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57,5*=-(22.(N*216-7E-(23(D2619+=.2F+56(+*0-.5=0+2*/K
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In vitro In vitro / in vitro In vivo
cell culture biofilm models infection models
Mass Spectrometry Nuclear Magnetic
(MS) Resonance (NMR)
PROS CONS PROS CONS
+ Targeted + * Destructive » Targeted + » Poor Sensitivity
untargeted * Complex sample Untargeted * Lower metabolite
+ Quantitative prep + Quantitative coverage
High sensitivity + Requires internal * Non-destructive <+ Highly expensive
and selectivity standard(s) * Highly instrumentation
Highly accessible Reproducible » Complex data
Broad metabolite + Easy sample prep  analysis
coverage
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-33-=0(2*(0>-(20>-.(/D-=+-/(23(REB*+/9KE*(-5=>(=5/-:(0>-/-(+*0=G+2*/(5.-(
9-7+50-7(F1(,+5(0>-(/-=.-0+2*(23(D.+95.1(9-05F 26 +@+£(2F0H56/:(2.(.-E?6502.1(
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5*7(+.28>-650+*E(926-=76-/(0>50(=5*(+*>+F+0(2.(N+66 (/20272 B1+E(H0.5+*/(

IS%SK ((@/(1+0>(/1*-.E+/9:(5*05E2*+/0+=(.-6 504254 #DB*=-(, +.76-*=-(592*E(
=29D-0+*E(D50>2E-*/(F1(5?E9-*0+*E(0>-+.(/?/=-D0+F+6+01(02(+**50-(+99?*-(35=02./(5/(1-66(
5/(=-.05+*(=65//-/(23(5*0+F+2AHSY0& YK (S17.2E-*(D-.2_+7-:(32.(-_59D6-:(1>+6-(
D.27?=-7(E(/-,-. 56(F5=0-.+56(/D-=+-/(5/(5*(5*0+9+=.2F+56(9-05F26+0-:(=5*(56/2(+9D5.0(
05.E-0(/D-=+-/(1+0>(5=G ?+.-7(.-/+/05*=-(02(+**50-(+997?*-(35=02./(7 7.+ *EGHE&=0+2*(

$% K(

A+=. 2F+56(+*0-.5=0+2*/:(-/D-=+5661(SO5EL*@/.5=0+2*/:(5.-(230-*(9-7+50-7(F1(
5(32.9(23(=-&B8=-66(=2997*+=50+2*(=566-7(G?2.?9(/+E*56 +*E(IMA'K(MA(926-=26-/(5.-(
=>-9+=5B+E*56/(0>50(.-E?650-(E-*-(-_D.-//+2*(+*(=62/-(=22.7+*50+2*(I+0>(D2D?650+2*(
7-*+01at: ($a$K (J2. (+*/05%=-:(05(+$*,?-/. @ FMA(9-05F 26+0-(+/(.-/D2*/+F6-(32.(
~E?650+*E(-_D.-//+2*(23(57>-/+2*(D.20-+*/:@&ZR+,-(926-=26-/:(=102=>.29(

+#>+F+02./:(D.20-5/-/:(5*7 (F+23+69(32(950+2*(F5=0-.+56(D2D 26 5(BEB(23(I>+=>(



=5*(=20.+F?0-(02(,+.?76-1$%c:($a'K(P*0-.-/0+*E62{t+$*,?-/. @ B(. 27 ?=-/(TMA(+*(
~ID2*/-(02B>(+,*$, @¢DO0+72E61=5*: (+*7+=50+*E(0>50(F5=0-.+5(=5*(?/-(MA(5/(5(9-5*/(23(
=299?*+01(/?.,-+665*1eCc' K(A29-(MA(/+E*56/:(/?=>(5/(@?02+*7?=-&" (P
D.27?=-7(2.(.-=2E*+H-7(F1(,5.+2?/(9+=.2F+56(/D-=+-/(5*7(=5*(0>-.-32.-(9-7+50-(
+*0-./D-=+-/(=299?7*+=50KZE>+/:(+*(0?.%:(=5*(.-/?60(+*(-*>5*=-7(,+.?6-*=-(592*E(
D5.0+=+D50+*E(9+5: 24 H(!$a#: ($agbaa'K(

[2.(=7..-*0(?*7-.J05*7+*E(23(D26 19+=.2F+56(+*0-.5=0+2*/(+/(6+N-61(+*=29D6-0-:(
>21-,-.K(4-05F26+0-/(5.-(230-*(D.27?=-7(50(621(=2*=-*0.50+2*:(2.(.5D+76 1(9-05F26+H-7(
1+0>+*%(9+ _-7(=?607.-/(+B(BE-//(N*21*(5/(9-05F26+=(36Bac&ad K (L>+/(=5*(95N-(
+7-*0+31+*E(2.(92*+02.+*E(F+26 2E+=5661(5=0+,-(926-=26-/(7+33+=260(1+0>220(0>-(?/-(23(>+E
[-*[+0+,-6*7(/D-=+3625610+=56(0-=>*+G ?-/K(;-0-.9+*+*E(23(265F26+0-/(=5*(56/2(
F-(7+33+=?260C(0>-(37*=0+2*/(28%8¢S=FF26+0-/(5.-(01D+=5661(=>5.5=0-.+H-7(+*(
-650+,-61(>292E-*2?#(8-&*.€?607?.-/:(5/(1-66:(I>+=>(6+N-61(72(*20(0.+EE-.(0>-(/59-(
D>1/+262E+=56(D>-*201D-/(2F/-.,-7(7? .+*E(+*3-=0+2*K(Q%0>{@:(I-(>5,-(1.+00-*(
0>+/(.-,+-1(1+0>(0>-(+*0-*0+2*2&>6+E>0+*E(0>-(=5D5F+6+0+-/(5*7(6+9+050+2*/(23(
0-=>*+G?-/:(/?=>(5/(4A(5*7("4W:(02(5*56 1H-(9+=.2F+56/(9-05F26+0-/(+*(F+26 2E+=5661(
-6-,5*0(927-6/(23(+*3-=0+2*K (P*(72+*E(/2:(I-(>2D-(02(-9[®>5(+BP2.05*=-(/0?71(23(
D2619+=.2F+56(+*0-.5=0+2*/(50(3:24%26-,-6K
(

X1789%*HA02/%%933*D%A3%CA" @ H%=3*RAR(2AW3%D
%
X1Z1W9B)/*%$:%*:%,+*',2 9&(-%$:%* (B¢ 26?9 +*-/=-*=&5*7(36?2.-/=-*=&

F5/-7(5//51/(>5,-(F--*(1+7-61(?/-7(32.(05.E-D9-05F 26 +0-(5*56 1/+/:(~/D-=+5661(&3(+*0.5



5%7(+*0-./D-=+-/(MAK(L>-(-5.6+-/0(/0?7+-/(23(G?2.?9(/+E*56+*E(I-.-(D-.32.9-7 (+*(
92%2=2607.-/(2K-J*-.(F-@%C$*+46(679+*-/=-(50(>+E>(D2D 26 504 DHTGa$ K
12 A*E(0>-/-(/0?7+-/:(.~-5=>-./(T+/=2,-.-7(0>568 (F- @ GF9+*-/=-*=-(+/(=5?/-7(F1(0>-(
D,"(E-*-(2D-.2*:(I>+=>(+/(D.-/-*0(+*(/-,- 5&-J*-.(ID-=+-/(5*7 (-*=2Z -/(5(6?9+*-/=-*0(
D.20-+*K(L>+/(2D-.2*(+/(5=0+,50-7(F1(5(=65//(23(G?2.?9(/+E*56+*E(92%-=76-/:(5=16
>292/- +*-(65=02*-/(!@SU/":(I>+=9+65.6.2E 2650-(E-*~( D.-//+2*(+*(/-,-.56(
7+33-.-*0(9+=.2F+56(/D-P#{B§=0266282D(-_D-.+9-*0/(3?.0>-.(7-92*/0(B7(0>50(
R-J*-.(C+*8$3(27?=-7(U?&-D-*7-*0(F+26?9+*-/=-*=-(1>-*(/?DD6-9-*0-7 (1+0>(MA(
926-=76-/(3.29(20>K-J*-.(@#3$%{$@4=50+*E(0>50(=-.05+*( @ Q7 (=80 (+*0&
/D-=+-/(MAga" XW-D2.0-.(5//51/(F5/-7(2*(0>R4*-.(U?_(/1/0-9(>5,-(F--*(575D0-7(02(
+*7+.-=061(9-5/?.-(9-05FR&#6-,-6/(+*(20>-.(/1/0-9/:(5/(1-6BRc#' K(8+26?9+*-/=-%>5/(
56/2(F--*(?/-7(02(D.2F-(+*8D-=+-/(G?2.?9(/+E*56+*E:(D5.0+=765.6&KtBI@P
+*/05*=-:(8.+7TE-#&(+DP2*/0.50-7(0>50(-_2E-*2?2&1.+,-7(@R(=5*(560-.(-_D.-//+2*(
23(0>-(MB&2*0.266-7(E-*-/(R¢J*-.(%C.D$$¢S$ %0
A+9+65.61:(36?2.-/=&5/-7(.-D2.0-.(5//51/(>5,-(F--*(?/-7(02(2F/-.,-(+*0&
F5=0-.+56(+*0-.5=0+B4&*.€2.(+*/05%=-:(+*(S599-.$&(+D+-5.=>-./ (?/-7(5(1-662I(
36?2.-/=-*0(D.20(#JT'(.-D2.0-. (/0.5+*(02(/0?71(0>-(G?2.?9(/+E*56+*E (F-0I--B@(2(
+,*$,@9?205%0(/0.5+*/K("20(2*6 1(7+7(0>-1(2F/-.,-(+*7?=0+2*(23(0>- (M &B4B08{ -
56/2(1-.-(5F6-(02(=2..-650-(0>+/(MA(5=0+,+01(02(+*=.-5/-7(=10202_+=+01(5E5+*/0(9?.+*-(
2/0-2F65/0(BE$C" >(S2I-,-:(I  >+6-(3672.-/=-*5*7(679+*-/=-*=&F5/-7(5//51/(
>5,-(D.2,-*(,-.1(?2/-326(32.(/0?71+*E(MA: (0>-1(.-GP{_D.-//+2*(23¢+G?-(

629+*-/=-*0(D.20-+*/(2.(3622.-/=-*DQ.0-./(02(F-(=2*/0.2=0-7 (325BE-*-(28+-*0-.-/0(



|>+=>(=5*(+9D5.0(6+9+050+2*/(23(3622.-/=-*0(5*7(F+26?9+*-/=-*0(.-D2.0-./(32.(?*05.E-0-7(
9-05F26+0-(5*561(+/K

%

X1Z1816/*.,<9%:6-(:7%)/:+9,= [:-($:(18 %=5**+*E(-6-=0.2=>-9+=56(
9+=.2/=2D1(!AY V4 (+/(5(G?5*0+050+,-(/=5**+*E(D.2 FGO-£0*5@<D620(0>-(0&. -
7+9-*/+2*56(7+/0.+F?0+2*(23&#D+,-(/D-=+-/(50(0>-(/?.35=-(23(5(F+26 2E+=56(/59D6-K(
@60>2?E>(0>+/(.-,+-1(72-/(*20(D.2,+7-(5*(-_>5?/0+,-(2,-.,+-1(23(AYV4:(7-05+6-7(

-, +-1/(23(0>-(D.+*=+D6-/(23(AYV4(5*7(+0/(5DD6+=50+BA2F—(!$casbce K ([*-(
D5.0+=765.61(+9D5=03?6(5DD6+=50+2*(23(AY V4 (+*(0>-(3+-67(23(9+=.2F+26 2E1(>5/(F--*(+*(
95DD+*E(7+/0.+F?0+2*(23(9+=.2F+56(9-05F26+0-/(5=.2//(0>-(/? . 35> B¢/~ 6-
ID-=+-/(F+23+69/KERA0.B6-7(D12=15*+*:(3206*=-:(=5*(F-(?/-7(5/(5(D.2_1(32.(
G?2.29(7-0-=0+2*(=3(+$*,?-/.@+8¥(7-92*/0.50-7 (+*(V2**-6B&(HKYP*(0>+/(/0?71:(0>-1(
D5+.-7(AYV4(1+0>(5(F5=0-.+56(m62F/0-.(0.5D:n(0>50(927-6-7(F5=0-.+56(5EE.-E50+2*(/+9+65.((
G-50(2F/-.,-1(+*(F23+69/K()/+*E(0>+/{P8:(0>-(.-/-5.=>-./(+*,-/0+E50-7(>21(36?+7(
9-=>5*+=/(+*362-*=-7(MAE2650-7(D12=15*+*(D.272=0+2*K (P*(72+*E(/2:(0>-1(2F/-.,-7(
0>50(MA(I5/(.-E?650-7(+*(.-/D2*/-(*20(2*61(02(D2D?650+2*(/+H-(5*7(95//(0.5*/3-.:(5/(15/(
D.-,+22/61(N*21*:(FB(56/2(02(D2D?6504/2qLGcd K(J?.0>-.92.-:(AY VA(=5*(F-(?/-7(
+%(5(D2619+=.2F+56(=2*0-_0(02(/--(>21(5*0+9+=.2F+56(35=02/PEIDE= O ED
D50>2E-*/K(J2.(+*/05&Y V4(=5%(9-5/2.-(>17.2E-*(D-.2_+7-(D.272=0+2%:(1>=5X
F-(7+33+=0B®&F/-.,-(2*(5(9+=.2/=2D+=(/=56-(?/+*E(=2*,-*0+2*56 (BHS 1K (
B&*$#&.%.%06?.*'./--(D.27?=-/(>17.2E-*(D-.2_+7-(F+23+69(/?.35=-/:(1>+=>(=5*(=57?/-(
0>-(32.950+2%(23(.-5=0+,-(2_ 1E-*(/D-=+-KB*BHO-*0+58696E-(/?..27* T+*E(=R

=262*+H+*E(D50>2E-*/KQE®E21-,-.:(?/-T(AYVA(02(/>21(@ >(



+%8&-/.A3%$&S$AWA/ @((1-66(5/BE$#&.%.%%, @ (A, &H(@20>(5F6-(02(9-05F2B*H-(
E2.72%+&-.+,-7(>17.2E-*(D-.2_+7-(2*(5(9+_-7(F+23+69(/?138#KI(>-/-(/0?7+-I(
0>-.-32.-(7-92*/0.50-(0>50(0>-(F+26@E=9+,+01(23(F5=0-.+56(9-05F26+0-/(951 (F-(
9277650-7(2.(7+9+*+/>-7(+*(D2619+=.2F+56(-*,+.288-*0/K

L>-.-(5.-(/-,-.56(5/D-=0423(AYV4:(>2I-,-.:(0>50(6+9+0(+0/(5DD6+=50+2*(02(/0?7 1 +*E(
D2619+=.2F+56(+*0-.5=0+2*/K(AYV4(2*61(9-5/2.-/(2*-(9-05F26+0-(/[0=9-/(567H
=5**20(9-5/?.-(?*=>5.E-7(/D-=+K(@/(5(.-/?60:(AYV4(+/(0>-.-32.-(*20(/?+05F6-(32.(
2%05.E-0-7(9-05F26+0-(5*5QARHE,-.;( 0>-0+=.29265(-*/+0+,+01(23(V4(+/(6-//(
0>5%>50(+/(01D+=8883-.-7(F1(20>-.(/+9+65.(+95E+*E(0-=>*+GBI{+{&>- (/7R
*5%29265. (/-*/+0+,+01(23(/28A(+O5E+*E-=>*+G 2 YAP: (7+/=2//-7(650-."K(@60>2?E>(
AYVA4(233-./(>+E>-.(.-/26?0+25/29-(+95E+*E(0-=>*+G?-/:(*-I-.(4AP(D65032.9/(
D2//-1/(/+9+65.(2.(/?D-.+2.(9+=8%56-(.-/26?0+23€$: ($e"'K(S2I-,-.:(?*6+N-(4AP:(
AYVA(+/(F20>(*27-/0.2=0+,-(5*7(+*>-.-*061(G ?5*0+050+,-K(L>-.-32.-: (+ C¥@B: (R Pg(
02(D5+.(AYVA(I+02Q+95E+*E(0-=>*+G?-/(6+N-(4AP(+*(2.7-.(02(5=G?+.-(/-*/+0+,-:(
G?5*0+050+,-(9-5/?.-9-*0/(23(7+33-.-*0(926-=26-/(+*(D.-=+2?/(/59D6-/:(/?=>(5/(=6+*+=56(
/D-=+9-*/(1$ce'K

%

X1Z12RAYo+=+. *%6/:, PoS(*+*:%?=6-5.(95E*-0+=(.-/2*5*=-(UW ' (+/(5%(
5*5610+=56(0-=>*+G?-(0>50(+/(3.-G?-*061(?/-7(32.(=>-9+=56(+7-*0+3+=50+2*:(D?.+01(
7-0-.9+*50+2('0.7=0?.56(5*561/+/:(5/(1-66(5/(9-05F 26 29+=/(/0?7+-/:(566(23(1>+=>(95N-(
AW( ?/-32632.(/0271+*E(D2619F=36(+*0-.5=0K@: +-36 1:("W(9-5/?.-/(0>-(.-6-5/-(
23(-*-.E1(3.29(+/2020B629/(I+0>+*(5(=29D 2 ?*R0- LYK L>+/(+/(5==29D6+/>-7(F1(

- D2/+*E(5(=29D27?2*7!/'(23(+*0-.-/0(02(5(=2*/05*0(95E*-0+=(3+-67: (I>+=>(=52/-/(5*(



56+E*9-*0(+*(0>-(*?=6-5.(95E*-0+=(9023(+/202D+2§8=26-/(1+0>+*(0>50(=29D22* 7K
A59D6-/(5.-(0>-*(F.+-361(D?6/-7(1+0>(.57+2(3.-G?-*=+-/(IWJ'(50(,5.+22/(15,-6-*E0>/:(
>+=>(F.+-361(-_=+0-/(926-=26-/(+*02(>+E>-.(-*-.E1(/D+*(/050-/(15(/050-(.-3-..-7(02(5/(
95E*-0+=(.-/2*5*=-(1$e<&ec'K(J.-G?-*061: (MW (+/(?/-7(02(5*5 68K (202D-/(+*(
F+262E56{9+ 07?.-/:(560>22E>(+0(=5*(5*561H-(*ZD2 F(202D-/:(+*=6 27 $AEE " (
57 (& T($e98ed'K(@/(/?=>1("A\D.2,+ 7/(.-1-5.=>-./(5(0226(32.(5*56 LH+*E(*29-.272/(
=>-9+=56(/D-=+-/(1+0>+*(=29D6-_(F+262E+=56(9+_07?.-/K(L>-(-*-.E1(.-6-5/-7(FL(5(/+*E6-(
+/202D-(5/(+0(.-0?.*/(02(+0/@RIEL(/050-(+/(.-3-..-7(02(5/(0>-(5029¢/ (=>-9+=56(/>+30:(
|>+=>(=5*(F-(?/-7(02(7-0-.9+*-(28+=56(/0.?=07.-/(5*7 (+ 7-*0+0+-/K(

(
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NO-"($%X1R$(RO$)%3P%A>$%G (0220G*$D%3P%?"2*$/(%./-?$A02WeBB322$1%T8U
1+0>(277(*29F-./(23(*?=6-5.(D5.0+=6-/(/2=>(5/(0>-(> 18IS {5029/ (+*(F.292-0>5*-(
ID+=07.-7":(D2//-//(5*(+*0.+*/+=(95E*ARO=(0( IF65=N(5..21/'(0>50(5.+/-/(3.29(0>-(
7+.-=0+2%(23(+0/(*2=6-5.(/D+*(IF62-(5..21/'K(; 2. +*E(" AW (5*561/+/:(926-=26-/(23(+*0-.-/0(
5.-(/?Fg-=0-7(02(5(=2*/05*0(-_0-.*56(95E*-0-+=(3+-67 (1{BEBOTEB-+E*/(0>-(95E*-0+=(
929-+0(23(-5=>(+/202D-(+*(0>50(FBEKLL#56 + E*9-*0(23(0>-(*?=6-5.(95E*-0+=(
929-+0/(+/(0>-*(F.+-361(D-.0?.F-7(B 1§ 8.-G?-*=1(IW.J (D ?6/{£52/+*H>-9(02(
0-9D2.5.+61(/>+30(+*02(>+EB1(/050LKT' U@/(0>-(95E*-0+=(929-*0(23(-5=>(*?=6-+(
E1(+/(.-6F0>50(=5*(F-(7-0-=0-7(5*7(.-=2. T-TK(

-0?.*/(02(+0/(621-.(-*- E1(/050-:(-*-

L>- (-*-.E1(.-6-5/- 7(+/(.-=2.7-7(5/(D-5N/:(=566-7(=>-9+=56(/>+30/:(I>+=>(5.-(.-D.-/~*050+,(



23(7+/0+*=0(3?*=0+2*56(E.2APBHEA-0+=(3+-67/(23(*?=6-+(1+0>(+7-*0+=56(=>-9+=56(
-*,+.2*9-*0/(16+N-(0>2/-(>+E>6+E3(E/{+#'(=5*(+*36?-*=-(0>-(=>-9+=56/(/>+30/(23(
*-+E>F2.+*E(*?=6-+(1+0>(7+/0+*=0(=>-9+=56(-*,+.2*9-*0/(\D+=07?.- 7(+*(F6?-'K(L>+/(D.2=-//:(
N*21*(5/(mD.202*(=2?D6+*E:n(HFH 0+*=0(=>-9+=56(/>+30(D500-.*/(!12.(mD-5N(/D6+00+*En’(
0>50(=5*(D.2,+7-(/0.?=0?.269563-2*(5F2?20(0>-(926-=26-/'(23(+*{-.-/0K
%

V>-9+=56(/>+30/(32.(+*7+,+7?56(=>-9+=56(92+-0+-/(5.-(>+E>61(D.-7+=05F6-:(5*7 (=5*(
-,-*( D.2,474+*32.950+2*(5F2720(0>-(/*TA?E(=>-9+=56(-*,+.2*9-*0K (L>+/(=5*(F-(
2/-37682(+ 7-*0+314BE7 (=>5.5=0-. + HFE 7+*@*0-.5=0+2*/(F-01--*(926-=26-/(3.29(
012(7+33-.-*0(9+=.2F+56(/D-=+0%5H+*0-.5=0+2*/(F-01--*(926-=76-/(23(+*0-.-/0(1+66(
~1?60(+*(D-.0?.F50+2*/(+*(0HH*HA0F,-(=>5.5=0-.+/0+=(=>-9+=56(/>+30/K(L>+/(+/(0>-(
D.-9+/-(23(A50?.50+2*(L.5*/3-.(;+33-.4W(!.-, +-1-7(>-.-Z( 1$e" ":(I>+=>(9-5/2.-/(
7433-.-*=-/(+*(0>-(J+E*56(23(5(D. 20-+*(+*(+0/(F27*7(2.(?*F2 2 {HOBBALI(V5/ 2G&((
+[/-7(AL; &4W(02(-65F2.50-(2*(0>-(F+*7+*E$28%*,?-/.@8M"[: (I>+=>(+*>+F+0/(
=102=>.29-(5=0+,+01(+*(0>-(9+02=>2*7.+5(23(F5=0-.+56(=-66/:(02(D.20-+*/(14+0>+*(0>-(
-/D+.502.1(=>5+*@3*-.(%C.D$KF*(72+*E(/2:(0>-1(l-.-(5F6AE2*/0.50-(0>50(
SMA[(F+*7/(02(5(7+/0+*=0(N@P9D(/?F ?*+0(1+0>+*(0>-(=-66765.(9-9F*R-0*-.(
%C.D$*EBEO(+/(7+/0+*=0(B02H(02=>.29-(=29D6- _:(+*7+=50+*E(0>50(SM"[(>5/(92.~(
0>5*(2*-(D20-*0+56(05.BOHHD-=#(42.-(/D-=+56+H-7(D-.97050+2*/(23("4W(5.-(
5,5+65F6-(5/(I-@5>50(=5*(=5D+056+H-(2*(?*+G?-(3-507.-/(1+0>+*(5*B610K (23 (¢
+*/05*=-§B &AW(\.-,+-1-7(>-.-  Z{bd#"(+/(=5D5F6-(23(9-5/2.+*E(-6-9-*056(F2.2*:(
D.2,+*H?/-3?26(+*(/0?7+-/(23(0>-(F&2*05+*+*E(MA(926-=76-&Y@XPI*-.(C+*8$B7(

B+DA./$DD+(&3#C-A, F200.272=-(5*7(.-/D2*7(02(GUB 2. 29(/+E*56/#+=50+*E(0>~(



D20-*0+56(32.(+*0-./D-=+-/(+*0-.5=0+2*/(,+5(0>+/(=2992*(926-="$68 BIM E4+66-.(
$&(HD>(5F6-(02(7-92%/0.50-(0>50(-5=>(/D-=+-/(5=0?75661(3%(3/@@F+/0+*=0&D P
D.-=2./2.1Z(2*-(F2.250-7(1+*(0>-(=5/-(BB(*-.(C+*8$35*7 (2*- (?*F2.2*50-7(
IB+DA./$DD+(&3#C-A *{JA+=>(5.-(/?F/-G?-*061(=2*,-.0-7(02(5@Z&0-7(5*7(
?2*F2.2*50-7(32.9(23(@R-/D-=0+,-61$d$' K (P*0-.-/0+*E61:(0>-(520>2. A BD=,-7(
0>50(0>-(?*R250-7(32.9(23(@FD2*05%-22/61(32.9/(5(F2. B 2*05+*+*E(7-.+,50+,-(+*(
F2.2*&+=>(-*+.2*9-*0/:(6+N-(0>2/-(/--*(+*(5G ?50+=(-*,+.2*9-*0/(I>R-J*-.(C+*8%$3-(
01D+=5661(E.2I/K(L>+/(D.-/-*0/(¥B@/(9-=>5*+/9(F1(I>+=R{J*-.(C+8%$3-(/D2*7/(02(
MA(/+E*56/(3.29(*-+E>F2.+*E (9+=(25ti$'K(

AW (>5/(5(D5.0+=265.(57,5*05E-(2,-.(0-=>*+G?-/(6+N-(95//(/D-=0.29-0. 1q¢*(0>50(+
=5*(D.2,+7-(0>.& +9-*/+2*56(/0.?=07?.-(5*56 1/+/(23(*50+,-(D.20-868+0-: (1+0>(
*-5.61(5029+=(/=56-(.-/26?0$A*(K(A26+7(/050-("4W(!.-,+-1-7(>- +Bd<:($dYo(+(
230-*(?/-7(02(=>5.5=0-.+H-(9-9F &27*7(D.20-+*Bt 7(66621/(32.(.-#5.=>-.(02(7+/=-%(
/0.2=07? &?*=0+2*(.-650+2*/>+D/(23(D.20-+*/(2.(D-D0+7-/(+*(F+262E+=5661(.-6-,5*0(
-* +.2*9-*0/K(J2.(+*/05*=-:(4-7-+.28A+6, & (+D={62D-7(5(26+7 (/050-("4W(0-=>*+G?-(
02(+*,-/0+E50-(0>-(9-=>5*+/9(231B34(& . J+%-D D, QB =0&+ B *+/+*: (I>+=>(5=0/(5/(5(
F.25B5*E-(5*0+9+=.2F+56K(L>-1(2F/-.,-7(0>50("+/+*(>5/(5(?*+G?-(/0.?2=07.-(2*=-(
-OF-77-7(+*(0>-(=-66(9-9F.5*-:(1+0>(36-_+F6-(.-E+2*/(0>50(D.2920-(D2.-(32.950+2*(+*(
,5.+2?/(=-66765.(9-9F.5*-(-*,+.2*9-*0/K (P*(72+*E(/2:(0>-1(I-.-(R6B(5/=.+F-(0>-(
D>5.95=262E+=56(/+E*+3+=5*=-(23(0>-/-(6+*N-./(02(0>-+.(71*59¢-=(/0.?=07.-K(

P*(577+0+2%(02(0>-(.5*E-(23(05.E-0-7(5*56 1/-/(7-/=.+F-7(5F2,-:("AW(56/2(>5/(0>-(
5F+6+01(02(D-.32.9(?*05.E-0-7(9-05F2629+=/(/0?7+-/:(1>-.-+*(.-/-5.=>- /(=5*(7+/=-.%(

E62F56(=>5*E-/(+*(0>-(9-05F26+=(220D?0(23(5(9+=.2F+56(/D-=+-/(+*(.-/D2*/-(02(-_D-.+9-*056(



10+9761da; ($ACK ([*-(D.29+*-*0(5DD6+=50+2*(23(0>+/(+/(+*(7-0-.9+*+*E(9+=.2F+56(
~ID2*/-/(02(/D-=+3+=(5*0+F+20+=/KEI2({SB-..($&(+{>92*/0.50-7(0>50(0>-1(=2?67(
7+/=- *(0>-(9-=>5*+/9(23(7+33-.-*0(5*0+F+20+=/(195*1 (23(1>+=>:(+*=627-+*E(N5*591 =+*(5*7(
/0.-D0291=+*:(5.-(7-.+,-7(3.29(9+=.2F+56(2. E5*+/9/' (5 ES{IA0P(AD-=+3+=5661:(0>-1(
7-92*/0.50-7(0>50(N5*591=+*(/BEEB*061(+*>+BAB(B-2*(23(\.-Fq/(=1=6-(-*-.E1(
9-05F26+0-/(43(%. D§#+6-(+0(+*=.-5/-/(D.272=0+2*(23(5*5-. 284+ 50-7(
9-05F26-+0-/(/2=>(5/(32.950-(5*7(-0>5*26K("20(2*6 1(7+7(0>-/-(/0?7+-/(+*32.9(2*(0>~(
N5*591=+*(9-=>5*+/9(23(5=0+2*:(0>-(.-55.456/2(327*7(02(=276 7 (+7-*0+31(
5*0+F+20+=/(1+0>(/+9+65.(9-=>5*+/9/:(6+N-(/0.-D0291=+*:(,+5(0>-(9-05F26+0-(D.23+6-/(0>-1(
+¥72=-7(+*(0.-5067(%. D=(66/6de’ K (;u..+/($&(HE9+65.61(7-92*/0.50-7 (0>50 (26
2-(MW(02(7-=+D>-.(9-=>5*+/9/(23(5=0+2*(32.(9+=. 28+ 5661(5*0+F+20+=/(SEB=(0(
+,*$, @ dd 46 +E>6+E>0+*E(0>-(F.257(D20-*0+56(23("4W(02(/0?7 1 (5*05E2*+/0+=(+*0-.5=0+2*/(
F-0l--*(9+=.2F+56(/D-=+-/(5*7¢®%-33-=0(2*(D50>2E-*(D>1/+Z62E1K
)*7-./05*7+*E(0>-(9-05F26+=(350-(23(F+262E+=5661(.-6-,5*0(9-05826+0-/(+*(=2
=2607.-(-* +.2*9-*0/: (/2=>(5/(D20-*0+56(5*0+9+=.2F+56/(2.(D.+95.1(9-05F 26+0-/:(=5*(
D.2,+7-(+*+E>0(+*02(0>-+.(.26-/(+*(7?.+*E(D2619+=. QF 2BE(H280=+/(-*7:(MAW(+/(
=5D5F6-(23(35=+6+050+*E(9-05F26+=(367_(5*561/+/:(1:06=(ED-FPBOGF26+0-(
20+6+H50+2*(S83(F1?=0(32.95042%.(0+9-($d" &' K(J2.(+*/05*=-:(:50&(+B4(
JO5F6-(+/202B5F-6-7(E62=2/-(02(D2619+=.2F+56(=2997?2*+0+-/(3.29(97?.+*-(3-#K6(/59D6-
@=.2//(5("®2?.(0+9-(D-.+27:(0>-1(I-.-(5F6-(02(=2..-650-(+*= F-HRF62=2/-(
20+6+H50+2*%(02(0>-(D.-/-Z24@B(J+%-DD,@ (A £ @ (+*-(9+=.2F+205K(J2.0>-.92.-:(
0>-1(+7-0+3+-7(9+=.2F+56(/D-=+-/(=5D5F6-(2 302664 H@HH ?=2/-(F&D. 27 ?2=0/(5/(

D.+95.1(*?0.+-*0/:(>+E>6+E>0+*E(0>-(?0+6+01(23("4W(32.(7-6+*-50+*E(=29D6-_(*?0.+0+2*56(



~G?+.-9-*0/(23(*?9-.2?/(/D-=+-/(1+0>+*(D26 19+=.2F+56 (9+F@&HK(P*(5(/+9+65.(
/0?71:(8+E&&(+D>(5F6-(026>5.5=0-.+§-2// 8--7+*E(F-0I--*(560-.- 7(A=>5-76-.(362.5(
I@AJ'(2/+*E(MWK(L>-1(3+./0(E. (B E6-(/D-=+-/({AD-=+-/(@" (+*(*?0.+-*0(.+=>(9-7+5K(
[*=-(AD-=+-/(@(>57233+=+-*061(7-D6-0-7(0>-(9-7+5(23(+0/(*?0.+-*0/:(0>-(.-/-5.=>-./(
[?FI-G?-*061(3+60-.(/0-.+6+H-7(0>-(=?607.-/:(5*7 (+*=?F50-7(5(/-=2*7(/D-=+-/(AD-=+-/(8'(+*(
0>+/(/D-*0(9-7+5K (P3(/O542#5F6-(02(E.21(+*(/D-*0(9-7+5(3.29(AD-=+-/(@:(0>+/(-+0>-.(
++7+=50(0>50(9-05F26+0-/(3.29(0>50(9+ _07.-(-+0>-.(+*>+F+0-7(2.(7+7(*20(D2//-//(
9-05F26+0-/(02(/?DD2.0(E.210>(23(AD-=+-/(8K(P3(AD-=+-/(8(E.-1(/?==-//3?661(+*(/D-*0(
9-7+5:(0>+/(12?267 (+*7+=56(AD-=+-/(8(15/(?0+6+H+*E(9-05F26+0-/(3.29(AD-=+-/(@K(J.29(
0>-/-(-_D-~+9-*0/:(0>-1(+7-*0+3+-7(9+=.2F+56(D5+.+*E/(0>50(-_>&~-+0-TH£.2//
+*0-.5=0+2%/:(+*=6 2 T-DED &*- - AD AJ<ac(5* H+*+I+%&$* .- $@AJa$ K(J?.0>-.92.-i(
0>-1(l-.-(5F6-(02(7+/0+*EXfD-=+3+=(9-05F26+0-/(0>50(35=+6+050-(0>+/(/1*-.E+/0+=(
-650+2*/>+DUF—*(@AJ(/D-=+-/K(J2.(+*/05*=-1(0>-1(2F/-.,- 7 (OB AQ &*- -, A® AJ<ac(
9-05F 26+HT¢*+J+%&$* .- S@AJaS T - +,-7(9-05F 26 +0-/: (+*=627+*E (*+=20+*59+7-:(
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High Vacuum
Sample Inlet lon Source Mass Selector Detector Data Processor
O ‘ §‘un
@ i,
Q@ + &—+<_, — L
:
ESI Triple Quadrupole Electron Multipler
MALDI lon Trap Photomultiplier
APCI Orbitrap
Time-of-Flight
FT-ICR
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+*>+F+02.1(5=0+,+01(ER+$QQ-/. @ F+289/K (L>-*:(03(D-.32.9-7(?*05.E-0-7 (L&
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926-=26-(+*(7+/=.-0-(62=50+2*/(1+0>+*(5(=26&*26@2(2. (F+23+69(02(D.27?=-(5(/D50+56(

95D(23(>2*7.-7/(28BD-=+-(+9?605*-22/6 LK (A?F/-G?-*06.1:(5(=>&D5G656(D>-*201D+=(



95D(s E-*-.50-7(F1(=2..-650+*E(0>-(/D50+56(62=@8{3E*26-02(2F/-.,-7(
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2-alkyl-3-hydroxy-4-quinolone (PQS) 2-alkyl-4-hydroxyquinolone (AHQ)  2-alkyl-4-quinolone N-oxide (AQNO)

R m/z | R’ (11774 R miz | R’ m/z R (11774 R’ m/z

CsHyy 2321 D175.1
CeHys 246.1 D175.1
C7Hq5* 260.1 1751
CgHyr 274.1 D175.1
CoHys™ 288.1 175.1
CioHzy 302.1 D175.1
Cy1Hps 316.1 D175.1

C7Hy; 258.12175.1

CoHq7 286.19175.1

CsHyy 216.1 D159.1
CeHyz 230.1 2159.1
C7Hys* 244.1 3159.1
CgHyy 258.1 9159.1
CoHys* 272.1 D159.1
CyoHaq 286.1 D159.1
Cy1Hps 300.1 D159.1

C7Hy; 242.19159.1
CgHys 250.19159.1
CoHy7 270.19159.1
C1oH13 284.19159.1

CsHyy 232.1 D159.1
CeHy; 246.1 159.1
C7Hys* 260.1 9159.1
CgHyy 274.1 159.1
CoHyg™ 288.1 3159.1

C7Hy; 258.1 D159.1
CgHys 272.1 D159.1
CoHy7 286.1 D159.1

CyqHy; 316.1 D159.1

C44Cy1 314.1 D159.1
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7--9-7(/?+05F6-(+3(F65*N(950.+ (15/(3.--(23(+*0-.3-.+*E(D-5N/(1+0>(5.-5/(E.-50-.(0>5*($ap(
23(0>-(UU[MK(A-6-=0+,+01(23(0>-(PA(I5/(7--9-7(/?+05F6-(+3(0>-(5,-.5E-(FBA(D-5N(+*(?*

JD+N-7(BBN(950.+_(I5/({ap(23(0>-(BB+N-7(F65*N(950.+ _K(A-*/+0++qB(EA(Q5/(



=>5.5=0-.+H-7(32.(-5=>(+*7+,+7?56(@M(/05*75.7(F1(7-0-.9+*+*E(9+*+97?29(=2*=-*0.50+2*/(
23(-5=>(@M/(0>50(=2267(F-(G ?5*0+3+-7 @RI BHP(5*7(5==?.5=1 (1+0>+(
|$ap(23(*29+*56(=2*=-*0.50+2*C(0>-/-(=2*=-*0.50+2*/(I-.-(7-3+*-7(5/(0>-(UU[MK(
A+9+65.61;:(?DD-.(6+9+0(23(G?5*0+050+2*()U[M'(15/(7-3+*-7(5/(0>-(95_+979(
=2*=-%0.50+2*(23(5*56 10-(0>50(=2767(F-(G ?5*0+3+-7(1+0>(0>-(/59-(7&BH23(+*0.5
D.-=+/+2*(5*7(5==?.5=1K

(

Z1X161%67(',0+9/'+6/((L>-(9-0>27(15/(,56+750-7(+*(5==2.75*=-(1+0>(0>-(
X?+75*=-(32.(P*7?/0.1Z(8+25*5610+=56(4-0>27(b56+750+2*(F1(0>-()A(J227(5*7(;.?E(
@79+*+/0.50+2*(32.(/-6-=0+,+01:(/-*/+0+,+01:(6+*-5.+01:(=5..12,-.:(7+6?20+2*(+*0-E.+01:(

==75=1;(D.-=+/+2*(.<P(950.+ (-330:(5*7(/05F+6+01(\F>13+:(F-*=>D2D: (628
0-.9(/02.5E-:(5*7(5?02/59D6-.BERAD5.50+,-(/O5F+6Ha" (K &
(

Z1X1WRSAYF Y-8, +*' ,=+6-/P,<DDYNG$E2,-.1(,567-/(23(@M/(3.28-66(=7607.-(
I*yc'(5*7(?2*+*3-=0-7(6 2*E(0+//?-(1*ya'(I-.-(=>5=0-.+H-7(FL¢N+*E(N*21*(
=2%=-+0.50+2%/(23(@M/(+*02(<##(rU(23(-+0>-.(@IH-66(=2607.-(2.(>292E-*+H-7(
62*E(0+//2-(3.29(?*+*3-=0-7(9+=-@D0.5=0+2*(/D+N-7"(50(UU[M(MV: (621 (MV:(9-7+29(
MV:(2.(>+E>(MV(=2*=-*0.50+2*/K(c(rU(23("a(r4(*56+7+_+=(5=+7(I-.-(57 7¢B3A¢-5=>
D.+2.(02(-_0.5=0+2%:(1+-67+*E(5(3+*56(=2*=-*0.50+2*(23(att#(*4K(A59D6-/(I-.-(/?Fg-=0-7(02(
-0>16(5=-050-(-_0.5=0+2*(5/(7-/=.+F-7(5F2,-K(@M(.-=2,-.1(3.29(0>-(.-/D-=0+,-(950.+=-/(
15/(=56=2650-7(F1(=29D5.+*E(0>-(D-5N(5.-5/(23(@M(/05*75. &/ QtBtD+2*(/D+N-7(
/59D6-/(02(0>2/-(23(*-50(/26,-*0(/D+N-7(1+0>(-G ?2+,56-*0(=2*=-*0.50+2*/(23(@M/K(J?.0>-.(

|-(=>5.5=0-.+H-7(950.+_(-33-=0/(02(7-0-.9+*-(0>-(/2DD.-//+2*(2.(-*>5*=-9-*0(23(



+2% 4+ H50+2%(592*E(0>-(,5.+272/(5*56 10-/( .-/ ?60+*E(3.29(0>-(D.-/-*=- (23986 2E K (
L2(72(/2:(1-(=29D5.-7(D-5N(5.-5/(23(*-50(/26,-*0(/D+N-7 (I+0>(UU[M: (621 (MV:(9-7+29(
MV:(5*7 (>+E>(MV(=2*=-*0.50+2*/(23(@M/(02(0>2/-(23(=-66265. (*yc'(2.(?*+*3-=0-7(62*E(
- 0.5=0/(*ya'(/D+N-7(1+0>(-G?+,56-*0(=2*=-*0.50+2*/(23(GMU!B200 2+ N-7'K(

(

Z1X1BGHE/9/68, CH8K.-650+,-(/05F+6+01(32.(-5=>(@M(/05*75.7(15/(-,56750-7(
5=.2//(5(,5.+-01(23(/02.5E-(=2*7+0+2*/:(+*=627+*E(/02.5E-(50(.229(0-9D-.507.-(32.(c(5*7("%(
>27./({F-*=>82D(/05F+6+01":(3.--H-.(/02. BEHMB2. ($(92*0>(1626EQ(/02.5E~(
JOBF+6+01":(5*7(/HX5*(0>-(+*/0.29-*0(5?02/59D6-.(50(%sV/(32.($c(>2&/(1D2/0
D.-D5.50+,-B5202/59D6-.(/05F+6+01'K(P*(577+0+2*:(3.-/>61(D.-D5.-7(D.2=-//-7(/59D6-/(1-.~(
J?Fg-=0-7(02(0>.--(=1=6-/(23(3.--H-@IBAE*7 (0>51+*E(50(.229(0-9D%5- (+*(2.7-.(02(
=>5.5=0-.+H-(3H8>51(/05F+6+01(23(0>-(@M(/05*75.7/K(A+_(F+262E+=56(.-D6+=50-/(23(UU[M(
5*7(>+E>(=2*=-*0.50+2*(MV/(/59D6-/(I-.-(D.-D5.-7(32.(-5=>(/02.5E-(=2*7+0+2*K (AOSF+6+01(
5=.2//(-5=>(23(0>-/-(/02.5E-(=2*7+0+2*/(15/(=56=2650-7 (F H*R@5610-(.-/D2*/-(+*(
102.-7(/BD6-/(,/K(3.-/>61(D.-D5.-7(/59D6-/(I*y K (

(

Z1X1WID8.6/(*, R*6%. -(BB(7-0-.9+*-(0>-(7+620+2*(+*0-E.+01(23(0>-(@M(/05*75.7/(
50(=2*=-*0.50+2*/(E.-50-.(0>5*(0>-()U[M:(a(.-D6+=50-/(23¢IX@IK} 66 (=2607.-/(1-.-(
ID+N-7(1+0>($#(r4(23(-5=>(@M(/05*75.7K((L>-/-(/59D6-/(I-.-(0>-*(7+620-7(+*(327.(/-. +56(
7+620+2*/(721%(02(5(=2*=500-2%(23(ea# (*4K (crU(23("a(r4(PA(I5/(/D+N-7(+*02(-5=>(
/59D6-:(5*7(/59D6-/(I-.-(D.-D5.-7(5/(7-1=.+F-7(5F2,-K(Y_0.5=0/(I62QD>+6+H-7(5*7(

~12ID-*7-7(5/(7-I=.+F-7(5F2,-K(@==?.5=1(15/(7-0-.9+*-7(F1(=29D5.+*E(5*56 10-(



~ID2*[-(+*(7+670-7(/59D6-(-_0.5=0KR2(Q3(3.-/>(-_0.5=0(3.29(=7607?.-(/D+N-7(1+0>(ea#(
*4(23(@M/K(((
(

Z1X1\BY6/$6/(25//(/D-=0.29-0.1(7505(1-.-(=266-=05%{7 (D.2=-//-7(1+0>(
45//U1*_(!,-./+2*(%K"K(A050+/0+=5661(/+E*+3+=5*0(7+33-.-*=-/(+*(56N16(G ?+*262*-(
D.27?=0+2*(I-.-(+7-*0+3+-7(F-0(8.-509-*0(E.2?D/(?/+*E(5(A0?7-&3/0 (1+0> (5(
[+E*+3+=5*=-(0>.-/>26#2R¢aK(V2*=-*0.50+2*/(23(@M/(+*(F5=00P5E~06D2.0-7(
5/(0>-(5,-.5E-(23(3+,-(F+262E+=56(=2*=-*0.50+2*/(|(/05*75.7(7-,+50+2*K(A050+/0+=/(l-.-(
=56=?650-7(?/+*E(4+=.2/ BBXE-(Y_=-6("#E<K
(

Z1Z1$D"*AD

Z1Z1\®166)/T+6/(*,(D,H@5M=5,@*/6/(*$ (45//(0.5*/+0+2*/(32.(/50?.50-7(5*7(
?*/50?.50-7(@M(=2*E-*-./(l-.-(D.-,+2?/6 1(+7-*0+3+-7 (+*(UsL(+HBag KQ-(,-.+3+-7(
@M(0.5*/+0+2*/(5*7(2D0+9+H-7(0?*+*E(D5.59-0-./(32.(-5=>(23(0>-(5?0>-*0+=(@M(/05*75.7/(
?/+*E(Q50-./(P*0-66+/05.0(/23015.-(14+632.7:(4@:)A@'K(Ve (=2*E@MPB*7(TMA(
F20>(-_>+F+0(+7-*@PAHER*/+0+2*/(23("c#K$o%a KS(5*KEobeaK$K(A+9+65.61:(V (
=2*E-*-./(23(@MN[(5*7(TMA(F20>(/>5.-(0.5*/+0+2*/(23("ddK$0$a K$(5*7 ("ddK$oSeaK K (
S2I-,-.:(@MN/(I-.-(T+/0+*E?+/>5F6-(3.29(TMA(=2*E-*-./(F5/-7(2*(=>5.5=0-.+#]
-0-*0+2*(0+94d0- B4 IVK (P*(577+0+2*:(@M"[/(D.-3-.-*0+5661(3.5E9-*0-7(02(32.9(
D.277?2=0(+2*/(1+@N667?-/(23($a KS$:(1>-.-5/(TMA(=2*E-*-./(D.-3-.-*0+5661(3.5E9-*0-7(
02(32.9(D.27?2=0(+2*/(1+QWb6?-/(23($eaK$O- B4 VK (J2.(-5=>(23(0>-(@M/(
J05%75.7/:(2D0+9+H-7 (+2*+ H5THZ*(B=0+2*(D5.59-0-./(5.-(6+/0-B(+*§%8 :: 1XK (J2.(

5*561/+/(23(TMA:(@SM: (5*7(@M[(926-=26-/(1+0>(560-.-7(=>5+*(6-*E0>/(5*7(7-E.--/(23(



2%/50?.50+2*%:(2D0+9+H-7(0?*+*E(D5.59-0-./(3.29(3?7661(/507?.50-7(TMA:(@SM:(5*7(@M"[(
105*757/(1-.-(?/-7:(.-/D-=0+,-6 1K(®-=+3+=5661:(2D0+9+H-7(D5.59-0-./(32.(3?661(/50?.50-7(
Ve(/05*75.7/(1-.-(5DD6+-7(02(?*/507.50-7(5*7(/507.50-7(@M/(1+0>(=>5+*(6-*E0>/(23(e(
=5.F2*/(2.(6-//C(2D0+9+H-7(D5.59-0-./(32.(3?661(/50?.50-7(V"(/05*75.7/(1-.-(5DD6+-7(02(
2*/50?.50-7(5*7(/507?.50-7(@M¥E>5+*(6-*E0>(23(d(=5.F2*/(2.(02.-K(
Q-(+*+0+5661(?/-7(5(V$d(=2679%(32.(27.(6+G2+7(=>.2 9551 GIBNIL 6(
G2+*262*-(/-D5.50+2%:(5/(7-I=.+F-7(+*(USBLHRE >(@ DD6+=50+2%(23(5(6+*-5.(/26,-*0(
E.57+-*0(?/+*E(5(V$d(=26?9*(.-/?60-7(+*(62*E(/59D6-(.?*/:(>2I-,-.:(I>+=>(1-.-(*20(
=2*7?=+,-(02(5*56 1H+*E(65.E-(*?9F/3@36-/K(Q-(*-_0(0-/0-7(1>-0>-.(5(Vd(=2679*:(
I>+=>(12?267(*20(.-05+*(*2*D265.(@M/(5/(/0.2*E6 L (5/(EFBA (1226 7(.-72=-(0>-(
-6?0+2*(0+9-/(23(0>-(7+33-.-*0(@M/(5*7(0>?/(/>2.0-*(2?.(.?*(0+9-K()/+*E(5(6+*-5.(E.57+-*0(
5*7(5*(@/=-*0+/(Y_D.-//(Vd(=26?9*:(143*7(1-(=2?67(/?==-//3?661(/-D5.50-(0>-(@M(
=2*E-*-./(50(35/0-.(.50-/(0>5*(/-,-.56(20>-.8D.+/0+*E(D>27/K(P*(577+0+2*:(I-(I-.-(
5F6-(02(/?==-//3?661(-6?0-(0>&VBK=2*E-*-.(I+0>+*(2?.(6+*-5.(E.57+-*0:(I>+=>(>5/(*20(
F--*(5005+*-7(F1(5*1(20>-.(-_+@4OE27/K(L>+/(6+G?+7(=>.29502E.5D>1(9-0>27;(
0>-.-32.-1(D.2,+7-7(5*(+7-56(=29F +*50+2*(23(-_D-7+HE*610-(=2,-.5E-(1>+=>(>5/(
*20(F--*(7-92*/0.50-7(+*(D.-,+2?/80-/=.+F-7(9-0>27/K
L>-()TUV(/26,-*0(/1/0-9(?/-7(32.(@M(5*561/+/(15/(+*+0+56 6 1 (7-/=* 2+ (
$&(+BH(15/(=29D.+/-7(23(#K$p(I@ (5* 7 ("##(r4(Y ;L@ (+*(150-.(1A26,-*0(@' (5* 7 (#K$p(
J@(+*(5=26+0.+6-('A26,-*0(®'€' K(TMA(926-=76-/(7-92*/0.50-(/?F/05*0+56/(
=>.29502E.50B=(+//?-/:(+*=6?7+*E(-_=-//+,-(D-5N(F.257-*+*E(5*7(D-5N(05+6+*E:(1+0>2?0(
0>-(577+0+2*(23(5(9-05602x(63(0>-(/26,-*0(/1/048€: (cYK(TMA(+/(=5D5F6-(23(

=22.7+*50+*E(65F+6-(+.2*:(I>+=>(+/(>1D20>-/+H-#0Q26~2B06(,- 7(D-5N(05+8eH#E (



CYK (L>-(577+0+2%(23(=>-650+*E (5E-*0/(02(0>-(92F +6-(D>5/-(+/(0>2?E>0(BBE00+E50-(0>+/(
F1(6+9+0+*E(=2*059+*50+*E(9-056/:(5/(.-D2.0-7(D!e<ZI6U@/(/7=>:(Y;L@(15/(
+*=2.D2.50-7(+*02(22.(5//3L:R99-*7-7 (+*([.02.+( $&(+IPHO>(0>-(577+0+2*(23(Y:L@:(
|-(7+7(*20(2F/-.,-(D-5N(05+6+*E(23(TMA:(5/(>5/(F--*(D.-,+22/6 1 (452 (09 ([.02+(
$&(£B=299-*7-7(9-5/?.-/(02(D.-,-*0(/2?.=-(=2*059+*50+2*(F1(0>-(*@2650+6-(Y;L@:(
I>+=>(1-.-(32662I-7(32.(0>-(-_D-.+9-*0/(6+/0-7(>-.-+*K(L>-/-(9-5/?.-/(+*=6?7-7(6+9+0+*E(
5*5610+=56(.7*/(02($"#(+*g-=0+2*/(2.(6-//(D.+2.(02(=6-5*+*E(0>-(2?0-:(BIDBA=2{
5(3621(7+,-.0-.(+*(F-0l--*(7505(5=G ?+/+0+2*(I+EIKQ>+6-([.02. & (+DBR.0-7(
[6+E>0(+2*+H50+2*(/?DD.-//+2*(23(0>-(@M/(+*(0>-(D.-/-*=-(23(Y;L@('0"#x7 ?=0+2*
D-5N(5.-5"(1-(2F/-.,-7(0>50(0>-(7-/=.+F-7(/126,-*0(/1/0-9(I5/(/0+ 6 6(@BEHGE==".50-6 1 (5*7(
D.-=+/-61(9-5/?.-(@M/(50(=2*=-*0.50+2*/(1-66(F-621(0>2/-(2F/-.,-7(+*(F5=0-.+56(=?7607.-(
19/+*$%Z1IW%/? @%C"GG*$.$?A/(HY% Ht$96:3R.-:(0>-(/26,-*0(/1/0-9(18(7--9-7(
5==-DO5F6-K(P*(577+0+2%:(0>-.-(7+7(*20(5DD-5.(02(F-(5* {330=08286,L @ (2*(
20>-.(9-0>27/(F-+*E(D-.32.9-7(2*(0>-(/>58%=-//(+*/0.29-*0(?/-7(+*(0>-/- (/0?7 +-/:(5/(
>57(F--*(.-D2.0-7(+*(L?.*D-** W& (+HOYoK(
Q-(/-6-=0-7(0>-(G?+*262*-(5*0+F+20+=:(*56+7+_+=(5=+7(1"@":(5/(5*(+*0-.*56(/05*75.7(
7?-(02(+0/(/0.?=07?.56(/+9+65.+01(02(0>-(@M(=2*E-*-./(5*7 ([+9+65.(.-0-*0+2*(0+9-K(P*(=6+*+=5¢
[-00+*E/:(*56+7+_ +=(5=+7(+/(.5.-61(579+*+/0-.-7(02(0.-50F56024HB53-.:(92.-(
D20-*0(560-.*50+,-/(5.-(=?..-*061(5,5+H68E&K(@/P=>:(0>-.-(¥6+006-(.+/N(23(-_0.5=0+*E(
~[+7256(*56+7+_+=(5=+7(3.29(D50+-*0(/59D6-/(+*(3207%(-(5*56 1/-/K
(

% %



Z1Z1X%%67(,0+9/'+6/(*

B$D$%&-8-&34(BS/@-&-8-&3(+HHOHRME D 2*/0.50-/(0>-(=>.29502E.5D>+=(
/-D5.50+2*(23(0>-(/+_(5?0>-*0+=(@W{IBA*4(UU[M'(5*7(0>-(*56+7+_+=(5=+7(
+*0-.*56(/05*75.7 (latt#(*4'(+*(F65*N(T @K @P50.+_(50(0>-+.(2F/-. A[(0.5%/+0+2*/:(
1>+=>(5.-(6+/0-7(+*(-5=>(D5*-6K(L>-/-(0.5*/+0+J5612¢(92*+02.- 7 (+*(F65*N(=-66265.(
950.+_(02(=2*3+.9(0>-(5F/-*=-(23(-*T2H{@M/:(*56+7+_+=(5=+7:(&m*2%3+=(
+*0-.3-.-*=-/(+*(T@[$#EX@10.5+*K(L>-.-(I5/(*2(/+E*+3+=5*0(+*0-.3-.+*E(/+E*56 (2F/-.,- 7(
32.(5*1(23(0>-(@M (2 APAQ.5%/+0+2%/(+*(F65*N(950-_=-DO(32.@ ®MA:(0>-(D-5N(5.-5(
23(I1>+=>(I5/(E.-50-.(0>5*($ap(23(WJ[M(!NO- 2 X ((PO(+/(+9D2.05*0(02(*20-(0>50(0>-(
5,-.5E-(D-5N(5.-5(23(0>+/(/+E*56(15/(.2?E>6 1 (<##(0+9-/(6-//(0>5*(0>-(5,-.5E-(D-5N(5.-5(23(
V' &MA(D.27?=-7(F1(0>-(I+67(01D-(/T.BHBK(@/(/?=>:(+*0-.3-.-*=-(23GMA(+*(
F65*N(950.+_(I1+66(*20(6+N:-BL(#*®>(D.5=0+=56(5DD6+=50+2*(23(0>+/(H8:L7(32.(
D?.D2/-/K

Y5=>(@M(=2267(F-(57-G?50-61(7+/0+*E2+/>-7(-+0>-.(F1(.-0-*0+2*(0+9-(5*7B2.(
=>5.5=0-.+/0APf0.5*/+0+2*K (A-*/+0+,+01(23(0>-(5//51:(5/(7-I=.+F-7(+*(0>-(J; @q/(
8+25*5610+=56(4-0>27(bBE-LFEE?+75*=-:(15/(=>5.5=0-.+H-7(0>.2?E>(7-0-.9+*50+2*(23(
0>-(62I-/0(=2%-*0.50+2*(23(-5=>(@M(/05*75.7(0>50(=2?67(F-(G?5*0+3+-7(1+0>(5==-DO5F6-(
D.-=+/+2*(5*7(5==2.5=1:(2.(UU[M: (I>+=>(+/(6+@-FGBEVK(L>-(U[M(I5/(7-3+*-7(
5/(0>-(>+E>-/0(D2+*0(+FOS+=(6+*-5.(.5*E-(23(5* (+*7+,+7?256(5*56 10-(0>50(=2?6 7 (F-(
G?25*0+3+-H0>(5==-DO5F6-(D.-=+/+2*(5*7(5==2.5=1K(L>-()U[M(I5/(7-0-.9+*-7(02(F-(
SH##4(32.(-5=>(23(0>-(@M/K(V56+F.50+2%(=?.,-/(32.(-5=>(@M(/05*75.7(7-92*/0.50-7(5(

71*59+=(6+*-5.(. 5*E-Pe#K a' (23("a*4(h($###*4() 9/+*$IB KK (U+9+0(23(7-0-=0+2*(+%(



0>+/(5//51(15/(7-3+7(5/(0>-(9+*+9?29(=2*=-*0.50+2*(I>-.-(0>-(/+ E8EB2-+/- | AB(15/(

E.-50-.(0>5*(<:(5*7(I5/(7-0-.9+*-7(02(F-(a*4(32.(-5=>(23(0>-(@M(/05{75. 7/K(

=2 3x10%  Nalidixic Acid 3¢
EG 2x10% 232.1 > 144.1
=8 8 — 500uM
PE A0 T Biank
0 r
1 2 _ . 4
Time (min)
_ 2 ©10°%7 HaNo 2.73
g'@ 4x10%] 260.1 > 159.1
29 6] — 25uM
® 2 2410° . Blank
0 r
1 2 _ . 4
Time (min)
_ 2 3101 HHa 2.78
gg 2x107{ 244.1 > 159.1
29 7] —25um
n g 1x10 - Blank
0 r
1 2 _ . 4
Time (min)
2x107+
= 2 0 C7-PQS 3.03
S 260.1 > 175.1
25 1x107]
n - - 25|IM
= -+ Blank
0 , /
1 2 3 4
Time (min)
_ » 110%  NaNo
S 288.1 > 159.1 3.19
29 — 25uM
= - Blank
0 r
1 2 _ . 4
Time (min)
> 6x10%  NHQ
g'g 4x108] 272.1 > 159.1 3.31
R |
0 ,
1 2 4
Time (min)
_ 2 4105 co-pas 3.53
S 3x10%  288.1 > 175.1
29 2410% o5
?E 1x10% ... Blank
0 ,

1 2 3 4
Time (min)

(
NO-12K1%J$G($D$?A/AORSY#23(B D%3P%8\% DA/? @/ ( @BFATIH/? @ %?/*0@0702%/20@ %

:C%T_@FU%DGOH#S$@%0PABYHRE$%3PY%ACHHN20$?A%DA(/0? BRSEIWV
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L>-/-(.-/?60/(/?EE-/0(0>50(3?.@B+9+H50+2*(951(F-(.-G?+.-7(32.(5==2.50-(G ?5*0+050+2*(
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+%,26,-7(+*(0>-(LV@ (=1=6-(5*7(2_+750+,-(9-05F26+/9:(+*=627+*E(5=2*+050{(@:(/?==+*5
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/2DD6-9-*B0+2*(HOB04=2*7+0+2%/(I-.-(?*533-=0-7(F 1 (42{0>- (#**K(9?05*0@/+*$%



8 1111 ZQ: (+*7+=50+*E(T..J(/0+66(9-7+50-/(+.2*(>29-2/05/+/(7? . +*E(0>-/-(E.210>(=2*7+0+2*/:(
7-/D+0-(0>-(62//(23(®J7+50-7(+.2*(.-E?650+2*(2*(D.-,+2?/6 1 (+7-*0+3+-7(05.E-0/(5/(
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0>-(-_D.-//+2*(284D#R54(FG*¥EB-#E-650+,-(02(1+67(01D-(T GNOE]¥Z8 " (
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$d(>22./(B(<esVK(V?607.-/(I-.-(+*=?F508H(+0>220(D-.0?.F50+2*(1#.D9'(2((+0>(

D-.0?.F50+2*(I"&B9'(D.+2.(02(W @(-_0.5=0F8A>3@D%/? @Y% F/ AKBB I (-5=>(

! un



E.5D>(+*7+=50-(0>-(5,-.5E-(,562-(23(<(+*7-D-*7-*0(-_D-.+9-*0/(!-..2.(F5./(.-D.-/-*0(
J05*75.7(7:+50+2%":(5%7 (+*7+,+7256(7505(D2+*0/(3.29(F+26 2E+=56(.-D6+=50-/(5.-(+*7+=50-7(F1
F65=N(=+.=@KE.+/N/(.-D.-I-*0(5(/+E*+3+=5*0(7+33-.-*=-(.-650+,-(02(621(+.2*(T@[$:(
>-.-5/(0. +5*E6-/6*7+=50-(5(/+E*+3+=5*0(7+33-.-*=-(+*(-_D.-/[+2*(.-650+,-(02(621(+.2*(
| +0>+*(5(/0.5+*:(5/(7-0-.9+*-7(F1(B0826-7(A0?7-*/(0(5/(326621/Z(vD}#K#aC(
VDMK ##aC (vwD K aK
%

11Z17C%, @(*:%* 6-+6/(*$,+-%, R*:-%+$9B6+6/A-(B67,@*/6/(*$ 48.(
D.20-29+=/(5*7(G\BIVW/(5*561/+/(+*7+=50-7(0>50(@M(.-E?650+2*(23 (k¢HBLEF3H=(
02(050{=2*7+0+2*/:(560>2?E>(0>-(?*7-.6 1+*E(9-=>5*+/9(23(0>+/(/>+30(15/(*20(=6-5.K(
T.-,+22/(.-D2.0/(>5,-(7-92*/0.50-7(0>BUBOE. 210>(=5*(7.5950+=566 1 (+9D5=0(F.257(
5/D-=0/(236(+$*?-/.@HD>1/+262E 1:(+*=627+*E(-_D.-//+2*(23(,+.?6 O (D:5H(
.-D2.0/(>5,-(/?EE-/0-7(0>50(7+9+*+/>-7(2_1E-*(5,5+65HO60§ER+7(+0+2*/(D651/(5(
7-3+*+*E(.26-(+*(9-7+50+*E(0>-/-(-38e=B{td: (<# K(@77+0+2*56(/0?7+-/(/>21-7(0>50(
2_1E-*(6+9+050+2*(7-=.-FMA(D.272=0+2*(I>+6-(+*=.-5/+*E(D.272=0+2*(23(0>-(TMA(
D.-=2./2.(926-=76-/:(@SMMH# K(@/(/?=>:(1-(>1D20>-/+H-7(0>50(2_1E-*(6+9+050+2%(
-/?60+*E(B9(/0504E.210>(=2*7+0+2*/(12?267(35,2.(D.27?=0+2*(23(@SM/:(D20-*0+5661(
+*362-*=+*E(@M(.-E?650+2*(23(LCAAK(

L2(0-/0(0>+/:(1-(?/-7(5(,56+750- 7®ABAA(9-0>27 (<#" (02(9-5/? -(6,-6/(23(
,5.+2?2/(@M(/D-=+-/(+*(/>5N+*E(850(¢=2607.-/(23(I+87LD-(T @[§H*7 (0>-(+/2E-*+=(
j #*K(9?05*0K(@/(D.-,+2?/61(2F/-.19%(:(aa!(T..J(15/(.-G?+.-7(322D0+956/(D.27?=0+2*(
23(0>-(Ve(5*7(V" (=2*E-*-./(23(TMA:(@M"[:(5*7(@ SM(+*(/>5N+*E(=2*TNO-A24/ (!

]1]8B'B7B%)>0A$%K(B+9+65.@L.J(15/(.-G?+.-7(32.(2D0+956(D.27?=0+2*(23(-5=>(@M(



=2*E-*-.(+*(050{=7607.-/(0-]U8B'B7B%-(/HY%+/(B-*7+=50+*E(0>50(T..J(/0+66(D.2920-/(
@M(D.272=0+20B04E. 210>(=2*7+0+2*/K(Q-(56/2(2F/-.,-7(5(7.5950+=(7-=.-5/-(+*(0>(
6-,-6/(23(0>-(Ve(5*7(YE2*E-*-./(23(F20>(TMA(5*7(@M[(19%04=2607.-/(N0-1%pb
8B'B%-(/HY%+/(B+N-61(7?-(02(0>-(D.-,+220L0-7(2_1E-*(.-G?+.-9-*0(32.(5=0+,+01(23(
0>-(TG/S(5*7(TG/U(-*H194¢#: ("e$' K(L>-(7-=.-5/-(+*(TMA(fRO4=2602.-/(
=2..-ID2*7-7(02(5*(+*=.-5/-(+*(0>-(@ SM(=2*E{F 20> (+*(0>-(I+6 7(01D-(S4¥T(K(
10.5+%/(NO-1%7 B%- (/H%+/(D%R$(D"D%)>0KESRA(D: (I>-*(I-(D-.32.9-7(5*56 1/+/(
23(=7607?.-/(E.21*(+*(/>5N+*E(9+=.25-.2F+=(=2*7+0+2*/:(@SM(6-,-6/(+Et4BH=5*061(
*>5%=-7(,-650+,-(02(/>5N+*E(5-.2F+=(=260MD+0-(7-=.-5/-7(D.27?=0+2*(23(TMA(5*7(
@MA[(=2*E-*-./(! NO-1%8B'B7%DA(0G$@%+/(D%R$(D"DYo)K{QASHa-/{B=50-/(0>50(
+*=_-5/-7(@SM(6-,-6/(+050{=2607?.-/(5.-(*20(/26-6 1 (7?-(02(.-7?=-1H2*(5,5+65F+6+01:(
F20(0>BIROHE. 210> (=572/-/(7+/0+*=0F*E -/ (+*£>(+$*, ?2-/. @@M(9-05F 26+0-(D. 23¢-6-/K

(



A. PQS

Concentration ( " M)

=) (@)
I
Concentration ( " M)

Concentration ( " M)
Concentration ( " M)

Concentration ( " M)

I=z ::O
v
Concentration ( " M)

SIS & Q&
$\Q\& §Q¢ $ .Qk&

\,

Growth

Condition: |:| Shaking aerobic |:| Static E Shaking microaerobic

!
NO-"($%]1]1%73?2$?A(/A03?D%3P%8\D% (D2 BBREIREBIA 02(3/$(3+02%2"*A¥BD %3P %
+9%-&.1*($+(/2607?.-/(I-.-(E.21*(+*($Ka(9U (23 (+.&-D6-0-(LAB(9-7+5(+*($%9U(
D261/01.-*-(.2?*7(F20029(=7607.-(0?F-/(5*7(+*=?F50-7(32.($d(>27?./(50(<esVK(4+=.25-. 2F+=(
=2607.-/(1-.-(/-56-7(+*(5*(58+E>0(X5/T5NW(/1/0-9(+*(0>-(D.-/-*=-(23(5*(YO(V59D1(

V2*05+*- W(D5=N-OKBN+*E (5*7(9+=.25-. 2F+=(=2607.-/(I-.-(+ *=2FBO>TD-.0?. F50+2*(

I"a# (.D9'’KA050=2607.-/(l-.-(+*=?F50-7 (+*(/>5N+*E(+*=?F502./(1+0>(*2(D-.0?.E50+2*('#
.DI'K(W-D.-/-*050+,-(/0.?=07.-/(32: BMA(926-=26-/:(!' @M[(926-=76-/:(5*7(7 ' %
@SM(926-=76%.-(7-D+=0-7(+*(F65=N:(I1+0>(2&B-*7-*0(/0.?=086(-6-9-*0/(

>+E>6+E>0-7(+*(.-7(IW(+*7+=50-/(56N16(=>5+*K(@M/(I-.-(G?520AB4A(BLAYV



F5./(+*(-5=>(E.5D>(+*7+=50-(0>-(5,-.5E-(=2*=-*0.50+2*(23(a(+*7-D-*7-*0(-_D-.+9-*0/(5*7(
+*7+,+7256(7505(D2RY3-26 2E+=56(.-D6+=50-/(5.-(+*7+=50- AEFLEBBAEND. (F5./(
.-D.-/-*0(/05*75.7(7-,+50+2*'K(@/0-.+/N/(+*7+=50-(5(/+E*+3+=5*0(7+33-.-*=-(5/(7-0-.9+*-7(F1(
5(01285+6-7(A0?7-*Q0/0(5/(326621/Z(VD}K#aC (wD}K ##aC (VDK #HaK (

%

%  ]1Z1]Mk69',K81%,58&1%-*+6+*6%,R*'&:%,KX55,<P1-%$SH*H1Z1I$C,
@RI6&-YAS*=-@MT7-D-*7-*0(+*72=0+2%(23(LCAA(=2..-/D2*7-7(=62/-6 1 (140> (+*=.-5/-/(+*(
0>-(D.277=0+2*(23(@SM(G?2.?9(/+E*56+*E(926-=26-/:(I-(/D-=7650-7(0>50(@ SM/(9+E>0(
D2//-l/(-*>5*=-7(.-E?6502.1(5=3-01(2,-.(LcCAA(E-*-(-_D.-//+2*K(L2(0-/0(0>+/(>1DZ0>-/+/
|-(+*=?F50-7(0>-(1+67(01D-(5¥X@10.5+*/(+*(;LA8(?*7-.(/>5N+*E(2060¢=

=2*7+0+2*/K(@ 30($ti=?F50+2*:(I-(/?DD6-9-*0- 7 (0#{@H?05*0(=7607.-(1+0>(5(
9+_07?.-(23(0>-(Ve(5*7(V (=2*E-*-./(28%>-.(TMA(2.(@SM:(-5=>(50(=2*=-*0.50+2*/(
-G?+,56-*0(@22/-(2F/-.,-7(+*(+.2&-D6-0-7(T@[$(=7607T0- 1E8B 7B%)>0A$%/? @%
-(IH%+/(D\(@7(I-(E.-1(0>-/-(=?607?.-/(32.(5*(577+0+2*56 ("(>2?./K(Q-(9-5/?.-7(

- D.-/[+2*(23(LCAA(/1/0-9/(E-*-/(+*(0>-/-(=?607?.-/(F-32.-(@M(/?DD6-9-*050+2*(1$d>(23(
E.210>'(5*7(012(>27?./(30-.(/?DD6-9-*050+2*(1"#>(02056 (E.210>'K (L>-/-(7505(=2*3+.9-7(
0>58K@K/(.-G?+7(32.(*?9-.2?/(SARPP(LCAA(E-*-/(+860{=2*7+0+2*(F?0(*20(/>5N+*E(
=2*7+0+2*NO-%B ::: 1 XK (A?.D.+/+*E61:(0>-(@SM(5*7(TMA(9+_07?.-/(F20>(/+E*+3+=5*061(
+*¥72=-T(LCAA(E-*-(-_B//+2*(+*(/>5N+*E(=?607?.-/(23(&Xx@?05*0: (F?0(*20(850<¢=
=?607?.-KNO% :::1X IL>-(?*/?DD6-9-*0-7(1+67(01D-(5*HX @K2*0.26/(7+7(*20(
7-92%/0.50-(/050+/0+=5661(/+E*+3+=5*0(+*7?=0+22?- (0*=PF50+2*(D-.+27:(1+0>(2.(
1+0>2720(/>5N+*H{H186::1X:(,-.+31+*E(0>50(0>-(+*72=0+2*(23(LCAA(-_D.-//+2*(+(

/?DD6-9-*0-7(/>5NE(=2607.-/(15/(*20(7?-(02(62*E-.(E.210>8ABAA(5*56 1/+/(23(



/2DD6-9-*0-7(=?607.-/(F-32.-(5*7(530-.(822@. (+*=?F50+2*(D-.+27(+*7+=50-7(0>50(@ SM(
+/(=2*,-.0-7(02(TMA(=EN+*E(=?607?.-/:(5*7(02(5(6-//-.(-_O/THBEE2607.-/N0-1%

8 :: 1 ZW(@/(5¢260:(+0(15/(?*=6-5.(+3(0>-(2F/-.,-7(+*72=0+2*(+*(LCAA(E-*-/(7?.+*E(
[>5N+*E(=2*7+0+2*/(15/(=5?/-7(F1(@SM/(2.(TMAK(

( Q-(*-_0(12*7-.-7(+3(0>-(65=N(23(+*7?=0+2*(23(LcAA(- *T-U(&M/(+/50{=
=2*7+0+2*/(5F2,-(15/(7?-(02(7+33-.-*=-/(+*(-_2E-*2?2/(,-.1?[{2E-*2?/(@M(7-6+,-.1K(
TMA(+/(N*21%(02(D.2920-(0>-(32.950+2*(23(5*7 (+*/- B${+62,(?-/. @@ 20-.(9-9F.5*-(
-1+=6-/(1[4b/";(1>+=>(9-7+50-(0.5*/D2.0(23(TMA(5*7(20>-.(9-05FZB+2D(=-66/(02(=-66K
L>?/:(+0(15/(D2//+F6-(0>50(-_2E-*2?/(7-6+,-.1(23(@&2B?F-6+H-7(@M/(7+7(*20(
5==2.50-61(927-6(0>-(F+262E1(0>50(/?..27*7/(G@+T26B-7 (MA(YO505*7 (/>5N+*E(
=?607?.-/K(BAABAA(5*561/+/(23(/?D-.*505*0/(5*7(1>26-(=?607?.-/(B:83(01 D=6 (

+$*,7-1. @+47-92*/0.50-7(0>50604=2607.-/(-_>+F+0-7(5(>+E>-.(D.2D2.0+RFZRW &
TMA(2?0/+7-(0>-(=86¢$% :::1b":(32.0>-.(+*7+=50+*E(0>50(7+/0+*=0(0.-& /(+*(@M
9-7+50-7(MA(951(-_+/0(®501=7607.-/(,-./?/(/>5N+*E(=2*7+0+2*/K(BQ¢*-(0>+/(
D2/[+F+6+01(+*(6+E>0(23(LcAAR*.0-d?DD6-9-*0-7(0>-(#X@H?05*0(1+0>(/0-.+6-(
3+60-.-7(/?D-.*505*0/(3.29(1+6 7 ((®[$(=7607.-/:(0>?/(=2*/-.,+*E(D20-*0+56/(7-6+,-.1(
5*7(0.5*/D2.0(9-=>5*+/9/(0>50(-_+/0(+*(1+67(01D-(=?607?.-/K(AD-=+3+=5661:(I-(E.-I(I+67(01D-(
5*7() #X@I0.5+*/(32.($dR2./(+*(+.2& -D6-0-(;LAB(?*7-.(/>5N+*E(2Q504=2*7+0+2*/(
5*7(0>-*(=-*0.+3?E-7(0>-(=?260?.-/(5*7(.-92,-7(0>-(/?D-.*505*0K (Q-(0>-*(.-/2/D-*7-7(
0>-/-(=?607?.-/(+*(0>-(/0-.+6-(3+60-.-7(/?D-.*505*0/(3.29(1+67(01D-(T@[$(E.21*(?*7-.(
+7-*0+=56(=2*7+0+2*/:(+3BEF?DD6-9-*0+*E(0>-/-(/0.5+*/(1+0>(@ M/ (+*(0>-+.(92/0(
F+262E+=5661(.-6-,5*0(/050-K(A?DD6-9-*0-7(=?2607.-/(5*7(?*/?DD6-9-*0-7(=2*0.26(=?607?.-/(

|- -(+*=?F50-7(32.(5*(577+0+2*56(012(>27./(1+0>(0>-(0.5*/D65*0-7(9- 7+ POKI@0($d



2F/-.,-7(0>-(=>5.5=0-.+/Q+&?+.-9-*0(23X @B2.(LCAA(E-*-(-_D.-/[+2*(+q50E20(
*20(/>5N+*E(=?60 NG B4 1] 'K(A205F61:(+*=2F50+2*(1+0>(1+67(01D-(T@[$(/?D-.*505*0/(
~1?60-7 (+*(5(/+E*+3+=5*0(+*7?=0+2*(23(56 6 (9- FRLGWRE-*-/(+*(0#K @I(
9?05*0(E.21*(?*7-.(/050(=2*7+0+2*/(F?0(*20(+*(/>5N+*E(=2*7+0+2*/:(+*7+=50+*E (5(
7+33-.-*0+56(+9D5=0(23(@M/(2*(LcAA(E-*-(-_D.-//+2*(+*(.-/D2*/-(02(D-.0P0F 5%+ 2*(!

11 8B 'K(L>?/:(7-6+,-.1(23(@M/(5*7B2 &&N=-7(-_2D.27?=0/(+*(0>-+.(*50+,-61(
D.277?=-7(/050-(56621/(32.(+*7?€XB{REAA(-_D.-//+2*(#OE0FE?0(* 20§50 A8(

=2607.-/K(



>

clpv2 * fha lip2 dotU2
1.0 . 1.0 * 1.0 * 2.0 %
g 05 05 - B 0.5 15 :
¢ oo % 0.0 1.0
IS} 0.0 T 0.5
U) N -0.5 ° -0.5 * 0.04
O & a0+ - 03 L U 05 1
S -15 -1.0 : -1.5 -1.0
= PAO1 ! pgsA PAO1 ! pgsA PAO1 ! pgsA PAO1 ! pgsA
=
U . h 'BZ .
D) hsiC2 SI * sfa2 icmF2
— 1.0 * 1.0 . 15 * 2.07
= . . . *
Eﬂ & 05 . 1.0 Lol
Q] ; 00 0.04 0.5
0p) £ 05 0.0] 0.0]
& 1.0 -1.0 ! 05 . 1ol
£ 15 - . 1.0 ' !
2.0 2.0 -1.5 2.0
PAO1 ! pgsA PAO1 ! pgsA PAO1 ! pgsA PAO1 ! pgsA
B- clpv2 lip2 fha dotU2
0.6 1.0 0.1 0.6
§ 0.4 T 05l 3 0.0 0.4 =
¢ 02 . o1 0.21
5 0.0 0.01 0.01
nl < 02 o5 02 -0.2]
9 E-OA- ! : . 0.3 o]
=S -0.6 -1.0 0.4 0.6
= PAO1 ! pgsA PAO1 ! pgsA PAO1 ! pgsA PAO1 ! pgsA
-
(&) . . .
o) hsiC2 hsiB2 sfa2 icmF2
c 1.0 027 . ) 0.5 1.0
% g 05 T 0.0 0o 0.5] T
<l 2 °° . -0.21 . | 0.0+ —rr
NI g o5 05
o -0.4] e os{ T . |
g -1.01 |
a5 06 -1.0 -1.0
PAO1 ! pgsA PAO1 ! pgsA PAO1 ! pgsA PAO1 ! pgsA
|:| =unsupplemented |:| =WT supernatant transplanted

NO-"($%]1_1%C"GH(?A%A(/?DG*/?AD%P(3.%MIBOE@H03?7%3P%9" CC%-$?$D%0?%
d11$C,DA(/02Q¥67 (01D-(5* HK @K?607?.-/(I-.-(E.21*(+*($Ka(9U(23(;LAB(9-7+5(
/2DD6-9-+0-7(1+0>(-+0>-(#( I-V6(2.($H#HrA(I-V6 - (+*($%9IU(D261/01.-*-(.22*7(
F20029(=?607.-(0?F-/(32.($d(>27?./(50(<esVK(V?607?.-/(I-.-(+ EREB0>220(

D-.0?.F50+2*(1B9'(2.(!" '(1+0>(D-.0?.F50+2*("e@9'(D.+2.(02(WA@(-_0.5=0+2%(



IF$A>3@D%/? @ %F/AKQWFBO/(.-=-+,+*E(/?D-550(0.5*/D65*0/(I-.-(=-*0.+3?E-7:(0>-+.(
/?D-.*505*0(15/(.-92,-7:(5*7(0>-*(.-/?/D-*7-7 (+*(5*(-G?+,56-*0(,26?9-(23(=-3PE-7(
/2D-.*505%0(3.29(1+67(01D-(T@[$K(V?607?.-/(I-.-(E.21*(32.(5*(577+0+2*56 (" (>2?./:(5*7(
1?Fg-=0-7(02(G8N/W (5*561/+/(02(7-0-.9+*-(Q3N (+*(E-*-(-_D.-/1+2*(3.29(I+0>+*(
-5=>(/0.5+*(3.29($e( 02 (" Kg5 ./ (+*(-5=>(E.5D>(+*7+=50-(0>-(5,-.5E-(,56 2-(23(<(
+77-D-*7-*0(-_D-.+9-*0/(-..2.(F5./(.-D.-/-*0(/05*75.7(7-,+50+2*:(5*7 (+*7+,+7256(7505(
D2+*0/(3.29(F+262E+=56(.-D6+=50-/(5.-(+*T+6BEN{EFHLERENIQ-.+/N/(.-D.-/-*0(5(
[+E*+3+=5*0(7+33-.-*=-(.-650+,-(02(?*/?DD6-9-*0-7(52{D-060¢*-7(F1(5(0185+6-7(
A0?7-*0f0-/0(1+0>(5(/+E*+3+=5*=-(0>.-/>267(23(D{#K#aK
%

11Z1_#9R X %'/+6%',C*6/)/:-(E/+9,®B/H68,/$,C96%-%5686/A-(B67,
@*'16/(*$ %-(*-_0(D.2F-7(0>-(+9D5=0(BRHE. 210>(2*(+.2&-E2650-7(+*0-.5=0+2*/(
1+0>8>(+,*$, & @/(7+/=2//-7(5F2,-:(I-(D.-,+2?/6 K{[~2,-.-7(0>50(+.2*(/05.,50+2*(
*>5%=-/(@NE-D-*7-*0(5*0+9+=.2F+56(5=0+,+01 (BESHE/@(2*(5E5.(D650-/(5/(1-66 (5/(
+*(5(0.5*/1-66(87607?.-(/1/0-96a: (dYK (AD.+/+*E6 1: (04K O?05*0(7-92*/0.50-7(
[+9+6%5*0+9+=.2F+56(5=0+,+01(02(I+67(01D-(T@[$(+*(0>+/(D.-,+2?/(/0?71:(/?EE-/0+*E(0>50(
T..J9/(-33-=0/(2*(@M/(951(F-(7+/0+*=0(+*(0>-/-(EBER*(6+E>0(23(2?.(D.20-29+=(5*7(
GTVW(5*561/+/(7+/=2//-7(SF NG T%X %/@ Y%NIEZ &hl-(>1D20>-/+H-7(0>50(05q{=
*507.-(23(0>-/-(€?607.-(/1/0-9/(951(+*36?-*=-(.-650+,-(6-,-6/(23(@M/(0>50(5.-(D.27?=-7:(
0>?/(560-.+*E(0>-(+9D5=0(23(T..J(2*(5*0+9+=.2F+§6(5=0+,+01K(

L2(0-/0(0>+/(+7-5:(1-&22=7650-7(9285*7 (=8=?607?.-/E>(+$*,2- @+(0.5+*(
T@[$(5*7B>(+,*$, @(5+*()A@<##(+*(;LA8:(/?7DD6-9-*0-7(1+0>(2.(1+0>2 2 (&

J-V6 :(5*7(E.-1(0>-9(-+0>- J050-5661 (2. (+*(5(/>5N+*E(+*=2?F502((BOKEE 30-.(5d(



>27?./:(,+5F+6+0H2B($*,?-/.@®*7B>(+,*$, ®/(G?5*0+3+-7(F1(F250+*E(VY/(2*(
[-6-=0+,-(TP@(5*7(85+.7(T5.N-.(5E5.:(.-/D-=0+,-6 LK (P*(5E .--9-*0(1+0>(-5.6+-.(/0?27+-/(
[>21+*E(0>50(@M/(9-7+50-(5*0+9+=.2F+56(5=0+, B2 (5ESHFYN@ <##(,+5F+6+01(15/(
~1?2=-T([+E*+3+=5*061(7?.+*E(621(+&2?6E2.-(1+0>(T @ [B60{=2*7+0+2{>-.-5/(0>-(
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