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PROTEINS AND IMMUNEZING COMPOSITIONS CONTAINING
KLEBSIELLA PROTEINS AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

Thus application clatms the benefit of U.S. Provisional Application Serial No.

62/190,947, filed July 10, 2015, which is incorporated by reference herein,

BACKGROUND

Bacterial infections now account for some 1.7 million cases of hospital-acquired
infections yearly in the United States (4.5 per 100 admissions), with an overall mortality vate in
the range of 20% to 60% or 99,000 deaths directly associated with a hospital sequired infection.
The economie impact due to such infections 1s estinated to coat between § billion fo 10 billion

dotlars annually i the United States.

Gram negative bacterial infections and their sequelae are frequently lethal. Tt is estimated
that over 700,000 patieuts become susceptible to bacterial infections cach vear in the United
States alone. Of these, 160,000 actually develop septicemiy, resulting in 50,000 deaths annually.
The majority of these are hospital-acquired infections due to such pram negative bacilli as £ colf

‘most conunon pathoeen isolated from patients with gram negaiive sepsis), followed in

frequency by Klebsielli preumoniae aud Psevdomonay aeruginosa.

Infections eansed by gram negative bacteria, including Enterobacteriacene, continue 1o be
a significont cencern in both human healtheare and animal agricultural settings. Bacteria in the
family Enterobacteriaceae are a large heterogeneous group whose natural habitat 1s the intestinal
tract of both humans and animals, The foily inclodes miany genera and is subdivided into elght
wibes including: Escherichicae, Edwardsiclleae, Sabmonelleae, Cltvohactereae, Klebsielleas,

Profeeae, Yersineae, and Erwincae. Many species of the Enterobacteriaceae family are often

1
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opportunistic pathogens with clinically relevant significance including Escherichia spp.,
Kiebsiella spp., Enterobacter spp., Proteus spp., Providencia spp., Serratia spp., Cifrobacter
spp., Morganella spp., Shigella spp., and Salmonelln spp., are among the top twenty organisms
responsible for causing infection. When clinically important diseases do occur they are often
caused by £. coli, but others can infect and cause debilitating disease. In most cases the bacieria
become pathogenic when they reach tissues outside of their normal intestinal environment when
normal host defenses are inadequate. This is particularly seen today in the young or elderly;
often in terminal stages of a primary infection due to immunological incompetence or
immunosuppression; allowing the organism to reach the blood stream to cause sepsis resulting in

death or secondary sequelae.

Klebsiella species are rod shaped gram negative, facultative anaerobic bacteria belonging
to the family Entercbacteriaceae. Today, 7 species are known with demonstrated similarities in
DNA homology: Klebsiella preumeoniae, Klebsiella ozaenae, Klebsiella rhinoscleromatis,
Klebsiella oxytoca, Klebsiella planticola, Klebsiella terrigena, and Klebsiella ornithinolytica.
Klebsiella are ubiquitous in nature. They are often found in a variety of environments such as
soil, vegetation, water, and the intestinal tract of humans and animals. In both humans and
animals Klebsiella may colonize the skin or hide, pharynx or gastrointestinal tract, and are often
regarded as normal flora in many parts of the colon and the intestinal tract. Klebsiella
prieumoniae and Klebsiella oxytoca are the two most clinically relevant species in both animal

and human populations.

The pathogenicity of Klebsiellu can be attributed to multiple virulence factors including
production of a heat-stable enterotoxin, capsular polysaccharides (CPS), lipopolysaccharides,
adhesins (type 1 and 3 pili, KPF-28 fimbria, CF29K and aggregative adhesin), and iron
acquisition systems (Podschua et al,, Clin. Microbiol. Rev. 11¢4): 589-6033. 1998; Yu et al,,
Emerg. Inf. Dis. 13:986-993, 2007).

Klebsiella in animals are an important cause of metritis and infertility in horses, mastitis
in bovine species, hematogenous osteomyelitis originating in pulmonary lesions in cattle,
accumulation of pus in the pyothorax in horses, bronchopneumonia in both cats and dogs and a

sequelae of secondary infections often following immunosuppression resulting from drug
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therapy, malmutrition, stress, endocrine diseases and other infections including canine parvovirus

and feline immunodeficiency virus infection.

Today agriculture is critical for human welfare as it contributes to food, one major
necessity for global survival, A number of factors adversely affect the stability and health of
animal populations, by far one of the most important is infectious diseases which can cause
widespread death in adult and/or young animals. Bacterial infections in production animals may
severely affect all aspects of animal health resulting in tremendous economic losses to all
sectors. Today zoonotic and emerging infectious diseases pose a threat to human health. At
least 61 percent of all human pathogens are transmissible between animals and humans.
Zoonosis make up 75 percent of emerging infectious diseases. The increase in infectious
diseases in production animals and zoonetic diseases is primarily due to agricultural

intensification, particularly in catile (beef and dairy), swine, and poultry sectors.

In humans the interactions of Klebsiella range from opportunistic pathogens {mainly in
hospitalized patients and community acquired infections) to ssymptomatic carriage that frequent
the intestinal tract and less frequently the nasopharyax. As nosocomial infections, Klebsiella are
mostly associated with infections of urinary and respiratory tracts as well as wound and soft
tissue infections that can lead to fatal septicemia. The spectrum of clinical syndrormes includes
bactersmia, pneumonia, urinary tract infection (UTI), thrombophlebitis, upper respiratory tract
infection, cholecystitis, wound infection, osteomyelitis, endogenous endophthalmitis,
endophthalmitis; endocarditis, and meningitis. It is estimated that Klebsiella account for 8% of
endemic hospital infection and 3-7% of epidemic outbreaks (Stamm et al., Comparison of
endemic and epidemic nosocomial infections, pp 9-13. /n R.E. Dixon {ed.), Nosocomial
infections. Yorke Medical Books, Atlanta, GA. 1981). Klebsiella cause as many as 14% of cases
of primary bacteremia, second only to £. coli as a cause of gram-negative sepsis. Klebsiella has
been isolated from bronchial alveolar lavage samples of 21% of patients with cystic fibrosis

{Lyczak et al. Clinical microbislogy reviews 15.2 (2002): 194-222).

K. rhinoscleroma and K ozaenae are less common and rarely induce clinical infection. K

rhinoscleroma can induce a chronic inflanumatory process involving the nasopharynx, while X

a2
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ozaenae induces a chronic atrophic rhinitis characterized by necrosis of the nasal mucosa and

mucopurulent nasal discharge.

K. oxyioca has been implicated in neonatal bacteremia among premature infants and in

neonatal intensive care units,

The emergence of K. preumoniae producing carbapenemases has become a global health
concern with serious clinical significance in both animal and human health sectors. £
preumonige carbapenemases (KPCs) have been shown to confer resistance to multiple
antimicrobial agents, including nearly all B-lactams, fluoroguinolones, and aminoglycosides.
Carbapenems are a class of fi-lactam antibiotics with a broad spectrum of antibacterial activity
usad to treat infections caused by Gram-negative bacteria such as £, coli and K preumoniae that
produce extended-spectrum P-lactamases. Carbapenermases are enzymes produced by Xl
preumoniae that are capable of inactivating Carbapenems and sometimes other classes of B-
lactam. Carbapenemases are found in bacteria belonging to the family of Enterobacteriaceae,
Pseudomonas spp, and Acinetobacter spp. This resistant mechanism limits the number of agents

available for the treatment of K. preumoniae,

In human populations K. preumoniae infections are common in hospitals where they
cause pneumonia (characterized by emission of bloody sputum) and urinary tract infections in
catheterized patients. In fact, K preumonize is second only to £. coli as a urinary tract
pathogen. It accounts for 6 to 17 percent of all nosccomial urinary tract infection (UTI).
Klebsiella infections are encountered far more often now than in the past, and this increased
occurrence may be due to the bacterium's antibiotic resistance properties. Klebsiella species may
contain resistance plasmids (R-plasmids} which confer resistance to such antibiotics as
Ampicillin and Carbenicillin (Wu et al., Clin Microbial Infect, 11: §93-897, 2005). To make
matters worse, the R-plasmids can be transferred to other enteric bacteria not necessarily of the
same species. Hospital outbreaks of multidrug-resistant Kiebsiella spp. are ofien caused by a
new type of strain, an ESBL producer (extended spectrum beta lactamase). The incidence of
ESBL-producing sirains among clinical Klebsiella isolates has been steadily increasing over the
past several years. Frequencies of up to 40% have been reported in certain regions. To treat X

preumoniae infections, there are few antibictics available like Cefepime, Polymyxin B,
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Carbapenem, Meropenem and Imipenem (Parchuri et al,, Heart lung, 5: 360- 363. 2003; Ueda et
al., Antimicrob Agents Chemother, 49: 4185-4196. 2005; Sanchez et al. Emerg Infect Dis 18.1
(2013): 133-6).

An alternative to the use of antibiotics for controlling X preumoniae is to attempt
immunological control through vaccination. Effective vaccines against Klebsiella would greatly
alleviate the significant global morbidity and mortality caused by these bacteria. Safe and
effective vaccines against Klebsiella have been attempted with limited success. A number of
bacterial constituents have been evaluated as potential vaccine development strategies, and
include adhesions and fimbriae, capsular polysaccharides, lipopolysaccharides (LPS), and outer
membrane proteins. Anti-capsular polysaccharide antibodies were found to provide a high
degree of protection against corresponding capsular serotypes (Cryz et al., J Infect Dis, 150: 817-
$22. 1984; Cryz et al J Clin Microbiol, 23: 687-650. 1986). A 24-valent Klebsiella capsular
polysaccharide vaccine was evaluated in Phase 1 trials that indicated the vaccine was safe (Cryz
et al., Infect Imeoun, 50: 225-230. 1985). Further evaluation of the vaccine revealed a problem
faced by anticapsular vaccination was the variability of capsular antigens in the natural
Klebsiella populations. The selection of vaccine serotypes in the 24-valent vaccine was based on
the most prevalent serotypes derived from bacteremic patients found in Europe and the United
States. However, the serotypes included in the vaccine represented only 29% of strains found in
other geographical areas, and since these serotypes were not included resulted in lack of efficacy.
In addition, it has been shown that active immunization with LPS-containing vaccines can result
in the induction of adverse toxic reactions, which are caused by the endotoxin content (Yadav et
al., Folia Microbiclogica, 50: 83-86. 2005). Other vaccine candidates have been evaluated for
controlling Klebsiella infections utilizing cytotoxin toxoids, hepta- or mono-valent bacterial
extracts (Libon et al., Vaccine, 20: 2174-2180. 2002} and/or outer membrane proteins such as
OmpA { Jeannin et al., Vaccine 20, Suppl. 4: A23-A27, 2002}

In mammals, it has been shown that the response to tissue injury or bacterial infection
results in an acute inflammatory response. This response increases capillary permeability and
phagoeytic infiltration resulting in the clinical sigas recognized as inflammation; swelling, fever,
pain and redness. [f left uncontrolled, this may lead to death. The activation of humoral factors

and the release of cyiokines mediste systemic events collectively known gs the acute phase

5
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protein response which results in a cascade of physiclogical and biochermical events. The
duration of this response is directly related to the severity of the injury and magnitude of the
systemic infection. It has been well-documented that during bacterial sepsis, major surgery,
burns and other bodily trauma there is an alteration in the concentration of a number of metal
ions in serum such as, iron, copper, and zinc. For instance, during the acvie phase of an infection
there is a decrease in plasma levels of iron and zinc and an increase in copper. The alteration of
these trace metal tons in serum may directly affect the severity or progression of any bacterial

infection.

Matal ions such as iron have been shown to be an essential nutrient for most organisms
due to its role in electron transport. Since iron has very low solubility at neutral pH, it must be
kept in solution by association with specialized protein carriers such as transferrin in blood,
lactoferrin in secretory fluids, ovotransferrin in albumin, and ferritin within cells. It has been
recognized that the concentration of free iron normally present in mammalian hosts is not enough
to support the growih of bacteria. Hence, the low availability of iron within host species is one
of the first barriers to infection that microorganisms must overcome, and it is not surprising that

bacteria have developed strategies for obtaining iron from their hosts.

One of the most studied bacterial systems for iron acquisition is that of siderophores, low
molecular weight iron ligands that are able to compete with host protein carriers for ferric iron
binding (Miethke ¢t al., Microbiol Mol Rev, 71{3): 413-451. 2007). The chelated iron is actively
transported into the bacterial periplasm when the siderophore interacts with specific receptor
proteins on the cell surface. The energy required for this activity appears to be dependent on the
proteins TonB, ExbB, and ExbD (Miethke et al., Microbiol Mol Rev, 71(3): 413-451. 2007}.
Ongce the iron has reached the periplasm, it is transported into the cytoplasm via an ATP binding
cassette (ABC) transport systern { Budzikiewicz et al., Siderophore from bacieria and from fungi.
In: Iron uptake and homeostasis in Microorganisms. 1 ed. Caister Academic Press. Chapter 1,
2019. Once the siderophore-iron complex has entered the cytoplasm, the iron is unloaded and

the siderophore is cither recycled or degraded.

Most Klebsiella strains possess the genes encoding the siderophore receptor proteins
FepA, IroN, CirA, FhuA, and FhuE (Williams et al., FEMS Microbiol Lett. 44: 407-412. 1987},
A recent study evaluating the effects of single, double, and triple mutants of the fepd, JroN, and
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CirA proteins to study the specificity of the receptors (Rabsch et al., Infect Immun. 12: 6953-
6961 2003). The results suggested that these receptors are not entirely specific; most can utilize
the iron from various siderophores and several siderophores can be used by any of the three
proteins. In addition, several of the siderophore receptor proteins (iron-regulated proteins) use
siderophores produced by other species of bacteria or fungi, a mechanism of iron acquisition
referred to as “siderophore piracy” (Pool et al., Appl Environ Microbiol 58: 119. 1992). The
multitude and redundancy of iron uptake systems in Klebsiella underscores the importance that
the bacteria give to obtaining iron under various conditions. There 1s considerable evidence that
iron acquisition is an important facet of Klebsiellu pathogenesis (Brisse et al., Prokaryotes, 6:
159-196. 2006).

Currently there are no prophylactic Xlebsiella vaccines on the market or, according to

publicly available information, in active preclinical or clinical development.

SUMMARY OF THE APPLICATION

Provided herein are compositions. In one embodiment, a composition includes at least
two isolated proteins having molecular weights of 82 kDa, 78 kDa, 72 kDa, or 68 kDa. The
proteins are isolatable from a Klebsiella pneumoniae when incubated in media comprising an
iron chelator and not isolatable when grown in the media without the iron chelator. The
composition protects an animal against infection with K. prewmoniae. In one embodiment, the

imal is a mouse, a dairy cow, or a human. In one embodiment, at least one of the proteins
includes an amino acid sequence that is structurally similar to, or has 100% identity with, SEQ
1D NO:4L, SEQ ID NG:42Z, SEQ 1D NO:43, or SEQ ID NG:44.

In one embodiment, a composition includes at least two 1solated proteins that are
structurally similar to, or have 100% identity with, a protein selected from SEQ ID NO41, SEGQ
1D NO:42, SEQ 1D NG:43, and SEQ ID NG44,

In one embodiment, a composition includes at least two proteins that are structurally
similar to, or have 100% identity with, a protein selected from SEQ ID NO:41, SEQ ID NG:58,
SEQ D NOG:61, and SEQ ID NOw64.
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In one embodiment, a composition also includes one or two proteins having molecular
weights of 35 kDa and 33 kDa that are also isolatable from a Klebsiella preumoniae. In one
embodiment, a composition also includes a protein having an amino acid sequence that is
structurally similar to, or has 100% ideniity with, SEQ ID NO:435, SEQ 1D NO:46, SEQ ID
NO:49, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:538, SEQ ID NO:61, or
SEQ ID NO:64. In one embaodiment, the composition also includes an 87 kDa protein isolatable
from a K preumoniae when incubated in media comprising an iron chelator. In one
embodiment, a composition also includes a pharmaceutically acceptable carrier. Inone
embodiment, a composition also includes an adjuvant,

Also provided herein are metheds. In one embodiment, a method includes administering
{0 a subject an amount of the composition described herein effective to induce the subject to
produce antibody that specifically binds fo at least cne protein of the composition. In one
embodiment, a method includes administering an effective amount of the composition described
herein to a subject having or at risk of having an infection caused by a gram negative microbe.
In one embodiment, 2 method includes administering an effective amount of a composition
described herein to a subject having or at risk of having an infection caused by & gram nepative
microbe. In one embodiment, a method includes administering an effective amount of a
composition described herein to a subject colonized by 8 gram negative microbe. The gram
negative microbe can be selected from K preumoniae, K. oxytoca, E. coli, Enterobacter spp.,
Serratia spp., Proteus spp., Citrobacter spp., or a combination thereof.

In one embodiment, a method is for treating a condition in a subject, and includes
administering an effective amount of the composition described herein to a subject in need
thereof. In one embodiment, he subject has or at risk of having an infection cansed by a
Klebsiella spp. In one embodiment, the condition is caused by K. preumoniae, K. oxyloca, E.
coli, Enterobacter spp., Serratia spp., Proteus spp., Citrobacter spp., or a combination thereof.
In different embodiments, the condition can include mastitis, high somatic cell counts ina
subject’s milk, low milk production. or a combination thereof.

In one embodiment, the subject is a manimal, such as a human or a bovine. In one
embodiment, the Klebsiellz spp. is K. preumonia or K. oxytoca. In one embodiment, at least 700

micrograms {ug) and no greater than 1,200 pg of protein is administered.
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Also provided herein are kits. In one embodiment, a kit includes in separate containers,
an isolated protein of a composition described herein, and a reagent that detects an antibody that
specifically binds the protein. In one embodiment, a kit includes in separate containers, an
antibody that specifically binds an isolated protein of a composition described herein, and a
second reagent that specifically binds the protein.

Further provided herein is an isolated whole cell that includes a a protein of a

composition described herein, and isclated antibody that specifically binds to the whole cell.

The term "and/or” means one or all of the listed elements or a combination of any two or

more of the listed elements.

The words "preferred” and "preferably” refer to embodiments of the invention that may
afford certain benefits, under certain circumstances. However, other embodiments may also be
preferred, under the same or other circumstances. Furthermore, the recitation of one or more
preferred embodiments does not imply that other embodiments are not useful, and is not intended

to exclude other embodiments from the scope of the invention.

The terms "comprises” and variations thereof do not have a limiting meaning where these

terms appear in the description and claims.

LU

Unless otherwise specified, "a,” "an,” "the,” and "at least one" are used interchangeably

and mean one or more than one.

Also herein, the recitations of numerical ranges by endpoints inchude all numbers

subsumed within that range (e.g., 1 to Sincludes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).

For any method disclosed herein that includes discrete steps, the sieps may be conducted
in any feasible order. And, gs appropriate, any combination of two or more steps may be

conducted simultaneously.

The above summary of the present invention is not intended to describe each disclosed
embodiment or every implementation of the present invention. The description that follows more
particularly exemplifies illustrative embodiments. In several places throughout the application,

guidance is provided through lists of examples, which examples can be used in various

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2017/011340 PCT/US2016/041614

combinations. In each instance, the recited list serves only as a representative group and should

not be interpreted as an exclusive list.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Klebsiclla multiplex PCR for identity confirmation of Klebsiella preumoniae,
Klebsiella oxytoca and Escherichia coli.

Figure 2. Electrophoretic profile of bovine field isolates of Klebsiella preumonia,
Klebsiella oxytoca, and Enterobacter isolated from cows with mastitis and Klebsiella pneumonia
human isolate LM21 showing the conservation of metal regulated protein profiles.

Figure 3. Difference in outer membrane protein profiles comparing iron-replete and iron-
deplete prowth conditions of Klebsiella preumoniae 1571 showing the expression of metal
regulated proteins in the ron-replete condition as examined by SDS-PAGE. Lane 1, molecular
weight marker; lane 2, iron deplete; lane 3, iron replete,

Figure 4. Kiebsiella pneumonice 1571 LCIMS/MS. Klebsiella preumoniae 1571 isolate
showing siderophore receptor proteins CirA, FecA, FepA and FhuA, along with porin proteins
OmpC and OmpA identified by LC/MS/MS.

Figure 5. Electrophoretic profile (Figure 5A) and western Blot (Figure 5B) of different
genera and species of E. coll, K. pneumoniae, K. oxytoca, Enterobacter and K. preumonice
LMZ?1 showing the variation and cross-reactivity of metal regulated protein profiles.
Hyperimmunized sera derived from Klebsiella preumonia 1571 was used for the western blot,

Figure 6. Cross-protection of Klebsiella prneumoniae 1571 vaccine against a homologous
and heterologous challenge in mice.

Figures 7-21. Amino acid sequences of proteins encoded by Klebsiella, preumoniae
1571 and an example of a nucleotide sequence encoding the corresponding protein.

Figure 22. Survival of mice after challenge with Klebsiella preumoniae 1571,

Figure 23. Serological response of Heifers vaccinated with Klebsiella preumoniae 1571
vaccine measured by ELISA.

Figure 24. Milk score of heifers vaccinated with Klebsiella preumoniae 1571 vaccine

versus controls following challenge with K prneumoniae. Cumulative milk score after challenge

10
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with Klebsiella preumoniae 1571, Difference in cumulative milk score between Klebsiella
preumoniae 1571 vaccinates and controls after challenge with K. prenmonice.

Figure 25. Difference in quantitative clearance of Klebsiella preumoniae 1571 between
vaccinates and conirols afer homologous challenge.

Figure 26. ELISA serological response of cows vaccinated with the Klebsiella
preumoniae 1571 vaceine compared to placebo control cows.

Figure 27. Western blot using Protein Simple Capillary Electrophoresis System. Sample
A, Molecular Weight Marker; Sample B, Klebsiella preumonia 1571 vaccine antigen blotted
with placebo sera; Sample C, Klebsiella preumonia 1571 vaccine antigen blotted with sera from
Kiebsiella pneumoniae 1571 vaccinated cows; Sample D, Molecular Weight Marker; Sample E,
recombinant FecA blotted with placebo sera; Samiple F, recombinant FecA blotted with sera
from Klebsiella pneumoniae 1571 vaccinated cows.

Figure 28. Prevalence of coliform mastitis following vaccination with Klebsiella
preumoniae 1571 vaccine. Graph showing the number of cows 1-90 days in milk with clinical
coliform mastitis in the placebo vaccinated group vs. the Klebsiella preumoniae 1571 vaccinated
group. Data provides a Prevented Fraction of 0.4667 (95% CIL: 0.0494 to 0.7008); P=0.0305.

Figure 29, Incidence of coliform mastitis following vaccination with Klebsiella
preumoniae 1571 vaccine. Graph showing the incidence of clinical coliform mastitis in the
placebo vaccinated group vs. the Klebsiella prneumoniae 1571 vaccinated group. Data provides a
Prevented Fraction of 0.5478 (95% CI: 0.1953 to 0.7549); P=0.0057.

Figare 30. Graph showings the proportion of cows without coliform mastitis over time.
The estimate of the hazard ratio for mastitis caused by coliforms is 0.494 with a 95% confidence
interval from 0.269 to 0.906. This suggests an spproximately 50.6% decrease in the risk of
mastitis from all coliform mastitis causing organisms and agrees with the significant p-value
generated (p = 0.02278). Each line represents the proportion of individuals that have not yet
contracted Coliform mastitis. Each time the line drop represents an observed mastitis event.

Figure 31. Prevalence of Klebsiello mastitis following vaccination with Klebsiella
preumoniae 1571 vaccine. Graph showing the number of cows 1-90 days in milk with clinical
Klebsiella mastitis in the placebo vaccinated group vs. the Kiebsiella pneumoniae 1571

vacoinated group.

11
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Figure 32. Incidence of Klebsiella mastitis following vaccination with Klebsieila
pueumonige 1571 vaccine. Graph shows the number of cases of clinical Klebsiella mastitis from
cows 1-90 days in milk in the placebo vaccinated group vs. the Klebsiella preumoniae 1571
vaccinated group.

Figure 33. Graph showing the proportion of cows without Klebsiella mastitis over time.
The estimate of the hazard ratio for this Klebsiella data set is 0.272 with a 95% confidence
interval from 0,089 to 0.825. This suggests an approximately 72.8% decrease in the risk of
mastitis from Klebsiella, and agrees with the significant p-value generated (p = 0.0215). Each
line represents the proportion of individuals that have not yet contracted a qualifying mastitis.
Each time the line drop represents an observed mastitis event,

Figure 34. Plot of daily milk production (pounds of milk per cow) beginning at 8 days in
milk (saleable milk} to 90 days in milk.

Figure 35, Average daily milk production per cow from cows vaceinated with Klebsiella
prevmoniae 1571 vaccine vs. placebo by month of the study. Exror bars show 95% confidence
interval.

Figures 36-38. Amino acid sequences encoded by E. coli strain CFT073 and an example

of a nucleotide sequence encoding the corresponding protein.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Proteins

Provided herein are proteins and compositions including proteins, As used herein,
“nrotein” refers broadly to a polymer of two or more amino acids linked by peptide bonds.
Thus, for example, the terms peptide, oligopeptide, profein, and enzyme are included within the
definition of protein. This term also includes post-expression modifications of the protein, such
as glycosylations, acetylations, phosphorylations, and the like. The term protein does not
connote a specific length of a polymer of amino acids. A protein may be isolatable directly
from a natural source, or can be prepared with the aid of recombinant, enzymatic, or chemical
techniques. In the case of a protein that is naturally occurring, such a protein is typically

isolated.
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An “isolated” protein is one that has been removed from its natural environment. For
instance, an isolated protein is a protein that has been removed from the cytoplasm or from the
membrane of a cell, and many of the proteins, nucleic acids, and other cellular material of its
natural environment are no longer present.

A protein characterized as “isolatable” from a particular source is a protein that, under
appropriate conditions, is produced by the identified source, although the protein may be
obtained from alternate sources using, for example, recombinant, chemical, or enzymatic
technigues well known to those skilled in the art. Thus, characterizing a protein as “isolatable”
from a particular source does not imply any specific source from which the protein must be
obtained or any particular conditions or processes under which the protein must be obtained.

A “purified” protein is one that is at least 60% free, at least 75% free, or at Jeast 90%
free from other components with which it is naturally associated. Proteins that are produced
outside the organism in which they naturally oceur, e.g., through chemical or recombinant
means, are considered to be isolated and purified by definition, since they were never present in
a natural environment.

A protein described herein can be characterized by molecular weight, amino acid
sequence, nucleic acid that encodes the protein, immunological activity, or any combination of
two or more such characieristics. The molecular weight of a protein, typically expressed in
kilodaltons (kDa), can be determined using routine methods including, for instance, gel
filtration, gel electrophoresis including sodium dodecyl sulfate (SDS) polyacrylamide gel
electrophoresis (PAGE), capillary electrophoresis, mass spectrometry, liquid chromatography
(including HPLC), and calculating the molecular weight from an observed or predicted amino
acid sequence. Molecular weights of proteins described herein were determined by gel
elecirophoresis, by matrix assisted laser desorption/ionization time-of-flight spectrometry
(MALDI-TOF MS, also referred to herein as MALDI), or by determining the molecular weight
of a deduced protein sequence (see Table 1), Unless indicated otherwise, molecular weight
refers to molecular weight as determined by resolving a protein using an SDS polyacrylamide
gel having a stacking gel of about 4% and a resolving gel of about 10% under reducing and
denaturing conditions. In one embodiment, the melecular weight of a protein identified by

SDS-PAGE includes molecular weights of 1, 2, 3, 4, or 5 kDa above and below the stated value,
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In one embodiment, the molecular weight of a protein identified by SDS-PAGE includes

molecular weights of 1, 2, 3, 4, or 5 kDs above and below the stated value.
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A protein of the present invention may be & metal-regulated protein. As used herein, a
“metal-regulated protein” is a protein that is natively expressed by a microbe at a greater level
when the microbe is grown in low metal conditions compared to growth of the same microbe in
high metal conditions. Examples of metal-regulated proteins include siderophore receptor
proteins. Low metal and high metal conditions are described herein. For instance, one class of
metal-regulated protein produced by Kiebsiella spp. is not expressed at detectable levels during
growth of the microbe in high metal conditions but 1s expressed at detectable levels during
growth in low metal conditions.

Examples of metal-regulated proteins isolatable from K preumoniae afier prowth in low
iron conditions have molecular weights of between 100 kDa and 60 kDa, such as 97 kDa to 66
kDa. Specific examples of metal-regulated proteins isolatable from K prneumoniae afier growth
in low iron conditions include proteins of 87 kDa, 82 kDa, 78 kDa, 72 kDa, and 68 kDa as
determined by SDS-PAGE (Table 1). Examples of the proteins having melecular weights of 82
kDa, 78 kDa, 72 kDa, and 68 kDa, and nucleotide sequences encoding the proteins, are shown
in Figures 7-10.

Other metal regulated proteins expected to be expressed by and isolatable from X
preumoniae and expected to play a role in acquisition of metals include proteins having
molecular weights of 83 kDa, 78 kDa, 78.4 kDa, 76.2 kDa, 74.7 kDa, and 66.2 kDa, where the
molecular weight is determined from the deduced amine acid sequence. Examples of these
proteins, and nucleotide sequences encoding the proteins, are shown in Figures 11, 12, 15, and
17-19. Additional examples of metal-regulated proteins include recombinantly-produced
versions of proteins described herein. A recombinantly-produced protein may include the entire
aming acid sequence translatable from an mRNA transcript. Alternatively, a recombinantly-
produced metal-regulated protein can include a fragment of the entire translatable amino acid
sequence. For example, a recombinant!y-produced metal-regulated protein may lack a cleavable
sequence at either end of the protein-e.g., a cleavable signal sequence at the amino terminus of
the protein,

Other metal regulated proteins include the proteins shown at SEQ ID NO:58, SEQ [D
NQ:61, and SEQ ID NO:64 (Figures 36-38). Thus, a metal-regulated protein can be a proiein
that includes the amino acid sequence depicted in, for example, SEQ ID NO:41, SEQ ID NO:42,
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SEQ ID NO43, SEQ ID NO:44, SEQ ID NO:45, SEQ 1D NO46, SEQ 1D NG4S, SEQ ID
NQO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NG:58, SEQ ID NO:61, or SEQ ID NO:64.

Other metal regulated proteins expected o be expressed by and isolatable from &
preumoniae and expected to play a role in acquisition of metals include proteins that include the
amino acid sequences depicted in SEQ ID NO:14, SEQ ID NO:16, and SEQ ID NO:20.

Also provided herein are proteins that are not metal-regulated. Such proteins are
expressed in the presence of a metal ion such as, for example, in the presence of ferric chloride,
and also expressed when grown in low iron conditions. Examples of such proteins include
porins. Examples of such proteins isolatable from Klebsiella spp., including K. preumoniae,
have molecular weights of between 26 kDa and 45 kDa. In one embodiment, non-metal
regulated proteins produced by Klebsiella spp. are 35 kDa and 33 kDa as determined by SDb-
PAGE. Examples of these proteins, and nucleotide sequences encoding the proteins, are shown
in Figures 20 and 21,

Thus, a protein that is not metal-regulated can be a protein that includes the amino acid
sequence depicted in, for example, SEQ 1D NO:54, and SEQ ID NO:35 (Figures 20 and 21).

Whether a protein is a8 metal-regulated protein or not can be determined by methods
useful for comparing the presence of proteins, including, for example, gel filtration, gel
electrophoresis including sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), capillary electrophoresis, mass spectrometry, and liquid chromatography including
HPLC. Separate cultures of a microbe are grown under high metal conditions and under low
metal conditions, proteins of the present invention are isolated as described herein, and the
proteins present in each culture are resolved and compared. Typically, an equal amount of
proteins from each culture is used. Preferably, the proteins are resolved using an 8DS
polyacrylamide gel having a stacking gel of about 4% and a resolving gel of about 10% under
reducing and denaturing conditions. For instance, 30 micrograms (ug) of total protein from
each culture may be used and Joaded into wells of a gel. After running the gel and staining the
proteins with Coomasie Brilliant Blue, the two lanes can be compared. When determining
whether a protein is or is not expressed at a detectable level, 30 pg of total protein from a culture
is resolved on an SDS-PAGE gel and stained with Coomasie Brilliant Blue using methods

known in the art. A protein that can be visualized by eye is considered to be expressed at a
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detectable level, while a protein that cannot be visualized by eye is considered to not be
expressed at a detectable level.

Alternatively, whether a protein is metal-regulated or not can be determined using
microarray-based gene expression analysis. Separate cultures of a microbe are grown under
high metal conditions and under low metal conditions, RNA is extracted from cells of each
culture, and differences in RNA expression in cells grown in high metal conditions versus RNA
expression in cells grown in low metal conditions are detected and compared. For example,
labeled ¢cDNA can be prepared from 8-10 pg of bacierial RNA vsing known and routine
methods. The labeled cDNA can be applied to a microarray of the K preumoniae genome.
Such microarrays are commercially available and gene expression using such arrays is routine,

Proteins described herein may have immunological activity, “Immunclogical activity”
refers to the ability of a protein to elicit an immunological response i an animal. An
immunological response 1o a protein is the development in an animal of a cellular and/or
antibody-mediated immune response to the protein. Usually, an immunological response
includes but is not limited to one or more of the following effects: the production of antibodies,
B cells, helper T cells, suppressor T cells, and/or cytotoxic T cells, directed to an epitope or
epitopes of the protein. “Epitope” refers to the site on an antigen to which specific B cells
and/or T cells respond so that antibody is produced. The immunological activity may be
protective. “Protective immunological activity” refers to the ability of a protein to elicit an
immunological response in an animal that prevents or inhibits infection by Klebsiella spp., for
instance, K. preumoniae or K. oxytoca. Whether a protein has protective immunological
activity can be determined by methods known in the art such as, for example, methods described
in Examples 11-14. For example, a protein described herein, or combination of proteins
described herein, protects an animal against challenge with a Klebsiella spp. A protein of the
present invention may have seroactive activity. “Seroactive activity” refers to the ability of a
candidate protein to react with antibody present in convalescent serum from an animal infected
with a Klebsiella spp., for instance, K. preumoniae or K. oxyioca. In some aspects, the
convalescent serum may be from an animal infected with K. preumoniae or K. oxytoca.
Proteins of the present invention may have immunoregulatory activity. “Immunoregulatory

activity” refers to the ability of a protein to act in a nonspecific manner to enbance an immune
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response to a particular antigen. Methods for determining whether a protein has
immunoregulatory activity are known in the art.

A protein described herein can have the characteristics of a reference protein. The
characteristics can include, for example, molecular weight, amino acid sequence, activity, or any
combination thereof. The reference protein can be one expressed by a gram negative microbe,
such as a member of the family Enterobacteriacea, preferably, Klebsiella spp., more preferably,
K. pneumonice. An example of a K. preumoniae strain is K. preumoniae 1571.

A protein described herein can have an amino acid sequence that is structurally similar,
as described below, to the amino acid sequence of SEQ ID NG:41, SEQ ID NO:42, SEQ ID
NO:43, SEQ ID NO:44, SEQ ID NO:453, SEQ ID NG:46, SEQ ID NO:49, SEQ ID NO:50, SEQ
1D NG:S1, SEQ 1D NG:52, SEQ 1D NO:53, SEQ ID NO:54, SEQ ID NO:S3, SEQ ID NG:58,
SEQ ID NO:61, or SEQ ID NO:64. In one embodiment, a protein described herein can include
a region of amino acids that is structurally similar, as described below, to the amino acid
sequence of SEQ ID NO: 14, SEQ ID NO:16, or SEQ ID NO:20,

As used herein, a protein may be “structurally similar” to a reference protein if the amino
acid sequence of the protein possesses a specified amount of sequence similarity and/or
sequence identity compared to the reference protein. Thus, a protein may be “structurally
similar” to a reference protein if, compared to the reference protein, it possesses a sufficient

level of amino acid sequence identity, amino acid sequence similarity, or a combination thereof.

Protein sequence similarity and protein sequence identity

Structural similarity of two proteins can be determined by aligning the residues of the
two proteins {for example, a candidate protein and any appropriate reference protein described
herein) to optimize the number of identical amino acids along the lengths of their sequences;
gaps in either or both sequences are permitted in making the slignment in order o optimize the
number of identical amino acids, although the amino acids in each sequence must nonetheless
remain in their proper order. A reference protein may be a protein described herein or any
known metal-regulated protein, as appropriate. A candidate protein is the protein being
compared to the reference protein. A candidate protein can be isolated, for example, from a
microbe, or can be produced using recombinant techniques, or chemically or enzymatically

synihesized.
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Unless modified as otherwise described herein, a pair-wise comparison analysis of
amino acid sequences can be carried out using the BESTFIT algorithm in the GCG package
(version 10.2, Madison WI). Alternatively, proteins may be compared using the Blastp program
of the BLAST 2 search algorithm, as described by Tatiana et al., (FEMS Microbiol Lett, 174,
247-250 (1999)), and available on the National Center for Biotechnology Information (NCBI)
website. The default values for all BLAST 2 search parameters may be used, including matrix =
BLOSUMS2; open gap penalty = 11, extension gap penalty = 1, gap x_dropoff = 50, expect =
10, wordsize = 3, and filter on.

In the comparison of two amino acid sequences, structural similarity may be referred to
by percent “identity” or may be referred fo by percent “similarity.” “Identity” refers to the
presence of identical amino acids. “Similarity” refers to the presence of not only identical amino
acids but also the presence of conservative substitutions. A conservative substitution for an
amino acid in a protein may be selected from other members of the class to which the amino
acid belongs. For example, it is well-known in the art of protein biochemistry that an amino acid
belonging to a grouping of amino acids having a particular size or characteristic (such as charge,
hydrophobicity, or hydrophilicity) can be substituted for another amino acid without altering the
activity of a protein, particularly in regions of the protein that are not directly associated with
biological activity. For example, nonpolar (hydrophobic) amino acids include alanine, leucine,
isoleucine, valine, proline, phenylalanine, tryptophan, and tyrosine. Polar neutral amine acids
include glycine, serine, threonine, cysteine, tyrosine, asparagine and glutamine. The positively
charged (basic) amine acids include arginine, lysine and histidine. The negatively charged
{acidic) amino acids include aspartic acid and glutamic acid. Conservative substitutions include,
for example, Lys for Arg and vice versa to maintain a positive charge; Glu for Asp and vice
versa to maintain a negative charge; Ser for Th so that a free -OH is maintained; and Gin for
Asn to maintain & free -NH,, Likewise, biologically active analogs of a protein containing
deletions or additions of one or more contiguous or noncontiguous amino acids that do not
eliminate a functional activity—such as, for example, immunological activity—of the protein
are also confemplaied.

Thus, as used herein, reference io a protein as described herein and/or reference to the
amino acid sequence of one or more SEQ 1D NOs can include a protein with at least 50%, at

least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
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least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 4%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
amino acid sequence similarity to the reference amino acid sequence.

Alternatively, as used herein, reference to a protein as described herein and/or reference
to the amino acid sequence of one or more SEQ ID NOs can include a protein with at least 50%,
at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
Jeast 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
amino acid sequence identity to the reference amino acid sequence.

As described in Example 9 and shown in Table 3, the metal regulated proteins described
herein are conserved. Table 3 shows high levels of percent identity of different proteins present
in K. preumonige, E. coli, and Enterobacier. A person of ordinary skill can easily align the
amino acid sequences of a metal regulated protein that is expressed by different microbes using
readily available algorithms, for instance CLUSTALW, and identify amino acids and regions
that are conserved and amino acids and regions that are variable across the metal regulated
proteins. A person of ordinary skill in the art can deduce from such data regions of the protein
in which substitutions, particularly conservative substitutions, may be permitted without unduly
affecting activity of the modified polypeptide.

Consequently, a protein described herein can include certain variants including, for
example, homologous proteins that originate—biologically or recombinantly—from microbial
species or strains other than the microbial species or strain from which the polypeptide was
originally isolated and/or identified.

A protein as described herein also can be designed to provide one or more additional
sequences such as, for example, the addition of coding sequences for added C-terminal and/or
N-terminal amino acids that may facilitate purification by trapping on colummns or use of
antibodies. Such tags include, for example, histidine-rich tags that allow purification of
proteins on nickel columns. Such gene modification techniques and suitable additional
sequences are well known in the molecular biology arts.

A “modification” of a protein as described herein includes a protein {or an anzcﬂog thereof
such as, e.g., a fragment thereof) that is chemically or enzymatically derivatized at one or more

constituent amino acid. Such a modification can include, for example, a side chain modification,
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a backbone modification, an N-terminal modification, and/or a C- termingl modification such as,
for example, acetylation, hydroxylation, methylation, amidation, and the attachment of a
carbohydrate and/or lipid moiety, a cofactor, and the like, and combinations thereof, Modified
proteins as described herein may retain the biological activity—such as, for example,
immunological activity—of the unmodified protein or may exhibit a reduced or increased
biological activity compared to the unmodified protein,

A protein as described herein (including a biologically active analog thereof and/or a
modification thereof) can include a native (naturally ocourring), a recombinant, a chemically
synthesized, or an enzymatically synthesized protein. For example, a protein as described herein
may be prepared by isolating the protein from a natural source or may be prepared
recombinantly by conventional methods including, for example, preparation as fusion proteins
in bacteria or other host cells.

A protein expressed by a reference microbe can be obtained by growing the reference
microbe under low metal conditions as described herein and the subsequent isolation of a
protein by the processes disclosed herein. Alternatively, a protein expressed by a reference
microbe can be obtained by identifying coding regions expressed at higher levels when the
microbe is grown in low metal conditions—e.g., metal-regulated. A metal-regulated coding
region can be cloned and expressed, and the expressed metal-regulated protein may be identified
by the processes described herein. A candidate protein can be isolatable from a microbe or
identified from a microbe, preferably a gram negative microbe, more preferably, a member of
the family Enterobacteriaceae, such as Kiebsiella spp. such as, for example, K. preumoniae, or

K oxytoca. A candidate protein may also be produced using enzymatic or chemical techniques.

Polynucleotide sequence similarity and polynucleotide sequence identity
Proteins as described herein also may be identified in terms of the polynucleotide that
encodes the protein, Thus, this disclosure provides polynucleotides that encode & protein as
described herein or hybridize, under standard hybridization conditions, to a polynucleotide that
encodes a protein as described herein, and the complements of such polynucleotide sequences.
As used herein, reference to a polynucleotide as described herein and/or reference to the
nucleic acid sequence of one or more SEQ ID NOs can include polynucleotides having a

sequence identity of at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
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75%, at least 80%, at least 85%, at least 86%, at least 87%, at Jeast 88%, at least 89%, at least
00%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% sequence identity to an identified reference polynucleotide
sequence.

In this context, “sequence identity” refers to the identity between two polynuclectide
sequences. Sequence identity is generally determined by aligning the bases of the two
polynucleotides (for example, aligning the nucleotide sequence of the candidate sequence and a
nucleotide sequence that includes, for example, a nucleotide sequence that encodes a protein or
SEQ IDNG:4I, 42, 43, 44, 45, 46, 49, 51, 52, 53, 54, 535, 58, 61, or 64} to optimize the number
of identical nucleotides along the lengths of their sequences; gaps in either or both sequences are
permitted in making the alignment in order {o optimize the number of shared nucleotides,
although the nucleotides in each sequence must nonetheless remain in their proper order. A
candidate sequence is the sequence being compared to a known sequence—e.g., a nucleotide
sequence that includes the appropriste nucleotide sequence selected from, for example, the
appropriate portion of SEQ IDNQ:1, 3,5,7,9, 11, 13, 15, 17,19, 21, 23, 25, 27, or 29, that
encodes a protein without the signal sequence. For example, two polynucleotide sequences can
be compared using the Blastn program of the BLAST 2 search algorithm, as described by
Tatiana et al., FEMS Microbiol Lett., 1999.174. 247-250, and available on the world wide web
at nebinlm.nih.gov/BLAST/. The default values for all BLAST 2 search parameters may be
used, including reward for match = 1, penalty for mismatch = -2, open gap penalty =3,
extension gap penalty = 2, gap x_dropoff = 50, expect = 10, wordsize = 11, and filter on.

This disclosure also provides whole cell preparations of a microbe, where the microbe
expresses one or more of the proteins as described herein. The microbe can express the proteins
naturally, or can be engineered to express one or more of the proteins described herein
recombinantly. The cells present in a whole cell preparation may be inactivated such that the
cells cannot replicate but the immunological activity of the proteins as described herein
expressed by the microbe is maintained. Typically, the cells may be killed by exposure fo agents

such as glutarsldehyde, formalin, or formaldehyde.

Compositions
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A composition as described herein may include at least one protein described herein, or a
number of proteins that is an integer greater than one {(e.g., at least two, at least three, at least
four}. Unless a specific level of sequence similarity andfor identity is expressly indicated herein
(e.g., at least 80% sequence similarity, at least 90% sequence identity, etc.), reference to the
amino acid sequence of an identified SEQ 1D NO includes variants having the levels of
sequence similarity and/or the levels of sequence identity described herein in the section headed
“Protein sequence similarity and protein sequence identiiy.” In one embodiment, a composition
that includes the profeins described herein is a subset of proteins expressed by a microbe, such
as a K. preymoniae, under low metal conditions, such as low iron conditions, and is a
combination of proteins does not naturally exist.

A recombinantly-produced protein may be expressed from a vector that permits
expression of the protein when the vector 1s infroduced into an appropriate host cell. A host cell
may be constructed to produce one or more recombinantly-produced proteins as described
herein and, therefore, can include one more vectors that include at least one polynucleotide that
encodes a protein as described herein. Thus, each vector can include one or more
polynucleotides as described herein—i.e., 2 polynucleotide that encodes a protein as described
herein.

Certain compositions such as, for example, those including recombinantly-produced
proteins, can include a maximum number of proteins. In some embodiments, the maximum
number of proteins can refer to the maximum total number of proteins. Certain compositions
can include, for example, no more than 50 proteins such as, for example, no more than 40
proteins, no more than 3¢ proteins, no more than 25 proteins, no more than 20 proteins, no more
than 15 proteins, no more than 10 proteins, no more than nine proteins, no more than eight
proteins, no more than seven proteins, no more than six proteins, no more than five proteins, no
more than four proteins, no more than three proteins, no more than two proieins, or no more
than one protein. In other embodiments, 3 maximum number of recombinanily-produced
proteins may be specified in a similar manner. In stil] other embodiments, 8 maximum number
of nonrecombinantly-produced proteins may be specified in a similar manner.

A composition can include proteins isolatable from one microbe, or can be isolatable

from a combination of two or more microbes. For instance, a composttion can include proteins
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isolatable from two or more Klehsiella spp., or from a Klebsiella spp. and a different microbe
that is not a member of the genus Klebsiella.

In certain embodiments, a composition can include 8 whole cell preparation in which the
whole cell expresses one or more of the proteins as described herein. In some of these
embodiments, the whole cell can be a Kiebsiella spp., in other embodiments, the whole cell is
one genetically engineered to express one or more of the proteins. In some embodiments, a
composition can include whole cell preparations from two, three, four, five, or six strains.

In one embodiment, a composition includes polypeptides expressed by a Klebsiella spp.
during growth in low iron and at least one, at least two, at least three, or more recombinantly
produced proteins. For insiance, the Klebsiella spp. can be enginesred 1o express at least one
recombinant protein, or a composition isolated from a Klebsiella spp. can be supplemented with
a least one recombinant protein expressed by a second cell. In one embodiment, such a
composition is not naturally occurring.

Specific examples of compositions include, but are not limited to, the following. In one
embodiment, a composition includes at least two metal regulated proteins having molecular
weights selected from 82 kDa, 78 kDa, 72 kDa, and 68 kDa as determined by SDS-PAGE. For
instance, a composition can include proteins having molecular weights of 82 kDa, 78 kDa, 72
kDa, and 68 kDa; 82 kDa, 78 kD4, and 72 kDa; 82 kDa, 78 kDa, and 68 kDa; 82 kDa, 72 kDa,
and 68 kDa; 78 kDa, 72 kDa, and 68 kDa; 82 kDa and 78 kDa; 82 kDa and 68 kDa; or 72 kDa
and 68 kDa. Optionally, a composttion includes one or two proteins that are not metal
regulated, where the proteins have molecular weights of 35 kDa and 33 kDa as determined by
SDS-PAGE. Optionally, a composition includes a metal regulated protein having a molecular
weight of 87 kDa as determined by SDS-PAGE. Optionally, a composition includes at least one
metal regulated proteins expected to be expressed by and isolatable from X preumoniae, such
as a protein having a molecular weight of 83 kDa, 78 kDa, 78.4 kDa, 76.2 kDa, 74.7 kDa, or
66.2 kDa, where the molecular weight is determined from the deduced amino acid sequence,
Thus, in one embodiment a composition includes two, three, or four metal regulated proteins
having molecular weights of 82 kDa, 78 kDa, 72 kDa, and 68 kDa, two proteins that are not
metal regulated and have molecular weights of 35 kDa and 33 kDa, and a metal regulated

protein having a molecular weight of 87 kDa.
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In one embodiment, a composition includes at least two proteins that are structurally
similar to proteins selected from SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:A43, and SEQ ID
NO:44. For instance, a composition can include proteins that are structurally similar to SEQ ID
NG:41, SEQ ID NQO:42, SEQ ID NO43, and SEQ 1D NG:44; SEQ ID N(O:41, SEQ IDNO:42,
and SEQ ID NO:43; SEQ ID NO:41, SEQ ID NO:42, and SEQ ID NOC:44; SEQ ID NO:41, SEQ
1D NOG:43, and SEQ ID NO:44; SEQ ID NO:42, SEQ ID NOG43, and SEQ ID NO:44; SEG ID
NQ:41, SEQ ID N(O:42; SEGQ ID NO:41, and SEQ ID NO:44; SEQ ID N(:43, and SEQ ID
NG44, Optionally, a composition includes an additional two proteins that are structurally
similar to SEQ ID NO:54 and SEQ ID NG5S, Optionally, a composition includes at least one
protein that is structurally similar to a protein selected from SEQ ID NG:45, SEQ ID NO:46,
SEQ ID NO:49, SEQ ID NO:51, SEQ D NO:52, SEQ ID NO:53, SEQ ID NO:58, SEQ D
NO:61, and SEQ ID NO:64, Optionally, a composition includes at least one protein that is
structurally similar to a protein that includes a region of amino acids that is structurally similar
to the amino acid sequence of SEQ ID NG:14, SEQ ID NO:16, or SEQ ID NO:26.

In one embodiment, a composition includes at least two proteins that are structurally
similar to proteins selected from SEQ) ID NG:41, SEQ ID NO:58, SEQ ID NO:61, and SEQ ID
NO:64, For instance, a composition can include proteins that are structurally similar to SEQ ID
NO:41, SEQ ID NO:S8, SEG 1D NO:61, and SEQ 1D NO:64; SEQ ID N(:41, SEQ ID NO:3S,
and SEQ ID NO:61; SEQ ID NO:41, SEQ ID NO:SR, and SEQ ID NO:64; SEQ IDNO:41, SEQ
ID NO:61, and SEQ ID NO:64; SEQ ID N(:58, SEQ ID NO:61, and SEQ ID NO:64; SEQ ID
NQO:41 and SEQ ID N(O:58; SEQ ID NO:41 and SEQ ID NO:64; or SEQ ID NO:61, and SEQ
1D NO:64. Optionally, a composition includes an additional two proteins that are structurally
similar to SEQ ID NO:54 and SEQ 1D NO:55. Optionally, a composition includes at least one
protein that is structurally similar to a protein selected from SEQ ID NO:42, SEQ ID NO:43,
and SEQ 1D NO:44, SEQ 1D NO:4S, SEQ ID NO:46, SEQ ID NO:49, SEGQ 1D NO:51, SEQID
NO:52, and SEQ ID NO:53.  Optionally, a composition includes at least one protein that is
structurally similar to a protein that includes a region of amino acids that is structurally similar
to the amino acid sequence of SEQ 1D NO: 14, SEQ ID NO:16, or SEQ 1D NO:20.

Optionally, a protein as described herein can be covalently bound or conjugated toa
carrier protein to improve the immunological properties of the protein. Useful carrier proteins

are known in the art. The chemical coupling of proteins as described herein can be carried out
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ysing known and routine methods. For instance, various homobifunctional and/or
heterobifunctional cross-linker reagents such as bis{sulfosuccinimidyl) suberate,
bis{diazobenzidine), dimethyl adipimidate, dimethy! pimelimidate, dimethy! superimidate,
disuccinimidyl suberate, glutaraldehyde, m-maleimidobenzoyl-N-hydroxysuccinimide, sulfo-m-
maleimidobenzoyl-N-hydroxysuccinimide, sulfosuccinimidy! 4-(N-maleimidomethyl)
cycloheans-1-carboxylate, sulfosuccinimidy! 4-(p-maleimido-phenyl) butyrate and (1-ethyl-3-
{dimethyl-aminopropyl) carbodiimide can be used (see, for instance, Harlow and Lane,
Antibodies, A Laboratory Manual, generally and Chapter 5, Cold Spring Harbor Laboratory,
Cold Spring Harbor, New York, NY (1988}).

A composition described herein can include low concentrations of lipopolysaccharide
(LPS). LPS is a component of the outer membrane of most gram negative microbes {(see, for
instance, Nikaido and Vaara, Outer Membrane, In: Escherichia coli and Salmonella
typhinmerium, Cellular and Molecnlar Biology, Neidhardt et al., (eds.) American Society for
Microbiology, Washington, D.C., pp. 7-22 (1987}, and typically includes polysaccharides {O-
specific chain, the outer and inner core) and the lipid A region. The lipid A component of LPS is
the most biclogically active component of the LPS structure and together induces a wide
spectrum of pathophysiological effects in mammals. The most dramatic effects are fever,
disseminated intravascular coagulation, complement activation, hypotensive shock, and death.
The non-specific immunostimulatory activity of LPS can enhance the formation of a granuloma
at the site of adminisiration of compositions that include LPS. Such reactions can result in
undue stress on the animal by which the animal may back off feed or water for a period of time,
and exasperate infectious conditions in the animal. In addition, the formation of a granuloma at
the site of injection can increase the likelihood of possible down grading of the carcass due to
scaring or blemishes of the tissue at the injection sife.

The concentration of LPS can be determined using routine methods known in the art.
Such methods typically include measurement of dye binding by LPS (see, for instance, Keler
and Nowotny, dnalyt, Biochem., 156, 189 (1986)) or the use of a Limudus amebocyte lysate
(LAL) test (see, for instance, Endotoxins and Their Detection With the Limulus Amebocyte
Lystate Test, Alan R. Liss, Inc., 150 Fifth Avenue, New York, NY (1982)}. There are four basic
commercially available methods that are typically used with an LAL test: the gel-clot test; the

turbidimetric {spectrophotometric) test; the colorimetric test; and the chromogenic test. An
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example of a gel-clot assay is available under the tradename E-TOXATE (Sigma Chemical Co,,
St. Louis, MO; see Sigma Technical Bulletin No. 210}, and PYROTELL {Associates of Cape
Cod, Inc., East Falmouth, MA). Typically, assay conditions include contacting the composition
with a preparation containing a lysate of the circulating amebocytes of the horseshoe crab,
Limulus polyphemus. When exposed to LPS, the lysate increases in opacity as well as viscosity
and may gel. About 0.1 milliliter of the composition is added to lysate, Typically, the pH of the
composition is between 6 and 8, preferably, between 6.8 and 7.5, The mixture of composition
and lysate is incubated for I hour undisturbed at 37°C. After incubation, the mixture is observed
to determine if there was gelation of the mixture. Gelation indicates the presence of endotoxin.
To determine the amount of endotoxin present in the composition, dilutions of a standardized
solution of endotoxin are made and tested at the same time that the composition is tested.
Standardized solutions of endotoxin are commercially available from, for instance, Sigma
Chermnical (Catalog No. 210-SE), U.8. FPharmacopeia (Rockville, MD, Catalog No. 235503), and
Associates of Cape Cod, Inc., (Catalog No. EO005). In general, when a composition of the
present invention is prepared by isolating polypeptides from a microbe by a method as described
herein (e.g., a method that includes disrupting and solubilizing the cells, and collecting the
insoluble polypeptides), the amount of LPS in a composition of the present invention is less than
the amount of LPS present in a mixture of same amount of the same microbe that has been
disrupted under the same conditions but not solubilized. Typically, the level of LPS ina
composition described herein is decreased by, in increasing order of preference, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99% relative o the
level of LPS in a composition prepared by disrupting, but not solubilizing, the same microbe. In
one embodiment, the level of LPS in a composition described herein is decreased by greater than
90%, greater than 95%, or greater than 99% compared to the level of LPS in g composition
prepared by disrupting, but not solubilizing, the same microbe.

The compositions as described herein optionally further include a phanmaceutically
acceptable carrier. “Pharmaceutically acceptable” refers to a diluent, carrier, excipient, salt, ete.,
that is compatible with the other ingredients of the composition, and not deleterious to the
recipient thereof. Typically, the composition includes a pharmaceutically acceptable carrier
when the composition is used as described herein. The compositions as described herein may be

formulated in pharmaceutical preparations in a variety of forms adapted to the chosen route of
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administration, including routes suitable for stimulating an immune response to an anfigen,
Thus, a composition as described herein can be administered via known routes including, for
example, oral; parenteral including intradermal, transcutaneous and subcntaneous;
intramuscular, intravenous, intraperitonesal, etc. and topically, such as, intranasal,
intrapulmonary, intramanumary, intravaginal, intrauterine, intradermal, transcutaneous and
rectally, etc. It is foreseen that a composition can be administered to a mucosal surface, such as
by administration to the nasal or respiratery mucosa (e.g., via a spray or aerosol), in order to
stimulate mucosal immunity, such as production of secretory IgA antibodies, throughout the
animal’s body.

A composition as described herein can also be administered via a sustained or delayed
release implant. Implants suitable for use according to the invention are known and include, for
gxample, those disclosed in Emery and Straub (WO 01/37810 (2001)), and Emery ef al., (WO
96/01620 (1996)). Implants can be produced at sizes small enough to be administered by aerosol
or spray, Implants also can include nanospheres and microspheres.

A composition as described herein may be administered in an amount sufficient to treat
certain conditions as described herein. The amount of proteins or whole cells presentina
composition as described herein can vary. For instance, the dosage of proteins can be between
0,01 micrograms (ug) and 300 mg, typically between 0.1 mg and 1€ mg. In one embediment,
the dosage of proteins may be at least 700 pg, at least 900 ug, or at least 1,000 pg. Inone

embodiment, the dosage may be no greater than 1,800 pg, no greater than 1,600 pg, no greater

than 1,400 pg, or no greater than 1,200 pg. When the composition is a whole cell preparation,
the cells can be present at a concentration of, for instance, 10? bacteria/ml, 10° bacteria/ml, 10°
bacteria/ml, 10° bacteria/mi, 10° bacteria/ml, 107 bacteria/ml, 10° bacteria/ml, or 10
bacteria/ml. For an injectable composition {e.g. subcutaneous, intramuscular, etc.) the proteins
may be present in the composition in an amount such that the total volume of the composition
administered is 0.5 ml to 5.0 ml, typically 1.0 to 2.0 ml. When the composition is a whole cell
preparation, the cells are preferably present in the composition in an amount that the total
volume of the composition administered is 0.5 ml to 5.0 ml, typically 1.0 to0 2.0 ral. The amount
administered may vary depending on various factors including, but not limited to, the specific
proteins chosen, the weight, physical condition and age of the animal, and the route of

administration. Thus, the absolute weight of the protein included in a given unit dosage form
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can vary widely, and depends upon factors such as the species, age, weight and physical
condition of the animal, as well as the method of administration. Such factors can be defermined
by one of skill in the art. Other examples of dosages suitable for the invention are disclosed in
Emery et al., (U.S. Patent 6,027,736).

The formulations may be conveniently presented in unit dosage form and may be
prepared by methods well known in the art of pharmacy. Methods of preparing a composition
with a pharmaceutically acceptable carrier include the step of bringing the active compound
{e.g., a protein or whole cell as described herein) into association with a carrier that constifutes
one or more accessory ingredients. In general, the formulations are prepared by uniformly and
intimately bringing the active compound into association with a liquid carrier, a finely divided
solid carrier, or both, and then, if necessary, shaping the product into the desired formulations.

A composition can also include an adjuvant. An “adjuvant” refers to an agent that can
act in a nonspecific manner to enhance an immune response 1o 3 particular antigen, thus
potentially reducing the quantity of antigen necessary in any given immunizing composition,
and/or the frequency of injection necessary in order fo generate an adequate immune response o
the antigen of interest. Adjuvants may include, for example, IL-1, IL-2, emulsifiers, muramyl
dipeptides, dimethyl dioctadecyl ammomum bromide (DDA), avridine, aluminum hydroxide,
oils, saponins, alpha-tocopherol, polysaccharides, emulsified paraffins (including, for instance,
those available from under the tradename EMULSIGEN from MVP Laboratories, Ralston,
Nebraska), ISA-70, RIBI and other substances known in the art. It is expected that proteins as
described herein will have immunoregulatory activity and that such proteins may be used as
adjuvants that directly act as T cell and/or B cell activators or act on specific cell types that
enhance the synthesis of various cytokines or activate intracellular signaling pathways. Such
proteins are expecied o augment the immune response to increase the protective index of the
existing composition.

In another embodiment, a composition as described herein including a pharmaceutically
acceptable carrier can include a biological response modifier, such as, for example, IL-2, IL-4
and/or IL-6, TNF, IFN-g, IFN-y, and other cytokines that effect immune cells. An immunizing
composition can also include other components known in the art such as an antibiotic, a

preservative, an anti-oxidant, or a chelating agent.
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Meshods of Making

The present invention also provides methods for obiaining the proteins described herein.
The proteins and whole cells of the present invention may be isolatable from a member of the
family Enterobacteriaceae. Microbes useful for obtaining proteins of the present invention and
making whole cell preparations are commercially available from a depository such as American
Type Culture Collection (ATCC). In addition, such microbes are readily obtainable by
techniques routine and known to the art. The microbes may be derived from an infected animal
as a field isolate, and used to obtain proteins and/or whole cell preparations of the present
invention, or stored for future use, for example, in a frozen repository at -20°C 10 -95°C, or -
40°C to -50°C, in bacteriological media containing 20% glycerol, and other like media.

When a protein of the present invention is to be obtained from a microbe, the microbe
can be incubated under low metal conditions. As used herein, the phrase “low metal conditions”
refers to an enviropment, typically bacteriological media, which contains amounts of a free
metal that cause a microbe to express metal-regulated proteins al a detectable level. As used
herein, the phrase “high metal conditions” refers to an environment that contains amounts of a
free metal that cause a microbe to either not express one or more of the metal-regulated proteins
described herein at a detectable level, or to express such a protein at a decreased level compared
to expression of the metal-regulated protein under low metal conditions. In some cases, “high
metal conditions™ can include a metal-rich natural envirorment and/or culture in a metal-rich
medium without 2 metal chelator. In contrast, in some cases, “low metal conditions” can
include culture in a medium that includes a metal chelator, as described in more detail below.,
Metals are those present in the periodic fable under Groups 1 through 17 (JUPAC notation; also
referred to as Groups 1A, 11-A, HI-B, IV-B, V-B, VI-B, VII-B, VIII, [-B, I-B, lII-A, IV-A, V-
A, VE-A, and VII-A, respectively, under CAS notation). Preferably, metals are those in Groups 2
through 12, more preferably, Groups 3-12. Even more preferably, the metal is iron, zinc,
copper, magnesium, nickel, cobalt, manganese, molybdenum, or selenium, most preferably,
iron.

Low metal conditions are generally the result of the addition of a metal chelating
compound to a bacteriological medivm, the use of a bacteriological medium that contains low
amounts of a metal, or the combination thereof. High metal conditions are generally present

when a chelator is not present in the medium, a metal is added to the medium, or the
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combination thereof, Examples of metal chelators include natural and synthetic compounds.
Examples of natural compounds include plant phenolic compounds, such as flavonoids.
Examples of flavonoids include the copper chelators catechin and naringenin, and the iron
chelators myricetin and quercetin, Examples of synthetic copper chelators include, for instance,
tetrathiomolybdate, and examples of synthetic zine chelators include, for instance, NN,N, N’ -
Tetrakis (2-pyridylmethyD-cthylene diamine. Examples of synthetic iron chelators include 2,2°-
dipyridyl (also referred io in the art as o0 -bipyridyl), 8-hydroxyquinoline, ethylenediamine-di-
O-hydroxyphenylacetic acid (EDDHA), desferrioxamine methanesulphonate (desferol),
transferrin, lactoferrin, ovotransferrin, biological siderophores, such as, the catecholates and
hydroxamates, and citrate. An example of a general divalent cation chelator is CHELEX resin.
Preferably, 2,2°-dipyridyl is used for the chelation of iron. Typically, 2,2’ -dipyridyl is added to
the media at a concentration of at least 0.0025 micrograms/milliliter {(ug/mi), at least 0.25 pg/ml,
at least 25 pg/mi, at least 50 pg/ml, or higher amounts depending on the growth characteristics
of the microbe.

It is expected that a Klebsiella spp. with a mutation in a fur gene will result in the
constitutive expression of many, if not all, of the metal regulated proteins of the present
invention. The production of a fur mutation in a Klebsiella spp. can be produced using routine
methods including, for instance, transposon, chemical, or site-directed mutagenesis useful for
generating gene knock-out mutations in gram negative bacteria.

The mediwm used to incubate the microbe and the volume of media used to incubate the
microbe can vary. When a microbe is being evaluated for the ability to produce one or more of
the proteins described herein, the microbe can be grown in a suitable volume, for instance, 10
mitliliters to 1 liter of medium, When a microbe is being grown fo obtain proteins for use in, for
instance, administration to animals, the microbe may be grown in a fermenter to allow the
isolation of larger amounts of proteins. Methods for growing microbes in a fermenter are
routine and known to the art. The conditions used for growing a microbe preferably include a
metal chelator, more preferably an iron chelator, for instance 2,2’ -dipyridyl, a pH of between
6.5 and 7.5, preferably between 6.9 and 7.1, and a temperature of 37°C,

In some aspects of the invention, a microbe may be harvested after growth. Harvesting
includes concentrating the microbe into a smaller volume and suspending in a medium different

than the growth medium. Methods for concentrating a microbe are routine and known in the att,
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and include, for example, filtration or centrifugation. Typically, the concentrated microbe is
suspended in an appropriate buffer. An example of g buffer that can be used contains Tris-base
(7.3 grams /liter), at a pH of 8.5. Optionally, the final buffer also minimizes proteolytic
degradation. This can be accomplished by having the final buffer at a pH of greater than 8.0,
preferably, at least 8.5, and/or including one or more proteinase inhibitors (e.g.,
phenylmethanesulfonyl fluoride). Optionally and preferably, the concentrated microbe is frozen
at -20°C or below until disrupted.

When the microbe is to be used as a whole cell preparation, the harvested cells may be
processed using routine and known methods to inactivate the cells. Alternatively, when a
microbe is to be used to prepare proteins described herein, the microbe may be disrupted using
chemical, physical, or mechanical methods routine and known to the ari, including, for example,
boiling, French press, sonication, digestion of peptidoglycan (for instance, by digestion with
lysozyme), or homogenization, An example of a suitable device useful for homogenization is a
model C500-B AVESTIN homogenizer, (Avestin Inc, Ottawa Canada). As used herein,
“disruption” refers to the breaking up of the cell. Disruption of a microbe can be measured by
methods that are routine and known to the art, including, for instance, changes in optical
density. Typically, when the percent transmittance of a 1:100 dilution of a microbe is 40%-60%
prior to disruption, the percent transmittance is increased to 80% (increase of 20%-40%)
following disraption. When physical or mechanical methods are used, the temperature during
disruption 1s typically kept low, preferably at 4°C, to further minimize proteolytic degradation.
When chemical methods are used the femperature may be increased to optimize for the cell
disruption. A combination of chemical, physical, and mechanical methods may also be used to
solubilize the cell wall of microbe. As used herein, the term “solubilize” refers to dissolving
cellular materials {¢.g., proteins, nucleic acids, carbohydrates) into the aquecus phase of the
buffer in which the microbe was disrupted, and the formation of aggregates of insoluble cellular
materials. Without intending to be limited by theory, the conditions for solubilization are
believed to result in the aggregation of proteins of the present invention into insoluble
aggregates that are large enough to allow easy isolation by, for instance, centrifugation.

The insoluble aggregates that include one or more of the proteins of the present
invention may be 1solated by methods that are routine and known to the art. Inone

embodiment, the insoluble aggregates are isolated by ultrafiltration. In one embodiment, the
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insoluble aggregates are isolated by centrifugation. Typically, centrifugation of proteins, such
as membrane proteins, can be accomplished by centrifugal forces of 100,000 x g. The use of
such centrifugal forces requires the use of ultracentrifuges, and scale-up to process large
volumes of sample is often difficult and not economical with these types of centrifuges. The
methods described herein provide for the production of insoluble aggregates large enough to
allow the use of continucus flow centrifuges, for instance T-1 Sharples (Alfa Laval Separations,
Warminster, PA), which can be used with a flow rate of 250 ml/minute at 17 psi at a centrifugal
force of 46,000 x g to 60,000 x g. Other large scale centrifuges can be used, such as the tubular
bowl, chamber, and dise configurations. Such centrifuges are routinely used and known in the
art, and are commercially available from such manufactures as Pennwalt, Westfalia and Alpha
Laval.

The final harvested proteins are washed and/or dialyzed against an appropriate buffer
using methods known in the art, for instance diafiltration, precipitation, hydrophobic
chromatography, ion-exchange chromatography, or affinity chromatography, or ulirafiltration
and washing the proteins, for instance, in alcohol, by diafiltration. Afier isolation, the proteins
are suspended in buffer and stored at low temperature, for instance, -20°C or below.

In those aspects of the present invention where g whole cell preparation is to be made,
after growth a microbe can be killed with the addition of an agent such as ghutaraldehyde,
formalin, or formaldehyde, at s concentration sufficient to inactivate the cells in the culture. For
instance, formalin can be added at a concentration of 0.3% (volivol). After a period of time
sufficient to inactivate the cells, the cells can be harvested by, for instance, diafiliration and/or
centrifugation, and washed.

In other aspects, an isolated protein of the invention may be prepared recombinantly.
When prepared recombinanily, a polynucleotide encoding the protein may be identified and
cloned into an appropriate expression host. The recombinant expression host may be grown in
an appropriate medium, disrupted, and the proteins isolated as described above. Alternatively,
when a recombinant protein forms inclusion bodies routine methods can be used to isolate and
purify the recombinant protein. For instance, inclusion bodies can be exiracted from the

expression host and the protein present in the inclusion bodies solubilized. above.
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Methods of Use

Also provided are methods of using the compositions described hercin. The methods
include administering to an animal an effective amount of a composition described herein. The
animal can be, for instance, avian (including, for instance, chickens or turkeys), bovine
(including, for instance, cattle), caprine (including, for instance, goats), ovine {(including, for
instance, shoep), porcine (including, for instance, swine), bison {including, for instance,
buffale}, equine (including, for instance, horses), a companion animal (including, for instance,
dogs or cats), members of the family Cervidae (including, for instance, deer, eIk, moose, caribou
and reindeer}, or human.

In some aspects, the methods may further include additional administrations (e.g., one or
more booster administrations) of the composition to the animal to enhance or stimulate a
secondary immune response. A boosier can be administered at a time after the first
administration, for instance, one to eight weeks, preferably two to four weeks, after the first
administration of the composition. Subsequent boosters can be administered one, two, three,
four, or more times annually. Without intending to be limited by theory, it is expected that in
some aspects of the present invention annual boosters will not be necessary, as an animal will be
challenged in the field by exposure to microbes expressing proteins present in the compositions
having epitopes that are identical to or structurally related to epitopes present on proteins of the
composition administered to the animal.

In one aspect, the invention is directed to methods for making antibodices, for instance by
inducing the production of antibody in an animal, or by recombinant techniques. The antibody
produced includes antibody that specifically binds at least one protein present in the
composition. In this aspect of the invention, an “effective amount” is an amount effective to
result in the production of antibody in the animal. Methods for determining whether an animal
has produced antibodies that specifically bind proteins present in a composition of the present
invention can be defermined as described herein. The present invention further includes
aniibody that specifically bind to a protein of the present invention, and compositions including
such antibodies.

The method may be used to produce antibody that specifically binds proteins expressed
by a microbe other than the microbe from which the proteins of the composition were isolated.

As used herein, an antibody that can “specifically bind” a protein is an antibody that inferacts
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with the epitope of the antigen that induced the synthesis of the antibody, or interacts with a
structurally related epitope. At least some of the proteins present in the compositions of the
present invention typically include epitopes that are conserved in the proteins of different
species and different genera of microbes. Accordingly, antibody produced using a composition
derived from one microbe is expected to bind to proteins expressed by other microbes and
provide broad spectrum protection against gram negative organisms. Examples of gram
negative microbes to which the antibody may specifically bind are members of the family
Vibrionaceae (including, for instance, Vibrio cholerae), Campylobacter spp. (including, for
instance, C, jejuni), members of the family Enterobacteriaceae (including, for instance,
Kiehsiella spp., E. coli, Shigella spp., Salmonella spp., Proleus spp., Serratia spp., and Yersinia
spp.}, members of the family Pasteurellaceae, preferably Pasturella spp. (including, for mnstance,
P. multocida and P. haemolytica), and members of the family Pseudomonadacese, preferably
Pseudomonas spp., (including, for instance, Pseudomonas aeruginosa). Examples of Klebsiella
spp. include K. preumoniae and K. oxyioca. Examples of Salmonella spp. include Salmonella
enierica serovars., Bredeney, Dublin, Agona, Blockley, Enteriditis, Typhimurium, Hadar,
Heidelberg, Montevideo, Muensier, Newport senflenberg, Salmonella cholerasuis, and S. typhi.
Examples of strains of £ coli include, for example, E. coli serotypes Ola, O2a, 078, and 0157,
different O:H serotypes including 0104, 0111, 026, 0113, 091, hemolytic strains of
enterotoxigenic . coli such as K88, F4, F18ab’, and F18ac”, and uropathogenic strains of E.
coli. Therefore, antibody produced using a composition of proteins described herein may be
used to identify and characterize proteins independent of the origin, source, and/or manner of
obtaining the protein.

The present invention is also directed to the use of such antibody to target a microbe
expressing a protein of the present invention or a protein having an epitope structurally related
to an epitope present on a protein of the present invention. A compound can be covalently
bound to an antibody, where the compound can be, for instance, a toxin. Likewise, such
compounds can be covalently bound to a bacterial siderophore to target the microbe. The
chemical coupling or conjugation of an antibody of the present invention, or a fragment thereof
(such as a Fab fragment), can be carried out using known and routine methods.

In one aspect the invention is also directed to treating an infection in an animal,

including a human, caused by a gram negative microbe. As used herein, the term “infection”
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refers to the presence of a gram negative microbe in an animal’s body, which may or may not be
clinically apparent. Treating an infection can be prophylactic or, alternatively, can be initiated
after the animal is infected by the microbe. Treatment that is prophylactic—e.g., initiated before
a subject is infected by a microbe or while any infection remains subclinical—is referred to
herein as treatment of a subject that is *“at risk” of infection. As used herein, the term “at risk”
refers to an animal that may or may not actually possess the described risk. Thus, typically, an
animal “at risk” of infection by a microbe is an animal present in an area where animals have
been identified as infected by the microbe and/or is likely to be exposed to the microbe even if
the animal has not yet manifested any detectable indication of infection by the microbe and
regardiess of whether the animal may harbor a subclinical amount of the microbe. Accordingly,
administration of a composition can be performed before, during, or after the animal has first
contact with the microbe. Treatment initigted after the animal’s first contact with the microbe
may result in decreasing the severity of symptoms and/or clinical signs of infection by the
microbe, completely removing the microbe, and/or decreasing the likelihood of experiencing a
clinically evident infection compared to an animal to which the composition is not administered.
The method includes administering an effective amount of the composition of the present
invention to an animal having, or at risk of having, an infection caused by a gram negative
microbe, and determining whether the number of microbes causing the infection has decreased.
The gram negative microbe may be, for instance, a member of the family Vibrionaceae
(including, for instance, Vibrio cholerae), Campylobacter spp. (including, for instance, C.
Jejuniy, a member of the family Enterobacteriaceae (including, for instance, Klebsiella spp., .
coli, Shigella spp., Solmonella spp., Proteus spp., Serrvatia spp., Yersinia spp., Enterobacter spp.
and Citrobacter spp.), a member of the family Pasteurcllaceae, preferably Pasturella spp.
{including, for instance, P. muliocida and P. haemolytica), or a member of the family
Pseudomonadaceae. In one embodiment, the animal has, or is at risk of having, an infection
caused by X pneumonias or K. oxvioca. In this aspect of the invention, an “effective amount”
is an amount effective to reduce the number of the specified microbes in an animal or reduce the
likelihood that the animal experiences a clinically-evident infection compared to an animal o
which the composition is not administered, Methods for determining whether an infection is
caused by a gram negative microbe, such as K. preumoniae or K. oxytoca, are routine and

known in the art, as are methods for determining whether the infection has decreased.
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In another aspect, the present invention is directed to metheds for treating one or more
symptoms or clinical signs of certain conditions in an animal that may be caused by infection by
a gram negative microbe. The method includes administering an effective amount of a
composition of the present invention to an animal having or at risk of having a condition, or
exhibiting symptoms and/or clinical signs of a condition, and determining whether at least one
symptors and/or clinical sign of the condition is changed, preferably, reduced. The gram
negative microbe may be, for instance, a member of the family Vibrionaceae (including, for
instance, Vibrio cholerae), Campylobacter spp. {including, for instance, C. jejuni), a member of
the family Enterobacteriaceae (including, for instance, Klebsiella spp., E. coli, Shigeila spp.,
Salmonella spp., Proteus spp., Serratia spp., and Yersinia spp.), a member of the family
Pasteurellaceae, preferably Pasturello spp. (including, for instance, £. mulfocida and P.
haemolvtica), or a member of the family Pseudomonadaceae. In one embodiment, the animal
has a condition caused by K. preumoniae or K. oxyioca. In one embodiment, the animal has a
condition caused by a uropathogenic £ cofi. Examples of symptoms and/or clinical signs
caused by a gram negative microbial infection are known to the person skilled in the art.

Treatment of symptoms and/or clinical signs associated with conditions caused by
gram negative infection can be prophylactic or, alternatively, can be initiated after the
development of a condition described herein.  As used herein, the term “symptom” refers to
subjective evidence of a disease or condition experienced by the patient and caused by infection
by a microbe. As used herein, the term “clinical sign” or, simply, “sign” refers to objective
evidence of disease or condition caused by infection by a microbe. Symptoms and/or clinical
signs associated with conditions referred to herein and the evaluations of such symptoms are
routine and known in the art. Treatment that is prophylactic, for instance, initiated before a
subject manifests symptoms or signs of a condition caused by a microbe, is referred to herein as
treatment of a subject that is “at risk” of developing the condition. Thus, typically, an animal
“at risk” of developing a condition is an animal present in an arca where animals having the
condition have been diagnosed and/or is likely to be exposed to a microbe causing the condition
gven if the animal has not yet manifested symptoms or signs of any condition caused by the
microbe, Accordingly, administration of a composition can be performed before, during, or
after the occurrence of the conditions described herein. Treatment initiated after the

development of a condition may result in decreasing the severity of the symptoms or signs of
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one of the conditions, or completely removing the symptoms or signs. In this aspect of the
invention, an “effective amount” is an amount effective to prevent the manifestation of
symptoms or signs of a disease, decrease the severity of the symptoms or signs of a disease,
and/or completely remove the symptoms or signs. The successful treatment of a gram negative
microbial infection in an animal 1s disclosed in Examples 11-19, which demonstrates the
protection against disease caused by K preumoniae in a mouse model by administering a
composition described herein. This mouse model is a commonly accepted model for the study
of disease caused by K. preumoniae.

In one embodiment, the condition is mastitis in a milk producing animal, such as a cow.
The method includes administering an effective amount of a composition described hereinto a
milk producing animal having or at risk of having mastitis, and determining whether at least one
symptom or sign of mastitis is reduced. Mastitis refers to inflammation of the mammary gland.
Physical, chemical and usually bacteriological changes in the milk and pathological changes in
the glandular tissue characterize it. These glandular changes often result in 8 number of
symptomatic conditions such as, discoloration of the milk, the presence of clots and the presence
of large numbers of levkocytes, Clinically, mastitis is seen as swelling, heat, pain and induration
in the mammary gland often resulting in deformation of the udder. In many cases the diagnosis
of subclinical infections has come o depend largely on indirect tests which depend on the
leukocyte content of the milk or somatic cell count (SCC). The most common organisms that
infect the udder are coliform bacteria, such as, K. pneumoniae, K. oxytoca, E. coli, Enterobacter
spp., Serratia spp., Proteus spp., and Citrobacter spp. Other organisms that cause mastitis less
frequently include Pseudomonas spp., Brucella spp., Corynebacterium spp., Mycoplasma spp.,
and Pasteurella spp.

In another embodiment, the condition is a high somatic cell count (88C) in an animal’s
milk, such as a cow. The method includes administering an effective amount of a composition
described herein to a milk producing animal having or af risk of having high somatic cell eoums;
and determining whether the somatic cell count in milk obtained from the animal contains
reduced somatic cell counts compared to milk obtained from the animal before receiving the
composition. In another embodiment, provided herein is 8 method for reducing somatic cell
counts in an animal's milk. Somatic cells include leucocytes of the animal, and are typically

present at low levels in normal milk. High levels of somatic cells in milk, for instance, greater
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than 200,000 cells per milliliter of milk. High levels of somatic cells in milk may be indicative
of infection {mastitis), but may also be unassociated with infection. SCC is monitored, typically
by milk processing plants, using methods that are routine o the art. The SCC s reduced to less
than 750,000 cells/ml, less than 400,000 cells/ml, or less than 200,000 cells/ml.

In another embodiment, the condition is treating low milk production by a milk
producing animal, such as a cow. The method includes administering an effective amount of the
composition of the present invention to a milk producing animal having or at risk of having a
low milk production, and determining whether milk production by the animal is increased
compared to milk production by the animal before receiving the composition. Another
embodiment is directed to a method for increasing milk production in a milk producing animal,
such as a cow. The method includes administering a composition described herein to a milk
producing animal, and determining whether milk production by the animal is increased
compared to milk production by the animal before recetving the composition. The milk
production by a milk producing animal after administration of composition described herein is
increased by at least 0.1%, at least 0.5%, at least 1%, or at least 3%. Milk production by a cow
is can be determined before administration and 2 weeks, 8§ weeks, or 16 weeks after
administration of the composition.

The present invention also provides methods for decreasing colonization by gram
negative microbes, for instance blocking the attachment sites of gram negative microbes,
including tissues of the skeletal system (for jnstance, bones, cartilage, tendons and ligaments),
muscular system, {for instance, skeletal and smooth muscles), circulatory system {for instance,
heart, blood vessels, capillaries and blood), nervous system (for instance, brain, spinal cord, and
peripheral nerves), respiratory system (for instance, nose, trachea lungs, bronchi, bronchioles,
alveoli), digestive system (for instance, mouth, salivary glands, esophagus, liver, stomach, large
and small intestine), excretory system (for instance, kidney, ureter, bladder, and urethra),
endocrine system (for instance, hypothalamus, pituitary, thyroid, pancreas and adrenal glands),
reproductive system (for insiance, ovaries, oviduct, uterus, vagine, mammary glands, testes, and
seminal vesicles), lymphatic/immune systems (for instance, lymph, lymph nodes and vessels,
mononuclear or white blood cells, such as macrophages, neutrophils, monocytes, eosinophils,

basophils, and lymphocytes, including T cells and B cells), and specific cell ineages (for
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instance, precursor cells, epithelial cells, stem cells), and the like. In one embodiment, the gram
negative microbe is X preumonige or K. oxyloca.

Decreasing colonization in an animal may be performed prophylactically or,
alternatively, can be initiated after the animal is colonized by the microbe. Treatment that is
prophylactic—e.g., initiated before a subject is colonized by a microbe or while any
colonization remains undetected—is referred fo herein as treatment of a subject that is “at risk”
of colonization by the microbe. Thus, typically, an animal “at risk” of colonization by a
microbe is an animal present in an area where animals have been identified as colonized by the
microbe and/or is likely to be exposed to the microbe even if the animal has not yet manifested
any detectable indication of colonization by the microbe and regardless of whether the animal
may harbor a subcolonization number of the microbe. Accordingly, administration of a
composition can be performed before, during, or after the animal has first contact with the
microbe. Treatment initiated after the animal’s first contact with the microbe may result in
decreasing the extent of colonization by the microbe, completely removing the microbe, and/or
decreasing the likelihood that the animal becomes colonized by the microbe compared o an
animal to which the composition is not administered. Thus, the method includes administering
an effective amount of a composition of the present invention to an animal colonized by, or at
risk of being colonized by, a gram negative microbe. In this aspect of the invention, an
“effective amount” is an amount sufficient to decrease colonization of the animal by the
microbe, where decreasing colonization refers to one or more of: decreasing the extent of
colonization by the microbe, completely removing the microbe, and/or decreasing the likelthood
that the animal becomes colonized by the microbe compared to an animal to which the
composition is not administered. Methods for evaluating the colonization of an animal by a
microbe are routine and known in the art. For instance, colonization of an animal’s intestinal
tract by a microbe can be determined by measuring the presence of the microbe in the animal’s
feces. It is expected that decreasing the colonization of an animal by a microbe will reduce
transmission of the microbe to other animals of the same or different species.

A composition of the invention can be used to provide for active or passive
immunization against bacterial infection. Generally, the composition can be administered {o an
animal to provide active immunization. However, the composition can also be used to induce

production of immune products, such as antibodies, which can be collected from the producing
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animal and administered to another animal to provide passive immunity. Immune components,
such as antibodies, can be collected to prepare compositions (preferably containing antibody)
from serum, plasma, blood, colosirum, ete. for passive immunization therapies. Antibody
compositions including monoclonal antibodies and/or anti-idiotypes can also be prepared using
known methods. Chimeric antibodies include human-derived constant regions of both heavy
and light chains and murine-derived variable regions that are antigen-specific (Morrison et al.,
Proc. Natl. Acad. Sci. USA, 1984, 81{(21):6851-5; LoBuglio ¢t al,, Proc. Natl. Acad. Sci. USA,
1989, 86{11):4220-4; Boulianne et al., Nature, 1984, 312(5995):643-6.). Humanized antibodies
substitute the murine constant and framework (FR) (of the variable region) with the human
counterparts (Jones et al,, Nature, 1986, 321{6069):522-5; Riechmann ef al., Nature, 1988,
332(6162):323-7; Verhoeyen et al., Science, 1988, 235(4847):1534-6; Queen et al., Proc. Natl.
Acad. Sci. USA, 1989, 86(24):10029-33; Daugherty et al., Nucleic Acids Res., 1991, 19(%):
2471-6.). Alternatively, ceriain mouse strains can be used that have been genetically engineered
to produce antibodies that are almost completely of human origin; following immunization the
B cells of these mice are harvested and immortalized for the production of human monoclonal
antibodies (Bruggeman and Taussig, Curr. Opin. Biotechnol,, 1997, 8(4):453-8; Lonberg and
Huszar, Int. Rev. Immunol., 1995;13(1):65-93; Lonberg et al.,, Nature, 1994, 368:856-9; Taylor
et al., Nucleic Acids Res., 1992, 20:6287-95.). Passive antibody compositions and fragments
thereof, e.g., scFv, Fab, F(ab’}, or Fv or other modified forms thereof, may be administered to a
recipient in the form of serum, plasma, blood, colostrum, and the like. However, the antibodies
may also be isolated from serum, plasma, blood, colostrum, and the like, using known methods
for later use in a concentrated or reconstituted form such as, for instance, lavage solutions,
impregnated dressings and/or topical agents and the like. Passive immunization preparations
may be particularly advantageous for the treatment of acute systemic illness, or passive
immunization of young animals that failed to receive adequate levels of passive immunity
through maternal colostrum, Antibodies useful for passive immunization may also be useful to
conjugate to various drugs or antibiotics that could be directly targeted {o bacteria expressing
during a systemic or localized infection a protein of the present invention or a protein having an
epitope structurally related to an epitope present on a protein of the present invention.

Animal models, in particular mouse models, are available for experimentally evaluating

the compositions of the present invention. These mouse models (e.g., Meno and Amako, 1991,

42

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2017/011340 PCT/US2016/041614

Microbiol. Imnwniol., 35(10):841-848; Vered et al., 2014, BMC Genomics, 15:865; Kurupati et
al., Clinical Vaccine Immunol., 18(1):82-88; Lundberg et al., 2013, Human Vaccines
Immunctherapeutics, 9(3):497-505; and Toky et al., 2003, Folia Microbiol (Praha), 48(5):663-
669) are commonly accepted models for the study of disease caused by members of the genus
Klebsiella, and K. preumonioe in particular. In those cases where 2 member of the genus
Kilebsiella causes disease in an animal, for instance a cow, the natural host ¢an be used to
experimentally evaluate the compositions described hergin.

However, protection in a mouse model is not the only way to assess whether g
composition can confer protection to an animal against infection by a Klebsiella spp. The
adaptive immune response consists of two primary divisions: the humoral (antibody) response
and the cellular (T cell) response. Following infection by a bacterial pathogen, dendritic cells at
the infection site encounter microbial antigens and produce signaling molecules such as, for
example, surface receptors and cyiokines in response to conserved molecular patiems associated
with the specific bacterivm. These signals are shaped by the nature of the pathogen and ideally
lead to the appropriate antibody and T cell responses that protect the host from disease. While
some bacterial diseases are controlled primarily through antibody functions, others require T cell
responses or both antibody and T cell responses for protection. The goal of vaccine biology is to
identtfy the immune responses that provide protection and then design a vaccine to reproduce
one or more of these responses in humans.

Antibodies can have many different functions in conferring protection against infection
such as, for example, complement fixation, opsonization, neutralization, and/or agglutination.
Moreover, some subelasses of antibodies are better than others at specific functions; for example,
for complement fixation the following hierarchy exists for human IgG subclasses:
1gG3>IgGI>IgG2>1pG4 ).

Aantibody immunclogical functions can be studied in a variety of ways. For instance,
Western blots are used to identify antigen-specific binding based on size of separated proteins,
while the standard enzyme-linked immunosorbant assay (ELISA) is used fo produce quantitative
information about antibody titers within serum. Antibody suiface binding studies are used to
determine whether antibody in serum are able {0 recognize antigens on the surface of intact
bacteria, an important indicator of whether the antibodies have the potential to work in vive.

Thus, one skilled in the art recognizes that antibody binding assays such as a Western blot,
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ELISA (e.g., using human antisera), and/or surface binding correlate positively with the
specifically-bound antigens providing immunological activity against microbial infection.
However, one skilled in the art further recognizes that a lack of antibody binding in an assay
such as, for example, 8 Western blot, ELISA, or surface binding assay does not mean that the
assayed antigen fails to provide immunological activity against microbial infection.

Antibodies can mediate bacterial death by blocking the acquisition of nutrients (e.g iron)
or initiating complement-mediated membrane perforation that leads to osmetic lysis.
Bactericidal antibodies can be assayed by mixing serum with live cultures and measuring for the
presence of viable bacteria under approprigte conditions known to those skilled in the art.
Techniques such as opsonophagocytosis assays (OPA), in which antibody and complement-
bound bacteria are combined with human or mouse phagocytes to determine levels of bacierial
killing, are useful for studying antibody function. A similar oxidative burst assay can be used to
assess the level of reactive oxygen species (ROS) by fresh human or mouse neutrophils
following interaction with antibody and complement-bound bacteria,

In some cases, one can determine that 8 candidate protein possesses cell-mediated
immunological activity and, therefore, the candidate profein may exhibit immunological activity
in the absence of inducing the production of antibodies. Cytotoxic or CD8 T cells primarily kill
infected cells directly through various effector mechanisms, while helper CD4 T cells function to
provide important signaling in the way of cytokines. These T cell classes can be further
subdivided based on the cyiokines they produce, and different subclasses are effective against
different bacterial pathogens. T cells are often studied by assessing their phenotypes with flow
cytometry, where antibodies are used to visualize the levels of specific surface markers that
enable classification of the T cells as, for example, a recently activated CD4™ T cell, a memory
CDR* Teell, etc. In addition, cytokines and other products of T cells can be studied by isolating
the T cells from lymphoid tissue and restimulating them with cognate antigen. Following antigen
stimudation the T cells produce cytokines that may be visualized by, for example, intracellular
eytokine staining coupled with flow cytometry, or collecting the cell supernatants and using
Luminex bead technology to measure 15-25 cytokines simultaneously.

Thus, in addition to mouse models, those of ordinary skill in the art recognize that
immunological activity commensurate with the methods described herein may correlate with

any one or more of the following: Western blot data showing that serum from animals exposed
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to a microbial pathogen contains antibody that specifically binds to a candidate protein, cell
surface binding assays demonstrating that antibody that specifically binds to a candidate protein
specifically binds to a microbial pathogen, opsonophagocytosis data, and cytokine induction,
Another aspect of the present invention provides methods for detecting antibody that
specifically binds proteins described herein. These methods are useful in, for instance, detecting
whether an animal has antibody that specifically binds proteins described herein, and diagnosing
whether an animal may have a condition caused by a microbe expressing proteins described
herein, or expressing proteins that share epitopes with the proteins described herein. Such
diagnostic systems may be in kit form. The methods include contacting an antibody with a
preparation that includes a protein deseribed herein to result in a mixture. The antibody may be
present in a biological sample, for instance, blood, milk, or colostrum. The method further
includes incubating the mixture under conditions to allow the antibody to specifically bind the
protein to form a proteimantibody complex. As used herein, the term “protein:antibody
complex” refers o the complex that results when an antibody specifically binds to a protein.
The preparation that includes the proteins described herein may alse include reagents, for
instance a buffer, that provide conditions appropriate for the formation of the protein:antibody
complex. The protein;antibody complex is then detected. The detection of antibodies is known
in the art and can include, for instance, immunofluorescence or peroxidase. The methods for
detecting the presence of antibodies that specifically bind to proteins described herein can be
used in various formats that have been used to detect antibody, including radioimmunoassay and

enzyme-tinked immunosorbent assay.

Kits

The present invention also provides a kit for detecting antibody that specifically binds a
protein described herein. The antibody detected may be obiained from an animal suspected to
have an infection caused by a gram negative microbe, such as X. pneumoniae or K. oxytoca. In
another embodiment, the present invention provides a kit for detecting a protein described
herein.

The kit includes at least one of the proteins described herein (e.g., one, at least two, at
least three, etc.), or an antibody deseribed herein in a suitable packaging material in an amount

sufficient for at least one assay. Optionally, other reagents such as buffers and solutions needed
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to practice the invention are also included. For instance, a kit may also include a reagent to
permit detection of an antibody that specifically binds to a protein described herein, such asa
detectably labeled secondary antibedy designed to specifically bind o an antibody obtained
from an animal. Iostructions for use of the packaged proteins are also typically included. As
used herein, the phrase “packaging material” refers to one or more physical structares used to
house the contents of the kit. The packaging material is constructed by well known methods,
generally to provide a sterile, contaminant-free environment. The packaging material may have
a label which indicates that the proteins can be used for detecting antibody that specifically
binds proteins of the present invention. In addition, the packaging material contains instructions
indicating how the materials within the kit are employed to detect the antibody. As used herein,
the term “package” refers to a container such as glass, plastic, paper, foil, and the like, capable
of holding within fixed limits the proteins, and other reagents, for instance 3 secondary
antibody. Thus, for example, a package can be a microtiter plate well to which microgram
quantities of proteins have been affixed. A package can alse contain a secondary antibody.
“Instructions for use” typically include a tangible expression describing the reagent
concentration or at least one assay method parameter, such as the relative amounts of reagent
and sample to be admixed, maintenance time periods for reagent/sample admixtures,

temperatare, buffer conditions, and the like

The present invention is illustrated by the following examples. If is to be understood that
the particular examples, materials, amounts, and procedures are to be interpreted broadly in

accordance with the scope and spirit of the invention as set forth herein.
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Example 1
Isolation of clinical isolates of Klebsiella preumonia, Klebsiella oxytoca and Enterobacter

Isolates of Klebsiella pneumonia, Kiebsiella axytoca and Enterobacter were isolated
from infected udders of cows on commercial dairy herds showing clinical signs of Coliform
mastitis as diagnosed by the attending veterinarian (i.e. presence of abnormal milk; watery
consistency, clots, blood, garget, pus, swelling of the ndder and bacterial culture identification of
milk samples). Master seed stocks of the Kiebsiella preumonia, Klebsiella oxyloca end
Enterobacter were prepared by inoculating each of the isolates into 5000 mi of Tryptic Soy
Broth (Difco Laboratories, Detroit, MI) containing 30 micrograms per milliliter (ug/ml} of 2,2
dipyridyl (Sigma-Aldrich St. Louis, MO). The cultures were grown while stirring at 200 rpm for
6 hours at 37°C. The bacteria were collected by centrifugation at 10,000 x g. The bacterial
pellets from each isolate was resuspended into 500 mi Tryptic Soy Broth containing 20%
glycerol, and sterilely dispensed into 2 mi cryogenic vials (1 ml per vial) and stored at -90°C.
Each isolate was given an identification number designating it as a master seed. For example;
seventeen Klebsiella pneumonia 1solates were identified and designated as 1101, 1437, 1438,
1439, 1440, 1563, 1565, 1566, 1567, 1569, 1570, 1571, 1572, 1573, 1574, 1575, and 1576,
Kiebsiella oxyteca was designated as 1564 and Enterobacrer was designated as 1568, The
Bovine master seed number for Klebsiella pneumoniae was designated as 1571, the bovine
master seed number for Klebsiella oxytoca was 1564, and the bovine master seed number for
Enterobacter was 1568, The master seed number for a human isolate of Klebsiella preumonive
was prepared and designated LM21 {also referred to herein as 1748). A human UTL E. col
isolate used as a reference strain designated as CFT073. The master seeds of each isolate were
expanded into working seeds that was then used for the production of metal regulated proteins.
A small laboratory scale process was developed to examine initial metal-regulated protein
expression of multiple Klebsiellg isolates whereas a large-scale production process was
developed involving fermentation, bacterial harvest, disruption, sclubilization, concentration,
diafiliration, and isolation of final vaccine antigens. Both the small and large scaled-up process
for metal-regulated protein expression produced identical protein profiles when examined by
single dimension SDS-PAGE.

Example 2
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Identification and differentiation of Kiebsiella preumoniae from Klebsiella oxytoca by

polymerase chain reaction (FCR).

To differentiate Kiebsiella prneumoniae 1571 from Klebsiella oxyteca 1564 isolates from
both human and bovine species exhibiting clinical signs of disease, a multiplex polymerase chain
reaction (PCR) was used with species specific primers as described by Chander et al. (2011,
Intern J Appl Res Vet Med. 9:138-142). The position of bands on an agarose gel, 108 bp for
Klebsiella preumoniae 1571 and 343 bp for K oxyroca 1564 confirmed strain identity (Figure 1)

Primers and PCR Amplification: Working seeds of Example 1 were plated on blood agar
in duplicate. The plates were incubated at 35-40°C for 18-24 howrs. After incubation the plates
were visually examined and determined fo be pure. A single, well isolated colony from one of
the duplicate pure culture plates was suspended in 100 uL sterile water. The suspension was
boiled for 10 minutes to lyse the cells, and allowed to cool at room temperature. The suspension
was then centrifuged for 2 minutes at 13,000 rpm in a table top microcentrifuge. The supernatant
containing the DNA Template was transferred fo a new, sterile microcentrifuge tube and stored
at -20°C until use.

Species specific primers were used for the amplification of X prewmonioe and X
oxytoca in a single reaction mixture (Table 2}. Positive controls of X oxytoca and K
preumoniae were included in the assay. A no-primer negative control of Escherichia coli was
also included. PCR reactions were set up using a Qiagen Multiplex PCR Kit according to the
manufacturer’s instructions. The reaction mixture consisted of: 25 plL 2x Qiagen Multiplex PCR
Master Mix of each primer (forward and reverse); 5 uL 10x Primer Mix; 15 pL RNase-free
water; S ul. crude DNA template; and 50 pl total volume. The reaction conditions for PCR
were as follows: initial denaturation at 93°C for 15 minutes; 30 eycles of denaturation at 94°C

for 30 seconds; annealing at 55°C for 1.5 minutes; and extension at 72°C for 1.5 minutes.
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Table 2. Sequences of primers used to identify and distinguish Klebsiella preumonioe and

Klebsiella oxyioca,
Product
Target Jrganism Sequence {3’ - 3} Size
{bp)

. . CAA CGG TGT GGT TAC TGA CG {SEQLID NO: 31)
Kiehsielio pneumoniae 108
TCT ACG AAG TGG CCG TTT TC{SEGID NO: 32)

GAT ACG GAG TAT GCCTTT ACG GT6 (SEQ 1D NO: 33)

Klebsiella oxytoco TAGCCTTTATCAAGCGGA TACTGG (SEQID 343
NO:34)

The PCR products were visualized by electrophoresis on a 1% agarose gel (prestained with
ethidium bromide) in 0.5x Tris/Boric Acid/EDTA (TBE) and UV trans-illumunation. A 100 bp

DNA ladder was used as molecular weight markers (Figure {).

Example 3

Process for screening metal regulated protein expression of multiple isolates grown under

conditions of metal ion restriction

The screening of metal regulated proteins as well as the immunizing compositions used
in the following examples were prepared using the proteins derived from Klebsiella pneumonioe
originating from bovine species having clinical signs of disease.

Multiple field isolates of K. pneumoniae 1563, 1565, 1566, 1567, 1569, 1570, 1571,
1572, 1573, 1574, 1575, and 1576 and single isolates of K. oxyloca 1564 and Enterobacter 1568
were collected from multiple Dairy herds showing clinical signs of mastitis. The human isolate
of K. prneumonice LM21 was also screened for metal regulated proteins. Each isolate was grown
under conditions of iron restriction and the outer membrane profiles of proteins expressed under
iron restriction was examined by SDS-PAGE (Figure 2). Briefly, each of the isolates to be
exarnined was inoculated into TSB containing 300 pM 2,2-diprydyl and incubated at 37°C.
Following incubation for 12 hours, the cultures were subcultured (1:100) into 500 ml of iron-
limiting media and incubated at 37°C. After 8 hours cach culture was centrifuged at 10,000 x g
for 20 minutes, resuspended in 40 ml of osmotic shock buffer (7.3 g/l Tris Base; 1.86 g/l EDTA,

pH 8.9, and disrupted by sonication, to yield a suspension. The suspensions were centrifuged at
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32,000 x g for 12 minutes io clarify or remove large cellular debris. The supernatants were
collected and solubilized by the addition of 4% sodium lawroy! sarcosinate at 4°C for 24 hours.
The detergent-insoluble outer membrane protein-enriched fractions were collected by
centrifugation at 32,000 x g for 2.5 hours at 4°C. The protein peilets were resuspended in 200 pl
Tris-buffer (pH 7.2).

The protein-enriched extracts derived from each isolate were size-fractionated on SDS-
PAGE gels using a 4% stacking gel and 10% resolving gel. Samples for electrophoresis were
prepared by combining 10 pl of sample with 30 pl of SDS reducing sample buffer (62.5mM
Tris-HCL pH 6.8, 20% glycerol, 2% SDS, 5% B-mercaptoethanol) and boiled for 4 minutes.
Samples were electrophoresed at 18 mA constant current for 5 hours at 4°C using a Protein Il xi
cell power supply (BioRad Laboratories, Richmond, CA, model 1000/500). The electrophoretic
profiles comparing proteins derived from multiple isolates of X puewmonia, K. oxyioca
Enterobacter of bovine and human origin are shown in Figure 2.

The SDS-PAGE patierns of the protein-enriched extracts showed a high degree of
conservatism among all isolates examined, with the molecular weights ranging for the metal
regulated proteins from 97 kDa to 66 kDa and non-metal regulated proteins, e.g., porins, ranging
from 35 kDa to 33 kDa (Table 1). The electrophoretic profiles were analyzed using the Phoretix
1D Pro Gel Software (Total Lab; United Kingdom) to evaluate banding patterns and molecular

weight calibration between each strain.

Example 4
Analysis of Metal-Regulated Proteins under Iron Replete and Iron Deplete
By Single Dimension SDS-PAGE

To obtain a better perspective of the up-regulation of metal-regulated proteins of
Klebsiella pnewmoniae 1571, the isolate was grown in iron replete and ivon deplete media
conditions. Briefly, the organism was grown from a frozen master seed stock, previously
prepared by sub-culturing into two separate 500 mi bottles. One bottle contained of 200 ml of
sterile TSB containing 300 uM 2,2-diprydyl (Sigma-Aldrich St. Louis, MO) while the second
bottle contained 200 mi of Tryptic Soy broth containing 200 uM ferric chloride (Sigma-Aldrich

St. Louis, MO). Cultures were incubated for 12 hours with continuous stirring at 200 rpm at

30

SUBSTITUTE SHEET (RULE 26)



10

5

20

30

WO 2017/011340 PCT/US2016/041614

37°C. Following the 12 hour incubation period, the cultures were sub-cultured (1:100) into 500
m! of either the iron-replete and/or the iron-deplete media and incubaied at 37°C for £ howrs.
After 8 hours each culture was centrifuged at 10,000 x g for 20 minutes, and resuspended in 40
ml of osmotic shock buffer (7.3 g/l Tris Base; 1.86 g/l EDTA), pH 8.9, The suspensions were
centrifuged at 32,000 x g for 12 minutes to clanfy or rtemove large cellular debris. The
supernatants were collected and solubilized by the addition of 4% sodium lauroyl sarcosinate at
4°C for 24 hours. The detergent-insoloble outer membrane protein-enriched fractions were
collected by centrifugation at 32,000 x g for 2.5 howrs at 4°C. The protein pellets were
resuspended in 200 pl Tris-buffer (pH 7.2).

The protein-enriched extracts derived from each isolate were size-fractionated on SDS-
PAGE gels using a 4% stacking gel and 10% resolving gel. Samples for electrophoresis were
prepared by combining 10 ul of sample with 30 pl of SDS reducing sample buffer (62.5mM
Tris-HCL pH 6.8, 20% glycerol, 2% SDS, 5% P-mercaptoethanol) and boiled for 4 minutes.
Samples were electrophoresed at 18 mA constant current for 5 hours at 4°C using a Protein I xi
cell power supply (BioRad Laboratories, Richmond, CA, model 1000/500). The electrophoretic
profile comparing protein profiles derived from the K. preumonia, grown under iron-replete and

iron-deplete growth conditions are shown in Figure 3.

Example 5

Large scale process for the manufacture of metal-regulated proteins

Fermeniation

A cryogenic vial of the working seed (1ml at 10" CFU/m!) was used to inoculate 500 ml
of 37°C tryptic soy broth {TSB) without dextrose (Bacto) containing 34 micrograms/liter 2,2-
dipyridyl (Sigma), 2.5 grams/liter yeast extract (Bacio) and glycerol (3% volfvol). The culture
was incubated at 37°C for 16 hours while agitating at 160 rpm, and then divided between two
1.5L botiles of the above media. This second culture was allowed to grow for an additional 2.5
hours at 37°C. This culture was used to inoculate a 400L DCI-Biolafitte SIP fermentor, (BC], St.
Cloud, MN) charged with 300 liters of the above-described media with the addition of Mazu DF
204 defoamer (150 ml). The parameters of the fermentation were as follows: dissolved oxygen

{DDC) was maintained at 60% +/- 20% by increasing agitation to 300 rev/minute sparged with 17-
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120 liters of air/minute, 0-60 liters of air/minuie and 5 pounds per square inch {(psi) back
pressure. The pH was held constant between 6.9 and 7.2 by automatic titration with 50% NaCH
and 25% H3PO4. The temperature was maintained at 37°C. The fermentation was allowed to
continue growth for 5.3 hours at which point the fermentation was terminated by lowing the
temperature of the fermentor to 15°C and lowering pH to 5.0 with 25% H3PO4 (optical density
15 at 540 nanometers at a 1:20 dilution). The culture was sterilely transferred to a 200-liter tank

(LEE Process Systems and Equipment model 2000LDBT) in preparation for harvest.

Harvest

The bacterial fermentation was concentrated and washed using a Pall Filtron Tangential
Flow Maxisetie-23 (Pall Filtron Corporation, Notthbore, MA) equipped with four 30 fi? Alpha
0.1um open channel filters (Pall Filiron, catalog No. PSM10C52) connected to a Wankesha
Meodel 130 U2 feed pump {Waukesha Cherry-Burrell, Delevan, WIy The original culture volume
of 300 liters was reduced to 60 liters using a filter inlet pressure of 30-40 psi and a retentate
pressure of 2-15 psi. The bacterial retentate was then washed using 200 liters of a sodium
acetate tryhidrate solution pH 5.0 which was composed of 2.72 grams/liter sodium acetate
tryhidrate. The 60 liters of bacterial retentate was then washed with 100 liters of osmotic shock
buffer {(OMS) containing 14.52 grams/liter Tris-base and 1.86 grams/liter EDTA adjusted to a
pH of 8.6. The EDTA in the OMS served to assist removal of much of LPS from the cell wall,
while the elevated pH prevented much of the proteolytic degradation after freezing and
disruption. Protease inhibitors may be used instead of, or in addition to, an elevated pH. The
retentate was then concentrated down to 40 liters to help remove any contaminating exogenous
proteins, 200 more liters of the above OMS was then added 1o wash all bacteria through the
filters into the harvest tank. The retentate was mixed thoroughly while in the 200-liter tank using
a bottom mount magnetically driven mixer. The retentate was sterilely dispensed (5 liters) into
gamma irradiated S liter Invitro'™ containers and placed into a -20°C freezer for storage.
Freezing the bacterial pellet served to weaken the cell wall structure making downsiream
disruption more efficient. The pellet mass was caleulated by centrifuging 1 ml sample of the
fermented culture and final harvest. Pre-weighted 1mi conical tubes were cenirifuged at 13,000
rpms for 10 minutes in a Microfuge 18. The supernatant was poured off and the pellet was re-

suspended in sterile water. This mixture was again centrifuged at 13,000 rpms for 5 minutes
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before it was once again decanted. This washed pellet was placed in a 125°C oven for 75
minutes before being weighed and extrapolated to determine harvest volume pellet mass. The
fermentation process vielded a dry pellet mass of 2.3 kilograms.

Alternative methods for bacterial harvest can be used. Bacterial harvest may be
performed by the use of hollow fiber filter methods. Bacterial culture is harvesied using filter
cartridges ranging in size from 0.2 uM to 5 kDa; preferably with a 750kDa cartridge. Cultare is
reduced in volume from 2-20X and subsequently washed 1-53X by diafiltration with buffer prior
to storage at 4°C or freezing at -20°C. In this manner, undesired media proteins, bacterial
proteins and LPS are removed from the culture. In another alternative, bacterial harvest may be
performed by the use of industrial scale centrifugation, for example, by use of a disc-stack

centrifuge.

Disruption (Homogenization)

Frozen bacterial cell shury in OMS were thawed at 4°C (2.3 kg of pellet mass). The
liguid culture suspension from each container was aseptically aspirated into a 200 liter process
tank (Medel 200LDBT) with a bottom mounted mixer (Lightnin Mixer Model MBI610HS55)
containing 13 liters OMS pH 8.5. The volume of OMS was determined by calculating the
homogenizing volume by multiplying the pellet mass by 30.8 L/Kg and taking the homogenizing
volume and subtracting the volume of bacteria from the fermentation harvest. The bulk bacterial
suspension was chilled to 4°C with continuous mixing for 18 hours at 18 Hz at which time it was
disrupted by homogenization. Briefly, the 200 liter tank containing the bacterial suspension was
connected to an Avestin Model EF-C500B Homogenizer (Avestin, Rosemont, IL). A second
200 Hier process tank (empty) was connected to the homogenizer such that the fluid in the
process tank could be passed through the homogenizer, into the empty tank and back again,
allowing for muliiple homogenizing passes while still maintaining a closed system. The
temperature during homogenization was kept at 4°C. At the start of each pass, fluid was
circulated at 60 psi via a Waukesha model 30U2 pump (Waukesha) through the homogenizer
{500 Liters/hour) and back to the tank of origin, while the homogenizer pressure was adjusted to
11,000-30,000 psi. Prior to the first pass, two pre-homogenizing samples were withdrawn from
the homopenizer to establish a baseline for determining the degree of disruption and monitoring

of pH. The degree of disruption was monitored by transmittance (%7 at 540nm at 1.100
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dilution) compared to the non-homogenized sample. The number of passes through the
homogenizer was standardized for different organisms based on the integrity of the cell wall and
variation in the degree of disruption, which had a direct correlation in the efficiency of
solubilization and quality of end product. For example, the disruption of Salmonella passed two
times through the homogenizer gave a final percent transmittance between 78-83%T at a 1:100
dilution. E. coli having the same pellet mass and starting OD gave a %7 of 80-86% (at a 1:100
dilution) after the second pass. It has been observed that bacteria differ in their cell wall integrity
and vary in their capacity of disruption under identical condition. This variation can affect the
degree and efficiency of solubilization and recovery of metal regulated proteins. In general, cells
were passed through the homogenizer until the transmittance of at least 20% was reached after a
minimum of two passes.

After homogenization, sodium lauroyl sarcosinate (Hamptosyl L-30, Chem/Serv) was
aseptically added to the homogenized bacterial suspension for solubilization. The amount of
sarcosine (30%) added equaled 0.083 times the solubilizing volume, in liters, {solubilizing
volume was determined by multiplying the fermentation dry pellet mass by 34.7 L/Kg). The
tank was removed from the homogenizer and placed in & 2-7°C cooler and mixed at 18 Hz for
12-96 hours. This time period was helpful to complete solubilization. It was discovered that
increasing the solubilization time in OMS at an elevated pH (8.0-8.5) that metal regulated
proteins aggregated together forming large insoluble aggregates that were easily removed by
cenirifugation. The optimal OD after solubilization was usually between 25-30%T at 540nm.
12-24 hours prior to protein harvest 0.15% of formalin was added to the final solubilizing

volume as a preservative.

Protein Harvest

The aggregated metal regulated proteins within the solubilized process fluid were
collected by centrifugation using T-1 Sharples, (Alfa Laval Seperations, Warminster, PA}.
Briefly, the tank of solubilized homogenate was fed into twelve Sharples with a feed rate of 200
mi/minute at 11 psi at a centrifugal speed of 30,000 rpm. The effluent was collected into a
second 200 liter process tank through a closed sterile loop allowing for multiple passes through
the centrifuges while maintaining a closed system. The temperature during centrifugation was

kept at 4°C. The solubilized homogenate was passed up to 12 times across the centrifuges with a
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feed rate of 150 ml/nunute at 21 psi at a centrifugal speed of 50,000 rpm. Protein was collected
after the first pass and discarded, at which point the solubilized fluid was concentrated to 1/3 of
its original volume. This decrease in volume shortened the process time for passes 2-12.
Briefly, the solubilized homogenate tank was connected to a Pall Filtron AT25 Holder, equipped
with three 30.1 £t screen-channel series Omega 10kd Maxisette filters (Pall Filtron) connected
to a Waukesha Model 130U2 feed pump for concentration. After concentration, centrifugation
was continued until the process was completed. Protein was collected after each pass. The
protein was collected, resuspended and dispensed into two 8 Liter containers containing Tris-
buffer pH 8.5 containing 0.3% formalin (Sigma) as preservative. The containers were placed
into a mixer Model Turbula TI0B (M.O. Industries, Wippany, New Jersey) and mixed until the

protein was re-suspended in the buffer solution.

Digfiltration

The protein suspension was washed by diafiliration at 4°C to remove any contaminating
sarcosine that may have been bound to the protein. The two containers of protein were aspirated
info a 200 Liter tank containing 40ml TBW/g protein harvested of Tris-Buffer pH 8.5 containing
0.3% formalin equipped with a bottom mount Lighinin mixer, Model MBIS10HSS mixing at
20Hz. The process tank was placed in a 33°C incubator for a minimum of 12 hours for protein
inactivation. The process tank was sterilely connected fo a Millipore Pellicon Tangential Flow
Filter assembly (Millipore Corporation, Bedford, MA), equipped with two 2698 screen-channel
series Omega 10K Centraseite filier (Pall Filiron} connected to a Waukesha Model 30U2 feed
pump. The solution was concentrated down to approximately 35 liters and was re-suspended
with 200 liters of Tris-buffer, pH 7.4, containing 0.1% formalin solution. The solution was again
concentraied down 1o approximately 35 liters and re-suspended again with 200 liters of a Tris-
buffer, pH 7.4, containing 0.1% formalin solution. The solution was then concenirated down fo
approximately 35 liters and re-suspended with 80 liters of Tris-buffer, pH 7.4, containing 0.1%
formalin solution. The solution was then concentrated by filtration to a target volume 0 6.5
times the protein pellet mass. The protein concentrate was aseptically dispensed into sterile 20
liter Nalgene containers and placed into a 33°C incubator for 12-24 hours for the final antigen

inactivation.
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This process produced a composition containing metal regulated proteins with a decrease
int the amount of LPS and very litile to no sarcosine residue. The protein was examined by SDS-
PAGE for purity and banding profile, and also examined for bacterial contamination, residual
sarcosine and LPS. The banding profile of the finished product showed consistent patterns as
examined by electrophoresis. The composition was tested for sarcosine by the use of a modified
agar gel diffusion test in which sheep red blood cells (5%) were incorporated into an agar base
{1.5%). Wells were cuf into the agar and samples of the finished product along with control
samples of known concentrations of sarcosine at 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 1.0 and 2.0% were
placed into the wells. The gel was incubated at 25°C for 24 hours and the degree of hemolysis
was determined compared to the controls. The process removes the level of detectable sarcosine
below 0.05%, which at this concentration showed minimal hemolysis in control samples. The
concentration of LPS was examined by a Limufus amebocyte lysate (LAL) test available under
the tradename PYROTELL (Associates of Cape Cod, Inc,, East Falmouth, MA).

After cell lysis by freezing and homogenization, protein may be harvested by hollow
fiber methods. Bacterial lysate is filtered to separate whole cells and large debris from small
particulates and soluble protein. This may be accomplished using a range of sizes of hollow
fiber cartridges from 0.2 uM to 5 kDa; preferably with a 0.65 M nominal pore size. In this
manner, whole unlysed cells and large debris are retained and possibly concentrated by the filter
while protein and small particulates of interest are passed through the filter and collected.
Additionally, it may be desirable to wash the refentate from 1-20X with buffer to increase the
harvest of proteins of interest.

Subsequent fo the primary harvest above, bacterial membranes of the small particulates
are solubilized with sarcosine as described above, followed by further fractionation or protein
harvest and wash by hollow fiber methods. This serves three functions: the removal of undesired
cytosolic proteins, the removal of undesired membrane components including LPS and the
hydrophobic aggregation of desired metal-regulated protieins and porin proteins into higher
molecular weight forms. After the solubilizing step, the solution is filtered using hollow fiber
cartridges ranging in size from 0.2 pM to 5 kDa; preferably with a Laboratory and/or Pilot Scale
Ultrafiltration Cartridge (for example, (UFP-750-E-64) size 6A Ultrafiltration Hollow Fiber
Cartridge (63.5 cm L}; Polysulfone membrane, optionally having a 750 000 NMWC pore size,
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GE Healthcare Pittsburgh, PA). This step can alse include concentration {2-20X) and
diafiliration wash steps {1 X-20X) with buffer and ethanol to enhance the removal of undesired
protein, membraneous components, DNA and sarcosine and thus increase the purity of the
harvested metal-regulated proteins and porin proteins. ~

An example of the proteins present in the composition prepared as described above is
shown in Figure 4. Five higher molecular weight proteins (four of which are identified in Figure
4 as FepA, FecA, FhuA, and CirA, and one migrating above the band identified as FepA) and
two lower molecular weight bands identified in Figure 4 as OmpC and OmpA) were observed

after resolving the proteins on an SPS-PAGE gel.

Example 6

Characterization of Metal Regulated Proteins of Kiebsiella preumoniae isolate 1571

The proteins of the composition prepared as described in Example 5 from the K
preumonige strain 1571 were characterized using MALDI-TOF MS. These methods were also
used for the K oxytoca and Enterobacter isolates

The proteins of the composition prepared as described in Example 5 from the X
prewmoniae strain 1571 was characterized using matrix assisted laser desorption/fionization time-
of-flight spectrometry (MALDI-TOF MS8). A portion of the composition was resolved using a
sodium dodecy! sulfate-polyacrylamide gel. After the proteins of a composition had been
resolved, the gel was stained with either coomasie brilliant blue or silver to visualize the
proteins. This method was also used to characterize compositions obtained from X axyfoca and

Enterobacter isolates

Materials and Methods

Excision and washing. After resolving proteins using SDS-PAGE and stainiug to
visualize the proteins, the gel was washed for 10 minutes with water twice. Each protein band of
interest was excised by cutting as close to the protein band as poasible to reduce the amount of
gel present in the sample. Six gel fragments were prepared using the six bands identified in
Figure 4 as FepA, FecA, FhuA, CirA, OmpC, and OmpA.
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Fach gel slice was cut into 1x1 mm cubes and placed in 1.5 mi tube. The gel pieces were
washed with water for 15 minutes. All the solvent volumes used in the wash steps were
approximately equal to twice the volume of the gel slice. The gel slice was next washed with
water/acetonitrile (1:1) for 15 minutes. When the proteins had been stained with silver, the
waterfacetonitrile mixture was removed, the gel pieces dried in a SpeedVac (ThermoBavant,
Holbrook, NY) and then reduced and alkylated as described below. When the gel pieces were
not silver-stained, the water/acetonitrile mixture was removed, and acetonitrile was added to
cover until the gel pieces turmed a sticky white, at which time the acetonitrile was removed. The
gel pieces were rehydrated in 100 mM NHHCOs, and after 5 minutes, 2 volume of acetonitrile
equal to twice the volume of the gel pieces was added. This was incubated for 13 minutes, the
Hguid removed, and the gel pieces dried in a SpeedVac,

Reduction and allylation. The dried gel pieces were rehydrated in 10mM DTT and 100
mM NHHCO;, and incubated for 45 minutes at 36°C. After allowing the tubes to cool to room
temperature, the liquid was removed and the same volume of a mixture of 55 mM iodoacetamide
and 100 mM NHHCO: was immediately added. This was incubated for 30 minutes at room
temperature in the dark. The liquid was removed, acetonitrile was added to cover until the gel
pieces turned a sticky white, at which time the acetonitrile was removed. The gel pieces were
rehydrated in 100 mM NHHCO;, and after 5 minutes, a volume of acetonitrile equal to twice the
volume of the gel pieces was added. This was incubated for15 minutes, the liquid removed, and
the gel pieces dried in a Speed vac. If the gel was stained with coomasie blue, and residual
coomassie still remained, the wash with 100 mM NHHCOs/acetonitrile was repeated.

In-gel digestion. Gel pieces were completely dried down in a Speed Vac. The pieces
were rehydrated in digestion buffer (50 mM NHHCOs, § M CaCly, 12.5 nanograms per
microliter (ng/ul} trypsin} at 4°C. Enough buffer was added to cover the gel pieces, and more
was added as needed. The gel pieces were incubated on ice for 45 minutes, and the supernatant
removed and replaced with 5-2 ul of same buffer without trypsin. This was incubated at 37°C
overnight in an air incubator.

Extraction of peptides. A sufficient volume of 25 mM NHHCO; was added to cover gel
pieces, and incubated for 15 minutes (typically in a bath sonicator). The same volume of
acetonitrile was added and incubated for 15 minutes (in a bath sonicator if possible), and the

supernatant was recovered. The extraction was repeated twice, using 5% formic acid instead of
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NHHCO:. A sufficient volume of 5% formic acid was added to cover gel pieces, and incubated
for 15 minutes (typicaily in a bath sonicator}. The same volume of acetonitrile was added and
incubated for 15 minutes (typically in s bath sonicator), and the supernatant was recovered, The
extracts were pooled, and 10 mM DTT was added to a final concentration of | mM DTT. The
sample was dried in a SpeedVac to a final volume of approximately 5 pl.

Desalting of peptides. The samples were desalted using a ZIPTIP pipette tips (C18,
Millipore, Billerica, MA) as suggested by the manufacturer. Briefly, a sample was reconstituted
in reconstitution solution (5:95 acetonitrile:HyO, 0.1% - 0.5% trifluoroacetic acid), centrifuged,
and the pH checked to verify that it was less than 3. A ZIPTIP was hydrated by aspirating 10 pl
of solution 1 (30:50 acetonitrile:H>0, 0.1% triflucroacetic acid) and discarding the aspirated
aliguots. This was followed by aspirating 10 pl of solution 2 (0.1% trifluoreacetic acid in
deionized Ho0) and discarding the aspirated aliquots. The sample was loaded into the tip by
aspirating 10 ul of the sample slowly into the tip, expelling it into the sample tube, and repeating
this 5 to 6 times. Ten microliters of solution 2 was aspirated into the tip, the solution discarded
by expelling, and this process was repeated 5-7 times to wash. The peptides were eluted by
aspirating 2.5 pl of ice cold solution 3 (60:40, acetonitrile:H;0, 0.1% trifluorcacetic acid),
expelling, and then re-aspirating the same aliquot in and out of the tip 3 times. Afier the solution
has been expelled from the tip, the tube was capped and stored on ice.

Mass spectromeiric peptide mapping. The peptides were suspended in 10 pL to 30 pL of
5% formic acid, and analyzed by MALDIL-TOF MS (Bruker Daltonics Inc., Billerica, MA). The
mass spectrum of the peptide fragments was determined as suggested by the manufacturer.
Briefly, a sample containing the peptides resulting from a tryptic digest were mixed with matrix
cyano-4-hydroxycinnamic acid, transferred to a target, and allowed to dry. The dried sample
was placed in the mass spectrometer, irradiated, and the time of flight of each ion detected and
used to determine a peptide mass fingerprint for each protein present in the composition. Known
polypeptides were used to standardize the machine.

Data analysis. The experimentally observed masses for the peptides in each mass
spectrum were compared to the expected masses of proteins using the Peptide Mass Fingerprint
search method of the Mascat search engine {(Matrix Science Lid., London, UK, and
www.matrixscience.com, see Perkins et al., 1999, Electrophoresis 20, 3551-3567). The search

parameters included: database, NCBInr; taxonomy, bacteria (eubacteria); type of search, peptide
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mass fingerprint; enzyme, trypsin; fixed modifications, carbamidomethy! {C) or none; variable
maodifications, oxidation (M), carbamidomethyl (C}, the combination, or none; mass values,
monoisotopic; protein mass, unrestricted; peptide mass tolerance, between 2100 ppm and £300
ppm or 450 ppm, or £1 Da; peptide charge state, Mr; max missed cleavages, 0 or 1; number of
queries, 25.

SDS-PAGE analysis of the polypeptides indicated that, under the SDS-PAGE conditions
used, proteins migrated at 82 kDa, 78 kD, 72 kDa, 68 kDa, 35 kDa and 33 kDa as determined
by SDS-PAGE (Table 1}. An additional protein was a light band and migrated at 87 kDa.
MALDI analysis and predicted molecular weight based on amino acid sequence showed there
was good agreement between the molecular weights of the proteins as estimated using SDS-
PAGE and using MALDI (Table 1). The proteins in Figure 4 were identified by MALDI. These
analyses resulted in protein sequences that represent the best protein match for each peptide mass
fingerprint. The best protein match for the band labeled FepA was NCBI Reference Sequence
WP _012068422.1; the best protein match for the band labeled FecA was NCBI Reference
Sequence NP_943400.1; best protein match for the band labeled FhuA was NCBI Reference
Sequence WP _004178624.1; best protein match for the band labeled CirA was NCBI Reference
Sequence WP_015958738.1; best protein match for the band labeled OmpC was NCBI
Reference Sequence WP 015958749.1; and the best protein match for the band labeled OmpA
was NCBI Reference Sequence WP_002898408.1.

Genomic Sequencing

(Genomic DNA was isolated from the Klebsiella pneumoniae 1571 isolate using the
ChargeSwiich gDNA Mini Bacteria Kit (Life Technologies, Carlsbad, CA, product number:
(811301). Prior to extraction of the genomic DNA, a fresh culture of the isolate was grown on
Trypticase Soy Agar I with 5% Sheep Blood (Becton, Dickinson and Company, Franklin Lakes,
NI, product code: 221261) overnight at 37°C. The procedure followed the manufacturer
protocol. The final vield was 33.7 pg of genomic DNA, which was stored at -20° C until
sequencing. The genomic DNA was submitted to ACGT, Ine. for sequencing (Wheeling, IL).
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Hentifving Target Genes

After receiving the complete genomic sequence of the isolate, thlastn alignments were
performed with the National Center for Biotechnology Information (NCBI} database to identify
the possible genes of interest. The first analysis of the Klebsiella preumoniae 1571 genomic
sequence used the results of the data analysis of the six bands by MALDIL This analysis resulted
in the identification of the following proteins encoded by genes present in the Klebsiella
preumoniae 1571 genomic sequence: FepA, FecA, FhuA, CirA, OmpC, and OmpA. These
proteins, and the genes encoding them, are disclosed at Figures 10, 7, 8,9, 20, and 21,
respectively. Another analysis of the complete genomic sequence was based on Ton B
dependent homologs within the sequence. The algorithm parameters were Matrix: BLOSUM62
and Gap Costs: Existence: 11 Extension: 1. A blastx search was used to identify the proteins
translated by the homologous genes found with the thlastn alignment. The algorithm parameters
were Matrix: BLOSUMSG2 and Gap Costs: Existence: 11 Extension: 1. Pairwise sequence
alignuments of the identified homologues of metal regulated polypeptides. The algorithm
parameters were Matrix: BLOSUMG62, Gap Open: 14, Gap Extend: 4, Alternative Matches: 1.

To identify possible homologues to other metal regulated proteins BB, Ybil, YneD,
TroN, IutA, FitA, FouA, Ferric Enterbactin Colicin B/D receptor and FoxA a “thblastn” alignment
was performed against the sequenced genome of the Klebsiella preumoniae isolate. Nine
possible homologues were identified by looking at the sequences with highest identities
respectively within the genome, and are disclosed at Figures 11-19. A partial nucleotide
sequence and predicted amino acid sequence of three of the possible homologues were identified
{¥neD, IroN, and FitA, Figures 13, 14, and 16, respectively).

Example 7
Hyper-Immunization of Holstein Steers and Preparation of Polyclonal Antibody

Two Holstein Steers at four months of age were vaccinated subcutaneously three times at
28 day intervals using the Klebsiellu preumoniae 1571 composition as described in Examples 5
and 6. The immunizing composition included polypeptides having molecular weights of 87 kDa,
82 kDa, 78 kDa, 72 kDs, 68 kDa, 35 kDa, and 33 kDa as determined by SDS-PAGE. The

proteins were emulsified into a single vaccine formulation. Briefly, 320 mg antigen (metal-
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regulated proteins and porins) was mixed into 355 ml of physiclogical saline. The antigen
solution was emudsified into 80 ml of EMULSIGEN to give a final dose of 1500 ug total protein
at a 22.5% EMULSIGEN concentration in a 2 ml injectable volume. Twenty eight days after the
third vaccination 2.0 liters of blood from each steer was pooled and allowed 1o clot at 4°C for 24
hours. The serum was separated from whole blood by centrifugation at 3000 x g for 30 minutes.
The serum; 800 ml was again centrifuged at 10,000 x g for 30 minutes to remove any
contaminating cell debris and then aliquoted into 25 mi volumes in sterile 50 mi conical tubes
(Fisher Scientific) and frozen at -80°C until use. Twenty five milliters of hyperimmunized
serum was purified using standard ammonium sulfate precipitation. Briefly, exogenous serum
proteing were removed first prior to antibody precipitation by adding 0.5 volumes of saturated
ammonium sulfate pH 7.2. The solution was stirred at 100 rpm for 24 hours at 4°C., The
solution was again centrifuged at 3000 x g for 30 minutes. The supernatant was collected and
precipitated again by adding enough saturated ammonium sulfate to bring the final concentration
0 55% saturation. The solution was stirred at 100 rpe for 24 hours at 4°C. The precipifate was
centrifuged at 3000 x g for 30 minuies. The final pellet from each sample was resuspended into
2 ml PBS pH 7.2. The precipitated antibodies were then dialyzed using a 50,000 molecular cut
off dialysis tubing (Pierce, Rockford IIL) for 30 hours against three 1 liter changes of phosphate-
buffered saline to remove ammonium sulfate, The first two liter changes were preserved with
0.02% sodium azide. The final 1 liter buffer change contained no preservative. The dialysate
was collected and centrifuged again to remove any remaining debris at 3000 x g for 30 minutes.
The antibody solution was stored at 4°C for less than 48 hours prior to use. Each sample was

plated on blood agar to verify sterility.

Example 8
Cross-Reactivity of the Klebsiella pneumoniae 1571 Metal-Regulated Proteins with other Strains

of Kiehsielln, E. coli and Enterobacier

The hyperimmunized serum produced against the purified metal-regulated proteins of
Klebsiella pneumoniae 1571 of Example 7 was examined for its cross-reactivity to bacteria from
different genera and species. Metal-regulated proteins from Example 3 (Kiebsiella 1564, 1569,
1571, LM21, Enterobacter 1568, and E. coli O157) were subjected to electrophoresis followed
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by western blot analysis with the Klebsiella prneumonige 1571 hyperimmunized serum as
described in Example 7. Metal-regulated proteins from E. coli 0157 were also prepared as
described in Example 3 and examined.

The purified metal-regulated proteins of E. coli 0157, Kiebsiella of bovine and human
origin, and Enterobacter were subjected to electrophoresis followed by western blot analysis with
the hyperimmunized serum of Klebsiella prneumoniae 1571 as described in Example 7. Briefly,
the cuter membrane preps were size-fractionated on an SDS-PAGE gel using a 4% stacking gel
and 7.5% resolving gel. A 10 pl sample was combined with 10 ul of SDS reducing sample
buffer (62.5 mM Tris-HCL ph 6.8, 20% glycerol, 2% SDS, 5% B-mercaptoethanol) and botled
for 4 minutes. Samples were electrophoresed at 18 mA constant current for § hour at 4°C using a
Protein 11 xi cell and model 1000/500 power supply (BioRad Laboratories, Richmond, CA).
Band migration was visualized using broad range kaleidoscope standards (BioRad) to aid in the
electro-blot transfer while biotinylated broad range standards were used as molecular weight
references on the blot (see Figures 5A and 58). For Western blot analysis, proteins were
electroblotted from the gel onto trans-blot nitrocellulose membranes (BioRad) overnight, at 4°C
at 50 V, in Towbin buffer (25 mM Tris, 192 mM glycine, 20% methanol} using a BioRad Trans-
Blot transfer cell and a Pac 300 power supply (BioRad). The nitrocellnlose membrane was
blocked using 3% fish gelatin (Sigma Chemical, St. Louis, Mo) in Tris buffered saline (TBS- 20
mM Tris, 500 mM NaCl, pH 7.5) for 1 hour while shaking at 37°C. The membrane was dried at
37°C and blocked in TBS containing 3% fish gelatin and this process was repeated. The
membrane was then probed with the polyclonal hyperimmunized sera collected from the
immunized steers as described in example 7. The primary antibody was diluted 1/ 50 in TBS
containing 1% fish gelatin, 0.05% Tween 20 and 0.2% sodium azide (Antibody Buffer). The
membrane was incubated with the primary antibody solution overnight on a shaker at room
temperature. The membrane was then washed two times in TBS containing 0.05% Tween 20
(TTBS) and transferred to antibody buffer containing a 1/10,000 dilution of Alksline
phosphatase-conjugated mouse anti-bovine IgG clone BG-18 (Sigma) and a 1/3000 dilution of
avidin conjugated to alkaline phosphatase (BioRad). The membrane was incubated at 37°C for 2
hours on a shaker, then washed in TTBS four times to remove unbound conjugate. The blot was

resolved in substrate solution containing alkaline phosphate color reagent A and B in Ix AP
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color development Buffer (BioRad) for 30 min. at 37°C on a shaker. The resulting Western
immunocblot was documented using a BioRad G8-800 Densitometer (see Figures 5A and 5B).
Western blot analysis revealed that the positive antisera prepared against the purified
metal-regulated proteins of example 5 reacted intensely with multiple metal-regulated proteins of
E. coli 0157 (lane 2) K. axyroca (lane 3), K preumoniae 1569 (lane 4) K preumoniae LMZ21
{lane 5), Klebsiella preumoniae 1571 (lane 6) and Enterobacter 1568 (lane 7). These results
show that the metal-regulated proteins of Kiebsiella preumoniae have a high degree of antigenic

homology to different strains of Klebsiella and different genera and species of bacteria.

Example 9

Sequence identity of metal-regulated proteins

To further substantiate the homology of various metal-regulated proteins of the Klebsiella
preumoniae 1571 to other Klebsiella, E. coli and Enterobacter isolates, the amino acid sequence
identity of multiple peptides (CirA, FeuA, FecA, FhuA, and JutA) was examined to determine
the percent homology. Isolates were also selected based on specific disease conditions, such as
mastitis in bovine species and septicemia, pneumonia, neonatal sepsis, liver abscesses, urinary
tract infections, cerebrospinal infections and ETEC diarrhea in humans. Protein sequences were
analyzed using the defauli settings of NCBI's protein BLAST (blastp). Matches with e-values
equal to zero and query coverage >95% were considered for the homology. Table 3 shows the
metal-regulated proteins that are shared between Klebsiella pneumoniae 1571 and other isolates
of Klebsiella, E.coli, and Enterobacter that induced different disease conditions in both
agricultural animals and humans. Not all isolates contain every iron regulated protein examined,
but as can be seen from Table 3 most metal-regulated proteins approach 99-100% identity across
the Klebsiella strains. In addition, most of the metal-regulated proteins found in the Klebsiella
preumoniae 1571 vaccine strain show significant identity of greater than 60% and up to 9%
compared to other isolates of E. coli and Enterobacter. Considering that individual metal-
regulated proteins are composed of more than 600 amino acids, and that the immune response
recognizes epitopes that range from 5-20 amino acids, it clearly demonstrates that these proteins
are excellent target antigens. Thus, a vaccine prepared using metal-regulated proteins would be

expecied to provide a broadly protective vaccine directed against multible gram negative
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pathogens responsible for a broad spectrum of disease conditions in both human and animal

populations.
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Example 10

Serial Passage of Klebsiella preumoniae 1571 in Mice to Enhance Virulence

To enhance virulence Klebsiella pneymonioe 1571 was serially passaged in the new host
species, mouse. Briefly, using the culture as described above of example | two mice were
subcutaneously injected with either 0.1 or 0.2 mi at 1.0 x 10° CFU/mi of the isolate. Twenty four
hours post inoculation mice were morbid but did not die. Mice were euthanized by cervical
dislocation and each liver was cultured using a flamed loop and plated onto Blood agar. Plates
were incubated at 37°C for 24 hours. A number of colonies from the 0.2 dose had grown on the
Blood agar plates indicating the isolates had gone systemic. These colonies were streaked for
isolation and again passed through mice using the same regiment. The final mouse passage
resulted in all mice dying at 24 hours post challenge, clearly demonstrating that the isolate
adapied to grow in the new host species by the enhancement of virulence with death as the
outcome parameter. The isolate was sub-cultured from the final liver isolation and expanded
into a frozen challenge seed. Briefly a single colony from the Blood plate was sub-cultured into
20 ml of TSB containing 32 gm TSB, 5 gm veast exiract, and 2,2-dipyridyl at 25 ug fliter. The
culture was allowed 1o stir at 200 rpm for 2 hours at which point was sub-cultured in the same
media that was pre-warmed to 37°C. After the 2 hour time period 10 mi of the culture was
transferred to 100 mi of pre-warmed TSB as described above except the concentration of 2,2-
dipyridyl was 25 ug/l. This culture was allowed to grow until they reached an OD 1.0 at 540 nm
at which point was centrifuged at 8000 rpm for 10 minutes and re-suspended into 90 m cold
TSB as described above; except it contained 20 % glvcerol. One mi aliquots of the bacterial

suspension was dispensed into 2 ml cryovials; labeled and stored at -80°C until use.
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Example 11

Preparation of the immunizing compositions derived from Klebsiella preumoniae 1571

The proteins made from Klebsiella preumoniae 1571 as described in Example § were
used to prepare a composition for administration to mice to determine the efficacy of the vaccine
against a live virulent homologous and heterologous challenge. Eighty female CF-1 mice
obtained from Harlan Breeding Laboratories (Indianapolis, IN) weighing 16-22 grams were
equally distributed into four groups (20 mice/group), two vaccinate groups and two placebo
groups. Mice were housed in polycarbonate mouse cages {Ancore Corporation, Bellmore, NY).
Four cages were used for each treatment group (5 muce/cage) to minimize the number of mice for
each cage. Groups were designaled as 1-4. Group 1 was designated as the Klebsiella Placebo,
group 2 was designated as the E. coli Placebe while groups 3 and 4 were both vaccinated with
the Klebsiella pneumoniae 1571 composition of Example 5. The vaccine composition contained

the proteins illustrated in Figure 4.

Example 12

Mouse vaccination

The stock vaccine was prepared by emulsifying the aqusous protein suspension (1000 pg
total protein/ml) into the commercial adjuvant, EMULSIGEN, (MVP Laboratories, Ralston,
Nebraska) to give and adjuvant concentration of 22.5% vol/vol. A mouse dose was adrinistered
to give a final dose of 100 ug total protein in a 0.1 ml injectable volume. A placebo was
prepared by replacing the antigen with physiological saline in the above formulation and
emulsifying the suspension into EMULSIGEN to give and adjuvant concentration of 22.5%.
Food and water were supplied ad libifum to all mice, Mice were vaccinated subcutaneously two

times at 21 day intervals with the placebo and/or the Klebsiella pneumoniae vaccine.
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Example 13

Preparation of Challenge organisms

The Kiebsiella pneumonice isolate 1571 as described in Example 10 was used for the
homologous challenge of groups 1 and 3 while mice in groups 2 and 4 were challenged with E.
coli CFT073 (heterologous challenge). Briefly, the challenge isolates from frozen stocks was
streaked onto blood agar plates and incubated at 37°C for 18 hours. A single colony from either
the Klebsiella plate or the E. coli plate was sub-cultured into one of two 50 ml bottles of Tryptic
Soy Broth (Difco) containing 25 pg/ml 2, 2” dipyridyl. The cultures were incubated at 37°C for
& hours while rotating at 200 rpm until an OD of 0.95-1.0 at 540 nm was reached at which point
was centrifuged at 10,000 x g for 10 minutes at 4°C to pellet the bacteria. The bactenal pellet
was washed twice by centrifugation in physiclogical saline at 4°C. The final pellet was
resuspended back to 100 mi in physiological salive and used for challenge. Just prior to
challenge, 1 ml of the above bacterial suspension was serially diluted ten-fold fo enumerate the

number of CFU/mouse dose.

Example 14
Challenge

Mice were challenged 28 days post second vaccination. Mice in groups 1 and 3 were
challenged intraperitoneally with 5.7 x 167 CFU of Klebsiella preumonige 1571 ina 0.1 mi
volume, while mice in groups 2 and 4 were challenged intraperitoneally with 1.3 x 10’ CFU of E.
coli CFT073 ina 0.1 ml volume. Mice were monitored daily for mortality for 10 days post-
challenge.

When comparing mortality in chalienged mice in groups 1 and 3 (homologous
challenge), vaccinated mice of group 3 showed a high degree of protection (30% livability) in
conirast to its placebo control showing only 25% survival. In comparison, mice vaccinated with
the Klebsiella 1571 composition and challenged with E. coli CFT073 (heterologous challenge)
showed a significant degree of protection at 60% livability in contrast to ifs placebo control

having only 30% livability at the dose of the vaccine given. It is expected that immunizing with
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a higher dose of antigen, e.g., 150 ug - 200 ug, there would be a higher degree of protection. The
resulis clearly demonstrate that the Klebsiella pneumoniae 1571 composition has the capability

of protecting against another genera of bacteria Figure 6,

Example 15

Construction of expression clones and purification of recombinant metal-regulated proteins

The amino acid sequences for the metal-regulated proteins FecA (from Klebsielia
preamoniae strain 1571) (SEQ 1D NO:41 where the fourth amino acid is N}, and CirA, FepA
and IutA (from E. coli strain CFT073) (Figures 36-38) were submitted to GeneArt (Life
Technologies, Carlsbad, CA) for assembly. The GeneOptimizer {Life Technologies) software
was used to reverse translate the protein sequences into DNA for optimized gene synthesis. The
sequences were cloned into the pQE30Xa expression vector ((Qiagen, Valencia, CA), which adds
an N-terminal 6x Histidine tag, and the vector was used fo transform the XL-1 blue E. coli strain.
Recombinant metal-regulated proteins were expressed and purified vsing standard methods.
Frozen bacterial stocks (100 ul) were used to inoculate 20 ml of Luria-Bertani Broth with 100
ug/ml Ampicillin for plasmid maintenance, and the culture was grown at 37°C in a shaking
incubator {250 rpm). After 16 hours the culture was diluted 1:50 into 1L of Luria-Bertani Broth
with 100 ug/ml Ampicillin, grown to an optical density (600 nm) of 0.6, and then induced with
ImM IPTG for 4 hours. Bacterial pellets were harvested by cenfrifugation at 4,000 x g for 20
minutes at 4°C, washed in phosphate buffered saline, and then resuspended in 20mM Tris buffer
with 100ug/ml lysozyme. The cells were then disrupied by sonication at 50% duty cycle and 5
output (Branson Sonifier, Danbury, CT) for 8 minutes on ice. The lysate was subjected to
centrifugation for 10 min at 40,000 x g at 4°C to remove insoluble material. The soluble
supernatants were processed by immobilized metal affinity chromatography (HisTrap FF Smi,
GE Healtheare) to purify the Histidine-tagged recombinant protein, and then anion exchange
chromatography to increase the purity and remove endotoxin. Protein conceniration was
estimated using the BCA method (Pierce) and protein purity was measured at greater than 70
percent by SDS-PAGE densitometry. Endotoxin was verified to be below 40 EU/mg proteins
using the Kinetic-Turbidimetric Test for Bacterial Endotoxins using Limulus amoebocyte Iysate.

These resulis are summarized in Table 4.
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Table 4. Results from purification of recombinant metal-regulated proteins.

Protein Protein Purity (%) Endotoxin | Final Buffer
concentration Level
(mg/mlL) {(EU/mg)
FecA 1.9 85% <10 50 mM Tris, 1 mM EDTA,
800mM Urea, 51 mM n-0G
CirA 16.7 70% 386 20 mM Tris, 300mM Urea,
(1.5% zwittergent
FepA 13.1 21% 3 50 mM Tris, 300mM Ures,
51 mM n-0G
TutA 2.1 88% 19 50 mM Tris, 300mM Urea,
51 mM n-0G

Example 16
Vaccine-mediated protection in a mouse sepsis model evaluating

multiple vaccine formulations

A mouse sepsis model was chosen to evaluate the following vaceine compositions;
Kiebsiella preumoniae bovine strain 1571, extracted metal-regulated proteins of Klebsiella
preumonice human strain LMZ21 (prepared as described in Example 3}, and a formulation
containing four recombinant metal-regulated proteins FecA, CirA, FepA and IutA (prepared as
described in Example 15). Eighty female CF-1 mice weighing 16-22 grams were purchased
from Charles River Laboratory (Wilmington, MA) and randomly divided into 6 groups (15 mice
per group except group 1, which contained 10 mice). Groups were designated as 1-6. Group I,
2, and 3 were designated as controls. Group 1 was the naive control (non-vaceinated/challenged),
Group 2 was the adjuvant control having 50% incomplete Freunds adjuvant, 10 pg CpG and 2.5
ug monophosphoryl lipid A (MPLA) (vaccinated/challenged), and Group 3 was the adjuvant
control having 50% incomplete Freunds adjuvant (vaccinated/challenged). Groups 4, 5, and 6
were vaccinated with their respective vaccine formulations that correlated to their appropriate
adjuvant control groups (Table 5). Mice were housed in polycarbonate mouse cages (Ancore
Corporation, Bellmore, NY). Three cages were used for each treatment group {5 mice/cage) 1o

minimize the number of mice for each cage. All mice were allowed to acclimate one week prior
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to the first vaccination. The individual vaccine formulations were evaluated for their ability to
protect against death in a mouse sepsis model using Klebsiella preumonia 1571 as the challenge

organism (Example 10).

Table 5. Experimenial Design.

Groups | Mice Vaeging A’gg“ Adjuvant Vaccm(i;; slume # Vaccines | Vaceing Route
i i0 Nafve None None NIA N/A N/A
50% IFATI0ug
2 15 Placebo-} Nong Cp(+2.5 ug {Ey 3 8C
MPLA
3 15 Placebo-2 Nong 50% IFA 103 3 sC
4 15 1571 Vaccine 100 ug 0% IFA 108 3 SC
5 {5 1748 Vaccine 100 ug PG IFA 100 3 SC
Recombinant 2y 50% IFA+10pg
6 15 | FecACirAFepA 1g CpG+2.5 pg 100 3 SC
and futA eac MPLA
Example 17

Vaceine Preparation and Vaccination

For vaccine preparation, 100 micrograms of the protein extracts derived from each of the
Klebsiella strains 1571 and LM21 or 20 micrograms of each recombinant protein in phosphate
buffered saline was formulated with their appropriate test adjuvant (see Table 5). Mice were
immunized three times subcutaneously in the subscapular girdle with 0.1 mi of the appropriate

vaccine at 14 day intervals. All mice were challenged 42 days post the second vaccination.

Example 18

Preparation of Challenge Organism

The Klebsielia pneumoniae 1571 bacterial challenge isolate was prepared from a frozen
stock described in Example 10. Briefly, the challenge isolate from the frozen stock was streaked
onto a blood agar plate and incubated at 37°C for 18 hours. A single colony was sub-cultured
into 100 mi of Tryptic Soy Broth (Difco) containing 25 pg/ml 2, 2° dipyridyl. The cultures were
incubated at 37°C for 6 hours while rotating at 200 rpm until an OD of 0.95-1.0 at 540 nm was
reached at which point was centrifuged at 10,000 x g for 10 minutes at 4°C to pellet the

bacteria. The bacterial pellet was washed once by centrifugation in physiological saline at
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4°C, The final pellet was resuspended back to 100 ml in physiclogical saline and used for
challenge. All mice were challenged intraperitoneally with 8.5 x 107 colony forming units of
Klebsiella pneumoniae 1571 ina 0.1 ml volume. Just prior to challenge, 1 ml of the above

bacterial suspension was seriatly diluted ten-fold o enumerate the number of CFU/mouse dose.

Example 19

Challenge resulis

Of the naive and placebo controls, eighty percent (80%) of the naive mice of Group 1
died following challenge compared to 73% death in mice of Group 2 and 80% death in mice of
Group-3 (Table 6). These results demonstrate that the adjuvant alone did not provide protection
against the challenge indicating there was no non-specific immunity induced by the adjuvant. By
comparison, only three mice died (80% survival) of Group 4 using the vaccine composition
derived from Klebsiella 1571 (homologous to the challenge) (Table 6, Figure 22}, In
comparison, only four mice died (74% survival) of Group 5 using the vaccine composition
derived from Klebsiella 1748 (heterologous to the challenge) (Table 6, Figure 22). These results
clearly demonstrate that the vaccine composition prepared from Klebsiella pneumonia 1571 can
provide protective immunity against a homologous and heterologous challenge or protection
against multiple strains of Klebsiella.

In comparison, the vaccine composition of the recombinant proteins that were initially
identified by MALDI and then cloned, expressed, and purified from E. coli including FecA,
CirA, FepA and IwtA also induced a significant degree of protection against the challenge. Fifly
three percent (53%) of the mice vaccinated with the recombinant proteins (tested at a single dose
of 20 ug of each protein) survived the challenge. It is expected that a higher concentration (¢.g., a
microgram dose) of the recombinant proteins would result in equivalent protection as compared
to the extracted protein groups. In addition, the amount of endotoxin in this composition was less
than 100 EU per dose. Taking this into consideration one could state that the LPS did not provide
protection based on the presence of somatic antigens, since the somatic antigens that may
contaminate the vaccine composition were derived from E. coli and not Klebsiella. Based on this
information and the heterologous nature of the challenge strain, one can conclude that the degree

of protection was due to the recombinant proteins in the vaccine composition.
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Table 6: Total Mortality and Pevcent Livability following Klebsielfa 1571 Challenge

Treatments Mortality - Days Post Challenge Totad Percent
Mortality Mortality (53
Groups 1-6 1 2 3 4 5 8 7 & 8 |10
1} Naive Control 414 1010810008100 8 80
PlecebotAdjuvanted | 5 | 5 ] L | O {00} 0|0 01}C0 1 73
3 Placebo-2 Adjuvanted 2 9 L g 0 0 g0 0 ) 12 20
4} 1571 Vaccine 2 i o g 0 it g1 Q H g 3 28
5} EM21 vaccine it 2 2000810630010 4 25
&) Recombinant Fech, & & i 0 i 8 0 g 4] h 7 47
Cira, FepA and lutd
{IRP4}
Example 20

The efficacy of metal-regulated proteins derived from Klebsiella preumonia 1571 against an

intramammary challenge in Holstein Heifers

Mastitis is the inflammation of the mammary gland and udder tissue, and is a major
endemic disease of dairy cattle. It usually occurs as an immune response 1o bacterial invasion of
the teat canal by variety of bacterial species such as Klebsiella. In this experimental study a
subunit vaccine including metal-regulated proteins derived from Klebsiella preumonia 1571 was
used to evaluate the efficacy against a live intermammary challenge in Holstein heifers. The
study parameters used for establishing vaceine efficacy between vaccinated and non-vaccinated
placebo controls of this experimental study were 1) quantitative clearance following
inframammary challenge, 2) somatic cell count, 3) serological response to vaccination, 4) quality

of milk, 5) rectal temperature and 6) udder inflammation post challenge.

Example 21

Vaccine Preparation

The vaccine composition made from Klebsiella pneumoniae 1571 as described in

Example § included polypeptides having molecular weights of 87 kDa, 82 kDa, 78 kDa, 72 kDa,
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68 kD, 35 kDa, and 33 kDa as determined by SDS-PAGE. The immunizing composition
derived from strain 1571 was used to prepare the experimental vaccine by emulsifying the
exiracted protein suspension (600 pg total protein per milliliter) into a commercial adjuvant
{EMULSIGEN, MVP Laboratories, Ralston Nebr.} using an IKA Process Pilot 2000/4 —- DR
(IK A, Cincinnati, Ohio) to give a final dose of 1,200 pg total protein in 2 2.0 ml injectable
volume with an adjuvant concentration of 22.5% volfvol. A placebo vaccine was prepared by

substituting physiclogical saline for the aqueous protein suspension in the above protocol.

Example 22

Experimental Design and Herd Vaccination

Eight Holstein heifers at approximately 60-days pre-calving were randomly allocated to
two groups consisting of 4 heifers per group. Heifers were identified by car tags and lefi to co-
mingle with approximately 500 cows on a large cormmercial dairy. Heifers in group-1 served as
placebo controls while heifers in group-2 were vaccinated with the Klebsiella preumonia 1571
vaccine composition of Example 21, Heifers were vaccinated subcutaneously in the upper right
shoulder two times at 21 day intervals with 2 mi of the placebo and/or the Klebsiella preumoniae
1571 vaccine. Heifers were fed twice daily a total mixed ration appropriate for their stage of
production. All heifers had as libitum access to water during the study.

Blood was taken at the time of first vaccination, the second vaccination, and again two
weeks post second vaccination, All blood was collected in sterile 13 x 75 millimeter (mm)
vacutainer collection tubes, brand SST No. 369783, (Becton Dickinson, Franklin Lakes, N.L).
After clotting, the blood tubes were centrifuged at 800 x g for 30 minutes and frozen at -80°C
until analysis. At approximately thirty days post-calving heifers were fransported {0 a separate

facility for intramammary challenge.

Example 23

Selection of Nalidixic acid resistance in Klebsiella pneumonia 1571

The Klebsiella pneumoniae 1571 isolate of Example | was made Nalidixic Acid resistant.

Inducing resistance to a known antibiotic in the challenge strain aids in differentiation of the
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challenge strain from other Kiebsiella strains that may contaminate challenged samples due to its
prevalence in the environment. To induce antibiotic resistance the Klebsiella 1571 strain was
grown in increasing concentrations of Nalidixic Acid. Briefly, two 1.0 liter stock solutions of
TSB containing 35 gm Tryptic Soy, Sgm yeast extract, and 2,2-dipyridyl at 25 pg was prepared
and autoclaved for 30 minutes and then cooled to 4°C. Nalidixic acid was added to one of the 1
liter TSB stock solutions by membrane filiration through a 0.2 u filter to a final concentration of
150 pg /ml. The TSB now containing 150 pg Nalidixic acid was diluted in 20 m! stocks (50 ml
Conical tubes) solution using the TSB without Nalidixic as the diluent to obtain the following
concentrations; { (no Nalidixic acid}, 25 pg/ml, 50 pg/ml, 75 ug/ml, 100 pg/ml, and non-diluted
150 ug.

The Kiebsiella 1571 isolate of Example | was removed from frozen storage, plated onto
Blood agar, and incubated at 37°C for 24 hours at which point a single colony was picked and
aseptically incculated inio one of the non-Nalidixic Acid TSB tubes and incubated for 3 hours at
37°C while stirring at 200 rpm. At three hours post inoculation 2 ml of the culture was
transferred into 20 ml of the 25 ug Nalidixic Acid tube that was pre-warmed to 37°C. The
culture was allowed to grow at 37°C while rapidly stirring at 200 rpm for 3 hours. This process
was repeated two times and then transferred to the next concentration of Nalidixic Acid. If
growth did not occur, the process was repeated in the previous concentration and then transferred
to the next increasing concentration. This was done for each concentration until growth was
established at the highest concentration of Nalidixic Acid. Once growth was established at the
150 pg/ml level, the culture was then plated onto EMB containing 150 pg/mi Nalidixic Acid. A
single colony of the isolate was selected and transferred into 100 ml TSB containing 150 pg/ml
Nalidixic acid (media as described above). The culture was allowed to grow at 37°C for 4.5
hours or until an OD of 1.0 at 540 nm was achieved. The culture was then centrifuged at 8000
rpm for 20 minutes at which point the supernatant was discarded and the pellet re-suspended in
80 m of TSB media as described above but containing 20% glycerol and 25 ug /ml 2,2-
dipyridyl. One mi aliquots of the bacterial suspension was dispensed into 2 ml cryovials and

stored at -90°C until use.
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Example 24

Intramammary Challenge with Klebsiella pneumonia 1371

Prior to challenge milk samples from all four quarters of each heifer were collected and
bactericlogical analysis was conducted to determine that no quarter was infected. On the day of
challenge the Nalidixic acid resistant strain of Klebsiella 1571 from the frozen stock of Example
23 was diluted in Phosphate Buffered Saline (PBS) pH 7.2 to a previously determined level to
yield a challenge dose of 100 Colony Forming Units (CFU) in a 1.0 ml volume. Using a teat
cannula all heifers were challenged in one quarter through the teat canal of each udder. The
challenged dose was then squeezed up the teat and into the udder by hand. Heifers were
monitored at each milking for their rectal temperature, quality of milk, and differences in
inflammation of the udder. In addition, a milk sample was collected from the challenged quarter
of each heifer for the determination of somatic cell count and enumeration of the challenge
organism. Heifers were milked twice daily for 7 days post challenge at which point the study was

terminated.

Results

Serological Response to Vaccination

The serological response to vaccination was monitored by ELISA. Each serum sample
was run individually using the Klebsiella Pneumonia 1571 antigen as the capture molecule.
Briefly, 96-well plates were coated with a 1:1,000 dilution of turkey sera from turkeys that had
been hyperimmunized with the Klebsiella Preumonia 1571 antigen. After coating, the plates
were blocked with PVA/PBS and antigen from Klebsiella 1571 antigen was added to the wells
and incubated. The antigen was then removed, plates washed, and a 1:1,000 dilution of the
bovine sera to be evaluated was added to the plate in duplicate. Sera were removed and the plate
was washed. Sheep anti-bovine conjugate was added to the plate at a 1:20,000 dilution and
incubated. Conjugate was removed from the plate. The plate was washed, and substrate was
added for color development which was subsequently read with a spectrophotomster. For 8/F

calculations, average signal from the negative control sera was subtracted from all OD values.
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For samples being evaluated, the average OD of the sample was divided by the average positive
control sample OD.

Figure 23 shows the serological response of heifers vaccinated with the Klebsiella
Preumaonia 1571 vaccine composition. All heifers vaccinated showed an antibody response 21
days after the first vaccination in contrast to the placebo controls. This was followed by an
anamnestic response with an increase in antibody 21 day after the second vaccination.

Mastitis caused by Klebsiella preumonia in the dairy industry is often responsible for a
loss in milk quality often seen as abnormal milk. For example, cows with mastitis can ofien have
milk that includes flakes, small slugs, large clots, or has a stringy watery consistency. These
characteristics are indicative of clinical mastitis. Figure 24 shows the milk score for each heifer
over a period of 16 days. A score of 1 is normal, 2 refers to the presence of flakes, 3 refers to the
presence of small slugs, 4 refers to the presence of large slugs or clots, and 5 refers to a
consistency that is siringy or watery. The results illustrate that vaccinating with the Klebsiella
prewmonia 1571 composition improved the overall quantitative measure of milk quality.
Vaccination statistically improved milk quality over the non-vaceinated controls (p=0.042). This
is a direct correlation to a decrease in Mastitis, as all four non-vaccinated controls developed
clinical mastitis following challenge while only two of the vaccinated heifers met the definition
of mastitis. The presence of mastitis was significantly reduced in vaccinates versus controls
{p=0.046).

At 30-days post calving heifers were intramammarily challenged through the teat canal
with a 100 CFU of Kiebsiella pneumonia 1571. Heifers were milked twice daily for 7
consecutive days post challenge. Milk samples from the challenged quarters was collected and
frozen at -90°C until enumerated. Figure 25 shows the difference in the prevalence of the
challenge organism in milk samples between vaccinates and the placebo confrols for 2 samplings
pre-challenge, and 14 consecutive samplings post challenge (i.e., two samplings per day for 7
consecutive days). There was a significant decrease in the amount of Kiebsiella being shed in
the milk derived from the infected udder of vaccinated heifers compared to controls. Averaged
across the study period, the vaccinated heifers had only 15 positive Klebsiella milk samples out
of 56 sampled or 27 %. In contrast; the number of positive Klebsiella milk samples in the

placebo controls was 64 % or 36 positive out of 56 sampled.
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Example 25

Evaluation of a Vaccine Composition Derived from Klebsiella preumoniae in a Chronically

Infected Dairy Herd

A commercial dairy herd having a history of chronic mastitis atiributable to Klebsiella
preumonia was chosen for the evaluation of a vaccine composition as described in Example 5.
The criterion for establishing vaccine efficacy of this experimental study was based on an
estimated prevented fraction with 2 95% confidence interval of the following: 1) reduction of the
prevalence and incidence of clinical mastitis caused by Klebsiella pneumoniae among Klebsiella
vaceinates compared to placebo controls, 2) reduction of the prevalence and incidence of
coliform mastitis among Klebsiella vaccinates compared o placebo controls, 3) improvement
(i.e., a decrease) in somatic cell count among Klebsiella vaccinates compared to placebo controls
and 4) improvement (i.e., an increase) in milk production among Klebsiella vaccinates and

placebo controls.

Example 26

Vaccine Preparation

The vaceine composition made from Klebsiella prewmoniae 1571 as described in
FExample 5 included polypeptides having molecular weights of 87 kDa, 82 kDa, 78 kDa, 72 kD,
68 kDa, 35 kDa, and 33 kDa as determined by SDS-PAGE. The immunizing composition
derived from strain 1571 was used to prepare the experimental vaccine by emulsifying the
extracted protein suspension {600 pg total protein per milliliter) into a commercial adjuvant
(EMULSIGEN, MVP Laboratories, Ralston Nebr.) using an IKA Process Pilot 2000/4 - DR
{IK A, Cincinnati, Ohio) to give a final dose of 1,200 ug total protein in a 2.0 ml injectable
volume with an adjuvant concentration of 22.5% volfvol. A placebo vaccine was prepared by

substituting physiological saline for the aqueous protein suspension in the above protocol.
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Example 27
Experimental Design and Herd Vaccination

The study was conducted as a confirmatory, randomized, blinded, and placebo-controlled
efficacy study of controlling Klebsiella preumoniae. A total of 569 head of Holstein or jersey
cows and heifers were enrolled in the study. The cows were housed in a single free-stall barn
except when they were in their dry period. During the dry period, they were movedto a
designated dry-cow barn. Heifers were in a hetfer bam until close to calving at which point they
were moved o the free-stall barn to join the milking herd. Cows were randomized to receive
either the Klebsiella pneumoniae 1571 vaccine, or the placebo vaccine containing adjuvant only.
Cows and heifers were injected subcutaneously with 2 mi on the day of enrollment, with a
second dose adminisiered 3 weeks later. With the exception of cows close to dry-off and cows
close to calving, a whole-herd vaccination regimen was done to initiate the study followed by a2
booster dose 3 weeks later. A dry-cow protocol was set up to vaccinate all cows and heifers with
2 doses of vaccing, 3-4 weeks apart, once they achieved 217 days carrying calf (DCC). The

experimental design is sumumarized in Table 7.

Table 7. Summary of Animals in the Study

Month of Study

Initiation i 2 3 4 5 [ 7 8 g 10 Total
A | Controls 165 47 15 7 4 5 6 10 5 10 7 281
B | Vaccinates 160 51 18 7 4 £ 6 9 6 18 9 288
C | Controls 4 { -3 3 -4 -8 ~10 -5 -6 -4 47
D | Vaccinates 2 -} = - <3 <11 -8 2 -5 =} -48
E | Controls 165 208 223 | 227 | 228 1 228 227 | 227 227 231 234
F 1 Vaccinates 160 200 226 227 | 222 227 222 223 1 227 232 240

Table shows the number of animals enrolied and removed each month by ireatment group. Rows A & B
show original cows vaccinated and additional cows/heifers enrolled each month. Rows C & D shows the
number of cows that died or were culled each month. Rows E & F show the total number of animals in the
study each month {i.e., number of animals from the previous month minus animals removed each month,
plus new animals enrolied each month).

Results
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The serological response of each cow to vaccination was measured by an enzyme-linked
immunosorbent assay (ELISA). Twenty cows from each group were randomly selected io assess
the serological response following vaccination to the Kiebsiella preumonia 1571 composition
compared to the placebo controls. Cows were bled and their serum harvested at the time of first
vaccination, time of second vaccination, and two weeks after their second vaccination. Sera was
frozen and stored until analysis by an enzyme-linked immunosorbent assay (ELISA).

Ninety-six (96) well polystyrene plates were coated with Klebsiella preumoniae 1571
polypeptides as the target antigens. The polypeptides had molecular weights of 87 kDa, 82 kDa,
78 kDa, 72 kDa, 68 kDa, 35 kDa, and 33 kDa as determined by SDS-PAGE. Each serum sample
was diluted 4-fold from 1:400 to 1:409,600 and tested in duplicate. Each test plate contained two
wells of a target dilution (1:400) of the known positive conirol sera (hyper-immunized sera of
Example 7). These positive control wells served purposes of 1) internal plate control to ensure a
valid test and 2} a means of caleulating sera titers. Titer was defined as the point at whicha
sample’s dilution curve intercepted 50% of the mean OD value of the positive control wells on
the plate. Computer software was used to determine the intercept point to generate and report a
calculated titer value for each serum sample tested on the plate.

Antibodies against the vaccine polypeptides was detectable in the Kiebsiella preumoniae
1571 vaccinates following one dose of vaceine and significantly increased after the second dose
(Figure 26). It is interesting to note that this dairy was chronically infected with Klebsiella
prieumoniae resulting in continuous mortality through natural exposure. However this exposure
did not induce immunity to metal-regulated proteins even though these proteins would have been
expressed on the surface of the bacteria under natural field conditions and during infection. It
was not until the cows were vaccinated with a vaccine composition of metal-regulated proteins
prepared that an adaptive immune response was generated these target immunogens. This can
be seen in Figure 26, where the non-vaccinated animals show no antibody response even though
they are continuously exposed to Klebsiella pneumonia, in contrast to those that have been
vaccinated or primed to recognize the target immunogens in the vaceine composition,

The sera from Example 25 were analyzed by Western Blot to determine what proteins
from the vaccine formulation were recognized. Western analysis was done using the WES

Capillary Electrophoresis system (Protein Simple, San Jose, CA). Sera from cows vaceinated
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with the purified polypeptides reacted with the metal regulated proteins in the vaccine
composition, whereas sera from cows vaccinated with placebo did not. In addition, cows
vaccinated with the purified polypeptides reacted with the recombinant protein FecA, but the
sera from placebo vaccinated cows did not (Figure 27). These data confirm that the vaccine
contained the metal-regulated protein FecA. Also, these data confirm that natural infections with
Klebsiella preumoniae fail 1o induce a strong immune response to these proteins.

Cows from Example 27 were milked three times per day and monitored for clinical signs
of mastitis such as swollen udders, milk color change, flaky or clumpy milk, etc. In addition, a
daily list of cows with a drop in milk production from normal levels was provided to the
herdsmen by the farm manager as an exira alert to check for mastitis. 1f a cow was suspected of
having mastitis, iwo duplicate, but independent milk samples were aseptically collected
according 1o the recommended practices of the National Mastitis Council in case the first sample
was contaminated (isolation of »2 organisms) the second sample can be {ested.

Milk samples were submitied to the Veterinary Diagnostic Laboratory to determine the
causative agent for the mastitis event. Aerobic culture was completed by plating 10 pil on blood
and MacConkey agar plates to determine presence and identification of mastitis pathogens
including Klebsiella spp., and other coliforms including E. coli spp, Enterobacier spp.,
Citrobacter spp., and Serratia spp. Bacterial identification procedures were performed by the
state diagnostic laboratory with confirmation of bacterial identification by MALDI-TOF for all
isolates. Mastitis events occurring 2 or more weeks after the second vaccination were considered
eligible events for the study.

There were 53 cases of clinical mastitis that were confirmed to be due to coliforms and
20 cases of Klebsiella mastitis in the cows at 1-90 days in milk for this study. This incidence
was sufficient o judge vaccine efficacy.

There were 46 cows that had coliform mastitis during their first 90 days in milk. The
coliforms identified by culture of clinically-affected cows include E. coli, Klebsiella,
Enterobacter, Servaiic and Citrobacter. Thirty (30) of these cows were in the placebo group
(out of 225), and 16 cows were in the Klebsiella Preumoniae 1571 vaccine group (out of 225).
The 47% reduction in the prevalence of coliform mastitis in the vaccinated cows was statistically

significant (p=0.0305) (Figure 28).
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There were 53 separate cases of coliform mastitis from cows 1-90 days in milk. Thirty-
six {36} of these incidents were from cows in the placebo group, and 17 were from cows in the
Kiebsiella Preumoniae 1571 vaccine group. The 55% reduction in the incidence of clinical
mastitis in vaccinated cows was highly statistically significant (p=0.0057) (Figure 29).

With proper vaccine protection, the expectation of a dairy farm would be to see a high
proportion of cows without coliform mastitis. Figure 30 shows the proportion of cows without
coliform mastitis over time and demonstrates cows in the Placebo group dropped at a faster rate
{i.e., more cows with coliform mastitis) than the cows in the Klebsieila Preumoniae 1571
vaccine group (p=0.02278).

The most common organism causing the coliform mastitis was Klebsiella, followed by E.
coli. 1t was surprising to see this much coliform mastitis in a herd where cows were being
vaccinated 4 times per lactation with a commercially available J5 vaccine. Bedding the catile on
dried manure solids may partly explain the high incidence. However, even in the face of the
high challenge, cows vaccinated with the Klebsiella preumonioe 1571 vaccine had significant
protection versus cows vaccinated with placebo (Figures 28 and 29).

Another major problem with mastitis in the dairy industry are recurrent infections. While
the actual costs of a single mastitis episode vary with cattle and milk prices, the economic losses
from treatment costs, replacement costs and decreased saleable milk can be devastating. One
study conducted in 1991 put the cost of one mastitis episede at $107/cow (Hoblet et al,, 1991, 1.
Am Vet Med. Assoc., 199:190-196). These costs are of course amplified when there are
recurrent infections in a single cow. In this study, recurrent infections cccurred more often in the
placebo group than in the Kiebsiella preumoniae 1371 vaccine group which can be seen in Table
8. Note how 9 cows in the placebo group had recurrent mastitis events with 5 cows having 3 or
4 yecurrent infections, In comparison, only 4 cows in the vaccinated group had a single

recurrence of mastitis during the monitoring period.
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Table 8§ Number of cows with coliform mastitis during the first 90 Days In Milk that
repeated with subsequent cases of coliform mastitis during the remainder of their

lactation.
Number of cows with recurrent coliform mastitis
Total
coliform 1 recurrence | 2 recurrences | 3 recurrences | 4 recurrences
mastitis
COWS
Placebo 30 2 2 4 1
Kleb. 16 4 { { 0
Vacc.

Klebsiella mastitis was the largest coliform problem in this herd. There were 18 cows
that had Klebsiella mastitis during their first 20 days in milk. Fourteen (14} of these cows were
in the placebo group (out of 225), and 4 cows were in the Klebsiella Preumoniae 1571 vaccine
group (out of 225) (Figure 31). The 71% reduction in the prevalence of Klebsiclla mastitis in
the vaccinated group was highly statistically significant (p=0.0171;). As mentioned previously,
the experience of the ISU Dairy is that 60-80% of cows with Klebsiella mastitis leave the herd
within that lactation. With only 4 cows diagnosed with clinical Klebsiella mastitis in the
Kiebsiella Preumoniae 1571 vaccine group versus 14 cows in the placebo group, a predicted 6-8
more cows will be culled or die prior to the end of their lactation in the placebo group than the
vaccinated group. Vaccination with the Klebsiella Preumoniae 1571 vaccine reduces costs of
mastitis episodes, including reducing culling.

With proper vaccine protection, the expectation of a dairy farm would be to see a high
proportion of cows without Klebsiella mastitis. Figure 33 shows the proportion of cows without
Klebsiella mastitis over time and demonstrates cows in the Placebo group dropped at 5 faster rate
(i.e., more cows with Klebsiella mastitis) than the cows in the Klebsiella Preumoniage 1571
vaccing group (p=0.0215).

There were 20 separate cases of Klebsiella mastitis from cows 1-90 days in milk. Sixteen
{16} of these incidents were from cows in the placebo group, where Klebsiella mastitis recurred
in 2 cows duxing this short observation period. Only 4 cases of Klebsiella mastitis were

observed in cows from the Klebsiella Preumoniae 1571 vaccine vaccinated group and none of

84

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2017/011340 PCT/US2016/041614

these animals had a recurrence during the observation period (Figure 32). The 75% reduction of
in the incidence of Klebsiella mastitis in the vaccinated cows was highly statistically significant
{p=0.0036).

The cows were milked three times a day throughout the study and the pounds of milk
produced was electronically recorded via software at the dairy, The cows were tested on
approximately a monthly basis by the Dairy Herd Improvement Association (DHIA) and the
somatic cell count in the milk for each cow was determined and recorded in Dairy Comp
software,

The amount of milk produced by a cow can be a useful indicator of overall health. Itis
well known in the dairy industry that clinical mastitis reduces milk production in affected cows
(Grohn, et. al., 2004, J. Dairy Sci., §7:3358-3374; Pinzon-Sanchez et al,, 2011, J. Dairy Sei,,
94:1873-1892). In the present study, the Klebsiella Preumonize 1571 vaccinated cows averaged
2.0 pounds more milk per day than the placebo cows during the first 90 DIM. Over the 90 day
period this amounts to a predicted 180 pounds of extra milk per cow, during a time when cows
are expected to be in peak lactation. Typically, in the dairy industry each pound of milk increase
at the time of peak milk yields an additional 200-250 pounds of mulk in a typical 305 day
lactation, Therefore, with a 2 pound increase in vaccinated cows at peak milk, this is predicted
to yield an additional 408-500 pounds of milk in a typical 305 day lactation. A graph of'the
average pounds of milk produced per cow in this study up to 90 DIM is shown in Figure 34,

The statistically significant increase in mulk production by the Klebsiella Prneumoniae
1571 vaccinated cows (P=0.0000) is difficult to explain based solely on the differences in
clinical mastitis between the two groups. A more detailed analysis of milk production
differences by month (Figure 35) shows the greatest differences in the summer months.
Interestingly, summer conditions provide ideal conditions for coliforms to survive in manure and
are associated with increased coliform infections.

Somatic cell counts (SCC) are routinely used to monitor milk quality and typically
increase during clinical mastitis. In addition to clinical mastitis that was analyzed in this study,
SCC is also a good indicator of sub-clinical mastitis. As mentioned in the milk results, it is
surprising to see such a large increase in milk production from clinical mastitis alone. Therefore,
SCC was used as an independent indicator of mammary health in the study animals. In this

study, somatic cell counts were reduced in the Klebsiella pneumoniae 1571 vaccinated cows
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compared to placebo cows. The data can be analyzed categorically, and numerically.
Categorically, the dairy industry sses a threshold of 200,000 cells/m! as an indication of
mastitis, even if sub-clinical. Milk from cows vaccinated with placebo were above 200,000
SCC/ml 25.4% of the time, while milk from cows vaccinated with the Klebsiella preumoniae
1571 vaceine were above this level only 11.7% of the time. The 54% reduction in the
prevalence of clinically-significant SCC in Klebsiella pneumoniae 1571 vaccine group was
highly statistically significant (P=0.0000). Quantitaiive comparison of SCC between groups
shows an overall reduction of SCC in vaccinates of 42% which was also highly significant
{(P=0.0000; Appendix C). The reduction in SCC among vaccinated cows is consistent with the
decreased clinical mastitis and provides insight to explain the increased milk production which

may be attributable to not only clinical coliform mastitis, but also sub-clinical coliform mastitis.

The complete disclosure of all patents, patent applications, and publications, and
electronically available material (including, for instance, nuclectide sequence submissions in,
¢.g., GenBank and RefSeq, and amino acid sequence submissions in, ¢.g., SwissProt, PIR, PRF,
PDB, and translations from annetated coding regions in GenBank and RefSeq) cited herein are
incorporated by reference in their entirety. Supplementary materials referenced in publications
{such as supplementary tables, supplementary figures, supplementary materials and methods,
and/or supplementary experimental data) are likewise incorporated by reference in their entirety.
In the event that any inconsistency exists between the disclosure of the present application and
the disclosure(s) of any document incorporated herein by reference, the disclosure of the present
application shall govern. The foregoing detailed description and examples have been given for
clarity of understanding only. No unnecessary Himitations are to be understood therefrom. The
invention is not limited to the exact details shown and described, for variations obvious to one
skilled in the art will be included within the invention defined by the claims.

Unless otherwise indicated, all numbers expressing quantities of components, molecular
weights, and so forth used in the specification and claims are to be understood as being modified
in all instances by the term "about." Accordingly, unless otherwise indicated to the contrary, the
numerical parameters set forth in the specification and claims are approximations that may vary

depending upon the desired properties sought to be obtained by the present invention. At the
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very least, and not as an attempt to limit the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques.

Notwithstanding that the numerical ranges and parameters seiting forth the broad scope
of the invention are approximations, the numerical values set forth in the specific examples are
reported as precisely as possible. All numerical values, however, inherently contain a range
necessarily resulting from the standard deviation found in their respective testing measurements.

All headings are for the convenience of the reader and should not be used to limit the

meaning of the text that follows the heading, unless so specified.
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What is claimed is:

I. A composition ¢omprising:

at least two isolated proteins having molecular weights of 82 kDa, 78 kDDa, 72 kDa, or 68
kDva, wherein molecular weight is determined by electrophoresis on a sodium dodecyl sulfate-
polyacrylamide gel, wherein the proteins are isolatable from a Klebsiella preumoniae when
incubated in media comprising an iron chelator and not isolatable when grown in the media
without the iron chelator, and wherein the composition protects an animal against infection with
K. preumoniae; and

a pharmaceutically acceptable carrier.

2. The composition of claim 1 further comprising one or fwo proteins having molecular
weights of 35 kDa and 33 kDa, wherein molecular weight is determined by electrophoresis on g

sodium dodecyl sulfate-polyacrylamide gel.

3. The composition of claim 1 wherein the animal is selected from a mouse, a bovine, such

as a datry cow, and a human,

4, The composition of claim | wherein at least one of the proteins comprises an amino acid
sequence that is structurally similar to, or has 100% identity with, SEQ ID NO:41, SEQ ID
NO:42, SEQ ID NO:43, or SEQ ID NO:44.

5. The composition of claim 1 further comprising a protein comprising an amine acid
sequence that is structurally similar to, or has 100% identity with, SEQ ID NG45, SEQ ID
NO:46, SEQ ID NG4S, SEQ ID NO:5T, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:S8, SEQ
ID NO:61, or SEQ ID NG:64.

6. The composition of claim 1 wherein the composition further comprises an 87 kDa protein

isolatable from a K. pneumoniae when incubated in media comprising an iron chelator.

7. A composition comprising:
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at least two isolated proteins that are structurally similar to, or have 100% identity with, a
protein selected from SEQ ID NO:41, 8EQ 1D N(:42, SEQ ID NO:43, and SEQ ID NO:44; and

a pharmaceutically acceptable carrier.

8. The composition of claim 7 further comprising a protein comprising an amine acid
sequence that is structurally similar to, or has 100% identity with, SEQ 1D NG:45, SEQ ID
NO:46, SEQ ID NO:49, SEQ ID NO:51, SEQ 1D NO:52, SEQ 1D NO:53, SEQ 1D NO:38, SEQ
I NO:6L, or SEQ 1D NG:64.

9. A composition comprising:
at least two proteins that are structurally similar to, or have 100% identity with, a protein
selected from SEQ ID NO:41, SEQ ID NO:38, SEQ ID NG:61, and SEQ ID NO:64; and

a pharmaceutically acceptable carrier,

10.  The composition of claim 9 further comprising a protein comprising an amine acid
sequence that is structurally similar to, or has 100% identity with, SEQ ID NO:435, SEQ ID
NO:46, SEQ ID NO:49, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:58, SEQ
1D NG:61, or SEQ 1D NO:64.

11, The composition of any of claims 1-10 further comprising an adjuvant.

12, A method comprising:
administering to a subject an amount of the composition of any one of claims 1 to 11
effective to induce the subject to produce antibody that specifically binds to at least one profein

of the composition.

13. A method for treating an infection in a subject, the method comprising:
administering an effective amount of the composition of any one of claims I to 11 toa
subject having or at risk of having an infection cansed by a gram negative microbe,
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14, A method for treating 2 symptom in a subject, the method compnsing:
administering an effective amount of the composition of any one of claims 1 to 11 to 2

subject having or at risk of having an infection caused by a gram negative microbe.
15. A method for decreasing colonization in a subject, the method comprising:
administering an effective amount of the composition of any one of claims 1 to {1 toa
subject colonized by a gram negative microbe.
16  The method of any one of claims 12 to 15 wherein the gram negative microbe is selected
from Klebsiella spp.. E. coli, Enterobacter spp., Serratia spp., Proteus spp., Citrobacter spp., ot
a combination thereof.
17. A method for treating a condition in a subject, the method comprising:
administering an effective amount of the composition of any one of claims I to Il toa

subject in need thereof.

18.  The method of claim 17 wherein the subject has or at risk of having an infection caused

by a Klebsiella spp.

19, The method of claim 17 wherein the condition is caused by Klebsiella spp., E. coli,

Enterobacter spp., Sevratia spp., Proteus spp., Citrobacier spp., or a combination thereof.

20.  The method of claim 17 wherein the condition comprises mastitis.

21, The method of claim 17 wherein the condition comprises high somatic cell counis ina

subject’s mitk.

22, The method of claim 17 wherein the condition comprises low milk production.

23. A method for treating an infection in a subject, the method comprising:
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administering an effective amount of a composition to a subject having or at risk of
having an infection caused by a gram negative microbe, wherein the composition comprises

antibody that specifically binds to a protein of the composition of any one of claims 1 to 11.

24. A method for treating a symptom in a subject comprising:
administering an effective amount of a composition to a subject having or at risk of
having an infection caused by a gram negative microbe, wherein the composition comprises

antibody that specifically binds to a protein of the composition of of any one of claims 1 to 11.

25. A method for decreasing colonization in a subject, the method comprising:
administering an cffective amount of a composition to a subject colonized by a
gram negative microbe , wherein the composition comprises antibody that specifically bindsto a

protein of the composition of any one of claims 1 to 11,

26  The method of any one of claims 23 to 25 wherein the gram negative microbe is selected
from K. preumoniae, K. oxytoca, E. coli, Enterobacter spp., Serratia spp., Proteus spp.,

Ciirobacter spp., or a combination thereof.

27. A method for treating a condition in a subject, the method comprising:
administering an effective amount of a composition to a subject in need thereof, wherein
the composition comprises antibody that specifically binds to a protein of the composition of of

any one of claims 1 to 1L

28, The method of claim 27 wherein the subject has or at risk of having an infection caused

by a Klebsiella spp.

29.  The method of claim 27 wherein the condition is caused by K. preumoniae, K. oxyloca,
E. coli, Enterobacter spp., Serratia spp., Proteus spp., Ciirobacter spp., ot a combination

thereof.
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30.  The method of claim 27 wherein the condition comprises mastitis.

31, The method of claim 27 wherein the condition comprises high somatic cell counts ina

subject’s milk.

32, The method of claim 27 wherein the condition comprises low milk production,

33.  The method of any one of claims 12 to 32 wherein the subject is a mammal.

34,  The method of claim 33 wherein the mammal is a human or a bovine,

35.  The method of any one of claims 12 o 32 wherein the Klebsielln spp. is X preumonia or

K. oxytoca.

36.  The method of any one of claims 12 to 32 wherein at least 700 micrograms (pg) and no

greater than 1,200 pg of protein is administered.

37. A kit for detecting antibody that specifically binds a protein, comprising in separate
containers:
an isolated protein of the composition of any one of claims 1 to 11; and

a reagent that detects an antibody that specifically binds the protein.

38. A kit for detecting a protein, comprising in separate containers:
an antibody that specifically binds an isolated protein of the compesition of any one of
claims } to 11; and

a second reagent that specifically binds the protein.

39, A composition comprising:
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isolated antibody that specifically binds to a protein of the composition of any one of

claims T to 11,

40. A composition comprising:

an isolated whole cell that comprises a protein of the composition of any one of claims 1

41. A composition comprising:

isolated antibody that specifically binds to a whole cell of claim 40.

42. A method for making a composition, comprising:
isolating from a Klebsiella preumoniae the composition of claim 1; and
supplementing the composition with at least one recombinant protein expressed by a
second cell.

43.  The method of claim 42 wherein the second cell is £ cofi,

44,  The method of claim 42 wherein the at least one recombinant protein is selected from a
protein comprising an amino acid sequence that is structurally similar to, or has 100% identity
with, SEQ ID NO:45, SEQ 1D NO:46, SEQ ID NO:45, SEQ 1D NO:S1, SEQ ID NG:52, SEQ ID
NO:53, SEQ ID NO:58, SEQ ID NO:61, or SEQ ID NO:64.
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Klebsiella pneumoniae 1571 FecA (Ferric Citrate Receptor) Gene Sedquence.
SEQ ID NO:1

ATGACGCCGTTACGCGTTTTTCGTAAAACAACT CCTTTGGTTAACGCCATTCGCCTGAGCCTGCTGCCGCTGGCC
GGTCTCTCGTTTTCCGCTTTTGCTGCACAGGTTGATATCGCACCGGGATCGCTCGACAAAGCGCTCAATCAGTAT
GCCGCACACAGCGGAATTACCCTCTCGGTTGACGCCAGCCTGACGCGCGGCAAGCAGAGCAACGGCCTGCACGGA
GATTACGACGTCGAGAGCGGCCTGCAACAGCTGCTGCGACGGCAGCGGACTGCAGGTAAAACCGCTGGGAAATAAC
AGCTGGACGCTGGAGCCCGCGCCCGCGCCAAAAGAAGATGCCCTGACCGTGGTCGGCGACTGGCTGGGCGATGCG
CGTGAAAACGACGTATTTGAACATGCTGGCGCGCGTGACGTGATCCGCCGTGAGGATTTCGCCAAAACCGGCGCA
ACCACCATGCGTGAGGTGCTTAACCGCATCCCTGGCGTCAGCGCGCCGGAAAACAACGGCACCGGCAGCCACGAC
CTGGCGATGAACTTTGGCATCCGGGGCCTGAACCCACGCCTCGCCAGCCGCTCGACCGTCCTGATGGACGGCATC
CCCGTCCCCTTTGCCCCTTACGGTCAGCCGCAGCTTTCACTGGCTCCCGTTTCGCTCGGCAACATGGATGCCATT
GACGTGGTGCGCGGTGGTGGTGCGGTGCGTTACGGACCGCAGAGCGTGGGCGGCGTGGTGAACTTTGTTACCCGC
GCCATTCCGCAGGACTTTGGTATCGAGGCGGGGGTGCGAAGGTCAGCTCAGCCCAACCTCTTCACAAAACAACCCG
ANNGAGACGCACAACCTGATGGTGGGCGGCACAGCGGACAACGGTTTTGGCACCGCGCTGCTCTACTCCGGCACG
CGCGGCAGTGACTGGCGCGAGCACAGCGCCACCCGCATCGACGACCTGATGCTGAAAAGCAAATATGCGCCGAAT
GAGGTGCACACCTTCAACAGCCTGCTGCAATATTACGATGGTGAAGCCGACATGCCCGGCGGCCTGTCCCGLGLG
GATTACGACGCCGATCGCTGGCAATCCACCCGCCCGTATGACCGCTTCTGGGGCCGTCGCAAGCTGGCGAGCCTG
GGCTACCAGTTCCAGCCGGACAGCCAGCATAAATTCAACATTCTGGGGTTCTACACCCAAACCCTGCGCAGCGGC
TACCTGGAGCAAGGCAAACGCATCACCCTCTCGCCGCGTAACTACTGGGTGCGCGGTATTGAGCCACGCTACAGC
CAGAGCTTTATGATCGGCCCTTCCGCGCACGAAGTGGGCGTGGGCTATCGCTATGTGAATGAATCAACGCATGAA
ATGCGTTACTACACCGCCACCAGCAGCGGGCAGTTGCCGTCCGGCTCAAGCCCTTACGACCGCGACACGCGTTCC
GGCACCGAGGCGCACGCCTGGTATCTGGATGACAAAATCGACATCGGCAACTGGACCATCACGCCGGGTATGCGT
TTCGAACATATCGAGT CATACCAGAACAACGCCATCAAAGGCACGCACGAAGAGGTAAGCTATAACGCACCGCTT
CCGGCGTTGAACGTGCTCTATCACCTGACTGACAGCTGGAATCTTTATGCAAACACTGAAGGCTCGTTCGGCACC
GTACAGTACAGCCAGATTGGCAAGGCTGTGCAAAGCGGCAATGTGGAACCGGAAAAAGCGCGAACCTGGGAACTC
GGTACCCGCTACGACGACGGCGCGCTGACGGCGGAAATGGGGCTGTTCCTGATTAACTTTAACAATCAGTACGAC
TCCAACCAGACCAACGACACCGTCACTGCACGTGGCAAAACGCGCCATACCGGGCTGGAAACGCAGGCACGTTAC
GACCTGGGTACGCTAACGCCAACGCTTGATAACGTTTCCGTCTACGCCAGCTATGCGTATGTGAACGCGGAAATC
CGCGAGAAAGGCGACACCTATGGCAATCAGGTGCCATTCTCCCCGAAACATAANAGGCACGCTGGGCGTGGACTAC
ANGCCGGGCAACTGGACGTTCAATCTGAACAGCGATTTCCAGTCCAGCCAGTTTGCGGATAACGCCAATACGGTG
ANNGAGAGCGCCGACGGCAGTACCGGCCGCATTCCCGGCTTCATGCTCTGGGGCGCACGCGTGGCGTATGACTTT
GGCCCGCAGATGGCAGATCTGAACCTGGCGTTCGGTGTGAAAAACAT CTTCGACCAGGACTACTTCATCCGCTCT
TATGACGACAACAACAAAGGCATCTACGCAGGCCAGCCGCGCACGCTGTATATGCAGGGGTCGTTGAAGTTCTGA

Klebsiella pneumoniae 1571 FecA (Ferric Citrate Receptor) AA Sequence, SEQ
ID NO:2. Underlined sequence is the signal sequence. Sequence of protein
without signal sequence is SEQ ID NO:41, and the calculated molecular
weight is 81.6 kDa.

MTPLRVEFRKTTPLVNAIRLSLLPLAGLSFSAFAAQVDIAPGSLDKALNOYAAHSGITLSVDASLTRGKOSNGLHG
DYDVESGLOQOLLDGSGLOVKPLGNNSWTLEPAPAPKEDALTVVGDWLGDARENDVEFEHAGARDVIRREDEAKTGA
TTMREVLNRIPGVSAPENNGTGSHDLAMNEGIRGLNPRLASRSTVIMDGIPVPFAPYGOPQLSLAPVSLGNMDAT
DVVRGGGAVRYGPOSVGGVVNEVIRAIPODEFGIEAGVEGQLSPTSSONNPKETHNLMVGGTADNGEGTALLYSGT
RGSDWREHSATRIDDLMLKSKYAPNEVHTENSLLOYYDGEADMPGGLSRADYDADRWQSTRPYDREWGRRKLASL
GYQFOPDSOHKENILGEYTQTLRSGYLEQGKRITLSPRNYWVRGIEPRYSQSFMIGPSAHEVGVGYRYVNESTHE
MRYYTATSSGQLPSGSSPYDRDTRSGTEAHAWYLDDKIDIGNWTITPGMRFEHIESYONNATKGTHEEVSYNAPL
PALNVLYHLTDSWNLYANTEGSEFGTVQYSQIGKAVOSGNVEPEKARTWELGTRYDDGALTAEMGLELINENNQYD
SNOTNDTVTARGKTRHTGLETQARYDLGTLTPTLDNVSVYASYAYVNAEIREKGDTYGNQVPESPKHKGTLGVDY
KPGNWTENLNSDFOSSQOFADNANTVKESADGSTGRIPGEMLWGARVAYDFGPOMADLNLAFGVKNIFDODYFIRS
YDDNNKGIYAGQPRTLYMQOGSLKE
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Klebsiella pneumoniae 1571 FhuA (Ferrichrome Receptor) Gene Sequence. SEQ
ID NO:3.

ATGGCGCGTCCAAAAACTGCTCAGCCAAATCACTCGCTGCGTAAAGT CGCAGCTGTAGTAGCCACGGCGGTTAGC
GGCATGTCTGTCTACGCACAGGCAGCAGAACAACCGAAGCAAGAAGAAACCATCACCGTCGTTGCCGCCCCGGLC
GCCCAGGAAANACGCCTGGGGACCGGCGCCGACTATCGCGGCAAAACGCTCCGCCACGGCGACCAAAACCGATACC
CCGATTGAAAANAACGCCGCAGTCTGTGTCGGTGGTGACGCGCCATGAGATGGAGATGCGCCAGCCGACGACGGTA
AMANGAGGCGCTCTCCTATACGCCAAGCGTCTTCTCCACTCGCGGCAGTTCGACCACCTATGACGTGGTCACCATT
CGCGGCTTCACCACCTCGACGACCGTCAACACCAACCAGTATCTGGACGGCATGAAGCTGCAGGGGAATAACTAC
TCTGAAGTCTCCATGGATCCTTACTTCCTCGAGCGTGTGGAAGTGATGCGCGGGCCAACCTCGGTGCTGTACGGL
ANCAGCAACCCGGGCGGTATCGTCAGCATGGTCAGCAAGCGCCCGACTACCGAGCCGCTGAAAGAAGTGCAGTTT
ANGATGGGCACCGACAATCTGTGGCAGACCGGGTTTGACTTTAGCGACGCCATTGATGATGCCGGCGTCTGGTCG
TATCGCCTGACCGGCCTTGGCCGCAGTCAGGAT GCCCAGCAGCAGATGGCGAAATCGACTCGCTACGCGGTGGCG
CCCTCCTTTAGCTGGCGTCCGGACGATAAAACCGACTTCACCTTCCTGAGCAACTTCCAGAATGACCCGGATGCG
GGCTACTACGGCTGGCTGCCGCGCGAAGGCACCGTGGTGCCGTATTACGACGCCAACGGTAAGGCGCACAAGCTG
CCGACCGATTTCAACGAAGGCGAGTCCGATAATAAAATCTCCCGCCGCCAGAAGATGGTGGGCTACAGCTTCTCC
CATCAGTTCGATGACACCTTTACCGTGCGGCAGAACCTGCGCTATGCCGATGTGCATACGCTCTATCGTTCGGTA
TACGGCAACGGCTATGTCGCGCCGGGCTACATGAATCGCGCCTACGTGCGCTCCGACGAGCACCTGAACACCTTC
ACCGTCGATACCCAGCTGCAGTCTGATTTCGCCACCGGCGCGGTCAGCCATACGCTGCTGACCGGCGTGGACTAC
TCGCGGATGCGTAACGATGTGGATGCCGACTACGGGACGGCGGATCCTATCAGCATGAGCAAT CCGCAGTACGGC
AATCCGAATATTCAGGTCACCTTCCCGTACGCGGTCCTCAACCGGATGCGAGCAGACCGGCCTGTACGCGCAGGAT
CAGATGGAGTGGGATAAATGGGTGATGACCCTGGGCGGCCGTTACGATTACGCCACGACCTCAACGTTAACCCGC
GCCACCAACAGCCTGGCGGAGAATCACGACCAGCAGTTCAGCTGGCGCGGCGGCATCAACTACCTGTTCGATAAC
GGCATCTCGCCGTACTTCAGCTACAGCGAATCGTTTGAACCGGTATCGGGTTCCAACAGCCGCGGCCAGCCGTTC
GATCCGTCGCGCGGTAAGCAGTATGAAGCCGGCGTGAAATACGTGCCGAAAGATATGCCGGTGGTGGTCACCGCG
GCGGTCTATCAGCTGACCAAAGACAAGAACCTGACGGCTGATCCGGCTAACCAGGCGTTCAGCATCCAGACCGGC
GAGATCCGCTCCCGCGGCCTTGAGCTGGAGGCGAAGGCGGCGGTGAACGCCAATATTAACGTCACCGCGGCCTAC
AGCTACACCGATGCGGAGTACACTCACGATACGGTGTTCAACGGCAAACGTCCGGCGGAAGTGCCGCGTAACATG
GCCTCCCTGTGGGCGGATTATACCTTCCACGAAACCGCGCTGAGCGGTCTGACGATTGGGGCCGGGGCGCGCTAT
ATCGGTTCAACGGTCAGCTACTACAAAAATGACACCAGCACCGGTAAGAAAAATGATGCCTTTAGTGTGGCCGGT
TATGCGCTGATGGATGCGACGGTGAAATACGAT CTGGCGCGCTTTGGCCTGCCGGGAT CGTCGGTCGGCGTCAAC
GTCAACAACCTGTTCGACCGCGAATATGTCTCCAGTTGCTACAGCGAATACGCCTGCTACTGGGGCGCCGGACGT
CAGGTCGTCGCCACCGCCACCTTCCGTTTCTAA

Klebsiella pneumoniae 1571 FhuA (Ferrichrome Receptor) AA Sequence, 735 aa,
SEQ ID NO:4. Underlined sequence is the signal sequence. Sequence of
protein without signal sequence is SEQ ID NO:42, and the calculated
molecular weight is 78 kDa.

MARPKTAQPNHSLRKVAAVVATAVSGMSVYAQAAEQPKOEETITVVAAPAAQENAWGPAPTIAAKRSATATKTDT
PIEKTPOSVSVVTRHEMEMROPTTVKEALSYTPSVESTRGSSTTYDVVTIRGETTSTTVNTNOQYLDGMKLOGNNY
SEVSMDPYFLERVEVMRGPTSVLYGNSNPGGIVSMVSKRPTTEPLKEVOFKMGTDNLWQTGEDESDATIDDAGVWS
YRLTGLGRSQDAQQOMAKSTRYAVAPSEFSWRPDDKTDETFLSNFONDPDAGYYGWLPREGTVVPYYDANGKAHKL
PTDENEGESDNKISRROKMVGYSESHOEFDDTEFTVRONLRYADVHTLYRSVYGNGYVAPGYMNRAYVRSDEHLNTE
TVDTOLOSDFATGAVSHTLLTGVDYSRMRNDVDADYGTADPISMSNPQYGNPNIQVTEPYAVLNRMEQTGLYAQD
OMEWDKWVMT LGGRYDYATTSTLTRATNSLAENHDOOEFSWRGGINYLEDNGISPYESYSESFEPVSGSNSRGQPFE
DPSRGKQYEAGVKYVPKDMPVVVTAAVYQLTKDKNLTADPANQAFSIQTGEIRSRGLELEAKAAVNANINVTAAY
SYTDAEYTHDTVENGKRPAEVPRNMASLWADYTFHETALSGLTIGAGARYIGSTVSYYKNDTSTGKKNDAFSVAG
YALMDATVKYDLARFGLPGSSVGVNVNNLEDREYVSSCYSEYACYWGAGROVVATATERE
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Table 5. Klebsiella pneumoniae 1571 CirA (Colicin I Receptor) Gene
Sequence. SEQ ID NO:5.

ATGTTCAGGTTAAACCCTTTTATCCGGGCGGGATTGTCTGCGTCCGTCGTATCGTTGGCGTTTCCGGCTCTGGCC
GATGTGAATGAAGAAACGCTGGTGGTGACCGCCTCGGCCACTGAACAGAATGT CAAAGACGCGCCGGCGAGCATC
AGCGTCATCACCCAACAGGATTTACAACGCAAGCCTGTTCAGAACCTGAAAGACGTGCTGCGCGATGTGCCTGGG
GTCCAGCTCACCAACGAAGGGGATAACCGCAAGGGCGTTAGCATCCGCGGTCTGAGCAGCAGCTATACCCTGATC
CTGGTCGACGGCAAGCGCGTTAACTCGCGGAACGCCGTCTTCCGCCACAATGACTTCGACCTTAACTGGATCCCG
GTGGATGCTATTGAGCGTATCGAAGTGGTGCGCGGCCCGATGTCCTCCCTTTACGGCTCCGATGCGCTCGGT GGG
GTGGTCAACATTATTACCAAAAAANT CGGCCAGAAATGGACCGGGACGCTGAGTGCTGATACCACTATTCAGGAG
CACCGCGATCGCGGGGATACCTATAACGGCCAGTTCTTCACCAGCGGCCCGCTGATCCGACGGCGTACTTGGAATG
ANGGCCTACGGCAGCCTGGCAAAACGCGCCAAGGACGATCCGCAGTCATCCAGTAATGCCACCGGCGAGACGCCG
CGCATCGAGGGCTTCACCAGCCGCGATGGCAATGTTGAATTCGCCTGGACGCCGAACGAAAACCACGATTTTACC
GCAGGCTACGGCTTTGACCGTCAGGATCGCGATTCCGATTCCCTTGACCGCAACCGCCTTGAGCGGGAGAACTAC
TCTCTGAGCCATAACGGCCGCTGGGATATTGGCAATAGCGAGCTCAAGTTCTACGGCGAAAAGGTGGATAACAAA
ANATCCAGGGCAGAGCGGGACTATTACCTCGGAAAGCAATGCCATCGACGGCAAGTATGTCCTGCCGCTGGGCATG
ATTAACCAGCTGGTGACCTTCGGCGGCGAATGGCGCCACGACAAACT GAAAGAT CCGGTCAACCTGAGCAGCGGC
GGCCAGTCAACGTCGGCCAGCCAGTACGCCCTGTTTATCGAAGACGAATGGCGCATCATCGAGCCGCTGGCGCTG
ACCACCGGCATTCGTATGGACGACCATCAGACCTATGGCGATCACTGCGAGCCCGCGCGCCTATCTGGTGTATAAC
GCCACCGATACCGTCACCGTCAAAGGCGGCTGGGCGACGGCGTTTAAAGCCCCGTCGCTGCTGCAGCTTAACCCC
GACTGGACCACCAACTCCTGCCGCGGCTCGTGCAGCATCGTCGGTAACCCGGATCTGAAACCGGAAACCAGCGAA
AGCTTCGAGCTCGGTCTCTACTACCGCGGGGAAGAGGGCTGGCTTGAAAATGT CGAAGGCAGCATCACCACCTTC
CAGAATAATGTCGACGACATGATCGATGTTCTGCGCACCTCCAGCGCCAGCGAAGCGCCGGGCTACCCGAACTTT
GTCGGCTGGAAAACCGTCAACGGCAAGCGCGTGCCGATCTTCCGCTATTTCAACGTCAACAAAGCCCGCATCAAA
GGGGTGGAGACGGAGGTGAAGATCCCGTTTGGCGATGCGAGTGGAAGCTGACGGTGAACTACACATACAACGATGGT
CGCGATCTGAGCAATGGCGGCGACAAACCGCTGCAGACGCTGCCGTTCCATACCGCCAACGGCACGCTCGACTGG
AMNCCGCTGGACGATTGGTCCTTCTACGTGACGGCCAACTATACCGGCCAGCAGCGCGCGGTGAGCGCCACCGGL
AANACGCCGGGCGGCTACACCCTGTTTGACGTTGGCGCGGCATGGCAGGTGACCAAAAACGTGAAACTGCGCTCC
GGGGTGCAGAACGTGGGTGATAAAGATCTGAGCCGGCGACGACTACAGCTATACCGAAGAAGGCCGTCGCTACTTT
ATGGCGGTGGATTATCGCTTCTGA

Klebsiella pneumoniae 1571 CirA (Colicin I Receptor) AA Sequence, SEQ ID
NO:6. Underlined sequence is the signal sequence. Sequence of protein
without signal sequence is SEQ ID NO:43, and the calculated molecular
weight is 70.4 kDa.

MERLNPFIRAGLSASVVSLAFPALADVNEETLVVTASATEQNVKDAPASISVITOODLORKPVONLKDVLRDVPG
VOLTNEGDNRKGVSIRGLSSSYTLILVDGKRVNSRNAVERHNDEDLNWI PVDATIERIEVVRGPMSSLYGSDALGG
VVNIITKKIGOKWTGTLSADTTIQEHRDRGDTYNGQFETSGPLIDGVLGMKAYGSLAKRAKDDPOSSSNATGETP
RIEGETSRDGNVEFAWTPNENHDEFTAGYGEDRODRDSDSLDRNRLERENYSLSHNGRWDIGNSELKEYGEKVDNK
NPGOSGTITSESNAIDGKYVLPLGMINQLVTEFGGEWRHDKLKDPVNLSSGGOSTSASQYALFIEDEWRIIEPLAL
TTGIRMDDHQTYGDHWSPRAYLVYNATDTVTIVKGGWATAFKAPSLLOLNPDWTTNSCRGSCSIVGNPDLKPETSE
SFELGLYYRGEEGWLENVEGSITTEFONNVDDMIDVLRTSSASEAPGYPNEVGWKTVNGKRVPIFRYEFNVNKARIK
GVETEVKIPFGDEWKLTVNYTYNDGRDLSNGGDKPLOTLPEFHTANGT LDWKPLDDWSEYVTANYTGQQRAVSATG
KTPGGYTLEDVGAAWQVTKNVKLRSGVONVGDKDLSRDDYSYTEEGRRYEMAVDYRE
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Klebsiella pneumoniae 1571 FepA (Ferrienterobactin Receptor) Gene Sequence.
SEQ ID NO:7. N refers to A, T, G, or C.

ATGAATAACAGGATCAAATCCCTGGCCTTGCTGGTCAATCTGGGAATTTACGGGGTTGCTTTTCCGTTAAGCGCA
GCGGAAACCGCCACCGACGATAAAANACAGCGCCGCTGAAGAGACCATGGTGGTCACCGCCGCCGAGCAGAACCTG
CAGGCGCCGGGCGTCTCCACCATCACCGCCGATGAGATCCGCAAACGCCCCCCGGCGCGCGACGTCTCGGAGATC
ATTCGCACCATGCCGGGAGTCAACCTGACCGGCAACTCCACCAGCGGCCAGCGCGGCAACAACCGCCAGATTGAT
ATCCGCGGCATGGGCCCGGAAAATACCCTGATCCTGATCGACGGCAAGCCGGTCACCAGCCGCAACTCCGTGCGL
CTTGGCTGGCGCGGCGAGCGCGACACCCGCGGCGATACCAGCTGGGTGCCGCCGGAGATAATCGAACGTATCGAA
GTGATTCGCGGCCCGGCCGCCGCCCGCTACGGCAACGGCGCCGCCGGCGGCGTGGTGAATATCATCACCAAAAAA
ACCGGCGATGAGTGGCACGGCTCATGGAACACCTATATGAACGCCCCGGAGCACAAGGATGAAGGCTCCACCAAA
CGCACTAACTTCAGCCTCAGCGGCCCGCTGGGCGGCGATTTTAGCTTCCGCCTGTTCGGTAACCTCGACAAAACG
CAGGCCGACGCCTGGGATATCAACCAGGGCCATCAGTCCGAGCGTACCGGGATCTATGCCGATACTCTGCCGGCC
GGGCGCGAAGGGGTGAAAAACAAANANACATCGATGGTCTGGTGCGCTGGGAATTCGCTCCGATGCAGTCGCTGGAG
TTTGAGGCCGGCTACAGCCGCCAGGGCAACCTCTACGCCGGCGACACCCAGAACACCAACTCCAACGACCTGGTA
ANAGAGAACTACGGCAAAGAGACCAACCGTCTGTATCGCAACACCTACTCGGTTACCTGGAACGGCGCCTGGGAC
ANCGGGGTGACCACCAGCAACTGGGCGCAGTACGAACGCACCCGCAACTCGCGCAAAGGCGAAGGCCTGGCCGGL
GGCACCGAGGGGATCTTTAACAGCAACCAGTTCACGGATATCGATCTGGCGGATGTGATGCTGCACAGCGAAGTC
AGCATTCCCTTCGACTATCTGGTTAATCAGAACCTGACGCTGGGCAGCGAGTGGAATCAACAGCGGAT GAAGGAT
ANCGCGTCCAACACCCAGGCGCTGTCGGGAGGCGGAATTCCGGGCTACGACAGCACCGGCCGCAGCCCGTACTCG
CAGGCGGAAATCTTCTCGCTGTTCGCCGAGAACAACATGGAGCTGACCGACACCACCATGCTGACTCCGGCGCTG
CGTTTCGATCATCACAGCATTGTCGGCAATAACTGGAGCCCGTCCCTCAACCTGTCGCAGGGCCTGTGGGATGAC
TTCACGCTGAAGANNNNNNNNNCCCGCGCCTATAAAGCGCCGAGCCTGTATCAGACCAACCCGAACTACATTCTC
TACAGTAAAGGCCAGGGCTGCTACGCCAGTAAAGACGGCTGCTATCTGCAGGGTAATGACGACTTAAAAGCCGAG
ACCAGCATCAACAAAGAGATTGGCCTCGAGTTTAAACGCGACGGCTGGCTGGCGGGCGTCACCTGGTTCCGCAAC
GACTACCGCAACAAGATTGAAGCGGGCTATGCCCCGGTCTATCAAAACAATAAAGGTACCGATCTCTACCAGTGG
GAAAACGTGCCGAAAGCGGTGGTGGAAGGTCTGGAGGGGACGTTGAACGTTCCGGTGAGCGAGACCGTCAACTGG
ACCAACAACATCACCTATATGCTGCAGAGTAAGAACAAAGAGACCGGCGATCGTCTGTCGATTATCCCGGAATAC
ACGCTGAACTCCACCCTGAGCTGGCAGGTTCGCGATGACGTTTCGCTGCAGTCGACCTTCACCTGGTACGGCAAG
CAGGAGCCGAAGAAGTACAACTACAAGGGTCAACCGGTCACCGGCAGCGAGAAGAACCGAGGTTAGCCCCTACAGC
ATCCTCGGCCTGAGCGCGACCTGGGACGTCACCAAATACGTCAGTCTGACCGGCGGCGTGGATAACGTCTTCGAT
ANGCGCCACTGGCGCGCGGGCAACGCCCAGACCACCGGGGGCGCCACCGGCACGATGTACGGCGCCGGCGCCGAG
ACCTACAATGAATCGGGCCGCACCTGGTACCTGAGCGTCAACACCCACTTCTGA

Klebsiella pneumoniae 1571 FepA (Ferrienterobactin Receptor) AA Sequence,
SEQ ID NO:8. Underlined sequence is the signal sequence. Sequence of
protein without signal sequence is SEQ ID NO:44, and the calculated
molecular weight is estimated to be 79.7 kDa based on an average of 110
Daltons per amino acid depicted as X. X refers to any amino acid.

MNNRIKSLALLVNLGIYGVAFPLSAAETATDDKNSAAEETMVVTAAEONLOAPGVSTITADEIRKRPPARDVSET
IRTMPGVNLTGNSTSGQORGNNRQIDIRGMGPENTLILIDGKPVTSRNSVRLGWRGERDTRGDT SWVPPEITIERIE
VIRGPAAARYGNGAAGGVVNIITKKTGDEWHGSWNTYMNAPEHKDEGSTKRTNESLSGPLGGDESEFRLEGNLDKT
OADAWDINQGHOSERTGIYADTLPAGREGVKNKNIDGLVRWEFAPMOSLEFEAGYSROGNLYAGDTONTNSNDLV
KENYGKETNRLYRNTYSVIWNGAWDNGVTTSNWAQYERTRNSRKGEGLAGGTEGIENSNQFTDIDLADVMLHSEV
SIPEFDYLVNONLTLGSEWNQQORMKDNASNTQALSGGGIPGYDSTGRSPYSQAETIFSLEAENNMELTDTTMLT PAL
REDHHSIVGNNWSPSLNLSQGLWDDETLKXXXXRAYKAPSLYQTNPNYILYSKGOGCYASKDGCYLOGNDDLKAE
TSINKEIGLEFKRDGWLAGVTWERNDYRNKIEAGYAPVYONNKGTDLYOWENVPKAVVEGLEGTLNVPVSETVNW
TNNITYMLOSKNKETGDRLSIIPEYTLNSTLSWOVRDDVSLOSTEFTWYGKOEPKKYNYKGOPVTGSEKNEVSPYS
ILGLSATWDVTKYVSLTGGVDNVEDKRHWRAGNAQTTGGATGTMYGAGAETYNESGRTWYLSVNTHE
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Fig. 11

Klebsiella pneumoniae 1571 BtuB (Vitamin Bl2 Transporter) Gene Sequence.
SEQ ID NO:9. N refers to A. T, G. or C.

ATGATTAAAAAAGCTTCGCTGATGACGGCCTTATCCGTCACGGCATTTTCCGGCTGGGCGCAGGATAGCAATTCA
GATACGTTGGTGGTGACAGCAAACCGTTTTCAACAGCCGGTCAATACCGTGCTGGCGCCGACCGACATTGTGACG
CGCGATGACATCGACCGCTGGCAGTCCAAAGATTTAAACGATGTCATGCGTCGTCTTCCCGGGGTCGATATTGCC
CGCAACGGCGGCATGGGGCAGAGCGCTTCGCTGTATGTTCGGGGGACGGAGGCTCGTCACGTGCTGGTGCTGATC
GACGGTGTGCCGATGGCGCGTCCGGGGATCTCCAACGGCGTAGATAT CAGTCAGATCCCTATCTCACTGGTCCAG
CGGGTGGAATACATCCGCGGCCCGCGCTCCGCGGTGTANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNACCGACGCTGAGCGTTCGCAAATCAACGCCGGCGCGGGCACGAACGGCTATCAGTCCTATGACGGCGCC
TTTAACAAGCGGTTTGGCAACACGCTGGTTACCGCTGCTGGCGCCTATCAGACCACCAAAGGGTTTAACGTCCAG
CCGAATTCCTCTTATAGCGGCGACAGCGATCGCGACGGCTACCGCAATAAAATGCTGTGGGGCGGGGTACAGCAT
CAGTTCGATGACAACTTCTCGGGGTTCTTCCGCGGCTATGGTTATTCCGCCAACGCTGACTATGACCAGGGTAAC
TGGGGCTACGCAGGTGGAAACGATGAAGATCAATCCTATACCCAATCCTGGGATACCGGTCTGCACTACCACTCC
GGAATTTACTCCTCCCAGCTGATTGCTAACTATCAGCGCATCAAAGATTACAACTACAGCAGCGACGCTGGCCGC
TATGCCGCGGGCACCACCCTGGATGATATGGAACAGCGCTATATCCAGTGGGCGAAATAATGTTGTGGTAGGCCAT
GGGGCAGTGAGCGGCGGCGTTGACTGGAAACAAGAGAAGCTGAAATCCAGCGGAACGACCAGTACCGACGTGTAT
ANGCGTGACACCACCGGTCTTTATCTGACGGGACAGCAGCAGATTGACAGCGTGACGCTGGAAGCTTCCGGCCGT
GAGGATCATGACGAGCAGTTTGGCTGGCACGGTACCTGGCAGACGGCCGCAGGCTGGCGAATTTATCGACGGTTAT
CGGACAACGCTCTCGTACGGCACAGGATTCCTCGCCCCCTCCCTCGGGCAGCAGTACGGCGCAGAACGCTTTGGC
ATCGCCTCTAACCCGAATCTGAAGCCAGAGGAGTCGAAGCAATGGGAAGCGGGCCTTGAAGGGTTAACGGGGCCG
GTCGACTGGCGCCTCTCCGCATATCGCTATGAGATTCAAAACCTCATCGATTACGACAACAACGCCTATTACAAC
GTCAAGTCGGCGACGATTAAGGGGCTGGAGTGGACGGGGAATATAACCACCGGGCCGGTGGAGCACCATCTGACG
CTGCAGTATGTTGACCCTCGCGATGATGAAACCAATAAGATCCTCTATCGCCGGGCGAAGCAGCAGGTGAAATAC
GAGCTGAACGGCCAGGTCTACGATCTGGGGTGGGATGTGACGTATCACTACATCGGCAAGCGTTACGATTATGAC
TACGACAACTCGCGTACCGTCAATATGGGTGGGTTGAGCCTCTGGGATGTCGGTTTATCGTATCCCGTCACCTCA
CACCTGACAGTTCGTGGTAAAATAGCCAACCTGTTCGATAAAGATTACGAGACAGTTTATGGCTACCAATCTGCA
GGACGGGAATACACCTTGTCTGGCAGCTACACCTTC

Klebsiella pneumoniae 1571 BtuB (Vitamin Bl2 Transporter) AA Sequence, SEQ
ID NO:10 Underlined sequence is the signal sequence. Sequence of protein
without signal sequence is SEQ ID NO:45, and the calculated molecular
weight is estimated to be 66.2 kDa based on an average of 110 Daltons per
amino acid depicted as X. X is any amino acid.

MIKKASLMTALSVTAFSGWAQDSNSDTLVVTANREQOPVNTVLAPTDIVTRDDIDRWQSKDLNDVMRRLPGVDIA
RNGGMGQOSASLYVRGTEARHVLVLIDGVPMARPGISNGVDISQIPISLVORVEYIRGPRSAVXXXXXXXXXXXXX
XXTDAERSQINAGAGTNGYQOSYDGAFNKREGNTLVTAAGAYQTTKGENVOPNSSYSGDSDRDGYRNKMLWGGVQOH
QFDDNESGEFFRGYGYSANADYDOGNWGYAGGNDEDOSYTOSWDTGLHYHSGIYSSQLIANYQRIKDYNYSSDAGR
YAAGTTLDDMEQRYIQWGNNVVVGHGAVSGGVDWKQEKLKS SGTTSTDVYKRDTTGLYLTGOQOQOIDSVTLEASGR
EDHDEQFGWHGTWOTAAGWEFIDGYRTTLSYGTGEFLAPSLGOQOYGAERFGIASNPNLKPEESKOWEAGLEGLTGP
VDWRLSAYRYETONLIDYDNNAYYNVKSATIKGLEWTGNITTGPVEHHLTLOYVDPRDDETNKILYRRAKQQOVKY
ELNGOVYDLGWDVTYHYIGKRYDYDYDNSRTVNMGGLSLWDVGLSYPVT SHLTVRGKIANLEDKDYETVYGYQSA
GREYTLSGSYTEF
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Fig. 12

Klebsiella pneumoniae 1571 Ybil. (catecholate siderophore receptor) NT
Sequence. SEQ ID NO:11.

ATGGAAAAAANCGCTTCTCTGCCTTTCGGCAGTTTCAACTCATTGGCATTGTTTACAGGTCTGTGTCTGGGAGCC
TCGCCGGCAGCAGGCATCGCAGCGGAAAATTCGGTCAAAAATAGTGAAGAGACGCTGGTAGTGGAAGCCGCTCCG
CCTTCACTCTACTCCCCCGGCGCTTCCGCCGATCCCAAGTTCAATAAACCGCTGGTCGATACCACCCGCACCATC
ACCGTGATCCCGGAACAGGTGATTAAAGATCAGGGCGTCACCAACCTGACTGACGCCCTCAAAAACGTTCCCGGC
GTGGGGGCGTTTTATGCCGGGGAGAATGGCAGCTCAACCACCGGGGATGCCATCTTTATGCGCGGCGTGGATACC
TCTAACAGCATCTATGTGGACGGCATTCGCGACATCGGCAGCGTGACGCGCGATACCTTCAATACCCAGCAGGTG
GAAGTCATCAAAGGGCCCGCCGGCACGGACTATGGCCGCAGCGCGCCCTCCGGCTCGATCAATATGAT CAGCAAG
CAGCCGCGCCTTGACTCCGGGATCGACGGCTCGGCCAGCATCGGCAGCGCCTGGTCGCGCCGGGGCACTCTCGAC
CTGAACCAGGCGTTTAGCGACAACGCTGCGTTCCGTCTGAACCTGAT GGGGGAAAAANACCCATGACGCTGGTCGG
GACCGCATTGAAAACGAACGCTATGGCATCGCACCGTCGCTGGCCTTCGGCCTTGATACCCCAACTCGTCTGTAT
CTGAACTATCTGCACGTCCGGCAGAACAACACCCCGGATGGCGGGAT CCCTACCGTCGGCCTGCCGGGCTATTCG
GCGCCTTCGCCGAAGTATGCCGCACTCAACTCCACCGGGAAGGTCGATACCAGCAATTTCTATGGCACCGACTCC
GATTACGATAAATCTACTACCGACAGCGGTACCCTGCGCTTCGAACACGATCTGACAGAGAGCACCACCGTGLGC
AATACCACCCGCTGGTCGCGAGTGAAACAGGAGTATCTTTTGACCGCGGTGATGGGCGGCGCGAACAATATCACC
GCCCCCGATATCAATGACGTCAACACCTGGAGCTGGTCGCGTCTGGTTAATACCAAAGATGTCAGCAACCGCATT
CTGACCAACCAGACCAATATCACCTCGACCTTCGATACTGGCT CGATAGGCCATGACGTCAGCGCCGGCGTGGAG
TTTACCCGGGAAAACCAGACCAACTATGGCGTTAACGCCAGGACCGCGCCGGCGGTGAATCTCTACCATCCGGTG
AGCAACCTGTCGATTGGCGGGCTGGACAGAAACGGGGCGAACGCCAACGGCCAGACCGATACCTTCGGGATTTAT
GCCTTTGATACGCTGACGCTGACCGAGCGGATTGAGATCAACGGCGGGCTGCGTCTCGACAATTACCATACCAAA
TATGACAGCGCCACCGCCTGCGGCGGCAGCGGACGCGGGGCTATCGCCTGCCCGCCCGGACAGTCGACCGGCAGL
CCGGTCACCACTGTCGATACCGCTAAATCCGGCAATCTGGTTAACTGGAAAGCCGGGGCGCTGTACCGCTTAACC
GAGCAGGGCAATGTCTACGTCAACTACGCCATCTCACAGCAGCCGCCGGGAGGCAGCAGCTTCGCCCTGGCCGLC
AGCGGCAGCGGCAACAGCGCTAACCGAACCGACTTTAAGCCGCAGAAGGCAAAATCCAGCGAGCTGGGCACCAAG
TGGCAAATCTTCGACAACCGTCTGCTGCTCAGCGCGGCGTTATTCCGCACCGATATTGAAAACGAAGTGGCCGCC
ANCGATGACGGAACCTGGTCGCAGTACGGCAAAAAGCGCGTGGAGGGGTATGAACTCTCCGCGACCGGAAACCTG
ACCCCGGACTGGACGATTATCGCCGGCTACACT CAGCAGCATGCGACAGTGACGGAGGGACAGAACGTTGCACAG
GATGGATCTTCCGCCCTGGCCTACACCCCGAAACATGCCTTTACGCTGTGGACGCAGTATCAGGCCACCAGCGAT
CTGTCCGTCGGCGGCGGTGTGCGCTATGTCGCGAAGCCTGCGCCGGGGCAGCGATGGTGCAGTCGGTACCCCGGAT
CACACCGAGGGCTACTGGGTTGCCGACGCCAAACTGGGCTATCGGGTCAACAGCAACCTCGATCTGCAGCTCAAT
ATGTATAACCTGTTTGATACCGATTACGTGGCCTCCATCAACAAGAGCGGCTATCGCTATCATCCGGGCGAACCC
CGGACCTTTATGCTGACGGCGAACGTCCATTTC

Klebsiella pneumoniae 1571 Ybil (catecholate siderophore receptor) AA
Sequence, SEQ ID NO:12. Underlined sequence is the signal sequence.
Sequence of protein without signal sequence is SEQ ID NO:46, and the
calculated molecular weight is 78.4 kDa.

MEKNASLPEFGSENSLALETGLCLGASPAAGIAAENSVKNSEETLVVEAAPPSLYSPGASADPKENKPLVDTTRTI
TVIPEQVIKDOGVINLTDALKNVPGVGAFYAGENGSSTTGDAI FMRGVDTSNSIYVDGIRDIGSVTRDTENTQQOV
EVIKGPAGTDYGRSAPSGSINMISKOPRLDSGIDGSASIGSAWSRRGTLDLNOAFSDNAAFRLNLMGEKTHDAGR
DRIENERYGIAPSLAFGLDTPTRLYLNYLHVRONNTPDGGIPTVGLPGYSAPSPKYAALNSTGKVDTSNEYGTDS
DYDKSTTDSGTLRFEHDLTESTTVRNTTRWSRVKOEYLLTAVMGGANNITAPDINDVNTWSWSRLVNTKDVSNRI
LTNQTNITSTEDTGSIGHDVSAGVEFTRENOTNYGVNARTAPAVNLYHPVSNLSIGGLDRNGANANGOTDTEGIY
AFDTLTLTERIEINGGLRLDNYHTKYDSATACGGSGRGAIACPPGOSTGSPVITVDTAKSGNLVNWKAGALYRLT
EQOGNVYVNYAISOOPPGGSSFALAASGSGNSANRTDEKPOKAKSSELGTKWOIFDNRLLLSAALFRTDIENEVAA
NDDGTWSQYGKKRVEGYELSATGNLTPDWTIIAGYTOQOHATVTEGONVAQDGS SALAYTPKHAFTLWTQYQATSD
LSVGGGVRYVGSLRRGSDGAVGTPDHTEGYWVADAKLGYRVNSNLDLOLNMYNLEDTDYVASINKSGYRYHPGEP
RTFMLTANVHEF
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Fig. 13

Klebsiella pneumoniae 1571 YncD (Probable TonB Dependent Receptor) Gene
Sequence. SEQ ID NO:13.

ATGAAAATCCTGTCCGTGCGTCACGCCGCCCTCCCGGCCCTGCTCTTGCCGCTCATTGCCGCAGCCCAGGCCGCT
GATGAACAAACCATGGCTGGTGACCGCCGCGCCAACCACGGTTTCTGAACTGGATACCCCCGCCGCCGTCAGCGTG
GTGAATGGGGATGAGATGCGCCAGGCCGCGCCGCGCGTCAATCTCTCTGAATCGCTGGGCGCCGTGCCGGGCCTG
CAGGTGCAGAACCGGCAAAACTATGCCCAGGATCTGCAGCTGTCGATTCGCGGCTTTGGCTCGCGCTCAACCTAT
GGCGTGCGCGGACTACGCATCTATGTGGATGGCATTCCGGCCACCATGCCCGACGGCCAGGGGCAGACCTCAAAT
ATTGATATCGGCAGCGTTGACACCATTGAGGTGCTGCGCGGCCCCTTCTCTGCCCTGTACGGTAACTCGTCCGGL
GGGGTGATCAACGTCACCAGCCAGACCGGCACCCAGCCGCCCACCGTGGAAGCCAGCAGCTACTATGGCAGCTTC
GGCACCTGGCACTACGGGATGAAAGCCACTGGCGCCGTTGGCGACGGCAGCCACGCAGGCGATGTGGATTACACG
GTCTCAACCAATCGCTTCACCACCCATGGCTATCGCGATCACAGCGGCGCGCGCAAAAATCTGGCGAACGCCCGG
CTGGGGGTGCGCATCAACGACGTCAGTAAGCTGACTCTGCTGCTGAATAGCGTGGATATCAAAGCCAATGACGCC
GGTGGCCTGACCGCCGATGAAT GGCGCGATAACCCGCGCCAGTCGCCGCGCGGCGACCAGTATAATACCCGCAAG
AATACCCGACAGACCCAGGCCGGCCTGCGCTATGAGCGCCAGCTCAGTGCCCAGGACGATCTCAGCGTATG

Klebsiella pneumoniae 1571 YncD (Probable TonB Dependent Receptor) AA
Sequence, SEQ ID NO:14. Underlined sequence 1s predicted to be the signal
sequence.

MKILSVRHAALPALLLPLIAAAQAADEQTMVVTAAPTTVSELDTPAAVSVVNGDEMROAAPRVNLSESLGAVPGL
OVONRONYAQDLOLSIRGEFGSRSTYGVRGLRIYVDGIPATMPDGOGOTSNIDIGSVDTIEVLRGPEFSALYGNSSG
GVINVTSQTGTQPPTVEASSYYGSEFGTWHYGMKATGAVGDGSHAGDVDYTVSTNRETTHGYRDHSGARKNLANAR
LGVRINDVSKLTLLLNSVDIKANDAGGLTADEWRDNPROSPRGDQYNTRKNTROTOAGLRYERQLSAQDDLSV
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Fig. 14

Klebsiella pneumoniae 1571 IroN Gene Sequence. SEQ ID NC:15. N is A, T, G,
or C.

GTCGATTATCACGGCTGAGGATATTGCTAAGCAGCCGCCGGTCAACGATCTCTCAGACATCATCCGTAAAATGCC
CGGGGTGAACTTGACCGGCAACAGCGCCAGCGGCAGTCGGGGCAACAACCGCCAGATTGATAT CCGCGGCATGGG
GCCGGAGAACACCCTGATCCTGATAGATGGGGTACCGGTCACGTCACGTAACGCGGTTCGCTATAGCTGGCGCGG
CGAACGCGATACCCGGGGCGACAGCAACTGGGTACCTGCCGAAATGGTCGAACGGATTGAAGT TCTNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGGAGTGGTCAATATCATTACCAAACGTCCGACCAACACCTG
GCACGGTTCGCTGTCTTTCTTCACCAACCAGCCGGAAAACAACAANAGAAGGCACGACCAATCGCGCTAACTTCAA
TCTCAGCGGCCCACTGGCCGGCGAGGCGCTGACGATGCGCCTGTATGGCAATAT CAATAAAACGGAACCCGACGC
CTGGGATATTAACCATGCGCAAAACGGCTCTTACGCTGCGGGGCGCGAAGGGGTCCGCAATAAAGACATTAACGC
GCTACTGTCATGGAAAATGACCCCGCAACAAATTCTCGATTTCAGCTACGCCTATAGCCGTCAGGGGAATATCTA
TGCTGGCGATACCCAGTACAGCAACGGCAATCTTAGCCCGAACGGGCTGGTGCGACTCCCTGTACGGCCACGAAAC
AANTCGCCTCTATCGCCAGTCCTGGGGACTCACCTACAACGGTCTATGGGATTGGGGTCAGTCCAAAGCCGGTGT
TTACTACGAGAAAACCAACAATACCCGCCTGCAGGAAGGCTCTACCGGCCGCGTCGAAGGCATGATCAACAGTGA
AGATTATGCCACCAGCCGTCTGGAATCCTGGCGTACTACCTCGGAATTCAATGTGCCTTTCTTCTGGCTGGCGGA
CCAGACGCTGACGCTGGGAATGGAAT GGAACCATGAT CAGCTTGACGACCCGGCATCAATGCAGGCCACTAACAG
CAACGGCGAGACTATCCCTGGGACCTCGGGCGACCCTACGCAACGCAGTACCAAAANACAGCGCCACCCTCACCGG
TATCTATCTGGAAGATAATATCGAAGCCGTGCCCGGCACCAACCTGATCCCCGGCATTCGCTTCGATTATCATAA
TCAGTTTGGCAGTAACTGGAGCCCCAGCCTCAATCTGTCCCAGGAGCTCGGCCGATATGTTCACGCTGAAGGCCGG
TATCGCGCGCGTGTTTAAAGCGCCAAACCTCTATCAATCCAGTAAAGGCTATTTGCTCTCCACCCGCGGCAACGG
TTGTCCAAACACGATCGCTGAAGGCAGCTGCTACCTGCTGGGTAACCCTGACCTCGACCCGGAGATCAGTATCAA
CAAAGAGATCGGTATCGAATTTAACCTTAATGGTTACGCTGCCGGAGTCACCTGGTTTCGCAACGATTACAAAAA
CAAAATCGTCTCCGGAACAGAGGTACTGGGCTATACCTCCAGCGGCAATAATATTTTGCAATGGCAGAACGGCGG
CAAAGCCGTGGTCGAGGGGCTGGAAGGAAAT CTGCTGATCCCGGTGCTGAGAGATGTCCTCAGCTGGCGGACCAA
TGCCACCTGGATGCTCAAATCTGAAAGTAAAGAGACTGGCAACCCGCTGTCGGTTATCCCGAAATATACCGTTAA
CACGATGCTTGACTGGCAGGTAAACGACGCCCTGTCTGCGAAT GTGAACTGGACGCTTTATGGCCGTCAGAAGCC
GCGTCAGTATGCGGAGATCCGCAACGAAACCGGGACCCTTGCCACCACCGAGGTTGGCGCCTATTCCATCGT GGG
TATTGGTACTCAGTATCAGCTAAACCGGGATATTCGCCTGAATGCCGCGAATAAGTAATCTATTTGATAAGCAACT
GTATCGCGAAAATGCCGGCGCCTCGACCTACAATGAGCCTGGCCGCGCGTATTACGCCGGCGTTACCCTCTCCTT
CTGA

Klebsiella pneumoniae 1571 IroN AA Sequence, 675 aa, SEQ ID NO:16 X is
any amino acid.

SIITAEDIAKQOPPVNDLSDITRKMPGVNLTGNSASGSRGNNRQIDIRGMGPENTLILIDGVPVTSRNAVRYSWRG
ERDTRGDSNWVPAEMVERI EVLXXXXXXXXXXXXXXGVVNIITKRPTNTWHGSLSEFFTNOQPENNKEGTTNRANEN
LSGPLAGEALTMRLYGNINKTEPDAWDINHAQNGS YAAGREGVRNKDINALLSWKMTPOQOILDESYAYSROGNIY
AGDTQYSNGNLSPNGLVDSLYGHETNRLYROSWGLTYNGLWDWGOSKAGVYYEKTNNTRLOEGSTGRVEGMINSE
DYATSRLESWRTTSEENVPEFEWLADOQTLTLGMEWNHDOQLDDPASMOATNSNGETIPGTSGDPTORSTKNSATLTG
IYLEDNIEAVPGTNLIPGIREDYHNQEGSNWSPSLNLSQELGDMETLKAGIARVEFKAPNLYOSSKGYLLSTRGNG
CPNTIAEGSCYLLGNPDLDPEISINKEIGIEEFNLNGYAAGVTWERNDYKNKIVSGTEVLGYTSSGNNILOWONGG
KAVVEGLEGNLLIPVLRDVLSWRTNATWMLKSESKETGNPLSVIPKYTVNTMLDWOVNDALSANVNWTLYGROKP
ROYAEIRNETGTLATTEVGAYSIVGIGTQYQLNRDIRLNAGISNLEDKOLYRENAGASTYNEPGRAYYAGVTLSE
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Fig. 15
Klebsiella pneumoniae 1571 IutA (Ferric Aerobactin). Gene Sequence. SEQ ID
NO:17.

ATGAAAAAGCGCCTCTGGGTGCTCCACCCTCTGCTGCTGGCCAGCACGCTGCCTGCGCTGGCGGCTCAGTCTGAT
GAAGACAGCATCATCGTTAGCGCAAACCGCACCCATCGCACCGTGGCCGAAATGGCCCAAACCACCTGGGTCATT
GAGGGCCAGGAGATTGAGCAGCAGGTCCAGGGCGGGAAAGAGTTCAAAGACGTGCTGGCGCAGCTGATCCCCGGL
ATCGACGTCAGCAGCCAGGGGCGGACCAACTAT GGGATGAACATGCGCGGGCGCGCGATCGTCGTGCTGATTGAC
GGCGTCCGGCTCAACTCCTCACGCACCGACAGCCGCCAGCTCGACGCCATCGATCCATTCAACATCGAACATATC
GAAGTGATCTCCGGAGCGACCTCGCTGTACGGCGGGGGCAGTACCGGCGGGCTTATCAACATCGTTACCAAAAAG
GGGCAGCAGGATCGTCAGGTCGATCTTGAGGTGGGCAGCAAGAGCGGTTTTGCGAACAGCAACGATCATGATGAG
CGCGTCGCGGCGGCCGTCAGCGGCGGAACAGACCACGCATCCGGCCGCTTGTCGGTAGCCTATCAGCGTTTCGGC
GGCTGGTACGACGGCAATACCGATGCGCTGATCCTCGATAATACCCAAACGGGGCTCCAGCATTCTGACCGCCTC
GACGTGATGGGGACGGGGACGATTGAGATCGATAATAACCGCCAGCTGCAGTTGGTCACCCAGTATTATAAAAGC
CAGGGCGATGATGACTACGGTCTGTGGCTCGGGAAGAACATGTCCGCGGTCACCAGCGGCGGCAAAGCGTATACC
ACCGACGGGCTCAATTCCGACCGTATCCCCGGCACCGAACGCCATCTGATCAGCCTCCAGTACTCTGATGCCGAC
TTTTTCGGCCAGAATCTGGTGAGCCAGGTGTACTATCGCGATGAGTCCCTCACCTTCTATCCGTTCCCGACGCTC
ACGAAAGGTCAGGTCAGTAGCTTCTCCTCGTCGCAGCAGGATACCGATCAGTATGGGGCCAAGCTGACCCTCAAC
AGCCAACCGCTGGCGGGGTGGGATCTCACCTGGGGTCTCGACGCCGATCATGAGACCTTTAATGCCAACCAAATG
TTCTTCGATCTGCCACAATCGATGGCCTCCGGCGGGTTGCACAACGAATCGATCTACACAACCGGCCGCTACCCG
GGATACAGTATTTCCAATGTCGCGCCATTCCTGCAGTCCAGCTACGATCTGAACGATATCTTTACCGTCAGCGGC
GGGGTACGCTACCAGTGGACCGAAAACCGGGTCGACGACTTTGTCGGCTACGCCCAGCAGCAGGATATCGCCAAC
GGCAAAGCGCGCTCCGCCGACGCCATCAAAGGCGGCAAAACCGATTACGATAACTTCCTGTTTAACGCCGGGATC
GTGGCCCACCTGACCGAGCGTCAACAAACCTGGTTTAACTTCTCGCAGGGCGTCGAGCTACCGGACCCTGGTAAA
TACTATGGCATCGGTAAATATGGCGCTGCGGTGAATGGTCATCTGCCGCTGATCTCCAGCGTCAACGTCGATGAC
TCGCCGCTGCAGGGGATCAAAGTTAACTCGTACGAGCTGGGCTGGCGCTACACCGGCGATAACCTGCGCACCCAG
CTGGCGGCGTACTACTCGACCTCAGATAAGACCATTGTCGTCAACCGCACCGACATGACCATCGACGTTCAGTCC
GACAAACGGCGTATTTACGGCGTTGAGGGGGCGGTCCGACTACTTTATTCCGGATAGCGACTGCGAGCGTCGGCGGT
AACTTCAACGTGCTGAAATCCCAGGTGCAGACCGACGGCCGCTGGCAAAAATGGGACGTCACCCTCGCCTCGCCG
TCTAAAGCCACCGCCTGGGTGGGCTGGGCGCCGGATCCGTGGAGCCTGCGCGTGCAGAGTCAGCAGGTATTTGAC
CTCAGCGATGCCGCCGGCAACAAGCTGGAAGGCTATAACACCGTCGATTTTATCGGTAGTTACGCGCTGCCGGTG
GGGAAACTGACCTTCAGTATCGAAAACCTGCTTAACGAAGACTATGTGACTATATGGGGCCAGCGCGCGCCGCTG
CTCTACAGCCCAACCTACGGCAGTTCATCGCTGTATGAGTACAAAGGTCGTGGCCGCACCTTTGGTCTGAACTAC
GCCTTAACCT

Klebsiella pneumoniae 1571 IutA (Ferric Aerobactin) AA Sequence, SEQ ID
NO:18 Underlined sequence is the signal sequence. Sequence of protein
without signal sequence is SEQ ID NO:49, and the calculated molecular
weight is 78 kDa.

MKKRLWVLHPLLLASTLPALAAQSDEDSIIVSANRTHRTVAEMAQTTWVIEGOEIEQOQVOGGKEFKDVLAQLIPG
IDVSSQGRTNYGMNMRGRAIVVLIDGVRLNSSRTDSROQLDAIDPENIEHIEVISGATSLYGGGSTGGLINIVTKK
GOODROVDLEVGSKSGEANSNDHDERVAAAVSGGTDHASGRLSVAYQREGGWYDGNTDALILDNTOQTGLOHSDRL
DVMGTGTIEIDNNRQLOLVTQYYKSQOGDDDYGLWLGKNMSAVT SGGKAYTTDGLNSDRIPGTERHLISLOYSDAD
FEFGONLVSQVYYRDESLTEFYPFPTLTKGOVSSESSSOODTDOYGAKLTLNSQPLAGWDLTWGLDADHET FNANOM
FFDLPOSMASGGLHNESIYTTGRYPGYSISNVAPFLOSSYDLNDIFTVSGGVRYOWTENRVDDEVGYAQOQODIAN
GKARSADAIKGGKTDYDNFLENAGIVAHLTERQOTWENESQGVELPDPGKYYGIGKYGAAVNGHLPLISSVNVDD
SPLOGIKVNSYELGWRYTGDNLRTQLAAYYSTSDKTIVVNRTDMTIDVOSDKRRIYGVEGAVDYFIPDSDWSVGG
NENVLKSOVOQTDGRWOKWDVTLASPSKATAWVGWAPDPWSLRVOSQQOVEDLSDAAGNKLEGYNTVDEFIGSYALPV
GKLTESIENLLNEDYVTIWGOQRAPLLYSPTYGSSSLYEYKGRGRTEFGLNYALT
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Fig. 16

Klebsiella pneumoniae 1571 FitA (ferric coprogen receptor). SEQ ID NO:19.

CCCGCCGCGGCTTCGGCGCCAACCGCGACGGCTCGATCATGACCAACGGCCTGCGCACCGTGCTGCCGCGCAGCT
TTAACGCCGCCACCGAACGGGTGGAAGTCCTGAAGGGGCCCGCCTCGACGCTGTACGGTATCCTCGACCCCGGCG
GGCTGATCAACGTCATCACTAAACGGCCGGAGCGGCAGTTCTCCGGTTCGGTTTCCGGGACCTCCACCAGCTTTG
GCGGCGGCACCGGCAGCGTCGACATCACCGGCCCCATCGAAGGCACAAATCTGGCGTACCGACTGATCGGCGAAT
ATCAGAATGAGGATTACTGGCGCAATTTCGGTAAAAACAAAAGCAGCTTTATCGCCCCTTCCCTGACCTGGTTTG
GCGAGCGGGCAACGGTGACCGCGTCCTATTCGCACCGCGACTACAGCGCCCCCTTTGATCGCGGAACTATCTTCG
ATCTGAATACCGGCCATGCGGTTAACGTCGATCGCAAAACCCGCTTCCGATGAAGCGTTTAATATTACCGATGGCT
ATTCCGATCTCGCTCAGCTCAACGCCGAGTATCGCCTTAACGACGCCTGGACCGCGCGCTTCGACTACAGCTACA
GCCAGGATCATTACAACGATAACCAGGCGCGGGTAATGGCCTATGATTCGGCGACCGGCAACCTCCCCCGCCGGG
TCGATGGTACCCACGGTTCAACGCAGAAGATGCACTCCACCCGCGCCGACCTGCAGGGCAACGTGGTAGTGGGCG
GCTTTTATAACGAGCTGCTGACCGGCGTCGCCTATGAGAATTACGAT CTGCTGCGCACCGATATGCTGCGCTGTA
AGAACGTTAAAGGCTTTAACATCTATCATCCGGTCTACGGCACTCTCGACACCTGTAATACCGTCTCCGCCTCCG
ACAGCGACCAGCGCATTCAGCAGGAGAGCTATGCCGCATACGTGCAGCGACGCGCTGTACCTGACCGACAACTGGA
TCGCCGTCGCCGGCGTGCGCTACCAGTACTACACCCAGTACGCCGGTAAAGGCCGACCGTTTAACGTCAATACCG
ACAGCCGCGATGAGAAATGGACGCCGAAAGCCGGCCTGGTCTACAAGGTCACGCCGAACGTCTCCCTGTTCGCCA
ACGTCGCCCAGTCGTTTATGCCGCAGTCGTCGATCGCCAGCTATATCGGCGAGCTGCCGCCGGAAGAGTCCACCT
CTTACGAAGTGGGCGCCAAATTCGACCTGTTAAACGGCATTACCGCCAATATCGCGTTGTTTGATATT CATAAGC
GTAACGTGCTGTACACCGAGAGCATTGGCGATGAGACGGTGGCCAAAACGGCGGGCAAAGTGCGTTCCCAGGGCG
TGGAAGTGGATCTGGCGGGGTCCATCACCGATAACCT CAGCGTGATCGCCAGCTACGGCTACACCGACGCCAAAG
TGCTGGAAGATCCGGATTACGCCGGGAAACCGCTGCCAAACGTACCGAAACATACCGGTTCGCTGTTCCTGACCT
ATGACATTCATAACGTCTATAACAGCAACACCCTGACCGTCGGCGGCGGCGGCCACGCGGTCAGCAAGCGTTCCG
GCACCAACGGCGCGGATTATTATTTGCAGGGGTATGCGGTGGCGGATGTGTTTGCTGCCTATAAGATGAAGCTGC
AGTATCCGGTGACGCTGCAGGTGAATGTGAAGAACCTGTTTGATAAGACCTATTACACTTCCTCGATCGGCACCA
ATAATCTCGGCAACCAGATTGGCGACCCGCGCGAAGTGCAGTTCACGCGTGAAGATGGATTTTTAA

Klebsiella pneumoniae 1571 FitA AA Sequence, SEQ ID NO:20.

RRGEFGANRDGSIMTNGLRTVLPRSENAATERVEVLKGPASTLYGILDPGGLINVITKRPERQESGSVSGTSTSEG
GGTGSVDITGPIEGTNLAYRLIGEYONEDYWRNEGKNKSSFIALSLTWEGERATVTASYSHRDYSAPEDRGTIED
LNTGHAVNVDRKTREDEAFNITDGYSDLAQLNAEYRLNDAWTAREDYSYSQDHYNDNQARVMAYDSATGNLPRRV
DGTHGSTOQKMHSTRADLOGNVVVGGEYNELLTGVAYENYDLLRTDMLRCKNVKGENIYHPVYGTLDTCNTVSASD
SDORIQQOESYAAYVODALYLTDNWIAVAGVRYQYYTOYAGKGRPENVNTDSRDEKWTPKAGLVYKVTPNVSLEAN
VAQSEMPOSSIASYIGELPPEESTSYEVGAKEFDLLNGITANIALEDIHKRNVLYTESIGDETVAKTAGKVRSQOGV
EVDLAGSITDNLSVIASYGYTDAKVLEDPDYAGKPLPNVPKHTGSLELTYDIHNVYNSNTLTVGGGGHAVSKRSG
TNGADYYLQOGYAVADVEAAYKMKLOYPVTLOQVNVKNLEDKTYYTSSIGTNNLGNQIGDPREVOQETVKMDE
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Klebsiella pneumoniae 1571 FcuA (Ferrichrome receptor) SEQ ID NO:21

ATGGGGCAAATTATGCACACCACGCACTATTCATCCTTCCCGCTGCGTAAAACGCTGCTGGCCTTAGCCATCGGC
GCCGCCAGTCAAACGGCGATGGCCGCGGACGCTGCCGCCGCGAAGCAGCCTGGCGAAGAGACCCTCATCGTCGAG
GCTAACGAAACCAGCGATTTTAAATCCGGCGGTGACCTGGTGGTTCCGGCATTCCTCGATGGCCAGATCGCCCAC
GGCGGCCGTCTGGGGATGCTTGGCGAACAAANANAGCGATGGACGTCCCGTTTAACGTCATCGGCTATACCTCGAAG
CTGATTCAGGATCAGCAGGCGAAAACTATCGCCGATGTCGTCAGTAACGACGCTGGCGTGCAGGCCGTACAGGGC
TACGGCAACTTCGCCGAGACCTATCGAATCCGCGGGTTTAAGCTCGATGGCGAT GACATGACGATGGGCGGCCTG
GCGGGCGTGGTGCCGCGTCAGGTGATGGACACCCAGATGCTGGAGCGCGTTGAAATTTTCAAAGGGGCTAACAGC
CTGCTTAACGGCGCGGCCAGCAGCGGTGTCGGCGGGGTGATTTACCTCGAGCCGAAGCGGGCGGAAGATCTGCCG
ACCGCACGCGTTGGCGTCGACTATACCTCTGATTCTCAGGTGGGCGGCACCCTCGACCTGGGGCGCCGTTTCGGL
GACAACAACCAGTTCGGCGCCCGGGTCAACCTGGTGCACCGCGAGGGTGAAGGCGCTATCGATAATGATAAACGC
CGTACCACGCTGGCTTCGCTGGGGCTTGATTACCGCGGCGACCGTTTCCGCTCCTCGCTCGATTTCGGCTATCAG
ANGAAAACGTTCCACGGCGGTACGATGGGCGTCAATATCAGCGGCGTGGATTTCGTTCCGGCGCTGCCGGACAAC
AGCAAAAACTACAGCCAGAAGTGGGGCTATAGCGATATTGAAAGCGAGTTTGGCATGGCGAAGGCAGAATATGAC
CTGACCGATAGCTGGACGGTATACAGCGCCCTCGGCGGCCAGCATTCGCATGAAATTGGTACCTACAGCGCGCCG
AAGCTTCTGAATAAAAACGGCGATGCGACGGTGGGCCGCCTGGATACTAACCGCATTATCGACGCGATCAGCGGC
ATGGGCGGGGTACGCGGCGATTTCAATACCGGCGCGATTTCGCATACGGTGAACCTCGGCTATGCGGCGCAGGTG
CATACCGATGCGACCGCCTGGCGGATGTCGGCCAGGAACCCGACCACTAATATCTATGACAACCATGATGTGGCG
ATGCCGGATAACGCCTATTTTGGCGGCAACTACCACGATCCGCTGGTCACCTCGCGCAGCCGTACGCAGGGCTGG
CTGTTGAGTGATACCCTCGGCTTCTTTAACGATAAAGTGCTGTTTACCGCCGCTGCTCGTCATCAGAAAGTGGTT
GTGCGCAACTACAGCAACGCCACCGGGCTGGAAGATACCTCTTCGCGTTATACCCAAAGCCGCTGGATGCCGACG
TTTGGCCTGGTGTACAAGCCGTGGGAGCAGCTGTCGCTGTATGCTAACCATACCGAAGCGCTGCAGCCGGGCTCT
GTGGCGCCGACGACGGCGGCCAATGCCGGGCAGAGTACCGGGATCGCGCACTCGAAGCAGGACGAAGTGGGCGTC
ANGATCGACTACGGTACGATCGGAGGATCGCTGGCGCTGTTTGAAAT CAAAAAACCGAACGCCATTTCCGATACC
GCTGGCAATTACGGCCTCGACGGCGAGCAGCGTAACCGCGGCGTAGAGATGAACGTCTTTGGCGAGCCGATGCTG
GGACTGCGTCTTAACGCCAGTACCGTCTGGCTGGATGCCAAACAGACTAAAACCGCTGAAGGCGCAACCGACGGT
AANGATGCCATCGGGGTGGCTAACTTCTACGCGGTACTCGGCGCCGAATATGACAT CAAGCCGGTGGAAGGCCTG
ACCGCCACCGCGCGCGTCAATCATAGCGGCTCGCAGTATGCCGATGCGGCCAATACCAAGAAGCTGGATAGCTAC
ACCACCCTGGATTTAGGCCTGCGCTATCGTATGCGTCTGAACGCCGACCAGAACGAAATGATCTGGCGCGTCGGG
GTGACCAACGTGACCAACGAGAAGTACTGGTCTGGCATTGACGATACCGGTACTTACCTGTTCGAAGGCGATCCG
CGTACCGTCCGCGTCTCAATGAGCTACGACTTCTGA

Klebsiella pneumoniae 1571 FcuA AA sequence, SEQ ID NO:22. Underlined
sequence 1s the signal sequence. Sequence of protein without signal
sequence is SEQ ID NO:51, and the calculated molecular weight is 76.2 kDa.

MGOIMHTTHYSSEPLRKTLLALAIGAASQTAMAADAAAAKQPGEETLIVEANET SDEKSGGDLVVPAFLDGOIAH
GGRLGMLGEQKAMDVPENVIGYTSKLIODOOAKTIADVVSNDAGVOAVOGYGNFAETYRIRGEFKLDGDDMTMGGL
AGVVPROVMDTOMLERVEIFKGANSLLNGAASSGVGGVIYLEPKRAEDLPTARVGVDYTSDSQVGGTLDLGRREG
DNNQFGARVNLVHREGEGAIDNDKRRTTLASLGLDYRGDREFRSSLDEGYQKKTFHGGTMGVNI SGVDEVPALPDN
SKNYSQKWGYSDIESEFGMAKAEYDLTDSWTVYSALGGOHSHEIGTYSAPKLLNKNGDATVGRLDTNRIIDAISG
MGGVRGDENTGAISHTVNLGYAAQVHTDATAWRMSARNPTTNI YDNHDVAMPDNAYFGGNYHDPLVTSRSRTOGW
LLSDTLGEENDKVLEFTAAARHOKVVVRNYSNATGLEDTSSRYTOSRWMPTEFGLVYKPWEQLSLYANHTEALQPGS
VAPTTAANAGOSTGIAHSKODEVGVKIDYGTIGGSLALFETIKKPNAI SDTAGNYGLDGEQRNRGVEMNVEGEPML
GLRLNASTVWLDAKQTKTAEGATDGKDAIGVANEYAVLGAEYDIKPVEGLTATARVNHSGSQYADAANTKKLDSY
TTLDLGLRYRMRLNADONEMIWRVGVTNVTNEKYWSGIDDTGTYLFEGDPRTVRVSMSYDE*
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Fig. 18

Klebsiella pneumoniae 1571 Ferric Enterbactin Colicin B/D receptor. SEQ ID
NO:23

ATGTACAAATCGACTCCGTCAGCAGCATGGTGTAAAAAACGCCTGCTGGTGACCTCTTTGTTTGCAGCAATTTAT
CAGACTTCTGCCATCGCAGCAGATACTTCCGCCGTTAGCGGCGAGGCGGTGGATGACACCTCGGAACAAATGACC
GTCACCGCCCCCGCGCCGGTGCAGAAAGCCGGTAGCGAACATAGCAT CAGCGCCCGGCGAGCTGGAGAATAAAGGC
GCTAACGATTTCGGCTCAATCATGCGCTATGAGCCGCTCATCAGCGCCACCGGGGCCAGCGGCGGCTCCGGCAAC
GGCAAANGCGGCTTCGACCGCGGAGGTTACACCGGCTACAACATTCGCGGTATGGAGAGCAACCGCGTCGGCATC
GACGTGGACGGTATCGCGCAACCCAACGCCACCGGCCGCGGCTACGTCGGCCGCGCCGGGCTCAACACCTTCGGC
ATCGGCCGCGATTATATCGACCCGTATATGTACGGCAGCGTGGATATCCAGTCCGGCGCCACCTCGACGGAAACG
GCCAACAGCGCTATCGGGGGGAATGTCTCCTTCCGCCCGAAAT CAGCGGATGATTACCTGCGCCCGGGCAAGACC
AGCGCCTTCGGCTACCGCAGCGGTTACGACTCTGCGGATCGCAGCTGGCACAACGGGGTGACCGTCGCCGGLGGL
GATGAGTTCCTGCGCGGGATTTTGGTCTATAGCCGCCGTGACGGCCAGGAAACCGAAAACAACAGCGGCACCGTC
GACGCCTACCCGGCGAACTGGCACTCCGATGCTTTTCTGGCCTCCGGGATCTGGCAGCCTAACGATGAGCACAAG
CTGACCAGCACCTTCGACTATTACCATAAAACCAACCACACCCACTACGATACCTGGGACTCCAGCGGCAACAGC
ACCATCGGCACCGCCAACCAGACCAGCCAGACCCGGCGCTGGGGCCTGAGCCTGAAGGATGACTGGACGCCGATG
ANCGACTACCTCGACAGCGTCTCCACAAAAATCTACTACCAGCATACCGAAGCCCATGACTGGACTTATATGCCG
GACAGCGTCACCCGCAGAATGCAGACGGTGAACTCTAACTACGATACCGACACCTGGGGCCTGCAGACCGCGCTG
GCGAAANACCCTGGGCCGCCACGATCTGAGCGCCGGTTTCAACGCCAGCACCAGCAAAACCCAGCGGCCGTTCAGC
CAGTCGCCGATCCCCAGCGTTTACAGCGAGATCATGCAGCCGGAGGCAGACAGCCGCAGCTACACCCTCGGLGGL
TTTGTCCAGGATAAGATCAACTTCGACCTTGATAGCCACAACTTCGCCGTTATTCCCGGCGTGCGCGTGGTGCAT
CAATCGACTAAGCCGGAAAATCTGTCCGATCTCGCCGCCAACAGCAGCGTGCTGAGCGAATCGTCGGTGGCGAAT
CTGTACGGCAAAAACAGCGATACCCAGGTTCTGCCGTCGTTGACCTTCCAGTACGACCTCACCCCGCGCCTGATG
ACCTACCTGCAGTACCAGCGCGGGGCGCAGTTCCCCAACGCCAGCCAGCTGTATGGCTCCTGGAACCTCGGCTCC
AGCTACGCCGGCAGCCAGCAGTATGCCCTGATCGGCAATACCGATCTGAAGACGGAAACCAGCGATAATCTCGAG
TGGGGGCTGAAGGGGGAAGTTACCGAAGGCATCACCCTGCGCACGGCGCTGTTCTACAACAGCTATAAGAACTTT
ATCGCCTATACCCGCTATACCCGCGCCAACAAT CCGGGCCAGTTCACGAATGTGCCGTCGAACATCTACACCATT
TATCAGGCGGAAAACCGCGATAAAGCCTATATCTACGGCGGTGAGATTAGCACCAAATTTAACTTTGGCACCTGG
TTTGAGCAGGTGGACGGCCTGAGCGCCACCCTCGCCCTCGGCTATAGCGAAGGGAAAT CGAAATCCAGCTACAGC
GGCGATAAATACGTCGACCTCGACAGCGTGGCGCCAATGAAAGCCATCGTCGGCGTGGCGTGGGACGATCCGGCG
AMANCGCTACGGCACCGCCCTGACGGCGACCTTTGTCAAAGGGAAACAGGCGACCGCCACCAACCGCGAAAGCTAC
AGCAACAGCGGATCCGCCATCACCGATGCCAGTAGCGACTATATGCGCGTGCCGGGCTACGGCATGCTGGACTGG
ACCGCGTACTGGCAGGTGGCGAAAAACGTGCGCCTCAATGGCGGGGTCTACAACCTCACCGATCGTAAATACTGG
GATTACCTGAGCAGCCGCAATATCGAGACCGGCACCAACCAGGACGCCAACGATAAAGCGCTGGCGGTGATGCCG
GGCCGCACCTGGCAGCTGGGCGTCAACGTCGACTTCTGA

Klebsiella pneumoniae 1571 Ferric Enterbactin Colicin B/D receptor AA
sequence. SEQ ID NO:24. Underlined sequence is the signal sequence.
Sequence of protein without signal sequence is SEQ ID NO:52, and the

calculated molecular weight is 83 kDa.

MYKSTPSAAWCKKRLLVTSLEFAATIYQTSAIAADTSAVSGEAVDDTSEQOMTVTAPAPVOKAGSEHSISARELENKG
ANDFGSIMRYEPLISATGASGGSGNGKSGEDRGGYTGYNIRGMESNRVGIDVDGIAQPNATGRGYVGRAGLNTEG
IGRDYIDPYMYGSVDIQSGATSTETANSATIGGNVSEFRPKSADDYLRPGKTSAEFGYRSGYDSADRSWHNGVIVAGG
DEFLRGILVYSRRDGQETENNSGTVDAYPANWHSDAFLASGIWOPNDEHKLTSTEDYYHKTNHTHYDTWDSSGNS
TIGTANQTSQTRRWGLSLKDDWTPMNDYLDSVSTKIYYQOHTEAHDWTYMPDSVTRRMOTVNSNYDTDTWGLOTAL
AKTLGRHDLSAGENASTSKTQORPEFSQOSPIPSVYSEIMOPEADSRSYTLGGEVODKINEDLDSHNEFAVIPGVRVVH
OSTKPENLSDLAANSSVLSESSVANLYGKNSDTOVLPSLTEFQYDLTPRLMTYLOYQRGAQFPNASQLYGSWNLGS
SYAGSQOYALIGNTDLKTETSDNLEWGLKGEVTEGITLRTALEYNSYKNEFIAYTRYTRANNPGOFTNVPSNIYTI
YOAENRDKAYIYGGEI STKENEFGTWEEQVDGLSATLALGYSEGKSKSSYSGDKYVDLDSVAPMKAIVGVAWDDPA
KRYGTALTATEVKGKOQATATNRESYSNSGSAITDASSDYMRVPGYGMLDWTAYWOVAKNVRLNGGVYNLTDRKYW
DYLSSRNIETGTNQDANDKALAVMPGRTWQLGVNVDE*
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Fig. 19

Klebsiella pneumoniae 1571 FoxA SEQ ID NO:25

TTGGTTCAGGATGATCTTATGAACGTGGCTATTTCTCGAAAACGCCCGGGGCTGCTGTATGCCCTTGCGGTCACA
CTCCCCTTCACCGCGCAAGCCGAAGAGACGGTGGTGGTCACTGCCACCCCGCCGGCGTCCGCCAGCGCGCCGALCG
GAGGGCTACAGCGCCAGCACCTCGCTCGGGGCGACGAAAACCGACCAGCCGTTAATCACTACCGCCCAGTCGGTG
TCGGTGGTCACCCGCCAGCAGATGGCGGATCAGGGGGCGAATACCATCAGCCAGGCGCTGGAATATACCCCGGGG
GTCTACTCCAGCTTCGGCGGCGGCGCCACCCGGTTCGACGCCATCTCCCTGCGCGGCTACCACGGCGGCGACGTC
GATAACCTGTTCCTCGACGGCATGCGCCTGATGAGCCGACGGCGGCAGCCATAACGTACTGCAAATCGACCCGTGG
TTTATCGAACGCGTGGATGTGATCCGCGGCCCCTCCTCCGCGCTCTACGGGCAGAGCGTGCCGGGCGGCGTGGTC
AACCTGACTTCCAAACGTCCGCAGTTCAGCCAGCAGGGCCACATCCGCCTGACCGGCGGCACGCAAAATACCAAA
GGCGCGGCCTTCGATTACACCGACGCCATCAATGACCAGTGGGCATGGCGGCTGATCGGGATGACCCGCAGCAGC
GACACGCAGTATGACCATACCCGCGAAGAGCGCTACGCGATTTCGCCTTCCCTGCTGTGGCAGCCGGACAGCGAC
ACCTCGCTGCTGCTGCGCGCCTATCTGCAAAAAGATCCTTCCGGCGGCTACCACGGCTCTTTGCCGCTGGACGGL
ACCCGCTACGCGCACAATGGCCGTAAGCTCTCCCCCAGCACCAACGAAGGCGAT CCGGGAGATGGCTATCAGCGC
CGCCAGCAGATCTACAGCTATGAGTTTGACCACCAGTTCACCGACGTCTGGTCGGTCTATTCCGCCGGGAGCTAC
ACCCATACCAACGTCTCCCTCGATCAGGTCTACCAGGTCGGCTGGATAGATGAAAGCGACATGCTGGCCCGLCGGL
TACAGCGGTTCGCGCGGTTCGCTGGACGGCTGGTCAACCGATAACCGCCTGCGCGCCGATTTCAATACAGGCGAC
CTGGCGCACACCCTGATCCTCGGCGCCGAATATCATCGCTTCCGTAACGACCTGTGGACCGGCGCCGGCGGLGLCG
GCGCCCCTTAACCCGTTTAGCGGCTATACCGAGCAGACCGGACATACCGTTACCTACAGCGACGACAATAATCGC
CGCTATTACCAGACCGGGCTGTATCTGCAGGATGAGATGGTCTGGAACCGCTGGCATGTGGATGTTTCCGCCCGC
TACGACCGCATCGTTTCCCAGCAGGTCAGCGATACCCAGGGGACCTCAAACCGCCGTTCAGACGACCATATCAGC
GGCCGCGCCTCGCTGTTGTACGCCCTGGACAACGGTCTGTCGCCCTACCTGAGCTACAGCCAGGCGATCACTCCG
GCGATGCTGCCGGGCGCGGACGGCAAACCGTTGAAACCGACCACCGCCGAACAGGTTGAAGCCGGCCTGAAGTTC
CAGCCGCCGGGCAGCAGCGATCTCTATAGCATCGCGATTTACGACCTGACGCAAAAGCGATGTCGCCACTCGCGAC
CCGAACATCGCCACCGCCACCTATATTCCGGCGGGTAAGGTCCATTCCCAGGGCGTTGAGCTGGAAGCGCACCAC
CAGATCACCCCGCAGCTGAGTACTATCGCCTCGTATACCTGGAATCGTCTGCGTTTCCAGGACACCCAAGACGGG
ACCGACAATAACACGCCGCAGCTGACCCCGGAT CAGATGGCCTCCTTCTGGGCGCGCTATCAGTTCCCGGLCGGGGE
ATCTCCGTTGGCGCCGGCGTCCGCTACATCGGTAAACAGTGGGCGGATGATGCCAACACCGCGCGGCTGCCGTCG
GTCACGTTGATGGACGCCATGATGCGGGCCGACCTCGGCGTCTGGTCGCCAACGCTGAAAGGCGCTTATGTGCAG
GTTAACGCCAACAATATCGGCGACCGCGAGTATATTTCCGGCTGCTATGGCACCGGCAACTGTTACTGGGGAGCA
GAGCGCAGCGTTATAGCCACCGTGGGCTACGATTTCTGA

Klebsiella pneumoniae 1571 FoxA AA sequence, SEQ ID NO:26. Underlined
sequence 1s the signal sequence. Sequence of protein without signal
sequence 1s SEQ ID NO:53, and the calculated molecular weight is 74.7 kDa.

MVODDLMNVAISRKRPGLLYALAVTLPFTAQAEETVVVTATPPASASAPTEGYSASTSLGATKTDQPLITTAQSYV
SVVTROOMADOGANTI SQALEYTPGVYSSEFGGGATREDAISLRGYHGGDVDNLELDGMRLMSDGGSHNVLOIDPW
FIERVDVIRGPSSALYGQSVPGGVVNLTSKRPOFSOOGHIRLTGGTONTKGAAFDYTDAINDOWAWRLIGMTRS S
DTQYDHTREERYAISPSLLWQPDSDTSLLLRAYLOKDPSGGYHGSLPLDGTRYAHNGRKLSPSTNEGDPGDGYQOR
ROQIYSYEFDHQFTDVWSVYSAGSYTHTNVSLDOVYQVGWIDESDMLARGYSGSRGSLDGWSTDNRLRADENTGD
LAHTLILGAEYHRERNDLWTGAGGAAPLNPEFSGYTEQTGHTVTYSDDNNRRYYQTGLYLODEMVWNRWHVDVSAR
YDRIVSQOVSDTOGTSNRRSDDHI SGRASLLYALDNGLSPYLSYSQAITPAMLPGADGKPLKPTTAEQVEAGLKE
QOPPGSSDLYSIAIYDLTOKDVATRDPNIATATYIPAGKVHSOGVELEAHHOITPOLSTIASYTWNRLREQDTQODG
TDNNTPOQLTPDOMASEWARYQFPAGI SVGAGVRYIGKOWADDANTARLP SVILMDAMMRADLGVWS PTLKGAYVQ
VNANNIGDREYISGCYGTGNCYWGAERSVIATVGYDE*
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Fig. 20

Klebsiella pneumoniae 1571 OmpC gene sequence. SEQ ID NO:27

ATGAAAGTTAAAGTACTGTCCCTCCTGGTACCGGCTCTGCTGGTAGCAGGCGCAGCAAATGCGGCTGAAATTTAT
ANCAAAGACGGCAACAAATTAGACCTGTACGGTAAAATTGACGGTCTGCACTACTTCTCTGACGACAAGAGCGTC
GACGGCGACCAGACCTACATGCGTGTAGGCGTGAAAGGCGAAACCCAGATCAACGACCAGCTGACCGGTTACGGC
CAGTGGGAATACAACGTTCAGGCGAACAACACTGAAAGCTCCAGCGATCAGGCATGGACTCGTCTGGCATTCGCA
GGCCTGAAATTTGGCGACGCGGGCTCTTTCGACTACGGTCGTAACTACGGCGTAGTATACGACGTAACGTCCTGG
ACCGACGTTCTGCCGGAATTCGGCGGCGACACCTACGGTTCTGACAACTTCCTGCAGTCCCGTGCTAACGGCGTT
GCAACCTACCGTAACTCTGATTTCTTCGGTCTGGTTGACGGCCTGAACTTTGCTCTGCAGTAT CAGGGTAAAAAC
GGCAGCGTCAGCGGCGAAGGCGCTCTGTCTCCTACCAACAACGGTCGTACCGCCTTGAAACAGAACGGCGACGGT
TACGGTACTTCTCTGACCTATGACATCTATGATGGCATCAGCGCTGGTTTCGCATACTCTAACTCCAAACGTCTT
GGCGACCAGAACAGCAAGCTGGCACTGGGTCGTGGCGACAACGCTGAAACCTACACCGGCGGTCTGAAATACGAT
GCGAACAACATCTACCTGGCCACTCAGTACACCCAGACCTACAACGCGACCCGCGCCGGTTCCCTGGGCTTTGCT
ANCAAAGCGCAGAACTTCGAAGTGGTTGCTCAGTACCAGTTCGACTTCGGTCTGCGTCCGTCCGTGGCTTACCTG
CAGTCTAAAGGTAAGGATCTGGAAGGCTACGGCGACCAGGACATCCTGAAATATGTTGACGTTGGCGCGACCTAC
TACTTCAACAAAAACATGTCCACCTATGTTGACTACAAAATCAACCTGCTGGACGACAACAGCTTCACCCACAAC
GCCGGTATCTCTACCGACGACGTGGTTGCACTGGGCCTGGTTTACCAGTTCTAA

Klebsiella pneumoniae 1571 OmpC amino acid sequence. SEQ ID NO:28.
Underlined sequence is the signal sequence. Sequence of protein without
signal sequence is SEQ ID NO:54.

MKVKVLSLLVPALLVAGAANAAETYNKDGNKLDLYGKIDGLHYESDDKSVDGDOTYMRVGVKGETQINDQLTGYG
OWEYNVOANNTESS SDOAWTRLAFAGLKEGDAGSEDYGRNYGVVYDVTSWTDVLPEFGGDTYGSDNEFLOSRANGV
ATYRNSDEEFGLVDGLNFALOQYQGKNGSVSGEGALSPTNNGRTALKONGDGYGT SLTYDIYDGI SAGEFAYSNSKRL
GDONSKLALGRGDNAETYTGGLKYDANNIYLATOYTQTYNATRAGSLGEANKAQONEFEVVAQYQEFDEFGLRPSVAYL
OSKGKDLEGYGDODILKYVDVGATYYEFNKNMSTYVDYKINLLDDNSETHNAGI STDDVVALGLVYQF

Fig. 21

Klebsiella pneumoniae 1571 OmpA gene sequence. SEQ ID NO:29

ATGAAAAAGACAGCTATCGCGATTGCAGTGGCACTGGCTGGCTTCGCTACCGTAGCGCAGGCCGCTCCGAAAGAT
ANCACCTGGTATGCAGGTGGTAAACTGGGTTGGTCCCAGTATCACGACACCGGTTTCTACGGTAACGGTTTCCAG
ANCAACAACGGTCCGACCCGTAACGATCAGCTTGGTGCTGGTGCGTTCGGTGGTTACCAGGTTAACCCGTACCTC
GGTTTCGAAATGGGTTATGACTGGCTGGGCCGTATGGCATATAAAGGCAGCGTTGACAACGGTGCTTTCAAAGCT
CAGGGCGTTCAGCTGACCGCTAAACTGGGTTACCCGATCACTGACGATCTGGACATCTACACCCGTCTGGGCGGC
ATGGTTTGGCGCGCTGACTCCAAAGGCAACTACGCTTCTACCGGCGTTTCCCGTAGCGAACACGACACTGGCGTT
TCCCCAGTATTTGCTGGCGGCGTAGAGTGGGCTGTTACTCGTGACATCGCTACCCGTCTGGAATACCAGTGGGTT
ANCAACATCGGCGACGCGGGCACTGTGGGTACCCGTCCTGATAACGGCATGCTGAGCCTGGGCGTTTCCTACCGC
TTCGGTCAGGAAGATGCTGCACCGGTTGTTGCTCCGGCTCCGGCTCCGGCTCCGGAAGTGGCTACCAAGCACTTC
ACCCTGAAGTCTGACGTTCTGTTCAACTTCAACAAAGCTACCCTGAAACCGGAAGGTCAGCAGGCTCTGGATCAG
CTGTACACTCAGCTGAGCAACATGGATCCGAAAGACGGTTCCGCTGTTGTTCTGGGCTACACCGACCGCATCGGT
TCCGAAGCTTACAACCAGCAGCTGTCTGAGAAACGTGCTCAGTCCGTTGTTGACTACCTGGTTGCTAAAGGCATC
CCGGCTGGCAAAATCTCCGCTCGCGGCATGGCGTGAATCCAACCCGGTTACTGGCAACACCTGTGACAACGTGAAA
GCTCGCGCTGCCCTGATCGATTGCCTGGCTCCGGATCGTCGTGTAGAGATCGAAGTTAAAGGCTACAAAGAAGTT
GTAACTCAGCCGGCGGCTTAA

Klebsiella pneumoniae 1571 OmpA amino acid sequence. SEQ ID NO:30.
Underlined sequence is the signal sequence. Sequence of protein without
signal sequence is SEQ ID NO:55.

MKKTAIATAVALAGFATVAQAAPKDNTWYAGGKLGWSQYHDTGEYGNGEONNNGPTRNDOLGAGAFGGYQVNPYL
GEFEMGYDWLGRMAYKGSVDNGAFKAQGVQLTAKLGYPITDDLDIYTRLGGMVWRADSKGNYASTGVSRSEHDTGV
SPVFAGGVEWAVTRDIATRLEYOWVNNIGDAGTVGTRPDNGMLSLGVSYRFGOEDAAPVVAPAPAPAPEVATKHE
TLKSDVLENEFNKATLKPEGOOALDOLYTOQLSNMDPKDGSAVVLGYTDRIGSEAYNOQOLSEKRAQSVVDYLVAKGT
PAGKI SARGMGESNPVTGNTCDNVKARAALIDCLAPDRRVEIEVKGYKEVVTQPAA
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E. coli CFT073 CirA Gene Sequence, SEQ ID NO:56

ATGAGAGGATCGCATCACCATCACCATCACGGATCTGGCTCTGGATCTGGTATCGAGGGAAGGCCTGTCGAT
GATGATGGCGAAACGATGGTTGTCACTGCATCTTCCGTTGAACAAAACCTTAAAGATGCTCCCGCCAGTATCA
GCGTCATTACCCAGGAAGACCTGCAGCGAAAACCGGTACAGAATCTGAAGGATGTCCTCAAAGAAGTGCCTG
GCGTACAACTGACGAACGAAGGGGATAACCGTAAGGGCGTAAGTATTCGTGGTCTGGACAGCAGCTACACCC
TGATTCTTGTCGACGGTAAACGCGTTAACTCCCGCAATGCCGTCTTCCGCCACAATGATTTCGATCTGAACTGG
ATCCCGGTCGATTCCATCGAACGTATTGAAGTGGTTCGTGGCCCGATGTCGTCGCTGTACGGTTCCGATGCGC
TCGGCGGTGTAGTGAATATCATCACCAAAAAAATCGGTCAGAAATGGTCGGGCACCGTTACCGTCGATACCAC
CGTTCAGGAACATCGCGATCGCGGTGATACCTATAACGGTCAATTCTTTACCAGCGGACCATTAATTGACGGC
GTGCTGGGAATGAAAGCTTACGGCAGCCTGGCAAAACGTGAAAAGGATGACCCGCAAAACTCAACGACCACC
GATACCGGAGAAACGCCGCGTATTGAAGGATTCTCCAGCCGCGACGGCAATGTCGAATTTGCCTGGACACCG
AATCAAAATCACGATTTTACTGCCGGATACGGTTTCGACCGTCAGGATCGTGATTCCGACTCGCTGGACAAAA
ACCGCCTGGAACGCCAGAACTACTCCGTCAGCCATAATGGGCGTTGGGATTACGGCACCAGCGAACTGAAAT
ACTACGGTGAGAAAGTCGAGAACAAAAACCCTGGCAACAGCAGCCCGATAACTTCCGAAAGCAATACGGTCG
ACGGCAAATACACGTTGCCGCTGACGGCGATTAATCAGTTTCTCACGGTTGGCGGTGAATGGCGTCACGACA
AACTTAGCGATGCGGTGAACCTGACCGGGGGAACCAGCTCCAAAACGTCTGCCAGCCAGTACGCGCTGTTTG
TGGAAGATGAATGGCGGATCTTCGAGCCGCTGGCGCTGACGACCGGCGTGCGTATGGACGATCACGAAACCT
ACGGTGAACACTGGAGTCCGCGTGCCTACCTGGTTTATAACGCCACCGACACCGTAACGGTGAAAGGGGGCT
GGGCGACGGCATTTAAAGCCCCTTCTCTGTTGCAACTTAGCCCTGACTGGACGAGCAATTCCTGCCGTGGCGC
ATGTAAGATTGTGGGTAGCCCGGATCTGAAACCAGAAACCAGCGAAAGTTGGGAGCTGGGGCTTTACTACAT
GGGTGAAGAAGGCTGGCTGGAAGGGGTTGAATCCAGCGTTACCGTTTTCCGTAACGATGTGAAAGATCGTAT
CAGCATTAGCCGTACGTCTGACGTCAATGCTGCACCGGGCTACCAAAACTTTGTCGGTTTTGAGACGGGCGCT
AACGGACGGCGCATACCGGTATTTAGCTACTACAACGTTAACAAAGCTCGTATTCAGGGCGTGGAAACCGAA
CTGAAAATTCCGTTCAACGATGAATGGAAACTGTCGATCAACTACACCTACAACGATGGTCGTGATGTCAGCA
ACGGCGAAAACAAACCGCTATCCGATCTGCCGTTCCATACTGCTAACGGTACGCTGGACTGGAAACCGCTGGC
GCTGGAAGACTGGTCATTCTATGTTTCTGGTCACTATACCGGGCAGAAACGCGCCGACAGCGCGACGGCTAA
AACACCGGGCGGTTATACCATCTGGAATACCGGCGCGGCCTGGCAGGTGACTAAAGACGTCAAACTGCGCGC
AGGCGTGCTGAACCTTGGCGACAAGGATCTCAGTCGTGACGACTACAGCTATAACGAAGACGGACGTCGTTA
CTTTATGGCAGTGGATTATCGCTTCTGA

E. coli CFT073 CirA amino acid sequence. SEQ ID NO:57. Amino acids 1-22 are a His tag and Xa
protease cleavage site. Sequence of protein without His tag and Xa protease cleavage site is SEQ ID
NO:58.

MRGSHHHHHHGSGSGSGIEGRPYDDDGETMVVTASSVEQNLKDAPASISVITQEDLQRKPVQNLKDVLKEVPGY
QLTNEGDNRKGVSIRGLDSSYTLILVDGKRVNSRNAVFRHNDFDLNWIPVDSIERIEVVRGPMSSLYGSDALGGVV
NIITKKIGQKWSGTVTVDTTVQEHRDRGDTYNGQFFTSGPLIDGVLGMKAYGSLAKREKDDPQNSTTTDTGETPRI
EGFSSRDGNVEFAWTPNQNHDFTAGYGFDRQDRDSDSLDKNRLERQNYSVSHNGRWDYGTSELKYYGEKVENK
NPGNSSPITSESNTVDGKYTLPLTAINQFLTVGGEWRHDKLSDAVNLTGGTSSKTSASQYALFVEDEWRIFEPLALTT
GVRMDDHETYGEHWSPRAYLVYNATDTVTVKGGWATAFKAPSLLQLSPDWTSNSCRGACKIVGSPDLKPETSES
WELGLYYMGEEGWLEGVESSVTVFRNDVKDRISISRTSDVNAAPGYQNFVGFETGANGRRIPVFSYYNVNKARIQ
GVETELKIPFNDEWKLSINYTYNDGRDVSNGENKPLSDLPFHTANGTLDWKPLALEDWSFYVSGHYTGQKRADSA
TAKTPGGYTIWNTGAAWQVTKDVKLRAGVLNLGDKDLSRDDYSYNEDGRRYFMAVDYRF
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E. coli CFT073 FepA Gene Sequence, SEQ ID NO:59.

ATGAGAGGATCGCATCACCATCACCATCACGGATCTGGCTCTGGATCTGGTATCGAGGGAAGGCCTCAAGAG
CCGACCGATACTCCTGTTTCACATGACGATACCATTGTCGTTACCGCCGCCGAGCAGAACTTGCAGGCGCCTG
GCGTTTCGACCATTACCGCAGATGAAATCCGCAAAAACCCGGTTGCCCGCGATGTATCGGAGATCATTCGTAC
CATGCCTGGCGTTAACCTGACCGGTAACTCCACCAGTGGTCAGCGTGGTAATAACCGCCAGATTGATATTCGC
GGCATGGGTCCGGAAAACACGCTGATTTTGATTGACGGCAAGCCGGTAAGCAGCCGTAACTCTGTGCGTCAG
GGCTGGCGTGGCGAGCGCGATACCCGTGGTGATACCTCCTGGGTGCCGCCTGAAATGATTGAACGTATTGAA
GTTCTGCGTGGTCCGGCAGCTGCGCGTTATGGCAACGGCGCGGCGGGCGGCGTGGTTAACATCATTACCAAA
AAAGGCAGCGGTGAGTGGCACGGCTCCTGGGATGCTTATTTCAATGCGCCAGAACATAAAGAGGAAGGTGC
CACCAAACGCACCAACTTCAGCCTGACCGGTCCGCTGGGCGACGAATTCAGCTTCCGCTTGTATGGCAACCTC
GACAAAACCCAGGCTGACGCGTGGGATATCAACCAGGGCCATCAGTCCGCGCGTGCCGGAACGTATGCCACG
ACGTTACCAGCCGGGCGCGAAGGGGTGATCAACAAAGATATTAATGGCGTGGTGCGCTGGGACTTCGCGCCT
CTGCAGTCACTCGAACTGGAAGCGGGCTACAGCCGCCAGGGTAACCTGTATGCGGGTGATACGCAGAACACC
AACTCTGACGCTTACACTCGATCGAAATATGGCGATGAAACCAACCGCCTGTATCGCCAGAACTACTCGCTGA
CCTGGAACGGTGGCTGGGATAACGGCGTGACCACCAGCAACTGGGTGCAGTACGAACACACCCGTAACTCGC
GTATTCCGGAAGGTCTGGCGGGCGGTACCGAAGGGAAATTTAACGAAAAAGCGGCACAGGATTTTGTAGAT
ATCGATCTTGATGACGTGATGCTGCACAGCGAAGTTAACCTGCCGATTGATTTCCTCGTAAACCAAACGCTGA
CGCTGGGTACAGAGTGGAATCAGCAACGGATGAAGGACTTAAGTTCCAACACCCAGGCGCTGACCGGGACG
AATACCGGCGGTGCTATTGATGGTGTGAGTGCCACCGACCGTAGCCCGTATTCAAAAGCAGAAATTTTCTCGC
TGTTTGCCGAAAACAATATGGAGCTGACTGACAGCACCATCGTAACGCCGGGGCTGCGTTTCGATCATCACAG
TATTGTCGGCAATAACTGGAGCCCGGCGCTGAACATATCGCAAGGTTTAGGCGATGACTTCACGCTGAAAATG
GGCATCGCCCGCGCCTATAAAGCGCCGAGCCTGTACCAGACTAACCCAAACTACATTCTCTACAGTAAAGGTC
AGGGCTGCTATGCCAGCGCGGGCGGCTGCTATCTGCAAGGTAATGATGACCTGAAAGCAGAAACCAGCATCA
ACAAGGAGATTGGTCTGGAGTTCAAACGCGACGGTTGGCTGGCGGGCGTGACCTGGTTCCGTAACGATTATC
GCAATAAGATTGAAGCGGGCTATGTGGCTGTAGGGCAAAACGCAGTCGGCACCGATCTCTATCAGTGGGATA
ACGTACCGAAAGCGGTGGTTGAAGGTCTGGAAGGATCGTTAAACGTACCGGTTAGCGAAACGGTGATGTGG
ACCAATAACATCACTTATATGCTGAAGAGTGAAAACAAAACCACGGGCGACCGTTTGTCGATCATCCCGGAGT
ATACGTTGAACTCAACGCTGAGCTGGCAGGCACGGGAAGATTTGTCGATGCAAACGACCTTCACCTGGTACG
GCAAACAGCAGCCGAAGAAGTACAACTATAAAGGTCAGCCAGCGGTTGGACCGGAAACCAAAGAAATCAGT
CCGTACAGCATTGTTGGCCTGAGCGCGACCTGGGATGTGACGAAGAATGTCAGTCTGACCGGCGGCGTGGAC
AACCTGTTCGACAAACGTTTGTGGCGTGCGGGTAATGCCCAGACCACGGGCGATCTGGCAGGGGCCAACTAT
ATCGCCGGTGCCGGTGCGTATACCTATAACGAGCCGGGACGTACGTGGTATATGAGCATTAATACTCACTTCT
GA

E. coli CFT073 FepA amino acid sequence. SEQ ID NO:60. Amino acids 1-22 are a His tag and Xa
protease cleavage site. Sequence of protein without His tag and Xa protease cleavage site is SEQ ID
NO:61.

MRGSHHHHHHGSGSGSGIEGRPQEPTDTPVSHDDTIVVTAAEQNLQAPGVSTITADEIRKNPVARDVSEIIRTMP
GVNLTGNSTSGQRGNNRQIDIRGMGPENTLILIDGKPVSSRNSVRQGWRGERDTRGDTSWVPPEMIERIEVLRGP
AAARYGNGAAGGVVNIITKKGSGEWHGSWDAYFNAPEHKEEGATKRTNFSLTGPLGDEFSFRLYGNLDKTQADA
WDINQGHQSARAGTYATTLPAGREGVINKDINGVVRWDFAPLQSLELEAGYSRQGNLYAGDTQNTNSDAYTRSK
YGDETNRLYRQNYSLTWNGGWDNGVTTSNWVQYEHTRNSRIPEGLAGGTEGKFNEKAAQDFVDIDLDDVMLH
SEVNLPIDFLVNQTLTLGTEWNQQRMKDLSSNTQALTGTNTGGAIDGVSATDRSPYSKAEIFSLFAENNMELTDSTI
VTPGLRFDHHSIVGNNWSPALNISQGLGDDFTLKMGIARAYKAPSLYQTNPNYILYSKGQGCYASAGGCYLQGND
DLKAETSINKEIGLEFKRDGWLAGVTWFRNDYRNKIEAGYVAVGQNAVGTDLYQWDNVPKAVVEGLEGSLNVPV
SETVMWTNNITYMLKSENKTTGDRLSIIPEYTLNSTLSWQAREDLSMQTTFTWYGKQQPKKYNYKGQPAVGPETK
EISPYSIVGLSATWDVTKNVSLTGGVDNLFDKRLWRAGNAQTTGDLAGANYIAGAGAYTYNEPGRTWYMSINTH
F
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E. coli CFT073 IutA Gene Sequence, SEQ ID NO:62.

ATGAGAGGATCGCATCACCATCACCATCACGGATCTGGCTCTGGATCTGGTATCGAGGGAAGGCCTCAGCAA
AACGATGATAATGAGATCATAGTGTCTGCCAGCCGCAGCAATCGAACTGTAGCGGAGATGGCGCAAACCACC
TGGGTTATCGAAAATGCCGAACTGGAGCAGCAGATTCAGGGCGGTAAAGAGCTGAAAGACGCACTGGCTCA
GTTAATCCCCGGCCTTGATGTCAGCAGCCAGAGCCGAACCAACTACGGTATGAACATGCGTGGCCGCCCGCTG
GTTGTCCTGATTGACGGTGTGCGCCTCAACTCTTCACGTTCCGACAGCCGACAACTGGACTCTGTCGATCCTTT
TAATATCGACCATATTGAAGTGATCTCCGGCGCGACGGCCCTGTACGGTGGCGGGAGTACCGGAGGGTTGAT
CAACATCGTGACCAAAAAAGGCCAGCCGGAAACCATGATGGAGTTTGAGGCTGGCACAAAAAGTGGCTTTAA
CAGCAGTAAAGATCACGATGAGCGCATTGCCGGTGCTGTCTCCGGCGGAAATGACCATATCTCCGGACGTCTT
TCCGTGGCATATCAGAAATTTGGCGGCTGGTTTGACGGTAACGGCGATGCCACCCTGCTTGATAACACCCAGA
CCGGCCTGCAGCACTCCAATCGGCTGGACATCATGGGAACCGGTACGCTGAACATCGATGAATCCCGGCAGC
TTCAACTGATAACGCAGTACTATAAAAGTCAGGGGGACGACAATTACGGGCTTAATCTCGGGAAAGGCTTTTC
CGCCATCAGCGGGAGCAGCACACCATACGTCAGTAAGGGGCTGAATTCTGACCGCATTCCCGGCACTGAGCG
GCATTTGATCAGCCTGCAGTACTCTGACAGTGATTTCCTGAGACAGGAACTGGTCGGTCAGGTTTACTACCGC
GATGAGTCGTTGCGGTTCTACCCGTTCCCGACGGTAAATGCGAATAAACAGGCGACGGCTTTCTCCTCGTCAC
AGCAGGATACCGACCAGTACGGCATGAAACTGACTCTGAACAGCCAACTTATGGACGGCTGGCAAATCACCT
GGGGGCTGGATGCTGAGCATGAGCGCTTTACCTCCAACCAGATGTTCTTCGATCTGGCTCAGGCAAGTGCTTC
CGGAGGGCTGAACAACCATAAGATTTACACCACCGGGCGCTATCCGTCATATGACATCACCAATCTGGCGGCC
TTCCTGCAATCCAGCTATGACATTAATGATATTTTTACCGTTAGCGGTGGCGTACGCTATCAGTATACTGAGAA
CAGGGTAGATGATTTCATCGACTACACGCAGCAACAGAAGATTGCTGCCGGGAAGGCGATATCTGCCGACGC
CATTCCTGGTGGTTCGGTAGATTACGATAACTTTCTGTTCAATGCTGGTCTGCTGATGCACATCACCGAACGTC
AGCAGGCATGGTTCAATTTTTCCCAGGGGGTGGCATTGCCGGATCCGGGGAAATATTATGGTCGCGGCATCT
ATGGTGCAGCAGTGAACGGCCATCTTCCCCTGACAAAGAGCGTGAACGTCAGCGACAGTAAGCTGGAAGGC
GTGAAAGTCGATTCTTATGAACTGGGCTGGCGCTTTACCGGTGACAACCTGCGGACTCAAATCGCGGCATATT
ACTCGCTTTCCAATAAGAGCGTGGAAAGGAATAAAGATCTGACCATCAGTGTGAAGGACGACAGGCGCCGTA
TTTACGGCGTGGAAGGTGCGGTGGACTACCTGATCCCGGATACTGACTGGAGTACCGGTGTGAACTTCAATG
TGCTGAAAACCGAGTCGAAAGTGAACGGTCAATGGCAAAAATATGACGTGAAGGAATCAAGTCCATCGAAAG
CGACAGCTTACATTAACTGGGCGCCGGAACCGTGGAGTCTGCGTGTACAGAGCACCACTTCTTTCGACGTAAG
CGATGCAGAGGGTAACGATATTAATGGTTACACTACCGTCGATTTTATCAGTAGTTGGCAGCTTCCGGTGGGA
ACACTCAGCTTCAGCGTTGAGAACCTCTTCGACCGTGACTATACCACTGTCTGGGGACAGCGTGCACCTCTGTA
CTACAGCCCGGGTTACGGCCCTGCTTCACTGTACGACTACAAAGGCCGGGGCCGAACCTTTGGTCTGAACTAC
TCAGTGCTGTTCTGA

E. coli CFTO73 IutA amino acid sequence. SEQ ID NO:63. Amino acids 1-22 are a His tag and Xa
protease cleavage site. Sequence of protein without His tag and Xa protease cleavage site is SEQ ID
NO:64.

MRGSHHHHHHGSGSGSGIEGRPQQNDDNEIIVSASRSNRTVAEMAQTTWVIENAELEQQIQGGKELKDALAQLI
PGLDVSSQSRTNYGMNMRGRPLVVLIDGVRLNSSRSDSRQLDSVDPFNIDHIEVISGATALYGGGSTGGLINIVTKK
GQPETMMEFEAGTKSGFNSSKDHDERIAGAVSGGNDHISGRLSVAYQKFGGWFDGNGDATLLDNTQTGLQHSN
RLDIMGTGTLNIDESRQLQLITQYYKSQGDDNYGLNLGKGFSAISGSSTPYVSKGLNSDRIPGTERHLISLQYSDSDFL
RQELVGQVYYRDESLRFYPFPTVNANKQATAFSSSQQDTDQYGMKLTLNSQLMDGWQITWGLDAEHERFTSNQ
MFFDLAQASASGGLNNHKIYTTGRYPSYDITNLAAFLQSSYDINDIFTVSGGVRYQYTENRVDDFIDYTQQQKIAAG
KAISADAIPGGSVDYDNFLFNAGLLMHITERQQAWFNFSQGVALPDPGKYYGRGIYGAAVNGHLPLTKSVNVSDS
KLEGVKVDSYELGWRFTGDNLRTQIAAYYSLSNKSVERNKDLTISVKDDRRRIYGVEGAVDYLIPDTDWSTGVNFN
VLKTESKVNGQWQKYDVKESSPSKATAYINWAPEPWSLRVQSTTSFDVSDAEGNDINGYTTVDFISSWQLPVGTL
SFSVENLFDRDYTTVWGQRAPLYYSPGYGPASLYDYKGRGRTFGLNYSVLF
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