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Campylobacter jejuni continues to be the leading cause of bacterial food-borne illness worldwide, so improve-
ments to current methods used for bacterial detection and disease prevention are needed. We describe here the
genome and proteome of C. jejuni bacteriophage NCTC 12673 and the exploitation of its receptor-binding
protein for specific bacterial detection. Remarkably, the 135-kb Myoviridae genome of NCTC 12673 differs
greatly from any other proteobacterial phage genome described (including C. jejuni phages CP220 and CPt10)
and instead shows closest homology to the cyanobacterial T4-related myophages. The phage genome contains
172 putative open reading frames, including 12 homing endonucleases, no visible means of packaging, and a
putative trans-splicing intein. The phage DNA appears to be strongly associated with a protein that interfered
with PCR amplification and estimation of the phage genome mass by pulsed-field gel electrophoresis. Identi-
fication and analyses of the receptor-binding protein (Gp48) revealed features common to the Salmonella
enterica P22 phage tailspike protein, including the ability to specifically recognize a host organism. Bacterio-
phage receptor-binding proteins may offer promising alternatives for use in pathogen detection platforms.

Campylobacter belongs to the epsilon class of proteobacteria
and is the leading cause of bacterial food-borne gastroenteritis
worldwide (22). Campylobacter has also been associated with
severe neurological disorders such as the Guillain-Barré and
Miller-Fisher syndromes, as well as reactive arthritis and irri-
table bowel syndrome (32). Many Campylobacter phages have
been characterized by their host-range characteristics, mor-
phology, genome size, and susceptibility to restriction endonu-
cleases (5, 7, 24). Only a few of the characterized Campylobac-
ter phages are members of the B1 group of the family
Siphoviridae (1), while most belong to the family Myoviridae
possessing genomes which fall into three size classes: 110 to
150 kb (class III), 170 to 190 kb (class II), and 320 kb (class I)
(24). One interesting characteristic of many of these phages is
that their DNA appears to be resistant to cleavage by several

common restriction endonucleases, thus making them “refrac-
tory to genomic analysis” (34). Two genomes of Campylobacter
phages have been sequenced thus far: CPt10 and CP220 (34).
Both appear to be closely related to each other and belong to
the class II of Campylobacter Myoviridae phage genomes (34).

Bacteriophages possess enormous diagnostic and therapeu-
tic potential, which provides promise for the development of a
wide range of novel antimicrobials and diagnostic tools (14).
Numerous phages have been isolated against Campylobacter
for use in phage typing schemes (9, 10, 12, 18, 25), but it has
only recently been shown that bacteriophages can effectively
decrease Campylobacter contamination (4, 20, 36). For exam-
ple, Campylobacter-specific phages were able to reduce the
numbers of Campylobacter coli and Campylobacter jejuni in
chickens when added directly to the chicken feed (6). It should
be emphasized that bacteriophages specifically recognize their
hosts through the use of receptor-binding proteins (RBPs)
(15). We recently demonstrated that Salmonella enterica sero-
var Typhimurium Podoviridae phage P22 RBP can agglutinate
and reduce the motility of host cells and act as a prophylactic
agent reducing chicken colonization with S. Typhimurium (37).
Immobilized RBP can also be exploited for diagnostic pur-
poses and was shown to be more stable during storage than the
whole phage (28). Use of RBPs instead of whole phages pro-
vides a novel family of antimicrobial and diagnostic platforms
that can be easily engineered and produced in massive
amounts using standard recombinant DNA technologies with-
out the involvement of the whole phage/pathogen propagation
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system and the risk of pathogen gene transduction. We present
data here on the genome and proteome of the C. jejuni lytic
phage, NCTC 12673, which was originally isolated from poul-
try (10), as well as the identification and preliminary charac-
terization of its RBP.

MATERIALS AND METHODS

Bacteriophage propagation. Phage NCTC 12673 and the propagating C. jejuni
strain NCTC 12661 were obtained from the Health Protection Agency National
Collection of Type Cultures (NCTC; Salisbury, United Kingdom). Phages were
propagated under microaerobic conditions (10% CO2, 5% O2, 85% N2) at 37°C
either on plates or in liquid Mueller-Hinton medium (see File S1 in the supple-
mental material).

Isolation of phage DNA for sequencing. Viral particles were eluted from the
plates, incubated with RNase A and DNase I, and subjected to phenol-chloro-
form-isoamyl alcohol extraction (see File S1 in the supplemental material). DNA
was precipitated with isopropanol and recovered by centrifugation. The pellet
was air dried, washed twice with 70% ethanol, and resuspended in 10 mM
Tris-HCl (pH 8.0). To further purify the DNA, 40 �g of RNase A/ml was added
at room temperature for 30 min. The sample was then re-extracted using the
phenol-chloroform-isopropanol extraction-precipitation procedure.

DNA sequencing and annotation. The genome sequencing by Fidelity Systems
was based upon the construction and sequencing of a mini-library and then
primer walking using ThermoFidelase I and chemically modified primers
(“fimers”) to inhibit unwanted reactions during cycle sequencing (8, 29). Coding
regions were identified using Kodon (Applied Maths, Inc.) with homologues
being screened using Batch BLAST (http://greengene.uml.edu/programs/NCBI
_Blast.html) against the nonredundant database at the National Center for
Biotechnology Information (NCBI). In questionable cases, PSI-BLAST (2) was
also used. Bioinformatic analysis was performed as described previously (13, 16)
(see also File S1 in the supplemental material).

TEM of phage particles. Transmission electron microscopy (TEM) was per-
formed with the phage suspension that was purified using a Sephacryl S-1000 SF
(GE Healthcare) size exclusion column to get rid of bacterial proteins (data not
shown). The samples were adsorbed onto copper-Formvar-carbon grids (Ted
Pella, Inc.) for 10 min, negatively stained with 4% phosphotungstic acid (buffered
to pH 6.8) for 2 min, air dried, and examined under a transmission electron
microscope (Philips Morgagni 268; FEI Company). Images were captured with
the charge-coupled device camera and controller (Gatan, Inc.) and processed
using DigitalMicrograph (Gatan, Inc.). All steps were performed at room tem-
perature.

Proteome analysis. DNase and RNase were added to a final concentration of
1 �g/ml to the clarified phage lysate and incubated at room temperature for 30
min. The phages were precipitated using PEG 8000 (38) and then subjected to
CsCl gradient purification and concentration (see File S1 in the supplemental
material). Suspension of purified phage particles was subjected to SDS-PAGE.
All visible bands were cut out and subjected to trypsin digestion. The digests were
analyzed by liquid chromatography-mass spectrometry to acquire tandem mass
spectra of the tryptic peptides (see File S1 in the supplemental material).

Cloning of genes 1 and 48 into the pGEX 6P-2 vector. Phage DNA was
subjected to a preamplification reaction with Phi29 polymerase (Fermentas) with
subsequent PCR amplification (see File S1 in the supplemental material) of
genes 1 and 48 by Vent DNA polymerase (NEB). The appropriate PCR product
was ligated into a SmaI (Fermentas) cut pGEX 6P-2 vector (GE Healthcare) by
overnight blunt ligation (done at room temperature) in the presence of SmaI
(26). The correct orientation and product integrity were confirmed by sequencing
of the insert performed by the Molecular Biology Service Unit, Department of
Biological Sciences, University of Alberta.

Protein expression, purification, and immunoanalysis. Gp1 and Gp48 pro-
teins were expressed in Escherichia coli BL21 cells (Invitrogen) transformed with
the pGEX 6P-2 plasmid containing either gene 1 or gene 48 (see File S1 in the
supplemental material). These proteins were expressed and purified as soluble
glutathione S-transferase (GST) fusions using glutathione-agarose affinity chro-
matography (Sigma-Aldrich) and ion-exchange chromatography using a MonoQ
(GE Healthcare) column and the AKTA Explorer FPLC system (GE Health-
care). S. Typhimurium phage P22 tailspike protein (TSP) was expressed in E. coli
BL21(DE3) (Invitrogen) cells using the P22 TSP gene cloned into the pET11a
plasmid (Novagen). P22 TSP was purified by an immobilized metal affinity
chromatography procedure using a HisTrap HP (GE Healthcare) column and
AKTA Explorer FPLC system (GE Healthcare). All proteins were dialyzed
against phosphate-buffered saline (PBS; 1.5 mM KH2PO4, 8 mM Na2HPO4, 137

mM NaCl [pH 7.2]), and the concentration was determined by measuring the
absorbance at 260 and 280 nm. Purified proteins were subjected to standard
immunoblot procedures (see File S1 in the supplemental material).

Agglutination of bacterial cells by GST-Gp48 and P22 TSP. The microagglu-
tination assays for C. jejuni and S. Typhimurium were performed as described
previously (37) with minor modifications (see File S1 in the supplemental ma-
terial). Agglutinated cells appeared as diffused aggregates contrary to the non-
agglutinated cells, which formed compact sediments at the bottom of the well.

Analysis of the bacterial binding to the immobilized GST-Gp48. The alcohol-
washed fabricated gold substrates (28) were activated with dithiobis(succinimidyl
propionate) (DTSP; Sigma-Aldrich) according to reference 3. The PBS-washed
DTSP-covered substrates were incubated with a 5-�g/ml solution of GST-Gp48
in PBS for 1 h at room temperature, followed by similar incubation with a
1-mg/ml solution of bovine serum albumin to block the free substrate surface.
The gold substrates were exposed to host (C. jejuni NCTC 11168H) or nonhost

FIG. 1. Genetic map of C. jejuni phage NCTC 12673. Color code:
black, genes with no homologues; red, genes encoding proteins related
to proteins of undefined function; dark blue, genes involved in nucle-
otide metabolism, replication, and recombination; beige, genes in-
volved in transcription and transcript processing; light blue, gene
fragments; green, hef homologues; brown, genes involved in morpho-
genesis. Putative promoters are illustrated as pink arrowheads with the
name of the gene they transcribe. Rho-independent terminators are
illustrated as vertical brown lines above the map line with the name of
the gene that they follow. The map lines are 21 kb in length and
overlap by 1 kb.
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bacteria (E. coli K-12 and S. enterica subsp. enterica serovar Typhimurium ATCC
19585) at 109 CFU ml�1 in PBS for 30 min at room temperature. The substrates
were washed, fixed, dried, and imaged using the scanning electron microscope
(Hitachi S-4800) as described previously (28). The bacterial binding density was
estimated from the images by using ImageJ software (National Institutes of
Health).

Nucleotide sequence accession number. The phage sequence was deposited
with GenBank under accession number GU296433.

RESULTS AND DISCUSSION

General genome characterization. At 26.2 mol% GC, the
genome of the C. jejuni phage NCTC 12673 is significantly less
than that of its host, C. jejuni NCTC 11168 (30.6 mol% GC),
and C. jejuni RM1221 (30.3 mol% GC). An analysis of the base
composition using a 50-bp window indicated regions of signif-
icantly higher GC-content at 19, 51, 61, 73, 108, 112, and 127
kb, suggesting that the genome arose through recombinational
exchange of modules of different origins. A total of 172 ORFs
were discovered in the 135-kb genome. In most cases, these
were closely packed and were preceded by a sequence bear-
ing strong similarity to the bacterial Shine-Dalgarno box
(GGAGGT). The genetic map is presented in Fig. 1, with the
specifics of each ORF and the putative protein products pre-
sented in Table S1 in the supplemental material. We were
unable to define, in silico, the replication origin of this phage.

A full complement of genes exists for DNA replication,
initiation, and elongation as well as dTTP biosynthesis (Fig. 1;
see Table S1 in the supplemental material). Remarkably, the
phage-specific DNA polymerase (Gp102) is homologous to
cyanophages P-SSM4, Syn9, and S-PM2 replication proteins.
Although phage NCTC 12673 does not encode its own RNA
polymerase as do the T7-like phages, it has a number of genes
that suggest complexity in its transcriptional mechanisms.
Phage NCTC 12673 gp122 is homologous to the T4 late gene
sigma factor gp55, showing, however, its closest homologues
among the Myoviridae infecting cyanobacteria.

In addition to protein-encoding genes, NCTC 12673, as with
many other phages with large genomes, possesses tRNA genes.
The three tRNA encoding genes specify tRNA-Met(CAT),
tRNA-Asn(GTT), and tRNA-Tyr(GTA). One can only as-

sume that the presence of a phage-specific initiator tRNA aids
in the initiation of translation of phage mRNAs (Fig. 1).

The phage NCTC 12673 genome also contains 12 copies of
genes or pseudogenes homologous to homing endonuclease-
like function (hef) nucleases. Interestingly, hef-like sequences
were not detected in the Campylobacter genomes. The mean
AT content of the hef elements is 71.67% � 0.78%, and four
DNA direct repeats were identified either within or adjacent to
the hef homologues. A phylogenetic analysis of these Hef pro-
teins indicates that considerable diversification has occurred
(data not shown). Hef-encoded sequences show weak similar-
ity to the Vsr (very short patch repair) endonuclease family
(cd00221).

Remarkably, phage NCTC 12673 does not have any obvious
means of DNA packaging. Its genome contains two fragments
(gp55 and gp82) related to the large subunit of T4 terminase
(gp17) and homology to the packaging protein from the Pro-
chlorococcus myovirus P-SSM4. Also, the products of genes 55
and 82 show homology to the N and C termini of the large
subunit terminase of vibriophage KVP40 (NP_899601.1),
respectively. BLAST analysis against the intein database
(InBase; NEB) resulted in the detection of a putative intein in
Gp82. At the same time, the C terminus of Gp55 contains a
CVxxD motif, which is typical for the intein N terminus (23).
This suggested that an active form of the terminase might still
result through intein splicing in trans.

Overall phylogeny of NCTC 12673 phage. The C. jejuni myo-
virus NCTC 12673 contains 12 homing endonucleases, redun-
dant and defective genes, a putative trans-splicing intein, and
no visible means of packaging. Only two other genomes of
Campylobacter phages, CPt10 and CP220 (34), have been se-
quenced thus far, and they bear very limited homology at the
DNA level to NCTC 12673. Comparison at the protein level
indicates that NCTC 12673 shares 71 (36.6%) and 72 (36.7%)
homologues with Campylobacter phage CP220 and CPt10, re-
spectively. Furthermore, the homologues are distributed over
the length of the NCTC 12673 genome, suggesting that the
relationships, though mosaic in nature, are not limited to the
morphogenesis genes. It is of singular interest that a consider-

FIG. 2. Electron micrographs of NCTC 12673 bacteriophages. (A) Typical NCTC 12673 particles. Virions possess a long tail with fibers (black
arrowhead). Virions where the tail is contracted (arrow) and attached to the spherical particles (white arrowhead) are also indicated. (B) Con-
tracted tails (white and black arrowheads) showing altered tail plate morphology with potential collar (black arrowhead) and a star-shaped tail plate
with associated tail fibers (arrow). Scale bars, 100 nm.
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able number of the NCTC 12673 gene homologues lie within
phages infecting members of the phylum Cyanobacteria rather
than the class Epsilonproteobacteria. While these phages were
considered the members of the T4 superfamily of viruses by
virtue of containing 35 core genes, a recent reappraisal of these
viruses resulted in them being excluded from the Teequatro-
virinae (17). These results indicate that the T4-like phages are
more diverse than previously determined.

DNA modification. In silico analysis revealed the presence of
numerous cleavage sites for different restriction endonucleases
within the NCTC 12673 genome. In vitro experiments indicated
that some of these enzymes were not effective in cleaving the
DNA. Bsp143I (Sau3A) and EcoRI (224 and 16 sites, respec-
tively) cleaved phage DNA effectively, whereas HaeIII and
HindIII (22 and 38 sites, respectively) could not cleave it at all
(data not shown). This would normally suggest that the DNA

is protected through methylation either via host methyltrans-
ferases or the activity of the two putative phage encoded meth-
ylases. Gp97 is a protein of 392 amino acids containing
COG2189 (adenine-specific DNA methylase, 71% aligned)
and pfam01555 (N6/N4 DNA methylase, 68% coverage) mo-
tifs. It exhibits sequence similarity to much larger proteins
described as type III restriction/modification enzymes. The
345-amino-acid Gp103 protein has no conserved motifs and
exhibits low-level sequence similarity to smaller (i.e., 250 to
300 amino acids) bacterial and viral (Lactobacillus phage Lc-
Nu, Pseudomonas phage B3, and Vibrio phage VP882) proteins
identified as putative methylases. It should be noted that mul-
tiple restriction and modification systems are encoded within
the C. jejuni genome (data not shown). In no case is the
specificity of the cognate methylases known.

It was found that the phage DNA had tightly bound pro-

FIG. 3. Cell binding properties of GST-Gp48. Scanning electron micrographs of C. jejuni 11168H cells (A and B), E. coli K-12 (C), or S.
Typhimurium cells (D) captured on gold surfaces covered with GST-Gp48 (A, C, and D) or GST alone (B). (E) Agglutination of C. jejuni (�flaA)
cells was observed upon incubation with the GST-Gp48 fusion protein. Wells 1 to 10 contained bacterial cells mixed with doubling dilutions of
GST-Gp48. Well 11 contained no protein. Well 12 contained no cells. The minimal agglutinating concentration was determined to be 4 �g of
GST-Gp48/ml. (F) A similar experiment was performed with S. Typhimurium cells using P22 TSP lacking endorhamnosidase activity. Well 6
contained no protein, and well 7 contained no cells. The minimal agglutinating concentration was determined to be 3 �g/ml for P22 TSP.
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tein(s) which during phenol extraction went to the phenol
phase, together with a significant amount (�80%) of the DNA.
In addition, the protein(s) coeluted with DNA from the Qia-
gen genomic DNA purification kit columns and coprecipitated
with phage DNA in 42% isopropanol. It did not appear that
specific DNA sites were 100% occupied since sequencing from
the GenomiPhi-amplified template allowed assembly of the
entire genome (or, alternatively, �29 DNA polymerase could
displace some proteins bound to DNA). The results of the
PCR amplification also suggest that small fractions of DNA
contained protein-free sites. Similar problems were experi-
enced with the C. coli phage in which bacteriophage DNA
could not be accurately quantitated spectrophotometrically,
nor could it be amplified with Taq polymerase or digested with
most restriction endonucleases (C. M. Carvalho and J.
Azeredo, unpublished data). All of these points strongly sug-
gest that Campylobacter phage DNA has tightly bound pro-
tein(s) that impact its physicochemical properties, including
estimated genome size by pulsed-field gel electrophoresis (170

kb for phage NCTC 12673 compared to the 135-kb genome;
see Fig. S1 in the supplemental material).

Lysis. None of the Campylobacter phage proteins exhibited
homology to previously characterized lysins or holins. Gp11
(188 amino acids) is very similar to the predicted holins of
T4-like myoviruses in size, number of predicted transmem-
brane domains, and possession of an extended C terminus.
Upon iterative PSI-BLAST searches, Gp11 resembles bacterial
predicted lytic murein transglycosylase possessing a weak Pfam
soluble lytic transglycosylase domain. Experimental analysis is
required to investigate whether this protein functions as a dual
holin-lysin.

Morphogenesis. Many of the structural proteins of this
phage also displayed homology to existing phage proteins, es-
pecially those of the T4 supergroup of viruses (see Table S1 in
the supplemental material). At the same time, no identifiable
homologues of baseplate as well as Hoc or Soc head decora-
tion proteins were revealed. Remarkably, three potential ho-
mologues of the T4 tail core protein Gp19 (Gp37, Gp38, and

FIG. 4. Experimental and model structural features of Gp48. (A) Electrophoretic behavior of the GST-Gp48 under SDS-PAGE conditions.
Portions (5 �g) of protein per lane were loaded. M, molecular weight markers; lane 1, GST-Gp48 sample incubated in SDS-PAGE sample buffer
(2% SDS) for 15 min at room temperature; lane 2, same as lane 1, but preheated at 95°C for 10 min; lanes 3 and 4, same as lanes 1 and 2,
respectively, but experiments were performed with GST-Gp1. (B) Western blot analysis of Gp48 and wild-type P22 TSP with anti-Gp48 and
anti-P22 antisera. Portions (10 �g) of protein per lane were loaded. For lanes 1 to 3, the membrane was probed with anti-GST-Gp48 antiserum;
for lanes 4 to 7, the membrane was probed with anti-P22 TSP antiserum. Sample preparation was as described for panel A. Lane 1 (control), heated
sample of GST-Gp48; lane 2, P22 TSP was not heated; lane 3, P22 TSP was heated; lane 4, GST-Gp48 was not heated; lane 5, GST-Gp48 was
heated; lane 6, P22 TSP was not heated; lane 7, P22 TSP was heated. (C) Spatial model of Gp48. Gp48’s three-dimensional structure was predicted
using Phyre (11) software with a 95% probability score. (D) Structure of P22 TSP monomer (PDB ID 1TYV).
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Gp84) were found. These three proteins differ in size and
exhibit little overall sequence similarity to each other. In each
case, the closest homologues are among cyanophage (S-PM2,
P-SSM2, and S-RSM4) Gp19 homologues. The genome of
NCTC 12673 also codes for Gp87, which possesses no homo-
logues among viral proteins but contains a pfam00166 (chap-
eronin 10-kDa subunit) motif and sequence similarity to bac-
terial GroES proteins (E � 7 � 10�7; 40% identity). It may
play a role in head morphogenesis, replacing host GroES sim-
ilar to T4 Gp31.

Phage morphology. TEM analyses revealed that NCTC
12673 belongs to the Myoviridae family of viruses and possesses
a long contracting tail with the length of 	100 nm and a head
of ca. 80 nm in diameter (Fig. 2A). In addition, this phage
clearly shows evidence for a striated tail and a collar or neck
whiskers. In its contracted state, nearly all of the observed
phage particles were associated with spherical bodies, and in
one case the tail plate appeared to be wrapped around this
element (Fig. 2B). These spherical bodies (see also Fig. S2 in
the supplemental material) are reminiscent of membrane ves-
icles originating from C. jejuni (19). It is possible to imagine
active bacterial vesicle shedding as a primitive defense mech-
anism against phage predation. Alternatively, these vesicles are
derived from lysed cells, and we are either observing the orig-
inal bound phage or the resulting progeny attached to the
vesicles. This observation requires further investigation.

Proteome analysis. Using CsCl-purified NCTC 12673 phage
particles which were devoid of significant host protein contam-
ination, we observed the following proteins (see Table S2 in
the supplemental material): Gp1, Gp2, Gp69, Gp80, Gp90,
Gp109, and Gp154 (all hypothetical proteins), Gp37 (tail tube
protein), Gp75 (major coat protein), Gp79 (portal vertex pro-
tein), Gp81 (neck protein), and Gp123 (another major capsid
protein homologue). In addition, Gp86 was identified among
the structural proteins, although its annotation as a phospha-
tidylserine decarboxylase is perplexing since this enzyme is
involved in the conversion of phosphatidylserine to phosphati-
dylethanolamine (through the removal of CO2), an enzymatic
activity which might be associated with a temperate phage,
which this is not, or a lipid-containing virus for which we have
no evidence. Furthermore, the identification of a putative
amidinotransferase (Gp45) is also puzzling. Typically, this en-
zyme transfers an amidino group from arginine to glycine in
amino acid metabolism. It is intriguing that the C. jejuni fla-
gella are heavily decorated with O-linked nonulosonic sugars
that can be modified with both CO2 (35) and amidino (33)
residues and that the NCTC 12673 phage may express surface
enzymes that are capable of modifying these structures.

Identification of the RBP. Identification of the phage NCTC
12673 RBP was among the main goals of this research. No
gene with homology to any of the T4 tail fiber genes was
identified in the genome of phage NCTC 12673. A further
problem is that the “closest” relative of phage NCTC 12673 is
the cyanobacterial phage S-PM2 which lamentably also lacks
recognizable T4 fiber homologues. We used mass and synteny
(gene position) and identified gene 48 as a potential gene for
the fiber RBP (see File S1 in the supplemental material). Gp48
is also homologous to the C termini of CBJ93981.1 and
CBJ94379.1, hypothetical proteins of Campylobacter phages
CP220 and CPt10, respectively. Gene 48 was cloned into the

pGEX 6P-2 plasmid and expressed as the soluble GST fusion
protein with the total molecular mass of 	180 kDa. Immobi-
lized recombinant Gp48 was able to specifically recognize C.
jejuni cells and thus was active as an RBP (Fig. 3A to D). It was
also able to agglutinate C. jejuni suspensions similar to the
phage P22 TSP agglutination of its host bacterium, S. Typhi-
murium (Fig. 3E and F). GST-Gp48 also formed SDS-resistant
oligomers (Fig. 4A), a feature that is characteristic of a group
of kinetically stable proteins. This group comprises several
unrelated proteins including P22 TSP (21, 27). A similar ex-
periment was performed with another NCTC 12673 virion
protein— Gp1—that was also produced as a GST fusion. It can
be seen that neither the GST tag nor Gp1 protein can form
SDS-resistant oligomers (Fig. 4A). Thus, such behavior is spe-
cific to Gp48. Also, the GST-Gp48 antiserum was able to
recognize the P22 TSP SDS-resistant trimers but not the un-
folded monomers (Fig. 4B). This reactivity suggests that the
P22 TSP and Gp48 may share a conformational epitope in
spite of the lack of significant sequence homology between the
two proteins. Interestingly, molecular modeling also revealed
potential structural similarity between a portion of Gp48 and
P22 TSP (Fig. 4C and D). The latter was shown to be a trimer
with subunits having a characteristic beta-helix fold (30, 31).
These findings reveal a novel RBP with potential application in
the diagnosis and treatment of Campylobacter infections.
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