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Screening of Phage Genes Inhibiting the Growth of
Pseudomonas aeruginosa
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Abstract: Phage genes might inhibit the growth of host bacteria and are likely the targets for novel antibiotics screening. In
this research, all 75 genes of Pseudomonas aeruginosa phage K4 were cloned and expressed under the control of arabinose
promoter, respectively. Six of them might inhibit the growth of the host bacteria. Bioinformatic analysis showed that gene
gp72 encodes a terminase large subunit relating to phage genome packaging process; gene gp49 encodes a hypothetical 5'-3'
exonuclease; and the remaining four genes encode hypothetical proteins with unknown functional domains. Pulsed field gel
electrophoresis was used in analyzing the chromosome DNA extracted from the host cells carrying the identified genes. After
arabinose induction for 5 h, the strains expressing protein Gp17, Gp41l,Gp72,Gp29, and Gp49, respectively, had their ge-
nome DNA degraded significantly, and the possible cause is that the growth of the host had been inhibited. No genome DNA
degradation was observed in protein Gp67, indicating a different inhibition mechanism might be employed by the gene prod-
uct. Our data also show that the products of the isolated genes might affect the infection efficiency of the phage. In conclu-
sion, the genes identified in our work inhibiting the growth of the bacteria may serve as new targets for screening novel an-
timicrobial agents.

Key words: phage K4 gene; growth inhibition; screening

PUERM) 2 M B T 25E R RN O, AW IR HRGE R R VR PR ARIR Y7 25 e TR TR
PR WA R — Rl BRI, MO E R AT Srpaet Y. wE AGE i g S 2 R T, sk
YR B 2016-12-06; fEEIAHE: 2017-04-27

EEWB: FEAABAREGREITA (31370205, 30970114)
fEE®E: B 48 (1990—) , 2o, Wi A, WEFoeE; BIEEE: BiIL, #d%, hongjiangyang@tust.edu.cn




+ 8

18 TR B SN AE 1 , MR T M RE T, 4%
5 R, PEE BRI g A PR 2
iy 2RI, FL gt B 1 RE 4 ) 240 TR ) 2R Qi i
1, IRFI I E A KBURIEIE ER B H Y. Datta
SEOIESE T A MR RS IE R K (E. coli)
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Se, Hgmtd ) O EAM P & A RE W 7 IR Ak 41 1 7
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AT B R AT R B ik i, HIE IR = M e g 11 il 4
RNA FY4 L, M S EUE F A ser-.

Wk R A ZE R A et R v, SR DR 2 A AR R
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1.1
LIl A#S Ak

KB ¥ 5 (E. coli) DH5a(hsdR recA lacZY®80
lacZAMI5) . 57 2445 200 1 1O (Pseudomonas - aerugi-
nosa) PAK ( 55 B = & #K L 7 O6 #1) | JiT ki
pRKaraRed" ' GEH LA araC R Pgap 3T Hh
112 34k At bk

LB Higdk (g/L) : SN 10, BEEERY 5, EAbEN
10, pH 7.0 ~ 7.2. FITAGEH MBS SR

PrAER: A% H %K 100ugmL | UK &K
6 pg/mL.

RR &P N VI BamH 1 A1 SnaB 1 , TaKaRa 72
Al TR, e RS Rl R AR PR F.
1.1.3 MN&E
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Fig. 1 Construction of plasmid pZW1501 for cloning phage genes
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W 1).
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)]

VSR 5 he WS 2 mL WK, 5000 r/min Z5.0> 5 min
= FIEW, IS 0.5% SDS SR, V& A
A 50 pg/mL FEARE K, 60 Cidtk, KRS S
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5 L B, . R B BE [ S RS AR A
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PUWETRAR K4 it i K 2508 1o D REAR 0 1 B e
EE, RAVEER T EA e, Hrp, B
gp49 GRSEE R 5'-3 RN, JEH gp72 Gk
Ui 3, JEH gp73 datiSl 1A, JER gp74 Gt
FE22ER .
22 EEEF K4ERMBEEEERKNZ

Ik AT {4 S5 R 4 M 4 T il i L IR, iy
Yyid kAR FAALE] , 42001 35 40 i 0 5 e Al i
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K4 SRS ARG, P I T 75 MR
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Fig.2 Effects of phage K4 genes on the growth of the host strain PAK
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Fig.3 Growth curve of strains PAK/pZW1501
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Fig. 4 Growth curve of strains carrying the identified phage K4 genes with the inhibition function
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Tab.1 Bioinformatic analysis of phage gene

LR HIERA iRE
BREE M ;5 Pseudomonas aeruginosa Wi W K
I8 k10 s E T KPPQO-gp070 WHEHE Y 36% ™
WEEH; S Salinivibrio VK CW02 EEH
2 N e 38y
aptl 08 BEEH ;5 Pseudomonas aeruginosa WEEK 04
fEE B A R TR AR 100% D
pd9 293 e 5'-3"K%sM I ; 5 Pseudomonas aeruginosal
W AR O4 B B F R IRIEE S 100% D
BEEM ;5 Salinivibrio WK CW02 BEEHA
TP s 45w
KRR 5 Salinivibrio WEER CW02 £
#7536 g 740 17

. OWERA 04 FLHEHE 4 4% GeneBank, W5 K
NC.031274.1

1 Gp49 HAT helix-hairpin-helix Z5#), %4
helix-hairpin-helix 45148 1 BA A% AY) DNA
AW SMIMIRGER R, X EZREL RAD2
KW 53 mAMIIEEE P, W T4 i R — s
FERANIEE. 1 Gp72 HHA ATP JiE
. FHH Gp72 9 ATP BEE PO SRR T3 R
LRI IE ) ATP BEE P b O RIIEM Dy 28% |, 4
F Gp72 #%BR N VIR E M .0 SR A T3 Rt
PR IV A% I A D 42 O R Ry 3496 1),
2.5 BkMIBEER Ik DI EERELEE DNA

J T HERERETE AR K4 R 1A AR R AL
i, 76 2% FIRABAES Sh Ja, $RHUE R ik
DNA, FI| FH Ik w37 & e v ik 43 B s F I 4 /& DNA
(R 5EHENE , 2R AN 5 B,

+ FORUSIN 2% BHLAFTRE , R A MBI FRE. Je @ik DNA 4351
LA B bk P42 8. 1. PAK/PZW1501-gpl7; 2. PAK/pZW1501-
gp29; 3. PAK/pZW1501-gp41; 4. PAK/pZW1501-gp49; 5. PAK/
PZW1501-gp67; 6. PAK/pZW1501-gp72
B 5 BkihIipEER Bk
Fig. 5 Pulsed-field gel electrophoresis

1 Gpl7.Gp29.Gp4l.Gp49 F1 Gp72 HEWE T
FRRE E LN 4] DNA, il e s TRk
ZRMH R B Gp67 g FEHEIEF 4 DNA
VA FZI , A A A A A LTS [F] T A A .
2.6 FREMENLER

WEPA AR K4 JER =P e E A HAT 3 m , ixX
LR PR A X R AR K4 et B A 52
M7 ¢ HE W PR AR RRURR PR AG I 1 ik ik, 4 T e EE 4
AR TP RETR A K4 o BUSMEAR b, g5 R 6 Br
/N, 37 CHEFE Sha, & AN IR SR PAK
PPk PAK/pZW 1501 BEERTEAIN 2% BTl
IS F AT, BUZ P b BT B b A 35 I s 7
BE. A5 S04 L DL A8 TR AR AEAS BT h AP s, XL
SR b I M R, T E RO R B
2% IS, B E R BB 1. X 6 D EAMETE
FRARAEWEEE b, S D Re 5 gp49 F
gp72 Yt 1 S HAT AT RE R A5 R s, i HAR 4
AR, G BCE R, IR ATE . X 6
ANFER IR it aE F A K B B ARAER],
Z 6 B AT el e E AR R, B
15T AR ARG P B A FIRRES , DT 3800 T I B {4
K4 JBYHCR A AR, DT AR 1) Wk R B

PAK 1 2 3 4 5 6 7
BT ..-..-..
s [N

1. PAK/pZW1501; 2. PAK/pZW1501-gpIl7; 3. PAK/pZW1501-
gp29; 4. PAK/pZW1501-gp41; 5. PAK/pZW1501-gp49; 6. PAK/
PZW1501-gp67; 7. PAK/pZW1501-gp72

Bl 6 EHEKMEEEERIRES K4S
Fig. 6 Spotting assay of strains carrying genes of phage K4

FETTEWE R K4 X1 32 0 HoA VR I 2R R A
RIERR K 1 gp72 FEREWEEM K4 AR G
K, RERS D15 5 B A . A K W 3 2
400 ~ 750 NEIEBRALR, LLEAAK I TE A7 AE TR
W, B 1 AEBRNDIERGES A0S 1A ATP i
WL, B ATP BETE M AR P VTR S A
DNA fRHERGETEYE. AR UGHEA I EA ATP BEEPEX
B, XA XK R ATP B e S AR
Hegde ZPWF5E R B, WK T4 (OAIREFRT AL
I 1R FURRIRSS A A BV E LR A T4 413% DNA
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BAML R, WEFEK K4 1 gp49 FERRERMHI
mBEREMNAER, #IF DNA master /4 F1 SMART &
I SERIRFTIN AK  , 7E NCBI AZBR B 2 k4 1 He x4
Br, 0 gp49 St i) 2 RoE 5-3' %R M)
fitf. R AMII G — IS BB 2 1% R % 1) — it T 4
WAL K fifE 3 S-BER R . FEME AT IR I
ity AZRRIMIIEGE— o W FIE =X, BREE A RS M)
il 55 WU AR AZ R AN I R A A R S U i T
MEEZ RN , X FPEHE LB DNA 43 F M 5'-P
KA T A KRR S-S T R , (RN
fi# 5'-OH A4 7E DNA F9 8 il F b S A AHSE
fif K2 % B 745 : DnaA . DnaB . DnaC . Bi5% DNA 44
A1 (SSB) \RNA RATF . DNA f#HEM Fhth 5ty
fitf 1) % ; RAN RAH | AT 5-3ERAMIREE M,
XX] DNA S il sk CRVER T XU DNA fgt
BEXF o, N SR UK N AT R B SEALTTIR) Wl
HE, URRCE XFETE, DNA &l st kok
BN 1 Gpd9 SR EAT 53R MBS A
A — T

S Sampath 25EPHAGHT o745 R B, RS 2 2
FFRWERR SPO1 ZEHi T8 £ W & — A& it
FOFE FEAT PRI, BRI 78 35 B L R A e Fndm il 76 3
A DNA 48 B RNA S a8/, SpEn /e B %
B ANTP & A AETRY T 5 1 AE DNA A G
R ANTP AELSZHYIAARE. Datta S5 HFSE & P
RN P & A TS E R KA DnaA E A4S
4 oriC DNA-#E [ HIBE. WERRTARA N P 2 sk
AT DnaA E 454 ATP fULIfE, DnaA & —
ki il LB N, 25 DNA Zifil ik hs,
DnaA 1 /& ATP 454 &1

I TR A B A P — AN R 2 i, LR
215 3 E A0 A0 AR PR AS , W R BE IR R AR
NP ARBFFERTER A K4 FERPEATRRST , & P
B K4 FEDH #5725 51 3 B AR 4 HLA T Al 25
K, gt Z 0 HAT AR [RIZhRE A B 1, 5200 20 i 1 22 Fif
&R, A0 T A0 A A TG P B AR PR
AT BT W TR R K4 RGBSR REAIR , 5 P BRE DX 35,
%} RN

FEAFFE b Bk h 3 e H ok 43 BT 4 5 vl 0
LB AR A K4 o6 AME ERAERKY
SR A RIBLT] 53 R PR, S — PR gpl7,
gp29.gp4l.gp49.gp72 X 5 MIEEEINEIE FHEERK

AEHEAREEE H3385 F4

AIMLITJE—E0RY , 1X 5 AN FER AT REgmAD A 11 38k
T8 E Yk DNA 15 25 FEAf. 55 RS2
gp67 , ZHE H 4 18 1) 2R 1N BB 30T B UL K
DNA R A A i 4iE = 18 A9 A= e, i e 1o He At A
PRIMLE, e andm i rE 5w A Eha RS, X T E
— B IR ST

Molshanski-Mor 25273z J] w5 i i iR 5] T7
I AT A ) R A A0 o) 25 PR 471 . X — S5 SR B0 E T
PSR 2 P e DR R 4 U A e T B 2R D Ik T A
PE, S RIRYT AN BRI BRI TR AT IR AR, Ak
B A PR AR K4 A3 P AR /3 4 ) ORF's 2
BEE M, T HATHN I, MEL5MINFER 600 £
ol e B A 35 TR A7 90 B e B AR R — 358 40 T 174
ORFs 5 B0A 504 12 Hh ) 2 11 5 PP 9 JCARRAE: 5 R ol
R B Z ) T4 BER R, i it —F ) ORF
SHAEBA BIAAS . i3 0 H AT AT R R 8 43k e A
(A 6 2 1 S T BB AL (4 BiF 58 > 2 X/, st e
U, 38 1 A 5T 0 B AR 5 T AR AR AL A TR B
K, X ALKE R WERAAIRYT | I & B BT B 2 R R
AR5 T S At —E R At
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