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Abstract

ALEKSANDROVA, V., D. ISHLIMOVA and Z. URSHEY, 2013. Classification of Lactobacillus delbrueckii ssp. bulgaricus
phage Gbl into group “b” Lactobacillus delbrueckii bacteriophages based on its partial genome sequencing. Bulg. J. Agric.
Sci., Supplement 2, 19: 90-93

The modular evolution of phage genomes makes their classification extremely difficult. Still in dairy industry, the identifica-
tion of the phage species that disturbs the fermentation process is of crucial importance in the selection of a strategy to avoid or
eliminate phage infections. Phages attacking Lactobacillus delbrueckii are currently divided into four groups assigned as “a”, “b”,
“c” and “d” which have substantial differences in their virion morphology and DNA homology. Lactobacillus delbrueckii ssp.
bulgaricus phage Gb1 was isolated in 2005 from yoghurt production. Restriction fragments of phage Gb1 DNA were cloned into
pIL253 in Lactococcus Ictis IL1403 and PCR amplified with vector-specific primers. The resulting amplicons were sequenced
and identities with existing sequence databases were searched. All of the obtained sequences showed homology only to regions
within the genome of phages LL-Ku and c5 with levels of nucleotide identity of 80-99%. No significant sequence matches were
found with other L. delbrueckii phages. The sequenced fragments from the genome of phage Gb1 were homologous to key genes
in phages LL-Ku and c5 encoding a major head protein, the tape-measure protein, tail proteins, the single strand binding protein
and a diesterase. As phages LL-Ku and ¢5 are typical representatives of group “b” L. delbrueckii bacteriophages that do not share
DNA homology with L. delbrueckii phages from other groups we could classify phage Gb1 into group “b” L. delbrueckii phages.
This is the first report of a bacteriophage from this group isolated in Bulgaria. Further studies of phage Gb1 will facilitate the work
on the selection of phage resistant starters and prevention of phage infections in yoghurt production.
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Introduction

Yoghurt and white brined cheese production technologies
rely on starter cultures which contain Lactobacillus delbrueckii
ssp. bulgaricus (L. bulgaricus) strains. Compared to phage at-
tack on the other species used in yoghurt starters, Streptococcus
thermophilus (Ishlimova et al., 2009, 2012), phage infection of
the L. bugaricus culture occurs much more rarely. Nevertheless,
bacteriophages that attack the L. delbrueckii group of subspecies
are well documented in the literature (Mata et al., 1986; Chow et
al., 1988; Vasala et al., 1993). The present classification of bac-
teriophages infecting other species of lactic acid bacteria relies
on somewhat empirical grouping according to the morphology,
the type of replication or the DNA homology. For example Lac-

tococcus lactis phages are grouped in three basic clusters formed
around three reference phages that differ in their morphology —
the 936, c¢2 and P335 phages (Labrie and Moineau, 2000), while
phages infecting S. thermophilus are classified in two groups ac-
cording to their mode of packaging and the presence (cos-type)
or absence (pac-type) of cohesive genomic extremities (Le Mar-
rec et al., 1997). In the case of L. delbrueckii phages, four dis-
tinct groups are outlined, assigned with the letters “a”, “b”, “c”
and “d”, on the base of their morphology and DNA homology
(Mata et al., 1986; Lahbib-Mansais et al., 1988; Sechaud et al.,
1988). Recent studies have shown that these four groups have
substantial differences in their genomes (Riipinen et al., 2011).
Phage Gbl was isolated in 2005 from yoghurt as a lytic
phage of L. bulgaricus. As the identification of the phage, con-
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taminating the dairy plant is advantageous in defining a strategy
for phage infection prevention and alternative starter selection,
the present study presents the results from the partial sequenc-
ing of different parts of phage Gb1 genome in an effort to relate
it to other groups of L. delbrueckii phages, already described in
the literature.

Materials and Methods

Bacterial and phage cultures

Lactobacillus delbrueckii ssp. bulgaricus Gbl is a compo-
nent of the industrial starter for traditional Bulgarian yoghurt
LBB.BY26-12 (Kondratenko et al., 1979), maintained in the
culture collection of LB Bulgaricum PLC (Sofia, Bulgaria).
Phage ¢Gbl is a lytic phage isolated form yoghurt prepared
with this starter in 2005. The phage was isolated and propa-
gated on its host strain L. bulgaricus Gbl by the the double
layer plaque method (Svensson and Christiansson, 1991), using
MRS-Ca medium (MRS supplemented with 10 mM CaCl,). All
incubations were performed at 37°C.

Phage DNA preparation

Phage DNA was isolated from L. bulgaricus Gbl cell ly-
sate, by infecting the host strain with phage ¢Gb1 in MRS-Ca
broth and incubation until clarification of the broth. The ready
lysate was centrifuged at 10000 g for 10 min and 10 ml of the
resulting whey were used to prepare phage DNA with the Quia-
gen Lambda Mini Kit (Quiagen, Hilden, Germany) according
to the manufacturer’s protocol. Due to the high resistance of
the phage DNA to digestion with restriction enzymes, 10 ng of
phage DNA were amplified with the Illustra GenomiPhi V2 kit
(GE Helthcare, Buckinghampshire, UK) following the produc-
er’s instructions. The amplified phage DNA (0.5 micrograms
per reaction) was then digested with 10 U of Haelll, Dral or
Afal. Each digest was then separated by gel-electrophoresis in
20 g.I'! agarose in 1XTAE buffer (40 mM Tris base, 40 mM bo-
ric acid, 1 mM EDTA, pH 8.5) and fragments between 500 and
2000 bp were excised and pooled by running through Illustra
GFX gel band purification kit (GE Helthcare).

Cloning and sequencing

Lactococcus lactis 1L.1403 and plasmid pIL253 (Simon
and Chopin, 1988) were used with the kind permission of Dr.
Alain Chopin (Laboratoire de Génétique Microbienne, INRA,
France). Before ligation 0.5 pg of pIL253 was linearized with
5U Smal and treated with 1U of shrimp alkaline phosphatase
(Roche Diagnostics, Mannheim, Germany). Ligation was car-
ried out with 150-250 ng of purified phage DNA digest, 100 ng
of the linearized vector, SU of T4 DNA ligase (Thermo Fisher

Scientific, Waltham, USA) and 50 g.I"' PEG-4000, overnight
at 30°C. Approximately 100 ng of the ligated preparation was
then introduced into competent Lactococcus lactis 1L1403 cells
by electroporation with a MicroPulser unit (Bio-Rad, Hercu-
les, CA, USA) set at 2.5 KV. Transformants were recovered on
EGM17-agar plates (M17-agar supplemented with 1% glucose
and 5 mg.ml! erythromycin). Plasmid DNA from the transfor-
mants was prepared by the method of Anderson and McKay
(1983). The inserts into the vector in each clone were PCR am-
plified with primers F67 (5’-TTGGTGTGTGTGTCTTGTT-
GTTAGT-3’) and R46 (5’-TGTTGCCACTTCAAAATCG-
TATCGA-3") selected in this study with the PrimerBLAST tool
(Ye et al., 2012) to be complementary to sequences upstream
and downstream of the cloning site of pIL253. Fifty nanograms
of plasmid DNA were used as a template for the PCR amplifica-
tion with the VWR Taq DNA Polymerase Master Mix (VWR
International, Haasrode, Belgium) on a 9600 GeneAmp PCR
System (Perkin-Elmer, Norwalk, USA). The 50 LU reaction mix-
ture contained 20 pmol each of primer F67 and R46. The PCR
program was as follows: 1 cycle of 3 min at 93°C; 35 cycles of
30 s at 93°C, 30 s at 53°C, 30 s at 72°C and 1 cycle of 7 min
at 72°C. The PCR products were separated by electrophoresis
on a 20 g.I"! agarose gel, excised from the gel and eluted with
GFX column (GE Helthcare). The amplified products were then
sequenced by Macrogen Inc. (Korea) on an automated sequenc-
er (Applied Biosystems Inc, Foster City, USA), the di-deoxy
termination procedure and with the same primers. Sequence
similarity was established with BLASTN 2.2.25+ (Zhang et al.,
2000).

Results

The initial attempts to obtain restriction fragments from
0Gb1 DNA failed as it proved to be very resistant to digestion
with restriction enzymes. We considered this phenomenon to be
related to the presence of methylated or non-canonical nucleo-
tides in the DNA of this phage. Amplification with the Genomi-
Phi V2 kit yielded a product, which was readily digested with
Haelll, Dral or Afal. 98 transformants were analyzed for the
presence and size of the inserts in their plasmids using vector-
specific primers for PCR amplification. Only clones with am-
plicons larger than 500 bp were further processed for sequenc-
ing. Sequences obtained for 22 amplicons were run against the
BLAST database available from NCBI. Initial analysis showed
that some inserts contained more than one ligated fragment and
these sequences were analyzed separately. 31 sequences, repre-
senting different restriction fragments from the ¢Gbl genome
were identified.

A complete list of all BLAST identities of the obtained se-
quences is presented in Table 1. All of the analyzed sequences



92 V. Aleksandrova, D. Ishlimova and Z. Urshev

Table 1

Nucleotide sequence identities between sequenced fragments from phage Gb1 genome and the genome of L. delbrueckii
phages LL-Ku and c5

Sequenced Homologous sequence Homologous sequence Functionality
fragment in phage LL-Ku genome in phage ¢5 genome
Nucleotide Nucleotide
sequence sequence
identity identity
1 TLAL -1 5762-5993 (ORF7) 95% 5928-6159 (ORF8) 94%  putative major head protein
2 TLAIL -2 21815-22071 (ORF29) 84% hipotetical protein
3 TLA2 10353-11075 (ORF15) 92% 10526-11248 (ORF16) 95%  putative tape major protein
4 TLA3 16089-16333 (ORF19) 91%  putative glycerophosphoryl diester
phosphodiesterase
5 TLA4 -1 21221-21383 (ORF28/ 92% single-stranded DNA binding pro-
ORF29) tein/ hypothetical protein
6 TLA4-2 18852-18976 (ORF22) 89% hypothetical protein
7 TLAS 17892-18499 (ORF19/ 87% 18186-18789 (ORF20/ 87%  putative antireceptor/ hypothetical
ORF20/ORF21) ORF21/ORF22) protein/ hypothetical protein
8 TLA6-1 8703-9028 (ORF13/ORF14) 99% 8876-9201 (ORF14 /ORF15) 97%  putative major tail protein/hypo-
thetical protein
9 TLA6-2 20852-21222 (ORF27/ 88% 21147-21498 (ORF28/ 85%  hypothetical protein/putative sin-
ORF28) ORF29) gle-stranded DNA binding protein
10 TLA7 16153-16676 (ORF19) 93% 16323-16850 (ORF20) 88%  putative antireceptor
11  TLA8-1 4299-4837 (ORF5) 97% 4465-5003 (ORF6) 98%  putative portal protein
12 TLA8-2 15167-15433 (ORF18) 88% 15332-15603 (ORF19) 88%  glycerophosphoryl diestero
phospho-diesterase
13 TLA8-3 734-920 (ORF1) 90% 1564-1739 (ORF2) 92%  hypothetical protein
14 TLAIl-1 20625-20852 (ORF27) 92% 20920-21147 (ORF28) 86%  hypothetical protein
15 TLAIl-2 11140-11316(ORF15) 85% 11313-11489 (ORF16) 95%  putative tape major protein
16 TLD1 20940-21818 (ORF27/ 84% 21235-22113 (ORF28/ 84%  hypothetical protein/ single-strand-
ORF28) ORF29) ed DNA binding protein
17 TLD2-1 12801-12952 (ORF16) 92% 12974-13125 (ORF17) 94%  putative tail component
18 TLD2-2 19840-20160 (ORF25) 95% 20135-20455 (ORF26) 96%  hypothetical protein
19 TLD3 20861-21131 (ORF27) 89% 21156-21426 (ORF28) 85%  hypothetical protein
20 TLHI 20902-21655 (ORF27/ 86% 21199-21952 (ORF28 / 84%  hypothetical protein/ single-strand-
ORF28/ORF29) ORF29/0ORF30) ed DNA binding protein / hypo-
thetical protein
21 TLH2-1 12561-12894 (ORF16) 95% 12734-13067 (ORF17) 96%  putative tail component
22 TLH2-2 14692-14901 (ORF18) 96% 14862-15071 (ORF19) 97%  glycerophosphoryl diestero
phospho-diesterase
23 TLH4 1054-1400 (ORF2/ORF3) 85% 1934-2244 (ORF4 /ORF5) 85%  hypothetical protein/ putative
terminase large subunit
24  TLH6-1 10419-11178 (ORF15) 88% 10546-11351 (ORF16) 90% putative tape major protein
25 TLH6-2 8665-8972 (ORF13/ORF14) 98% 8838-9145 (ORF14/0ORF15) 96%  putative major tail protein/ hypo-
thetical protein
26 TLH7 13550-13816 (ORF18) 94% 13723-13989 (ORF19) 97%  glycerophosphoryl diestero
phospho-diesterase
27 TLHS 9087-9187 (ORF14) 99% 9259-9360 (ORF15) 99%  hypothetical protein
28  TLHI10 12563-12892 (ORF16) 95% 12736-13065 (ORF17) 96%  putative tail component
29 TL11 12891-13549 (ORF16/ 92% 13064-13722 (ORF17/ 94%  putative tail protein/hypothetical
ORF17/ORF18) ORF18/ORF19) protein/glycerophosphoryl diestero
phospho-diesterase
30 PTMP- 11073-12101 (ORF15) 91% 11076-12282 (ORF16) 93% putative tape major protein
1607
31 PTMP-946 10161-11221 (ORF15) 90% 10340-11479 (ORF16) 92% putative tape major protein




Classification of Lactobacillus delbrueckii ssp. bulgaricus Phage Gbl into Group “b” Lactobacillus delbrueckii... 93

showed homology only to regions within the genome of phages
LL-Ku and c5. Additional search performed with the option
“more dissimilar sequences” did not change the results. Some
of the sequences like TLA3 and TLA4 showed homology
only to one of the phages LL-Ku or ¢5. The levels of nucleo-
tide sequence identity were as high as 80-99%. Some of the
sequenced fragments were homologous to key genes in LL-Ku
and c¢5 encoding a putative major head protein, a putative tape
major protein, single-stranded DNA binding proteins, a putative
antireceptor, tail proteins and a diesterase.

Discussion

The initial phage DNA preparation was resistant to diges-
tion with restrictases, possibly due to the presence of nucleo-
tide analogues in the genome. Non-canonical nucleotides are
synthesized by virus-specific synthases and incorporated into
their DNA (Kutter at al., 2011). After the amplification with the
GenomiPhi V2 kit copies of the viral DNA were obtained with-
out nucleotide analogues and therefore suitable for restriction.

Both phages LL-Ku and c5 belong to the group “b” of L.
delbrueckii phages and share minimal nucleotide sequence
identity of 90% over about three fourths of their genomes (Ri-
ipinen et al., 2011). The fact that phage ¢Gb1 derived DNA se-
quences did not show any DNA homology with phages other
than the typical representatives of group “b” phages LL-Ku and
c5, permits the classification of ¢Gb1 into this group and sepa-
rates it from other well characterized L. delbrueckii phages such
as LL-H and mv4 (Vasala et al., 1993).

Conclusions

The present study is the first report of L. bulgaricus phage
isolated in Bulgaria. Although the complete sequencing of the
genome of ¢Gb1 and studies of its morphology are still ahead
the classification of this new isolate into the group “b” of L.
delbrueckii phages gives important clues for the improvement
the phage control practices in local dairy plants producing yo-
ghurt and white brined cheese and will facilitate the work on the
selection of phage resistant starters.
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