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Abstract: Tyroservatide ( YSV) and its structural modification (Z-GP-YSV-NH, ) were successfully syn-
thesized by solid-phase peptide synthesis. The overall yields were 45. 3% and 52. 3% respectively. The
stabilities of YSY and Z-GP-YSV-NH, in PBS buffer, DMEM culture and rat blood plasma were also in-
vestigated in this study. It was found that both YSV and Z-GP-YSV-NH, were stable in either PBS or
DMEM medium. However, YSV was completely degraded after bathing in rat blood plasma for 2 h; while
only 67% of Z-GP-YSV-NH, was degraded after 12-hours bath. In current paper, the cytotoxicities of
YSV and Z-GP-YSV-NH, to human renal cell 293 were also evaluated. It was displayed that the cytotox-
icities of both compounds were very low, in which the growth inhibition rate were 20% and 10.3% re-
spectively when the dosages were 200 pg/mlL.
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FHRBUIPIE (250, BTRE R . W0, A2 R
KEWWSE, 0T 2YA SRR, =m
PR, TER A9 200 ML %) RIS R AN T sl e b A5 A AL 7
ERHL A, BRI T AT 25 9 il PR
Mo B, X8 259 3EA T Bt DARRARH R 4t
BEPEECE TR EA AR LR BT 25 1o 25
SER VPRI e L B A G R T X A
AR S AR P R R ARG S5 R v oG
RO S AR AR, A 2 W R R S . ) i
SRR E R, 1B R 25 ) B S S T
VP meEgr R, Hob, S0 A g ROS E 1 o
(FAPo) FHE ) 25 W) i 1E i — 4> R SR 98 40
B BFSRWI, FAPa S 5 3 0k T R AT G 1
LPYEANM (TAF) R —FHURE T, TEEF
LI LT AR, MR . =7H
EHEZEAMER], FAPa BERESPEPUN N I R 200k
(Cbz) PRAIFHIHZER - &M A B (Z-GP-), fiE
R PERE VI AL % 2-GP -y Be k¥, W Z-Gp-
AMC Y BT R, FIA Z-GP X254 0y TR
Wi, ATLLK 25t i bR 12l

Pt hIes 22 K T Hoph e A A AL A 1 32 3] ok
R, CINEY . i (I8 EY)
SEATVE 2 B WA VORISR TR Z K . AHE
SERTEF X RIS 2245 K (tyroservatide, YSV) =4~
IR N, 2= EEM AR L - B2t - L - 22
FAME - L - AR, 2 IS LR K A b 43 e aliAk
It KA e 15 2 iR i s vEpuEd R . BF
FERW], FE L2 AR T 2 2 I /N R iR (non
small cell lung cancer, NSCLC) sE R R
b, WIFZZ IR, 22 A IRAE K bR
LR N YIS RS 91 Sk A BN ) NI UEEN
R, AR MR T 28 B 22 AR R E M, SR
USRI JEAE YSV 1 N 35| A Z-GP, [RlibREH: C i
AL N, & R WKL 1. Z2-GP By5] Ak
£, 5 B0 ) FAP BT EEIA
1 A5 1)

JH % 7F Finnigan LCQ Advantage MAX [ %%
(Thermo Finnigan 2AF], J[E) FlE; F/MIK
1F ELISA reader (Bio-Rad Laboratories Inc. , USA)
AR, R 490 nm; Al OB A G W 0 S
AifeAE L LC - 100 2 im0 AR gL ([,
Lifg) bE#EAr; CO, Wi FRA (2323 -2) WA
SHELLA Al BERELTAES (SW-CJ-2FD #1)
Mg A 7R B A BRA R B B (TS -

100) Mg A Nikon A H] 5 2 kA s 5 B A 25 1
H R 4E R BRALER A v

N, N- WA B (DMF) H1 50 H ke
(DCM) £ CaH, [lig T, 28, RAF T2 70
e il BRIEH K, CO, [l TR R0k, 78, N-
Fmoc 2 5 R N %00k H 2 Wt il & R (Z-GP-
OH) . Wang-resin, Rink-amide resin, O - ZKXJf =%
e - N, N, N, N“— 4 H 5 g P9 a2 (TBTU)
A1 - FIEHTE = (HOBt) $HgH & KR
fb; — Nl (DIPEA) | POSURTR . = FUH5
iR (TFA) ¥ [ EigasiBH A R AR . AR
PR AT LS TR

293 4iffd (AIRE AN ok A A R 25 B
FHZEH T2 % ; RPMII640 K555 5. DMEM ¥ 3%
. RAyE (FBS) . JBEE Y Gibico 23 F])™
ahs PUZEBEME . (MTT) . —HJLEA (DMSO)
N Sigma AR FHEER (100 THRAL) | HER
R (160 JTHAL) f Gibico 23] 5
2 SEERTTIA
2.1 ERLLHHBAFA Z-GP - B 2245 - NH, B EIHH & KX

1) AR LEZMRHI C 33 N )
A, fdiH Wang-resin %, Rink amide resin ( 2455
W C IR LS R FE (T ) 5 i ik AR A
() N-Fmoc {R3P 2 FE 08 F48 & 73 =ik i . 15k
PRIO.2 ¢ MR (WHEH12L0. 6 mmol/g) TZKG
Rgs, hn 3 mL 20% DCM/DMF (V/V), FEIKZE
&40 min, #XJ5H 3 mL 20% piperidine/ DMF (&FR
) M Fmoc LRI, K 15 min; BE5 5351
M #A) DEM (3 x5 mL) | HIEE (3 x5 mL),
DMF (3 x5 mL) VEGHMAR, BARAIEH] 1% L
/USRI, an S PR (R iR 28R s ), )
ARZE T AL TR R (RHIRAZEE), WE
SO B AN 5 P . B4 570 TBTU, HOBt
Al N-Fmoc {4 2 HEMRH] 3 mL 4§ DMF ¥%5f#, 18
AR MA 0. 02 mL DIPEA, #5430 min, KR
BWHEH B ZRE Mg, B8 1S hy WU
BE, FH T/ VO SRR A U VA A Y i, 4 5 P 44
(PEREZE TR (0 ), WAk ZE 475 AR 2B 4
WA S IV (RHARAZ @) 1), 5 Mg N
A ICHET, Bl DMF $E% 3 I (3 x5 mL),
W ERTTENE Fmoe R4 VEVR, 4TS —1PA
B W45 G o WH bR 2 Ik By 2 5L R 91 B A
Fmoc {41, PEUC. G MIRAE, HERE -1
BILRYA 5 5E . SRJG 730 DMF (3 x5 mL) |
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Il (3 x5 mL), DCM (3 x5 mL) ¥EHEKMIE,
AN, WTH#ER, ATk TFA: DCM: H,0 =
9.2:0.25:0.55 (fAFLL) #ECUIAK 3 h, uEiHIf
GIDIIML, N, WAy TFA, 2 I T Jig
ZATMBRER B TEA, 5k BV WO VR TR A MLk,
RP-HPLC XPHUKZEAT 7> g lidl, Wtk B bn )™ iy,
IR ZEBRA MR, 5k KIS IR AV VR T IRA5
LIESNS

FLZ kY53 25 2 7Efh F LC - 100 ~f i #5 7Y
FRIROBRAR AT B EAT, il FE: Comosil C g MS-
I (20 (250 mm), KifEE: 5 pm; KGMPC. 214
nm; Fid: 8.0 mL/min,

LRI AE L LC — 100 Jp Mt 24 v B5OHUAH (8
WAL AT, 53 B AE: Comosil Cig MS-II (4.6
(250 mm), KiFE: 5 wm; Rl 214 nm; 3
. 1.0 mL/min,

2) Egzzfmik (YSV) & : Wang g 0.2
g (0.12 mmol) ; 455 1Y Z HERRIUF HR N Fmoc-
Val-OH | ( tBu) -OH F1 Fmoc-Tyr
(1Bu) -OH; JF4resaifbf A i pefisfl . 30%
e(HIEE) /0.1% o (TFA) ZEIEK; 13H @R AL
A20.3 mg, BULHA45.3% ; 4l 98.8% ; ESI-
MS (m/z); 368.27 [M+H] ", calc for C;H,;N,0,
+H: 368.26,

3) NS AL T T Tt I 22 ARt e (Z-
GP-YSV-NH,) #J# Ai: Rink amide #f i 0.2 g
(0. 12 mmol) ; 45-& MR ZFRIN)FAKIK A Fmoc-Val-
OH. Fmoc-Ser (tBu) -OH., Fmoc-Tyr (tBu) -OH
M Z-GP-OH; F T4 B4l AL A3 i vkl i) . 50%
e(HEE) /0.1% o (TFA) ZEWIK: 151 G AL
EW42.2 mg, MILER52.3% ; 4liJF 98.0% ; ESI-
MS (m/z): 677.53 [M + Na]", calc for C,, H,
N¢O, + Na: 677.29; HR-ESI-MS (m/z) : 655. 30877
[M+H] +, calc for C;,,H,,N,O, + H: 655. 3086,
2.2 REMIE

WROR B K M., 28 .0 (15 000 1/min x
15 min) , BBV, 3R, PBS i
DMEM 5 3 B3 bR v RC i

A4 22 IR HT HY e J5C 18 R S 08 200 g/ mL ) Y
W, B 0.25 mL W 95 0.25 mL PBS,
DMEM. [i3iRG, #HES min, T 37 CHMA TR
o 70T 0, 0.5, 1, 2, 4, 12 h i fa] GOREE
3 RP-HPLC 7347, HEEHESNAE 3 M4 T b ) e 5
BEMS TR EAL RSO . RS A 3 I, JF ShniE

Fmoc-Ser

R Je s LI A 3
2.3 34293 ARSI

43I H 10 mg 1) YSV FI Z-GP-YSV-NH, ¥ T
0. 1 mL DMSO /&, % 100 mg/mL ffEFER, T 4
CORAE 25 T 52 50 I 422 2 435 7 8¢ 12k TG 1) A 200,
100, 50, 25, 12.5. 6.25 pg/mL F&40, [R5
AR E S w =2%0) DMSO,

MTT R BCE . PRI 250 mg MTT #5 KA T
50 mL PBS ZEmrifi b, WL I3 HEAE MTT $y AR 58 42
ARSI, 0.22 wm (RALIEREATIEER T, T4 C
VKA RGO

SEH A X A AR 6 MR AL, BUL TR AL
AR 293 4IRRIC AL 4 x 10°/mL (940 L0,
JMA 96 LAk, 100 pL/fL, F 37 C, ¢ =5% CO,
AN HESE 24 h, $R GR350 0 YSV R Z-
GP-YSV-NH, . FH¥E Xt B8 41 in RPMI1640 £ 57 4k,
REGIRR R 150 L, IR HEZE i RPMI1640 3555
KA 2%l DMSO, Z5 25K F K 150 L, 7E37 C.
@ =5%CO, &M FHFR 48 h ZJFHU, i MTT T
PR 20 wWl/AL, JBAIG 37 C. ¢ =5%CO, ¥
FINAREERE TR 4 h, WU R/ b BB, fin DM-
SO 150 pL/AL, ZEHIRY 10 min, {f 275554,
FHBEARALAE 490 nm A S T IH A (8, % LAIT
ARG,

ﬁﬁ%m%=%%%%%xMMb

TEHEAE « = 5 R, BIRA] SPSS11. 0 #1ff:
PEATAC TR, ZHREARE BRI 3207 22 00 b, 2HL 1]
P ¢ 4, L P <0.05 NAGIH¥2%E5,
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3.1 BRLHMBEHBUSYHERE R

g 228500k (YSV) I 5 it W) SO H
T i 2 T s 22 4 It e (Z-GP-YSV-NH, ) (95 iR
A Fmoc/tBu [ Z IR & ik (WL 1), BT
YSV () C i R %L, FF LLR ] Wang B4R 1 Z-
GP-YSV-NH, (1) C i kWt , #H% A Rink amide
WiRE . Wang R fig 5 55 — A~ 52 3 98 3 1o [ 58 % 42
1M Rink amide # I 55 58 — /™ 22 3 iR 38 3o [ e otk &5
Ho BRHELLEATRE, RO A ERTWZ,
A R, I, YSV BAREA =)k, B
IR UA 45.3% |, KT Z-GP-YSV-NH, {4 %
B (52.3% ), it SEREE AR E R X,
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TBTU/HOBt = 20% piperidine e
OH + Fmoc-Val-OH 0 : :
O_ DIPEA G j(\NHFmoc O_O\HANHZ
0 0

Wang resin
sequential coupling 1. TFA/DCM/H,0
and deprotection (92/2.5/5.5) H 0 I
1. Fmoc-Ser(fBu)-OH 2. RP-HPLC H,N N\.)kN COOH
2. Fmoc-Tyr(tBu)-OH 0 < H

OH

YSV
20% piperidine Fmoc-Val-OH 20% piperidine H \‘/
Q—NHFmoc —————~ NH, —— QN
TBTU/HOBYDIPEA N ONH,

Rink amide o)
resin

sequential coupling
and deprotection

1. Fmoc-Ser({Bu)-OH
2. Fmoc-Tyr(tBu)-OH
3. Z-GP-OH

1. TFA/DCM/H,0
(92/2.5/5.5)

2. RP-HPLC

o8

H
Hog RTE

OH
Z-GP-YSV-NH,

1 YSV I Z-GP-NH2 [ [EHI A R (B2 1)
Fig. 1 Solid phase synthesis of YSV and Z-GP-YSV-NH, (Scheme 1)

G AE T, Fmoc {4738 09 BEBE AR EL
20% () WK BE DMF 35 9, — i Ak 38 P9 ok DL AR OE
100% BRI . FE4R & . B Fmoce FIAS Il 25 3%
H, BEREITER B OCEZ, WIRM AR TR A T,
A2 5200 N 77 38, 3 25 M i e 00 45 2 1)
FIWr o, ASLEE RS, WK, HRAERA BE
T, WM ¢ = 1% L/ WEARBR G, R
BUR G, MELLHIW B2 s, I, ARSEEAR
Pt i 78 A [\ 95 50 rh i ik R R [6], SR DMF
DCM FIH B 32 B Ui i 77 vk, (145 5% B8 AE A g 9
Bt E R TS YRR A RO VR ok, T
15 2 A6 BRI T R IR ik AT
3.2 YSV #A Z-GP-NH, faE b8

A4y 9258 T YSV Fil Z-GP-YSV-NH, 7 PBS
e . DMEM K% 3% 5 R0 K BRI 2% i B0
SRR LR 1, SZ B, YSV Ml Z-GP-YSV-NH, 1F
PBS 2% ph i Fll DMEM 3 52 5 h & AH YA E (ALl
Bl F1 A2/B2), #ESHTE 37 CIRIA 12 h, BA ML
FIRE ST AA B 0 ARk, SRR TE A o
WAL SR, T 22 251 K AE R BRI 2 b o A
FE, MR 1 h, FERIEEARE T 50% , BoRA—
) YSV PEREAR; IR 2 h 5, YSV RIS 4
HE (A3),

FHECT &, Z-GP-YSV-NH, 78K Bl 3¢ H 45
FaE, FEMEML K P IRIA 12 h J5 IR REAE A I 21 £
rn DG TRTRR Ry A LR R SR S I TR 33%, H
Wt 7 67% (B3), AU, YSV ZntgsEififs,
FEMLYE Th A Fe e 3%, B4 Z-GP-YSV-NH, £
TR BEA L YSV 4 i it 2 .

Hr AL, A2, A3 435K YSV 7E PBS, DMEM
IR BRI AR i S0 A Bt o ] 28 £k i) HPLC [
B, Bl, B2, B3 4%k Z-GP-YSV-NH, 7£ PBS.
DMEM FIA BRI 75 HH R b Jo o ik 3 o sf ] 22 £ 1)
HPLC Kl BRI : 12 hy IR : 37 C; #
SRR . 100 pg/mL
3.3 YSV #0 Z-GP-NH, 3t 293 a4

293 2 SE AR AL, A SCR) R 40 AR T
#i YSV FI Z-GP-YSV-NH, X A IE # 40 il (4 75 P
SCUGEE R YSV Fl Z-GP-YSV-NH, %} 293 4ififl
PFEME LAG (LI 2) o RPe Y ot Mk 2 R 200
pe/mL B}, YSV X} 293 41 fifg () 3 5 30 i R LA
20% ; Tfij Z-GP-YSV-NH, FA%, & 10.3% . W4k,
YSV 45 MG I I A 51 kS 40 M 25 1 09 35
A I B A R, BT S YSV —#f, Z-GP-YSV-
NH, 7EVR A2k b i o o ELSE R DR A
YRR S 0 DSk
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Fig. 3  The growth inhibition of YSV and Z-GP-YSV-NH,

to human renal cell 293
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