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Here, we report the first biochemical and structural characteri-
zation of the hypothetical protein HP0902 from Helicobacter 
pylori, in terms of structural genomics. Gel-permeation chro-
matography and dynamic light scattering indicated that the 
protein behaves as a dimer in solution. Circular dichroism 
spectroscopy showed that HP0902 primarily adopts a β-struc-
ture and the protein was highly thermostable with a denaturing 
temperature higher than 70oC. Finally, the backbone NMR 
assignments were obtained on the [13C,15N]HP0902 and the 
secondary structure was determined using the chemical shift 
data. Additionally, the local flexibility was assessed via a hete-
ronuclear 1H-15N steady state NOE experiment. The results 
revealed that HP0902 would adopt a compactly folded, all-β 
topology with 11 β-strands. All of the results clearly support 
the notion that HP0902 belongs to the cupin superfamily of 
proteins.  [BMB reports 2009; 42(6): 387-392]

INTRODUCTION

As an area of extensive research in the postgenomic era, struc-
tural genomics (also known as structural proteomics) projects 
are being conducted worldwide and expending great efforts to-
ward expanding knowledge of the protein universe (1-3). 
Basically, structural genomics aims to understand the relation-
ship between protein sequence, structure, and function, by de-
termining the structure of uncharacterized gene products (4). 
Through the rapid progress of structural genomics, a vast num-
ber of structures have been recently determined for hypo-
thetical proteins identified by genome projects (5). By propos-
ing molecular and cellular functions for unannotated proteins, 
structural genomics studies of human pathogens have been use-
ful in identifying potential drug targets and in providing critical 
information for structure-based drug discovery (6-10). In partic-
ular, NMR spectroscopy has been employed efficiently for both 

structural genomics (11-13) and structure-based drug discovery 
efforts (14-17), by monitoring protein structures in a solution 
state. In this work, as a component of our structural genomics 
examinations of the human gastric pathogen Helicobacter pylo-
ri, the hypothetical protein HP0902 (UniProtKB/TrEMBL ID 
O25562) was investigated via NMR. 

Helicobacter pylori, infection with which can induce severe 
gastric disorders including chronic gastritis, peptic ulcers, and 
stomach cancer (18, 19), is known to colonize the stomach in 
approximately half of the human population (20). Owing to its 
importance as a human pathogen, the genome of H. pylori has 
been sequenced completely for three strains: 26695, J99, and 
HPAG1 (21-23). According to the JCVI CMR database (http:// 
cmr.jcvi.org/tigr-scripts/CMR/CmrHomePage.cgi), a total of 
1,587, 1,712, and 1,610 genes are identified as protein coding 
genes, respectively, in the strains 26695, J99 and HPAG1, in-
cluding hypothetical genes (470 genes for the 26,695, 180 for 
the J99, and 113 for the HPAG1) and conserved hypothetical 
genes (184 genes for the 26,695, 358 for the J99, and 318 for the 
HPAG1). Subsequently, structural genomics studies on H. pylori 
are currently being attempted by several groups around the 
world (24-28). Structural information on the hypothetical pro-
teins from H. pylori would facilitate the selection of drug targets. 

In particular, HP0902 from H. pylori 26,695 may be an im-
portant virulence factor, for the following reasons. As the se-
cretion of proteins by H. pylori may contribute to gastric in-
flammation and epithelial damage, a recent study by Kim et al. 
(29) has searched for proteins released by H. pylori in vitro. 
The HP0902 protein was identified as one of the 13 proteins 
that are probably secreted by H. pylori. In another study, 
HP0902 was identified as one of the over-expressed proteins 
in a mutant strain of H. pylori lacking the fdxA gene, which 
regulates the resistance of H. pylori to the antibiotic metroni-
dazole (30, 31). Thus, we expect that our structural genomics 
study on HP0902 would ultimately facilitate the functional 
identification of the protein, thereby contributing to the under-
standing of the mechanisms underlying the pathogenicity and 
resistance behaviors of H. pylori. As an initial step, the molec-
ular organization, thermostability, and structural topology of 
HP0902 were addressed in this study. The results constitute 
the first biochemical and structural characterization of this 
protein. 
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Fig. 1. Apparent molecular weight of HP0902, as estimated by 
gel-permeation chromatography analysis. Open circles indicate the 
protein standards used. Filled circle designates the Kav value of HP0902,
of which molecular weight was calculated using the standard curve.

Fig. 2. Conformational preference and thermal stability of HP0902,
as evaluated by CD spectroscopy. The protein concentration was 
approximately 4 μM, as estimated by typical Bradford and BCA assays
(refer to the text for other experimental details). Inset shows the far-UV
CD spectrum of the protein at 20oC. Since the negative minimum was
observed at 216 nm, thermal denaturation was monitored at the 
wavelength.

RESULTS AND DISCUSSION

Biochemical characterization
The isoelectric point of HP0902 was predicted as 6.19, ac-
cording to sequence analysis conducted with the ProtParam 
tool of the ExPASy Proteomics Server (http://www.expasy.org). 
Anion exchange chromatography proved efficient in the purifi-
cation of HP0902, due to its acidic properties. The purified 
HP0902 was readily precipitated in a time-dependent manner 
at relatively higher (more than submillimolar) concentrations. 
This unfavorable aggregation tendency could be overcome via 
the addition of the reducing agent DTT in the protein solution, 
whereas the precipitation was accelerated via the addition of a 
small aliquot of the oxidant hydrogen peroxide. Thus, one or 
both of two cysteines in HP0902 were suggested to be ex-
posed to the surface of the protein, thereby forming un-
favorable disulfide bonds which result in the precipitation of 
the protein at high concentrations. The exact protein concen-
tration could not be estimated spectrophotometrically, as 
HP0902 possesses neither tryptophan nor tyrosine residues. 
Thus, a typical Bradford method or a BCA method was em-
ployed in order to measure the protein concentration. 
Although the results by the two different methods were similar, 
the determined concentration could not be quantitatively 
ensured. For example, the signal intensities in the following 
CD and NMR spectra were substantially stronger than those 
generally expected for the determined concentration.  

The molecular weight of HP0902 was calculated as 11.03 
kDa from the protein sequence. However, in our initial NMR 
approach on a 500 MHz machine equipped with a cryoprobe, 
the spectral quality of HP0902 was relatively poor with a se-
vere line broadening, which would be expected from a higher 
molecular weight system. Thus, the molecular organization 
was explored via gel-permeation chromatography. As is shown 

in Fig. 1, the apparent molecular weight of HP0902 was de-
termined to be approximately 26 kDa, thus suggesting a di-
meric organization of the protein. In support of this notion, 
DLS analysis also indicated a major species of 23 kDa protein 
in the purified HP0902 solution. Thus, HP0902 could be con-
cluded to be a dimeric protein with a molecular weight of 
22.1 kDa, and the suitable quality of the NMR spectra could 
be ultimately obtained via measurement in a TROSY-type, on 
a higher field (800 MHz) machine, and at a high temperature 
(40oC). The thermal stability of HP0902 was evaluated by a 
temperature scan of CD signals (Fig. 2). The results demon-
strated that HP0902 is highly thermostable. The protein was 
not denatured until 65oC and the apparent melting point was 
approximately 71.5oC.

Structural characterization
The conformational preference of HP0902 was assessed via 
CD spectroscopy. The far-UV CD spectrum (inset in Fig. 2) im-
plied that the protein primarily adopts a β-structure, evidenc-
ing a single negative minimum at 216 nm. In an effort to ac-
quire more detailed information regarding the secondary struc-
ture, heteronuclear multidimensional NMR experiments were 
conducted on the [13C, 15N]HP0902. On the basis of a series of 
triple resonance spectra, the backbone 1HN and 15N reso-
nances in the 2D-TROSY spectrum could be completely as-
signed (Fig. 3). However, NMR signals from H5, G9, F12, L15, 
S24, G62, and D63 were not detected in the spectrum. Thus, 
they appear to have undergone an intermediate rate of chem-
ical exchange in the NMR time scale. As the majority of the 
missing signals were assigned to the loop regions in the secon-
dary structure (Fig. 4), the possibility of dynamic conforma-
tional equilibrium in the corresponding sites cannot be dis-
missed. Additionally, the complete assignments of the 2D- 
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Fig. 4. Secondary structure and local flexibility of HP0902. The CSI 
results are depicted as a consensus-CSI (“1” for α-helix and “-1” for 
β-strand tendency), which were derived by a simple “majority rule”
(two or three out of three) from the individual CSI of each 13C atom
(13Cα, 13Cβ, and 13C = O). The TALOS results show the predicted 
backbone dihedral φ (triangles) and ϕ (circles) angles with the standard
deviation (error bars). The secondary structure element was defined 
at the region where three or more consecutive residues evidence the 
same secondary structure preference seen in both the CSI and TALOS
results. The determined secondary structure is displayed with the 
arrows for β-strands along the sequence. The β-strand regions in the 
heteronuclear 1H-15N NOEs (X-NOEs) are shown as filled circles. 

Fig. 3. NMR assignments of the [13C, 15N]HP0902, indicated on 
the 2D-TROSY spectrum. The amide signals from Asn and Gln 
side-chains were technically suppressed and other side-chain 
signals (probably from arginines) are marked with “s”. The other 
peaks from backbone amides are marked with the corresponding
residue numbers (refer to Fig. 4 for the amino acid sequence).

TROSY spectrum without doubling of peaks supported the no-
tion that HP0902 formed a symmetric dimer in solution. 

Despite the missing resonances of amide 1HN and 15N, the 
other nuclei (13Cα, 13Cβ, and 13C=O) could be nearly com-
pletely assigned by the inter-residue 13C correlation in the tri-
ple resonance spectra; only the G62 residue could not be as-
signed, owing to a break in sequential connectivity. Finally, 
the secondary structure of HP0902 was determined using the 
13C chemical shift data (Fig. 4). Both the CSI and the TALOS 
results on the 13C chemical shifts were indicative of an overall 
tendency toward a β-structure, which was consistent with the 
CD results. By combining the CSI and the TALOS prediction, 
no helical segment was supported, but 11 β-strands were evi-
dent in the HP0902 structure: residues M1-V4, V10-F12, H16- 
E18, H26-I31, A37-A44, I48-Q51, K56-V61, K65-P69, A72- 
L76, R83-D85, and E88-L94. The tertiary structure of HP0902 
appears to be compactly folded. In the heteronuclear 1H-15N 
NOE experiments (Fig. 4), neither negative nor zero NOEs 
were detected, even for the terminal residues. The majority of 
residues, including most of the loop regions, evidenced pos-
itive NOE values of higher than 0.7, thereby indicating a sig-
nificant rigidity. 

Database search
HP0902 is categorized in the JCVI CMR database into a hypo-
thetical protein with no predicted transmembrane motif. 
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Although no paralogue protein was detected in the same 
strain, the database reports total 20 proteins from other species 
with more than 30% of sequence homology to HP0902. 
However, none of them has yet been characterized in terms of 
structure or function. In the Pfam database (http://pfam.sanger. 
ac.uk/), HP0902 is classified as a member of the cupin super-
family (32-34). The term cupin originates from the Latin term 
cupa for a small barrel, and thus describes a conserved β-barrel 
fold. The protein superfamily was originally discovered in 
plants, but is now divided in the Pfam database into 24 sub-
families from diverse species, including many bacteria. Many 
proteins in the cupin superfamily have been shown to be un-
usually thermostable and some subfamilies require certain 
metal ions to function (32-34). As the cupin superfamily is one 
of the most functionally diverse groups of proteins, the manner 
in which such a well-conserved cupin structure can encom-
pass so many different biochemical functions remains an in-
triguing issue. We found approximately 80 structures recog-
nized as cupin family proteins in the Protein Data Bank (PDB, 
http://www.rcsb.org/pdb/home/home.do). Thus, we searched 
the PDB for structures with significant sequence homology to 
HP0902 and identified a tetrameric protein (PDB code 3FJS) 
and a monomeric protein (PDB code 1YHF). Both of them be-
longed to the cupin superfamily, originating from bacterial 
sources, with similar polypeptide lengths (114 and 115 resi-
dues, respectively) with that of HP0902. Although the two pro-
teins both harbor an β-helix in their N-terminal regions, they 
were well-matched with HP0902, even at the level of secon-
dary structure assessed in the present study. Unfortunately, 
however, both the 1YHF and 3FJS proteins remain functionally 
uncharacterized. 

Concluding remarks
The present results constitute the first biochemical and struc-
tural characterization of the hypothetical protein HP0902 from 
H. pylori. HP0902 consists of 99 amino acid residues, but the 
results of the present study suggest a dimeric organization that 
leads to a molecular weight of 22.1 kDa. On the basis of the 
JCVI CMR database, 2 β-helices and 5 β-strands were pre-
dicted from the protein sequence, but the present results 
showed an all-β topology with 11 β-strands. In addition to the 
primary and secondary structures, the high thermostability sup-
ported the notion that HP0902 belongs to the cupin super-
family of proteins. According to the present results, the follow-
ing two subjects can be raised for a future direction of inves-
tigation to infer a plausible function and functional mechanism 
of HP0902: 3D structure and metal-binding properties. These 
progressive researches in our laboratory would enable us to 
design appropriate functional assays for the final identification 
of the precise function of HP0902 in the pathogen H. pylori. 
Additionally, we expect that the present results will eventually 
provide the most fundamental and critical data for progressing 
studies of 3D structure and intermolecular interaction with 
substrates and other proteins.

MATERIALS AND METHODS

DNA constructs and protein preparation
In order to generate a recombinant protein, the ORF of 
HP0902 was PCR-amplified using genomic DNA from H. pylori 
(ATCC 700392) as a template, as well as the appropriate pri-
mers containing restriction sites. The PCR products were di-
gested with NdeI and XhoI and subsequently ligated into the 
pET-15b vector, yielding an N-terminally 6-histidine-tagged 
protein (H6HP0902). The constructed plasmid was then con-
firmed via DNA sequencing and transformed into E. coli 
BL21(DE3)pLysS. The cells were grown in M9 minimal me-
dium at 37oC and protein expression was induced by adding 
IPTG. To prepare an isotope-enriched protein ([13C,15N] 
HP0902) for NMR, the M9 medium was supplemented with 
[13C]glucose and [15N]NH4Cl as the sole source of carbon and 
nitrogen. The harvested cells were then disrupted by soni-
cation, and from the supernatant, the H6HP0902 was purified 
via sequential chromatography on a nickel-affinity column and 
an anion-exchange column. The tagged histidines were then 
cleaved with thrombin, followed by the removal of thrombin 
and other impurities via the sequential application of nick-
el-affinity, anion-exchange, and gel-permeation chromatography. 
Finally, the purified solution was concentrated and buffer-ex-
changed by ultrafiltration (Amicon). For all other experiments, 
a standard buffer of 20 mM Tris-HCl containing 150 mM 
NaCl, 2 mM DTT, and 1 mM EDTA, at pH 7.8, was employed 
as a solvent. Protein concentration was estimated as a mono-
mer, via typical Bradford and BCA assays. 

Gel-permeation chromatography
Purified HP0902 and molecular weight standards (Pharmacia) 
were applied on a HiLoad 16/60 SuperdexTM 75 (Pharmacia) 
gel-permeation column with a total bed volume (vt) of 120 ml. 
The column was preequilibrated with the standard buffer and 
run at a 1 ml/min flow rate. The column void volume (vo) was 
determined as the elution volume for Blue Dextran 2000. 
From the elution volume (ve) of each sample, the gel-phase dis-
tribution coefficient (Kav) was calculated using the equation: 
Kav = (ve-vo)/(vt-vo). The standard curve was generated by plot-
ting Kav against the logarithm of molecular weight, for standard 
proteins (35). By fitting the Kav of HP0902 into the standard 
curve, its apparent molecular weight was estimated.

DLS and CD spectroscopy
The dynamic light scattering data were collected on a Viscotek 
DLS 802 Detector at room temperature and analyzed auto-
matically using the OmniSizeTM software supplied by the 
manufacturer. CD measurements were conducted on a Jasco 
J-715 spectropolarimeter equipped with a temperature-con-
trolling unit, using a 0.2 cm path-length cell, with a bandwidth 
of 1 nm and a response time of 4 s. For the far-UV CD spec-
trum, three individual scans taken from 260 to 190 nm at 20oC 
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were summed and averaged, followed by the subtraction of 
the solvent CD signal. To monitor thermal denaturation, CD 
signals at 216 nm were recorded every 0.1oC, with increasing 
temperature from 20oC to 90oC at a rate of 1oC/min. The 
half-denaturing temperature (melting point, Tm) was determined 
as previously described (35-37).

NMR# spectroscopy
NMR spectra were acquired on a Bruker Biospin Avance 800 
spectrometer at 313 K, processed using the NMRPipe/NMRDraw 
software (38), and analyzed with NMRView software (39). 
Chemical shifts were referenced directly to DSS for the 1H and 
13C atoms and indirectly for the 15N, using the chemical shift 
ratio value suggested in the BMRB (http://www.bmrb.wisc. 
edu). 2D-TROSY and the following TROSY-based triple reso-
nance spectra were recorded on the [13C, 15N]HP0902 (appro-
ximately 0.5 mM, estimated by Bradford and BCA assays): 
HNCACB, HN(CO)CACB, HNCO, and HN(CA)CO. Sequential 
assignments were achieved via the verification and linkage of 
peak clusters, as illustrated previously (40, 41). To determine 
the secondary structure, CSI and TALOS analyses were con-
ducted on the assigned 13C chemical shifts, as demonstrated 
previously (42). The 1H-15N steady-state heteronuclear NOE 
values were determined from the spectra recorded with (NOE 
experiment) and without (NONOE) experiment) a proton pre-
saturation period of 3 s, also as previously described (42).

Footnotes to the text
#For NMR experiments, this study made use of the NMR fa-
cility at the Korea Basic Science Institute, which is supported 
by the Bio-MR Research Program of the Korean Ministry of 
Science and Technology (E28070).
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