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The preventive effect of a gut-adherent bacteriophage against Salmonella
infection in mice

JI Linchun', LI Yue’, BAO Hongduo’, LU Hedong', WANG Ran’

(1.School of Life Science and Food Engineering, Huaiyin Institute of Technology, Huai’ an 223001, China; 2.Institute of Food Safety and Nuirition,
Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: In order to study the preventive effect of adherent bacteriophages against Salmonella infection in mice, a
gut-adherent bacteriophage vB_SpuM_PA1-27 was isolated. By establishing a murine Salmonella infection model, this study
investigated the preventive effect of vB_SpuM_PA1-27 against Salmonella infection through four experimental groups: blank
control, bacteriophage control, Salmonella-infected group, and bacteriophage prevention group. The results demonstrated
that in the bacteriophage prevention group, vB_SpuM_PA1-27 was detectable throughout all intestinal segments, with the
highest abundance in colon. Concurrently, Salmonella loads in fecal samples were significantly reduced ( P<0.05) , and no
mortality occurred in mice. Compared with the Salmonella-infected group, phage pretreatment significantly reduced the
spleen index (P<0.05) and mRNA expression levels of TNF-a and IL-1B in colon (P<0.05), and significantly increased
jejunal villus length (P<0.05), colon length ( P<0.05),

oS B H8:2024-12-07 and MUC2 mRNA expression ( P<0.05). The results
ESTE . THE RS HaE AT A CX(24)1015] ; BEK indicated that vB_SpuM_PA1-27 could mitigate Salmonel-
H SRR 5L 4 1 135 H [ 32273095 ] la-induced pathogenic impacts in mice, preserve intestinal
1EEB AN OMFE(1998-) , 8 LRUHErR A, W858 4, 0F 95 J7 1) health and reduce mortality. These findings can provide an
HWER A, (E-mail) 335099984@ qq.com important data reference for the application of adherent
BIEE TR, (E-mail) luhd100@ 163.com; £ i}, (E-mail ) ran- bacteriophages in the prevention of bacterial infection in
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VIR ( Salmonella typhimurium ) LT2 FH A 52 55
AR, T W DA A SR T A TS K A S Al Ak
280, % R ZEVDTTIRE LT2 A7 R 4 1 24 2L
I

1.4 KA E

1.4.1 HEZEAEWEELEKRSGHLE 3% Bar
S TR 1% (B RAREL) B E AR
fi# T HERREL 22 v (PBS) B 1 mL 45 T LB Biflg
S B, 2 B0K 5 mL AR R (1x 107
PFU/mL) 1 14 BREETE K (1-1 .12 .1-3,1-7 . 1-11 ,1-
16E .1-22 1-25 1-26 . 1-27 .1-28 . 1-31 | 1-32 [1-33) &
WIMAFEEE FEAR 78 37 °C 40 F 1l BLE 3 R %
130 min, FifiJe , (3 H 6 BR AR 2 AR TR,
W I 1) A AR A S A YD T TG LT2 192
FASEFREE (% 0.6% B IE#Y) ,37 CRl I, #i
I 55 T A P 50 AR U W T T TR 8 B e i P T
BRI T2,

1.42 X% Hrms e 32 H/NRUFRER
IEN R 7 d J5, BERL R 4 4, B2 8 H il
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EfEH 9 mL PBS) . #ZLF R 100 £%)5 , I 4 T BS
NS, 37 CHEFR 24 h iR, LAwG & 2l
BT T ICE AR

144 DPRBBRETRHEALEHEAEMNT  BUN
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R RO RS B AR i B L TR
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1.45 PR MmERSEM NG R/NREE. W
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HER P 4% 2 R PRS2 W, 24 b 5 FIH S
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Table 1 Experimental grouping and experimental treatment

2 5 R b 2
25 N IR ZH FAE T d )5, HEEE 200 pL A K E 14 d
W% TR A ) B 2 YOK I 1x 108 PFU/mL MERR A, (R 7 d )5, 4 HAEE 200 pL AHE/KE 14 d
VTR A A EWFMW 7 d 5,4 HHEE 200 wL YT TERE LT2(1x108 CFU/pL) £ 14 d
AERE N YooK 1x10° PFU/mL WEREAZESE 7 d J5 45 H#EE 200 wL ¥ JIRE (1x10° CFU/WL)LT2 £ 14 d

1.4.6 VRESMEPERARG>AH BUNRS W
7] Jiz Fn & ,%W%%%%Wﬁ%,%iﬁ%w,f

HRT = 4(F AT ) In A WE R A R AE W (SM 22
W) 23,10 000 r/min 0> 10 min, BT, 28 45
0 R BT B U B 3 o U P 3 I s A AR
1.4.7 DREMAEREEXKRF  BUELH /DRSS
FAL AL, ff ] RNA $2BGRF & H2 BUE RNA 1 4
JEGEETHIN E RNA 1y ok B8 F0 46 B S 5% S5
¢DNA, X Fl SYBR Green AT % )¢ % fit PCR ( RT-
qPCR) W7 /INER &5 P 2 20 2 B s R 8 B 1 )
FER(MUC2) "B % % e 8 H SR B 4 i 3E A ( Ocelu-
din Z0-1) FIELMH F I ( TNF-a IL-8) mRNA
IR 519 i SR A R A A BR A w5
BB SN IR 2, RO FR (20.0 L) : 2xHQ
SYBR qPCR Mix 10.0 pL, I FlE5I 49145 0.4 L,
¢DNA 2.0 pL,ddH,0 7.2 pL, PCR {4/ .
95 °C 30 ;95 °C 10 5,60 °C 30 s,40 MEH, LI B-
actin %W%ﬁ,%*ﬁﬁ'% WG EORH 2700
B

x2 BHERSIMET

Table 2 Primer sequences of target genes

H %A SIMFSI(5'—3") EZ PN

MUC2 F:GTGGCTGCGTGCCTAGTCCT [9]
R:AGGCCGGCCCGAGAGTAGAC

Occludin ~ F;ACGGCAGCACCTACCTCAA [9]
R:GGGCGAAGAAGCAGATGAG

20-1 F:CCACTGCCTACACCACCATCTC [10]
R:CGTGTCACTGGGGTCCTTCAT

TNF-a F:GGTGACCAGGCTGTCGCTACA [11]
R:TACAGTCACGGCTCCCGTGGG

IL-1B F:TCCAGGATGAGGACATGAGCAC [11]
R:GAACGTCACACACCAGCAGGTTA

B-actin F:CAGCCAGCCATGGATGATGA [10]

R:ACCAACCATCACACCCTGAT

1.5 HBAESSH

B2 Excel 2022 WP PR )5, SR H] SPSS 22.0
PEAT B 25 2% (One-Way ANOVA) 4347, 45 5% H
OEYE bR R, FIH ANOVA K55 53 B A [\
Ab BB 1Y 25 5 2

2 HER55T
2.1 75 Fh PR R 4 Y 0 A

ASBIFE R FH Barr 251 37 (14 W5 A 140 26 2R
F b BRFRE T I A T i, XSG 2 R AT ) 14 RRTDT]
FCPAWE B AR IR T T 038, &5 R AN 1 iR, 14 BRIE
PRIAAOGS i 38 8 B 11 P 0 BRI B AT 3 K 22 57, X 1T fig
LWk S REAS A MEEANRA S, EAH
FIR 51 WA 1-27 ZH6 20 358 3 IS 7
MR B e e, 3 e T AR (P<0. 05) &
TaxX— 250 RATEBEWE R 1-27 Tl 2Ll
FKe W IR F BT i 44 S vB_SpuM_PA1-27

40

v \\\b\\\\\\\\

WA

b
T
0 H
\\
ARG RN 1] 2 57 . 3 (P<0..05)
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Fig.1 Screening of phages with high adhesion to mucin
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Fig.2 Effects of phage vB_SpuM_PA1-27 pretreatment on sur-

vival rate of mice infected with Salmonella

FALFRLE /NI EAR AL I E 3 BT7R, VDT TR B
SR U NUARE TR HEE S 3 dORXBTTLR%E 10 d)
TFUG VTR R4 /N AR B K 48 (1 4L (P<
0.05) ., WERARTBE41/NRTERE B YT TR E G R EA
TR (0575 (0 BRUUAH FE 25 R B35 (P>0..05) o
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Fig.3 Effects of phage vB_SpuM _PA1-27 pretreatment on

body weight of mice infected with Salmonella

2.3 EEEK vB_SpuM_PA1-27 Fi4bIEXf/NR 25 {8
IR EHEN N

M 3 AL 7EVEE 6 d J , YT TR R B e gl rh
/N ERZEAE TP YD T IR Y 8 MRS N, 5 Z A L, W
WK vB_SpuM_PA1-27 TiAb#H i KA T /N B
HY T TG Y 35 (P<0. 05)

%3 MEEF vB_SpuM_PA1-27 FiA /MR E@E PP T REHELN TN
Table 3 Effects of phage vB_SpuM_PA1-27 pretreatment on the load of Salmonella in mouse feces

izt E=poy i W TR R X A 2 IR R4 IV A A T 95 20
VBT ER A 3 1 X5 3.66+0.07¢c 1.07+0.35d 8.07+0.12a 6.56+0.28b

23 % B WA B 0 1] R R 2 W TR AR TR 2 UL 3R 1, Ui AN Rl NS FREROR 22 5w 1.3 (P<0. 05) .

2.4 WEEK vB_SpuM_PA1-27 14038 X /) R A 25

R E RN
YOI G e BN IR R, i 3% 4 T,

52 FA IR EL, V0 T] R IR AL 2 /) Bl I 415 K

*R 4 BEF vB_SpuM_PA1-27 T IEXT/INR IS EIS BB IE

WETHE (P<0.05) , WER{K vB_SpuM_PA1-27 Til
b PR T B I O VD T G T 2 N BRI B R,
VBT TR R G 2E A U A 6 450 3 PR MK ( P<0. 05)

Table 4 Effects of phage vB_SpuM_PA1-27 pretreatment on organ index in mice

EiFLan E=poyiE M0 B A4 B4 RN IV PR T8 2
NG+ % 4.12+0.85b 4.25+0.87b 8.20+2.57a 4.05+0.66b
JF R F5 55 4.50+0.19a 4.49+0.33a 4.54+0.51a 4.28+0.59a

23 0 IR TR A TR Vb 1T PR R L R U A L35 1, [l — AT B 5 A )/ NG R R 22 5 .35 (P<0..05)

2.5 WEE{K vB_SpuM_PA1-27 i B ENR &

34z 0k i

W% 5 Bz, W R 4/ BRAEAR BRES 14 d,

23 By | [81 iz RN 235 gy v AT BE A 0 2] -5 v B 1 o R 2 %
AT AW B A, LR 45 i 3 R M 1.05% 10°
PFU/g.
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Table 5 Distribution of phage vB_SpuM_PA1-27 in each intestinal segment of mice

e W BRI A% i (PFU/g)

- 2 IR W Wi R R4 Wi B 4L
7] 0 3.50x10° 0 2.50x10°
)7} 0 4.50x10* 0 5.00x10*
£ 0 2.10x10° 0 1.05x10°

23 A IR R PO AL Vb ] PR B R A R AR U AL L3 1

2.6 WEE{R vB_SpuM_PA1-27 FiAb XTI TR &
BpNRERKERRMm

mzk 6 Frs, I IR 5 30N B4 R E
SN 2545 , 525 O BRALAH FL 40 46 29. 14% , 22 57

B3 (P<0.05) W B 44 3 4b # mT BH 52 ok 3% X — 31
% 5P TIR R BRYL A e, 45 0 KB i E 1 hn (P<
0.05), H5as Xt MAMIL LR EZER (P>
0.05),

%6 IEEF vB_SpuM_PA1-27 T E i R E B /NRE K EHRID
Table 6 Effects of phage vB_SpuM_PA1-27 pretreatment on colon length in mice infected with Salmonella

kit 25 FX A IhgE A A X B 4 WG G20 ML BT AR T3 )5 4L
25K (em) 8.75+1.38a 9.28+1.38a 6.20+0.74b 8.60+0.93a

23 % B W B A B 0 1) R R 2 W TR AR TR 2 L3R 1, Bl e AN Rl /NS P RER R 22 5 .35 (P<0. 05)

2.7 WEE{KE vB_SpuM_PA1-27 FiAb XTI TR B
B/ NR B E IR S SN R I
AR /N F S W | T8 i R0 i 1 B R
Bl 4 Fos U1 IR S BU N 25 g #0090 6
SRR B, 43 b B 24 5= 4 HE S A B 1 1
B B B A 1 R i S5 R AIK (P<0. 05) , 7]
i e o TR W N (P<0. 05 ) W T 44 T 937 26 /]

OB ORRE TR e M R ST B, SV TTIRE
TG ZH A L2 I 90 B B W E N (P<0. 05) , [l
B IR BT 2 PR (P<0. 05) , BB kb i & 18 ( P<
0.05) (K 7). Mo IITIREEGA /N RSP ss
SERZEEL A0, R AR F 40 DS IR 17
PRAR TR 2 /) B 285 P e 5 2 R I

=l
&)
& 8
e
N~ (
(a) 25 (AT HEAL (o)W ] (AT R ZH
25 6T B2 W TR AT R VDT ) PR B 2 s PR A TR 4 L3R 1

4 EER vB_SpuM_PA1-27 FAbIE XS i 7] FOH B /N R AGE R R T AR SR ( 44
Fig.4 Effects of phage vB_SpuM_PA1-27 pretreatment on intestinal mucosal morphology and structure of mice infected with Salmonella (44x)
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Table 7 Effects of phage vB_SpuM_PA1-27 pretreatment on intestinal mucosal morphology and structure of infected mice

f B Ei=gan 23 X ERAL W T A o R 4 W RIS W T A 51 5 41

=W HBAEE (um) 358.35+56.36a 338.89+33.31a 288.16+56.36b 310.03+50.05a
BesE R BE (m ) 63.52+7.23a 67.83+11.42a 69.91+12.44a 68.42+10.73a
E58ea 5.64a 5.00a 4.12a 4.53a

my7] HEKE (um) 258.18+26.06a 243.24+19.14b 225.59+18.40¢ 227.74+22.73¢
Be s R BE (m ) 55.45+14.51b 56.88+6.79b 118.10+14.51a 58.51+6.52b
B 53ea 4.66a 4.28b 1.91d 3.89¢

<

X A
A7 55 R 5 TR BE Y LU

Y

2.8 WEE{R vB_SpuM_PA1-27 FiAbE X TR &
B NR B FEIE MUC2 mRNA RiEBI 8500

WK 5 Fis, 5725 I IR HL i, v 1T G e Jak g
/N5 MUC2 mRNA 3 35 7K 38 AR (P<
0.05) . WP 2H /N BRL25 W & B MUC2 mRNA
TR 5 A (AR BB AL, 5 V01T R R4 2
S E (P<0.05) , XY, VD 1] TG TR W3 TR 445 1o b 2
REIAR VD 1T QPR XN fe R

20r
ﬂﬂgj a
: L 1
i 15 X
2 ol L ——
bl c
S o0sp S
S
=
= WEREA PITRE R
S HRZ. XA g 4l
Kb

25 XS BRZEL W G VRS B2 0 1) T R e 2t T AR T By 2 DL
£ 1, NE/NEFRFRIRZESF W3 (P<0.05)
B 5 EEE vB_SpuM_PA1-27 F B DR E BP/NR L
B3 MUC2 mRNA &K FEHI 20
Fig.5 Effects of phage vB_SpuM_PA1-27 pretreatment on the
expression of MUC2 mRNA in the colon of mice infected
with Salmonella

2.9 MEEK vB_SpuM_PA1-27 FAb B DT
B/ NREBE R RKTERZMN

WNE 6 Frzs , 5728 R IRZH e, Vb 1) EG R e e
3 LR T g5 AR S A R - SE R TNF - F1 IL-
18 mRNA %% 52635 (P<0.05) , [Al I B35 F 8 T
B A R gAY B Occludin F1 Z0-1 1

FRER g g A R YD T TG R 2 WA BB AL L3R 1o TR — AT RO 5 A /NS 5B R 22 5 35 (P<0.05) . SR tE AR B K

mRNA Fik/K ¥ (P<0.05) , WA vB_SpuM_PA1-
27 WAL ET B 2 T VD T G R YE R 1 TNF-a
H1IL-18 mRNA #5235 (P<0.05) ,{H%} Occludin F1
Z0-1 mRNA FJZRIKKFTC 8 E 50 (P>0.05) .

3 1

JWiE NS5 2 —A B Z AR I A 3 & 1 40
HELF= 100 LA B e R W il A P BV L B A E S R
il e TE b TR R T OF B R LA, AR
FRBNIIRYL TG 0, R W A A I A B
A N2 AT T 2 RS R R, i
PR BRI AR B4 ) i 07 TR R 7R i s o A £ 2 Xk
Mk TR AR SR A 7 56 R T s g s T A 5 LA Ry
b AFE R UT A ) BOA R T
2013 4F, Barr 2% g A I I HE A0 HE Sh R A o
B, W AR E R0 U2 v R R E A5 40530 1) AR B T PR
B30T 4.4 i, 2 B RH 2 AT R 05 TR 44 R AR
PALE LR IREE, A, X AR BRI TC 4i i &
(‘T84 F1 A549 ) A7 I TR 4 il &b 3 W]k 25 9l /> Jist
PR BT TREAS 7 A 26 9 B4 40 B ( Huh-7 F1 MUC 11
AS49 FRBRAR ) THEA T I B A TOUACh B G D T B 1) 5
MRV E5E /) , 7 W T A 255 o 320 285 ¥ )2 T 020 4 i 52 %)
P I TR Y

FhAE e — Fh i B SR Y BT BUEE 14, Fh
i T8 AR 2 M5 T 53 0, R ) 1 1 A )
AR W ST A SRR, T4 WETE A Y Hoe
HEHRESIE 5 B RS S NI e R b
8 X R B T AR 2 22 i B oA S A
Rt e R E R, e R AR R
FEEATIRAMRLS B 3R R AR T B8 T 1 0
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Fig.6 Effects of phage vB_SpuM_PA1-27 pretreatment on gene transcription levels in the colon of mice infected with Sali lla typhimurium
e 1 R A o B TR 14C vB_SpuM_PA1-27,, YO PR TR R e P 5 28 0 IR PR KR

Sy B A R e RS 1 2 TR RO, FRATTR R
FEVD TG R BB AL 9T T W TR 1R vB_SpuM_PA1-
27 FE/INEU 3 v ) 8l B BE T B 1B B FE T TT IR
PR A P T A A5 R R WE TR AR vB_
SpuM_PA1-27 HiAb B 7 d J& , 16 /N R4S Be b AR
AR B HAAAE RS D s R T AR X T RE S
SEHFRUE AT R ., Almeida 51 43H ,
PRV B 8% ZH B 21082 0 9 £ () 0 R 8 L, O o
RMFFLEACAE 7 d, MAHR BT B RGeS0k
M,z[xﬁj%?{q: , 25 W T A vB_SpuM_PA1-27 T Ak PR
Jei , /INEREEAE P 1] QTR 2 R VD 1T G B R e 4
FI  RWIE R vB_SpuM_PA1-27 H4& 752 4%
i T8 BB FORS VRS 1) 2% A T B BE

Be b, AT HE— 2L WF ST T WE R AR vB _SpuM _

PA1-27 ZE 2% 18 % BT FE VDT EG T 5 | kS i 8 i
BT . R ZEVD T IR 2 e i I B R
BOWEZ — , Al R A S R A, SR R
TR ARAE |3 AN B0 , e IR Wi R B DI BE . ARHIESY
 /INERUER G B FE VD 1] QS IR R A1 ML
i R EIET NG, TR BR2FLH Y F oA &t R
N, T TR IR S 80N RGBS B 40 | e s
i, BRI, WE T A vB_SpuM_PA1-27 T4k 3/ BRALE

Ak, HICHET KA, FUPT TR YL A LA, Wit 1A
A vB_SpuM_PA1-27 Tl b P 5 25 A T /N BRI BELE
Fe8, IR T A i, RN S5 BRI L
LR AR A A I~ BL K] TNF-o F1 IL-1B mR-
NA ik K BEAG, (EARH B2, WK vB_
SpuM_PA1-27 TiiAb 3] & 3 bl MUC2 JEF 3%
KK, K] ReSR HLAE i 38 TP R FEAR Y E R ) —
FEHLH], Wu 557 R B, WK gPNJ-6 B8 %3 i
Hoc A RIZE IR 5 MUC2 () # il sk 34 &, R
I, W B 4K gPNJ-6 5 Hoc 7 1115 5 HT-29 41 jity
MUC2 mRNA FE H BTRIA K Bl X eess 14
7, WE R R B 55 25 88 11 6 1 =2 )R] 8 A7 7 1E S st
PEIR

I D K 6T 285 VR 1) 266 BT 4 FH AE 1 98 3 v 3t 3 £
TE 3% —F A B T W05 R A TE B SR TR i — 2 R
SRR BE B, A SR BUR W R 22 B
B R RE 7 A W D AR T A T ReE I E X — 2 HL
SNSRI PR ORI PR R RE 33X R I R R
AR TE W AT B A TR 0 SR B R R

SE Lk

[1] KNECHT L E, VELJKOVIC M, FIESELER L. Diversity and func-



LUMRARE < 0 s 280 P AL Wk T A /N R0 17T PR g i 0 £ )

1851

(3]

[4]

(5]

(7]

[10]

[11]

[12]

tion of phage encoded depolymerases[ J]. Frontiers in Microbiolo-
2y,2020,10:2949.

MOYE Z D, WOOLSTON J, SULAKVELIDZE A. Bacteriophage
applications for food production and processing[ J]. Viruses,2018,
10(4) :205.

2=, REBENE 8,4 R MRS E AL B
PERLJ]. WEYIHHMR,2022,62(11) :4324-4335.

PAONE P, CANI P D. Mucus barrier, mucins and gut microbiota:
the expected slimy partners? [J]. Gut, 2020, 69 (12) : 2232-
2243.

ETIENNE-MESMIN L, CHASSAING B, DESVAUX M, et al. Ex-
perimental models to study intestinal microbes-mucus interactions
in health and disease[ J]. FEMS Microbiology Reviews,2019,43
(5) :457-489.

CORNICK S, TAWIAH A, CHADEE K. Roles and regulation of
the mucus barrier in the gut[ J]. Tissue Barriers,2015,3(1/2):
€982426.

WU J L, FUK L, HOU C L, et al. Bacteriophage defends murine
eut from Escherichia coli invasion via mucosal adherence[ J]. Na-
ture Communications,2024,15(1) ;4764.

BARR J J, AURO R, FURLAN M, et al. Bacteriophage adhering
to mucus provide a non-host-derived immunity[ J ]. Proceedings of
the National Academy of Sciences of the United States of America,
2013,110(26) :10771-10776.

FEEEAE. T B I R T I X IR A X M B B R e B T e
M ER D], Jbat. hEA R, 2016.

BAO HD, XUE Y Q, ZHANG Y Y, et al. Encapsulated essential
oils improve the growth performance of meat ducks by enhancing
intestinal morphology , barrier function, antioxidant capacity and the
cecal microbiota[ J]. Antioxidants,2023,12(2) :253.

ZE 0. DYSRES 2 AT T JT3 A7 A= (405 -3-FL R ( ILA ) 2% i Bl
DiZEW TR DTS [ D] B0 PR MBI
2%,2023.

HASEGAWA D, ISHISAKA Y, MAEDA T, et al. Prevalence and

prognosis of sepsis-induced cardiomyopathy: a systematic review

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

and meta-analysis[ J ]. Journal of Intensive Care Medicine, 2023,
38(9) :797-808.

FASSARELLA M, BLAAK E E, PENDERS J, et al. Gut microbi-
ome stability and resilience ; elucidating the response to perturba-
tions in order to modulate gut health[ J]. Gut,2021,70(3) :595-
605.

BELDA E, VOLAND L, TREMAROLI V, et al. Impairment of
gut microbial biotin metabolism and host biotin status in severe
obesity ; effect of biotin and prebiotic supplementation on improved
metabolism[ J]. Gut,2022,71(12) :2463-2480.

KEEN E C. A century of phage research: bacteriophages and the
shaping of modern biology[ J]. BioEssays,2015,37(1) :6-9.
BISWAS B, ADHYA S, WASHART P, et al. Bacteriophage ther-
apy rescues mice bacteremic from a clinical isolate of vancomycin-
resistant Enterococcus faecium[ J]. Infection and Immunity, 2002,
70( 1) :204-210.

SINGH A N, SINGH A, NATH G. Evaluation of bacteriophage
cocktail on urinary tract infection caused by colistin-resistant Kleb-
siella pneumoniae in mice model[ J]. Journal of Global Antimicro-
bial Resistance,2024,39.41-53.

LIELEG O, VLADESCU I, RIBBECK K. Characterization of par-
ticle translocation through mucin hydrogels[ J ]. Biophysical Jour-
nal,2010,98(9) :1782-1789.

ALMEIDA G M F, LAANTO E, ASHRAFI R, et al. Bacterio-
phage adherence to mucus mediates preventive protection against
pathogenic bacteria[ J]. mBio,2019,10(6) :e01984.

GREEN S 1, LIU C G, YU X, et al. Targeting of mammalian gly-
cans enhances phage predation in the gastrointestinal tract[ J].
mBio,2021,12(1) :e03474.

BACKHED F, LEY R E, SONNENBURG J L, et al. Host-bacte-
rial mutualism in the human intestine [ J ]. Science, 2005, 307
(5717) :1915-1920.

DAHLMAN S, AVELLANEDA-FRANCO L, BARR ] J. Phages to
shape the gut microbiota? [J]. Current Opinion in Biotechnology,

2021,68:89-95.
(TS REE)





