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Summary

p37 protein is a membrane lipoprotein of Mycoplasma hyorhinis, and our previous work showed that there
was high ratio of M. hyorhinis infection in human gastric carcinoma. To investigate the possible functions
of p37 in cancer development, the nucleotide sequence of p37 gene was modified and expressed well in
transfected cells. We found that p37 localized at the Golgi apparatus and could be secreted out of the cell.
Human gastric cancer cells AGS, after being transfected with the p37 gene, were smaller, more spherical
and easy to detach from each other. Their adhesion to matrix was also diminished and cytoskeleton in these
stable p37 AGS cell was rearranged and transcription co-factor b-actin was transferred to nucleolus with
down-regulation of ICAM-1 and integrin b1. These findings will be helpful for us to elucidate the effects of
p37 on eukaryotic cells as well as to better understand the potential relationship between cancer and
mycoplasma infection.

Introduction

Mycoplasma is Gram-positive bacterium without
a cell wall. Mycoplasma has been associated with
many human diseases, such as pneumonitis and
urinogenital infections [1–3]. Association between
mycoplasma, carcinogenesis and metastasis has
generally been supported although the underlying
mechanism(s) remain an enigma [4–8]. Infection-
related carcinogenesis, however, has been clearly
documented with Helicobacter pylori, bacterium
known to induce gastric cancer [9–10].

p37, a part of homologous high-affinity trans-
port system in Mycoplasma hyorhinis [4, 11], is
known to enhance the invasiveness of melanoma
(C8161 and A375M) and prostate carcinoma (PC-
3 and Du-145) [6, 12]. The colony-forming abilities

of AGS and HEK 293T cells are greatly improved
by p37 (unpublished data); however, the precise
mechanism is still unknown.

In this study, we re-designed the p37 nucleotide
sequence and expressed the protein p37 in eukary-
otic cells. Then we characterized its sorting and
localization within the cells, as well as its secretion
status. And finally, we investigated the effects of
p37 on cell adhesion, which is closely related to
invasiveness and metastasis of carcinoma cells, and
its potential molecular mechanismwas also studied.

Materials and methods

Cell culture and bacterial strains

COS-7, HeLa and HEK 293T cells were grown in
Dulbecco’s Modified Eagle Medium (DMEM)
with 10% fetal calf serum (FCS). Mouse fibroblast
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cell line C3H/10T1/2 (C3H) was maintained in
RPMI 1640 medium with 15% FCS. Murine
myeloid cell line 32D was maintained in RPMI
1640 culture medium containing 15% FCS and
5% WEHI-3B conditioned medium. Human gas-
tric cancer cells AGS were grown in F-12 nutrient
medium with 10% FCS.

Antibodies and reagents

PD4, a mouse monoclonal antibody against p37,
was prepared in our laboratory. Anti-ICAM-1,
anti-integrin-a1, anti-integrin-b1, anti-a-tubulin
and horseradish peroxidase (HRP)-conjugated
goat anti-rabbit or mouse antibodies were pur-
chased from Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA, USA). Anti-b-actin was pur-
chased from Sigma (St. Louis, MO, USA). Protein
A-agarose beads were purchased from Amersham
Biosciences, UK Limited (Buchinghamshire,
England). Lipofectamine 2000 was purchased
from Invitrogen Life Technologies (Carlsbad,
CA, USA). Human fibronectin was purchased
from Haematologic technologies Inc. (Essex Junc-
tion, VT, USA) and polylysine was purchased
from Beijing Zhongshan Biotechnology Co. (Beij-
ing, China).

Plasmid construction

Eukaryotic expression plasmids pEGFP-C1, pEG-
FP-N1 and pcDNA3 were purchased from BD
Biosciences, Clontech (Palo Alto, CA, USA).
pcDNA3-RFP was developed in our laboratory.
pGEM-T easy vector was purchased from Pro-
mega Corporation (Madison, MI, USA). The
prokaryotic nucleotide sequence of p37 was
changed into the sequence corresponding to
eukaryotic codon-usage preference, with the ratio
of A, G, T, C estimated and optimally adjusted.
The nucleotide sequence of the designed p37 was
chemically synthesized (by Shanghai Songong,
China) and cloned into pcDNA3 vector to gener-
ate the recombinant vector pcDNA3-p37. This
sequence of p37, adapted to eukaryotic systems,
was amplified using PCR and Platinum Taq
DNApolymerase (Invitrogen). The forward and
reverse primer were 5¢-TAC TCG AGT CGC
CAC CAT GGT GAA GAA G-3¢ and 5¢-TTC
CCG GGA CTT GAT GGC CTT CTC GTA C-
3¢, respectively. The PCR product was ligated into

pGEM-T easy vector to generate pGEM-T-p37,
which was digested with Xho I and Xma I and then
ligated into pEGFP-N1 vector to generate
pEGFP-N1-p37. The nucleotide sequence of the
p37 gene was digested with BamH I and EcoR I;
resulting fragment was ligated to pEGFP-C1
vector to generate pEGFP-C1-p37 for transfection
into COS-7, HeLa or HEK 293T cells. From the
transfected cells, total RNA and protein were
extracted for further analysis. Total RNAs were
extracted from C3H and 32D cells using Trizol
reagent (Invitrogen). RT-PCR was then manipu-
lated using forward primer 5¢-AAG CTT ATG
AGG TTT CGT GAG CAG TTC-3¢ and reverse
primer 5¢-GGT ACC GGC AAC GAA GAC
AAG TTG CTC-3¢ to amplify a b1, 4-galactosyl-
transferase gene fragment, which was inserted into
pcDNA3-RFP vector to generate p-GALAC-RFP
with similar strategy as the construction of
pEGFP-N1-p37 described above.

Confocal microscopy

COS-7 cells were seeded onto coverslips in six-well
plates. When grown to 70–80% confluency, the
cells were transfected with eukaryotic expression
plasmid DNAs, pEGFP-C1, pEGFP-N1, pEGFP-
C1-p37, pEGFP-N1-p37 or p-GALAC-RFP,
respectively as described above. Forty-eight hours
later, the cells were washed with PBS and mounted
onto glass slides with 60% glycerol. To observe the
expression and localization of p37 in cells, TCS
SP2 confocal laser scanning microscope (Leica,
Germany) and Leica Confocal Software 2.00 Build
0585 were used to capture the images.

Immunoprecipitation and western blot analysis

COS-7 or HEK 293T cells were seeded in six-well
plates and incubated at 37 �C in a humidified
atmosphere of 5% CO2. Cultures were transiently
transfected with 1.0–1.5 lg DNAs (pEGFP-C1-
p37, pEGFP-N1-p37, pcDNA3-p37, pEGFP-C1,
pEGFP-N1, or pcDNA3) using 15 ll Lipofecta-
mine 2000 in 0.6 ml of DMEM, in accordance
with protocols recommended by the manufacturer.
Three hours post-transfection, cells were incubated
in fresh culture media for 48 h. Cells were washed
with phosphate-buffered saline (PBS), digested
with trypsin and harvested by centrifugation. Cell
pellets were lysed with ice-cold buffer (pH 7.4,
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50 mM Tris–Cl, 300 mM NaCl, 5 mM EDTA,
0.02% NaN3, 1% Triton X-100, 1 mM phenylm-
ethyl sulfonyl fluoride, 10 lg/ml pepstatin, 10 lg/
ml leupeptin, 10 lg/ml aprotinin) at 4 �C for
30 min, centrifuged at 16,000 g for another
30 min and debris was removed. Supernatant
was pre-cleared with 20 ll protein A-agarose
beads with shaking at 4 �C for 1 h. After the
centrifugation at 400 g for 2 min, the pre-cleared
supernatant was subsequently incubated with 4 lg
PD4 or normal mouse IgG at 4 �C for 4 h,
followed by the addition of 40 ll protein A-
agarose beads then incubated for 4 h or overnight
at 4 �C. The beads were collected by centrifugation
and were used as subject to SDS-PAGE and
Western blot followed with PD4 as primary
antibody and horseradish peroxidase-conjugated
IgG as secondary antibody. The enhanced chem-
iluminesence (ECL) Western blotting analysis
system (Amersham-Pharmacia, NJ) was employed
in this experiment. Meanwhile, the secreted pro-
tein p37 in conditioned medium from transiently
transfected cells was also analyzed with immuno-
precipitation and Western blot as that described
above.

Establishment of stable cell lines

Human gastric cell line AGS was cultured in F-12
nutrient medium with 10% FCS and was trans-
fected with pcDNA3-p37 or pcDNA3 by Lipofec-
tamine 2000 following the instruction of the
manufacturers. The stably transfected clones were
screened with G 418 at a concentration of 500 lg/
ml and the single clone (AGS-p37 or AGS-Vector)
was identified with RT-PCR and Western blot,
respectively.

Immunofluorescence

AGS-p37 or AGS-Vector cells were seeded onto
coverslips in six-well plates and cultured in F-12
nutrient medium for 24 h. After washed with
PBS, the cells were fixed in ice-cold methanol:
acetone (1:1) for 20 min and blocked with 1%
BSA for 30 min at room temperature. Then the
cells were incubated with mouse anti-b-actin
antibody at 37 �C for 1 h. Following wash with
PBS and block with normal goat serum for
30 min at room temperature, TRITC-conjugated
goat anti-mouse IgG was added and incubated

for 1 h at 37 �C. Finally, the cells were observed
under confocal microscope after washing and
mounting.

Cell adhesion assay

AGS cells (1�105, AGS-p37 or AGS-Vector) were
seeded in six-well plate in F-12 nutrient medium
with 10% FCS. After 3 h, cells were washed with
PBS, digested with trypsin and counted with
globulimeter. In the experiments without FCS in
medium, human fibronectin or polylysine (2 lg /
ml, 10 lg /ml or 50 lg/ml) were covered on six-
well plates first and 1�105 AGS cells were seeded
in F-12 nutrient medium. Or 1�105 AGS cells
were seeded first and cultured in F-12 nutrient
medium containing different concentrations of
CaCl2 (10)5 mM, 10)4mM and 10)3mM) or eth-
ylene diamine tetraacetic acid (EDTA) (10)6mM,
10)5mM and 10)4mM), respectively. The counting
procedures were the same as the above.

Results

Sequence mutation of the p37 gene

In order to study the function(s) of p37, previously
we inserted its prokaryotic nucleotide sequence
into the expression vectors pcDNA3 and pEGFP-
C1. Very low levels of p37 expression were
detected in COS-7 and HEK 293T cells. The M.
hyorhinis p37 gene is poorly expressed in eukary-
otic cells due to preferential codon usage. There-
fore, in order to study its function in infected cells,
the p37-coding sequence was systematically al-
tered, and the reconstructed sequence was chem-
ically synthesized. The original sequence carries
seven TGA triplets, which serve as codons for
tryptophan in M. hyorhinis but as stop codons in
eukaryotic cells. This triplets TGA was substituted
with TGG in the newly-designed p37 coding
sequence. This way, the sequence will be recog-
nized and used as a tryptophan codon in the host
cells. Furthermore, the Kozak consensus transla-
tion initiation sequence was added to the 5¢ end,
and TAA was chosen as the translation stop codon
of the new construct. Thus the amino acid
sequence of the reconstructed p37 is the same as
that of the original mycoplasma membrane lipo-
protein, with its entire amino acid sequence intact,
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including that of N-terminal cell membrane
localization signal peptide (23 amino acids). The
reconstituted p37 coding sequence shown in
Figure 1 was cloned into a pcDNA3 vector for
expression in eukaryotic cells.

Expression, secretion and localization of p37
in eukaryotic cells

The pcDNA3 vector carrying the reconstituted
p37 coding sequence was used to transfect COS-7

Figure 1. Eukaryotic predisposed nucleotide sequence of p37 gene. The Kozak sequence, stop codon and mutant TGG codons are
indicated in bold and underlined. The full length of reading frame is 1209 bp, which encodes 403 amino acids.
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and HEK 293T cells. In both cases, intracellular
expression of p37 was observed by ECL Western
blot (Figure 2a). Additionally, p37 was secreted
into the conditioned medium, as shown in Fig-
ure 2b. There were three protein bands with mass
weights lower than that of IgG and that repre-
sented three types of p37 as precursor, intermedi-
ate and mature types (unpublished data). The
reconstructed p37 coding sequence was inserted
into pEGFP-N1 and pEGFP-C1 to generate
chimeric proteins p37-EGFP or EGFP-p37 in
COS-7 and HEK 293T cells. b1, 4-galactosyltrans-
ferase (GALAC) was used since it is known to sort
only to the Golgi apparatus; its sorting signal
peptide fragment was fused with red fluorescence

protein (RFP), forming the chimeric GALAC-
RFP as a Golgi marker [13]. Results showed that
while EGFP protein was diffuse in all of the cells,
p37 was present exclusively in Golgi apparatus at
expression early stage and mainly in Golgi at
expression late stage (Figure 2c), which meant that
p37 localized to the Golgi. Data also indicated that
fusion protein p37-EGFP could be secreted into
the supernatant, but not EGFP-p37 (Figure 2d).

p37-transfected AGS cells are smaller, more
spherical and detach easily

Whether p37 is intracellular or extracellular, it can
affect the physiological function of the cell. Using

Figure 2. Expression, secretion and localization of p37 protein. (a) COS-7 cells were transfected with pcDNA3-p37 and the
expressed p37 was immunoprecipitated by mouse monoclonal antibody PD4, separated in 10% SDS PAGE and monitored by
ECL Western blot. PD4 was used as primary antibody. (b) Detection of p37 protein in conditioned medium. (c) COS-7 cells were
co-transfected with pEGFP-N1-p37 and p-GALAC-RFP and the localization of p37 in the cells was observed with confocal
microscopy. Scale bars represent 20 lm. (d) Fusion protein p37-EGFP or EGFP-p37 was detected in conditioned medium from
COS-7 cells transfected with pEGFP-N1-p37 or pEGFP-C1-p37, the upper arrow means p37 in fusion proteins. All data above are
representative of two or more independent experiments.
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immunofluorescence, it was noted that the p37
stably transfected AGS cells (AGS-p37) were
smaller than the control AGS cells (AGS-Vector).
Additionally, the AGS-p37 cells were easier to
detach from one another and became more spher-
ical after fixation with paraformaldehyde or meth-
anol and acetone (Figure 3).

p37 inhibiting cell adhesion

As shown in Figure 4a, there were more AGS-
Vector cells than AGS-p37 cells attached to the
plate. And it is easier for AGS to attach to the
plate in serum and appeared to be obtuse fusifor-
mate. And there were more AGS-Vector cells on

fibronectin-coated or polylysine-coated plates
(Figure 4b, c). On fibronectin-coated plate, AGS-
p37 cells appeared to be sharp fusiformate while
AGS-Vector cells appeared to be obtuse fusifor-
mate (data not shown). Ca2+ can promote cell
adhesion while EDTA can inhibit cell adhesion
[14, 15]. In spite of treating with CaCl2 or EDTA,
AGS-p37 cells attaching to the plate were less than
AGS-Vector cells (Figure 4d, e).

Cytoskeleton is rearranged

As shown in Figure 3, cytoskeleton in AGS-
p37 cell was disturbed and rearranged, the long
and straight b-actin microfilaments were not

Figure 3. Morphological change of AGS cells transfected by p37 gene. AGS cells transfected by vector are shown in (a), and that
transfected with p37 are shown in (b). All data represent three independent experiments. Scale bar represents 20 lm.

Figure 4. Cell adhesion analysis. AGS-Vector and AGS-p37 cells were seeded in six-well plates in F-12 nutrient medium with 10%
fetal calf serum (FCS) (a), fibronectin-coated plate without FCS (b), polylysine-coated plate without FCS (c), medium with CaCl2
(Ca2+)and without FCS (d) and medium with EDTA and without FCS (e). All data represent three independent experiments.
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observed and the presence of b-actin became
denser and it was transferred to nucleolus.

ICAM-1 and integrin b1 were down-regulated

Results also indicated that expressions of the
intercellular adhesion molecule 1 (ICAM-1) and
integrin b1 were down-regulated in AGS-p37 cell.
Expression change of integrin a1 was not observed
(Figure 5).

Discussion

We have substituted specific codons of p37 so that
the designed mycoplasmal gene could be expressed
well in cultured eukaryotic cells without altering the
composition and sequence of the resultant protein.
It is a beneficial way to express the mycoplasmal
genes in eukaryotic cells that use TGA codon for
tryptophan rather than for a stop codon.

During our transfection experiments, we fol-
lowed the fate of p37 and found its appearing in
both Golgi apparatus and conditioned medium, in
HEK 293T, COS-7 and AGS cells, respectively. A
signal peptide, 23 amino acids in length, is present
at the N-terminal of p37. These amino acids direct
p37 to the cell outer membrane of M. hyorhinis [4]
and p37 is exposed to host proteins when the

bacterium infects eukaryotic cells. The signal
peptide may guide the exportation of p37 protein
from the host eukaryotic cells. However, whether
or not there is another signal peptide that directs
p37 to the Golgi apparatus remains uncertain.
Although no such peptide is known to exist
update, presence of different localization peptides
is well identified, such as KDEL for localization at
the endoplasmic reticulum [16] and NLS for
localization at the nucleus [17]. There are different
possibilities resulting in protein p37 localization at
the Golgi apparatus such as folding problem and
its high expression in the transfected cells as an
exogenic protein that may be trapped by proteins
localized at the apparatus, or its physiological
reaction with some unknown proteins at the Golgi
apparatus.

The p37 stably transfected AGS cell line became
smaller, more spherical, and easier to detach from
one another and matrix; possibly this was due to
down-regulation of ICAM-1 and integrin b1.
ICAM-1 plays an important role in cell adhesion
to the vascular endothelium and may have a role in
tumor cell dissemination or metastasis [18, 19].
Suppressed expression of VCAM-1 and ICAM-1 is
associated with reduced adhesion of monocytes
and lymphocytes to human umbilical vein endo-
thelial cell stimulated by cytokine [20]. ICAM-1
plays a crucial role in Trypanosoma cruzi recruit-
ment to the cardiac tissue and host susceptibility
during T. cruzi infection [21]. Integrin b1-mediated
cell adhesion regulates a multitude of cellular
responses, including proliferation, survival and
cross-talk between different cellular signaling path-
ways. A collagen-binding integrin a1b1 functions
as a negative regulator of epidermal growth factor
receptor (EGFR) signaling through the activation
of a protein tyrosine phosphatase [22, 23]. Integrin-
mediated cell-ECM interactions play a critical role
in cell adhesion, migration and morphogenesis
during vertebrate retinal development [24]. We
could not detect the expression of integrin b2, a
receptor of ICAM-1, in AGS cell. There is lipid(s)
attached to a cysteine at the N-terminal of p37
protein and it is complex and affects the function of
p37 (unpublished data). Possibly the lipid interferes
the phospholipids domain on cell membrane and
affects cell adhesion.

We also performed cDNA microarray to ana-
lyze the gene expression profile of AGS cells.
Comparing to control cells, in AGS-p37 cells, the

Figure 5. Expression analysis of adhesion molecules in AGS
cells transfected with p37 gene. Intercellular adhesion mole-
cule-1 (ICAM-1) and integrin beta 1 were down-regulated in
AGS-p37 cell line and expression level of integrin alpha 1 was
not changed. All data are representative of three independent
experiments.
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transcriptions of cadherin 10, selectin P and
actinin a4 were down-regulated, but the mRNA
of epithelial growth factor receptor (EGFR) was
up-regulated (unpublished data). And these may
contribute to decreased cell adhesion.

We found that the b-actin was transferred to
nucleolus in AGS-p37 cell. That indicated that
expression of certain target genes were regulated
because b-actin is a co-factor of RNA polymerase
II in gene transcription [25, 26]. Actin is abundant
in the nucleus and has been implicated in tran-
scription [25] and RNA polymerase II is present in
the nucleolus-like body at all transcriptional states
of the oocyte nucleus [27]. Actin and RNA
polymerase II co-localize in nucleus [25, 28].
Possibly when the expression of some genes, such
as ICAM-1 and integrin b1 is changed, the b-actin
and RNA polymerase II are recruited and trans-
ferred to nucleolus.

By method of yeast two-hybrid, we found that
p37 protein bound NORPEG (novel retinal pig-
ment epithelial cell gene) [29], which is a cytoskel-
eton-related protein containing six ankyrin repeats
and a long coiled-coil domain that are involved in
protein–protein interactions. The ankyrin anchors
the cytoskeleton to erythrocyte membrane and the
NORPEG protein appears to be a cytoskeleton
protein [30], so when p37 protein is expressed in
cell, it interacts with NORPEG and other proteins
and affects the cytoskeleton assembly. The cyto-
skeleton is then rearranged and b-actin is trans-
ferred to nucleolus to help expression of target
genes resulting in decreased cell adhesion.

Our previous works showed that there were
Mycoplasma hyorhinis infection in gastric cancer
tissues [31], which suggested there was possible
relationship between cancer development and
mycoplasma infection. Because p37 is a major
antigen protein and part of a homologous high-
affinity transport system in Mycoplasma hyorhinis,
our results in this study will lend us further
understanding of the special characteristics and
function of p37 protein in diseases involved by
mycoplasma infection.
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