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[1.INTRODUCTION}




Viruses are the most prevalent "lifeforms" in the oceans and ubiquitous companions of cellular life
forms. Most of the genetic variation within the aquatic ecosystem is stored in viruses (Curtis A. Suttle,
2007). Every cellular creature under investigation seems to have its own viruses, or at the very least,
selfish genetic components resembling viruses. Recent environmental investigations have revealed that
the "most abundant biological entities on the planet" are viruses, particularly bacteriophages. On Earth,
there are thought to be 103! viruses, the majority of which are bacteriophages (Breitbart M., Rohwer
F., 2005).

Bacteriophages are nano-sized biological entities that infect bacteria for their survival and replication.
The term “bacteriophage” comes from the Greek bk tisriov (bacterio)- bacteria and feird3 (phage)
—to kill or devour. They have been isolated from almost everywhere on our planet: common
environments like soil and surface waters as well as extreme environments like hot springs, deep seas,
etc. (Romancer et al., 2006). In nature, they keep the dominant bacterial population under control, and
their infection is usually self-limiting. They are considered to play a key role in bacterial adaptive

evolution by means of gene transfer (Davies, 2016).

The most frequently used classification divides tail components of bacteriophages according to their
biological cycle (Fauquet and Pringle, 2000). Two groups are identified, lytic, or virulent, and
lysogenic, or temperate, bacteriophages. In marine ecosystems, though they are anticipated to carry
out infection mechanisms by both mechanisms, temperate phages are predicted to be more common
(Tuttle M. J., Buchan A., 2020). Lytic phages, upon infection, cause the lysis of the host cell, while
temperate phages insert their genome into the host genome and are then termed prophages. Bacterial
hosts containing such phages are called lysogens. Prophages do not express their lytic genes until the
host is under stress. This stress signals the virus to induce the expression of lytic genes, causing

bacterial cell lysis. This lysis is visible in the form of plaques.

In the present study, a bacterial strain, CR1, is used and studied. Bacterial strain CR1 is a marine
polysaccharide-degrading bacteria belonging to the genus Microbulbifer (Poduval et al., 2019). The

genome studies of CR1 strain indicate the presence of lysogenic prophage.

Polysaccharides are the most frequent and complex organic substances in the ocean.
Gammaproteobacteria belonging to and related to the genus Microbulbifer are an emerging group of

complex carbohydrate-degrading marine bacteria (Nathan et al., 2005). Members of this genus can
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degrade complex carbohydrates such as cellulose, alginate, and chitin. The cell walls of macroalgae,
in particular, include a high diversity of sulfated polysaccharides (carrageenans, agarans, fucoidans,
ulvans, etc.), many of which are highly sulfated in contrast to terrestrial polysaccharides. These
sulfated polysaccharides are a crucial source of nutrition for heterotrophic organisms and are
biosynthesized by macroalgal primary producers (Aquino et. al., 2005).
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OBJECTIVES

Induction of lysogenic phage in Microbulbifer CR1 strain.

Time dependence study to achieve maximum phage titre.
Evolutionary studies of prophage proteins identified from the genome of Microbulbifer CR1

strain.
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[ LITERATURE REVIEW }
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Marine bacteriophages:

The most prevalent type of biological organism is a bacteriophage. They can be found in extreme
habitats, such as those with very high or very low temperatures, soil and seas, oceanic and terrestrial
surfaces, and harsh environments in general (Clokie et al., 2011). Bacteria are the most common type
of living organism in the oceans and are infected by most marine viruses, commonly referred to as
"bacteriophages." Marine viruses are found at concentrations up to ~1 x 108 ml—1, resulting in an
estimated ~4 % 1030 viruses in the oceans (Suttle 2005). However, the majority of bacteriophages are
found in the vast, uncultured dark matter of the microbial biosphere. Marine bacteriophages have a
significant impact on the makeup of microbial communities and the biogeochemical cycling of crucial
components (Perez et al., 2016). One kilogram of marine sand may contain a million different viral
genotypes, and it is estimated that there are 5,000 viral genotypes in 200 litres of saltwater. On the other
hand, certain molecular and cultural studies have found that viruses move between various biomes.
These findings suggest that viral diversity can be high locally but low globally. Additionally, viruses
can assist horizontal gene transfer by hopping between environments (Breitbart, Rohwer, 2005).
Viruses reach their host by passive diffusion, and the contact is proportional to the host's size and

abundance (Murray and Jackson, 1992).

The importance of lysogeny in marine environments:

When a phage infects an appropriate host, one of two main replication routes can take place. One is
the lytic cycle, in which the freshly generated viral offspring are released as the host cell explodes and
the phage genome replicates right away after infection. The second is the lysogenic cycle, in which the
host cell passes on the phage genome from generation to generation in an infectious state until the lytic
cycle is triggered by elements like UV radiation or rapid host growth. Temperate phages are those that

can develop lysogeny with their hosts, whereas virulent phages cannot.
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Because of their lytic powers, bacteriophages are known to be numerous and significant parts of
oceanic food webs. Marine phages use a variety of infection tactics, but despite their apparent
predominance, non-lytic phage-host interactions, such as lysogeny, are still poorly understood.
According to estimations from sequenced marine genomes, lysogenization occurs in around half of
marine bacteria. Prophages are frequently referred to as "time bombs™ because of their delay before
induction (Paul, 2008; Brum et al., 2016). Lysogeny is frequently associated with ocean conditions
that are unfavorable to rapid host growth. Many of the marine phages can develop a symbiotic
association with their hosts, termed as "lysogeny"” (Ackermann and Dubow, 1987). A long-lasting
relationship with the bacterial host is maintained by temperate phages that enter lysogeny, as opposed
to lytic phages. The advantages of lysogeny from the perspective of phages are obvious, most notably
the capability to survive times of low host abundance and the fact that it may provide a refuge from
stressors. This situation can lead to the evolution of cooperative relationships that promote effective
phage and bacterial reproduction. Large DNA insertions from temperate phages, which have the
potential to interfere with gene expression and burden the cell's fitness, are integrated into the bacterial
chromosome. They have also been demonstrated to help their bacterial hosts by supplying additional
capabilities in a bacterium-phage symbiotic relationship known as lysogenic conversion (Feiner et. al.
2015).

Role of phages in biogeochemical cycles:

Viruses are commonly thought of as pathogens that wreak harm on plants and animals. Twort (1915)
and d'Herelle (1917) were the first to describe the presence of substances that may both infect and kill
bacteria. d'Herelle (1926) was one of the first researchers to look at viruses in aquatic environments
was (Wilhelm SW, Subtle CA, 1999) The viral shunt pathway is a mechanism that prevents marine
microbial particulate organic matter (POM) from migrating up trophic levels by recycling it into
dissolved organic matter (DOM), which can be readily taken up by microorganisms. It has been
demonstrated that the lysis of bacteria by viruses promotes nitrogen cycling and the growth of
phytoplankton. In the water, there are roughly 1023 viral infections per second. These infections affect
a variety of creatures, from prawns to whales, and are a significant cause of mortality. As a result,
viruses have a significant impact on the structure of marine communities and drive several

biogeochemical cycles. But in recent years, it has become more and more obvious that they are
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essential to the world's oceans. The effect of viruses on the cycling of nutrients and carbon in the
oceans is currently of significant interest (Steven W. Wilhelm, Curtis A. Suttle, 1999). They play a
key role in the biogeochemical cycling of major elements, for example, by diverting the flow of carbon
into dissolved and particulate organic matter through the lysis of their bacterial hosts, thus influencing

the amount of carbon that is sequestered in the deep ocean by the biological pump.

Quantifying nutrient and energy flux requires an understanding of the mechanisms for the supply and
recycling of organic carbon in aquatic systems. Because all organisms store energy in the form of
chemical bonds inside complexes made of carbon, carbon can be thought of as a general tracer of
energy transfer through biological systems. The majority of carbon enters the biological system
through photosynthesis, where it is changed into sugars by plants and algae. Dissolved organic carbon
(DOC) and particulate organic carbon (POC) are the two operating pools into which organic carbon in
marine environments is typically divided. One of the main components of marine dissolved organic
matter (DOM) is polysaccharides, and bacteria-derived polysaccharidases are primarily responsible
for their breakdown. The identification of the mechanisms by which marine dissolved organic matter
(DOM) is produced and regenerated is critical to developing a robust prediction of ocean carbon
cycling (Lelchat et. al., 2019).

Numerous biomedical research has shown that in order to access their primary receptors,
bacteriophages depolymerize their host capsule, slime, or biofilms via polysaccharidases (Bayer et al.
1979; Sutherland 1999; Sutherland et al. 2004). These enzymes, which are often found on phage tails,
exhibit a great degree of functional and molecular diversity, and have the ability to affect viral
biological characteristics, including host specificities (Sutherland 1999; Scholl, Adhya, and Merril
2005; Cornelissen et al. 2011, 2012; Yele et al. 2012). To the best of our knowledge, there is no
experimental proof that marine phages have polysaccharidase activity. However, polysaccharides, also
known as EPS, are actively produced by marine bacteria and either attached to the cell surface of the

bacteria or discharged into the surrounding environment (Leiman et al. 2007).

A computational study of prophages:

Experimental approaches for the detection of lysogeny have certain limitations, such as that they

require exposure to stressors or dilution of lysogen (Howard-Varona et al., 2017). They are inefficient
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at detecting defective phages. With the advances in sequencing technologies, computational

approaches are now being adopted for the detection of lysogeny.

Bacteriophages, especially those featuring a temperate lifestyle, are also the major driving force of
horizontal gene exchange and bacterial evolution (Brussow et al., 2003; Casjens SR, 2005; Hendrix et
al., 2004). Many bacterial genomes contain defective remnants of prophages that are a sign of previous
infections or complete, fully functional prophages. They frequently make up a sizeable amount of the
genetic material of bacteria (Klummp et al., 2013). A prophage region is described as a cluster or
stretch of genes, possibly encoding proteins with bacteriophage-like core functions (i.e., terminase,
portal, capsid), interspersed with genes of unknown function or or activities besides host lysis,
morphogenesis, packaging, immunity, or phage replication. A real prophage is ultimately inducible,
as opposed to defective prophages, which are the non-inducible by products of once-functional
temperate bacteriophages. Every infection can provide fresh genetic material to a host or a progeny
virus, accelerating the evolution of both the host and the viral assemblages. Exciting new information

is always being discovered by probing this enormous pool of genetic and biological variation.

Any type of functional genomics study requires the full genome sequence of the bacteriophage being
studied. Computational identification and examination of bacteriophage genomes, followed by
phylogenetic analyses, are needed to understand the relationships between phage proteins and their

roles.
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[ Materials and Methods }




4.1. Host bacteria and culture conditions:

The Microbulbifer strain CR1 was obtained from the culture collection of the Biotechnology- School
of Biological Sciences and Biotechnology Goa University. The given bacterial strain grows only in
specific media, i.e., artificial seawater (ASW). Hence, it was grown and maintained on ASW agar
plates at room temperature. The agarolytic activity of the bacteria was checked by flooding the ASW

+ 2% agar plate with lugol’s iodine after incubation at RT for 48 hrs.

4.2. Induction of phages by nutrient starvation:

e Primary inoculation - The Microbulbifer CR1 was inoculated and grown in ASW broth

containing 0.2% agar under shaking conditions for 24 hours at room temperature.

e Secondary inoculation - 100ul of the primary culture broth was inoculated in ASW broth
containing 0.2% glucose and was allowed to grow for 24 hours under shaking conditions at

room temperature.

e Induction - 100ul of ASW from the secondary culture was inoculated in ASW media without

any nutrient source. The flask was kept in a shaker for the induction of lysogen.

4.3. Solid propagation of phages:

The double agar overlay technique, as described by Clokie and Kropinski, 2008, was used for phage
propagation. The sterile petri-plates were first poured with ASW bottom agar (ASW + 2% agar). 1 mL
of lysate was mixed with 1 mL of the grown host culture. This host-phage mix was then seeded into 2
ml of sterile molten soft agar (ASW + 1%) mixed, and poured onto sterile bottom agar. The plates

were incubated at 30 °C for 24 hours for the visualization of plaques.
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4.4. Induction of phage at different time intervals:

The phage induction by the starvation method was carried out for various time intervals (hours, 5
hours, 7 hours, 10 hours, 24 hours, and 48 hours). After incubation, the phages were visualized using
the soft agar overlay method, as described above. The phage titre was calculated in terms of phage
forming units per millilitre (pfu/ml).

4.5. Phylogenetic tree analysis:

The prophage sequences predicted from the CR1 bacterial genome were used for further analysis
(Poduval et al., 2018, Renuka more, 2021). Out of the three complete prophage regions that were
identified, one was used for this study. The annotated proteins (excluding hypothetical and predicted
sequences) were used for phylogenetic analysis. The amino acid sequences with a sequence similarity
cut-off of >90% and a minimum query coverage of 45% (in some proteins >25% also taken) for each
protein were retrieved from the non-redundant protein database and the UniProt/SwissProt database
by blastp. The amino acid sequence was aligned using the default parameters of MUSCLE on
MEGA11. The sequences were trimmed, and gaps were removed. The neighbour-joining tree and
maximum-likelihood trees were then built using default parameters and a bootstrap value of 1000.
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[ Results and Discussion }
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5.1. Host Bacteria:

The bacterial strain CR1 was grown on ASW agar plates at room temperature for 48 hours. The bacteria

formed a clearance zone when Lugol’s iodine was poured on the plate. This indicates the agar

degrading activity of CR1.

Fig. 5.1a. Bacterial strain CRI on
ASW agar plate.

5.2. Induction of Prophage:

Fig. 5.1b. Agarolytic activity of
strain CR1.

The bacterial strain CR1 was allowed to grow in a medium without any carbon source. After

incubation, the double agar overlay technique was performed by inoculating 1 ml of the culture. The

plates showed the formation of clear plaques of about 1-2 mm in diameter. The formation of the

plagues indicated the induction of prophage.
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Nutrient starvation is a novel approach for the induction of prophages described by (Poduval et al.,
2019). Limited nutrients resulted in the creation of a stressful environment for the bacteria, leading to
the release of prophages from the host genome and the subsequent activation of lytic genes. Lysis was

evident in the form of visible plaques.

Clear Plaques

Fig. 5.2. Induction of Prophage. Double
agar overlay shows clear plaques of phage CR1

5.3. Induction of phage at different time intervals:

1 ml of the host culture growing in the absence of a carbon source was used to perform a double agar
overlay at different time intervals. Previous studies showed that complete lysis was observed after 24
hours of incubation, and thereafter, the titre gradually decreased. Hence, in order to attain a high titre
of plaques, the double agar overlay was done within the 24-hour time interval. The plaques were
counted for each interval, and the Plaque forming unit per ml (Pfu/ml) was calculated.
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Incubation time 3
5 hours 7 hours 10 hours 24 hours 72 hours
(In hrs) hours

Pfu/mL 84 67 56 45 30 12

Table 1. Phage titre at different time

Fig 5.3. Phage titre at different time intervals
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Fig 5.4. Induction of phage at different time intervals.

5.4. Sequence

phylogenetic tree analysis:

alignment and

Based on the previous studies (Poduval et al., 2019; More, 2021), the CR1 strain has several complete

and incomplete prophages. One of the complete prophages, i.e., region 1, has been taken to study its

phylogenetics. Region 1 had 33 proteins annotated, out of which 14 are hypothetical and not included

in the study, while the rest 19 were studied.

Below are the annotations and position of proteins studied:

S. NO. | ANNOTATION POSITION
HEAD PROTEINS

1. PHAGE head completion-stabilization protein 13427..13633
2. PHAGE gpE+E 23265..23381
BASEPLATE PROTEIN

3. PHAGE putative baseplate assembly protein V 16470..17186
4, PHAGE: gpl16 21143..22309
5. PHAGE baseplate assembly protein J 17527..18534
6. PHAGE gp33 11104..12117
CAPSID PROTEINS

7. capsid scaffolding protein 10245..11066
8. PHAGE CR1 gp36 7299..8324
9. PHAGE gp15 22347..22856
10. PHAGE gp23 15519..15965
TAIL PROTEINS
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11. PHAGE tail component protein 13427..13633
12. PHAGE tail protein 17183..17530
13. PHAGE tail completion protein-like protein 15095..15526
14. PHAGE tail tape measure protein 23393..25897
15. PHAGE putative phage tail protein 25905..26333
16. PHAGE phage tail protein D 26333..27406
17. PHAGE gp9 29360..29674
18. PHAGE gp13 22957..23238
19. PHAGE tail collar domain protein 19150..21051

Table 2. PHAGE CRI protein annotations and its position.

5.4.1. PHAGE CR1 Gp9 protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 Gp9 protein has been done and sequence alignment followed by
phylogenetic tree analysis were performed using the top few hits. Gp9 phage protein of Pseudomonas
mirosoviensis exhibited a 65% sequence similarity with Phage CR1 Gp9 protein, the phylogenetically
closest species with standing members in the tree. Phage protein Gp9 is a component of non-contractile
tail, by hydrolyzing the glycosidic connection between rhamnose and galactose in the O-antigen
polysaccharide, which is a part of the phage protein Gp9, the capsid is brought close to the cell
membrane and mediates initial attachment to the lipopolysaccharides (LPS) of the host cell.
Pseudomonas mirosoviensis are mostly environmental bacteria widely distributed in soil, water, and
air. Most of the host species found in top hits are present in all habitats but their common habitat is

terrestrial, except Comamonas piscis, which is marine.

28




Paraburkholderia aspalathi a. 100 — Paraburkholderia aspalathi

Paraburkholderia domus Paraburkholderia domus

Caballeronia udeis Caballeronia udeis

43

Burkholderia phage FLCH Burkholderia phage FLCS

Duganella alba Duganella alba

Salmonella enterica subsp. enterica Salmonella enterica subsp. enterica

Vibrio cholerae Vibrio cholerae

Roseateles depolymerans Pedomanas mirosovicensis

Comamonas piscis

Phage CR1 Gp9

Roseateles depolymerans

]

Comamonas piscis

Phage CR1 Gp9

Pusilimonas sp. NJUB218

L Pedomonas mirosovicensis

Bordetella bronchiseptica

Achromobacter sp. SD115 )
Alcaligenaceae bacterium

Bordetella avium
Bordetella bronchiseptica
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Fig 5.5. Phylogenetic analysis of Phage CRI1 Gp9. (a.) Maximum likelihood tree (b.)
Neighbourhood Joining tree.

Protein Sequences

Species/Abbrv *|x|* * * *

1. Phage CR1 Gp9 kEPRER AN AWARTEIREL S P RIE QESDVECGGHTWVATLEASIRIT L BRE A KAN P TLES SQWPTLSTAPKP
2. Peduovirus P2 FlHCcP L cqH HARTEIRY  TDTTKBRYHQEQNVNECSATF I TYESVQR KPGEVH RPLPSGQQ | MWM- - - - -
3. Eganvirus ev186 HCPKCHH HAR TSR TENTKEBRYHQECQN INCSCT TMET | ER TPG DPAPPTVGGQRPLWL - - - - -
4. Bordetella bronchiseptica KCPHCGT TARTESIKELSRTLR QYQCRD | ECGHTWMAT R T PIS|G KIPD P E LPFSPRSKD RPR
5. Achromobacter sp. SD115 KCPHCGT TARTESIKELSRTLR KYQCRD | ECGHTWMAT R T PIS|G KIPD P E LPYTPRP RPRP
6. Achromabacter sp. KCPHCGSWATVIRTSISELSRTLR NFQECKD | ECGHTWI A TR T PIS|G KIPD P E LPYTPKLPYTIRPRQ
7. Bordetella avium KCPHCGFWATVIRTSISELSRTLR NFQECKD | ECGHTWI AS TR T PIS|G KIPD P E LPYSPRPS RPRQ
8. Alcaligenaceae KCPHCGSWATVIRTSISELSRTLR NFQECKD | ECGHTWI AS TR T PIS|G KIPD P E LPYTPKPPYTI RPRQ
9. Duganella alba PCPHCDARATARSIRQLSKTLR QCTDVECGHT AS TR T PS|S KIPRTEVRLPLSP HR HQ
10. Pedomonas mirosovicensis QCPHCTAP R TSR T Y R HYQESDVECGHT ASLS R T P KPNPG I DLPLSVRKPEH NN E
11. Salmonella enterica subsp. enteric| | |[R CPH CD G K RSEBIRELSPTLRQISYQCI DPECGHTYL AH RT P K PN TLPYSPH----1RPQP
12. Paraburkholderia aspalathi RCPHCTSRVTARTSIRELSRTMR CEDPECAHS AT R T P KPPD P TLPI SEHVRDR QQ
13. Paraburkholderia domus RCPHCTSRVTARTSIRELSRTMR CEDPECAHS AT R T P KPPD P LP!ISEHVRDR QQ
14. Caballerconia udeis SCPHCRSR RTSIRELSATMR T CFDHECGHT AQ R T P KIPN P GLPVSPHVRER sQ
15. Burkholderia phage FLC5 CPHCRSR RTSIRELSTTMR CVDYTEGHT AQ R T P KIPNE SLPLSPHVKER KQ
16. Alcanivorax sp. S71-1-4(2) RCPHCTSG RSISIRQL SR K QCKNPACS WVAQ R G BEIG VBN P NLPVSPWPI TSDENQ
17. Pusillimonas sp. NJUB218 RCPHCGNRAQIRT EQSPTMRD CENLTCGHSWVAT R T PBIG V[BNPKVDLP TR D NPSD
18. Alcaligenaceae bacterium PCPHCRTRAQVIRTVKDLSPTLRW CNN CGHSWVAT DR T PIS|G VIPD P R LS RVH QQsP
19. Vibrio cholerae CCPHCSSKATARSBSIRELSATLR CYQCTDWECGHTYMAH R T P KIBN P S LPFSRHGQSR S
20. Roseateles depolymerans RCPHCRAKSR KSIREMTLTMR T CTNVHEGHTWVAG R T P T{BN P TIPISSH TQLD P
21. Alcanivorax sp. S71-1-4 RCPHCTSG RSISIRQL SR K QCKNPACS WVAQ R G BEIG VBN P NLPVSPWPI TSDENQ
22. Comamonas piscis ECPHCKATCE I RTSIKPVSATVRET QCTNVECGHT ATT R T P TBDPTVNLPLSTHMR DNAG
23. Escherichia coli K-12 HCPLCQH HARTSIR TDTTKEBRYHQECQNVNCS AT TYESVQR KPGEVH RPLPSGQQ WM- - - - -

Fig. 5.6. Multiple sequence alignment of Phage CRI1 Gp9 protein highlighting the conserved
regions.
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Based on the multiple sequence alignment of Phage CR1 Gp9 protein from bacteriophages of various
hosts it was observed that cysteine, proline, histidine, cytosine, and others are highly conserved at

amino acid positions 3, 4, 5, 6 and 14 other positions, respectively

5.4.2. PHAGE CR1 Gp13 protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 Gpl3 protein has been done and sequence alignment followed by
phylogenetic tree analysis were performed using the top few hits. Phage Gpl3 protein of
Saudiphocaensis and Stutzerimonas kunmingensis exhibited 89% sequence similarity with Phage CR1
Gp13 protein, the phylogenetically closest species with standing members in the tree. To break down
the peptidoglycan layer and make it easier for the viral genome to enter the host bacteria, phage protein
Gp13, which is connected to tail proteins, makes contact with the host cell wall first. Essential for the
tail assembly.Marinobacter sp., Candidatus Oceanisphaera merdipullorum, and Halomonas
gudaonesis are marine species. Halomonas gudaonesis is isolated from a saline soil contaminated by

crude oil and involved in its degradation (Wang et al., 2007).
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Fig. 5.7. Phylogenetic analysis of Phage CR1 Gpl3. (a.) Maximum likelihood tree (b.)

Protein Sequences

Specles/Abbrv N
Phage CR1 Gp 13 MATE P

2, Marinobacter nauticus MSKP ELIC Pl KR f
3. Marinobacter sp, bablab jr008 MSKP ELDTRI KR t
4, Marinobacter oulmenensis MS K EVELDSEI KR [
5. Marinobacter bohaiensis MSKP T LDOTRI KR

6. Stutzerimonas kunmingensis KSEP L Pl KR !

7. Pseudoalteromonas sp. MMGO013 MSKPTKPVTL PITR TT
8. Pseudomonas sp. SCT K E LEQRIQR T

9. Pseudomonas saudiphocaensis MTKP LEQRI PRGED
10. Kosakonia quasisaccharl MSHEDN TLQTRI KR

11, Kosakonia oryzendophytica MSNEDN TL PITR

12. Lysobacter capsici MSN TEITLETEI VIS R
13. Vulcaniibacterium tengchongense MS K P TvTLETE! vBGpQk
14, Candidatus Oceanisphaera merdipullorurM T Q F ELDTIR R K [
15, Shewanella dokdonensis E TLONBISRGD T
16. Halomonas gudaonensis MTDPTE ELOVRIQR

17. Comamonas testosteroni MNE PV E TLDYRI KRGD T

WLRRP
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K LRKP
LRKP

K LRKP
E LRKP
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E LRKP
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Fig. 5.8. Multiple sequence alignment of Gp13 protein highlighting the conserved regions.

Based on the multiple sequence alignment of Phage CR1 Gp15 protein from bacteriophages of various
hosts it was observed that methionine, leucine, proline, and others are highly conserved at amino acid

positions 1, 10, 13, and 24 other positions, respectively.
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5.4.3. PHAGE CR1 Gp15 protein:

The BLASTp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 Gpl5 protein has been done and sequence alignment followed by
phylogenetic tree analysis were performed using the top few hits. During the development of the
capsid, the phage Gpl5 protein assembles and becomes connected with the gpl6. The gpl15-gpl6
complex attaches to the host inner membrane as well as the viral DNA, likely guiding the genome's
leading end through the periplasm and regulating the amount of DNA that is translocated into the host
cell. Phage Gp15 protein of Burkholderia phage BcepMu USA/Summer/2002, exhibited 60% sequence
similarity, and Pseudomonas psychrotolerans exhibited 100% sequence similarity with Phage CRI

Gp15 protein, the phylogenetically closest species with standing members in the tree.
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Fig. 5.9. Phylogenetic analysis of Phage CRI1 Gpl5. (a.) Maximum likelihood tree (b.)

Neighbourhood Joining tree.

Protein Sequences

Species/Abbry

1. phage cr1 Gp15 VGLRFAGAYQED V VEV RGRHKT SAAKPGDDTEWEN A Y VYV VETVNGVDRLEE d |
2. Peduovirus P2 v ASGY NG C K NVGVN 3 | TAQ 01 Ro ' VOffi N RE LK |
3, Burkholderla phage BcepMu USA/Summer/2002V 5 V € L E A AY | RGP TINFSNQQ I ERP ) PQ ) [ reovIN B )SLV N R (
4. Serratia phage KSP20 QLR 0 [ ASNVAVSN K El £ RTAQ ( P KDVV )
5. Pandoraea sp. VQLR' ABAYQRODI )AVEVVVRERHKE K EFKVT N | N NVQEEDR RK
6. Pseudomonas psychrotolerans VPLR ABAY ) [ AVEVVVRERHET K P EHKIT C T | NVGEEDR! ~KQR
7. Pseudomonas Jilinensis VQLR' ABA QRO A VVVREIRHE EP Et T K N E | A VI DR EQR
8. Pseudomonas aeruginosa UCBPP-PA14 VAT 8 A [ PNSTDEASNK KETSRP JETCRAN RVRT ) DITKT Kl R R KN
9. Xanthomonas bromi VLR ABAYQRODI )AVEVVVREIRHKE paTAakslo e K7 K T | N VNG IRR
10. Xanthomonas oryzae VQLR' ABIAYQROI )AVEVVVR RE PGTGK E K K N | N VNG RR
11, Xanthomonas phaseoll VOLR ABIAYQRODI )AVEVVVR 1 K E PGTAK ] A K K N | N VNG I IR
12. Xanthomonas arboricola VQLR'  ARAYQRDT )AVEVVVRERH PGTAK BT E KT K N | N VN [ RR
13, Xanthomonas campestris VOQLR' ABAYQROI DVOAVEVVVRERHK P K TE K K | N VNEY( PHRR
14, Xanthomonas perforans VQLR' ABISYQRDI AVEVVVREIRHKE PGTGK BT KT K | N VNG PHRR
15. Xanthomonas cannabls VOQLR' ABAYQRODI )AVEVVVRERHKE P KSEOBT ¢ K K P | N EIVNRVI PHRR
16. Xanthomonas dyel VOLR ABAYQRODI [ JAVEVVVRERH P KSEORT & K K | NMT VN [ )RR
17. Xanthomonas melonis VOLR' ABAYQRODI DVDAVEVVVRERHK PGNAKPEORIN E K K P | N E VNV PHRR
18, Thermomonas hydrothermalis VULR ABAYQROI ) A VRERHE PGKAK TEFKFK K | PN v DRMLEQR
— — — — =
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Protein Sequences

Species/Abbrv

1. phage cr1 Gp15 VGLRFAGAYQEDATCKVSAVEVIVRGRHKTINPGAAKPGDDTEWEMTSSLAYFQMVIDGDOVVVEIDPLNFVETVNGVDR QF
2. Peduovirus P2 v ASGY WG C K NVGVN s viwoLQES [ N E ENYTRTAQ ) | T R ‘ RELK
3. Burkholderia phage BcepMu USA/Summer/2002V EAAY | RGP NFSNQ ERP YD PQ NMLNEQ envRrRTGD v NIHQ ) RK

4, Serratia phage KSP20 QLR ¥ ) T : TRTAQ P AN

QLR AlAYQRDDTGE
PLR AMAYQQDDTGDVT
QLR ABATQRDDTGHE

5. Pandoraea sp.
6. Pseudomonas psychrotolerans

7. Pseudomonas filinensis

8. Pseudomonas aeruginosa UCBPP-PA14
9. Xanthomonas bromi AYQRDD
10. Xanthomonas oryzae
11, Xanthomonas phaseoll AYQRDD
12. Xanthomonas arboricola
13. Xanthomonas campestris
14, Xanthomonas perforans
15, Xanthomonas cannabls
16. Xanthomonas dyel
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AYQRDDSGE VC
AYQRDDSGD
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JRR
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18. Thermomonas hydrothermalis

Fig. 5.10. Multiple sequence alignment of Gpl5 protein highlighting the conserved regions.

Based on the multiple sequence alignment of Phage CRI Gp15 protein from bacteriophages of various
hosts it was observed that methionine, asparagine, glycine, and others are highly conserved at amino

acid positions 1, 11, 13, 15 and 37 other positions, respectively.

5.4.4. PHAGE CR1 Gpl6 protein:

The BLASTp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 Gpl6 protein has been done and sequence alignment followed by
phylogenetic tree analysis were performed using the top few hits. At the baseplate's bottom, phage
Gpl6 creates a dome that closes the central channel. Gp16 protein opens a channel at the baseplate's
bottom for DNA ejection when calcium activates it. Phage Gp16 protein of Alcanivorax sp. S71-1-4,
exhibited 99% sequence similarity with Phage CR1 Gp16 protein, the phylogenetically closest species

with standing members in the tree.
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The genus Alcanivorax is one of the most abundant and well-studied organisms for oil degradation.

Due to its affinity for metabolising hydrocarbons and derivatives of crude oil, the ubiquitous marine

bacterial genus Alcanivorax is categorised as an obligatory hydrocarbon clastic bacterium (OHCB).
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Fig. 5.11. Phylogenetic analysis of Phage CRI Gpl6. (a.) Maximum likelihood tree (b.)

Neighbourhood Joining tree.

Protein Sequences

Species/Abbrv *|%

1. Phage CR1 Gp16 MPADYHHEIVIRV .8 NE@TR S
2. Peduovirus P2 SOYHH@vOQV neflTR
3. Serratia phage KSP20 MTONF -HE RVKENTD L QT
4. Burkholderia phage BcepMu USA/Summer/2002M » A N Y | HI@V E T ke T@sRP
5. Alcanivorax sp. 71-1-4 MPDQYHHE VRV NER AR P
6. Pseudomonas aeruginosa UCBPP-PA14. MS - - H@VTVTNYVD RT
7. Pseudomaonas helleri M DYHHEVRV H ik
8. Pseudomonas aeruginosa M:TDYHHEVRV NERTR P
9. Thalassospira marina PTOYHHEVRYV so@ TR P
10. Stutzerimonas stutzeri MSTODYHH@VRV NEMTIR P
11. Pandoraea apista MPTDYHHEVRV ND@TIR P
12. Pandoraea anapnoica MPSDYHHEVRV nNDE TR P
13. Thalassospira profundimaris M TOYHHEVRV SDETRP|
14, Sturzerimonas kunmingensis M TOYHHBVRV NEGTR P
15. Morganella morganii MAQDYHHEVRV nNO@ TR P
16. Oceanospirillaceae bacterium MP D HHEVRV NESTRP
17. Dechloromanas denitrificans MPTDYHHEVRV TO@ERRP
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Protein Sequences
Specles/Abbrv

1. Phage CR1 Gp16

2. Peduovirus P2

3. Serratla phage KSP20

5. Alcanivorax sp. 571-1-4

6. Pseudomonas aeruginosa UCBPP-PA14
7. Pseudomonas helleri

8. Pseudomonas aeruginosa

9. Thalassospira marina

10, Stutzerimonas stutzeri

11. Pandoraea apista

12. Pandoraea anapnoica

13, Thalassospira profundimaris
14, Stutzerimonas kunmingensis
15, Morganella marganii

16. Oceanospirillaceae bacterium
17. Dechloromonas denitrificans

R

4. Burkholderia phage BcepMu USA/Summer/2002 T
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Protein Sequences
Specles/Abbrv

1, Phage CR1 Gp16

2. Peduovirus P2

3. Serratia phage KSP20

5. Alcanivorax sp. $71-1-4

6. Pseudomonas aeruginosa UCBPP-PA14
7. Pseudomonas heller|

8. Pseudomonas aeruginosa

9. Thalassospira marina

10. Stutzerimonas stutzer!

11. Pandoraea apista

12. Pandoraea anapnolca

13. Thalassospira profundimaris
14, Stutzerimonas kunmingensis
15. Morganella morganii

16. Oceanosplrillaceae bacterium
17. Dechloromonas denitrificans

4. Burkholderia phage BcepMu USA/Summer/2002
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Protein Sequences
Specles/Abbrv

1.Phage CR1 Gp16

2. Peduovirus P2

3. Serratla phage KSP20

5. Alcanivorax sp. 571-1-4

6. Pseudomonas aeruginosa UCBPP-PA14
7. Pseudomonas helleri

8. Pseudomonas aeruginosa

9. Thalassospira marina

10, Stutzerimonas stutzeri

11. Pandoraea apista

12. Pandoraea anapnoica

13, Thalassosplra profundimaris
14, Stutzerimonas kunmingensis
15. Morganella morganli

16. Oceanosplrillaceae bacterium
17. Dechloromonas denitrificans

4. Burkholderla phage BcepMu USA/Summer/2002 S
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Protein Sequences
Specles/Abbrv

1. Phage CR1 Gp16

2. Peduovirus P2

3. Serratla phage KSP20

5. Alcanivorax sp. $71-1-4

6. Pseudomonas aeruginosa UCBPP-PA14
7. Pseudomonas helleri

8. Pseudomonas aeruginosa

9, Thalassospira marina

10, Stutzerimonas stutzeri

11. Pandoraea apista

12. Pandoraea anapnoica

13, Thalassospira profundimaris
14. Stutzerimonas kunmingensis
15. Morganella morganil

16. Oceanospirillaceae bacterium
17. Dechloromonas denitrificans

4. Burkholderia phage BcepMu USA/Summer/20029
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Fig. 5.12. Multiple sequence alignment of Gp16 protein highlighting the conserved regions.

Based on the multiple sequence alignment of Phage CR1 Gp16 protein from bacteriophages of various
hosts it was observed that methionine, tyrosine, histidine, and others are highly conserved at amino

acid positions 1, 5, 6, 7 and 144 other positions, respectively
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5.4.5. PHAGE CR1 Gp23 protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 Gp23 protein has been done and sequence alignment followed by
phylogenetic tree analysis were performed using the top few hits. The majority of the capsid is
generated by the hexamerization of the phage Gp23 protein. Two chaperones are necessary to aid in
the folding of the main capsid protein; these are the host chaperone GroL and the phage-encoded gp23-
specific chaperone, gp31. Phage Gp23 protein of Marinobacterium sedimentorum exhibited 97%
sequence similarity with Phage CR1 Gp23 protein, the phylogenetically closest species with standing

members in the tree. Marinobacterium sedimentorum is present in deep sea sediments.
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a. b.

Halomonas desiderata Halomonas sp. PBN3

Halomonas pellis Pseudomonas nitrititolerans

Halomonas anticariensis Halomonas sp. M20

Larsenimonas suaedae Pseudomonas nitroreducens

Salinicola aestuarinus
Pseudomonas aeruginosa
Peduovirus P2

Phage CR1 Gp23

Marinobacterium sedimentorum

Halomonas gudaonensis

Halomonas ilicicola

Halomonas cupida
Marinobacterium stanieri

{ Halomonas alkaliantarctica

Halomonas pacifica

Phage CR1 Gp23

r— Marinobacterium sedimentorum

{ Marinobacterium stanieri

Marinobacterium iners

Marinobacterium iners

Halomaonas cupida

Halomonas pacifica

Halomonas alkaliantarctica

. Halomonas gudaonensis
— Pseudomonas nitrititolerans

{ Halomonas sp. PBN3
Halomonas sp. M20

— Peduovirus P2

Halomonas ilicicola

Larsenimonas suaedae

Salinicola aestuarinus

Halomonas anticariensis

{ Pseudomonas nitroreducens

Pseudomonas aeruginosa Halomonas desiderata

Phage CR1 Gp15 (Outgroup) Halomonas pellis

Fig. 5.13. Phylogenetic analysis of Phage CRI Gp23. (a.) Maximum likelihood tree (b.)
Neighbourhood Joining tree.

Protein Sequences

Species/Abbrv * | * * * #|a|w * * # | # |+
1. Phage CR1 Gp23 PLLAKL RRQLAGTLARKLRTSERERI 8 « 7P « RPRK RNKRERVKRR MFVKLRQNRYLK 3 - [
2. Peduovirus P2 GLIESLS RRRLSAELAKRLRQSEORR L TP PRO VRKKTERVKRK-MF ~ K TSRFLH EF I
3. Marinobacterium sedimentorum| - TRLLQK PAERRQLART LATELRRS@RQR! ~ @+ NPEE PRSGEEK RIKRK-AMF_ KV RQARFLK F 1
4. Marinobacterium stanieri SPBLLOQKLEPAERKKLARQLGTELRRSBIRQR I PDE - PRR KT@R I RRKCGMFTRLRTAK: LKT GF C
5. Marinobacterium iners PLLEKLGPKERKRLART S/ ELRRSERQR B PRRGQAKTERVRRK MFTKLRTTKYLK F

6. Halomonas anticariensis PLL KLEAKERRQLARS  ARELRRSEIRER! POB TP TPRKWR KOS KRR MFSKI ~TTKWLK GF

7. Halomonas alkaliantarctica EPL KLGPAERRRLAREVAHDLR SERQRI P S EPR RGOTES RRK MFSKLRTAKYLK GF I
8. Halomonas cupida PLLEKLTPKERRKLART AT LRRREIRERI P EPRKPRSQ RRQPMF VK RQAK R SF I
9. Halomonas gudaonensis DPLLER EPRERARLARQ I ARQLR NE@RQRI PDG T EPR" RGQS@S RRK MFSKI RTAKYLK SF 1
10. Halomonas ilicicola PLL KVEPKQRR LARKVARDLRRSEQRERI P PRKHR " KQ RRK MFSK RTAKYLK G F !
11. Halomonas sp. PBN3 LLTKLOQPKERRQLNTS | ARELRRsEBeQR! PDG 1 PRK ROKQER  KRKRMFTK RQARYLK F 1
12. Halomonas pacifica EPLLARLTPAERRRLART  ATELRRREBIRERI PO TP cEPRK -RRQ RRQPMFTRIRQAKHLRT GF 1
13. Halomonas desiderata PLL AKLEARERRALART AQDLRRsSEIR~ RI P PrABRQLRGRQ RIRR “MF K WL K GF
14. Halomonas pellis BLLAKLEARERRALART AQDLRRNEIR R I B TP PROQLRGRQ RIRR ~MF ~ K LK GF

15. Halomonas sp. M20 GALLAKLEPSARRQLNQQ GRELRRSEOQRI P s PRK_.R KKSIR ' KRQ-MF K.LRQAKHLK GF I
16. Larsenimonas suaedae PLL AKLDAKERRRLARSVATOLRR BIRERI P s PRKSROQQET ' RRR-AMFGKLRTAKYLK F !
17. Pseudomonas nitroreducens GIRVLR EP RRKLA DL ARRLRRSBIOKRI B S RK L RGK HIKRR-MFTKL RTARYLK SF I
8. Pseudomanas aeruginosa GPILRALEP/AQRKNLAAD L ARRLRRS@OKRI POEsP  PRK RGK RIKRR MFTKI RTARYVLK SF 1
19. Pseudomanas nitrititolerans D LLNKLQPKARRQ  TQs  ARDLRRsEoQR! P TPy APRKL RAK RIKRRKMF K RTARYLR F !
20. Salinicola aestuarinus s@oLNQLDD PLI GQLDARSRRQLARTVATDLRRSEIRER ! KR@ONMPEES T PRRSRORQEO ' RRD~AMFST  RTAKYLRT F 1
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Protein Sequences
Species/Abbrv ¥ * A
1. Phage CR1 Gp23 RPRK BNkrBrkRr MF VB Ronrvi [ 3 | RI AR HE BLRE« F P YyreRcL B D B HL
2. Peduovirus P2 >v APRQVIRKKTHRVKRK-MFAKL | TSRELHIRASP F/BKSPKIASVH LSEENRKDGKK I DYPARPL | EE HLER
3. Marinobacterium sedimentorum PR EEK RIKRK-MF_ KVRQAR LK F R RIAR'H RB R F P Y REL R DVMIQEILIN
4. Marinobacterium stanieri PRR E KTER RRKGMFTK RTAK:LK 2 R.ARVH LRBIR “RGGP YEQIREL DLIQQL L DHL
5. Marinobacterium iners PRRGQ/ KTERVRRK/ MFTK RTTKYLK 2 AR H LREIRY APSGEBDVKYEQREL C LI EHL
6. Halomonas anticariensis > TRRKWR  KQs ' KRR/ MFsK KWL K T DTAE F RIVRAH RBIR VDRNGRT YPQREL R IRBTL I DHL
7. Halomonas alkaliantarctica EPR " RGQTES RRK MFSK RTAKYLKAK FVBRAARIARVH LRBRVEPGGRRHHYPQREL RPBIRERIRE L DHL
8. Halomonas cupida EPRKPRSQ RRQPMF K RQAKYVRTRAAP i F RIAQ 'HEKBLR R P YPQREL E RiIR HL
9. Halomonas gudaonensis EPR RGQ RRK MFSK RTAKYLKAK F R RIAR'H LRIR EP P YPERRL R R I R LIDHL
10. Halomonas llicicola PRKHR " KQ RRK AMFSK RTAKYLKAK F R | AR H LR KVDK P YPERRL R | L KHL
11. Halomonas sp. PBN3 PRK ROQKQE@R KRKRMFTK RQARVLK F @RT RIARVH LRBsPckTSPEDTRYDRREL DV IREMSLINHLTR
12. Halomonas pacifica > EPRKARRQ RRQPMFTR I RQAKHLRTKAHF 3 F @RV RIAR H LRBIRVEF BvHDY AQEEL R I R HL
13. Halomonas desiderata i PRQ RGRQ RRR“MF K AKWLK T L F RIARTH LRB R R P YPQREL RTRIR L DHL
14. Halomonas pellis >v ABRQ L RGRQ RRR MF K AKWL K 0 F RIARTH LRBRVSRNGBTVEYPQREL RTRI LIDHL IR
15. Halomonas sp. M20 PRK. R KKER KRQ-MF K RQAKHLK I FUBRV A RIARVH LRBIRPEKGQRL YDRREL TD IRBIOL QHL
16. Larsenimonas suaedae 3 PRKSRDOQQET | RRR/AMFGK RTAKYLKI RTSPF E F R | AKTH LRBR R PR Y REL E R L HL
17. Pseudomonas nitroreducens TARK.RGK { KRR MFTK RTARYLKAK F R RIARVH LKER P PO VRYPERKL D DLIR L H P
18.Pseudomonas aeruginosa >V | PRK | RGK ‘@R KRR MFTK RTARY'LKK F @R SRIAR'H LKBR " ERG/APDVRYPERKL D D.IRMGL EHVE
19. Pseudomonas nitrititolerans > PRK R/ K RIKRRKMF "K' . RTARYLRLQ F RLARVH LRBKPGR P YQRRQL D I R L HLAF
20. Salinicola aestuarinus PRRSRD R Q' RRD AMF RTAKYLRTRSTPNS F IARTH LRBRVTE BRVKY REL 5 .R RVR LIDHL

= — —— —— =

Fig. 5.14. Multiple sequence alignment of Gp23 protein highlighting the conserved regions.

Based on the multiple sequence alignment of Phage CR1 Gp23 protein from bacteriophages of various
hosts it was observed that aspartic acid, leucine, tryptophan, and others are highly conserved at amino

acid positions 3, 5, 8, 11 and 57 other positions, respectively.

5.4.6. PHAGE CR1 Gp33 protein:

The BLASTp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 Gpl6 protein has been done and sequence alignment followed by
phylogenetic tree analysis were performed using the top few hits. The function of Gp33 protein is when
the sliding clamp is present, it activates transcription at late promoters. binds to the upstream dsDNA
as well as the host RNA polymerase (RNAP). Phage Gp33 protein of Alcanivorax sp. S71-1-4,
exhibited 99% sequence similarity with Phage CR1 Gp33 protein, the phylogenetically closest species

with standing members in the tree.
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Idiomarina sp. a.

Idiomarina abyssalis
Shewanella baltica
Shewanella dokdonensis
Stutzerimonas stutzeri
Pseudomonas nitroreducens
Pseudomonas furukawaii
Pseudomonas jilinensis
Cupriavidus sp. UGS-1
Pandoraea fibrosis
Caballeronia udeis
Paraburkholderia oxyphila
Paraburkholderia acidipaludis
Mycetohabitans sp. B2
Thauera butanivorans
Marinobacterium stanieri

Marinobacterium sedimentorum

|-| PHAGE CR1 gp33 |

L Alcanivorax sp. $71-1-4
Stenotrophomonas maltophilia
Stenotrophomonas lactitubi
Peduovirus P2

Serratia phage KSP20
Haemophilus phage HP1c1
Phage CR1 Gp36 (outgroup)

b.

Serratia phage KSP20

Haemophilus phage HP1c1
Stenotrophomonas maltophilia
Stenotrophomonas lactitubi

PHAGE GR1 gp33

Alcanivorax sp. S71-1-4

Peduovirus P2
Pseudomonas nitroreducens
Stutzerimonas stutzeri
Pseudomonas furukawaii
Idiomarina sp.

Idiomarina abyssalis
Shewanella baltica
Shewanella dokdonensis
Pseudomonas jilinensis

Cupriavidus sp. UGS-1

Marinobacterium stanieri
Marinobacterium sedimentorum
Thauera butanivorans
Pandoraea fibrosis
Caballeronia udeis
Mycetohabitans sp. B2

Paraburkholderia acidipaludis

Paraburkholderia oxyphila

Fig. 5.15. Phylogenetic analysis of Phage CRI Gp33.
Neighbourhood Joining tree.

(a.) Maximum likelihood tree

(b.)
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Protein Sequences
Specles/Abbrv

»

1. PHAGE CR1 gp33 R s N RIAQL DS QKF B vollxior pDELss vonqaleR TE 3 R A5 |

2. Peduovirus P2 R KiN SRVAEL DDVSKKFETVERSVTRTLVNT DFLTRI PVSEMK LKI TGS I AST GGERQPKEISKLASNI
3. Serratla phage KSP20 Ml. R DQ SRQAQLERVS KF DRTVQ KL. DSFLSKI ¥VTQQ oK SKGPLAGYNNSTTTRENP NSKMEPYI
4. Haemophilus phage HP1c1 INIK Q KHINQPLDS RGESF KAPE LGEN DFLKQI QVAHTK \)k SATEKGVTGR KQTGRN N QN ¢
5. Pseudomonas nitroreducens  [MH M D Ii;R N E ( L DDVTTKESVORTV TLRTR FLQQI VTEQS SGPIAST T uzv{lu TR T NL¢
6. Pseudomonas furukawall MRM R N TQQILGQL POVSKKFNVERT  e@KLETR SFLSRI IVREQE DSPTAST EKQ jorn PT QRI
7. Pseudomonas jilinensis MR D BR K E C QL DPGTRSFTVERSVQETLETR FLGSI »V¥sSQQ GGPIAGT NTADRQTSHEPTN KH(
8. Alcanivorax sp. $71-1-4 MR T ERRRT L N NQ L SDACQKEF TRTVERIKLEBER DFLSRI 5 VDNQS AST EREePVEPSN

9. Paraburkholderia acidipaludis (MR Ml € B8R + N S QL p TLENR | VAEQQ AST STKDRTT SD PN
10. Paraburkholderta oxyphila MR N IR N TK QL KLBS R 1 SVTEQQ ST s KERDTREPSD

11. Cupriavidus sp. UGS-1 MREOBRO K sq TLRQL KL@TRT 3 »VDQQ SST EAKERQTTEPTG

12. Idiomarina sp. MREIEMR K FNDIQNRIATL TLETR 1 VNEQQ AGR NQNDRQPTRIPTD

13, Caballeronia udels MO N K R N E QL KLBTR 1 PVSEQQ AST TTRPTD

14, Idiomarina abyssalis MRN EIRR K NDI QSR TL TLRTR S VNEQS AG RN P PTD

15. Thauera butanivorans IMRND iR N EQ KL KLIET K I IVPEQ ASTEN L TR TT

16. Stutzerimonas stutzeri MRNDBR R N QLCSLH TLRTR I SVAEQS AGT STQDRQTS SS

17. Shewanella baltica IMRN TIBR T NG sQ TLES TLRTR | PVTEKS AGT TQSDRQ PTD

18. Shewanella dokdonensis MRNEBRQ N THQLCAL TLRTR | PVYNEKS AST T KlJf)‘(J PTD [
19. Mycetohabitans sp. B2 MR T l§<) RIN Q EL TLENR I ' VAEQQ AST TD PS
20. RNQIER T sQ SL KLBTR ] GVNE LK AGR SG sQ
21, Pandoraea fibrosis MR K £ IR S NG RQIEKL KLIETK I 'VDEQS AST PAE ¢
22. Marinobacterium stanlerl MR N EIBR N Q S K TLRTK I PVREMQ ASN PTN ERC
23, fum REMEMREKYNAYCEQVAKL TLET K | VTEMK ASN pT S K
24, Stenotrophomonas lactitubl  [MR M £ IRR sQ SL TLRTR I JMNE L K AGR SG sQ
Protein Sequences

Species/Abbrv ¥ ¥ *) o s *

1. PHAGE CR1 gp33 QT prs rvelirBsa THI RN RHL PNFINE K ALTHI AT HF srRA - THb R P vl Lo RouA NEV
2. Peduovirus P2 loP KB SKLASNKYEEDQ RYKT RoBFE R | F KRA{:IDRss P LBV LoK ' RNEAP RV
3. Serratia phage KSP20 INPARINSKMEPYDYMERK SYEQ HQPNF | s > PoLEBCG LEK RKEAPHRV
4. Haemophilus phage HP1¢c1 TGRN N QNC E E@DSG PW S F KRR : Qi S LSBVNK LK QEQR N

5. Pseudomonas nitroreducens | T Rl T NLGHLETQ SHITHKK RKFKBIFE R R s L@Bv R TN 3

6. Pseudomonas furukawall IQTHEPTG QRRYRCEQ THI RYQK KFPRIFRTR - LN S L v RVEN

7. Pseudomonas jilinensis [QTS@PTN KHGY€s5Q THLRYTK RHFPRIFRITR R L v ROHA

8. Alcanivorax sp. S71-1-4 lervlPsN HGYMETQ TALRBAK O RI I LQo V! LoKWR 1A

9, Paraburkholderia acidipaludis | T T sD PNGYF€TQ THLTHAK KFPBIFRTR RICI T L v LOK'REQA

10. Paraburkholderia oxyphila |0 T RBIP 5 D NGYVIETQ THIPYAR KFQBIFRT R RICI T L@B v Lok Reqa

11, Cupriavidus sp. UGS-1 larTlrTc Povey i @Ta THLKYAK SHFDEIF@T R | K L@B v LEK/RQHA

12. Idiomarina sp. [P TRIPTDMEGSSY /I EKQ TALRYGK KFQBIF@T R RI VI T L@B v LQK RDHA

13. Caballeronia udels “( TTRPTD . HKY sQ SHVPYAK KF FRTR RITI K T L v LQ RDQA

14. Idiomarina abyssalis lop WPTDMEGAGY FBHQ TALRYNK KFEKBIF@T R R I T i L@l v LoV RTHA

15, Thauera butanivorans |~ TR 77 eqc¥i€Tq THLTNMAK KEPBIF@T R R I T T L@o v R/ BrHA

16. Stutzerimonas stutzer| loTs@vss @oRrcYTETQ THIRYAQ KFPRIF@ R RI | TS T RQB vV RTeN

17. Shewanella baltica 19 PTD GYDETQ T RY " K KFPBF R RI T T L v RoHAPQ

18. Shewanella dokdonensis lo PTD GYDETQ T RY A K KF PBRIF R RIIGF T T LQB Vv RevAPQRH
19. Mycetohabitans sp. B2 | L TOL@PSGY CTKMO BITHLTYAK KFDBIFE R R CI8FNE T T L@B v K/REQAPERV
20. Stenotrophomonas maltophma‘f SPR SG SQTYECKQED T RY KFPRF K 3 IBFHETS "AATTDRT uﬁN LEBV LQQYRTNAP ARV
21. Pandoraea fibrosis loT PAE NGYvEsQEsETH I TYQK KFPRIFRT R RICIGF krRA TENR EflR L@BIVN<EWLOK Re AP RV
22. Marinobacterium stanier| [QTkEP TN BERGY L CRKNMSETH TYAK KFEPRIF@T R RITIGF svsApolo TNP LEBV QK /RoEAERV
23. Marinobacterium sedimentorur|Q T Q@[ P T S KGYEGRKN THLRYGT KFPRIFRT R R I@F TsvA~Dforv TP LGBV LOK'R DAP RV
24, Stenotrophomonas lactitubl |5 P RV s @soTyeckofffo BT rY kerBIF@ R \BrHBTs  AATTDORT AHPNLERV LQQYRsNAASRY
Protein Sequences

Species/Abbrv * haf 2t »

1, PHAGE CR1 gp33 Rona nRY 5 TAAQET sclYkNLBsLY SNL ERQYSESTDLY LHBKY FN ROTPPT A ELPALF
2. Peduovirus P2 RNEAP RVYSK l[ri(ll? R walv ‘.LIALV TunL  EPMvoelroLy L BKYFR KEQDNS A NLPAVF
3. Serratia phage KSP20 RKEAPHRV I SNI TVTSRDITK GTYGNVSAAV KNSLVMDERHKRNPDNV LTTSNER QTNPNT Al NMPT

4. Haemophilus phage HP1c1 QEQR N TRSTKSSK T DN Y NLBOL KQGL-D/ RHQNRNDLV SKETK QQHG L TPTHK A A s MNA

5. Pseudomonas nitroreducens R ' TN RV/TEGDKE K TC KN ALV NEL I E rl QERSELYV L KDQAPSHEQ!L A SLPAAF
6. Pseudomonas furukawail Rven  RvuTBGKKGS @K DGEIYKNLBALYV EE HBV i QE@TRLY L QQHAPS A NLPAVF
7. Pseudomonas filinensis Qn: HAP ﬂv ESSEQVT EGGRIY ‘NLBIALV NNL | E ?. QERTELYV LH QEQPASHEK L A s LPAVE
8. Alcanivorax sp. 571-1-4 R HASDQVVDRSEEGS G TYQTLERALV SESLIDBQYRDGTDLV LH QDHKPT KA s LPALE
9. Paraburkholderia acidipaludis R E QA €| KGTIKVT GGEYKTLBALY sstvePMy rofTGLY LH TQQAPTHQMVA GLPAVS
10. Paraburkholderla oxyphila nl QA K SHK CEBYKTLEBALY SNLVDS ROETGLYV LH TQQAPTHQ L A JLPA VS
11. Cupriavidus sp. UGS-1 ROHA GTKS AlK GGEY ‘NLBALV EPM RREITKLY LH KDQAPTHQLAT i KQA
12. Idiomarina sp. ROHA EASHK T TSCEYKNLBIALV NNL DPBHQDRTELYV LS SD PTRKTA LQAVF
13. Caballeronia udels RDQA -GK KvQ CEY NLBALV NSLVD HRERT "LV LH QDNKPTHQ ~ A EPAVS
14, Idiomarina abyssalis MHA GAPSSHEK I T STCERYKNLEBALYV NEL DPBHQDRTELV LS SDLPPTEKTA S LQAVE
15. Thauera butanivorans RTHA SEKVT GKRBYKNLBALYV SNL | DB REGT ALYV LoD TTQPPSHT LA SLPAVFE
16. Stutzerimonas stutzer| RTEN SASHQ T D T YKNLBALV NE E P QERPDLYV L QTHAPTHEQ L A NLPAVF
17. Shewanella baltica RoHAPQ EGSHEK P Y NLBIALV NN DPMHQDBTELY L KDNAPT A sLGAVEF
18. Shewanella dokdonensis RevAPQRHVK bR 3 T--@Y NLBIALV NNL EPMYQDETELY L | KNHEPTHT | A LPAVF
19. Mycetohabitans sp. B2 ReQAPERV G Ko sk ] TLEA Y SNLVvEPEYQDRT ALV LHBIKY F P TQSVPSEQMA LPAVES
20, Stenotrophomonas maltophiliaR TN A P - RV | D K SEK DCEYKNLBALV SNL DPMHRKEPGLYV LHBIKY F P DQPSTHKLAT LQ E
21. Pandoraea fibrosis RerapiRviuss-ckT Mk pac@Y NLBA VY ssL oPMHoe@ToLY HEKYFP rvekpTlQ AGQ RPA
22. Marinobacterium stanieri ROEA/E lv S DASHEK N S GEYENLBIAL YV NNL | ER REETELV L KYFP QNHAPTHT L A LPAVF
23, Marinobacterium sedimentorurR - D A P RV 11D s N S GEIYENLBIALY NNL I D REGT ALV L KYFP QAQPAS AT SLPAAF
24. Stenotrophomonas lactitubl RSN A~ SRV | N DGSEK B oocBy nigaLy snL oPMHRk@PGLY LHBIKYFR DQPSTRKL AT LQVAE
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Protein Sequences
Specles/Abbry > . “ . walow % o . .
1. PHAGE CR1 gp33 ROTPPT AsBlk TRS WELPA LRI BY BANT PLSHL WRIKETRRRH  vDNPK BR Y THE YVV I TKAD
2. Peduovirus P2 KEQDNS A l KR @NLPAVRVP Y B/\D KLEMLE YvvDDSHRR ELIPK IR .v DYVV ] !IK 5D
3. Serratia phage KSP20 QTNPNT AGQ ER NMPT P BN P KL Y .R GLERT KEEPEYNR TYQESNDOD VvV N DGIT Q
4. Haemophilus phage HP1c1 JQHGL TPTEKAALGSHN GS NAI TPENFBAR TLKEL YTEAES VRS |  RNDEDKK RQEGYVV T DHTKVK
5. Pseudomonas nitroreducens KDQAPSHQ L A KR LPAARVIE B KG RLDEL YWRIEESRRRQ ol KrEr Y SMDSYV [ ITLQ
6. Pseudomonas furukawail QQHAPS AS T KR NLPAVRVIE e D PLEML Yw ETRRR7 DH REIR Y ESYV E S | P
7. Pseudomonas Jllinensis QEQP ASHEK AT KR GLPAVRV - BAS RLDML YWRIEGTRIRR T v TD KRB R Y DNE YVV l 5 ITPAP
8. Alcanivorax sp. $71-1-4 QDHKPT KA G A KR SLPAMRVSGFIBAGK PLTMLE YWBIRGTRRR QOMPKRBR Y EAYVYV KAG ITEIN
9. Paraburkholderia acidipaludis TQQAPTHQMA KR SLPAVS VY FBAN QRLOHLE YWRIEGGRRR - vEDMPKRER YES 8D YVV SG 1
10. Paraburkholderia oxyphila TQQAPTHQ L A KR LPAVS VS ® - N QRLDHL ¥ FEGGRRR DNPKRBR b SMDSYVV SG I E Q
11. Cupriavidus sp. UGS-1 KDQAPTEQLAT KR SKQA GFgTTS RLDML YWEBIRG S VRR S DNPKRBIR SME " YVV ] DM!E
12. Idiomarina sp. SOLVPTHKTA KR BGLQAVRVEH BANT IRLL\ LS ywgBlecSRRRN oMPKRBOQ YES N0 YVV ( 1ELS-
13, Caballeronia udels QDNKPTQ A A KR s LPAVS VIS BN QRLDML YWRE RRR T D KRB R SHD " YVV ( I T -
14. Idiomarina abyssalis SDLPPTHKTA KR SLQAVRVEHFBANT RLONLE YWREGcSRRRT  (oMPKRrRBO YES sND " YVvVv 1E
15. Thauera butanivorans TTQPPSETLA KR SLPAVRVE PO RLDOML YWHRIEG TIRRIRK | DD KRB R Y SME YVV ) 1 E
16. Stutzerimonas stutzeri QTHAPTHEQLA KR NLPAVRVIE AT RLDML YWRIE RRRH D KRB R Y DAYV | Q
17. Shewanella baltica KDNAPT A KR SLGAVRVIBH FBAN RLDML YWRE RRR < DNPKRBO Y SMD A YVV T |
18. Shewanella dokdonensis KNHEPTHTL A KR.@GLPAVRVIEBS - IBAN RVDL YW@ e RRRH ONPKRBO Y SHD A YVV ( | TQ
19. Mycetohabitans sp. B2 TQSsVvPSEQMA CRKR LPAVS VI BN QRLDHL Y W £ RRR TOMPKRBIR Y DAYVV | E
20. Stenotrophomonas maltophilia DQPSTK AT RR LQ EVE PDGT SLEML YWRIEGGRRRH EMPKKNR Y SMD - YVV I EIKE
21. Pandoraea fibrosis RVEKPTHQ L AGQ K iRPA B @/ H R/DMLE Y SRRRT ' DN KrBR YES Mo YVV HIE P
22. Marinobacterium stanieri QNHAPTIT L A KR SLPAVRARIF VIBAC RLOMLE Y QIEE RRRH vONPKREBIR Y DAY VYV LETVN
23. Marinobacterium sedimentorur lQ ~Q P ~ S AT KR i LPAARVE BAGT T DL Y D RRRH DNPKR Y DDYVV R IvTVD
24, Stenotrophomonas lactitubi DQPSTKLAT RR.EGLQ EVg BocT SLEML YWRIEGGRRRH EMPKKNR ¥ SHD A YVV G ME!IKE
Fig. 5.16. Multiple sequence alignment of Gp33 protein highlighting the conserved regions.

Based on the multiple sequence alignment of Phage CR1 Gp33 protein from bacteriophages of various
hosts it was observed that methionine, asparagine, threonine, and others are highly conserved at amino

acid positions 1, 3, 5, and 61 other positions, respectively.

42




5.4.7. PHAGE CR1 Gp36 protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 Gp36 protein has been done and sequence alignment followed by
phylogenetic tree analysis were performed using the top few hits.
When a procapsid is being formed, the phage Gp36 protein assembles on the inner side of the capsid

and aids in the ejection of bacteriophage DNA into the host cellcatalyzes the cleavage of the host pep
tidoglycans while acting as an exolysin. Phage Gp36 of Alcanivorax sp. S71-1-4, exhibited 99%
sequence similarity with Phage CR1 Gp36 protein, the phylogenetically closest species with standing

members in the tree.

Paraburkholderia sediminicola

Paraburkholderia sediminicola

Paraburkholderia aspalathi Paraburkholderia haematera

Paraburkholderia haematera Paraburkholderia aspalathi

Paraburkholderia fungorum Paraburkholderia fungorum

. . Paraburkholderia bryophil
Paraburkholderia bryophila araburkholderia bryopnia

. . Caballeronia udeis
Caballeronia udeis

Acidovorax sp. [B03
Acidovorax sp. IB03

Comamonadaceae bacterium
Comamonadaceae bacterium
Rubrivivax sp.
— Rubrivivax sp.

Variovorax sp. EL159
Variovorax sp. EL159

Cupriavidus sp. SW-Y-13
Phage CR1 Gp36 4[
— 2 L Moraxellaceae bacterium
Alcanivorax sp. S71-1-4
Phage CR1 Gp36

Alcanivorax sp. S71-1-4

Cupriavidus sp. SW-Y-13

— Haemophilus phage HP1c1 13 .
| Haemophilus phage HP1c1
] Peduovirus P2 -
Methylotenera oryzisoli
Escherichia coli S o Peduovirus P2
— Marinobacterium sedimentorum

Escherichia coli

{ Marinobacterium stanieri 2% Marinobacterium sedimentorum
Marinobacterium iners 19?|E Marinobacterium stanieri
Phage CR1 Gp33 (Cutgroup) =2 Marinobacterium iners

Fig. 5.17. Phylogenetic analysis of Phage CR1 Gp36. (a.) Maximum likelihood tree (b.)
Neighbourhood Joining tree.
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Protein Sequences

Specles/Abbrv ® e b ®

1. Phage CR1 Gp36 NTDEQDKSVK SIPIEAFTFRIEREGY GN Y WANGK PP LAK FRANQHH 1Y VKR L FKEHKLLSRTEFSKWVL
2. Peduovirus P2 PQPAAKTMTASGPK IAFIFI!P PV IRR&\ LBy I SNG l l ; I II.AK RA HH.Ptv KeN L ITF BHPWLSQQDFSR Ll
3. Haemophilus phage HP1¢c1 KTDNKKG PINDIRTFSLSE----ITASPALEY VG DNYN NRHALAK! PHQNAQH( HSR SATYEGGKAESKMEMR LN
4. Escherichia coll TNQ kHKsQTS[AeAFsFMo@vPv BrRrRE LBY QTD [rllAﬂ'Fl‘IA HHE P - VBcl LTl T BHPLLSQQAFSRFVQ
5. Alcanivorax sp, $71-1-4 TAEDS KKQEQMQVFTFRERESVVTGR LBy WHNG LAK FRASPHH SIYVKR L Q| F I BHPKLSRAEFTKWAL

6. Paraburkholderia sediminicola T H PAPTAQPAR|AEAFTFEORV PV R LBY SWSAGE LAKSFRAG 'HH 1Y KR LSETF BHKLLTREEFDKWAL

7. Paraburkholderia aspalathi TH PAP PPARAEAFTFRORV PV R LBY SWS LAKSFRAG 'HH 1Y KR LSETF BHKLLT ‘\ EFDKWAL

8. Paraburkholderia haematera T H PAPTAPPARIAEAFTFROBYPVIEIR LBy 5 LAKSFRAG 'HH 1Y KREMVLSETF BHKLLTREEFDKWAL

9. Paraburkholderia bryophila R sSTP PPARAEAFTFEOD PV R LBY LAKSFRA HH 1Y KR LSETF BHKLLTIREEFDKWAL
10. Paraburkholderia fungorum TH PTAP RINEAFTFROR PV R LBY LAKSFRAG VHH 1Y KR LSETF PHKLLTREEFDKWAL
11. Acidovorax sp, 1803 NTMPAP TSQAG|IAQAFTFRORYV PV GR LBY ¢ 3 LARSFRA THH Y KR = TEVBHRLLSRDTFGK L
12. Rubrivivax sp. EH PEASAQAC AFSFEERTPV 3 LY G LAKSFRASTHH SIYFKR L FKBHPLLOR SFS L
13. Caballeronia udels H ) PSTPPKIAEAFTFED PV LBy LAKSFRA HH IY7i KR LSATF BHKLLTREEFDKWSL
14, Cupriavidus sp. SW-Y-13 SKPDAAPTTASAS|VEAFTFOBY v ErrE LBY 3 PWOBLARTFRA  VHNESP I Y KRN L TFIPHKLLSRTAFARWYVQ
15. Comamonadaceae bacterium DT A TTTTQATERSQ[|EAFTFEER " PVIQ LBy SWIN WORILAKS FRAS PHH Y VKR L TEFKPHKLLORATFSK L
16. Variovorax sp. EL159 --MDTQTT KPAC EAFTFROR VPV RR LBY WHMN WORIL AKS FRASTHH 1Y MR L TFIBHKLVDRTTFS L
17. Marinobacterium sedimentorur 1/ S D T TQANKQAG|VEAFTFEOBY PV BIkrE LEBIY LAKSFRA THQSSPIY K LTESF PHRLLSRQ FRRWAL
18, Marinobacterium stanieri - -« -MSETAEKQPG||[EAFSFROBTPV. KR LBy LAKSFRA THH PIY K LT FKPHRLLSRQAFRRWAL
19, Marinobacterium Iners -+« -MSETAEKQPG|I|/EAFSFIER PV KR Y RVQ LAKSFRA THQ PIY'K LTRSFKEHRLLSIRQ AFRRWAL
Protein Sequences

Species/Abbrv » * o] sio] | (ele] [«
1. Phage CR1 Gp36 FSKwvL T EVP QRLPFKR AL HVER QPDK H RQEMEFEE FHLERP Yy HS F
2. Peduovirus P2 FSR L F IKR STTRK RLETSPAKYTRR EED WWVPSFNEPTAF PI< 1L IP Y NS F
3. Haemophilus phage HP1c1 RALCLNL IQFDVGLLKVRNGFMQVVRLVPLSSLY L BVHKD - SYLDTAQE RYDAKD K Y Qs F
4. Escherichia coli FSRFVQ F KRTNR BE LepAL ARY TRIRG . D w GMTTQPYFTKINS  FHL L B Y PS F
5. Alcanivorax sp. S71-1-4 FTKWAL TF 5 QDS QPLRFKHALARYTRIRGVEEGD YW SHLUREHQF KQEKVFHLEP Y 51Qs F
6. Paraburkholderia sediminicola £ D KW / L F GPIMRQKNRLBMGTL ALKRAPARY RIR " TD . QRFFQINGIQEKHEFEP FNL ISP Y H F
7. Paraburkholderia aspalathi FDKWAL F P RQKNR GT LKR-PAKY 'RR" TD QR QVN QQKHEFEP FNL P Y H F
8. Paraburkholderia haematera  F D KW/ L FRMGP BMRQKNR MGT. ALKRAPAKYVRR TD.QRFFQVNGI QEKHEFEP FNL VISP Y H F
9. Paraburkholderia bryophila FDKwWAL F KQQNR GT LKRAPSKY 'RR " TD.QR QVNG I QEKHEF SVHHL P Y H F
10. Paraburkholderia fungorum  F D KW » L F G P RQKNR GT LKRAPAKYVRR " TDLQR QVNG IQERHEF FNL P Y H F
11. Acidovorax sp. 1B03 FGKLAL TF RTPN RDLGLRHSLAKY RBRGQALDT QGFGKE F SVFHL | [ Y TLQ F
12. Rubrivivax sp. Fs L TF RRRS L THRSVKLQHAL AIKY CRIRG ~ELDT RGWKNEHEF SVEHLR Y Q F
13. Caballeronia udels FDKWSL FENG RQRSRIJMGTL ALKRAPSIKY  RIRSTDLQKFYQVNGWQQQ S| HHL VS Y H F
14. Cupriavidus sp. SW-Y-13 FARWVQ FENG RRDN RPVALEPALAKRYRRG DLD QNLQD SVEHL VP Y N F
15. Comamonadaceae bacterium F S K v 4 L TF RPRNRUJGS L TLRHS L AKY VRIRGSE L DN QG YR FHL Y QS F
16. Varlovorax sp. EL159 Fs L TF RRDSLTRRPVELKHAL AIKY VRIRG DL ES RGWKDE ¥ Qs F
17. Marinobacterium sedimentorurf R RW / L F G QRKN | LJJRsvaLEPS L ARRY TIRG 1 DLDTYWFVRGWGEEHE P Y NS F
18. Marinobacterium stanier FRRWAL F NQKSMG SMTEEP AKY TRRG . D.DTYW RGWGKE P Y NS F
19. Marinobacterium iners FRRWAL F G NQTS SMKLEPALAKYTIRRG D.DTYWFVRGWGKE P Y NSAWL F
Protein Sequences

Species/Abbrv v wia] [wiw®] [ | J=[*] J*] [*] [*] | . . . . » . . .. . .
1.Phage CR1 Gp36 GLE Al FRRRY Y K HABFILY oVl Roa PENFRELF vsPNEKKoE B 1P VT

2, Peduovirus P2 AWL ABILFRRKYYE HA V¥ I[)RNl E REN RN FKlLF Y Bo@K " D Ki1g lV

3. Haemophilus phage HP1c1 AL LNSDA FRRRY S H FILYSTEPDLTEEMEEE RK FSVFVN GEHPD KVIRI GDTG

4. Escherichia coll AL AMILFRRKYY HARF | VYT ARNQEBVNN RNA P FRNLF YSPNEKKD P A

5. Alcanivorax sp. 571-1-4 GLIL A FRRRYYQ HABIF I LYV S AQEEQBVEN  REA P FRNLF YSPNEGKKD P v

6. Paraburkholderia sediminicola (AW L ABLFRRRYYE HARF I LY ' T ARIKQERIV REA P FRNLF Y PNEKK:C I P VAl

7. Paraburkholderia aspalathi AWL ABILFRRRYYE HARF I LY T AQKQERV REA P, FRNMLF Y PNEKK I P VT

8. Paraburkholderia haematera AWL ABIL FRRRYYE HARF I LY T AQKQEBVET REA P FRNLF Y PNEKKE P VAl

9. Paraburkholderta bryophila AWL AMILFRRRYYE HABIF I LY T AQKQEBV REA P FRNLF Y POBKKE P VT

10. Paraburkholderia fungorum AW L AMLFRRRY Y HARFILYUT AQKQERV REA P FRNLF Y PNEKK- P VT

11, Acidovorax sp. 1803 AWL AMILFRRKY YN HARF I LY TP A QGEV REA P FRNLF . YSPNEKKD P v

12. Rubrivivax sp. AWL ABLFRRKYYN HABRF I LY S@BPARKQDEBV RO A P FRNLF YSPNGIKKD I P \"

13. Caballeronia udels AWL ABLFRRRYYE HARF I LY T ARQSQTRIVEBIN VRE A P FRNMLF Y PNEBKKD P VT

14. Cupriavidus sp. SW-Y-13 TWL ALFRRRYYK HABFILY T8 ABKQEBV REA PENFRNLF v P BKKD 1P v

15. Comamonadaceae bacterium AW L AMILFRRKYYN HARF I LY ¢ AQQQGCBIV RD A P FKELFVH A BNEKK D P v

16. Variovorax sp. EL159 AWL AL FRRRY YN HARFILY SBPARQQERYV RTA P FRNLF YSPNEKKD P v

17. Marinobacterium sedimentorur AW L ABLFRRKYYQ HARF I LY ' TRTARNED N LIRQ P FRNLF Y PNEBKKE I P v

18, Marinobacterium stanieri AWL ABILFRRKYY HABFILY TRTAGNESBIVEIN RQA PENFRNLF YSPNEBKKD 1P v

19. Marinobacterium iners AWL ABILFRRKYY HAGF ILY ' TRTAGNEDBIVEIN RQA P FRMLF YsPNEKKD P v

Protein Sequences

Species/Abbrv . . . . el o ™ [w . .
1.Phage CR1 Gp36 ) P KN R LAAHR PP: Poll" Brlo ek kvE EPLBRR oF E C YEAPMIALEE 5 R
2. Peduovirus P2 ) P BKAS LDAHR P QL GKIRE S DIEK KVF VR PLEBOR RE I\Ilu'r RFKNYS.DTDND -
3. Haemophilus phage HP1c1 ) P K SAQ LTAHR B~ GLS RTET DPLKYREVYHYD PLEQ ETPE KN K/ KFR----EQN K
4. Escherichia coll ) 1P |(| s AAHR ' PRQ PNN Y RE VWG 5K S s EE@ NTLTE . KD K
5. Alcanivorax sp. $71-1-4 ) P KO TSR LAAHR P L PKMTSHFEOVEKTTR R PL REE D RFKPYTFEADVDE
6. Paraburkholderia sediminicola P K TR LAAHR PPOQL PSNT F DT EVF EPLBIRR TQ : DE RFNPYS KR

7. Paraburkholderia aspalathi P K TR LAAHR PPOQL PN F DT EVFG EPLRIRR TQ E DE RENPYS KR S

8. Paraburkholderia haematera 1P KN TR LAAHR PPOQL H U F DT EVFG EPLERR TQ ME DEVVRENPYS | KR

9. Paraburkholderia bryophila P K TR LAAHR PPOL PsNT F DT EVFG EPLEIRR TQ 3 DE RFNPYS KR -
10, Paraburkholderia fungorum P K TR LAAHR PPQL PST F DT EVFG ERLRIRRI TQ E DE RENPYT I KR D

11. Acidovorax sp. 1803 ) P KN SR LAAHR PPOQL PCHT F KPAAEVFEAR EPLE R K D EE REVPYVI EGGEDC
12. Rubrlivivax sp, ) P K SR LAAHR PPQL E FE8 s D QVF AR KPLBIOR' RE f EE RFDPY ETAEPC
13, Caballeronia udels ) P TR LAAHR PPQL PsNT F DTAAQVFG EPLERR " q E DE RFENPYS | KTSNS

14, Cupriavidus sp. SW-Y-13 ) 1P TRBBOLAAHR PPOL Pl FRID A EK VF AR KPLBOR TE 3 E RFEPY T

15. Comamonadaceae bacterium ) P K. SR LAAHR PPOL PSNT F RP EVF AR 18 R'SE EE RFEPYTVGDGEGD
16. Variovorax sp. EL159 ) 1P KN SR LAAHR PPOL PSNT F PAAQVEF KPLBIOR " KE DE RENVNEVPTGVAT
17. Marinobacterium sedimentorur: P K. TR LAAHR PP L PSNT FRDVEKATKVF AR PLRBSR EtE D EK KFDPY EQ EQ
18. Marinobacterium stanlerl ) ] K TR LAAHR /PP L K FRID VEKASMVEF AR PLESR' | ¢ E EE KFEDPY EE

19, Marinobacterium Iners ) P K. TR LAAHR PP L B FRD VEK VF AR PLASR E E EE RFDPY EE EK
Fig. 5.18. Multiple sequence alignment of Gp36 protein highlighting the conserved regions.

Based on the multiple sequence alignment of Phage CR1 Gp36 protein from bacteriophages of various
hosts it was observed that aspartic acid, leucine, tryptophan, and others are highly conserved at amino

acid positions 3, 5, 8, 11 and 57 other positions, respectively.
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5.4.8. PHAGE CR1 GpE+E protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 GpE+E protein has been done and sequence alignment followed by
phylogenetic tree analysis were performed using the top few hits. The host translocase MraY activity,
which catalyses the production of lipid I, an essential step for the host cell wall biosynthesis, is
inhibited by the phage GpE+E protein, resulting in host cell lysis. Phage GpE+E protein of Halomonas
spp, exhibited 92% sequence similarity with Phage CRI GpE+E protein, the phylogenetically closest
species with standing members in the tree. Halomonas spp. are Gram-negative bacteria belonging to
the family of Halophiles that prefer to grow in saline environments (commonly referred to NaCl or

KCl), such as salt lakes and marshes, oceans, or other saline areas on earth.

a b.
Marinobacterium stanieri Peduavirus P2
%4
Marinobacterium sedimentorum 28 Pseudomonas sp. Marseille-Q5115
Halomonas nanhaiensis . Sphingomonas jatrophae
Halomonas alkaliantarctica . .
— Agitococcus lubricus
— Pseudomonas chlororaphis 21 98

'— Moraxellaceae bacterium

— Pseudomonas aeruginosa
PHAGE CR1 GpE+E
PHAGE CR1 GpE+E -

N '— Halomanas

— Halomonas

Halomonas alkaliantarctica

M Pseudomonas sp. Marseille-Q5115

24 Halomonas nanhaiensis

Agitococcus lubricus
) 38 | — Marinobacterium stanieri
Moraxellaceae bacterium

— Marinobacterium sedimentorum

Peduovirus P2

Sphingomonas jatrophae — Pseudomonas chlororaphis

PHAGE CR1 Gp9 (Outgroup) '— Pseudomonas aeruginosa

Fig. 5.19. Phylogenetic analysis of Phage CR1 GpE+E. (a.) Maximum likelihood tree (b.)
Neighbourhood Joining tree.
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Protein Sequences

Species/Abbrv

. PHAGE CR1 GpE+E

. Peduovirus P2

. Halomonas nanhaiensis
Halomonas

Halomonas alkaliantarctica
Pseudomonas chlororaphis

. Pseudomonas aeruginosa
9. Agitococcus lubricus

10. Moraxellaceae bacterium
11. Sphingomonas jatrophae
12. Marinobacterium stanieri

* | *

MA N
M A
MA
MA
MA
MA

. Pseudomonas sp. Marseille-Q511M A

MA
M A
M A
MA
MA

13. Marinobacterium sedimentorurM A

*

> > > > > > > > > > > I

VFH

FH
VFH
VFH
VFH
VFH

FH
VFH
VFH
VFH
VFH
VFH
VFH

— o W W o

*

PAAMDP
PSCLYP
PSAMDG
PSAMDS
PESMDP
PADMDQ
PAAMDP
P~ADMDP
PQAMSD
PQAMEC
P A AMDP
PCDMDG
PRDMDG

*
*

ELE
SLT
ELE
GLE
PLE
GLQ
SLT
GLAD
SLE
SLT
PLP
EL
ELS

L e e e e e e e N p p

OO0 wnm.O Ommm==Z O H @D

* *

ERKARDR
KALRR
RARKR
KARER

RARVR
RARER
RARTR

Q ARQR

Q ARQR
EAAKR

D W XWVWOWIWWIW DD DD

REKARKR
REKARER

RARQR|

W

L

TTDE
GNTN
EGSK
TPKK
ETHQ
STDE
EVNE
EPDS
ETDG
ETDG
GAEE
ESDS
EGDK

Fig. 5.20. Multiple sequence alignment of GpE+E protein highlighting the conserved regions.

Based on the multiple sequence alignment of Phage CRI GpE+E protein from bacteriophages of

various hosts it was observed that methionine, alanine, aspartic acid, and others are highly conserved

at amino acid positions 1, 2, 3, and 16 other positions, respectively.
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5.4.9. PHAGE CR1 Baseplate assembly protein J:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 Baseplate assembly protein J has been done and sequence alignment
followed by phylogenetic tree analysis were performed using the top few hits. Phage baseplate
assembly protein J of Pseudomonas sp. TCU-HL1 exhibited 97% sequence similarity with Phage CR1
Baseplate assembly protein J protein, the phylogenetically closest species with standing members in
the tree. Pseudomonas sp. TCU-HL1 degrading plant-produced monoterpenes, specially Borneol, a

plant terpene that is widely used in traditional Chinese medicine (Tsang et al., 2016).

a _ b. _
Peduovirus P2 wl Peduovirus P2
Xenorhabdus hominickii P Xenorhabdus hominickii
Pseudoalteromonas caenipelagi — Pseudoalteromonas caenipelagi
Desulfobulbus elongatus 58 | 100

'— Desulfobulbus elongatus

Pseudomonas sp. 536 — Pseudomonas sp. 536

—— Pseudomonas asiatica 53

—[PHAGE baseplate assembly protein J ]

Pseudomanas sp. TCU-HL1

'— Pseudomonas asiatica

~[ PHAGE baseplate assembly protein J ]

'— Pseudomonas sp. TCU-HL1

Teredinibacter tunerae
Teredinibacter turnerae
r Pseudomonas sp. PvP08Y

100 | — Pseudomonas sp. PvP089

- Salinisphaera halophila
oL Salinisphaera halophila
r Pseudoalteromonas sp. MMG013

] — Pseudoalteromonas sp. MMG013
- Marinobacterium sedimentorum 73

~ gamma proteobacterium HTCC5015 '— Marinobacterium sedimentorum

— gamma proteobacterium HTCC5015

- Halomonas alkaliantarctica 33 | 100
r Pseudoalteromonas luteoviolacea(?) — Halomonas alkaliantarctica
100 )
- Alteromonadaceae bacterium 275315 0a 02 — Pseudoalteromonas luteoviolacea(2)
PHAGE CR1putative baseplate assembly protein V (OUTGROUP) oL Alteromonadaceae bacterium 2753L.S.0a.02

Fig. 5.21. Phylogenetic analysis of Phage CR1 baseplate assembly protein J. (a.) Maximum
likelihood tree (b.) Neighbourhood Joining tree.

47




R —————————— T
Protein Sequences

Species/Abbrv S Sl E J SLE o = g 5 & 9
1. PHAGE baseplate assembly protein | knRIBLsoLBrRT E o ETRKQE SR ED QYE K R A \
2. Peduovirus P2 IBLNQLR A RD ELor@s ERKAT E PERTLTLE K LW GANYN
3. Pseudomonas sp. PvP089 TRVMIELS L LEPED > TRKAQYLSSYRAARLALKEOEYTH Ly ADYGA
4. Pseudomonas sp. 536 NSPIELSRLIPABN PLO YT ERKAR Pee Le@ER L VK LvLR GALFEN
5. Pseudomonas asiatica | SQLE~RD DLS D ERK P TLELENER KQ L R ARYDA
6. Pseudomonas sp. TCU-HL1 AJ-uTi@uToLR AR P Q! LTARKQR PrsQlELD@IDRR VK LI LR AFYGA
7. gamma protecbacterium HTCC5015 NFTGIBLS KLIPPRN s QlKSD D TRYBDAEITL R VK L KR GARFGA\
Pseudoalteromonas luteoviolacea(2) NIFSAIELDKLEBPEN PIS Q| KNE NEYKAR DAEINL ER K L R GARFG\
9. Pseudoalteromonas caenipelagi GKNPIELSR I |BARD SLDY@TLLQSNKTQLLELABEDTLELEMERA VR LLLR GALMGA
10. Pseudoalteromonas sp. MMGO13 Glr TA I @Ls kLI VBD ELDv[@s NDLVSRARAS ELEMER Y RKE LI LR GAFFEN
11. Alteromonadaceae bacterium 2753LS5.0a.0IN - S~ | @LD K LIP P RN PLS QI KNE NEYK DAEINL ER K L R GAR v
12. Marinobacterium sedimentorum T LSKLIP-IP ELDF@S DLQERDASYS EEDR - v K R ARYVNA
13. Desulfobulbus elongatus Glkn P IBILSRIPARD LD T HNTTQQLLSL ABeDT LE@ER NK LLLR GALMGA
14, Teredinibacter turnerae Al--vi@us LR ARD LD DARKARLVSLYBI ARLALEMORT K Ly ADYGA
15. Salinisphaera halophila TRUIBILS  LPPRD LD TRKAQYLSSYRLARLALKSIDRYVTK LVIR ADYGA
16. Halomonas alkaliantarctica NP TG IBLS KLIPPRN PLSY[Q | KND DYKARYBDAEITL ERAVK L KR GARFGA
17. Xenorhabdus hominickii -mepTILSQLEPRD PLDY[Q! L EERKK SLYBERTLQLERERL VIR Ll LR GANNNA

Protein Sequences

Species/Abbrv * ol bl * il ol B sl * | hd

1. PHAGE baseplate assembly protein ) D A VER EPEL QL BTABP GAYLFH ASPLVKEYVSVKARBKEE ELSPEVEASLP

2. Peduovirus P2 D GANYNTTRLTITPADE QQ I ABlS ' GAYQVYHGRSAD SVTsBs -

3. Pseudomonas sp. PvP08S ENRAADYGVQRLTLRP RLSLE SABISRGAYEFHG . S SVDSBRESG SDELK PEI
4. Pseudomonas sp. 536 EHLGALFEVSRLVT QLSLD TABPAQAYVIHALS sVssiP B -

5. Pseudomonas asiatica DN ARYDV R TREQD LSLD TABFPE AY H RS EABRFE DRDAD- - - - - -

6. Pseudomonas sp. TCU-HL1 ENLAAFYGVRR TPEN QL E TABP-GAYRIHALS VDABRFARASLSPELKTQLP
7.gamma proteobacterium HTCCS015 DYLGARFGVERQ GD QL E TABP I GAYVEHAMR VDABLFGPATLTTEQTATLPN
8. Pseudoalteromonas luteoviolacea(2) D GD QL E TAEP ¥ H K VD ARBQF PLTEEQQT P

9. Pseudoalteromonas caenipelagi EH PAD QLALD TA H 5 SVITRBVFESMAS IDAG QLPP
10. Pseudoalteromonas sp. MMGO13 DN QL E TA Hails KPVSBTFSQATVSQ DQLPPI
11. Alteromonadaceae bacterium 2753L.5.0a.0 GARFGVERQ GD QL E TA H K VD ARQFT TEEQQTQLP
12. Marinobacterium sedimentorum DQ ! AARYNVERLTI VP QLSFE TA H SVHABTFASVEVSPEAK PEI
13. Desulfobulbus elongatus EHLGALMGVARLT N QLALD TA HaLls SYTTBTESKATI SQSLQAQLPAL
14. Teredinibacter turnerae DNRAADYGVQR T D RLSLE L E H S SVDSRTF QISP QAQLP
15. Salinisphaera halophila ENRAADYGVQK RPADPD RLS.E S A H 5 SVDSPBRFSG PDE K P
16. Halomonas alkaliantarctica DYLGARFGVERQ I VEAGDPQ QL TA H R VD AR F QLSNEQ P
17. Xenorhabdus hominickii bQ ANNNV SR RPADNS PRTP PQ I Al HARS s SES----------------

Protein Sequences

Specles/Abbrv b ¥ * e+ * *

1. PHAGE baseplate assembly protein ) Bk E PEVE F L AGL P PEEvV L PE L v L VRP IN P R P L A

2. Peduovirus P2 Bs - - - - - B v Vi ‘n‘vw,i L VRNALNGEDVRP R 2 EYQINATL
3. Pseudomonas sp. PvP089 BRF S DELK PE LvcovyTAacLTO PV VLPRVDSQETPENL KVQAGLS AES VIRIB RPRAQLGQPVN ATL
4. Pseudomonas sp. 536 2 PEOV TVLARDN L vsQ N A ED VRS Q o] E [ TLDATL
5. Pseudomonas aslatica BRFE RDAD L LDORQE VLSR L VQTAL EDVIRB . NEINPRVR QPYEINATL
6. Pseudomonas sp. TCU-HL1 3RF /R PELKTQLP L LSERHEB v VLSRD PSPEL RVD LNAEDVRP RPR EVRPYQ ATL
7. gamma proteobacterium HTCC5015 BLEGPATLTTEQ TLPN LQ LTARQE W LSTQGN P s LNQSV HLNADD VIRR HVRLRPTE HIDAVL
8. Pseudoalteromonas luteoviolacea(2) 2QF PLTEEQQT PTGTTVEQ LS ERQPEEV VL i PSTELNAAV LSADD VR HVRLRAT T ATL
9. Pseudoalteromonas caenipelagi 2F ) )L PP LQVvD L. EmVE v VLSRENN P T Vit LN/ ESVREP NVHTQ o) [ T ANL
10. Pseudoalteromonas sp. MMGO13 gTFESQ Q DQLPPN LQ VI L ORVS v VLSRN P LILDQVE L DEVRP R Q NYS I DAT
11. Alteromonadaceae bacterium 2753L5.0a.03Q F TV Q| TEEQQTQ P TTILQCTYDAGLSDBQIEEEEY » | TVLSTE PSTELNAAV LsADDVRE HVRLRAT TE ATL
12. Marinobacterium sedimentorum BTF E PEAK PE LQ DAGLADRVE v VQSRI EAQPEL v TLS TVIER HPRVRSAT AVL
13. Desulfobulbus elongatus BTESK C QAQLPAN LQVEEGAGLPNEBVE v VLSRENN P TLQAMT LN VRP HVHTQ [ AS
14. Teredinibacter turnerae §TF Q P JAQLP L C PAGLSNIP! P v VLPSLNSQIP )LVQLVQQALS AEDVIRE RPR QATI AVL
15. Salinisphaera halophila BRF PDELK P L C TAGLTOR! B v VLPR QEPPEDL KVQ L VRP RPR N ATL
16. Halomonas alkallantarctica B F Q NEQ P T1EQ DAGL ANBQ N vi QS PTTELNQSV HLNADDVIRI® HVR ) AvL
17. Xenorhabdus hominickil LE B NVT S REN KI KDL EKVEKALNDENVIRE RLKVQSAN EYEINAVL
Protein Sequences

Species/Abbrv . * o | [ o] | [o]# [ [* . *
1. PHAGE baseplate assembly protein | A P8 s YKALH v RvoL P PHIE E

2. Peduovirus P2 E QINATL P RL YAALH EEVQRVEL P C N 2 CTEYR i 5D E
3. Pseudomonas sp. PvP089 PVNFE ATLEL ER sk YAALH VRRVDLKKBTTE JKRH Y PQEC TK

4. Pseudomonas sp. 536 DYTLDATL P TL YAALHRPEIVQRVEL /A BT T L HiE RE ) E
5. Pseudomonas aslatica QPYEINATL TL YAALHRPEVQRVDLHNBVETWT INRQQAPYET NID ) §
6. Pseudomonas sp. TCU-HL1 RPYQVRATL P T YAALHQPEVQRYV L wQer RQ weT D T
7. gamma proteobacterium HTCC5015 EYHIDAVLH P L | LHRPEVQRVEL BN NG cT N RN

8. Pseudoalteromonas luteoviolacea(2) TE ATLH P L YAALH PEIVQRVEL BT T t CKN E Rt

9. Pseudoalteromonas caenipelagi DFT ANL Y TF | TL YAALH VQRVE P [ T o] RETTKTIN E
10. Pseudoalteromonas sp. MMGO13 NYSIDAT N L YAALHQPRVQRVEL /" SP " Al INRS CT T ) E
11, Alteromonadaceae bacterlum 2753L.5,0a.0 T | ATLH P L YAALH PRIVQRVELHSBTTC HQ CTN RN

12. Marinobacterium sedimentorum ; EAVLTF TL YAALHQERVQNVEL I AP DT CT C TDE
13. Desulfobulbus elongatus v TA P L YAALH PEIVQORV P C RE EKN T

14, Teredinibacter turnerae TAVILE L E P YAALH PRVRRVRLTKER L )KRHFPNET N

15, Salinisphaera halophila PUNFE ATLE E[B L YAALH v DL )KRHYPEC STK

16. Halomonas alkallantarctica EYQIEAVLH P L Y LHRPEVQ EL NGt CT N RN

17. Xenorhabdus hominickil EYEINAVL BT RL YAALH ¢ L ) K BTKTTLT I 50 €

Fig. 5.22. Multiple sequence alignment of Phage CRI Baseplate assembly protein J
highlighting the conserved regions.

Based on the multiple sequence alignment of Phage CRI Baseplate assembly protein J protein from
bacteriophages of various hosts it was observed that isoleucine, aspartic acid, leucine, and others are

highly conserved at amino acid positions 5, 6, 7, and other positions, respectively.

48




5.4.10. PHAGE CR1 Capsid scaffolding protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 Capsid scaffolding protein has been done and sequence alignment
followed by phylogenetic tree analysis were performed using the top few hits. Phage capsid scaffolding
proteim of Alcanivorax sp. S71-1-4, exhibited 99% sequence similarity with Phage CRI Capsid

scaffolding protein, the phylogenetically closest species with standing members in the tree.

a b.
Shewanella baltica s PHAGE CR1 capsid scaffolding protein ]
Shewanella putrefaciens a3 Alcanivorax sp. S71-1-4
Shewanella algidipiscicola - Marinobacter sp. 1-3A

Shewanella sp. . .
Spongiibacter tropicus

Pseudoalteromonas sp. MMG013 26 | 100
— Spongiibacter sp.

Pseudoalteromonas Iuteoviolacea
Marinobacterium stanieri

Shewanella dokdonensis
83 Peduovirus P2
Haemaophilus phage HP1c1
Haemophilus phage HP1c1
Peduovirus P2
Pseudoalteromonas luteoviclacea
Marinobacterium stanieri

Pseudoalteromonas sp. MMG013

Marinobacter sp. 1-3A

Shewanella dokdonensis

PHAGE CR1 capsid scaffolding protein ]

Alcanivorax sp. S71-1-4 Shewanella sp.

Janthinobacterium sp. BJB426 Shewanella algidipiscicola

Spongibacter tropicus Shewanella baltica

Spongiibacter sp. Shewanella putrefaciens

PHAGE CR1baseplate assembly protein J (OUTGROUP) —— Janthinobacterium sp. BJB426

Fig. 5.23. Phylogenetic analysis of Phage CRI1 Capsid scaffolding protein. (a.) Maximum
likelihood tree (b.) Neighbourhood Joining tree.
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Protein Sequences

Species/Abbrv * il b 280 ol e e R e ¥

1. PHAGE CR1 capsid scaffolding protein]e| K D K [BIK k F IRV PLI kkYBAR (lnEH R P eAKEeoRwe Ll AcisElvot KN R
2. Peduovirus P2 KKK FR QDI Vl‘ RN H Rl Pr EILKAEK | KERKWALFAKIT PlrmL K

3. Haemophilus phage HP1c1 NKSTD RQ QE EHYTAN . MrBHRRW ELRAEINKETQL AT I ABNKEL RAC

4, Alcanivorax sp. 5$71-1-4 STKEK FRV QQ KKYBAR H ll P SVEAR WGLTAEIDPEIPEL RAR
5. Pseudoalteromonas sp. MMGO13 SKKESIK' FRV ERGWI NYBAR I H RS PEESIPF KA K L AQIDPEPDL KSR
6. Pseudoalteromonas luteoviolacea KKK FRV AR | H RS P. PF KAQ D@k LiAQIDPODL KKR
7. Marinobacterium stanier KKEBKWF RV AR VN CIBH VR P SF KTET DK LYAQISEBNDDL KKR
8. Marinobacter sp. 1-3A KKKFRV E AR I H R P ETR K EL AEIDPEODL SKDR
9. Shewanella sp. KKEK ' FSV E AR H R T PF KA}I DEK TL AQIDPHEEL KNR
10. Shewanella dokdonensis KKSIK FRV E AR | H | R P PF KAEK/DEK L AQ I SPHMEDL K AR
11. Shewanella baltica KKEIK FRV' TE AR H RS TP KA:lVORK TL AQIPEDEL QKK
12. Shewanella algidipiscicola KKK FRV @ TE AR H RE TP KAcEVORK TL AQ | EPEDEL QKK
13. Shewanella putrefaciens KKSK FRV E AR H ' R TH KAE DEK. TLFAQ I EPEDEL QKK
14, Spongilbacter tropicus K FRV " VE AR H R g ELKAE KEKVGLYA~INPEIKEL EKR
15. Sponglibacter sp. K FRV E AR H R S ELKAE K@K LYA~ INPHIKEL EKR
16. Janthinobacterium sp. BB426 R|H QF FIRVATE AR H R PDS O KAE KK. AL AQIEPRPEL KAK
Protein Sequences

Specles/Abbrv * #lo| (efa] | o] [#

1. PHAGE CR1 capsid scaffolding proteiny D L KNR TQKPYL v QFl oxkkBest F ( KHKKET 2 F
2. Peduovirus P2 DL K K 1QN Tk v eFcrT sPel IF RKQASDDAR
3. Haemophilus phage HP1c1 KEE | E R TBNsEK v KF -EQKGS DSAK E PNNNNHKEDH
4. Alcanivorax sp, 571-1-4 PEERVT R REEK Y¢S RO T PY¥LCc v FRIRQQRPESTFTL F : SSKKSDDKF
5. Pseudoalteromonas sp. MMG013 PDL KSREEK ' Y PKSEK v EF TQKPDML F A F KNKKHNDGNF
6. Pseudoalteromonas luteoviolacea oL KKREIK ' Y PKSEK V. EF SQKREMLF A F KNKKQTDGNF
7. Marinobacterium stanieri )L KKRKKVY HGKDK v EF KQKBE F A F KSEATHAEQH
8. Marinobacter sp. 1-3A DLVKMSKDRERK | Y PCS@E v QFESTQRPEMLFS A A DETA-- SKHRD A S KF
9. Shewanella sp. EL KNREIK .« Y PKTHK v F TQRPERLFTSA FL St KSK KNDF
10. Shewanella dokdonensis DL K~ REEK | Y PKTRK Vi F KQKPDML F A F - -0 s KAS TSDEF
11. Shewanella baltica DEL QKKEK v Y PKTRK v F TQRPENLF A FEE KNK TDF
12. Shewanella algidipiscicola JEL Q K KERK v Y PKTEK v F TQRPEML F A F St KN K KTDF
13. Shewanella putrefaciens JEL Q KKERK Y PKTEK v F TQRRBERMLF A F 5 KN K TDF
14, Spongiibacter tropicus <EL EKREEK Y s@o v KF ENRPEMLFSSA RD K T EF
15, Spongiibacter sp. KEL EKREIK Y PG SEQ v LKF ENRPEMLFSSA S RDK T EF
16. Janthinobacterium sp. B|B426 PEL KKK Y IQBossQPYL v, KF ~QQTDMLFTSA F---- RFSN TDF
Protein Sequences

Species/Abbrv w
1. PHAGE CR1 capsid scaffolding protein BVIK - L L S KHKKE T Y | K )KLDST QQ KEKL PSSPTRPMNT offflc
2. Peduovirus P2 KVKs RKQ HEAVT SATEAE T S KQEVTD TRLENSLDHTETQQRRSKAT rc
3. Haemophilus phage HP1c1 K SILNPNNNNE Q DNH TKEP EQFNQ NELSQEQTTVP PTVEKENN N SK

4. Alcanivorax sp. 571-1-4 RVKTLL SSKK HSAV, ERFA--=----- PEVD DALTQKLSQTP-QsQrHs|lD c
5. Pseudoalteromonas sp. MMG013 KV SSLLNKNKKH NQAV, NTQKQLETTTNHYNDLS DTLREQLSNEE iR PATEEN QB c
6. Pseudoalteromonas luteoviolacea KVs LNKNKKC SKAV DTQKQLSETTNNYN N NTLRREQLSNEEGGQQRKPAT D Q !
7. Marinobacterium stanleri IRV  FSKSE TAA DQFSGKGNDDTEQLKKLQ NTLEQQLDKTPNF TRRP~ASEENGQ C
8. Marinobacter sp. 1-3A KVK SKHRD RAD QQLRASMDEMSGE YRQMK NSLIBSE ESSPNHSQRAPAT QEE c
9. Shewanella sp. KVK LGKSK HQAV| EDFTAKLDESVNDLNKLQ NALRTQLEKEETGQRRSPAT DNN | K €
10. Shewanella dokdonensis RVEK LGKASK HQAV R QQFTRQQTTLSQVT NTLEQQLDNEPHHSQRQPA DNTVK C
11. Shewanella baltica KVK LSKNK HQ AV Q SNVTKGMEDLTKLQ NALBTQLEKEETGQRERSPAT DT K [
12. Shewanella algidipiscicola KVK LLGKNK HQAV, QFGAKVSKGMEDLTKLQ NALKGQLEKEETGQRRSPATHENO TN | KEEEC
13. Shewanella putrefaciens KVK LLGKNK HQAV TQFGSKVTKGMEDLTKLQ NTLRTQLEKEEQGQRRSPAT DT KB C
14. Sponglibacter tropicus K KELLKRDK NEAVT TKKIEDGATASAQEISD NALKTQLGKE SQRPPATEED C
15. Spongiibacter sp. K KeELLKRDK NEAVT TKKIEDGATASAQE!S NALKTQLGKEHQHSQRPPATHEED c
16. Janthinobacterium sp. BjB426 VIBINLLSRF € seavl NDN T RLEKTE K. quDerpPNGPRRP ATHINC ol

regions.

Fig. 5.24. Multiple sequence alignment of Capsid scaffolding protein highlighting the conserved

Based on the multiple sequence alignment of Phage CRI Capsid scaffolding protein from

bacteriophages of various hosts it was observed that serine, lysine, phenylalanine, and others are highly

conserved at amino acid positions 5, 6, 8, and 88 other positions, respectively.
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5.4.11. PHAGE CRI1 head completion-stabilization protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 head completion-stabilization protein has been done and sequence
alignment followed by phylogenetic tree analysis were performed using the top few hits. Phage head
completion-stabilization protein Chitinolyticbacter meiyuanensis and Chromobacterium alkanivorans,
exhibited 100% sequence similarity with Phage CRI head completion-stabilization protein, the
phylogenetically closest species with standing members in the tree. Chitinolyticbacter meiyuanensis
capable of hydrolysing chitin and shrimp shell to N-acetyl glucosamine (GlcNAc). Chitin the most

abundant amino-polysaccharide polymer occurring in marine environment, and C. meiyuanensis is

capable of hydrolysing by producing chitinase enzyme (Zhang et al, 2020).

Burkholderia cenocepacia

Burkholderia seminalis

Burkholderia sp. B21-007

Burkholderia ambifaria

Burkholderia sp. KJ00G (phage head )
Pseudomonas sp. MWU12-2534b (phage head )
Burkholderia glumae

Burkholderia multivorans(2)

Burkholderia multivorans (phage head )
Burkholderia multivorans CF2 (phage head )
Burkholderia phage AP3

Insectihabitans xujiangingii

Budvicia aguatica

Peduovirus P2

Enterobacter hormaechei

Buttiauxella brennerae ATCC 51605 (phage head)
Citrobacter

Citrobacter freundii

'—— Chromobacterium alkanivorans

Chttinolytichacter meiyuanensis

Phage CR1 head completion-stabilization protein ]

Phage CR1 tail completion protein-like protein (Outgroup)

Burkholderia cenocepacia

Burkholderia seminalis

Burkholderia sp. B21-007

Burkholderia ambifana

Burkholderia sp. KJ00G (phage head }
Pseudomonas sp. MWU12-2534b (phage head )
Burkholderia glumae

100 Burkholderia phage AP3

— Burkholderia multivarans(2)

100 { Burkholderia multivorans (phage head )

% L Burkholderia multivorans CF2 (phage head )

45{ Chitinolyticbacter meiyuanensis

% Chromobacterium alkanivorans

{Phage CR1 head completion-stabilization protein]

18 Peduovirus P2

Enterobacter hormaechei

Buttiauxella brennerae ATCC 51605 (phage head)
100 Citrobacter

Citrobacter freundii

|: Insectihabitans xujiangingii
100 L Budvicia aquatica

tree (b.) Neighbourhood Joining tree.

Fig. 5.25. Phylogenetic analysis of Phage Capsid scaffolding protein. (a.) Maximum likelihood
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Protein Sequences

Species/Abbry . . B o e v wl Wl [wiele[wl | e N
1. Phage CR1 head completion-stabllizat MR o 7 7 v P« WL q ¢ GAIAE RQFATLAEVAAEE KVISYRLAV KaoL [BRYRE Tv@o
2. Peduovirus P2 MR EQT P RLRE KSGMAE R £ TRLADVPABD K YERAV TASLY@RYRG T E
3. Burkholderia glumae MR s S ARLRHE L LAALAE RO TCLADVRABQ RIQHYRRAVE "KATL [BRYR PLGHE
4. Burkholderla ambifaria MR S OARLRHE LA AIAE RD TTLADVRPABOQ RIQHYRRAV'C KATL RYR PQGENE
5. Burkholderia sp. B21.007 MR S DARLRHE L LAAIAE WR D TSLADVPABQ RIQHYRRAV'C KATL RYR PQ E
6. Burkholderia phage AP3 MR T DARLRHELLAAIAE MR E T TRLADVPABQ RLQHYRRAV Y C KATL RYR PQc E
7. Burkholderia multivorans(2) MR s DARLRHE L LAAIAS WR D RLADVPABOQ QHYRRAV /Y C KATL RYR PQSHE
8. Burkholderla cenocepacia MR S DARLIRHE LAAIAE R D TSLADVPABQ RIQHYRRAVYC KATL RYR: PQ E
9. Burkholderla multivorans (phage heacM R S DARLRHEML AALAS WR D RLADVPABOQ QHYRRAV ' C KATL RYR PQSEE
10. Burkholderia multivorans CF2 (phageM R DARLIRHE L LAAILAS RO RLADVRABQ QHYRRAVYC KATL RYR PQSHE
11. Burkholderia sp. K|006 (phage head )M R S DARLRHE! LAAILAE WMR D TCLADVRARO RIQHYRRAV ' C KATL RYR PQC E
12. Burkholderia seminalls MR S DARLRHE L LAAIAE WR D TSLADVIEARQ RIQHYRRAVYC KATL RYR PQc E
13. Chitinolyticbacter melyuanensis MR S NRVRG EALA SATLAAVIBAE EKVQRYVIRAVYEC KANL RYR| EP D
14, Citrobacter MR T T PARLRQ LTAIAE RQ SSLAEVPABE QRLQLYRRAVWEWTKATL TBRYR D
15. Citrobacter freundil MR T T PARLRQ LTAIAE 'HLA[VPA'F QRIQI YRRAVWEWTKATL TIERYR TT D
16. Enterobacter hormaechel MR T T KRLRSV . LTAISE Rer@ ETLEQVBAEK ERVRLYRCAV GW/AKASL [BRYR TSLGD
17. Chromobacterium alkanivorans MR T ERLRC EAIAS R R SLADV. ABE QVQRWQRAVQE ANLTIBRYRS .7 ]
18.Pseudomonassp.MWU!Z-ZSBAh(phMﬁ S DARLIRHE LAAIAE RO TCLADVRARO RIQHYRRAVYC KATL RYR PQC [
19. Insectihabitans xujianqingil MR TVSTQRLRH LNEILAS WIRD K SSLSAVIEARS H RYKQAV/CKTKAGL RYR NQ PDS D
20. Buttiauxella brennerae ATCC 51605 (MR T T lF‘ RLROQ LTAISE KQ SLADVRA QRLQLYRRAVWEWTKATL TIBRYR) S TT D
21, Budvicia aquatica MR TVSTQRLERH LNEIASY RD K SSLS VRPARS H RYKQAV / CKTEKAGL RYR PDS D
— —

Protein Sequences
Specles/Abbrv

2, Peduovirus P2

3. Burkholderia glumae

4. Burkholderia ambifaria

5. Burkholderia sp. B21-007

6. Burkholderia phage AP3

7. Burkholderla multivorans(2)
8. Burkholderia cenocepacia

11. Burkholderia sp. KJ006 (phage head
12, Burkholderla seminalis

13, Chitinolyticbacter melyuanensis

14. Citrobacter

15, Citrobacter freundil

16. Enterobacter hormaechel

17. Chromobacterium alkanivorans

19. Insectihabitans xujlanqingll
20, Buttiauxella brennerae ATCC 51605 (

1. Phage CR1 head completion-stabilizat} C

9. Burkholderia multivorans (phage head ¢
10. Burkholderla multivorans CF2 (phagd ¢

18, Pseudomonas sp. MWU12-2534b (phj C

21, Budvicla aquatica

HD
HD

RO
RO K
KQ
RD K

o ™1
TUAEVAAEE
RLADVPABD
LADVPABQ
TLADVPABQ
SLADVRPARBOQ
RLADVPABOQ
RLADVPABOQ
SLADVRABOQ
RLADVPABOQ
RLADVPAROQ
TCLADVPABOQ
s LADVRABO
LA VBA

SSLAEVRARE
"LAEVPAII
ETLEQVPAEK
sLADV. Afle
TCLADVRPABOQ
SSLS A VRPABS
SLADVERA

SSLS A VRARS

. .
YRLAV KAQ
YERAV TAS

QHYRRAVIE KAT

QHYRRAV ' C KAT

QHYRRAV ' C KA

QHYRRAVYC KA

QHYRRAVYE. AKAT

QHYRRAV/C KA

QHYRRAV /€ KA

QHYRRAV ' C KAT

QHYRRAV Y C KA

QHYRRAVC /KA

QRY VRAV C KAN

QLYRRAVWEWTKAT

QLYRRAVWEWTIRAT

RIYRCAVI GWAKAS

QRWQRAVQEC AN

QHYRRAVC KAT

L
L
L
L
L
L
L
L
L
TL
L
L
L
L
L
L
L
L

"

RYKQAVYCKTKAGL
QLYRRAVWEWTIKATL
RYKQAV/EKTKAGL

NQKAE

oo [ T .
peT Vo v rE NoAril DRERSs VB
DST ELWR RWMA RI1QG KPR vsQl
EP ELRRB RWA Bo RPR EVEL |
ELRRB RMA 8o crRPRVEVEL I
ELRRE RMA Bo1 GRERVBVEL |
ELRRB " RMA BoI vGRPRVEVEL |
sPeLrRRE RMA Boi v crPRVEVEL |
BeLrRRE RMA SO cRERVEVEL |
ELRR RWA DI RPR VEL |
s@ELRRB RMA 8o vGREPRVEVEL
ELRR RWA N RPR VEL |
ELRRI RMA D1 | GRIER VEL |
DLRR AV DIQQRIPR CEVEL
oLwWRE/NEs BRrR qDKPRVEBVEL |
DLWRE VNS BR. QD KPRVEVEL |
ETSLGDVWRERMA R RD L BHVEVEL I
DTT DLRREIGCRMA CDI VGRGRS L
EPQGEELRRE RMA Boi  crRERVEVEL !
PDs BDLRR A BELQG L BHSVEL I
TT DLWR NES RL QD KPR VEL |
PDS DLRR A el @Hsl B

regions.

Fig. 5.26. Multiple sequence alignment of Capsid scaffolding protein highlighting the conserved

Based on the multiple sequence alignment of Phage CRI Capsid scaffolding protein from

bacteriophages of various hosts it was observed that methionine, arginine, aspartic acid, and others are

highly conserved at amino acid positions 1, 2, 4, and 56 other positions, respectively.
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5.4.12. PHAGE CR1 putative baseplate assembly protein V:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CRL1 putative baseplate assembly protein V has been done and sequence
alignment followed by phylogenetic tree analysis were performed using the top few hits. Phage
putative baseplate protein V of Alcanivorax sp. S71-1-4, exhibited 99% sequence similarity with Phage

CR1 putative baseplate protein, the phylogenetically closest species with standing members in the tree.

a. b.

Chromohalobacter salexigens

Chromohalobacter salexigens

Chromohalobacter israelensis Chromohalobacter israelensis

Chromohalobacter canadensis Chromohalobacter canadensis

Chromohalobacter marismortui Chromohalobacter marismortui

Halomaonas anticariensis
Halomonas anticariensis

Salinicola socius . i
Salinicola socius

Salinicola sp.
Salinicola sp.
Salifodinibacter halophilus
Salifodinibacter halophilus
Peduovirus P2

Peduovirus P2

{ PHAGE CR1 putative baseplate assembly protein V ]

Tepidicaulis marinus
Alcanivorax sp. S7T1-1-4

PHAGE CR1 putative baseplate assembly protein V]

Achromobacter phage Mano

I L Alcanivorax sp. S71-1-4

Limnohabitans sp. MMS-10A-192

i Lautropia mirabilis Achromobacter phage Mano
Caudoviricetes sp.(2) . Limnochabitans sp. MMS-10A-192
Caudoviricetes sp. a9 Lautropia mirabilis

[ Paradesulfovibrio bizertensis 97 | - Caudoviricetes sp.(2)

Paradesulfovibrio bizertensis(2) * L Caudoviricetes sp.
Tepidicaulis marinus [ Paradesulfovibrio bizertensis
PHAGE CR1 baseplate assembly protein J (Outgroup) ¥ L Paradesulfovibrio bizertensis(2)

Fig. 5.27. Phylogenetic analysis of Phage CRI putative baseplate assembly protein V. (a.)
Maximum likelihood tree (b.) Neighbourhood Joining tree.
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Protein Sequences

Species/Abbry . " " * o " S * .
1. PHAGE CR1 putative baseplate assem | o T viT P P LP
2. Peduovirus P2 NI Q R R RT V|C T C ELDT L P
3. Alcanivorax sp. S71-1-4 - MN RR.E R V| i3 SBSs )

4. Achromobacter phage Mano SYQNT DIRRL S R VN T SBs LP
5. Chromohalobacter salexigens QN R H R v S E S LT
6. Chromohalobacter canadensis HN R H R VIK S E S ) LT
7. Chromohalobacter marismortui QN R H R VIK S E BG P LT
8. Chromohalobacter israelensis HN R H R V| E SH P LT
9. Limnohabitans sp. MMS-10A-192 SWAQ TER R V| T B PAQ LPS
10. Tepidicaulis marinus EYR ERR Q VN T SIESEIN P A ( P
11. Halomonas anticariensis NN 2] R t R VIR S S SR P L

12. Paradesulfovibrio bizertensis A ERR R V|R T SVS TSQ LGS
13. Paradesulfovibrio bizertensis(2) S S ERR R V[R T TSQ LGS
14, Lautropia mirabilis ER R V|0 T Q LP
15. Salifodinibacter halophilus DAT RRQ R S ETR T
16. Salinicola socius NN R H R VIR T S LT
17. Salinicola sp. NN R H R V| K T S LT
18. Caudoviricetes sp.(2) DR R K|V|D T Q LP
19. Caudoviricetes sp. ER R vjo T P Q Lp

Protein Sequences

Species/Abbrv .

1. PHAGE CR1 putative baseplate assem! QHBARODN RR 1 K R T [ rkiflin KIN [ '
2. Peduovirus P2 ( SGONBSEBS VS AD H EPET 5 T s TAT K TRYVTLDTPE T-NR TRT EVQ - K

3. Alcanivorax sp. §71-1-4 ( 5D AHBPSTTDQASRE T NKTTHR ! DVRATGNIEATAS DIQAE R N KVNIPL T GP G
4. Achromobacter phage Mano QD HPAP )VHR o] R 1Q DVS S NTATVQ ESVTIDTPET TGNLTVQKKLT NT KAl
5. Chromohalobacter salexigens G RRAHIBAR A NSGDVWHR DVT TTEST T NAN NEINLTLNGNFQP )
6. Chromohalobacter canadensis C > RAHIBAR ANSGDVWHR T T TTKSTLN DAN NEN LT NGNFQP '
7. Chromohalobacter marismortul G RRAHPAP 5GD VWH R PVT T T ( NAN NEINLTLUNGNFQP '
8. Chromohalobacter Israelensis ( RRAHBAR - NSGDVWQR PVT TTEST N AN NG TUNGNIQP '
9. Limnohabitans sp. MMS-10A-192 : QDSHEBAR TTKDVEH KEATIN TSYVTLNTPQT KGKLTVE T T )
10. Tepidicaulis marinus 5Q PAP S AL R E TVTVI T 3 E N VS TAP ) S E Qi
11. Halomonas anticariensis « 5D "HPAP >GNLWRR NTQGDVT T KLTAT N AN NENLTLNGNFQP KT
12. Paradesulfovibrio bizertensis S QQAHBAR"SSKDLDRR SGDISAN TK TAP N NG P N
13, Paradesulfovibrio bizertensis(2) g QQVHIBAR " SSKDL.DRRE K DISANAC TKVELTAP N NG P N)
14, Lautropla mirabllis QEAHERAR TKDVER EATIN TINAPQT T TvQ 5 Y K T

15. Salifodinibacter halophilus G RD AHBABDDDPATHRR HTD [ ) TAPQS NGDVQVNEIN T
16. Salinicola socius ( 5 T AHBARADAANLWRR K DAKADVT N T : NAN NN NGNFQPSGKTY
17. Salinicola sp. S TAHIBABR TN APTLWRR JADVT T NAN NEINVT UNGNLQPSGKT)
18. Caudoviricetes sp.(2) QD HPAP S AL EQ JATIN T TINTPST T TVQ T T 5

19, Caudoviricetes sp, QD AHEAR 5QD 1 ER Q QTATIN ) T PHT T TVQEP . TW T )

Protein Sequences

Species/Abbrv .
1. PHAGE CR1 putative baseplate assem) i « RS i rark N KIN P Aq el 0 DLRVT | NP
2. Peduovirus P2 S TAS T T K TRVTLE PE T-NR TRTLEVQ . K RN | EH TIRE > SNIIK HTHKHPGI ( T P
3. Alcanivorax sp. §71-1-4 DVRATGN T QAL GR N KNP L T PLG A ] [ ; TNN TLR P ENP
4. Achromobacter phage Mano 19 CNTATVQ - ESVTIDTPET TGNLTVQKKLT NTGGKAA NiQEEL THORKN S THTHS QPRGGNTGAPN
5. Chromohalobacter salexigens ] TASGDVTVSATTESTLTAT ( NANT NIINLTUNGNFQPAGKKAT D TSNEKD 5 KHAHDKVEP TSGE

6. Chromohalobacter canadensis ! TTSC TYSATTKSTLNATATC DANT NEINLTLN 1P KKAT D TSNEKD | SSKHAHDRVEP TSGE

7. Chromohalobacter marismortul ! TASGPVTVSATTC T T ( NANT NEINLTLNGNFQPAGKKAT D TSNEKD > SHRHSDVER DQ

8. Chromohalobacter Israelensis ) TASGPVTVSATTESTLTAT NAN NEINLTLNGNFQP KKA D TSNEKD KHAHDKVEP T E

9. Limnohabitans sp. MMS-10A-192 DAK CKEATIN TSVT R KGKLT 5 AQ N TLTHNEIKN THTHT ) P 5 P
10. Tepidicaulis marinus ) V EGTVTVI T 5 : N TAP ‘) E( QA KIIN - S L ElIN | NATHD ... NSNHHDH
11. Halomonas anticarlensis ! NTQGDVT T K T NAN NENLTLNGNFQP KTA D T TSNEKD NHKHND P T [

12, Paradesulfovibrio bizertensis ‘B0 Ak SGD I SAN T TKVELTAP N NP LT GGNAEFRES . RTTEDVTSR THP PH T PS
13. Paradesulfovibrio bizertensis(2) '@ « SGDISAN T TKVELTAP N NG P NAEr RS RTTHDVTSR THP PHGGNT PS
14, Lautropia mirabilis iGR GEATIN QVTLNAPQT T TVQ 5 Y K T D g N K] BVH EKEEKTSGPP
15, Salifodinibacter halophilus WS AQIHTDAS ( DTPTQ TAPQS NGD V( N ) AD SNEHD HRH [ STTD

16, Salinicola soclus ! SIDAKADVT NT T N AN NLTLNGNFQP D K TSNEKD SHTHI REGDKTE

17. Salinicola sp. ! S QADVT T T [ N AN NEN NGNLQPS( { TSNEKD 5SHTH ) R DKTE

18. Caudoviricetes sp.(2) : GQATIN T TUNTPST T TVQ T TGS TNNETD SHRY EPRD K PP
19, Caudoviricetes sp. TGR QTATIN s PHT T TVQEPL TW TGS N SNNTN HRt EQEKE P

Fig. 5.28. Multiple sequence alignment putative baseplate assembly protein V highlighting the
conserved regions.

Based on the multiple sequence alignment of Phage CRI putative baseplate assembly protein V from
bacteriophages of various hosts it was observed that glutamic acid, arginine, asparagine, and others are

highly conserved at amino acid positions 6, 9, 813 and 44 other positions, respectively.
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5.4.13. PHAGE CR1 tail component protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 tail component protein has been done and sequence alignment followed
by phylogenetic tree analysis were performed using the top few hits.Phage tail protein of Marinobacter
sp. X15-166B, exhibited 100% sequence similarity with Phage CRI tail component protein, the
phylogenetically closest species with standing members in the tree. The Marinobacter sp. X15-

166B cultivated from marine sediments near the harbours.

Azotobacter beijerincki

Klebsiella pneumoniae
97

Azotobacter vinelandi
50 Erwinia typographi

Pseudomonas ofitidis
57 Peduovirus P2

Pseudomonas lalkuanensis

Marinobacter sp. X15-1668B
Pseudomonas resinovorans

. 43 Phage CR1 tail component protein ]
Pseudomonas aeruginosa(2)
Pseudomonas sp. 09C 129 — Pseudomonas lalkuanensis
] 99
d Pseudomonas aeruginosa '— Pseudomonas resinovorans

Pseudomonas denitrificans (nom. rej.) — Azotobacter beijerinckii

g Pseudomonas nitroreducens

—[ Phage CR1 tail component protein ]

Marinobacter sp. X15-166B

'— Azotobacter vinelandii

Pseudomonas aeruginosa(2)

Pseudomonas sp. 09C 129

Klebsiella pneumoniae
) 83 Pseudomonas aeruginosa
Erwinia typographi
Peduovirus P2 88 Pseudomonas denitrificans (nom. rej.)
67
PHAGE CR1 tail completion protein-like protein (QUTGROUP) Pseudomonas nitroreducens

Fig. 5.29. Phylogenetic analysis of Phage CR1 tail component protein. (a.) Maximum likelihood
tree (b.) Neighbourhood Joining tree.
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Protein Sequences

Spe(iES/AbbrV * * * * * ok ok ok kK * * * * * |k *
1. Phage CR1 tail component protein MRVVTAS ClREV R VL EANPGL AG P RV TIL®D PTQKQTTVKL
2. Peduovirus P2 SMKTEA CVRYYGR TVLAANPGLAE PHETAVELPDVQTAP ETVNLWE
3. Pseudomonas lalkuanensis MDQV I AR CWRHYGR VLEANPGIL AE P TTLNLPPQAPQPQRRTVQL
4. Pseudomonas sp. 09C 129 M| V1A S| CWsS Y YGR VLEANPGL AD P PHETRVTLPDAAPQAEQRVVNL
5.Pseudcmonasdenitriﬁ(ans(nom.rej.)M VIiA S | CMH Y YER SVLDANPGL AD P PHETRVTLIPD AAPQAEQRVVNL
6. Pseudomonas resinovorans I‘;JiDQV AR CWRHYGR VL EANPGLAD P TP HLPPQAPQPQRRVVQL
7. Pseudomonas aeruginoesa(2) M| VIAS CWR " YGR VLEANPGL AD P PHEITQVTLIPD AAPQAEQR N L
8. Pseudomonas aeruginosa M| VIiA S | CMH Y Y SR VLD ANPGL AD P PHE TRV I LIPDAAPQAEQRVVNL
9. Pseudomonas nitroreducens M| VIiA S| CWHY YGR SVLDANPGL AD P PHETHVTLPDAAPQAEQRVVNL
10. Azotobacter beijerinckii M| VIAH CWRHYGR VLEANPGLAD P PHEQRVTLPEQAPQPQTQTVAQL
11. Azotobacter vinelandii M ATV AH CWRHYGR VLEANPGLAD P PHEQRVTLPEQAPQPQRQLVNL
12. Marinobacter sp. X15-166B MRETRA CYRHY[& Y D VT VLEANPGL AKH|G P B TRVHLPEVAAQPTKTSVQL
13. Klebsiella pneumoniae MKKVRAY CWRHYGRIEQGEVTEQVLQANPSGIL AEHG P PH QVELIPDIATTSTVQTVQL
14. Erwinia typographi [MKVRA CWRHYGR Q VTEQVLQANPSGIL AG YGP P H EVELPDVAP TSQTVQL

Fig. 5.30. Multiple sequence alignment of tail component protein highlighting the conserved
regions.

Based on the multiple sequence alignment of Phage CRI tail component protein from bacteriophages
of various hosts it was observed that methionine, valine, alanine, and others are highly conserved at

amino acid positions 1, 4, 6, and 33 other positions, respectively.
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5.4.14. PHAGE CR1 tail completion protein-like protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 tail completion protein-like protein, has been done and sequence
alignment followed by phylogenetic tree analysis were performed using the top few hits. Phage tail
protein of Marinobacter sp. X15-166B and Alcanivorax sp. S71-1-4, exhibited 100% sequence
similarity with Phage CRI tail completion protein-like protein, the phylogenetically closest species

with standing members in the tree.

Pseudomonas umsongensis

Pseudomonas sp. C2B4
Pseudomonas luteola

Pseudomonas marincola

Pseudomonas umsongensis
Pseudomonas sp. C2B4
Pseudomonas luteola
Pseudomonas marincola
Pseudomonas aeruginosa
Peduovirus P2
Variovorax sp. $1254
Stenotrophomonas maltophilia
r I[HAGE CR1 tail completion protein-like protein

|— Alcanivorax sp. S71-1-4

Marinobacter sp. X15-166B
Halomonas elongata
Halomaonas organivorans
Salinicola socius

M Kushneria phyllosphaerae
Larsenimonas suaedae
Kushneria phyllosphaerae(2)

—

Kushneria indalinina

Halomonas alkaliantarctica

Halomonas gudaonensis

Phage CR1 Tail protein P (OUTGROUP)

Pseudomonas aeruginosa
Peduovirus P2

Variovorax sp. 51254

[PHAGE CR1 tail completion protein-like protein ]I

Marinobacter sp. X15-166B
Halomonas alkaliantarctica
Halomonas gudaonensis
Salinicola socius

Halomonas elongata

Halomonas organivorans

Larsenimonas suaedae
Kushneria phyllosphaerae
54 | - Kushneria phyllosphaerae(2)

a2 o
Kushneria indalinina

Fig. 5.31. Phylogenetic analysis of Phage CRI tail completion protein-like protein. (a.)
Maximum likelihood tree (b.) Neighbourhood Joining tree.
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Protein Sequences

Species/Abbrv * o bt - v . . .. * N

1. PHAGE CR1 tall completion protein-lik ' N |K LRDHL KIBHLKQNBEIKL i|F B LoflLoRrr ; P R EA

2. Peduovirus P2 M. KPOSLIRRALTDAVTVLKTNPEVL K P/L MLReENBPD  GQKKGP TFYAD

3. Larsenimonas suaedae MKK TALRQYL I DAVEHLQRDPHEGL \ P LOML POLAPAE RFBAE

4. Kushneria phyllosphaerae(2) MKK TALRQHL DAVEHLQROPEOQL \ P LOMWL L RFMEA

5. Kushneria indalinina MKE TALRQYLIDA I BHLQ QL \ P LDWL L KFBAE

6. Kushneria phyllosphaerae MKK . T ALIRQHL LDAVBHLQRNPEIOL \% P LOMWL L REBAE

7. Pseudomonas luteola MNEKPESLR HL A PELRHNPEBIRL Y B L L QF D

8. Pseudomonas aeruginosa MKKPE! LIRDHL A PELKRNPEIRL UB Ll L KFBAD

9. Pseudomonas umsongensis MNEPDSLIRAHL A PELKHNPEIRL Y/ L L KFBAD

10. Pseudomonas marincola MNK NSLRTHL NVIBELKYNQERL ME PL L QF )

11, Pseudomonas sp. C2B4 MNEPDSLIRVHL A PELKHNPEIRL ElY oL L KFIBAD

12. Halomonas alkallantarctica M K HALRKHL DAVIBELKR PlK L Y P LQ L RUBAE NQ
13, Halomonas gudaonensis MNK' HALRKHL DAVIBELKRGREKL A B LQ L R At NQ
14, Halomonas elongata MRK LRQYL  DAVIEDLKRDPEIR L Y . LC L FIBAC NN
15. Halomonas organivorans MRK s/ LRQVL DAVPELKRD vln L Y P.LD ILE FEAE !

16. Variovorax sp. 51254 MKKPQ L LRD TRACRBOLATNBERLT \i P RFES [

17. Marinobacter sp. X15-1668 MRK EDLRRH NVPKLKRNPEIKL sV BiLs REMAE L (N

18, Salinicola socius MKEK' D DAVBGLSRD PIR L \ BoLC FIEAE

e ————————————

Protein Sequences

Species/Abbry *l# * * * *
1. PHAGE CR1 tall completion protein-like EL B LolLo RETE T EWEK

2. Peduovirus P2 TLN BvL L 5V HVKNSEBRPPPEPE

3. Larsenimonas suaedae TAQ T P LOML KD THK EHRVIBRI DVDHH

4. Kushneria phyllosphaerae(2) TAQ T P LOWL KDTHR DI SHRVEBR'D H

5. Kushneria indalinina TAQ T P LDML KDTHQ NI SHRVBRFD H

6. Kushneria phyllosphaerae TAQ T P LOWL KTT ) I HAHHRVBRF D Q

7. Pseudomonas luteola NLQ L KDN EHGERQ EAE

8. Pseudomonas aeruginosa TLN P KDD QVSHAER DDEE

9. Pseudomonas umsongensis DLQ S PoLCWL KDL EBQYRP

10. Pseudomonas marincola TLN e KEI E@MQLEETFT

11. Pseudomonas sp. C2B4 DLQ 5 B L L KDI ERQ P

12. Halomonas alkallantarctica EAQ T PoLOML DT BAYPIERLE

13. Halomonas gudaonensis DAQ T P LQWL s D P PIER

14, Halomonas elongata TAQ P LDMLS KESER PR ERPVK

15. Halomonas organivorans TAQ P LDMLS TETER PR ERPVK

16. Variovorax sp. 51254 TLN P L KV ER PD

17. Marinobacter sp. X15-1668 PIQ C P L E TAC BKPPVED [ E

18. Salinicola socius TAQ B LOQL S KKREQ PK:EREE EWDGEQ

o . . - - H - . . . .

Fig. 5.32. Multiple sequence alignment of tail completion protein-like protein highlighting the
conserved regions.

Based on the multiple sequence alignment of Phage CRI tail completion protein-like protein from
bacteriophages of various hosts it was observed that methionine, lysine, leucine, and others are highly

conserved at amino acid positions 1, 3, 7, and 35 other positions, respectively.
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5.5.15. PHAGE CR1 tail protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 tail protein, has been done and sequence alignment followed by
phylogenetic tree analysis were performed using the top few hits. Phage tail protein of Marinobacter
sp. X15-166B, exhibited 100% sequence similarity with Phage CRI tail protein, the phylogenetically

closest species with standing members in the tree.

a. b.
Azotobacter beijerinckii Klebsiella pneumoniae
Azotobacter vinelandii 56 Erwinia typographi
Pseudomonas ofitidis 53 Peduovirus P2
Pseudomonas lalkuanensis 57

Marinobacter sp. X15-166B

i Pseudomonas resinovorans - -
] Phage CR1 tail component protein ]

Pseudomonas aeruginosa(2)
— Pseudomonas lalkuanensis

Pseudomonas sp. 09C 129
— Pseudomonas resinovorans

- Pseudomonas aeruginosa m

— Azotobacter beijerinckii
Pseudomonas denitrificans (nom. rej.)

— Azotobacter vinelandii
A Pseudomanas nitroreducens

23 Pseudomonas aeruginosa(2)
—E Phage CR1 tail component protem]

g Pseudomonas sp. 09C 129

Marinobacter sp. X15-1668 100
Klebsiella preumoniae 8 Pseudomonas aeruginosa
{ Erwinia typographi 93 Pseudomonas denitrificans (nom. rej.)
75
Peduovirus P2 Pseudomonas nitroreducens
PHAGE CR1 tail completion protein-like protein (QUTGROUF) L—————— Pseudomonas otitidis

Fig. 5.33. Phylogenetic analysis of Phage CRI tail protein. (a.) Maximum likelihood tree (b.)
Neighbourhood Joining tree.
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Protein Sequences

Species/Abbrv P o * *|%| % S e e * *| % * % x| %] [*
1. Phage CR1 tail component protein MRV VTAS C.REY R v VLEANPSELAGL B RV TIL D PTQKQTTVKL
2. Peduovirus P2 KTFA CVRYYGR v TVLAANPGLAEL PHEIT AVELPDVQTAP ETVNLWE
3. Pseudomonas lalkuanensis MDQV I AR CWRHYGR v VLEANPGLAEL P TTLNLPPQAPQPQRRTVQL
4. Pseudomonas sp. 09C 129 M| VIA S 1 CMIS Y R v VLEANPGLADLGP PHEITRVTLPDAAPQAEQRVVNL
5. Pseudomonas otitidis MN S VRA CW R R VLEANPGLAD LGP PQEHRVTLPAQAPQPQRQTVNL
6. Pseudomonas denitrificans (nom. rej.)[M VIA S | CMEH v R v SVLDANPSGLADLGP PHETRVTLPDAAPQAEQRVVNL
7. Pseudomonas resinovorans MDQV 1 AR CWRH R v VLEANPGILADL P TPIHLPPQAPQPQRRVVQL
8. Pseudomonas aeruginosa(2) M VIAS CWR Y R v VLEANPGL ADLGP PHEITQVTLPDAAPQAEQR N L
9. Pseudomonas aeruginosa M| VIA S | CMH Y R v VLDANPGLADLGP PHE TRV I LPDAAPQAEQRVVNL
10. Pseudomonas nitroreducens M| VIA S 1 CMEH v R S GV SVLDANPSGLADLGP PHETHVTLPDAAPQAEQRVVNL
11. Azotobacter beijerinckii M| VIAH CWRHYGR v VLEANPGLAD LGP PHEIQRVTLPEQAPQPQTQTVQL
12. Azotobacter vinelandii MATV I AH CWRHYGR SV VLEANPGL AD LGP PHEIQRVTLPEQAPQPQRQLVNL
13. Marinobacter sp. X15-1668 MRETRA CYRHYEYMDGEV VLEANPGL AKHEGP P TRVHLPEVAAQPTKTSVQL
14. Klebsiella pneumoniae MK KVRAY CWRHY QG Vv QVLQANPGL AEHEGP P H QVELRPD I ATTSTVQTVQL
15. Erwinia typographi -IMKVRA Y CWRHY Q@ Vv QVLQANPGL AG Y P PH EVELPDVAP TSQTVQL
Fig. 5.34. Multiple sequence alignment of tail protein highlighting the conserved regions.

Based on the multiple sequence alignment of Phage CRI tail protein from bacteriophages of various
hosts it was observed that methionine, valine, alanine, and others are highly conserved at amino acid

positions 1, 4, 6, and 33 other positions, respectively.
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5.5.16. PHAGE CR1 tail collar domain protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 tail collar domain protein, has been done and sequence alignment
followed by phylogenetic tree analysis were performed using the top few hits. Phage tail protein of
Desulfoluna butyratoxydans, exhibited 59% sequence similarity with Phage CRI tail collar domain
protein, the phylogenectically closest species with standing members in the tree. Desulfoluna

butyratoxydans, an anaerobe isolated from estuarine sediments.

Vibrio vulnificus Pseudomonas nitroreducens

Photobacterium ganghwense Pseudomonas sp. PDM18

Photobacterium salinisoli Pseudomonas sp PDNC002

Photobacterium galatheae .
Pseudomonas knackmussii

[Phage CR1 Tail collar domain ]

Pseudomonas citronellolis

Desulfoluna butyratoxydans
Pseudomonas aeruginosa
Endozoicomonas montiporae

Peduovirus P2

100 Endozoicomonas montiporae

Pseudomonas citronellolis

—[Phage CR1 Tail collar domain]

E Peduovirus P2

Pseudomonas aeruginosa
76
. [] '— Desulfoluna butyratoxydans
Pseudomonas knackmussii
Pseudomonas sp. PDNC002 - Vibrio vulnificus
59 ]
Pseudomonas nitroreducens — Photobacterium ganghwense
Pseudomonas sp. PDM18 — Photobacterium salinisoli
) 100
Phage CR1 tail tape (Outgroup) '— Photobacterium galatheae

Fig. 5.35. Phylogenetic analysis of Phage CRI1 tail collar domain protein. (a.) Maximum
likelihood tree (b.) Neighbourhood Joining tree.
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Protein Sequences

Species/Abbrv * * *iv * * * * *|* *
Phage CR1 Tail collar domain Y L G K N KTF v A BB PD LVNE R'P N v E P
2. Peduovirus P2 Ms | KiRT K PGRRVG T HVA k.pvellicaToL  HllVWR K ) KR PP 0
3. Desulfoluna butyratoxydans |T QY L QH KVTKEP ) BNEAQTELVNQ PP EVRGI P P K
4. Vibrio vulnificus EQQY¥GS I L E ) K KKPVE A N QPBIR K LVN R P vQqQ P P PO
S. Endozolcomonas montiporae| f RY L EDK K KQ | E 1 VA NGR P KL VN DRYKID VDK P PP
6. Photobacterium ganghwense[N|Q Q Q Y L EN ) KLKNKQ T i1 A T PBIR KQ LVN R P VQPTPL P BDDVND
7. Photobacterium salinisoli QQQY L EN '] K KKPIE 11 A QPEIRTQ LVH R P VE | PT P K
8. Photobacterium galatheae QQQY L EN ) K KKP I E 1A N QPEIRTQ LV R P VE PT P N K
9. Pseudomonas nitroreducens TY LT K T TTLK QLA PNP RTQLVN RR P MR svDP ( PEC
10. Pseudomonas knackmussil Y L K TLK A PTR R LVN RIR B QL SVDPAN BEL
11. Pseudomonas sp. PDM18 TY L K TLK A PSP RTQLVH RR P MR . SVDP REC
12. Pseudomonas sp. PDNC002 Y L K TLK A PTP RTQLVN RR P MR SVD PEL
13. Pseudomonas citronellolis Y 5 K TLK A NVPTH R LVN RR P ) P REC
14. Pseudomonas aeruginosa Y LN K TLK A PTE R LVN RR B voe BEC
Protein Sequences
Specles/Abbrv * * > > » | *
Phage CR1 Tall collar domain |  [RIE G A AHEA Y KB A f f | ViASR I i
2. Peduovirus P2 R A A Y KR E R R E 1D VMATQDYVDDK {EQRRHPI ¢ EK
3. Desulfoluna butyratoxydans | /R K A CPPNYKRBVPSQ PKRLPIRMN T [ ASREW ) KD ) NG P f
4. Vibrio vulnificus R T A CAR I YVBSP I NNGC NPVE P INPN ASRQ  VEI A KE KSF K P RINE
5. Endozolcomonas montiporae ' IR D@ A CAPNYKP INSPKKLPIRLN RE ) INDDLVMASIRD YVNK K TRE K
6. Photobacterium ganghwense | R NFHA CARI YVBAPIN PVE EP EIDPNVV I ASRDWVNKK R I A
7. Photobacterium salinisoll R K N A CARVYVIRA P NE ) TVT DP NPNVVTASIRE YVNKQ i )PHP N R
8. Photobacterium galatheae R K NLHA CARVYVBAPQ N E ) TVT DpP INPNVVTASIRE Y VNKQ i PHP PLE R [
9. Pseudomonas nitroreducens/ ' R DE A CAPSYKP E R R A ELKIDP VIATR v TR K ; ) T
10. Pseudomonas knackmussil / | | [ A CAPSYKEP E R R NT ELKIDPSVVLATREYV RTR R )
11, Pseudomonas sp. PDM18 R DE A CAPSYKR i R R N ELKIDPSVVLATIREYVD R K ) H
12. Pseudomonas sp. PDNC002 / ' R DE A CAPSYKIP [ R R ELKIDPSVVLATRE YV TR K ) t
13. Pseudomonas citroneliolis / ' R DE A CAPSYKP £ R R N ELKIDPSVVI ATIREYVDSR K
14. Pseudomonas aeruginosa R [ A CAPSYKEP [ R R T : KI1DP V ATRI VDI RVK F P NPKAF DR

Protein Sequences
Specles/Abbry

1. Phage CR1 Tail collar domain RK R P K R R
2. Peduovirus P2 DLANGAQDATTARK QLSSATS NTLNE TN KQPKDAT - - - - - T RIP N K
3. Desulfoluna butyratoxydans NYE --NLRKTCD KSGR TAITTST 5

4. Vibrio vulnificus QLDR TS EIE D N AD R S P

5. Endozolcomonas montiporae RIDYPGK SD KGDSNT 5 5

6. Photobacterium ganghwense
7. Photobacterium salinisoli

8. Photobacterium galatheae

9. Pseudomonas nitroreducens T H 5

=

10. Pseudomonas knackmussil | T H
11. Pseudomonas sp. PDM18

12. Pseudomonas sp. PDNCO02 T H 5
13. Pseudomonas citronellolis
14, Pseudomonas aeruginosa R ¢

Protein Sequences

Specles/Abbrv
Phage CR1 Tall collar domair : I P PSF P [ f
2. Peduovirus P2 K ELQ NR N QKNGDT ¢ EN WI RN KN ) T \ KWI N A KQN
3. Desulfoluna butyratoxydans ; TVNR KTKHTE TINR R RGHSTE N NCT NIWTR N TEK T [ P RI
4. Vibrio vulnificus R N EEE K RK HPPSS RGV PGNP £ PLL K P PiRRCK K G PO K
5. Endozolcomonas montiporael Q [ N K El PPVWLPPP ) K JVRI SRF R [ K RN CK N T R P K
6. Photobacterium ganghwense KL E TIK DLNRSF VDL Q N w NN N R RPI EWR ) EW \ P IR
7. Photobacterium salinisoll PVN [ TDQPRT KAQR 5 R PK ) N PQT TGI PL RR
8. Photobacterium galatheae Q K f PRP KAQRVE R K W t N PET f TTPNIH } RR KD
9. Pseudomonas nitroreducens” £ T R E T E TDTER P 5 R ENVWR 5 N K R.P R PTGNSE K R P
10. Pseudomonas knackmussil R E T E DAER P R N T K RSP R P )G K R P
11, Pseudomonas sp. POM18 £ * R E [ DTER P R EN K RLP R T P EGK R i
12, Pseudomonas sp. PDNC002 ~ £ R E T TE ER P RFNAEN K RLPT R T ; K R P
13, Pseudomonas citronellolis ' v QWG T N F F
14. Pseudomonas aeruginosa 1 ) SPENTQ KN N K QEKMW 5 i ] KQP Qw P ) P PN

Protein Sequences

Species/Abbrv .
Phage CR1 Tail col W RHF KQ

2. Peduovirus P2 D1 NGNE N N TTH 3 L KQH RP D DN v K R E

3. Desulfoluna butyratoxydans T NCTLEN R NITLTEK T ) [ P R ) T El : K TST QT P

4. Vibrio vulnificus [ PLDYS 5 SKWVPVHPFRRCK K PGDPDK EV [ , T [ K VRFGDK

5. Endozoicomonas montiporae | T R /4 G D SYK KY VN T RD F KN E K K TT H N E N

6. Photobacterium ganghwense N R N KiRPL ) R N PDSHRHE R NANR ET TDAN EAW

7. Photobacterium salinisoll TODPQT TGDFT HLGHYRR [ D " P T R K PK ’ ;

8. Photobacterium galatheae 5 N JPET GET TTPNF RRG A K T EFHQ [ TANNNT DE PI NL

9. Pseudomonas nitroreducens | N K RLP R T PTGNSEGK RVNFEP EFQAE QASP T [ KTLPN RIEYQ

10. Pseudomonas knackmussil | D K RSP R PT K R PLT EVYQTE QASP TGT [ KTLS PLRIEYQ

11. Pseudomonas sp. POM18 L N KYERLP R T P EGK RVNEP EFQAE C P T [ KTLPN RIEYQ

12. Pseudomonas sp. PDNC002 | N K RLP R T TGNSEGK RINFP E R QASPN T C KTFIPN RIDYQ

13, Pseudomonas citronellolis |- - 2z2ea QWGTSQSDANGH NFP PSE WYGD [ RQ T w K

14, Pseudomonas aeruginosa P 5 F KQP Qw P ) 5 E P PN ] R R

Fig. 5.36. Multiple sequence alignment of tail collar domain protein highlighting the conserved regions.

Based on the multiple sequence alignment of Phage CRI tail collar domain protein from
bacteriophages of various hosts it was observed that tyrosine, leucine, threonine, and others are highly

conserved at amino acid positions 5, 9, 10, and 36 other positions, respectively.
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5.5.17. PHAGE CR1 tail tape measure protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 tail tape measure protein, has been done and sequence alignment
followed by phylogenetic tree analysis were performed using the top few hits. Phage tail tape measure
protein Peduovirus P2, exhibited 74% sequence similarity with Phage CRI tail tape measure protein,
the phylogenetically closest species with standing members in the tree. Peduovirus P2 is an E. coli
phage.

Pseudomonas jiinensis Streptococcus phage Dp-1

100

Halopseudomonas gallaeciensis 81| - Fromanvirus D29

Pseudomonas lalucatii 100 Bacillus phage SPP1

Pseudomonas mendocina * Burkholderia phage BecepMu USA/Summer/2002

Pseudomonas marincola 9
Peduovirus P2

98 Phage CR1 Tail tape

Pseudomonas abyssi

Pseudomonas leptonychotis
Pseudomonas toyotomiensis

Pseudomonas oleovorans 71
Halopseudomonas oceani
Pseudomonas mosseli
Pseudomonas mosseli
i r Pseudomanas brassicacearum
r Pseudomonas brassicacearum
- Pseudomaonas viridiflava

100 -
M - Pseudomonas viridiflava

r Pseudomonas abyssi

] 1o [ PS€udomonas toyotomiensis
- Halopseudomonas oceani

. — Pseudomonas oleovorans
Phage CR1 Tail tape

r Pseudomonas marincola

- Peduovirus P2 Ell

Bacillus phage SPP1 — Pseudomonas leptonychotis

Streptococcus phage Dp-1 r Pseudomonas mendocina

67

Fromanvirus D29 - Pseudomonas lalucatii
|: Phage CR1 Tail collar domain (Outgroup) r Pseudomonas jilinensis
Burkholderia phage BcepMu USA/Summer/2002 oL Halopseudomonas gallaeciensis

Fig. 5.37. Phylogenetic analysis of Phage CRI tail tape measure protein. (a.) Maximum
likelihood tree (b.) Neighbourhood Joining tree.
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Protein Sequences

Species/Abbrv

1. Phage CR1 Tall tape M|
2. Peduovirus P2 M| <
3, Streptococcus phage Dp-1 Q)
4, Burkholderia phage BcepMu USA/Summer/2002{M|
5. Bacillus phage SPP1 N
6. Fromanvirus D29 M|
7. Pseudomonas toyotomiensis

8. Pseudomonas oleovorans M|
9. Pseudomonas marincola M|
10. Pseudomonas leptonychotis M
11, Pseudomonas brassicacearum

12. Pseudomonas fllinensis M
13. Pseudomonas mendocina

14, Pseudomonas viridiflava

15. Pseudomonas lalucatii M
16, Pseudomonas mosselil M|
17. Pseudomonas abyss! M
18. Halopseudomonas gallaeciensis

19, Halopseudomonas oceani M

AK
5NN

AQR

PN S
AN C
ANI
ARD
AR
ANL
ARI
ARI
AN L
ARD
AN
AQK
AR
AQK

K kP
R Q RIBIWKS

T L]
RT
RTVDSRTEKF EN
LQ DR RIP I R
LQ DR RP 'R
LQALDRASREIL R
LQTLDR RP R
LNAIDK P K
LQ DR RV R
LQGLNRASKE RE
LNAIDK P K
LHALDR RIP K
L DK B K
LQ DR K@ R
LQ DRATRBVRT
LQALDRATKER R

“
KALR R LRD
RETQKSLRE N
NEFQAT ELGRMK
DELRARHTRLGD
LST LR
RELK TDLEK | E
RALKDSRDQLKAMQ
RALKDSRDQLK
RALKDTRAELK )
RALKDTRADLK )
RALKDARDRLKELN
NSLKQTRDHLR
RDOLKATRTELK
RSLKEARARLKDLN
RTLRDTRGELK ]
RELKAARDRLKE [N
RELKTTRDQLKQLQ
NSLKQTRDHLK )
RELKTTRDQLKQLQR

KKLT f K
SR RKT

D KT
{PMRN | AELR
P P

DVPVN N
QRD WRTLR
JRD VR R
IRD RALR
JRD RML K
)KL WRTQR
)R RS
15D RALK
Y KD WRTQR
) KD RS LK
QK WR
1GD WRTLN
)R RT
G D WRTLNN

» >

x> ®

® ™ x

LATQFKNTERPT
' [ R C
EATRLAR R
L
RL KT
L T P
L N P
L TANPT
QLS NTATPT
LsQQ TGKP
QLSRE NTQHP
QLsQQ TP
L ) T P
LGQQ NTAQP
Q E P
LSRQMAQTSTPT
QLSRQLRDTQTPT
L ) )TSTP

Protein Sequences

Species/Abbrv
1. Phage CR1 Tail tape R
2. Peduovirus P2

3. Streptococcus phage Dp-1 1
4. Burkholderia phage BrepMu USA/Summer/2002
5. Bacillus phage SPP1 5
6. Fromanvirus D29

7. Pseudomonas toyotomiensis

8. Pseudomonas oleovorans

9. Pseudomonas marincola

10. Pseudomanas leptonychatis

11. Pseudomonas brassicacearum
12. Pseudomonas jilinensis

13. Pseudomonas mendocina

14. Pseudomonas viridiflava

15. Pseudomonas lalucatii

16. Pseudomonas mosselii

17. Pseudomonas abyssi

18. Halopseudomonas gallaeciensis
19. Halopseudomonas oceani

Q

KNTERPTR

R

PSRQ

DTN

QRQG

KQ
K

KQKHQE

EQQ
QQ

QQ

RNL
NTRNL
KGSQ
TGNLT
QASL
$5--L
STRNL
STRNLS
STRNL
STRNL
STRNL
STRNL
STAQL
STRSL
STRTL
STRDLG
STRNLG
STRNLG
STRNLC

W-W-N-

m@m@omm oD
LR

R

Protein Sequences

Species/Abbrv

1. Phage CR1 Tail tape

. Peduovirus P2

. Streptococcus phage Dp-1
. Burkholderia phage BeepMu USA/Summer/2002
. Bacillus phage SPP1

. Fromanvirus D29

. Pseudomonas toyotomiensis
Pseudomonas oleovorans

. Pseudomonas marincola

o (e W

)
10. Pseudomonas leptonychatis
11. Pseudomonas brassicacearum

12. Pseudomonas jilinensis

13. Pseudomonas mendocina

14, Pseudomonas viridiflava

15. Pseudomonas lalucatii

16. Pseudomonas mosselii

17. Pseudomanas abyssi

18. Halopseudomonas gallaeciensis
19. Halopseudomonas oceani

EE

QRTQATRGQ LA
QAGKELAGNMAS
TQEERNRE T

GS

T O T O T

F

EF

F

i
QKN

DX IR RRE KX KK KK

Ao

TDTTIIBWIDDDIDDED

oo oo

o o

=]

mom

) KL

KD S

GK
KN

KN
KN

KD

RH

KE
KD
KQ
RD
RN
RD

TT
GR

PE
PE
.
PQ
5Q
EE
DE
PE
PO

PE

EP

A

SADD
ACKG
QAYVQ
PA

Be

TA

AGQ
TAGQ
TAGQS
e q
AGN
TAGQ
thco
SATD
SANE
TAGE
SANE

Protein Sequences
Species/Abbrv

1, Phage CR1 Tall tape

2. Peduovirus P2

3, Streptococcus phage Dp-1
4. Burkholderia phage BcepMu USA/Summer/2002t
5. Bacillus phage SPP1

6. Fromanvirus D29

7. Pseudomonas toyotomiensis

8. Pseudomonas oleovorans

9. Pseudomonas marincola

10. Pseudomonas leptonychotis

11, Pseudomonas brassicacearum

12. Pseudomonas fllinensts

13, Pseudomonas mendocina

14, Pseudomonas viridiflava

15. Pseudomonas lalucatii

16. Pseudomonas mosselil

17. Pseudomonas abyss!

18. Halopseudomonas gallaeciensis

19. Halopseudomonas oceani

.‘.
P

K

>>P>>>>>>>>>>>> >

>

B
K
K BT
A PKLLK N
KT TFQT
L
D L
L
L
L
D L
L
L
D L
L
L
L
L

P

0

[ L L8
NKT C C 3
ER (3 |

EGSLQ

K KTLINL
oRTGE TaLlr
TRSNTNLQMLEME

RsNTNLQULIEE
TRSNTNLQVLINE
TRSNTNLQVLINE
TRSNTNLQWLINE
TRSNTNLQVLIE
RSNTNLQULIEE
TR NLQMVLIE
TR LQYLEE
RsNTNL N [
TRSNTSLEMLINE
TRSNTNLQULINE
TRSNTSLEMLIRE
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Protein Sequences

Species/Abbrv

1. Phage CR1 Tall tape P P AAVARK @B ] R R PPK P

2. Peduovirus P2 S0 BV AKN SIEETAA '.I Kl SR s@LqaPT T KE

3. Streptococcus phage Dp-1 S TK <A TP 1T TQ ENLTNT I QST PQ E

4. Burkholderia phage BcepMu USA/Summer/2002 S QK SRGD K -- - A KLF EAQ NE QDIQTINH NT I DQD -
5. Bacillus phage SPP1 Bucse KMVNSFAPE K ] 5EQT s K TKTN

6. Fromanvirus D29 P STGTQ TLSN - - AGAN H ND Q P

7. Pseudomonas toyotomiensis ETMK P [ QD ETMAAMANK I R K PT Q

8. Pseudomonas oleovorans ETMK P QDI ETMAAMARK i+ B T R K PTVLQE

9. Pseudomonas marincola ETMK P s QDI ETVAAMARK ] B T R K PT QE
10. Pseudomonas leptonychotis ETMK P S )] E AAARK ] B T R K P QE

11. Pseudomonas brassicacearum ETMK P 5 ETVAAUARK ] E T R K PE TE

12. Pseudomanas jilinensis ETMK P ETVAAUARK 1 Qfs T R K PN ED
13. Pseudomanas mendocina ETMK P ETVAAVAGRK ] £ T R K P QE
14. Pseudomonas viridiflava ETMK BV 55 QDI ETVAAMARK s E T R K PE T

15. Pseudomonas lalucatii ETMK P QDI ETVAAMARK 1 Qfls T R K PS E

16. Pseudomanas mosselii ETMK P QDI ETVAAMARK ] T R R.SAPPKS P S KE
17. Pseudomonas abyssi E K RN ) E AA AR K I Q T R R PPR PD K E

18. Halopseudomonas gallaeclensis ETMK P ETVAAVARBK 1 QMls T R NRVS APPK PDILQE
19. Halopseudomonas oceani ETMK BN E AA L ARK I Q T R SR PPK PO KE
Protein Sequences

Species/Abbrv

1. Phage CR) Tall tape NMRP ) K f R A L i L

2. Peduovirus P2 NTRP KE EKNR i QAE KT i EA L T T KASI E»\ T NI MQDN I ) F K d t
3, Streptococcus phage Dp-1 PQ [ EN T PQ £ K EALIN 2 T N ) PT ) QI »
4. Burkholderla phage BcepMu USA/Summer/2002 Q N DQD RRAE WGRiQTQll AR P TOLMNT T ) ] [ K L
5. Baclllus phage SPP1 DMK TKTN KTK N TK RLQ KQ K 5 QMK T KN Q 4
6. Fromanvirus D29 Q 2 P D PA st A ) P T TP T DT T T QALGP 1
7. Pseudomonas toyotomiensis NMRDMP QE EKTK DAER KG I EEA Qvi )Q N K TLR R : K DNV R ( LN

8. Pseudomonas oleovorans NMRDMP QE EKTK DAER KG | EEA QviLvaQQ N N R R K DNVRED . DALN Wi
9. Pseudomonas marincola NLRDMP Q EXTKNVEDADR KAl EEA QVLVKQ T D TLR KT DN R L wi
10. Pseudomonas leptonychotis NLRDMP QF EKTKN ) AD R KAl EEA QVLVKQ 1 E TLR T K DN LRI i

11, Pseudomonas brassicacearum NMRQMPE TE KKTKH DR KH I EA QVLVKQ T QTR Q K ( [ LN f
12. Pseudomonas Jllinensts NMRQLPN ED RKTEHVENAER KAl EEA TYLMNC TLR N K [ RE@D L Wi
13. Pseudomonas mendocina NMRDMP QFE EKTK DAERS KG I EEA QVLVQQAGN K TLR K E R DN.RID L KAL
14. Pseudomonas viridiflava NMRQMPE TE KKTKH N ADR KNI EA QVL I KC TLRQAC K K i D LN N
15, Pseudomonas lalucatl NLRDLP ELHSKTK NADR KA EEA QvLvDQ K TLR C ETTAK [ RED L f
16, Pseudomonas mosselil NLRDMP KE EKTRK DR KD I DEA QVvit TGQ QT LK QRTAK DN D EllS wi
17. Pseudomonas abyssi NMRPLPD KEIHDRT TER KAl EA TVLTQQAGN QLRTAQ R [ [ LKS VW
18. Halopseudomonas gallaeciensis NMRQL PD QE KTR NAER Kol EA TYLEVNQAC TLR R R DN R L
19, Halopseudomonas oceani NMRPLPD KEIHDR TER KAl EEA TVLTQQAGN T RTAQ R ) [ [ LKSVW

Protein Sequences
Species/Abbrv

1. Phage CR1 Tail tape
2. Peduovirus P2

3. Streptococcus phage Dp-1 )
4. Burkholderia phage BcepMu USA/Summer/2002

5. Bacillus phage SPP1 KN
6. Fromanvirus D29 T

7. Pseudomonas toyotomiensis R
8. Pseudomonas oleovorans R
9. Pseudomonas marincola R
10, Pseudomonas leptonychotis R
11. Pseudomonas brassicacearum

12, Pseudomonas Jilinensis R
13. Pseudomonas mendocina R
14. Pseudomonas viridiflava

15. Pseudomonas lalucatii R

16. Pseudomonas mosselii

17. Pseudomonas abyss!

18, Halopseudomonas gallaeciensis R
19, Halopseudomonas oceani

1))
20

R Rk

IR I R

Protein Sequences
Specles/Abbrv

1, Phage CR1 Tail tape
2. Peduovirus P2

3. Streptococcus phage Dp-1 ;

4. Burkholderia phage BcepMu USA/Summer/2002 [ R
5. Bacillus phage SPP1 3
6. Fromanvirus D29

7. Pseudomonas toyotomiensis

8. Pseudomonas oleovorans

9. Pseudomonas marincola

10. Pseudomonas leptonychotis

11. Pseudomonas brassicacearum

12. Pseudomonas Jllinensis

13. Pseudomonas mendocina

14, Pseudomonas viridiflava T
15. Pseudomonas lalucatil

16. Pseudomonas mosselil

17. Pseudomonas abyssi

18. Halopseudomonas gallaeciensis

19. Halopseudomonas oceani

PE

XXX ®DX X

X% Koo

B

R

NP
NP
NP
NB

-

»xx X

© =

4R ERRK XL
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Protein Sequences

SpeciestAbbry

1. Phage CR1 Tall tape W P R RHSP VD R PERFK

2. Peduovirus P2 EGLEK PVGE TPLKPVIDWLEKLQ KN

3. Streptococcus phage Dp-1 SLLSKIASFVGQMVS NLIRNFS H SAVSKIGSMTSIVSK N

4. Burkholderia phage BcepMu USA/Summer/2002: G | [~ - - - - - - - - - - - - - - - oo oo o SIRT v w PKTFTD St

5. Bacillus phage SPP1 is I\:- KTFET 5 KT KSFFTS N 5 RN

6. Fromanvirus D29 D EWVGSW-55GVQQVSDFGQLPGKIKS EAGKN

7. Pseudomanas tayotomiensis ELQ e T NFSP R DIPARFTD

8. Pseudomonas oleovorans ELK S DIAKTILNFSP iR DIPAR

9. Pseudomonas marincola e EIKQGFS TILNFSP R EMPSR

10. Pseudomonas leptonychotis E 1 KQC C T NFSP R DMPARFTE

11. Pseudomonas brassicacearum ) 6 DEIKS S K NFSP Q DMPSRFTE

12. Pseudomonas jilinensis KEGFNGG NFSP R ELPAK

13. Pseudomonas mendocina SEIKT D KWNPLNLFRN DMPAR

14, Pseudomonas virldiflava N T ND K NFSP o] DMPNR

15. Pseudomonas lalucatii y ElK s TTLLNFSP R ELPGK

16. Pseudomonas mosselii NAMEE RSDFDR N NENP Q ELPTR GN

17. Pseudomonas abyssi EITT N K N K ELP N

18. Halopseudomonas gallaeclensis ElK N E R DMPERFT RQ

19. Halopseudomonas oceani EITTAFDG 50 K ELP N
—

Protein Sequences

Species/Abbry

1. Phage CR1 Tall tape

2. Peduovirus P2

3. Streptococcus phage Dp-1 N

5. Bacillus phage SPP1 KT
6. Fromanvirus D29 L
7. Pseudomonas toyotomiensis

8. Pseudomonas oleovorans
9. Pseudomonas marincola w
10. Pseudomonas leptonychotis w

11, Pseudomonas brassicacearum
12. Pseudomonas Jllinensis

13. Pseudomonas mendocina TT
14, Pseudomonas viridiflava w
15. Pseudomonas lalucatil

16. Pseudomonas mosselll w

17. Pseudomonas abyss|
18. Halopseudomonas gallaeciensis
19. Halopseudomonas oceant

4. Burkholderia phage BcepMu USA/Summer/2002 © W

KR

kKt vEEERvE  r Bool

PLN NKLRV!EK C
L@ PRIRV " EQ | [0 N
TLE! KSPERVF DN )

LB HEPEIR RO E H T K
LG HSIPERYF Q E N
KLE! PSRVF ) EK
QKL HIPERRV F / E 2 EK
TLE! RISPEIRV F € ‘] Q
KLE! PSRVF ] ? Q
KLER! HIPERR V F - E Q
TLE! RSIPSIR V F D Q
L@ PSRVF ) (
KL@! PSRVF TQ
KLE ! SIPEIR VF H (
kL@ HSIPEIRV F TE

L@ HSIPSRVF ) Q
KL@! PSIRVF 0 ) R
LE! PSRVF ) C

DQT RTHTA P 1P R KN
( EN EKVK E K )QLPEAPDF E R K PR N N )GEQT
R RA T 5 LQR I N R P P
il KA K PEVPTPE N £ KR
i )P ¢ TKELKQ R QD P PVDFAK K ) K
QSGPLGA KQ NRPP PR )AGP P
QSGPLGA KQ NRPP PR YAAPI PAP
i PLQALT KRLTQ NRPPLSN ) PNVP EC
i PLQALT KKLTQ NRPP PNVP (
NGQAKPLSAMTR QL T P NRAPISPAPAP PAP
ERSQRGPLSA ) AG K ) ) RP P ) T P
QSNPLSALQRIGNN RAPLANTGRP i T C
QNGPLNAVARMSKQ RAPVR T PRVD AC
ERGQGGPL AA K ) RAPLAN P ) T P
( KAPLEAVNR LT TP )R AP [ TvPT PRI
RQQGEPL AA QR R RRP RP R P
RSQGGPLNA ) K Q RPP P 1GDT P
) EP A R RRP RP T P

Protein Sequences
Species/Abbrv

1. Phage CR1 Tall tape
2. Peduovirus P2

3. Streptococcus phage Dp-1 N
4. Burkholderia phage BcepMu USA/Summer/2002
5. Bacillus phage SPP1 K

6. Fromanvirus D29

7. Pseudomonas toyotomlensis
8. Pseudomonas oleovorans

9. Pseudomonas marincola 9
10. Pseudomonas leptonychotis ‘]
11. Pseudomonas brassicacearum '
12. Pseudomonas jilinensis

13. Pseudomonas mendocina s}
14. Pseudomonas viridiflava ‘]
15. Pseudomonas lalucatii )
16, Pseudomonas mosselil

17. Pseudomonas abyss| ']
18. Halopseudomonas gallaeciensis R
19, Halopseudomonas oceani o)

PV AK i R [
R TAT D P
QEN EKVK EKMADQLPEAPE
RA -
T TKA PEVPTPE
DPS KELKQ R
( PLGA K ( f
( PLGA KQ
PLQA K R
PLQA K K Q
QAKPLSAMTR QLT PQ
S PLSAVLD K Q )
i NPLSALQRIGNN )G Q
PUNAVARMSKQLT
PLAA KQ
KAPLEAVNR QLTE rp
EPLAA IR
PLNA ) K
EPLAA 5 QR

NQF R P8 F ‘ RARAGHR
QAYQP R DQSKNE riv JLDRQLQE EKYERDKRAR AR HD
) VRK PRV NT DNSKNNQGEQ [ RNDVDKL SR NRSKE
N R P TvTvofespo KDQVKQ RDL ER KRERR R
| EQSVN N )MDKRE RAVEEPVRE RKRKRR

P P K T K [ K TE 1} K RE KN R

RPP PRAAQVQC P DEQQL AR Qq sk DQ
DNRPP PRAAQVQC PIP DEQQL AR QQARSRS DQE
DNRPPLSNGSQ PNVP DE R E HVR R DQE
INRPP sSQ PNVP D R Q'R R [
DNRAPISPAPAP )SHDH Y PAPRVD RAVR KGARQRSKL ST
DSRP TQAP QGO TAPHTD JLEQMINRVLE K VR R DTN
DARAPLANTGRP £ D RRMLEQ T KAARVR DQE
DTRAPVR ) NDTYTs PR RAVR RIAREKDARRR C
DSRAPLAN P QGE PRTD RQMLNQLLDERERGKAARVE DRE
)DRAP )SHDTYPTP D R R RIL K RQRS R DQ
)SRRP RP TGSR [ P ' DRRER R R DQ
YSRPP I S P QGDT P D ) NR DQRERHK R R [
)SRRP RP TGSR [ PQ H ELDRRER R R DQE

regions.

Fig. 5.38. Multiple sequence alignment of tail tape measure protein highlighting the conserved

Based on the multiple sequence alignment of Phage CR1 tail tape measure protein from bacteriophages

of various hosts it was observed that methionine, alanine, valine, and others are highly conserved at

amino acid positions 1, 2, 9, and 96 other positions, respectively.
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5.5.18. PHAGE CR1 tail protein D:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 tail protein D, has been done and sequence alignment followed by
phylogenetic tree analysis were performed using the top few hits. Baseplate hub protein of Eganvirus
ev186 and Peduovirus P2, exhibited 91% and 95% sequence similarity with Phage CR1 tail protein D,
the phylogenetically closest species with standing members in the tree. Eganvirus evl86 and
Peduovirus P2 are E. coli phage (Seed KM., Dennis JJ., 2005, Viral host database).

Halomonas sp. — Halomonas sp.(2)
a3

Halomonas johnsoniae .-
'— Halomonas meridiana

an
Halomonas sp. 15WGF
r— Halomonas sp. 15WGF

Halomonas sp.(2) 39

'— Halomonas sp.
Halomonas meridiana

Halomonas piezotolerans
Halomonas piezotolerans

Halomonas elongata
Halomonas elongata 9

’_\_‘ et

99

Kushneria phosphatilytica Kushneria phosphatilytica

Ectothiorhodospiraceae bacterum Ectothiorhodospiraceae bacterium

r Halomanas sp. GD1P12

Phage CR1 tail protein D ]

- Salinicola socius
51 Eganvirus ev186

r Eganvirus ev186
100

Peduovirus P2

~ Peduovirus P2

Phage CR1 tall protein D

Phage CR1 tail tape measure protein (OUTGROUP)

Halomonas sp. GD1P12

|

99

Salinicola socius

Fig. 5.39. Phylogenetic analysis of Phage CRI1 tail protein D. (a.) Maximum likelihood tree (b.)
Neighbourhood Joining tree.
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Protein Sequences
Species/Abbrv * * * * % x| * |x % * * € x % % %%
1. Phage CR1 tail protein D GSTLERDYR RQHL LD DNRTGHS LT LERTRED  EIPPTERAKLK KGEALVDKETFEWVQ THSEPE T
2. Eganwirus ev186 GTS P SDRL LTMTDNR EA L ELDET KVELPLREA QGSALLNKEDFTYV EHR P i |
3. Peduovirus P2 GSTLTRDY SDRL TLTONREG-cABGILE ELN QVGLPVREAVLT KGFALVCKEKFTV EHRE P Thi
4. Halomonas sp.(2) NAYPKPRSYR NGRL SILSLREQRE. cABGILE 7L B+ DS PPREAELQ QEEGLVDKERFTV QHSETPBQLTI}
5. Halomonas sp. 15WGF NAYPKRSYR NGRL LSLREQR EA L TL H Q PPREAELQ QKEGLVDKERFTV QHTETREQ L TVI
6. Halomonas meridiana N PKPSYR NGRL LSLREQR Al L TL H Q PPREAELQ QEEGLVDKERFTV QHTETPEQ.TII
7. Halomonas sp. PKRSYR NGRL LSLREQR EA L TL H Q PIPREAELQ QEEGLVDKERFTV QHSETRPEQ LTI
8. Halomonas elongata PYHREBS YR NGRLTELR | KAQRDQES L TLTEH E PPSEANVLS KDEGL IDRE@TYHYV EHSESPEIKL.TII
9. Halomonas sp. GD1P12 -|-MS | QD YR RARL LTLHDRR QA L L TED DIPPTEAEL KGQPLSERETF 1V EHT PRIT . NI}
10. Halomonas piezotolerans N PKRSYR NGRL L REQR EA L TL H Q PIPREAELQ QEEGLVDKERFTYV QHTETRPEQ LTI
11. Ectothiorhodospiraceae bacteriurD|H TH R B S YR NGRL L TENR EANMTL TL H ELPPTEAE T DGE-LVEKES V) EHSES PEQ y |
12. Kushneria phosphatilytica QIRPYRRPGYR PRINGRL NLRIRSQREQ:ADGLE sLTBH DIPPS s DEGL | DREVFTV THSEsPBQLTI
13. Salinicola socius GRPAREDYR \EQQIIPR RGRLQRLTLTDRRIE. £ADQL L TBo Bl PRREVE H SGEPLTQRETF V EHSE" P ] |
Protein Seguences
Speciesiabbry v s | |« * . . . .
1. Pliage CR1 wal protein O FIB T A AG GPLTEKKHRSMHG EMMATIAGEAEL IR S SQES CTVE LFELPA
2 Cgamirus evifG P TIRARBADFRGTLHSRRCCSMHD T CLNESTIAKRNELT S DSLEK| P GATVAVIE KLLFLEM
4 Preiovirus 23 | IRARBADFRGTENS RIRFGSMHD IVKAIATEMRLFASYAPSLAGIK SUKRCEE D LF KA
4 Halomanas 5.7} Bl I Rar@AvvRGgL PG KR DGMED FEINTTIAGRNSLHE LNGIH & B GRS
5. Halomanas 58, 15WGEr TIEE RARRADVROGOLPCHERTCCEHD EINTTIAGRNMELER LHNG | R A K RVLFET VAR
6. Halomanas meridiana TEB: . T IRARBACVRCOLPCKERTCCMHLD EINTTIAGRNRELER LNG | R A K RULFT VAR
7. Halomanas g, TEE: . TIRARBACDVRGOLPCKRTCCMHD EINTTIAGRNALELR LHG | R A K RMLFETVA
B Halormoris elomgala SPE . TIRARCADVGIQLPEKERTO SMID? Ol laalAGRNGL 5B LAS| P h TIKEZ@RLLFTRARI
9 Halomanas sp. GOARE? P WA CEAN RAGLPERETGSHEDS ROGIETIAMRHDL TRS LAGYA A K Fupal
. Halomenas plotalerans Bl o Rar@ADvRGGL PG KR DG EE D I-lv'llac.ﬂr.t.ll—? LNGIH & B R
11, Ecmothlorhodospiracess bacteriur) 5 FI0 IRARBADVRCGGLPCOKS R SHHD EIVEEIAKEHRCGLERK L GEHLGY ! A K RLLEITA
12, Kughneria phosphatlytica SEBT . TIRARAADVGELLPCKERSC SMHD EINDTIAGRHEEL SR GRTLSGIR A KWZERVLET
13. Falinicola 20Cius P RCOFPVERTCSMHRT DINTTISKRHCDLNES | GQALR G AMTTVIR lN LFIPA
Protein Sequences
Apreicsiitbny * | [+ l = |= b 0 s O * * * * *
1. Phage CR1 Lail pretein D LF. PARR 5 OMLEP TR-B-BMTHTWREFTRCRYTHRY. CREMRMEIRKNARNEL Y TA QGRARKQLBGTYPTEHEAKRAAL ER RDM
2. Eganyirus evlae DLLFLKABS ASE K F VR TIRM RH D DRG A YTEYTAK IO PPOE Y UABE ~DN LTTUYASK QAMRAAD KD K QIRE"
3. Pedudwirus F2 ILLFLKAROG A KK @0 TR= RHH CRCAYTEYTAK AMKCDPEPQE ARE DN LTTVYATKAQAMRAAD -~ KO K R| A
4. Halomonas spz) RMLF ARG A R P TIRR QHREYSVIDRD AY @Y KA MOR G ARTEENAKDLRFTYATEDDA ASR OR R| A
5. Halomonas sp. 15WGI AL AR T A [ F g 1 OHRYS DRLD - ¥ =Y KA M ABIEENAKJLRFITATEDDA AAR R B A
. Halomonas meridiana AMEF ARG A i} B i OHRY S CREAYSEYHA MO G ARTEENAKALRPTNATEDDA AAR oR R A
7. Halamonas sp, EMLF A A R P R R OHEREYS DRD Y SV HA MORE ABTEEN AKQLRFTYATEDDA ASR oR R| A
A, Halarmenas elangata PLFTPARDGE . A 51 G6 TIRK RHRYSRTSRFSYTEY KA MO PR ARGTFEK KFLR ATFADAMDFEARS OR RRFA
. GRIRT2 FUPARC \TRAT TIBF AROT OHER KATRIF AYERVTA O] T FRETNAQOQLRBUTYVATTTAI TAAD OR RiG ™ A
almans piesalalersns TMLFTVAROG A R BG TRR OQHRYSVTDRD Y@V KA MO A EENAKQLRBPFTYATEDDA &AR QR R| A
11. Ectothiorhodospiracese bacteriurt L LF | P& SlA EFLBFP RIRH OHFE KADRCAYTEVYRA MO ABRTECHNFKELRFTYATKED A AAR ER R| A
12 Kushneria phasphatilytica AMLET E A P TRR QHRISRTDRDSY TRV EA MO ABCKDKSKELRETYASE EaAKSEWRR QRS- &
13 5alinicola sodus dLLF I‘AIL’ISI A EIRP RO QHRYSVSDROSYER@Y | AS i} ARE0OCNPERLRFIYASS A AAKS OR - KR A
Protein Sequences
Species/Abbry * * * * * = * % % * * *
1. Phage CR1 tail protein D TA QGRRKQLRGTY¥PTEHEAKRAAE RR BONFTLELTLDKARPALT P QEWKPQIBG SM 5 QLPG
2. Eganwirus evi86 ABE ADN LTTVYASKAQAMRAAQ A KD K R AEFSITLA R~DLFP PVRVS KRVIBEQ SKMTHN KLS
3. Peduovirus P2 ABE DN LTTU¥YATKAQAMRAAQAKMOK _ QIR VAEFS  SLATER~D | v TSNP SE-KRVIBIEQDMT | TKVTH RLS
4. Halomonas sp.(2) ABRTEENAKQLRPTYATEDDA ASR Q R AEFELTLA R~DLLP BLT KPQ1 T SEVMTH T H
5. Halomonas sp. 15WGF ABRTEENAKQLRPTYATEDDA AAR QR R AEFELTLA R~DLLP BLT KPQl T SEVMTHS G C KG
6. Halomonas meridiana ABTEENAKQLRPTYATEDDAL AAAR QR @RE AEFELTLAL@R-DLLPJEP.T KPQl T SEVTHS E TLLH
7. Halomonas sp. ABTEENAKQLRPTYATEDDAL AASR QR BIRE AEFELTLAL@R DL L PJEP. T KPQ I T SEVMTHS G cCBVKG
8. Halomonas elongata ABGTEKLKELR ATEADAMDEARS QR RREALFELTMAHER DL SELT WKPQ IBGTD TDVED N C KAG
9. Halomonas sp. GD1P12 TVEMEPENAQQLRHTYVSETEALEAAQ QR_BRETAYFS I TQAABEPEL " PIEP ~WCNEBWKRQ | BIETP EVI HRLTETS TRPN
10. Halomonas piezotolerans ABVEENAKQLRPTYATEDDAL AAAR QR BIRE AEFELTLAL@R- DL .PENIP. TLT@KPQI T TEAEDSLSEN CBVHSK
11. Ectothiorhodospiraceae bacteriur’ V ARMTEGNPKELRPTYATKEDA AAR RR R AEFS LA RAELAP P TAQEWKPQIBGTT RVKHDLNES s
12. Kushneria phosphatilytica A KDKSKELRETYASEADAMEAAKS RR R ATFDLTLAHEHPDL P P.TLSEWKSQIBGTD TEVEDSLD@S C QNS
13. Salinicola socius ABSDDNPKRLRP I YASSEDAL AAAKSEMOR. KRETAEFT.UNLAEGR D v PEMP WKREIEETE EVRHE INBIGEY TNS TKPS
Fig. 5.40. Multiple sequence alignment of Phage CRI tail protein D highlighting the conserved
regions.

Based on the multiple sequence alignment of Phage CRI tail protein D from bacteriophages of
various hosts it was observed that proline, tyrosine, arginine, and others are highly conserved at amino

acid positions 7, 9, 10, and 130 other positions, respectively.
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5.5.19. PHAGE CR1 Putative phage tail protein:

The BLASTYp using non-redundant protein database and UniProt/SwissProt database of the protein
sequence of PHAGE CR1 Putative phage tail protein, has been done and sequence alignment
followed by phylogenetic tree analysis were performed using the top few hits. Phage tail protein of
Pseudomonas jilinensis, exhibited 94% sequence similarity with Phage CRI Putative phage tail
protein, the phylogenetically closest species with standing members in the tree. Pseudomonas jilinensis

was isolated from oil production water.

a b.
Halomonas sp. Fel2 Buttiauxella sp. JUb8T
100
Halomonas meridiana 81 Buttiauxella brennerae
Halomonas piezotolerans a7

Pseudomonas jilinensis

Halomonas desiderata(2)

—[ Phage CR1 putative phage tail protem]
99

Halomonas desiderata

Marinobacter sp. X15-166B

Halomonas anticariensis
100 Marinobacter salsuginis

Salinicola endophyticus 91|
9% Marinobacter nauticus(2)
Marinobacter sp. X15-1668 o

Marinobacter nauticus

Marinobacter salsuginis

o Salinicola endophyticus
Marinobacter nauticus(2)

Halomonas anticariensis
Marinobacter nauticus

i L 61 Halomonas desiderata(2)
Pseudomonas jiinensis

100

Phage CR1 putative phage tail protein ] Halomonas desiderata

Buttiauxella sp. JUb87 Halomonas piezotolerans
Buttiauxella brennerae 100 Halomonas sp. FeN2

58 .
Phage CR1 Tail completion like protein (QUTGROUP) Halomonas meridiana

Fig. 5.41. Phylogenetic analysis of Phage CRI putative phage tail protein. (a.) Maximum
likelihood tree (b.) Neighbourhood Joining tree.
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Protein Sequences

Species/Abbrv . ERCEC . vl o | e . o v . . elw] [ io] | [winlw] [wie] | .
1. Phage CR1 putauvephagelaﬂpro(em_ LEIMF L FELRT ABYSEVRENQ RH P K P D L ELRPE T 1. R MA TEK PL NER Y .
2. Buttiauxella sp. JUb87 MUMTLBMFVET L KT VRYRIELQYQQQEMRH /S PO 1L LV SIS TIQ.MA " TRIKGHMPL SET Y

3. Buttiauxella brennerae MTLEEMFVFT L KTVEYRELQYQQQ BD T 1L (Y | SIS TIQ MA-TEKGEPL SET 'Y

4. Salinicola endophyticus MALBIMFVFETRS VEBYBIQLQRNS PE S L TLLEE BL.EL ROMASQED AMP L TERQY

5. Pseudomonas Jllinensis MS L FVFSLST \/ QRQT RGO ISt BE SR SLET R MADTEKANPL SER Y

6. Halomonas anticariensis M. M LEBMFVFETRS VBYRELQRST PE T 8 TLLRE R DLBE ROMADQEKAMP L TERQ Y

7. Halomonas sp. FeN2 M M- LEIMFVFETRTVRYRIELKR T P WL TLLET R SLBE REMADQEIN AMP L TERQY

8. Halomonas desiderata(2) MALEBMFVFQTRTVRYRIELKR T PE T IMLSETL PE R DLBE ROMADQEOAMP L TERQ Y

9. Halomonas piezotolerans MALBIMFVFETRS VPYRIELKR P WL TLLRT R SLBE REMADQEIN AMWP L TERQY

10. Halomonas desiderata MALBIMFVFQTRTVPYRIE KR T P 1l 15 TLLEE R DLEE  RDOMADQEQ AMP L TERQY

11. Halomonas meridiana M.M A LEBMFVFETRS VPYRIELKR P WL TLLRT R SLBE REMADQEIN AWP L TERQY

12. Marinobacter nauticus(2) MTLEIMFVFEVQS BYBIQLQRST PG IWLEETL Y PE R TLRD VR MADESKANPL SER

13. Marinobacter nauticus MTLEIMFVFEVQS PYRQLQRST PG £ gL TLYBE R/TLBIO VR MADESKAMPL S@R

14. Marinobacter sp. X15-1668 MVMTLEIMFVFEVKS PYSQLQR PG NL TLYRE R/TLEID R MADESKAMP L SER Y

15. Marinobacter salsuginis My MTLEMFVFEVQS . BYBQLQRST TEPE ¢ 1 S R/TLBD VR MAD:@cAMPL SER Y G
Protein Sequences

Species/Abbrv w | . . wel | |w .- " " . . » . . B B
1. Phage CR1 putative phage tail proteinfl | il L ELRBE KGR L NEROYE B ek SDFFR TPRVMISET  DLARVEESRVE D ROR
2. Buttiauxella sp. JUb87 1L () S KCMP L SET Y ES SQEKSEFFS PREIEFTVTLKR MESLAS D QLTEN
3. Buttiauxella brennerae 1L LV SIS TLQLMAATEKGERL 1 LR/ ESISQEKSEFFS PREIEFTLTLKR ES DMSGQLTEN
4. Salinicola endophyticus L TLLERE B EL ROMASQED AWP L RQY TQVD SQFHR G . DFS.LSLERVEDTRLD SLTAESLSH
5. Pseudomonas jilinensis Isit Pe SR SLBT R MAD TEKAMP L S@R Y ESLSEMSTLFFR TPRRIEFS TLQRVEIDSR | E

6. Halomonas anticariensis I@L TLLERE R OLBIE ROMADQEKAMP L TERQY TRVE SSVFFER QEIEFTLTLEHVEOERTD

7. Halomonas sp. FeN2 [} |8 TLLET R SLBIE REMADQEN AMP L TEROY TRVE STHFEFR EKIEF TLEHVEINERTE

8. Halomonas desiderata(2) 1L TLLEE R DLB: ROMADQEQAMNPL TERQY TQVE SHFEFR PQRIEFT.LTLEHVEDTRTD

9. Halomonas plezotolerans || L TLLET R SLBE REMADQEIN AMWP L TEROY TRVE SSHFFR ERIEFN.TLKHVEDERTD

10. Halomonas desiderata 1L TLLEE R DLEE  RDMAD QAWPL TEROY TQVE SHFFR PQRIEFT.TLEHVEDTRTD

11. Halomonas meridiana 1@ TLLRT R sLBe REMADQEN AWP L TERQ Y TRVE STHFFR ERIEFN. TLEHVEDERTD

12. Marinobacter nauticus(2) I WL TLYRE R TLBO 'R MADESKAMWPL S@R CVTGVE STVEES PREIDFT INLVRVEEDD ' Q

13, Marinobacter nauticus ] TLYRE R/ TLBD VR MADEGKAWPL S@R CVTGVE STVEFS PREIDFT I NLVRVEEDD ¢

14. Marinobacter sp. X15-1668 NL TLYRE R/TLBO R MADEBKAMPL SER VY N FF PREIDFT RVEIEDD Q5

15. Marinobacter salsuginis I.L TRTLYRE R/ TLBO 'R MADEGKAMPL SER VY 3VTISVS STAFES PRIEIEFT R EDDFQ

regions.

Fig. 5.42. Multiple sequence alignment of putative phage tail protein highlighting the conserved

Based on the multiple sequence alignment of Phage CRI putative phage tail protein from

bacteriophages of various hosts it was observed that methionine, leucine, glycine, and others are highly

conserved at amino acid positions 1, 3, 5, 6 and 66 other positions, respectively.
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[ CONCLUSION]

The host of the lysogenic bacteriophage CR1 is Microbulbifer strain CR1, which is a marine
polysaccharide degrading bacteria. Microbulbifer strain CR1 is a lysogen, whose specific phage CR1
was induced by nutrient starvation. Induction at different time intervals results in different phage titres.
The titre is maximum at 3 hrs of induction and then gradually decreases as time of induction and

incubation in nutrient deficient environment increases

The prophage CR1 consists of 33 proteins, out of which 14 are hypothetical proteins, 2 are head
proteins, 4 proteins are involved baseplate assembly, 4 proteins are in capsid formation, and the rest 9
proteins involved with tail proteins to perform their function. The present study indicates that the
proteins of phage CR1 are closely related to the proteins of bacteriophages associated with the host
bacteria from different marine environments, viz., Alcanivorax sp. S71-1-4, Pseudomonas jilinensis,
Marinobacter sp. X15-166B, Desulfoluna butyratoxydans, Chitinolyticbacter meiyuanensis,

Marinobacterium sedimentorum, and Halomonas spp.

A few terrestrial species are also obtained, showing relationships in some of the trees, like
Pseudomonas saudiphocaensis, Stutzerimonas kunmingensi, Chromobacterium alkanivorans,
Pseudomonas mirosoviensis, and Pseudomonas sp. TCU-HLL1 is one of the few bacteriophages hosts
whose phage proteins show close relatedness to those of the CR1 phage. Along with this, Eganvirus
ev186, Peduovirus P2, and Burkholderia phage BcepMu USA/Summer/2002 were among the top few
blast hits. These phages have been reported to infect E. coli. (Seed KM., Dennis JJ., 2005, Viral host

database).

Proteins from Alcanivorax sp. S71-1-4 phage show maximum relations with PHAGE CR1 proteins.
Though the host of the bacteriophage used in the present study is a polysaccharide degrading bacterial
strain, none of the closely related bacteriophages or the host bacteria have reported the presence of
complex polysaccharide degrading enzymes expect Chitinolyticbacter meiyuanensis. The Phage CR1
head completion-stabilization protein from Chitinolyticbacter meiyuanensis shows close evolutionary
relation to the head completion-stabilization protein from CR1 phage (Zhang et al., 2020). The
phylogenetic analysis shows a close association with crude oil degrading bacteria like Alcanivorax sp.
S71-1-4 (obligatory hydrocarbon clastic bacterium), and Pseudomonas jilinensis. Previous studies
predicted that phage CR1 belongs to the order Caudovirales, and the phylogenetic tree analysis show

maximum similarity with the species belong to the same order.
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6. FUTURE PRSOPECTS

Concentration and purification of phage.

DNA isolation of the phage.

Viral genome sequencing analysis.

Atomic force microscopy can be explored more in order to study the lytic cycle of the phage
and the morphological changes that the phage causes in host bacteria.
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A.1. Artificial seawater agar:

1. Tris base 6.05 g/L
2 MgSO;4 12.32 g/L
3 KClI 0.74 g/L
4. (NH4),HPOg4 0.13 g/L
5 NaCl 17.52 g/LL
6 CaCl, 0.14 g/L

Dissolve in distilled water and adjust the pH to 7 with concentrated

HCI. Make up the volume to 1000 mL with distilled water.

Agar: 2%

Table 3. Composition of ASW agar
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1. INTRODUCTION

Viruses are the most prevalent "lifeforms” in the oceans and ubiquitous companions of cellular life forms. Most of the
genetic variation within the aquatic ecosystem is stored in viruses (Curtis A. Suttle, 2007). Every cellular creature under
investigation seems to have its own viruses, or at the very least, selfish genetic components resembling viruses. Recent
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