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A Facile Method for Preparing an Arginine-rich Peptide from Salmon Protamine

Akihiro AmBo, Hisano Yamapa, Shinji TacHBana, Takashi Suzuki, Kayo Kusota, and Yusuke Sasaki

(Received November 21, 2007)

It has recently been shown that oligoarginine or arginine-rich peptides can penetrate into

the cells. In this study, we investigated a facile method for preparing an arginine-rich peptide

from salmon protamine sulfate. A 14-amino acid peptide (VSRRRRRRGGRRRR) was

obtained by thermolysin digestion in alkaline pyroborate buffer at pH 8.74 and pH 8.93 in a

satisfactory yield while the peptide did not obtained in a neutral Tris-HCI buffer at pH 7.40.

The 14-amino acid peptide was converted to its N-terminal mercaptopropionyl derivative.

The modification serves as a tether by forming disulfide bond with Cys residue for delivery of

high molecular weight proteins into the cells.

Key words —- arginine-rich peptide; cell penetrating peptide; protamine
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Bel2 s YN T H e EOBAKEDE I 2l
XL ERESH TRV, 5L, MPEEE
YDA NVAE 87 B HED HIV-1 Tat (48-
60) RELE T H¥E pAntp (43-58) & L&A
XL EIZEY, ey v EEMA
CEASHELZENTRELET WA, 2)
Futaki 5%, Y T7AMF= v R7F FOMBA
BATEEOMAT A 5, #it L7- Arg FRE 8 HAR &
OXRTF FPRIFMBEANBITEZSE L, Lys
A L b MBWBITH SV T & e iE
LTwh, 39 F72, Yang bldH 7oy I~
TTT XY MO VREFER ¢ OBsEE
YIS, B, WUy I TS5 D
1 ©T& 5 Val-Ser-Arg-Arg-Arg-Arg-Arg-Arg-
Gly-Gly-Arg-Arg-Arg-Arg (VSRRRRRRGGRRRR)

PHIBENEITEF YV 7T LTARHTHL L
%%’(%‘LT‘/‘%. 13,14)

Arg BEIZELRTF FEAEEGHICL VES
ki, 1) HEET S Arg BREDOHE LTI,
—HEENESEL 2, 2) Arg BREICED
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TWig\y, FI2CTERAIIAREIZB VT Arg 7%
HIZEH T F N & LT VSRRRRRRGGRRRR #
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HIV-1 Tat (48-60)

H-Gly-Arg-Lys-Lys-Arg-Arg-Gln-Arg-Arg-Arg-Pro-Pro-GIn-OH

pAntp (43-58)

H-Arg-Gin-lle-Lys-Ile-Trp-Phe-GIn-Asn-Arg-Arg-Met-Lys-Trp-Lys-Lys-OH

Salmon protamine

I : H-Prol-Arg-Arg-Arg-Arg-Ser-Ser-Ser-Arg-Pro-Tle-Arg-Arg-Arg-Arg-Pro-Arg!’-
II : H-Pro'-Arg-Arg-Arg-Arg-Ser-Ser-Ser-Arg-Pro-Val-Arg-Arg-Arg-Arg-Pro-Arg!’-
Il : H-Prol-Arg-Arg-Arg-Arg-Ser-Ser-Arg-Arg-Pro-Val-Arg-Arg-Arg-Arg-Pro-Arg!’-
IV H-Pro'-Arg-Arg-Arg-Arg-Ala-Ser-Arg-Arg-Tle-Arg-Arg-Arg-Arg-Arg-Pro-Arg!’-

=/ = =3 —

-Arg!8-Ala-Ser-Arg-Arg-Arg-Arg-Arg-Arg-Gly-Gly-Arg-Arg-Arg-Arg®-OH
-Arg'8-Val-Ser-Arg-Arg-Arg-Arg-Arg-Arg-Gly-Gly-Arg-Arg-Arg-Arg®-OH
-Arg'®-Val-Ser-Arg-Arg-Arg-Arg-Arg-Arg-Gly-Gly-Arg-Arg-Arg-Arg®-OH
-Val'®-Ser-Arg-Arg-Arg-Arg-Arg-Gly-Gly-Arg-Arg-Arg-Arg®-OH

Fig. 1. Amino Acid Sequences of HIV-1 Tat (48-60) , pAntp (43-58), and Salmon Protamines (1 -IV)

KBRMB B LUHE

1. HE

P —F1) ¥ (3 X eryst, 7000 PUmg) X
UF 3,3'-dithiodipropionic acid 13+ 75 4 7 A~
HEERW, BRIy Iy (3 HEE) 3
FKAULEARA S S OG5 % w7,

2. Y= Ik BKPHEE
WMEE7uoy 2 (260 mg) &H—FY T
(1.3 mg) % &M+ 36.5°C T 30 ~ 40 5 RIHNiR
L7, 70 I % 1 gl L7583y
—EU TV 40mg A, BERIE 1] mM
CaCle % &€ 50 mM Tris-HCIl #&&# (pH 7.40)
% 721 NaB«O7-HCl #E# (pH 8.74 & 2 Wi
pH 8.93) % MHw7-. eEikiE, 100C, 54
BMEC L D47 72,

3. HPLC & L VUHE HPLC (L& BT F

N B

BHEWEICIE 0.06% TFA B (AR) & 80%
7 M= MUIL0.06% TFA AR (Bi) % Hw
7z. 43H HPLC Tid 4 9 412 YMC-Pack ODS
AM (4.6 mm X 150 mm) %\, BiE»® 30
min T 1% 205 30% & 7% % B A IR S A BT
Wafro/z, £7z, fEiE 1.0 mL/4, BHEO
EZ 4 —13220 nm TIT o /2. HEHPLC 137

Z 412 Develosil ODS Lop # 7 4 (30 mm X 280
mm) %M, B#AT220 4T 1% 25 30% &
LAHEGHREARTHEL 2T /2. 72, i
i3 3.0 mL/4, WHEOE= ¥ —1% 220 nm T
7y, 6mL Z &4 L7,

4, 41 AFWIOATRT 57 14—

Sulphoxyethyl cellulose SE-53 [H*] (Whatman
HE) ELE LS T4 (20 mm X 80 mm) &
w7z, BEHIZIEHEK, 1M NaCl, 1.5M NaCl,
2M NaCl Zz vy, BB 2mL Z & 1249
L7z,

5. FA®BOX T Z7 14—

Sephadex G-25 (30 mm X500 mm) # 7 A%
MV, 4 mL/5r O i T 5% BERRIC & ) B & 4T
o7z BEHWIE SmL T k20 L7z,

6. EEMIBLUT I /B

BOHNIZARTT FOERIIHTIEL TQS QUANTUM
Discovery (Thermo f1#) & %\ i3 Auto-Flex Il
(Bruker #L8) % w7z, Wb ERER 2 HlE
78 h 2 VIIHE5 72, 2B MALDI TOF-MS Tl
~ M1 v 7 AL LT acyano-4-hydroxy cinnamic
acid (J 774 7 AZE) #Hw7z /273
J BEAHTIEARTF K% 6N HCL H 110°C T 24 I
Mhn#s, 73/ BEBSHTEE (Hitachi, L-
8500 &) 12X hiT- 7.
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7. 3,3“Dithiodipropionic acid N-hydroxysuccinimide
ester DEEK
3,3'-Dithiodipropionic acid (1.049 g) BX
14%5&) %
T DMF S Ehicmz, Lz, 2212,
N,N'-dicyclohexylcarbodiimide (995.4 mg) %4
B OMARVOWAEL, lEhmE -BEHEL
7o, WA B, AHEEMEL, 2-propanocl 2
5 EF & 1T\, 3,3'-dithiodipropionic acid N-
hydroxysuccinimide ester (930 mg) % f57-.
8. 7’O% 3 2 H{ERT A mercaptopropionyl 1
7 3 J FAD mercaptopropionyl 15412 & 5 SH
D& AL Scheme 1 W fto7. Thbb,

N-hydroxy succinimide (574.9 mg,

HOOC- (CHz) 2-S-S- (CHz)2:-COOH
| HONSwDCC
HOOC- (CHz)2-S-S- (CHz) 2-CO-ONSu
| H:N-peptide
HOOC- (CHz) 2-S-S- (CHz) >-CO-NH-peptide
 DTT
HS- (CHz) :-CO-NH-peptide

Scheme 1. Synthesis of Mercaptopropionylpeptide

VSRRRRRRGGRRRR (33.4 mg) Z3,3'-
dithiodipropionic acid N-hydroxysuccinimide
ester (18 mg), triethylamine 8 L (3 %4&E) %N
A, DMF & © 4 BEREHE L7, 208 DTT
(15mg) =Mz, 2EMEREL, EHICDTT
(15mg) &Mz T ME#EE% L7z, DTT (50 mg)
T EHITMA T 1 RERERSUSY & E T iR L,
Develosil ODS Lop #1 7 L2 X D 3L %47 72,

£ R

1. TrisHCIE@&#®& (pH 7.4) FICHF 297
TO423I 0= Il LMK
BTy I (250 mg) 2 —FY v (1.3
mg) (2X D, 1mM CaCl: % &€ 50mM Tris-HC1
FEEV (pH 7.4) 30mL # 36.5C T 40 45 AL %
fTo7z. MB7a% IV, Fig. 1IZRT LI
ANTFREYTH H 728, HPLC FTIE, 14.8 ~
156 3724 DDE =7 DSHER S LA, EEfZIZZ
NHOE—2713HEL, 88~ 11945t &
Bonsd 6 KL EOY—2 SRSz (Fig. 2).
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Fig. 2. HPLC Profiles of Protamine Sulfate before and after Thermolysin-digestion
Column: YMC-Pack ODS AM-302 (4.6 mm X 150 mm) column. Elution: A linear gradient from 1%B to
30%B over 30 min (A: 0.06% TFA, B:80% acetonitrile in 0.06% TFA). Flow rate: 1.0 mL/min. See
experimental section for other conditions.
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Z1 5 % Develosil ODS Lop # 7 A2 & V) 471
L7z Zh, 320FELES (1a~1c) %
872 (Table 1). 1a (& MS & #i& 7 3 / BEAT
DR LY, T(19—26)/M(19 —26) :
VSRRRRRR L [FEE L7z, 72, 1b X (11 —
18) : VRRRRPRR, 1c i3I (11 — 18)/IV(10 —

D OBFREGIRGDOEREITFNEN56.1 mg, 42.0
mg BLU31.0mg THY, FERIHW/-Tas
VT AERLLIZENEN 22.0%, 16.8%
BLU124% TH o7z,

BH L Z0MOE SO W TIZE &5
EHI1(6—10)/0(6—10): SSSRP (m/z =

17) : IRRRRRPR L RE L7z, B, TNHHE 533.55: [M+H]"), V(18 — 24) . VSRRRRR
Table 1. Protamine Hydolysates by Thermolysin in Tris-HCl Buffer (pH 7.4)
Fr N Ri®  Yield? ESI-MS Amino acid ratio®
£ (min)  (mg) (m/z) Val Tle Ser Arg Pro Identified sequence
I (19-26)/
1142.12: [M+H] ¥, ( )
1a 40-42 12.3 55.1 . 1.00 — 090 658 — I (19-26) :
571.70: [M+2H ]2+
VSRRRRRR
1152.14: [M+H] ™, I (11-18):
1b 47-49 13.6 42.0 R 099 — — 6.10 099
576.74: [M+2H]2+ VRRRRPRR
I(11-18)/
1166.11: [M+H] + ( )
1c 51-b4 15.5 31.0 ‘ — 094 — 637 100 IV (10-17) :
583.75: [M+2H]?
IRRRRPR

@) Retention time on a column of YMC-Pack ODS AM-302 using a linear gradient from 1-30%B over 30 min at a
flow rate of 1.0 mL/min. b) Starting from 100 mg of protamine sulfate. ¢) Amino acids were determined by amino
acid analyzer after hydrolysis with 6N HCl at 110°C for 24 h.

pH 8.74 [ pH 8.93
’[ i V m
I T]r ’l 1if ‘
| i | i —— 1 | 1 }
0 55 1.0 165 220 O 55 10 16.5 220
(min) (min)

Fig. 3. HPLC Profiles of Protamine Sulfate after Thermolysin-digestion under Different pH-conditions.
Column: YMC-Pack ODS AM-302 (4.6 mm X 150 mm) column. Elution: A linear gradient from 1%3B to
20%B over 20 min (A: 0.06% TFA, B: 80% acetonitrile in 0.06% TFA). Flow rate: 1.0 mL/min. See
experimental section for other conditions.
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Table 2. Some Protamine Hydolysates by Thermolysin in Tris-HCI Buffer (pH 8.74)

PN R Yield” ESI-MS Amino acid ratio®
I. INO. ——
(min) (mg) (m/z) Val Ser Arg Pro Gly Identified sequence
1152.1: [M+H] ", I (11-18):
2a 47 132 1238 ; 062 090 7.03 131 —
576.8: [M+2H]2* VRRRRPRR
1168.8: [M+H] *, I(11-18)/IV(10-17):
2b 51-57 151 952 095 093 122 —— 1.82
583.7: [M+2H]2+ IRRRRPR
157 941.1: [M+2H]2*, I (19-32) /M (19-32):
.
628.0: [M+3H]3+ VSRRRRRRGGRRRR
1194.9: [M+2H]%*, I (1-18):
2¢c 60-61 177 151 .. 101 270 118 296 ——
797.1: [M+3H]3 PRRRRSSSRPVRRRRRPR
1229.4: [M+2H]2", I (1-18):
2d 63 180 59 , 1.03 188 126 293 —
820.0: [M+3H]3+ PRRRRSSRRPVRRRRPRR
948.8: [M+211]2",
2e 66-67 19.0 12.2 unknown

712.0: [M+3H]3*

a) Retention time on a column of YMC-Pack ODS AM-302 using a linear gradient from 1-30%B over 30 min at a
flow rate of 1.0 mL/min. b) Starting from 100 mg of protamine sulfate. ¢) Amino acids were determined by amino
acid analyzer after hydrolysis with 6N HCl at 110°C for 24 h.

(m/z = 985.91: [M+H]*, 493.72: [M+2H]?*) %
Sl —BTAESFA L - PR EINT:
A%, HHE$A1I(19 —32)/M(19 —32) .
VSRRRRRRGGRRRR IZH ¥ T % m/z = 941.0:
[M+2H]2 3R EE Td - 72,
2. NaB4«O7-HCl #2fE# (pH 8.74 & 5\ 3 pH
8.93) RICKEFBHyr7O4I DY —%
1) S AT & BINKGE
ik 7a% 3 (260 mg) ¥ —F) I~
(1.3 mg) I2& 0, 1mM CaCl: & &1 NaB«Or-
HCL #&1#% (pH 8.74 & %\ 3 pH 8.93) 30 mL
tC 36.5CT 30 FHMEAITo7L 25, pH
8.74 [2 BTl pH 7.40 DA & FARIZ 15 431F
EOBEROTOY I vERbRE Y2132
W L72oizxt L, pH 8.93 T 156 4TIl Fk
Hib7ay I eabns4% DY — 7 V%
7z (Fig. 3).
pH 8.74 12 BJ A {EILY % Develosil 71 7 4T
S L7 RER, SHEOM S H7: (Table 2).
pH 8.74 Tl pH 7.40 L A2 2a & LTI
(11 — 18) Mooz, 111 —18)/
V(10 — 17) (Rt = 15.1 47) PEb 7275, K
e cHBME T A (19 —32)/M (19 — 32) :
VSRRRRRRGGRRRR (R: = 15.7 4, m/z = 941.1:

[M+2H]2%) &3 HPLC TR 230 TH
FELTHEHT A72020 8 L7, F72, 47
Oy IVIETNDT I KiEho 18 BENZFh
Fh2c, 2d 125 N7z, 28 IZESIMS I2& D,
1/4TFA % 1/3TFA O INA A4 v ¥ — 7 3@igE &
NDLZEDPLGTENBLE 2843 O T E
INTVLEEHESINED, BHOREICIEE
Lol

3. VSRRRRRRGGRRRR D& (1)

TEeTay Iy (1g) 2¥—TUy v (4mg)
(2& 0, 1mM CaCle % & & NaB4Or-HCI FRE
(pH 8.74 & %\ & pH 8.93) 30 mL T 36.5TC,
7% 2100 mg FH24) % Develosil 7 7 A I2AF L,
S & T o7z, S 512 MALDI TOF-MS & HPLC
SATIC L Y 578 1880 & & B 4% I < X
L, pH8.74 7*5 3a, pH 8.93 25 3b %21§7-.
XIZ, TN 5% Sulphoxyethyl cellulose SE-53 7
S 22 L, #ik 20 mL, 1M NaCl 30 mL, 1.5M
NaCl 30 mL 3 & UF 2M NaCl 30 mL TH#EH 21T -
7z, BO5F= 1880 % & Lo #i4iL, 2M NaCl
20 mL AT S L. SNS ES T g
L7zb DI, BIRD 704K 500 1L & FHEER 5 mL
RINZCHEBELE, 10 0BREL, BEk
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SlAEL. AEEFETEEEL, YV ARZO
¥ h279 74 —|21F L, VSRRRRRRGGRRRR %
%72, % pH IZ X V185 1172 VSRRRRRRGGRRRR
DEFEAEG IR E R % Table 3 1I/RT. A 4 55y
O 7574 —=CBF 5% 7HE455 (2.0M NaCl
H Fr. No. 8) 25 Ol % &0, pH 874 B &
U'pH 893 6 FNEFN 108 mg BL U 11.5 mg
? VSRRRRRRGGRRRR %% 5 172,

4. VSRRRRRRGGRRRR OBk (2)

%5 VSRRRRRRGGRRRR M H. @k (1) 2B w
CTpH 8.74 THEOLNT T ¥ I VKR & Rk
123 mL (0% 32100 mg MY) %
Sulphoxyethyl cellulose SE-53 # L 124f L, #6

7k 20 mL, 1M NaCl 30 mL, 1.5M NaCl 30 mL 3
£ UY2M NaCl 30 mL THEH 24T > 72. MALDI
TOF-MS 3 X OF HPLC 734712 & 1) 75F& 1880 %
&M% (2.0 M NaCl Fr. No. 7-11) #1872,
JEIBAETR & O ICHEEEFE L, Develosil 775 412
Lo THBEEREL, 4 2157, NEF 12.5 mg
TdH o7z, Fig. 4 & Fig. 5 12ZFNFN 4 D HPLC
717 4 — )L & MALDI TOF-MS DO#E R %R,
5. 7’04 X 2 H{E#i K VSRRRRRRGGRRRR ~
® SH #£EFA

VSRRRRRRGGRRRR (33.4 mg) 12 3,3'-
dithiodipropionic acid N-hydroxysuccinimide
ester (18 mg), triethylamine 8L (3 4&) %

Table 3. Isolation of VSRRRRRRGGRRRR by Combined Liquid

Chromatography
Step 1. Step 2 Step 3. i
pH Develosil Ion exchange  Gel filtration Yield
Fr. No. Fr. No. Fr. No. (mg)
2.0M elution: 8 ¥ 10-13 3.2 Total:
8.74 51-55 (3a) )
2.0M elution: 9-12 11-16 76 108
2.0M elution: 8 ¥ 14-19 2.7 Total:
8.93 53-61 (3b) 4
2.0M7e1utlon: 9-11 13-18 8.8 11.57

@) Starting from 100 mg of protamine sulfate. b) This fraction contained
desired peptide with lower purity (<90%).

Table 4. Isolation of VSRRRRRRGGRRRR by Combined Liquid

Chromatography
Step 1. Step 2 W
pH Ion exchange Develosil Y1e1d>
Fr. No. Fr. No. (mg,
8.74 2.0M elution: 7-11 53-56 (4) 12.5 mg
a) Starting from 100 mg of protamine sulfate.
LM 800 1880.376
M ; |
0 535 1.0 165 22.0 600
(min) @
8
Fig. 4. HPLC Profile of Isolated £
VSRRRRRRGGRRRR (4). 4001
Column: YMC-Pack ODS AM-302
(4.6 mm X 150 mm) column.
Elution: A linear gradient from 200
1%B to 20%B over 20 min (A:
0.06% TFA, B: 80% acetonitrile in . l
0.06% TFA). Flow rate: 1.0 1000 1500 ' 3000 2500 3000 m/z

mL/min. See experimental section
for other conditions.

Fig. 5. MALDI TOF-MS Spectrum of Isolated VSRRRRRRGGRRRR (4).
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Mz, DMF AR CARBMEL:. 208
DTT #IC L 7. KW % Develosil 71 7 L 124
L, #BLTHBz5 %ML, dEEgRLEN
LB ANHT PRTF RiFER (R= 16547,
mlz = 1969.042 ([M+H]*), 10.6 mg, X
30.3%) %187 (Fig. 6). BoN/ 2T F FIC

1 !
0 8.0 16I.0 24!.0 32I.0

(min)

Fig. 6. HPLC Profile of Purified Mercaptopropionyl
Peptide 5.
Column: YMC-Pack ODS AM-302 (4.6 mm X
150 mm) column. Elution: A linear gradient
from 1%B to 30%B over 30 min (A: 0.06%
TFA, B: 80% acetonitrile in 0.06% TFA). Flow
rate: 1.0 mL/min. See experimental section for
other conditions.

= B2 =2 =

H = =

SH #£A5EA SN/ 2 & LT 5728, H-Cys
(Npys)-OH ZKEH T CTRIRS /L 25,
14.4 4312 disulfide [CHE T 28 L\ E— 27 D3]
R N7z, Develosil # 7 A2 X ARBETIZEN
BHALE (Fr. No. 82-85) 1[Cv A F—E— 2778
RonzzomULL 7z (6.6 mg). Z ORI
MALDI TOF-MS CTE & #5414+ E¥—=2 &L
T miz = 2056.049 HSEREZZ E N, mercaptopropionyl
EN20BAENLGTEE L.

Z =

Yang 5 D12 X 11X VSRRRRRRGGRRRR
&, AN YORAIEROE A, 10 JINE
TSRO S, MM D RO TR, 61014
S HTITAE R E A Oy, MBEEES >~
37 B D gelonin® % VSRRRRRRGGRRRR & #54
DL, ERIREME (CT-26) (6 L CHAM
fash R ER LR IH 2 EORNEIE L HT
%, W Z® & 912 VSRRRRRRGGRRRR (AL A
BITHEXF Y7L LTCHRATHAEEZONS.
AHF%2Tld VSRRRRRRGGRRRR # %Mz, L2
LEBIEBLHEELTHr 70y I 6o
FARARET L7z, Yang HOMED 12X B &, 20
mM CaCl: &7/ PBS & #Eil & L TH, ZEiRT
30 SRIOF—F) VUM A LICL o TH
F7uy I YOMKRGHREAT, AR rH T
LML) BEEAZFT > T AP EEHIEATTH 5.
KR TIHRES, Y—F ¥ Vb oEER L,
Sfh 2 5N 5H 1 mM CaCle % 4 ¢ 50 mM Tris-

: H—Pro1-Arg—Arg—Arg—Arg{Ser—Ser—Ser—Arg-Pro!ile-Arg-Arg—Arg—Arg—Pro—Arg”-
. H-Pro'-Arg-Arg-Arg-Arg-Ser-Ser-Ser-Arg-Pro-Val-Arg-Arg-Arg-Arg-Pro-Arg'’-
. H-Pro-Arg-Arg-Arg-Arg-Ser-Ser-Arg-Arg-Pro-Val-Arg-Arg-Arg-Arg-Pro-Arg!’-
. H-Prol-Arg-Arg-Arg-Arg-Ala-Ser-Arg-Arg-lle-Arg-Arg-Arg-Arg-Arg-Pro-Arg!7-

7 !
. -Arg'8-Ala-Ser-Arg-Arg-Arg-Arg-Arg-Arg-Gly-Gly-Arg-Arg-Arg-Arg®-OH
. —Arglgi\fal—ser—Arngrg—Arg—Arg—Arg—Arg-Gly-Gly-Arg—Arg—Arg—Arg32~OH
: —Argls—Val—Ser-Arg-Arg—Arg—ArgTArg—Arg—Gly»Gly—Arg—Arg»Arg—Arg32—OH
|

IV : -Val'®-Ser-Arg-Arg-Arg-Arg-Arg Gly-Gly-Arg-Arg-Arg-Arg®-OH

Fig. 7. Major Cleavage Sites of Salmon Protamine Sulfate by Thermolysin.
All arrows represent cleavage site at pH 7.40. Thick arrow represents cleavage site at high pH (8.74 or 8.93).
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HCl A& (pH 7.40) H 36.5C CALHE A 1T - 7-.
KEHTEIOOFELRES (1a—1¢c) %57
b, HEE TS VSRRRRRRGGRRRR 12 HIE
THGFAF ¥~ mliz = 941.0: [M+2H]*" 1
REEEL»rZBO N b ol /2, oM
DB INT B\ FAF v E— 27 DMrh s,
FrTuy I oY —T) ¥ X A YRET
B Fig. TICRTEHIICTHEENRS, T4bb,
Pro-Ile [, Pro-Val [}, Arg-Val [, Arg-lle [,
Arg-Gly 1 5\ 3 Arg-Ser 87z & 53 70 Y)W
MTHBH. —F) ¥ Y IE—MIZ Leu % Val 72
EDOBKMEDOE T I BRI ICERES S B
EEDNTWSDS, Seri&ER Gly Bih Lo
TIJEMTHIUMENLZ EFHLNE Lo
72. Morihara 5139 —F1) ¥ V3% Leu L=
Val e KL W4 2 2, mHIZEWI oD
Ser AR Gly BT TOMAGHETE A2

EERRELTBY, 1O RKEMTIE Tris-HCL 31
W (pH 7.40) 239 —E") ¥~ OEE pH O &P
IZH D, BERIEHEIE V20T Ser FEFER Gly
PRI THOIKGRENI- L EZ BN D,

DL EDEH A T D Tris-HCHE & (pH 7.40)
THW24E, B E T4 VSRRRRRRGGRRRR
PRONLEDP o/l s, Y—FY TV DOFE
# pH & (pH 6.5 ~85) LV EWpH THh 5

/

ket L7z,

pH 8.93 TIERiHbko 74 I VB D LN,
pH 8.74 TiE 36.5C, 30 7 CHRELWIIFED 5
Nixholz, BoNI2ELM 25, NaBsOr-
HOl SR E RIS B W CFRE N PWILE % Fig. 7
R L7z, AR ORI HPED Tris-HCL FRE K
(pH 7.40) TIXBEAMEDL W Ser % Gly #E# T
DY AR & N 7255, NaBsOr-HCl 1% % Tl
Ile & %\ id Val BREEF O A TEIRAH & 7z,
M7y I 250 mg 6B LT TR Y 2
YO NRImEBD 18 7 (Arg BRAEK 11 H 5 »
Z12) IS T HHES 2¢c L 2d #F R EFH
15.1 mg, 5.9 mgi%7:. 2b % IRRRRRPR (R: =
15.14, m/iz = 1168.8 ([M+H]*), 583.7
([M+2H]2*) & VSRRRRRRGGRRRR (R: = 15.7
5, milz = 941.1 ([M+2H]2") DEAEWE LT

‘Bohiz, INHDOXRTF FIZHPLC I2B\\T
D TER LR FRBAE L THY, Develosil
HNITLTRIINS 25T A2 LIEREETH -
7z2. & 51T 2b 25 Sulphoxyethyl cellulose SE-
B3MIEE VA A R u~ T T 14—
WX ENEFNOXRTF N3 HE% AAT2. 2M
NaCl i O BHIRREO B WHETHEN L T
% VSRRRRRRGGRRRR 2S7AH: LU 72, EEEEHhH 12
LY RPEOHEEBRE, S51275 VA 7O NS
T4 LR EIT o7 DLEORESTIEIC
L0, BB TS 22100 mg 005 10% FEEDIL
#C VSRRRRRRGGRRRR #7154 Z L ST & /2.
Lo B cHM &% VSRRRRRRGGRRRR
Bfon/zb 00, HEITESEL, RLTE
DFFEEEEE T2 v, BEERSICT A
e, AF B su~ NTT T 40— LM
0< 27574 —DIEICHAEGDESLHE K
L7, BRI 3 mL (F2% 32 100 mg 48
) % B3 Sulphoxyethyl cellulose SE-53 # 5
LA L, Bk & RO CTHE 1T o 7295,
HR D@ Y R T F FOFEH DS NaCl iEEDOFH W
HHICH L2 ICREDOBZEIT R L,
MALDI TOF-MS 8 X " HPLC 77#1i2 & 0 5 F&
1880 = &rtr 2.0 M NaCl # i H 4- (Fr. No. 7-11)
1R, WTEMER S S TR L, Develosil
77 L (1-30%B/220 53) 12 & o THBERE 8 % 17
v, B &% 12 mg ® VSRRRRRRGGRRRR % 1§7-.
INSDOFERPS, BRIZEAF o<
NS T4 LU N T T 4 —DIET
HMAEDLELHPEN TS Z EHHBH L, #
TEDfEifEfb x5 Z & AT & 72

&2 VSRRRRRRGGRRRR % ¥ v 1) 7 & L TH|
M 270 LEREEFOEAL T o2 S
FE& L THHTE 2 EREAIE-NH &, -COOH
%, -SH £, Ser ® Thr # &34 13-0H #7%
EFZ BN BN, RiFFE Tl mercaptopropionyl
LI2 X B NKIG7 I /3HE~D SH £D#E A %3,
#72. VSRRRRRRGGRRRR |2 DMF #1°C 3,3'-
dithiodipropionic acid N-hydroxysuccinimide ester
ZROLEE, RWCTERILLT, HRET B ALY
7 MAT T NFEE R 30.3% THE7-. 3,3'-

dithiodipropionic acid N-hydroxysuccinimide ester
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AR L, mercaptopropionyl 2£4%2 DE A &
72 ® & MALDI TOF-MS 4712 & ) MR & e,
Db, o 7uy I royr—x) v EikiR
W5 HIYE 35 VSRRRRRRGGRRRR (1T
19-32 /M 19-32) 24 4 vffpru~x 757
4= OT N5 7 4 —DIEICHAED
HHZECHEEICKIEL, 10% BETIEZH AN
EFEART 25610 FR SN IR & G
LY BETELZIENTEX L, 77,
VSRRRRRRGGRRRR D7 X J #EAD XV H 7k
TuYA VEBROBAERAA, WERE T A
TR F VB ERTBL I ENTE . KL
EWTHIBEANOEAD oD F v 1) T L LT
OFRENEEESNE, £/, Uy Ivof
MHREE T OHEILTHEOND 3EDO T 7 ¥ RS
FF (1a, 1b BX W 1c) & 5\ ITIEHEERE
WhTHEONLF 7Y TFARTF N (2 BLV
2d) OIS B D BRI RN D.

HE

i 7ay I R TRELThWEE F
L7z KA s &0 T8 IEALE SR IICIE kst
BLETET.
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