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Abstract

Project Code : MRG5580161

Project Title : Regulatory role of flagellar gene complex in Helicobacter pylori biofilm
formation

Investigator : Dr.Panan Pattiyathanee, Chulalongkorn University

Mentor : Prof.Dr. Wanpen Chaicumpa, Mahidol University

E-mail Address : panan_etc@yahoo.com

Project Period : 2 years

Helicobacter pylori biofilm formation is considered as a cause of difficult-to-treat, chronic and recurrent
infections in gastric mucosa of patients. However, the regulation of H. pylori biofilm formation is still poorly
understood. Flagella contribute to a biofilm formation by many bacteria. Previous study has shown an
upregulation of movement controlling proteins during H. pylori biofilm mode of growth, including FIgL, FIgE, FigD,
FlaA and FIiD. Here, role of flagellar genes in a regulation of biofilm formation of H. pylori was investigated. H.
pylori figL, flgk, figD, flaA and fliD mutants were constructed by inverse PCR mutagenesis. Bacterial mobility and
adhesion to human epithelial cells were assessed by motility assay and fluorescein isothiocyanate staining
adhesion assay, respectively. Biofilm formation was evaluated both by pellicle assay and quantitatively by crystal
violet staining. The cyto-architecture of biofilm was photographed by scanning electron microscopy. Only fliiD
mutant could be successfully constructed here. We observed no significantly different levels of bacterial adhesion
and biofilm formation between the wild-type ATCC 43504 and the fliD mutant H. pylori. Apart from a poor motility,
the fiiD mutant had a slightly delayed biofilm formation as well as a remarkable incomplete cyto-architecture of
biofilm. Bacterial cells residing in biofilm of the fliD mutant, compared to that of wild-type, showed a loose
accumulation with less apparent cross-linking fibrils. Furthermore, most of the mutant cells had truncated flagella.
This study provided preliminary evidences of fliD that potentially regulated biofilm formation and also was
required for motility of H. pylori. Further works are being required in order to elucidate a precise molecular

mechanism regulating biofilm formation of H. pylori.

Keywords : Helicobacter pylori, biofilm, flagella, fiiD
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\§a Helicobacter pylori dusimedagvaslialuszuumaduaims onfiitu lsanszwizainns
aNLEL L3ALNAlHATEIAZa1MT ¥59lunITINZa1WT wazazi5Iua9 mucosa-associated lymphoid tissue
(MALT) Wamunsondaluleflsudedsmwgsliifomunsanudesnnaasondiiuisua: lifadszase vin
11)%”1,%@6‘1150agjsl,um”a;jﬂw"l,@i”l,ﬁmw:nmmu Aemsiadaisess uasrinldnssnendumaiauan gaanled
ﬁﬂmmjuﬁuuwgmam laun 8w 8w figL, figE, figD, flaA uaz fiiD ﬁaim‘mmiamsmqumm%’w"[ﬂaﬂﬁu
289188 H. pylori 1i0431nINMIAN B AENUINN9EU proteomics WuMsLaaseanvaslUsdumaitlniedn
dvagluanizluleflda atnlsfiananilevnlwida H. pylori SUWUTNIATIIH ATCCA3504 NAIEWUTURD
wm']ﬁl,w”‘ml,%aﬁﬁamUw”ufﬁﬂi:aum’mﬁ«‘i’lﬁﬁﬂufu@au@“’an&h’s &un 1o H. pylori ﬁﬁmsnmsw”ufmaaﬁu
fliD Lfiaﬁ,'lL%@@ﬁnﬁmvlﬂmaaumm%ﬂuiaﬂﬁaﬂ@mﬂ%‘yuLﬁﬂﬂﬂ”ﬂL%@@ﬂﬁw”ufuwmsgﬁu WUIN H. pylori &8
vWugAdmsnasuasiu D sunsosalule@suldluuTuod liuandnsanids H. pylor sevuginesgn
ATCC43504 udnmInanawuguasiu fiD ﬁwa@iam?ﬁ:aamia‘fﬁavluiaﬂﬁuLLa:miw”@umIﬂida‘?ﬂaﬁaugirﬁ
ya9lulaflay uaﬂmﬂf':miﬂmmwumfmmﬁu fiD uadanisindeuifnaaasvadte H. pylori Ué hiwuINAnasa
miﬁ@l,m:@ial,smﬁl,ﬁaqﬂdm HEp-2 ash{lvlﬁﬁmmTayjaﬁvlﬁmnmiﬁnmluﬂ%f:ﬁ'ﬂajLﬁmwaﬁ'a:a%mUfvaﬂ

Tumimugunisainelulafisuvasisa H. pylori ldatnsasuin uazdsdasmanisdnsifaduluamaa

2. andsraAnuivy
2.1 WasaLTa H. pylori awuwsndmInaewuivasbuunaaaa dur figl, figk, figD, flaA waz fiD
2.2 Wadnmunumasduunasaslunisaugumisislulefiduvanie H. pylori

3. sziiigudl5IvY
3.1 ﬂ’]iLW’]:LgﬂGL%EJ
LW’]:Lgﬂ\‘lL%a H. pylori ATCC43504 U4 Brain Heart Infusion (BHI) agar ﬁﬁmuwamauﬁamm: 7% fetal
bovine serum 10 % LLﬂ:mﬂﬁ%lu: laun e vancomycin, amphotericin B, polymyxcin B L8z trimethoprim dalu
gnzifoMmMa3eans (N, 85 % 0, 5 % waz CO, 10 %) 1 37 °C 1w 3 T wialtlumnasausnsg Tuin
gald

3.2 mia%'mL%aﬁﬁﬂﬁﬂmﬂﬁufmaaﬁu flgL, figE, figD, flaA uaz fiiD eaeinada Inverse PCR mutagenesis
3.2.1 NM38N@ chromosomal DNA vad.Ta H. pylori ATCC43504

ilalaflvasibe H. py/oriﬁﬁmq 3 TuNNan@ chromosomal DNA @18%@&Ma QIAGEN DNeasy®

Blood & Tissue MuTUABUALIHNENAAULULIN UAZLAL DNA ﬁan”@vlﬁﬁqmﬁnuﬁ -20°C auninazintdle

3.2.2 matRuswandu figL, figE, figD, flaA uaz fiiD ArLinadia PCR

DNA ﬁan”@vlé’f%aﬁugnﬁﬂﬂLﬁ'uﬂ%mmﬁaﬂmﬂﬁﬂ PCR e primers fisuwnzdafin figl, figE,
figD, flaA uaz fiD Fefioazifuaad primers uazaWI@ PCR products asudazfuasnuaziduanuaasln
a1397 1 1§31 PCR vasudszfulul3anas 100 pl dsznaulues DNA G96% 400 ng, forword primer
AT reverse primer USumwasiniag 1 pmol, 200 yM dNTP, 10X PCR buffer, 2 mM MgCl, uas Tag DNA
polymerase 1.25 units ﬁwﬂﬁﬁ?mmzfl,@i’qm%gﬁuazizmnmﬂwmamlumswﬁ 2 aTaRaUNanAndulagy

%1 PCR product ﬁvl,ﬂwlﬂutlﬂuu 1.5% agarose gel electrophoresis lawld 100-bp DNA ladder \Jw marker



A13191 1: Primers Niwzdaduudazsiavadia H. pylori ATCC43504 Lazuw1avad PCR product

Inverse

Product PCR Product
Primer sizes primer size
Gene name  Primer sequences (5'-3') (bp) name Primer sequence (5'-3') (bp)

flgL flgLF ACCAAGAAAGCGCGACTAAA 687 InflgLF GGAGATCTCCGCTATTCCACTT 682
figLR  CGCTCGCGTTATTAGTGGGG InflgLR GGAGATCTTCTCGCTCAACTTGG

flgE flgEF  GAGCAAAACGGCTATCAAGC 199 InflgEF GGAGATCTATCCTGAAATCGCGA 194
fIgER  CGATTAAAGCTTGCCCTGAG InflgER GGAGATCACTGAACGCTCCTAA

flgD  flgDF  ATTCGGTGAGCATGATAGGC 247 InflgDF GGAGATCGGACTTACTTTTGTT 242
figDR  ACTTTTTCGCCCTTTTCGTT InflgDR GGAGATCAATCGCTGGCACTCC

flaA  flaAF  GCGGATAAGGCTATGGATGA 842 InflaAF GGAGATCTACAGGCGTTAAAGCC 818
flaAR  GAGTCAGAAGCCGAAACGAC InflaAR GGAGATCTTTCTGCTAACACGCC

fliD fliDF GCTACCAATGGCGAAGTGAT 292 InfiiDF GGAGATCTATCCACGCTCACTAA 274

fiDR CTTTTTGGATTGCGGTGTTT InfliDR GGAGATCTTAGACTCGGTTGTCT

@139 2 : UJASeuazgungdinlsluniayi PCR n3vh inverse PCR mutagenesis wazn13vh

colony PCR
MDAz
AU PCR IPCRM colony PCR U

30U
Pre-Denature 93 °C, 5 Wil 95 °C, 1 w17l 93 °C, 5 w17l 1
Denature 93 °C, 1 wfi 95 °C, 15 W1l 93 °C, 1 w7l
Annealing 55 °C, 1 w1l 55 °C, 15 w1l 50 °C, 1 w17l 35
Extension 72 °C, 1 wfi 72 °C, 2 wifl 72 °C, 1 wfi
Final extension 72°C, 10 W - 72 °C, 10 WAl 1
Hold temp 4 -




3.2.3 mﬂﬂauﬁuu’ﬂﬁg; pGEM®-T Easy vector

¥ PCR product vasudazdufiinsruwanlaasdnadn Iﬂamﬁ%j pGEM®-T Easy vector au
mgu@auﬁumﬁﬂmu%ﬁmjwﬁm 14 PCR product wasudasdui3unm 10 pg ¥ufi3en ligation Ty
sulsznauvay pGEM® T-Easy vector 50 ng, 2 X rapid ligation buffer, T4 DNA ligase 3 units mald
U3unasgnd 10 pl uaz incubate Frufiudi 4°C 14 ligation product Iﬂaumﬁzj E. coli DH5-0L competent
cells #1835 heat-shock transformation LazA@ALRaN competent cells ﬁﬁwmﬁﬁﬂ‘i_lﬁﬁ!ag;ﬁ’m blue/white
colony screening assay U4 Luria-Bertani (LB) agar ‘ﬁﬁ amplicillin 100 units/ml, IPTG 32 pl/ml waz X-gal
40 pl/ml Iﬂ‘[aﬁﬁﬁmﬂﬂauﬁmﬁ']g& competent cells lagnt5azdiFv17 aﬁuﬂ'ummgnﬁawaaﬁuﬁgﬂlﬂau
11 lUeeA% colony PCR amplification §ag primers f1s1tw1zda T7 (5-TAATACGACTCACTATAGGG-3')
Wz SP6 (5-ATTTAGGTGACACTATAG-3) HufuANNYNABIUIHAIINMINARELAINIIGIINNTHIAN
wanuw 1.5% agarose gel electrophoresis Wwanlalativas competent cells ﬁlﬁ’wauaﬂﬂ’mmiﬁu{m
nagauTiH Wvnmaindwn lagwizdeslu LB broth U5u1as 10 ml Af amplicillin 100 units/ml
YiNN13 incubate ﬁlqm%n“ﬁ 37°C wiawwwdni 200 rpm w24 falus niudud 4,000 rpm, 10
Wit Wansniensgwtinlais waztinsuaznenllusnwanadade QIAprep Spin Miniprep Kit ANATRAEH
ﬁu’%ﬁ'mjwﬁmmzﬂw @maaaummgﬂﬁawaawmaﬁ@ﬁﬁﬁuﬁiﬂamﬁﬂﬂﬁﬂmg\a@i”sﬂmm”ﬂﬁ’smauvlsnﬁ
AN Notl %aazlﬁ%uﬁmﬁgn@”m‘hLmzaad%umu foswasduiilaawdnluazdinuas pGEM®-T

A o ¥ e o
Easy vector Sﬁ\'iﬁ"U%']@ 3,015 bp Nﬂﬁ]']ﬂﬂ"]i‘ﬂ@]aallﬁuﬁluﬂ?']Ngﬂ(ﬂad@]\‘]ﬂﬂq"lgﬂuquqLLElﬂlJ'H: 1%

agarose gel electrophoresis Waadafiania laigniiufigangd -20°C aundrazinluls

3.2.4 N1 inverse PCR mutagenesis

wmaﬁ@ﬁﬁﬁumsqagjmn‘ngu@lauﬁmuu aninan inverse PCR mutagenesis lasld primer @9
NoazduanuaadluaTefl 1 GinandaInnIvh inverse PCR mutagenesis a2 leduiifivane’ly
Fwan 518 giua uazlidunisdadunizvasenlmidadimnz gl dnngaguinanaadn UfiTen
inverse PCR mutagenesis ﬂi:ﬂa‘uéﬁmeaﬁ@ﬁﬁﬁumnm&u@lau(ﬁ'ﬂuuuﬂ%mm 400 ng forward primer
W8 reverse primer 88198y 20 pmol §138¥ae MyFi mix anuTudu 2 1wih @9ilsznaudas MyFi DNA
polymerase, dNTPs W&z MgCl, 4311a3 50 pl ﬂ%’ulﬁﬁﬂ’%mmq@ﬁwmﬂﬁb 100 pl @T’mﬁ’mﬁuu’%qﬂﬁgﬁﬂ
ﬂﬁﬁ’%mmﬂﬁqm%gﬁu,a:swmmﬂ”\mamim'ﬁnﬁ 2 HANE® inverse PCR mutagenesis Y3103 15
ul 11AIIIFAUUW 1.5% agarose gel electrophoresis  lagiisupmianulananIasgIuwwIa 10 kb
NANR®A inverse PCR mutagenesis fufiwanl5unas 85 ul Qﬂﬁﬂ&ﬁﬁﬂlﬁﬂ%ﬁ;ﬂ?ﬁ’)ﬂ‘gﬂ FavorPrep™
Gel/lPCR  Purification  Kit mwmgu@aumaw%ﬁ'mjwﬁm”uﬁvlﬁa%mm’luﬁwﬁu WINANA® inverse PCR

mutagenesis ¥aadBLawlmidAINE Bl AuduTY 20 1 lud3anasaw 100 pl tuniguwnil 37

°c idwaa 3 ﬁ'ﬂu\‘l mmaau%umma{lwawﬁ@ inverse PCR mutagenesis ‘ﬁlgﬂﬁuﬂuu 1.5% agarose
gel electrophoresis I@EJLﬁtl‘i.lmm@ﬂwuaLSuLﬂmmg’]Wﬂu’m 10 kb

WINANA® inverse PCR mutagenesis ﬁgﬂ@”@ﬁamauvlfnﬂﬁm‘mwwz Bgll U3u1ns 80 ng w1vin
UfjAi5e self-ligation lasldg13azans ligation buffer AMLTNEY 10 1vin waztawladl T4 DNA ligase A7
dintu 9 pile UiudSnnasgareldide 50 @T’mﬁ’mé;uu'%qwﬁaﬁﬂmnﬁa vuieliiAau fATen
self-igation 71 4 °C Thudn HaNAAIINU{N38 self-ligation 1U3u1@3 5 pl azgniiing E. coli DH5-OL
competent cells Y381@5 50 pl 2837 heat-shock transformation LazAaLRaN competent cells Aiwanadia

NinandnaNLJATeN self-ligation UTIY0Eie283F blue/white colony screening assay HuwiUANUYNFABY

U
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3.2.5 N13¥1 inverse PCR mutagenesis

#WandaI1n inverse PCR mutagenesis w8481 Naglunaadaandadioianlodaadnniz

Bglll @nuLwe 20 i1 dufigaengdl 37 °C 1w 1 2139 iwanAanaadangnaadioianlodda
§uwnz Bgil USunm 80 ng avufAsen ligation Tewldansazans ligation buffer anauttudu 10 1
kanamycin resistance cassette AMULTNTY 10.4 ng/ul uaziaw ol T4 DNA ligase AMULTUTH 9 17N
[ a v [ (Y ¥ [ a af ¥ ' 4 v a ana . . § A
UinlSmasgarheldidu 50 i deshnauuIgnilnaannide duiweldiiadjiTe ligation igawnnil 4
°C dwau shnanannl Jisen ligation U3uNa3 5 pi 1 E. coli DH5-0L competent cells 1331103 50 pl
v  ad . o A Aa A Ada a Aaaa . .
a187T heat-shock transformation WazA@LaaN competent cells NANAFIANTNANAAIINULNIEN ligation
UI3928@83T blue/white colony screening assay Huduanugndasvasnanafiangnlaaudludsis

colony PCR amplification LA restriction enzyme analysis auNeazduannani lidhedu

3.2.6 mythwaadanddunaowusidgisaduedita H. pylor dauinaila natural transformation
{ ¥ 3 o a A 8 9
\NABLTa H. pylori auWuT ATCC 43504 Uianmmnitagy (Uszana 107 69 107 Load) S9UuaIWNT

\A89L%a brain heart infusion agar AWTLE® NREIBNRIVRILABAUNE 7% fetal bovine serum 10 % LAl
v & y oA o o @ a A
Lﬁumglutlﬂmdﬂizmm 10 mm uyun 37 C Lﬂuna’] 5 TQING ﬂqﬂlﬂﬁﬂqﬂzaaﬂﬁﬁmulﬁ]aﬁnﬂ

Dulawmafianddunaewuiilsonn 2 pg asuwBousztiad 37 °C ilua 24 2lus maldanie
~ = ¢ s Ly v 4 vy

panFlaniiony  NnuuIAeTanIMuaNIuLRe M TADITaNAazulue M TALITa  brain  heart

infusion broth U3u1a3 500 pl wazdidaiTatSunas 100 pl a9U®a1M15LRe9LTa Brain Heart Infusion (BHI)

agar Ni§InNaENUDILHaAUNE 7% fetal bovine serum 10 % uwazenUfFaue leun o1 vancomycin,

amphotericin B, polymyxcin B LLa trimethoprim uaziien kanamycin 20 ug/ml ﬂNL%aﬁ 37 °c Jumn 3-
5 14 meldanizeandianiians negaudniuanudi3alunisyin natural transformation #2835 PCR
Tawaria DNA paafa 15USinm DNA @3du 400 ng lulfAsindafusunasma 100 p Usznaudan
forward primer LLaZ reverse primer USumatinia: 50 pmol dNTPs AMULTUTH 200 pl/ml PCR buffer
AMATUT® 1 111 MgCl, ANNLNTY 25 pmol/ml uaziaw ki Tag DNA polymerase AMNLTNTW 1 o¥ia
ﬂ.;‘jﬁ%mLﬁ@"fumyl@i’qmﬂgﬁuazizmnm@mﬁuamlummﬁ 2 Taslddhnsudnenndaiiudiading
AUANNY WINANA® PCR 130103 20 Ml UNA3IRDUUW 1.5% agarose gel electrophoresis lawld 100-bp
DNA ladder (% marker & DNA °naaL%avl,ﬂﬁmiw:ﬁéhﬂ”uLuaﬁmmﬂﬁﬂ Sanger DNA sequencing Baf
UTHN Bioneer Sequencing Service $11a Uszinainmale ilugviinsdianed lasld DNA J3anas 100

pl ae forward primer Wae reverse primer Iuasiniag 50 pmol lunsemsiieuius

3.3 MINARALANNEINTD WA TIARaUNVaITalae Motility assay

e a o ¢

\I0 H. pylori 18WUTH1A31U ATCC 43504 Uaz H. pylori snawugninnaowusvesduunaiaaang

q
2 [ '

o o g & o X 9 @ ) 8
011 3 Tu gnihwideanaluamaisada Brucella broth dsuiBaldiianudintugariowiiiy 10 CFUmI Dida
fIazansvaddaliinas 3 pl laluawsifuaida 3% Brucella soft agar NAEIWNENVY heat-inactivated fetal

'
A

bovine serum 5 % Uunamnad 37 °C 1Jwian 5 74 Meldan1izeanGLaniiaans é}‘aLﬂmmiLﬂﬁauﬁmam%aImg
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3.4 mimaaumwmmimlaqL%aiuﬂﬁiﬁﬂLm:@iamaa’lﬁaqﬂa’aaLﬁm HEp-2 laginafia Adhesion assay

ﬁﬂLﬁljaﬁLﬁaqﬂdadLﬁm (human laryngeal epithelial cells; HEp-2 cells) ﬁL§UOIu T75 tissue culture flask
audlanunsnuinyszanm 90 % luwnzidssluanuwidssiasuuy 6 ﬁquﬁﬁmmngmmaa’ dulbecco’s modified
of eagle’s medium (DMEM) WRNUNU fetal bovine serum AMALTUTH 10 % LL@:EJ’](?T’]‘LLL%E]TILLE]:L%@LLUﬂﬁL’%Um’m
V% 1 % uTTIaLnauaz 2 pl wazil coverslip Lﬁumuquﬂnmo 18 mm agj‘ﬁ'ﬁwqu ﬂ%’uﬂ’%mmlﬁﬁmaa‘msqag
lunqug az 3 Suimad vafi 37 °c unm 24 $alus meldannsidfoensuenlasanled 5 % wazeanudu
95 % mnifugﬂmmﬂgmvnaa‘ﬁaLL&:ETNLGﬁaa‘GTaU dulbecco’s phosphate buffer saline Y3u1a3 2 88807 31U
2 @39 1HNDMNILAEILTAS DMEM 498138 H. pylori mﬂw”ufmmgm ATCC 43504 waz H. pylori mﬂw”ufﬁﬁmi
ﬂmmw”mfmaaﬁuuﬂmaaamﬁgﬂﬁawéf’m fluorescein isothiocyanate 13831988 USunasnauas 2 Jadans \Foluud
azvauidanuudugarieyinay 10° CFU/mI du@t 37 °C ilunan 2 $alus meldsnsiffonsuenlasen
Tl 5 % wazAMUTH 95 % LioATUNALNLTE g](ﬂawwﬂiLgﬂuLmaﬂuLL@ia:%quﬁuLﬁiaﬁwﬁ'm%aﬁ"l,ﬂﬁﬁ@meﬁaﬁ
waLaNdLTaR@28 dulbecco’s phosphate buffer saline (DPBS) U313 2 ul $1u7u 3 a3s 'J”ﬂﬂ?mmumwgamia
L%u%ﬁLﬂﬁidmﬂ@ﬁL%ﬂ H. pylori ﬁmwzuuma&ﬁlaqﬂdauﬁm HEp-2 @T’mm%ao fluorescence microplate reader
(USH™ Biotek Synergy Mx dna anigaluini) I@]ULLaawgaanmmuignm:@uﬁmmm’mﬁu 485 nm uazqn
aTaiafianugIean 528 nm ﬂ’%mml,mwQaaLsamwﬁﬁf@iﬁuﬂiﬁumaﬂ”ﬂﬁ‘hmuﬁl,%a H. pylori §ainziwas
Lﬁaqndauﬁm HEp-2 AINARBIRINENITNIRNA 3 ASIIUTIIIANTAUANGITH FIUARZASIFN 2 Duaswn
ALade ﬂqmﬁﬁmm:ma&ﬁaqndadLﬁm HEp-2 gﬂm?wmuﬁ"lﬂﬁ’wquﬁLWW:LE?WLmaﬁﬂ"’m%a e lg3auTuen

RUANTIGVBININAFOU IULFAR AT

3.5 miasluleflduuaaie H. pylor lunaaanasas

3.5.1 mIa9lulafaudisinadia pellicle assay
\aanaie H. pylori SUWUTUNAIZIH ATCC 43504 uaz H. pylori maw”uﬁ:ﬁﬁmsnmﬂw”uq‘maa
’ﬂ'uLLWaLﬁmmﬁﬁmq 3 5% lunaaanasasiiorm3iasada brain heart infusion broth US31@3 10 ml Gefi
FIWNFNVBY 2% [3-cyclodextrin (BCD) ﬂ%’ulﬁ%aﬁmwmﬁuiuqﬂﬁ']ﬂwhﬁ'u 10° CFU/mI 69maaanaaas

ﬁﬂﬂuamazayjﬁuﬁ ﬂuﬁqmvmﬁ 37 °C lua 7 % meldzniizeandianiaas

3.5.2 myialsnamssiolulefisuvesda H. pylori G RGRITEITa

dnsnssslulefsuvesda H. pylori MUWUTIATIIU ATCC 43504 wazidie H. pylori s
w”ufﬁﬁmmmUW”WE“Uaaﬁ'uquaam’Lm%qqmnww laoILNAANE ML
lulafi§ufiiie H. pylori &$19in Iefur  pellicle (ﬁaé'ﬂwmwadvluiaﬂa‘uﬁﬁ'uﬁ’al,ﬂumju 8L
UShnaTErinasralLazanme uazliaansadaimzuuiiuii) uas attached biofilm (Rairasuuafise
Mmzuniuiius i Mz ningeIraILazaIne) waztuinuannimduszozion 7 3 lagtiufinszau
ﬂﬂiaﬁ”wavluiaﬂﬁuﬂzﬂugﬂuuumad pellicle ua attached biofilm @94l absent (-) wunpds liausasang
wansafalulefsuveadans 2 gﬂLLw@”\‘iﬁndnﬂTﬂaﬁu just visible (+) wa8is WUNIFES pellicle

w38 attached biofilm 1108119 intermediate (++) WNufis WUN1IFIN4 peliicle UnAUUTIUFIUNAT



YgINWAIVBILARY RIDWUMTRIY attached biofilm VWIALNY extensive (+++) WRUBHI WUNNTFINS
pellicle ﬂﬂﬂquﬁaﬁaﬁuﬁwaamm WIOWUNITAINY attached biofilm IWIARUT NMINARBIAINEITN

NINNA 3 ATIUTIIIANUANGIING TILARTATIVIN 2 T

3.5.3 mmadsunaunmsanslulefsuvaade H. pylor sUSunmlasinaian1sgdaud crystal violet
dnsnssinsluleflsuvasifia H. pylori aBWWINNGTIIU ATCC 43504 uazilia H. pylori ay
wugnfinmnaewuizasBuunaaanludalinm doimafiensdaud crystal violet MBRAIIINNS
wnzidpslulefldusasda H. pylori dasinaiia pelicle assayluwaaanasasnsy 7 % gamIazany
& e A ' & A v A a Y A o
NIrNA lunaaans aunfaudsinyad lulafsuiinmzdnsRuiuiizasnaaanasad w3e attached biofim
f9lulafdudrntWiwes phosphate buffer saline USNN1aT 11 ml $11721 2 a39 dvaaanaaadtlauly

wisnamnnd 60 °C 1ilulan 30 w17l 1INULAN 0.1% crystal violet 1UTu1a3 11 ml avlulunaaananas

v o
o

asnslingunnddaaduna 5 wiiihalilulefldu@ad ad crystal violet fisuaziimasanasasldauld

9 U

LLﬁaﬁQM%Qﬁ 60 °C 1w 15 wit ansinaslulafidudaniiWines phosphate buffer saline 158103
11 ml §1wn 3 A39 LevaTazanBlanaadas=dlanlusasin 80 de 20 US1Nas 11 ml Lazdsviaea
ﬂ@aaaﬁdvli”ﬁqmwgﬁﬁa{uﬂunm 1 Wl mmfu@@mia:mUmaaﬁﬁgﬂm:aaﬂuﬂldlu cuvette waztinluia
ﬁmmigﬂﬂﬁuummﬁﬁu 570 nm @28LA389TAAMUITHVBILES (spectrophotometer; USHH Hitachi $11i@
ﬂszmmﬁﬁju) WREANARDITIALABNWNTIALILED brain heart infusion broth U311@3 10 ml Bsfdrunanwas
2% PB-cyclodextrin gniaiuuaingluiunasanasssilada tialdiaidusuansiduasnimesenlu
udazass Arnnudupasussisaldulsinasinulsinalulefduiideasdn Usinalulafduwasde
Qmmmi@mhm'mlfﬁmml,lmmamaa@m@aaoﬁﬁl,‘*‘ﬁ?aﬁ'ﬂauﬁ'ummmL“ﬁmaumwamaa@mamﬁi&iﬁ

g o o & < \ { \ o 4 ' < 5 3 ] d
1@ NNINARsIAINaNTINNIRae 3 ﬂix‘il%‘ﬁ’NL’Jﬂ'lﬁLL@]ﬂ@l'ldﬂ% TILARZATIN 2 FazAIALARE

3.6 mﬁLﬂiﬁ:ﬂﬂiaa%ﬂuiaﬂﬁmaaL%aéhsmé’aaﬁgam‘sﬂﬁﬁLﬁﬂmammudaamm (Scanning electron

microscopy; SEM)
3.6.1 ﬂ’m@?wﬁ{l@ﬁaihaf,%m%'umﬁmﬁ:ﬁ@himﬁaagamwﬁﬁlﬁﬂmammUdaaﬂiwﬂ

dnwlavseimaiifvadlulafiduania H. pylori aBWUINNGIZIU ATCC 43504 uazida H.
pylori  apwuINImInmuwuivesduunaIamdindaanTIaidianaanuungainme  lanaiow
@ oA o & & & & L& o« & o A X
dadwidiaTanti wdsslulafiduvedda H. pylori asasmewug dioinadia pelicle assaylu
HROANANDY 1ﬁﬁmqﬁami 109 7 T% 1lansuimuaizuznaInuade awiy pelicle @Iudini 1 01 7
lalunaealni dmiuwsaanaassfilifinniains pelicle TWaaiiuirafinanagatsdaszinunaaaldlu
waaananadlnd s pelicle uaziiafinanagadnidaszliduanaznaunainuiia 3,000 seudemfiiu

o E X X 2 v e . - .
381 5 W7 NWNEIRDITRLI DL LRI NILATEIaznaumIsUWIWas PBS USH1aT 1 ml $11u7%

2 Q39 IMNUBFIFIAIBL1INIANA LM T TR amﬁi’aaqamiﬂﬁﬁlﬁﬂmauuuudaamm

3.6.2 ﬂ']ﬁl,mw:ﬂﬂiaa%'mmuﬁﬁmaavlulaﬂﬁwﬁasnﬁaafgamiﬂﬁﬁLﬁﬂmammudaaﬂswm
A’ [ il d' a aq// o a 6 ar v aa 6 v
Fearademasunlutunen 3.6.1 gﬂmﬂ'mLﬂiﬁ:%aﬂmmziﬂiaaswaawuummaavluiaﬂawmasJ
ﬂé’aaqamiﬁﬁﬁﬁnmammuaiaaﬂsm 193 gluﬂ’m%aaﬁa?ﬁ’m%mmamfim:mﬂiﬂaﬁ qumnitﬁ
YmINenas Usainalng ¥innIasefeaiatnidlisansazans 2.5% glutaraldehyde, 0.1% PBS pH 7.2 1ilu

o & o A o . v ) & o & Y ¥ < A &
L3R 1 TQIN\T INUBUINFINIDHINAWWUNINET PBS 9714734 2 A3 enua8dInauan 1 a4 g@]miaxmﬂ



POIRAIINNAT ﬁwmwﬁ'@ﬁﬂaanam?}aﬁaaszﬂmi’mmmuaaﬁmmm‘fuimha6] @34 30, 50, 70
W8T 90 % MNEIAY SAUAZ 10 Wil wazinWTRTH 100 % $1wIn 3 mﬁgae] 8z 10 Wit shaseagsly
ﬁﬂﬁuﬁaﬁﬁ;ﬂﬁnqmLm:mmul,wiu InRURITIadIMIENasuaTuNaIa Y Thnsufinawauifues
Imaa%ﬁa"luiaﬂ53J<§1”’;zmﬁaa’gammﬁ&ﬁnmammudaaﬂim (3% JSM-7610F UM JEOL 31na Uazine

diyw)

a 6 aa
3.7 MALATTANWIRDA
ANULANANTDIALARLVDININARDLGN § 32 WINLTD H. pylori amw”ufmmgm ATCC43504 Lazang

{ aa

uﬁ:“usu fliD ﬂmsw”uq’gn%msw:ﬁmmﬁﬁim Student's t-test lagi@n p-value NTAUNNNANINARIBWINAL 0.05 a2

s

o @

W
faddanuuandsnuagnsdnusan
4. WAN13298
41 L%ﬂﬁﬁﬂ’ﬁﬂmﬂﬁ%f‘ﬂmﬁ% figL, figE, figD, flaA uaz fiD eaeinaiia Inverse PCR mutagenesis
mnmm%’wu%alﬁﬁmsnmﬂw”mfmmﬁuuwgmam \aun 8w figL, figE, figD, flaA uaz fiD Menadia
Inverse PCR mutagenesis ﬁLﬁUGL%ﬂﬁﬂUwuquail’Jﬁﬂ’izﬁUﬂ?’mﬁﬂL%ﬂluﬂﬁiﬁﬂﬂ’]ﬂ‘?ﬁ‘ﬁ Ietun [ Fofiitw AID nane
Wug wazleasdoinda H. pylori AUWUT VT 124 Gfammmﬁuﬁ'umwﬁwL?’waomsﬁwmiﬂmﬂw‘”ufmaat%af:
dunatin DNA fisralaluynfasen PeR Tauld primer fisuwnzdadu fiD léun D forward primer uag fiD
reverse primer safiuaasTeasdualuansed 1 uasldaiduwevands H. pylor SUWUTNNATFIN ATCC 43504
udaiueuuan LLazﬁ’mEﬁLﬂi’]ﬂ%’mL%ﬂLﬂu@T’m'JUQNaU yUJasen PCR awtuaanluda 322 avameu
NANA® PCR U% 1.5% agarose gel electrophoresis laels 10 kb ladder 1% marker wuway DNA UadNaKNAa PCR
wa3fu fID Va3LTe H. pylori ﬁﬁmsnmnw"’uﬁﬁmm@wﬁﬁu 1,290 bp Vmszifn AD veuda H. pylori SUWUT
U1AIIIU ATCC 43504 HUUIALINAL 292 bp @”aﬁlmmlugﬂﬁ 1 NAKEA PCR 2838% fiD mau%aﬂgaaaamﬂw”uﬁf
Qﬂdﬂﬂ’imﬂzﬁé'ﬁuLuaﬁﬁmmﬂﬁﬂ Sanger DNA sequencing latUS1Hn Bioneer Sequencing Service 311@
Uszinainwald wasinauSouiisuiudauiusuasie H. pylori AUWUTNIATIIU ATCC 26695 (GenBank
accession number HP0752) LﬁaﬁLﬂiﬁzﬁﬁﬁﬁﬂ@”uLtuamaoﬁu fiD d1olUsunsy BioEdit Version 7.1.3 Wan13
STz UILsTesiu D vadde H. pylori SUWUTNNIATIIN ATCC 43504 HaNuaeaafadnUiaUIUR
§1989 96 % vnuEfiddUwEasEn AD vosda H. pylori ﬁﬁmiﬂmaw‘"uf JAMUREAARBINUAAUILFENIDS
99 %

1292 bp

292 bp




3ﬂﬁ1 . WaMAA PCR 9nmstAuy5unm DNA wvesiu D w8diie H. pylori ﬁﬁmiﬂmﬂw”uﬁ
vasfu fID uasie H. pylori SUWUTNNIATIIU ATCCA3504 dhuinafla PCR a39sau
NaNA® PCR U 1.5% agarose gel electrophoresis lagld 10 kb ladder 1w marker LLmﬁ 1
fonanAa PCR va3fu fiD \Ta H. pylori MUNHENATZIM ATCCA3504 Unafl 2 Aenanda
PCR 2898w fiD 283188 H. pylori ‘ﬁ'ﬁminmﬁw‘“ug’ Wi 3 CLERLRMEEEI

42 anwsansalunmsiadaniivesie H. pylori ﬁﬁminaww”uﬁ:"naoﬁu fiiD

Wisufisunsinaeuisewinada H. pylori ﬁﬁmmmaw”ufmmﬁu fiD fuda H. pylori Gt
WA ATCC 43504 UM TLABIE 0.3% Brucella soft agar menaimsuaf 37 °C iwian 5 Sumeld
§N128aNTLAKLIDINT wu’hﬁaﬂ%aaamﬂw”uﬁ:mmsmﬂﬁauﬁvlﬁ Fsmansosanaldanisfiifieduannsiige
Lﬂﬁauﬁaaﬂmﬂgm’%wﬁuuuﬁwaammuﬁmﬁa '3’@1Lﬁumguﬁﬂmwaa’ao@ﬁﬂa"nLﬁaﬁmamwm@madﬁuﬁiumi
inRoufivesdalasiiniieidu mm’ aweasiuiilunisinfeniiduassiuszosmelunmsnfeufinasis wuinie
H. pylori ﬁﬁm‘mmmw”uﬁfmmﬁu fiD \ndoudilasuninges H. pylori MEWUENATZIU ATCCA3504 atnadidany
(p-value Wity 0.013) lasfida H. pylori ﬁﬁmsnmﬂw‘"ufmmﬁu fiD fuwaRuivasifidaindaudivinty 28.56
mm’ unksRige H. pylori AMURUTUIATZIU ATCCA3504 v euosvesNuivesniTaIndaufiniy 48.83 mm’

AN LLamlugﬂﬁ 2

s 2 : awenunlunaiedeunifa H. pylori BWLINNAIIIN ATCC 43504  uazida
. Aa o ¢ a . ¢ Ao & A & A &
H. pylori ffinsnaiswuiveddu fID niwuriEduaasiunluninnfenfivesne
H. pylori auWWEANAI31% ATCC 43504 (ATCC43504) nawuriafiunuaasdunlunig
A P & L oAa @ a . & A A P 2
\nRauNaTa H. pylori NiMInaaWivasiu fiD (VT124) Aunlunisiedeun (mm)
AW NERHNUINAITINNTUNAWRY  BWIavaIRNuNlumMIARauNL SHRa T
szuemaluNTIeAaUNTTE NMINARBIAINANITNNIANA 3 AFIlUTIIANAUANEINY

4, &, = . A4 A
Tyudazasari 2 Suazinivwiaials Ww3aswang error bar nanafisandunNaITIN

o @

: A = a o 4 A A ' @ K
INMNANRANY *RULDY p-value Ncay 0.013 TINDINNAMVLANA NN WD LN WL RIATY



43 mmmmmlumsﬁ@Lﬂ']:@ialfnaa‘l,ﬁaqﬁ'sndauﬁm HEp-2 184438 H. pylori NiimInauwuivasin fiD
wWisuiisunmsdainzdaimadidayAandediies HEp-2 2wiiida H. pylori idinnanewusvesidn fiD

NuLTa H. pylori @EWUTNIATIIH ATCCA3504 MunaINMIwIzidsdTanIgadmswwingndauds fluorescein
isothiocyanate TaunAULTadLdayAINGaNFEd HEp-2 Jadanmusangaaismauddiuliiuasinuimwinges H.
AR & A ' a & L da o ¢ a . P ' &
pylori NEaIMzITadIEaYNFBIESY HEp-2 WUTWTa H. pylori MimMInaawuiueddu fAiD aunIndainzdaisad
4 a té Q/ U ] Q/ g L L U 1 o o 1 § v
\layfn HEp-2 T4ialalriniy 354.5 uazifia H. pylori AEWWEANATIIH ATCC 43504 1@ty 390 shenflld
v 1a s o ¢ & & = a o =2 & .
nnmyiaUTinauasgeassrududwadudefidudrasnbamzlanfioutunsbaimnzuaada H. pylori
SUWUTHNATIIN ATCC43504 WudLTa H. pylori NmMInanswWwivediu fAiD sanIndainzdaisadidoyin
HEp-2 liuane199ni@ia H. pylori 8WUTINAI3 1% ATCC 43504 (p-value 11NN 0.05) lauflidia H. pylori 7ifi
o ¢ a . A ¢ = & = . @ A A ) ¢ = & = &
mMInaswuiuediu fiD duasifuduasnsdaimeyinny 97.80 % LWaisunuilesidudvesnsiainizaaiiie

H. pylori S1uWWEANaT31% ATCC 43504 iy 100 % @"aﬁuamlugﬂﬁ 3

100 100 9.7_;_75

60

40

20

ATCCA3504 V124

A ' a

31N 3 : nsbaumzdaimadiiayndesifins HEp-2 Yo H. pylori MUWLENNAI3 1% ATCC 43504
& L da o & a . Ao € = & =< &

Waz\Ba H. pylori AN INAEWUEUasE% AID nWLYIEMURaIaTidudndaimzuadse

H. pylori 818WUTHNAT31U ATCC 43504 (ATCC43504) nwuvisiruaalafifudnis
dainzvadlia H. pylori AdnInaoWusvesin D (VT124) wedfidudvaimitainizuas

& ) v eda o ¢ a . o a ead o W o

\Iia H. pylori snawugndinsnaewugvasiu AD Auwimandianausangeassaudniald
nnadelasfisunuisa H. pylori FMUWUTNATFIH ATCC 43504 NMINARBIAINEIITN
NIRNA 3 ATIMTIINANUANANINY TILALATINN 2 B wazihumaads LTadnune

error bar nangfisendoauunIaIgIMaInd iy

4.4 enusananlunmsaiilulafidauvesda H. pylori ifinmInaewuivasiu fiD

WaSsuifisunisainslulafiduvasise H. pylori suWWENNAI3 1% ATCC 43504 uazilia H. pylori Nl
MINMuRUTVeIDU fID dreinadla pellicle assay wmf'lL%aﬁ\‘laaamUwuufmmma%’wvlﬂaﬂﬁu o U mIan6a
JTRINIVBIRAINLIMA (air-liquid interface) laswululafidy 2 anwoue loud pellice Tenunodslulafaunay

a ' ﬁ' a d? . . = = & o > A v v
mLﬂuﬂguaaﬂuuwum"nmma’mja ae attached biofilm “IN‘VWJ'WEm\'ilelIaﬂﬂN'ﬂLﬂ']zﬂ‘JJN’JLLﬂ'J@]']uluﬁaﬂ@'ﬂ@ﬂad



3U7 4 usasluleflduny 2 anwmefi@a H. pylori MuWWENNaTIIH ATCC 43504 Uazidia H. pylori fifin1anany

™ v X ) o A . ¥ A
wWugasbu D a1edu TastunnawlulaNay m 1w 7 a9 suuman 37 °C

qUit4 ¢ anwaclulefiduraade  H. pylori  moWufunasgiw ATCCA3504  uaziTo
H. pylori ﬁﬁm‘sﬂmﬂw”uﬁfmaaﬁu D Aasdn o Sufl 7 vosmsinnziaadisinadie
pellicle assay nATIFUALUAAIGMLALIVDY pellicle mnﬂﬁa"luiaﬂﬁuﬁﬁ'mﬁLﬂumjuaaﬂ
UUABEIT8IMAI S BITaD Ao T WIS BRI LB N gﬂﬂnﬁuﬂsnmm@hLmuwao
attached  biofim  wanefislulafsummenufutmulunsaananssusinmsasde

JLRINNVBIRAINVDINA

A a a o & & L a d a ' & L Aa o &
WaulSsuifivunsaiieluleflduvesda H. pylor BsRslTinmszwinada H. pylor ifimsnaenugues
a o & o o g & & o o
fu fD TUTa H. pylori AEWUENNATIIH ATCC 43504 MERALNIHALITANIRBITNUTAY pelicle assay
lasgunauazufinszavlulafidunslusnusnizues pellicle uaz attached biofilm yniiuduszuziain 7 7 wui
\Ia H. pylori SBWHINNAIZH ATCC 43504 1308319 pellicle WAz attahced biofim lwiuf 3 v89m Ity uaz
g . . o = o A ' a & . da o &
auNI0&39 pellicle Waz attached biofim NauyInklwiun 4 vaInIUy vuefivda H. pylori iinInanRUTVD
flu D SN&39 pellicle Waz attahced biofilm TWIUN 4 VaINTUN A1919N 3 LaAITTAL2aI lWLaRNIUNT 2 ANty
Ao = . ) & -~ o &
nuufinldluudaziwsense H. pylor NizaImBWLS
A a a o & & L a 1a ' & L da o & A
WanlSsuifivunseiieluleflduvenda H. pylor \BsUSanmszwinnge H. pylori ASMINMuWuivasdn
o & @ o X & & o o
fiD NUTa H. pylori MEWWENATIIH ATCC 43504 MURAIWZLRBITENIREITEWUTAIL peliicle assay 1iu
a1 7 3% IadSanansainsluleRauvadita H. pylori launnstiay attached biofilm §a8& crystal violet Laziadn
A A A ' £y Ao ) % o 1a ¢ A & v X
MIQANABLEINIANMNENIARY 570 nm  dranuidusasnsnia ldudskuassnudSinalulafsuiidosinedu
USunalulafduaadafui mannANAN N UV ILEIII%A0ANAR N AL TR NALALANANNITUTEILEIVDS
A & & L Ada o ¢ a A A ¢ A o X ' '
waaanaaasiduunansng wuinia H. pylori Afinsnaewuguasiu AD SusualuleRsufiairsduliuaneds
N8 H. pylori SBRUTNATIIH ATCC 43504 (p-value NNN1 0.05) laufivia H. pylori AfNINaBN T8
a A a PR K a & ) o A a
fu fiD fusumvasluleRsunialairiiny 0.442 vmefiBio H. pylori aBWUTNNGITIU ATCC43504 TTanm

gaslulafaunia lavinny 0.414 asnuaaslugun 5



@1379% 3 : 32AUVDY pellicle WAz attached biofilm WaILTa H. pylori 1EWUTUIATZIU ATCC 43504 Uaz
& . Ada o ¢ a A o o & \ ) o
\a H. pylori fifinananswWusuaddn D Ngnasnauaziufinluudaziu vwszozn 7 T

PRIM IR I8nA A pellicle assay

Fudl \ia H. pylori AERUTNIATI \T8 H. pylori AFM3
ATCC 43504 nauWugasiu fiD
pellicle attached biofilm pellicle attached biofilm
1 - - - -
2 - - - -
3 + + - -
4 +++ +++ +++ +++
5 +++ +++ +++ +++
6 +++ +++ +++ +++
7 +++ +++ +++ +++

WNBLAG: (-) wanad lLiswnsadsnaiamsainelulefduaasdons 2 gﬂLLuuﬁaﬁﬂdnﬂmﬁu (+) RuN8Dd WUNIEI
pellicle w3o attached biofilm iJwiflanns g (++) wueiis wumssss pellicle ﬂnﬂ&gmﬁnmdmﬂmwadﬁuﬁwaamm %38
WUNNIE3N9 attached biofilm LWL (+++) BaNBfis WunIae pellicle ﬂﬂﬂ@m‘"ﬁﬂ%ﬁuﬁwaamm RIBWLMIEIN
attached biofilm IWIARUT  INAUHNAINE1IBNIBINNNINUITHVRS Pattiyathanee uas@athe (Effect of curcumin on
Helicobacter pylori biofilm formation., African Journal of Biotechnology. 2009;8(19):5106-15.) mswﬂaam‘"ﬂna’nﬁﬂﬁwm

< 4 ' < o 5
3 AW TIUGREA]NI 2 D1

e 0.442
) 0.414
£ :
- 0.400
=
5
(=) A 200
~ 0.300
n
= 0.200
£ 0100

0.000

ATCCA3504 VT124
suUfis ¢ USwalulefswveada  H. pylori myw”ug‘mmgm ATCC43504  uwaztia

H. pylori fifiminaowuivesdu AD nnwuvisiduaasanaluleflsuzeate H.
pylori mmw”ufmmgﬂu ATCC 43504 (ATCC43504) nmwuvisfrniuaasdSunmlule
fawvanda H. pylori AfnInauWuivesdn D (VT1244) Usumluleflduvesisa

ANWITHIINAIAN UL VYD ILRIVBIRADANARDIN VL TORNAUNLAIANNLTNUDILRIVDI
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VAIFIRINANAAY

4.5 anwuzlavwaiwmuiidvasiulefldnvande H. pylori Afinsnanswuivasiu fiD
a P o 9 PPN & & 3 ' & L Aa o &
wWisuifisudnsuzlassaimuddveslulefidurenda H. pylori s2winnda H. pylori AfimInanewg
V248 fiD fULTo H. pylori AEWUFINAIZ I ATCCA3504 FI8NADIIANTIARBIANATOULULERINTIA NUNRAINTT
& & & o & . < . X A o X ' o & o A S o A

WNZLRBILTaNIRAIINLWUTAE pelliicle assay uazifiu peliicle va3iTaNaT9duluudaz It a93u 1 f9Tud 7 284
mydn lauifia H. pylori SNoWRUTNNATIIH ATCC43504 &3n3nLiiy pellicle 2a4IUf 3 i3 7 284n13Ly waz
sanTnLiuTeNassatateBassunnsiAy pelicle 2893%7 1 Uaz 2 VoINIUY YtkzAiBe  H. pylori NAMT
nauWgvasbu fAID ManIniy pellicle Va4TUN 4 f19 7 BoaMILY uazsaNIIiLTaNnaBagatIBRITUNUNNT
\iL pellicle 289707 1§14 3 VaIn1ILIN WUIFUTIVRITE H. pylori NITNEWUTINAIZIU ATCC43504 (U7 6A fia
6G) uazaawuinidnsnaowuiasbu AD (JUN 6H fa 6N) SanwazaswnngdurisliiduzUnamialolafisy

~ X A o o 9 Aa A & e 4 8 o A = 3 o &
floganndn adnnaansmzlansivmuiidvendaniudiui 1 il 7 wudnda H. pylori MuWUTINAIZ I
ATCC 43504 liwuanwuzlassaisvaslulafauluind 1 89900 2 duaadluzlf 6A uaz 6B uaziia H. pylori
auwRusndnisnaewuivesdn AD lunuansmslasaisvaslulofduluind 1 H93u0 3 dousadlugud 6H i

6J I@ULmaﬁmaaL%aﬁmmmmw"’uﬁfﬁl,ﬁumﬁﬂm w JudinaniduisadizeNaasagainida:
aneazlavsaisufidveslulefisumansanvlaluga H. pylori aeWuganas3IU ATCC43504 luwiuf
3 fiun 7 asuaaaluzufl 6C uar 6G lamFadUinanuazimzngunuaanwuinnisldlasaisues
. Aa ' o A A L v o ) a A . Y &

extracellular matrix NfigUi9liusineudaendanudiniduloazidoe wazlanunuiuinzaslasiasrslolafisy
A & A & A 3 a4 & Ao o« & a o o Aaa ¢ A
vindwdalulafisufiorgandu anefida H. pylori AiimInaewuivasiu AD Glassaimudavaslulefdun
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Abstract

Objective: To investigate the impact of the fliD gene on the biofilm formation of H. pylori.
Methods: H. pylori fliD mutant was constructed using inverse PCR mutagenesis. The
mobility of the bacteria and its adhesion ability to human epithelial cells were assessed using
a motility assay and a fluorescein isothiocyanate staining adhesion assay, respectively. The
formation of its biofilm was evaluated using a pellicle assay and a crystal violet staining
assay. The cyto-architecture of the biofilm was documented with scanning electron
microscopy.

Results: It was found that there was no significant difference in the levels of bacterial
adhesion and the biofilm formation between the wild-type ATCC 43504 and the fliD mutant.
Apart from a poor motility, the fliD mutant had a slightly delayed formation of its biofilm and
an incomplete cyto-architecture of its biofilm. The bacterial cells residing in the biofilm of
the fliD mutant showed a loose accumulation with less apparent cross-linking fibrils. Most of
the mutant cells had truncated flagella.

Conclusions: This study provides the preliminary evidences that fliD potentially regulates
biofilm formation and is required for the motility of H. pylori. Further studies need to be
performed in order to develop fliD as a novel target for vaccine or antimicrobial agent in

future.
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1. Introduction

Half of the world’s population, especially in developing countries, is colonized by the
microaerophilic, spiral-shaped bacterium Helicobacter pylori [1, 2]. Without treatment, the
bacterial infection can develop into various upper gastrointestinal disorders, such as chronic
gastritis, peptic ulcer disease, gastric mucosa-associated lymphoid tissue (MALT) lymphoma,
and gastric cancer [3, 4]. The bacteria were recognized as the first bacterial carcinogens and
were classified by the International Agency for Research on Cancer, which is part of World
Health Organization, as a class | carcinogen in 1994 [5].

Flagella-driven movement is important for the initial colonization of the stomach
mucosa and is needed for full infection [6]. Flagella also play an important role in swarming,
adhesion and biofilm formation by many bacteria [7-9]. To start the process of biofilm
formation, some bacteria contact surfaces using flagella, resulting in cell-to-surface adhesion
involving negative electrostatic reactions. Thus, flagella are thought to be one of the initial
factors used by some bacterial species for cell-to-surface adhesion and biofilm formation
[10].

H. pylori has an alternative life style as a biofilm. This bacterium enables to form
biofilms both in vitro, including in the human body [9, 11, 12]. The biofilm formation of H.
pylori seems to be a protective strategy for the bacteria. For example, H. pylori living in
biofilms can survive the host immune defence mechanisms and conquer environmental
stresses, such as the highly acidic conditions in the human stomach and reactive oxygen
species from phagocytic cells. Furthermore, biofilms promote bacterial survival of
antimicrobial drug treatment, resulting in drug resistance, therapeutic failure and chronic
infections in human [11-13].

The fliD gene encodes a 76 kDa flagellar capping protein called FIiD or HAP2. The

fliD operon of H. pylori contains the flaG, fliD, and fliS genes that are under the control of a
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o°®-dependent promoter [14]. The HAP2 protein controls the polymerization of endogenous
flagellin, which forms a filament [15]. Based on studies of mice infected with an H. pylori
fliD mutant, the FIiD protein is an important protein for the in vivo colonization and the
formation of functional flagella [14, 16].

Biofilm growth is most likely an important virulence factor in some bacteria and the
specific molecular mechanisms controlling the formation of those bacterial biofilms have
been thoroughly explored. However, in H. pylori, the precise molecular mechanisms of
biofilm formation are still unclear. Various genes that are important for the biofilm formation
by other bacteria do not seem to be involve in the biofilm formed by H. pylori [17]. A
proteomic analysis recently reported that the flagellar protein complex, which includes FIiD,
is up-regulated in H. pylori during the mode of biofilm growth, compared with the expression
of the complex during the planktonic growth mode [18]. Thus, the FIiD protein may be an
important factor for the formation of the biofilm of H. pylori. In the present study, a H. pylori
fliD mutant was constructed to investigate the mutant’s in vitro biofilm formation in
comparison with that of the wild type. The biofilm architectures of both bacteria were
assessed using scanning electron microscopy. Flagella not only control bacterial motility but
also promote surface adhesion [8], and both processes are related to the formation of biofilms
by other bacteria [10, 19]. Thus, our study also appraised the motility and the adhesive

activity of the fliD mutant.

2. Materials and Methods
2.1 Bacterial strains and growth conditions
The H. pylori strain ATCC 43504 (American Type Culture Collection, Manassas,

VA, USA) was grown on brain-heart infusion (BHI) agar (Oxoid Limited, Cheshire, UK)
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supplemented with 7% (v/v) sheep blood at 37 °C for 3 days under microaerobic conditions
(N2: 85%, O,: 5%, CO,: 10%) using a gas generating kit (Mitsubishi, Japan).

2.2 PCR amplification for H. pylori fliD gene

H. pylori chromosomal DNA was extracted using the DNeasy Blood & Tissue Kit
(QIAGEN, Venlo, Netherlands) following the manufacturer’s instructions. The chromosomal
DNA of H. pylori was used as the template for the amplification of fliD by PCR using the
following fliD gene-specific primers: fliDF forward primer 5’-
GCTACCAATGGCGAAGTGAT-3’ and fliDR reverse primer 5’-
CTTTTTGGATTGCGGTGTTT-3’. The PCR amplification was performed in 100 ul reaction
mixtures containing 400 ng of the DNA template, 50 pmol of each specific gene primer, 200
uM of each deoxynucleotide triphosphate, 1x PCR buffer, 25 uM MgCl,, and 1 U of Taq
DNA polymerase under following conditions: 35 cycles of amplification (94 °C for 15 sec,
50 °C for 1 min, and 72 °C for 1 min) and a final extension at 72 °C for 7 min. Sterile
distilled water was used as the negative control. The amplified PCR product was analyzed by
electrophoresis using a 1.5% agarose gel containing ethidium bromide.

2.3 Construction of H. pylori isogenic fliD mutant

A defined isogenic H. pylori ATCC 43504 mutant was constructed as described
previously with some modification [20]. Briefly, the fliD amplified product was introduced
into a pGEM® T-Easy vector (Promega Corporation, Madison, WI, USA) and then
transformed into Escherichia coli DH5a competent cells (New England Biolabs Inc.,
Ipswich, MA, USA). The transformants were grown on Luria-Bertani (LB) agar containing
100 pg/ml of ampicillin at 37 °C for 16 h. The positive colonies were distinguished by a
blue/white colony screening assay. An 18-bp deletion and a unique Bglll site were introduced
into the cloned fliD gene fragment using inverse PCR mutagenesis (IPCRM) with the

following primers: InfliD forward 5’-GGAGATCTATCCACGCTCACTAA-3’ and InfliD
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reverse 5’- GGAGATCTTAGACTCGGTTGTCT-3’. The mutagenesis product was inserted
into a 1-kb kanamycin resistant (kan®) cassette with a Balll restriction site (kanamycin
resistant cassette: Tn903) [21], synthesized from GeneArt® (Invitrogen, Grand Island, NY,
USA) in the same orientation as the mutated gene. The constructed plasmid was introduced
into H. pylori ATCC 43504 using a natural transformation. A double-crossover mutant was
selected after 3 to 5 days of growth on complete BHI agar containing 20 pg/ml kanamycin.
Successful recombination was assessed using PCR amplification with the fliD gene specific
primers and gene sequencing (Bioneer Sequencing Service, South Korea).

2.4 Motility assay

Three-day old colonies of wild-type H. pylori and the fliD mutant were suspended in
BHI broth, and the final bacterial concentrations were adjusted equivalently for an optical
density of 0.2 at 600 nm. An amount of 3 pl of the bacterial suspensions was spotted onto soft
agar plates containing 0.3% (w/v) agar, 5% (v/v) heat-inactivated fetal bovine serum and
2.8% (w/v) Brucella broth (Oxoid Limited, Cheshire, UK) [22]. The plates were incubated at
37 °C under microaerobic condition for 5 days. The diameter of the area of outward
migration was measured using vernier calipers. The results are expressed as the mean of the
area over the zone of migration (in mm?). The experiments were performed in duplicate on
three separated occasions.

2.5 Adhesion assay by FITC staining

The ability of H. pylori to adhere to HEp-2 cells was assessed by FITC staining. The
HEp-2 cells at 3 x 10° cells/well in complete Dulbecco's Modified Eagle Medium (DMEM;
Gibco, Carlsbad, CA, USA) were incubated in 6-well plates (Nunc; Thermo Fisher Scientific,
Inc, USA) with sterile coverslips at the bottom of each well. The cells were left to adhere for
24 h at 37 °C under an atmosphere of 5% CO,. The HEp-2 cells were washed twice with

Dulbecco's Phosphate-Buffered Saline (DPBS; Gibco, Carlsbad, CA, USA). Three-day old
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colonies of wild-type H. pylori and fliD mutant were suspended in DMEM, and the final
bacterial concentrations were adjusted equivalently to an optical density of 0.2 at 600 nm.
The bacterial suspensions were then incubated with 0.1% (w/v) FITC (Sigma-Aldrich
Chemical Co, St. Louis, MO, USA) and suspended in DMSO for 1 h under microaerobic
condition at 37 °C in the dark. The FITC-labeled bacteria were washed three times with
DMEM containing 0.1% Tween 20 (Fisher Scientific, Fair Lawn, NJ, USA) using
centrifugation. The HEp-2 cells were co-cultivated with 0.1% (w/v) FITC-labeled H. pylori at
a density of 3 x 108 CFU/mI per well for 2 h at 37 °C under an atmosphere of 5% COs.
Subsequently, the co-cultures were washed three times with DPBS. The number of H. pylori
cells adhering to the HEp-2 cells was measured using a microplate reader (Biotek Synergy
Mx, USA) with an excitation wavelength of 485 nm and an emission wavelength of 528 nm.
The wild-type strain values represented the control of 100% adhesion, and the mutant strain
was calculated as the percent adhesion of the control. The experiments were performed in
duplicate on three separate occasions.

2.6 Biofilm culture condition

The H. pylori biofilm was established in vitro using a pellicle formation assay as
previously described [18, 23]. Briefly, 3-day-old colonies of wild-type H. pylori and the fliD
mutant were suspended in 10 ml of BHI broth supplemented with 2% (w/v) 3-cyclodextrin
(Sigma-Aldrich Chemical Co, St. Louis, MO, USA) in sterile glass test tubes. The final
bacterial concentrations were adjusted equivalently to an optical density of 0.2 at 600 nm.
The test tubes were left to stand for 7 days without shaking under microaerobic conditions at
37°C.

2.7 Examination of biofilm formation

The biofilm characteristics were described as follows: freely floating bacterial cells

that formed at an air-liquid interface were designated as a pellicle, and bacterial cells attached



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

over the interior surface of glass test tube at an air-liquid interface were denoted as an
attached biofilm. The development of the biofilm was examined as a blind test and scored
daily over 7 days of incubation, as described by our previous study [23]. The levels of biofilm
formation, either as a pellicle or an attached biofilm, were scored as follows: (-) neither form
of biofilm was present; (+) a thin pellicle or a finely attached biofilm; (++) an accumulated
pellicle or a thinly attached biofilm; or (+++) a mature pellicle covering the entire liquid
surface or a dense attached biofilm. Experiments were performed in duplicate on three
separate occasions.

2.8 Quantification of biofilm formation

The H. pylori biofilm was quantified using a crystal violet staining technique as
previously described [23]. The broth suspension was removed after allowing the formation of
the biofilm over 7 days. The glass-attached biofilm was rinsed twice with PBS and dried at
60 °C for 30 min. The attached biofilm was stained with 0.1% (w/v) crystal violet for 5 min
at room temperature, washed with PBS three times, and dried at 60 °C for 15 min. The bound
crystal violet was eluted with ethanol/acetone at 80:20 (v/v) for 1 min. The solution was
transferred into 96-well plates, and the absorbance at 570 nm was measured using a
spectrophotometer (Biotek Synergy Mx, USA). The level of the biofilm formation was
determined by subtracting the mean optical density (OD) value of the blank from the value of
the test samples. The BHI broth supplemented 2% (w/v) R-cyclodextrin served as a blank
control. Experiments were performed in duplicate on three separate occasions.

2.9 Scanning Electron Microscopic analysis

In order to observe the 3-dimensional structure among the different ages of bacterial
biofilm, the bacteria were grown for 1 to 7 days using a pellicle formation assay as described
above. After a defined incubation period, the culture broth was filtered through a Whatman®

grade No.1 filter paper to isolate the pellicle for biofilm structural analysis using scanning



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

electron microscopy (SEM). If no apparent pellicle was observed, the planktonic cells were
collected instead. The SEM was performed by the Scientific and Technological Research
Equipment Center, Chulalongkorn University, Thailand. Briefly, the isolated pellicle was
transferred to a vial, washed with PBS to remove the loosely attached bacteria, and fixed with
2.5% (v/v) glutaraldehyde in 0.1 M PBS at pH 7.2. The samples were successively
dehydrated through a graded series of ethanol washes with a 10-min incubation per step as
follows: 30%, 50%, 70%, 90% and 100% thrice; (v/v). The samples were dried, coated with
gold-palladium, and were examined with SEM (JEOL, Japan). Three-day old colonies of
wild-type H. pylori and the fliD mutant grown on complete BHI agar were also collected for
SEM analysis.

2.10 Statistical analysis

The differences in the means of the results of the motility assay, the adhesion assay,
and the crystal violet staining technique between wild-type H. pylori and the fliD mutant
were analyzed by Student’s t-test. The probability value of P < 0.05 was considered

significantly different.

3. Results

3.1 Construction of H. pylori fliD mutant by inverse PCR mutagenesis

Our study focused on the fliD gene, which encodes the filament capping protein
known to control the polymerization of endogenous flagellin into a filament [14]. To
investigate the possible role of the H. pylori fliD gene in biofilm formation, a H. pylori fliD
mutant was constructed by alleic replacement. The kan® cassette containing the kanamycin
phosphotransferase gene that confers kanamycin resistance was cloned into the unique Bglll
site situated in the middle of the fliD gene engineered by inverse PCR mutagenesis. The

constructed plasmid was transformed into the wild-type H. pylori by a natural transformation.
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PCR analysis using the primers fliDF and fliDR confirmed that a double recombination event
had successfully occurred. PCR experiments with the primers fliDF and fliDR consistently
amplified a single band of 292 and 1292 bp from the wild-type H. pylori and the fliD mutant
chromosomal DNA, respectively. Sequencing analysis confirmed that a 1.29-kb fragment

contained the 1-kb kan® cassette.

3.2 Invitro characteristics of the H. pylori fliD mutant

When grown on complete BHI agar, the colony morphology and the growth rate of
the fliD mutant showed no significant difference when compared with the wild-type strain.
The impact of the fliD mutation on cell motility was investigated through observations of the
cell movement through Brucella soft agar plates. The area over the zone of migration was
measured after an incubation period of 5 days, and the results are presented in units of mmZ.
The zone of migration of the fliD mutant (28.56 mm?) was significantly smaller than the
wild-type H. pylori strain (49.83) (P = 0.013).

The adhesion of H. pylori to a surface seems to be the initial step for the biofilm
formation of bacteria. A cell-to-cell adhesion assay was used to investigate the adhesive
properties of the two H. pylori strains. The FITC-labeled wild-type strain and the fliD mutant
strain were separately incubated with human HEp-2 cells. The adhesive activity of the wild-
type cells was shown as 100%, and the percent adhesion of the fliD mutant relative to the
wild-type control was 97.75%. The mutation had no significant effect on the ability of H.

pylori to attach to the human cells.

3.3 Biofilm formation by the fliD mutant
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The biofilm formation at the air-liquid interface observed in the culture tube has two
distinct characteristics that were designated as a pellicle or an attached biofilm. Figure 1
shows the pellicle and the attached biofilm formed by the wild-type H. pylori strain and the
fliD mutant strain after 7 days of culture. The biofilm development of the wild-type strain
was first observed on day 3 and quickly became extensive on day 4 (Table 1). The biofilm
formation of the fliD mutant was delayed by one day for both the pellicle and the attached
biofilm. Both strains of H. pylori produced extensive biofilms at the end of the incubation
period. Moreover, after 7 days of incubation, the adherent bacterial community considered as
a biofilm was examined quantitatively by staining with crystal violet, and the absorbance was
measured at 570 nm. The level of the formation of the biofilms was expressed as the mean of
the blank OD at 570 nm subtracted from the mean of the tested ODs at 570 nm. The mutation
had no significant effect on the biofilm production of H. pylori. The mean absorbance values
obtained from the fliD mutant and the wild-type strain were 0.414+0.051 and 0.442+0.040,

respectively.

Figure 1. Photograph of day 7 biofilm formed by wild-type and fliD mutant H. pylori.

The culture test tubes display the mature biofilms. Two biofilm characteristics were observed
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at the air-liquid interface, including the pellicle (white arrow) and the attached biofilm (black

arrow). The score of both types of biofilms shown is +++ extensive.

Table 1. Biofilm formation by the wild-type and fliD mutant H. pylori strains cultured

as measured by the pellicle formation assay and examined over 7 days.

Wild-type ATCC 43504 fliD Mutant
Days
pellicler A2 pelicle AN
1 B - - -
2 B - - -
3 + + ) i
4 +++ +++ +++ +44
5 +++ +++ +++ +44+
6 +++ +++ +++ 4+
7 +++ +++ +++ +4++

*(-) Neither form of biofilm was present; (+) Thin pellicle or a finely attached biofilm; (++) Accumulated
pellicle or a thinly attached biofilm; (+++) A mature pellicle covering the entire liquid surface or a densely

attached biofilm. Experiments were performed in duplicate on three separate occasions.

3.4 SEM analysis

The 3-dimensional structure of the H. pylori biofilm was analyzed using SEM. The
bacterial morphology of both wild-type (Figures 2A to G) and fliD mutant H. pylori strains
(Figures 2H to N) changed from bacilli to cocci in the older biofilm cultures. There was no

biofilm formation for the wild-type strain at days 1 and 2 (Figures 2A and B) and for the fliD
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mutant strain at days 1 through 3 (Figures 2H to J), which agrees with the results found in
Table 1. The pellicle architectures of the wild-type strain at days 3-7 (Figures 2C to G) were a
dense accumulation of bacteria within an amorphous extracellular matrix that seemed to
connect with each other through cross-linking fibrils. Although the biofilm architecture of the
mutant strain appeared slightly dissimilar when compared with that of the wild-type strain,
the fibril connections were lesser and had a loose accumulation (Figures 2K to N). Moreover,
the wild-type cells were more rounded and more clumped (Figure 2E and F), whereas the fliD
mutant cells were slightly dispersed and evenly distributed (Figure 2L and M). Many mature
flagella were observed among the wild-type cells (Figure 3A), while fewer amounts of

flagella with truncated fragments were observed among the fliD mutant cells (Figure 3B).
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Figure 2. Scanning electron microscopic photomicrographs of the pellicle biofilm
development of the wild-type and fliD mutant H. pylori strains at a magnification of
10,000X. Planktonic cells taken from the wild-type strain from cultures at (A) day 1 and (B)
day 2. (C-G) The pellicle cells of the wild-type strain taken from cultures at days 3-7,
respectively. (H-J) The planktonic cells of the fliD mutant strain taken from cultures at days
1-3, respectively. (K-N) The pellicle cells of the fliD mutant strain taken from cultures at

days 4-7, respectively. Bars: 1 pm.

Figure 3. Scanning electron microscopic photomicrographs of wild-type and fliD
mutant H. pylori cells at a magnification of 10,000X. Bacterial cells of (A) the wild-type
strain and (B) the fliD mutant strain from 3 day old colonies derived from complete BHI agar.

Bars, 1 pm.

4. Discussion

Bacteria in the natural environment usually live in complex communities of
microorganisms by attaching and proliferating on various surfaces and producing a matrix
containing extracellular polymeric substances (EPS) to embed themselves in, called biofilms
[11]. There are similar processes of biofilm formation in many bacteria and H. pylori. The

bacteria initially attach irreversibly or reversibly to surfaces. Then, the bacterial cells
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proliferate to form microcolonies within their own biofilms. The growth of biofilms can be
either the proliferation of the bacteria within the biofilm or the attachment of other free living
or planktonic cells, whereas the single cells can disperse from the biofilm and form new
biofilms elsewhere, depending on the presence of suitable condition, including proper
nutrient sources or attachment surfaces [11, 12]. Thus, the adherence to a surface is always
one of the initial steps in the formation of biofilms. The bacteria use their flagella to make
contact with the surfaces, leading to cell-to-surface adhesion [8, 10]. In many bacteria,
flagellin acts as a bacterial adhesin that is required for its adhesion to epithelial cell [24].
Flagella are not restricted to only the control of bacterial motility but are also involved in the
adhesion and biofilm formation of Vibrio spp., E. coli, and Aeromonas spp. [19, 25, 26]. The
molecular mechanisms of many bacteria that control biofilm formation have been explored.
Poly-N-acetylglucosamine (PIA/PNAG), synthesized by the icaADBC operon has been
shown to be required for the biofilm production of Staphylococcus aureus and
Staphylococcus epidermidis [27, 28]. A quorum sensing system regulates the biofilm
formation of Vibrio cholerae by directly controlling the expression of the EPS biosynthesis
genes, including hapR and vpsR [29]. However, the specific molecular mechanisms that
control the biofilm formation of H. pylori remains unclear.

The fliD gene is important for flagellin polymerization during the flagellar
biosynthesis of bacteria [30]. FliD, or HAP2, also known as a distal capping protein, is
encoded by the fliD gene and localizes to the end of the flagellar filament. FliD plays a role in
promoting the polymerization of flagellin subunits by capping the flagellin monomers at the
distal end of the filament [31]. Salmonella typhimurium mutant strains that lack FliD were
found to be non-motile and produce unassembled filament protein. The polymerization of
flagellin is recovered when the FIliD protein was added exogenously to the fliD mutant,

resulting in the construction of complete flagella [32,33]. In contrast, Vibrio
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parahaemolyticus fliD mutant strains reveal different phenotypes. The fliD mutant strains
showed slow motility on a semisolid plate [34]. In a study done by Kim et al., the fliD gene
was assessed for a regulatory role in the motility and colonization of the strain in gastric
mucosa [14]. It was found that the H. pylori KCTC0217BP isogenic fliD mutant strain
possessed atypical flagellar morphogenesis and incomplete flagellar elongation with an
absence of the terminal bulb at the end of the flagellin, resulting in non-motility [14]. The
fliD mutant strain had fragile, short flagella and truncated flagellar fragments [35]. In our
study, the fliD mutant H. pylori strain likely had truncated flagella. Although it still retained
its motility, but a mutation of the fliD gene seemed to significantly diminish the movement of
H. pylori.

The fliD gene was found to be involved in mucin adhesion by Pseudomonas
aeruginosa. The P. aeruginosa fliD mutant strain was not able to adhere to mucin, but when
the fliD gene was reinserted, the adhesive phenotype is restored [36]. In addition, FliD is an
important factor for the adhesion of Clostridium difficille [37] and the colonization of gastric
mucosa of the host mice by H. pylori [14]. However, our data showed that when tested with
an in vitro adherence model, the mutation of the fliD gene had no significant effect on the
adhesion of H. pylori to HEp-2 cells compared with the adhesion of the wild-type strain. A
previous study demonstrated that H. pylori strains with mutations in flaA and/or flaB did not
have impaired adherence to gastric epithelial cells [38]. While the fliD gene encodes for the
flagellar capping protein, flaA and flaB encode for the major flagellar components. The
results of a previous study combined with the results of our present study suggests that the
genes involved in the regulation of the H. pylori structural components may not play a role in
promoting the adherence of H. pylori to epithelial cells.

The fliD gene may contribute to the biofilm formation of many bacteria. Some

evidence shows that the fliD gene expression is highly up-regulated during the early stage of
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the biofilm formation of P. aeruginosa [39]. In Cronobacter sakazakii, a mutation of the fliD
gene dramatically reduced the amount of biofilm, which was only 9% of the wild-type
amount as detected by the crystal violet assay [35]. FliD has been found to be up-regulated in
mature H. pylori biofilm cells in comparison with their planktonic counterparts [18]. In this
present study, the H. pylori fliD mutant strain showed no significant reduction in the amount
of biofilm as determined by the crystal violet assay compared with that of the wild-type
strain. Both strains of H. pylori produced extensive amounts of biofilm at the end of the
incubation period, when the biofilms were stained by the crystal violet. Nevertheless, the
pellicle or the attached biofilm of the fliD mutant strain were one day slower in their
formation than those observed for the wild-type strain. The inactivation of the flagellar genes,
including fliA, flaA, flaB, and flaG, result in a delay in the pellicle formation of
Campylobacter jejuni [40]. Because of this, we suggest that the fliD gene may play a critical
role in promoting pellicle formation as well as in the initial attachment of H. pylori to a solid
surface during biofilm formation. We noticed that there was a correlation between the level
of pellicle and the attached biofilm during biofilm formation. Although a quantification of
biofilm formation by a crystal violet staining assay was performed only with the attached
biofilm compartment, this could be a representative level of biofilm in this study.

The biofilm structures of both wild-type and filD mutant H. pylori strains were
documented by SEM. The development of the biofilm formation of H. pylori mimics our
previous report, beginning with individual bacteria adhering to the abiotic surface, its
extension into microcolonies and the formation of a 3-dimensional structure [23]. SEM
revealed that the wild-type biofilm consisted of a dense accumulations of cells covering with
an abundant extracellular matrix and cross-linked fibrils, which is considered as a hallmark of
a mature biofilm structure [17]. On the contrary, a mutation of the fliD gene affected the H.

pylori biofilm at a cyto-architecture level. The fliD mutant biofilm had loosely aggregated
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cells with a small amount of extracellular matrix and fibril connections. We postulate that the
fliD gene may play a role in the maturation of the biofilm structure in H. pylori.

Our study concludes that the fliD gene is implicated in H. pylori biofilm development
and structure. Protection against H. pylori biofilm infection will provide prophylactic
benefits, particularly in developing countries with high prevalence of H. pylori infection.
FIiD protein may be a candidate as a novel target for drug or vaccine development. It is
known that biofilm formation of bacteria depends on the stimulation or suppression by
environmental factors or gene complexes, which are involved in adhesion, quorum sensing,
and stress response [41]. Further study is required in order to elucidate a precise mechanism

regulating biofilm formation in H. pylori.
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