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JHetis (MBS) i35 ki COOH. [z i, A& AR G 1)/ 5% (k-9 e ) MB/PEG/DTPA (") (Step 2) ; Ffid i ' oo
MBS ) C = CXUi: 5 JiT-J55 241 o #0 ) 26 B IK FAM-AGKGTPSLETTPC-( SH)-COOH (FAM-13) | %k SH &4
Michael Jl 520 (Step 3) , & &5 A 2 G E FAM (5-carboxyfluorescein ) %) T2 58 7] ik / 88 ( ik -1k ) (FAM-
13/PEG/DTPA, II) . FJ'H-NMR FI" C-NMR 45 J5 0 SL R AT RAE . M0 IE 5 R4 102 JL-F- WA A 5] 5¢
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XA FAM-13/PEG/DTPA JLRY), JOCHeer, IHmMtm ik, Mok
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AR 2 AT AR (R R 5T B . (B 5 ) i R 7 S
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ARSI vy 2l L 2R (Tik-IER% ) (PEG/DTPA, 1)
SR W) 5 95 40 B #0 ) 22 K FAM-13 f B, 2 Ry
Jei 2 KRR AL 2 1 B 4 G MBS (I 7 36 L
A B I IR AT T FRAE SR ) PR L
S A 0 W T AR Sk o T v 2 ) DNA 2
Py ol At 24 4 A 2R AR, LA BRI 2 2 0T Y
YR B 25 R BRI T S T
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1.1 28§ 7 & B #l
T K= R B8 P ( DTPAA) 5 i 22 it

¥ 7, W (PEG3350, M, = 3350) . = 40 fk 4L
(GACLy , AR) 1 3~ e i SV Jiie 8% H 2 - V-3 BT I IV
Jfie (MBS) 1t [ Fluka; 2¢ G2 FAM $ric iR FAM-
13 ( FAM-AGKGTPSLETTPC-( SH) -COOH, & K K
IR RS EMD s oK CBE(CP, R g ik #
K)ok Bk = 2 (TEA) Fl N, N-—H 3%
F b ( DMF, 437 T8 5 D8R 2518 ) (AR,
R L 22 R A BR F)) 5 B 18R % v W (PBS)
(pH = 7.4) ;@ 40l bk BEL-7404 F11E & JIF4H
bk L-02 W [ o B2 B L i 4 2.
1.2 S ER(B-BR) ERYEE(D)WE
171

Bumaa FeR £ Z 1 (D) (1 g,0.2985 mmol ) T
BT b, g R 4 L T T 4 DMF. F R
DTPAA (0. 0714 g,0.2 mmol) JI#F 3 mL DMF,
M. A = 2 B 84 pL (0.6 mmol ) , % I S
24 h, g EZE T DMF, JoK QBEFESS 3 IRk, BT
BRSO AR T 1. 01 g, 773 94. 2% .
1.3 SHERNEST BT m A/ B (BB )
FAM-13/PEG/DTPA B4 MK & &K

765 mL B H I ATI(36 mg,6.912 wmol
NH,) ,MBS(2. 16 mg,6.912 umol) ,TEA(0.4 pL),
T DMF(2 mL) @08 +E T = W6 3 h, Bk
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7% DMF. 4K J5 n A FAM-13 JiFik (12 mg,7. 4088
pmol ) ,PBS(9 mL,pH = 7.4) @ St N =il
N 24 h 3BT 72 hGETASHE 4y /2 3400) , 5
b 8 h B i 1 I, ZiENT MK TCEIL 4, BTN
WA BRI P K, Ok T IS AR B
A 33.8 mg I, &GS FE s & 1.
1.4 PhER IEE WAL

¢ BEL-7404 20 g M 1E 5 4 L-02 & T %
10% /A ILE -19% BT, pH 7. 0 ) RPMI 1640 1
FRAEEPHE ML SR (37C 5% CO,). HAKRER
B B9 JHF 96 440 M 0 L R A0 i 2 0ot R i O A s A
RPMI 1640 135 5L F B PR 4 M, 2% 7% 1 & 10° 4~/
mL s B 20BN 3236 R 1 12 fLARc I8 A=
KBTI IAR R 50% ~70% B, FH T 5 9%
TG M AL 27 5256, ] PBST 44K B BOKs 1 97 5
Ve, 70% WRG[E E 15 min, PEEHE , INEEK FAM-
13 BkE9 I (0. 05 mg/mL) % & 1 h(37°C) ; PBST
THUE, 2P H B R RPN AR T AR
L5 S5 E

FH Bruker DRX 500 MHz NMR 4% 4 2L 4% i 1%
ASGHE AT A% g 2L PR I 2, o ok LA PO O A e
(TMS) ¥, 51 A AR CDCL, A =
AR DMSO-d 55 fCE 7K D,0; H-NMR 5254, 47
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#Jy 500. 13 MHz, % %% 10. 0 kHz,32. 77 K %4
ALE S AN 3.00 s, B 32 %P C-NMR 5L
5% ABER N 125. 77 MHz, 1% %% 37. 59 kHz,32.77 K
Btk 5, A 10 30,00 s, 2 1024 K. 531
i, BB E S (GPC) ik, A Waters 1525 7l
8 % AT A, i3 ARy DMF.
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DL TCA) XS0 H B U5 O ] A e R i ad 2k
R (Hik-Bhie ) 234 1T A9 H-NMR ( CDCL, ) 3% & U,
B 1L(B) , REWHX AR FiEHEINT:6 =
2.86 (DTPA [ m ff CH,), 2.94 (DTPA 1 {i
CH,),3.12 (PEG I q fi CH,""),3.27 ~3.35
(PEG | r,t,ufi CH,),3.43 ~3.77(PEG L s {ii
CH,) ,4.15(DTPA I k,o,n i CH,) ,6.45( PEG
I v fif NH,), 6.85 (CONH % |- NH), 8.01
(DTPA I+ x {7 COOH),8.20 (DTPA I w f{ii
COOH). N[ 1(A), (B) #1(C) By tb# ] LLA
L) r A7 CH, i1 F 5 DTPAAS! % A JFER
B, A . GPC 5 kil e 53 o+ &
10400, T IR B E 1w n @94 R 1. 9.
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Scheme 1 Synthesis of copolymers
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T, 52 KEE 2 0 4 COOH 3 &1, R AGKGTPSLETTP-COOH H 5| A 2 Jbk & R, 7F Al
Z IR TR S TR P B R TR FAM-AGKGTPSLETTPC-(SH)-COOH, #| ] SH 5
Yo% R R, 2 P MBS /5 I, BRI AR MBS A XU R , & & A DGR BT 0 TR 40
FAET ¥ 1A MBS 1935 Ak i COOH JZ 7 (Step ) Jilk/ 5 (Fik-Mt i) (FAM-13/PEG/DTPA, III ) 3
2); N T o & A Rl & N, 7E NH,- RBY, B AR A, JCRI S (Step 3).
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Fig. 1 The 'H-NMR spectra of [, II and Il
Curve A, [ ; Curve B, I ; Curve C, I

YT %' H-NMR (D,0) & & LK 1(C). (MBS 5 {3 CH) ,7.49 (MBS 4 {;; CH) .7.56 ~
16 Step 2 1, 11 (4 3L 58I MBS B4 EK  7.61 (MBS 6 {ii CH) 1 8.33 ~8.35( MBS 2 {i
WU B JG , MBS | 2838 & 11t NH,-CH,CH, 1§ CH) ; J5i ¥} MBS H1283:6 = 7.64 (5 fii CH) |
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CH) 5 ) i J5 1) &5 i #. T PEG: 6 = 3.32
(PEG I q fii CH,),3.36 (PEG I u fii CH,),
3.56 ~3.67(PEG I s {i CH,) ,3.80(PEG I r {i
CH,), 3.81(PEG I t fii CH,) ; 55k I i PEG
A2 57 % A1 LG W] AR 37 I #2. 5 Step 3, % 4
FAM-13 J5 1.8 = 2.90.2. 80 (2 jk &2 C, fi7
CH,) ,4.57(C, fii CH) ; JFiRl FAM-13.6 = 3.17,
2.92(f kAR C, f CH,) ,4.78(C, fif CH) ;%
NJE T A, AE M .6 = 2.94 (MBS 7 fi
CH,),3.77(MBS 8 fii CH) ; ik} MBS.8 = 6. 94
(7 {570 8 i CH) 5 S & 1] 5 7 i 7% .
HEMHBEFHENT 5 = 0.809 (&R
L, fii CHy) ,1. 11 (322 T, fii CH,) , 1. 18 (i
2 K, fif CH,),1.31(L; fif CH),1.52 ~1.54 (1§
% A, fi CH,,K; { CH,, L, fii CH,, K, fi
CH,),1.85.1.90 (fli % P, fii CH,),2.05 ~
2.06( K4 E, fif CH,, P, fif CH, —4~ H),2.20
(E, fif CH,),2.30 (P, {ii CH, f§—/> H),2.32
(K, fii CH,),2.91(DTPA 1 m {i CH,),3.06 ~
3.23(DTPA 1 {3 CH,),3.43.3.51 (P, {ii CH,),
3.52(T I OH) ,3.54( 2% S I OH) ,4.09(S,
fii CH,) 4. 11 (H4 M G, fii CH,) ,4. 12 (T, i
CH) ,4.14(P_ fi; CH) ,4. 16 (DTPA 1 k w . n fi
CH,) ,4.33 .4.34 4.35(4 % & K, fi CH, L, fi
CH,E, fii CH),4.45 4.50 4.52 (43 55 T, fii
CH,S, fii CH, A, {ii CH),5.30 (FAM |- OH,
F11'),5.75(K I NH,) ,6.56 ~6.61 (FAM 2,7’
{37 CH) ,6.68 ~6.74(FAM 4’ 5'{;i CH) ,6. 88 ~
6.94(B4&W p i NH),7.19 ~7.28 (FAM 1',8’
£ CH) ,7.76 ~7.79( FAM 7 {3 CH) ,8. 06 ~8. 10
(FAM 5 {3 CH, £ ik CONH, FAM 8 {ii CH),
8.38(A |- NH),8.60(DTPA 1 COOH).
MR TR R R i S A TOLR
2K 1. 54 4.
2.3 SHWRREIFEE @K FAM-13/PEG/
DTPA 524 I (9 %8 [a] 14 & I 5 R
Rz i B 2R EL AT A ) M
JLARSZIRE £ Ik NH,-AGKGTPSLETTPC- (SH) -
COOH &S HE B (A1) 6- 3k FL 0O R
(FAM) 1B R R , FHZOCHET EA TR
ST T 3R T 308 ) PR A M RO, e 4
AR S P S R TR AN« G G AN B A2 S 5
R, WREE J5 0 408, 76 1F 5 JF 40 102 H
ARSI H A& 2SO (K 2) |, T - 20 il BEL-7404

D= A AR ik ) B AR 5 (18] 3) , Pl o T
50 b A M S G A T3 v iR 40 i 3R i
o — PR s v, B I AP g FAM-13 JTFE
BRI IKEE 5 SR I AR e S R 2 A, HES A
ST b AN A RS T A AL SR AN AR A B
B AR AR AR B AR DO R T, B
FE AR A T B0 5 T A% 45 45 S A ] B 2 T 4
IS A M A7 A B P AR A2 AR5 AP Y FAM-
13 IR B BRI E S RES.

Fig. 2 The fluorescence image of Il in normal cells L-02

Fig. 3 The fluorescence image of Il in liver cancer cells BEL-

7404

JIrRL, AR i) FAM-13 R4S 9% B A AR 3 114
[r] FE 31 e 9 200 L ) RE T, L2 15 e 0 5k T
g, WAy FAM-13 IREGE PR R A 5
iR A e S 25 B D RE R AL, X2 AR TR
2 ] AR B . A (S RT LA Ay b 98
HL 1) 25 A 2, A T A D R R ATE S R 4 i
RIMAZRE A, 0250 A st R ARk
Y. Koy B AT 1) Z2 )1k, HA T LA ELIE AR
T E 4G DTPA 2544, AT B4R Jy J-Jid 2H 21
I6] 1 24 ) AR e K37 HE R .

3 #Fig

FHTRHRE B T s B 1 T 58 DGR ET 1 s
i) ik FAM-13/PEG/DTPA 59 1. ] NMR J77%
RAE T RIPFE5H. W9 T & 5O CERE 09 8 30
[i] ik FAM-13/PEG/DTPA 32 1M i % 1) 4 fiE
21t 52 56 9% B TIT X6} JHF-9 40 e BEL-7404 7 1R 3 1)
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N S

SYNTHESIS OF FLUORESCENE LABELED PEPTIDE/POLY (ETHER-AMIDE )
WITH TARGETING FUNCTION TO LIVER CANCER CELLS

SONG Chunmei'*, ZHANG Liang' , LIANG Shengbin', QIAN Min®, DU Bing*, YU Yihua’*, LI Jianqgi’**
(" Chemistry Department, * Biology Department, * Physics Department

* Shanghai Key Laboratory of Magnetic Resonance, East China Normal University, Shanghai 200062 )

Abstract To develop and characterize a new cancer target gene delivery carrier, which could be used as
potential blood pool magnetic resonance ( MR ) contrast agents, a novel FAM-AGKGTPSLETTPC-COOH/
poly ( ether-amide ) (FAM-13/PEG/DTPA ) copolymer ( Il ) with fluorescence probe was designed and obtained
first from the reaction of the amino group terminated poly( ether-amide ) (PEG/DTPA ) copolymer ligand ( II )
with heterobifunctional cross-linker m-maleimidobenzoyl-N-hydroxysuccinimide ester ( MBS) ( Step 2 ), and
then Michael addition of C = C double bond in MBS moiety with SH group in FAM-labeled hepatocarcinoma
specific adhesin peptide, FAM-AGKGTPSLETTPC-( SH)-COOH ( FAM-13) , in high yield (Step 3). I was
prepared by the reaction of diethylenetriamine pentaacetic acid dianhydrid ( DTPAA ) with amino group
terminated PEG( [ ) (Step 1). The two copolymers of Il and Il were characterized by 'H-NMR and " C-NMR
measurements. The liver tumor-specific identification and antigen localization of Il with the fluorescin-labeled
FAM-13 peptide were performed under cellular level. Targeting properties of [l were tested on the normal cells
and liver cancer cells, respectively. No fluorescence was observed on normal liver cells 1-02, while strong
yellowish green fluorescence was observed on the liver cancer cells BEL-7404. The property of FAM-13 peptide
in Il for recognizing specifically the liver cancer cells was demonstrated. It was also demonstrated that the
chemically synthesized [ll with peptide FAM-13 still had the property for targeting on the surface membrane of
liver cancer cells in vitro, thus further indicating that the specific targeting effect of the objective tissue was
mediated by the peptides of Il insert into the cell membrane. It is evident that the I with FAM-13 peptide
would be an excellent candidate for the targeting therapy to hepatocarcinoma. So ligand molecules Il with
targeting peptides can target hepatocellular carcinoma. Ligand Il is a promising candidate, which can be
coordinated with Gd’*ion to give the macromolecular contrast agent.

Keywords FAM-13/PEG/DTPA copolymer, Fluorescence probe, Liver target peptide, Ligand





