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Isolation of New Secondary Metabolites from the Marine
Sources of Polar Ocean
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SUMMARY

Isolation of various secondary metabolites from relatively

Purpose untapped marine sources of polar ocean, employing
bioassay-guide fractionation investigation
1. Conducting various 1in Vitro assays targeting anti-
neuroprotective, anti—diabetic, anti—inflammatory, and
anti—obesity agents
2. Isolation of secondary metabolites from extracts of marine
sources of polar ocean
Contents 3. Isolation of secondary metabolites from marine organisms by
various chromatographic methods
4. Structure elucidation of isolated metabolites by spectroscopic
and chemical methods
5. Evaluation of biological activities of identified metabolites by
a number of biochemical methods
1. Contribute to the bio—active secondary metabolites depository
Expected 2. Collection of marine sources of polar ocean database
Contribution Provide lead compounds for the developments of drugs

and/or other functional agents
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lo] F7) By Aok 1e]a SF6390-4-10 (36.9mg) ol thale] semi-preparative reversed
phase HPLC [60% MeOH—80% MeOH(with H2O+0.1%Formic acid), in 30 min]& ©]-&3}4
709l AR-EE SF6390-4-10- 1778 A3 o] 5 SF6390-4-10-2 (2.1mg), SF6390-4-10-3
(4.1mg), SF6390-4-10-6 (82mg) °] &% == A AT SF6390-4-10-5 (7.3mg)
t}A] S semi-preparative reversed phase HPLC [60% MeOH—80% MeOH(with H20+0.1%
Formic acid), in 30 min]& o] &3t =3¢ 3tE<2 SF6390-4-10-5-1 (5.Img)E 2 = A
o 100%<¢] WEks 8592 SF6390-5 (237.0mg) & Sephadex LH-20 column chromatograp
hy [CHCla:Acetone=50:1 to MeOH 100%]E ©|-&3tod 8 /e &AFdE SF6390 5178 & &
lal o] % SF6390-5-1 (120.5mg)ol thale] Silicagel column chromatography [Hexane:CH2Cl
=111 to CH:Cl:MeOH=30:11& & 8to] 3 7je] &&3& SF6390-5-1-173& 4. o] & S
F6390-5-1-3 (60.3mg)<S MeOHol 2o Y2 7]|E ]85 MeOHol =+ HFi3F =X &
= FEo® Eysle] SF6390 51 3 13 SF6390- 51 3 25 43t} o] & MeOHol =& F
ol SF6390-5-1-3-1 (49.1mg)°ll ti3}le] semi—preparative reversed phase HPLC [80% MeO
H—92% MeOH(with H-0+0.1%Formic acid), in 30 min]& ©o]&3sle] =53 31gtE<l SF6390
51313 (182 mg)e AU



SF6390(1876.9 mg)

C18 column

21.2#4.8 cm
SF6390-1 SF6390-2 SF6390-3 SF6390-4 SF6390-5 SF6390-6
20% MeOH 40% MeOH 60% MeOH 80% MeOH 100% MeOH CM:M=1 : 1
500 ml 500 ml 500 ml 500 ml 500 ml 2000 ml
500.1 mg 50.6 mg 236.7 mg 738.3 mg 237.0 mg 105.5 mg

Silica gel column
Initial solvent:
CM:M=80:1

[ I I I I I I I I I [ I I I I |
41 42 43 44 45 46 47 48 49 410 T4M 412 413 M4 415 416

25 74 98 23 1082 123 849 156 334 369 . 14.6. 141.2852 107.3 324 16.1
mg mg mg mg mg mg mg mg mg mg .mg . mg mg mg mg mg
C18 column T

Initial solvent
M:W=1:2 A 0.1%FA B: MeOH
| I I I I I I | 60%-80% MeOH(30 min)
o/ _ 0 i
451 452 453 454 455 456 457 458 B o Pt MeOH(31 min)

o .
1.7 22 60 15 83 35 32 632 : | 100/o|MeOH(4I1 min) |

T 1
mg mg mg mg m PR N A 1. -
g 9 M3 M9 MY 40474902 34103 4104 4-10-5 ¢ 41056 4-10-7
86mg 21mg, 41mg :3.7mg 7.3mg:' 8.2mg 12.0 mg
tR: " tR: . \ tR: '

! 13.6 miR 17.1 min ' 22.3 min
A 0.1%FA B: MeOH N AT . ' :

90%-97% MeOH(30 min)

97%-100% MeOH(31 min)

100% MeOH(41 min) A 01%FA B: MeOH
. . (] .

| | | 60%-80% MeOH(30 min)
4511 B R R e 2 80%-100% MeOH(31 mi

4 . 4512 % 1 4513 100% ACN(41 min)____J.____.
-8 mg 1 46mg : | 28mg  SF6390-4-10-5-1
PR R . '5.1 mg !
i 11.3nhin! 2 13.6 min LtR: 25.8 min
R e e e o o ‘ SF6390-5  Tse----e----- !
237.0 mg
LH-20 Column separation
Hexane: CH,Cly,=5:1
[ I I I I I I 1
51 52 53 54 55 56 57 58
120.5 251 25.7 3.5 23.2 9.6 20.1 28.5
mg mg mg mg mg mg mg mg
Silica gel column
Initial solvent:
Hexane:CH,Cl,=80:1
SF6390-511 SF6390-512 SF6390-513
17.5 mg 37.2mg 60.3 mg
Centrifuge

SF6390-5131 SF6390-5132
Supernate Sediment
49.1 mg 5.6 mg

A 0.1%FA B: MeOH
80%-92% MeOH(30 min) 92%-100% MeOH(31 min)
100% MeOH(41 min)

| | P I I
51311 51312 1 51313 51314 51315
8.2 mg 34mg ,18.2mg ' 0.5 mg 0.8 mg
' tR: )
'20.3'min

Figure 1. ¢ SF6390°. 25 e ddsgEe #e=



[BA21-32] TAAE §d AR SF63545=HEH Axd BIAZoi IA dAA 27

=AY FH AEETYH e @4 548 B8] fste v AlE SF6354¢] EtO
Ac 3= 5635mge Cizfunctionalized silica gel flash column chromatographyZ < 88}
i, o w &5 EMiEE dAA 71&7] & E ARSI TH20%, 40%, 60%, 80%, 100% (v/
v) MeOH in HzO (250mL each)]. 80%<¢] ®&& &2 & 151.2mgel dlste] Cis—functionalized
silica gel coloumn chromatography [MeOH:H-0=3:112 F&3&lo] 77 AE 3 & SF6354-4-177
S Ay 29 283 E SF6354-4-4 (19.6mg)E semi—preparative reversed phase HPLC
[602%6 MeOH—63% MeOH(with H20+0.1% Formic acid), in 60min] ©]83}¢] SF6354-4-4-1~
6, 6712l AFIEE A3 o] F SF6354-4-4-2 (2.3mg), SF6354-4-4-3 (2.1mg)°] 3}3t&=
2 2y H 3ok
SF6354(563.5mg)

YMC C18 Column Chromatography
(3.5x15.0cm)

MeOH in H,O
SF6354-1 SF6354-2  SF6354-3 SF6354-4 SF6354-5 SF6354-6
20% MeOH 40% MeOH 60% MeOH 80% MeOH 100% MeOH MeOH:CH,Cly=1:1
250mL 250mL 250mL 250mL 250mL 500mL
132.1mg 67.6mg 44.2mg 151.2mg 86.8mg 46.3mg

YMC C18 Column Chromatography
(1.7x38.0cm)
MeOH:H,0=3:1

SF6354-4-1 SF6354-4-2 SF6354-4-3  SF6354-4-4  SF6354-4-5 SF6354-4-6 SF6354-4-7
28.8mg 2.8mg 20.7mg 19.6mg 30.2mg 5.5mg 24.7mg

HPLC prep
20x150mm C18 column
60-63% for 60min

SF6354-4-4-1 SF6354-4-4-2 || SF6354-4-4-3 SF6354-4-4-4  SF6354-4-4-5 SF6354-4-4-6
24mg :  23mg i 2img 37mg 4.1mg 4-om
............. " (progress !

' in structure
determination):

'
[y



[AH1-3-3] SARE Fd MAE SF678I=HH Axd EIEAA 4 dAA &3

=AY FH AEETYH e @4 548 B8] 9o v AlE SF6789¢] EtO
Ac FEE 966.9mgS Ciz functionalized silica gel flash column chromatographyE 4= 3311
i, o w &5 EMiEE dAA 71&7] & E ARSI TH20%, 40%, 60%, 80%, 100% (v/
v) MeOH in H2O (500mL each)]. 80%<] #E-S +8 & 75mgol dlste] semi-preparative re
versed phase HPLC [50% MeOH—100% MeOH (with HxO+0.1Formic acid), in 60min] ©]&
slo] SF6789-4-174, 4719 A &S AATdH o] 5 SF6789-4-3 (0.8mg)o] 3d&E= &
= Slt.

SF6789(966.9mg)

YMC C18 Column Chromatography
5.0x24.0cm MeOH/H,0 gradient

SF6789-1 SF6789-2 SF6789-3 SF6789-4  SF6789-5 SF6789-6
20%MeOH 40%MeOH 60%MeOH 80%MeOH 100%MeOH MC/MeOH=1/1
500mL 500mL 500mL 500mL 500mL 1000mL
505.3mg 318.0mg 26.0mg 7.5mg 53.9mg 28.2mg

HPLC prep

C28H3608| 20x150mm C18 column
50-100% MeOH for 60min

____________

SF6789-4-3 | SF6789-4-4
08mg . 1.2mg
' (progress in

» structure .
determination

SF6789-4-1 SF6789-4-2
1.2mg 0.3mg

Figure 3. ¥4 SF6789=4-FH F2ld T@dsstEe 8%
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Structures of 5 compounds isolated from marine-derived fungus
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SF6390-4-11 : TMC256A1

HO

SFB6354-4-4-2 - TMC256C1 SF6390-4-5-1-2
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1-3-4-1. SF6354-4-4-2
o +x 24

e H9h "C NMR ~HE8E 4

of s Ao or HL F49 7H¢§ &3 370
A AE F5F T F AU olF EviE Zds

= TMC-256C1 1 SF6354-4-4- 29} Z& NMR ~"9E8E 23 9ok A
Aot (11

Figure 4. SF6354-4-4-2°] %

Table 1. SF6354-4-4-29] 'H and *C-NMR data

Position ol oS (mult., J in Hz)
2 167.5
3 109.7 6.46 (1H, s)
4 182.1
5 155.5

5-OH 12.87 (1H, s)
6 104.2 6.77 (1H, s)
7 101.1 6.61 (1H, d, 2.1)
8 160.0
9 97.4 6.47 (1H, d, 2.1)
10 159.1
11 155.5
12 107.4
13 140.8
14 103.0

2-CH; 20.0 245 (3H, s)

10-OCH; 55.9 3.93(3H, s)

Recorded in DMSO-ds, "100 MHz, 400MHz.
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SF6354—4-4-2-DM-H-2,jdf
Single Pulse Experiment A ' E Dl

13.0

Filename
Author
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20140218
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X
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i
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Figure 5. 'H-NMR spectrum of SF6354-4-4-2
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Figure 6. °C-NMR spectrum of SF6354-4-4-2




1-3-4-2. SF6390-4-11
o r+x 24

3}gHE SF6390-4-11 #A2 CisHpOs#® 8¢ a9l o], high resolution ESI-MS 2
ol M m/z 271.0602 ion peak® #ste] & 5 AATH (AAE EAFH 271.0606). 'H-NMR
A Ed A §H 699, 6.62, 6.41, 6.12 ppm3I} A methoxy signal 91 6H 3.85 ppm, a methyl
signal ¢1 8H 250 ppm < ¢l & 4 i, "C-NMR == Egd A  d1}e] carbonyl %
29F 12 N9 olefine ¥4, 1719 methoxy ©4AE X338+ 156 /M9 AsE &2 & F A
o EFAAME S NMR dHolHE vlagh A3 o] sgt&so] TMC 256A1 3 #2 F-x91&
gl st [11

OCH3

Figure 7. SF6390-4-11¢] =

Table 2. SF6390-4-119] 'H and “C-NMR data

Position 5P o™ (mult., J in Hz)
1
2 168.4
3 106.5 6.12, s
4 183.6
5 162.3
6 160.6
7 97.5 6.41, s
8 160.1
9 101.1 6.62, s
10 99.8 6.99, s
11 152.4
12 102.8
13 106.5
14 140.9
CH; 20.1 2.50, s
OCHj; 55.7 3.85, s

“Recorded in DMSO-ds, "100 MHz, “400MHz.
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1-3-4-3. SF6390-4-5-1-2
o r+x 24

3tg = SF6390 4 51 22 2124 CigHiNOs= &<l 3l =d o]+, high resolution ESI-MS
Aol A m/z 2300819 ion peakE F<lsted & F AAT. (CisHiNO; o Aibd A
230.0817). '"H NMR A== EZ A 5 79 phenyl proton ¢l §7.24 (2H), 7.36 (2H), 7.32 (1H)
2}, 2 712l aromatic proton ¢l 68.72 (s, 1H) ¢ 6.25 (s, 1H), 2 7B €] methylene proton¢l &
389 (s, 2H)Z gatgtt. “C-NMR, DEPT == Ed|A 2 /4] carbonyl %29l 2 749
quaternary ¥tA, 7 7§ 9] methylene ¥4, 1 719 methyl & 233+ 13 79 AZE &< &

T A FHXALE E3 NMR dHlolHE Hluwst A3 o] sglgt&Eo] carbonarones A I}
2 FxdEs g2

Figure 10. SF6390-4-5-1-2¢] 4%

Table 3. SF6390-4-5-1-22] 'H and *C-NMR data

Position 5P o™ (mult., J in Hz)
1
2 162.1 8.72 (1H, brs)
3 119.5
4 178.3
5 116.2 6.25 (1H, s)
6 169.0
7 39.8 3.88 (2H, s)
8 133.9
9 129.3 7.24 overapped
10 129.3 7.36 overapped
11 128.0 7.32 overapped
12 129.3 7.36 overapped
13 129.3 7.24 overapped
14 164.1

14-NH> 9.05 (brs), 5.75(brs)

“Recorded in CDCls—d "100 MHz, ‘400MHz.
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1-3-4-4. SF6390-4-5-1-3
o r+x 24

3}9tE SF6390-4-5-1-32 A2 CisHieNOsZ 821 319 &= o]+, high resolution ESI-MS
Ao A m/z 2300824 ion peakE F<lsted & F AAT. (CisHiNO; o Aibd A
230.0817). '"H NMR == E&o| 4 1 719 hydroxy proton ¢! §13.67 (brs, 1H), 1 71 amide
proton ¢l 611.86 (brs, 1H), 1 7§¢] aldehyde proton ¢! 610.07 (s, 1H) ¢, 5 7H¢] phenyl
proton <1 §7.35 (d, 2H), 7.27 (2H) <} 7.30 (1H), 1 7H¢] vinyl protonql 85.79 (s, 1H), 2 7i
] methylene proton ¢l 63.86 (s, 2H) & s ¢th. “C NMR, DEPT 2~ E#o]A 1 7)<
aldehyde &A%} 1 719 carbonyl ¥4, 6 7|2 methine ¥4, 4 712 quarternary &4, 1 7l
9] methylene & E3tale 13 7le] AEE &0 & 5 JAth wdEALE 3 NMR Hl o] E
£ njaek A3 o] 3}g&o] Carbonarones B 3 2 724 &<l ot [2].

Figure 13. SF6390-4-5-1-3¢] +x

Table 4. SF6390-4-5-1-32] 'H and "*C-NMR data

Position sl o (mult, J in Hz)
1 11.21 (1H, brs)
2 165.3
3 106.2
4 175.1
5 100.0 5.79 (1H, s)
6 157.2
7 40.2 3.86 (2H, s)
8 134.5
9 129.4 7.277 overapped
10 129.4 7.35 overapped
11 128.1 7.30 overapped
12 129.4 7.35 overapped
13 129.4 7.27 overapped
14 194.2 10.05 (1H, s)

4-OH 13.69 brs

“Recorded in CDCls—d 100 MHz, <400MHHz.
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1-3-4-5. SF6390-5-1-3-1-3
o r+x 24

g% SF6390 51 3 132 Ba24 CuHpNsOsS:2 891 3t9l=t] o], high resolution
ESI-MS ZA3ol A m/z 529.2392 ion peakE &2lsle] & = AATh (CosHzoNs0532 2] AAkE
BarEk 52992393). 'H- NMR 23EZoA 5 719 amide proton (NH) ¢ §8.85, 8.60, 7.96,
7.38, 7113 5 709 a-methine proton & 64.72, 4.47, 3.99, 3.93, 3.87°14 &<l & < U}
BC-NMR =lE8o| A 5 719 carbonyl B2 §174.0 (Cys 1), 1731 (Cys 2), 172.8 (Ile),
170.6 (Lew), 169.7 (Val) 3 5 7§9] a ¥4 658.8 (Val), 58.0 (Ile), 52.9 (Cys 1), 524 (Cys 2),
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Figure 16. SF6390-5-1-3-1-3¢] ++%



Table 4. SF6390-5-1-3-1-39] 'H and "“C-NMR data

Position 5P o™ (mult., J in Hz)
1 58.8 3.99 (1H, dd, J = 6.8, 3.2 Hz)
2 26.8 2.04 (1H, m)
3 19.7 0.79~0.90 (m)
4 18.7 0.79~0.90 (m)
5 170.6
6 50.3 447 (1H, ddd, J=15.5,9.6,6.4 Hz)
7 40.9 1.31~1.58 (2H, m)
8 24.5 1.13 (1H, m)
9 2.7 0.79~0.90 (m)
10 21.8 0.79~0.90 (m)
11 173.1
12 58.0 3.87(1H, dd, J = 10.6, 6.9 Hz)
13 34.0 1.70 (1H,m)
14 24.8 1.31~1.58 (2H, m)
15 10.0 0.79~0.90 (m)
16 15.0 0.79~0.90 (m)
17 172.8
18 52.4 3.93 (IH, dd, J = 14.4, 9.0 Hz)
19 46.2 3.12~3.28 (2H, m)
20 174.0
21 52.9 472 (1H, ddd, J = 15.6, 11.5, 4.1 Hz)
22 45.2 3.12~3.28 (2H, m)
23 169.7

iRecorded in DMSO~ds "100 Mz, 400MHz.
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Figure 1. Chemical structure of TMC-256C1 (A), and effect of TMC-256C1 on cell
viability (B).
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Figure 2. Effects of TMC-256C1 on mRNA expression levels of TNF-a (A), IL-1B (B),
IL-6 (C), and IL-12 (D) in BV2 cells stimulated with LPS.
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Figure 3. Effects of TMC 256C1 on the production of NO (A) and PGE: (B) and the
protein expression levels of iINOS and COX-2 (C) in BV2 cells stimulated with

LPS.
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Figure 4. Effects of TMC 256C1 on the protein expression level of IkB degradation (A),
phosphorylation (A), cyotosol and nuclear p65, pb0 (B) and NF-kxB DNA
binding activity (C) in LPS stimulated BV2 cells.
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Figure 5. Effects of TMC-256C1 on heme oxygenase (HO)-1 expression (A,B) and the
nuclear translocation of nuclear transcription factor-E2-related factor 2 (Nrf2)

(C) in BV2 cells.
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Figure 6. Effects of tin protoporphyrin (SnPP) on inhibition of nitrate (A), PGE: (B),
IL-6 (C), TNF-a (D) and IL-12 (E) production by TMC-256C1 pre-treatment
of lipopolysaccharide (LPS) stimulated BV2 cells.
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Figure 7. Effects of TMC 256C1 on ERK, JNK, and p38 MAPK expression (A), and p38
activation induced by TMC-256C1 on HO-1 expression (B) in BV2 cells.
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Figure 8. Effects of TMC 256C1 on HO-1 expression through the PI3SK/Akt cascade in
BV2 cells (A, B).
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Figure 9. Chemical structure of TMC 256C1 (A), and effect of TMC 256C1 on cell
viability (B).
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Figure 10. Effects of TMC-256C1 on glutamate-induced oxidative neurotoxicity (A), and

generation of reactive oxygen species (B).
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Figure 11. Effects of TMC-256C1 on heme oxygenase (HO)-1 expression (A,B) and the
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nuclear translocation of nuclear transcription factor-E2-related factor 2 (Nrf2)
(C) in HT22 cells.
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Figure 12. Effects of TMC-256C1 on glutamate-induced oxidative neurotoxicity (A) and

reactive oxygen species generation (B) in pre treated tin protoporphyrin
(SnPP) HT22 cells.
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Figure 13. Effects of TMC-256C1 on ERK, JNK, and p38 MAPK expression (A), and
p38 activation induced by TMC-256C1 on HO-1 expression (B) in HT22 cells.
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Figure 14. Effects of TMC-256C1 on HO-1 expression through the PI3K/Akt cascade in
BV2 cells (A, B).
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Figure 15. Chemical structure of compound (1) (A) and effects of compound (1) on cell

viability (B, C).
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Figure 16. The effects of compound (1) on production levels of nitrite (A) and PGE:
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BV?2 cells stimulated with LPS.
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(Tnf) (C) mRNA expression levels in RAW264.7 and BV2 cells.
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RAW?264.7 and BV2 cells.
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Figure 22. Chemical structure of JY2 131 19 (A), and effect of JY2 131 19 on cell
viability in RAW264.7 (B) and BV2 cells (C).

O JY2-131-19 & RAW264.7 #} BV2 M XZA LPSE 538 nitrite?} PGE, A<
A HAATE a7 99, e LPSE Gk iINOSS COX -2 gmide] &S 7+

A E



A
RAW264.7 cells
g
=S
2
%
c
LPS (1pgiml) - + + o+ %
LPS(lugiml) - + + + o+  +
JY213119 (M) - . 20 40 80
JY243119 (M) - - 10 20 40 80
INOS ey S w—

1.00 251 242 232 1.31

B cox-2 [ S

100 440 389 362 213

ACtn S — —

§

PGE, (pg/ml)
g

8

0
LPS (1pg/ml) - + + + +

JY2-13119 (uM) - - 20 40 80
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1. Dihydroisocoumarin Derivatives from Marine—Derived Fungal Isolates and Their
Anti—inflammatory Effects in Lipopolysaccharide—Induced BV2 Microglia.

Kim DC, Quang TH, Ngan NT, Yoon CS, Sohn JH, Yim JH, Feng Y, Che Y, Kim
YC, Oh H. (J Nat Prod. 2015, 78, 2948—2955).

2. Anti—Inflammatory and Cytoprotective Effects of TMC—256C1 from
Marine—Derived Fungus Aspergillus sp. SF—6354 via up—Regulation of Heme
Oxygenase—1 in Murine Hippocampal and Microglial Cell Lines. Kim DC, Cho KH,
Ko W, Yoon CS, Sohn JH, Yim JH, Kim YC, Oh H. (Int J Mol Sci. 2016, 17, E529).
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