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The identification, function and signaling of
Mycobacterium tuberculosis secreted effectors

Ph.D Candidate in Microbiology: Wu Li
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Abstract

Tuberculosis (TB), caused by the facultative intracellular pathogen Mycobacterium
tuberculosis (Mtb), remains one of the world’s deadliest communicable diseases. About
one-third of the global population was infected by latent tuberculosis. In 2013, an
estimated 9.0 million people developed TB and China alone accounted for 11% of total
cases; and 1.5 million died from the disease, 360 000 of whom were HIV-positive.
Globally, an estimated 480 000 people have developed multidrug-resistant TB
(MDR-TB) in 2013. On average, an estimated 9.0% of patients with MDR-TB had
extensively drug resistant TB (XDR-TB). A string of shocking data abovementioned
indicated that Mtb is still one of the most formidable pathogens. The pathogenesis of
Mtb is largely depends on its successful intracellular survival, a process which depends
on an array of effectors (or virulence factors) to colonize and replicate within the host.
The success of Mtb can be attributed to these effectors which contain lipids and secreted
proteins. These known effectors can be classified as (a) enhancing the resistance to host
toxic compounds, such as KatG, SodC and AhpC, (b) blocking phagosomes maturation,
such as PtpA, PknG and SapM, and (c) evading apoptosis through NuoG and SodA. It
seems that there are still a large number of effectors to be discovered, although some
have been identified. The identification and characterization of novel virulence factors
can enrich our understanding of Mtb biology and facilitate better control measures.
Therefore, we mainly performed several studies as follows.

The present study introduces a novel pipeline to predict Mtb proteins involved in
host-pathogen interaction. In brief, data from multiple scales were integrated: (a) gene
expression and DNA microarray experiments in macrophages; (b) genome-wide
insertional mutagenesis defining gene essentiality under different conditions; (c) genes
expressed in animal models; (d) genes expressed in TB patients; (e) genes lost in

\%



[ PN e e VA

clinical isolates; (f) cellular localization analysis and subcellular localization prediction
tools; (g) non-homology analysis and gut flora non-homology analysis. We designed an
integrative analysis pipeline including whole-genome scoring, ranking and prioritization
algorithm and to screen datasets from multiple scales. Based on the criteria of
essentiality and selectivity, 54 promising hits were identified. These proteins satisfying
the following criteria: up-regulated during infection, essential for the pathogen’s in vivo
survival but not in vitro survival, conserved in clinical isolates, located outside of the
pathogen and non-homologous to host proteome and gut flora proteome. It is expected
that the 54 selected candidates can benefit the development of novel anti-TB drugs.

Secondly, we choose one potential secreted protein Rv3402c as target for an
intensive study of molecular biology and cell biology, this paper focuses on the study of
Rv3402c which involved in the interaction of pathogen and host macrophage cells. The
Mtb iron regulated open reading frame (ORF) rv3402c, encoding a conserved
hypothetical protein, was shown to be up-regulated upon infection in both human and
mice macrophages. To explore the function of this ORF, we heterologously expressed
the rv3402c gene in the non-pathogenic fast-growing Mycobacterium smegmatis strain,
and demonstrated that Rv3402c, a cell envelope-associated protein, was able to enhance
the intracellular survival of recombinant M. smegmatis. Enhanced growth was not found
to be the result of an increased resistance to intracellular stresses, as growth of the
Rv3402c expressing strain was unaffected by iron depletion, H,O, exposure, or acidic
conditions. Colonization of macrophages by M. smegmatis expressing Rv3402c was
associated with substantial cell death and significantly greater amount of TNF-a and
IL-1B compared with controls. Rv3402c-induced TNF-a and IL-1p production was
found to be mediated by NF-«B, ERK and p38 pathway in macrophages. In summary,
our study suggests that Rv3402c delivered in a live M. smegmatis vehicle can modify
the cytokines profile of macrophage, promote host cell death and enhance the
persistence of mycobacterium within host cells.

Finally, this paper explored some important functions of protein tyrosine kinase A
(PtkA) which is a regulatory protein of the famous Mtb secreted proteins protein
tyrosine phosphatase A (PtpA). PtkA was originally annotated as a member of the
haloacid dehalogenase (HAD) superfamily based upon sequence homology. However,
biochemical analysis of its enzymatic activity demonstrated that PtkA is a genuine
protein-tyrosine kinase. The unpublished data showed that Mtb H37Rv aptkA deletion
mutant is more resistant to oxidative stress (hydrogen peroxide and cumene hydroperoxide).
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Abstract

Therefore, we assumed that there is some unknown substrates of PtkA in Mth. We
firstly identified the substrates of PtkA by combination of in vitro kinase assay and
radioactive two-dimensional electrophoresis (or named standard 2D-gel-based
phosphoproteomic study). But we unexpectedly found PtkA’s upstream regulatory
protein that can inhibit the kinase activity of PtkA. It is very likely that the main reason
that researchers cannot find other substrates of PtkA except itself and PtpA, although we
don’t know what the specific inhibitory protein(s) is/are. Besides, we have optimized
the experimental conditions of purification and in vitro kinases assay of PtkA protein.
Then, we maked a list of phosphotyrosine-proteins from published bacterial
phosphoproteomics studies. And found out the conservation of phosphotyrosine proteins
which have homologue in Mth. We overexpressed and purified those proteins in E. coli,
and do in vitro kinase assay to check which one is the substrate of PtkA. Then we found
TrxB2 was a genuine substrate of PtkA by using dose-manner dependent assay,
phosphor-amino acid assay and site-direct mutagenesis. Phosphorylation of TrxB2 by
PtkA does not affect the enzymatic activity of TrxB2, but it was able to inhibit the
secretion of TrxB2. In another word, the Mth H37Rv AptkA mutants released more
TrxB2 proteins out of the cell compare to Mtb wild type strain. Our unpublished data
showed that Mtb H37Rv A4ptkA mutants was more resistant to oxidative stress
(hydrogen peroxide and cumene hydroperoxide) compare to Mtbh wild type strain. Given
TrxB2 is a thioredoxin reductase which can neutralize the oxidative stress. Therefore,
our results may explain this phenomenon abovementioned: Mtb H37Rv AptkA mutants
secreted more TrxB2 proteins into the extracellular, TrxB2 alone or combined with TrxC
can detoxify hydrogen peroxide and cumene hydroperoxide, so that the AptkA mutant
strains showed more resistant to the oxidative stress.

In summary, this paper predicted an array of potential anti-TB drug targets,
confirmed that Rv3402c is one of secreted effectors in Mth and expanded our awareness

of Mtb secreted protein regulatory networks.

Key words: Mycobacterium tuberculosis; effector; macrophage; interaction;

signal transduction; protein tyrosine kinase
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F1E XEiEr
1 &Ei%9%
1.1 GO RATE

SERZ B (Mycobacterium tuberculosis, fRIFREEZAT D & —Fh 2184 K.
1 GC && (65.6%). LPEFRAMARMANBURR . F1HEE == IRIIPER 522 1K
FIVERAR L, Z5A%AT B B SE A BRI 52 6 /7, 3R e 4 B 4 JBE () A 2 ke e
Ko GERZAT B I 20 Ak B 3 005 A I - BT Al 1 LR - IR R B (mAGP) &
A [1,234,5], XA B T 40 M BE ) N A . H e IR B 40 phthiocerol
dimycocerosates (PDIM), #Efik#fE (glycopeptidolipid). FFFEZEHEE (menaquinone)
FIFERAL T phenolpthiocerols 554 A 731 B R |2 HH A4 G R B (1) AR 4544 [6,7,8]
IERXZL) YR T 60%H & 2 I 5T 240 M I > 1 S5 A% AT 181 B BR Bk 1)
PE, 815 H A i BE )20 M A S IR I2 0 1 g B Sk R B T B
(Pseudomonas aeruginosa) [ 1/10~1/100 [9]. &4 ¥ZAT B8 40 B () B (K12 38 PEARAIE
TN 5248 EHCE LS DL RBUE R RAEH o IS5 AT B LF T AEEAR AT 3R
B A7, XFERIREE S T R R R R F R —.

1.2 BRFERITIRE

W ST B R G S B 45 4%9%  (Tuberculosis) 7598 & tH 5 _F 5 S0 (4% ek
T2 — o ERRVEENLAHE =02 — AN B H, HhE 5-10%K A D8
TSR G B . 2013 4F, 2IKfh1A 900 I A B, HrbhE &8 5
11%. SR EEREZR /D . S A2 ANG YT, 2000 4F 4 2013 4R, £
A 3700 Ji BB ER . REDA M EST HOR KA TRBT G Bk 2 aiizom, (B2
EIRPIBET-RANAE R . W B, BAESANE——R T WA O SLT Ef) =
B “EERZIRRIL” il it 2 254544 (multidrug-resistant TB, MDR-TB). |~
225 454% % (extensively drug resistant TB, XDR-TB) DL 5 Wi E: (HIV)
SLRGY, Pagih, (UAE 2013 4F, RIRHA L 48 75 N 2 24545100, H A 9.0%
(R 2 24 45 ks A (R R V2 I 29 45 R - 7E 2013 4F, AERZYA 150 Ji 454
R BET S, Fodt 36 5 N A% AN S d AR B gL B . (UL R34 51 B WHO
(] (2014 FEABREERIFRIRE D)

2 THEBNERSZNBEES —o TR RE

SERZHT 1R o Wb R L 7 AR e N SR A DT T T A I R 1 i
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2, DAEEIEUEH K [10]. HATCHM BT EER 2 RS 24 4 B @H
A1)k 22 45 (general secretion pathway, SecAl) . & /L4431 2 4i (accessory secretion
system, SecA2). XUEZRER W R4t (twin-arginine translocation, Tat) FIVIZL Sy
W 4: (type VI secretion systems, T7S system or ESX) [11,12,13,14]. fE4HEE 1,
KB 73 Wh B AR A2 i I 3 F 2 40 250 (SecAL) MM A Bz i 42 5 i 4
IR, i SecA ATPase Nk H N ichtfitie= [15]. /B HEBA MW N ILAR
Z 1) SecA [A] & Y): SecAl Fl SecA2, [ IIX BN Er 4 AIATA Hi SecAl £l SecA2
UL FR G . AEBURE M) S5 %A B AN E RO M ) 20 B B e A5 20 AR T 35 23 A TR

(Mycobacterim smegmatis) ', SecAl T [is R bZif, o “ExRM”
SRS M SecA2 AR TN “HHM” RS, Hkiric R RMED
[16,17,18]. “ &M 73 R4t SecA2 R A 2= Wik IN TR & 73 BT 181 8 55 /b %
JURAREH [19]. DL EPRF I RG— i RIS E B . Tat 70l R4 H I
R, WMHEREE, R hSMEE, K tat 2EF R85 AT 3w IR .
ESX il RS2 AT KA X B — KW RAEWAIK, H
ESX-1~ESX-5 A, AN LS R G B FURKR IR N, HRILZE RS
FEAEZATHINEUR P KA R R ERIEA [20]. X LA RS —
2.1 SecAl iRk

SecAl 7r it RGAEH RS, WAAAE T A ME - CLE4aE Y Sec K40,
— R WA B ) N-3 A E S KRR B - EE B EZH 7 SecY | SecE. SecG.
SecD. SecF K& HTlfE 5 kP41 ATP B SecAl (Fe4ir+ny SecA) 4
o SecA TEFTAH M H 2L FI, (HEAZAEY) TIZ 5k R G [F] R85 )2 A
[ f¥] ATP ¥ [21]. SecA s Sec 73 RGN H O, BN HAB A A1 ER 4
w7, M H RE B iRt Re B [22]. BB RBHMER —FF, 0BT i s th sk
Z 5 FHEE SecBs DRI, BATTAT AEA FH e AL T 40 M 5T N IR 2 T REAB R R 2R
HE A T NZ A IE 2 SecA AL [23]. 51585 4 SecY . SecE £ SecG 4% SecAl
I3 RGP RIS EIE, PR A A A %S R T o L A B [24]. SecD
A1 SecF #4 R AT, By b di AR ) SecA BiivE [25,26].

M CHE —FE, DHATFE)E SecAl il RAERWE AMIE ST CF XX
PR SecAL (55 tHAE =AThaed, w7 IEHATH N-Ki, —ANBisK g s —
AN AT R RS M. B2 IRIIMEAN B, SecAL {55 IR 2 B 20 MR
BRI T 22 ICBH 4N R 1, SecAL {55 Ak K2 H 60 NEIERIRIEH K. 4>
B 1) SecAL 5 5 KT IR LT H 22 IRFHME B, (HX P K ThReA T [27].
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¥ 1 CHRSEIR
BT SecAl M RS 1or IRy, HILAE KRG E 0 B NiEY), LUR#
PAK AT B T B Sec 23k 2 48 ) fa] B2 2 45 1% 28 R G B R A R BAKHLA] . Sec 43
W ARG WA IR KR AT LA R = AN FE . S, s FRE R

(1 FEE. MAZBEAE R G BRI RESIK, BrErE Sk iR A
IEBERIPT S [28,29], - H S0¥Fi# W SecB A1 GroEL [30]%: 4> THEAR NS & . ANE 2
BRI > FAEARSE &, B A S5 AR A5 G B H SR IR A Re 8 HE 1 TG R Hh 45 & 3
Sec 71k RGN T AU AR — M. Sec 43U RG4S A IR R ARTAM Y TR
BRIIZ A2 SecA 73 1. 5 TR DR IRMITIHAE 55 SecA 4s&, Al
TERREME A ARG T, {55k rT LA i sh & SecA [31]. — BRI Sec 4y
WRRHASER, KYEATESRS NS FHEE SecB EIE, HHE#IICEM
SecYEG 45 &1 SecA I [32]. BhEY, SecB it N F—AMEH.

(2) ¥z, ISR i L E 2 SecA {1 ] ATP [#6E & iE4T B8 - 5
¥ [25,33]. SecA fEEERM IR A (NBDL1) 454 ATP 46 N, ATP /KR
I 125 [22]. SecA I+ FMFHEIRY)E B RTA RIS RE 5 AN FE I [34]: &
S, ZIRBELE A SecA FEUIE KL 20 NEIERR . 2 F K, ATP 454 L SecA {2 f#
Fi4h 16-20 N BRI . IEI, JRYIE AR T A TN RS IS SecA
SecY [28]. SecDF 1] LAE & (£ 46 A\ ) SecA Ml 1E5sia i R I BE L [26]. 2445
% I SecA [¥) ATP /KRB, 2 SRR A TR SecA BN 5 538 SecYEG
() “FLIH 7. SecA F NI BS 1) 2 IR IS 45 2 KBS L7y B e s . )R %
BT 2, W SecA, ZW ARG MRS ILIZITRE [26,28]. A
SecG FIFh NS M AT Bl 2> 2F SecA E3F [22]. IXFHRURIE 3k R 40 5% 238 WK IR
k= SecD HY SecF [26]5 Ak PMF 7K 4% i I BN 2 . T AE Bk 2K SecG J&,
FENEAN IS T2 5 SecD 1 SecF BB A REE | [35]. FENEATRHEARE T
SecA AR EEH .

(3) B —HRWE ARG TARSES, H Lep UIBIT sk e 4 & 4
BEIR. Lep 2 —MEEERH, BEET AR AIE — MK E I ORISR KSR
1 [36]. Shah kAT REN T 4ia Tt SRR E S IR U BIAL s b . — B0 5 ikt
DIRITR R, Fo R 1 AR E A T3 PR 7RIS E i AR s T B B A 7 b B T

2.2 SecA2 HihFE%
2.2.1 SecA2 4y RS fHiAr

MR Z 80 = IRIAVE R 8 AN E 2, A © &0 e 1 70 SO 14 i 5= DR 4 R
St — AN B T SecA [F1 &4, MU SecA2 [16,37]. HRHRZZ )4 % I FH M i
B I BEmBY SecAl 4wt SecA2, fu4E HIE 2 Wity [L TR ( Listeria monocytogenes)
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[16,38]. 7 A B J&E 1 secA2 Jk R I 78 VAN 45 A2 AT 1 5= DR AL 41 i) 3 R BT
[16]. AN 72 B0 I 1L 2 JEBUR R 7 BT B, — N 4HREA S secA B[l
(SecAl A1 SecA2). AT J@H secAl &b TH3EIK, secA2 AR THHREK, HAr
MNITELAEHETR HBAT B . 454 FF %A1 M. bovis BCG H4% T secA2 ARk
[16,39]. TE4KZATEI ., SecA2 ¥4 SecAl XA 50%I1K) ¢ 5 AL & 38%I 7
=3, W FH AR AR ER SR [16]. Fit, REMWM RS
HEE WK ED, (HEfIEDR EEAESN, HAHWTES . B SecA2
HRIE, HAREER SecAL IIEA: R IMA [16]. Aid sl B0 0 SR 37 DAk ,
Rigel 25 N R I SecAl 7l ZAThEEZ AT, SecA2 4rilb RGHIJEY) Msmegl712
(FERLF 30 #5032 3 — € 4], 1X 368 SecA2 ¥ iz KPR, 5% SecAl
125 [40]. 4b4h, A fi 138 B0 SecAL 8 H 1355341 T 40 B B FH A |, 1 SecA2
EATE ST MMF T, 1 H SecA2 47 ThAER 7% ATP & 5,

2.2.2 SecA2 5k REWIED

FEAL ] —4E-PAGE LU HIE Y5 7 BT 181 (1 40 M s 40 73 BF .- Gibbons &6 AR BIL T
SecA2 7 RGN B S SRR & H : JEEE Msmegl704 1 Msmegl1712
[41]. 4Rk secA2 ZEIRIIN, X PRANER BTGk 70 Wb B 40 MO BE |, 17 A& 2R S A 40 i o
MNP 73 s H AT ZE L A 20 W R — 28, BRI & AT A D
THIRTARE A . A AR, secA2 BB A 56 4 I IKrx S8 i85 (A /) 2>
W [41]. HENTREIEA H el RAEN FXLEE AWM W, (HEFHAIEH. BN
ZERENZ, FHARARIEEAAZH SecA2 73 R &A1) [41].

TEXT ZEAZ AT B 4 b 1 P EAT 1R — UM B T 22 0 T R I T SecA2 43k 7
SGiHJEY) SodA CERBEALYIEALER) [39]. 1 —4E PAGE LB 4 A%AT i B A Al
Fl secA2 FRAFR B R FLIEME AN S (CFP) i, R T DENEAREZR.
R =R A FAE secA2 RAPRK CFP 415 & k> T SodA, Acr (a-fbfA%R
[, HspX) Ml Rv0390 (ThRERMMEH), HASH/ESHE [39]. KA F el
S AT FIBEE 4> BT RS B 5D SecA2 43l RGN, b BIRFFRIEF ) SodA & 1%L
BN A Y B B TR BRI T [39,42]. BT Gy BN A BT R B A — ANt
AR E KatG G A WERE-IT S 1 i ikl SecA2 b R4E, ‘& sk
MMETIK. B, ZRE UL EARPEIEARESE, 59 SecA2 73 R GRS ik
BlESHMEE SRR EA . EEEANHIES B

2.2.3 SecA2 43k RE L AT A BUR HEF RI/ER
HEYG /0 MBS secA2 RAGKRIE SE 15373 FAKRZIR, XU HIZ 0 W 240t
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RGN 2 A THNER [16]. 7R/ RS, 25 secA2 RABHRIE
SR YL R R IR H B R B AR BRI, ELERGY T SRR /N BRI AE I I [R] B 5k L sk
Je 7 PP AERIGERAT BN R [39,43]0 5 HZAT 1 secA2 AR PRI B L WG 41 o
TR R H 8 1955 [43]. BT E5A%AF I secA2 RATHRIGIE IE 5 Hh /3 ih i 48 AL
B SodA F1 KatG, [t SecA2 7l 241 vl g BA DRI G5 A% AT B 4 52 5 4 i 1Y) 48
WEFIMIREST o« (BIEAT A AR ST E AN, S5 %A B secA2 AR RAI R I
HAEKAZER, XULHT SecA2 73k RGN %A HAMAMEH . [RYLEATH secA2 58
SRR E AN I TR BT [42]. BEAh, ERULEERZAT R secA2 ZRATHRA EE
2 0t R R TR 22 I 8 RE AR 7, LA SecA2 40l R G S LR B 7 Ab—A
A FH T RE 2 B 1) 1 32 4 M ) S N [43]. 5 H T 2 A ) BCG &ML, 45
WA B secA2 TEAERRALE /N BRI BRI S5 A2 AT TR IS L i) R 08 o i 3 LB 2 1) ORGP
PEGIE N [42]0 IXFRERY M el IROBIJE TG T secA2 SEARRE 1 B WA AL ok
T CD8" T AR %o IXEIR T SecA2 43 ilh R FL e s s Bh &5 A% AT B A8 TE = A4 1
FIE N o AT R AETE 1 BV B AR A — A SRR B AR IR I . B
YHAIBE SERZAT T secA2 RAGKRIRGL )G, FTWEAARRAETE &, X ULEH SecA2 70l &
Guoyuh 1 HELLREE T AR AR ORI IR B, AT (3 2 A% T T E R A L P
RIEEAT [44]. (HEARETRAS W B F e IS A fridt— D 9T [45].

FE RIS G BR HH, SecA2 4r i RGERENS 73 b o) AR K SR N 2 1l [46]. 4%
TX G 3 A AV A %) IR SREBE £ 2 R P R s R S, RS SO T 3 R AR e
2 T R 4R () B T ARG FIFRES [46]. AR RIS, ST H secA2 SAHRA
SR R A i P 2 7 A T SR Z I JONE S S N, X SRR AN A [43]. HX,
& IRBEBRTE (Streptococcus gordonii) (1) SecA2 43k 2 St fit 7T e B JE AL PR R B
5rf GspB [47,48,49]. AUk, AR H SecA2 73 RS nT RE R B [ HE L8 A 45
) B R X RRIA B REIE S, CATEHE M SecAl 7 R
Giorub AN, BT E 2, B TR SecA2 4 b R SEAE G5 AT I E0m 1t th T EGH 1)
TR, 45 E 2 1A KA R R

2.3 Tat D&%

Tat 73 W RGAMAFAE T 2L KRR P, A TR KATERE S+, (H5 Sec
R GREEEA RN, ZRGIH ATz [50]. 9 B i
Tat 73 R G WA DT b d IR, Rz W R G BUm A DTk [51]. £E
ZERZFTIE R, Tat 70l AR GEEBUR PEAIN 25 ML D5 A EEAE A, H AR S5 AT
AP [52]. HET, AT Tat 70 R G0 7R 2 U E KIBFT A [53,54]
PRI T St 2 B UK AT 1 Tat 70 RGOV AR SR L AT B Tat 70 R 58



[ PG AL R ATS'E
2.3.1 Tat 43 RGHIA R

KRB —FE, 4 FAT B B I Tat 20 R 483 2 i — PP R (R TatA, TatB
AT TatC [37,52,55]. Z5AZ% AT 14 tatA. tatB 1 tatC 5 K 7T 12 it =) Y5 5 IR i e 4] —
FHE N 44%. 38%FI1 43% [56]. TatA Al TatB &/NrFIRIVEEH, #ESE—
PSR LE RS 1 TatC & — MU S SNBSS M K o> T8 F [57]. TatB 1 TatC
TR B S &AL S B A [58,59]. — HrMEYLE 4 TatBC, TatA 5t
WHHHZEZE Y [59]. TatA fe LA EE H SRR IR i iz iliE, XA REse
T AN [F /NI AR B R B I 73 75 3Kk [53,60]. —ANThAe e %M1 Tat 70 &R
Gi— MRS 1A TatB Al TatC, 1M TatA HRNIA e £k 20 4~ =Rl H
LLBIXTF Tat 0 RGATMHIEH ThRE R X EE ., IRIE tatB i, M REHII
fese4siesk [61]. ITEE tatA I, X} Tat 20 RS8R IS HCR WA LUK 3]
TEF [61]. AHI, 3Rk tatC i, HIATLLGER RGNS [62]. A X[E I 44
ELplit ik tatABC ), Tat 43l REEHIRCER A BE1n [63].

Tat 73 R G H — e TR 5y n—Fi 25 DNase 751 (1) f /i 2 1 TatD,
E TR & R E B B MR Re T, B B4R I - bIRES  [64,65]. TatE
164 RAEF 22 IRIIVE B R AT B 3, IF H TatE #1 TatA B/ DR E S, —&
(a8 R 7 5 AR PR I 60% [66]. Tat 20 5 G 5 RS Bk U5 T 7 1 5h 35
[67,68]. — HUAHI& AWM p ki MR ARG, Tat 2 W RIS 1 —FP IV EYE
SIKEE LepB VIRIHAZE 5K [69]. A AHEN Tat (1) 55 — KM AE & 3 145 5 K AT AE
e —F T AUE 5 IkEg LspA DI% [70].

2.3.2 Tat i REHIRYD

H1 Sec /M ih RGIHEAL, Tat /3 REEHEY) (FIFR Tat YD WAEEE S,
FEN i =3 k. A Tat (55 8k Sec (55 Bkse & AE, # & 757 IE B 1)
N 3 AT OB 7K S5 A e 2 TR AL 3 — AN L [R18 7 (SIT)-R-R-x-F-L-K (Bl 3 56 WL ]
PLRIR AN R-R-X-0-0, @FR/Rx— A A R kE)  [71]. Tat 70k REith
eGSR A HE R AR MR 4, SREXHMEER G, RYMEATL
P [72]. HETA JUANAEDE B2 TE 5 K Tat iKY, 0 TatP.
Tatfind. TatPred 1 PREDTAT [73,74,75,76]. AT H AW B 23044 F 45 4%
FFE I Tat K4, (SN B EE PRI, HAERBELS SRR [55,77].
I, ZEAZAT B ) Tat JIEA) 75 28— P L0 I0lE

KIGAT R A Tat JECAI8 H CE AT TR 45 A4 1, 40 ilh 25T 7 B B ok
SRMI G o FFHAEREYG 23 B AT B P A 72 tat SR SRR 77k, IR AN RS e 7 —
S B AT B Tat J&Y, T4 - ERIZES BlaS A1 BlaC. X4t tat ZXA8RRNT B- 9 Bk
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FEF A R IR [37,55]. # BlaC {5 5 Ik 88l RR 2P RAW L )5, %E
ok, BHU s BlaC A 51456, HAG ST Sec (5 5 K&
e, XULBHIZEE RGN AT T A& [37]. Rk, {E AT BlaC 1 B-
P B RATTIEAE N Tat 43 ik R GE I HR A5 ZE IR, AR 78N 570300 3o A% g2 o 1 35 (K] 4 S 2
R T 13 MRS AT Tat &Y [77]. EEEKE, EATHE—A Tat J&Y
PlcB A REHEHIEYG 0 BT B 20 o 31X 150 B S5 A2 AT 11 1 AT REAEAE— NN Tat 43 1)
RHE 7 TR [77]

2.3.3 Tat b RGAELLATE A RBOR M+ BI1ER

CEATE T, Tat MWRGRDFER . BRIEGREENS ikt RiE), &
I tatA. tatB 1 tatC #EAREWL ARl [52]. Tat 70 RS KD THMEIE AL HE, HAT N
1k, REBE S —Fh gl & s AR # (Sinorhizobium meliloti) FRiZ50 i R4t
e bTE W) [78]. T H., [FEREEYE BT Y Tat 0 REWEIEBTFRR), RE
FUERR tatA. tatB I tatC {HiZ /A K AR 18 [37,55]. Tat 7rilb R4 R 7Lk
ME CNSSATED FRLFER, MHIEEAERFIRE.

Tat 43 RGN S H AT B T 2657 DTk H T 20 BP0l B- PN IR, [Tt
ZIB AN E RIRM 52 B-N RGP R . S5 A%AT o AL 2 A B8 04 B- P Ik e il )
52 BlaC Al BlaS, #i2 % #Ht Tat 73 R G0 b 2 e sh, FHUAHRHL B- N BEAZ ISt
A= [37].

UbAh, S5 R Tat 73 RGESURYE DT A DTk, KY—L Tat KA
AT E R JE A, i Ag85A [79]. Rv2525¢ [52]. Wiz lisiE PlcB 1 PlcA [80].
BTSN RA gD Tat 73 RG R ARG AT WEBURME T TRER, 115
Tat 73 W RG] LMEA—/MBER 2558 5 [81].

2.4 ESX &%
2.4.1 A

ESX it R4, N -LAIEL WXGL00 73k 240, &8 Je R IMT 0BT &
— KR I E RIS RS [82]. MR RGNEURMEA HETTER, FL 5 =2 [KFH
PR N4> EE (0 & BR T (Staphylococcus aureus) 1 & BIFEAEIX R0 248 [83].
IYFEAT R I ESX 0l R4 — 4 LN, ESX-1~ESX-5, HFTHF A EEE+
7£ ESX-1. ESX-3 F1 ESX-5, AAITAF ESX-2 #1 ESX-4 JLF— %0 [84]. 454%AT
B R RIS ESX-1, Btk 6kDa LA MR Cearly secreted
antigenic target 6 kD, ESAT-6). ESX 73t RGtIMAREREAT WK ESAT-6 HH,
KWRZETW RGN ESX MIRE . a2 ESAT-6 & AHE/NrTHEH
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(~100 MR, BH—A WXGC AEMET, REHEAMGE TS Sec 8¢ Tat
SERE AR SiATEY, B ESX il R HGE RN L 7-18 I
YRR R RS , X I R SRR T AL iz R W RGN O AL, YL — ik
7K ESAT-6 HH [85]. TICKHEHBCHI TG K ESX 43k R4t am 4% [86]. PR T-H
M, R SOK R EENHEA W R GUAE A% B A AN S0 M T ) DTk

242 ESX-1: N8B E-RIEBEMHETIEA

SEATH PRI ESX- 1 LR T RDL X o iZFERIFRIEZE T # Ak BCG
DA Je — S8 25 i AT W 52 & A8 T B 7798055 1 B Bk 4o BB 43 B0 HE B (Mycobacterium
microti) a2 BRI [87]. Bk 2 BB 5T AR A FEUE B ESX-1 70 RS RE R A
DI g -9 )5 A BAE o BUR T B R DL R RIA TE R ESX-1 I RGN
BCG At WA IR e (1) (5 W 4 i FIAR S 40 B 1) 6 W AR 3 # B b B o o, T 20 BT T
ESX-1 RAHERIE ALY 5 A4 N T it b, B 87 AR 2RAH L 4 i 55 1 5 55
[88,89,90]. M7 F/KFKE, %45 K] RE/E ESAT-6 1FH T-1i 3= 4H M AE 4 isids R 1)
[91,92] fcfrfft 78 oI T BUR MEATEHESUR P 73 SO B Y ESAT-6 &5 H A R4 A
A AT S FE [93], W7~ ESAT-6 7EBEAL I FE Hh 28 b ek o A5 FF B8 B0 P4 1 3
HI,

ESX-1 5200 73 BT B B GLi 3H 1) LB G BRRRAE [79] S5 4% AT B A1 BCG [1)2%
RIZHAT 99.9% AHAME [94], SR TS ESX-1 BARIE R T & Z Al H K2 5
IMFEE Ak BCG 71 W4t fg-4i e 2 [ 85 # [91,95]. AT [961F1H Mg [97,98]
T HERAIMERZAT - S5 T B A BCG 7E3G /L NLRP3 % fE{A& [99,100,101]. 53
[ BFHLE [102)41 CD8 T 4uffu % [103] 5 A BEKZE R . Frf X L3 il F-
55 G52 AT W BRI WA B 1 315 FE4E BT BCG B T-Hk2k RDL X (4 ESX-1)
MR TZEEARRKK R AMIFIH TR ESX-1 HHiRIAT BCG H, KILE
“H BCG TE4H M AE P4 LU 7 TH A & 5 85 AT B e iR A, anifs 518 40
FUT ARG YRR I R0 HH S 5R  B31% [88,90]. ANid, BCG HI T2 &S
RIR T KREHEFHMRAE [104], FEEHBCG 5 1A KA H [105,106].
gEah, 76 M. marinum FHIRF ORI T ESX-1 KB — AN hfE, ESX-1 KMIALH %
(5 4 P 80 A PR 2 i L L, AT £ 3 PAD 2 i 1) RS BART 4 B (1) 558 [107].

243 ESX-3: MUNS5E&RBETHMH

G FER LG P T RAZ 0 M ESX-3 430 h RGN T 45 AT B AR A AR K 0 T 1Y
[108], XYL ZRGELEZAT E AT R EEEH .. ARV esx-3 [ %7
B BE RS FRRECIR YW T Zur FUBR BSOS H T 1deR W 5 B
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[109,110,111,112], AATAEIZ RS S 5 48 BT AR o AR Ui o 25 24T 18 ESX-3
A R SRR AIE SR IERA Y . 2R PR AR TEVEAE IR 15 98 3 L AEAE, (HBMIn N
Tl TR AR R R A K [113]. HETS e T ESX-3 M —HUED,
WXG100 FK 1 EsxG/H [114,115]. X EsxG/H & & M 3EAT i ) Il — AN
B4 G0 [116], BRI n e S5 S5 A% B BB A 11

FAWF RN ESX-3 TES5 AT 0 I e A [B) 6 ) rs 32 = 2R Ry PR e is . — A
RIKGRZAT R esx-3 FERIFERIIEIG 7 BT B esx-3 TRARK (444 IKEPLUS) 7E/]MR
2P| GAT R BGER, BUR R e B 20T BCG % [117]. A ESX-3
FEAZHT BT CE P i AR I PE B Rt — 2D A

2.4.4 ESX-5: 43 PE/PPE XIEEH

ESX-5 Ay TeAd Mot wEt, 8 R mEus It H AT [85],
X AT BEIE N 1% R GO0 o BT B I 248 AR K AN ER B0 M Tk . A = B R E
MR RH L esx-5 ZERFE G HIRKER pelppe ZEH [118]. SEIGHIESE
PE/PPE DL & PE_PGRS & A F %2 i1 ESX-5 /- # fufh [119,120,121], TMjiX Lk
F11¥) PE F1 PPE &7 MBI b b F5 1 [122,123]. REFHZ MRS H 5
FFHE S ANERGI Be B 1, (H K280 PE/PPE KR A INIhAE A KN [124].

FIH 252 FF E B M. marinum 1] esx-5 FRASRIEAT BB LS8 & I e AT 78 B e
EWRAMRT, 5 19855 1, AL HA LR esx-5 MRE— M # B A X FE M RER
[119,121,125]. 5 esx-1 FEAEHRZEALL, esx-5 FEATMR L AEFL M H SN A AE T, (H)5#&
FEANFZME 53 BT T A W AR 8 it 25 4 o iR % [125,126].  AINIX B8R L SEEG KA
—FERI A, FIFERT M. marinum esx-5 FEARRIE AR BE Sy iR R H T R R
R, I SE R RGTER . 1% esx-b RATKRIE s AEBE L fa b R H R
AERAR S, 7R ESX-5 JERYITT ReZS 5AE R IRTE il S0l & A A7 AT AR L 1)
AR [127]. FEGAZAT B MR esx-5 FE % 1) eceD5 55 5 4™ pelppe HEH 5, fEIE
H/NEFD SCID /N (—Fh e i b/ N D AR I H B8 1R 5 R Y [121,128].
ZERZHFTE AT M. marinum B AR —FEf) ESX-5 JEY, $F5l5E PE_PGRS, XfML-F7] LA
flRE 3 esx-5 FARKRIE T )1 L IR IIA—EL [129], (HASFE LI

2.5 Ihgs
CENHT B 2 R R R W B A B Ak R T4 8 SecAl AT Tat 73 &R
o, EATHEIR A HEE T 00 SecA2 F1 ESX 43k R 4i—H5RIE ] 1R AE H B R

KNP AR GE . HTFT R0 B G AZAT T 70 T 2R Gt 1S AN AS [R) 7 T nf JHe A= 3 B e 4
BB P IRR BT W R S8, X T BRI BUW L)) B AR G08 251



KB 15
WEREE,
3 SREEN SN BT ERRE N TR
3.1 BESHEHIFEZEN “HE"

LERZAT TR WP IR TE RN S BE N T, Al M 4 0 it AN AR 4, 22
TACER SRR E B iheS T U755 Th, MBI 3. S0 T 20/ /i aé
PIAZATWI, ERBCE — RPN 7, BN REAN A E, RS
S IR SE IS 2 b i BuR s i) L R ER AW Ve 7/ = L (S D WS E AN I
KERZATHE ;. O E AR A ] DS IR R, 8 VS B R BER 4
TR A0 b PR BEAME SCBRIRIE 4EAE 3K D X115 AP thA sk [130]. 75—
JITHT SR TR I e % 180 A W 20 R ) A W AT R KA o G A 1T RE S AE AR A 25
S AR EIGR T8 AN TR Z (A1 “ TR, IR Ik BT I 45 AT
TR (S APRIRCIR S A7 T ELME A A o AT JANT B e 3 [ e 2 e Dt g i
R EEAZAT T (1 3% KA P B S5 A T 0 28 19 4 1 R R 7 T 28% KA A SRS
PRI DR S A2 AT T ) 5009 11 T 8 B0 e BB o WG A ol 0 1 A3 T I e A L S L oK
(1 [131], PirBLRA T s J5 i A g 2 2 ) “ 5% 7 Befs 35 BT A% i BB A G
7 ERZIR IR SR [130]

3.2 BENEEREFR—BMASHEBHIME

CERATH A BT 5, S — RPN G 2L RS F R
BRI R [132,133]0 TR B Mk A4 AH 4k 5 LA A4 CRTAR B 9440 ) 6 44
PR (B FARERRES [134]. &5 R0, ], memmeik, S5
TRV EE AR . W AR I i A0 2 Jl e L P R 4 0 O R B AR AL i SE R, 3K BGEA)
TR ARG A RRYE, A S Bt [131]. AT B 4 b v A B e FG b B0 7k
G/

T 1 F e W A PR 1) 5 B AR il 5 T 3R AS VF 2 J5 38 AR AR . XA IS
WA TS “aRmE” KRRV, AR [135,136]. Ui FrmRs
M RERERYE (pH 6.1-6.5) KS5/KMEME [137]. FHIFWRARE rbsicy) 2
/N GTPase Rab5A % H: &M 1 EEAL [138]. Rab5 B 5 EEAL 454, #ilNtiE
B RN A NV I 414 [139]. RabSA o a] L@ Hopd s 11, Hedn
p150-hVPS34 & A RFITI 1 N- 238N T Ay Tk il SRR PR i 12 i 1 2 A A% 0
5 &1k (soluble NSF attachment protein receptor, SNARE). #4/5%% Bz i p150 112
fff hVP34 148235, 1 hVP34 & class 3 I— i AR EEVLEE-3-E (PI3K), 7E-F-4
BWEAAR IR e A i R TELEE-3-BE R (PI3P). PI3P ilid FYVE Ml PX I h 2 5k

10
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P RS R RRONE A Hrs A1 EEAL S8R MR85 5 7 [132]. 534k EEAL 55 fibmt&
# A 13 (syntaxin 13) #2filt [140], 1 syntaxin 13 /& — L& 75 21 SNARE &
1. Pk Rab5 F1 EEAL REWS i3k 75 5 A4 pl 2k

HH R 2 T S0 I R RN B I A W A R IR S, R R IR
Rab5 {Hi% 2k EEAL [131]. — H W R MR E, FrWaiAmt ik e 2 M Ak B . g
REAIE A2 7 728 V-ATPsae SR1FHIFEARH pH {H (5.5-6.0) [134] LA R A 3 FrlafA
HIURGE P9 A B VA B AR RIS 1R /)N GTPase Rab7A S 5. Ak, B 7w W Akt 23 56 22 4l
BEE AN LB AR EE (LAMPS), 1X7] G828 & /R ik A Bl =2
SRR GRS [131). BB RS Re A R A AR S T [141]. REH
RPIEANFIIE Rab7A & BIME AR LEAR ERNLE], (HHEAEH A S EZ . Rab7A 35
Rab-ZBciA A 1 (Rab-interacting lysosomal protein , RILP) 1 A 40 5 1% 43 75 W
A I A- N EABEEA LA E A, EHESHEEAERE, (2K
WA WEAR A A BRI 03B 3 [142]. VpsC-[RIBI R 40k 5 &4k (VpsC-HOPS),
BE A SARIC Rab5A 1 AR I FRC Rab7A N AAREAE [143], T REAE WA (1) 1%
A FEF S Rab7A EHFEVER . Eilid 15 SNARE 2 FSRALHE/ N 5 i
. HZH4r VPS33B figfs 5 t-SNARE 454 3 HAR FetEh 5 GTPases /EF, %
R T S 5 R A R OB IR 1, ) GV 4 T DA BELL B B VA B AR Y R
DA 3% B e e R 5 B N AR B B AR () Rl 1 A PT DABE Rab7A AT RILP A5, AT
PIfZ Rab7A I HOPS /. AidA 7R, B HNRIAHEZE T Rab7A Fl RILP,
i R Tk UL -3- Bk (PISKO #7528 P CARH IR L s B #2 [144]; #8778 Rab7A
FRILP AN 2 1 H 77 5 A Fl 2 PR P — A 32 R 7, LI R AR 0 75 AR — A B
JULIEE T8 i A

T WG AR B AGT FE (1) 24 i R B MRV B AR TR R, 5 38 72 % KA ) 1) 8 A At
o TrWRVA BRI A SE R, B “EERE” FH DLH AR R . FRNRTS
BRI 7 FHRFIEZ: LBPA [145). H &2 bE-6-BEf 2 kB = [146], & PI3P [
P [147] A B 7K ST R R s 2R B 1 Tl ——— 3k S 02 X T 6 B 7 A (1 5

3.3 HRMENRE—S 5 FEBEARMENRE S F

SERZAT R 8T 2 Fh o7 SRR 5 200 P 36 3 % K B3 — A5l 1 B I R BT
FLrbA ) e R A RS e TR R BB A AL o A P SRS T AR AR B A )
IRZ 7T : WRhE KA, HY-ATPase fHH L5425 B 10 & B ATRE J 78
Ui R AR R TR EEREA (B 1 1R 1. BURD BT HE S 5 iR g
M E PRI, BRE N AR S E R AR R RGN R 32 2R K
[132]. "FHEIFRMATFEAA 24— L E B RN 2T o
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Fig. 1. Modulation model of host-pathogen interactions of the phagosome maturation. M.

tuberculosis effectors are depicted in red, whereas host factors are blue. Brown represents the Mtb

effectors that have not identified host targets yet.
3.2.1 LAM

FENG A W R LT 72 S i R b, SRR - H B I 580 (LAMD 4% KBt
EH. LAM 27 Bt wgnfiuse - — N EZEREE, S2RFE, EHREEAR
BRI E AR [148]. HERFEIE T2 LAM BICBEEN, JARE T BUW
PEHAFE T [149], % LAM 518 F4p)HEREZAE (MR) 454, Hix—
FHEAE R TS 20 H) LAM B LB ORE A0 ) 7 IR AR B R BE 22 [150]. Aid i
AR TR A [151]. R ManLAM %5 2 B RRAH B E LS AR
A, AEE RENS I I B TR A A S A PR L R RS [152]

A, ManLAM F]LLAIH] EEAL 4H 5. X —Mifilid & Z 7 me, —J7m
I BT MR I Ca?' B Tk ] EEAL HIFHZE, BN EEAL HIISHL T M
calmodulin- and Ca?*/calmodulin-dependent kinase Il (CaMKI1) [153,154]; ifij 44145

12



1B kR
B U T A ] [k 4 ) e e P B oR SE T ) [153]. BT EA ManLAM i 41
i) A R ) e Hb ) EEAL B3R 5E. 55— MWL 2 BT PI3P 78 7 W A s 1)
A, T A ManLAM #l1#] PISK hVPS34 [ PE L& SapM R 1L PI3P
RSP [155,156]. B2, DA RS2 Rabs ThREZ I & EEAL BiEfES
WA TS b BRAR o A W AR To 2 R PN A S I AR Rk, [ Bt TGV AR 3R HT-ATPase
T 7 W A BELIT 75 pH FEDGS H P 1 B A AP B o

3.2.2 LpdC

FE 53 8L B 00 BT R AR AR 1) B o i, os g — MR A RAAE TS
AR b, ASE e AR ER . R AT 44y TACO
(Tryptophan aspartate containing coat protein) ki # P57, BiL7E 1Y {5 coronin 1. coronin
1 JE I Y U B A S S ISR B E R A B RS [132], &N E BRI
S BEL W v Bl AR A 328 % 3 o R A N 2 B R AR T IR0 7E £ 95 1o

Deghmane 25 N %€ 7 0k E 5 coroninl 454 — A% A Lipoamide
dehydrogenase (LpdC) [157]. {E&5i#%AT A BCG H, LpdC & 1A B & I SR 2 &
YIE) E3 441, AT R (L) WAH IR 5534 IR Bk S A VR P L 7R 1, B
PRIG B AE BT BrA AR ) g S BE/EA [158]. LpdC 254 coronin 1 44 Hi
FA1E BCG MMt b, T HABATT IR S — 4 S i R AORSUIE [ B o o 5 A A1 1 IR
e E MR b Rk LRG-47 B AE IR KA e ik BCG B A A 223 A iR
ko 1 H LRG-47 S A B WEAKIE E RN, coronin 1 3 M LpdC _Efi# 25 3 M BCG
ey vk . Rid LRG-47 4+ 51 LpdC-coronin 1 5 A4 i 125 75 W A4 5 () EL AR AL
TERFIETT . BAMAIE, — EAE T GH ARG A2 Rl 9t e Jid Sl S 28 RE 8 £
P AR AR B TT TR R, HATATE R Z A TR

3.2.3 PknG

PKNG & ME——NEFITAT B0 70 B 1 H AR A7 AL B A PR, (R S5 A% AT K
Qe E WA A B, RSN R AR Y [132]. PknG A& A
A PP B LR HE 1 AR S5 AT T IR E R A B R I — > PknG #4051
Ja, AL EAZAT IR A W R RE G T B AT RSB M N U R [159]. PknG il id
BRI AL — AN AT AR A R R Jn7E 323 AR [160], ZRTIANIE 2 PknG 2 1
e QORI EE N LIRS AL . e R e I BER A B R A S S R L,
ELWEAH I A 45 5 e I A VR T

AEBRE, I B AT RIE BCG 1) PknG J&, AW FH (- 20 HEIG 7
BTG BB A 1 HAEYR 72 BT 1) PknG tBAEASFHIL BCG 1414 21| 7 iy
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frh [161]. 534, i85 e 41 Lot & ILHIEG 40 BT B H pknG ZE [R5 25 %4 17l BCG
Ft ] 5 6L R £ 2 B ARLABA 3 301l 9 78% %1 87% . B4 J9tt 4 pknG 7 AEFU B HiE 35 43 ki
FFE TP TR ? Houben 25 A4 F western blot & BILZE HiE 35 20 B 3 v, 1 pknG
BT B XA — N R RS, 330 pknG R e KM A Gesi B [162]; M
T ARRE 1 BE 3G 23 B AT B A RE B AR VA B ARG KT, AT RS KA S5 2
FTE: 8 PknG A GarA 1 9155 15 Re 8 £ I35 43 B AT B8 R SR L DTE
PknG tH [163]. FrPAH ASEH M EEIH) BCG ] pknG SRR kA% 138 2 VA B4 1L
%, AREEHT PknG Sl 7N AR E AR AN R BT IS LS 5 im e
[164].

3.2.4 PtpA

PtpA =2 ML T2 1 B A B 2 IR IR AR, 45 %A i R DR 20 b /b SR ) 2
& S BL S  (protein tyrosine kinase, PTK) ik AXE Il PtpA B A& HTE 32 B &
PRRILEH. TR R E A PtpA Hr AR A T 6 iR % = TR ik 2t
[165]. K5 IS5 BoRn s AT e gt N BRI 5 PtpA 3R i [165], 1iH
Mycobacterium avium subsp. paratuberculosis & 4e A\ 25 E W4l i J5 v LLori PtpA
[166], UiHH PtpA 7RG E ERIEIER . X8 G 7 AR ZR PtpA HIfEH
JE ) Je AR B2 ) AR BE 2 D RE I 68 . PtpA X T 45 M B 7EMAR A 1 AR K2
FLTHmH, HAEMHSZATE ptpA BRPREGL N B VRAH I A 87RO sEE A
[167]. Bach %5 AffiH] substrate trap i ARKIL T PtpA 18 EHHIMHEAEHEA
VPS33B [167]. VPS33B &% ia Ml & M ocs i 15+, RiGIEA FECERIE I
RIGIERE . VPS33B FIHE 5 A5y — it il HOPS E & 14 [168]. HOPS & &
PR SNARE & E BE T, BB 2 2k /v ) e AR R [169]. K28 VPS33B
s& HOPS 144y, R 45 & t-SNARE Ff47 7455 GTPases [169]. FrLA PtpA T4k
B VAR ARSI T REALE L : VPS33B # PtpA L1k )5, ARES GTPases &5
A, M BT TS 2 T R e A o SR, 5 AT B AE /DN BB AR A AN 7
L PtpA[170], XA T /N RABE AL FEA R A TS5 1% I e AR A
3.2.5 PtpB

5 PtpA AN[Fl, PtpB fE NAEA IS, Koul 55 N [171]HEH] PtpB AEf
Sy B RE IR, T HAR 2B #U e R e AR T BRI = R [171,172]
AN i B 7S T s e B BRI R IR AL 22/ 75 TR B IR AL B (A R IR, B =
HEAFRME [173]. SRS B EoR PtpB 1A PN (B IR IR B R 45 & 67 5
[174]. FETIXEesE 0, AATVSEIN PtpB T g BH W1 = A R LA QU S AH OGS 508
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B, X L AR A R R R R T AR, B DA PtpB AR L5 T
PO R VA MR R & P oA ok o 72 /) BRI VR P S5 AR 1R G ptpB SRR 70 R B
1T HLAEAR AL A B 10 BRI mh T i B B 70 5 [175]. PtpB %57 12k 40 i) 571 i %
5 0 BT AL/ B E R T A5 7 [176], IXERE— DU T PtoB fE45 %
R B N AAE BB AR . AL, PtpB 7E TB 2w it i fAE T s it — B It 7e
JEH NS TR 25 5E

3.2.6 HEBRASTF

M S AT E A PR R I, KRB TDM (BRZRIE ) X T4 EER
Wik 40 A7 S B E G A% A B R IR TE A B s i A Tk [177]. RARH G AL TDM K]
fiff [1781LA M FLBSHCRIAR Y [177,179)#F 5.7~ TDM REMSIE IR F VAR R H iTIEA
JH 4 TDM fE75 - AR BLAE & B S BARHLE, (G TR SRR e a2 5%
M) TDM B 52 1 A1) 375 12 RO 400 181 A P9 735 [180] N AH 2 — AN 100 1) 5 I A o 2 )
MNEE [181]. HEALEAZFFH I Ndk Xt Rab5 Al Rab7 &7~ H GTPase i H
(GAP) i1 . Ndk [1) BCG st 5256 S FLAR o AR 78 [R] IR B NdK RE T A8 1R 7
A RS oA 388 5 505 B T PN A2 TS e D, BLJE 3 4E F S Rab5 il Rab7 [ 2R3 AH K
Zmpl, TN — AR E AN, SR SRR E T IL-1p FIvE T,
PR R 2 [182]. T H p38 MAPK i £5 A% T B 1 L6 2508 o T35, S8k
Rab5 i P B M /b 7R kAR - EEAL FI5 & [183]. 45 AT B A1 M. marinum ff)
Esx-1 @R MR B~ ESX-1 73k RSt Re A T iR i 2 [184,185], {HEk = ILIE A
I BCG HIFFFRE T I F R A A B A . X2 R H e %A IR et 75
CERATET, CAIRIEY) (ESAT-6, CFP-10 A1 EspA) W T EXS-1 401 A W44 i
AU BHA LA [184]. EHA EspB [I[F 54 Mh3881c /& M. marinum BH 7
WA R AT 5 F5 1), (H EspB A REANZ FLIEMIRUN. 415 BT LARIIZ I A7 75 HoAh R 4
SE N4y Tl fEH [186,187].
Table 1. &5 AEATA ML T

Table 1. Effectors that contribute to the survival of obligatory intracellular bacterial pathogens.

Effectors  Cellular target Effector function Refs
LAM Unknown Blocks cytosolic Ca* fluxes, suppressing hVPS34 activation [153,155]
SapM PI3P Hydrolyzes PI3P, inhibiting phagosome-late endosome fusion [172]
PtpA VPS33B Dephosphorylates VPS33B, arresting phagolysosome fusion [167]
LpdC coronin-1 Retains coronin-1 on the phagosomal membrane, leading to [157]

arrest in phagosome maturation

Zmpl Inflammasome  Prevents inflammasome and, therefore, IL-1f activation [188]

15
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Ndk Rab5 and Inactivation of both Rab5 and Rab7,therby inhibiting their [181]
Rab7 respective effectors recruitment
PknG Unknown Acts by phosphorylating a host molecule, thereby preventing the  [132]
activity of this host factor in carrying out phagosome-lysosome
fusion
PtpB Unknown Might be capable of disrupting host phosphoinositide [173]

metabolism and its associated signaling pathways
TDM Unknown Mediates intracellular trafficking events, as well as influence [177]

macrophage production of pro-inflammatory molecules

3.4 MTMMAMHA LB

P2 VALY 20 b A2 A ) = 24 B 7 s (i ik A 4 DA R R IR i KB ).
SR, 25T R ORI R, 9 JE B R T 24 PR B 2 77 A T X 7 20 Pt g
GRS AT . ARG A2 80 m) SCBRBE,  IULAE B 7 e A L 1 1 Y A 3 S
ZWEEENER [159]. 2534518 F M5 40 B 8 S AR PR AL 13 E BHT
L FE [159] JTRIX L8 31 IR HE ) 2P0 IR I AL e AN AR 1E £ 2 3L AR T
1 HEER- /N

PL PknG A, & AE 50 BT B A 4 A H 2R A7 A 0 75 R R AT AT TR
SRR R, R e T I RS e — ARG IR R BETR
ZHA TIRYT TB WZGWER 2 ERANH] 7 BT W A BE Sh A E FHE) . AR, FHI
PKNG )7 4 s e 4 i 3 o 45 i P B B B M W A e A% B TR A R BT T e R R
EETE, M-SR KRR . 1AL, BN PknG 20 H, LA PknG NZ5EE,
RFIA T ZF LB EVERE R B WA e, FHse b, WAENMICEITRET
FEERIE PknG HGHEK TAE. RESEZEDN PknG & E R, (HAHE K
PknG 3 & — MR PR R S5 A3 FHI R AT URE S AR F T3 AN g5 R 8ok i ARy
ek [132] BT R AR BE AR I 240 B EE T £ lipomannan (LM) _E A 2 — A
1R E BRI 25 A, RO AEATT LM BB 5 518 4 B JR T2 1IL-8.1L-12 2 TNF-a
[0 [189,190,191). EIX WA RERIA LAM, FhZ 5 A& RIS
FAZA IR E R R A, "L NZEE. BL ESX-1 #Z0 8 F NS S AT R
AT LA LT7 1 FH BT &5 A 2 0 B 5 0E 40 AE BAR R, AT Inix Le 254
A R

BTS2, BHTFRNTFHIRE M, B8N 457 B #E R 259 LU 92 8 5 0
DRI i 1 D 1) 245 B H A O IR ISP AN 2 LA 3244 N IR B BB [159]. 11 B 7]
PAoE R 46 k% A M BE B AN T 2 10, N2 A RO E . AN BT AR 2 308 o
IThRER Z # 2 H B, XH FEURMH 25 0T B8 T0E 7 A2 e 0% 1A 250k
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SERLHT B8 B AR TR B M N B AR R, TR AR R AR R R, BUfE
TE BRI TR W AR AN e SRR B A 1 o o [ B 3 45 oy SR AT A K 3G 58 T 7 2 11 8k
EEFRY, MHRAR T B S KRR T 25 T-ATPase S5H) i, ik
W ES AR EIREZR Rab5. EEA-1. ¥ E A MERNIEREY, BRikG
CD63. LAMP-1. LAMP-2. GTP-Rab7 M AtrEX. B s 2, HEERAZ
BEL 1 5 Wk s Pl A 1) B, AT R G A% B B 0 — AR 2 A B SR N R 8 . B
TR, G5 B 0 W I RES T IR B WA oA B E A — — e ik (B 1
T Do NS Z5A%AT Bk G 3% %A B LI AN 2 FH e — Fh Bl — S b it i 5 o
MR, A ReE — P GRS EE MR, HiC&2 % E H—L%)
FE/EFA A, W SapM mfg5 ManLAM — [EIBHIT &S PI(3)P %M 7 EEAL
IFE3E, PtpA F1—A GAP % 1 r] REBHIET Rab7 FIFHSEFIIESE . BEE H AR K3
PASHIFERIER N, AAEAEAR AR R, AN — 58 o] DL S8 BEH R BT HA 45 %A B )k
TR WS, AT A H BE NG A5 24 M X — 5 K RN
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Fig. 1. The workflow of this study.
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2 SRR TTE
2.1 R BRIE LEEE

THETE BRI . SRR R 25 A% N S A T 5 B R IA B0 Bl &%
AR B LIRSS B LR 1. %R IEKE s 2MEHES], 218 Murphy 258 A JF
RITHoy JriEitor [6]e EXTREAS B SCRREAE, THr RSN 0-10 43, [EIFR N
0.01 7y, FiEfmMIH 10, % 5~ 9.99, H=1N 9.98... LALISHE, XFERT LA
HRE— AN B B AR AT 1000 AN SRR, RSG5 A% 1 BT A 25 1) 25%. SR 5
AN SCHREL A 2 AN [R]85, T8N B[] 023 55, SR B v B TN Ry b
PR REN BRI M B 44558 o B JE B A SR R PE AN [F) STk Ea B 75 o0 AR D, 28
JE I T LR R HeA3 5y, il pk Dataset 1 (Fff =% 1, Table S1)

1. RS PE AR SR IR
Table 1. Gene Sets Analyzed.

Category Reference  Description
Expression Macrophage [7] M. bovis BCG protein increased expression inside THP-1
profile model (2-DE, MS)
[8] Mthb H37Rv genes induced during infection of THP-1
(promoter trap, mbRT-PCR)
[9] The intraphagosomal transcriptome of genes of Mtb
clinical strain in the mouse macrophages (microarray,
RT-PCR)
[10] The gene expression profile of H37Rv in human

macrophages was analyzed at the whole genome level
(microarray, RT-PCR)

[11] The protein patterns of intraphagosomally growth of
H37Rv in mouse macrophages (2-DE, MS)

[12] Transcriptional response of CDC1551 to mouse
macrophage interactions (microarray)

[13] Global transcriptional profile of H37Rv during THP-1
human macrophage infection (microarray)

[14] Universally induced genes of 17 MTC strains in resting
and activated mouse macrophages (microarray)

[15] The global  protein  expression  profile  of

intraphagosomally growth of drug resistant and sensitive
Mtb clinical isolates (2-DE, MS)

[16] Temporal gene expression profiles of CDC1551 during
infection of mouse macrophages (microarray)
Animal [17] Hollow fiber subcutaneous implant in mice (microarray,
models RT-PCR)
[18] The expression profile of H37Rv growth in lungs of

BALB/c or SCID mice (microarray, RT-PCR)
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Growth/
Survival

Deleted in
clinical
isolates
Secreted
protein

B
patients

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

The H37Rv genes preferentially expressed in the mouse
lung (promoter trap, RT-PCR)

The mycobacterial transcriptional profiles during chronic
and reactivation phases of murine tuberculosis (in vivo
microarray analysis)

The in vivo proteomics of the H37Rv in the guinea pig
model (Mass spectrometry)

Genes upregulated in tuberculous granulomas in lung
tissue sections from tuberculosis patients (RNA-RNA in
situ hybridization)

Genes actively expressed during pulmonary tuberculosis
(microarray)

Genes induced expression in the specimens obtained
from TB patients (IVIAT, gRT-PCR)

Genes required for in vivo survival in mouse lungs
(signature-tagged mutagenesis)

C57B/c mice were infected with TraSH mutated libraries
of H37Rv (TraSH, microarray)

Genes required for arresting the maturation of Mtb
phagosomes (transposon mutagenesis, ligation-mediated
PCR)

Genes essential for survival of Mtb in mouse lungs
(transposon mutagenesis, microarray)

Genes required for H37Rv adaptation and survival in
primary murine macrophages (TraSH, microarray)

Genes required for intracellular survival of BCG or
inhibiting  phagosome  acidification  (transposon
mutagenesis, microarray)

Genes essential for Mtb survival in guinea pigs and mice
(transposon mutagenesis, microarray)

Genes involved in the parasitism of human macrophages
(transposon mutagenesis, ligation-mediated PCR)

Genes required for invasion or survival in the central
nervous system of mouse (transposon mutagenesis,
real-time PCR)

Genes required for survival and growth in nonhuman
primate lungs (transposon mutagenesis, microarray)
Genes were found to be partially or completely deleted in
100 clinical isolates (DNA microarrays and sequencing)

Identification of genes encoding exported Mth proteins
using a in vitro method (Tn552’phoA in vitro
transposition system)

Identification of secreted proteins of Mtb (bioinformatics
and phoA’ fusion technology)
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[38] Proteins detected in the cell wall fraction and the
membrane fraction (high-throughput proteomics and
bioinformatics)

[39] Identification of the secreted proteins in the culture
filtrates of Mtb H37Rv (2-DE, LC coupled MS/MS)

[40] Identification of outer membrane proteins of Mth
(multi-step bioinformatics approach, secondary structure
analysis)

[41] Identification of exported proteins from whole bacteria

using Triton X-114 extraction (Triton X-114
phase-separation)

[42] The proteomic screening of identified peptides in culture
filtrate and membrane fraction of Mtb (Gel
electrophoresis, Mass spectrometry)

Essential gene [43] TraSH mutated libraries grown on solid media (TraSH)
for in vitro
growth

[44] Identification of the genes that are essential for Mth to

grow in vitro (high-density = mutagenesis and
deep-sequencing)

2.2 BAFELEEE

TR R, SERAT E  7 6HE 7= AR 0 — RAE 7, i A AE A
a2 BRI FA S AR B RN TR UL [45,46] LA S rE e VA [1].
SE AL B B S e 1R 1tk b R B O R R B ok A B L RS R KPER,
MAETE AR N AEAE HRINLEOR [47,48]0 1EBERIRE A — A W5 7 T A 3 R F -
— SR YEFF AR B AR, AN R AT I W B AR ) TS R T
REMEER . — MO IX IR SRR “ N FEE L RR LR o BRI & A KREH
FUIBIL EAZAT B R AL R IR G IR WA [27,29,30]. AJREREANAE [32]. /i
[25,26,28]. JKF [31]. HHXMHLE RS0 [33]LA L AE N RK KRB [34] ZEH ALk
WEIX—REER . BT e — IR R S AT i 518 EAH VR R s LA,
IRV AR PTG G A% AT B R e S e & SR AL 5 51 R S AT B A 28 R PR ik
B, BUIE#E, #ipk Dataset 2 (Ffis% 1, Table S2) . MHIECHRERINE 1.

2.3 ERMTEEBRITAEMS

TR R 1 B RENS 5 18 T AH AT RO AT SR A2 RERSIA B AR 41, DR e AT ML oh R
H——O AR AR RmEAMrWER 49— A58 EMEMHEH. m
HI T J A EE A S AT W BUR Ve B R EE HA i ER, Caf 2 4t
I AR A sk 2R i [50]. BTk, FRATRIH A S B R 12 9
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JiFEJR AT B 2 AR AR A5 AT TR MO A . S5 M B AR HERR H3TRV 18R B 741
N#E Tuberculist P35 (A R27-March 2013) [51]. T SERAE A S B
5 ¥ TR 435 A% B 1) B A B 1 - A Signal P AT SecA IR IR [52],
BATEE D EORT 0.4 CRAFRIERIME /2 0.35) KB AEAD I E; f#H TATfind
BTN TAT B2 W E E [63], AR = FH DG, AT 2w & B
VERN— DML S o« SR 518 2R SRR IE 1) S50 30 1 B )45 S5 2 T0il 16 i
ShEHE, BANERAIIMIANEAERN D MALKES . NiREHEAERE, A7
D AW Ll EESNEAFEAARM RN EESES, BRI
Dataset 3 (Fff5% 1, Table S3).

2.4 IsREREREE

NI N AR PR 73 5 LR SR PRI DR TR AR BT R 2R R B AT, — DA R AS A2 45 AT T L P A7
TEFTL IR BE R [35]. T, FRATTANSCHREHE 3% SR AT — I AR B PR BT 25 2R 1) 26
K, HUJf4E, #ipk Dataset 4 (Ffés% 1, Table S4).

2.5 fSMEBFEVLERERA

— M\ A A A A 0 75 2 R G B 1) B J5 A 4 R 1) A B 4 R A AR P 6 R
[43]. [Eitt, FRLERERE S S0 P A A7 52 40 1 R 5 BN A AR A7 32 40 O S A AT 1 AR ik
RN A2 R 45 AT B S A BRI AR, AR S 518 R-WEwH EEH . H
BT %5 58 G5 A% 0 BT R MO AMFIE R R 5 1k R BRI T R R . EEID RN
T S IE 5 A LA N A% AT B R R A, F FL IR DR BEATLF T W= A= A K SR o K
R i 1 I T R R S G 1 A 28 7 V2 45 8 N BB AE S8 A 7R 4k b AR KA KB 1)
FRAKRIIAENNL . B RTA R SRR A FZ AR S e T KESS AT s AT
WA FFIER . Sassetti 55 A\ T- 2003 F-455E H 656 IS EAF L TFE LA [43], 1M Griffin
LT 2011 G4 773 MHUAML FEHE R [44]. AHIF FUXTIX P AN EE SR U 4R,
3% Dataset 5 (Fif>% 1, Table S5).

2.6 FRMESEEAEEMERREERARNEIRTH

HRAR ) 25080 R AR TR B R 1, DUIRE S AN B AE 3253 - 25 TAT )
MEAER. Bk, ER 2T AENGEEF EEE AN Y, kS NKE
15T 2 AL B i 1 o o HL 1 S SR [54,55]. K I THI A2 BRAF 2 I 45 A% AT
B H AR AR E) NCBI 5 AZKREEHZ (taxid: 9606) #E47 BLASTp 43471 [56].
AP Bz a E— (identity) /NT- 35%LA K% E { (E-value) KT 0.005 4514
FrE B AR 518 R FREER AR E R [57].
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FE— MR i T K2R 101 MY [58]. x5 N ILHHME K
T8 A B DA b O N A T 5 AR P [59] . i =410 1 iy 1 i e 2 1 o T
RER IR H AR Mt AR = A= BIVE R [60]. AT 254 AEds S v Ve T i
PRI A AT SR 2 A B S L AR R B AR R R [61,62] DAL, A% B
(R 555 M TR R BRRAR AL, KRR AT RESE R 250K VR T RUR . i
PR R, BAG E PR SE R EA T REEENSEFREAS 814
WA NI TE R E AT [63] (Mt 1, Table S6) #EATIRIUELLXT. BLASTp
GIATIF, AT E EK T 0.0001 (8 A SE N5 NI TE B RS BTG [RIE PR I 45
BHEER [59]. £Zia L EmE, FAMSE] 7 515 3 8liE 3 Wi iR seoA FE
VLT AR TN S

3 RS
3.1 —MNEFREHHE IR ERET

ESEBAME M KR A28 E R SRS LAl E, H90E45 7RI REM 1A
A T AN EE o B Ok G M T EAE 129 LU B B2 ik, i 1
LERZAT V-1 A AT oS B R TR Y AE 29 IR . &1 1 AR 7E B A R 0
TREE] . R 1 P AW SUAE S (10 A SCRRESCE Hh Ak S Ly 2 45

| 4000 ORF products of Mycobacterium tuberculosis H3TRv l

|

| Dataset 1: Up-regulated genes in disease models ‘ | Dataset 2: Genes essential for intracellular growth
| Dataset 3: Exported proteins ‘ | List A: common proteins |

| |
v

| List B: common proteins |

¢ Yes
| Proteins lost in clinical isolates (Dataset 4)? |—> ‘W

No

Yes
l Genes essential for in vitro growth (Dataset 5)? |—>
.l, No

‘ NCBI BLASTP pathogen proteome against human or gut flora proteome |

{

Yes
‘ Hits against human or gut flora proteins ‘ —_—
,l, No

‘ List C: Potential drug and vaccine candidates I

1. AW RER 7 ERRIZE.

Fig. 1. Flowchart of the process used to generate the prioritized list of tractable drug.
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3.1.1 FiRFRZER

S5 R R AT 5 — A ) P 5 IR0 S5 A 2 ARG W 5 DR 3R A 5 (R
BN, X AN LE s R 123 PRIE X SR A AR I B B AR A - P,
Bt UG B2 AT T 5 R s 1 RE A 35 Bh B4 1 MR S5 AT R I BUi . 7R3
SEZ SR E R, S0 BN AR, S s AR R, TR
A SR E Y AT IE 105 S SRR N B EEE . HArA
KB SRR IE [ E M A . Sh A A L 2 fili 5 4% 05 A\ A N S5 A A T 1) 22 (R 3R A
s (R D. B b, —ANERRERIE ERAEA R B R IE R R 2
TR FEAE B SE S5 AT T G NARIN 20 BRIl {5 Bt iy, RIS B mT REAE
LERZAT RGN A AR A B R B B . R TiE 4> 0-10 7337 70 &
UG A A SCRR B RIB TE R 3 Atk 52 [6], LA BB KRR SE AR UL LS/ e
PRBE T G5 A%AT B 1 5 AR IA AR D0« £E 5 A% T8 K240 4000 S TFIRUBE BEAE F , 47 3485
A~ ORF BT 1 70 fE - D9 1 G0 Al 45 BE HL e KPR P AR S AL 45 A 1 -1 AR ELAE
F AT R TRk ) bR SIAFE B, FRATTH5.0 73 LA b i A B K 41 B Dataset 1(3047
NIERD.

312 BANFFEER

FEGAZAT BT PUAE 3 s SN, — AN B A A2 o W A 2 I B b 2
FR SRS £ BB AL G B T 0 RS, R B I L g Py AR A7 06 7 B A
BV AT DLOA BT 24 5 K% T BT R SR BB IR 2R o DRI L FRATT AR ST Rk 3% Jia 7 A%
FOR B SCHRONEEAL, P8 AT — 0 SCHR 45 7 KR I 25 A% T T F P 2B A7 06 75 6 AT
B4, —3£749%) 760 NIEH (Dataset 2).

Murphy &5 N B 58 2 7R G5 A2 AT R A 0 A8 08 T 8 00 25 PR A 5 AR U ok 55 S RF
BRRGLAHIC. H., (RGP B, ST B X B W R A R Rk, T
JIFAHE R BIA B N 2 A C L R R IR SR IE [6]. AFFAM BEir ¥ ESY
18 WA EAE R AR .. Tk, AT STHR L @ H R 7R B YL 3R E
O BTSSR AT R A AT TR R R A A AR R T S TE . RATTUER Dataset 1
A1 Dataset 2 3[R FE R ZH A% List A (Fff% 1, Table S7), —3LfL5 580 MNE[H .

3.1.3 MustEH

L85 AN AR ELA'E PP 40 8 0 A1 B 1 2355 5 AT o 1 I A IR P R B R
FEJT T 7> R [64]. A5 1 2 A 0k ) R A5 A% A T I 12 L L A M A RS2 13X
L [65], smATAUHMUEN] 1R LA EE AR A AT I BUR TE T R R AT
I A58 FH 5t 420 AN A 045 2 2 D iR A AR 1 Rl A R v ) 5 A T ML A B 1

41



[ PN e e VA

£, —3:908 1, 4 A Dataset 3. FATH¥+ List 1 Al Dataset 3 Az, 153454%
AN AEE LR AR S, B List B (ff3% 1, Table S8), —IL4 155 NI .

3.1.4 IEIKF#RERER

AT I Dataset 4 A1 List B 2 [0 A LRI FE A . X — 45 BT A IRA TS
B, AP P A BT 0 7 3 IR 1% A 45 A2 T T I AR TR AR S e B Db AN ] /D i ik
R, AR S FER, B WNZIE R AR 2 S D05 278 B 4 ek 2800 .

3.1.5 MM EFNFERA

AT TR P SCHRARTE R M A A7 b RR L AU 4R, RIDA Dataset 5 (965 M) &
115 Fr#s ML72E Dataset 5 Al b — 2D BRIL AR & o [ HH LA S (A, — 3% 32 NI,
RN EERESINT P8R4,

3.1.6 15 EBTE EEREFER FYREE A

57 T8 T 3 TE TR A R RO AU R S A B AR T AR Dy FEAR
ZyWRERR [57]. A T RAMEZY) S 1E T 8UE T E R E A AR AR, R
14— PR 25 A% T8 R 1 5 18 2 B 32 B ) A R AT R P Lk
[55], M.72 551 B f 3= o TE v e ) 8 B B s RV A R 4 A AT vl 2 1 A e
o FVEPEECXS 2P0 Bk BB BRI 123 MEAT R R E 5 H. sapiens (15
T #E47 BLASTp Ebxtf, ¥ e fE/MT 0.005 H [EVE AT 35%0) 45 % 4T 7 2 13 5
B [57]; 2RJE R AR SRS AT W B SR ANE 38 40 W 8 T A E AT
BLASTp X}, K e fE/NT- 0.0001 KT A S5 AT R B 21 FR . G RIRE) 54 &
H 518 32 800 T8 RSO AR R RIVRTE, /FD9 List C (Table 2).

7 2 AR 54 MEIEER.
Table 2. 54 selected proteins.

Category Rv# Gene  Length (aa) Annotation

(@) Rv0010c 141 Probable conserved membrane protein
Rv0093c 282 Probable conserved membrane protein
Rv0173 mcelE 390 Mce-family lipoprotein McelE
Rv0175 213 Probable conserved Mce associated membrane protein
Rv0179c IprO 369 Possible lipoprotein LprO
Rv0218 442 Probable conserved transmembrane protein
Rv0426¢ 147 Possible transmembrane protein
Rv0677c mmpS5 142 Possible conserved membrane protein MmpS5
Rv0954 303 Possible transmembrane protein
Rv1016¢ IpgT 226 Probable conserved lipoprotein LpgT
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Rv1184c
Rv141lc
Rv1418
Rv1749c
Rv1974
Rv2046
Rv2091c
Rv2171
Rv2301
Rv2330c
Rv2346¢
Rv2597

Rv2937

Rv2938

Rv2942
Rv2945c
Rv3576
Rv3723
Rv1489

Rv3882c

Rv0177
Rv0580c
Rv1978
Rv0360c
Rv1804c
Rv1924c
Rv2387
Rv2529

Rv2396

Rv2741

Rv3159c

IprG
IprH

Ippl

LppM
Cut2

IppP
esxO

drrB

drrC

mmpL7
IppX
IppH

ecckl

PE_PG
RS41
PE_PG
RS47

PPE53

359
236
228
185
125
218
244
227
230
175
94
206

289

276

920
233
237
254
118

462

184
163
282
145
108
126
417
463

361

525

590

Possible exported protein

Conserved lipoprotein LprG

Probable lipoprotein LprH

Possible integral membrane protein

Predicted to be an outer membrane protein

Probable lipoprotein Lppl

Probable membrane protein

Probable conserved lipoprotein LppM

Probable cutinase Cut2

Probable lipoprotein LppP

Putative ESAT-6 like protein EsxO (ESAT-6 like protein 6)
Predicted to be an outer membrane protein
Daunorubicin-dim-transport integral membrane protein
ABC transporter DrrB

Probable daunorubicin-dim-transport integral membrane
protein ABC transporter DrrC

Conserved transmembrane transport protein MmpL7
Probable conserved lipoprotein LppX

Possible conserved lipoprotein LppH

Probable conserved transmembrane protein
Conserved protein

ESX conserved component EccE1l. ESX-1 type VII
secretion system protein.

Probable conserved Mce associated protein
Conserved protein

Conserved protein

Conserved protein

Conserved protein

Conserved protein

Conserved protein

Conserved protein

Conserved protein

Predicted to be an outer membrane protein (See Song et al.,
2008)
Predicted to be an outer membrane protein (See Song et al.,
2008).

43



[ PN e e VA

Rv3872 PE35 99 PE family-related protein PE35
Rv3873 PPEG8 368 PPE family protein PPE6
1) Rv0169 mcelA 454 Mce-family protein McelA
Rv0171 mcelC 515 Mce-family protein McelC
Rv0172 mcelD 530 Mce-family protein McelD
Rv0174 mcelF 515 Mce-family protein McelF
Rv1242 vapC33 143 Possible toxin VapC33. Contains PIN domain.
Rv3494c mce4F 564 Mce-family protein Mce4F
(6) Rv3033 182 Predicted to be an outer membrane protein
Rv3369 144 Conserved protein
Rv0464c 190 Conserved protein
Rv2240c 196 Unknown protein
Rv2728¢ 231 Conserved alanine rich protein

3.2 PR EREBITIRES K

ABEFU R E S5 A OB A I D) BE 4 2K 2 B T Tuberculist B ik
(http://tuberculist.epfl.ch/index.html) [51]. K 2 JE /R 54 Mk R [ 5 A% H#
Jr ORF [ INRES K3 AT Bl o AR R FIEde 8 B 25 T LU RS M (i) 45
AT G ik B, (i) S i A K D =5, (i) 78I R B iR R T,
(iv) @it E st EE, (v) EEZATREMBAMERK DT, (vi) 18 38 1E w i
LEVEEH. S8ZATHE A ORF KDhRE/FAHEL, FATPTIE 54 Mgk H K
Dhae s g 1« Fr a4 AR ” CIntermediary metabolism and respiration) A1 £
“FEE " (Conserved hypothetical proteins) {245 76 4 85 1 T o5 BB %, 1
%5 “PE/PPE”. “4fEEM4NHLFE” (Cell wall and cell processes) Fl “F /1. fi
FAIE R (Virulence, detoxification, adaptation) fiX =8B AESE AT G
Lol S ETREAAR, £ 54 MrikEaRt 2eiaiEss “hi
R4 ” (Lipid metabolism) 1 “If$. i ARG B A4 7 51 Ko {5 5 1@ 7 (Regulatory
proteins, insertion sequences and phages, information pathway) 25 .
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A. Whole Genome B. 54 selected proteins
S PR ©) (7) )
0 5.6% 4 % % 11.1%
o 6.0% 9.3% 14.8%
“ 6)
9.3%
(5)
4.1%

(1) Virulence, detoxification, adaptation

(2) Lipid metabolism

(3) Regulatory proteins; Insertion sequences and phages; Information pathway
(4) Cell wall and cell processes

(5) PE/PPE

(6) Intermediary metabolism and respiration

(7) Conserved hypothetical proteins

2. KRN 54 MEERSEEFAIRESHE.
Fig. 2. Distribution of Mtb genes according to functional categories. The percentage of genes in
each of the functional categories is provided, as retrieved from Tuberculist website for the whole
genome (A) [51], and calculated for this study 54 selected proteins (B).

321 25 “YifgRE R AR KEAR

£ 54 MrikEA R H, 25 “HBEMgEiE iR MESH 30 4, HET
55.5%. BRTRslE, A S =P AL,
3.2.1.1 fgEHA

SCHRARE i HE AT DA R Bl R] 4 2 5 AR R AV E 32 2 TR B AH BAE o B9
RTINS AT B R R A P AL 48-99 N mdiE s LR [66,67], TEAHTFT
(1) 54 Mg gz A 5 2 9 4.

LppX (RV2945)7E# BN — AN K/ 22 kDa 4 B E LR 1, 7EREA AR
phthiocerol dimycocerosates (PDIM) ] 73 # 41 i & W 25 % 4 F B 5 M. leprae &5HF
[FRIER, TAE PDIM SR 73 H AT B 8 anFik 35 43 BAF B B ML avium S5 U3
3L A [66,68]-

AR R R E B BEREE N T BT A R T,  RERE BB IR g,
{EAEZH B R VAR B R A FIAEAE [69]. lppX ZEF AL T2 5 PDIM AR 1)
FEDIEE R, A P-4 2 45 A% AT i 1 PDIM #5ig B AMERT A JF 1) [70]. 1ppX &
DR SR AR R G AZ AT R AE IR /N BRSNS 55 098055 [26,71] SCHEREE[71] o, %45
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AT B R R B 1SS FNZ AR TG TER PDIM B35 2 B R A S, 1
A1 PDIM & BRI A R R

LprG (Rv141lc)je — M E4HTE 40 iR T R A I DI Re PR~ lG 2 H , /2 M. bovis Al
SRR EENYURED [72,73]. EEZA BN RN, HEZTEK
LprG UM, JE3& BE5 T HaRA I Thl e N2, X Remidi e £ R 1k
FIEINE G [73,74]; XU R EIR LprG BT 318 F i WA 1t — D i)
VEFITE S5 AT B IR e i G S A [70]. 5 AT B 0 lprG B8 HR 9 1
(lprG 1 Rv1410c £ T-[A—# N 1) k2 T BOLAE /D bRk B R 40 4 i i
FEIGAEJIBRAIK [26,75,76]. ST AW TN, IprG [ RAL S BUSE LA AL 3\ B
P LR A1 1) o W A - TS T A i 5 () RO BRAIG, 72 LR T N X AT e D 32 PR, I g
E /)N BRI P B E B VR e 2% K [77]. HATX T LprG fES5 A I 8 0 K FE an itk
BB AL ARG AR . FRATHIE, LAM 245 Ao 10— R BE RN 73+
[78,79,80,81,82]. 1ARAMSEZIGIUESL, itk LAM BEWE S5 A BRI 1 H 2 0 2 1k,
PANIITR R RIS BT 73w W be AN SN it P 1 e R o N N B T b o i B N
TENIZs, R AARAT S5 AZAT TR A 705 A5 B s [83,84,85,86] . 1Ml Drage A [F] <K
KIL LprG @il — s /K HARA =M Ab KB IR 45 & [87], Gaur 55 A#E—DAESE %
HEEEXT LAM IEH Rk T4 m L i 2 L/ 0 [77]. BT 0k, AT LA
LprG AL 520 LAM BERIAR KWtk SEZ F1ER - bk, A 7T 8o LprG mf
PIE N NS Toll #£324Kk 2 (TLR2) [87,88]F1 dendritic cell-specific intercellular
adhesion molecule-3-grabbing non-integrin (DC-SIGN) #3244 [89]. TLR2 &5 ¥
P R G RGN GEAZAT I — D EE 71 [90,91], 1 C 2KEEE R 24K DC-SIGN
TE T BT B 8 W S5 4ZAT B A1 M. bovis BCG £k I H- A7 T- N ZEM R 4i i Al 5
WRAH M L VR . Rk, LprG i n] geil it 2 515 3 -45A% AT I 1A B AH BAE
MR KRR ER . dE— D5 E S ROZ 2 # 7R LprG 5 TLR2 #1 DC-SIGN
S JETE R BRI LS
3.2.1.2 ESX

SERZAT L A A E 5 AL RS R St (type seven secretion systems, T7SSs),
3 B BRST F)JE R %R esx-1 & esx-5 gmhbd [92,93]. AW 5L~ ESX-1 Fl ESX-5 X
ZERZFT AT M. marinum SR PEFS BTk [94,95,96]. esx-1 FE A %2 TAN-L AL 4k
AR BREMR, EALTER S AT EZE R4 ) RD1 (region of
difference 1) X1, 7EZH Bk BCG MR M Lk, ESAT-6 (the 6-kD early
secreted antigenic target) & T7SSs H1 25 — Ml % 8 SR MY B E i [97]. ESAT-6
N HAERS R 4 CFP-10 (the 10-kD culture filtrate protein) &% 1:1 f & A HE &4k
ESX-1 R 7w EII25 MTBC MEJJ1EMH [98,99]. #ff FL 45 AT H A1 M.
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marinum B B ESX-1 1850 W JERA B 45 A4 2H e 70 o o0 BT B B P9 A 47 [100]
PO B W A 4 [101,102] A2 2t 1 3 20 M S A8 K o BT B LE T 3 40 B 1) 1) 6
[103,104]. 4B RN TE EAHML)E [105] 5 J5 3 R 2 I R [106] 5540 A2 06 75 1
ESX-5 2 5¥% PPE fl PE_PGRS & [l (15w id#E [107], HEZATEE T esx-5
RAF AR TCIE 5% E VR 20 M A B DX 7 B2 % [95,108] . #ift, Abdallah %5 A HE
ESX-1 /M3 A B ENTE 4R, $235 ESX-5 43Wlh R 4G0 43 Wh K 2 34V 5
HENAE T2 40 5T fid g A R MR B A SORE SN RO [96]. X L8R R A
FIHBAERH ESX-1 Fll ESX-5 7 M IR Re e BiA 16 EANPF F . b4b, Pathak 25 A
RILESX-1 HIJEY) ESAT-6 il it FL#EM TLR2 454 K] NF-«xB 15 5 8 % i 0%
[109]. AWFFLEEHT 54 MEikiEbrHAEWAJE T ESX 47 (Rv2346c Al
Rv3882c). Hili[1) &, Rv2346¢ (EsxO)—RMIT ESAT-6 HIThREMR T,
MG AR W BEAEAE -8 B B AH ELVE F ol s AR .

3213 HEHEH

rv2301 (cut2 B culp2)dmtd =) JE T 2 R BB F e H i — 7, AR BN
Rv2301 £ A7/ T 45 AT B RS RV [L10) RGN R 1 [111] (E G SE AT
[/ BR B i A H, Rv2301 REfiB 155 IFN-y () ERIA [112], H B R0
NFRHELRA P S [112,113]. AW 5T o~ Rv2301 75 BCG H [ [R1 Y5 2 (K] A % 4 il
TWRAR R AG/EA [30]. Ocampo %8 ANfRIE VR H Rv2301 [ FELEIKE 2 5 4%t 6
MNRANZE LR aipe % B4 iE [111]. X e R KGR Rv2301 25 54T 3 i BUR
PEA AT e IS 2 518 -0 IR B AH BLAE R SEEIL .

Rv3723 W RER&—NEIREE [114], S5 45T B A5 /N U A A e B B e
[115]. &8 X T AT W R ST A Tk, RS R RO IE R 5 25 %6 B 7R B
YA/ BRAR P A K HT R I B PR [26,29]. BE4M, Rv3723 £E M. avium )
[ 905 32k K] e A% 14 s I 35 7 A B R e i b R P e ) [116]

Rv1489 ;& — M IRe R MM IR E, HFF]5 M. paratuberculosis ff]—/~%
g ENRBE A FEVEMER S (http://tuberculist.epfl.ch/index.html). 76 Nif /N A
ZE R K RIS R 3 BDIRASIE, Rv1489 (IIA Fif [117] [17]. 1 H45#%
FFE B rv1489 FEASHRAE R GLAE N R KRNI 55 719855 [34]. UL B4R
RV1489 7EZ5 % AT B I B0 M e 5 EEAEH .

3.2.2 PE/PPE

TR 22 HAIE 45 3 B 73 BORT 1 s e A () PE/PPE. Ik B 1 o e B 22 () 00N 73
T RESKIRE G BARDgee A At — Pt 7t [70,118,119,120,121]. 4 K%
A PE/PPE B 1 #RE 7 T 4H i A M R T M 4, T3 A AR - S0 1R 20 B i
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[108,122]. PE/PPE ZXJf i ia i B G k% AT b B R ZH b = W0 1) 4.1% [51], FEAHTF
¥y 54 ANk B A2 3] T 9.3%.

AW TR PE3S(RV3872)/2 73 Wb K [, Tl PPE68(RV3873)/& IR HE &8 1 [42].
A WA S s PE35-PPE6S iX X IR 7 45 A% AT 1 HH /e JL e 5k 1, H& H IR =
VIRewAH IR [123). fE##E—D %P PE3S M1 PPE68 RefthFIfEA, i
THP-1 BB IL-10 A1 MCP-1 (1) 43[R B 471 1L-12p70 f)3RIE K [123].
5 TraSH 73 #4653 [260ANF R4, 40 7% PE35 B¢ PPE68 1l PE35-PPE68 ik T
HIE3G 70 A B S R 3 0 5 2 B VR B N A7 RE T [123]. X dE 2l SRR FRAT T
e o3 A FE B A R 0 IR AN JE (R I B AR R A 4, L ) 45 A B ) R AR
RN T4 PE35 A1 PPE6S 11 JE YLt () T it 2 4 75 T o

PPE53 £ [ HH rv3159c¢ & [A 4 filh, Fiill & — A DhRe AR FN I 7ME 8 5 [40].PPES3
TELE AT B AE N R KB BI A HEAE A [34]. A =EME, PPES3 1E
M. marinum = [ [R5 25 R 0 2 — AN BB RN 47, B M. marinum [ 41 i
FfL P A3 B A -0 R B AR ELAE ARG TR AE A [124,125). 5T PPES3 7 /2 GLit
FIFEF, XG5+ A 02,

3.2.3 Mce

SERAT LR RS 4 S mee BT (meel-4) , HAERIT PR I HES)
KAE—F [114]. B4 mee #NTHLEZ S yrbE F[F (A A B) A4 mee HE
(A-F) [126]. Mce ZXH% 7 — M i TN gt 246K 2 B8 53 I ThREAR A1
SZEZATE I mee2. mee3 B meed AL R ARAL BN SR BN VA AL I I HH B ) AR
[127,128,129]. %A1 mcel fE45 %M B HIBUR M BIVE IR FAE S L. 3BT
AR TR IR meel Kk IR S5 A% AT R A W A B RN /N BROASE Y A AR A BT 0 7R 1Y)
[26,29,30] RIS MM LAT BT, meel TEAZPRIRIN H 55 7708k 55 (1) 2= 1Y
[127); T 2470 FH i Rk S BRORE s v SR B P NE, mcel SRASHRENZR I 55 )38 9 1 3R
Al [127,130]. MK HIEYE R Mcel F% K 5 % TS5 A% AT 1 (1 5% /1 STkt
T HAE NG s AiX —Thfg [131,132,133,134]. Ak AHF 78 145 B30 FF Mceel 5
W A2 516 R IEEAHEAER . 3R1E mcelA JE[H (Mcel Kz —) HIE
MR B B 0Z 8 B AR RORL AT RE 42 N Hela 4Hfg [135,136], HAIEFA:
BRI BEAH L, SR AT B AE 40 M N B A7 s s TR G [135], iX K W] McelA
FEGIZAT R NR T 3 XM N e HEAEH . thsh, A ER Meel (1—A
2 NRFERR v BS 5ABE N Hela 0 NAG/ER [130]. 1 HLAIA#E BCG Btk
) meel JE PR T EOHAR B HeLa 40 FfL 1Y) BE J1F#AIK [137]. 5¢dlx Stavrum 58 A K I Mcel
B BRI R/ B A B P ) O R S R E N [138]. B REE Mceel HEH
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FREMTAFEMMRI [40,134,136], JF4e& A B4R, FRATA P HAAE Mcel
WA VT REAETE -0 IR B A BAE N IR . A 24 2% e H Mcel 7275
FYH A A EERE A

3.2.4 ThRERAMIRFEBER

RGN AR N, HHL 26.8% MIFKNRIDF=YIThREAR M, XEEI)hE
RHMEEIAZN “DIRER AR EAR” [61]. ARWFITH) 54 MeikE HIE
B, “ThEeARMMRTFE O B G a2 7 14.8%, B 8 NMEEMI)
REAR AT, X 54 Mgk 8 A L8 A DY RER SCER[139] ST R 7 1 DhRg, PRk
AHF] “DhReRFBRTFEER” X—K.

Rv1978 ;& —/NUife RAHIEEE, 5—Be0Rsyd B A R A B R
[38,42,140,141). REHIhREARFN, H/NREVRA MR HE) TraSH 43 HTiERe 1
Rv1978 Xt T 45 AT B 1075 11 Tk [29]. Hbak, SERZAT T ) rv1978 % R T4 N\ 58
BRAEIEN RN B il b A A7 e 1 BA [34]. AEZhPE TB S54%0w A
t, Rv1978 REMSIETEMRIEKY: TB B iFH S H /KT IFN-y [, IXEERiZ%HE
RIAR KRR _EAN TB (PRI AE O [142].

Rv2387 & —AMEAKRE AR [42], BN &AL Hig [51]. TraSH 43
PR BT HE A RN ) Rv2387 & HAE 45 A% M B R A/ BRSNS A 25 [26]. 11 HL,
SERZAT BRI rv2387 FEARRRAEUE B AE B G R N RACSE SN B 5 710k 55  [34].
ChIP-chip 73 #7 71 SigC e 454 31| mbtl-rv2387 FE K% Y _E i X 45 [143], A3 SigC
RE 15 B 44 ) rv2387 I ERIAIE 7Rk — A2 SLIR I IE « HHT- SigC 2 K &5 /A Gk
Rl hspX, senX3 A1 mtrA Z:[) 2215 [144], Rk Rv2387 1] IAE N —AN35 1 A 73k
TR T o

3.3 SEHEAYWERFERIR

HAr & LR LR RE R FHAEWAE B 7k F IR & AW 5
[64,63,145,146,147]. Klitt, FRA VA 5T RARH) 54 Mk & AiE R 5 IX LR &
Y HORIMEE R B R T — A, VRS AR UL Table S9-S13, &5 L
Table 3. XU SCERAHEL, A TR A LU RePE: (i) % R EAH S H TR B
BEAT T PR B SRR A AR 2R, T T IR R RGN (1) A0
FUHE SR 508 5 18 - 5 R A ELVE FH I 45 M B B AN B AR DR 2GR B T R
PE, XANET PA B R RS AT R RN R s (i) ARSI T 4t
FFEE B AP EAZ BT AR R, BRORIXRE B R — M 2 5 8 TR B 5 M L 2t AN
B S 5T E-TE ENAETAER . thah, TATRAV)HIBR T ATA AifE 2 8 £ i
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PR AR B AL RIS ) S5 AT AR, XA (v) B R IR B b /b I ST A 250t i aé
B )15 3 8i8E EpiE s R A

H LA AT, AW g 2 (List C© WA 12 FHEHE Hasan %5 ATl
M, A =AH targetTB 1 H-list 3& S —4E, 23518 — A5 A Anishetty 25 A
Kinnings %6 A\ &% Mulder 2 NN R . 256750, ABFFM List C 1 —3EF 15 Mk
e AEYE BRSO 2R i (3R 3). TRATI S5 R B s e gk &
H AT BEAE 3T B 25 WAL RO 290 At FU4R A — LAk 3

R 3 AR AL S MEEENERFERILERER.
Table 3. Targets identified in this study compared with earlier computational studies.

List A List B ListC
(580 genes) (155 genes) (54 genes)

[54], 180 genes 22 5 1
[145] Metabolic list, 500 genes 54 15 3

Persistence list, 500 genes 90 21 6

Actinobacteria specific list, 500 genes 69 19 3
[63], 451 genes (H-list) 64 21 3
[146], 12 genes 1 1 1
[147], 67 genes 8 2 1
4 LEig

ASHIEFE LA DNA G Fr Jo 5 DR 21 2 e -5 AR S5 SCHRBIH i D kit M SRR 70
FAIRAZITT 14 5 ) 54 D EIZAT R R 25 W) HE o IXERER H BRAT & LA N AL
FELRZAT RIR GG R EIRERIE, S5 R ARSI AR SR AMEE T e /5, (Il
IRk RSP AEAE, AL T AR AL, S5E 35 Lo 3 i T8 W 2 A R 413507 AR
Yoo FATHIEIX 54 Mgk 2550 mBEWS L BERT FIFT S L 29 HIIT K
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YR THP-1 [21]8k 5 ELME 4 [22]0 rv3402c 3654 7K 8 38 T

RAEZE ERBEENE —F R AT 4% A+ (Table 2), {HUL EFTiA
7~ Rv3402c A RELESS AT B B N A e b k8 B EH . BE Tk, JRATTRA
b5 0 A A B A AR AR Y, TRABRIEFE 1 45824 R 5 ) Rv3402c 1E 15 329 J5 i A
HAERFRIZhEE, PAHIESE Rv3402c 1F NS5 A2 AT B 43 1 14 R0 2. 1 B L o
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2 ST
2.1 SLINETRL. EHRSHRRR

pPMD19-T e H Takara A . H'EFRIAFKIGE Invitrogen A"l . AT EE
A JFARLH Christopher M. Sassetti Z4% A 15 W43% [23]. N5 {HHE4T Western blot, 7
SEEG Z O M BRIEAT T B, BIFE H BB AR C Ruisii—A> Myc %%, drd N
PNIT-Myc.

PORIE S5 BT B AR ERR (M. tuberculosis H37Rv) H 8 K 7 il B 22 [ 12
ft, AsSIG=FIA CTBA L34 DNA. BRI/ FiAF % (Mycobacterium.
smegmatis mc*155 ATCC 700084) NASZI = {#4F . KJHHF i TR Mk DH5a
BL21(DE3)& N AL S ARATE . KIGHF I TRE W MREE T LB ik, HTHR
TLBERIE . MR mc?155 #£ 37 T 8 R 7+ T Middlebrook (MB) 7H9
WAREEFR AL B MB 7TH10 [E4ARE IR b, B3R s N 0.2% (wiv) & i HE . 0.5% (vIv)
HM LK 0.05% (viv) Tween 80. AZERS, WRINZIKEER 20 pg/ml B-RAPE L
50pg/ml (I E & B

N FA L5 A 4 B P bk R 4 i 2R U-937 T B U2, /N BB A% I 4 i
F I 40 i RAW264.7 H1 3 =4 Rk A BE KBS [24].

2.2 FERF

Difco™ Middlebrook 7H9 F17H10 Broth 4[4 BDA s

PRA&ITE A DIEE (EcoRl. BamHIZ). T4 DNAEHEEE. LA Taq DNAR A%
I H Takara s & ;

Tween 80, Tween 20, ks (Phorbol-12-myristate-13-acetate , PMA), 2/
R IAFBE-TOXATE™ Kit, FK/E Cisovaleronitrile, IVN), & A-¥- 5]
TPCK. PD 98,059. F1SB 202190%5304 5 Sigma-aldrich 2 7] ;

RIEER (kanamycin). Hl. H0, W H LHifgAY) THEA F;

%5 2% B (hygromycin B). Transcriptor First Strand cDNA Synthesis Kit
4 E Roche 227 ;

TN L (e-caprolactam). 27 2°-BXALEE I [ Fil 7 T A &

ELISA X7 &% H eBioscience A ;

DNase. RNase. LDH #&lli5f) & CytoTox 96®Non-Radioactive Cytotoxicity
Assay Kit & Promega 22 & 7% i ;

IR — 2l (DEPC) F1 Trizol i Invitrogen /2 & ;

RNA #1#2iX7 £ RNAprep Pure Cell/Bacteria Kit. RNA i1k 17 £ RNAclean
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kit. —27% RT-PCR A& WPt Myc Fitfg (—$i) M=EHLR 19G-HR P Hifk (=
o) M HRRA A

FEAB K 58 A BEEURYE D HTAE Yossf Av-Gay S2I6 = 52 i, EEAA: #
J55)) Q5 DNA &1 PRV N VIR H NEB AW ; &5 ElE K FEE B Y H
Sigma-aldrich A F]; FJ& Anti-His —HiPii& H Abm Inc; U Anti-GFP —#Hidi
Y& H Boehringer Mannheim Corp.; (i —HiHiik Alexa Fluor 660 Goat
Anti-Mouse IgG ) H Life technologies Corp..

2.3 FERBEEFERS
2.3.1 JEAAF

Buffer A (no imidazole ): pH 8.0, 1L

50mM NaH,PO, 7.89 NaH,PO, 2H,0(MW 156g/mol)
300mM NaCl 20.424q NaCl(MW68.08g/mol)

Buffer B (1 M imidazole): pH 8.0, 250 ml
50mM NaH,PO, 1.95g NaH,PO4 2H,O0(MW 156g/mol)
300mM NaCl 5.1069 NaCl(MW68.08g/mol)
1 M imidazole 17.2g Imidazole (MW68.8g/mol)

To prepare 50ml solution:
Lysis Buffer (NP1-10, 10mM imidazole): 49.5ml Buffer A + 0.5ml Buffer B
Wash Buffer(NPI-20, 20mM imidazole) : 49 ml Buffer A + 1ml Buffer B

Elution Buffer (NPI-250, 250mM imidazole) :  37.5ml Buffer A + 12.5ml Buffer B
2.3.2 Western blot 5]

1. ¥R HEIKZM (Towbin ) , pH 8.3
48 mM Tris, 39mM HZEL, 20% (VIV)HEE, 0.037%(W/V)SDS (SDS Wit&
EASERLSE, Feal R/ hMEAE Lk, &E/NT 80KDa i, Ah
5.8g Tris + 2.9g Gly + 0.37g SDS _CAJID +200ml HEE, H dH,0 ¥ fifH & 2%
% 1L,
2. TBS ZZ MK (pH=7.6)
20mM Tris-HCI, 150mM NaCl

8.8g NaCl + 2.423g Tris, H dH,0 #f#IFE &% 1L,

3. TTBS Buffer (—{&X 7% 500ml)
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TBS 22/ +0.1%(V/V) Tween 20

4. W : TTBS + 2% (W/V) BSA(EE 5%l g4 95). IR EtE, WA
o 2 T B S Gy b gH T SRR

5. 2%MHIINELLI 2 (20ml): 2%NAEZL(0.4 7)iE T 30% =5 LR (6 7)1
30%fiEE HE K TR (6 TE.)

B TARM: 2% INALLIE & 1. 10 #oks, BN 9 £%1#% ddH20

6. —Hi: FE PR febuiA Ui B MR 5, ) TBST Mkt —#i,
IR LB A @R R A A, )2 IR RRHERE 1M B % 480 (1:100-1:3000), —
PR B m 2 R BT A R R T

7. ol BENEMRE . Ul B BAEE R O RE 50, R U A A
FRREAEH, 2w I A5 BB, (1:1000- 1:20,000) ik, — Pk Edmthe s
EVE| S NPIR G

2.3.3 21 B SIS AH SR

1. 0.025% (w/v) SDS: FxHY 0.25g SDS ¥ fi# T 1L i#4li/KH.
2. IVN (R : 26ul IVN Sn3) 1ml DMSO #, FEdA% 250uM [FEE; i 1ul
B Aml HEEE FER Y, WK E N 250nM.

2.4 FEUEE

PCR ¥ #4{% (Bio-Rad), H#£{% (Bio-Rad), Hi#k{X DYYU-8C (dbxi/s—1%
27, HJKAE DYCP-31D, M§br{X (Molecular De-vices), %R ik M 21X
NanoDrop spectrophotometer (Thermo), #EKEI% #5248 (Bio-Rad/uvitec), 4i¥
KA94#1% SpectraMax190 (Molecular Device), i western blot H#% 48 (Bio-Rad),
FEAK A EE 22 48 (Millipore), {RIRA R B 0L CRUXERT D, 2 B Bt (H
PRI B AR R AT, RIRHEEA % E.0HL (optinaa max-XD, Beckman),
LHMPEETT CENTE S ERAFD, CO MR 7=4H (Thermo), 75 A
#%{X HD2070 (BANDELIN, fE[E), 7Kl afEK (TS-92 JJ i i A, 1HIR
IK AR CEHETE TR A B A FR A T ), 7890A 7 GC-MS Ji #E A& A% (£ [H Agilent) .

3 LG X
3.1 EER[E

REWFEH B MF IS A 1. WEATE HITR JEH4L DNA L5ekEl)
rv3402¢ [ ) 4 K e £ ie isk BR A A2 9 DD EcoR1 AN BamHI 34 31 pNIT-Myc ik
b, W8N E 4L kL pNIT-Myc-Rv3402¢ o 8 FH A1 [R] J5 ¥ 44 2 5 41 )5 b
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PALACE-Rv3402c ({RAF-TINEEK5EJE BB LI KRS & Yossef Av-Gay SE4
). [FHMRE N VIR BamHI F1 Clal $4pasd'a 85 A 3E gfp M pSC301 [25]
DI'N, 83 pALACE ki RPN E2H Bkl pALACE-GFP (fr4% T Yossef Av-Gay
SCI ). BT R ARMER R 7L [26] B LU E BRIk M. smegmatis mc®
155. FHERBEZR (Fiiik pNIT-Myc itk il F R (Fik pALACE ik [
MB 7H10 [&] 4 5% 77 £ i a6 5 2H ik 3ig 70 BoAF B o R B PCR ifiaze PH 1 2 2H 70 B AT
W, fRIFT-70T &H.
=1 AXLWFRASI

Table 1 Primers used in this study.

Sequence
Cloning primers
pNIT-Rv3402c-For CGCGGAATTCATGAAGATCCGAAC
pNIT-Rv3402c-Rev AATGGATCCTTCACCGCGCACCT-3
pALACE-Rv3402c-For GAGGGATCCATGAAGATCCGAACGTT
pALACE-Rv3402c-Rev ACACATATGTCATTCACCGCGCACC
pET-28-Rv3402c-For CGCTGGATCCATGAAGATCCGAAC
pET-28-Rv3402¢-Rev GAGAAGCTTTCATTCACCGCGCAC
RT-PCR primers
pNIT-Rv3402c-For ACCGCTACCTGCTGATG
pNIT-Rv3402c-Rev GGATGGACTCGCGTGTTTG
16 S rRNA-For GTAGGGGAAAGCTTTTGCGGTGTGG
16 S rRNA-Rev TCGTCTGTGCTGAAAGAGGTTTACA
TNF-a-For CGCTCCCCAAGAAGACAG
TNF-a-Rev TGAAGAGGACCTGGGAGT
IL-1 B-For GATGGCTTATTACAGTGGC
IL-1 B-Rev GACCAGACATCACCAAGC
B-actin-For CGGCTCCGGCATGTGCAA
B-actin-Rev ATGTCACGCACGATTTCC

3.2 ERFIAS4L

&4 pNIT-Myc-Rv3402c f#] M. smegmatis mc? 155 B 20 @k (MS_Rv3402¢)
MR (MS_Vec) & #4575 20 (ODggo 0.6-0.8)« RINZIKEE N 28 mM
O A Bt T2 16 /IS, WURBRER, — =, — M EA&SH RNAprep Pure
Cell/Bacteria Kit #i#2.5 RNA. 43 3 H rv3402¢ K 7> ki4T 1 16 S rRNA (rrsB)
2 2 RT-PCR 514055 HH A 5 B A RNA #E472K 58 B RT-PCR (Fi6). 18 1%
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FIERNERE B AT RT-PCR =4k AT UK IR FA I o AN — 0 T A4 B8 P8 R S5 2R AT
SDS-PAGE Wik, HHABMIIMIRA 4N -, mAMHD Myc B BRIEHTARAR I
Rv3402c HIFi%.

2 Rv3402c (rRv3402c) & FKIESCHER [27] BI7vE M TRIEMAML. B 5 2,
¥ rv3402c FERERERIRIEFURL pET-28a(+) L, ¥ AFEFEHK BL21(DE3)H, i
HIPTG iSRS, R NP HE2itk. 4i1kiF1 rRv3402¢ #£ PBS(pH 7.2)
BT, L UERRE, 4§ E-TOXATE™ Kit ERNTFER, HAET-70C & A .

3.3 EHIHENBATR L AREHNTEELEE

G 3 B AT 20 B S R R 23 B8 7 VR SR AR S B SCR 28] 4T, WA 2B
200 ml Hik35 73 B AT 1 B i35 75 21 ODeoo M 0.8 et WNINZIKEEN 28 mM LA
B 75T 16 /NI o SO ERAN T 1 R, E8T 9 ml ARG (PBS A& &K E
N1mM [ PMSF, £9K %5 0.6 mg/ml ) DNase A1 RNase), 7= iR .
YHTE ZLAARIAE 3,000 g 54 R0y 30 min, IEEI A4 YR RZLET (whole cell
lysates, WCL), W&/ DiF4& . & F WCL 7£ 27,000 g 4/ F &> 30 min, i
Bl vmpEELH 2> Ccell wall pellet, CW). ¥ _EiE4kSE4% ] 100,000 g 20> /750 2
ANIE, BTUERR YA ZH 43 Ccell membrane fraction, CM), & HI ] &7 (K140
)52 5> (soluble fraction, SOL). 5 FHZ A 2% il 43 ) % A A Bt 2 73 R0 4 s
Hor—k, 100,000 g FRREC 2 /NN, 73l BT 0.5 ml RSz il . BT B
ORI 4°C R HE T

W IR T 5 44> HE4T SDS-PAGE HEEZFEIK, 2020 A R Ll A
WCL:CW:CM:SOL=1:0.36:0.71:0.91. HIKZHE, KEALKIBRA4ER
AT S BN 25 . A BRI Anti-Mye —HUPUEAR ISR Myc AR
Rv3402c [, HTHIRSHFFENER GroEL2 RAAH A —BARKRT
[29], FRUARATRHAE RN S EE, A RIER Anti-His —dthiEfaill i RE. —
PUpT A FH AR DB A A I £ e PR . A% & OtiE Western Lighting
ECL 4R S BN E 5
3.4 EAM K 5SRERMEURMES

X} ZH HIEIG 0 B B R B A K 5 TR AR ) I R 23 BT S8 U V2 S STk
[30)H4T, WEGE BN, fH FHZWKE RN 0.2% (W) ) LBk 7 5% S 4577 pALACE,
PALACE-Rv3402c &% pALACE-GFP Jsiki ¥ 5 ZHHlIG /0 A AF B 10 /NI S, RAE T

. i PBS VRIS IR G, IINZKWKEE AN 100 ng/ml B ARG K B8R A 5,
37T WE B ], IINZIREE Y 100 nM 1] PMSF &1 o I\ SDS [ kEZE
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MG AT S BN SR . A YR Anti-His —Hiiifk (Abm Inc.) A%+
His #2251 Rv3402¢ t5 H . i HH BRIRHT Anti-GFP —$idifk (Boehringer Mannheim
Corp.) Kdll GFP &1, JE&E/E NN EAMXIE. —Hipuisfi A Alexa Fluor 660
Goat Anti-Mouse IgG (Life technologies Corp.). {# ] Odyssey CLx Infrared Imaging
System st 5 552 EIIZEAE 5

3.5 EHIHEA TR E SRS R ASIERZE I 54
35.1 HHESHE

# MS_Rv3402c 1 MS_Vec 157¢F MB 7H10 I, 4 E6F 8 i 0.05%Cviv) Tween
80 I 28 mM CLEEA%. 37CH: R 5 Kfa, M.

3.5.2 BRI GC-MS 447

PC 1) g 77 R 2 B k)«

Wi 1 CEfk ). 45g NaOH, 150ml S, 150ml 7&187K . BLECHL

R 2 CHE3EAL): 325ml 6.0N E:FERFN 275ml FEE, i pHET 1.5 L', ff
JE 7 I R Ak o I T FR R T A S AR I 2 T MV 1T

WA 3 (FEHO: 200ml kg, 200ml FE2EUT Bk DA i 7 R e $R i &
AHUES, TSRS T

Wi 4 (FEfh2ifk): 10.8g NaOH T 900ml /K H . Zid FE Rl Js /b FE N 1,
AR I 25 00075 G o

BRI A DL PBS Ji e b A, A SCHRIEEAT i 17 R HR B

(1 R HF THO BifAREFREE, TR 37T . 200r/min BFERH, 3
FREAKM W (0.8-1.0) , 6000 r/min FEC 6min, 32 FIEW, FHZEMEKEL
PBS ZZ MRk, S04,

(2) BAbBL K 100mg B A 1.0ml 355 1, K 7 %5 R I
56 FEEDR, BHED 5-10s, 100T #/KiE 5min, JHZ1IRE 5-10s, F =
K & 25min.

(DHFHAL KA 205 R E T, N 2ml 5] 2 B850 e , 80°C in 4 10min.
GZ5 By T AR A o0 R, — e B

(4) R A 1.25ml A5 3 BIAEERRE F, By, A HhE
¥ 10min, WEFTH, AWERHAKHE GRERE) #Ek.

(5) =i K2 3ml 55 4 I NRE AN S, &5 L F#% Smin. 4T
T, FWREWRICE PR 2/3 BHBEE T 5 BT
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3.6 ERANRNBATEEREMENEFEED

B BV FR I U-937 I A1 A 12 FLIRT, BRFLZ 140° M, B=%
FLo MMAZIKE N 100 ng/ml ) PMA (Sigma, USA), fE37°CHI5% CO, #kE T
iEE 48 /NEF, BRI U-937 4HfE s M EEIRS BT E R . K D& iE R ERIL 16
ZINER () B ZEL I35 J AR B ) 6 3 S B B A B, AR JE LA MOI=10: 1 (4HTH:
B BT i U-937 4Hf. TEES 4 /NEFESTE] A, 37 CURIB I
RPMI-1640 ¥t U-937 4l 3 ¥, WK FR & AN B - B LA Iml &7 250nM 5
KM Cisovaleronitrile, IVN) (Sigma, USA) #1100 g/ ml j#% % B (Roche, USA)
() RPMI 1640-10% FBS 5E 4457555 . 7E28 6 /NI ] f BT Be v i it 2 Ik, N
SR RN SE AR R A RS IR . AR5 6 AN 72 /NI TE) A4 SR Al B o
T, RAFT-70C, T ELISA 5256, SRJE R MAE A=K (1) U-937 4 fa ek 2 )5,
IINZEAE Dy 0.025% (Wiv) 1¥) SDS T4 2L gk 4 e TECHIE 35 3 RAF B8 o K R LA
SR FE B0 BEMRE JT B 104 8 25 R85 R ) MB 7H10 P . 37 CHE5%
3-4 RJa, THECTAR EREEE, TR RETE RN (CFU), BI] DUEL S = 4 ik
i AP AE U-937 4HMOR N IRAEIERE /T . [AIFEHE, SRECGRAL 72k e E 4
HIE3G 73 A A B E RAW264.7 i A A7 & e T . ARz Ak, 78 12 LR ERRAL
B2 E 5510° > RAW264.7 41, Al PMA 159% 24 /N, i S 41U HEG
O R TR IR G B R A i

3.7 EHIHRNBATEMIMER RN NS

A 3G 20 AT 1 A A K 2 - B B 2 B35 0 AOFF I, 9096 ODgoo £1°4 0.02,
BT 37CRIMRT IR A ODeoo 204 0.8, MIAZIKEE S 28 mM [1iF 575 O Bk,
FEBE 3 /NI — K ODego, — 3L 36 /N/INIF o Lhich S5 (0 B &2 i) 3 2H ik 35 23 S AT
B AR KT 2R

HH R BT RGBT A 2R A S 2 Bk IR 20 b AT 18 55 7R A0 7
ZRPEEN 100 uM 27 2°-IBRIEIE (1) THO 35374k [31]. #AERIMAEK 2L, k% 3
/NI U % ODgoo» 35 50 AN/ o PAIC T A HHE 22 1) 5 4L B Y 20 BT £E
RS T I AE K 2R

N5t 2 20 Bk 35 23 BT B TR B PR 25 A T B AR KR 77 555 S0k [32]. Ak
BRGNR s B O SR E A %) E AT A BT B R, A pH 3 B 5 1 THY 355
FLVR A . A E AT 5ml (1 pH N 3B 5 1) 7THO Br sk, £ ODgoo fH
EHITE 0.5. TEULERME 5 PF THEIREE 40 1A, 7255 0. 3. 6 5T [A] & 237 HX 100
PRV R R BE R FE R RS o M BR AT Al T PP AE & RIBE R TH10 AR I,
ITCHEFE 3-4 R, WWHEEH, HHEEEESAL (CFU, HIETEE.
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N £ B A G 43 AT B CE S R 0 R BTS2 B O W A ) ZE kI
SRR, EH pH 2 5 (1) THO BEaR B BR A — ik, 8 )5 BB AEAH [ 7
Ferpo fEH pH 4 5 11 THO K 37 B WA B 2 ODeoo 9 0.5, HX 5ml, IIAZEIK
JEH5mMM [ HoOpo FEIRIEFEEES 0 A0 6 /NIFISA] £, 435I HL 100 il B ik +1%
WRFERLERRRE o MBI I A B PR E B RS E2 310 7TH10 “TAR b, 37°CHEF% 34
K, W CFU. HJatzlf aim R e,

DA b SRag i ==L, R EE =K.

3.8 El&4MpaTF AL

AT TR S I W 4 P e s LR i &0 - (lactate dehydrogenase, LDH) &
Skt AR 2 RORE L [33]. FEHAHEYR /3 BOFF R Y U-937 FHIi R )5 6. 24,
48 F 72 /NINF IS TR AT AR AH B B SR AR B . A RSO GR & CytoTox96
Non-radioactive Cytotoxicity Assay Kit (Promega, USA) kA& illR; 723 Fi%d LDH
WEsE. AEPRSEER &R . SRR IR

1. KFTASEIRFL. $R4MH & LDH FEAFLAIRS 40 A H & LDH FERFLIY
WROGAE I8 2 35 77 T SO 25 1A .

2. K EEAEMiR K LDH BETE00 HE IR AR I 25 A AR TR0 HRIEOG AR 240 1E

3. KPR 1M 2 PRANAEKRERER AN THA, THEABEE
PR E b, %dl iR EME = (SRSl LDH BEitE—¥E4 M 5 & LDH #
D [ ARG K LDH BiCE—SE40 0 B & LDH B s ) <100,

3.9 FIH semi-RT-PCR #1 ELISA X4RpEFFIiE 47

751 3.6 FRIKCEE I R YL J 6 AN 72 /N s (] 50/ U-937 41 i & W A T ELISA
S8 . 5 AL BRI TNF-a A1 IL-1B 35 & ELISA {77 & (eBioscience, USA)
SR 4H M 35 R A B R IR B, A A IR A i IR U B P R A

A HIHG AT RS G2 LM T, U-937 411 2 12 /NS, WedE e,
RNAprep Pure Cell/Bacteria Kit 217 RNA #li#& . f# } DNAase Fx 45 RNA H1 ] DNA,
SRIGEL 1pg 1E NN, fFFHBEALZS K519 F1 Transcriptor First Strand cDNA
Synthesis Kit 4 1pg DNAase ZbH 5 RNA #3538 cDNA. ZRJGHE 1 i
TNF-a., IL-1B A1 B-actinC /oA N 206 HEOKRE 53 51 ¥ 4T PCR 474, B1>F %€ & RT-PCR.
¥ Frf3 PCR P AT B le Wl e I v vk, ffiid .

3.10 £MERFESHITFES
(1D B o i 8 e S o4 s

71



[ PN e e VA

(http://www.cbs.dtu.dk/cgi-bin/nph-webface?jobid=TMHMM2,4D65C17807B3C9
Al&opt=none), i\ Rv3402c )& H FpHI TN 8 E 8 A0 E AL 15 0 .
(2) FEH 5 A B
M NCBI H T % rv3402c Jk (K551 S AR ML [R5 51, A3 Vector 11 73
Fr FL A
(3) KT EPEKH Student’s two-tailed t-test V£ HT. P {E/NT 0.05 B FA]
WAZERZETEN . REBERRIMEMRZ (standard deviation, SD).

4 ERS50HH
4.1 Rv3402c BUE A4

IR A SIS R, RATR L Rv3402¢ & AA BN X AR AT e 2 15
JEX I (B 1A); Bk, EARTRE - IEEES. A8, BdEl
JR [EE P A, FRATT A EN rv3402¢ PRI R 9% 1 Bk BCG H (4 R Y 22k PR 2 — A
TRY%) 186 MhAE (61 M AR B BCG3472c; 1AL RS0 w35 73 AT
B SRR RS (B 1B) . AP, JZ T Bk BCG 2 — M & it B B
RATMAF BN — A G954 GA% o BB s T HIEYR 20 AT 181 2 S A2 Y 1) o 75 TR A
T rv3402c FEREA FFEVE R 70 B i AT, RS & A RIWTSE, JRAT A
ZEERAEGAZ AT W I BURPE R R 3E T — 5 KI7ER .

A 1.2

1t

0.8 |

06 |

probability

0.4 | J |

50 100 150 200 250 300 350 400

0.2}

transmembrane inside outside

B lk— 12300p —3)
Rv3402¢ M. tuberculosis H37Rv

L 1053bp 5]
{::::’:— BCG3472¢ M. bovis BCG
pseudogene
LZ.TiTiIiIiIiTiTiTiTiysy None M. smegmatis mc?155

1. Rv3402c RYEME R F .
Fig. 1. Bioinformatics properties of Rv3402c protein. (A). TMHMM posterior probabilities for
Rv3402c. (B). The distribution of Rv3402c in different mycobacteria.
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4.2 Rv3402c fIhFRiIA TR EKILYE S RFATE

SERZ Y FUFT T ) ORF rv3402¢ K%y 1.2 kb, FlTgmit R 145 K/NZI12A 45 kDa.
AT, FATAEE T PIRRIEYG 73 A A R AR T AT Rv3402¢ 515 3 B
YHM 2 TR AR BAE T . 4L AR MS_Rv3402c AU ik 4 Myc FR25 [ Rv3402¢
WA EAREK MS_Vec 8 pNIT-Myc ik, 15 A 544 x5 18 1 fk

MS_Rv3402c I MS_Vec # e 3Rk aph LK, FrLAERREAEK TS RBEERT
Rkt b [34]. *FE&E RT-PCR 45 R Box, A MS_Rv3402c A4 fe il 5% rv3402c
SR (& 2A) . Western blot SE5e i —HIESE T MS_Rv3402¢ fg KA —1%) 50 kDa
K/NEI Myce B &8, T X I AR MS_Vec B K2 rv3402¢ 2 R 315

(E 2B). DL Esziest B IR Rv3402¢ Rk TG 0 B i

(@)
A S
S
é—,/ @f—)/

& 2. Rv3402c B IiRIE TR ERILE 2 HATE
Fig. 2 Expression of Rv3402c in recombinant M. smegmatis. (A). Ms_Rv3402c and Ms_Vec were
grown at 37 “C in MB 7H9 liquid medium to an ODgg, of 0.6-1.0. Total bacterial RNA was isolated
after 16 h induction and subjected to RT-PCR to detect expression of the rv3402c and rrsB genes.
(B). Lysates were prepared from bacterial cells that were cultured as in (A) and subjected to Western

blot analysis to detect Myc-tagged Rv3402c protein using mouse anti-Myc antibody.
4.3 Rv3402c 1R EHAHE ORI EEERMBANFER

FATTRE rv3402¢ A7 AR BRI AH 25 3 A R I, A6 H e ES0W M43 BT 11 8 4 1
UWHEYG 2 B AT B, M. gilvum F1 M. vanbaalenii 25 ANTEAE RITE SR . A 2B,
FEVREFE 1 BCG (BCG Pasteur) FE#kH rv3402c¢ 1 []J5 3% R B T 24 5l 7 /S B
rv3402c {F 45 /AT B Bo ik BV fR I 20k 10, REfe B ER TN AN R, FL7Eu
BEELTC R 0 BT 1 2 ARl o s IR SRS I s 1 DR E 0 R R -1 EAH BAR 2
A M. Ak, BATRIHBERECN 10:1 (RI4HEE: EM4E=10:1)
(1) i ZH Hi 315 23 A FF B 0 S ks N RS B 4 g U-937 AR IR B 41 e RAW264.7,
R FER T AEEUR E NS IR . B 3A TR, B U-937 4 /il & 48 /)
ISFAT 72 /NI S, EEZH B MS_Rv3402¢ FA77 28 B i Ll 200k B B MS_Vee B2
B, MG RAW264.7 4i il RET, 33X — B M 7706 236 22 5 RORAETE 72 /BT

(E 3B). R HMAFEIEHFIA R R AAFEZES, HEITEETEoR
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3. EME4RAER MS_Vec F1 MS_Rv3402c RUBEMA7F5E BE IHIELES
Fig. 3 Intracellular survival of recombinant M. smegmatis in macrophages. U-937 cells (A) and
RAW267.4 cells (B) were infected with MS_Vec and MS_Rv3402c as described in the methods
section, respectively. Aliquots of infected cells were lysed with 0.025% SDS at indicated times, and
serial dilutions were plated on 7H10 agar plates containing kanamycin. Recovered CFUs were
enumerated after the incubation for 3-4 days at 37 “C. Numbers of intracellular bacteria are shown
as a percentage of the numbers detected at t = 6 h (U-937) or 4 h (RAW267.4) (% survival). Data are
shown as means = SD of triplicate wells. Similar results were obtained in three independent

experiments.
4. 4 Rv3402c T~ getEsa B LA ALY D AT R B3 & B8

— AN GRS R N AR RE ) — A I T T DTER: S RRAN TR B AN, W
e B E SR s URRE S HIEE SRR ERE ), W RE EE S
P, Nt —DFE Rv3402c 3458 B 2 B 0 A B B AT RE D IR R, 3R
1150 T B E MS_Rv3402c FIXT R MS_Vec f)—SeA KR K HUERE /1. W
Bl AA IR, PIRR R AR A A i 2o B AR — 35, X U B Rv3402¢ oA o Hik 35 73 17
FF B4 )38 B e

MEEAT B NTE AR, BT S A D A, WMIRERIRE . BRI
TEPEEESS . B, BRATEHEE T Rv3402c 2 HIR T 16 1 HIRPUX L L F7 (1 RE
SCHRHRE PR R SR A T R RS AT I, eSS rv3402c HImRIE [21], it
PATE e H % T HA B MS_Rv3402c FXfRETE MS_Vec TEARER &1 T HIZE KA.
N AB Flow, 7635 1 B A R IR W (1) 7HO 5% 9% 3 o 5% 3 1 0 e 1 1) A Kt 26 5
TR ZER, BB Rv3402c FHARSCRHEG 7 BT B SZAIRER IR BE (B ) . B 5
HAEMMAF T A KE R, BATHEEMRE MS_Rv3402c FIXtEE MS_Vec 45
BT pH N 3.0 M1 5.0 1) MB 7H9 H1, 7E 0. 3 1 6 /NPT [A] SiiH 5 H CFU, &
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PR R A KIGOLEA 25 (B 4C). KlHh, AT FEEEFET 5 mM H0,
s Rk Tp 2B S AR A N AR DL . & 4D B, Ho02 403 6 /i S,
MS_Vec 1 MS_Rv3402c 447245 5108 123.3%F0 116.7%, Fitt /i Won % %
o SEA UL RZER, IRATEIL Rv3402¢ /S REIE S Hik- 5 73 B AT B 6T B oy P35 1 i
JERETT. DAL, FRATHEN Rv3402c nlfEZ S51E -0 I B I BLAR, T skBilx —45
AT 2 2 B A AN E A
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4. ELHE MS_Rv3402c FxfHRE MS_Vec BIRESMNE KBS

Fig. 4 Growth of MS_Vec and MS_Rv3402c¢ under stress conditions. (A). Growth of MS-Vec and
MS-Rv3402c¢ at 37 <C in MB 7H9 liquid medium was monitored by determining ODggg at intervals
of 3 h. (B). Growth curve of MS-Vec and MS-Rv3402c in iron-depleted medium. Two recombinant
M. smegmatis were grown in MB 7H9 medium supplemented with 100 uM 2’ 2’ dipyridyl. The
growth of the strains were monitored by measuring ODgg at intervals of 6 h. (C). In vitro growth of
MS-Vec and MS-Rv3402c at different pH. The bacteria were collected by centrifugation and
resuspended to an ODggo Of 0.5 in 5Sml MB 7H9 (pH 5 or 3). All cultures were again incubated at
37 T and 0.1 ml removed for viable count enumeration after 0, 3 and 6 h. (D). Survival of
recombinant M. smegmatis after exposure to hydrogen peroxide. Aliquots (5 ml) of cultures at ODggg
of 0.5 were exposed to 5 mM hydrogen peroxide (H,0,) for 6 h at 37 <C. The cultures were serially
diluted and plated onto MB 7H10 plates and the colonies counted after 3-4 days of incubation at
37 <.
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4.5 Rv3402c &5 EM T EAIRSBATEMMRRE

A HRARE Rv3402¢c mlRe 2 5K BZ W0 T RIAY G ot 8 [21]. 1 Hisid
e X, AR B Rv3402c 5 Bacillus cereus fIfiE £ ¥ & B A LU K&
Rheinheimera sp.ft) PLP & #i 1B 53 ) 32%F1 28% 0 7 5 AL, G E AT RES
Y BE R A G O R o BRI IRATTHENN Rv3402c AT 8 Ar T 45 % AT B 1 2 i A
BRI ZE 5 o DN T IR UFX — s, FRATFEREYG 73 B AT i A it KB4 Myc Ax
M Rv3402¢ i, AH R0 753 20 5y 5 B 2H B IIG 23 BORT B 9 A 40 B R . A
PROEE 20 RS O R R A SR 28 4y, AR 5 R S s BV Al Rv3402¢ B H
e A GO, H P BA BT, RUE AR L0 AR Rl B T 44 1 Rv3402¢ R
BT RETEMT LA 2] Rv3402¢ 384 e i T AN AR 1i,  HP 4 i BE A 40 B i 2 43 v
AT AR AR ] Rv3402¢ IIAFLE, XU B LR (A AT RETCTL 7 vih BB
FRUERF o FRATIME FH IR 50 22 11 GroEL2 1 4 5 2 43 (R BH X R, G928 Iz sk
B ARG 1% 58 (4 R AFAE T 2 40 i 24 AN 4B o, d BE 40 B8 4 0 R 4 oy B
PAEAEI

it —BAERE Rv3402¢ 2 A ENL T E A HEYR AT g R, 18T T
H ARG KRR A BRI 525 [30,35]. HLEEAJEF . B - MEARBER
FUIEMM LT, MAZEARST U L E——FEARCHEG, 4R
(2R DR AR AR, TR A AR AN SZ R, S A 2 B 2V s I 3 v b i
o ANEFESEOROLED (GFP) fERARANEAMR. it b, —MEarhk
JRBEAZANSZ T AR 520 . Rk, S TUEBH Rv3402¢ (1) 5E AL AN SZ 3R 520,
BAVEEE T A A8k pALACE K F 5 #%4) 72 5 2 Hik 35 23 B AT 18 3047 L IS 56
anf&l 5B F1 C frow, BEALHEG 7> B IR B 45T His bR25 ) Rv3402¢ £ H 7 7l B
HAN K FEE AR KRB T, X8t His-Rv3402¢ & M\ 5L RE 17 T2
T T R T o T RO S S ) ZE K ) 30 43t T2k e 4 A4 His-Rv3402¢,
WA KRR E A EM T E RN . Mk, BEAHRG AT RIAT GFP &1
BAERHEN . RE UL R TH, RERKE Rv3402¢ & EAL T4, (H4)
AOEEORYRE THERM, XUFRRZE OG5S RN AR .
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o b
A = & & 3
Rv3402c-myc
<—45kDa
GrOELZ _ SSkDa
B PALACE PALACE-Rv3402¢
ProteinaseK + + + + + ik
Time (min) 0 15 0 5 15 30
Anti-His antibody <«—50kDa
<—25kDa
C pALACE pALACE-Rv3402¢
Trypsin + + + + + +
Time (min) _ 0 15 0 5 15 30

Anti-HiS antibOdy _SOkDa
25kDa

[E] 5. Rv3402¢ B 43 /B L T E4RBLIR S3 # AT E ZHRRRH -
Fig. 5 Rv3402c is a cell envelope-associated protein. (A). Subcellular fractionation of M.
smegmatis induced to express Rv3402c-Myc showed localization to the cell wall and membrane
fractions. Subcellular fractions were separated by SDS-PAGE and proteins were detected with an
anti-Myc antibody. Native GroEL2 was detected as a cytoplasmic control. WCL, whole cell lysates
(66 g total protein); CW, cell wall fraction (24 pg total protein); CM, cell membrane fraction (47 pg
total protein) ; SOL, soluble fraction (60 pg total protein). (B and C). M. smegmatis transformed
with pALACE, pALACE-GFP or pALACE-Rv3402c were incubated with proteinase K or trypsin at
different time points. Whole-cell lysates obtained by the recombinant bacteria were separated on
SDS-PAGE. Immunoblots were performed using anti-His antibodies and anti-GFP antibodies.

Similar results were obtained in two independent experiments.
4. 6 Rv3402c X EAHEHR T RATE BRI 7S M A8 TR LA A R B 720

SCHRARTE DL S W) AR M5 B 45 AR 7 Rv3402¢ ASELL B A B 2 5 40
JRLBE A= W6 il P 2R 1 B A B e (R TR o T LS 4 55 g 3 20 2 5 A . 1 Tl ARG
PES> M &8 FAE W] Rv3402¢ & A7 T HHG 70 B B4 i 1l . BRI 3R AT 15 Rv3402¢
215 RS W HIE 5 2 AR B A0 B R T ) SRR . B IRAT AT bR T A
MS_Rv3402c 7% MS_Vec Z[RIHEEEEMZESR . AT MS_Rv3402¢ A
MS_Vec ¥57% T MB 7H10 I, EW¥sIN 0.05% (viv) Tween 80 B¢ 28 mM T4
Wiz, 37°CHE7% 5 KRG, M. W& 6 Frx, dRIA Rv3402c F-A e &M I35 43
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6. ELHE MS_Rv3402c FIZHE MS_Vec BEIEFSAIELE
Fig. 6 Colony morphology of recombinant M.smegmatis strains cultured on 7H10 medium.
MS_Vec and MS_Rv3402c were grown at 37 <C on MB 7H10 agar supplemented with glucose,
glycerol and kanamycin. When required, 0.05% (v/v) Tween 80 (A), 28 mM e-caprolactam (B) or
both (C) were added. Pictures were taken at day 5.

BROREATL R 7T BEAB M HE 2 R R Z 5. wE 7 Fir,
MS_Rv3402c Al MS_Vec 2 [BI R BR LA % A HEZE . &Ga b B8R ER,
Rv3402¢ 13 33K H AN 5 1 5 4L Bk Y5 20 b A B 1160 200 o 3 TR R
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7. EYHE MS_Rv3402¢ FIZ=HE MS_Vec AEBABRZE AL AILLER -
Fig. 7 Bacterial fatty acids compositions of MS_Vec (A) and MS_Rv3402c (B) were analyzed by
GC/MS.

4.7 Fik Rv3402c ERMEHIIRSRATE (R EMEMRTL T

W AL B GY 5 1) B R A AT RT R84 S5 A2 AT BRURETEU 0 b B 3 F L R
AR AR S AR T . P IRATECEL 7 HAH B MS_Rv3402¢ FIXT R B MS_Vec
YT EVRAMGEER R . ERRARRAET S, SRR LDH, FItIRA A
MgH s =5 B H LDH B& B2 /DR A sE T3 . SRE MR U-937 &
gt MS_Rv3402c J& 48 /NNFRT 72 /NI TH] £ LDH B TBCE 73 7k 2 1 49.8%
50.4%; M /BG4 %t BB MS_Vec 1) U-937 41 i) LDH Bt MR B 31% (B 8).
Xzt R IR, FRik Rv3402¢ & H BTG 20 AT B RE s B mg 40 B i 22
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8. B EAAHEN ARG U-937 AR LDH 224547,
Fig. 8 Assay of cell death in macrophages infected with recombinant M. smegmatis. Culture
supernatants were collected from mono-layers of U-937 infected at a MOI of 10:1 with MS_Vec or
MS_Rv3402c and the release of LDH as a measure of macrophage cell death was estimated at
various time points. Data are shown as means =SD of triplicate wells. Similar results were obtained

in three independent experiments.
4.8 =ik Rv3402c 2 H Y E B BG5BT =2 in B 1 40 B A 48 B ] 5 b

T HRZ Rv3402c 2 5 R T E A 145 5@ g, RATHE 1T U-937 4
MS_Vec #I MS_Rv3402c /#&4k )5 AL 173 W15 i . ELISA SEER 45 R oK,
MS_Rv3402c Hi# U-937 Zifl/= A2 R K ¥ TNF-a F1 IL-18 BIRE/THE =
MS Vec (& 9A A1 C). ¥E&E RT-PCR 45 Bt E/Rx, S5XIEE Ik MS_Vec ML,
HHFE Rk MS_Rv3402¢ By U-937 40 12 /NN, 3 I RIE 28 12 BRI 1 ) 2 K
WHTEIN (B 9B Al D). N TIER] TNF-o AT IL-1p )4+ 1 Rv3402¢ H #25]
ECH, FAMEHEAE A rRv3402c 4bFE U-937 4Hfl. 41 Fig. 10A 1 B Fix,
rRv3402c 5|2 fE E 4L TNF-a A1 IL-1B {43 WA 0, 171X — 3G MCRAE rRv3402¢
W A K LS, HBEZ IR T . HEAMRATE A WL 2] Rv3402¢ X H e 4i il [l
FUn IL-6. 1L-10. 1 IL-12p40 Fszm (A RER). e EER, AT
15 Rv3402¢ £ [ 1 2 4L HiE 3G 43 B AT B B Rv3402¢ (1) 25 2H B (1 B8 52 1 5 05 241 g
F1%) 24 i B 53
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9. Rv3402c X2 B RELRAN U-937 4ARE F 43 i IS0 .
Fig. 9 Rv3402c induces the secretion of TNF-o and IL-1p in infected macrophages. Culture
supernatants were harvested after 6 or 72 h of infection and the concentrations of TNF-a (A) and
IL-1B (C) were determined. Cells were harvested after 12 h of infection and semi-quantitative
RT-PCR analysis of TNF-a (B) and IL-1p (D) mRNA level was performed. Each three lanes in the
RT-PCR analysis are replicates of a single time point. Similar results were obtained in three

independent experiments.

4.9 Fik Rv3402c EEMEHERSRATERE NF-kB, ERK 1 p38 &2 {2
ENE4HAa 5 TNF-a 0 IL-1B

SCHRIRIE NF-kB A2l TNF-o 5% 5% 1 £ 245k R 1 [36,37,38], B R4
ERK 1/2 HIBE R T TNF-a fRIA B CEH E [39,40], 1 H MAPK 155 1& 1275 70 kY
B R M 2 B R b AR G BE [39,41]. IR UL EEZH 1 5 U-937 40 it b TNF-o
FAL-1B B ihix — 25 R /R B R nT ResZ i | U-937 ZHMA{E 5@k, A TR
WX 5%, Fedi1M8H NF-xB. ERK 1 p38 %545 538 B A0 77 4L U-937 4
2, W52 H Al = AH 35 43 M B R G A i DR ) 2 WA 1S . ] 10C F1 D PSS
NF-xB #)iil57] TPCK [42]. ERK 1/2 #jiil5f] PD 98,059 #1 p38 #ijitill5fl] SB 202190 #f
Refig s 20 MH] MS_Rv3402¢ -5 1) TNF-o (I WEH ;. Aidk R NF-«xB #1515
Al ERK 1/2 457 fe g sm M MS_Rv3402¢ %51 IL-1p I WEH . 1
rRv3402c HE DL ESkEs, FRATAT LIS BRI 24 8, B LA H 5% T
TNF-o Z3 Wb /E ) 2 305 B & (& 10ED. bL ESSREIR, EHR
MS_Rv3402c 55 4 5 1 rRv3402¢c 531 TNF-o T IL-1B B 70 WK T NF-xB.
ERK F1 p38 {55 i@ .
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10. Rv3402c i S B4R E F 7 bk T NF-xB, ERK 1 p38 {5518
Fig. 10. Rv3402c alters the activation levels of NF-kB, ERK and p38 in macrophages infected
with M. smegmatis. Culture supernatants were harvested after 12 h of treatment with rRv3402c at
the concentration of 5 pg/ml and the concentrations of TNF-a (A) and IL-1B (B) were determined.
U-937 cells were pre-treated with 30 uM TPCK (a NF-kB inhibitor) or with 20 pM PD 98059 (an
ERK1/2 inhibitor) or with 10 uM SB 202190 (a p38 inhibitor). Treatment with DMSO served as a
control for the inhibitor treatments. After 1 h, the macrophages were infected with MS_Vec at an
MOI of 10 or treated with rRv3402c at the concentration of 5 pg/ml. Protease K (K) used to digest
the recombinant protein. Culture supernatants were harvested after 24 h of infection and the
concentrations of TNF-a (C, E) and IL-1p (D) were determined. (A), (B) and (E) are performed with
recombinant protein; (C) and (D) are performed with M. smegmatis strains. The data are

representative of two independent experiments.
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AT SR Rv3402c B EETE 300 )5 AR BLAE T A i D se s AT

5 ¥ig

B 23 B AT B R E B R 4 P R BRI 1) DR DR 2 — o L RR S A WA — B
R FRTE LG SEB. BATAE, AT 4% e H— e gs A B 10 308
Iy FREBS N B AR A . R I B AR I, WA BT T AT 1
FOF L LA K 8 EAE R Bl S 2R RT3 I0A R % i AP 25 )
AN

HIE3JG 73 BT R A2 — PP EAEBOR B AR B M B, N 3 1 2
R, X SCREMEAS A I IG 73 A B R AR it 70 S5 A2 AT 1 25 00 B 00 B AR A
LT H H AT O & A RER SCtis H 11X — 0 [26,32,33,43,44,45,46,47,48,49] .
AT TR A AL R I Rv3402¢ £ AT BRI IS TP 18 5 40 B 56 R S8 s ST
W 95 LR A S, DT A B T B A HE G 0 R B K B N AR e s T ELAR
- Rv3402c £ FHREL 11 M IR ThRe, &R U-937 4 K EFET:, IXLLsh
REAATBAERE PRI E K, JHZ Rv3402c FrrtEN 0. HAR
MS_Rv3402¢ FIXTHERE MS_Vec 7E LB E:FE3EH Bon HAH R A K, 1w HIH
PUERE WA EF, iXEB7R MS_Rv3402c A 77i% BE /T A58 1] AE & Rv3402¢c
HATYE AR e R g R, AR, RATWER S A e ANJRE
ELE40 A U-937 A1 B 5 EL W4 i RAW264. 7t IAETE RAFAEZE S o FRA TR 7]
REAT B T3 P M I 2 R ASE 28 ) 5 K R i 2 22 S ) o Ll A R A Y 254 4
AL, ZEAZAT A ptpA SRAHRTE N IR ERELH A THP-1 o B R A7 R G [9,10];
SR [RIAE B 86 2R T R A /D BRABSE BY [50] BA S /N BR B R Al A 28 0774 480 (Yossef
Av-Gay SIS E, KRR HHIRA SR BAETAKERIE. BT Yossef Av-Gay
S IEAEMNT S 80ZE R EARR R . R, WATHANHES: Rv3402¢ ATHES
U-937 i SN2k s, B I Z 21 RAW264.7 Y i A7 F 2 5%

JUE AT SLIR 45 R B on Rv3402¢ 7 5 41 BG40 BT B 5 78 2 40 B i AH LA
F e 2 B A R, H 2 H B AR 8 D Ae B AT U5 K #E AT . TubercuList # 3
(http://tuberculist.epfl.ch/index.html)# Rv3402c JERAN—ANIIREMRTHIEH. H X
BTN Rv3402c I EeZ 5RMRZ M0 THIAY G O FE [21]. i NCBI Mk
BLAST TH., AT &I Rv3402c 737 5 Bacillus cereus /i 20 & FidE H LA
Z: 55 Rheinheimera sp. 40 il B & BT PLP ARG 14 B 2 A 1y B9 F Z AR AL o AR FR X
BeZ RIRATHE S T RV3420C A2 754 0 B 4 i U5 20 BT B 40 B e T R o AT
RIIERIE Rv3402c—— 8 HAe 0% 5k g T F A HEYR 40 BT B ) 48 i 36 i —— I
B A S LG 73 B AT R B VR TR AS . E— B8 GC-MS Ttk A g 1% 8
XS Bl 35 73 A5 AT TR 24H PR IS oty e P 52
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REATH Rv3402¢ () Dhfe A BAE RN b, (R AR 3 A PR R i 7 45
R, CHEZEEEN TMRR ARG 5 MEg s AR L2, 34T
NZEE 3 — A FL Rv3402c 1E y— N2 i 53 4 M B A DG B 1 I Theg . fEREAT
AN K ORISR O B BUBYE AT SEIGRT,  FRATTA 1 G A R X & TP
A TSI TR B 1 53— NME B B &8 ) 2 R FH I BURE. pALACE.. X 6 7E
HHEAT IO SE06 BoR BT His P25 Rv3402¢ 8 A H AT 4> 5 #5 F S AL BE Va4 B
MR R . BEARIX — 55 R 5 WA E A SL 3 I 45 RARRE, (Hof 4 RER
D=3 B A EAL T AR 2 X B2 B AT S8 0 2 kR A
Rv3402c & L IEH A A FREEMN EHEZE ET6, A S KA KK
2 1) 8 5 e B A B A R T, AT R OR B 1 5 B A 4 5 b TR
IS SCERARF R AT R IIX — I G B A E i, 24 RENEA R Rv2224c
[51]. Rv0132c [28]. Eis [52]#1 Pknl [53]%5 # it 75 40 o Joi DL A 201 i 2 Th AS: 0 21

VER— AR RE R EEAMIR T, TNF-a 7275 32 55 R G 045 AT i Ik g
REFE R EE O EE M [54,55). AL EORME AT E AL, BEE AR
T AE % 3 20 ) 0 4 B 40 6 TNF-a0 [56] . X FIFRATTL S 3 (I 5 — B FR R
ARG, BT S EARTEYG /B B B E VA BE S SW E Z 1) TNF-a. TNF-o
53 U T3 IO R A S AT B AR AR E RN I FE R IR BUR M E R R [45]. X
Wk 0 T8 25 A% AT B 00 55 6 20y R 8 ) IR A 4 B B E R 40 i K & 7 AR TNF-o
[45,57,58,59]. AW B R N BIZAIA [60,61] skftiif EREANM [62] 5T
BRI PR ST AN U AR B TNF-o K520 W AR 4R M ) B A E A X LU R AL
WARATH LI 45 B4 ik Rv3402¢ 28 [ 1) 4L HIE 35 40 B AT 1 e U-937 4]
M s, BRI TNF-o 7 Wh bl 2 3900, HL4H M 46 K & R R AL IR T U
I E T E B RS20, RATKRBL NF-«B. ERK1/2 Al p38 155 &A% T
Rv3402c 531 TNF-o b2 % FHH . AN HA NF-«xB fil ERKL/2 {5 5l 2
Rv3402¢ i S 1 IL-1B 20 AT 75 1, 111 p38 AEAS R Ho /i o X i B Rv3402¢ il
WOX PR AR R 1 0 WA RS 5 B R T e 22 7 . IXELSE R R Rv3402¢ Wl feid it
FHu1E FHME T@RARILELE F RN, A FEEHE M N A5 252w .
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Fig. 11. Disruption of host macrophage cellular processes by Mtb Rv3402c.
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BEE GFHRIRHEEZEAERIERNE A KD
EEREEHEFIERAMR

FE AR EREF A (protein tyrosine phosphatase A, PtpA) J& 45 4% B A 1K) i
BT, CRMITEBRIEANNENEAZ—. BUbHAT, AIERE F405E N % e H
TRKER PtpA JEY), 40 VPS33B (human vacuolar protein sorting 33B) [1]-
H'-ATPase H1 (1) H LA [2]. #EJR & BEHEES (glycogen synthase kinase 30, GSK3a)
[3]. fEFEHkEE TAB3 [41LL LK f# K ILEI 2 518 3 40 M g & A Y = T R R

(trifunctional enzyme, TFP) [ a W3, ATP &BF o Wk, LA AL 5

(sulfide quinone oxidoreductase, SQRD) & 6-BEIR R bEEE [5]%. PtpA Hixik
16 E5r FAEAER, ki ErRgn i TAE EOR R %, BHIE AR AR IR AL
- BEL U 3 5 3 il A 1) i 55 T B B 65 % T i A 3 1 KA O 2 ST AR R g
[1,2,3,4]. PtpA 7 454% B S0 14 A i B B AT SO BB 29 M B B A [6]. 2R
T BRI PtpA Z9WIAEE— KEkbf, BIEE NANARIEES, B2 R
PERICERIR AR BN IR ST, X BLELRBE ) PtpA B 25900 75 B v i 5 18 2 28 A I PE
o BAItE, IR PtpA 1) b v 42 85 1 B/ A2 MR R IX — M R OB

E AR IR A (protein tyrosine kinase, PtkA) & PtpA f—A Liiif {2
B . PkA 2454 b T ME— 1) 8 IR BRI, R B 540, H AT HME— )2 PtpA
[7]. TELRBEEFLA L, ptkA. ptpA FI—Agabdis i 44 rv2235 K [8lIRA
AR TR — MR T N BUOEAIRFHES . 507 1n)—BUH B 2 (8 BAHA
HES. AT PkA 8 E AT BEEN T 45 % W 4RI [9]. % T PtkA 140 A
L, A NEE PkA TTREST T PtpA B WA BL4EHF PtpA 715 32 B4 fd P9 1 v vk
[10]. WFFLEI PtkA TEERIL PtpA 1) 128 £/ A1 129 A7 I ES R ER kL (Tyr), XA
R 126 AL RAZ R (Asp) 5kIE (PtpA SCHEI LA SO #AL T PtpA
1D HA [7]. Y4 PtpA 4G EBERRALRAINT, H D PR M— “FF7 BIIRE
BEAR N “7 [PIRAS [11]. B, PtkA XF PtpA RN T D 36 A HO B & R ik 3L
ISR A FT RE2 1715 PtpA D MR RAZA, TS PtpA BEERBRE 14 [10].
i Av-Gay SEI6 &= F i AL HBAESE 1 PtkA JE T BEER 1L PtpA SR8 55 5 & 1 &R AR R
PR B RS PR [12]

FT PtkA 1E 2y PtpA BT ER B A It L A1EH, TRER PkA 1RSI HIEL
a1k K AR B FE AR A AR CE K. Rt Av-Gay SZIG =M EE T 454% 1 AptkA
RASK, I I AL 2 515 R I AptkA SAFFRAE LT = AEHESUERIE ) H0,
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F A E A (cumene hydroperoxide) &4 T 471 28 B 2 i T S5 A% i BF A Ak (R
KL XN, PA /E MR BB R IRENE, v R e YA, RE
B2 T PtkA Fll PtpA Z4b, 2510 B TG A R T i B B S SR R A »

{H Chow %5 N IR FE 45 AR 7R G5 A% 1 P H 58 30 A7 5 8 10 2 1 I S IR g e )
[13]. [Rlt, AHFACH B AR 2 % E PtoA i 5 [ PA 7E 45 3 b L e R I+
7 PRA TS5 AZ B BUw P S AR B R R L], J99eBs 2500 T A SR (BB JE Al

2 SR

2.1 EERF

FFRPRHIPEN UIEE. KOD DNA R4 LK T4 DNA EH:EW H Fermentas
(Burlington, ON, Canada) #%# New England Biolabs (NEB) ~#] (lpswich, MA).
LB 1 7# 5L L B fE W B Fisher Scientific (Pittsburgh, PA). OADC %4> [ (Oleic
acid). & % 0H J fib i (catalase) ] 7H9 & 7H10 Iy Difco Laboratories (Detroit,
MI)., RHB&EZWH Gibco Laboratories. % %4 H Roche. MinElute PCR ;=¥
alifbil 7 G, Foki B an S L R A AL S E Qiagen (Mississauga, ON,
Canada). [y-**P] ATP J¥J[5 Perkin Elmer (Boston, MA). /i FH Jes 47 i s ma v 2
4 Cmyelin basic protein) 4 Sigma A & . H &7 H Fisher Scientific &% Sigma.

2.2 SLIERAIESRFMH

KT TREE vk DH5a A1 BL21(DE3)4 N Av-Gay 256 5= {517, 77+ T LB
[F A B AR s 3 L b HIEYR R BE (M. smegmatis me®155) % HokHRE A AT AE B bk
N Av-Gay SE56 = AR AT, 178 37 T HIE T 3% T Middlebrook (MB) 7H9 i k5 77 5
B MB 7TH10 [ RS 7R3E 1, BraRBEdisin 0.2% (wiv) & fE, 0.5% (viv) H it L&
0.05% (v/v) Tween 80. 5% 20 BT B H37Rv Atk bk S JAH B (4T 4 Ak A Av-Gay
SEGEARAT, 7 37 T MBE PR FR T /iR 7258 MB 7THO i AR 77 #8 MB 7H10
[l R EE 7R 5L b, W0 10% OADC HHZ - 81 %) HR AN A B 54D A1 0.05% Tween-80
(Sigma-Aldrich) T /g AN RF RS,

2.3

Anti-His mouse primary antibody 4 H Abm Inc., Anti-GFP mouse primary
antibody %4 H Boehringer Mannheim Corp.. Rabbit anti-PtpA Z7& ik [14], Rabbit
anti-TrxB2. Rabbit anti-PtkA #1 Rabbit anti-DosR #J7F Av-Gay 2 = aifb B iR H f5
f£ YenZym Antibodies A ®] (Canada) il % B —#i. Secondary Alexa Fluor
660-conjugated goat anti-mouse 1gG Al Alexa Fluor 680-conjugated goat anti-rabbit I1gG
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Iy 5 Life technologies Corp., Canada.
3 KW
3.1 EFR=E, ERFESLHIL

FIEPkA T A 1) 41 F #kBL21(ED3)-pET151D/TOPO-ptkA £ 77 T Av-Gay S 56
E, EHMRESAM KM S CHER [7]. RiETrxCHE A 1) = H F %
BL21(ED3)-pET22b(+)-trxCLR A7 T Av-Gay sk i = , i A IR IE 5 aifu 4145 2% ik
[15]. JITE 4% vl B DR 1) e B BEAR 350 N S5 4% 70 M BT HBTRVAR HE R JE R 4H . FTidh

R BRL b 51 045 8 A& L

=1 AP RERALE 5|9

Table 1. Primers and plasmids used in this study.

JRL L RIE K B0k
pET151D/TOPO AN KA R RS A EH, Ampt Invitrogen
PET151D/TOPO-ptkA PET151D/TOPO #7f ptkA LK, Amp® [7]
pALACE AN Kigd R AR SER A E A, Hoy" ARG
PALACE-ptkA PALACE # ptkA JEK, Hgy® ARSI =
PMAL-c5x PN K MBP FR25R&EH, AmpR Invitrogen
PMAL-C5xX-ptkA PMAL-c5x #575 ptkA FE[A, Amp® AT
pET22a(+) A C AN E AR SRS R A, AmpT Invitrogen
pET22a(+)-ptkA PET22a(+)#5 5 ptkA FE[H, Amp® AH
pET30b(+) AN KA R RS A EH, Kan® Invitrogen
PET30b(+)-trxB2 PET30b(+)##4 trxB2 %[, Kan® ENTIS
PET30b(+)-trxB2 ZAF {4 PET30b(+)#E77 trxB2 ZAR{RIE], Kan® AR T
519 F 51 R 8] P B L A7 1
pET22a(+)-ptkA-For 5 CGTCATATGGTGTCTTCGCCTCGTG 3! Nde |
pET22a(+)-ptkA-Rev 5 ATCAAGCTTGACACCTAGCGCCTCC 3 Hind 111
pMAL-c5x-ptkA-For 5 TTTCATATGGTGTCTTCGCCTCGTG 3 Nde |
PMAL-c5x-ptkA-Rev 5 TTTAAGCTTTCAGACACCTAGCGCC 3' Hind 111
pET22a(+)-rv1310-For 5 GCCCATATGATGACTACCACTGCCG 3 Nde |
pET22a(+)-rv1310-Rev 5 TATAAGCTTCAGCTTGGCGCCGAGAC 3 Hind 111
pET22a(+)-rv0384c-For 5 CGTCATATGGTGGACTCGTTTAACCC 3' Nde |
PET22a(+)-rv0384c-Rev 5 TTTAAGCTTGCCCAGGATCAGCGAGT 3' Hind 111
PET28a(+)-rv2222-For 5 GGGCATATGATGGACCGACAGAAGG 3 Nde |
PET28a(+)-rv2222-Rev 5 GCTAAGCTTCAGCGACAGGTAGGTGC 3' Hind 111
pET28a(+)-rv0322-For 5" TGTCATATGGTGCGATGCAGCGTC 3 Nde |
pET28a(+)-rv0322-Rev 5 TTTAAGCTTATCGCGGCACTCCCAGC 3 Hind 111
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pET?22a(+)-rv0685-For
pET22a(+)-rv0685-Rev
pET22a(+)-rv1023-For
pET22a(+)-rv1023-Rev
pET22a(+)-rv0949-For
pET22a(+)-rv0949-Rev
PET30b(+)-trxb2-For
PET30b(+)-trxb2-Rev
PET30b(+)-trxb2"*"A-For
pET30b(+)-trxb2"?"A-Rev
PET30b(+)-trxb2"**A-For
PET30b(+)-trxb2"**A-Rev
PET30b(+)-trxb2"®*A-For
PET30b(+)-trxb2**A-Rev
pET30b(+)-trxb2"*#A-For
pET30b(+)-trxb2Y'?*A-Rev
pET30b(+)-trxb2"**A-For
pET30b(+)-trxb2?**A-Rev
pET30b(+)-trxb2"***A-For
pET30b(+)-trxb2Y?**A-Rev

g g a g g a

W W

g o a g g g g g g

5
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TTACATATGGTGGCGAAGGCGAAGT 3 Nde |
GCGGAAGCTTCTTGATGATCTTGG 3 Hind 111
GAGCATATGGTGCCGATTATCGAGC 3 Nde |
TTGAAGCTTTTTCGTCTCGCACGC 3 Hind 111
TTTCATATGATGAGTGTGCACGCG 3 Nde |
GTTAAGCTTGAGCTTGGTGACAGGG 3 Hind 111
ATATATTGAATTCGATGACCGCCCCGCC EcoR |
ATATATCTCGAGTCATCGTTGTGCTCC Xho |

CGCGGGGGCTACTGCGGCGCTCTA 3
TAGAGCGCCGCAGTAGCCCcCCG 3
GCTCGCAGCCGCCCGTGCCCAGCT 3
AGCTGGGCACGGGCGGCTGCGAGC 3
ACGTGGAGAACGCACCGGGATTTCGCAAC 3
GTTGCGAAATCCCGGTIGCGTTCTCCACGT 3
AATGGGCGCAGCGGCACGCGCTCTGCAGGT 3
ACCTGCAGAGCGCGTGCCGCTGCGCCCATT 3
TCGACCCGGACGGCGCCGTGTTGGTGCAG 3
CTGCACCAACACGGCGCCGTCCGGGTCGA 3

5' TGGTGGATCGCACCGCTCGCCAGGCGGTTAC 3
5' GTAACCGCCTGGCGAGCGGTGCGATCCACCAJZ

3.2 BREERFRBERLIEREBNG &

200m| 25 4% B H3TRV THO VA1 77 7E 37°C44 1 TR 8115 7% 2 ODeoo 214 1.0
4000 rpm 0> 10min WEEBEAAR, 43 N Ti554r . FE E LG i (20mM Tris-HCI,
ImM DTT, 1mM PMSF, pH=7.2) BE#HMIK, fxJaHE T 1/100 ¥R E
R FREX 0.8g EEE [ 0.1 mm BEFESER (Zirconia/silica) T 2ml BLE =00
W, IO\ B . FH ribolyzer GEFE ¥ 5E N 6.5, 30s on, 30s off) Zi% 3-5 K.
FiR T 13000rpm B0 5Smin LA EH . BiEiE 0.22 um JERT JEILE,
TN H B LR 10%, 733 S0/E, T-T0CHAMm#&H. (BLEBRSENE
KAFEAEHE L A8 e 4 o0 ) P3 S8 5 P 5E i)

3.3 HEESRTLE

AHF 7R FH B B A PCR AT trxB2 JE RIBEAT E 2848, HAKG RS WLCHk
[16]. BLLL trxb2Y™ Jyfgi) Sk fai Biis WA Al F B B FE 1 PCR BARBEAT R R R AR I
REFE . Z VR O R W i DU 25 519 pET30b(+)-trxb2-For (f&i’5 4 F) Fl
PET30b(+)-trxb2-Rev (154 R) NMFE5|Y), H TP KN trxB2 2K, H 5

94



95 & GBI E AR EIR IS A KRV E A B R BT

A 4r B A Ndel A1 Hindl BEHIA7 55 pET30b(+)-trxb2"*™A-For (f#5 A Fm) A
PET30b(+)-trxb2"*"A-Rev (5N Rm) AWM &EEEAMAITIY), HP5INT HK
FARNL A (LR 1400 N RIZRARTERES ) o L 1) 58 Tl I 3 48 s R PCR [
KIERU: BRI F A Rm AT, ¥ trxB2 BIRTEBA oK 28 R H
Fm A1 R 519, ¥ trxB2 J5 - By 3 k. Ri#%e PCR ] 237l RN #E4T, P94
B R R AL VK B . R it JE S LR A . BURA PCR PN, DL F
AR NS YIHEAT 56 =4 PCR Y1, PRI N EI N T H IS8 2507 ) trxB2 YT A KL A
H—. T PCR AHHAKMAER, AR, FH =4 PCR AR T (50 pD:

ddH,0 25
10>buffer 54
dNTP 5u
MgSO, 2
DMSO 25U
KOD %4& 05u
—% PCR ) 3u
5 % PCR ¥ 3u
otk &5, BT PCRACEHHATUNN b

®95C 2 min
@ 95C 30s
®50C 30s
@T712C 70's
®2@-0 5 M
® 72°C 5 min

REEIEG, &M 2 EERSIY F R R, RAEE T PCR A AT T &R

@D 95°C 2 min

@ 95°C 30s
®59.3C 30s
@72°C 70's

® -0 25 MG
® 72°C 5 min

@ 16°C OIN

Hw 54 trxB2 RARPRIIM S FIR L 5. 6 /> trxB2 [ SRAREE R 451
PET30b(+)i%EH%, ¥ AKIEH Ik BL21(DE3)H, S FiREARLTEHITEAR
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3.4 {RSNERFHEESIL

AR HEE SISy 20U ROBNAR R, H A RIS A AWKy 20mM
Tris-HCI (pH=7.5), 5mM MnCI2, 5mM MgCI2, 1ImM DTT. XK & 20 [ MAE %
TS 4 I 29K D 20mM Tris-HCI (pH=7.5), 1mM MnCly, 0.1mM MgCl,, 1ImM
DTT. NS e SR )G, I 0.05uCi y-[?P] ATP B &1 M. 37°C4 A1
FEEEEENTE G, I 54 5>Sample Buffer, 95°CHEE 10min. FEMZ 12%
SDS-PAGE K/ 5 R4+ 45, FIH Phospholmager SI (Molecular Dynamics)
AL

3.5 ST B IKITHT

eI AT ARSNGB 100 SR R, TR AL 2R EE 4 )
>4 20mM PIPES (% Tris-HCI (pH=7.5), 1mM MnCl,, 0.1mM MgCl,, 1mM DTT,
0.5% IR & B FR B #1177 (P5726, Sigma). RGNS EN 33y ) PtkA B4
B, 200 g AI45K% 3 24U 30 LCi [ y-[2P] ATP, HIEE FiE T2 (20mM
Tris-HCI, 50mM NaCl, 1mM DTT, 10%H7fi, pH=7.5) *MES R, 37°CHK1F
RPN JE, N T A E K KA R

%5y i R B A AR AR E
PRE 0.129 8M
CHAPS 0.005g 2%(W/V)
IPG buffer 1.25u 0.5%(v/V)
TR 0.5 1% 77 JRE
IMDTT 1 #30.7mg

RAIG, FBENT R AR AN 78 3] 250, SIEE 1.5h, [FE A0 M.
XU FL YK R FLAAR S 182 I GE Healthcare FI4EAE T, AT B IR g VE 0 % .
B A% ET GE Healthcare 2452 ii. 13k S o ik N 25 F B8 £ 4%
fl e, d I KA B R K B RSN pH JE L 3-10 HISE LR % (GE
Healthcare) ™. 51 SRR N: 20°C/KALIEZAK 14h; 20°CF L 50pultrip i3k
TSR (S1: BREE, 100V, 0:0lhrs; S2: £fFE, 300V, 0:30hrs; S3: B,
500V, 0:30hrs; S4: fFF, 1000V, 0:30hrs; S5: fasET 6000V, £F4k8hrs). &
F&E A REE NG, IPG KR E T SDS T2l (6M R 2, 50mM Tris-HCI,
pH8.8, 30%H i, 2% SDS, 0.0002%% My ik, {4 /HATH: 10ml Z& ¥ - A 100mg
DTT) #, #&Z°FH 15min. ¥ IPG IR &BRIRIMAE 12% SDS-PAGE ity 77, H
B AR B VR (25mM Tris, 192mM H& R, 01% SDS, 0.5%%7 gk, JE &
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R B, #HEILAE. T 40V fH2 BE NI T K, HERMERRE
G N % 0.5cm 4b, fE1REYK. SHESCHR [17,181/0 770 B AT R Y. ARG
BT A TR L8, FIH Phospholmager SI 14 4% .

3. 6 BERILEEEZ 5 #1 (phospho-animo acid analysis)

1). RSMNEEG S . RSN EEE SIS N T SCRTIR, KRR iEAT SDS-PAGE Z T,
FERE it fL 70 A5 P 0 25 I id B 44 2 ) marker. B 58K G A G,

2). AR HA: K A/NEIER PVDF I (Immobilon-P, 0.45pm FL4%)
E RIS 4. 5 PVDF . W40, JEAR S EEIETE A°CHRAT HI 5 7S 25 pf
W (57.63g H&&+12.12g Tris + 800ml FEE, F/KMBER] 4 L) P45 5. 1%
“HFLR—IEAN R —PVDF AR 7 W3 ELr, KR Ich b, K
B, R =R 451 PVDF EMAZFEIT IR, YIC& 22 MAREH IR R
76V HLE T E 2 1.5h. H/KMYE PVDF BELBRERE M SDS FIH &R, FIH
Phospholmager SI %t PVDF 438 S5, FMAH AL E B 267 U1 T K 500
6N HCI 1. 110°Co&1F TAGHIE & 2.5h. K AAE HCI I B IR SRR AR HL % 4% 22
2-4 NELEY, M E BRI ER T HCL. {1 0.1IN HCI/30% FF B B0
P I RIS = Ik, BFIK 2501, VAR IH A 2 B iR AR A bk, e —
RS MR ZBRiA . e Jm B 25 ddHL0 VAL 2 LR, % H .

3). TLC # = uilh o Hr S st B B8 A B E UG & LR FE i EAF 4R
TLC #R b (BEEGJRHR 1-2ecm), SRJGAEGIEAL B 700 AL BRI Thry Ser A1 Tyr
Ll W BEDN 2mgiml IARAE D o K i T RERERCE T8 e I 77 Gt T 1R:0.5M
NH,OH=5:3, viv) WIJEMErh 12h, HUHEENR, B TiEXEH T B
y-[**P] ATP (1:10000 Fiske) sifEd 2 AU 75, T a7 O B S5, F
F Phospholmager SI 3485 . ARJEH R A5 GET LR 0.1%-0.2%1) & =R,
W) BSIHBRE RN b, W, . SR AR (b S S ER AR v L 1 L AS
8 (Rf () S5k REERIEFSE EXT, BIAT15 H 2 A RE o TR B R Ak 1 = 3
gL iR
3.7 pull-down 3238 4347

4 7501g 2L PtkA-His 25 1 i1\ 2 1ml 50% Ni-NTA His-Bind Resins 1, [A]
i) L—% AN PtkA-His 25 1] Resins {E MBI . &5 ## & 30min J5, FIFHE
JIEBRRAE . 734 1mg Mtb AptkA TR AR IR Resins 1, FER
FIVRAT, 4°CHF B I A 2 AR RIS A 20mM BRI IR e I i 6 4% Resins
&, PN 250 A 250mM BRI BEBLZE R, WRETIR ST, EIRFFE Smin.
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PN e DATS'S
W EE B i B 3R 4T SDS-PAGE #8311 .

3.8 MAXLEBXLREEM S (DTNB L)

1). ##ik5: 20mM EDTA, 50mM NADPH (JWE ICN A#]), ImM 5,5’-—-
Bk - (2- il 3 2K H #R) [5,5°-dithiobis-(2-nitrobenzoic acid), DTNB] (Sigma, ¥ T 95%
() Z.1%) . 100mM BElR 2h 22 (PB) (pH=7.4): #% 3.8ml 0.2M NaH,PO4+16.2ml
0.2M NazHPO4+20ml ddH,0 Bt .

2). TR sz ik 3.4 K7 PtkA-His X TrxB2 HEATHERRILAL B . [ B
R Z 20, —3L453] 0.8y B HBERRLIY PtkA-His (pPtkA-His) 1 0.9 pg 1
pPtkA-His+ pTrxB2 JE& .

3). MG E /7ES 2 SCHR [19]. BT TrxB2 # PtkA-His BRI 5 1R X5 25
alifk, pTrxB2, FrLAZSZI B4 H TrxB2 1 PtkA-His 14 4N G S2 56 )5 IR A1k

REFE pTrxB2, FEIINFRAE) pPtkA-His {E RN HARGIIFRE 7545 (10044
R, =854 UINERAM (B .

ZH )
s 2 3 4 5 6 7 8 9
TrxC(L.6pg/H)  \ 25\ \ \ 25 2.5 \ 2.5
TrxB2(0.9pg/H)  \ \ 12\ \ 12 \ 12 \
pPtpA-His \ \ \ 12 \ \ 24 24 \
PPIpA-His+ \ Voo \ 24 \ \ \ 24
pTrxB2
20mM EDTA 15 15 15 15 15 15 15 15 15
50mM NADPH 3 3 3 3 3 3 3 3 3
1mM DTNB 825 825 825 825 825 8.25 8.25 8.25 8.25
100mM PB 274 272 262 262 253 260 249 238 248

BRI, & B2 EESY 5N : AimM EDTA, 26M DTNB, 0.5mM NADPH,

1 uvl LI &Rl TrxCy TrxB2. pTrxB2 2581, IN5EREsE, DU 1 o= axt
8, =i NAE 412nm LbSEIF IR IEAN2H, FFSE Smine AL 0.1 pM AT 0.5 M 1)
TrxB2 8 pTrxB2 [MEHETERT, R FFEKHE AR — T AR 7 B IR AT

3.9 Western blot 43472 B B A I 40 Rt E {ir

12071 3.2 Hil & S5 AT H3TRv 2 AR R S8 B (CFP) . ¥ FiRE
M5 A 2 53 14T SDS-PAGE B FLUK, FLIKES I, F R B 5% RIS R 4F 4 35 I
AT NI SR (AL . BT DosR A e TAIME R, BT AERA 14
FZE AN 2 R 7y (BT 2 E a5 BT, kil 4 g ik
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F5E ST R E D BRI A BRI E S A AR A
R D R B BIRBIERE A . 4 5 R Pk Rabbit anti-TrxB2.
Rabbit anti-PtkA FI Rabbit anti-DosR —#HiHi KM TrxB2. PtkA F1 DosR & H. —
Pkl Alexa Fluor 680-conjugated goat anti-rabbit 1gG (Life technologies
Corp.). 1# ] Odyssey CLx Infrared Imaging System W £E S ENiZEE 5 .

4 FERE D
4.1 ARG E Rk AR M SRUERRAF 5 EETE PkA BIKY)

HEAHE TN T S5 = ORI A RE R PkA & B S H
B 1 R A i S aG 25 R mT g, 4iift H BL21(ED3)-pMAL-ptkA ) PtkA-MBP
FA (MBP NEZHRELE S HEE, maltose binding protein) [ 1L AE A KB &,
{0 T CA1E Y PtpA-His FIEG @ AR RE#HI % 85 - (myelin basic protein, LA
AX A, NXWEAN myelin BP) M BFRAA/EHLLRAE: matby M.
smegematis-pALACE-ptkA 1] PtkA-His(MS) & 1, & A 1R I 1 B # iR AL & xF
myelin BP #EATHEIR1L, {HX) PtpA-His FIERILIEHR S, Pk AT S2500KE R H
PtkA-MBP & H -

PIkKA-MBP + + +

PtkA-His(MS) - - - + + +

PtpA-His - + - -+ -+ - +
Myelin BP - s o oas w o ow o oo
PtkA-MBP —>

L PtkA-His(MS)

<— PtpA-His

<— Myelin BP

PtkA-MBP —>[ 0 R

- PikA-HiS(MS)
= - ’ < PtpA-His
- o < Myelin BP
1. %I M. smegematis-pALACE-ptkA F1 BL21(ED3)-pMAL-ptkA FREh{k i PtkA BIHES
JEMEXTEE . EEBIRERRAHE AR, TR RERBON B SR .
Fig. 1. Comparison of the kinase activity of rPtkA purified from M. smegematis-pALACE-ptkA and

BL21-pMAL-ptkA, respectively. The lower image shows phosphorylation visualized by

auto-radiography, and the upper image represents the Silver-stained gels.

BT LUBUR HE RO 3R 2P B L A, A5 4401 PLKA-MBP £ [ Al
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iz w W R RRRCSE E R, R Ik E PA FITRY . 1B 2 o,

AT H R E A, 5 PkA-MBP S B LI E < 5 RS54 H3TRY & A&
H (K 2A, ZEEE L T PA-MBP HEMALE) JF5CH a3 it (&
2B) Z HAEMBERILE S (RRD. 1 HA NIRRT RENE, s AR R
PtkA-MBP A 5 (1) A B AL IE PR th 52 2 K 1 o B TASLIR H N 1 2 B X B IR i
R BB B S A AR RS S, RATHERR TR N BRI 1L
TERHA SER T4 AT BT 2 PkA-MBP H BB IETERMC (WK 1) K
PRAI BT N S 36 26 RS O IRV I BRI AL /R . H. PtkA-MBP EH LA S
Wl LiZEB T — R, BT —PRATHEE THRZRE PkA EEE
(ralife 2 F S R b i 1 T s 3 25 1

2. RONETHE BRI . A, 45it%7H H37TRV & WA 15 PkA-MBP St , 4IfafE
Bl T PtkA-MBP I B B, Z54%1E H37TRv & RE QMR E . A BERRENEARK,
A B R B B

Fig. 2. In vitro phosphorylation assays. M. tuberculosis intracellular proteins were incubated with
either PtkA-MBP (A) or no PtkA (B). Proteins were incubated with 32P-y-ATP and a range of
cofactors for 1 h, separated by 2-D electrophoresis and visualized by a phosphoimager apparatus.
The right images show phosphorylation visualized by autoradiography, and the left images represent
the Silver-stained gels. The position of PtkA-MBP is indicated with a red oval.
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4.2 PtkA RINEBHBEFHRILMK

BATELLAL PtkA B R &L, pALACE-ptkA A1 pET151D/TOPO-ptkA F5Ffk
TR B Al R A RAC, HAREBIMRZ (& 3A M1 B). HIE 3C al%1, M
PMAL-c5x-ptkA Hr4lifk (] PtkA H H FEARIR ™ 5 38 % pET151D/TOPO. pALACE
Jo pMAL-c5x # AR5 Hr, FATRKIVENTH His (HIPIANEE) 5L MBP FrEEHR 2 Al
PtkA HEE I N RomiZEdz. FIRA TR 410 [ PtkA S E A v §E2 A C K
FRUAR P MRBE) . MBP #3285 1R K (4 45kDa), HiZJikiFis &R, Frbl PtkA [
Bk At S R 2R 1 1 N PtKA-MBP 31| MBP 2 [ SE 26117 11 Hee AN TURLAT &
/NFRZE His, FTUL PtkA IR CIE R BE SR A b, HESEH AL RRMG. 5
Fit, BATERE T —DEEAHREAR C Kl nbrZ A pET22a(+), HHAE
3D AIH, [ ZEUATT UK ESRAFAEE . JoPEE I PtkA-His 22 H

A B C D
pt:

y =
— . ‘

D — el —>| -

— = -

- - E . .
pALACE-ptkA  pET151D/TOPO-ptkA  pMAL-c5x-ptkA pET22a(+)-ptkA

3. AEEKR. FEISCEET, EHEH PtkA ERRMAFE L. 4 BCA NG &
PtkA [ EE 505 : 0.82mg/ml (A), 0.094mg/ml (B), 1.47mg/ml (C), 0.998mg/ml (D).
ik TR AL IR rPtA.

Fig. 3. Comparison of the recombinant PtkA from different conditions. For each gel the

positions of rPtkA is indicated with an arrow.

P AT T A R4 4N 8 B0 S e 26 4 ) T 2li4k 3 pET22a(+)-ptkA 1
PtkA-His 2% [ RIEEIE TR B2 . 1 5630 T Mg? il Mn® R [FJ94 F5 Fr) i 1 5t
T PtkA-His i) B R0 iEE (B RER), K 0.1mM MgCl, #1 1.0mM MnCl;
R RME . HIE 4B vTA, o R IS IR B RO B B T I B R B
ffi (5.0mM MgCl, 1 5.0mM MnClp) . #:4ATRIL 64nM 11 2P (H 4uCi P> it
AT LU 2 PkA BRI (B 4AD . S Ja FATR 2 37°C#E & 1h 7] LTS 3] EL i 4T
() PtkA-His i) H BEERALIEH -
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A LLEES

- P A (1.3 pM)
ATP 8 16 64 132 240
(nM)
0.1 mM MgCl, 5.0mM MgCl2

f¢— 1.0mM MnCl, —>}¢— 5.0 mM MnCl, —>|

B« -«s8

00— (A (2.6 M)

Time 5 30 60 90 120 5 30 60 90 120
(min)

L

I Pt A (0.625 M)

Time 5 30 60 90 120
(min)

[E 4. PtkA BRSBRIL SRR, iR/ NEY, RIS B 2B, FERARKRE DT
W E A

Fig.4. Autophosphorylation of PtkA. Recombinant PtkA is autophosphorylated in an ATP dose- (A)
and time- (B and C) dependent manner. The upper images show phosphorylation visualized by

autoradiography, and the lower images represent the Coomassie blue-stained gel.

SR Ja AT TR R DAL R A4 A1 2 3 IR S 56 25 AT e AN [RI SR 2R 1) PERA 147 1 I
MK 5 s, LiwREAMREIEN, EEMNEMHBRMAIMEH, g4tk
PET22b(+)-ptkA [#] PtkA-His & [ 1R LA AR T HBRIE I PtkA. [Rlitk, JRA1T
HEPRAII H pET22b(+)-ptkA (1] PtkA-His £ A it 5 82 70«

A B C
PtkA + - + + o+ o+ + o+ o+ - - -
PtpA - + + -+ - -+ -+ o+

MBP

PtpA

PtkA
| [cPpA - < MBP
e MBP
‘ P | = S
pET151D/TOPO-ptkA PMAL-c5x-ptkA PET22b(+)-ptkA

5. TEISRIRAY PkA BYBEEEMEXTEE . BRI/ NET,  ERARE S i e R A,
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S5 F SR RO R E IR B A KRS E RS E R E AR T
TEAERS BB .

Fig. 5. Comparison of the kinase activity of rPtkA purified from different strains. The lower

images show phosphorylation visualized by autoradiography, and the upper images represent the

Coomassie blue-stained gel.
4.3 ERERAREBFHETELE PA RYIRERE

FATR HARAL B () PtkA-His T AT RSN o E I SEEG,  H T80 XA
WIRER 4, BATE 4T H ) SDS-PAGE. =AM, MNEH4E—HE H3TRY
AR R B AR A B L I0 2 55X AptkA RABR B AL E, PtkA-His A H
BERATE AR AR IR AT 2R T (1 6D BT T S5 IE L PtkA-MBP 1 H B R {5
PR 45 4% o A A I R ] (B 2D, [RIEFRAT IR BE S5 4% 1 Hh A7 7E PtkA 3011

A5
PtkA-His + - + - o+

Mtb AptkA lysate
Mtb WT lysate

65kDa

-
45kDa ..

skoa .
e

25kDa

18kDa

14kDa

- < PtkA-His

=

~ SRS SR e~ |

6. PtkA-His S E 2 R A RBRNIFINABESLIE ., FERCRIRGLM SDS-PAGE HAMK,
N ERIARERTS H B .

Fig. 6. In vitro phosphorylation assays. M. tuberculosis intracellular proteins were incubated with
either PtkA-His or no PtkA-His. Proteins were incubated with **P-y-ATP and a range of cofactors for
1 h, separated by SDS-PAGE and visualized by a phosphoimager apparatus. The lower image shows
phosphorylation visualized by autoradiography, and the upper image represents the Silver-stained

gels.
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SR A AR P B B S P T AR B B, AT e AR E S A2 )
I 7 PtkA-MBP ¥ B BRI & . BTk, FRATRIAH—ANFLAE N 10kDa [ &
B S A R R KT 10kDa IR A 25 hE, R Il R S5 A
2L fg W /T 10kDa I EE B B K &AM E T, K 7 1 ERIR N “ 10kDa
flow-through”. 2R JE KH 1% 217 55 45 1% T8 AptkA  RAS bk4 4R M 2L 25 HEAT 1R AN E A
WABESEIE . Wil 7 Fior, PtkA-His 5 &4i R &5, BRI
Ak M H & /NF 10kDa 85 H M2 71 “10kDa flow-through” H7ri% & )5,
H B IE VEARIRAFAE o FH L TRATT AT LA B 456 Ak 7 2 200 o 2R AR 80 A SE A AE A
Iy 7R KT 10kDa AT il PtkA-His E B ER LA F 1 2 150

PtkA-His Fow oA ow R o= o4 om A
Mtb AptkA lysate + 4+ - - 4+ + - -
10kDa flow-through s w o d odp om owm 4 P
Na,VO, + + + + - - - -
116kDa
65kDa
45kDa
35kDa P - « | « PtkA-His
25kDa
18kDa
- i
2 o < PtkA-His
'j -

7. PtkA-His 5 E LRGN EE T AINEEESNIE . EE BRI RALE &
FAL, BRI B R

Fig. 7. In vitro phosphorylation assays. M. tuberculosis intracellular proteins and “no protein
flow-through” were incubated with either PtkA-His or no PtkA-His. The lower image shows

phosphorylation visualized by autoradiography, and the upper image represents the Silver-stained

gel.

BB BATZAF A pull-down HARZAIMHI 8 3 %€ k. HIE 8 Al &1, FIH
fE FRLIF) His-tag pull-down FEAR I E TEL5 1% B aptkA B8 AR S PtkA-His
MEAERMED. STRAEKZ T4 PtkA-His 1KY, HEFEAR, A
A Sl e B S B R ) D R E A PtkA-His H BRI it . AN,
MIMEZ, RATEE S KL T PtkA-His i iR E A, BARE A Ve
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116kDa
h5kDa

15kDa
B5kDa

D5kDa

18kDa

& 8. Pull-down i3& 734 S ARREIMEEZ: 1, S 1EaptkA B H: 2, 454%18 aptkA
SRR A I CRIBBP SRR AR SIS ED; 3, BEIMEH PtkA-His M45#%
R APtkA 40 RR PSR A AR B s 4, 4461 PtkA-His 25 H: 5, &1 marker.

Fig. 8. Pull-down assay. His-tagged PtkA was used as bait. Ni®* cations beads coupled with
approximately 0.9 ug of PtkA-His were incubated with either lysates of the Mtb AptkA strain (lane 3)
or with buffer alone (lane 2). After washing the beads, proteins bound to the beads were analyzed by
12% SDS-PAGE followed by silver staining. Lane 1: Mth AptkA lysate; lane 4: PtkA-His; lane 5:

marker.

4.4 BEINEMERFHET L PtkA IR

E 7T N O3 R I &t i 1 Jon 1 A ] AL 4 8 SR M E AT BOR (gel-free mass
spectrometry and immobilized metal affinity chromatography technology) 7EA~ 7] 41 &
HSEH T 105 MRERBERICE AR (R 2). REEd R E B R4 E
BB TSR R E I 2 Z RN BT R R EE E 5T [20], AH H ATy kAT
IRV B8 HRAT AT B S FR R AL B 1 T Tan 28 A [22)FHF 21 EEx 7 v BN
ARG R /B AEY) ORI, SMizEeD B E A R e, R
T 344 A NIEE ) 479 DMBERRAGAL sALPAE 6 4 B A FE TR AR A DR 1 Y
LR 2 A% e BRI AR B IR A 5T,  FRATFF A KA BERR AL %
RAIREEAC T A M PR ST o (HARZXFERIBT, oAb E2F AR (B. subtilis).
Kt sE R (Streptomyces coelicolor) F1K%#F B (Escherichia coli) [ SSBs
(Slngle-stranded DNA-binding proteins) & [ 75 K7 AF B Hh 22 i 1 RE AR I 21 7% 22
FR IR ALAE F 3 Ud W ZEAS [ 48 B rh AT SR A7 AE AN 7 I R B IR B RR AL VE - [22]
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* 2 BRUCERREFFARENAERERBREERRS

Table 2. Alist of phosphotyrosine-proteins from published bacterial phosphoproteomics studies

Bacterium No. of phos- No. of phosphotyrosine No. of Mtb
phorpeptides -proteins homologues
E. coli [23] 105 7 5
B. subtilis [24] 103 12 7
L. lactis [25] 102 6 2
P. putida [26] 56 8 4
P. aeruginosa [26] 57 8 4
Campylobacter jejuni [27] 58 4 2
S. pneumoniae [28] 102 13 7
S. coelicolor [29] 44 5 3
K. pneumoniae [30] 117 20 9
H. pylori [31] 80 15 3
L. monocytogenes [32] 115 7 4

He Tt B BB A A 0 — A R SF OB Ja A2 Ui . JA IR T Fe 51 Bl X
TR T AR A T 105 NI ERBER AL R (3R 2) 5S4 R E A T H KRR
Phe BATRIEZE T —IH 8 PAFRKEHR5IX 105 2 B AL 58 H i
HA GRS KB IR B 2 IR kA (R 3). ik B HEVEME LR, FRATA IS 56 (1)
X 8 AN 5t A S 4 T AR N B B B AR R A —BE (B Rv0322 5 K
FFRIH Ugd 228 R A 23.4% ) — 2tk LA, B E A B 51— BUEHR AL 36% LA ED.
PRlt, FAMBORE w1 8 MRSFE A PR RERILER .. £ T H T4
H RS T ME— IR FER R RIS PkA, AT — PRI 8 MRS H AR
N PtkA HIBERRAG RN .

*® 3. kR EPBREERRERAERYEAERIFRESNEXER
Table 3. Alist of conservation of phosphotyrosine proteins which have homologue in Mtb
and its conserved phosphotyrosine residues.

gitgw  FUE e PEIR AL BERRAAL SAES . P —
Ed= = e SRS U
Rv1310 AtpD E. coli PSAVGY ,6QPTLA YES 56.0%
Rv3913 TrxB2 P. putida GSGPAGYSAAVY ,AAR YES 41.5%
Rv0384 ClpB E.coli GAPPGY3VGYE YES 54.4%
RV2222c GInA  S.pneumoniae  NYTAIMNPTVNSY 2/K YES 41.3%
GInA L. lactis PGYEAPVY 3,VAWAGR NO 45.2%
RV0322 Ugd E.coli TLDKNEAYRDADY 74V NO 23.4%
Ugd  B. subtilis NFETSY,,EKGL YES 36.3%
Rv0685 Tuf S. pneumoniae  FKGEVY 34 ILTK YES 70.4%
TufA E. coli GYRPQFYa3,FR YES 74.1%
Eno  C. jejuni EALRSVCEIY ;gsAILK YES 52.4%
Rv1023 B. subtilis Y8, Yy, Y249, Y256,
Eno YES 57.0%
Y281 Y403, Y419, Y424
Rv0949  UvrD  H.pylori SRLAY 4,LIGVCGVP YES 45.5%
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BAERATHIX 8 AN R Mgt R M G5 #% B H3TRv &K 2H _F 435 t >k H-F)

FH B ) 1 P DD 42 B AR S R R IR AR CRAR SE 36 7R304, AR Ja R M A vk

BB ENEATRA K. B 9 R, AR T AR Y E A

(FPEL RSN EAME) . b J5 FATR X LR 3 1R A A1 PtkA-His {1 74

A BEESL IO 48T . B 10 3R B, TrxB2 n] LAkE PtkA-His R 1L, I TrxB2 mIHEA
PtkA-His [FIH% Z R BE IR LI . (BT 33— 2D S0 30 0F

— * S - - -
——— — a0l <
- e <« 3
o — il -
- = | —
- -
- - -
-
s - - - -
T — -
Rv1310 Rv3913 Rv0384c Rv2222¢ Rv0322  Rv0685 Rv1023  Rv0949
~53kDa ~36kDa ~96kDa ~50kDa ~47kDa  44kDA ~45kDa  ~85kDa

9. BNEAMTEIBR. FikIrasb A ARz AL E .
Fig. 9. Protein purification. For each gel the positions of target proteins are indicated with an arrow,

respectively.

Rv0685 Rv2222 Rv1023 Rv0949 Rv0322 Rv0384c RvI310 TrxB2
i - D

PtkA-+_-;l--+-+-/
*k’i!. - .2 * = e

116kDa

65kDa AR
[ e o oo
S 45kDa - -
-» - - - o 35Dy - - e - e A o
i 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19

Kl 10. PtkA 5EBEERIEINEEEEIE 5. #i k4R PtkA-His ANV E, ZHERR
TrxB2 #% PtkA-His BRI E . FERSRBON B RZE R, FREREENEARE
Fo

Fig. 10. In vitro phosphorylation assays. Purified protein substrates were incubated with either
PtkA-His or no PtkA-His. Proteins were incubated with 32P-y-ATP and a range of cofactors for 1 h,
separated by SDS-PAGE and visualized by a phosphoimager apparatus. For each gel the positions of
PtkA-His are indicated with an arrow. The upper images show phosphorylation visualized by

autoradiography, and the lower images represent the silver-stained gels.
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4.5 TrxB2 & PtkA BI4F 3 M ER S B B ES 1L /KD

Nt — IR TrxB2 2 PtkA HHE VERS A IR B R ALY, AT E e H
PtkA-His X TrxB2 BEAT I [A] AV FEAR R F AR SN BERR AL R il . AN 11A | BRI,
7E TrxB2 fll PtkA-His BRI T, TrxB2 HIBEER LK T Fifi 25 i (8] (138 n i 385
. M 11A FERFN, 1 PtkA-His (RSO, TrxB2 HIBERR KT FE
FHHIREER GG om, LI H RV R R BRI R SR 5 A TR B IR
R IR 7 BT LI R AIR R TrxB2 WA 2 B IR T AL B R AL 1. &l 11B Fios,
223 T BT S FRVE S EL RS A (RF {E) 229 ~: phosphor-serine = 0.255;
phospho-threonine = 0.300; phospho-tyrosine = 0.345. T TrxB2 ] Rf {84 0.339.
FHIE AT DL, TrxB2 HOmE IR (b 2 LR vk 2Rt A2 e A A Bl IR Se i s R ik 2, BV TrxB2
72 PtkA I e It B A IR B IR ALY . AT E T TrxB2 KB F, —3Lad
6 R IR EE o BB BATHIH E R RARKIX 6 Az BTk R 7 70l AL A e
IR . SR JEHIX L TrxB2 RAZH H A B A tr E AT PtkA-His & H#E TR 4ME H
WmgsE . HE 11C AT A, *%%ﬁ TrxB2 1) 32 fFrMtE MR G, ZEE LA
PtkA-His B R 1L T, B PtkA-His & H R X} TrxB2 [ 32 £ & = R ik L 34T 7 IR AL

e ‘ < B2
3!! B

<€ TrxB2

L N S RN € PA
Time
(min) 5 15 30 60 90

g * S < 2

& ” M P “ém

S € TnxB2

< PkA 4
TrxB2
oM 012 067 25 625 125

Ser Thr Tyr TrxB2

C TrxB2 =>»

PkA=> [

TrxB2 =>

TrxB2WT - + +

TrxB2 Tyr?’Ala - - - +

TrxB2 Tyr*?Ala - - = o +

TrxB2 Tyr'Ala = - - - - +

TrxB2 Tyr'%Ala - - - - - - +

TrxB2 Tyr*$%Ala - - - - - - - +

TrxB2 Tyr®Ala - e - - - o = - .

11. TrxB2 2 PtkA BI/EH. A F&. B AEAI C FERISRIEBST AR A, A TR
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M%%WEE%@H B & W R M2 B —ER Y1) TLC 2R, C TEE/RIEE S
wROREARE .
Flg. 11. TrxB2 is a substrate of PtkA. (A) PtkA phosphorylates TrxB2 in ATP time- (upper image)

and dose- (lower image) dependent manner. The lower images in represents the silver-stained

SDS-PAGE gel. (B) TrxB2 is phosphorylated at tyrosine residues as shown by phospho-amino acid
TLC analysis (RF: phosphoserine=0.255; phosphothreonine=0.300; phosphotyrosine =0.345;
TrxB2=0.339). (C) Site-directed mutagenesis shows that TrxB2 is phosphorylated on Tyr*2. WT,
wild-type. The upper images show phosphorylation visualized by autoradio-graphy, and the lower
image represents the coomassie blue-stained gels.

4.6 BEEEILIER AR TrxB2 HEGSE M

AW AIH DTNB HL iR 2 TrxB2 (R BRALAE F A HL i S0 1 (38 )5 il
WETERISZI . DNTB VA RN 12 fros. HIE 13 ATA1, PtkA-His A G,
CRLE T2 0 AN 520 TrxB2 1) Bl v 11 0 5 o B P 480 2 1 TrxC Bl B ALY TrxB2
WIEAB A TEE, XFFE MR SCHkRE [15]; KA TrxB2 F TrxC ZH R R S0k
EHARSGAHIL)E DTNB HIge /. ANk, AT T ARKREER) pTrxB2 FI TrxB2
[ fAL B F R R EETE (B 13), KL —#FZAJF LR %R, K PtkA-His
X TrxB2 (R ER AR FH AN 5200 J5 25 (R 40 B 1 3 D T 12k o

'mmﬁé%A%)
NADPH TrxB2-(SH), TrxC-(SH), 2 HO
NADP* X TrxB2-S, X TrxC-S, X kﬁj T
O,N
DTNB (i f2)

E 12. MELEARGELAIFE TN NADPH HiEEIZinZ AR ERE.
Fig. 12. Scheme of NADPH-dependent transfer of electrons to the terminal acceptors mediated
by thioredoxin system.
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——=1.0uM TrxB2

=#=1.0uM pTrxB2

—#—0.5uM TrxB2

=+=0.5uM pTrxB2

=#=0.1uM TrxB2

0OD412

~8-0.1uM pTrxB2

PtkA

TrxC

1.0uM TrxB2(No TrxC)

1.0uM pTrxB2(No TrxC)

0 50 100 150 200 250 300
Time(s)

13. BAERRILAERXT TrxB2 MR EIE & B R B R0
Fig. 13. The thioredoxin activity of TrxB2 is not affected by phosphorylation. The reaction
mixture contained 100 uM phosphate buffer (pH 7.4), 1 mM EDTA, 450 uM NADPH and purified
TrxB2 at an indicated concentration. The progress of the reactions was monitored at 412 nm against

a blank control for 6 min at 25 °C with a final volume of 100 p I.
4.7 BEERAAER IS TrxB2 Y53

AR, R R R IS A RS R AT PtkA BEIRIGILRY) G, REE K
AR AN E A [33]. HbAh, Av-Gay S22 Rk F ) iTRAQ Hil th BoR,
45 1% B H3TRV AptkA 8245 Pk 5% 7% 3L 8 W R (I (CFP) A TrxB2 [ & Eb 45 1% B H37Rv
Y AERR CFP H 8 TrxB2 1 T K% 3 5 /i hr . T Uk, BATTH BIH % 45 4% B H37Rv
TP AR AptkA FEASPRIG4 B8 AN CFP 24y, SRR R RE S M HraRAsm 1
PtkA A1 TrxB2 (VA E AL 0. 0l 14 AT%N, SR ptkA 5, Si%E W T
21 TrxB2 2IHush; BRI PtkA FIBERRAAE A0 T TrxB2 (1503

Mtb lysate Mtb CFP
WT  AptkA WT  Aptkd

——
35kD _;'“ - - | o-TrxB2
Kxpa

o-PtkA

25kDa

25kDa—> JR— a-DosR

14. PtkA 1 TrxB2 TE£5#% B Y T 4 A RE iz
Fig. 14. Cellular localization of PtkA and TrxB2. Lysate and culture filtrate proteins (CFP) were
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prepared from wild type Mtb and 4AptkA Mth grown at 37 °C in Sauton medium to an OD600 of
0.6-1.0. Samples were separated by SDS-PAGE and followed by Western blot analysis with the
indicated antibody. Rabbit anti-DosR polyclonal IgG was used to detect the DosR protein, which is
used as a control for cytoplasm protein. Five microgram protein for a-TrxB2 and a-DosR, while 50

ug protein for a-PtkA.
5 i

ASHIFT R H bR T R S e P — 1 2 1 I SRR T PERA B BR H 5 J PtpA LAAH
HIF B R . AT TH R R XA UK FOR 2552 PRA YD, (HE
Gt IS5 A% R P AFAE PHRA BER AL IR 8 1 RV HAR RIS 8 3 R HE A 4
HIEEFHRABETE, (HIXHA 7T fE 2 EA5TIAR WARE PkA Fe R 8 E 5 .
I I AT FT LA S I SR BRE AT PABE L i e AR B AR R B A (B 14): PkA
BERRAL PtpA IR R G W RIS RIS AR REIE), JaHEEE A
R 2 R AR R R R BB [1,3,4,34]5 T PtpA I 14 [F] B A 52 F)
PtkA[12] S R B8 AR 22 IR 75 R R TR 1 (STPKS) RYBEIRAL IR (ASLE =
REFRHAR . FIE, PtpA AT E A PtkA I H BRI S Mt Ae B S L STPKS ¥
W ORSER S AR KERHHED, MARFR KT PkA B HBERRAIE L IEA EHE
Pl Brbh, ZRETIH, PtkA AIREFESS RN S S S R PR E R T
HIPER, T P2 AR I R 2850 T 48 7- G5 A% T B B0 1+ 7 L2

A
N

v
®

Phagoéome Ny
b
dephosphorylation
INK
| | |

Phagosome and

: Innate immunity
lysosome fusion

Apoptosis

14. PtkA iBE R R IE SR IE R EE
Fig. 14. A model for the regulation network and signal transduction in Mtb.
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BRI DG B mm e 8 MNEENRARMBRIEAK. )5
FIH — RBVEMAFTTEARSMIER] 7 A 1) TrxB2 72 PtkA FJRY), HBERR 10k 5E
N 32 R R . MR FE A EE RS B H, S5RZ TR B TrxB2 A% B A M (P
putida) HH[FEVEEH TrxB2 1 24 BRI Bk A 2 A RN B, HRE IR A
SRR IR I T A S IR [R5 A 2 v o 1% SR AR B T 4 T 2 TR B R A T R
TRsptE. EAERRE, TNEIMIEE 7 NMEENERRRRBER G E A iS5 el
R P i S B o TR A 2 11 0 RV MR R AR i (3R 2D, (ELER AN BEA 45 4% 11 1) PHkA TR AL o
BT, FRATTAT UK REAR 1 45 1% 1 HH AT RE A7 7E LB 1 E IR R TRV, T Ik 4
O () AT B X A R R T S U 1) SR

TrxB2 /& £ 4% ] 5= DK 2H 2 0 (1) M — — Nl 280 2 OB SR g, I A0 44 v R DR 21
YA = MR GRS E TrxA. TrxB1 A1 TrxC [35]. TrxB2 Al TrxC #HA% T 45#%
A IEE H RS . AR, BELEA RS M 2510 B EEZ RS
“htb A I R R [36], HAEH 2K HLT AN NADPH 472 31 2 i A A0 IRAY)
MEAR AL [37]. MEEEARBEE N4EFRFNIRICEIRES . DNA & ik
e RS A AU RS 7 T A & 25 R R B IVE [38]. sl B E 2 — M/
THEA, BA—MRFH CXXC HALEET, &3 TS MO R
AT AT IS AL AR ST B S B T 2% SR A DR 2 B s 2 T AR B IR R
fEAL ) —Ff NADPH %840 SN, BERS /1 3 AR IR 04 B 1 [Trx-(S)2] 98> B2k I
PEIREIE T H-(SH) T e B Jia s 1RGN M S B B, 38 5 M i U
¥ — A R e I [15].

A SCHRARE TR K AT B P SR 208 (1) FH 45 4% B Trx B2 A1 TrxC 4 s 1B S 4 B
& % B % ik 5 — 4 &£ %X (dinitrobenzene ) 1 & i &tk #4 %% ( cumene
hydroperoxide), T &3 B4 7 o] PIAMK T I E b & H [39]. 1% RS0l AR
B E G (ahpCO 1 F Ak K35 By iR B ARAENS M 4 b 18] 7~ 7 (ROIs ) [36,40] «
Ak, ZRGIBE A I ALY Tpx AL 10 7 S0 St L AN 4
A FE SR AT FE B AR [36]. AWFFEIR, TrxB2 MIBFRRILIE %G
s A A0 B O SR B M, (RS ER A 20 REHIH] TrxB2 730 o mf At i 45
¥ H37RV AptkA FEA8¥R MW T B 21 TrxB2 B4 AN . ASS256 55 R K R 1 [ 1A
AR B E BN, RANRE TR 45 B H3TRY AptkA S48 Bk L BT A Bk 5 i 52 HL0,
ST AR R, FRATA SIS 25 T DU REX — IR Z54% I H37Rv aptkA
RASKR W T LK) TrxB2 2404k, TrxB2 JhE S TrxC F:FEXT H,0, Al
FALRIE AT T AR EEAE R, AT A 12 SR bR B8 I 52 3% L8 4840 R ) o R X —
FEXT T 45 B B & A BUA A A T XOE A etk — P 7t

=

=

AT
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B. subtilis Bacillus subtilis W EL AT B
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BLAST Basic local alignment search tool JREB N AR TR

bp Base pair 5E:54)

C. jejuni Campylobacter jejuni 2 iy 25 A A

CaMKII Ca?*/calmodulin-dependent kinase II Ca”" /45 1 5 M R

1

CFP culture filtered protein BRI E A A S

CFP-10 the 10-kD culture filtrate protein 10kDa JE ki 2 M
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CM cell membrane fraction A0 ZH 7y
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