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FRES, & 0, BBEY, & ORY, THE,
T H, KEKS, BAH, EAA

(LR K2 SRk a0 DIReUEY 5% S @RI %, W WP 471023; 2. i B K2 % BH T
G ERAAR R VAR S S e 5 4 T SE U A, TR VSR 4710235 3. I ERME R shEmR S A S T AR S
SCIE, IEE W RH 471023)

WE: [ B8] KA LMo A FNH KA Listeria monocytogenes tatD & B & % 3¢ 0~ 8, Mus musculus % 51 A= W58
BEOHR, A tatD RIS A ENFRE S B LA P OER R SR G ARAEAE, [ F&k ] XA Bliss &
¥ A Bk (LM10403s), #:% B4k (LM10403sAtarD) #= Z4h 4k (LM10403sCAzatD) v JR A Je /N R, A % B Ak st Road
FHHIF (LDsg)o LM10403sdzatD vA 1.00x10° CFU 7 R 9% /s RLE I 2@ R 97 20k o 3 40 2 6 Bl AT 3
o 3t PR Bp B BR 4% b 3 sk 40 (PBS). LM10403s 41, LM10403sAtatD 487= LM10403sCAtatD 48, PBS 4L/ i# F 200
uL . PBS, 3204 ) F 200 uL 4 1.00x10° CFU# Rk . EF 24 h G F7&W R, KEBERNEY, KA
Ilumina Hiseq M A>3 AR 58 &40 2800 B F AR S A2 4 16S IRNA V3~V4 R 53], StIB O A M AMBEE LM, $4
WA T @GR, [ 4% ] LMI10403sAtatD # LDsy 4 8.11x107 CFU, & #4&T LM10403s, Fl & LM10403sAtatD =
BB S N R Ao S A g LG A M A I A IO R AR T AR 09 S AR A 80% 1R 47 &, Chaol #= Observed species 45 4 2 7 :
PBS 5 LM10403sAtatD %t 240 % S+ R B %, 12 LM10403s 41 4= LM10403sCAtatD 4 ¥ 2048 1t T PBS 4 3 20 % % T &
(P<<0.05), F£TTR-F L, LM10403sAtatD 4 32 48 ¢ 5 2 # I Firmicutes #4834 F B & T LM10403s F= LM10403sCAtatD 4:
®, mAERZKFLE, LB B Lactobacillus 483+ F & % T LM10403s F= LM10403sCAtarD 4L 3240 . 5 f& TR 447
T LM10403s A 240 5 tm it A2 . AT B A A RARHFE T ERG T ERE ST LMI10403sAtatD 4 ¥ 40,
[ %4 ] tatD KRB K G A I3 A F I KA 09 & A AR, T BA — 20 LBy 3R tatD AR R Bk AR 3
DRI AR LAY R, BAZRAN S, B 6k 1 A£21
KR tatD LB ; EHMBIEARTHAFRA; 55; 16SRNA; MidA#
FESES: S811.6 XHAFRERD: A NEHRS: 2095-0756(2024)01-0161-08
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Abstract: [Objective] This study, with an investigation of the effects of fatD gene deletion in Listeria
monocytogenes on virulence and gut microbiota in mice (Mus musculus), is aimed to provide reference for the
role of tatD in the interaction between L. monocytogenes and the host, as well as for the study of attenuated
vaccines. [Method] First, mice were orally infected with LM10403s, LM10403sAtatD and LM10403sCAtatD
strains using the Bliss method to determine the strain’ s median lethal dose (LDsy) for mice before
immunoprotective effect of LM10403sAtatD was observed in mice immunized with 1.00x10° CFU orally.
Then, forty 6-week-old female mice were randomly and equally divided into PBS (ck), LM10403s,
LM10403sAtatD, and LM10403sCAtatD groups, with those in the ck group gavaged with 200 pL of sterile PBS
and the ones in the experimental group gavaged with 200 uL of bacterial solution containing 1.00 x 10° CFU,
respectively. Next, after 24 h of gavage, the mice in each group were dissected and killed, with intestinal
contents collected before Illumina Hiseq sequencing technology was used to determine the sequences of the
microbial 16S rRNA V3—V4 regions of the cecum samples from each group so that a comparative analysis was
conducted of the structure of microbial communities, diversity, and signaling pathway enrichment. [Result]
The LDs, of LM10403sAtatD was 8.11x10" CFU, which was less virulent than that of the parental strain. Oral
immunization of mice with LM10403sAtatD provided 80% protection against L. monocytogenes parental strain
infection. Chaol and Observed species indices showed that the difference between ck and LM10403sAtatD
group was not significant, but LM10403s and LM10403sCAtatD group were significantly lower compared to ck
group (P<<0.05). At the phylum level, the relative abundance of the Firmicutes in LM10403sAtatD group was
higher than that in LM10403s and LM10403sCAtatD group, and at the genus level, the relative abundance of
the genus, Lactobacillus in LM10403sAtatD group was higher than that in LM10403s and LM10403sCAtatD
group functional prediction analysis showed that LM10403s group in signaling pathways including cellular
processes, environmental information processing, and metabolism was more enriched than the LM10403sAtatD
group. [Conclusion] The deletion of tatD gene reduced the virulence of L. monocytogenes and had animmuno
protective effects while infection of the fatD gene deletion mutant strain in mice reduced the effect on intestinal
flora dysbiosis and increased the beneficial bacteria. [Ch, 6 fig. 1 tab. 21 ref.]

Key words: tatD gene; Listeria monocytogenes; virulence; 16S rRNA; gut microbiota

PRGN 38 A= PR [C T Listeria monocytogenes J&=— M B TR N E LB BURED, ALK
JE VTSR I R, 2Rk BRI A P AR RIIGLAE , B S 2038 KM FIAG &6, 5 R MU | Fii ik R
DL S B P B 7 AR IR Y AR A M A R AR TR QTR T2 AR AR TR L i s A sh v B A 1R i
o, MESI R EY T EEIRGIE S 2, BRI AL A MG A 2= 0 DGR A R AR X AR, (H—
BURGLBET 0] 3K 30%~70%, 5 B IR I s B L A0 T 1 B LA 1, PR A i A 1 2 0T e E R 0
MMM I TEAN B e s Erh R E HEAE R . MR AAAE 2P o0 R G RN & iz 2SN, HRL
15 @ IRE% 15 24 (twinagininetranslocation, Tat) &1z i 5¢ 2418 8 H B —Fh i R 500

WS R R i 22 48 D (twinagininetranslocation D, TatD) & —f & B RFEH, | ZAAE THUEY
o, AR R E RIS 5188 DNA . RSN I AE K 4 MR e g T R IR
Trypanosoma evansi 1 FCAE B Trypanosoma lewisi W 433 TatD 25 [, B 040 0 0 48754 R DLt
i F AT e O, BAE S OE o A A AR G A A T RR QTR TatD 55 40 & (1 5 AT B R TG
PR, [RIASIE R F A [ A BURA Y R SR R AS b R ARAR T taeD FEERG TR (LM10403sAtatD), {H
KT AL A M 1 A M2 R QTR arD 55 RIXT 2 B 85 00 FN I 1B TR R SE Il AN S 2 o IR, AR5 A/
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S Mus musculus HiRI0 %), £ LM10403sAtarD 1RGN, B tarD R B J5 0GB 40 O 386 /=
P2 TR QB /N BB D A R AR s, 2R IY tarD FE PRTE SRS AN 3 A PR 2R I RR G
B 515 B AR A ELARAE DL S sl 3R A o SR AR AR B

1 MRE 77k

1.1 &

BARZ A i A P 2 A R EROBE R R T PR (LM10403s), Bk K B PR (LM10403sAzarD) il H. b T #k
(LM10403sCAtatD) £ T FH T 1% AR A Wy bR S e b 728 8 a5 S0 00 3, 6 JR it BRI 3 KN v i s
Ysegerpot . BRI A4 TAY TR (B8 BIGARAF . RIRERW A &5k dta) AWHEARH RA
Al O R R (BHD) WA W B 7 S AR BAR G BR A A, 25(H L H 41 DNA B0 & 3 KR
AR dbR) AR/ ] TksGflex DNA Polymerase ) H 5 H EAE AR b)) AR/ A ; DNA BER
Pk alifb i & [ At X e B HE AR A BRAF,

1.2 BEHRMERSESR

V5 FAA% 20 38 A= 1 2R 3 R TG B LM10403s A1 LM10403sAzarD 421 T BHI B iAK; 77 5 2 050,
LM10403sCAtatD #: 0 F & RIRE ZE 1Y BHI BASE =5 LR I3, 37 CHIRIEFRAA TSR 12~16 h, $EEL
LM10403s 1 LM10403sAtatD ¥~ 75280 F BHI %, $KHC LM 10403sCAtatD AR KA T 5 R
IR R BHI Az, 37 °C AW IRGHFHR&H.

1.3 BRI EHNE

FH TG T B 3 R 7KK B 8 3% 9% B9 LM10403s, LM10403sAtatD Fil LM10403sCAtarD V% 35 5 JE 4T % 45
10 fE5M e, BB S DMFRREE AN o3 4 T/D RO IRGES , BB 10 HUNERL, & 100 ppL, #H
Al 12 h 28 B 25K, %R0 2 h S IEH AN . LG T A BRER K /N BRUVE ) R, R IS 45 A BRA /N BUEIR
HET/NRIET . BEAET/N B I TC i A0 2 BHI BAREFR0E 1, B 20 M 10 AE M 2 A [C 1 5 |
PEFT PCR ¥ ¥4 %78 . R Bliss HAF R BT/ U 40358 & (LDso)o
14 BREFEHROERERPRINE

FHICTA A= BEER K BT B 55 5211 LM10403sArarD PEVRJETHHEARTEMREE , L 1.00x10° CFU Y5 845 T /)

B RAE S, ST 12 h 28 Ak, B 2 h R IER R, FEReRE 7 d 5 RFEETE 2 ke
RE, B2 RRPE T dIE AL T 1.00x10" CFU (A5 & X/N A TSR AN AR B 05 . Bl JS RRE2 ISR 2 %
22 7d T/NRBET, ICRAS AL BRAL /N FUE IR BT 1B 00 o DA A 4 328 ik 75 5 75 41 A0 £t B 41 Sk X BE P
tatD F& RIS BRI S R AP 3508
1.5 E#kH R IFEEE A
1.5.1 shdhorml ez g 40 H o JRIE B IHME BRGE B M 5% 7 d, BEALT 2 R BE R 2% v Eh VS R (PBS).
LM10403s. LM10403sAtatD F1 LM10403sCAtatD 4bFZH . 4353 H 200 pL 7 1.00x10° CFU W, X}
HRZH/NERLHE 1S 200 uL JCTA PBS, #EH AT 12 h Wi, JF D IRIABVECH 10% 1 Na,HCO; Hh AT IR . i
B 24 h Ja R FHSERL N, Sz BIIE G IE N A
1.52 DR piE A g R F 4 DNA RIS Gad 2 5 FIHZSM R A0 SR UL [ 41 DNA, SRH
JE B FE N 1% (B IR BRI B 9K R Nanodrop 2000 52 DNA ¥ . DIJER ZH DNA WA, 0420
V3~V4YE Ky HAn XS #4791 . 514 . 343F (5'-TACGGRAGGCAGCAG-3") il 798R (5'-AGGGT
ATCTAATCCT-3"). BifabHEERE Uk AG I PCR 43871, BEERIELLAL PCR =Y. iR1E LIRS AL W=
=P A BRZA 7 FH Hlumina Hiseq 2500 (PE250) 22 48 #5471 8 0%
1.53 AWEaFod sl FER0 4 4/ RIR LG RSB SO SE1 5], /M A oh JR R XU
Ui P41 o A Trimmomatic (v 0.35), FLASH (v 1.2.11), split_libraries (v 1.8.0) 1 UCHIME (v 2.4.2) 554K
%] FUHR R AT B4, 1S EME TS . {81 Vsearch (v 2.4.2) SR IR 97% FARABLEE FEAT 4 3 2 2
JG (OTU) 432KP, FEHE1T Alpha Fll Beta ZHEE 5047 LS BRBER LA MIT o HLAE 4 AN A FRZH /N B 38 1A A E
I VFE KB oA 22 5 . SR PICRUSt 3445 & mUAR B R S R 2H T R4 (KEGG) 73 A & 4/ U i
PR AF {5 3 I AR O



164 WroIL R R K A R 2024 4E2 H 20 H

1.6 ZitoHr x1 AEEKMEZNNE
%FH GraphPad Prism (v 8.0.1) i—ft‘kﬁ:xd‘ﬁ*ﬁ iﬂ%?% Table 1  Strain virulence determination of bacterial strain
SRR, WK 0.05. 4 B BETRU CREEGE
H#/CFU H 1#/CFU
2 R E AN 461x10° 8
" 4.61x10° 7
21 ﬁkg&@ﬂiﬂ‘j’d\ﬁ%j} ; %21]]'!1] LM10403sAtatD 4.61x10’ 5 8.11x107
MR AU /NERZ D IR [RGB 1 AoLe10f ,
LM10403s. LM10403sAtatD F1 LM10403sCAfatD J5 A6 10’ 1
LA /INRIE T, TG B A B K o IR A/ B g1 o
BIRKAEFET . PCR ¥ G4 e A0 T/ N IE 23 25 1 .
N R A P AR S B S Bliss 7 R 7
. LM10403sCAtatD 2.80%10 5 1.94x10
445 3] LM10403sAtatD 11 IR 2% 4% /N LI LDsy K S0 10¢ X
8.11x10” CFU, LM10403s Y LDs, > 1.23x10" CFU, 5 80x10° 5
LM10403sCAtatD 1] LDsy A 1.94x107 CFU, % HH 8
AN 205 (S B AR rarD JE PR 25 91 R asa0n
22 LMI10403sAtatD By S R4 LMI0403s e
LM10403sAvarD 238 1 55 2 9% 7 A 4 e
LM10403s % 5 1.00x10'° CFU X /) BT 07 ad4sx1° 3
ZER IR RAREER LM10403s IWEE4H /N R T 2 7 - .

Ja AHRAET, Jo R A PR AR KRR AL /N BROR & AR R
To. MAEE LM10403sAtatD (3R 2 3t 2 /N BE
T2, FETCBFE] 23 5 B B S5 56 6 RIS 9 K, HAMFE/NRAKHCIRS R4F, BRI EN
80%. 7% FH LA At Jf 1 A= 4 2% W R D TR D 5 DR 51t 2 TR AR B 4080 6T 53 AR AT AAR JBR % /DN B A 3 1) e 928
23 tatD EE R B A% 4 A iE A4 1 2 HT 45 FC R

VLR BEAFERERE 10 /N R

FUNR IR E MY OTU % &I & i
XA R EUT A, R 97% AR 2E 369 294

1T OTU 4335, RHA4ERIEXT 4 A~ #i4] OTU 4 fi 377 323
1E M PEFT 087 . PBS. LM10403s. LM10403sAtatD 1703 | 578 597
il LM10403sCAzatD 4 4> 4b #4479 OTU 43 51 Hy 305 25
1703, 755, 1057 F1597 4+, 4 41347 1781 4~ OTU. 36 24l [V
Jig 18 A BE 22 A M R IR YR PBS. LM10403- 303 I'M104035CA/aID
sAtatD, LM10403s, LM10403sCAtatD Ab¥E4H (K1 1) B 1 tatD BF Bk xb At R P 2 B K
S tarD FER 2 5 (075 B A0 M8 A 1 2 R 1 B R B A £ 49 OTUs 4 & A
%EE;;}%/J\ Eﬂ)ﬁ%ﬁ%ﬁi%ﬁﬁiﬁﬂ Figure 1 OTUs venn diagram of tatD gene deletion on intestinal

N P H o

microorganisms of L. monocytogenes infected mice

2.4 tatD BEE LRI Bz BTG £ T HTF IR E R
INRBAERAEY Alpha MRS

M 2 7] L. 4 A AEFRAE Y Shannon $8 XA Simpson $5 4125 55 4 .3 . Chaol £ Observed species
B /R . PBS 5 LM10403sArarD Zb 34 22 5 oA 3, {H LM10403s Fil LM10403sCAzarD A FRZHAH LT
PBS 4hFRL 3 R (P<0.05). FHASSALEL/NFUAIE YA ST BRI 2E AR K, (HEEAR TRAR RGN R
J B TR B S TR
2.5 tatD BEFEGRK ST B ARG A M HTS R E B/ N R BA E R Y Beta SRS

Beta ZREVEQIIE 2R M e, Horp R B i 248 RE ST (NMDS) 6 57 41 i sz B A4 285 24 50t i 41 4%
PSSR, MFRBE AR, A AR BN, I 5 HADA A I REER, Ui dRCRk . &3
7R : PBS 5 ACFRAAAEARE B AL, LM10403sAtarD 5 LM10403s, LM10403sCAtatD Ab FRZH P 25k X}
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Figure 2 Alpha diversity index analysis of L. monocytogenes infected mice by deletion of the tatD gene

JL, LM10403s Fil LM10403sCAtatD 4bBRZHREAS () 3 ‘
EHE . £ W LM10403sAtarD 5 LM10403s, LM- ) . Eﬁmﬂf;}gs
10403sCAtatD HbPALBEEAEAE 2 5, (I RAK. A %ﬁ%g%&)
2.6 HiZARIEEMZHSKE D BK3HNRIE St
BT B TR B Lewnins s
ETDKF 1, P BE R 50 BLi 1] 4 B K ¥ s
P s A . SRR s R TN R RE R ] " -1
Firmicutes. 7ZF 7 B |] Proteobacteria. Jil £k & '] T
Actinobacteria, 2 ¥ i ['] Fusobacteria 148l #T 1 | 2 . (I) ) 1| ;
Bacteroidetes, LM10403sAtatD kb3 2H i 5 RBE 3] 5 A B f 22 4k RS 1
BB B T LM10403s Fil LM10403sCAzatD 4b P NS 7Y RN AN A AN 5 A LR
A, A E T B KT LM10403s Al LM10403- B 3 tarD A B Bk 3 A7 am B3 A b 2 B AF K
SCAratD AL (€] 4). 321 BA% 0 LR A bk 2 05 4 BRSPS #9 Beta S ARREAAT
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Figure 4 Heatmap graph of gut microbiota in mice after tatD mutant of L. monocytogenes infection at the phylum level
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27 HIZARIEA NIRRT taD R 3T/NR G E B K FRUE T EE D R

&K |, LM10403s. LM10403sAtatD A1 LM10403sCAtatD b ¥R 20 % i FLAT B )& Lactobacillus .
AT R JE Bacteroides T 117 J& Enterorhabdus 418, LM10403sAtarD Ab B 1 FLAT B4 & AH X £ B I g
1 T LM10403s 1 LM10403sCAtatD Kb FEZH (18] 5). 22 tarD Fk P2 fiff BAZ: 440 i 185 A= 24 23 7 e G 1 J%
e g/ U A8 R LT R s 3.

voosexas [N = e

W AT H & Enterorhabdus . ERE TR Sphingomonas
W E2# )8 Lachnospira NK4A136_group

210514 J8 Coriobacterium_UCG-002
LM10403sAtatD FIFF I8 Parabacteroides

B k1 J# [Eubacterium]_coprostanoligenes_group
W BT IHJE Helicobacter

Ab R

LM10403s 148 Alloprevotella W R R Ruminococcus_UCG-014
W 5 F R Alistipes W 5 G R Roseburia
W AR Rikenella_RC9_gut_group ’
PBS l |I ‘ _ W R Bifidobacterium
i J& Lachnoclostridium W R Pseudomonas
L L ' R IR Prevotella W 5 R R Ruminococeus UCG-010
0 25 50 75 100 VR IR Faecalibacterium - U R Muribaculum
*ﬁ 5 9‘1? J E 1% HERRI# )& Streptococcus LR others

A5 Eammiadg A ENa KA tatD 8 ARG B0 E B KT A AR B0 50
Figure 5 Analysis of gut microbiota in mice after fatD mutant of L. monocytogenes infection at the genus level
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SRk — 253 BT tarD e RIS 5 /N RV T8 TR E R S 15 5l I s 4R 22 5, R A PICRUSE #44:
454 KEGG, 40T 4 d/NRAEBAE(E BANE . AW RS . BRI, B . A B AR BE (5 B AL 3
HFomEBEENES, 458 8K LM10403sAtatDF] PBS Ab B ZH 6 25 4= Wy Q185 18 B AH S PE B A%, i
LM10403s AbHLH HA 2w A et (K1 6). 32 tatD
FE PR T R 76 SR AZ AN 14 A P 2 07 R EC B JER L /)

AHIRAE
U, BRI R BRI - =

1.0
3 itk H 4 il

E2 R BRI e R N SRR o

SRR SRR SR A IR A A KA Lo
B AT, KA AR e R R, Jf Ao
EL R AR A B A, A 4 A 1 2 A 7T 00 P L B b A

J7 AR U R S R 0N R s R G I PBS [ LM10403s [l LM10403sAarD [l LM10403sCAtatD
Tat RAELEABAMMM NIRRT g 6 om0 30085 KB 1D 8% B

R B AT A E AN TSR . I, TEARBESE B R M A 4 KEGG 8 % £ 5+
E‘fj‘ E’q ;ﬁ{ ,f'%‘, $ 1:2 2EH H@ j; H :]ﬁ § /ﬂ;ﬁ— fl:ﬂj% EE ”@“ ﬁ% 9& 4[%]‘ Hﬁ Figure 6 Differences of KEGG pathway in gut microbial in mice after
LM10403sAzatD E,:J %ﬁfﬁiiﬁ—*ﬁﬁﬁi,ﬁ\ u HE‘ZJE‘?Q%/J\ tatD mutant of L. monocytogenes infection

BRUARE T, ) Esf SR P v D00 P 14 5 12 WL X /N B T TR A 1 52

BE SRR Y 38 R AR RE T, R A AR B NERE FERR 2 1,
A% 40 M 3 A 20 R G TR R e i AR v, (S Tat 43 W6 R G878 N I 5532 22 40 VR 3 B O 1t 3000 2 11 12,
ZHANG ZED AL e ST B Trueperella pyogenes @Rk tatD JERREIR G , B B RRAE /IS BRUIGUIE A6 200 581 25
DS R . AR SR T A% A MG A PR AR R IR raeD BRI, H RIS /N ER
i) LDsy B 1.23x10" CFU [% 24 8.11x107 CFU, JHELUM %5 Ul %% K «  aeD F R i 2% () il 48 % K 14
Streptococcus pneumoniae TEf . LI FNALIE Hh 67 () A0 TR0 /L O ELRH AT A B A5 50N, GRS T
tatD SR B J5 Il R BR B R PER#IR . NrfC Al NapG 2 8 TR, R 8 A 5005 P 19 HAt 1 3 7 42
HEATE A R 4% T EH BRI, JT RR O IR A0 A A B 0 PR TP AR LAA AR, 5k 2 MR TR R A A
R TP HGHE AR, {H MATOS 25U % K ¥ 5 18 Escherichia coli MC4100 ¥k tarD B BB )E , &
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I NrfC #1 NapG & [17E tatD SEPRI SR B ik b s R E o L, Xt B TR taeD SEREOR S, BRA%
YA AR PRI IR B ) R B K, (HX G A 75 i — D MRS

FRptE SET R IE M 26 U Bursaphelenchus xylophilus 129 T, #A1 . WA S5AR Z 3007 P9 A= 4 181 1R
HERZMR , BE T o A TR . ASHIFE IR SR FH v 30 000 149 48 9 B A 20 i A 1 2
W I B tarD BRI/ U B EREAI R0 o 738 R s . £ A0 AN R I s A R4 5]
JEARZEA K, (H A TR AR IR /N BRI fi 38 R 09 5 B W 3 BRI . Sh a8 v A 20 0T 1] 3 2 A TR RE TR
FT SUFFIRTT . R TTRIASIE BT 10, JEREE | T2 B e b i — ST, B sir 2 A 4
W, . ZEEFTFRE Bacillus . WA¥KTA)E Enterococcus . FUFF & MFLEKE R Lactococcus ", 1E1]
JKF |, LM10403sAtarD Ab PRZH )R RE B T 32 2 W i &5 T LM10403s Fl1 LM10403sCAtatD Ab 34 . FLi2
FRANANNZ B RGUEY, 6B & TN 25 4 oA 0 I FH Hh & 5 35 E AR RO IR 2L v il 70 64 A
BES A ARG, BT BB T RE N iR . M3 p BT . SORE TH IO PR G g SR AR RRAERY, 3
WIFLIR T B AR B DI REZE AL . 44 o 38 1A 1 7 AR i T BUR R SE 2 ME R . FETTKCF |
LM10403sAtatD 25 PBS AbSA YR RER ] 22 A K, HIERERET TE SR 2 WE, F—2EAK o
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