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B OE: (B8] Y20 BNAERERALAIKR PaP4 t9E M F 4k, [5 %]
5516 35 A ik B & PaP4 & vk pE, LR BEAE B A B L —B% 8000 ik 45 PaP4 Bk
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I PaP4 AR AALER, @ ITIRA|ME A DB B AT AR KA, B E T MO
%] 0.000 1. 0.001. 0.01. 0.1. 1 f= 10 AR H AT FZAAELH, AOEMmE e,
M TR, A MOI=10 69 b Bl im N2 AR R 55 £, AT —F A KZR, 24—
A&, [4R]) PaP4 ¢hei st H 424 3mm-5mm, B H:i& L% EW; PaP4 £ H /K2
% EmAR AR ARG KB, A2 50 nm, A —A% 30 nm 4942 R PR MBS 58 & AR
PaP4 # [F 48 4 344 DNA; % MOI 4 0.001 Bf PaP4 & 75 £ 8 7= 4 o4 TR 8 4K 8
R, A—FAKMmE#MAT E4A KHH. (4] PaP4 B dsDNA 42 BAH 2L M H 4K
RAEREIHZ 0001, —FAKBEXFERLERE ZANBEREZ 25 min, EgHL
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Isolation and identification a novel Pseudomonas
aeruginosa phage PaP4

ZHANG Lin LE Shuai LU Shu-Guang YAO Xin-Yue ZHAO Yan
WANG Jing TANYin-Ling HU Fu-Quan” LI Ming

(Department of Microbiology, Third Military Medical University, Chongging 400038, China)

Abstract: [Objective] To isolate and identify a novel Pseudomonas aeruginosa phage named
PaP4 via its biological properties. [Methods] We used the double-layer agar culture method to
make a single plaque. Phage particles of PaP4 were purified with CsCl, gradient centrifugation
and the ultrastructure of PaP4 was examined by electron microscopy. We extracted the genome
of PaP4 and identified the type of nucleic acid with restriction enzyme analysis. The host bac-
teria were infected with PaP4 at six different MOI. Three hours and thirty minutes later, the
phage titers were determined, respectively. For one step growth experiments, phages and its
host with an MOI of 10 were used with a 15 min adsorption. Following centrifugation, the
pellet was washed twice and resuspended with LB broth and incubated. Samples were taken at
15 min-intervals (up to 120 min) and immediately tittered by the double layer agar plate
method. [Results] The plaques of PaP4 were transparent and their sizes were about
3 mm-5 mm in diameter. PaP4 had an isometric head approximately 50 nm in diameter and a
long tail with 30 nm in length. 0.001 MOI-infected host bacteria gave the highest phage off-
springs. One-step growth curve was determined according to the results of one-step growth
experiments. [Conclusion] PaP4 is a virulent phage and belongs to Podoviridae. The whole
genome can be digested by the restriction enzyme, indicating that PaP4 is a dsDNA virus. The
optimal MOI of PaP4 is 0.001 and one-step growth experiment shows latent and burst periods
are 25 min and 20 min, respectively, burst size is 150.

Keywords: Pseudomonas aeruginosa phages, Virulent phages, Podoviridae, Optimal MOI,
One-step growth curve
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WE TR AR, EME B ARIRYT s T2 Bk
GRS, SR, WER A — R LR YYSIATT T B
ABREFENRRIE W . SR HR I, Fe B
FATTRFWE A —2E A RS AR RS, e H:
JEXTY R R A TS 0 . B R TR IR Y
I TR B Z AR . B, B & BT
YN ) M PR R AT SR AR 8 T TAE, 100
SRWERARTATT R B FT T Y Al

ARG 24— BB T3 1 S 22 B A
BRI XA TIRANIZE, Sl il T 4 a5
JUTRIVE B & PaP1, PaP2., PaP3, LA JEE [ EEMR
WA MmPL FIK ) TR M (4 EECPI 1O,
VeI, FRA TR MR PaPL fYIF—15 1 PAL,
NS Bt 15 7K HROBIE 3 B8 T — R A S P B
Wik, 4k PaP4 (Pseudomonas aerugingnosa
phage 4), JFXTHIAT T —RIVEYF U E LR
AR A A Ja X 2 W T AR TR YT 1 1 R kg B
THEA, FE TSR R AR A

1 MRS

1.1 ##l

WEPA R PaP4 hy Ph a B= e 5 7K 1 43 B Ak
HAm 4 PAL, 1 E SRR PAL B bE
B e S o0 B I PR 0 B AR, R A= il
WS TR BEY 73 FE LG S o0 11 R, ARSLge s
TR,
12 FH%
121 BEHMESREEANSE BASMG
FER PAL NI R 2 5, i T8 3 A
37 °C gl i, PREUEET, 37 °C #R%4555 6 h
ZXEA KR, IO 4 °C URA LARS I S243 B mk
B ] o 7 2 IROCHR[A30 A7 e sh, IO R =
Beis /KL B 757K 3 L, AR CaCl, EZ
ek | mmol/L, 5 000xg #5.0> 10 min, 35
0.22 pum & H KT R BT DR ER A . AR

LB 55353 150 mL A1 PAL BE# 3 mL, FE/MR
5], H 37 °CHiFE . R HAGE K 10 000xg
B0 10 min, SIUEFRTA, HUGEWK 0.3 mL 40 2 4
KT, BETIINA PAL 5 FHE®K 0.3 mL, &
4], FIRBCE 15 min, FEAIA 50 °C ZEA ik
0.6%J555 LB 5553 3 mL, F/MES), fifE T3
A LB S b, 37 °C Rigdidak, vk H Mg
PRBEA KA L

PREBCRAEEDE, HEFh 318 3 # PAL Hr, 37 °C,
160 r/min JE355EF% 6 h 405 B 1A, 10 000xg B0
10 min, SRR . T InJCE H b2
30%, VR ARATAFH o SR 2 s Tk R 0 e s P £
TN, BRREVERAREIR A LB A SRR 4K
AT L0 PSR RE I, A REEE 43| B 100 pl
JAZ] 0.2 mL 75 FEH . a0 B F R R AR
JE (PFU/ML) =g B Ao B 4kx 1 000710,
122 WEAZBAREREEE: SHFEEMGE
5 (OrFrRE SRR ) 2B 3 MUMRIBOTEE,
Wik PRI A A 21 1 2R, 37 *CHRG R B
K548, % 5.86 g/100 mL filA NaCl, 1R%]
W, VK 1 h, 5 000xg B5.0> 15 min X5 E K
AUBERE T, A DNasel . RNaseA Z Uk N
I mg/L, 37 °C &% 60 min DAREARE T E KR IEK
DNA & RNA. FAERE 2, — 5 (PEG8000)
2 10% (WIV), TRSIH AR, kv I i (o ms b ATt
JE. 4°C. 12000xg &> 10 min, FHR LW, Ko
e TEHINEET 25 mL TM B’
(0.05 mol/L Tris-HCI, pH 7.5, 0.2% MgSO,-7H,0)
o MAGEIRRREDS, JRFIEA], 5 000xg &0
10 min, /NCUCH R WK, B — R RIS B
BRI . 7E P A DNase | il RNase A, 37 °C
K 1h, E—LREME R T DNA FRNA, I
A EDTA (pH 8.0)% 20 nmol/L If-fill A SDS &£
JE4 0.5%, HAHF K 25 mg/L, FE5ME%), 56 °C
KT 1 h, R AR R ff 7% B4 ) DNase 1o
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IMAZERFR P15 8 (oH 8.0)hh P2, B0l sE 1
JEAKAR; ARG P 4R — Ik, AR AR A,
CEEEUUERIR; SR FH TE IREDLE, —20 °C £
fres

1.2.3 MREEARBEMNE: BOLIR 1.2.2 fridg
PSRRI A FEAS, T CsCl, B REEg.004f
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124 HEBRFEHHNE  REEHK
(Multiplicity of infection, MOI) &35 ) i B i il
N WEB RSB S 1 RSB LU, Rk
PR 08 Lu R0k, A elesh ™, KeE 3=
A PAL I LB JRAAKSE 773 37 °C 5557 2 X EAT I,
FH 43606 B 11 (Bio-Rad) I 1 LA Y ODgoo=0.2,
F24 T 1x10° CFU/ML., 4% BRI 52 H50 0y )
0.000 1. 0.001, 0.01, 0.1. 1 #1110 fY 6 FfA Al
Fofl, A REREARSERE TR RTE £ 06, A LB
W ARG 77 He A 4 SRR W], bRl . 78
37 °C #ZJK P 160 r/min 3%3% 3.5 h, 1 10 000xg &
0 10 min, WS VEIE MR AT . 45 A5
XU S ARG FR O34, R B LAAS JIm s T 4K 1) 1
F TR PAL FIAS I 5 BRI PR AR PaP4 1 A Xt R,

50 nm

DA A o e W T AT B2 1) MO A B A IR S 0
125 —HHEKMELHE!: —PARKIZ&T
S LS TR A2 BFF 380 1 32 TR A AR s s e
DN . BIR Lu SR A,
T WE TR AR B A B MOI=10, 37 °C IRH
15 min Ji7 13 000xg &> 30 s, F& b3, fH LB ¥
B2, BIFT5mLLB Y, MUk E T 37 °C Kk
ERE PR 15 5% (160 r/min), JFEATHF, T 0 B ZIFn
£3BE 10 min BUEE 30 ubL, 3L 2 h, 13 000xg &.L»
30 s, H - I 0 Wt TR AR B, 5 B ) sS4 AL
Oy 52 WO YA, [R) s AAS T v 4R 1 1 8 1

HA 3 W MRIGETTHRE, LU ] Al
PR, ORI R R B AR, 2 15
i PaP4 FYTRRIY IR AR A 3 B

2 HZHR

2.1 IEEARERBFFIE

W2 A (75 K S AR AR B B PAL 2L
R, IRISWEE IR PaP4, FIULEER{AR PaP4
BT 2, 522 3 mm-5 mm, REEE
B, i ST, R R A D A ) W B AR
(B 1A). JF HWE BRI AR SR b, ma i 4

B 1 EEEK PaP4 YRR K MERRS
Fig. 1 Plaques and electron microscopy photograph of phage PaP4

T ATk s PaP4 HYRLE.
Note: The white arrows point at the short tail of PaP4.
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] P SE S S H VS G W L EHE T 1 2 3 4 M bp
Wil A PaP4 SR 2 e B 1A s
2.2 MEE{RBENE b 9416
— 6557

¥ CsCl, B .0 R 15 2 4lifk PaP4 JIik,
FHE SR B M HIEA, 45K 1B iR, hif
BEREAAT UL, WK PaP4 B 14 T ST AR
XFFRILER, HAZN 50 nm, DL K —AK 2
30 nm SRR, B FRATAT LLUE R A2 A
J N R T A,
2.3 PaP4 HEREBIRETE

M 2 AT HY, PaP4 3 R 2H A% ik mT i B o
NI BamH [ . Dral % Nde I ¥, 1iixX 3
FEES R XUkE DNA PV, € B2 3 BRI 241 Sk XL
4% DNA, JFEH4%; Dra I BEb 5742 2 ASaf il
A, BT RAN i HIr PaP4 SERZH 2947
40 kb,
24 mIEREEH

MR 1 OMARERERAITE £ 08, AR
T S VR 70 53 4%, I 45 A8 v e I TR AR
R4 SL IR 45 4811, 24 MOI=0.001 I, I i {4
PaP4 UL HAE B PAL P2k 1T QI B A
4 6.4x10" PFU/mL, 7E 6 Mde s b, il
TR, P, PaP4 B HE T PAL (5
FERGL 2 0.001,

2 IEE{K PaP4 £ EFE ARG ENE

Fig. 2 Restriction enzyme digestion maps of PaP4 ge-
nomic DNA

T 1 PaP4 L K:[N4H; 2: PaP4 DNA/BamH I; 3: PaP4

DNA/Dra I; 4: PaP4 DNA/Nde I; M: DNA FriC.

Note: 1: PaP4 genome; 2: PaP4 DNA/BamH I; 3: PaP4
DNA/Dra |; 4: PaP4 DNA/Nde I; M: DNA ladder.

25 —HHERMZRYLET]

— AR iR L SRR A Y]
3 BB IEIRITE R R R IR IR A NS A0
AR 22 50— JU 1A TR R T i 19— Bk
(] ARSI MR PR R A R T, S0 R A
A P A AR JEE 2 — ROK i T 2 Y
6] TRORIV A fE AN Vs, IR PR
R SR — B B, BRI gt B AR ) 22 38,
WK ETH 2RI AR, RS2 0
BB AR AR R -8 H RS T8
FrAR R R T AT R A T TR S 1 T AR
JE S HIRGL AN R R UR L Z L o FENE TR A PaP4
i) — R IR R (18] 3), ATLATE M

F1 EEEK PaP4 RIERESHANE

Table 1 Determination of optimal multiplicity of infection (MOI)

B A EREL Wt P 1K TRYL TR 3.5h JEiHE
Tube No. Number of bacteria Number of bacteriophages MOI Titer at 3.5 h (PFU/mL)
1 1x10° 1x10° 1x10" 1.1x10%
2 1x108 1x108 1x10° 1.8x10"
3 1x10° 1x10’ 1x107" 3.3x10%
4 1x108 1x10° 1x10°2 3.4x10%
5 1x10° 1x10° 1x1073 6.4x10%
6 1x108 1x10* 1x107* 5.1x10%
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Fig. 3 One-step growth curve of PaP4
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FEIW LD S P P PR R MR B R, T PR 44 PaP2
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e AL NI S G i - STe VN S
A AR IE IR P A, BB B S T LS
BOHAE ER P 2R, X R A TE SR Y
BT A ET R

[ P 3 252 A L (ICTV)—Fibi o B2 1Y

http://journals.im.ac.cn/wswxtbcn

A& (B TR 55 M A% TR ZE R (dsDNA, ssDNA,
dsRNA, ssRNA)XFH 73 8 SRR 7028 .
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