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Abstract

H. pylori is a common gastrointestinal bacterium that causes chronic
inflammation for lifelong. Many factors were investigated to see their
functions on immune suppression. However, these factors may not be
strong enough'to help every stain €scape from-immune résponses.
According to,the literature research, some members of heat shock
proteins play:a dual role in immune responses. For example]
Mycobacterium tuberculosis hsp60 (Mt-hsp60) protects the rat from
arthritis by inducing Treg. Thusywe hypothesized that H. pylori heat
shock proteini60 (Hp hsp60) might.alseinduce.Ireg generation to
suppress almost.every population of immune cells. In'our, study, we used
PBMC and CD3 T cells as'targets to investigate whether Hp hsp60
increases the percentage'of Treg in CD4 " T cells. Atfirst, we
demonstrated the effect of Hp hsp60-encéll proliferation which is a
character for immune cell activation. We'found that Hp hsp60 has a
strong suppressive ability for PBMC proliferation and a slight effect on
Jurkat cells, which is a T lymphoma cell line. In addition, the
proliferation inhibition was caused by cell arrest. The proliferation
inhibition caused by Hp hsp60 might be due to the cell arrest.
Furthermore, we intended to see whether this inhibition was associated
with Treg. The CD4/CD25 double staining and foxp3 mRNA expression
level showed that the Treg were increased after treated with Hp hsp60.
Taken together, we found that Hp hsp60 could increase Treg cell
generation and may help H. pylori escape from the immune system.
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Chapter 1 Introduction

1.1 Helicobacter pylori
1.1.1 Background
H. pylori is a very common gastrointestinal bacterium which infects various
areas of stomach and duodenum. More than half population in the world were
infected with this gram negative bacterium. It is a spiral-shaped bacterium
discovered by Marshall and Warren in 1984 [1]. It.is thought to be a microaerophile

and neutralophile bacterium although-stemach.is antacidic environment.

H. pylori causes the chronic infection and thé majority. is asymptomatic.
However, it is highly associated with-many gastric diseases such as peptic ulcer,
gastritis, duodenitis, gastric adenocarcinoma, and Mucosa-associated lymphoid
tissue (MALT) lymphoma [1-4]. In Correa cancer,cascadesmodel [5], he thought that
the lifelong infection causes the accumulation of DNA mutation which leads to the
outcome of cancer. H. pylori has been categorized as a group I carcinogen by IARC

(the International Agency for Research on Cancer) in 1994.

1.1.2 H. pylori induced immune responses

When bacteria invade the host, the immune system would be stimulated and



generate the non-specific and specific immune responses to eliminate the pathogen

from the human body. When H. pylori infects the host, it induces both innate and

adaptive immunities [6].

1.1.2.1 Innate immunity

Innate immunity is the first line to defend against the bacteria invasion. The

members of innate immunity include granulocytes, macrophages, monocytes,

dendritic cells, mast.cells, and NK (nature killer) cells. The innate immunity is a

quick and nonsspecific procession. Most twor important functions ef innate immunity

are to clear the pathogen infection and participate in the initiation and subsequent

direction of adaptive immune responses. Because there is a delay about one week

before adaptive immunity ready; it has to control the infection in this period.

When H. pylori infects and colonizes at the stomach, it recruits many innate

immune cells to infiltrate the area [7]. These cells include neutrophils, mast cells,

macrophages, and dendritic cells. Many virulence factors of H. pylori involve in this

recruitment. For example, HP-NAP, a 150-kD oligomeric protein, recruits

neutrophils and mast cells and activates them to produce reactive oxygen

intermediates or cytokines [8]. When these phagocytes infiltrate in the place, they



uptake H. pylori and form phagosome inside these cells. However, in previous

studies, H. pylori seems to resistant the intracellular killing and survive in the

phagosome [9].

To detect the H. pylori invasion, macrophages and monocytes recognize the

bacterial molecules by TLRs (Toll-like receptors). After the ligand-receptor docking,

TLRs would deliver a signal that induces the secretion of proinflammatory cytokines

such as TNF-a (tumor neerosis factor-e)y lla-(interléukin) = 18.and IL-8 [10, 11].

Thus, when Hipylori infects-host, it-inducesithe inflammation'at the infection area.

H. pylori contains many antigenic substances including Hsp (heat shock protein),

urease, and LPS. These molecules'stimulate the production of inflammatory

cytokines.

At first, scientists thought that since H. pylori is a member of Gram negative

bacteria, the LPS of H. pylori may bind to TLR4, which is the receptor of LPS, and

activate the immune responses. However, gastric epithelial cells were not sensitive

to the LPS of H. pylori [12]. On the other hand, the neutralize antibody for TLR4

could not block the cytokine release [13]. This indicates that H. pylori LPS does not

have the similar capability of other Gram negative bacteria LPS and the host



immunity recognizes H. pylori infection by other receptor (s).

In 2003, Smith MF Jr. found that TLR2 and TLRS, but not TLR4, were required

for H. pylori-induced NF-k B activation and chemokine expression by epithelial

cells [14]. When macrophages and monocytes detect the H. pylori by TLR2 and

TLRS, these two receptors would deliver signals to activate NK-«x B that induce the

expression of proinflammatory cytokines such as IL-8:In addition to NK-«xB,

MAPK has also been considered to invelve-inthe H. pylori-induced IL-8 expression.

The proinflammatory cytokines-accumulation at the infection arearesults in a local

chemotaxis that attracts the granulocytes infiltration. These cytokines would form a

positive feedback to enhance the inflammation level.However, besides the large

amounts of proinflammatory cytokines, H. pylori also induces the secretion of

TGF-p (transforming growth factor beta) which is.a'strong, pleiotropic regulatory

cytokines [11].

1.1.2.2 Adaptive immunity

After innate immunity contacts with H. pylori, it helps adaptive immune system

to develop responses specific for H. pylori. The adaptive immunity specific for H.

pylori could be divided into two parts, cellular responses and humoral responses.



1.1.2.2.1 Cellular immunity

When innate immune cells such as dendritic cells uptake the bacterial molecule,
they digest the molecule and migrate to lymph node where they present epitope to
naive T cells. After presentation, CD4" T cells would be differentiated into different

phenotype of effector T cells: Thl (T helper 1), Th2, Th17 and regulatory T cells

(Treg).

The molecule presented-to-I-cell influenees the T eell differentiation outcome.
The H. pylori antigens have the ability to result in'a Thl-predominant host immune
response in gastric mucosa [15]. The Thl-predominant.responses were characterized
by induction of IFN (interferon) ~yrand TFN-y-related genes expressions. It also
induces the proinflammatery cytekines level such as'IL-12,;IL-18 and TNF-a. In
Houghton’s research, the robust mucosal Th1 response is associated with the
progression to gastritis and gastric cancer [16]. This is because that inflammation cells
and Thl cells are typically responsible for clearing the intracellular pathogens.
However, H. pylori is not one of them. These immune responses would result in
gastric epithelial cell damage rather than clear the H. pylori. The more damage result

from immune cells, the higher possibility of tumorgenesis.



1.1.2.2.2 Humoral immunity

Patients infected with H. pylori were confirmed to elicit a strong local and

systemic antibody responses thatwere specific for H. pylori. The serum of patients

were response to many components of H. pylori including membrane proteins,

flagelin, urease, LPS, and HSPs. The isotype of these antibodies contain both IgG and

IgA[17, 18]. In addition, there also contains the anti-f: pylori sIgA (secretory IgA)

was also found in the gastric secretiongsaliva-and bréast milk.

Although there are vigorous antibody responses, these antibodies seemed to have

little effect to clear the bacterium fromsthe host unless:the patients were treated with

combination of antibiotics. Very few researches show that the antibodies had the

clearance effect on H. pylori. Tosi and Czinn reported that the binding of the IgG

promoted the phagocytosis via PMN (polymorphonuclear leucocytes) [17]. Some

reports also show that breast milk which contains high titers sIgA had the ability to

protect the infects from H. pylori infection during infectious period [19]. However,

Clyne’s report did not agree with this finding because sIgA did not inhibit the H.

pylori adhesion on the gastric cells [20]. Moreover, antibodies sometimes even

worsen the patient’s condition. About 20%~30% of the H. pylori-infected patients



develop the autoantibodies to block the gastric proton pump which contributes to the

gastric damage level.

1.1.3 Factors modulating the immune response to H. pylori in humans

Although H. pylori induces various immune responses mentioned before, it still
evades these attacks and causes the lifelong infection. It indicates that H. pylori has
established the immune modulation mechanism(s) to escape from immune responses.
We collected some teports.about the immune modulation ability of these virulence

factors in Tableil.

1.1.3.1 CagA

Cytotoxin-associated-gene' A antigen (CagA) 1s a 120-145kD immunodominant
protein. This protein is encodediby the cagd gene which islocalizd at cag PAI (cag
pathogenicity island). Besides the cagA gene, the cag PAI also contains genes encode
the components of type IV secretion system which injects the CagA into cells. In 2003,
Umehara found that CagA plays an important role in B lymphocyte growth inhibition
which may diminish the anti- H. pylori responses [21]. Furthermore, CagA also
effects on CD4" T cell differentiation. It is associated with reduced expression of IL-4

mRNA [22]. IL-4 is a pleiotropic cytokine that promotes Th2 differentiation and



suppresses the Th1 differentiation.

1.1.3.2 VacA

VacA (vacuolating cytotoxin A) is a 90kD secret form protein that is originally

thought as the toxin for gastric epithelial cells. In recent year, it turns to become a

potential immune suppression toxin which aims at the adaptive immunity. Molinari

showed that VacA can inhibit: tf peptides in B cells and their

the positive feedback [24]. When PBLC (peripheral blood lymphocytes) were treated

with VacA, it resulted in a reduced phosphorylation and activation of Rb

(retinoblastoma) protein and then arrested the cell cycle at G1/S checkpoint [24]. In

2003, when VacA bound to an unknown receptor, it caused activation of Rac and p38

which results in inhibition of T cell proliferation and an anergic state of T cells [25,

26]. All these reports show that VacA is a powerful virulence factor for immune



suppression.

1.1.3.3 Arginase

Arginase is a highly conserved enzyme across kingdoms. It is encoded by the
gene rocF. Arginase compares with NOS (NO synthases) for the common substrate,
L-arginine. Therefore, the presence of H. pylori influences the synthesis of NO. NO is
a critical antimicrobial agent of the innate immunity to€ause intracellular killing. NO
has been proved to have the toxic effeet-on H.pylori{27]..In Gebert’s study, even H.
pylori induced high level iNOS-mRNA expression, thedevel of NO.induced by rocF™"
strain is significantly lower than that induced by wild type stain [28]. Not only the
innate immunity but also the adaptive immunity are influenced by arginase. It has
been found that Arginase decreases the expression of the CD3( chain of TCR (T cell

receptor) and then inhibits the TER signal [29].

1.1.3.4 Other factors

Flagellin is a potent molecule to elicited inflammation. It is usually detected by
TLRS which delivers a signal via p38 to express IL-8. However, H. pylori Flagellin
which encoded by flaA4 has less potent (1000 fold) than those of Salmonella

typhimurium to induce IL-8 secretion. It may contribute to evade TLR5-mediated



detection [30].

Many bacteria adapt environment and escape from immune responses by

genomic DNA rearrangement. H. pylori has the highest genetic recombination rate

among any known bacterial species [31].

1.1.3.5 The limitation of factors mentioned above

As described before, H. pylori establishes:many‘mechanisms to escape from the

immune responses. However;-these mechanisms and virulence factors are not present

in every stain. cag PAl'only present in about60_% stains [32]. Despite almost 100 %

of H. pylori carry vacA gene; only.50 % of stains can'secrete functional protein [33].

Other factors suchias Arginase also have their limitation on. immune suppression. This

is because it mainly effects on the innate immunity,not on the adaptive immunity.

Nevertheless, the major function of innate immunity is to control the infection level.

Only suppressing or weakening the killing ability of innate immunity can’t guarantee

that they would survive from the immune responses.

According to these limitations, it seems that not every strain of H. pylori is easy

to survive in host. However, this is a controversy because stains without these factors

10



still colonize in the host. Therefore, there must have other unidentified factor to help

H. pylori survivve. This unidentified factor should have three characters. First, it must

be present in every strain. Second, the homology of this factor among stains should be

very high. Finally, it has the immune suppression ability. To find out the factor, we

examine the common virulence factors of H. pylori with these three features. These

common factors includes the heat shock protein 60 (GroEL), heat shock protein 70

(DnaK), Arginase, CagA, VacA, BabA, SabA, and UreB: However, CagA is not fit the

first feature. To getithe homology of each-factoramong strains, #we align the amino

acid sequence from at least four-stains including ATCC.domestication stains and

clinical stains. The alignment results are shown in' Appendix 1 and Table 2.

According to the homology level, the factors are listed.in the order: hsp60, hsp70,

UreB, Arginase, SabA, BabA; VacA, and CagA. Thus, we choose hsp60 as our first

candidate as the unidentified factor. However, the relationship between hsp60 and

immune suppression is still unknown.

1.2 Heat shock protein

1.2.1 Background

Heat shock proteins belong to the superfamily of stress protein. They often

express constitutively but can be induced and secreted by stress such as increased

11



temperature (ex. fever), exposed to proinflammatory factors and oxidative stress [34].

They are important for the survival of prokaryotic and eukaryotic cells. Hsps are

initially thought to be chaperone whose major function is to fold newly synthesized

proteins or refold the incorrectly folded proteins. However, more and more reports

show that hsp have another role to be an immune response mediator.

1.2.2 The relationship between Hsps and immune responses

Hsps, initially considered as intracellular protein, has been-found to be released

into the extracellular environment.-Because of their high conservation, both

prokaryotic and eukaryotic hsps are highly antigenic. For example, when bacteria

infect human bedy, they release their hsp at the infection area and induce

proinflammatory eytokine secretion. Similarly, when host cells would contact with

LPS and GroEL (another name for prokaryotic hsp60), they: release their own hsps

such as hsp60 and hsp70 [35]. Both hsp60 and hsp70 has been identified as danger

signals. After hsp60 and hsp70 are released, they are able to activate the innate

immune cells [36], such as macrophage and DC, and induces the proinflammatory

cytokine expression including TNF-a and IL-6. According to these characters, hsps

have powerful ability to induce inflammation.

12



1.2.3 Hsps play a role in immune modulation

However, hsps, including hsp60, hsp70, and hsp10, seem to not only function as
an inflammation stimulator. More and more reports show that hsps might have dual
role on immunity. In recent studies, scientists reported that hsps, including hsp60 and
hsp70, exhibit anti-inflammation property [37]. Both hsp60 and hsp70 from
Mpycobacterium tuberculosis both have the ability to reduce the inflammation in
arthiritis [38]. Besides, when rat were immunized with peptides from M. tuberculosis
hsp70, M. tuberculasis-specific T cells-were detectediand were response to M.
tuberculosis hsp70. However-these T-cells produced 11.-10 which means hsp70 from
M. tuberculosis has the ability to suppress the immune responses, so.did hsp60.
However, not only microbial hsp, but also mammalian-hsp has similar function.
Zanin-Zhorov showed that human'hsp60 enhances the function of CD4 CD25"
regulatory T cell via TLRusignalpathway [39]. Thedmmune suppression property of

different species hsps are shown in Table 3.

1.2.4 H. pylori heat shock protein 60 (Hp Hsp60)
1.2.4.1 Background

As other members of hsp60, Hp hsp60 is responsible for the folding of certain
protein: urease B. In addition to be an intracellular protein, it also expresses as

13



membrane form which is associated with adhesion [40]. In our previous preliminary

result, we found that knock out the Hp hsp60 would cause death for H. pylori. This

shows that Hp Hsp60 is an indispensable factor for H. pylori survival. According to

the Table 2 and Appendix 1, the amino acid sequence of Hp Hsp60 among different

species are very conserve. Take these two finding together shows that Hp hsp60 is

critical for the survival of H. pylori.

1.2.4.2 Hp hsp60 induced-immune response

Besides the.chaperone funetion,-it also induces many proinflammatory cytokines

just like its families do. Many reports confirm this character of Hp hsp60. For

example, Hp hsp60 induces the TL-6 production in macrophages [41]'and IL-8 in

monocytes [42]. These proinflammatory eytokine secretion. is associated with MAPK

signal pathway. So far, the literature research shows-that Hsp60 might just be an

inflammation stimulator.

1.2.4.3 The immune modulation role of Hp Hsp60

According to the references have been published, it seems that Hp Hsp60 is an

inflammation-stimulating factor. However, Hp Hsp60 seems to play another role in

immune responses. As mentioned before, M. tuberculosis hsp60 has the ability to

14



induce the precence of Treg. Additionally, in 2003, Anna Lundgren found that there was
H. pylori-specific Treg was present in H. pylori infection area [43]. Here, we collected

some reference about Hsps immune modulation in Table 1. Thus, whether Hp Hsp60
has the similar ability like M. tuberculosis hsp60 to suppress the immune responses is

an interesting issue.

1.3 CD4°CD25" regulatory:T cells (Treg)
1.3.1 Background

The main function of immune system is to| protect:host from the attack of
pathogens, but result in the minimal damage to normal tissue. To achieve this goal, the
negative control of the immune/cell activation is verysimportant. Thefirst line to
eliminate the self-reactive T'and Bicells is the negative selection in the thymus and
bone marrow. However, the negative selection can’teliminate all the self-reactive
lymphocyte, Thus, there had long been believed that the immune system must have
peripheral mechanisms to deal with the self antigen reactive immune cells that escape
from the central tolerance. In the early 1970s, Gershon found that there was a specific
group of thymocytes that suppressed the immune responses. In 1995, Sakaguchi first
showed that T cells express CD25, the IL-2 receptor a-chain, had the ability to
tolerance the immune ability [44]. Until now, Treg can be divided into three major
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populations: natural T CD4 CD25 Foxp3" regulatory cells (nTreg), peripherally
adaptive T CD4 CD25 Foxp3" regulatory T cells (aTreg), and IL-10-secreting Type 1
regulatory T cells (Tr1). There are also some other kinds of Tregs, such as

TGF-secreting Th3 cells, and NKT cells. In this study, we focus on the aTreg.

1.3.2 adaptive Treg (aTreg)
1.3.2.1 Differentiation of aTreg

Unlike nTreg which is mature at thymus;alregiare induced: from mature
peripheral CD4:€D25" T cells—The presence‘of Foxp3 (forkhead box p3) on nTreg is
dependent on thymic maturation, whereas the exptession of Foxp3 of aTreg can be
stimulated in the presence of TGF-B and results in acquisition of'suppressive function
[45]. However, TGF- alone 1s not fully effective in mediating Treg induction and
IL-2 is an important co-stimulater. Besides, the TCRractivation is also required for the
expression of the Foxp3 [46]. On the other hand, other cytokines also play the
regulatory role on this differentiation and maturation procession. In in vitro and in
vivo study, Thl and Th2 cytokines, such as IFN-y and IL-4, have the antagonistic
function on the peripheral induction of Foxp3" regulatory T cells [47]. It has been
realized that Treg express several unique markers including extracellular and
intracellular molecules. The formers include CD25, CD62L, and CD45,
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glucocorticoid-induced tumor-necrosis factor (TNF) receptor-related protein (GITR),
and cytotoxic T lymphocyte-associated antigen 4 (CTLA-4). The latter includes the

transcription factor, Foxp3.

1.3.2.2 Foxp3

Foxp3 is a transcription factor that belongs to the forkhead/winged-helix family.
It constitutively expresses_atthigh level in both nTreg and aTreg. It is not only to be a
intracellular marker; but also to be a crucial:transcription factorfor the development
and maturation of CD4 'CD25~Tregs: Both inimice and human, funetion mutations in
Foxp3 result in the absence of Tregs which leads to severe autoimmune disorders [48],
known as scurfy mice and IPEX (immunedysregulation, polyendocrinopathy,
enteropathy, and X-linked syndrome) in men. These studies indicate that Foxp3

expression is important for the differentiation and function of Treg.

1.3.2.3 Function of aTreg

Although the differentiation source and pathway is difference, the function of aTreg is
very similar to nTreg. The major function of Treg is to suppress the immune
responses and this suppression must be triggered by TCR activation. Interestingly,
once activated, the suppression seems to be antigen-nonspecific. The mechanism of
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the suppression is cell- contact dependent. This contact educates the CD4" T helper

cells to become induced suppressor cells. It might mediate directly to the T effector

cells by GITR and CTLA-4 [49]. On the other way, the contact suppression can also
mediate indirectly. Ligation between CD80/CD86 on the DCs and CTLA-4 on Treg
could modulate DC function by inducing the expression of IDO (indoleamin 2,

3-dioxygenase) which degrades tryptophan. The reduced Try concentration results in

reduction of T cell activity
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Chapter 2 Strategy

Combine with the possible immune suppression function, the indispensable
character, and the high conserve homology, Hp Hsp60 might be the unidentified factor
which helps all the H. pylori strain survive in the host. In this study, we want to know

the effect of Hp hsp60 on T cells, especially on the T cell differentiation toward Treg.

At first, we examined the effect of Hp hsp60 on thé immune cell proliferation.
Thus, we used PBMC and CD3" T cells-as our targets. PBMC ate composed of many
kinds of immune.cells from beth-innate )land adaptive immunity. We.used PBMC as
our model to mimic the environment of gastric infection area. CD3" T cells involve in
many areas of immunity including.B cell activation, T-cell differentiation, and the
survive of innate immunity. Thus; we also used CD3" T cells as our investigate target.
If Hp hsp60 has an inhibitory effect on the cell proliferation, we want to demostrate
whether the mechanism of this inhibition is cell arrest or death. In our experiment, we
confirmed it by Annexin V/PI double staining assay to detect the death signal pathway.
Next, we will see whether the percentage of CD4"CD25" T cells would be increase in
CD4" T cells after the treatment of Hp hsp60 by CD4/CD25 double staining. Because
the surface staining is not powerful to identify the differentiation of Treg, thus, the
foxp3 mRNA expression level would be detected by combination of reverse
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transcription and real-time PCR.
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Chapter 3 Material and Method

3.1 Material
3.1.1 Reagent

The following reagents and chemicals were obtained as indicated: RPMI 1640,
Fetal Bovine Serum (FBS), BSA, and Tryzol from Invitrogen (Gaithersburg, MD,
USA). Penicillin/ streptomycin/ amphotericin (PSA) from Biological industries
(Beithaemek, Israel). Restriction enzymes from Promega (WI,USA). Kanamycin, pfu
polymerase, DNA agarose, Tryptone and-Tris-bas from MDBio.dnc. (Rockville, MD,
USA). Ethidium:bromide (EtBr);-Isopropyl-beta- D-thiegalactopyranoside (IPTG),
NaCl, yeast extract, agar, Tris-HCI, Triton X-100,40% 29:1 acrylamide:
Bis-acrylamide, TEMED and imidazole from Amresco.(Solon, OH, USA).
Ficoll-Paque™ Plus from GE'healtheare (Uppsala, Sweeden). Reeombinant human
interleukin-2 (rhuman IL-2) andthTGF-} from Peprotech (Rocky Hill, NJ). Primers
from Protech (headquartered in Taipei, Taiwan). Sephadex G-25 Medium from
Amersham Bioscciences (Uppsala, Sweeden). Nitrocellulose (NC) paper from
PALL(Ann Arbor, MI, USA). Developer and fixer from Kodak (Rochester, NY, USA).
Isopropanol from E-ECHO (Miaoli,Taiwan). Propidium iodide (PI), RNase A,
Sodium deoxycholate, APS (ammonium persulfate), and SDS (sodium dodecyl sulfate)
from SIGMA-ALDRICH (Steinheim, Germany). EDTA and chloroform from TEDIA
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(Fairfield, OH, USA). NaOH, H;PO,4, KH,PO,4, Na,HPO,, Tween 20, KHCO3;, NaNj3,

and KAc from SHOWA (Saitama, Japan). KCI from Scharlau (Barcelona, Spain).

Na,HPOy, from J. T. Baker (Phillipsburg, NJ, USA).

3.1.2 Antibody

The following antibodies were obtained as indicated: Goat anti-mouse IgG

MicroBead from Miltenyi Biotec (Bergisch Gladbach, Germany). Mouse anti-human

CD3 (UCHT1), mouse anti-human CD3-FITC (HIT3a), mouse anti-human CD4-

FITC (RPA-T4);and mouse anti-humaniCD25-PE (BC96).from Bielegend (Sandiego,

CA, USA). HRP- conjugated rabbit anti 6X His antibody from Novus, (Littleton, CO,

USA). HRP-conjugated goat anti rabbit IgG from MP-Biomedicals (Aurora, OH,

USA). Mouse anti-human CD3"(OKT3) was kindly provided from Dr. Steve R.

Roffler (ACADEMIA SINICA Institute of BioMedical Sciences).

3.1.3 Kit

The following kits were obtained as indicated: superscript III RT kit from

Invitrogen. Human TGFf; ELISA kit, and MTS ( 3-(4,5-dimethylthiazol-2-yl)-5-

(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium ) assay kit from

Promega. RealQ-PCR master mix kit from Ampligqon (Copenhagen, Denmark).
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Coomasie Plus™ Protein Assay Reagent kit and Enhanced chemiluminescence (ECL)
system from Pierce (Rockford, IL, USA). Annexin V-FITC apoptosis detection kit

from Invitrogen.

3.1.4 Instrument

HisTrap' ™ HP column from GE healthcare. NeucleoBond ion-exchange resin
from Macherey-Nagel (Diiren, Germany). MACS®) separation LS column from
Miltenyi Biotec (Bergisch Gladbach, Germany). UV photography system from EZlab.
Sunrise remote eontrol (TECAN)-ABI prism 7000 from ABI (USA). FASCan from

BD (Bedford, MA, USA).

3.1.5 Others

Escherichia coli (BL21 and.DH50) from Yeastern Biotech Co. H. pylori genome
from Department of Internal Medicine, College of Medicine, National Taiwan
University. Human cDNA (complementary DNA) library were kindly provided from
Dr. Chich-Sheng Lin (NCTU, Laboratory of Biomedical Engineering, Biological
Science & Technology Lab). Nitrocellulose paper (NC paper) and 0.45um syringe
filter from PALL. X ray film from Midsci. Human white blood cells were obtained
from Hsinchu Blood Center.
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3.2 Method
3.2.1 pET-Hp Hsp60 plasmid construct

For rHp Hsp60 expression, pET-HpHsp60 was constructed (see Appendix). The
vector is derived from pET-30a which carries an N-terminal His-tag and multiple
cloning sites under the control of T7 promoter. The full-length of Hp Hsp60 was
amplified from H. pylori genomic DNA by pfu DNA polymerase. H. pylori genome
was isolated clinical strain (HC28) which-obtained from gastricsecancer patient. The
full-length H. pylori was amplified withuforward primer 5°- ATC GAA TTC ATG
GCA AAA GAAATC AAATTT TCA - 3’ and backward primer 5’- GAT CTC
GAG TTA CAT CAT GCC GCC €AT G -3 by-PCR (polymerase chain
reaction). PCR consisted of a 94 C:denaturation step followed by 35 cycles of 45 s at
95 °C, 45 s at 50 °C and 2:min at-72 °C . After these eycles, incubate the PCR mixture
at 72 °C 10 min for complete elongation. The PCR product was checked with 0.8 %
DNA agarose gel by electrophoresis (Figure 1A) and the DNA length is about 1641
bps. The full gene and pET-30a vector were digested with EcoR I and Xho I at 37 °C
for 3 hr and checked with gel electrophoresis (Figure 1B). The digested fragment
length of vector and insert should be 5422 and 1641 bps, respectively. After ligation
and transformation, we picked several single colonies from the plate and checked the
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insert by screening with RE digestion (Figure 1C). After check, the plasmids were
sequenced with primers. The DNA sequence inserted into vector has been submitted

to NCBI nucleotide data base (DQ674277).

3.2.2 RE digestion

Restriction enzyme digestion was used for cloning and checking. We used 0.5 pl
RE (EcoRI and Xhol) (10 U/ul) to digest 1-ug DNA in 20 ul volume at 37°C for 3 hr.
The reaction mixture:.consists of DN Ag10, XoRE; buffer H, 100.X BSA, RE, and DDW.
The digested DNA fragments-were checked with 0.8 % DNA agarose gel by

electrophoresis. The gels were analyzed with UV after staining with EtBr for 10 min.

3.2.3 Transformation

Remove the appropriate number of competent.¢élls tubes from the -80 C freezer.
DH5a was used for cloning and DNA amplification. BL21 was used for protein
expression. After the cells were thawed, add 1 ng DNA into the cells, mix by gently
swirling the tip. Incubate the competent cell on ice for 30 min. Heat shock the cell at
42 °C for 90 s. Place the cells on ice for 2 min and add 250 ul LB (10 g tryptone, 10 g
NaCl, 5 g Yeast extract per liter) and incubate at 37 ‘C with shaking 225 rpm for 1 hr.
Spread 100 pl mixture onto each LB agar plate (10 g tryptone, 10 g NaCl, 5 g Yeast
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extract, 20 g agar per liter) containing kanamycin (30 mg/ml) and incubate at 37 C

for 12~16 hr.

3.2.4 Midi-preparation

After transforming the competent cell with plasmid, we picked single colony

from the LB agar plate and incubate with 100 ml LB containing kanamycin (30 pg/ml)

at 37 °C for 16 hr at 225 rpm{shaking incubator. The brdth was harvested by

centrifuging at 8000 tpm for 15 min. Fhe-supernatant was.discarded and the pellet

was resuspendedsin 8 ml buffer-S1-(50 mM Tris-HCL,, L0 mM EDTA; 100 pg/ml

RNase A, pH 8.0). 8 ml buffer S2 (200 mM NaOH, 1 % SDS) was added for lysis,

gently mixed by inverting 6=8 times, and incubate at room temperature for 3 min. 8

ml ice-cold buffer'S3 (2.8 M KAe, pH 5.1) was added for neutralizing, gently mixed

by inverting 6~8 times, and incubate on ice for 2 min. Centrifuge the cell lysates at

12000 rpm for 30 min at 4°C. Wash NeucleoBond ion-exchange resin with 5 ml buffer

N2 (100 mM Tris, 15 % ethanol, 900 mM KClI, 0.15 % Triton X-100, adjusted to pH

6.3 with H3PO,) while the lysate centrifuging. After centrifugation, apply the

supernatant to the pre-rinsed resin, followed by washing with 12 ml buffer N3 (100

mM Tris, 15 % ethanol, 1.15 M KCl, adjusted to pH 6.3 with H;POj) twice. Elute the

column with 5 ml buffer N5 (100 mM Tris, 15 % ethanol, 1 M KCl, adjusted to pH
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8.5 with H3PO4) and separate the eluted mixture into six fractions equally (~800ul).

Precipitate DNA by adding 0.7 volume of isopropanol (about 700 pl) and kept on ice

for 10 min. Centrifuge at 13000 rpm for 30 min at 4°C. The DNA pellet was washed

by 1 ml ice-cold 70% ethanol. Discard the ethanol, air-dried, and dissolve with 30 pl

DDW. Measure the absorbance at 260 and 280 nm to check the DNA quantity and

quality.

3.2.5 rHp hsp60 Protein expression

E. coli [BL21 (DE3)] freshly-transformed with pEd1-Hp hsp60.were grown on LB

plates containing kanamycin (30 mg/ml) at 37°C: After 16 h incubation, 5 colonies

grown on the L'B plates were picked and inoculated into 100 ml' LB medium

containing kanamyein (30 mg/ml) at 37 °C for 16 hr. Refresh the culture broth in 900

ml LB medium with shaking at37 °C until the value:6f OD600 reaches 0.6 (about 40

min). Add IPTG from a 800 mM stock to a final concentration of 1 mM and continue

the incubation for 4 hr. Harvest the cells by centrifugation at 5000 rpm for 15 min at 4

C. Discard the supernatant and resuspend the pellet with 30 ml binding buffer (20

mM Na,HPOy, 0.5 M NaCl, 40 mM imidazole, pH 7.4). Total cell lysates were

sonicated with short burst of 1 sec followed by intervals 1 sec and the sonication

processing was maintained for 15 min. Centrifuge the solution at 12000 rpm for 30
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min at 4 “C. Harvest the supernatant. In this experiment, we purified our proteins with
HisTrap"™ HP column. All the solutions used in this experiment were needed to be
filtered with 0.45 pum syringe filter. To prepare the column, wash the column with 5
column volumes of DDW and equilibrate the column with 5 column volume of
binding buffer at the flow rate about Iml/min. Apply the pretreated sample and wash
with wash buffer (20 mM Na,HPOy, 0.5 M NaCl, 60 mM imidazole, pH 7.4) about 60
volume. Elute with elution buffer(20 mM Na,HPO,, 0:5 M NaCl, 200 mM imidazole,
pH 7.4) for 10 volumes. Detect whichfractions contain proteins'with coomasie
reagent. Collectithe positive fractions-and useiG25 column:to remove the unnecessary
salt from the solution and replace the buffer with- PBS (Phosphate Buffered Saline,
140 mM NaCl,2.7 mM KCl; 10 mM Na,HPO4, 1.8 mM KH,PO4, pH 7.4). To
prepare the G25 column, -we need to swell the 7 g Sephadex G-25 Medium with
filtered PBS at room temperature, for overnight. Fill.the column with PBS. Resuspent
the medium and pour the medium into the column. We poured the protein into the
G25 column and eluted with PBS. Detect which fractions contain proteins with
coomasie reagent and collect the fractions. Poll the fractions together and filtered with
0.22 pum syringe filter. Check the protein concentration of each part with coomassie
reagent (Figure 2) and dilute the product to the final concentration to 1 mg/ml. The
recombinant protein was checked by SDS-PAGE (sodium dodecyl sulfate
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polyacrylamide gel electrophoresis) and Western blotting with anti-His conjugate

HRP (Figure 3).

3.2.6 SDS-PAGE and Western blotting

The purified proteins were mixed with 3X protein sample dye and denature at 95
°C for 10 min. In our experiment, we used the 10 % acrylamide gel to analysis the
protein size. Each lane was loaded with 10 pl mixture and the electrophoresis was
processed with 130:Volt about 80min. the gel were stained with staining buffer for 1
hr and followed by destaining with destain buffer I:for 30 min and destain buffer I1
overnight. For Western blotting, after electrophoresis, the gel was transferred with
nitrocellulose paper (NC paper) with 200'mA-for2-hratroom temperature. After
transfer, the NC paper.was blocked by blocking buffer (5 % skim milk, 0.05 % tween
20 in PBS) at room temperature for 1 hr. Bécause the recombinant proteins contain
histidine tag, we used HRP- conjugated rabbit anti 6X His antibody (1000X dilution)
to recognize the recombinant protein. Wash the NC paper with PBST (0.05 % tween
20 in PBS) at room temperature on shake for Smin three times for all washing steps.
The membrane was developed with ECL system in dark at room temperature for 5
min and exposed to X ray film for 10 s. Develop the film with developer until band

was present and fixed the film with fixer for 1 min. Wash the film with water.
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3.2.7 PBMC isolation

Peripheral blood mononuclear cells (PBMCs) were separated from human white
blood cell solution by using Ficoll-Paque™ Plus. Dilute human white blood cells with
equal volume of PBS. Add Ficoll-Paque Plus (6 ml) into the 15ml centrifuge tube and
carefully load the diluted blood sample (8 ml) on Ficoll-Paque Plus. Centrifuge the
tubes at 400 g for 40min at k8 ‘C. Remove the plasma layer and collect the PBMC
layer. Wash the cells:with 2 volume of PBS.for centrifuging at 1500 rpm for 15 min.
Discard the supernatant and lyse-the rediblood ¢ells by /ACK buffer(0.15 M NH4CI,
10 mM KHCQ3;, 0.1 mM Na;EDTA in DDW) at room temperature for 10 min and
followed by centrifuging at 1500 tpin for 10 min. Discard the supernatant and wash
the cell with 10 mlI'PBS. Centrifuge for another 10 min. Discard the supernatant and
count the cell number. The purified PBMC were checked by flow cytometry as shown

in Figure 4A.

3.2.8 CD3" T cell isolation

CD3" T cells were purified by magnetic bead cell sorting with mouse anti-human
CD3 and Goat anti-mouse IgG MicroBead. Magnetic staining buffer (0.5 % BSA, 2
mM EDTA in PBS, pH 7.2) was the only buffer used in this experiment. Count 10°
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PBMC and suspend in 800 pl staining buffer. Stain the cells with 200 pl mouse anti
human CD3 antibody to capture the CD3" T cells at 4 °C for 30 min. Wash the cells
with 5 ml buffer twice. Resuspend the cells with 800 pl buffer and stain the cells with
200 pl Goat anti-mouse IgG MicroBead at 4 “C for 5 min. Wash the cells twice and
resuspend in 1 ml buffer. Put the column on the separator and wash the LS column
with 3 ml buffer. Load the sample into the column and wash the column with 3 ml
buffer for three times. Remowve the LS column from the'separator and add another 5
ml buffer. Immediately flush out the cells-with plunger. Centrifuge the cells at 1500
rpm for 15 min and count the-eel-number. The purified. CD3 " T cells were checked by
staining with anti-human CD3 conjugated FITC and analyzed by flow cytometry.
Compare with the unstrain cells, the'purity of our purified CD3" T cell is over 99 %

(Figure 4B).

3.2.9 Cell culture

Jurkat is an acute T cell leukemia cell line cultured with RPMI 1640 containing
10 % heat-inactivated FBS, 1 % PSA. The PBMC and CD3" T cells were cultured
with RPMI 1640 containing 10 % heat-inactivated FBS, 1 % PSA, 100 U/ml rhuman

IL-2. All the cells were incubated at 37°C, 5% CO, condition.
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3.2.10 MTS assay

To evaluate the growth rate of Hp Hsp60-treated cells, MTS assay was used in
this experiment. PBMC (2*10°/well), CD3" T cells (2*10°/well) and Jurkat
(2*10%/well) were seeded in anti-CD3 mAb-precoated (1 pg/ml, 30 pl per well at 37
°C for 2 hr.) 96 well and incubated with various doses of Hp Hsp60 (1 pg/ml, 5 pg/ml,
and 10 pg/ml). After incubated for 48 hr (Jurkat) and 4 day (PBMC), 40 ul MTS was
added into wells and incubated for another 4 hr in 37 ‘G4 The OD absorbance was

measured at 490 nmi with sunrise remeote-eontrol:

3.2.11 Annexin V-FITC/PI apoptosis assay

To evaluate the'survive rate of Hp Hsp60-treated cells;.Annexin V-FITC/PI apoptosis
detection kit was dsed in this expetiment. PBMC(2%¥10°/well) and'CD3" T cells
(2*10°/well) were seeded.in anti-CD3 mAb-precoated 96 well plate and incubated
with various doses of Hp Hsp60 (1 pg/ml, 5 ug/ml, and 10 pg/ml) for 4 day. After 4
day, cells were washed with 1 ml PBS. Each sample was stained with 1pul Annexin
V-FITC, 25 ng PI, and suspended in 20 pl staining buffer (10 mM HEPES, 140 mM
NaCl, and 2.5 mM CacCl2, pH 7.4) for 15 min at room temperature. Add 800 ul PBS
into the mixture and analyze the sample on FACScan in FL1 and FL3 channels with
dot plots with quadrant line.
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3.2.12 TGF-p cytokine secretion detection

10°/ml PBMC and CD3" T cells were seeding in one well of 24-well plate.
PBMC was treated with different doses (100 pg/ml, 1 ng/ml, 10 ng/ml, 100 ng/ml, 1
pg/ml, and 10 pg/ml) of Hp hsp60 for 24 hr. Harvest the supernatant and stock at -80
C refrigerator until the assay beginning. Before assay, we acidified 100 ul sample
with 5 pl IN HCI for 15 minfat room temperature. Next;5 ul 1N NaOH was added to
neutralize the sample. The 96 well ELISAyplate was-eoated with:1 000 X coating mAb
and incubate at 4 C for overnight-Remove the|coated plate from refrigerator and
allow it to room temperature. Flick out the contents of the wells and slap the plate
upside down on a paper towel untilstheswell dry. Add270 ul 1 X block buffer to each
well at 37°C  for 35 min.- Wash 'theiplate with PBST five times and flick out the
contents of the wells and slap the.plate upside downon a paper towel until the well
dry. Add 100 pl standard or sample to each well at room temperature for 2 hr. Repeat
wash procedure. Add 100 pl 1000 X anti-TGF- pAb at room temperature for2 hr.
Repeat wash procedure. Add 100 pl 100 X TGF-B-HRP conjugate at room
temperature for 2 hr. Repeat wash procedure. Add 100 pl 1000 X anti-TGF-f pAb at
room temperature for 2 hr. Add 100 pl TMB for each well at room temperature for 15
min in the dark. Next, add 100 pl 1 N HCI to stop the reaction and measure the
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absorbance at OD 490nm.

3.2.13 Cell surface marker staining

PBMC (10° cells/well) and CD3" T cells (10° cells/well) were treated with 10
pg/ml Hp Hsp60 and 2 ng/ml TGF-p for 6 days. Centrifuge the cells at 1500 rpm for
10 min. Count the cell number and take 2*10° cells for this experiment. Resuspend
the cells with 500 pl staining buffer (1% BSA, 0.05.% NaN; in PBS). Stain the cells
with antibody mixture (2 pl mouse antishuman €D4<FITC and Il mouse anti-human
CD25-PE in 500.ul staining buffer-(1-%aBSAuin PBS))on ice inthe.dark for 30 min.
For compensation, we also stained cells with:2 pl‘anti-human CD4-FITC and 1 pl
mouse anti-human €D25-PE respectively as control. After washing the cells with 500
ul staining buffer, centrifuge the cells at 1500 rpm for 5 min. Repeat again. Analyze

the cells on FACScan in EL1 and.FL3 channels withrdot plots with quadrant line.

3.2.14 RNA isolation

PBMC and CD3" T cells were seeded with the same condition of the surface
marker staining assay. Count the cell number. Take 10° cells and freeze the cell pellet
in -80 °C freezer. In this experiment, we used Trizol reagent for RNA isolation. The
cell pellets were homogennizated by adding 1ml Trizol. Shake violently and incubate
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at room temperature for 5 min. Add 0.2 ml chloroform and shake vigorously by hand.
Incubate at room temperature for 3 min and 12000 rpm for 15 min at 4 “C. Transfer
the aqueous phase to a fresh tube, precipitate the RNA from the aqueous phase by
mixing with 0.5 ml isopropanol. Incubate the sample at room temperature for 10 min.
Centrifuge at 1200 rpm for 10 min and discard the supernatant. Wash the pellet with
Iml 70 % ethanol by vortex and centrifuge at 7500 rpm for 5 min. Discard the
supernatant and air-dry for k5 min. Dissolve the pellet with 10 ul DEPC water and
incubate at 60 C for:10 min. Check the:RNA-quality:and quantity by measuring the

OD 260 and 280:

3.2.15 Reverse transcription

After quantitating the RNA level, 1 ng RNA from each sample was used for
reverse transcription by using the superscript III RTKit. By following the
manufacturer's recommendation, we mix the RNA with 1 pl ANTP, 1 pl random
haxamer and DEPC water up to 10 pul. Incubate the sample at 65 °C for 5 min. Then,
each sample is added with 2 pl 10X RT buffer, 4 pl 25mM MgCl,, 2 ul 0.1M DTT, 1
ul RT (200 U/ul), and 1ul RNaseOUT (40 U/ul). Incubate the mixture at 25 ‘C for 10
min and followed by 50 “C, 50 min. To terminate the reaction, incubate the mixture at
85 °C for 5 min and chill on ice. To remove the RNA contamination, add 1 pul RNase
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H to each tube and incubate at 37 “C for 20 min. The cDNA was ready to use for PCR
and real-time PCR. To monitor whether the reverse transcription was successful, the
cDNA were examined with B-actin primers (forward: 5° TTG GGT ATG GAA TCC
TGT GG 3, backward: 5 TCG TAC TCC TGC TTG CTG AT 3’). PCR consists of a
94 °C denaturation step followed by 35 cycles of 45 s at 95 °C, 45 s at 50 ‘C and 2
min at 72 C. After these cycles, incubate the PCR mixture at 72 °C for 10 min to

complete elongation. The PER results were checked by‘agarose gel electrophoresis.

3.2.16 Real-time,PCR

After checking the cDNA quality, the foxp3 mRNA level was detected by
real-time PCR performed with ABEPRISM 7000. The.relative expression of foxp3
mRNA was determined by normalizing expression of each target to f-actin using the
primers: human foxp3 forward primer: 5° ACT GGG GTCTTC TCC CTC AA 3,
human foxp3 backward primer: 5> CGT GGG AAG GTG CAG AGT AG 3’, human
[S-actin forward primer: 5° TTG CCG ACA GGA TGC CAG AA 3°, human S-actin
backward primer: 5 GCC GACT CCA CAC GGA GTA CT 3’. The reaction mixture
contained: 1 pl cDNA, 0.25 pl forward primer, 0.25 pl backward primer, 11 ul DDW,
and 12.5 pl 2X realQ PCR master mix (with 10 mM MgCl,, Green DNA dye). PCR
consists of a 95 C denaturation step for 10 min and followed by 40 cycles of 15 s at
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95 °C, 1 min at 60 C. The Ct number was gotten by ABI prism 7000 SDS software.
The relative foxp3 gene expression levels were calculated with the followed equation:

relative fOXp3 mRNA expression level =2/ - [ (the Ct (the cycle of threshold) of foxp3 of sample — the Ct

of f-actin of sample) — (the Ct of foxp3 of control — the Ct of S-actin of sample) ]

3.2.17 Statistical analysis

All data are expressed as mean * SD. Statistical analyses were done by SPSS
statistics software (SPSS Inc., Chicageylls, USA). Incell proliferation study, PBMC
assay were obtained from twe-independent experiments, CD3" T cell and Jurkat cells
assay were obtained from three independent expetiments. In Annexin-V-FITC/PI
study, PBMC assay were obtained.ffomtwo independent experiments, CD3" T cell
and Jurkat cells assay were obtained from three independent experiments. In TGF-f3
level detection study, PBMC and-CD3" T cell assayswere obtained from three
independent experiments. In surface marker staining study, PBMC assay were
obtained from four independent experiments and CD3" T cell assay from six
independent experiments. In foxp3 mRNA expression study, CD3" T cell assay was
obtained from one independent experiment. All statistical significant was set at p <

0.05.
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Chapter 4 Results

4.1 The effect of Hp hsp60 on immune cells.
4.1.1 Hp hsp60 inhibits the proliferation of PBMC and jurkat cells, whereas has
no effect on CD3" T cells.

As mentioned before, we thought that Hp hsp60 might have the immune
modulation ability. To test this, we used PBMC and CD3" T cells as our targets.
PBMC were composed of many kinds of immune cellsifrom both innate immunity,
which includes monocytes, macrophagessdendritic.cells, and NK cells, and adaptive
immunity, suchias T and B lymphecytessBecause of this feature, we used it to mimic
the infection area. T cells were important immune responses. They are responsible for
many immune €ell activation such.as APCs and B cells. Thus, we investigate CD3" T
cells in our model= We also used Jurkat cells as model. Jurkat cells are acute T cell
leukemia cells and are usually used for the investigation of T cell signal transduction.
To monitor the proliferation of these immune cells, we cultured 2*10°/well (10%/ml)
of PBMC and CD3" T cells in the anti-CD3 mAb-pre-coading 96 well plate with
culture medium (see 3.2.9) for 4 days. Jurkat cells (2*10*/well, 10°/ml) were cultured
in a 96-well plate for 2 days. Each well was added with 40 ul MTS and incubated at

37 C for with 4 hr.
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The relative OD490 showed that the proliferation of PBMC was strongly
inhibited by Hp hsp60 about 30% compared with the anti-CD3 activated, Hp- hsp60
untreated group, even with the TCR (T cell reception) stimulation (Figure 5).
Different concentration of Hp hsp60 (1 pg/ml, 5 pg/ml, and 10 pg/ml) all have this
inhibitory effect. In Jurkat cells, the inhibition rate only was 4% and only high dose
(10 pg/ml) has effect (Figure 7). However, high dose Hp hsp60 seemed to have no

effect on CD3" T cells (Figure 6):

4.1.2 Hp hsp60iinhibit the cell-proliferation: neither by apoptosis nor by necrosis.
Since the cell proliferation induced by TCR-stimulation was inhibited by Hp
hsp60, we wanted to demonstrate the mechanism of this inhibition. The cell
proliferation inhibition can be'divided into two major possibilities: cell cycle arrest
and cell death. The cell death isralso divided into two possibilities: apoptosis and
necrosis. To find out the possibility, we use the Annexin V-FITC/ PI double staining
assay. Annexin V is characterized by binding to the translocated PS (phospholipid
phosphatidylserine) on the cell membrane which is a feature of early apoptosis. Pl is a
DNA intercalating agent and a fluorescent molecule. Combine with these two factors,
we can determine the cell physiological stage including the apoptosis cells, necrosis
cells, and alive cells. The analysis rule shows in Figure 8. In this experiment, we used
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the same culture condition as used in MTS assay.

All the anti-CD3 activated, Hp hsp60 untreated cell group (Figure 9, lane 2) and
the activated, Hp hsp60-treated groups (Figure 9, lane3, 4, and 5) exhibited no
difference in the cell percentage of apoptosis, necrosis and alive cells. It means that
the cell proliferation inhibition might not due to cell death, but cell cycle arrest. On
the other hand, in CD3" T celll experiment, the cell percéntage of apoptosis, necrosis
and alive cells in the¢ activated, untreated-ecll-group(Figure 10,lane2) were no
difference compared with those-in-the activated, Hp hsp60-treated groups (Figure 10,

lane3). This result was fit with the result in MTS assay.

4.2 The effect of Hp hsp60'on Treg differentiation
4.2.1 Hp hsp60 increase the percentage of Treg in'CD4+ T cells

Since Hp hsp60 inhibits the cell proliferation of PBMC, we wanted to know how
Hp hsp60 inhibits the proliferation. As mentioned before, Treg are a powerful immune
modulation cells that suppress almost all kinds of immune cells. If Hp hsp60 inhibit
the cell proliferation via Terg, the number of Treg should be increase. To clarify this
possibility, we cultured 10° cells/ml PBMC and CD3" T cells with 100 U/ml rHuman
IL-2 in anti-CD3 mAb- pre-coaded 24 well plate, respectively. 10 pg/ml Hp hsp60
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was used for this experiment. After treatment for 6 days, cell were harvested and
stained with anti-human CD4-FITC and anti-human CD25-PE. After detected with
cytometry by FL1 and FL2 channels, the cell percentage was analysized as shown in

Figure 11.

In PBMC, Hp hsp60 enhanced the percentage of CD4'CD25" T cell in CD4" T
cell under the stimulation offTCR (Figure 12). Although the percentage of
CD4'CD25" T cell also increased in GP4; T-eell without TCR stimulation, however,
this is no signifieant that compared withithe untreated group (Figure 12). Similar
result was happened in'CD3" T cells. Compared with the untreated group, the Hp
hsp60 enhanced the percentage of €D4 CD25" T celliin CD4" T cell with the help of
TCR stimulation (Figure 13B), however, the increase percentage was not significant
when cultured without the present of anti-human CD3 mAb (Figure 13A). Collect
these finding together, we found that Hp hsp60 has the ability to increase the number

of CD4"CD25" T cell with the TCR stimulation.

4.2.2 Hp hsp60 induces the foxp3 mRNA expression under the TCR stimulation
Although Treg express both CD4 and CD25 on the surface at the same time,
however, CD4'CD25" T cells do not equal to Treg. In this experiment, we wanted to
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confirm that whether these increased CD4 CD25" T cells were Treg. foxp3 is a key
factor for differentiation and suppression function of Treg. Therefore, we used
real-time PCR to detect the mRNA expression level of the foxp3 with the same culture
condition as the experiment in 4.2.1. In Figure 14 B, we found that foxp3 mRNA
expression level in activated, Hp hsp60 treated CD3" T cells could be induced up to

2.5 times compared with the untreated group. However, the phenomenon was not
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Chapter S Discussion

How does H. pylori inhibit the immune responses that specific to it? As
mentioned in introduction, many reports suggested that virulence factors may play the
role to suppress the host immune system. However, these factors all have their own
defects to help every strain of H. pylori survive and escape from the immune response
[21-25, 28, 30, 50]. Thus, we thought there are some factor else that helps H. pylori
inhibit immune responses needs to coincide with three features: 1) it presents in every
stain, ii) its amino aeid sequence is mostly;conserved in every strain, and iii) it should
exhibit immune suppressive-ability-After checking the eight common virulence
factors with these three features, Hp hsp60 has thé highest homology and is present in
every strain. On theiother hand, Hp-hsp60 also helps H. pylori to adhere and colonize
in gastric mucosa{40], which 'means this protein has posibility to contact with
immune cells. Taken these together, Hp hsp60 has the highest possibility to help H.

pylori as long as it has the ability to suppress immune responses.

In this study, we found that after treated with Hp hsp60, the cell proliferation of
PBMC was seriously inhibited and Jurkat cells were slightly inhibited. However, the
cell proliferation of CD3" T cell was not affected. This proliferation inhibition might
be due to the cell arrest. Besides, the CD4'CD25" T cells percentage in Hp hsp60
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treated PBMC and CD3" T cells were both increase. These increased CD4'CD25" T
cells were confirmed as Treg by detecting the induction of foxp3 mRNA expression.
Taking these finding together, we found that Hp hsp60 has the ability to help H. pylori
escape from the immune attacks by increasing the number of Treg which inhibit the

proliferation of PBMC. However, there were also some doubtful points in our study.

These controversial results between PBMC and CD3" T cells might be due to
whether the cells had been.activated. Because the monoclonal antibody we used in T
cell isolation has.the ability te-activate the T cells. During the T'cell-purification
procession, this antibody might have activated the T cells. This activation can be
confirmed by the difference between cells that cultured with or without antibody. The
difference in PBMC is about 40%,thowever, the différence in' CD3" T cells only 17%.
Therefore, when cells treated with Hp hsp60, PBME-was inactivated, whereas CD3"
T cells had been activated. Thus, whether the cells have been activated might be the

key factor that influences the inhibitory function of Hp hsp60.

In our study, we detected the increased number of Treg after treated with Hp
hsp60, but where did the Treg come from? According to the literatures, CD4 CD25"
Treg are arisen from two major sources. Natural CD4'CD25" Treg were generated in
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the thymus and the proliferation of nTreg can be stimulated by antigen stimulation [51,
52]. On the contrary, the adaptive CD4 CD25" Treg were converted from CD4'CD25
T cells in the peripheral blood under the help of TGF-f and IL-2 [53]. If the
proliferated Treg were arisen from nTreg, they needed the help of antigen presentation.
Although the APCs in PBMC could give this help, however, there were no any other
APCs in CD3" T cells. Thus, these enhancements might not be associated with nTreg
in the CD3" T cell culture system: If the proliferated Trég were converted from
CD4'CD25™ T cellsit also needed theshelp of TGE-B. Thereforey if Hp hsp60 could
stimulate the seeretion of TGE-B-from PBMCiand CD3." T cells, Hp-hsp60 might
influence the differentiation of Treg though this mechanism. In our preliminary data,
we also test thé TGE-pB, level in'theiculture supernatant.of PBMC and CD3" T cells
after treated with Hp hsp60 (Figure 9). In this experiment, we used the ELISA kit
purchased from Promega Although the TGF-3; coneentration were increase in a
dose-dependent curve, unfortunately, we also found that this ELISA kit cross reacted
with Hp hsp60 recently. The relationship among Hp hsp60, Treg, and TGF-f is still
not clear. Thus, we could not provide strong enough evidence about the source of

these increased Treg.

There might be some other ways to increase percentage of Treg that may help H.
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pylori escape from immune system. The escape mechanisms might be similar to that
of Mt hsp60. In human T cell differentiation progress, the negative and positive
selections delete almost self-reactive T cells. However, minor self-reactive T cells
would escape from these selections and play a role in immune suppression by acting
as regulatory T cells. Self-hsp60-specific CD4" T cells might be activated in many
ways. First, because of the high homology of amino acid sequence, the self-hsp60
specific CD4 " T cells might-also be activated by cross réaction after exposed with Hp
hsp60 in the mucosa-associated lympheid-tissue; The crossreactive T cells might be
maintained by nen-professional-antigenspresenting cells such as gastric epithelial cells
and differentiated to regulatory T cells [54]. Second, after infected with H. pylori,
human hsp60, which acts as,a danger signal, might be.released from damage cells and
then activated the'self-hsp60 specific CD4" T cells. On the other hand, the secreted
human hsp60 might decrease the.function of Hp hsp60-specific T cells by
altered-peptide- ligand (APL) effect. The APL is defined as analog of immunogenic
peptide in which the TCR contact sites have been manipulated. These high homology
peptides still reacts with T cells but only partially activate T cells. This partial
activation often not includes the cell proliferation. Taken these mechanisms, H. pylori

can escape from the immune system easily.
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Figurel. The PCR product and the cloning RE check gel electrophoresis. All
DNA were checked with 0.8% agarose gel. (A) The PCR product should be 1641bps
and the marker pointed by arrow is 1.5kb. (B) The vector and insert were both
digested with EcoR I and Xho 1. The samples were loaded in the order: M: 1kb
marker, 1: uncut vector, 2: vector + EcoR I + Xho I (5422bps), 3: uncut insert, 4:
insert + EcoR I + Xho I (1641bps). (C) The plasmids isolated from ligation results
were screened with RE check. The samples were loaded with the follow order: M:

1kb marker, 1: uncut plasmid, 2~4: plasmid + EcoR I + Xho I. The digested fragments
should be 5422 and 1641bps. The spots pointed by arrow might be RNA contaminant.
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Figure 2
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Figure 2. The protein concentration of each fraction in the protein purify
procession. We collected each fraction with the Iml volume during the purify
procession which were consisted of (A) wash, (B) elution, and (C) desalting. 10 pul of
sample from each fraction were reacted with 290 pl coomassie reagent at room
temperature in the dark for 10 min and followed measured by OD 595nm. Each bar

represented the mean value + SD (standard deviation).
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Figure 3
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Figure 3. (A) SDS-PAGE and (B) Western blotting of rHp hsp60. 10 pul sample
from each step was mixed with 5 pl sample dye and followed denatured at 95°C
10min. the samples were loaded in 10 % gel with the order: M. protein unstained
marker, 1. No induction, 2 induction before purify, 3. After purified with nickel
column, 4. After desaulting with G25 column.
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Figure 4
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Figure 4. The PBMC and CD3" T cell purity. (A)PBMC was purified human whole
blood by Fique Plus and detected by flow cytometry with FSC and SSC channels. The
lymphocytes, monocytes, and granulocytes were pointed by red, blue, and purple
arrows, respectively. (B) CD3" T cells were purified by magnetic bead. To test the
purity, the CD3" T cells were stained with (blue line) and without (black line)
anti-human CD3-FITC respectively and detected with FL1 channel. The average of
the cell purity is over 99%.

52



Figure 5
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Figure 5. The effect of Hp hsp60 on proliferation of PBMC. Hp Hsp60 added to a
concentration of 1, 5, 10 pg/ml (black wedges) to treat with PBMC (2*10°cells/well)
for 4 days. The PBMC were seeded in the anti-human CD3 mAb pre-coaded 24 well
plate. The relative absorption at 490nm were calculated with the followed equation:
the relative OD490 = the OD490/ the average of OD490 of the control. The value of
anti-CD3 mADb unstimulated group was 0.591 £ 0.040. The value of anti-CD3 mAb
stimulated but Hp hsp60 untreated group was 1.000 £ 0.123. The values of anti-CD3
mADb stimulated cell treated with different dose of Hp hsp60 were 0.697 + 0/154,
0.705+0.121, and 0.791 £ 0.125. Each bar represented the mean value = SD from
two independent experiments. (*: P < 0.05 indicated a significant difference compared
to the control group. **: P <0.005 indicated a significant difference compared to the
control group.)
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Figure 6
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Figure 6. The effect of Hp hsp60 on proliferation of CD3" T cells. CD3" T cells
(2*10° cells/well) were treated with 10 pg/ml of Hp Hsp60 for 4 days. The CD3™ T
cells were seeded in the anti-human CD3 mAb pre-coaded 24 well plate. The relative
absorption at 490nm were calculated with the followed equation: the relative OD490
= the OD490/ the average of OD490 of the control. The value of anti-CD3 mAb
unstimulated group was 0.844 £ 0.061. The value of anti-CD3 mAbD treated but Hp
hsp60 untreated group was 1.000 £ 0.032. The value of anti-CD3 mAb stimulated and
Hp hsp60 treated group was 1.048 + 0.062. Each bar represented the mean value + SD
from three independent experiments.
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Figure 7
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Figure 7. The effect of Hp hsp60 on proliferation of Jurkat cells. Hp Hsp60 added
to a concentration of 1, 5, and 10 pg/ml (black wedges) to treat with Jurkat cells
(2*10*cells/well) for 2 days. The Jurkat cells were seeded in the anti-human CD3
mADb pre-coaded 24 well plate. The relative absorption at 490nm were calculated with
the followed equation: the relative OD490 = the OD490/ the average of OD490 of the
control. The value of the untreated group was 1.000 & 0.017. The values of Jurkat
cells treated with different dose of Hp hsp60 were 1.026 + 0.043, 1.042 + 0.083, and
0.958 + 0.019, respectively. Each bar represented the mean value = SD from three
independent experiments. (**: P < 0.005 indicated a significant difference compared

to the control group.)
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Figure 8
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Figure 8. Different physiological stage of cells in Annex V-FITC / PI double
staining assay. In our experiment, we used Annexin V-FITC /PI double staining assay
to determine the physiological stage of cells. The vertical and cross axle mean the
fluorescence intensity of Annexin V-FITC and PI respectively. The cells were
cultured with or without anti-CD3 mAb, respectively. The anti-CD3 mAb stimulated
cells also were divided into two groups that treated with or without Hp hsp60. After
detected with flow cytometry by FL1 and FL3 channels, the results were presented in
dot plots with quadrant line. The lower right part was defined as the apoptotic cells
(the blue frame). The sum of the up left and up right part were defined as the necrosis
cells (the orange frame). The lower left part was defined as the alive cells (the red

frame).
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Figure 9
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Figure 9. The effect of Hp hsp60 on PBMC cell proliferation inhibition. PBMC
were cultured with the same condition of the cell proliferation experiments. After
stained with Annexin V-FITC / PI, the cells were detected with flow cytometry by
FL1 and FL3 and the cell percentage were calculated as shown in Figure 8. The
apoptosis cell percentage of different groups were list as shown in the picture, 4.943 +
8.497,2.139 £3.189, 1.548 + 1.364, 2.384 = 2.926, and 4.144 + 5.080, respectively.
The necrosis cell percentage of different groups were 23.488 + 3.190, 26.239 +
10.004, 29.583 + 9.620, 31.744 + 8.053, and 32.168 + 8.092, respectively. The alive
cell percentage of different groups were 71.630 +£6.633, 71.623 £+ 10.424, 68.870
+10.904, 68.870 = 10.904, 65.841 &+ 9.082, and 63.690 + 11.134. Each bar represents

the mean value + SD from four independent experiments.
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Figure 10

S

4]

& B A poplosis
g UNecrosis
2

3 @ Alive

o

Anti-CD3 mAD

Hp hsp60

Figure 10. The effect of Hp hsp60 on CD3" T cell physiology. CD3" T cells were
cultured with the same condition of the cell proliferation experiments. After stained
with Annexin V-FITC / PI, the cells were detected with flow cytometry by FL1 and
FL3. The cell percentages were calculated as shown in Figure 8. The apoptosis cell
percentage of different groups were list as shown in the picture, 1.11 + 0.86, 1.29 +
1.51, and 0.55 + 0.43, respectively. The necrosis cell percentage of different groups
were 23.63 +9.87, 26.34 £ 9.62, and 27.36 £ 12.02, respectively. The alive cell
percentage were 75.10 + 9.46, 72.37 £ 9.37, and 72.10 £+ 12.03, respectively. Each bar
represents the mean value + SD from six independent experiments.
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Figure 11
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Figure 11. The CD4"CD25" T cell percentage in CD4" T cells. In our experiment,
we used anti-human CD4-FITC/ anti-human CD25-PE double staining assay to
determine the CD4 CD25" T cell percentage in CD4 " T cells. The vertical and cross
axle mean the fluorescence intensity of anti-human CD4-FITC and anti-human
CD25-PE, respectively. The cells were cultured with or without anti-CD3 mAb,
respectively. The anti-CD3 mAb stimulated or unstimulated cells also were divided
into two groups that treated with or without Hp hsp60. The cells were harvested and
stained with anti-human CD4-FITC and anti-human CD25-PE. The cell fluorescence
was detected by FL1 and FL2 channels with compensation, the results were presented
in dot plots with quadrant line. The sum of lower right and up right parts were defined
as CD4" T cells (the blue frame). The up right part was defined as CD4 ' CD25" T cells

(the red frame). The cell percentage = the red frame/ the blue frame.
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Figure 12
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Figure 12. The effect of Hp hsp60 on CD4'CD25" T cell population of CD4" T
cells in PBMC. 10° PBMC were divided into two groups to culture with or without
anti-CD3 mAb. These groups were treated with or without Hp hsp60 for 6 days. The
equation of CD4'CD25" T cell percentage in CD4" T cells has shown in Figure 11.
The triangles mean the samples we had been test. Mean values are indicated by
horizontal bars. The percentage of the anti-CD3 mAb unstimulated and Hp hsp60
untreated group was 36.26 = 10.09 %. The percentage of the anti-CD3 mAb
unstimulated but Hp hsp60 treated group was 48.21 £ 9.11 %. The percentage of the
anti-CD3 mAb stimulated but Hp hsp60 untreated group was 64.69 + 1.89 %. The
percentage of the anti-CD3 mAb stimulated and Hp hsp60treated group was 70.98 +
3.34 %. These samples were from four different donors. (*: P <0.05 indicated a

significant difference compared to the untreated group.)
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Figure 13
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Figure 13. The effect of Hp hsp60 on CD4'CD25" T cell population of CD4" T
cells in CD3" T cells. The CD3" T cells were treated with different culture conditions
as shown in the figure for 6 days. The cells were harvested and stained with
anti-human CD4-FITC and anti-human CD25-PE. The fluorescence was detected by
FL1 and FL2 channels with compensation. The results were presented in dot plots
with quadrant lines as shown in Figure 11. To calculate the relative CD4 CD25" T cell
percentage in CD4" T cell, cell percentages were calculated with the equation: the cell
percentage = the up right / (up right + lower right). In Figure 13B, the relative
CD4'CD25" T cell percentage in CD4" T cells was calculated with the equation: the
relative cell percentage = sample cell percentage / control cell percentage. Each bar
represented the mean value + SD from multiple independent experiments. (*: P < 0.05

indicated a significant difference compared to the untreated group.)
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Figure 14.
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Figure 14. The foxp3 mRNA expression in T cells. After cultured with the same
condition in flow cytometry experiment, mRNA were isolated from 10° CD3" T cells
and then reverse transcripted into cDNA. The foxp3 mRNA expression levels were
detected by real-time PCR. The f-actin was used as loading control. Each bar

represented the mean value from one independent experiment.
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Figure 15
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Figure 15. The TGF-B; concentration in Hp hsp60-treated PBMC and CD3" T
cell supernatant. (A) 10®ml PBMC were treated with different doses of Hp hsp60
(100 pg/ml, 1 ng/ml, 10 ng/ml, 100 ng/ml, 1 pg/ml, 10 pg/ml, and 30 pg/ml) in 24
well plate for 24 hr. (B) 10° CD3" T cells were also treated with 10 pg Hp hsp60 and
boiled Hp hsp60 for 24 hr. The culture supernatant were harvested and the TGF-f3;
concentration were detected by ELISA kit (Promega).
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Table

Table 1

factor Target cell response Reference

Arginase Innate Compare with NOS for the Gobert AP, PNAS, 2001
immune cells substrate: L-arginine

Flagellin Innate Lower immunogenic ability Gewirtz, A.T., J Infect Dis , 2004

immune cells
HP-NAP neutrophil Modulate the oxidative burst  Med Microbiol Immunol.,

Petersson C, 2006

CagA B cells Growth inhibition Umehara, S., Oncogene, 2003
T cells Reduce IL-4 mRNA expression  Orsini, B., Infect Immun, 2003
VacA B cells ) inhibit the.processifig of, Molinari, M.,
H '.'antigenic peptide _. ¥ JExpMed, 1998
B cells Inhibit the presentation by Molinari, M.,
interfering the peptide J Exp Med, 1998
loading on MHC Il
T cells | Inhibit the I|.-2 le;(pre_§sic;n . G'ebert,.ﬁi., Science, 2003
T cells IL-2Ra surface location Gebert, B., Science, 2003
Teells Inhibit Tcellfpraliferation *  Boreristitho, M.,
:_ L B - ! J Exp Mi(lj, 2003
PBL Reduce phosphorylation and  Gebert, B., Science, 2003

activation of Rb and cell

arrest

Table 1. The reference about the effects of H. pylori virulence factors on immune
suppression. In this table, we collected the reports about the inhibition functions of
Arginase, Flagellin, HP-NAP, CagA and VacA. The relationship between these factors
and immune responses were investigated. NOS: Nitrous Oxide Synthase. PBL:

Peripheral Blood Lymphocyte.
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Table 2

Protein name Amino acid Identity (%) Positive (%)

sequence length

Hsp60 546 99.1 100
Hsp70 620 98.1 100
UreB 559~569 95.6 100
Arginase 322 91.0 100
SabA 98~103 78.6 97.1
BabA 737~742 76.4 96.7
VacA 1287~1310 68.9 96.6
CagA 1167~1247 62.9 93.7

Table 2. The homology of H. pylori virulence factors among different strains.
These eight virulence factors are arranged in the order of the percentage of identity.
Percent of identity means the percentage of the identical amino acids in the full length.
Percent of positive means the percentage of the same group amino acids in the full
length. The alignments were done by comparing the sequences from at least four
stains. The alignment results can be seen in Appendix. The strains compared in this
table were listed as follow: Hsp60: 26695, HC28 (used in our study), CCUG 178874,
HPAGI, and J99. Hsp70: 26695, HPAG1, J99, Shi470. UreB: Ch-CTX1, Iran-HP031,
J99, HC28, Y06, MEL-HP27. Arginase: 26695, G27, AG1, B5, B7, and J99. SabA:
G1, M30, M23, G26, and M65. BabA: 92-18, 92-26, J116, CCUG 17875. VacA:
ATCC 49503, J99, F26, OK111, NCTC11638, and TX30A. CagA: ATCC43526, F26,
J16,J99, NCTC11638, and OK111.
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Table 3

Disease model Hsp Species Reference
Arthritis Hsp10 M. tuberculosis [55]
Arthritis Hsp60 M. tuberculosis [56]
Arthritis Hsp70 M. tuberculosis [57]
Arthritis GroEL E. coli [58]
Arthritis DnaK E. coli [58]

Type 1 diabetes Hsp60 M. tuberculosis [59]

Type 1 diabetes Hsp60 — derived Homo sapeins [60]

peptide

Atherosclerosis Hsp60 M. tuberculosis [61]

Experimental
allergic Hsp60 M. tuberculosis [62]

encephalomyelitis

Allergic asthma Hsp60 M. leprae [63]

Table 3. The immune suppression of different species Hsps protect the host from
different disease models. These disease models were all experimental inflammatory
diseases that have been proven to be rescued by the administration of Hsps. GroEL
means the hsp60 of E. coli. DnaK means the hsp70 of E. coli.
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Appendix

Appendix 1
1. The amino acid homology of different virulence factors in different stains.
1.1 Hsp60
1.1.1 Alignment result
Saction 1
01y 1 10 20 30 43

26605 (1) MAKEIKFADSARNLLFEGVEOLHDAVEYTMGPREGENVLIOKSYGAPSTIT

HCZ8 (1) MAKEIKFADSARNLLFEGVEQLHDAVEVTHMGPREGENVLIOKSYGAPSIT

CCUG 78T (1) MAKEIKF3D3ARNLLFEGVROLHDAVEVTMGFREGENVLIOKSYGAPSIT
HFAGT (1) MAKEIKFSDSARNLLFEGVEQLHDAVEVTHGPEGENVLIOESYGAPSIT

Jea (1 MAKEIKFSDSARNLLFEGVEQLHDAVEVTMGPREGRENVLIQKSYGARPSIT

Consensus (1) MAKEIKFSDSARNLLFEGVRQLHDAVEVTHGPRGENVLIQESYGAPSIT
Seclionz

(507 50 [=1n] Fa 20 ag

26695 (50) KDGVSVAKEIELSCPVANMGAOLVEEVASKTADAAGDGTTTATVLAYST

HCZ2 (S0) KDGVSVAKEIELSCPVANNGANLVEEVASETADALGD GTTTATVLAYST

CCUG 78T (50 KDGVAVAKEIEL 3 CPVANMGAQLVEEVASKETADALGD GTTTATVLAYIT
HPAGT (50) KDGVEVAKEIEL SCPVANMGAQLYVEEVASKETADARGD GTTTATVLAVET

JE S0 KD GYSVAKEIELSCPYANNGAOLVEEVASKTAD AR GD GTTTATVLAYST
Consenzuz (50) KDGVEVAKEIELSCPVANMNGAQLYVEEVASKETADARGD GTTTATVLAYST

Seclionz
[=l=p=l=] A0 120 130 147

26695 99) FEEGLENITAGANP IEVERGHNDEAAEATINE LEEASEEVGGEEEITOVA

HC23 (99) FEEGLENITAGANFIEVERGHMDEAAEATINE LEEASEEVGGEEEITOVA
CoUG17e7d 00 FEEGLENITAGANT IEVERGNDEAAEATINE LEEASEEVGGEEEITOVA
HPAGT (99) FEEGLENITAGANP IEVERGMIEAAEATINE LEEASEEVGGEEETITOVA

JE 99 FEEGLENITAGANP IEVERGMIELAAEATINE LEFASEEVGGEEEITOVA

Conzanzus (99) FEEGLRNITAGANPIEVERGMIEAAEATINELEELASEEVGGEEEITOVA
Section<d

(14a) 148 160 170 150 196

26695 (143) TIZANSDHNIGELIADANEEVCGEDGVITVEEAKGIEDELDYVEGHMQFDR

HC23 (198) TIZANSDHNIGELIADAMEEYGEDGVITVEEAEGIEDELDYVVEGHMOFDR
COUG17E74 (1492) TIZANSDHNIGELIAD AMEEVGEDGYITVEEAKGIEDELDVVEGHQFDR
HPAGT (193) TISANSDHNIGELIADAMEEVGED GYITYEEAKGIEDELDVVE GMOFDE
JE92) TISANSDHNIGELIADAMEEVGED GYITYEEAKGIEDELDVVE GMOFDE

Conzenzus(198) TISANSDHNIGELIADAMEEVGED GV ITVEEAEGIEDELDVVEGMOFDER
Seclions

(197 187 210 220 230 245

26625 (197 GY LA PYFVTNAEEMTAQLDNAYILLTDEEISSMED ILFLLEETMEEGEFR

HCZ8 (197) GY L3P Y FVTNAEENTAQLDNAYILLTDEEISSNED ILPLLEETHMEEGEFR

COUG T8 (197) GYLEP Y FVTNAEENTAQLDNAYILLTDEEISSMED ILPLLEETHMEEGER
HPAGT (197) GY L3 PYFVTHNAEENTAOLDNAYILLTDEEISSNED ILPLLEETHMEEGEFR
JECIET) GYLEPYFVTNAEENTAQLDNAYILLTDEEISSMED ILPLLEETHMEEGER
Conzenzus(197) GYLAPYFVTHAEENTAQLDNAYILLTDEEISSHED ILPLLEETHMEEGER
SectionG

(2965) 296 600 270 280 04

26605 (290) LLIIAEDIEGEALTTLVVNELRGY LNIAAVEAP GFGDREKEMLED TATL

HC28 (246) LLIIAED IEGEALTTLVVNELRGVLNIAAVEAP GFGDRREEMLED TARL

COUE 17874 (295) LLITAED IEGEALTTLYYNELRGY LN IAAVELP GFGDREREEMLED IATL
HPAGT (295) LLITAEDIEGEALTTLYVVNELRGYVILNIAAVEAP GFGDREKEMLED TATL

JE 240 LLITAEDIEGEALTTLVVNELEGVLNIAAVEAP GFGDEREEMLED TATL
Consensuz(248) LLIIAEDIEGEALTTLVVNELRGYLNIAAVEAP GFGDRREEMLEDTATL

Section?y

(205) 205 300 310 320 330 343

26095 (235) TGGOVISEELGLSLENAEVE FLGEAGRIVIDEDNTTIVD GEGHIHDVED

HC28 (205) TGGAVISEELGLALENAEVE FLGEAGRIVIDEDNTTIVD GEGHSHDVED

CEUE 17874 (295) TGOV ISEELGLS LENAEVEFLGEAGRIVIDEDNTTIVD GEGHSDDVED
HPAGT (205) TEGOVISEELGLSLENAEVE FLGEAGRIVIDEDNTTIVD GEGHSDDVED

JE S TEGOVISEELGLALENAEVE FLGEAGRIVIDEDNTTIVD GEGHEDDVED
Consensus(205) TGGQVISEELGLILENAEVEFLGEAGRIVIDEDNTTIVD GEGHIDDVED
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Sectiong
(394 3 350 =50 27 2E0 392

26625 (39 RVAQIETOIASTTSD YDEEELOERLAKEL SGEVAVIEVGLLSEVEMEEEE

HCZ2E (399 RV A IETQIAS TTAD YD EEELQERLAKL 3GGVAVIEVGALASEVEMEE KK
COUGATEMA (349 RVAQIETAIASTTSDVDEEELQERLAK L 3GGVAVIEVGAL SEVEMEE KK
HFAGT (3990 BYAQIETQIASTTSD Y DEEELQERLAK L SGGVAVIEVGAASEVEMEEEE

JRE N RV AN IETOIASTTSDYDEEELOERLAEL 3GGVAVIEVGAASEVEMEEEE
Conzenzus (39 RV AQIKTQIAS TTSDYDEEELQERLAK L SGGVAVIEVGAASEVEMEE KK
Sectiong
(202 282 00 410 520 420 34

26625 (333) DRYDDALSATEAAVEEGIVIGGGAALIRAAQEVHLNLHDDEEVGYEITIHY

HCZ8 (303) DEVDDAL SATEAAVEEGIVIGGGAALIRAANEVHLNLHDDEEVGYEIIN

COUG 17874 (303) DEVD DAL SATEAAVEE GIVIGGGALLIRAADKEYVHLNLHDDEEYVGYETIIM
HPAGT (303) DRVLDALSATEAAVEEGIVIGGGLALIRALNEVHLY LEDDEEYGYEITH

JE 03 DEVDDALSATEAAVEEGIVIGGGAALIRAANEVHLNLHDDEEVGYEITM

Conzenzus(33) DRVDDALSATEAAVEEGIVIGGGAALIRAAQEVHLNLHDDEEVGYEIIM
Section 10

(aaz) B 450 40 70 aa0 430

26695 (942) PATEAPLANTAINAGYD GEVVVNEVEEHE GHF GFNASNGEYVDMFEEGT

HE22 (4M2) RATEAPLADIATINAGYD GGVYVNEYOKHE GHFGFNASNGEYVDMFEE GT

COUG 17874 (M) RATEAP LAQIATINAGYD GGVVVNEVEEHE GHF GFNASNGEYVDMFEEGT
HPAGT (492) RATEAPLANTAINAGYD GGV VVNEVEEHE GHF GFNASNGEYVDMFEEGT

JE M RATEAPLAQIAINAGYD GGVVVNEYQEHE GHF GFNASNGEYVDMFEEGT

Conzenzus(442) RATKAPLAOTAINAGYD GGV VVNEVEEHE GHF GFNASNGEYVDMFEE G T
Section 11

(aa1) 481 A00 510 520 539

26625 (981) IDPLEVERTIAL QNAVEVSSLLLTTEATYHEIEEEELAAP AMPDMGGHGGH

HC22 (481) IO PLEVERIALONAYSVASLLLTTEATYHEIKEEEATP AMPDIMGGHGGHY

COUG 17874 (491) IDP LEVERTALONAVEVESLLLTTEATVHE IKEEEATFAMPDMGGHMGGH
HPAGT (991) TDPLEVERIALONAVAVSSLLLTTEATVHE IKEEEAAP AMPDMGGHGGH

JE ) IDPLEVERIALQNAVSVISLLLTTEATVHE IKEEEAAPAMPDMGGHMGGH

Consensuz(981) IDPLEVERIALQNAVAVISLLLTTEATVHE IKEEEALAPAMPDMGGNGEN
Section 12

(5403 20 5495
26625 (590) GEMGGENM

HCE (390) GGMGGMM
CCUG A7 (590 GEMGGMH

HFAGT (590) GEMGGEMHN
JE2 05400 GGMGGHMM
Consensus (53300 GGMGGMM

1.1.2 Strains: 26695, HC28 (used in our study), CCHG 178874, HPAG1, and J99.
1.1.3 Identity: 99.1%
1.1.4 Positive: 100%

1.2 Hsp70

1.2.1 Alignment result

Section 1
(11 1 10 20 20 40 51

26895 (1) MGEVIGIDLGTTNSAMAVYEGHNEAKITANKE GENTTPEIVAFTDEGEILYVG
HPAGT (1) MGEVIGIDLGTTHNSAMAVYEGNEAKITANKE GENTTPSIVAFTDEGEILVG
22 () MGEVIGIDLGTTNS AMAVYEGNEAKITANKE GENTTPSIVAFTDEGEILYG
Shi0 (1 MGEVIGIDLGTTN S AMAVYE GNEAKIIANKEGENTTPSIVAFTDEGEILYG

Conzensus (1) MGEVIGIDLGTTHNSAMAVYE GNEAKIIANEE GENTTPSIVAFTDEGEILYG
Seclion 2

(52) 52 £i0 70 &0 a0 102

26005 (52) ESAKRQAVTNPEETIVSIKRINGLMFNEDKAKEAEKRELPYEIVDENGACAT
HFAGT (52) ESAKROAVTNPEETIVSIERINGLNFNEDEAKEAEKERLPVEIVDENGACLAT
J23 (52) ESAKROAVTNPEETIVS IKRINGLMFNEDKAKE AEKRLFYEIVDENGACLT
ShidP0 (52) E3AKROAVTNPEKTIVS IKRINGLMFNEDKAKEAEERLFYEIVDENGACAT
Consenzuz (52) ESAKROAVTNFEETIVSIKRIMGLMFNEDEAKEAREERLPYEIVDRNGACAT
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Section 3

(103 103 110 120 130 R 153

26035 (103 ETAGEYY TPOE IS AKILME LEEDAE SYLGESVTEAVITVPAYFND S0RKAT
HRAGI (103 ETSGHEVY TP QEI AN I LMELEEDAE S Y LGESVTEAVITYPAYFND SQREAT
J99(103) ET5GREYTPQEISAKI LMK LKEDAE SYLGESVTEAVITVPAYFND S OREAT
ShEFO(102) ETSGEMY TP E I SAKILMELEEDAE SYLGESVTEAVITYPAYFND S0RELT

Conzensus (103) EISGEVY TPOEISAKILMELEEDAESYLGESVTEAVITVPAYFNDSOREAT
Section 4

(154) 154 160 170 RE 490 204

26095 (1549 KEAGTIAGLNVLEIINEPTSAALAYGLDEEE SEEIMVYD LGGGTFDYVTVLE
HPAG1 (1534) KEAGTIAGLNVLEIINEPFTSAALAYGLDEFEE SEEIMVYD LGGGTFDVTVLE
o8 15 KEAGTIAGLNVLREIINEPTEAALAYGLDERE SEKIMVYD LGGGTFDVTVLE
ShiF0 (150 FEAGTIAGLNYLREIINEPTSAALAYGLDEEE SEEIMVYDLGGETFDVTVLE

Conzensus (1599 KEAGTIAGLNVLREIINEFTSALALAYGLDEKE SEEIMYYDLGGGTFDVTVLE
Section s

(z05) 05 210 220 230 240 2%

28395 (203) TGDNVVEVLATGGDAFLGGDD FDNEVIDFLASEFESETGIE IENDVMALQR
HFAGT (205) TEDNVVEVLATGGDAFLGGDD FDNEYIDFLASE FESETGIE IENDVHAL QR
J98 3205 TGDHVVEVLATGGDAFLGGDDFDNEVID FLA.E FENETGIEIENDVHMALOER
Shidr0 (Z205) TEDNVVEVLATGGDAFLGGD D FDNEVIDFLASE FESETGIE IENDVHMALOR
Conzensus (205) TGDNYVEVLATGGDAFLGGDD FDNRVIDFLASEFESETGIEIENDVHALQR
Section

(256) 256 270 280 00 306

26095 (250) LKEAAENAKEEL S S AMETEINLPFITADATGPEHLVEELTEAEFESLTEDL
HPAG1 (256) LKEAAENAKKEL S SAMETEINLPFITADATGPEHLVEELTREAKFESLTEDL
JO8 (256 LEEAAENAKKEL 33 AMETEINLPFITADATGPEHLVEELTRAKFESLTED L
Shidf0 (2568) LEEALAENAKEELSSAMETEINLPFITADATGPEHLVEELTRAEFESLTEDL
Consensus (258) LEEAAFRNAKKEL S 3AMETEINLPFITADATGPEHLYEELTRAEFESLTEDL

Section 7

(307) 307 320 0 390 S57

20095 (207) MEETISEIESVIEDAGLTENE ISEVVMYGGITRIPEVOIERVEAF INEDLNE
HPAGY (307) BEETI 3K IESVIKDAGLTENE I SEVVNVGGITRIPEVIERVEAFINEE LNE
J99 (307 BEETISEIESVIEDAGLTENE I SEVVMYGGSTRIPEVOERVEAFINEELNE
Shid70 (207 REETISKIESVIKDAGLTENE ISEVVMVGGSTRIPEVIERVEAFINEDLNE
Consensus (307) MEETISKIESVIEDAGLTENE ISEVVMVGGSTRIPEVIERVELAFINKED LNE

Section 3
(358 352 370 50 380 0

26095 (3598) SVNPDEVVAVGASIQGGVLEGDVEDVLLLDVTPLELGIETLGGVMTEVIDE
HPAG1 (358) SVNPDEVVAVGASIOGEYLEGDVEDVLLLDYVTPLELGIETLGGYMTEVIDE
JO99 (358) FVNFDEVVAVGASIQGGVLEGDVEDVLLLDVTPLELGIETLGGVMTEVIDE
ShiF0 (358) SYNPDEVYAVGASIOGGVLEGDVEDVLLLDVTPLSLGIETLGGVNTEVIDR
Consenzus (352) SYNPDEYVVAVGASIQGGVLEGDYEDYLLLDVTPLALGIETLGGVHTEYIDE

Sectiond
0o 404 20 420 490 ]

20095 (409 GTTIPAKKSO0VFATAEDNOPAYSINVLOGERELARDNESLGEFDLOGIARL
HPAG1 (409) GTTIPAKKESOVFSTAEDNOPAVE IMVLOGERELARDNESLGEFDLOGIARAL

JO3 (409 GTTIPAKKESOVFSTAEDNOPAVSIMVLOGERELARDNESLGEFDLOGIARL
Shid70 (409 GTTIPAKKESOVFSTAEDNQPAVSIMVLOGERELARDNESLGEFDLOGIATLA

Consensus (409) GTTIPAKKESOVFSTAEDNOPAVSINYVLOGERELARDNESLGEFDLOGIAPL
Section 10

(aE0y 360 &0 420 4a0 500 510

26095 (460) PRGWP QIEVTFDIDANGILTVEAODENTGESQEIEISGESGLED SEIEKNV
HFAGT(460) PEGYWPOIEVTFD IDANGIL TV AQDENTGESIEIKISGSSGLAD SEIEEMY

J99 (460) PRGME OIEVTFDIDANGILTVSAQDKN TGRS QE IRI G5 $6LED SETERMY
Shd70(460) PRGHPQIEVTFD IDANGILTVIANDENTCESQEIKISGSSGLEDSEIEENY

Consenzus (450) PRGVPOIEVTFDIDANGILTVSAODENTGESOEIKISGESGLIDSEIEEMY
Section 11

(511 511 520 530 5400 560 Ty

26335 (511) KDAELHKEEDAIKKE?IEARHHADSLAHDTDKS LDEHETHNLNEND ANE I QN
HPAG1 (511) KDAE LHEEEDARKEEEVIEARNHAD SLAHOTOES LDEHETHNLNEND ANE I0N
93511 KDAE LHEEEDARKKEVIEARNHAD SLAHOTOES LDEHETHNLNEND ANE I 0N
Shid70 (511) EDAE LHEEEDARKEEVIEARNHAD S LAHOTOKSLDEHETNLNENDANEION
Consenzuz (511) EDAELHKEEDARKEEVIEARNHAD SLAHOTOQES LDEHETNLNENDANEI QN
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Decuon L

26695 (562) AINALKD CEKNDNATKAELEDKTKELAQAAQKLGEAMANKNNAE Q PKKKDD
HPAG1 (562) ATNALKDCEIKNDNATKAELEDKTKALAQAAQKLGEAMANKNNAE QPKKKDD
J99 (562) ATNALKDCEIKNDNATKAELEDKTKALTOAAOKLGEAMANKNNAE O PKKKDD
Shi70 (562) ATNALKECWKNDNATKAELEDKTKELAQAAQKLGEAMANKNNAE QPKRKDD
Consensus (562) ATNALKDCIKNDNATKAELEDKTKLLAQAAQKLGEAMANKNNAE QPKKKDD

(613) 313 620

266895 (813) DVIDAEVE
HPAG1 (613) DVIDAEVE
J99 (613) DVIDAEVE
Shid70 (513) DVIDAEVE
Consensus (B13) DYIDAEVE

1.2.2 Strains: 26695, HPAGI, J99, Shi470

1.2.3

Identity: 98.1%

1.2.4 Positive: 100%

1.3 UreB Ty [ . | )
. L | y i |
1.3.1 Alignment result: * i
.
Section 1
iy 10 20 30 40 51
CH-CTX¥1 (1) MERI SREEYASMYGPTTEDEVELGDTDLIAEVEHDY TI¥GEELEFGEEHTL
Iran-HPO31 (1) MERI2REEYVEMYGPTTGDEVRLGDTDLIAEVEHDYTI¥GEELEFGEGETL
J99 (1) MERISREEYWSMYGPTTGDEVRLGDTDLIAEVEHDYTIYGEELEFGEGETL
HFKE (1) MERISREEY¥SMYGPTTGDEVRLGDTDLIAEVEHDYTIYGEELKFGEGRTL
J1 protein (1) MERI SREEYVWAMYGPTTGDEVRLGDTDLIAEVEHDYTIYGEELEFGEERTL
Y05 (1) —-MISREEYVEMYGPTTGDEVRLGDTDLIAEVEHDY TI¥GEELEFGEEETL
MEL-HP27 (1) MERI SREEYMEMYGPTTGDEVRLGDTDLIAEVEHDY TI¥GEELEFGEGETL
(1)

Consensus MEEISRKEYVEMYGPTTGDEVRLGDTDLIAEVEHDY TIYGEELEFGGGRETL
Section 2

{&2) 52 50 70 g0 90 102

CH-CTX1 (52) REGMEQSNNF SKEEELDLITITHNALIVDYTGIVEADIGIKDGRIAGIGREGNE
Iran-HPO31 (52) REGMESQSNNE SKEELDLIITNALIVDY TGIYKADIGIKDGRIAGIGRGGNE
J99 [(5Z) REGMEQSNNE SKEELDLIITHALIVDYTGIYKADIGIKDGRIAGIGRGGNE

HPKE [52) REGMEQSNNE SKREELDLIITHNALIVDY TGIYRADIGIRDGRIAGIGRGGNER

J1 protein (52) REGMEQSNNE SKEELDLIITHNALIVDY TGIYRADIGIRDGRIAGIGRGGNER
Y06 (50) REGMEQENNE SKEELDLIITHALIVDY TEIVREADIGIRDEEIAGIGRGGNE
MEL-HP27 (52) REGMEQSNNE SKEELDLIITNALIVDY TGIYRADIGIKDGRIAGIGRGENE
Consensus (52) REGMSQSNNP SKEELDLIITNALIVDYTGIVEADIGIKDGRIAGIGKEGNE
Section 3

103) 103 110 120 130 140 153

CH-CTX1 (103) DMQDGVENNL 3 VGPATEALAGESLIVIAGGIDTHIHF ISPQQIPTAFASGY
Iran-HPO31 (103) DMODGVRNNL 8§ VEEPATEALAGEGLIVTAGGIDTHIHFISPQQIPTAFASGY
J99 (103) DMQDGVRENNL S VGPATEALAGEGLIVTAGEIDTHIHFISPQQIPTAFASGY

J1 pratein (103) DMQDGVENNL 8 VGEATEALAGEGLIVTAGGIDTHIHF ISP QQI P TAFA S GE

Y06 (101
MEL-HP27 (103
Consensus (103

DMODGVENNL 3 VEPATEALAGEGLIVTIAGGIDTHIHFISPOOIPTAFARGY
DMODGVENNL 3 VGPATEALAGEGLIVTIAGGIDTHIHFISPOQOIPTAFARGH

(103)
(103)
(103)
(103)
HPKE (103) DMQDEVENNL 3 VEPATEALAGEGLIVIAGSIDTHIHF ISP QQIPTAFAS W
(103)
(101)
(103)
{103) DMQDGVENNL 8 VGPATEALAGEGLIVTAGGIDTHIHF ISPQQIPTAFASGY

Section 4

1647 154 160 170 180 180 204

CH-CT1 (184) TTMIGEETEPADGTHATTI TP GRRNLEWMLRAAEEY SMNLGFLAKGHASND
Iran-HRO31 (154) TTMIGEETEPADGTHATTI TP GRRNLEWMLRAAEEY SMNLGFLAKGHASND
J99 (184) TTMIGEETEPADGTHATTI TP GRRNLEWMLRAAEEY SMNLGFLAKGHASND

J1 protein (154) TTMIGEETEPADGTHATTITEGRRNLEWMLRAAEEY SMNLGFLAKGHT 3HD

i 5]
MWEL-HFZ7
Consgensus

152
154
154

TTMIGEGETGPADGTHATTITEGRRNLEWMLRAAEEY SMHLGFLAKGNT SHD
TTMIGEGETGPADGTHATTITEGRRNLEWMILRAAEEY SMNLGF LAKGNASHD
TTMIGEGTGPADGTHATTITPGRRNLEWMIRAAEEY SMNLGFLAKGNASHD
Section 5
(205) 205 210 220 230 240 255
(205) ASLADQIEAGATISFEIHEDWGT TR SATINHALDVADKYDVOVATHTDTLHEA
Iran-HPO31 (205) A3LADQIEAGATGFEIHEDWGETTE SATNHALDVADKYDYVOVATHTDTLHNEA
JI9 (205) ASLADOIEAGATGFEIHEDWGETTESATNHALDVADKEYDYOVATHTDTLHNEA
HPKE (205) ASLADQIEAGATSFEIHEDWETTESATNHALDVADKYDVOVATHTDTLNEA
(205)
(203)
(205)
{208)

(154)
(154)
(154)
(154)
HPKE (154) TTMIGGEGTGPADGTNATTITE GRRNLKWMIRAAEEY SMNLGF LAKGNASND
(154)
(152)
(154)
(154)

205
205

CH-CTX1

J1 protein (205) ASLADQIEAGATGFEIHEDWETTEP SATNHALDVADKEYDVOVATHTDTLNEA

Y05 (203
MEL-HF27 (205
Congensus (205

ASLADQIEAGAIGFRIHEDWGTTE SAINHALDVADRYDVOQVATHTDTLNEA
ASLADQIEAGATIGFRIHEDWGTTE SAINHALDVADRYDVOQVATHTDTLNEA
ASLADQIEAGATIGFRIHEDWGTTESATINHALDVADRYDVOQVATHTDTLNEA
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Section B
(256 256 270 280 290 306
[256) GO VEDTMAATAGRTMHTFHTEGASSGHAPDI TKVAGEHNILPASTNETIEF
[28F) GOVEDTMAATAGRTMHTFHTE GASGGHAPDITEVAGEHNILPASTHNETIEF
(256) GO VEDTMAATAGRTMHTFHTE GAGGGHAPDITKVAGEHNILPASTNETIEF
HPKE (256) GCVEDTMALTAGRTMHTFHTE GAGGGHAPDITKVAGEHNILPASTNETIEF
(25E)
{254)
(25E)
(25E)

CH-CTH1
Iran-HPO31

256
256

J1 protein (256) CVEDTMAATAGRTMHTFHTE 3AGGGHAPDITEVASEHNILPASTNETIEF
GOVEDTMAATAGRTMHTFHTEGAGGCHAPDITEVAGEHNILPASTHNETIEF
GCVEDTMAATAGRTMHTFHTEGAGGGHAPDITEVAGEHNILPASTHNETIEF
GCVEDTMAATAGRTMHTFHTEGAGGGHAPDIIEVAGEHNNILPASTNETIEF

section £

MEL-HP27 (256
Consensus (296

307) 307 320 330 340 357

CH-CTX1 (307) TVNIEAEHMDMLMYVCHHLDKSIKEDVOFADSRIRFQTIAAEDTLHDMGIF &
Iran-HPO31 (307) TVNPEAEHMDMLMYVCHHLDKSIKEDVQFADSRIRFPQTIAAEDTLHDMGIF 8
J99 (307) TYVNTEAEHMDMLMVCHHLDKSIKEDVQFADSRIRE QT TAAEDTLHDMGIF &

[
[
[
[
HPKE (307) TYNTEAEHMDMLMYCHHLDESIKEDVQFADSRIRP QT TAAEDTLHDMGIF S
[
[
[
(

J1 protein (307) TYNTEAEHMDMLMYCHHLDKESIKEDVQFADSRIRPQTIAAEDTLHOMGIF S

¥06 (30F) TYNTEAEHMDMLMYCHHLDKSIKEDVQFADSETIREQTTAAED TLHDMGIF S
MEL-HP27 (307) TYNEEAEHMDMLMYCHHLDKSIKEDVQFADSRIRFQTIAAED TLHDMGIF S
Consensus ﬂF)TVNTEAEHMDMLMVCHHLDKSIKEDVQFADSRIRPQTIAAEDTLHDMGIFS
Section 8

358) 358 7o 380 390 408
CH-CTX1 (368) ITE8D 80AMGRYSEVITRTWOTADRKNEREFGRLREERGDNDNFRIKRYL 3K
Iran-HPO31 (358) ITYED2QAMGRVGEVITRTWQTADENKREFGRLEEERGDNDNFRIKRY L 8K

{
{
{
J99 (356) ITSSDE0AMGRVGEVITRTWOTADKNKEEFGRLEEERGDNDNFRIKRYL K
{
{
{

HPKE (358) ITESDEQAMGRVGEVITRTWOTADKNKREFGRLEEERGDNDNFRIKRYL AR

J1 protein (358) ITESD3QAMGRVGEVITRIWOTADKNRREFGRLEEERGDNDNFRIKRYL SR
Y05 (356) ITS 8D QAMGRVGEVITRTIWOTADKNERLEFGRLEEERGDNDNFRIKRYL SR
MEL-HP27 (358) IT 28D 8 CAMGRVEGEVITRTWOTADENKEEFGRLEEERGDNDNFRIKRYL SR
Consensus (3581 ITS 30 S0AMGRYGEVITRTWOTADENEKEFGRLEKEEEGDNDNFRIKRYLSK

Section 9

(405) 409 420 430 440 459
CH-CTX1 (409) ¥TINPATAHGT SEYVGEVEVGRVAD L VLWEPAFFGVEENMITRGGFIAT 250
Iran-HPO31 (409) ¥ TINEPATAHGI SEYVGSVEVGRVADLVILWEPAFFGVEPNMI IRGGFTAT 80
J99 (409) ¥TINPATAHGT SEYVGEVEVGRVAD L VLWEPAFFGVEENMITRGGFIAT 250

)
)
|
)
HPIE (409) YTINPATAHGI SEVVGEVEVGKVADLVLWSPAFF G VEENMITKGGFIAL 20
)
)
)
)

J1 protein (409) ¥TIHNPATAHGI 3EVVEEVEVEGEVADLVLWSPAFFGVEPNMITEGGFIAL 20
Y05 (407) ¥ TINPAIAHGI SEYVESVEVEREVADLVIWSPAFFGVEPNMIIEGGFIAL 30
MEL-HPZ7 (409) ¥ T INPAIAHGI REYVGIVEVGRVADLVIWSPAFFGVRENMITIRGGFIALSQ
Congensus (409) Y TINPALAHGISEYVGEVEVERVADLVIWSPAFFSVEPNMIIKGGFIAL SO
Section 10

(450) 460 470 480 490 500 510
CH-CTX1 (460) MEDANASID TEQPVYYREMFAHHERARYDANI TFVSQAAVDRGIREELELE
Iran-HPO31 (460) MEDANASIPTEQPVYYREMF AHHERARYDANI TFVEQALYDRGIREELGLE
199 (460) MEDANASTIPTEQEVYYREMFAHHCGRARYDANI TRV QALY DREIREELELE

)
)
)
)
HPKE (460) MGDANASIPTEQPVYYREMFAHHGRARYDANITF VEQAAYDREGIREELGLE
)
)
)
)

J1 protein (460) MGDANASIFPTE QP VYYREMFAHHERARYDANITFVERAAYDRGIKEELGLE
Y06 (458) MGDANASIP TEQPVYYREMFAHHGRARYDANITFVEQAAYDRGIKEELGLE
MEL-HPZ7 (460) MGDANASIFP TEQPVYYREMFAHHGRARYDANITFVEKAAYDRGIKEELSLE

Consensus (460) MGDANASTIPTEQPVYYREMFAHHGRARYDANITFVIQAAYDRGIKEELGLE
Section 11

511y 511 520 530 a40 550 561

CH-CTX1 (511) ROVLEVENCRENITERDMOFND TTAHTEVNEPETYHVF VDEKEVT LNQETE- -

Iran-HPO31 (511) ROVLEVENCERNITREDMOFNDTTAHIEVNEETYRVFVDEGKEVT SREPANEN S

JoS (A1) ROVLEVENCRNITEEDMOFND TTAHIEVNEETYHYF VDG KEVT SEPANEY S

J1 protein (511) ROVLEVENCRNITKEDMOFND TTAHIEVHNPETYHVF VDGREVT SRPATEVE
ROVLEVENCRNITERDMOQFND TTAHIEVNPETYHVFVDGREVT SRPATENE
ROVLEVENCRNITERDMOQFND TTAHIEVNPETYHVF VDGREVT SRPATENE
ROVLEVENCRNITERDMOQFND TTAHIEVNPETYHVFVDGREVT SKPATEVE

WMEL-HPZ7 (311

(511)
(511)
(511)
(511)
HPKE {(511) ROVLEVENCRNITREDMQFND TTAHIEVNEETYHVF VDS REVT SREATEY S
(511)
(509
(511)
Congensus (911)

Section 12

CH-CT:1
Iran-HPO31

a60
562

LAQLFSIF
LACLFSIF
LACLFSIF
LAQLF3TIF
LAQLF3TIF
LAQLFEIF
LAQLFIIF

J1 protein (562

WEL-HP27 (562

(
(
E
HPKE (562
{
E
Consensus (962

1.3.2  Strains: Ch-CTX1, Iran-HP031, J99, HC28, Y06, MEL-HP27.

1.3.3

Identity: 95.6%

1.3.4 Positive: 100%
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1.4 Arginase
1.4.1 Alignment result:

Section 1
(171 10 20 20 40 51

26095 (M MILVGLEAELGASKRGTDEGVERLREAL SATHGDVIEGHMOTITOERCVLYE
G2 (N MILVGLEAELGASKRGTDEGVRERLEEALZKTHGDVIEGMATITOERCVLYE
AT (N MILYGLEAELGASERGTDEGVREELREAL SATHGDVIKGMOTITOERCVLYE

BS (N MILVGLEAELGASERGTDEGVRRELREAL ZATHGDVIKGMQTITOERCVLYE
BY (N MILVGLEAELGASKERGTDEGVERLEEVLSETHGDVIEGMOTITOERCVLYE
29 (N MILVGLEAELGASKRGTIEGVERLEEVLSKTHGDVIEGMATITOERCVLYE

Conzensuz (1) MILVGLEAELGASKRGTDEGVRRELREAL SATHGDVIEGHOTITOERCVLYE
Seclion 2

(52) 52 (20 70 &0 a0 102

20095 52 EFRVAKNFEDYYLFCEENLIPCMEEVFEEFKEFPLILSSEHANMFGIFOQAFE
G2¥ (52 EFRVAENFEDVYLFCEENLIPCHMEEVFEEEEFPLILSSEHANMFGIFOAFE
AGT (52) EFRYAFNFEDYYLFCHKENLIFPCHEEYFEEFEFPLILSSEHANMFGIFOLFE

BS (52) EFEVAKNFEDYYLFCEENLIPCMEEVFEEFEEFPLILSSEHANMFGIFOAFE
BY (32) EFREYAKNFEDYYLFCEENLIPCMEEVFEKKEFPLILSSEHANMFGIFAFE
J99 G2 EFRYAKNFEDYYLFCEENLIPCMEEVFEEFEFPLILSSEHANMFGIFQAFE

Consensuz (3Z) EFRVAKNFEDYYLFCEENLIPCHEEVFEEKEFPLILSSEHANMFGIFOAFE
Section 3

(10%) 103 110 120 130 140 183

26395 (103) SVHEDEEIGILYLDAHADIHTAYD 3D SKEHIHGHME LGHY LNEVRS GFNEMSE
G703 SVHEDEEIGILYLDAHADIHTAYD SDAEHIHGMP LGHVILNREVHI GFNEMSE
AG10103) 3VHEDFEIGILYLDAHADIHTAYD 3D SEHIHGHM P LGHV LNEVRS GFNEMSE

BS(103) 3VHEDEEIGILYLDAHADIHTAYD SD.KHIHGHPLGH?LHRWSGFHRHSE
BY (103) 3VHEDFEEIGILYLDAHADIHTAYD 3D SEHIHGHE LGHYLNRVRS GFNREMSE
98103 SVHEDEEIGILYLDAHADIHTAVD SDEEHIHGMP LGHVILNEVRES GFNEMNE
Conzensusz (103) SVHEDEKIGILYLDAHADIHTAYD SD SEHIHGHM P LGMYLNEVESGFNREMSE
Sectiond
(154 154 60 170 180 190 2049

26035 (134) SEEKAWIKLCSLGLEEGGLEID PEC L?YFG‘IRSTEQSERD?IIE_LIIPLFS
G27 (154 3EEKAVQELC3LGLEKGGLEID PEC LYY FGYRSTEQSERDVIKEELQIFLFS
AGT(15H SEEEAWOELCELGLEEGGLEIDPECLYYFGVRSTEESERDVIEELEIPLFS

BS (154 SEEKAWOIKLCSLGLEEGELEID PECLVYFGYRETELSERDVIKELEIPLFS
B7 (154) SEEKANIKLCSLGLEKGBLE ID PECLVYFGVRSTEQSERDVIRELAIPLFS
J99 (154) SEEKAWIKLCSLGLEKGHLEIDPECLVYFGVRSTEQSERDVIKELEIPLFS

Conzensuz (159 SEEKAWMOKELCSLGLEEGGLEID PECLVYFGYRSTEOSERDVIEELOIFLFS
Sectiond

205y 05 210 220 230 2490 255

20095 (205) VD ATIRENMAQEVVIETEE SLEAVDIIVLSLDLD IMDGELFTSTGVREENNGL S
G2¥ (205) VEAIRENMOEVYOETEE SLEAVD IIVLSLDLD IMDGELFTSTGVREENNGL 3
AGT(205) YEATRENMHEYVETKELLEAVD ITYLSLDLD IMD GELFTSTGYRENNGL S

BS (205) VEAIRENMOGEVVOETEELLEAVDIIVLSLDLD IMDGELFTSTGVEENNGL S
BY (203) VEAIRENMAGVVOKETEELLEAYDIIVLALDLD IMDGELFTSTGVEENNGL S
J99 205 VEAIRENMAGYVIETEELLEAYVDIIVLSLDLD INDGELFTSTGVREENNGL S
Consenzuz (205) Y EATRENMOGYVOIETEELLEAVD IIVLSLDLDIMDGELFTSTGVRENNGLS

Section
(266, 256 270 280 290 306

20095 (250) FDELEQLLGLLLESFEDRLEANEVTEYN P TV S IKHNNEEEEQVLEILDLIT
27 (256) FOELHOLLGLLLEAFKDRL GAVEVTEYN P TV S IKHNNEEEKOVLEILDLIT
AG1(258) FDELROLLBLLLENFEDRLGAREVTE YN TV S MEHNNEEERKOVLEILDLII

B3 (250) FDELROLLD LLLESFEDRLGANEVTEYNP TV S IKEHNNEEEEQVLEILDLIT
BY (250) FDELKEQLLGLLLESFEDRLGANEVTEYN P TV 3 TEHTNEEEEQVLEILDLII
J99 (256) FDELROLLGLLLESFEDRLEANEVTEYN P TV SAKHTDEEEEQVLEILDLIT

Consenzus (258) FDELEOLLGLLLESFEDRLGAVEVTEYTN P TV S IKHNNEEEKOVLEILDLIT
Section 7

(307 307 FEL

26605 (307) NS CHIEDERHAS FiISY
627 (307) HCCEIKDERHS FARSC

AG1 (307) ERCEIKDEKEP S FAMSS

BS (307) ERCETEDEERS FARSY

B7 (307) NS CEFEDEERS FANSS

J99 (307) NRCEIFDRERSFAMSS
Consensus (3071 NRCEIKDEERSFARSS

1.4.2  Strains: 26695, G27, AG1, B5,B7, and J99
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1.4.3 Identity: 91%
1.4.4 Positive: 100%

1.5 SabA
1.5.1 Alignment result:
Section
(1) 1 10 20 20 40 51
%1 (1) MEKRFLLSLSLAS- - —-SLLEAEDNGFFVSAGY)IGEAVOMYENTGE LENL
MO (1) MEKREFLLSLSLMA----SLLBAEDNGFFVSAGYJIGEAVIMVENTGE LENL
MEZ (1) MEKRFLLSLSLSL--AVSSLHAEDNGFFVSAGYOIGEAVOMVENTGELENL
626 (1) MEKRILLSLSLSLSLAWSSLHAEDNGFFVXVGYQIGEAVOIMVENTGE LENL
MES (1) MEKEFLLSLSLSLS LAVSSLHAEDNGFFVSAGYJIGEAVINVENTGELEEL
Conzensus (1) MEERFLLSLSLSL AVSSLHAEDNGFFVSAGYQIGEAVOMVENTGELENL
Section 2
(52) 52 &0 70 &0 a0 10z
31 (42) NEXVEOLNOYLNOVAS LEDS TONANNIELVNS S LN LES FTNNN YN S TTOW
MO (45) NEEYEQLNUYLNOVAS LEQS IQNANNIEL VNS S LNFLES FTHNNNYNSTTAR
W23 (500 NEKYEQLNQYLNQVASLEQS IQNANNIELVNS S LNYLES FTHNNYNSTTOS
G26 (52) NEEVEQLSQVLNOVASLEQSIQNANNIELVNSSLNDLES FTHNNYNSTTAS
MES (52) NDEYEOLNOYLNOVASLREOS IONANNIELVNS SLNDLES FTHNNYNS - - - -
Conzensus (52) NEKVEQLNQYLNOVASLEQSIONANNIELVNSSLNYLESFTNNNYNSTTO
Section3
(103) 3
G199 P
hizd (28] P
W22 (1017 P
G26 (103) P
MES (39 —
Consensus (103 p
1.5.2 Strains: G1, M30, M23, G26, and M65
1.5.3 Identity: 78.6%
1.5.4 Positiver97.1%
1.6 BabA
1.6.1 Alignment result:
Section 1
1 1 10 20 20 L]

218 (1) -MEEHILSLTLGSLLVWSTLSAEDD GFYMEAGYIIGEALOMVENTEGIOD

25 (1) -MEEHILSLTLGSLLVSTLSAEDD GFYMEAGYAIGEAROMVENTEGIOD

J16 (1) MEETLNLSLALSR---FLLHAEDD GFYMSAGYOIGEALDMYENTEGIOE
CCUGI787S (1) -MEEHILSLTLESLLYSTLSAEDD GFYTEVEYIIGEALOMV TN TEGIOD
ME ) MEETLOLSLELS ----FLLHAEDDGFYTAVGYOIGEAAQMYTNTEGIQN
Consensus (1) MEEHILSLTLGSLLYSTLSAEDDGFYMIAGYOIGELAAQMYENTEGIQLD

Secton2

a0 50 50 Fa 20 ag

92-12 49 LEDRYESLNNLLTRYSTLHTLIELSAD PSATNGYRND LGLAAAKNL IGDE

92-26 49) L3DEYESLNNLLTRYSTLHNTLIELSADPSATNGVREND LGASAKNL IGDE

J1E (A7) LEDNYEKLNNLLTEYSTLNTLIKLSADP S AR SGAINNLNAGLATGLLEEE

CCUG 17875 (49) L3DNYENLSELLTRYSTLNTLIEL SADP3ATNAARENLGASAKNLIGDT
JMEE (46 LEDNYEKLNNLLTEYSTLNTLIKLSAD P S ATNAVRENLGASAKNL IGDE
Consensus (500 LIDNYE LNNLLTEYSTLNTLIKLSADPSAINGVENNLGASAKENLIGDE

Secton3

(oo 99 110 120 130 147

S2-18 (92) TNSPAVQAVLLATINAAVGFUNIVGYVSOC GENANGTESTSSTTIFNNE R

225 (98 ANSPAYQAVLLAINAAVGFUNWYGYYTOC GENANGTVITSSTTIFNNET

J1E (98 THEPATOAVLLAINAAVGFUNYY GYVA0C GCNANGDES T2 TTIFNNE R
COUG17870 O3 ENSPAYQAVLLATINAAVGFUNVLGYATOC GEHNANGAESTS3TTIFNNEF
JHMEE (99 ANSPATOAVLLAINAAVGFUNMY GTYTOC GCNMNGOESTSSTTIFNNER
Consensus (390 WEPAVNAVILATNAAVGFWNVVRYVTANGRNANGN STIESTTTFHNNEP
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Secﬁon;l
(148) 145 170 180 196

@2-18 (147) GYRSTFITCSLNIJII»IPGVQ GPRS IENNKKENEATQI LoTALasL PALK

92-26 (147) GYRSTSITCSLNGYKPGYYGPMSIENFKKLNEAYOILOTALKOGLPALK
J116 (145) GYRSTSITCSLNGHE PGVQGPESIENFKKINEAYQILQTALKNGL PALK
CCUG 17875 (197) GYRSTSITCSLNRYKPGYYGPHS IENFKKLNEAYQILQTALNKGLPALK
J166 (144) GHRSASITCSLNGYKPGYYGPMS IENFKKLNEAYQILQTALK@GLPALK

Consensus(148) GYRSTSITCSLNGYKPGYYGPMSIENFKKLNEAYOI LOTALKN%LP#LI&(
ection

(197) 197 210 220 230 245

92- 18 (196) EI-H-IG-TIKVEYTYTC SGEGNNNCS-REATGYEKQNGGTKTETQTIDGKT
€2-26 (196) ENNG-K¥NVTYTYTCSGGGNNNC STKELTG:WQLGGTKTETQTI DGK

J116 (194) ENNG-KVNVTYTYTCSGEGNNNCS - SEVTG QNGGTKNTTQTIDGK
CCUG 17875 (196) ENNG-T¥SVTYTYTCSGEGNDNC S -KKATG ONGGTKTKTOTIDGKT
J165 (193) ENNGTLKEVIVTYTCSGKGNNNC S -EQATGENRONGGSKTTIQTIDGKT
Consensus(197) ENNG V VTYTYTCSGEGNNNCS KEATGVNEQNGGTKT TQTIDGKT

Sectiontf

(248) 295 280 2949

@- 18 (243) vrrmssxmmﬁ ————— mTE ITNQLNDVPDSAQALLAQASTLIN
----- TEITNOLSGVPDSAOALLAOASTLIN

J116(241) VETTISSKVVGWOAQGNTQHVSYTEITNKLDGVPD SAQALLAQASTLIN
CCUG 17875 (243) VETTISSKVVD S QAKGNTTRVSYTEITNKLDGVPD SAQALLAQASTLIN
J165 (241) VRTTISLKVVD STASGNT SHVSYTEITNKLDGVPDSAQALLAQASTLIN
Consensus(296) YTTTISSKVV STA GNT VSYTEITNKLDGVPDSAQALLAOASTLIN

@2-25 (244) VETISSKWOS

Section ¥

{205y 285 300 F0 320 330 393

2 18 (287) TIHIACP FHAT S35 PHAP QWEN S PYSGGLC GAFEDETSATOEMITD A
2. 25 (285) TINEAC PEFHA? HN (- AGBPENENE - - SNELC CAFEIETSATQKMITD A
JUG (200) TINTACPWFNATS S5 SPNAP OWENNAHSGGLC GAF ISATOEMITDA
COUG 17875 (202) TINTACP¥FSVINES --GEFP - -IMEPTRGELCG-F I3ATQEMITDA
J166 (290) TINEAC P FHANNSSEANAF - -KES TTSGKIC GAF I3ATQEMITDA

Conzensus(235) TINTACPWF ATNSS AP TWEW SGELCGAFSDETISATOQEMITDA
Sectiond

(244 394 250 350 =70 320 392

H2- 13 (336) D.L‘.FI-IDTS‘.FII-II-II-IEDSAD?GII-H-IHGKP FNEFTLDASFAOCGMLANAOADAK

92- 5 (23 QELVNQTaVINGSNE QS AQWGGN---EPFNPETDAS FAQGMLANAQAQ AL

MG E39) QELVNO TSV INSHE QS TEYGGH---EFFNPFTDAS FAQGMLANAS AQAK
COUGATE75 (336) QELVNOT3VINEHE QS TPV GENN-GEF FNFFTDAS FAQGMLANASAQAK
HMES (237 OE L?HDTS?IHEHEDSTP.GHI-H-I—GKP FHP.TDASFADGHLAHRDADAI{
Conzensus (399 QELVNQTSVIN HEQSTPVGGNN GEPFNPFTDASFAQGMLANAQAQAE
Sectiong

(393) 303 400 410 410 444

H2-12 (325) MLNLAE IJ‘.FGIFLII-IP LTGI-IFIJYF‘.FKE.LATCI-IHPSTAGTGGTDGSI_

225 (300) MLNLAE S VGOAINPERLTGTFENFVTEFLATCHNL A TAGTAGTOGEL 3G

J116 (385) MLNLAHOVGOTINFEN L TGNFOYFVENFLATCDNPS TAGTS G LOGSHEG
COUGATE7S (330 MLNLAHQVGOQTINE LTGTFENFVTEGFLATCNNESTAGTSGTOGSPPG
JES (35 MLNLAEQVGQATHE LlGELFR]-IF‘.FTI}FLELTEHHPSTAGTS GTDGS.PG
Conzensus(82) MLNLAEQVGQAINPDRLTG FENFVTGFLATCNNEITAGTIGTOGIARG
Section 10

(a2 942 450 460 a0 4a0 490

2212 (424 TVTTDTFASGI:AY‘.FED;lTHLI-H-IDIAHFGTRADDIDDAAD IADTLVNFE
Q225 (28) TYTTOTFASGCATVEOTLTNLDND TAHFGTREAOOIOOAAD TADTLVNFE
J1B (43 ) TV TTOTFAS GCAYYGOTITS LENSIAHFGTAEQAINQAENIAD TLVNFE
COUG 17875 (33 TY TTOTFASGCAYVEQTITHLNNAIAHFGTAEQQIQQAENTIADTLYNFE
J88 (43 TYTTOTFAS GCAYYEQTITHL TS ITHFGTAEQAINQAENIAD TLVNFE

Conzsensus (42) TYTTOTFASGCAYVEOTITNL NSIAHFGTOEOOIOOAENIADTLVNFE
Section 11

(=81 = 500 510 520 520

82-13 (83) SEYNELGNTYNSITTALISIPNAQSLONAVAKENNPYSPOGIETHYYLN
82-20 (3 SEYNELGNTYNSITTALISIPNANSLONAVAKENNPYSPOGIETHYY LN
J1IE (422) SRYSELGNTYNSITTALSEMPNAQSL ONVVSEENNPY3POGIETHYY LY
COUGATETS (4B2) SRYSELGNTYNS ITTAL SEMPNAOS LONVVGEENNFYSPOGIETNYY LN
J185 (433) SRYSELGNTYNSITTALSEIPNAQSL ONAVSKENNPYAPOGIETHYYLN

Consensus (981) SREYSELGNTYNSITTALSSIPNAQSLOQNAVIEENNFYSPOGIETHYYLN
Section 12
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SecTan 'lL

(540 590 550 G0 570 ha2

oe- 18 (532) WHDIDTIHDELGRHP FREVGIFSS(THNGAMNGIGIQVGYEQFFGQ

0-26 (527) ONEYNOIOTINOE LGRNE FREVE INSSOTHNGAMNGIGIOVGYEOFFGO

M6 (832) QNEYNQIOTINGE LGENE FREVG INSSQTNNGAMNGIGIOVGYEQFFGO

CCUG 17875 ¢831) ONSYNQIQTINQE LGRNTE FREVGIVS SOTNNGAMNGIGI QVGYEQFFG
JMEE (832) (NEYNQIQTINQELGENE FREVG INSS0TNNGAMNGIGIQVGYEQFFGQ
Consensus (5400 QNSYNQIQTINQELGRNPFREVGIVSSQTHNGAMNGIGIQVGYEQFFGQ

Section 13

(a=0) 559 GO0 G510 G20 G637

2-18 (981) KEEWGARY Y GFFDYNHAFIE S SFFNSASDYUTY GFGADALYNFINDEAT
0220 (57E) KREVGARYVGFFDYNHAFIKS SFFNSASDVIN TV GFGADALYNFINDEAT
JUE (881 EREWGARYYGFFDYNHAFIES SFFNSASDVWTYGFGAD ALY FINDEAT
COUE 17875 (580) KREWGARY VGFFD Y NHAFIK S SFFNSASDYUTY GFGADALYNFINDEAT
JMEE (881 EREWGARYYGFFDYNHAFIES SFFNSASDVWTYGFGADALYNFINDEAT

Conzenzus(558) KREWMGARY Y GFFDYNHAFIE S 3FFNSASD VI TYGFGADALYNFINDEAT
Section 14

(E3E) G35 Ga0 GE0 G70 [af=]

S2-13 (630) NFLGENNELSVGL FGGIALAGTSHLHSEY?HLA%HH?YHARIH?MJFD
0220 (E25) NFLGENNELSVGLFGGIALAGTSWLNSEYVNLA NV TNAEMNVANEQ
JUG (630 NFLGENNELSVGLFGGIALAGTS LN SEYVHLATMNN VY NAKMN VANFE ]
COUG 17875 (B20) NFLGENNEL SVGLFGGIALAGTSWLNAEY VN LATHNN VY NAKMN VAN FQ
JME (R0 NFLGENNELSVGLFGGIALAGTE LN SEYVH L ATMN N VY NAKMN VANE O

Conzenzus(EE38) NFLGENNELSVGLFGGIALAGTIWMLNSEY VN LATHNN VY NAEMNVANFQ
Section 15

(BET) 657 700 710 720 735

82-12 (078) FLFNMGVEMNL AR SEEEGSDHALNHGIELGLEIPTINTNY VS FMGAELE

02-26 (674) FLFNMGVRMNLARSKKKGSDHVAQHGIE L GRKI FTINTHY VS FHGAELK

JUIE (679 FLFNMGYEMNLAR PEEED SDHAAODHGIELGLEI PTINTNY Y3 FMGAE LE

COUG 17875 (678) FLFNMGVEMNLARSEEEGS D HAAOHGIELGLEIPTINTHY Y3 FMGAE LE
JMES S FLFNMGYREMNLARPEEED SDHAAQHGIELGLEIPTINTN Y Y3 FHGAE LE
Consensus(657) FLFNMGVEMNLAR SEEEGSDHALAQHGIELGLEIPTINTHYYSFUGAELE

Section 1G5
(726) T FE0
8212 (728) YRRLYSYYLNYVFAY
82-25 (723) YTRRLYSVYLNYVFAY
M6 (728) YRELYSVYLNYVFLY
CCUG ATETE (F27) YRELYSVYLNYVFLY
85 (728) YRELYSVYLNYVFAY
Consensus(736) TRELYSVYLNYVFAY
1.6.2 Strains: 92-18, 92-26, J116, CCUG 17875
1.6.3 Identity: 76.4%
1.6.4 Positive: 96.7
1.7 VacA
1.7.1 Alignment result:
Section 1
i1y 1 10 20 20 40
ATCCA2502 (1) MEIQQTHREEINEPLYSLALY GALYSITE-—-——————— QO3HALFFTTVI
J®B (M MEIQQTHREINRPLYSLVLAGALTSATR-——-————- QESHAAFFTTVI
F26 (1) ME DDTHRHRPLVSLALVGLL SITP-----————- O0SHALFFTTVI
OKA11 (1) MELQOTHREMNEFPLYSLVLAGALISATR -———————— QOSHALFFTTVI
NCTE11622 (1) MEIQOQTHREINRPLYSLALVGALYSITE-———————- QOSHALFFTTVI
Tx0a (1) MEIQQTHREINEPIISLALWGYLMGTELGANTINDPIHSESRAFFTTVI
Conzenzus (1) MEIOOTHRKINRPLVSLALVGALVSITE O0SHALFFTTVI
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Sectonz

ATCCA25032
Joa

F26

o114
NCTCA1632
Tx30a
Cansensus

(507 50 G0 J0 a0 s

M) IPAIVGGIATGTAVGTVIGLLGWGLEQAEEANKTPDEPDEVIRIQAGEG
(M) TPAIVGGIATGTAVGTVEGLLENGLEQAEEANETPDEPDEVIREINAGEG
1) TPAIVGGIASGAAVGTVSGLLGNGLEQAEEANETPDEPDEVIRIQAGRS
(M) TPAIVGGIATGTAVGTVEGLLSWGLEODAEEANETPDEPDEVUREIDAGEG
(M) TPATIVGGIATGTAVGTVSGLLEVGLENAEEANKTPDEFDEVIRINAGEG
60} TPATVEGTATCAAVGTVSGLLEWGLEQAE JANEAPDEPDEVIRI QACRE

S0 IPAIVGGIATGTAVGTVSGLLAWGLEQAEEANKTPDEPDEVIRIQAGEG
Section3

ATCCAa5032
Je

F26

ak11
NETCA1G22
T=30a
Consensus

(oay 99 110 120 120 147

©0) FHEFPNEE VD LYRS L LS SKIDGGHUD TGN AATHYIEREG 0 MNE LEVD MED
90) FNEFFPNEEVD LYKALLASKIDGGUDWENALRHYUNEGGIWNELE VD MED
90) FNEFPNEEVD LYESLLESEIDGGUDWENAARHYINEGGOWNELE VD MED
20) FNEFFNEEVD LYKEALLASEIDGGUDWGNALRHYUNE GG QNELE VD MED
(00) FREFPNEE YD LYRSLL S SKIDGGVDVGNAARHTWREGG 0 QNELE VD HED
09) FONFPHEOVD LYESLLSSEIDGGUDWGNALRHTINED GOUNELEVDMON

B FNEFPNEEVD LYESLLSSEIDGGUDWGNAARHYTVEGGQTNELEVDMED
Sectond

ATCCH2503
Jog

FZ6

akd44
NCTCA1632
Tx30a
Caonsensus

[143) 1496 160 170 10 106

(1390 AVGTYELSGLENFTGGD LD VNMOEATLRELGOFNGH S FTS¥EDSADETTR
(139 AVGTVELSGLENFTGGD LD VNMOKATLRELGQFNGH S FTS¥ED SADRTTE
(139) AVGTYRL S GLENETGGD LDVNMOKATLRL GOFNGN S FTSFEDSADRT TR
(129 AVGTYKEL3GLENFTGGD LD VEMOEATLRELGOFNGH S FTSFEDSADRTTR
(1290 AVGTYTLSGLENFTGGD LD VNMOEATLELGOFNGHN S FTA¥EDSADETTR
(198) AVGTYNLSGLINFTGGD LD VNNQKATLRL GO FNGHS FTSFKD GANRTTR

(148 AVGTYELSGLENFTGGD LD VNMOEATLRLGOFNGN S FTSYEDSADRTTR
Sectons

ATCCA25032
Joa

F26

o114
NCTCA1632
Tx30a
Cansensus

a7y 197 210 220 230 245

UEEJ?DFHAKHILIDHF.EIHHR?GSGAGRKASST?LTLDASEGITSSKHAEI
(188) VN FNARN IBIDNFVE INNRVGS GAGREAS STHLTLAASEGITSSENAET
(152) YD FNAHNI LIDNFRE INNREVGS GAGREAS STOLTLAASEGI TS GENAE T
UEEJ?DFHAKHIIIDHF?EIHHR?GSGAGRKASST?LTLDASEGITSSKHAEI
(1228) YD FNAKNIGIDN FVE INNRVGS GAGREAS S TR LTLOASEGITSDENAE T
(197) YNFDARNI LIDNFYE INNRVGS GAGREAS STRLTLEBSERITSRENAET
(197 YD FNAENISIDNFVE INNRVGS GAGREASSTYLTLOASEGITS SENAET
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Sectong

ATCCH2503
Jog

FZ6

akd44
NCTCA1632
Tx30a
Caonsensus

(za6) 2% palt 270 280 284

(Z37) SLYDGATLNLASN---SVELNGNVIMGRLOVYGAYLAPSYSTINTSEVT
237 SLYDGATLNLAZN- - - 3VELNGHVYWMGRLOYVEAYLAPSTITINTIEVQ
(Z37) SLYDGATLNLASN- - - 3VELMGNVWMGRELOVYGAYLAPSYSTINTSEVT
(237) SLYDGATLNLASN---3VELNGNYUMGELOYTVGAYLAP ST TINTIEVV
(237) SLYDGATLNLAS S - - - SVELMGNVWMGRELOVVGAYLAPSYSTINTSEVT
(296) SLYDGATLNLVS 33NV LYGEVINGRLOYYGAYLAPSYITIDTIEYQ

2495) SLYDGATLNLASN SVELMGNVWMGRELOYVGAYLAP YA TINTIEVT
Secton?¥

ATCCA25032
Joa

F26

o114
NCTCA1632
Tx30a
Cansensus

(205) 295 =00 210 20 jeicn] 343

(283) GEVNFNHLTVGDHNAAQAGI TASNETHIGTLD LU AGLNITAFFEGGY
(233) GENDFNHLTVGD ONAAQAGITASNETHIGTLD LU AGLNITAPPEGGY
(233) GEFNFNHLTVGDRNAAQAGI TARER TR IGTLD LTS AGLNITAPPEGGY
(283) GEVNFNHLTVGDRNAADAGITASEETRIGTLD LUOSAGLNITAPPEGGY
(223) GEVNFNHLTVGDENAAQAGI TANKEETNIGTLD LU AGLNITAPPEGGY
(205) GEMNFRHLAVGD QNAAQAGI TANEETNIGTLDLUQSAGLIIITFFEGGY

(295) GEVNFNHLTVGDERNAAQAGIIASKEETHIGTLDLWOSAGLNIIAPPEGGY
Section s

ATCCAa5032
Je

F26

ak11
NETCA1G22
T=30a
Consensus

(a4 344 250 260 jerj] 280 392

(332) EDEPNNTPS05GAENDE - - - - - ——- OESSONNSNTOVINPPNSTOETEY
(332) FDEPNSTTES0AGTENDEFE IS0 - - - — - —— NNSHNTEWINFPHNTOETET
(332) EDEPNNTN S0 GAENDENE S AKNDEQE 350NN SNTOVINFPNSGOETET
[332) EDEPNNTN S0 3 GAENDENE S AKNDEQE 350NN SHTOVINFPNIGOKTEY
(332 KDEPNNTPS0SGAKNDENE 3 AENDEQE 3 30NN SNTQVINPPHSAQNKTEV
G ESKETEDHE---- - - - - - - - —————————— - O0--NHNPEN---D&OETEL

G4 KDEPNNTP S0 S GAKNDENE S AKNDEQE S 30NN SN TOVINPPNSAQETEY
Sectong

ATCCH2503
Jog

FZ6

akd44
NCTCA1632
Tx30a
Caonsensus

(303) 393 400 10 20 30 441

TR NPTOVIDGPFAGGED TYVNIDRINTEAD GTIRYGGFEAS L TTHARHLNT
CGTH EPTOVIDGPFAGGED TY VNI FHLN TEAD GTIRYGGFEAS LTTHAAHLNT
CGE OPTOVIDGPFAGRAKD TYVNINRINTHAD GTIRYGGETAS LTTHARHLNT
221 QP TOVIDGPFAGRKD TY VN INRINTHNAD GTIEIGGHEAS LTTHNAANLNT
G2 NPTOVIDGPFAGGED TYVNINRINTHAD GTIRVGGFEAS LTTHARHLHT
(65 QPTOVIDGPFAGGED TYVNIFHLNTEAD GTLRAGGFEAS LSTHNARMHLHT
(393 OPTOVIDGPFAGGED TYVNINRINTHADGTIEVGGFEASLTTHAAHLNI

ATCCA25032
Joa

F26

o114
NCTCA1632
Tx30a
Cansensus

Section 10
(zy 450 450 470 430 490

(22 GEGGVNLENQAZGRETLLVENLTGNITVDGE LEVINOVGGYALAGISIANT
(423) GEGGVNLSNQAS GEILLVENLTGNITVDGE LEVINOVGEYALLGSSANE
(420) GEGGVNLSNOAS GRS LLVENLTGNITVRGALMVINOVGEYALLAGSSANT
(430) GEGGVNLSN0AS GRS LLVENLTGNITVEGALMVINOVGEEALAGSSANE
(420) GEGGVNLSNQAS GRS LIVENLTGNITVDGE LEVINOVGEHALLGSSANT
M GEGGVNLINQAZ GRILLVENLTGNITVEGTLEVINOVGCAATAGIIANT
(A4 GEGGVNLSNQAS GRS LLVENLTGNITVDGP LEVINOVGGYALAGSSANF

Section 11

ATCCA25032
Joa

F26

k111
NCTCA1632
Tx30a
Cansensus

(a1 48 S00 510 520 5309

1 EFEAGVD TENGTATFNND IS LGRFVHLEVD AHTANFEGIDTG - - - - - -
() EFEAGVD TENGTATFNND IS LGRFVHLEYDAHTANFEGIDTG - - —— - - -
) EFKAGVD TENGTIAFNNN I G LGREVHLELS AHTVHFEDIDTG - - —— - - -
() EFEAGVND TENGT IAFNNNISLGRFVHLEAS AHTVNFEGIDTG - - —— - ——
(W) EFEAGTD TENGTATFNND IS LGRFVHLEYD AHTANFEGIDTG- - ——--—
(53 EFEAGED TNNATATFNND IHLGEAVN LEYD AHTANFNGN ITLGESTNLE
91 EFEAGVD TENGTATFNND IS LGRFVNLEVDAHTANFEGIDTG

Section 12

ATCCAa503
Je

F26

k111
NCTCA1632
Tw#30a
Consensus

(540 290 550 SE0 570 ha2

B13) e - NGGFNTLD FSGYTHEVNINELITAS THVARE
B m e e e NGGFNTLDFSGVTDEVNINELITASTHVARE
L N R T T NGGFNTLD FEGYTHEVNINELITASTHVATE
L R e T T NGGFNTLD FEGVTHEVNINELITASTHVATE
B e - NGGFNTLDFS GV TDEVININELITAS THVARE
G12) YNGHTAHFFENIDATESDNGLNTSTLD FSGVTDEVNINEL TTAATHVNIE
(540) NGGFNTLDFSGVTNEVNINELITASTHNVATE
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Se-:-'tmn 13

(589)599—.—.—.—53?
ATCCA9502 (544) NFNINEL SRI L SGGY
JE (5495 NFHNINEL SET L IEIEATE
F28 (352) NFNINEL YTIIIF ART L IEIEATE
OKA41 (552) NFHINEL TTHNF SRI L SGGEV
NCTC11638 (552) NFNINEL TTHF SRI L S GGV
Tx30a (561) NFDIKEL WTRVDSFGDYTIFGEHIGDKSRIGV?SLDTGYSP IEIEATE
Consensus (5809 NFNINELIVETNGISVGEYTHFSEDIGSQSRINTVRELETGTRSIFIGEY
Section 19
(538 638 Ga0 B0 §70
ATCCA503 (593) EFESGEELVID PIINYFD ARN
Ja (504 FKS ELVI FIINYTFD ARN
F26 (501) ELVI FUINTFDAREN
QKA1 (5017 ELVI PIINYFDARN
HCTCA1632  (B01) ELVID FIINYFDARN
T=30a (E10] TF GEELVIDEIYTHRFWNY FD LEIN
Consensus

(5328) KFEGGEELVIND FYYAPUNY FDARNIENYE ITNELAFGPOGS PWGTSKL

ATCCA502
Je

F26

k111
NETCA162
Tx30a
Consensus

Section 15

(Ga7) G587 Faa

G42) MFNNLTL
543 NFNNLTL
(G500 MFNNLTL
(5300 MFNNLTL

(5500 MFNNLTL
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Section 15

ATCCH9503
Jea

F26

k111
NCTCA11632
Tw30a
Consensus

736 TH 750 760 770 724

(691) NAAAMMFNNDID SATGFYEPLIEINSANDLIENTEHVLLEAEITGY GNV
(692) NAAAMMFNNDID SATGFYEPLIEINSANDLIENTEHVLLEAEI TGY GHNY
(699) NAAVHMSFNNDID ZATGFYEP LIKINGAOD LIENKEHY LLEAKIIGYENL
(699) NAAVMSFNNDIDSATGFYEPLIEINSANDLIENEEHVLLEAEITGVENY
609) NALAMMFNNDID SATGFYRPLIEINGLND LIENTEHYV L LELAET TGY GHY
(702) HOASMEFNNLMD STTGFYEPLIEINNAQNLTENEEHV LMEARNIDYN LY

(P36 NAAAMMFNND IDSATGFYEPLIEINSAOD LIENTEHVLLEAETI IGYGHY
Section 17

ATCCH2503
Jea

F26

OkA11
NCTC11632
T#30a
Consensus

725y 785 790 £00 £10 530 gz

A0 ATG--- -~ THGISNYNLEEQFEERLALYHNNNEMD TCVYE--NTDD TEL
THM) ETE----- THGISNWHNLEEQFEERLALYTHNNNEND TCVYER - -NTDD IEL
FA2) BLG----- THSISNANLIEQFNERLALYNNNNEMD TCYYE--NTDD TEL
) ALG----- TESISNYVNLIEOFNERLALYHNNNEMD TCVVE - -NTDD TEL
(F42) BTG----- THGISNYNLEEQFEERLALYNNNNEMD TCVYE - -NTDD TEL
57 GVQGASYDNIGASNTHNLOEQFEERLALYNNNNEMD TCYVREEDNLND IEL
(725) 3TG THSISNYNLEEQFEERLALYNNNNEMDTCYVYE NTDDIEL

ATCCA2503
Jeg

Fzi

Ok114
NCTC11633
Tx30a
Consensus

Section 18
(234 24 240 S50 50 270 gaz

F82) CEMAIGNOEM VNN P DN TEY LIGEATENIGISETANGSEISVYTLGHETE
(F83) CGMAIGNOSMVNN DN VEY LIGEATRNIGISETANGSEISVYTLGHNSTE
e CEMAIGD QAMVNN DN TEY LIGEATENIGISETANGSEISVRYLGHATE
O CEMAT GNOAM VNN PO YEY LIGEATENIGI SETANGSEISVEYLGHATE
) CEMAIGDOSMVNN DN VEY LIGEATENIGISETANGSEI SV TLGHSTE
B0 CEMAIGNOSM VNN PEN TEY LEGEATENTGINETANNTTIAVNLGNHNETE
B3 CEMAIGNQSMVNNPDNYEYLIGEATENIGI SETANGSEISVYYLGNSTE
Section 19

ATCCH9503
Jea

F26

k111
NCTCA11632
Tw30a
Consensus

(283) 883 2a0 Q0o .o 20 az1

(831) TENGGNTTNL P THTTHNARFASYALIENAP FAHS -ATPNLVAINQHDFG
(832) TENGGNTTNL P THTTHNAHSANYALMENAF FAHS - ATPNLVATINQHDF G
(830) AENGGNTTHL P THATHNARFARYALIKNAPFAOMSATINLYAINEHNFG
(539) AENGGNTTNL P THETENAAKS-FALTIENAP FAHYNATPNLYAINQHDF G
(239) TENGGHTTNLP TN TT S NARSANNALAONAPFANPSATPNLYATINOHDF G
(855) TNSTTDTTNLP THTTHNARFASYALTENAF FAHS -ATPNLVAINQHDF G
(833) TENGGNTTNLPTNTTNNARFA YALIKENAFPFAHS ATPNLVAINOHDFG

ATCCH2503
Jea

F26

OkA11
NCTC11632
T#30a
Consensus

Section 20
fag 932 240 as0 jalalu] aro Q20

(879) TIESVFELANESED IDTLYANSGAQGRDLLOTLLIDSHDAGYARTMIDA
(2200 TIEAVFELANRSED IDTLY¥ THSGAQGRDLLOTLLID SHDAGYARQMIDN
(828) TIESVFELANRESED IDTLYANSGVOGRDLLOTLLIDSHDAGTARTMIDA
(27 TIEZVFELANESGDIDTLHANS GTOGEDLLOTLLIDSHDAGYARTMIDA
(828) TIESVFELANRESED IDTLYANSGAQGRDLLOTLLIDSHDAGTARFMIDA
(903) TIESVFELANESSDIDTLYANSGAQGRDLLOTLLIDSHDAGYARTMIDA
932) TIEZVFELANRSKDIDTLYANSGAQGRDLLOQTLLID SHDAGYARTMIDA

Section 21

ATCCA9503
Jea

F 26

Ok111
MCTC11632
Tx20a
Consensus

(g1 B8 280 A000 1010 1029

028) THANEITEQLNTATTTLNNIASLEHETSSLOTLILANANILNSRLYNLS
(929) TSTGEITEQLNAATD ALNNMAS LEHEQSGLOTLSLANAMILNSRLYNLS
237 THANEITEOLNTATDALNNIAS LEHETSGLOTLSLANAMILNSRLYNLS
(936) TSANEITEQLNTATTTLNNIAS LEHETSGLOTLSLENAMILNSRLYNLS
37 THANEITEQLNTATTTLNNIAS LEHETSGLOTLSLANAMILNSRLYNLS
052 THANEITOQLNAATTTLNNIASLEHETSGLOTLILANANILNSRLYNLS

BE1) TSANEITEOLNTATTTLNNIASLEHETSGLOTLSLSNANILNSRLVNL S
Section 22

ATCCA2503
Jog

F26

k111
NCTC11632

(030 100 1040 1050 060 o7

O77) REHTNNIDSFAKRLOALEDORFASLESAAEVLVOFAPEYEEP THVITANL
972) REHTNHINSFANRLOALEGOEFASLESAAEVLYOFAPEYEEP THVITANL
925 RRHTNNIDSFARRLOALKDOQRFASLESAAEVL VO FAPEYEEF THVITANL
(935) RRHTNNIDSFAORLOALEDVEFAS LESAAEVLVOFAPEYEE P THVITANL
(920) RRHTHHIDSFAKRLQALKDQRFASLESAAEVLYQFAPKYEEP THVITANA

Tx20a (1001) REHTHHIDSFAKELALEDORFASLESAAEVLYOFAPKYEEP THVITANL
Consensuz (10200 RRHTNNIDSFAKRLOALEDQRFASLESAAEVLYD FAPEYERPTHVIIANL
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SRCTOn &3

(o7 1079 1400 1110 1127
ATCCA9503(1028) TGGASLNNG AS LYGTRAGVD & LHGI?EAI?GGFGSYGYSSFMURH
JE0ZT) TEGHASL AFLYGTRAGVDARLNGNVEATVGGFGAT T3S FAN QLN

F26(1035) IGGASLNEGCN TS LYGTSAGVDAYLNEEVEAIVGGFGITGY S 3 FANQAN

QKA1 (103 TGEES LNEGENAS LY GTEAGYVD AN LNGEVELIVGGFGSTEY S 5 FENDLN
HETC11632 (1025) IGGTSLEN ASLYGTSAGVDAYLNGEVEAIVGGFGSTGYS S FUNEAN
Tx30a (1050} TGGTSLNN AELYGTRAGVD AN LNGEVEATIVGGFGAY TS FANOLN

Consensuz(1078) IGGTS LS GINASLYGTSAGYDAYLNGOVEAIVGGFGETGYS3FSNQAN
Section 24

1128y 1128 1140 1150 16D 1176

ATCCA0503(1073) SLNSGANNTHNFGVY SRIFANOQHEFD FEAQGALGSD 0SS LNFESALLEDL
JA301078) SLN S GANNANFGVY SRFFANQHE FDFEAQGALGSD O3S LNFESTLLAOD L
F26(1084) 3LNSGANNANFGVYSRIFANRHE FDFEAOGARGSD 0SS LNFESALLEDL

OFA11(1083) SLN S GANNTN FGVY R IFANHHEFD FEAQGALGED 0535 LNFESALLAD L

HCTCA1638 (108 S LN GANNTINFGVYSRIFANQHEFD FEAQGALGSD 0SS LNFESALLAQDL

Tx30a(1099) 3 LN S GANNTNF GV S RIFANOHE FDFEAQGALGED 0SS LNFESALLODL

Conzensus (1128) FLNSGANNTNFGVYSEIFANOHEFD FEAOGALGSDOSSLNFESALLODL
Section 25

(1177 1177 1140 4200 1210 1225
ATCCAa503 (M2 NS TN T LAY AR TR A S TGV D FAFFENAL Y LEF 3VGVATNHLGITHNFESN
J 28 NS YN Y LAY SATARA S YYD FAFFENALVLEP VGV SYNHLGSTNFESH
F2601133) HDSYHYLAYGR.TRASYGYD FAFFENALVLEPAVEYAYNHLGITNFE SN

ORA C132) NS TN T LAY AATRAS TGV D FAFFRNALYLEFSVGYVSYTNHLGSTNFESH
HCTCA1638 (1133) NS THY LAYV LA TR A SV GYD FAFFRENALVILEPSVGVSYNHLGSTHFESN
T=30a (1148 NS THY LATS A TTRASYGY D FAFFENALVILEFSVGVSYNHLGSTNFESN
Consensuz (1177 HOS TN Y LAY AATRASYGYD FAFFENALYVLEP SVGYIYNHLGSTNFESNH

Section 25

(izze) 1226 1240 1250 1260 1274

ATCCAA503(173) STNEVALSNGS S S0HLFNASANVEARYYYGD TSV FYMNAGVLOEFANFG
J28 174 50 50VALENGAS SOHL FNANANVEARYYYGDTSYFYRHAGY L OE FAHFG
F26(1122) STHETALKEDGAS S0HL FNASANVETRYYYGD TSV FYMNAGVLOE FANEG

ORA11(1181) STHOYALENGES S 0HLFNASANVEARY YV GD TAYFYMNAGVLOE FAHFG

HETC116232 (1182) STHOVALENGA S S 0HL FNASANVEARY YV GD TEY FYMNAGVLOE FAHV G

Tx30a (197 5 -NOVALSNGE 33 0HLFNANANVEARY YV GD TV FYHNAGYLQEFAREG

Consenzus (1220) FTNOVALENGS 33 0HLFNASANVEARYYYGD TEYFYMNAGYLOEFAHF G
Section Z7

(1275) 1275 1280 4280 4300 1310 1323

ATCCAO503(1222) 55 ANS LN TFEVNATRENP LN THARVMNGGE LELAKEVFLNL G¥V YLHIL
22 (1223) SHDVASLNTFEENAAR S PLS TRARAMMGGE LU LAKEVFLN L GRY TLHNL
F26(1231) SsNANS LNTFEVNTARNE LN THAR VM IGGE LOLAKEVFLNL GRIYLENL

OK111(1230) SHGVASLNTFEENRARSPL S TRARAMNGGE LR LAKEVFLNL GRYYLHIL

NCTCA1632 ¢1231) SNNALS LNTFEVNAARNT LNTHARVMMGGE LELAREVFLN L GV YLENL

Tx30a (1245) SHNAMS LNTFEVNATENP LN THARVMMNGGE LQLAKEVFLNL GRVYLHNL

Conzensus (1275) SNNAVILNTFEVNALENP LNTHARVMMGGELQLAEEVFLNLGYVVYYLHNL
Section 23

(zzan 1524 1330 1340

ATCCARS0Z(1271) TENIGHFASHLGHMEYAF
JIO 2T TENASHFASHLGHMEYSF
F2a01220) TSNAGHFASNL GMEYSF

ORI 12700 TENASHFASNLGMETSTF
HCTC11638 (12800 TSNIGHFASNLGMREYSF
Tx30a(1294) TSNABHFASNLGHETSF
Consensuz (1329 TSNASHFASNLGMRYSF

1.7.2  Strains: ATCC 49503, J99, F26, OK111, NCTC11638, and TX30A
1.7.3 Identity: 68.9%

1.7.4 Positive: 96.6%

1.8 CagA

1.8.1 Alignment result:
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Section 1

ATCCAI526
F26

J1G

Jeg
NCTC11633
ak114
Cansensus

1y 1 10 20 30 49
(1) MTNETIAQ----- QPOTEAAFNFQQFINNLOWMAF VDHAVASIDPDDK
() MTNETIDOTTTPLOTPNOTDFVEPORFINNL OMAFEEVD NAVLSFDPDOE
(D MTNETIDOTTTPDOTPNOTDFVPORFINNLOAAFEEND ZAVASFDFDOK
(D MTNEAINQ----- QPTEAAFNPOQFINNL OWAFTEYDHVVASFDEPN QK
() MTNETIDO----- QPQTEAAFNPQQFINNLOWAFREVDNAVAS¥DPDOK
(1) MTHNETIDO----- QPOTEVAFNP IQFINNL O¥AFLERDNAYASFDPDOK

(1) MTHNETIDAO OPOTEAAFNPOOQFINNLOVAFIEVDNAVASFDPDOE
Seclionz

ATCCA2526
FZ6

JAG

Jeg
NCTCA11632
ok114
Consensus

(50 50 &0 J0 20 a8

(45) PIVDENDEDNEQAFDGISLREENSNEATENPTEENQYFSDFINESND L
(50) PIVDENDEDNEQAFERIS I LREEYANEATENPTEENOYFSDFINESND L
(50) PIVDENDRDNEQAFERISQLREEFANKATIENF TEENQYF3DFINESNDL
(45) PIVDENDEDNEOAFEKISOLEEE EAaTENPTEENOYF33FISESNDL
(45) PIVDENDEDNEQAFEGISLREEYGNEATENPTEENOYFSDFINESHND L
(45) PIVDENDRDNRQAFBGI S0 LREE¥SNEATIKNPTRENOY FSDFINESNDL
(50) PIVDENDREDNEQAFEEISQLREEYVANKATENPTEENQYFSDFINESNDL

ATCCAISZ6
F26

J1G

Je
NCTC11632
k111
Consensus

Section3
(9an 94 140 Az0 430 147

@4JIHKDHLID SFOEFGTORYRI FTE UV sHOND P s INTRE IREFN
@QJIHKDHLIA SFREFGDORYOQIFTAWVSILOQED PSEINTOQIRNEFH
09) INKDNLIA SFREFGDORYOIFTAWYSLOKD PSEINTOQIRNFHY
@4JIDKDHLIDTGSS SFDKFGTDRYiIFHHH?SHUHDPSKIHEiKIRGFH

@4 INEDNLID SSTKSFQKFGDQRY IFTSWYSHQND PAKINTRS TRNFH
@4JIHKDHLID SATESFOEFGDORYRIFTAWVIHOND FAEINTRSIENFH

B9 INKDNLIDVD S S IKSFQEFGDQEYRIFTSWVAHQND PSKINTRSIRNFH
Sectiond

ATCCAI526
F26

J1G

Jeg
NCTC11633
ak114
Cansensus

[143) 1498 180 KK REED 106

(193 ENIIQPPTPDDEE GAKOAFAGITIIGHNIIRTDQEFMGYFDEFLE
(192) ENIIQPPIADDEERAEFLESAKOAFAGIIIGNOIRSDEEFMGVFDE SLE
(193) ENITOFPISDDEEEAEFLRSAKOSFAGITIIGHNOIRSDEEFMGVFDE SLE
(143 ENITIQPPISDDEEKAEFLR AN QAFAGITIIGHNQIRSD QK FHGVFDESLE
(493 ENIIQPPILDDEEEAE FLESAKQSFAGIIIGNQIRTD QK FMGVFDE SLE
(193 ENIIQPPIPDDEEEAE FLESAKQSFAGIIIGNOIRTD QK FNGVFDESLE

a8 ENIIOPPISDDEEEAEFLESAKOSFAGIIIGNOIRSDOEFNGYFDESLE
Seclions

ATCCA2526
FZ6

JAG

Jeg
NCTCA11632
ok114
Consensus

(lam 187 210 220 230 245

(192) ERQEAEENGEF - - - -TGGDWILDIFLSFVFNEE QS 5D
(1971 ARNELEE P----4GGDWILDIFLIFVFNEEQSSD NOEFRFDF
(197) ERQEAEK P----4GGDWLDIFLIFVFNEEQSSD NQEFRFDF
UQZJERDEAEKHGEPHGDPTGGDHLDIFLSFiFHKKDSSD NOEPYFPHY

(192) ERQELEENGEF - ---TGGDWID IFLAFIFDEEQS 5D
(192) ERQEAEENGGE - - - -TGGDWILDIFLSFIFDEEQSSD
(197) ERQEAEENGEP TGGDWLDIFLEFVFNEEQSSDLEETINQE PV PHV

SectonG

ATCCAIS26
FZ6

J1G

Jog
NCTCA1632
Ok111
Cansensus

(246 26 260 270 280 284

93?3QPDIATTTTHIQGLPPEIRDLLDERGHFSKFTLGDHEHLD?EG?ADIDP
Q4ZJEDEIATTTTDIDGLPPEARDLLDERGHFFKFTLGDIEHLD?EG?ADKHP
1]

(292) EONHATTTTRIOGLF PEARD LLDERGNFFEFTLGDMEMLD VE GVADED P
ZH) QPDATTTTDIOSLP PEARDLLDERGN FSEFTLGDMNMLDVEGVADID P
37 QPDIATTTTRIOGLFPEARDLLDERGNFAEFTLGDMEMLDVE GVADIDP
237 QPDIATTTTDIQGLE PEARDLLDERGNFAEFTLGDMEMLDVE GVADIDE

248) QPDIATTTTDIOGLPPEARD LLDERGHFAEFTLGDMEMLDVEGVADIDP
Secton?¥

ATCCAIE26
Fzi

J16

Joa
NCTCA1632
k111
Consensus

(za5) 285 200 30 320

2 242
(286) NYKFNQLL IENNALS SV LHGSHNGIE PEEVS L LERGH GG FBAREDUNAT
(201) NYEFNQLL THNNALSSVLMGGHSNIE PEEVS L L¥GD N GGRPE ARHDUNAT
281) NYEFNQLL ITHNNALSSVIMGS8HS S TEPEEVS L L¥GDNGGPEARHDUNAT
(280) NYEFNOLL IHNNALSSVLMGSHNGIE PEEVS L L¥GNNGGPE ARHDUNAT
(286) NYEFNQLL IHNNALS SVLMGSHNGIE FEEVS L L¥ GEN GGRGARHDUNAT
(286) NYEFNQLLIENNVLSSVLEGSHNGIE PEEVS L LY AGN GG FEARHIWNAT
(295) NYEFNQLL ITHNNALSSVLMGSHNGIE PEEVSLLY GGNGGP GARHDUNAT
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P L 0 A NP v P )

Sectong

ATCCAISZE
F26

J1G

Joa
NCTCA1633
ak111
Cansensus

(244 3 340 360 270 220 B0z
(335) VGYENOOGDHNVATL IH?ﬁK}IGS GLVIAGGEEGINNEFIFYLYEEDOLTG

A0 WETEN QOGN VATL INAHNHNGS G LY IAGNED GIENPSFYLYEADQLTG
(390) W EVENQOGSNVATL INAHNNNGS G LY TAGNENGIENFSFYLYEEDOLTG
(330) VGYENORGDNVATL INVHMENGSGLY IAGGERGINNE SFYLYEEDQLTG
@353?GYKDDDGHH?ATIIH?HHKHGSGL?IAGGEKGIHHPSFYLYKEDDLTG
(335) ¥ GVED OOGHNNYATRINWHMENGS G LY IAGGEEGINNFPSFYLYEEDOLTG

EA VTEYENQQGHNVATL INVHENENGS G LY IAGGEEGINNPSFYLYEEDQLTG
Sectiond

ATCCEISZE
F26

J1G

Joa
NCTCA1632
ak111
Cansensus

(303) 203 400 10 20 20 441

(334) SDRALSDEEIRHKIDFHEFLAQHHAKLDHLSEKEKEKFDHEIEDFDKDS
(388) LEQAMS QEEIQNKWD FME FLAQNNAKLDNL SEKEKEKFQAEIGNFOIKDR
(329) LEOALSOEEIDNEND FME FLAONNAELDNL SEFEEEEFOTEIENFOEDR
(323) SORALSNEEIQNEVD FMEFLAQNNAKLDNL SEFEEEEFONE IEDFOKED S
(334) SQRALSQEEI QNKED FME FLAONNAKLDN L SEFEKEEFRTE IKD FQKD
(224 BORALSIEEIRNEND FME FLANNNAKLDNL SEEEKEEFETEIERFOED S
(393) S0RALSOEEIONEVDFMEFLAONNAELDNLSEEEEEKFOTEIEDFOKDS

ATCCAIE26
F26

J16

Je
NCTCA11632
okA11
Caonsensus

Section 10

LSYTLK?HGK EAL
ST TLEDY GE EAL
ST TLEDY GE E4L

L3TTLEDY GEEADEAL

(gaz) 450 460 470

$E3JKAYLDALGHDIIAF?SKKDPKHPAL EFGE
(438) FAVLDALGNDHIAFVIEED PEHLALFTE FGH
(438) EFAYLDALGNDHIAFVSEEDPEHLALRTE FGHN
27 EAVLDALGNDHIAFVIEKDEFEHLALRALE FGHN
(433 EAYVLDALGNDRIAFVSEED TEHSALETE FCHNGDL S Y TLEDY GEEADKAL
(23 EAVLDALGNDRIAFVIEKDPEHSALETE FGNGROF Y TLEDY GEEADKEAL
A KAYLDALGNDRIAFVIEED FEHLALITEFGNGDL3YTLED VEEEODEAL
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Section 11

ATCCAISZE
F26

J1G

Joa
NCTCA11632
k11
Cansensus

@31y 941 a00 510 az20 538

(22) DREENYTL OGN LEHD SVMFV NV SN FETTHASESPDEGHGHMTN GV SHL IA
@27 DGETETTLOGE LERD GV FVD T SNFEYTHASESPNEGLGATHGVSHLEA
27 DEETETTLOGS LEMD GYMFVN T SN FETTHASESPDEGHGATN GV SHLEL
(426) DREAKTTLOGE LEHD GYMFYDV AN FETTHASESPLEGRGATN GV SHLEL
(422) DREENYTL OGS LEHD GVMFVDV SN FEVTHNASENPNEGHGETN GV SHLEY
(422) DREENYTL OGS LEHD GV FVD YV SN FEYTHASESPNEGHGHETN GV SHLEL

#81) DREENVTLOGS LEHD GYHFY DY SHFETTHASESPNEGYGVYTNGVSHLEA
Section 12

ATCCAIS26
FZ26

J1G

Jog
NCTC11633
akd44
Cansensus

G40y 992 S50 SG0 570 588

(531) GFSEVAVFNLEFDLNNLAITSFYERNLENE LY TEGLSLOEANELIEDFLS
(B36) NFAEVAVFNLINLNNLAITNEIRRD LEDELLAEGLSPOEANELIEDFLY
(5358) NFAEVAVFNLINLNNLATI TNEIRRD LEDELWAEGLSPOEADELIED FLN
525 GFAEVARFNLINLNNLATITSEVNEOD LEDELTAEGL SPOEANELYED FL S
531) GFNEVAIFNLEPD LNNLATI TS FVERNLEDELTTEGL S POEANELIEDFL S
(531) GFNEVANFNLEFDLNNLAITSFYERNLEDE LHMAEGL SPQEANELIEDFLS
B0 GFSEVAVFNLPNLNNLAI TS FVREENLEDELVAEGLSPOEANELIEDFL S
Section 12

ATCCAIE26
Fzi

J16

Joa
NCTCA1632
o114
Consensus

(580) 559 £00 £10 g20 Ba7

(520) SNEELVGEALNFNEAVADAENTGD VDEVEEAOKD LEESLEEREHLEEEY
(525) SNEELVGEVINFNEAVAE AENTGNYLDEVEEAQNFKD LEESLEEREHLEEEY
(585 ANKEMVGEVINFNEAVAE AENTGNYDEVEEAQFD LEESLREREHLEEEY
(534) SNEELVGEALNFNEAVAE AENTGNYDEVEQAQKD LEESLEERERLEERY
(520) ANKELVGETLNFNEAVARAENTGNYLDEVEELNFD LEESLEEREHLEKEY
(520) SNEELVGEALNFNEAVAE AENTGNYDEVEEAOFD LEESLREREHLEEEY

B29) SHEELVGEALNFNEAVAEAENTGHNYDEVEELAQED LEESLREREHLEEEY
Section 14

ATCCAISZE
F26

J1G

Joa
NCTCA11632
k11
Cansensus

E2en 632 Ga0 GE0 G570 [af=]

(529) EKELETESGNENENE AFA D ANGOKDEIFAL TNEE ANRDARATAYSONLE
G2 AKELESRNDNENRME AKA (ANS OKDEIFALINQELSEELR A AAFDPNLE
(534 TEELE SENENENRME AEAQANSOEDEIFALINEE A SKEARAASEDPNLE
(533 AENLESKS GNENENE AFG I ANSOKDEIFALINEE ANRDARATATAONLE
(520) EFELESKESGNENENE AFA D ANSOFKDEIFALINKE ANRDARATATAONLE
(529) EKELESESGNENENE AFS 1 ANSQKD GIFML INKE ANRDARATATAONLE

(53%) EKELE SESGNENENE AR AQANSOEDEIFALINEEANRDARATATAONLE
Section 15

ATCCAIS26
FZ26

J1G

Jog
NCTC11633
akd44
Cansensus

(ga7) 987 700 710 720 735

(572) GIKRELSDELEKINTD LED FAESFDEFENGENED FSEAEETLEALEGEV
(523) GIRSELSDELENINENLED FGESFDE LENGENND FREAEETLEALED SV
(523) GIRSELSDELENINKENLED FGESFDE LENGENND FREAEETLEALED SV
G82) GIKRELS3DELENINKD LED FSESFDEFENGENED FREAEETLEALEGSY
(578) GIKRELSDELENMNENLED FDESFDEFENGENED FREAEETLEALEGSV
(572) GIKRELSDELENNNENLED FAESFDEFENGENED FSEAEETLEALEGSEV
B RTERFELADELFEN TNEN L ED FEE S FDE FENGENED FEEARETIEATERSY

Section 16

ATCCAI526
F26

J1G

Jeg
NCTC11633
Okd44
Consensus

(736) 736 750 7EO 770 7a4

G KDLGINPEVISKVENLNAALNEFENGENED FEEVTQAKSDLENSHEDV I
(3 EDLGINPEWISKIENLNAALNDFENGENED FSEVTOAKSD LENSIEDWI
(22 KDLGINPEWIGKIENLNAALNDFENGENED FAEVTOAKSD LENSIEDWI
(3 EDLGINPEVISENENLNAALNEFENGENED FSEVTOAESD LENSIEDWI
G2 EDLGINPEWIZENENLNAALNEFENGENED FAEVTOAKSD LENSMED I
G KDLGINPEVISKNENLNAALNDFENGENKED FEEVTOAKSDLENSIEDAT

30 KDLGINPEWISEVENLNAALND FENGENED FSEVTOAESDLENSIEDVI
Section 17

ATCCA2526
FZ6

JAG

Jeg
NCTCA11632
ok114
Consensus

(Fag) 75 Fa0 200 210 am o]

(78 INQEITDEVDNLNQAV S MAKATGCFSEVEJALAD LENFSEEQLAQDTOE
S INQEITDEVDNLNOQAVSETELTGDFAEVEQALAELES LS ----L0LGE-~
721 INQEITDEVDNLNQAVEETELTGD FERVE QALAELENLS - - - - LDLE--
(730) INOEITDEVDNLNOAV S VAKATGDFSGVEOALAD LENFSEEOLADDADOE
78 INQEN TOEVDNLN AV S VAKATGD FARVEJALAD LENFEEEQLAQDAQE
(F78) FNQEITDEVDD LNQAVSVAKATGDFSREVEJALAD LENFSEEQLAQDAQE
(785 INQEITDEVDNLNQAVSVAKATGD FARVEQALAD LENFSEEQLAQQAQE
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Section 12

(g2 24 240 250 60 270 a2

ATCCA3526 (825) NESFNVEKESELYOS VENGYNGTLVGNGLEGIEATAL AENFSDIEEELN
Fa8 (229) - ------ FRSPLOEAVENGYNGTLYGNGLIETEATTLTENF 3D IREE LI

MG EE - KRS VENGYNGTLY GG LS KTEATTLTENFSD IRKE LY

J99 8329) NED FNTEENS ALY 0SS VENGYVNGTLVGNGL S EAEATTLAENFSD IEEELN
HETC11638 (825) NES LNAREESEDVOSVENGYNGTLVGNGLE QAEATTLSKENFAD IKEELN
QK111 (825) NES LNAGEKSEDF O VENGYNGTLVGNGLSGIEATALAENFSD IKEELN

Conzenzuz (F30 NES N GENSEITQSVENGVNGTLVGNGLSE EATTLIENFSDIFEELN
Section 19

e 882 a0 00 10 0 Q31

ATCCAZ52G (874 EKFENFNNNNN - -NGLENEP IVAEVNEEETGOVASPEE P I TADVAKEYN
F26 (86868) EKLFGNENNNNNGLENNTE P IVA O WNERETGOVANPEEP ITANVAKE AT

J16 (366) EKLFCH S NNNNN GLENNTEP ITAOWNEEELGOATSPEE P ITADVAKEMS

J2 37 AELGHFNNHNN - - - - - - - = —— = — ——— —— - NGLENITEFITTOVAKEYE
HCTC1163 (879 AELGNFNNNNN--NGLENEPITAEVNEEEAGQAASLEE PIVAQVAEENN
QK111 (579 EEFENFNNNNNG-LENSTERPIVAEVNEEETGOVASPEE P IV TOVAEENT

Consensus (853) EKL NFNNNNN LEN TEPIVAEVNEEETGOVASPEEFITAOVAEEVT
Section 20

a3z 93 240 250 G0 g7 Qs0

ATCCA2526 921) AETDRLNQAASGLGGVEQAGFT LEKRHDENDDLEENGRIVIPEPITATID

F28 0915) TLTENFSDIREELNEEL FBN SHNNNNNGLENNTEPDYAQVNEE - - --ETG

MG 215) AKTIDOLNEATSATNREIDE - -------- INETASAGEGYGAF----3G4

JE 03 AKTDRLDOTAS GLED WEOAA S - - - - - — o e

HCTCAMG3E (921 AETDRLNOTA S GL GV VA - - - - — - - - = — e e e e e e e e

Ok 222 QEIDOLNQARSGLGGVGAAGFT LKEHDEND DL AENGREWEIE-——————-
Consensuz (93Z) AEIDRLNQIASGLG VGOAG ¥ _LE VGR ¥

Section 21

ey 93 Qa0 000 1010 10z2

ATCCAZ526 (970) DLGGPFREFRHDEYDDLSKYGRANS PEFPIVATIDD LGGP FPLERHDEYD
F26 (060) QVANPEEPIVAQVAKKWSAKID QLNEATS ATNRKIDEINKEIASAGEGHG

JI6 5T ERSASPEPIVAOVARKNSAKIDOLNEATSAINFEIDRINKELAS AGEGH G

S FLLERHDEVD
MCTCAIE3E (M) — - — o — o o o - AG-————-
L R B PIVATIDDLGGPFPLERHDEYD
Consensus (881) i L FILERHDEVD
Saction Z2

(10z0y 1050 1040 1050 1060 1a7e

ATCCAZSZG (1019) DLIEVGREVAPEPIVATIDDLGG---FPFPSERHDEVDD LSEVGL SENOE
F26(1009) GFEGAGRIASPEPIVATIDFDEAN QAGFPLRRSAAVHD LIEYGLAREQE
JIEC000) AFEGAERSASPEPIVATIDFDEANQAGFPLRISAAVIDLEEVGLIEENE
JE 0230 DLAEVELSANHEPIVATIDDLGE- --PFPLERHDEYVDD LEEVGLEREOE

HWCTCH1638 B4 — —— - ———— FPLEEHDEVDDLAEVGLERENOE

OkA11 (9868) DLEEYGRAVEPEPIYATIDDLGG---PFPLERHDEVID LAEVGL SENOE
Consensuz (1030) DLSEVGRSASPEPITATIDDLGG FPFPLERHDEVDDLIEVGLERNQE

Section 23
(107 1079 1000 1400 1110 1127

ATCCAZEZ6 (1065) LaDEIDNL 30AVSEAKAGFFENLEOTIDELED STEYNSWN LUVE 540KV
F2601052) LPRRIGD LNOAVSEAKTGHFGNLEOKIDE LED STEKNALE LUVE SAK0V

G 1049y LTRRT GD LHQAVIEARIGHFGN LEQKIDE LED STEENALE LUVE SAK0Y
JE925) LEQEIDNLNOAVSEAKASHFDNLDOMIDELED STEEN VN LEVE SAKEY
HETCAME32 (964 LAQEIDNLN)AVSEAKAGFFGNLEQTIDELED STEHN I MNLUVE SAKEV
QKA1 (1032) LADKIDNL S0AVSEAKAGFFGN LEOTIDELED STEHNFMNLUWAE SAEEY

Consensus (1079) LTOKIDNLNQAVIEARAGHFGNLEQTIDELED STEENALNLWYE 3AEEY
Section 24

1122y 1128 1140 1150 118D 1176

ATCCAZSZE (1114 PAS LS AKLDN Y ATNSHTR INSNEON GAINEKATGML THENEREWLELVHD
F26(1107) PTELOAELDNYATHSHTRINSNVOTGEINEEATCNL TQENPEWLELVHD
JIG(1092) PAGLOAELDNYATNSHTRINSINOTGEINEEATGNL TOKENPEWLEL VD
JE (1034 PTSLSAELDNYATN SHTRIN SHVENGEINEEATGNLTOEN SEWLELVND

HETC116232 (1012) PASL S AKLDNYATNSHIRINSNIEN GAINEKATGMLTAENFEWLELVHD

QKA1 (1081) PASLSAK LD VAT SHTRINSNVANGAINEEATGML TQENEEWLELVND
Consenzus (1123) PASL S AKLDNYATNSHTRINSNVONGTINEEATGHLTOKNFEVLELVND
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Section 2o
(1177 1477 14190 |'12‘D|:I .1210 1225
ATCCA3526(1163) KIMHH?GSIEEDKIGFHQKHHKDYSDSFKFST AVEDNRZEF
L
LHLS

F26(1156) KIVAHNVGS DEIGFNQENMEDY 3D 3FEFAT AVEDIESSF
LSﬁDKIGFHDKHHKDYSDSFKFST ﬁA?KD 3GF
L

L

L
MG (147 EIVAHNYGS DEIGFNOENMEDY 3D 3FEFATELNNAVED IESSF

J23(1023) KIVAHNVGS L
MCTEA1638 (1082) KIVAHNYGSVELSEYDEIGFNOENMED V3D S FEFSTELNNAYED TNAGE
OKAN M0 KIVAHNVG AN ELSEVDEIGFNQENMEDYEDAFEFST AVEDEKSGF
Conzenzuz (1177) KIVAHNVGEVPLEEYDEIGFNOENMED YD S FEFSTELNNAVED IESEF

(1226) 1226 1240 1250 1262
ATCCA3526(1212) TOFL F GFQKS
F26(1205) FL GFQKS

J16 (1196) FL GFOKS

Je9 (1132) §OFL GFQKS
NCTC11633 (1111) TQFL GFQKS
OK111(1179) TQFL GFQKS
Consensus(1226) YOFLTNAFSTG VYSLMKENAEHGIKNVNTEGGFOKS

1.8.2 Strains: ATCC43526, F26, J16, J99, NCTC11638, and OK111
1.8.3 Identity: 62.9%
1.8.4 Positive: 93.7%
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2. pET-Hp hsp60
2.1 Map

kanamycin ¢

f1 origin

Xho | (159)

H.pylori Hsp60

PET-Hp hsp60
7035 bp

~ Eco RI (1806)

t;:::iiikﬁstag

T7 promoter

2.2 H. pylori hsp60 DNA sequence

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021

atggcaaaag
caactccatg
aaaagctatg
ttaagttgcc
gctgatgetg
gaaggcttga
aaagccgetg
gaagaaatca
atcgctgacg
ggcattgaag
ccttactttg
ttaacggata
aaagagggca
ctagtggtga
ggggacagaa
agcgaagaat
aggattgtga
gttaaagaca

daatcaaatt
acgctgtcaa
gcgctcoaag
¢ggtagctaa
CCgarsaigs
ggaatatcac
aagccattat
cccaagtagc
ctatggaaaa
atgaattaga
taacaaacgc
aaaaaatctc
aaccgctttt
ataaattaag
gaaaagaaat
taggcttgac
ttgacaaaga
gagtcgcgca

ttcagatagt
agtaaccatg
catcaccaaa
catgggcgct
cacgaccaca
ggctgggact
taatgagctt
gaccatttct
agtgggtaaa
tgtcgtagag
tgagaaaatg
tagcatgaaa
aatcatcgct
aggegtgttg
gctcaaagac
tttagaaaac
caacaccacg
aatcaaaacc

88

gcaagaaacc
gggccadgag
gatgecgtaa
caactcgtta
gcgaccgtgc
aaccctattg
daaaaagcga
gcaaactccg
gacggcgtga
ggcatgcaat
accgctcaat
gacattctcc
gaagacattg
aatatcgcag
atcgctgttt
gctgaagtgg
atcgtagatg
caaattgcaa

ttttatttga
gtaggaatgt
gegtggoctaa
aagaagtagc
ttgcttatag
aagtgaaacg
gcaaaaaagt
atcacaatat
tcaccgttga
ttgatagagg
tggataacgc
cgctactaga
agggcgaage
cggttaaagc
taaccggcgg
agtttttagg
gcaaaggaca
gcacgacaag

lac| coding'sequence

aggcgtgaga
gttgatccaa
agagattgaa
gagcaaaacc
catctttaaa
aggcatggat
aggtggtaaa
cgggaaactc
agaagctaag
ctacctctcce
ttacatcctt
aaaaaccatg
tttaacgact
tccaggcttt
tcaagtcatt
caaagccgga
tagccatgat
cgattatgac



1081
1141
1201
1261
1321
1381
1441
1501
1561
1621

aaagaaaaat
ggcgctgcga
gcgactaaag
gcggctcaaa
atgcgtgcca
gtggtegtga
aagtatgtgg
ttacaaaatg
atcaaagaag

ggcatgggcg

tgcaagaaag
gtgaagtgga
cagctgttga
aagtgcattt
ttaaagcccc
atgaagtgca
atatgtttaa

cggttteggt
aaaaagcaac

attggccaaa
aatgaaagag
agagggcatt
gaatttacac
attagctcaa
aaaacacgaa
agaaggcatt
ttcaagectg
cccagcaatg

gcatgatgta a

2.3 H. pylori hsp60 protein sequence

1
61
121
181
241
301
361
421
481
541

makeikfsds
Iscpvanmga
kaaeaiinel
giedeldvve
kegkpllita
seelgltlen
keklgerlak
aagkvhInlh
kyvdmfkegi
gmggmm

arnllfegvr
qlvkevaskt
kkaskkvagk
omgfdrgyls
edregealtt
acveflgkag
lsggvavikv
ddekvgyeii
1dplkveria

2.4 The whole DNA‘sequence

1
61
121
181
241
301
361
421
481
541
601
661
721
781

atccggatat
ggggttatgc
tgttagcagc
tgccteccat
tgatttcatg
gtaaagcgat
acttgccatt
ccacaccgcce
gcatgatgat
ccgcgegaat
tcgcactcaa
cgeccacttt
ctttgtcata
taacatcatg

agtteetect
tagttastgc
cggatctcag
accgcecatg
cacggtggct
cctttctact
gctagegtta
atcataaccg
ttcatagcct
gagagccgca
tgcgtcatca
aatcacagcc
atcgcttgte
gctatgtect

glhdavkvtm
adaagdgttt
eertqvatis
pyfvtnackm
lvvnklrgv!
rividkdntt
gaasevemke
mraikaplaqg
lgnavsvssl

ttcagcaaaa
tcagcggtgg
T2gl 38 8o |
ccacccatat
tctgtggtta
tttaaggggt
aaaccaaaat
gcattgatag
actttttcat
ccgecgecaa
acccggtctt
acaccaccag
gtgcttgcaa
ttgccatcta
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ctctctggtg
aaaaaagacc
gttattggcg
gatgatgaaa
atcgctatca
gggcattttg
attgacccct
cttttaacca
cctgatatgg

gpreravl iq
atvlaysifk
ansdhri1gkl
tagldnay1!
niaavkapgf
1vdgkghshd
kkdrvddals
lainagydgg
Iltteatvhe

aaccccicad
cagcagccaa
ggtggtgctce
caggcattgc
aaagcaggct
caataatgcc
geecttegtg
cgatttgagc
catcgtgtaa
taacaatgcc
ttttctettt
agagtttggc
tttgggtttt
cgatcgtggt

gtgtggctgt
gggttgatga
geggtgcggce
aagtaggcta
atgccggtta
gttttaacgc
taaaagtaga
cagaagccac

gtggeatggg

ksygapsitk
eglrnitaga
radamekvegk
1 tdkkissmk
odrrkemlkd
vkdrvagikt
atkaaveegi
vvvnevgkhe
1ikeekatpam

gacccgttta
ctcagcttce
gagttacatc
tggggttgct
tgaaaccgaa
ttctttaaac
tttttgcact
taatggggct
attcaaatgc
ctcttcaaca
catttccact
caatctttct
gatttgcgcg
gttgtctttg

gattaaagtg
cgcattgagt
tctcattcge
tgaaatcatc
tgatggcggt
tagcaatggc
aaggatcgct
cgtgcatgaa
cggtatggga

dgvsvakeie
npievkrgmd
dgvitveeak
dilpllektm
tavltggqvi
giasttsdyd
vigggaalir
ghfgfnasng
pdmggmggmg

gaggccccaa
tttcgggcett
atgccgecca
ttttcttett
accgcatttt
atatccacat
tcattcacga
ttaatggcac
actttttgag
gctgetttag
tcactcgcag
tgcaattttt
actctgtctt
tcaatcacaa



841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2041
2701
2761
2821
2881
2941
3001
3061

tccttecgge
cgctaatgac

ccccaaagec tggagettta

ctagagtcgt
ctttcatggt
ttaaaaggat
aaggggagag
tgccettage
cgatgagttt
cttctttacc
ctttatccat
cttctttaaa
cagcggtttt
ttaattcaat
ttttttggat
gttgtctcac
ccatgaattc
ggctgtecat
gtggcaceag
gttaaacaaa
tcgtattaat
cggcatcaec
ggaagatcgg
aggcccegtg
ggecggtgete
gggagagegt
gatagcgccce
atgtcgcaga
gccacgttte
ttcccaaccg
cctccagtct
atcaactggg
aagcggeggt
tggatgacca
ttgatgtctc
gactgggegt
cattaagttc
atcaaattca

tttgcctaaa
ttgaccgecg

taaagcttcg
tttttctagt
gtaagcgtta
gtagcctcta
ttcttcaacg
cccgatattg
acctactttt
geetegttte
gatgctataa
gctcgetacy
ctcttfagce
caacacattc
gccttcaaat
ggatccgata
gtgctggegt
accagaagaa
attatttcta
ttcgcgggat
ggcgccacag
gctcgcoact
gecgggpaac
aacggectca
cgagatgecg
ggaagagagt
gtatgceggt
tgcgaaaacg
cgtggcacaa
ggccctgcac
tgccagegtg
gcacaatctt
ggatgccatt
tgaccagaca
ggagcatctg
tgtcteggeg
gccgatageg

aactccactt
gttaaaacag
accgctgega
ccctcaatgt
agcgggagaa
tccaattgag
tcaaattgca
gtgatcacgc
tgatcggagt
ttgetcgett
acttcaatag
gcaagcacgg
fctttaacga
acgctcacgc
ctacctcttg
aaaaggtttc
tcagceatgg
tcgaatttag
tgatgatgat
gaggggaatt
cgagatcgat
gtgocggttoc
tcgggetceat
tgttgggcgc
acctactact
gacaccatcg
caat tcaggg
gtctcttatce
cgggaaaaag
caactggcgg
gcgecgtege
gtggtgtega
ctcgcgeaac
gctgtggaag
cccatcaaca
gtcgcattgg
cgtctgegtce
gaacgggaag
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cagegttttc
cgatgtcttt
tattcaacac
cttcagcgat
tgtctttcat
cggtcatttt
tgccetetac
cgtetttacc
ttgcagaaat
ttttaagctc
ggttagecce
tcgctgtggt
gt f@agcgcc
catetttggt
gceccatggt
ttgcactatc
ccttgtegte
cagcageggt
gatggtgcat
gttatecgct
ctegatcctce
tggcgcctat
gagcecttgt
catctccttg
gggctgettc
aatggcgcaa
tggtgaatgt
agaccgtttc
tggaagcggc
gcaaacagtc
aaattgtcgc
tggtagaacg
gcgteagtgg
ctgectgeac
gtattatttt
gtcaccagca
tggctggctg
gcgactggag

taaagtcaag
gagcatttct
gcetcttaat
gattaaaagc
gctagagatt
ctcagcgttt
gacatctaat
cactttttcc
ggtcgctact
attaataatg
agccgtgata
cgtgccatcg
catgttagct
gatgcttgga
tactttgaca
tgaaaatttg
gtcgteoggta
ttctttcata
atgtatatct
cacaattccc
tacgeeggac
atcgeegaca
tteggcgteg
catgcaccat
Ctaatgcagg
aacctttegc
gaaaccagta
cecgegtggtg
gatggceggag
gttgctgatt
ggcgattaaa
aagcggegtc
gctgatcatt
taatgttccg
ctcccatgaa
aatcgcgetg
gcataaatat
tgccatgtcec

cctaattctt
tttettetgt
ttattcacca
ggtttgccct
tttttatccg
gttacaaagt
tcatcttcaa
atagcgtcag
tgggtgattt
gcttcagegg
ttcctcaage
ccggcageat
accgggcaac
gcgccatage
gcgtcatgga
atttettttg
cccagatctg
ccagaaccgc
ccttcttaaa
ctatagtgag
gcatcgtggce
tcaccgatgg
gtatggtggce
tccttgcggc
agtcgcataa
ggtatggcat
acgttatacg
aaccaggcca
ctgaattaca
ggcgttgcca
tctcgegeeg
gaagcctgta
aactatccgc
gcgttattte
gacggtacgc
ttagcgggcc
ctcactcgca
ggttttcaac



3131
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341

aaaccatgca
agatggcgct
tctcggtagt
ccatcaaaca
ctcagggcca
ccaccctgge
agctggcacg
agttagctca
gtcagctcct
tttatcatgc
cgettteget
gcectegete
attatcgecg
cggctaggct
acgtgaagcg
ggttteegtg
cggatctgéa
aagcgctgge
tgtttaceet
agcatcctet
gaggcatcag
cagacat t@aa
tgtgaatcgc
gatgacggtg
gcggatgeceg
ggcgcagecea
catcagagca
cgtaaggaga
ctcggtegtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttcee
atacctgtcc
gtatctcagt
tcagcccgac
cgacttatcg
cggtgctaca

aatgctgaat
gggcgcaatg
gggatacgac
ggattttcge
ggcggtgaag
gcccaatacg
acaggtttcc
ctcattaggc
tccggtgggce
aactcgtagg
ggagegcegac
aagccttegt
gcatggcgge
goCceoge BEg
actgctectg
tttcgtaaag
tcgcaggatyg
attgaccctg
cacaacgttc
ctcgtttcat
tgaccaaaca
cgcttctgga
ttcacgacca
daaacctctg
ggagcagaca
tgacccagte
gattgtactg
aaataccgca
cggetgeggc
ggggataacg
aaggccgegt
cgacgctcaa
cctggaagct
geetttetee
tcggtgtagg
cgctgecgect
ccactggcag
gagttcttga

gagggcatcg
cgcgecatta

gataccgaag
ctgctgggec
ggcaatcagc
caaaccgcct
cgactggaaa
accgggatct
gcggggcatg
acaggtgccg
gatgatcggc
cactggtcce
cccacgggtg
ccttactggt
caaaacgtct
tctggaaacg
ctgctoecta
agtgattiitt
cagtaaccgg
cggtatcatt
geaaaaaacc
gaaactcaac
cgctgatgag
acacatgcag
agcccgtcag
acgtagcgat
agagtgoacc
tcaggegctce
gagcggtatc
caggaaagaa
tgctggcgtt
gtcagaggtg
ccetegtgcg
cttcgggaag
tcgttegetce
tatccggtaa
cagccactgg

agtggtggcce
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ttcccactge
ccgagtcegg
acagctcatg
aaaccagegt
tgttgcccgt
ctceccgegce
gcgggcagtg
cgaccgatgc
actatcgtcg
gcagcgctct
ctgtcgettg
gccaccaaac
cglatgatcg
tagcagaatyg
gcgacctgag
cggaagtcag
ccetgtogaa
ctctggtece
geatgttcat
acccceatga
gcecttaaca
gagctggacg
cttitaccgca
ctcccggaga
ggcgegidag
agcggagtgt
dtatatgcgg
ttccgettee
agctcactca
catgtgagca
tttccatagg
gcgaaacccg
ctctecetgtt
cgtggcgett
caagctgggc
ctatcgtctt
taacaggatt
taactacggc

gatgctggtt
gctgcgegtt
ttatatcccg
ggaccgcttg
ctcactggtg
gttggecgat
agcgcaacgc
ccttgagagce
ccgcacttat
gggtcatttt
cggtattcgg
gtttcggcga
tgctectgtce
aatcaccgat
caacaacatg
cgccatgcac
cdcctacatc
gccgeatcca
catcagtaac
acagaaatcc
tggocegctt
cggatgaaca
getgcctege
cggficacagc
cgggotgattgg
atactggett
tgtgaaatac
tcgctcactg
aaggcggtaa
aaaggccage
ctccgeecce
acaggactat
ccgaccctge
tctcatagct
tgtgtgcacg
gagtccaacc
agcagagcga
tacactagaa

gccaacgatce
ggtgcggaca
ccgttaacca
ctgcaactct
aaaagaaaaa
tcattaatgc
aattaatgta
cttcaaccca
gactgtcttc
cggcgaggac
aatcttgcac
gaagcaggcce
gttgaggacc
acgcgagega
aatggtcttc
cattatgttc
tgtattaacg
taccgccagt
ccgtatcgtg
cccttacacg
tatcagaagc
ggcagacatc
gegttteggt
ttgtctgtaa
cgggtgtegg
aactatgcgg
cgcacagatg
actcgctgcg
tacggttatc
aaaaggccag
ctgacgagca
aaagatacca
cgcttaccgg
cacgctgtag
aaccccecgt
cggtaagaca

ggtatgtagg
ggacagtatt



5401
5461
5521
5581
5641
5701
5761
5821
5881
5941

60011 ctgattcagg tgaaaatatt gttgatgcgc tggcagtgtt

6061
6121
6181
6241
6301
6361
0421
0481
6541
6601
6661
6721
6781
6841
6901
6961
7021

tggtatctgc
cggcaaacaa
cagaaaaaaa
gaacgaaaac
acagtaatac
gattaaattc
ggcaatcagg
tgaaacatgg
ggctgacgga
catggttact

ttcctgtttg
cacgaatgaa
ctgttgaaca
tcactcatgg
gtattgatgt
actgcctcdg
ataatcctga
taattcatga
cgcacattte
gcgttaaatt
ccttataaat
agtccactat
gatggcccac
gcactaaatc
aacgtggcga
gtagcggtca
gcgteccatt

gctctgctga
accaccgctg
ggatctcaag
tcacgttaag
aaggggtgtt
caacatggat
tgcgacaatc
caaaggtagc
atttatgcect
caccactgcg

taattgtcct
taacggtttg
agtctggaaa
tgatttctca
tggacgagtc
tgagttttct
fatgaataaa
gcggatacat
cccgaaaagt
tttgttaaat
Caaaagaata
taaagaacgt
tacgtgaacc
ggaacectaa
gaaaggaagg
cgctgcgegt
cgeca

agccagttac
gtagcggtgg
aagatccttt
ggattttggt
atgagccata
gctgatttat
tatcgattgt
gttgccaatg
cttccgacca
atccccggga

tttaacagcg
gttgatgcga
gaaatgcata
cttgataacc
ggaatcgcag
cctteattac
ttgcagttte
atttgaatgt
gccacctgaa
cagetcattt
gaccgagata
ggactccaac
atcaccctaa
agggagccce
gaagaaagcg
aaccaccaca
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cttcggaaaa
trttttrgtt
gatcttttct
catgaacaat
ttcaacggga
atgggtataa
atgggaagcc
atgttacaga
tcaagcattt
aaacagcatt

atcgcgtatt
gtgattttga
aacttttgce
ttatttttga
accgatacca
agaaacggct
atttgatgct
atttagaaaa
attgtaaacg
tttaaccaat
gggttgagtg
gtoaaaggac
tcaagttttt
cgatttagag
aaaggagegg
decgccgegc

agagttggta
tgcaagcagc
acggggtctg
aaaactgtct
aacgtcttgc
atgggctegc
cgatgcgeca
tgagatggtc
tatccgtact
ccaggtatta
cctgcgeegg
tcgteteget
tgacgagcgt
attctcaccg
cgaggggaad
ggatettgcc
ttttcaaaaa
cgatgagttt
ataaacaaat
ttaatatttt
aggccgaaat
ttgttecagt
gdaaaaccgt
tgogstcgag
ctlgacgggg
gcgctagggce
ttaatgcgec

gctcttgate
agattacgcg
acgctcagtg
gcttacataa
tctaggccge
gataatgtcg
gagttgtttc
agactaaact
cctgatgatg
gaagaatatc
ttgcattcga
caggcgcaat
aatggctggce
gattcagtcg
ttaataggtt
atcctatgga
tatggtattg
ttctaagaat
aggggttceg
gttaaaattc
cggcaaaatc
ttggaacaag
ctatcagggc
gtgccgtaaa
aaagccggcg
gctggcaagt
gctacagggce
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