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(57) Abstract: The present invention relates to a wa-
ter-soluble expression and purification method of a hu-
man GCSF recombinant protein having biological activit-
ies using an N-terminal tag, and provides a recombinant
expression vector containing a solubility enhancing tag
and a human granulocyte colony-stimulating factor (hGC-
SF) gene. In addition, provided are: a recombinant mi-
croorganism transformed with the recombinant expression
vector; a method for producing an hGCSF recombinant
protein (thGCSF); and a rhGCSF produced by the pro-
duction method.
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Ela]
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2 21 7F GCSF A Z 38 grull A o]

T84 28 % AANHE

7l =2 ok
SN LS o] 88 A= FA S 7R I Y A
= 71?1 A} (human granulocyte colony-stimulating factor; hGCSF) Al Z= % whull 2l o]
T4 e W AGA el g Zlo|tt
w3 71<
- A A =311 A (granulocyte colony-stimulating factor; GCSF)+=
=78 Z o] "l (pluripoietin) . 2 & & H o, WA S 2] 70%E T8
HPGTo YA B3 L V)5S Ao v 2ol gk Al A=
e F71-18, T & Y AF 1A}~ I (tumor necrosis factor-alpha),
X4 T} & Fi-(lipopolysaccharide) 2} -2 o] 2] 5= A=<l 2] ]
A 3 (macrophages), 4 F-0}A4l| 3 (fibroblasts) 2 W] 3] A| 3 (endothelials)©l 4]
W) T A o 2, Q17 GCSF(hGCSF)= 8o W
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£ 98l sQlH v BE of A5 AR A =1 L= 3ok A i F-o] o] ¢}
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o] &t =& aFA[ Ak FaL, L Foll A=A o r SATE R GA|EH]
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A of) ol &) A4 hGCSF A 223 ¥ 2 (thGCSF)-& A& gt
v o] § v}

Bl o Nk B 15 o] 83 Q1 7F GCSF A %35 whuld o] =84 dlg] 1l
QAo 73E A 0 2 A, N-te]] PDIC] b'a' =W Q B S =3 o)+
Yol gl 2 b =7 =715 <17F GCSF vl 2l 2 Bg) A A 8= HhH o
gk Aot} o] & A ARl Q17 GCSF @822 & ol ] $ 5 +(neutrophils) 2]
F7F =38 Yol A sl 517 A F(neutropenia) @] X S A 2 A F Q¢
gt s slo=

N
o & ob
T
L ol

%= 12 PDIb'a-hGCSF A WM E o] A2} 34 L EvQl F+xo] A LS
eI T}, (A) PDIb'a-hGCSF H & W E. coliol A 2] §3F vl kgl &

IPTG-F-54 T7 T2 2 H o &) 4% a1, Al npA=
s A & (ampicillin) ©] . (B) 771 &) 8% D}H“ 2 E(His6-, Trx-, GST-, PDIb'a'-
MBP-, PDI- & NusA-hGCSF)9] & 224 =5 v et

- 2= SDS-PAGE A& A}-2-3}e] 7709 Bl 152 835 hGCSF9 E. coli
ol tsf w4 gt ﬁJJrOlE} vkl uke 2 (A) 18°C ' (B) 30°Col Al 1 mM
IPTGE =¥ At 223 A e o, 20uge] F @A L 10% EY=-Ed 4
A (Tris-tricine gel)©l| fﬁ‘%ﬂ Ao A = e o1 E 7R 83 % hGCSF
A& Vebdth M, A Alol = abA; C, iR S 24 PTG 5 A9 &
A EZ G T, IPTG 7% %9 & AlX Sl P, 2391 X g & A9
S S, 20 A F Aol v,
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% 32 PDIb'a-hGCSFE B hGCSF2] -] ol tf 3+ A o]t} (A) A 74 9
A2 5 e (B) A 2 2 %8 ¥3 ¥ PDIb'a'-hGCSF+= SDS-PAGE®]
WA ¥ YT}, lane 5+ hPDIb'a' 7} A o] ¢Hd 81 A A=) ¢l E}b A&
bty M, A5 vFA; lane 1, =4 O Z?fﬁ/ﬂ IPTG % # & A X lane 2,
IPTGZ A ] ¢+ & Al 3E; lane 3, Al 3 253 A 2] F 584 ¥ 9); lane 4, His-trap
HP Z % & o] &3}o] ¥2] 3l PDIb'a-hGCSF §-3 ¥ 2 (59.1 kDa); lane 5, TEV
bl Baj § A 2 A vk hPDIba' B) L: hPDIb'a’ (35.6 kDa) 2 hGCSF (18.8
kDa); lane 6, & 2] ¥ hGCSF. (C) A+ HF-§ 2] hGCSF 2] & 9] gt His-trap
HP A& Alg-o] A=2nE 158 Y e hPDIba' 9 7 4 vh% hGCSF=
g ar7]2 FE8H FEh (D) 21" hGCSF2] HF 58 g<18}7]
Aste] sl F v 2ol A A A% 10% SDS 2 719 5= WY
M, -2} vk R, -9 NR, B] 8

T 4= MBP-hGCSFiTEi hGCSF9| ] ol th&k 2ot} (A) hGCSF 4 A
B o] ¥ A= E YR (B) MBP 31385 R IMAC A EnE 183 9] 3o
&) E. coliZ ¥ hGCSFE A4 A 5151 ). 10uge] & @22 10%
E g~ E 4] A(Tris-tricine gel)oll 2 % 1T M, w23 vFA; lane 1,
2T o E2AM IPTG F5 A & M XE @A lane 2, IPTG 5 ¥ & Al 22 o,
lane 3, M| 3£ -3 A 2] & 484 ¥ lane 4, MBP 23} %= A ¢ & AL-8-35}o]
-2+ MBP-hGCSF &3 ¥ 2 (63.3 kDa); lane 5, TEV w982 F-3] g 4o
A t¥ His6-MBP B 7L : His6-MBP (40.3 kDa) 2 hGCSF (18.8 kDa); lane 6, %] &
A A ¥ hGCSF (18.8 kDa). (C) 4 Al ¥ hGCSF2| & & ==& 821 al7] 93},
3k 25 el A A FAE 10% SDS A #7195 Aol M, # A vk,
lane 1, # <& 4 A ¥ hGCSF. (D) A o] 7o 2] gk hGCSF @A & A Aol o] gt
Aot} 224 G A FA F hGCSFS] Superdex 200 16/60 =L 2L E 13 -&
vebdich (B) Al ¥ hGCSF2] 28] oA A xS vpebdlch M, 215 v; lane
1 2 2, hGCSF= 10 mM DTT 5ol wha} sk = i et

% 5% hGCSF2] MALDI-TOF MS 4] 2 315 el Wit} (A) hGCSF (aa) 2]
E YA Fa HElo) = X% (B) 39 27l A #2] ¥ hGCSF2 MALDI-TOF
MS A 7}o| o},

%= 6% A ¥ hGCSF2] M-NFS 60 A 3ol tff ¢+ A &34 &4 2 Yeldit)
o] 2] 5 o] ¥-2] ¥ hGCSE7} 2524 Wi & ¥ M-NFS 60 4| £ 2} 3t 724 7+ 5ot
vl 9k %] %1 T} @: commercial \GCSF, A: MBP-hGCSF= Y+ A A ¥l hGCSF, [
PDIb'a' -hGCSFZ ¥ A A ¥ hGCSF.
49 ANE AT A 9
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dl A & vk Al 7] ]H@%%%ﬂ%o}oﬂq 7N N-2 53 Bl 1
& A} 3] 2~ E] © (hexahistidine; His6), E] . #]| 5 l (thioredoxin; Trx), :el—ErE]rX] g
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S-E W 23 2} A (glutathione S-transferase; GST), W E 2~ A F} ¢ 2 (Maltose
Binding Protein, MBP), N-©]-8 7] 2 ©11 2 A(N-utilization substance Protein A;
NusA), 217FGuhd o] 813} & o] A] 4 3} § 4~ (human protein disulfide isomerase;
hPDI) ¥ hPDI2] b'a’ =1 21 (b'a’ domain of hPDI; hPDIb'a')2 hGCSF2] =84
TS s A st o] S 4709 Bl @A, MBP, NusA, hPDI 3
hPDIb'a' 7} 30°Coll A hGCSF 83l .18 =& 3] S7FA Itk 218 2163l o
=4 I M-NFS 60 Al & ©]-83}°] hGCSFe| 242 5438t & 2=
- 83l

By 2 =84 a4} Bl ZL(solubility enhancing tag) 2 <13} 2} H - A A]
=21 21 ZH(human granulocyte colony-stimulating factor; hGCSF) f A A} & 3 5} =
Az LA E E A3 gho

B dbgof] 9loj A, 7] 84 & Bl 1= hGCSF Al =3 i d & =84
FelE GAAZ 7 A= Aol o= Aol & A g glo] o] &7lssttt o &
0], 7] 84 4 Bl 1= FAFS] 2~ E] W (hexahistidine; His6),
E] @ ¥ 5 A (thioredoxin; Trx), & EF] 2 S-E ? 2~ 2} A (glutathione

S-transferase; GST), & E 2~ A g w2l (Maltose Binding Protein, MBP), N-©]-&
712 @l 2 A(N-utilization substance Protein A; NusA), 917F @il 2 o] 313 &

0] 414 8} & A~ (human protein disulfide isomerase; hPDI) % hPDI2] b'a’ =1 <l (b'a’
domain of hPDI; hPDIba") & ] == 3t 5= it}

GAISHA=, 71 hGCSF 3 A= I T 18 FA 5= it dl] A=
A0 5taL, A7) Trx FAAE AU E 28 FA| = Ak dolar, 447
GST f- A= I & 305 FA == AabA dolat, 4471 NusA
MAMS 48 FA = Ak dolar, 47 hPDIba #d4b= A EE 55
FA = A DR AlE 5 0 & gt} gk, A7) hPDIb'a' f-7%1 Aki= hPDI
FAA QBRI AAE A2 hPDIFFAAE HDAHT 602 FAEATH
3 hGCSF ol At M A& A S 78 TAISFI T B} A8 = 2371

Az FAME = I 2] NEAEE = e EFOE P

o
1

=
A

= gl oA, “HE = FEFAAAES 22 DNAY U £27hHE
TSz E] A8 ¥ = 2 B H = DNAR-AE o v gt

o ol A QLo A, b d W e s B A9k A ML 54 S5 Azl A
A Vbt A 1Y S sk Bl A Ak HE =
FE el A2 DNA 242 ov| g} b v = nheh 2 8h Al = ahit o] 2]
A viA S 282 7 vk 37 v = SdH R e e
Aeld s SAs A=A AdR, dd Hskd A EE N FAAS
AFEZRE ED 7 = BE A ool g 1 2=
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131 A & (ampicilin), 7FHFAFo] Al (kanamycin), G418, & @ 2.7} 0] 21 (Bleomycin),
3}o] 1z nke] Al (hygromycin), & # 31 1 F(chloramphenicol) # &2 41 A
WA A7 ok, ool B AE ol Sl ol 48] 4
7}5 3ok
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[36] 217} u} o] 2] 2x(Tobacco Etch Virus; TEV)
A 238l &4 (protease) S AHE- A TE, A7) A 78l & A (protease)i=
Aol A B4 0 & AR 47 91+= Factor Xa T2 Haf g4,

Ul (Thrombin), ¢l €] & 7] U} Al (Enterokinase), S-8] 7] E€1-E-0] 2 vkl 2

# 4~(Ubiquitin-specific protease), + & (Furin), -1 2} -3l £.4x I(Genease 1)
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[37]
[38]

[39]
[40]

[41]

[42]
[43]
[44]

[45]

[46]

A F&f § 4 K(Proteinase K) 62 483 4= Q1 0.1}, o]of g4 ¥ =
=g & g7 AL e o] & A AE hGCSF A &3

woagol M AbE E A FE A )47 B Y AR S AR B
i H(Sambrook, et al. Molecular Cloning, A Laboratory Manual, Cold Spring Harbor
laboratory Press, Cold Spring Harbor, N. Y.(2001)) ¥ ZH =¥ 59 +&
(Frederick M. Ausubel et al., Current protocols in molecular biology volume 1,2,3,
John Wiley & Sons, Inc.(1994)) & 23 = )t}

e o] AAIE 9T FH

ols}, 3t7] AAl | & 8l & WS Bk Al ek AR gkt ok, o] 2 gt

AAdll o] 2 T o] G = Al oft

</‘a]}‘] cq] 1> tﬂ—&] o) E-]_g] ;q];_q- =] tﬂ—&]

hGCSF 7% AH(NCBI Reference Sequence: NP_757373)% 1= & 4 3} ¥ 9l a1,
attB1 AFo] E (5'- GGGGACAAGTTTGTACAAAAAAGCAGGCTTC-3; ¥ &
9), TEV @4 F-3f| &4 Q12] ALo] E(TEV protease recognition site; TEVrs,
ENLYFQ'G) & attB2 (5'-ACCCAGCTTTCTTGTACAAAGTGGTCCCC-3"

Az 10y AA = Ak 4 7] DNAE §H4d = 9l az, ek 2~n] = pucs?
(Genscript, New Jersey, USA)°ll A B2 &% 9t}  E 2] W E pENTR-hGCSF&
A 287 Y84, hGCSF §- A A& E 38h= & 8F 221 == pDONOR207
(Invitrogen, Carlsbad, CA, USA)ZE A 23+ ¥ St} 71 ¥, hGCSF} 24 Bl 152
ksl LAME & Al 2tekr] s A, pENTR-hGCSFe} 771 2] -4 ¥ ¥ ]l
pDEST-HGWA, pDEST—HXGWA pDEST-HGGWA, pDEST-HMGWA,
pDEST-HNGWA, pDEST-PDI % pDEST-PDIb'a’' Alo]el] LR A| 23 &2 &

Al inh B S an =52 AL DNA A DA o 4
glsk ar j(Macrogen Dacjeon, Korea), E.coli BL21 (DE3)Z & 2 4§15 it}

E. coli /| ¥ oM hGCSFE &4 I el = L&A 7]7] 9], hGCSF A & 2
N-Zeto] 77H /] B 1 - ZH(His6, Trx, GST, PDIb'a’, MBP, PDI ¥ NusA)&
F 8o 82 5 10 YRt TEVrsi= AA| 38 Toll £2sh7] |l 2
B 25 7 hGCSF Aol ol AF ] 5 At

M 3EE 2 50ug/ml ]2 o] 8w omL LB vl #| ol A 1l k31 Az, 37°C,
200rpmel] A 1] F3} T ODge©] ©F 0.4-0.601 ©] Z251-& W, hGCSF 5 &
ol A o] U S G157 YA, ImM
o] A 2 & _B-D-E| & Z g ¥ A = (isopropyl-B-D-thiogalactoside; IPTG) S
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A 718 ). 30°Co) A 5A] 7 F o ) 18°Col A 124] 7F S-9F )| ok &t o) zhzt
NEE FS8PtHE22 F ). & g 159 gdojA F ud 2 5o A

hGCSF&] &l s+ 33 - 68% Aol AL, 18°Coll A U] & Hdl 58
vt o g8 3= Bzl vk & o) upEla] Aol gl MBP, NusA, PDI 2
PDIb'a'e] 471 9] B} 71 Tl A& 30°Coll A &3l =5 338 7 A= 2A 2
¥ 1), =3 2] 255 18°CE W3 Trx-hGCSF 2 GST-hGCSFE] &3 ==
S7FAH BN 2B 2 X 1). His6-hGCSFi= 7 A 25 F oA B84 oA}
Sal = g g el 7)o 7] x38)e], By AEL o] & AT E 9§ A
270 9] §-gv+ A PDIb'a-hGCSF 2 MBP-hGCSF-3 A1 81 519 ¢},

[47]
[48] |
[Table 1]
ol 2] N-Zet 8] 15 7} hGCSFol wdl 3 3 83 =
Bl Bl A7) g3 A 9 (%) &3l 5=(%)
(kDa) i7] (kDa) 180C 3OOC 180C 3OOC
hGCSF |His6 0.8 23.5 43.8 33.6 - -
(18.8 |k 11.8 353 61.4 488 1983  |[5.0
kDa)
GST 25.7 49.2 41.3 40.0 78.4 3.2
PDIb'a’  |35.6 59.1 66.3 422 96.0 73.5
MBP 40.3 63.8 61.4 58.4 96.5 88.1
PDI 55.1 78.7 55.6 43.8 98.1 89.3
NusA 54.9 78.4 68.0 44.8 97.5 89.5
[49
(50 <A Ao 2> AZT hGCSF B8 L AA|

|

|
[51] 1. hPDIb'a'-hGCSFE -] hGCSF9| 2] % A A

] hPDIb'a-hGCSF2] 23l o) 1o A, 3x5 mL HisTrap HP column (GE Healthcare,
Piscataway, NJ, USA)& 47| &3 @2 S F-2]5t7] ¢ A dA ol A
ALttt A ek el ol s Aels W skt o], A7l &3f = (lysate)
| N AEeta v 5ol A A& BF A As] A Al H s (50mM
Tris-HCI, pH 8.0, 500 mM NaCl, 100 mM imidazole, 5% glycerol (VIV) =
S Bt} hPDIb'a-hGCSF= 500mM ©] 7| Ut} (imidazole)©] 3 §H¥
245 N (50mM Tris-HCI, pH 8.0, 500 mM NaCl, 500 mM imidazole, 5% glycerol
(VIV)) S AHE3o] 855 9 a1, 541 2h(Viskase Corpration, Illinois, USA)<- -3
F7] NaCl € 9(50mM Tris-HCI, pH 8.0, 5% glycerol (v/v)).2. & n.3+E] At}
A - TEV Wl 7-35)] & A (protease) & 1:202] H| &2 3le] TEV W2
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[53]
[54]
[55]

[56]
[57]
[58]

8l & A (protease) = 18°Coll A 12A17F & A W5t 1 3, A g2
Aol 33k 3 of] A% ¢l =], 10kDa 52 % (Viskase Corpration, Illinois,
USA)< 53|l HisTrap 2% 59 (50mM Tris-HCL, pH 8.0, 500 mM NaCl, 5%
glycerol (v/v))oll 7+ A}, A3 €F5 (50 mM Tris-HCI, pH 8.0, 500 mM NaCl,
5% glycerol (v/v)) 2.2 3] A $] % v]]-2} 7] ¥ HisTrap HP column (GE
Healthcare, Piscataway, NJ, USA)= A5}, & A 7F gha ¥ A58 2x5 mL
IMACe 2315t &9 W] oh& g d &= tF 2 7], hGCSF+= Ni

A A (resin) 2] &} =7F $Ear, 50 mM ©| 7| TF < (imidazole)(50 mM Tris-HCI, pH
8.0, 500 mM NaCl, 5% glycerol, 50 mM imidazole (v/v)) Al & ol 2]} 5 7] HisTrap
Axlo| A WolHdrh, AZnlE 190l 7] 23}, hGCSF @A & 2Hd 2 6] 3k
Z738el A 10% E 2] 22-E 2] 2 (Tris-tricine) SDS-PAGE ¥-41 & 53 g<l&} it

2. MBP-hGCSFZY-E] hGCSF2] ¥&] 2 A A

MBP-hGCSF &3 @22 s A 7] 7] 918l A 18°Cell A 12A] 7F 5 <?F 1 mM
IPTGZ 53} MBP-hGCSF & £-& 500mL -1 &}51 T}, 3,500 rpmeol] A]
30+ o Al ste] v gE AEE Eeldth 1%, 2Rl A (pellet) S
100mL MBP 2 & ¢+% 91(50 mM Tris-HCI, pH 8.0, 0.5 mM EDTA, 200 mM NaCl,
5% glycerol (viv))ell A/ AEAZ 3L, &N o] &b 3] 58 a2 w7h=] 2pdA| 8o
Z2- 94 8] 8H a1, 15,000 rpmol| A 204 FoF A ¥l AR Z
o] 75k 2 9] 8-3]| & -& 2x5 mL MBP Trap HP (GE Healthcare, Piscataway, NJ,
USA)°l MBP 23 ¢+5 < o = 33 3} ¥l AKTA Prime Plus machine (GE life
science, NF, USA)& A-&3to] 4835ttt v 5o A<l A% vl 2 A%
k=l o g A o)Wl 31, MBP-hGCSFE= ZE 25 ¥ 335t 95950 mM
Tris-HCI, pH 8.0, 0.5 mM EDTA, 200 mM NaCl, 5% glycerol, 10 mM maltose
monohydrate (v/v)) 2.2 &3 th AZnE 192 7] 22 MBP-hGCSF&
WAl 10% E¢] 2-E &) 21 (Tris-tricine) SDS-PAGE -4 of] o] &} gF<13}3] o}
223 MELS NaCle] HF 5571 50mMe] € wj7bA] 341819 2, TEV = )
4 2 Ak hGCSF A A 74 -2 hPDIb'a-hGCSEFE B hGCSFE A wa}hi=
W I F LA 3 H A TE hGCSF $5- 912 PBS ¢H5 ol o2 133t Wt
ol e} o} 2 H-E] hGCSF @A & #2351 7] Y siA], Al 2 A ol A 2.2l
hGCSFZ PBS €59 (137 mM NaCl, 2.7 mM KCl, 8 mM Na,HPO,, 1.4 mM KH,
PO,, 5% glycerol (v/v)) “32] gel filtration superdex 200 16/60 column (GE
Healthcare, Piscataway, NJ, USA)°ll 2 Q)i th A2 vl E180f 7] %23},
hGCSF @A & & 2 13k 2738} A 10% E 2] 2=-E 2] 4 (Tris-tricine)
SDS-PAGE #41-& &3l glst3it).

3. SDS-PAGE ¥4 ¥ 21 ¢4
9w W= 2 84915} 7] 913 coomassic blue R-250 (AMRESCO, Solon, OH,
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[59]

[64]
[65]
[66]

USA) A 2l 8taL, 10% E 2] 2~-E 2] 4 (Tris-tricine) A Aoll A vl 2l o] x| 7}

7EA 8 E o) W 88| = 2 5= Imagel program®l] 9] 3l A 23}l o)
AW A 98, Ee] ol oln| = Al(polyacrylamide gel)S Fixative Enhancer

Solution®l] 20%- Fet @o & nIA =5 ZI7FA 7| a0 G A z}o) 5 EHAl 5] 3}

AMA 752 Aol Wt} silver complex solution, reduction moderator solution 2

image development reagent (Bio-Rad Laboratories, Hercules, CA, USA)< Z}+2}

A7sho] 91l R kA whe-g A3, 5% ol A EAL S0 2 Hheg

sEA AT

4. A3}
(1) PDIb'a'-hGCSF& - E hGCSF A
PDIb'a-hGCSF= % ¥ hGCSFZ 7] YA, 7 He IMACS H 2 GPCE

YA THE 3A). ¥ o A}%lﬂ N-Z¢ B 150l 3= 27 His6 B -1 &
5 eﬂg} AL e B IMAC7}F 7Fs 6 Sl PDIb'a-hGCSF &2t 1] =8 e}
T IPTGR F 2= a1, - = A oh(= 3B, @1 2). A= &8l A,
S 2o 7] el YA E-H A T(E 3B, 99 3). 1 F, A5 NS Ni
ol 28t a, Al H T4 o] A3t WAL 8259 thE 3B, 9<l 4).
= e R XﬂﬂﬂMﬂﬂr o] 73] C’#ﬂA e
AT th2 @ d W= 5o EAghel| & £ HE A= TEV ¢
o
af

M XM g% ofn l-H

359l ). o) -5 2] PDIb'a’-hGCSF+= TEV Y82
A Ath(% 3B, 19! 5). PDIba’ Bi-L, 1] ¢ PDIb'a-hGCSF

W3 OHE M = oo il ox X W

B a4 A A YA, 23} His—trap HP column-S
k¥l hGCSFi= Ni Aol oFstAl 23818l a1, 50mM

o] 1| t}E(imidazole)dl] &% 3t} ol BoEES Al A 0}71 AfA, MEEE
Superdex gel filtration column®l] 2 &} 31 ThH(% 3C). hGCSF= $H%13] #2851
4 hGCSFE 95 5= A& 3B, @ISl 6). - 55 S A3 YelA, s+
x| A A ¥ hGCSFE] AW A& =319l a1, A 7= hGCSF7} &3} Al
AAE D ohE AL VEFA T 3D). 1Le] A X kel A <F 11.3 mgel =253
hGCSFE TR 2).

(2) MBP-hGCSFE -] hGCSF A A

%= 4A= MBP-hGCSFZ B hGCSFE A A 8}7] ¢t 2 A 24 Q1 34 &
Yebdlth hGCSF B A Aol Q1o] A, MBP A &ntE 1y o] & vhA| = vula
E 38 2 E 9F 80% 2 MBP-hGCSF &3¢l 48 ¥e)8)= 7l o] th(= 4B
A 4). 1 F, TEVHRARF G AE 2 F5(TEV : 14 T2 (1:20) %
MBP-hGCSFell #] 2] 3o A w3} 31, hGCSFIH2 2] 313 th(%= 4B, @<l 5).
TEV A% <, hGCSF U A 7} 41 o 9= == (hGCSF @A °F 92%
F3HS NiNTA A 2vtE 183 S E-8 50mM ©] ]t} (imidazole) 2 Al & &)=
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[67]
[68]

[69]
[70]
[71]

[72]

[73]

[74]

A S A% hGCSF @A & A T}, Superdex 20022 hGCSF WA & H-2] 3
A3}, 330-370 mL 2] 7-#] &% (retention volume) & & 8- tfFH-of ¢l o
hGCSF A SITHE- 4B, #1191 6 B & 4D). hGCSF Al i= $k<1 5L 6] $h<)
27104 SDS-PAGE -2 ol o] &l 1 ¥ li=tl], H & A&l Al xho] o] g 9
°F 2% B =7 A E A K 4E). A 94 23 hGCSF £ 5+ °F99.8% =
I E TR 40). 119 Al 32 i el A oF 10.2mg2] 5578 hGCSFE D I ThaE
2).

X2

[Table 2]

AA HA PDIb'a’-hGCSF Z %-E] hGCSF [MBP-hGCSFZ -8 hGCSF
A A A A
55 5% ( |hGCSF|TE(% |5 % |=%( |hGCSF|FE(%
A (%) (mg) | (mg) |%) (mg) |)
(mg)

Cell weight 1500 |- - 1500 |- -

118.8 |759 |26.6 |-

Supernatant 140 69.1 |(30.8

I*Chromatograp |71.5 [73.3 |16.7 |54 79.8 |88 207 |77.8
hy(IMAC/MBP)

2rdChromatograp |11.4 (99 113 [36.7 10.3 |99 10.2  [38.3
hy

<A Al 9] 3> hGCSF ¢l = £ 2l (endotoxin) &4

2] H hGCSF & 0 2 R E] A EELES A At 918 Triton X-114
(Sigma-Aldrich, St. Louis, MO, USA)E & & # 5 1%= AF8-38}%1 3L, 4°Coll A 303
5oF A28t} Triton X-1143= 420 A A &S b3 A7 T =15 a1,
12,000rpmell A 103 & ¢F A2l ol o 8l A A3} T

T4 g o] Zof EEA-E 54317] A8l A, Endpoint Chromogenic
Limulus Amebocyte Lysate (LAL) ] & (Lonza, Basel, Switzerland)< 3] 5} 31 T}
7145 H7sh7] Hell, LAL 2 hGCSF A &5 231383l 3L, 37°Cell A 103 &<t
23T 1 %, Sk Al 9K(25% viv glacial acetic acid)S & 320l F 7138 ok
WZ ¥ pNAT 405-410 nmol| A -3 F = A 2 439

Triton X-114 A 2] 3, £A W} Zkof ol = F-Al9] @k 0.1 EU/ug Bt} Skt
o]z A A o2 sz hGCSFE] 552 32} v w ke (< | EU/ug), E.coli
2RE e E Sl E 2 A= v e Aot
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[75]
[76]

[77]

[82]
[83]
[84]

<A Al ¢ 4> MALDI-TOFMS &4 o] ¢ 3 A ZF hGCSF2 &<l

A atol = Ag-E F<lsetal hGCSFE 545t~ 9124, MALDI-TOF MS
Aol = Ak 10mM DTT &7k -7l ube} 3kl 2 n) 3kl 23 sfel A,
E 2] & & 2o} A| E Al(trichloroacetic acid; TCA)®l 2] 3l hGCSF7} & A & a1, 1A
2+Z91(0.5 M Tris-HCI, pH 8.0, 5% glycerol (v/v), 100 mM NaCl, 1 mM EDTA, 1%
SDS)°ll =81 50 mM IAAZ 1A ZF &<t o] 557 8o A 2] ¥ 21t} SDS-PAGE <3
2, hGCSF & M= & Al 2 g 2yl a1, #| 3 E 7] A (chemotrypsin; Promega,
Madison, WI, USA) 2. & 37°Cell A WAl Lo A @3} Sl o),
a-A| 0} -4-3} o] =5 A Al LB Ak (a-Cyano-4-hydroxycinnamic acid; CHCA)<
] E ¥ 2 (matrix) 2 A AF8-3F3 21, MALDI-TOF MS 7} 2 Voyager-DE™ STR
(Applied Biosystems, South San Francisco, CA, USA) & 4700 MALDI TOF/TOF™
Analyzer (AB Sciex, Framingham, MA, USA)& o] -&35}o] =8 5t} FlElo] =
%2 Data Explorer TM software (Applied Biosystems, South San Francisco, CA,
UsAyell o sl #2415 3l

33k o). ¥-¢) ¥ hGCSF2] MALDI-TOF MS -4 A i}i= tf 3 ¥-o Eg Al

¥-3 glEelo] = A gFo] hGCSFe} #dE Ao #SE Ak 5). P20 A,
hGCSF2] 57) Al =8¢l Z7] 5 C197} 48 Q1= T2 $NEfo] = W o]
o] @ o} A| E o1 = (jodoacetamide) 2} 4 315k f-2l H A2 A8 (&

5B).

<A A ¢ 5> F A Y hGCSFY] A&7 &4 54

1. M-NFS60 A 3 1l &

M-NFS60 Al £5=3= 7174 & HFALel 714 Al 52 3k 21, RPMI-1640 medium
(GIBCO Invitrogen, CA, USA), 10% - El| o} & % (fetal bovine serum; FBS), 1X
7 Y 4 H (penicillin) 2= E 5] &1} 0] 4l (streptomycin) (GIBCO Invitrogen, CA, USA)
2 0.05 mM B-™ 71 E o] ¥F-E-(B-mercaptoethanol)©] 3 $Hl nl| x| o] A wl] &} T
A EE-L 5% CO,, 37°Cll A F-A = AT},

2. A% -4 (Colorimetric assay)

M-NFS60 Al 3 7ol A 7 2] ¥l hGCSFS] 270 #-4] & WST-1
(2-(4-Iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt) %41 (Roche, IN, USA)S 7] % & 3}t v dH A X ES v
M2 7} 7 96-2 Eel| o] Eof] € 3x1042] R = 5 F 3 th. M-NFS60
A3l 2le] hGCSFE] o &= 2AFsH] f el A, 2442 & 5 52(0.001, 0.005,
0.01,0.05,0.1, 0.5, 1, 5, 10 ng/mL) 2] hGCSF= 7+ 99 <& 23] 100ulE 3}
A A7 Tk 7241 | &F $-, 10ul2] Cell Proliferation Reagent WST-1-5-
A7retlar, o w7 shed 37°Col A 1A & QF Whg- Al Z T #HF 4] 2 = 450nm
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[85]
[86]
[87]

vl A o] 332 A E ELISA plate reader= 57 814 U}

e

A3

2] ¥l hGCSF9] A &3}1%] %“é% gelstr] fali A, E4 MW M-NFS 60

A E 9] F21& WST-1 assay = =74 ¢+ 2 3}, PDIb'a’ == MBP B 12§ #2€

hGCSF:= /\]—?j 2 o 2 ) 5}i= hGCSFe] A & 384 ELHJJF FAFSHA Ve TH
L 6). 24L& 1 pM ol MY 7]k o2 F7FebS AL, H 4k 80 pM

HEZoldth AFgl A o & A5 3= hGCSFE] ECsy 1.62 +0.19 pM©e| 93z,

PDIb'a’ B L2 E ¥ ¥ hGCSF2| ECsy 2.78 + 0.27 pM©] 2} 2., MBP

Bl 22 5B A A ¥ hGCSF2] ECsp S 3.49 + 0.54 pMo] A THHill Al5=3= 242} 0.73

+0.21,0.71 £ 0.29, and 0.67 £ 0.21%)).
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T84

T84 3 Bl ZL(solubility enhancing tag) 2 <13} 2} H - YA
5 %1 Q1 A} (human granulocyte colony-stimulating factor; hGCSF)
FAAE E3ehE XH Z3 A Wy,
Al 1 el ol A, 7] =84 FY Bl 1=
Bl 2.9 %/\J(Thloredoxm, Trx), = FEFA] &
S- E Wl 2~ 1 2} A| (Glutatione S-transferase; GST), N-©]-& 7]d ¢hulA
A(N-utilization substance Protein A; NusA) 2 Q17 duia o] 83l &=
o] /d d 3} &4 b'a’ =1 ¢l (human protein disulfide isomerase b'a’
domain; hPDIb'a) & ©] F o] 7l 15504 Ael ¥ of = 52l A&
Ex 0% 5= 423} uhel g
A 1@l 9lol A, 4471 hGCSF Ak MW T 12 FAH =
AL AR AL Ex o7 )= A 2T 3 g,
Al 2 el 2 ov1ﬁﬂﬂxv AAb= M LAHT 27 A H =
GST fr A= A EHE 302 A ¥]=
usA FAAE A EHT 42 A H &
PDIb'a’ - A A= A DT 52 A= =
eR=4 o}_‘ ;(HZK]— tﬂ—g:] H_]]‘Ei'

Az HANE = & a9 MEAEE

SR ES R
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Ky m

ox, ool
oft

19 hGCSF § A4 7F 38 07 T2 (gene
construct) 7} 25 A 3£ 9] ¢ A8 A Ujof] A9l ¥ o] 9= A %3

u] A&

A 9 8ol Qo) A, A7) 84 A} gl 1=

E] 2 7 %/\J(Thloredoxm, Trx), & FEFA] &
S-E W 2~ 2} 4| (Glutatione S-transferase; GST), N-o] -8 714 chul 2
A(N-utilization substance Protein A; NusA) 2 Q17 duia o] 83l &=
o] A3} a8 A b'a' &1 <l(human protein disulfide isomerase b'a’
domain; hPDIb'a) & o] F o] 2l “1F oA A el o= 3}l AL
Egom s ARG AR,

Al 6 g = A 9 el whE A 23 |

&g Bl Z1-hGCSF A 23 g 24 & T3 A ]
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A7) W H 484 F4) Bl Z1-hGCSF Al 23 vl A o] A =84
T L E A ke 9 2
A7 84 & Bl L7 Al 4 ¥ hGCSF A &3 @l S
3] 4=8hi= WAl & X815} hGCSF Al =3 vl 2 (thGCSF)
A AR,
[7d -3 12] Al 11 3ol QoAA, 71 84 & Bl 1=

E] @ 7| %5 Al (Thioredoxin, Trx), &7 EFX] -
S- E Wl 2~ 1 2} A| (Glutatione S-transferase; GST), N-©]-& 7]d ¢hulA
A(N-utilization substance Protein A; NusA) 2 <13+ ¢huilal o] 213l &
o] A3} a8 A b'a' &1 <l(human protein disulfide isomerase b'a’
domain; hPDIb'a) & o] Fo] 2 “1E oA A8l of = 3}l %2
£ © 2 hGCSF A 23 ¢ 2 (thGCSF) A 2.

77 13] Al 11 &ell & i ol of s A4k hGCSF A =%
ol 2 (thGCSF).
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[Fig. 1a]
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[Fig. 1b]
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[Fig. 3]
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[Fig. 4]
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[Fig. 5]
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[Fig. 6]
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