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Abstract: Bacteriophages bind to the bacteria receptor through the receptor binding proteins (RBPs), a process that requires the
involvement of complex atomic structures and conformational changes. In response to bacteriophage infection, bacteria have
developed a variety of resistance mechanisms, while bacteriophages have also evolved multiple antagonistic mechanisms to escape
host resistance. The exploration of the “adsorption-anti adsorption-escape process” between bacteriophages and bacteria helps us
better understand the co-evolution process of bacteriophages and bacteria, which is important for the development of phage
therapeutic technologies and phage-based biotechnologies. This review summarizes the bacteriophage adsorption related proteins,
how bacteriophages escape host resistance based on the RBP alternations, and the recent progress of RBP-related biotechnologies.
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Wk P A T P R AN R L R TR L MBE AT
SCFRSERA YRR, I HAA A 55
e GoE SReE, MU T A, ©
VTS gadE . RE RN SRR . AR,
T RIPTA: AR A D20 | A0 BT T 2 1 I S o
B R SR T 25 T A B, (R R R AR SR AS TRk
B 2 1 e D B g A i A AR
B, XA ROT S N P W B A A 1 R A B
R TRWE AR AR B BB X

W B (Adsorption) SRR AR YL AR —2,
3 AR A Wk A AR R TR 1) 2 AR A B D R
PRI A1 L T A2 A, R RS et ) A S LA R W B i

S s TR 1) 18 29 R S AR YL RE T o AR ORI
BT R W% 2 W% R 6 25 11 A BIE 5 08 e A0 R 0 7
TRk

1 wEE AR

1.1 MEEARRMEEH

Wk TR AR 235 75 3] 240 TR 2% 1T I 75 ) 25 A0 G Rl 2
REEEEN . [F—WERE T LA Z24 RBP, M
FEEREE NN AR R Z I 522 4G, B
A K fEDIRER RBP RE/K ff 20 18 R 1H 2544 , Pl
R TEATE TP . MR I R BER RBP 5831,
RBP Z N B4 R R . 22 E A B ;
DR B RIS WK, KRR A EN
4R, RBP fgZE R oA, M IRSEEY
N S5 (Amino-terminal) . ] 52 5 B Bk X
(Linker) . A i R R 6 A0 7K i 200 TR 52 A4 1 C ity 25 4
1§ (Carboxy-terminal), & 1 &/ TARENER 4 Ff
W R A 1Y) RBPs &5 #4 AR o5 . 1) % ARk T
& (Podoviridae) P22 il i< & il 2 1 gp9 fY C ik
A 4N SN g Z 8% (Lipopolysaccharide, LPS).
2) WUEAMEEA (Myoviridae) T4 it B4, U
e MK ELY 6 MR, IR T m R AR
Bt KEEZ1 gp37 NZIREEGH, "L S 4008
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LPS B #MEZE 11 OmpC 3 3 L ) 4 F o 7 53 4%
G5 M2 gpl2 Fifd, NS 5 EEEIKAE F5E
SetE, 5 LPS AA[igs &0, 3) P2 oy HAT FEA KL
B K R B AR (Siphoviridae), HA AL
R ek R AR T AR ) 24 R B 1T A R
S0 W TR RS B T 4 R R TS, FEAR RBP 22l Gl
ZHEEE (Cell wall, CW) Wik, 76 Ca® Hhll
YERR MR (SR a5 /il C o) E56 i R,
FRFE T Z RBP s, [FIEf5EAR RBP ¥ LLE &
Rl AT 200° SR FEARAE , FTH LRI A%
W e AGEIE™ . 4) MUNKETEIARL (Microviridae)
(K KT B Wk B A X174 YA R34 My, oA 5%
RXEER A mAAR, T 12 A HIRE N
(Protein G), HIZRAEFNANE LPS Jo MAK TR =,
#FE A5t F & (Protein F), F & FHE T4
BE F A S S8 (Protein H) & A4 254k,
7 B B A 52 i DNA T ABL
1.2 WEE KON B & 4 i 72

AR, I X SR S AR AE DL K i BT T Bt
Wik AT A 5 B 2ok A 1) AT 5 3 T T A R o LA A2
21 - 7K S B AT, HAS () 28 7R s 1 4 7 Wi ffF
MRS T WD A2 B T B o B 5T L
BEURAN AW TR A, 0400 Jc 42 L 1 U T A R A5
T T4 g R HAT T RS, Rk
KAERKE2ZL4E (Long tail fiber, LTF) 4b-F [0
AR M5 —A LTF R 215 £ 5 LPS sidh s
1 (OmpC 5 OmpA) Ji, LTF [ i) 2 Jifd & réi fe
&, IR EE S, K AR B T
T b EHMEE, A LTF B eIt
Y2 R G MR R R LTF (9 “fif
JE-gh A - M2 24 8 3N KELE
5 AR A 2 A i, SRR A O O R
5 A S FE A FE 22 (Short tail fiber, STF);
2 STF Y gpl2 5 LPS AH[s A5, Mgt
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;—Protein G

Protein F

Yoy
Protein G

1 DOHRREEFAZRESEONEN (EEMEEAE P22; MEREKER T4, KEBEEKR P2; )

I B R R ©X174)

Fig. 1 Structures of RBPs of four bacteriophage represented by Podophage P22, Myophage T4, Siphophage P2, and

Microphage ®X174.

— UG R R 2 STF I T IR B GHEE , STFs
AJ B L M AL AT 40 B (Cytoplasmic membrane ,
CM), I T 1A F2 5 e 4, v 2l 2 7 oA 44 i
(K 2A)7,

UG — S 22 [P PR TR ) RBPs BR[A 2 )¢
SEAL B AT, H X 8 R Y R R AR YT R
BB 2017 4F, Farley 45 FVA V5 L7 T2 1S A
(Cryoelectronic tomography, cryo-ET) JiE/R T 5 &
FHE R A ©29 i & F 0 BERERERR (Wall
teichoic acid, WTA) Fl bk 585 i1 7K fi AT 1L /5
FH v M A 3 T R B 2E AR IR R OB JE 0 A A
(%l 2B). MRk ©29 H1a FwEitnt, Ril&En
gp12 i ok H C S K Al W45 H K i WTA, i
PRSI A0, JF AR AR i A EE I TR T4
WK AK5cE 1 gp8 Sk 4EdE 11 gp8.5 #f
Il Wt TR A 5 A TR 3R TR R B B s B Al (Tail
knob) gp13 C i i PA Bl AE 45 k38 nT LRI .
TERRSRME ;. MR IATE KR R iz shiny, RfilE
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IM: inner membrane
CM: cytoplasmic membrane

OM: outer membrane
CW: cell wall

2 TABEERMAXBTE (A) & ©29 BEE AR
MHEEZFRTE (B) I

Fig. 2 Schematic models of T4 adsorption to
Escherichia coli (A) and ®29 adsorption to Bacillus
subtilis (B).
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F1 gpl2 S T AR A , (8 BE I iR AR 25 40
JRE; Mg RO i A M IERE, RIS
AT RS, WA A DNA FEATE B

2 AT RBP RRMHE R HALH
DA B A 5200 AN At 5 R

A. Evolving new RBPs

CM

C. Stochastic expression RBPs

B3 ETFTZARSEEEANTHEEKAMLRNH

I COT L SR A A58 T S A A T T AR
BELITCY A FARIREE R, W AR o T AN B
HoAE, 3o Ud P I TR R Al ) 22 ol s 2 T B
fR kR AL o G A B A W T Ak R AL )
3 ANTTTL s FUFUE LT 2 B sz A R
il SZ AR BHZEL | Gt 2 Fh RBPs (141 3).

B. Degradation blocking structure

X 0. l Bacterial receptors

@ Hydrolase
<= @ ¥ V¥ RBPs

@ Exopolysaccharides

Fig. 3 Escape mechanism of phage based on the modification of RBPs?.

2.1 IR 3 F0IE 2 H 89 0% Mt 5 4R

I A AR T A3 3 28 78 RBP G fidh I PR SH 3 v AN
[Fi) 52 1A 5 A8 al SR T I I B 32 44 (1] 3A) . T7 Al
OX174 1) RBPs REARHE 18 1 LPS MRS A 2B 38 1
P AE R L R AR A1 S W2 A LamB &1
FER T, BERA Y gene J 76 5 M S H & 578,
SR RBP AR £ 9w 11 ompFi,
22 PEEZARHESEN

AR Z AR SN2 (Exopolysaccharides,
EPS) #EaciT, Wiph (Aid it 7 RBP oK vy 2 it 1] [
f IR SRR A K S, (A TR 2 (R 22 5R (8] 3B).
KIGHFHE R A KIH, K1G, K1E 5 K1-5, {blik
PESEBR A W TE A HA489A (BT (B2 . RBHI%)
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o7 N VI BGZE R 38, PT RA Af 25 ) Jo 2 sl e 45
A B0 AT O i S A TR LR P L e A
AF BHIEH (Gpl9) C A FEff EPS M5
B, RV YA S AR M TR A A R K ELA R
HER O-Z WAk #emR , HIRERK PT-6 Zifdiye
FfRT AT LUK X e 2 0, REAT ALK 4 i 41 e R
BB R4y TR L

HA WIS TER RBP [ C 34l k1l 4 i
FER R EARSE . i, AF 5 T7 FEETE A 015 &
I EE (B EL A B EPS RURE DT, ELARWE TR AR AR
ALPEAIR , (EL S B 7K A 17 1 118 DX 35 R R DL A 5
K1E. K1-5 5 A 63D 19 RBP At A N
DI, LA LB T S AR P 5 ik 96%1°, X IR
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W% DA K T B o) 7K Y- 56 DR 7 % R A5 3 i oA DD i )
FEPE, Xt AT DLk A o -0 D AR AR B A R I o
Bt de it — e AR
2.3 RIS EZ ALY RBPs

Wt T 1A T DL 2o 98 748 B G Y 22 b AN ) 52
AR SRR RBPs RIS Y ILE . ¥R iE ik
(& 3C)1. LM ©92 Fl PVP-SE1 % /b4
M 5 FPRTRIZE R Y RBPs, HoAE FHIBR T KIBH A
INEAT RV TTERE, A 992 A PVP-SEL X3
I T S [] 9 2, 11 DA BRI 1 T R, S I TR
T (rvb FERRBEAR) EAG R Al F0fp py 5L D] E 20 DA
BB TE EIGHEE ) . HTEAR AR A BPP AE
YL Bvg AHIE/R R, JFREE T B & R A
R BMP U Bvg AHIE /R AR . 1% B2
BPP i[RI 20 rp i) 22 S 1 S 3% s Kl 1 (Diversity-
generating retroelements, DGRs) 5 mtd %t [H#% 4t
A0, 2% R GeHS By o 1Al 3 ARk Ak
POMNTE EAAE SRR AR R A2 S
O W A S mtd RS ER A B R Y
7%, DGRs i) “F s -1 e s -4 5 0 O ORIt
AR X (Template region, TR) 9% 415] A
mtd 3" K ¥ A A X (Variable region, VR) H7,
531742 RBP 2K 1A i 948 52, I Bvg i E i,
DGRs Jk [R f 7 W5 B 1A S 4 T rh ¥l R 3, WT R
55 R ) A B 38 N DA R A R 4 KA 56

3 %W RBP 5HEAENHAK R

RF S e R W AR S AR R A AR A (I
VeSS, HA2atk) tRshl (15 E£iE%),
RBP S A5 Wik R A A= 1 A LA s 77 1 A=
FUY Sk A RBP (1 e vl AR 7200 7 4
ERMIE R it RBP (4wt ik, w]Lixt
Wik R kA T AR s ¥ RBP fE i AE Rk
MR 2RI % (Phage tail-like bacteriocins,
PTLBs) & AAKAT LI & Z545 B 169 i 14 1 A )
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wilF (K4, % 1),

3.1 FAMEK RBP #ITHELEES S

I H I A A A S P TR 7 = TR AR T L
JRWE RIS W, X9 S A R A 78 T e 8T %
FE B 25 PERI . i an NCTC12673 w] LUR Sk
W B 2 i 2 il B 5 R A T, AR %R R A RBP
A R B} 25 440 358, CC-Gp04T7 i K PE1 7 40 BT e 4R X 00
o/l EGFP_CC-Gp047 & A Wxt A AEA 1 19¢
SR, ATAE LA N SE ORI AT T S 2 i
FERS%E . HRT, SRS w P R
HRARFR P22 K s sesr s, ml
L I P2 4 2 o i R T R TR R S
PEDOEME RS L T2 W 5 5%, X E T
B R IT L 0 v, 4G IO T o B B R 9 T

AN [7) 5 AT A X ] — i 32 A 14 W A7 s A ]
PR B LR R A 25 R, R TR R A R ek
2R T PEAT 4 UG I 12820 0139 FEAEFLIINA A B B
S PE MG, Chakrabarti 284> 253 5 f 0139 I
# &k (MAD-5, VE-2, CAL-3, S-2 fll MS-3), 1
PEMIAFRRY R, K 0139 FFEERLINE 4>
AN [ i e A 75 200

3.2 FIAMEE{K RBP HiEM TR K18 1%

X R 1A RBP s A &5 i (K52 A5)
HEAT A P LA 0 A AR A A5 500 R I JHL At 248 747 5
SRS, POREERERR S BT cao 4
A 1) B HE T B G2 2oL 119 /0N BRUUAR E2L A P 3 A5 T
R SRS A W T TR BEAF IR PR ES &  Be, TR
FHWE AR B R R, Wiz BUB/RTE M13 R fi,
il M13 $RA5 T JH 51 IR i | DR B e
WA & WG01 5 QLOL BA ARy fE Fa e,
& 223 AR E RA 59%°Y Chen 45 L1 & 1 THY
6 £ 1§ DE017 Rz, M 7S QLOL AW
gp37 JE K FBE WGO1 TG AW 1A, 301
PRt A W B AR ARAT T IR R AR B AR 1 15 3205
A L3RG T e iR,
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Change the host spectrum of phage

4 BEAZHRESEANNA
Fig. 4 Applications of phage RBPs.

FEFLCREBUT , TF & i e S e k4 o )
RFFERIE . PR E Y% 44y EEE, RBP AJ
BB T AR B AR A e AR T, A R, T
DL Tk 4 /N B A 3238 o A4l Holtzman 4§
MRF7E, T7 ATLLEE B2 & gpl7 1A KR RAE
R XA R Z I (LPS) Y K-12 AYA R0
o T7 LEPIRIE 3258 K-12AtrxA (W T A AT W
EIE AT EY G W) 5 K-12AwaaC (LPS #f53
BRI AERE) T ZUAERYIMLSE, X K-12AwaaC

% : 010-64807509

Antigenic
peptides

Directional delivery of diverse cargos

) 5 B0 3R 8 v T ) K12 Atrx A F W o 238 3 i e
ik R4 K-12AtrxA R 56819 LPS, T7 1
P T U R ABE S, SR AR R AR M1
A A 5 00 1 22 1E AR 2R B8 0T DL SO /N W TR IR
RBP (52 (R, A5 BAs) 2 e i 324 ek 1Y
I A o )

33 RBPZ5HAESMEETZIEH
FIFHVERARZEAS B . R EEFEORL (Virus-like
particle, VLP) YENZjW14044, ¥ 25 W48 1] iz fi
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FRALAL, AT AP R A, Rl AT
DL A8 A e o 4R 2 5 90 ) 2 A T B9 aoffome
B (M13, MS2) J2 W T2 A AR B 58 A A o
Yacoby SN SRR EMiES M13 Koef
(98p) MWyE/KMEE LML 1-3-“H A
FENI)-3- 2 H b W R ik (EDC) 18
B, ffi M13 4R15 TR HAH XA EE T,
Wiz ERIEE, JFE £ TR A
B, I RP R A AL M13-50%% 2% T Y
Ptk 2 R AE 500 vaks 45 P mE T KR R
FEARAE ML3 AT XS AN 7] 95 Jit o 1) W B i 07, O
MEBRIT T, BSIAFRR-AERLE
Y (Neo-CAM), ffi M13 K45 T W Pk X%
BB M13 A s R AL . R
I AOR AT R B

R %Y PTLBs 55 L W T {45 118 W FRF AL A 2610,
HAEREFFE D RBP P, A 1 ik 3 K 25 48
AT, i, 5 RIAATE P2 WA R
274k RBP 45 F 3 & 24 2R I B 1Y R2 40 A
2, AT DRI X R AT A RO R2

F 1 IEERRMERHEXEYREAR
Table 1 Biotechnologies related with phage RBPs

AR, KIERE R oV10 BR C imilil 0157 #t
JR X RS 3 R2 B9 22 N o, R2 4645 1751
0157 (aE SN, M Tk M E A RBP, X4
W R BRI T I R AR R E R SR W IR, HoR B
BRI, 1 H PTLBs BAT kR4 #y, Al ik
£t I D A S5 PR A S U s B A D 7 T R
TS 245 P 1 4 114 e 3

4 RE5EE

Wit TR A B R B Z A A o BV D B 2T
RERAWHGRG 2 W5 A, AUH T IR |
ISR, A2 as i . FE N G TR
Wik T 1A RBIP S JT- 42 Ik B A A ) i 70) B O T g o A
AR TE EAF DTSR AR . W TR A AR W ) 7R 1B
Amml . &t EY R eeiEi, L RBP
A A A A Wt T A T 590 BB i ) 225 19 e PR 5
W, A AR T G AR DL B B BR . B
BACEDFHAR T BI L, 2570 RBP HYZETILI
LW WA T R A T, (EATS SR A A — SE 2 0 Lk
FR R AR TR) R 0, 2 Al B T W PR ADO9

Categories Objectives

Main methods References

Detection and
diagnosis of bacteria @ Drug sensitivity detection
® Distinguish bacterial type
@ Expand host spectrum

@ Narrow host spectrum

Change the host
spectrum of phage

Directional delivery
of diverse cargos by VLP

@ Cell-specific delivery of
antimicrobial peptides and protein
toxins

@ Directional delivery of siRNA
@ Defend against strains by PTLB
and expand antibacterial spectra of
PTLB

@ Diagnosis of pathogenic bacteria

@ Cell-specific delivery of medicine

@ Construct luciferase-reporter phage
@ Cluster bacteria into different phage
type with different lytic pattern

@ RBP gene fragments homologous
recombination

@ Phage display technology

@ Coupling of phage hydrophilic
aminoglycoside linker and antibiotic
precursor using EDC reaction

@ Construct chimeric VLP

® Modify phage with peptide or
compound

@ Phage display technology

® RBP gene fragments homologous
recombination

[20-26,28-29]

[13,31-33]

[34-37,39-40]
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AT DAE 1R e W B 32 A e 2k 5 s 4k Y Chen 275
PR iR AW i%ﬁﬁﬂ%@ﬁmPMCm
ISR I P 4% W T A A R ) i 2320
ﬁWﬁmnﬂ%%W%miﬁu&WWﬁﬂ%@
SEYETEAR L W RBP Y N st 25 44 faf % 3% 2 22
FEEM =R NS5 T R RN TE 245521
I, FATETEEIRASZIE A RBP, f#bT

Y 235 1 R A0 TR 52 1 B9 B A

UIRET T IR BTN

TR W T R 5 A R ) TSR R
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