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Abstract:  With the emergence and rapid spread of “super drug-resistant” bacteria, phages have become a research hot spot for antibiotic
alternatives and a new way to solve the problem of antibiotic resistance and promote the healthy development of the farming industry. The key to
the therapeutic role of phages is their ability of specifically lysing their host bacteria, while the specificity of phage lysis of bacteria depends on
the recognition and adsorption of phage receptor-binding proteins to the receptor. Tailed bacteriophages use a broad range of receptor-binding
proteins, such as tail fiber, tail spikes and the central tail spike, to target their cognate bacterial cell surface receptors lipopolysaccharide, outer
membrane protein, capsule, flagella and pili, etc., and finally the bacteria are lysed. In the present review, we systematically summarized the
research advances in the types and structures of tailed bacteriophage and its receptors. We also discussed the selection strategies of phage
therapeutic agents based on the research foundation of phage-host interaction mechanism. It is aimed to provide a solid theoretical foundation for
the further study of the mechanism of interaction between phages and their host bacteria, modification of phages and creation of phage biocidal
agenls.
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Fig. 1 Three typical representative structures of tailed
bacteriophages
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Ye03-12'%, 2RO ZEW I TR P22 7, IK
S0 4 2 1 2 L B 1) PaP1 25 7Y BB LA TE S LPS fE
AR A T A 2o TR O BRI T
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JFEWE AR T7 A MR 1R SSUS 435I F FH R R 4T 4
gpl7 Al gp22 Z5 A EHURE . IRA R AIVDT T R 1Y
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Table 1 Gram-negative bacteria-specific bacteriophage receptor binding proteins and receptors

WA AZEA RRIE VA 15 EAE WERIAZ RS GE 2K 225 3CHk
Phage type Features Phage species Host bacterium Receptor-binding protein  Receptor References
WUERHGERA HARKATRGREE T2, T4 KIAFFE Escherichia coli i OmpC., OmpF  [22,38]
Myouviridae Long contractile tail SPN3US YOI TG Salmonella enterica FEaker 4t g [39]
MAMI UHRFRE . wG4ERE EE£T JEHE [40]
Enterobacterial genera Serratia
and Kluyvera
Det7 YOI TECTA S. enterica FBET EEZ S [15]
16004 MR IEEZ [41]
Pseudomonas aeruginosa
KREREEA BARMATESRE TS KIGHT E. coli FEARLT 4 NeZp ol [42]
Siphoviridae  Long non-contractile tail -~ SSUS VPITIRE S. enterica FERLT Y feZ b2 [43]
A, TLS, HS, RIGFT i JEHRLT 4 LamB, TolC.  [44-47]
phi2013 E. coli FepA . FhuA
iEPS5 BT TIRIA S. enterica FEERLr Yt Mg [48]
DMS3 HLR AN P. aeruginosa FEaker4t EES [49]
Vi-II VDI TERTA S. enterica FET JER [18]
9NA VDI TERTA S. enterica AT IFEZ A [33]
phiChil3 . phiCbK  Caulobacter crescentus K g [50]
SPC35 YIRS, enterica R4 BB [51]
SPN7C. 9C. 10H, VB[ TICH S. enterica ¥ Flagella,  [52]
12C. 14, 17T, 18 BuB. JEZHE O
S
FRPHEREA HAR OIS REE T3, T4, T7 KIAFFA E. coli i LPS, OmpC [6,53-54]
Podoviridae  Short contractile tail Bp7 KIGHT I E. coli LamB, OmpC. [55]
Hepl
Yep-phi B HR R G Yersinia pestis FEaker4t Ail, OmpF [56]
MPK7 SRR BRI AT P aeruginosa R4 1V B E [57]
phiK1-K5 KIGHFFH E. coli AT FERE [58]
P22 IPITIRE S. enterica FeET fEZHE o B [59]
Sf6 AT R Shigella flexnert AT OmpA [60]

YER, ATRLRBIFNZS & I8 20 0 2 05 AN R 2544
I L4545 M 5 T B vk 26 Wi B A L B T 7
FAN, A RS G AN AR ), 1R
% B, HREUE (1 BB L B TR 1 TolC
R Tl = FhuA "', TonB'*", OmpC[Ss] il
OmpF " 45 AR 22 R AT T 4 HIN I 11 0 S I s £
T, WERER Sfe LIAMER T OmpA FIHFH OmpC
R SN T OmpW SR FLINE I K VPS
FSZAA TR BRI A, S [ T AR 40 1 T 2
ARTE], ATRE R —Z R e R 22K, R

SR A B AR, AN 11 Al I OmpF
JE[R A SRR Yep-phi 10455 1E 0 W K Sfe
(FREWERA) 51w EWMHEERK SRS, LPS
oM —FZ RN BRI TS S, B
OmpA 8¢ OmpC 78 324K, A3 AN al ¥ (940 B
PERE XTWEEIR Bp7 MORFSERI, KAT I K-12
FIE Y LamB Fl1 OmpC £ [1 /2 Bp7 55— 20 w] 39 W i
(IFEE 2R, ZMN% Hepl VERWEEA Bp7 1H510)
AN, XA Bp7 By B e EEE Y L
FE B} I BT A T4t BE 08 [R 5F L OmpC Al 2 08 0 %
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Table 1 Gram-positive bacteria-specific bacteriophage receptor-binding proteins and receptor types

WERAARZEAD  RFE Wi R A 15 AT WA A G EN 2K 223K
Phage type Features Phage species  Host bacterium Receptor-binding protein  Receptor References
NUERHER A HA K4 R e Y BEIEATTE Bacillus anthracis FE ket 4 GamR [61]
Myoviridae Long contractile tail A511 W Listeria monocytogenes  FETHEF4E WERERR , IRER M [62]
9812, oK @ EMEBRE - WREERR [63]
Staphylococcus aureus
KREREREE AR RS IL-H T CFLIRAT 1A FETRET Yt WRHER [64]
Siphoviridae ~ Long non-contractile tail Lactobacillus delbrueckii
SPP1 AT B. subrilis FEET YueB [65]
@SLT S OREIRE iR BERERR 66

Staphylococcus aureus
G2 AT B. subtilis RAT BEEENRR [35]
FLERFLERE Lactococcus lactis Ealil

FREREEE HAREMIAREE  phi29

Podoviridae Short contractile tail P2

FEHRET 4

PRIEAT IR 22 T 4% AR £ A2 1 #6
A IE W H A2 K (OmpA . OmpF. OmpC. Ail,
LamB. FepA. TolC, TonB. BtuB ) HJ, HHEAM
2R b AT —E BRI W, I SR [ A
P A [T 058 DX 3okt s R A A H AR A R
32 FEZRMEBRELAKRIZTHA

B PG BH P A A B A B SR R N- B
SR . N- CBUEERR S 4-5 D EIER MRS
TSI 22 )22 R R 7 IR SR BB 4544 . N- 2 2
ZPHRR N- Tk AR I o A S8 B HES R TR SR 1)
a0, O RIS 7 N- ZBUIRRERR E o Btk
AN, % G B T AN RE A A PR A b A e I 2
R R T BB RE IR . X T e W AR T
KRR TR AL So 25 4 20 A0 IR 1) S B HEBUR 2
i1 LR B A B 1) T4 S P2 R RE R fE
e e T AR E R sZ R O (A, 4
(0, 4] 2 R O R X Tl R I A T S, AT
UG R O O SRR 0 U R i 7 e RO
BERR O- ZT5E 12 Rz ob, W B (AR 7T L) R 1)
22 [CPHPE A ) — SE R U0, E AN BRI 2T 40 i
GamB K 1. R 8 ZFHUAT B YueB "™, 3L 14 I
PRIZ YR 1 Pip ™ W RIE T DAL A FLER R — Pl
TR 20 M BE 2 R A5 F — AR, JBEAY PR SF A%
OIEFAEE TR IR P IR s &, AR AW Z
[ F) 25 S e FUR S T AN, A AT DL e
WA MR TE G, O AR TR A SRR,

YueB Z 145 (0l B 25AT D 4 6 2 T 47 o0 2 46 il
FRWE TR SPP1 REAS B LI T AN BUR A s bR 12 3
HRTA IR, 5522 BH 20 B b 2 300 W T AR 32 A EE
MR B R 2, X R 2 S ) R PR
% TR B T 0 ) 40 U R T 3 2 A T e AR
SRR B A R 1 2B I I N A A
FEER, LA vR B AR 1 ML R, K
A R R T 22 % PG BH M TR A2

33 @A e B LEMAE A e AR AR

331 HEEMR BVE I MEREIRZR  200E 0B E 4S
e T AR U RS Az A
VIR TepsS ', WFFEIEEA phiCbK ™', 2F7f
FF B B A PBST ™ S HL R R 2T 4 45 45 40 1
M FIC, FLCB M FIK, B2 B A2 s ZOR
FRAL B TR RS2 R 0 KREEE A AcM4
A AcMS2 FES A R B 5B S, BHAM
W B B T AN, M R A R A T
FIF AN B B 0 HARBIZ A, WK phikMV > Fil
MPK7 "7 s 25 A TV B L AN, S
B T ] T SRR AL TV T T 6 L DR 1 A
BE 2 IR A A T R A R A s A, g
T W AT 20 B I S e R 0

332 FWEMBRIZVE M VEREIRZIR A LA R
A IR B,/ FEETR)Z . X e g aT DARH 1k W
PRI 45 G 2 M RE AZ A, ) A0 2 I A K % e
321 4 YT ERBERR B R B S S A Vi
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J5L, VBT TEME R Vio1 T R 48 v A R L
FEMETEIR 0507-KN2-1" " BEMS 5 Vi Hilsigs & b,
JERE R AE— AR B DI RE, T 20 L RE A F2 R W] 3
%% {9610
4 ETHEMEX-BFHREENERRHNER

G TT HIFIE R R B

PRV AR SZARES G 35 1 S L2 R AR
Ttie K LB AENLIRBENE Jhy 5B AT W B AR TR YT
PATH R K. WRERIGT R RKIEEEENE
FEMERZIRetE, APTEAL, B R FH we R A 5
LT TCRRAY, AT L 2 8 31 A A0 e i 571
SRR P AR A BT A, LSRR W TR A B
RAFFIRAE, Ry WA A 1 550 4 b oL
PRALVERE RN
4.1  CE AR RS ) 5

2 D EL AT PR Al TR R Bk 3R R Y R
17 TR R B AR S AR B A SR AR Y
JRHE, RN [RI W TR AR TR A ) s D A A e T
FITCEE S —DAEE e, (A, W PR AN 2 VA il
FIFEAIE A FIA IR AR BEPLIR &, T2 2 2
W ER SRR E AL B, TR
AR AR A o W A R e fr ek 1
Wiz, HGRIJi% . R R
AP S 2R 0 LA, AT AR A 7 A
B8 1 N2 AR BB AR XS T i A it 151
i, AT LIPS B XA [ i 32 AN 7] 32 AR g s 7R
RZ IR ALG, DA 77 A 5 R AL 1) AT e
I B A 2 DR AE A HU/E T . Yang 25 00 354 % 4
oI P T 1 AR R VG o) R P X O B
FIMERIAR, LAKREREXT O Pl r= Aotk UG & 45A4E
FEY O P AR 55 k. Tanji 48 1 $4t
XA ] 2 AR W AR ZE G ok, 5 RIS
JPAEL, INAER T R FF IR O157:H7 W R AR (1 41
PR BRI . Gu 25 ) B T — Rl i %
e TR A DA W TR A XS SR, 3 s A A 1) 3
AR ZAR, S TR IRITRCR . BRILZ Ak,
AT LA 53 8 AT DLZS G — R DL ER RS2 ARl AT LA
5 [a—Z AR AN A G 45 G (W s A4, S B T 44
HIFIIHE & o Takeuchi 2 VO UBESY T A BRI Twort

R 5 D AR T 240 M B v O i B R A Sy A2 44, A
T HBFHEA A IS S e W T A2 IR S RE L
Ay W TR (A X% 2 V9 o 391 AR 400 i FH T4k
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