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Production of Soluble Recombinant Human Granulocyte Colony Stimulating Factor in E. coli by Con-
trol of Growth Rate. Park, Se-Cheol*, In-Young Ko', and Heu-1l Kang. Biotech Laboratory, Yuhan Research
Institute, Yuhan Corporation, Gunpo 435-715, South Korea, 'Chuncheon Bioindustry Foundation, Gangwon-do
200-161, Korea — Human granulocyte colony-stimulating factor (hG-CSF) is a hematopoiesis agent that prin-
cipally affects the differentiation of neutrophils in the bone marrow. At present, recombinant hG-CSF is used
successfully in the treatment of chemotheraphy-induced neutropenia and its indication has been expanded to
bone marrow transplantation and aplastic anemia. In this study, we have constructed thG-CSF secretion plas-
mid pYRC1 in which OmpA signal sequence/hG-CSF gene was expressed under the control of the T7 pro-
moter. thG-CSF produced in E. coli BL21 (pYRC1) grown at 37°C was found in aggregates. However, 15% of
the periplasmic protein was soluble rhG-CSF when the E. coli BL21 (pYRC1) was cultured at 25°C for 7 h in
the modified MBL medium containing 10 g/l glucose with 10 uM IPTG induction. The production of soluble
thG-CSF in E. coli BL21 (pYRCI1) using fed batch culture was also studied. In the fed batch culture system,
the final yield of rthG-CSF produced from E. coli BL21 (pYRC1) was increased from 4.4 mg/l to 24 mg/l by
controlling the specific growth rate from 0.43 h™ to 0.14 h™', and optimizing the time of induction.

Key words: soluble recombinant human granulocyte colony stimulating factor, specific growth rate, fed-batch
culture
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Fig. 1. Schematic representation of the construction used to
generate the human G-CSF expression vector, pYRCI1. Abbre-
viation: T7, T7 promoter, OmpA, OmpA signal sequence of outer
membrane protein.
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Fig. 2. SDS-PAGE (A) and western blot (B) analysis for cellu-
lar hG-CSF expressed in E. coli BL21 (DE3) and BL21 (DE3,
pLysS) containing pYRCI. Lane 1, 2, 3, 4, E. coli BL21 (DE3,
pLysS) containing pYRC1; 5, Filgrastim (1.5 pug; Amgen, USA),
6,7,8,9, E. coli BL21 (DE3) containing pYRC1; 10, Lenograstim

(2 ng; Chugai, Japan)
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Fig. 3. Expression of soluble rhG-CSF in the various tempera-
tures and IPTG concentrations by E. coli BL21 harboring
PYRCL.
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Fig. 4. Effect of the timings of induction during fermentation
on productivity of rhG-CSF produced from E. coli BL21 har-
boring pYRCI. A: Percentage ratios of soluble thG-CSF at the
timings of induction. B: SDS-polyacrylamide gel electrophoresis at
the timings of induction. In all cases, samples applied to the gel are
eqivalent to 35 pl cultures. Lane 1; Filgrastim (2 ug; Amgen,
USA), 2; periplasmic fraction after 10 h culture without induction,
3; periplasmic fraction after 4 h induction, 4; periplasmic fraction
after 7 h induction, 5; periplasmic fraction after 24 h induction, 6;
Multi Mark-colored standard (Invitrogen, USA).
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Fig. 5. Effect of the nutrient feeding rates on rhG-CSF pro-
duced from E. coli BL21 harboring pYRCI1. The nutrient feed-
ing media contained 35% (w/v) glucose and 18% (w/v) casaminc
acid. E. coli BL21 (pYRC1) was cultured for 8 h with the nutrient
feeding media at 13 h after inoculation.

Aok, Fig. 5ollAe} 7o) wixlgw &=5 AlFE 50 mlol|A]
120 mIE F7HAFlol) ulebr] FA AR Ay 71FSE 26
A 30744 718191t periplasm 2 £ AR thG-
CSF] ®&2 23]8 15%lA 6%2 Fasiact A% 5
= AR AT wigell A TA A L EEel MHE T
X2 BI[14)E0] = 5%k AlEsle] w3 &5
= A7 50mig) Ae] B rhG-CSF WHESES B

et

A% &3 TE| 28t soluble th-GCSFe] wad

Lee 5ol 23l specific growth rateZ 0.2 h™'2 §-2]3}
of Zd 1x10° U2 periplasm2- 2. £4] 3% human
interferon®] Aol AF8t o7} B awe] le}18]. Soluble
thG-CSF2] &S S #)sled 23| Fuia S fshr]
Azl oA AAEEZS o] wieksisich. oA AA®
= FEAEQ 13A17F ullokoll A Ageell A 1301901 o] %
glucose(w/v) 35%%} casamino acid(w/v) 18%%] &3te-&
AIZVg 50 mle] 52 woF 2EAA] wiA| TFEEE
Ak S o 23 307HA] FBA7) S7bsslvhFig. 6.A).
obg® ZEian| = AT Adpe i A 1342
) oFoll A 3.3 x 10" cfimlo) 12} fr= wioF A7 4l
21A17F wjekoll A= 2.4 x 10" cfu/mlE A7t 2481
Zetan = obHA G4 80%ell A 33%E F3Elel T
Periplasm 2. 3)E AT Fig 6(A)ellA] 9} 3ke] 8A|7)
= ufekell Al 24 mg/le] rhG-CSF7| 23 =gl et 24471
HE el 14 mgl2 Faselon Ba) daw chy
Ao % wdt 155%A 7.4%Z2 33Asleic). o] 9} Zhe]

A v . 4 100 -
»r Ty
Y
! AN -
= . Ew o
8 nl ‘ N z £
< N B et
7 Py L O
o ' 2 IO
6 8
i 8. 1w
0} a
kS ]
! g
] v
o A S . M DAY
) 1o b ] 30 40 0
Culture time(h)
B 1 2 3
-~ hG-CSF

Fig. 6. Time profiles of cell growth and rhG-CSF production
during fed-batch cultivation of E.coli BL21 harboering pYRC1,
A; The arrow indicates the time of induction. Growth (@), plas-
mid stability ( ¥ ), activity (B ). B; SDS-polyacrylamide gel elec-
trophoresis of periplasmic fractions. Lanes 1; periplasmic fraction
after 24 h induction, 2; periplasmic fraction after 8 h induction, 3;
Filgrastim (2 pg; Amgen, USA).

wWioF Alzke] A5 shijde] 7t Zhasls A9 cell
lysis ¥ Z=tan|=2] Aol ofst Al eftale] Hu)
o 71Qlsl= A o® FAdn}. Fig. 6(BRIAE 8, 2407 &
= ufekel| A W E thG-CSF2] SDS-PAGE ZA#}2 HejF
3L 9w} E. coli BL21(pYRC1)& AHE-8}e] periplasm 22
soluble thG-CSFe] FuHE f58k= 7] LR =
Fehav| =7t kA A 22 {F-A]F= non-induction’d el ol A]
FA S FHI F A7 ool FEMRS TRI= Aol
frelsisich

Gary Tl 95l =3 RubisCo(Ribulose 1,5-biphos-
phate carboxylase/oxygenasey§Atol] FHE WH AFE F
sle] Eefaze) MRS ARSSE wiofollA] TRk B
zZto| 7} oles BT v wiek 270 welbr] A
soluble ¥Hi& FoljA] Rubisco’} XFRIS= vl&o] 0.2~14%
2 Abeldlglom periplasmOZ HH| == v ARL3) vl
Aol wEpA i g2 2to] S Hlvh3]. 51 wiF 23} Table
1ol a8k uie} o] E A7 AT E ole} fAFsed b
57 2] ¥k (batch 2~ fed-batch)#} wiA] TAle) whapr
Z A soluble §H¥)d Fol| A rhG-CSF7} 2}A) 8} n]-g-o]
2~15%2 W2 z}po) S Hor}, H]ZA] S E(specific growth




140 PARK et al.

Table 1. Summary of fermentations for the production of rhG-CSF using E. coli BL21 (pYRC1).

Fermentation Culturetime Medium A Plasmid rhG-CSF  Soluble thG-CSF® Specific Specific growth
methods (h) 800 stability (%) (%) (mg/1) productivity® rate (h™)
Batch 9 LB 4 NA? 15 0.65 0.17 0.27
Fed-batch 10 DA 35 25 2 44 0.13 0.43
Fed-batch 28 MBL 30 20 10 24 0.45 0.14

*NA, not assayed
®Percentage of total soluble protein
°mg of soluble thG-CSF/Agqp

rate, h')E Zt7F 0.14, 043 h7le] HEE o}t S o
Table 10141¢} ko] rhG-CSFe] Walak 747} 24, 4.4 mg/l
olgle}. ¥Al A £ =5 wh2A| slo wokdt A5 A
< W% 10X 7F Fell Agell M 352 §43] F7hslelovt
periplasm 22 1] W3 E soluble thG-CSF2] °F-2 4.4
mg/l, specific productivity’= 0.13¢ll E3}3}33v}. o] |3}
of A A £=F 0.14h'=2 WA wiekst A% FY thG-
CSF2] & gFo] 24 mg/lo] 91 2™ specific productivity =
0452 F713l9det. 3719 AA2NE v1EA] £55 0140
o 32 wioFsl Aol At foldingell E&S Fol
soluble 3e}2] rhG-CSF7} WolA]al 1 o|Ake] FA] Az
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U goh= 28 gelslsiv). 314, batch el = wijoFst 7
2 AA) periplasm $H 2] 15%¢l] E3}= H|-&o] soluble
Hel 2 B =g o TAAA ] Agell A 40l EFfdle]
o rth-GCSF] v #k2- 0.65 mg/lel v}

rhG-CSF] 4] alas /sy fsire 26 2
of] Fed3l= leader sequence?| FAHA Q] =t e} ¥
o] o] 7ed A 2E fdHo. AA| Kazuko 52
endotoxin signal sequence®] 741 o}r]|x:ARS WisIAA 3
o 3.59074A] thEGFS "#83& ST 7). £ A7l
Bl translocationol] #ed3}= OmpA signal sequence®]
TA om|xAbe B9 5o| Eae] 7S #4843l CN-
terminal ¥ central region®] Z}7] $83 7|5E = oy
AME X&) QTS S8led thG-CSF ¥4 43 &
of Ackl ol Assteler Az e

=]
o

[=) (=13
pvs =

Q7+ FH T AAJAHWG-CSF)= F5ol|A] A= g
WAz g37o X3t g YAE Rzl JEE g
7] AxgE hG-CSFe L3zt anel o3 3577405, F
Fo|AA] 35T FHAaF, ALY WEd FHEe 35
T A% T2 AgFe] U vk 2 ATelMEe
OmpA signal sequenceZ Arl3te] 17t 23+ AAUA}
(hG-CSFy’} v s =8 719+H T7 promoterol] £]3}ed
U= pYRCL1 HHFE & A Z383 T E coli BL21
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(aggregatesy= 3433}, olel] H3led 10 g/l glucoseS E3F
3l W3 MBL wiXolA 10 uM IPTGE F=E4=2 7
A7k 25°ColA wieFsldS o) A periplasm whA2)
15%7} soluble thG-CSFo|%ich. =3k, f714] wiekid& At
43l] E. coli BL21(pYRC1)el A soluble rhG-CSFS| A4k
27& 2AIE 7 sl Al thG-CSFS] i afe]
HIZALEE 043 h oA 0.14h7'02, % wieir]7he- 3
A 3kgto 24 rhG-CSFe| WraafFo] 4.4 mg/lo|A 24 mg/l=
27139t
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