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Abstract Bacteriophages vB_EcoM-VRS5, vB_EcoM-
VR7 and vB_EcoM-VR20, showing an unusual low-tem-
perature plating profile and producing constantly growing
plaques, were isolated from aquatic environments of
Lithuania. Although vB_EcoM-VRS, vB_EcoM-VR7 and
vB_EcoM-VR20 resembled phage T4 both in their genome
size and in their major structural protein (gp23) pattern,
physiological properties of all three phages tested differed
significantly from those of T4. With an optimum temper-
ature for plating around 24°C and a high efficiency of
plating in the range 7-30°C, bacteriophages vB_EcoM-
VR7 and vB_EcoM-VR20 failed to plate at 37°C, whereas
phage vB_EcoM-VR5 could not be plated at 40°C.
Sequence analysis of diagnostic g23 PCR products
revealed that g23 of vB_EcoM-VRS, vB_EcoM-VR7 and
vB_EcoM-VR20 differed from the corresponding T4 g23
DNA sequence by 21, 21 and 20%, respectively.

Introduction

Bacteriophages are the most abundant entities in the bio-
sphere, exceeding the number of bacteria by a factor of 5:25
[1, 2]. It has been estimated that in the biosphere, there are
>107 tailed phages, among which the myoviruses, phages
with contractile tails, are widespread and diverse. Bacte-
riophage T4, the most researched archetype of the myovirus
family, can be shown by phylogenetic analysis of the head
and tail genes to belong to the monophyletic group of T4-
type bacteriophages. Among more than 160 bacteriophages
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that have been classified as T4-type exclusively based on
morphological criteria, nearly 130 are morphologically
indistinguishable from T4 [3]. The strong conservation of
T4-type virion morphology suggests that the portion of the
phage genome encoding structural components may be the
most tenaciously fixed in evolution.

Based on a sequence comparison of three major structural
proteins (gpl8, gpl9 and gp23), the T4-type phages have
been classified into four subgroups with increasing diver-
gence from T4: the T-evens, pseudo-T-evens, shizo-T-evens
and exo-T-evens [4-6]. The designation mezo-T-even has
also been proposed in order to classify so called “chimeric”
T4-type bacteriophages (e.g. RB69, TulA), which appear to
occupy an intermediate position between T-even and
pseudo-T-even phages (Krisch, personal communications).
Moreover, culture-independent sequence analysis of PCR-
amplified environmental DNA [7, 8] revealed that the T4-
type myoviruses are much more diverse than was previously
suspected and indicated that the T4-type phage superfamily
may comprise at least 15 distinct subgroups.

About 90% of the known T4-related phages grow on
Escherichia coli or other enterobacteria, and the remaining
10% grow on phylogenetically more distant bacteria, e.g.,
representatives of such genera as Aeromonas, Vibrio,
Synechococcus etc. [9]. The vast majority of enterobacte-
rial T4-type phages are from municipal wastewater or
sewage, indicating that their natural habitat is the human or
animal intestine [3]. Consequently, the optimum tempera-
ture for coliphage development is about 37-40°C, and this
correlates closely with the optimum growth temperature of
the host—the thermotrophic cells of E. coli [10]. Based on
the effect of temperature on the efficiency of plating, three
physiological types of bacteriophages have been recog-
nized—high-temperature (HT) phages plating at or above
25°C, low-temperature (LT) phages plating at or below
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Table 1 Characteristics of

. . E. coli strain Characteristics Reference/source
E. coli strains used for host
range determination BE sup® Dr. L. W. Black
B40 supF strr (Sup+) Dr. L. W. Black
BL21 (DE3) F~ dem ompT hsdS(rgmg) gal Avidis
A(DE3)
K-12 ANI180 (F~, argE3, thi, mtl, xyl, Dr. V. N. Krylov
sir704)
MHI1 araD139 AlacX74 galU™ galK™ Dr. K. N. Kreuzer

Nova Blue (DE-3)

GM 2163

CR63

hsr hsm rpsL

endAl hsdR17(rkomity») supFE44 Novagen
thi-1 recAl gyrA96 relAllac
[F' proA*B" lacl"ZAM15::Tnl0
(Tch)]

dam-13::Tn 9 dem-6 hsdR2 leuB6 Fermentas

his-4 thi-1 ara-14 lacYl galK2
galT22 xyl-5 mtl-1 rpsL136
tonA31 tsx-78 supE44 McrA™
McrB™

supD, ser Dr. K. N. Kreuzer

30°C, and mid-temperature (MT) phages plating in the
range 15-42°C [11]. E. coli phage T4, the archetype of
T4-type superfamily, is the typical representative of MT
bacteriophages. According to Yanagida et al. [12], certain
steps in T4 assembly seems to be inhibited even at 19°C,
leading to an accumulation of capsids, preheads, partially
sheathed tails and naked cores. No T4-type E. coli-specific
bacteriophages have been reported to plate efficiently at
low temperatures, and, among characterized bacterio-
phages, only Aeromonas hydrophyla-specific phages have
been assigned to the LT group to date [11, 13].

In this paper, we present three T4-like bacteriophages,
vB_EcoM-VRS5, vB_EcoM-VR7 and vB_EcoM-VR20, with
physiological properties that have never been observed
before among the characterized T4-related E. coli phages.
Our aim was to introduce the main characteristics of the
newly identified bacteriophages, as it is usually recom-
mended prior to publication of the whole genome sequence.
Following the nomenclature of viruses proposed by
Kropinski et al. [14], we named our newly isolated bacte-
riophages vB_EcoM-VRS5, vB_EcoM-VR7 and vB_EcoM-
VR20, although they are subsequently referred to by their
shorter common laboratory names VRS, VR7 and VR20.

Materials and methods

Phages and bacterial strains

T4-like phages VRS, VR7 and VR20 were originally iso-
lated from Lithuanian municipal wastewater (VR20) and

sewage (VRS and VR7) as described previously [15].
Wild-type phage T4D was kindly provided by Dr. W. B.
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Wood. E. coli strain BF (sup®), a gift from Dr. L. W. Black,
was used for phage propagation and phage growth exper-
iments. For host range determination, a double agar overlay
plaque assay method [16] was employed, and the list of
E. coli strains used is presented in Table 1.

For all phage experiments, bacteria were cultivated in
Luria—Bertani broth (LB) or LB agar. Bacterial growth was
monitored turbidimetrically by reading ODggpy. An ODggg
of 0.8 corresponded to 2.0 x 10® cells/ml.

Phage techniques

Phage isolation, plating and titering were carried out as
described in Ref. [15], and adsorption tests and one-step growth
experiments were carried out as described by Khusainov et al.
[17] and Carlson and Miller [18], respectively.

Determination of the efficiency of plating (e.o.p.) was
performed as described by Seeley and Primrose [11]. High-
titer phage stocks were diluted and plated in duplicate.
Plates incubated at 17, 24, 30, 35, 37, 39 and 40°C were
read after 18-24 h, those at 12°C after 48 h, and those at
7°C after 5 days. The temperature at which the largest
number of plaques were formed was taken as the standard
for the e.o.p. calculation.

Viral DNA isolation and restriction analysis

Aliquots of phage suspension (10''-10'? pfu/ml) were
subjected to phenol/chloroform extraction and ethanol
precipitation as described in Ref. [18]. Isolated phage DNA
was subsequently used in restriction analysis. Restriction
digestion was performed with EcoRV, Dral, Vspl, Ndel,
Smil, Bsp11071I, Alul, Bst11701I, Bsp143I, Hinfl, BglIl and
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Munl restriction endonucleases (Fermentas) according to
the supplier’s recommendations. DNA fragments were
separated by electrophoresis in a 0.8% agarose gel con-
taining ethidium bromide. Restriction digestion was repe-
ated at least three times to confirm the results.

Pulsed-field gel electrophoresis (PFGE)

Purified phage particles (approximately 1.0 x 10'" pfu/ml)
were used as the source for the preparation of intact
genomic DNA. After overnight incubation with proteinase
K, samples were mixed with 1.2% low-melting agarose and
loaded into a 1.2% agarose gel. PFGE was performed for
24 h at 6 V/cm and 8°C with a pulse time of 10 (E/W) to
10 s (S/N) using the Gene Navigator system from Phar-
macia Biotech. The gel was stained for 30 min with ethi-
dium bromide (0.5 pg/ml) and visualized on a UV box.

PCR and oligonucleotide primers

PCR with Pfu DNA polymerase (Fermentas), using dena-
turated phage particles as a template, g23-targeting
degenerate primers MZIAlbis (5-GAT ATT TGI GGI
GTT CAG CCI ATG A-3') and MZIA6 (5'-CGC GGT
TGA TTT CCA GCA TGA TTT C-3') was performed
following the method described by Filée et al. [7]. PCR
products were cloned using a CloneJET™ PCR Cloning
Kit (Fermentas) and sequenced.

Sequence analysis

Sequence analysis was performed using the Transeq (DNA
sequence translation), FASTA3 (nucleotide and deduced
amino acid [aa] sequence comparison) and ClustalW?2
(multiple sequence alignment) programs, which are avail-
able on the EMBL-EBI website. A neighbor-joining tree
was constructed using MEGA 4.0 [19]. DNA sequences
were deposited in the EMBL database under the accession
numbers FN641800, FN641801, and FN641802.

Protein techniques
Purified virus particles were dissolved in the sample buffer,
heated at 95°C for 5 min, and subjected to 12% SDS-

PAGE gel electrophoresis. Protein bands were visualized
by staining the gel with Coomassie brilliant blue.

Results
Phage morphology

Electron microscopy of VR5, VR7 and VR20 phage par-
ticles showed that the virion morphology of all three

phages tested resembled that of members of the family
Mpyoviridae, A2 morphotype (indistinguishable from phage
T4) [15]. SDS-PAGE of VR5, VR7 and VR20 virion
proteins confirmed their close phylogenetic relatedness to
the T4-type bacteriophages. Comparison of the structural
protein profiles showed that in all three phages tested, the
most abundant protein band (usually corresponding to the
major head protein gp23 in T4-related phages) displayed a
protein electrophoretic migration profile similar to that of
gp23 of bacteriophage T4 (Fig. 1). Meanwhile, the bands
of the other virion proteins of VR5, VR7 and VR20 clearly
exhibited distinct electrophoretic migration profiles com-
pared with those of T4.

The host range of VRS, VR7 and VR20

Bacteriophages VRS, VR7 (sewage sample isolates) and
VR20 (wastewater sample origin) were isolated on E. coli
strain BF as the indicator host [15]. Unfortunately, in the
course of the investigation of the abundance of T4-type
bacteriophages in municipal wastewater and sewage, no
natural bacterial hosts were collected. Subsequently, in
order to investigate the host range of VR5, VR7 and VR20,
they were tested for their ability to infect different labo-
ratory strains of E. coli (Table 2). In the plaque assay test,
only the infectivity of bacteriophage VR5 was shown to be
similar to that of T4 against all E. coli strains used.
Meanwhile, phages VR7 and VR20 showed a clear
preference for E. coli BE and BL21(DE3) over B40, K12
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Fig. 1 SDS-PAGE (12%) of virion proteins of T4 (control),
vB_EcoM-VR5, vB_EcoM-VR7 and vB_EcoM-VR20. Lanes M,
molecular mass marker PageRulerTM Prestained Protein Ladder Plus
(Fermentas); 1, phage T4; 2, phage VRS; 3, phage VR7; 4, phage
VR20
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Table 2 Susceptibility of E. coli laboratory strains to VRS5, VR7,
VR20 and T4 (control)

Bz B40 KI2 MHI NovaBlue GM CR BL21
(DE3) 2163 63 (DE3)
VRS + + 4+ o+ o+ + o+ o+
VR7 + + 4+ - + o+ o+
VR20 + +* 4+ + +* + +  +
T4  + + 4+ + o+ + o+ 4+

? Very small plaques observed
° Diffuse plaques observed

(or K12 derivatives). These results suggest that VR7 and
VR20 have narrower host range specificity than VRS or T4.
VRS, VR7 and VR20 were also tested on several labo-
ratory isolates of Klebsiella, Aeromonas, Pseudomonas and
Salmonella (data not shown). None of these bacteria were
susceptible to VRS, VR7 or VR20, indicating that these
phages have known host range limited only to E. coli.

The effect of temperature on the efficiency of plating
(e.0.p.) and adsorption

The e.o.p. of VRS, VR7, VR20 and T4 was examined in the
temperature range of 7—48°C. Unlike phage T4, all three
VR phages tested had an optimum temperature for plating
around 24°C, but the e.o.p. dropped sharply to O between
30 and 37°C in the case of VR7 and VR20, or between 30
and 40°C in the case of VRS (Fig. 2). These results indicate
that VRS, VR7 and VR20 are adapted to grow at the lower
temperatures of extracolonic environments rather than in
the range of mammalian gut temperatures.

There are at least two possible reasons for the phage to
fail to form plaques at a certain temperature: failure to
adsorb to the host cell, or failure to multiply [11]. In order

1,2
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Fig. 2 Effect of temperature on the efficiency of plating of phages
VRS, VR7, VR20 and T4 (control). Each point represents the mean of
four individual experiments
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to test the effect of temperature on the ability of phages
VRS, VR7 and VR20 to adsorb the cells of E. coli BE,
adsorption tests were performed at 24, 30 and 35°C (in the
case of VR7 and VR20) or 24, 30 and 37°C (in the case of
VRS5). During the adsorption tests, we also calculated the
final number of viable phages formed by plating chloro-
form-treated cells at the end of the rise period, deduced
experimentally (the rates are given in square brackets
within the legend of adsorption charts). Figure 3a shows
that the decrease of the temperature from 37°C to 24°C
negatively affected both adsorption and multiplication rates
of phage T4. The adsorption rates of VRS, VR7 and VR20
(Fig. 3b—d, respectively) showed that there was also a
certain increase in the adsorption rates of VRS, VR7 and
VR20 as the temperature was raised from 24 to 35°C (or
37°C). Meanwhile, the burst sizes were reduced by 97—
98% (in the case of VR7 and VRS) and by 92% (in the case
of VR20). These results suggest that multiplication (and/or
the injection step) of VRS, VR7 and VR20 were affected at
temperatures above 30°C. On the other hand, a slight
abortive adsorption profile displayed by VR20 at 35°C
(Fig. 3d) implies that the adsorption step at restrictive
temperatures in the case of this phage may be also
disturbed.

Phage growth characteristics

Single-step growth experiments were performed at 24°C
as described in “Materials and methods”. The curves
obtained (Fig. 4a—c) indicated that the latent periods of
VRS, VR7 and VR20 were 37, 40 and 42 min, respectively.
The eclipse periods were 31, 36 and 32 min, respectively,
and average burst sizes of 50, 70 and 48 PFU per cell were
obtained. As was expected, phage T4, with an optimum
temperature for development around 37°C [20], had a
substantially longer latent period at 24°C, 75 min. The
eclipse period was 50 min, and the average burst size was
136 PFU per cell (Fig. 4d).

It is worth mentioning that in the case of VR5, VR7 and
VR20, increasing the temperature to 30°C resulted in a
decrease in both the latent (30, 31 and 30 min, respec-
tively) and eclipse (25, 27 and 25 min, respectively) peri-
ods. Meanwhile the burst sizes decreased by ~40% (data
not shown).

The size of genomic DNA

Usually it is impossible to determine the genome size of
relatively large (>100 kb) genomic DNA-possessing bac-
teriophages by summing the restriction fragment lengths.
Therefore, pulse-field gel electrophoresis was performed to
mobilize the intact genomic DNA of bacteriophages VRS,
VR7 and VR20 (Fig. 5). Like phage T4, bacteriophages
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VR5 and VR7 were found to possess a genome of  Restriction analysis

~170 kb in length. Meanwhile, the genome of bacterio-

phage VR20 appeared slightly smaller than that of T4. On  Restriction analysis is a valuable method for characterizing
the other hand, these non-significant differences in gel  and differentiating various phages. The DNA of T4 con-
migration could be caused by unknown individual char-  tains hydroxymethyl cytosine (Hm-Cyt) instead of cyto-
acteristics of the genomic DNA of phage VR20. sine, and these residues are generally glycosylated, which
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M T4

VR7 VR5 VR20

kb
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179.0

160.5
145.5

130.5

112.0
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335
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Fig. 5 Pulsed-field gel electrophoresis of genomic DNAs of phages
T4 (control), VRS, VR7 and VR20. Lane M represents MidRange
PFG DNA size marker I (New England Biolabs)

makes T4 DNA resistant to digestion with most restriction
enzymes, and only few of them are known to cut the DNA
of T4. However, nucleotide modifications are neither
invariably present among T-evens nor absolute among
T4-related phages in general [3].

To test for the digestibility of VRS, VR7 and VR20
DNA, 12 type II restriction endonucleases (Dral, Vspl,
Ndel, Smil, Bsp11071, Alul, Bst1170I, Bsp143I, Hinfl,
BglIl and Munl) were used. Restriction analysis revealed
that the DNA of all three phages tested can only be
digested by the restriction enzymes that are known to
recognize Hm-Cyt-DNA of T4 [EcoRV (Fig. 6a), Dral,
Vspl, Ndel, Smil, Bsp11071], suggesting that phages T4,
VRS, VR7 and VR20 may contain similar DNA modifi-
cations. However, clearly distinct restriction patterns
visualized after digestion with Smil (whose recognition
sequence is 5" ATTTAAAT 3’) imply that DNA of bacte-
riophages VRS, VR7 and VR20 (Fig. 6b) may contain a
limited number of ATTTAAAT octamers compared with
DNA of T4. This feature may be related to the adaptation
of phages to a particular host and is quite common among
other T4-type bacteriophages, e.g. a limited number of
Smil recognition sequences can be found within the
genomic DNA of T-even phage RB69, shizo-T-even phage
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Aehl and pseudo-T-even phage RB49 (4, 4 and O,
respectively).

Phylogenetic relatedness

In the absence of a complete genomic sequence, a phylo-
genic classification of T4-related phages based on gp23 is
most commonly employed [4-9, 21-24]. In this study, we
used degenerate PCR primers that had been reported to
amplify a homologous segment of the g23 sequence in all
of the subgroups of T4-type phages [7]. PCR products of
predicted size (~0.6 kb) were detected for all three bac-
teriophages tested. The PCR-generated VRS, VR7 and
VR20 DNA fragments were subsequently cloned and
sequenced, and the corresponding amino acid sequences
were deduced. As was expected, all of the nucleotide
sequences obtained were similar to an internal region of
g23 of T4. The ClustalW?2 sequence alignment revealed
that PCR-generated fragments of VRS, VR7 and VR20 g23
were closely related to each other (97-98% nucleotide and
amino acid sequence identity). The FASTA-Protein search
within the NCBI database revealed that the deduced amino
acid sequences of the internal part of gp23 of VRS, VR7
and VR20 were most closely related to the corresponding
part of gp23 in JS98 (95, 94, and 94% identical aa,
respectively). Meanwhile, the amino acid sequence iden-
tities shared with the corresponding part of gp23 of T4
were only 84, 84 and 83%, respectively. To determine their
phylogenetic relatedness, the deduced sequences of gp23
fragments of VRS, VR7 and VR20 were aligned with the
corresponding fragments of the major capsid proteins from
14 T4-type phages available in databases, and a neighbor-
joining tree was constructed (Fig. 7). Based on phylo-
genetic analysis, bacteriophages VRS, VR7 and VR20,
together with JS98, fall into the distinct subgroup of
T4-type bacteriophages.

Discussion

As a consequence of increasing antibiotic resistance in
bacteria, interest in the ability of phages to control bacterial
populations has extended from medical applications into
the fields of agriculture, aquaculture, the food industry, and
wastewater treatment. However promising, non-clinical
applications of phage-mediated bioprocessing have many
limitations, most of which are related to the physiology of
the phage applied (e.g. the inability of the phage to survive
or replicate under the conditions desired) or the lack of the
characterized phages available [25, 26]. In this paper, we
present the characterization of three low-temperature
E. coli phages, VRS, VR7 and VR20, that could be useful
in the areas where bacteriophages adapted to grow at the
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Fig. 6 Gel electrophoresis a

analysis of EcoRV (a) and Smil kb M T4
(b) restriction digests of T4
(control), VR7, VRS and VR20 20.0
genomic DNAs. Lane M (a) 10.0
represents DNA size marker s
O’GeneRuler™ 1 kb DNA 7.0
Ladder Plus (Fermentas), and 50
lane M (b) represents DNA size 4.0
marker GeneRuler™ DNA
Ladder Mix (Fermentas) 3.0
2.0
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1.0
0.7
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Fig. 7 Neighbor-joining tree based on the alignment of the central
part of gp23 (corresponding to 110-303 aa of gp 23 of T4) of VRS,
VR7, VR20 and fourteen T4-type bacteriophages available at
http://phage.bioc.tulane.edu or NCBI databases. The bootstrap
values are indicated

lower temperatures of extracolonic waters are required
(e.g. wastewater treatment). In order to apply the phage to
any of the areas mentioned: (1) the phage must be char-
acterized, (2) it must be classified and (3) its complete
genome sequence must be determined. Although basic
morphological and physiological properties of VRS, VR7
and VR20 have been described in the previous section of

VR7 VR5 VR20

M T4 VR7 VR5 VR20

-
-

-
St
~—
—
=
—

this paper and the whole genome sequencing data are on
the way, we still find some difficulties in classifying these
newly isolated bacteriophages.

Phylogenetic analysis based on the alignment of the
central third of gp23 classified phage JS98 and all of the
VR phages tested into a discrete subgroup of T4-type
bacteriophages. Since bacteriophage JS98 was classified
into the group of T-evens [22, 23], one could assume that
VRS, VR7 and VR20 should naturally fall into this group
of T4-type bacteriophages as well. However, in order to be
characterized as T-even, the phage should meet several
determined requirements: (1) the phage should display
similar physiological properties with T4, and (2) it should
possess the orthologue of the major structural protein gp23
of T4, exhibiting amino acid sequence identity greater than
90% [6, 27].

The single-step growth characteristics of VR5, VR7 and
VR20 were hardly comparable with those of the T-evens,
since no T-even phage had been reported to have an opti-
mum temperature around 24°C. Meanwhile, the adsorption
test results suggested, as was observed with T-evens, that
bacteriophages VRS, VR7 and VR20 adsorbed more effi-
ciently at temperatures above 30°C. On the other hand, the
same effect was observed with numerous different repre-
sentatives of other T4-type subgroups. Although there was
a significant decrease in the burst size at temperatures
above 30°C in the case of all three phages tested, it would
be advantageous for the virus to have maximal adsorption
under conditions that favor the growth of the host [28] to
survive unfavorable conditions while remaining suspended
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within the infected cell in an early stage of infection, and
commence growth when the host cell enters more favorable
surroundings.

Another feature of phage physiology that can be com-
pared is plaque formation. T-evens generally display small,
rough, cloudy-bordered plaques [29, 30]. Bacteriophage T4
(as well as T-evens in general) cannot produce bursts on
stationary-phase cells, and that is why T4 plaques are
limited in size, rather than continuing to grow indefinitely
as do those of phiX174 and T7 [20, 31]. Meanwhile, in the
range of permissive temperatures, bacteriophages VRS,
VR7 and VR20 produced constantly growing plaques, e.g.
after 24 h of incubation at 24°C, bacteriophages VRS, VR7
and VR20 formed plaques of 1.6 (£0.3), 1.5 (£0.5), and
0.9 (£0.3) mm in diameter respectively; after 48 h, 1.8
(£0.4), 2.1 (£0.6), and 1.75 (£0.2) mm; after 72 h, 2.3
(£0.3), 2.5 (£0.5), and 2.3 (£0.3) mm; and the plaques
reached 4.3 (£0.7), 4.8 (£0.7), 3.6 (£0.4) mm in diameter
within a period of 6 days (Fig. 8). In the case of T4, the
growth of plaques at 24°C could only be observed for
42-48 h, reaching the size limit of 1.15 (£0.35) mm in
diameter.

Fig. 8 Growth of VRS, VR7,
VR20 and T4 (control) plaques
at 24°C. The incubation times
are indicated

T4

VR5

VR20
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More surprising was the fact that the plaques formed by
all three VR phages tested continued to spread even after
the plates were stored at 4°C; e.g., after 24 h of incubation
at 30°C, phages VRS, VR7, VR20 and T4 formed plaques
of 1.4 (£0.4), 1.35 (£0.25), 1.2 (£0.3) and 0.75 (£0.15)
mm in diameter, respectively. However, after an additional
120 h of incubation at 4°C, plaques of VRS, VR7 and
VR20 reached 1.8 (£0.2), 1.5 (£0.3) and 1.4 (+0.4) mm in
diameter respectively, while plaques of T4 maintained their
initial size (Fig. 9).

As was mentioned previously, the amino acid sequence
of the major structural protein gp23 of typical T-even
differs from gp23 of T4 by less than 10%. Meanwhile,
gp23 of VRS, VR7 and VR20 differed from gp23 of T4 at a
level that would be expected for pseudo-T-evens. More-
over, the amino acid sequences of gp18 and gp19 of VR7,
deduced in the course of the whole-genome sequencing
project (data in preparation for publishing), showed greater
relatedness with JS98 [22, 23] (90 and 91% aa identity,
respectively) or Klebsiella phage Kpp95 [24] (76 and 83%
aa identity, respectively) than with gp18 and gp19 of T4
(71 and 70% aa identity, respectively).

48h 72h 144h

™
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Fig. 9 Growth of VRS, VR7,
VR20 and T4 (control) plaques.
Plaques are shown after 24 h of
incubation at 30°C and after an
additional 120 h of incubation
at 4°C
(30“0]

120h
(4°C)

Based on all of these considerations, bacteriophages
VRS, VR7 and VR20 cannot be classified into the group of
T-evens. In fact, based on the classification requirements
mentioned, phages VRS, VR7 and VR20 could hardly fall
into any established subgroup of T4-type bacteriophages.
However, a new publication regarding the classification of
bacteriophages of the family Myoviridae was published
very recently [32]. According to Lavigne et al. [32], three
subfamilies Peduovirinae, Teequatrovirinae and Spouna-
virinae should be established within the family Myoviridae,
and the subfamily Teequatrovirinae would contain two
genera: T4-like viruses (includes previously termed T-even
and pseudo-T-even) and KVP40-like viruses (consists of
two former members of the shizo-T-evens). The genus of
T4-like viruses should be subdivided into four subgroups
sharing >70% proteins: T4-type, 44RR-type, RB43-type,
and RB49-type. Since the whole-genome sequence must be
analyzed in order to classify the phage into any newly
established subgroup, for now, we can classify VRS, VR7
and VR20 phages as E. coli bacteriophages vB_EcoM-
VRS, vB_EcoM-VR7 and vB_EcoM-VR20, members of
the family Myoviridae, proposed subfamily Teequatro-
virinae, genus T4-like viruses and will specify the more
detailed classification when the whole-genome sequencing
is finished.
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