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Advances in system biology of Mycobacterium tuberculosis based on
proteome microarray
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Abstract: Tuberculosis (TB) is still one of the leading causes of death worldwide. Due to the ever-growing
problem of Mycobacterium tuberculosis (Mtb) drug resistance, TB is still not well controlled. There is an
urgent need to develop new technology for promoting Mtb basic research, and to reveal new mechanisms,
identify new targets, and develop new anti-Mtb drugs. Bore this need in mind, a Mzb functional proteome
microarray was constructed to promote basic research. Considering the high virulence of Mth, long
replication cycle, it is very difficult to perform Mtb related studies, thus efficient tool is need. The proteome
microarray is a powerful tool for the researchers in the field of TB study. It has already been successfully
applied in a wide range of studies. Better understandings of a variety of key biological processes have
already been added, for example, Mtb-host interactions, small-molecule-protein binding and mechanism of
antibiotic resistance. In order to help readers to better understand this powerful tool, we present several major
applications of the Mtb functional proteome microarray in this review, we anticipate researchers will adopt
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this powerful tool for a variety of TB related studies, thus facilitate both basic and clinical research of TB.

Keywords: Mycobacterium tuberculosis, Proteome microarray, Host-pathogen interaction, Protein-protein

interaction, Protein-small molecule interaction

LRI AT BT IR T, JE B4
R RICT RINZ —, S50 Ir R8T A%
TE BT A e v g thHE A2 45— de i TAH 8L
fili, 2017 ARG B AKX 1000 J7 A, 4K
T ABGA 160 71, 2018 4 9 H HIFRIBE A 451
3 1) AL ) 5 TSR ) WP 45 [l 75 2 R B RS
L A% R ATk . BB BL AR IR YT
M FEAE T 2 EW 251 (Multi drug resistance,
MDR) fl )" 32 T 25 1k (Extensive drug resistance ,
XDR)4E B . 22 T 1 245 1 45 000 10 1A ARl
55%, M) IZIZGPEEE R A ERAUE 34%!1.
L5 0 25 W B = DL S 25 A A B T A O Ak
WEFT B AN R SR i 24 1 25 A% TR A R I By F
JECRI BV DRI T 2 AR T AR 0 85 A R A A
9%, JFTESCIERE A A BT BT ES 25 . e
Wy kst AR Lo E Yl .

BT R — R — AR ) 4 R el
KR 435 DR e 4 5 1) 2 11 Jo L B 9] O Xt 7
AW R HR . SRAIEARAN 7, Al e
WL T A Y S E A B EAE AR
PO 0 S FLE AR B GRS . A LS
A R ARE R T A DS Y HR
EARALE AT LU FEA-E AT RS, &
[1-DNA AHEAEFY -/ FAR EAE SR R
MIEAR P 0L IAECY, X ) X R Gt T
fifp S Ze s B i U B R R AL A
AR TEE B R Y 5E, Al A B T45
Mo BFF TR DA S 55 78 3= 22 [ AH B AR e,
T DA EE 25 % 0 B i = 5 0 . AN
SCI AN G W AR AL, TR S AH DG 25 4 S
MRS

= N Z A BB 0O, a1 iR F
RGBT E e E AURALS A, A
B AHS 95%. G BT 3 829 FhEER AL

FERRARAER R H3TRY A g idh (1) LA K 433 FhE#% ok
FFEREEE CDC1551 Frafidiry, Sk 4 262 FiEEr
o PSR I BAE N-AKRuintii A GST 1%,
FERE AR R TP Sl 3Rk, @i GST JEAM i
wARLL, BEBOR A 25% M HH AR TR
Pt ) B R B PRl —BEAE 0.1-1.0 pg/ul, 4l
TE 85%V) b gk rELL 8 pLAL%ET 384 L
Me, F-80 °C ¥ifr. & IBLE R il & R &
A R EREAS, AR I AN [ R R AS [R) A& 1
AT R R A AF I R 7E-80 °C WRAF LA
#H.

AR SOWE T S A G AR I TR AL B
HEAT W G5 A% 5 BOFF BAH CRIE 9 TA, TR AR
I tE EAEAER . {5 1% Sl 5T b g 1
B KT AR5 BOFF BB 25 B8 AR BRI 5, IFXF
B A0 S5 3 RO IR R Y R G AR W i
FHHEAT S F R
1 ZBHER4ER BTREE AL RR

SR BRE AR S — R o St i, Ak
T 2 A S A A R i S R S a7
G RE B, A AT DL IR 1 321
g 2 i 210 R vl 5 0 1o 3 AR R
KUV B AT A T A0 M 64 5 53 R AR ) T g
SRt o L g AN b s i, s
SRR P A3 i —Fh S A RR IR PtpA ST 75
F 2 AR A b ) S B TR E ATP BT, AT
G WA A R A ot HLA R A A RIS e T sk
H A HUA /D 85 A% 43 RO TR R0 28 0% ) RE 1 i
B0 st TR AR R AT R S TR R A
F B AE EAE FIBLE R B I AN

T ZT I SR A 35 A AR A 5 vk R A
PR B A 52 (Y 2H) FLE A4l Ab- i3 73 B (AP-MS) i
PRI AR Rk AR AR T HAT AR A B

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



VLA A BT HE ST I Z5 A BT 8 R G A= ) WIS i 417

K HRERINE] 20009 8 -4 FARE R, i
SEANAlAL- T 43 B IR R IX 43 2 Analifh ok i 25
P15 B A 2 AR B s Ak HEE R G
P2 S R AR AN LR A R & PG A%
SYBAT R S 16 EMEA-E AR,

Wang % & A5 0 R o R il Pp A 38 1
FEPUTE EANRAYIZ R E B TRIM27 P B w41
I A 2 200 B TR 10 7 A D AR 0 A3 A A R A I
RN RILEAERS, g T 2 R AT 45 TRIM27 1Y
BN, BE 1, AR R S5 A% 5 RO P 2R 1 R4S A
YR T 321 NSRRI ES, Kb
29 MR CHGE MW E AP, 2 AT
RILM PpA WAEIX 29 NHbE AR . Y
AR, 5 TRIM27 AHEAEHIE LIRSS
AZRE, WESIRN . e s DU RE A5

He S5423E T — R 772 SOPHIE (Systematic

unlOcking Pathogen and Host Interacting Effectors)™,

AT 2R R S B 518 £ E M-k
FIAHEAER . 207351 e N E i i ik 474 AE
YRR, XRRA RN B E A T A E iR,
PR A 0 ZEARIC 1) BB 5 S5 A B TR B 1 T
A TR, Bl R SRR I M BE R S
E$1 RPN A= B E R SNl e S G ey
5 S MR R E L 100 B, Tl
Sy AT B R A XY E G B SR T RE R N, T
F A T e 1 3 % A AH B F 0 %2 2
MW, ik, NS ET 26 ME
VAR T, X UEHEE R AT RES S 4R S
T8 EMEER. E—2, WEE RIS
FERE e B A, FER/RPE D REWFIE P AR
RN R FETE— X 25 % 0 R T A A7 b 75 I R AT
ik BAB P70 s@id— R0 9086 L %R
5 NF-xB i %+ () S5 2 RPS3 #1454 . RPS3
(VE A 2 — S 4% NF-xB R 4 a2 3L I i 32
ko WFFEABFE TNF-o BRI T, BB AEM/>
RPS3 HEAANAEIAZ, FEmidXF NF-xB U7 B 1 7
PP P —44F HEK293T 4l it %1k BB % FH

REASAR AT HO A NF-xB NUF4AMuA -+ IL2 F1 IL8
MFRIK. 7o, TERHREFFR RS BB B
% 36 3 00 ) I 2 LA S AR B IR A 2Rk, AT
P IR o3 BOFF TR TE A ML N I AE3s o IRt 1B
—FlB R B GAZ S B ROV B 1, BRB AT LA
YRR —ATEAE R 28 A

i1t SOPHIE ARG ESEIY 26 AR & 1
XFF I S A5 4% 43 ROFE T s S A 32 AH B AL
WRABRENSEHME, It R0 0] ] T45
BT iR E N . XEEAHTSE
AEZGYERREAAR, KA IHT
it 25 VL 25 4% o3 BT W 29 W 0 T N i . AH EE T
A AR, SOPHIE HALUTFA: (1) REfEER
RSB vp 4 Jmy M ARG I 1 5 A% 0 ASFF R AR 1 S e
FE MR 2R AR Q) TR
PR 2 A A R R A D R e 1 O S R
[F] A FE Feak Fnatifl, AT DAGRAS 4 i i Ry 2
WE, WA T E A EAE AR (3) A
W AR TR A, R R AR IS RS
SERMNT TR R BRIX 26 NMEARZAN, HE
O S T & B AR i BE P B 1 AR A — R
ROV AR o M X S 1 D Re AR AT Bk — 2P
SeNE, WS E AT A TR OGS . SOPHIE 7E4%
A HABEAM, AN TFHEERESE R
AHEAE RS o 20 ] >R T3 5w ol 34 A58 4 B
MNEE RS A, D788 SOPHIE 2 py5ms, Fiis
g AT HEA AR A S 5 N ELA R AR R 4R
PEE ISR .

2 BHRAGR EEBSBEE TS
3 3 7 5 v B L

B 53 BT TR I 9 2 T i 2 0 0 2
AT A 155 3 A S LR A P xR
FE WA PP 0 25 R T AR LA A S i
B HA LA AT BT B SR 2 g i
AR G T4 11 AL AR S A BT T 1 5
fle SR e (01 20 B A DT, WA A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



418 A 2 A

Microbiol. China

SAL PR BIFIFEH c-di-GMP 1555 TR
IBIESR -

W IR 1k 7E B A0 M LA R R A i 1 15 515 5
HAAEH TR IhAEDY . 280/ 75 R E 1
(Serine threonine protein kinase, STPKs)Jj&—4]E
A h A R O, AR — R
1555 Z B0 R S AN TR A 2, S 00 R T
RIZH A 11 Fh STPKRs™ Y, X — 21 2K 13 e 45
W o RO i I 0 A A BRI . AR BE Y 5 i . A
SYSERNEORE A A A D, W %
FIFH 2542 53 BoFF TR 2R 1 S 4 oes Fr 4 e e il 1 45
OB R B EE 5 408 11 #0 STPKs A EAE I
I, WET STPKs-2& [ E A 4 K5,
JerP I dE T 492 MESEEER 1 027 MHEAE .
WG BAFA RN, M EAERMELIRES i £
R, BIAABUEH 4> RS0 . sk i . AR L
20 0 BE 5 IS B A o I R A R A B A
Y FH = — > BRAR S5 42 0 SO B Hh OGBS 5 1% 1l
PRI DT

TESREWIFE T TH, AE R — 0T, Wu S5RE
TE 22 5 FR 90 2 B EE 1 PknG 177, PknG fEf
SR ENTE FRT Y, FESS BT I R
RIFEENEA, ABBOAR 2 B %
AL HBATERE . Wa S5F I8 A B
R % 59~ PknG A ELAE FH IS5 /0 A v
B, MY T A R A58 7 75 )
MR 7R R R M EAE R . RS B
Pra By PknG AHEAEHIE AT, dNRES S
BEAH DG B R B AR . H R RS BGE
2 AN E RS> RmIA Fl WObL2, LK ik Swk
B GEAR Y SEREASY MurC™ gE— 98 R B
RmlA il MurC #/2 PknG IBERRILIEY), PknG A
DA Sd S R A 1 A TR Tl T M T 01 42 B
RERRERAEI G A T BRI IR R A 1 5 A
5 S 2 A AT TR AR A 5 R AR
Mz — 4K PknG E— MEFERBILEE 22y
7Ly

c-di-GMP A Ay 4 A1 Hh - 47 6 1) 575 A% (43
TR Y 2R AR, BIAnAn T RiE 8
AT AT B . A L A AN 43 L R 2R B T B
HEHOPT - di-GMP FESN T H A P D RE AR 1
PRI AR 2300043 T S BR AR H R T I s
I FHIBFSE A B . Zhang 25 AR M KAL)
c-di-GMP 5455 BP0 s, &
BT 30415 c-di-GMP MIEAE R &P, o1t
XA 12 MEAMAEA motif AxxxxAxV, A<
TR PR AH B A v i R 433 A A= T
VL B G B S AR 3 T B

TERIAE IS RERTSE )7 161, Zhang 25 M % 5E HAH
HAERE AP T — M N T EthRPY,
EthR & LA B (ETH)BIG 2 H EthA BG40
HAZEE ST TR EthR 7R TEEHLE A BY
T#EdT ETH AHC B 2901 o HF9E K c-di-GMP
L5 EthR 25 54858 7L 5 EthA J5 8175 1 AH
HAEH, M PR T EthA B552KF. T EthA
%5 ETH 89361k, i c-di-GMP 5 Ethr 9454 0]
BRI AXT ETH P25 . XA R B
T —FEr R 24 A i =, BNy A
B, TR S G B A5 SRR s e AR 5 |
AT 2y a8, R AT c-di-GMP ) —FfH
(R D RE AR AL I i 45 A TetR RKIGE
P21, XX c-di-GMP Ji45 4= Wy sIe s i
5 R A 25— b 72

3 SRR T EE RO R DL 25 WA
FALHIBIA

SEAZIR T 25 2 M AT A R I XS . H
BT 2 P aAZ 259, n—Ze 259 5 AR
PR WMERMERE . O Tl BERE R M
Yy 2 5 MR e (ETH) S5 80 10 B 1A W] 72 B2 1) T 245
PP B & N, S0 AR
PR LS5 20 e & kY SRR 2
B A TEEBE

K7 R A MHA R St (Pup-proteasome  system,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TLAAAE: BT HE FUBTAHE Fr BES A BT B R G A= 2 o i g 419

PPS) /2 Z5 1% 73 BUFF R AR N —FP B T I A W02
F-EABHA RS, AR A Tk R
fRBSIRE, © BE WA X454 0 BT I 7E 18 AN
AR S, TRzl Y, PafA /M HAEIC
HIRE—2RIZ RGN, M2 R Pup SIRYIZ
W4 P70, FEAIHE S & B PafA 76 AR
WAREER, I HPPS AT E4: K2 BmiEME
YA AAEAE O G X B AT LATA PafA
D N 18 = R NERY A TSR/ =W NS 2%
FeFFEE PafA AYERATAITEVELRERRNE, B 2540 1
KRR, XTI R MERA S, WICH
Tl SRR A -

Jiang %5 K BH PafA (2877 R EMHG M ] 922
AR AT AEBSF Eakdmi ), Bty
FW] AEBSF F2LGE NG5G 2224008 119 fisik
FEIDHIVER . E—2, il AEBSF 4551928
[ BELEZ MR, 225808 119 13 5 2878 IR M 1
AHIR)G PafA JLT 584K T Rz R H G
PEo A Fah AR EE R B R %S S119 JEF 1430,
& AEBSF 8578 AN 2 12 v] 18 A Pup 1) C-
KUl PafA MIZSG 1055, M T8z RiE
MG o BEJS AR A P2 T3 HOR (BLD M
FR2STZ RIESL IR TiX— &8, KAWL G
TNERXT S119 AL HEA THE B T LA A A R 7E A
DIUAR RN L W5 240 L rp 9 A A7 o IS aE 2o 22 A IR
W17 PafA S119 A s ATAE R — A48 1 NG Hi4s
PR G T I A5 n i Akt . % 8204
X} PafA NG RIAAAERIE Z WM, BN
FERAFE SRR PafA  FoF il 7 B2 (4L 3 B (14 Jr 1ol
N e 2 U T 25 VE S5 AR PR HE PT RE R 1E I . 7R
WEFE R BELRE |, AREIH B4 5B A1,
B X858 0 KA PafA 11 S119 K47 T 36T 1
BHLM 25 Teie, HAlte 288 LA B st
s PER e R b Y, MR et

M W i e 2 B RTVA YT 45 M 0 — 4R 25 . ik
W eI — TR 2y, T B A RO R
prcA R i s (1) N 8 Tt e A4 A 1t A B 2 it g

BRI . RV A% 43 AT BT T R R T g %) T 257
ZHUEH pned RABGHE, (BB ReEREITA
(14 L R P A 7 25104 I R A SC IR 78 25 4% o0 A
FFOR HRAEAE 25D AN HER TR 25 AL, SR TR A A7 AE
M8 1R 0 HE FLAH DG 9 81 11 210G AT WIRLE H A IF AN
#191 Zhang S FLE Y R AL IR IR 545400k
MR R4S I E ROv,, % T 456 MR R
#) 4 FPAMIESE S Rv0191, Rv3756¢. Rv3008 #il
Rv1667c, FRRISLK KX 4 FPoMHES (1L %
K 255 R G5 A% o3 R AF TR G EE S T e | kDR TR 1Y
RACEBUE, (AR HABZ N TCsZ 0 . 5 R,
TSI HIEZE 901 500 4an A IS L S ARURE R 4 A K
Ja, 1FIRIX 4 FPINHEER S5 A% T B A i
WRBERE A UM ZAR G N . X S5 R 4 b
HEHE 11 AT B R AL R I /e R R AN HEARR G, R
A3 FEFT B R IR I 245 B4 vT REAIL I 2 —

4 BEMBER

RYE W2 WA B TR E X 45 4% B TR
ARG, VRS RTS8 £ Z A EAE Y
T SR — B IR B = 5 8000 25 4% 4 B T 2R
PR 25T TR S5 BOFF TR B 1 LA
(I AN T3 — 25 (1. 2R 3 FZ0th
B4 TIEZ )TN 1), W7 fE A1
ARG 6, N G5A% S RO B B B
AR T — kA R e -1 3R A A BLVE A
W2, 3Tz AR FH ) 45 56 2 R i A7 R
BfrB ¥ 1 3 B WA A 5 M S g i B
FIH Meb B TN R &3 T 12 RE M TRIM27 5
Mt M EAEFEE, NG T X Meb-J JAH SLAEH
MIAIR . FESS o BT IRE 515 3l B ot
N FHEEAZ S B BB R AU R i T — ik 42 )5
PRS- 2 A AR R4, TR BAE ]
M2 BT PknG AR5 AT B AN BE 9 A= 1k
FRGHE % . FEE /N T A EAE ARG rTE, N
FHEEAZ 53 BT B 2R 1 T 4 e et 5 A i 4y
F ¢-di-GMP 1 30 RN ST AAEERE B0 3

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



420 (G

Microbiol. China

Mtb-Host interactions!?>2%

Kinase-Protein interactions®”!

Mycobacterium tuberculosis proteome microarray
Coverage>95%

Protein-small molecule interactions>"%!

Biomarker identification!'"

E1 ETERSFFEEERASHMRAFTENEMRIAR

Figure 1 Advances in systems biology of Mycobacterium tuberculosis based on proteome microarray
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