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Innate and adaptive immune responses are activated in humans when Helicobacter pylori invades the gastric
mucosa. Nitric oxide (NO) and reactive nitrogen species are important immune effectors, which can exert
their functions through oxidation and S-nitrosylation of proteins. S-nitrosoglutathione and sodium nitroprus-
side were used as NO donors and H. pylori cells were incubated with these compounds to analyze the
inhibitory effect of NO. The suppressing effect of NO on H. pylori has been shown in vitro. Furthermore,
the proteins modified by S-nitrosylation in H. pylori were identified through the biotin switch method in
association with matrix-assisted laser desorption ionization/time-of-flight tandem mass spectrometry (MALDI-
TOF-MS/MS). Five S-nitrosylated proteins identified were a chaperone and heat-shock protein (GroEL),
alkyl hydroperoxide reductase (TsaA), urease alpha subunit (UreA), HP0721, and HP0129. Importantly,
S-nitrosylation of TsaA and UreA were confirmed using purified recombinant proteins. Considering the
importance of these enzymes in antioxidant defenses, adherence, and colonization, NO may exert its anti-
bacterial actions by targeting enzymes through S-nitrosylation. Identification of protein S-nitrosylation may
contribute to an understanding of the antibacterial actions of NO. Our findings provide an insight into

DOI 10.1007/s12275-011-0262-7

potential targets for the development of novel therapeutic agents against H. pylori infection.
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Helicobacter pylori (H. pylori) is a Gram-negative, spiral, and
microaerophilic bacterium that selectively colonizes the gastric
mucosa, causing gastritis, ulcers, and adenocarcinomas (McGee
and Mobley, 2000). By colonizing the gastric mucosa, H. pylori
can stimulate the human immune system, which releases vari-
ous antimicrobial factors. Nitric oxide (NO) is an important
effector possessing antimicrobial activity and immunomodula-
tory function (Cole et al., 1999; Zaki et al., 2005). Current
data imply that NO and reactive nitrogen species (RNSs)
could exert strong antibacterial activity on H. pylori in vitro;
moreover, the response of H. pylori proteins to NO stress
has been previously described (Qu et al., 2009). However, the
mechanisms by which RNSs suppress or kill H. pylori are not
well defined.

Protein S-nitrosylation is a process by which a NO moiety
irreversibly attaches to selected cysteine residues of specific
proteins. It can produce a labile S-nitrosothiol structure and
some functional alterations, involving a broad range of phys-
iological and pathological cellular events, such as smooth
muscle relaxation, neurotransmission, and immune defense
(Rhee et al., 2005; Torta et al., 2008). The antimicrobial action
of RNSs against HIV, Leishmania, Plasmodium, Salmonella,
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and Mycobacterium is mediated by the binding of NO to im-
portant cysteine groups (Persichini ez al., 1998; Venturini et
al., 2000; Salvati et al., 2001; Schapiro et al., 2003). In spite
of the important role of RNSs as antimicrobial and regulatory
molecules, no S-nitrosylated proteins have been identified in
H. pylori.

Until now, the most commonly used method in the analysis
of S-nitrosylated proteins has been the biotin switch method
(BSM). It was developed by Jaffrey and Snyder (2001), through
which the nitrosylated cysteines can be specially converted
into biotinylated cysteines (Forrester et al., 2009). Later, they
can be easily detected using streptavidin or any specific
antibody. NO targets involved in a broad range of cellular
processes, such as signaling, stress responses, protein synthesis,
and so on, have been identified using this approach (Martinez-
Ruiz and Lamas, 2004; Torta et al., 2008). In this study, we
adopted the BSM to characterize the S-nitrosylated proteins
in H. pylori in vitro.

Materials and Methods

Chemicals

Methyl methanethiosulfonate (MMTS), streptavidin-agarose, L-glu-
tathione (reduced), neocuproine (crystalline), sodium nitroprusside
(SNP), S-nitrosoglutathione (GSNO), sodium ascorbate, glutathione
(GSH), dimethylformamide, dimethylsulfoxide, 4-(2-hydroxyethyl)-1-
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piperazineethanesulfonic acid (Hepes), 2-mercaptoethanol (2-ME),
and sodium dodecyl sulfate (SDS) were obtained from Sigma, USA.
N-[6-(Biotinamido)hexyl]-3’-(2’-pyridyldithio)-propionamide (Biotin-
HPDP) was purchased from Pierce, USA.

Protein lysate preparation and in vitro S-nitrosylation

H. pylori 26695 was provided by Dr. Zhang Jianzhong of the Chinese
Disease Control and Prevention Center. Bacterial cells were grown
microaerobically (5% Oa, 10% CO., and 85% N) in Brucella broth
medium containing 10% fetal bovine serum at 37°C. H. pylori cells
at logarithmic phase were exposed to various concentrations (0.0,
0.5 mM, and 1.0 mM) of GSNO for different durations (0, 3, 6, 9,
and 12 h). H. pylori was inoculated to obtain an initial absorbance
(ODsgo) value of 0.17, and triplicate cultures were treated with SNP
(100 uM), GSNO (100 pM), or neither; the growth rate was moni-
tored spectrophotometrically. H. pylori was harvested at the logarithmic
phase by centrifugation, washed three times in sterilized ice-cold
phosphate-buffered saline (0.01 M, pH 7.4), and then resuspended
in lysis buffer. The lysis buffer contained 8 M urea, 4% 3-[(3-chol-
amidopropyl)dimethylammonio]-1-propanesulfonate, commonly known
as CHAPS, 1% dithiothreitol (DTT), 4 mM Tris, 1% Pharmalyte™
[(pH 3-10) GE Healthcare, USA], 10 wl/ml protease inhibitor cocktail
(GE Healthcare), 10 pg/ml RNase, and 10 pg/ml DNase. After soni-
cation, the solution was centrifuged at 20,000xg for 60 min at 4°C
to remove cell debris. The protein concentration was determined using
the Bradford method and was adjusted to 0.6 pg/ul. The protein was
stored at -80°C until further analysis.

To induce S-nitrosylation, the protein was incubated with GSNO (100
uM) in the dark for 20 min. As a control, the duplicate protein was
reacted with GSH (100 pM) similarly. Then, 10 volumes of prechilled
acetone (-20°C) were added to each sample. After incubation for 20
min at -20°C, the mixture was centrifuged at 2,000xg for 10 min at
4°C to remove the residual NO donor. The precipitate contained the
S-nitrosylated proteins. These were then resuspended in a buffer contai-
ning 250 mM Hepes, 1 mM EDTA, and 0.1 mM Neocuproine (HEN).

Purification of the S-nitrosylated proteins by BSM

The BSM was carried out in the dark, as described before (Torta
et al., 2008; Forrester et al., 2009). The initial sample of protein (1
mg) was blocked with 4 volumes of HEN buffer containing 2.5%
SDS and 20 mM MMTS and incubated at 50°C for 20 min. Acetone
precipitation was used to remove the remaining MMTS. The pellet
thus formed was resuspended in HEN buffer containing 1% SDS.
Then, the mixture was incubated with ascorbate (2 mM) and bio-
tin-HPDP (4 mM) for 1 h at room temperature. Subsequently, the
proteins were once again precipitated with acetone, and the pellet
was resuspended once more. In the next step, 15 ul of packed strepta-
vidin-agarose were added, and the mixture was incubated for 1 h
at room temperature with agitation. The beads were washed five
times with 10 volumes of washing buffer (20 mM Hepes; pH 7.7,
600 mM NaCl, 1 mM EDTA, and 0.5% Triton X-100) and incubated
with the elution buffer (20 mM Hepes; pH 7.7, 100 mM NacCl, 1
mM EDTA, and 100 mM 2-ME) for 20 min at 37°C with gentle
agitation. Finally, the supernatant containing the purified S-nitro-
sylated proteins was collected without disturbing the pelleted resin.

Separation of the S-nitrosylated proteins and identification
by matrix-assisted laser desorption ionization/time-of-flight
tandem mass spectrometry

SDS polyacrylamide gel electrophoresis (SDS-PAGE) was carried out

with 10% gels. The electrophoresis was conducted at 80 mV per gel
for 30 min, and then 120 mV per gel until the bromophenol blue
front reached the bottom of the gel. The gels were silver-stained
and scanned using an Image Scanner II (Amersham Biosciences,
USA) at 256-grayscale and 300 dpi-degree levels. The protein bands
were excised and digested with trypsin (5 mg/ml) overnight at 30°C.
The digested peptides were lyophilized and desalted by passage
through a C18 ZipTip (Millipore, USA). The resulting peptides were
eluted with the matrix (5 mg/ml a-cyano-4-hydroxycinnamic acid in
0.1% trifluoroacetic acid and 50% acetonitrile) and spotted onto ma-
trix-assisted laser desorption ionization (MALDI) target plates. The
mass spectra were then collected for peptide-mass fingerprinting
(PMF). PMF was acquired on a MALDI/time-of-flight (TOF)-tandem
mass spectrometer (MALDI-TOF-MS/MS spectrometer, Applied
Biosystems, USA). The mass spectra (MS) and tandem mass spectra
(MS/MS) were analyzed with a 50-ppm tolerance in mass using the
software GPS Explorer V2.0.1 and Mascot V1.9 based on the
SWISSPROT database of the National Center for Biotechnology
Information and local H. pylori databases (April 2006, updated). The
search parameters in the program allowed for an error of 100 ppm
(0.01%) in the molecular mass.

Expression of recombinant alpha subunit of urease, UreA,
and alkyl hydroperoxide reductase, TsaA

Recombinant His-urease and His-tsaA alkyl hydroperoxide reductase
proteins were prepared from E. coli JM109 cells transfected with
pTriEX-4-urease and pTriEX-4-tsaA recombined plasmids. These
plasmids were constructed as follows. The genome of H. pylori 26695
was extracted to serve as the template. The primers used are listed
in Table 1. The fragment containing the urease gene flanked by X#hol
and Ncol sites was amplified by the polymerase chain reaction (PCR)
using the primer pairs urea-1/urea-2. The fragment containing the
urease gene flanked by Xhol and Ncol sites was amplified by PCR
using the primer pairs tsaA-1/tsaA-2. Next, they were respectively
ligated with the Xhol/Ncol-digested vector pTriEX-4, generating the
plasmids pTriEX-4-urease and pTriEX-4-tsaA. Subsequently, the re-
combined vectors were transformed into E. coli JM109. Genomic
DNA was extracted from the putative recombinants. The appropriate-
ness of recombination was evaluated by PCR and DNA sequencing
(Boshang Company, China). The fusion proteins His-urease and
His-tsaA were purified by affinity chromatography through a Ni**-af-
finity column (Sigma, USA) after denaturation, as described pre-
viously (Marikar et al., 2008). Protein concentration was determined
using the Bradford method and was adjusted to 0.6 pg/ul. The protein
sample was stored at -80°C until further analysis.

Detection of protein S-nitrosylation in alpha subunit of ure-
ase, UreA, and alkyl hydroperoxide reductase, TsaA

To detect protein S-nitrosylation, the recombined proteins were in-
cubated with GSNO (100 pM) and GSH (100 pM), respectively.

Table 1. Primer sets used in this study

Primers Sequence (5'—3')
ureA-1 CTCGAGCTCCTTAATTGTTTTTACATAG
ureA-2 CCATGGCAATGAAACTCACCCCAAAAGAGT

tsaA-1 CTCGAGAAGCTTAATGGAATTTTCTITTG
tsaA-2 CCATGGCAATGTTAGTTACAAAACTTGCCC

Italics indicate nucleotides that were added at the 5’ end to create a restriction
site. Restriction sites for Xhol (ureA-1, tsaA-1) and Ncol (ureA-2, tsaA-2)
are underlined.



Subsequently, the S-nitrosylated proteins were purified by the BSM
and separated by 10% SDS-PAGE. The gels were silver-stained and
scanned.

Assay of urease activity

The urease activity was assayed by a modified colorimetric method,
as described previously (Krajewska and Zaborska, 2007). H. pylori
cells at the logarithmic phase were exposed to various concentrations
(0, 300, 600, and 900 uM) of GSNO in flasks, under microaerobic
conditions at 37°C. To the duplicate cultures, 1 mM DTT was added
to decompose GSNO. After 3 h, the absorbance at 600 nm (ODsoo)
was measured, 10 ul of the suspension was applied to a Skirrow agar
plate with 5% (v/v) sheep blood under microaerobic conditions (5%
O3, 10% COs, 85% N;) at 37°C and incubated for 3-4 days before
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Fig. 1. (A) The growth curve of H. pylori in the presence of nitro-
sylation stress. H. pylori was inoculated to obtain an initial ODgg
value of 0.17, and the triplicate cultures were treated with SNP (100
uM), GSNO (100 uM) or neither; the growth rate was monitored
spectrophotometrically. The data represent the mean of three repli-
cate assays. Application of Student’s t-test showed that the differences
between H. pylori with SNP or GSNO and the H. pylori without
NO donor were significant (p<0.05). (B) GSNO has a suppressing
effect on H. pylori. H. pylori cells were grown to logarithmic phase,
and then exposed to various concentrations of GSNO for 0, 3 h,
6 h, 9 h, and 12 h. The data represents the mean of three replicate
assays. Application of Student’s t-test showed that the differences
between H. pylori with 0.5 mM or 1 mM GSNO and the H. pylori
without NO donor were significant (p<0.05).
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assessing the number of colony-forming units (CFU)/ml. An aliquot
of the suspension (100 pl) was incubated with urease assay buffer
(100 mM urea, 1 mM phenol red, 50 mM phosphate buffer, 2 mM
EDTA, pH 7.8) for 20 min. The absorbance at 560 nm (Assonm) Was
measured using a spectrophotometer (Bio-Rad, USA), with urease
assay buffer as the negative control. The value Asgnm/Logio (CFU/ml)
was derived and used to evaluate the inhibitory effect of GSNO on
urease activity.

Results

The inhibitory effect of NO donors on H. pylori

To investigate the effects of NO and RNSs on H. pylori,
GSNO and SNP were used as NO donors and the bacterium
was incubated with these compounds; the growth curves of
the bacteria were recorded. As shown in Fig. 1A, the growth
of H. pylori was significantly inhibited by GSNO or SNP treat-
ment (p<0.05). We next examined the effects of GSNO at
various concentrations (0.0, 0.5, and 1 mM) and treatment
durations (0-12 h) on the viability of H. pylori cells. Figure
1B shows that GSNO decreased cell viability of the loga-
rithmic-phase H. pylori in a time-dependent manner in this
short period (p<0.05).

Multiple H. pylori proteins were S-nitrosylated after
GSNO treatment

To elucidate the mechanisms by which RNSs suppress and
kill H. pylori, protein S-nitrosylation was measured using BSM
on H. pylori proteins treated with GSNO. More than 10 pro-
tein bands were detected in this assay, indicating that H. pylori
proteins were S-nitrosylated after GSNO treatment (Fig. 2).
Several bands were detected in the BSM assay when the H.
pylori proteins were treated with GSH (Fig. 2). These might
be endogenously biotinylated proteins or nonspecifically
bound proteins, which were hard to avoid.
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Fig. 2. Identification of S-nitrosylated proteins of H. pylori exposed
to nitric oxide stress. H. pylori proteins were treated with 100 pM
GSH as control and 100 uM GSNO respectively, then were subjected
to the biotin switch method and purified by streptavidin-agarose.
10% SDS-PAGE was performed and the gels were silver stained
and scanned.
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Table 2. The S-nitrosylated proteins of H. pylori identified by exposure to nitric oxide stress

Band no." Proteins (genes) TIGR ORF no. Gi Mr (kDa) Top score
1 chaperone and heat shock protein (groEL) Hp0010 2313084 58.3 105
2 urease alpha subunit (ureA) Hp0073 2313154 26.5 71
3 alkyl hydroperoxide reductase (tsaA) Hp1563 2314747 22.2 73
4 H. pylori predicted coding region HP0721 Hp0721 2313852 17.6 103
5 H. pylori predicted coding region HP0129 Hp0129 2313213 16.3 75

* Band numbers refer to the proteins labeled in Fig. 2
" TIGR ORF no. follows the nomenclature of H. pylori

Five S-nitrosylated proteins were identified by MALDI-
TOF-MS/MS

To reject the nonspecifically bound proteins or endogenously
biotinylated proteins, five differentially expressed bands (Fig.
2) were excised and identified by MALDI-TOF-MS/MS. Five
proteins were identified, including a chaperone and heat-
shock protein (GroEL), urease alpha subunit (UreA), alkyl
hydroperoxide reductase (TsaA), HP0721, and HP0129 (Table
2). It is noteworthy that all the five proteins we identified
contained cysteine(s), showing that the BSM was highly
specific.

Purified recombinant urease and TsaA were S-nitro-
sylated after GSNO treatment

To confirm the validity of the experimental system, two pro-
teins (urease and TsaA) were expressed and their S-nitro-
sylation was detected by BSM. As shown in Fig. 3, in the
protein samples treated with GSNO, urease and TsaA can
be detected on silver-stained gels, suggesting that urease and
TsaA indeed underwent S-nitrosylation after GSNO treatment.

GSNO inhibited urease activity in a concentration-de-
pendent manner

Five S-nitrosylated proteins have been identified. To further
test whether S-nitrosylation could trigger functional changes,
the inhibitory effect of GSNO on urease activity was evaluated.
As shown in Fig. 4, GSNO inhibited urease activity in a con-
centration-dependent manner. DTT is a reagent that can ef-
fectively decompose GSNO. In the DTT-treated samples, the
urease activity was almost unchanged, further supporting the
proposal that S-nitrosylation has an important role in control-
ling urease activity.

Discussion

When NO diffuses into the bacterial cytoplasm, peroxynitrite

Starting GSNO
Da samples . (+) .(,)
26 ' UreA
2 R ..

Fig. 3. Detection of S-nitrosylation in UreA and TsaA. The purified
proteins (UreA and TsaA) were treated with 100 pM GSH as control
and 100 uM GSNO respectively, then were subjected to the biotin
switch method and purified by streptavidin-agarose. 10% SDS-PAGE
was performed and the gels were silver stained and scanned.

is formed by its interaction with O, (Raupach and Kaufmann,
2001). Subsequently, peroxynitrite can oxidize and S-nitrosylate
microbial proteins, nucleic acids, and lipids, thereby exerting
its toxic effect (Zaki et al., 2005). Moreover, NO and RNSs
can react with thiols to form S-nitroso compounds (RSNO
or RSOH), thus inhibiting cell respiration and metabolism
of H. pylori. Recently, the death rate of inducible nitric oxide
synthase (iNOS-/-) knockout mice was shown to be higher than
that of wild-type mice after H. pylori infection (Nam et al.,
2004). To determine the antibacterial mechanism of NO thor-
oughly, the identification of the potential targets for S-nitro-
sylation is of great importance.

SNP can release NO indirectly by nitrosylation of a thiolate
group and the subsequent degradation of S-nitrosothiol. The
positive attribute of NO donors is that, compared with au-
thentic NO, they are more convenient and workable. The
drawback is that this process will introduce some additional
responses caused by the SNP-derived species, rather than the
nitrosylating agent per se. Walter Florio ef al. (2004) meas-
ured the concentration of peroxynitrite derived from SNP in
culture supernatants of Mycobacterium tuberculosis exposed
to SNP and found that its bactericidal effect in comparison
to NO was negligible.

The S-nitrosothiols, RSNO, include GSNO (S-nitrosogluta-
thione), S-nitrosoacetylpenicillamine, S-nitrosocysteine and so
on, usually undergoing homolysis to give RS and NO in some
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Fig. 4. H. pylori cells at logarithmic phase were incubated with
GSNO at concentrations of 0, 300, 600, and 900 uM for 3 h, and
then urease activity was assayed. As control, DTT (1 mM) was added
to the same samples to decompose GSNO. The data represent the
mean of three replicate assays. Application of Student’s t-test showed
that GSNO inhibited the urease activity (p<0.05).



cases, a metal-based catalysis is needed (Poole, 2005). GSNO
is a widely used S-nitrosothiol with low molecular weight. It
can nitrosylate thiolates readily, being a good nitrosylating
agent. In this experiment, to avoid the nonspecific effect from
the NO donors themselves as much as possible, two NO do-
nors (GSNO and SNP) were chosen to analyze the inhibitory
effect of NO on H. pylori.

BSM is the first and most commonly used method for the
specific tagging of S-nitrosylated proteins (LOpez-Sanchez et
al., 2008; Torta et al., 2008). In this method, a thiol-blocking
agent, MMTS was used to chemically block all the free thiols
first, leaving the S-nitrosylated thiols unaffected. These un-
affected S-NO bonds were then specifically reduced to free
thiols by ascorbate. Free thiols were next tagged with biotin-
HPDP, which could be enriched by affinity chromatography
using streptavidin-agarose. The widely used NO donors are
GSNO, S-nitroso-N-acetylpenicillamine, and diethylenetri-
amine-substituted diazen-1-ium-1,2-diolate (popularly known
as DETA-NONOate). The recommended concentration range
of the NO donor is 0.1-100 pM. In this experiment, we used
100 uM GSNO as the nitrosylating agent. All five proteins
we identified contained cysteine(s); this result supports the
notion that BSM can be highly specific if it is carried out
carefully (Forrester et al., 2007). The S-nitroso proteome of
Mycobacterium tuberculosis has been described. Several pro-
teins of this proteome were essential enzymes of intermediary
metabolism and antioxidant defense (Rhee er al., 2005).
There is a similarity between them and our proteins. However,
the sensitivity of BSM is relatively low, partly due to the re-
quirement of sensitivity to ascorbate reduction (Huang and
Chen, 2006).

In the results, GroEL is a homotetradecamer each contain-
ing seven radially arranged subunits. Each GroEL subunit
folds into three domains and serves to prevent irreversible
misfolding and aggregation (Horwich et al., 2006). GroEL has
also been detected in H. pylori in humans under bile or acidic
stress (Shao et al., 2008a, 2008b). In addition, the expression
of GroEL was dependent on the growth phase (Choi et al.,
2008). GroEL contains one cysteine, which may be one of
the targets of NO attack on H. pylori. Considering the im-
portance of GroEL in stress adaptation and maintenance,
S-nitrosylation of GroEL would have some indirect or secon-
dary suppressing effect on H. pylori.

In H. pylori, TsaA, Tpx, and Bep belong to the peroxiredox-
in family, which can use reduced thioredoxin as an electron
donor to reduce their respective substrates (Baker et al.,
2001). The reduced TsaA of Salmonella typhimurium can be
transformed to the oxidized protein after converting the hy-
droperoxides to alcohols. Then, the oxidized protein can link
the two subunits through an intersubunit disulfide bond with
the N-terminal cysteine (Ellis and Poole, 1997). The thio-
redoxin system can reduce the disulfide bond to restore the
activity (Schroder and Ponting, 1998). The enzyme TsaA of
H. pylori contains two cysteines; therefore, it can be inferred
that this protein acts in a similar manner. TsaA not only acts
as a peroxide reductase in reducing organic hydroperoxides,
but also prevents protein misfolding under oxidative stress
by acting as a molecular chaperone; it can be induced under
oxidative stress (Seaver and Imlay, 2001; Chuang et al., 2005).
The TsaA of S. typhimurium and H. pylori can protect bacte-
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rial and human cells against RNSs. Furthermore, the deletion
of tsaA made H. pylori hypersusceptible to RNSs (Bryk ez al.,
2000).

H. pylori contains plentiful urease, accounting for 5% of
the total proteins. The genome corresponding to urease can
be divided into two categories, ureAB and ureIEFGH. Tests
on animals showed that deletion of ureA, ureB, urgE, or urel
can harm bacterial colonization (Tsuda et al., 1994). H. pylori
can survive the acidic stress in the human stomach partly due
to the urease system. It can elevate the pH by converting
urea to ammonia and carbon dioxide (Scott et al., 2000). In
addition, urease helps H. pylori to migrate in a viscous envi-
ronment (Nakamura et al., 1998). ONOO™ can reduce the via-
bility of H. pylori in a time-dependent manner, whereas urease
helps produce CO/HCO3, which protects the bacteria from
ONOO' cytotoxicity (Kuwahara et al., 2000). Urease plays an
important role in the colonization of H. pylori in the acidic
environment and in NO-stress adaptation. Modification of
the cysteines by any chemical reagent could inhibit the urease
activity of Klebsiella aerogenes, and cysteine319 of urease was
identified as an essential catalytic residue based on site-di-
rected mutagenesis studies (Todd and Hausinger, 1991; Martin
and Hausinger, 1992). Bismuth compounds also were shown
to exert their antibacterial activity and binding to the cysteine
of the active site (Cys319), which is the main mechanism of
enzyme inactivation (Zhang et al., 2006). It can be speculated
that S-nitrosylation of urease might also lead to enzymatic
inhibition. Indeed, our test showed that the urease activity
of H. pylori was inhibited by GSNO; this inhibition effect
could be reversed when DTT was added, which could decom-
pose GSNO. In short, our results supported the view that
S-nitrosylation might play a role in controlling urease activity.
HP0721 is a sialic acid-specific adhesion protein of H. pylori,
which can bind to fetuin-agarose and sialic acid—containing
glycosphingolipids on thin-layer plates. Sialic acid can be de-
tected mainly at inflamed sites in humans. It can be inferred
that the interaction of sialic acids with the host may be impor-
tant in the long-term pathology of H. pylori infections (Voland
et al., 2002). Moreover, HP0721 is a cysteine protein present
both on the cell surface and in the supernatant fraction, indi-
cating an important role of HP0721 in mediating bacterial/
host interactions (Sabarth et al., 2002; Bennett and Roberts,
2005). HP0129 also is present in the bulk proteins released
by H. pylori in vitro (Kim et al., 2002); however, its function
remains unknown so far.
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