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ABSTRACT Objective: To clone the Helicobacter pylori (Hp) hp0169 gene and conduct the
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crystallographic study, and to clarify its secondary and tertiary structures. Methods: The hp0169 gene and
its encoded protein sequence of the Hp NCTC26695 strain were retrieved from the UniProt database.
Bioinformatics method was used to analyze the physicochemical properties of the Hp recombinant protease
(HpPrtC) protein; SOPMA and DNAStrar softwares were used to predict the secondary structure
characteristics of HpPrtC protein; SWISS-MODEL software was used to construct the tertiary structure of
the HpPrtC protein ; IEDB and ABCpred softwares were used to predict the antigenic epitopes of the
B lymphocytes HpPrtC protein; SYFPEITMI website was used to predict the antigenic epitopes of the
T lymphocytes of HpPrtC protein; the expert pool (EP) and random forest (RF) algorithms were used to
predict the crystallizability of the HpPrtC protein; the HpPrtC recombinant protein was expressed in the
prokaryotic system; the HpPrtC recombinant protein was purified by Ni*' affinity chromatography and
size-exclusion chromatography; the crystallization conditions for HpPrtC were screened by crystallization
kit. Results: The hp0169 gene contained 1 269 base pairs and encoded the protein of 422 amino acids, the
theoretical isoelectric point was 7.64 and the relative molecular weight was 47 300. HpPrtC was a
hydrophilic and soluble protein. The number of amino acids of alpha helices of HpPrtC accounted for
35.78%, beta sheets 18.72%, beta turns 6.87%, and random coils 38.63%. The antigen epitope
analysis results showed that HpPrtC contained five dominant linear epitopes of B lymphocytes, three
conformational epitopes, and multiple potential dominant epitopes of T lymphocytes. The homology
modeling results showed that HpPrtC formed a dimer, and each monomer displayed a barrel structure
surrounded by B sheets, alpha helices, and random coils. HpPrtC was predicted to have moderate
crystallizability without signal peptides and transmembrane helices. Small clustered needle-like crystals of
HpPrtC were obtained under the conditions of 0.2 mol-L ' magnesium chloride, 0.1 mol-L™"' tris
(hydroxymethyl) amino methane(Tris), 3.4 mol:L ™' hexanediol, and pH=8.5. Conclusion: HpPrtC
is a hydrophilic protein that forms a dimeric structure and crystallizes into small clustered needle-like
crystals under suitable conditions. HpPrtC contains dominant antigenic epitopes of the T lymphocytes and
B lymphocytes and can serve as an antigen for the design of Hp vaccines to establish the multivalent fusion
vaccines or multi-epitope vaccines; the results provide an experimental basis for the prevention and control
of Hp.
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Fig. 1 Transmembrane
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A': Amino acid sequence of HpPrtC protein; B: Proportion of seconadary structure components of HpPrtC protein; C: Secondary sturucture

map of HpPrtC protein.

B2 SOPMA AWM HpPriC FH L& IR1E B

Fig. 2 Feature maps of secondary structure of HpPrtC protein predictied by SOPMA software
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Fig. 3 Secondary structure features and antigenic epitopes of HpPrtC protein predicted by DNAstar software

A': Dimer structure of HpPrtC protein; B: B-barrel of HpPrtC
protein.

El4 HpPriCEHELBRTFH =455
Fig. 4 Three-dimensional structures of amino acid

sequences of HpPrtC protein

#F1 ABCpred AT HpPrtC FHH Bk E H BT R RN
Tab. 1 Antigenic epitopes of B lymphocytes of HpPrtC
protein predicted by ABCpred software

Number Amino acid sequence Start postion  Score
1 GGVSHFSLRNRAGKEF 29 0.89
2 NGEITEDGRFFACKFT 329 0.88
3 KIEGRTKSSYYAAQTT 252 0.88
4 RGSCANDCRFDYEYYV 191 0.88
5 HIDKMAELEPDAFIIA 82 0.87
6 TTTTNTAYEIIAPKNA 344 0.86
7 QNHQTAISEGDFQVNG 315 0.86
8 YAAQTTRIYRLAVDDF 262 0.86
9 SGHIAEILSSNAISAL 236 0.86
10 KEGIDYAHALNKKVYA 50 0.85
11 AGKEFTLETFKEGIDY 40 0.85
12 LVEEEGVGTHIFNAKD 217 0.85

2.5 HpPrtC& & THEMMK R AL HEHFEEN
P HLA-A*0201 B MHC- T 284> F#2 £ /9 CTL
MY FEAL, KNS OMNEIER, MR E
Jo23, & M W J¥ ¥ & NLSGHIAEI A
ALNKKVYATI&, #5547 4 A HLA-DRB1#0401
U MHC- 1T 264> FH2 209 Than i b i £ 47, K
FER IS A A KRR, BE B E N 26, AEMR)T N
DAVYGGVSHFSLRNR %4 . £ B HpPrtC & (1 H
ATk a0 AL S b R, Wk 3,

2.6 HpPrtC&Z & T4 B EP KM RFLSH)
FO BT 3 K 8, 4R W] HpPrtC & 112 v 55 Xk
FELS A, HLJCAR 5 MR s AR e . UL IR 6.

2.7 HpPrtC EAZ G HFFRE LA H67.4H
76. 3 mL U it W £ 47 SDS-PAGE 20 8, 45 9 @R
2>V W W R AR X o 7 B R AR R, 292 47 000,
F W] HpPrtC 1 41 2 1 8 5 44 R — SR 1 20 25 °F £y
W&, B RIRS M E, ZEANEMWEA.
WL 7,

2.8 HpPrtC&Zx & & & &M 7E0.2 mol-L™ "5 fk
B, 0.1 mol-L™' = ¥ W 3 & X HF bk
[ tris (hydroxymethy) laminomethane, Tris] .
3.4 mol-L7'& WM pH 8.5 44 F Hi B 40 /)N il 7%
AOEFAR A, AR T M R DL 45 . R
W HpPrtCEE B 45 dh I R TT0E N 32 WKL 8

3 3
Hp A 38 38 /Y 0T A, 2 Ol — Be g
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E 5 IEDBERATM HpPreC B 1 B 40 M £k s
Fig. 5 Linear epitopes of B lymphocytes of HpPrtC protein predicted by IEDB software

#2 IEDBEAFBIW HpPreC BHAMWR I
Tab.2 Construct epitopes of HpPrtC protein predicted by IEDB software

Number Residues Number Score
of residues
1 A:R306, A:P308, A:F309 3 0.835
2 A:F200, A:D201, A: Y202, A:E203, A: Y204, A: Y205, A:V206, A:K207, A:N208, A:P209, A:D210, A:N211, 34 0.808
A:G212,A:V213, A:M214, A:M215, A:R216, A:1L.217, A:V218, A:E219, A:E220, A:E221, A:G222, A:V223,
A:G224, A:T225, A:H226, A:N229, A:Q315, A:N316, A:H317, A:Q318, A:T319, A:A320
3 A:T333, A:D335, A:G336, A:R337, A:F338, A:K342, A:F343, A:T344, A:T345, A:T346, A:T347, A:N348, 66 0.742
A:1349, A:A350, A:Y351, A:K357, A:N358, A:A359, A:A360, A:1361, A:T362, A:P363, A:1364, A:V365,
A:N366, A:E367, A:1368, A:G369, A:K370, A:1371, A:Y372, A:T373, A:S378, A:Y379, A:L380, A:V381,
A:1.382, A:Y383, A:K384, A:1385, A:1.386, A:1.387, A:E388, A:N389, A:N390, A:T391, A:E392, A:1.393,
A:E394, A:T395, A:1396, A:H397, A:S398, A:G399, A:N400, A:V401, A:N402, A:1.403, A:V404, A:R405,
A:1406, A:P407, A:A408, A:P409, A:1.410, A:P411
4 A:V420, A:E421, A:S422, A:K423, A:N424, A:G425, A:V426 7 0.738
5 A:Q3, A:V31, A:S32, A:H33, A:F34, A:K50, A:D54, A:H57, A:G69, A:F70, A:P71, A:F72, A:N73, A:S74, 87 0.663
A:Q75, A:L76, A:K77, A:L.78, A:L79, A:E80, A:E81, A:H82, A:183, A:Y84, A:K85, A:A87, A:E88, A:1.89,
A:E90, A:P91, A:A98, A:P99, A:G100, A:V101, A:V102, A:K103, A:L.104, A:A105, A:L106, A:K107,
A:T108, A:A109, A:P110, A:H111, A:1112, A:V122, A:L123, A:N124, A:1.125, A:1.126, A:D127, A:A128,
A:Q129, A:V130, A:F131, A:Y132, A:D133, A:L134, A:G135, A:V136, A:K137, A:L.145, A:S146, A:1.147,
A:N148, A:D149, A:A150, A:1151, A:E152, A:1153, A:K154, A:K155, A:A156, A:L157, A:P158, A:N159,
A:L160, A:A240, A:E241, A:S244, A:S245, A:N246, A:A247, A:1248, A:F277, A:Y278, A:1.304
6 A:D276, A:H279, A:N280, A:T281, A:1.282, A:K283, A:P284, A:S285 8 0.661
7 A:R307, A:E310, A:D313 3 0.613
8 A:C178, A:L179, A:1180, A:A182, A:L183, A:Q184, A:K185, A:G186, A:R187 9 0.596
9 A:F44, A:T45, A:L46, A:E47 4 0.523
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Tab.3 Antigenic epitopes of T lymphocytes of HpPrtC
protein predicted by SYFPEITHI software

Start postion Amino acid sequence Length Score
25 DAVYGGVSHFSLRNR 15 28
52 GIDYAHALNKKVYAT 15 28
258 KSSYYAAQTTRIYRL 15 28
284 PSFYASELNTLKNRG 15 28
103 KLALKIAPHIPIHLS 15 26
159 NLELEIFVHGSMCFA 15 26
236 SGHIAEILSSNAISA 15 26
248 ISALKIEGRTKSSYY 15 26
271 RLAVDDFYHNTLKPS 15 26
390 NTELETIHSGNVNLV 15 26
234 NLSGHIAEI 8 28
122 VLNLLDAQV 8 25

58 ALNKKVYAT 8 24
156 ALPNLELEI 8 24
320 AISEGDFQV 8 24
379 YLVLYKILL 8 23

58 ALNKKVYATI 9 25
107 KIAPHIPIHL 9 23
125 LLDAQVFYDL 9 23
395 TIHSGNVNLV 9 23
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Fig. 6 Crystallization of HpPrtC protein predicted by EP and RF algorithms
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A': Superdex-200 purification of HpPrtC protein; B: SDS-PAGE analysis of elution peak (Lane 1: Marker; Lane 2: Elution peak at

67.4 mL ; Lane 3: Elution peak at 76.3 mL).

B 7 HpPrtC 2 ¥ 38 Z AT M SDS-PAGE 447
Fig. 7 Gel filtration chromatography and SDS-PAGE analysis on HpPrtC protein

A:Bright; B: Dark.
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Fig. 8 HpPrtC protein crystals observed under

microscope(X 100)
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