21 & 2 £ W I B % H Vol.21  No.2
2005 ¥ 3 H Chinese Journal of Biotechnology March 2005

T EEBTERHNIEREIEAUR I _BEHNEA ANAREER
HMEF
Separation and Purification of PEGylated rhG-CSF by
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H E 37TV E28 5T 84AGE#45 8 SR 8BEEaA 45 ESEEHHEF (Recombinant human granulocyte
stimulating factor, thG-CSF) BB W e Fik. AAAMETFTLAREEBBEREIAFERBEOA s F AEEABRE T HRE
BEHHFHNEBRL_BEA A5 EALBREOFAAS AR IR 8L AR ML IR L8 hG-
CSF. M2+ A SBH- X AN BREREFX(SDSPACE) S H A % . LA A R W B LML E T -6 A7 o i) Ak
(MALDI-TOF) 5 W = H @SB X9 Aoy 4 FF,4 54 23.8kD.28.6kD.33.8kD, A-E= B (MTD &k i fimpPEE 2R E T
MR AR NFS-60 Afemi ME FHEALEMBEEZNRETRALSR LS BRAN G A FER ERT =
BiL MR AR 8 hG-CSF R ERRE £S5 R H 92% .75% 43% .

X8R R B FAAEMBREZHNHERT ZORRC B, BEFRBEE
HESGES (8] L EEERIAES A SLE 52 1000-3061(2005)02-0284-05

Abstract Tn order to separate and purify the PEGylated recombinant human granulocvte stimulating factor ( thG-CSF) at large
laboratorv-scale level, a two-step ion-exchange chromatographic separation procedure was designed. Cation-exchange
chromatography was applied first to separate PEGylated rhG-CSF from un-reacted rhG-CSF, followed by anion-exchange
chromatography to dissolve individual PEG-thG-CSF species (mono-, di- and tri-PEGylated thG-CSF) and remove the free PEG.
The molecular weight of individual PEGvlated rhG-CSF was determined by MALDI-TOF and SDS-PAGE. MALDI-TOF mass
spectrometry revealed that the molecular weights of mono-, di- and tri-PEGylated thG-CSF are 23.8kDy, 28.6kD and 33.8kD,
respectively . Cell proliferation activity was detected by MTT assav using NFS-60 cell. The in vitro residual bicactivity of mono-,
di- and tri-PEGylated rhG-CSF were 90% , 75% and 43% respectively, comparing with the un-conjugated thG-CSF. These
results indicated that the un-conjugated rhGG-CSF and excess free PEG can be removed completely and the three conjugate species
can be purified into homogeneity by the two consecutive ion-exchange chromatographic steps. The purification procedure is easy

to scale-up, high in performance and recovery.
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41 1 45 7% 1 38 DR 2 ) R 4R B 4R VT AL
AN T > —, © RE ¥ 15 Bt ) 38 A 0 R A
WEGp T ik FEEAL, T ERERES
B PER B B R TR . 1R,
Tit B KR i s R A 40 A9 AR A I 4 7 o B IR
(hG-CSE)TE AR TR £ A EH B (1), =
1.3~4.2h) , KARBTEMNMEERER>. EA
FRZ BAEARE P THESMEBRME
AR LM E s M R ES I, R
BTREMER.

HEHTAFIEZL BSEAHENBEKRL
MR BEYLAE R R L, H K AR 2R
LR R [E f B SRR AR AW . X
MBS EARE EEE AW E R, L A0 K
SEAi{p RN A —MESY. A TXEEREDS
SHER T TEMEEAGHIHEMDENZH,HK
TR BRI R, B AR el
—HEEARRZ _MikHEANERZ . BAAR
FHEAEE A LGRS HEEERAE S
FEEHARHBZBRG T EEANESH &T#E
drg g B . BUKAHE R AEX S EREE R
AEARE TR, ARG THEHMERT
HirHm O BRMBZ B Bk 5, H i
AR EMMAS . E—BELT. EHESE
AR 2 Tl A LR T s e ok LA D B
HAESTEEKERSRE . BAfEAHRIE
FIZRA S TR ROESE, BERRHAHE
B.OATEHHEE FRHAAFTHAEES S8 h
BT EE FAME 0V KR P BR-E P AR £ B (SCM-
mPEG) 5 rhG-CSF B9 {8 BE S R 1R & 9 3 7 2 35 4l
i RE A O E— AR EERTY-

1 M HF

R

BHEE R EZ —E 5000 (mPEGS000) ( Union
Carbide, USA) & ¥ 3L 3% 5 Bt F #% ( NHS ) ( Aldrich) |
450 K BE B¢ S & £ i X ( Bio-Rad, USA) . MR M i
{ hiazolylblue, MTT) { SIGMA ), RPMI1640 5 F &
(GhicoBRL %25 &) .96 FL 4T i 55 7% # ( Costar 25 8] ) G-
CSF 34 06 5 FIbm o S T NFS-60 41 Ml bk (2 E 25 5%
AWE SR ER) hG-CSFItEREEEMIREL
) EARS TETES (B WEARKETRR
HER 2 ) SP-Scpharose FF . Source Q30 {fLif £ 51
AKTA Explorer 100 # # {8 3% & 4t (GE Healthcare,

1.1

Sweden ). S5 3 i # 4 K K A Ries R 4 i &
(Millipore, USA), i 37 3 % 43 47 i 2 A Ak it

.
1.2 HiE
1.2.1 HEHBTMRPRE-LHARLEREIL ZFE(SCM-

mPEG) B9 %] % : L mPEG5000 A& i 17 Williamson
TR ERPEAEPERERZ_M, BRE
Hubert F. Gaertner B F B fTiG L, A ELZ
EwEk[7].

1.2.2  SCM-mPEG F rthG-CSF {8 3% R I : 4% thG-
CSF 74 F 100mmol/L pH7.6 TARR-WRCSE b h . &
EREE N 2mg/ml. K5 SCM-mPEG il AR H
WP PEGC SEAMBERIE N 10:1, TE 4CK
HFERM h REIMA 2 HEMU KR LERN. &
ACEHT, HEE T TER 5000 g9 FEH 23
50mmol/ L (¥ B K% $4 % oh W & #7 BR & i B RO NHS A0
AR HER.

1.2.3 AEFHEAE T EERES RS IFHEK
BEM i 5% 45 SP-Sepharose FF (2.6 cm x 10
cm) PH 88 7 50 #6638 #1 3% 35 3 AKTA Explorer 100 #
MEW RS L, RERAMEYST 5 &Y S0mmol/
1 pH4.5 BE MR AN EE Mh R (28 il A) o2 F 1 (B HE -
R #t 8 R L 2ml/min FF K 29 200mL H & (29
400mg EE)MBIAERH P . A 7E Sml/min B AL
EF, AR EHEHNERE A PRAEE,
DL £ A S g R A R MR R . BiS
BErPE BUZE MM A + Imol/L NaCl) HE{THERR .35 ~
95min 4% mp i NaCl B9 3R BE M 0 3§00 F) 0.45mol/L,
95Smin o NaCl WE AR A2, PR IR TR N o B 1
FH. B AEIREFR AT RUSEEN
280nm. £ T UCHE & 2 L2 4, 00058 A= o i 1 5F
Hl SDS-PAGE B3k i 47 5 #r .

1.2.4 HBTLHeEabAAMBRESSY
(£ . il & . % Source-Q30 (1.6em x 10em )} PAE F
= M Ay I 8 18 4T 3% 48 B AKTA Explorer 100 i #12 #7
4% %5 50mmol/L pHS.S B 8% B £ (22 vh
AFSEEAEE. FARSK EHEEL 2ol/min X
24 100mL ¥ 5 (295 80 ~ 120mg FH ) N B A5
. SKIGTE Sml/min MM ER FLHKH S BEEAE
BRI A MR IEH IR R A S EEN AL
BHEBHMEODE. MEAZHR BETR A+
Tmol/L NaCl) #1786 BE BE R, SR IR T 9 (A
L NaCl B BE IR 225 ~ 50min B ¥E R 28 iR 1 NaCl
(I BE M O 34 hm | 0.25mel/L; 50 ~ 60min B fR 5 7E
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0.25mol/L;60 ~ 100min B i B 2% #9 # F NaCl 9K
M 0.25mol/L B ANE} 0.45mol/L. BN ESBRER
BFHT, RS K N 280nm. F TWEFHER
A4y, 2 H 4 W75t 3 H SDS-PAGE 8 3k #4714+
-

1.2.5 MALDI-TOF fRi& s igthir-¥ o T &8
i ESCERET R B iR 5, Voyager-Elite 3 8 {X
( Perseptive Biosystem) 73178 2 — B2 1k rhG-CSF #) 4
TR

1.2.6 SDS-PAGE: H{A 5 5 &% Laemmli ¥ J5
BIRGEIR A S% AN 15% .

1.2.7  FAMEPiEHE I E R MTT F & 3 #
g, BAAS TN 7 96 FLAIR IS SRR R R —
E W E A 20 B 0 R (S0 /AL ) s 4 G-CSF #R M S 70
ai fb J5 /9 {BEX G-CSF H S LL 10 B E s E S
BIE ., 4r B A 96 FLEF 77 8 (50uL/4L) , i FH A% XS
e BAMXTE (A C-CSPY T axB(ASEE
#),37°C,5%CO. % 4 T #E 4L 55 3% 36 ~ 48h, il MTT
TR (100pL/FL )y, 4% 5 i L 55 7% 24h WU E & fL
Aol Ao TH -

2 #HRFAEID

2.1 &R
2.1.1 FAETFAHaErHEKEQRMIEEEK
HAR-RNREGOSIREFrShEelEEs R
THESCINE L Bim). 181 HFEE &2 B
6 HE o B o 7 o UMk B Yk BE AL 0.25mol/L $E T E
0.50mol/L & /Y P& M 0 . 4 B UL & X B 4 40
MTT ¥ il SDS-PAGE #1714 ¥ . Skl M ~4H 7
#E A G-CSF &1 :SDS-PAGE ik &5 1 £ 1 4 A 6%
1 B4 F8 M 28.5kD 3| 67.2kD MRS (WA 3,
FIKIE) Uk 2 B4 TR A 1B.8kD WEBHR
(BE3,FE49kE). BEKSFIEEL THSE FxcH
gk | EEFEARS FEMBER"YMNERE
G4, W2 RARRMA thG-CSF. S —# B 7
BN, D 2H b F PEG L1 G-CSF 5 A& B2 I #9
G-CSF 4+ 7F .
2.1.2 BB FLLESAELARMNBREORY
- AREF R EE S EL PSR PLAH
— % F Source-Q30 BB FRABREEHITHE . RE
WM =AY (I 2 BioR) .

A& 0~ 0.25mol/L FAL 8 1) 28 b 3 B B 148 A B
HEE 1 P BERS 0.25~0.45mol/L EALMHY
PR T VR B LSS 2 IS 3 g 8

Concentration o NaCli/%

0 20 40 60 80 100 120
fmin

¥l 1 SP-Sepharose FF 18 F o i s 2 "B
thG-CSF f A L RE ) hG-CSF
Fig.1 Separation of PEGylaied hG-CSF from un-conjugated

proteins by cation-exchange chromatography
of SP-Sepharose FF media
Peak 1: the mixture of conjugated protein; Peak 2: rhG-CSF.

T T |
g 2 B

Concentration of NaCl/%

0 20 40 60 80 100 120 140
7-min

Source Q30 B 4§ ¥ 323 (A5 5+ B AR MY
1 £ 5

Fig.2 Fractionation of individual PEGvlated proteins

B2

bv anion-exchange chromatography of Source Q30 media
Peak 1: mono-PEGylated th(;-CSF; Peak 2: di-PEGylated
thG-CSF; Peak 3. tri-PEGylated thG-CSF.

fmER e EEIEIR B EE A H A . SRR EX =14
4y 3 B MTT # f SDS-PAGE Ik FEFT 4387 - £ 400
X =AM E A G-CSF i1 :SDS-PAGE BikE R
R ERME L2 A3 TFEDINN 67.2kD(R
3,55 5 9kiB),38 1kD( WL 3,58 6 Jkif ) ,28.5kD( R
Bas7ki#E). T PECAKBRFEICEE
HEHEEAAULESE 2-3 MK TFREHT K AZE
F¥REE K TR 8 NERRED, BHk ) Sps-
PAGE Lk #1 HPSEC M B R R Z “BEkEH a7 F#
EATHEZMN S TE" . MALDI-TOF [ i% 2 &
AR EHBREER FREMTE . SR(LHE
HEARMEGYPIE =FaFEAE N HEE
H &k B85 2 — B 1k hG-CSF( mono-PEGylated
thG-CSF, 23.8kD); B ¥ & - B b thG-CSF ( di-
PEGylated thG-CSF, 28.6kD); =8 Z — Bk thG-CSF
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(1r-PEGylated rhG-CSF, 33.8kD). M, 44 SDS-
PAGE #1 MALDI-TOF f45 R 0] LA % B B F 2 e 5
3RS B R B R Z Bk thG-CSF (&
3N WRZ K thG-CSF(E2) =82 _®i
thG-CSF(¥ 1), BR PEG 7F 280nm B4 % 4Rk,
{62 AT LR AR b 5 3 6 8 PEGE™ , BD A 5% BaCl, (%
F 1mol/L HCI ¥1) 1 L/KI 1R A ¥ 38 € 0 7 ik 3k p
W R EHAENE PEG, SR XYW PEC £ 56
Av R A A R e R B PR R, T DL S M T B
BTk, HEAH0.5 MEABZERINFER
I #EA PEG tHBL; 1.5 MEARE PECHEHE
B B 3 MHERBZ A PEGC EET LB,

1 2 3 4 5 6 7 8
kD 3

94— —
66.0— w——
B0—
36.5—
31.0— ==

(et el

201— 88
= ==

44— ==

i

B3 SDS-PAGE %} # % Z — B4k rhG-CSF
Fig.3 SDS-PAGE analysis of PEGylated rhG-CSF
1: molecular weight markers; 2: thG-CSF standard;
3: peak 1 of Fig. 1; 4: peak 2 of Fig. 1; 5: peak 1 of Fig. 2;
6: peak 2 of Fig. 2; 7: peak 3 of Fig. 2; 8: molecular weight markers.
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Fig.4 MALDI-TOF mass spectrometry of the PEGylated proteins

2.1.3 {BEYAEINE S TE: A G-CSF KN
K& NFS-60 MMM EFEABANEH T TRAR
B PEG Y thG-CSF XM KM EHEHE(RE
5) 5 REW,MG-CSF R L _MiBRERA K
ShAE TG YR, B 20 B2 3R £ B84k thG-CSF W9 1E
AR E N 92% ; WH 2 — B4k thG-CSF M5 tE1%
BHEHNT5%;: ZRZ ML thG-CSF MEHER A F

g
i

g
-

S
=)
T

In vitro bioactivity/%
8

b
=]
T

Y T Y T
thG-CSF  Mono-PEG Di-PEG ~ Tr-PEG

Samples

Bl 5 PEG-rhG-CSF BB TR SEIMEMBEHMNXE

Fig.5 In sitro bioactivity of the conjugates
thG-CSF {Mw18.8kD) ; Mono-PEGylated thG-CSF (Mw23.8kD);
Di-PECylated thG-CSF (Mw28.6kD) ;
Tri-PEGylated rthG-CSF (Mw33.8kD) .

HA3% ., FHMIHEANTREEE TERKOE
oM PR B AL M S T hG-CSF 5
EHEAELAMERN . BREBZ B
thG-CSF R Sb & W EPE 1 B T 8%, {H & Satake-
Ishikawa % A" F§ mPEG # 1 G-CSF R BL{BHE =9
RERMAEYEHETE EEGXPHEZTBEM
1.79h FEHCZ) 7.05h, [F) A 44 P A 2 O B8 ok (] 0. BR 2
R HERANBEEFAZR M, i ANBR
WA TEMME R, EAR PEC LR . KM EY
EHTHRE BEREEAEEAS . BkSE
BREF—EH5R Jﬁdﬂﬂmﬁagﬁm thG-CSF
EERANBYRES I ERGREER.
2.2 it

HMEBEHRRZ _BAEAPEHEREAR
Fa ik Lt B ET s Bl fb Ry Bl , A S0 i
HWTHFESEMNE FEREFS AR M
BEHANAREZRNHEA FREDOTE. HG-
CSF 5 PEGBEZ G . AIMEBEENB ML FH
BEEAROEFTEE T, RS FXEAEOE
B, EBTLHROE L BREGSMERZRAN
AR ER R B ESENERRHF TR
EHS5EEREASTE; B ELRAORNERL B
EESS, MBEEAN S SR, BXWER
BV aE EOnEREER &R, B5E,
TEERSHCTMAEFHRE, BEEEMRZZ
BAEEREEE S WU Tk, HRE PEC K
“HLT RN R K, B RZ AR R 1R
B4, PEG BHL 732 B T 5 4 B i i e O BT 4 RIS
HEE SR . PEC B AR ML RZ
TRAEEENE TRRAEBTANBEELGA
MR TAEPEAREY . FAAEAZBRA L, R
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IR ThEe BT HEM R —H PRI 8L thG-
CSF. SEMpamrattt, A ERAEZ
(1 FSE B, 0 0 R 3 R B B R B AR & H R B K
HaRE, BN RASE. S -SHEFXHRE
EHEEREST BRI LERRA T 2T
. AHBITEESHIEIRZ FF L HC-CSF
e T e R L B R E S
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