Supplementary data content page

Title: The Isolation, Structure Elucidation and Bioactivity Study of Chilensosides A, A1, B, C, and D, Holostane Triterpene Di-, Tri- and Tetrasulfated Pentaosides from
the Sea Cucumber Paracaudina chilensis (Caudinidae, Molpadida)

Authors: AlexandraS.Silchenko *, Sergey A. Avilov, Pelageya V. Andrijaschenko, Roman S. Popov, Ekaterina A. Chingizova, Boris B. Grebnev, Anton B. Rasin
and Vladimir I. Kalinin

Address: G.B. Elyakov Pacific Institute of Bioorganic Chemistry, Far Eastern Branch of Russian Academy of Sciences, Pr. 100-let Vladivostoka 159, 690022 Viadivostok, Russia
Correspondence: silchenko_als@piboc.dvo.ru; Tel.: +7-423-231-1168

Content:
Figure S1. The *C NMR (176.04 MHz) spectrum of chilensoside A (1) in CsDsN/D:0 (4/1)

Figure S2. The "H NMR (700.13 MHz) spectrum of chilensoside A (1) in CsDsN/D20 (4/1)

Figure S3. The COSY (700.13 MHz) spectrum of chilensoside A (1) in CsDsN/D2O (4/1)

Figure S4. The HSQC (700.13 MHz) spectrum of chilensoside A (1) in CsDsN/D2O (4/1)

Figure S5. The ROESY (700.13 MHz) spectrum of chilensoside A (1) in CsDsN/D2O (4/1)

Figure S6. The HMBC (700.13 MHz) spectrum of chilensoside A (1) in CsDsN/D20 (4/1)

Figure S7.1 D TOCSY (700.13 MHz) spectra of Xyl1, Qui2, Glc3, Glc4, MeGlIc5 of chilensoside A (1) in CsDsN/D20 (4/1)
Figure S8. HR-ESI-MS and ESI-MS/MS spectra of chilensoside A (1)

Table S1.°C and 'H NMR chemical shifts, HMBC and ROESY correlations of carbohydrate moiety of chilensosideA: (2)
Figure S9. The ®C NMR (125.67 MHz) spectrum of chilensoside A1 (2) in CsDsN/D20 (4/1)

Figure S10. The 'H NMR (500.12 MHz) spectrum of chilensoside A1 (2) in CsDsN/D20 (4/1)

Figure S11. The COSY (500.12 MHz) spectrum of chilensoside A1 (2) in CsDsN/D:0 (4/1)

Figure S12. The HSQC (500.12 MHz) spectrum of chilensoside A1 (2) in CsDsN/D20 (4/1)

Figure S13. The HMBC (500.12 MHz) spectrum of chilensoside A1 (2) in C:DsN/D20 (4/1)

Figure S14. The ROESY (500.12 MHz) spectrum of chilensoside A1 (2) in CsDsN/D20 (4/1)

Figure S15. 1D TOCSY (500.12 MHz) spectra of Xyl1, Qui2, Glc3, Glc4, MeGlIc5 of chilensoside A1 (2) in CsDsN/D2O (4/1)



Figure S16. HR-ESI-MS and ESI-MS/MS spectra of chilensoside A1 (2)

Table S2. 3C and 'H NMR chemical shifts, HMBC and ROESY correlations of the aglycone part of chilensoside B (3)
Figure S17. The *C NMR (176.04 MHz) spectrum of chilensoside B (3) in CsDsN/D2O (4/1)

Figure S18. The 'TH NMR (700.13 MHz) spectrum of chilensoside B (3) in CsDsN/D20 (4/1)

Figure S19. The COSY (700.13 MHz) spectrum of chilensoside B (3) in CsDsN/D20 (4/1)

Figure S20. The HSQC (700.13 MHz) spectrum of chilensoside B (3) in CsDsN/D:0 (4/1)

Figure 521. The HMBC (700.13 MHz) spectrum of chilensoside B (3) in CsDsN/D20 (4/1)

Figure 522. The ROESY (700.13 MHz) spectrum of chilensoside B (3) in CsDsN/D-O (4/1)

Figure 523. 1 D TOCSY (700.13 MHz) spectra of Xyl1, Qui2, Glc3, Glc4, MeGlc5 of chilensoside B (3) in CsDsN/D2O (4/1)
Figure S24. HR-ESI-MS and ESI-MS/MS spectra of chilensoside B (3)

Table S3. *C and '"H NMR chemical shifts, HMBC and ROESY correlations of the aglycone part of chilensoside C (4)
Figure S25. The *C NMR (176.04 MHz) spectrum of chilensoside C (4) in CsDsN/Dz0 (4/1)

Figure S26. The 'TH NMR (700.13 MHz) spectrum of chilensoside C (4) in CsDsN/D:0 (4/1)

Figure S27. The COSY (700.13 MHz) spectrum of chilensoside C (4) in CsDsN/D20 (4/1)

Figure 528. The HSQC (700.13 MHz) spectrum of chilensoside C (4) in CsDsN/D20 (4/1)

Figure 529. The ROESY (700.13 MHz) spectrum of chilensoside C (4) in CsDsN/D20 (4/1)

Figure S30. The HMBC (700.13 MHz) spectrum of chilensoside C (4) in CsDsN/D20 (4/1)

Figure S31. 1D TOCSY (700.13 MHz) spectra of Xyll, Qui2, Glc3, Glc4, MeGIc5 of chilensoside C (4) in CsDsN/D20 (4/1)
Figure S32. HR-ESI-MS and ESI-MS/MS spectra of chilensoside C (4)

Table 54. 3C and '"H NMR chemical shifts, HMBC and ROESY correlations of the aglycone part of chilensoside D (5)
Figure S33. The *C NMR (125.67 MHz) spectrum of chilensoside D (5) in CsDsN/D-O (4/1)

Figure S34. The '"H NMR (500.12 MHz) spectrum of chilensoside D (5) in CsDsN/D20 (4/1)



Figure S35. The COSY (500.12 MHz) spectrum of chilensoside D (5) in CsDsN/D20 (4/1)

Figure S36. The HSQC (500.12 MHz) spectrum of chilensoside D (5) in CsDsN/D2O (4/1)

Figure S37. The ROESY (500.12 MHz) spectrum of chilensoside D (5) in CsDsN/D20 (4/1)

Figure S38. The HMBC (500.12 MHz) spectrum of chilensoside D (5) in CsDsN/D:0 (4/1)

Figure S39. 1D TOCSY (500.12 MHz) spectra of Xyll, Qui2, Glc3, Glc4, MeGIc5 of chilensoside D (5) in CsDsN/D20 (4/1)

Figure S40. HR-ESI-MS and ESI-MS/MS spectra of chilensoside D (5)



8% "
L8
06G”
88"
88"
99"
89"
T10°
68"
YA
oL”
T0°
19°
9%
€9°
99°
YA
6L
96"
87"
1c¢
00°
68°
€v-
QL
oe”
av-
qg-
LO”
97"
09"
€c’
8e”
79
€v-
Le”
ve-
YA
88"
€9°

9T"
9¢”
1A
66"
IL-”
80"
Te”
qg”
QL
S6°
€0°
06"
€T
€C’
€e”
€v”
4%
19°
cL”
G-
89"
68"
IT”
ce:”

Ne}

O O~
N NN AN

<

o O) 00 WO
Mmoo oM

"\

O N
O 0

—
Nej

ppm

30

40

50

60

70

80

90

100

120 110

130

1.0(3)0.3

P.

L5
PT T~ \ o,
Ly 19— = N
6L°19-7 o
96° 19
gp 9" -3
| ©
e}
1289
oo.S/ | »
68°0L ©
€V TL 5
mh.ﬁ/ =
20" bL -
0€ " bL B
2.3/
mm.ﬁ/ _ =
S.mww = ~
9% GL—— ©
S.ﬁ“ = =
@H.@p\ o
ww.wh\ ~
€z LL
8" LL Lo
b9 LL
£v°8L - |~
mm.ﬁw“ B o
S.S\ -
€828 o
7628 .
Gz 98— - o
88798 — -
| o
£€9°88— @
IS
Q,
Q,
91" 20T —
™
(@]
—
m <
: 9€°%0T o
n —
g ﬁw.wOHV
~ 65 V0T ——
- 1L 501 S
[@) —

140

200 190 180 170 160 150

106

210
Figure S1. The 3C NMR (176.04 MHz)spectrum of chilensosideA (1) in CsDsN/D20 (4/1)
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Figure S3. The COSY (700.13 MHz) spectrum of chilensoside A (1) in CsDsN/D:0 (4/1)
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Figure S5. The ROESY (700.13 MHz) spectrum of chilensoside A (1) in CsDsN/D20 (4/1)
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Figure S6. The HMBC (700.13 MHz) spectrum of chilensoside A (1) in CsDsN/D20 (4/1)
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Figure S8. HR-ESI-MS and ESI-MS/MS spectra of chilensoside A (1)



Table S1: °C and 'H NMR chemical shifts and HMBC and ROESY correlations of carbohydrate moiety of chilensoside A1 (2)

Atom Scmult. + b ¢ Sumult. (J in Hz) 4 HMBC ROESY
Xyll (1-C-3)
1 104.7CH 4.66d (6.6) C:3 H-3; H-3, 5 Xyll
2 82.1CH 3.90t (8.0) C:1Qui2 H-1Qui2
3 75.1CH 4.12t (8.0)
4 78.8 CH 410 m H-1Glc4
5 63.5 CH2 4.32m
3.60m H-1 Xyl1
Qui2 (1-2Xyl1)
1 104.4 CH 498d (8.2) C:2 Xyll H-2 Xyl1; H-3, 5 Qui2
2 75.6 CH 3.89t(8.2) H-4 Qui2
3 749 CH 4.04t(8.2) H-1, 5 Qui2
4 86.1 CH 3.50t(8.2) C:1GlIc3 H-1 Glc3
5 71.5 CH 3.68 dd (5.7; 8.2) H-1 Qui2
6 17.8 CHs 1.60 d (5.7) C: 4,5 Qui2 H-4 Qui2
Glc3 (1-4Qui2)
1 104.6 CH 4.79d (8.5) C: 4 Qui2 H-4 Qui2; H-3, 5Glc3
2 744 CH 3.85t(8.5)
3 77.2 CH 4.13t(8.5) H-1, 5Glc3
4 70.9 CH 3.92m H-6 Glc3
5 77.7 CH 391 m H-1Glc3
6 61.7CH> 4.39d (11.6)
4.05dd (5.5; 11.6)
Glc4(1—4Xyll)
1 102.3 CH 4.85d (7.5) C:4 Xyll H-4 Xyl1; H-3, 5 Glc4
2 73.7 CH 3.93t(8.6)
3 83.0 CH 4.37 t (8.6) C: 1 MeGlc5 H-1 MeGlc5; H-1 Glc4
4 75.5 CH 4.78 t (8.6)
5 74.3 CH 426 t(9.7) H-1 Glc4
6 68.3 CH: 5.50 m
4.71dd (9.7; 11.8)
MeGlc5(1—3Glc4)
1 104.4 CH 5.20d (7.7) C:3Glc4 H-3 Glc4; H-3,5 MeGlc5
2 74.6 CH 3.99t(8.7)
3 86.9 CH 3.65t(8.7) H-1 Me Glc5
4 70.0 CH 3.91t(8.7)
5 774 CH 3.86t(8.7) H-1 MeGlc5
6 62.0 CH: 4.34d (10.6)
4.09 dd (6.8; 11.6) H-4 MeGlIc5
OMe 60.3 CHs 3.76s C: 3 MeGlc5

2 Recorded at 125.67 MHz in CsDsN/D20 (4/1). ? Bold = interglycosidic positions. ¢ Italic = sulfate position. ¢Recorded at 500.12 MHz in CsDsN/D20
(4/1). Multiplicity by 1D TOCSY.
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Figure S9. The ®C NMR (125.67 MHz) spectrum of chilensoside A1 (2) in CsDsN/D20 (4/1)
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Figure S11. The COSY (500.12 MHz) spectrum of chilensoside A1 (2) in CsDsN/D20 (4/1)
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Figure S12. The HSQC (500.12 MHz) spectrum of chilensoside A1 (2) in CsDsN/D2O (4/1)
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Figure S13. The HMBC (500.12 MHz) spectrum of chilensoside A1 (2) in CsDsN/D20O (4/1)
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Figure S16. HR-ESI-MS and ESI-MS/MS spectra of chilensoside A1 (2)



Table S2. °C and 'H NMR chemical shifts, HMBC and ROESY correlations of the aglycone moiety of chilensoside B (3).

Position dcmult.a dumult. (J in Hz)® HMBC ROESY

1 36.0 CH2 1.73m H-11

1.32m H-3
2 26.6 CH2 2.07 m

1.86 m H-19, H-30
3 88.6 CH 3.13dd (4.7, 11.8) H-1, H-5, H-31, H1-Xyl1
4 394C
5 52.6 CH 0.79 brd (11.8) C:4,19,30 H-1, H-3, H-7
6 20.8 CH2 1.59 m

1.39 m H-8, H-30
7 28.2 CH2 1.58 m H-15

1.16 m H-5, H-32
8 38.6 CH 3.13m H-6

1511 C
10 39.6 C
11 111.3 CH 5.28 brs C:10,13 H-1
12 31.9 CH: 2.64 brd (16.5) C: 11,18 H-17
2.48 dd (5.9; 16.5) C: 11,14
13 55.8 C
14 419C
15 51.8 CH2 2.40d (16.0) C:13,16,17,32
2.10d (16.0) C: 14, 16,32 H-8

16 2144 C
17 61.2 CH 2.88s C: 12,13, 16, 18, 20, 21 H-12, H-23, H-32
18 176.6 C
19 21.8 CHs 127's C:1,5,9,10 H-1, H-2, H-8, H-30
20 834 C
21 26.5 CHs 147 s C:17,20,22 H-12, H-17, H-23
22 38.6 CH2 1.80 m

1.59 m
23 22.9 CH2 2.28 m

2.04 m
24 123.7 CH 5.03 m H-22
25 132.0C
26 25.4 CHs 155s C:24,25,27 H-24
27 17.4 CHs 152s C:24,25,26 H-23
30 16.4 CHs 0.96s C:3,4,5,31 H-2, H-6, H-19, H-31
31 27.8 CHs 1.13s C:3,4,5,30 H-3, H-5, H-6, H-30
32 20.5 CHs 0.89s C:8,13,14,15 H-7, H-12, H-15, H-17

aRecorded at 176.04 MHz in CsDsN. » Recorded at 700.13 MHz in CsDsN.
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Figure S17. The *C NMR (176.04 MHz) spectrum of chilensoside B (3) in CsDsN/D2O (4/1)
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Figure S18. The '"H NMR (700.13 MHz) spectrum of chilensoside B (3) in CsDsN/D-O (4/1)
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Figure S19. The COSY (700.13 MHz) spectrum of chilensoside B (3) in CsDsN/D20 (4/1)
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Figure 520. The HSQC (700.13 MHz) spectrum of chilensoside B (3) in CsDsN/D:0 (4/1)
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Figure S21. The HMBC (700.13 MHz) spectrum of chilensoside B (3) in CsDsN/D20 (4/1)
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Figure 522. The ROESY (700.13 MHz) spectrum of chilensoside B (3) in CsDsN/D-O (4/1)
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Figure 523. 1 D TOCSY (700.13 MHz) spectra of Xyl1, Qui2, Glc3, Glc4, MeGlc5 of chilensoside B (3) in CsDsN/D20 (4/1)
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Figure 524. HR-ESI-MS and ESI-MS/MS spectra of chilensoside B (3)



Table S3. °C and 'H NMR chemical shifts, HMBC and ROESY correlations of the aglycone moiety of chilensoside C (4).

Position dcmult.a dumult. (J in Hz)® HMBC ROESY
1 36.0 CH2 1.73 m H-11
131 m H-3
2 26.7 CH2 2.06 m
1.85m H-19, H-30
3 88.6 CH 3.13 dd (5.4; 10.9) H-1, H-5, H-31, H1-Xyl1
4 394C
5 52.7 CH 0.79 brd (10.9) C:4,6,19,30 H-1, H-3, H-7
6 20.9 CH2 1.61 m
141 m H-8, H-30
7 28.3 CH2 1.60 m H-15
1.17 m H-5, H-32
8 38.6 CH 3.13m H-6, H-15, H-19
151.0C
10 39.6C
11 111.2 CH 5.27 brd (5.8) C: 10,13 H-1
12 31.9 CH2 2.63 brd (16.8) C: 11,18 H-17, H-32
2.47 dd (5.8; 16.8) C: 11,14 H-17, H-21
13 55.8 C
14 42.0C
15 51.9 CH2 240d (15.4) C:13,16,17,32
2.11d (15.4) C: 14, 16, 32 H-8
16 2144 C
17 61.2 CH 2.87s C: 12, 13,16, 18, 20, 21 H-12, H-23, H-32
18 176.7 C
19 21.9 CHs 1.28s C:1,59,10 H-1, H-2, H-8, H-30
20 83.4C
21 26.6 CHs 147 s C:17, 20,22 H-12, H-17, H-23
22 38.6 CH2 1.80 m
1.59 m
23 22.9 CH2 2.28 m H-21
2.04 m
24 123.8 CH 5.03 m H-22
25 132.0C
26 25.5 CHs 1.55s C: 24, 25,27 H-24
27 17.4 CHs 152s C: 24, 25,26 H-23
30 16.4 CHs 0.95s C:3,4,5,31 H-2, H-6, H-19, H-31
31 27.9 CHs 1.13s C:3,4,5,30 H-3, H-5, H-6, H-30
32 20.5 CHs 0.88s C:8,13,14,15 H-7, H-12, H-15, H-17

aRecorded at 176.04 MHz in CsDsN. » Recorded at 700.13 MHz in CsDsN.
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Figure S25. The *C NMR (176.04 MHz) spectrum of chilensoside C (4) in CsDsN/D2O (4/1)
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Figure 526. The '"H NMR (700.13 MHz) spectrum of chilensoside C (4) in CsDsN/D20 (4/1)
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Figure S27. The COSY (700.13 MHz) spectrum of chilensoside C (4) in CsDsN/D20 (4/1)
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ppm

A

Figure S29. The ROESY (700.13 MHz) spectrum of chilensoside C (4) in CsDsN/D:0 (4/1)
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Figure S32. HR-ESI-MS and ESI-MS/MS spectra of chilensosideC (4)




Table S4. °C and 'H NMR chemical shifts, HMBC and ROESY correlations of the aglycone moiety of chilensoside D (5).

Position dcmult.a dumult. (J in Hz)® HMBC ROESY
1 36.0 CH2 1.73 m H-11
1.32 m H-3
2 26.7 CH2 2.06 m
1.83 m H-19, H-30
3 88.3 CH 3.11dd (4.4;11.5) H-1, H-5, H-31, H1-Xyl1
4 394C
5 52.5 CH 0.78 brd (11.5) C:4,6,19,30 H-1, H-3, H-7
6 20.9 CH2 1.59 m
140 m H-8, H-30
7 28.3 CH2 1.60 m H-15
1.17 m H-5, H-32
8 38.7 CH 3.13m H-6, H-15, H-19
150.8 C
10 394C
11 111.2 CH 5.29 brd (5.2) C: 10,13 H-1
12 31.9 CH2 2.65 brd (17.1) C: 11,18 H-17, H-32
2.49 dd (6.0; 17.1) C: 11,14 H-17, H-21
13 55.8 C
14 42.0C
15 51.9 CH2 2.41d (15.6) C:13,16,17,32
2.10d (15.6) C: 14, 16, 32 H-8
16 214.6 C
17 61.2 CH 290s C: 12, 13,16, 18, 20, 21 H-12, H-23, H-32
18 176.7 C
19 21.9 CHs 1.29s C:1,59,10 H-1, H-2, H-8, H-30
20 83.5C
21 26.6 CHs 148 s C:17, 20,22 H-12, H-17, H-23
22 38.6 CH2 1.80 m
1.60 m
23 22.9 CH2 229 m H-21
2.04 m
24 124.0 CH 5.03 m H-22
25 1321 C
26 25.5 CHs 1.55s C: 24, 25,27 H-24
27 17.4 CHs 152s C: 24, 25,26 H-23
30 16.4 CHs 0.90 s C:3,4,5,31 H-2, H-6, H-19, H-31
31 27.9 CHs 1.10s C:3,4,5,30 H-3, H-5, H-6, H-30
32 20.5 CHs 0.89s C:8,13,14,15 H-7, H-12, H-15, H-17

aRecorded at 125.67 MHz in CsDsN. » Recorded at 500.12 MHz in CsDsN.
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Figure S33. The *C NMR (125.67 MHz) spectrum of chilensoside D (5) in CsDsN/D20 (4/1)
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Figure S34. The '"H NMR (500.12 MHz) spectrum of chilensoside D (5) in CsDsN/D20 (4/1)
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Figure S35. The COSY (500.12 MHz) spectrum of chilensoside D (5) in CsDsN/D:0 (4/1)
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Figure 536. The HSQC (500.12 MHz) spectrum of chilensoside D (5) in CsDsN/D-O (4/1)
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Figure S37. The ROESY (500.12 MHz) spectrum of chilensoside D (5) in CsDsN/D2O (4/1)
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Figure S38. The HMBC (500.12 MHz) spectrum of chilensoside D (5) in CsDsN/D:0 (4/1)
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Figure S39. 1D TOCSY (500.12 MHz) spectra of Xyl1, Qui2, Glc3, Glc4, MeGlcbof chilensoside D (5) in CsDsN/D20 (4/1)
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Figure S40. HR-ESI-MS and ESI-MS/MS spectra of chilensoside D (5)



