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Abstract:    Mycoplasmas, the smallest free-living, self-replicating bacteria with diameters of 200 to 800 nm, have been reported 
to be associated with human diseases. It is well known that the mycoplasma lipoprotein/peptide is able to modulate the host 
immune system, whose N-terminal structure is an important factor in inducing immunity and distinguishing Toll-like receptors 
(TLRs). However, there is still no clear elucidation about the pathogenic mechanism of mycoplasma lipoprotein/peptide and the 
signaling pathway. Some researchers have focused on understanding the structures of these proteins and the relationships between 
their structure and biological function. This review provides an update on the research in this field. 
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INTRODUCTION 
 

Mycoplasmas are physically the smallest bacte-
ria and have the smallest genomes (580~2200 kb), 
with high A+T content (67%~76%) (You et al., 2006). 
With the basic genomes for survival, they have to 
derive most of their nutrients from host cells. De-
pending on the Mycoplasma species and respective 
hosts, these organisms can either occur as harmless 
commensals or cause inflammatory diseases, such as 
atypical pneumonia, nongonococcal urethritis, masti-
tis, salpingitis, and arthritis (Baseman and Tully, 
1997). It is well known that mycoplasmas are wall- 
less bacteria, lacking the classical modulins such as 
lipopolysaccharide (LPS), lipoteichoic acid, and 
murein fragments (Henderson et al., 1996), but they 
are still potent activators of macrophages. One of the 
most important pathogenic elements is lipoproteins or 
lipopeptides (Feng and Lo, 1994; Mühlradt et al., 
1998). To date, many mycoplasma lipoproteins or 
lipopeptides have been identified and studied, espe-

cially the Mycoplasma fermentans. Toll-like recep-
tors (TLRs) are type I trans-membrane proteins that 
are evolutionarily conserved between insects and 
humans (Anderson, 2000). It is well known that TLRs 
are the important receptors for immune systems, es-
pecially for innate immunity (Lemaitre et al., 1996; 
Takeda et al., 2003). TLRs also play an important role 
in the mechanism of mycoplasma pathogenicity. 
 
 
MYCOPLASMA MEMBRANE LIPOPROTEINS 
 
Basic structure of the mycoplasma lipoprotein 

All membrane-anchored lipoproteins contain a 
lipoylated amino-terminal cysteinyl residue and pro- 
teins (Fig.1). In some cases, the residue is N-acylated. 
But it has been found that not all mycoplasma lipo-
proteins are N-acylated, such as lipoprotein p67 of the 
poultry pathogen Mycoplasma gallisepticum (Jan et 
al., 1996) and lipoproteins from Mycoplasma fer-
mentans and Mycoplasma hyorhinis (Mühlradt et al., 
1997). Also, an N-acyltransferase gene has not been 
found in Mycoplasma pneumoniae or Mycoplasma 
genitalium genome (Fraser et al., 1995; Himmelreich 
et al., 1996), and has not been identified in the  

 

Journal of Zhejiang University SCIENCE B 
ISSN 1673-1581 (Print); ISSN 1862-1783 (Online) 
www.zju.edu.cn/jzus; www.springerlink.com 
E-mail: jzus@zju.edu.cn 

 
 
‡ Corresponding author 
* Project (No. 30770115) supported by the National Natural Science
Foundation of China 

Mini-review: 



Zuo et al. / J Zhejiang Univ Sci B   2009 10(1):67-76 68

Borrelia burgdorferi genome (Fraser et al., 1997). 
The loss of acylation might be the result of loss or 
mutation of N-acyltransferase gene. Therefore, some 
lipoproteins are triacylated, some are only diacylated, 
and some have the presence of both diacylated and 
triacylated forms (Jan et al., 1995). The property of 
being triacylated or diacylated will affect the recog-
nition of the different TLRs, which will be covered in 
other paragraphs. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Categories and functions 
In the early 1990s, Mühlradt and Schade (1991) 

extracted a high-molecular-weight material (MDHM) 
from M. fermentans and found that it could activate 
the macrophages’ release of interleukin-6 (IL-6) and 
increase the synthesis of cell-associated IL-1. 
Lipid-associated membrane proteins (LAMPs) have 
been found in different Mycoplasma species, such as 
P68 from M. bovis and P60 from M. capricolum. 
There are three forms of mycoplasma lipoproteins/ 
peptides identified from M. fermentans, named 
macrophage-activating lipoprotein 2 (MALP-2), P48, 
and M161Ag (identical to MALP-404). 

M161Ag is a 43-kDa M. fermentans lipoprotein 
of 428 amino acids with a signal sequence (Matsumoto 
et al., 1997), which is secreted as a 404-amino acid 
protein with a palmitoylated lipid anchor through 
posttranslational modification (Mühlradt et al., 1996; 
Matsumoto et al., 1997; Takeuchi et al., 2000). The 
P48 gene is 99% identical to the encoding of M161Ag. 
They have the similar N-terminal 114 amino acids 
including the 24-amino acid signal peptide, but diverge 
into distinct proteins by their respective C-terminal 315 

and 71 amino acids. One common mycoplasma lipo-
protein is a 2-kDa lipoprotein termed MALP-2. It has 
been found that the amino acid sequence of this 
lipopeptide (S-(2,3-bisacyloxypropyl)-cysteine-GNN 
DESNISFKEK) is entirely consistent with the 
N-terminal amino acid sequences of M161Ag and P48 
(Mühlradt et al., 1997). It has also been found that the 
MALP-induced activation of intracellular signaling 
molecules is fully dependent on both TLR2 and 
myeloid differentiation primary response gene 88 
(MyD88) (Takeuchi et al., 2000). 

In addition to what has been introduced above, 
some other lipoproteins modulating host immune 
system have been also identified. For example, the 
N-terminal lipopeptide of a 44-kDa membrane-bound 
lipoprotein of M. salivarium is the active entity, 
whose structure was very similar to that of S-(2,3-bis- 
palmitoyloxypropyl)-cysteine-GDPKHPKSF (Shibata 
et al., 2000). M. arthritidis is a 41-kDa moiety and 
dependent on TLR2 and differentiation 14 (CD14) 
(Hasebe et al., 2007). Shimizu et al.(2005) found that 
the diacylated lipoprotein, F0F1-type ATPase (F0F1- 
ATPase), derived from M. pneumoniae, activated 
nuclear factors-kappaB (NF-κB) through TLR1, 
TLR2, and TLR6, but two more lipoproteins, 
N-ALP1 and N-ALP2, did that through TLR1 and 
TLR2, but not TLR6 (Shimizu et al., 2007). Among 
the three lipoproteins, F0F1-ATPase might be a key 
molecule in inducing acute inflammatory responses in 
the lungs of mice (Shimizu et al., 2008a). As another 
common mycoplasma that causes diseases in human, 
Ureaplasma parvum has been examined to have 
several lipoproteins, such as P75 and P55 containing 
UU012 and UU016, respectively. They were found to 
activate NF-κB through TLR1, TLR2, and TLR6, and 
to induce tumor necrosis factor-α (TNF-α) production 
in mouse peritoneal macrophages (Shimizu et al., 
2008b). 

All of these lipoproteins serve as potent cytokine 
inducers for monocytes/macrophages and have cyto-
lytic activity. It was proven that the M161Ag could 
induce maturation of dendritic cells (DCs) and acti-
vate host complement on affected cells. The TLR2 
mediated stimulation by MALP-2-induced cyclo- 
oxygenase 2 (COX-2) and prostaglandin E2 (PGE2) 
in human placental trophoblast cells via NF-κB and 
mitogen activated protein (MAP) kinase pathways 
(Mitsunari et al., 2006). 

Fig.1  Chemical structure of the lipoylated amino-
terminus of bacterial membrane-anchored lipopro-
teins. The lipoylation of the amino-terminal cysteinyl
residue by a diacylglyceryl moiety via a thioether bond
is a feature common to all known bacterial membrane
lipoproteins. The amino group of the cysteinyl residue
is blocked in certain lipoproteins by a third fatty acyl
chain via an amide bond (Chambaud et al., 1999) 
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TOLL-LIKE RECEPTORS AND IMMUNITY 
 
TLRs and their sub-cellular location 

In 1997, the first human homologue of the Dro-
sophila protein Toll was identified. Thirteen members 
of the TLR family have been identified in mammals 
and are responsible for recognizing pathogens as 
diverse as gram-positive and gram-negative bacteria, 
viruses, and fungi, as well as protozoa (Takeda et al., 
2003). Among these TLRs, TLR1~TLR10 are func-
tional in humans; however, TLR7 and TLR10 have no 
known natural ligands (Hasan et al., 2005), and 
TLR11 is a pseudogene (Zhang et al., 2004). TLRs 
recognize various conserved pathogen-associated 
molecules, including triacylated lipoproteins (TLR1, 
TLR2), diacylated lipoproteins (TLR2, TLR6),  
double-stranded (DS) RNA (TLR3), LPS (TLR4), 
flagellin (TLR5), single-stranded (SS) RNA (TLR7, 
TLR8) (Kawai and Akira, 2007), and unmethylated 
DNA (TLR9) (Liu et al., 2007). 

Binding with their own ligands, TLRs recruit 
signaling molecules to their intracellular signaling 
domains, leading to the activation of the NF-κB and 
the secretion of proinflammatory cytokines (Trianta-
filou et al., 2006). Individual TLRs have different 
locations in cells. For example, TLR1, TLR2, and 
TLR4 are expressed on the cell surface, which has 
been confirmed by positive staining of the cell surface 
by specific antibodies. In contrast, TLR3, TLR7, 
TLR8, and TLR9 have been shown to be expressed in 
intracellular fractions, such as endosomes (Heil et al., 
2003; Matsumoto et al., 2003; Latz et al., 2004). It has 
been reported that TLR3-, TLR7-, or TLR9-mediated 
recognition of their ligands requires endosomal 
maturation (Heil et al., 2004; Funami et al., 2004). 
Whether the TLR is on or in the cell, studies have 
shown that either phagosomal/lysosomal or endosomal/ 
lysomal compartments may be the main sites for TLR 
recognition of microbial components (Latz et al., 2004; 
Leifer et al., 2004; Underhill et al., 1999). 
 
Structure and function of the TLRs 

The TLRs are type I integral membrane glyco-
proteins with molecular weights ranging from 90 to 
115 kDa. TLRs are related to IL-1 receptors (IL-1Rs), 
based on the similarity in the cytoplasmic portions 
(designated the Toll-IL-1R, or TIR, domain), but the 
extra-cellular portions of TLRs and IL-1Rs are quite 

different. The extra-cellular portion of TLRs contains 
leucine-rich repeats (LRRs), whereas IL-1Rs contain 
three immunoglobulin-like domains. With regard to 
the structure, TLRs have three domains: extra-cellular, 
trans-membrane, and cytoplasmic regions (Gay and 
Gangloff, 2008). The TLR extra-cellular domain 
(ectodomain) consists of three discrete secondary 
structural elements: the LRRs, N-capping and 
C-capping structures (West et al., 2006) (Fig.2). Bell 
et al.(2005) found that the TLRs contain a unique 
consensus LRR, xLxxLxLxx[N/L]x+xx+xxxxFxxLx, 
where x represents any amino acid. They character-
ized each LRR in TLR1~TLR10 and concluded that 
diverse LRRs containing insertions after residues 10 
and 15 confer ligand specificity. It has been illustrated 
that the deletion of the first 7 N-terminal LRRs did 
not drastically affect their ability to transduce signals 
for NF-κB in the human embryonic kidney 293 
(HEK293) cells by mutational analysis of the TLR2 
extra-cellular domain. Therefore, their ability to in-
teract with other components, such as microbial 
polypeptides, was not affected. N-terminal mutant 
TLR2, however, showed downstream signaling defi-
ciencies in response to many other TLR2 ligands, 
which provided the specific LRR domains on TLR2 
interacting with different LAMPs to increase recog-
nition capacity. Therefore, LRRs on each TLR func-
tion to make unique ligand specificities for the re-
spective receptors. 

Each LRR has a short β-sheet region, and a more 
variable secondary structure (Fig.2). The conserved 
leucine residues pack together to form a hydrophobic 
core, and asparagine is required for the turn that 
connects the two secondary structure elements. Each 
of LRR units folds together to form a solenoidal 
structure with a characteristic curvature. The fold is 
stabilized by the formation of a parallel β-sheet, with 
one strand being contributed by each LRR. This 
forms the internal or convex surface of the solenoid 
(Gay and Gangloff, 2008). For the TLRs, the repeat 
blocks are often flanked by cysteine-rich capping 
structures. The purpose of these researches may be to 
shield the hydrophobic residues of the terminal re-
peats, but there is also evidence that they participate 
in protein-protein interactions. As for the N-cap and 
C-cap, they also have both structural and functional 
roles for signaling the extra-cellular information 
(Huizinga et al., 2002; Nishitani et al., 2006). 
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The TLR ectodomains are connected to the cy-

toplasm by a hydrophobic trans-membrane sequence 
of about 22 amino acids, which probably form an 
α-helix. A short linker connects the C-terminal cap-
ping structure of the ectodomain and the membrane. 
However, on the cytoplasmic side of the membrane, 
there is a much longer linker connecting the trans- 
membrane sequence to the first secondary structure 
element of the TIR domain, varying from 20 amino 
acids in TLR4 to 30 amino acids in TLR5. The TIR 
domain consists of about 200 amino acids and folds 
into an α-β structure similar to that of the bacterial 
chemotaxis protein Che Y. It can be divided into two 
groups. The first group consists of type I trans-  
membrane receptors, the 10 TLRs and IL-1 family. 
They function in the second phase of the innate im-
mune response. The second group constitutes the five 
signaling adapters for the TLRs, i.e., MyD88  
adaptor-like/TIR-associated protein (Mal/TIRAP), 
MyD88, sterile-alpha and armadillo motif containing 
protein (SARM), TIR domain-containing adaptor 
inducing IFN-β (TRIF), and TRIF-related adaptor 
molecule (TRAM) (O′Neill et al., 2003). MyD88 
functions as a critical adaptor for signaling pathway of 
TLR1/2/6, TLR5, and TLR7~TLR9. TRIF is an 
adaptor for TLR3 and TLR4 (Yamamoto et al., 2003). 
In all, the TIR domain has evolved as a general protein- 
protein interaction domain that later acquired some 
specialized functions in development and in immune 
processes. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Signaling pathways of TLRs 
The signaling pathways associated with each 

TLR are not identical and may result in different 
biological responses, such as antigen-presenting cell 
(APC) activation, DCs maturation, and B cell activa-
tion (Anders et al., 2004). It is well known that there 
exist MyD88-dependent and -independent signaling 
pathways of TLRs. Here, MyD88-dependent signaling 
pathway related to mycoplasma lipopeptide-induced 
signaling pathway shall be introduced. After ligand 
binding, the intracellular adaptor molecule MyD88 is 
recruited to the receptor complex (Medzhitov et al., 
1998; Muzio et al., 1998). MyD88 has a C-terminal 
TIR domain that mediates its homophilic interaction 
with the receptor and an N-terminal death domain that 
engages the death domain of its downstream target 
IL-1 receptor-associated kinase (IRAK) (Wesche et 
al., 1997). IRAK1 and IRAK4 join the receptor 
complex, which involves in the phosphorylation and 
activation of TNF receptor-associated factor 6 
(TRAF6). In contrast, IRAK-M lacks kinase activity 
and plays different roles. IRAK-M negatively regu-
lates TLR signaling by preventing dissociation of 
phosphorylated IRAK1 and IRAK4 from MyD88. 
Upon dimerization, TRAF6 forms a complex with 
Ubc13 and Uev1A, both of which facilitate lysine 63 
ubiquitination of TRAF6 (Chen, 2005). Ub-TRAF6 
then binds and phosphorylates another complex 
composed of transforming growth factor-activated 
kinase 1 (TAK1) and TAK1-binding proteins 1 and 2. 
 

Fig.2  Structures and motifs involved in Toll signaling. (a) N-terminal capping structure taken from the Toll-like
receptor 3 (TLR3) ectodomain structure (2A0Z); (b) A single leucine-rich repeat (LRR) unit taken from the TLR3.
The short β-sheet (yellow) forms the inside surface of the solenoid. The conserved leucine residues point into the
structure to form a hydrophobic core; (c) C-terminal capping structure from TLR3 (Gay and Gangloff, 2007) 

α-Helices Loops β-Sheets Disulphide bonds 

(a) (b) (c) 
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Once it is activated, TAK1 in turn activates IκB 
kinase (IKK), p38, and c-Jun N-terminal kinase 
(JNK). JNK induces activator protein-1 (AP-1) acti-
vation (Wang et al., 2001). IKK phosphorylates IκB, 
an NF-κB inhibitor, and leads to its ubiquitination and 
degradation, unmasking the nuclear localization do-
main of NF-κB. Freed NF-κB translocates into the 
nucleus and turns on the transcription of multiple 
proinflammatory genes, including TNF-α, IL-1, and 
IL-6 (Cook et al., 2004; Kawai and Akira, 2005). 
Similar to the NF-κB pathway, TAK1 activates mi-
togen-activated protein kinase (MAPK) pathways, 
and leads to the expression of multiple proinflam-
matory genes. 
 
 
INTERACTION BETWEEN MYCOPLASMA 
LIPOPROTEIN AND TLRS 
 
Signaling pathway triggered by mycoplasma 
lipoproteins through TLRs 

It has been shown that the treatment with pro-
teinase K fails to decrease the activity of M. fermen-
tans and M. penetrans, while the treatment of lipo-
protein lipase decreases the ability to induce NF-κB. 
This suggests that the active components are attrib-
uted to lipid moieties, although the moieties of pro-
teins might have other functions (Shimizu et al., 
2004). The acylated proteins of mycoplasmas are 
abundant cell-surface antigens, which are recognized 
by extra-cellular domains of TLRs. As described 
above, LRRs on each TLR can recognize different 
ligands. The extra-cellular regions of Ser40-Ile64 and 
leucine residues at positions 107, 112, and 115 in a 
LRR motif of TLR2 are involved in the recognition of 
mycoplasmal diacylated lipoproteins and lipopeptides 
(Fujita et al., 2003). So, we could conclude that LRRs 
on TLR1 or TLR6 discriminate the diacylated and 
triacylated lipoproteins. When the signal arrives at the 
TIR region of the cytoplasmic domain through a 
much longer linker connecting the trans-membrane 
sequence to the TIR domain, it forms a receptor 
complex activating the signaling pathways of TLRs. 
It was found that the MALP-induced activation of 
intracellular signaling molecules was fully dependent 
on both TLR2 and MyD88 (Takeuchi et al., 2000), 
and that TLR2-mediated stimulation by MALP-2 
induced COX-2 and PGE2 in human placental  

trophoblast cells via NF-κB and MAPK pathways. 
Another finding is that domain-negative forms of 
MyD88 and Fas-associated protein with death domain 
(FADD), but not IRAK-4, reduced the cytocidal ac-
tivity of the mycoplasma lipoproteins in transfected- 
HEK293 and the forms also down-regulated the ac-
tivation of both NF-κB and caspase 8. Also, a selec-
tive inhibitor of p38 MAPK attenuated the cytocidal 
activity sufficiently in mycoplasmal membrane dia-
cylated lipoproteins inducer tests. It could be con-
cluded that mycoplasmal membrane diacylated lipo-
proteins not only initiate proinflammatory responses 
through TLR2 and TLR6 via the activation of the 
transcriptional factor NF-κB as an early event, but 
also initiate apoptotic responses as a latter event (Into 
et al., 2004). 
 
Cooperative interactions among TLRs 

Studies have focused more on cooperation of 
TLR2 and TLR6 or TLR1 to recognize the varied 
Mycoplasma species. Takeuchi et al.(2001) found 
that TLR6-deficient cells did not produce any in-
flammatory cytokines in response to mycoplasma- 
derived diacylated lipoproteins, but retained their 
normal response to triacylated lipopeptides of other 
bacterial origins. Experiments demonstrated that 
TLR6 cooperates with TLR2 to recognize diacylated 
lipoprotein, and to discriminate between the 
N-terminal lipoylated structures of MALP-2 and 
lipopeptides derived from other bacteria. Lipopep-
tides from M. salivarium got a different activation 
toward the human acute monocytic leukemia cell line 
(THP-1). It is suggested that both the fatty acids of 
diacylglycerol and the amino acid sequence of the 
peptide portion are indispensable for TLR2/6-  
mediated signaling, and the size of the peptide portion 
of lipopeptide affects the recognition of the lipopep-
tide by TLR2/6 (Okusawa et al., 2004). In contrast, 
TLR1-deficient cells show a normal response to 
mycoplasma-derived diacylated lipopeptides, but an 
impaired response to triacylated lipopeptides. Shi-
mizu et al.(2004) found that the purified lipoprotein 
of M. penetrans LAMPs was able to activate NF-κB 
through TLR1 and TLR2. On the other hand, the 
activation of NF-κB by the purified lipoproteins of M. 
fermentans LAMPs was mediated through TLR2 and 
TLR6, but not TLR1. These results indicate that M. 
fermentans LAMPs may contain several active 
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components, one of which is recognized by TLR2 and 
TLR6, while other components might be recognized 
by TLR1 and TLR2.  

Another finding is the existence of adjacent re-
ceptors for mycoplasma lipoproteins in Mycoplasma 
species. For example, Hoebe et al.(2005) put forth the 
opinion that TLR2/6 heterodimers require cluster of 
differentiation 36 (CD36) to sense diacylated lipo-
proteins, whereas TLR1/2 heterodimers do not. Al-
most at the same time, the findings by Hasebe et 
al.(2007) showed that four macrophage-activating 
components from M. arthritidis were dependent on 
TLR2 and cluster of CD14. M. tuberculosis, M. leprae, 
and M. bovis Bacille Calmette-Guerin (BCG) all ac-
tivated adaptive immune by triggering dendritic 
cell-specific intercellular adhesion molecule-3-  
grabbing non-integrin (DC-SIGN)- and TLR-signal 
pathways on DCs (Gringhuis et al., 2007). Besides, 
the Dectin-1 was reported to be a co-receptor of TLR2, 
which recognized the biosynthetic lipoprotein, 
Pam3CSK4, on DCs (Gantner et al., 2003). In these 
adjacent receptors, CD14 is necessary for the recog-
nition of triacylated lipoproteins by TLR1 and TLR2, 
but not for that of diacylated lipoproteins. For other 
Mycoplasmas species, a triacylated pattern is neces-
sary but not sufficient to render a lipopeptide 
TLR1-dependent, and a diacylation pattern is neces-
sary but not sufficient to render a lipopeptide 
TLR6-dependent (Buwitt-Beckmann et al., 2006). 
These results show the importance of the amide- 
bound acyl residue, the two ester-bound acyl residues, 
and the amino acid sequence of the peptide chain 
within lipoproteins for the induction of signaling 
through TLR2 hetero- or homo-dimers. Another ex-
planation for the discrimination of diacylated or tria-
cylated lipoproteins from TLR structures is the LRR 
domains. Omueti et al.(2005) have shown that 
LRR9~LRR12 of human TLR1 and TLR6 mediate the 
ability to discriminate between acylated lipoproteins, 
as the domain exchange between the two receptors 
alters lipopeptide responsiveness in transfected cells. 
Additionally, Grabiec et al.(2004) showed that 
LRR7~LRR10 of TLR2 were critical for responses to 
tri-lauroylated lipopeptides. 

In 2007, Jin et al.(2007), by using the hybrid 
LRR technique as previously described (Kim et al., 
2007), revealed the mode of lipopeptide binding to 
TLR1 and TLR2 heterodimer, which provided a 

structural explanation for why both TLR1 and TLR2 
are required for triacylated lipopeptide binding and 
signaling. It is well known that the diacylated glyceryl 
is attached to the N-terminal cysteine via a thioether 
bond, and that the third lipid chain is connected to the 
cysteine via an amide bond in triacylated lipoproteins. 
When triacylated lipoproteins bound to the complex 
of TLR1 and TLR2, TLR1 channel and TLR2 pocket 
were connected at the dimer interface and the two 
C-terminal domains covered in the middle, shaping a 
form of the letter “m”. And then the two ester-bound 
lipid chains were inserted into the TLR2 pocket in 
extended conformation, and the amide-bound lipid 
chain was exposed to the outside of the pocket and 
inserted into a narrow channel in TLR1. As for TLR6, 
it does not contain the lipid-binding channel analyzed 
by modeling the structure of TLR6 with an automatic 
homology modeling server using the TLR1 structure 
as template (Tosatto, 2005). Therefore, the amide- 
bound lipid chain of the triacylated lipopeptide cannot 
interact with TLR6 so as to initiate signaling through 
the TLR2 and TLR6 complex. 
 
Apoptosis and mycoplasmas lipoproteins 

Aliprantis et al.(1999) found several bacterial 
lipoproteins could induce apoptosis in both trans-
fected HEK293 and THP-1 monocytic cells through 
TLR2. It also appears that apoptosis induced by TLR2 
signaling involves an interaction between the death 
domain of MyD88 and the TNF-pathway-component 
FADD, leading in turn to the activation of caspase 8. 
Brightbill et al.(1999) could not observe cell death in 
HEK293, suggesting that the activation of apoptosis 
is sensitive to culture conditions and the nature of the 
treatment. As described above, mycoplasma lipopro-
teins triggered TLR2- and TLR6-mediated events 
leading to activation of NF-κB and apoptosis. The 
apoptosis was regulated by p38 MAPK, MyD88, and 
FADD. Into and Shibata (2005) examined roles of 
apoptosis signal-regulating kinase (ASK1), an up-
stream activator of p38 MAPK, in TLR2 signaling. 
They found that a kinase-inactive mutant of ASK1 
impaired the sustained phosphorylation of p38 
MAPK induced by mycoplasma lipoproteins and also 
attenuated mycoplasma lipoprotein-induced tran-
scriptional activities of NF-κB and activatorprotein-1 
(AP-1) by inhibition of p38 MAPK activation. My-
coplasma lipoprotein-induced cell death, including 
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DNA fragmentation and caspase 3/7 activation, was 
also down-regulated by the ASK1 mutant by p38 
MAPK inhibition. Different experiments have shown 
some controversial evidence that mycoplasmal infec-
tions inhibit apoptosis. For example, Gerlic et al. 
(2007) found M. fermentans inhibits TNF-α-induced 
apoptosis in the human myelomonocytic U937 cell 
line; its effect is upstream of mitochondria and up-
stream of caspase 8. And their further study showed 
that the M. fermentans lipoproteins could inhibit the 
apoptosis induced by TNF-α in U937 cells. One pos-
sible explanation for these seemingly contradictory 
conclusions is that HEK293 cells over-express the 
function of TLRs and may exaggerate the activation 
of apoptosis using mycoplasma lipoproteins as in-
ducers. Another explanation is that other components 
of mycoplasmas may exist to inhibit the apoptosis 
through other signal pathways. 
 
 
CONCLUSION AND PERSPECTIVES 
 

The mycoplasma lipoproteins play a key role in 
infection, although some of them do not cause clinical 
symptoms in humans. They are important factors in 
the inflammation process and are probably also in-
volved in leukocyte recruitment to the infected tissue. 
Their ability to undergo size or phase variation at a 
high frequency appears to be a means of adapting to 
different conditions, including the host’s immune 
response. The conjugation, diacylated or triacylated 
lipopeptides, and the size of the C-terminal sequence 
have the effect on the immunity through TLRs. Some 
studies have revealed the basic structure, signaling 
pathway, and cooperation functions of TLRs in innate 
immune reactions. Over-expression studies are often 
used to know about the function of signal transduction 
molecules, but sometimes their results can be mis-
lieading. Canparent to it, using knockout mice or 
RNA interference might get better results. Also, the 
sample components should be highly purified and 
synthetic compounds be used whenever possible, so 
that the interaction between mycoplasma lipoproteins 
and TLRs in vitro will be better examined (Akira et 
al., 2001). As for structural biology research, more 
X-ray crystallography and NMR spectroscopy studies 
are necessary to evaluate the interaction. 

The current understanding of the cellular 

mechanisms involved in the TLR-mediated anti- 
mycoplasmas activity is minimal, and the signaling 
pathway of TLRs is still elusive. However, as long as 
researchers continue to explore and understand the 
biological structure and components of mycoplasma 
lipoproteins and TLR proteins, it will be possible to 
develop strategies to obtain antibodies or vaccines for 
defense. 
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