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Fig.1 Schematic diagram for the synthesis, folding
and aggregation of protein
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BREEE(~ 1.3 mg/ml)™ | & 17 9 0 4 )5 o 5 1%
R MOER . Bl AL S R 09 3L DUDE , A0 iR R AR 0 AR R
G HEAHNECREEORESRWNLE, HEBE
HERETEITESHEAES BL5H - SHBE RS . 0
—HAMEA . fR DNA MR TR, R%A W Trien X-
100 R EARAREL MR EE MY T HERI MR R r Sk R &
BX—#REE WHAKBHESEZES OnpT(37kD) I 4
-Bml/L REPAFROAKBEEH. TQRENHERMN
FHIR+TSREARORIER",

2.2 BEGNER

BREEEHEMTEABRRBRAEENR, LK 6 ml/L #
BNK6-8ml/LRE. THAMNKFERARAMNEATS .
AREEAPHFE - ES5FEANXANSXMUN AN,
HEEAEROREN  FRABXE _HEH, THUES
EHET, rhCHIE R AEEE A 2 mol/L R K Tris
FEHB(pH12Z.S)PRIUR SR, BRENEHARRE T
WEKBEATN RSN B TREXY,

RZERETHEFE - OK&E S M., Kandula Sunitha
2% A F Triton X-100 X 55 Zymononas mobilis levansucrase 2
BEEAY . BEAK E.coi PEBRNCHE, EERE
BTRESLSEN, THBNZERNRBMN XSRS
MBS HE,

HEEHALKREAMMNER SENLEETETSE —
EEEERA_REMBANIESE ZHR. MMARE
FFE M FA I DIT.GSH & B-ME 5 #4740 F LI X % — 5
g, B4, EDTA ECTA sl ik — 2 & B & T LI X
HERBFHENFRLENEALR.

3 RRHREFANANK

HATRBERFTBHAEHEAR, LHAEERIFHNE
R AREERER, HEEFENEAR SN T FE R E
THRENER. RHOTEE AR BN . BEE, RUE
RS FAREEARARMGRAIRSEH, MEAKK
E.RE pHAHFHES.

CMTEA—RROEC . EESRMRESRE _REE
B. ¥HAMOFTER S8 AEREREHRRE. EhE
KREGHBRSTEAESLBEAEREAN AL AAR. &
FHMEAEZLH®: ESH R GSH/GSSG, T cysteine/ cystine | ¢ys-
teamine/cystamine , DTT/ GSSG , DTE/GSSG 25 1t 88 & i i, 7
Trey Simmons 5 A B 5 cysteamine/cystamine Z # tt GSH/
GSSC EA ., XWMiIFRMB T cysteamine/cystamine 5+ F 38 /h,
FRTHAEREEHOAR ., AAZREZELRMER
EHEHEN RN RE TR NRE 7 E#HEX M R
A TE, BESEH1~3 mmol/L RRFH RN, LR
FRARSEAAMERER RS 10:1~5:1, Bk,
Hevehan D& A R HF 72 32 B, 2430 I K000 4 40 B 5 5 1 70 1
REAFI LB 1 2Z2Ae, TUARSEENEER" ., &
AEONFELRNE LT,

*1 SR4FTQHEREYF
Table 1 Renaturation procedure of inclusion body protein

+ & &1

BEES 0 R Y 098 1S L

BN 6 mol/L GdmCl or & mol/L urea
10 ~ 100 mmol/L. DTT
1 ~ 5 mmol/L EDTA
0.1 mol/L Tris HCI,pH 8.0 -
EZETWHE 2h

Tris-HCl 2 M #& pH7.5* or pHB.5"
5 mmol/L EDTA, 4 THE
AEUMAEMF R
- BB mH
— 0.5 mol/L. L-Arginine
~ 1 mol/L Tris
- 0.5~ 2 mol/L Gdm{l
- 33 mmol/L. Chaps
- 20% glycerol
- metal ions, ligands, ete.”

Bt AR AEXRMEHEAN K
BRWE TREHSF

- iR
- RP-HPLC

- S+ ALBE

- MRS

- ELISA

- EWFEL

a MTASAEREMMAT _WBNEAR . EXHR M
A 2mmol/L DTE .

b. FEH_MBNEA . EXAERPNA 3mmol/L F F & H
Lmmal/1, 514t B 25 B H AL,

cHTERBERETEAAEAETHELS . AHREPFAEIH
EDTA.BMASHEBMANERAT. AR MATAXIAAE
HEAMHMEAE.
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RN EHNEARELT - RIINKTE
PEEBEEREANIABR, AZANKTEERS,
#4337 B 09 v fal (R B K BE SN IR, 43 7 18] RO B 7K 4R 7L 4R ARSI
EEARE(WMEIER). ATEEESTHOIR BE
R R(RRE) R, MERTEHNR ERAN, L,
RECNERKBTREAKRE. Hit, RORERAEENS
DRREREARE. ®EARBENTF 10~ 50 pg/mL 2 A
B TS R A e,
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Fig.2 Competition between folding and aggregation of
denatured protein in vitro
U: Unfolded protein; 1: Intermediate

N: Native protein; A: Aggregate
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—THEHERIRETREESEORE T IIEE
AEAMERER. — T HERAEEHBEASBES ST E
St AW . ERKECMAZIR, LY 2 &K E
MEEEAREEL T HREMERPEERER, X2dH
FRLTANEAARFRSSEENBENEORLERE, &
FEURESHENERNEERMENEQR. 5 -HFE
RAGERRKES, THEEOERETESENRLUBELE
£ HASEEMN R YR EERRELAFERENS WP
ks, RERa A R EDEERET BN ELMER
% . M 9] fF Carbonic anhydrase [l 7 4 mg/mL ¥ ETF
BIEH™, BER A EREEE P SO EERMRE T
3,004 I R 8 B0 R A RBN ok AR 8] 300 AR B
IR EREY., HAMNNELEEE -2 ml/L 8
MEFEMHNAE S mg/mL FHBEHEEE . Maeda Y F AR
HT—#HEgaNNEd ik EHERTEREAM &H
8 mol/L. R 3 0 o 7 3K 0 A7 R HT 00 o BT AR o PR K B R W
AR TR E R XA Ak Maeda Y 5
M M T 5 me/mL B A T 80% , 1gC WE R
1 mg/mL&t 0] 3K 70% ",

4.2 HARAM@KERHEY

OMEASHAFF MR URELEES P T6E
512 43 F I8 46 B A A ORI A I8, B 9 o4 T o B O O R K B
MET Ao BE, X ECERN Plickthun 5 E
e g 7] BH Ak T 2B 63 5% A Ak 0B K B AL i 2 2 kA
MENTRSEARKABRNEE, OFRFPHSELGHK
BN ERAAENAR AR BN THESGIENE
#, Katzav 5 A (K T fF # B Carboxypeptidase A 5% 4 0l i i
R FIHE S 00 B SE RS e By k[

4.3 BETEEFAH

HTRPERE THEEREN KD SR ARG
Fik#TEOMESNE ., Baas B 5 Sephacryl 5-100
(MR){E h 8% B 4 i , 75 80 mp/mL B 153 ¥ T 4 Hen egg white
lysozyme( HEWL) i Bovine carbonic anhydrase( CAB)i#iTH F &
Bl S 91 63% (L E 104% ) FI 56% ( L15 81%)1™ .
B AR BRTEQZRIAEAEMNT LR
£ AENRE EHEESEARONES. RN, Eosd
BEGIREHEFO AN -ERaL.

4.4 EREBRBREEQR@HEE

ENEASEANFESHBENEOAERARGEAR
LB TRBEMWE, Sachdev D % A KK 1T B #9 Maltose-
binding protein( MBP) I Thioredoxin (tx) 4+ JI S I s 10
Procathepsin D §1 Pepsinogen EEMASEA.EXBITEYE
EPERAREKES HEEHSENRSEARRRE
# . HIF MBP i Thioredoxin ] 3 B, MM EEA LR
ShEME, EMUEE eI REEAPHE THRE Y
MEBEIMEASSEEMERPTHILEORENE
B, BRTERMES MR AKRREAEAORE B
B> ¥ #E B . Human granulocyte colony-sitmulating factor

(hG-CSE) SR RIMEME R e RANKIM RSN
SMEKMEREERL™ .
4.5 BEEHNE

MEHEOSFR - TEHEEE LI TLHRERES
Z, 8 NRE C RS H 6 T Arg, B o-glucosi-
dase BB EOVSGRAEALZENE FEAMNBEAIHY
(Heparin-Sepharose® ) |, AR EHNE B EBHIRY
THEAH TR TREMES T HEE, o THER
HAHMEARSEODPSAMANMNE. REEQEL
HEMESEREANNMEFSFITEREAELEL REKL
2, Zouhar % L H UL EE(E LS 4 € Ni-NTA resin L
() (His)6Zm-p60. r IT R ¥ . 5 3 AT L MK &1 0 ] od
i E .

4.6 /NFRMAGEH AN

BREAREN TR RAARAERREH &G T
MEmR. —ZANENRAFCEATHEEARE. ©
MuUsMERR: CBEEONBEHERE CHRRIEEHT
B4 FRIEEVE, DM 047 B o ) WAV E8 E 1, @ I W 47
BREMWBESE., B2, FmMAAT Mk RER, AW
HTBIREESEM R L, CIEHTEESE &R F NN
2R, EEERERNMEEANCHIENEREFRFAR
HEUENTH _MED. BREESENTERAL
HEAEONERMENENTE S ER. LAg BEHH
BN . 7E Human-PA™ SR EUE T ™ Btk sh SR,
0.5mol/L L-Arg EFAMEHERRES, HRE#EMER
EFAFE AHAEFE ABRESEAONERTEET
TR,

NDSBs{ Non-detergent sulphobetaines ) &2 i 4F 3k t 3 @ 0] {2
HEARHEMRER. NDSBs H— T E KB HERE
—MENBFKERANR EXRTFEHEA A LERRE. 5
FHEER. BRI NDSBs LA RAEASEANRK
KIEHEARMMEHTEARE? . B, ¥HNH NDSB-
195( Dimethylethylammonium propene sulfonate} , NDSB-201[3-(1-
pyridino )-l-propane sulfonate ], NDSB-256 ( Dimethylenzyl-
ammoniumpropane sulfonate)

4.7 HTFHEALTEBEHGAY

MAZTHERFEREAARHEQEEETLIR
REEE, BEERS FHEANNESHTERL2LERS
FIB R, & 8B THEMr B RRE E AN
g A, Ahamirano M M FABH T —TE R FEXREBR
B R E A B 4 TR (B R A4R Ry LR IE TR O
HER XA FHEED GoELM A RBEERAA R
L, AmgEk THS THEANERRNEA T ERKEE
HzAfrma LA REER. il AZEa i LA EHEEA
MACKENEET TRYNEERE™ . R, 4K
HEATF CroEL MRS,

4.8 AIsHFHEEzAHEY
1L GroEL-GroES fE 44 P9 ¥ 1 FI B R, , Aozema 1 Gellman
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Table 2 Exampies of additive shown to promote renaturation yield

Additive Protein Reference
Non-denaturing concentrations of
chaotropic agents
GdmCl P. fluoresecens lipase [29]
Hen egg-white lysozyme [12]
Carbonic anhydrase I [30]
Interferon-f-polypeptides [39]
Urea Poreine growth hormone [3t]
Hen egg-white lysozyme [32]
IGF-1 [40]
Interferon-3-polypepiides (39]
L-arginine P. flucrescens lipase [29]
Fab fragments [33]
Hen egg-white lysozyme [12]
a-gluocosidase [21]
Salts
Ammonium sulphate Hen egg-white lysozyme [32]
Sugars
Glyeerol P fluorescens lipase [29]
Hen egg-while lysozyme (32]
IGF-1 [40]
Sucrose IGF-1 {40)
Glucose Hen egg-white lysozyme 132]
N-acetyl glucosamine Hen egg-white lysozyme {32]
Sarcosine Hen egg-white lysozyme (32]
Detergent and surfactants
Chaps TGF-f-like proleins [41]
Carbonic anhydrase Il [30]
Tween Human growth hormone [34]
SDS Interferon-3-polypeptides [39]
Sarkosyl RNA polymerase q factor [35]
Sodium lauorsylsarcosine Single chain Fv fragment [36]
Dodecyl maltoside Class I MHC [37]
Triton X-100 Carbonic anhydrase [1 [30]
Polyethylene glycol Carhonie anhydrase [I [30]
Octaethylene glycol Carbonic anhydrase [l [30]
monolauryl
Phospholipids Hen egg-white lysozyme [38]
TGF-3-like proteins [41]
Sulphobetaines Hen egg-white lysozyme “ [25]
§-D-galactosidase [25]
Short chain alcohols
n-pentanol Carbonic anhydrase [l [30]
n-hexanol Carbonic anhydrase [I (30]
cyclohexanol Carbonic anhydrase [l {30]

BRRT-RMESHTE BRI AT FHEERANEHLE (Ar-
tificial chaperone-assisted refolding) . H4 BN . &, FHEDQ
BEHABTHERNAHE BRES-ERAESE TS
EHERNAH TEONES AL . MAKHHRAE kS
MEEEM EEEOMENE. CABH lysozymeﬁﬁ iR

EREAKEFRERMEHSET™

5 & i

EAMKSEHERARE - TIRERENES. 5

X.MEOHBNEHHZHAENTE SR RITERE
BREESBEATE. R0, FHEAMEHTIBRERR,
FROEERE QERMEMAE EOkE BE . pHF
MBEEEOMARTMR. #. ETATEE> P BTE
KENEQHABFAHERRSAAEA.UE—-TRA
MENER MREXEFERM/T -RARNWAR.
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Advances in in vitre Refolding of Inclusion Body Proteins

FANG Min

HUANG Hua-Liang”

{ Institute of Genetics, Chinese Academy of sciences, Beifing 100101, China)

Abstract Overexpression of recombinant proteins in E . coli often results in formation of insoluble, inactive inclusion bodies.

These inclusion bodies, which contain the recombinant proteins in a highly enriched form, can be isolated by solid/liquid separa-

tion. After solubilization, active proteins can be generated through an appropnate refolding process. Within the last decade, spe-

cific strategies and methods have been developed for preparing active recombinant proteins from inclusion bodies. Recent devel-

opmenis in renaturation procedure include the inhibition of aggregation during refolding by the application of low molecular weight

additives and matrix-bound renaturation techniques.

Key words recombination protein, inclusion body, refolding, renaturation, disulfide bond formation
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