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Abstract : The HP0902, a homodimeric 22.1 kDa protein, has been suggested as a
putative secretory protein from Helicobacter pylori, although the protein possesses
no signal peptide for secretion. Since it may be associated with the virulence of the
bacterium, NMR study has been initiated in terms of structural genomics. In our
previous effort to assign the backbone NMR resonances, using 800 MHz NMR
machine at pH 7.8, the resonances from eight of the 99 residues could not be assined
due to missing of the signals. In this work, to enhance the extent of assignments, a
900 MHz machine was employed and the sample pH was reduced down to 6.5.
Finally, almost all signals, except for those from G9 and S24, could be clearly
assigned. The determined secondary structure using the assined chemical shifts
indicated that the HP0902 consists of 11 B-strands with no helices. In our database
search result, HP0902 was predicted to interact with VacA (Vacuolating cytotoxin
A), which is a representative virulence factor secreted from Helicobacter pylovi.
Thus, molecular interaction between HP0902 and VacA would be worthy of
investigation, on the basis of the present results of NMR assignments.
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INTRODUCTION

Helicobacter pylori is known to colonize the stomach in approximately half of the

human population and to cause severe gastric disorders, including chronic gastritis, peptic

1-3

ulcers and stomach cancer ~ . Due to this importance as a human pathogen, gemomic
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sequencing has been completed for three different strains (26695, 199, and HPAG1) of H.
pylori *5. Subsequently, structural genomics studies are also in progress world-widely on
the bacterium, to facilitate the selection of drug targets /. HP0902, previously grouped into
hypothetical proteins, was one of our structural genomics targets from the H. pylori strain
26695. Recently, it has been suggested that the protein may be involved in virulence of H.
pylori ° .

It would be reasonable to consider the secreted proteins from H. pylori as candidates
for virulence factor of the bacterium, since they can contribute to gastric inflammation and
epithelial damage. For example, the protein VacA (Vacuolating cytotoxin A), a
representative toxin from H. pylori, is secreted from the bacterium and intoxicates human
gastric cells by causing a defect in vesicular trafficking '“''. In the recent in vitro study by
Kim et al. ® to identify the secreted proteins from H. pylori, HP0902 was also identified as
one of the 13 released protein from the bacterium. Among the 13 proteins identified, five
are functionally unkown and five proteins have no signal peptide for secretion. HP0902 was
unique in that it has no signal peptide and it is functionally unkown. HP0902 has been also
suggested to be over-expressed in a mutant strain of H. pylori lacking the fdxA gene, which
regulates the resistance to an antibiotics * . Based on those reports, HP0902 can be regarded
as a good structural genomics target to identify its function and virulence from structural
information, and thus we have initiated NMR study of the protein, to first obtain complete
NMR assignments.

In the previous biochemical study, we have revealed that the protein is highly
thermostable and behaves as a dimer with 22.1 kDa molecular weight 7 In addition, NMR
results have indicated that HP0902 can be structurally grouped into a Cupin superfamily, of
which members are diverse in function '>. Unfortunately, however, the previous backbone
NMR assignments, which were conducted on a 800 MHz machine at pH 7.8, were not
complete with eight missing residues (M1, H5, G9, F12, L15, S24, G62, and D63), out of
the total 99 possible assignments, in the NMR spectra. In this study, we report a database
search result on HP0902 together with an extension of NMR assignments, by using 900
MHz NMR macine at pH 6.5.
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EXPERIMENTAL

The isotope-enriched [°N, “CJHP0902 protein with N-terminal His-tag was produced
using the pET-15b vector and the E. coli BL21(DE3)pLysS strain, as described previously 7,
After purification by a nickel-affinity chromatography, the tagged histidines were cleaved
by thrombin, producing the protein with three additional residues (GSH-) still attached to
the N-terminus. Then, the protein was further purified by removing the thrombin and other
impurities, via the sequential application of nickel-affinity, anion-exchange, and size-
exclusion chromatography. For NMR, the purified solution was buffer-exchanged with a 25
mM sodium phosphate buffer at pH 6.5 containing 100 mM NaCl, 2 mM DTT, and | mM
EDTA. Finally, the solution was concentrated to the final concentration of approximately
1.5 mM and D,0O was added into the solution up to 7%(v/v), for the lock signal in NMR
experiments. The 2D-['H-"N]HSQC and the TROSY-type of 3D-HNCACB and 3D-
HN(CO)CACB spectra were acquired at 313 K on a Varian VNMRS 900 spectrometer. All
NMR spectra were processed using the NMRPipe/NMRDraw software '°, and analyzed
with NMRView software '° . Sequential assignments were achieved by verifying and

linking of peak clusters "'’

as described previously. Secondary structure was determined by
combining the CSI and TALOS analysis with the assigned chemical shifts that were

referenced to DSS, as described previously ” .

RESULTS AND DISCUSSION

We first prediced the protein-protein interactions of HP0902 in H. pylori, using two
different tools of bioinformatics accessible through websites ''* : PIMRider
(http://pim.hybrigenics.com) and 4p-DPI (http://dpi.nhri.org.tw/hp/). Both the two databases
commonly indicated that HP0902 would interact with HPO588 (a ferrodoxin-like protein),
HP1409 (unknown), and VacA (HP0887). Among them, as noted in the Introduction, VacA
is a representative toxin secreted from H. pylori. Thus, if HP0902 indeed interacts with
VacA, the protein without signal peptide for secretion could be also released from the

bacterium, as observed by Kim ez al. *. In addition, it might be possible that HP0902 could
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act as a virulence factor or a co-factor for VacA. To clearify all these possibility, the
molecular interaction between HP0902 and VacA would be worthy of investigation. NMR
provides the most efficient tool to screen and investigate molecular interactions at the level
of atomic structure. For this, the most fundamental information would be the backbone
NMR chemical shifts. In this respect, since our previous approach was not successful to
assign all the backbone NMR signals, the assignments were performed again in this work
under different condition.

The missing of some resonances in the previous study using 800 MHz machine at
pH 7.8 was attributable to a severe peak broadening, probably due to a chemical exchange
at an intermediate time scale. Thus, in the present work, we used a higher magnetic field
(900 MHz) to overecome the line broadening and an acidic (pH 6.5) buffer condition to
alter the exchanging rate of amide protons. Fig. 1. shows 2D-['H, "NJHSQC spectrum
where all of the backbone amide resonances detected was completely assigned. As indicated
in the Experimental section, our recombinant protein possesses the N-terminal, additional
three-residue sequence (GSH-), which did not show any signal in the NMR spectra, as in
the previous study. However, as illustrated in Fig. 2 with sequential “C® and “C?
connectivities in the HNCACB spectrum, the HS and L15 resonances that had not been
observed previously from 800 MHz spectrum could be clearly assigned. Likewise, the
residues M1, F12, G62 and D63, which had been also missing in the previous study,
showed detectable signals. Consequently, among the eight residues that were previously not
detected, six could be additionally assigned in the present work (Fig. 1). Although the
amide signals from G9 and S24 were not detected yet, their *C* and BCP resonances could
be assigned by the inter-residue "*C correlation in the triple resonance spectra. Consequently,
the CSI and TALOS analysis could be completely applied to the HP0902 full sequence,
mainly using the °C chemical shifts (Fig. 3). The determined secondary structure using the
new chemical shifts set was not different from the previously determined one, since the Be
chemical shifts were not significantly perturbed under the changed buffer condition. The
previously undetected residues were located at the loop regions connecting the B-strands.
Thus, as concluded previously, HP0902 consists of 11 $-strands and would belong to an all-

B topology of cupin superfamily, of which members share a -barrel fold.
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Fig. 1. NMR assignments of the [°C, "NJHP0902 at pH 6.5 on the 900 MHz 2D-['H, "NJHSQC
spectrum. Side-chain signals are marked with “s.c”. The other peaks from backbone amides are
marked with the corresponding residue numbers (refer to Fig. 3. for the amino acid sequence). The

signals that had not been detected previously at pH 7.8 on a 800 MHz spectrum are indicated by

circles.
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Fig. 2. Strip plots of 900 MHz HNCACB spectrrum showing sequential BC® (black, positive signals)

and PCP (red, negative signals) connectivities in the V3~L7 and E13~[17 regions. The resonances

from residues HS and L15 had not been observed in the previous study using 800 MHz NMR,
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Fig. 3. Secondary structure determination of HP0902. The CSI results are depicted as a consensus-
CSI (“1” for a-helix and “-1” for B-strand tendency). The TALOS results show the predicted
backbone dihedral ¢ (triangles) and ¢ (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 B-strands along the sequence.
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CONCLUDING REMARKS

Virulence factors of H. pylori can be direct targets for new drug developments to treat or
prevent gastric diseases. HP0902 can be regarded as a new candidate for virulence factor of
H. pylori, since the protein was suggested to be secreted from the bacterium and to be
related to antibiotic resistance. In order to identify the protein as a virulence factor, the
predicted interaction with VacA would be worthy of examination, as well as its
inflammation activity against human gastric cells. This study provided near complete
backbone NMR assignments of HP0902. Thus, it is expected that the molecular interaction
between HP0902 and VacA could be investigated in detail on the basis of the present results.
In addition, in terms of structural genomics, the present chemical shifts and secondary
structure information will eventually provide the most fundamental and critical data for 3D

structure determination and functional studies, which are in progress in our laboratory.
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