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Biological characteristics and whole genome analysis of carbapenem-resistant Acinetobacter baumannii
lIytic phage PA103
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ZHANG Huanhuan', WANG Shanmei’ (1. Pathogenic Biology and Immunology Teaching and Research
Office of Henan Medical College, Zhengzhou 451191, China; 2. Laboratory of Henan Provincial People's
Hospital) ***

Objective  To investigate the biological characteristics and whole genome information of carbapenem-
resistant Acinetobacter baumannii (CRAB) phage PA103. Methods Using CRAB clinical strain A103 as the host
bacterium, a lytic phage PA103 was isolated from municipal wastewater using a double-layer plate assay technique;
Observe the morphology of plaques using the double-layer plate assay technique; Observe the morphological characteristics
of phages through transmission electron microscopy;Investigate the phage spectrum,one-step growth curve,and stability
to temperature and acidity/alkalinity of PA103; Extract phage genomic DNA using proteinase K/SDS method; Perform
genome sequencing and assembly on PA103;Use RAST online prediction software to predict potential open reading frames
in the genome;Construct an evolutionary tree using MEGA 11. 0 software with terminal enzyme subunits, and perform
comparative genomics analysis using Mauve software.  Results A lytic phage capable of cleaving CRAB was isolated
from the experiment and named PA103;1t can form a wholely transparent plaque with a diameter of about 2 mm on the
bacterial coat of host bacterium A103, surrounded by a translucent halo with a width of 3-4 mm; Transmission electron
microscopy showed that PA103 belongs to a tail bacteriophage,with a head and tail diameter length of approximately 64
nm and 120 nm,respectively; The one-step growth curve shows that the latent period of PA103 is about 40 minutes, the

burst period is about 15 minutes.and the burst size is about 17 PFU/cell; Phage PA103 can maintain relatively stable
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activity in environments of 50 C,60 “C,and pH 5. 0—9. 0; The genome of PA103 has a total length of 45 225 bp and a G

+C content of 37. 82%. The whole genome prediction contains 86 open reading frames, of which 29 are functional

proteins and the remaining 57 are annotated as hypothetical proteins; The results of collinearity analysis showed that the

number,direction,arrangement order,and length of local collinear regions between phage PA103 and phage 1.Z35 were

very similar; The results of constructing the evolutionary tree indicate that bacteriophage PA103 belongs to the

Obolenskviru genus.

Conclusion The novel phage PA103 has strong ability to lyse Acinetobacter baumannii , which can

provide reference for phage prevention and treatment of CRAB infections.
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TRk 58 100. 00
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fiif 25 0 0.00
Uk 53 91.38
BrmaA & 2ty Fi4r 5 8.62
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fiit 24 58 100. 00
<30 2 3.45
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Jiti 6 9 VR 24 41,39
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Table 2 OREF analysis of the phage PA103
X BLASTp R
i B 1 0 0 B0 6 HAT 4 E i Ry
ORF op BLAST hit Amll?() acid i E value Accession No.
dentity( %)

1 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 97/97(100%) 1. 00E-64 YP_009055441. 1
2 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 58/58(100%) 3.00E-34 YP_009055440. 1
3 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 61/61(100%) 1. 00E-35 YP_009055439. 1
4 hypothetical protein[ Acinetobacter phage Bphi-R2919] 70/70(100%) 9.00E-41 QGH74081. 1
5 hypothetical protein[ Acinetobacter phage YMC11/12/R2315]] 37/37(100%) 1. 00E-15 YP_009203574. 1
6 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 251/251(100%) 0 YP_009055438. 1
7 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 190/190(100 %) 2. 00E-138 YP_009055437. 1
8 hypothetical protein[ Acinetobacter phage Scipio ] 52/54(96 %) 1. 00E-27 UQS93302. 1
9 hypothetical protein[ Acinetobacter phage AB1 ] 75/75(100%) 5.00E-48 YP_009613809. 1
10 hypothetical protein[ Acinetobacter phage vB_AbM_WUPSU ] 121/126(96 %) 2.00E-83 UJQ43490. 1
11 hypotheticalprotein[ Acinetobacter phage YMC-13-01-C62] 86/86(100%) 2. 00E-55 YP_009055433. 1
12 endonuclease[ Acinetobacter phage YMC-13-01-C62] 93/93(100%) 8. 00E-61 YP_009055432. 1
13 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 79/79(100%) 8. 00E-45 YP_009055431. 1
14 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 115/115(100 %) 8. 00E-79 YP_009055430. 1
15 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 40/40(100%) 7.00E-20 YP_009055429. 1
16 hypothetical protein[ Acinetobacter phage vB_AbaM-IME-AB2 ] 71/71(100%) 3. 00E-44 YP_009592186. 1
17 hypothetical protein[ Acinetobacter phage YMC11/12/R1215]] 108/108(100 %) 2.00E-73 AJT61457.1
18 HTH DNA binding protein[ Acinetobacter phage YMC-13-01-C62] 65/65(100%) 4. 00E-37 YP_009055426. 1
19 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 80/80(100%) 3. 00E-50 YP_009055425. 1
20 hypothetical protein[ Acinetobacter phage BUCT629 ] 67/67(100%) 4.00E-42 QZ185361. 1
21 hypothetical protein[ Acinetobacter phage AbP2] 56/56(100%) 4. 00E-33 YP_009609911. 1
22 hypothetical protein[ Acinetobacter phage vB_AbM_WUPSU ] 144/146(99%) 1. 00E-103 UJQ43479. 1
23 terminase large subunit[ Acinetobacter phage vB_AbM_WUPSU] 468/472(99%) 0 UJQ43478. 1
24 portal protein[ Acinetobacter phage 1.Z35] 471/476(99%) 0 YP_009291949. 1
25 putative head protein[ Acinetobacter phage 1.Z35] 234/235(99%) 2.00E-172 AMD43231. 2
26 hypothetical protein[ Acinetobacter phage vB_AbaM_{ThrA] 52/54(96 %) 6. 00E-30 WVHI13533. 1
27 hypothetical protein[ Acinetobacter phage Bphi-R1888] 36/36(100%) 1. 00E-17 QGH74181.1
28 hypothetical protein[ Acinetobacter phage HZY2308] 98/98(100%) 1. 00E-65 WPH63917. 1
29 hypothetical protein[ Acinetobacter phage P1068 ] 139/140(99 %) 5. 00E-100 WHB31307. 1
30 hypothetical protein[ Acinetobacter phage YMC11/12/R1215]] 130/130(100%) 5. 00E-89 AJT61472.1
31 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 120/120(100%) 1. 00E-83 YP_009055495. 1
32 hypothetical protein[ Acinetobacter phage Bphi-R29197] 90/91(99%) 1. 00E-59 QGH74107. 1
33 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 68/68(100%) 5. 00E-43 YP_009055493. 1
34 hypothetical protein[ Acinetobacter phage vB_AbaM_fThrA] 44/54(81%) 3. 00E-24 WVHI13542. 1
35 head maturation protease[ Acinetobacter phage YMC-13-01-C62] 444/444(100%) 0 YP_009055491. 1
36 minor head protein[ Acinetobacter phage YMC-13-01-C62] 159/159(100% 9.00E-110 YP_009055490. 1
37 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 339/339(100%) 0 YP_009055489. 1
38 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 112/112¢100%) 2.00E-75 YP_009055488. 1
39 virion structural protein[ Acinetobacter phage 1LZ35] 150/150(100% 1. 00E-107 YP_009291882. 1
40 tail length tape measure protein[ Acinetobacter phage AB1] 43/48(90%) 4, 00E-22 YP_009613776. 1
41 hypothetical protein[ Acinetobacter phage HZY2308] 42/42(100%) 2.00E-22 WPH63991. 1
42 hypothetical protein[ Acinetobacter phage vB_AbaM-IME-AB2 ] 74/74(100%) 2.00E-46 YP_009592160. 1
43 putative RNA polymerase[ Acinetobacter phage Ab31] 141/145(97 %) 1. 00E-100 WMC00244. 1
44 hypothetical protein[ Acinetobacter phage vB_AbM_WUPSU] 61/61(100%) 6. 00E-34 UJQ43459. 1
45 hypothetical protein[ Acinetobacter phage Bphi-R29197] 83/83(100%) 1. 00E-46 QGH74038. 1
46 hypothetical protein[ Acinetobacter phage Bphi-R2919] 265/267(99%) 0 QGH74039. 1
47 hypothetical protein[ Acinetobacter phage Bphi-R2919] 165/167(99%) 2. 00E-120 QGH74040. 1
48 hypothetical protein[ Acinetobacter phage vB_AbaM_IME284 ] 162/164(99%) 2.00E-116 AYP68997. 1
49 tail sheath[ Acinetobacter phage vB_AbaM-IME-AB2 ] 487/487(100% 0 YP_009592154. 1
50 hypothetical protein[ Acinetobacter phage Abp9] 149/149(100% 3. 00E-105 QEA11037.1
51 tail assembly chaperone[ Acinetobacter phage Scipio] 140/141€99%) 3.00E-98 UQS93256. 1
52 hypothetical protein[ Acinetobacter phage vB_AbaM_IME512] 70/70(100%) 6. 00E-44 AYP69095. 1
53 putative tail-fiber/lysozyme protein[ Acinetobacter phage 1.Z35] 682/682(100% 0 YP_009291893. 1
54 hypothetical protein[ Acinetobacter phage 1.Z35] 205/205(100%) 2.00E-143 YP_009291894. 1
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55 virion structural protein[ Acinetobacter phage 1.Z35] 91/91(100%) 1. 00E-58 YP_009291895. 1
56 baseplate hub[ Acinetobacter phage 1.Z35] 292/296(99%) 0 YP_009291896. 1
57 putative baseplate assembly protein[ Acinetobacter phage AbP2] 210/214(98%) 6. 00E-154 YP_009609876. 1
58 hypothetical protein[ Acinetobacter phage P1068 ] 48/48(100%) 4. 00E-23 WHB31248. 1
59 hypothetical protein[ Acinetobacter phage AB1] 116/117¢99%) 1. 00E-80 YP_009613845. 1
60 baseplate J-like protein[ Acinetobacter phage XC1] 388/394(98%) 0 WFD61209. 1
61 structural protein[ Acinetobacter phage vB_AbaM-IME-AB2] 208/208(100%) 7.00E-150 YP_009592224. 1
62 hypothetical protein[ Acinetobacter phage Bphi-R29197] 272/279(97%) 0 QGH74054. 1
63 tail fiber protein[ Acinetobacter phage AbP2] 703/776(91%) 0 YP_009609870. 1
64 hypothetical protein Arbor_46[ Acinetobacter phage Arbor] 108/111¢97 %) 3. 00E-70 URY98760. 1
65 hypothetical protein[ Acinetobacter phage Scipio ] 89/90(99%) 1. 00E-57 UQS93270. 1
66 secretion activator protein[ Acinetobacter phage vB_AbaM_IME284] 170/170(100 %) 6. 00E-120 AYP68979. 1
67 hypothetical protein[ Acinetobacter phage vB_AbaM_BP10] 73/76(96 %) 1. 00E-46 UYL86105. 1
68 MazG-like pyrophosphatase[ Acinetobacter phage vB_AbaM_AB3P2] 175/177(99 %) 9. 00E-125 WOZ14999. 1
69 hypothetical protein[ Acinetobacter phage vB_AbaM-IME-AB2 ] 54/54(100%) 5. 00E-30 YP_009592216. 1
70 hypothetical protein[ Acinetobacter phage vB_AbaM_AB3P2] 95/97(98%) 6.00E-62 WO0Z15002. 1
71 exonuclease[ Acinetobacter phage HZY2308] 251/251(100%) 0 WPH63962. 1
72 recombinational DNA repair protein[ Acinetobacter phage vB_AbaM_IME284 ] 299/299(100%) 0 AYP68972. 1
73 hypothetical protein[ Acinetobacter phage AP22] 59/60(98%) 5.00E-35 YP_006383815. 1
74 hypothetical protein[ Acinetobacter phage Brutus] 110/110¢100%) 4. 00E-72 UQS93201. 1
75 hypothetical protein[ Acinetobacter phage vB_AbaM-IME-AB2 ] 85/85(100%) 1. 00E-53 YP_009592210. 1
76 putative transcriptional regulator[ Acinetobacter phage 1.Z35] 270/270(100%) 0 YP_009291917. 1
77 hypothetical protein[ Acinetobacter phage YMC11/12/R1215] 64/64(100%) 6.00E-38 AJT61433. 1
78 HNH endonuclease[ Acinetobacter phage 1.235] 195/195(100 %) 8. 00E-139 YP_009291919. 1
79 hypothetical protein[ Acinetobacter phage 1.Z35] 80/80(100%) 9. 00E-53 YP_009291920. 1
80 hypothetical protein[ Acinetobacter phage NJ02] 147/147(100%) 1. 00E-103 WJZ47787. 1
81 hypothetical protein[ Acinetobacter phage NJ02] 96/96(100%) 2.00E-61 WJZ47786. 1
82 putative DNA-binding protein[ Acinetobacter phage AP22] 237/237(100%) 2. 00E-176 YP_006383824. 1
83 hypothetical protein[ Acinetobacter phage 1.Z35] 70/70(100%) 1. 00E-42 YP_009291924. 1
84 replication initiation protein[ Acinetobacter phage 1.235] 244/246(99%) 5.00E-179 YP_009291925. 1
85 DnaB-like replicative helicase[ Acinetobacter phage YMC-13-01-C62] 447/447¢100 %) 0 YP_009055443. 1
86 hypothetical protein[ Acinetobacter phage YMC-13-01-C62] 88/88(100%) 1. 00E-55 YP_009055442. 1
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