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Design and synthesis of peptide-drug conjugates and fluorescent
probe based on a-conotoxin ArIB[V11L,V16D]
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Abstract: a-Conotoxin ArIB[VI11L,V16D] is currently the most optimal selective inhibitor of a7 nicotinic
acetylcholine receptor (nAChR) known. In order to explore chemical modification methods and enrich its
application in targeting nAChR, this study utilized the linker to covalently connect camptothecin and 7-amino-4-
methylcoumarin to the [2,4] disulfide bond of ArIB[V11L,V16D]. Therefore, two peptide-drug conjugates (PDCs),
ArIB[V11L,V16D]-5 and ArIB[V11L,V16D]-6, and one fluorescent-labeled peptide, ArIB[V11L,V16D]-7 were
constructed. Cytotoxicity evaluation showed that the IC,; values against non-small cell lung cancer cell line A549
of the two PDCs were respectively 1.3 and 4.1 times of camptothecin, indicating slight reduction in activity at the
cellular level which was related to the linker structure. Fluorescence spectrum scanning revealed that the excitation
and emission wavelength of the fluorescent-labeled peptide were 340 nm and 403 nm respectively, and the
fluorescence features of 7-amino-4-methylcoumarin as a marker were retained without fluorescence quenching.
This modification strategy laid a solid foundation for the further application of a-conotoxin ArIB[V11L,V16D] in
PDCs and fluorescent probes.
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R AN Y 2 IH 5% 52 /& (nicotinic acetyl-
choline receptor, nAChR) 45 55 14 FH T 7], - i85 3=
B & Fa e R BN & SRR, AR A& i
nAChR Y. BY &5 ¥ R 1) fig 19 6 o 8R & KR 97 & 28
nAChR HH 5% 9 )7 24 R 51, A I 1 /2 PDC A7
oA i R HE AR (O BT R BC AR . 2015 4F Mei U a7
U2 H 2 Iml ) N i 2 & 5 PEG-DSPE 47 5 4% BUR
MEAFE] T Tml VIR A, 7 Iml et R 1 56 K g
NETESEAT B35 2 1 bR 2V R B 3024

PR o A PRI AR SR 5T 3R B, 1% 3R 24 1 R R T Tml )
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DA R o503 4 Al ek B R 38 5 i e b SR AZ B AR R S
a8 ()P0 R RO, FE AR T S A B 0 1 BE S A
54585, WERMea S UMET MK E
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Scheme 1 Synthesis protocol for peptide-drug conjugate (PDC)
and fluorescent-labeled peptide. A: Synthetic route of linker with 7-

amino-4-methylcoumarin and camptothecin; B: Synthetic route of
the compounds (5-7) inserted into ArIB[V11L,V16D]
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V16D]-6%F A549 [F4Hf e (B2). ArIB[V11L,V16D]-
51 ArIB[V11L,V16D]-6 ] IC,, {5 74 325.3 nmol-L" I
1073.0 nmol-L™", 73 5] & 5 4 5k IC, /B (259.9 nmol-L™)
1137554115, LI RKH o-FIRE R ArIB[VIIL,
V16D 3% # 2 i #4 2 i) PDC 75 41 il 7K 7~ I B8 4 FF
AAR LGP IMR RE 7, o KBS PDC 3 PR RS AR T 40 B
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ArIB[V11L,V16D] 1E N /K ¥ P 1] a7 nAChR 3% 5 14 #)
300, AL B 2 AL ] IR R RE . B R BT i R
TEVESR, (R VEZE, A RSN 8, BRI R R Y
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SR 1) B R BRAT A4, IR AT 42 X a7 nAChR ik
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Figure 2 Cytotoxicity of camptothecin (CPT) and two PDCs to
A549 at 2.5 nmol-L" -25 pmol-L". Each data represents mean =
SEM (n = 5)
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Figure 3  Fluorescence spectra of 7-amino-4-methylcoumarin

(AMC), peptide-linker conjugate, and fluorescent-labeled peptide
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5 7-5 5 -4- B O R R B R AR
Ko GAMEENT-AH-4-FREF G EHMLEL, ArlB
[VI1L,V16D]-7 i & KK A K A T 53 i 7%,
M 425.8 nm ¥ £ 403.0 nm.
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A=A bric ik . iBid CCK-8 LI A& M 7 PDC Al
AR 0T AS49 IR I B 1, 45 AR BH S PDC X
AS549 [JIC, B4 %28 325.3 F11 073 nmol-L”, #i8] a-2F
2 H 3 ArIB[VI1IL,V16D] % £ = A4 ik “ 24 %% 7 & PDC
T 20 W 7K ST b AR AR 25 R 0 g e g s ma ), HL
AR S ERE T AWM G, RO R s R BoR
AHEDNAR BE TR 26 e bm i K B 26 6 R S i B 5 7- 2 Bk -4-
HEFTRILFHE, RE T 7-8E-4-FEFT RN
PRI B IR R KA RIGER . 2, B S0E 7
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BT —Ff B SR
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Bruker AV 400 1% 1 3t 4 ¥ 1% X (4% [ Bruker 2
#]); Waters prep 150 ffil] £ %! HPLC . Waters €2695 73 #T
A HPLC. Acquity H Class-Xevo TOD i /= % 7 #H 4
-5 I A A% (3% [ Waters A 7); F-4700 5640 6
¥ (H 7 hitachi 24 #); Alpha 1-4L ¥ ¥ T 01 (4
Christ 22 7]); QP-160 CO, 41 a5 7= 48 (1L AR RHEY)
P A BR 2N 7]); SpectraMax M2 B bR G K6 MY (3 [
Molecular Devices A #)); Z i =8 O (a4, 56
Sigma-Aldrich 23 &]); At 12 771 A1 751 A 28 45 ) 1
BH 35 [ = Bt 1 2 b 4 5 AR
1 PDCFIRAFRICAREI & BL

(S) -4-Ethyl-3, 14-dioxo-3, 4, 12, 14-tetrahydro-1H-
pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-4-yl 2-azidoac-
etate (1): FEG KA T, HER LR (21.5 uL, 287 pmol).
1-(3- = R FE T 55)-3- £ 56 — 0 i #h R 31 (165 mg,
861 pmol).4- - F Z FEMERE (105 mg, 861 pmol) % T
A HFPE (1 mL) H, UK B 20 min J&5, 1N 54 B
(100 mg, 287 pmol), ¥ i [ NIt & o I8 g T3 71 s
&R HEE (viv) =100 1A BT 5, 19 313 0
& 44 55.3 mg, %% 44.7%. "H NMR (400 MHz, chloro-
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form-d: methanol-d, = 27 1): 6 8.54 (s, 1H), 8.19 (d, J =
8.5 Hz, 1H), 8.05~7.92 (m, 1H), 7.86 (ddd, J = 8.5, 6.9,
1.5 Hz, 1H), 7.69 (ddd, J= 8.1, 6.9, 1.2 Hz, 1H), 7.40 (s,
1H), 5.53 (dd,J=107.4,17.1 Hz, 2H), 5.30 (d, J=2.1 Hz,
2H), 4.18 (d, J = 1.5 Hz, 2H), 2.30~2.10 (m, 2H), 1.01
(t, J= 7.5 Hz, 3H); "C NMR (100 MHz, chloroform-d
methanol-d, = 22 1): 6 168.29, 167.82, 157.89, 151.85,
148.21, 146.36, 146.34, 133.08, 131.80, 129.24, 129.23,
128.91, 128.90, 128.87, 120.32, 97.44, 67.25, 50.64,
50.24,31.79,7.75.

(S) -4-Ethyl-3, 14-dioxo-3, 4, 12, 14-tetrahydro-1H-
pyrano[3’,4':6,7]indolizino[ 1,2-b]quinolin-4-yl 1-azido-
13-0x0-3, 6, 9-trioxa-12-azahexadecan-16-oate (2): 7L
SAFMH T, B =W (348 mg, 1 mmol). T R
(300 mg, 3 mmol) ¥ T =& H Kt (15 mL) H, VKB | B
15 min 5, % 1,8- & 4 3 [5.4.00 + — Bk -7- 1%
(448 pL, 3 mmol) % T & Tt (4.6 mL) 5B MA
SRR B, dEBEUKIE N 4 he SN 5E R i, LR
W& 7], 4506 €0 ] ko BREDCES 43 B € i 44 (185 mg)+
2-(7-1B R IF = F M) -N,N,N',N'"-PU F1 3 JIR /N 4 s R
fig (261 mg, 687 umol). N,N- — 5 P & Z i (200 uL,
1.15 mmol) ¥ T 10 mL ~& H ke, AR SR B
I SR 20 min J&, IO 1-282E-11-8 R(-3,6,9- = &+
— %5t (45.5 uL, 229 pmol), i SN IR o ek TE T
FGH &P B HEE (viv) =50 1 E T 0 8, 133
P& 0 [E 14 97.9 mg, 7 % 65.9%. 'H NMR (400 MHz,
chloroform-d): 6 8.44 (s, 1H), 8.32 (d, J = 8.5 Hz, 1H),
7.95 (d, J = 8.2 Hz, 1H), 7.88~7.81 (m, 1H), 7.68 (t,
J =175 Hz, 1H), 7.45 (s, 1H), 6.38 (s, 1H), 5.65 (d, J =
17.2 Hz, 1H), 5.36 (d, J = 17.2 Hz, 1H), 5.26 (s, 2H),
3.62 (d, J= 2.6 Hz, 6H), 3.59 (dd, J = 5.9, 3.2 Hz, 2H),
3.56~3.52 (m, 2H), 3.46 (dd, J = 7.8, 3.5 Hz, 2H), 3.40
(td, J=10.8, 9.8, 4.8 Hz, 2H), 3.34 (t, J = 5.1 Hz, 2H),
2.99~2.76 (m, 2H), 2.59~2.44 (m, 2H), 2.18 (ddq, J =
46.9, 14.4, 7.4 Hz, 2H), 0.98 (t,J = 7.4 Hz, 3H); "C NMR
(100 MHz, chloroform-d): 6 172.06, 170.96, 167.51, 157.34,
151.73, 147.73, 146.28, 145.38, 132.33, 131.35, 128.85,
128.78, 128.44, 128.35, 128.28, 120.49, 97.53, 70.74,
70.66, 70.62, 70.29, 70.08, 69.78, 67.02, 50.75, 50.07,
39.43,31.77, 30.85, 29.62, 7.73,

N'-(2- (2- (2- (2-Azidoethoxy)ethoxy)ethoxy)ethyl) -
N*-(4-methyl-2-ox0-2H-chromen-7-yl)succinamide (3): 7
SRS, B 7-2 - 4-H R R (100 mg, 571 pmol).
T BRI (57.1 mg, 571 pumol) ¥ T N,N-— FF 3 I [k i
(1.5 mL) 1, 60 °C X ¥ 24 h. B 5E M a, A EIE %

W, VR TR S, FEK B R Y (2 mLx3)
J5 BT RS BIUAR B 6 [ A . BRIBGHS 43 % B 65 A 4
(120 mg)~ 1-(3- = H & K A 2%)-3- £ B filk — W Jfz h R £
(211 mg, 1.1 mmol)\1-F2FE28FF =M (149 mg, 1.1 mmol).
N,N- 5% 2. 1% (383 uL, 2.2 mmol) ¥ T N,N- . H
B (2 mL) H, EE SR T F IR R 20 min
Jei, N 1-Z2 H-11-B%-3,6,9- = A& +— ¥t (72.7 uL,
367 umol), i 16 ho I8 Jie T ¥ 7 J5 F — & H b
FRE (viv) = 500 1AL ZHT 0 85, 79 Bk ([ 44 35.2 mg,
PP 20.4%. "HNMR (400 MHz, chloroform-d): & 9.69
(s, 1H), 7.68 (d, J = 2.0 Hz, 1H), 7.39 (d, J = 8.7 Hz,
1H), 7.33~7.28 (m, 1H), 6.77 (t, J = 5.4 Hz, 1H), 6.09
(d, J = 1.6 Hz, 1H), 3.68~3.62 (m, 10H), 3.57 (t, J =
5.0 Hz, 2H), 3.47 (q, J = 5.1 Hz, 2H), 3.38 (t, J = 5.0 Hz,
2H),2.76 (dd,J=8.1,4.7 Hz, 2H), 2.67 (dd, J= 8.0, 4.7 Hz,
2H), 2.35 (s, 3H); "C NMR (100 MHz, chloroform-d): &
172.87, 171.37, 161.36, 154.15, 152.62, 142.16, 124.94,
115.63, 115.54, 112.98, 106.95, 70.74, 70.72, 70.61, 70.38,
70.06, 69.66, 50.79, 39.71, 32.66, 31.00, 18.57.

AT (4) BE NS SR

&Y 5~T M E B FER KL, B KRR
1 (1.5 equiv.) FHLIR MEZEH (3 equiv.) ¥ T 7K H, H iR
JBE S min, MR EH AR B A AT AR A I 2 R Ot
4 F (1.2 F13) (1 equiv.) FIIEHEF 4 (1.2 equiv.) BT
CIEIIN IR AR Z, 8l SRS I o 3 Jie ¥ 771,
HEWN S EEEFRE S FEER T 54
. ArIB[V11L,V16D]-4,5,6,7 {4 i £ RS- 2%
f£F, Bk Pk ArIB[VI1L,V16D] (20 mg, 1 equiv.) i&
F H,0 (4 mL) 1, it A NH,HCO, Z& "% (0.2 mol-L",
pH 8.2, 16 mL) J&, ZZ1& M Ntk &4 4~7 (1) &I ¥ W
(4 equiv, 20 mL, i hnid th &= 4 K& R F=Y). =ik
SN 65 min, B A N HEAT O R B O O
W AR T B . OB A RS ) ORI =R R
(160 mL, 0.1% 7K ) K S, BUR M (20 pL) i
WESEEN IS E LS TR, RMEE 0.22 pm 3§
i3 8 S, 22 1) 46 A HPLC 4i A 5 855 — B 77 4. 46
b 2% A - 2 1 B B B T R 5% B—55% B, 50 min, (A
W 0.1% =l £ 1R/99.9% /K, B ¥: 0.1% — % 4 1R/
99.9% £ 1), WiE 10 mL-min™, #3013 K UV 214 nm.
W 4l FE 1 T 90% [ P= WiV & I B T 58 b
AAEM e . I (20 mg, 0.08 mmol) ¥ T 4
E—-7K (114,50 mL) #, NN =3 4 (1 mL), &2
INES — 45 S L = Vs T, 5 #I I HLO K SRR E 25
100 mL J& %5 F SN 10 min, S8R S A (. [
SR NN 2 2R 3 C B R TR K VR R AR I
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B, R 58 RN . B Z TS 0.22 pum JE R A
M JE, &8 HPLC it — b Aib 3 2 HAR =4 . 28
TP AR — D — 8. BRI A gy
HT 8 HPLC %5 5€ 5 ¥ 40 /& T 95% B =W & JF, &%
VR BOR AR 5 % 5 B T -80 °CUKFEIRAF & H . 4H
T 46 M+ 2R 1 6 3 B 10% B—50% B, 20 min, (A ¥ii:
0.1% =% 2. 12/99.9% /K, B ¥i: 0.1% = 4 £, 12/99.9%
M), WiE 0.8 mL-min”, K7 K UV 214 nm.
2 PDC B & 1T

) FH CCK-8 B 7] 2 Ao Wl A 44 28] &2 % il 1 iy >
PDC (ArIB[VI1IL,V16D]-5. ArIB[V1IL, V16D]-6) %}
AS549 21 i i) 1G GE A0 AR o RO AR KT AS49 4
P, TR T K G T A A R B R R TR A1, H
DMEM 756 4 3 7% 22 4 HoM B £ B 0T 15~20 1, 1)
96 FLAR EEFLANA 100 pL #0RE J5 I 40 M 2 ), K 96 FL
RIS CO, AR RS FRAF 1 97 24 he P 25 pmol L'~
2.5 nmol L™ A I 25 ) i v (LBC A, 55 25 96 FLAR
HIHEEFREE S, B LI TC B B AN [E]9 BE 25490 100 pL,
BAWEES =HLLE, K96 FLR I brid, A
CO, 4N b F# AR5 7% 72 ho B 45 1F T K CCK-8
DMEM 56 4= 15 77 M B 2 AR H0h 10%, 3725 96 4L
B B TH B 37 28, ) B LI N B 5 I CCK-8 ¥ iR,
H4 96 FLBRJHN CO, 40 f 35 7= 46 H 15 77 1 ho FT I br
A58 i E A fE v BRI K O 450 nm, #4 96 FLAR L H
TSN AR A, A I FL 248 M 1A ' B2 4B (OD i), i dfs
{4 F ¥ GraphPad Prism 8.0 #EAT AL B,
3 RAARIBRRRIR S SIE N E

K HH 32 F-4700 9 0 43 0t O BE T 43 il AR 1 %
HHEAT-BEAFEFTR RAERTEETHZS
Ik (ArIB[V11L,V16D]-4) F1%¢ Y A5 i ik (ArIB[V1IL,
V16D]-7) 566 HE, BR 70 H 42 1) IR 5 R hr
O RIFHUOR T T 7-2 2 -4-H B & T R R s
PE, [ IR A0 T8 560 00E S R R 3R 5 ) 5 R 4y 1
P, FTIIEE 5L 04 100 pmol- L /K AW, ¥ B Ik K
R340 nm, §77% 300 nm £ 800 nm 2 ] {1175 6 A& G

1 SRR 9108 5 L AW L P 5 5 R
e SC RPN Ak vk Al Bt TR S VWS R
B B LA ST U SE N T S A Wt i AR R T
S 5150,

FEE S A SCAE R 75 AT AR R 2 1 5%
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