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The 16S rRNA gene sequencing :
A "gold standard” method

> study the evolution and phylogeny of bacteria

> as areference in clinical microbiology
- to identify bacteria in case of failure of the phenotypic tests
- to identify and propose novel genus and species



The 16S rRNA gene sequencing
in Helicobacter species

> discrepancies between 16S rRNA gene, phenotypic analyses and
other genotypic methods

> 16S rRNA gene not highly informative in Helicobacter species
(Vandamme 2000 ; Dewhirst 2005)

= could be explained by horizontal transfer of 16S rRNA gene
fragments and creation of mosaic molecules with loss of
phylogenic information
(Dewnhirst 2005)



The Helicobacter genus

> gastric species:

- H.

pylori

- Enterohepatic species: H. hepaticus

> 25 species formally identified
(Bergey’s Manual 2005)

> numerous new proposed species

. burdigaliensis

. muricola

. callitrichis

. macacae

. westmeadii .........



Various mammals

non-human primates



Various mammals

Ferrets

Non-rodent mammals



Rodents

Hamsters
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Other wild animals
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Marine mammals




Isolated in more than 26 bird species

Chickens




Turtles
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Eastern box turtles

Pancake tortoises



Variable tropisms of the genus Helicobacter

- various hosts:
- mammals
- birds

- reptiles...

- alternative sites within the digestive tract:
- saliva
- stomach
- cecum
- colon

- liver ....



Infection by Helicobacter species

> Various hosts infected by Helicobacter species
> Variable tropisms of Helicobacter
= Helicobacter phylogeny hampered by

- Gene adaptation
- Gene exchange between Helicobacter species

= evaluate new targets for Helicobacter species phylogeny



Aims

= To investigate the gyrA gene as an alternative
target for Helicobacter genus taxonomy

= To design a gyrA gene-based PCR to amplify
different Helicobacter species



Genes used for Helicobacter species
phylogeny

- cpn60 (hsp60) (Mikkonen 2004, Hill 2006)
- rpoB-rpoC (Zakharova 1999)

= no distinct separated clusters between gastric and enterohepatic
Helicobacter species




Genes used for Helicobacter species
phylogeny

- cpn60 (hsp60) (Mikkonen 2004, Hill 2006)
- rpoB-rpoC (Zakharova 1999)

= no distinct separated clusters between gastric and enterohepatic
Helicobacter species

- 23S rRNA (Dewhirst 2005)
- gyrB (Hannula 2007)



DNA gyrase

DNA gyrase : atype Il topoisomerase

GyrB

GyrA

2A 2B — introduce negative supercoils into DNA



DNA gyrase

DNA gyrase : atype Il topoisomerase

GyrB

GyrA

2A 2B — introduce negative supercoils into DNA

= essential in all bacteria
= attractive target for phylogeny



DNA gyrase and bacterial phylogeny

- gyrB gene extensively used for bacterial phylogeny
= pertinent target for Helicobacter phylogeny
(1100 bp used — 41% of gyrB, Hannula 2007)

- gyrA gene reported to be an important tool for bacterial phylogeny

= pertinent target for Campylobacter and Arcobacter phylogeny
(Ménard 2005 ; Abdelbagi 2007)

= To evaluate the gyrA gene for Helicobacter phylogeny



Materials & Methods

@® 36 type Helicobacter type strains

@ other proposed Helicobacter species

PCRs : - 16S rRNA gene (1,500 bp)
- hsp60 (cpn60) (600 bp)
- gyrA (2,483 to 2,487 bp)
- gyrB (1,500 bp)



Methods - Bioinformatic analysis

Bioinformatic analyses of gyrA and GyrA deduced protein

- Sequence alignments
e clustalW (codons)

- Phylogenetic trees
* MEGA 5.2.2
* SeaView 4.4.2



Methods - Sequence analysis & PCR

Sequence alignment : MultAlin

501 600

H-hepaticu ATTCCCAAATTTGCTTGTAAATGGTTCAAGCGGTATTGCGGTAGGTATGGCGACTTCTATTCCTCCGCATCGCATTGATGAGATTATAGATGCGCTTATT
AATCCCARATTTGCTTGTARATGGCTCAAGTGGTATTGCTGTGGGTATGGCGACTTCTATCCCGCCACACCGCATTGATGAGATTATTGACGCACTTATT
ATTCCCAAATTTGCTTGTAAATGGTTCTAATGGTATCGCCGTAGGTATGGCGACTTCTATCCCACCACATAGACTTGATGAAGTAGTCGATGCCCTAATT
CTTACCAAACTTGCTGATTAATGGTTCTAATGGAATTGCTGTTGGTATGGCAACAAATATTCCACCACATAGAACTGATGAAATCATTGACGCGCTTGTG
TTTGCCCAATTTGCTTATTAATGGATCAAATGGGATTGCTGTGGGTATGGCTACTAATATTCCTCCACATAGAATCGATGAGATTATTGATGCTTTGGTG
TCTGCCTAACCTTTTAGTCAATGGCGCTAATGGGATTGCTGTAGGGATGGCCACTTCTATACCCCCCCATAGGATTGATGAAATCATAGACGCTTTAGTG

H-pylori TCTGCCTAACCTTTTAGTCAATGGGGCTAATGGGATCGCCGTAGGGATGGCGACTTCTATCCCCCCTCATAGGATTGATGARATCATAGACGCTTTAGCG
H-cetorum TCTGCCTAATCTCTTAGTCAATGGGGCTAATGGTATTGCAGTAGGTATGGCTACTTCTATACCGCCGCATAGAATTGATGAAATCATAGACGCTTTAGTG
CTTGCCTAACTTACTCATCAATGGCTCAAGCGGGATTGCTGTGGGCATGGCGACCTCCATTCCCCCCCACCGCCCCAGTGAGATCATCGATGCGTTGGTGH
TCTGCCTAACTTGCTCATCAATGGCTCCAGTGGGATCGCTGTGGGGATGGCGACCTCCATCCCACCCCATCGCCCCGATGAAATCATCGATGCGTTGATT
TTTGCCAAATTTGCTTATTAATGGCTCTAATGGGATTGCTGTGCGTATGGCGACARATATTCCACCCCACAGAGTAGATGAAATTATTGATGCTTTGGTG

Consensus ttTgCCaAAttTgcTtaT.pATGG.tCtAatGGgATEGCEGTgGGLATGGCHACttetATECC.CC.CAtaGaattgaTGRAaaT.aT.GALGC.tT.gTg

601 700

H-hepaticu ATGGTGATTGATAAAAATACGCAAGATGTGGAAGACTTGCTTGATATTGTGCAGGGACCGGATTTTCCAACAGGTGGAATTATCTATGGCARAGCAGGAR
TTTGTGATTGATAACAACACGCAAAATGTTGATGATGTGCTTGARCTTGTGCARGGACCGGAT TTTCCAACAGGTGGGATTATCTATGGCAAGATGGGAA
TATAGAATCAATAATCCACAAAGTGARATTGAAGATATATTGCCTTTAAT TGAGGGACCAGACTTTCCAACAGGTGGGATTATACATGGCAGACAGGGCA
TATTTAATTGACAATCCAAAAGCAAGTTTAGATGAGATTTTGCAATTTGT TGAAGGACCAGAT TTTCCAACAGGTGGGATTATTTATGGGAAAAGTGGAA
TATTTAATTGATCACCCAAARGCAGAATTAAATGAAAT TTTGCAATTTAT TGARGGACCAGATTTCCCCACAGGTGGAATCATCTATGGTARAAATGGCA

H-acinonyc CATGTTTTAGAAAACCCTAACGCTGAATTGAATGAGGTTTTGGAATTTATCARAGGGCCTGACTTTCCCACCGGTGGGATCATCTATGGCAAGGTGGGAR

H-pylori CATGTCTTAGGAAACCCTAACGCTGAATTAGATAAAATTTTGGAATTTGTCAAAGGACCTGACTTTCCTACTGGTGGGATCATCTATGGCARGGCGGGTA
CATGTGCTAGAAAACCCTAACGCTGAATTGAATGARATCTTAGAATTTGT TGAAGGGCCAGAT TTCCCAACTGGAGGAATCATCTATGGTAAGGTGGGTA
TTGGTGCTAGATAACCCCCARATTGATCTGCTCTCTATTTTGGAAGTGAT TCARGGTCCAGAT TTCCCCACGGGGGGGATTATTTATGGCAAGGCGGGCA
TATGTGCTAGAAAACCCCCAAGCTGAATTGATCGACCTTGTAGAGATCGTGCAGGGGCCAGATTTCCCCACCGGGGGCGTGGTCTATGGCAAGGCAGGGA

H-pullorum TATTTGATTGATAATCCCAAAGCAGAATTAAACGAAATTTTGCAATTTGTTGAAGGTCCAGATTTTCCAACAGGTGGTATTATCTATGGTAAAAATGGAR

Consensus tatgtgaT.gAtAAccc.aaagctghAatT..a.ga.aTttTggaatTtgTtgAaGGaCCaGALTTECCaACAGGLGGgaTtaTctATGGeAAA. . .GG.A

Primer design & PCR - Sequencing

Vo) R




Results

- All PCR generated amplicons : 81 gyrA sequences

- Others PCR: - 16S rRNA gene
- hsp60
- gyrB

- 85-100% of the gyrA gene: 2,100 to 2,103 pb
= 827 aa GyrA

- Alignment: gyrA gene is highly divergent among
Helicobacter species



Results - Phylogenetic tree of gyrA
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H. cinaedi ATCC BAA-847
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Helicobacter species
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Results - Phylogenetic tree of gyrA
Gastric Helicobacter species

;7 10 H. felis ATCC49179 A
100 H. salomonis CIP105607 \
H. bizzozeronii CCUG35545

/

I

|
"] 10 H. cetorum MIT00-7128

: .

| 40|: H. cetorum MIT99-5656

: 97 H. pylori SouthAfrica7
! 100 — H. acinonychis Sheeba
|

|

|

|

|

|

|

|

|

\

100— H. pylori J99
H. pylori PeCan18
100 H. pylori 26695
91_ H. pylori Lithuania75
21 H- pylori India7
5ol H. pylori HPAG1
v : 29— H. pylori B38 p

100

- o o o o e o e e o e e e e e e .

- e - - e e e e e e S S S D D B B B B B B G G G G B e e B B B e e e



Results - Phylogenetic tree of gyrA
Gastric Helicobacter species
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Results - Phylogenetic tree of gyrA
Gastric Helicobacter species
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Results - Phylogenetic tree of gyrA
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Results - Phylogenetic tree of gyrA
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Results - Phylogenetic tree of gyrA
Enterohepatic Helicobacter species
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Results - Phylogenetic tree of gyrA
Enterohepatic Helicobacter species
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Results - Phylogenetic tree of gyrA
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PCR design for Helicobacter species
identification
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Results - Identification of clinical isolates

H. ci_naedi_ ATCC35683
New tree : 49 gyrA sequences o e e )
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Results - Identification of clinical isolates
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Results - Identification of clinical isolates

H. cinaedi ATCC35683
H. cinaedi ATCC BAA-847
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Conclusion

> gyrA gene is a pertinent target for Helicobacter phylogeny

> A gyrA-based PCR easy to implement was developped

= New tool for Helicobacter species phylogeny
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Helicobacter pylori

« Gram néegatif

* Microaérophile
 Bacterie de forme hélicoidale et motile

* |solée pour la premiere fois en 1984
 Habitat : muqueuse gastrique de I homme
« Uréase : uree > ammoniaque + CO, (pH7)

\

Survie au milieu acide de I'estomac



Infection chronique a H. pylori

« Prévalence de | infection :
— 50% de la population mondiale
— 25% de la population adulte francaise

\

Contamination au cours de la petite enfance



Moyens de lutte contre | infection a
Helicobacter pylori

 Aucun vaccin disponible

* Traitement : 2 antibiotiques + IPP

\

Augmentation de la résistance aux antibiotiques

=» Développer de nouvelles cibles
therapeutiques préventives et curatives



Infection a H. pylori et pathologies

Muqueuse gastrique normale
H. pylori = == = ‘
Gastrite chronique 100%

Asymptomatique




Infection a H. pylori et pathologies
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Infection a H. pylori et pathologies

Muqgueuse gastrique normale
H. pylori = = = §
Gastrite chronique 100%
Ulcere duodénal Ulcere gastrigue

9/ y
1 o
y ot
b » D

78
671
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<1%



http://www.answers.com/topic/gastric-malt-lymphoma-2-jpg-1

1994 : Infection a H. pylori classée carcinogene de type |
(niveau maximal) par le Centre International de
Recherche contre le Cancer (agence de |’ OMS)




— e e

La découverte du role de H. pylori dans la maladie ulcéreuse
par Robin Warren and Barry J. Marshall a été recompensée
en 2005 par le prix Nobel de médecine



Outer membrane protein in strain J99

0,05

MEGA 4
NJ (Kimura 2P)

Alm et al Infect. Imm. 2000.
Oleastro M. PhD Thesis 2008.



Aims

To investigate:

= the diversity and phylogeny of homD on a large panel of

H. pylori strains (patients from different geographical
origins with different gastric diseases)

= the expression and antigenicity of HomD
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To investigate:

= the diversity and phylogeny of homD on a large panel of

H. pylori strains (patients from different geographical
origins with different gastric diseases)



Materials

Sequences and bacterial strains:

- 72 homD sequences from H. pylori complete genome (NCBI)

- 523 H. pylori clinical strains isolated from patients presenting
different gastric diseases: ¢ Gastritis
* Peptic ulcer disease
e Gastric carcimona
* MALT lymphoma



Materials - origin of the strains (n=523)

Origin* No. of strains Origin No. of strains

\




Materials - origin of the strains (n=523)

Origin* No. of strains Origin No. of strains
Oceania n=24
Australia 12
Indonesia 1
New Caledonia 10 Africa n=144
Papua New Guinea 1 Benih 3
(3 Aborigénes & 11 Maori) Burkina Faso 11
Egypt 3
: _ Gambia 1
Asia n=137 Senegal 71
China 37 South Africa 55
India 17
Japan 42
Malaysia 14
Singapore 7
South Korea 15

Taiwan 5




Materials - origin of the strains (n=523)

Origin* No. of strains Origin No. of strains
America n=121 Europe n=100
Argentina 2 Croatia 13
Brazil 7 France 26
Canada 9 Germany 12
Colombia 25 Italy/Spain 2
El Salvador 1 Lithuania 1
Mexico 3 Portugal 22
Peru 10 Russia 4
USA 63 Sweden 14

Venezuela 1

Otzi

the Tyrolean 5300-year-old Iceman

United Kingdom 5

Similaun Man, the Man from Hauslabjoch




Methods

Sequence analysis:
- Downloading
- complete genoms
- whole genome shotgun contigs
- PCR (amplification of homD locus with external primers) & sequencing

Bioinformatic analyses of homD and HomD deduced protein:

- Similarity plots
* BioEdit Sequence Alignment Editor (Version 7.0.1)
e SimPlot (Version 3.5.1)

- Phylogenetic trees
* clustalwW

* MEGA 4.1

- Hydrophilicity, antigenic index and surface probability
* Protean software in the DNASTAR package (Version 5.0)



Results

Sequence analysis:

- All (but two strains) harboured a complete homD gene at a conserved
locus

- homD gene varies from 2,223 to 2,271 nt
(740 to 756 residue corresponding protein)

- homD does not seem to be regulated by a slipped-strand mispairing
mechanism (“on/off” regulation)

Bioinformatic analyses of homD and HomD deduced protein:

- High similarity at nucleotide (94.8%) and amino acid (95.7%) levels
- Frequency of synonymous substitutions (Ks) = 0.167%+0.01
> frequency of non-synonymous substitutions (Ka) = 0.023+0.003

= conservation at the protein level (Ka/Ks <1, purifying selection P, 1.,<0.001)
Ka/Ks=0,624



Results - Variable region (5’ extremity)

nt position

ZA-SouthAf
NC-NC34
NC-NC35
NC-NC51
NC-NC52
NC-NC55

PE-PeCan4d

PE-Cuz20
PE Amerind
PE-Sat464
VE ameridi
NO-35A
JP-F30-DU
JP-F57 GC_
JP-F16 Ga
KR-51 DU
SN-DAK42
SN-DAK72
SN-DAKS
SN-DAKG6O
SN-DAK73
SN-DAKG65
SN-DAKO97

US-J99 DU

SN-DAK3
SN-DAK35
SN-DAK24

GM-Gambia9

SN-DAK16
SN-DAK19

FR-B25 ML

UK-26695 G

FR-B38 ML

SE-HPAGL G

US-B8 GU_
LT-Lithuan
DE-P12 DU _

KR-52
JP-F32 GC

172 219
S ——
AAACCCCARACAAGGAACAGCGCAAACCC-—=——=——=—==—=———— AAACCCAAACCAGECACCCCGCAAAGCACCTAT
CAACTCAAGAAAAACCCAAAca ———————————————————————— AAAACCCA-—---- TACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCAAACG-——=—=—-—=——=———————————— AAAACCCA------ ETACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCAAACaCAAAcc —————————————————— CAAACCCA--—-—- TACCCCTCAAAGCACTTAT
CAACTCAAGAAAAACCCAAACGAAAACC-———————=————————— CAAACCCA--—--- TACCCCTCAAAGCACTTAT
CAACTCAAGAAAAACCCAAACQCARACC——————-———-——————- AAAACCCA-—---- TACCCCTCAAAGCACTTAT
CCACTCAAGAAAAACCCAAACCCAAACCCAAACC-——-——=--———— AAAACCCA-—---- TACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCAAACaAAAACCCAAGCC ———————————— CAAACCCA------ TACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCAAACG-——————————————————————— CAAACCCA--—--- TACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCARACQH------ AAAACC--------—--- CAAGCCCA--—--- TACCCCTCAAAGCACCTAT
CAACTCAAGARARACCCARAACC-—--—- CAAGCC-—-————————— CAAACCCA--—-—- TACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCAAACjCAAACCCAAACC ———————————— AAAACCCA--—---- ETACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCAAACCCAAACCCAAACCCAAACCCAAACCAAAACCCA---—-- TACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCAAACQ-——-——--———————-—=———————— CAAACCCA------ ETACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCAAACC-——=————————————m AAAACCCA-—---- TACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACjAAAACC —————————————————— CAAACCCA--—--- ETACCCCTCAAAACACCTAT
CCACTCAAGAAAAACCCAAGCCCAAACCTAAGCC-—-——-——=—=— CAAACCCA--—--- TACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACjCAAACCCAAACC ———————————— CAAACCCAAACCCAETACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACCCAAACCCAAGCC-——-——=-—=-= CAAACCCA--—--- TACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAAchAAACCAAAAcc ———————————— AAAACCCA-—---- ETACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAARACCCAAACCCAAACC-——————=-—=— AAAACCCA-—---- TACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACjCAAACCCAAACC ———————————— CAAACCCA------ TACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACUAAAACCCAAACC-——————-———— AAAACCCA-—---- TACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACQCAAACCCAAACC-—————=--———— AAAACCCA-—---- TACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACOCAAACCTAAGCC-—-————==—=— CA--—--——————- TTACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACQCAAGCCCAAACC-————-——-——— CA--—--—--—-—- ETACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACOCAAACCCAAACC-—-——-——-—-- TAAGCCCAAACCCATTACCCCTCAAAGCACCTAT
CCACTCAAGARAAACCCAAACQCAAACCCAAACC-——-——=--———— CAAACCCAAGCCCAFTACCCCTCAAAGCACCTAT
CCACTCAAGARAAACCCAAACUAAAACC-—————-———-——————- CAAACCTAAGCCCATTACCCCTCAAAGCACCTAT
CCACTCAAGARAAACCCAAACQCAAACCTAAGCC-——-——=--———-— CAAACCCAAACCCAETACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACATAAACCTAAACC-—-——-——-—-- AAAGCCAAAACCCATTACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCTAAACQTAAACCARA-———————=-——-—=———— GCCCAAACCCAETACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACATAAACCCAA-————————=-———-——- ACCCAAACCCATTACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCTAAACGCAAACCCAA-————————————————— GCCCAAACCCAETACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCAAACQCAAACCCAA-————————=--———-——- GCCARAACCCATTACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACGTAAGCCCAA——=——————————————- GCCAAAACCCAETACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCCAAACHCAAACCAAA —————————————————— GCCAAAACCCARTACCCCTCAAAGCACCTAT
CAACTCAAGAAAAACCCAAACGAAAACCCAA-————————————=———— ACCAAAACCCA[FTACCCCTCAAAGCACCTAT
CCACTCAAGAAAAACCTAAAC&S&@AQQQAA;;:;;::;;;;;;—;;;—éQQAéé@QQQ@ TACCCCTCAAAGCACCTAT



Results - Variable number of KP repeats (2 to 9)

aa position
ZA-SouthAf
NC-NC34
NC-NC35
NC-NC51
NC-NC52
NC-NC55
PE-PeCand
IN-India7
PE-Cuz20
PE-Sat4o64
VE ameridi
PE Amerind
KR-51 DU _
NO-35A
JP-F30 DU
JP-F57 GC
JP-F16 Ga_
SN-DAK42
SN-DAK60
SN-DAK65
SN-DAKS8
SN-DAK97
US-J99 DU
SN-DAK73
SN-DAK3
SN-DAK35
SN-DAK72
GM-Gambia9
SN-DAK24
FR-B25 ML _
SN-DAK16
SN-DAK19
UK-26695 G
SE-HPAGl G
FR-B38 ML
LT-Lithuan
US-B8 GU_
DE-P12 DU
PE-SJM180

1 58 75 100
I _—— I
MLKLASKTICLSLISSFTALEAYPKHQKDGFFIEAGFETGLLOGTQTQEQTIAQTPNKEQPKPKPKP——-—-——— TPOQSTYGKYYISQSTILKNATELFAE
MLKLVSKTICLSLISSFTALEAYQKHQKDGFFIEAGFETGLLOGTOTQEQTIATTQHKPKPKP—————-—-——— ITPQSTYGKYYISQSTILKNATELFAE
MLKLVSKTICLSLISSFTALEAYQKHQKDGFFIEAGFETGLLOGTOTQEQTIATTQHKPKPKP—————————— TPOSTYGKYYISQSTILKNATELFAE
MLKLVSKTICLSLISSFTALEAYQKHQKDGEFFIEAGFETGLLOGTQTQEQTIATTQHPKPKPKPKP————--——- TPOSTYGKYYISQSTILKNATELFAE
MLKLVSKTICLSLISSFTALEAYQKHQKDGFFIEAGFETGLLOGTONQEQTIATTQEKPKPKPKP———-—-———— ITPQSTYGKYYISQSTILKNATELFAE
MLKLVSKTICLSLISSFTALEAYQKHQKDGFFIEAGFETGLLOGTQTQEQTIATTQREKPKPKPKP———-—-——-—— FTPOSTYGKYYISQSTILKNATELFAQ
MLKLASKTICLSLISSFTAVEAFQKHQKDGFFIEAGFETGLLOQGTOTQEQTIATTQHKPKPKPKPKP—————-— TPOSTYGKYYISQSTILKNATELFAE
MLKLASKTICLSLIGSFTALEAYQKHQKDGFFIEAGFETGLLOGTQTQEQTIATTQEKPKPKPKPKP—————— TPOSTYGKYYISQSTILKNATELFAE
MLKLASKTICLSLIGSFTALEAYQKHQKDGFFIEAGFETGLLOQGTOTKEQTIATTQHKPKPKPKPKP——-—-——-— TPOSTYGKYYISQSTILKNATELFAE
MLKLASKTICLSLIGSFTALEAYQKHQKDGFFIEAGFETGLLOGTQTKEQTIATTQEKPKPKPKP——-—-——-—— ITPQSTYGKYYISQSTILKNATELFAE
MLKLASKTICLSLIGSFTALEAYQKHQKDGFFIEAGFETGLLOGTQTKEQTIATTQHKPKPKPKP———-—-——- ITPQSTYGKYYISQSTILKNATELFAE
MLKLASKTICLSLIGSFTALEAYQKHQKDGFFIEAGFETGLLOGTQTKEQTIATTQHKPKPKP--—-—=-————— TPOQSTYGKYYISQSTILKNATELFAE
MLKLVSKTICLSLISSFTALEAYQKHQKDGFFIEAGFETGLLOGTQTQEQTIATTQHKPKPKPKP——-—-——-—— TPONTYGKYYISQSTILKNATELFAE
MLKLVSKTICLSLISSFTALEAYQKHQKDGFFIEAGFETGLLOGTQTQEQTIATTQEKPKPKPKPKP—————— TPOQSTYGKYYISQSTILKNATELFAE

MLKLVSKTICLSLISSFTALEAYQKHQKDGFFIEAGFETGLLOGTQTQEQTIATTQ PKPKPKPKPKP——KPiTPQSTYGKYYISQSTILKNATELFAE

MLKLASKTICLSLISSFTALEAYQKHQKDGFFIEAGFETGLLOQGTOTQEQTIATTQHKPKPKP—————-—-——-— TPOSTYGKYYISQSTILKNATELFAE
MLKLVSKTICLSLISSFTALEAYQKHQKDGFFIEAGFETGLLOGTQTQEQTIATTQEKPKPKP—--——=————— ITPOSTYGKYYISQSTILKNATELFAE
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Results - Phylogenetic tree of homD
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Results - Phylogenetic tree of homD
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Results - Similarity plot analysis of homD

211 homD sequences

1384 1627

100 200 300 400 500 600 700 800 900 1.000 1.100 1.200 1.300 1.400 1.500 1.600 1.700 1.800 1.900 2.000 2100 2.200
Position

Window : 200 bp, Step: 20 bp, GapStrip: Off, Kimura (2-parameter), TA: Variable

Kimura 2-parameter - 200-bp window - 20-bp step without GapStrip



Results - Similarity plot analysis of homD

211 homD sequences 90 nt

(mostly Western
strains)

1384

100 200 300 400 500 600 700 800 900 1.000 1.100 1.200 1.300 1.400 1.500 1.600 1.700 1.800 1.900 2.000 2100 2.200
Position

Window : 200 bp, Step: 20 bp, GapStrip: Off, Kimura (2-parameter), TA: Variable

Kimura 2-parameter - 200-bp window - 20-bp step without GapStrip

= 90-nt region differing between Western strains and the other strains



Results - HomD evolution in African families

Family 1

]
o B
BEDD

Family 2

- Increased KP repeats for a single strain between fundus and
antrum

- Prediction of a single crossing over between the strains (3’ end)




Results - homD adaptation/evolution

- Transmission of H. pylori infection in couples
GURIHEUEY)

- Animal infection with H. pylori
- mice
- gerbil
- cat
- monkey

- Induction of antibiotic resistance (26695 strain)
- Metronidazole
- Clarithromycin
- Rifampicin

= High HomD protein conservation



Aims

To investigate:

= the diversity and phylogeny of homD on a large panel of

H. pylori strains (patients from different geographical
origins with different gastric diseases)

= the expression and antigenicity of HomD



Materials & methods

Analysis of H. pylori membrane

- Two-dimensional gel electrophoresis of proteins from sarcosy!
Insoluble membrane preparation

- Protein peptide analysis by liquid chromatography tandem
mass spectrometry (LC/MS/MS)

Production of a recombinant HomD protein

- homD from H. pylori strain 26695 (HP1453)

- Fusion to glutathion s-transferase (GST) in vector pGEX-4T-3
(GE Healthcare)

- Production in Escherichia coli (strain BL21)

- Western blot analysis of the crude extract (E. coli BL21)



Analysis of H. pylori membrane protein

SDS-PAGE
&
L

- Two-dimensional gel
electrophoresis of proteins
(IEF & SDS-PAGE)

B - Coomassie blue staining

- Protein peptide analysis by
LC/MS/MS

v

Mr (kDa) 10% w/v polyacrylamide gels



Analysis of H. pylori membrane protein

HomD (HP1453/JHP1346)
- 2 peptides: 2.55 (2+) and 1.89 (2+)
- coverage = 3.1%

SDS-PAGE
&
L

- Two-dimensional gel
electrophoresis of proteins
(IEF & SDS-PAGE)

- Coomassie blue staining

- Protein peptide analysis by
LC/MS/MS

v

Mr (kDa) 10% w/v polyacrylamide gels



Materials & methods

Analysis of H. pylori membrane

- Two-dimensional gel electrophoresis of proteins from sarcosy!
Insoluble membrane preparation

- Protein peptide analysis by liquid chromatography tandem
mass spectrometry (LC/MS/MS)

Production of a recombinant HomD protein

- homD from H. pylori strain 26695 (HP1453)

- Fusion to glutathion s-transferase (GST) in vector pGEX-4T-3
(GE Healthcare)

- Production in Escherichia coli (strain BL21)

- Western blot analysis of the crude extract (E. coli BL21)



Analysis of recombinant GST-HomD

- Western blot analysis with monoclonal anti-GST antibody

Monoclonal
Anti-GST

)

kDa

250

150
108 kDa
100

75

50

= Presence of a 108 kDa expected GST-tagged protein
In the IPTG induced cells



Analysis of recombinant 6ST-HomD

- Western blot analysis with monoclonal anti-GST antibody

Monoclonal
Anti-GST

( + A\

kDa

250

150
= | 108 kDa

a1 51 21 81 1

ERFQKH(KDG FFIEAGFETG LLQGTQTKEQ TIATTQEKFPK PK Bl QSTVLKNATE LFAEDNITNL TFYSLTPVYV

100

FLPYNLN NIE TIPKOSQITL PASLENDPQL NADGFQOLQT ATTRFSDAST QNLFDKLSKYV TTHLONTYIN

PICPRVE MO 4 " AV K J N LVDPRLIAKN KGDEYNIENG

QTGSUTLTPQ DYTYSYRVIN NLYYNLLPPE 2 PFLDPEILFG CUATHQ LADITHEYGH TLGYTHNGNM

75

NNCDEERCKC CHIEQVDCQE VQUEDNCHEY RDTDCSFYDY Q Q Q QLID

TTYRTSKTSR PFGAPLLGYN o DYLGLSSYGI IKYNYAQANN EKIQOLSYGY GMDVLEDEIT NLTKKYETSS

LCYECCLRCL YNSYYLLNQY vy YRy CATTNSITLN ECCSHEKVFF

HomD (HP1453/JHP1346): 13 peptides 50

= Presence of a 108 kDa expected HomD-GST-tagged protein
In the IPTG induced cells



Analysis of recombinant 6ST-HomD

- Western blot analysis with monoclonal anti-GST antibody

Non infected Monoclonal
patients Anti-GST

kDa

250

150

100

75

50

= Absence of the 108 kDa HomD-GST-tagged protein



Analysis of recombinant 6ST-HomD

- Western blot analysis with monoclonal anti-GST antibody

Hp. infected Non infected Monoclonal
patients patients Anti-GST

IPTGinduction” + - 4+ - Y 14 A

kDa

250

rHpHomD
108 kDa

150

100

75

50

= Presence of the expected GST-HomD protein
= HomD protein is antigenic in humans



Effect of HomD on adherence & IL-8

secretion
v’ Construction of several homD knock-out strains

KP repeat
\

500 it} 00 80 M) 1000 1160 1200 1300 1400 1500 1800 1700 1830 1900 2000
Fosilion
Window 200 bp, Step: 20 b, GapSip: CGif, Kivura (2-par

Variable number of KP repeats Allelic region

v' Analysis : wild type versus homD knock-out strains
=No effect on Hp adherence
=No effect IL-8 secretion



Conclusions

v' The H. pylori OMP coding gene homD displays a high
worldwide conservation, in contrast to the high polymorphism
observed in other H. pylori OMPs

v "homD does not seem to be “on/off” regulated

v The KP-rich repeat motif seems to be highly antigenic.
This motif is rare among bacterial proteins

v The HomD protein is predicted to be exposed to the bacterial
surface

v HomD is present in the membrane of H. pylori and is able to
Induce an immune response in humans



Conclusions

HomD fulfils important criteria for a vaccine candidate, such as
antigenicity and high conservation among clinical isolates

NEW VACCINE TARGET



