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Circular genetic information and biologic characteristics of
mycobacteriophage Guol
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Abstract: [Objective] To investigate the genetic and biologic characteristics of mycobacteriophage
Guol with circular genome. [Methods] Sequenced the complete genome of Guol with Shot-gun
library and config package strategy. Performed DNAStar, tRNAscan-SE, Promoter predictions, TRF,
Glimmer, BLAST software for general genome characteristics, tRNA, promoter regions, tandem
repeat sequences and putative function of predicted coding sequences, respectively. Utilized BLAST
software to search for mycobacteriophages with genome similar as Guol. Constructed phylogenetic
tree to identify the cluster into which Guol should be grouped. Then measured the optimal
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multiplicity of infection and one-step growth curve, and observed the sensibility to ultraviolet,
chloroform, alcohol, temperature, pH. [Results] Guol contains a double strand circular DNA with a full
length of 40 086 nt, which belongs to the cluster G mycobacteriophage and which contains 59 putative
genes, 7 promoter regions and three tandem repeat sequences. Guol is resistant to ultraviolet but
sensitive to alcohol, chloroform and high temperature. The optimal temperature is 37 °C while the
optimal pH is 7.0. The optimal MOI of Guol is about 0.01. One step growth of it showed that both
latent period and burst period are 120 min, and the average burst size is about 47. [Conclusion] Guol is
a cluster G mycobacteriophage with double strand circular DNA found for the first time. We sequenced
the complete genome of Guol and identified the circular genetic information and biologic characteristics.

Keywords: Guol, Cluster G mycobacteriophage, Circular genome, Biologic characteristics
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Table 1 Putative promoter regions of mycobacteriophage Guol

Start site End site Score Promoter sequence
1954 1999 0.95 AACGGGTTGAGTCCGAGCTCGGATCCGTAGATCATCGCCGCGGCAGCCTC
5212 5257 0.83 GTCTTGAGCAGAATCGGTTTCCAGCCGGCGATGATGGTCGCGGCGATGTT
15331 15376 0.82 TCGGGITGTCGAGCATCTGGTCGATGAGATAGATCGCTTCCTGCGCCGGC
17 020 17 065 0.90 GAATGACTTGTGGGTGTGGACGGTGCCGATGTAGTTCATCCGCTTGTCCC
24014 24 059 0.91 TCGGTITGAGTGCGACCGTCCAGAAGACGGAAATTGCTTGGCCGAACAGT
24726 24 771 0.86 GCCAGGTTCGAAGTCGAACGGGCCCAGGTTIGTAATCCCTCACGGGCCCGT
38359 38 404 0.82 GAGGTCAGTGACGGGTCGATTCCGACGGCGATCATGCGCGGTGTCCCTTG
=35 -10

Note: The —35 region and —10 region shown in underlined type; The transcription start shown in bold type.

F2 MEEK Guol BREXEEFHIRIFIM

Table 2 Putative tandem repeat sequences of mycobacteriophage Guol

Start site End site Length (nt) Tandem repeat sequences Score
20 791 20 831 21 GGTTCATCGCCGCCGCCTGCT 55
30456 30484 15 CCAGCGTCGGCCGGC 51
34 509 34 564 20 CCGCAGTTCGGGTGCTGCTA 50
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*3 EHE{K Guol MER TR
Table 3 Gene annotation of mycobacteriophage Guol
NCBI
Number Start site End site Length Strand Start codon NCBI annotation Putative function

1 277 810 534 - ATG Leo 0043 Hypothetical protein

2 813 2216 1404 - ATG Leo 0042 Hypothetical protein

3 2234 3319 1086 - ATG Leo 0041 PDDEXK-like domain

4 3316 3468 153 - ATG Leo 0040 Hypothetical protein

5 3452 3 802 351 = ATG Leo 0039 Hypothetical protein

6 3 802 3951 150 - ATG Halo gp39 -

7 3948 4298 351 - ATG Leo ASC-1-like protein

8 4352 4468 117 + GTG Halo gp37 Hypothetical protein

9 4477 5013 537 - ATG Leo 0035 Hypothetical protein
10 5076 5474 399 = ATG Sedge repressor
11 5471 5716 246 = ATG Angel gp34 Helix-turn-helix domain
12 5747 6 388 642 +* TTG Leo Integrase
13 6 385 7002 618 - GTG Legendre 0028 Hypothetical protein
14 6 999 7244 246 - GTG DNAIII 0030 Hypothetical protein
15 7324 7674 351 - ATG Halo gp29 -
16 7 700 8 908 1209 - ATG Halo gp28 Lysin B
17 8908 10 224 1317 - ATG Halo gp27 Lysin A
18 10 285 10 479 195 - ATG Halo gp26 -
19 10 479 10 754 276 - ATG Halo gp2 -
20 10 754 10 936 183 - ATG Halo gp23 -
21 10 939 11 259 321 - ATG Leo Minor tail protein
22 11 274 13 409 2136 = ATG BPs 121 =
23 13 409 13 843 435 = ATG Leo Minor tail protein
24 13 854 14 990 1137 = ATG Leo Minor tail protein
25 14 987 15 448 462 - ATG Halo Minor tail protein
26 15 448 17 190 1743 - ATG Halo Minor tail protein
27 17 202 18 374 1173 - ATG Halo Minor tail protein
28 18 374 22 387 4014 - ATG Halo Tape measure protein
29 22 387 22 764 378 = GTG Leo 0015 Hypothetical protein
30 22773 23282 510 = ATG Bps Potenial virion protein
31 23 383 23 997 615 - ATG Bps Major tail subunit
32 23 994 24 422 429 - ATG BPs 112 Hypothetical protein
33 24 434 24 697 264 - ATG BPs 111 Hypothetical protein
34 24 684 25 040 357 - ATG BPs 110 Hypothetical protein
35 25 040 25537 498 - ATG BPs 19 Hypothetical protein
36 25 549 25776 228 - ATG BPs 18 Hypothetical protein
37 25 813 26 748 936 - ATG Chy2 006 Capsid protein
38 26 794 27 336 543 - ATG BPs 16 Hypothetical protein
39 27 455 27 661 207 - ATG Halo gp5 Hypothetical protein
40 27 658 30 447 2790 - ATG BPs 14 Major surface proteinl B

C )
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( 3)
41 30 448 30 696 249 = ATG Angel gp3 Portal protein
42 30797 31963 1167 - GTG Sedge 003 Portal protein
43 31960 33396 1437 - ATG Leo Terminase
44 33 464 33 805 342 - ATG Halo gpl -
45 33 851 34672 822 + ATG Chy2 0058 Hypothetical protein
46 34 651 34 893 243 - ATG Halo gp63 -
47 34 992 35327 336 - ATG Leo 0056 Pfam05305
48 35359 35541 183 - ATG Halo gp61 -
49 35541 35756 216 - ATG DNAIII 0054 Hypothetical protein
50 35 802 36 290 489 + GTG DNAIII 0055 Hypothetical protein
51 36 335 36 571 237 - ATG Leo 0053 Hypothetical protein
52 36 676 37101 426 - ATG Legendre 006 Hypothetical protein
53 37 101 37259 159 - ATG Halo gp55 -
54 37316 37 591 276 s GTG Legendre 007 Hypothetical protein
55 37 803 38393 591 - ATG Leo RuvC
56 38390 38 830 441 - ATG Halo gp51 -
57 38 827 39171 345 - ATG Leo 0047 Hypothetical protein
58 39 168 39 488 321 - ATG Leo 0046 Hypothetical protein
59 39 687 40 058 372 = ATG Leo 0044 Hypothetical protein
3 51 ATG 7 Liefie Angel Halo Hope BPs Avrafan
GTG 1 TTG Guol G Guol
28 (4 014 nt) G
4 (153 nt) 25 HYIFFFESHR
5 251 RIEBREEHNE: 107
41 4 107 10" 1 10" 10°
21 23 24 25 26 27 24 h
28 37 4 MOI=10"
16 17 0.01
B A 12 252 —HHEAKHZKRERT: 2
10 43 Guol
11 120 min 120 min
24 RpHHigE 240 min
Guol BLAST Guol 47
G 253 MEAMEINMEBEREAA: 3
95% 98% E 0
14 14 30 min 70%
( 1) Guol Leo 30 min 60 min
BO4  DNAIII 3 75 min 90 min 62%
G [16-18]
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Mycobacteriophage Liefie (JN412593.1)
Mycobacteriophage Angel (F1973624.1)

Mycobacteriophage Halo (DQ398042.2)
Mycobacteriophage Hope (GQ303261.1)
Mycobacteriophage Bps (EU568876.1)
Mycobacteriophage Avrafan (JN699002.1)
Mycobacteriophage Bo4 (KC787107.1)
Mycobacteriophage DNATI (KC787108.1)
Mycobacteriophage Sedge (KC787111.1)
Mycobacteriophage Clark (KC787112.1)
Mycobacteriophage Legendre (KC787109.1)
Mycobacteriophage Chy2 (KC787103.1)
Mycobacteriophage Leo (KC787110.1)

— Mycobacteriophage Chy3 (KC787104.1)
Mycobacteriophage Guol (KJ725374.1)

Bl1 EEK Guol BIRFH LK

Figure 1 Phylogenetic tree of mycobacteriophage Guol
BLAST (Tree method Neighbor-Joining Max Seq Difference 0.05 Database nr) GenBank

Note: Phylogenetic tree was constructed by BLAST (Tree method: Neighbor-Joining, Max Seq Difference: 0.05, Database: nr); The numbers
in the bracket denote GenBank accession number, the scale plate denote evolutionary distance.

R4 BREHRINE

Table 4 Determination of multiplicity of infection

24h
MOI Number of bacterium phage (PFU/mL) Number of bacteria (CFU/mL) Titer at 24 h (PFU/mL)
10° 2x10° 110’ 2.9x10’
107 2x10° 1x10’ 6.4x10’
10" 2x107 1x107 2.1x107
10° 2x10° 1x107 0.7x10’
10" 2x10° 1x107 3.9x107
10° 2x10* 1x107 5.3x107
2.5.4  MEE RSB BURE: 37 °C
10 min ddH,O 60 °C
56% 30 min 37°C
255 BEEAXEREERA: 30 min 60 min
10 min 2,57 pH MIEFEABEM: 5
ddH,0 107 69 pH 7.0
10 min 75% pH>11.0
pH<5.0 (pH=5.0
256 REMEEARZMm: 4 2.7x10° PFU/mL) pH<4.0

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



1536 A8 4R Microbiol. China 2015, Vol.42, No.8
600 2000
1800
500 ~ 1600}
| I
_ £ 1400
Té 400 = 1200+
= S 1000}
= X
= 300 z 800F
= 2 600F
= =
2 200 400
~ 200'
100 PP
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.011.012.0
pH
04

30 60 90 120150180210240270300

¢ (min)

2 BEE{R Guol —H A K%k
Figure 2 One step growth curve of Guol

100 ¢
80
60

40

Survival rate (%)

20

5 pH XEEE{K Guol FE RN

Figure 5 Influence of pH on the activity of Guol

3 i

DNA
Guol

G

1%[21]

15 30 45 60
¢ (min)

3 BEE{R Guol X EIMERYMI 14
Figure 3 Ultraviolet resistibility of Guol

400
350
300
250
200
150
100
50
0

Titers (x10° PFU/mL)

75 90

tRNA

[18]

25 37 50
Temperature (°C)

E4 BEXMEEX Guol BIEZM

60

Figure 4 Influence of temperature on Guol

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

tRNA Guol

DNA
RNA
G
[19-20]
Guol 3
tRNA
12
Leo
10
[24]
Guol



Guol

1537

Guol 120 min

Legendre!>)(
210 min)

180 min)  Chy2%)(

[27-28]

Guol

Guol pH 7.0
pH  7.35-7.45 Guol
pH

pH 5.0 Guol

[29]
[30-31]

[32]

Wilson D29

PhaB"¥

Piuri 19 T™M4
TM4 motif 3 DNA

DNA

Motif3
TM4!?

Guol (

™4  Guol

G

Motif 3
Rpf Rpf

Guol
Guol
Motif 3
G

2 % X M

(1]
(2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

(1]

World Health Organization. Global Tuberculosis Report
2012[M]. Geneva: WHO Library, 2012: 89

Technical Guidance Group of the Fifth National TB
Epidemiological Survey, The Office of the Fifth National TB
Epidemiological Survey. The fifth national tuberculosis
epidemiological survey in 2010[J]. Chinese Journal of
Antituberculosis, 2012, 34(8): 485-486 (in Chinese)

. 2010

[J]. , 2012,
34(8): 485-486
Gomez JE, McKinney JD. M. tuberculosis persistence, latency,
and drug tolerance[J]. Tuberculosis (Edinburgh, Scotland),
2004, 84(1/2): 29-44
Er J, Zhu XW, Liu ZQ. Resuscitating effect for dormant
tuberculosis by recombinant resuscitation promoting factor
(Rpf) proteins[J]. China Medical Engineering, 2008, 16(2):
92-95 (in Chinese)

[J. , 2008, 16(2): 92-95

Keep NH, Ward JM, Cohen-Gonsaud M, et al. Wake up!
Peptidoglycan lysis and bacterial non-growth states[J]. Trends
in Microbiology, 2006, 14(6): 271-276
Telkov MV, Demina GR, Voloshin SA, et al. Proteins of the
Rpf (resuscitation promoting factor) family are peptidoglycan
hydrolases[J]. Biochemistry Biokhimiia, 2006, 71(4): 414-422
McNerney R, Kambashi BS, Kinkese J, et al. Development of
a bacteriophage phage replication assay for diagnosis of
Pulmonary tuberculosis[J]. Journal Clinical Microbiology,
2004, 42(5): 2115-2120
Kumar V, Loganathan P, Sivaramakrishnan G, et al.
Characterization of temperate phage Chel2 and construction
of a new tool for diagnosis of tuberculosis[J]. Tuberculosis
(Edinburgh, Scotland), 2008, 88(6): 616-623
Trigo G, Martins TG, Fraga AG, et al. Phage therapy is
effective against infection by Mycobacterium ulcerans in a
murine footpad model[J]. PLoS Neglected Tropical Diseases,
2013, 7(4): €2183
Piuri M, Hatfull GF. A peptidoglycan hydrolase motif within
the mycobacteriophage TM4 tape measure protein promotes
efficient infection of stationary phase cells[J]. Molecular
Microbiology, 2006, 62(6): 1569-1585
Pedulla ML, Ford ME, Houtz JM, et al. Origins of highly

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



1538

AEY) SR Microbiol. China

2015, Vol.42, No.8

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

mosaic Mycobacteriophage genomes[J]. Cell, 2003, 113(2):
171-182
Gan YL, Guo SL. Preliminary study on resuscitation of
mycobacteriophage TM4 in dormant cells of M. tuberculosis[J].
Journal of Shanghai Jiao Tong University (Medical Science
Edition), 2014, 34(1): 13-16 (in Chinese)

s . T™M4
. : ,2014, 34(1): 13-16
Zhang Z, Schwartz S, Wagner L, et al. A greedy algorithm for
aligning DNA sequences[J]. Journal Computational Biology,
2000, 7(1/2): 203-214
Lu Z, Breidt F Jr, Fleming HP, et al. Isolation and
characterization of a Lactobacillus plantarum bacteriophage,
phiJL-1, from a cucumber fermentation[J]. International
Journal of Food Microbiology, 2003, 84(2): 225-35
Huang JJ, Hu XM, Rao XC, et al. Biological characteristics of
Pseudomonas aeruginosa phage PaP2[J]. Journal of Third
Military Medical University, 2004, 26(13): 1133-1136 (in
Chinese)

N N .. PaP2
[J1. , 2004, 26(13):

1133-1136
Gan YL, Liu P, Wu TT, et al. Genetic information of
mycobacteriophages DNAIIl and its anti-tuberculosis
potential[J]. Journal of Shanghai Jiao Tong University
(Medical Science Edition), 2013, 33(10): 1323-1327 (in
Chinese)

s s , DNAIIL

[J].
,2013,33(10): 1323-1327

Gan YL, Wu TT, LIU P, et al. Characterization and

classification of Bo4 as a cluster G mycobacteriophage that
can infect and lyse M. tuberculosis[J]. Archives Microbiology,
2014, 196(3): 209-218
Jiang LS, Wu TT, Liu P, et al. Genetic information and
biological characteristics of the mycobacteriophage Leo[J].
Acta Medicinae Universitatis Scientiac et Technologiae
Huazhong, 2014, 43(5): 506-511 (in Chinese)
S N R . Leo

[ : , 2014,
43(5): 506-511
Hatfull GF, Jacobs-Sera D, Lawrence JG, et al. Comparative
genomic analysis of 60 Mycobacteriophage genomes: genome
clustering, gene acquisition, and gene size[J]. Journal of
Molecular Biology, 2010, 397(1): 119-143
Hatfull GF. Complete genome sequences of 138
mycobacteriophages[J]. Journal of Virology, 2012, 86(4):
2382-2384
Ai DY. The meanings of repeat sequences on genomes[J].
Chemistry of Life, 2008, 28(3): 343-345 (in Chinese)
. [J1. , 2008,
28(3): 343-345
de Paepe M, Taddei F. Viruses’ life history: towards a
mechanistic basis of a trade-off between survival and
reproduction among phages[J]. PLoS Biology, 2006, 4(7):

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

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

(33]

el93

Bailly-Bechet M, Vergassola M, Rocha E. Causes for the

intriguing presence of tRNAs in phages[J]. Genome Research,

2007, 17(10): 1486-1495

Broussard GW, Oldfield LM, Villanueva VM, et al.

Integration-dependent  bacteriophage immunity provides

insights into the evolution of genetic switches[J]. Molecular

Cell, 2013, 49(2): 237-248

Liu P, Wu TT, Peng L, et al. Biological characteristics of

mycobacteriophage Legendre and its potentials in drug

resistant tuberculosis control[J]. Journal of Third Military

Medical University, 2012, 34(9): 821-825 (in Chinese)
Legendre

[J. , 2012,

> > 5

34(9): 821-825
Liu P, Wu TT, Peng L, et al. Isolation and biological
characteristics of mycobacteriophage Chy2[J]. Journal of
Third Military Medical University, 2012, 34(12): 1176-1180
(in Chinese)

s s . Chy2

[J1. ,2012, 34(12): 1176-1180

Niu DY. Use of bacteriophage to control Escherichia coli
0O157:H7 in cattle and their environment[D]. Dalian: Doctoral
Dissertation of Dalian University of Technology, 2009 (in
Chinese)

O157:H7 [D]. ,
2009
Zhou YB, Shen XD, Li M, et al. The biological
characterization of Pseudomonas aeruginosa phage PaP3[J].
Medical Journal of Chinese People’s Liberation Army, 2006,
31(10): 999-1001 (in Chinese)

, s , . PaP3
[J]. , 2006, 31(10): 999-1001
Kaneko T, Cooper C, Mdluli K. Challenges and opportunities
in developing novel drugs for TB[J]. Future Medicinal
Chemistry, 2011, 3(11): 1373-1400
Zhao QY, Zhu RL. Recent advances and prospects in
bacteriophage therapy[J]. China Journal of Veterinary
Medicine, 2010, 44(7): 40-43 (in Chinese)

; . [J].
, 2010, 44(7): 40-43
Hu ZY, Cai LT. Research progress on phage therapy of
bacterial plant disease[J]. Guizhou Agricultural Sciences, 2011,
39(3): 101-103 (in Chinese)

[J]. , 2011, 39(3): 101-103

Guenther S, Huwyler D, Richard S, et al. Virulent
bacteriophage  for efficient biocontrol of Listeria
monocytogenes  in  ready-to-eat  foods[J]. Applied

Environmental Microbiology, 2009, 75(1): 93-100

Wilson SM, Al-Suwaidi Z, McNerney R, et al. Evaluation of a
new rapid Dbacteriophage-based method for the drug
susceptibility testing of Mycobacterium tuberculosis[J]. Nature
Medicine, 1997, 3(4): 465-468



