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Abstract; Chaperone GroEL1 in Mycobacterium tuberculosis is a product of gene duplication. As a member of
heat shock protein (HSP) family, it not only promotes refolding of model substrates in vitro and in vivo,
but also acts as an efficient antigen and performs a function in antigen presentation. It also has unique
structural features, which may provide Mycobacterium tuberculosis with a series of biological functions, such
as regulation of the cytokine-dependent granulomatous response in Mycobacterium tuberculosis infection as a
However,
The

reasons for and mechanisms of these functions need further study in order to provide more basis for the

protein-chaperone. and association with nucleotides to protect DNA as a DNA-chaperone.

GroEL1 plays different roles in other species of Mycobacteria, such as Mycobacterium smegmatis.

research on the evolutionary mechanism of Mycobacterium tuberculosis .
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groES , codes for the CpnlO antigen (HSP10); groEL1, codes for
the Cpn60. 1 antigen (HSP60); groEL2, codes for the Cpn60. 2
antigen (HSP65).
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Fig. 1 Genomic organization of the groES-groEL1 operon
and the groEL2 gene

2 S5 EATE GroEL1 MM #4F =

T8 3 X625 A B AT R GroEL 2544 A 28 L i 5%
# K GroEL LA = RIKTE X AF7E" . AW f
i T 3% Capical domain). 7 i # ( equatorial
domain) F1 E] #F (intermediate domain) 3 ™ [X 35k
4. GroEL A B 447 N EEIRIR LA N, B B
Hi 445 PNERERH I I0A 5 KI5 A WAL TS .
7£ GroEL & [fii £ 7€ B /K X, GroEL1 iy [fi F2 Lt



. 188 - Y5 EGE Journal of Microbes and Infections, September 25, 2010, 5(3): 186-191

GroEL2 K, JRIEHFRHE B — 1 HiK X 5 N b sk 5L i
TEREA G, DI B G A8 A S M AN X FR LA H BT
A3 N S FEARHER J7 1] AT R4 2R 18 XY i 7K
FRIEDY

EER MR GroEL Y 2 /N HA I F Hr
SRS ) S5 R ARIE A HE 7U R A4, IR #5519
ATP [ 3G ¥ 78 K 9 37 & Jr 1 AE 5 55 0 16 pE
A AT 8 GroEL (1 2 MR R EA B
Prsdine, BBEp e 1a b 45 % 53 BUFF# GroEL
EHEYIIREA R,

3 S BHAE GroELL HITh&E

3.1 SFEENEE

V0 TR HSP R 5L . 43 F A8
25 A AR 7 ORI R RRIR S,
HS B AR AN B SR R T IE R T &, R K
SR G, DT HR R A M B B & Az BE P
groEL1 1 groES #ttJ P 3L [ HEF T groESL #:4\
T b1 groEL2 MM HES] F YAk b, BT kL
FFE ) GroEL FEHAR T | A8 A0 I U N« FL 16 240 e
YLt R A L RN 1% ~10% 1527,

— M ) 20 TR L K 3 A R AEA T 1 o TR R D e
IF 4 5 B4k A Ho4 Bh 8 11 GroES Mk fig ATP fit
fiE. RATRAIAN T ZE 0 BY 8 1R ATP (96 B ED
AESE WU R F B T8 2 2% iz, i AR SRR
IKXEEERITENEN B LRI S MR E,
Bl B 4T & R R {20 PR R AR R 12 L 25 %
SPRAT R T DA R B & W A RE IR 12,
¥ ATP $RALS T Z IR . EFTIEE IR & Bl 14
AT RS2 HiIESE . GroEL BA i ik H i &
MIfE 71, H X FhBe 1 A 32 8 B & 1 M ATP (1)
gt
3.2 ;R

XF AL AR & (M 45 4% 11 7 » GroELL nl /2
— AP L A R R IR YT A AR Y — b
FERi 2. GroELL fE Sy —F 532 W1 ) » e Bl
P —E R BIPTAR . 38 3d K] R R B 4
JIT A% B8 1 B4 53 4 B 435 R R W, 78 43 0 9 2R B 25 4%
O3 R AN EE R 50 RO R IS A2 HSP (0 4%
GroELD 715 EE Mg i rh B |3 im. ik
HSP A 240 (45 555 il pE= 2 n] BB A2 i Fl e
PE SR TR YL T rh s R IR R RI RS HSP = BE Y
7 A [RE A R BCE AT Z AR AE 3 SR LR
B, SRR A X N . g% R 50— HL il

PR I A Y HSP, A a] 5] g id 42, 175 5 HAt
AW IR AR TS . HSP 1938 U Y5 RS8R
VR W= T A ) VA< S < NG LA N 0 i e
GroEL1 /2B T A2 i 5=  TES5 o
JRR XU R0 2 FER L 5 A2 /N B P AT R 2] GroELL
B ME PR R Y 20% 4 B FF B R P
CDA" " 4l i e TR 25 % 3 BT I GroEL1#"
3.3 &EmREBPHIER

I B4 AP EAE H  HSP X% R Ge ik A [R] 4%
YER o AP I A 9 1 e il AR 25 285 — IR MR e S
I, 51 HSP & BERE AN, X 28 HSP Bl TAME S o
U5 DR AT 45 G Kt 20 B N R A AR Y R
GroEL fEl HSP f)— 5t . 23 5 X SE iR Be 455 A
MIE W GroEL-IKE &4, XG5 YPibila 2k
AN TAEPRZ 5 o Ik B 1% 128 3] 32 S U 2Pk
4% (major histocompatibility complex, MHC)
by 1 268 1 2893+ B 5 x4 MHC ZJIKE &
Yo T AR, CD4CBIME T 480 Fl CD8 (%
Ptk T 200D 55 Z RN 28800 T 40 )] HSP
PR A R T S AR RS

BT ST W S5 8% 00 Bk GroEL %%
Jireg /N AT a2 B MR AR L. GroELL 7 &2 i
e e S P D B A0 B R T A 4 T, (R HSP
A BB FHE U R RE

4 FPEEMNEZIRARHAR

4.1 EBHESTF

GERG PR FT B B GroEL2 J2 40 M AF 77 FT b 75
9, {H JC 18 2 A N W B AR R A O B R A0 i b,
groEL1 5 7% A 15 B A1 BT R #0 I5A X 5], R W
GroEL1 Xf i AA 2 AR b5 1Y . H BUSGL A FE &
1. T Je 7E /N b 2 K B S groEL 1 S8 2 A HR A
AEFZ A TR ZE i R, 1X 5 groEL1 5875 5| 40 iy [A
TR DA L, I, GroELL 1] #8245 4% 41
AT T JR g 4 ) 200 6 DAL AR 1 P 25 e 7 A ) 56
BER T, Wt 1. GroELL 3l J5 A& 1 IR e i 20
LR 777210 A e Y B RS . KT X b A iz
WE IR SR BT E T GroELL 1y £ 24E
FAATS R MR TR, A Sy 33 A A 1 A 7 T BB 1 )
A B AR Y5 gy kR B ( Mycobacterium
smegmatis) SEAEBEURTED T

TEARAF R PE Y Rh A 35 73 AT groEL
A1 T A WEFAR Bxbl ) attB v 55V, i BT
T SO 1 R N T o 7 R A S R A D (= f A



{1 » 2 - S5 T BT AR S 8 11 GroELL Iyt st jig

GroEL1 735 43 A 1 A 9 BRI Bl 5 T 69 VR H
18 8 A WE TR AR Bxb1, Bl BT groEL1 3
PRI R » 200 B 22 B B T D 2R K (BN OB Y
W, B9, GroELL 7F KasA & [ (—Ffh
5oy BOm A B 115U R 105 2 G L 1) OC B8 18 50D
AIFE B R R TE AR WY G AR, PR SR T
P2~ 43 R VT 40 P B g 7 T B 43 1 6 L . R
SREEZ 5T BT TR AL 73 AP IR 1 GroELL H AR [A]
U5, 07 e BE B ORSE I 91 (B DD RE AN AL . AR AT
REST AT GroEL 25 7 41 5 # 45 44 - () 4 i 2%
AT HA i PE = A T BRI R L 53 & 1 T g
2217 T IR RH R FE A

BT o F B . GroEL1 {45785 Y W R 1k J&
YRR A 1 . TES5 %0 BOFF IR GroELL & —
it Ser/Thr ¥ B /9 K ¥, ol LLAE Thr25 F1
Thrb4 {7 iR AL, Horfr Thr2b 2 5C 1 B R fb 4%
A . A5 5] & GroEL1 BEFR 1k, I nl g
M HAE YR . Thr2b BERR b il 2 5 80w IRk
ARG AR Y GroELL ThREAN R A IR . EEIESE
Thr25 BRI 55 T B 3 W) 98 0 I v I BK & 5 75
A GroEL1 (T25A) S5 v 3 X 1Y) 25 4% 43 B A 14 )
Ve E S

AHBL Bk 35 3 B i GroELL AN J& Ser/Thr
i H B B F (serine/threonine protein kinase F,
PknF) fYJiE4. GroEL1 il i ¥ FRYE 25 A KasA Fil
SMEG4308., 5¢ it 3 22 1 B S5 5100 . k5 704
FFH o GroEL1 (T25A) A [R] (1 B R b i X i 5
KasA AHEAFE 4k i 5% ) 524 A W) BB 1 A R
UFSEH

GroEL1 £ [ AR [A] 2303 B I 28 731 A
Gi— W), AFERIEE GroELL 45 A 7] LL A AR 1Y
HETEE
4.2 DNA #E5HF

R FB G54 7 BoFF R GroELL & A fE i b
AR RAT— MR Ui e BD LUIRARR 5% . = DNA
MRS G DNA BYRE J7 . DI R 4% 82 AH 5C 2R
[ (nucleoid-associated protein, NAP) ] — 5,
GroEL1 A4 %4547 DNA %52 DNase | Fl%& % K
2R . IR R R IR 98 R B, GroELL Af
W2 K DNA W40 — > BB 45 . R st
S UERT L Gl DNA 2% 58 Fll i 5 O IR & B 2l #%
W2 A7AE GroELL I P # 23 & AR AR BAE T W A
SRIAEEH GroELL Al DNA Rl AHE AR,

PP X — DI RERY JEL A AT BBFE T GroEL JIR4il

+ 189 -

9 T X I ) B 7 S EUR MR S E N2 IR A %2
R R . MR SRR A D SR A B0 4 b 0 5
MR S SRRSO B2 T RESR [ T AR A - LA
JE DA

5 i

IIARFTER GroELL A1 0 R P & i ) 7= 4 » AN X
HA R (B3 B P B DI e ik nl Ry —FhEE 2440
JE G ZRGEITIR B L AR S5 R Y B 16 vh B
AR ISE AL » T ELAE AN TR A AT T S B i 2 RS
IR ~2 UIRE . S5 BT W 19 GroELL 13k
05~ FAR - 38 B 6 200 i DR AR DA 24 i A 2
J s ZEREYG 43 AT T T GroELL AR 2 1143
AR SRR IR A W 5 A K. XX S A A
FFRRATEMAR P JC A B 20 oA B9 A A A 20 s
LN R BRSL g 4 R — S T X — /i, GroELL
L5 T RAAWERE A Bxbl 19 attB i x5, X TRk 3
BT B I R T AR e AN ] sk B C i
ARSI X AW IR AR 2 BT A B
EHA DNA 7> TR AE. al ff 37 DNA %32 A
H2E(RE . GroEL 2K 1 )y 41 a3 &5 4 b A9 40 il A2
AR TIRE W] BE ™ A TR I A4 52 i) » A [7) A L 4
GroEL1 [ FRIAAIF M EYIE

ARIAIIBIE SN T B0 B A 4 F E0W B GroEL
AR R DIBEREAT 20 AT - 4 7= A 28 92 5 (4 B
PRBRIA . AT AT B T 3 5 365 f) 24 0 5 0 () 322
9 NZRES R B A B AL ) A 4F 5 i At 1
SCRUFERGAN )RR AR . T34 BUW TR GroELL
FESE I R ™ A T TR I RE . X Fh I BE AR fL Y
HARJF A R ARSI 5T

S 3Lk

[1] Gething MJ. Sambrook J. Protein folding in the cell [J].
Nature, 1992, 355(1) . 33-45.

[2] Ewalt KL, Hendrick JP, Houry WA, Hartl FU. In vivo
observation of polypeptide flux through the bacterial
chaperonin system [J]. Cell, 1997, 90(3): 491-500.

[3] Houry WA, Frishman D, Eckerskorn C, Lottspeich F,
Hartl FU. Identification of in vivo substrates of the
chaperonin GroEL [J]. Nature, 1999,402(6758): 147-154.

[4] Goyal K, Qamra R, Mande SC. Multiple gene duplication
and rapid evolution in the groEL gene: functional
implications [J]. J Mol Evol, 2006, 63(6). 781-787.

[5] Silva CL, Bonato VL. Coelho-Castelo AA, Souzal AD.
Santosl SA, Limal KM, Faccioli LH, Rodrigues JM.

Immunotherapy with plasmid DNA encoding mycobacterial



+ 190 -

(6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

S

)

Journal of Microbes and Infections, September 25, 2010, 5(3): 186-191

hsp65 in association with chemotherapy is a more rapid and
efficient form of treatment for tuberculosis in mice [J].
Gene Ther, 2005, 12(3): 281-287.

Vordermeier HM, Lowrie DB, Hewinson RG. Improved
immunogenicity of DNA vaccination with mycobacterial
HSP65 against bovine tuberculosis by protein boosting [J].
Vet Microbiol, 2003, 93(4) . 349-359.

Yang BF, Zhao HL, Xue C, Xiong XU, Zhang W, Yao
XQ, Liu Z. Recombinant heat shock protein 65 carrying
hepatitis B core antigen induces HBcAg-specific CTL
response [J]. Vaccine, 2007, 25(22): 4478-4486.
Lewthwaite JC, Coates AR, Tormay P, Singh M, Mascagni
P, Poole S, Roberts M. Sharp L. Henderson B.
Mycobacterium tuberculosis chaperonin 60.1 is a more
potent cytokine stimulator than chaperonin 60.2 (Hsp 65)
and contains a CD14-binding domain [J]. Infect Immun,
2001, 69(12) . 7349-7355.

Kerner MJ, Naylor DJ, Ishihama Y, Maier T, Chang HC,
Stines AP, Georgopoulos C, Frishman D, Hartl MH, Mann
M., Hartl FU. Proteome-wide analysis of chaperonin-
dependent protein folding in Escherichia coli [J]. Cell,
2005, 122(2): 209-220.

Lund PA. Microbial molecular chaperones [J]. Adv Microb
Physiol, 2001, 44. 93-140.

Young DB, Ivanyi J, Cox JH, Lamb JR. The 65 kDa
antigen of mycobacteria—a common bacterial protein [J].
Immunol Today, 1987, 8(7-8): 215-219.

Kong TH, Coates AR, Butcher PD, Hickman CJ, Shinnick
TM. Mycobacterium tuberculosis expresses two chaperonin-
60 homologs [J]. Proc Natl Acad Sci USA, 1993, 90(7):
2608-2612.
Aravindhan V, Christy AJ, Roy S, Ajitkumar P,
Narayanan PR, Narayanan S. Mycobacterium tuberculosis
groE promoter controls the expression of the bicistronic
groESL1 operon and shows differential regulation under
stress conditions [J]. FEMS Microbiol Lett, 2009, 292(1):
42-49.

Qamra R, Mande SC. Crystal structure of the 65-kilodalton
heat shock protein, chaperonin 60. 2, of Mycobacterium
tuberculosis [J]. J Bacteriol, 2004, 186(23) . 8105-8113.
Qamra R, Srinivas V, Mande SC. Mycobacterium
tuberculosis GroEL homologues unusually exist as lower
oligomers and retain the ability to suppress aggregation of
substrate proteins [J]. J Bacteriol, 2004, 342(2): 605-617.
Ojha A, Anand M, Bhatt A, Kreme L, Jacobs WR, Hatfull
GF. GroEL1: a dedicated chaperone involved in mycolic
acid biosynthesis during biofilm formation in mycobacteria
[J]. Cell, 2005, 123(5). 861-873.

Hartl FU.
protein folding [J]. Nature, 1996, 381(6583). 571-579.
Stewart GR, Wernisch L, Stabler R, Mangan JA, Hinds J,

Laing KG, Youn DB, Butcher PD. Dissection of the heat-

Martin J. Molecular chaperones in cellular

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

shock response in Mycobacterium tuberculosis using mutants
and microarrays [ J]. Microbiology, 2002, 148 (10):
3129-3138.

Dosanjh NS, Rawat M, Chung JH, Yossef AG. Thiol
specific oxidative stress response in Mycobacteria [ J].
FEMS Microbiol Lett, 2005, 249(1). 87-94.

Ellis RJ. Do molecular chaperones have to be proteins [J]?
Biochem Biophys Res Commun, 1997, 238(3): 687-692.
Qamra R, Mande SC, Coates AR. Hendersonc B. The
unusual chaperonins of Mycobacterium tuberculosis [J ].
Tuberculosis (Edinb), 2005, 85(5-6): 385-394.

Monahan IM, Betts J, Banerjee DK, Butcher PD.
Differential expression of mycobacterial proteins following
phagocytosis by macrophages [J]. Microbiology, 2001, 147
(2): 459-471.

Panayi GS, Corrigall VM, Henderson B. Stress cytokines:
pivotal proteins in immune regulatory networks [J]. Curr
Opin Immunol, 2004, 16(4). 531-534.

Tormay P, Coates AR, Henderson B. The intercellular
signaling activity of the Mycobacterium tuberculosis
chaperonin 60. 1 protein resides in the equatorial domain
[J]. J Biol Chem. 2005, 280(14) . 14272-14277.

Young RA. Stress proteins and immunology [J]. Annu Rev
Immunol, 1990, 8. 401-420.

Young D, Lathigra R, Hendrix R, Sweetser D. Young RA.
Stress proteins are immune
tuberculosis [J]. Proc Natl Acad Sci USA, 1988, 85(12):
4267-4270.

Hochrein H, Shortman K, Vremec D, Scott B, Hertzog P,

O’Keeffe M. Differential production of 1L-12, IFN-q¢, and

targets in leprosy and

IFN-y by mouse dendritic cell subsets [J]. J Immunol.
2001, 166(9) . 5448-5455.
Mustafa AS, Lundin KE,
recognize mycobacterial heat shock proteins in the context
of multiple HLA-DR molecules:
subjects vaccinated with Mycobacterium bovis BCG and
Mycobacterium leprae [J]. Infect Immun, 1993, 61(12):
5294-5301.

Kaufmann SH, Vath U, Thole JE, Embden JD, Emmrich

Oftung F. Human T cells

studies with healthy

F. Enumeration of T cells reactive with Mycobacterium
tuberculosis organisms and specific for the recombinant
mycobacterial 64-kDa protein [J]. Eur J Immunol, 1987, 17
(3): 351-357.

Lamb JR, Bal V. Mendez-Samperio P, Mehlert A, So A,
Rothbard J, Jindal S, Young RA, Young DB. Stress
proteins may provide a link between the immune response to
infection and autoimmunity [J]. Int Immunol. 1989, 1(2).
191-196.

Kim AI, Ghosh P, Aaron MA, Bibb LA, Jain S, Hatfull
GF. Mycobacteriophage Bxbl integrates into the
Mycobacterium smegmatis groEL1 gene [J]. Mol Microbiol,

2003(50) ; 463-473.



g s » 55«

LRI AT AR 7O 8 1 GroELL [ f 58 i &

[32]

[33]

[34]

Lukacs KV, Lowrie DB, Stokes RW, Colston MJ. Tumor
cells transfected with a bacterial heat-shock gene lose
tumorigenicity and induce protection against tumors [J]. J
Exp Med, 1993, 178(1). 343-348.

Basu D, Khare G, Singh S, Tyagi A, Khosla S, Mandel
SC. A novel nucleoid-associated protein of Mycobacterium
tuberculosis is a sequence homolog of GroEL [J]. Nucleic
Acids Res, 2009, 37(15): 4944-4954.

Hendrick JP, Hartl FU. Molecular chaperone function of

[35]

+ 191 -

heat shock proteins [J]. Annu Rev Biochem, 1993, 62(2)
349-384.

Bhatt A, Molle V, Besra GS, Jacobs WR, Kremer L. The
Mycobacterium tuberculosis FAS-II condensing enzymes:
their role in mycolic acid biosynthesis, acid-fastness,
pathogenesis and in future drug development [J]. Mol
Microbiol, 2007(64) . 1442-1454.

Qs H 1. 2010-06-22)



	2010(03)_部分60.pdf
	2010(03)_部分61
	2010(03)_部分62
	2010(03)_部分63
	2010(03)_部分64
	2010(03)_部分65

