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Abstract Recombinant mutant human granulocyte colony stimulating factor 1mhG-CSF  was pegylated purified and
characterized. thG-CSF was mutated in position 1 3 4 5 17 and cysteine was added in C-terminal. rmhG-CSF was pegylated
by PEG-Mal 20000 and separated by ion-exchange chromatography gel filtration chromatography. Analysis of SDS-PAGE showed
thar the purity of the separated PEG-rmhG-CSF was greater than 95% . and in intro and in vivo bioactivity study showed that
target modified PEG-rmhG-CSF kept full bioactivity which was better than traditional pegylation method and longer half-life was

proved in mice.
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PEG-rmhG-CSF

1

1.1
1.1.1
DNA
X-gal

pGEM-T pET32a

DHS5a BL21 G-CSF
IPTG Gibeco BRL
thG-GSF

T4 DNA
PEG-MAL 20000 Nektar

thG-CSF
CSF  Neulasta® Amgen USA Folin  Sigma
BSA Sigma Sigma
Sigma  Human G-CSF ELISA
Systems

PEG-rhG-

R&D

1.1.2 PCR

Amersham Pharmacia

PE VDS
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GE Healthcare Biosciences Reource S
GE Healthcare Biosciences Mini protein [l

Bio-Rad VDS Image system

Pharmacia  Agilent 1100 HPLC Model 630
Bio-Rad (4 150mm x 4.6mm Vydac
1.2
1.2.1 mhG-CSF
134517
Arg  Ser® C
Cys rmhG-CSF
thG-CSF PCR
5'-ACTAGCCATATGGCACCAACATAC
CGTGCCAGCTCCCTGCCCCAGAGCTTCTGCTCAAGTCC

rmhG-CSF thG-CSF

Ala Thr Tyr

TTAGAGCAAGTGAGG-3’ 5'-AAAGGA
TCCTTAACAGGGCTGGGCAAGG-3’
PCR
PCR
pGEM-T DH5a
Nde ] BamH]  pGEM-T
pET32a T4 DNA
12.5C BL21
Nde 1
BamH |
6
rmhG-CSF
200mL 8mol/L 10mmol/L. DTT
25mmol/L 20mmol/L Tris-HC1 pH 8.0
30min 15 % 40pmol/L
40mmol/L pH8.0
1000mL 4°C 48h pH
4.0 Resource S 0~0.5
mol/L. NaCl 20mmol/L. NaAc pH4.0
0.3mol/L NaCl
1.2.2 mhG-CSF  PEG SmL 1.0
mg/mL mhG-CSF  100mmol/L Bicine pH 8.5
5 PEG-MALy0 24h
RP-HPLC
0.1mg/mL
pH 4.0 Resource S 0~
0.5mol/LL NaCl ~ 20mmol/L. NaAc pH4.0
PEG-rmhG-CSF 0. 1mol/L NaCl
Sephadex G25
1.3
1.3.1 SDS-PAGE Laemmli

5% 15% R250
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Lowry

1.3.3 RP-HPLC

4.6mm A 0.1%
B S 90:9.9:0.1
0.8ml/min 30min B

80% 280nm
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HR10/30
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L 7A%
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0.1mol/L 0.4ml/min
280nm
1.3.5
rmhG-CSF
1.3.6 G-CSF
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thG-CSF

AutoFlex MALDI-TOF-MS
PEG-mhG-CSF

pl/ thG-CSF
50uL
thG-CSF
37C 5% CO, 36 ~ 48h
100pL/ Asio/ Ay
1.3.7 18 ~ 22¢ SPF
ICR 39
Img/kg rhG-CSF 00.083 0.250.5124
8 12 24h 3 PEG-rmhG-CSF
00.524 81224 48 72 96 120 144 168h
3 30min -20C
Human G-CSF DuoSet R&D
thG-CSF PEG-rmhG-CSF
MicroCal Origin 3pP87

MTT

Systems ELISA

2

2.1 rmhG-CSF
6 hG-CSF
Ala Thr Tyr
PEG C
pET32a

134517
Arg  Ser
Cys 1
Nde I /BamH 1 2
5.4kb  540bp rmhG-CSF-Cys
2 DNA
BL,, DE,
3 3
Resouse S

rmhG-CSF 95 %

3 4
thG-CSF 50% 4

ATG GCA CCA ACA TAC CGT GCT TCT TCT CT6 CCG CAA AGC TIT CTG
n[a]P[T ¥ R]& 5 s L P Q s F L
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rmhG-CSF

“““ TAC CGT GTT CTG CGT CAT CTG GCT CAG CCG TGC TAA TAG

‘‘‘‘ YRVLRHLAQP**

1 mhG-CSF ¢DNA
N C
Fig. 1 ¢DNA and protein sequence of rmhG-CSF

2 mhG-CSF
Fig. 2 Identification of the gene of rmhG-CSF
detected by agarose gel electrophoresis
1 the vector pET32a was digested by BamH 1 2 the recombinant
expression plasmid pET32a-rmhG-CSF was digested by Nde | / BamH [
3 DNA marker ADNA EcoR | + Hindlll .
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Fig. 3 Expression and purification of rmhG-CSF
detected by SDS-PAGE
1 5 marker 2 3 expression of rmhG-CSF-Cys without

and with IPTG-inducing 4 eluent from Resource S.

2.2 rmhG-CSF PEG
rmhG-CSF PEG-MAIL20000
Cys 5
PEG PEG-rmhG-CSF
rmhG-CSF Resouce S
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Fig. 4 The relative biological activity Fig. 7 Pegylation of tmhG-CSF and purification of
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Fig. 5 Pegylating of rmhG-CSF monitored by RP-HPLC
A rmhG-CSF B analyzed at 24h after pegylation.
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Fig. 6  Chromatograph of PEG-rmhG-CSF on Resource S

7 PEG-rmhG-CSF SDS-PAGE
40kD 7 4 MALDI-TOF-MS
mhG-CSF 18901  8a
PEG-mmhG-CSF 40 715 8b
2.3 PEG-rmhG-CSF
1 mhG-
CSF  1.23 x 10°IU/mg PEG-rmhG-CSF
1.25 x 10°1U/mg PEG
N  PEG PEG-thG-CSF
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Fig. 8 Analysis of rmhG-CSF and PEG-rmhG-CSF by
MALDI-TOF-MS
A is rmhG-CSF B is PEG-rmhG-CSF.
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1 PEG rmhG-CSF
Table 1 In vitro bioactivity of of rmhG-CSF-Cys
before and after pegylation

Specific bioactivity Relative bioactivity

/ x 108 TU/mg 1%
mhG-CSF 1.23 100
PEG-rmhG-CSF 1.25 102
PEG-thG-CSF  Neulasta™ 0.58 47
2 rhG-CSF
PEG-rmhG-CSF

Table 2 Mean pharmacokinetic parameter values after
single-dose subcutaneous administration of rhG-CSF
and PEG-rmhG-CSF in mice

Value
Parameter
thG-CSF PEG-rmhG-CSF
Lag time/h 0.035 +0.005 1.457 +0.027
Tiplh 2.143 £0.025 14.578 + 0.369
Thea/h 1.388 £0.235 20.349 +0.89%4

Coax/ ng/mL 1854.623 +253.125 2832.169 + 369.250

AUC/ ng h/mL 8881.870 + 524.57 139712.236 + 25672.354
CL/F / L/h kg 0.113+0.023 0.006 +0.001
V/I¥ | Likg 0.349 + 0.035 0.152 £ 0.025

T/, = terminal half-life T, = time of maximum concentration  C,,
= maximum concentration AUC = area under the curve CL/F = clearance
over bioavailability V/F= volume of distribution using the terminal phase.

10000

—+—PEG-rmhG-CSF
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—
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0 20 40 60 80 100 120 140
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9 thG-CSF

Fig. 9 Concentration-time curve of PEG-rhG-CSF
and rhG-CSF after SC in mice
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