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2 Di-PEG 5000 (IFN) HPLC ,
1: Di-PEG-IFN, 2: Mono-PEG-IFN, 3:
IFN(unreacted IFN)
3 Di-PEG 20000 IFN HPLC ,
1: Mono-PEG-IFN, 2: IFN
4 Tri-PEG 5000 IFN HPLC ,
1: Di-PEG-IFN, 2: Mono-PEG-IFN, 3: IFN
5 Tri-PEG 20000 IFN HPLC .
1: Di-PEG-IFN, 2: Mono-PEG-IFN, 3: IFN
(pr
otein) (peptide) - -
(branched)
(hormone), (cytokine)
(hypersensitivity) (reticuloendothelial system, RES) (cl
earance)
, 1 1
( in vivo) ( in vitro)
, , (biocompatibility)
. , (kidney), (spleen)
(liver) (clearance) . ,
, (intrinsic)
PEG
4179337 (polypeptide) 500 ~ 20,000
(polyethylene glycol, PEG ) (polymer)
- . 4301144 (
hemoglobin) PEG .
(Abuchowski et al ., Cancer Biochem. Biophys ., 7, 175-186, 1984) PEG
, (Davis et al ., L
ancet , 2, 281-283, 1981) (uricase) PEG
PEG ,
(amino) PEG .
PEG (lysine) N-
, PEG . PEG (hydroxy group) (methyl eth
er group) , (electrophile)
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(amide bond) PEG-N- - (
PEG-N-Hydroxysuccinimide-activated esters), (alkyl bond) PEG- (PEG-epoxide)
PEG- (PEG-tresylate), (urethane bond) PEG- (PEG-carbonyl
imidazole) PEG- (PEG-nitrophenyl carbonates), N- (Schiff's base)
PEG- (PEG-aldehyde)
, PEG
PEG . , PEG
(cysteine) , (oligo sugar), , (arginine)
PEG .
PEG PEG- (vinyl sulphone),
PEG- (iodoacetamide), PEG- (maleimide), PEG- (orth
opyridyl disulfide) , (maleimide) PEG
PEG- , PEG-
-3(interleukin
-3) -2(interleukin-2)
PEG (aldehyde)
(hydrazone) PEG- (hydrazide)
. PEG- (glycoprotein)

PEG PEG- (PEG-iso
cyanate) , PEG (guanidino)
(phenylglyoxal) PEG .

(monomethoxy- polyethylene glycol, "mPEG"
) 1,000 25,000 )
, 20,000 , 20,000
1,000 25,000
mPEG

(Wana, H et al., 'Antitumor enzymes: polyethylene glyc

ol-modified asparaginase', Ann. N.Y. Acad. Sci. 613, 95-108, 1990)
(trichlorotriazine) mPEG
(yamasaki, N. et al., Agric. Biol. Chem. , 52 , 2125-2127, 1988)
mPEG

teric hindrance)
(linker)

(norleucine)

(s



(Di- )

, (polyethylene glycol,
ylene glycol, PPG), (polyoxyethylene, POE),
(polylactic acid)
(polyurethane),
yalkylene oxide, PAO),

(polyvinyl pyrrolidone),

(polyphosphazenes), (L-
(polysaccharide)

(polyvinyl alcohol, PVA),
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(branched point)

(Tri-
"PEG" ), (polyprop
(polytrimethylene glycol),
, ( ), ( )
)[poly (L- lysine)], (pol
(dextran),

(polyacryl amide)

200 100,000

, 1,000 40,000
, 200 20
,000
. N- (N-hydroxysuccinimide ester,
"NHS" ), (hydrazine hydrate, NH 5, NH 5 ), (carbonyl imida
zole), (nitrophenyl), (isocyanate), (sulfonyl chloride), (alde
hyde), (glyoxal), (epoxide), (carbonate), (cyanuric halide),
(dithiocarbonate), (tosylate), (maleimide) ,
NHS NH , NH , .
, PEG
- ( )[monomethoxy-poly(ethylene glycol), mPEG]
(polyalkylene oxide, PAO ) PAO
. N- (N-hydroxys
uccinimide ester, NHS) 1 2 .

| Na, “tzge =2 20| WotME|0| = HCl_ NaCl
THF &
NHS, DCC

———> MPEG——OCH,COOH

MPEG——OCH,COOH —————————» mPEG——O0CH,COONHS

MC

=eld

MPEG——OCH,COONHS = mPEG—— OCH,CONHCH,COOH

Sod BEF8Y

NHS, DCC

MPEG—— OCH,CONHCH,COOH —— e mPEG—OCF{,CONH(&P@COONHS

MC

ato1a1 HCI
MPEG——OCH,CONHCH,COONHS ——————>
BAY #FBY

mMPEG——0CH,;CONHCH,CONHCHCOOH

(CHz)s

mMPEG——OCH,CONHCH,CONH

MPEG—— OCH;CONHCH,CONHCHCOOH

NHS, DC
(CHale ¢

MPEG——O0CH,CONHCH,CONH MC

mMPEG——OCH,CONHCH,CONHCHCOONHS

(CHz)

mPEG——=0CH,CONHCH,CONH

Di-
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mPEG OCH,CONHCH ZCONHC)-ICOONHS

,(CH2)4 HN~"PEG™COOH

mPEG OCH2CONHCH ;CONH
MC

mPEG OCH2CONHCH ZCONHC7-ICONHPEGCOOH

/(CHz)4
MPEG™"OCH,CONHCH ,CONH
mMPEG™OCH,CONHCH 2CONHC)1C0NHPEGCOOH
I(CHZ)‘ NHS, DCC

mPEG OCH2CONHCH ;CONH
MC

mPEG OCH,CONHCH zCONHC)-ICONHPEGCOONHS

/(CH2)4

MPEG ™" OCH,CONHCH ;CONH

2 Di-
Tri-
1 2 NHS NH > NH 5, (carbonyl imidazole), (nitrophenyl),
(isocyanate), (sulfonyl chloride), (aldehyde), (glyoxal), (epo
xide), (carbonate), (cyanuric halide), (dithiocarbonate), (to
sylate), (maleimide) , NH 5 NH , 3
3
EledZEz2lo|= o
Tri-PEG OCH,COOH > Tri-PEG OCH,COC!
MC
3l=etl sto=# ol
Tri-PEG™  OCH,COCI > Tri-PEG.__ OCH,CONHNH,
MC
: : (lip
ophilic) (hydrophilic) .
E - -—
, 0 40 4 3
0 : pH 4 9, 5 10
1:1 1:100 , 1:1 1:20
. , ; (a -, B -, y -interferon), (asparagin
ase), (arginase), (arginine deiminase), (adenosine de
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aminase), (superoxide dismutase), (endotoxinase), (catala
se), (chymotrypsin), (lipase), (uricase), (adenosine diphos
phatase), (tyrosinase), (glucose oxidase), (glucosidase),
(galactosidase), (glucouronidase), (hemoglobin), Vil, VI
IX(blood factor VII, VIII and IX), (immunoglobulins), (cytokines) (interle
ukins), G-CSF, GM-CSF, PDGF, (lectins), (ricins), TNF, TGFs, EGF, PTH, (calcitonin),
(Parathyroid hormone, PTH), (insulin), (enkephalin), (
growth hormone releasing peptide, GHRP), (luteinizing hormone releasing hormone, L
HRH) , , (calcitonin gene related peptide, CGRP)
, , (thymic humoral factor, THF) .
Di- Tri-
( 2 5 1 ). Tri-
- - pH 7
9, 7.5 8.5 . KCI, NaCl, Tris-HCI, K ,
HPO ,,KH ,PO ,,Na , HPO ,,NaH , PO ,, NaHCO 5, NaBO ,,(NH ,) ,CO j, (glycine) Na
OH , Tris-HCI Q-HD(

BioSepra, USA), QA-TRISACRYL QMA-SPHEROSIL (sepracore, USA), TMAE650M(EM separation, USA),
Mono-Q Q-Sepharose (Pharmacia, Sweden)

’

1. PEG
< 1> mPEG-OCH , CONHCH , COONHS(5000)
( 1) mPEG-OCH , COOH(5000)
5000 PEG mPEG , MPEG-0OH(5000)(10g, 2mmole) (nitrogen gas)
THF (stirring) , (naphthalene) 3
. (bromoethylacetate)(1.0g, 6.0mmole)

(dropwise) . 15 (ice bath) (@i
ce ether) . (solid filter) ,

(crude solid) 15.5¢g .

1IN NaOH pH 11 55 24

HCI pH 3 . (methylene chloride, "MC" )

1 (celite filter) . (isopropyl
alcohol, "ipa" ) . (pale bro
wn solid) .

10.3 g ( : 100 %)
( 2) mMPEG-OCH , COONHS(5000)
1 MPEG-OCH , COOH(5000)(3g, 0.6mmole) MC NHS(0.2g, 1.8mmole
) N,N'- (N,N'-dicyclohexyl carbodiimide, "DCC" )(0.37g, 1.8mmole)

.30 18 , (
charcoal; )
ipa ,

MPEG-OCH , COONHS(5000) 281g(
1 91 %)
( 3) mMPEG-OCH , CONHCH , COOH(5000)

(glycine)(0.06 g, 0.8 mmole) (0.1 M, pH 8.5) mPEG-OCH , COO
NHS(5000)(0.5, 0.1mmole) .15 (oxalic ac
id) pH 3 .MC 3 MC Na , SO 4
ipa ,

MPEG-OCH , CONHCH , COOH(5000) 0.50 g ( 1 98 %)
( 4) mPEG-OCH , CONHCH , COONHS(5000)
3 mMPEG-OCH , CONHCH , COOH(5000)(0.5g, 0.1mmole) MC NHS(0.0
34g, 0.3mmole) DCC(0.062g, 0.3mmole) . 30 24
ipa
MmPEG-OCH , CONHCH , COONHS(5000) 0.43 g ( : 83%)
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< 2> mPEG-OCH , CONHCH , COONHS(20000)
( 1) mPEG-OCH , COOH(20000)

20000 mMPEG-0H(20000)(5g, 0.25mmole) 1 1 mPEG-OCH , C
OOH(20000) 5.09( : 100 %)
( 2) mMPEG-OCH2COONHS(20000)
MPEG-OCH , COOH(20000)(3g, 0.15mmole) 1 2 MPEG-OCH2COONHS(
20000) 229( 1 73%)
( 3) mMPEG-OCH , CONHCH , COOH(20000)
MPEG-OCH , COONHS(20000)(0.5g, 0.025mmole) 1 3 mPEG-OCH , C
ONHCH , COOH(20000) 0.50 g ( : 100 %)
( 4) mPEG-OCH , CONHCH , COONHS(20000)
mPEG-OCH , CONHCH , COOH(20000)(0.5g, 0.025mmole) 1 4 mPEG-
OCH , CONHCH , COONHS(20000) 0.45¢g ( 1 90 %)
2. Di-PEG __ Tri-PEG
< 3> Di-PEG-NHS (5000)
( 1) Di-PEG-COOH (5000)

—-HCI(lysine-HCI)(0.08 g, 0.042 mmole) (0.1 M pH 8.5) mMPEG-0
CH , CONHCH , COONHS(5000)(0.4, 0.076mmole) .2

pH 3 .MC 3 MC Na , SO 4

ipa

(Di-PEG-COOH) 0.33g(  :84%) . 1

1

mPEGOCH: CONHCH :CONHCHCOOH
[

(CHz )4
I
mPEGOCH:CONHCH2 CONH
( 2) Di-PEG-NHS (5000)
1 Di-PEG-COOH(5000)(0.3g, 0.029mmole) NHS(0.01 g, 0.087 mmole) DCC(0.018 g,

0.087 mmole) 1 4 0.25¢g ( : 82 %)
(Di-PEG-NHS) 2 .

2

mPEGOCH,, CONHCHz CONHCHCOONHS
|

(CH.),
I
mPEGOCH, CONHCH.CONH
< 4> Di-PEG-NHS (20000)
( 1) Di-PEG-COOH (20000)
mMPEG-OCH , CONHCH , COONHS(20000)(0.4g, 0.02mmole) 3 1
0.359 ( : 87 %) . Di-PEG-COOH 1
( 1 PEG 20000 ).
( 2) Di-PEG-NHS (20000)
Di-PEG-COOH(20000)(0.3 g, 0.025 mmole) 3 2 0.25¢g (
: 83 %) . (Di-PEG-NHS) 2 (
2 PEG 20000 ).
< 5> Tri-PEG-NHS (5000)
( 1) Tri-PEG-COOH (5000)
3 Di-PEG-COONHS(5000)(0.1 g, 0.0096 mmole) MC NH , P

EG-COOH(2000)(0.038 g, 0.0192 mmole) . 40 2 ,
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ipa

012g(  :92%) . (Tri-PEG-COOH)

3

mPEGOCH . CONHCH, CONHCHCONHPEG(2000)COOH
[

(CH2)4
!
mPEGOCH . CONHCH.CONH
( 2) Tri-PEG-NHS (5000)
4 Tri-PEG-COOH(0.1 g, 0.007 mmole) NHS(0.0024 g, 0.021 mmole) DCC(0.0043 g, 0.0
21 mmole) 3 2 0.1g( 199 %)
(Tri-PEG-NHS) 4
4

mMPEGOCH:;; CONHCH.,CONHCHCONHPEG(2000)COONHS
l
(CH2)u
[
mMPEGOCH .CONHCH; CONH

< 6> Tri-PEG-NHS (20000)
(1) Tri-PEG-COOH (20000)

4 Di-PEG-COONHS(20000)(0.1 g, 0.00247 mmole) 4 2

0.107g(  :98 %) . (Tri-PEG-COOH) 3
, PEG 20000

( 2) Tri-PEG-NHS (20000)

4 Tri-PEG-COOH(20000)(0.08 g, 0.0018 mmole) 4 2

0.080g(  :99 %) . (Tri-PEG-NHS) 4
, PEG 20000
< 7> Tri-PEG-NHNH , (5000)
5 1 2
5

mMPEGOCH :CONHCH : CONHCHCONHPEGCOONHNH:
|
(CH:2>4
|
mPEGOCH 2 CONHCHCONH

6

mPEGOCH ;CONHCH ,CONHCHCONHPEG(2000)COCI
|
(CH2)4
I
MPEGOCH ;CONHCH CONH
(Tri-PEG-COCI)

5 1 Tri-PEG-COOH(5000) (1 g, 0.083 mmole) MC SOCI , (0.05 g, 0.4 mmole)
3 (reflux) . 19
( : 98 %)
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«( 2 7
-
MPEGOCH2CONHCH 2 CONHCHCONHPEG(2000) CONHNH:
|
(CH:y) 4
|
mPEGOCH2CONHCH2CONH
(Tri-PEG-CONHNH ,)
1 Tri-PEG-COCI (5000) (1.1 mmole) MC NH oNH ,,H , 010 ml
3 ,
1 mmole ( 192 %) . 7
< 8> Tri-PEG-NHNH , (20000)
( 1) 6
6 1 Tri-PEG-COOH(20000) Tri-PEG-COCI(20000)
. 19 ( : 98 %) . 6 P
EG 20000
( 2) 7
1 Tri-PEG-COCI (20000) (1.1 mmole) 7 2 Tri-PEG-
NHNH , (20000) . 1 mmole ( 1 92 %)
7 PEG 20000
3. ( )
< 9> Di-PEG(5000)-
3 mg (Interferon, INF) pH7.0 0.1 M , 3 -N
- (succinyl-N-hydroxysuccinimide ester) Di-PEG(5000) 3 mg
30 .01 M (glycine) ,
PEG INF -30(Centricon-30; Amicon, USA) Di-PEG(5000)-INF
< 10> Di-PEG(20000)-
3mg INF pH70 0.1M . 4 -N-
(succinyl-N-hydroxysuccinimide ester) Di-PEG(20000) 12 mg 30
.01 M , PEG INF -
30
< 11> Tri-PEG(5000)-
9 Tri-PEG(5000)-INF . PEG 5 Tri-
PEG(5000)-NHS .
< 12> Tri-PEG(20000)-
9 Tri-PEG(20000)-INF . PEG 6 Tri
-PEG(20000)-NHS .
< 13> Tri-PEG(5000)NHNH 5 -
3 mg pH6.0 0.1M ,10mg 1- -3- (3- )-
[1-ethyl-3- (3-dimethylaminopropyl)-carbodiimide hydrochloride, "ED
c" ] , 7 Tri-PEG(5000)-NHNH »
3 mg 2 24 . PEG INF -30
Tri-PEG(5000)NHNH , -INF
< 14> Tri-PEG(20000)NHNH 5, -
3 mg pH 6.0 0.1M ,10mg EDC
, 8 Tri-PEG(20000)NHNH2 12 mg 2 24
PEG INF -30 Tri- PEG(20000)NHNH
> —INF .
< 15> Tri-PEG(5000)-EGF
5mg EGF(epithermal growth factor) pH 7.0 0.1M , 5
-N- (succinyl-N-hydroxysuccinimide ester) Tri-PEG(5000) 5
mg 30 .01 M , P
EG EGF -30 Tri-PEG(5000)-EGF
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19
< 16> Tri-PEG(20000)-EGF
15 , PEG 6 Tri-PEG(20000) 20
mg . 19
< 17> Tri-PEG(5000)-HGH
5mg HGH(human growth hormone) pH7.0 0.1 M , 5
-N- (succinyl- N-hydroxysuccinimide ester) Tri-PEG(5000)
8 mg 30 .01 M ,
PEG EGF -30 Tri-PEG(5000)-HGH ,
19
< 18> Tri-PEG(20000)-HGH
17 Tri-PEG(20000)-HGH PEG 6 Tri-PEG(
20000) 25 mg . 19
< 19> Mono-PEG(5000, 20000)-
9 12 PEG-INF -30 10 mM Tris
(mono-Q; Pharmacia, Sweden) Mono-PEG-INF 0

300 mM . Mono-PEG-INF - HPLC(size-exclusion HP
LC) MALDI-TOF (MALDI-TOF mass spectometer)
< 1>
1 8 ,
INF 9 14 Mono-PEG-IFN 19
Mono-PEG-IFN HPLC ( 2, 3 4 5)
, PEG ( 1.
, 10000, 20000 40000 PEG
PEG2-NHS (branched PEG2-NHS ester, Sheawater polymers)
[ 1]
PEG
Mono-PEG-INF INF
MPEG-OCH2CONHCH2COONHS(5000) |45 % 35%
0 MPEG-OCH2CONHCH2COONHS(2000 22 0 57 0
3 Di-PEG-NHS(5000) 23 % 65 %
4 Di-PEG-NHS(20000) 18 % 80 %
5 Tri-PEG-NHS(5000) 45 % 51 %
6 Tri-PEG-NHS(20000) 43 % 50 %
7 Tri-PEG-NHNH , (20000) 35% 30 %
8 Tri-PEG-NHNH , (20000) 30 % 40 %
Sheawater 23 % 63 %
1 , Di-PEG Tri-PEG ,
Tri-PEG PEG

- 10 -
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(57)
1.

, -NHS, -NHNH (carbonyl imida
zole), (nitrophenyl), (isocyanate), (sulfonyl chloride), (alde
hyde), (glyoxal), (epoxide), (carbonate), (cyanuric halide),

(dithiocarbonate), (tosylate), (maleimide)
, (polyethylene glycol, PEG),
(polypropylene glycol, PPG), (polyoxyethylene, POE), (polytri
methylene glycol), (polylactic acid) , , ( ) (
), (polyurethane), (polyphosphazenes), (L- )[poly(L- lysine)],
(polyalkylene oxide, PAO), (polysaccharide) (dex
tran), (polyvinyl pyrrolidone), (polyvinyl alcohol, PVA), (
polyacryl amide)
2.
1 ,
3.
1 , 200 100,000
4,
1 , 200 20,000
5.
6.
7.

1 -NHS, -NHNH 5, (carbonyl imi
dazole), (nitrophenyl), (isocyanate), (sulfonyl chloride), (al
dehyde), (glyoxal), (epoxide), (carbonate), (cyanuric halide),

(dithiocarbonate), (tosylate), (maleimide)
8.
7 , 1:1 1:10
0 , 1:1 1:20
9.
10.
7 : , : (a -, B -,y —interferon),
(asparaginase), (arginase), (arginine deiminase),
(adenosine deaminase), (superoxide dismutase), (endotoxinase),
(catalase), (chymotrypsin), (lipase), (uricase), (
adenosine diphosphatase), (tyrosinase), (glucose oxidase), (
glucosidase), (galactosidase), (glucouronidase), (hemoglobin),
Vil, VI IX(blood factor VII, VIII and IX), (immunoglobulins), (cytokines)
(interleukins), G-CSF, GM-CSF, PDGF, (lectins), (ricins), TNF, TGFs, EGF, PTH, (
calcitonin), (Parathyroid hormone, PTH), (insulin), (enkephalin),
(growth hormone releasing peptide, GHRP), (luteinizing hormone relea

sing hormone, LHRH) ,

, (calcitonin gene related
peptide, CGRP), , (thymic humoral factor, THF)

- 11 -



mvolts
973 {

mvolts

16 .88

24.88 32.88 48.88

48.88

T
16.988

T T T
24.08 32,08 48.80

Minutes

3

16.68

8.88

i6.88
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