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Abstract: By targeting the key gene ¢sgD involved in the biofilm formation of Escherichia coli,
we employed molecular docking and molecular dynamics simulation to screen the active
components of Chinese medicine with inhibitory effects on the biofilm formation from the
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP).
After the anti-biofilm properties of the active components were validated in vitro, data-independent
acquisition (DIA) proteomics was employed to further identify the differential proteins involved in
interfering with the biofilm formation of Escherichia coli. The mechanisms of inhibition were
explored with consideration to the phenotype. Through virtual screening, we identified four
candidate active components, including tannic acid, narirutin, salvianolic acid B, and rosmarinic
acid. Among them, tannic acid demonstrated significant inhibitory effect on the biofilm formation
of E. coli. The analysis of differential proteins, combined with relevant phenotype validation,
suggested that tannic acid primarily affected E. coli by intervening in pilus assembly, succinic acid
metabolism, and the quorum sensing system. This study provided a lead compound for the
development of new drugs against biofilm-associated infections in the future.

Keywords: molecular docking; biofilm; tannin acid; Escherichia coli; proteomics

K357y #i (Escherichia coli) 2 R i Ak 5
E A W Bk —, KRET o A e
PR i EomE AR AN SO T R o
Wi Hh B0 P K W 35 4 T (extraintestinal pathogenic
E. coli, EXPEC)Z:7E M 18 b Ho At 2 21 #5% 22 78
T A Wk B (biofilm, BF)I S 8uUsy, Foinl
5 | S DR A SR L2 R I R S 2 R, 4l
TR A W B A R ER O B A AN R G
(extracellular polymeric substance, EPS)fu%E 3%k
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o XoF BT YA 20 TR AR ) R A DG IR e B ER R
o AW B — A+ o A PR R
B, WA Z R ks, Hd csgD &
E. coli A9 I8 sl EE =R 1, BRets
PG TR B csgBAC ByH% 5%, ¥ EPS Mk
B, FEUEUEA IR AT BT, Rk, AT
W csgD A M I 2 M40 1k A AR AR BE 1A

rh 2 B U K LS PR o A A TR AR
BRI EE 7, n =z FEERIAE AR XN,
AN Gy e 2, R e DA R 2k R SR 2 4
I 225 756 1 I 0 1 R BT ¥ 0 TR A A R S Rk
AR (R, TR i Y 2 B TR
FE L G fn] v bR T Sk B 80T T A R AR A
WYL e @, BT, THE LR L
B 5 Dk 32 9 I ] U 22 7 Y A R A ) i A
KB Y i e i 25 1Y . Fernicola 48 1'R A
Molegro Virtual Docker, Autodock 5543 X} 4%
THM 9 418 MY rh i 1 HA a6l —
BRI (diguanylate cyclase, DGC) PleD /)
S FIEHER 7 FPEA %) . Sambanthamoorthy 5]
F TS AL EE 057 1 X129 66 000 A ik 45 H) Fi K
SRR U A TR, A4S 7 B DGC #I
F, A AR AL AR e R TE . At i
FALE PR B R BT, A R = O
B, KRBEIGRKE A, XTI & B B
Y RAEEE

AHH G AT X I R Hh A UL R A T A
VI B A IR, LUK 35 Aiv R A= ) 40 B O e
I CsgD WAL, @b A AL LT k5 AR
RASEE h 2GR AR . RSN IR 3 iE H 24
TG PE ARG AE BB E IS, R A B 5
PR GG R TR UEPR T T 1E B A9 BT A4 1y il s
YERIBLL, DU T 4 B i6 LB P IR AH G Jke e
FR) i 8 24 ) B B Bl
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1.1 ERFIRF

JT P R R Sk A S 36 2 (A 1 — R e s 5
TGN Rk A Ecl4d; TR, =
TR . FIBWER B, #ikH R % F 250
B B 22 sobk iR A BR A
1.2 EHFIE

T SCRAS 2 AR R P 2y BNy T =
Yrohty, B X ARSI T EUL B, SR
T T4 o AR X 42 235 TR 3ok 1 o 42 R G
ST B D)L, RBESS AR
Mo IJE R TCMSP AL (5 8 R 155k
290 PR PR A TR AN SR, B0 e A 4k s
YEM .
1.2.1 Z{FEH Csgh =4 LEHRITALL IR
M Uniprot (https://www.uniprot.org)3f 15K
[7135 %5 1 CsgD 2 [ A = ZEA 7 (UniProt 545 22
oS P52106), f#iffl AutoDock Tools 1.5.6
XF 12 2R S R AT 45 K FAE BT 55 455 pdbgt
A
122 FHSFHZLERTLIE

M\ TCMSP 45 13 000 24~ 24 B i/ N7
= 4E4EH) . {fiFH Openbabel 3.1.1 Xf/N3TFiEfT
AbHE, R, BE T e AR i
123 oFxfHE

KB X, R ARG A
MZEA05, R AutoDock Vina 1.1.2 #1723
PEXTHE, XL RS G Re I T HEY . 455
W 4 MEABRAKE S, A PyMOL 2.3.0
LigPlot™ v.2.2 AIHLALAG G It M Al BAE A, i
BEAE ORISR R 7 i — 2
5T
1.3 SFEHFEH

féi F§ GROMACS 2020.3 3 {4 84550 T 3h
J12 45 f (molecular dynamics, MD)%; ik &5 F Fic
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WE GV GTaENE. EEESYREMEIE
4 MD WHERIRIERESE, R charmm36 1147,
FRALIEFTE] R 50 ns. ¥ 5 MR 22 (root mean square
deviation, RMSD)FK /R & & W1k R 7E R L i 7
SRR, AT DL A S Wi is Bl A
J2 I K I PO AS DL 28 2 75 RE S A E AFTE Y E
BEARR
1.4 MMPBSA &4 BHHEETE

K53 12 A - R 2% 2 36 T ARk
(molecular mechanics/poisson boltzmann surface
area, MM/PBSA)IH 51 FHBCIA K G 2 8] 73+
MEAEMNEES A HEE, % 44sa A e
SYIYF IR AR, SR GROMACS
BAFH G_MMPBSA i1y MM/PBSA 4y
P, WAL e d B s 10 ns AYEL
o Rtz AR e E S Y&
HTEW WP RES:, RETHR 2.

454 A HBE(AGping) 2l i TR E G YR it
S Mk Z 22k e . Q)Y
— IR AT DL i SRR K@), Eum
ERGHNRE, T RIRE, SERFEMNN, G
JERGALRE, 8 H o AR R R AL BE AN AR AR 1
wRARE, (@) R o MR AL RE tiA
¥A - 3% /R 2% = (poisson-boltzmann, PB)E AU i
G ARSI R Ak R A TS R AT R R T
BUR1S . REMNEE(AEW) B R(3)FMS, Hrp
£ 45 S BE (AEiny) « # HBAH ELAE FH (AEae) P 3R
R S A AT TR FH (AEvaw) s

AGbind = Goormlex - Gprotein - GIigand (1)
G=E,, -G, -TS 2)
AEyy = AE,, +AE,, + AE,, 3)
AG,, = AGuy + AGgs (4)

1.5 {RINSEIEIRIZPZATE M B IART Ecl44
A W IR 2 B RO 220
1.5.1  s/MIERERNE

0 0 ) Al T B (PR RR L  A A BE
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1. FIZ2HR B MRkiEHFR), SRR E
A e R VO s L AR /N P BT I JE (minimum
inhitory concentration, MIC)., FkHU Ec144 5
7% F K f# 1% &5 1 % IR ¥ (mueller hinton broth,
MH) N7 535 2X500, 1:1 000 #R)E & H .
T 5ETE 96 fLtlH f 5 — 4 A 80 uL MH %
VERBIPERT R, A 11 5034 IA 40 pL 7. %
B 19 P EA 40 pL TAE BBV A B PE Xt
Mo RIGTESS 2 UH AR A S5 2 o ik 24
Y1, WATIESIEE 40 uL iInASE 3 5, ik
R BEZEE 11 4], 5 11 5 EA ARG
I 80 uL VEAZGHATEXT B8 . B Ja 7E5E 2 4115
5510 5146 1 40 pL AR5 19 TAE R . it HR
PRI MR BEAR I 2 048, 1 024, 512, 256,
128. 64. 32. 16. 8. 4 pg/mL. 37 °CH:Fifh#
SR 18 h, BHMEXTRRFLINAI Bl B AEK, T
PEXTHEFLYE W B B OB A 75, 7E5S 2-10 4
Hh B i TG T A A S T S R A Y R HR B R i
ZH MIC fH.
1.5.2 £YIWRENE

PRI A Mg e, 4G b etk
ST 4 Pl 2T M AR X Ec144 AWk
TR LIS . B SeAE 96 FLAR h A i ik rh 24
TEPERIR Y Ecl44 HEIG R4 WIpEEE, 96 fL
M & BBl ki 2t BEFL, JIA 100 uL MH A
%, HAFLIMA 50 uL MH W7, SRISTESS 2 3
A 50 uL TAERE R B P XS BEFL, 58 3 50T
WIMAERENZSW, REFE 50 uL & F —
fL, W BEEEECE 2 YBRAIEFZ 50 uL
TREW oI55 TEBR 1 % FL AN BT BRFL A Y H:
RALFINA 50 uL TAERW . 7€ 30 °CHE IR H
BRI 24 h JFEUE, B3 RIEHWR, FCRBER
+h 2% v (phosphate-buffered saline, PBS)iE i
3K, FHH 0.04%45 il SIS 20 min, K5
FHTCH PBS e 3 IR, 1) H 33% LRV i 45
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in%e, TE ODeoo AMIWIEIE o 5 SR i1
TGRSR T — 2D 58
1.5.3 S BESE B HON E

AW 9T b F B 7 R (tannic acid, TA)T
Ecl44 Ao kS 1.5.2 i@y
Pio BUNKESE 24 h iy 96 fLik, L B3, H
JGH PBS #2FUES 3 W, ZJEIMA 100 pL
Triton-100X IEW, W # S5 WRITIRATRE 20 uL
E—ASH AT 180 uL JCIE PBS AR AY 96 fL
MRE 1500, MRS ZJEHE 20 uL &F
— 5, KRR a5 DB E IR G
WA 20 uL i B Z A E S B AR b, &k
JERRBE R ST RO . FEAROE B8O, 1F
AR TR E 37 CCREFMFEIE RS 12 h,
THERTR -

1.6 HEE R E /IR 5 7 (confocal
laser scanning microscope, CLSM)

S AR B R e kT,
Lab-TekTMII 532 AR SMEYI R, BHPE X A2
LA 250 pL B MH %1 250 pL 09 TAE
H; TA 4L4FLINA 250 uL MH A% # R 1K)
TA F1 250 pL TAEREW, 30 °CHFEREFE 18 hs
SRIGH 0.9% (BT ARFR EL) NaCl i A= P # A
3K, TERRGFEEFHAEFLINA 100 pL FlimTracer™
LIVE/DEAD Biofilm Viability Kit #¢G44kl, 2
TEECHE 20 mine, ZJEFE BZZRYE,
M RKBEZR L Z /YR, 7E Nikon Eclipse
Ti2 A B S 20 1548 N A Wt it
F 1T Z-stack, FEZH 2/ 3 AT H A2 R
1 9 NREPLALEF, EIR S AR NIS Viewer
v5.21.00 FAAEFE, AR AR DGR S E R
FATFIE4RF Biofilm Q HEA T/ M AL FRI®,

1.7 ZBRRAZSH

PR 1.5.2 7 TA 5 Ecl44 JEE;
FR YR, SRR PBS IWIRIEUE 2 KA,
4 °CHEIBUSEA M BEAE A o SR )5 T AR
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A VTV VR B S PR A7 AE-80 °CUKAR o M HE 3 A~
SEAMAL M AEWIRE S, B FRIb T YR L B
Fo A BR 2 m R4 T 2R 11 SR BRORI VAR 233 - o i 43
M, RAER M REE A A A EoR
1.71 EFREEESH

KT AHTR IR TA 4l a2 R Rk
A, BEA R 2R A55(fold change,
FC)FI P-value (t-test)Pi4~ A 2 MARHEL ] J 1l
B, Horp B2 MR B(FC<0.67 H P<0.05)H
MR AEN, B LANEAREFC>1S H
P<0.05) H BB B & Ko, Jo22 5 1 8 11 i
ETTEBE SN .
1.7.2 B FEEX Ecl44 rdar FE7ASHIS I

T I 55 R TA T RERZ I Ecl44 (1
MBS, WOF A DGR AL IE . T T i i
TANIPRLL(50 mg/mL)FI7% D152 1 (30 mg/mL)
R FR I, mIRKE . FFREE 50 CAL
B, IR IA TA, XU 128 ug/mL, X}
MM A SR TR K, IRAE &, B2
WEE S, B 5 pL Ecld4d T E B 74
#e, 28 °CHEFE 48 h J AR,
1.7.3 BETEY Ecl44 BRI RIS NG

E A R R TA ATRESZ I Ecl44
Rz s, BOTREADCRIIEIE . e S 6 1Y
iz PR, Swimming iz 805§ 100 mL: 1 g
JREE R, 0.5 g FERE$2EY), 0.5 g NaCl, 03 g
H IRy ; Twitching B hEE 100 mL: 1 g
FRE R, 0.5 g BERHEHW, 0.5 g NaCl, 1¢g
MR BN . mEKEIGREHZR 50 °CAAT,
R MA TA, ZUREEH 128 ng/mL. XFHEZH
IMAERICHK, TR G 6 &P 7%
HBE S, B2 pL Ecl44 T AR T-FHh
], F 30 CREFAHIE BRI F 48 h, WEIf
0SB AR B
1.7.4 IRIARE X Ecl44 5 4% FE T A B 220

E A RAER TA ATRERZ I Ecl44
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() B% 30 R ARG 30 B, WO R A G R BB IE
Fie 1.5.2 Ry i BEHAIR S5 Ec144 Hhas SR
AR MR IS, O FH 45 A 58 g 60 3 00 5 A Pk
R, BRI ARy 40, 20, 10, 5.
2.5, 1.25 mmol/L,
1.8 ZitESH

IS4 K A GraphPad Prism 8.0 2441
L I S IR (O D B GEAE R NP e E e LT
255, P<0.05 FnERAGRITHE X,

2 BRS04

2.1 HFXHELGR
i Ffl AutoDock Vina $##J 13 000 A A S
CsgD #Ai7x#E, 458 8" MOL009133,

x1 HFEE NG FES CsgD HITXHEERLER

MOL013336. MOL007074 F MOLO008885
CsgD XTE&45 G RE 52105, -10.2, 9.7,
-9.6 kal/mol (% 1), ffiH PyMOL F LigPlot X}
4 TP AW AT Al AR A B 2 M HAR B AR )
(E 1), HAHK, NAEBL R N5
AR XN =i R R . = 4E )RR
NELL R A BRI R K. =4 Erh
gr AL MR Y ok S ANy, AN Y
F Y AR CsgD, BEBL N/
o SRR SRR AR BLE B S . FE
drJEon E rh, SR SR T I B Y S A R A
VRN, B SR B A A AU R /)
P A B Rk, SRR
Ny HE A AR ) =, BREEAR

Table 1 The results of four ligands docking with CsgD
Molecule ID Molecule structures Names CAS number Binding affinity (kal/mol)
MOL009133 L Tannic acid 5424-20-4 -10.5
Y™
L
Wl
g I
e QN
Y
MOLO013336 - Narirutin 14259-46-2 -10.2
) I
T e oo BT
O,
T e o
MOL007074 S Salvianolic acid B 115939-25-8 -9.7
Sy
L &
S\fo (/{0
L
o=
MOLO008885 S Rosemarinic acid 537-15-5 -9.6
o
L &
8\[,0 (/{/\’
P g
CL-

CAS: Chemical Abstracts Service.
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@@ Ligand bond s None-ligand bond residue and

Molecule @@ None-ligand bond Zm corresponding atoms involved
®- ~® Hydrogen bond and its length @  in hydrophobic contact(s)

El1 PUMECRSDF CsgD MM R EMRN=ZLEM_ %S FHEERE  A: MOL009133 Fll CsgD.

B: MOL01336 Fl CsgD. C: MOL007074 F1 CsgD. D: MOL008885 #I CsgD
Figure 1 The 3D and 2D molecular interaction diagrams of the best conformation of four ligand molecules
and CsgD. A: MOL009133-CsgD. B: MOL01336-CsgD. C: MOL007074-CsgD. D: MOL008885-CsgD.

http://journals.im.ac.cn/cjben



B % | BT TFHEFEFRRPAFELEETKBREAEYHZNIER 4127

5% AR 5 /Ny T8 s KA A 24 2 1R
BRAE P AT LI e BRER S A AE AR R 1 I
Al — AN AR (B 1), A FRIEAFIE A Z [
TE & B . B KA BAE 4 . MOL009133 5
CsgD [ Lysl6l, Argld7. Asnl05, Serl50,
Ser76. Asn79. Leul55. His158 Fil Glu99 & ik,
T & #; MOL013336 5 CsgD 19 Ser76 .
Asn79 . Glu99 . Trpl01 . Hisl03 . Argld7 .
Ser150 1 Leul55 JE AL T &5 ; MOL007074 5
CsgD MY Ser76 . Asn79 . Ilel04 . AsnlO5 .
Argl47 Fl Thr151 JE % 1 &8 ; MOL008885 5
CsgD 1 Asn80. GIu99 . Trpl01 . Hisl103 .,
Ile104, Asnl05. Tryl46. Asnl49. Serl53 #l
Leul55 JERL 1 &8, #2200k, 4 Fii
Ay~ 55 8 106 P A 0 43 A R PR AT SR b
KAEH(E 1),

A

1.5 -

— Protein

= — MOL009133
El10}
o
2 I

0.5

0.0

50
Tlme (ns
& 151
— Protein
—_ — MOL007074
Ero}
a
E ; J
05| | ' s g
ﬁj‘wllwum“"”“”"““” e
0.0

10 20 30 40 50
Time (ns)

2 MiEED T

5 CsgD I E &YI7E 50 ns MD #EHUETA) RMSD (nm)

22 SFEINFERNEG

XT 4 ﬁI@EEBMSEA%L 50 ns [ F-5)
JERERL, TR TR 4 M S
RMSD (1 2). EIHL sk R m bR 11 CsgD
) RMSD, i 8 55 2k 7R % W i (/N7 o
RMSD 455 7R CsgD Fll MOL009133 #8125 A7
TERWN SN, RMSD fRIF7E 0.25 nm 7245 (18 2A),
RNRG O SRE . HA 3 RGBS
K, TEEDEABER. 4 FEESWER
H MOL009133 il CsgD HI45 & kg il .
2.3 MM/PBSA

PR AWK R MM/PBSA 11545 R iy

ATOTAL fH/N, WIJCHZER (B E AR
Eo /N MOL009133 Fil CsgD B i 52 4 A
FPECAR S E A S-S A B AEN-51.5 kal/mol,

T HAL 3 FMA R ML G BHAE(ER 2), WX

1.5
— Protein
= — MOLO013336
E 1.0
: MMW,JT
o 05 \N\J‘
OO 1 1 L
10 20 30 40 50
Time (ns)
1.5 ¢ ’ﬁk
£ 10) M&W\ﬂm /Ww
a
7]
Z 05
i H’J‘%*WWVMWW
— Protein
— MOL
0.0 . - MOL008885,
10 20 30 40 50
Time (ns)

A: MOL009133 1

CsgD. B: MOL013336 #il CsgD. C: MOL007074 F1 CsgD. D: MOL008885 #1 CsgD

Figure 2 RMSD (nm) of complexes formed by four ligands and CsgD in 50 ns MD simulation. A:
MOLO009133-CsgD. B: MOL013336-CsgD. C: MOL007074-CsgD. D: MOL008885-CsgD.

&: 010-64807509

B<: cjb@im.ac.cn



4128 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

*®2 LS BHEEAHBEEHM (kal/mol)
Table 2 Binding free energy and its energy composition (kal/mol)

Energy Component (kal/mol) MOLO009133 MOLO013336 MOL007074 MOLO008885
AEVDW -50.72 -52.38 -56.61 -52.87
AEEL —70.11 —42.45 —64.36 —73.74
AEGB 77.70 69.39 89.80 90.96
AESURF —8.40 -7.70 —8.28 -8.91
AGGAS -120.83 -94.83 -120.97 —-126.61
AGSOLV 69.30 61.69 81.52 82.05
ATOTAL —51.53 -33.14 -39.45 —44.56

AEVDW: Van Der Waals energy; AEEL: Electrostatic energy; AEGB: Electrostatic contribution free energy calculated by

Generalized Born; AESURF: Nonpolar contribution to the solvation free energy; AGGAS: Estimated binding free energy phase

gas; AGSOLV: Estimates binding free energy solvent; ATOTAL: Estimated binding free energy.

KRR A HRE,
2.4 (RIEPLETFEMBEAST Ecl44 B MIC &

DU A e 32 T 2 3 1 A S e B Ec144 A=
KWW E A MIC (% 3). JaZemikid, ik
e e BN T MIC (M. HIE MIC &5
Wi fF Sl TR . MR . FFS R B
R LT R AR KRB 0008 512, 2 048,
2 048, 2048 pg/mL,
25 REDPHFEMREEIT Ecl44 E IR
20k

3 4 SR Y B IS 4 Ptk rp 2 75 Pk
FAXT Ecl44 AR BRI 3), Hrh
TA IO e, R E 512,
256, 128, 64 ug/mL B LB H X} Ec144 A9
PRI GIVE R o B 128 pg/mL B
SR AT 3K 80% (&l 3A). Hi4x 3 A kXt Ec144
AP AAMRCR S 55 (F] 3). 28 b, R TA
M — W EE, ¥ TA MMREETERY K.

*®3  MMIREPZEMBKE MIC &

Table 3 Mic of four candidate active monomers

2.6 EBTERXT Ecl44 £ R R RN

TA 7EW I HRE 512, 256, 128, 64,
32, 16 pg/mL BFAEP 97 BEHI 6 R AT I8 85% .
88%. 90%. 84%. 64%. 32% (& 4A). [FIit,
YIRS F TS R R, TA B> Ecl44
AW BTG AR 4B), TEHIKEN 128 pg/mL
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Figure 3 Effects of four candidate active monomers on biofilm formation of Ecl144. * P<0.05; ** P<0.01;

*** P<(.001.
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Figure 4 Effect of TA on the formation of Ec144 biofilm. A: Biofilm measurement. B: Biofilm viable
bacteria count measurement. * P<0.05; ** P<0.01; *** P<0.001.
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Figure 5 CLSM observed the effect of TA on the formation of Ec144 biofilm. A, C: Representative CLSM
3D and orthogonal maps of the control group. B, D: CLSM 3D diagram and orthogonal diagram of
representative intervention group. E: Number of biofilms. F: Biofilm base area. G: Biofilm volume. H:

Biofilm fluorescence intensity volume ratio. I: Biofilm fluorescence intensity area ratio. Bar=100 pm. ***
P<0.001.
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Figure 6 Volcano plot of differential proteins.
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Table 4 Differential proteins associated with biofilms

Names ID Function log, FC

Curli fimbriae assembly

CsgA AOAO061LPHS5S Cryptic curlin major subunit 1.547 863 36
CsgG A0A377CGK2 Curli production assembly/transport component CsgG —1.097 637 41
CsgE AO0A080J0X6 Curli production assembly/transport component CsgE —1.664 995 60
CCsgF AO0A6DODSW7 Curli production assembly/transport component CsgF —1.887 424 83
Quorum sensing

SdiA AO0AO066RI77 DNA-binding transcriptional activator SdiA 1.467 116 41
LsrK AO0A830SLC9 Autoinducer-2 kinase —1.003 195 04
LsrG AO0AO080IZK3 Autoinducer-2 degrading enzyme —1.678 497 55
Succinic acid metabolism

SdhA AO0A080J5Y0 Succinate dehydrogenase flavoprotein subunit -1.726 230 33
SdhB AOAOAOFBN6 Succinate dehydrogenase iron-sulfur subunit —1.100 785 86
SdhC AOAO0AO0F919 Succinate dehydrogenase cytochrome b556 subunit —2.051 525 68
SucD AO0A080JC41 Succinate-CoA ligase [ADP-forming] subunit alpha —1.031 111 62
GabD A0A377DPHS Succinate-semialdehyde dehydrogenase —1.458 544 00
c-di-GMP

bol A AO0AO80JEI4 A transcriptional regulator BolA —1.619 086 81
Iron uptake system

FepA AO0A037YHWS8  Outer membrane receptor for ferrienterochelin and colicins 3.391 468 23
FepB AO0AO0AOFC38 Ferrienterobactin-binding periplasmic protein 1.870 033 36
FepD A0A037Y5M9 Fe(3+)-siderophore ABC transporter permease 1.644 495 15
CirA AO0A024L128 Catecholate siderophore receptor CirA 4.474 126 81
FhuA AOAODSWK32 Ferrichrome outer membrane transporter 1.295270 15
FhuD AO0A023L004 Fe(3+)-hydroxamate ABC transporter substrate-binding protein FhuD 1.628 498 93
FhuE AO0A037YA36 Ferric-rhodotorulic acid outer membrane transporter 3.103 744 857
Cold shock protein

CspD AO0A080JA61 Cold shock-like protein CspD —1.480 699 835
CspE AO0A080JB0O6 RNA chaperone, negative regulator of CSpA transcription 1.328 286 943
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Figure 7 Bubble map of differential proteins associated with biofilms. The horizontal coordinate is the
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the regulatory or metabolic pathway described by that protein.
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Figure 8 Effect of TA on Ecl44 pili assembly.
Phenotype of Ec144 grown on a doped (left) and

undoped (right) Congo red Coomas bright blue
plate.
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Figure 9 Effect of TA on Ec144 pili assembly. A: The influence of TA on swimming operation of Ec144.

B: Effect of TA on Ec144 rubbing motion. *** P<0.001.
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Figure 10 Effect of succinic acid on the formation
of Ecl144 biofilm. ** P<0.01; *** P<0.001.
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