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EHARAR-ERAREERHE Y
BBEGRR. FENAtHHRE

Ax%x B & £x0 F # %EKX HEW

(B_ERXFEFFHEANS FREWHRN LIE 200433)

# FE BEATEABFERIAEAANAR- ERAREETHEF (thGM-CSF) B
AEAnERAFETHR P, EARE. HEEAHORE BEIHER. BEESE., Fi&.
HAMETLHREEFRBTH TR, @5 EHHAM SDSPAGE MBI ELEH KT
98%, thGM-CSF #LLiE N 3.2 x 107U/ mg, SHILIKB A thGM-CSF A —BHEER, FH A
#9352, NH-FREI 20 M EEBRAFARNES RS XMTE 5. thGM-CSF f NH;- K
Tt —, HepH Met 0T84 59.5%, B—TEHEMY Al 5 Tk 24.6%, N Poi
PG 14.6%, BAIRTEANSESE N 3.9, £WEFHIBEN69.1%, LEEX
I, B XK.

*x#iE ARAR-ERARSEENRET, OBE, =2, Ak

AR 40 - o B AR I R R T I AT A R A R e E R AR T

PR A R-EAREERRANL (CFU.GM) MuMAREEERLM (CFUM) B

b, HTEAPEEARME A My ¥, MEEmhEE, 1984 £ N. M.
Gough BT GM-CSF 2K DNA TRET{E, BRE—IMHEMEFHENESTH
RERY, MHE GM-CSFEHMR 127 THEBRHAMR, E—TEREALNED, TEHHAR

MR FHIFS THEMME™E, RXRK GM-CSF I DHE, BHFHE. K-

FHEAEFHES GM-CSFERN., AR FRFTHAMNEDFEYE, BEANTE
FREE. FELEMEYRIHFEED,

BHHEl, rhGM-CSF T E A FI5T ARENHITES R B AR, RERITH
B, ERMFEEYHEARLRENTR, BPRECTERERD, FHRARME
1, TERGHK, BARE, FXHE -HERANEtTE, TZHEREN,
HFBK.

1 #RE5F %

1.1 T{%‘#‘E‘Fﬁﬂﬂﬁﬁﬁﬁ
FW (A): SOmmol/L PB (BRI ZH ), pH8.0, Immol/L EDTA, 300mmol/
L NaCl., #¥#¥ (B): A+0.2%Triton X-100, &K (C): 7mol/L Gu*HCl, 50mmol/L

L “AR" BORRE,
EIF 1996 % 5 A 23 Hik®l.
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PB, pH8.0, W (D): 3 mol/L Gu-HCI, 50mmol/L PB, pH8.0, lmmol/L EDTA,
lmmol/L DTT. B (E): 50mmol/L PB, pH8.0, lmmol/L EDTA, 1mmol/L K&
BEHK, 0. 1mmol/L AR SR H K, AW (F): S0mmol/L PB, 18% (NH,)
SO;, pH7.0. ## (G): 20mmol/L PB, pH7.0, B# (H): (G) +2.5% RFE#®.
B (D). B (G) +0.5mol/L NaCl '
1.2 RAXBTENERISEFNHE

TRAESE A KXEFTE K,JM109 (pET-GMCSF), B %A FE pET-GMCSF #4
% WEHREEFESCREAHE, 300m £/H LB FEFEENEHETER
10h, A 0L REERE-EFR, EFEE N 37C, pH7.0, 3h BN IPTG #TiHSIE
% Sh, BOUCHREIE, 180g BIADIA 2400ml W (A). FTOBIHIBRA, KIBEE 30
], 8K 30s, F30s, HELE 0K, BOEBIE, MEHE (B) 2400ml EHRIAE, K
B3k, BLREBEEE. WA 360m (C) BRERE, EEE.L 45min, ¥E
thGM-CSF #H#2% ,

1.3 SRS

A 7.5cmx 140cm 3 B 3% Pharmacia 2 7 4 1) Sephacryl $-200 (HR) 6000mi,
AWM (D) #1774, ¥ hGM - CSF 888 8, REUBE (D) #ITHRE, %
# ¥ 6ml/ min,

1.4 WeHZE

WEESEMESE, AER (B) #THBEE, 7R LB LE 28I
E15min, BWE1E, B, T8 5min, BEAHEE 20, 4CAE, KEYR
10L.

1.5 HAEEH (HIC)

H 5.0em X 25cm B B 32 Phenyl sepharose 6FF (High Sub) R 520ml, &£ 3
BEARS ZE PR, B3 EHEERNER (F) 46, fEXY 18ml/min, #E
HENHESEIMA 10% (NH)LSO, B, SEELE, ZAREEHTEER (F) kE
FBE AR, RFHBEE (G) 1800ml ¥EHL, & 1600ml (H) .

1.6 BFZHEN (IEC)
DEAE Sepharose (FF) 24 Pharmacia 228 8975, &% 12cm X 15cm. ¥HHAE

EHEERE LA 25ml/min EF, EHZREH 1800ml W (G) BEHE, BRAWE (D
2000ml ¥R, FHUrBiEEE,

1.7 A A&

1.7.1 rhGM-CSF £ EEME . B TP (RN pk, RIE MTT BWEEE, F
EEEER (4],

1.7.2 EEREWE: M Lowry lMED, HAEESE ARG EDH AR EFE
fit,

1.7.3 #EFSH#F: SDS - PAGE Hik, J 450 4.5%, pH6.8, 2+ BB % 14.5%, pH8. 8,
BRARGHEE RN DR R RE, HPLC 8 F 4546 B G BAEEM TSK 3000
BRI
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1.7.4 SHRBERKK. RESSESET QN IEF3-10, Bk FE Y Phast Gel IEF3~9, {L 2§
73 Phast System B, 3K{Y o

1.7.5 NH,-KREEMFH 4 : Edman RS, A Beckman LF 3200 B0/ BREE.
BRF R = AR .

2 £X 53

2.1 HiFEFHERIASHF

BT thGM - CSF EABHEFEBRE, E4EAUAREEAFETE R AR
A EEREANR, 2 AE R (B) BRIER, SREL/E, BT &%k, i SDS -
PAGE W3 447, 2 B F H B EEEH thGM — CSF, 4- FBLI7E 15 000Da, ik L
APEHETFEREH.

hGM - CSF EELEYE AEEENEREREERARERTE, HO%KRE Tmd/L
Gu HCHER, 2R HEHELRE, KA S EHEAENME F.
2.2 BRTE |

mFHER T REFSAEL, BENHTESL, REATHREHAEANITE, ERAE
EEPDBRPTY., EEAEHTRRTREN, FERFTEHE DTT M EDTA, BFEE
AEAHRBEMERAREN S F. EELERANAEE

mIE 1 FR, S Q) s N EHE B, A B € D
23
1.0 W [_]
0.8
0.6
g
<« 0.4
" N e~
0 he t 1 1 |

1 2 3 4 5
Efftuent’ volume,/L

1 BERE A EGE
Fig.1 Gel filtration chromatography
BB, #RAEE—SRE, NE 3 RRERE,
BEEEHAAESET 0% A, EHTF—HHEY, B2 ZHEBEEEH
2.3 B it SDS =~ PAGE Bk
’ Fig.2 SDS - PAGE pattern
HMES DNA HAHFREAREA, FEFREMK of wemples after ge
BHEESNEAEOAEBANTERSITER R AN

filtration
MEEEGT 2 TENHRS, EXxaEAE - HemE A:950601  B: 950602
e, MR BEERNEOR. ¥HASKEAERET CH 950603 D Pro-
ERR YRS ) Cys—Cys HES, tein molecular marker
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thGM—CSF 23 F#7H 2 M B, RAEDEHEEKART 2 3 s EsRAx, &N
M thGM - CSF BT X G R M HT T RAWE, ERFITR 1. ARFITFHELHE
2 RASARME RN AT KRR EABRENEHEE,

®1 PHEEHH rhGM-CSF B R 1 Ky
Table 1 Effects of various conditions on the renaturation of rhGM-CSF

Protein concen- GSH/GSSG PEG{4000) Triton X-100 " Yield of
Renarturation
tration/ pge ol ! /mmol-L"* fumol+L71) /% activity/ %
160 - - 0.2 26
Dialysis
160 1/0.1 - 0.2 38
160 - - 0.2 18
Direct dilution 20 - - - 24
80 1/0.1 80 0.2 62
160 /0.2 - 0.2 43
120 2/0.2 - 0.2 51
Step dilution
80 - 80 ‘ 0.2 54
80 1/0.1 80 0.2 89

# Based upon ELISA activity.

1.4 BAEER

#4101 EH #5231 Phenyl sepharcse BL/AKEE W, AR EEEME 4 Fr
o HP(A) MR, FERER . BMAETEENSERE, E(B)MC)HH
rthGM-CSF # i, k12528 1800ml.

Lok
0.8 - g
0.6 g %
g § || 2
<« 0.4 n
|
0 " L '

10 12 14 16
Effluent volume/L

B3 BKEFAREE
Fig.3 Hydrophobic interaction chromatography(HIC)
2.5 BFTHEN
MBAKEREGBHEER LT DEAE Sepharose [AZE TR+, HEEERMWE 5 Fim.
H(1)RZ e, W) R, 1EBRS G5 M IAHE rhGM-CSF ¥ .

© PEMZREBEDHRAATIRKSRIEST bhttp://journals. im. ac. cr



146 £ % I 8 ¥ # 13 %

.o
(2)

0.8
0.6
0.0 3

]

[s4]
0.2 (1)
O.O—P/k/— | 1

Effluent volume /1.

H4 BreiBiramiEig
Fig.4 Ion-exchange chromatography

¥2 rGM-CSFRALTEIE—SBNLR
Table 2 Result of each step used for rhGM — CSF purification from the inclusion bodies

Step
Solubization Sephacryl Dilution Phenyl- DEAE-
of I1Bs® 5-200 renaturation sepharose sepharose
Total protein/mg 1593 .4 865.7 742.6 482.5 357.3
Total biological
o8 1.65x10%° 1.56x 10" 1.35x 10 1.14 % 101
activity/ U
Specific activity
1.90x 107 2.1x107 2.8x107 3.2x10"
/IU mg™! -
Purification
2.29 2.50 3.4 3.9
factor(-fold)
Recovery/ % 100 94.5 81.8 69.1

* IBs: Inclusion bodies.
2.6 HSMaESEAMRNSH

F SDS-PAGE kBB, S5 =ftEE bk HERHFTT 29, &
T #E 5 E it b, chGM-CSF 2R ¥ — %, S F B Y 14.8kDs, EHFFHRKR L, %
14.8kDa H FLE#F, 7 29kDa 2h BB R A R EW, BB A <2%.

AL AR S T HPLC iR, R Cg RARKEF TSK3000 SEEcH:, =#HH A8
HEHAT 98% (PEEAKEYH AR EFTE).

LHEEMRKER(HORA, = HEZFRANBERBER -£W, FEANY
pH5.2, A4k # rhGM-CSF R & B i 24—, A —BRHEEH.

rhGM-CSF ¥ 1% F} Edman BRI E NH- K0T 20 M EER, ERW TR,
SR RS RS, NH, RR5EeE -8, XKBHEEIBEFTERZHAEEA,
NH-RR&HEZHER (DHFREFRERRE, QTBREARAE ORBRNE
H3F. K9P 3 Mo FHREARRETFERENEIRERAE REAB S IKBWIE
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M5 Z=#AL RS SDSPAGE 77
Fig.5 SDSA-PAGE analyses of three-batch purified samples
A. Protein molecular marker, B. C. D are nzative sam-
ples E_F.G are non-native samples, B, E. 950601, C,
F.950602, D, G. 950701 -

A B C D pH

8.65
8.45
8.15

7.35
6.85
6.55
5.85

5.20
4.55

350

Be6 =feoidbRes SRk
Fig.6  Isoelectric focusing analyses of three-
batch purified samples
A.950601, B.930602, (C.950701,

D. marker

B, @F thGM— CSF Tk MR B, AL T Pro KM B o RITRT
thGM-CSF 7K i W I 72 A () A8 A&, NH,- KR B R £,
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N HERFR S ER R

Met Ala Pro Ala Arg Ser Pro Ser Pro Ser Thr Gln Pro Trp
GluHis Val Asn Ala lle # & N 5t R —, H® Met &
[ 59.5% . Ala 5 24.6%.Pros 14.6%

& F X ™
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Extraction of Inclusion Bodies, Renaturation and Purification of Recombinant
Human Granuiocyte-macrophage Colony-stimulating Factor(rhGM-CSF)

Zbou Yongchun ILuFeng Jin Yongming Jia Lin Lin Aiyou Lu Deru
(Institute of Medical Biotechnology and molecular Genstics, Second Military Medical University, Shanghai  200433)

Abstract Recombinant human granulocyte-macrophage colony-stimulating factor ( thGM-CSF),
produced as inclusion bodies in genetically engineered E. coli cells was purified to homogeneity by
extraction and solubilization of inclusion bodies, gel filtration, renaturation, hydrophobic interation
and ion-exchange chromatographic procedure. The purified thGM-CSE has been obtained the eriteria
of purity level above 98 % examined by SDS-PAGE and HPLC, has a specific activity of about 3.2 X
107 u/mg. thGM-CSF is an acidic protein(PT=5.2), partial NH,-terminal sequence(up to twenty
residues) are ideatical with those reported for this protein. The results also showed that it is appar-
ently heretogeneous from its NH,-terminal side as it is composed of three polypeptides in which the
intact Met anologue accounts for 59.5%, Ala anclogue accounts for 25% , Pro anologue accounts for
14.6% . The overall purification factor obtained was about 3.9, the recovery of purified thGM-CSF
was 69.1% by a biological assay method. The adoptied purification procedure is reproducible and

well suited for process scale operations.

Key words  Granulocyte-macrophage colony-stimulating factor, inclusion body, renaturation, purifi-

cation
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