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Molecular Chaperone and Its Application
In the Renaturation of Proteins

Zhang Jiayi, GuanYixin, Yao Shanjing

(Department of Chemical and Biochemical Engineering Hangzhou 310027)
Abstract Inclusion bodies are easily formed when recombinant proteins are expressed in E.coli
system, and how to renature these inclusion bodies is now becoming the key problem in the genetic
engineering. The protein refolding assisted by the molecular chaperone systems is promised to improve the
protein renaturation efficiency. Some kinds of molecular chaperone systems and their functions as well were
reviewed in this paper. Meantime, the mechanism and applications of molecular chaperone systems in the
renaturation of proteins were presented. The artificial molecular chaperone systems were aso briefly

introduced.
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Tab.l Molecular chaperone category and its appellation*®
Hsp60 GroE Hsp60 Hsp60 RuSBP
(Mif4p) (Hsp58)
Hsp 70 Dnak Ssal-40 Karzp Sscl p Hsp68 Hsp70 Bip Hsp70
(Bi p) Hsp70 (p73) (Grp78)  (Grp75)
Hscl Hsc70
Hsc2 (P72,
Hsc4  CUATPas,
Prp73)
Hsp90 H tpG Hsp83 Hsp83 Hsp90 Grp94
(C625)  Hsc83 (Hsp83  (Erp99
Hsp87) endopl-
asmin)
Hsp100/Clp
15 HsP104
2
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) SecB
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2.1 GroE
GroE ,
,GroEL  GroES, 1010
GroEL
———— ) e ]

1 MAAKDVRFGNDARVKMLRGVNVLADAVKVTLGPKGRNVVLDKSFGAPTTTKDGVSVAREIELEDKFENMGAQMVREVASK 80

81 ANDAAGDGTTTATVLAQATTTEGLKAVAAGMNPMDLRRGIDKAVTAAVEELKALSVPCSDSKAIAQVGTISANSDETVGK 160

161 E !!M B!!/GKEGVITV DGTGLQDELBCVEGM8EDRGYSPYFINKPETGAVELESPFILLABKKISNIRE! EHE&b 240

.
241 AKAGKPLLIIAEDVEGEALATLVVNTMRGIVKVAAVKAPGFGDRRKAM LQDIATLTGGT“SEEI GMELEKATLEDLGQA 320

321 KRVVINKDTTTIIDGVGEEAAIQGRVAQIRQQIEEATSDY DREKLQERVAKLAGGVAVIKVGAATEVEMKEKKARVEDAL 400

401 HATRAAVEEGVVAGGGVALIRVASKLADLRGQNEDQNVGIKVALRAMEAPLRQIVLNCGEEPSVVANTVKGGDGNY GY NA 480

—.

481 ATEEYGNMIDMGILDPTKVTRSALQYAASVAGLMITTECMVTDLPKNDAADLGAAGGMGGMGGMGGMM 548

GroES

1 MNIRRHDRVI!KRKEVETKSAGGIVLTGSAAAKSTRGEOLAVGNGaILENGEVEPLDVKVGDIV FNDGY GVKSERIDN 80
81 EEVL MSESDILAIUEA 97

1 GroEL. GroES (10

Fig.1 Amino acid sequences of GroEL and GroES'™?
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Fig. 2 Apparent structure of asymmetry GroEL-GroES compound Fig. 2 Apparent structure of GroEL-GroES-inactive proteins
1—GroEL ; 2—GroES; 3 —GroEL compound

1— ; 2— ; 3— 3 4— ; 5—GroES



http://hxtb.icas.ac.cn

2U— p2U—pU, ¥ HN, KR ypN, ——
l /A‘:P, GroES/ATP)
U, g———» GroEL

}

2002 65
GroEL s 1450 nm, 1350 nm.
) 450 nm . GroEL
o ( ) 7 s
548 o 7 s \ \
o a- » GroEL )
(ATP) ) Mg  ATP
, ,  GroEL [,
GroES 7 10kD o 2 2 3 5 .  ATP
GroEL s s GroEL
GroEL GroEL )
o GroES , GroES
2 GroEL GroES , GroEL-GroES
[, 402 GroEL. GroES. ATP.
Ry
poem
S o
% g
TFi
4 GroEL. GroES, ATP, (22
Fig4 Interaction among GroEL,GroESATP and inacitve protein*?
A. B GroEL . ;U ;N ; ATP

;U

5 GroE (1314
Fig.5 Renaturation mechanism of Grog!314
U , (unfolding protein); U’
i Ny i N,
GroE
s UZ

513, 14]

wbh2

57 kD,

,» GroES
- GroeES

Pi+ADP

; Uy



http://hxtb.icas.ac.cn 2002 65 w52

Né; ’ UZ ’
UZ, ’ UZ, ’
, » GroEL ,

, , GroE o

GroE : (D GroEL ; (2) ATP
GroEL ; (3) GroEL. GroES ATP o
2o
2 GroE

Tab.2 Application of GroE molecular chaperone system in protein renaturation
1%

GroEL (GDH) 1 20 45
(Creatine Kinase) ™ 32 1
GroEL+ATP el 45 95 ( GroEL)
81 ( GroEL )
(LDH) 11 10 20
5- 18(Pyridoxine-5-P Oxidase) 22 75
GroEL + GroES+ATP W (Citrate synthetase) 13 8 ( GroEL>
5.5 ( GroEL )
(Firefly Luciferase)*¥ 18 18
(Rhodanese)!*6* 23 67
g (grhIFN) 6.4 55
) : (D GroE
) GroEL s ,
’ GroEL , , ATP , ’ ATP  ATP+GroES
, GroEL o ) GroEL ) ; (2)
) s GroE
) GroEL GroEL )
) GroEL ;o (3)
GroE ) U, , Uy )
’ ’ ’ ’ o U2
’ UZ, ’ ’ ’ ’ ’
o , GroE s ,
2.2
2.2.1 GroEL (191-376). GroEL (191-345) GroEL (191-376) . GroEL (191-345)
GroEL ) 6 ,
’ N- 17 ’
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) Ni-NTA (18], o 11 ,
) ) GroEL [n,
) GroEL o A(Cyclophilin A)zY
3- (IGPS)2Y, GroEL (191-345) ,

87% 92%.

-1 91

Histidine Ceav:
tailI site ¢
-17  MRGSHHHHHHGLVPRGIEGMQFDRGY SPY FINKPETGAVELESPFILLADKKISNIREI 240

.
241 AKAGKPLLIIAEDVEGEALATLVVNTMRGIVKVAAVKAPGFGDRRKAMLQDIATLTGGTVISEEIGMELEKATLEDLGQA 320
345 376

321 KRVVINKDTTTIIDGVGEEAAIQGRVAQIRQQIEEATSDYDREKLQERVAKLAGGV 376

6 GroEL191-345 GroEL191-376
Fig.6 Amino acid sequences of GroEL191-345 and GroEL 191-376

GrOEL191-345  GroEL191-376 . . a- b
2.2.2 DnaK DnaK. Dnal. GrpE )
. Dnak ) )
; Dnal ) ; GrpE
ATP s DnaK GroEL GroES
[22]O s
DnaK, ; V. fischeri =31,
, ) DnaK/Dnal )
30°C ; 99%, ; ; 40°C
0; P. luminescens (231, , ,
DnaK/Dnal ) 37°C ; 10%,
) , 44°C 0.

2.3

DsbA. DsbB. DshC, PDI.

) Chalf-life) 8h,
, N , (fragments) ,
) (transforming growth factor) o
DsbA (RNAase) [ , DsbA s RNAase
) DsbA o RNAase
DsbA 1h, 43% RNAase ; DsbA
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2.3% RNAase o
DsbC - PDI-
D- -3- (D-Glycera dehyde-3-Phospate Dehydrogenase)
=4, , DshC PDI . , DsbC/ D-
-3- , D- -3- 6% 32%,
1% 65%, PDI/ D- -3- , D-
-3- 6% 20%, 38%-
24
o GroEL DnaK, » GroEL )
o DnaK )
s [14]() I o
(28] o ~ PPl GroEL (191-345) ,
, PPl ( - ) -
, GroEL (191-345) o
, , 3 o
3
Fig.3 Combination of several molecular chaperones in protein renaturation
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