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Abstract

&EGIK\EYRH 8LI 1\ X R YW ERHQMYW SJERWISABMEZI GEYWH | | Q1\KI R ERHW\/EHSJ
ERWAISAG\ VWMMERG EQ SRK FEGY EPTEX.SKI RW[ LML MMV EX RVRK S LMWV G| S\PH 8LI LYQER
VX MREPQ NBSFIBE MWVIKRYIGERXOS LI ERL [ LN MAGSQ TSVIMBR ERHWEFNR] EV | EVWR TI RAFT HF]
ERWAISAGI \ TSWAI , [ | ZI VXI EWSQENSRFI X | | RERWVANSAGI \ TSWAI ERH)LI EFRS\Q EPFFSSQ SJ
STTSWWRWIG TEX.SKI RWRR LYQ ER KYX ERH MALI ERL I TREEXSRAMVEY RSXIYRP YRH WYSSH 8LI \I ISV
XMMWEYH NZI WHEX HXLI M8YI RG SIEQS\MBWR %4 < SR SIXI Q ST\ VB H ERWAISXBMR
LYQERMA SRLYQER N WREPQ NBSFIBE YWIRK XLI VI YEDSVSIXI LYQ ER NRX VWREPQ NBSFNEP
|GBWWQ 7, -1) 61 VWRV3 WA WRMYKKI WOLEXYL < |\ TSWAY GSYRH GEYW X1 WFWERMP 1)l GX
SR LYQ ER NRX VWREPQ NBSFIBYE VR HVJI \f RXGSFSR \f KISRW[ ML Q SVIKVIKRYIGERXER \EXBR R EVA RHRK
GBISR -RXMYNKR 94 < VMRYIGERR NG EWHXLI EFYRHERG SJ ERWAINAG\ VWMERX/ P FVWIFE TEX_SKI R
VR KYXQ MBSFISE \ WRIRK MR XLI | RWEQ | RXSILYQERHWEW Y X HTEX[ E] W&] MBEEABR SJ

/ P FVWIFE VWENRAVGQ 7, -1) FI ISV ERHEM VI\ TSWV 9% < [ | ER® SFW\ZI HXLEXLI ZMPRG

TLI RSY TI WSIXLI W TEX.SKI RMRGYHRK FI8! ) JS\Q EXSR WWQ I \WWERG ERH + EFP\RE Q| FSRI FE
NRJ GIBR[ | Y WHRYIGER®P NGI EWHEX WA < EHQ NMWKEXSR 8LI KI RS TI EREPVIMAGQ [ LSP

KI RSQI WUYI RAGRK NBHEX HXLEXLI | RLERA HZMYPRGA TLIRSY TIW | Y TREYWWAR GEYWHF] X

Q YEXSRWSI ZWRRA JEGSWW RZERXOS | Q F\REI RISTSRVEGA BVl GETVWR ERH VI \GTLSU' W1 SV
ND TSVERD I 1 1l GXV\BQ %4 < EHQ NIMKEABR GSYR RSXFI JYR® \I GSZI WVHEM VX S[ | | OHWK
HWESRMRYERG W.S[ MK XLI TSX RAEPSRK X \Q EHZI WY NRSYI R SIX.MERWINSAG ' SRGYVIBRW LM/
WYH JSVLI | WAORD | H Q SRWKEX WXLEX9AL < YWH JSVXLI XY EXQ | RXSJ FEGK PRI GISRWQ E] GEYW
EHZI WV | 3 GWSRLYQERLI ERL ZN VWMRVIGERR NRG! EVIRK TSTYREABR ERH ZMYPRG SJ NRX VWREP

/ B FVWIFE STTSWRWGTEX.SKI R + M RXEXVRLI \f R VIMERG S & FEGEQ ERY EH] TSWWE WHRYIGERX
XINETI YAGAERRKI JSV/ P FVIWIFE NRJI GIBRWXLI %4 < HYA HZWYRPRA NRGI EWRK TLI RSQ | RSR JSYRH
NROLMAMYH] YRHSYFX HP JYVALI VIRGY EW VWAL | ERL \MD

Background

8LI LYQER NRX VIR GSRWIYX WER | VI GERP RE\KI ERH HYI WV Q NBSFNEPL EFIVEXOL EXVGSFSRV H
QENRD F] FEGK \KE FYXER'S F] EVALEI E ZMYWWERH | YCEY SXW? A4\ Z8YWWYHVWLEZI Q ERM W H
X.EOL LYQ ER NX VWREPQ MBEFISE GSQ TWWWEFSYX XD WQ SV KI R WLERX.I LYQERKI RSQI
Q EQRK MFI GSQ| ERSXLI VKI RSQ| SILYQERFI MKW? A1 SVYSZI VXU LYQ ER N WREPQ NDSFIBYE
LEWFI | RH Q SRWKEX HXS T\EZMI RYQ | \BYW\D TSVERXIYRGIBRWISVLYQ ER LI ERL NRGYHRK RYXWMRX
WTTR F] J\Q| REXSR SJNRHWI \WWAR HVDEY TSP VEGE BV WY RLI VIS | WY RAEPEQ RS EQWWERH
ZVEQ NRWQ SHYFEEXRK LI M) QYR JYRGHBR T\BX GIBR M\EQ MR GIBRSITEXSKIRWIXG 2 A

YRMINAG | \ET] LEWWEZI HQ MPSRWSI LYQ ER Ml WARA MAHMEGSZI ] R LI WLS[ 124V
RHVOKD VREX B OVMRK SVTV ZI RIBK XL K\G[ XL SIFSX TEXLSKI RMGERH GSQ Q | RVEPFEGH \IE MNAQ ENBV
HE[ FEQD -RVY A RX] | EWV)LI EHZI W NA8Y1 RG SJ ERWANINBASRLYQERLI ERL LEWFI GBQI| E TYFRG
GSRA \RWIRG MGSYMH GEYW LI H WFSWIWSI LYQ ER NAX VWREPQ NBSFNBXE \f WHIRK Q YPMIP LYQ ER
HWEWW? A3 XI{ W ERWNHBANQE] ERG T\EQ SA LI | ZSFYA8R T\ER \PX8R ERHQENMA RERG SJ
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ERWASAG\ VIMERXFEGI \IE %6& ERHERWISAGY VWERG Kl R W9%6+W RXI LYQERKYX? AR
KI RI\EPFSYX. M ZMSERH BZMSEI\ TINGD I R\ 1V [ MI B YWH N1\ EQ NBEXSR S ERWIAGNASYI RA SR
KYXQMBSFIME?  A-RZMSI\TINKDI R SYR\I 81 GOLI EGYEPWSYI RA WSJ ERWAINSHBASR LYQ ER
FSH [ LM X1 H X O{HJ GEPVEQ TRWEV KI R \ERP WSSH JSVXLI HWEPRX \WREPQ MBSEFISYE X EXGSYM
RSX\' ZI EPLI I TEG\S] ERWASABASR HI f RXKYXV KSRW?  A-RM EH R ZMEWID YISV M

HIJI \f RXKYXVY KISRAVGER F T\BHYA LYQ ERKYXI RZMBRQ | RXR LI EFWRGA SJLSWA MVLYWERS] S
INEQNR I |1l GX\SJ ERWASABASR HII \f RXY KISRWSJ LYQ ER NRX \WREPQ NMBSFIBE [ MLSYXOL
HWY\FERG WSJ Rl Y\BLYQ S\EPY KYRABR Y| NRHMVIYEPHMDI Y RG WHVDEY LEFNWVERH TL] WBRSKNEEP
WEXYW, S | Z1 VQ SWKGEWNE R ZWE Q SHE WA EWVIRKP WEKI QLI Q SWEXMVERH WQ MESRIRYSYW
J\Q1 RXWWGSYRH R DL VIR K\EX LI | R KEVWKBIRX VWIREPXEGKRSVQ ENDENR Q \BSBFISQ | WEFNM SZI V
ERI\XRH HXD1 AEQI ERHX.I \WWRKASPENR HKI RI\ERP R 1 HXLI GSR \Q EXBR S RS |\ TI KD | RXW
2 AME[ M B YWHQ YPMESQ TEVQ | RAVID YADSVLI I YRDSVSI XL LYQ ER N \WREPQ NBSFNEP
|GBWWIQ 7, -1) LEWFIIRYWHYSWYH QNBSFIBE N \EGIBRWIR KYXERHXLI | JJl GXASJ XS\ b

GSQ TSYRHWSRKYXQNBSFIBE ? A8S HEX YWRK 7, -1 ) QSH PSWYH X.I N8§YI RA WSJ ERWSABASR
LYQ ER KYXQ NBSFIBYE MAMIPAEV

%QS\NBPR % < ERNRA\TI R FYXP\SEHWI GXYQ S\EPTI RGPR X Tl & FEGEQ ERWISAG MSR SJ
X1 QSWKTV VORI HQI HAR MLYQERM -XOWMRVEEGH \RE F] N \J RRK [ ML XL WWRLI VST LI
FEG{\REPA M EFPTI DMISKRGER? A3 2 \VXLI FEVWWZI \EF] | EWVI\ X Rl VWYHVWLEZI T\GZMAI H
ZEFYEFR NRVIMLXMRS XLI | 3 GXVSI %4 < SRLYQ ER VX WREPQ MBESFE ? A, S[ 1Z2VXLI VEP
ND TEGWGEYWHF] % < SRLYQERKYX§S\E MAMYPGSRXEZI WY -R EHHMBR X1 EWSGEXBRFI X |1 R%L <
I\ TSW\ ERHXI EFRS\Q EPFRSSQ SJ STTSWRWIG TEX.SKI RWRR LYQ ER KYX ERH EWSGEX H LI ERL
ND TREEXBRMVEN RSXIYAP YRH WYSSH 8LI VISV XMAYH NRZI WHEX WXLI MBSYI RA SJ%L < SRLYQER
VR VWREPQ MBSFIMBE R 7, -1 ) QSH P’ SRV IR LI \ EVBREFP HSVEKI SJ% < JSVEHYRXLYQ ERVWYH|
MEFSYX 8 QK HE] ERHSRP LERZSFYQ! SJEHYRXKYX@ERFI WD YEXHMRYWH7, -1) QSH P
QK HE] SI%L <[ EWYWH S\ EQNR MM® TEGXASR LYQ ER KYXQ MAEFI$YE ERH EWSBGEA H
JYRGIBREPTEX[ E|W? A1 SYSZIV[ | MBEX H/ PFV/WIFEVWENRWASQ 7, -1) FI ISV ERHEMNV
INTSWV X% < ERHH X G{HXLI NZWPRA TLI RSY TI WRGYHRK FI8! ) JS\Q EXBR WWQ \I VIWMMERG
ERH +ERP\VE O SR FENR] OI8R 3 YWHEE WKKI WOLEXYAL < |\ TSW\ GEYWH ER EHZI WV ND TEGXSR LI
KYXQ MBSFIBE [ M. IMRVIGERS NG EWH ERWAINSAG\ VWNERX/ P FVWIFE ERH LYQ ER HWEW \f FEX H
TEL[ E]W* YWLI\QSV 1\ TSWV XS %L < WHRVIGERR NG EWHXLI ZMRRA SJ ERWANSAG\ VIMERX
/ PEVWIFE [ LML QE] FI EXXFYX HXS X1 Q VYEABRASI! QF\REl AISTSRVEGAEWl GETWR ERH
Vi \STLSVY WZMYRP RA JEGSWVSS XLl FI WKSI SYVCRS] RHKI LMMYH JSVXLI | WD | H Q SRIWKEX W
XEXV < YWHISVLI X BXQ | RXSJ FEGK \EPWRJ GISRWQ E] GEYW EHZI W | JJl GASRLYQERLI ERL 2
VWKRYIGERR NG EWH TSTYREASR ERHZMYPRA SJ NRX VWREP/ P FVWIFE STTSWRWIG TEXSKI R

Results

AMX exposure significantly increased Klebsiella abundance in simulated gut microbiota
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8S\ZIEPLI | 0 GWSI%L < XY BXQI RXSRXLI KYXFEG \EPGSQ Q YR %4 < [ EVWEHQ NRMXEX H NBS
7,-1) QSHPR*M % & ISV XI I\ TSWV X.I WWWQ [ EVWRMER STI\EXHMXI EFWRA SJ%L < JS)
XVI[IHOMLIR QK HE SI% < [ EWRNGLHMS XI WWWI Q JSVERSYIV[ |1 O JSHS[ | HF] X.I FEW
X S[ 11 ONSISTIEXSREN VLI HWK HWESRIRYERG  * | GEPVEEQ TR WEX ERH  HEW
ABQ M| EVA RHABK XERWI W ERHH W RHAK GSFSRZI WWVRN | Y GSRPOLHJISV 7 \62%KI Rl EQ TRGSF
WUYI RGRK 7T GYIGER X.I W VEQ TRV TV WRXVEQ TRWFI SV %4 < I\ TSWY EXV QK HE] SJ
%l < XIEXQI RXERHEN VI \QMEXBRSI% < *M % 8LI FEG{ \IE GSQ TSVMBRWEXL! KI RYWERH

TL] YQ P ZI RVEXHWII I RXVEQ TRRK TSXV | f WLS[ RR*M  &ERH*M 7 ' G B -RX\QWSIXI
>E\ SRSQ MBEWWRQ | RXEXLI TL] YQ P ZI P&EGH \GWI X W4 \BX SFEGT B ERH *MDIBYX VI 1\I XLI X\

Q SVKHSQ NBERXFEGH \IEPTL ] FE N2 FS)X. EV@ RHRK EGESYRIRK JSVISYEPTI \A RXSJ ERH
XERWI WV GSFSR [ LV X\ QSWEFYRHERXTL] FE MRXLI H VA RHAK GSISR[ |\

4\BX SFEGH E &EGY \GWI X WERH 7] R \KMY X W/ *M 7 6] KEHRK K RYWPZI P
&EG{\SMI W/ P EVWIFE 4 W YHSQ SREWERH 4] \EQ MISFEGY V[ | I TV HSQ NRERXVR EFPXLV | GSISR \f KISRW
M & AN EVHVGKD MERXERER VM JJ GV 0) J71  \I WIXMARHEEX HXLEXYA < |\ TSWV GEYWH
SFZ8YWH G EWWR &WHSFEGI WQ 4L EVESIEEVGSFEGH \WQ ERH 4E\EFEGY \8MI W* M ' R

EGGSQ TER] MK [ M. IKRVIGERXVRG! EWWR / PEVWIFE STTSWRWGTEX.SKI R 07( ! ERH

&EGH \SWMI VWYRMB\Q M/ T\EFISXBNO7 ( ! %N/ PP FVWIFE KI RYWWVER ND TSVERXERWHISAG\! VIVERX
TEX.SKI R MR LYQ ER KYXERH MAYRRS\Q EPFISSQ MSIX R EWSAEX H[ M. Q YRMP HWEWWX.YW] | TYX
QSV BEX RXSRASR LI NBGY EWH/ PEVWIFEEFYRHERG MXLMMWYH *M ( *YULIQSV XI WHRYIGER
T | RVALQ| RXSJ/ PFVWIFE] EWSFW\ZI HJISVFSX. EV@ RHRK NRGY EWH M\BQ N ERH
XERWI WV GSFSRW NRG! EWH \SQ S YPLSYKL X.| EFYRHERG SI/ PFVWIFE|\ LM HE
TEWER \f HYGIBREIX VXLI HVMESRIRYERG SJ9A < JSV [ |1 OVXI / PFVWIFEEFYRHERG [ EWWWP
SFZ8YWWP LMLI VGSQTEVHXS % < NI GSRXBRV* M ( * SVH VA RHRK GSISR E VI MEVLMLI V

/ PFVWIFEEFYRHERG [ EWER'S SFW\ZI HERLSYKL RS WEXWWEER? VIKRVIGERXHII VR FI X 11 R <

N TSWHX EXQ| RMMERHYA < ' GSRXGRV

Positive correlations between gene numbers of human diseaserelated pathways and the Klebsiella
abundance

8LI JYRGIBREPGSQ TSVIMBR SJ FEGK \EPGSQ Q YRMVW EWTHX HF] 4- 6978 KI R RYQFI WSJ

LYQERHWEW \ EEXHJYRGIBR TEL[ E] WIR FEGI \EPGSQ Q YRMUWMAR XLV | \F KBRWSI LI GSFISR EX

H V RAVEQ TRRK XD | [ 1V SPEMI HNRXLI LI EQET *M LI W WPRXAMYKKI VK HXCEX] ML 4D

MG EWH KIR RYQFIVAWSILYQERHWEW Y EXHTEA[ E] WRGYHWRK GERA VHWK Y WWERQ  NRJI GIGY\

HW EWWQ | YEFSRGHW EWWERH R Y\BWAKI \] HWEWW \ LM H! W8 NG EWH XLI R Q E\KNRER®

H GIrEWH 61 KEHPW\SI LI GSFISRV KR %4 < 1\ TSWV VIMRYIGER#® | RLERA HKI R RYQ FI WASJ LI

EFSZI TEX[ E] W[ ML KYEXWWX RLERGA Q1 RXI JJ G EVA RHRK GSIBR *SVIVEQ TR GSQTEV H)E

"% % <N XBEQIRMVEQTR X EXGH GLHASQ Al EvA RHBRK GBRESRFI ISV %4 < EHQ NRMKEXBR

KIR RYQFIWASIXI HWYKN'VWWERG TEX[ EfW IV ADIWRMEIHNRXI %4 <% 9% <I\TSWH

XI'BEQI RXVEQTR X EXCGHP GIHENA WA < EHQ MWAEX8ER ISVWWZI RHE|W7ND)MER KI R RYQFI WASJ

SXIVTEL[ E] WRGYHRK FIEEHH VAERG VYNKEER X TERSVGQ MVIW TI \RYWIMERH %2 L1 \D | WWHW EW

[ IV RER ADITW RWATHNROLI %4 < % VEQTR XER' % 1 SVSZVAIW LYQERHWEW V EXF
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TEA[ E] KIR RYQFI VWA 'Y W#PQ ENDENR H EXV FEMI B LMLI VP ZI RV EFSYX ADIW RWAI HXLER
% < NI CSRXBRV EIX VLI HUWGSRWRYERG SJ% < ISV S[ 11OV

8SI\ TRV X TSX REPIEGSW WSRWAR JSVXLI QERKI HKI R RYQFI WSJ LYQ ER HWEW \f FIEX H
TEX[ E] WHYARK LI NRGYFEXBR TI \I8H TI EWBR GSW ISR EREPWW | Y TIIS\QI HFI X | I RKIR
RYQFI WSJTEX[ E] WERHX.I EFYRHERG SJ/ PFVWIFE MY RR*M  XI TEX[ E] KIR RYQFI WAS:
& EGEQ ' VWMERG GEABRGERAD MBSFNMPTI Tl ' % 4 V\WMERQ ERHZERGSQ] GR Y VWMERG EFPLEH
VBRK TSVl GSW SRV ML XLI EFYRHERG WSJ/ PFVWIFE ' SW FEXBRGSl * GVIRX6 [ EW

ERH VWIGMIR T 7NDNEWR LI GSW EXSRWFI X | I RKIR RYQFI WWSJ SXLI VLYQER
HWEW VY EEXHTEX[ E] W GERA VIR GISYWHW EWWQ | YEFSAGHW EWWERH R Y\EWAKI \| HWEWV
ERHXI / PFVWIFEEFYRHERG [ | ER'G TSV ) W1 GERP X.I GS\W FEXBRGSl * GVRX\VSITEX[ E] KIR
RYQ FI W\SJ FEEHH VGERG V' LEKEWHWEW XTI — HEFI X WQ | FRYWERH, YRIRKSRWHWEW [ M

/ PEVWIFEEFYRHERG [ |\ ERH T W1 Gl B

Molecular mechanisms for Klebsiella's contribution to human diseases

RS\H VXS IYVLI VI\ TRV X1 TSX RAEPQ SP GYEVQ | A.ERMQWISVXLI GSRXWYNBR SJ/ P FVWIFE XS LYQ EF
HWEWW[ | MBREX H/ P FVWIFEVWKENRAGQ % < I\ TSWHVEQTR %4 < % X.I Q SVKVHRVIGERXI JJI X
SRLYQERHWEWWLETTI R HRRXMVEQTR  9VIRK E / PFVWIFEWTT QYIGGYRYY QI HWQ E YS)EPS]

/ PFVWIFEVKENRA[ |\ MBFEX H [ MUNR[ LNBL 2/ 9Q PF% 2/ 90 PF% 2/ 9Q PF% ERH2/ 90 PF%
TSWWYHERP H X Gf HY%6+\W FEX H)S HWK ' VWMERG TEX[ E|WFPFO{Q ERHFPFI GIZ \TEEXH)E
& EGEQ ' VWMERG EVREERH NS\ X HYS' %4 4 I WWERG ERH ZERK Y FEX H S ZERGSQ] GR
VVWMERA S8EFRP 7 ' SR \IRK2/ 9Q PF% MBQ % < |\ TSWHXI EXQ| RXLEWE GSW KI R X6
HWERG [ NI / PF/WIFEVKENRWAGQ % < M| GSRXBPVRXLI 7 \62%KI Rl FEWHTL] FSKI RGN |
M (X MAVKENR[ EWASWR JSVIYVLI VIRZI \WWHEXSBR STMA[ LSP KI RSQ1 8LI W VWRH Q SRWEX H
XEX/ TR YOSRM 2/ 9Q PF% TSWVWYWE b OF A \BQ SVBQ| GSRENNRK EFSYX T\BX R

| RGSHRK KI R W ML EZI\EKI PRLWS]  FTERHEZI\EKI + ' GSRARXSJ EWH >EN H VR SEFR
7 ERH*MA% 8LI QSFN | PQI RXVERH Q | YEFSABVY VM Q WSJ XLMAKENRA | Y WQ Q E\Kil HIR
WTTRQIREP)\AP7 1 SFM IRPQIRXM |\ I\ SKI RSYWKI RSQ| NEKQ | RXWLEXLI I FEGK \iE

GBQ TI WRK JSVI GSFSKMEPRVA | ERH\WAZMEPYR LSV WPIBK R Kl RSQ MEMIERHW  T\GTLEKI WERH
GYWE Y H Y KYFER NWRX WWEQ H TERRHAGQ B\ TI EXV' 6-746 EWSQAEX H T\BX W' 6-746 ' EW WWIQW
JSYRHVR2/ 9Q RF% 1 1ER LM QI YEFSRGVY\W QWSJ X.MWVXENR GSRWMXAS]  WGSRHET Q1 EFSRA W
WRLUI VWAl KIR GYWWAVERH GEVFSL] H\EX EGMI | R QI W[ LM GSYH LI T FEGT \IE YWl H\IJI Y RX
ORHWSI GEVFSL] HEX JSWW\ZMI 9MALS[ R\R* M & LYQERHWEW VY EEXH/ ] SS) RG GSTI HE SJ

+I RWERH+IRSQIW/ ) ++ TEX[ E]WERRSYEABRV ZI ERHX.EX/ TR YOSREI R/ 90 RF% TSWVWYW
HWK ' VMWERG GERA VIRI GISYWMD QYR QI XEFSRG ERHR Y\GH KI RN\ HWEWWTEX[ E] W[ ML
ERA® MBSFNEPHWK \f VWNERG  FEGK \IEPNRJI GABR HWEW ERH GERA WEWXLV | Q SVKHSQ NMERXERRSYEX
TEX[ E]WSLIW \' WRVT\SZMI Y| KI R XGPZI PSJ 1 ZMil R JSV/ P FVWIFEWTREYWAR GSRXAYBR XS
LYQERHWEWW7NA X1\ EV QYPMP HWK\I WMERG ERHSXI VLYQ ERHWEW VI EXHTEX[ E] WR
X1 KIRSQI S/ PFWIFE Y| FRSSQ SJ/ PFWIFENSQ 9% < I\ TSWAI [ SYFHPEH)S I | RIEQI RXSIXI
GBW VWSRHWK TEXL[ E] W* YWLI\Q SV SXI VLYQ ER HWEW \I FEX H YW Q WRGYHRK TEX.SKI RLSVX
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VX \EGIBRWERWISAG \WMERG ZMYRRA JEGSWERHWGI X8RWW QW | ¥ WQQEWKI HR* M A" *

ERHH EMMRWTTRQI REP)\G P7  8LI Q SWKHSQ MERXTEX.SKI R LSVIKVRX \EGIBR[ EWM HYG H

ZNYP RG X1 Q SVKHSQ MERXHWK ' VIMERG [ EM ©Y\ TYQT GSRII \WRK ERWISAG\ VIWERG
ERHILI X S QSVKHSQ MERXZMYRRA JEGSWM | \f NBRYTXEQ WWWM Q RSRWI GYIGZMYP RA

JEGSWY ERHEHLIVRA SJJ RAZl ZMYPRA JEGSW * SWVGI X8R VWWE QW2/ 9T PF%

GENMERPK] R WFI FSRKNVRK S XLI 8] TI — 71 QI XBR7]WIQ 71 G764 71 GI X8R 7] WEQ ERHSEX7| GI X8R

71WEQ ERHVBQI Kl R WFI FSRKVRK XS 8] Tl : - 71 I X8R 7] WIQ ERHS] Tl - 71 GI X8R 7] W Q

AMX exposure significantly increased the virulence of Klebsiella and its molecular mechanisms

8S NRZI WWMEX X.I %4 <WMRSYI RG SRZMYRRA SI/ PFVWIFE / PFVWIFE\VENRW |\ ER'® MEREX H AGQ
%l < V| GSRXBPVEQTR ' % M FIJSV % < I\ TSW\ JSVGSQ TEWER : NYRRA TLI RS TIW
MGYHWRK FI8! ) JS\Q EXSR WWQ \ \WAMERA ERHERWD EP)S\ MSFSK] SIERPLI  / PFVWIFE MEEX W | \f
| ZEFYEX HF] O] WEPZISR XEWE] WWQ FEGI\IBVEPEWE] ERH+ Q/ ASRI FENR) GI8R EWE]

VW G B SLI W WA Q SRIWKEX HXLEX/ P FUWIFE \WENRMMBEX H\BQ %4 < 1\ TSWHVEQ TR LEH
WBRKI VFIS! ) JIS\QEXBR T M % WWQ VWERG T *M & ERH+ QISR HE
VAL AMBR GETEGYWIW T *M ' XERX.SW M8Q % < N1 VEQTR WKKI WK % < |\ TSW\Y
HEQ EXCER NRGI EWHXLI ZWRRA SJ/ P FV/WIFE

8LI TL] FKI RIMBXI | SJEFPPMBEX H/ PFVWIFEWT GMWFEWHSR 7 \62%KI Rl Ml RIYIGEA8R I ZI ERH
XEOU / PFVWIFE2] 9Q RF MBEXHMSQ %L < M| VEQTR ' % ERH2/9C PF% MBEX HASQ

od < I\TSWHVEQTR %L <% [ IV [ MMREGSW KIRXGHWERG *M ( *YVLI VXU [ LSP KI RSQI
ERERP VWS VWENRA2 / 9Q PF% ERH2/ 9CQ PF ER'S ND TAVHXEXOUI W X SVKENRMWLEYHSRR  VIRKP
RYGP S TSPQSVTLMDW724WERH  NAWWASRH PXSRW-R( | RV EWH EMHMRWTTRQI REP)\Q |
7 % *YVLI\QSY QYPWBGMWWUYIRA X TNRK 1 078 GSR \QIHXIW X SVKENRWFSX FI FBSRK S 78
ERHEZI \EKI RYGPSM M R™ %2- ERERPVIMH Q SRMEX HXLI RYGP S M R SILIW X S WENRW
[V *M 7 SLIVISV XIW \ WWRXAGSHP Gl B WKKI WEHXLEX2/ 9Q RF% QMLXFI X

| ZS”ZI HWENRSQ 2/ 90 RF I\ TSWH)S %L < 9WRK Q1 X.SHWH VBRI HEFSZl [ | ER'® JSYRH

2/ 90 PF% LEHEWFWERER LMLI VPZI PSIZMWRRA X.ER2/ 90 RF MRXI X\Q SIF8| R
JS\QEXBR WWQ VWMERG ERH+ O/ FSR FENRY GI8R *M ) +

8S IYVLI VGBR \Q XEX% < |\ TSWV GSYHVMRVICERER NRGI EW X.| ZNMYPRA SJ/ PFVWIFE E VIRENR
REQIH2/9Q PF % [ EW ZS”ZI HM\SQ WRENR2/ 9T PF 1\ TSWV 1S QK HE] % < JSVWZI RHE] W
ERHVYWBPANSI ZMYPRA WS RMR*M ) + ERG Q ERM VW HE VWMRVIGERRP LMLI VAWRPRA SJ

2/ 9Q PF % XER2/9QPF T ;| WFWUYI R ERER/ HXLI ZMPRA JEGSWSI LI [ MM
VENR2/ 90 PF ERHX SI|ZS”ZI HWKENMW2/ 90 PF% ERH2/9Q PF % ' SQTEVH[ M. 2/ 90 PF

R[ 2WPRA JEGSVKIRW QI\KIHERH KIRWETTIEVH724 ERH-R( | PAKW®R2/ 90 PF% )\QP
7 & ERH R[ 2ZWPR3 JEGSVKIRW QI \KI HERH KIRMMQY)EXH[ M 724 ERH-R( | P WR
2/ 9Q PF % )\A@P7 ' BEWHXMHMWTIRPQIREP\AQP7 ( ERH7 ) 8LI H>MHKI RSQNG

Q Y)EASRWS] ISYVQ ENSVAEWVYWSI ZMYPRA JEGSWMR 2/ 9Q PF% ERH2/ 9Q PF % [ IV WS RWR
8EFR -RHEMETWR ZMPRA JEGSVGIWETTI EVH-R( | PVIMMWR 2/ 90 PF% GIVB ERH[ GR&[ I
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R[ IQI\KIHZMWPRA JEGSWMR2/ 90 PF % ERHEMPLI SUIWETTIENH724 VIAWR 2/ 90 PF %
*SVI QR ZMPRA JEGSWAHJ T ERH T LEHKI RSQ NBQ YYEAXBRWMR FSX | ZS”ZI H WKENRWERH
QSWKZNYPRA JEGSWMETTI EVH-R( | PPIXWNR2/ 9Q PF% FYXETTIEVH724 VIKWR2/ 90 PF % 047
ZNYPRA JEGSVKX4L Q YEXHMRFSL WKENMWERHERPL SCIWM IV R[ 1 QI\KIHKIRIWSVETTI EVH
724 \WAWR2/9Q PF % 1 YYE8RMRJ T9% ) RX ERA MX4[ | Y ERG SFW\ZI HNR FSX. V\KENRWERH ERP
X SO VWIAINSTLSYWZMPRA JEGSWM [V RI[ T QI\KIHKIRIMWSVETTIENH724 WAWR2/ 90 PF %
3 [ KOS LI M TSVERG MR T\SX MR JYRGIER ERHHW EW GEYWRK X.I TSA RMEPYRWA RH H GSRWUYI RQ
SIXITW Q YER8RWR | HAVE W GBPGSRA \R

Discussion

Enrichment of Klebsiella and human disease-related pathways in intestinal microbiota after AMX
exposure

OVIARK H VIR H7, -1 ) QSH PX.I M TEGXSI%L < SRXI LYQ ER N WIREPQ MBSFIBYE [ EVWAZI \WWEX H F

LML X\BYKLTYXWUYI RAGRK ETT\SEQ. MR X.MMWYH &EGY VBH X W4\8X SFEGY VEE 7] RI \KMX X WERH

* D BV 1\ WAl R H EWISYVTV HSQ NMERXTL] FE N2 VI YREX H KYXQ MBSBFISE 7 D MEVFEGK \FEP

GSQQYRMWWLEZl FI IRV TSWHMRVEQ! J GEPVEQTRWERH7, -1 ) QSH RMRTV Z8YWWYHVW? A

EHHMBR X.| NRGSRIMY RXFEG{ \IEPTL] FE[ |\ MI R HVRXLY | HVDI Y RXGSISR \ KISRWT\SZMINBK JYVALI V

| ZMI RG XLEXGSSR Y KNSRWTHE] ND TSVERX\GR VIR WLETIVRK LI WYGYY STKYXQ MBEFINBE ? ASLI

SFW\ZI H1 RWA_Q | RXSJ FEGK \E \R / PEVWIFEEIX VI \ TSWAI XS %4 < [ EWGSRMY RX[ M. T\ Z8YW

| RHBKVWLEX& FEGEQ ERWANAGNZERGSQ] GR ERHWRSREQ Ml ERENSHGM \ TSW\I' GSYRH NRGY EW X I

/ PFVWIFETSTYREEXBR?  A8S SYVFI WKARS[ RHKI LI MG R NVXSR VWH| RSWAE HXLEX%L <

NRGY EWHX.I EFYRHERG SJ/ PFVWIFENR LYQ ER MY VWREPQ MBSEFIBE [ LM YRISWREX B RS IYWLI V

Q| GLERWIG| \ TREEREXSR ERH EGESQ TER] NBK LI ERL GSRWUYI RAW[ |\ T\GZMI H? AYBDLSYKL / PFV/WIR

KI RYWMGSQ Q | RVEPS\KERMD WIR Y| LYQ ERKYX Jl GEPGEWREKI SJ 1\ X RH HWIT GXVQ & FEGEQEW

T\BHYGRK / TR YO SRW LEHFI | RISYRH EWE WRYIGERX\MODJIEGSVISVIRI GISREW EWp EW 11 EWV

EKS? A1 SVSZIVNRGI EWHVWE\AIWLEZI ER'® GSR \Q | HX.EXLYQERKYX[ EWE Q ENVAY W\ZSMJISV

/ PFVWIFE ERHXLI FISSQ SIX.SW N VWREP/ PFVWIFE QE] GEYW X1 ZENISYWRJ GIBRWR HWI Y RXFSH|

TEWASILYQERFINK?  A*SVI\EQTR TR YQSR¥E ' \BLRWHWEW GSMWJ WHW[ SYRH

VRJI GABRWERH Rl VEFVA WMLEZl FI | RISYRHD)S I FEX YS XLI FISSQ SI/ PEVMWIFENRXLI LYQERKYX?
AVRAFIBAG\ VWVERX/ /P FVWIFE MBIEX H IR OUMMYH FIBSRKOSWUYIRA XTI 78 E\EY

WUYIRG XTI HVORI HRX STYZ8YWWYHW?  A%SZI WHVWGSR \Q I H/ PFVWIFE 78

GBYRI GEYW TR YQ SRV ERHHWTFE] Q YPIAWK \f VIMMERQ

%M M EFYRHERG SJ/ PFVWWIFE LYQERHWEW VEXHTEA[ E] WIR HJI \f RXGSFSR Y KNSRW \ LM H
VI MEVA_ERKI X RHWEWXLT JYRGIBRSIND 1 1 SV ND TSVERER VMRVIGERXTSVIM GSW SR X 1T R
LYQERHWEW VY EXHTEX[ E] WERH/ P FVWIFE\WKKI VK HXLEXLI / PFWWIFE FISSQ GEYWHF] % <

Q MLXGSRAMYX XS NGIEW SIXIW TEXA[ E] W-XMWARS] RXLEXIV UYI RXYW SJ% < RQI HGAR QE]
EYW XLl H 2 BTQI RXERHWV EH SJ %6 & ERH %6 + W LYQ ER KYXQ NBSFNBQ | ? AWM\ TIGI{H
& EGEQ VVWERG TEA[ E] WRG! EWH EIX V& EGEQ ERMANAGYA < |\ TSWV ERHMARGA TSV
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GBW FEXSR[ ML/ PFVWIFEEFYRHERG [ EWER'S GSRVIMM RX[ N X1 JEGOLEX/ PFVWIFE\WT EV' NRXIRVIG
VY VIMERG S & EGEQ ERWANSHBAZNE T\BHYGRK & EGEQEW *M 2 A9R\ TI G{ H NG EWWS]
ZERGSQ] GRERH' %4 4 VWWERG TEX[ E] W ML XLI NRGY EVIRK SJ/ P FVWIFENRHGEX HXLI TSX RIEPGS
WP GIBR SR H\Jl \I RXERWIAGY VWMERG \BQ %4 < 2 A-RXI TVWRXWH LYQERHWEW \I FEX H
TEX[ E]WAA GERA VIRI GISYWHW EWWQ | YEFSRGHW EWWERH R Y\BWAKI \J HWEWW | I EFP
VWBRKP EWSGEX H[ M. XI / PEVWFEEFYRHERG [ LML MERS WTTSWHF] VBQI TV 28 YWWAYHVIW?
A8EQ RGERA VERH \RJI GISYWHWEW EW \ EQ TRW/ PEVWIFEWT LEWFI | R GSRVWAI f HEWSR SJXLI
Q SVXGSRA \RWAK TEX_SKI RADV UYI R§ NRZSRZI H VR NRJI GIBRWSJ GERA VTEXVIRXMVERH P H XS LML Q SVER|
2 A-RI GIBYWHWEWWWQ. EVWY\REY XEGARI OISR T] | SR TL\MMWY\SW TVIW[ SYRH MR GISR
q SQ | KEFSZMMWHWEW ERHTR YQSR¥ELEHFI | RI\X RWZ B \f TS H>S EWSGAEX [ M. XI / PFVWIFE
2 A/)++ TBEX[ W M LYQERHWEW ERRSEXSRF] [ LSP KI RSQ| ERERPVIMALS] RNRXLMTETI V
GSR \Q| H/ P FVWIFEWTREYWWAR GSRXFYABR S LYQ ER HWEWWERH QER] Y WEVA| WLEZI ER'G
\t Z) ER HXLEX/ P FYWIFE TSWY VWY WRXIRVIGZMYP RA JEGSV ERWISAGV WWWERG  TEX.SKI RLSVX
VR \EGIBRWERH WG MBRVWW Q [ LML H X\QNR X.I MR KEX | 1 GWSRLYQERLIERL? A

AMX effects were colon region-different and persistent

ROLMMYH / PFVWIFE] EWISYRHDYS FI Q SV VIMRVIGER® | RUALI HNR EVAE RHRK GSISRXLER LI SXUI VX ¢
GSSRVKBRW* M [ LML [ EWRQ | TK [ M. TV Z8YWA TSWAISVALI GLERKI WSJ NRX \WMREPQ NBSFIBE
MR I\ TSWA 58 Y| ERWANAGQ MYV WERH SYLI VXS\ NEGSQ TSYRHWAA GLFSVIT] \WISWERH EWV RIG?

ABLIW &7, -1) GSQTEVQ! RX VI GYIGI JJl GWGSYRH FI HYI )5S X.I NRGSRVIMM RXGSQ TSYRHW
FISH K\EHEXBR KYXQ MBSFISQ| GSQQYRYW ERHT, NRHMI \I RXGSFSR Y KISRW? Al IER LW XI
E\KI VIKIVRG! EW SI TV HX HLYQ ERHWEW Y EX HTEX[ E] W EWERS WS RN EV@A RHAK GSFSR EN V
ol < \TSWV *M [ LML GEWI HXEOL TVWDEY | Il GXSFW\ZI HEXALI PZI PSIXI QMBSFIBE GSYR
ER'G FI M Rl HEXOLI KI RSQMNBERH QI EFSMERZI PEWW TSHHRSLIWWERGIW? A
*YULI\Q SV LI W %4 < 1 301 GA[ |\ VWP Zvil RXISVEXR EWOL S| || OMEX VLI %4 < HWESRARYERG
ERLSYKL XI WY VIVIRX\Y HYGIBRWS) / P FVWIFE ERHLYQ ER HWEW I EXHTEX[ E]W | ¥ SFW\ZI H %
VA RN WEGA \F ZI ERHXLEXYA < QI HEX HSTTSWRWGTEX.SKI R ) WA/ \WALAE 7L M1 FEFRSSQ W
TIWWMH  HEWED VXL N WY TSR SJ ERWASAGILI \ET] ? A7MDNEVTLI RSQ| RSR[ EWER'G I TS H
F] >[ MROERH GSHPEKY! W[ LS ER'S HMESZI T HXLEX HE] WXIEXQ1 R ML %4 < ERHG DEAMIQ|
GSQ FEXSRWVERS] | H ) RY \S8GAGYWIXS X\RI ERH\ Q ER HSQ MBERXISVYT XS X S| | 1 OMERH GEYWH
GVIHSFEGY \WOQ EFYRHERG S\ QENRH G EWH XWPTSWREEF] | 1 OV EIX VERWISAGX! EXQ | RX
HVWESRRYEABR? ASLI VISV SYWW WRAH Q SRIWEX HXLI WAIBYWR KEXZI Vi | 101 GXSJ %l < GSYMM
FI TI WM RXERH GSFSR I KNSR HI \f RX[ LNE VL.SYP FI GSRVAL \f H EWER ND TSVERXEWTT GXSIXLI \MOD
EWVWQ | RXISVA < TV VBRIHSR

AMX dramatically increased the virulence of Klebsiella by mutations of virulence factors

3 W RHARK LEXWZI RHE] WSJ QK HE] %d < EGINDEAH2/9CQ PF % LEHVWMRVIGERP LMLIV
ZNYPRA XER2/9Q PF WTTSWHXI L] TSXI WWXLEXYA < I\ TSWV GSYH VIKRYIGERR NRGY EW XLI
ZNYPRA SI/ PFWIHE [ LB LEWRSXFI I RV TSWHH] 1 X, § | ZI VERWNSABNAFS\EQ TLI RMGSPERH
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I\ X\BQ] GRLEHFI | RISYRH)S MGI EW XLI ZMYPRG SJ %3 YSFEGY VIFEYQ ERRVIF] NG EVIRK XL |
T\BHYGIBR SIX.I / FSGYW \ STSPVEGR.EWMI SR M TSVERXGSQ TSR RXSIF8! B) 2 ASVEQIRX M
GMBES\ EGRGSYR | RLERA X1 1\ TV WIBR SIZMPRA KI R WSJ STTSWRWIG TEXSKI R 7ER) SR FE

N TLIPYVWQ \I\WPIRK LI NROI EWHZMYPRGA 2 ASLIW \I WRXMRHEEX HXEXL VMRYIGERR

NRGI EWHZWYRRA SJ/ RFVWIFEN 2 ERHNR SYW WEVA. Q MLXER'S FI EXXYX H)S X1 M T\6ZI H
ZMYPRA KIRIW\ TVWIBR X[ EWQ I RISR HI EWIVLEXLI MRLI Y RX VWAYERG S & FEGEQ ERI EH|
TSWWE VWMRVIGEROLI \ETI YAGGAERPRKI JSV/ PFVWIFENR] GIBRWXLI %4 < NRHYQ HZWYRRA NRGY EVIRK
TLI RSQ| RSRJSYRH MOUMAIAYH YRHSYFX HP JYVLI VRO EW MALI EPL \WWD? A

/ TR YOSRW | QTS| WISYVQ ENVGEWVWSI ZMPRA JEGSWV! QF\REl RISTSRVEGAEWM 047
GETWR ERH VI \BTLSY W S T\SX GMWR ASQ X.I MLMMBRSILSWDQYR ? A* D\ ZMYRRA
JEGSWVEV NP TSVERXQ | HEPSWISVXLI EHLI IBRERHFI8} ) JS\QEXBRSI/ TR YO SR -RYXMIYH]

' QF\REl ZWYPRA JEGSWASI THE T ERH/ Q( [ 1Y EFPQYVEXHMRFSY | ZSRI HVWENMR/ 9C PF% ER
2/ 90 PF % [ LML QE] WFWERXER NG EW X.I FI8! ) JS\QEXSREFMN SJ/ TR YOSRE \ \WRIRK
VR RO EVRK XLI MZMYPRA ?  A047 ERHGETWR ZMWRRA JEGSWLEZ FI | RVWKKI WEHEWLI QEWR
H X ROS GSQTRQIRXQI HEXHRWW? A3 ERMI RMAI SYX \Q SYKWIYRMWSI 047 ERHLEW

ND TSVERX\GR WWR T\BX GIRK EKENRVGSQ TR Q| RXOEGDSI 3 ERMI RQE] VRH V/ TR YO SRE WRIMYI
S GSQ TR QI RXQ | HEX H OWRK XL FRSSHWY EQ XLYWQ EQRK LI VIKENR PW\ZMYRRX? A +X&

| RGSH WFEGSTV RSPKFYGBVY PXERWI \EW [ LML [ EWR G WY )S 1\ TVVW\3 ERMI RNR 7LMI FESI | RI W
ERH MAQ VYEXBR MR FSX. | ZSRZI HVKENRWQ E] EXXYX S XLI NG EVIRK W\WWQ \f VIWWERG EFVR| 2 A

1 SYSZIVXI R[ IQI\KIH3 ERMI RV EXHKI R WWQA. EW X[ | QERE ERHQER N2/ 90 RF %
TYEM B M T\EZI 3 ERMI RIWVH X W ROS GSQ TR QI RXQ 1 HEX HRVIW ' TUKI R GYW VIMWARZSRZI H VR XL
T\BHYGIBR SIX.I GETWP TSR Q| VERH EGETWREWKXENMWEN | EVWIVH X G{ HF] STVERSTLEKSQ YSVMER-
QSVY RA R OWHNMRWWQ 28 X.| ER\REM GSQTRQI RXTEX[ E] X.YWX.I QY)EXH GV ERH GTWQE]
FI X N TSVERXQ | HEDSW\SI NG EVMRK WWQ W VWMERG 2 A7MI\STLSYWEY R G WE\ ZMPRA
JEGSWISV/ TR YO SR »S EGYM NBRAGQ X.I LSVKR S\H VS WAZMI ERH T\STEKEX HY\RRK NRJI GABF
ERHXI T\SHYGIBRSJQ SV X.ERSR W \STLSV LI AT EZSMIRK R YXERIEXSR SJSRI VWA \BTLSV F] LI
LSW? A) RX\SFEGIR M| T ET W \STLSVY YWHF] / TR YOSRE J T96MAM UYN H ISV
FISVWRLI VWWERH / RY MR G WY JSVRAXERWTSUKOLT Q YYEXBRWSIXLI W X SKIRIWRFSX. | ZSRZI H
VWENRAQ E] WFWERNER NRGI EWH LI ME' RM) JSVNBR? A7NDNER MX¢ALEXI RGSHWEI \BFEGRR[ EW
ER'G Q Y)EX HNRFSX. | ZSRI HVWENAW[ LN QE] FI EZI\] ND TSVERXIEGSVISV+ Q/ SR FENR) GIBR?
1 SYSZIVXI R Q1K H] I WIRNEFEGIR W RLI VIMVERH WOI X8R KI R WWGA. EWMT M J Y9 ERH
JP8NR2/ 9Q PF % EW | PEWVER) SA.I PR IS\Q EXBRV FEEXHKI R G2 ERH AG) TY)EMI B EXXYX HOE
MAWKBRKI VIRl GISREFN )S + QI SR FE? A

71 ZIN\EPSXI VAP RA JEGSWV |V YA R Ml RWI HEWFI K D TSVERXISVZMYRPRA SJ/ TR YO SRY

W 1 PARS] RXEXQER) LYQERTEASKI RWW XTI - WGOISRWWIQ >SWGAI' X XS\ MAVERHI R QI W

S HEQ EKI W GYIGHWY WY WPIRK N G PPHEQ EKI ERHHW EW ? A: NYRPRA JEGSVKW+ [ LN

| RGGH WLI TY>EM XTI —-WOIMBRTBANR [ EAVMGSR \QIHXSFI QY)EXHEN WA < I\ TSWVY MRFSX

| ZS”ZI HWKENRWSI 2/ 90 PF% ERH2/9Q PF % %ASRI N TSVERXWFEWVQFR SIX Tl - WG X8R

WWQ TWYHSTMRAW+ JEQN [ EWN TS HXS Nl ISP H T\BX MWEGBW\WLI SYXVQI QF\ERI RE
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TMSRAA QERR VSLI I\ TV \WIBR SI KW+ \6Q EG-4 ) GSRLEHFI | RV TS HYS T\SHYG KT+

W1 GYIGERMY\WQ \f GSKRVII HTBX NR? ASLI ' X \QMRYWSI T\SX R+ \f TV WRAHE TI \Q MVl Vi

[ LN MWD TSVERXISVMAOYRGIBR LI Q YYEXSRWLS] RNRLMMYH] [ SYPH EJJl GXMAGSQ FNREXSR[ N
T\BX MWW QI X HERH ERWESH MW\WQ [ LML QE] I RGEYW X.I NRGI EVWRK \W\ZNMEPS / P FVWIFE] LI F
N TSWV XSWWQ SV+ QI FSR FENRI GIBR?  A4EX.SKI RGBT GUWERS YW X TI — WGI X8R VYW QW
XS NN GOS\ MRS EXEGIRK M QYR G RVXLI Q YYEXHKI RN WA EWZWR ERH /| WEQE] YTV KYFEX
N TVVWIBRSIN TI — WO BRWW QWR 2/ 90 PF % ERHX.IRMT\EZI MAWY\ZMEPERH EJJl GI8R
EFVM ? A% NBRXERWSWKWW Q MERS M Rl HMD TSVERXISY/ TR YQSRW ZMYRRA [ LML
MARZSZI HNRXLI EGUYMIMBR SINBR?  ASLMORH SIZMYPRA JEGSVKI R\WJFT" ERHLM [ 1V

GSR \QIHXS QY)EX EX WA < |\ TSWV MRFSX | ZSZI HWKENRW[ LML QE] | RLERG X.I MVRJI G8R
EFVM R+ O/ AR AE , S 1 ZI VIYWLI VWAWHVIWEY RITH HYS ZI\M [ LI VXL Q VYEXSRASIXLI EFSZI
ZMPRA JEGSWWMAI FEX HXS X.I NROI EWHZNYRRA SJ/ TR YOSRE SFW\ZI HNR X MWMRYH

Conclusions

)\ TSWV XS %4 < O EWH I EFYRHERG WS/ P FVWIFEERHLYQ ER HWEW \f EEX HTEX[ E] WIRR

VI YFEX H L YQ ER KYXQ MBSFIME ERH LI Q SYWKWIMRYIGERXI RLERA Q1 RXI 1l & EWSFW\ZI HJSV

EVE RHAK GSFSR 1 | ER[ LM X1 VIMRVIGERXVRGI EW R/ P FVWIFE TSTYREABR GSYR TI WM RXISVEXR EW
X S[ 11 OMEN VoA < HWESRWYERG 8LI NGI EWH TV HGX HIYROIBREPTEX[ E]W | I TSVl B
EWSGEX H[ N/ PFVWIFEERH[ LSP KI RSQ| ERER\WWER'S GSR \Q| H/ P FUWIFEVKENRMRH | H BN
XIW LYQERHWEW VI FEXH/ ) ++ TEX[ E]W1 SU'SZ VI\ TSWV %S % < HNEQ EXEER | RLERA HXLI
ZMYRRA S/ PF/WIFENRGYHRK FI8! ) JS\Q EX8R WWQ FVWERA ERH+ Q/ SR FENR) GIBR +1 RSQ|
WUYI RG GSQ TEWMBR ERERVWASIVKENR2/ 90 PF MBEXHMSQ 7, -1) FIJSY %4 < I\ TSWV [ B
VWENR2/ 9Q PF% MBEXHMSQ 7, -1) EXWA < I\TSWN ERH2/ 90 PF % | ZSRI HABQ

2/ 90 PF EXVOA < I\TSWA \fZI ERHX.EXOLI NBGY EWHZWYRRA QE] FI EXXEYX H)S I Q YYEASRA
SJJISYVQENVZMYRRA JEGSWW PZEROS ! QI 047 GETWPR ERHVIAI \BTLSV W3 WAY WRXAQE] STI F
YTR[ T\ G WISVEWVWIRK XLI HW GXI JJl GXASI 94 < SROLI WX \WREPQ NBBFIBE- E O ] SS\KER W
NRHMIYEPLI ERL * YWALI VERER VIASI XLI NRGY EWH ERH I ZSRZI H/ P FVWIFE IR ZMSWLSYR FI GBRHYGI HJS
FI 3 VYRH WYERHWRKOLI | 30l GWSI % < SRLYQERLI ERL

Materials And Methods

SHIME model start up and samples collection

8LI CSRWAYGIH7, -1 ) [ EANIS\QIHF] | ZI HSYFR NEGO X H\ EGSWWID YREXRK X1 WSQ EQ. VD ERP
MAWR EvA RHAK GSISR XERWI WV GSFSR ERHH VA RHRK GSISR VW GMI B *M % 8LI FEWOLV |
VEGSWM |\ RSGYEEXH[ M. E QMY SJJ GEPQ \BSFNXE NGQ E LI EPL] EHYRXZSFYRA I V[ LS HW RSX
W VANEQ KEVKENRX VIREPHW EWWSVEQ ERENABMAR LT TEVKIM Q SRALW? A YWRKOLT | WX
X S[ITTOANSIXI INTIND I RX% < W | RYXMBREPQ | HWQ [ EWEHH H)S X1 I EGSWADS WEFNMI LI
QMBEFMPGSQ Q YRM %X VXLMWVTI FGH XL 7, -1 ) [ EAWWUYI RMERP 1\ TSWHXS % < V| RYXIABREP

QI HWQ JSVERSAI VSR [ |l OERHISHY | HF] RYXRASREPQ | HYQ QK HE] %d <JSVSRI [ 11 OERH
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% < NI RYXMBREPQI HMQ JSVX S[ 11 ONVSBLI HXEMNSI X 7, -1 ) WWIQ ERHXI WEWT T\6A W\EY
WQQEWI HNRXI 7YTTSHRK 1 EX \IFAP

ONIYNA VEQ TR W Q MX\WSJ Jl GEPQ MBSFISYE[ ML 7, -1) JIH [ 1V GSFP GLHA\GQ VI YREX H EVE RHK
GSMSR XERVZI W GSFSR ERHH VW8 RHYRK GSSR ZI VWY RVEXVI XD | TSRXAS] ERH  HE|
EWH EMHMR* M % &EWH SR VYEXBR SI%A < I\ TSWV X1 W VEQ TRWEER FI GEWWII H S X\ |
K\BYTW7TI GYIGER I | WKK\EYT SIVEQ TRW | \I' GSAP Of HEX VWEFNMENSR SJ 7, -1 ) WXT JSVX S
[11ON' % ' 8 ERH' ( JMBQ EVE RHWK GSSR XERVEZI WV GSFSR ERHH VW RHVWRK GSSR \F T Gl B
ERHFIJSV XI % <EHQMWKEXBR M ' % ' 8 ERH' ( 8LI WGSRHK\BYT VEQTRHEM VAI

EHQ MWMENBR SJ %4 < JSVAV | HE|WO4 <% 94 <8 ERHY <( ERHWZRHEIWYd <% % <8
ERHOL < ( *NREM LI XNHK\BYT SIVEQTRW[ |V GSPP G{HEI VX.I HWESRMRYERA SJ% < JSVSR
[1106% 68 ERH6( ERHXS[IION6% 68 ERH6( 7EQTRPW IV WSVHEX¥ d JSV
JYWALI VERER WW

16S rRNA gene sequencing and analysis

1 MBSFNEP( 2 %[ EW \ XEG{ HABQ VEQ TRVWWIRK XLI ) > 2 % WSSP( 2%/ M 3 QI KE 97% EGEB\HWRK XS

QERYJEGYVYWNSSGRVELI : : VKMRSIXI FEX\EP 7 \62%KIR [ IV EQTMIHF] TSRQI\EW
G EMRVEGWER 4' 6 8LI \Ef] VEHW IV HTSWAHMSXI 2' & 71UYIRA 61 EH®WAM 76%
HEXEFEW [ M LI EG3 WIBRRYQFI VSI 766 766 8LI H XENNSI FEGI \ER( 2 %

I\XEGMRERH4' 6 EQTRI@EABRSI 7 \62%KIR [ IV HVBM HMRXI 7YTTSWARK 1 EX \/P

6E -FYQNREJEWU! RW |\ H QYPMIR\ | H UYERY | I\ H ERHERERAI HYWIRK 5 YERDEM -RWALXVRE
1 NBBFMEP) GS/BK] 5-1) ? A7IUYIRGWXLEX |V WSWVXER FT GSREM HTQ | VQMDBXAI W
EQ FMYSYWFEWWSVYRGS\W GEFR FEGSHW[ I\ VQSZIH 7 \62%KI R WUYI RGW |\ EWR H)S
STI \EXBREPE\ SRSQ MEYRMA/ 3 8OW YWRK 9' 0978 [ MLEXVW.SMSI  TEM M Ml RN ERHXIR
GEWWII HOE\ SRSQNER YVIRK X.| 6 MSVBQEP( EEFEW 4\BNGX 6( 4 GEWWIV 2 A

* YROIBREPTV HBIBRASI Q MBSFNEPGSQ Q YRM [ | TIIS\Q | HYS ZMYERIl X.I HWARAYNBR SILYQER
HWEW \F EXHTEX[ E] WIRLI XLV 1 TEWKASI GSFSR[ ML HI I RXXI EXQ | RXYVIRK 4L] FBKI Rl XG

-RZI WMEXBR SJ' SQQ YRWWF] 61 CSRWKYGHBR SJIRSFW\ZI H7XEX W 4~ 697X SRASWHV J Y RA
389W M. MIRM FEWHSRXI +V1RKI R WHEEFEW Z 2 AS8LI 389W |\ ROQEMII HSR
4- 697XERHYWHJISVLI TVH®IBRSI/ ) ++ SH.SBKW/ 3 W

0) J71 ERERPVIM EWW\ZI H)S H X \Q N FEGI \EPYE\ E XLEXWHRVIGERR HWII Y HFI X |1 R)X.I GSRXBPERH
ol < 1\ TSWAI K\SYT YWRK I +EfR\] ETTREEXSRISSP LY LYY RLS[ | WUL LEZEHI HY KEFE\] [ M
E PR EVHVBKD MERXERER VW[ LI VY X.I GSIIVESY MBJ  ERHE TSJ JSVWEMEEPKRYIGERG
2 A8LIW ERERWW | ¥ GSRHYG{HF] +YERKALSY +I R ( IRSZS' S OX +YERKALSY ' LNAE

Qualitative PCR, Biofilm formation, serum killing and G. mellonella infection assay of Klebsiella isolated
strains
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YOYSEPS]  / PFVWIFEVENRW |\ MEBREX HABQ EVA RHAK GSFSRVEQ TRWF] E / PFVWIFEWWT| GYIG

1 EG SRA] MSWEPEHSRYEPGEVF| RGWPR Q| HWQ EWH VB HF] +ES | XEP? A%QSRKXIQ | MLX
[ 1V MEEXHMEQ VEQTR ' % FIJSV 9% < EHQMMXEXBR ERHILI SXUIVWA[ 1\ A8Q % < % ENV
ol < I\TSWV  ( 2%[ EW\ XEGLHN\SQ / P FVWIFEVENRWVIRK LI ; NIEWH +1 RSQ MB( 2 %4 Y\HIGENSR
| M 4\BQ| KE 97% EGES\HRK XS Q ERYJEGYV VWNBSGERV 7 \62%KI R Ml RYIGEASR GSRHYGL HF]
&+-81 @ 7SFYHBRWEI MRK OMLI ' S 0XH & MRK ' LNBE ERS GSR \Q| HXLI MBREX HWENRW | \f

/ PFVWIFE 8LI TL] FSKI RIXGXI | SIXIW / PFVWIFEVKENRN EWGSRHYGIHF] 1)+%<? A 9%%6+W
FPFOXQ FPFIQKZ EWRE \SWF ERHZERK \I FEX H)S HWK I VIMVERG TEX[ E] WABQ X.I MEEX H
VWENRW | GSR \Q| HYWIRK 5 YEREM 4' 6 SRE&SQIXES  K\EHVIRX &\8QI XE [ NI TD | WV
MIHNRSEFR 7 2 A

&8 WIS\Q EXBR[ | Y EWE] | HYVIRK XLI WERHE\H G WEPZISR XUYERWIGEXSR EWE] H VB HF]

3 8SSP ERHEWSGEAW? A71WQ QWRK EWE] [ EWTI \IS\Q | HFEWH SR Q1 X.SHH VBMI HF]
6SWRERHEWSGEAW? A+ Q/ AR FENRI GI8R EWE] [ EWGSRHYGI HEWH VB HF] 1 GEYKLAR ERF
EWSAEXW?  A( [ EMNSITL] BSKI RIGX! | | WEFRMLQ | RX5 YEREM 4' 6 FI! R JS\Q EXSR WWQ
QWK ERH + O/ AR FENR] GIBR EWE] T\BG HYWWEV H VB HIR LI A YTTSVARK 1 EX \FEP

Genome sequencing and analysis of Klebsiella

( 2%[ BEW \ XEG{HNBQ / PEVIWIFE\WENRWWIRK XLI ; MEH+1 RSQM( 2 %4 Y\WIGEXSR/ M 4\6Q | KE
97% EGEB\HWAK XS Q ERYJEGYV VWIN\EXSGRY; LSP KI RSQ| SI/ PEVWIFEVENR2/ 90 PF MBEEX HAGQ
EV3 RHWRK GSISR FI JSV %4 < EHQ NRMXEXBR 2/ 90 PF% MBEX HABQ BV RHRK GSISR EIX WAL <
INTSWVY ERH2/ 90 PF % |ZSRIHM\GQ WENR2/ 9C PF I\ TSWV XS9%L < [ |\ WUYIRAH ( 1 ENM
SI[ LSP KIRSQ! WUYI RGRK ERHEVWVQ FRRK EV H VBRI HR LI A YTTSWRK 1 EX\EP8LI 7 GEUSPWS]
2/ 90 RF 2/ 90 PF% ERH2/9CQ PF % [ I\ H TSWHHMS XI 2' & +1 RSQI WHEEFEW [ N XI
EG3 WIBR RYQ FI WWR + | R&EROSIRS : / / ( RS' 4 ' 4 ERHRS' 4

' 4 VT Gl B

8LI [ LSP KIRSQI SJ/ PFVWIFEVWENR2/ 9Q PF% [ EWERERA HSRXLI NI SRR TEEXS\Q SJ1 ENS\FId
~7ERKIV BYHAREXS\Q [ [ [ MERKIVGSQ *SVKIRSQI TEMSI2/ 90 RF ERH2/ 90 RF% X ZEFYI
SI9R - [ EWCERSYREX H EGEB\HWRK XS WUYI R FEWH GSQ TEWBRWF] +SUWWMM XEP? A1 YPWBGYW
WUYIRA ¥ TMK 1078 SIXIW X SWENA[ |\ H X \Q N HYWRK LI -RADEX4EWE YV 078
HEEFEWW

724 QYEX8RWFI X | IR2/ 9Q PF % ERH2/ 90 PF% [ M2/ 9Q PF [ |¥ SPEN HF] WUYI R@
EMRQ | RXYWRK LI VBIf EV TEGEK 191 QIVZWIBR 2 A%V ERMRQI RXSJ0% 8>
X [[[ P\ TWIHY bWEEXMWEW X FIWQBA VWRVRWWER  FT [ I\ [\ XEG{HF]
YVIRK E\ &1 \WOS SPENR LI TV R NREY -R( | PV WRAV?  ASLI FT ,7( M\8Q YTWIEQ ERH
HS[ RWIEQ SIXI WJYRA WUYI RG -R( | P |\ ERMR HERH ZERMIEX H[ N XLI VEQTR
WUYI RGRK | EFWF] & %VBIX EV 2 AN V! BURRK LI I PEFR -R( | P |\ SPENR H 8LIW
ERERWW | ¥ GSRHYGIHF] &\81 E\O VBI A.RSIBK] ' S O &I MIRK ' LIRE
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Data analysis

61 WBRAEN 1\ TV WVHBEWQ | ER ZEFY1 WERH WERHE\H HI ZNMDASRW 8 L1 WEXMAEPERER VI EWTI\IS\QI H
[ ML 7477 VBI{ EV 8LI 8 XW |V GSRHYGIHXS GSQTEV X1 HIVRA FI X | 1 RK\GYTWERH EfP
WEMMEPA VWM 1V X SXEMH 7EMMEPKMRYIGERG [ EWYXEXALN T HOIVRXPZIRV T T
ERH T 7TI EMQ ERXVWKISVGEW B8R ERERVIMFI X 1 | RKI R RYQFI WWSJ LYQ ERHWEW
VEAHTEA[ E]WERHXI / PFVWIFEEFYRHERG [ IV TINS\QIHNRG [ M X 2 KERTEGEKI
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Tables

Table 1 Genomic mutations of four major classes of virulence factors in NKU_KlebA1l and NKU_Kleb8A7
compare with NKU_Kleb8. NKU_Kleb8 was one pure K. pneumoniae strain isolated from SHIME before
AMX exposure, NKU KlebAl was isolated after AMX exposure, and NKU Kleb8A7 was evolved from
NKU_Kleb8 after AMX exposure.
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Vidb ID Vidb Vfdb Function Function Isolates
Name Type

VFG000679 dep/capD Gamma-glutamyltranspeptidase, required for Capsule NKU_Kleb8A7P
polyglutamate anchoring to peptidoglycan

VFG000700 bscl Bifunctional; ribulose 5-phosphate reductase; CDP- Capsule NKU_Kleb8A7P
ribitol pyrophosphorylase

VFG000963 hasB UDP-glucose 6-dehydrogenase Capsule NKU_Kleb8A7P

VFG001306 cap8] Capsular polysaccharide synthesis enzyme Cap8] Capsule NKU_Kleb8A7P

VFG001311 cap80 Capsular polysaccharide synthesis enzyme Cap80 Capsule NKU_Kleb8A7P

VFG001342 c¢psO Glycosyl transferase cpso Capsule NKU_Kleb8A72

VFG001373 cps4l UDP-N-acetylglucosamine-2-epimerase Capsule NKU_Kleb8A7°

VFG001964 C(ji436c  Aminotransferase Capsule NKU_Kleb8A7P

VFG001965 (ji437c  Aminotransferase Capsule NKU_Kleb8A7P

VFG001966 (j1438c  Sugar transferase Capsule NKU_Kleb8A7P

VFG001971 kpsF D-arabinose 5-phosphate isomerase Capsule NKU_Kleb8A7P

VFG001988 cysC Adenylylsulfate kinase Capsule NKU_Kleb8A7P

VFG002182 c¢psI UDP-galactopyranose mutase Capsule NKU_KlebA1°

VFG002189 c¢psB Phosphatidate cytidylyltransferase Capsule NKU_Kleb8A7P

VFG002190 cpsA Undecaprenyl diphosphate synthase Capsule NKU_Kleb8A7P

VFG002546 wcbT Acyl-coa transferase Capsule NKU_Kleb8A7P

VFG002548 wchR Capsular polysaccharide biosynthesis fatty acid Capsule NKU_Kleb8A7P
synthase

VFG002550 wcbP Capsular polysaccharide biosynthesis Capsule NKU_Kleb8A7P
dehydrogenase/reductase

VFG002552 wcbN D-glycero-d-manno-heptose 1,7-bisphosphate Capsule NKU_Kleb8A7P
phosphatase

VEG002563 wzt2 ATP-binding ABC transporter capsular Capsule NKU_Kleb8A7P
polysaccharide export protein

VFG002566 wchbC Capsular polysaccharide biosynthesis/export protein  Capsule NKU_Kleb8A7bc

VFG002567 wchB Capsular polysaccharide glycosyltransferase Capsule NKU_Kleb8A72
biosynthesis protein

VFG000113 pilC Still frameshift type 4 fimbrial biogenesis protein pilc Fimbriae NKU_Kleb8A7P

VFG000114 xcpA/pilD Type 4 prepilin peptidase pild Fimbriae NKU Kleb8A7P

VFG000232 pilT Twitching motility protein pilt Fimbriae NKU_Kleb8A7°

VFG000446 fimD Usher protein fimd Fimbriae = NKU_KlebA1?2

VFG000454 IpfC Long polar fimbrial usher protein Ipfc Fimbriae NKU_KlebA1°¢,

NKU_Kleb8A7>
VFG000455 IpfB Long polar fimbrial chaperone protein 1pfb Fimbriae NKU_Kleb8A7°

Table 1 Genomic mutations of four major classes of virulence factors in NKU_KlebA1l and NKU_Kleb8A7
compare with NKU Kleb8. NKU_Kleb8 was one pure K. pneumoniae strain isolated from SHIME before
AMX exposure, NKU KlebAl was isolated after AMX exposure, and NKU Kleb8A7 was evolved from
NKU _Kleb8 after AMX exposure (continued).
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Vidb ID Vidb Vidb Function Function Isolates

Name Type
VFG000456 IpfA Long polar fimbria protein Ipfa Fimbriae NKU_Kleb8A7P
VFG000871 fimB Type 1 fimbriae Regulatory protein fimb Fimbriae NKU_Kleb8A7P
VFG000872 fimE Type 1 fimbriae Regulatory protein fime Fimbriae NKU_Kleb8A7P
VFG000873 fimA Type-1 fimbrial protein, A chain precursor Fimbriae NKU_Kleb8A7P
VFG000874 fiml Fimbrin-like protein fimi precursor Fimbriae NKU_Kleb8A7P
VFG000875 fimC Chaperone protein fimc precursor Fimbriae NKU_Kleb8A7P
VFG000876 fimD Outer membrane usher protein fimd precursor Fimbriae NKU_Kleb8A72¢
VFG000877 fimF Fimf protein precursor Fimbriae NKU_Kleb8A72¢
VFG000878 fimG Fimg protein precursor Fimbriae NKU_Kleb8A7P
VFG000879 fimH Fimh protein precursor Fimbriae NKU_Kleb8A7P
VFG000882 papA P pilus major subunit papa Fimbriae @ NKU_Kleb8A72
VFG000883 papH P pilus termination subunit paph Fimbriae NKU_Kleb8A72
VFG000884 papC Usher protein papc Fimbriae @ NKU_Kleb8A72
VFG000885 papD Chaperone protein papd Fimbriae NKU_Kleb8A72
VFG000912 focD F1C fimbrial usher Fimbriae = NKU_KlebA1°
VFG001145 hifB Periplasmic chaperone Fimbriae NKU_Kleb8A7P
VFG001206 fbpC Iron(III ABC transporter, ATP-binding protein Fimbriae NKU_Kleb8A7P
VFG001213 pilS Two-component sensor pils Fimbriae NKU_Kleb8A7P
VFG001214 pilR Two-component response regulator pilr Fimbriae NKU_Kleb8A7P
VEG001225 pilG Twitching motility protein pilg Fimbriae NKU_KlebAl¢,
NKU_Kleb8A7P
VFG001231 chpA Still  frameshift probable component of Fimbriae NKU_KlebA1?
chemotactic signal transduction system
VFG001234 chpD Probable transcriptional regulator Fimbriae NKU_Kleb8A7P
VFG001880 pilB Type IV pilus assembly protein pilb Fimbriae NKU_KlebA1°¢,
NKU_Kleb8A7P
VFG002412 yagY/ecpB E. coli common pilus chaperone EcpB Fimbriae NKU_Kleb8A7P
VFG002414 yagZ/ecpA E. coli common pilus structural subunit EcpA Fimbriae NKU_Kleb8A7P
VFG002415 yagX/ecpC E. coli common pilus usher EcpC Fimbriae NKU_Kleb8A7P
VFG002416 yagW/ecpD Polymerized tip adhesin of ECP fibers Fimbriae NKU_Kleb8A7P

Table 1 Genomic mutations of four major classes of virulence factors in NKU_KlebA1l and NKU_Kleb8A7
compare with NKU Kleb8. NKU Kleb8 was one pure K. pneumoniae strain isolated from SHIME before
AMX exposure, NKU_KlebAl was isolated after AMX exposure, and NKU_Kleb8A7 was evolved from
NKU Kleb8 after AMX exposure (continued).
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Vidb ID Vidb Vfdb Function Function Isolates
Name Type
VFG002417 yagV/ecpE E. coli common pilus chaperone ecpe Fimbriae NKU_Kleb8A7P
VFG002428 pilD Type IV prepilin leader peptide type M1 Fimbriae NKU_Kleb8A7P
VFG010463 pilQ Type IV pilus secretin protein pilg Fimbriae NKU_Kleb8A7P
VFGO017856 pillW Type IV fimbrial biogenesis protein pilw Fimbriae NKU_Kleb8A7P-c
VFG042535 f17d-A F17 fimbrial major subunit protein Fimbriae NKU_Kleb8A7P
VFG042536 f17d-D F17 fimbrial chaperone Fimbriae NKU_Kleb8A7P
VFG042537 f17d-C F17 fimbrial uscher Fimbriae NKU Kleb8A7P
VFG000033 bplF Lipopolysaccharide biosynthesis protein LPS NKU_Kleb8A7P
VFG000036 bplC Lipopolysaccharide biosynthesis protein LPS NKU_Kleb8A7P
VFG000038 bplA Probable oxidoreductase LPS NKU_Kleb8A7P
VFG000139 waaG B-band O-antigen polymerase LPS NKU_Kleb8A7P
VFG000142 waaC 3-deoxy-D-manno-octulosonic-acid (KDO LPS NKU Kleb8A7P
transferase
VFG000313 gluP Glucose/galactose transporter LPS NKU_Kleb8A7P
VFG000320 kdtB Lipopolysaccharide core biosynthesis protein LPS NKU_Kleb8A7P
VFG000670 gtrB Bactoprenol glucosyl transferase LPS NKU_KlebA1¢,
NKU_Kleb8A7P
VFG002220 pgm Phosphoglucomutase LPS NKU_Kleb8A7P
VFG002224 wbkA Mannosyltransferase LPS NKU_Kleb8A72
VFG002228 wzt O-antigen export system ATP-binding protein LPS NKU_Kleb8A72
VFG002230 wbkC GDP-mannose 4,6-dehydratase / GDP-4-amino- LPS NKU Kleb8A7P
4,6-dideoxy-D-mannose formyltransferase
VFG011453 wbpZ Mannosyltransferase C LPS NKU_Kleb8A72
VFG013400 rfaF ADP-heptose-LPS heptosyltransferase II LPS NKU_Kleb8A7P
VFG000358 fyuA Pesticin/yersiniabactin receptor protein Siderophores NKU_Kleb8A72
VFG000359 ybtE Yersiniabactin siderophore biosynthetic protein Siderophores NKU_Kleb8A7P
VFG000360 ybtT Yersiniabactin biosynthetic protein ybtt Siderophores NKU_Kleb8A72
VFG000361 ybtU Yersiniabactin biosynthetic protein ybtu Siderophores NKU_Kleb8A72
VFG000362 irpl Yersiniabactin biosynthetic protein Irpl Siderophores NKU_Kleb8A72
VFG000363 irp2 Yersiniabactin biosynthetic protein Irp2 Siderophores NKU_Kleb8A72
VFG000364 ybtA Transcriptional regulator ybta Siderophores NKU_Kleb8A72

Table 1 Genomic mutations of four major classes of virulence factors in NKU_KlebA1l and NKU_Kleb8A7
compare with NKU_Kleb8. NKU_Kleb8 was one pure K. pneumoniae strain isolated from SHIME before
AMX exposure, NKU KlebAl was isolated after AMX exposure, and NKU Kleb8A7 was evolved from
NKU Kleb8 after AMX exposure (continued).
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Vidb ID Vfdb  Vifdb Function Function Isolates
Name Type
VFG000365 ybtP Lipoprotein inner membrane ABC-transporter Siderophores NKU_Kleb8A72
VFG000366 ybtQ  Inner membrane ABC-transporter ybtq Siderophores NKU_Kleb8A7P
VFG000367 ybtX  Putative signal transducer Siderophores NKU_Kleb8A72
VFG000368 ybtS Salicylate synthase Irp9 Siderophores NKU_Kleb8A7P
VFG000923 fepA Ferrienterobactin outer membrane transporter Siderophores NKU KlebA1¢,
NKU_Kleb8A7P°
VFG000924 fepB Ferrienterobactin ABC transporter periplasmic Siderophores NKU_Kleb8A7P
binding protein
VFG000925 fepC  Ferrienterobactin ABC transporter atpase Siderophores NKU_Kleb8A7P
VFG000926 fepD  Ferrienterobactin ABC transporter permease Siderophores NKU_Kleb8A7P
VFG000928 fepG  Iron-enterobactin ABC transporter permease Siderophores NKU_Kleb8A7P
VFG000929 entD  Phosphopantetheinyl transferase component of Siderophores NKU_KlebAl¢€,
enterobactin synthase multienzyme complex NKU_Kleb8A7P
VFG000930 entF  Enterobactin  synthase multienzyme complex Siderophores NKU_Kleb8A7°
component, ATP-dependent
VFG000931 entC  Isochorismate synthase 1 Siderophores NKU_Kleb8A7P
VFG000932 entE  2,3-dihydroxybenzoate-AMP ligase component of Siderophores NKU Kleb8A7P
enterobactin synthase multienzyme complex
VFG000933 entB Isochorismatase Siderophores NKU_Kleb8A7P
VFG000934 entA 2,3-dihydro-2,3-dihydroxybenzoate dehydrogenase Siderophores NKU_Kleb8A7Pc
VFG000935 iroN Salmochelin receptor iron Siderophores NKU_Kleb8A7P
VFG000936 iutA Ferric aerobactin receptor precusor iuta Siderophores NKU_KlebA1°¢,
NKU_Kleb8A7P
VFG012501 iroE Esterase Siderophores NKU_Kleb8A7P
VFG044159 fes Enterobactin/ferric enterobactin esterase Siderophores NKU_Kleb8A7P
VFG044165 entS Enterobactin exporter, iron-regulated Siderophores NKU_Kleb8A7P

38Emergence of new virulence factor genes not exist in wild type strain NKU_Kleb8;

bAppearance of single nucleotide polymorphisms (SNPs) sites compared with_wild type strain

NKU_Kleb8;

CAppearance of insertion-deletions (InDels) sites compared with wild type strain NKU Kleb8

Additional File Legends

Additional file 1: 7YTTRPQI REY MRISWQEX8R | P Supplementary Methods. Table S1. YRAANHG\ VIMERG
KIRW%6+W VY EEX H>S HYK Y VWRERG TEX [ E] WH X GIBK R/ P FVWIFE\RRENRAONGQ %d < I\ TSWH
VEQTR FPFOXQ ERHFPFIONZ VEAHXS &EGEQ VVWERG EVREERH \GIWF I EEX H XS (EABR\G
ERAD \BSFMEPTI W ' %4 4 \'VIWERA ERH ZERK' FEX H)S ZERGSQ] GR\ IWERQ Table S2. 8LI
KIRN\EPJ EXYV SIXI / TR YOSRWI 2/ 90 PF% KIRSQI Table S3. 0l RKX ERH T | VWSJ %6+ W
X H>S HWK Y WWERG TEX[ Ej]WH XGIHNR/ PFVWIFEVMRENRW FPFO{Q ERHFPFI QNZ YEEXH)XS &
EGEQ VWWERG EVREERH G/ EAHS' %d 4 WVIWERG ERH ZERK\ FBEX H S ZERGSQ | GR Y IWERG
Fig. S1. ' SQ TSWMBR SJ KYXFEGI \FPGSQ Q YR EXTL] FYQ PZI PR XV | GSFSR Y KRWEXHMII \f RX
VEQ TRRK TSMAXVNR[ LN P X{ W\ 8 ERH( QI EREVA RHWAK XERWI W ERHH V3 RHW®K GSFBR
VTVLIRMI B ' % ERH' % W TVWRXVEQ TRWEGEHRP G{HMNSQ EVA RHAK GSESREX ERH  HE|W
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FI JSV % < EHQ NMIVKENBR %4 < % ERHOA < % W TV WRXOLI VEQ TRWGSH G{ HA\BQ EVE RHWK GSFSR
EX ERH HEWHYWRK QK HE] SJ% < XTEXQIRX6 % ERH6 % ' TVWRXLI VEEQ TRWGSHP G I
M6Q EVA RHRK GSSREX ERH HE|WEX VX\QMEXBRSI% < RXAM[E] ' 8 '8 91 <8 %l <
8 68 ERH68 \JWII VEQTRWASQ XERWI WV GSFSR EXOLI GBW VWSRHAK HE] WERH XY EXQ | RXV'

( " ( %W<( %<( 6( ERH6( VIV VEQTRWASQ H VW RHAK GSFSR EXLI

GB\W VW'SRHWRK HE] WERH XI EXQ | RX\Fig. S2. , | EQET SIXI EZI\EKI RYGPSW M RM %2- JSVWIKENRW
2/ 90 RF% ERH2/ 90 PF ' SFSWW §I GOR-SIX SVKEMWABQ IS \YH XSLML FRYl 8LI EVESJ

X1 | FIW I §1 GOR-SIX SVKENRWGQ B[ FEKI DSLML VQEP

Additional file2: )\QP7 8LI QSFM | PQI RXAVERH QI XEFSRGWW QWSIXLI / TR YQ SR
2/ 90 PF%

Additional file 3: )\QP7 , YQERHWEW VEXHWWQWSIXI / TR YQSRY 2/ 90 PF%

Additional file 4: )\QP7 +I1RSQI HJII Y RG WR/ P FVWIFE\NENRWN
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Figure 1
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7QI QEXGSIH VWR H7, -1) QSH PERHVEQ TRRK XD | TSMXWXT % N[ LML P W\2%6 8 ERH( QI EF
EVE RHRK XERWZI WY ERHH V@ RHAK GSFSR Y TVLIRAZI B ' % ERH' 9% \I TV WRXVEQ TRWGESH GI H
MBQ EVA RHRK GSISREX  ERH  HE] WFI ISV % < EHQ MIMKEXSBR % < % ERHOA < % \I TV WRXOLI
VEQ TRWGSHP G{HA\SQ BV RHRK GSBSREX  ERH  HE|WHWRK QK HE] SJ% < XYEQIRX6 %
ERH6 % TV WRXOLI VEQ TRWGSH G{ HAGQ EVE RHRK GSISREX  ERH HE] WEIX VX \Q REXBR SJ
i< -RXM[E] '8 '8 %<8 %<8 68 ERH68 \VJWVI VEQTRWA\EQ XERWZ W GSSRE)
X GBWVITSRHAK HE]WERHXIEXQIRW' (' ( 9 <( 9% <( 6( ERH6( VIV VEQTRPW
ABQ H VA RHAK GSIBSR EXOLI GBW VFSRHIRK HE] WERH X EXQ | RXW' SQ TSVINBR SJ KYXFEGK \FEP
GSQQYRYM EXKI RYWRZI PR XLV | GSFSR \ KISRAWEXHMI! \I RXVEQ TRRK TSMRXV & 0) J71 GSQ TEWBR
ERER VWL VWMRYIGERXGAERKI HFEGI PR\ EFI X |1 RXI % < M| GSRXBPERHY%L < |\ TSWHK\BYTW

FEWHSRERO( %VES\Y GSIS]  ERHEL ERR; LNRI] XVKEXE WKRVIGERG PZI PSJ ' ERH
QI EREFYRHERG SJ/ P FVWIFE NRXLI XLV | TEVKASI GSFSR EXHI VROV EXQIRW T T
T ) WBVFEWMBHEEX W (

Correlation between human disease-related
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Figure 2

. |EQET SILYQERHWEW W FEX HTEX[ E] WX\ GSSR \I KSRAVEXHNII \f RXVEQ TARK TSNVRXAERH
GBW FEXBRFI X | |RTEX[ E] KIR RYQFI WWERHEFYRHERG SJ/ RFVWIFE ' % ERH' % W TW'WRX

VEQ TRWGSHP O{ HA\BQ EVA RHRK GSBREX  ERH  HE] WFI JSV 94 < EHQ NRMXEXSR % < % ERH
%l <% ' TVWROLI VEQ TRWGSP I HA\GQ EVA RHABK GSFBREX ERH HEJWHWRK QK HE] SJ
%l < IEQIRX6 % ERH6 % VY TVWROLI VEQ TRWGSHP G HAEQ EVAE RHRK GSISREX  ERH  HE]V
EXVX\QMEXBRSI% < RXM[E] '8 '8 %<8 %<8 68 ERH68 VJW VEQTRWASQ
XERWI WV GSFSREXOLI GBW WISRHWRK HE]WERHXIEXQIRW' (' ( % <( 9% <( 6( ERH6(
VI VLI VEQ TRWASQ H WA RHWRK GSSR EXOLI GBW W' SRHWRK HE] WERH XI EXQ | RXW' SFSWMR LI EQET
V8§ OXKI R RYQFIWWRZI PSITEL] EJW\SQ IS FIY1 )SLML VH 41 EWBR W FEXSRWASQ R KEM
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KVIR XTSIl YH FIX I1RTEXL[ E] KIR RYQFI WERH/ P FWFE EFYRHERA W | V¥ HWHE] | HNRLI
WLXTERI PSIXI | KYV ERHSRP WHRVIGERX T ZEFYI GSW EEXSRWM 1V MRGYH H
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Figure 3

+1 RSQNMBA\EQSVEQ! QETWSIXI / TR YQSRE 2/ 90 PF% % MR[ LML NGQ X1 SYXAW NR I
WGSRHERHXNHQAMEPWWALS] X1 KI RIMSRJISY BENHERH NV ZI WV VWKERHWOLT | WAXERH JSYVL GMEP WWLS]
X TVHG®HT\SA R | RGGHRK Y KRASR LI ISV EHERH Y ZI WY VIKERHWLT | DL ERHWIVDL GMEP WLS[
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X1 +' GSRARXERH+' WI[ VWIGHMI B /) ++ TEX[ E] W\ FEX H)S LYQ ERHWEW ERRSYENBR &
LYQ ER HWEW \ X H VW W Q WIRGYHRK TEXLSKI RLSVKIRX \EGIBRW'  ERMWAIBAG\ VWMERG  (
ZMRRA JEGSW) ERHWOIXBRWWIQW* SIXI / TR YQSRWE 2/ 90 PF%
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Figure 4

)\ TSWV S % < T\BQ SXWFI8! R JS\OEXBR %) WWQ VWWERA & * ERH+ QI SR FE NI GI8R
CGETEAGWIW' + SIMEEXH/ TR YQSRE WKENRW' SQ TE\EXSRWFI X | I R/ P FVIMFE MBEA WFI ISV ER-
ENWA <INTSWN %' MR[ LML' VTVWRW TR YQ SR VXENRMMEEEA HFI ISV %d < |\ TSWV
ERHY < VTVWRXW TR YQSR¥ VKENRAMMEEEA HEIX WA < |\ TSWV T T T
) WEVFEWWMRHEX W ' SQTE\BESRW |V ERG CGSRHYGIHEQSRK 2/ 9Q PF 2/ 90 PF% ERH
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2/ 90 PF % )+ M[LML2/9Q PF [ EWMBEXHFIJSV % < [\TSWV 2/ 90 PF% ERH

2/ 9Q PF % [ IV MBEXHEMN WAL < I\TSWN T T T ) KBVFEWWRHNEEX

W 8LI | ZSPBREY Y EEXSRVNIWSI/ TR YQSRME VWENRW (N[ LML X.I WQ SJFERA PROL !
MAMLS] R SLI TI\@ REKI SIVTREEX X1 WWR[ LN X1 EWSGAEX HYE\ E GYWW \I HYSKI XLI VIR LI

FSSYMET X VX \ TREEX W EY W.S[ RRI\XOS X.I F\ERGLI W

Supplementary Files

SLMMME MMXSIWTTR QI REV | PWEWGAEA H[ M OLMTVY TVRX ' RBO>S HS| RFSEH
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