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The Mycoplasma hyorhinis protein p37 has been implicated in tumorigenic transformation for more than 20
years. Though there are many speculations as to its function, based solely on sequence homology, the issue has
remained unresolved. Presented here is the 1.6-Å-resolution refined crystal structure of M. hyorhinis p37,
renamed the extracytoplasmic thiamine-binding lipoprotein (Cypl). The structure shows thiamine pyrophos-
phate (TPP) and two calcium ions are bound to Cypl and give the first insights into possible functions of the
Cypl-like family of proteins. Sequence alignments of Cypl-like proteins between several different species of
mycoplasma show that the thiamine-binding site is likely conserved and structural alignments reveal the
similarity of Cypl to various binding proteins. While the experimentally determined function of Cypl remains
unknown, the structure shows that the protein is a TPP-binding protein, opening up many avenues for future
mechanistic studies and making Cypl a possible target for combating mycoplasma infections and tumorigenic
transformation.

Mycoplasmas (class Mollicutes) are the smallest organisms
capable of unassisted replication. These tiny, pleomorphic,
wall-free bacteria survive in tandem with eukaryotes, either
attached to the cell membrane or intracellularly. Only 0.2 to
0.3 �m in diameter, they also have one of the smallest func-
tional genomes, 500 to 800 kbp. Mycoplasma hyorhinis is gen-
erally considered to be a swine pathogen, causing lung lesions,
chest and abdominal lining inflammation, and arthritis (30).
However, in recent years, an increasing body of work suggests
that chronic mycoplasma infections, including M. hyorhinis,
may be a source of oncogenic transformation (5, 15, 16, 29, 36,
52, 56, 57).

M. hyorhinis p37 was originally identified as a 37-kDa protein
that induced invasiveness in mouse sarcoma cells. This inva-
sivity could be reversed if the cells were pretreated with the
antibody to this protein (48, 49). Several years later, a study
was conducted on patients immunized intralymphatically with
their own surgically debulked tumors looking for antibodies
that induced remission and their associated antigens. This
study also identified p37 (13). The presence of this antigen as
an oncogenic marker was confirmed by Ilantzis et al. (24).

p37 is a misnomer; the actual protein is 43.5 kDa, composed
of 403 residues. The operon it resides in bears some sequence
similarity to a periplasmic binding protein-dependent trans-
port system found in gram-negative bacteria. It is believed to

function analogously as an extracytoplasmic binding lipopro-
tein, given that mycoplasma have only one membrane (9, 18).
Since p37 was identified, several studies have indicated a cor-
relation between the bacterium M. hyorhinis and gastric carci-
noma, colon carcinoma, esophageal cancer, and lung cancer
(23, 41). p37 alone is sufficient to increase the invasivity of
cancer cells (26, 48, 49). It has also been shown that p37 may
also be associated with cancer malignancy and metastasis (20,
21, 28).

In an effort to give p37 a more descriptive, identifiable, and
accurate name, the protein is now designated the extracyto-
plasmic thiamine-binding lipoprotein (Cypl). Presented here is
a 1.6-Å-resolution refined crystal structure of Cypl. Utilizing
this structure, as well as sequence alignments to other myco-
plasmal Cypl-like proteins and structural alignments to other
proteins, the putative role of Cypl is addressed. Evidence will
be offered which supports the current hypothesis that Cypl is
an extracytoplasmic binding lipoprotein (9, 18). This paper
proposes that Cypl is, specifically, a thiamine pyrophosphate
(TPP)-binding protein rather than an enzyme utilizing TPP as
a cofactor. Furthermore, sequence data suggest that the other
mycoplasmal Cypl-like proteins may also bind thiamine or
similar molecules.

MATERIALS AND METHODS

Expression and purification. An N-terminally truncated form of Cypl (resi-
dues 24 to 403) was expressed and purified using methods previously described
by Ketcham et al. (26). Plasmid pMH38-113 contained the entire coding se-
quence for Cypl. The first 23 residues of Cypl contain the signal sequence, and
the lipoprotein moiety was removed to enhance purification. The PCR primers
used to amplify the Cypl coding region minus the leader sequence were 5�-AT
GTGTTCTAACACCGGTGTAGTTAAG-3� and 5�-GAATTCTTATTTAATG
GCTTTTTCATAAAC-3�. Additionally, all of the TGA codons (mycoplasmal
codon for Trp) were changed to TGG to optimize its expression in E. coli. This
product was ligated into the expression vector pET31f1m1 (gift of P. Laipis,
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Department of Biochemistry, University of Florida, Gainesville, FL). E. coli
strain BL21(DE3)/pLysS was subsequently transformed with the plasmid.

The protein was expressed by inoculating 1 liter of minimal medium (37°C)
supplemented with tryptone (10 g/liter), ampicillin (100 �g/ml), chloramphenicol
(30 �g/ml), and glucose (0.75%, wt/vol). The culture was induced at an optical
density at 600 nm of 0.7 to 1.0 with a final concentration of 1 mM isopropyl-L-
thio-�-D-galactopyranoside (IPTG). The cells were grown for an additional 2.5 h
at 37°C and harvested.

The cells were lysed by vortexing the pellet in 1/10 the original volume of 20
mM phosphate buffer (pH 7.8), followed by three 15-s sonication cycles. The
resulting crude cell lysate was centrifuged at 40,000 � g for 20 min at 4°C. The
supernatant underwent ion-exchange chromatography using a 5-ml Bio-Rad
Econo-Pac S cation-exchange column attached to the bottom of a 50-ml Bio-Rad
anion-exchange Q column and equilibrated with 20 mM sodium phosphate buffer
(pH 7.95) at a flow rate of 2.5 ml/min. Approximately 125 mg of total protein was
loaded on the column. The flowthrough containing Cypl was adjusted to pH 6.1
with 2 M acetic acid, loaded on a 5-ml cation exchanger (Econo-Pac S cartridge;
Bio-Rad), and equilibrated with 20 mM sodium acetate (pH 6.1) (buffer A). The
column was washed with 5% buffer B (20 mM sodium acetate [pH 6.1], 1 M
NaCl), and the Cypl protein was eluted with 15% buffer B. The eluted sample
was then concentrated using a Centriprep 10 spin column (Millipore, Bedford
MA). The yield of Cypl was estimated to be �30 mg of purified Cypl from 1 liter
of E. coli.

Crystallization and diffraction data collection. The crystallization conditions
for Cypl were those previously reported by Reutzel et al. (38). Briefly, crystals
were grown using the microbatch method under oil at room temperature (4).
Crystallization drops were prepared by mixing 7 �l protein at a concentration of
�10 mg ml�1 in 50 mM Tris-HCl (pH 7.5) with 3 �l of the precipitant solution
(100 mM citric acid at pH 4.0 containing 40% PEG 4000 and 100 mM NH4Br)
under paraffin oil. Useful crystals appeared within 7 days.

Diffraction data were collected at Cornell High Energy Synchrotron Source
(CHESS), beamline F2 at a wavelength of 0.9169 Å. The highest-resolution data
resulted from a crystal soaked in 10 mM NaBr for 10 s during an extensive search
for phasing derivatives. Data were collected using the oscillation method in
intervals of 1° steps on an ADSC Quantum 4 charge-coupled-device detector,
with a crystal-to-detector distance of 120 mm. A total of 130 images were
collected on a flash-cryocooled crystal at 100 K. Indexing, integration, and scaling
were performed using HKL2000, resulting in a 94.6% complete data set to 1.6-Å
resolution with an Rsym of 7.1% (35). Complete processing statistics and the
equation for calculating Rsym are given in Table S1 in the supplemental material.

Structural refinement. The structure was solved exclusively by molecular re-
placement. The starting model for the phasing was the previously solved 1.9-Å-
resolution structure of Cypl (PDB code 3E78) with solvent molecules and TPP
removed (44). SHELXL from the SHELX97 program suite was used to refine

the model, alternating with rounds of model building using the COOT molecular
graphics package (11, 43). Protein restraints used in SHELXL were from Engh
and Huber, and restraints for TPP and glycerol were generated in SHELXPRO
(12, 43). No restraints were used for the interactions involving calcium or bro-
mine ions. The temperature factor for the more tightly bound calcium ion was
refined anisotropically. The final model contains Cypl, TPP, one glycerol mole-
cule, two calcium ions, seven bromide ions, and 285 water molecules, with an
Rall data of 18.4% and with good stereochemistry, as shown by PROCHECK (27).
The final refinement statistics are presented in Table S2 in the supplemental
material. There is a phenylalanine at position 256 in the deposited sequence of
Cypl; however, the density at this position is consistent with a serine (44). To
confirm this assertion, the plasmid was sequenced (Genomics Core, Interdisci-
plinary Center for Biotechnology Research, University of Florida, Gainesville,
FL); additionally, a simulated annealing omit map was generated, and it clearly
showed electron density at position 256 corresponding to serine (9; data not
shown).

Sequence alignments and phylogenic tree analysis. Sequence alignment and
phylogenetic analysis were performed on 12 mycoplasma Cypl-like proteins.
Species, description, host organism, and Entrez Protein accession number are
listed in Table 1 (http://www.ncbi.nlm.nih.gov/sites/entrez?db�protein).

Sequence alignments were performed using ClustalW in the SDSC Biology
Workbench (50, 51). Pairwise and multiple sequence alignments were performed
using the Gonnet Series weight matrix, with an open gap penalty of 11.0 and a
gap extension penalty of 0.85. All other parameters were set at default. An
unrooted tree was generated using PHYLIP, also within the Biology Workbench
(14, 50).

Structural alignment. A structural alignment of Cypl was performed using the
DALI server (22). The top four classes of proteins were chosen for secondary
structural matching superposition in COOT (11). The name, PDB ID, and DALI
statistics are listed in Table 2.

Protein coordinate accession number. Coordinates and structure factors have
been submitted to the Protein Data Bank (code 3EKI).

RESULTS

Overall fold of Cypl. The Cypl structure, as described pre-
viously (365 ordered amino acids), is arranged into two ap-
proximately equal-sized compact domains (domains I and II),
separated by a deep cleft at the interface of the domains.
Domain I consists of a six-stranded � sheet flanked by seven
helices, and domain II has five � strands and five helices (Fig.
1A). The domains are connected by two linker regions and the

TABLE 1. Mycoplasma Cypl-like proteins used for sequence alignment

Organism Entrez Protein description Entrez Protein
accession code Host organism Sequence

length (aa)
Reference
or source

M. hyorhinis p37 CAA32357 Swine 403 9
M. genitalium G37, phosphonate ABC transporter,

substrate binding protein, putative
NP_072955 Human 368 19

M. hyopneumoniae 7448 p37-like ABC transporter, substrate
binding lipoprotein

YP_287754 Swine 421 53

M. pneumoniae M129 High-affinity transport system protein p37 NP_110103 Human 380 7
M. penetrans HF-2 High-affinity transport system protein NP_758050 Human 402 42
M. pulmonis p37-like ABC transporter, substrate

binding lipoprotein
CAC13398 Murine 412 2

M. gallisepticum High-affinity transport protein A AAF78031 Avian 366 DSa

M. agalactiae PG2 Alkylphosphonate ABC transporter,
substrate binding protein

YP_001256411 Ovine, caprine 438 45

M. synoviae 53 Putative p37-like ABC transporter,
substrate binding lipoprotein

YP_278219 Avian 404 53

M. arthritidis 158L3–1 p37-like ABC transporter, substrate
binding lipoprotein

ACF07046 Murine 380 10

M. mycoides subsp. mycoides
SC PG1

ABC transporter, substrate-binding
protein

NP_975778 Bovine 477 55

M. capricolum subsp.
capricolum ATCC 27343

ABC transporter, substrate-binding
protein

YP_424691 Caprine 486 19

a DS, direct submission.
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C-terminal helix. A hydrophilic loop extends partially above
the cleft entrance (residues 55 to 63) (44). A map of the
electrostatic surface of Cypl shows a typical protein electro-
static profile, with no significant exposed hydrophobic patches
(Fig. 1B). Of note is the patch of basic residues along the inside

of the cleft corresponding to the TPP-binding site character-
ized below.

TPP-binding site. The most surprising finding from the crys-
tal structure determination of Cypl was the presence of TPP
(Fig. 1A and C) (44). At 1.6-Å resolution, little doubt remains
that it is truly TPP, as shown in the simulated annealing omit
electron density map (Fig. 1D and E). The TPP is bound
between the two domains and makes numerous interactions
with both the main chain and the side chains of the adjacent
amino acids. In brief, the methyl amino pyrimidine ring inter-
acts with Asn200, Val201, Glu308, Trp314, and Leu379; the
thiazole ring interacts with Leu379, Tyr343, Asp344, and
Tyr215; and the pyrophosphate interacts with Lys258, Lys129,
Tyr215, Ser255, Ser256, and Ser257 (Fig. 2 and Table 3).

Calcium-binding sites. Two calcium-binding sites are lo-
cated toward the distal ends of domains I and II (Fig. 1C, green
spheres). The calcium ion with lower temperature factors (site
A) is located on domain I, coordinated by both carboxyl oxygen
atoms of Asp121 and one oxygen atom of Asp43, the carbonyl
oxygen atoms of Pro118 and Ser45, and two water molecules
(Fig. 3A; Table 3). The observed well-ordered electron density
and low refined temperature factor indicate that this calcium is
very tightly bound to Cypl.

The other calcium-binding site (site B) is located in a more
solvent-accessible region of domain II coordinated by the car-
bonyl oxygen atoms of Lys327 and Glu330, the OG1 atom of
Thr326, and two water molecules (Fig. 3B and Table 3). The
temperature factor of this calcium ion is approximately twofold
higher than that of the site A calcium ion, consistent with its
more exposed location. As no calcium was used during either
purification or crystallization, this leads to the possibility that
calcium ions, particularly site A, may play a functional role in
Cypl activity.

Glycerol- and bromine-binding sites. As glycerol and bro-
mine were additives soaked into crystal for X-ray diffraction
data collection, they most likely do not contribute to functional
analysis and therefore are not discussed further. However, a
description of both the glycerol- and bromine-binding sites are
provided in the supplemental material.

Comparative structural analysis. The Cypl structure was
submitted to the DALI server to identify several varieties of
proteins with similar structural homologies (22). All of the
proteins listed were some form of binding protein. There were
504 structures with Z-scores of greater than two, and of those,
none had greater than 16% identity to the sequence of Cypl.
Of the structures obtained, there was no root mean square

TABLE 2. Proteins with structural similarity to Cypl

PDB ID
(chain ID) Description Z score

Root mean square
deviation (Å)
(no. of C	)

No. of
residues % Identity Reference

1JQF(A) Human transferrin N-lobe mutant H249Q 16.1 4.1 (250) 329 13 1
3B7D(H) GLUR2 ligand binding core (HS1S2J) in

complex with CNQX
8.9 4.3 (210) 258 10 30

2QRY(C) Periplasmic thiamine binding protein 6.9 4.3 (190) 318 10 47
1Z7N(G) ATP phosphoribosyl transferase (HisZG

ATP-PRTase) from Lactococcus lactis
with bound PRPPa substrate

7.7 3.6 (164) 203 9 3

a PRPP, 5-phosphoribosyl-1-pyrophosphate.

FIG. 1. Overall structure of Cypl. (A) Ribbon diagram depicting
the domain (domains I and II) and secondary structural topology
organization (	-helices, blue; �-strands, red; and coils, green). TPP is
shown in spheres (carbon, yellow; nitrogen, blue; oxygen, red; and
phosphorus, orange). (B) Surface charge distribution. Blue indicates
regions of positive charge and red negative charge. (C) Stereo coil C	
tracing of Cypl, indicating the binding sites of TPP (coloring as de-
scribed above), Ca2� (green spheres), Br�1 (pink spheres), and glyc-
erol (carbon, yellow; oxygen, red). (D and E) Fo-Fc electron density
(blue mesh) omit map contoured at 1.5
 of TPP. View E is a 90°
rotation of the orientation shown in D. Panels A, C, D, and E were
generated using Pymol (8). Panel B was generated using Grasp (33).
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deviation of less than 3.4 Å. Interestingly, the first 76 matches
were to some variant of transferrin (sero-, ovo-, lacto-). The
top match was to the H249Q mutant N-lobe of human serum
transferrin (PDB code 1JFQ), with a root mean square devi-
ation of 4.1 Å for 250 C	 positions (1). Several other proteins,
including a type II ionotropic glutamate-binding domain
(ADMA receptor), a periplasmic thiamine-binding protein
(TbpA), and an ATP phosphoribosyl transferase (PRT), were
selected for comparison and were structurally superpositioned
onto Cypl using COOT (3, 11, 31, 47). A sample superposition
of Cypl and TbpA is shown in Fig. 4. The PDB ID codes,
descriptions, and statistics are given in Table 2.

DISCUSSION

Cypl and other Cypl-like proteins. The sequence of Cypl was
compared to the sequences of Cypl-like proteins in 11 other
species of mycoplasmas (Table 1). Five of the aligned se-
quences are shown in Fig. 5. There is no significant clustering
of sequence identity between the various species, with most
pairwise agreements ranging between 20% and 40% identity.
However, there are a few exceptions. M. mycoides, Mycoplasma
capricolum, and Mycoplasma agalactiae, all of which infect ru-
minants, show significant identity, up to 70% in the case of M.
mycoides and M. capricolum, as well as 58% identity between
Mycoplasma genitalium and Mycoplasma pneumoniae, two hu-
man pathogens (see Table S3 in the supplemental material).
This is reflected in the phylogenetic tree (Fig. 6 and Table 1;
see also Table S3 in the supplemental material). Each species
deviates in a similarly diverse manner from the others. The tree
is almost completely centrally rooted with little grouping.
Given that two sequences only need 25% identity to be struc-
turally homologous, it is likely that all of these proteins will
share very similar structures overall (39).

It is important to note that several residues associated with
TPP binding and calcium site A in Cypl are identical or con-
served between species (Table 3 and Fig. 2, 3, and 5). All
residues described use Cypl numbering. Within the TPP-bind-
ing site residues, Ser255, Tyr343, Tyr215, Trp314, Asp344,
Glu308, and Lys258 were identical or showed significant con-

FIG. 2. TPP-binding site. (A) Stereo image showing the location
of TPP within the Cypl cleft. (B) Protein-ligand interactions. Panel
A was generated using Pymol (8). Panel B was generated using
Ligplot (54).

TABLE 3. Ligand interactions of Cypl

Ligand Bond or contacta Bording residue(s) (distance �Å�)

TPP O1B HB Tyr215 (2.6), Ser257 (2.9 and 2.7)
O2B HB Lys129 (3.0), Ser256 (2.9)
O3B HB Ser255 (2.5), Lys258 (3.0), Lys129 (3.5)
O1A HB Tyr215 (3.5)
O2A HB Lys258 (2.7), HOH 1062 (2.85)
O3A HB HOH 1073 (3.5)
O4A HB HOH 1073 (2.9), HOH 1048 (2.8)
S1 HB Asp344 (3.5)
N3 HB Tyr343 (3.3)
N4� HB HOH 1126 (2.9)
N3� HB HOH 1270 (3.1)
N1� HB HOH 1027 (2.7)
HC Asn200, Val201, Glu308, Ser257, Ser255, Lys258, Trp314, Leu379, Asp344, Tyr215, HOH 1062

Ca2� site A HB Asp121 (2.3 and 2.7), Pro118 (2.3), Asp43 (2.4), Ser45 (2.4), HOH 1011 (2.5), HOH 1075 (2.6)

Ca2� site B HB Thr326 (2.4), Lys327 (2.5), Glu330 (2.3), HOH 1153 (2.3), HOH 1154 (2.3)

a HB, hydrogen bond; HC, hydrophobic contact.
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servation for all 12 species. Of interest are two of the residues
necessary for pyrophosphate stabilization in the Cypl structure,
Ser256 and -257. Ser256 (confirmed by sequencing) is a con-
served Ala in eight sequences. Ser257 is only conserved in four
sequences, the remaining eight being Gly. Given the role of
Ser257 in stabilizing the second phosphate, it is likely that the
other Cypl-like proteins bind thiamine monophosphate or an-
other similar molecule. Although there is low sequence iden-
tity between the Cypl-like proteins, the overall degree of con-
servation between the thiamine-interacting residues is a strong
indicator that they also bind thiamine in either the mono- or
pyrophosphate variety (Fig. 5).

The calcium-binding sites in Cypl are less conserved than the
thiamine-binding site. In calcium-binding site A, Asp121 is
identical in 11 of 12 species and Asp43 is conserved in 9 of 12.

However, the remaining two residues of site A (Pro118 and
Ser45) and three residues of site B (Lys327, Glu330, and
Thr326) show little sequence conservation (Fig. 3 and 5). This
is not surprising considering that the calcium is bound to the
carbonyl oxygens of these residues, with the exception of
Thr326. Given this information and the proximity of these
residues to flexible loop regions, a conserved calcium-binding
site among the various Cypl-like proteins seems unlikely but
cannot be ruled out.

Presence of TPP in Cypl. The conservation of thiamine-
binding residues in the various species of mycoplasma rein-
force the idea that thiamine could be present in all Cypl-like
proteins. In an attempt to elucidate the function of TPP bind-
ing in Cypl, the crystal structures of several enzymes that re-
quire TPP for catalysis were examined. It was found that in all
TPP-dependent enzymes, the TPP cofactors assume a similar
V shape (25, 32). When the TPP conformation from yeast
transketolase (PDB code 1TRK) is compared to the TPP con-
formation observed in Cypl, it is sterically misoriented for
catalytic activity (Fig. 7A) (34). The TPP of Cypl more closely
resembles the thiamine monophosphate observed in the crystal
structure of a periplasmic thiamine-binding protein (TbpA)
from Escherichia coli (PDB code 2QRY; Fig. 7B) (47). In
gram-negative bacteria, the periplasmic binding protein is part
of an ATP-binding cassette (ABC) transporter which also in-
cludes a membrane permease and an ATPase.

Why Cypl is probably not an enzyme. With these observa-
tions, it becomes apparent that TPP is probably not a cofactor for
an active enzyme. The Cypl TPP is not in a catalytically active
conformation. Also, Cypl lacks a conserved sequence necessary
for loading the TPP into the protein as a cofactor. The orientation
of the TPP as well as the surrounding protein environment ren-
ders it chemically inert. A more extensive discussion of these
points is available in the supplemental material.

Why Cypl is probably a transport/binding protein. Genetic
analysis performed by Dudler et al. in 1988 shows that Cypl is
located on an M. hyorhinis 5.2-kb operon, including p29 and
p69, which putatively codes for parts of an ABC transporter
similar to those found in gram-negative bacteria (9, 18). The
first open reading frame codes for Cypl and contains a 23-
amino-acid export signal peptide which appears to be cleaved
as the protein matures. The C-S-N sequence of the N terminus

FIG. 4. Structural similarity of Cypl to E. coli TbpA. Coil C-alpha
tracing of Cypl (blue), with TbpA (PDB code 2QRY chain C; color,
orange). The figure was generated using Pymol (8).

FIG. 3. Calcium-binding sites. Calcium site A (A) and site B (B) in-
teractions. Waters shown as red spheres. Calcium shown in orange
spheres. 2Fo-Fc electron density contoured to 1
. The figure was
generated using Pymol (8).
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of the mature protein is consistent with a lipoprotein. The
other two open reading frames code for p29 and p69, respec-
tively. The overall operon is flanked by inverted repeats, indi-
cating rho-independent transcription termination. p29 appears
to have sequence similarity to bacterial proteins that interact
with both substrate-binding proteins and integral membrane
proteins. p69 bears a hydropathy plot similar to that of integral
membrane proteins of ABC transport systems, though it does
lack the EAA sequence typically seen in these proteins (9).

The overall structural topology of Cypl is fairly consistent
with the type II periplasmic binding protein (Fig. 4) (17, 37).
This is supported by the overwhelming majority of DALI
matches being a binding protein. It has strong structural sim-
ilarity to the N-lobe of transferrin but not the entire protein
(44). However, there are some critical differences. Transferrin
is a secreted protein and not membrane associated like Cypl
(40). The other structurally similar proteins are not ideal func-
tional models either, given their propensity for complex for-

FIG. 5. Sequence alignment of Cypl-like proteins. hyor, M. hyorhinis; geni, M. genitalium; hyop, M. hyopneumoniae; pneu, M. pneumoniae; pene,
Mycoplasma penetrans. Sequences are highlighted to indicate percentage identity and consensus. Symbols above columns denote residues involved
in hydrogen bonding interactions: �, TPP binding; �, Ca site A; and §, Ca site B. Dark, medium, and light grey indicate 100%, 80%, and 60%
identity, respectively. The figure was generated using Jalview (6).

2590 SIPPEL ET AL. J. BACTERIOL.



mation. The ADMA receptor and PRT are octamers (3, 31).
Even the TbpA crystallizes as a dimer, which may or may not
be physiologically relevant (47). Cypl has shown no indication
of functioning as a dimer. In native gels (data not shown), the
protein migrates predominantly as a single monomeric band
and the electrostatic surface of the protein shows no hydro-
phobic patches along the opening of the binding cleft, indica-
tive of periplasmic binding protein dimers (Fig. 1B) (3, 47).
While it may behave as part of an ABC-binding cassette in
mycoplasma, its role both in the virulence of mycoplasma and
in tumorigenic transformation remains unclear. Cypl’s role in
mycoplasma infection has never been addressed. As for its
effect on cancer cells, it has been shown that Cypl alone is suffi-
cient to cause increased tumor invasivity, to the same degree as
whole mycoplasma (26, 48, 49). Perhaps in vivo Cypl is involved in
the transport of thiamine into the mycoplasma, which may se-
quester thiamine away from surrounding host cells, weakening
them and creating an opportunity for infection. A precedent for
this scenario exists and has been described for Bacillus thiami-
nolyticus, which is pathogenic because it degrades thiamine, thus
depleting the supply for its host (47). Research has also shown
that TPP or thiamine is a necessary component of lactate oxida-
tion in Mycoplasma gallisepticum (46). It is not a great leap of logic
to consider that a thiamine-binding protein would be an essential
component for mycoplasma survival.

Additional studies are required to adequately identify a
function for Cypl. Further biological and crystallographic stud-
ies are necessary to fully characterize this protein and its role
in infection as well as the tumorigenic transformation of hu-
man cells. It is apparent that Cypl-like proteins may offer an

important therapeutic target in future drug studies, either for
the inhibition of Cypl-induced tumor progression or for ame-
liorating persistent pathogenic infections.
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