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Abstract 
 

Background: Bacteriophages are bacterial parasites. Unlike lytic bacteriophages, lys-
ogenic bacteriophages do not multiply immediately after entering the host cells and 
may integrate their genomes into the bacterial genomes as prophages. Prophages 
can include various phenotypic and genotypic effects on the host bacteria. Enterococ-
cus spp. are Gram-positive bacteria that cause infections in humans and animals. In 
recent decades, these bacteria have become resistant to various antimicrobials, in-
cluding vancomycin. The aim of this study was to analyze genome of an enterococcal 
prophage. 
 

Methods: In this study, Enterococcus faecium EntfacYE was isolated from biological 
samples and its genome was analyzed using next-generation sequencing method. 
 

Results: Overall, 254 prophage genes were identified in the bacterial genome. The 
prophage included 39 housekeeping, 41 replication and regulation, 80 structural and 
packaging, and 48 lysis genes. Moreover, 46 genes with unknown functions were iden-
tified. All genes were annotated in DNA Data Bank of Japan.  
 

Conclusion: In general, most prophage genes were linked to packaging and structure 
(31.5%) gene group. However, genes with unknown functions included a high propor-
tion (18.11%), which indicated necessity of further analyses. Genomic analysis of the 
prophages can be effective in better understanding of their roles in development of 
bacterial resistance to antibiotics. Moreover, identification and study of prophages can 
help researchers develop genetic engineering tools and novel infection therapies. 
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Introduction 
 

Enterococci are Gram-positive bacteria found in 

soil, water, plants and dairy products. Furthermore, 

they are naturally found in regular gastrointestinal mi-

crobiota of the vertebrates. These bacteria may be de-

tected on the skin and mucosa as well as in the mouth 

and vagina 1,2. In addition, enterococci are commonly 

found in wastewater or fecal contaminated water 3. Of 

the enterococcal species, Enterococcus faecalis (E. 

faecalis) and Enterococcus faecium (E. faecium) ma-

jorly infect humans 4. Nowadays, antimicrobial re-

sistance of E. faecium is a serious health threat accord-

ing to the World Health Organization (WHO) and the  
 

 

 

 

 

 
US Centers for Disease Control and Prevention (CDC). 

Enterococci increasingly show resistance to various 

antimicrobial drugs and disinfectants, including im-

portant antibiotic of vancomycin. This resistance pro-

longs the hospital stay and increases overall medical 

costs as well as risks of secondary infections and mor-

talities in patients 2,5. Despite widespread phages in 

nature and their critical roles in medicine and indus-

tries, current knowledge of the biodiversity of these 

viruses is surprisingly small 4.  

Bacteriophages generally include two infection cy-

cles of lytic and lysogenic cycles. In lytic cycle, phages 
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use host replication machinery to reproduce and even-

tually lyse the bacterial cells. In lysogenic cycle, phag-

es integrate their genomes to the host genomes as pro-

phages. Prophages may be conserved in the bacterial 

genomes for several years. Lysogenic phages enter the 

lytic phase (conversion) only when they are induced by 

natural factors (e.g. high temperatures) or laboratory 

agents (e.g. mitomycin C, hydrogen peroxide and UV 

radiation). In fact, conversion frequency of the pro-

phages by natural inducers is low 6. In general, study 

on the phages can help development of genetic engi-

neering tools and novel infection therapies. Therefore, 

the major aim of the present study was to genetically 

analyze Entfac.MY prophage in a clinical isolate of E. 

faecium.  

 

Materials and Methods 
 

Bacterial strain 
E. faecium was isolated from the biological sample 

of a hospitalized patient in Tehran, Iran, using routine 

microbiological methods. Bacterial isolation was veri-

fied using phenotypic methods such as Gram staining 

and biochemical methods such as catalase, oxidase, 

arabinose, bile esculin, NaCl, and PYR hydrolysis tests 
7. Additionally, the bacterial strain was genetically ver-

ified via amplification of the enterococcal tuf gene us-

ing PCR technique and specific primers of forward 

Ent1: 5'-TACTGACAAACCATTCATGATG-3' and 

reverse Ent2: 5'-AACTTCGTCACCAACGCGAAC-3' 
8. The PCR cycling conditions were as follows: initial 

denaturation for 5 min at 95°C, followed by 30 cycles 

of denaturation at 95°C for 30 s, annealing at 54°C for 

30 s and extension at 72°C for 45 s. Final extension 

was carried out at 72°C for 7 min (modified from 

Mazaheri Nezhad Fard et al, 2010). The PCR product 

was sequenced using Sanger method (Kowsar Biotech, 

Iran). Furthermore, antimicrobial susceptibility as-

sessment of the isolate was carried out using disk dif-

fusion method for vancomycin, erythromycin, clinda-

mycin, ceftriaxone, and cefoxitin antibiotics. Charac-

terized enterococcal strain was then used to isolate bac-

teriophages. 
 

Complete genome sequencing 
In a previous study by Elahi et al, wastewater sam-

ples were used as the bacteriophage sources. After 

mixing 360 μl of each wastewater sample with 160 μl 

of the bacteria, suspension was poured onto a plate 

using two-layer agar method. Incubation was carried 

out at 37°C for 24 hr. After phage isolation on E. fae-

cium strains, these bacterial strains were used for ge-

nome extraction 9. A small quantity of agar (containing 

bacteria and phages) was dissolved in 1 ml of Saline 

Magnesium (SM) buffer. After 10 min of centrifuga-

tion at 4480 g, supernatant was separated and used for 

the bacterial genome extraction. Genome extraction 

was carried out using High Pure Viral Nucleic Acid Kit 

(Roche, Switzerland) as follows: 200 μl of working 

solution were added to a sterile microtube and mixed 

with 50 μl of proteinase K. After addition of superna-

tant to the microtube, solution was mixed well using 

vortex and incubated at 72°C for 10 min. Then, 100 μl 

of binding buffer were added to the solution and mixed 

well. After transferring filter column into the micro-

tube, 600 μl of the solution were added to the filter. 

Solution was centrifuged at 8000 g for 1 min at 4°C. 

Filter was transferred into a new microtube and 500 μl 

of inhibitor removal buffer were added to the filter. 

Solution was centrifuged at 8000 g for 1 min at 4°C. 

After transferring filter to a new microtube, 450 μl of 

wash buffer were added to the filter. Solution was 

centrifuged at 8000 g for 1 min at 4°C. Then, filter was 

transferred into a fresh microtube and the last two steps 

were repeated. To dry the filter, it was centrifuged at 

13000 g for 10 s at 4°C. Filter was then transferred into 

a new sterile microtube and 30 μl of the elution buffer 

were added to the filter. After 1 min of setting at room 

temperature, centrifuge was carried out at 8000 g for 1 

min at 4°C. The extracted bacterial genome was wholly 

sequenced using Illumina HiSeq Platform (Novogene, 

China) and analyzed using SPAdes de novo and refer-

ence assembly technologies. Technically, Illumina is a 

Next-Generation Sequencing (NGS) technology, which 

uses a proprietary reversible terminator-based tech-

nique that detects single bases as they are incorporated 

into the DNA template strands. In this study, prophage 

was analyzed using RAST online sequence analysis 

service and results were publicly deposited in DNA 

Data Bank of Japan (DDBJ). 

 

Results 
 

Results of phenotypic and biochemical tests verified 

the primary characteristics of the enterococcal isolate. 

Gram-staining results showed that the isolate was a 

Gram-positive coccus. Results of the biochemical tests 

were reported as follows: negative catalase, negative 

oxidase, negative arabinose, positive bile esculin and 

positive PYR hydrolysis. Results of Sanger sequencing 

for the bacterial tuf gene also verified molecular char-

acteristics of the enterococcal isolate (DDBJ accession 

numbers of LC580430 and LC580431). Antimicrobial 

susceptibility assessment results showed that E. faeci-

um isolate was resistant to commonly used antibiotics, 

including vancomycin, erythromycin, clindamycin, 

ceftriaxone and cefoxitin. In general, Entfac.MY pro-

phage included 130241 nucleotides with 35.74% A, 

27.08% T, 16.02% C and 21.15% G. In total, 254 pro-

phage genes were analyzed and grouped based on their 

functions (Table 1). These included 39 housekeeping 

genes, 41 replication and regulation genes, 80 packag-

ing and structural genes, and 48 lysis group genes. 

Moreover, 46 genes with unknown functions were ana-

lyzed (Figure 1). 
 

Discussion 
 

In general, bacteriophages isolated by exposing a 

clinical strain of E. faecium to wastewater samples  
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Table 1. Genomic analysis of the Enfac.MY prophage and its similarity to other analyses from GenBank 
 

CDS Protein Group bp DDBJ GenBank Cv Id 

1 Tape measure protein PS 3849 LC644811 WP_002350712.1 99 100 
2 YhgE/Pip domain-containing protein    H 2706 LC644652 WP_002296556.1 99 100 
3 CHAP domain-containing protein    H 2316 LC644748 HAP5428988.1 98 99.21 
4 DNA primase          RR 2313 LC644886 WP_187171400.1 99 99.87 
5 Phage tail tape measure protein PS 2310 LC644882 WP_002303051.1 99 100 
6 Phage tail protein H 1911 LC644883 BCR31617.1 100 99.84 
7 Terminase large subunit      PS 1728 LC644732 WP_212463399.1 99 99.83 
8 Phage major capsid protein   PS 1365 LC644734 MBJ1280756.1 99 99.78 
9 Hypothetical protein N/A 1359 LC644891 HAP4612701.1 100 99.78 
10 Phage terminase large subunit PS 1350 LC644750 WP_201689995.1 99 99.11 
11 Terminase large subunit PS 1320 LC644814 WP_010729419.1 99 100 
12 Hypothetical protein N/A 1296 LC644889 BCT02878.1 99 100 
13 PcfJ family protein    N/A 1260 LC644747 WP_033782414.1 99 99.76 
14 Phage portal protein PS 1230 LC644881 AGS74854.1 99 99.76 
15 Site-specific integrase L 1227 LC644809 HAP7047036.1 99 99.75 
16 Phage portal protein PS 1221 LC644813 WP_002350718.1 99 100 
17 Site-specific integrase  L 1215 LC644749 WP_002379954.1 99 100 
18 Phage major capsid protein  PS 1194 LC644739 WP_219277563.1 99 99.75 
19 Site-specific integrase L 1182 LC644890 WP_002287705.1 96 100 
20 Site-specific integrase     L 1179 LC644950 WP_002288969.1 99 100 
21 Site-specific integrase  L 1143 LC631094 MBK8154746.1 73.56 0.0 
22 Site-specific integrase   L 1140 LC644714 WP_073470529.1 99 99.74 
23 Site-specific integrase L 1137 LC644817 WP_012197643.1 96 100 
24 Site-specific integrase   L 1128 LC644951 WP_002321493.1 98 100 
25 Site-specific integrase  L 1122 LC644744 HBB6776700.1 98 100 
26 Portal protein H 1035 LC631113 WP_105116343.1 97 52.66 
27 DNA polymerase RR 1022 LC644897 HAP4621056.1 99 99.71 
28 N-acetylmuramoyl-L-alanine amidase     L 1017 LC644737 WP_020944989.1 96 99.69 
29 DNA polymerase RR 1008 LC644820 NSU25233.1 92 100 

30 Phage tail protein   H 972 LC644761 WP_165548432.1 100 100 
31 YqaJ viral recombinase family protein     RR 942 LC644745 WP_033646797.1 99 100 
32 DUF2800 domain-containing protein N/A 924 LC644831 HAP3631774.1 76 99.15 
33 Phage baseplate upper protein          PS 906 LC644824 WP_048946725.1 99 100 
34 Deoxyribonuclease IV RR 903 LC644819 MBR8696505.1 99 99.67 
35 Hypothetical protein    N/A 894 LC644752 HAP5478159.1 98 96.99 
36 Recombinase RecT  RR 891 LC644746 WP_002301573.1 99 100 
37 Hypothetical protein N/A 840 LC644899 HBI1605865.1 100 99.64 
38 DEAD/DEAH box helicase family protein      RR 837 LC644756 WP_185933038.1 100 100 
39 Small subunit of terminase          PS 834 LC644888 WP_048946579.1 99 100 
40 N-acetylmuramoyl-L-alanine amidase L 825 LC644836 HBA0027879.1 100 100 
41 LysM peptidoglycan-binding domain-containing protein      H 813 LC644828 HAP5669678.1 94 100 
42 YhgE/Pip domain-containing protein H 810 LC644765 WP_195947705.1 91 100 
43 Hypothetical protein N/A 789 LC644770 EHU5028596.1 77 95.51 
44 Phage antirepressor       RR 777 LC644806 WP_002290310.1 99 100 
45 Helix-turn-helix domain-containing protein     RR 750 LC644730 WP_130017038.1 99 100 
46 Phage major capsid protein PS 738 LC644900 WP_153883634.1 100 100 
47 Phage portal protein PS 732 LC644829 WP_195960918.1 99 97.94 
48 YhgE/Pip domain-containing protein H 726 LC644841 WP_074934422.1 90 100 
49 Phage regulatory protein            RR 723 LC644953 WP_002403884.1 99 98.75 
50 Phage tail tape measure protein PS 723 LC644832 HAP3877100.1 100 99.59 
51 DUF4145 domain-containing protein N/A 714 LC631111 WP_033585566.1 96 57.33 
52 ORF6C domain-containing protein    H 698 LC644715 WP_213386100.1 98 97.25 
53 Phage tail tape measure protein PS 696 LC644843 WP_010773843.1 100 100 
54 Deoxyribonuclease IV RR 693 LC644912 MBS6508197.1 100 100 
55 AAA family ATPase H 687 LC631112 WP_000704947.1 95 52.47 
56 Phage tail protein H 681 LC644913 WP_198765169.1 100 98.68 
57 YhgE/Pip domain-containing protein H 666 LC644769 EOI23661.1 84 97.34 
58 Antireceptor H 660 LC631105 APC45840.1 59 47.47 
59 Hypothetical protein  N/A 657 LC644755 MBS5814550.1 99 100 
60 YhgE/Pip domain-containing protein H 657 LC644846 WP_053832241.1 100 100 
61 Hypothetical protein N/A 648 LC631102 WP_044981200.1 82 64.25 
62 Peptidoglycan recognition protein                RR 639 LC644844 MBJ1172703.1 100 100 
63 Phage tail protein     H 627 LC644736 MBG7868557.1 99 99.04 
64 Site-specific integrase L 627 LC644847 WP_137663438.1 100 100 
65 YhgE/Pip domain-containing protein H 624 LC644840 RDC50037.1 100 100 
66 Tail tape measure protein PS 615 LC644916 EGO8897385.1 100 99.02 
67 Lysin     L 609 LC644835 EGO8925797.1 99 100 
68 YhgE/Pip domain-containing protein H 606 LC644848 WP_192380427.1 100 99.01 
69 Tape measure protein PS 600 LC644918 HAP2857181.1 100 100 
70 Recombinase family protein RR 594 LC644774 EHV0135166.1 100 100 

 

https://www.ncbi.nlm.nih.gov/protein/WP_002350712.1?report=genbank&log$=prottop&blast_rank=1&RID=GCTBSBG101R
https://www.ncbi.nlm.nih.gov/protein/WP_002296556.1?report=genbank&log$=prottop&blast_rank=2&RID=GCHCFZP3013
https://www.ncbi.nlm.nih.gov/protein/HAP5428988.1?report=genbank&log$=prottop&blast_rank=1&RID=GCKGTUYE013
https://www.ncbi.nlm.nih.gov/protein/WP_187171400.1?report=genbank&log$=prottop&blast_rank=2&RID=GDAH1DYB013
https://www.ncbi.nlm.nih.gov/protein/WP_002303051.1?report=genbank&log$=prottop&blast_rank=3&RID=GD9X2B8W01R
https://www.ncbi.nlm.nih.gov/protein/BCR31617.1?report=genbank&log$=prottop&blast_rank=1&RID=GD9ZT7EU01R
https://www.ncbi.nlm.nih.gov/protein/WP_212463399.1?report=genbank&log$=prottop&blast_rank=2&RID=GCHWH9KP013
https://www.ncbi.nlm.nih.gov/protein/MBJ1280756.1?report=genbank&log$=prottop&blast_rank=1&RID=GCJ2G447013
https://www.ncbi.nlm.nih.gov/protein/HAP4612701.1?report=genbank&log$=prottop&blast_rank=2&RID=GDBAGCKE016
https://www.ncbi.nlm.nih.gov/protein/WP_201689995.1?report=genbank&log$=prottop&blast_rank=1&RID=GCM712JE013
https://www.ncbi.nlm.nih.gov/protein/WP_010729419.1?report=genbank&log$=prottop&blast_rank=1&RID=GCTMV3DH01R
https://www.ncbi.nlm.nih.gov/protein/BCT02878.1?report=genbank&log$=prottop&blast_rank=1&RID=GDB3CS1V013
https://www.ncbi.nlm.nih.gov/protein/WP_033782414.1?report=genbank&log$=prottop&blast_rank=2&RID=GCKBZW52013
https://www.ncbi.nlm.nih.gov/protein/AGS74854.1?report=genbank&log$=prottop&blast_rank=1&RID=GD9V7ADK01R
https://www.ncbi.nlm.nih.gov/protein/HAP7047036.1?report=genbank&log$=prottop&blast_rank=1&RID=GCT6B17E013
https://www.ncbi.nlm.nih.gov/protein/WP_002350718.1?report=genbank&log$=prottop&blast_rank=1&RID=GCTJMFXJ013
https://www.ncbi.nlm.nih.gov/protein/WP_002379954.1?report=genbank&log$=prottop&blast_rank=1&RID=GCM4770F013
https://www.ncbi.nlm.nih.gov/protein/WP_219277563.1?report=genbank&log$=prottop&blast_rank=2&RID=GCJGSZXE01R
https://www.ncbi.nlm.nih.gov/protein/WP_002287705.1?report=genbank&log$=prottop&blast_rank=7&RID=GDB5W6HF013
https://www.ncbi.nlm.nih.gov/protein/WP_002288969.1?report=genbank&log$=prottop&blast_rank=1&RID=GCK5BGUE013
https://www.ncbi.nlm.nih.gov/protein/WP_073470529.1?report=genbank&log$=prottop&blast_rank=2&RID=GCHGYDVC013
https://www.ncbi.nlm.nih.gov/protein/WP_012197643.1?report=genbank&log$=prottop&blast_rank=2&RID=GCTVFU26016
https://www.ncbi.nlm.nih.gov/protein/WP_002321493.1?report=genbank&log$=prottop&blast_rank=23&RID=GCK7NYCN013
https://www.ncbi.nlm.nih.gov/protein/HBB6776700.1?report=genbank&log$=prottop&blast_rank=25&RID=GCJXB5YH013
https://www.ncbi.nlm.nih.gov/protein/HAP4621056.1?report=genbank&log$=prottop&blast_rank=1&RID=GDC4AH2101R
https://www.ncbi.nlm.nih.gov/protein/WP_020944989.1?report=genbank&log$=prottop&blast_rank=2&RID=GCJCFWVU013
https://www.ncbi.nlm.nih.gov/protein/NSU25233.1?report=genbank&log$=prottop&blast_rank=1&RID=GCU5RM46013
https://www.ncbi.nlm.nih.gov/protein/WP_165548432.1?report=genbank&log$=prottop&blast_rank=1&RID=GCN460JF01R
https://www.ncbi.nlm.nih.gov/protein/WP_033646797.1?report=genbank&log$=prottop&blast_rank=1&RID=GCK0PFDA013
https://www.ncbi.nlm.nih.gov/protein/HAP3631774.1?report=genbank&log$=prottop&blast_rank=1&RID=GCVGSZM3013
https://www.ncbi.nlm.nih.gov/protein/WP_048946725.1?report=genbank&log$=prottop&blast_rank=1&RID=GCUJSSZU013
https://www.ncbi.nlm.nih.gov/protein/MBR8696505.1?report=genbank&log$=prottop&blast_rank=1&RID=GCU3V0A5013
https://www.ncbi.nlm.nih.gov/protein/HAP5478159.1?report=genbank&log$=prottop&blast_rank=1&RID=GCMC6VA9013
https://www.ncbi.nlm.nih.gov/protein/WP_002301573.1?report=genbank&log$=prottop&blast_rank=1&RID=GCK2UTYC013
https://www.ncbi.nlm.nih.gov/protein/HBI1605865.1?report=genbank&log$=prottop&blast_rank=1&RID=GDC8JN3G013
https://www.ncbi.nlm.nih.gov/protein/WP_185933038.1?report=genbank&log$=prottop&blast_rank=1&RID=GCMU2FYT01R
https://www.ncbi.nlm.nih.gov/protein/WP_048946579.1?report=genbank&log$=prottop&blast_rank=1&RID=GDAZF24S013
https://www.ncbi.nlm.nih.gov/protein/HBA0027879.1?report=genbank&log$=prottop&blast_rank=1&RID=GCVW30K101R
https://www.ncbi.nlm.nih.gov/protein/HAP5669678.1?report=genbank&log$=prottop&blast_rank=1&RID=GCV8XAB701R
https://www.ncbi.nlm.nih.gov/protein/WP_195947705.1?report=genbank&log$=prottop&blast_rank=1&RID=GCNM7YE5016
https://www.ncbi.nlm.nih.gov/protein/EHU5028596.1?report=genbank&log$=prottop&blast_rank=1&RID=GCP2BK4G013
https://www.ncbi.nlm.nih.gov/protein/WP_002290310.1?report=genbank&log$=prottop&blast_rank=2&RID=GCSRX3NJ013
https://www.ncbi.nlm.nih.gov/protein/WP_130017038.1?report=genbank&log$=prottop&blast_rank=1&RID=GCHS62MP013
https://www.ncbi.nlm.nih.gov/protein/WP_153883634.1?report=genbank&log$=prottop&blast_rank=1&RID=GDCXF1TA01R
https://www.ncbi.nlm.nih.gov/protein/WP_195960918.1?report=genbank&log$=prottop&blast_rank=2&RID=GCVB60DS013
https://www.ncbi.nlm.nih.gov/protein/WP_074934422.1?report=genbank&log$=prottop&blast_rank=4&RID=GCWB0ZZ9013
https://www.ncbi.nlm.nih.gov/protein/WP_002403884.1?report=genbank&log$=prottop&blast_rank=1&RID=GCUEWA8S013
https://www.ncbi.nlm.nih.gov/protein/HAP3877100.1?report=genbank&log$=prottop&blast_rank=2&RID=GCVK33VH013
https://www.ncbi.nlm.nih.gov/protein/WP_213386100.1?report=genbank&log$=prottop&blast_rank=2&RID=GCHM2YEZ016
https://www.ncbi.nlm.nih.gov/protein/WP_010773843.1?report=genbank&log$=prottop&blast_rank=1&RID=GCWGSGY3013
https://www.ncbi.nlm.nih.gov/protein/MBS6508197.1?report=genbank&log$=prottop&blast_rank=1&RID=GDDST6T6016
https://www.ncbi.nlm.nih.gov/protein/WP_198765169.1?report=genbank&log$=prottop&blast_rank=2&RID=GDEAB889013
https://www.ncbi.nlm.nih.gov/protein/EOI23661.1?report=genbank&log$=prottop&blast_rank=1&RID=GCNXEGNE016
https://www.ncbi.nlm.nih.gov/protein/MBS5814550.1?report=genbank&log$=prottop&blast_rank=2&RID=GCMPZF28013
https://www.ncbi.nlm.nih.gov/protein/WP_053832241.1?report=genbank&log$=prottop&blast_rank=1&RID=GCWS0CZN01R
https://www.ncbi.nlm.nih.gov/protein/MBJ1172703.1?report=genbank&log$=prottop&blast_rank=35&RID=GCWKMFF6013
https://www.ncbi.nlm.nih.gov/protein/MBG7868557.1?report=genbank&log$=prottop&blast_rank=2&RID=GCJ9JZRJ013
https://www.ncbi.nlm.nih.gov/protein/WP_137663438.1?report=genbank&log$=prottop&blast_rank=1&RID=GCWTWAHF013
https://www.ncbi.nlm.nih.gov/protein/RDC50037.1?report=genbank&log$=prottop&blast_rank=1&RID=GCW8MGHU016
https://www.ncbi.nlm.nih.gov/protein/EGO8897385.1?report=genbank&log$=prottop&blast_rank=1&RID=GDERA2PF013
https://www.ncbi.nlm.nih.gov/protein/EGO8925797.1?report=genbank&log$=prottop&blast_rank=1&RID=GCVU924A013
https://www.ncbi.nlm.nih.gov/protein/WP_192380427.1?report=genbank&log$=prottop&blast_rank=1&RID=GCWW7YRJ013
https://www.ncbi.nlm.nih.gov/protein/HAP2857181.1?report=genbank&log$=prottop&blast_rank=1&RID=GDEV6MBV01R
https://www.ncbi.nlm.nih.gov/protein/EHV0135166.1?report=genbank&log$=prottop&blast_rank=1&RID=GCP9XGKZ01R
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Contd. Table 1. Genomic analysis of the Enfac.MY prophage and its similarity to other analyses from GenBank 
 

CDS Protein Group bp DDBJ GenBank Cv Id 

71 Tape measure protein PS 591 LC644902 HBC4147789.1 98 97.95 
72 YhgE/Pip domain-containing protein H 591 LC644909 WP_142424143.1 100 100 
73 Phage tail tape measure protein PS 585 LC644778 WP_010773806.1 100 99.49 
74 Thermonuclease family protein        RR 585 LC644821 WP_002368095.1 99 100 
75 Structural protein PS 585 LC644919 HAP4242704.1 97 97.89 
76 Recombinase family protein             RR 582 LC644651 WP_002294320.1 99 100 
77 DUF2815 family protein N/A 576 LC631101 WP_199363988.1 88 60.95 
78 HK97 family phage prohead protease   PS 570 LC644733 WP_002303035.1 99 100 
79 Endonuclease L 570 LC644911 EGO6070115.1 99 100 
80 Deoxyribonuclease IV RR 570 LC644920 WP_048952159.1 100 100 
81 Phage tail tape measure protein PS 564 LC644921 HAP3877078.1 100 100 
82 Phage tail protein H 561 LC644812 WP_113998124.1 98 99.46 
83 Phage scaffolding protein PS 558 LC631103 WP_171943061.1 77 41.67 
84 Tyrosine-type recombinase/integrase L 555 LC644818 WP_204357435.1 99 100 
85 DEAD/DEAH box helicase       RR 534 LC644898 HAP5399412.1 99 100 
86 Hypothetical protein N/A 525 LC631114 WP_123159857.1 92 69.57 
87 Phage major capsid protein PS 516 LC644772 EGO2693906.1 100 100 
88 Phage portal protein PS 513 LC644833 MRI70555.1 100 95.91 
89 HK97 family phage prohead protease PS 510 LC644775 WP_086295712.1 99 98.82 
90 Terminase large subunit PS 495 LC644924 HBI1611120.1 100 100 
91 Recombinase RecT RR 480 LC644763 WP_142974208.1 99 100 
92 Terminase large subunit      PS 474 LC644741 WP_154059379.1 93 100 
93 Tyrosine-type recombinase/integrase L 474 LC631100 WP_153046652.1 60 56.84 
94 Terminase large subunit PS 474 LC644915 NSP35552.1 99 100 
95 Recombinase family protein RR 471 LC644766 WP_035006379.1 99 99.36 
96 Helix-turn-helix transcriptional regulator RR 471 LC644839 HAP4862478.1 99 100 
97 Hypothetical protein N/A 459 LC644764 WP_077143720.1 100 100 
98 Site-specific integrase L 459 LC644925 WP_194193259.1 100 100 
99 Tyrosine-type recombinase/integrase L 456 LC644781 WP_086295839.1 98 100 
100 P27 family phage terminase small subunit      PS 453 LC644731 HAQ5377436.1 99 94.67 

101 Phage tail family protein H 453 LC644782 WP_142968761.1 100 100 
102 Hypothetical protein    N/A 450 LC644751 WP_002298034.1 99 100 
103 Peptidoglycan endopeptidase EnpA L 441 LC644856 WP_010706628.1 100 100 
104 Phage major capsid protein PS 438 LC644857 WP_216442317.1 100 99.32 
105 Hypothetical protein N/A 435 LC644849 WP_002386667.1 100 100 
106 Site-specific integrase L 429 LC644773 EGO5860053.1 100 97.90 
107 Phage tail tape measure protein PS 429 LC644784 EHV2895864.1 100 100 
108 Siphovirus Gp157 family protein N/A 420 LC631099 WP_048784131.1 99 50.00 
109 Autolysin L 414 LC644815 GER95770.1 99 100 
110 Hypothetical protein N/A 414 LC644930 WP_195960930.1 86 98.33 
111 Phage major capsid protein PS 405 LC631108 WP_096649614.1 97 55.30 
112 Site-specific integrase L 402 LC644859 WP_165710100.1 100 98.51 
113 Phage tail protein H 396 LC644787 EHR4559110.1 100 98.48 
114 Hypothetical protein N/A 396 LC644838 WP_048943143.1 99 99.24 
115 Hypothetical protein N/A 396 LC644885 WP_002350714.1 99 100 
116 Phage tail tape measure protein PS 390 LC644861 EHV2895864.1 100 96.92 
117 Recombinase RecT RR 387 LC644780 WP_002380492.1 99 100 
118 Hypothetical protein N/A 387 LC631109 WP_102570448.1 40 50.00 
119 RloB domain-containing protein H 387 LC631116 WP_003011523.1 88 37.72 
120 Baseplate J/gp47 family protein PS 381 LC644788 EGS7987863.1 100 100 
121 HNH endonuclease L 381 LC644880 HBC4262174.1 99 100 
122 Tail tape measure protein PS 378 LC644789 HAP4230866.1 100 100 
123 Helix-turn-helix transcriptional regulator  RR 375 LC644743 HAQ4376708.1 99 99.19 
124 Phage tail tape measure protein       PS 375 LC644757 EGO8777387.1 99 99.19 
125 Hypothetical protein N/A 375 LC644952 WP_048943142.1 99 100 
126 Toxin N/A 375 LC644826 NSU57868.1 99 85.48 
127 HNH endonuclease L 366 LC644767 WP_086269578.1 99 99.17 
128 Phage tail tape measure protein PS 363 LC644790 MRI75296.1 100 99.17 
129 Deoxyribonuclease IV RR 363 LC644791 WP_201688942.1 100 100 
130 YhgE/Pip domain-containing protein H 363 LC644792 WP_167822678.1 100 97.52 
131 DUF1073 domain-containing protein             N/A 363 LC644863 WP_010706623.1 100 100 
132 Terminase large subunit PS 363 LC644908 WP_086295714.1 99 100 
133 Phage major capsid protein PS 360 LC644933 WP_216442317.1 100 100 
134 Terminase large subunit PS 357 LC644932 WP_086295714.1 100 97.48 
135 Phage tail family protein H 351 LC644934 WP_048948486.1 100 100 
136 PBSX family phage terminase large subunit          PS 345 LC644868 HBD0933441.1 100 100 
137 Phage tail protein H 342 LC644768 HBD0803692.1 100 100 
138 Siphovirus ReqiPepy6 Gp37-like family protein            N/A 342 LC644928 WP_048943146.1 100 100 
139 Hypothetical protein N/A 339 LC644808 WP_010706753.1 100 100 
140 Hypothetical protein N/A 339 LC644822 WP_002303043.1 99 100 

 

https://www.ncbi.nlm.nih.gov/protein/HBC4147789.1?report=genbank&log$=prottop&blast_rank=11&RID=GDD1BZXX013
https://www.ncbi.nlm.nih.gov/protein/WP_142424143.1?report=genbank&log$=prottop&blast_rank=6&RID=GDDGXZTU013
https://www.ncbi.nlm.nih.gov/protein/WP_010773806.1?report=genbank&log$=prottop&blast_rank=1&RID=GCPJHPPK013
https://www.ncbi.nlm.nih.gov/protein/WP_002368095.1?report=genbank&log$=prottop&blast_rank=1&RID=GCU9SGR1013
https://www.ncbi.nlm.nih.gov/protein/HAP4242704.1?report=genbank&log$=prottop&blast_rank=1&RID=GDEY53WZ013
https://www.ncbi.nlm.nih.gov/protein/WP_002294320.1?report=genbank&log$=prottop&blast_rank=3&RID=GB6XZFGN016
https://www.ncbi.nlm.nih.gov/protein/WP_002303035.1?report=genbank&log$=prottop&blast_rank=3&RID=GCHZBMC3013
https://www.ncbi.nlm.nih.gov/protein/EGO6070115.1?report=genbank&log$=prottop&blast_rank=1&RID=GDDPDE0E013
https://www.ncbi.nlm.nih.gov/protein/WP_048952159.1?report=genbank&log$=prottop&blast_rank=2&RID=GDF64G24013
https://www.ncbi.nlm.nih.gov/protein/HAP3877078.1?report=genbank&log$=prottop&blast_rank=1&RID=GDFA9EJA016
https://www.ncbi.nlm.nih.gov/protein/WP_113998124.1?report=genbank&log$=prottop&blast_rank=5&RID=GCTEWTFT01R
https://www.ncbi.nlm.nih.gov/protein/WP_204357435.1?report=genbank&log$=prottop&blast_rank=1&RID=GCTYAPMK013
https://www.ncbi.nlm.nih.gov/protein/HAP5399412.1?report=genbank&log$=prottop&blast_rank=1&RID=GDC6R7K7013
https://www.ncbi.nlm.nih.gov/protein/EGO2693906.1?report=genbank&log$=prottop&blast_rank=1&RID=GCP6GBXZ01R
https://www.ncbi.nlm.nih.gov/protein/MRI70555.1?report=genbank&log$=prottop&blast_rank=4&RID=GCVNDNA8013
https://www.ncbi.nlm.nih.gov/protein/WP_086295712.1?report=genbank&log$=prottop&blast_rank=1&RID=GCPC56S501R
https://www.ncbi.nlm.nih.gov/protein/HBI1611120.1?report=genbank&log$=prottop&blast_rank=2&RID=GDFJP6RR013
https://www.ncbi.nlm.nih.gov/protein/WP_142974208.1?report=genbank&log$=prottop&blast_rank=1&RID=GCN8B6EW013
https://www.ncbi.nlm.nih.gov/protein/WP_154059379.1?report=genbank&log$=prottop&blast_rank=8&RID=GCJP69WA013
https://www.ncbi.nlm.nih.gov/protein/NSP35552.1?report=genbank&log$=prottop&blast_rank=1&RID=GDEKTK5B013
https://www.ncbi.nlm.nih.gov/protein/WP_035006379.1?report=genbank&log$=prottop&blast_rank=1&RID=GCNPNH4V013
https://www.ncbi.nlm.nih.gov/protein/HAP4862478.1?report=genbank&log$=prottop&blast_rank=1&RID=GCW42HWU013
https://www.ncbi.nlm.nih.gov/protein/WP_077143720.1?report=genbank&log$=prottop&blast_rank=1&RID=GCNA5SA101R
https://www.ncbi.nlm.nih.gov/protein/WP_194193259.1?report=genbank&log$=prottop&blast_rank=2&RID=GDFMS2RE016
https://www.ncbi.nlm.nih.gov/protein/WP_086295839.1?report=genbank&log$=prottop&blast_rank=1&RID=GCPUV23501R
https://www.ncbi.nlm.nih.gov/protein/HAQ5377436.1?report=genbank&log$=prottop&blast_rank=2&RID=GCHU2YKH013
https://www.ncbi.nlm.nih.gov/protein/WP_142968761.1?report=genbank&log$=prottop&blast_rank=3&RID=GCPX7AK0013
https://www.ncbi.nlm.nih.gov/protein/WP_002298034.1?report=genbank&log$=prottop&blast_rank=1&RID=GCMAAF4E013
https://www.ncbi.nlm.nih.gov/protein/WP_010706628.1?report=genbank&log$=prottop&blast_rank=5&RID=GCXGKV0T01R
https://www.ncbi.nlm.nih.gov/protein/WP_216442317.1?report=genbank&log$=prottop&blast_rank=4&RID=GCXK015F013
https://www.ncbi.nlm.nih.gov/protein/WP_002386667.1?report=genbank&log$=prottop&blast_rank=7&RID=GCWY8GY1013
https://www.ncbi.nlm.nih.gov/protein/EGO5860053.1?report=genbank&log$=prottop&blast_rank=2&RID=GCP85CKF01R
https://www.ncbi.nlm.nih.gov/protein/EHV2895864.1?report=genbank&log$=prottop&blast_rank=1&RID=GCR9B4VW016
https://www.ncbi.nlm.nih.gov/protein/GER95770.1?report=genbank&log$=prottop&blast_rank=1&RID=GCTR5GSD013
https://www.ncbi.nlm.nih.gov/protein/WP_195960930.1?report=genbank&log$=prottop&blast_rank=1&RID=GDG23VKK01R
https://www.ncbi.nlm.nih.gov/protein/WP_165710100.1?report=genbank&log$=prottop&blast_rank=1&RID=GCXSX2HW013
https://www.ncbi.nlm.nih.gov/protein/EHR4559110.1?report=genbank&log$=prottop&blast_rank=5&RID=GCRF574N013
https://www.ncbi.nlm.nih.gov/protein/WP_048943143.1?report=genbank&log$=prottop&blast_rank=1&RID=GCW10XM9013
https://www.ncbi.nlm.nih.gov/protein/WP_002350714.1?report=genbank&log$=prottop&blast_rank=1&RID=GDA4V26F013
https://www.ncbi.nlm.nih.gov/protein/EHV2895864.1?report=genbank&log$=prottop&blast_rank=3&RID=GD7P85B2013
https://www.ncbi.nlm.nih.gov/protein/WP_002380492.1?report=genbank&log$=prottop&blast_rank=1&RID=GCPPHH6N013
https://www.ncbi.nlm.nih.gov/protein/EGS7987863.1?report=genbank&log$=prottop&blast_rank=1&RID=GCRH1JHZ013
https://www.ncbi.nlm.nih.gov/protein/HBC4262174.1?report=genbank&log$=prottop&blast_rank=7&RID=GD9SVF1Z013
https://www.ncbi.nlm.nih.gov/protein/HAP4230866.1?report=genbank&log$=prottop&blast_rank=1&RID=GCRJRY4J013
https://www.ncbi.nlm.nih.gov/protein/HAQ4376708.1?report=genbank&log$=prottop&blast_rank=5&RID=GCJUZK43013
https://www.ncbi.nlm.nih.gov/protein/EGO8777387.1?report=genbank&log$=prottop&blast_rank=2&RID=GCMWA2CH01R
https://www.ncbi.nlm.nih.gov/protein/WP_048943142.1?report=genbank&log$=prottop&blast_rank=1&RID=GCNZP4A2013
https://www.ncbi.nlm.nih.gov/protein/NSU57868.1?report=genbank&log$=prottop&blast_rank=3&RID=GCV2PU2S016
https://www.ncbi.nlm.nih.gov/protein/WP_086269578.1?report=genbank&log$=prottop&blast_rank=1&RID=GCNSP8ZN013
https://www.ncbi.nlm.nih.gov/protein/MRI75296.1?report=genbank&log$=prottop&blast_rank=1&RID=GCRMRRS4013
https://www.ncbi.nlm.nih.gov/protein/WP_201688942.1?report=genbank&log$=prottop&blast_rank=3&RID=GCRRSUW4013
https://www.ncbi.nlm.nih.gov/protein/WP_167822678.1?report=genbank&log$=prottop&blast_rank=2&RID=GCRTJMS2016
https://www.ncbi.nlm.nih.gov/protein/WP_010706623.1?report=genbank&log$=prottop&blast_rank=1&RID=GD7V67PJ01R
https://www.ncbi.nlm.nih.gov/protein/WP_086295714.1?report=genbank&log$=prottop&blast_rank=2&RID=GDDEB1NP013
https://www.ncbi.nlm.nih.gov/protein/WP_216442317.1?report=genbank&log$=prottop&blast_rank=1&RID=GDGDK877016
https://www.ncbi.nlm.nih.gov/protein/WP_086295714.1?report=genbank&log$=prottop&blast_rank=1&RID=GDG9EE8E013
https://www.ncbi.nlm.nih.gov/protein/WP_048948486.1?report=genbank&log$=prottop&blast_rank=1&RID=GDGKFTW6016
https://www.ncbi.nlm.nih.gov/protein/HBD0933441.1?report=genbank&log$=prottop&blast_rank=1&RID=GD84V4AX013
https://www.ncbi.nlm.nih.gov/protein/HBD0803692.1?report=genbank&log$=prottop&blast_rank=1&RID=GCNUZDB201R
https://www.ncbi.nlm.nih.gov/protein/WP_048943146.1?report=genbank&log$=prottop&blast_rank=5&RID=GDFVCDCG01R
https://www.ncbi.nlm.nih.gov/protein/WP_010706753.1?report=genbank&log$=prottop&blast_rank=2&RID=GCUCEJEC013
https://www.ncbi.nlm.nih.gov/protein/WP_002303043.1?report=genbank&log$=prottop&blast_rank=1&RID=GCT4DU1301R
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Contd. Table 1. Genomic analysis of the Enfac.MY prophage and its similarity to other analyses from GenBank 
 

CDS Protein Group bp DDBJ GenBank Cv Id 

141 Nucleoid-associated protein RR 330 LC644870 WP_021428623.1 87 100 
142 Toxin N/A 321 LC644910 HAP4862477.1 100 100 
143 Site-specific integrase L 321 LC631118 MBK8154746.1 97 91.35 
144 VRR-NUC domain-containing protein           H 318 LC644816 WP_002350665.1 99 99.05 
145 Lysozyme family protein          L 318 LC644937 WP_156233373.1 93 100 
146 MazG-like family protein    RR 315 LC644742 WP_012197627.1 99 100 
147 Helix-turn-helix domain-containing protein RR 312 LC631107 WP_118138944.1 99 52.38 
148 DNA methyltransferase      RR 309 LC644794 WP_195960921.1 100 99.03 
149 Hypothetical protein N/A 309 LC644866 WP_002369984.1 100 100 
150 Phage portal protein PS 309 LC644896 WP_201689987.1 100 99.03 
151 Phage tail tape measure protein PS 306 LC644871 WP_153841946.1 100 98.04 
152 Hypothetical protein N/A 303 LC644807 HAQ9461605.1 99 99 
153 Phage tail tape measure protein PS 300 LC644867 EGO8777387.1 80 100 

154 Hypothetical protein N/A 300 LC644895 EGO5085241.1 99 96.97 
155 Hypothetical protein N/A 300 LC644938 WP_010748256.1 85 100 
156 Tyrosine-type recombinase/integrase L 297 LC644939 WP_216442824.1 100 100 
157 Terminase large subunit PS 297 LC631119 MBF1717610.1 100 77.78 
158 Hypothetical protein N/A 294 LC644907 WP_096709598.1 98 78.35 
159 HK97 family phage prohead protease PS 293 LC644837 WP_137192767.1 99 100 
160 Nucleoid-associated protein RR 291 LC644777 WP_035114676.1 100 100 
161 Site-specific integrase L 291 LC644796 EGO9032817.1 100 100 
162 Peptidoglycan endopeptidase EnpA L 291 LC644922 WP_002400013.1 88 100 
163 Site-specific integrase L 285 LC631096 WP_128080223.1 86 71.95 
164 AAA family ATPase H 285 LC644873 WP_010828176.1 98 100 
165 Phage gp6-like head-tail connector protein  PS 282 LC644735 WP_002303039.1 98 100 
166 YhgE/Pip domain-containing protein H 282 LC644834 WP_142966911.1 98 100 
167 Phage gp6-like head-tail connector protein PS 282 LC644851 WP_161843549.1 98 95.70 
168 Tyrosine-type recombinase/integrase L 282 LC644865 WP_201705518.1 100 97.87 
169 Phage terminase large subunit PS 282 LC644940 EGO6069701.1 100 100 
170 Site-specific integrase L 279 LC644771 WP_192201846.1 100 100 

171 Terminase large subunit PS 276 LC644799 EHU8855151.1 100 100 
172 Minor capsid protein         PS 276 LC644850 WP_142425073.1 98 100 
173 Phage portal protein PS 273 LC631097 APD22584.1 100 54.95 
174 Structural protein       PS 267 LC644759 EGO2667974.1 98 100 
175 Phage tail tape measure protein PS 264 LC644800 HAP4877189.1 90 98.75 
176 YhgE/Pip domain-containing protein H 264 LC644923 HAP5737370.1 100 100 
177 Phage tail tape measure protein PS 261 LC644874 EHB6454364.1 100 89.66 
178 Phage terminase large subunit PS 261 LC644936 HAP5353043.1 98 97.67 
179 Phage portal protein PS 258 LC644802 WP_194943338.1 100 100 
180 Phage major capsid protein PS 258 LC644935 WP_002417392.1 98 100 
181 Hemolysin XhlA family protein      L 255 LC644758 WP_048948902.1 98 92.86 
182 Hypothetical protein N/A 255 LC631098 WP_018165267.1 100 44.94 
183 MazG-like family protein RR 255 LC644901 WP_010717138.1 100 100 
184 Site-specific integrase L 252 LC644853 HAP4918633.1 100 100 
185 Hypothetical protein N/A 249 LC644893 WP_010748256.1 100 96.39 
186 Phage tail protein H 249 LC644825 MRJ04801.1 91 82.89 
187 Hypothetical protein N/A 249 LC644803 HAP2781243.1 98 100 
188 AAA family ATPase H 246 LC644943 WP_127341875.1 75 100 
189 Phage tail tape measure protein PS 246 LC644944 WP_118215595.1 100 95.12 
190 Hemolysin XhlA family protein L 243 LC644810 WP_002332427.1 98 100 
191 Phage tail tape measure protein PS 243 LC644876 WP_085406750.1 100 100 
192 Hypothetical protein N/A 243 LC644929 MRJ04805.1 98 100 
193 Helix-turn-helix transcriptional regulator RR 240 LC644779 HAP3299532.1 100 100 
194 Phage tail tape measure protein PS 237 LC644947 MBR8697128.1 68 100 
195 Phage tail tape measure protein PS 237 LC644804 MRI62301.1 100 98.73 
196 Hemolysin XhlA family protein  L 234 LC644753 WP_214144888.1 98 96.10 
197 Collagen-like protein     PS 234 LC644776 WP_207656718.1 98 97.40 
198 Phage tail protein H 234 LC644786 EHB6443012.1 98 100 
199 Peptidoglycan endopeptidase EnpA L 234 LC644872 WP_138218550.1 100 100 
200 Phage terminase large subunit PS 234 LC644877 HBD0837071.1 100 100 
201 Terminase large subunit PS 234 LC631117 MBF0843203.1 98 59.74 
202 Hypothetical protein N/A 231 LC631115 WP_125852315.1 100 41.56 
203 Terminase small subunit        PS 231 LC644926 WP_070363956.1 98 100 

204 Site-specific integrase L 228 LC631110 WP_044761187.1 98 60.00 
205 DUF2213 domain-containing protein        N/A 228 LC644879 WP_115252339.1 100 100 
206 Site-specific integrase L 228 LC644949 EGT2099792.1 100 100 
207 YhgE/Pip domain-containing protein H 225 LC644805 RDC49008.1 100 100 
208 Phage holin RR 225 LC631106 WP_155198660.1 69 98.08 
209 DUF3383 family protein       N/A 225 LC644878 WP_002377529.1 100 100 
210 IS607 family transposase      RR 225 LC644887 WP_104845943.1 90 54.17 

 

https://www.ncbi.nlm.nih.gov/protein/WP_021428623.1?report=genbank&log$=prottop&blast_rank=2&RID=GD8MKDGC013
https://www.ncbi.nlm.nih.gov/protein/HAP4862477.1?report=genbank&log$=prottop&blast_rank=1&RID=GDDKJ2MD013
https://www.ncbi.nlm.nih.gov/protein/WP_002350665.1?report=genbank&log$=prottop&blast_rank=1&RID=GCTT267S013
https://www.ncbi.nlm.nih.gov/protein/WP_156233373.1?report=genbank&log$=prottop&blast_rank=3&RID=GDGT6MBE013
https://www.ncbi.nlm.nih.gov/protein/WP_012197627.1?report=genbank&log$=prottop&blast_rank=1&RID=GCJT1PSA016
https://www.ncbi.nlm.nih.gov/protein/WP_195960921.1?report=genbank&log$=prottop&blast_rank=2&RID=GCRY118J013
https://www.ncbi.nlm.nih.gov/protein/WP_002369984.1?report=genbank&log$=prottop&blast_rank=1&RID=GD81MY4J013
https://www.ncbi.nlm.nih.gov/protein/WP_201689987.1?report=genbank&log$=prottop&blast_rank=2&RID=GDC117HB016
https://www.ncbi.nlm.nih.gov/protein/WP_153841946.1?report=genbank&log$=prottop&blast_rank=1&RID=GD8P4623016
https://www.ncbi.nlm.nih.gov/protein/HAQ9461605.1?report=genbank&log$=prottop&blast_rank=3&RID=GCSUVJZR013
https://www.ncbi.nlm.nih.gov/protein/EGO8777387.1?report=genbank&log$=prottop&blast_rank=2&RID=GD83AKGP013
https://www.ncbi.nlm.nih.gov/protein/EGO5085241.1?report=genbank&log$=prottop&blast_rank=4&RID=GDBM3XED013
https://www.ncbi.nlm.nih.gov/protein/WP_010748256.1?report=genbank&log$=prottop&blast_rank=2&RID=GDGVWVAC016
https://www.ncbi.nlm.nih.gov/protein/WP_216442824.1?report=genbank&log$=prottop&blast_rank=1&RID=GDGYJ7KM013
https://www.ncbi.nlm.nih.gov/protein/WP_096709598.1?report=genbank&log$=prottop&blast_rank=1&RID=GDDCRE52013
https://www.ncbi.nlm.nih.gov/protein/WP_137192767.1?report=genbank&log$=prottop&blast_rank=1&RID=GCVYE5A8013
https://www.ncbi.nlm.nih.gov/protein/WP_035114676.1?report=genbank&log$=prottop&blast_rank=1&RID=GCPGU60A013
https://www.ncbi.nlm.nih.gov/protein/EGO9032817.1?report=genbank&log$=prottop&blast_rank=1&RID=GCS2CRBR016
https://www.ncbi.nlm.nih.gov/protein/WP_002400013.1?report=genbank&log$=prottop&blast_rank=1&RID=GDFF5FV6013
https://www.ncbi.nlm.nih.gov/protein/WP_010828176.1?report=genbank&log$=prottop&blast_rank=4&RID=GD8VJTFS016
https://www.ncbi.nlm.nih.gov/protein/WP_002303039.1?report=genbank&log$=prottop&blast_rank=2&RID=GCJ4K56J016
https://www.ncbi.nlm.nih.gov/protein/WP_142966911.1?report=genbank&log$=prottop&blast_rank=1&RID=GCVSKT4B013
https://www.ncbi.nlm.nih.gov/protein/WP_161843549.1?report=genbank&log$=prottop&blast_rank=6&RID=GCX2B7ST01R
https://www.ncbi.nlm.nih.gov/protein/WP_201705518.1?report=genbank&log$=prottop&blast_rank=3&RID=GD7YYET4013
https://www.ncbi.nlm.nih.gov/protein/EGO6069701.1?report=genbank&log$=prottop&blast_rank=2&RID=GDHJYGK701R
https://www.ncbi.nlm.nih.gov/protein/WP_192201846.1?report=genbank&log$=prottop&blast_rank=6&RID=GCP4964P013
https://www.ncbi.nlm.nih.gov/protein/EHU8855151.1?report=genbank&log$=prottop&blast_rank=1&RID=GCS89DCH013
https://www.ncbi.nlm.nih.gov/protein/WP_142425073.1?report=genbank&log$=prottop&blast_rank=1&RID=GCX0D3CK013
https://www.ncbi.nlm.nih.gov/protein/EGO2667974.1?report=genbank&log$=prottop&blast_rank=1&RID=GCN0YY1501R
https://www.ncbi.nlm.nih.gov/protein/HAP4877189.1?report=genbank&log$=prottop&blast_rank=1&RID=GCSATKSJ013
https://www.ncbi.nlm.nih.gov/protein/HAP5737370.1?report=genbank&log$=prottop&blast_rank=2&RID=GDFGS7V6013
https://www.ncbi.nlm.nih.gov/protein/EHB6454364.1?report=genbank&log$=prottop&blast_rank=1&RID=GD8XDMX601R
https://www.ncbi.nlm.nih.gov/protein/HAP5353043.1?report=genbank&log$=prottop&blast_rank=2&RID=GDGR6D81016
https://www.ncbi.nlm.nih.gov/protein/WP_194943338.1?report=genbank&log$=prottop&blast_rank=1&RID=GCSF7BFR013
https://www.ncbi.nlm.nih.gov/protein/WP_002417392.1?report=genbank&log$=prottop&blast_rank=4&RID=GDGMZ8GT013
https://www.ncbi.nlm.nih.gov/protein/WP_048948902.1?report=genbank&log$=prottop&blast_rank=2&RID=GCMYATA9016
https://www.ncbi.nlm.nih.gov/protein/WP_010717138.1?report=genbank&log$=prottop&blast_rank=1&RID=GDCZ5NN101R
https://www.ncbi.nlm.nih.gov/protein/HAP4918633.1?report=genbank&log$=prottop&blast_rank=4&RID=GCX9UGUW013
https://www.ncbi.nlm.nih.gov/protein/WP_010748256.1?report=genbank&log$=prottop&blast_rank=4&RID=GCSGVE1W016
https://www.ncbi.nlm.nih.gov/protein/MRJ04801.1?report=genbank&log$=prottop&blast_rank=6&RID=GCUND7CD013
https://www.ncbi.nlm.nih.gov/protein/HAP2781243.1?report=genbank&log$=prottop&blast_rank=1&RID=GDBF39S8016
https://www.ncbi.nlm.nih.gov/protein/WP_127341875.1?report=genbank&log$=prottop&blast_rank=1&RID=GDHSGM08016
https://www.ncbi.nlm.nih.gov/protein/WP_118215595.1?report=genbank&log$=prottop&blast_rank=12&RID=GDHV8JV5013
https://www.ncbi.nlm.nih.gov/protein/WP_002332427.1?report=genbank&log$=prottop&blast_rank=1&RID=GCT9JUKZ01R
https://www.ncbi.nlm.nih.gov/protein/WP_085406750.1?report=genbank&log$=prottop&blast_rank=1&RID=GD9G1R2Y013
https://www.ncbi.nlm.nih.gov/protein/MRJ04805.1?report=genbank&log$=prottop&blast_rank=3&RID=GDFX0S79016
https://www.ncbi.nlm.nih.gov/protein/HAP3299532.1?report=genbank&log$=prottop&blast_rank=1&RID=GCPMPP8V013
https://www.ncbi.nlm.nih.gov/protein/MBR8697128.1?report=genbank&log$=prottop&blast_rank=2&RID=GCSKECKU013
https://www.ncbi.nlm.nih.gov/protein/MRI62301.1?report=genbank&log$=prottop&blast_rank=5&RID=GDJ4K5EW01R
https://www.ncbi.nlm.nih.gov/protein/WP_214144888.1?report=genbank&log$=prottop&blast_rank=9&RID=GCMESVK3013
https://www.ncbi.nlm.nih.gov/protein/WP_207656718.1?report=genbank&log$=prottop&blast_rank=1&RID=GCPF224T013
https://www.ncbi.nlm.nih.gov/protein/EHB6443012.1?report=genbank&log$=prottop&blast_rank=1&RID=GCRDBFGN016
https://www.ncbi.nlm.nih.gov/protein/WP_138218550.1?report=genbank&log$=prottop&blast_rank=2&RID=GD8RNBVP016
https://www.ncbi.nlm.nih.gov/protein/HBD0837071.1?report=genbank&log$=prottop&blast_rank=3&RID=GD9HHYPT013
https://www.ncbi.nlm.nih.gov/protein/WP_070363956.1?report=genbank&log$=prottop&blast_rank=3&RID=GDFR4G2N013
https://www.ncbi.nlm.nih.gov/protein/WP_115252339.1?report=genbank&log$=prottop&blast_rank=5&RID=GD9MZ4YY013
https://www.ncbi.nlm.nih.gov/protein/EGT2099792.1?report=genbank&log$=prottop&blast_rank=2&RID=GDJ96BWF013
https://www.ncbi.nlm.nih.gov/protein/RDC49008.1?report=genbank&log$=prottop&blast_rank=1&RID=GCSP2RDS013
https://www.ncbi.nlm.nih.gov/protein/WP_002377529.1?report=genbank&log$=prottop&blast_rank=3&RID=GD9KCXKY013
https://www.ncbi.nlm.nih.gov/protein/WP_104845943.1?report=genbank&log$=prottop&blast_rank=17&RID=GDANMR9D016
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included lysogenic phages. After complete genomic 

sequencing of Entfac.MY prophage, 254 genes were 

functionally analyzed. The housekeeping group of 

genes included YhgE/Pip domain-containing protein 

(12 copies), CHAP domain-containing protein, phage 

tail protein (ten copies), RloB domain-containing pro-

tein, antireceptor, LysM peptidoglycan-binding do-

main-containing protein, ORF6C domain-containing 

protein, VRR-NUC domain-containing protein, Ig do-

main-containing protein (two copies), portal protein 

(ten copies), AAA family ATPase (four copies), phage 

tail family protein (two copies) and phage head-tail 

connector protein. Portal protein forms a channel for 

two-way passes of the viral DNA. The EFRM31 phage 

genome also included this gene 10. The functional 

mechanisms of AAA family ATPase, including cell 

cycle regulation, proteolysis and protein breakdown 

and intracellular transport, were investigated in 2002 11.  

Contd. Table 1. Genomic analysis of the Enfac.MY prophage and its similarity to other analyses from GenBank 
 

CDS Protein Group bp DDBJ GenBank Cv Id 

211 Phage tail protein H 225 LC644931 WP_198765584.1 100 98.67 
212 Terminase large subunit PS 222 LC644855 HBI1611155.1 100 100 
213 Phage portal protein PS 216 LC644842 EOI11687.1 100 98.61 
214 Phage holin RR 216 LC644903 WP_033626583.1 98 100 
215 Holin RR 207 LC644754 WP_002369080.1 97 100 
216 Phage major tail protein    PS 207 LC644858 EFT89608.1 100 100 
217 Baseplate J/gp47 family protein PS 207 LC644864 HAP3865876.1 100 98.55 
218 Phage holin  RR 198 LC644738 WP_002333030.1 98 98.46 
219 Cupin domain-containing protein             H 192 LC644845 WP_168932514.1 98 98.41 
220 HNH endonuclease L 192 LC644927 EHU8855159.1 100 100 
221 AAA family ATPase H 189 LC644860 WP_127341875.1 100 98.41 
222 Phage major capsid protein PS 186 LC644795 NSR35780.1 95 96.61 
223 Hypothetical protein N/A 186 LC644894 APS16315.1 98 100 
224 1,4-β-N-acetylmuramidase             L 186 LC644942 HAP4707744.1 100 100 
225 Ig domain-containing protein H 183 LC644905 WP_010773805.1 98 95.00 
226 Structural protein    PS 174 LC644760 MBO6404911.1 100 98.28 
227 Hypothetical protein N/A 168 LC631104 WP_050285512.1 83 53.19 
228 Site-specific integrase L 165 LC644948 EGO8320093.1 98 100 
229 Phage holin RR 162 LC644827 WP_002379919.1 100 100 
230 Ribbon-helix-helix domain-containing protein    RR 159 LC644740 WP_010729417.1 98 100 
231 DUF2800 domain-containing protein N/A 159 LC644892 WP_198765184.1 98 100 
232 Deoxyribonuclease IV RR 153 LC644801 WP_144330580.1 98 100 
233 Phage tail tape measure protein PS 147 LC644906 HAP2938854.1 100 100 
234 Terminase large subunit PS 144 LC644946 HBI1611197.1 97 100 
235 DUF4065 domain-containing protein     N/A 141 LC644793 HAP4215483.1 97 100 
236 XkdX family protein L 138 LC644862 WP_071974452.1 97 100 
237 XkdX family protein L 138 LC644884 WP_002332428.1 97 100 
238 Phage tail tape measure protein PS 138 LC644904 MBO6395993.1 97 100 
239 N-acetylmuramoyl-L-alanine amidase L 135 LC644798 WP_192400940.1 91 90.24 

240 Nucleoid-associated protein RR 132 LC644783 WP_114543333.1 95 95.24 
241 Hypothetical protein  N/A 126 LC644762 WP_086295717.1 100 97.62 
242 Ig domain-containing protein H 120 LC644785 WP_048943144.1 100 100 
243 HNH endonuclease L 114 LC644914 NSR35697.1 97 100 
244 DUF2184 domain-containing protein N/A 108 LC644854 WP_002386753.1 100 100 
245 Phage major capsid protein PS 102 LC644917 WP_086295711.1 100 100 
246 DUF2184 domain-containing protein N/A 96 LC644797 WP_010706626.1 96 100 
247 Tyrosine-type recombinase/integrase L 84 LC644852 WP_153841893.1 96 100 
248 Helix-turn-helix domain-containing protein  RR 81 LC631095 WP_048782931.1 100 85.19 
249 BppU family phage baseplate upper protein         PS 78 LC644830 HAP6528242.1 100 100 
250 Phage head-tail connector protein           H 78 LC644869 WP_214144901.1 100 100 
251 Phage portal protein PS 78 LC644945 WP_114679410.1 100 96.15 
252 XkdX family protein L 75 LC644823 WP_074394623.1 100 100 
253 Phage major capsid protein PS 75 LC644941 HAP2938884.1 100 100 
254 Holin RR 69 LC644875 HBC4422148.1 95 100 

 

CDS: Coding Sequence, bp: Base Pair, DDBJ: DNA Data Bank of Japan, GenBank: GenBank Protein ID for this study, Cv: Coverage, Id: Identity, N/A: 

Not Applicable or Announced, L: Lysis, PS: Packaging and structural, H: Housekeeping, RR: Replication and regulation. 

Figure 1. Major gene groups of Enfac.MY prophage. 

https://www.ncbi.nlm.nih.gov/protein/WP_198765584.1?report=genbank&log$=prottop&blast_rank=3&RID=GDG3TW6F016
https://www.ncbi.nlm.nih.gov/protein/HBI1611155.1?report=genbank&log$=prottop&blast_rank=3&RID=GCXE6KZX013
https://www.ncbi.nlm.nih.gov/protein/EOI11687.1?report=genbank&log$=prottop&blast_rank=1&RID=GCWEAWU601R
https://www.ncbi.nlm.nih.gov/protein/WP_033626583.1?report=genbank&log$=prottop&blast_rank=2&RID=GDD4CK9X01R
https://www.ncbi.nlm.nih.gov/protein/WP_002369080.1?report=genbank&log$=prottop&blast_rank=6&RID=GCMJ7AX9013
https://www.ncbi.nlm.nih.gov/protein/EFT89608.1?report=genbank&log$=prottop&blast_rank=1&RID=GCXPR5TH013
https://www.ncbi.nlm.nih.gov/protein/HAP3865876.1?report=genbank&log$=prottop&blast_rank=1&RID=GD7X06CB01R
https://www.ncbi.nlm.nih.gov/protein/WP_002333030.1?report=genbank&log$=prottop&blast_rank=2&RID=GCJEXGW901R
https://www.ncbi.nlm.nih.gov/protein/WP_168932514.1?report=genbank&log$=prottop&blast_rank=1&RID=GCWP0G5U016
https://www.ncbi.nlm.nih.gov/protein/EHU8855159.1?report=genbank&log$=prottop&blast_rank=1&RID=GDFTTMM201R
https://www.ncbi.nlm.nih.gov/protein/WP_127341875.1?report=genbank&log$=prottop&blast_rank=1&RID=GD7M02MS01R
https://www.ncbi.nlm.nih.gov/protein/NSR35780.1?report=genbank&log$=prottop&blast_rank=3&RID=GCS0PJGC013
https://www.ncbi.nlm.nih.gov/protein/APS16315.1?report=genbank&log$=prottop&blast_rank=1&RID=GDBHE3MC013
https://www.ncbi.nlm.nih.gov/protein/HAP4707744.1?report=genbank&log$=prottop&blast_rank=2&RID=GDHP39R6013
https://www.ncbi.nlm.nih.gov/protein/WP_010773805.1?report=genbank&log$=prottop&blast_rank=1&RID=GDD8X9SR01R
https://www.ncbi.nlm.nih.gov/protein/MBO6404911.1?report=genbank&log$=prottop&blast_rank=3&RID=GCN2KD0Z01R
https://www.ncbi.nlm.nih.gov/protein/EGO8320093.1?report=genbank&log$=prottop&blast_rank=5&RID=GDJ715BR013
https://www.ncbi.nlm.nih.gov/protein/WP_002379919.1?report=genbank&log$=prottop&blast_rank=1&RID=GCV7CS3C01R
https://www.ncbi.nlm.nih.gov/protein/WP_010729417.1?report=genbank&log$=prottop&blast_rank=1&RID=GCJJWJFH013
https://www.ncbi.nlm.nih.gov/protein/WP_198765184.1?report=genbank&log$=prottop&blast_rank=2&RID=GDBCW3A9016
https://www.ncbi.nlm.nih.gov/protein/WP_144330580.1?report=genbank&log$=prottop&blast_rank=1&RID=GCSDJAZY013
https://www.ncbi.nlm.nih.gov/protein/HAP2938854.1?report=genbank&log$=prottop&blast_rank=4&RID=GDDAHF3101R
https://www.ncbi.nlm.nih.gov/protein/HBI1611197.1?report=genbank&log$=prottop&blast_rank=4&RID=GDJ2M5M3013
https://www.ncbi.nlm.nih.gov/protein/HAP4215483.1?report=genbank&log$=prottop&blast_rank=1&RID=GCRVX1J8013
https://www.ncbi.nlm.nih.gov/protein/WP_071974452.1?report=genbank&log$=prottop&blast_rank=2&RID=GD7SGG0E013
https://www.ncbi.nlm.nih.gov/protein/WP_002332428.1?report=genbank&log$=prottop&blast_rank=1&RID=GDA2DY1T01R
https://www.ncbi.nlm.nih.gov/protein/MBO6395993.1?report=genbank&log$=prottop&blast_rank=2&RID=GDD721WE01R
https://www.ncbi.nlm.nih.gov/protein/WP_192400940.1?report=genbank&log$=prottop&blast_rank=5&RID=GCS67GNW013
https://www.ncbi.nlm.nih.gov/protein/WP_114543333.1?report=genbank&log$=prottop&blast_rank=1&RID=GCR704N5013
https://www.ncbi.nlm.nih.gov/protein/WP_086295717.1?report=genbank&log$=prottop&blast_rank=2&RID=GCN6BJKC01R
https://www.ncbi.nlm.nih.gov/protein/WP_048943144.1?report=genbank&log$=prottop&blast_rank=1&RID=GCRBCZEM013
https://www.ncbi.nlm.nih.gov/protein/NSR35697.1?report=genbank&log$=prottop&blast_rank=2&RID=GDEG8NB6013
https://www.ncbi.nlm.nih.gov/protein/WP_002386753.1?report=genbank&log$=prottop&blast_rank=2&RID=GCXBJ405016
https://www.ncbi.nlm.nih.gov/protein/WP_086295711.1?report=genbank&log$=prottop&blast_rank=1&RID=GDETMM6J013
https://www.ncbi.nlm.nih.gov/protein/WP_010706626.1?report=genbank&log$=prottop&blast_rank=1&RID=GCS3YG7Z013
https://www.ncbi.nlm.nih.gov/protein/WP_153841893.1?report=genbank&log$=prottop&blast_rank=4&RID=GCX6DHTB01R
https://www.ncbi.nlm.nih.gov/protein/HAP6528242.1?report=genbank&log$=prottop&blast_rank=6&RID=GCVEE5T6013
https://www.ncbi.nlm.nih.gov/protein/WP_214144901.1?report=genbank&log$=prottop&blast_rank=1&RID=GD8K2YBD013
https://www.ncbi.nlm.nih.gov/protein/WP_114679410.1?report=genbank&log$=prottop&blast_rank=3&RID=GDHXYD5W013
https://www.ncbi.nlm.nih.gov/protein/WP_074394623.1?report=genbank&log$=prottop&blast_rank=4&RID=GCUGUM6X013
https://www.ncbi.nlm.nih.gov/protein/HAP2938884.1?report=genbank&log$=prottop&blast_rank=1&RID=GDHMKJW301R
https://www.ncbi.nlm.nih.gov/protein/HBC4422148.1?report=genbank&log$=prottop&blast_rank=1&RID=GD9EGH59013
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The phage tail family protein encodes tail components. 

The antireceptor gene is involved in identifying and 

binding phage to its bacterial hosts. Function of this 

gene was previously reported by Vegge et al 12 and 

Duplessis and Moineau 13. The phage head-tail con-

nector protein gene is involved in the assembly of viri-

ons by connecting their heads and tails. 

The replication and regulation group of genes in-

cluded IS607 family transposase, ribbon-helix-helix 

domain-containing protein, recombinase RecT (three 

copies), phage regulatory protein, thermonuclease fam-

ily protein, helix-turn-helix transcriptional regulator 

(three copies), MazG-like family protein (two copies), 

DNA polymerase (two copies), DNA primase, deoxy-

ribonuclease IV (five copies), recombinase family pro-

tein (four copies), DEAD/DEAH box helicase family 

protein, phage antirepressor, helix-turn-helix domain-

containing protein (three copies), peptidoglycan recog-

nition protein, nucleoid-associated protein (three cop-

ies), DNA methyltransferase and phage holin (six cop-

ies). In fact, DNA polymerase gene produces enzymes 

that act in pairs to produce two identical DNA strands 

from an original DNA molecule and are essential for 

DNA replication. Krzywkowski et al studied this gene 

in 2018 14. Naturally, DNA primase is an enzyme in-

volved in DNA replication and is linked to RNA poly-

merases. Structure and mechanism of this gene have 

been studied by O’Brien et al in 2018 15 and Lee et al 

in 2010 16. When cells are in repairing process of the 

nucleotide cleavage pathway, deoxyribonuclease IV is 

active in aqueous or aporin-apyrimidinic sites. The 

gene function has been explained by Enriquez et al 17. 

Recombinase family protein produces enzymes in-

volved in repairing DNA damages. Voziyanova et al 

investigated function and evolution of this gene 18. The 

DEAD/DEAD box helicase family protein produces 

enzymes that bind and hydrolyze NTP to double-

stranded (ds) RNA molecules or regenerate RNA pro-

tein complexes. The phage antirepressor gene prevents 

suppressor proteins from binding to their operators. 

This mechanism has recently been investigated by 

Silpe et al in 2020 19. The helix-turn-helix domain-

containing protein can bind to DNA molecules. The 

peptidoglycan recognition protein gene detects pepti-

doglycan in the bacterial cell walls; as described by 

Skerry et al 20 and Jiang et al 21. Nucleoid-associated 

proteins naturally include abundant polypeptides with 

Low-Molecular Weights (LMW) that bind DNA mole-

cules and change their shapes and abilities to partici-

pate in processes such as transcription. Sometimes, 

these proteins can bind RNA molecules and post-

transcriptionally affect the gene expression of cells; as 

described by Stojkova et al in 2019 22. DNA methyl-

transferases are a family of enzymes involved in pro-

duction and maintenance of CpG methylation in the 

genome; as described by Furuta et al in 2014 23 and 

Stoddard et al in 2019 24. Holins include diverse groups 

of small proteins from dsDNA phages that destruct the 

host cell walls in the virus lytic cycle. Functional 

mechanisms of the holins were previously described 
 

by Bardina et al 25, Stamereilers et al 26 and Jacobs et 

al 27. 

The packaging and structure group of genes includ-

ed tail tape measure protein (24 copies), P27 family 

phage terminase small subunit, baseplate J/gp47 family 

protein (two copies), PBSX family phage, phage gp6-

like head-tail connector protein (two copies), collagen-

like protein, phage major tail protein, BppU family 

phage baseplate upper protein, HK97 family phage 

prohead protease (three copies), phage scaffolding pro-

tein, terminase large subunit (17 copies), phage major 

capsid protein (11 copies), minor capsid protein, phage 

baseplate upper protein, structural protein (three cop-

ies) and small subunit of terminase (two copies). The 

terminase large subunit gene is involved in viral DNA 

transfer and packaging termination. The phage major 

capsid protein gene encodes capsid proteins and was 

previously reported in the phage genome of EFRM31 

in 2010 10. Stamereilers et al reported this gene as well 
26. Another gene involved in encoding capsid proteins 

is the minor capsid protein gene. In 2015, Pawlowski et 

al studied functions of this gene in P23-77 phage 28. 

The phage baseplate upper protein gene was also re-

ported by Li et al in ϕ11 genome 29. Structural protein 

gene plays an important role in shaping structure of the 

virus. In 2015, McNulty et al studied terminase small 

subunit gene, which is responsible for binding of the 

encoded protein to several identifying elements at the 

beginning of viral packaging 30. In addition, Roy et al 

studied this gene in 2011 31.  

The lysis group of genes included hemolysin XhlA 

family protein (three copies), 1,4-β-N-acetylmurami-

dase, XkdX family protein (three copies), site-specific 

integrase (21 copies), N-acetylmuramoyl-L-alanine 

amidase (three copies), lysin, endonuclease, tyrosine-

type recombinase/integrase (six copies), peptidoglycan 

endopeptidase EnpA (three copies), autolysin, HNH 

endonuclease (four copies) and lysozyme family pro-

tein. Site-specific integrase gene is responsible for rear-

ranging DNA fragments; as previously identified by 

Petersen et al in the genome of TPW22 phage 32. This 

gene was also identified in TP901-1 phage genome 33. 

The N-acetylmuramoyl-L-alanine amidase gene pro-

duces an enzyme that catalyzes a chemical reaction and 

cleaves the link between N-acetylmuramoyl and L-

amino acid residues in the cell-wall glycopeptides. 

Bierbaum et al have described functional mechanisms 

of this gene 34. Lysines are hydrolytic phage enzymes 

produced to separate the host cell walls in lytic cycles. 

In 2015, LeBlanc et al reported this gene in their phage 

genome 35. The endonuclease gene produces enzymes 

that break down DNA molecules at specific locations. 

The tyrosine-type recombinase/integrase gene is in-

volved in DNA binding and recombination. In a similar 

study in 2021, Malecki et al reported peptidoglycan 

endopeptidase EnpA gene in an enterococcal prophage 
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36. The autolysin gene is an enzyme that breaks down 

the components of peptidoglycans in cells and sepa-

rates daughter cells after cell division. Ju et al in 2012 
37 and Kohler et al in 2014 studied this gene 38. The 

HNH endonuclease gene plays various roles in the 

phage life cycle as the major component of the phage 

DNA packaging machinery. In 2017, Zhang et al stud-

ied the mechanism of this gene in GVE2 phage ge-

nome 39. Lysozyme is a glycoside hydrolase that cata-

lyzes the hydrolysis of 1,4-β bonds between N-

acetylmuramic and N-acetyl-D-glucosamine residues 

of the peptidoglycan. Previously, Irwin studied this 

gene in 2014 40. 

The unknown function group of genes included PcfJ 

family protein, DUF2800 domain-containing protein, 

DUF4145 domain-containing protein, DUF2815 family 

protein, siphovirus Gp157 family protein, toxin (two 

copies), DUF1073 domain-containing protein, siphovi-

rus ReqiPepy6 Gp37-like family protein, DUF2213 

domain-containing protein, DUF3383 family protein, 

DUF4065 domain-containing protein, DUF2184 do-

main-containing protein (two copies) and hypothetical 

protein (31 copies). Hypothetical proteins were previ-

ously addressed by Mazaheri et al in EFRM31 10 and 

Tang et al in ϕNJ2 41. Based on the complete genomic 

analysis of an enterococcal phage by Mazaheri Nezhad 

Fard et al in 2010, genes similar to the genes of this 

study were reported, including hypothetical proteins, 

portal proteins, major capsid proteins, and holins 10. In 

another study by Tan et al in 2007, genes similar to the 

genes of the current study were reported as well, in-

cluding terminase large subunit and portal protein 

genes 42. In a study by O'Flaherty et al on staphylococ-

cal phage genomes (2004), 63 hypothetical protein 

genes were identified 43 while 31 hypothetical protein 

genes were identified in the present study. In the pre-

sent study, AAA family ATPase, holin, and major cap-

sid protein genes were successfully characterized.  

 
Conclusion 

 

In general, bacteriophages are present in all envi-

ronments with alive bacteria, especially in wastewaters. 

Bacteriophages can insert their genomes into the bacte-

rial genomes to become prophages. Prophages can reg-

ulate bacterial populations by changing the bacterial 

gene expression rates and are involved in bacterial re-

sistance by transferring antibiotic resistance genes to 

their bacterial hosts. Up-to-date, pathogenic bacteria 

have developed multiple resistance to available antibi-

otics, creating serious problems with costly infection 

treatments and unwanted mortalities. Bacteriophages 

can be used as novel solutions for these problems. 

Therefore, genomic analysis of the prophages can im-

prove better understanding of their effects on bacteria. 

Furthermore, study of prophages can help researchers 

develop novel genetic engineering tools and effective 

medical therapies. 
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