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Abstract © HP1298 (Swiss-Prot 1D ; P65108) is an 72-residue protein from
Helicobacter pylori strain 26695. The function of HP1298 was identified as
Translation initiation factor IF-1 based on sequence homology, and HP1298 is
included in [F-1 family. Here, we report the sequence-specific backbone resonance
assignments of HP1298. About 97% of all the 'HN, N, Ca, CB, and *CO
resonances could be assigned unambiguously. We could predict the secondary
structure of HP1298, by analyzing the deviation of the *Co and *Cp shemical shifts
from their respective random coil values, Secondary structure prediction shows that
HP1298 consists of six B-strands. This study is a prerequisite for determining the
solution structure of HP1298 and investigating the structure-function relationship of
HP1298 . Assigned chemical shift can be used for the study on interaction between
HP1298 and other Helicobacter pylori proteins.
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INTRODUCTION

Helicobacter pylori is a gram-negative bacterium, measuring 2 to 4 tm in length and
0.5 to 1 pm in width, Although usually spiral-shaped, the bacterium can appear as a rod,
while coccoid shapes appear after prolonged in vitro culture or an antibiotic treatment'. The

organism has 2 to 6 unipolar, sheathed flagella of approximately 3 um in length, which often
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carry a distinctive bulb at the end.> H. pylori is related with many serious gastric problems,
ranging from gastritis to gastric carcinoma or lymphoma.” The genome of H. pylori has
been fully sequenced for two prototype strains (strain 26695 and strain J99)°. The H. pylori
strain 26695 genome includes 1,590 genes, whereas the genome of strain J99 includes only
1,491 genes.”® About 33 % protein sequences in the whole genome have no homologues in
other organisms and whose function and three-dimensional structures have never been
identified.

As a part of our structural genomics on Helicobacter pylori, we studied the solution
structure of HP1298, one of the proteins from H. pylori by using NMR. The HP1298 gene
of Helicobacter pylori encodes a 72-residue hypothetical protein from Helicobacter pylori
strain 26695 with a molecular weight of 8348 Da and a calculated isoelectric point of 9.46.
HP1298 is included in IF-1 family. The result of sequence homology search showed that
HP1298 has a Sl-like domain. The S1 domain of around 70 amino acids, originally
identified in ribosomal protein S1, is found in a large number of RNA-associated proteins .
Here, we report the sequence-specific backbone resonance assignments and predict the

secondary structure of HP1298.

MATERIALS AND METHODS

HP1298 of H. pylori was cloned into the expression vector pET-21a and was
expressed in the Escherichia coli BL21 (DE3) strain. Uniformly "N, "C labeled protein
was prepared by growing the cells in the isotope-supplemented M9 medium. Cells were
grown at 37 C until an ODyg of 0.6 and then induced with 1 mM IPTG for 6 hr. The soluble
protein was purified using Ni**-agarose column (His bind® Resin ; Novagen Inc. Darmstadt,
Germany) and Gel filtration (Superdex™ 75 10/300; Amersham Biosciences). The NMR
* sample was prepared at a concentration of about 1.0 mM in 90 % H,0/10 % D,0 containing
50 mM NaH,PO./Na,HPO, (pH 6.0), 150 mM NaCl, 1 mM EDTA, and 1 mM BME.

All NMR measurements were performed at 308 K on Bruker Avance 600
spectrometer equipped with cryo probe. Backbone assignments were performed with the
HNCA, HN(CO)CA, HNCACB, HN(CO)CACB, and HNCO. Side-chain resonances were
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assigned with HCCH-TOCSY, 3D "N-TOCSY-HSQC, and CCCONH TOCSY.”*? Slowly
exchanging amide proton and ring proton resonances were assigned by dissolving the
protein in D20 and acquiring a 2D-NOESY. Chemical shifts were referenced to 2, 2-
dimethylsilapentane-sulfonic acid (DSS) externally.

All spectra were processed using the nmrPipe/nmrDraw software', and were analyzed
using the program NMRView'®. The secondary structure was predicted from the chemical
shift values using Chemical Shift Index (CSI)"” and Torsion Angle Likelihood Obtained
from Shift and sequence similarity (TALOS)"®.

RESULTS AND DISCUSSION

HSQC spectrum of HP1298 showed good peak resolution (Fig. 1.). Assignments of
HP1298 were achieved nearly completely (Table 1). The backbone amide (‘Hy and "°N)
resonances were completely assigned except 2 prolines. Although all *Ca, CP resonances
were also completely assigned, only 95 % of *CO resonances were assigned, because of
overlapping with some peaks.

For predicting secondary structure of HP1298, chemical shift difference method
between measured values and random-coil values using Co, Cp, and (ACa - ACB)'” and CSI
protocol was used. Correlations have been observed between Co®* and CB'™ chemical
shifts and the local backbone conformation for a number of proteins. Backbone dihedral
angles () are predicted using TALOS methods from chemical shifts. Comparing relative
random coil chemical shifts, Ca resonances tend to shift upfield in p-sheets and extended
strands, and they tend to shift downfield in helices. The opposite trend holds for the CpB
resonances. Because the Ca and CP secondary shifts are of similar magnitude and opposite
sign for both helices and sheets, subtraction of the Ca and CP secondary shifts (ACa - ACB)
enhances the correlation between the secondary structural elements and the secondary shifts.
As shown in Fig. 2., examination of {ACa — ACP} plot indicates the presence of six
potentially B-strand regions .The regions of P-strands correspond well to the CSI and
TALOS predictions. Because all backbone amide (‘Hyand "’N) resonances were assigned,
HSQC spectrum of HP1298 (Fig. 1.) can be used to detect the protein-protein interaction
between HP1298 and other Helicobacter proteins
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Table 1. Chemical shifts of 'HN, "N, *CO, *Ca and 13CB of HP1298. All chemical shifts

were referenced to the frequency of the methyl proton resonance of DSS.

A A H N CA cB co @ AA H N CA cB <o
1t M ND 58.377 ND ND 37 8 8.502 121.628 58,285 64.62 176.342
2 A 2119 104.114 §1.783 19.503 ND 38 G 9.204 114.642 47.142 175.38
3 R 8.636 121.22 868.78 30.849 174.084 38 K 8.243 120837  52.798 32.882 175.985
4 D 8.397 121,044 54269 41,034 175960 40 M 7.639 119,314 57.02¢ 33,082 178.22
5 D 8.184 120.556 54.263 41.088 176821 41 R 8.0m8 121.162 68.186  90.162 177.338
6 Vv 7.748 118.231 61.371 34,108 176446 402 M 7817 118.264 56,388 243 177.808
71 8.617 126,743 60.44 40.3 175376 43 H 7.744 117,778 55.661 29,608 176.019
8 E 8.336 125.738 54,779 32401 174676 44 Y 7.868 119.514 58683  387.378 173,997
L 4 8.858 120.508 59.791 36.168 176174 45 | 7465 122.818  €0.667 38,858 175,114

0 D 8.038 121,101 82.751 43.720 172786 46 R 8.082 126.878 56.501 81,008 174.623
11 G 8.743 104,338 46.104 176476 47 1 8.013 126.512 58.908 37.65 176.182
12 K 8.388 120.546 83,791 36,308 1708617 48 A 8.908 132.238 49.685 22.887 173.796
13V 9.089 127.548 64,673 31.84 176,082 49 L 8192 118.574 57.064 41,505 176.618
14 8.088 123.674 61.679 40,677 177468 80 G 8.8682 114097  46.085 178.247
6 E 7.678 121.896 57.875 346 175.748 51 D 7075 122.062 66.406 41,328 17445
18 A 9.106 131.668 51.608 20.248 173565 52 R 8.885 122.903 54.830 .28 175.009
17 L 8.18 126.662 ND  41.466 176,198 83 V 8112 18.224 58,102 36.002 175,981
8 P B3.561 32177 54 K 8.488 121.682 55.313 36.138 173.859
19 N 8.419 NnN7.58 64.476 36.779 176012 86 L 9.486 122,939 83.607 45735 178.331
2 A 8.42 118,499 §3.262 17.059 176.086 56 E 8.683 118.402 53.842 3.7 174.838
217 8.an 108.262 60.722 71.344 178470 87 L 8.989 125,963 53.946 44.108 176.843
2 F 9.124 120,381 56.873 43.723 172987 58 T 8821 117.723 ND 69,499 176.531
23 K 8.904 122.939 56.350 34737 176.268 69 P 64.195 31.874

24 v 8.169 127.312 60.351 34.738 176522 €0 Y 7.649 118 58,016 87.173 178.711
25 E 8.457 120.24 54,906 33.5653 173,262 61 & 7.708 116,489  §7.324 84.267 176.478
26 L 9.139 129.677 54.463 41,437 176822 62 L 8.516 124.285 55.91 43.967 174.183
27 o 2.106 122.379 §7.435 33.848 1787206 63 D 8.439 117.076  B4.248 41,614 176,653
8 N 7.581 116.198 52.685 37.058 176699 84 K 7.789 120.994 55.341 35.681 176.738
29 K 8.16 111.561 58.184 28.221 176887 & G 8127 107.438 45.852 175.9683
30 H 8.054 120,138 56,148 28.266 17836 6 B 8,476 120.084 53.942 33.513 173.204
v 8.905 124.352 61.387 33.61 173586 €7 1 2.019 126.821 62.542 39.971 175.438
2 v B.158 126,647 59.924 35.249 178613 €8 7 9.085 118.0102 £1.559 69.841 175.991
33 L 8.48 129.411 54.688 43.18 174716 € F 7.608 122.897 58688 43.280 176.286
34 C 9.57 122,374 87,735 33.213 177644 70 R 7.487 126.185 ND 32.008 172036
3 R 7.682 119.956 64,334 83.343 74043 71 Y ND ND 58191 39.083 ND
% 1 8.218 121.33 61.985 38.878 175002 72 K 8.585 123.394 88218 3337 NO
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Fig. 1. 2D 'H and N HSQC spectrum of HP1298. The each resonance in the spectrum is

labeled with the assigned amino acid residues. Unassigned peaks are Trp sidechain and

sidechains of Gln and Asn
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Fig. 2. Summary of backcone resonance assignment of HP1298. Delta values (ACa — ACP)
of backbone carbon to random coil chemical shifts were plotted. In the consensus CSI, the
values ‘1’ represents the B-strand tendency, while ‘-1’ represents the opposite pattern (o-
helical tendency). Backbone dihedral angles (phi, psi) were calculated using TALOS. Open
and filled rectangles indicated the phi (¢ ) and psi (U ) angle, respectively. HP1298 is

mostly composed with -strand.
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