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Summary

6 XPPDU\

7KHUPRS&DOSFOREWFWHMUH JRRQRWLF EDFWHULD OHDGLQJ WR \
JDVWURHQWHULWLYV LQ &DKPS (X R RS F\NEQLUSE QIESQORIED FWHH WKGEIL
PDMRU VSHFLHV UHOHYDQW IRU KXPDQ FDPS\OREDFWBBRRBYLY Z
GLDUUKHD DEGRPLQDO FUDPSV IHYHU DQG LQ IHZ FD\DHV OHDG
UHDFWLYH DUWKULWLY LUULWDEOH ERZHO GLVMXRKJIKQ® KH L
SDWKRJHQV DUH QDYMWWER RQW\ JURZ DW UHGXFHG R[\JHQ OHYH
VXFFHVVIXO LQ FRORQL]LQJ GLIIHUHQW ZDUP EORRIGAKLKRWWYV D
IORFN

7KLV 3K' WKHVHV ZDV IRFXVHG R®Q JWIQR@& E FGIOMS UW KW \XRIG HU O\ L
PHFKDQLVPV LQ SDUWLFXODU QDWXUDO W U IDQNW RSP DUMER QA $ZK
IURP WKH HQYLURQPHQW DQG DGDSW WR FKDQJLQJ FRQGLWLRQ\

‘H LGHQWLILHG VWUDLQV ZLWK DPELJXRXV UHVXWMPHSE3R VSHFI
WDUJHWLQJ JHQHV X& XPDROASGNL M MBX/Q BW QRIYW JHQHUDWLRQ VHTX
N PHU DQDO\VLV WKH VWUDL& VFRBUDH BERSWHIQON L DL WX EDAMW D QW LD O
UHFRPE&QMBWIKTXHQFHY OHDGLQJ WR JHQH YDULDQWY ,QWHUH\
VWUDLQV VKDUHG D FRPPRQ MHWHKRDHQEHVLDMWWKRIUHVVLRQ ZKLF
D SRWHQWLDO UROH LQ VWUHVV GHIHQVH 6L QFRIOWMH &\ EWR /S H/IA
VKHOOV ZKLFK LV D GU\ DQG KDUPIXO&P® % LORBIPEE MW R UVWKHU |
KLODMWHOHFWLRQ IRU VWUDLQV ZKLFK VXUYLYHG KDUVK HQY
GHPRQVWURWRS\WKEPMW \DEOH WR XQGHUJR H[WHQVLYH JHQHWLF

7KH TXHVWLRQ DURVH XQGHU ZKLFK FRQGLWLRQV WKHNVXDM OR J +
WUDQVIRUPDWLRQ OHDGLQJ WR WKH LQWURGXFMWLRQLRIOV XB R VDR
UHJXODWLQJ QDWXUDO WUDQVIRUPDWLRQ DQG FRPB\HMWRRG K GG H"
& MHMMXKMUHIRUH ZH GHYHORSHG D VLQJOH FHOO EDVHG XSWDI
GHYHORSPHQW $V D IUHVK &L MMM WQROBWH 52 BKLFHE DG UHFHQW
EHHQ LVRUPDWKIGNHQ PHDW DQG EHORQJV WR FORQDO FRPSOH]
FRPPRQO\ IRXQG LQ KXPDQ LVRODWHV )RU EHWWHWHGRRBDUDE
FRPPRQ XVH LQ WKH 3%$& &$03< FRQVRUWLXP 6LQFH QR VHTXH
VHTXHQFHG WKLV VWUDLQ XVLQJ VKRUW UHDG ,©03XPLORQDQG V
UHDG VHTXHQFH D&#DO\VKWDG%D5JHQRPH VL]H RI OE DQG KDUER
SODVPLG )RU YLVXDOL]DWLRQ RI '1$ X&8 WODNMXQRPRLEY'D® HQW B \DC
IOXRURSKRUH DQG DGGHG & KMW NMDMEB XPG HU$ GLRIHUHQW JURZ)
7KH UHVXOWVY REWDLQHG E\ WKH VLQJOH FHOOREWDL\QMHREU BH OD
FODVVLFDO DVVD\ DSSURDFK EDVHG RQ WKH WUDQVIRUPDWLR

6



Summary

UHVLVWDQFH PDUMNGW KDL WYXKREZVVD\ LV D SRZHUIXO WRRO WF
GHYHORSRHMWMXFUHDVH IURVPRS®WHVXOWHG LQ D KLIKHU IUDFWL|
FHOOV %HORZ S+ QHLWKHU FRPSHWHQFH GHYHORSPHQW Q
JXUWKHUPRUH DHURELF FRQGLWLRQV DEROLVKHG FRPSGWHQFH
DOUHDG\ FR&SNWMBKHVH ILQGLQJV VXJIHVWHG D VWURQJ UHJX
GHYHORSBHQOMW MK OQLUWKHU VKRZHG WKDW FRP S& WHHXFKQEHR'W O R §
GHSHQG RQ JURZWK WHPSHUDWXUHV RU FD &E M@ BXRHLOGC Bl HAVR.GGHH/
LQ WKH VOLIJKWO\ DONDOLQH LQWHVWLQHN IRMHS REKQMMWL F VAKHKD QV
WKH KRVW 7KLV PLIJKW EH EHQHILFLDO WR VQYMWHMKQRRIVOWY DQG I

,Q D FRRSHUDWLRQ VWXG\ WKH VLQJOH FHOO DVMWPPXDW XVHG
VWLPXODWLYH VXEVWDQFH FXUFXPLQ ZKLFK ZDV VXIBHVWHG |
FDPS\OREDFWHULRVLVY RQ QDWXUDO WUDQVIRUP MWILRQHIZWKHUS$
VWLPXODWLQJ RU LQKLELWLQJ HIITHFWV Rl FXUFMRMZQERK QD W X
FRUURERUDWHY LWV DSSOLFDWLRQ GXULQJ FDPS\OREDFMVMDKOULRYV
RI WKH SDWKRJHQ

,Q FRQFOXVLRQ H[WHQVLYH JHQ@DW & FOR[EBRWH® REBOOY HQODUJ
DGDSWLYH SRWHQWLDO RI WKH IRRG ERUQHVKIRWKAR X FABH VY LYOP L.
FRORQL]HU DQG VXUYLYRU %HVLGHV KLJK JHQHWLF SODVWLFLW
WR EH WDNHQ LQWR DFFRXQW IR & DFFRQ R B X RW Y DR\ W,RWU LUGHP [
LPSRUWDQW WR VWXG\ QDWXUDO WUDQVIR URH VDIGROB W Q E G 6 MWWD\L
WKHUPRSKROWFREUBW® HIUQ WKH IXWXUH



Zusammenfassung

=XVDPPHQIDVVXQJ

7KHUPRSEDPOSN\ORED/MPBHWLQG JRRQRWLVFKH %DNWHULHQ GLH ]
JHPHOGHWHQ *DVWURHQWHULWLY LQ GE&DPESXORSEDNMNKGMHNDORY
&DPS\OREDFWHQG RQOIH 6SH]LHV GLH DP KIXILJVWHQ HLQH &D
OHQVFKHQ YHUXUVDFKHQ 6\PSWRPH VLQG ZIVVULJHUORGHU E
.UIPSIH XQG )QNHOWHQHQ )IOOHQ NRPPW HV ]X $XWRLPPXQUHD
/IDQJJHLWHUNUDIQNKQMNMQ YHU $UWKULWLYV FKURQLVFKHEQW]*QG
RGHU GHP *XLOODLQ %DUUp 6\QGURP L@ QY @NMWRUFXFE VN BOW KR QI
QXU XQWHU UHGX]LHUWHQ 6DXHUVWRIIJHKDOWHQ ZDFIGHHQ N|Q
.RORQLVLHUXQJ YRQ YHUVFKLHGHQHQ ZDUPEO<WLJHQ :LUWHQ \
LQQHUKDOE HLQHU +*KQHUKHUGH

,Q GLHVHU 'RNWRUDUEHLW JHKW HV XP & LMHXQERFIRMEIGHG LMH UV
]JXJUXQGHOLHJHQGHQ OHFKDQLVPHQ LQVEHVRQGHUH GLH QDW-
JIKLINHLW EHVFKUHLEW IUHLH '1$ DXV GHU 8PJHEXQJ@HU]XQHK
$QSDVVXQJ DQ VLFK IQGHUQGH 8PZHOWEHGLQJXQJHQ ELHWHW

‘LU LGHQWLIL]JLHUWHQ B6WIPPH PLW XQHLQGHKWGEIH® UHQ HEHYL\
PLWWHOV 5HDO 7LPH 3&5 'LHVH EDVLHUWH BXIHGHRU R-DAOHHNMVE HRR §
GLVWL@NWREUE MHNMXKQG OLWWHOV 6HTXHQ]JLHUXQJ XQG . PHU
KHUDXV GDVV HV VLFK EHR GAHRRDE)GRPMW®! XPHOFKH HLQHQ HUKH
YR MHBMDXHQ]HQ HQWKLHOWHQ ZDV ]X JHQHWLVFKHQ 9DULDQ
WHLOWHQ GLHVH VRJHQDQQWHQ +\EULGVWIPPH HEQ MHRMNXDQVD
BHTXHQ]JHLQWUDJ GLH P|JOLFKHUZHLVH HLQH SRWBHEHQHOIOH 5R
7DWVDFKH GDVV GLH +\EULGVWIPPH SUIIHUHQ]JLHOO YRQ (LHUVF
WURFNHQH XQG VFKIGOLFKH 8PJMEKRD REVBWHGPRYMHIHMHOHQ N
GLHV DXI HLQH 6HOHNWLRQ YRQ 6WIPPHQ KLQGHXH/GHQ JBQBHIQK L.
]X *EHUOHEHQ (V JHLJW ®DXBSHORBEPFBBRYWP HUKHEOLFKHQ JHQ!
$XVWDXVFK IIKLJ LVW

(V VWHOOWH VLFK GLH )UDJH X Q \WH/G DINHKCRFIKHR J% B 8 WQ EEHVQ 0
GXUFK QDW+.UOLFKH 7UDQVIRUPDWLRQ DNTHQUHRUMQ ZBEHWUW\ DK
ODWHULDO I[+KUWH )DNWRUHQ GLH QDW-UOLFK®WZUDNOXRUP
UHJXOLHUHQ& VMBRXQD XQ]XUHLFKHQG EHNDQQW 'HVKDOE HQW
(LQJHO]JHOO EDVLHUWHQ $XIQDKPH $VVD\ XP GLH .RPSHWWHQ]HQ
QHXHV )HOGLVRODW YHRZNMHEMDIPO BHB GHEHOFKHU N<U]JOLFK Y
+«KQHUIOHLVFK LVROLHUW ZRUGHQ ZDU XQG ]XP NORQDOHQ .RI
HEHQIDOOV KIXILJ LQ +XPDQLVRODWHQ JHIXQGHQHALMI GZX¥\G ML Q
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Zusammenfassung

GLHVHU 6WDPP LP 3$%$& &$03< .RQVRUWLXP YHUWHLIDWHL@G JHP
BHTXHQ]GDWHQ GLHVHV 6WDPPHV YRUODJH QVKRUVWK HEMXPU QYD Q :
XQE.Q]HOPROHN +OR(® X WSHHIGHQ]LHUXQJ

%1% $ KDWHLQH *HQRPJU|%H YRQXJHLIE XQE WWR% HV 30DVPLC
9LVXDOLVLHUXQJ GHU '1$ $XIQDKPH P RUNLHNMMMHMR Y DO HGI\Y RFPLLW
HLQHP JOXRURSKRU XQG JDEHQ GLHNHIRQONDHWBWH XIGWKU YHUVF
%HGLQJXQJHQ JHZDFKVHQ ZDUHQ 'LH (UJHEQLVVH GLMHMLW GH
ZXUGHQ NRUUHOLHUWHQ JXW PLW MHQHQ GLH PLWWWHOXINODV\
GHU 7UDQVIRUPDWLRQ XQG DQVFKOLH%HQGHQ 6HOHNWLHRQ PLW
JHLJWH GDVV GHU $VVD\ VHKU JXW JHHLJQHW &VWHMNRQIRPSH\
DQDO\WLHUHQ (LQH (UK|KXQJ GHV S+ :HUWV YRQISIKXQDEBHV |-
$QWHLOV DQ NRPSHWHQWHQ =HOOHQ 8QWHU S+ ZXUGBHQ ZHGH!
$XIQDKPH EHREDFKWHW $HUREH %HGLQJXQJHQ YHUKLQGHUWH
QLFKW GLH '1$ $XIQDKPH LQ ERKUHLMWXGERPSSWHEWHQU HLQH

5HIXOLHUXQJ GHU .RPSHWHQ]MEWDQENEGXQKLIQDXV JHLIWHQ ZL
.RPSHWHQ]JHQWZLE&N OXIQNXIGAKW YRQ GHU :DFKVWXPVWHPSHUD!
.RKOHQGLR[LGNRQ]HQWUDSW LROMRQREKIL®D IDOMDOLQHQ 'DUP YRQ
YRUNRPPW LPSOL]JLHUHQ GLH (UJHEQLVVH GDVV HUEOLFKHU J
$XIHQWKDOWYV LP :LUW VWDWWILQGHW V' DM MW|\DEMEFHHDAE R QWRIG DB L
XP LQ GHU 8PZHOW ]X *EHUOHEHQ

P 5DKPHQ HLQHU .RRSHUDWLRQ ZXUGH GHU (LQ]HBNMOG HWVD\
LPPXQVWLPXOLHUHQGHQ 6XEVWDQ] &XUFXPLQ ZHOFKH DOV SRW
&DPS\OREDFWHULRVH YRUJHVFKODJHQ ZXUGHQ DXI GLH QDW-+UO
(V ZXUGHQ NHLQH VWLPXOLHUHQGHQ RGHU LQKLELHUHQGHQ (IIF
7UDQVIRUPDWLRQHMR@WHOV $XIQDKPH $VVD\ EHREDFKWHW 'L
$QPHQGXQJ ZIKUHQG HLQHU &DPS\OREDFWHULRVH RKQH GDVV
3DWKRJHQH HUK|KW ZLUG

=XVDPPHQIDVVHQG OIVVW VLFK VDJHQ GDVV HUKHEOLFKHU
&DPS\OREDAWHUWILQGHW 'LHV HUK|KW P|JOLFKHUZHLVH GDV
OHEHQVPLWWHO DVVR]LLHUBNBO WHKIRIVW X QG BMWQWHIRBOJUHLFKHQ
XQG LP hEHUOHEHQ XQWHUVWW]HQ $X%HUGHP NDQQRWWHNLVF
EHKLQGHUQ XQG PXVV EHU<FNVLFKWLJVEDZPHYGR DD BXRHIQRGH/L Q
HUNHQQHQ ]X N|QQHQ (V EOHLEW ZLFKWLJ QDW e WHUKXFRKHBDRQV I
XP GLH $GDSWDWLRQVIIKLINHE /P Y\RO®R EWRYBHRRG KGEHQ=XNXQIW
UHGX]LHUHQ



Introduction

' QWURGXFWLRQ

4.1 The zoonotic disease campylobacteriosis

&DPS\OREDFWHULRVLV LV D JRRQRWLF GLVH D V&D PZX DRKE D F WAHDUX \
VSS ,Q KXPDQV WRUDVOHDRHWQWIRULWLY ZLWK VI\PSWRPV OLNH
GLDUUKHD DEGRPLQDO SDLQ IHYHU DQG QDXVHD Q)X PRWW. GDV]
VRPH FDVHV HVSHFLDOO\ IRU LPPXQH FRPSURPLVHG SHRSOH WK
)XUWKHUPRUH VHYHUH ORQJ WHUP FRPSOLFDWLRQV KD® RFFXU
GLVRUGHUV VXFK DV *XLOODLQ %DUUp VI\QGURPH WHKWLWDREOH
':LMGLFNV DQG .OHLQ )DFFLROj HW DO HIG 6 W/ G MWV W K R KUR.L
IRU *XLOODLQ %DUUp VIQGURPH LQ WKH WZR PRQWXMDIWKD@EDP
LQ WKH JHQHUDO SRSXODWLRQ LQ ZKLFK WKH LQFLGHQFH ZD\
OF&DUWK\ DQG *LHVHFNH $Q DQWLERG\ FURVV UHIDFWLRQ
VWUXFWPBBS\RREDPWHUJDQJOLRVLGH VWUXFWXUH RI WKH SHULS
IRUVKH *XLOODLQ %DUUp VIQGURPH <XNL HW DO DPRQGRSRO\V
VWUDLIQWUHIRUH V&IOW S\SHRAEADERVIDFEH VWUXFWXUH GHWHUPLQHV LI
RI DQWLERG W K RV BDHHQ RHOPSQOOREDWWRW\SH 3HQQHU  ZDV DVV
ZLWK *XLOODLQ %DUUp VIQGURPH )RU UHDFWLYGHREWKWRIWLY D
SHU SHU \HDU KDYH EHHQ UHSRUWHG +DQQXKDW PBIDQV 3

RI FDPS\OREDFWHULRVLYV SDWLHQWYV VXII KU DB RR WHK B UMRKQU

,Q UDUH FRVAY\GREDEWHHWLRQV DQG VHTXHOD PRUWDOLW\ KDV
HwW DO

6LQFH FDPS\OREDFWHULRVLV LV WKH PRV WQID TXQH QRN ROH 3
UHSRUWHG FDVHV LQ WKH (XURSHDQ 8QLEWHU® VWLQ JH\
&DPS\ORELBWHFRUWLRQV VKRZ D VHDVRQDOLW\ SHDN LQ VXPPHU
VSHFXODWH WKDW KDQGOMGXULRIJFEDBEHDXAHPRXOG EH D UHD
$GGLWLRQDOO\ WKHUH LV D SHDN LQ ZLQWWRDVXD QY IHD & HIU M
(YH 5RVQHU HW DO 7KH PDMRULW\ RI FRQILUPABXVB\GHV LQ
E\&DPS\OREDFWHRO®RRKER®PS\OREDFWHEXNWFRB®FPB\OREDFWHU OD
&DPS\OREDFWHMSDRSVOREDFWHU KBYD EHHIN UUSRUWHG ()6$

4.2 Prevalence and reservoir of thermophilic =~ Campylobacter spp.

&DPS\ORED¥WHOGO\ GLVWULEXWHG DQG UHVLGHU QA @ LRDA BQUF
FDWWOH VKHHS DV ZHOO DV RWKHU DQLPDOV DQG KDWLEHHQ LV
ZDWHU RU VDQG :DOGHQVWU|P HW DO 0XJKLQL *UDV HW DO

7KH PDLQ WUDQVPLINRBD RREYWWHDI FRQWDPLQDWHG IRRG ORVW

FURVV FRQWDPLQDWLRQ IURP S RAEDMOWA RCDQNG RINRERFWEX 2 W DRVQ
10
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RI XQGHUFRRNHG SRXOWU\ RU UDZ PLON 5RV@HWMHMEHFWLQJ: L
KXPDQV PRVWO\ RBEXKLGENWEE IZKIFBEARMW O\ RULJLQDWHG IURP Fl
SLJV 5RVQHU HW DO $GGLWLRQDOO\ FDPS\OREDFWHUL
FRQWDPLQDWHG ZDWHU RU WKURXJK GLUHFW FRQWDFMW ZLWK
FRPSDQLRQ DQLPDOV ,JZDUDQ DQG 2NRK

4.3 Characteristics of the thermophilic Epsilonproteobacteria
Campylobacter spp.

Taxonomy and classification
7KH JH@QRPS\OREEHWRQJV WR WKH IDPLO\ &DPS\OREDFWHUDFHD

SUFREDFDWQEXOIXURVSEDUOOWRP HW DO (X]pE\ 3DUWH H
&DPS\OREDFWHUDFHDH EHORQJ WR WKH RUGHU &DPS\OREDFWHU
WKH IDPLOLHY +HOLFREDFWHUDFHDH LOHOXKBERBEDFWKMHQ G&®XCRQL
IDXWLOLDFHDH 7KH\ DOO EHORQJ WR WKH FODVYK\RWIXRSVLOF
SURWHREDFWHULD LQ WKH GRPDLQ % DBEWWILLDL H& HUBHH BUHY AOQU W

&DPS\OREDQWGIXGLQJ VXEVSHFLHV &RVWD DQG ,UDROD 6L
&DPS\OREDGWHUE\ 7KHRGRU (VFKHULFK WKHUH KDV EHHQ VRPH U
HW DO 9DQGDPPH DQG 2Q 9LEYRB 289 WHXMOGD B H GHWRY

&DPS\OREDFWALVSRRBQILHG WR WKHOQHREBFRENOG DQG 9HURQ
*RRGZLQ HW DO

Morphology and culture conditions
&DPS\OREDEWHWDP QHJDWLYH EDFWHURD PRVW®\XQ® K ¥ LGBHOK \

—P 'HEUX\QH DQG *HYHUV *DKJHU LZRADEPVB \O RED FW H U

RULJLQDWHV IURP WKH *UHHN ZRUGV 3FDPS\OR’ ZKUFK RNDQYV

WUDQVODWHG DV 2URG’ 7KH QDPH ZDV FKRVHQ WR@RWVWURIEH Wi
WKH VSHFLHV VKRZ FRUNVFUHZ OLNH PRWE 8 UWK\ SR ME&OW KIHU O
SRVW WUDQVODWLRQDOO\ PRGLILHG 5HFBDYIWQHD PWW®E Y\ RAY Q\
SFHOO WUDLQ " PRUSKRW\SH PHDQLQJ WKDW VH YHW® CEDIF VDL
PRYHG OLNH D *WUDLQ  SDPSNUREWDEUMBIQRQ VSRUH IRUPLQJ EX
XQIDYRUDEOH FRQGLWLRQV HJ GXULQJ MWNROYD WKBQJW K WBL
FRFFRLG IRUP ZKLFK LV WKRXJKW WR EH D VXUYLYDO VWUDWHJ\

& MHMXQL & DFR® LXKV DMWY ¥FROYVLGHUHG DV WKHUPRSKLOLF EC
WKHUPRWROHUDQW LV PRUH SUHFLVH VLQFH WXG®\ JERZRWUWHP
HW DO &RPPRQO\ WKH\ DUH FXOWXUHG DW E&®RZ fR&DQG
&RUU\ HW DO .LP HW DO 6LQFH WHKH UBDFEX\FHGL B [DAHQ |
OHYHOV FRPSDUHG WR DHURELF FRQGLWLRQV DUH QHFHVVD
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&DPORDFWNBODWHY DUH FXOWXUHG LOQRDQ BRWPHRYSKBUBRF®RQVL)V
GLR[LGH DQG QLWURJHQ RQ &ROXPELD EORRG DJDU SODWHYV

Typing methods and population structure
7R GHWHUPLQH WKH UHODWLYHQHVYV RI VWNVWKH GWR Q0D WIR RID VAV b

RI WKH VSHFLHV LW LV LPSRUWDQW WR FODVVREDPROBWB KW HY ||
ZDV SHUIRUPHG IRU H[DPSOH E\ SXOVH ILHOG JNB UDOGEWR®SK
DPSOLILHG SRO\PRUSKLF '1$ 5B3DW\SH QR W< 5IQQH WRIJO 0D]XUL
3HQQHU HW DO OHLQHUVPDQQ HW DO X 6 MQLFOHR F X V F (
VHTXHQFH W\SLQJ 0/67 EHFDPH PRAKL D @EWRRG BRSXCHYHORSH
GLITHUHQWL DMWHBR®GRIFRAIQIJOH HW D@ WKDW VWXEBHMWX\QEDLQV
ZHUH FKDUDFWHUL]JHG EDVHG RQ WKV $ KRIOM S HBIBLQIFIHQH V
WN®WXW RI WKLV VHTXHQFH W\SHV ZHUH REVHUYHG DQG DWW
VKRZLQJ WKH GLYHUVH SR&X GBI WHRRED VWKKEWXWHARHQFH W\SHV
DQG FORQDO FRPSOH{WW &M I|LOHED PFHWRIURQ RQ ,Q FRQWUDVW
& FR®Q EH GLYLGHG LQWR WKUHH FODGHV ZKLFK KIRKH @ HED UD"
WKH DJULFXOWXUDO QLFKH ZKHUHDV FODGH ,, HOQQ'G UFFODRHD W,
6KHSSDUG HW DO 6NDUS GH Y4DD @ KEXKNDKDD Q&@L F RROQ.O \
VKDUH a DW WKH QXFOHRWLGH VHTXHQFH OHYHO WIKR\ DUH EF
VFKHPH ZKLFK KDV WKH DGYDQWDJH WKDW WKHLU UHDOWLYHQ!
7R LQFUHDVH WKH GLVFULPLQDWRU\ SRZHU RI WRKWK®/67 VF
FKDUDFWHUL]DWLRQ RI WKH VKRUW YD UODEQI® DI IZR@ & IDW KMKIH
JHQH IRU WKH RXWHU PHPEUDQH SRUH 3RIZP GDQU THKRHWH DB QR P H
VHTXHQFLQJ LV ZLOGO\ DYDLODEOH FRUH JHQRPHIRUBWKHUO/67
HQODUJH WKH GLVFULPLQDWRU\ SRZHU 7KL\HQBDR D\Q GRW KEHHWHWR
Rl WKH SRSXODWLRQ VWUXFWXUH 7KLV KDV QRW RO@®ALBRQYDQV
G\QDPLFV DQG UHODWLYHQHV&D EX\W FDERMVEE HDONX FEEQWHLRYV I
HSLGHPLRORJLFDO TXHVWLRQV DQG WUDQFH WQUDBWPROVLRQ U]
7KHUH DUH GLIIHUHQW FJ0/67 DQG ZKROH JHQRPHVEMG ZKBING7
DUH EDVHG RQ GLIIHUHQW UHIHUHQFH GDWDVHW/ @MWLRQF GX (
FRPPRQO\ XVHG FJO0/67 VFKHPH ZDV VXJJHVWHG E\ &RG\ DQG FRO
7KLV VFKHPH FRPSDUHV L QD RPKLF K KLIROMLQQHVROXWLRQ WKDQ
WKHUH DUH SURILOHV GHIL@MG S\Q WKEDF¥AKNNRRQ RQ
$QRWKHU W\SLQJ PHWKRG IRU FKDUDFWHUL]DWLRQ LV W
W LV EDVHG RQ ORFL ZKLFK ZHUH SUH¥HRQWVYE®RMH G H\LW L D O
XSORDGHG WR WKH (XURSHDQ 1XFOHRWLGH $UFKLYH RU 1&%, 6}
,118FD Y SLSHOLQH DV ZHOO DV DGGLWLRQDOO\ SXEOLVKH
ZJ0/67 VFKHPD IURP ,118(1'2 SODWIRUP LQFOXGHYV 7KQRFL /O

12


https://pubmlst.org/
https://pubmlst.org/

Introduction

VFKHPH XVHV WKUHH GLIITHUHQW OHYHOV RI VW UD U® \GRRPHQLFFOD '
UHTXLUHPHQWY FRQFHUQLQJ RXWEUHDN DQDO\VLYV DQ® VXUYHLC
*PE+ XVHV ORFL IURP WKH VRIWZDUH 6HT6SKSIWH FJIAHQWQL R H W
JRU RYHUDOO FRPSDUDELOLW\ LW LV QHFHVVDU\ WR KIFKPRWYL]H
VWLOO SHQGLQJ

$ IDVWHU PHWKRG WKDQ ZKROH JHQRPH VHTXHREBLIDI6D QW FRQV
XVHG WR GLIIHUHQWLDWH WKH BN 3\ XKPDRWFRM MV X @B WIH G

DQ& ODAKLV LV LPSRUWDQW &RP SADRERIEOMHEE FIIRARG FKDLQ 7KL\
PHWKRG LV WKH T3&5 EDPVOHSGFG M (DHIFBN IOROG RRIWHQ SHUIRUPHG E\ |
ODERUDWRULHVY %HVW HW DO )RU LWWS\HF HNW 052 [ IHUHQWLDWLRC
SULPHUV ZHUH GHVLJQHG EDVHG RQ NQRZQ JHQH YTFDIDRYO\LQ I
DQOHIPO®SRE MIQUEHXR& FROQBURE& ODKHUHIRUH D SRVLWLYH
VLIJQDO LQ WKH DSSURSULDWH JHQH LV WKRXJKW WR LQGLFDWH

Survival strategies
&DPS\ORED¥VVWHIDVWLGLRXV RUJDQLVP VWDQGLQJ LQ WKH QHHG

FDQQRW JURZ EHORZ f& ,WPKBW DOHQ V&RZS OREMMRWHY LWV
FXOWLYDELOLW\ DIWHU LQFXEDWLRQ DW f&D P&D O R BDBI¥ MM UD\O
VXFFHVVIXO LQ FRORQL]LQJ IDUP DQLPDOV DQG VSDHEBBQQHW.Q [
DO 7KLV KLQWV WR SRZHUIXO VXUYLYDO R WRWH ARFF RL G
IRUWNRQGXUH XQIDYRUDEDPSERREEBMR@GHUJR D VR FQRQHG YLD
FXOWXUDEOH 9%1& VWDWXV ,W KDV EHHQRKRZQWEDIODWNEG HIVN L
DEOH WR LQGXFH WKH 9%1& VWDWXV 7KHVH LQFOX®H)G/WDUYL
6FKUDIW &KDLVRZZRQJ HW DO RVPRWLF \ON WHHV\R E/lYFH W
VWUHVV 2K HW DO 6LQFH WKH 9%3$& UNLYWXD EN VW B WIXRMW
KDUVK HQYLURQPHQWDO FRQGLW&RPY\QRE FHKHWIK DX VIFLLNWDON HW I
9%1& VWDWXV XQGHU IDYRUDEOH FRQGLWLRQV 6R IDW QRMH H[D]
NQRZQ :XOVWHQ DQG FROOHDJIXHV VXJJHVWIBGURRBW7BEHURERBD
WKH\ XVHG UDZ PLON ZKLFK ZDV &D®WHE DWRWHEM WKHM VSRRHG U
PLON ZDWX\OREWRWHY LQLWLDO FRQ FH@\WYVPOLRQORI 7&RJIVXVSHC
LQFXEDWEBDBPSQWRBIAYR UFXOWLYDEOH DFFRUGLQJ WR ,62

DO ,62B ,Q DQ DWPRVSKHUH ZLW K5 UHIGHXYFDHVE HRE[ \ J
K\GURJHQ OHYHOV LW ZDV S&KRINR/I\FORE BVERMVIKD B XEKWUWNYBRKKD G EH D
KLQW WKDW WKH DEVHQFH RU DW OHDVW D ®UDROH E Q WE XKW ERW
IURP 9%1& VWDWXYV

$QRWKHU PRUH ORQJ WHUP VWUDWHJ\ WR RXWOPNVWW GG WXUHY L
DFTXLVLWLRQ RI VXLWDEOH JHQHV RU JHQH YDULDQWY WR R
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&DPS\ORED¥WIRBRZQ WR KDYH D KLJK DGDSWLYH SRWHQWLDO EHF
6KHSSDUG HW DO 3DUNHU HW DO *HYHMWNQE H QRXMWQIIHHV
WKH GLYHUVLW\ 6KHSSDUG HW DO :LOVRQ HWLDO WDNHTK
WRIJHWKHU ZLWK WKH DELOLW\ WR XQGHUJR WKWKH060D& QWD QX
ZLGHVSUHDG SHUNUDWWDREHRRVWIOWKRIHQ

4.4 Natural Transformation

Regulation of natural transformation
1DWXUDO WUDQVIRUPDWLRQ GHVFULEHYV WKRXPBMWDMNH HRSIHQIGHQID

KRPRORJ\ '1$ ZLOO EH LQFRUSRUDWHG LQW RKWKBVJHQR/PRH EH HOQ
REVHUYHG E\ JUHGHULFN *ULIILWK+HQQYHVWLUIDMWWIG WKH H[FK
LQIRUPDWLRQ EHWZHHQ YL WBX\OUHIW ROFEF DR\Q SAVUKDRIENS H \
DQG FROOHDJXHV IRXQG RXW WKDW WKH W UHDAQ RIR UPLBWIDRXQ D JHC
EH DFTXLUHG IURP GHDG FHOOV RU DFWLY HIOQ WRIE UHHW HD® IURP
$GGLWLRQDOO\ LW KDV EHHQ REVHUEBHGSQWMEKD RRE D FS\UHRWEDOF H FoU
EDFWHULRFLQ NLOOLQJ QHLJKERULQJ RUJDQUWRWR BHUROWY QV It
ZDV FDOOHG QHLJKERU SUHGDWILRI) DKRQANLWWRRORI QHZ JHQHYV
RIITHUV WKH FKDQFH IRU D FHOO WR REWDLQ QHZ JHQHVUFRDAQHQ
IRU VXURWYBMPSOH E\ DFTXLVLWLRQ RI DQWLELRWLFHWHDIOVWD Q
%XW H[WHQVLYH JHQHWLF H[FKDQJH FDQ EH KDUPIX® IRU JF
7KHUHIRUH QDWXUDO WUDQVIRUPDWLRQ HYR®HUKRXJIK/ L\
UHJXODWHG LQ YDULRXV EDFWHULDS$ 'SSEQDDEDB G/ WOBRWHYFKRU W
WR PLQLPL]JH KDUPIXO DVSHFWV Rl JHQHWLF H[FKDRRIBHYV WKI
FRPSHWHQW +DPRHQ HW DO Y@HF LH] D X $ §8HE BFRYR GAKM. D @ V
+DPRHQ HW DO *DPED HWWVXERRPINWYWHQFH GHYHORSPHQW L\
E\ WKH WUDQVFULSWLRQ IDFWRU &RP. OHDGLQJ(WHR PRPGHWH Q
RSWLPDO FRQGLWLRQV IRU FRPSHWHQFH GHYHGRSRNEW KK\ D
DQG WKHUHIRUH LV FRPSHWHQW 6R EDVHG RQO/\&R F&KHDW WU F LY
LI D FHOO GHYHORSY FRPSHWHQFH ,Q PRVW EDFWHULD FRPSH
H[WHUQDO, o® FS\RHXP RERMIHWHQFH GHYHORSYV LQ H[SRQHQWLDO
FHOOV DQG LV LQKLELWHG LQ VWDWLRG®@DHP BERNVHX V& QIOWIDHUN Q |E
FRPSHWHQW LQ VWDWLRQDU\ SKDVH DQG FRPSHWHQFWHLFRQ DO\
PHGLXP WR QXWULHQW GHSOHWLRQ -RKQVWRQVHMQDDFW P LUHURU
FKDQJH Rl JURZWK FRQGLWLRQ IURP H[SRQHQWLD® SKEVH ZK
XQUHVWULFWHG JURZWK LV SRVVLEOH WR VWDW LHR® MWE SKRVH Z|
FKROHE®PMSHWHQFH GHYHORSPHQW ZDV LQGXFHG IRU H[DPSOH
ODWWKH\ DQG %ORNHVFK OHLERP HW DO FRPSHWH@WWKH

GHYHORSPHQW LV WKRXJKW WR HH VHRWOQNW I /EREIWKIRHPIHNH L Q
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%LVZDV HW DO 2EHUJIHO Ot BQIGF RIE DIHWEMUL SKOIRMJEORVHO\ UH
WRDPS\OREDEWHKIDY EHHQ VKRZQ WKDW DERYH S+ D ZLQC
GHYHORSPHQW R S WKDWXBLQGRZ FRPSHWHQFH GHYHORSPHQW LQF
ZDV IXUWKHU WULJJHUHG E\ R[LGDWLYH VWUHVYVY .UJHU HW DO

7KHUH LV RQO\ OLWWOH NQRZQ DERXW WKH IRERHRUW MWYULJ.
&DPS\OREOFWHUWKHOHVY LW ZDV VXJJHVWHG WKDW QDWXUDO
XQGHU RSWLPDO JURZWK FRQGLWXRQNW 92D HD 68 WRDVOKRZQ WKDW
WKDQ RSWLPDO IRU JURZWK VWLOO VXSSRUWHIGVYDWEUDBJWH D (
DQG FROOHDJXHV GLG QRW GLVFULPLQDWH EHWZHHQ FRPSHYV
H[SUHVVLRQ DQG DVVHPEO\ Rl WKH '1$ XSWDNH DSSDRIDIMXNVVDQG
SRVVLEOH WKDW DOUHDG\ DVVHPEOHG '1$ XSWDNHHRARPISSOH[HV Z
IURP WKH HQYLURQPHQW EXW WKDW QR DGGLW WRKQHD OV FRWSGH
FRQGLWLRQV 7KLV FRXOG PHDQ WHKDBX\Q QR UFRKS$HW HQWH G5 IF RQG|
FRQVHTXHQW VWHSV RI QDWXUDO WUDQVIR URDIKHRQ VKW L ED\DW R FSF
WKDW WRRQFHQWUDWLRQ SOD\HG D UROH LQ FRPSHWHQFH GHYH
UXOHG RXW VLQFHHKHIKHELIEIXMRZHU S+ :LOVRQ HW DO

Process of natural transformation
$V D ILUVW VWHS RI QDWXUDO WUDQWIRWPORH@EW LVHEHR XLGEG WER PV

VXUIDFH 'XEQDX DQG %ORNHVFK ,Q JUDP S BRALAWL YWK H DFFH/OHD
ZDOO LQWR WKH F\WRSODVP DQG UHDFKHYV D WLDAWH BDHW N WLEDQ W
LV WDNHQ XS RYHU WKH RXWHU PHPEUDQH LQWRORWW EBBWSWD D
KDUERU D W\SH ,, VHFUHWLRQ W\SH ,9 SLOL NFXWHP' IRU2RSWD!
H[FHSW IR G\ORKILFK XVHV D W\SH ,9 VHFUHWLRQ V\WVWHP +RIUHX
WKH SHULSODVP D VILIQJIOW WDQUDDRGEDRVHG RYHU WKH LQQHU P
F\WRSODVP ,Q PRVW EDFWHULD WKLV LV DEFKLHYHGFRKDRRMH® ZKL
2QFH LQ WKH F\WRSODVP GHSHQGLQJ RQ KRPRORJS AKQURPRVRI
VXEVHTXHQW H[SUHVVLRQ PLJKW RFFXU

7KHUH DUH GLIIHUHQW PHFKDQLVPV NQRZQ KREWR$ WNHERMQG D¢
% VXEWLEOKLR@OHID JRQRUUWHKDY EHHQ VKRZQ WKDW '1$ XSWDNH |
,9SLOXV +DKQ HW DO (OOLVRQ HW TKMH H[DFAD @HFX HQWL DOV [
VWUXFWXUHV HVVHQW LD OF KRRIO KS\BKEDNWH EHHWD V,KQRZQ WKDW DQ HV!
'1$ XSWDNH LV WKH ELQGLQJ RI '1$ E\MWKBONLS RI%MKSL SKT LU H D/
'1$ LV GHOLYHUHG WR WKH FHOO VXUIDFH ZKLFK PWPEWRGEHDWH C
QL JRQRUURRWDWKH IXO0 OHQJWK SLOXV FRQV [ \LW LOHFRIVWBH\P [
IRU XSWDNH 2EHUJIHOO DQG 6HLIHUW 7 K L R ALRXGL IBDXW H § JW
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DQWLJHQLF YDULDWLRQ DQG KLQWYV WKDW WWKLHR @DU\VRGE L1 BH B H@GW
9 FKROHUDH

*HQHUDOO\ JHQHV LQYROYH&DPO\ORE DEWBRIGORISRRUO\ XQGHU
IHYHUWKHOHVV XVLQJ UDQGRP WUDQVSRVRQ PXWDJHQHVLV :L}
JHQHV ZLWK D SRWHQWLDO UROH LQ '1$ XIBW DHWH IDAJ& HVBID QV IR
LQFOXGH FAWV:FM SUR&FM FWV7FM FWV*FM FHX%FM F
FWV)FM FRVV(FM FAWVFEM FWV'FM FAWVBQG WKH JDUHILRQ RI
7KH QRPHQFODWXUH *FWV'&DY SDQRE BFRIPO® IRUPDWLRQ V\VWHP’
WKHVH JHQHV KDYH KRPRORJLHWR )XW RD UHQFDNVUMMWKKRPR2RJUROH
VHFUHWLRQ V\VWHPWWWNWWAWBRNYYEHUH LV D ZHDN KRPRORJ\ E
&WV' DQG43 YDOXH Q1 JRQRUUBRBDHV WKRXJIJKW WR EH WKH RX'
SRUH ZKLFK OHW WKH PDF UWRWKRROMF WEH REXVEBHW\WPHPEUDQH LQWR
'UDNH DQG .RRPH\ &WV( DQG &WV3 DUH ORFP@HRGLQJIDQ
QXFOHRVLGH WULSKRVSKDWDVHV RU ELQGLQJ SURWHLR® RI QXF
&WV( ZKLFK ZDV VKRZQ WR EH VROXEOH DQG F\VRRVROLF
% VXEWL@GEVSLD7JRQRWIHKRHVQHU HW DO &WV3 LV DVVRFL
PHPEUDQH &WV) KDV KRPRORRQ RWRUERBMIRIIKDY EHHQ VKRZQ WR
UROH LQ WUDQVIRUPDWLRQ $W LWV 1 WHWRL@XSH&W VW \\KWUM PV
RUWKRORJXHV 7KHVH SURWHLQV VKRZ VLPLODUL\RS MR @VSHQ,® ¢
PLJKW SOD\ D UROH LQ WKH VHFUHWLRQ DS S DLQDWHXIW D)X P\WREUB §
SURWHLQ ZDV IRXQG WR SOD\ D UROH LQ WUDQVIRUPDWLRQ %HI

,Ql JRQRUUK&RF(HLY HVVHQWLDO IRU '1$ XSWDNH ,W JHQHUDWH\
RYHU WKH PHPEUDQH +HSS DQG ODLHU 7KH VS&RIR( RI '1$ >
FRQFHQWUDWLRQ &RP( LY FERR FEHMHNLOHE QRFDWHG LQ WKH S
ELQGV '1$ LQ DQ XQVSHFLILF PDQQHU DQG VXSISREKNVYV 7KHXSWDN |
JHQH &M F&DFRRORENRWHEW VRPH KRFROR&ERMRELQGY GV'1$ DV
ZHOO DV VLQJOH VWUDQGHG '1$ VV'1$ LQ D QRGYSREBWHBE RDRQC
WKH SHULSODVP DV VLJQDO VHTXHQFH VXJYJGIWVRV\ PPKXR® EDIORGV Wi
VKRZHG PDLQO\ D SHULSODVPLF ORFDOL]DWLRQ .QRFOHRBXWRRI W
D WR IROG UHGXFHG WUDQVIRUP®WY R DRILAVERR@A K PQ/ ARRIHN L
FRS\ RIFRRKKRPRORJ &M & FRIJ& OPRR(LYV DEVHQW 7KLV FRXOG T
WKDW WKH UROH RI &RP( EQ MHIDWQARW PHOWY HFRQWRDEW DR MHIMD O O

NQRZQ FRPSHWHE&QDP § DOFRAEHBUBMDE RRRP D8KRPRORJ  ZKLFKDIQWG &M

ZDV VKRZQ WR EH HVVHQWLDO IRU QDWXUDOGW UP ® S WRNPH W HRQ |
HW DO &RP(& LV NQRZQ DV WKH LQQHU PHPEUD®HRFKDQQHO
WKH LQQHU PHPEUDQH LQWR WKH F\WRSODVP 'XEQDX DQG %ORN
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Discrimination and recognition  of DNA for uptake
6LQFH XQUHVWULFWHG '1$ XSWDNH DQG UHFRPE IR@D WERRP AR X O (

LQWHJULW\ FRPSHWHQFH GHYHORSPHQW LV RIWHQRQHIWODW H G

+HUULRWW HW DO OHLERP HW DOBGGLWLRQBO AW WIOH U
VHOHFWLRQ RI '1$ IRU XSWDNH LQ PRQYEQRWHHORKDD HRU X-S[\U B S @ |
VHTXHDWHVKH PRWLYH *&&*7&7*$$ *RRGPDQ DQG 6FRFFD (0
7KLV PHDQV WKDW '1$ FRQWDLQLQJ WK LW LWHHRHIQS B RIS\H U HFSRA QN
ZKHUHDV ELQGMDR RUO4 RFFXUV LQ DQ XQVSHFLILF PDQQHU $VV
IHLVVHULRIOXNEGMHFEWY '1$ IRU XSWDNH XVLQJ WKH XSWDNH VHT
WZR 7 ULFK WUDFWV EXW RQO\ WKH IRXU ED\DHM H&* *HBVUBIOH V V H Q
OHOO HW DO (DUO\ RQ L&D ZH\V REBEHWHMHIP WKIDMHVY '1$ IRU X
DV :DQJ DQG 7D\ORU 'YKRRRG WRDBW RQO\ D SRRU VXEVWUDWH
WUDQVIRUPDWLRQ ZKHUHDV '1$ IURP VLEQLQO\G ZIMORHDAG LO\ W
KDV ORQJ EHHQ DX EPRSYPREKFERIIQL]HY '1$ IRU XSWDNH 7KLV K|
D SUREOHP IRU JHQHWLF PDQLSXODWLRQ Rl WKHHRBDWERIHQ VLQ
%HDXFKDPS DQG FROOHDJXEV MRKIBGERXWUNRDPDWQRLRQ DQG UHFF
XSWDNH GHSHQGY RQ D PHWK\ODWLRQ PRWLYH UDWKHU WKDQ D

2Q0\ '1$ ZKLFK LV PHWK\ODWHG DW WKH 1 UHVWAXHIROMDGF
EH UHFRJQL]HG IRU XSWDNH 7KLV PRWLYH X\WVQ HD D BB GR REHHD [1
WR EH WKH RQO\ PHWK\O D& HRRERWDLLEM %I DGIE EMHMWQDLQV
OLNH 1&7& RU =DXWQHU HW DO 7KH PHWK\ODVH Zk
&DPS\OREDFSWHW &WV0O0 %HDXFKDPS HW DO 6LQFH WKH FR
(FR5 PHWK\ODVH UHFRJQL]JHV *$$77& VLWHV DQG PHWKY\OPWHV W
FDQ EH PRELOL]JHGL@Y RBWRNIDBALRQ 7KLV ODUJHO\ VLPSOLILHYV
L@DPS\OREDFWHWWKHOHVYVY WKHUH DUH EDFWHULD ZKLFK GR Q
GHSHQGLQJ RQ DQ XSWDNH VHTXHQFH DQG UHQ&LOR QFHNHNVX 2 QU
H[DPSIOH S\ORRAKFK D '1$ XSWDNH VHOHFWLRQ PHFKDQLVP FRXC
IDEKDQJ DQG %ODVHU .UsJHU HW DO

Possible reasons for natural transformation
7KHUH KDYH EHHQ PDQ\ UHDVRQV GLVFXVVHG ZK\ QDWXUDO WUL

UHDVRQ IRU WKH XSWDNHLRVRIPRUH QRXDVIE QXWULHQW VRXUFH

1XFOHRWLGHY FDQ EH UHF\FOHG XVHG IRU '1$ UHSOLFDWLR
VRXUFH IRU JURZW K(DNRUWERS RUWXESWMBNH FDQ VHUYH DV D SURSHU
VLQFH LW LV HDVLO\ DYDLODEOH LQ WKHIHQ$LXEWPNEW Q6XW K
VHOHFWLRQ IRU VSHFLILF '1$ IRU H[DPSOH ILURM ¥LEW LRU WH FIDRIIX
VHHQ&D® S\OREDW®MWDIUFKDPS HW DO VXJIJHVWV WKDW '1$ XSV
DGGLWLRQDO IXQFWLRQ DQG LV QRW H[FOXVLYHO\ D QXWULHQW
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'1$ FDQ VHUYH DV D WHPSODWH IRU UHSDLU RI QRQ IXQFWLRQDO
JHQHUDO 'XEQDX DQG %ORNHVFK 6LQFH IRU PRAMQNWIKIQHV \
JHQRPH RQFH D KDUPIXO PXWDWLRQ RFFXUV WKHURUWRIQRYRVRH
JHQH 7KHUHIRUH LW FRXOG DSSHDU WKDW D1% HXREWK W\W PASINDH
)XUWKHUPBHN DMOMR WKH FKDQFH IRU UHFRPELQDWLRQ RI JHQH )
ILWQHVYV DQG WKHUHIRUH JLYHV DQ DGYDQWREB\UL\WRXHUW. PDO G
6R JHQHWLF H[FKDQJH DQG WKH LQFRUSRUDWLRYQHUYWR\WKRHDJ!
SRSXODWLRQ DQG HQKDQFHV WKH DGDSWLYH SRWHRWQBQ2 $GY
JHQH YDULDQWY RU HYHQ QHZ JHQHV UHVXOWIMW DG DEBHZDNY QR Q/
JHQHUDO VXUYLYDO RXWVLGH RI WKH KRVW

((WHUQDO '1$ KDV EHHQ VKRZQ WR EH SDUW RI QHDU®OWROO ELR
LE&DPS\OREBIFWBDFHOOXODU '1$ FDQ VHUYH DV D PDWWLJ IRU EL

6YHQVVRQ HW D& MHMWJIQKDV EHHQ UHSRUWHG WKDW WKH II
RFFXUUHG LQ WKH SUHVHQFH RI HIWUDFHOOXODDV I\$WDW D DWH\RS
VWUHVV )HQJ HW BOSHFWHG H[WUDFHOOXODU '"1$ ZDV IRXQG LQ \
ELRILOP IRUPDWLRQ ZDV DOVR DVVRFLDWHG ZLWK PRUMBO O\VL
HIWUDFHOOXODU '1$ VXSSRUWLQJ WKH IRUPDWLRQ DXDS/RDPLQWH!
GLVUXSWHG WKH ELRILOP ZKHUHDV H[WHUQOPW' 1IGRPD®RRDW HX
VXSSRUWHG ELRILOP IRUPDWLRQ $00 WKLW VIQRELVRWIOIPWI R\ Bl W

Methods for detection of natural transformation
,Q D FODVVLFDO DSSURDFK WR DQDO\]H QDWXUDO WWBQVIRUP

LQFXHEGWWK IUHH '1$ FDUU\LQJ DQ DQWLELRWLF UNVH@WBWFH PLC
IRU WKLV UHVLVWDQFH 9HJJH HW DO 7KH QXPE@HWQE&I=WB®DO F
IRUPLQJ XQLWV ZLWKRXW VHOHFWLRQ DJH QWKDWHDHF® DR/QF R DHRQ
GHWHUPLQHG 7KLV DOORZV WKH FDOFXODW VRG RD QWKDIJ WV RQ W F
FODVVLFDO DVVD\ DUH WKDW WKHUH LV QR UHVROXWHRQQRIOLQC
UHVXOW Rl WUDQVIRUPDWLRQ LQFOXGLQJ UHFRPELQINWLRY DQC
DQDO\]HG (VSHFLDOO\ IRU |IBDW &G0 RKKKRLHRNVGHW B LWUPLNJDWLRQ R
IRUPLQJ XQLWV FDQ EH FKDOOHQJLQJ GHSHQGLQJ RQ@KWMKCH SK\V
EDFWHULD XQGHUJR WKH 9% 1 & VMALIVWRW WHKE UHVXOWV FDQ

7TKHUHIRUH DQRWKHU DSSURDFK LV D VLQJOH \F D@0 EDEMHRON'H B D
FHOOV DUH FXOWXUHG DQG WKHQ LQFXEDWHG WRJ DIHHOQHG WIS
6WLQJO HW DO 2QH DGYDQWDJH RI WKHWWHG/ DR W RMWIKDW HL
FRPSHWHQFH GHYHORSPHQW 7KLV LQFOXGHV WKH H[SUHVVLRQ
WKH XSWDNH PDFKLQHU\ DQG WKH DVVHPEO\RRIHW KKHRD B KIUGHHDLE
FRPSHWHQW FHOOV DUH FKDOOHQJHG ZLWK '"1$ WX¥YW EQQOKHQFH
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PRQLWRUHG 7KHUHIRUH LW FDQ EH GLVWDLR@®XUH KB & H ID §DLUDI BE
RQ FRPSHWHQFH GHYHORSPHQW RU '"1$ XSWDNRU 7UKHHV R DXWOLR @ t
VLQJOH FHOOV DQG PDNHV LW SRVVLEOH WR TKD®QWHINQVKHKRYRR X
IRY S\ORULJIJHU HW D®ODVHG RQ ILQGLQJV LQ WKLV RUIJDQLVP LW
VWHULF KLQGUDQFH RI IOXRUHVFHQW G\HV O MWD SGXRSU HY FW K
SHULSODVP DQG LV QRW IXUWKHU WUDQVSRDWHG LQB®W\R QUKH
LQWHUFDODWLQJ G\HV OLNH <2<2 ZKLFK ODEHOV RWOADGRXE!
SRVVLEOH WR LQGLUHFWO\ PRQLWRU XSWDNH RGMOR WWK H$FXWIRE O
EH WDNHQ XS LQWR WKH SHULSODVP

4.5 Aim of the study

& MHMR®LD GLYHUVH SRSXODWLRQ VWUXFWXUH DQG QDWXUDO
UROH LQ WKLV SDWKRJHQ 1HYHUWKHOHVV SDUDPHWHUV VW
GHYHORSPHQW DUH RQO\ SRRUO\ XQGHUVWRRG 7¥HGHIRUB\ ZH
WR PRQLWRU FRPSHWHQFH GHYHORS RIHQ@N CDQBN'H G XVRV\UNMW L |
SDUDPHWHUV OLNH WHPSHUDWXUH S+ DQG JNRZWHK BKDVGK RE
FRPSHWHQFH GHEHE@HREPMBWQDO IDFWRUV FDQ WULJJHU FRPSHV
IXUWKHU XVHG WKLV DVVD\ WR WHVW LI FXUFX®URWRPB VEHY B BRM\
DJDLQVW FDPS\OREDFWHULRVLYV SOD\V D UROH LQ FRIPSHWHQ]I
& MHMPROQOBZKLFK IDFWRUV LQIOXHQFH FRPSHWHQFH GHYHORSHF
UHFHQWO\ LVRODWHG 7H R BKDFNWQ PHDWKH VWUDLQ ZH SHUIR!I
VHTXHQFLQJ DQG XVHG GLIIHUHQW VHTXHQFLQJ WHFKR®RIORJILHV
UHDG WHFKQRORJLHV DQG GLIIHUHQW DVVHPEO\ WEROWHW\LQFH
FRPPRQ DRAMPB\OREZAWIHUIRUPHG QH[W JHQHUDWLRQ VHTXHQF
DFELJXRXV VSHFLHV GLITHUHQWLDWLRQ UHVXOWV WRFNQGHBXW
EHWZBHOPQ® MHMWQDLQV
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Abstract: Campylobacter jejuni (C. jejuni) is the most common cause of foodborne gastroenteritis
worldwide. The bacteria induce diarrhea and inflammation by invading the intestinal epithelium.
Curcumin is a natural polyphenol from turmeric rhizome of Curcuma longa, a medical plant, and is
commonly used in curry powder. The aim of this study was the investigation of the protective effects of
curcumin against immune-induced epithelial barrier dysfunction in C. jejuni infection. The indirect
C. jejuni-induced barrier defects and its protection by curcumin were analyzed in co-cultures with
HT-29/B6-GR/MR epithelial cells together with differentiated THP-1 immune cells. Electrophysiological
measurements revealed a reduction in transepithelial electrical resistance (TER) in infected co-cultures.
Anincrease in fluorescein (332 Da) permeability in co-cultures as well as in the germ-free IL-10~/~ mouse
model after C. jejuni infection was shown. Curcumin treatment attenuated the C. jejuni-induced increase
in fluorescein permeability in both models. Moreover, apoptosis induction, tight junction redistribution,
and an increased inflammatory response—represented by TNF-a, IL-1f3, and IL-6 secretion—was
observed in co-cultures after infection and reversed by curcumin. In conclusion, curcumin protects
against indirect C. jejuni-triggered immune-induced barrier defects and might be a therapeutic and
protective agent in patients.

Keywords: Campylobacter jejuni; curcumin; tight junction; claudin; apoptosis; co-culture; mouse colon;
cytokines; TNF; NFxB

1. Introduction

Campylobacter jejuni is the most prevalent pathogenic bacterium of zoonotic gastroenteritis [1].
Typical symptoms provoked by C. jejuni are watery to bloody diarrhea, abdominal pain, fever, and
nausea [2]. This human pathogen s present in the intestinal microbiota of farm animals, especially poultry,
which is the main source of infection for humans by ingestion of contaminated or undercooked food [1].
The bacteria adhere to the mucus and the surface of intestinal epithelial cells, invade the intestinal
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epithelium, while they pass the cells via the transcellular or paracellular route [3,4]. Consequently, direct
epithelial barrier defects such as dysregulation of tight junction (TJ) proteins, induction of epithelial
lesions or also indirect effects by inflammatory responses of epithelial or immune cells occur [5,6].

Epithelial lesions can go along with single-cell lesions by increased apoptosis, mid-sized leaks
like focal leaks, as well as erosions or even ulcerations. These pathological findings could explain the
type of diarrhea for the Campylobacter infection as leak flux pathomechanism, which is characterized by
a loss of water and solutes from the organism into the intestinal lumen through a leaky epithelium [6,7].
For a physiological intestinal integrity, an intact epithelium is essential. The main components of
intestinal epithelial barrier are the TJs. They are the apical components of the intercellular seal and
divide the epithelial cell membrane into an apical and basolateral compartment (fence function) [8].
Tight junctions form a barrier for water, ions, and solutes (barrier function) [9] and consist of various
molecular transmembrane proteins like claudins and occludin, junction adhesion molecules (JAM),
tricellulin, and cytoplasmatic scaffolding proteins as zonula occludens protein-1 (ZO-1) [8,9].

Recently, the number of C. jejuni infections surpasses Salmonella infections as the leading cause
of zoonotic bacterial gastroenteritis in the US and Europe. Moreover, high levels of ﬂuoroquinul(me
resistance have been reported [10] and levels of multi drug resistances (MDR) are increasing [11].
In consequence, new therapeutic targets as well as innovative strategies to reduce the amount of
C. jejuni in farm animals and environment are urgently required. A potent natural substance thought
to interfere with Campylobacter infection is curcumin.

Curcumin is a polyphenolic compound found in the turmeric root of the Curcuma longa plant
(commonly known as turmeric), a member of the ginger family [12-14]. Itis used as coloring agent,
cosmetics, and it is the principal ingredient in oriental food spice like curry powder [12,13]. For centuries,
curcumin has been used in Asian traditional medicine as a common nontoxic and active agent against
different gastrointestinal and digestive disorders [12,14,15]. In addition, curcumin is known to possess
anti-inflammatory, antioxidative, antibacterial, anticarcinogenic [16], antiviral [15,17], antiapoptotic,
and antiproliferative properties [12]. The antibacterial effect was shown against Salmonella spp. [18],
Helicobacter pylori [16,19,20], methicillin-resistant Staphylococcus aureus, Bacillus subtilis, and Escherichia
coli [21]. Various studies have shown that curcumin modulates inflammatory cytokine pathways like
IL-1p3, TNF-cx, IL-6, IL-8, IL-10 [12,13,22,23], and inhibit signaling pathways like NFkB [12,17,19].

The aim of the presented study was to evaluate the barrier-protective and anti-inflammatory
properties of curcumin on intestinal epithelial barrier function, which is compromised by the
C. jejuni-mediated immune response. Therefore, a novel in vitro co-culture model consisting of intestinal
epithelial HT-29/B6-GR/MR and immune THP-1 cells was established. This co-culture model enables
the screening of potential barrier-protective and anti-inflammatory compounds in C. jefuni infection,
as a result of which curcumin was identified as being effective.

2. Results

2.1. Establishment of a Co-Culture with Colon Epithelial Cells HT-29/B6-GR/MR and Immune THP-1 Cells

To analyze the impact of the immune response during a Campylobacter infection on epithelial
barrier function, human colon epithelial cells and immune cells were co-cultured. Colonic epithelial
cells (HT-29/B6-GR/MR) were seeded on cell culture filter supports (0.4 um pore size) and represented
the epithelial compartment. Under the membrane of the epithelial cell filter, THP-1 immune cells
were seeded on the bottom of the cell culture well and represented the subepithelial compartment.
Basal bacterial infection with C. jejuni decreased transepithelial electrical resistance (TER) when colonic
epithelial and immune cells (differentiated THP-1 cells) were co-cultured (Figure 1). From the apical
supernatant, no bacteria could be cultured after the experiment, indicating that the bacteria could not
pass the filter membrane with 0.4 um pore size. As aresult of this, and in contrast to the results in the
co-culture model, C. jejuni infection at the basal membrane had no effect on TER in HT-29/B6-GR/MR
mono-culture (Figure 1).
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Figure 1. C. jejuni infection in human intestinal epithelial cells (HT-29/B6-GR/MR) or in co-culture
together with human immune cells (differentiated THP-1 cells). Transepithelial electrical resistance
(TER) in co-culture after C. jejuni infection from the basal side decreased 48 h post infection (1 = 7-9,
** p < 0.01, unpaired Student’s t-test).

2.2, Curcumin Improves Disturbed Intestinal Barrier Function in the Co-Culture System

Using mRNA sequencing and subsequent ingenuity pathway analysis (IPA) of human mucosa
biopsies from C. jejuni-infected patients, inhibition of curcumin-dependent pathways indicated that the
presence of curcumin might prevent the C. jejuni-induced changes in gene expression. Based on this
bicinformatic prediction of curcumin’s effect on host gene expression, the addition of curcumin should
activate downstream pathways and might reduce the effects of Campylobacter infections (Supplementary
Table S1). In order to test the barrier protective and anti-inflammatory properties of curcumin in
Campylobacter-induced barrier dysfunction, a curcumin solution was added to the infected co-culture
model. As shown in Figure 2, C. jejuni reduced TER significantly 48 h after infection, whereas this
change was inhibited by the presence of curcumin.
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Figure 2. Curcumin protects against C. jejuni-induced barrier disruption in co-culture. Cells were
treated with 50 uM curcumin and infected with C. jejuni for 48 h (1 = 13, *** p < 0.001, one-way ANOVA
with Bonferroni correction for multiple comparisons).

Permeability studies were performed with the paracellular flux marker fluorescein (332 Da).
Compared to controls, C. jejuni infection caused an increase in permeability to fluorescein. Application
of curcumin not only ameliorated the permeability increase for fluorescein, but even resulted in
an improved barrier function for paracellular passage of macromolecules when exceeded the control
level (Figure 3).
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Figure 3. Curcumin improves the C. jejuni-induced increase in permeability to fluorescein (332 Da)
in co-cultures with colon epithelial HT-29/B6-GR/MR and immune THP-1 cells. The co-cultures were
infected with C. jejuni after incubation with 50 uM curcumin. Fluorescein permeabilities were measured
48 h post infection (n = 7-8, * p < 0.05, *** p < 0.001, one-way ANOVA with Bonferroni correction for
multiple comparisons).

2.3. Effect of Curcumin In Vivo on Intestinal Barrier Regulation in IL-107~ Mice

Secondary abiotic IL-107~ mice were infected with C. jejuni and treated with 0.5 mg/mL of
curcumin, starting 4 days prior infection until the end of the observation period (i.e., day 6 post
infection). Epithelial barrier function of distal colon specimens from IL-107/~ mice was analyzed
in Ussing chambers. Conductance (G, Figure 4A) and permeability to fluorescein (Figure 4B) was
significant higher in C. jejuni-infected mice than in untreated infected mice. Mice receiving curcumin
showed a significantly lower conductance and permeability to fluorescein than untreated infected
mice. The electrophysiological results obtained in vivo (Figure 4) resemble the results from the in vitro
co-culture system (Figure 3).
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Figure 4. Curcumin ameliorates the C. jejuni-induced barrier dysfunction in colon of IL-107~ mice.
Colon specimens of IL-107~ mice were mounted in Ussing chambers designed for impedance
spectroscopy. (A) Epithelial conductance (G) (# = 5-18, *** p < 0,001, Mann—-Whitney Li-test) and (B)
fluorescein (332 Da) permeability (n = 5-14, * p < 0.05, Mann-Whitney L-test) of IL-10~/~ mouse colon
were measured in Ussing chambers. IL-10~/~ mice were either infected with C. jejuni (per oral gavage
with 10® CFU in 0.3 mL) or infected and treated for 6 days with Curcumin (0.5 mg/mL).

2.4. Effect of Curcumin on Bacterial Integrity

To determine whether curcumin had a direct effect on the viability of C. jejuni in the concentration
used in our experiments, the minimal inhibitory concentration (MIC) for curcumin was determined.
The MIC of curcumin in C. jejuni 81-176 amounted to 87 uM under physiological conditions at a pH
of 7.4, and is thus above our experimental curcumin concentrations in the co-culture. Moreover,
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if curcumin is used as treatment, it is necessary to know whether the substance exerts any stress to
the bacterium, leading to enhanced adaption by, e.g., stimulation of natural transformation capacity.
Therefore, competence development and DNA uptake of C. jejuni was investigated under the treatment
of curcumin using a single cell assay. After curcumin treatment, no change in the ratio of competent
bacteria was registered (control 26% + 2% versus treated 25.5% = (.5% with 50 pM curcumin, n = 3,
n.s., unpaired Student’s t-test). In addition, also the DNA uptake processes in competent C. jejuni was
unaffected after curcumin treatment (control 100% versus treated 86.9% + 6.7%, n = 3, n.s., unpaired
Student’s t-test).

2.5. Cytokine Secretion in C. jejuni-Infected Co-Cultures

To identify which cytokines were released by the immune cells and affected epithelial cells
function, cytometric bead arrays (CBA) from supernatants of treated co-cultures were performed.
TNF-a, IL-1p, and IL-6 were increased in C. jejuni-infected co-cultures, while this changes were

prevented by curcumin treatment (Figure 5).
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Figure 5. Cytokine release in co-cultures after C. jejuni infection. (A) Tumor necrosis factor-o (TNF-a),
(B) Interleukin-1p (IL-1B), and (C) Interleukin-6 (IL-6) secretion after treatment with curcumin in
C. jejuni-infected co-cultures (n = 5-6, * p < 0.05, ** p < 0.01, ** p < 0.001, one-way ANOVA with
Bonferroni correction for multiple comparisons).

2.6. NF«B Signaling Pathway is Involved in C. jejuni-Induced Barrier Dysfunction

Furthermore, we evaluated the possible relevance of the NFkB pathway for barrier function
in our cell model using the NFkB inhibitor BAY 11-7082 (BAY). BAY inhibited the C. jejuni-induced
reduction in TER, similar to the effect of curcumin (Figure 6A). In addition, the increase in permeability
to fluorescein could be reversed after BAY inhibition and almost reached control values (Figure 6B).
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Figure 6. The NFkB pathway is barrier-relevant. Inhibitory effect of BAY 11-7082 in C. jejuni-infected
co-cultures. (A) Transepithelial electrical resistance (TER) and (B) permeability to fluorescein (332 Da)
after incubation with 10 uM BAY 11-7082 and infection with C. jejuni for 48 h (n =5, * p <0.05,** p < 0.01,
*#* p < 0.001, one-way ANOVA with Bonferroni correction for multiple comparisons).

2.7. Epithelial Apoptosis is Blocked by Curcumin in the Co-Culfure Model

Given that the induction of epithelial apoptosis constitutes a barrier-relevant pathomechanism,
and Campylobacter infections have been shown to induce epithelial apoptosis, the impact of curcumin
on apoptosis was analyzed using cleaved caspase-3 staining and visualized by confocal laser-scanning

microscopy (CLSM) (Figure 7).
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Figure 7. Apoptosis induction in C. jejuni-infected co-cultures. Cleaved caspase-3 staining indicates
the number of apoptotic cells and is visualized by confocal microscopy. Monolayers were stained with
antibodies against cleaved caspase-3 (green) and nuclei were colored with 4°-d-diamidino-2-phenylidole
dihydrochloride (DAPI, blue). Signals of cleaved caspase-3-positive cells in CLSM were counted in the
top view pictures and related to the number of DAPI stained nuclei (~300 nuclei/frame) to calculate the
percentage of apoptotic cells in the monolayers (n = 6, *** p < (L.001, one-way ANOVA with Bonferroni
correction for multiple comparisons). Representative pictures are shown for HT-29/B6-GR/MR cells,
obtained from co-culture after treatment with 50 uM curcumin and infection with C. jejuni.

After infection with C. jejuni, the apoptotic ratio was increased 3-fold in comparison to control.
Incubation with curcumin during the infection with C. jejuni reduced the apoptotic ratio to that of
controls (Figure 7) (control 0.7% = 0.4% versus infected 3.3% + 0.4% versus treated 1.1% =+ 0.2%, n = 6,
#p <0.01, *** p < 0.001, one-way ANOVA with Bonferroni correction for multiple comparisons).
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2.8. Influence of C. jejuni and Curcumin on Tight Junction Protein Expression in the Co-Culture Model

To define the C. jejuni-induced tight junction (TJ) expression changes, protein lysates were
generated from colon epithelial cells of co-cultures after treatment with curcumin and infection with
C. jejuni (Figure 8). The expression change was quantified by densitometric analysis with B-actin as
loading control, which showed an increase in protein expression of claudin-1 protein expression after
C. jejuni infection. Claudin-1 expression seemed to decrease again after curcumin treatment in the
C. jejuni infected group. However, this did not reach statistical significance. No further expression
changes of the tested T] proteins could be observed. A reduction by trend after C. jejuni infection in
occludin and claudin-8 was detectable, but without reaching statistical significance after multiple test
correction (claudin-8 infected versus curcumin-treated p = 0.046, uncorrected Student’s t-test).
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Figure 8. Tight junction (T]) protein expression in western blot. Representative western blots and
densitometry of T] protein expression from HT-29/B6-GR/MR cells obtained from co-culture after
incubation with 50 pM curcumin and infection with C. jejuni. T] proteins were normalized to the level
of B-actin (n = 6-9, * p < 0.05, two-way ANOVA with Bonferroni correction for multiple comparisons.
Control value is marked with a dashed line.

2.9. Influence of C. jejuni and Curcumin on Subcellular T] Protein Distribution in Co-Cultures in Confocal
Laser-Scanning Microscopy

Since the composition and presence of TJ proteins in the TJ strands influence barrier function,
the subcellular distribution of the TJs was analyzed with confocal laser-scanning microscopy (CLSM).
Z-stacks were generated from different TJ proteins of the inmunostained epithelial cell monolayers, and
intensity-distance plots were generated. The T] strands after C. jejuni infection indicated a redistribution
of claudin-4 (Figure 9A) and claudin-8 (Figure 9B). Claudin-4 and claudin-8 signals were retracted from
the TJ strands. Moreover, claudin-4 and claudin-8 were no longer co-localized with zonula occludens
protein-1 (ZO-1) after C. jejuni infection. Intensity—distance plots with high background intensities
indicate re-localization into the intracellular regions. After treatment with curcumin, the appearance
of claudin-4 and claudin-8 improved. As a consequence, the infected and curcumin treated group
showed co-localization (merging), with high peak intensities in the areas of T] contact, comparable
to the control. Curcumin control groups showed no difference compared to the untreated controls

(Supplementary Figure 52).
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Figure 9. Tight junction distribution in C. jejuni infection after treatment with curcumin. Representative
confocal laser-scanning microscopy pictures of HT-29/B6-GR/MR after co-culturing together with immune
cells. (A) Claudin-4 (green) and zonula occludens protein-1 (ZO-1, red), and (B) claudin-8 (green) and
Z0-1 (red). Nuclei are stained in blue with 4"-6-diamidino-2-phenylindole dihydrochloride (DAPI).

3. Discussion

It is important to contain the Campylobacter jejuni infection because of its impact on gastroenteritis
worldwide and resulting sequelae, such as irritable bowel syndrome, reactive arthritis, or Guillian-Barré
syndrome. Therefore, we aimed to study the underlying pathomechanisms for barrier dysfunction
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and the influence of the immune system in more detail. For this purpose, we used a new in vitro
co-culture model and an in vivo mouse model to study the protective properties of the natural
polyphenol curcumin.

Curcumin is a vitamin D receptor (VDR) ligand [24], and we found the downstream signaling
pathway of curcumin to be inhibited in the mucosa of acutely infected C. jejuni patients by means
of the bioinformatic prediction in Qiagen ingenuity pathway analysis (IPA) from RNA-sequencing
(Supplementary Table S1). This prediction indicated that curcumin could be a potential therapeutic or
preventive target against C. jejuni infections. Based on this bioinformatics prediction, we tested the
effects of curcumin on C. jejuni infection in vitro and in vivo. The inhibitory effect of another top hit
upstream regulator in IPA analysis on the mucosa of C. jejuni-infected patients was calcitriol (active
form of vitamin D). Calcitriol exhibited a high significance value comparable to curcumin (Appendix A,
Table S1). Annulment of C. jejuni-induced cytotoxicity after calcitriol treatment has been demonstrated
in HT-29/B6 cells previously, supporting the view that the bacterium affects intestinal barrier function
via a VDR-dependent pathway [6].

As predicted by the pathway analysis in acute human campylobacteriosis, curcumin was effective in
our experiments. It could prevent the decrease in TER as well as the increase in fluorescein permeability
in our co-culture model, indicating improved barrier function by curcumin in immune-mediated
epithelial barrier dysfunction by C. jejuni.

Because we expected an essential contribution of the immune system, we established a co-culture
model with basal infection. In this model, the C. jejuni-triggered immune response reduced the TER
after 48 h. The apical bathing medium did not contain bacteria even after 48 h, which suggests that the
effect on resistance was caused indirectly by the C. jejuni-induced immune response. The decrease in
TER may therefore reflected an increase in paracellular permeability secondary to epithelial barrier
defects, which would increase permeability to small molecules and toxins. Furthermore, this change in
barrier function may increase the access of bacteria to the underlying tissue and potentiate the immune
response, causing additional barrier disruption, with loss of cellular integrity [6,25]. Concomitantly,
a leak-flux type of diarrhea is caused that represents a main diarrheal mechanism.

Depending on the cell type and the experimental infection conditions, C. jejuni was more or less
able to modulate TER in previous studies. No effects on TER have been found in MKN-28 cells [26] or
Caco-2 monolayers [4]. In contrast, exposure to C. jejuni has been reported to reduce TER in T84 and
MDCK-I cells [27]. In our HT-29/B6-GR/MR cells, TER was also not different from control even after
48 h basal infection, although a decrease in TER after basolateral infection has been reported to be more
pronounced than after apical infection in T84 cells [28]. That this was not seen in our HT-29/B6-GR/MR
cells may reflect differences in cell type and/or the 0.4 pum filter pore size of our filters, limiting the
bacterial access to the epithelial cells.

Within 6 days following peroral C. jejuni infection, secondary abiotic IL-107/~ mice develop acute
ulcerative enterocolitis mimicking key features of severe campylobacteriosis in humans, with a specific
cytokine response [29]. We were able to show for the first time, using impedance spectroscopy in Ussing
chambers, compromised barrier integrity with an increased epithelial conductance and permeability to
macromolecules in this mouse model. These data reflect the results of our co-culture model, in which
the barrier defects could be similarly prevented by curcumin. Biicker et al. [6] incubated colonic
mucosal biopsies from C. jejuni-infected patients in culture medium and quantified cytokine release
into the supernatant. Secretion of TNF-a, IEN-y, IL-1j3, and IL-13 was enhanced in comparison to
controls [6]. It was concluded that this mucosal cytokine storm led to disruption of intestinal TJs and
the induction of epithelial apoptosis. In our infected co-cultures, release of cytokines was also mainly
responsible for the barrier defects, even though THP-1 cells produce and secrete a lower amount and
spectrum of cytokines in comparison to fresh isolated peripheral blood mononuclear cells (PBMC).
After C. jejuni infection, levels of the pro-inflammatory cytokine TNF-e, IL-1f3, and IL-6 increased
remarkably, and these changes were largely prevented by curcumin. Curcumin not only reduced local
inflammation in the intestine, it also reduced systemic inflammation triggered by LPS [23]. In another
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study, curcumin nanoparticles suppressed the expression of mRNAs encoding pro-inflammatory
mediators, including TNF-, IL-1p3, and IL-6 [14].

C. jejuni was found to activate the NF«B signaling pathway [28], which was suppressed by
curcumin [12,17,19]. To determine the role of the NFkB pathway in maintaining barrier function,
inhibition studies with the NFkB-inhibitor BAY 11-7082 were performed in C. jejuni-infected co-cultures.
BAY 11-7082 treatment inhibited both the C. jejuni-induced decrease in TER and the increase in
fluorescein permeability. This points to the involvement of NFkB in the regulation of epithelial barrier
function. Similar results were obtained by our group previously with the bioactive ginger ingredient
6-shogaol after TNF-a stimulation in Caco-2 and HT-29/B6 cells [30].

In our co-culture, C. jejuni provoked paradoxical upregulation of claudin-1 (Claudin-1 paradox);
thatis, upregulation of the barrier-forming TJ protein claudin-1 while epithelial resistance was reduced,
which we explained by the re-distribution of claudin-1 off the tight junction domain [6]. Claudin-1
induction has also been observed before in human colon biopsies after C. jejuni infection [6], C. fetus
or C. coli infection in HT-29/B6 cells [31], and pro-inflammatory cytokine stimulation in HT-29/B6
cells [32,33]. A correlation between increased claudin-1 protein expression and apoptosis induction
also occurs in HT-29/Bé6 cells [34]. In addition, curcumin induced claudin-4 mRNA expression in Caco-2
cells [8]. However, in our co-culture model, curcumin did not induce claudin-4 protein expression.
Cell type-dependent differences in TJ expression were also found for quercetin, another plant-derived
polyphenol with barrier-improving properties, which increased claudin-4 protein expression in Caco-2,
but not in HT-29/B6 cells [35,36].

In order to exclude antibacterial effects of curcumin in our study, the MIC was determined with
87 uM (at pH 7.4). This suggests that the protective effects of 50 uM curcumin were not based on
its antibacterial properties. Thus, we conclude that curcumin had direct barrier-protective and
anti-inflammatory properties in the host cells.

To further exclude interfering properties of curcumin with bacterial fitness and adaptive response,
we investigated if curcumin changes natural transformation capacity. Therefore, we used a single
cell DNA uptake assay and challenged the bacteria with 50 pM curcumin. C. jejuni is naturally
competent for DNA uptake from the environment. Generally, this leads to genetic recombinations
between bacterial strains, and as a consequence, to more diversity [37]. Curcumin did not influence the
competence development and horizontal DNA uptake of C. jejuni in our experimental concentrations.

One of the major challenges to the development of therapeutic approaches is the remarkable diversity
between different Campylobacter strains in animals, the environment, and food [2]. Consequently,
the efficacy of curcumin should also be tested using other C. jejuni field strains and, subsequently,
in other Campylobacter species such as C. coli or C. concisus. Curcumin is a natural agent, and
should be more appropriate than synthetic drugs [12]. Curcumin has been shown to be beneficial in
maintaining remission in ulcerative colitis patients when used as a complementary therapeutic substance
together with the antiphlogistic compound mesalazine in several randomized clinical studies [38—40].
Since the immune response plays an important role in pathogenesis in IBD as well as in C. jejuni
infection, curcumin may be equally effective in immune-induced barrier dysfunctions by C. jejuni as
an add-on to other anti-inﬂamlnatory drugs. Indeed, multimodal therapies may have an even greater
protective effect, and synergism has been reported between curcumin and quercetin [41], genistein [42],
epigallocatechin-3-gallate [15,43], and antioxidants [12,44]. Thus, curcumin alone or in combination with
other agents may be useful in preventing, treating, and combating Campylobacter infection in humans,
C. jejuni-associated sequelae as well as colonization of farm animals and especially poultry.

Taken together, our results suggest that a significant part of the C. jejuni-induced barrier defect is
mediated indirectly by the immune cells. Curcumin abolishes functional epithelial disorders as well as
pro-inflammatory cytokine secretion. Further barrier-protective or anti-inflammatory compounds,
as well as curcumin combinations with other therapies, should be tested in the co-culture model.
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'LVFXVVLRQ

&DPS\ORED¥WHQHWLFDOO\ GLYHUVH ZKHUHDV W K H KPFROLLLQ REQW ¥ DQ
JHQH WUDQVIHU :LOVRQ HW DO 6KHSHSDWE& HH WGDSWLYH BRI
RI&DPS\OREMRWHBFERXOG EH D UHDVRQ IRU WKH JUHDW SHUVL)
WUDQVIRUPDWLRQ KDYH VKRZQ WR YDU\ EXW WKH WLIRW SD!I
FRPSHWHQFH GHYHORSPHQW DUH RQO\ SRRUO\ XBWHMWWRRG :L
7KHUHIRUH ZH GHYHORSHG DQ DVVD\ WR PRQLWRR FRWVPBSHYW Q\F
ODEHOOHG '1$ RQ VLQJOH FHOO OHYHO :H XPHVGHW K LI'R I WHKH LW RH
RQ FRPSHWHQFH GHYHORSPHQW DMM®IKIN XSWDXBH® S+ WHPSH
FDUERQLRGWKYHOXEVWDQFH FXUFXPLQ ZKLFK ZDV VXJJHVWHG DV
IRU FDPS\OREDFWHULRV&BP SH REBEWWK W/ WEDLQ WBFHQWO)
LVRODWHG IURP FKLFNHQ DQG VHTXHQFHG WKLV VWUDLQ IRU FK
PHWKRGV LQFOXGLQJ VKRUW UHDG DQG ORQJ UHDG WHFKQLTXF
WRROV 6LQFH ZH |XE&DKSNO REVRWBBEGY ZLWK DPELJXRXV UHVX(
GLIITHUHQWLDWLRQ ZH DQDO\]JHG WKHVH VWUDLQVKE\ ZHTM¥H QF L (
DQ@R GHWHUPLQH LI JHQHWLF H[FKDQJH KDG WDNHQ®SSQDFH DF
UHVXOWYV

6.1 Choice and characterization of a reference strain for the PAC-
CAMPY consortium
JRU EHWWHU FRPSDUDELOLW\ Rl UHVXOWV ZKIWKLIQQW® K G3}$\%& G503
SURMHFWV ZLWK WKH RYHUDOO DLP WR SUHYHQW KRR AFRPEBD W
VWUDL®$%I5 (SSLQJ HW DO 7KLV VWUDLQ KDG EHHQ LVROL
DQG VHUYHG DV D IUHVK ILHOG LVRODWH 6LQFH QR JHQRPH
WKLV VWUDLQ 7KHUH DUH GLIITHUHQW VHTXHQRL QY \PHR\EKCR GAWVRIRYOD
8VLQJ VHTXHQFH GDWD IURP WKH VKRUW UHDIG § O5YX@ RQD OHEHET
VHTXHQFLQJ E\ 3DF%LR RU 0LQ,21 WKH TXDOLW\ FRKODEHHPOUF
DV LQVHUWLRQV DQG GHOHMLRQW DO BW IOURFROYRPIB VLIH RI
ES DQG KDUERUV D SODVPLG RI ES 7KH FKURFRWGRBH LV W
VHTXHQFHV DQG WKH SODVPLG LV SUHGLFWHG WR ABR&$ IRU J
KDV QHDUO\ WKH VDPH VL]H DV W\SH VWUDL @ MK K QXPEHWK
Rl SUHGLFWHG SURWHLQV YDU\ E\ RQO\ 3DIWNRKLB®EE HW DO

DQG 1&7& LV DOVR YHU\ VLPLODU ZLWK D@M® DO UHVSHF
SDUNKLOO HW I RS FDUULHVY WKH EHWD OD NP UAHMIPAKWIDQ FH
YHU\ FRPPRQ & PR XWQUDLQYV *ULJIJV HW DO JXUWKHUPRU

PXWDWURUWSAHDGLQJ WR WKH DPLQR DFLG VXEVWLWXWLRQ 7 , L
FRQYH\V UHVLVWDQFH WR IOXRUR TXLQRORGQM\V/HWNLOWFRK YHR
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W\SLFDO DV UHVLVWDQFH DJDLQVW FLSURIOR{DEKHQ WD | QX¥FSURRITX
DQWLPLFURELD & UMVIMNRDOQPHGQURP KXPDQV LQ ()6% E

6.2 Identification of parameters triggering competence
development using a single cell assay

7R LGHQWLI\ SDUDPHWHUV WULJJHUL@J MR BS{HNFHRSHEHD RE0
FHOO EDVHDAQ EVVEDOL]HG '1$ XSWDNH XVLQJ IOXRUHVRAH@WO®\ OD

7KHUHIRUH ZH JUHZ FHOOV LQ D OLTXLG V&K NMQQW ROWKQ H
&2 QXWULHQWY DQG RWKHU FRPSRQHQWY DUH HVXQPH \WEIHV W |
SK\WLRORJLFDO VWDWH Rl FRPSHWHQFH PLJKW EIHWE RQYW R UWWH @ J
JURZWK SKDVH LQ ZKLFK FRPSHWHQFH GHYHORSPHQW PNMIKW RFF
2QO0\ DIWHU JURZWK SHULRG EDFWHULD FHOO¥ HGHG '1@ AREDWH
PLQ 7KDW PHDQV WKH JURZWK SKDVH LQ ZKLFK FRPSBIRWFHQFH P
WKH '1$ XSWDNH SURFHVV RI DOUHDG\ FRPSHWRQ W RHOUHV RIGX W
LI IDFWRUV KDYH DQ HIIHFW RQ FRPSHWHQFH GHYHORISIR@QW RU
XVHGHRE\ORULIHU HW DO $GGLWLRQDOO\ WKHBHAUHGWDVPL
ODEHOOMKGWIBHYLERNMQKRZQ+I RRUORBWLQJO HW DO 7KH XSWDI
SHULSODVP LV WKH ILUVW VWHS Rl QD W SWRO MFINDHG | IRIRFPD W VR
'IDVHV 7R WHVW LI WKH VLQJOH FHOO XSWDDN H PYNOX \ZIDR/QDX\Q)XGL
ZKLFK FRQGLWLRQV WKH ZKROH SURFHVV RI QDWXUDO WUDG
H[SHULPHQWYV XV LIQYGAMDV\VOL\WDID WUDQVIRUPDWLRQ DVVD\ ZLWK
PDUNHU LQ SDUDOOHO *RO] DQG 6WLQJONK 10XRUHVEBRWHRQL
LQGLFDWLQJ '1$ XSWDNH FRUUHODWHG ZLW KDWQWD @V RRWLPFD WH R IQV'
PDUNH® MHMXQREVHUYHS\ORUBLXSWDNH RFFXUUHGH®HRGHQMUJ

PDQQHU 6WLQJO HW DO *RO] DQG+6BLQADRP S\ORERPRGWUDV
WRRN XS '1$ ZKLFK ZDV PHWK\ODWHG DW 5$$77< VLWHV DV VKRZC
%HDXFKDPS HW DO *RO] DQG 6WLQJO

8VLQJ WKH VLQJOH FHOO '1$ XSWDNH DVVD\ XB DVGIHROW LDIEFER $
FRPSHWHQFH DQG '18 XSMADVOQHR+LQFRPSHWHQFH GHYHORSPHQW D
XSWDNH ZHUH DEROLVKHG *RO] DQG 6WLQJO %BHWZHHQ

GHYHORSPHQW LQFUHDVHG ZLWK ULVLQJ S+ 9HJJH DW\QGJBFBOOH
WUDQVIRUPDWLRQ RFFXUUHG DERYH S+ E\ XVLQJ DKFODVVLF
VHOHFWLRQ IRU DQWLELRWLF UHVLVWDQFH 9HJJMWKBW DOWXUD:
WUDQVIRUPDWLRQ ZDV DOINHOMENK® B\ ®2 HIITHFW FRXOG QRW EH

KLIJKHU QRYHOV ZDV ORZHUHWEDIHXBGWU:DRZRQ HW DO %\
S+ OHYHOV ZKHQ FKDQJIFRRQFHDMRXDWELRQV RU FDUERQDWH OHYH
LQIOXHQFHG FRPSHWHQFH GH YOHORSPH Q'R OF XDNQ Q FOWV 18R J O ) X
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R[LGDWLYH VWUHVV DEROLVKHG RRRNIHAVKIDRK H \G H @ HGRFASIDURMNNY L\G
*RO] DQG 6WLQJO ,UsJH® XBWDK®H ZDV VOLJKWO\ HQKDQFHG
FRQGLWERGQWMROIHVWLQJ WKDW JHQHWLF H[FKDQJH FRXOG RFFX
DQG 6WLQJ® FRADIV DOVR VKRZQ WR GR QRW UHGXFH JHQHWLF }
KLJKHU R[\JHQ OHYHOV DIWHU LQRFXODWLRQ DW PZRURIZHDWRELF
REVHUYHG E\ XVLQJ WKH FODVVLFDO DSSURDFK ZLWK VHOHFWLR

,Q WKH&KRMEXQQ PDLQO\ URKWR £& DWKVHf RUH WKH ERG\ WHPSHUD
PDPPDD®GLUGY :H KDYH VKRZQ WKDW FRPSHWHQFH GHYHORSPH
DV DW f& *RO] DQG 6WD@J0& ZKHYWHIHQHUDWLRQ WLPHV ZHUH
FHOOV ZHUH HORQJDWHG QR VLJQLILFDQW D OQWHUZDWL R BVIHY WHKG
7KHUHIRUH LW L& OHMOQBHUKBWY QDWXUDO WUDQVIRUPDWLR
PDPPDORMYLDQ KRVW DV ORQJ DV WKH SDWKRJHQ H[SHULHQFHV
DQG UHGXFHG R[\JHQ OHYHOV 6LQFH LQ WKH WKHD®+FLWRB FL\G IZFH
LV OLNHO\ WKDW WKLV LV QRW WKH SODFH ZKHUMQFRHOMMWNM K Qi[ FK
UHDFKHV WKH LQWHVWLQH DQG S+ LQFUHDVHV W RNDGW HIKRASO \
DQA@DWXUDO WUDQVIRUPDW L8R QM ARK®GE GRAFXQ WKBFHQWHVWLQH
D ORW RI RSSRUWXQLW\ IRU HIWHQVLYH JHQHWLF B \WFKWQSIKIH 2H\ .
DEROLVKHG FRPSHWHQFH GHYHORSPHQW EXW DOUHDG®SDVVHPE
'1$ 7KHUHIRUH LW LV FRQFHLYDEOH WKDW FRPSKMW KWW BOEV
DEOH WR XQGHUJR JHQHWLF H[FKDQJH IRU DW®MIH QAR® SO H\S
GLVDVVHPEOH 7KLV FRXOG EH D VWUDWHJ\ WIRLRWMW HRIRH [QF 3
IRDKRVW VZLWFK :H KDYH UHFHQ WO \RPROADQ LVQK/D 2K MFKRUGIFRUIS R |
MHMMXQH YDULDQWY RU IUDJPHQWY ZKLFK PLIKWVPI® FEGRSWWR R ¢
LPSDFWLQJ URXWLQH GLDJQRVWLF W\SLQJ *RO] HW DO

8VLQJ WKH VLQJOH FHOO DVVD\ XQGHU VWDQGD UIGWFR & G QW GRRX\
WKDW QHDRBR® MHMKQDV ZHUH FRPSHWHQW *RO] DQG %WLQJO
VXEWRQOV D VXESRSXODWLRQ XQGHUJRHV WKH FRPSHWHHQFH VW
WKRXJK WKH SHUFHQWDJH BRI FRMXMLE @ WURW G g QDU RQO\

ZHUH UHSRUWHG WR EH FRPSHW&DMS LOR E BWRWUIEH QIHDLOALD (
UHVWULFW QDWXUWR WXD S RRNUPIDWLIREY +DPRHQ HW DO %\
WUDQVIRUPDWLRQ DSSURDFK ZLWK WKH DQWLESBWRG OHOV MVRN IV
XSWDNH DVVD\ LW WRHRWGRRXW WHO®V ZLWK DFWLYH '1$ XSWDN
ZKROH SURFHVV Rl QDWXUDO WUDQVIRUPDW#R 8\ OR#IIWVHUDSVWR LV
RQH RXW RI WKUHH FHOOV ZLWK DFWLYH '1$ X S\WDANWH BD K\ WMKDHC
UHVLVWDQFH PDUNHU .U<JHU HW DO
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7KH FKDQJH RI JURZWK FRQGLWLRQV ZLWK DQ LPIRYEHYRHHERR
WKH VLQJOH FHOO DVVD\ OLNH S+ RU DHUREUHRTVHQHV\Q BDWHUWK
WKH VDPH H[WHQW *RO] DQG 6WLQJO WKHKVYQXUMW KHO Q @&IVA
VXLWDEOH WRRO WR PRQLWRU FRPSHWHQFH GHK P WORSPHIDW LRD'
QDWXUDO WUDQV | RIIMXWHRIQAO®RBPEX DUWEH ILUVW VWHSV RI '1$ .
UDWKHU WKDQ DW VXEVHTXHQW VWHSV OLNH LPSRQDWLRQRRW K H
H[SUHVVLRQ Rl WKH UHVLVWDQFH PDUNHU *RO] DQ& IBW IHW @ O
,Q FRQW:UDSAWR@R MHMKQUHVKLQJ WKH PHGLXP EHIRUH FKD(
DONDOUMNGSWHG LQ DQ HOHYDWHG FRPSHWHQFH UDWH .UsJHU H\
6LQFH LQ IUHVK PHGLXP WKH TXHQFKLQJ FDSDKPWD | VLHWK W URZ W |
WKH R[LGDWLYH VWUHVV IRU WK& mMHMBWFRLQ KW SEVSRMMIE X WH & H , Q
VWUHVV LQKLELWHG FRPSHWHQFH GHYHORSPHQW 7XLWERRXOG
PHGLXP&LQMHMBAL S\ORMDQRSSRVLWH HIIHFW RQ FRPSHWHQFH
)XUWKHUB®&UMHBROBHWHQFH GHYHORSPHQW ZDV PRVW HIILFLHC
*RO] DQG 6WLQJO ,Q VWDWLRQDU\ SKDVH FH®RPEEZWHBVQRYV
VWDWH EXW LI FHOOV KDYH DOUHDG\ VZLW F KHGHMKEQ H BVIRWXOQ GHH
JHQHWLF H[FKDQJH 9HJJH DQG FROOHDJXHV DOVR REVHWYHG Wi
HIILFLHQW LQ H[SRQHQWLDO SKDVH XVLQJ D FODH/WLFO®O WUDQV
,Q WKH H[SHULPHQW WR HYDOXDWH LI FDUERQDWHZ$ODUMZD URO
& MHME@Q DWPRVSKHUH ZLWKRXW FDUERQ GLR[LGH WRDWDQG
OHDVW LQ WKH SUHV&QWMHMRQLDEGH WR JURZLQLW IORXWL &2V KDN L
FXOWXUH &RPSDUHG WRYW®DQRIDANG/Q2IKWO\ UHGXFHG GRXEOLC
$W WKH EHJLQQLQJ RI WKH JURZWK SHULRG RQOMNIRE EDPMRIULD
[ JXDUDQWHHLQJ WKDW ISRRGW KW LFRH®D BY &2KHPVHOYHV ZD
ZKLFK ZRXOG QRW EH WKH FDVH XSRQ KLJK&FHOHM XGEGIRM WL H V
FDSQRSKLOLF EDFWHULXP VWDQGLQJ LQ WKH QHHG RI HOHYDW
UHSRUWHG ODFp HW DO

8VLQJ D ELSKDVLF VI\VWHP ZLWK D NDQDP $FLLD B PR K BIRWLEN ZEDXW V
FORVH UHODWMMMXRIL WUDQVIRUPDEOH DW f& f& DQG f&
PLFURDHURELF DV ZHOO DV DQDHURELF DWPRVSKHUKHWARQLIIF
WUDQVIRUPDWLRQ OHYHOV ZHUH REVHUYHG DW f& DQG D PLFU
OHYHOVWRIBIPH QR KXJH LPSDFW RQ QD V$X X [$9H DR MRAMONLL R
QDWXUDO WUDQVIRUPDWLRQ ZDV PRUH HIILFLHQW ZMRQBHOOV
SKDVH ,QWH$HEXWZDAWIQRW WUDQ\& RBRDEXRPIER FDUU\LQJ D

JHQWDP\FLQ UHVLVWDQFH JHQH EXW LW ZDV WUDQNORUPDEOH E\
6LQBH EXW KIHWUBMRWKIRPRORJ ZH SURSRWMHEWRADKVEFD QQRWS$SWDNH XS
WKDW LV XQPHWK\ODWHG DW 5$%MAH< X8 WHX W V0 QD BFH HY R/
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WUDQVIRUPDW I&R 1 R B K XXIN/OI8Q DS QR LE X W PO MWWBILU LQFXEDWLRQ ZL\
IRU PLRU PLQ *RO] DQG 6WLQJO .UsJHU HW DO /RQJ%WBQLIIF
LQFXEDWLRQ WLPHV ZLWK '1$ IXUWKHU LQF HQFYM®QEXDWRHDD W
%RQLIIFLR HW DO

6.3 Curcumin plays neither a role in competence development nor
in DNA uptake in C. jejuni

&RPSHWHQFH GHYHORSPHQW KDV EHHQ VKRZQ WR EH WULJJHUE
IDFWRUV )RU 19[DFKRIFHKUMLQ LQGXFHY FRPSHWHQFH OHLERP HW
LV SDUW RIGWKAXPHUGR@IDY XVHG WR PDNH FXUU\ SRZGHU .RFD

,W LV NQRZQ DV D WUDGLWLRQDO PHGLFLIGIHFW&WRF X P IGX Fz-
HSLWKHOLDO EDUULHU G&VIMEFRERQGHDEVH® B\O 7KH SDW
PHGLDOVHYPXQH UHVSRQVH UHVXOWLQJ LQ HSLWKHOLD®@ EDUUL
UHGLVWULEXWLRQ RI WLIJKW MXQFWLRQ DSRSRRVIEN L@ G XPOWLRX
H[SHULPHQWYV LW ZDV VKRZQ WKDW FXUFXPLQ FRXORXURXPUYH W
FRXOG SURWHFW DJDLQVW EDUULHU G\VIXQFWLR@®R ®WGRBLIRKW |
FDPS\OREDFWHULRVLYVY RU DV D SURWHFWLYH DJHQW

‘H XVHG WKH VLQJOH FHOO '1$ XSWDNH DVVD\ WR WHN®@FHI FXU
GHYHORSRIE® GH 6i HW DO ,Q WKH SUHVHQFH RI FKO FXUFX
ZDV WKH VDPH FRQFHQWUDWLRQ DV XVHG IRU HXNDU\RWLF FH
REVHUYH DQ DOWHUDWLRQ RI FRPSHWHQFH GHY HEORKKIQGWR X6W D |
WKDW WKH SUHVHQFH RI FXUFXPLQ GXULQJ LQFREDWKRQ13LWK
XSWDNH SURFHVV 7KHUHIRUH ZH FRQFOXGH WKDWRERDMKAR@® S
RIE MHMXQL

6.4 C. coli /C. jejuni hybrid strains with impact on species
differentiation

'"HWHFWPRQ$IQ RXWHU PHPEUDQH SURWHLQ ZKLFK SOD\V D URO
ZHOOFBXEZKLFK LV LPSRUWDQW IRU ZRIWQ UDHTK\LVRW L B R X B/UL I H\
GLIIHUHQWLDWLRQ DFFRUGLQJ WR 0D\U DQG %HVWD\®&KQWRQ@ HW

JRU WKH FRUUHFW VSHFLHV GLIIHUHQWLDW L RMKHEUAKPHWUNWK L
'1$ 3ULPHUV ZHUH GHVLJQHG RQ WKH EDVLV Rl WKHREM&E OLVKHG
MHMZXIQUFK GLIIHU IURP HDFK RWKHU ,I JHQHWLF HYFIOmMQJH RI
XQDPELJXRXV VSHFLHV GLIIHUHQWLDWLRQ PLJKW QRWWAHDEQVVL
FROOHFWLRQ RI WKH *HUPDQ 1DWLRQD&D FBS\GIR EMARNREZBOGE R U DV
DPELJXRXV 3&5 UHVXOWYV IRU VPIDBIEHYEBK(FROHGWLD®/LRQ LOVLQ
QH[W JHQHUDWLRQ VHTXHQFLQJ DQG VXEVHT&HRRMOMUPHQ \D RQIDWK

LQWURJUHVVLRQ RI XS WR & NRH MMDKBIQERRFHSEWRWDO Rl VWUI
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LQWURJUHVVLRQ RI PRUH WKDQ DQG ZHUH QDPHRJUHEVHG VW
E\ OHVV WKDQ DQG ZHUH FDOOHG 3KDOI K\EULGV' B6SHFLHV G
ZKLFK X\8VDV D WDUJHW IDLOHG LQ K\EULG $WVURL QA67&W TSHMQ +
ZDV LPSDLUHG VLQFH LQWURJUHVVLRQ RFFXUUHG LQ$@L[ RXW
LOQWURJUHVVLRQ LQ WKH DR/E¥RH NBARE RDK UBQGY KDV SUHYLRXV
UHSRUWHG &KDQ HW DO 7KLV VKRZV WK®WQW\BRQL VPRIWK
SURJUDPV KDYH WKHLU OLPLWY DQG DQ DP H®QGWPHI@WD RO HP N'& K RIC
GLIITHUHQWLDWLRQ

,QWHUHVWLQJO\ HYHQ WKRXJK WKHUH ZHUH R QMRIGZWLRRD D R/X0
ZDV GUDPDWLFDOO\ RYHUUHSUHVHQWHG IRU LVRODWLRQ RI
&DPS\OREBPWHMWR FRSH ZLWK GLIIHUHQW W\SHV RI VWKHVM ZKLO
FRXOG LQFOXGH RVPRWLF VWUHVV R[LGDWLYH VWUHVVVVWDUYD
&DPS\OREDMMRWHY LWV FXOWLYDELOLW\ DIWHU BD\V $KPHG F
,QWHUHVWLQJO\ WKH K\EULGV VKDUHG DMHRFRRIQRVHKV RLR® QW
LQFOXGHG JHQHV ZLWK IXQFWLRQV LQ R[LGDWINHVEM QLWURVD
PUV%M PQBJE)OLQW DQG 6WLQW]L $WDFN DQG .HOO\

)XUWKHUPRUH JHQHV ZLWK UROHV LQ JHQHUDO W®/I®MSQYV UHVSRC
DQBESQ 7KHUH LV DOVR D PHWKRG IRU VSHFLHS/QGLYIBUW R WILHDW L
&KDEDQ HW DO BR DQ LQWURJUHVVLRQ LQ WHSIHFUHWQH PL
GLIIHUHQWLDWLRQ $GGLWLRQDOO\ JHQHV @IWMISDXQFWRRQ D LLV\
ZDOO DQG FDSVXOH ELRV\RWMBWINR YKRZWICRQV 7KLV PLIKW KLQ
VWUDLQV DUH ZHOO DGDSWHG WR KDUVK HQYLURQPHQWDO FRQGC

BKHSSDUG DQG FROOHDJXHV REVHUYHG WK BW PROHD HMIHW KR Q Y H
6KHSSDUG HW DO $V ORQJ DV ERWK VSHFLKD/SS KD UWM KW WH
WKH\ H[FKDQJH JHQHWLF&L MRMRQWKIRZ® G)RMKDW FRPSHWHQFH G
DQG DFFRUGLQJO\ QDWXUDO WUDQVIRUPDWLR §DERXQMGSRFERG |
UHGXFHG R[\JHQ OHYHOV DW WHPSHUDWXUHV SUH YDQG LLQ\WUL QY ® D

6LQFH '1$ XSWDNH Rl DOUHDG\ FRPSHWHQWKAHLUQLGVRY\WHQO F
OHYHOV JHQHWLF H[FKDQJH FRXOG WDNH SODFH R@ DEREDJ VK
EHORQJLQJ WR 67 PRIGFE7TUHVLGH LQ WKH DJULFXOWXUDO QL
VXEVWDQWLDO JHGHWMHRREWSDUO HWRIDA& FRRIWDKHHQKRPH RI

VKRZHG LQWURJUHVVLRQ RI XS WR 7167V VRRZARZMEDW JHQ
H[FKDQJH ERWEM®E MHMROEHQV LQ QDWXUH

JRU IXQFWLRQDO DGDSWDWLRQV DOWHUDWLRQV L& WKH /VXIUGR/ C
FKDQJH 3UR&HWLIONM@RIL FRAOWIHU RQ DYHUDJH LQ DERXW DPLQR
GLITHUHQFH RQ QXFOHRWLGH OHYHO LV 6 KHFSR=SYDHUUA @IW DO
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RI WKH JHQH LV WKRXJKW WR UHVXOW LQ FKDRHG®\VE\RWOSBBIZQR D
DQDO\WVLYV VKRZLGRIOUKB&UW HMYRW HHXQWMWLRQDO FRQVHTXHQFH)\
FKDQJHG SURWHLQV LQ K\EULG VWUDLQV UHPDLQV WR EH HOXFL

6.5 Conclusions
(YHQ WKRRPIS\OREDVWIBBXWRUJDQLVP LW LV ZLGHO\ GLVWULEXW
LQ FRORQL]LQJ GLIITHUHQW KRVW DV ZHOO D® LQ VSDHPBQQHW @ (
5HFRPELQDWLRQ HYHQWV IRU H[DPSOH E\ QDWXUDO WUDQV
UROH LQ WKH JHQHWLF GLYHUVLW\ Rl WKH /MW KRIBIQQ X LFAR\PFS®! \N 1
GHYHORSPHQW DUH VXJJHVWHG WR ODLDMHDOREB¥XW H@HW K AKK RV
SRWHQWLDOO\ RITHUV WKH RSSRUWXQLW\ IR UI lH] DWW QR/E RO LI HQ H W
& MHMXEUMLG VWUDLQV ZKLFK VKRZHG DPELJXRXV UHVXOWYV LG
HPSKDVL]HWDPESDOWREDFWWBEHOH WR XQGHUJR H[WHQVLYH JHQHW
SRWHQWLDOO\ HQODUJHV WKH ILWQHVV RI WKIH 8 PWKRH DQ DRX \B
VSHFLHV GLIIHUHQWLDWLRQ WHFKQLTXHV
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$SSHQGL]

8.1 List of Abbreviations

FJO/67
FWV
GV'l$
0/67
6057
VV'1l$
9%1&
ZJ0/67

FRUH JHQRPH 0/67
&DPS\OREWRMIQYIRUPDWLRQ V\VWHP
GRXEOH VWUDQGHG '1$
PXOWLORFXV VHTXHQFH W\SLQJ
VLQJOH PROHFXOH UHDO WLPH
VLQJOH VWUDQGHG '1$

YLDEOH EXW QRQ FXOWXUDEOH
ZKROH JHQRPH 0/67
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8.2 Supplementary material of own publications

Publication 1: Curcumin mitigates immune-induced epithelial barrier
dysfunction by Campylobacter jejuni
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Publication 2: Comparison of different technologies for the
decipherment of the whole genome sequence of Campylobacter jejuni
BfR-CA-14430.
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Publication 3: Whole genome sequencing reveals extended natural
transformation in  Campylobacter impacting diagnostics and the
pathogens adaptive potential.
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6XSSO 7DEKHHWGI&$ K\EULG VWUDLQV’
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6XSSO 7DE 6 6KHHW 3:RWKHU VWUDLQV’
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6XSSO 7DE 6 6KHHW 3*HQH/LVW &M LQWURJUHVVLRQ"
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6XSSO 7DE 6 G6KHHW 32YHUYLHZ IXQF FDW ~’
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Publication 5: "Take it or leave it"-Factors regulating competence
development and DNA uptake in  Campylobacter jejuni
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Danksagung
=X DOOHUHUVW JLOW PHLQ 'DQN PHLQHU (QVY® JXW B E KWOH L IQF KWMI

GLHVHV LOQOWHUHVVDQWH 7KHPD LP 5DKPHQ HLQHU 3URPRWLRQ
&DPS\OREBRWHWVXFKHQ ]X GeUIHQ ,FK GDQNH LKU I«U GLH IRUW
%HWUHXXQJ PHLQHU SUEHLW XQG ]XJOHLFK GHP RQGHWWJIHJIH
JUHLKHLW YHUVFKLHGHQHQ )UDJHVWHOOXQJHQ XQG 6HLWHQSUR

OHLQ 'DQN JLOW +HUUQ 3URI 'U 5HLQKDAHY.XDHHWIX\EDHAKVEHQ @
'RNWRUDUEHLW

JHUQHU GDQNH LFK DOOHQ DNWXHOOHQ XQG HKHPD@IDIEHRU VLW JC
l* & DPS\OREDBRWAEUIH VHKU DQJHQHKPH $UEHLWVDWPRVSKIUH XQG
XQWHUHLQDQGHU 'DQNH YRU DOOHP DQ &KULVWLDQH ODMD XCQC
PHLQHU 3URPRWLRQ EHIJOHLWHW KDEHQ

,FK GDQNH +HUUQ 'U ODWWKLDV JLVFKHU XQGV6 XWQIEKA LW @BV WHR
+LQZHLVH

OHLQ 'DQN JLOW IHUQHU GHQ .ROOHJLQQHQ XQG .RGEBHJIHQ D.:
IDFKZXFKVJUXSSH 1* |«U GLH VFK|QH =HLW LQ GHQ 3DXVHQ

'DU*EHU KLQDXV GDQNH LFK DOOHQ OLWJOLHGHUQ GHV 3%& &$
=XVDPPHQDUEHLW XQG GHP % %QG N QR DAL WRIWN.KRXIQU 1«U GLH )LC

OHLQ EHVRQGHUHU 'DQN JLOW PHLQHU )DPLOLH YRU UWOOHP |
XQWHUVWsW]HQ XQG PLU GLHVHQ :HJ HUVW HUP|JORHWK@HRKDEHQ
JUHXQGHQ GLH PLFK WHLOZHLVH VFKR® *EHU VR YLHOH -DKUH E
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