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7RATE glpX EH K58
EHRER (LI TT, f il R R

FERY, BGEFEGEE N/ DAEBE Sy 7R E E AR E, B 200032
W LH i Mg 0k 5 2> BT 3 (Mycobacterium smegmatis) glpX 3 R il 5 Bk > BF 9% 6 78 782 BEAR o 1 20 A% o

U073 YR L 23 BORT B W 71 1 Che9c B2 21 AR g 44 2 B 315 20 BT BT glp X 56 DR BBk R 5 BR824 bk o R AR B AE AN
I Bl 5 15 7% 4 AF T IR AR K 28 5 Sl 98 S I s i PCR, Ll ¢ B9 A ok o LA T 7467 W S8 ool R 0 W — BB RS 9% 1

glpX F N 1 KI5 7K e
PR o M — TR YR B 9% N, glpX REDR Rk

(45 2R DglpX 5 AL RRAE L v it 192 by e — ¢ Y8 £ % 97 2% vh JE V& A2 1G5 I 2 MR A DAl
(4598 DelpX J [N 2 055 T 70 BORT BB A 3 42 0 1 IO AR TR 1Y

BHE 1,6 fREF (fructose 1,6-bisphosphatase, FBPase) o
KEEIR R kTR, R glpX, HBE 16— BERRNG, MkUEACH, BE SRR

hE S %S 0933 XkFRiIZES A

B 45 4% 4 K 4T B (Mycobacterium tuberculosis) &
YL T 5 (0 45 #% 9% (Tuberculosis) 7 & /™ & 5= A
F A eI AL e, H BT E R BRVEH WA H 1/3
[N T e 5 0% R 4E 24 170 J5 A28 T ™ o 36
3k, BEE i 25 (Drug resistance) B Kk, JU H & it £
25 (Multi-drug resistance) Fl )7 VZ i 25§ ( Extensively
drug resistance) PR K] H I > 5 4% 09 1) B 42 T8 45 1 25
PR o R AR A A R a2 45 R 2 BORE TR e A e
N EH R R EE el gz "7,
DT » 56 46 A% 23 REORT BT AR 30 3% 7 9T 5 oK AT B T 3K
AR N B 45 42 10 B0 3 # JF 3k — 2B 48 3 8 0 Bt
S R -

FEAE EARWN, G5 k% 70 BORF 18 5 2 DU 7 R A 4
BRSO A K T A B R AR T o LI U R AR
Ny E— YIS O 1 RE G AE R R A A A R
AR CO, I R U R 3 % 3 1 25 i 0 & 1 TR i

X E 45 :0001-6209 (2014) 03-0285-07

PR BEAT AU » BRI e Ay B R 4 SRR TE I 4 e TR
MIE R, XA R h R RN
(isocitratelyase, ICL) M1k 58 . 76 &5 0 F AT B
Tl dell Al iel2 YA B 4 5 TICT, BF 5 W 2k
T iell Joicl2 W) S5 Rz oy BORE T G I ORI 07 R 2R
LSHE RN W A L SRR AN Y R ST S
B o I S5 A BORE B eh B 1CL 38 AT O S
Fr kg R 24 it B 1) 1) i€ (methylisocitratelyase, MCL) ,
AT AL T A A R IR T . 7 IR
MR eI B S A ™ AR T A A A 2 AT TR k2 T
Sy A TR SRR Wt T P I 5 GV e A AR T R A A
T 385 1% 25 P e I A R AR DR O, 4 A% 4 BAT
el FEAZRRAE /IS B AA A BE 39585 5 T RE A B S AR A IR
JU7 B AR R B DL oA I A I A HE RS R AR D 51 R
ff)7 o B4R, Joeli Marrero %5 % B 75 45 4% 49 B KT 1
pekA FEDR ——% 65 8% S AR R b ) 5 AN KB I
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W 1R 4 15X N W B2 72 1k B ( Phosphoenolpyruvate
carboxykinase, PEPCK) , J& 41l & LA i JIij 2 Ay M — B¢
VRREAT R SR B P 3 1) HL ApekA JETA A B W
20 B /N AR P9 ARG, T AE R S P e i e v, — B
pekA HE [R5 J00 60, 40 TR B bRV BR Y . 5 4
Rubin 25 3 i B AL 58 28 22 K BL T 45 4% 70 B kT 1
e, A 55 IR T R I D 0 T TR 3k A8 R G 1A Rk PR 2
MPELEE RN ERKBFERY o LRI E T
R PE 7S T8 W R AUl SWE S A 3 A A O BORT T
BOW P O BEAE ]

1 FE B S ARl B B o — A R — R
B 1, 6 i 8 W (fructose 1, 6-bisphosphatase,
FBPase) 5|4 T AT )&t FBPase fiEfL 1, 6
BT SRB 2 ke 6B TR SR M X — ANl e B . 7E R
B (Escherichia coli) W, 17 76 P4 2§ FBPase, I Y
FBPase f1 fop JE X % fi, 75 K W #F & hoke 32 2 A%
FH U TS glpX DRI 5 % » 2% 2 DR H i = o TR
WAL, M HRAR S A A BEAE LUH
S ME BRI IR R Y o 7 G 4 BT
H37Rv 1, ANAFAE fop W RIS FE D (H A7 AE glpX 1 [H]
VA N——RvI099c, P & A 3k 1 )7 5 — 80tk ik
43% . F. Movahedzadeh %5 % Bl 75 K % 4T B4 fbp A
glpX XUSEAL Fk v 53 Y5 38 Rv1099¢ & » SE 8 Ak A
WL AR A RE D A3 DA RIS, I i I Wl S 5 56k T
RvI099¢ F. 5 FBPase ff) 3% 1£"” . It 4b, TraSH
(Transposon Site Hybridization) 525 Tl RvI099¢ &
e R B % A DT i B 5 4 A A BT
W BOR R . B, XS T8 AE G k% 0 BOFE A B
AR L2 Z0ws 1o T r A 4 AT 4R i A PR

1 I &5 A% 7 BORF AR A 22 18 HL U 1 o, B
R W TG 7 AE = W 4 (BSL3) S =
VB AR L BEAT JE Al B 7008 MK B B 97 N 5 75 BSL-
3 S S HEAT, K DUSKR 1 0 7 2k e AR X 2 18
1 AATT S LR A A JIk 35 20 AT T A D BT 9 46
K% 93 A% KT B IR BE 2C B8 o G I Blast Db, FATT &
Rv1099c¢ 7 8l 35 0 #5 A7 5 (Mycobacterium smegmatis)
R [ U5 Bt MSMEG 5239, 31 1 Jit [] U5 4 4
86% o LA s FATHI I HE T 73 Hl T w7 W 7 £
Chedc 1) F 41 & 48, # & 7 Uk 70 B AT W glpX
(MSMEG_5239) il i 5 AL bk o FATT R DU 43 BOAT
W glpX SARRRAE LH 3l Kl 5 1 Canhi IR ) Ay M — ik
WG FREA T A K, H B A bk glpX 55 R 7E LU g

JU R Ay M — B i R R A R OA B . X e A B4
7N glpX FE IR 2 0 3 KR B R S A2 0 A% BT 24 15 1 RN
JE T4 11Y) FBPase,

1 MRERITIA

1.1 ##y
L1.1 B BR A0 BORL: A BE 5T T H AL 35 7 BT 1R

me’155, K # 18 & DHSa. ik pMDIST ()4 K
# TaKaRa 24 w]) F T TA 35 B s hyg 5 v Bt A5t
ki pHINTL (35 3 % 3 B $T 12k I, hyg) b i D) 3k
55 WKL pI V53 (% R B 82 2 HU bk HE R, 1 University
of Pittsburgh ff] Hatfull GF Z4% 15 W4) H T Hik 35 /7 #%
FFIRT glpX SEAZ R £ ; BORE pMV306 (5 PR35 3 i
PEHL A, {1 Tmperial College London [ Young D #(#%
mRI) F T AglpX : : pMSglpX H R 15 bk # 2
L1.2 EZR AL KW AT B (Escherichia
coli) DHS o~ J5i $i /) B 32 Bk 71 £1 &2 PCR MasterMix
Wit R4 R A A« SYBR®  Premix Ex Tagq
P e R & W T TaKaRa 2wl o 32 AL A0 45
UV-2600 B4 5 4h ) WL 7y St 5t B2 71 (UNICO 24 w]) K
CFX96 Real-Time System (Bio-Rad A #]) -
1.2 ‘AHEEF

R FF s R JE 0 LB B R0k, 37°C K 97 At
Y 43 BORF W FR 5 Sl THO CHE il /i3 80/0ADC) ¥
PR B FR LA THI0 CH il /OADC) [i] 4 15 7% 5, 50 LB
BRI, 37T C Ry Jr o s ot/ RIKE W% % B
(Hygromycin B, K i 43 B FF 1200 wg/mL, Hit 35 43 £
T 50 wg/mL ) ; £ W % %
40 pg/mL) ; % 74 K (Ampicillin, 100 pg/mL) ; K
K5 % (Gentamycin K g 4> B #F 520 pg/mL, Ht I3
B FF S wg/mL) o
1.3 BHRSHATE glpX EEMRREREE

AT BE T 53 BT R TR AR Che9c T4 R 4t
73 900 FB 441 FH 3 WAL 23 BT T 0 DR b 7
1.3.1 HIEEFETEFHLHBEE TR pIVS3 14
PNEE S 73 B FF RS2 A 40 i, W 2 80 W s
2.5 kv, H1EH 100Q, 1225 wF, f# 0.2 em H Mo
Hiedi 5, LRI AT mL 7HO,37°C # % 15 972 h, B A
T 7H10 (Kan/OADC) FLE V4 F o
1.3.2 FI&EHTIZERESZSHM KB 0F 5K
PEHF100 mL{t 7HO (Kan /135 80 /3% 1118 £5) 5 7%

( Kanamycin,
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b, 37C I TR S 0Dy, = 0.4, TN £k e (£
WEHR 0.2%) , 4k 4 37°C £ 553 h, B T vk 0.5 -
2 h,4%C,5000 x g 50210 min, i 10% H ¥ 3 K
B 5 & T4 mL 10% H 3l 100 wL & & 53 %,
- 80°C {347 -

1.3.3 HME%F XK (allelic exchange
substrate, AES) : H{ 5[4 MSglpX KO Fw/MSglpX KO
Rv (3 1) 9 14 Wik 355 23 BOAF 18 glpX 3 5] K V5 3 4%
2y 1kb [R5, 2l 4k 5, 3% N pMDI8T # 44 i, 1% 4%
PR AL K B AT I DHS o I 42 kL, 2600 % 5 1
Wi )5 > B FH Agel/BamHI [ 1) 25 4 35 4 glpX K24 Fr
B I B B, I K #h JSURE pHINTT g 1) 3K 45
) hyg K5 PR BOE N Lo, K 540 FORE B Spel/ Xbal
fity 13k 13 AES i Bt.

x1. 51 BIRAFT

Table 1. Primers used in this study

primer sequence (5°—3") rﬁstncllon
site

GGACTAGTCAGGCCTTCACGAT

MSglpX KO Fw CACC Spel
GCTCTAGAGACAGCAACGTGAA

MSglpX KO Rv CGAC Xbal
GGAATTCGGCTCATGTACATGC

MSglpXCO Fw EcoRI

CGCTGG
GCTCTAGAGTTACGGCAGGGG
ATAGGCG
GGGTGAGAACGTGTTCTTCTG
TGGTAGGCCTCGATCATCC
GAAAAACCACCTGCTGGAAG
CGCGTAGGTGGAGAACTTGT

MSglpX CO Rv Xbal

MSglpX_RTFw
MSglpX_RTRv
sigA RT Fw
sigA RT Rv

1.3.4 EFEAER: 100 ng AES HL % b A 100 uL
5 DA LR A R R U 2 S Al I, 37 °C Bk 5 K5 974 b,
SR G W B A P W W A T THI0 SF K (Hyg/OADC)
37CH I3 -5 dJa, P v B 347 1 % PCR 6
iE, BN 2] AglpX A5k -

L4 HNAREBRERGTHEEKIEBR

1.4.1  HH: ¥ WT. AglpX 2 T 4b ¥k AglpX::
pMSgipX |- THO 155 Kk, 37°C 55 ¢ 2 0 A K
8000 x g B Lo AR IRV, ek T s ok, A
U AR JE B 10 WL T8 9 23 ) ¥ A T & B A & OADC
(il 7H10 (2 o) ~FAR .

1.4.2 A5 R ER GHRER) - K WT. AglpX K H 4h Bk
AglpX: :pMSglpX F THO ¥ 373 v, 37°C 15 9% 2 6 31
AT, 8000 x g 25 0 Wi B T M, B TG Bk Sauton
Brgrdkrh, AL G R R W e T A A

0.5% HZHEk 0. 5% Ji5 7 & (W 82) ) Sauton 1% 77
Serh, IS 0Dy, % 0. 01,37°C 4E 9% 55 35, W1 1) %
SRR 0Dy, » H 2 40 o 3E NI, Ze il A Kl 26 .
1.5 {KINEHZR
1.5.1 SE&E (H,0,) 415 T LB 135 2 %)
A KM (0D, =1.0) B0 WCEE A1 T 5 I F 3% 385 B
R AT BRI R, 2 BT K PRI W IR S 1 ODgy,
0.3, LLZYREE H5 mmol /LY H,0, 4 F1 h, 7] i
E AR AL BN AL, A0 B b AT AR TG L WT
SAFKE X H,0, [ HURVE o
1.5.2 + IR EFER T (SDS) f Lk o 4 14
0Dy, 2 0. 1, 5 L H B 2 0D, 73 5 0 0. 01.0. 001«
0. 0001, 4> 5 Wt HL5 L1 % B T &4 0.01% SDS
LB P by AT JE, F37CHERIR3 -5 4, 0
WKL .
1.6 WALFEEZ PCR

W WT 3 5l 78 & 0. 5% i %5 Bl 5% 0. 5% il 1% 1)
THO (A5 Hoin) #8597 56 v 85 75 45 50 804 K, dic 4
B B RNA I 3 5% 5%y eDNA, 347 9 06 52 it
ST i PCR RN, BL sigA VE R N 2, K I glpX A4 3%
B, RV R R 195°C 30 5;95°C 5 5,59°C 34 5,40
AN IR o

2 4R

2.1 HEMFE GlpX Xt A [ iz B9 % A &8

T WEFE o BT B glp X BRI AE Bk U5 ARt b
FHOC T fig s FRAT & 56 A H Ik T 20 BRI A
Che9c T4 M gp60.gp61 [ TE 40 & &2 f4 43 T Hik Y5
ST glpX AR o SR Gl i ik b B
TR TT LT B A R T PR I glpX AR BR AE A
W B RS A Ko, g R B xR (& 1),
P00 A T | B % AR 0 I AR A b B AR R A glpX
SEAS IR A K TG ZE S T AE BAH S Ok M — Bk U R
(G T R 7 N R S S [ I 1 R A
DA 6T 250 i A W — o YR D 9 AR R R ko, B AR BR R
glpX FEAR PR A Kl 2 B AT N 3 22 e i A UG
T2 kg W — o YRt 1) % 9 kb, BY AR R T DUAE G, SRR
HRILF ALK 15 glpX RS B ANZE A, B
HE AW AE KR . Ek g REY], glpX
J& 73 KT B AE LA il B TS 07 R Sy W — i U E AT 4K
AR TR .
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1. AEEARKREFEFHEKEBER
Figure 1. The growth of bacteria in medium with different carbon source. A: The growth of M. smegmatis wt, AglpX and
AglpX: :pMSglpXon 7TH10 + OADC with 0. 5% glycerol; B:The growth of M. smegmatis wt, AglpXand AglpX::pMSglpXon

7TH10 with 0. 5% glycerol, but without OADC; C: The growth curve of bacteria in medium with glucose as the sole carbon

source; D: The growth curve of bacteria in medium with oleic acid as the sole carbon source.

2.2 DIATHE glpX REVRITIRINIRE [ 71 B BUEE
{3

SER% O BT R AR AR N T E AR S, 23 bk DL E R
0 A AR A G 2 AN N A S O 30 5 A TR A R
Vil A £ il 5 T B A Wk I i A R T o o 1 dn R M —
AR A 55 TR ) PR 5 R AU Al . DR R AT
o TE R AR AT RBE IR R B R ), LR &R GlpX
& 5 AE HRAR X SO PR B Ryl AR R AE .

BATE AT T 40 B A& H,0, KBRS (19 2E A7
RE 1 Wl 2B JroR, glpX KA MK AE A4S mmol /L.
H,0, 31 hjE i e IR TR AEMOIF A W
FFETE o RIS JRATT A DU T 41 B 0T A B R A )
SDS (RN W&l 2-A FroR, 7E & BiA & SDS 1
TH10-OADC ~F-# L, B A= 7Y B bk F glpX R 22 R B
R HE RSB EAREEER. LR 4R UM
GlpX 5 H i 0% 51 A2 B Bl = A2 7R HT ok B » ) BE JF AN

W0 20 PR BRI TR ) 1) R N B o AR EE U B
12 B glpX S8 BRI AR K B B TR D) 5 56 L g
1EE R R IR I kAT Rk, BT A3 10 &5 R L RE S A
FEEEFRIEPHEIE
2.3 HEATHE ghpX EERRIEKFE

2 FAT W AR AR B IR, R T glpX HEIN
SEAR | L A1 T 7 LA 5 R Ok ME — B U R 7R R AR K
BB . AN, KT ST O 3R W IR TR A A T
WA AR E IR Y . Rk, o T R
glpX FERIAE g M T AR b 1 T 2 1, AT . real -
time PCR LLH T 75 LA %5 %% BIR 5 2 0 ik — Bk U5t
MIREFREAE T glpX BE PR e S K7 B 18 3808 1 B
gh L OR (B 3) S 2R K00, 4 v e LA o7 1 o i
RSB TR AT S glpX HE PN 2235 7K 7 % DA R 2
Bl — B PR RE FR R, L2 216 % (P <0.05),
PEoR A0 TR 7E e R AR R p o g i glpX SE A
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Figure 2. The sensitivity of bacteria to stress in vitro. A: The growth of M. smegmatiswt, AglpXand AglpX: :pMSglpXon7H10 + OADC

agar with or without 0. 01% SDS. 5 wL of bacteria at 0Dy, =0.02, 0.002 and 0. 0002 were spotted on 7H10 agar respectively. Growth

was visualized after incubation for 3 —4 days; B: Survival of M. smegmatiswt, AglpXand AglpX::pMSglpX after exposure to H,0,.

Aliquots (1mL) of cultures at ODgq, of 0. 3 were exposed to PBS (control) or 5 mmol/L H,0,for 1 h at 37°C. The cultures were serially

diluted and plated onto 7H10 + OADC plates and the colonies counted after 3 —4 days of incubation at 37°C. ns, P >0. 05, no significant

difference.
A8 0 BRT 15 LA ST B R A7
6 . S
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3. BHRES BT E glpX EREFRIEKF

Figure 3. The expression of M. smegmatis glpX. The wild type of M.
smegmatis was respectively cultured in 7H9 +0.5% glucose or 7H9 +
0.5% oleic acid and incubated at 37°C until log phase. Quantitative
realtime PCR analysis of glpXin smegmatiswas carried out. The

expression ofglpX was normalized to the level of sigA. * P <0. 05.

3 ik

I3 BT B AT LA I 22 Fof AN [ 10 B i 0 » 42
2 2 A T B BEAT B AU, S =R IR A 3 Bl S
PRI SRR A I UL R R AT BRI 3 5 o BE RS

S5 K% 03 KOFT B 5 7 R TR 24 A Bl TCL (R AH R BE R Kk
I 7 1R 2 45 K% 23 RO T A I e o e o R Y o) T
WU S RE B 5t o A I I T AU I A v, 4 e B
MW EOE ICL A T 1 LR IEIS H G O
T2 R 3 BFI TR » AR I 0E N B S 7 30 I 3K 1 4 s AR K
TR R i o KOLT MRk R, X
TR 2 B R R U AR B A R KA A (2 R
HEBE U R 1B R b, Bl S AR AR HOF A 2B &
5 1R 0 5 G0 S 5 AEL 002 IR U7 R AR 36 T 4 5 1
FBPase Ji& [ i 1% 4 15 2 A i 12 72 46 i PEPCK
PAAN S 53— AN 30 e A ad A vh AN ] 30 e TR O B
Fl——fE L 1, 6 B R UM A il 6B TR R b . 2>
BT B A DO S A2 TS 42 g 10y 2 sl vt 2 e st 2 G
L AR B FBPase KA fIE OB, B 1T 5 AN i BE )
Y 5y 2 B JH & B IR B. FBPase F1JJL AT 5
IR WG IMPase ¥y J& T B 8% 1R 1§ 8 K & (sugar
phosphatase superfamily) , IV %4 FBPase [&] I H 5
P GRS 80 7 o RSO BORF T R % R
B AL S impA. subhB. impC~ cysQ (Rv2131c) Fl
Rv1099¢ 3£ 5. F. Movahedzadeh %5 i i 45 K % #F
WP SYERIE Rv1099¢, K ILEH A7 11 % FBPase &
ST 0 Rv213c [ A6 BF U R BLIL R A
IMPase #1 FBPase XL H 3% 1, P& b 4 I\ 4 7] g J8 T
IV 7 FBPase "™ o Bl 19 52 5 7 £ LAH i o g I
P2 g ME— B U5 0 B TR AR R glpX RASKR A REAE K
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X LE BT RE T glpX HE DR 4 A 4 AT 1
FE ) FBPase, H Al 1k AR R A2 glpX 55 1R (1 2 A -

o Tk 2 B BF 9 B, 76 k35 4 BFT B R
FBPase 41 ) A% 1] 3 J52 1 14 F 3 30 % - T T B [
Ol I 2 B, FL AT K BT Fad (9 40 404k 1 1
FAM o e, AR W FBPase fF kB 5 2k 3% 18 v
TV 6 4t R 461 26 W AR T ok £ O R N, T 7 U4
PR AR B T S AR . Bk Ah, TR R
AR Y R I 2 SR R AN BE 0 TE S 4, I Ok
FBPase [ 2 ¥ 1R 1] fiE 25 55048 40 0 BE (1) 5 2% 45 19 o
% T UL, RATHEAT T H,0, 41 B LA 7 SDS
(AR SR g B (H R &5 R glpX Bk AR 5%
0 B % H,0, % SDS [FIURYE . % 18 B glpX 5845 bk
LTE & AR I 3R 6 b A B 2B K BRIk ok si it
AFARTE 7 B IR oh AT, X T B TE AR KR B
W T lpX JE DRk 51 i) R TR 2

L b, % 45 8% 4y B FT B PEPCK 8 1 4 5 % DA
pekA [RVRF 5 B 2% K TR 2 40 18 75 150 40 i 2% /N il
PR KT 5 T O HLTE R e R e v, — B
pekA JE TRt H0 A, 4 BRI b o s e R
TraSH 45 S #7575 Ro1099¢ T B8 2 14 py 0 75 56 DAl
He T R S BORT T glp X IRUAR T RS LE 1 A 2
K S e Mk e R e R B T R AR . HE
T ik 35 43 BT 1 S b AR SO T 4 BT B 78
20 L % 400 R A O F 5 oh B A AR K 1 R B
WA 2 o HE AT 7 7 R o B 7R K Ok 1 A
AT % B8 E B0 VE 20 BFT B B glpX LR, L
TF 5% 75 45 0% B I e 1 6 S0 R b i 1 T

Lr BT, oA I 78 Hk R 4 B AT B bk 2
glpX IR S B G AE LT i R G I 1R S M — 5% B
BEFR A R0 A K B G, 35 R glpX DR 4 1 )
FBPase J& 43 5% FF 11 B 5 £ 38 46 BT 0 T 100 A BF 5T
GERARIR T glpX FEDR R — ANV TE 10 B4 R 25
o,

25 SCHk

[1] Dye C, Williams BG. The population dynamics and
control of tuberculosis. Science, 2010, 328 (5980) : 856-
861.

[2] Boshoff HI, Barry CE. Tuberculosis — metabolism and
respiration in the absence of growth. Nature Reviews

Microbiology, 2005, 3 (1) : 70-80.

[3] Munoz-Elias EJ, McKinney JD. Carbon metabolism of
intracellular bacteria. Cellular Microbiology, 2006, 8
(1) : 10-22.

[4] Munoz-Elias EJ, McKinney JD.  Mycobacterium
tuberculosis isocitrate lyases 1 and 2 are jointly required
for in vivo growth and virulence. Nature Medicine, 2005,
11(6) : 638-644.

[5] Gould TA, van de Langemheen H, Munoz-Elias EJ,
McKinney JD, Sacchettini JC. Dual role of isocitrate lyase
1 in the glyoxylate and methylcitrate cycles in
Mycobactertum  tuberculosis. ~ Molecular ~ Microbiology,
2006, 61(4) : 940-947.

[61 Munoz-Elias EJ, Upton AM, Cherian J, McKinney JD.

Role of the methylcitrate cycle in  Mycobacterium

tuberculosis  metabolism, intracellular  growth, and
virulence. Molecular Microbiology, 2006, 60 (5) : 1109-
1122.

[7] Upton AM, McKinney JD. Role of the methylcitrate cycle

in  propionate  metabolism and  detoxification in
Mycobacterium Smegmatis. Microbiology, 2007, 153 (Pt
12) : 39733982.

[8 ] Marrero J, Rhee KY, Schnappinger D, Pethe K, Ehrt S.
Gluconeogenic carbon flow of tricarboxylic acid cycle
intermediates is critical for Mycobacterium tuberculosis to
establish and maintain infection. Proceedings of the
National Academy of Sciences of the United States of
America, 2010, 107 (21) : 9819-9824.

[9] Sassetti CM, Rubin EJ. Genetic requirements for
mycobacterial survival during infection. Proceedings of the
National Academy of Sciences of the United States of
America, 2003, 100(22) : 12989-42994.

[10] Sedivy JM, Daldal F, Fraenkel DG. Fructose
bisphosphatase of Escherichia coli: cloning of the
structural gene (fbp) and preparation of a chromosomal
deletion. Journal of Bacteriology, 1984, 158 (3) : 1048—
1053.

[11] Donahue JL, Bownas JL, Niehaus WG, Larson TJ.
Purification and characterization of glpX-encoded fructose
1, 6-bisphosphatase, a new enzyme of the glycerol 3—
phosphate regulon of FEscherichia coli.  Journal of
Bacteriology, 2000, 182 (19) : 5624-5627.

[12] Movahedzadeh F, Rison SC, Wheeler PR, Kendall SL,
Larson TJ, Stoker NG. The Mycobacterium tuberculosis
Rv1099¢ gene encodes a GlpXdike class II fructose 1,6—
bisphosphatase. Microbiology, 2004, 150 (Pt 10) : 3499—

3505.



ERRERSE: RO glpX SERTO DI fiE. /3 A2 2# 4R (2014) 54.(3) 291

[13] Zhao L, Xia Q, Zhao X, Wan K. Knocking TAP tag in dE A TR ,2012,32(9) :101406.
the genome of Mycobacterium smegmatis me® 155by the [17] Rittmann D, Schaffer S, Wendisch VF, Sahm H.
recombineering system in Mycobacterium. Chinese Journal Fructosed, 6-bisphosphatase  from  Corynebacterium
of Zoonoses, 2011, 27(6) : 539-546. (in Chinese) glutamicum : expression and deletion of the fbp gene and
AT Bk B Ty . T AR R 2 RORE R 1 AR biochemical characterization of the enzyme. Archives of
LTRERSGH TAP b8 m N 0L G 4 B A 3 1 7 B0 55 Microbiology, 2003, 180 (4) : 285-292.
o [E] O\ Bk B AR, 2011,27 (6) :539-546. [18] Gu X, Chen M, Shen H, Jiang X, Huang Y, Wang H.
[14] van Kessel JC, Hatfull GF. Recombineering in Rv2131c gene product: an unconventional enzyme that is
Mycobacterium tuberculosis. Nature Methods, 2007, 4 both inositol monophosphatase and fructosed, 6-
(2) : 147452. bisphosphatase. Biochemical and Biophysical Research
[15] van Kessel JC, Marinelli LJ, Hatfull GF. Recombineering Communications, 2006, 339 (3) : 897-904.
mycobacteria and  their phages.  Nature  Reviews [19] Hasan MR, Rahman M, Jaques S, Purwantini E, Daniels
Microbiology, 2008, 6 (11) : 851-857. L. Glucose 6-phosphate accumulation in mycobacteria:
[16] Fan X, Xie J. Recombineering  based  on implications for a novel F420-dependent anti-oxidant
mycobacteriophage  and  its  application. China defense system. The Journal of Biological Chemistry,
Biotechnology, 32(9) : 101406. (in Chinese) 2010, 285(25) : 1913549144.

BT BT 20 BORT R B R T AL AR g B R

Gene function of glpX in mycobacterium

Xinwei Wang, Daoyuan Ren, Qian Gao, Chen Niu
MOE & MOH Key Laboratory of Medical Molecular Virology, Shanghai Medical College, Fudan University, Shanghai
200032, China

Abstract: [Objective] To investigate the function of glpX gene in mycobacterial physiology and metabolism. [Methods]
The glpX mutant of Mycobacterium smegmatis was constructed byusing mycobacteriophage Che9c-encoded recombination
system. Then the growth difference between mutant and wild type strain was compared on various carbon sources.
Furthermore, we analyzed the glpX gene transcriptional level of wild type strain growing on glucose or oleic acid by real-
time PCR. [Results] The growth of M. smegmatis on glycerol or oleic acid is strongly attenuated after the deletion of the
glpX gene. The transcription of glpX gene is upregulated in the medium with oleic acid as the sole carbon source.
[Conclusion] These results indicate that the fructose 1, 6-bisphosphatase encoded by glpX gene is required and
nonredundant for mycobacterial gluconeogenesis.
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