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SUMMARY

(3 B 2 o B

I. Title

Discovery of bioactive secondary metabolites from polar resources

Il. Purpose and Necessity of R&D

1. Purpose
(O The aim of this study is to discover new hit - leads from polar resources for
the development of next generation antibiotics
® Selection of polar resources (1 species/year)
® Discovery of polar resources-derived secondary metabolites capable of
modulating drug-target protein (10 compounds/year)
® Proposition of new hit - leads through biological test and mechanism study
(1 compound/year)
2. Necessity
(O Polar organisms are recognized as natural resources that produce new
secondary metabolites of various chemical structures in order to adapt to
extreme environment
— Discovery of new hit-leads with new chemical structure from polar
resources is highly important
O Since Wnt/ 8 -catenin signaling pathway plays a critical role in development,
differentiation, and cell proliferation, it is recognized as a new drug-target
for the development of anticancer agents
— It is necessary to discover effective and safe polar resources-derived

compounds modulating drug-target protein

lll. Contents and Extent of R&D

Purpose Contents




Selection of polar
resources

HPLC analysis

® Sclection of polar resources through TLC and

Extraction and
partition

® Extraction of polar resources
® Preparation of solvent fractions

[solation of secondary
metabolites

® [solation of secondary metabolites via various

column chromatography technic

Determination of
chemical structure

® Determination of chemical structure by
spectroscopic analysis such as MS, NMR

GIAO-DP4 analysis

® Determination of absolute configuration by ECD,

IV. R&D Results

Purpose

R&D Results

Accomplis
hment (%)

Selection of polar
resources

Selection of polar resources through TLC
and HPLC analysis
Monanchora sp.

100%

Extraction and
partition

® Preparation of MeOH extract (53.2 g)
® Preparation of 15 solvent fractions (AK49-1

~ AK49-15)

100%

Isolation of
secondary
metabolites

Isolation of 10 secondary metabolites
including 3 new compounds (purity > 95%)

100%

Determination of
chemical
structure

Structure of 3 new compounds: alotaketal F
D,

20F,23 R-hydroxy-nor-cholest-4,20-dien-3-on
e (2),

16 8 ,20R-dihydroxy-cholest-4,24-dien-3-one
3

Structure of 7 compounds: bis-(2-ethylhexyl)
terephthalate (4),
4772102132,162)-nonadecapentaenoic acid
(5), hexadecanoic acid (6),
(23EB)-cholesta-5,23- dien-3 ,£,25-diol (7),
24(9-cholesta-5,25-diene- 3 #,24-diol (8),
24-methylenechosterol (9),

5 a —cholestan-3 p -ol (10)

Determination of absolute configuration of 3
new compounds via ECD, GIAO-DP4
analysis

100%

Evaluation of anti-proliferative activity of 3
new compounds against colorectal cancer
cells (HCT116, SW480) via inhibition of
Wnt/ 8 -catenin signaling

goal
exceeded




V. Application Plans of R&D Results

(O Ten secondary metabolites including 3 new compounds were isolated from
polar resources and their biological activity modulating drug-target protein
was elucidated, which will be utilized as follows

® Development of new hit-leads by providing new chemical structures
derived from polar resources

v' Based on the anti-proliferative activity of 3 new compounds via inhibition
of Wnt/ g -catenin signaling, the polar organism-derived new compounds
may serve as new hit - leads or chemical scaffolds for the development of
anticancer agent targeting down-regulation of A -catenin expression

v/ Build up of polar organism-derived secondary metabolite library —
development of antimicrobial hit - leads through the antimicrobial test

® Providing an original technology regarding polar organism-derived hit - leads
(Marine drug, 16(9), 297, 2018), which will be useful for new drug

discovery
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Some examples of the marine natural products collected by Dr. Hamann's group

® 1= MUSC Dr. Hamann group¥¢ =4 &3}

v 2 AF7HAe €S 98 s MUSCS Dr. Hamann© ZH-E ofgfe} o]

AUYE 2AE AT =rhe ks wo

Mark T. Hamann , Ph.D.

407 Faser Hall

The University of Mississippi. School of Pharmacy
University, MS 38677

Phone: 662-915-5730

Email: mthamann@olemiss.edu

MinKyun Na, Ph.D.

Pharmacognosy Lab 105

Yeungnam University, College of Pharmacy
214-1 Dae-dong, Gyeongsan-si
Gyeongbuk 712-749, South Korea

Phone: +82-53-810-2820

Email: mkna@ynu.ac.kr

May 14, 2010

Dear Dr. Na:

| am very happy to enthusiastically support your application for a domestic research fund
regarding the development of anti-cancer and anti-infective leads from marine natural product
sources. My research group would be happy to collaborate with you and provide marine natural
product samples for you projects. We are working on numerous projects involving marine
specimens, and would be happy to provide you with sponge samples from various locations
around the United States including the Florida Keys. \We are also undertaking a large marine
microorganism based project. We have collected samples from the Gulf of Mexico, the Florida
Keys, and have plans for collections in the Bering Sea this summer. With all of these varied
projects, we should have no problem supplying marine natural product material for your
research studies.

| am looking forward to this collaboration effort. | feel that it will produce not only impressive
scientific results, but also establish a strong international collaboration between our respective
countries.

Good luck and best wishes with your application.

Sincerely,

Mark T. Hamann, Ph.D.
Professor of Pharmacognosy, Chemistry and Biochemistry
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| — — -||3-|:ﬂari1 |- — e — --| p-catenin | [ = - -'lﬂ'cm
[ - o o» w| oo |- o - | o [ - - -
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ook

H
EI- 2

r

A2 & =2 7[=7

)= A =] S
A1 A3 S5 IFRNBE 7Isd 3@
O FA4dE Fd rasd o=
® SAXAE  Gersemia futicosaZ B FFnAEIAAHS JehiE 4F9 At
diterpenesS w=(1)
H, H
OH OH
gersemiol A (1) Eunicellol A (4)
® FAAE  (Geodia barrettiZ5H¥ FAZEAHE UgUE 3F9 At
6-bromoindole =& #=(2)
0 o) N
HO
NH NH
HN
Br N N N NHz g N y B N
H o NH o] N  NH, H
- . NH
geobarrettin A (1) geobarrettin B (2)
geobarrettin C (3)
e =% uhgglo} Variovorax sp.O.ZHFE SAFIAHS JEYE 1F9 A F
depsipeptideE = (3)
H o]
HO N
(0] NH H OH
” OHO N
© O NH O
N N 0]
OHHO OH
o] O OH
imagobactin (1)
biformis?5E s S  UEhyE 1F9o At

® =X AE  Latrunculia

pyrroloiminoquinone %= (4)
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ZT
ZT

OH
16,17-dehydrotsitsikammamine A (2)

o FAANE  Plumarella delicatissima®.Z5¥ 5%¢] A3 furanocembranoid
diterpenes 2= (5)
CHO

0©
(0]
keikipukalide A (1)
O %4 Wnt/B-catenin AzZHEZH A5
® Wnt/B-catenin AZHAEAAE Ao R Sl= =0 st A= v F
Ak 7191 NorvartisAFeF v =2] GenentechAFoll A 3 =31 QL&
NovarivsAte] PKF115-584¢] 7% Harvard thdgtolA] =g 33t
—catenin® AP Q1 TCF-4 Abelo] Ao #&5 Welste 3td=

2]
S M E3 AYAQL, multiple myelomadl & 371 e Aoz dHA
°
=

® V=9 GenentechAb= DVLp_CEh= E2|Elol= 313= =2 disheveled T A 9]
PDZ Z=wlo] gzt=2 2830 = A Wnt/B-catenin A AEAAE A3t

i GAEe] S A Aor dYA U+

® 2000 th o]% B-catenin T A A A o] T AF7F Fbs] HePE
A Ak o}A 72 Wnt/B-catenin AT HAES Ao R = oA AL =

7] SAC M=y s

v #3#o] il destruxin B, 4E 3 hydnocarpin, tussilagone S°] B
-catenin @A o] FIE A= o= HIH

v 2-hydroxycinnamaldehyde % %/ &}3t&E<l LGK974< breast cancer cellol
A FAHE Hole= AoE HH
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A 2

25 F# ¢ ursolic acid”’} prostate cancer cellol 5] Wnt signalingS <} Al &
o] apoptosisE YOo.7]= Flo] wa A

3ol ;e PKF115-84 %  CGP049090 3}&&©°] B-catenin-TCF
interactione F4A3}¢] colon cancer cell proliferationg & A|sl+= Aoz L}
Ep

FJ9 3}3Eo9] Dishevelled®] 3+ domain®! PDZ domain¥ Frizzled7 receptor
2}9] interactionS A 313 S ZMA canonical Wnt pathwayS ZFTHA| 7 tumor
cell growthE G AA7]Y tumor xenograftd] A= AAAZITE AFH L
7 A=

IWP (Inhibition of Wnt Protein) AE 3= Wnt Ao A5H<Q
membrane—-bound acyltransferase$! Porcupine(Porn)9 &A1& A

IWR (Inhibition of Wnt Response) A€ 3}3HE: Axin protein®] destruction
= 9A

XAV939 3}3E: TNKS1/2E EFA

Pyrvinium (kinase inhibitor, FDA <<%l %&): CKlaE Ao 24 Axins
At s A A B-catenin®] turnovers 3!
ICG-001: CBPE E}Al S % 3li= Wnt inhibitor®A] L analogue’} @A 44+

1ol =2 &

1B

A S SA8E Zleid 3%

O =A48=E Fdl Freed o=
® = AANE  Verongula rigida, Smenospongia cerebriformis, Smenospongia
aurea=. - ¥l Fadde  YeEUE 89 AT 4,9-friedodrimane

sesquiterpenoids = (6)

) (o]
HO N 0 N
H o] H o
(-)-nakijinol E (1) (+)-5-epi-nakijinol E (2)

® =« AT Sweptomyces sp.EHE AEXEAHS UEYE 1F9 At

zizaane—-type sesquiterpenoid 2= (7)
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NH

COOCH

antartin (1)

I Streptomyces strainQ. 258 =2 FAS YEeld= 259 At

o 0 (o] (0]
N (@]
0 0 Ccl O (e
HO 0
o
(0]
OH OH OH
HO o o
HO
OH
OH Cl
NH,
acticoside (1) C-1027 chromophore-V (2)

O 3¥<-%%4 Wnt/B-catenin AE XA EZ AF53F
® o}z 712 Wnt/B-catenin Ale @S HA0 R & FdA MEe 7] GA
of e o
v CWP291: JWZ oA eFoll A 7 <1 Wnt inhibitor24 44 14-& &53}

o] ©
RS

O #@ANA SAE ol 225 ol&3 AT Atdl= e
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M 3 & Aqzjerd g ¥ Z1f
1. 9740 5% did] 23(8.9)
AFNT Ex| dFUHE A4
o A RA3ta e FAAE 12Ff o
TLC % HPLC ¥4 73
SolAd (o] AU A E) o] T #HEE =
SAAE 1€ A4
~ A [ %L'X] AE 7Y Q‘ﬂi. szOng% A7k
TAAE A A A Michelle Kelly (National Institute of Water and
Elay ; 3} £ ° Atmospheric Research, New Zealand), Robert
- Stone (Alaska Fisheries Science Center, USA),
Mark T. Hamann (Medical University of South
Carolina, USA)S. 28 F9] 7|¢& g5 &
Monanchora sp. ("1 kg &4X) (Voucher
number: 2010-AK-49)
® Monanchora sp. ("1 kg)S AAddi wgSs
SAAE o]-g3st F=3
. o= n FEE v HESFEE 532 g Alx
;aj};ﬁiiga A % ® MeCN-H-O (40%-100% MeCN, 4L)2] o]-54+
B e Q). 49 Z71 02 MPLC (Biotage SNAP Cartridge,
- 295 KP-C18-HS, 120 g)& 2 Alate] 15709 A
Az BYES Az
v ZAHAEYE AK49-17AK49-15 A%
® 3o 3t 'H-NMR 443} 5449l
HNMRT 5200} aase waae dshol
o | ReAmEIANE 449
'H-NMR 7]t ;_jﬂmé ® 3 gHE (o)A AE) H#2)/4 A HPLC (Cis
o 2kt AR A= o] 5t = column 250 x 21.2 mm, MeCN-H,0)Z
i) sarm o /;‘z”\]s}oi ﬂ:&%%z ;’f—ﬁi ‘v‘i’—_‘j/]/xéjﬁ
EppE v élT_’r 313hE 3 TS X3k 1059
ol At A= 7] /A A
1D-, e 3t 33HE 1059 st NMR, MS &
2D-NMR Egstd A Aol Holy 48 F 3l
2 MS 5 stet4 2 9t
MS, NMR w338l @ AlF3k3tE(3F): alotaketal F (1),
5 wAegA WS 20,23 R-hydroxy-nor-cholest-4,20-dien-3-one
A4S o] &gt (2),
o] &gk HHs}stt | 16B,20R-dihydroxy-cholest-4,24-dien-3-one (3)
slet Z 4 |@ O|AYAMAE(7F): bis-(2-ethylhexyl)
R ECD, terephthalate (4),
GIAO-DP4 (4712102137,167)-nonadecapentaenoic acid
=S (5), hexadecanoic acid (6),
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(23E)-cholesta—5,23- dien-35,25-diol (7),
24(S)-cholesta—5,25-diene— 3f3,24-diol (8),
24-methylenechosterol (9), 5a-cholestan-33-ol
(10)

® Calculated ECD ¥ experimental ECD

. | dmuds e Ao 1o Anre 2%
;;j* v 1R, 6R, 9S, 11R, 13S

© ® DP4 SARA3} A% GIAO NMR chemical
shift A|4HS o] &-3Fo] 2lqfslstsE 2 9 39
Aoz 24

v Attt E 20 23R

v ArsketE 3 20R

AT Y& 2 A7
=AW E (Monanchora sp.){-# ©lZFAMEE 105 (X191 sesterterpenoid 1%, Al

I steroids 2% ¥3})

2.
O

7 SARE Fd R AEEE: ATSEE 3F H oJAHANE TF

- 5 10 20 40 &0
Comp. 2 (uM) Comp. 3 (uM)

O fFraA=Ed
® A 13}3E 3% alotaketal F (1),
20E,23 R-hydroxy—nor—cholest-4,20-dien-3-one (2),
16 8,20 R-dihydroxy—-cholest-4,24-dien-3-one (3)
® O APAALE 7E: bis—(2-ethylhexyl)terephthalate (4),
(4212102,132,162)-nonadecapentaenoic acid (5), hexadecanoic acid (6),
(23E)-cholesta—5,23-dien—-383,25-diol (7),
24(S)-cholesta-5,25-diene-3524-diol (8), 24-methylenechosterol (9),
5a-cholestan-3B3-ol (10)
O ddl5% 77%: ECD % DP4 4 & Fato] AtststE 35(1-3)9 dd=x
A

=t

O setaAd: A3 E 3%(1-3)S Wnt/B-catenin A A S A8 d o 24

=

'~
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o) 2ok Al 3 (SW480, HCT116) =418 A 3l
O =& AA: Sesterterpenoid and Steroid Metabolites from a Deep-Water
Alaska Sponge Inhibit Wnt/B-Catenin Signaling in Colon Cancer Cells.

Marine Drugs. 16(9), 297 (2018)

Ean

A4 Bfetar de SAAE 125 gk TLC % HPLC 4S8 A3

Rp-TLC, solvent CH;CN-H,0 = 4-1 Np-TLC, solvent CHCl-MeOH = 9-1

1: T3AK47
2: T2AK47
3: TIAK47
4: 2010AK-107(1)

5: TIAK4TEA
6: 2010AK107-EtOAc.ex
7: AK49

$: AK49 mail pdf

9: AK141
10: AK133

11: Monan-EA
12: 2010AK107(2)

r
it
i)
rr
of\

O TLC % HPLC #4A#E FT&sto] SolAEo 73

® Monanchora sp. ("1 kg)
YA E AE7el Michelle Kelly (National Institute of Water and
Atmospheric Research, New Zealand), Robert Stone (Alaska Fisheries
Science Center, USA), Mark T. Hamann (Medical University of South

Carolina, USA) . 2 5E 9] 7|9& &= w8

SAMPLE: 2010-AK- 41 5. 1;73(

Brief Physical Description: Cultured by: James Sims, UM ,A (o~ ol®
__¥ sponge nc I { l?’
tunicate Date: =9 Augast 2010
soft coral
___ alga: red, brown, green Location (station): 163
__ nudibranch GPS: gt 3
__ gorgonian Lt sL64E ST
sea cucumber; star [msy -22.48300  ~(71. WZ;‘
Identification: Specific habitat & Substratum:
__sandy bottoms ___ horizontals
Form: __siltybottoms ~ __ verticals
encrusting ___rocky bottoms caves
____fingers ___coral heads __reef slopes
__ branching coral rubble other:

massive

O SFAAE(Monanchora sp.) Z4-E] 217F sesterterpenoid 1% 2 steroids 2%,

71} ol AME TE
o A ~7} sl T E(Monanchora sp.) °F 1 kg2 A3l MeOHE ©]
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FE3le] FEE 532 g8 45

® MeOHF=E(25 g)o dlste] MeCN-H,O 7]1=7] 8wl 271 (40%-100%
MeCN, 4 L)< ] 3Fo] MPLC(Biotage SNAP Cartridge, KP-C18-HS, 120
g)E Ao F 15719 +9E(AK49-17AK49-15)S 9+

® AK49-6 (20 mg)oll 3t prep. HPLCE AA|sle] A9t 3letE 1S =5
/AR [ sHHE 1 (3 mg)]

® AK49-7 (60 mg)oll ™3t prep. HPLCES A A|ste] Algf 3}etsE 2, 3 <=5
FE/AAG (A SHEHE 2 (2 mg), 3 (3 mg)]

® AK49-8 (61 mg)el tigh prep. HPLCE A5t 3HE 7, 85 &wel/A A
[s}5H& 7 (6 mg), 8 (1.5 mg)]

® AK49-9 (60 mg)oll W3t prep. HPLCE 2 AJsle] 3}gHE 4, 5, 6=
aRa/AAe [318E 4 (25 mg), 5 (25 mg), 6 (1 mg)]

® AK49-13 (250 mg)ell tigt prep. HPLCE 2 Alste] 313t= 9, 10

cm /AR [3H8E 9 (35 mg), 10 (30 mg)]

AKA49 mail pdf (2.5 g)
MPLC RP-C 3 elutng with MeCN: H;O
(gradient from 4:6 to 10:0)

I ! ! ! I [ | | |

AK49.1 AK492 AK493 AK494 AK49S  AK496  AK49-7 AK49.8 AK49-9  AK4910 Agq01]  AK4912 AK4913 Akge 14 AK4AS1S
(1043mg (6mg (Omy (Tmy (Bmg (20mg) (60 mg) (61 mg) (60 mg) @Bmy  mg (SImg Q0mYH QUmg ©lmgy
HPLC

HPLC condition AK49-6-1

Cohmn: phenomenex. Luna. Sp. 250 x 21.20 mm (3 mg) HPLC

UV- 205 and 245 nm 1 (new)

Conc. 100 mg/ml HPLC i A

Flow rate: 6 mlmin ) P AK49.13.1 AK49-13

Temp. - room temp AT i AK4991  AK49.92  AK4993  (35mp (30 mg)

Solvent: MeCN —H,O (2 mg (3 mg) (25me) (2.5mg) (1 mg) ° i

(new) 3 (new) 4 5 &
HPLC
AK49-83 AK49-85
(6 mg) (1L.5mg)
7 8
L j= =
A ZFAWE(Monanchora sp.) 2] ¥4
A h= Iy} A - -
O FAAE 78 o)A EE 105 tigh HwWspsh+ 25+

® Nitstet=E 1

v' HRESIMS [M+Nal" m/z 479.2407 (calculated for C»;H3OgNa, 479.2410)

v H-
olefinic groups

A% FAGS S

O

2 BC-NMReol| Yebt EA4 29 five tertiary methyl groups, four

o] AT E T3l sesterterpenoid EFY 2] alotaketal C
(o)
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oPHEHIE SIS IERENNCEENERALRHERNAFAEIEBRIRRE AR [ e
AKEd @ BB in I S F I T AN AN A A e A A A e A e e e e ite
|
| 2E+08
3E+08
3E+08
36+08
26408
26+08
2E+08
26408
26408
1E+08
e B BEE s
1E+08 [ RIT=S)g |[H6+07
S| P
BE+07
FaE+07
GE+07
SE+07
F4E+07
26+07
L F3E+07
-2E+07
k26407
F2e+07
[2E+07
F1E+07
FSE+06
o

210 200 190 180 170 160 150 140 130 120

110 100 90 BO 70 60 S0 40 30 20 10
1 {ppm)

A 'H- and ®C-NMR spectra of compound 1 in CDCl; (600 MHz)

=Y

v HMBC cross—peak w4 < &3l spirocyclic ring= %t 2l
o

S
sesterterpenoid ¥l < el
v COSYE *3%3+= 2D
NOESY correlations

2015041 6-HME 2 =
AR (248,33.29) . | .
* (17443701, 78,4274}
2337873 B850, 178,74,
{ K (188799%),  {L78,7997}
{1.63,115.16)
127,66} A (17313515}
138.18) {L74.139,52)
o,
(18613964} 1 84,142.09)
“ . {1.96,170.26),_
el T B oo
e H‘Q:.;um}-
. 197.54
Joemazy  (sesmam 55,1657} : 4 (siseatl
_=1 4f .t.l ..':5 1-4-!:! f‘}‘}_‘l-z:ﬂ. =.§-l:l-l-.' l:ﬂ-l-i- 4 13
ey : B {ppm)
» ¢ HMBC spectrumof 1
w k
(5689548} w =
E e
"
in
= - (89,13505), %
= (5.62,14205),_ i
2 ) (i
68 &F A4 A3 &8 SE A8 54 5F A0 4B 48 44

A HMBC spectra of compound 1 in CDCl3 (600 MHz)

- :3() -

ol 1z,
=
=
(@)
Q
&
s

i He
4
ol
2
o,
5=}
e
o
4
BN
il
=
o,
ol

1 {ppen)



® N fshetE 2
v HRESIMS [M+Nal" m/z 407.2926 (calculated for CosHiO2Na, 407.2926)
v 'H NMR spectrume®l A1 27§ ¢] olefinic protons [(&; 5.73, s), (Su 5.24, d, J
= 88 Hz)l, 3+ 72} oxygen-bearing proton (&y 4.15, dd, J = 8.8, 6.7
Hz), o4l 7§29 methyl protons [(& 0.63, s), (&u 0.88, d, J = 6.7 Hz), (&1
096, d, J = 6.7 Hz), (6 118, s), (6 170, )] A&7} B2 A3 VC
NMR datacll A ketocarbonyl”] (& 199.8)5 E3F3F 26719 23S %3

cholestane Al &€ 9] steroid == o =3}

COTm e Lk 2E2Y SSSANE23amaaesl
AKAD-7-7 B Aaa B R PR XN o s I == g = =] 5000
| [ — e S S v
\ [l
{ ‘ ‘ 4500
- = - ‘ ‘ +4000
| [
MR J LI
ol B () C {dd)
'f”‘.) 5.24 | 4.15
L2731 3t8.82)| 1(6.72, B.74
80000
L 75000
70000
F 65000
60000
k55000
50000
-aso00
i | _L o
& & % F40000
35000
80 75 70 6 60 55 50 45 40 35 30 25 20 15 1.0 05 00
fi (ppm) 30000
+25000
+20000
r 15000
+ 10000
f v T 1
| (N L UL g
F-5000

210 200 190 180 170 160 150 140 130 lZDrI(]D 100 90 &0 70 60 50 40 30 20 10
1 (ppm)

A 'H- and BC-NMR spectra of compound 2 in CDCl; (600 MHz)

v HMBC % COSY cross—peaksE #435te] AW 125 #9432 NOE

correlations= &3l Aol+x2& Z2A-3
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\ |\ }U

; J 7 |
LY N L e \J”\""-_Hm._,w"‘ (AN

||

W | R '

20160412-NMK-1
—J HMBC of AK49-7-7 § e ik = P = | P Lag
o =] 0.62,37.24
- {1.1&3,:48..59}t {os }\ o
= {1.70,58.96) {1.13,55.2?}\' {0.63,58.97) 4063,55.43}
7] © {0.87,73.65), e
=} -‘\-
) -80
{0.96,73 .66}
~100
| {1.70,128.03} t120
— {1.70,138:
e 1140
1.18,1715 160
. { 7}\
-180
1 /{2.17,207.10} 200
2C4 I 2.2 2.0 1.8 115 14 1.2 ' 110 0.8 0.6 014 '
2 (ppm)
J ) A JMLJ’Ua Y Vi,
20160414-NMK -0.0
AK49-7-7
J — Lo.5
—_— { 1.0
_}! 1.5
= '
é 2.0
2.5
3.0 E
r3.5 E
| 4.0
4.5
5.0
- '.
7 -5.5
- 6.0

® M fstetE 3
v' HRESIMS [M+Nal" m/z 451.3187 (calculated for CosHyO3Na, 451.3188)
v 'H 2 BC NMR spectraZ %3] C289] cholestane steroid9)& 291
v oMt ey 24 EA A o2 exomethylene protons (& 4.75, 4.68)0]
#EEF 2 1719 oxygenated methine group (&y 4.65; & 74.2)°]

FI7HA o2 e
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v . HMBC % COSY cross—peaksZE &4

correlations= &3l Ao+ x=& 243

B N

X,
o
s
o,
B
—
BN
Ll

201604;
Zfé, 28,
AKAS-7- 4 77)\/{4,75,33,93}

A574.38.42)
(4.65,33.08}
|
1l
20160422-NMK
7 15
AK49-T-4

{1.26,14.73} {1.02,21 Ef,,},‘ 20

125

-30

{1.21,35.68), {1.05,34.22},

%501.21,38.25} e

{132,92.52) {1.21,42.96) 5 g
»# N{1.21,39.99) I3
45 §_
{1.26,42.967 £
sa =

G -

1.32,60.31}, {1.21,60.

{ Wg1216054), &

85

70

{1.32,76.63} 75

160 155 150 145 140 135 130 125 120 115 110 1.05 100 0S5 0%0
2 (ppm)
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1.21,60.54} +
a2

1.32,76.63
1 %

1.20,170.94
{ iN

{1.05,34.22)
(21,4296

1.04,155.60;
{1.04, }\

35 3.0
f2 {ppm)

20

1.5

f1 (ppm)



AU
__Jl_b IUI_.k ) At L/LJ'J \ »A‘L“”'\\I“k
_J  NOESY-20160511-NMK

= AK49-7-4 {4.65,1.24) 1.0

r1.5

-2.0

2.5

-3.0

f1 (ppm)

3.5
4.0
{1.24,4.65}\ las
-5.0

-5.5

-6.0

55 5.0 45 4.0

® NMR, MS & 384 A4S Fsto] o|atAMEE 759 25 54
bis—(2—-ethylhexyl) terephthalate (4),
(47.,77.,107,137,16Z)-Nonadecapentaenoic acid (5), Hexadecanoic acid (6),
(23E)-cholesta—5,23—-dien-38, 25-diol (7),
24(.S)-cholesta-5,25-diene-3824-diol (8), 24-Methylenechosterol (9),
5a-cholestan-3B-ol (10)

0 \/:\/:\/:\/:\/:\/WOH
0 4 h

\/\/\/\/\/\/\/\H/UH

6 0]

et

HO

O AlgtetdE 3% di+x= 24

® SupercomputerS ©]-83F calculated ECD9} experimental ECD# S W] 13}
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AatststE 19 Ao 25 1R, 6k, 95, 11R, 1352 A A3

As (Mem )
- M
(=] o o

— t i i
240 50 300 350 400
-10 Wavelength (nm)

-20 1 — Cald. for 1

— Exp.for1

® (Gauge-invariant atomic orbital (GIAO) NMR chemical shift A4+ €174 DP4
FAEAE Fa AgrskgE 29 AU xE 23RE AAS stE g RE

20E,23 R-hydroxy—nor—cholest-4,20-dien-3-one > & 2 A s}

23R
21 Proton 98.9%
BN\ Carbon 71.8%
17 Both 99.6%

19” 1"6' 23S

' , Proton  1.1%
‘@ H Carbon 28.2%
o 5 7 2 Both 0.4%

® (Gauge-invariant atomic orbital (GIAO) NMR chemical shift A4t <17
DP4 FAEA S Sl AlatshshE 39 AutxE 20RE AA3 3
stet 2 E 1683,20-dihydroxy—cholest-4,24-dien-3-one 2.2 2 7 3}
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20R
Proton 99 99,
Carbon 71.1%

Both  100.0%
208

Proton 0.1%
Carbon 28.9%
Both 0.0%

O AlgtstgteE 3F(1-3)ol et et H7F 23 197 - 54.8 uM &= A
L

TE-oEAQ G AAXE(SWAR) E HCTI116)9] 52 A& <8-S YEr
125 + mHcT116 125 T 125 -
£ M souL 100 -
8
5 75 4 75 4
£
Z 50 + 50 -
£
3
> 25 + 25 1
3
0 - 0 1
5 10 20 40 60 - 7.5 15 30 60 80 - 5 10 20 40 60
Comp. 1 (uM) Comp. 2 (LM) Comp. 3 (uM)

O &gt 7ddT2439 A3 E 1-3& 5E-9F 2% o2 Wnt/B-catenin

ANodgds Asfst=s Aoz Yerd

400 1 400 400 +

5

&

= 300 300 ¢ 200 +

=

7

5 200 4 200 + 200 +

=

&

E 400 4 100 ¢ 100 4

z

&

1]

EE ﬂ D 4 ﬂ

10 20 40 19 30 60 10 20 40
= Comp. 1 (uh) = Comp. 2 (L) Comp. 3 (LM)
+ Wnit3a +Wnt3a + Wntla
5 § +Wnt3a & 5 + Wnit3a + Wrtda
mp. == T omp. e g e Compn. 3 — —m— o o

Gy T30 2040 Ay — — 15 30 60 WM — — 10 20 40
Iﬁ—cataninl — e — ¥ | Hﬂt‘.‘-l’linl . g— | ﬁ"ﬂﬁlﬂl’lil’ll P ——— Hl
B-actin |-——-- | B-actin | __.___l B-actin |_-____|
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O wepA 4larskgts 1-35 Wnt/B-catenin A EdES Asist= &<
A

il

O & A723= At R IRl A E o] ofget o] =wAA A3t
o3|

® =345 Sesterterpenoid and Steroid Metabolites from a Deep—-Water
Alaska Sponge Inhibit Wnt/B-Catenin Signaling in Colon Cancer Cells
® A Marine Drugs 16(9), 297 (2018). (Impact Factor: 4.379, A% 10%)

ﬁ marine drugs ﬁl\n\ry

Article

Sesterterpenoid and Steroid Metabolites from a
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