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Abstract ; Metabolic network is widely used in metabolic studies, biological metabolic process control, disease
diagnosis and drug target design. Bioinformatics studies are now combined with biochemical experiments effectively
by the means of sequence homologous, structure simulation and docking to promote the completion of organism
metabolic network. Based on the knowledge of genome-scale metabolic network reconstruction for H. pylori, we
reviewed several important metabolic pathways by combining the recent achievements on key enzyme researches of
Helicobacter pylori 26695 ( H.pylori) as well as genome information. We revealed the relationship between genes and
metabolic pathway and analyzed the vital functions of key enzymes in H. pylori. Lastly, the challenges in
reconstructing a coherent, complete metabolic network are introduced in this paper and the perspectives in drug
target designing are also discussed.

Keywords: H. pylori 26695 ; Genome ; Metabolic pathway ; Molecular target ; Anti-microbial

T SEAE B P A )R R D B AT TR T
Al SR b e Tk . RN AP vE T3
IR AL DAY T %, 3 B4 2 BF 5 40 R
(L G S brRNA N E N SE SR R HE T D) = U
—J7 10, A FFEE BT LRI RERE N TR D fE
BT [ 25 2R RN BRI 2% 7 PR 2 N A
FL*%E‘J%EH‘L,%Iéﬂﬁﬁ?ﬁiﬁiﬂ%ﬂ’ﬂﬁﬁié%ﬁi
POk Bl A5 A 7 S MR R D REE R B 02

I fs B H#A.2014-03-10; & B H #:2014-04-22.

PRl B 1) 5 1 5T A 1 198 A= A e o vy 2 s A )
2%, RO 2 5 A AR A Ak X - 1 5T - SV = (]
AIAHEL AR A RO SR A o B B R T 5L
HEATRADL At i DR R AR ) 445 A5 A8 T i
T S iR HOR S & A R b Ak P e
Bt s 45 A TR B TR A H AR &30
ST AR IT RN DG 2R 5 BT 190 246

W I TR FT 1 ( Helicobacter pylori, H. pylori) , J& M

YEZ B R, 2o R B-E O A BT 0] . REEAEY S  E-mail : liya_u@ 163.com.
*BIEVESE A I B ST ) Ak e AE A RE4 s E-mail : hsfang889@ 163.com;
28, 2, W AT B 5805 [ A ARk 5 57 S E-mail ; juanli67@ hotmail..com.



%3 #

% W 3, % : Helicobacter pylori 26695 % & 4 R & X, #f #t 5 i#t & 207

B R o B R A — R AT . B e EUE
B RAEAESZ 1 B, 1994 4 {1 5 T A
4120/ [ BrRoga i B S WAL ( WHO/TARC ) 5 W | IBAT
HEN 1 25805, 1997 4F | H.pylori 26695 Tk ()
S RE 4L 5E 1, 2003 4, Boneca ® HEAT T 5 —
R H.pylori 26695 JE A B TAE  IZRAS B
T H] 1590 45, HrhDifg 5 A 1 080 4>, Schil-
ling 1 Thiele 255578 2002 4FH1 2005 4EHEK T H.
pylori 26695 {14 W 2 #5703 1) 2 iCS291) Fnl
iT341°) iIT341 BRI 0 56 R 30000 9 o o 3R R
o, B Y BT i AT A R — 2D B, 2013 4R, Re-
sende 25" %1 H. pylori 26695 JE R 4 #E 4T T 8 T
B AL A 1573 4 CDS, ZHAEEH 1 212 4>, 5
FRIARCEE R 712 A, R4 3] 191 NHIREE M, %
FCAR T 8 T Ay A S 11 g JO a0 D £ A5 A 4 5
filf, —MEA AR A = AR A IR ST
B B, BT R s R B A e
B, B F Y S e D TR O S A AR 4 B A
() B ARG DAL 2% 1 i H RS — A R R
AR 54T T B i N TR AR, an gk 3
PR - 2R 15 — SR 6 2R i LA D) R i A DG SCik &5
B T 22 WA ]I B A S T 5 IR, e R PR 1 7
fE BFSE I 45 R G55 A B T48 41X H. pylori 1
BIT,

ASCUL LA B ZAR I B o 4k, 45 &3 JLAR
H.pylori 26695 S5 I Il 5 BE PR 20 ¢ R A5
AR A H.pylori 26695 14 3= AR % S HAF 1
Bk o5 A1 Ui B A0, AR SCH e 89 H. pylori B H. pylori
26695, LL“HP” 3k B3R5 FILL Hp” 3k Y 26 1
RN H.pylori F5A I SEH i 5 FIER U245

1 H.pylori WS IR %L

H.pylori 5&—Fhig — Ak I B0 55 A
AW AERAPFRAE 5% ~ 10%CO, , & BV AT 35 B i
AR (<5%0,) , W] 38 W A 48 R (— B 21%
0,) o H.pylori LRk 23 i H R BT P A8 5 = M
Ak AR I ER A 7 A | G A e i 245 P R AR
A AL I D TS M S R A A A O Y
K HAETA N H. pylori 1 W5 B IR AL 45 . K
R RR M Z R I Z R, Testerman %% g — 4
G R IN, FE VA L 28 FE R ol FE Al ) Ab 2 R e 15 77 3
b R ESACTE O 5 Y €8 24 R RN S5 2 R A B T 4 R
A TN A B A S8R T LA A (0 2
SEAR PR TR AN 24 R 5 4 2 e i AR B R

MR ARG A A . B B 2 R i 200 7 £ R ) FR A
PERIR | 728 B 198 Tk 3 o) 40 7 A R TR S2 ), BT
FEUERA H. pylori A= KA 75280 AL il R Bk
BEBE BTN RN BRPR | 108 A 2 AR K BT o
KT H.pylori A< W75 S TR , 5L K24 53 B DA
F— A UL R g R A e, N, E A
H.pylori B Z TR 1) Mk & BUGERFE I & 3K, 7E H. pylori
SRR b HHR B — A G B A Tk y — G il 1Y)
PH——HPO106 , T /b G A Sk A5 Ji ik i H At i 114
B, S5 —Jr T, AR i 2R b T iR AR e AT
TR AEY R BE H. pylori SERA PR T
HPO089, i A Jh I A G % Yt 22 R b 7 i 42 T 5
T FE N, BOA R H. pylori oA WP AR,
W, TR R N L BERE IR & e 5 2R & W T
P& 10 H.pylori 3% DX 20 mh /0 2 85 LA L R il 7
ISt A R R R W AR A K T b 55 . H.opylori TG
NI SR G R TR AR , 2 PR Ay k2 2 ) 1
HmER I K B ) FE R H. pylori FE K 41 B/ 6 WU
Jie 2% BT ) LA S B R A 25 X (B 2 Barison %5 &
Bl HP 1287 gty 4-28 k-2 - k-5 - (A H 3% )
MR IE S K ARl T RES S T G U I 2R AR 1 Ab 5
wAe, AT e REAiAL TIZEE 1, AR RS R s S
PERL RO T HL % ) S8 B N I 4 -2 B -
2- W5 F AL ) MEIE SIS 1) S5 F0 ) AN o | 3 2
AR T A Y R R — DRSS

2 H.pylori B ELAi 8 i

2.1 bR
2.1.1 A

H.pylori JI7 J& ()25 i AT A1 Ja 1) JHCAth 48 78 K #8 T
oAk K A6 &9, 1B H. pylori W Ll i 4k
ke 7 A DA A e D-~FEFLBE, HP1174
G i — R A B T U VE RS B 8 1, H. pylori B 1%
B R D-HIAMEE D—F3 L0 iz 2 A
TS SR S FEH A5 SRR H.pylori B
PGB AR 55 R o A T A [) , 6 5 0 1 e/ 0 S A %
12 BRI A2 A % 152 42 ( Entner-Doudoroff
pathway) . 25 LR iEA4E 0 AH I HE K TE H. pylori %
PZH L ERBEFR 2, BR 1 W I A i A2 v 2 5 i TR
SREWE P 1) 5 DR (e ) R0 44 RS D D TR SR TG 1 5 PR
(pyk) AW AR AR D S Bt ) 2450 1 — 6 — o IR i
LR (g6p ) PRI IO 7R A28 Hh By © TV 7 2 M
i ot S0 B [H) (gnd ) ™ AT T R 2 P T i A A
TR RIBR ML, BT e FLR | SRRt
M5 RGN PR Rk



208 £ #H A

& % %12 A&

2.1.2  ZIRERIEH

= FRIR G R AE 20 1 AR5 Ao A v 32 A R A
FH < R A A A R B AL /N F R, G o 3 —
R LB BTG A Bk 2R 5 Sk O kB = A
CO, , il i A A R R R, R A7 T ATP
KA H.pylori /b 4t o 1 1% — 18 I S B 52 5 )
(R TR EAE A G i A 004 2 11 A0 38 i it 1 4 4B
[ HP0588-HP0591 , FIT LA H. pylori =R IR IG5
FRUETRL ) = SR FRIGIA T AN, H. pylori —FRTRIGIF
WE 1 PR, H pylori =RRIGH b & DR BB =
EhPR A NSRRI R B B DR A T SR B A
G MENATT R AR B R —Fh ik i a5 R de
TN IR TR AG PR [ 0] WA H. pylori B R YT B R
Bt Kather 2R 305 BR AR AR5 Bk R 14 )52
FH HP0OS6 Ziifith i) ikt 8 Ab 38 IR g A 3, i A [] T
SRR LA L) NAD+2A FL 324K LABRR A F 32
TR E TR TR BRI PR 43 B R LA 2 B A
AR S I R 3R AT 12 W MU B < A AR BT
JEL, L NAD (P) SRyl PR F 19 S A A2 T I & el DA
JETETE B ML 242 W M ) 43 845 . Huang 55 ]
Fveke ik EAFE ARG H.pylori SS1 F LS
PR I S I 1) A AR M I R 12 W
H.pylord GG B TAH FIfF R,
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1 H.pylori = ER{EIMELRE B
Fig.1 Krebs cycle of H.pylori

T : oor s o~ R 4 AL Y ; HPOS88-HPO591 ; £k 43k 3 1 S ALk Ji
fiti ; HPO691-HP0692 : £ Z Wi Afi i A %% F5 B ; sdh : BF 31 R L UM
HPO191-HPO193 . & th Rk J5filf ; HP 1325 . & SRl ; HP0OS6 - iRt Ak
U ; HPOO26 : My A IR-A B ; HPO779 IR 2 3k W ilF ; HPOO27 ; AT
BRI EHE , oor 5 sdh 7E H.pylori &R H AR EIA MBI R, {2 oor
X7 (4 R ) SR S B, A RS Y HP S S AR R IR I i — LA
KR A BB HP FiS S LR,

Notes ; oor ,a—ketoglutarate ; acceptor oxidoreductase ; HP0588-HP0591 , ferredoxin
oxidoreductase ; HPO691-HP0G92 , 3-oxoacid CoA-transferase; sdh, succinate de-
hydrogenase ; HP0191-HPO193, fumarate reductase; HP1325, fumarase ; HPOOS6,
malate dehydrogenase ; HP0026, citrate synthase ; HPO779, aconitase ; HPO027,
isocitrate dehydrogenase.The genes of oor and sdh were not identified in ge-
nome, but enzymatic activities of oor was observed. Asterisks denote confirmed

enzymes and genes while orthers are similar genes.
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% R AR 3 B DR A A A T AR B G AR o Tl ) AH
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D-erythrose—4- ®

HPO154 k— phosphoenolpyruvate
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HP0283*

3—dehydroquinate
HP1038 l

3—dehydroshikimate

HP1249

-+
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HPO157 l
shikimate-3- @
HP0401 l
S—enolpyruvyl-shikimate—3— ®
HP0663 l

chorismate

2 H.pylori 5y X B2 & R L RE B

Fig.2 Chorismate synthesis pathway of H.pylori
1 . H.pylori 5238 (02 3 FRA BT BT 2 7 Al , Kk 2 . (ORE 45 il ;
QWA 2 Je 3 1 ; I A 2 JE R i /K 1l ; @F T R It S g ; © %%
TR ; @3- WRFR TR R~ 1 - Rk AR R D 43 SRR W
RS HP S S A RIMIE A A — R K OC R A RS Y HP G52
HRRLEEA
Notes ; Complete chorismate synthesisconsists of seven enzymes. They are 3-de-
oxy-D-arabino-heptulosonate  7-phosphate  synthetase, 3-dehydroquinate syn-
thase,, 3-dehydroquinate dehydratase, shikimate dehydrogenase, shikimate ki-
nase , 3-phosphoshikimate 1-carboxyvinyltransferase , chorismate synthase. Aster-
isks denote confirmed enzymes and genes while orthers are similar genes.
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HPJLTEE] T ARG AR B (WL 3 45
S ABERXT H.pylori A% 2 A WG 1% ) F 5T 168 1R
/> Przemyslaw 257 4lifk T HpBioD HI&5H4, I 15
HAbP A BioD HLBLI T, BL45 H BioD B X4
A SR BB A 2 Y B R L

Malonyl-CoA(or ACP)

Malonyl-CoA(or ACP) Biotin
methyl ester
LBioB(HP1406)
l DTB

fatty acids elongation

. ) . BioD(HP0029)
: _ BioH BioF BioA T

E;“;g‘f;ﬂ tACP —*Pimeloyl-ACP—>KAPA—> DAPA

cHyt ester (HIP0598) (HP0976)

3 XBHEEMERSRER

Fig. 3 Biotin synthesis of E.coli
1 : BioC ; I BL A4 RS [l ; BioH - & 8k~ ACP H [N N6 i3 ; BioF ; 8- B -
TSR TR & s BioA 7, 8- 2L TR & i ; BioD . /E W E &
Bl ; BioB: A W) A G . 58 20 LAY L REATACIRIE HY I 5 1 ik A
PIIEAC IR T ARIE KA . 55 B H. pylori 5 [K| 4 vh 4 i 4 17
A B ARLIE AL
Notes ; BioC ,malonyl-CoA methyltransferase ; BioH, pimelyl-ACP methyl ester
esterase ; BioF' ,8-amino-7-oxononanoate synthase ; BioA , adenosylmethionine-8-
amino-7-oxononanoate transaminase ; BioD , dethiobiotin synthase ; BioB, biotin
synthase.The malonyl thioester ester is used as primer in the next two iterative
fatty acids elongation.Those in brackets are genes identified in H.pylori core-

spond to enzymes.
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BEMEHND, HP0930 Zif [F &M AEFE M, B
GMP XMP [ IMP , AMP 4351l 7K fiff Sy AR R B9 % 457
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AL,

HP0255* HP1222*

MP<+— Adenylosuccinate «— AMP
al093o-// lHP0930*//' 1HPO930* 1HP0930*
Add
HPO‘ 35GuanosineHPO73§anthosine Inosine ¢————/[ Adenosine

HPO735 HPO372*
IHP1178\ IHp1]7g\ IHP1178 IHP1178
Guanine Xanthine Hypoxanthine Adenosine

B 4 H.pylori B3N e & BIR1EHEEE B
Fig.4 Purine salvage pathway of H.pylori
7 H.pylori AhEE Mk G ROEAE A RS  (HRER] IS A LT (inosine) | IR (adenosine ) | 5 204 ( guanine ) | B35 ( guanosine ) | A
(xanthine) B (xanthosine ) 1 JFURL, Z84d #b FE iR 42 5 )8 IMP , IMP 4K i 73 51 4£ i ATP (GTP, R T~ Add JEK7E H. pylori $RAFIRIRIFED | Fofl 3
KA REFR BT LI UEFHTIRE . W5 19 HP Se SAURIIENRE—JE P OCR A B S HP FiS AR UL
Notes ; H.pylori cannot abtain purine in De novo synthesis pathway, but it utilizes inosine, adenosine, guanine, guanosine, xanthine and xanthosine to

synthesize IMP in salvage pathway. The IMP then generates ATP, GTP respectively. All genes of salvage pathway can be found in H.pylori and protein

functions are confirmed except for Add. Asterisks denote confirmed enzymes and genes while orthers are similar genes.
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ANvar, HOR I 3% 2k | o8 R Y RS R R i A
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