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I. Title

Studies on the secondary metabolites from polar microorganisms

II. Purpose and Necessity of R&D

1. Needs

Polar marine organisms are unknown biological resources, that are not investigated for
searching bioactive substance. These materials have characteristic for adapting and
progressing to extreme marine environment. Thus, it is possible that marine organisms
would have chemical structure and biological activation different from secondary
metabolite discovered up to now. Therefore, various approaches to development of new
drug are available by determination of chemical structure and bioactive substance from

diverse marine organisms—derived secondary metabolites.

2. Aims

Isolation of various secondary metabolites from relatively untapped marine sources of

polar ocean, employing bioassay—guide fractionation investigation



III. Contents and Extent of R&D

Objective

Isolation and determination of mechanism of

polar marine organism

anti-inflammation/cytoprotection bioactive secondary metabolites from

Detail objective

Detail contents

Research range

Manufacturing extract
from polar
microorganisms

O Manufacturing extract from polar

marine microorganisms in ethyl
acetate

Retaining useful extract from
polar

ethyl

activity—guided  screening
marine microorganisms in

acetate

@)

Manufacturing more
than 3 marine— derived

extract

Isolation of bioactive substances

Isolation of bioactive using activity—guided screening O Isolation more than 3
metabolome Application of various|  bioactive metabolites
chromatography
Determination of chemicall| O Determination more
Exa.mmatlon of structure of isolated secondary| than chemical
chemical structure . )

of metabolome metabolites based on spectroscopic structure of 1

data compounds

Examination of
activation mechanism
of metabolome

Management anti-inflammatory

bioactive screening methods

Examination of more
than 1

metabolome

bioactive




IV. R&D Results

Result Detail
.. .. Results
objective objective
Manufacturing
extracic from - 5 EtOAc extracts from polar marine organisms
polar
microorganism are manufactured.
S
1. isolation of
secondary - 4 active metabolites were isolated from extract of
metabolites Isloglatl(zp of SF6155
from polar 10active B : : :
i metabolome 3 active metabolites were isolated from extract of
marine SF6796V
microorganism
Examination
of chemical — Determination of chemical structure is completed
structure of about 3 metabolites
metabolome
2. Determination
of mechanism of Examination
anti-inflammaion | of activation — Determination of anti-inflammatory effects from
/cytoprotection mechanism of | 681’ -tri-O-methyl averantin is completed.
bioactive metabolome
metabolome

V. Application Plans of R&D Results

1. Contribute to the bio—active secondary metabolites depository
2. Collection of marine sources of polar ocean database
3. Provide lead compounds for the developments of drugs and/or other functional

agents
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antifungal
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lipid-
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O FA Avazre FAFH NFNAE 24
FANY |6 axqame g T ATLL 7 ABA] 54 %7 A9 =
282 dn
MAE Ao 2 methanol S ggj“@ o waE s mAas s Als
=z A} hul S, = =z ] =4
-1 e jele ARA FE T S
| o tl3t MeOH/EtOAc FEES A%
2z2o & Alg F=&= 9 -
TEE O 7 FEEEVH AUBY 24 G5 9
=
A % o= st Axzd AIE25EH MeOH/EtOAc (IL)E ]
1 aorea) 3ol 37 32 F W 19
o] A& 9] o] O TLC #4& &3 429 54 dof & 4
2 o) AL & A A ) g A 7tz agag d¥ ARTHEAAN &
2y O 'H NMR ®4& 53 Eg4ie 54 s}

O
_ A} ©
1-2| thALA 9] |2 2 AAs genE e gy 24
q

1:1]:./] }‘o J_?_,:v/] % _ B B
= { O HAHe WAYE FB 9 AEvIEI
W 39
A O MS, NMR %
=70 o 7 mae = O MS spectrometer®] A &M & T3 5%
13| WAkl e | ) ey 1
F gEde P _
Tz B O NMR +4& &3 ¢rdie] #2244
Z 4
O LPSel 98 AAHE d5UdAd NO 2
PGE:®] A4 oAl &35 2z dAle] A 85 i
o2 3l (NO, PGE; assay)
O LPSell oa] B4¥= 954 m7HdA (TNF-
a, IL-1B, IL-6, IL-12) AAF A &35 72 9
o 24 o] NEE gz 32l (qRT-PCR)
iﬂ ;io‘mz/ qapae) |ORAWZ6LT BV2O  LPSE A RAWGAT/BVZ AEoA
hvaA
. °12-1 cell  systemoANF-kB 7|dd+E 2zt @A ANEE gidoz
ol AE skA] 7] = N o .
1A 7 stz g3 fAA &2 (Western Blot Analysis)
HE O LPSE #&3 RAW2647/BV2 AEolA

TLR4-MyD88 4= AAaaE 2t dAe Alas
o=z 2l (Western Blot Analysis)

O LPSE A3 RAW2647/BV2  AHXE|A
MAPK 2sdd #ddS 24 A9 A8E o
Ao 72 89l (Western blot analysis)




A2AdAERH BEY olAUAEE £

O AF-=x 1-1: SARGFAE 7l FE2=2 A=

a7 HE A A3
SARE ARE bl 1ok Al o ol wlob o
olgste] =zm | O o YA E F#:l e SF7077 w9 WY FEE 625 mg ¢
. TEE 4z gFug 222 g
A 2

NO Sample ID 3 A FE 81 FEE 74
1 SE7077(PDA) SAAE 3 A= EtOAc 62.5 mg
2 SF7077(vermiculite) FANE FH A E EtOAc 9119 mg
3 SEF7126(PDA) SAAE 3 A= EtOAc 62.3 mg
4 SF7126(vermiculite) FANE FH A E EtOAc 927.2 mg
5 SE7136(PDA) FAAE FH A E EtOAc 188.2 mg

O AFEZ 1-20 A AA o 2
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[231-2-11 FAE Fe WAL SFOIS62ZRH Az LYEIN &4 YaA 23
AT

g el T SF6I5HEFH Ay &4 EAS &A387] 95t EtOAc &% 15356 mg
9% Cig flash column chromatography S ©AIA 7]&7] &2 [20%, 40%, 60%, 80%, 100%
(v/v) MeOH in HyO (400mL each), dichloromethane:MeOH (1:1)]e.2 a3}t 80% &
& HFE SF6155-4 (585 mg)e  silica gel column chromatographyS 8w x4
CHxCly:Acetone (80:1-0:1)=  xlsjste] 18709 &&= (SF6155-4-1718)& AUtk +9 =
SF6155-4-5 (71.4 mg)¥ semi-preparative reversed phase HPLCE ©AZ 7|87 &84
[75%6-88% MeOH (0735 min) 88%-100% MeOH (35736 min) 100% MeOH (36766 min) in
H,0 (0.1% formic acid)]22 Z133ste] 8712 B E (SF6155-45-178)S AAL, 1 5 &
SF6155-45-4 (30.5 mg)¢t SF6155-45-5 (6.8 mg)E AUt &8 E SF6155-4-6 (67.3 mg)
2 semi-preparative reversed phase HPLCE 9AIA 7]&7] £28¥ [65%-100% Acetonitrile
(0751 min) 100% Acetonitrile (51761 min) in H:O (0.1% formic acid)]o.= &3t 6714 &
g & (SF6155-46-178)2 Ala, 71 F 3}3&E SF6155-46-3 (3 mg)S LAt +9=
SF6155-46-4 (7.3 mg)<& semi-preparative reversed phase HPLCE ©AZ 7]&7] &84
[9496-94% MeOH (0750 min) 94%-100% MeOH (50751 min) 100% MeOH (51761 min) in
H.O (0.1% formic acid)]o.= Zl&3slo] 3}3tE SF6155-464-1 (2.4 mg)S LA Ath

[4_1

I

SF6155 (1535.6 mg)
reverse phase C18 column chrom atograpiny
(48 X210 mm)
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86.0 mg 91.0mg 4029 mg 585.0mg 178 1 mg 18.6 mg
silicagel cohunn chrom atography

CH;3Cly - MeOH (80:1)
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reverse phase C18 HPLC separation

73%%-88% MeOH (0-35m)

: S?ﬂ[ﬁ]—?ﬁgﬁm} 53%-100% AcN (0-51m)
PO i 100% AcN (51-61m)

|
SF6155-45-4 F6155-45-5 ! |
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27 Cj flash column chromatography(CC, 45x380mm)S 33t th. ojuf &8
2= 9AH 71L7] Y HS AFE3EA 3[20, 40, 60, 80, and 100%(v/v) MeOH in H:O
(700mL each)], =& 6796V-1765 LA}t 100% WEke 38 &5 6796V-5 o thsle] Silica
gel CC [CHCl;-MeOH (1:0 to 1:2)]& <33t 6796V-5-3 (12 mg)¥ 74 A2eg=
6796V-51-145 LAt 2 E 6796V-559] thste] Sephadex LH-20 CC [Hexane-CHsCly
(1:D)]E 383t 6719 A28 = 6796V-551765 LA 1 T AR E 6796V-5520 s}
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6796V-552-4 (76 mg)S AAow, 6796V-5521°] ths}le] semi-preparative RP HPLC
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Y
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Y
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U= sV E FH Fit SFE796V 2] uj
283 g4 AA Y T+ B4 [FEE 23 H 6,81 -tri-O-methyl averantin & 2%
o] ALA FERFA SR

|
O

[@3A1-3-1] SF6796V-53 (6,8,1’-tri-O-methyl averantin) ¢ +Z% ZAA
(o]

Figure 3. Structure of SF6796V-53

3}3HE SF6796V-53 = 'H NMR spectrum el 4] hydrogen-bonded hydroxyl group ¢! &y
13.77 (s, OH-1), hydroxyl group%! &u 9.44 (s, OH-3), 2719l meta—coupled aromatic protons
[6y 744 (d, J = 2.4 Hz, H-5), 6.77 (d, J = 24 Hz, H-7)], 171¢] aromatic proton [&y 7.22
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H-4), 1.32 (overlapped, H-5)] A&7} BTt C, DEPT NMR spectrum ‘el A 237]¢] ¥C
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Figure 4. SF6796V-53¢] 'H-NMR Spectrum
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Figure 10. SF6796V-53 ¢] HR-ESITOF mass spectrum Spectrum



7.22(5) 9.44(s)
108.6 o

7.44(d 2.4)
104

/O
56.1
3.97(s)

165 22.6

1.32(overlapped

1.75 (m), 1.83 (m)
119.1 34.7

105
6.77(d, 2.4)

31.6

1.3(overlapped)
. 25

4.95 (dd, 541, 8.0) 1.51 (m), 1.4 (m)

O O OH o
- 13.77(s) Y
56.7 58.1
A(s) 3.46(s)

Figure 11. SF6796V-53 ¢ 'H-NMR 2 BC-NMR Spectrum (Recorded in CDCls)

Table 1. SF6796V-53 ¢ 'H-NMR % “C-NMR data (Recorded in CDCls)

position o SH*® (J in Hz)
1 162.2
2 119.1
3 162.3
4 108.6 7.22 (s)
4a 133.1
5 104 7.44 (d, 2.4)
6 165
7 105 6.77 (d, 2.4)
8 162.9
8a 137.6
9 186.9
9a 110.3
10 182.1
10a 115
r 79.7 4.95 (dd, 5.1, 8.0)
2 34.7 1.75 (m), 1.83 (m)
3 25 1.51 (m), 1.40 (m)
4 31.6 1.30 (overlapped)
5 22.6 1.32 (overlapped)
6’ 14.1 0.86 (m)
6-OCH; 56.1 3.97 (s)
8-OCH; 56.7 4.00 (s)
1’-OCHs 58.1 3.46 (s)
1-OH 13.77(s)
3-OH 9.44(s)

aRecorded in CDCls, °100 MHz, “400MHz.

[*1+3 15]: Changlun Shao, Changyun Wang, Meiyvan Wei, Shangde Li, Zhigang She,
Yucheng Gud and Yongcheng Linb. Structural and spectral assignments of six
anthraquinone derivatives from the mangrove fungus (ZSUH-36). Magn. Reson. Chem.
2008, 46, 886 - 889



[¥3d1-3-2] SF6796V-522-1-2 (6,8-di-O-methyl averufin) & +% ZA

Figure 12. Structure of SF6796V-522-1-2

3}3HE SFE796V-552-1-2 + 'H NMR spectrum ol A hydrogen-bonded hydroxyl group
[6g 1355 (s, OH-1)], 27§ 2] meta-coupled aromatic protons [§y 7.46 (d, J = 2.4 Hz, H-5),
6.78 (d, J = 2.4 Hz, H-7)], 17} ¢] aromatic proton &y 7.21 (s, H-4), 27§ 2] methoxy groups
[6g 4.01 (s, OCH3-8), 397 (s, OCH3-6)], 17§¢] methyl group®! &y 1.57(s, H-6), 17§
oxygenated methine®! &y 5.38 (d, J = 3.1 Hz, H-1) 28]2 37§2] methylene groups < [y
(1.87 (m, H-2), 2.09 (m, H-2"), 1.65 (m, H-3), 1.83 (m, H-4), 206 (m, H-4)]1& <3I35%
t}. BC, DEPT NMR spectrum Aol A 2270 ¥C A5 & &2at9 i, 170¢] methyl group (8
c 27.8) 2 709 methoxy group (§c 56.1, 56.7), 3702l methylene carbons (¢ 16.0, 27.5, 36), 4
70 ¢] methine carbons (8¢ 67.2, 104.0, 105.0, 107.1), 270 2] carbonyl carbons (§¢ 182.7, 186.9)
2} 1070 €] quaternary carbons (8¢ 100.9, 110.1, 1154, 116.9, 132.6, 137.7, 159.7, 159.7, 162.9,
165.0)5 =<lstaAt.
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Figure 13. SF6796V-552-1-2 ¢] 'H-NMR Spectrum
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Figure 15. SF6796V-552-1-2 ¢] DEPT-NMR Spectrum
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Figure 17. SF6796V-552-1-2 ¢] COSY-NMR Spectrum



s s Sl ; N

:_: AFETREL B8 T= N=T= =1 Hf 1 0
; .
z ] J JJ 1 " | L ‘J‘; ‘ i
JsFarean-maz—i-2-me -z jar -
Oy i Fredicar sakindsd HAIBLC ﬁl
= ; :
E " - i
zf 4 *- é
3 J
3 T
't b4
i_% - " ow
E LE 1 'l ] [
3 ' it ? . g +
3 '
! 1 "y ' 4
21 1
:
e las T 158 T 108 e 50 B -n s s i B Ls ) )
B i pares per AldKem ¢ 13 Theawsanda)

Figure 18. SF6796V-552-1-2 ¢] HMBC-NMR Spectrum
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Figure 19. SF6796V-552-1-2 ¢] HR-ESITOF mass spectrum Spectrum




1.57(s)
o 27.9
721(s)

7.46(d, 2.4)

56.1
3.97(5)\
O.

2.06(m), 1.83(m)
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538(d.3.1) 575

(o] (6] OH 2.09(m), 1.87(m)
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Figure 20. SF6796V-552-1-2 ¢] 'H-NMR % “C-NMR Spectrum (Recorded in CDCls)

Table 2. SF6796V-552-1-2 ¢] 'H-NMR 2 “C-NMR data (Recorded in CDCls)

position 3C® SH™ (J in Hz)

1 159.7

2 116.9

3 159.7

4 107.1 7.21 (s)

4a 132.6

5 104 7.46 (d, 2.4)

6 165

7 105 6.78 (d, 2.4)

8 162.9

8a 115.4

9 186.9

9a 110.1

10 182.7

10a 137.7

r 67.2 5.38 (d, 3.1)

2’ 27.5 1.87 (m), 2.09(m)

3 16.1 1.65 (m)

4 36 1.83 (m), 2.06 (m)

5 100.9

6’ 279 1.57 (s)
6-OCH3 56.1 3.97 (s)
8-OCH3 56.7 4.02 (s)
1-OH 13.56 (s)

“Recorded in CDCls, "100 MHz, “400MHz.

[+ 3 15] Changlun Shao, Changyun Wang, Meiyan Wei, Shangde Li, Zhigang She,
Yucheng Gud and Yongcheng Linb. Structural and spectral assignments of six

anthraquinone derivatives from the mangrove fungus (ZSUH-36). Magn. Reson. Chem.
2008, 46, 836 - 839



[ 31-3-3] SF6796V-522-4 (sterigmatocystin) & 7% AR

OH O OCH;

18
Figure 21. Structure of SF6796V-522-4

3}3HE SF6796V-552-4 += 'H NMR spectrum Aol Al 470 9] aromatic protons$l [8y 6.44(s,

H-11), 6.76 (d, J = 83 Hz, H-4), 683 (d, J = 7.3 Hz, H-6), 750 (t, J = 83 Hz, H-5)], 27l
9] olefinic methine protons¢! [6y 545 (t, J = 2.7 Hz, H-16), 6,50 (t, J = 2.7 Hz, H-17)], 1
719 oxygenated methine?! &y 6.83 (d, J = 7.3 Hz, H-14), 171¢] hydroxyl group%! &y
13.22(s, OH-3), 1709 methoxy group?l &n 3.99 (s, OCHs;-18)& &elataitt. C NMR
spectrum Aol A 18702 BC A5 E #<l1steiar, 1 71e] methoxy group (8¢ 56.9), 171¢]
carbonyl carbon (§¢ 181.5), 170¢] methine carbon (6¢ 48.2), 17H¢] oxygenated methine
carbon (¢ 113.3), 127§¢] aromatic carbons (§c 90.6, 1059, 106.1, 106.6, 109.1, 111.4, 135.8,
154.2, 155.1, 162.4, 163.4, 164.7), 271 2] olefinic carbons (§¢ 102.6, 145.5)& 3+<ls} it}

W W m

-----

Figure 22. SF6796V-552-4 ¢ 'H-NMR Spectrum
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Figure 23. SF6796V-552-4 ¢] BC-NMR Spectrum
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Figure 24. SF6796V-552-4 ¢ HMQC-NMR Spectrum
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Figure 25. SF6796V-552-4 2] COSY-NMR Spectrum
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Figure 26. SF6796V-552-4 ¢ HMBC-NMR Spectrum



6.50(t,2.7)
145.5

HO O  HyCO
13.22 (s) 56.9

Figure 27. SF6796V-552-4 ¢] 'H-NMR % “C-NMR Spectrum (Recorded in CDCls)

Table 3. SF6796V-552-4 ¢] 'H-NMR % “C-NMR data (Recorded in CDCls)

position dC™P SH™® (J in Hz)
1 181.5
109.1
3 162.4
4 111.4 6.76 (d, 8.3)
5 135.8 7.50 (t, 8.3)
6 105.9 6.83 (d, 7.3)
7 155.1
8 154.2
9 106.6
10 164.7
11 90.6 6.44(s)
12 163.4
13 106.1
14 113.3 6.83 (d, 7.3)
15 482 4.82 (td, 2.2, 7.1)
16 102.6 545 (t, 2.7)
17 145.5 6.50 (t, 2.7)
18 56.9 3.99 (s)
3-OH 13.22 (s)

aRecorded in CDCls, "100 MHz, “400MHz.

[* 1153 16] Feng Zhu, Yongcheng Lin. Three xanthones from a marine-derived mangrove
endophytic fungus. Chem. Nat. Compd. 2007, 43, 132-135
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Figure 28. Effects of three compounds (1-3) on cell viability in BV2 cells (A-C).
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Figure 29. Effects of three compounds (1-3) on expression of HO-1 protein in BV2 cells
(A-C).
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Figure 30. Effects of compound 1 on nuclear translocation of Nrf2 in BV2 cells.
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Figure 31. Effects of compound 1-induced MAPK activation on HO-1 expression in BV2

cells.
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Figure 32. Effects of compound 1 on HO-1 expression through the PISK/AKT cascade
in BV2 cells.
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Figure 33. Effects of compound 1 on LPS-induced nitrite (A) and PGE, (B) production
and expression of iINOS and COX-2 protein (C) in BV2 cells.
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Figure 34. Effects of compound 1 on the LPS-induced activation of NF-xB, and binding
activity to DNA of NF-xB protein in BV2 cells.
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Figure 35. Effects of tin protoporphyrin (SnPP) on inhibition of nitrite (A), PGE; (B),
iNOS (C), and COX-2 (D) by compound 1 pre-treatment of LPS-stimulated

BV?2 cells.
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Figure 36. Effects of compound 1 on expression of HO-1 protein in primary microglia
cells.
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