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/. 2008 4, Pearce 57 45 1% 43 B A 1R H R I
T 5z 2R R 5, ar A oh ARz R iR
I1 (prokaryotic ubiquitin-like protein, Pup). Pup AJ
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HATEMER, XI5 A AT R A A
Wi R TR B LA RS k. M B I AA
R OORL AT P o WA —F B W3, &
1153 50 B preA(Rv2109¢) 1 preB(Rv2110c) 35k P 4 fith
(B ). JRURZEE T A wh A1 350 110 7 A BRI &5 4 3 3]
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“U17 HIVER], o TEHE N S 8 AN JE I ) o 2k 7T
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ff1 2 11 )%, Darwin %5 ®1F 2 ¥ 3L iy 4 4 Mpa
(mycobacterial proteasome ATPase). Mpa J&E T AAA
(ATPase associated with various activities) X ik, 5
BAZ A E A RGR 19 S W5 OR K ATP B B AT
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Fig. 1 Comparison of eukaryotic and prokaryotic proteasome 3 subunits®
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Pearce %5 FH 4l e XU 2% A8 2 4¢ (bacterial two-hybrid,
BTH)ffii i Mpa 254 8 (AN, &I Rv2111c i H
C 3t 1) 26 MR IR 5 Mpa # HAEFH. Rv2111c 4t
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Fi(os B IFE) ) preA F preB 3 PR L ] 20 Bl — A
BT Rv2111e FE K G i — > 64 R 1
AN, AR TS, Rv2111c
e A 5 FAZZ REATE A BUF IR, ]
e Sz RS, HELEH C i< 74
K/RGGQ H & A F TR ¥ Gly-Gly J&51(1& 2).
ZFEI Gly-Gly AR T2 % C i 5P Lys B
Ji% Gly-Gly~ Lys SRS, JE—Darguaen], —i
CL A0 4 4 1 g 4 [ % 1 2 B3 5 40 FabD (malonyl
Co-A acyl carrier protein transacylase) 1 PanB
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i 44 4 R B 2832 & A (prokaryotic ubiquitin-like
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M. tuberculosis «««eeeeess MAQEQTKRGGGGGDDDDIAGSTAZEQE . RREKLTEETD EIDDVLEENAEDEVRAYEQ . . Kg
M. smegmalis «««ovennns MBQEQTXRGGGGGEDDDLPGASAREQE . RREKLTEETD EIDDVLEENARDEVRAVNQ . . Kd
BCC wevsvisess MBQEQTXRGGGGGDDDDIAGSTAMEQE . RREKLTEETD EIDDVLEENAMDEVRAYNQ . . Kl
M. lepare wvvvvveess MBQEQTRR . GGGGDDDEFTSSTSVEQE . RREKLTEETD EIDDVLEENADEVRAVNQ . . Kel
C. jeikeium sssssssons MBQGGQVSAGGERRDDDEPIEQTEAG . TQQVNVIGTD EIDGLLENNABEEVRSYNO . . K&
Rhodococcus S8 sssssss MBQEQTKRTGGGDEDDTPGADGANEQE . RREKIAEDTD . .EIDODVLEENAMBDEVRAYNQ . . Kl

Yeast MGIEVRTLTGKTITLEVESSDTIDNVKSKIQDKEHe IPEDQQREIFAGK GRTLSDYNIQK .BSTLHL.BLRLREE.
Arabidopsis WRIEVRTETGKTITLEVESSDT IDNVKSKIQDREE I PEDQOREIFAGK GRTLSDYNIQX .RSTLHL .BLRLKE
Human MQIEVKTLIGKTITLEVEPSDTIENVKAKIQDKEEIPPDQQREIFAGK GRTLSEYNIQK.BSTLHL.JLRLKE

Fig. 2 Alignment of Pup or ubiquitin from some of actinomycetes and eukaryotes
E2 EMWMMLZLE Pup MEZREMZRAEEIFTIRT L
LR M E M. twberculosis) GL: 15609248, HL4G 43 HAT BE(M. smegmatis) GL:259546730, £ AT H (BCG) G1:284022050, KR B A B (M. leprae)
GL:4200273, # 4R ¥ B (C. jeikeium) G1:123651079, 21 BK 14 (Rhodococcus) G1:123341023, l#% 1} 14 (Yeast) GL:48429170, 84 F§ J¥ (A rabidopsis)

GI1:28202244, \2%(Human) GI:51703339. ¥k 2 NCBL
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accessory factor A), Pup- & 1§ /A& R A AH K A
1 Meb FERIZH L1873 A WLIE] 3.
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pafA prcA prcB pup dop mpa

Fig. 3 Genomic context of the genes of

Pup-proteasome system in Mth™
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RARENE, Pup (331 TIKE, XKW Dop AL
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7. 2010 % Burns F1 Imkamp 252V I, Dop it
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(11 JIKH 55 11 FabD+ Inol Al PanB ] A4 2% Pup 4.,
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7= A i B Pup, 1X— 2% Pup I
{PAE.
3.2 &G PafA
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HIRWERSFE T2 W0 156 PafA BRI
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1t Pup-GGE 1[04k, 4R )5 HIaX i - (Al fA =2 A
Y 3t Pup SR Lys #11%EP). Cerda-Maira Fll
Festa 2520025 3L, Mib pafA 1158748 ] LA i)

TR T Mpa 1)
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HEMAR S, [FIAT A 2] Pup Arid 8 I IAELE,
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Fig. 4 The mechanism of Mtb Pup-proteasome system
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W ABA RGMFLE B LY A DI REREAT TIRA

PIHRT. 2009 4F, Festa S5 PIH] H 15655 AL AT AL
T HTVEXS Meb G Pup kRid B AT T RSN
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B S PUEEER T gn BRI AN 2 o A 2 AN Ty
(3 1). Watrous %52 AH R (1) 75 V5 A4E Msm TR

BL 52 i Pup dRICKIE AU, F AR HR 2> 75 Mib
HAEAEXT IR [ T

Table 1 Functional classification of proteins identified in the Mtb pupylome™

R1 FERSKATH Pup FRCEAE P EL RIS LT

HIA T RE s HH i Pup ARic & A ELHT /% i Meb HEEUBALELR] %
rpR) AR 25 45 22
IFESAeti) 8 15 6
A/ U ER 1 6 11 3
(ERepuligds 4 7 6
o fAE . WG 4 7 18
WAEA 1 2 5
TRAF M GE B A 7 13 26

HHTTE Mib 1, D SEEUESE, BEd Pup
i ict ELE B 11 A4S [ A 11 JEC 40 2 1145 FabD PanB
Mpa. SodA. Inol. Icl Fil MtrA &, X SE4fff i (1)
Pup-  FIlgIA RS R B & H B AT EE R EY
Ui, I Mib IBURPEA DG, T E £ R
i A ¥l FabD(malonyl Co-A acyl carrier protein
transacylase) & JIg JJ7 R 5 6 11 2 —,  HEAL IR 07 12
MR IR B TR TIR S Mib (98 Js 1 A7
02 g Bk ¥ 3 # F2 B PanB (ketopantoate
hydroxymethyl transferase)Z: 5 Mib 7N Z R (Vis) )
EYE K, TZRS ST A(Co-A) I TE A
K, Co-AZ 5 T TCA EH MR iAW, 2R
R B R ) Meb AN Gy AE /S AR WA I A AL T
A ALY IS AL I SodA (superoxide dismutase) 5 Mib
PR IRTEA G, S5 i F R R, A R e
Msm SodA 5 Y far ) 7 2UA X P2, 1- iR AL
I &% Inol (inositol-1-phosphate synthase) X} Mib 1]

Tt IR 0 i R I 22 B 1) T AR R EE, M 1) Inol
FEAGARAS Ty v B 20 A /) B A K A A e 32739,
SRR Th 24 R 1cl(isocitrate lyase) At . R i P
WA EENE, AR R R R £h S A
SELC R IR (S TR AR Mub AL T B,
Mtb NI T 2% MtrA(Mib response regulator A), Mib
RGN R ERE AT, & RIA MrA H AR U
Mub (PGB, ABAEAR SR 3G 77 56 s R I8 MtrA 1)
Mih WIRRAT DLIE AR K273, B FiX 48 Pup- 45 17
ARG EE N AEH Y RE, Pup- HHBEIA RS
AT DI I A T AR Meb TR AR RO
PR,

6 RESRE

FATRE Pup- R AAMEA RS H HAZ R - A
ARG LLE, ATLUR I S ARG AL 7
MV E AT RESE 5 T BIAF A€ M 2257 (K 2).

Table 2 Comparison of eukaryotic and prokaryotic proteasome systems

x2 EBREVMMEZENMECBEREMILR

JERZ AP (Meb, Msm)

XA

EAME 2 SR T M o WA
g 2 WIREEIE 7T AR B IEAE)
WL TR B MEHER N ¥, R IPEETL 8 R A H

N SWF Pup
4HBINT  Mpa. Dop. PafA

J&H FabD. PanB. Mpa. SodA. Inol. Icl. MtrA &5 50 ZFh
AR Pup bl FErb 344 S B F S 40 4 111 g A e it

ife  EABER, HRAML s

2 SMIRCERIR 7 AR o TEFE)

2 WIR(EEER 7 AR B TEE)

FEIRI 3 4 B AL N, r Sl BB R E AN HREA .
B AR G 3 PSR H

ZHE

El. E2. E3, DUBs, ATP [, MVFZiiyilyIkss

T 600 T, KEZHHFEZ RN NERE, HHUBTTFZE,
Ut 5 R R e

BAREW, F5H#S, %W «BIAERF, AEMEH, DNA
1B53, AVEIER, 2RI A5
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Knipfer %5 "R A Msm 1) 35 1 B§ 4K
preBA i BR AT Msm WA KB A W& 2w, AR
Gandotra ZECPY R IR Mib £ FIREAASE K] preBA S
Mrb LEARAMEIE A KAT—E 2. 2 Mib N
16 G A ML, BRI T2 NO & il
(iNOS) /= 4= NO 1 I Ath 3% 4 S0 7 4] 44 (reactive
nitrogen intermediates, RNI)RAIR Mib MIAZIR . &
SRR ST SE ) 5T, 08 B B Mo TR Ik 4,
Darwin Z5BURHL, Mib 1¥) 5 B AR LA Hit RNL 1)
AE, X Mib /N BARNIARE 2R E, HEH—
RYVEH SRR, ToIR 2 5 B AR 8 2 i )
[XI-f- Mpa F1 PafA g 5L DA (F) PR ol oe Az, &R my LA
FEC Meb Bt RNI BEJJ9 55202640, o ep iy Ji A A] fig
HWR: a. Mib #¢ RN BRI HE 1 SUAS Be 4 A
X B R TN A M BEE, B AE T
b. R BEAT AL SR R B T RNL 222194
BEPE, ANRERCREAME, (kT anustT.

H 4t 5 20 173 (NS T Mib, R
300 JJ NIE T2k, G520 4k &4k HIR G &
TR s, et Fa A SR IZ 2 2
PERS Mib, HIV BRI G F AR, g5 B A
Betesze, HILT XGRS, XL IBa
AR K IR e, Jrdedp ke, wa sl P4l i om B 2
W R 2N, Pup- B BEAA RGAE Mib BOWi 1
Hh IR A A 12 28 406 B S5 A% V6 9T TR A 2 P
R ARGE, MECAX VIR Meb B AR IR 45 R oK
B, B AR AL B RGNS PR, AR
M B 7 JE Y [ I A 254N 40 i 2 11 g A g
FEH L ARSI, XS N Meb B IR AT
WF R 045 A% 25 W) 5 L S 1) E BB AS . 2009 4,
Lin 2545 LA A4 oxathiazol-2-one T LAXAE Mib B
WAERIR G, F0] B PRI R R R S I, TR
I 3P L A5 4 0 B A% B AR B0 R AR 59
SN PEBE . Lin 25993 A 2010 4F &L —
Fh KR Y 5 Fellutamide B, FLXF M & (A E 4 B
NV (1 i g ) S 2 R o TR R AR g 3
(RAMIRE ST, W LAMEA L Meb E R AAR A SRR 1) BT
gtz i), WA X Pup- 85 AR RS /E FPLER
FEY 2= IR, K R a4
1y BRI RN H 1 /e RS R, BTRT
Pup- IR R8I UL % 25D R #4459 gk —
AR .
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Abstract Ubiquitin-proteasome system, the essential mechanism for eukaryotic cellular protein degradation,
plays an important role in the regulation of cellular physiological functions. In 1980s, researchers found that
proteasome also reside in actinomycetes, but the function and mechanism of the prokaryotic proteasome were
unknown. In 2008, the prokaryotic ubiquitin-like protein (Pup) was identified in Mycobacterium tuberculosis. With
the help of accessory factors, Dop, PafA and Mpa, Pup covalently linked to the Lys e-NH, in the target proteins and
mediated the target protein degradation through the proteasome. The discovery of Pup-proteasome system revealed
a novel mechanism of prokaryotic protein degradation, which is involved essential physiological function including
the intermediary metabolism, information pathway, detoxification/virulence, cell wall and cell membrane
formation and so on. Disruption of Pup-proteasome system can suppress the pathogenicity of Mycobacterium
tuberculosis. Therefore it is regarded as the new therapeutic target for tuberculosis. In the present paper, the

progress in the study on mechanism and function of Pup-proteasome system is reviewed.
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