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Abstract: Flagella are the main motility structure of Clostridioides difficile that affects the
adhesion, colonization, and virulence of C. difficile in the human gastrointestinal tract. The FliL
protein is a single transmembrane protein bound to the flagellar matrix. This study aimed to
investigate the effect of the FliL encoding gene flagellar basal body-associated FIiL family
protein (f/iL) on the phenotype of C. difficile. The fliL gene deletion mutant (Af/iL) and its
corresponding complementary strains (::f/iL) were constructed using allele-coupled exchange
(ACE) and the standard molecular clone method. The differences in physiological properties
such as growth profile, antibiotic sensitivity, pH resistance, motility, and spore production
ability between the mutant and wild-type strains (CD630) were investigated. The AfliL mutant
and the :fliL complementary strain were successfully constructed. After comparing the
phenotypes of strains CD630, AfliL, and ::fliL, the results showed that the growth rate and
maximum biomass of Af/iL mutant decreased than that of CD630. The AfliL mutant showed
increased sensitivity to amoxicillin, ampicillin, and norfloxacin. Its sensitivity to kanamycin and
tetracycline antibiotics decreased, and the antibiotic sensitivity partially returned to the level of
CD630 strain in the ::f/iL strain. Moreover, the motility was significantly reduced in the Af/iL
mutant. Interestingly, the motility of the ::fliL strain significantly increased even when
compared to that of the CD630 strain. Furthermore, the pH tolerance of the Af/iL mutant
significantly increased or decreased at pH 5 or 9, respectively. Finally, the sporulation ability of
AfliL mutant reduced considerably compared to the CD630 strain and recovered in the ::fliL
strain. We conclude that the deletion of the fl/iL gene significantly reduced the swimming
motility of C. difficile, suggesting that the fliL gene is essential for the motility of C. difficile.
The fliL gene deletion significantly reduced spore production, cell growth rate, tolerance to
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different antibiotics, acidity, and alkalinity environments of C. difficile. These physiological
characteristics are closely related to the survival advantage in the host intestine, which is
correlated with its pathogenicity. Thus, we suggested that the function of the f/iL gene is closely
related to its motility, colonization, environmental tolerance, and spore production ability,
which consequently affects the pathogenicity of C. difficile.

Keywords: Clostridioides difficile; allele-coupled exchange (ACE); flagellum; fIiL; phenotypes of

mutants

R XEFDIRR R 2 — Bl ™ A8 DAL . 5 22 [P
FEEEAAT M . NS I R AT DL Ao
P AR ME SRR TR ) 78, (BT 259 S S
T A1 25 5 | ke i 8 TR 25 L, S BORMERIR
B YL (Clostridioides difficile infection, CDI).
CDI A5 IEYS | i . W 28 FL R 2k B 2
WHaEER . 3 20 4ELICK, MEE TS NAPL/
BI/027 WAk B BLAILHE, R4S M CDI
(hospital acquired CDI, HA-CDI)f¥k A B A5 1l
. 2000 4E % 2017 4L 3K E % HA-CDI S 800
ANFET BN 1L5%E K E 4.5%-5.7%, 7
FATHARI 2 k5] 16.7%. EFRE, CDI YA K
RIE R RPN BARRR T IR B 5 R
JETE LW AU AE ZRAR DR IS i BT

WA AR XE AR R F 21 IB s 450, H
I T W32 Bl RE T 5% i 25 SROYE AR TR 7E AR H
I S )RS B R B B LR T o B R o R R A
R SR B 22 N MR R R 2
T T0 K — A5 DL SE B0 B i3 sh T RE L HE
B SR B 5L 02 AR Sy b g 5K S0 A 00 A R A
BRIRINBE A N, & F WEAE S “Be it
BRSBTS RS W RE R o
AR R AN T2 B, AL B 4 S Y FLL 25
S — Tl 5 0 T 3 A R 2 A B B AR 1 1)
EERTIE RN T < (AN R N
W FIL & (0T 7 KE T KEaf
SERMCR R W FUL 8 P EAS W) B9 o ik vh & 4%
FI1E A IF A 52 M E, FIL 8 A58 A
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HC 2 S P R s A ) o B IR T B
L 32K TR . DNA e B 28 SROME SR 1] O 78 1 ik
DA AT R T — A R ) R X DR T A G
WS AIMERT . 2002 4F Purdy 5 7E MR MEFDIAR B
CD630 1 K & Bl PCD6 Fiki , FEH AL IE 1%
J5T kL 52 () E D RE ST (orfA) L 4 5 o LA
orfA N FEREAL HE Y pMTLO301 J5i s i ) 1t 38 4:3
A AN KIGITE CA434 FIREL R IR
PURTA P It HE TR E T, R T R
FRL A S AL B AMER R TR I EOR . AR 2 i iR
P Fp I PR WE e B TR ApyrE #Y AR S5 K [R]
5 A Bk 45 v 32 # (allele-coupled exchange,
ACE)%i %8 Jr 1% i Heap S5 @7, JFMh N 1 T
AR E UL T 4B 7R T AN IR RE 25 A o b 2R B
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Figure 1 Partial steps of the pyrimidine de novo biosynthesis pathway. A: Orotic acid was converted to
non-toxic UMP by orotate phosphoribosyl transferase (pyrE) and orotidine-5'-phosphate decarboxylase
(pyrF). B: 5-fluoroorotic acid (5-FOA) was converted to toxic 5-fluorouracil (5-FUMP) by pyrE and pyrF.
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1 HE5x=

1.1 FEERFIE TR

AW 5T rp B AR B T R A R 38 81
= 1. EH KT HE (Escherichia coli) (NEB
Express Competent)fE 015 3, il {75 i)
Jr A e RUTURL DNA . DAKIGAT I CA434
VERMTE &, B A H A RIGFFE CA434 1)
JFURL DNA #:8% IR MERIMR I T bk CD630M,
KIAFFH H#k NEB Express Competent 5 K7
FFRR PR CA434 TERINAERE R (25 pg/mL)Hy
Luria-Bertani (LB)}535 5L 37 °C 3%, LB &%
FRHMC T 1%RE A, 0.5%FEHEEY), 1%
AAdh . SRMERIRE CD630 A KA iz H
7 #h 7t (brain heart infusion supplemented,
BHIS)}5 3L Hh 555 (37 °C, KA IFHE), BHIS
REFR BT K - 37.5% BHI 53555, 0.5%F bk
RIREL TR LR, 1% R . BRI A

&1 KWK A ERF R

FH XA 2 (15 pg/mL) . kP8 T°(16 pg/mL). D
R 22 R (125 pg/mL) i 2% SR ME 480 0% B 55 1k
Fo 5-FOA Tl IR W iE g 3¢ [ A 50 26 3 B
HFBRAT, 5-FOA (100 mg/mL)¥k % fif 76 — H
JE 37 B (dimethyl sulfoxide, DMSO)H, FR 15 g
(20 mg/mL) B I AR AE NG K . ik ApyrF TRIER
K ApyrFAfIiL i 5-FOA B JREER A % BHIS
B 7% 3 B XE 4D B JE AR 1% 55 3 (Clostridioides
difficile minimal medium, CDMM)}% 37 3 %l
BNE R (1.5%) A LB B35 . BHIS K53 3EA0
CDMM 1557 e v fill 28 [ 4455 95 5
1.2 R

AWFFE T A B S BT R 2,
DNA BRil N VI EE I H NEB 23], DNA R4
fi}(2x Phanta Flash Master Mix fll 2x Rapid Tag
Master Mix)IW H R 5% 1 MEBE A PR IR0 A [

o

Table 1 Strains and plasmids used in this study

Strains and plasmid Features Resources

NEB express competent General cloning host for plasmid manipulation NEB

E. coli (high efficiency)

CA434 Donor strain for conjugation between E. coli and Streptomyces Lab stock

CD630 Wild-type Clostridioides difficile 630 strain (CD630) American Type Culture

Collection, ATCC

ApyrF pyrF gene disruption mutant, derived from CD630 This work

ApyrFAfliL pyrF gene and fliL gene disruption mutant, derived from ApyrF This work

AL pyrF gene complemented strain, derived from ApyrFAfliL This work

wflil pyrF and fliL complemented strain, derived from ApyrFAfliL This work

pMTL82151 pBP1 ori, CmR, ColE1 ori, traJ, lacZ o fragment [a]

pMTL-BY For deletion of the pyrF gene, containing upstream and downstream This work
homologous arms of pyrF, derived from pMTL82151

pMTL-BJJ Derived from pMTL82151, for deletion of the fliL gene, containing This work
upstream and downstream homologous arms of fliL

pMTL-BJ1 Derived from pMTL-BJJ, containing pyrF gene and promoter from This work
Clostridium beijerinckii NCIMB 8052

pMTL-BJ2 Derived from pMTL82151, for complement for pyrF gene, containing This work
CD630_pyrF gene and promoter

pMTL-BJ3 Derived from pMTL-BJ2, for complement for fIiL gene, containing fliL This work

gene and promoter

[a]: Heap JT, Pennington OJ, Cartman ST, Minton NP. 2009. A modular system for Clostridium shuttle plasmids. Journal of

Microbiological Methods 78: 79-85.
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Table 2 Primers used in the study

Primer  Primer sequence (5'—3’)

Usages

HW731 GCCTGCAGACATGCAAGCATGCAAACAGTGCAAAAAAT

Amplification of CD630_pyrF deletion fragment

HW732 GTTATAGGTCTTCCAACAACAGCTTTATCAAATTCGTCAGT
HW733 ACTGACGAATTTGATAAAGCTGTTGTTGGAAGACCTATAACAA
HW734 ACGACGGCCAGTGCCAAGCCCTGGGCCATTAGATAATAAG

HW735 ACGACGGCCAGTGCCAAGCTATTGGTCCTGACCCTAATAC

HW736 AGACTGGGAAAGATATCTCAT
HW681 ATCAGGAAACAGCTATGACCG
HW682 GTTTTCCCAGTCACGACGTT

HW601 TTTTTTGTTACCCTAAGTTTTAAAACTAGACACTAATGATTGC

Detection of CD630_pyrF

Detection of pMTL82151 multiple cloning sites

Amplify 8052 pyrF

HW602 AGATTATCAAAAAGGAGTTTTTATATGTTCTTCACTGCTTCT

HW605 ATCGTAGAAATACGGTGTTT
HW606 ACGTTAAGGGATTTTGGTCA

HW639 CGAGGCCTGCAGACATGCAATATTTAGTACGGGTTCAAGT

Detection of pyrF in pMTL-BJJ

Amplification of the fliL deletion fragment

HW640 GTATCATGTCTTACCATCCTAAACCTCTTCCTCCTAGTCA
HW641 TGACTAGGAGGAAGAGGTTTAGGATGGTAAGACATGATAC
HW642 CGACGGCCAGTGCCAAGCTAGTATGTAACATCCAGCTTC

HW797 TAAAAACATAGCAGATGCGT
HW798 GTGTTCCAAAGAATGCTACTA
HW821

GTCACGCGTCCATGGAGATCAACATAGCAGATGCGTTAAA

Detection of fliL

Amplify fliL complement fragment

HWS822 GCTTGCATGTCTGCAGGCCGTATCATGTCTTACCATCCT

HW554 GGGAGACTTGAGTGCAGGAG

HWS555 GTGCCTCAGCGTCAGTTACAGT
HW875 TGCAGGTTTGTTTATTCCAACAGG
HW876 CACCTTCATCAGCTAGCTTTAATACCA

Amplify rrs gene for RT-qPCR

Amplify fliL gene for RT-qPCR

1.2.1 pyrF BB RAIFDE

AW H R B Y HW731/HW732 L
CD630 H:H A B 1 CD630_pyrF HE[H -
Ui [R]IRE (798 bp), K A 519 HW733/HW734 L
CD630 LR A 1 CD630 pyrF JEATF
T [R] 5B (798 bp), CD630 pyrF 3L F R A
B =W i, R HW731/HW734 5|95 1
B CD630 pyrF R:[H F Bt . {# F ClonExpress
MultiS One Step Cloning Kit [A] J 5 2H i 7] ,
B Bk Bge CD630 pyrF F:IH B B A il 4% X
JZ Vi (polymerase chain reaction, PCR)/=#) 5
pMTL82151 Fiki(GEat Hind T L2 1:4k)i%+E, #
@ pyrF BRI RL pMTL-BY . %] HW681/
HW682 B i T b7 /2 75 44 13 2 o

&: 010-64807509

1.2.2  fliL ERFEEKFRAEE

Pl CD630 KA Fit, RH HW639/
HW640 K2 HW641/HW642 514, §7 14 flil $:[H
Blede FrBe(1 846 bp). pMTL- BJJ 5k i i [] I
EHER L AR 7 B & pMTL-82151 Jit
FrGET Hind 1 2P0 E . 519 HW681/
HW682 K UiF pMTL-BIJ JFiki(1 983 bp) & 7 #4
WM. A5 HW601/HW602 LLFE KR
(Clostridium beijerinckii) NCIMB 8052 [# #f %t
D4 R 18 L pyrF B K HRS 81
B (2 875 bp), ClonExpress MultiS One Step
Cloning Kit [A] 5 5 2 516 5 4 09 B Ak 8052 1y
pyrF 3L R B K Pme 1 244k pMTL- BJJ &k
B, RASIY HW606/HW605 5K iE A4 8 58 i,

F: cjb@im.ac.cn
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JikL pMTL-BJ1 .

1.2.3  pyrF Bl ERiE3E

My pyrF B4R pMTL-BI2 B, SR 5|
Y HW731/HW734 ) CD630 K& [H 41 A AR P 184
564 CD630_pyrF B KJE 8+ R B, il
PR 7P B CD630 pyrF F[H K JH 5
TR B & Hind 11 ZtEfL pMTL82151 ki i
. R0 HW681/HW682 it #4 58 i 1) Jit ks 14
FT5E
1.2.4  fiL EF [E A FRAE

Pl CD630 KA it , R HWS821/
HW822 51y, ¥ 34 sl e K E 3h+F Bt
(1 070 bp). E 1L A Jr 44 AL FE R I
Ja 87 B pMTL-BJ2 (Xho 1 R VAR Bk %
Bty pMTL-BI3,
1.3 RTEHREE

1.3.1 =A% K pyrF EEER
R 1.2 TR M EE pMTL-BY Ji

o B TR X BRXER B, LLR AT R
HW736
— LHA pyrF

CA434 TRPRAE Ay Jobr A A S5 er 1 E0C 280 W X422 7T
H, BRI pMTL-BY BRI S8 2 1%
b BB AL S 2% S0R[20]. 4 kAL
FAETIN T 400 pg/mL 5-FOA HJ BHIS “F4x I
HiF% 48 ho FiPr BRIV, R HW735/
HW736 51255 pyrF 3& 2R bR (E 2),
1.3.2  fiL EFERG
ApyrFAfIIL R BR 5 AR bR A e 2

3R BLAE 4G TR R R RS 46 58 A8 i 1) i 18 (T 3)
Bk pMTL-BI1 k&5 1k ApyrF
B i, /£ CDMM X %S % (thiamphenicol, Tm)
Pt A (CDMM-Tm) K5 75 56 ik £ Tm A9

B AL T VAARAS BAAC I BRI AR o TR VK R 5 M 4l A R
LR AP A F 5193617 PCR Bk . 27

— Xt 545 &7 258 pMTL-BJ1 ik LHA Zk
M(HW681)F CD630 K[ 41 RHA 4l
(HW798), FHTF R &7 & A A4 s 55 %)
Sl LA S CD630 JE[RZH LHA 4Mil
(HW797)F1 RHA AMUl(HW798), HTHail &

CD630 genome
RHA

~—
W HW735
HW681

—

LHA RHA
8
pMTL-BY Hw6s2
calP traJ
lS-FOA
HW736 ApyrF genome
— -
LHA RHA

2 RIBEEAFEMIE ApyrF KT

~——
HW735

Figure 2 Construction of ApyrF mutant by recombination method. Schematic diagram of the construction of
ApyrF mutants. The RHA (right-side homology arm) and LHA (left-side homology arm) and on pMTL-BY
plasmid recombinant with CD630 genome under 5-FOA stress. The colonies resistant to 5-FOA are screened

by primer set HW736/HW735.

http://journals.im.ac.cn/cjben
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w - ApyrF genome
~——
HW798
HW681
A
'_
HW682
Step 1: Screening for ) )
single-crossover strains Thiamphenicol
HWo681 Sing}e—crossovcr
— strains genome

Step 2: Screening of

double-crossover strains 5-FOA
HW727 ApvrF AfliL genome
~—
HW798
HW797 ApyrF
l pyrl genome
—
HW798

3 ET ACE FEMBIRIER ApyrFASfIL

Figure 3 Construction of the ApyrFAfliL mutant strain by the ACE method. Schematic diagram of the
construction of single-crossover and double-crossover mutants. The longer RHA (right-side homology arm)
on the pMTL-BJJ plasmid has a higher recombination rate and tends to exchange with the ApyrF genome at
the RHA site to generate single-crossover mutants. The obtained single-crossover mutants were spread on the
5-FOA-containing BHIS medium to screen 5-FOA-resistant colonies. The LHA (left-side homology arm) of
single-crossover mutants recombined with the LHA on the genome to generate double-crossover mutants
(ApyrFAfIiL). The primers pair HW797/HW798 was used to screen double-crossover mutants.

TAFFER A RS —XF 51y - A Rs S SRR TE S 2 mg/mL 5-FOA Al
PR, HEE XI5 ARREY 45, A 20 umol/mL JREENERY CDMM 5370 |, DA
ER A A PSRk . BT Ok, BB I4E 3 ApyrFALL RASHRE, 519 HW797/HW798

&: 010-64807509 i: cjb@im.ac.cn
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FHT AN f1iL JHE R 75 B (B 3)
1.3.3 pyrF X fliL Bl#ME R E

MR 1.2 w4l 3R 19y ik A gt ml #h 48 4
pMTL-BJ2 il pMTL-BJ3. [Al4h#k {4 pMTL-BJ2
M pMTL-BI3 &5 AL H Mk ApyrFAfliL, T
BHIS HNE 2 | D-I 2228 S S0 04 T HitkF
H (BHIS-TDC) i 1% J 75 2 Bk AfTiL F::fTiL
1.4 EE1F%F PCR (quantitative reverse
transcription PCR, RT-qPCR)¥&1E fliL E &
=ik

i FHANTE & RNA $RIBGAT & [RARAE LR}
Fe AL A FRAE 50 AR EL CD630 ., AfIIL . :fIiL
kAL RNA. R FasKing gDNA Dispelling
RT SuperMix [RARAEFHE (AL E)A BRA H1—
ik RBRIE N 4] DNA F45 &L RNA 36055 5%
cDNA. Ll 16S rRNA FE[H N NS R X fIL
R LR FIEIT M. A Prism 6.0 FAF
(GraphPad Software, Inc)Z: il R &
1.5 RTEHRERKERRNE

W 1% (TSR E0 B XERUR B B RE(WT
AL, LRSS mL BHIS 85325 %
WEEFIEMRE T 37 °C RAR; 7%, BEfA 2 h il
20 0% £ (Ultrospec 10, Amersham Biosciences,
GE)M & ODgoo fH, H#2E 28 h. f#i ] Prism 6.0
A4 (GraphPad Software, Inc)Z il 4E £ Hh £k
1.6 EEIEESINE

HF A7 CD630  AfIIL Je:ifliL 7 0.3 %Ik B
AR B AR 23 FIE s shee f, Hiks%
SCHR[21]0 WLERTRIRR [ 15 5% 2 D ] 0 )
R 1) 5% 77 L D J s s e , R I 328
SR, 2 M FORIZ TR 138 B g 1 #s .
1.7 e RSN

KT IE CD630. AL Feoflil HRERTA
[l A= 28 A RO o SR % 229 Bk F 96 FLAR
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ML . ofliL X T2 7 % % (ampicillin) |
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P (norfloxacin) . 5% 3= (streptomycin) . D ¥f
22 3 IR (D-cycloserine) . J7 %% % (vancomycin) .
o MR &K (clindamycin) . 3% & (kanamycin)
FHUAERMT 257 . WEREFRY) ODgoo EIFfif
A Prism 6.0 #{f:(GraphPad Software, Inc)Z: il
FEAR A
1.8 pH = ME

F B A CD630 Mk . AfTIL Jeooflil 5 5%
F ODeo=0.6, A IEFRY) 730 10 uL finA
96 fLk ) BHIS #5525, BHIS Bi 77 3 O 8%
pH fHk: 1. 2.3, 4.5.6.7.8,9, 10,
11, 12, WRTEDR A TAES 35 5% 24 h, WL
B pH A T ARREARAAER S . e
K 32¥) ODgoo (e F118 A Prism 6.0 %4 (GraphPad
Software, Inc)Z: il HotR 1 .
1.9 e

W HEBF A= R CD630 , AL J2:iflil BRI £
T, HESHECER[22]. W T PBS
PR 2 5 BT 60 °C 7K 30 min fiff [R5
61 WS B I 43 S S 961 F- 20 pL R0 T BHIS
R EE TR HIE BT 37 °C IRAESEFE 5d. 8
R G X TR IR AT
1.10 ZitE5E%E

AWK M Prism 8 3 &% IBM SPSS
Statistics 26 A THEIT2R 0T . BN ST R AL
3APATES, R kA a2 5, Kk
Bk P=0.05, *: P<0.05, **: P<0.01, ***: P<0.001,
n R P>0.05, 24 P<0.05 BEEATGEE

2 BRS04

2.1 ApyrF BRI RIS
RATHIN T pMTL-BY ki T pyrF
FEH YRR o pMTL-BY SRR 8 19 5 1k W5 ik



$ITAL /il BEEES MRS EEMNINEER =D 1587

1.2, MR4E 30 Lny 7 Ut 7 % 5-FOA
(1) BHIS B35 56 1 AR AG 0 A xS0 A B P V%
W54 HW735/HW736 BENLRT R R 4R K
) 20 NEVEIEST PCR BiE, 20 DMREEHN
ApyrF &7 FERIRI(E] 4A). 18 o8 A W H X Bk
RMRTE LI TR B i AT 1240, ApyrF RSBk
o BORL B M) R o B A TR TR R SR
ApyrF [RIEBHER T4 5-FOA (2 mg/mL)[¥) BHIS
B FRFERIR 48 W, ApyrF WK R, T
Y AR R TR PR AE K B Az BB, A A
CDMM BR PR 77 3 B OO AR S o DL b4
R ApyrF SRAS VA HERLE
2.2 ApyrFAfliL RETFREVHE

PL ApyrF KR R SL40M, % B A9 FE K /1L
HEAT R . BF pMTL-BJ1 #:55540 % ApyrF T
Pk, Fd @ 7% PCR Xf CDMM-Tm AR F )
AL T UEAT I E o SR XN [ B 51 itk AT
PCR WE(5 ¥ 1.3.2), G4l A% 548 e b Bk
(Il 4B)o PRI BSR4 o R s e P %
18 B Bl (ApyrF), T LLZE BHIS (5-FOA 2
mg/mL) [ RRE IR FAEAE . WO B AS 3 T bk
AT BHIS (5-FOA 2 mg/mL)[E /AR 553 i
e ALk . R 514 HW797/HW798 Xt
5-FOA $iTEE M /il DR UEF7 0 %k 500 e
I, fe & 3K15 ApyrFASTIL WSS wikk (A 3,
Kl 4C-D).
2.3 [EHEKREE

h T E— B IAE il SR AR, &A1
WM T [ b # A pMTL-BJ2 #1 pMTL-BJ3
(£ 1-2). pMTL-BJ2 HA pyrF JEH S 3h
+, TEMCIERE PR il FER O HE B F B4
% pMTL-BI2 £ 1A, #45 pMTL-BI3. M ifi
¥ pyrF N I fIiL SERFE Bk AT Rk .
[] #b 5Tk pMTL-BJ2 H1 pMTL-BJ3 %1k &=
ApyrFAL J535-A% AL K ofliL TRk
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24 flil EEREET K

ik RT-qPCR M%E 1 ¥ AE BRIk CD630 .
ER AL Foflil W il RNk ER ., 5
CD630 [ FRA HLAE, AfIL Wk flL BRI ik
HPERRAC; L BERR ML SRR SRk
S (A 5).
2.5 HEKHZTK

AT E T B A= R G AR TN ASTL TR PR 9 A=
Kx, 5848 CD630 HHkM HLE, AflL
PARAERT 6 h AE KR HCR T B X 5], £ 6h)5
AL TEMRAKHEFLT CD630, CD630 K&
AL TR A 21 & 090 B R R A ]
AMUL FEA A 13 h J5 ik AEFRa ], 11 h ik )
PRI CD630 A K 2218 (K] 6)., DL L4553k
WY Sl 9878 fk A o o S Hode KAE W) 2 (8—
13 h) B Z R T AE R bk /L SRR RS,
AL R ) A K R R e K AR W i (813 hyfk
2B EFAERKE
2.6 ERIEENTWK

FATMEL T H Mk CD630. AL M:flil 1E
0.3% V1< i Byt g 1 2 [ 1A 1% 77 5 b s gl AR Y
Ak, SR F I AL TE 0.3%He BE Bk i 2 [
PRI IR 5L b 3l i 1 I 3 /N T BT A R A Bk
CD630 (P<0.000 1) A 8 1 /2 /L IR AR Y
12 B3 Bl B 3 K (P<0.000 1) (B 7). 4593
B fIiL DR 2 AR MR T S B UKk s B0 1 DG B
B
2.7 MERFAMTL

B # Bk CD630 AfIiL Fe:oflil 1657 A A fi
A Fe N[ FE (T A R FR e P R4 5 9% 24 h
J, ME ODgoy EJGHATEI M, 58 A7
CD630 K [PUANE Bk /L A EL , AfTIL RAERRFT D
22 % IR (D-cycloserine) (K 8A)., wMER
(clindamycin) (& 8E). %% & (streptomycin) (£
8F). J1 iy % & (vancomycin) (& 8I1)% #T
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Figure 4 Mutants screening by PCR and verification by sequencing. A: All detected colonies (20) contained
the ApyrF gene mutation (wild-type CD630 vs. AfliL=2 014 bp vs. 1 598 bp). M: 1 kb plus DNA marker; W:
Wild-type CD630 strain. The gene targeting efficiency was 100%. B: Ten randomly selected colonies were
detected by primer sets HW681/HW798 (+) and HW797/HW798 (-). Pure single-crossover mutants would
produce a 2 046 bp band in the ‘+’ lane and no band at the ‘—’ lane. M: 1 kb plus DNA marker; W represents the
wild-type CD630 strain that was used as the template. C: Twenty colonies were randomly selected and screened
using the primer set HW797/HW798. M: 1 kb plus DNA marker. Two of the twenty strains showed AfliL bands
compared to the wild-type control (wild-type CD630 vs. AfliL=2 405 bp vs. 1 982 bp) (W). D: Gene sequencing
results showed that the fliL. was deleted from the ApyrFAfliL mutants.
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Figure 5 Compare gene expression levels of the
wild-type strain CD630, AfliL and ::fliL strains. The
red bar represents the expression level of the fliL
gene in the WT CD630 strain, the blue bar
represents the gene expression level of fliL in the
AfliL, the green bar represents the gene expression
level of fliL in the strain :fliL. *: P<0.05; **:
P<0.01.

A R W BURE O B A8k s AL X RAF R R
(kanamycin) (& 8D)#l PY 3f & (tetracycline)
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Fk(amoxicillin) (Izl 8B). %~ H % 2 (ampicillin)

(K 8C). I 2 (norfloxacin) (& 8GR

=
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6 EFFER CD630. AfliL 5::fliL KLk
Figure 6 Comparison of growth profiles of strains
CD630, AfliL and ::fliL. The growth profiles of
CD630, AfliL and :liL mutants. The red circle
represents the growth profile of strain CD630, The
blue square represents the growth profile of strain
AMfliL, the green triangle represents the growth
profile of strain ::f/iL.
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Figure 7 Motility of wild-type CD630, AfliL and ::fliL strains. A: The motility of strains CD630, AfIiL
and ::fliL on 0.3% agar BHIS medium. B: The statistical analysis of figure 6A. The swimming radius of AfliL
was significantly smaller than that of CD630 and ::f/iL. ***: P<0.001.
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Figure 8 Sensitivity of wild-type CD630, AfliL and :fliL strains to antibiotics. A to I are antibiotics
sensitivity profiles and statistical analyses of the CD630, AfliL, and :fliL to different commonly used
antibiotics. A: Sensitivity of strains to D-cycloserine. B: Sensitivity of strains to amoxicillin. C: Sensitivity of
strains to ampicillin. D: Sensitivity of strains to kanamycin. E: Sensitivity of strains to clindamycin. F:
Sensitivity of strains to streptomycin. G: Sensitivity of strains to norfloxacin. H: Sensitivity of strains to
tetracycline. I: Sensitivity of strains to vancomycin. The Af/iL mutant is more sensitive than the CD630 strain
to amoxicillin, ampicillin, and norfloxacin, but it is more resistant than the CD630 to kanamycin and
tetracycline. *: P<0.05; **: P<0.01; ***: P<0.001; n: P>0.05.
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Figure 9 pH tolerance of CD630, AfliL and ::fliL
strains. The pH resistance and statistical analyses of
strains CD630, AfliL and :fliL. The red column
represents the growth profile of CD630, the blue
column represents the growth profile of fliL, the
green column represents the growth profile of ::fliL.
*: P<0.05; **: P<0.01; ***: P<0.001; n: P>0.05.
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Figure 10 The sporulation abilities of wild-type CD630, AfliL and ::fliL strains. A: The colony forming
units (CFU) of heat-shocked spore solution of strains CD630, AfliL and ::fliL on BHIS medium. B: The red
column represents the CFU of CD630; the blue column represents the CFU of strain fliL; the green column
represents the CFU of strain ::f/iL. The sporulation ability of strains AfliL was significantly decreased than
that of the WT and ::fliL strains. *: P<0.05; ***: P<0.001.
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AOFEPERT FR I AT D0 R Y 2 BE AT A X X HE S
PP EOR M= AL 52 . FIL 2R 2 R i 62
BERY PABS SR (1 . 9 &8 (Vibrio)™ FlL 5
MIEILRASS A, IR e T
FHyiBah . AW ACE HAR M IR e
B FIL 8 95 SE A /Il 647 RilbR, 8N
Faj 3 T SR AZ R AR AL B IR RN R AR 1L o 38 2 S
KW IERAS TR AL 5T PR CD630 F M2
S, IR MERIR A L FE I RER NI
AT E T H R CD630 . AL K [0 %Mk 1L
AR Ze, BERUESE ML SE SR 5 25500
SRMEAIR T 1Y e KA i, BRILZAh AFIIL 5878
PRXF T beA: R I BUR L R A T A8, DA
REERE], RXER R L B AT RELE CDI
() e M e v e A R I

AR AL X T AR AL A
E OB v N i 52 5L G A = N S I R
AR AL XSRS B- N BER S BT AR 2 Y B 52 Y
MR T R R U = . Toth ZFWF5Y & BH
ARSESUR R 2 i D 25 B NIt (CDD i), J&
W5 cdd ] BEPRTERMERAR I B B A sh 71k
T RBEAE, MK cddl FERTERIE AR
¥F 5 (Clostridium cochlearium)W))g s FYEA T
BB, WT T RERRE 350 B-N
e Jiie 2 i A 2R i 52 PR B ST R R R
SEFULRR TR XF T M i T 2R B A R R 52k R
T 1 i il i 25 2 %E [X (quinolone-resistance-
determining region, QRDR)H' [ DNA Jig ¥% il
A8 22 A48 DT 3 B ME FUUAR T 19 2 11 R Ak
ARAR ) E R AT HE I A B 5T 28 AR B AR AFTL
X SLPAR (] 8B) . 2N H R & (] 8C) Kt )
R (B 8G)HURMESR &, & T fIiL HHER
T EARSEAEIRXEIAR W Rk T —
Jrid, HREIHFE R BDRMERR I h £ 22 tetM
FE TR B2 W DU 2R 2 0 T A2 PRV AL nT e A
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WAL 37 25 1 (TetM) 1Y JE 8 A 1T 48 53 3R 3 40
M BR6T DU I 2R T A2 1 o IR R 8 3 T JE 1
SEWE A e A: R 0y it 32 M A v RE Y R A
A (1) i S HE R AR AN B A0 N BT A: R
W Q) PUAERMS TR, 3) Ak
PR BRI T AL YT RAIRE R
SRR, FRATHEM E 2R F AL B S
HEZE (1) 1 FH 38 3 0 S 20

MR X DR TRT 174 T Bl Tif 2 1 22 3 Z R0 IR 1Y
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A AR A AT T AR SE . AR E AN [
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HZBBAMX., FREREN, HIE pH EXT
TARMERIRR B 35 2 )7 A B AR 25 55
Hrp itk 630Aerm 75 pHAE K 6.5 B P2 AR I E
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TR B E DY AR R, A& B AL
FERIBR IS AfTIL TRARTE pH i 5—6 Z 18] ODeggo
H %= T CD630 Wbk, HHKTE pH H 9 B,
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FE DRI I T Ot R A D B P 1) PR 458 rh R 2 A
T pH i 32 ARk, $27R Sl F RRT 52 i R x40
2 T 1) R BRI A2 M, AT s i) JHL A g 1 P 85
e 7/

WL FRAT LI AL WEARARE T84
R, 7E 0.3% P[RR IR 3L F e B I B it
W EIA BT, MR il SRR b
F RS, BT UL RN R o TL AE 0.3%F [
KR FRIE TR HE B OE B i, A B
B9 ETE o RN AR LD TR R B A
AR A RT-qPCR & B fIiL F R 7E SR XL
WP R ESRT &, EHik, AN 2L
AR B e R S R R 5 /L R A Ok
AR S DUEOR SRR A 06 e
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N RS IRIE T #EBAHSCH) FIA S0k A AE
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TR A7 R IR Iy T A7 AR BB, [ i 7 A
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e N Rk AR, b L SR TE
AfliA2 TP T 5.2 . DL S5 RAEN
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SR AR A s A Ak, DT s i L 2
L AR B R o FRATTAY B IR 4 RUESE T AR ME
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T AR A% o IRIRAL T 77 A I e RS AT AE /N
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FE AR R PRI AR . AR R AR OR
FUL 25 [ 7T BE AL A 410 i X 042 B S B =1
AE T BT TEHE Ao
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