEQ ID N(: 22 BipD amino acid sequence

MNMHVDMGRALTVRDWPALEAL AKTMPADAGARAMTDDDLRAAGVDRR
VPEQKLGAAIDEFASLRLPDRIDGRFVDGRRANLTVFDDARVAVRGHARAQRNLLE
RLETELLGGTLDTAGDEGGIQPDPILOQGLVDVIGQGKSDIDAYATIVEGLTKYFQSVA
DVMSKLODYISAKDDKNMKIDGGKIKALIQQVIDHLPTMOQLPK GADIARWRKELGD
AVSISDSGVVTINPDKLIKMRDSLPPDGTVWDTARYQAWNTAFSGOKGQHPERRAD
ARRKYSHONSNFDNLVKVLSGAISTLTDTOSYLQI

SEQ ID NQ: 23 BipB nucleic acid sequence

ATGAGCAGCGGTOTTCAAGGTGGCCCGGCGGCGAACGCGAACGCGTACC
AGACCCACCCOCTGCGTGATGCGGUGAGCGCGUTGGGCACCCTGAGCCCGCAGG
COTATGTGGATCGTGGTTAGCGCGGCGCAACGTAACTTCCTGGAGCGTATGAGCC
AACTGGCGAGCGAACAGTGCGATGCGCAACCGOCGGCGCATGATGCGCOTCTGO
ATGATCOTCCGGCGCTGCOGTGCGCCGLAGGAACGTGACGUGCCGCCGCTGGGTG
CGAGCGATACCGGTAGCCOTGCGAGCGGTGCGOGCGAAACTGACCGAGCTGCTGG
GTGTGCTGATGAGCGTTATTAGCGCGAGCAGCCTGGACGAACTGAAGCAACGTA
GCGATATCTGGAACCAGATGAGCAAAGCGOGCGCAAGACAACCTGAGCCGTCTGA
GCGATGCGTTTCAGCGTGCGACCGACGAGGCGAAAGCGGCGGCGGATGCGGCGE
AACAGGCGOCGOCGGUGGCGAAGCAAGCGGOTGCGGACGCGAAAGCGGCGEAT
GCGGCGOTGGATGCGGCGCAAAAACGTTACGATGACGCGGTTAAGCAGGGCCTG
CCGOATGACCGTCTGCAAAGCCTGAAAGCGGCGCTGGAGCAGGCGCGTCAGCAA
GCGGOTGATGCGCATGOTCGTGCGGATGCGCTGCAGGCGOATGCGACCAAGAAA
CTGCGACGCGGCGAGCGCGCTGOCGACCCAAGCGCGTOGLOGTGCGAACAGCAAGTG
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GATGACGCGGTTAACCAGGCGACCCAGUAATATGOGTGCGAGCGUCGAGUCTGCGT
ACCCCGCAAAGCCCGCGTCTGAGCGOTGCGGCGHGAGCTGACCGLGGTGCTOGGEL
AAGCTOGCAGGAACTGATTAGCAGUGGCAACGTTAAAGAGUTGGAAAGCAAGCA
GAAACTGTTCACCGAGATGCAAGCGAAGCGTGAGGCGGAACTGCAAAAGAAAA
GCOACGAATATCAGGCGCAAGTGAAGAAAGCGGAGGAAATGCAGAAAACGATG
GOGTTGCATCGGUCAAGATTGTOGOTTGGOTTATTACCGUGGTTAGCTTTGUGGEGG
CGGCOTTTACCGGTGOGCOGCGAGCCTOGOGCGLCTOGLGGCGHTOGGGLCTGGLGOTGH
CGOTTGOTGACGAGATTAGCCGTGCGACCACCGUTGTGAGCTTCATGGACAAGC
TGATGCAGCCGGTTATGGATGUGATCCTGAAACCGUTOGATGGAGATGATTAGCA
GCCTOATCACCAAGGCOGCTGGTTGCGTGCGGCOTTCGATCAGCAAAAAGCGGAAC
TGGCOGGOTGCGATTICTGGOTOCGHTTGTITACCGOTGTGOCGCTGOTTGCGHCGEC
GTTTGTTGUGTGCGAGCGCGGTGAAAGCGGTTOGUCGAGCAAGGTTATCGACGCGAT
GGCOGOTCAGCTGACCAAGCTGATGGATAGCGCGATTOGGCAAAATGCTGOTGCA
ACTGATCGAGAAATTCAGCOGAAAAGAGUGGTCTGCAGGLCGUTGGOGTAGCCGTAC
CGCGACCGCGATGACCCGTATGUOGTCOGTGCGATTGGCGTTGAGGCGAAGGAAGA
CGGTATGUTOGCTGGCGAACCGTTTITGAAAAAGCGGGCACCGTGATGAACGTTGE
TAACCAAGTGAGCCAAGUGGUGGOTGGCATTOTGGTTOGGUGTTGAGUGTGUGAA
AGCOGATGGGTCTGCTGGCGGATGTGAAAGAAGCGATGTATGACATCAAGCTGCT
GOGTGATCTGCTGAAACAGGCGGTGGACGUGTTTGCGGAGCACAACCGTGTTCT
GOCGCAACTGATGCAGCAAATGAGCGATOGCGGGLCGAAATGCAGACCAGCACCG
GCAAGCTGATCCTGCGTAACGCGCGTGCOGTTITAAGGATCC

SEQ ID N{: 24 BipB amino acid sequence

MSSGVQGGPAANANAYQTHPLRDAASALGTLSPOAYVDVVSAAQRNFLER
MSGQLASEQCDAQPAAHDARLDDRPALRAPQERDAPPLGASDTGSRASGAAKLTELL
GVLMSVISASSLDELKQRSDIWNQOMSKAAQDNLSRLSDAFOQRATDEAKAAADAAEQ
AAAAAKQAGADAKAADAAVDAAQKRYDDAVKGQGLPDDRLOSLKAALEQARQQA
GDAHGRADALQADATKKLDAASALATQARACEQQVDBAVNQATOQYGASASLRT
POSPRLSGAAELTAVLGKLQELISSGNVKELESKQKLFTEMOQAKREAELQKKSDEYQ
AQVKKAEEMOKTMGCIGKIVGWVITAVSFAAAAFTGGASLALAAVGLALAVGDEIS
RATTGVSFMDKLMQOPVMDAILKPLMEMISSLITKALVACGVDQOKAELAGAILGAV
VTGVALVAAAFVGASAVKAVASKVIDAMAGQLTKLMDSAIGKMLUVQLIEKFSEKS
GLOALGSRTATAMTRMRRAIGVEAKEDGMLLANRFERKAGTVMNVGNQVSQAAGG
IVVGVERAKAMGLLADVKEAMYDIKLLGDLLEQAVDAFAEHNRVLAQLMOQOMSD
AGEMOTSTGKLILRNARAY

SEQ ID NQ: 25 BurkF nucleic acid sequence

CATATGAACATGCACGTGGACATGGGTCGTGCGCTGACCGTTCGTGATTG
GCCGGCGCTGGAGGCGUTGOCGAAAACCATGCCGGCGGATGCGGOTGCGLOGTGO
GATGACCGATGATGACCTGCGTGCGGCGOGTOTGGACCOGTCGTGTTCCGGAGCA
GAAGCTGGGTGCGOCGATTCGATGAATTCGCGAGCCTGCGTCTGCCGGATCGTATC
GACGOTCGTTTICGTGGATGOCCOTCCGTGCGAACCTGACCGTTTTTGATGATGCGC
GTGTTGCGGTTCOTGGTCATGCGCGTGUGCAACGTAACCTGCTGGAGCGTCTGGA
GACCGAACTGCTGOGTGGCACCCTGGATACCGCGGOTGACGAAGGTGOCATTCA
GCCGGACCCGATCCTGCAAGGCCTGOTGGATGTTATCGGTCAGGGCAAAAGCGA
TATTGACGCGTACGCGACCATCGTGGAAGGTCTGACCAAGTATTTTCAAAGCGTG
GCGGACGTTATGAGCAAACTGCAGGATTACATTAGCGCGAAGGATGACAAAAAC
ATGAAGATCGACGGTGGCAAGATCAAAGCGCTGATTCAGCAAGTGATCGACCAC
CTGCCGACCATGCAGCTGCCGAAGGGTGCGGATATTGCGCGTTGGCGTAAAGAG
CTGGGCGACGCGOTTAGCATCAGCGATAGCGGTOTGGTTACCATTAACCCGGAC
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AAACTGATCAAGATGUCGTGATAGCCTGUCGUUGGATGOGCACCGETTTGGGATACT
GCGCGTTACCAAGCGTGGAACACCGUGTTCAGCGGOTCAGAAAGGCCAGCATCCG
GAACGTCGTGCGGATGCGCGTCGTAAATATAGCCACCAGAACAGCAACTTITGAT
AACCTGGTGAAGGTTCTGAGCGOGTGCGATTAGCACCCTGACCGACACCCAGAGC
TATCTGCAAATCAAGCTTATGAGCAGCGGTGTTCAAGGTGGCCCGGUGGLGAAL
GCGAACGUGTACCAGACCCACCCGUTGLGETGATGCGGLGAGUGUGCTGHGGLACC
CTGAGCCCGCAGGCGTATOGTGGATGTOGTTAGCGCGGCGLCAACGTAACTTCCTG
GAGCGTATGAGCCAACTGGCGAGCGAACAGTGCGATGCGCAACCGGCGGCGCAT
GATGCGCGETCTGGATGATCGTCCGGUGUTOGLGTGLCGUUGCAGGAACGTGALGCG
CCGCCGCTOGATGCGAGCGATACCGGTAGCCGTGCGAGCOGGTGCGGLGAAACTG
ACCGAGCTGCTGGOTIGTGUCTGATGAGUGTTATTAGUCGCGAGCAGCCTGGACGAA
CTGAAGCAACGTAGCGATATCTGGAACCAGATGAGCAAAGCGGCGCAAGACAA
CCTGAGCCGTCTGAGCGATGCGTTTCAGCGTGCGACCGACGAGGCGAAAGC GG
GGCGOGATGCGGUCGGAACAGGCOGGLGGLGGELCHEHLCGAAGCAAGCGGETGCGLGACG
CGAAAGCGGCGGATGCGGCGOTGGATGCGGCOGCAAAAACGTTACGATGACGCE
GTTAAGCAGGGUCTGCCGGATGACCGTCTGCAAAGCUTGAAAGCGGCGCTGGAG
CAGGCGCGETCAGCAAGCGGOGTGATGUCGCATGGETCGTGCGGATGUGCTGLAGECG
GATGCGACCAAGAAACTGGACGCGGLCGAGCGCGCTGGCGACCCAAGCGLCGTIGC
GTGCGAACAGCAAGTGGATGACGCOGGTTAACCAGGCGACCCAGCAATATGHGTGC
GAGCGCGAGCCTGCGTACCCCGCAAAGCCCGCGTUTGAGCGGTGLGGLCGLGAGCT
GACCGCGGTGCTGGOGCAAGCTGCAGGAACTGATTAGCAGCGGCAACGTTAAAGA
GCTGGAAAGCAAGCAGAAACTOTTCACCGAGATOGCAAGLCGAAGCGTGAGGLGE
AACTGCAAAAGAAAAGCGACGAATATCAGGUCGCAAGTGAAGAAAGCGGAGGAA
ATGCAGAAAACGATGOGTTGCATCGGCAAGATTGTGGGTTGGGTTATTACCGCG
GTTAGCTTTGCGGUGGUGGCETTTACCGOTOGLGUGAGCCTGGUGCTGGCGECG
GTGGGLCCTGOCGCTOGGCGOTTOGETGACGAGATTAGCCOGTGCGACCACCGGTOTIG
AGCTTCATGGACAAGCTGATGCAGCCGOGTTATGGATGCGATCCTGAAAC CGC TG
ATGGAGATGATTAGCAGCCTGATCACCAAGOGCGUTEOTTGCGTOCGGCOGTTGAT
CAGCAAAAAGCGGAACTGGCGGETGCGATTCTGGGTGCGGTIGTTACCGGTGTG
GCGCTGGTTGUGGUGGCETTTGTTGGTGCGAGCGCGGTGAAAGCGGTTGCGAGL
AAGOGTTATCGACGCGATGGCGOGGTCAGCTGACCAAGUTGATGGATAGCGCGATT
GGCAAAATGCTGOGTGCAACTGATCGAGAAATTCAGCGAAAAGAGCGGTCTGCAG
GCGLTEOGUTAGCCOTACCOGCGACCOGCGATGACCCOTATGCGTCOTGCGATTGEC
GTTGAGGCGAAGGAAGACGGTATGCTGLCTGOGLCGAACCGTTTTGAAAAAGCGGGC
ACCGTGATGAACGTTGGTAACCAAGTGAGCCAAGCGGCGEGTGGCATTGETGETT
GOGCGTTGAGCGTGUCGAAAGUGATOGOTCTGLCTOGUCGGATGTGAAAGAAGCGATE
TATGACATCAAGCTGCTGGGTGATCTGCTGAAACAGGUGGTGGACGCGTTTGCG
GAGCACAACCGTOGTTICTGGCGCAACTGATGCAGCAAATGAGCGATGCGGGLCGAA
ATGCAGACCAGCACCGGLCAAGCTGATCCTGCGTAACGCGUGETGCGGTTTAAGGA
TCC

SEQID NG: 26 BurkF amine acid sequence

MNMHVDMGRALTVRDWP /\LEALAKTMPADAGARAW TDDDLRAAGVDRR
YPEQKLGAAIDEFASLRLPDRIDGRFVDGRRANLTVFDDARVAVRGHARAQRNLLE
RLETELLGGTLDTAGDEGGIQPDPILQGLVDVIGOGKSDIDAYATIVEGLTKYFQSVA
DVMSKLODYISAKDDEKNMKIDGGKIKALIQOVIDHLPTMOQLPKGADIARWRKELGD
AVSISDSGVVTINPDKLIKMRDSLPPDGTVWDTARYQAWNTAFSGQKGOHPERRAD
ARRKYSHONSNFDNLVEKVLSGAISTLTDTQSYLQIKEMSSGVQGGPAANANAYQTH
PLRDAASALGTLSPQAYVDVVSAAQRNFLERMSOQLASEQUCDAQPAAHDARLDDRP
ALRAPOQERDAPPLGASDTGSRASGAAKLTELLGVLMSVISASSLDELEKQRSDIWNQM
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SKAAQDNLSRLSDAFORATDEAKAAADAAEDAAAAAKQAGADAKAADAAVDAA
QKRYDDAVKQGLPDDRLOSLKAALEQARQQAGDAHGRADALQADATKKLDAASA
LATQARACEQQVDDAVNQATOQYGASASLRTPQSPRLSGAAELTAVLGKLQELISS
GNVKELESKOKLFTEMQAKREAFLOKKSDEYQAQVKKAEEMQKTMGCIGKIVGW
VITAVSFAAAAFTGGASLALAAVGLALAVGDEISRATTGVSFMDKLMGQPVMDAILK
PLMEMISSLITKALVACGVDOQOKAELAGAILGAVVTGVALVAAAFVGASAVKAVAS
KVIDAMAGOLTKLMDSAIGKMLVOLIEKFSEKSGLOALGSRTATAMTRMRR AIGVE
AKEDGMLLANRFEKAGTVMNVGNQVSQAAGGIVVGVERAK M&[GLL ADVKEAMY
DIKLLGDLLKOAVDAFAEHNRVLAQLMOQOMSDAGEMQTSTGKLILRNARAY

SEQ 1D NO: 27 LTA1-BurkF nucleic acid sequence
CATatggacaatggegategtttatacegtgcegactcgegtoccecagatgagattaaacgtageggtgggttaatece
acgtgggcacaatgagtatittgacegtggaacacagatgaacattaaccttitacgateatgecegigggacceagaccegggtttate
gttatgatgacgggtatgttagtacgagtitgtcettacgetccgeacaccitgeggeacaaagtatittaicaggctacageacatattac
atitatgtgatcgccactgecocaaacatgticaatgtgaacgatgigttgggoatttacageccocatecatatgaacaagaagicteg
gcoctiggggppatcocatatagecagatitatgptiggtaccgegtaaattitggtgtgattgatgaacgtitgcatcgtaaccgigaata
cegegategetactaccgtaactigaacattgeacctgocgaggacggctategittagegggattcecaccegatcaicaggogteg
cgtgaggaaccgtggatecatcacgecccteaggegtecgggaacagtagicgCCATATGAACATGCACGTGGA
CATGGGTCGETGCGUTGACCEGTTCGTGATTGGCOGGUGUCTGGAGGCGUTGGUGAA
AACCATGCCOGGCGGATGLGGGETGLGCOTGCGATGACCGATGATGACCTGCETGC
GGCGOGTGIGGACCOTCOTGITCCGGAGCAGAAGCTGGOTGCGGCGATTGATGA
ATTCGCGAGCCTGUGETCTGUCGGATCGTATCGACGGTCGTTTCGTGGATGGLCGT
CGTGCGAACCTGACCGTTTTTGATGATGLGCGTGTTGCOGTTCGTGGTCATGCGC
GTGCGCAACGTAACCTGCTGGAGCGTCTGGAGACCGAACTGUTGGGTGGCALCCC
TGGATACCGUGGGTGACGAAGGTGGCATTCAGCUGGACCUCGATCUTGCAAGGCC
TGGTGGATGTTATCGGTCAGGGCAAAAGCGATATTGACGCGTACGCGACCATCG
TGGAAGGTCTGACCAAGTATTTTCAAAGCGTGGUGGACGTTATGAGCAAACTGC
AGGATTACATTAGCGUCGAAGGATGACAAAAACATGAAGATCGACGGTGGLAAG
ATCAAAGCGCTGATTCAGCAAGTGATCGACCACCTGCCGACCATGCAGCTGCCG
AAGGGTGCGGATATTGCGCGTTGGCGTAAAGAGCTGGGCGACGCGGTTAGCATC
AGCGATAGCGGTGTGGTTACCATTAACCCGGACAAACTGATCAAGATGCGTGAT
AGCCTGCCOGCCGGATGGCACCOGTTTGGGATACCGCGUCGTTACCAAGCGTGGAALC
ACCGCGTTCAGCGGTCAGAAAGGCCAGCATCCGGAACGTCGTGCGGATGCGUGT
CGTAAATATAGCCACCAGAACAGCAACTTTGATAACCTGGTGAAGGTTCTGAGC
GGTGCGATTAGCACCCTGACCGACACCCAGAGCTATCTGCAAATCAAGCTTATG
AGCAGCGGTGTTCAAGGTGGLLCGOLCGOCGAACGUGAACGCGTACCAGACCCAL
CCGCTGCGTGATOGUGGCGAGCGCGCTGGGCACCCTGAGCCCOGCAGGCGETATETG
GATGTGGTTAGCGCGGCGCAACGTAACTTCCTGGAGUGTATGAGCCAACTGGCG
AGCGAACAGTGLCGATGCOCAACCOGGCOGGLGCATGATGCOGCETCTGGATGATCGT
CCGGLCGCTGCGTGCGLCGCAGGAACGTGACGCGLCGLCCGUTGGOTGCGAGCGAT
ACCGGTAGCCGTGCGAGUGOTOCOGGEUGAAACTGACCGAGUTGCTGGGTOTGCT G
ATGAGCGTTATTAGCGCGAGCAGCCTGGACGAACTGAAGCAACGTAGCGATATC
TGGAACCAGATGAGCAAAGCGGCGCAAGACAACCTGAGCCGTCTGAGCGATGCG
TTTCAGCGTGCGACCGACGAGGCGAAAGCGGLCGEECGHGATECGGUGGAATCAGGC
GGCGGLGGLGGECGAAGCAAGCGGETGCGGACGCGAAAGCGGLGGATGCGGCGE
TGGATGCGGUCGCAAAAACGTITACGATGACGCGGTITAAGCAGGGUCTGCCGGATG
ACCGTCTGCAAAGCCTGAAAGCGGUGCTGGAGCAGGCGLGETCAGCAAGCGGETG
ATGCGCATGGTCOTGCGGATGUCGCTGCAGGLCGGATGLCGACCAAGAAACTGGACG
CGGUGAGUGCGUTGGCGACCCAAGCOGUGTGUGTGUGAACAGUAAGTGGATGATCG
CGGTTAACCAGGUCGACCCAGCAATATGGTGLGAGCGCGAGLCTGCGTACCCCGL



10

15

20

30

44

45

50

WO 2019/217243 PCT/US2019/030694

AAAGCCCGUGTCTGAGUCGGTGCGGUGGAGUTGACCGCGGTGCTGGGCAAGCTGE
AGGAACTGATTAGCAGCGGCAACGTTAAAGAGCTGGAAAGCAAGCAGAAACTG
TTCACCGAGATGCAAGCGAAGCGTGAGGUGGAACTGCAAAAGAAAAGCGACGA
ATATCAGGCGCAAGTGAAGAAAGCGGAGGAAATGCAGAAAACGATGGOTTGCA
TCGGCAAGATTGTGOGGTTGOGTTATTACCGCGOTTAGCTTTGCGGCGGCGGCGTT
TACCGOTGGCGCGAGCCTGGUGETGGCOGGCGGTOGOGCCTGGCGCTGHCGETTGE
TGACGAGATTAGCCOTGCGACCACCGGTGTGAGUTTCATGGACAAGCTGATGCA
GCCGOGTTATGOGATGCGATCCTGAAACCGUTGATGGAGATGATTAGCAGCCTGAT
CACCAAGGCGUCTGGTTGCOGTGCGGCGTTGATCAGCAAAAAGCGGAACTGGCGGG
TGCGATTCTGGGTGCGOTTOGTTACCOGTGTGGCGCTGOTTGCGGCGOCGTTTIGTT
GGTGCGAGUGCOGGTOGAAAGCGUTTGCGAGCAAGGTTATCGACGCGATGGCGHGT
CAGCTGACCAAGCTGATGOATAGCGCGATTGGCAAAATGCTGGTGCAACTGATC
GAGAAATTCAGCGAAAAGAGCOGTCTGCAGGCGCTGGGTAGCCGTACCGCGACC
GUGATGACCCGTATGUCGTCOGTGCGATTOGGUOTTGAGGCGAAGGAAGACGGTATG
CTGCTGGCGAACCOTTTTGAAAAAGCGGGCACCGTGATGAACGTTGGTAACCAA
GTGAGCCAAGCOGGUGGOTGOCATTOTGOTTOGGUOTTGAGCOTGCGAAAGCGATG
GGTCTGCTGGCGOATGTGAAAGAAGCGATGTATGACATCAAGCTGCTGGGTGAT
CTGCTGAAACAGGCGGTOGGACGCGTTTGCOGGAGCACAACCGTGTTCTGGCGCAA
CTGATGCAGCAAATGAGCGATGCGGGCGAAATGCAGACCAGCACCOGGLCAAGCTG
ATCCTGCGTAACGCGCGTGCGOGTTTAAGGATCC

SEQ ID NG: 28 LTAL-BurkF Amino acid sequence

MDNGDRLYRADSRPPDEIKRSGGLMPRGHNEYFDRGTOMNINLYDHARGT(
TGEFVRYDDGYVSTSLSLRSAHLAGQSILSGYSTYYIYVIATAPNMENVNDVLGVYSP
HPYEQEVSALGOGIPYSQIYOGWYRVNEFGVIDERLHRNREYRDRYYRNLNIAPAEDGYR
LAGFPPDHQAWREEPWIHHAPQGCONSSRMNMHVDMGRALTVRDWPALEALAKT
MPADAGARAMTDDDLRAAGVDRRVPEQKLGAAIDEFASLRIPDRIDGRFVDGRRA
NLTVFDDARVAVRGHARAQRNLLERLETELLGGTLDTAGDEGGIQPDPILQGLVDVI
GOGKSDIDAYATIVEGLTKYFQSVADVMSKLODYISAKDDKNMEKIDGGKIKALIQO
VIDHLPTMOQLPKGADIARWRKELGDAVSISDSGVVTINPDKLIKMRDSEPPDGTVWD
TARYQAWNTAFSGQRKGOHPERRADARRKY SHONSNFDNLVKVLSGAISTLTDTOSY
LOIKLMSSGVQGGPAANANAYQTHPLRDAASALGTLSPOQAYVDVVSAAQRNFLER
MSQLASEQCDAQPAAHDARLDDRPALRAPQERDAPPLGASDTGSRASGAAKLTELL
GVLMSVISASSEDELKQRSDIWNOMSKAAQDNLSRLUSDAFQRATDEAKAAADAAEQ
AAAAAKGAGADAKAADAAVDAAQKRYDDAVKQGLPDDRLOSLKAALEQARQQA
GDAHGRADALQADATKKLDAASALATQARACEQOQVDDAVNQATOQOQYGASASLRYT
PQSPRLSGAAELTAVLGKLQELISSGNVKELESKOQKLFTEMQAKREAELQKKSDEY ()
AQVKKAEEMQKTMGCIGKIVOWVITAVSFAAAAFTGGASLALAAVGLALAVGDELS
RATTGVSFMDEKILMOPVMDATLKPLMEMISSLITKALVACGVDOQQKAELAGAILGAV
VTGVALVAAAFVGASAVKAVASKVIDAMAGOLTKLMDSAIGKMLVQLIEKFSEKS
GLOQALGSRTATAMTRMRRAIGVEAKEDGMLLANRFEKAGTVMNVGNQVSQAAGG
IWVVGVERAKAMGLLADVKEAMYDIKLLGDULKQAVDAFAEHNRVLAQUMQOMSD
AGEMQTSTGKLILRNARAV-

SEQ ID NG: 29 His-PoerH (Chaperone of PaF) nucleic acid sequence

ATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATCCGATGAACCA
GCCGACCCCTTCCGACACCGACCAGCAACAGGCGCTGGAGGCCTTCCTGCGCGA
CGOCGOCACCCTGGCGATGCTTCGCGGACTCAGCGAGGACACCCTGGAGCAGCT
CTATGCGCTGOGCTTCAACCAGTACCAGGCGGGCAAGTGGGACGACGCGCAGAA
GATCTTCCAGGCACTGTGCATGCTCGACCACTACGACGCCCGCTACTTTICTCGGC
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CTGGOGCGCCTGUCGCCAGTCCCTCGOTCTCTATGAACAGGUCCTGCAGAGUTACA
GCTACGGCOCGCTGATGGACATCAACGAGCCGCGCTTTCCCTTICCATOGCCGCCGA
GTGCCACCTGCAACTOGUGTGATCTCGACGGAGCCGAGAGTGGCTTCTACTCGGCC
CGOGLCCCTGOGCCGCOGGCACAGCCGGUGCACGAGGCCCTGGCCGCGCGTGLCGEO

GCCATGTTGOAAGCCGTAACCGCGAGAAAGGATCGAGCCTATGAATCCGATAAC

GCTTGAAAGCTT

SEQ 1D NO: 36 His-PerH (Chaperone of PaF) Amino acid sequence

MGSSHHHHHHSQDPMNQPTPSDTDOQOQALEAFLRDGGTLAMLRGLSEDTLE
QLYALGFNQYQAGKWDDAQKIFQALCMLDHYDARYFLGLGACRQSLGLYEQALQS
YSYGALMDINEPRFPFHAAECHLOQLGDLDGAESGFYSARALAAAQPAHEALAARAG
AMLEAVTARKDRAYESDNA-

SEQID NO: 31 PerV nucleic acid sequence
CATATGGAAGTCAGAAACCTTAATGCCGCTCGCGAGCTGTTCCTGGACGA
GCTCCTGGCCGCGTCGGLCGGCGCCTGCCAGTGCCGAGCAGGAGGAACTGCTGGL
CCTGTTGCGCAGCGAGCGOATCGTGCTGGUCCCACGCCGGUCAGCCGCTGAGCGA
GGCGCAAGTGCTCAAGGCGCTCGCCTGGTTGCTCGCGGCCAATCCGTCCGCGLCT
CCGGGGCAGGGCCTCGAGGTACTCCGCGAAGTCCTGCAGGCACGTCGGCAGCCC
GOGTGCGCAGTGGGATCTGCGTGAGTTCCTGGTGTCOGGCCTATTTICAGCCTGCACG
GGCGTCTCGACGAGGATGTCATCGGTGTCTACAAGGATGTCCTGCAGACCCAGG
ACGGCAAGCGCAAGGCGCTGCTCGACGAGCTCAAGGCGCTGACCGCGGAGTTGA
AGGTCTACAGCGTGATCCAGTCGCAGATCAACGCCGCGCTGTCGGCCAGGCAGG
GCATCAGGATCGACGCTGGCGGTATCGATCTGGTCGACCCCACGCTATATGGCTA
TGCCGTCGGCGATCCCAGGTGGAAGGACAGCCCCGAGTATGCGUCTGCTGAGCAA
TCTGGATACCTTCAGCGGCAAGCTGTCGATCAAGGATTTTICTCAGCGGLTCGCCG
AAGCAGAGCGGGGAACTCAAGGGCCTCAGCGATGAGTACCCCTTCGAGAAGGAC
AACAACCCGGTCGGCAATTTCGCCACCACGGTGAGCGACCGCTCGCGTCCGCTG
AACGACAAGGTCAACGAGAAGACCACCCTGCTCAACGACACCAGCTCCCGCTAC

AGCGACATTCTCAGCGCGATC

SEQ ID NO: 32 PerV amino acid sequence

MEVRNLNAARELFLDELLAASAAPASAEQEELLALLRSERIVEAHAGQOQPLSEA
QOVLKALAWLLAANPSAPPGQGLEVLREVLOQARRQPGAQWDLREFLVSAYFSLHGRL
DEDVIGVYKDVLOQTODGKREKALLDELKALTAELKVYSVIQSQINAALSARQGIRIDA
GGIDLVDPTLYGYAVGDPRWEKDSPEYALLSNLDTFSGKLSIKDFLSGSPKQSGELKG
LSDEYPFEKDNNPVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEALNRFI
QKYDSVLSDILSAI

SEQ ID NQ: 33 PopB nucleic acid sequence

ATGAACCCGATTACGCTGGAACGTGCTGOTCTGCCGTATGGTGTTGCCGA
TGCTGGTGACATCCCGGCTCTGGGTCGCCCOGGTCGCACGTGATGTGGAAAGTCTG
COGTGTTGAACGTCTGGCAGCACCGGLCAGCTGCAAGCGCATCTGGCACCGOTGTC
GCTCTGACGCCGCCGTCTGCAGCAAGTCAGCAACGTCTGGAAGTTGCTAACCGC
GCGGAAATTGCCTCACTGGTCCAGGCAGTGOGTGAAGACGTGGGTCTGGCACGT
CAAGTGGTTCTGGCAGGTGCATCGACCCTGCTGAGCGCAGGTCTGATGTCGCCGC
AGGCGTTCGAAATTGAACTGGCCAAAATCACCGGCGAAGTTGAAAATCAGCAGA
AAAAACTGAAACTGACGGAAATCGAACAGGCCCOGTAAACAGAACCTGLCAAAAA
ATGGAAGATAACCAGCAAAAAATCCGCGAATCGGAAGAAGCTGCGAAAGAAGC
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GCAGAAAAGCGOGCCTGGCCGCAAAAATTTTTGOGTTGGATTTCTGCTATCGCGAGT
ATTATCGTGGGTGCAATCATGGTTGCAACCGGTGTCGGTGCTGCAGCAGGTGCAC
TGATGATTGCTGOGCGOTGTCATGGGTGTCOTGAGTCAGTCCOGTGCAGCAAGCAGC
TGCOGCGATGOGTCTOGATCTCAAAAGAAGTGATGGAAAAACTGOGGCCCGGCCOTOAT
GGOTATTGAAATGGCCOTGGCACTGCTGOCCGCAGTTGTCTCCTTTGGTGGTTCA
GCAGTTGOGTGGTCTGGUACGTCTGGGTGUAAAAATCGGUGGTAAAGUTGCGGAA
ATGACGGCATCCCTGGCTTCAAAAGTGGCAGACCTGGGCGGTAAATTCGGCTCTC
TGGCGOGGUCAGTCACTGTCGCATAGCCTGAAACTGOGTOTGCAAGTTTCTGATCT
GACCCTGOGACGTTGCAAACGGUGUCCGCACAGGUTACGCACAGTGGTTTTCAAGO
GAAAGCTGCGAATCOTCAGGCCGATGTTCAAGAATCCCGTGCAGACCTGACCAL
GCTGCAGGGTGTCATTGAACGTCTGAAAGAAGAACTGAGCCGCATGUCTGGAAGC
CTTTCAGGAAATTATGGAACGCATCTTCOGCAATGCTGCAAGCGAAAGGCGAAAC
CCTGCACAATCTOTCTTCCCGTCCGOCGGCTATCTGAGGATCC

SEQ ID NQ: 34 PopB amino acid sequence

MNPITLERAGLPYGVADAGDIPALGRPVARDVESLRVERLAAPAAASASGTG
VALTPPSAASQOQRLEVANRAEIASLVQAVGEDVGLARQVVLAGASTLLSAGLMSPQ
AFEIELAKITGEVENQQOKKLKLTEIEQARKQNLOQKMEDNQQKIRESEEAAKEAQKSG
LAAKIFGWISAIASIIVGAIMVATGVGAAAGALMIAGGVMGVVSQSVOQQAAADGLIS
KEVMEKLGPALMGIEMAVALLAAVVSFGGSAVGGLARLGAKIGGKAAEMTASLAS
KVADLGGKFGSLAGOQSLSHSLKLGVOVSDLTLDVANGAAQATHSGFQAKAANRQA
DVOQESRADLTTLOGVIERLKEELSRMLEAFQEIMERIFAMLQAKGETLHNLSSRPAAL

SEQ D NO: 35 PaF nucleic acid sequence

CATATGGAAGTCAGAAACCTTAATGCCGCTCGUGAGCTGTTCUTGGACGA
GCTCCTGGLCGLGTCGGUGGCGCCTGLCAGTGCCGAGCAGGAGGAACTGCTGGC
CCTGTTGCGCAGCGAGCGGATCGTGUTGGUCCACGCCGGUCAGCCGCTGAGCG A
GGUGCAAGTGCTCAAGGCGCTCGCCTGOTTGCTCGCGOCCAATCCOGTCCGLGCCT
CCGGGGCAGGGCCTCGAGGTACTCCGUCGAAGTCCTGCAGGCACGTCGGCAGCCC
GGTGUGCAGTGGGATCTGUGTGAGTTCCTGGTGTCGGUCTATITCAGCCTGCACG
GGCGTCTCOGACGAGGATGTCATCGUETGTCTACAAGGATOTCCTGCAGACCCAGE
ACGGCAAGCGCAAGGCGCTGCTCGACGAGUTCAAGGCGLTGACCGLGGAGTTGA
AGOGTCTACAGCGTGATCCAGTCGLCAGATCAACGCCOGLCGUTOTICGGUCAGGCAGG
GCATCAGGATCGACGUCTGGUCGGTATCGATCTGGTCGACCCCACGCTATATGGCTA
TGCCGTCGGCGATCCCAGGTGGAAGGACAGCCCCGAGTATGCGUTGCTGAGCAA
TCTGGATACCTTCAGCGGCAAGUTGICGATCAAGGATTTICTCAGCGGCTCGCCG
AAGCAGAGCGGGGAACTCAAGGGCCTCAGCGATGAGTACCCCTICGAGAAGGAC
AACAACCCGGTCGGCAATTICGUCCACCACGGETGAGCGACCGUCTCGUGTCCGCTG
AACGACAAGGTCAACGAGAAGACCACCCTGCTCAACGACACCAGCTCCCGCTAC
AACTCGGCGGTCGAGGCGUCTCAACCGCTTCATCCAGAAATACGACAGCGTCCTG
AGCGACATTCTCAGUCGUGATCOGGATCCATGAACCCGATTACGUTGGAACGTGOT
GOTCTGCCOGTATGGTGTTGCCGATGCTGGTGACATCCCGGCTCTGGGTCGLCCGE
TCGCACGTGATGTGGAAAGTCTGUCGTGTTGAACGTCTGGCAGCACCGGCAGCTG
CAAGCGCATCTGGCACCOGGTGTCGUTCTGACGCCGCCETICTGCAGCAAGTCAGC
AACGTCTGGAAGTTGCTAACCGCGUGGAAATTGCCTCACTGGTCCAGGCAGTGE
GTGAAGACGTGGGTCTGGCACGTCAAGTGGTTCTGGCAGGTGCATCGACCCTGCT
GAGCGCAGGTCTGATOTCGCCGCAGGUGTTCGAAATTGAACTGGCCAAAATCALC
CGGUGAAGTTGAAAATCAGCAGAAAAAACTGAAACTGACGGAAATCGAACAGG
CCCGTAAACAGAACCTGUCAAAAAATGGAAGATAACCAGCAAAAAATCCGCGAA
TCGGAAGAAGUTGCGAAAGAAGCGCAGAAAAGCGOGUCCTGGCCGCAAAAATTTIY
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GGTTGOATTTCTGCTATCGUGAGTATTATCGTGOGGTGCAATCATGGTTGCAACCG
GTGTCGOTGCTGCAGCAGGTOGCACTCGATGATTGCTGGCGOTGTCATGGOTGTCGT
GAGTCAGTCCGTGCAGCAAGCAGUTGCGGATGOTCTCGATCTCAAAAGAAGTGAT
GOAAAAACTGOGCCCGGUCCTGATOGOOTATTGAAATGGCCOGTGGCACTGCTGGC
CGCAGTTGTCTCCTTTGGTGOGTTCAGCAGTTGGTGGTCTGGCACGTCTGGGTGCA
AAAATCOGGCGGTAAAGCTGCGGAAATGACGGCATCCCTGGUTTCAAAAGTGGCA
GACCTGGOGCGOGTAAATTCGGCTCTCTGGUGGOGCCAGTCACTGTCGCATAGCCTGA
AACTGOGGTGTGCAAGTTTCTGATCTGACCCTGGACGTTGCAAACGGCGUCGCACA
GOCTACGCACAGTGOTTTTCAAGCGAAAGCTGCGAATCGTCAGGCCGATGTTCA
AGAATCCCGTOGCAGACCTGACCACGCTGCAGGOTGTICATTGAACGTCTGAAAGA
AGAACTGAGCCGCATGCTGOAAGCCTTTCAGOGAAATTATGGAACGCATCTTCGC
AATGCTGCAAGCGAAAGGCGAAACCCTGCACAATCTGTCTTCCCGTCCGGCGGT
TATCTGAGGATCC

SEQ 1D NO: 36 PaF amino acid sequence

MEVRNLNAARELFLDELLAASAAPASAEQEELLALLRSERIVLAHAGOQPLSEA
QVLKALAWLLAANPSAPPGOGLEVLREVLQARRQPGAQWDLREFLVSAYFSLHGRL
DEDVIGVYKDVLOTODGKRKALLDELKALTAELKVY SVIQSGINAALSARQGIRIDA
GGIDLVDPTLYGYAVGDPRWKDSPEYALLSNLDTFSGKLSIKDFLSGSPKOSGELKG
LSDEYPFEKDNNPYVGNFATTVSDRSRPLNDKVNEKTTLLNDTSSRYNSAVEALNRFI
QKYDSVLSDILSAIGSMNPITLERAGLPYGVADAGDIPALGRPVARDVESLRVERLAA
PAAASASGTGVALTPPSAASQORLEVANRAFIASLVOQAVGEDVGLAROQVVLAGAST
LLSAGLMSPOAFEIELAKITGEVENQOKKLKLTEIEQARKONLOKMEDNQQKIRESE
EAAKEAQKSGLAAKIFGWISATASHVGAIMVATGVGAAAGALMIAGGVMGVYS(OS
VOCAAADGLISKEVMEKLGPALMGIEMAVALLAAVVSFGGSAVGGLARLGAKIGG
KAAEMTASLASKVADLGGKFGSLAGQSLSHSLKLGVOVSDLTLDVANGAAQATHS
GFOQAKAANRQADVQESRADLTTLQGVIERLKEEL SRMLEAFQEIMERIFAMLQAKG
ETLHNLSSRPAAIL

SEQ D NO: 37 LTAL-PaF nucleic acid sequence

C ATatggacaatggegategtttatacegtgecgactegegteccecagatgagattasacgtageggtgagttaatgce
acgtgggcacaatgagtattitgaccgtggaacacagatgaacattaacctttacgatcatgeecgtgggacceagacegggtittgtee
gitatgatgacgggtatgtiagtacgagtttgtectiacgctccgeacacctigegggacaaagtattttatcaggctacageacatattac
atttatgtgatcgecactigecccaaacatgttcaatgtgaacgatgtgttgggggtitacageccccatecatatgaacaagaagteteg
geccttggggegatcecatatagecagatttatggttagtaccgegtaaattitggtotoatigatgaacgtitgeategtaaccgtgaata
ccgegatcgetactaccgtaactigaacatigeacetigecgaggacggcetategtitagegggaticccacccgateatcaggegiag
cgtgaggaaccgtgeatecatcacgeccetcaggggtacgggaacagtagtcgcCATATGGAAGTCAGAAACCT
TAATGCCGCTCGCGAGCTGTTCCTGGACGAGUTCCTGGCCGLGTCGGCGGLGCCT
GCCAGTGCCGAGCAGGAGGAACTGCTGGCCCTGTTGCGCAGCGAGCGGATCGTG
CTGGCCCACGCCGGCCAGCCGCTGAGCGAGGCGCAAGTGCTCAAGGCGCTCGCC
TGGTTGCTCGUGGCCAATCCGTCCGUGCUTCCGGGGLAGGGCCTCGAGGTALCTCC
GCGAAGTCCTGCAGGCACGTCGGCAGCCCGOGTGCGCAGTGGGATCTGCGTGAGT
TCCTGGTGTCGGCCTATTTCAGCCTGCACGGGCGTCTCGACGAGGATGTCATCGG
TGTCTACAAGGATGTCCTGCAGACCCAGGACGGCAAGCGUAAGGCGUTGCTCGA
CGAGCTCAAGGCGCTGACCGCGGAGTTGAAGGTCTACAGCGTGATCCAGTCGCA
GATCAACGCCGCGCTGTCGGCCAGGCAGGGCATCAGGATCGACGCTGGLGGTAT
CGATCTGGTCGACCCCACGCTATATGGCTATGCCGTCGGUCGATCCCAGGTGGAAG
GACAGCCCCGAGTATGCGCTGCTGAGCAATCTGGATACCTTCAGCGGCAAGCTG
TCGATCAAGGATTTTCTCAGCGGCTCGUCCGAAGCAGAGCGGGGAACTCAAGGEC
CTCAGCGATGAGTACCCCTTCGAGAAGGACAACAACCCGOGTCGGCAATTTCGCC
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ACCACGOGTGAGUGACCGUTCGCGTCCGUTGAACGACAAGGTCAACGAGAAGACC
ACCCTGCTCAACGACACCAGCTCCCGCTACAACTCGGCGOGTCGAGGCGCTCAAC
CGCTTCATCCAGAAATACGACAGCGTCCTGAGCGACATTCTCAGCGCGATCGGAT
CCATGAACCCOGATTACGCTGGAACGTGUTOGTCTGCCGTATGGTIGTTGCCGATGC
TGGTGACATCCCOGGCTCTGGOTCGCCCGOGTCGCACGTGATGTGGAAAGTCTGCGT
GTTGAACGTCTGGCAGCACCGGCAGCTGCAAGUGCATCTGGCACCOGOETEGTOGCT
CTGACGCCGCCOGTCTGCAGCAAGTCAGCAACGTCTGGAAGTTGCTAACCGCGCG
GAAATTGCCTCACTGGTCCAGGCAGTGGGTGAAGACGTIGGGTCTGGCACGTCAA
GTOGTTCTGOGCAGGTGCATCGACCCTGUTOAGCGLAGGTCTGATGTCGCCGCAGG
COGTTCGAAATTGAACTGGCCAAAATCACCGGCGAAGTTGAAAATCAGCAGAAAA
AACTGAAACTGACGGAAATCGAACAGGCCCGTAAACAGAACCTGCAAAAAATG
GAAGATAACCAGCAAAAAATCCGUCGAATCGGAAGAAGCTGCGAAAGAAGCGCA
GAAAAGCGGCCTGGCCGCAAAAATTTTTGGTTGGATTTCTGCTATCGCGAGTATT
ATCGTGOGGETGCAATCATGGTTGCAACCGOGTGTICGGTGUTGCAGCAGGTGCALCTG
ATGATTGCTGGCOGGTOGTCATGOGOTOTCGTGAGTCAGTCCGTGCAGCAAGCAGCTG
COGGATGOGTCTGATCTCAAAAGAAGTGATGGAAAAACTGGGE C CGGCCCTGATGG
GTATTGAAATGOGCCGTGGCACTGUTGGUCGLAGTTGTCTCCTTTOGGETGGTTCAGC
AGTTGGTGGTCTGGCACGTCTGGOTGCAAAAATCGGUGGTAL %AGCTGC GGAAAT
GACGGCATCCCTGGCTTCAAAAGTGGCAGACCTGGGUCGGTAAATTCGGCTICTICTG
GCGGGCCAGTCACTGTCGCATAGCCTGAAACTGOGGTGTGCAAGTTTCTGATCTGA
CCCTGGACGTTGCAAACGGCGCCGCACAGGCTACGCACAGTGOTITITCAAGCGA
AAGCTGCGAATCGTCAGGUCCOGATOTTCAAGAATCCCOTGCAGACCTGALCACGC
TGCAGGOGTGTCATTGAACGTCTGAAAGAAGAACTGAGCCGCATGCTGGAAGCCT
TTCAGGAAATTATGGAACGCATCTTCGCAATGCTGCAAGCGAAAGGCGAAACCC
TGCACAATCTGTCTTICCCGTCCGGUGGUTATCTGAGGATCCO

SEQ ID NO: 38 LTAL-PaF Amino acid sequence

MDNGDRLYRADSRPPDEIKRSGGEMPRGHNEYFDRGTOMNINLYDHARGTO
TGFVRYDDGYVSTSLSLRSAHUAGQSILSGYSTYYIYVIATAPNMENVNDVLGVYSP
HPYEQEVSALGOIPYSQIYGWYRVNEFGVIDERLHRNREYRDRY YRNLNIAPAEDGYR
LAGFPPDHQAWREEPWIHHAPQGCONSSRMEVRNLINAARELFLDELL AASAAPASA
EQEELLALLRSERIVLAHAGOPLSEAQVLKALAWLLAANPSAPPGOGLEVLREVLOA
RROPGAQWDLREFLVSAYFSLHGRLDEDVIGVYKDVLOTQDGRRKALLDELKALT
AELKVYSVIQSQINAALSARQGIRIDAGGIDLVDPTLYGYAVGDPRWKDSPEYALLS
NLDTFSGKLSIKDFLSGSPKQSGELKGLSDEYPF EKD’W‘Q})VGVFA'l"'i“v SPRSRPINDK
VNEKTTLENDTSSRYNSAVEALNRFIQKYDSVLSDILSAIGSMNPITLERAGLPYGVA
DAGDIPALGRPVARDVESLRVERLAAPAAASASGTGVALTPP SAASQQRLEV ANRAE
IASLVQAVGEDVGLARQVVLAGASTLLSAGLMSPOAFEIELAKITGEVENQQKKLKL
TEIEQARKONLOKMEDNQOKIRESEEAAKFEAQKSGLAAKIFOGWISAIASIIVGAIMVA
TGVGAAAGALMIAGGVMGVVSQSVOQAAADGLISKEVMEKLGPALMGIEMAVAL
LAAVVSFGGSAVGGLARLGAKIGGKAAEMTASLASKVADLGGKFGSLAGOQSLSHSL
KLGVOVSDLTLDVANGAAQATHSGFQAKAANROQADVOESRADLTTLOGVIERLKE
ELSRMLEAFQEIMERIFAMEOQAKGETLHNLSSRPAATL

SEQ ID NG: 39 8yeD (Chaperone for YerF} nucleic acid sequence

ATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATC CGatgeaacaagag
acgacagacactcaagaataccagetggeaatggaaiceticctaaaaggagggegaactatcgecatgeteaacgaaatticaagtg
acactttagagcaactctactetettgegtitaaccaataccagtcaggaaaatacgaggatgetcacaaggietttcaagetetetgigte
ctagaccactatgattcacgtitctitttagggctaggegetigicgtcaagecatggggcaatacgacttagegaticatagetacageta
tggegecataatggatataaaagaacctegttitcegtitcatgetgecgaatgtttactgeaaaagggagagetigetgaageagaaag
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tegettgtictiggctcaagagettatcgeagacaaaccigagittaaggagetitccaccegagttagetcaatgtiagaageaattaaat
tgaaaaaggagatggaacatgagtgcgttgataacecatgaAAGCTT

SEQ 1D NO: 40 SycD (Chaperone for YerF} Amino acid sequence

MGSSHHHHHHSSGLVPRGSHMQQETTDTQEYQLAMESFLKGGGTIAMLINEILS
SDTLEQLYSLAFNQYQSGKYEDAHKVFOQALCVLDHYDSRFFLGLGACRQAMGOYD
LATHSYSYGAIMDIKEPRFPFHAAECLLOKGELAEAESGLFLAQELIADKPEFKELSTR
VSSMLEAIKLKKEMEHECVDNP-

SEQ ID NQO: 41 LerV amine acid sequence

CATATGATTAGAGCCTACGAACAAAACCCACAACATTTTATTGAGGATCT
AGAAAAAGTTAGGGTGGAACAACTTACTGGTCATGGTTCTTCAGTTTTAGAAGA
ATTGOTTCAGTTAGTCAAAGATAAAAATATAGATATTITCCATTAAATATGATCCC
AGAAAAGATTCGGAGGTTTTTGCCAATAGAGTAATTACTGATGATATCGAATTGC
TCAAGAAAATCCTAGCTTATTTTCTACCCGAGGATGCCATTICTTA /XAGGC GGTCA
TTATGACAACCAACTGCAAAATGGCATCAAGCGAGTAAAAGAGTTCCTTGAATC
ATCGCCGAATACACAATGGGAATTGCGGGCGTTCATGGCAGTAATGCATTTCTCT
TTAACCGCCGATCGTATCGATGATCGATATTTTGAAAGTGATTGTTGATTCAATGA
ATCATCATGGTGATGCCCGTAGCAAGTTGCGTGAAGAATTAGCTGAGCTTACCGC
CGAATTAAAGATTTATTCAGTTATTCAAGCCGAAATTAATAAGCATCTGTCTAGT
AGTGGCACCATAAATATCCATGATAAATCCATTAATCTCATGOATAAAAATTTAT
ATGGTTATACAGATGAAGAGATTTTTAAAGCCAGCGCAGAGTACAAAATTCTCG
AGAAAATGCCTCAAACCACCATTCAGGTGGATGGGAGCGAGAAA, f‘\AAA'I'AG'I'C T
CGATAAAGGACTTTCTTGGAAGTGAGAATAAAAGAACCGGGGCGTTGGGTAATC
TGAAAAACTCATACTCTTATAATAAAGATAATAATGAATTATCTCACTTTGCCAC
CACCTGCTCGGATAAGTCCAGGCC GC TC AACGACTTGGTTAGCCAAAAAACAAC
TCAGCTGTCTGATATTACATCACGTTTTAATTCAGCTATTGAAGCACTGAACCGTT
TCATTCAGAAATATGATTCAGTGATGCAACGTCTGCTAGATGACACGTCTGGTAA
A

SEQ ID NQ: 42 LerV amine acid sequence

MIRAYEQNPOQHFIEDLEKVRVEQLTGHGSSVLEELVOLVKDKNIDISIKYDPR
KDSEVFANRVITDDIELLKKILAYFLPEDAILKGGHYDNOLONGIKRVKEFLESSPNT
OWELRAFMAVMHFSLTADRIDDDILKVIVDSMNHHGDARSKLREELAFLTAFLKIYS
VIQAEINKHLSSSGTINIHDKSINLMBENLYGYTDEEIFKASAEYKILEKMPQTTIQVD
GSEKKIVSIKDFLGSENKRTGALGNLKNSYSYNKDNNELSHFATTCSDKSRPLNDLY
SQKTTQLSDITSRENSAIEALNRFIQKYDSVMOQRLLDDTSGK

SEQG ID NO: 43 YopB nucleic acid sequence

ATGAGTGCGTTGATAACCCATGATCGCTCAACGCCAGTAACTGGAAGTCTY
ACTTCCCTACGTCGAGACACCAGCGCCCGCCCCCCTTCAGACTCAACAAGTCGCG
GGAGAACTGAAGGATAAAAATGOTGGGGTGAGTTCTCAGGGCGTACAGCTCCCT
GCACCACTAGCAGTOGTTGCCAGCCAAGTCACTGAAGGACAACAGCAAGAAATC
ACTAAATTATTGGAGTCGGTCACCCGCGGCACGGCAGGATCTCAACTGATATCA
AATTATGTTTCAGTGUCTAACGAATTTTACGCTCGCTTICACCTGATACATTTGAGAT
TGAGTTAGGTAAGCTAGTTTCTAATTTAGAAGAAGTACGCAAAGACATAAAAAT
CGCTGATATTCAGCGTCTTCATGAACAAAACATGAAGAAAATTGAAGAGAATCA
AGAGAAAATCAAAGAAACAGAAGAGAATGCCAAGCAAGTCAAGAAATCCGGCA
TGGCATCAAAGATTTTTGGCTGGCTCAGCGCCATAGCCTCAGTGGTTATCGGTGC
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CATCATGGTGGUCTCAGGGOTAGGAGCCGTTGCCGOTGUCAATGATGATTGCCTCA
GGCGTAATTGGGATGGCGAATATGGCTGTGAAACAAGCGGCGGAAGATGGCCTE
ATATCCCAAGAGGCAATGCAAGTATTAGGGUCCGATACTCACTGCGATTGAAGTC
GCATTOGACTGTAGTTTCAACCGTAATGACCTTTGGCGOTTCGGCACTAAAATGCC
TOGGCTOGATATTGGCGCAAAACTCOGTGCTAACACCGCAAGTCTTGCTGCTAAAGG
AGCCGAGTTTTCGGCCAAAGTTGCCCAAATTTCGACAGGCATATCAAACACTGTC
GGOAATGCAGTGACTAAATTAGGGGGCAGTTTTGOTAGTTTAACAATGAGCCAT
GTAATCCGTACAGOGATCACAGGCAACACAAGTCOGCCOTTGGTGTGGGCAGCGGA
ATAACTCAGACCATCAATAATAAAAAACAAGUTGATTTACAACATAATAACGCT
CATTTGGCCTTGAACAAGGCAGACATGGCAGCOGTTACAAAGTATTATTGACCGA
CTCAAAGAAGAGTTATCCCATTTGTCAGAGTCACATCAACAAGTGATGGAACTG
ATTTTCCAGATGATTAATGCAAAAGGTGACATOGCTGCATAATTTOGGCCGOCAGAL
CCCATACTGTTTAAGGTACC

SEQID NQG: 44 YopB amino acid sequence

MSALITHDRSTPVTGSLLPYVETPAPAPLQTQQVAGELKDKNGGVSSQGVQL
PAPLAVVASQVTEGQQOQEITKLLESVIRGTAGSQLISNYVSVLTNFTLASPDTFEIELG
KLVSNLEEVRKDIKIADIQRLHEQNMEKKIEENQEKIKETEENAKQVKKSGMASKIFG
WLSAIASVVIGAIMVASGVGAVAGAMMIASGVIGMANMAVKQAAEDGLISQEAMQ
VLGPILTAIEVALTVVSTVMTFGGSALKCLADIGAKLGANTASLAAKGAEFSAKVAQ
ISTGISNTVGNAVTKLGGSFGSLTMSHVIRTGSQATOVAVGVGSGITOQTINNKKOQADL
QHNNADLALNKADMAALQSHDRLEKEELSHESESHOQOQVMELIFQMINAKGDMILHNL
AGRPHTV

SEQ ID NQ: 45 YerF nucleic acid sequence

CATATGATTAGAGCCTACGAACAAAACCCACAACATTTTATTGAGGATCT
AGAAAAAGTTAGGOGGTGGAACAACTTACTGGTCATGOTTCTTCAGTTTTAGAAGA
ATTGGTTCAGTTAGTCAAAGATAAAAATATAGATATTTCCATTAAATATGATCCC
AGAAAAGATTCGGAGGTTTTTGCCAATAGAGTAATTACTGATGATATCGAATTGC
TCAAGAAAATCCTAGCTTATTTTICTACCCGAGGATGCCATTCTTAAAGGCGGTCA
TTATGACAACCAACTGCAAAATGGCATCAAGCGAGTAAAAGAGTTCCTTGAATC
ATCGCCGAATACACAATGGGAATTGCGGGCGTTCATGGCAGTAATGCATTTCTCT
TTAACCGCCGATCOGTATCGATGATGATATTITTGAAAGTGATTGTTGATICAATGA
ATCATCATGGTGATGCCCGTAGCAAGTTGCGTGAAGAATTAGCTGAGCTTACCGC
COAATTAAAGATTTATTCAGTTATTCAAGCCGAAATTAATAAGCATCTGTCTAGT
AGTGGCACCATAAATATCCATGATAAATCCATTAATCTICATGGATAAAAATTITAT
ATGGTTATACAGATGAAGAGATTTTITAAAGCCAGCGCAGAGTACAAAATTICTCG
AGAAAATGCCTCAAACCACCATTCAGGTGGATGGGAGCGAGAAAAAAATAGTCT
CGATAAAGGACTTTICTTGGAAGTGAGAATAAAAGAACCGGGGCGTTGGGTAATC
TGAAAAACTCATACTCTTATAATAAAGATAATAATGAATTATCTCACTTITGCCAC
CACCTGCTCGGATAAGTCCAGGCCGCTCAACGACTTGOTTAGCCAAAAAACAALC
TCAGCTGTCTGATATTACATCACGTTTTAATTCAGCTATTGAAGCACTGAACCGTT
TCATTCAGAAATATGATTCAGTGATGCAACGTCTGCTAGATGACACGTCTGGTAA
AGOGATCCATGAGTGCGTTGATAACCCATGATCGCTCAACGCCAGTAACTGGAAG
TCTACTTCCCTACGTCGAGACACCAGCGCCCGCCCCCCTTICAGACTCAACAAGTC
GCGGGAGAACTGAAGGATAAAAATGGTGGGGTGAGTTCTCAGGGCGTACAGCTC
CCTGCACCACTAGCAGTGGTTGCCAGCCAAGTCACTGAAGGACAACAGCAAGAA
ATCACTAAATTATTGGAGTCGGTCACCCGCGGCACGGCAGGATCTCAACTGATAT
CAAATTATGTTTCAGTGCTAACGAATTTTACGCTCGUTTCACCTGATACATTTGAG
ATTGAGTTAGGTAAGCTAGTTTCTAATTTAGAAGAAGTACGCAAAGACATAAAA
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ATCGCTGATATTCAGCGTCTTCATGAACAAAACATOGAAGAAAATTGAAGAGAAT
CAAGAGAAAATCAAAGAAACAGAAGAGAATGCCAAGCAAGTCAAGAAATCCGG
CATGGUCATCAAAGATTTTTGOGCTGOGCTCAGCGUCATAGCCTCAGTGGTTATCGGT
GCCATCATGGTOOGCCTCAGGOGGTAGGAGCCOGTTGCCGOTGCAATOGATGATTGCECT
CAGGCOTAATTGGGATGGCGAATATGGCTGTGAAACAAGCGGCGGAAGATGGCC
TGATATCCCAAGAGGCAATGCAAGTATTAGGGCCGATACTCACTGCGATTGAAG
TCOCATTGACTGTAGTTTCAACCOGTAATGACCTTTOGGCGGTTCGGCACTAAAATG
CCTGGCTGATATTGGCGCAAAACTCOGOTGUTAACACCGCAAGTCTTGCTGUTAAA
GOAGCCGAGTTTTCGGUCAAAGTTGCCCAAATTTCOGACAGGUATATCAAACACT
GTCGGGAATGCAGTGACTAAATTAGGGGGCAGTTTITGGTAGTTTAACAATGAGC
CATGTAATCCOGTACAGOATCACAGGCAACACAAGTCGCCGTTGGTGTGGGCAGC
GOGAATAACTCAGACCATCAATAATAAAAAACAAGUTGATTTACAACATAATAAC
GCTGATTTGGCCTTGAACAAGGCAGACATGGCAGCOGTTACAAAGTATTATTGACC
GACTCAAAGAAGAGTTATCCCATTTGTCAGAGTCACATCAACAAGTGATGGAAC
TOATTTTCCAGATGATTAATGCAAAAGOTGACATGCTGCATAATTTGGUCGGCAG
ACCCCATACTGTTTAAGGTACC

SEQ ID NO: 46 YerF amino acid sequence

MIRAYEQNPQHFIEDLEKVRVEQLTGHGSSVLEELVQLVKDKNIDISIKYDPR
KDSEVFANRVITDDIELLKKILAYFLPEDAILKGGHYDNQLONGIKRVEEFLESSPNT
QWELRAFMAVMHFSLTADRIDDDILKVIVDSMN HHGD ARSKLREELAELTAELKIYS
VIQAEINKHLSSSGTINIHDKSINLMDKNLYGYTDEEIFKASAEYKILEKMPOTTIOVD
GSEKKIVSIKDFLGSENKRTGAL GT\I_.KN&YSY‘FJKDNWEE_ SHFATTCSDKSRPLNDLY
SQK'I"I'QLSDI'I‘%RF‘JSAIEALNRE‘IQKYD‘%V MQRLLDDTSGKGSMSALITHDRSTPVT
GSLLPYVETPAPAPLOTQOVAGELKDEKNGGVSSQOVOLPAPLAVVASQVTEGQQQE
ITKLLESVTRGTAGSQLISNYVSY LTNF TLASPDTFEIELGKLVSNLEEVREDIKIADIOQ
REHEQNMEKKIEENQEKIKETEENAKQVKKSGMASKIFGWLSAIASVVIGAIMVASGY
GAVAGAMMIASGVIGMANMAVKQAAEDGLISQEAMOQVLGPILTAIEVALTVVSTV
MTFGGSALKCLADIGAKLGANTASLAAKGAEFSAKVAQISTGISNTVGNAVTKLGGS
FGSLTMSHVIRTGSQATQOVAVGVGSGITQTINNKKQADLOHNNADLALNKADMAA
LOSHDRLKEELSHLSESHQOVMELIFOMINAKGDMLHNLAGRPHTV

SEQ ID NGO: 47 LTA1-YerF nucleic acid sequence

CATatggacaatggegatcgttiataccgtgecgactegegteccecagatgagatiaaacgtageggtgggttaatgcc
acgtgggcacaatgagtattttgaccgtggaacacagatgaacattaacctitacgateatgecegtgggacccagaccgggtttgtec
gitatgatgacgggtatgttaglacgagtitgtccttacgetccgeacacctigegggacaaagtatittatcaggetacageacatattac
atttatgtgatcgecactgecccaaacatgticaatgtgaacgatgtettagegatttacageceecatecatatgaacaagaagteteg
gecctiggggggateecatatagecagatitatggttggtaccgegtaaatitiggtptgatteatgaacatitgeatogtaacegtgaata
cegegategetactacegtaactigaacattgeacctgecgaggacggetategittagegggattcecaccegatcatcaggegteg
cgtgaggaaccgtggatecateacgecccteaggegtecgegaacagtagtcgcCATATGATTAGAGCCTACGA
ACAAAACCCACAACATTTTATTGAGOATCTAGAAAAAGTTAGGGTGGAACAACT
TACTGGTCATGGTTCTTCAGTTTTAGAAGAATTGGTTCAGTTAGTCAAAGATAAA
AATATAGATATTTCCATTAAATATGATCCCAGAAAAGATTICGGAGGTTTTTGCCA
ATAGAGTAATTACTGATGATATCGAATTGCTCAAGAAAATCCTAGCTTATTTTICT
ACCCGAGGATGCCATTCTTAAAGGCGGTCATTATGACAACCAACTGCAAAATGG
CATCAAGCGAGTAAAAGAGTTCCTTGAATCATCGUCGAATACACAATGGGAATT
GCGGGCGTTCATGOCAGTAATGCATTTICTCTTTAACCGCCGATCGTATCGATGAT
GATATTTTGAAAGTGATTGTTGATTCAATGAATCATCATGGTGATGCCCGTAGCA
AGTTGCGTGAAGAATTAGCTGAGUTTACCGCCGAATTAAAGATTTATTCAGTTAT
TCAAGCCGAAATTAATAAGCATCTGTCTAGTAGTGGCACCATAAATATCCATGAT
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AAATCCATTAATCTCATGGATAAAAATTITATATGGTTATACAGATGAAGAGATTT
TTAAAGCCAGCGCAGAGTACAAAATTICTCGAGAAAATGCCTCAAACCACCATIC
AGGTGGATGGGAGCGAGAAAAAAATAGTCTCGATAAAGGACTTTICTTGGAAGTG
AGAATAAAAGAACCGOGGOGCGTTGGGTAATCTGAAAAACTCATACTCTTATAATA
AAGATAATAATGAATTATCTCACTTITGCCACCACCTGUTCGGATAAGTCCAGGCC
GCTCAACGACTTGOTTAGCCAAAAAACAACTCAGCTOGTCTGATATTACATCACGT
TTTAATTCAGCTATTGAAGCACTGAACCOTTTCATTCAGAAATATGATTICAGTGA
TGCAACGTCTGCTAGATGACACGTICTGGTAAAGGATCCATGAGTGUGTTGATAALC
CCATGATCGUTCAACGCCAGTAACTGGAAGTCTACTTCCCTACGTICGAGACACCA
GCGUCCOQUCCCCCTTCAGACTCAACAAGTCGCGGGAGAACTGAAGGATAAAAAT
GGTGGGGTGAGTTCTCAGGGUCGTACAGUTCCCTGCACCACTAGCAGTGGTTGCCA
GCCAAGTCACTGAAGGACAACAGCAAGAAATCACTAAATTATTGGAGTCGGTCA
CCCGCGGC ACGGCAGGATCTCAACTGATATCAAATTATGTTTICAGTGCTAACGAA
TTTACGCTCOGCTTICACCTGATACATTTGAGATTGAGTTAGGTAAGCTAGTTTICTA
ATTT AGAAGAAGTACGCAAAGACATAAAAATCGCTGATATTICAGCGTCTTCATG
AACAAAACATGAAGAAAATTGAAGAGAATCAAGAGAAAATCA, '\AGA AACAGAA
GAGAATGUCAAGCAAGTCAAGAAATCCOGGCATGGCATCAAAGATTTTTIGGCTGG
CTCAGCGCCATAGCCTCAGTGGTTATCGGTGCCATC ATGGTGGCCTC AGGGGTAG
GAGCCGTTGUCCGOGTGCAATGATGATTIGCCTCAGGCGTAATTGGGATGGCGAATA
TGOGCTGTGAAACAAGCGGUCGGAAGATGGCCTGATATCCCAAGAGGCAATGLCAAG
TATTAGGGCCGATACTCACTGCGATTGAAGTCGCATTGACTGTAGTTICAACCGT
AATGACCTTTGGCGOETTCGOGCACTAAAATCGCOCTGGUCTGATATTGGLOGCAAAACTC
GGTGCTAACACCGCAAGTCTTGCTGCTAAAGGAGCCGAGTTTTCGGUCAAAGTTG
CCCAAATTTCGACAGGUCATATCAAACACTGTCGGGAATGCAGTGACTAAATTAG
GOGOCAGTTTTGGTAGTTTAACAATCGAGUCATGTAATCCOGTACAGGATCACAGEG
CAACACAAGTCOGCCOTTOGTOTGGGCAGCGGAATAACTCAGACCATCAATAATA
AAAAACAAGCTGATTTACAACATAATAACGCTGATTTGGCCTTGAACAAGGC /XG
ACATOGGCAGUGTTACAAAGTATTATTGACCGACTCAAAGAAGAGTTATCCCATYT
GTCAGAGTCACATCAACAAGTGATGGAACTGATTTTCCAGATGATTAATGCAAA
AGGTGACATGCTGCATAATTTGGCCGGCAGACCCCATACTGTTTAAGGTACC

SEQ 1D NO: 48 LTAL-YerF Amino acid sequence

MDBNGDRLYRADSRPPDEIKRSGGEMPRGHNEYFDRGTOQMNINLYDHARGTO
TGFVRYDDGYVSTSLSLRSAHLAGQSILSGYSTYVYIYVIATAPNMENVNDVLGVYSP
HPYEQEVSALGGIPYSOQIYGWYRVNFGVIDERLHRNREYRDRY YRNLNIAPAEDGYR
LAGFPPDHOQAWREEPWIHHAPQGCGNSSRMIRAYEONPOHFIEDLEKVRVEQLTGH
GSSVLEELVOLVKDKNIDISIKYDPRKDSEVFANRVITDDIELLKKILAYFLPEDAILK
GGHYDNQLONGIKRVKEFLESSPNTOQWELRAFMAVMHFSLTADRIDDDILKVIVDS
MNHHGDARSKLREELAELTAELKIYSVIQARINKHLSSSGTINIHDESINLMDKNLYG
YTDEEIFKASAEYKILEKMPQTTIQVDGSEKKIVSIKDFLGSENKRTGALGNLKNSYS
YNKDNNELSHFATTCSDKSRPLNDLVSQKTTOLSDITSRFNSAIEALNRFIQKYDSVM
QRLLDDTSGKGSMSALITHDRSTPVTGSLLPYVETPAPAPLOQTQOVAGELEDENGGY
S SQG\I QLPAPLAVVASQVTEGQQQOEITKLLESVIRGTAGSQLISNYVSVLTNFTLASP
DTFEIELGKLYSNLEEVRKDIKIADIGRLHEQNMKKIEENQEKIKETEENAKQVKKSG
MASKIFGWLSAIASVVIGAIMVASGVGAVAGAMMIASGVIGMANMAVEKQAAEDGL
ISQEAMOQVLGPILTAIEVALTVVSTVMTFGGSALKCLADIGAKLGANTASLAAKGAE
FSAKVAQISTGISNTVGNAVTKLGGSFGSLTMSHVIRTGSQATOVAVGYGSGITOTIN
NKKG L‘&DLQH\“\J ADL ALNKADMAALQSHDRLKEELSHLSESHQOVMELIFOMINAK
GDMLHNLAGRPHTV-
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SEQ 1D NO: 49 His-SicA chaperone for S1 nucleic sequence

ATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATCCGatggactaccaga
acaacgtcagegaagaacgtgtigeggaaatgatitgggatgecgtiagtgaaggcgeeacgctaaaagacgttcatggaateectea
agatatgatggacggtitatatgcteatgctiatgagtittataaccagggacgactggatgaagetgagacgttetitegtttcttatgeatt
tatgatttttacaatccegattacaccatgggactggeggeagtatgecaactgaaaaaacaatitcagaaageatgtgacctitatgeag
tagcgtttacgttacttaaaaatgatiatcgeeccgtiitttitaccgggeagtgtcaattattaatgegtaaggeageaaaagecagacagt
gitttgaacttgtcaatgaacgtactgaagatgagictcigegggeaaaagegtiggtctatctggaggogetaaaaacggeggagaca
gagcagcacagegageaggagaageagtaa AAGCTT

SEQ ID NO: 50 His-8icA chaperone for §1 Amino acid sequence

MGSSHHHHHHSQDPMDYQNNVYSEERVAEMIWDAVSEGATLKDVHGIPQDM
MDGLYAHAYEFYNQGRLDEAETFFRFLCIYDFYNPDY TMGLAAVCQLEKQFQKAC
DLYAVAFTLLKNDYRPVFFTGQCOQLLMRKAAKARQCFELVNERTEDESLRAKALVY
LEALKTAETEQHSEQEKE*®

SEQ ID NQO: 51 SipD nucleic acid sequence

atgctiaatattcaaaaltaticcgetictectcatcoggggategtigecgaacggeegeagacicecicggogagegage
acgtegagactgecgtggtacegictaccacagaacatcgeggtacagatateatitcattatcgeaggeggctactaaaatccaccag
geacageagacgetgeagicaacgeraccgateictgaagagaataatgacgagegeacgeiggegegecageagttgaccagea
gectgaatgegetggegaagteeggegigteatiatcegeagaacaaaatgagaaccigeggagegegttitctgegeegacgiogg
ccttatttagegettcgectatggegeageogagaacaaccatitctgatgctgagattigggatatggtttcccaaaatatatcggegata
ggtgacagcetatctgggegtitatgaaaacgtigicgcagictataccgatttitatcaggecticagigatatictitccaaaalgggagg
ctggttattaccaggtaaggacggtaataccgttaagetagatgttacetcactcaaaaatgatttaaacagtitagtcaataaatataatca
aataaacagtaataccgttttatttccagegeagicaggeageggogttaaagtagecactgaageggaagegagacagtggetcagt
gaatigaatitaccgaatagetgectgaaatettatggatecggttatgtogteaccgtigatetgacgecattacaaaaaatggitcagga
tattgatggtitaggcgegccgggaaaagacicaaaactegaaatggataacgecaaatatcaagectggeagtegggtittaaageg
caggaagaaaatatgaaaaccacattacagacgetgacgeaaaaatatageaatgecaaticatigtacgacaacctggtaaaagtgct
gagcagtacgataagtageagectggaaaccgecaaaagettectgeaagga

SEQ ID NG: 52 8ipD amino acid sequence

MLNIQNYSASPHPGIVAERPQTPSASEHVETAVVPSTTEHRGTDHSLSQAATKI
HOQAQOQTLQSTPPISEENNDERTLARQQLTSSLNALAKSGVSLSAEQNENLRSAFSAPT
SALFSASPMAQPRTTISDAEIWDMVSONISAIGDSYLGVYENVVAVYTDFYQAFSDIL
SKMGOGWLLPGKDGNTVKLDVTSLKNDLNSLYVNKYNQINSNTVLFPAQSGSGVEVA
TEAEARQWLSELNLPNSCLKSYGSGYVVTIVDLTPLOKMVYVOQDIDGLGAPGKDSKLEM
DNAKYQAWOSGFKAQEENMKTTLOTLTOKYSNANSLYDNLVKVLSSTISSSLETAK
SFLOQG

SEQ ID NG: 33 SiphB aucleic acid sequence

atggtaaatgacgeaagiagcattagecgtageggatatacccaaaateegegecicgetgaggeggctitigaagecgtt
cgtaagaacacggactititanaageggcggatasagotittaaagatgleglggraacgaaagcgeecgacctiaaagocegaaca
aagtecggegagagegciattaatacggigggictaaageegectacggacgecgeccgggaaaaactciccagegaagggeaatt
gacattactgctiggeaagtiaatgaccctactggpcpatgtitcgotgtcteaactggagtctegictggeggtatggcaggogatgatt
gagicacaaaaagagatggggaticaggtatcgaaagaaticcagacggctcigggagaggoicaggaggcgacggaictclaiga
agccagtatcaaaaagacggataccgecaagagigtitatgacgeigegaccaaaaaacigacgeaggegeaaaataaatigeaate
gotggacceggctgaccecggotatgeacaagetgaagecgeggtagaacaggocggaaaagaagogacagagecgaaagagge
cottagataaggecacggatgegacggtiaaageaggeacagacgicaaagogasagecgagaaageggataacatictgaccaa
aticcagggaacggctaaigecgecteicagaatcaggtitcccagggtgagcaggeataatetgtcaaatgicgeeccgecicactatge
tcatggccatgtitatigagattgtgogocaaaaatacggaagaaagectgeaaaacgatctigegettticaacgeotigeaggaaggeg
cgicaggegeagatggagaagaaatcgectgaattccaggaagagacgogeaaagecgaggaaacgaaccgeattatgggatata
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tcggeaaagtectcggegegetgctaaccatigicagegitatgaccgctgittttaceggtggggcgagtictggcactggctigeggt
gggacttgegetaatggtggcogatgaaatigtgaaggeggegacgggagtgtegtitaticagcaggegctaaaccegattatgga
geatgtgctgaageegttaatggagcetgatigecaaggegatiaccaaagegetggaageattaggegicgataagaaaacggeag
agatggceeggceageatigitggtocgatigicgecgetatigecatggtggeggteatigtggtogicgcagtigicgggaaaggegc
ggoggcgaaactgggtaacgegetgageaaaatgatgggegaaacgattaagaagttgetecctaacgtgetgaaacagitggegc
aaaacggcageaaacictitacccaggggatgcaacgtattactageggtctgggtaatgtggotageaagatggacctgeaaacga
atgectisagtaaagagetggtaggtaatacectaaataaagtggegtigggcatggaagtcacgaatacegeageecagicageeg
gtggtgttoccgagggcgtatitatiaaaaatgecagegaggegcttgetgattitatgetcgeccgtttigecatggatcagaticagea
gtggcttaaacaatcegiagaaatatitggtoaaaaccagaaggtaacggeggaactgcaraaagecatgtetictgoggtacageaa
aatgeggatgeticgegttitattctgegecagagtegegeataa

SEQ ID NO: 34 Siph amino acid sequence

MVNDASSISRSGYTONPRLAEAAFEGVRKNTDFLKAADKAFKDVVATKAGD
LEKAGTKSGESAINTVGLEKPPTDAAREKLSSEGOLTLLLGKEMTLLGDVSLSQLESRL
AVWOAMIESQKEMGIQVSKEFQTALGEAQEATDLYEASIKKTDTAKSVYDAATKKL
TOAQNKLQSLDPADPGYAQAEAAVEQAGKEATEAKEALDKATDATVKAGTDAKA
KAEKADNILTKFQOGTANAASONQVSOQGEQDNLSNVARLTMLMAMEIEIVGKNTEES
LONDLALFNALQEGRQAEMEKKSAEFQEETRKAEETNRIMGCIGKVLGALLTIVSVY
AAVFTGGASLALAAVGLAVMVADEIVKAATGVSFIQUQALNPIMEHVLKPLMELIGK
AITKALEGLGVDKKTAEMAGSIVGAIVAAIAMVAVIVVVAVVGRKGAAAKLGNALS
KMMGETIKKLVPNVLKQLAOQNGSKLFTQGMORITSGLGNVGSKMGLQTNALSKEL

/GNTLNKVALCMEVTNTAAQSAGGVAEGVFIKNASEALADFMLARFAMDQIQQWL

KOSVEIFGENQKVTAELQEAMSSAVQONADASRFILRQSRA

SEQ ID NQ: 55 851 nucleic acid sequence

atgcttaataticaaaattatteegetictecteatceggggatoghtgregaacggecgeagactceotc ggegagegage
acgtcgagactgecgtggtaccgictaccacagaacatcgeggtacagatatcatitcattatcgcaggeggetactaaaatccaccag
geacageagacgetgeagicaacgecaccgatetctgaagagaataaigacgagegeacgetggegegecageagiigaccagea
gectgaatgegetggegaagiceggogtgteattatcegeagaacaaaatgagaacctgeggagegegtttictgegeegacgtegg
ccttatitagegettcgectatggegoagecgagaacaaceatitictgatgetgagatttgegatatggtttcccaaaatatatcggegata
ggtgacagetatetgggegtitatgaaaacgttgtegeagictatacegattittatcaggecticagtgatattetttccaaaatgggagg
ctggttattaccaggtaaggacggtaataccgttaagetagatgtiaccteactcaaaaatgatttaaacagtitagtcaataaatataatea
aataaacagtaataccgtttiatticcagegeagicaggeageggegtiaaagiagecactgaageggaagegagacagiggetcagt
gaattgaatitaccgaatagetgectgaaatettatggatceggtiatgtegtcacegtigatetgacgecattacaaaaaatggticagga
tattgatggtitaggcgegecgggaaaagacicaaaactcgaaatggataacgecaaatatcaagectiggeagtcgggttitaaageg
caggaagaaaatatgaaaaccacattacagacgetgacgeaaaaatatageaatgeeaattcatigtacgacaacciggiaaaagtact
gageagtacgataagtagcagectggaaaccgecaaaageticetgeaaggagicgacatggtaaatgacgcaagtageattagee
gtagcggatatacccaaaatcegegectegetgaggeggctttigaagaegticgtaagaacacggactttitaaaageggeggataa
agettttaaagatgtggtggcaacgasagegggegaccttaaagecggaacaaagtocggegagagegetattaatacggtgggtet
aaagecgectacggacgeogoccgggaaaaactetccagegaagggeaattgacattactgetiggeaagttaatgaceetactggg
cgatgtttcgeigtctcaactggagictegictggeggatatggeaggegatgatigagicacaaaaagagatggggaticaggtatega
aagaattccagacggetetgggagagactcaggaggegacggateictatgaagecagtatcaasaaagacggatacegecaagagt
gtttatgacgctgegaccaaaaaactgacgoaggegeaaaataaattgeaategetggaceeggetgaccecggctatgeacaaget
gaagecgegetagaacaggecggaaaagaagegacagaggegaaagaggectiagataaggecacggatgegacggttaaage
aggcacagacgeeaaagegaaagecgagaaageggataacatictgaccaaaticcagggaacggetaatgeegectctcagaate
aggtttcccagggteageaggataatctgteaaatgicgeecgectcactatgetcatggecatgtitatigagatigtgggcaaaaatac
ggaagaaagectgeaaaacgatetigegettitcaacgectigeaggaagggegicaggeggagatggaaaagaaatcggetgaatt
ccaggaagagacgegeaaagecgaggaaacgaacegeattatgggatgtatcggeaaagteoteggegegetgctaaceatigtea
gegltgtggecgetgittitaccggtggggcgagictgacgetggeigeggigagacttgeggtaatggtggccgaigaaatigigaa
ggcggegacgggagigicgtttattcageaggegctaaaccegattatggageatgtgctgaagocgitaatggagetgatiggeaay
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gegattaccaaagegetiggaaggatiaggcgtcgataagaaaacggcagagatggecggcageattgtiggtgcgatigtegeeget
attgecatggtggcgeteattgtgetoetegeagttgtcgegaaaggcgcggcggcgaaactgggtaacgegetgageaaaatgat
gggcgaaacgattaagaagtiggtecctaacgtgctgaaacagtiggegeaaaacggeageaaactcittacccaggggatgcaac
gtattactageggictgggtaatgtggotageaagatggecctgeaaacgaatgectiaagtaaagagetggtaggtaataccciaaat
aaagtggcgttgegcatggaagteacgaataccgeageccagicagecggiggigttgccgagggcgtatttattaaaaatgeeage
gaggegetigetgatittatgctegeccgtittgecatggateagaticageagtggctiaaacaatccgtagaaatatitggtgaaaace
agaaggtaacggeggaactgcaaaaagecatgicticigeggtacageaaaatgeggatgcticgegttitatictgegecagagtcg
cgeataa

SEQ ID NO: 56 81 amino acid sequence

MLNIQNYSASPHPGIVAERPQTPSASEHVETAVVPSTTEHRGTDHSLSQAATKI
HOAQOTLOSTPPISEENNDERTLARQOLTSSLNALAKSGVSLSAEQNENLRSAFSAPT
SALFSASPMAQPRTTISDAEIWDMVSONISAIGDSYLGVYENVVAVYTDFYQAFSDIL
SKMGGWLLPGKDGNTVKLDVTSLENDLNSLVNKYNQINSNTVLFPAQSGSGVKVA
TEAEARQWLSELNLPNSCLESYGSGYVVTVDLTPLOKMVQDIDGLGAPGKDSKLEM
DNAKYQAWQSGFKAQEENMKTTLOTLTOKYSNANSLYDNLVKVLSSTISSSLETAK
SFLOQGVDMVNDASSISRSGYTONPRLAEAAFEGVRKNTDFLEKAADKAFKDVVATKA
GDLKAGTKSGESAINTVGLKPPTDAAREKLSSEGOLTLLLGKLMTLLGDVSLSQLES
REAVWQAMIESQKEMGIQVSKEFQTALGEAQEATDLYEASIKKTDTAKSVYDAATK
KLTOAQNKLOSLDPADPGYAQAEAAVEQAGKEATEAKEALDKATDATVKAGTDA
KAKAEKADNILTKFQGTANAASQNQVSQGEQDNLSNVARLTMLMAMFIEIVGKNTE
ESLONDLALFNALQEGROAEMEKKSAEFQEETRKAEETNRIMGCIGKVLGALLTIVS
VVAAVEFTGGASLALAAVGLAVMVADEIVEKAATGVSFIQOALNPIMEHVLKPLMELT
GKAITKALEGLGVDKKTAEMAGSIVGAIVAAIAMVAVIVVVAVVGKGAAAKLGNA
LSKMMGETIKKLVPNVLEQLAQNGSKLFTQGMORITSGLONVGSKMGLOTNALSKE
LVGNTLNKVALGMEVTNTAAQSAGGVAEGVFIKNASEALADFMLARFAMBDQIQQW
LKQSVEIFGENQKVTAELOQKAMSSAVQONADASRFILROSRA

SEQ ID NO: 57 LTAI-GSAAS-ST Nucleic acid sequence

CATatggacaatggcegategttiataccgtgecgactegegtcoeccagatgagattaaacgtageggtgggttaatgee
acgtgggcacaatgagtattitgaccgiggaacacagatgaacattaacctitacgatcatgeecgtgggacecagacegggtitgtee
gttatgatgacgggtatgitagtacgagtitgtccttacgetecgeacaccttgegggacaaagtatittatcaggetacageacatattac
atttatgtgatcgecacigecceaaacatgticaatgtgaacgatgtgttggggstitacageecceatceatatgaacaagaagicteg
geecttggggggateccatatagecagatttatggttggtacegegtaaattitggtateatigatgaacgtttgcategtaacegtgaata
ccgegategetactacegtaactigaacatigeaccigecgaggacggetategtitagegggatteccacecgatcatcaggegiag
c;:tga ggaaccg@ggatceatcacgcwctcaggggguggéa acagta gwc ggic%c%camcaiﬁctmata ticaaaatt
ctaccacagaacaugcggtacagatatcatttcattatcguaggu ggutactaaaatccaucaggcacagcaga%ctgcagtuaac
gecaccgatctctgaagagaataatgacgagegeacgetggegegecageagttgaccageagectgaatgegetggegaagtee
ggcgtgteattatccgeagaacaaaatgagaacctgeggagegegtttictgegeegacgteggeettatitagegettegeetatgge
gcagcegagaacaaccattictgatgctgagatitgggatatggtitcccaaaatatatcggogataggtgacagetatetgggegtttat
gaaaacgttgtegeagtctataccgattittatcaggecticagtgatatictticcaaaatgggaggctggtiattaccaggtaaggacgg
taataccgttaagctagatgttacctcactcaaaaatgattiaaacagtttagtcaataaatataatcaaataaacagtaataccgtittatitc
cagcgeagicaggeageggcgtiaaagtagecactgaageggaagegagacagtggctcagigaattgaatitaccgaatagetgc
ctgaaatcttatggatcoggttatgtogtcacegttgatetgacgecattacaaaaaatggticaggatattgatggtitaggcgegecgg
gaaaagactcaaaactcgaaatggataacgecaaataicaageetggeagtcggptittasagegeaggaagaaaatatgaaaacca
cattacagacgetgacgeaaaaatatageaatgecaaticatigtacgacaacciggtaaaagtgctgageagtacgataagtageage
ctggaaaccgecaaaageticctgoaaggagicgacatggtaaatgacgeaagtageattageegtageggatatacccaaaateeg
cgectegetgaggegacttitgaaggcgticgtaagaacacggactttttaaaageggcggataaagetiitazagatgtggtegcaac
gaaagegggcgaccitaaagecggaacaaagtecggegagagegetattaatacggtgggtctaaagecgectacggacgeeged
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cgggasaaacictecagegaagggcaatigacatiactigetiggcaagitaatgacectacigggegatgtitcgctgicicaactgga

gtetegictggeggtatgpcaggegatgattgagicacaaaaagagaiggggaticaggtategaaagaaticcagacggotetggy

agaggctcaggagpcgacggatctetatgaagecagtatcaaaaagacggataccgoecaagagigtitatgacgetgogaccaaaa

aactgacgeaggeglaaaataaattgcaaticgCtgraceeggetraceeegectalgcacaagctzaagoegeegtagaacagec
cggaaaagaagegacagaggegaaagagpccttagataaggecacggatgcgacggitaaageaggoacagacgocaaagoga
aageogagaaageggataacatictgaccaaaticcagggaacggctaatgecgecictcagaatcaggiiteccagggigagcagg
ataatctgicaaatgtcgeccgecticactatgetcatggecatgtitatigagattgtgggcaaasatacggaagaaagoctgcaaaacy
atctigegetiticaacgecttgeaggaaggecgicaggeggagatggaaaagaaatcggctgaaliccaggaagagacgcgcaaa

geogaggaaacgaaccgeatiatggeatptatcggganagiecteggegogetgotaaccatigicagegtigtooccgoigittitac
cggtgggocgagictggcgciggctgcggtoccactigegataatggigecegatgaaatigtgaaggeggcgacgggoagiotopt
ttattcageaggogctaaaccogattatggagcatgigeigaagecgtiaatggagotgatigpcaaggegatiaccaaagogetgga

aggattaggegtcgataagaaaacggeagagatggccggcageatigitggtecgatigicgecgetattgecatggtggeggteatt
gtggteggtcgcagitgtecgegaaagocgeggcgocgaaacigggtaacgogetgageaaaatgalgggogaaacgattaagaagt
tggtocctaacgigcigaaacagitggoegoaaaacggageaaactciitacccaggggatgcaacgtattactagegatctggotaa
tgtgggtageaagatgggccigeaaacgaatgecitaagtaaagagetggtaggtaataccetaaataaagtggegitgggcatggaa
gtcacgaataccgeageccagicagoecggtegtettpccgaggocgtattiattaaaaatgocagegaggcgetigetgatitiatget

cgeecgtitigeeatggatcagaticageagiggciiaaacaatcegtagaaatatiiggtgaaaaccagaaggiaacggoggaactae
aaaaagccatgtcticigeggtacageaaaatgeggatgcticgegttttatictgcgecagagtegegeataaCTCGAG

SEQ ID NO: 538 LTAI-G5445-87 Amino acid sequence

MDNGDRLYRADSRPPDEIKRSGGEMPRGHNEYFDRGTOMNINLYDHARGTOQ
TGFVRYDDGYVSTSLSLRSAHLAGOSILSGYSTYYIVVIATAPNMENVYVNDVLGVYSP
HPYEQEVSALGGIPYSQIYGWYRVNFGVIDERLHRNREYRDRYYRNLMNIAPAEDGYR
LAGFPPDHOQAWREEPWIHHAPQGUGNSSRGSAASMLNIOQONYSASPHPGIVAERPQTP
SASEHVETAVVPSTTEHRGTDHSLSQAATKIHQAQOQTLOSTPPISEENNDERTLARQ(Q
LTSSENALAKSGVSLSAEQNENLRSAFSAPTSALFSASPMAQPRTTISDAEIWDMVYS(Q
NISAIGDSYLGVYENVVAVYTDFYQAFSDILSKMGGWLLPGKDGNTVEKLDVTSLKN
DENSLYNKYNQINSNTVLFPAQSGSGVKVATEAEARQWLSELNLPNSCLKSYGSGY
VVTVDLTPLOKMVQDIDGLGAPGKDSKLEMDNAKYQAWQSGFKAQEENMKTTLQ
TLTOKYSNANSLYDNLVKVLSSTISSSLETAKSFLOGYDMVNDASSISRSGYTQNPRL
AEAAFEGVRENTDFLKAADKAFKDVVATKAGDLKAGTKSGESAINTYVGLKPPTDA
AREKLSSEGOLTLLLGKLMTLLGDVSLSQLESRLAVWQAMIESQKEMGIQVSKEFQT
ALGEAQEATDLYEASIKKTDTAKSVYDAATKKLTOQAQNKLGSLDPADPGY AQAEA
AVEQAGKEATEAKEALDKATDATVKAGTDAKAKAEKADNILTKFQGTANAASONG
VSQGEQDNLSNVARLTMEMAMEFIEIVGKNTEESLONDLALFNALQEGROQAEMEKKS
AEFQEETRKAEETNRIMGUIGKVLGALLTIVSVVAAVFTGGASLALAAVGLAVMVA
DEIVKAATGVSFIQOQALNPIMEHVLKPLMELIGKAITKALEGLGYDKKTAEMAGSIV
GAIVAAIAMVYAVIVVVAVVGKGAAAKLGNALSKMMGETIKKLVPNVLKOQLAQGNGS
KLFTOGMORITSGLGNVGSKMGLOTNALSKELVONTLNKVALGMEVTNTAAQSAG
GVAEGVFIKNASEALADFMLARFAMDQIQOQWLKOQSVEIFGENQKVTAELQKAMSSA
VOONADASRFILRQSRA®

SEQ ID NQO: 39 His-SscA chaperone for 82 nucleic acid sequence

ATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATCCGatgaaaaaagac
ccgaccctacaacaggeacatgacacgatgeggtitttcoggegtggeggetegetgegtatgtigttggatgacgatgttacacagec
gettaatactctgtatcgetatgecacgeagettaiggaggtaaaagaaticgeeggegeagegegactititcaattgetgacgatatat
gatgcctggteatitgactactggtitcggttaggggaatgetgccaggctcaaaaacattggggggaagegatatacgettatggacy
cgeggeacaaattaagatigatgegecgeaggegecatgggecgeageggaatgetatctcgegtgtgataacgtetgttatgeaate
aaagcgtiaaaggeogiggtocatatitacggcgaggteagigaacaicaaaticiccgacagegtgcagaaaagatgiiacageaac
ittctgacaggagetaaAAGCTT
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SEQ ID NO: 66 His-SscA chaperone for 82 Amino acid sequence

MGSSHHHHHHSOQDPMEKKDPTLQQAHDTMRFFRRGGSLRMLLDDDVTQPLN
TLYRYATOLMEVKEFAGAARLFOQLLTIYDAWSFDYWFRLGECCQAQKHWGEAIYA
YGRAAQIKIDAPOQAPWAAAECYLACDNVCYAIK ALKAVVRICGEVSEHQILRQRAE
KMLQQLSDRS*

SEQ ID NQ: 61 SseB nucleic acid sequence

Atgtcticaggaaacatcttatggggaagicaaaacceiatigigtttaaaaatageticggegtcageaacgetgatacegg
gagecaggatgacttatcccageaaaatecgtttgeegaaggatatggtatittaettatictecttatggttaticaggctatcgeaaataa
taaatttattgaagtccagaagaacgetgaacgtgecagaaatacccaggaaaagicaaatgagatggatgagatgattpctaaagea
gecaaaggggatgciaaaaccaaagaggaggtgcctgaggatgtaattaaatacatgegtgataatggtaticteatcgatggtatgac
cattgatgattatatggctaaatatggegatcatgggaagetggataaaggtiggectacaggegatcaaageggctitggataatgacg
ccaaccggaataccgaictiatgagicaggggcagataacaaticaaaaaatgictcaggagettaacgetgtecttacccaactgaca
gggcttatcagtaagtgggoguaaatticcagtatgatagegcagaaaacgtacica

SEQ ID NO: 62 SseB3 amino acid sequence

MSSGNILWGSOQNPIVFKNSFGVSNADTGSQDDLSQQNPFAEGYGVLLILLMVI
QAIANNKFIEVOKNAERARNTQEKSNEMDEVIAKAAKGDAKTKEEVPEDVIKYMRD
NGILIDGMTIDDYMAKYGDHGKLDKGGLQAIKAALDNDANRNTDLMSQGQITIOK
MSQELNAVLTQLTGLISKWGEISSMIAQKTYS

SEQ ID NO: 63 Sse( nucleic acid sequence

atgaatcgaaticacagtaatagcgacagegecgeaggagtaacegecttaacacateatcactiaageaatgteagttgeg
tttcctegggticgetgggaaagegecageatcgtgigaattctactitiggegatggeaacgecgegtgtctgetatecgggaaaatta
gtcticaggaggeaageaatgegtigaageaactgetigatgeegtacceggaaateataagegiccateatigectgactttitgeaga
ccaatccogeggtittatcaatgatgatgacgtcattaatactcaacgictitggtaataacgetcaategttatgecaacagetigagegg
geaactgaggtgcaaaatgcatiacgtaataageaggiaaaggagiatcaggageagatccagaaagegatagageaggaggataa
agegegtaaagegggtattitiggegcetattttigactggattaccggeatatitgaaacegtgatiggegecttaaaagttgtggaaggatt
tictgtccggaaatcecgeagaaatggctagegecgtagetiatatggccgeaggtigtecaggaatggitaaagecggagocgaaa
cggcaatgatgtgcggtgctgaccacgatacctgtcaggeaattattgacgtgacaagtaagaticaatitggtigigaageegtegeg
ctggcactggatgtittccagattggeogtgctittatggegacgagaggtttatctggegeagetgeaaaagtgetigactecggttity
gegaggaagtgettgagegiatggtaggtgcaggggaagcagaaatagagaagtigecigaaaagitigecgaagaagigagcga
aagtttttccaaacaattigageegetigaacgtgaaatggotatggegaatgagatggcagaggaggctgecgagttitetegtaacgt
agaaaataatatgacgegaagogegggaaaaagetitacgaaagageeeteaaagcaalggcaaaagaagiegcaaaagaage
cciggaaaaatgtgtgcaagaagetagaaagticeigitaaaaaaaticcgtaataaagticicticaatatgttcaaasaaatcectgtatg
ccttactgagggatigticatttaaaggcttacaggetatcagatgtgcaaccgagggegecagteagatgaatactggeatggttaaca
cagaaaaagcgaagatcgaaaagaaaatagagceaattaataactcageaacggtiictggatttcataatgeaacaaacagaaaacca
gaaasaagatagaacaaaaacgcttagaggagctiiataaggggageggtgccgegcttagagatgtattagataccattgateactata
gtagegttcaggogagaatagetggetategegettaa

SEQ ID NQ: 64 SseC amino acid sequence

MNRIHSNSDSAAGVTALTHHBELSNVSCVSSGSLGKROQHRVYNSTFGDGNAAC
LLSGKISLOQEASNALKQLLBDAVPGNHKRPSLPDFLQTNPAVLSMMMTSEILNVEFGNN
AQSLCQQLERATEVONALRNKQVKEYQEQIQKATEQEDKARKAGIFGATFDWITGIFE
TVIGALKVVEGFLSGNPAEMASGVAYMAAGCAGMVKAGAETAMMCGADHDTCQ
ANDVTSKIQFGCEAVALALDVFQIGRAFMATRGLSGAAAKVLDSGFGEEVVERMVG
AGEAFRIEELAEKFGEEVSESFSKOQFEPLEREMAMANEMAEFEAAEFSRNVENNMTRSA
GKSFTKEGVEAMAKEAAKEALEKCVQEGOKFLLKKFRNKVLENMFEKKILYALLRD
CSFKGLOATRCATEGASOMNTGMVNTEK AKIEKKIEQLITQORFLDFIMQOTENGKKI
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EQRKRLEELYKGSGAALRDVLDTIDHYSSVQARIAGYRA

SEQ ID NQ: 65 82 nucleic acid sequence

atgicttcaggaaacatctiatgggeaagtcaaaaccctatigtgittaaaaatagettcggegicageaacgetgataccgy
gagccaggatgacttatcccageaaaatecgtttgeegaagggtatggtgtittgcttatictecttatggttaticaggetategeaaataa
taaatttaltgaagtccagaagaacgctgaacgtgecagaaatacccaggaaaagicaaatgagatggatgaggtaattactaaagea
gecaaaggggatgctaaaaccaaagaggagetocctgaggatgtaatiaaatacatgegtgataatggtatictcatcgatggtatgac
cattgatgattatatggctaaatatggegatcatgegaagctggataaaggtggcctacaggcgatcaaageggettiggataatgacg
ccaaccggaataccgaicttatgagtcaggggcagataacaaticaaaaaatgtctcaggagcettaacgetgtecttacccaactgaca
gggcttatcagtaagtegggggaaatticcagtatgatagegeagaaaacgtactcaGAGC T Catgaatcgaaticacagtaata
gegacagegeogeaggagtaaccgectiaacacatcatcacttaageaatgteagttgegtttcctegggttcgetgggaaagegeca
geatcgtgtgaattctactittggegatggcaacgeegegtgtctgetatccgggaaaatiagtcticaggaggcaageaatgegttgaa
geaactgettgatgeogtacceggaaateataagegtecateatigectgactttttgeagaccaatcocgeggtittatcaatgatgatyg
acgtcattaatactcaacgtctitggtaataacgeicaategttaigecaacagetigagegegeaacigaggtagcaaaatgeattacgta
ataagcaggtaaaggagtatcaggagcagatccagaaagegatagageaggaggataaagegegtaaagegggatatitttggeget
atttitgactggattaccggeatatttgaaaccgtgatiggegectiaaaagttgtggaaggtitictgtccggaaatcecgeagaaatggc
tagcggcgtagettatatggecgeaggtigtgeaggaatggitaaagecggagecgaaacggcaatgatgtgcggtgctgaccacga
tacctgtcaggcaattatigacgtgacaagtaagattcaatitggttotgaageogtegegetggeactggatgttticcagattggeegt
getittatggcgacgagaggtttatcigeegcagetgeaaaagtgctigacicoggttitggcgaggaagtggtigagegtatggtaget
geagggoaageagaaatagaggagitggctgaaaagtiiggcgaagaagtgagegaaagttittccaaacaatitgageegetigaa
cgtgaaatggctatggegaatgagatggeagageagectgccgagttttctcgtaacgtagaaaataatatgacgcgaagegeegsa
aaaagcittacgaaagageggotoaaagcaatggranaagaageggeaaaagaagecciggaaaaatgtgtgcaagaaggtgea
aagitcctgttaasaaaaattecgtaataaagticteticaatatgitcaaaaaaatectglatgecttactgagggattgitcatitaaaggctt
acaggctatcagatgtgeaaccgagggcgecagtcagatgaatactggcatggttanacacagaaaaagegaagatcgaaaagaaaa
tagagcaatiaataactcageaacggttictggatitcataatgcaacaaacagaaaaccagaaaaagatagaacaaaaacgetiagag
gagctttataaggggageggtgecgegctiagagatgtattagataccattgaicactatagtagegttcaggegagaatagetggctat
cgegcttaa

SEQ ID NO: 66 82 amino acid sequence

MSSGNILWGSQNPIVEFKNSFGVSNADTGSQDDLSQONPFAEGYGVLLILLMVI
QATANNKFIEVOKNAERARNTQEKSNEMDEVIAKAAKGDAKTKEEVPEDVIKYMRD
NGILIDGMTIDDYMAKYGDHGKLDKGGLQAIKAALDNDANRNTDLMSQGQITIQK
MSQELNAVLETOQLTGLISKWGEISSMIAQKTYSELMNRIHSNSDSAAGVTALTHHHLS
NVSCVSSGSLGKROGHRVNSTFGDGNAACLLSGKISLOQEASNALKOQLLDAVPGNHER
PSLPDFLOTNPAVLSMMMTSLHNVFGNNAQSLCQOQLERATEVONALRNKQVKEYQ
EQIQKAIEQEDKARKAGIFGAIFDWITGIFETVIGALKVVEGFLSGNPAEMASGYVAYM
AAGCAGMVKAGAETAMMCGADHDTCOAHDVTSKIQFGCEAVALALDVFQIGRAF
MATRGLSGAAAKVLDSGFGEEVVERMVGAGEAEIEEL AEKFGEEVSESFSKQFEPLE
REMAMANEMAEEAAEFSRNVENNMTRSAGKSFTKEGVKAMAKEAAKEALEKCVQ
EGGKFLLKKFRNKVEFNMFKKILYALLRDCSFKGLQAIRCATEGASQMNTGMVYNTE
KAKIEKKIEQLITQQRFLDFIMOQQTENQKKIEQKRLEELYKGSGAALRDVLDTIDHYS
SVOARIAGYRA

SEQ ID NG: 67 LTAI-GSAAS-32 nucleic acid sequence

CATatggacaatggegategtttatacegtgecgactcgegicecceagatgagattaaacgtageggtgggttaatgec
acgtgggcacaatgagtatittgaccgigeaacacagatgaacattaacctitacgatcatgeccgtgggacccagaccgggtttgtcc
gttatgatgacgggtatgttagtacgagtitgtecttacgeicegeacaccitgegggacaaagtatittaicaggetacageacatattac
atttatgtgatcgecactgececaaacatgttcaatgtgaacgatgtettgggeatttacageccoecatecatatgaacaagaagicteg
geectiggggagatcccatatagocagatttatggtiggtaccgegtaaattitggtatuatigatgaacgtitgeategtaaccgigaata
cegegategetactacegtaactigaacatigeaccigeegaggacggetategittagegggaticecacecgatcatcaggegtag
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cgteaggaaccgtegatccatcacgecccteagggeigegggaacagtagicgcgggtcegeggcateeatgteticaggaaacat
cttatggggaagicaaaaccctatigtgtttaaaaatageticggegtcageaacgetgataccgggagecaggatgacttatcecage
aaaatccgittgeogaagggtatgatgtittgetiatictecttatggttaticaggetatcgeaaataataaatttattgaagtccagaagaa
cgctgaacgtgecagaaatacccaggaaaagtcaaatgagatggatgaggtgattgctaasageagecaaaggggatgctaaaacca
aagaggaggtgcctgageatgtaattaaatacatgegtgataatggtaticteategatggtatgaccattgatgattatatggctaaatat
ggcgatcatgggaagetggataaaggiggcctacaggcgatcaaageggctttggataatgacgecaaccggaataccgatettatg
agtcaggggcagataacaatticaaaaaatgictcaggagctisacgetgicctiacccaactgacagggctiatcagtaagtggggeg
aaatttccagtatgatagcgeagaaaacgtactcaGAGU T Catgaategaaticacagtaatagegacagegecgcaggagtaa
ccgecttaacacatcatcacttaageaatgtcagitgegtticctegggticgcigggaaagegecageategtgtgaatictacttitgge
gatggcaacgecgegtgtetgctatccgggaaaattagicticaggagecaageaatgegtigaageaactgetigatgeegtaceeg
gaaatcataagegtecatcatigectgacttttigeagaccaatcecgeggtittatcaatgatgatgacgtcatiaatactcaacgtotity
gtaataacgctcaatcgitatgecaacagettgagegggeaactgaggtgcaaaatgeattacgtaataageaggtaaaggagtatca
ggagcagatccagaaagegatagageaggaggataaagegegtaaagegggtatititggegetatittigactggattaccggeata
tttgaaaccgigatiggegecitaaaagtigiggaaggttticigiceggaaatcccgoagaaatggetageggegtagettatatgace
geaggttgigeaggaatggtiaaagecggagecgaaacggeaatgatgtgcgatectgaccacgatacctgicaggeaattattgac
gigacaagtaagattcaatitggtigtgaagecgicgegetggeactggatgtiticcagattggecgtgcttttatggegacgagaggtt
tatctggegeagetgcaaaagtgctigactecggttitegcgaggaagtgatioagcatatggtageigcaggegeaagcagaaatag
aggagttegctgaaaagtttggcgaagaagtgagegaaagtititccaaacaatitgagecgettgaacgtgaaatggctatggegaat
gagatggeagageagectgccgagtittctcgtaacgtagaaaataatalgacgcgaagegcgggaaaaagctitacgaaagageyg
gotgaaagcaatggcanaagaageggcaaaagaagecciggaaaaatgigtgcaagaaggtegaaagticotgtiaaaaaaaticc
gtaataaagtictcticaatatgticaaaaaaatcctgtatgecttactgagggattgticatttaaaggettacaggetateagatgtgeaac
cgagggcgccagicagatgaatactggeatggttaacacagaaaaagegaagatcgaaaagaaaatagagcaatiaataactcage
aacggttictggatticataatgcaacaaacagaaaaccagaaaaagatagaacaaaaacgetiagaggagotitataaggggageeg
tgoccgegettagagatgtattagataccattgatcactatagtagegticaggegagaatagetggetatcgegettaaCTCGAG

SEQ ID NO: 68 LTAI-G5445-82 Amino acid sequence

MDNGDRLYRADSRPPDEIKRSGGLMPRGHNEYFDRGTOMNINLY DHARGTQ
TGFVRYDDGYVSTSLSLRSAHLAGOSILSGYSTYYIVVIATAPNMENVYVNDVLGVYSP
HPYEQEVSALGGIPYSQIYGWYRVNFGVIDERLHRNREYRDRYYRNLNIAPAEDGYR
LAGFPPDHQAWREEPWIHHAPQGCGNSSRGSAASMSSGNILWGSONPIVEKNSFGYS
NADTGSQDDLSQONPFAEGYGVLLILLMVIQATANNKFIEVOKNAERARNTOQEKSNE
MDEVIAKAAKGDAKTKEEVPEDVIKYMRDNGILIDGMTIDDYMAKYGDHGKLDKG
GLOAIKAALDNDANRNTDLMSQGUITIOKMSQELNAVLTQLTGLISKWGEISSMIAQ
KTYSELMNRIHSNSDSAAGVTALTHHHLSNVSCVSSGSLGKROHRVYNSTFGDGNAA
CLLSGKISLQEASNALKQLELDAVPGNHKRPSLPDFLOTNPAVLSMMMTSLILNVEFGN
NAQGSLCQOQLERATEVONALRNKGQVKEYQEQIQKAIEQEDKARKAGIFGAIFDWITGHE
FETVIGALKVVEGFLSGNPAEMASGVAYMAAGCAGMVKAGAETAMMCGADHDTC
QAHDVTSKIQFGCEAVALALDVFQIGRAFMATRGLSGAAAKVLDSGFGEEVVERMY
GAGEAERIEELAEKFGEEVSESFSKOFEPLEREMAMANEMAEEAAEFSRNVENNMTRS
AGKSFTKEGVKAMAKEAAKFALEKCVQEGGKFLLKKFRNKVLFNMFKEKILYALLR
DCOSFRGLOQAIRCATEGASOMNTGMYNTEKAKIEKKIEGLITQORFLDFIMQQTENQK
KIEQKRLEELYKGSGAALRDVLDTIDHYSSVQARIAGYRAR

SEQ ID NO: 6% LTAI-5seB Nucleic acid sequence

ATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGCCTGGTGCCGLG
COGGCAGUCATatggacaatggegatcgtitataccgteccgactcgegteeccoagatgagattaaacgtageggtgggtta
atgcecacgtgggcacaatgagtattitgaccgtggaacacagatgaacattaacctitacgatcatgeccgtgggacccagacegggtt
tgtcegttatgatgacgggetatgttagtacgagtttgtecttacgetecgeacacctigegggacaaagtatittatcaggctacageacat
attacatttatgtgatcgecactgecccaaacatgttcaatgtgaacgatgtettgegegtttacageccecatecataigaacaagaagt
cteggeccttggggoogateccatatagecagatitatggtiggtaccgegtaaatitiggtotaattgatgaacgtitgcategtaacegty
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aataccgcgatcgetactaccgtaactigaacattgcacctgecgaggacggctategtttagegggaticecaccegatcatcaggeg
tggegigaggaaccgiggatecatcacgeeocteaggggtecgogaacagtagtegegggtecgeggeatecatgtcticaggaaa
catcttatggggaagtcaaaaccctatigtgttiaaaaatagettcggegtcageaacgetgataccgggagecaggatgacttatecea
geaaaatcegiitgccgaagggtatggtatittgctiatictecttatggtiaticaggetatcgeaaataataaatitatigaagtccagaag
aacgctgaacgtgecagaaatacccaggaaaagtcaaatgagatggatgagoteattgctaaageagecaaaggggatgetaaaac
caaagaggaggtgccigaggatgtaatiaaatacatgegtigataatggtaticicatcgatggtatgaccattgatgattatatggctaaat
atggcgatcatgggaagctggataaaggtggectacaggegatcaaageggettiggataatgacgecaaccggaatacegatettat
gagtcageggcagataacaaticaaaaaatgtctcaggagcttaacgetgtecttacccaactgacagggcttatcagtaagigegog
gaaatttccagtatgatagcgcagaaaacgtactcataaGGATCC

SEQ ID NO: 70 L.TA7-Sse8 Amino acid sequence

MGSSHHHHHHSSGLVPRGSHMDNGDRLYRADSRPPDEIKRSGGLMPRGHNE
YFDRGTOMNINLYDHARGTQTGFVRYDDGYVSTSLSLRSAHUAGQSILSGYSTYYIY
VIATAPNMFENVNDVLGVYSPHPYEQEVSALGGIPYSQGIYGWYRVNFGVIDERLHRNR
EYRDRYYRNLNIAPAEDGYRLAGFPPDHQAWREEPWIHHAPQGCGNSSRGSAASMS
‘%G\HLVv’G%Q“@PIVPKV SFGVSNADTGSQGDDLSQONPFAEGYGVLLILLMVIQATANN

KFIEVOQKNAERARNTOEKSNEMDEVIAKAAKGDAKTKEEVPEDVIK YMRDNGILID

GMTIDDYMAKYGDHGKLDKGGLQAIKAALDNDANRNTDLMSQGOQITIQOKMSQELN
AVLTQLTGLISKWGEISSMIAQKTYS*

SEQ ID NO: 71 HisSce2 chaperone for LTAI-CTH33-CopB nucleic acid sequence

ATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATCCGatgageactecat
cttctaataattctaaaaaaccttcggectcttitaataaaaaatcacgtagecgetiggecgagatigetgracaaaaanaagcanaage
tgaggatttggaacaaaaatatcctgticctacggaagaggagacaaaacaagticicatggacatcctacaggggttaageaacgga
ttaactcticageaaattttaggictetecgacgicctecttgaagagatetacacegtageatatacctictactcccaagggaaatatcg
ggaagctatcggtctittccaaatctiaacagectecaaaccicaatgetacaaatacatettaggicttagetetigetatcaccagetaaa
aatgtatgatgaagccgcettitggttictticctagetttcgatgetcaaccegaaaaccccatecctectiactacatcgecgatagettgat
gaagctaaaccaacccgaagaatetcaagacticcicgatattacgatcgatatgtgtaagaacaagecggaatataaagticttaaaga
tegetgeageattatgaageaatetttagatgecgtgctgaaaaaagagaaatetgeaaaaggctetgaaacacaagectectotectaa
aaacacaaaagctaaaaaagctgettctaacaagaaaaaageaaagtaaGLGGLCGC

SEQ ID NO: 72 HisSce2 chaperone for LTAI-CTH33-CopB Amino acid sequence

MGSSHHHHHHSQDPMSTPSSNNSKKPSASFNKKSRSRLAEIAAQKKAKAEDL
EQRKYPVPTEEETKOVLMDILOQGLSNGLTLOQOILGLSDVLLEEIYTVAYTFYSQGKYRE
AIGLFQILTASKPQCYKYILGLSSCYHQLKMYDEAAFGFFLAFDAQPENPIPPYYIADS
LMKLNGPEESQDFLDITIDMCKNKPEYKVEKDRCSIMKOQSLDAVLEKKEKSAKGSETQ
ASSPEKNTKAKKAASNKKKAK*

SEQ ID NGO: 73 CT833 nucleic acid sequence

%ddvtﬁaﬁcgtttaaadaaattaﬁaau agagcticatgatcttacceagtggatgeaactiggecttgticctaaaaaaga
aatcgagagacaccaggaagaaatcegtctgeiagaaageaaaatoctigaagagaaagaacgtctacaactictcaaagaaagegg
tgagatcaaagagtacgtaacccctcgaagaactecagetaaaaccatttacceagatggoecccagegtitcagacgtigagtitatag
aatcctcggatacagaagtggatctcgatgecggtgacacaattgagatigacctaggeteatgagpcaagagaagaaagcggaaac
gaactcgactacictagigaagacgaigaggateetitcagegatcgeaategitggegecgaggaggcatcatagateeigacgega
atgaatgg

SEQIDNQG: 74 (T033 amine acid sequence

MKSERLKKLESELHDL TQWMOQLGLVPKKEIERHQEEIRLLESKILEEKERLQL
LKESGEIKEYVTPRRTPAKTIYPDGPSVSDVEFVESSDTEVDLDAGDTIEIDLGDEARE
ESGNELDYSSEDDEDPFSDRNRWRRGGIIDPDANEW
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SEQG ID NO: 75 CopB nucleic acid sequence

atgagctigtcatccageageagetoggatagticgaatctgaaaaatgtgtiatcteaggicatcgegtictacaccAcagg
gggttcctaatgetgacaaattaaccgacaatcaggtaaaacaagtecageagacecgicaaaaccgtgatgatetgtecatggagag
cgacgtegeggtggogggaacagecggaaaagategtgetgegteggegtcccagategagggacaagagetgattgageaaca
gggacttgoggctgggaaagagacggctictgotgatactacateattgacecagtcggeatecaaaggegeticcagtcageagigt
attgaggataccagtaagtcoctggagetiteticgetitcgagectgtcaagegtagatgegacacatitgeaggaaatecaategate
gtgicttcageaatgggegecaccaacgaattgteatigacgaacttagagacaccgggattaccaaageegagtaccactccAcge
caggaagttatggagatcagoctigeottagegaaggocateactgeattggatgagageactcaggetgectiggaaaatittcagic
cactcagagtcagicegegaacatgaataagatgagtitggaateccaaggetigaaaatcgacaaggagogtgaagaatttaagaaa
atgcaggagattcagrcaaaagagcggoacaaaticaaccatggatacigtgaataaagitatgatiggcgtgacagtggcaatiacagt
aatctctgttgittcageattgtitacctgeggttigggettgatiggeacagecgtgegggtegccacageegoecaccgetggggcaac
ggecgeogecacgaccgetacctetgtgacgaceacagtegetacecaggtgacgatgeaageggtggtecaagtegttaageagg
ctattatccaageagtaaaacgegecategtecaagogattaaacagggeattaageaaggeatiaaacaagegatcaaacaggcag
tcaaggeaagegtgaagacactigecaaaaatgtaggeaagattitcagegeaggcaagaacgetgtgagtaagtecticccAaaatt
gtctaaggtgattaatacactiggticcaaatgggtiactetiggegtggeggcectiacageggtgocgeagttagicagtggeattac
cteccttcaattgtetgatatgcaaaaagaacttgcacaaalccaaaaggaagtgggtacactiacggegcagagtgagatgatgaaa
gegtitacactgtictggeageaageticgaaaatcgeggecaaacaaacggaateaccticagagacgeaacaacaggeagetaag
accggegeccagatcgetaaagegiigtcogecatticgggtgctitagetgetgetget TAG

SEQ ID NQ: 76 CopB amino acid sequence

MSELSSSSSSDSSNLENVLSOVIASTPOGVPNADKLTDNOVEGQVQQTRONRDD
LSMESDVAVAGTAGKDRAASASQIEGOELIEQOQGLAAGKETASADATSLTOSASKG
ASSQQCIEDTSKSLELSSLSSLSSVDATHLQEIQSIVSSAMGATNELSLTNLETPGLPKP
STTPROEVMEISLALAKAITALGESTOQAALENFQSTQSQSANMNKMSLESQGLKIDK
EREEFKEKMOEIQOQKSGINSTMDTVNKVMIGVTVAITVISVVSALFTCGLGLIGTAAA
GATAATAGATAAATTATSVTTIVATOVIMOQAVVOQVVKQAHQAVKRAIVOAIKQGI
KQGIKQAIKQAVEKASVETLAKNVGKIFSAGKNAVSKSFPKLSKVINTLGSKWVTLGY
GALTAVPOQLVSGITSLOLSDMOKELAGIQKEVGALTAQSEMMEKAFTLFWQOQASKIA
AKQTESPSETQQOAAKTGAQIAKALSAISGALAAAA

SEQIDNQ: 77 (CT033-CopB nucleic acid sequence

aaaagigagcgtitaaaaaaatiagaatcagageticatgatcttacceagtggatgeaactiggectigticctaaaaaagaa
atcgagagacaccaggaagaaatccgtctgctagaaageaaaatectigaagagaaagaacgictacaactictcaaagaaageggt
gagatcaaagagtacgtaaccectcgaagaactccagetaaaaccatttacceagatggecceagegtttcagacgtitgagttigtaga
atccteggatacagaagtggatctegatgecggtgacacaatigagatigaceiaggtoalgagecaagagaagaaagcgeanacy
aactcgactactctagtgaagacgatgaggatectticagegategeaategitggegecgaggaggeatcatagateotgacgegaa
tgaatggGGTTCAGCTGUTT C Aatgagcetigteatccageageagetcggatagttcgaatctgaaaaatgigttatctea
ggteategegtetacaccAcagggggttcctaatgetgacaaattaaccgacaatcaggtaaaacaagtecageagaceegtcaaas
ccgtgatgatetgtecatggagagegacgtogeggtggegggaacagecggaaaagategtgetgegteggegteccagategag
ggacaagagetgatigageaacagggactigeggeigggaaagagacggetictgctgatgetacateatigacccagicggeatee
aaaggcegettecagtcageagtgtatigaggataccagtaagicectggagetticttcgetttcgagectgicaagegtagatgegaca
cattigcaggaaatccaategatcgtgteticageaatgggegecaccaacgaattgteatigacgaacttagagacaccgggattace
aaagccgagtaccactccAcgecaggaagitatggagatcagectigecttagegaaggccatcacigeatigggtgagageactca
ggctgecttggaaaattttcagtecactcagagteagtcegegaacatgaataagatgagtitggaateccaaggetigaaaatcgaca
aggagcgtgaagaatitaagaaaatgeaggagaticageaaaagageggcacaaaticaaccatggatactgtgaataaagitatgat
tggcgtgacagiggcaattacagiaateictgitgittcageatigtttacctgeggtitgggotigattggcacageegetgegggtgce
acagcegecacegetggggeaacggeegoecgecacgaccgetacctetgtgacgaccacagtegetacccaggtgacgatgeaag
cggiggiccaagicgttaageaggcetattatccaageagtaaaacgegecatcgtecaagegattaaacaggggattaageaaggeat
taaacaagcgatcaaacaggeagtcaaggeaagegtgaagacacitgecaaaaatgtaggcaagattitcagegeaggcaagaacg
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ctgtgagtaagtecticccAaaattgtetaaggtgattaatacactiggttccaaatgggttacictiggegtgggggcccttacageggt
gecgeagttagteagtggeattaccteccttcaattgtetgatatgeaaaaagaacttgeacaaatccaaaaggaagtgggtacacttac
ggcgeagagtgagatgatgaaagegtttacactgticiggeageaageticgaaaatcgeggeccaaacaaacggaatcaccticaga
gacgcaacaacaggeagotaagaccggegeccagatcgetaaagegttgtecgecatttegggtgctttagetgetgetgetTAG

SEQ ID NG: 78 CT033-CopB amine acid sequernce

MESERLKKLESELHDLTOWMOLGLVPEKEIERHOEEIRLLESKILEEKERLQL
LKESGEIKEYVTPRRTPAKTIYPDGPSVSDVEFVESSDTEVDLDAGDTIEIDLGDEARE
ESGNELDYSSEDDEDPFSDRNRWRRGGHDPDANEWGSAASMSLESSSESDSSNLKN
VLSQVIASTPQGVPNADKLTDNQVKQVQOQTRONRDDLSMESDVAVAGTAGKDRAA
SASQIEGQELIEQQGLAAGKETASADATSLTQSASKGASSQOQCIEDTSKSLELSSLSSL
SSVDATHLOEIQSIVSSAMGATNELSLTNLETPGLPKPSTTPRQEVMEISLALAKAITA
LGESTOQAALENFQSTOQSOQSANMNKMSLESQGLKIDKEREEFKKMOEIQOQKSGTNST
MDTVNKVMIGVTVAITVISVVSALFTCGLGLIGTAAAGATAATAGATAAATTATSVT
TIVATQVIMOAVVOVVKOAHQAVERAIVQAIKQGIKQGIKQAIKQAVEKASVKTLA
KNVGKIFSAGKNAVSKSFPKELSKVINTLGSKWVTLGVGALTAVPOQLYVSGITSLOLSD
MOKELAQIQKEVGALTAQSEMMKAFTLFWQQASKIAAKQTESPSETOQQAAKTGA
QIAKALSAISGALAAAA

SEQIDNQ: 79 LTAI-CT053-Coph nucleic acid sequence

CATatggacaatggegategtitatacegtgeegactegegtcccccagatgagattasacgtageggtaggttaatgee
acgigggeacaatgagtattttgaccgtggaacacagatgaacaitaacctiiacgatcatgeeegtgggacceagaccgggtiigice
gitatgatgacgggtatgtiagtacgagittgtecttacgetecgeacaccttgegggacaaagtatitiatcaggetacageacatattac
atttatgtgatcgecactgooccaaacatgttcaatgtgaacgatgtgtigggpgatttacageccecatecatatgaacaagaagicicg
geecttggggggatcccatatagecagatitatggitegtaccgegtaaattttggtgtoattgaigaacgtitgcategtaacegtgaata
ccgegategetactacegtaactigaacattgeacctgecgaggacggetategtttagegggatteccaccegateatcaggegiag
cgtgaggaaccgiggatccatcacgecccicaggggtacgagaacagtagtcgcCATatgaaaagigagegtitazaaaaattag
aatcagagcticatgatctiacccagiggalgeaacttggectigttcctaanaaagaaatcgagagacaccaggaagaaatcegtetg
ctagaaagcaaaatcctigaagagaaagaacgtetacaactictcaaagaaageggigagatcaaagagtacgtaaccectcgaaga
actccagctaaaaccatttacccagatggecccagegtticagacgtigagttigtagaatectcggatacagaagiggatctegatgec
ggtgacacaatigagattgacctaggtgatgagecaagagaagaaageggaaacgaactcgactactctagtgaagacgatgagga
tectitcagegategeaategtiggegecgaggaggcatcatagatectgacgegaatgaatggGGTTCAGCTGCTTCA
atgagctigicatccagcageagetcggalagticgaatcigaaaaatgtgttatctcaggtcatcgegtctacacc Acagggggttect
aatgctgacaaaitaaccgacaatcaggtaaaacaagtccageagaccegtcaaaaccgigatgatetgtecatggagagegacgic
geggtgacgggaacagecggaaaagategigetgegteggegtcecagategaggeacaagagetgatigageaacagggactt
gcggctgggaaagagacggctictgctgatgctacatcattgacecagtcggcalccaaaggegcticcagicageagigtatigagg
ataccagtaagtccctggagetticttcgetticgagectgicaagegtagatgegacacatttgeaggaaatecaategategtgtette
agcaatgggcgccaccaacgaatigtcatigacgaacttagagacaccgggattaccaaagecgagtaccactccAcgecaggaa
gitatggagatcagecttgectiagegaaggccatcactgeattgggteagagcactcaggctgecttggaaaattitcagiceactcag
agtcagtcogegaacatgaataagatgagtttggaateccaaggettgaaaategacaaggagegtgaagaatitaagaaaatgeag
gagaticagcaaaagageggcacaaaticaaccatggatactgigaataaagitatgatiggegigacagtggcaattacagtaatetet
gitgtitcageattgtitacctgeggtitgggctigatiggeacagecgetgegggteccacagecgecaccgcigggecaacggocy
ccgecacgaccgetaceictgigacgaccacagicgetacccaggtgacgatgeaageggtggtecaagicgttaageaggetattat
ccaageagiaaaacgegecatcgtccaagogatiaaacaggggattaageaaggcattaaacaagegalicaaacaggeagicaagg
caagcegtgaagacactigecaaaaatgtaggcaagattttcagegeaggeaagaacgctgtgagtaagtecticcc Aaaattgtetaa
ggtgattaatacactiggticcaaatgggitacictiggegigggggceccitacageggtgecgcagttagicagtggeatiaccteectt
caattgtcigatatgcaaaaagaactigeacaaatecaaaaggaagtgggtecacitacggcgeagagtgagatgatgaaagegtita
cactgttctggeageaageticgaaaatcgeggecaaacaaacggaatcaccticagagacgcaacaacaggragetaagaccgge
gcecagatcgctaaagegttgtecgecatttegggtactitagetgctgctect TAGCTCGAG
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SEQIDNGO: 86 L.TA1-CT8#33-CopB Amine acid sequence

MDNGDRLYRADSRPPDEIKRSGGLMPRGHNEYFDRGTOMNINLYDHARGT(Q
TGFVRYDDGYVSTSLSLRSAHLAGOSILSGYSTYYIYVIATAPNMENVNDVLGVYSP
HPYEQEVSALGGIPYSQIYGWYRVNFGVIDERLHRNREYRDRYYRNLNIAPAEDGYR
LAGFPPDHQAWREEPWIHHAPQGCGNS SEMKSERLKKELESELHDL TOQWMQLGLVP
KKEIERHOEEIRLLESKILEEKERLOLLKESGEIKEYVTPRRTPAKTIYPDGPSVSDVEF
VESSDTEVD LDA,GDTIEEDL(;DE AREESGNELDYSSEDDEDPFSDRNRWRRGGHDPD
ANEWGSAASMSLSSSSSSDSSNLKNVLSQVIASTPQGVPNADKLTDNQVKOVQQTR
ONRDDLSMESDVAVAGTAGKDRAASASQIEGOQELIEQGQGLAAGKETASADATSLTO
SASKGASSQQCIEDTSKSLELSSLSSLSSVDATHLQEIQSIVSSAMGATNELSLTNLETP
GLPKPSTTPROQEVMEISLALAKAITALGESTQAALENFQSTOQSOSANMNKMSLESQG
LKIDKEREEFKEMQOQEIQOQKSGTNSTMDTYNKVMIGVTVAITVISVVSALFTCGLGLIG
TAAAGATAATAGATAAATTATSVTITTIVATQVIMQAVVOVVKQATIIQAVKRAIVQAIT
KOGIKOQGIKQAIKQAVKASVKTLAKNYVGKIFSAGKNAVSKSFPKLSKVINTLGSKWY
TLGVGALTAVPOQLVSGITSLOLSDMOKELAQIQKEVGALTAQSEMMEKAFTLFW(QQA
SKIAAKQTESPSETQQOAAKTGAQIAKALSAISGALAAAA®

SEQ ID NO: 81 HisSce2 chaperone for LTAI-CT668-CopB nucleic acid sequence

ATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATC CGatgageactecat
ctictaataatictaaaaaaccticggectettttaataaaaaatcacgtagecgetiggecgagatigctgeacaaaaaanageaaaage
tgaggatttggaacaaaaatatcctgttectacggaagaggagacaaaacaagttctcatggacatectacaggggttaageaacgga
ttaactcticagcaaattitaggictcteegacgtecicctigaagagatctacacegtageatatacettctactcccaagggaaatateg
ggaagctatcggictiitccaaatcttaacagectecaaaccteaatgetacaaatacatctiaggtetiagetettgetatcaccagetaaa
aatgtatgatgaagcegeititggtttcticetagetticgatgetcaaccegaaaacceeatooctecttactacatcgecgatagetigat
gaagciaaaccaacccgaagaatctcaagacticcicgatatiacgatcgatatgtataagaacaagecggaatataaagitctiaaaga
tcgetgeagceattatgaageaatettiagatgeegtgetgaaaaaagagaaatetgeaaaaggetctgaaacacaagectectetectaa
aaacacaaaagctaaaaaagctgctictaacaagaaaaaagcaaagtaaGCGLCCEC

SEQ ID NO: 82 HisScel chaperone for LTAI-CT668-CopB Amino acid sequence

MGSSHHHHHHSQDPMSTPSSNNSKKPSASFNKKSRSRLAEIAAQKKAKAEDL
EQKYPVPTEEETKQVLMDILQGLSNGLTLOOQILGLSDVLLEEIYTVAYTFYSQGKYRE
AIGLFQILT ASEPQCYKY ILGLSSCYHQLKMYDEAAFGFFLAFDAQPENPIPPYYIADS
LMELNQPEESQDFLDITIDMCKNKPEYKVLKDRCSIMKQSLDAVEKKEKSAKGSETQ
ASSPKNTKAKKAASNKEKAK*

SEQ ID NQ: 83 CT668 nucleic acid sequence

Atagatcetcttaagetitttccaaattttgatgggeataaggagagtgctgcggtgaataaaccticageatetectatgeee
agcgaattaagtaaaaatgitgeoteatictctitagggggtogaggtactgcgtiggaticgacagigiccacagaaaagetategtiga
tggetatgatgeaggataaaaaticgeagitgatcgatectgagitggaggaagetctgaacictgaagagttacaagageagateeatt
tgttaaaaagtegtitgtaggatgcacaaacgeagatgeaaatgeaagateccgacaagitggectotgageatgtagatgotttagga
gtcattgttgatitaatcaatggggattticaagegatagetgaacatacacaacagacggicaageagggiaatggigacgaagaaaa
atctgttacacgeaagatagtegattgggtetcticaggagaagaaatttigaategtgctttgtigtatttctocgategtaatggagaaag
agaaacattagccgatticttaaaagticagtatgecgticaaagagetacacaacgegecgagttatitgecagtattctaggtgccacg
gtgagiagtgtaaaaacgattaigacaacceagitaggt

SEQ ID NQ: 84 CT668 amino acid sequence

MIDPLKLEPNFDGDKESAAVNEPSASPMPSELSKNVASFSLGGGGAALDSTVS
TEKLSLMAMMOQDKNSQLIDPELEEAL NSEELQEQIHLLKSRLWD AQTQMQMQDPD
KLASEHVDALGVIVDLINGDFQAIAEHTQQTVKQGNGDEEKSVTREIVDWVSSGEE!
LNRALLYFSDRNGERETLADFLKVOYAVORATOQRAELFASILGATVSSVKTIMTTOL
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SEQG ID NO: 85 CT668-CopB nucleic acid sequence

atagatcctcttaagcettiticcaaattttgatggogataaggagagtectgoggigaataaacciicageatctectatgeeca
gcgaattaagtaaaaatgttgccteaticteittagggggtggaggtecigegttggaticgacagtgiccacagaaaagetategitgat
ggctatgatgeaggataaaaattegeagtigategatectgagttggaggaagetetgaacicigaagagttacaagagcagatecattt
gitaaaaagtcgtitgigggatgcacaaacgeagatgeaaatgeaagatcccgacaagttggecicigageatgtagatgetttaggag
tcattgtigatitaatcaatggggatiticaagegatagetgaacatacacaacagacggtcaageagggtaatggteacgaagaaaaat
ctgitacacgcaagatagtcgattgggtctcttcaggagaagaaatttigaatcgtgetitgttgtatitctcegatogtaatggagaaaga
gaaacattagecgatitctiaaaagttcagiatgocgticaaagagcetacacaacgegecgagtiattigecagtatictaggtgccacgg
tgagtagtgtaaaaacgattatgacaacceagttaggtGGTTCAGCTGCTTC Aatgagcttgtcatccageageageteg
gatagticgaatctgaaaaatgigttatctcaggicategegictacaccAcagggggticctaatgoigacaaattaaccgacaatcag
gtaaaacaagiccageagaccegtcaaaaccgtgatgatetgtccatggagagegacgicgegglggogggaacageoggaaaag
atcgtgetgegteggegtcecagategagggacaagagetgattgageaacagggacttgeggctgggaaagagacggctictgct
gatgctacalcattgacceagicggcatecaaaggegeticeagicageagtgtatigaggataccagtaagiceciggagetiicticg
ctitcgagectgtcaagegtagatgegacacatitgecaggaaatccaategategtgtettcageaatgggegecaccaacgaattgtc
attgacgaacttagagacaccgggattaccaaagecgagtaccactccAcgecaggaagitatggagatcagectigecttagegaa
ggceatcactgeattgggteagagcacicaggotgectiggaaaattitcagiccacicagagicagtecgegaacatgaataagatga
gittggaatcocaaggotigaaaategacaaggagegtgaagaatttaagaaaatgcaggagaticageaaaagageggeacaaatt
caaccatggatactgtgaataaagttatgatiggegtgacagiggeaatiacagtaatcictgtigtitcageatigtitacctgegatiigg
gettgattggcacagecgotgegggtgecacagecgecaccgetggggcaacggecgecgecacgaccgetaccictgtgacgac
cacagtcgctacccaggtgacgatgeaagoggtggticcaagtegttaageaggctattatccaageagtaaaacgegecategieca
agcgattaaacaggggatiaagcaaggcattaaacaagegatcasacaggeagtcaaggeaagegtgaagacacitgecaaaaaty
taggcaagatitticagegeaggeaagaacgetgtgagtaagiecticec Aaaattgtctaaggtgatiaatacactiggticcaaatggg
ttactcitggegtgggageccttacageggigecgeagttagtcagtegeattacctcecttcaattgictgatatgcaaaaagaactige
acaaatccaaaaggaagtgogtocacitacggcgeagagigagatgatgaaagegittacactgtictggeageaageticgaaaate
geggccaaacaaacggaatcaccticagagacgeaacaacaggeagetaagaceggegeccagategetaaagegttgteegeca
tttcgggtgctttagetgetgetgctTAG

SEQG ID NO: 86 CT668-CopB aminoe acid sequence

MIDPLKLFPNFDGDKESAAVNKPSASPMPSELSKNVASFSLGGGGAALDSTVS
TEKLSLMAMMOQDKNSQLIDPELEEALNSEELQEQIHLLKSRLWDAQTOMOMOQDPD
KLASEHVDALGVIVDLINGDFQAIAEHTQQTVKOGNGDEEKSVTRKIVDWVSSGEEL
LNRALLYFSDRNGERETLADFLKVQYAVORATQRAELFASILGATVSSVKTIMTTQL
GGSAASMSLSSSESSDSSNLKNVLSQVIASTPQGVPNADKLTDNOVKQVQOTRONRD
DLSMESDVAVAGTAGKDRAASASQIEGQELIEQQGLAAGKETASADATSLTQSASK
GASSQQCIEDTSKSLELSSLSSLESVDATHLOQEIQSIVSSAMGATNELSLTNLETPGLPK
PSTTPROQEVMEISLAL AKAITALGESTQAALENFQSTQSQSANMNKMSLESQGLKIDK
EREEFKKMQEIQQKSGTNSTMDTYVNKVMIGVTVAITVISVVSALFTCGLGLIGTAAA
GATAATAGATAAATTATSVTITTIVATOQVIMOAVVOQVVKQATQAVKRAIVQAIKOQG]
KOQGIKQAIKQAVEKASVKTLAKNVGKIFSAGKNAVSKSFPRKLSKVINTLGSKWYTLGY
GALTAVPQLVSGITSLOLSDMQOQKELAQIQKEVGALTAQSEMMKAFTLFWQQASKIA
AKQTESPSETQOQQAAKTGAQIAKALSAISGALAAAA

SEQIDNG: 87 LTAI-CT668-CopB nucleic acid sequence

CATatggacaatggegategtttatacegtgecgactcgegicecceagatgagattaaacgtageggtgggttaatgec
acgtgggcacaatgagtatittgaccgigeaacacagatgaacattaacctitacgatcatgeccgtgggacccagaccgggtttgtcc
gttatgatgacgggtatgttagtacgagtitgtecttacgeicegeacaccitgegggacaaagtatittaicaggetacageacatattac
atttatgtgatcgecactgececaaacatgttcaatgtgaacgatgtgttgggeatttacageccocatecatatgaacaagaagictcg
geectiggggagatcccatatagocagattiatggtiggtaccgegtaaatiitggtatuatigatgaacgtitgeategtaaccgigaata
cegegategetactacegtaactigaacatigeacctgeegaggacggetategittagegggattcecacecgateatcaggegteg
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cgtgaggaaccgiggatccatcacgecccicaggggtgcgggaacagtagtcgeC ATatgatagatectctiaagetitticcaaatt
tigatggegataaggagagtectacggtgaataaaccticageatetectatgeccagegaattaagtaaaaatgttgecteattetettta
gogegtegaggtectacgttggattcgacagtgtccacagaaaagetategtigatggctatgatgcaggataaaaattcgeagttgat
cgatcctgagtiggaggaagetetgaactctgaagagttacaagageagatecatitgttaaaaagicgttigtgggatgeacaaacge
agatgcaaatgcaagatceogacaagttggectetgageatgtagatgetttaggagteatigttgatitaatcaatggggatittcaage
gatagctgaacatacacaacagacggicaageagggtaatggtgacgaagaaaaatcigitacacgeaagatagtcgatiggatetet
icaggagaagaaattitgaategtgctitgttatatttetccgaicgtaatggagaaagagaaacattagecgatttcttaaaagttcagtat
geegttcaaagagetacacaacgegecgagitatttgecagtattctaggteccacggtigagtagtgtaaaaacgattatgacaaccea
gttaggtGGTTCAGCTGUTT  Aatgagettgteatecageageagetcggatagticgaatetgaaaaatgtgtiateicag
cgtgatgatctgtceatggagagegacgtogeggiggcgggaacagecggaaaagategigetgegtoggegtcecagategagg
gacaagagcigattgageaacagggacttgeggetgggaaagagacggctictgetgatgetacateattgacceagteggeateea
aaggcgeticcagtcageagtgtatigaggataccagtaagteectggagetticticgetticgagectgteaagegtagatgegacac
atitgcaggaaatccaategaicgtgtcttcageaatgggegecaccaacgaatigtcatigacgaacttagagacaccgggattacea
aagcegagtaccactccAcgecaggaagtiatggagatcagectigectiagegaaggecateactgeatigggigagageacica
ggctgectiggaaaattticagiccactcagagicagtccgegaacatgaataagatgagittggaatcccaaggctigaaaatcgaca
aggagcgtoaagaatitaagaaaatgcaggagaticagcaaaagageggcacaaaticaaccatggatacigigaataaagttatgat
tggegtgacagtggeaattacagtaatetetgttgtitcageattgtitacctgoggtttggacttgatiggeacagecgeigegggtgec
acagecgecaccgetggggcaacggecgecgecacgaccgetacetetgtgacgaccacagtcgetacceaggigacgaigeaag
cggtegtecaagtegtiaageaggetatiatccaageagtaaaacgegecategtccaagegattagacaggggattaageaaggeat
taaacaagcgatcaaacaggeagtcaaggeaagegtgaagacactigccaaaaatgtaggeaagatittcagegeaggeaagaacg
ctgtgagtaagtccitcccAaaattgictaaggtgattaatacacttggttccaaatgggitacictiggegigggggcectiacageggt
geegeagttagtcagtggcattaccteecticaattgictgatatgcaaaaagaactigeacaaaiccasaaggaagtgopotocacitac
ggcgcagagtigagatgatgaaagegtitacactgticiggcageaageticgaaaatcgeggccaaacaaacggaatcacciicaga
gacgcaacaacaggcagetaagacceggegeccagatcgetaaagegtigtecgecatticgggtactttagetgetgeiget TAG
CTCGAG

SEQIDNO: 88 L.TAI1-CT668-CopB Amine acid sequence

MDNGDRLYRADSRPPDEIKRSGGLMPRGHNEYFDRGTOMNINLYDHARGT(Q
TGFVRYDDGYVSTSLSLRSAHLAGOSILSGYSTYYIYVIATAPNMENVNDVLGVYSP
HPYEQEVSALGGIPYSQIYGWYRVNFGVIDERLHRNREYRDRYYRNLNIAPAEDGYR
LAGFPPDHQAWREEPWIHHAPQGCGNSSRMIDPLKLFPNFDGDKESAAVNKPSASP
MPSELSKNVASFSLGGGGAALDSTVSTEKLSLMAMMODKNSGLIDPELEEALNSEEL
QEQHLLKSRLWDAQTOMOMODPDKLASEHVDALGVIVDLINGDFOQAIAEHTOQQTY
KOGNGDEEKSVTIRKIVDWVYSSGEEILNRALLYFSDRNGERETLADFLKVQYAVQRA
TORAELFASILGATVSSVKTIMTTOQLGGSAASMSLSSSSSSDSSNLKNVLSQVIASTPO
GVPNADKLTDNQVKOVOQTRONRDDLSMESDVAVAGTAGKDRAASASQIEGQELI
EQQGLAAGKETASADATSLTQSASKGASSQQCIEDTSKSLELSSLSSLSSVDATHLQE!
QSIVSSAMGATNELSLTNLETPGLPKPSTTPRQEVMEISLALAKAITALGESTOAALEN
FOSTOSOQSANMNKMSLESQGLKIDKEREEFKKMQOEIQQKSGTNSTMDTYNKVMIGY
TVAITVISVVSALFTCGLGLIGTAAAGATAATAGATAAATTATSVITTVATOVIMQA
VVOVVKQAHQAVERAIVOAIKQGIKQGIKQAIKQAVKASVETLAKNVGKIFSAGKN
AVSKSFPKLSKVINTLGSKWVTLGVGALTAVPQLVSGITSLQLSDMOKELAQIOQKEV
GALTAQSEMMEAFTLEWQOQASKIAAKQTESPSETQOQAAKTGAQIAKALSAISGAL
AAAAF

SEQ ID NO: 89 His8ce3 chaperone for CT033-CopB2 Nucleic acid sequence

ATGGGCAGCAGCCATCACCATCATCACCACAGCCAGGATC CGatgecaccaage
aagatccaatgictigaaactittgaaagaactiatggacacctitatctacaacatgegicectaatgegicatitagectatetactcgata
aaattgctcgetcttacectcatatgigtecgeticecgataatatggaagegtactitgagaattatatccecaataaagatatccetetgg
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acacctatcaaaaaattttcaaactgicctcagaagatetigaacaagiciacaaggaaggatacaacgectatiiacaaggagactatg
aggaaagttctaccgetttitactggtigatitictitaacceatitgtgtctaaattttggttticattaggagettcgetecatatgegecaaaa
atatcaacaagcicticatgctiatggtotagetgctitgctaagagaaaaagacccitatecteattactatgectacatetgetacaccet
getcaataatccigaagaagetgaaaaagetctigatetigetiggeaasaaagtaaaaacaagetctgectatagetctitaaaagaaga
aattttagegatcaaategtacgectaaGCGGCCGL

SEQ ID NG: 99 HisScel chaperone jor CTH53-CopB2 amino acid sequence

MGSSHHHHHHSQDPMPPSKIQCLETFERTYGHLYLOQHASLMRHLAYLLDKIA
RSYPHMCPLPONMEAYFENYIPNKDIPLDTYQKIFKLSSEDLEQVYKEGYNAYLQGD
YEESSTAFYWLIFFNPFVSKFWFSLGASLHMROKYQOALHAYGVAALLREKDPYPH
YYAYICYTLLNNPEEAEKALDLAWQKVKTSSAYSSLKEEH AIKSYA*

SEQ ID NO: 81 CopB2 nucleic acid sequence

atgagctcitggtttgcacaggogacggacgicgetitgagecagacceiigateigectgacgeticatiggeggticaaac
cgaaasatitccAtacagetgticaatctctaaggaatecgecccAteatgtaticgtaaaatettegeccatitageatetcagaaggaa
agtgctcegetgicttitictegtttacaaccgactactccgaaagaacgeatectgttiticgggteategecticotoccaattgiectega
ctgtcegeaccacaacctctictceatggaatcettittageaacteccaggeacgeaacicgacceegtaaatigtoggagaageticattt
gagcteagagtiatcegecegtgactecactaagecticgtegagegaaccggtitaaaccatcggaaaatetittgeacaccoeetgage
atcataaggaatccttctcaagtitgaaaaaggataactiatctectatcatggaggagatcgactcatictctgeagagacagagtecctt
gaagagcegittggtcacceagaaaaaggaggagacggtggcocaggageaaaageacccAttgetgegtacatetacteegeeat
caaaggecageggggaatcacaagatictagegaacacagetcaaaggaagatecttatagtcaacaaccgagecataaaatccaac
geegtaaagagegtactaagegegicgteccAattattactcegecaacggtgggtaicitiagttigagetaceitettacaaaacagg
ggatettageggatttcagegectattcggeatacaaggataatttagaaacaactcageaagagetgaccatgttgeatcaagaacgta
tcgageaagtccaaaa(iategtggataaaagtaagacaatgegcettitgggaticattageatecatigtggecacaatcaticeatgga
tcgaaatgggtgtigeagtaaccatcatcgeactgggagatggaatectiicctggtgetctcittitgetgegettateatgatigtaatttc
attattggaageattcgacgggtegcgtgeaategetaageatttaccaggtaacgatctigaaaagaagatgegtiatttaggttacgta
aagttggcettaactgtgttctegtgettactgagtttaagegoctigtatgtageaaaattaggaatgagtecgettitggaggeggtigty
aagagtatcgcaccAgeatiaagtggtatgotggptitgactcaaggogtageactgtatitacaatcttcatcgeaaaagattegtgee
cgetgeactcagatcgacgeacgeatigaattgattaactgggaacgegatgagtatitctigegtgetgaacaactictigatteaatge
aaacgtccttcgaacaacttactgaaacattacagtiacaacgtgaaatigatcagacatttacagacgetttgegc TAG

SEQ ID NQ: 92 CopB2 anmino acid sequence

MSSWFAQATDVALSQTLDLPDASLAVOQTEKFPYSCSISKESAPSCIRKIFAHLA
SOKESAPLSFSRLOPTTPKERILFFGSSPSSOQLSSTVRTTTSSPWNLESNSQARNSTREL
SEKLHLSSELSARDSTKPSSSEPVKPSENLLHTPEHHKESFSSLKKDNLSPIMEEIDSFS
AETESLEERLVTQKKEETVAQEQKHPLLRTSTPPSKASGESQDSSEHSSKEDPYSQQP
SHKIQRRKERAKRYVVPHTPPTVGIFSLSYLETKQGILADFSAYSAYKDNLETTQQELT
MLHQERIEQVQKIVDKSKTMRFWDSLASIVATHPWIEMGYVAVTHALGGGILSWCSLF
AALIMIVISLLEAFDGWRAIAKHLUPGNDLEKEMRYLGYVEKLALTVFSCLLSLSALYY
AKLGMSPLLEGVVKSIAPAT SGMLGLTQGVALYLQSSSQKIRARCTQIDARIEL INWE
RBDEYFLRAEQLLDSMOQTSFEQLTETLQLOREIDQTFTDALR

SEQ IDNQ: 93 CT053-CopB2 nucleic acid sequence

aaaagtgagegttiaaaaaaatiagaatcagagcticatgaictiacccagtggatgeaacttggecitgticctaaaaaagaa
atcgagagacaccaggaagaaatcogtctgetagasageaaaatectigaagagaaagaacgictacaactictcaaagaaagoggt
gagatcaaagagtacgtaaccectegaagaactccagetaaaaccatttacccagatggecceagegtitcagacgttgagiiigtaga
atecteggatacagaagiggatetegatgecggtgacacaattgagattigacclaggteatgagpoagsgagaagaagsgeggaaacy
aactcgactactctagtgaagacgatgaggatcetticagegategeaategitggegecgaggaggcatcatagatectgacgegaa
teaatggGOTTCAGCTGUTT C Aatgagetettaggtttgeacaggegacggacgicgetiigagecagacecitgatetge
ctgacgcticattggeggttcaaaccgaaaaatitccAtacagotgticaatctetaaggaatecgeccc Alcatgtattegiaaaatett
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cgeccatttageatetcagaaggaaagtacteegetgicitttictegittacaaccgactaciccgaaagaacgeatectgititicgggat

catcgecttecteccaattgtoctegactgteogeaccacaacctctictecatggaatetititageaacteecaggeacgeaactcgac

ccgtaaattgtcggagaagcettcatttgagetcagagtiatcegeccgtgactecactaagecticgicgagegaaccggttaaaccate
ggaaaatctittgcacaccoctgageatcataaggaatecttetcaagtitgaaaaaggataacttatetectatcatggaggagategac
tcattctetgeagagacagagtcootigaagagegtttggteaccragaaaaaggaggagacgetggccraggageanaageacee
Attgctgcgtacatctactcegecatcaaaggecageggggaatcacaagatictagegaacacagetcaaaggaagatecttatagt
caacaaccgagecataaaatecsacgeegtaaagagegtgctaagegegicgtcecAattattactecgecaacggtgggtaictita
gittgagctaccticttacaaaacaggggatcttageggatitcagegectaticggeatacaaggataatitagaaacaacicageaag

agcetgaccatgtigeatcaagaacgtatcgageaagtecaaaa(ialcgiggataaaagtaagacaatgegctitigggattcattagea
tecattgtggecacaatcaticcatggatcgaaatgggtettocagtaaccatcategeactgggaggtggaatectttcotggtactctc
titttgctgegettatcatgatigtaatticattatiggaageattcgacgggiggcgtecaatcgetaageatttaccaggtaacgatettga
asagaagaigegttatitaggtiacgtaaagtiggccttaactgtgtictcgtgcttactgagtttaagegectigtatgiageaaaattagg

aatgagtcogettitggaggopatigteaagagtatcgcaccAgeattaagtggtatgetgggtitgactcaaggegtageactgtattt
acaatcttcaicgcaaaagaticgtgeccgeigeactcagategacgcacgeatigaattgatiaacigggaacgegatgagiatiictig
cgtgctgaacaacttctigaticaatgcaaacgiccticgaacaacttactgaaacaitacagttacaacgtgaaattgatcagacattiac

agacgctitgege TAG

SEQ ID NO: 94 (T053-CopB2 amino acid sequence

MEKSERLKKLESELHDE TOWMOQLGLVPKKEIERHQEEIRLLESKH EEKERLQL
LKESGEIKEYVTPRRTPAKTIYPDGPSVSDVEFVESSDTEVDLDAGDTIEIDLGDEARE
ESGNELDYSSEDDEDPFSDRNRWRRGGIDPDANEWGSAASMSSWEFAQATDVALSQ
TLBLPDASLAVQTEKFPY SCSISKESAPSCIRKIFAHL ASQKESAPLSFSRLOPTTPKERI
LEFFGSSPSSQLSSTVRTTTSSPWNLEFSNSQARNSTRKLSEKLHLSSELSARDSTKPSSSE
PVKPSENLEHTPEHHKESFSSLKKDNLSPIMEEIDSFSAETESLEERLVTQKKEETVAQ
EQKHPLLRTSTPPSKASGESQDSSEHSSKEDPYSQOPSHKIQRRKERAKRYVVPHTPPT
VOIFSLSYLLTKOQGILADFSAYSAYKDNLETTQOQELTMLHQERIEQVOKIVDKSKTM
RFWDSLASIVATHPWIEMGVAVTHALGGGILSWCSLFAALIMIVISLLEAFDGWRAIA
KHLPGNDLEKKMRYLGYVEKLALTVESCLLSLSALYVAKLGMSPLLEGVVKSIAPALS
GMLGLTQGVALYLOSSSOKIRARCTOQIDARIELINWERDEYFLRAEQLLDSMOTSFE
QLTETLQLOREIDQTFTDALR

SEQIDNQ: 95 LTAI-CT033-CopB2 nucleic acid sequence

CATatggacaatggegategtitataccgtgeegactcgegicccccagatgagattanacgtageggtggettaatgee
acgtgggcacaatgagtatttigacegtggaacacagatgaacattaaccttiacgatcatgecegtgggacceagacegggttigicc
gttatgatgacgggtatgttagtacgagtitgtecttacgctccgeacaccitgegggacaaagtatittatcaggetacageacatattac
atttatgtgatcgecactgeeccaaacatgticaatgtgaacgatgtgttgggoatttacagececcaiccatatgaacaagaagictcg
geccttggggggateccatatagecagatttatggtigataccgegtaaattitggtgtgattgatgaacgtitgeategtaacegtgaata
ccgegategetactaccgtaactigaacattgeacctgecgaggacggctategtttagegggattcecaccegateatcaggegteg
cgtgaggaaccgiggatecatcacgecccteaggggigegggaacagtagicgcC ATatgaaaagtgagegtitaaaaaaattag
aatcagagcettcatgatcttacecagtggatgeaactiggectigticctaaaaaagaaatcgagagacaccaggaagaaatcogicty
ctagaaagcaaaatccitgaagagaaagaacgiciacaacticicaaagaaageggtgagatcaaagagtacgtaaccectcgaaga
actccagctaaaaccatitacccagatggecccagegtitcagacgttgagtitgtagaatecicggatacagaagtggatctegatgee
ggteacacaatigagatigacctaggtgatgaggcaagagaagaaageggaaacgaactcgactactetagtgaagacgatgagga
teetitcagegategeaategtiggegecgageagecateatagatectgacgcegaatgaatgeGGTTCAGCTGUTTCA
atgagetettggtttgeacaggegacggacgtegetitgagecagaccctigatetgectgacgettcattggeggticaaaccgaaaa
atttccAtacagetgticaatetctaaggaatccgeccc Atcatgtattcgtaaaatcticgeccatttageatctcagaaggaaagtact
ccgetgictttttetegtitacaaccgactacteegaaagaacgeatectgtitttegggteategecttecteccaatigtectegactgiee
geaccacaacctctictccatggaatctitttageaacteccaggeacgcaactegaceegtaaattgtecggagaagcticatitgagete
agagttatccgeocgigactecactaagecticgtegagegaaceggtiaaaccatcggaaaatettiigeacaceccigageateataa
ggaatccticteaagttigaaaaaggataacttatctectatcatggaggagategacteattetetgeagagacagagteccttigaagag
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cgtttggtcacceagaaaaaggaggagacggtgacccaggageaaaageacccAtigetgegtacatetactecgecaicaaagge
cageggggaatcacaagatictagegaacacagetcaaaggaagatectiatagtcaacaaccgagecataaaatecaacgeegtaa
agagcgtgctaagegegicgteccAattattactecgecaacggtgggtatetttagittgagetacceticttacaaaacaggggatetta
geggatticagegectaticggeatacaaggataattiagaaacaacicageaagagetgaccatgtigeatcaagaacgtategagea
agtccaaaaGategtggataaaagtaagacaatgegettttgogatteattageatecattgtggecacaateattccatggategaaat

gggtattgcagtaaccatcatcgeactgggaggtggaatectiteciggigetctctttitgctgegettatcatgattgtaatitcattatigg
aagcattcgacgggtggcgtgcaatcgetaageatttaccaggtaacgatcitgaaaagaagatgegttatitaggttacgtaaagiteg
ccitaactgtgttctegtgettactgagtitaagegectigtatgtageaaaattaggaatgagtccgettttggaggegatiotoaagagt

atcgcaccAgceatiaagtggtatgctgggttigactcaaggegtageactgtatttacaatcticatcgeaaaagaticgtgeccgetge

actcagatcgacgeacgeattgaattgattaactgggaacgegatgagtatitctigegtgctgaacaactictigattcaatgeaaacgt

ccttcgaacaacttactgaaacattacagtiacaacgtgaaatigatcagacatttacagacgettigegc TAGUTCGAG

SEGIDNO: 86 LTAI-CT833-CopB2 Amino acid sequence

MDNGDRLYRADSRPPDEIKRSGGLMPRGHNEYFDRGTOMNINLYDHARGTQ
TGFVRYDDGYVSTSLSLRSAHLAGOSILSGYSTYYIYVIATAPNMENVNDVLGVYSP
HPYEQEVSALGGIPYSQIYGWYRVNFGVIDERLHRNREYRDRYYRNLNIAPAEDGYR
LAGFPPDHQAWREEPWIHHAPQGCONSSRMEKSERLKKLESELHDLTOWMQLGLYP
KKEIERHOEEIRLLESKILEEKERLOQLLKESGHEIKEYVTPRRTPAKTIYPDGPSYVSDVEF
VESSDTEVDLDAGDTIEIDLGDEAREESGNELDYSSEDDEDPFSDRNRWRRGGUDPD
ANEWGSAASMSSWFRAQGATDVALSQTLDLPDASLAVQTEKFPYSCSISKESAPSCIRKI
FAHLASQKESAPLSFSRLOPTTPKERILFFGSSPSSQLSSTVRTTTSSPWNLFSNSQARN
STRKLSEKLHLSSELSARDSTRPSSSEPYVKPSENLLHTPEHHKESFSSLKKDNLSPIMEE
IDSFSAETESLEERLVTOKKEETVAQEQKHPLLRTSTPPSKASGESODSSEHSSKEDPY
SQQOPSHKIQRRKERAKRVVPHTPPTVGIFSLSYLLTKQGILADFSAYSAYKDNLETTO
QELTMLHQERIEQVORIVDKSKTMRFWDSLASIVATHPWIEMGVAVTHALGGGHLS
WOCSLFAALIMIVISLLEAFDGWRAIAKHLPGNDLEKKMRYLGYVKLALTVEFSCLLSL
SALYVAKLGMSPLLEGVVKSIAPALSGMLGLTQGVALYLQSSSQKIRARCTQIDARIE
LINWERDEYFLRAEQLLDSMQTSFEQLTETLOLQREIDQTFTDALR®

SEQ 1D NO: 97 HisSec3 chaperone for CT668-CopB2 nucleic acid sequence

ATGGGCAGCAGCCATCACCATCATCACCACAGUCCAGGATC CGatgecaccaage
aagatccaatgictigaaactittgaaagaacttatggacacctttatctacaacatgegteectaatgegicatttagectatetactegata
aaattgctcgeicttacectcatatgtgtcegeticecgataatatggaagegtactitgagaattatatccccaataaagatateeetetgg
acacctatcaaaaaattticaaactgtcctcagaagatcitgaacaagictacaaggaaggatacaacgectattiacaaggagactatg
aggaaagttctaccgetitttactggtigatttictitaacceatttgtgtctaaattitggttticattaggageticgetecatatgegecaaaa
atatcaacaagcicticatgctiatggtatagetgotitgctaagagaaaaagacceitatecteattactatgectacatetgetacacect
getcaataatectgaagaagetgaaaaageictigatetigettggcaaaaagiaaaaacaagetctgectatagetctitaaaagaaga
aattitagcgatcaaatcgtacgectaaGCGLCCGL

SEQ ID NGO: 98 HisSccld chaperone for CT668-CopB2 Amine acid sequence

MGSSHHHHHHSQDPMPPSKIQCLETFERTYGHL YLOQHASLMRHLAYLLDKIA
RSYPHMCPLPONMEAYFENYIPNKDIPLDTYQKIFKLSSEDLEQVYKEGYNAYLQGD
YEESSTAFYWLIFFNPFVSKFWEFSLGASLHMROKYQQALHAYGVAALLREKDPYPH
YYAYICYTLLNNPEEAEKALDLAWQOKVKTSSAYSSLKEEH AIKSYA*

SEQ ID NQ: 99 (T668-CopB2 nucleic acid sequence

aaaagtgagcgiitaaaaaaattagaatcagagettcatgatcitacccagtggatgeaactiggectigitcctaaaaaagaa
atcgagagacaccaggaagaaatcegtctgctagaaageaaaatectigaagagaaagaacgictacaacttcteaaagaaageggt
gagatcaaagagtacgiaaccectcgaagaactecagetaaaaccatitacecagatggecccagegittcagacgttgagittgtaga
atccteggatacagaagtggatetcgatgecggtgacacaatigagattgacetaggtgalgagecaagagaagaaagcgganicy
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aactcgactactctagigaagacgatgaggateciticagegatcgeaategitggegccgaggaggeatcatagatectgacgogaa
tgaatgeGGTTCAGCTGCTTC Aatgagetetiggtitgeacaggegacggacgtegctitgagecagacecttgatetge

ctgacgcticatiggeggticaaaccgaaaaatttccAtacagcetgticaatctetaaggaatcegeccc Atcatgtattcgtaaaatett

cgeeeatttageatctcagaaggaaagtgetecgetgiottittcicgtttacaaccgactactecegaaagaacgeatectgttittecgggt

catcgecttecteccaattgicctegactgtecgeaccacaaccictictecatggaatctititageaacteccaggeacgeaactegac

ccgtaaattgtcggagaagceticattigageteagagtiatccgecegtgaciceactaagecttcgtcgagegaaccggtiaaaccate
ggaaaatctitigeacaccectgageatcataaggaatectictcaagttigaaaaaggataacttatetectateatggaggagategac
tcaticictgoagagacagagicectigaagagegtttggtcacccagaaaaaggaggagacggiggcccaggagoasaagoacce
Attgctgegtacatctacicegecatcaaaggecageggggaalcacaagatictagegaacacageicaaaggaagatccttatagt
caacaaccgagecataaaatecaacgecgtaaagagegtgctaagegegtegtcccAattattactcegecaacggtgggtatettta
gittgagctaccticttacaaaacaggggatcttageggatticagegectaticggeatacaaggataatttagaaacaactcageaag

agctgaccatgttgeatcaagaacgtatcgageaagiceaaaaGategiggataaaagtaagacaatgegetttigggattcattagea
tceatigtggocacaatcattccatggategaaatgggtgtigeagtaaccatcategeactgggaggtggaatectticctggtgctete
titttgetgegetiatcatgattgtaatticattattggaageaticgacgggtgacgtgcaaicgctaageatitaccaggtaacgatcetiga
aaagaagatgegtiatttaggttacgtaaagitggectiaacigtgticicgtgctiactgagtitaagegecttgtatgtageaaaattagg

aatgagticcgctitiggaggaggettgtgaagagtatcgeaccAgeatiaagtggtatgctgggttigactcaaggegtageactgtattt
acaaicttcatcgeaaaagattcgtgcccgetgeactcagatcgacgeacgeattgaatigattaactgggaacgegatgagtattettg
cgtgetgaacaactictigattcaatgcaaacgtecticgaacaacttactgaaacattacagttacaacgtgaaattgatcagacatttac

agacgetttgegc TAG

SEQ ID NQ: 180 CT668-CopB2 amino acid sequence

MKSERLKKLESELHDLTOWMOLGL VPKKEIERHQEEIRLLESKILEEKERLQL
LKESGEIKEYVTPRRTPAKTIYPDGPSVSDVEFVESSDTEVDLDAGDTIEIDLGDEARE
ESGNELDYSSEDDEDPFSDRNRWRRGGHDPDANEWGSAASMSSWEAQATDVALSQ
TLDLPDASLAVQTEKFPYSCSISKESAPSCIRKIFAHLASQKESAPLSFSRLOPTTPKERI
LFFGSSPSSQLSSTVRTTTSSPWNLESNSQARNSTREKLSEKLHLSSELSARDSTKPSSSE
PVKPSENLLHTPEHHKESFSSLKKDNLSPIMEEIDSFSAETESLEERL VIQKKEETVAQ
EQKHPLLRTSTPPSKASGESQDSSEHSSKEDPYSQOPSHKIQRRKERAKRVVPHTPPT
VGIFSLSYLLTKQGILADFSAYSAYKDNLETTQQELTMLHQERIEQVQKIVDKSKTM
REWDSEASIVATHPWIEMGOVAVTHALGGGILSWCSLFAALIMIVISLLEAFDGWRAIA
KHLPGNDLEKKMRYLGYVKLALTVFSCLLSLSALYVAKLGMSPLLEGVVEKSIAPALS
CMLGLTQGVALYLQSSSQKIRARCTQIDARIELINWERDEYFLRAEQLLDSMQTSFE
QLTETLOQLOREIDOQTFTDALR

SEQ 1D NQO: 101 LTAI-CT668-CopB2 nucleic acid sequence

{ ATatggacaatggcgatcgtttataccgteccgactcgegtoccccagatgagattaaacgtageggtegetitaatace
acgtgggcacaatgagtatttigaccgtggaacacagatgaacattaacctitacgatcatgeecgtgggacceagacegggttigtes
gitatgatgacgggtatgtiagtacgagittgtecttacgetecgeacaccttgegggacaaagtatitiatcaggetacageacatattac
atttatgtgatcgecactgeeccaaacatgitcaatgtgaacgatgtgttggggatttacageccccatccatatgaacaagaagicteg
geccttggggaaatcccatatagecagatitatggtigataccgegtaaatittggtateattgatgaacgtitgcategtaacegtgaata
ccgegategetactaccgtaactigaacattgeacctgecgaggacggctategtttagegggattcecaccegateatcaggegteg
cgtgaggaaccgiggatecatcacgeccctcaggegtecgggaacagtagicgcC ATatgaaaagtgagegtitaaaaaaattag
aatcagagcitcatgatctiacecagtggatgeaactiggectigticctaaaaaagaaatcgagagacaccaggaagaaatcogictg
ctagaaagcaaaatccttgaagagaaagaacgtctacaacticicaaagaaageggtgagaicaaagagtacgtaaccectcgaaga
actccagctaaaaccatttacccagatggececagegtticagacgtigagitietagaatccteggatacagaagtegatcicgatgee
ggtgacacaattgagatigacctaggteatgagecaagagaagaaageggaaacgaactegactactctagtgaagacgatgagga
tectttcagegategeaategtiggegeegaggaggcatcatagateetgacgcgaatgaatggGGTTCAGCTGCTTCA
atgagetettggtitgcacaggegacggacgtegettigagecagacectigatctgectgacgettcattggoggttcaaaccgaaaa



(]

10

13

20

o]
()]

30

40

WO 2019/217243 PCT/US2019/030694

atttccAtacagetgticaatctetaaggaatccgeecc Atcatgtaticgtaaaateticgeccatttageatetcagaaggaaagtgct

cegetgtetttitetegtttacaaccgactactecgaaagaacgeatectgtititcgggtcategecticcteccaattgtectegactgtee
geaccacaacctetictecatggaatetitttageaacicecaggeacgeaactcgaccegtaaatigicggagaagcticatitgagete
agagttatccgeccgtgactecactaagecticgtegagegaaceggttaaaccateggaaaatetittgeacacecctgageateataa
ggaatccticteaagttigaaaaaggataacttatctectatcatggaggagategacteattetetgeagagacagagteccttigaagag
cgtitggtcacccagaaaaaggaggagacggtegcccaggageaaaageacccAtigetgegtacatetacteogecatcaaagge
cagcggggaatcacaagattctagegaacacageicaaaggaagatecttatagtcaacaaccgagecataaaatecaacgeegtaa
agagcgtgctaagegegtegtecc Aattattactecgecaacggtgggtatctitagttigagetaccticttacaaaacaggggatetta
geggatitcagegectattcggeatacaaggataatttagaaacaactcageaagagetgaceatgitgeaicaagaacgtaicgagea
agtccaaaa(satcgtggataaaagtaagacaatgegetittgggaticattageatecattgtggecacaatcattecatggategaaat

gegtgttucagiaaccatcatcgeacigggaggiggaatectitectggtgctetctitttgetgegetiatcatgattgtaatticatiatigg
aagcaticgacgggtggcgtgeaategetaageatttaccaggtaacgatctigaaaagaagatgegttatitaggttacgtaaagtigg
ccttaactgtgtictegtgettactgagtttaagegecttgtatgtageaaaattaggaatgagtecgetittggaggegotiotoaagagt

atcgcaccAgceatiaagtggtatgctgggttigactcaaggegtageactgtatttacaatcticatcgeaaaagaticgtgeccgetge

actcagatcgacgeacgeattgaattgattaactgggaacgegatgagtatitctigegtgctgaacaactictigattcaatgeaaacgt

ccttegaacaacttactgaaacatiacagtiacaacgtgaaatigatcagacatttacagacgcttigegc TAGCTCGAG

SEQ B NQO: 102 LTAI-CT668-CopB2Amino acid sequence

MDNGDRLYRADSRPPDEIKRSGGLMPRGHNEYFDRGTOMNINLYDHARGTQ
TGFVRYDDGYVSTSLSLRSAHLAGOSLSGYSTYYIYVIATAPNMENVYVNDVLGVYSP
HPYEQEVSALGGIPYSQIYOGWYRVYNFGVIDERLHRNREYRDRY YRNLNIAPAEDGYR
LAGFPPDHQAWREEPWIHHAPQGCGNSSRMKSERLKELESELHDLTOQWMOQLGLVP
KKEIFRHQEEIRLLESKILEEKERLQLLKESGEIKEYVIPRRTPAKTIYPDGPSVSDVEF
VESSDTEVDLDAGDTIEIDLGDEAREESGNELDYSSEDDEDPFSDRNRWRRGGHDPD
ANEWGSAASMSSWFAQATDVALSQTLDLPDASLAVQTEKFPYSCSISKESAPSCIRKI
FAHLASQKESAPLSFSRLOPTTPKERILFFGSSPSSOLSSTVRTTTSSPWNLFSNSQARN
STRKLSEKLHLSSELSARDSTKPSSSEPVKPSENLLHTPEHHKESFSSLKKDNLSPIMEE
IDSFSAETESLEERLVTOKKEETVAQEQKHPLLRTSTPPSKASGESQDSSEHSSKEDPY
SQOPSHKIQRRKERAKRVVPHTPPTVGIFSLSYLLTKQGILADFSAYSAYKDNLETT(Q
QELTMLHOQERIEQVQKIVDKSKTMRFWDSLASIVATHPWIEMGVAVTIHALGGGILS
WOESLFAALIMIVISLLEAFDGWRATAKHLPGNDLEKKMRYLGYVRKLALTVESCLLSL
SALYVAKLGMSPLLEGVVKSIAPALSGMLGLTOGVALYLQSSSQKIRARCTQIDARIE
LINWERDEYFLRAEQLLDSMOQTSFEQLTETLOQLOREIDQTFTDALR

SEQ ID NG: 113 dmLT eltA (LT a)nucleic acid sequence
atgattgaca tcatgttgea tataggitag ataaaacaag tggttatett tcoggattgt cticttgtat gatatataag tittectega
tgaaaaatat aactttcatt titttiattt tattageate gecattatat geaaatggeg acagattata ceglgetgac tetagaccee
cagatgaaat aaaacgitic cggagictta tgeccagagg taatgagtac ticgatagag gaactcaaat gaatattaat
cittatgatc acgegagagg aacacaaace ggetitgtea gatatgatga cggatatgtt tecacticte ttagtitgag
aagtgctcac ttagcaggac agtatatatt atcaggatat tcacttacta tatatatcgt tatagcaaat atgtitaatg ttaatgatgt
aattagegta tacageccic acccatatga acaggaggtt tetgegttag gtggaatace atattcteag atatatggat
ggtatcgtgt taatittget ptgattgatg aacgattaca tcgtaacagg gaatatagag accggtatta cagaaatetg
aatatagetc cggeagagga tggttacaga ttageaggtt teccacegga tcaccaaget tggagagaag aaccctggat
tcatcatgea ccacaaggtt gtegagatic atca(Ggaaca atcacaggtg atactigtaa tgaggagace cagaatctga
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geacaatata tGCcagggaa tatcaatcaa aagitaagag geagatattt tecagactatc agtcagaggt tgacatatat
aacagaattc gggatgaatt atgaataaag taaaatgt

SEQ 1D NO: 114 eitB (LTh) nucleic acid sequence
gitgacatat ataacagaat tcgggatgaa ttatgaataa agtaaaatgt tatgitttat ttacggegit actatectet ctatatgeac
acggagctee ccagactatt acagaactat gitcggaata tcgeaacaca caaatatata cgataaatga caagatacta
tcatatacgg aatcgatgge aggcaaaaga gaaatggtta tcattacatt taagagegee gaaacatttc aggtegaagt
ccegggeagt caacatatag actcccagaa aaaagecatt gaaaggatga aggacacatt aagaatcaca tatctgaceg
agaccaaaat tgataaatta tgigtatgea ataataaaac ccccaattea attgeggcaa teagtatgaa aaactagitt
gcetttaaaag catgtctaat gctaggaacc tatataacaa ctactgtact tatactaatg agecttatgc tgeatttgaa
aaggegetag aggaggcaat accgatectt aaactgtaac actataacag cttccactac agggagcetgt tatageacac
agaaaaaact aagceiaggect geageeocaa gott
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Vi, CLAIMS

What is claimed is:

i. A fusion polypeptide comprising a fusion of a needle tip protein or an antigenic
fragment thereot and a translocator protein or an antigenic fragment thereof from a Type HI
secretion system (T35S} of a Gram negative bacteria; wherein the gram negative bacteria ts not

a Salmonella enterica. or Shigella spp.

2. The polypeptide of claim 1, wherein the tusion polypeptide is arranged so that the

needle tip protein ts 57 of the transiocator protein.

3. The polypeptide of claim 1, wherein the gram negative bacteria comprises

Bordetella spp., Burkholderia spp., Chiamydia spp., Psendomonas spp., Vibrio spp., or Yersinia

Spp.
4. The polypeptide of claim 1, wherein the needle tip protein comprises Bsp22,

LerV, BipD, PorV, CTO53, or CT668.

5. The polypeptide of claim 1, wherein the translocator protein comprises BopB,

YopB, Biph, PopB, CopB, or CopB2.

6. The polypeptide of claim 1, wherein the fusion comprises the Borderella spp.

needle-tip protein (Bsp22) and translocator protein (BopB), or antigenic fragments thereof.

7. The polypeptide of claim |, wherein the fusion comprises the Fersinia spp.

needle-tip protein (LerV) and translocator protein {YopB), or antigenic fragments thereof.

8. The polypeptide of claim 1, wherein the fusion comprises the Burkholderia spp.

needle-tip protein (BipD)} and translocator protein (BipB), or antigenic fragments thereof.

9. The polypeptide of claim 1, wherein the fusion comprises the Pseudomonas spp.

needle-~tip protein (PerV) and transiocator protein (PopB), or antigenic fragments thereof.

10.  The polypeptide of claim 1, wherein the fusion comprises the Chlamydia spp.
needle-tip protein (CT053 or CT668) and translocator protein (CopB or CopB2), or antigenic

fragments thereof.

11, The polypeptide of claim 1, wherein the fusion further comprises double mutant
labile toxin (dmLT) or an antigenic fragment thereof from Enterctoxigenic Fscherichia coli or
cholera toxin or an antigenic fragment thereot.

12, The polypeptide of claim 1, wherein the dmLT comprises the active moiety

LTAL
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13. The polypeptide of claim 1, wherein the dmLT retains its ADP ribogylation

activity.

14, The polypeptide of claim 1, wherein the dmLT is 5’ of the needle tip protein and

translocator protein fusion.

15 A vaccine comprising one or more of the fusion polypeptides of any of claims 1-

16. The vaccine of claim 15, further comprising one or more components of an

acellular pertussis vaccine.
17.  The vaccine of claim 15, further comprising pertussis toxoid (PTd).

8. A method of treating, inhibiting, or preventing an infection of a Gram negative
bacteria in a subject comprising administering to the subject the fusion polypeptide of any of

claims 1-14 or vaccine of claims 15-17.

19 The method of claim 18, wherein the method further inhibits or prevents colony

formation of the bacteria and/or transmission of the bacteria to another subject,

20. A method of eliciting an immune response 10 a subject to a Gram negative
bacteria comprising administering to the subject the fusion polypeptide of any of claims 1-14 or

vaccine of claims 15-17.

21 The method of claim 20, wherein the immune response comprises a sterilizing
HNIMUNE response.

~

22, The method of claims 18-21, wherein the bacteria comprises Bordetella spp.,

Burkholderia spp., Chiamydia spp., Pseudomonas spp., Vibrio spp., or Yersinia spp.

23 A method of eliciting an immune response against at least one Gram negative
bacteria serovar in a subject in need thereof, comprising administering to the subject a
composition comprising at least one needle tip protein or an antigenic fragment thereof and/or at
least one translocator protein or an antigenic fragment thereof, wherein said composition 13
administered in an amount sufficient to elicit an immune response to said at least one Gram
negative bacteria serovar in said subject; and wherein the Gram negative bacteria is not a

Shigella spp. or Salmonella emterica.

24. The method of claim 23, wherein the bacteria comprises Borderella spp.,

Burkholderia spp., Chlamydia spp., Pseudomonas spp., Vibrio spp., ot Yersinia spp.
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