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Phage 812 is a polyvalent phage with a very broad host range in the genus Staphylococcus, which
makes it a suitable candidate for phage therapy of staphylococcal infections. This proteomic
study, combining the results of both 1-DE and 2-DE followed by PMF, led to the identification of
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24 virion proteins. Twenty new proteins, not yet identified by proteome analysis of closely related
staphylococcal phages K and G1 were identified using this approach. Fifteen proteins were
assigned unambiguously to the head—tail genome module; the remaining nine proteins are
encoded by genes of the left or right arms of the phage genome. As expected, the most abundant
proteins in the electrophoretic patterns are the major capsid protein, the major tail sheath pro-
tein and proteins identical to ORF 50 and ORF 95 of phage K, although their function is only
putative. Identification of these 20 new proteins contributes substantially to a detailed character-
ization of phage virions, knowledge of which is necessary for rational phage therapy.
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1 Introduction

Polyvalent staphylococcal bacteriophages of the family Myo-
viridae have recently attracted considerable interest with
respect to their practical application for phage therapy. This
approach offers a promising alternative to antibiotic treat-
ment of staphylococcal infections and could be based on var-
ious phage features [1-4]. Phages K, G1 and Twort, whose
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complete genome sequences are known, are the best-explored
phages of the species Twort. They all belong to the family
Myoviridae [5, 6] along with the phage 812, the phenotype of
which is known in detail and which has a very broad host
range within the genus Staphylococcus. The genome DNA se-
quencing of phage 812 is in progress [7]. At the nucleotide
level, phages K and G1 are 90% identical, whereas the rela-
tionship between Twort and G1 or K is not as close (51-52%).
From comparison of the sequenced portions of the phage 812
genome, and from the restriction map, itis evident that phage
812 is closely related to lytic phages K and G1 (Fig. 1). Their
genome sizes exceed 125 kbp and they show a similar mod-
ular organization. Another characteristic in common is the
presence of group [ introns in different genes [6, 8-10]. The
genomes of polyvalent staphylococcal phages include about
200 putative ORFs. More than half of these ORFs code
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Figure 1. Nucleotide sequence comparison of the packaging and the head-tail genome modules of related phages 812, K (GenBank
nucleotide position 34 848-78 346), G1 (13-43 524), and Twort (1 284-43 570) displayed using the Artemis Comparison Tool. The dark
arrows represent ORFs encoding proteins identified in the phage 812 and are marked according to those of phage K.

for proteins which are not incorporated into the phage parti-
cle. All of these phages are characterized by a similar mor-
phology (an isometric head and relatively rigid tail, with a
contractile sheath and base plate) and are assigned to the
genus of ‘SPO1-like viruses.

Both a strong lytic activity and a potential for lysis of the
highest number of staphylococcal strains are important for
the phage therapy. The number of sensitive strains could be
increased by isolating phage host range mutants. In our ear-
lier paper [7], we characterized in detail mutants of the poly-
valent phage 812 in a host range; these phages are able to lyse
up to 95% of all Staphylococcus aureus strains and 43% strains
of other Staphylococcus species. Therefore, phage 812 and its
mutants are considered good candidates for phage therapy of
staphylococcal infections as anti-staphylococcal vaccines [11]
and preparations with high lytic activity [12-15]. The phage
coat consists of a relatively large number of proteins. As
phage proteins can also interact directly with mammalian
cells and with both the humoral and the innate immune
system [16], and because some gastrointestinal or allergic
symptoms occurred in a few cases during phage therapy
trials [17], detailed knowledge of phage coat protein immu-
nogenicity is required for the development of a new genera-
tion of therapeutic phage preparations with precisely defined
parameters. Generally, weak sequence similarities of tailed
phage genes (about 15-20%) [18] complicate the use of
genomic methods to identify functions and properties of
phage gene products. Thus, we decided to use a proteomics
approach in our work.

For the reasons above, this work covers both characteri-
zation of the phage proteome in detail and the identification
of phage virion proteins. Proteomic methods are under
continuous development — most of the tools used for pro-
tein identification have shown to be useful in specific cases
[19, 20]; however, none of the techniques are applicable to
all the cases. Using different tools for analysis of the same
sample usually leads to more comprehensive results [21].
For analysis of a simple phage proteome, we have applied
two closely related separation techniques, 1-DE and 2-DE,
followed by MALDI MS PMF. To identify the maximum
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number of proteins, an optimization of 1-DE and 2-DE
separation parameters was necessary, because these tech-
niques have not been extensively used for staphylococcal
phage proteome analysis yet.

2 Materials and methods
2.1 Apparatus and chemicals

Ultracentrifuge UP 65 was from MLW (Leipzig, Germany).
The Protean II xi Cell, Protean II xi Multi-Cell, QuantityOne
software, PDQuest 7.3.0 software and the GS-800 Calibrated
Densitometer were from BioRad (Hercules, CA, USA). Mul-
tiphor II was from GE Healthcare Biosciences (Uppsala,
Sweden). Personal Densitometer was from Molecular
Dynamics (Sunnyvale, CA, USA). Bruker Reflex IV (MALDI-
TOF system), XMASS 5.1.5 and MS Biotools 2.0 software
were manufactured by Bruker Daltonik (Bremen, Germany).
SpeedVac Vacuum Concentrator SPD111V was from Ther-
moSavant (Holbrook, NY, USA).

SDS, Tris-base, DNase I, SigmaMarker Wide Range
(6.5-205 kDa), SigmaMarker High Range (36-205 kDa),
TEMED, APS, ProteoSilver Plus Silver Stain Kit, Ampholyte
(pH 9-11), CHAPS and urea were obtained from Sigma (St.
Louis, MO, USA). The Colloidal Blue Staining Kit was from
Invitrogen (San Diego, CA, USA). Bio-Safe Coomassie
G-250, 1-D SDS-PAGE Standards Low Range (14.4-
97.4 kDa) and 2-D SDS-PAGE Standards (pI range, pH 4.5-
8.5; MW range, 17.5-76 kDa) were from BioRad. DTT was
from Serva Electrophoresis (Heidelberg, Germany). Bromo-
phenol blue and CsCl were from Merck (Darmstadt, Ger-
many). Immobiline DryStrips, DeStreak, Pharmalyte
(pH 3-10) and Pharmalyte (pH 8-10.5) were obtained from
GE Healthcare Biosciences. Rotiphorese gel 30 was obtained
from Carl Roth (Karlsruhe, Germany). Nutrient Broth CM1
was from Oxoid (Basingstoke, UK). Trypsin was from Pro-
mega (Madison, MA, USA). Other chemicals were at least
of proanalysis quality and were obtained from local manu-
facturers.
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2.2 Strain and growth conditions

Bacteriophage 812 and its host S. aureus SA812 (= CCM
4028) were obtained from Dr. J. Pillich (Institute of Bio-
physics, Brno, Czech Republic). The phage 812 was propa-
gated on strain S. aureus SA812, cultivated aerobically at 37°C
in Nutrient Broth CM1, as described by Pantucek et al. [7].
The prepared phage lysate was used for sample preparation.

2.3 Sample preparation for 1-DE and 2-DE

Phage lysate (total volume 500 mL, ~10'° PFU/mL) was cen-
trifuged at low speed to remove cellular debris. The phages
were harvested from the lysate by ultracentrifugation at
55000 x g for 2.5 h. The pellet was resuspended in phage
buffer containing 10 mM NaCl, 10 mM CaCl, and 50 mM
Tris-HCI (pH 8) and stored overnight at 4°C. Subsequently,
the bacteriophage 812 was purified by CsCl density gradient
centrifugation (1.45 g/mL, 1.50 g/mL and 1.70 g/mL; CsCl
was dissolved in phage buffer). CsCl-purified phages were
dialyzed against water for 24 h; any phage DNA released,
causing high sample viscosity, was removed by addition of
DNase I (100 pg/mL). The purified phages were con-
centrated in a vacuum concentrator.

2.4 1-DE

An aliquot of the concentrated phage proteins was boiled for
3 min in sample buffer (0.175 M Tris-HCI (pH 6.8), 15% w/v
glycerol, 5% w/v SDS, 4.65% w/v DTT, a trace of bromophe-
nol blue). Vertical 1-DE was performed on 15%T and 7.5%T
acrylamide gels. Electrophoresis was performed on a Protean
IT xi Cell at constant power (15 mA in the stacking gel and
30 mA during separation) in running buffer (0.025 M Tris-
HCl, 0.192M glycine, 0.1% w/v SDS). The gels were
16 x 20 x 0.1 cm®. The protein molecular weight markers
were SigmaMarkers, wide and high range. Proteins were
stained with the Bio-Safe Coomassie G-250 or with Proteo-
SilverPlus kit, scanned using a laser densitometer and the
resulting traces were processed with QuantityOne and
PDQuest software.

25 2-DE

Bacteriophage proteins were precipitated overnight in 20%
TCA in acetone (-18°C) containing 0.2% DTT [22], and then
solubilized in IEF buffer containing 9 M urea, 4% w/v
CHAPS, 70 mM DTT, 40 mM Tris-base and 5% v/v carrier
ampholytes (pH 9-11). The protein concentration in IEF
buffer was determined by a modified BCA assay [23].
Immobiline DryStrips, 18 cm, with a nonlinear pH 3-10
gradient were used. In-gel rehydration with 75 pg of protein
(for silver stained gels) or with 350 pug of protein (for gels
stained by Colloidal Blue) was carried out overnight. Rehy-
dration solution contained 2 M thiourea, 6 M urea, 4% w/v
CHAPS, 40 mM Tris-base, 12 uL/mL DeStreak, 0.003% w/v
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bromophenol blue, 1% v/v pharmalyte (pH 3-10) and 0.5%
v/v pharmalyte (pH 8-10.5). The following IEF running
conditions were used: 300 V for 30 min, 600 V for 30 min,
1000 V for 30 min, 2000 V for 30 min, 2500 V for 30 min,
3000 V for 30 min, 3500 V for 3 h and 5000 V for 12 h. In the
second dimension, a gradient gel (9-16%T) was used. Elec-
trophoresis was run on the Protean II xi Multi-Cell, at a con-
stant current of 5 mA/gel for 1.5 h, and then at 40 mA/gel for
5 h. For a 2-DE reference map of the bacteriophage, analyti-
cal gels were silver stained by a protocol incompatible with
MS analysis [24]. The micropreparative gels were stained
either with Colloidal Blue Staining Kit or silver staining pro-
tocol compatible with MS analysis, according to Shevchenko
et al. [25]. The pIs and molecular weights of proteins were
approximated using 2-D SDS-PAGE standards. The analyti-
cal and micropreparative gels were scanned using a laser
densitometer and processed by PDQuest software.

2.6 Tryptic digestion and MALDI-TOF MS analysis

Proteins to be analysed were excised from 1-DE and 2-DE
gels. After destaining, the proteins were incubated with
trypsin at 37°C for 16 h. Digested peptides were extracted
from gels using 50% ACN in water containing 5% formic
acid. This digestion protocol is based on the procedure
described by Shevchenko et al. [25]. MALDI-MS analyses
were performed on a Bruker Reflex IV operated in the
reflector mode with the detection of positively charged ions.
The matrix was a CHCA solution prepared according to
Havlis et al. [26], used in combination with an AnchorChip
target to enhance sensitivity. Samples (1 uL) were mixed with
matrix solution on the target at 2:1 ratio. The known auto-
proteolytic products of trypsin were used as internal stan-
dards for mass calibration. If these products were absent, an
external calibration procedure was employed. The mixture of
five known peptides covered the mass range of 660-2465 Da.
The XMASS 5.1.5 and MS Biotools 2.0 software were used
for data processing. MALDI TOF/TOF MS analysis was car-
ried out using Applera 4700 Proteomics Analyser. Spectra
were acquired in positive mode with helium as the collision
gas. Precursor selection was limited to 15 ions with the
highest intensities. MS/MS data were evaluated using GPS
Explorer Workstation.

2.7 Data processing

MASCOT 2.0 (MatrixScience, London, UK) search engine
was used for processing the MS data. PMF was done against
the NCBI protein database (release 20051121) as well as
against translated genome sequence data of bacteriophage K
and genome sequence data of bacteriophage 812. One en-
zyme missed cleavage and a mass tolerance of 60 ppm were
set for all searches. Oxidation of methionine and carbami-
domethylation of cysteine as optional and fixed modifica-
tions, respectively, were allowed.
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The program COGnitor (www.ncbi.nlm.nih.gov/COG)
was used to determine the functions of identified proteins.
BLASTp 2.2.13 and BLAST 2 sequences (www.ncbi.nlm.
nih.gov/blast) were applied for amino acid sequence com-
parison of identified proteins. Nucleotide sequences of
packaging and head-tail modules of phages K (GenBank
accession No. AY176327), G1 (AY954969), 812 (EF136581)
and Twort (AY954970) were compared by Artemis Release 8
(www.sanger.ac.uk/Software/Artemis). Putative conserved
domains were identified by InterProScan 4.2 (www.ebi.
ac.uk/InterProScan).

3 Results and discussion
3.1 Proteins detected by 1-DE

Due to the relative simplicity of phage proteomes, 1-DE was
selected for initial proteomic analysis. Approx. 40 gel bands
of proteins in the 10-150 kDa range were localized (Fig. 2).
Because the currently determined nucleotide sequences of
the head—tail genome module of phage 812 show 100%
identity with the sequences of phage K and a high degree of
similarity (99%) with phage G1 (Fig. 1), sequences of these
phages were also used for PMF. PMF identified 11 proteins
(Table 1). Based on their similarity with proteins of related
phages, ten proteins can be assigned to the group of struc-
tural proteins. No function could be assigned to one detected
protein using this approach.

In addition to proteins migrating at positions on the gel
corresponding to their molecular weights, several bands
were seen to have identified proteins of considerably higher
molecular weights than the gel slice. With a single exception,
all of these bands contained fragments of identified proteins
as indicated by fingerprints of peptides that span only a por-
tion of a protein. Interestingly, the major tail sheath protein
(mtsp; 64.7 kDa) was also identified in bands at ~30 kDa in
addition to the band at ~64 kDa. Using modified conditions
(7.5% gel), three sub-bands with MW in the 30-35kDa
region were resolved (data not shown). PMF with MALDI
TOF MS together with more specific MALDI TOF/TOF MS
analysis revealed that two of the sub-bands contained the
N-terminal part of the protein and the remaining sub-band
contained the C-terminal part of the protein. This cleavage of
the major tail sheath protein approximately at the centre may
be related to a phenomenon noticed in the tail sheath protein
of Lactobacillus phage LP65 [27]. Structural modifications of
the protein may be linked to the contraction of the sheath
tail. Post-translational cleavage of structural proteins of some
bacteriophages was also detected [28].

3.2 Proteins detected by 2-DE
The high separation power of 2-DE played a major role in an

advanced phage proteome analysis. Gels stained with Colloi-
dal Blue showed about 120 separated spots of which the 42
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Figure 2. Coomassie G-250 stained 1-DE pattern of proteins from
phages 812 and Twort; S = SDS-PAGE Standards Low Range
(BioRad). Arrows and numbers indicate bands containing the
identified proteins of the phage 812. Band numbers are given in
Table 1.

most intensive spots were further analysed by MS. Gels
stained with MS-incompatible silver staining showed about
700 spots (Fig. 3). However, the number of spots obtained by
MS-compatible silver staining was significantly lower; only
190 of the most intense spots were further processed by MS
analysis (Fig. 4). PMF identified 22 proteins, 9 of them
represented proteins found by 1-DE approach earlier (Table.
1). Major proteins were present in numerous chained spots
as charged mass variants. Database search showed sequence
similarities of 17 proteins with the corresponding proteins of
phages K and G1. Remaining five proteins showed similar-
ities only with the phage G1 proteins (ORF 055, ORF 138,
ORF 172, ORF 189 and ORF 207).

Bioinformatic analysis revealed that nucleotide sequen-
ces of the phage G1 coding ORFs mentioned above were also
present in the genome sequence of the phage K [6]; however,
they were not annotated as ORFs [5]. In four cases, suggested
sequences are localized always between two known ORFs of
the phage K (ORF 207 of the phage G1 between ORF 33 and
ORF 34 of the phage K, ORF 189 of the phage G1 between
ORF 96 and ORF 97 of the phage K, ORF 172 of the phage G1
between ORF 18 and ORF 19 of the phage K and ORF 138 of
the phage G1 between ORF 7 and ORF 8 of the phage K).
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Table 1. Characteristics of the phage 812 identified proteins

Proteomics 2007, 7, 64-72

Identified  Function Putative MW MWy, (kDa)®  pM plexp_e) MASCOT n/%¢ Band/spot number
ia h —— i
protein? [5, 6, 271 zznmsaei;ved (kDa)! |\ DE 2.DE score” I DE  2.DE
K: ORF 23" Unknown - 230 - 38.2 4.0* <45 57 4/26 NI 122
K: ORF 41 Portal protein Phage portal 64.0* - 53.9; 6.1* 5.90; 217 17/32 NI 42, 44
55.6 5.85
45.8 >8.5 78
K: ORF42  Major capsid Caudovirus 286% - 13.8 4.9* 4.76 96 7/31 NI 182
protein prohead
protease
812: mep, Major capsid - 51.2 455 44.8-51.6 5.0 4.79-5.82 236 19/61 4 46, 49, 51, 52, b5,
K: ORF 44 protein 57-60, 62, 63,
6569, 71, 74, 75, 80,
81, 85, 88
37.2-42.7 4.82-4.92 104, 111, 112,
115, 116, 119, 131
29.7; 21.1 5.03;5.15 149, 158
812: ORF 4, Unknown - 337 - 37.2 5.6% 5.64 100 6/35 NI 132
K: ORF 46
812: mtsp,  Major tail sheath - 64.5 63.3 62.5-65.4 4.7 4.95-5.62 360 28/56 3 18, 20-29
K: ORF 49 protein 36.1
355  41.6-448 4.86-4.99 48, 86, 92, 98, 107
33.8
38.2;,34.9- 4.73;4.93- 130, 133, 135-137
35.7 5.66
812: ORF 8, Unknown - 15.9 18.7 214219 53 5.38,5.15 126 8/59 10 191,192
K: ORF 50
K: ORF 52"  Unknown - 12.2% 1mn2 - 5.9% - 53 325 1N NI
K: ORF55  Tape measure Lysozyme-like  143.7% 1202 - 9.1* - 334 10114 1 NI
protein domain,
ATPase
K: ORF59  Unknown - 293* - 33.0 7.8* >8.5 202 14/49 NI 140
K: ORF62  Tail protein - 39.2% 395  429-445 46* 5.09-5.34 110 724 6 90, 101-103, 105
K: ORF64  Unknown - 192 204 <175 5.3*% ~5.50 222 13/85 9 visible only on CBB
stained gels
K: ORF65  Virulence- Sialidase 129.0*  89.2 >76.0 4.9*% 494-496 316 35/45 2 1-3
associated 382 759 4m 6
protein 385 5.51 121
K: ORF66  Unknown - 725% - 65.0-67.7 6.5% 5.76-6.72 381 29/56 NI 13,14, 16,17
46.7 6.96 76
K: ORF67  Unknown - 146* - 18.2 4.7* 472 174 11/91 NI 174
K: ORF68  Unknown - 504* 431  43.5-445 6.0% 574-589 384 25/15 5 89,91, 93, %4
K: ORF95  Unknown - 232% 287 315 4.7* 488 237 14/80 7 141
16.3 6.41 178
K: ORF96  Major tail protein  Bacterial Ig-like 17.8* 259  35.8 - 4.3* <45 123 6/50 8 70, 109, 134
domain (group 40.3
2), invasin/ 29.0 <4.5,>85 147, 163
intimin
K: ORF 111" Nicotinamid Nicotinate phos- 56.1*  — 38.5 5.3% 5.27 73 7/9 NI 123
phosphoribosyl phoribosyl
transferase transferase
G1: ORF 055 Unknown - 25.8** 30.6 4.9** 494 112 8/35 NI 146
G1: ORF 138 Structural - 11.8** 14.7 6.3** 587 104 5/67 NI 181
G1: ORF 172 Unknown - 10.1%* 13.9 5.7** 568 168 9/83 NI 183
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Table 1. Continued
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Identified  Function Putative MW MW, (kDa)®  pM Pl MASCOT n/%? Band/spot number "
protein®?  [5, 6, 27] zg:;ei;ved (kDa)® ' DE 2.DE score” ' DE 2.DF

G1: ORF 189 Maijor tail protein  — 7.8%* - 16.0 44* <45 104 5/92 NI 175

G1: ORF 207 Unknown - 8.0%* - 1.9 5.7%* 5.52 134 6/79 NI 190

a

b) MW calculated from the protein database (expected MW).
c) Observed MW.

d) p/calculated from the protein database (expected p/).

e) Observed pl.

As the phage Kand G1 genomes are highly similar, ORFs 23-111 of the phage K also correspond to proteins in the phage G1 (not listed in
Table 1). Matching proteins of the phage G1 are shown in Table 2.

f) The highest number is shown in the case of protein identification in multiple spots or in both 1-DE and 2-DE.
g) Peptides matched/sequence coverage (the highest number shown in the case of protein identification in multiple spots).

h) According to Figs. 2 and 4.

i) Protein was positively identified against phage K database but did not passed against NCBI database. We consider it as tentatively

identified and further confirmation is necessary.
* MW and p/derived from ORF sequence of the phage K.
** MW and p/ derived from ORF sequence of the phage G1.
NI = not identified by the given type of electrophoresis

Moreover, ORF 138 and ORF 189 of the phage G1 show
sequence similarity with ORF 96 of the phage K [6]. The
sequence of 81 nucleotides of the ORF 055 of the phage G1
shows 100% identity with the corresponding sequence of
ORF 108 of phage K (Table 2).

There were two proteins (showing sequence similarities
with the ORF 52 and ORF 55 of the phage K) identified only
on 1-DE gel, presumably because they were not among the

Figure 3. 2-DE spot pattern of proteins from phage 812; pH gra-
dient 3-10; MS-incompatible silver staining.

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Figure 4. 2-DE spot pattern of proteins from phage 812; pH gra-
dient 3-10; MS-compatible silver staining. Analyzed spots are
marked. Spot numbers are given in Table 1.

190 most intense spots selected for the analysis. In the case
of proteins separated by both 1-DE and 2-DE, protein frag-
ments might be present (e.g. the major capsid protein and
protein identified as ORF 65 of the phage K discussed above).
In addition, some of the proteins separated by 2-DE occur as
a series of spots of the same mobility, but varying in pI values
(e.g. the major capsid protein, the major tail sheath protein
and ORF 8). This could be caused by protein post-translation
modifications or by point mutations in the nucleotide

www.proteomics-journal.com
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Table 2. Assignment of the phage 812 identified proteins to
ORFs of related phages K, G1, Twort, LP65, A511 and
P100

K [5] G116] Twort [6] LP65 [27] A511[37] P100 [38]

ORF23  ORF063 ORF 070 - - -

ORF41  ORFO014 ORFO012 ORF 112 - gp 14
ORF42  ORF048 ORF 040 ORF 111 ORF1  gpi5
ORF44 ORFO016 ORFO016 ORF 109 Cps gp 17
ORF46  ORF034 ORF 034 ORF 107 ORF4  gp20
ORF49  ORFO11 ORFO11 ORF 103 Tsh gp 24
ORF50  ORF105 ORF 106 ORF 102 ORF8  gp25
ORF52  ORF141 ORF 125 ORF 100 ORF9  gp26

ORF55  ORF001 ORF 002 ORF 98 - gp 28
ORF59  ORF043 ORF 041 ORF 129,130 — gp 31
ORF62 ORF027 ORF 026 ORF 95 - gp 34
ORF64 ORF079 ORF 073 ORF 91 - gp 36
ORF65 ORF002 ORF 003 ORF 90 - gp 37

ORF66  ORF008 ORF 024 - - -
ORF67 ORF117 ORF107 - - -
ORF68  ORFO17 ORFO017, 024
ORF95  ORF059 ORF 056 - - gp 77
ORF9% ORF080 - - - -
ORF 138  ORF 001, 178
ORF 189 ORF 178
ORF111 ORF018 -
ORF108 ORF055 - - - -
- ORF172  ORF 150 - - -
- ORF207 ORF 222

sequence of the relevant ORFs [29]. 2-DE also confirmed
anomal migration of the major tail sheath protein in the
gel. As expected, the major tail sheath protein fragments
were easily separated using 2-DE due to their differences
in pl.

3.3 Functions of the identified proteins

Consequently, 24 proteins of the phage 812 were identified
by both the separation techniques (Table 1). Among the
identified proteins of the phage 812, there are four proteins
found earlier by electrophoretic analysis of the proteome and
also by N-terminal sequencing of the related phage K [5],
including ORF 44, ORF 49, ORF 50 and ORF 95. Twenty
proteins were identified for the first time. Based on the high
level of homology of head—tail modules and the other geno-
mic sequences and on the similarity of restriction endonu-
clease patterns for phages 812 and K, it can be concluded that
the proteins identified in our study are most likely to be a
part of the virion structure in polyvalent bacteriophages of
the species Twort.

Altogether, 15 proteins of the phage 812 are encoded by
genes belonging to the head—tail module. The majority of
the phage capsid consists of the major capsid protein
(mcp; 51.2kDa). It can be concluded from its localization
in the most intense band that it is present with the highest

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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copy number in the phage particle. In addition to the
major capsid protein, one more protein was found; it was
incorporated into the capsid structure (28.6 kDa) contain-
ing the Caudovirus prohead peptidase domain. This group
of peptidases belongs to the MEROPS peptidase family
U35 (clan U-). This family contains the prohead protease
from HK97 and related phages or prophages. It is gen-
erally encoded adjacent to the gene for the capsid protein
that is processed, and in some cases may be fused to it
[30]. The portal protein (64.0 kDa) contains a conserved
domain typical for phage portal proteins, forms a dodeca-
mer and is located at a five-fold vertex of the viral capsid.
The portal complex forms a channel through which the
viral DNA is packaged into the capsid and exits during
infection [31]. The second most intense band is the major
tail sheath protein (64.5 kDa), which makes the tail con-
traction possible during the process of infection. The tape
measure protein (143.7 kDa) determines the tail length,
being used as a template for the tail polymerisation and
remaining inside the tail tube. These proteins are the
longest proteins encoded by the phages. The polypeptide
chain lengths of the tape measure proteins of the phages
812 or K (1351 amino acids) and the phage Twort (1269
amino acids) correspond to lengths of their tails (205 and
150 nm in the phages 812 and Twort, respectively). Some
of these proteins share a conserved domain, which appears
to have the features of lytic transglycosylases [32]. The
protein identical to ORF 65 of the phage K (129.0 kDa) was
assigned as the virulence-associated protein. This protein
sequence contains the sialidase domain. Sialidases (neur-
aminidases) hydrolyse the nonreducing, terminal sialic
acid linkage in various natural substrates such as glyco-
proteins, glycolipids, gangliosides and polysacharides [33].
In viruses, sialidases enable the transport of the virus
through mucin, the release of the virus from the infected
host cell and prevent self-aggregation of virus particles [34].
The protein identical to ORF 62 of the phage K (39.2 kDa)
was assigned as the tail protein. The functions of the other
identified proteins encoded by genes of the head-tail
module are not known.

Proteins encoded by the genes identified as ORF 95, ORF
96 and ORF 111 of the phage K and ORF 055 and ORF 189 of
the phage G1 are located on the right arm of the phage DNA.
Although these genes are not a part of the head—-tail module,
ORF 96 and ORF 189 code for other structural proteins
annotated as the major tail proteins (17.8 and 7.8 kDa). The
bacterial immunoglobulin-like domain (group 2) is a com-
ponent of ORF 96. Proteins that contain this domain are
found in a variety of bacterial and phage surface proteins
such as intimins. Intimin is a bacterial cell-adhesion mole-
cule that mediates the intimate bacterial host-cell interaction
[35]. ORF 111 of the phage K was assigned to nicotinamide
phosphoribosyl transferase (56.1 kDa). Nicotinamide phos-
phoribosyl transferase is the rate-limiting enzyme that cata-
lyzes the first reaction in the NAD salvage synthesis [36]. The
presence of the enzyme as a structural component of the

www.proteomics-journal.com
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phage particle is questionable. Genes encoding proteins
identical with ORF 23 of phage K and ORF 138, ORF 172 and
OREF 207 of phage G1 occur on the left arm of the phage ge-
nome. Their functions are unknown.

3.4 Similarity of the phage 812 with related phages

Identified proteins of the phages 812 and K show 99-100%
similarity with the corresponding proteins of the phage G1
and approximately 60% similarity with proteins of the
phage Twort. Genome size and structure, and many simi-
larities on the protein sequence level occur also among
other phages of Myoviridae family. Their hosts are mem-
bers of the low-GC branch of Gram-positive bacteria, e.g.
Listeria monocytogenes (phages A511 [37] and P100 [38]) and
Lactobacillus plantarum (phage LPG65) (Table 2). By applica-
tion of 1-DE, six major proteins of the phage LP65 were
discovered. 2-D gels revealed the same number of proteins,
later identified by MS [27].

4 Concluding remarks

As proved by gel electrophoresis and PMF, the virion of poly-
valent staphylococcal phage 812 is formed of at least 24 pro-
teins. Although the phage proteome is much simpler com-
pared to that of cellular organisms, using 2-DE (with both
CBB and silver staining) in addition to 1-DE significantly
increased the number of identified proteins. Using this sim-
ple methodic approach, most of the structural proteins were
observed in phage 812. Fifteen of the identified proteins are
encoded by genes of the head-tail genome module. Twenty
proteins of phage 812, which were not identified yet in related
Iytic phages K and G1, set the basis for a detailed analysis of
the phage virion structure and are a prerequisite for their
efficient and safe application in phage therapy.
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