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ABSTRACT 

Problem. Mycoplasma hominis has been implicated in many inflammatory conditions of 

the human urogenital tract in particular amniotic infections that lead to fetal and neonatal 

disease and preterm labor. The mechanisms responsible are poorly defined. 

Method of Study. Biochemical and immunological methods were used to extract, purify 

and characterize an inflammatory component present in M. hominis. 

Results. We isolated and purified to homogeneity a 40 kDa bioactive lipoprotein from 

M. hominis that was a potent TLR2-dependent, CD14-independent activator of the human 

THP-1 macrophage cell line. Homology searches of the N-terminal sequence revealed that 

22 of the first 23 residues were identical to those seen for the phase-variable M. hominis 

p50 adhesin. The truncated P50t lipoprotein importantly retained its adhesive properties for 

human macrophages. 

Conclusions. The unique adhesin/macrophage activator may play a key role in M. hominis 

infections by triggering an inflammatory cytokine cascade. 
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Introduction 

Mycoplasmas are wall-less prokaryotes characterized by small genomes, and known as the 

smallest self-replicating organisms1. Mycoplasma hominis is a mycoplasma that is isolated 

from urogenital tract2, 3 and has been considered to be an opportunistic human pathogen. It 

may also be associated with urogenital infections, postpartum fever, septic arthritis, and 

pneumonia1. 

 Lipoproteins are integral components of mycoplasmal cell membrane to maintain 

their structure, and they can be potent initiators of inflammatory reactions in mycoplasmal 

infections. There have been many reports on biological activities of mycoplasmal 

lipoproteins/lipopeptides4-7 that can activate host cells by inducing production of 

proinflammatory cytokines, such as tumor necrosis factor (TNF)-α, interleukin (IL)-1 and 

IL-6. Therefore, we considered that lipoproteins might be involved in the pathogenicity of 

M. hominis, and we purified and characterized an active lipoprotein from M. hominis to 

determine the association of the organism with its pathogenicity.   

 Adherence of bacteria to host cells is crucial for infection. For mycoplasmal 

infection, it is known that many mycoplasmas possess adhesin8-12. Some mycoplasmal 

adhesins are both size and phase variable, and the often the chronic nature of mycoplasmal 

infection is considered to be a consequence of evasion of the humoral immune response by 

the variable adherence-associated (Vaa) antigens 13. The vaa gene encodes a size- and 

phase-variable M. hominis adhesin11, 14-16. It has been reported that a single vaa gene is 

present in each M. hominis isolate12, and the size of Vaa observed in different isolates 

ranges from 28 kDa to 72 kDa. This size variation is considered to be a consequence of a 
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variable number of homologous, exchangeable cassette sequences located in the 3' end of 

vaa11, 15. P50 is an M. hominis Vaa lipoprotein, with a molecular weight of 50 kDa, which is 

involved in M. hominis cytoadherence17. It is known that its antigenicity is also variable11. 

There are many reports on molecular biological studies to elucidate the mechanism of 

mycoplasmal adhesins’ size and antigenic variety. However, there is no report that 

suggested that mycoplasmal adhesin can activate host cells.  

 By purification and characterization of an active lipoprotein from M. hominis, this 

study reveals that mycoplasmal adhesin can contribute to mycoplasmal adhesion to, and 

also activation of, host cells. 
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Materials and methods 

Chemicals, enzymes and antibodies  

MALP-2 and lipopolysaccharide (LPS) from Escherichia coli R515 were purchased from 

Alexis Biochemicals (San Diego, CA). Endotoxin-free normal saline (NS) was from Baxter 

Healthcare (Deerfield, IL). Polymyxin B, n-octyl-β-glucopyranoside (OG) and proteinase K 

were from Sigma (St Louis, MO). Recombinant human interferon (IFN)-γ was from R&D 

systems (Minneapolis, MN). Inhibitors for mitogen-activated protein kinases (MAPKs) 

were from Calbiochem (La Jolla, CA). Anti-mouse CD14 monoclonal antibody (mAb) and 

isotype control antibody were purchased from BD Biosciences (San Jose, CA). Anti-

MAPKs and phosphorylated MAPKs mAbs were from Cell Signaling Technology 

(Danvers, MA). Biotinylated anti-human TLR2 mAb (clone TL 2.1) and FITC-conjugated 

avidin were purchased from eBioscience (San Diego, CA). 

Organism and culture conditions  

M. hominis ATCC 33129 was purchased from American Type Culture Collection 

(Manassas, VA). It was grown in PPLO broth (BD biosciences) supplemented with 15% 

heat-inactivated horse serum, 1.5% yeast extract, 0.25% L arginine HCl, and 500 U/ml of 

penicillin G, and harvested by centrifugation at 27,000 × g for 30 minutes. The organisms 

were then washed three times with NS and frozen in NS at -70°C. 

Mice  

Female C57BL/6 wild type (WT) mice were purchased from Jackson Laboratory (Bar 

Harbor, ME), and TLR2-deficient C57BL/6 mice (TLR2-/-) were obtained from Dr. 

Thomas Hawn (University of Washington School of Medicine, Seattle, WA), courtesy of 
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Dr Shizuo Akira (Osaka University, Japan). All the mice were bred in the Animal Resource 

Center (ARC) at the University of Utah Health Sciences Center. All mice were maintained 

in specific-pathogen-free conditions at the ARC and were used at 8 to 12 weeks of age. The 

ARC guarantees strict compliance with regulations established by the Animal Welfare Act. 

Cell culture and ELISA  

Human monocyte/macrophage cell lines, THP-1, or mouse monocyte/macrophage cell lines, 

RAW264.7, were adjusted at 5 × 105 cells/ml and cultured in 24-well or 96-well flat-

bottomed plates in RPMI medium. Murine adherent peritoneal macrophages were cultured 

as described previously18. Cells were stimulated as described6, and the amount of TNF-  in 

cell culture supernatants was determined using human or mouse ELISA kits from 

eBioscience or BD Biosciences. Results are expressed as the mean ± SD of three 

determinations. Statistical analysis was done using a Student's t-test. 

Preparation of lipoprotein fraction using OG  

The lipoprotein fraction was extracted from M. hominis using OG according to the 

previously-described method5. Briefly, a 15-ml volume of cell membrane suspension was 

treated twice with 15 ml chloroform-methanol (2:1, v/v) at room temperature. Organic 

solvents were removed from the delipidated interphase in vacuo at 37°C and lyophilized to 

remove water. The lyophilized material was suspended in 50 mM OG in NS, treated for 6 

min in boiling water, and centrifuged at 20,000 × g for 30 min. The supernatant was 

collected, filtered through a 0.22 µm pore-size filter, and used as OG extracts. The 

lipoprotein fraction obtained by the extraction was named OG hom. 

Identification of the active component and lipoprotein purification  
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The active component was identified according to the method described previously19, 20. 

Briefly, OG hom was passed over a 10% SDS-PAGE gel and the gel was blotted to a 0.45-

µm cellulose membrane (Bio-Rad), cut into 2-mm strips, and each dissolved in 1 ml of 

DMSO. Protein-coated particles were formed by adding sodium carbonate buffer, and then 

tested for bioactivity. 

The active component was purified as described previously. Briefly, OG hom was 

rerun on SDS-PAGE, the gel was stained with zinc, and the previously-identified active 

lipoprotein band was cut out from the gel and eluted directly from the gel using Electro-

eluter (Bio-Rad, Hercules, CA).  

Alkaline hydrolysis  

Alkaline hydrolysis was started by mixing equal volume of 0.2 M sodium hydroxide and 1 

µg/ml of purified lipoproteins. Then the mixture was neutralized by adding an equal 

volume of 0.1 M hydrochloric acid. The effect of alkaline hydrolysis on the activity was 

determined using THP-1 cells. 

Involvement of mitogen-activated protein kinases (MAPKs) in P50t signaling  

Phosphorylation of MAPKs was detected through Western blotting analysis using the 

antibodies described above, the chemiluminescent substrate from Pierce (Rockford, IL), 

and Fluor-S MAX (Bio-Rad) or X-ray film. Briefly, THP-1 cells (4 × 106) were stimulated 

with P50t (1 µg/ml) in a 1.5-ml tube. The cells were harvested after 0, 15, 30 or 60 min 

incubation and phosphorylated or non-phosphorylated p38, Erk1/2 and SAPK/JNK were 

detected using appropriate antibodies. 
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MAPKs inhibitors were purchased from Calbiochem-Millipore (Billerica, MA). THP-1 

cells (5 × 105 cells/ml) were preincubated with SB203580 (p38 inhibitor), PD98059 

(Erk1/2 inhibitor), SP600125 (SAPK/JNK inhibitor) or NS for 1 h. Then all the cells were 

stimulated with P50t (500 ng/ml) for 18 h and the amount of TNF-α in the supernatants 

were determined. 

Amino acid sequence and flow cytometric analysis  

Purified protein was dot blotted onto Immobilon PVDF membrane (Millipore, Bedford, 

MA), and then was excised and Edman sequencing was performed on an ABI Procise 

sequencer (Applied Biosystems. Foster City, CA). For flow cytometric analysis, THP-1 

cells were stimulated and analyzed as previously described21. 

P50t Adhesion test 

The protein portion of P50t was biotinylated (B-P50t) according to manufacturer’s 

instructions (Pierce). THP-1 cells were prepared in 1.5-ml tubes and preincubated with NS, 

P50t or anti-human TLR2 mAb at 4°C for 1 h and then incubated with various 

concentration of B-P50t for 3 h at 4°C with horizontal shaking (150 rpm). The cells were 

harvested by centrifugation and washed twice with ice-cold NS, treated with SDS-PAGE 

sample buffer. The SDS-PAGE was performed and proteins were transferred to PVDF 

membrane. The B-P50t adhered to THP-1 cells was detected using HRP-conjugated avidin, 

a chemiluminescent substrate (Pierce), and Fluor-S MAX (Bio-Rad). 
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Results 

OG extraction of a bioactive 40 kDa lipoprotein(s) from M. hominis 

The lipoprotein OG extracts from M. hominis (OG hom) contained a bioactive component 

that induced macrophages of the human THP-1 cell line (Fig. 1A) and macrophages of the 

murine RAW 264.7 cell line (Fig.1B) to produce TNF-α in a dose-dependent manner. 

When OG hom was run on an SDS-PAGE gel, the major component was a 40 kDa 

lipoprotein (Fig. 1C); gel slices when extracted revealed that the peak of macrophage 

activating activity coincided with the 40 kDa band although significant activity migrated to 

the dye front. Digestion of OG hom with proteinase K resulted in disappearance of the 40 

kDa band and all activity now migrated to the dye front (Fig.1D). These results suggest that 

the active entity(ies) in OG hom is a lipoprotein(s) and that lipopeptide moieties might be 

responsible for activity.  

Purification of the bioactive component in M. hominis lipoprotein extracts and 

derivation of its N-terminal sequence 

Prior to sequence determination, we purified the 40 kDa component to homogeneity by 

elution, concentration and re-running on SDS-PAGE gels (Fig. 2A). The macrophage- 

activating potency was retested on THP-1 cells and was still about 50% active down to 16 

ng/ml (Fig. 2B). The homogeneous material was subjected to Edman degradation and we 

obtained the first 22 of 23 amino acid residues in the N-terminal region (Table). Amino 

acids after the second one were easily identified suggesting that the amino group of the N-

terminal amino acid is free. Based on the characteristics of the Edman degradation, the N-

terminal amino acid is thought to be cysteine. This is supported by the previous finding that 
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the N-terminal amino acid of lipoproteins from prokaryotes is cysteine, the Src homology 

group of which is bound to lipids22. This was same as lipopeptides from M. fermentans 

(MALP-2)4 and M. salivarium (FSL-1)5, which have a free N-terminal that is diacylated. In 

addition, it is known that N-terminal of both MALP-2 and FSL-1 are cysteine. Homology 

searching by BLAST (Table) revealed that the 40 kDa component was a truncated form of 

the M. hominis P50 (Vaa) lipoprotein adhesins, which comprise a series of phase variable 

truncated molecules that exhibit a highly conserved N-terminal region12. The cysteine 

residue, a known lipid attachment site, at the N-terminus of P50 could not be confirmed by 

Edman degradation in the 40 kDa truncated molecule, now designated as “P50t”. 

Role of a lipid component in bioactivity of P50t  

Alkaline hydrolysis is known to remove ester-linked lipids at the N-terminus of bioactive 

bacterial lipoproteins22. We showed here that alkaline hydrolysis reduced the activity of 

P50t in a time-dependent manner (Fig. 3A), suggesting that a lipid moiety was important 

for activity as for other mycoplasmal lipopeptides/lipoproteins4, 5. In addition, we examined 

the effect of proteinase K on the bioactivity of the homogeneous preparation, P50t. 

Proteinase K completely digested the purified P50t (Fig. 3B) as seen by SDS-PAGE, but 

had no effect on the bio-activity of P50t to induce TNF-α production to THP-1 cells (Fig. 

3C), which was almost identical to that seen for lipoprotein treated with saline. These 

results suggest that an N-terminal lipopeptide in P50t is the active moiety.  

Macrophage receptors for P50t  

TLRs on the surfaces of cells of the innate immune system play an important role in 

recognizing pathogenic microorganisms by virtue of pathogen-associated molecular 
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patterns, PAMPs. TLR2 recognizes many microbial lipoproteins, peptidoglycan, 

lipoteichoic acid23-25, and other components whereas LPS is predominantly recognized by 

TLR426. Other agonists such as MAM superantigen from M. arthritidis can be recognized 

by both TLR2 and TLR427. Since we had previously established that murine macrophages 

(RAW 264.7 cells) were also activated by P50t (Fig.1B), we tested the ability of peritoneal 

macrophages from WT mice versus those from TLR2-/- mice to produce TNF-α in 

response to P50t vs LPS (Fig 4A). Cells from TLR2-/- mice totally failed to respond to 

P50t in comparison with cells from WT mice. In contrast, cells from both WT and TLR2-/- 

mice responded similarly to LPS.  

Many microbial agonists require a co-receptor for effective recognition. CD14 is a 

co-receptor for LPS26 and for some bioactive bacterial lipoproteins28, 29, whereas MALP-2 

is independent of CD146. Murine RAW 264.7 cells were pre-incubated with anti-mouse 

CD14 mAb for 1 h, and then stimulated with P50t, LPS or NS. Anti-mouse CD14 mAb had 

no effect on the activity of P50t, or that of MALP-2, whereas it completely inhibited the 

activity of LPS (Fig. 4 B). Thus P50t is independent of CD14. 

Up-regulation of TLR2 on macrophages by P50t  

Some microbial agonists have been shown to upregulate TLR expression on innate immune 

cells,30 a process by which host recognition of pathogens is enhanced but which can also 

contribute to the inflammatory response. This has not yet been shown for mycoplasmal 

lipoproteins. Macrophage THP-1 cells were incubated with either P50t or with NS and 

IFN-γ as negative or positive controls, respectively. Cells were reacted with FITC-

conjugated anti-TLR2 or with a control antibody and were examined using flow cytometry. 
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Cell surface TLR2 expression on THP-1 cells was up-regulated by P50t as well as with 

IFN-γ as indicated by a marked increase in mean fluorescence intensity (MFI; Fig. 5). 

Involvement of MAPKs on macrophage activation by P50t 

Stimulation of macrophages by a various microbial agonists is known to cause activation of 

various MAPKs,31 which can determine the subsequent signals that lead to MyD88-

dependent or MyD88-independent pathways. THP-1 cells were stimulated with P50t for 0, 

15, 30 or 60 min, and activation of p38, Erk 1/2, or SAPK/ JNK were examined by Western 

blotting for the kinetics of phosphorylation. The results showed that p38, Erk 1/2 and 

SAPK/JNK were all phosphorylated 15-30 min after stimulation with P50t (Fig.6 A). To 

confirm that these molecules were involved in P50t-induced TNF-α production, THP-1 

cells were pretreated for 1 h with inhibitors of p38, Erk1/2 and SAPK/JNK (SB203580, 

PD98059 and SP600125, respectively) prior to stimulation with P50t. THP-1 cells were 

preincubated with them for 1 h, and then stimulated with P50t. We showed that all of the 

MAPK inhibitors significantly decreased the amount of TNF-  induced by P50t in a dose-

dependent manner (Fig.6 B).  

In vivo induction of inflammatory cytokines by P50t  

To better assess the potential inflammatory properties of P50t in vivo, we intravenously 

injected NS, LPS, or P50t into WT and TLR2-/- mice and their serum cytokine profile was 

investigated. It was found that although P50t was not as effective as the highly potent 

agonist LPS, P50t could induce TNF-α (Fig. 7A), IL-6 (Fig. 7B) and IL-12 p40 (Fig. 7C) in 

the sera of from WT mice but not in the sera from TLR2-/- mice (Fig. 7A-C), again 
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confirming that P50t is dependent on TLR2. As before the TLR4-utilizing LPS induced 

identical levels of these cytokines in both mouse strains.  

Adhesive function of P50t 

Finally, we determined whether the P50t truncated molecule retained its adhesive properties. 

Biotinylated P50t (B-P50t) and THP-1 cells were incubated together at 4°C to avoid the 

uptake of B-P50t by THP-1 cells32. The cells were then washed, treated with SDS-PAGE 

sample buffer and tested for adhered B-P50t using avidin-HRP. The amount of B-P50t 

bound on THP-1 cells was found to increase dose dependently with 10 μg/ml being 

maximal (Fig. 8A). A dose of 2 μg/ml B-P50t was chosen to determine whether unlabeled 

P50t or anti-hTLR2 antibody could block binding. Preincubation of cells with unlabeled 

P50t competitively blocked the B-P50t adhesion depending on the dose, with 10 μg/ml 

unlabeled P50t being the maximum (Fig. 8B). In contrast, preincubation with anti-TLR2 

mAb was ineffective (Fig. 8C). These results suggest that P50t retains its function as an 

adhesin. The failure of anti- hTLR2 antibody to block binding suggests that there are other 

binding sites for P50t on innate cells other than TLR2. 
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Discussion 

In this study, it was shown that: i) a truncated form of M. hominis adhesin, P50t, can both 

activate macrophages and adhere to macrophages; ii) the macrophage activation was TLR2 

dependent; iii) TLR2 expression on macrophages was upregulated by P50t stimulation; and 

iv) P50t adhesion was suggested to be TLR2-independent.  

Since mycoplasmas lack a cell wall, interest in the association between 

mycoplasmas and the pathogenicity of their cell surface lipoprotein has increased. There 

are many reports on the cytokine-inducing activity of lipoproteins/lipopeptides from 

mycoplasmas, such as MALP-2 from M. fermentans lipoprotein4, FSL-1 from M. 

salivarium lipoprotein5, apolipoprotein A-1 binding lipoproteins/lipopeptides from M. 

arthritidis19, adhesive function of Maa1 and Maa2 lipoprotein from M. arthritidis10 and 

variable P50 lipoprotein from M. hominis17. In M. hominis bioactive lipoprotein, Peltier et 

al. partially purified a potent 29 kDa lipoprotein, which induced TNF-α production by 

macrophages7, whereas the molecular weight of P50t in this study was 40 kDa. It is 

speculated that this difference in molecular weight is a result of different methods used to 

extract the lipoprotein fraction, such as Triton X-114 extraction and OG extraction, or there 

may be another truncated form of active P50 with a molecular weight of about 29 kDa. 

Although there are many reports on the pathological roles of mycoplasmal lipoprotein, this 

is the first report to suggest that mycoplasmal lipoprotein can activate macrophages and 

help mycoplasmas to adhere to host cells. 

It is important to determine how P50t may be involved in pathogenicity of M. 

hominis. M. hominis has been suggested to be associated with bacterial vaginosis, preterm 
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labor, intra-amniotic infection33, and spontaneous preterm birth34. Preterm labor is 

considered to be caused by bacterial infection by modulating cytokine production to favor 

the production of proinflammatory cytokines such as IL-1  and TNF-α35-37. Since P50t 

induces TNF-α production in macrophages, it is possible for P50t to play a pathological 

role in preterm labor. Recently, involvement of TLRs in bacterial vaginosis has been 

suggested by Zariffard et al.38 They reported that cells in the lumen of the genital tract from 

women with bacterial vaginosis were found to express abundant TLR4 and TLR2 mRNA. 

It remains unknown whether or not P50t can directly upregulate TLR2 expression in any 

cells. However, it is possible to address that as a result of P50t stimulation, TLR2 

expression is upregulated in macrophages after 3 days of incubation (Fig. 5). Therefore, M. 

hominis P50t might play important pathological roles in bacterial vaginosis by upregulating 

TLR2 expression and by inducing TNF-α production, although M. hominis is thought to be 

unable to use this upregulation of TLR2 expression to adhere to host cells (Fig. 8).  

 It has been reported that P50 is a cytoadhesin of M. hominis17, and P50 is suggested 

to be one of the Vaa antigens. Henrich et al. reported that there were some specific 

truncations of the P50 gene, but the region encoding the N-terminal part of P50 adhesin was 

present in all of the isolates of M. hominis that were tested in the study16. Therefore, 

although it is unknown that whether N-terminal lipopeptides are important for adhesion to 

host cells, we can at least speculate that all the truncated forms of P50 possess the activity 

to induce macrophage activation because activity of mycoplasmal lipoproteins are known 

to reside in their N-terminal lipopeptide portion4, 5. We consider that the character of P50t is 

close to that of MALP-2 rather than that of active lipoprotein (MlpD) that was purified 
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from M. arthritidis29. First, the MALP-2 N-terminal amino acid is diacylated4 and that of 

P50t should be also diacylated, whereas that of the active lipoproteins from M. arthritidis is 

blocked and is thought to be triacylated29. Since the N-terminal amino acid sequence after 

the second P50t amino acid was easily identified, it was suggested that its N-terminal is free 

and thus diacylated. Second, the activity of both MALP-2 and P50t was CD14-independent 

(Fig. 4 B), whereas those of purified lipoproteins M. arthritidis were CD14 dependent29. 

Third, MALP-2 activates macrophages via activation of p38, Erk1/2, and SAPK/JNK39, and 

this characteristic is identical to P50t. In addition, MALP-2 is known to have some 

inflammatory effects in vivo40, and P50t can also induce TNF- , IL-6 and IL-12 p40 

production in mouse serum by intravenous injection (Fig. 4 C, D, E). Therefore, it was 

suggested that the characteristics of P50t are similar to those of MALP-2, but not to those 

of M. arthritidis-derived lipoproteins. CD14 and CD36 have been reported to function as 

co-receptors for the recognition of a MALP-241 and a triacylated lipopeptide, Pam3CSK4, 

by TLR242, 43. As described above, activity of P50t was independent of CD14, and therefore, 

CD36 might be important for its activity as well as adhesive activity of P50t because CD36 

is crucial for uptake of the diacylated mycoplasmal lipopeptide, FSL-1, by macrophages32. 

Studies are in progress to elucidate the mechanism of how mycoplasmas utilize their 

surface lipoproteins to adhere to host cells.  
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Table. N-terminal amino acid sequence of the 40 kDa active component and M. hominis 

adhesin P50 

protein Amino acid sequence 

40 kDa active component (C*)NDDKLAEKNGKEKADAALKQAN 

M. hominis adhesion P50 CNDDKLAEKNGKEKADAALKQAN 

Amino acid sequence is expressed by single letter designations 

*could not be determined by Edman degradation 
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Figure Legends 

Fig. 1. The active component is a 40 kDa moiety. (A, B) Dose dependency of OG hom 

activity to induce TNF-α production by stimulating THP-1 cells (A) and RAW 264.7 cells 

(B). (C) Molecular mass range of the active components in OG hom was determined using 

THP-1 cells. (D) Activity migration of proteinase K treated OG hom. The activity was 

analyzed using the same method used in Fig. 1C. Results are expressed as the mean ± SD 

of three determinations. 

Fig. 2. Purification and identification of the active component. (A) SDS-PAGE of protein 

standards (a), OG hom (b), and purified active 40 kDa component (c) was performed with 

10% polyacrylamide gel, and stained with silver. (B) Dose dependency of P50t activity to 

induce TNF-α to THP-1 cells. Results are expressed as the mean ± SD of three 

determinations. 

Fig. 3. Properties of P50t. (A) Effect of alkaline hydrolysis on the activity of P50t. (B) 

SDS-PAGE of protein standards (a), P50t treated with normal saline (NS) (b) or proteinase 

K (c) at 37°C for 2 h. The gel was stained with silver. (C) Effect of treatment with NS or 

proteinase K on the activity of P50t (500 ng/ml). Results are expressed as the mean ± SD of 

three determinations. 

Fig. 4. Receptor(s) for P50t. (A) TNF-α production of peritoneal macrophages of WT mice 

or TLR2-/- mice stimulated with NS, P50t (0.2 µg/ml) or LPS (0.1 µg/ml) (A). (B) RAW 

264.7 cells were preincubated with NS, isotype control Ab or anti mouse CD14 mAb (10 

µg/ml) for 1 h. The cells were then stimulated with LPS (20 ng/ml), MALP-2 (20 ng/ml) or 

P50t (50 ng/ml). †, p<0.05. 
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Fig. 5. Upregulation of TLR2 by P50t. Flow cytometric analysis of cell surface expression 

of TLR2 on THP-1 cells. THP-1 cells (1 × 106 cells/ml) were stimulated with NS (A), IFN-

γ (10 U/ml) (B), or P50t (1 µg/ml) (C) for 3 days. TLR2 upregulation was expressed by a 

shift in the histogram peak.  

Fig. 6. MAPKs involvement in P50t activity. (A) Activation of MAPKs on macrophages by 

P50t. THP-1 cells were stimulated with P50t, and phosphorylated (P-) or non-

phosphorylated p38, Erk1/2 and SAPK/JNK were detected. (B) Effects of various MAPK 

inhibitors on the activity of P50t. Results are expressed as the mean ± SD of three 

determinations. †, p<0.05. 

Fig. 7. In vivo induction of cytokines. Induction of TNF-α (A), IL-6 (B) and IL-12 p40 (C) 

in C57BL/6 and C57BL/6 TLR2 (-/-) mouse sera injected with NS, LPS and P50t. The 

amount of LPS and P50t were 1 µg/mouse and 2 µg/mouse, respectively. Results are 

expressed as the mean ± SD of three determinations. †, p<0.05. 

Fig 8. Adherence of P50t to THP-1 cells. THP-1 cells were incubated with various B-P50t 

concentrations for 3 h (A), or preincubated with various P50t concentrations and then 

incubated with B-P50t (2 µg/ml) (B) or preincubated with various anti human TLR2 mAb 

concentrations and then incubated with B-P50t (2 µg/ml) (C) in 1.5-ml at 4°C. After 3 

hours incubation, adhered B-P50t was detected using avidin-HRP.   

  



 
 

21 
 

REFERENCES 

1 Maniloff J, McElhaney R, Lloyd R, Baseman J: Mycoplasmas: molecular biology 

and pathogenesis. In, 1 edn Washington DC, American Society for Microbiology, 

1992. 

2 Taylor-Robinson D, McCormack WM: The genital mycoplasmas (first of two parts). 

N Engl J Med 1980;302:1003-1010. 

3 Taylor-Robinson D, McCormack WM: The genital mycoplasmas (second of two 

parts). N Engl J Med 1980;302:1063-1067. 

4 Muhlradt PF, Kiess M, Meyer H, Sussmuth R, Jung G: Isolation, structure 

elucidation, and synthesis of a macrophage stimulatory lipopeptide from 

Mycoplasma fermentans acting at picomolar concentration. J Exp Med 

1997;185:1951-1958. 

5 Shibata K, Hasebe A, Into T, Yamada M, Watanabe T: The N-terminal lipopeptide 

of a 44-kDa membrane-bound lipoprotein of Mycoplasma salivarium is responsible 

for the expression of intercellular adhesion molecule-1 on the cell surface of normal 

human gingival fibroblasts. J Immunol 2000;165:6538-6544. 

6 Cole BC, Mu HH, Pennock ND, Hasebe A, Chan FV, Washburn LR, Peltier MR: 

Isolation and Partial Purification of Macrophage- and Dendritic Cell-Activating 

Components from Mycoplasma arthritidis: Association with Organism Virulence 

and Involvement with Toll-Like Receptor 2. Infect Immun 2005;73:6039-6047. 



 
 

22 
 

7 Peltier MR, Freeman AJ, Mu HH, Cole BC: Characterization and partial 

purification of a macrophage-stimulating factor from Mycoplasma hominis. Am J 

Reprod Immunol 2005;54:342-351. 

8 Feldner J, Gobel U, Bredt W: Mycoplasma pneumoniae adhesin localized to tip 

structure by monoclonal antibody. Nature 1982;298:765-767. 

9 Leigh SA, Wise KS: Identification and functional mapping of the Mycoplasma 

fermentans P29 adhesin. Infect Immun 2002;70:4925-4935. 

10 Washburn LR, Weaver EJ: Protection of rats against Mycoplasma arthritidis-

induced arthritis by active and passive immunizations with two surface antigens. 

Clin-Diagn-Lab-Immunol 1997;4:321-327. 

11 Zhang Q, Wise KS: Molecular basis of size and antigenic variation of a 

Mycoplasma hominis adhesin encoded by divergent vaa genes. Infect Immun 

1996;64:2737-2744. 

12 Henrich B, Kitzerow A, Feldmann RC, Schaal H, Hadding U: Repetitive elements 

of the Mycoplasma hominis adhesin p50 can be differentiated by monoclonal 

antibodies. Infect Immun 1996;64:4027-4034. 

13 Razin S, Yogev D, Naot Y: Molecular biology and pathogenicity of mycoplasmas. 

Microbiology and Molecular Biology Reviews 1998;62:1094-1156. 

14 Zhang Q, Wise KS: Localized reversible frameshift mutation in an adhesin gene 

confers a phase-variable adherence phenotype in mycoplasma. Mol Microbiol 

1997;25:859-869. 



 
 

23 
 

15 Boesen T, Emmersen J, Jensen LT, Ladefoged SA, Thorsen P, Birkelund S, 

Christiansen G: The Mycoplasma hominis vaa gene displays a mosaic gene structure. 

Mol Microbiol 1998;29:97-110. 

16 Henrich B, Lang K, Kitzerow A, MacKenzie C, Hadding U: Truncation as a novel 

form of variation of the p50 gene in Mycoplasma hominis. Microbiology 1998;144 

( Pt 11):2979-2985. 

17 Henrich B, Feldmann RC, Hadding U: Cytoadhesins of Mycoplasma hominis. Infect 

Immun 1993;61:2945-2951. 

18 Mu HH, Sawitzke AD, Cole BC: Presence of Lps(d) mutation influences cytokine 

regulation in vivo by the Mycoplasma arthritidis mitogen superantigen and lethal 

toxicity in mice infected with M. arthritidis. Infect Immun 2001;69:3837-3844. 

19 Hasebe A, Pennock ND, Mu HH, Chan FV, Taylor ML, Cole BC: A microbial 

TLR2 agonist imparts macrophage-activating ability to apolipoprotein A-1. J 

Immunol 2006;177:4826-4832. 

20 Wallis RS, Amir-Tahmasseb M, Ellner JJ: Induction of interleukin 1 and tumor 

necrosis factor by mycobacterial proteins: the monocyte western blot. Proc Natl 

Acad Sci U S A 1990;87:3348-3352. 

21 Mu HH, Pennock ND, Humphreys J, Kirschning CJ, Cole BC: Engagement of Toll-

like receptors by mycoplasmal superantigen: downregulation of TLR2 by 

MAM/TLR4 interaction. Cell Microbiol 2005;7:789-797. 



 
 

24 
 

22 Hantke K, Braun V: Covalent binding of lipid to protein. Diglyceride and amide-

linked fatty acid at the N-terminal end of the murein-lipoprotein of the Escherichia 

coli outer membrane. Eur J Biochem 1973;34:284-296. 

23 Schwandner R, Dziarski R, Wesche H, Rothe M, Kirschning CJ: Peptidoglycan- 

and lipoteichoic acid-induced cell activation is mediated by toll-like receptor 2. J 

Biol Chem 1999;274:17406-17409. 

24 Takeuchi O, Hoshino K, Kawai T, Sanjo H, Takada H, Ogawa T, Takeda K, Akira 

S: Differential roles of TLR2 and TLR4 in recognition of gram-negative and gram-

positive bacterial cell wall components. Immunity 1999;11:443-451. 

25 Yoshimura A, Lien E, Ingalls RR, Tuomanen E, Dziarski R, Golenbock D: Cutting 

edge: recognition of Gram-positive bacterial cell wall components by the innate 

immune system occurs via Toll-like receptor 2. J Immunol 1999;163:1-5. 

26 Poltorak A, He X, Smirnova I, Liu MY, Van Huffel C, Du X, Birdwell D, Alejos E, 

Silva M, Galanos C, Freudenberg M, Ricciardi-Castagnoli P, Layton B, Beutler B: 

Defective LPS signaling in C3H/HeJ and C57BL/10ScCr mice: mutations in Tlr4 

gene. Science 1998;282:2085-2088. 

27 Mu HH, Humphreys J, Chan FV, Cole BC: TLR2 and TLR4 differentially regulate 

B7-1 resulting in distinct cytokine responses to the mycoplasma superantigen MAM 

as well as to disease induced by Mycoplasma arthritidis. Cell Microbiol 

2006;8:414-426. 

28 Sellati TJ, Bouis DA, Kitchens RL, Darveau RP, Pugin J, Ulevitch RJ, Gangloff SC, 

Goyert SM, Norgard MV, Radolf JD: Treponema pallidum and Borrelia 



 
 

25 
 

burgdorferi lipoproteins and synthetic lipopeptides activate monocytic cells via a 

CD14-dependent pathway distinct from that used by lipopolysaccharide. J Immunol 

1998;160:5455-5464. 

29 Hasebe A, Mu HH, Washburn LR, Chan FV, Pennock ND, Taylor ML, Cole BC: 

Inflammatory lipoproteins purified from a toxigenic and arthritogenic strain of 

Mycoplasma arthritidis are dependent on Toll-like receptor 2 and CD14. Infect 

Immun 2007;75:1820-1826. 

30 Nilsen NJ, Nonstad U, Khan N, Knetter CF, Akira S, Sundan A, Espevik T, Lien E: 

Lipopolysaccharide and double-stranded RNA upregulate toll-like receptor 2 

independently of myeloid differentiation factor 88. J Biol Chem 2004. 

31 Rao KM: MAP kinase activation in macrophages. J Leukoc Biol 2001;69:3-10. 

32 Shamsul HM, Hasebe A, Iyori M, Ohtani M, Kiura K, Zhang D, Totsuka Y, Shibata 

K: The Toll-like receptor 2 (TLR2) ligand FSL-1 is internalized via the clathrin-

dependent endocytic pathway triggered by CD14 and CD36 but not by TLR2. 

Immunology 2010;130:262-272. 

33 Hillier SL, Krohn MA, Kiviat NB, Watts DH, Eschenbach DA: Microbiologic 

causes and neonatal outcomes associated with chorioamnion infection. Am J Obstet 

Gynecol 1991;165:955-961. 

34 Perni SC, Vardhana S, Korneeva I, Tuttle SL, Paraskevas LR, Chasen ST, Kalish 

RB, Witkin SS: Mycoplasma hominis and Ureaplasma urealyticum in midtrimester 

amniotic fluid: association with amniotic fluid cytokine levels and pregnancy 

outcome. Am J Obstet Gynecol 2004;191:1382-1386. 



 
 

26 
 

35 Romero R, Avila C, Santhanam U, Sehgal PB: Amniotic fluid interleukin 6 in 

preterm labor. Association with infection. J Clin Invest 1990;85:1392-1400. 

36 Romero R, Brody DT, Oyarzun E, Mazor M, Wu YK, Hobbins JC, Durum SK: 

Infection and labor. III. Interleukin-1: a signal for the onset of parturition. Am J 

Obstet Gynecol 1989;160:1117-1123. 

37 Romero R, Manogue KR, Mitchell MD, Wu YK, Oyarzun E, Hobbins JC, Cerami 

A: Infection and labor. IV. Cachectin-tumor necrosis factor in the amniotic fluid of 

women with intraamniotic infection and preterm labor. Am J Obstet Gynecol 

1989;161:336-341. 

38 Zariffard MR, Novak RM, Lurain N, Sha BE, Graham P, Spear GT: Induction of 

tumor necrosis factor- alpha secretion and toll-like receptor 2 and 4 mRNA 

expression by genital mucosal fluids from women with bacterial vaginosis. J Infect 

Dis 2005;191:1913-1921. 

39 Garcia J, Lemercier B, Roman-Roman S, Rawadi G: A Mycoplasma fermentans-

derived synthetic lipopeptide induces AP-1 and NF-kappaB activity and cytokine 

secretion in macrophages via the activation of mitogen-activated protein kinase 

pathways. J Biol Chem 1998;273:34391-34398. 

40 Deiters U, Muhlradt PF: Mycoplasmal lipopeptide MALP-2 induces the 

chemoattractant proteins macrophage inflammatory protein 1alpha (MIP-1alpha), 

monocyte chemoattractant protein 1, and MIP-2 and promotes leukocyte infiltration 

in mice. Infect Immun 1999;67:3390-3398. 



 
 

27 
 

41 Hoebe K, Georgel P, Rutschmann S, Du X, Mudd S, Crozat K, Sovath S, Shamel L, 

Hartung T, Zahringer U, Beutler B: CD36 is a sensor of diacylglycerides. Nature 

2005;433:523-527. 

42 Nakata T, Yasuda M, Fujita M, Kataoka H, Kiura K, Sano H, Shibata K: CD14 

directly binds to triacylated lipopeptides and facilitates recognition of the 

lipopeptides by the receptor complex of Toll-like receptors 2 and 1 without binding 

to the complex. Cell Microbiol 2006;8:1899-1909. 

43 Manukyan M, Triantafilou K, Triantafilou M, Mackie A, Nilsen N, Espevik T, 

Wiesmuller KH, Ulmer AJ, Heine H: Binding of lipopeptide to CD14 induces 

physical proximity of CD14, TLR2 and TLR1. Eur J Immunol 2005;35:911-921. 

 



Fig. 1

OG hom concentration (μg/ml)

TN
F-
α

(p
g/

m
l)

B

TNF-α (pg/ml)
0 100 200 300 400 500 600 700

204 kDa

81.5 kDa

42 kDa 

32 kDa

C

0.016 0.08 0.4 2 10 NS
0 0

2000

1000

5000

500

1000

1500

0.016 0.08 0.4 2 10 NS
OG hom concentration (μg/ml)

TN
F-
α

(p
g/

m
l)

A

4000

3000

RAW264.7THP-1

a b

a b
200 kDa

66.2 kDa

31 kDa

21.5 kDa

97.4 kDa

45 kDa

0 250 500 750 1000
TNF-α (pg/ml)

D



Fig. 2

66.2 kDa

200 kDa

45 kDa

33 kDa

14.1 kDa

40 kDa

A a b c

P50t concentration (μg/ml)

TN
F-
α

(p
g/

m
l)

B

0

500

1000

1500

2000

0.016 0.08 0.4 2 10 NS



Fig. 3

0

200

400

600

800

1000

0 1 2 3 6 24 NS
Time (h)

TN
F-
α

(p
g/

m
l)

0

500

1000

+NS +protein-
ase K

TN
F-
α

(p
g/

m
l)

A

C

66.2 kDa

200 kDa

45 kDa

31 kDa

14.1 kDa

116.2 kDa
97.4 kDa

21.5 kDa

a b
B

c



Fig. 4

TN
F-
α

(p
g/

m
l)

C57BL/6 WT C57BL/6 TLR2-/-

0

500

1000

1500

P50t LPS NS P50t LPS NS

A

0

2000

4000

6000

LPS MALP-2 P50t NS

TN
F-
α

(p
g/

m
l)

NS Cont Ab anti CD14
B

†
†

†

†



Fig. 5

Contol Ab

anti  TLR2

NS

Contol Ab

anti TLR2 

IFN-γ

Contol Ab

anti TLR2 

P50t

A

B

C
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