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7 Y9 AE 43721 xK(Vascular endotherial growth factor, VEGF)= d¥ Ful-& 2gou g3 Al ddd o
WMAZ QNG 0F 219 JlgAo] =t o] WhilA e uEeel VEEE A oR ggaite] dasitt fHlFE
T W E 2ek 20l LaiA717] Sl vheket 23S AT, pHeF WAl WsHE Al=Esit) BL21
(DE3) i<t SA3E0lA] pET28-a WMEIS ARl A3 tldats AlZsted, 20 L] 3i-2] vjfo R 14 glse
o] M|zuleRs It 'Ha FUBPI &4 2allo} AR DAE 235 4910 AzrkET Y 3o w Y 4
AP VEGFE AL #0199 gz 2 M 229} pH10 23k 27104 VEGFS] A7} 71538t
AT}, 22| Ni-affinity I ZvHE T2l AY-S o]-galo] a2 Qe o|5hA3} 3788 53851 th. DEAE (Diethyl
Amino Ethyl) 5012 wg A%S 53810 A (multimeric, misfolded)H} A3} endotoxin A4 & 4= ASITk. A ofs}
FxnpE T HFE o]8-810] dimere} monomerE ] 3to] o|#A|S} VEGFE A|ZsI3itt. % VEGFS EA4EM&
SDS-PAGE (Soidum Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis) 17195, RP-HPLC (Reversed Phase High
Performance Liquid Chromatography)® 2 3191 <=%= 97% (RP-HPLC7]5) & 4%t

Abstract — Vascular endotherial growth factor (VEGF) is a potent mitogen that stimulates vascular permeability and
angiogenesis and has a potential in therapeutic applications. An industrial production method that provides high yield as
well as purity is needed. Researches for various factors of mild solubilization with combination of ubiquitin fusion pro-
tein to increase solubility were carried out as well as by changing pH and denaturant concentration. Usage of pET28-a
bacteral expression vector in BL21 (DE3) host cell was capable of producing approximately 14 g/L. VEGF fusion protein in
20L fermentor. A purification process consisting of four chromatography steps including refolding and digestion with
UBP1 resulted in mild solublization under the conditions of 2M urea and pH 10.0 due to ubiquitin fusion tag protein that
increases in solubility of target protein VEGF. High yield of refolding and dimerization could be obtained between two
step Ni-affinity chromatography. Multimeric and misfolded proteins and endotoxin were removed by DEAE anion
exchange chromatography. Final monomers were removed from dimers by gel filtration chromatography. Characteriza-
tion analysis of purified dimeric VEGF was performed using SDS-PAGE and RP-HPLC with a purity of 97%.
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A M2 472 A (vascular endothelial growth factor,
VEGF)&= 11¢tell A9 7142 8422 FoFA =7 E e o
A& 25t o] & 8 ¥ F I R (vascular permeability factor :
VPF)et 3F31 3, 71 5 oleh= A o2 I AE S48 2
ol the AR} HstgA oA 71218 folliculostriate cell
ol =] o]F FafiF IRt SIATH]. 22y Fo
o] 7 Tz o] ot it WL S AL A¥ Ut 72E VM
ol grsi g o, Ayhfu ] 23 aFae] Bofdith=
ARdo] G Frh2).

VEGF:= “dA|olA 2] A8 & 787 (angiogenesis Wi o 2}, vl
oAy of| A ¢ o ke (vasculogenesisye A= 75k EO|
21 MAEEY A= ARFo] # TFE platelet-derived growth factor
receptors (PDGFRs), epidermal growth-factor receptors (EGFRs)
I} oA &2 8- o] FA| 3, Bfo] 241 1AbstE A o] 8433},
ATz o] EAAOIE @A 5o 7S el 2 E ), ol

%z‘;ﬁ H]EO]%, /\g_%_ %:}\1 to _[Q’_tll- '(55]/\-]61— 2= 0l /1\_]__—3‘,_% @

[o

T, =1 o 2= o= T M
el dAEIYS 2dsks 7155 7HITH3-5]. 23, VEGF=
& g ol gt et MEEE AR EEA, A2
A2 TS sk YA THof| nlaElEho 24 VEGF:=
TS, WEE, G 5 dEX ALY BE TR GAEedA
HAE = Ao w8 B3 QAR 07 7172 ulael 17k & ololA
VEGFAES & A% Y X858} Zdde] A8 7hs/do] ATHe6]

P

VEGFE 0] 8| (dimer) @A 24 E-4%52] 73-$- VEGF-A,
VEGEF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, 1
Al (placental growth factor)Z 2H1% o] 9131, o] F A%t VEGF-AT
Gl ol 718 LA Tolstal o] 52 2 2 A] ¢l 8719
cystein o Ak A7 5 B {81 11 F 270 A3 S 7 Ak
A4 o o]3s} AEsto] dimersH A Aol Fofst, ZH2 A}
£¢] VEGF-121, 145, 165¢ I8 02 &%= 8314 isoform©]
31, 21 AEZ2] VEGF-189, 206:> AI3E3EH 9] ollA] VEGF C-Zdke]
X3 GV otml Atz AR S| gto] AlaEulg XA Aol &
Zrw|o] EA)5h, o]F VEGF-1657} 713 Ho] Wl s = ez
FFANBA FFoIt Mol & vEeRdtaL $1t}H7,8]. VEGF-165%
1657} o} :=2ke] monomer 2717} o] 3} A esh= G| = o] 5lo]
g 3go)t}. VEGF-165% oF 45 kDa2l #-2FS 744t 9, o]
22 pl 32 7.60]tH9,10].

VEGFE 8¢ 3 Ao vk Adde] dys2ow
AREE O] ghth T84 VEGF1655 $-3E thiiael S| 2 3]
Tl W 7HEskel A e A 2T e &
A Ele] A7t Ay AT 2, AEEe
chotropic agent (Guanidine-HCI, Urea)$} 2 #l(2-mercaptoethanol,
DTT)E o]&3to] EA A5 &-allst=ul, Scorfanit=[11] 7 mol/L
Guanidine-HCIE A-£-3}91 T Keyti=[12] 8 mol/L ureaZS A}-&-5}
ojA] 7}HE-31= 3FIt} B homodimer 43S 913t A543 W o=
FAE T2 Al ol FHA & S 2 &3 Wl digt
oo ® ofg] 744 H7kA| Abg-o] A= gt Pizarro= [13]
VEGF1652] 2|58 AlAI= ok AAkel] Adg-aolck. gk 7He-she)
AR shhe] 3 oz J3sitt 3L H1-g-7] QoA 1 M urea,
10 mM CHES, 100 mM L-arginine, 5 mM EDTA, 15 mM L-cysteine,
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2 mM dithiotreitol (DTT), pH 9.8 73} RS 314 rpm, 7]
AFHE 5 mL/minz 494 BiHE 98 A8S it €5+
RP-HPLC”]<% 84%, SEC (Size Exclusion Chromatogarhy) - HPLC
71 99%34Tt. Shen[14] A1 37 o] We3lks Alkzato] A o],
ol 23 A2k TS AM-E1] VEGF1655 Tt O 25 -E]
AABIGITE o] 2w 3 R rkE 8T whild Hejoa] HEo R
ARGEE ARPEETY T Etolr i dFellA £ F ol
ARE-EITH15].

2 Aol Al3= fusion tag systeme Aol = sFe] -4 A 2]
A =E Folu s ARrtETHTE AHE-Sl7] 218l Histidine
tags Q15T §% @l 2 Maltose-binding protein (MBP),
glutathione S-transferase (GST), thioredoxin (TRX), NUS A, ubiquitin
(UB), small ubiqutin-related modifier (SUMO)°] =1, Ao
AR Ubiquitin 76712] ofu| iAo 2 A% 212 guldo|t),
Ubiquitin & o] =902 st g3 % 7Id-& A E3FSIT).
o]= W2 F % 9] denaturants % detergents”| E3HH 718-3} &%

g9l A1) Fhsai.

2 NETE 2 W

g

2-1. Mzt UEHEo M= H AEXE =0l

AEw Al EFRR] T 245-E] pGEMT-easy vector®]] ubquitin
-VEGF165 gene©] 4] ¥ 775 &% ¥3k31 DNA Extraction
Mini Kit (Clonetech)E ©]-&-3}%] plasmid DNAE &R 33T} &
& #E] 2] pET-28a vector (Novagen)®ll Cloning 317193l 441 s)
% thFig. 1(a)). 1745 = PCR product ¥ 7149 & t}3} 2}
(Fig. 1(b)).

Insert gene (Ub-VEGF165)2} S 24 Vector (pET282)5 Sacll/
Shol A %8 2 (Takara)e ©1-8-3F 242t 37 °C 2A13F HEgA |3 0.1,
agarose gel 17195 &l 2 A7E A3t Fld AS
FZE3t0] TY S Sacll/Xhol A2 E 2717} vectorE T4 Ligase
Enyme (Takara)< ©]-&3to] S 38 th AEE MES
DH5a competent cell& 018 sto] A1) S B3l FAH3 3t
glom, Kant Agu|R| oA 22U E Agsqict. dad F2Y
o4l DNAE F%&3t0] T7 Primers §-5k0] Al Alste] &lst
St} &<l¥ pET28a-Ub-VEGF Plasmid2] 1233 S )3 BL21
(DE3)ell FAAEAZIT. v A] (Kant)olld Z2YE ER13131
i, 59 F2UE 101E Fsto] 3 HIAEES SISt 2] &=
Z Y+ E (0D, optical density) 0.8 7F4] W ¥8}31 2™, IPTG
(Isopropyl-B-D-thiogalactopyranoside, LPS, 367-93-1) 1 mMX*x 5
AE fFEERelth 94 - SDS-PAGEE Esto] Has El

spoict.

-—

=
=

2-2. B|2A] H{QF I

1A} Zuks A8l B | AT Ot 5 F2Y IE
kanamycin (100 ug/ml)°] ++¥ 2 ml LB %] (Difco)oll FHEslar,
A=k ekr) 8] A 28k, VS-8480SR)IA] 37 °C, 6213, 100 rpm Hl
¥t & 0D 0.7914 22 Ful k] 200 ml LB X] (+kanamycin
100 ug/mh)ell 1/50 (viv)2 35t HE 5 37°C, 150 rpm, 10A]7H
BBk 2 aFch. 2 k2 f18ke] 30 L vl (G@mtel
2 ®)of] 20 L working volumn, 2 vvm &7 %, W {F7] 4% 180 rpm,



3 DS o83 AT A DHIAZ ARIAE] AAITA s 371
PCT.product (T7-TTter) : 930bp
Sacll Zhel
T7 || His T7 terminate
__'____--————E Ub || VEGF ‘L_——-—-__A____

'r:'ﬁf_'_-.-.-_—_-_-__ pET28-Ub/VEGF D

(a)

1T TNCTGGAATTCCCTCTGAATATTTTGTTTACTTTAAGAAGGAGATATACCATGGGC

|1-> Trinscription start

61 AGCAGCCATCATCNTCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGCAA

6 X His
121
181
241
301

361
42
48
54
601
661
721
781

—_— - -

841

I-= Ubiqutine gene

ATTTTCGTCAAAACTCTAACAGGGAAGACTGTAACCCTAGAGGTTGAATCTTCCGACACT
ATTGACAACGTCAAAAGTAAAATTCAAGATAAAGAAGGTATCCCTCCGGATCAGCAGAGA
TTGATTTITGCTGGTAAGCAACTAGAAGATGGTAGAACCTTGTCTGACTACAACATCCAA
AAGGAATCTACTCTTCACTTGGTGTTGAGACTCCGCGGTGGTGCACCCATGGCAGAAGGA
Ubiquitin gene —>1<{- VEGF165(1110~)
GGAGGGCAGAATCATCACGAAGTGGTGAAGTTCATGGATGTCTATCAGCGCAGCTACTGC
CATCCAATCGAGACCCTGGTGGACATCTTCCAGGAGTACCCTGATGAGATCGAGTACATC
TTCAAGCCATCCTGTGTGCCCCTGATGCGATGCGGGGGCTGCTGCAATGACGAGGGCCTG
GAGTGTGTGCCCACTGAGGAGTCCAACATCACCATGCAGATTATGCGGATCAAACCTCAC
CAAGGCCAGCACATAGGAGAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCA
AAGAAAGATAGAGCAAGACAAGAAAATCCCTGTGGGCCTTGCTCAGAGCGGAGAAAGCAT
TTGTTTGTACAAGATCCGCAGACGTGTAAATGTTCCTGCAAAAAAACACAGACTCGCGTTGCAAG
GCGAGGCAGCTTGAGTTAAACGAACGTACTTGCAGATGTGACAAGCCGAGGCGGTGACTC

VEGF165,(~1607,) —>I

GAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCCGAAAGGAAANCTGA

(b)

Fig. 1. Schematic diagram of the recombinant expression vector pET-28a with Ub-VEGF ¢ gene and sequence of amplified PCR products.

Table 1. Media composition used in 20L-scale fermentation

Component Concentration (g/L)
D-sorbital 15
Yeast extract 10
Casein peptone 5
MgSO, 0.2
(NH,),HPO, 0.75
KH,PO, 5.5
Ctric acid 0.2

¥ 0.3 bar pH 7.02. 2 BtFo] Eokt}, ko] wjx] 242
Table 132} 22t}
22k FolF S 7] Qbell Ao R HEAT HE F
UV spectrophotometer (&4 Al vF=, UV-1700)2 ©]&3F] OD
3.0~4.0714] A2 3 . A sk= oDtell =gk HE 1 mMrt
T FEAZA IPTGE ol8-8ko] freAlZith. 525 ARt
H2 B oRS AP BR1sE A 4AIZHAIFE FU s HHRS W

of Fl SARWIA] xS frAlskol et

2-3. VEGF165 =2|5H|

2-3-1. AIAZ 3k 2} 2] A (Inclusion body, 1B)3]<5

njjoFolof A & A4 R2] 7] (3FdAFo] 1A, tubular separator J-
1050)2 M EZ 3530t} 3l9 A E= 298 g o], AIE FA17F
15% (Wh)E=7F 5 =5 2h5-8-9(50 mM tris (J.T. Baker, 4109-02),
5mM EDTA (€]4}), 100 mM NaCl (27 313), pH 8.5 o] -&5}¢]
AFFAIZ T, A|2E7E 48] Fo14 wj7hA] @EA A homogenizer
(HS-2008)2 &3] 228 900~950 bar7kx] AsHad HEES
AT} 0] RS F 33] vkESla, 1 5 Av|ES gelsto] vt
A -5 A s o] Bu g A gs] S5k, SN
o] &3] 202 Mg T HFEE) 1%7F HIEF triton X-100
Grhe A7 A7 5 3 s FA8HAA] 30 min B2t
WHHS AL TR S AR 7] (SFIAR A2, supra22k)E
°]4-51] 8,000 rpm, 30 min, 4 °C 10 & F] F FgAn} A
e we] AR EAA S ETE HE 10% (w7t SIS Al e
Z8-H(50 mM tris, pH 8.0y o]-&-3to] AF-HFA1Z1 F el &
slo] s & AAZ. o] S F 33] AAIske] T triton X-
1005 Aol 5= HF F414] 80 g LTt
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Homogenize cell by high pressure

¢

Recovery of washed IB

¢

1st His-tag chromatography

¢

Digestion by Ubp-1

¢

2nd His-tag chromatography

¢

Dimerization refolding

@

DEAE anion exchange
chromatography

«

Gel filtration

Fig. 2. Schematic of rhVEGF165 purification process for scale-up
production.

2-3-2. His-tag X131 (affinity) =1 ZvFE 725X VEGF165 A

A E2]E74 9] 7Ne= Fig. 200 FoRTE AH | SAAE F
FTEE7} 2% (w7t HEE 7183 k5892 M urea, 20 mM
tris, S mM 2-mercaptoethanol, 500 mM NaCl, pH10.0)E ©]-&-5}
e BT F 2530 37 °CE 303 FeF YA AZh &
5 25°C olatE Wl F pHE 8.8% H3] =48kl 30 &<t
WRF AT A48 7] E ©]-8-8ko] 14000 rpm, 20 min, 4 °C Z=71
o= ihtelskal 713k H e Rt Heitk. T12]aL 0.45 um
capsule filter (Satorious Korea)E ©]-8-5ko] oJslitt.

12} his-tag X3 AZvlE 79 E 9314 BPG100/500
(Amersham Phamasia Biotech)Z & ©J] Ni Sephaose 6 fast flow (GE
Healthcare)resin 0.5 LS 531 317t} 45 100 ml/min® 2 ZATE
SHA] BEN 20% ethanol& A A3, B3 58 (2 M urea,
20 mM tris, 5 mM 2-mercaptoethanol, 500 mM NaCl, 20 mM imidazole,
pH 8.8)2 10 CV ¥ 2 Z&A UV 7124S 9 o= g A Fth
QHY 3} & VEGF165 M&S FstAA v AH flow throughs
wol =91} thA] Y d5golo® yvrt 71Ed o "ol o
7HA] Al skeleh. Ni dell A3k VEGF1655 §¢] ¢s8eM
urea, 20 mM tris, 5 mM mercaptoethanol, 500 mM NaCl, 250 mM
imidazole, pH 8.8)2 =7 ©&AIAT).

1% UF/DF %t9]od 314 (pellicon, PLCCC-C, 5k)Z ©]-&3}]
F 8 £99(0.5 M urea, 20 mM tris, 1 mM mercaptoethanol,
250 mM NaCl, pH 8.5)E ©]-8-510] 24 103] ¢5-8-HS wksto]
AZ Y urea T S50, imidazoleS A AT o]oj EA4
HES-S 93] Ubpl (ubigitin specific protease-1, X} @ 1T] @ A
S 10% (V) S5 A2 & T oA 37°C, 2A17HE?F
HESAI AT W55 $ H2]¥ His-ubiquitin fusion tag?} 12} X
s AH A AFE G BEEES AASE] Slste] 23 1

314 A AAE AT ofv] FxlE sk A S AHE
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(1 M imidazole, 0.5 M NaCl, I M NaOH)°.Z 2 CV (column
volumey&® £ FAIFE F53] SoA AEmE Wl A1H &
100 mM NiSO, £N 2 2 CV Z¥ 5 30 min 5+ A= g-s}
ZHE AR ZT 22k 25 A ] FH L4 (0.5M urea,
20 mM tris, 1 mM mercaptoethanol, 500 mM NaCl, 40 mM imidazole,
pH 8.5y % 100 ml/minZ &¥] eHYsr ] &, vf2 WES 3
Gz g 7ol ghpo] A sto] FYstar, xshd el
his-ub fusion tag®} 71} B-=&2 A3A)7] a1, VEGF7} g4
flowthrough (FT) -85 -3 3Tt 13 2ol A ke fusion tag?}
EEE2 42 95-8-99(0.5M urea, 20 mM tris, 1 mM mercaptoethanol,
500 mM NaCl, 0.5 M imidazole, pH 8.5)Z A A3} 1L FTol| 4 SDS-
PAGE 7171958 &34 VEGF165% &<lsISith.

2-3-3. 0] w3k 9 Al of3} A zekE 7]

o843} 3788 $180 2nd His-tag 313Md A ) FT/A1H £33
20 mM tris, pH 9.0% 3]4J3l0] F3 & 24 k. o] §Asks 2l5to]
2 HAR o] 48 1A 1A T4 20mM tris,
200 mM NaCl, 0.2 M L-arginine, pH 9.02] $H5-8-91© 2 234 103]
22 weks vt 2 A= 20 mM sodium phosphate, 20 mM
NaCl pH 7.62] 9589102 oA 103] 589 wes )

4Z8 w3k & DEAE sepharose fast flow (GE Healthcare)
50 ml XK50 Z % (Amersham phamasia Biotech)ol| & %1&}aL,
FPLC (GE Healthcare, Aktaprime plus)°ll 123} t}. 555 20 ml/min
2 & 258920 mM sodium phosphate, 20 mM NaCl, pH 7.6) %
_PgsE A7), AES T8l FTE 48k, B3935
Now 7Ea o old w7 AAste] o] & FTs} 2] 3
g}, g2l NaCl 555 50/100/150/200 mM AlSh2] 0 2 555
Foi7be TSIt

FT, A& AMZ& Rol A ol g2 vlE 1)y FXA 23] 9
1%7} |25 555 Al A o3 G 2vtE 79 E 517
2138}k Sephacryl S-2005 XK16/100 A&l F31}ar, FPLCO] <4
At = F 3 %8910 mM sodium phosphate, 137 mM NaCl,
pH 7.6)E F93t d wi7hA] F3e] &2 Tk 55 AES 74
3k, §% 1 m/min© 2 A ste] FPAFENE S8 T
UV 2157} & 57] A 25 fraction collector® 10 mI¥ 4315}
Sict. A oy F=2etE o] 88 23] F A9 T e =2
TES oA LowryH 02 WA w28 SA510la, T st
0.5 mg/ml] HEF 555 AAISIIth A =ntE 1T ] 2102
Table 2¢1| g 2]5}5it}.

2-4. S4EM

TR AR v B o BelS Sja) 29, Wghe 2elA 9
A7]19%-S X333k, Laemmli SDS-PAGE %17]93% WP of] whz}
15% % 5% 9] SDS-PAGES ZA45}9] 200 V, 60 mA, 55552k
71719% 33T} ©] 3 Coomasie blue G 0 2 Al AT}
FTE 42 LowryH 22 33191t} 0.4 mg/ml BSA

Fae T AZel AHEE Y Fg o R FAste] 7t
7} 20/40/60/80 pg/ml2 HESITE g, N Al E, s
AatA 750 pLA oM E=E Fu o HIek 247ke] FHol &
Feld g 625 pLE WL, 2 41§, g2 30lA 30°C, 10827
F2) ek, Wh-g-o] b Zhzhe] 7B ol #H & A] 2k (folin-ciocalteu

ot ﬂJ

ul
“
= 3L
T

ot I fxl

Em\“

O



S DUAE o) g3 A2

Table 2. Chromatography process details

3 DAl AdrgRlAre] A s

373

Parameter 1*'Ni sepharose FF 2"INi sepharose FF DEAE sepharose FF SephaARYL S-200
Resin volume 05L 05L 200 ml 4L
Column BPG 100/500 BPG 100/500 XK 50 XK 16/100
Volume flow rate (ml/min) 150 150 30 1
Operating mode Bind-elute Flow through Flow through Flow through
. 2 Muurea, 20 mM tris, 0.5 M urea, 20 mM tris, 20 mM sodium phosphate, 10 mM sodium phosphate,
EQ/washing 5 mM 2-mercaptoehanol, 1 mM mercapt(.)eh.anol, 500 mM NaCl, 20 mM NaCl, pH7.6 137 mM NaCl, pH7.6
500 mM NaCl, pH8.8 40 mM imidazole pH8.5 ’ ’
Elution EQ-200 mM imidazole EQ-500 mM imidazole EQ-1 M NaCl EQ
reagentys 125 LA €l & 42 &, 24304 30 °C, 30:3F Mw@Da) 1 2 3 4 5 6

w2 gk, ¥h-g-o] U UV-Vis Spectrophotometer® 750 nm 3t
oA FHEE S8t TS 2T DA AE )
TEE A4

VEGF1652] 94+ HPLC “dollA =% Ele $3t
Bl oA A GHF 1 L9 TFA 1 mL), ©1'5%) B (Acetonitrile 1
L2} TFA 1 mL.)& #1535} th. Shimadzu HPLC System (.System
controller CBM-20A, Solvent Delivery System LC-20AD .UV-VIS
Detector SPD-20A, 977 Vydac C18)0.2 0¥ o] 54 7
1 ml/min, % 280 nm, Stop Time 705-(H|0] 6] S F-A131= A|7h),
LC Time 70(71718] 7Fs-A13}), 71871 Z71(1. Sample Injection 2.
20% O] B~0.01% 3. 133 1% & ©]%54F B 57H0.01 to 40 min)
4. 5% F2F 60% ©1F B 7-41(40 to 45min), 5. 123 12% ©|F
4 B #4245 to 50 min) 6. 2052 53F 0% ©157 B 1-21(50 to 70 min))
& TR, FUFE 20 plE Ak EF] TRt
0.5 mg/ml, 0.25 mg/ml, 0.125 mg/ml ¥ =5 10 mM Q143 saline
AZN(pH 7.6/ 0% 32t}

3. g H B9

3-1. E.colitiM TZE} human VEGF165 Ll 2|X|Z0]

BL21 (DE3)°] cloning ¥ VEGF165 &3-S #jok @ § 12 3}
831, Novagen pET system manual®] verification protocol®] th2}
133+ T} pET28a (+)= 5,369bp, T7 promotor, Kanamycin #|

Fo-g 7ML ek M 5 - et AlEe] 3 = E Fig. 3
to] glsl3irt.

FE A3 Az DA S [V 5s A7 ud gRlo] ks
Ak A & el = 6xHistidine (0.84 kDa)-Ubiqutin (8.5 kDa)-
VEGF165(2F 21.5 kDa) 2.2 ol EA}-2 oF 32 kDas =32 3t}
3|5 F MoA W X5 ERIst A} lane 4919 periplasm¥
Ax= ALY EASHA] 29X, lane ST} e oA BHES &
ATt 1 5 54 ddoe] B8] SAAE FES g1t
Sct. Ubiquitin &3 2] Jako 2 gal ez o= e
Zloleh= ol dik= Gkt B A7} proteasee]] theh A @4o] glof
whilzo] A= S 7H 5 Q1AL 58] FAlS g ol &3t
z70® 7Hg3l HE LAsGIth tebs] A5 ureas AMEE
ATt

Al
ol

iy

4 F

3-2. ZHZE CHERAC| 20 L HIQF 3 S
EHjeFS sH7] H 2w ks Wask L, T 2 Yl
= 12} kS 20 ml BiSE o] 37 °C, 5417 304 wljok

Ub-VEGF165(32kDa)

Fig. 3. Verification of localization of recombinant human VEGF165
expressed in E.coli through SDS-PAGE: lane 1, protein size
marker; lane 2, total cell protein before induction; lane 3,
total cell protein after induction; lane 4, periplasmic space;
lane 5, soluble cytoplasm fraction; lane 6, insoluble cyto-
plasm fraction.

OD 0.8} 22, 22} Ful ko] vjof 3 &= EajjoF

200 ml°f] 37 °C, 6A17F 108-5¢k vjeksle] HE ODE 125 43
o}, Eufekel] HE & 7] W74 0D 34903, s 94

#HF F5 1 mMo] H=F PTG H7F 5 SAIRE vijeksle] % oD
12.70)91t}. 359 A Z S 280 g (14 g/L)I AT}, Fig. 4 17193
& ALY lane 12 5 £01717] A4 OD 3.4 e 2] HZo]a,
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Fig. 4. 15% SDS-PAGE analysis of expressed his-ub-VEGF 45 in
20 L scale - fermentation.: lane 2, cell growth step before
induction; lane 3, expression of VEGF165 after induction.
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Fig. 5. 15% SDS-PAGE anlysis of washed inclusion body after cell
disruption : lane 1, protein size marker; lane 2, total cell
protein before disruption(cell conc. 15%); lane 3, total cell
protein after disruption; lane 4, total cell protein treated by
triton X-100; lane 5, soluble fraction after 1st washing step;
lane 6, soluble fraction after 2nd washing step; lane 7, insol-
uble fraction after 3th washing step.
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Fig. 6. Preliminary 1st Ni chromatography test in XK 20 column by using stepwise elution: lane 1, protein size marker, lane 2, loading, lane 3,
flow through, lane 4, 1st washing fraction (2 CV); lane 5, 2nd washing (2 CV); lane 6, elution S0 mM (3 CV); lane 7, elution 100 mM (3
CV); lane 8, elution 150 mM (3 CV); lane 9, elution 200 mM (3 CV); lane 10, elution 250 mM (3 CV).
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Fig. 7. 1st Ni chromatography frations in scale-up stage: lane 1,
protein size marker; lane 2, loading; lane 3, flow through;
lane 4, 1st washing (2 CV); lane S, 2nd washing (2 CV); lane
6, step elution 250 mM (5 CV).
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ing for enzyme reaction; lane 3, truncated VEGF165 after
enzyme reaction at 37 °C for 2 hours.
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Fig. 9. 2nd Ni chromatography fration for puried monomer VEGF165:
lane 1, protein size marker; lane 2, loading sample; lane 3,
flow through fration; lane 4, elution fraction.
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Fig. 10. DEAE ion exchange chromatography for removing oligomer and endotoxin : lane 1, protein size marker; lane 2, concentrated DEAE
loading sample (reduced form); lane 3~4, blank; lane S, concentrated DEAE loading sample (non-reduced form); lane 6, flow through
fraction; lane 7, washing fraction (2 CV); lane 8, S0 mM elution fraction (3 CV); lane 9, 1M elution fraction (3 CV).
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Fig. 11. Gel filtration analysis through SDS-PAGE with reduced and non-reduced form : (A) lane 1, protein size marker; lanes 2~10, elution frac-
tions. (B) lane 1, protein size marker; lane 2, reduced form of concentrated gel filtration pool; lane 3, blank; lane 4, non-reduced form of con-

centrated gel filtration pool.
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Fig. 12. Purity analysis of finally purified VEGF165 by 2-fold serial dilution. (A) reduced-form. lane 1, size marker; lane 2, 1-fold; lane 3, 2-fold
dilution; lane 4, 4-fold; lane 5, 8-fold; lane 6, 16-fold; lane 7, 32-fold. (B) non-reduced form. lane 1, blank; lane 2, 1-fold; lane 3, 2-fold
dilution; lane 4, 4-fold; lane S, 8-fold; lane 6, 16-fold; lane 7, 32-fold.
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Fig. 13. RP-HPLC chromatograms of final sample in comparison with NIBSC standard. (A) internal standard injection with concentrations of
0.5 mg/ml, 0.25 mg/ml, and 0.125 mg/ml. (B) finally purified VEGF165 sample.
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