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Helicobacter pylorie patogena bakterip ati @ na s | uz ni ¢ Danhsseanpdak ov a ¢
je infekcijapoezanas az |l i | itim i shodi ma bol esti. | ako

i kakvih simptoma brodzelsitlii,t ivre | s tnidf0pjémiciiaheha ropa s
popul acije zaraza |le se razviti Ilkusat e(glkior agel
gastritisa. U1% zaragene populacije doli Ie do razv
mukoznog tkiva (MALT). Stoga je 1994. Svjetska zdravstvena organizacija probkisidaiju

H. pylori karcinogenom.lreda R. M. Jr PeelkandM. J. Blaser,Nature Rev. Cance2 (1)

(2002) 2837; S. SuerbaurandP.N. Michetti,Engl. J. Med347(2002) 11751186]. Genom
sedamnaest soje\makterijeH. pylori je u potpunosti sekvenciran, pop26695 J99, G27 i

HPAG1 [J. F. Tomb, O. White, A. R. Kerlavage, R. Clayton, G.G. Sutton, R.D.
Fleischmann, KA. Ketchum, HP. Klenk, S. Gill, BA.Dougherty, K. Nelson, J. Quackenbush,

L. Zhou, E.F. Kirkness, S. Peterson, B. Loftus, D. Richardson, R. DodsoB, Khalak, A.

Glodek, K. McKenney, LM. Fitzegeratl, N. Lee, M.D. Adams, EK. Hickey, D.E. Berg, J.

D. Gocayne, TR. Utterback, JD. Peterson, M. Kelley, M. D. Cotton, JM. Weidman, C.

Fujii, C. Bowman, L. Watthey, E. Wallin, W5. Hayes, M. Borodovsky, B. Karp, H.O.

Smith, C.M. FraserandJ. C. VenterNature 388 (6642) (1997) 539%47; R.A. Alm, L. S.

Ling, D. T. Moir, B. L. King, E. D. Brown, P. C. Doig, D. R. Smith, B. Noonan, B. C. Guild,

B. L. deJonge, G. Carmel, P. J. Tummino, A. Caruso, M-Niga&elsen, D. M. Mills, C. Ives,

R. Gibson, D. Merberg, S. D. Mills, Q. Jiang, D. E. Taylor, G. F. Voaal T. J. TrustNature

397(1999) 176180; J. D. Oh, H. KlingBackhed, M. Giannakis, J. Xu, R. S. Fulton, L. A.

Fulton, H. S. Cordum, C. Wang, G. Elliott, J. Edwards, E. R. Mardis, LnGstEandand J.
Gordon,Proc. Natl. Acad. Sci. U.S.A03(2006) 999910004;D. A. Baltrus M. R. Amieva,

A. Covacci, T. M. Lowe, DS. Merrell, K. M. Ottemann, M. Stein, N. R. Salanamd K.

Guillemin. J. Bacteriol 191 (1) (2009) 447448. Svigenomi maj u sl i | nu pr osj e

gustolu kodirajulih sekvenci. Ekstremno brza
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sekvenci upuluje na panmi kt i bridG. Josdnnandkat. ur u p
Rev. Microbiol 5 (2007) 441 452].

Premapa ol o g k o pakterigatd. pytorsjtei u posl jednjih dvadeset
cilj i stragivanj a. Napravl jene sizbakterighhal i zir
pylori [J. C. Rain, L. Selig, H. De Reuse, V. Battaglia, C. Reverdyjrsor§ G. Lenzen, F.

Petel, J. Wojcik, V. Schachter, Y. Chemama, A. Labigmel P.Legrain,Nature409(2001)

211- 219 koji ] 0 ] o mo g u kb § ane) kiselem mediju [[. CendronandG. Zanotti

Febs J.278 (8) (2011) 12231231. Suprotno prethodnom,rbo | podataka o r
strukir ama proteina ove bakt ePRrategin®atg Banlpormahjena: do
su 439 datoteke s koordinatamtma(http://www.pdb.org dok su 33 datotek u postupku
pohranjivanja.

U okviru ove disertacijestrukturno je okarakteriziranon e k ol i ko pr mat ei na
pregi vl j avk pylore FighatidA,eHP1i026e

Pokretljivost stanicbakterijeH. pylori uvjetovana je pravilnom strukturnom organizacijom
bila. Biloseriskaaske]j0odazlilitih proteina va
proteina, neophodni h za po kljawtbeh Zheu M.t.wohi ce u
X. Cai, J. Tang, S. Niu, W. Zhang, Y. Hu, Y. Yin, A. HuaagdD. Wang,Proteins79 (7)

(2011) 23462 35 1] . Gl avne komponente koj e hdoigr al uj
bazalno tijelo (enghbasal body[O. A. SoutourinandP. N. Bertin FEMS Microbiol Rev 27

(2003) 505 523]. FIgD pridonosi virulencijpakterijeH. pyloribudd i da j e nugan z:
pravilne struktur ne hookgad[W. T kuo,iKjHeChina\p B Lobi | a (
A. H. Wang and SH. Chou,J. Mol. Biol.381(1) (2008) 189199 . Do sada su ri|j

kristalne struktur@roteinaFlgD iz bakteija Xanthomonas campestfi@/. T. Kuo, K. H. Chin,

W. T. Lo, A. H. Wangand S.H. Chou]. Mol. Biol.381(1) (2008) 189199 i Pseudomonas
aeruginosgH. Zhou, M. Luo, X. Cali, J. Tang, S. Niu, W. Zhang, Y. Hu, Y. Yin, A. Huang,

and D. Wang, 79 (7) Proteins (2011) 23462357 melLutim slilnost pr o
i zmelu navedenih homologa je manja od 20 %.

CrdA (HP1326) je protein inakterijeH. pyloriva gan za odr gavanje razi

ci topl az mine raangB.WaidnerkksMeg |l c her s, F. Nand S.t 2 hl er
Bereswill, J. Bacteriol 187 (2005) 46834 6 8 8 | . Sve gto se do dana

proteinu s studije o RNA profiliranjuB. Waidner, KMelchers, I. Ivanov, H. Loferer, K. W.



http://www.pdb.org/
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Bensch, M. Kistand S. Bereswill,). Bacteriol 184 (2002) 67006708] k oj e upul uj u
ukl julenost proteina u homeost aakarakiedaZzacgo vi h i

Geni za proteine koji s&intetizirgu uslijed izlaganjeH. pylorit er mi | kom. hgab k u ( e
shock proteins HSPs) Oor gani zdstroaska opesona. Njilodransknipcija vi g e
kontroliranaje trima promotorima (&, Phre, Pebp). Infekcija i prilagodbabakterijeH. pylori
ekstremni m w@avjoenioignud egal yce -imal@joimesut iunk| H8P
regulaciju aktivnosti ureaze i prjgj anj e bakterij skih lsca®ni ca z
Roncarati, A. Danielliand V. Scarlato]. Bacteriol.193 (20) (2011) 56295636]. HP1026
pripada ovoj skupini proteina i u potpunosti je neokarakteriziran stoga je razumijevanje funkcije
ovogproei na i zni mno vagno.

Cil j ovog istragivanja je strukturno kara
bakterije H. pylori i potencijaho objasniti njihovu ulogu saglasakm na razumijevanju
funkcije spomenutih protei narnomd miofizikelnomo d at al

karakterizacij om. Prema dosadagnjim istragi
pravilnu polimerizaciju proteina FIgE koji
bakrovih iona u st anB)HP10® mogenlge ATRicknsl ddmene. r a z i
Rezultat.i i g tj re#dojaivezumijexanjp ulogedesencijalnih metala u strukturi

i funkciji homeostaze, kontrolsinteze strukturnih elemendtai | a b a kt ermoteijae t e
sintetiziranog uslijed izlaganganicet e r mi | kom goku.

| stragivani proteini ( F HaiddbhacteC pyldrAproizvedegri? 1 0 2 6
su u laboratoriju primjenom tehnologije rekombinantne DNA, ugradnjom u plazmidne vektore
i prekomjernom ekspresijom genskih produkata u bakt&s$cherichia coli Ispravnost
ugradnje gena za ¢gel jenu makr aideniitet pratcing pr ov j
pri vj eskomestemanaliZzomn U es | u | pasutoost Higodvjegalkaometda
i spravno formiranj eoglkrotetaeand«l|l shrukhjpee sgelkjo
privijesci (GSTFprivjesak Strepprivjesal ili je priviesakbio uklonjen GST-priviesakt a k o L e r
p 0 ma @gtepljivosti proteina koji bi u protivam formirao inkluzijska tijela

Izolacija proteina iz bakterijeE. coli zapo| et a ] e razaranjem b
soni kacijom ili r aeeb icracke) e m t £t amriclai g avalnj e
kromatografskim metodama (afinitetd@omatografija, geHfiltracija), ovisno o prisustvu,
odnosno odsustvu privieskmea pr ot ei nu. Listola zavrgnog uz

di skontinuirane den at-RAGE).rKarjcantraeja dobiverkhtproteifiao r e z e
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odrelLena je spektrofotometrijski, mj erenjem
vrijednostimae k st i nkci j ski h koef i ci-Lambbedsovan,zakone. Ui z r a |

slulaju velike razine ekspresije ali mal e t
proteina.

Krugni d i k ciraularzdighmoisif) €D) gddnodimenzijski NMEK or i gt en i S u
dobivanjainformacije o prisutnostelemenatasekundarne struktune proteinugt o j e 1 zni n
vagno nakon denaturacije i ponovne renatur a:

i spitana je met odom ditnenghdyhakmiz ight scatenng)gs).v anj a
Interakcija CrdA i bakrovih iona ispitana je WIS titracijom dok je aktivnhost proteina

HP1026 (sposobnost hidrolize AB}i st rpgahanj em promjene apsor
reakcije hidrolize ATPa.

Testiranjeoptimalnih uvjeta za nastanak kristala i optimizacijstklizacije provedeni su

metodom difuzije paretapalaizs j edel e kapi upotrebom robota
(Oryx8 robot) u nanolitarskoj s k a llizacijusmni ni mal
korigtene komercijalne kristalizacijske otop

uvjeti su optimizirani u svrhu dobivanja kristala dobrih difrakcijskih sposobnosti variranjem
razlilitih | i mbeni kaprdmpenatemperajure Rristalizaoje, dodadak r i s t
aditiva, promjena omjera precipitanta i proteina u kristalizacijskoj kapljici, dehidracija kristala).
Dobiveni kristalj ukoliko je bilo potrebnpnamakani su u krio otopini a pot om skl ad
t ek ul e m Snimagje Keistala proteina obavljeno je na sinkmir ESRF (Grenoble,
Francuska) | i SLS (Villigen, Gvicarska) metodom r ¢
Kristalna struktura proteimrai j e @ena met odom mol ekul sjdj@ z amj e
dovoljno slilnog model a) il me t o dtw serhua n 0 ma |
pripremljen je derivaproteirasa selenometioninom).

Genhp0907u k| oni ran j e iz dvhH. pylod (28695 G2T)Rroteima kt e r i
supr ol idglmelmvol j avaj ul 4iltratijons itMALLSeckspeementcen (eng. |
multi angle light scatteringo d r e L e nopelovdi proteinéu otopini nalaze kao dimerne
molekule J edi ni | ni kristald@ su pripremljeni met o
korigtenjem Oryx8 robota te su doogprotetm@ae dvi
FlgD. FlgD_G27kristalizira u monoklinskom sustavP2 prostornoj grupi, a difrakcijski
podatci su sakupljeni na sinkrotronskoj linip14-4 (ESRF, Grenoble, Franska) do
razl ul i v anFgR 2669b i SEMetFigD _j26695 kristaliZiwai tetragonskom sustayu
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1422 prostornoj grupi, a podatci su sakupljeni na sinkrotronskoj kil (SLS, Villigen,
Gvicarska) do r awl sl Blgbad6Gpedod r2az1n| jjvemanj a o
s | ulSeMetlrlgD 266951 ako je u oba slulaja postavl jen
(FIgD_G27i 316 aminokiselina; FIgD_26695301 aminokiselina),jie gene kri st al ne
zajedno s rezultatima masene spektrometrtkazujuda se u kristalnoj strukturi proteina
FlgD_G27 i FIgD _2669%m a | a z i s kr al Asn127p Lys272 Kristalre btrykiure (

proteina FIgD_G27 HpFlgD_m) i FIgD_26695 HpFIgD_t ) razlikuju se samo u wie
aminokiseline (257 i 268)njihovimprek apanj em se dobije standard
jednakih Clatoma 0d038 .y asi metri HpklgD m nalaze isen4 mdlekule
monomera i zauzimaj¥m = 2 ,%D&Y { Struktura sadrgi oko 53
HpFlgD_t i ma u as i sama Irmoleknlwmongmeraauzimave + 3 , D&

te udio otapala iznosi oko 62 ¥adalje, kvaterna struktura u obje kristalne forme je tetramer

koji je u strukturiHpFIgD_t generiran prekéristalografsken s i | et dokje wsirukture d a
HpFlgD_m generiran nekristalografskom simetrijo@imeri se stvaraju preko kontakadia
lanca9ib-lancal 2 t udor domena susjedni h monomera, a
stvarajuli mregu vodi kovih veza izmelgu eh jnar
PISA programa (engProtein interfaces, surfaces and assembligszuju da je takav tetramer
vjerojatnopostojii u otopini. Razlika u oligomerizacigjelovitog proteinaHpFIgD u otopini

(di mer) i s kHpEdDe kristaju(tgirane)t emm@e b i tkiajaprotéineust v o
blizu centra tetramera gdijker asje bnialoanze moogsu I |i e
kontakata nugni hKrismlaa strukttira protetna FlgDaje pokamala da se
monomer sastoji od dvije domentidor i Fnl | | domene, kao gto | e s
homol oga proteina FI gDl llli jcecomanwstiradkrntallwe] uiag
i 234 dokudor d o mlel raminokiselina na Mraju proteina (127 140) i ostatak
aminokiselinskog slijeal na G kraju proteina (235 272). Lys272 je posljednja vidljiva
aminokiselina u strukturama monoklinskeetragonske forme proteindpFIigD. Me L ut i m,

znalajna razlika je uolena u melLusdlldomeoum pol o
u HpFIgD spram etalim homolozima XcFIgD i PaF| g D) . Razlilita ori|j
i zmeHplil gD i ostalih homol oga mo g e upulivat

orijentacijska modula koji predstavljaju dio mehanizma aktivacije proteina.

Pretr a@npabagkepd at aka uoleno je da sve sekver
u razlilitiHelicobaceisama geogda epoznat!l jikrau i neu
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proteina redoslijedXQK(X)2(X =D/E/N; Xo=PI/PL/LS/®) . Oluvane regi|j
samoubrojupopav!| janja, a uviJPPKkETA awVWvg&kaa] ponlaivj ¢ &g
nije pronalen u ostalim homolozima proteina
bakterijskim proteinima ¢gto moge wukazivat:i
protens ki h partner a. Gtovi ge, FI'i C protein (gr
Ckraja sa gaperonom FlIi S te se na taj nal i n
FIl i C. , hedésmthkeNkraja u strukturHpF| gD ni j e n daoghistruktore b ud u i
ostalih homol oga n eFlgb & daktprgeEscherictpaocnlie atio §ijj e 7 U ¢
aminokiselinu kao signalnu sekvencu déigD iz bakerije Salmonella enterica a d r ¢ i | ak
100 aminokiselina kao signal za izlazak iz stanice. W@tibmu da Nkraj proteina predstavlja

signalnu sekvencu i da je zbog fleksiblnosti sklon degradaciji govori i analiza CD
spektroskopijom koja je potvrdila dgelovit proteinHpF | gD aadvgjnice (12, 8
j e obil j e gekwencas i g nmjlkjistkalpag strukturiHpFIgD a-zavojnice nisu

prisutne.

PrirelLeatl islui ti g ea ®Kspresijikk protessntCrdA KStrep CrdA,
CrdA Hissi GST CrdA).Opt i mal na ekspresija temperatw(@ena dob
'C), melut i mdA HigiSttdp&€f d ACdobi vene su velike kol
inkluzijskih tijela dok jeprotein GST_CrdA prekomjerno eksprimiran s velikim udjelom u
topljivim frakcijama.Ka k o b i se povelala topljivost prot
Za pom Vv no smatanj e proteina, ukl julujuli de
razrj elRavzanijleimi.e varijante rekombi nmtettomog pr «
kromatografijom i gefiltracijom.Met odama krugnog di kroi z-ma t e
a potvrlLeno je post oj aerjyrenateriraaameroteisda eraekuu nd ar n
anal i t-iil kter agceilj emolekalska masan potema GrdAHis- privieskom u
prisutnostionaCu?* (14,8 kDa). Dbivena vrijednost se podudarpredv  I° ennmolekulskom
masom (12,4 kDa) i odgovara postojanju monomernih vrsta u ot@mdatkom reagensa za
keliranje metala (EDTA) dol azi doterendancig@j ne p
proteina ka razl il i tRatein&rdAujpm§ wgdodmakgnmime r i z ac
koncentracijeg= 9 mg mL 1. Kvaliteta uzorka za kristalizaciju ispitana je Db% koji je
ukazao na polidisperznost uzorka dok je dodatak t e r d-gkil-b-b-glukopiranozida
(NOG)d et er digna@ut @o v el ao emoostazbikafnitet iona Cl?* prema
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proteinu CrdA ispitanje UW 1 S spektr os kopiKj=olm 01783moeL i zr al u
gto upuliuje na inmma@kgadi het ktarpkemai sti ka p
bakrove i one. amenbkis¢linskisliegudAl o bidlauj e metionin
histidin i cistein, potrebno je ispitati afinitebna Cu" spram CrdA.Za kristalizacijske
eksperi ment e kautomatsku &ristalizaeiju (Ogpb o to bod ) . Pritom |
metoda dfuzie pare iz sjedele  kraapzil itetjb kspstahp:
Kristalizacijski eksperimenfe u sl ul aj u pr ot ei oA CErid@Gau pri ¢
rezultirao formianjem malih kristala u uvjetu s PEG'S Il SUITE (Qiagen) (09l L-, Tris

pH 8,5, {/v) 16 % PEG 4000) p2293 K. Difrakcijska mjerenja dobivenih kristala provedena

su na liniji ID231 ESRF sinkrotrona (Grenoble, Fraskd te su potvrdila da su nastali kristali
proteina. Nagal ost , (dkrailIsu lail 205 jsfe e podrebriadaljndi f r a k

optimizacija kristalizacije.

Slijed aminokiselinprot ei na HP 10 2 6 jedosedamigokiselinhd 362 8B e g6 b

svrstava protein u skupinu AAAproteina. Proteini iz spomenute skupine se odlikuju

s p o s o bvezanjgli hidrolize ATR,t e sudj el ovanjem u razlilit
(transport i degradacija proteina, transkrig
eksprimiran pri28 C,t e j e zatim proliglen a-filtradjont. et nom
Mol ekul ska masa monomera HP1026 {ilracios i 43,

ustanovljeno da su i Apo_HP102&ompleksHP1026ATP-gS prisutni kao dimerne vrste

(96,9 kDa) u otopinite da dodatak AT¢¥S ne poti | e ol i,gspitamajei zaci j
ATP-azna aktivnost HP1026e su dobiveni §le d e 6t i k k n Ko 344 meok Lrl,i

Vma= 0,6019mmol L''s? ka= 0,02s. Dobivene vrijednosti se
parametri ma u sl ul kgsA iz bakterije Estherichia colipAnatizae i n a
sekundarne strukture proteina CD metodom je pokazala da se HP1026 glavninom sastoji od
zavojnica (44,5 %) . Protein se pokazao kao i
od 40 mg mt?, amjerenja DLSom su pokazalda je uzorak proteina monodisperzan i pogodan

za kristalizacijske eksperimente. TakolLer | e
razlili,tiehjediubil eaegSdanAaDRBR]jnoAPBvelavaju tei
(Tm) proteina HP1026 i taa+3,52 C u s | ul aj ugSdeozd #5(18Ca UuA TsPl ul aj L
dodatka ADPa . Kristalizacijski eksperi ment. post
metodom difuzije pare otapala iz sjedeie ka
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razl i | imaPACT BUTE €Qiagenje su snimljeni na sinkrotronskoj liniji PXII (SLS,
Villigen,ipazaishabuadi frakciju (do razluliva
rezultate o terin| ksatjabi | nost i proteina pokugaatak se o

aditvat € su dobi veni vel i"*NaBri04 ia l® Bis-tiis propa pHt u 0, :
8,5, 20 % PEG 3350, 0,015 mmofLCYMAL -7 pri 20 C. l ako su kristald:@ bi

di fraktiral:| su samo do ZI yl igvtaon jjeo gz au vrijjeegka \
strukture proteina.
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A  INTRODUCTION

The bacteriunHelicobacter pyloricolonizes the simach of more than half of theowr | d 0 s
populationt According to theNational Center for Biotechnology InformatigiNCBI) the
genomes obeventeerstrainshave been completely sequendigé 26695, J99, HPAG1 and
G27Z° All of the genomes have similar average lengths of coding sequences and coding
density. The extremely high recombination rate, in combination with a remarkable sequence
diversity, has suggested a panmictic population strubtpgaroximately 10 % of the infected
subjects will develop severe gastric pathologies, like peptic ulcer disease and atrophic gastritis.
Approximately 1 % of infected individuals develop gastric adancinoma and lymphoma of
the mucosassociated lymphoid tissue (MALT). The World Health Organization has declared
H. pyloria class 1 carcinogen in 1994,

Due to its pathological relevandd, pylori has become an important target for research in
the last twenty years, since its first discovery: a large amount of literature has been produced
on it, either from the medical or from the biological point of view; interaction maps of its
proteome have been credftand analysed and its ability to survivetie acidic environment
has been investigatédOn the contrary, structural data on the proteins of this bacterium are
relatively limited: 439 files of atomic coordinates were present iPtbeein Data BanKPDB)
in March 2016 (http://www.pdb.org), an® &re waiting for release. Many proteins have not
been characterized at all.

Within this research several proteins frdth pylori, important for its survivalwere
characterized (FIlgD, CrdA, HP1026).

Theflagellum is a protein complex composed of abdutiferent proteins needed for its
proper regulation and assembly. It provides the cell a chance to move to a more favorable
environment and tavoid stressful conditions? Major sections that define the flagellum are:
the filament, the hook and the blisady!® FIgD plays an important role id. pylori virulence,
owing to its role in forming the hook cap compon¥ritintil now only two crystal structures
of FIgD have been solved (froanthomonas campestr@d Pseudomonas aerugingsbut
the protein sguence identity between FIgD frol. pylori and FIgD from the previously
mentioned bacteria is less than 20 %.

lvana Kekez Doctoral Thesis
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H. pylori copper resistance determinant CrdA (HP1326) is required for keeping the
concentration of free copper ions below toxic levelat this moment there are no structural
data on the CrdA protein and the only available studies are on RNA prdfiling.

Genes forheat shock proteins (HSPs) df pylori are organised in three multicistronic
operons, transcriptionally controlled by three upstrgaomoters (o, Phrc, Pebp). Successtul
infection and adaption to the extreme gastric environment is also enabled by the heat shock
proteins (HSPs) which are involved in regulation of the urease activity and adhesion to the
epithelial cellst’ Since HP1@6 is part of one of the heat shock operons controlled under the
HspR regulator with an unclear function, investigation of its role is very important.

Biophysical and structural characterization of the described proteins is crucial for
understanding the fction of theseH. pylori vital proteins for survival in a highly acidic
environment. The starting hypothess of this work were: (1) FIgD controls the proper
polymerization of FIgE inside the hook of the flagellum, (2) the CrdA protein is involved in
maintining the concentration of free copper ions below toxic levels and (3) the HP1026 protein
possesses an Aftlinding domain.

The goalof the doctoral dissertation wde structurally characterize FlgD, CrdA and
HP1026, and taking into account their biophgt and structural properties to potentially
demonstrate their function. The structural characterizatvas done by biophysical and
structural analysis utilizing methods like thermal stability assay, circular dichroismay X
diffraction and 1BNMR. To understand if CrdA exerts function of copper transport the
interaction between the copper ions and Cnsinvestigatedy UV-VIS titration. To obtain
experimental evidence on the role of HP1026, the ATP hydrolysis assperformed using
the reversed @se HPLC by measuring the change of the absorbance of the reactions products.

The resuk obtained in this researchiden our knowledge and contribute to better
understanding of the role of the essential metal ions in the structure and function of
metallopoteins, the control of proper flagellum construction, as well as the function of the heat
shock protein.

lvana Kekez Doctoral Thesis
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A PRITERATURE REVIEW

2.1. Helicobacter pylorii an interesting medical target

Helicobacter pylor(H. pylor)i s a small (3.5 e€m x 0.5 &gm),
nonspore forming and spirahaped Grammegative rod bacteriaF{g. 1). The bacterium
became an important and interesting target of research since it is known that it can colonize
human gastricells and lead to development of severe gastrointestinal diseases shidnas
gastritis, peptic ulcer disease, gastric mucosa associated lymphoid tissue (MALT) lymphoma,
and gastric cancéf:° The bacterium was isolated and characterized at therbegiof the
6 8 BysscientistsMarshall andWarren? It is known that more thahalf of the human
population is affected with this bacteriffMoreover this bacterium has accompanied humans
for tens of thousands of years during migrations in the abs&naetargeted antimicrobial
therapy’ It has been hypothesized tht pylori colonization could have provided benefits to
its human carriers and hence provided a selective advantage during long periods of human
history?28° The infection with this baetium is mainly transmitted from humao-human
possibly by the fecabral or oraloral route. The infection can be spread vertically within
families, generally in early childhood. While madypylori infected individuals are clinically
asymptomatic, mostill exhibit some degree of gastritis. Approximately 10 % of the infected
subjects will develop more severe gastric pathologies, like peptic ulcer disease and atrophic
gastritis. Approximately 1 % of infected individuals develop gastric adenocarcinoma and
lymphoma of the mucosassociated lymphoid tissue (MALT), a correlation that prompted the
World Health Organization to declare pylori the first bacterial class 1 carcinogen in 1894,

lvana Kekez Doctoral Thesis
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Figure 1. Electron micrograph dfl. pylori. Spiral bacterial bdies with a bundle of sheathed
fl agel | a;(takeraflomysshiama@naiakazawa2002.2®

H. pylori genome is relatively small containing less than 1600 gemesomparison to
other Gramnegative prokaryotes, such Bscherichia coliand Salmorlla entericasubsp.
entericaserovay whose genomes include more than 4000 g&t@3he genomesf seventeen
strains ofH. pylori have been completely sequenced, among them 26695, J99, HPAG1 and
G27%° Genome of the strain 26695 contains 1,667,86@ pags. It is 24 kb larger than the
J99 strain, which contains 1,643,831 base pairs, 71 kb larger than HPAG1, which contains
1,596,366 base pairs and 15 kb larger than the G27 strain, which cdné&p®83Jase pairs.
All the genomes have similar avgealengths of coding sequences, coding density and the bias
of initiation codonsPlausible cause of a wide genetic diversity could be explained by the need
of H. pylori to adapt to thgastric conditions of its host as well as to the distinct patterie of

host immune response.

2.2. H. pylorivirulence factors

Several pathogenicity factors likgtotoxin associated gepathogenicity islandcagPAl),
VacA vacuolating cytotoxin, urease, adhesins and outer membrane parimyolved in
virulence ofH. pylori.?® Large diversity oH. pylori strains indicated that some of the strains
are more virulent and can induce morphological changes and successive degeneration of in

vitro-cultured cell€’

lvana Kekez Doctoral Thesis



A . dterature Review 5

CagA was identified as a main marker for the evaluation dfttiaén pathogenicity and the
presence of a genomic PATag PAl is a DNA fragment about 40 kb long which encodes for
about 27 to 31 proteins, depending on the analyzed strgir2fF#>°Eighteen proteins afag
PAI are involved in the structural orgaation of the type IV secretion system (T4SS) which is
the main apparatus used in the infection process. T4SS enables penatration to the gastric
epithelial cells and translocation of CagA, peptidoglycan and other bacterial effectors to the
host cell* 32 After the injection of CagA into the host cells the protein becomes phosphorylated
and starts to interact with more than 20 different human proteins included in signal
transductior?® This influences the proper function of epithelial cells ldadi cell adhesion,
signalling, adherence and proliferatiynThe bacterial peptidoglycan delivered by T4SS
triggers in the host cell the Nodgésponse and induction of the nuclear fa&Brpathway?®

535 537
(a) 534 542 546
520521 522 526 531 534 / 538 539 540 541 |',4:4 '_.4:,/
 C— o "
Mg e @ % s —
523 524 525 527 $28 529530 532 S44 547 548
(CogA)
B1 D4 B11 B10 B9 B6 B8 B7 BS B3/B4 B2

(b)

A. tumefaciens VirB/D H. pylori Cag

Figure 2. (a) Genes of theH. pylori strain 26695 that encedfor thecag PAI. Numbers
correspond to the HPOXXX number of the ORF represented by afi@vschematic overview
of the prototypal T4SS VirBD from A. tumefacienfeft) and comparison with components of
the CagT4SS fromH. pylori (right). Cytoplasnitc NTPases, proteins forming the core trans

lvana Kekez Doctoral Thesis
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membrane complex and pilus components are coloured in blue, various shades of green and
yellowmrange, respectively. Integral transmembrane segments or proteins are shown as squares.
The additional componentkat have been shown to participate in the-T4§S complex are
coloured in pink while the effector CagA that has been located at the tip of the pilus is coloured

in black. The figure is adapted forfierradot andVaksman201132

VacA is another protein assified as a pathogenic factorttfpylori.?® In its active form it
is a 95 kDa toxin responsible for massive vacuolization in gastric epithelial cells if®vitro.
Moreover, it is shown that peptic ulceration and gastric cancer can be caused by sefretion
VacA 3738 Firstly, VacA is produced as a 140 kDa proprotein that is further cleaved into the 95
kDa mature protein during the secretion. There is a significant difference in the pathogenicity
of this toxin encoded by theacAgene among the differeht. pylori strains.VacAgene can
encode for several types of VacA protein that has different composition of signal and middle
regions (s1/ml, s1/m2, s2/m2). S1/m2 genotypes have the highest vacuolating activity and are
more involved in the peptic ulcerati@and gastric carcinoma, while the s2/m2 genotypes lack
the vacuolating activity’ It is also interesting to highlight that even the spewificAgenotype
of the same patierstrain combination shows a different expression level of VacA over time,
showirg the ability of rapid evolution of this bacterium to adapt its genetic material for
persistent infectioA’#° When secreted, VacA forms pores in the membrane of the epithelial
host cells allowing the release of urea, anions, cations and nutrients &dmghcells. The
VacA protein is also included in several cellular processes like induction of apoptosis (through
the activation of the endogenous mitochondrial channels) and inhibitiorcelisTactivation
and proliferation fig. 3).

lvana Kekez Doctoral Thesis



A . dterature Review 7
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and proliferation

Figure 3. The influence of VacA on several cellular processes and its involvement in the

infection process dfl. pylori. This figure is taken forrKusterset al, 2006%°

SinceH. pylori colonizes aracidic nichdike gastric epithelial cells, regulation of acidity is
an important mechanism of survival of this bacterium in these condiloqylori survives in
the range of pHt - 6.5 and thus this bacterium requires special mechanisms to adopt to the
extreme acidic enviromentlrease is the main enzyme that can ineegaH by catalyzing the
hydrolysis of urea that generates ammonia and carbon dix&lmmonia neutralizes the
acidity inside the gastric lumen and forms a neutral microenvironment surrounding the

bacterium (Scheme $j
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O

Urease H

H:O ——» NHs+ HoN-C-OH

Urease

@]
|
H>N-C-NH2 +
@]
|
H>N-C-OH +
H,CO3 =—=H*"+ HCOs

HO ——» NHsz+ H2COs

2NHz+2 HHO<——= 2 NHs*+ 2 OH

Scheme 1Hydrolysis reaction of urea catalyzed by urease.

In generalurease can be found inside the cytoplasm of all other bacteria and*plahils,

the urease fronH. pylori can al® be present on the surface of the cell but only when it
undergoes spontaneous autoly$iShe role of cytoplasmic urease is protecting the bacterium
from acidity because it could increase the periplasmic pH and membrane potential in

combination with Urgla protorgated urea chanrféf®while the external urease is essential

for survival of the acieexposed organism. The crystal structurenickelcontainingurease

from H. pylori (Fig. 4) shows that the protein is built from two different subunégsandb (a

-61.7kDab-26 . 5

k Da)

f or mi ngasssmbh/2t er ot ri meri c
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Figure 4. Cartoon view of the crystal structure of urease fidnpylori (PDB ID: 1E97)*a
andb subunits are colored in yellow and pink, respectively, while the two nigkielis are

labelled as grey spheres. Thigifie was produced using CCP4MG

Adhesins and outer membrane proteins are an additional clads pflori virulence
factors?® They are responsible for the adhesion of bacterial cells to the gastric epith&liu
list of part of the adhesion proteins involved in the infectious process is given in Table 1.

lvana Kekez Doctoral Thesis



A . dterature Review 10

Table 1 Adhesins and their role in the pathogenesid.qgdylori

Protein / gene Predicted role Association withH. pylori
cluster related disease
BabA Binds to fucosylated %blood group babA2 allele has beel
antigen on celf§ implicated in peptic ulce

disease and gastric carfder
SabA Mediates binding to sialic aci
containing glycoconjugates (sialy
Le* and sialylLe? antigens) and it -
involved in thke activation of
neutrophile’
SabB Unknown binding specificity Absence of SabB expression
the phase variation is involve
in the development of duoden

ulcerst

In addition to the previously described virulence factors, several other factargaréant
for the successful colonization and survivalbfpylori in the gastric epithelial cells such as
motility, detoxification, metal ion homeostasis and heat shock regulation. They will be in more

detail discussed in the next paragraphs.

2.3. H. pylori flagellum

H. pylori motility requires proper structural organization ebdunipolar flagell&? In order
to survive in the hard stomach environment and to permanently colonktepylori has to
move through the mucous layer and adhere to gastiibelial cells, in particular during the
initial phases of the infecti?* and in doing so it has to rely on flagetf&® In contrast to
many other Grammegative bacteriatielicobacter(and Campylobacter species possess an
unusual velocity in viscous media, possibly due to their helical shapes and to the presence of
exclusively polar flagell8>The structural organizatiomd control of flagella in Gramegative
bacteria has been thoroughly studied?>® The complex flagellar structure is composed of

approximately 30 different proteins, but many additional proteins (like chaperons and pumps)
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are necessary for flagellagnession and assembly, resulting in a total of at least 45 proteins
(listed in Table 2).

Table 2.H.pyloripr ot eins involved in f| ageedl, P0i4f° ass e ml

Location Protein Name for Typology Role Complex Number PDB-ID structure
name strain of AA
26695
Export FliO HP0583 Membrare protein  Protein  associatec 293
system with FIiP
FliP HP0685 Protein  associatec 153
with FliO and MS
ring
FliQ HP1419 Export component  Associated 88
with  FIhA
and FIhB
FIiR HP0173 Associdged with the 225
MS ring
FIhA HP1041 Target for soluble 733 3MYD
export proteins
FIhB HPQO770 Target for soluble 358
proteins
FliH HP0353 Soluble protein  Negative regulator The 258
of Flil complex
FliHIJ
forms an
ATPase
complex
Flil HP1420 ATPase; export Interaction 434
protein outside of € with FliH
ring
FliJ HP0256 Putative protein 142
FigJ HP0245 Putative protein 105
MS ring FliF HP0351 Transmembrane Transmembrane Associated 389
protein component of rotor with FIhA
Cring FliG HP0352 Cytoplasmic Rotor switch protein Associated 343 3USW; 3USY
protein with  MotA
Flim
Flim HP1031 Involved in the rotor N-terminus 354 4GCs8, 4FQO0
switch; binds the interacts
CheY-P protein with FliF
FIiN HP0584 Flagellar export 106

component; rolein
switching protein

Fliy HP1030 Flagellar export 283
component
Stator MotA HP0815 Transmembrane Forms a proton 210
protein channel through the
membrane
MotB HP0816 Associated 257 3S03, 3SOH
with MotA (periplasmic region),
3IMP, 3CYP, EYQ
(C- terminal domain)
P ring Flgl HP0246 Part of bushing 285
L ring FlgH HP0325 Part of bushing 237
Proximal FlIiE HP1557 Has a role in rod 109
rod stability during the

growth; part of the
export gate; MS ring
rod junction protein

FlgB HP1559 140
FigC HP15558 161
Distal FlgF HP1092 269
rod FlgG HP1585 262
Hook- FlgK HP1119 Soluble HAP1 606
filament FlgL HP0295 HAP3 828
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junction
protein
Filament FIiD HPO752 HAP2 685
capping
Hook cap FlgD HP0907 Soluble Rodmodification 301
protein; required for
hook polymerization
Hook FliK HP0906 Hook length 77
regulator
FIgE HP0870 Hook protein Helped by 718
FlgD in
polymerizat
ion
Filament FlaA HP0601 Flagellin subunit Polymerize 510
s with FlaB
FlaB HPO0115 Flagellin subunit 514
HP1076 Interacts 3K1H
with FliS
Flis HP0753 Cytosolic protein 120 31QC; 3K1l
specific for FlaA,
FlaB
Regulato FigM HP1122 Encodes the 77
ry protein inhibitor of
f 1 a g e?factom
FliA HP1032 Negative regulator 255
of HgM
FlgR HP0730 Activates 381
transcription  with
0**factor
Chemota CheY HP1067 Chemotaxis Interacts 124 3GWQ; 3H1F;
ctic with FliM 3H1G; 3H1E
factor
Chaperon FlgN HP1457 Chaperon FigK 210
FlgL
FIiT HP0754 Chaperon FIiD 79
FlgA HP1477 Periplasmic Chaperon involved 218
protein in P-ring assembly
Flagellar FIhF HP1035 459
biosynthe
sis
protein
Flagellar Fliwl HP1154 135
assembly
factor
Paralysed  pFIA HP1274 801
flagellar
protein
Flagellar Fliw2 HP1377 129
assembly
factor

The flagellum is a rotatory narmaachine that can be described as composed of two portions,
the extracellular filament and the heb&sal bodyKig. 5). The latter represents the flagellar
motor that converts the chemical into mechanical endrgige hookbasal body can be divided
into three substructuregl) the base, localized in the inner membrane and spanning to the
cytoplasm;(2) the rod and ring structures, located in the periplasmj@nithe hook, present
on the surface. The assemblytioé flagella and the stator requires proper interactions with the
peptidoglycan layer through which the organelle has to pass for externalfZdRoureet al

(2012f* demonstrated that even though the flagella were correctly assembled, lack of the
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appuopriate lytic transglycosylase (MItD) resulted in incorrect localization of the flagellar motor
proteinHpMotB to the bacterial pole and with a loss of motility.

Extracellular
filament

Hook associated proteins
FIgK, FlgL

Hook FIgE FlgH (L ring)

Outer membrane!

FlgG .

Rod and FlgF Flgl (P ring)
z

i Peptidoglycan

Bsal structures
el FlgC

body FlgB
Moo R HIE

11

Inner membrane

T3SS
FIhA FliO
FIhB FliP
FliQ FliR

Base [

Figure 5. Structural organization of the. pylorif | agel | um ( a cteap2084° f r om

Until know little is known about the structure and assembly of flagellar proteinsHrom
pylori. Moreover, only seven 3D structures (includifiggellar chaperons) have been
determined so far (Table 2).

The relevance of studying the moleculachatecture of flagellar proteins is crucial for
designing new therapeutic targets since flagella are components essential for bacterial
colonization of the host. On the other side, the flagellum represents an ideal example of a
molecular machine and the ainism of conversion of chemical into mechanical energy. The
bactera have been able to devise it durlitlion years of evolution and it can eventually be

applied for nandechnological purposes.
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2.3.1. The hook

The hook, which is a tubular structutleat connects the basal body to the extracellular
filament, is made of about 120 copies of a single protein, called FIgE. Until now, only the crystal
structure of FIgE fronSalmonella enterica subsp. enterica seroVgphimurium (PDB ID:
1IWLG)* has beeml et er mi ned at 1.8 | resolution. The
369 out of a total of 402. The crystallized fragment of FIQE lacks both tlamdNCterminal
regions, since the fulength protein formed filaments and thus failed to crystallire Jame
behavior occurs during the crystallization of the -faligth flagellin protein. The group of
authors that solved the crystal structure of FIgE built a model of the hook by using electron
cryomicroscopy and image analysis, together with the dockgstal structure of FIgE.
According to the density map, the hook is composed of three domains: the outermost domain
at the surface (7.5 nm), the middle domair6(Bm) and the inner core domain that forms a
tube (1 nm thick; 3 nm axial lumen).

FIgE is aprotein that tends to form filaments and, for this reason, it needs the presence of
other proteins, FliK, FIhB and FIgD, in order to properly assemble the hook outside the external
membrane of the bacteriuthFliK is supposed to be involved in measurenefrthe correct
hook lengtfi*®® while FInB (part of the type Ill secretion systefi8SS) is located in the inner
membrane and helps the hook formation by interacting with tdentain of FliK. When this
interaction occurs, it induces a signal for termorabf the export of proteins involved in the
hook assembly and a signal for the export of proteins necessary for the filament foffnation.

There are also two proteins between the hook and the filament, balddassociated
proteins- FIgK and FlgL. Thes proteins form a very short hodikament junction zone,
important for adapting these two mechanically different structures. The hook is relatively
flexible, while the filament works as a propeller and for this reason has a much more rigid
structure.According to this fact, those two proteins should share structural characteristics

similar to the hook and filament proteins.
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2.3.2.FIgD protein

FIgD in Salmonella typhimuriunis predicted to control the correct number of FIgE
monomers that form the ho8kin this bacterium FlgD is absolutely needed for the assembly
of the flagellar hook, but it has not been detected in the mature flagéllEigD, like the
majority of theflagellar extracellular components, is exported via a speE8RS, located at
the base of the flagellum. After assembly of the basal body in the cytoplasmic membrane and
the Gring in the cytoplasmic space, the flagellar export apparatus is built withinring &nd
gets ready to export the axial components, among which is Flgidngiruct the rod, hook,
hookfilament and the long filament, according to this ofieflgD is associated to the
apparatus when the rod is completed, but it is discarded as soon as the hook is completed, i.e.
when FIgK is added to the hook. During thr@gess the interaction between FIgE and FlgD
may take placé’

Two crystal structures of FIgD from other bacteria have been deternitseddomonas
aeruginosa(PaFlgD, PDB ID: 30SV*? and Xanthomonas campestr{XcFigD, PDB ID:
3C12)4 Fig. 6. Both structures lack the-términal domain, which is predicted to be largely
flexible, at least for the isolated proteins. A study of FIgD fi&scherichia cofi® indicated
that the first 7IN-terminal residues represent a signal for the export of the protein through a
T3SSinto the flagellar channel. BS is an essential part of the flagellum apparatus that allows
the proper export of the proteins necessary for the assembly of the flaggdlinm both FigD
structures monomer is composed of two domaitisin b strands Fr-lll nad tudordomains
(Fig. 6). Kuoet al.(2008)“performed DALI search against the PDBing the coordinates of
the two separate domainsXdFIgD. They found thatudor domain superimposes well with the
spinal muscular atrophy tudor domain and a number of chromo domain (a member of tudor
family that can interact with specific methylated lysinies histones). F#ll domain

superimposes well with the Al domain ofcell adhesion and hepa+innding proteins.
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(a) (b)

Figure 6. Crystal structure of FlgD monomer froia) X. campestri¢PDB 1D: 3C12%* (b) P.
aeruginosaPDB ID: 30SV}2 This figure is produced using CCP4MG

2.4. Detoxification and metal ion homeostasiin H. pylori

Regulation of metal ion homeostasis is of critical importance to all living organisms.
Particularly, @aptation oH. pylorito the conditions in the gastric mucosa involves acquisition
mechanisms that overcome a temporary lack of thel et Metal ions have role in various
biochemical reactions and both deficency and excess of particular metal ion can lead to the cell
death or growth delay. Metal ions are cofactors of enzymes that catalyze reactions like electron
transport, energy mdialism, redox reactions and are involved in the regulation of the osmotic
pressure of the celf

Nickel ions are essential for the proper structural organization and activity of the main
pathogenicity factors, urease and hydrogenase. Moreover, seveeakaty proteins like
HypA, HypB and UreG are needed for the maturaion oiNlEe] hydrogenase and ured$é
In the acidic microaerobic environmeHt pylori utilizes FeoB proteinfor transportof the

ferrous ion (F&).”®Ferric reductase is anothigpe of enzyme that reduces ions'Fe F&*
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which are then transported by the FeoB system. Beside the mentioned iron dependent enzymes,
iron storage proteins iMH. pylori have been characterizéd Pfr ferritin and HPNAP
bacterioferritin. Pfr ferriting a 19 kDa protein known to be responsible for the regulation of

the concentration of free iron ions below the toxic levels as well as an iron deposit that can
release and reuse the stored iron under the reduced iron confit@oisalt ions are also
important for the activity of arginase enzyme which is involved in the nitrogen metabolism

and immune response Mdf pylori.

2.4.1. Copper ion homeostasis

Besides nickel, iron and cobalt, copper ion is also an important cofactor in the regulation of
metal homeostasis irH. pylori and plays significant role in electron transport, oxidases,
hydroxylases and can mediate the formation of the oxygen reactive species. In addition, several
proteins are involved in the transport of copper ions and control of doaibem of free copper
ions in the cytoplasm below toxic values. Among them atgpP ATPase CopA® HP1326
(CrdA), HP1327 (CrdB), HP1328 and HP132®n interesting study reported Bereswillet
al. (2000Y7 suggested that the ferric uptake regulakar) protein participates not oniry the
regulation of ferritinmediated iron storageut also in the copper repression of Pfr synthesis.
They showed thaton starvation, as well as medium supplementation with nickel, zinc, copper
and manganese at nonimgoncentrations, repressed synthesis of ferritin in thetydd strain
but not in thed. pylori fur mutant.

2.4.2.CrdA protein

CrdA (HP1326)is a 13.8 kDa putativeopper resistance determinant rich in methionines.
In contrast to known copper chapees, the protein sequence of CrdA lacks cysteine and
histidine residues. Since CrdA is a secreted prpieis predicted that it contains the first 20
amino acids as signal peptide. Protein sequences of CopCPsendomonas syringaend
CrdA from H. pylori share a common MXXMPGMBmino acidmotif. Crystal structures of
the copper binding CopC protein froRseudomonas syringa@®DB ID: 2C9Q)”® and
Methylosinus trichosporiufPDB ID: 5ICU),”° revealed that this class of proteins can contain
different birding arrangements: a canonical two binding site I(Cagd Cul)) or just a single
Cu(1) binding siteFig. 7.
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Cu(ll) site
Cu()) site

B-strand 4B
Mst-CopC

Figure 7. Structure alignment d¥istCopC (light pink) andPssCopC (purple). Copper ions are
presented as blue spheres. This figure is téloen Lawtonet al. (2016)°

At this momentthere are no structural data on @elA proteinand the only avéable
studies are RNA profiling® According to the formertsdy ORF HP1326 that encodi® H.
pylori CrdA protein, showed a strong transdopt activity upon increased copper
supplementation while the nonheme iron containing ferritin (Pfr) synthesis was repfégsed (
8). Similar behaviour was observed when the neighboring genes HP1327 (CrdB) and HP1328
(CzcB) were inactivated. Other homologk known copper regulation activity likE. coli
CueR,Pseudomona€opR/S andralstoniaCzcRS are not present in the pylori genome.
Taking all together, Waidnet al.(2002)° proposed a novel type of copper efflux pucatied
Czc system that iconssted of copper resistance determinants CrdA (HP1326), CrdB
(HP1327), CzcBHP1328)and CzcA(HP1329) Fig. 8,which H. pylori requires for keeping
the concentration of free coppens below toxic levels
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Figure 8. Schematic overview oH. pylori responsg to increased copper concentrations
Induction ¢) and repression § of gene expression mediated by the increasggerpool are
indicated by arrows. The putative composition of the Czc systehh. @ylori HP1326 to
HP1329 was constructed using Ralgonia Czc system as a model. Putative location of CrdA
(HP1326) protein is indicated in gredrhis figureis adapted from Waidnet al (2002)°

2.5. Heat shock proteinsin H. pylori

Heat shock proteins (HSPs) are, togethign the transcription ragatory factors HrcA and
HspR another important factors bif. pylori successful infection and adafion to the extreme
gastric environmerf®l’ These factors, besides their main role in proteatiothe bacterium
from the environmental stresses, argoainvolved in the regulation of urease activity and
adhesion to epithelial cel’$*3Generally, Granmegative bacteria lik&. coli show positive
regulation of HSPs through a specialized RNA polymesdééactor, which isabsent in the
genomeof H. pylori. Opposite to theE. coli regulation transcription contrioof HSPs inH.
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pylori is negatively regulateldy HrcA and HspRThe HSPs o. pylori are organised in three
multicistronic operons, transcriptionally controlled by three upstream promoigss Rii,

Pebp), Fig. 9. It has been demonstrated that under the normal growth conditions two regulators
i HrcA and HspR are both needed to repress transcription freranePyo promoters in an
independerd? or cooperative mann&rwhile HspR by itself ontrols thePcy, promoter. The

same dual heat shock regulation is present&taphylococcus aurewghere CtsR and HrcA
synergistically repress transcriptiondsfak andgroESLoperons$2 WhenH. pyloriis exposed

to heat shock the repression is blocked BISP transcription is induced. Moreover, Roncarati

et al (2007%° supposed that controlled synthesis of HSPs such as GroES, GroEL and DnaK
chaperones could affect the flagellar assembly or other cellular structures and contribute to the

proper motility.

Figure 9. Structural organization dfl. pylori heat shock operons and their transcriptional
regulation controlled by HrcA and HspR regulatdip1026gene (highlighted in red) igart

of one of the heat shock operons regulated by HspR. This figadamed from Roncaradt

al. (2011)Y

2.5.1. HP1026protein

HP1026 isan uncharacterized protein with an interesting gene location under the control of
one of the heat shock promoterssg and theHspR repressor. Two other genebpAand
hspR tha are located upstream of thp1026gene Fig. 9) are regulated by the same promoter

and repressor. It is known thabpA codes for a homologue of cochaperone curved BNA
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