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The use of antihemophilic factor IX complex has been associated with a variety of thrombotic complications, the major cause
of which was the contamination of thrombogenic proteins such as vitamin K-dependent clotting factors II, VII, and X. In order
to produce a commercial factor IX (GreenNine VF) free from thrombogenic potential, industrial-scale production process for
high-purity factor IX from human plasma has been developed. The purification process contains cryo-precipitation,
DEAE-sephadex A-50 anion-exchange chromatography, DEAE-toyopearl 650M anion-exchange column chromatography,
heparin-sepharose 6FF affinity column chromatography, and CM-sepharose FF cation-exchange column chromatography. Also
the process includes two viral inactivation and removal procedures, solvent/detergent treatment and nanofiltration using
Viresolve NFP filter. The purification yield was 35.4%. The specific activity in the purified concentrate was 190.8 1U/mg which
exceeded that in the factor IX complex (FacNine) by a factor of 48. The activities of factor I, VII, and X were not detected
in GreenNine VF. SDS-PAGE analysis showed that GreenNine VF had the highest purity in comparison with commercially
available high purity factor IX concentrates, Mononine, Octanyne, Berinin HS, and Immunine STIM plus 600. One batch size

of the production was 2,400 vials of 250 IU product or 1,200 vials of 500 IU product from 1,600 L cryo-poor plasma.
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A Bgm AR Ag TR SloA B AoSAE ol e ) wlEk K2 Bew @ Hlg
duudoln. 435 29 EE 33 20 et W K-IBY EuAele AT A, A7, Ao
Yo o) ALAL EASA YA RET A, FAold AR FE EFSed o5 oY A T84 598 A
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Ho o3 thE GNAES AAT T ulFAHEq &
g ARIAE EEF e Aotk Usel nlgAdsoEE
HEA 49 EYZHEAHC)E (tricalcium phosphate) 2 o]
st} ARgERYTh olzfg Fw A 93t A9l B3
TRL UE HE K-oE4 g A2, #7914},
AoYAE A TFAZIY oY FEREL TZEEW
B3 5355 (PCCs: Prothrombin Complex Concentrates) &
A9AAL BEA| (Factor IX complex)d} H2r}. 99} 22 b
o7 FHAZ AAA EFAF 19601 BY d9
AR g A YT, 4).

AL gRT FREY, A8y g}, ¢re|EEY o,
IJR=d F g g7 /¥ JE 458 Agdn.
Wb A9At EEAA FHL oE 9 g JYE9
EYAA 4L st oot gtk dFo2 Ry
gEHo S2EY & aRFoE BFAIE] dd) AME-
3 e Wolgdd £FFAE A9dA A FHE
7@ dA @tk ol AAL Ay 98 2ol ud
FAE ol &% azrlEHH FAHo] ALH{T F W¥H
7 (Cryo-precipitation) & 53 A8/} EXEA EAsh=
YAHE (cryo-precipitate)S A AT L 202 APFA
o FHAZN ARAAE FHANA AAShs Wo|t)
A o]’ FANA AR, A7AA, A10A= FA
FE5EY ABE olHd Sol BIAFAE o)&dte A4t
# A9NAL EA7E BY 9 A9 X8E Y3 AL
H3 gtk I A9 EFAY Fo o= ZY dHF
(venous thrombosis)™ 3FA AW IS (disseminated
intravascular coagulation, DIC) F4te] JEldtis B0
UG, 6). oA HALEL A9 T FojE go
& BEEadt 33 vl e F3E9Y EZad d4
A A& (thrombogenic components)ol o3 %@ &3t
@4 (hypercoagulable state)d] =02 AztE o] ATk A9 A}
EFAE tFoz o9 77 Foshd AAH AR
o] F71sHA FH, oA £EEHE AE ZojR)A "k

w53 f8e A ARl ERAY FH8E £0)7] 3
&5 A (Heparin gel) =5 FYH ¥ 2 (monoclonal antibody
ge) S o8¢ AW ZZolEIS (column chromatography)
E ARSI ARQIAL ATRAAL, A0ALe] BEE UE ues
AOJNAE 19903078 Aashr] AlFsigint s, e
B3 FY o] A3 2FGEAZT EAFT tH6-8).
HAAZTIANE o] &sPH AIUAE AHoz Besle W 4=
QAT vkl AFEE FEAE F3 ulojz 2o 93 74
A99 azvEays I §5E 4 e A 9 G
o % FA8-E wiAIE 4 Stk Genetic Institute| A 1997'A
BE CHO celle o83 f32 AZxF A9AUAE Benefix™
e FEHOE AT AT 2rte] BHe] Urho).

At 9 XA MY & FARLS Y &9 24
5o} )& 4 = hepatitis virus (HBV, HCV, HAV), human
immunodeficiency virus (HIV), Z8]X human parvovirus B19
(B19) T3 Z2 Y {3 ulojzgix ZE AP olrk(10-14).
oeba] dfra At vholya AL Y8 AA
FFA HI=A] wpo]# 2o g clearance X (AA 2
E¥38 3A)0] Zggojof g} ulo|HAE B3 gds
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partitioning&te] AAS= Wdle 7, A=rkET S, o7
(filtration) o] 11, £ - 34 A T3 Hiolg29
AEYE AAAE vlolg2 EEshielle gA e, solvent/
detergent *]2], low/high pH * 2}, irradiation 5°] 31TH15-18).
AE4AE 8% 89 BE 9% AR dule A
walsta ok FuRle gd-g3 AdA A7elAl, Al10gA
b FRE AodA BEAZR, AW A oF4 g9
SIHE 2 gAY FAEo| dojg seAdol Slof, Hvt
JAETH &%, F84, vpolgj2 ¢hgo] 93 AlFS] 7o
gasigrt B AFdye QUMESH I=nteEady 33
S wjAIS kARl ARetE s WS o8t A2,
AN7AAL, A0VAE GEEA AAE AEE A E43n
A7} (GreenNine VP) AZ28& 7834 813 GreenNine
VF AZ2FAL 7189 dud A2t F4l heparin 3}
AZrEIH A Fol& ARMEIYIYTL FUHE THLE,
Hlo| 2] ¢tAAS ZZA17]7] 98 solvent/detergent X E]F
A3 wlo]Ha Y FAHEL EFSIA Ytk GreenNine VFE
A4H FEZ A F AR Qe aes @98 9917
AAER AEEA, B g3 EAE vla BA4sATh

Mz 3 ey
IaT AL H92IX} (GreenNine VF)o| AtH
Al

FAE S 9o 4TolslelA AAEEE 3 e
ARt FHBHA EASE ZEto]Q FHE (cryo-precipitate)
I gL A9ARt FHEA EASE cryo-poor plasma
Z o] Atk Aol AAES AT AgIAY] 98
g AHg-HEH, cryo-poor plasma® EA-Sa1 A9dAte] U8R
AREE gk ofus), AR, WYSYUEY, GEHEEY M9
dg2 AH-AT) cryo-poor plasmaE YEE Fo ner E
AT A9YA A TS FHAUL Fg. 12 L% AR
AT A9AA A o] Wi FAHEo|th

| Human plasma |

¥

| Cryo-precipitation |

¥
DEAE-sephadex A-50
anlon-exchange chromatography

¥

| Solvent/detergent treatment

¥
DEAE-toyopearl 650M
anion-exchange chromatography

Heparin-sepharose 6FF
affinity chromatography

CM-sepharose FF
catlon-exchange chromatography

r

| Viresolve NFP filtration |

+

| Aseptic flling in bottles |

¥

l Lyophilization |

Figure 1. Flow diagram of the manufacturing process for high-purity
factor IX from human plasma.
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DEAE-sephadex A-50 anion-exchange chromatography :
Cryo-poor plasma 900 LE DEAE-sephadex A-50%} a¥h3}o]
FFA7 ¥ 02 M NaCle] 89 Na-citrate $4289 (10
mM, pH 7.002.2 A& F 05 M NaClo] Z3¥ Na-citrate
4384 (10 mM, pH 70022 FIA&u ARIAE &2
Ak o] AN 60 LE Nacitrate 938410 mM, pH
7022 BN, FEale] 70T 2ASIAT

Solvent/detergentS ©]-8-3 3183 nlojzgjx B3
THE AAAL FH3 F dE 52 15 mgmlE X
Aaut. 992 = 2N 654 LY 25 E 25:05CE
HA3 & Tween 8034 tri-(n-butyl) phosphate (TNBP)7} Z
Z+ 1% 03%7F HA H7kg ¥, 25:05C2 847 Bt
AREEIHA wlolY A £83 FFE P

DEAE-toyopear] 650M anion-exchange columm chromatography :
Hlo]gx 283} TAS (.12 M NaClo] £3%! Nacitrate 93
€94 (10 mM, pH 7022 vl2] B&L A7) DEAE-toyopearl
650M column (45 x 20cm)°] EFFAZT. a2, 015 M
NaCle] ¥3+¥ Na-citrate &Z89 (10 mM, pH 7.0)2.2 1
A AFF F 01 M NaCle] ¥33¥ Nacitrate S35
(10 mM, pH 7.000.2 22t AAE d¥d. I 9L 03 M
NaClo] X 3H Nacitrate 4589 (10 mM, pH 7.002.2
R AYA B Y 163 LE &390

Heparin-sepharose 6FF affinity column chromatography :
DEAE-toyopearl 650M Z¥ £& %2 NaCl ¥=Z 0.2+0.05
ME 2A ¥ Nacitrate &5E€9 20 mM, pH 74) 0.8 B
€ A7 heparin-sepharose 6FF column (30 x 18cm)o| &3
AlZ ). Na<citrate 9589 20 mM, pH 7.4)2.2 13} A3
% 0.15 M NaClo] ¥3% Nacitrate 4589 (20 mM, pH
7402 23k AHEGch 1 e L-arginine (1 g/L)3 0.3
M NaClo] X838 Nacitrate &2 (20 mM, pH 7.4)°
2 8933 AR BHES 275 LE £E3Q &2
d¢) pHE 1 M HCIE AHE3te] 4.1:x0022 ZF3+9ch

CM-sepharose FF cation-exchange colum chromatography :
pH 412 23 §Z£ 9L L-arginine (1 gL)T 0.3 M NaCl
o] ¥¥8 Na-citrate $F44 20 mM, pH 4.120.02)0.2
HYA)Z] CM-sepharose FF column (20 x Scm)o] &3A]7]
W HEEAYE FHET sEEY Y pHE 601028 %
A% & FJ9HA7NE 285 5 LE HF3A0

U dHE o]&3 viojdx AA : v3E 98w
A9A FAEAE Viresolve NFP HE] (Millipore, 10
opticap type)E A&t 2 7Iqte] ¢HoE A3l
Viresolve NFP filter= 20 nm pore sizeZ zZre Hlo|Z A A
A& FEolth(18).

HE 99 24 2 B, 5438% : Viresolve NFP ZE|
oatl-& 120 mM glycine, 220 mM NaClo] ¥3%¥ Na-citrate
438 (10 mM, pH 70022 ¥4 553 §F HFAY
o Qr7lEe HA@sA M3 ATddEs AAF
¥ HFTAYE 20 mL vlojge] s mL ¥ BF3 ¥ 52
Az

B

Hoy
gel

S Hoeglxt &Y &%
27 AR Grls WAL A9yt AWH

& A3 cloting o2 FFsATE B4 109
oldel R4S EHI QY AAE 24 DARE FNE =
7} 0.1 mL& A@# Ha Aok AIAV ZE" ¥
0.1 mL¥} AR A, F43AE T3 &4 01 mLSs 7}
3 3 37CAA Egetn FEI) QA F, 0025
mol/L CaCl, €9 0.1 mLg& FE7}8] +1XA7HE KC10
coagulometer (Amelung, Lem3l], Germany)Z &3 ch g3
AZH ARl B BE Aol BAE EFEJFHLE 3o
A Y& AU ArtE FA AT ojd FF
g4 1 mLo] FHE dga A9elA 9r1E 1 IUE B
3t

gl M201RL, M72lKt, M1091X} &Y &5H
FRgm A2A, A79A, AR ks 4 S
3 QA7 2GE €4S AHES clotting WHoZ £33}
Aok gAgm AAAE 24317 A8 A4 108 o)
d24e E55 249 FAAE 24 BAZR 4% 5 4
& ANgdd Asdd. 48 A2U4rr 2R
g4 0.1 mL& #A7E 37CAA EFdslny FE3] 43}
A7l F, 00125 M CaChs &% 27 EFRIET2H
g9 02 mLe 7S SnASE EAHFHEY Idsn
A7ANAE A ARde A2dArt 28E A
A7 2fE dFoew, A5y A10AAE 54
€ A%de At 299 @7 ugste 4
39t} $1A17H2 KC10 coagulometer (Amelung, Lemgo,
Germany)Z 4314t 32 Al A4 R FE Aol
9 FAZ FFTXHOF 3o AAY g A/ It
£ =439 olv 34 €4 1 mLol THE 4 I
S QA 971E 1 WUE Fstgh

i

T T 24
@l d FEE Bradford WY& AMSSR EA3ATH19).

Bovine serum albuming ¥ &FEH 2 A3

E',_I‘H

AT

0 b}
i 0

GreenNine VFQ| Ez] 5}8I5 EA BN

SDS-PAGE : GreenNine VFY] &% ¢ Ex%g 8916,
A AFED = A9AA AA} vlwsty] 918} SDS-PAGE
AL 39t 94384 H4t" 3 Lot® GreenNine VFS}
Aosizp 23rA e #AubQ) (62141031, 4R, Korea), AET
HA-S 3 991219l Mononine (U22409A, Centeon, USA),
Octanyne (022009230, Octapharma, Austria), Berinin HS
(2326327C, Aventis Behring, Germany), Immunine STIM plus
600 (05D1301H, Baxter, Austria)& W& EA43t4t} o=
#8] NovexAFe] 4~20% Tris-Glycine Gel (1.0 mm x 10 well)
# Bio-Rad*}9] Prestained protein molecular weight standards
£ o] &3t 30 mAjgel®) ZHOE SDS-PAGEE AAE%Y
t}. A7l 4% F Coomassic Blue® B39 ok

HPLC ¥4 : Size exclusion 2% ¢l TSK gel G 3000 SW
(75 x 600 mm)& ©]&3& < GreenNine VF$} Mononine,
Octanyne, Berinin HS, Immunine STIM plus 6009] retention
timeg B WEAEHTE Na,HPO, 1.741 g, Na,HPO, 4.873
g, NaCl 11.69 g& NaN; 0.05 g& AF¢ F 3Y 2AF
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gol24E Yol 1 L7} FA 39 045 ym membrane filter
2 g3t T 289 Agr)d 2087 €7AA oA
2 AMEEEY 48 0.6 mLmin ©]2H, 280 nm UV
Ae7|Z dids

N-Z% ofnjx= it &Y : 28 FAT €985
A9UAL] N 2 opmAit AEe FxZrxHeATY
MgRAo 973l Procise cLc Protein sequencing system
(Applied Biosystems)& ©}§3td E434ch E4H
N-Zet ojum| =4t X ¥& SWISS-PROT Protein database
(http://ca.expasy.org/uniprot/P00740)} W1 A3t}

g3tE 24 0 Y A 84851 A90Ate] w4
35 $F 2 %L dF/2A4EdTY gAEdd 9
=3}l Bio-LC DX-300 (Dionex, Sunnyvale, CA, USA)E& ©]
&3t E43tgh 22 AT A3 A991A} 50 mge
s} 7442513 3, CarboPac PA1 column (4.5 x 250mm)
£ AHESt Bl - B4 A

5434 (Iso-Electric Focusing) : GreenNine VF2] 53
g 37 98] Mini-protein II electrophoresis system<
o] &3ty FAFAE AL AAAT EFE NS Broad pl
Kit pI 3-10 (Code No. 17-0471-01, pharmacia)& AH&3.2
o, A8 @¥d ¥TE 1~3 mgml, §XEE 50
mmol/L. ¢]3}7t HEZE do ALYl Prefocusinge
700V, 6mA ZZo|A 2087 AR eH, AR FYL
500V, 4mA ZZdA 20%, THARES 2000V, TmA =3
A 1A1ZE 308 B¢ HASATH HIRESZ Mononine
& A8

Ol&t=41 Wy EF 24

GreenNine VF9] 0|3 5% LdA 3 &4 9%E
Korean Pharmacopoeia, British Pharmacopoeia, US Pharmacopoeia
o Zle® Agged wet SAIAT ARE F B
FAGE & 79 B ol A AR R wgE #F
8 T oldEA R E FUBHT EZY A AW AR
E FA T ¥ E79 Aes A5FH 0= A 19y
EZ(pyrogen)®] F& ZA3HATH

Hio[#HA HE AE

GreenNine VF $A|F oA G wlolzgis A S
AZ3871 $43)] HIV antibody, HCV antibody, HBs Antigen-S
AXSYM HIV AgAg combo (Abbott), AxSYM HCV V.3
(Abbott), AxXSYM HBsAg V.2 (Abbott) & J|EZ ALE314]
AASt At HAVE A& ol 9} 22 primerE Al
€3t nested PCRE ©]-83t9 ZALSHATh20). HAVS,
5’-TGTCTGGAGCA CTGGATGG-3’ (2839-2857); HAV7,
5’-CATTTCAAGAGTCCACACA CTTCT-3’ (3357-3380); HAVS,
5’-TGGTTTCTATTCAGATTGCAA ATTA-3’ (2890-2914), HAVY,
5-TTCATTATTTCATGCTCCTCAGT-3" (3264-3286).

27 Al

GreenNine VF9] AT 2 F3o] 24 HE Korean
Pharmacopoeia, British Pharmacopoeia, US Pharmacopoeia®l]
Zled FIAEEY wt AT

Korean J. Biotechnol. Bioeng., Vol. 23, No. 1

2o ¥ 1%

£ g8 T7 H9QIXHGreenNine VF) M4 3
g AHERE 4T ol3tollA g F, AL n

AeE AT Ao A TS FHINHFg 1)
Cryo-poor plasmad] #)3l= A|9UAE DEAE-sephadex A-50
Lol WIER Y FZFAA 12 AASIHUTE. DEAE-sephadex
A-50 S0l mEeA HFAAL 4R, AYF2EY F9
Ae 9% 98E ARSI 13 5% ZAE AdAE
ENSEF T YAFAL udtd FARBIA

T4 Bad 12 FAYE &3 F solvent/detergentS
o] &3} nlola|A B&3 FA4L 45 Th Solvent/detergent
£ o83 3EH ulolglx EBE3 WEL 19859 New
York Blood Centero)X 7idstel 483t Hiozn I3
fiE) Ao gAd 2 9%g XX g1, HIV, HBY,
HCV 5 9uEfulo]alX (Bnveloped virus)E HIHHOZ
APEAI7)E WP olTH21, 22). 2 AFSEE solvent® TNBP
o|B, detergent2% Tween 80, Triton X-100, ET sodium
cholate7} AME-EIT}. ©]EL 9jFEfutolg|2e] A Fers 33
oz A ulolg|AE BEAS A7IH, 1 B3 5H=
g A7 xd ue g

Solvent/detergentS ©]-8-3} njol2|2 E&3l $ DEAE-oyopearl
650M o)L Rl FHAA 23 ZA B F5E A
t} o) AzutEaHY FAHNA A2AAL, A7AAL, A0
ARE A FEAu ol ELES AANIIHY YL
3 Azl Aol Qe H T heparingS UNE=E S
heparin-sepharose 6FF X3}4 Z2rlE1HIAE AlS-3t
3AAAE stk

32734 B olFox nigoz ZAFlE ELEd ¢33
AAsL7) 98] CM-sepharose FF %02 W3R aZrnlE
I E AR 43F FABIATE A9 TR (isoelectric
point)y2 A9zl ZA = ©@EtEe] FHY P wt
40~4.6 AL TkAdS Jeldt23). pH & 41 AE=
@A g5d AodAls gREE F4 ®e SH3E 9A
HAm o2 83 3 gudEe JHsE w4 2o
ol#g YT E o]&dly 3AAAYY] pHE 412 BE F
CM-sepharose FF 9Fo]2 w#4=x mzulEe|uo B3}A|
A JA&E W B4 dudsu FEAZS 38 vEE
d9o| pHE 6002 ZAT T A qHI|E AHRSl 5 L2
T34

29 8927 A9AAE 20 nm pore sizeE Zt= Blo]
g AAE FH (Viresolve NFP)E AME-3t] ATt
vlold2 Hele Aste B WAS YoT|A GowA,
&40 F size exclusiono] &3] thddt FHFe] ulolg2E
AANZ F Ao}k 53] wpolelx Uy FAHLS &334
A2l W 2 AF4E ZE HAV, BI9 22 uuEf
Hlo]#] 2 (Non-enveloped virus)E &FAHoZ AAY ¢ 3l
o] g ookEe AR E FAMNE F AT WS 5
T 37 0]th24-26).

vl 2 HHE 533 AL PHAZ 120 mM glycine,
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SRASAZ 220 mM NaClo] X388 Na-citrate ¢34 (10
mM, pH 70)08 F4 53 F AR F=E 100~
120 WmLE A3t HFTAAE ZA AT AFAHS
AN F HZAAE 20 mL £7]0 S5 mL ¥ BFE T 5

AAZEY)

GreenNine VFQ| AMHA 7o MALAD HA

AEY FEZ Y TeE ST AoglA AN 2R
S 93 FEE scale-updte 250 IU £ 2,000 oA,
500 TU &% 1,000 )& A ¢ e s 2AY
2 ARSI A Aol 3 G B cryo-poor
plasma 1,600 LE 982 ANl 500 U &% EHAE

K
)

12009985 Askih. AAFEL 354%900, HELY
oA H1ZAL 190.78 1U/mgoIATHTable 1). 2+ A GAA]-

o &3 HAEE vlw £43 Z3} DEAE-sephadex A-50
3} heparine-sepharose 6FF ZLEv}E 183 %@Q]A-LEPQ-H_HQ
go] ERHoR AABE ¢ 5 YUY FEAde) xE
cryo-poor plasma Ti®] 11,9248] Z71=Qck A AAtEl 3
AE AA EZHA (FuU)e] NFAHE 4.0 WUmgolB =,
GreenNine VF&] X+ el uiu] oF 48u) o] F71814
. DEAB-sephadex A-50 Z2rtEels] BHRIYS 24
5T F 52 BB Og $o0ele solveny/detergent H}o]2]
2 B3 33E& FdsiHeH, $8 3 Fol Ao9A 84
9] &40 doju} solvent/detergent Wlo]E| &3 3 F
Sl-&3% HIEAo] ZAsolck 4L 7)4l8ls] DEAE-sephadex
A-50 A2rtETy] S498EY] 52 B2a 34 glo] A}
AYEGd 1FEZ AIJAAE IJ5T F IS Aoz A
#t}. CM-sepharose FF ZEvE13j3] FANA HE5=
AR EldiAE9 AA7E Yo} heparine-sepharose
6FF Z2viEdels] S48 div] £ 28] 718k
Hlol# & AAZE YT nanofiltration ZAHNHE k7t &%
37 Aled, 2EAEe] 9ids) BlF aggregate £
AAHR7] 2L Aoz Algdr),

Table 1. Industrial scale purification of antihemophilic factor IX from
human plasma

Proie Vohme ~ Tota profein  Tow activty  Specific activty  Purification~ Yield
) © Y] ([Ufmg (o (®
Cryo-poor plastma 16000 1120000 1800000 0016 1100
DEAE sephadex A-50 600 10566 12000 118 uo 604
Solvent{Detergent 654 9802 880,600 09 % 49
DEAE-toyopear! 650M 163 Mo 802,775 3% W us
Heparin sepharose GFF us 6 671,35 §8.89 5% 36
CM sepharose FF 50 38 668,500 18L17 ;M
Nanofiliraion 50 EX 04358 18983 185 38
Firal active solution 50 EK] 637,08 19078 1L 354

HM22lAt, ®M72AXE, M10Q1 A} &4

el A9R1Ak] HIEgo] 4 TUmgIH wisl, A221A,
A797, A10JAE 3.12 [U/mg, 0.02 IU/mg, 0.26 1U/mg2
FE=E EFEO] AUtk GreenNine VF Az 34 F AR,
ATYAL, AL AARE TS I8 A8 7 33
U2 E4E Z79319tHTable 2). A29A= heparin sepharose
6FF 3t FzrtEads] FAM SdsiA AAS

A7A19} #1020 A= DEAE-toyopearl 650M 0] ZZu}
By A 97% o) AAHIeH, AL AT
Ake} A|1091AF= heparin- sepharose 6FF I3HA A ZvlEDD
Ry FAANA S¥EA AA= A

Table 2. Removal of factor II, factor VII, and factor X during the
factor IX purification process

Total activity (IU)

Procedure Factor I Factor VIl Factor X
Cryo-poor plasma 1,800,000 1,674,000 1,800,000
DEAE-sephadex A-50 1,347,240 ND* 1,360,320
DEAE-toyopearl 650M 1,105,140 326 33,252
Heparin sepharose 6FF 0 0 0
CM sepharose FF 0 0 0
Nanofiltration 0 0 0
Final active solution 0 0 0
*Not determined.
GreenNine VF2| =2| &3518 4 F4
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Figure 2. SDS-PAGE of different human factor IX concentrates. M,
standard protein markers [myosin (198 kDa), galactosidase (115 kDa),
bovine serum albumin (93 kDa), ovalbumin (49.8 kDa), carbonic
anhydrase (35.8 kDa), soybean trypsin inhibitor (29.2 kDa), lysozyme
(21.3 kDa), aprotinin (6.4 kDa)]; 1, GreenNine VF (GNA2001); 2,
GreenNine VF (GNA2002); 3, GreenNine VF (GNA2003); 4,
Facnine; 5, Mononine; 6, Octanine; 7, Berinin HS 600, 8, Immunine
STIM plus 600.

Mononine2 DEAE-Sepharose®} monoclonal antibody
44 FEEadIE ALY aeRE A" AAR
sodium thiocyanateZ H}o]Z]2E E-&3}3tt). Berinin HS&
DEAE-sephadex®} heparine affinity 23 AZulEaHdE
AMgsle] s A" AAZ 0TE 10417 B9 dAe
£ 39 uHlo]y2E E8E3IT} Octanyne ion exchange
o} affinity 27 ZZrEIHIE A8t AEER A
@ AAZ TNBP/Tween 80 3187 nlojeix B33 Whys
upolgx HHE AHEste niolg~E B3 2 AAT
t}. Immunined ion exchange$} hydrophobic interaction 2
AZREIRYE LS IEER FAY AR AA=
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Tween 80 A2]¢} 60T Z 1043 B9t 9x]8)E 8o ulolg
2§ EE3th2).

TSK gel G 3000 SW (7.5 x 600 mm) BH<L A3 HPLC
#X47 GreenNine VF$} Mononine, Octanyne, Berinin HS,
Immunine STIM plus 6002] retention time®] #¢] FUsHA Lo}
TYE HEYS I 5 AUATH(Table 3). Spectrophotometer
£ o83 3%ty £427 220 nm¢}t 280 nmolA Hd)
FHE=E YRR w1A1A).

Table 3. HPLC pattern of different human factor IX concentrates.
HPLC was performed using TSK gel G 3000 SW (7.5 x 600 mm)
and the retention time of each product was compared

Sample ) Retention time (min)
GreenNine VF (GNA2001) 23.395
GreenNine VF (GNA2002) 23.397
GreenNine VF (GNA2003) 23.402
Mononine 23.340
Octanine 23.349
Berinin HS 600 23.393
Immunine STIM plus 600 23.335

GreenNine VF® N-terminal amino acid sequence:™
Y-N-S-G-K-L-E-E-F-V-Q-G-N-L-E-R-E-C-M-E-E-K-C-S-F¢| ¢} ©.
], SWISS-PROT Protein database} Bl Z43t9-8 w) Atg
FAG3 A9UA ] N-TE ofn| it HEx A3
@25 423 GreenNine VP fucose, galactosamine,
glucosamine, galactose, glucose, mannose, N-acetylneuraminic
acid, N-glycolylneuraminic acid7} #ZE o 1 ZME
glucosamine ¥} galactose”} ¥-& H|EE EAFE Fold 5
AT =3 @ 24 AFHIZ BY, N-BE7} 32, 0-F
HA7F 1320]0, N-&8]21FL tetra-antennary T2 E R
sialylation, fucosylation o] Sl& Ao & FAEArKTable 4).

Table 4. Analysis of carbohydrate composition of purified factor IX

Sugars mol/mol

Fucose 38
Galactosamine 0.8
Glucosamine 16.8
Galactose 15.7
Gglucose 1.5

Mannose 109
N-acetylneuraminic acid 9.4
N-glycolylneuraminic acid ¥

Total carbohydrate content 208 % (wfw)

*Content of N-glycolylneuraminic acid was not quantified.

GreenNine VF9| SHHL 411~4.612 Jehgon, vz
FL2 ARE¥ Mononine®] FHAE 4.11~4.612 Yeyich
TEAFB AT NE BT 97.9%F JERAQATHALE m A A).

GreenNine VF9] E32]-81818 EAL A9xte] EAo] gk
8 Huep A3yt EH Bud 93d AodRle &
175% A=< % (4.7% hexose, 6.8% N-acetylhexsamine, 6%
sialic acid)yg FHdh= G (monomer)o] FHrulAE A
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28| o}A|(serine protease)] YFo|vh23, 28). EAHE A9l
el EAste w@slEe] g wel AAHT, 1 Z7)e
oF 55,000~75,000 Daclth. ofui=it X Bl ZAst ALt
B chlAnto] BajEke oF 47054 Daolth. A7 N ¥¢
2o 12719] 3712 EAIZFEE4 (carboxyglutamic acid)y&
7HRle 9Yo] EAB, BAlskdle EAEEFE (phospholipid)
gt Ca¥'E oz o AR 1EAY A4 LnF
(acidic oligosaccharide)?] Al ¥8 4t (sialic acid)yg 1084 A=
Rt Qo] g @ 5HHE 7Tk AR EA
e gstE TH9 o ueEl pl 40~4.6 ARY TRy
< yEpdth

GreenNine VF 2tX|Z9] EAM

A3 AR 3 batch SAFS] EAL Table 59 2t
st 372 dxd $AFY FFEE 09~12%2H A
B FE 7122 3% °l3tE TEIHh ETE FAME
42 572 229 GreenNine VFE 59-g W 1E<kd} =9t
om, T Ewd goo] HYth pHE HTE 6.990]310H,
A9 HIFALS 1949 [U/mg ©)Qth FAA dAgmql
A &R ARE Aldske $1 Al SAHAME SARE]
120 Azt ooz Jeht EA431E AR EAEIA|
2SS & 4 SUATE HIV antibody, HCV antibody, HBsAg,
HAV RNA A1g 23 A3 AEHA Yol 7EA dlelgizz
BE HAEgS &5 Sl 2EA AR HE 0.67CEN
NEA 3CHT A3 vtk HAE udoz § old=EA
AFAME A8 o] d54e JeplA] itk T Aol
T Aoy Fgol7t AEHA sttt ol¢} e BEAA
GreenNine VF= ¥9-318d E4Eo] AE3A o5tz A
A" 1T AFY Ag3 AU} AAo)H, Al A{
Hlo|H A2 HE} <A AETH oES AT 4 ik

Table 5. Properties of GreenNine VF obtained from industrial scale
production

Property GNA2001  GNA2002  GNA2003
Moisture content (%) 09 % 12 % 12 %
Osmolarity (mosmol/kg) 525 524 524
Reconstitution time (min) <1 <1 <1
pH 6.95 6.99 6.99
Factor IX activity (IUjvial) 536 526 526
Specific activity (IU/mg) 1949 194.8 194.8
Coagulation time (h) 120< 120< 120<
HIV antibody ND' ND ND
HCV antibody ND ND ND
HBs Ag ND ND ND
HAV RNA ND ND ND
Pyrogens (TC) 0.10 0.27 0.27
Abnormal toxicity ND ND ND
Factor II activity (IU/vial) ND ND ND
Factor VII activity (IU/vial) ND ND ND
Factor X activity (IU/vial) ND ND ND
Bacterial contaminants ND ND ND
Fungal contaminants ND ND ND

*Not detected.
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T, #8284, volala kAol 3 AF Awo] W3}
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el Ak FAol heparin A Z=wETH IS} o)L
ARvEIHG7} FrlE FAHCE, Holga GANS =3
A717) A vl "HE FAE ¥Fstm Yok o
FA AN YA FEE AAE GreenNine VF= i}
el vl3) xo) vlol s Aol AT e RoT F
QA =F v&x A A990A AA¢] Mononine,
Octanyne, Berinin HS, Immunine STIM plus 600R.T} £&7}
H E3. Cryo-poor plasma 1,600 LE 452 21438 o
1 batch B 250 IU ®¥AF 24008 o}4}, 500 U EHAE
1,200 opd& Ak 4= ddvh
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