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BEIEH 5 FH1E8 GroE R A ZHEEHMEMNT R
¥nk 4 B - 8 K #® Z

(FEXEETIEZREWETLRE E®R 300072)

W E AREAKXBHHFERESNSET ST H18 GroE(GroEL # GroES) , B % T GroE Ll K GroEL MBI EHEIE &
EEHNER. R0, FUWE GroEL £ M/ERATER AR E I RKR 90% L E, 7 HEHE & GroEL J5 1
YR EAEARES REEHBER Y IIC  BEpHESE Y 6~-8, EHMMEHRFEAS%L L, B4, B

Fh GoELWR AW, ZVBEEA GoEL AR ELFREY THLA BT HEBENA,

X@AW S FMHB,GoEL/ES, Bt , iR, £t
mESET Q78 XwWiRIRE A

FEFETREMNAEEEDBRAN -XEAR
— &% F £ 18 (Molecular chaperones), £ & P 1 &
ABEAEMHES W RKRERRITENEE, W
MRETBR XA EHRKRAER ", cEEN
AFHAESER IR EPAREEHERETX
¥ # 1) Chaperonin Z % (GroE). GroE i W &
FREAREERERMFA X EAD, KKK
GroEL,# 14 T4 FEB % S7kD M5 £ JE i I 2
Bk s B BR GroES, B 7 M4 F & 25 10kD # [ I
EERERZHR, GoEL BEH =B H (ATP)
BHEE. ERDRETENLRPEE ATP W77
E, KR ATP BREYECO MR, GroES BH R
# GroEL #7 & Bk 8% iy #F A", & i, GroEL M
GroEL/ES(GroE) fE (RS S BI E 0 E - ME 2 #
RPN PR, B WETE 80% ~100% Z [H , i
HTFXAA THRBHFETHBREH® X (I
40%)40), B FREHEELENEHTER
R BE,7E GroE MFF7E F E R IRk 8 28% ,
X GroE FAEMEHRET 3%, IRLARRH
EBRTHTFHEEREAREHESDH Y AN R, AE
HFFHENTEMHE, DAHARELERAAY
Hwlesl, RESTHESEHEOHRERTA
BRERXASHNE  FAEEA> FHAERER
FRZ—.

EHKERHETH GoE IEERENNESR KBIT
EERET AN T 18 GroE, #i b #1 & 7 GroEL
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GroES, UZTHBREBAEAMEA R, 575 F H ¥
# GroE.GroEL #1[& & £ GroE.GroEL B 1 H &
THEHOEHEER, R T F HEE & GroEL % 8
THAEEEENRS, BT T EHEA GroEL R E
A 8T EEYE .

1 ##fT%

1.1 WA

%A GroEL/ES ® #ik B pND5 8 KB FF B
B Horowitz # #( Univ. Texas Health Sci. Center) B
¥ . DEAE-Toyopear] 650 8 A B & Tosoh 4 7.
AR & 4 4% £ % B (Formyl-Cellulofine) M 5 B &
Chisso 48], WHiM S M HEH(BSA)  BZE
PR BRI T (ATP) 82 ok B I (GuH-
CWI H Sigma 248, HEMZFHRNGHFHTH,
1.2 GroE BIRiEfa

ENTEAXBITEHESSA 100pg/mL ZFYHE
EWIBEREPOCHRFGEFRoh G, Ll 1:10 %
EIHSEEFE, LB R EFRERERE 42T
HITHERRIE,

HOKEBEREEINEERHRITHSEE, BLO
SEB LR, F DEAE-Toyopearl 650 H ($26 x
00 B TXBREWM B LER, r I REALES,
#11 SDS-PAGE %t B 3% , ¥ & GroES I GroEL
MR, GroEL ! GroES 4% A 80 % & 1 BF 1)
MEMELFTLE. HUEHE T 50mmol /L. # Tris-

EcHH-EAFARHPES(29776034) X RARM 2L LWHIA,
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HCl &l (pH7 . 8) - H R M ENBEEN R, A
BZ M 6000 REWMHRSE, 20CHEFEA.
1.3 SDS-PAGE MBZEHRBREMNE

A 7 SE 3 5 4 Bk I % B 8 3 (SDS-PAGE ) R A
Laemmli £, A EREE 12.5% ., AEKERA
O fE ¥ R-250 # 8, & H B B R A Bradford
FEREI, L BSA MRk,
1.4 GroE B ZEH

A 20mmol/L BB EFE & (5 0.5mol/L
NaCl,pH7.1) ¥ 8 I i GroEL/ES 1 GroEL, BLi§
BHEHARRERS T EM GroE(EL M ES
BBERIL N 1,7 10mmol/L ATP) 5 GroEL ¥ ¥ &
G, TCESBHARMN 2h 5, MAFER A E
WS (BRI Tmg F N ), 9k 5 #
6he A0 EEEBKRBRERE FHASHERK
MA 2mL Z R0 lmol/L)BE R M Tme REW S
A ,30C TR 2h, 20 B RIB AR HEE
BEHEEAS FHEEBEREFTEEHEE MR
(50mmeoel /L Tris-HC!, 10mmol/L MgCl,, 20mmeol/L
KCl,2mmol/LATP,pH7.8)}F & M.
1.5 BWEMEEMNE

F0.05% B ZEAFTEIET 0.1mol/L K&
B, pH4.5) B IEY ,0.5¢/L MB LB ER N
BEP, MERMBAE 420nm R X E, & 2
420nm W 3 BF (8 i R 3 55 0 o 8 10 0 41120
1.6 FREBHEHMEH

Ha&4% 10mmol/L = & # 8 8 (DTT) M 6
mol/L. GuHC| B P43, 7€ 40C T A ##iE JH 5 5
B, AEAEHAR R TR E AR S
BB EEH GroE WEHRB S, EHBR &G
FTHEE, THBRERKERN 2pmol/L, 5B GroE
RIBERE A 1:2, 5E & 1k GroE WEE/RH K 1:10,
B W+ GuHCl M2 3 B 2 60mmol /L,

2 HRAitib

2.1 #FFA GroEL/ES MBERAL

SDS-PAGE Bk & R £ 8, &F pNDs A
KBEHEA RCTRERS BEHFHEMT
K,.GroE XS BAWER. I EA ThH, X
BEXIBK,ZEHEESHEE GroE AREMEYE.
H i, GroE HI#4 % T 8 M8 2 X Th,

H DEAE-Toyopearl 650 ¥ 2 87 2+ 25 8 8% 4 |
MLELEBE SR THEHIL. KENEITHRRER
SDS-PAGE ML 3K 4+ 87, #i5E ¥ 2 7 GroES ¥, ¥ 7

H GroEL ¥, W% GroES #l GroEL £ 3 47 . &%
k4 ia , B45 5 280nm M 260nm 408 6§ H
HHN1.95, FHBBRP A TR,

1.8

A mnm(')

Elution

-0.2 L

1

2 ] 1 1
180 220 260 300 340

t/ min

B 1 GroEL/ESHBAR FR&EHoEAEE
Fig.1 GroEL/ES purification by anion exchange
chromatography from the cell lysate supernatant
Feedstock loading: 420mL supernatant {2.2mg/mL protein) in
50mmol/L Tris-HCL, 0. lmol/L KCl,pH7. 8, at
2. 6ml /min.
Wash: 50mmol/L Tris-HCI, 0. Imol/L. KCl, pH7.8 (buffer A), at
10mL /min.
Elution; Linear gradient elution, buffer A to B{50mmot/L Tris-HCI,
0.5mol/1. KCL,pH7 .8 for 120min,at 5. 2ml./min

2.2 % GroEL M GroEL/ES {2 R MMM M
ER

THEEMHEREEURES GroEL
GroEL/ESfR# THHFABEHMNE AR TH 2,
GLIRN, EHEEBNA KEHEANRE, RHE
MAMERARHAGTHESOWARESE., HE,
EHFEZEFHT,8¥®W GroEL/ES X {2 it 7 & M
AT RCR AR F U B, 7 T B A A X 3 v (T M A R
EHMEEEEEHAN T XABEBEYEN O
PO MBUE A 33% EHR 110%. WHERA
GroESfF 7E,GroEL th BEf2 #HF I I M 1E P K B 2
90% LA L, B GroEL A E L B A (e A%
HMEEMIER. ATP 8+ W TFE 3 GroEL {2 #
FEMETRELTR: ME 2 A, A GroEL
FEMAI ATP Bf , E ¥ HORE E ; T 5 ATP
ZE2.0mmol/L J5, BIEHE N R E R, 30min 517
Al kB 29 80% ,iESE T ATP X GroEL #iB1 B B R
EHMEEE,
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B2 ¥® GroEL/ES # GroEL Xt
AHBREEHELEER
Fig.2 Reactivation of denatured lysozyme
assisted by free GroEL/ES and GroEL.
GroEL/ES/ATP(O);GroEL/ATP(@);
GroEL, without ATP( &) ;GreEL, adding ATP in 10min{ 2 )5
Spontaneous refolding{[1).

2.3 BEIEH GroEL M GroFL/ES B BEH MW X
HiER

FIAEEG FHREER(BEXLEENRN
0mg/g) WA R ATE3, EAE
£ GroEL M GroE MFEF,30min FHEARHNE
BMFEEER 3% 2R REP 68%F T6%., 5E

AL EEhS FRHRIEMEHRRARTEHER? T
80

3
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B3 BEEH GroEL/ES # GroEL ‘Rﬂ;ﬁﬂi%ﬁﬁmﬁf‘f
Fig.3 Reactivation of denatured lysozyme promoted
by immobilized GroEL/ES(H) and GroEL(@®),
and by simple dilution (spontanecus refolding) (& )at 30T

g, TEFRAVEBEFLT G (D) EE LR
BURTEET BUE BN, (M R E R R,
HEEEREMBANEHUFERTHET TR
18:(2)GroEL W14+ X (#3 800kD) , Bl = L B 4k
MamAEAERARR T HEMHEREE, SRR
EHRATRE:QEERTFHEHNFARES

WEAMG(IMBRE)MREAR TS THE, FEH
—# k.

B, R 1 R4 B E 6 GroEL # B E W B M
YRS, - SENTREZFNESHNERE,

B4 A S 338 AREEMpH &4 T EEk
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B4 KFEEBRETEEEK GroEL
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Fig.4 l.ysozyme reactivation in the presence of
immobilized GroEL at different temperatures:
25T (O);30T (M) ;37T (A};42T ([} (pHT .8},
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80 | (]
60 | bt
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23 45 6 7T 8 91011
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s pHHNBEEWA GroFL R TEHEEEHER
Fig.5 FEffect of pH on lysozyme refolding
promoted by immobilized GroEL

( refolding time:40min)

GroEL S # B Ol B 4 AT I, 2 25
~42C KB BB N, 18 E fk GroEL 3 RE 48 By B¢ ¥
MEtE. H37C THREMRERLY, E# 40min
LR R 25% AR 85% . HMELR
R R (42T 25C )  EHRR Y AHE, £

FE pHE T, BA R ENL GroEL M AHMY A H
YEfER (U pH R, % pH6~8(E 5), %

METEXApHHEE EHERREETRE. LBES3
FE 4 TR (1) 2 R PR W) 7T 48 8 B 2 4k GroEL
HERABEENER EWRER MY BERE
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hEREREHER;(ORNEREBETRAES 100
RS HHCE , BIn, 7E 37C F AT 60 84 A | e .
K 85% LI, B E WA GroEL 85 e FE Tl 5 .
2.4 B GroEL KK M A g 0
Guise il Chaudhuri #18 GroEL 5+ T B K % s N}
5, FEL B8 3% [0 GroEL, fH GroEL Y 8 % i S w0l
#85% , REFA 5 WG ,GroEL L Bt F 1 50% 1, ol
TR T B E M GroEL & R E Bl F| A1, o 1 2 1 4 5 &
mwE e, BEd GoELREMA S R, M E Batch

He R EH BT, RFEE 82% 8% 2, H
o EEAT THBRERAAREATEY T HH
EHMAELR,

B6 BENGoEL BN EEHH
Fig.6 Recycled use of immobilized GroEL gel

for the reactivation of denatured lysozyme
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Reactivation of Denatured Lysozyme
with Immobilized Molecular Chaperones GroE

DONG Xiao-Yan YANG Hui GAN Yi-Ru BAI Shu SUN Yan
( Department of Biochemical Engineering , Tianjin University, Tianjin 300072)

Abstract The molecular chaperones Gr(;EL and GroES were expressed in recombinant E . coli and purified by anion ex-
change chromatography. The renaturation of the denatured lysozyme with the free and immobilized GroEL/ES or GroEL
was studied. We show here that using free GroEL alone could reactivate the denatured lysozyme up to a relative activity of
over Y0% . The immobilized GroEL was also effective for promoting lysozyme refolding. Moreover, the optimal tempera-
ture (i.e.,37C) and (pH(i.e.,6 to 8)for the immobilizde GroEL-facilitated lysozyme refolding operation were deter-
mined. Under the optimal condition, the activity of lysozyme could be recovered up to 85% . In addition, the immobilized
GroEL was repeatedly used five times without loss of its renaturation ability, indicating its potentiality to be used in practi-

cal downstream bioprocesses.
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