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Bacteriology

Expression o inducible nitric oxide synthase induced
by lipic-associated membrane proteins of Ureaplasma
urealyticum is regulated by nuclear factor
K B-mediated mechanism in murine macr cphages
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Abgract

The aimwas to invedigate the molecular mechani ams respons ble for the inducible nitric ox

ide synthase (iINOS) gene expresson simulated by lipid associated membrane proteins (LAMPS) of
Ureaplasma urealyticum (U. urealyticum) . Detection of NO , the expresson of iNOS and the activation
o nuclear factork B (NFKB) in direct regoonse to U. urealyticum LAMPs in a murine macrophages,
the dfects of pyrrolidine dithiocarbamate (PDTC) , an inhibitor of NFKB and of cycloheximide
(CHX) , a protein synthase inhibitor were available. The resultsindicated that U. urealyticum LAMPS
gimulated nouse macrophages to express iNOS and thus produce NO in dose and time- dependent man-
ner by activating NFK B. The expresson of iNOS, NO production and the activation of NFK B were in-
hibited by U. urealyticum LAMPs combination with FDTC or CHX. In conclugon , our findings suggest
that U. urealyticum may be an etiological factor to certain diseases due to its ability to dimulate the ex
presson of iNOS, which is probably mediated through the activation of NFKB.
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Inducible nitric oxide synthase

U. urealyticum is the smalegd prokaryotic organ-
ism capable of seif-replication. The tiny microor-
ganiam could be ilated from urogenita , placen
tas and the regiratory tracts of preterm irfants.
Moreover , U. urealyticum irfection may be in
volved in non-ecific urethritis (NQU) , prodati-
tis, podpartumfever , irfertility , pelvic irflammar
tory disease , neonatal pneunonia and even chronic
lung dissase (ALD) [1]. It is known that U.
urealyticum lacks cdll wall gructure and contains
abundant membrane proteins, but its pathogenicity
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is gill unknown clearly. At present , it was report-
ed that mycoplasmal lipid-asociated membrane
proteins (LAMPs) are exposed on the cdll surface
of myocoplasma, including mycoplasma penetrans,
mycopl asma salivarium , mycoplasma pirum, my-
coplasma pneumoniae, and mycoplasma genitalium
[2, 3] and condantly interact with various ele-
ments in the environment , thus dfecting the inr
mune sysem.

In order to invedigate the potentia pathoge-
nicity of U. urealyticum, we examined whether
U. ureaplasma LAMPs ocould induce the RAW
264.7 cdls to express iINOS and produce NO via
the activation of NFK B. In addition , we eva uated
the dfectsof pyrrolidine dithiocarbamate (PDTC)
or the protein synthase inhibitor cycloheximide



J Microbid Immund , 2005; 3(4) : 260-265

- 261 -

(CHX) on the activation of NFK B, the expression
of iNOS and NO production.

MATERIALS AND METHODS

Cdl culture and gimulation

The RAW 264. 7 murine macrophages cells (ob-
tained from ATCC) were cultured in high-glucose
Dulbecco’ s nodified Eaglé s medium (Invitrogen ,
USA) supplemented with 10 % heat-inactivated fe-
ta bovine serum, 50 MM HEPES, 2 mM L-gu
tamne, 100 IU/m penicillin, ana 100 P g/mi
dreptomycin a 37 in 5% QO, hurniafied air.
The cells were daached and plated in 24-well
plates at a densty of 2 x 10° cells in fresh media
and dimulated with 0. 5 g/m to 4 dg/m of
LAMPs or in combination with 254 M pyrrolidine
dithiocarbamate (PDTC). To examine if LAMPs
oould induce NO production directly ,the macroph-
ages were incubated with 3p g/m LAMPs in comr
bination with the protein synthase inhibitor cyclo-
heximide (CHX) at a concentration of 1 g/ml for
24 h.

Nitrite Asay

All supernatants were coollected dter gimulation
and dored at -70 for NO analyss. The accumu
lation of NO, was determined as an indicator of
NO production in the medium. Nitrite was quarti-
fied by a gectrophotometric assay based on the
Qiess reaction. Bridly, The 500 | supernate were
mixed with an equa wolume of Qiess reagents
and (Beyotime, Jiangsu, China) at room temr
perature. The absrbance was measured at
540 nm. The nitrite production was caculated
from a gandard curve dium nitrite (NaNO,) .

Preparation of LAMPsfrom U. urealyticum

U. urealyticum serotype sandard grain 4 (ATCC)
was cultured in urea plasma broth medium to the
dart of dationary phage, and then pelleted by
centrifugation. The preparation of LAMPs and the
aqueous phage (used as a control) was performed
as described previoudy by Wang[4]. The protein
concentration of LAMPs was measured by usng the
bicinchoninic acid kit (Perce, Rockford, IL).

The preparations were preincubated for 2 h with
100M g/ml polymyxin B sulfate prior to cell gimu-
lation in order to elimnate endotoxins that had
probably contaminated the lutions during prepar
ration.

RT-PCR

Total RNAswere ilated from the different treated
cellswith Trizol reagent (Invitrogen, USA) . The
firg grand cDNA was syntheszed from 14 g of to-
ta RNA usng AMV reverse transcriptase and ran-
dom 9-mers (TakaRa, Dalian, China) . The cD-
NA products were used for subsequent amplifica
tion by PCR, which was composed of 35 cycles of
denaturation (94 for 30 s) , annedling (56
for 30 s) , and extendon (72 for 1 min) , usng
athermocycler (Eppendorf , Germany) and oligo-
nucleotide primers. The parallel expresson of 3-
actin mRNA was teged under the same PCR conr
ditions as an interna dandard. The sequences of
primers were as follows: INOS, 5-TTG GAG
CGA GIT GIG GAT TGI-3 , 5-QCC CTT TGT
GCT GGG AGT G3 (652bp) ;B-actin, 5-GTG
GQC CAC TCT AGG CAC CAA-3 ,5-CTC TTIT
GAT GTCACGCAC GAT TTCG 3 (540 bp) . PCR
products were eectrophoresed in 1. 2 % agarose
gel and dained with ethidium bromide. The gd
was then photographed under ultraviolet transllu-
mination. For quantification, PCR bands on the
photograph of the gel were scanned usng an Inr
ageQuant ooftware (Molecular Dynamics, Sunny-
vae, CA) and normdized the INOS sgnal relative
to the corregpondingB -actin mRNA sgna from the
same sanple. Data were expressed as the INOSB -
actin ratio.

Wedern blotting analysis

To asxess iINOS protein expresson , total cell pro-
tein was extracted asfollows: cellswere lysed with
cel lyds bufer [50 mM Trisd (pH8. 0) , 150
mnol /m Nad , 0. 02 % NaN; , 1004 g/m PMSF,
1P g/mL Aprotinin, 1% TX-100]. To evauate
NFK B trandocation, nuclear extracts were pre-
pared as described previoudy [5]. Both of protein
concentrations were determined by the bicincho-
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ninic acid kit. For Wedern blotting andyss, 10
Mg o proten per sarple was sparated by 8 %
(for INOS) or 10 % (for NFKB) DS polyacryl-
amide gd and dectroblotted onto a nitrocellulose
membrane (Amersham Biosciences UK) . The
membranes were incubated with the polyclona
rabbit antibody againg nouse iINOS (Santa Cruz
Biotechrology , USA) or NFKB P65 (Santa Cruz
Biotechrology, USA ). Immuroresctive bands
were visuaized by incubating with horseradi sh per-
oxidase-conjugates goat anti-reioit 19G and enr
hanced chemiluriinescence reagents (Amersham
Biosciences UK) . The protein bands in each line
were photogrgphed , and dengtometricaly quarnti-
fied usng the ImageQuant Lftware.

Immunolocalization of NFK B

Cells were plated on gass coverdips and incubated
with 34 g/m LAMPor 10M | of aqueousfor 2 hfor
evaluating NFK B. After treatment ,the cells were
fixed with cold metharol and acetone. Intracellular
NFK B proteinswere visuaized by immunocytoche-
migry or indirect immunofluorescence usng poly-
clonal rabbit anti-NFK B p65 followed by biotiny-
lated gpat anti-rabbit IgGor fluorescein iothiocyar
nate-labeled goat anti-rabhit 1gG (SABC ,Beijing ,
China) . Sides were viewed and photographed by
using Nikon microsoope (EQL IPSE TE2000-5 , Jar
pan) .

Satidical analysis

The mean = S. D. was determined for each treat-
ment group in each experiment. The data were an-
alyzed by a one-way ANOVA ted followed by an
independent sarple t ted usng SPSS10.0. A P
value of lessthan 0. 05 was cond dered sgnificant.

RESW TS

NO production and iNOS expression after
treatment with U. urealyticum L AMPs

LAMPs prepared from U. urealyticum gimulated
the RAW 264. 7 muri ne macrophages production of
NOin a dose- and time-dependent manner (Hg.
1) . After treatment with different concentrations of
LAMPs, the nouse macrophages produced the

variant anounts of NO. When the concentration of
LAMPs was added from 0. 54 g/ml to 4 g/ml , the
production of NO was markedly increased. The in-
duced NO production could be detected in the conr
ditioned media &ter 4 hof gimulation with LAMPs
and reached peak levels at 32™ hour. To corfirm
that NO was produced by iNOS, the LAMPsin-
duced level s of iINOS expresson were examined by
usng RT-PCR and Wedern blotting. The RAW
264. 7 cells were induced to express iINOS mRNA
dter treatment with LAMPs for 24 h, and iNOS
MRNA levels decreased in the presence of 25U M
PDTC or 14 g/m CHX (Fg. 2). The leves dof
INOS proteins dowed Smilar patterns in the
LAMPs gimulated cells, as determined by Weds-
ern blotting.
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Fig 1. The éfect o different concentrations (A) and
different time ( B) o LAMPs on NO productions in
mouse macr ophages.

Hfects o PDTC or CHX on L AMPsinduced
NO production and iNOS expression

To assess the dfect of PDTC or CHX on LAMPs
gimulated NO production in RAW 264. 7 cdls,
the concentration of produced nitrite was deter-
mined by the Giess method. We found that PDTC
or CHX dgnificantly inhibited the production of
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NO in nmouse macrophages simulated by LAMPs
(Fg. 1A). The dfects of PDTC or CHX on the
expresson of iINOS mRNA and protein showed
dmilar patterns in LAMPs gimulaed cdls, as deter-
mined by RT-PCR and Wegtern blotting (Table 1) .

800 bp
600 bp
400 bp

1
-]

tor

of INOS/B-ac

The mRNA ratio

LAMPs LAMPs+CHX LAMPs+CHX Aqueous

Fig 2. The dfect of different treatment manner on
iNOS mRNA expression.

A Weging blotting. Lane 1: 200 bp marker; Lane 2: LAMPs;
Lane 3: LAMPs+ CHX;Lane 4:LAMPs + FDTC;Lane 5: Aqueous
phase. B: The gray scde of iNOP-actin.

Table 1. Mean optical density value of iNOSand NF
K B proteins(n=4, x £5s).

iNOS NFK B
LAMPs 91.56+0.29 91.09+0.84
LAMPs+ CHX " 80.45+0.54 74.66+0.27
LAMPs+ IDTC’ 75.68£0.18 59.55+0.46
P<0.01. *gouw vsLAMPs gow.

Activation of NFK B by L AMPs

We determined the dfect of LAMPs on NFKB
trandocation in RAW 264. 7 cdls usng immuno-
cytochemidry, indirect immunofluorescence, and
Wedern blotting. After treatment of macrophages
with 3p g/ml of LAMPsfor 2 h, NFKB p65 was
observed to trandocate from cytoplasm into nuclear
whereas NFKB p65 wag t located in nuclear of
cellswith 10u | of agueous phase for 2 h (Fg.
3A) . After treatment of macrophageswith 10U | of

aqueous phase for 2 h, NFK B p65 only gopeared
in the cytoplasm, whereas NFK B p65 was located
in the cytoplasm and nuclear of cellstreated with 3
Mg/m of LAMPsfor 2 h (Fg. 3B). In nuclear
extracts, NFK B activation was detected by Wed-
ern blotting and found that LAMPs gimulated NF
KB trandocation from cytoplasm into nuclear , the
trandocation was suppressed by PDTC and CHX
(Table 1) .

Fig 3. NFK B p65 trandocation was detected by imr
munocytochemigry ( A) and indirect immunadfluores
cence ( B) ( x400) .

Al, Bl: LAMPs; A2, B2: Aqueous phase.

DISCUSSION

Myooplasma are wal-less Gamrposdtive bacteria
and lack lipopolysaccharide , peptidogycan and li-
poteichoic acid. However , sme components of
mycoplasma can activate macrophages to synthe-
Sze or screte a sriesof irflammeatory proteins as
ciated with irfections. For exanple , heat-killed
U. urealyticum antigen and LAMPs derived from
M. penetrans, an AIDSasociated mycoplasma,
can gimualate macophages to produce NO [6, 7]
via iNOS. Mycooplasmd lipid-asociated membrane
proteins (LAMPs) are exposed on the cdl sur-
face, highly antigenic , and are likely to be an im-
portant immunogenic target for hogs reponses in
mycoplasma irfections. It is necessary that we in-
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vedigate the potential pathogencity of U. urealyti-
cum LAMPs and the nolecular mechanisms re-
gong ble for iINOS expresson.

NFKB is known as a widegread rapid-re-
gonse transcription factor , because it regulates
genes inwlved in inflammation, including cyto-
kines, cdll adhedon nolecules, and enzymes (e.
g. , iINOS, 0QOX-2) [8]. In ungimulated cdlls,
NFK B is present as an inactive heterodimer of the
p50/p56 submits bound to the NFKB inhibitory
protein. Simulation of macropheges with LAMPs
leads to activatiaon ¢f NFKB , dlowing tihe trando-
cation of NFKB into nucleus, binding to DNA ,
and leading to activate the genes. Our data denr
ondrate that U. urealyticum LAMPs is a potent
activator of NFK B , as evidenced by the rgpid and
intense NFKB activation in macrophages. This
suggeds that NFK B activation may regulate a large
number of genes transcription including iNOS.

The induction of iINOS is triggered and regu-
lated by a series of sgnaing pathways including
NFK B transcription factor. Recent gudies have
denondrated that there are NFK B binding Stesin
the pronoter regon of iINOS gene [9]. The acti-
vated NFKB can induce many ddense-related
genes transcriptionaly. The family of NFKB pro-
tein was required for the enhanced iINOS gene ex-
presson when macrophages were exposed to LPS
and other sgnals. When NFK B was activated , we
detected the expresson of iNOS by RT-PCR and
Wegern blotting. The results revea that LAMPs
can markedly induce in macrophages the expres
gon of iINOS mRNA and iNOS protein and gener-
ae large amountsof NO in time- and dose-depen-
dent manner. NO is generated from L-arginine by
three different NO synthases. The neurd (nNOS)
and the endothelial (eNOS) isoforms are conditu-
tively expressed in selected tissues. The third , in-
ducible and Ca’*-independent NO synthase (iN-
09 , is expresed only following transcriptional
activation of its gene, which occurs in acute and
chronic irflammation.

Inhibiting high-output NO production by
blocking iINOS expresson or its activity may be a

usful drategy for treatment of inflammeatory dior-
ders. We dhowed that both pyrrolidine dithiocar-
bamate (PDTC) and cycloheximide (CHX) sur
pressed the activation of NFK B induced by LAMPs
and could sgnificantly down-regulate iINOS expres
gon and NO production. Snce PDTC, a reatively
goecific inhibitor of the activation of NFKB in
macrophages, blocks the iNOS induction, it go-
pears that NFKB is involved in the induction of
INOS. The present sudy denondratesthat PDTC,
an NFKB inhibitor and antioxidant , has been
down to inhibit NFK B, via interference with re-
active oxygen metalbolism, chelation of divaent
metal ions, and changes in intracelular thiol lev-
els[10, 11]. Whereas the reaon cycloheximide
inhibites NFK B i1t gill clear, and is probably
that cycloheximide, as a protein synthase inhibi-
tor , blocks the protein synthase to release endoge-
nous cytokines [ 6] .

In concluson, the result inplies that U.
urealyticum may be an inportant pathogenic factor
for hog cells due to gimulation of the expresson
of INOS and NO production, which is mediated
through the activation of NFKB.

ACKNOWL ED GEM ENT
Thiswork was supported by Hunan Province Natura Sci-
ence Foundation (No. 0211Y2025) .

REFERENCES

1. Casel GH, Waites KB, Crouse DT, Budd PT, Ca
nipp KG, Sagno S. Asciation of Ureaplasma urea-
Iyticum irfection of the lower regiratory tract with
chronic lung dissase and death in very-lowbirth-
weight irfants. Lancet 1988; 2(8605) : 240-245.

2. Wang RY, Shih JW, Weiss SH, Gandinetti T,
Ferce PF, Lange M, et d. Mycoplasma penetrans
irfection in male homosexua swith AIDS; high sero-
prevalence and asociaton with Kapod' s sarcoma.
din Irfect Dis 1993; 17(4) : 724-729.

3. Lo SC, Wang RY, Qandinetti T, Zou N, Haey
Q. , Hayes MM , & d. Mycoplasma hominis lipid-
asociated membrane protein antigen for efective de-
tection of M. hominis-ecific antibodies in humans.
din Irfect Dis 2003; 36(10) : 1246-1253.

4. Wang RY, Shih JW, QGandinetti T, Herce PF,



J Microbid Immund , 2005; 3(4) : 260-265

- 265 -

Hayes MM , Wear DJ , et d. High frequency anti-
bodies to Mycoplasma penetrans in HIV-irfected par
tients. Lancet 1992 ; 340(8831) : 1312-1316.

5. Shreiber E, Matthias P, Muller MM , Scheffner W.
Rapid detection of octamer binding proteins with
‘ mini-extracts’ , prepared from a smdl number of
cells. Nucleic Acids Res 1989; 17(15) : 6419.

6. Li YH, Yan ZQ, Jenen JS, Tulus K, Brauner A.
Activation of nuclear factork B and induction of in-
ducible nitric oxide synthase by Ureaplasma urealyti-
cum in macrophages. Irfect Immun 2000 ; 68(12) -
7087-7093.

7. Zeng YH, Wu YM, Zharg WS, Yu MT, Zhi QM ,
Tan LZ. Activation of nuclear factor kgppaB and in-
duction of inducible nitric oxide synthase by lipid-as
ciated membrane proteins iolated from Mycoplas
ma penetrans. Chin Med J 2004; 117 (7) : 997
1001.

8. Xie QW , Whisnant R, Nathan C. Prorroter of the
nouse gene encoding calciuntindependent nitric ox-

10.

11.

12.

ide synthase corfers inducibility by interferon gamma
and bacterid lipopolysaccharide. J B Med 1993;
177(6) : 1779-1784.

. LeeJl, Burckart GJ. Nuclear factor kappaB : inpor-

tant transcription factor and thergpeutic target. J din
Pharmacol 1998 ; 38(11) : 981-993.

Beckman JS, Beckman TW, Chen J, Marshdl PA ,
Freeman BA. Apparent hydroxyl radical production
by peroxynitrite: inplications for endotheia injury
from nitric oxide and superoxide. Proc Natl Acad i
USA 1990; 87(4) : 1620-1624.

Shreck R, Meier B, Mannd DN, Droge W, Bae
uerle PA. Dithiocarbameates as potent inhibitors of
nuclear factor kgppa B activation in intact cdls. J
Bp Med 1992; 175(5) : 1181-1194.

Mihm S, EnnenJ , Pessara U, Kurth R, Droge W.
Inhibition of HIV-1 replication and NFkgppa B ac-
tivity by cygeine and cydeine derivatives. AIDS
1991; 5(5) : 497-503.



