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[ Abstract]

spectrometry. Methods Mass spectrometry-guided procedural separation methods were used to track and isolate the cyclic

Objective To study the cyclic peptides from sponge Reniochalina sp. under the guidance of mass

peptides from the sponge genus Reniochalina. The structures of compounds were elucidated by the determination of
physicochemical parameters and comparison of spectroscopic data. The preliminary cytotoxic activity of compounds was assessed
by the Cell Counting Kit-8 (CCK-8) method. Results Three cyclic peptides were isolated from the sponge Reniochalina sp. and
identified as stylopeptide 1 (1), hymenamide D (2) and axinastatin 2 (3). Compound 1 exhibited cytotoxicity against six human
cancer cell lines with ICs, values ranging from 6.09 to 17.26 pmol/L. Conclusion Compound 1 - 3 were isolated from
Reniochalina sp. for the first time, and compound 1 was a cytotoxic cyclic heptapeptide.
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Interchim 23 7] ) ; SK5200H A AF = AL (_ FiER S48
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PLIE Cobe- A be-H B/ =42 50 1) R
F, & IEAE R PRI Fr.B S8R
SR 4H 5> FrBl ~ FrB5, HH, FrB2 ~
Fr.B4 SC/5 4 H K ODS A3k 4 125 (5 40 Wil i K
W 210 nm, LI EE-/K A SAH, LLEE# 15 ml/min
76 10 h IERFEVEMG 10% ~ 100%) , 38 3o 5 3% 5 o7
BEE ARG — RISy

RKE AR Ay 2 s T | T ) A Bh ik R S
B ARAF IR AR . B3 S5 B R A L mz
100 ~ 1250, 4EfLHLE 15 V, ESHR T AR AES
P BB LB Cg HEoA T E A, L2
i -K (% 0.1% HR) A sl A1, LA 6 ml/min
PEATRBIEBEM . Horb, Fr.B2-27 7E 32 min (NZEMERS
JE VB 40% ~ 48% 3k 13 1L & ¥ 1(2.7 mg, tp=
21 min); Fr.B4-5 7E 52 min PZEPEREE LR 20% ~
23% 3K 151k & ¥ 2(3.3 mg, =36 min) ; Fr.B2-
11 7 32 min NZRHEBREE DR 30% ~ 40% 3RAHELA
¥) 3(3.4 mg, tz=18 min) .,
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(caled 768.4660), i 2 Hoir T 5K 767, 454 H M
BC-NMR 3 2 Fo 7 T 200 CuHg N;Og, A
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YIEHE(ES . Hh, '"H NMR BB F 5 ML X
Y Bk e & 3 R F 5 5 (O 945, 8.90, 8.71, 7.23,
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7.16), 71> a-X AL 5T F15 5 (O 4.69, 4.32, 4.16,
4.12,4.03, 3.89, 3.51), "C NMR iR A 74t
e Bk (55 (0c 171.6, 171.1, 170.9, 170.8, 170.6,
169.6, 168.5), 74~ a-IK H 3L A5 5 (6¢ 60.7, 60.6,
59.2,55.4,55.1, 55.0, 54.1), HiILHEWTiIZIL& YAl
RER-LRE, 454 2D NMR 3% &, i 1%L Bk il g
MIHARRIR A . — oo @ BRIREL . I R iR 5k
B — RN ERRREAN— 2 & RE AN, 5%
B FE R Y 1 HMBC. ROESY #H 5615 5 #i1 ESI-
MS/MS JE S 5 1, 4 X H 78 i = 2 Marfey ¥
W™, 25 b, b EWEAAI A cyclo-(1-Pro- -Ser-
L-Phe- -lle-; -Leu- -Pro-; -1le). K 4% i 3 4R B4 14
JEUNF: 'TH NMR (700 MHz, DMSO-dg) 6y 9.45 (1H,
d, J = 8.4 Hz, 36-NH), 8.90 (1H, br s, 7-NH), 8.71
(1H, d, J = 6.6 Hz, 25-NH), 7.23 (1H, d, J = 10.3 Hz,
19-NH), 7.16 (1H, d, J = 4.8 Hz, 10-NH), 7.31 (2H,
d, J=17.5 Hz, H-13, H-17), 7.25 (2H, t, J= 7.5 Hz, H-
14, H-16), 7.20 (1H, t, J = 7.3 Hz, H-15), 4.69 (1H, d,
J =17.8 Hz, H-2), 4.39 (1H, m, H-34a), 4.32 (1H, dd,
J =110, 8.4 Hz, H-36), 4.16 (1H, m, H-10), 4.12
(1H, t, J=10.5 Hz, H-19), 4.03 (1H, t, J = 7.8 Hz, H-
31), 3.89 (1H, t, J = 7.1 Hz, H-7), 3.57 (1H, m, H-
34b), 3.51 (1H, m, H-25), 3.50 (1H, m, H-5a), 3.49
(1H, m, H-8a), 3.47 (1H, m, H-8b), 3.36 (1H, m, H-
5b), 3.13 (1H, dd, J = 13.1, 2.8 Hz, H-11a), 2.84 (1H,
dd, J=13.0, 9.5 Hz, H-11b), 2.38 (1H, m, H-3a), 2.18
(1H, td, J = 12.7, 4.3 Hz, H-26a), 2.08 (1H, m, H-
32a), 2.05 (1H, m, H-37), 2.01 (1H, m, H-33a), 1.92
(1H, m, H-3b), 1.90 (1H, m, H-4a), 1.79 (1H, m, H-
33b), 1.73 (1H, m, H-32b), 1.55 (1H, m, H-26b), 1.53
(1H, m, H-39a), 1.52 (1H, m, H-4b), 1.43 (1H, m, H-
20), 1.42 (2H, m, H-22a, H-27), 1.15 (1H, m, H-39b),
1.09 (1H, m, H-22b), 0.87 (3H, m, H-21), 0.85 (3H,
m, H-29), 0.83 (6H, m, H-23, H-38), 0.82 (3H, m, H-
28), 0.75 (3H, t, J = 7.3 Hz, H-40); °C NMR (175
MHz, DMSO-dg) 6c 171.6 (C-30), 171.1 (C-35),
170.9 (C-9), 170.8 (C-1), 170.6 (C-24), 169.6 (C-18),
168.5 (C-6), 136.9 (C-12), 129.9 (C-13, C-17), 127.9
(C-14, C-16), 126.4 (C-15), 60.7 (C-31), 60.6 (C-2,
C-8), 59.2 (C-19), 55.4 (C-7), 55.1 (C-10), 55.0 (C-
36), 54.1 (C-25), 48.2 (C-34), 46.3 (C-5), 37.0 (C-11,
C-26), 36.7 (C-20), 34.8 (C-37), 30.8 (C-3), 29.4 (C-
32), 24.7 (C-27, C-33), 24.2 (C-22), 23.9 (C-39), 23.2
(C-29), 22.2 (C-4), 20.8 (C-28), 14.9 (C-40), 14.5 (C-
23), 10.1 (C-38), 9.5 (C-21). VA - %¥s 5 3Ciik [9]

FEAR 2, HOk b A 1 %58 A stylopeptide 1.
&Y 2: T TCE R, B = ]
P . HRESIMS % 1 #fE 73 1 & 1 1§ m/z 770.4102
[M+H]" (calcd 770.4089), #fi & HAr 10 769, 4%
4 'H A PC-NMR 3 i H o3 F X CagHssN;Oy,
FHERIFIE A 15, 1D NMR 5% & 25 H #0980 7% ik
FABWREE S . Hd, '"HNMR #5884 54>
137 DX 9 e 2 25 5t 117 %5 (O 8.77, 8.43, 8.33,
8.03, 7.55), 74> a-WK H 3L i F-15 %5 (0y 4.53, 4.38,
434, 428, 4.05, 4.03, 3.99). “C NMR i& £/~ A
T AR LRSS (0 172.6, 172.4, 170.6, 170.5,
170.3, 170.0, 169.9), 7 4~ a-IK H Z4% (5 5 (Jc 62.5,
60.4, 57.5, 56.9, 51.6, 49.9, 47.4), ¥R ULHEWTIZAL S
Y e h-EIk. 454 2D NMR 3% &, i@ 1%L ik
B IR IR I . — e IR R I . — I 2
BRIE, — A REAAMRIRIE , — NIRRT —1
S 5E a R Bk AR A L . Bk R % 30U i HMBC,
ROESY #H 515 5 F1 ESI-MS/MS J5i 1% 5 41 5 <2
o X ) AU FH R 2 Marfey IEH 2 . 25 b, LB
2E¥)h cyelo-(; -Pro-; -Asp-1 -Tyr- -Pro- -Ile-| -Ala-; -
Leu). 4% 3L 4R 504 5 )& W F : "H NMR (700
MHz, DMSO-dg) dy 8.77 (1H, br s, 31-NH), 8.43
(1H, d, J = 7.5 Hz, 11-NH), 8.33 (1H, br s, 25-NH),
8.03 (1H, s, 7-NH), 7.55 (1H, d, J = 6.5 Hz, 34-NH),
6.97 (2H, d, J = 8.1 Hz, H-14, H-18), 6.66 (2H, d, J =
8.1 Hz, H-15, H-17), 4.53 (1H, m, H-7), 4.38 (1H, m,
H-31), 4.34 (1H, m, H-20), 4.28 (1H, d, J = 7.5 Hz,
H-34), 4.05 (1H, m, H-11), 4.03 (1H, m, H-2), 3.99
(1H, m, H-25), 3.63 (1H, m, H-5a), 3.56 (1H, m, H-
5b), 3.26 (2H, m, H-8a, H-23a), 2.99 (1H, m, H-12a),
2.88 (1H, m, H-12b), 2.83 (1H, m, H-8b), 2.59 (1H,
m, H-23b), 2.22 (1H, m, H-3a), 2.10 (1H, m, H-21a),
1.87 (1H, m, H-4a), 1.77 (1H, m, H-4b), 1.68 (1H, m,
H-35a), 1.67 (2H, m, H-21b, H-26), 1.58 (1H, m, H-
35b), 1.57 (1H, m, H-3b), 1.55 (1H, m, H-36), 1.54
(1H, m, H-22a), 1.53 (1H, m, H-28a), 1.24 (1H, m, H-
22b), 1.16 (3H, d, J = 6.6 Hz, H-32), 1.10 (1H, m, H-
28b), 0.86 (3H, d, J = 5.8 Hz, H-37), 0.82 (3H, m, H-
38), 0.80 (6H, m, H-27, H-29); *C NMR (175 MHz,
DMSO-d) dc 172.6 (C-1), 172.4 (C-24), 172.1 (C-9),
170.6 (C-19), 170.5 (C-10), 170.3 (C-6), 170.0 (C-
33), 169.9 (C-30), 155.9 (C-16), 129.6 (C-14, C-18),
127.8 (C-13), 115.1 (C-15, C-17), 62.5 (C-2), 60.4
(C-20), 57.5 (C-31), 56.9 (C-34), 51.6 (C-7), 49.9 (C-
11), 47.4 (C-25), 47.0 (C-5), 45.7 (C-23), 40.4 (C-
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35), 36.1 (C-8), 35.4 (C-12, C-26), 30.4 (C-3), 29.5
(C-21), 25.1 (C-4), 24.7 (C-36), 24.3 (C-28), 22.9 (C-
37), 21.4 (C-38), 20.9 (C-22), 15.1 (C-32), 14.9 (C-
29), 10.9 (C-27). LA _L%d 5 SCik [10] 264 —2,
WeR 549 2 %€ "~ hymenamide D,

&Y 3: TETCER AR, B =1 5 5]
£ . HRESIMS %5 i 53 F 5 1 U6 m/z 767.446 8
[M+H]" (calcd 767.4456), i & Hoor 10y 766, 45
A "H F1PC-NMR 3% & H 53 F 20 CyoHsgNgOg,
FHENAIE K 15, 1D NMR 155 25 ) H8 i Jik
KAEWHEES . Hd, '"HNMR I B/RA 54
113 IX 1 B e 24 25 5717 %5 (0 8.80, 8.13, 7.98,
7.95,7.25), 74> o-IR P AT 155 (9 4.65, 4.28,
424, 4.19, 4.14, 3.89, 3.83), "*C NMR % /R~ A
T AR FERR S5 (0 171.4, 171.1, 170.9, 170.3,
170.2, 170.1, 169.6), 7 4~ a-IX H 3LRR {55 (Oc 62.3,
61.5,60.2, 57.1, 55.2, 51.0, 49.3), & HAEWHZ LS
Yralfieh-Eik, 454 ESI-MS/MS it i & H:
TSR N A TR R B . — Do Rk
B —ARNERRREL . — > RAWER R LA A
B TR IR, FRILFEFEIT M cyclo-(Pro-Asn-Val-
Pro-Leu-Val-Phe)., i 5 2% Marfey 38 5 T A %
FERRIR LI Jy iR R R IR AR T B an
'H NMR (600 MHz, DMSO-d,) dy 8.80 (1H, d, J =
5.4 Hz, 21-NH), 8.13 (1H, d, J = 9.5 Hz, 32-NH),
8.01 (1H, s, 9-NH,), 7.98 (1H, d, J = 8.5 Hz, 11-NH),
7.95 (1H, d, J = 6.1 Hz, 7-NH), 7.28 (1H, m, 9-NH,),
7.25 (3H, m, 27-NH, H-35, H-39), 7.18 (1H, d, J =
7.4 Hz, H-37), 7.14 (2H, d, J = 7.6 Hz, H-36, H-38 ),
4.65 (1H, m, H-7), 428 (1H, d, J = 7.7 Hz, H-32),
424 (1H, m, H-16), 4.19 (1H, m, H-21), 4.14 (1H, t,
J=28.6 Hz, H-27), 3.89 (1H, t, J = 8.6 Hz, H-2), 3.83
(1H, t, J = 7.9 Hz, H-11), 3.75 (1H, m, H-5a), 3.46
(2H, m, H-5b, H19a), 3.26 (1H, m, H19b), 3.06 (1H,
m, H-8a), 2.94 (3H, m, H-8b, H33a, H33b), 2.34 (1H,
m, H-17a), 2.19 (2H, m, H-3a, H12), 2.02 (1H, m, H-
28), 1.96 (1H, m, H-18a), 1.85 (1H, m, H-4a), 1.71
(2H, m, H-18b, H-23), 1.61 (1H, m, H-22a), 1.46
(1H, m, H-4b), 1.23 (1H, m, H-17b), 1.19 (1H, m, H-
22b), 0.99 (1H, m, H-3b), 0.92 (3H, d, J = 6.7 Hz, H-
13), 0.89 (3H, d, J = 6.8 Hz, H-14), 0.86 (6H, d, J =
6.7 Hz, H-29, H-30), 0.84 (3H, d, J = 6.7 Hz, H-25),
0.79 (3H, d, J = 6.4 Hz, H-24); °C NMR (150 MHz,
DMSO-dy) dc 172.5 (C-9), 171.4 (C-26), 171.1 (C-
20), 170.9 (C-31), 170.3 (C-1), 170.2 (C-15), 170.1

(C-10), 169.6 (C-6), 138.4 (C-34), 128.9 (C-35, C-
39), 128.1 (C-36, C-38), 126.2 (C-37), 62.3 (C-2),
61.5 (C-11), 60.2 (C-16), 57.1 (C-27), 55.2 (C-32),
51.0 (C-21), 49.3 (C-7), 47.6 (C-5), 45.8 (C-19), 37.9
(C-22), 37.0 (C-33), 35.5 (C-8), 30.5 (C-17), 30.1 (C-
28), 29.5 (C-12), 29.2 (C-3), 25.1 (C-4), 24.2 (C-23),
23.3 (C-24), 21.3 (C-18), 20.6 (C-25), 19.7 (C-13),
18.7 (C-14, C-29), 18.3 (C-30), LA %5 3Cwik [11]
AR5, HeBb- &) 3 258 & axinastatin 2,

3 AN

K H CCK-8 WIS PRt 6 i ME 4t
Jifi Bk (A2780, HCT-8., HepG2. NCI-H460, SW480,
PC-9) ARSI RE1G 1 . B IR N BOHE R
T 20 R A0 M BV, 29 4% 10° At FLEERD
96 fLAR I, B 3 MRS, WRIEFRIE, Sk
053 530 20 pmol/L Ak G 4, I 150x B 2H (It
5) A7 141 (DMSO), k4L F 48 ho BlJ, B
LT AL 10 pl CCK-8 . WH 0.5 ~ 2h
Ji , 450 nm Ab I WL S B, AR A 3 R D L,
I HLANMETG F1 (%) o X T i 200 it A K o i
BRT 50% 4G9, i — MRS M) R
LR AR, (A 1 X NCI-H460, HepG2 .,
PC-9, HCT-8, A2780 Fl SW480 ¥4 H. 4 Jitd 7 1,
ICso {43 51K 6.09. 9.31, 13.24, 14.31, 14.38 #l
17.26 pumol/L,

4 e

WIKEA V2 MR ARG TR, BRTE
APiAERIGRICER . ILRAIFTHIGIK. buhiE
M B JUR S5 PR IR IS 25 ) A FH T 1 IR U2 T 4 2 3R
JREA AP B L P o R, SR, JLAR IR IR
AL RAMRICANE | ARG R 2255, 1R
PURHIUE [ AR IO & Pk ko o it oo B o ofe
iy 85 R e e R P B AR B 5 I R R 1) SBT3
SR HLEE A, A B T2 = PR & B0 A 38 et ik
FEPE,

ARWFFE LA R e 0], 38 ER B8 B A g4 P Y
WETEHTAE PEFRAK, 43 B 45 th 3 AN BB, BT
B N4 oy B AT . LA, ARSI K
AL A 1 % 22l A e A ik LA v S o 3
Mo AR, B H George R. Pettit PRI 43
BRI IIRT Stylotella J& M Phakellia J& 25 1) 7]
— ALY 1, HAE P388 /1N B 1% 20 i AE K 1
AE ST HIMIZE LA B B, 3Ol RE S R ERRIFIF AL
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B9 R LE A W) 7 4 RS T 381 1)l o i PR e
R 2 A0, SOR RIS R A B AR T4
KABEEA I, ALEY) 2 SeERIT Hymeniacidon
JEUV N Stylissa J&U>"0 g4, X 22 iR 240 LR T
RIS W HTC I B A i s e . fh e 3
YT & BT Axinella J& 16 47, H 6 /N P388 41 iy
Fl—ZR 51N b 40 el ELAT B i AR S A B s e

AN R a8 1) T 20 e 8 7 A R ) 28 AL % SR R 4
+, Al —ZE AU A 2K o3 3R B0 LR AN ] 7 44 e 2 305
PE, Al BE AN S g4 AR BRI IR OG . A5
BT TR T IR IR AL B A,
0 R AF G R 25 4 2 8 () Vg R AR 7= W B AL 1
B85 N [ R

(&% 30Hk]
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