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Abstract: The global epidemic of tuberculosis caused by Mycobacterium tuberculosis (Mtb) is still grim.
During host infection, Mtb secretes a series of effector molecules into human macrophage to regulate,
modulate host immunization pathway and finally escape from the immune killing. Here, we summarized
the critical roles of protein tyrosine phosphatase A (PtpA) during Mtb infection, such as inhibit the innate
immunity, apoptosis, phagosome-lysosome fusion by interfering multiple pathways and modulate
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macrophage bioenergetics state. PtpA has been assumed as an important drug target for a long time.
However, it is beset with the high similarity with human protein tyrosine phosphatase hLMW-PTP in
inhibitor design and screening. At last, the research status and problems need to be revealed in Mtb PtpA
transcriptional regulation and secretion pathway was analyzed and discussed, which will provide us a new

way to block PtpA’s function.

Keywords: Mycobacterium tuberculosis, Protein tyrosine phosphatase, PtpA, Transcriptional regulation,

Secretion mechanism
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MR il HE K 16 (p-Nitrophenylphosphate, pNPP)
BESY BRI 2 11 (Myelin basic protein, MBP) & E
B BERR AL =R 22 ik b i T R B IR AL , HLTE
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WA RS e BRI R IR LS PpA
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Figure 1 Regulation of host by Mycobacterium tuberculosis protein tyrosine phosphatase PtpA

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



3486 A

Microbiol. China
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TELS T, ptkA-ptpA-rv2235 ZH i — P50
o TEREPEES)ZTH, Srivastava 558 | AN R
RPN E A G ptkA K S 31 R BLAY I
ki A4 1 (Bacillus calmette-guerin, BCG)H,
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EH.
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2% 25 11 1% 20 iR % 92 14 14§ (Protein  tyrosine kinase,
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22 8 TR 71 2 R 25, 1 ¥ (e STPK) Jhy AURE S5 14 25 1
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R4k Tyr'® #1 Tyr'? Wi HAI s S R 5k L (37 s ke 3
SR RR B RR T LY 55— 71T, JLAS eSTPKs
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4 FiR%r PtpA REZZGE, HIHPHIFH A
FR%&3ZEHHR

M PtpA XT&5R Rk iR e 5 s S i
PG AR B, 1 H. PtpA B4tk AfE 40,

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



H

BEAE SBT3 I RS S FR AR it Pp A % S48 Al o YA AL B 3487

B PtpA B2 AT LIS FH 25 35 45 4% I T B 7K 1Y
YJfURE, RS T AW EEMEZE RN [EE, 259
TELS B AL M PtpA TR, EEGR WXt 4
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PR GERZTRA PtpA B8 115 Y [RIVE AR 1 1 2 TR e 1R
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TEVE) DGR FR LI ORAT, FeA 2 TE R Py
COX)SR(SIMPU, FrLIARZ PtpA A &M i 404
18 EAM A ARFEFEEE A EENE, SgtE KR
AR AR 75— 5T, PtpA IRZ 5]
LS TE AP AR AR T 28 1 WS 2 IR W IR il

5 WREHHE PpA FFIFEHS K 4w
BT Ay BEL BT L Th RB 3R At i S8 B
51 MRZ#ZE PtpA HERIABNHEGEE
25 A% 1 ptkA-ptpA-rv2235 Kt R 1 H B kS
FEST RO TR T R 1A B s R . S5 TA
PtPA (rv2234)%E[H 5 ptkA (rv2232)F rv2235 ({5
FECEE () e TR A SR R 20 R U HES Y, 3 SR
Z e A (] 2), 72 B B A AT B
AFTRIL, S5H%TE H3TRv H ptkA-ptpA-rv2235 %t
F B S L i 550 bp (7 8 E AT B v R A
B B B PR AT, BISE 2 — 2 S AR B2 AL I Y
W OB A . IER AR S5) L 3 AR
HAEECRWARRE —B(& 2), XHEREERHEA
TEER B B2 ER & (Rhodococcus) i R AT T
J& (Corynebacterium) . X % [X 1 J& (Gordonia) .

AR, R TR PERY, X SRR b
R A 40 4 710 4 4 i 120,

Amycolicicoccus #1434 #T I J& (Mycobacterium) 5§
J& R AR Ay

ptkA

Mitb: rv2232, 879 bp

M. bovis: mb2257, 879 bp (100%)

M. marinum: MMAR3308, 633 bp (56.86%)
M. smegmatis: MSMEG4308, 693 bp (56.05%)

rv2235, 816 bp

M. bovis: mb2259, 816 bp (100%)

M. marinum: MMAR3309, 825 bp (80.48%)
M. smegmatis: MSMEG4310, 834 bp (75%)

|<#H |<#>l

---- gtg ---- gtgtctga ---- tgatg ----taa
I<;>| |<—+>|
pipA
Upstream 550 bp Mitb: rv2234,492 bp

M. bovis: (100%)
M. marinum: (40%)
M. smegmatis: (43.72%)

M. bovis: mb2258, 492 bp (100%)
M. marinum: MMAR3309, 495 bp (77.98%)
M. smegmatis: MSMEG4309, 492 bp (76%)

2 HERZH ptkA-ptpA-rv2235 BINF 5 o4

Figure 2 Sequence of Mtb ptkA-ptpA-rv2235 operon

T 365 P RUE IR & T O DR 25 T R R AL ; SRR C ISR IR TS, A ApE AR L%, I i kR
RET 52 BS I IRAL; X 3 R

Note: The values in brackets denote the sequence similarity with the genes in Mtb; The green and red bases represents the start code and stop

code respectively, while the blue base is shared by start code and stop code. Gene overlap was shown between these genes.
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55 1% TH ptkA-ptpA-rv2235 4 1Y i 5 1 B
TEH: 24 550 bp 7415 . Cowley S5 70545 2
ptpA JE K Bl 7% AR A B8 BCG HhRsil %
SEIGULET, 51 AT FILHE L T4 ptpA [ (1
L 3% 3 AR T A) K B 1514 bp R4,
KL AL 45 T34 ptkA JE R 741 S H: i 547 bp
JP A (B 2). X BEF S RERSTE2F 1 BiAF i BCG s
Bl UL IHZ RN 10 )3 27 )3 5 I R s A
TEG T FELEI BiiF 547 bp J¥4IHd, i
2B HAE P A T ) i35 o0 BOFF TR TR AN RE B S
SO BERA S5 A% T 9 K ptpA PR SRR 1
s TIRAR TIPSR o BT SRR SRR
FEEES, BS54 RATF R . SR, 45108 g
134 o N7, FAIHEERI T LUHFR 75 7
DA B -2 WE N1 B~ S me M g Sty F RS e T
H B4 o AT (40 SigC. SigD ., SigE . SigF . SigH
1 SigL) B 2 TR B F#I0, xR T2 5
ZIER A SRR MY o T, B8 S Bl
HEE R X F EIRIUR o HF RSP IE A B, £
X} ptkA-ptpA-rv2235 #RH T 46, AW ~RE
SR B (1) 5% R GRES 13 4 o P, 2
W — A~ IR JLAS 1 B IR I B B R 17 3R
BFHRA A7 (2) S5 RIS 2 140 A5 550
VR, A WP 22 i B\ T 1 % SR s e 7
FERLHIZERER? (3) o RTINS i N 7l
7 = == VA= i R S N 7l W g = M O =1
SHEA SR AN m R — 2l e R RN A h
MIWfES, JHE SRR SERERF & o N+
XPIZ IR T 15 SR 7 7R X S ) B AT B
17 25 R TE IR T 5 R A s shiz e 73
B, FRilE ptpA JERRAFE S, DA N A B sE 3=
ol A X — AR, W TR A% A BRI
LA R S (Rl PRI I PR T SR 4 i
Ry ik — 25 PR AR FL i EE A B VR SRR G 2
B, MRSk 30 PtpA BEE SEht, LASEIT B
0] PtpA B IAS BRI 25l RME ;. P8, 45
1% B ptkA-ptpA-rv2235 9\ 17550 BT 1 | S it 2k

H rhARX PR A, L s P L S 7n e 4
R P IZARIN T I S iR I S
52 MREZZE PtpA HibilEIEBEEENX
2002 4, B E B SR SE 45X TR PtpA #i 45
w4y W B AN L BEE , A BT R Al
(Mycobacterium avium subsp. paratuberculosis) ]
PtpA [AJFEEE 1 Map-PtpA Bl sz HAT MR A 8
P 1% 2 BR W R G 1 , I I A vh 3 W ik A 7
FEON, HI% AR SR B B LA AT B Y
HeeWd, Ho LR R AN TE R (] 3).
S5 3 R I RS, BRTEANTE T IR
SPAFTERY Sec 43 2 4t (Sec Fil Sec2) FlRURE 2 R 43
WRGHN, & BAMERR) ESX 73 RS (ESX-1,
ESX-2, ESX-3. ESX-4 fl ESX-5)%, & I3k 43ih
Fairh, BRI WM R G F T PpA 1943
WA e F o I HLATS AN T AE o A, SR TR AT 20
] LY ) AT L S JIEE A, A0 TR U A 4 B I
PR TR 9 SIS 22 S S 2 (5 BT R H 383 SR . o
M WIS FIEE (1425)%) PtpA 25— /M R Gk
12 155 3k A% TR I N I 2 AT 2 2ok S5 A% TR A Y
(B 3)7 J& i ifi %L 45 1 b Bl HL 28 R 45 A% T 2
27 PIE PtpA B HLE] , B ik — AR R
S FE T2 bR, TRk B
PtpA BE5E SEfill, LASETTF A m 30 PtpA A
SR A2 RIXE . RIS, 254X T8 PtpA 7E43EOFTF

PtpA
? Capsular layer

e KA i -
o _{ ? Jl ________________ _ Mib outer membran

PtpA Periplasmic space
T T e L s L
__: Se :___] Tat [___1| ESX [____ Mtb inner membran

L__J l__) )
PtpA

3 LEHZE PtpA KE S HLE
Figure 3 Unknown secretion mechanism of Mycobacterium
tuberculosis PtpA
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PRI ST 20 B0 T AR GRS, IR AL S 4
B AT Tz ) N R AL RS
6 RE

i LRTIE, S5 PpA TEAr S AR TR
e G TG MDA RRTE S T PSS
PR S R P R SR . XA A PtpA
IS I DIk 24 p e g EAN AR
S8 Rl I | 25t KR AN S 5
Mo SRTN, S5 PpA TE AU i K BEAR 2R
BURANH PR AAAE, IXHRE7R T PtpA X4 A
B RE s 4% RS S A B R, R4S HTTE
ST ptpA BEIN BEA TR e 72 I HAR S ME K
FHARZ BN, (E R REIL AR 222 BER RIBA Bk
i UL, XTE5RER PtpA MBFSE, BR ESCHigk
X LA SRR AL S o i AL BEA T AT ST 2Z 5h, it
A WE PP HISE PtpA XS E AN A & &
AP ATIRE, XA L NE— P SEE PtpA TEZ5 AT
I LBERICR M E R E T, s A )
AE, NiE/R PtpA 7E B RUAEY b i A BEA R TR A
2%,
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