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Abstract: [Background] Porcine extraintestinal pathogenic Escherichia coli (EXPEc), a pathogen
seriously endangers the swine industry. However, few studies have reported the biofilm-forming capability
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and drug resistance of porcine ExPEc. [Objective] To study the relationship between the biofilm-forming
capability and drug resistance of 3 EXPEc strains isolated from the diseased swine lung, and provide the
reference to prevent and treat the porcine EXPEc disease in the perspective of anti-biofilm formation.
[Methods] The optimal conditions and capability for biofilm formation of porcine EXPEc strains were
examined using 96-well plate crystal violet staining combined with orthogonal experiments. The
morphologic features of the biofilms produced by each strain were observed using a scanning electron
microscopy. Biofilm-forming related genes carried by each strain were detected by PCR, as well as the
minimum inhibitory concentration (MIC) of antibiotic to porcine EXPEc strains both in floating form and
biofilm form were determined by micro-broth dilution method, respectively. [Results] The optimal
film-forming conditions of 3 ExPEc strains were not consistent, but showed strong biofilm formation
under their optimum conditions, and carried synchronously 10 kinds of biofilm-forming related genes
(pgaA, pgaB, pgaC, pgaD, luxS, fimA, hipA, iha, flnC, flhD). Scanning electron microscopic observation
showed that the strain SE-1 aggregated to form a flaky biofilm, while both SE-2 and SE-3 strains
aggregated to form multi-layered biofilms, and there was obvious space between aggregates. The MIC
values of some tested antibiotics to 3 strains growing in a biofilm were 2—32 times higher than those of
corresponding planktonic bacteria, and the drug sensitivity changed from sensitivity to medium or
resistance. [Conclusion] The result in the study provides a basis for the prevention and treatment of
porcine EXPEc infection from the perspective of anti-biofilm formation.

Keywords: Swine, Extraintestinal pathogenic Escherichia coli, Biofilm-forming capability, Film-forming
related genes, Minimum inhibitory concentration
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KIH . PCR KNiAZR: 2xPCR Mix 6 pL, .
TS 1#1(10 umol/L)4% 0.5 pl, DNA fikz 1 L,
ddH,0 4 uL. PCR i 25f4: 95 °C 5 min; 95 °C
30's, 46-54 °C (AS[A]ZEH AR AGRLEE W3 2) 30 s,
72 °C 2 min, 35 MME¥R; 72 °C 5 min. 1.0%355
BHEE I LKA PCR P4 3471 6

K- ISEN

Levels Factors
A BRI ] B HiFr kAL C BRI D AR ODsoo EL
Incubation time (h) Medium types Incubation temperature (°C) ODeoo Of initial bacterial suspension
24 Nutrient broth 34 0.1
36 BHI 37 0.3
48 TSB 40 0.5
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Table 2 Primers used in this study

HEH ElL2dl K B KR

Gene Primes sequence (5'—3’) Size (bp) Annealing temperature (°C)

iha F: gcttccgtagtcattcce 2 064 49.6
R: atagttcagcgacatccag

fimA F: ctacgacggtaaatggtggg 399 57.86
R: cctggaacggaatggtgtt

flnD F: ccgagacgaaacatagcgga 109 53.8
R: tgcatacctccgagttgctg

flnC F: ccgcaagcagaagaagga 160 49.6
R: tgggataatatcggcagga

hipA F: gtcacttggatgaacaac 1309 49.6
R: acttactaccgtattctc

luxS F: atgccgttgttagatagc 516 46.9
R: ctagatgtgcagttcctg

pgaA F: gggctttgaaacttcttact 2099 54.65
R: gtatggagtgtcgtgttctg

pgaB F: tgatgacggctaccagag 1658 54.84
R: ctgttgaaaactcaggacg

pgaC F: atgattaatcgcatcgtatcg 1326 49.1
R: ttaacctctcagaatcccac

pgaD F: cgacaatcgccagtacgtttaat 327 52.5
R: tacgctcatcctgtggcettt

1.5 MEZHYIIEERE EXPEc S EHR/NIE
REMIC)ME

RO PR RO 12 R 250t
WIS 5 IR I ASAE TR EXPEC 4355 MR 10 fe/ N vk
J£ (minimum inhibitory concentration, MIC),
151 S HRE7STEIR EXPEC 9 BHkEIIES

SHWLTMMRE IR, B 3 RO B bR
S35 MH R85, 37 °C. 180 r/min #&3%
Fread e, W50 pl RN 2= S EA A Y
6 LA TR, FINA 5 mL MH 53R,
37 °CHE SR, W2AhIE—IK, ELIEFTd, HBUh
AMAIC ] PBS hERMEENERE, FHANME] ] &
TAYESME, JH MH R R IR RN
10" CFU/mML, FITFJRLZE MIC Jl5E
1.5.2 SR EXPEC 9 BHkaYIES

W 3MR A BSR4 R MH 355523, 37 °C.
180 r/min k%4555, I MH 5532008 B ROk B 7
B2 10" CFUImL, JITFJE4%E MIC JllE
153 MIC E

PR 2SI K 2R K BCH ARl 1 280 pwg/mL
P2 . 7E 96 FLIdC AR BEHER S 140 160 pL

MH B30, HAKFLIN 100 b MH 55587, R
J5 . mEE LSLNAIA 40 ul 250500 TRA), Wi
100 pub FH 2 fLiFfTR R, RRBHEREE
55 10 L, ff 1-10 FLAYZYMZHRBEEARIR A 128,
64. 32, 16, 8, 4, 2. 1. 0571025 ug/mL, %511 1L
G 12 FL 53T VR RS 2806 BER B 0T R B
J&, 1 1-10 FLANA 100 pL ¥eEFHk 107 CFU/mL 1
AR BIFIEAS B IRE], B 37 °CHiFE 20 h,
PARESHEFL RIS 1 . G R BITTE YA U BRIk
25 B S HOINAR ) MIC, IR E R 3 K.
2 ZR G54
2.1 &R EXPEC 5> BHREMIRT B SR =& H
W IR BERN2E | BRIRIREE | BE IR A A4
IRROREE 4 AR, BT 4 FE 3 KFIERR
Ko 5Nk 3 fon, @i 4 MR
RAE, &I 3 HIEE EXPEC BUB IS I A —
., Her, vk SE-1 MR HAEF R AiB1CoDs,
R ODgoo 4 0.5 MURRLR AR TSB HEFdk,
37 °C ¥igE 24 h, AIPAIRKEEDIL; Wik
SE-2 JE UM EAESRRA AiBsCiDy, B ODegoo M

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



166 AR R Microbiol. China

3 3 HKMIR EXPEC WEXIRILER
Table 3 Orthogonal test results of three porcine ExPEc strains
s BERA K% B H%xC FEg) ODs7o
Group Factor A Factor B Factor C Factor D

SE-1 SE-2  SE-3 SE-1 SE-2 SE-3 SE-1 SE-2 SE-3 SE-1 SE-2 SE-3 SE-1 SE-2 SE-3
Gl 1 1 1 1 1 1 1 1 1 1 1 1 122 328 175
G2 1 1 1 2 2 2 2 2 2 2 2 2 11 244 139
G3 1 1 1 3 3 3 3 3 3 3 3 3 116 1.68 0.45
G4 2 2 2 1 1 1 2 2 2 3 3 3 178 176 191
G5 2 2 2 2 2 2 3 3 B 1 1 1 053 125 1.16
G6 2 2 2 3 3 B 1 1 1 2 2 2 1.0 29 103
G7 3 3 3 1 1 1 3 3 B 2 2 2 080 09 071
G8 3 3 3 2 2 2 1 1 1 3 3 8 035 195 207
G9 3 3 3 3 3 B 2 2 2 1 1 1 060 176 0.94
Ky 1.16 2.47 1.2 127 198 1.46 086 271 161 078 201 1.28
Kz 1.10 197 1.37 0.66 188 154 116 199 154 097 208 104
Ks 0.58 154 124 0.92 212 081 0.83 128 0.77 11 1.8 1.48
R 0.58 0.93 0.17 0.61 024 0.73 033 143 084 031 029 044

TE: Koo Ko Ka 0GR ag—411" “27F0“3" KB I AR FE R P2 s R FORM2E (K Koy K R B R/MH).
Note: K;, K, and K; are on behalf of the average of the test index for the level of “1”, “2” and “3” in each column. R means extreme
difference (the maximum value in K3, K; and K3 minus the minimum value).

0.3 R IG IR E TR, 34 °CHi5: 24 h;
WKk SE-3 ML E & F A ABoCiDs, RIK
ODeoo 4 0.5 MUHZIA AR HFT BHI 537 5E, 34 °C
535 36 h,
2.2 ¥R EXPEC 5 BRI E M RER, B BE

P AR USSR AL AR 2 Al 8 e 005
Rl 3 MRIEVR EXPEC RYSIEAE Ty . S5RNE 1 BT
AN, 3 MRGT B DR AE LI EE 5 IR A W R, T
23 X AL TC YL 45 . SE-1, SE-2 il SE-3 &

PR ODsyo {43510 2.15+0.07., 4.19+0.06 Al
4.30+0.02, & #F KTF 40D, (0.09+0.001), F M
3 MHEIR EXPEC Y B AE 1 $AR AR

BT 7T LU EE 2 fe A U S5 1 T 85 5%
MITRR SE-1 TEAHMIIE Fr 3R 18 SR A S5 TE U 0 i A
RAEVIE(E 2A); TRk SE-2 F1 SE-3 REFEZNIEIE F
KPR RE, BHZZEMMEDR, I HER
RG2S BR(8 2C. E); TRIFAS B9 3 MRANTEHL
e b, TTREML (K 2B, D, F).

1 FRERFER 3HIEIR EXPEC £YIE

Figure 1 The biofilms of three porcine EXPEc strains stained with crystal violet

TE: A: Bk SE-1; B: itk SE-2; C. Hitk SE-3; D: RiFekas Ax iR,
Note: A: Strain SE-1; B: Strain SE-2; C: Strain SE-3; D: Blank control of culture medium.
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AHAU 1.0kV 4.9 mm x6.00k 5.00 pm

AHAU 1.0 kV 49 mm %6.00k 5.00 um

AHAU 1.0kV 49 mm x6.00k 5.00 pm

B2 3#k¥EIR ExPEC S YRR F 48 B 5R WL 52(6 000x)

AHAU 1.0 kV 4.9 mm

AHAU 1.0kV 5.0 mm x6.00k 5.00 pm

AHAU 1.0kV 5.0 mm x6.00k 5.00 um

Figure 2 The biofilms of three porcine EXPECc strains observed by scanning electron microscopy (6 000x)
e A WIS SE-1 BMR; B: VRIEA SE-1 Btk; C: AEWIMEAS SE-2 Rkk; D: IRUFA SE-2 Biikk; E: AEWIBEN SE-3 @ikk; F:

TR SE-3 Hitk.

Note: A: Biofilm of strain SE-1; B: Planktonic strain SE-1; C: Biofilm of strain SE-2; D: Planktonic strain SE-2; E: Biofilm of strain SE-3; F:

Planktonic strain SE-3.

2.3 &R EXPEC " BHiETRE MR K E X
EE

DL 3 BFE TR EXPEC JE[FI4] DNA Jgitlk, PCR
I A MBI AR S SE R . 5 R 3 iR, M
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luxS. fimA. hipA. iha. flnC Fi flnD L[, Vi E
T3 RIS BirAsHI % 10 S AEPIREAHCIE A
2.4 EAYFIEIR EXPEC 9 B HkE9 MIC &

ZPRME A PR, SEEESAEMNL, S
.o Sehis . RNV A . B R AEORIEH
XHEPIRAS SE-1 WAtk MIC Er 3R T 8.

32, 32, 32 Al 4 5, HIZHEHIE A 9B Ie Xt
J& 4 2 RURR: IR SRR Sy v A 24
SLAIENG . SRS . ZORTIAR . RRER . %
EEE, B E . WaERMEZER S LY
A SE-2 BRAY MIC {H 548 T 16, 32, 8.
16. 2. 8. 16 fl 16 f%, Hxfskfuwels . Loih
Py ECRTUAR . PR R R VD B A U B
JE R R v B ol R R T 2 . Sk mE g | sk
6L A AR B AE IS SE-3 B RERY MIC {H
SPEEINT 4. 16 F18 A, XTIl R E D
5L BRURRE P DO UL M TN 2
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Figure 3 Detection of biofilm-related genes from three porcine EXPEc strains by PCR

H: A: luxS. fimA, pgaC. pgaD. flhC #1 flhD JE&[H; B: hipA 5 iha Bt ; C: pgaA 5 pgaB JEA. M: DNA 4T EbnifE; 1:
FHMEXTHE; 2-4: SE-1. SE-2 Fll SE-3 B#k luxS. hipA J pgaA A% PCR f*#J; 5-7: SE-1. SE-2 il SE-3 K #k fimA . iha J% pgaB
L) PCR j7#); 8-19: SE-1. SE-2 Fl SE-3 [##k pgaC. pgaD. fInC J fInD F[H 1 PCR 7=4).

Note: A: luxS, fimA, pgaC, pgaD, fInC and flhD genes; B: hipA and iha genes; C: pgaA and pgaB genes. M: DNA Marker; 1: Negative
control; 2—4: PCR products of luxS, hipA and pgaA from SE-1, SE-2 and SE-3 strains; 5-7: PCR products of fimA, iha and pgaB genes from
SE-1, SE-2 and SE-3 strains; 8—19: PCR products of pgaC, pgaD, flhC and flhD genes from SE-1, SE-2 and SE-3 strains.

3 WikE4w

AR, A FEREIR EXPEC 4B % E 1 SCRkR
EE 28 (HAEIE ExPEC AEWIIETE IS AE 1 ST
PR IR ST A R . S s MRS ok AN
AW IE B2 TR R . BRI IR MR L B R Ak
. BEFRFMEZMEE W, XL, AR E
St 4 R 3 KFHIEA LR I Rk
BE L BRSNS | BRFRIREE KRR N 3 MR R
ExPEc Y RIE iR m, 45 R ER 3 #HRAEIR
EXPEC (WA ERUE & IFA—2, Hr, SE-1 &
PRI U 25 14285 ODegoo M 0.5 HYAEHATH i1
filt TSB 15776k, 37 °C 1537 24 h; SE-2 Witk fefE

B 25424 ODeoo A1 0.3 AU LA B TR IEFIE TR N
1, 34 °C 5i3% 24 h; SE-3 BBRA IR I 25 42
¥ ODgoo M 0.5 HIRAZ LR PRI FEF BHI B55R%E, 34 °C
KigE 36 ho SAERUBEAIERIRE , e S i
HEWIREIY B RE 7 B AR W RS TT 20 T A T 24 1 5
Fhih

K% A IRTE AE IR R T8 e 5 G, iz
Bl BRI A A R, Z 2R
. EAAPFERET Y MNEE A tha F1 1 5
WEEMEZRE R IRA R EZER =,
H s FE A iha A1 fimA 2 HZ 0 A PIIRTE B DG 3
o skpEr IR & BUHEE IR P L) fIhDAIhC il
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R4 NABHMTARRELBEIEIR EXPEC B MIC &

Table 4 MIC value of antibiotics to different types of porcine ExPEc strains (pg/mL)

HLR 2 Yl R AT Pk Strain
Antibiotics Bacterial type SE-1 SE-2 SE-3
L FuwENG CEF Biofilm 8/S 16/1 8/S
Plankton 1/s 1/s 2/S
S hibs CRO Biofilm 8/R 8/R 4/R
Plankton <0.25/S <0.25/S <0.25/S
SR PUAR AMP Biofilm 32/R 128/R 128/R
Plankton 32/R 16/1 > 128/R
Pk % GEM Biofilm 2/S 32/R 4/S
Plankton 2/S 2/S 4/S
Rk B AMK Biofilm 2/S 4/S 4/s
Plankton 2/S 4/S 4/S
A APR Biofilm 8/l 16/1 8/l
Plankton 8/l 8/l 8/l
Z P E DOX Biofilm 8/l 8/l 2/S
Plankton 8/l 8/l 2/S
JUFRZ ET Biofilm 64/R 64/R 32IR
Plankton 64/R 64/R 32/R
NP CIP Biofilm 8/R <0.25/S <0.25/S
Plankton <0.25/S <0.25/S <0.25/S
Rikvh A ENR Biofilm 8/R 2IR 2/IR
Plankton 0.25/S <0.25/S <0.25/S
f#r55 2 AZM Biofilm 0.5/S 4/S 0.5/S
Plankton 0.5/S <0.25/S 0.5/S
B EF FLO Biofilm 8/l 4/S <0.25/S
Plankton 2/S <0.25/S <0.25/S

e S: MU 1 G R THE.

Notes: S: Sensitivity; I: Intermediation; R: Resistance.

o A K 5 A TR 3 2 2 i 52 e HL AR ) R
o B ERBFIRES RIS R K — i d R
(toxin-antitoxin, TA) &4t H (1% hipA H& P AT 3 572
Jfish DNA e JE M MIE . Vuotto 450
T LuxS F1 pga #4901 (A/B/ICID) & KIms 7 R H
TR A S8 (quorum sensing, QS)H i A~ H 22
PR, BTG QS 55 1A A A
PR Z2 0 32 L5y B-1,6-N- £ T ki SR e A5 A
it A6 2 TR A 0 IR el 200 463 285 R AR it
PR RIETIE . ABESER M PCR 5 iEAS I 54
IR ExPEC 7y B RRAB A A W IEIE BUAH G L R O
R RN R AT ik 10 AR PIRIE S

KN, XL RN Z TR PR T 3 AR
EXPEc AR RE I 5 A F LRI, X HURE Al
il R PRI 1) 2 3k B A ) H 2 ) 2 1 Y S AL S
YIRAM S AP BEAIE L, TR —Fh BT i 6 97
AIBIESE 7 Tk BT A P A P I 1 H 1Y o

MIC {8 /2 3¢ [l [ Z I R 52 0 &= hn i Ab 25 D 25
(Clinical and Laboratory Standards Instute, NCCLS)
il BRSNS BU 5 T 25 R FI TR i . AT
W7 12 Fhhe & 25 9 68 1 e A8 5 A 1 B3 5 DA
EXPEC 73 Btk MIC B, 43R & B, SRR AH L
LA . RNV E L BRI EEREOR e B XA )
RS SE-1 HitkAY MIC {E3 54 T 4-32 f%, 2
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Pyt h U R R 2 5 SkAmENS | Skl
MRS . SR PUAR . RRE R R B X A PR
SE-2 R FRAY MIC {E 0l 1 8-32 1%, HifglUses
Sy Bl A A 2 5 Sk TR R A R R VD X
AR SE-3 BRI MIC (B2 B3 AN T 8-16 1%,
AU T 25 bt R A DLV Ui 1 P ey
2y 0 45 L FT REJF AN R L SSIEAG LI 2 W X AR
PR R N 250, 2RI DR b T s 25 403R 7 Ak
SRR S Bt B SR 1 A B RS e

EL A 0 55 DA R 40 B A A 0 BT B T 5 2
PSR VIR N, — 7 AR P A b 22 v] BH LAk
VEGTA 20 AEDY , REAIR T B A 28X A N 200 P 1 17
B AIE P 5 — 7 AN A I S e =
flgn A K S R B S e, FEOUER
RGP AN, A A0 B AR ARY R S
— BT 2 5 PR T P ) 2 A T B 25 P 2540
HEZE A0l T 1% B- N Bk K i (extended-spectrum
B-lactamase, ESBLS)HY ™ A= 43l S 2 i %f g 145 i
2GRS FL I RATE 25 10 ML =2 — 232 Apf
ST 3R WIS R TR EXPEC XSk £ A s 15
KPR, AT X L3 B R ] G238
1K LuxS FEFF pga £ T, DhERIE T AMHE
FEILPRFN ESBLS i PR S B 25 1 A=, {HIE
FERIAH ML R Tl — 25T . iR ExPEC A=
YIRSETE 1% RE 7 5 i 24 1 1) O ZR AT 75 fi KRR AR E
TITZRABEE, AREAR IR HERR I TEM .
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