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[{E= ] BB - T4 B A YL ¥ 505 5602 A Zh4T i (carbapenem-resistant Acinetobacter baumannii, CRAB) ¥ 7 09 UMk i 44, 3k
AR IR 250 0T, i - SRR, BES SIS RINE A, Wl B Rs W eni AL, PR B LR AE. B

IRWE B A& DNA, JEAT 07 AE BRI o047 . 53R - 4> AR 3 | bk i 2 R AT B i, @442 SH-Ab 15599, %?mﬁ%ﬂ%%&n%mi‘ﬁ

Wik A A LR i, SH-AD 15599 figfis 24fi7 51 bk CRAB PR 73 B bk P iy 15 Bk (29.4%)5 fE4 ~ S0CHFIpH 1 6 ~ 9 BYFRBE T,

PIREPR AL 518 B ILEE3F S min 5, WHEERZ004 90%; HABRINS 10 min, ZEAFIHL) 20 min, 44N 4002 AR 5 4 43 pfu, 7ET:

bR, 1 E W AR Z BT, SH-Ab 15599 Wy 5 P41 XUk 2% Ik DNA, & 143204 bp, GC &&= 38.45%, 45if - SH-Ab

15599 JE—kk 4B G ik, B ATIRTT CRAB &I,
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Characterization and genome sequencing of SH-Ab 15599, a novel bacteriophage targeting
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[Abstract] Objective - To find lytic bacteriophages which have potential to combat carbapenem-resistant Acinetobacter baumannii (CRAB) infections
and analyze the biological characterizations and genomic sequences of the phages. Methods - The phages were isolated from sewage followed by
amplification and purification. They were characterized by the transmission electron microscopy, the host specificity, the biological characterizations, the
lysis assay in vitro and the genome sequence analysis. Results - A novel bacteriophage, SH-Ab 15599, was isolated from sewage. The electron microscope
revealed SH-Ab 15599 belongs to Myoviridae. Among the 51 clinical CRAB isolates tested, 15 (29.4%) were lysed by the phage. SH-Ab 15599 was
relatively stable at temperature range from 4 ‘C to 50 ‘C or between pH 6 and 9. About 90% of the phage was approximately adsorbed to the host CRAB
isolate in 5 min. The one-step growth curve showed that the latent period was about 10 min and the growth period was about 20 min. The burst size was
estimated at 43 pfu per infected cell. The growth of the host CRAB isolate was inhibited by the phage in vitro. The genome of SH-Ab 15599 was a linear,
143 204 bp double-stranded DNA with GC content of 38.45%. Conclusion - SH-Ab 15599 is a novel phage targeting CRAB and has potential as an
alternative against CRAB infections in the future.
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AR 31.0% P B K 3 2014 421 66.7%%, HIFFEE W,
Xt T B I 2 U AE R 2 R R 2 5 0 i 8 N ) A A ik e
FET R Y, SRifT, VEAIEIRIATT CRAB FEFB 2 —
M2 RHH E, Ml TR DR R S S,
FH BT 3802 SIBR AT Y, B ARIBE A FH 25 b B sk P 25 30 R o
4, (RS AR B, L FhuERAR K
J

Wik PR AT A8 A £ P CRAB 8 iR 1 i — i,
W B AR —FhRES L — R SETE E R MR . SEgbuk
FAAEL, WER AT 2 R, s B EE AT
DA D Xt 1E 5 RIS, A P BN RO, AL
TR R B H Y. O — LW I sh s Y TIE
fify " N EhAT TRV B A RE IS AT R I B 16 £ B, VBT CRAB
e 7,

BT NTG 7K R 4y B L B 2 AN Bl AT TR R & SH-AD
15599, Hof oA Wy R UL R AL #0047 T 50 B, LA
2 SH-Ab 15599 [l ok b R 2%

1 HHS%HE

L1 GHERARDR

FH T 9ifi 346 Wik TR A< Y 48 Mk CRAB Iifi IR 47 85 Mk ok B &
BREM R B Be. F T 5 e 1 R i R 1 0
4N : 510k CRAB Il bk 47 85 koK B & HOK =M g e Ll e
s 4 BRRIDIRA BRI PR 50 B dk . 5 MREm Lk (R A IR TR I IR 5
BIRE. S BRI R T AR TR G R 4 Bk B Al K
SFReH R R BT 4 A A ER AR fk ATCC29213
ATCC25923, KIHIR7 WhrifERkE ATCC25922, ATCC35218
W b i e R AR 08 O BT I R 40 S Mkl
VITEK2 compact 245 %w HIXAEE,

P bR A B R B R LB Bk rp, ik
A F& R I ¥ B #2 ok % (37 C, 200 r/min, 16h), &k H
H—30 55 B A ZE R BRI 50% Hrah, BiEIR S, A7
T —80°C k%

1.2 BRI B, §i Al

{5 KBRA IR B & HRE B AR L B e 1 28 il K4
Be FBekth @ B A e, 40 3T S0 mL g5, 4000% g,
B0 15min J7, BEFHR, 55T %54 K CRAB
I PR 5 B Mkl ¥ 15 3R b i (37 'C, 200 r/min) , & H &0
(4 C, 4000xg, 15min), KX 100 uL | %5 # 5 100 uL
B LA & 3 mL {1 0.7% B fig LB K5 3= J{E & T SmL {1y
JCH EP & e, itk T 1.5% EIg LB #5532 F, 37 C
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TR, R H S 2 E L PR EGE DIV R B, A
PBEAR T A 4 B 3 ik, H RSB — R 1V B BE
.

KRB Ry s e i . 1 3 B SRR A 37 Cad
BHEFE, RH ] SM SR iR BERE T4, LA 80 r/min 41z 7% 1t
Jii 4 h, {EARFIMALRE 2% HI&E 7, 4 CHRE 30 min,
PR A WAL 4 C T 6500 r/min (7=15.8cm) 2.0 15 min,
W RIE W, A BUE IR E 1 pg/mL #Y DNA B & RNA
Big, 5 fm BCE 30 min, A &M B 2k 0.5 mol/L,
UKt Th, 4 C T 11000% g g5.0» 10 min, B E{FH#K, 0
A [#] & PEG8000 % & ¥ £ 10%, {RA)GHE T 4 Cit
o &k H &4 PEG8000 ik & i, 4 C T 8500 r/min
(r=15.8cm) #0020 min, 3¢ R{EK, H SM £ ik & &
LIE. MM ZER RS, 4000xg 8.0 10 min, ¥
T R JH ST Bl 5 b B T Al L Wk B A (1,33, 145,
1.50, 1.70 g/mL), 4 ‘C | 33000 r/min (=15.9 cm) Z5.0»
4 h, FHVESE /NI H E SRR A1 5, B2 et
0.22 pm JEME, REGET 4 CHEA Y,

W A A28 e

iz PR P M i 00 2 Wik o PR B9 25, B 10 L J SM
S IR 24 i PR R PR, 55 400 L o A A KA 1
Wi A T SmLJCH EP &, EEFFH 10min )5, 5
3mL 0.7% BfiE LB (¥l it Tk 56 CH& M) {24,
Beik T 1.5% Billg LB ¥i3p bz b, 37 CatficHisc. kH,
O sevs W BE . WER RS (pfu/ml) = J5 SR
BEAME < FiREREEL > 100,

1.4 W AR 1 S R B g2

W 2w ai e K& b fE i E B R R B D (4 C,
40000 x g, 40min), FF FiEk, 2% % B EEILIE
Yy, [ EWE R, IR HE 30 min J5, LA 44000 x g B
040 min, FF L5 M PBS EANEF K., 25, KW
PRI INCE & A FRE R B IR |, OTTE 4 min, P I0— %
2% WG GL 4 4 min, SEiR TG, (EHESHRFEAEE
(HBE) SR THE B RIS

Wik A A 1 1 2 T

38 FH 5 AR I 51 Bk CRAB I R 2y B bR, 4 bk
KIHIR A G IR 7 Bk, 5 MRER SRR oA M6 TR I R 40 15 4k
5 PRI R O E ARG R 4 Bk, 2 PR &9 (R B BR TR A it
Bk ATCC29213 F1 ATCC25923 . 2 ¥k Kk 1% 48 75 B Ax i Bk
ATCC25922 F1 ATCC35218, 445 4 b6 #2 52 4 % 4k K 3,
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THHL 400 uL Bik 5 3 mL 0.7% BifisE [tk LB i%), Sk
TR 1L5% Bl ik LB Bkt fF LR TS, 34
B2 pL wER i, 37 CIIFRIEA, A, 3 i W B
7 HE A DLVt ] A i

1.6 WER R e (USRI pH f) B

SR ATV E A SM ZE ohifi ke, o BIE T
4, 37, 40, 50, 60, 70 Cokin+HWi®E 1h, sid5 pH{E
2 ~ 13 1y SM ZE0piRAE 37 C FIERE Lh, HIZIHBUZ P
P00 2 W TR ALY

1.7 WA A B 925

L8 %¢ (multiplicity of infection, MOI)=0.01 k¢
(AR &5 Wik TR AR FOTE 3240 BS#k CRAB 599 Gt K1) . 4>
Bl TR A0, 1,2, 3,4, 5, 10, 15, 20, 25min
IbF, 43X 100 pL fn%: 900 uL SM £& g, 4], B
f£4 CTF 13000x g B0 1 min, FMNE PN E EE
1 P TR R ST

1.8 Wi T — 2B K il 2 Bt Hb i i it e

LA MOI=0.01 Lk f3il{E A Wik B 74 1 15 3 47 25 # CRAB
599 (R4 KM), 37 C FIEHE Smin, 13000 x g 2.0
Imin, F Eif. ZJ/&, M 10 mL gy LB 853370 E &0
. RAE, BMAEKRIRG R (37 C, 200 r/min), 4
B 5 min B 100 pL AR, iz FSUZ A0 7 1 v g wiie
BRI A3

P R R EEUERS], LAMOI=10, 1, 0.1, 0
(TER X HR) LGRS A Wi B A FNTE T 08, AR IR PR 15
#5h (37 C, 100 t/min), 4%3P% 30 min ££ 600 nm &b E
Wt BE (B [D (600 nm) ],

1.9 WA A Kk DAL ity b B B o B

APy — &0 — FUkEE kit iT DNA fhig "7, ¥
DNA % £ bilgJRFR i 2> " dE47 5 B4, B lumina
&l & 7 P & (IluminaHiSeq3000) 58 ., R M
SOAPdenovo2 #4356 R, b 45 5., GeneMarksS 4k
T WU T 5 47 Wik A1 4% B (R4 O JF i) B2 AE. (open reading
frame, ORF), v JH RAST f (http:/rast.nmpdr.org/rast.
cgi) HEATIhREAE RFRE, R ProParam K {445 #1 Th g A&
R bl & A R Fa T, SOPMA #fh oyt —Rhéity, 5
I DR F5VE % (VFDB, http://www.mgc.ac.cn/VFs/main.
htm) it 25 2= A 4 & % (ARDB, http://ardb.cbcb.umd.
edw/) FEATELXF, DARAPRNEBE R Im R b A 2 e, R

http://xuebao.shsmu.edu.cn

TS 75 25 095 5 060 2 A BN AT T W T 1R SH-Ab 15599 [ Hz 1 2 4 1 B L PRI 4 2% 53 B | 1285

GraphPad Prism 6.0 ZE i1 EAT8dE 20 Hr . B B R i)
RIS x £5e TR,

2.1 WER A SH-Ab 15599 %4y 28 e g &

Wik & SH-Ab 15599 5y BiH {57k, RENS{EME LB o
W BT A 2 ~ 3 mm [UNERBE, RSB, Sh
ARk EE (K 1A), BEEEE R SRS, £
SEAR X RREE A, B2y 85 nm, K90 nm (& IB),
R E B 2% L & o Jebmift ", WE R f SH-Ab 15599
J&TWLUENE B A F

100 am

1 EEE R SH-Ab 15599 KIREEBE (A) FMBESHREFEE (B)
Fig 1 Plaque morphology (A) and transmission electron micrograph (B) of SH-Ab
15599

2.2 WEHifAk SH-Ab 15599 115 12 1%

£ M T 51 4% CRAB I 5K 47 85 Bk, H b 15 #
(29.4%) FefBPEIZVERIRZLR, o0, 4 HRRIIRA Bl
PRAy Bk, 5 MRERSR IR AR TR G PR 4 B ik, 5 AR R Ey
AT PR 43 B bk . 2 PRAH A BRI brifi bk ATCC29213
FI ATCC25923 . 2 ¥k K Mo 15 75 18 A 1 Bk ATCC25922 #iI
ATCC35218 #B A~ HE # 1% Wik B4 1 24 i, &5 R 0./~ SH-Ab
15599 (1915 F % — M LR,

2.3 WER & SH-Ab 15599 (i /1 ¥ 451k

SH-Ab 15599 REBSFE 4 ~ SO°C{RFFEME 1 h, FHERE
60 CIHF, WEEAIE Doeatek (K 2A), Exbzsk, SH-
Ab 15599 BEMBAE pH {H 6 ~ 9 FUIREFfaE L h, 7€ pH (H
) TAS WHE Db, pH < 4 LA = 11 IS 584 2k
(K 2B),

SH-Ab 15599 £ 515 3 W4k 5% 5 min J5, 24 90%
Frow A A BT B 1 E i (B 2C), — AR gk,
Wi R & SH-Ab 15599 £ 4 B Fp AR K — AR BRI AR PRI ]

AR (BN . 2018, 38 1) ()
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30 min, HERIIZIS 10 min, ZEMIZ0H 20 min, MRIE  H80Y), BAGHIRARMEEL, 43 pfu (18] 2D),

TR AR (RURE = RFAIIE (AT / B g v R

I 4 e B T 1
=

404
204
M
LI 10 20 30 40 50 60 70 B8C
i/
C
1204

i 1 ke

=
-l
=

15 20 25 3C
e (El/min

o,

W T e P e s

2 3 4 5 6

T &8 9 10111213 14
pHIi

B P et A1 pfudmL)

5.0 T T T T T T T T
0 5 10 15 20 25 30 35 40 43
ik il fmim

TE: AL W & SH-Ab 15599 ezl (PNABARFRARA T 4 CRUMAIE 47 LL) s B. WETf SH-Ab 15599 FuRRRRFRE M (FALARFRARRK T pH {H 7.45 M HIE 57 LL) 5

C. WER & SH-Ab 15599 Wbt th £k s D. WERi & SH-Ab 15599 fy—BEK thk.,

2 BEE{R SH-Ab 15599 B #3451t
Fig 2 Biological characterization of SH-Ab 15599

2.4 Wi K SH-Ab 15599 {EPRShxF i 12 5 A K ol £

T DRI T A RE A AE ARSI e ERAVAE K, K
ANTH] MOT R b f 55 1 2 s R 15 5%, AR I TE i AR K
il SRE/R, f£MOI=10, 1, 0.1 (IEULT, 16ER
A Kz (1 3).

1.4 4

== ROI=10
- MOI=1
== MOI=0.1

E} == MOI=0

2

0 T T T T T
0 | 2 3 4 5 6
BefiEel/h

3 WEE{A SH-Ab 15599 B{ASPELERE T
Fig 3 Lysis assay of SH-Ab 15599 in vitro
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2.5 Witk SH-Ab 15599 [ 3E 4153 b

{# F SOAPdenovo2 T EL#f SH-Ab 15599 [y % 1 ¥
AT %, 77 3] — KW pE LIk DNA, & 143204 bp,
GC & 4 38.45%, % GeneMarkS T. .oy #r, 1ZWE {4
4 181/~ ORF, ~F¥y -k 740 bp, Hidr, 58 4~ ORF
iRy E b B A e shaE, KREARAREER,
Yo ThRE WA WA I 2 (3 40 b 4 2. DNA 41 3% K 25 44 (DNA
packaging and morphogenesis) &[4 (23 /), DNA & i,
4 M &1 (DNA replication/recombination/modification )
BA (254), 2R T (host lysis) HE (54Y), Ko
% (unclassified) A (54°). @o#r, KEkBE AR
FM A (& 4),

Vol.38 No.11 Nov. 2018



FEW, F

TR 75 5 1 S 0l 5 S AT B W T 1 SH-AD 15599 F Hz 1y 2 e 1 B FE PR 2 2 53 | 1287

1 T T 1T T 1

I A
TN NN ©
]

100 102 104 106 108 110 112 114

T LA
PRI A
I

A L1

136 138 140

b

142 144 146 148 150 152 154

116 118 120 122 124 126 128 130 132 134
I D e

i T

4 BEE K SH-Ab 15599 B FEHE5HE
Fig 4 Genome structure of SH-Ab 15599

ULAESR, fEH[E CRAB HS et ik ™ &, BT
HGHUEFIT AN, R 2 R IR R AT 2 L
P CRAB B efgils o ", BRifi, HTWEm (1 E R 5
PR, FRRORAENS) IZ B AR W, s &
S 22 BV B 1

TEARMER A, 57k i 4y B T 8T W B & SH-Ab
15599 3 H.0FF 58 7 M A= 4 4% e P Fn ik 1R 4H %, SH-Ab
15599 BEMEZLAR 51 ¥k CRAB Ifn R o Bk 15 ¥k, 16+
TP TENR R R IR, RT L% pE o i 5 fth v
T PR I A fi P 9 Wt X8 TP 9T 7, LAY R B Ak 1 2
SH-Ab 15599 fEf5 7 4 ~ 50 CLLJ pH A 6 ~ 9 HIFR3E
e 1h, %K R A RENE R AR TR B R AR BE T R R A 5
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W VNS
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‘\.& 0 DNAHYE R R G
W DNASEH, LR FETE S
B #wiEEEG
B #s#EKn
B fEEEs

FORFRRRE, XA I A AR Y DR AR DA SAEVRTT R
A, SH-AD 15599 7£ 575 £ k5% 5 min Ji5, £ 90% 11y
Wk PR A R B 3 1 T2 BA b, R S R R Wk T AR R 3 i
= A A AR T, Rl ) W A R A b (R T R 1A
(g7 sk ™, fEfkIhEderh, SH-Ab 15599 &% LA R
(MOI=10, 1, 0.1) #milfE EREAE R, X ARRIEAN
SIS A B s R B FR ST T R AP ATt
R 4k S B ors, SH-Ab 15599 i R 20 A WUk 2%
P DNA, K% 143 204 bp, GC &8k 38.45%, 5%
P O A E BRI TEE X, SH-Ab 15599 h— bk 42 i i
R, HgPINESA 2 F, BAHMNED (5C6%A
EEXFFHELEE <60%) : ORF 141 Zwf iy (4 H 486 42 AR
B, A 2ARSFXIR, 40817 W R A K I GpS_0B
MR, ThAE A LR >C % B s ORF 178 4ih iy & [ H 203
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