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QRUPRQDQFKRFRRUPRQDQFKRMIFUFRQDQFKRFQGLQ *
QRUPRQDQFKRELG.LQ Fitieieeeeeeeeeeeeeeeeeeeeeeeteseeseseeeeeeeeeseeeeeeeseesseeessse e
7DEOH $ WDEOH VKRZLQJ WKH VRXE KNG ORFRBWLRDXDQ Q

D EGRDGHK\BWRIR[\SWLORF DX EEIBK\GWKRGUR[\SWLO FRDXO|
PLUDELOL Q. 8ueteeeeieeeeeeeeeeeeeeeeeeeeeeeeeeseeeeseeseeseeseseeseseeeeeseeseseeseesesseeeseeseeeeeeeseeseeeeees
7DEOH $ WDEOH VKRZLQJ WKH VRXUFBIX ®RF DWVRRWLDRE

K\GUR[\PLUDELOK®G ®%R[\PLUDHL@®E @UEXVFXQLGLQH $

7DEOH VKRZFBVLQJ WKH DQQRWDWLRQ UHWHQWLRQ WL
>0 +@06 DQG WKH HUURU.BDUJILQ....S.SPioiooeeeeeeeeeeeens

/DEOH7KK DQG105 VKLIWV Rl 3082 6 Ot
7TDEOH & PHG105 VKLIWYV RI 3082 6 0+], DV 3 53
DQG GHK\GURFUDPELQH $.DUH..LQ..D......... RLIW.XUH............

7DEOH &7RB¥G105 VKLIWV Rl GHK\GHR4UDP ED@QH..$...0..
7DEOHWKH PDULWLPH HFRUHJLRQ ZKHUH DOO WKH XQLGHQ'
IURP DORQJ ZLWK WKH..ERPSRXQG.V..LVRODW.HG..

7DEH )XOO 105 WDEOH RI WKH(}RCP)S(RIX@J&Z%53+64& DQG
0% & GDWD GOH 24 0 F]oiieeeieeeeeeeeeeeeeeee et e et eee e ee e eeenen.
7DEOH)X00O 105 WDEOH Rl WKH ERFORGCMOIE2HX +64& DQG
0% & GDWD GOH24 0 FJreeiieieeeieeeeeeeeeeeeeeeeeeseeeeseseeseeeeseseeseees s eseeseseeseens

&KDSWHHWKH FKHPLFDO 3URILOLQJ RI WKH GRG@RD FKRZUDX V@H

7TDEOHKH DQWQMRW P ] RI WKH GHWHFWHG SURWRQ DGGXFW
DQG WKHLU VXOSKDWHG.DQDORIXHM. ....oooeiii
7TDEOHKH DQ& 105 VKLIWVSIRAH26E O]
7TDEOHKH DQ& 105 VKLIWELRBNRO G'062 O0+].iiiiiiiiiiiinnnn.
TEEOH7KH VKLIWY IRU HENRO 00J6.2....cccooiiiiiii



SEVWUDFW

6SRQJHV |UR POR® B QRBEINID R YRKG FHV RH ELRDIAFFVIXD QLG L (
ORQD QFIKRWPDED $HZ *XLQHD DUH XQGHUVWXGLHG DQG PD\ |
WKLV FKDSWHU ZDV WR H[SOR U H RXPQFKBERREPBIOF & DYOHHEBWLF
1HZ *XLQHD 8VLQJ FRPGWW ISRMVVPKUY HD PRGH +(QIKF BHMRD |
 RQLVDWWQB®BP ODVV 6SHEWUOGPO6 Rl WKH PHWKDQROLF H
SHQWDF\FOLF JXDQLGLQHV FUDPEHVFLGLQ DFLG FUDP

K\GUR[\FUDPEHVEH®IHQ LGHQWLILHG DORQJ ZLWK N C
SKRVSKDWLG\OHWKDQRODPLQH & 3%) RQUG 20\\3Rx OZAMRI
LGHQWLILHG #KWERSXWLIBFDWALR D@ QB®IYVWLYVY DQG ' " 105

HOXFLGDWLRQ JXMMZGEQRDODAONDORDRGV3 3FBQG D NQRZQ
JXDQLGLQH GHK\GURFUDPELQH $ ZDV LVRODWHG KB H IGZ
*XLQWRQDQFKRRPOH VKRZV SURPLVH IRU IXUWKHU FKHPLF



16B-hydroxycrambescidin 359

Crambescidic acid

NH

NJ\N

. I
H NH

Dehydrocrambine A

Crambescidin 359

Crambescidin acid

NH

A

N

P2RP2-227

P2RP1-227



QWURGXFWLRQ

IDWXUDO 3URGXFWYVY DQG 'UXJ
$00 RUJDQLVPV QHHG WR REWDLQ RU V\QWKHVL]H DQG
FDUERK\GUDWHY IDWV SURWHLQV DQG Q&XRIHBLFRGKEBN
LQWULFDWHO\ RUJDQLVHG QHWZRUN RI HQJ\PH FDWDO\VH
PHWDEROLVP RI DQ RUJDQLVP DQG WKH PHWDEROLWHYV
SULPDU\ PHWDEROLWMHW GHYIBUWHVWRH QUHLQJ RUJDQLVP
LQYROYHG LQ WKH VIQWKHVLV DQG PRGLILFDWLRQ RI SU
SULPDU\ PHWDERGHNKY & KIOAK FDQYDOO\ ZLWKLQ RUJDQLYV
VB VSHFLILE HVGRQIGRIQW AR YH SUHVVXUHY WKDW DUH X
RI RUJDQLVPV 7KHVH VPDOO PROHFXOHV DUH UHIHUUHG V
DUH PRGLILHG LQWHUPHGLDWHWV R K BW LFROCDUA VP R WFDREARSCROVOH
PRVW PHGLFLQDOO\ HIIHFWLYH FODVV RI QDWXUDO SURG
ELRV\QWKHVLV

,Q WKH V DQG V DOGID GBI H RIPFSHRX@ME V' L Q WWKKHH FRUZKE) BIHLY
Rl GUXJ FDQGLGDWHAHU®Q EBYADRBWHGQGWGXH WR SRRU7/BK
PLQLPLVH DWWULWLRQ LQ WKH SKDUPDFHXWLFDW® BXSGHOCR
ZHUH SURSRVHG IRU D FRPSRXREB WROHHRR U D U M\ VE LRROT RVA

$ FRPSBRXQ®BOHFXODU ZHLJKW PXVW EB OHVV WKDQ RL
7TKHRJ3 RI D FRPSRXQG PXVW EH OHVV WKDQ RU HTXD
7TKH FRPSRXQG PXVW KDYH OHVV WKDQ RU HTXDO WR
7KH FRPSRXQG PXPQ RO BICWRRKQ ERQG DFFHSWR
7KH ILIWK UXNO/HKDIDWLBKNODWRUDOO\ ELRBFWKDPRB FRP IR
FDQYHEHRODWHG

7TKHVH SDUDPHWHUYVY DUH RMWHE®HWRXXQOHKE YWWSXTHEMMY
FRPSRXQG PXVW KDYH D SRODU VXUIDFB Q@G WX IR IFBRSR XDk
HTXDO WR RU OHVV WKD®RZHNHWD W QEWHHERQPIRQ WR WKF
QDWXUDO SURGXFWY DQG WKHLU GHULYDWLYHYV



1IDWXURGXFWY KDYH QRWDEOH GLIIHUHQFHYV FRPSDUHG W
KDYH FRPSOHYZERWAKNERQH VWHUHRJHQLF FHQWUHV WKDQ |
PRUH FDUERQV R[\JHQV DQG K\GURJH Q ¥ RFER OV OPL W
SURGRPWAQ KDYH PROHFXODU ZHLJKWV DERYH 'D DQG
WKHVYRODWLRQV B WX®H/IRSDQWBRENEWXIOHY QDWXUDO SU
JRRG RUDO ELRB/YIIDADEUBGWFWY KDYH HYROXWLRQDULO\
WUDQVSRUW V\VWHPV ZLWKLQSW®E P H®O EFRR-CPLEFURBROOHHUBX C
DFURVV WKH FH@&OVHMIQP B UDIQHWI DDER GO R/ U LWV WRQ HPVR S|
SRSHUWLHYV IRU GLIIXVLRQ DFURV\DW KK KD\L\RIRS K QB U KA (
PHWDERMRPNVHRLFK WKH\ DUH GHULYHG IURP RU WKH\ FDQ
SDVVLYH WHD Q@ IRWWOW QDW K UD Q RRIR BHRRKIFHH] EID F N E R
SKDUPDFRSKRUHV IRU GUXJ GWH P RIWHEXDWVLRIIELRDYBNO

IDWXUDOOBBIRWKHFWAM.F &RPSRXQG
1IDWXUDO SURGXFWV DQG WKHLU GHULYDHWLY KW FOYULHG IDQ 1
FRPSRXQGV ZLWK FRPSOH[ EDFNERQHV DQG ELRDFWLYH
DGYDQFHV LQ VIQWKHWLF RUJDQLF FKHPLVWU\ DQG FRPE]
VLIJQLILFDQW SURSRUWLGRIL® F H/UP XD \RDRYWHD ® C3K DU P D F H X
VKRZFDVLQJ WKHLU YLWDOLW\ LQ GUXJ GLVFRYHU\ GHVSL
SURGXFWV RU WKHLU ORZ \LHOGYV

%BHWZHHQ DQG
SURGXFWV DQG WKHLU GHULYDWLYHV 1
SURGXFWV SURYLGHG WKH SKDUPDFRSKRUH
6 10 7DEOH

QHZ BYKXGVIKD YRD IEQIHRD (
1% 1' PDGH XS
IRU DQRWKH

Category of the | Number of approved drugs | % of approved drugs i
pharmaceutical clinical use clinical use

Natural product (N) 71 3.8%

Botanical drug (NB) 14 0.8%




SemiSynthetic natural 356 18.9%
product derivative (ND)

Synthetic drug with a naturi 65 3.2%
product pharracophore (S*)
Synthetic drug with a naturg 207 11%
product pharmacophol

mimicking a natural
substrate (S*/NM)

Synthetic drug (S) 463 24.6%
Synthetic drug mimicking ¢ 217 11.5%
natural substrate (S/NM)

Peptides (B) 346 18.4%
Vaccines (V) 142 7.5%

7TDEOK WDEOH VKRZLQJ WKH RULJLQ RI DSSURYHG SKDUPL

JXUWKHUPRUH QDWXUDO SURGXFWV VKREDQHABDW GRX\IH®L
WKH VDPH WLPHIDPWHULD®QWUXJV ZHUH DSSURYHG 1DW
1 1' FRQVWLWXWHG URYHRG WKBVRADFHXSLFDOV )LIXUH

JURP WR VPDO @ PREOHF GO IDVQXIWHUH DSSURYHG
SURGX6WVKBIQU GHULYDWLYHV 1 (. 1% PDGH XS f
FDQFHU GUXJV )XUWKHUPRUH DQRWKHU Rl DSSURYH

GHUULYRB8 QDWXUDO SURBRGXFWYV )LIJXUH



o N:11-6.8%

8:36-2220%

B:4-235%
S*NML:1-0.6%

T ND:T5-451%

V:32-19.5%

%

e N:18-9.T%
SNM: 36 - 19.5%

~— ND:43-13.2%

$:19-15.7%

NE:1-0.5% §%:13-7.0%

SEINM: 45-24.3%

JLIXUH$ SLH FKDUW VKRZLQJ WKHEDRWWRH RO BPEPSRXDG \[

% $ SLH FKDUW VKRZLQJ WKH VRXUFBIQEHDSGURJ

W R 1 QDWXUDO SIUFRGXFNUX1%I1V\ERKBD L

GHULYDWLYH 6 V\QWKHWLF GUXJ ZLWK 13 SKDUPDFRSK|

ZLWK 13 SKDUPDFRSKRUH 6 SXUHO\ VIQWKHWLF GUXJ 6
9 YDFFLQHV % GUROWRJILFD

$OWKRXJIK DGYDQFHV LQ VIQWKHWLF RUJDQLF FKHPLVWU
VRXUFHV Rl GUXJ GLVFRYHU\ LW LV HYLGHQW WKDW Q
SKDUPDFHXWLFDOV 1DWXUDO SURGXFWMW FWHWLERH KV JBC



SKDUPDFRSKRUHV DOORZLQJ IRU WKH MQMWKMHWLEQGRIUQY
GUXJ GLVFRYHU\ SLSHOLQH

ODULQH 1DWXUDO 3URGXFW!

/JLIH LQ WKH DTXDWLF HQYLURQP MQMUW KIRWP $IPILVMEHE R R U
WHUUHVWULDO V\VWHPV OHDGL QU WHHJ U HIW FIDCE BRORD L F
WKH PDULQH HQYLURQPHQW ZKLOH RQO\ )XHJWWW ULRGR WH L
HXNDE\RMULQH VSHFLHVY DUH SUHGLFWHG WR H[LVW ZLWK
HQYLURQPHQW DQ H[FHOOHQW &RUWHD WIOQRY PO PLHQHD @ B
EHHQ DSSURYHG IRU FOLQLFDO X HB ®MDWEK H VHF R PRSI
DQG ZDV DSSURYHG DV D FKURQLF SDLQ WUHDWPHQW 7}
WULDOVFIDIFHD FWPSRXQGY 7KHUH DUH D IXUWKHU  PDL
DQMOQFHWREKRBY FRPSRXQG IRU SDLQ PDQDJHPHQW DQG
IURP WKH PDULQH HQYLURQPHQMD QBHUL BRPISIRKH) G W U MDIL
GLVHDVH DXQGD M ORMSRAK ®RG WKH PDULQH GWWLIY® G QLOQA .
DUH FCDQQFHU SKDUPDFHXWLFDOV IXUWKHU VKRZFDVLQJ
GUXJ GLVRRYMUHUUHVWULDO QDWXUD®W HWWRBEFMRPSRKQG
DSSOLFDWLRQ ZKHUHDWHWKALR IRXPEMNWLGHFYMHWXUDO SUR
PDULQH QDWXUDO SURGXFWV SUHVHQW D PXFK KLJKHU V>

&OLQLFDOO\ $SSURYHG ODULQH 11

9LGDUDELQH
Q YDULRXV DUDELQRV\O QXFOHRVLGHR QUAROKGLMH
VSRQJRF\WLGXYHHUH LVRODWHG IURP WHKAK SVDRMASEKEDQ V S



Spongothymidine (1) Spongouridine (2)

Spongocytidine (3)

JLIXUBWUXFWXUHV Rl VSR®QIRYKR R LIEGR VIFRWQ BIG L Q

W ZDV REVHUYHG WKDW VSRQJRXULGLQH ZDV QRW FOHD)
XULGLQH +RZHYHU SKRVSKRU\ODWL ROQ PRI NKID VISR QU¥R X
GHR[\XUAGM- REVHYNYWEBHUPRUHLOASRDIRFN REVHUYHG WR S|
F\WWLGLOQWCHRMWRWLGLQH GLSKRVSKDWH 2KXBPRXWU HD) K WA LWL
DJDLQVW PLFH 7KHVH REVHUYDWLHRYQH BD® WR O\OKREZ NGC
DSSURVIFOULRLFDO XVH IYQUD O DDV QWD RMHIG BV Do TRIEKB/H/Y K P
7KH PHFKDQLVP RI DFWLRQ RI YLGDUDEBDH ERQMB B YLHWW ARAF
LQKLELWY YLUDO '1$ SRO\PHIUGYPDDHDGLQJ WR YLUDO



Vidabrine (5)

JLIXUBWUXFWXUH RI 9LGDEULQH

<RQGHOLVS

<RQG$—IOLL\X/ XVHG FOLQLFDOO\ DJDLQVW VRIW WLVVXH VDU
WKH &DULEEHPWHWXQ VFRKD®&IBD GNXW EADV WRERGVWKDMGLSRW
LQ YDYBLQVW PXULQH @GKOIHP IKIYG OXH ,RU PO DJDLQVW
OHXNDHPLD FHOO OLQH )XUWKHUPRUH N YW DJHRDA/DN MK 1B
OHXNDAHHA® 'OLQHV FRQVLGHUMHR® ORMLYHWRWDO VI\QWKHYV

LW ZDV VHQW IRU FOLQLFDO WULDOV DQG DSSURYHHW I
LQ E\ WKH (COHRBIHDRQHYV $JHQF\ (0$ LQ DQG E\ WKH )

JLIXUBWKWXUH RVSRQGHOL

&KHPLFDO 'LYHUVLW\ RI WKH *HQ X
3RULIHUD WKDW E 6IRO@RDQ FRBRMAKKRIZIRHIEFRH YV RIJEDRDBEWQ M HD ¢
7KH SXUSRVH RI WKLV PLQL UHYLHZ ZDV WR H[KDXVWLY F
ORQDQFK®RQJ ZLWK WKH ELRDFWLYLWLHYV UHSRUWHG DQC
ELRV\QW K HMDLW KRRIXLI KL KW RRVRLWKH JXDQLGLQHV LVRO
WKH OLWHUDWXUH WXKHN ZR QURKSPIJRWHUEBHG WR



$F\FOLF *XDQLGLQHYV
%LF\FOLF *XTRPLPGRLIH VODPHI\GF EQ V

%DW]HOOWGEQHOMF JXDQLGLGHWKBIRRIW WHKHVPIHHG RUL
GLVEXVVLRQ HLWKHU PRQRPHULF RU GLPHULF

SHQWDF\FOLF &RPER®IOQHWDPHG DV ORQDQFKRP\FDC
&UDPEHVFLGLQV 3WLORP\FDOLQV

OLUDEHWLRWOLF JXDQLGLQHV ZKWWHEBELRWLRW BBV NVWH G D
RULJLQ K\SRWKHVLV IRU SRO\F\FOLF JXDQLGLQH ELRV\QW

%LF\FOLF JXDQLGLQHVY EDW]HOODGLQHVY DQG SHQWDF\F
WHFKQLFDO UHSRUW DV WKH\ VKD WS DHY HRADIDQJ EYLORVALGON
WKH VDPH FODVV RI FRPSRXQGVY OLUDELOLQV ZHUHR UHML
SDWKZzZD\ IRU WKHILQ WKRYVVYWWKHWXYUH UHSUHVHQWDWLRC
UHSUHVHQWH® LR IRKP LV LPLWDR WR WKHLU SK\VLRFKHPL
HDFK FODVV ZHUH RUGHUHG FKURQRORJLFDOO\ DFFRUGL
DV SHU WKH PDULR[EIHS VW DRUD BMMKMHHSHQWD F\F O Z R X B (RUWX
DFFRUGLQJ WR WKHLU VXEFODVVHVY $00 WKH PDULWLPH
0(2: :RUOG :LOGOLIH )XQG ODULWLPWVYMHPHILRQV RI WK

7KLV UHSRUWWWZ R FSXXYUFB®R \DH V

6WWHPDWLFDOO\ RUJIHORUNCFORQ G JIXRRLWKE OLWHUI
DQG FODVYV

7R SHUIRUP D FKHPRWD[RQRPLF DQDO\VRN WHRZ D'XYRY
ORQDQFKRRI®OH WKDW ZDV DQDO\WHG LQ WKLV WKHVL"®

$F\FOLF *XDQLGLQHYV



Compound | Source Location Medicinal | Target Efficacy | Reference
Name Function
Pulchranin TRPV1 EGo =|21,22
A (7) 275 +
412 M
TRPV3 EGso =
71.8 M
TRPA1 EGo =
174.2
M
Pulchranin TRPV1 EGo =122
B (8) 95.4 M
Analgesic | TRPV3 ECyo =
Monanchora| Oyashio L7
pulchra Current M
TRPA1 EGo =
>200
M
Pulchranin TRPA1 ECso =
C© 182.7
M
TRPV1 EGCso =
>200
M
TRPV3 EGso =
>200
M
Unguiculin | Monanchoral Western Anti- KB ICso =23
A (10 unguiculata | and cancer (nasopharyngeg 7.66 M
Northern cancer)
Madagasca| Anti- P. falciparum ICs0 =
plasmodial 12&39

7DEOI WDEOH VKRZLQWWR® DR %UFLR DFRFFIDY LW\ IRU 3XOFK
SXOFKUDQLQ & DQG XQJXLFXOLQ $



Pulchranin A-C (7-9)

RW

OH

Pulchranin A, R = C;Hy5
Pulchranin B, R = CgHq3
Pulchranin C, R = C5Hy4

Unguiculin A (10)

HZNYNHZ"

NH

o)
.
N" “NH, KL rz
N NH,*

JLIXUBWUXFWXUHV R& SXOFBEQDQL@IXLFXOLQ $

%LF\FOLF *XDQLGLQHV

Compound Source Location | Medicinal | Target Efficacy Referen
Name Function ce
Dehydrocrambin| Monancho | West Anti-viral | envelope | Non 24
eA@1) ra sp. Caroline mediated | Effective
Isles cell entry of
HIV

Monanchorin Monancho | Maldives | Cytotoxicit | IC2 murine| ICso > 11.3| 25
(12 ra y mast cell| g/mL

unguiculat line

a
Urupocidin A| Monancho | Sea  of| Modulation | Macrophag| Increase in 26
(13 ra pulchra | Okhotsk | of the INOS| es NO

(induced production




nitric at1 M and
oxide) 10 M
pathway concentratio
ns
Urupocidin B -
(14)
Monalidine (L5) | Monancho | Marques | Anti-cancer| KB cell line | ICso = 0.2| 27
ra sp. as M
Monancho | Eastern | Anti- T. cruzi IC50=8 M | 28
ra Brazil leishmanial
arbuscula antr L. infantum| ICs0=2 M
trypanosom
al
Cytotoxicit | the LLC |ICso = 26
y (Test for| MK2 M
non (kidney (promising
selective | tissue) therapeutic
toxicity) window)
Monanchoradin | Monancho | Marques | Anti-cancer| KB cell line | ICso = 7.7| 27
A (16) ra sp. as M
Monanchoradin Non
B (17) effective
Monanchoradin Non-
C (18 effective
Dehydrocrambes Monancho | Marques | Anti-cancer| KB cell line | 0.1 M 27
cin A2418 (19) | ra sp. as
Crambescin  AZ 0.1 M
392 R0)
Crambescin  AZ 0.3 M
406 Q1)
Crambescin  AZ 0.03 M

420 @2)




7DEOH$ WDEOH VKRZLQJ WKH ERRDFMW L ®RE DBNRRFQ DCPEGE Q

PROQDQFKRUUXSRFLGLXWBXSRFLGLMR®DOLGIRRODQFKRUDGH

PRQDQFKRUDCGARQ®BQFKRUBGIKIGU RFUDPEHVFIF BPEHVFLQ
FUDPEHVFLQ3QG FUDPEHVFLQ $



NH,
dehydrocrambine A (11) monanchorin (12)
R
L
H
Ha "N N X
2 Y )NJ\H M
=
N (0]
NN = \/\/\'}l NH,
(:)H (0] OH
monalidine
A (15)
urupocidin A (13), R =Pr
urupocidin B (14), R = Me
NH, T\HZ
- N*N
N NH | U)
(y N 7
NN n
H NH,*
COOH T
monanchoradin A (16), n =5 NH,
monanchoradin B (17),n =6
monanchoradin C (18), n = 7 dehydrocrambescin A2 418 (19)
N™ SNH*
S U,

H
N NH,*
o O/\/\/ \]4 2
NH,
crambescin A2 392 (20),

n=>5
crambescin A2 406 (21),n=6
crambescin A2 420 (22),n=7

JLIXUBWUXFWXUHV Rl GHK\GBRPDMFKIRYKQXSRRAGLQ $
PRQDOLGLQHPRQDQFKRUDGLQGHK\GURFUDPEHV FL@GS$
FUDPEHVFLQ $



%DW]JHOODGLQHYV
ORQRPHULF %DW]HOODGLQHYV

Compound Name | Source Location | Medicin | Target Efficac | Referenc
al y e
Function
Dehydrobatzelladi| Monanchor | Western | - - - 29
ne C @3 a sp. Caribbea
n
Monanchor | Greater | Anti-viral | envelope ICso =130
a unguifera | Antilles mediated HIV| 5.5 M.
cell entry
Anti- C. albicans ICs0 =
microbial 1.0
g/mL
C. neoformans ICso =
0.60
g/mL
S. aureus ICso =
0.40
g/mL
MRS ICs0 =
0.40
g/mL
P. aeruginosa | ICso =
0.70
g/mL
M. ICs0 =
intracellulare | >15

g/mL




A. fumigats ICs0 =
20.0
g/mL
Anti- DU-145 Glso =
cancer prostate cance| 0.46
g/mL
(Glso)
IGROV ovary| Glsg =
cancer 0.73
g/mL
SK-BR3 breast Glsg =
cancer 0.23
g/mL
SK-MEL-28 | Glsp =
melanoma 0.89
cancer g/mL
A549 NSCL|Glso =
Lung 1.19
carénoma g/mL
L-562 Glso
(leukaemia) 0.48
g/mL
PANCL Glso
pancreatic 0.43
cancer g/mL
HT-29 Glso
colorectal 0.48
adenocarcinon g/mL
a
LOVO Glso
colorectal 1.60
adenocarcinon| g/mL

a




LOVO-DOX

Glso
2.07
g/mL

Anti-
protozoal

L. donovani

ICso
5.7
g/mL

7TDEOHHWDEOH VKRZLQJ WKH VRXUFHAHE®RFODRMEIRWY] B Q G DESLLRY

Compound Source Locatio | Medicina | Target Efficacy | Referenc
Name n I e
Function
Batzelladine K| Monanclora | Greater | - - - 30
(29 unguifera Antilles
batzelladine C Anti-viral | envelope EGo =
(25 mediated 7.7 M
HIV  entry
into cells
Anti- C. albicans |ICs0 =
microbial 0.90
g/mL
C. ICs0 =
neoformans | 0.40
g/mL
S. aureus ICso0 =
0.20
g/mL
MRS ICs0 =
0.30

g/mL




P. ICs0= 10
aeruginosa g/mL
M. ICs0 =
intracellulare | 0.90
g/mL
A. fumigatus | ICso =
5.0
g/mL
Merobatzelladine Monanchora| South Anti- Trypanosom | ICsp = |31
A (26) sp. Kuroshio | parasitic | a brucei 0.24
g/mL
Anti- Vibrio Moderat
bacterial | anguilarrum | e activity
on disc
test
Anti- K1l ICs0 =
protozoal | Plasmodium | 0.48
falciparum g/mL
merobatzellading Anti- Trypanosom | ICso =
B (27) parasitic | a brucei 0.24
g/mL
Anti- K1 ICs0 =
protozoal | Plasmodium | 0.98
falciparum g/mL
Anti- Vibrio Moderat
bacterial | anguilarrum | e activity
on disc
test

7TDEOHHWDEOH VKRZLQJ WKH VRXUFHED@WRHAHOD®DR QQMD|G &EQBC
PHUREDW]HO ODRHUHR EDW]HOODGLQH %




dehydrobatzelladine C (23) batzelladine K (24)

batzelladine C (25) merobatzelladine A (26)

merobatzelladine B (27)

JLIXUBWUXFWXUHYV RI GHK\GUR EDW]HOODGULEIMVEHOODGLQ
PHUREDW]H®ODGLQH $



Compound Source Location | Medicinal Target Efficacy | Reference
Name Function
Hemibatzellading Monanchora| Eastern | anti Array of | Non 28
J @28) arbuscula | Brazil leishmanial, | bioassays| effective
a9
hemibatzelladine antr
J 9 trypanosomal
12{03
hemibatzelladine Cytotoxicity
J 30)
Batzelladine O Monanchora] Sea  of| Anti-cancer | 22Rvl ICso =132
(31 pulchra Okhotsk colon 032 M
cancer
cell line
PC3colon| ICsp =
cancer 0.25 M
cell line
PC3RD |ICso =
colon 0.26 M
cancer
cell line
Batzelladine H 22Rv1 ICs0 =
(32 colon 0.34 M
cancer
cell line
PC3colon| ICsp =
cancer 0.21 M
cell line
PC3RD |ICso =
colon 3.84 M
cancer

cell line




7DEOM WDEOH VKRZLQJ WKH VRXUFH KORIEDNVRI® OMGL @H
KHPLEDW]HOOWD G EDW]HOOD @88 ODGRQBVE]HOODGLQH

batzelladine O (31), R = CsH44
batzelladine P (32), R = C7H45

JLIXUBWUXFWXUHV RI KHP IGE KM PHEDDIG HQ D G EDW ] H O
- DQG EDW]HDODGLQH 2



'LPHULF %DW]JHOODGLQHV

Compound | Source Location | Medicinal Target Efficac | Referenc
Name Function y e
Batzelladin | Monanchor | Southwes| Anti-cancer | P388 cell line | Non 33
eJ @3 a unguifera |t HT29 cell line | effectiv
Caribbean ME128 e
Batzelladin | Monanchor | Eastern | Anti- T. cruzi ICso =128
el (39 a arbuscula | Brazil leishmanial 20 M
Anti- L. infantum ICs0 =
trypanosoma 20 M
I
Cytotoxicity | LLC-MK2 ICs0 =
(For (epithelial cells)| 22 M
assessing
therapeutic
window)
Anti- M. tuberculosis| MIC =
bacterial 1.68
g/mL
Monanchor | Eastern | Anti-fungal | Strains of A.| MIC =34
a arbuscula | Brazil flavous 1.97.8
(agricultural M
peanut
degradartion)
Monanchor | Greater | Anti-viral Cell entry ofl ECso =30
a unguifera | Antilles HIV-1 into| 1.6 M

PMBC cells




Anti- C. albicans 0.40
microbial g/mL
C. neoformans | ICsp
0.55
g/mL
S. aureus ICs0
0.35
g/mL
MRS ICs0
0.40
g/mL
P. aeruginosa | ICs
3.5
g/mL
M. ICs0
intracellulare | 0.25
g/mL
A. fumigatus ICs0
2.5
g/mL
Anti-cancer | DU-145 Glso
prostate cancer| 0.44
g/mL
IGROV ovary| Glsp
cancer 0.52
g/mL
SK-BR3 breast Glso
cancer 0.23
g/mL
SK-MEL-28 Glso
melanoma 0.88
cancer g/mL




A549 NSCL| Glsg =
Lung carcinomg 1.30

g/mL
PANCL Glso =
pancreatic 0.34
cancer g/mL
HT-29 Glso =
colorectal 4.96

adenocarcinom| g/mL

a
LOVO Glso =
colorectal 1.09

adenocarcinom| g/mL

a

HelLa cervix| Glsp =

cancer 0.38

g/mL

7TDEOHHWDEOH VKRZLQJ WKH VRXUFHED@®RHA D@ D RBQUEHOG HEOLQRD
/

Compound Source Locatio | Medicinal | Target Efficacy Referenc

Name n Function e

Batzelladine | Monanchor| Greater | Anti-viral HIV  entry| ECso = 7.7|30

M (35) a unguifera| Antilles into PMBC| M.
cells
Anti- C. albicans |I1Cso = 6.0
microbial g/mL
C. ICso = 8.0

neoformans | g/mL




S. aureus ICso = 3.0
g/mL
MRS ICs0 = 5.0
g/mL
M. ICso = 3.5
intracellulare | g/mL
Anti- Variety  of | Non
protozoal bioassays effective
Batzelladine Anti-viral HIV  entry | ECo = 2.4
N (36) into PMBC| M.
cells
Anti- M. MIC= 3.18
bacterial tuberculosis | g/mL
Batzellamide | Monanchor| Eastern | Anti- Variety  of | Non 28
A (37) a arbusculal Brazil parasitic cell lines effective
Batzelladine H Anti- T. cruzi ICso = 5.0
(39 leishmenial M
antr L. infantum |I1Cs0=4 M
trypanosom
al
Cytotoxicit | LLC-MK2 ICs50=10 M
y
Norbatzelladi | Monanchor| Eastern | Anti-fungal | PDRS5 protein MIC = 7.1|35
ne L 39 a arbusculal Brazil M
PDR5 S.|MIC = 3.12
cerevisiae M
PDR5 MIC = 6.25
overexpressi| M
ng S.
cerevisiae
PDR5 FIC
overexpressi | (fractional
ng S. | inhibitory




cerevisiae concentratio
(combined n) index of >
with 0.5
fluconazole)
Monanchor| Eastern | Anti- T. cruzi ICso0=7 M |28
a arbuscula Brazil leishmenial
antr L. infantum | ICs0=2 M
trypanosom
al
cytotoxicity | LLC-MK2 ICso = 85
M

7DEO${WDEOH VKRZLQJ WKH VRXUFHED@RHF D WD R GQWNXBO B GR K
EDW]HOODPIEBW]HOODGDLQ@HRUEDW]HOODGLQH /




batzelladine J (33)

batzellamide A (37), R= =0
batzelladine F (38), R = C;H5
batzelladine L (34), R = CgHyg

batzelladine M (35)

norbatzelladine L (39)



JLIXUBWUXFWXUHV RI EDBRDMOIOOGRQHQEDW]JHOODGLQH O

EDW]HOODPLGBW]HOODG QRWBEDW]HOODGLQH /

SHQWDF\FOLF *XDQLGLQHYV

Compound Name| Source Location | Medicinal | Target Efficacy | Reference
Function
Monanchomycalin Monanchoral Western | Anti- human ICso = |36
A (40) arbuscula | Caribbean cancer leukaemia| 0.12 M
HL-60 cell
line
Monanchomycalin Monanchoral Western | Anti- human ICso =36
B (41) arbuscula | Caribbean cancer leukaemia| 0.14 M
HL-60 cell
line
Monanchora| Sea  of | Anti- -D- 466.7% | 37
pulchra Okhotsk | microbial | Glucanase| residual
SpsLamy | activity
ChinLam | 0.7%
residual
activity
Monanchomycalin Monanchoral Oyashio | Anti- MDA - ICso =38
C @2 pulchra Current | cancer MB-231 |82 M

7DEOI WDEOH VKRZLQJ WKH VRXUFH ORFDQHKRRP\FQOGLE

PRQDQFKRP\FDIDQFRR @D QFKRP\FDOLQ &



monanchomycalin A (40), R = Pr
monanchomycalin B (41), R = Me

/
0
OV\/\/\/\/\/\/\)J\N/\/\/NHz
" )
NH,
monanchomycalin C (42)
JLIXUHEWUXRWRRADQFK\R\FDOLQ $
Compound | Source Location | Medicin | Target Efficacy Referenc
Name al e
Function
Ptilomycalin | Monanchor| Southwest| S-phase | - - 33
A (43 a unguifera| Caribbean | cell cycle
arrest
Monanchor| Southeast | - - - 39
a Madagasc
dianchora | ar
Monanchor| Oyashio | Anti- MDA-MB-231 | ICso = 4.3| 38
a pulchra | Current cancer |human breas M

cancer ckline




Monanchor| Greater | Anti- HIV-1 in | EGCso=0.011| 30
a unguifera| Antilles viral human PBM| M
cells
ECo =0.046
M
Anti- M. tuberculosis MIC => 128
bacterial g/mL
Ptilomycalin | Monanchor| Southeast | Anti- P388 canae| ICso = 0.1] 39
D (44) a Madagasc| cancer | cell line o/MI (crude
dianchora | ar CHCI:/MeO
H (1:1)
extract)
Ptilomycalin | Monanchor| Western | Anti- KB cell line ICso = 0.85] 23
E (45 a and cancer M
unguiculat | Northern
a Madagasc
ar Anti- P. falciparum | 1Cso = 0.35
protozoal M
Ptilomycalin Anti- KB cell line ICs0 = 1.61
F (46) cancer M
Anti- P. falciparum | ICso = 0.23
protozoal M
Ptilomycalin Anti- KB cell line ICso = 0.92
G @7 cancer M
Ptilomycalin
H (48) Anti- P. falciparum |ICso = 0.46
(1:1 mixture) protozoal M
Fromiamycal Anti- KB cell line ICso = 1.17
in (49 cancer M
Anti- P. falciparum |ICso = 0.24
protozoal M




Monanchor| West Anti- HIV-1- ICs0=3 M | 24
a sp. Caroline | viral LAV/Corecept
Isles or CXCR4 and
HIV -
1/Coreceptor
SF162

7TDEOKM WDEOH VKRZLQJ WKH VRXUFHSML.RORPVERG@E\Q @R ELFR
' SWLORP\FDOBQLORP\FDOBRLPRP\FDOIS@LORP\FDODQ G+
IURPLDRGFDO



ptilomycalin D (44) © N/\/J

0Py

HN._NH,* HN o NH"
NH, NH,
ptilomycalin F (46) Ptilomycalin G (47)

JLIXUHEBWUXFWXUHV Rl SWLORSPWHIDARPQFD OLISWLORPAFDOLQ



NH,

ptilomycalin H (48)

fromiamycalin (49)

JLIXUHEWUXFWXUHV RI SWDQRP\FPROUOPWYDOLQ



Compound Name | Source Locatio | Medicina | Target Efficac | Referenc

n I y e
Function
Monanchoxymycali| Monanchor | Oyashio | Anti- HeLa cell|ICso = |40
n A (50) a pukhra Current | cancer line 280 M

MDA-MB- |ICs0 =
232 human 5.60 M

breast

cancer cell

line
Monanchoxymycali HeLa cell|ICso =
n B (1) line 282 M

MDA-MB- | ICxo
232 human 11.65

breast M
cancer cell
line
Monanchoxymycali HeLa cell|ICso = |41
nC 62 line (MoA |35 M
investigated
)

7DEOHS WDEOH VKRZLQJ WKH VRXUFH PRRPMWKRQ PDBBGOE!
PRQDQFKR[\P\FDIDQRR @D QFKR[\P\FDOLQ &



JLIXUHBWUXFWXUHV RI PR QFKRPROEDXCHKRBPP\FDOLQ &

O
" O\/\/\/\/\/\/\/\)J\
0] N

monanchoxymycalin A (50), R = Pr
monanchoxymycalin C (52), R = Me

monanchoxymycalin B (51)

OH

Ho

Compound | Source Location | Medicinal | Target Efficacy Referenc
Name Function e
Crambescid| Monanchor| Soutlwest | - - - 33
ic acid 63) | a unguifera| Caribbean

Monanchor| Southeast | Anti- P-388 cell line| ICso = 0.1} 39

a Madagasc| cancer g/mL (crude

dianchora | ar CHCLs/MeO

H extract)
Monanchor| Marquesas KB cell line IC50=0.5 M | 27

a sp.




Crambescid
in 800 64)

Monanchor| Eastern Anti- TNBC luminal | Potent 42
a Brazil cancer cancer
arbuscula
Monanchor| Marquesas KB ICs0 = 0.005| 27
a sp. (nasopharynge M
al cancer)
HCT-166 ICs0 = 0.007
(colorectal M
cancer)
MDA-435 ICs0 = 0.009
(breast cancer] M
HL-60 (human ICso = 0.004
leukaemia) M
B16-F10 ICs0=0.2 M
(melanoma)
Monanchor| Greater Anti-viral | HIV entry in| ECso =130
a Antilles PMB cells 0.0048 M
unguifera Anti- DU-145 Glso = 0.19
cancer prostate cance g/mL
IGROV ovary| Glsp = 0.05
cancer g/mL
SK-BR3 Glso = 0.16
breast cancer | g/mL
SK-MEL-28 | Glsp = 0.04
melanoma g/mL
A549 NSCL|Glsp = 0.11
(human g/mL
alveolar basa
epithelial cell
carcinoma)
L-562 human Glsp = 0.02
leukaemia cell g/mL

line




PANCL Glso = 0.04
pancreas g/mL

cancer cell ling
HT29 (colon| Glsp = 0.23

cancer) g/mL
LOVO (colon| Glsg = 2.23
cancer) g/mL

LOVO-DOX | Glso = 2.02
(colon cancer)| g/mL
HelLa cervix| Glsp = 0.21

cancer g/mL
Monanchor| West - - -
a sp. Caroline
Islands
Monanchor| Southwest| MoA decline in 43

a viridis Australia | investigate| cyclin related
d proteins in
TNBC cells

7TDEOH$ WDEOH VKRZLQJ WKH VRXUFH FROBFBEM\LIRLEG IDA @ GE
FUDPEHVFLGLQ

Compound | Source Location Medicinal | Target Efficacy Reference
Name Function
Crambescidin Monanchoral Maldives Cytotoxicity | IC2 ICs0 = >20| 25
Acid (55) unguiculata murine g/mL
mast ell
line
Monanchora| Northern - - - 23
unguiculata | Madagascal|
Monanchora| Marquesas | Anti-cancer | KB cell | Inhibitory | 44
sp. line activity of




100+1 atf
10 M and
80+ at 1
M
Crambescidin Monanchora] Western - - - 29
359 66) sp. Caribbean
Monanchora| Marquesas | Anti-cancer | KB cell | Non 27
sp. line effective
Monanchora| Western - - - 23
unguiculuta | and
Northern
Madagasca|
Crambescidin Monanchora] Western - - - 29
431 67) sp. Caribbean

7DEOH$ WDEOH VKRZLQJ WKH VRXUFH BMPPEMVEQGDQGS!
FUDPEHVFLGLOQRSDPEHVFLGLQ



crambescidin acid (55), R = COOH
crambescidin 359 (56), R=H
crambescidin 431 (57), R = COOEt

JLIXUBBWUXFWXUHY RI FUDPEHV¥BED®REHDFLGLQ
FUDPEHVFLGLQ DFUBPEHVFLGLQFUDPEHVFLGLQ

Compound Name | Source Location | Medicina | Target Efficac | Referenc
I y e
Function
Crambescidin ~ 78¢ Monanchor | Marquesa | Anti- KB cell |ICso =127
(598 a sp. S cancer line 0.3 M
HCT- ICso =
116 3.1 M
HL-60 ICso =
cellline | 5.0 M




MRC-5 [ICs0 =

cellline |3.2 M
Crambescidin 814 KB cell |ICso =
(59 line 0.005

M

HCT- ICso =

116 0.02 M

MDA - ICs0 =

435 cell| 0.04 M

line

HL-60 ICs0 =

0.01 M
20-norcrambescidic KB cell|ICso =
acid ©0) line 05 M
Crambescidin ~ 82¢ KB cell |[ICso =
(61 line 0.07 M
Monanchor | West BF-F10 |ICso =24
asp. Caroline cellline |0.8 M
Isles

16 - Monanchor | Greater | Anti- Variety | Non 30
hydroxycrambescidi| a unguifera | Antilles microbial | of effectiv
n 359 62) bioassay | e

s
7TDEOH $ WDEOH VKRZLQJ WKH VRXUFH RDPEMVRQGDQG

FUDPEHVFLGLQ QRUFUDPEHVFLGLR DPEHEFLGLQ DQG
K\GUR[\FUDREHVFLGL



crambescidin 786 (58),n =9
crambescidin 814 (59), n = 11

20-norcrambescidic acid (60) crambescidin 826 (61)

16B-hydroxycrambescidin 359 (62)

JLIXUBWUXFWXUHY RI FUDPEMVDPIEGIMFLGLOQQRUFUDPEHVI
DFLG FUDPEHVFLGL®@QG K\GUR[\FUDPEHVFLGLQ



Compound Source Location | Medicinal | Target Efficacy Reference
Name Function
Monanchocidin | Monanchora| Oyashio | Anti- THP-1 Apoptosis of| 45
A (62 pulchra Current | cancer cell line | 66% of THR
1 cells at 3
M
concentration
Monanchocidin HL-60 ICso = 200| 46
B (63 human nM
Monanchocidin leukaemial ICso = 110
C (649 cellline | nM
Monanchocidin ICso = 830
D (65) nM
Monanchocidin ICso = 650
E (66) nM

7DEOH$ WDEOH VKRZLQJ WKH VRXUFH ORGDQERRFD®R®
ORQDQFKRFLORDPQFKRFLORMBQFKRFLODERQDQFKRFLGLQ



2!

monanchocidin A (62), R = CH,CH3, n :'\g"z
monanchocidin D (65), R=H, n=9
monanchocidin E (66), R = CH,CH3, n =8

monanchocidin B (63), n
monanchodicin C (64), n

9 NH,
10

JLIXUHSWUXFWRODQRKRFLGIPRGDQFKRFLGLQ %



Compound Name | Source Location | Medicinal | Target Efficacy Reference
Function
Normonanchocidiry Monanchora| Oyashio | Anti- THP-1 ICs0 = 2.1 47
A (67) pulchra Current | cancer human M
leukaemia
cell lines
HelLa ICs0 = 3.8
cervix M
epithelial
cancer
cell line
Normonanchocidir THP-1 ICs0 = 3.7
B (68) human M
Normonanchocidir] leukaemia
D (69) (1:1 cell lines
mixture) HelLa ICs0 = 6.8
cervix M
epithelial
cancer
cell line
Normonanchoidin Aleutian HeLa cell| ICso = 3.3| 48
G (70) Islands line M
THP-1 ICs0 = 3.7
cell line M
HL-60 ICs0 = 3.6
cell line M
Inhibition | ICso = 0.8
of cancer] M
cell
migration
Normonanchocidir HelLa cell| ICso = 21
H (71 line M




THP-1 ICs0=19.8
cell line M
HL-60 ICs0=13.8
cell line M
Inhibition | ICso = 3.8

of cancer] M

cell

migration

7DEOH$ WDEOH VKRZLQJ WKH VRXUFH @RPRYDRGKRGGGE
RUPRQDQFKRFLGIRUPRQDQFKRFLGIRUPRQBRGEKA * DQG
RUPRQDQFKRFLGLQ +



normonanchocidin A (67), R = CH,CH3
normonanchocidin D (69), R = H

normonanchocidin B (68), R{=CH3, R, =H,n=9
normonanchocidin G (70), R4 = CH3, R, = CH3, n =10
normonanchocidin H (71), R4 =H, R, = CH3,n =10

JLIXUHBWUXFWXUHV Rl QRUPROPOFRK@BERGEKARBLGLQ %
QRUPRQDQFKRFDGGQQRUPRQD®FKRFLGLQ *

7TULF\FOLF *XDQLGLQHYV

Compound Name| Source Location | Medicinal | Target Efficac | Referenc
Function y e

8b - Monanchor | Northwes | Anti- HL-60 - 49

hydroxypticaulin | a arbuscula | t Brazil cancer MDA-MB- | -

(73 34




West - - - 50
Caribbean
1,8a;8b,3a Monanchora | Greater | Anti- Plasmodium | ICsp = |51
didehydre8- unguifera Antilles plasmodia| falciparum | 3.8
hydroxyptilocauli I g/mL
n (74)
1,8a:8b,3
didehydre8-
hydroxyptilocaulin
(75 (1:1 mixture)
Mirabilin B (76) Monanchora | Northeast | Anti- Cryptococcu | ICso = | 49
arbuscula Brazil fungal s neoformang 7.0
g/mL
Anti- Plasmodium | ICso =
protozoal | falciparum |17
g/mL
Monanchora | Greater | - - - 51
unguifera Antilles
7TDEOH$ WDEOH VKRZLQJ WKH VRXUFH GRERDWRRGSWLGO XE

D EGDGHK\BWRIR[\SWLORFDROEXLGHKWGRR[\SWLORFQ&C
PLUDELOLQ %



Compound Source Location | Medicina | Target Efficacy | Referenc
Name I e
Function
Ptilocaulin (/7) | Monanchor | Southwes| Anti- P-388 cell line | Potent 33
a unguifera | t cancer A-549 cell line
Caribbea HT-29 cell line
n MEL-28 cell
line
DU-145 cell
line
Northwes HL-60 cell line | Potent 49
t Brazil MDA-MB-435
cell line
PMB cell line | Norntoxic
(good
therapeuti
c window)
Monanchor | West murine ICs0 =50
a arbuscula| Caribbea leukemic 0.13
n L1250 cell line| g/mL
Lymphoid Non-
adenocarcinon effective
a
cervical
adenocarcinon
a
Isoptilocaulin Monanchor | Southweg - - - 33
(78) a unguifera | t
Caribbea
n
Monanchor | Southeas| Anti- Staphylococcu| MIC =1.3| 52
a arbuscula| Brazil bacterial | s aureus ORSA g/mL

8 (oxacillin




resisant
MRSA)

8 -
hydroxymirabili
n B (79

8 .-
hydroxymirabili
n @0 (11

mixture)

Monanchor

a arbuscula

Northeast

Brazil

Anti-

protozoal

Plasmodium

falciparum

ICs0 = 3.8
g/mL

49

Arbusculidine A
(81)

Monanchor

a arbuscula

Eastern

Brazil

28

7DEOI WDEOH VKRZLQJ WKH VRXUFHENQRRP W X\BRENDQ G REAIRA

K\GUR[\PLUDELOKYG®R[\PLUDERQWEXVFXOLGLQH $




NH," NH," NH,*

HNJJ\NH
HN N HN N
oc ) L
H : B8
H

8bB-hydroxyptilocaulin (73) 1,8a;8b,3a-didehydro-8-hydroxyptilocaulin 1,8a:8b,3-didehydro-8-hydroxyptilocaulin

(74) (75)
NH2+ NH2+ +
JC By e
HN™ “NH HHN b NH HN” “NH
Hel H
17 = 0
H H A
mirabilin B (76) ptilocaulin (77) isoptilocaulin (78)
NH" NH,*
A L i
HN™ °N HN™ °N
|| OH OH
H H
8a-hydroxymirabilin (79) 8B-hydroxymirabilin (80) arbusculidine A (81)

JLIXUBWUXFWEWKNGUR[\SWLORFDXIMDLEGDLGHK\GUR
K\GUR[\SWLORFDXOEGL GHKW G GR R[\SWLORFLXDEQOLQ %
SWLORFDXOLQ/RSWLOR F D Ky@rbxymirabilin B 79)*°, .-hydroxymirabilin 80)*°

and arbusculidineg1)?®

$LPV DQG 2EMHFWLYHYV
7KH DLPV Rl WKLV UHVHDUFK SURMHFW DUH

7R SHUIRUP D GHHS FERE®DPF® ROEP EIVENZRIXLQHD
7R LGHQWQKR QRXHO SRO\F\FOLF JXDQLGLQHYV

7R HI[SORUH WKH FKHPLPR® GQFKFDPSTSHA LIVWMR PEEA/EH Q H |



2EMHFWLYHV RI WKLV UHVHDUFK SURMHFW DUH

8VLQJ WKH 6,5,86 VRIWZDUH WR DQDO\VH DQG ORIERRDWD
VDPSOH

7R HIWUDFW DQGROQODEWKRODBMBY WKHR SHUIRUP D GHHS F
VHFRQGDU\ PHWDEROLWHY SUHVHQW ZLWKLQ WKH VDPSOI

7R FKDUDFWHULVH LVRODWHG PHWDEROLWHYV

SHVXOWYV

6LULXY OHWDEROLWH $QQRW|
6,5,86V D VRIWZDUH XVHG WR DQQRWDWH VP D®®6 PRSGIHF FXU
XWLOLVHVHVRD KWIKRQ H[DFW P D\G\G R W H. G RIWRI S MFH SD MR
VSHFWUXP DQG WKH 1UDJP HQWDSW ERKUHBBMWAR B WO WRIR Rk
WKH VWUXFWXUH RI WKH PHWDEROLWH DQG WKH FODVV L
VFRUH WR DVVLJQ FRQILGHQFH WR WKH VWUXFWXUH LGH
ZLWK WD[RQRPLFPVKORZOHFAPHRIDQDO\WHG FDQ KHOS DQQ
0606 VSHFWKMKP&260,& VFRULQJ V\YIVOIPH XENQEEXBY HP\H IV X U F
GHWHUPLQH KRZ ZHOO WKH H[SHULPHQWDO VSHFWUXP PD
DQRWDWLRQ LV WR EH D IDOVH SIRWHW LLYHV R KCH 8 HORIENVEX.TDVE |
UHIOHFWLQJ KRZ OLNHO\ LW LV WKDW WKH DQQRWDWHG
UHVXOWYV FDQ EH ILOWHUHRQW R URPOQDRWROROGHSD R QR P
DQQRWDWHG FRPSRXQG DOVR RULJLQDWHV IURP DQ RUJE
DQQRWDWLRQ FDQ EH FRQILUPHG

7KH PHWKDQROLFORQW QBR®UIRASWKHZDV D QD GB/8® 606L QQ
6,5,86 SRO\F\FOLRUDREEGVGELGQHGUDFEHVFLGLEQEFLBEHVFL

DQG K\GUR[\FUDPEHVFIDEARQJ ZLWK SKRVSKDWLG\
DQQRWDWHGKH 6,5,86 VRIWZDUH LGHQMWLIAKIRVSKDWLG\OI
3KRVSKDWLG\OKRIZALYHH WKH SRVLWLRQ RI WKH G&RBOWI
VWUXFWXUDO LVRPHUV FRXOG QUFSW LEDH] B H [ WIDKQ\R QDSADHAGWI
KRZHYHU RYEKDVBKG\OHWKDQRODPLQHY UHFHLYHG D |



SKRVSKDWLG\FKROLQHV DV LW ZDV G HMW HUKPH QHEGI @W WIK |
EHORQJHRGESWRWILKG\OHWKDQRODPLQHYV

16B-hydroxycrambescidin 359 (62)  crambescidin acid (55) crambescidin 359 (56)

OH

0]
+ HO
s
\\\t/N\j": o)
o
@)

crambescidic acid (60)

NH,

Osp -
| "OH

o]

S X 0O Moo
\M\/\/\/\g JO

phosphatidyethanolamine (16:1/15:0) (82)

NH,

phosphatidyethanolamine (15:0/16:1) (82)



phosphatidylcholine (14:0/14:1) (82)
N | +
N

Osp -
| "OH

o]

S 0 PPN
\W JO

phosphatidylcholine (14:1/14:0) (82)

lyso-C18-Platelet Activating Factor (83)

Q 9 |
/\/\/\/\/\/\/\)J\ P /\/N+\

1-16:0-lysoPC (84)

JLIXUHBWUXFWXUHYV RI FUDPEUNMPEGVG® LGAOAKEG WD PEHVFLG

DQRG K\GUR[\FUDPEHVFLGB®BRVSKDWLG\HWKDQRODPLQH

SKRVSKDWLG\FKROLQH oOWw®e 3S0ODWHOHW $FWLYDQEL Q
2/\VRB &



Annotation Retention Proton Adduct Error (ppm)
Time (RT,| [M+H] (m /z)
minutes)
16 -hydroxycrambescidin 359 5.179 376.2613 0=4.78 ppm
Crambescidin Acid 5.715 404.2%3 0=4.70 ppm
Crambescidin 359 5.915 360.266 0= 4.99 ppm
Crambescidic Acid 7.789 658.4790 a=0 ppm
Phosphotidylethanolamine/Phosphatahdline | 7.254 676.4873 0=5.76 ppm
Lyso-C18-platelet activating factor 7.655 510.3895 0=4.50 ppm
1-16: O-LysoPC 8.191 496.3428 0= 6.04
ppm

7DEOHDEOH VKRZFDVLQJ WKH DQQRWDWLRQ UWWGEQWDRQ
>0 +@06 DQG WKH HUURU PDUJLQ SSP

(IWUDFWLRQ DQG )UDFWLRQETC

J RI FRUDO HRDXMKR@EDRVWBVY ZDV VXEMHFWHG \
OH2+ &&/ LQ DQ XOWUDVRQLFDWRU EDWK [ PJRZIDY
VXEMHFWHG WR YDFXXP OLTXLG FKURPDWRJIDDFHR+ 9/&

OH2+ OHZ2Z+&O D&XLO 7TKH2ZHD @ F&OAOUDFWLRQV ZHUH G RV F

OH2+ HIWUPFWI| OHZ+&OH[WUDFWPD RG2H0H2+ HPWURHUH REW



JLIXUH7KH FKHPLFDO SURILOH RI WKH PHWKDQROLF HI\
+\SHUF O BQ6H & c [ PP2 +O0H2+ WR OH2+
IRU DOO VROYPIQWVOM2+ W PLQ

7KH SURILOH RI WKH REWDLQHG H[WUDBBWY3/&Z DIK DQPOROH
+\SHUFO RQH & ¢ [ PP 2 + OH2+ WR OH2+

IRU DOO VROYHQWYV W PLQ RHIWHWB W KMUDBPKNAL FDY®HS
VHOHFWHG IRU IXUWKHU SSXUHS$DRIIMDMBIRH T8 RKM2KD Q8 PW |
OH2+&+& OH[WUDFWYV IDLOHG WR VKRZ VLJQLILFDQW SUHVHC
PJ RI WKH 0(2+ HIWGDFWRMPSRAQR&SY DV WKH (/6" VKRZHG
PLQXWH UHJLRQ ZKHUH WKH SRO\F\FOLF JXDQLGLQHV HO
UHFRPPHQABW®W WRHKSH[WUDFW XVLQJ D SHWUROHXURW®HQ
GXULQBYHBDUDWLYH +3/& SXULILFDWLEHRDQY/HGVBREXPQU\ HR
SKH@EHJ\O FROXPQV DYRLGV WKLV LVVXH FDXVHG E\ H[FHYV



DAD1 C. Sig=220.10 Raf=off (UEHUETIMS MEOH 10MGLL 227 25UL PHENYL HEXYLI002.0101 0)
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JLIXURSWLPLVHG JU PGMWKDQRPWFVKIWUDFW RI @R QD R A KR
IXUWKHU DQDO\WHG DUH KLJKOLJKWHOG EW USHE®! [ SBX H § 2O+Q (
$&1 WR $&1 7)$ IRU DOO RR®YHQW&1 WV PLQ

7TKHVH VSHDWH FROOHMFWHGDDVQBH®HFWHG IRU IXUWKHU FEK
ZHUH LPSXUH DQG KDG WRR OLWWOH PDVV WR FRQWLQXH
LOQWR WKH I UDFWUR®WG 335¥%J 7TKHVH ZWXEMWMEKWQWR FKD
WKURX3EB(6,0606 DQXG & &26< +0%& DQG +64& 105 H[SHULP



DAD1 A, Sig=210.10 Refsoff (MB_P5_RP 2023-11-30 15-25-1040020101.0)

P2RP1

o P2RP2

JLIXUH7KH 6£3/& SURILOH RI WKH UHSXULILFDWLRQ RI 3 L
SKHQRPHQH[ +\SHIRORQH [ PP + 2 OH2+ 1
7)$ IRU DOO VROYHQWYV

&KDUDFWHULVDWLRQ RI 3 53
7KH >0 S@RWREMWE REWDLQHB(6URP ZLWK [DROXH RI

JLYLQJ D PROHFX®DIWR2IRUPXOD RI &
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JLIXUH+ 105 VSHFWUXP RI 3353 00H2+

,Q WKH + 105 VSHFWQ@XPNULSOHWY ZHUH PRNUD FWBUQV WT
[+ DQG SURWRQV DUH FKDUDFWHU4LVWLF VLIQD



DQG DUH FKDUDFWHULVWLH:VLIQDOV RI RO
VLIQD®DWYWDFWHULVWLF VLIQDO RI D SURWRQ WKDW LV DC
VLGHV RI WKR \FIKIIQTO DKW FKDUDFWHULVWLF RI WKH JXDQ
FDUERQ@.VAKIWDO DW FKDUDFWHULVWLF RI DQ HVWHU FDUEI

+ s ZDSLQY FRXSOHG ZLWK +VKRZHG +0%& FRUMHODWL!
DQG & + VKRZHG +0%& FRUMHODDQR/GY WR+& ZDV
VSLQ FRXSOHG ZUWK + DQKD& +0%& FRUUHODWLRRORZWE& |
+0%& FRUUHODMLRQ V&R 1& FKDUDFWHULVWLF RI WKH FHQ
FKDUDFWHULVWLF Rl DQ HVWHU FDUER Q& &DDW KHL\WWIDEOLLW

+ ZDV VSLQ FRXSOHG ZLWWKKRZHG +0%& FRUUKHODWL
DQG & + LV VSLQ FRXSOHG/ZLWK + IDE\G +0%& FRUU
& DQG & + LV VSLQ FRXSOHG ZLWK KDVDWSL® FRUUHOI
& s + LV VSLQ FRXSOHG ZDW® + + KDV +0%& FRUU

DQG & + KDV +0%& FRUUHODWURQV WIKKEVH &R DWHO® W
EDVLV IRU VSLQ FRESOBG VONNVBIFFKDLQHG OXQRWGRWQR ML Y
D TXDWHUQDU\ FDUERQ

7KH GLDVWHUHRWURSLFDRURWEQV DUH VSLQ FRXSIQHG ZL
+ D KDV +0%& FRUUHODWLRQN WR BQG /& + DLV VSLQ
ZLWK + D DQRQG + + D KDV +0%& FRUUHODWLRQN WR &K D\
IRUPV VSLQ FRXSQOMKRDVWREO® EDFN ERQH DWWDFKHG WR
TXDWHUQDU\ FDUERQ

7KH GLDVWHUHRWDRSQE SURWRGV+ X DAUHGVBLWKFRQH DQR
VSLQ FRXSOHG V\VWHP



7KH FKHPLFDO PRWLI RI WKH JXDQLGLQH DQG HVWHU FRQ
6&46 EHLQJ FRQQHFWHG WR WKH ODVW 1 XQLW DYDLODEC
FKHPLFDO IRUP XD FNRIBNHGEIDG NERQH WKDW PLPLENHG W

Dehydrobatzelladine C like backbone

JLIXUH'HK\GUREDW]J]HOODGLQH & OLNH EDFNERQH RI 3 53

7KH ILQDO PLVVLEIJWKBDIJROIQOWQAF DENWK FKDLQ VW DRWWILS

FRXSOHG ZLWK #DQG KDV +0%& FRUUMODWDRGVEZLWK &

4 LV D FKDUDFWHULVW W ILUB BW CR| [DG 1K WIEEY WHR DWW

+0%& FRUUHODWLRQV WR&/s & DQG®KH & DQG & VLJQ

QRW EH UHVROYHG DQG DUH LQWHURRKDROMBREWDIH. @ LFRKX R
7KLV IRUPV WKH EDVLV IRU BSQLIO&ARX SEBEG Q/ FRQMPD L Q |

7KH FRPELQDWLRQ RI WKH GHK\GUREDW®W{ B 26D GIHBH WK B QWF
3 53 D QHZ FRPSRXQG ZLWK D PDVV RI ‘D T7KF
ZLWK WKLV PDBBP



=== COSY Correlation
-3 HMBC correlation

JLIXUH7KH VWUXFWXUH HOXFLGDWHRZDLAQ!I WEKH VSLQ FRX
+0%& FRUUHODWLRQV



Position Ic (ppm) H (ppm), Integration
multiplet

1 158.60

2 41.77 322 (m) |2

3 26.7 1.72 (m) 2

4 26.54 1.85(m) |2

5 66.43 4.40 (t, 2
6.8Hz)

6 164.48 -

7 112.94 -

8 168.48 -

9 34.81 357(m) |1
(H9a)
3.31(m) -
(H9b)

10 21.05 2.40 (m) |1
(H10a)
1.84 (m) |-
(H10b)

11 53.7 4.27 1

12 34.35 265(m) |1
(H12a)
1.72(m) |1
(H12b)

13 58.9 4.48 (dd, 1
5.6Hz)

14




15 26.93 2.41(m) sl

16 130.1 5.43* (m) 1

17 1325 5.43* (m) 1

18 26.20 2.85 (m) 1

19 128.85 5.35 (m) 1

20 132.76 5.38 (m) 1

21 21.26 2.08 (m) 2

22 14.7 096 (t, 74 |3
Hz)

23 15.0 0.89 (t, 3
7HZz)

24 2341 1.32 (m) 2

25 32.95 1.29 (m) 2

26 26.76 1.61 (m) 2

27 34.74 235(t, 74 |2
Hz)

28 175.2 -

7TDEOHKH& DQG105 VKLIWV RI HIE6 0+]

3 53 & KDUDFWHULVDWLRQ
7KH UHSXULILFDWLR@ S\WIRNFR B S RYW.QI®\G H © LDPWBLIWDZUFR P S F
3 53 DQG WKH NQRZQ FRPSRXQG GHK\GURFUDPELQH ¢
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JLIXUH+ 105 VSHFWUXP RI R8B83 O0OHMKKHDOQ



7KH >0 S@RWRQ DGGXFW ZDV5REWS IZQ WE RIREXH RI
D PROHFXODU HRWURX OB DWW LV FKDUDFWHULVWLHzRWD
LV FKDUDFWHULVWLF RI DQ HVYWHU FDUERQ

+ /s LV VSLQ FRXSIOHG DX KDV +0%& FRUUHODWLURQV

DQ G/e& + KDV +0%& FRUUHODWLRQV ZUWK &LDQYG
FRXSOHG ZLWK PQG KDV +0%& FRU&HDOB/BKRQV WRK®V +00
FRUUHODWARQV WORQ8HVWHU FDUERQ 7KLV IRUPV VSLQ FR
FRQQHFWHG WR WHUPLQDO JXDQLGLQH DQG DQ HVWHU IX

+ /s LV VSLQ FRXSQHG ZL@Q/& A+ B + KDV +0%& FRUUHC
/& &I+ DQG /& + E LV VSLQ FRXSOHG ZLWK +

+ D KDV +0%& FRUUHORBWLROWQALWK & + D LV VSLQ FRXS(
DQG +/+D + IV VSLQ FRXSOHG ZUWK + EKIHY®G FREJUHODW
FRXSOHG V\VWHP

+ DI+ DQG + E DUH VSLQ FRXSOHIQBLWKE+ DARWK + D
+ E KDYH +0%& FRUUWODWLRQAN WR && /+ DQG /&

+ E LV VSLQ FRXSOHG ZLWHK + DD®©GEKDYG+8%& FRUUHODYV
& s 7KLV IRUPV WKH EDVLV IRU VSLQ FRXSOHG V\VWH
GLUHFWO\ E R QFEOHIFQWE L\@ KHF R U H

+ s D WHUPLQDO PHWK\O LN VSLRQRRKD®WH®%& ¥R YU
& g DQG /& & & FRXMGEH UHVROYHG DV DRO WKH \
7KLV IRUPV VSLR) FRMKIHOWE URVQBIO HQG RI WKH DON\(

7KHVH FRUUHODWLRQY OHG WR WKH HOXFLGDWLRQ RI WK



== COSY Correlation
-3 HMBC correlation

JLIXUH7KH VWUXFWXUH HOXFIMKXRWLD WKB ¥5LQ FRXSOH!
FRUUHODWLRQV



Position Ic (ppm) I (ppm), Integration
multiplet
1 158.4
2 41.8 3.22m 2
3 26.7 1.67,m 2
4 26.7 1.76 m 2
5 64.8 4.22 m 2
6 165.8 -
7 103.9 -
8 58.8 447, dd5Hz| 1
9 34.3 2.65 (H9a), q| 1
6 Hz
1.72 (H9b), |1
m
10 22.8 2.09 (H10a), | 1
m
2.03(H10b), | 1
m
11 47.4 3.64 (H1la), | 1
m
3.56 (H11b), | 1
m
12 168.1
13 148.3
14 31.4 2.75 (H14a), | 1
m
2.50 (H14b), [ 1
m
15 28.9 1.61, m 1
1.56, m 1
16 30.1 1.35,; m 2
22 32.7 1.27, m 2
23 23.4 1.32, m 2
24 14.0 0.90,t,7Hz | 6*




7TDEORAKH& DQG105 VKLIWV RI DH26 0+] , DV 3BQG
GHK\GURFUDPELQH $ DUH LQ D PL[WXUH

JURP WKLV PLIWXUH WKH NQRZQ FRPSRXQG '"HR\SIURFLPE® E
HK\GURFUDKDUOHWKH BMIDAIPNE RIDMLEW D UHGXFWLRQ DW Wk

Dehydrocrambine A

24

JLIXUH6WUXFWXUH RI GHK\GURFUDPELQH {



Position Ic (ppm) 1 (ppm), Integration
multiplet

1 158.4 -

2 41.8 3.2, m 2

3 26.7 1.72 m 2

4 26.7 1.86 m 2

5 66.4 4401t,6.7 2
Hz

6 164.4 -

7 112.6 -

8 168.2 -

9 34.9 3.58 m 2

10 20.9 240 m

11 53.7 4.27,1,7.6
Hz

12 152.0 -

13 180.5 -

14 38.33 3.081t.7.8 2
Hz

15 29.8 1.74 m 2

16 30.1 1.29 m 2

22 32.7 1.38 m 2

23 23.3 1.30m 2

24 14.2 0.89t,7Hz | 6*

7TDEOHKH& DQAG105 VKLIWYV RI GHK\GHURGUD P EQAIH $




'LVEXVVLRQ

&KHPRWD[RQRPLFOIRQDO\NK K ORB SWHKIH
7KBRQIDFKRUDDPSOH DQDO\WHG LQ WKLV VWXG\ RULJLQDW!
HFRUHJLRQ 1LBZ3DS. QHD 8QIRUWXQDWWHEH WE&HQ W DIRSGHGH
VSHFLHY OHYHO XVLQJ JHQHWLF DQDO\VLV PH/GDDSISURGW!
8SRQ DQDO\WLQJ WKH FRP SRRYXQIBQFKKRRMIHYH & HH RO DIO® G
UHVSHFW WR WKH PDULWLPH HFRUHJLRQ LW ZDV LVRD DMM
WR EH LGHQWLILHG DFDWVRDWEH &DRMHIRE\DWDHA® B WHBK BDUNERX V
ORQDQFKRUD YLULGLV

$00 XQLOHRO@W DIFKBERIPDOHYV IURP ZKLFK FRPSRXQGV ZHUH L\
WKH 3DFLILF 2FHDQ H[FHSW IRU D VSHFLHV IURP WKW KHW\
DUH FRPPRQ LVRODWHG PHWDEROLWHY EHWZHHQ WKHVH
PLIUDWIRR@DRIFKRUD IV XBDVW RI &HQWUDO DQG 6RX
ORQDQFKRUMIIYWHKHGERXWKZHVWHWHD G RDR/ W KRH $RV WD\W OR Q
RFFXS\LQJ WKH 3DFLILF 2FHDQ PDULWLPH HFRUHJLRQV 6R
%LVPDUFN 6HD DQG WKH ODUTXHVDYV

$OWKRXJK WKH FRDVW RI &HQWUDO DRGDERIKRKI [ FOQURMRDF
‘HVWHUQ &DULEEHDQ PDULWLPH HFRUHJLRQ GHK\GUREDW

ZHUH LVRODWHG DRR® Q PKRAMIQRZ 7KH QHZ FRPSRXQG
FDUERQ EDFNERQH WR GHK\GUREDW]HO O DZLL\Q B GQ B YADWK+
FXUUHQIR @D FKRRDO H

,Q WKH ODUTXHVDY PDULWLPH HFRUHJLRQ FRPSRXQGV
ORQDQFKKRHIBLHY LQFOXGLQJ FUDPEHVFLGLQ FUDPEHV/I
LVRODWWMWMIGHI BR®) D Q FKRDO\VHG LQ WKLV VWXG\

,Q WKH :HVW &DUROLQH ,VODQGY PDULWLPH HFRUHJLRQ
ORQDQFKRWMLHY LQFOXGLQJ FUDPEHVFLGLQ DQG GHK\



FKDUDFWHUD¥H G HLZQ * WIRGRIED@® FKRRIPOH DOVR ,Q WKH 6RXW
PDULWLPH HFRUHJLRQ 0 R QUHIRAKREEHMXDDEE RHGY ¥ Y/ IALRE). O H
DQG FUDPEHVFLGLQ ZDV LVRODWHG IURP LW ,Q WKH 61
PHUREBBOODGLQHY $ DQG % ZHUH LORRICDQFWEKHIMIRPY DD XR L
SUHVHQFH Rl FRPPRQ PHWDEROLW H\R @ Bl QVRAKERHIPOLOHOV/O FAD R HLM
FKHPRWD[RQRPLF FRQQHFWLRQ EHWZHHQ WKHVH VSHFLH\

Maritime Ecoregion Compounddsolated
West Caroline Islands dehydrocrambine A / bicyclic guanidine
alkaloid

fromiamycalin / pentacyclic guanidine alkaloi

crambescidin 800 / pentacyclic guanidine
alkaloid

crambescidin 826 / pentacyclic guanidine

alkaloid

Western Caribbean dehydrobatzelladine C / monomeric batzellad

crambescidin 359 / pentacyclic guanidine
alkaloid

crambescidin 431 / pentacyclic guanidine
alkaloid

Marquesas monalidine A / bicyclic guanidine alkaloid

monachoradin AC / bicyclic guanidine alkaldi

Dehydrocrambescin A2 418 /bicyclic guanidi

alkaloid

crambescin A2 392 / bicyclic guanidine alkalg

crambescin A2 406 / bicyclic guanidine alkalg

crambescin A2 420 / bicyclic guanidine alkalg

crambescidic acid / pentacyclic guanidine
alkdoid

crambescidin 800 / pentacyclic guanidine

alkaloid




crambescidin acid / pentacyclic guanidine
alkaloid

crambescidin 359 / pentacyclic guanidine
alkaloid

crambescidin 786 / pentacyclic guanidine

alkaloid

crambescidin 814 / pentacyclic guanidine

alkaloid

20-norcrambescidic acid / pentacyclic guanid

alkaloid

crambescidin 826 / pentacyclic guanidine
alkaloid

South Kuroshio merobatzelladine A / monomeric batzelladin

merobatzelladine B / monomeric batzelladin

Bismarck Sea (the saie of this study) P2RP1227 / monomeric Batzelladine
P2RP2227 / bicyclic guanidine alkaloid

dehydrocrambine A / bicyclic alkaloid

crambescidin acid / pentacyclic guanidine
alkaloid

crambescidic acid / pentacyclic guanidine

alkaloid

Crambescidi 359 / pentacyclic guanidine

alkaloid

-hydroxycrambescidin 359 / pentacyclic

guanidine alkaloid

/TDEOHKH PDULWLPH HFRUHJLRQ ZKHUH DOO WKH XQLGHQ\
IURP DORQJ ZLWK WKRKHHBRPSRXQGV LVROD

7KH VSUHDEB RO QVFKIRUD WKEBR X FK OWKH 3DFLILF 2FHDQ FDQ
ZDWHU FXUUHQWY IORZLQJ WKURXJK WKH VHD 7KH 1RUWI
&DULEEHDQ DFURVV WKH 3DFLLURF RPFUHDKDQ W WDREX O MNKW R
FDQ H[SODLQ WKH VSUHDG RI WKLV QHZ VSHFLHYV DOO WK



7KH 6RXWK 3DFLILF 2FHDQ FXUUHQW WUDYHOOLQJ IURP &
WKH ODUTXWVYPN RPRUHIJLRQ WR WKH &RUDO 7ULDQJOH Dl
6RXWK $PHULFD FDQ H[SODLQ WKH SUHVHQFH RI WKLV VS|
,VODQGV DQVG PDUOWHRIB® HFRUHJLRQV ILJXUH

7KH ,QGLDQ L2 & DQF BYUD OR/@DSHFKKR Wl R BIRXIWKZHVWHUQ
WRZDUGV WKH %LVPDUFN 6HD DQG :HVW &DUROLQH ,\HWVHV
LQ WKH BRXWK .XURVKLR DQG WKH ODUTXHVDV POWHWLPH
*HQHWLF SURILOLQJ Rl WKH ORQDQFKRUD VSHFLHV LQ WK
ZKHWKHU D QHZ VS HRLD/Q RIKWR/K B HMHIDW

JLIXUH$ PDS VKRZLQJ WKH 6: $XVWUDOHG EBWDWN&DYWROH
SXUSOH G6RXWK .XURVKLR SLQN ODUTXHVDV JUHHQ
HFRUHJLRQV
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)LIXUH PDS VKRZLQJ WKH RFHDQ FXUUHQWYV RI WKH ZRU

WLAWKHVLV

7KH ELRV\QWKHVLV3RI33 53QG GHK\GURFUDPELQH $ FDQ EF
WKH PL[HG RULJLQ K\SRWKHVLV RFKNUM B UNDDLR PQH E KR
H[SODLQ WR ELRV\QWKHVLV RI F\fOK VS B YVKQNAENOW\MERINASQ |
SRO\F\FOLF JXDQLGLQHV FDQ EH ERRYOQWKBIN O] H & DFKQRX
RI D JXDQLGLQX®WRVXQDWHG SRO\NHWLGH GHULYHG FKDL
JXDQLGLQH JUR XS WVOQVWR) DWHG SRO\VNHWLGH FKDLQ Z800

ERQG UHTXLUHG LQ WKH ELRV\QWKHVLV RI SRO\F\FOLF JX



HZNTN\/\/\O HNE/'_INHZ

Nucleophilic attack
of the guanidine group on
the a, B-unsaturated system

an o, B-unsaturated polyketide derived chain

double-aza michael reaction

Dehydrocrambine A/ P2RP2-227 carbon backbone

JLIXUAKH ELRVV\QWKHVLV Rl '"HK\GURFUDPELQHV$K& SR WE I
WKURXJK D QXFOHRSKLOLF DWW.DPANQRD IV XX D WHGL § RO\
FKDLQ

7KH VHFRQG K\SRWKHVLV RQ WKGLELRWW \WRNDIOR IR3 VE P
K\SRWKHVLV ZKLFK DURVH RXW RI WKH REWHKYSRWKH LF
JXDQLGLQH ZKLFK ZRXOG EH UHTXLUHG IRU WKH ELRV\C
JXDQLGLQHV XQMGCHWRWKHVAYLIGHQRW IRXQG LQ FHOOV KB&XH
IURPDUJLQLQH )XUWKHUPRUH PDQ\ F\FOLF JX®ILGE®HE |
SDWWHUQLQJ DVVRFLDWHG ZLWK FODVVLFDO SROWHWRG
FHQW UDW EDVAVMGE W X W HS3 UIXP@LGL@HR ZDV DOVR REVHUYHG F
DORQJ ZLWK WKH SUHVHQFH RI FLPLSRR®LELIXH DD @KERFI
VKRZV WKDW WKH F\FOLF JXD QL& K QR RUKODRNIVGL RDQUEHD BW



HN

A bd
cyclisation
Q N~ “NH
CO,H

O

cimipronidine cyclocimipronidine

JLIXUHKH FRQYHUVLRQ RI FLPLSURQLGLQH WR F\FORF
ELRV\QWKHWLF SURFHGXUH WR IRUP D ELF\FOLI

,Q WKH PL[HG RULXIDQIKOQIRAMMNBMADLYE /EXLOGLQJ EORFN IRU
UHDFWLYH JXDQLGLQRS\UUROLQLXP VDOW 7KH HOHFWURS:¢
W\SH FRQGHQVDVWVEWRQ YOAI\WHWEGDRPELG WR IROUIN D EDBRER®HL
IRUPHG ELRV\QWKHWLF SODWIRUP FDQ XQGHUJR HVWHU
FUDPEHVFLQV 2WKHUZLVH WKH ELRV\QWKHWLF SODWIRU
JXDQLGLQRS\UROOLQLXP VSHFLHV[RKOALW W ¥ D RLI UWWMRKIRRW RJ M
Rl SRO\F\FOLF JXDQLGLQHV VXFK DV EDW]J]HOODGLQHV FU



NH, oxidation

Decarboxylation HNANH 2N NH,

‘/\) HN/gNH
NH, /A NH, (\)

/§ agmatine o)

0 HN™ “NH
HO)K‘/\) \ /Nib J 4-guanidinobutanal
NH; o) HN™ SNH
P -CO,
L-arginine Deamination HO

2-oxoarginine

NH
2 mannich-type

NH2
NH, condensation
A i
HN NH —_—
N electrophilic
oI guanidinopyrrolidium
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saturated or unsaturated

R 3-oxofatty acid
O OH
NH,
N~ N
AN
N N - . AN R — » Crambescins
NN
R
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Biosynthetic platform ~ Guanidylated alcohol

NH2
H2 mannich-type

\ N oxidation + condensation )N\Hz
R olycyclic Guanidines
NN .
N Batzelladines
Biosynthetic platform

3-oxofatty acid R
(0] OH



JLIXUH7KH OLRWGJLQ K\SRWKHVLV IRONDOBLE BPLIRYLGWEH
ODQQWABH FRQGHQVDWLRQ RI D UHDFWLYH JXDQLGLQRS\L
ZKLFK FDQ EH FRQYHUWHG WR 3*$V RU FUDPEHFLQV

7KH ELRV\QWKHVLV3RS33 53QG GHK\GURFUDPWLR & C80E PHG E
K\SRWKHVLV 7KH ELRV\QWKHWLRHS\LFWSRDRH R UPL FREM®IER
XQGHUJR DQ HVWHULILFDWLRQ ZLWK DQ JXDQLG\ODWHG |
JXDQLGLQH DQG DQ HVWHUD®QFWLRRIRXNGVIRKQY ZRXO
EDFNERQH Rl D% GHK\GURFUDPELQH $ 7KLV LQWHUPHG
R[LGDWLRQ DQG UHDRWDILWAKDEF Q & WKRHLR WP PDVBES HF KR Q G H Q

JRU TRQOLBPDWLRQ RI WKLV K\SRWKHVLVY JHQHWLF VWXG
FOXVWHUY LQYROYHG LQ WKLV SURFHVV PXVW EH LGHQWL
SURMHFW

WLRORJLFDO $FWLYLW\

$OWKRXJIK ELRURBRMDEBH RBWDYIL QHG IRU WKH QHW KEHD Wl R O
RI GHK\GUREDW]JHOODGLQH & ZDV VWXGLHG $V GHK\GURE

WKH\ PLIKW H[KLELW VLPLODU DFWLYLWLHVLWIKDGD IRQ
YDULHWWPRF DREBENID OF DQFSHDPWMIOO OLQHV LQGLFDWIRYHDI HL
ZKDW LV PRVW LRFMBRVWWDO@WDEMLY LW\ DIDLQVW HQYHORS
VKRZFDVLQJ LWV URGH ABRO Bl FSRBAHRIWNRNRED LLXQP/DKDU D F WY RIQDL
SRWHQWLDO

7KHUH KDYH E HHQ® VYWWKFUWHKQMWLRQVKLSY Rl EDW]HOODG!
SURWHLQ LQWWJUDCORBRHYHWERZQ WR L QKH & Z\W H.@ WK H D,
JO\FRSURWHLQ JS  DQG 6LLW Y ODHIFOAS \H B W [REXOAHGEL @HKH )G L
WKH SURWHLQ W\YRQGQHWNL SDIVMHDE \) R H FHISHWRUUWHDVRQV
UHODWLRQV IRWJHOQWE&HW. MEDORJIJXHYV ZHUH LQYHVWLJD
DELOLW\ WR LSUKR\WHWQSURWHURFWLRQV VXFK DV WKQWRL



KRVW FHOO 7KH DQDORJXHN\Q Y HOHRGIAD W RHEGEHL.QRCD B Y/ D\ D.
DQG 5 VWUDLQV RI +,9

JLIXUH7KH EDVLF VWUXFWXUH RI D %DW]HOODGLQH DOND
SURWHLQ LQKLELWLRQ

,W ZDV IRXQGXW KDNWWMXHNQWWODUJIJHUSWKDW LIRMWZEKNO HD WQWN
DFWLYH VXEVWLWXHQWY ZHUH WKRVH ZLWK WZR WULF\FC
OLQNHU ZLWK PHWK\O VI GWDLW N HQRADWDRM) ERONGKH& ODGLQ

JRU LQWHUDFWLQJ ZLWK &' WKH JS ELQGLQJ VLWH KD
SRODU UHVLGXHEHEZQWIK $WB UHVLGXH LQ WKH LQWHUDH W
&' UHFHSWRDQBK$MIHVLGXDWBRPKI® ELQGLQJLM WHNISRBN
YDQ GHU ZDDO LQWHUDFWLRQV ZLWK WKH K\GURSKRELF
K\GURJHQV ERQGVRRDLWKHMSKH GLPHULF EDW]HOODGLQHV
ELQGL@®RQVWWH $S¥ RWHLQ 7KH JXDQLGLQH QLWURJHQV DQ
HOHFWURVWDWLF LQWHUDFWLRQV ZKLOH WKH PHWK\O VX
EHWZHHQ WKH WULF\FOLF XQLWV IRUFH® GLQUR/SKRERF 1§

%DW]HOODGLQHV KDYH X QESFHALIRIOM\ ILKRGVIXWM URDW K X § W XWKHG
DIJDLQVW WKH GLPH&RY¥ DRUP, QIGREELQJ) DQG ELQGLQJ VW
W K HWEWIVF \ F O LG-L BBIWH HD@@D, ZHUH WKH EHVW LQKLELWRUV

+,9 SURWHLQ VXUIDFH OROHFXODU G¥HRRSIOW XEDL\M VH RO
NH\ LQWHUDFWLRQ ZLWK ( DQG 3 7KH JOXWDRUP HD
HOHFWURVWDWLF LQWHUDFWLRQV ZLWK WKH WZR JXDQ
LQWHUDFWLRQV ZLWK WKH OLQNHU GRPDLQ RI WKH WZR

WKH UHVLGXHV ' DQG 3 7KHG X H D\QSD VWK HF J B BIQG GJIHOH



IRUPHG HOHFWURVWDWLF LQWHWUBWMWIRH P RAKW OGIL MHKGI\ S|
LOQOWHUDFWLRQV ZLWK DON\O FKDLQV SUHVHQW

Batzelladine H

Batzelladine |

JLIXUHBWWXRIHY RI %DW]J]HOODGLQH , DQG %DW]JHOODGLQI
&RY

$OWKRXJK WKH QHZ FRESR XTFOWV3ELR O RWLE B O DY DWHIVWHHGH K
$ DOVR LVRODWHG LQ WKLV YMWX® DHRMRAGUGRNSUWRPENQ B 3 [X(
LWV DELOLW\ WHRQNY®IOIRESIWWPHGLDWHG FHO 059 X/ KE Q DY® L+Q
6) &&5 UHFHSWRU FRPSOH[HV 'HK\GURFUDPELQ M BOXKR
a -9 +RZHYHU LW WKBWVOMHKODBWRIBUDPELQH $ OLNH WKE
JS &' SURSWHRWHLQ LQWHUDFWLRQV PDNLQJ WKHP DQ L
FRPSOH[ LQKLELWRUV



&RQFOXVLROQ

7KH DLP RI WKLV UHVHDUFK SHmRIMHDROWGZ.IYW WR. \M | SZQ RUKH. QV
ORQDQFKRRPOH FROOHOWHIZ FXRPBDS7KH PDLQ REMHFWLY
DQ\ NQRZQ PHWDEROLWHY DQG WKH LVRODWLRQ DQG FKD
&*$V OHWDERORW®W KK WDIQQURAW D86 LGHQWLILHG NQRZQ SH
K\GUR[\FUDPEHVFLGLQ FUDPEHVFLGLQ FUDPEHVFLC
SULPDU\ PHWDEROLWHY SKR¥SKBWDGEH \RKDR& ODWPL@MHS5 D
+3/&FUXGH IUDFWIDRQFROOHFWHG DQG UHSXULILHG WR \L}F
EDW]JHOODGLQKWEBHELF\FOLF JXD@UGL QHN®BZQ ELF\FOLF .
GHK\GURFUDPELQH $

W ZDV QRWHG XSRQ DQDO\VLQJ WKHORDODWEKR® MKH IS LEHG
IURP ZKLFK WKH\ ZHUH IRXQG WKDW WKHUH H[LVWV DQFO)
LQ WKH :HVW &DULEEHDQ 0D NI XHYZD"X L% HDP D:WN \§ HEOD LBRDCS|
BRXWK .XURVKLR PUIRQW LRHDHFRAMFLGLQ ZDV IRXQG WR
EHWZHHQ BRQDBAFKRRIPOH DQG W KR QXIQBHRBIML HVHGQ W K H
&DULEEHDQ DQG ODUTXHVDV PDULWLPH HFRUHJLRQV 7KH
VKDUHG D UmROFISRONH VWUXFWXUH ZLWK '"HK\GUREDW]HOOI
&DULEEHDQ )LQDOO\ GHK\GURFUDPELQH $ ZDV DOVR LVR

LV DQ R[LGLVHG GHULYDW L YKHIHGIH R\GLILRIFMU DGHEL RBRHHY
XQLGHQWQDOIBKRWMLHY LQ WKH 3DFLILF 2FHDQ ZKLFK PD\
VSHFLHRQRIQ FIKR WKLV UHJLRQ

7KH LVRODWLRQ RI QHZ FRPSRXQGY DOVR KDV PHGLFLQL
JXDQLGLRIHGMONDAH VKRZQ SURPLVLQJ DFWLYIWRWHLQHDG
LOQWHUDFWLRQV LQ YLUDO SURWHLQV

7KLV VWXG\ KRZHYHU ZDV OLPLWHG E\ WKH DYDLODEOH E|
GLIILFXOWLHY GXULQJ SXULILEDWHILR KLIKLYL\SDBE6 HIBQR WY
GLIILFXOW GXH WR WKH EURDGHQLQJ RI SHDNV ZLWKLQ W
IDWYV 7KLV SUREOHP ZDV ODUJHO\ KH [JBEXPR GIXRQRH GCOBEMNHAS



FROXPQ KBREHWWYIH SHUVILO/WBEJIJWRH QRMWBERPDVV ZDV O
ODUJH DPRXQW Rl WKH QHZ FRPSRXQGV )RUMXQEHHRVR
URXQG RI UHSXULILFDWLRQ WR VHSDUDWH GHK\GURKH DPE
ELRPDVV ZDV DOVR OLPLWLQJ IRU WKH SHUIRUPDQFH RI D

JRU IXWXUH ZRUN WKHUH DUH LQWHUHVWLQJ SURVSHAWYV
WZR QHZ F\FOLF JXDQLGLQH DONDORLGV VKWEZ®DVARUW KDt
IRU FKHPLFDO GLYHUVLW\ 2QH RI WKH DLPV RI WKH (XURE
QRYHO F\FOLF JXDQLGLQH DONDORLGY DQG WR LQYHNVWKE
SURGXFWLRQ Rl &*$V RTRR@ MQKHQERRPBWLYLW\ RI WKH QH
WKDW FRXOG EH FRPSOHWHG LQ XUKIFHEZXVWXQH DLL\D R X DMXU

Monanchora
Biomass
(13.25g)

l Exctraction: MeOH/CH,CL; (1:1)

Monanchora
extract
(897mg)

Fractionation

4

MeOH/H,0
extract 116mg

MeOH/CH.CL,
extract 46mg

MeOH extract
196mg

RP-HPLC Purification

4

P3

o
l

RP-HPLC repurification

New Compound
New Compound P2RP2-227

4

P2RP1-227 And
Dehydrocrambine A

Yy
N~/

JLIXUHKH ZRUNIORZ RI WKH SURMHFW



ODWHULDOV DQG OHWKI
*HQHUDO OHWKRGV

7TKBRQDQFKPRPOQYD ¥YSYHG ZDV FROOHFWHG IURPF 3DSD BHZ *XlI
ORQJLWXGH (GHSWK 60RHOWUWHHMW Y XVHG IRU HIWUDFWL
SXULILFDWLRQ ZHUH SXUFKDVHG IURP )LVKHU &&BLHQWA ILF
VROYHQWY ZHUH SXUFKDVHG IURP '"HXWHUR .DVWHOODXQ
SXUFKDVHG IURP DG KHKWHA\Q HRWEDE®HQQ *HWB PEQA6 06
GDWD DQG 83/& FKURPDWRJUDPYV ZHA)HEBOEHVOIL Q H GP DMWP \8S
XVLQJ DQ $&48 £BEBGI&RIL.7 um (2.1x75mm). Purifications were completed using a
-$6&2 /& 30XV +3/& 6\VWHPV 7RN\R -DSDQ DQG UHSXULI
,QILQLW\ ,, /& VI\VWHP S$JIFOHE DM WHDFEKQROBJKSY 86@ 1
REWDLQHG IURP D 9DULDQ 9105 0O+] $5 6SHFWURPHWHU
$ILOHQW 0+] VSHFWURPHWHU $JLOHQW 7HFKQRORJLHV

(IWUDFWLRQ DQG )UDFWLRQEC

([WUIRFRWZ DV &R PHUBKKMI HQ F U X VORLIDIQFEKRQDBIM 3+ &0

Y XQWLO DOO RI WKH ELRPDVV ZDV DXQEPWR QHEDVOL YK H Y
VEHUQDWDQW ZDV FRI©OMHFRWHIBN HIGO WHLFHVBVBRQGOXWLLRG X DV
OLTXLG FKURPDWRILUDISKROIIKSUHS & DV D VWDWLRQDU\
SKDVH ZDV XVHG WKHQ W RKHHHWYW DB AW ZDFMMIUDGBM R @D W F
SRODULW\ LQ VK# RWLGHU RIY+OH2+ O0H280%+ Y Y D®QQ &+
7KH2DQG&FUDFWLRQV ZHUH GLURARYGHHR +Z@HWBFWLRQV Z
DQDHOXVLQJ 8% &+3/& DQG ' DQG ' 105

%LEOLRJUDSK\

'"HZLFN 3 0 OHGLFLQDO 1HWXBDURWHO®XEWR/GXRWY $
$SSURBFKRKQ :LOH\ 6RQV ,QFRUSRUDWHG



.ROD , /IDQGLV - &DQ WKH SKDUPDFHXWDRXWH GG X
'UXJ 'LVFRYHU\ +

ILSLQVNL & $ )/RRPRQGRA : )HHQH\ 3 - ([SHULPHC
FRPSXWDWLRQDO DSSURDFKHV WR HVWLPDWH VROXEL
GHYHORSPHGWYVHWWLHANVY 5HY

O9HEHU HW)ORWHFXODU SURSHUKH RW MK EWRIDY I DLXCHEEAHO
FDQGLGDMWGE KHP =+

.HOOHU 7 + 3LFKRWD % <R U X J SORBLOEWERBEDQ ¥KHE

+

&ODUG\ - :DOVK & /HVVRQVIDWHRWDWXUDO PROHFX
1HZPDQ ' - &UDJJ * 0 1DWXUDO 3URGXFWYV DV 6RX
JRXU '"HFDGHV IURP - 1DWR 3URG

6LJZDUW - ' %ODVLDN 5 -DVBUGWMPOU -RBIQORFNLQ@

SRWHQWLDO RI PDUDWH3BRREGINAAFE RYHU\

"XDUWH & 0 ,1752'8&7,21 7KH ([SORUDWLRQ RI ODULQ
THFKQRORJLFDO &KDOOHQJHYV

IRXFD 6 ODJHO ) 'RHEHOL$S FHEIXMHGBHAVWLMDWH RI
EDFWHULDO DQG BUFKBEBHBE® GLYHUVLW\

ODULQH 3KDUPDFRORJ\ KWWSV ZzZZZ PDULQHSKDUPDF

%HUJPDQQ : )HHQH\ 5 - &RQWULEXWLRQV WRKWKH
QXFOHRVLGHV -RXVUP@IRV 2UJDQLF & KHPLVWU\

$QWXQHWHWOBGLFLQHV |URMHI/EW YOG +XPDQ +HDOWK
P SDF WY GRL %

6DLWR 15 6HNDPH\DPD 1 6XJLPRWR 5 .XER $ )RR
SURFHHGLQOMULQH 7THFKQR@ 6RF

5LQHKDUMMW (PBWHLQDVFLGLQV $ % DQG

$JHQWV IURP WKHFOIMH EEW B QOTXGRLGL@D W XRU EA QUMD F
+

&RUH\ ( - *LQ ' < .DQLD 5 6 (QDQWLRVHOHFWLY
$P &KHP 6RF %

'UXJV#)'$S )BSSURYHG 'UXJV
KWWSV ZZZ DFFHVVGDWD IGD JRY VFULSWV FGHU GD!

O1R
ODUDQODWGEGWWDEDVH RI WKH PDULQH QDWXUDO SUF



https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=207953
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=207953
https://marinlit.rsc.org/

ODULQH (FRUHJLRQV RI WKH :RUOG $ %YLRUHJLRQDOL]I
SXEOLFDWLR@WSY:) Z27Z7Z ZRUOGZLOGOLIHAFRIUHBREIOQH/FL
ZRUDEA RUHJL R QRORRD) WWQIBREDAJIH D V

*X]LL $HWIXDFKUDQLQ $ LVRODWMGULAR WXRIQMMHU OR
SXOFKUD WKH |IBHSW LRDH LQHK LER {RQYDRHWNIBKWHGURQ /H
+

3XOFKUDQLQV % DQG & 1HZ $F\FOLF *XDQWGEUQHODWND
ORQDQFKRUD SXO KKMMS YV 0 DRDEQL QW L W
RUJ QXLJDOZD\ LGP RFOF RUJ DUWLFOHV $

&DPSRV HW I XLFXOLQ $ DQG 8 WLMRPRPDO®ILQWVQ *XD Q|
IURP WKH ODULQH 6SRQJH ORQD@FBEBRR®:XQJIJXLFXODWD

&KDQJ /:K&EWWDNHU 1 ) %HZOH\ & $ &UDPEHVFLGI
1HZ 3RO\F\FOLF *XDQLGLQH $ONDORLGV IURP WKH 0DU
+,9 )XVLRODW 3URG=

OHUDJHOPDQ . O OF.HH 7 & ORFKUDXRKRULQ D ELF\F
WKH VSRQJH ORQDQFKRWD3X@®HA+FXODWD

ODNDULHYHDW @UXSRFLGLQ $ $ QHZ LQGXFLQJ L126 H[S
DONDORLG IURP WKH PDULQH YOROHWWRQDQFKRUD SX

(OHPHUGDMW & ®WRWR[LF *XDQLGLQH $ONDORLGV IURP
ORQDQFKRUD Q-VU®WSBRGH

6DQWRYV KBWEIXSDUDVLWLF *XDQLGLQH DQG RHUQPUGQ®
6SRQJH ORQDQFKR UMD W WEMGEX O D

%UDHNPDQ - & 'DOR]JH ' 7DYDUHV 5 +DMGX ( 9
JXDQLGLQH DONDORLGV IURP WZR PDULQHDW RQRIKEY R

+XD + HW %DW]HOODGLQH DONDORLGV IURP WKH FDUL
DQG WKH VLIJQLILFDQW DFEVELY L' RS\ PUDXQLWWLE LQI
7HWUDKHGURQ

7DNLVKLPWOMREDW]HOODG L Q,VHIF VQ & H%7 WBLFWHO L F * X [
ODULQH 6SRQJH ORQDQHAMRNED VS

'"'\WVKORYR\HW I3HZ *XDQLGLQH $ONDORLGV %DW]JHOODGL
6SRQJH ORQDQFKRUD SXWOQIFK DM GQEXVFR SKIRISW R DRV W
"UXJV

*DOOLPRUH : & .HOO\ O 6FKHXHU 3 - $ONDORLGYV
XQJIJXLiHWIW 3URGH


https://www.worldwildlife.org/publications/marine-ecoregions-of-the-world-a-bioregionalization-of-coastal-and-shelf-areas
https://www.worldwildlife.org/publications/marine-ecoregions-of-the-world-a-bioregionalization-of-coastal-and-shelf-areas

$QWLIXQJIJDO DEWLYLW)\ RI PHSRIMER® LMWK LB R B RDKWSP L
ORQDQFKRUD DUEXVFXOD DJDLQVW $VSHUJLOOXV 10DY
K\SRJDHD _ ODULQ/LW KWWSV PDULQOLW UVF RUJ L

'RPLQJIJRV HW®RIHW]HOODGLQH ' DQG QR UREM WDHIQ Q Bl GULS
ORQDQFKRUD DUEXVFXOD LQGXFHALWRHIVKAKNHRVDO RI |

ODNDULHYHDW @R DQFKRP\FDOLQV $ DQG % XQXVXDO J>
VSRQJH ORQDQFKRRVWL BKHDEUR Q+/HW W

(IIHFW RI SHQW D FPOIIDFO RX. B LIGJIRPHWRID POEKRBIDVSR Q.
SXOHFRBEH RQ DFWLYLW\JOIXEDWEVUBOURP WKH PDL
IXQJIXKDHWRPLXRRQGDFXP DQG WKH PDUARIH/ EQDDOYF
VDFKDOLQHQVLYV 6FKUHQFN UV B RWLIQDILW LKW W\B \$

ORQDQFKRP\FDOLQ & D 1HZ 3HQWDF\FOLRDWYWE UGL@QMHU
6SRQJH ORQDQFKRUD SXOFKUD _ ODULQ/LW KWWSV F

HQVHPKRXQ - %RPEDUGD , S$GIRXLQ( M IWEORRW D-

SRO\F\FOLF JXDQLGLQH DONDORLG IURP WKH1IPWWURQRIG
-+

7DEDNPDNKHW OORGDDQFKR[\P\FDOLQV $ DQG % 1HZ +\EL
*XDQLGLQH $ONDORDGMQHOR P WVDKHE)IRQ JH ORQDQFKRUL

6KXELQDHWOR@QDQFKR[\P\FDOLQ & ZLWK DQWLFDQFHU
FUDPEHVFLGLQ IURP WKH PDULQH DV BQRK (BR¥YD Q FK

7TDYDUHMHW BRODWRRMPEHVFLGLQ IURP ORQDQFKRUD
%LRFKHP 6\VW {FRO

6KUHVWKD 6 6RUROOD $ )URPRQW - %ODQFDIRU\
,VRODWHG IURP WKH ODULQH 6SRQJH ORQD GBKRYI YOLQ
$SRSWRVLVLHQDMWILSGHK ¥ U H D \OWD & DUFEINVU &HO OV

(OHPHUGDVK $ 3HWHN @RXWBEBULYW $& &UPPEHVFLGLC
JUHQFK 3RO\QHVLDQ ORQDQFKRKBPQ1DAS &FRPHRG®H 6SRC

*X]LL $HWORMDQFKRFLGLQ $LQKZX PISRSBRVIPMFOLF JXI
IURP WKH PDULQH VSRQJR WPRQMQFKRUD SXOFKUD

ODNDULHYHDW R DQFKRKLGBROVYFY¥ OLF JXD QAIGN KK IS VW N (
DQWLOHXNHPLF DFWLYLWLHV IURP WKW S8RGIH ORQDC

1RUPRQDQFKRFLGLQV $ % DQG ' QHZ SHQWD RDROMA IR WCQ
PDULQH VSRQJH ORQDQFKRUD SXORKWD _ O0DULQ/LW K
RUJ QXLJDOZD\ LGP RFOF RUJ DUWLFOHV $



1RUPRQDQFKRFLGLQV * DQG + QHZ SHQW D F HDOLW HIXD
PDULQH VSRQJH ORQDQFKRUD SXORKWD _ ODULQ/LW K
RUJ QXLJDOZD\ LGP RFOF RUJ DUWLFOHV $

JHUHLUDHW *XOQLGLQH $ONDORLGYV IURP ORQDQFKRUD
$QWLWXPR U&ERIW HQLRIGRIH UV

7DYDUHV 5 'DORJH ' %UDHNPDQ - & +DMGX ( 9
K\GUR[\SWLORFDXOHQD WNQORUEOQRBLWKH VSRQJH AR
3URG

+XD + 0 3HQJ - )URQF]JHN ) 5 .HOO\ 0 +DPDQQ
105 VWXGLHV RI DQWLLQIHFWLYH WULF\FOLF JXDQLGL
XQJIXLUWLRIRUJ OHG &KHP

.RVVXJD HWHRODPHQWR H DWLYLGDGHYVY ELROYJLFDV
PRQDQFKRUD DUEXVFXOD DSO\WLQD VS SHWURPLFD F
DVFtGLD GLXXHOPXPXR GR RFWRFRUXYDP EFRYDMRD ULLVHL

K\ DUH 2FHDQ &XUUHQWV ,PSRUWDQW" FXXUWHRBWYV RF

(OHPHUGDMW 9BMW]HOOD &UDPEH DQG ORQDQFKRUD +
*HQBILLHOGLQJ &RPSRXQGV ZLWK 3RWHQWLDO $SSOLF
SUHDYWULHQWYV 9RO 3DJH

*IGHFNHWAXOQLGLQH DONDORH QG YOBIQGD &GIGFAFNMNW [URP E
FLPLFLIXJD UOPNMARRS/D +

6LOYD EHWoRMLIKWY LOQWR WKH %LRV\QWKHVLV RI &\F
&UDPEHLGDH 0D WQIH ABR@WHIVEKHPLH ,QWHWQDWLRQD

SERXVE20%2 KWWSV HXZRFRPBEERXW

3DWLOHW IIRYHO $ONDORLGYV IURP WKH 6SRQJH %DW]H«
+XPDQ &' %LQGUQJI&KHP +

SDWLOHWY %DDW]HOODGRYH® BPONDORLGYV IURP WKH 6SR(
RI'S @FNLVVRFLRWURQO RI 2UJDQLF &KHPLVWU\

%HZOH\ & $ 5D\ 6 &RKHQ ) &ROOLQV 6 . 2YHU
HQYHPRSHDWHG IXVLRQ E\ VIQWKHWLFWEBWREBOODGLQH!

(OJRKDU\H®Y ,D@HVWLJDW L QD FW/K N LV UKHAMDWIHR QVKLS |
EDW]J]HOODGLQH DONDORLGV DV&RY RFPRUME QU R @Y KIDEMHN R
&RPSXW %LRO OHG



$SSHQGLFHV

Position Ic (ppm) 1 (ppm), Integration | COSY HMBC
multiplet
1 158.60
2 41.77 3.22 (m) 2 H3 C1,C3
3 26.7 1.72 (m) 2 H2, H3 C2,C4,C5
4 26.54 1.85(m) |2 H4, H5 C2,C5
5 66.43 4.40 (t, 2 H4 C4, C6
6.8Hz)
6 164.48 -
7 112.94 -
8 168.48 -
9 34.81 357(m) |1 H10a C8, C10, C11
(H9a)
3.31(m) - - -
(H9b)
10 21.05 2.40 (m) 1 H9a, H11 C8, C9, C11
(H10a)
1.84 (m) |- - -
(H10b)
11 53.7 4.27 1 H10a C8, C9, C10
12 34.35 2.65 (m) 1 H12b, H13 C13
(H12a)
1.72(m) |1 H12a, H13 C13
(H12b)
13 58.9 4.48 (dd, 1 H12a, H12b Ci12
5.6Hz)
14 - -
15 26.93 2.41(m) 2 H16, H17, H18 | C16, C17




16 130.1 5.43 (m) 1 H15, H18 -

17 1325 5.43 (m) 1 H15, H18 -

18 26.20 2.85 (m) 1 H16, H17, H19 | C15, C16, C17,

C19, C20

19 128.85 5.35 (m) 1 H21 C18

20 132.76 5.38 (m) 1 H21 C18

21 21.26 2.08 (m) 2 H20, H22 C22

22 14.7 096 (t, 74 |3 H21, C20, C21
Hz)

23 15.0 0.89 (t, 3 H24 C24, C25
7HZz)

24 23.41 1.32 (m) 2 H23, H25 C23, C25, C26

25 32.95 1.29 (m) 2 H24, H26 C24, C26, C27

26 26.76 1.61 (m) 2 H25, H27 C25, C27

27 34.74 235(t, 74 |2 H26 C25, C26, C28
Hz)

28 175.2 -

7TDEOHXOO 105 WDEOH RI WKH HAHRPSRHEAILL) XK 56<

+64& DQG 4

GDWD @H2+ O0+]

Position Ic (ppm) 1 (ppm), Integration | COSY HMBC
multiplet

1 1584

2 41.8 3.22 m 2 H3 C1,C3

3 26.7 1.67 m 2 H2, H4 C2,C4

4 26.7 1.76 m 2 H5 C2,C3,C5

5 64.8 422 m 2 H4 C3/C4

6 165.8 -

7 103.9 -

8 58.8 447, dd5Hz| 1 H9a, H9b C7, C9, C13

9 34.3 2.65 (H9a), q 1 H9b C10, C11
6 Hz




1.72 (H9b), |1 H9a, H10b C10, C11
m
10 22.8 2.09 (H10a), | 1 H10b, H1la -
m
2.03 (H10b), | 1 H9a, H10a, H11b| -
m
11 47.4 3.64 (H1la), | 1 H10a
m
3.56 (H11b), | 1 - C10, C12
m
12 168.1
13 148.3
14 314 2.75 (H14a), | 1 H14b, H15a C7, C13, C15
m
2.50 (H14b) | 1 H14a, H15b C7,C13, C15
m
15 28.9 1.61, m 1 Hl4a, H16 C13, Cl14, C16
1.56, m 1 H14b, H16 C13, Cl14, C16
16 30.1 1.35, m 2 H15a, H15b C15
22 32.7 1.27, m 2 H23 C23, C24
23 23.4 1.32, m 2 H22, H24 C22, C24
24 14.0 0.90,t, 7 Hz | 6* H23 C22,C23

7TDEOH)XOO 105 WDEOH RI WKH ERFPF 6RERXAQ JI& 25X

+0%& GDWD GOH2+ 0+]

+64& DQ
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&KDSWHU OHWKRG 'H
WKHOMWLRQ RI 6XO0O
3KORURWDQQLQV IUF
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SEVWUDFW

.HOSV EHORQJLQFNIRQKB GRQWK $IULFD DUH DQ XQGHUV)
RSSRUWXQLWLHYVY IRU WKH GLVFRYHU\ RRYHDD Q@HYN\D ZR O HW
IURP WKLV JHQXV VXOIDWHG SKORURWDQQLQV DUHVNXLWBIH
ZLWK WKH VXOIDW HGIKIHABGMREPIOWWMH RNMR-DDWLRQ SURFHYV

ZDV WR GHYHORS D \QKE APWKRGNVLIRRQ IUDFWLRQDWLRQ D
SKORURWDQQLQV $ VLPSOHHHWKRGP W XUIHVLRUW B[WQ2DF)

IRU IUDFWLRQOMWRULRQPBDIHGSE &EXIIHU IRU SXULILFDWLTH
$SSO\LIQBHMKCRQHZ VXOIDWHG SKORQBWIQRIIQSKORURWDC
ELHFNRO ZHUKLWQBRWN®RZY SRWHQWLDO IRU WKH LV

SKORURWDQQLQVFINNRPQWERH JHQXYV

0—S0g3’

5
OH
0
HO O OH OH
(o) O
oH o\ HO OH
HO
OH
0
0

o

HO

1054-A
OH OH
OH
HO 0]
OH 0] OH HO @) OH
o OH HO 0]
0] OH
OH o OH
HO 0] 0] OH
OH OH

OH

eckol 8,8'-bieckol



, QWURGXFWLRQ

(FNORIQW\B U XQE X WLR
6HDZHHGYV DUH PDFURVFRSLF PXOWLFHOOXODU DOJD ZLW
LQ YDULDEOH DQG FRP SOHL G DLAFOPP B Q W \R IGLH I FIOQW V.
&LDQRSKEFKBDHEY DHF KURSREARDD® JIDEEXK RGRSKWBDDH 7KH\
IURP HDFK RWKHU LQ SLIJPHQWVY FRPSRVLWLRQ RI FHOO!
PHWDERWUWRHY DOJDH |IURRONVQIQDE XR X Q G \DLARXQ 2 CHDWWW $
-DSDQ DQGREKLYBHDWRXWKHUQ KHPLVSKHUH LQ 2FHDQLD
,Q WKH VRXWKHUQ $I1ULFDONPRIMNN | RXQGCYBRNQH U [RDRIQRIDV
ZHVW B6RXWK $IULFDQRERDYWDBROBEWDRXQG DORQJIRRFK $J
WR WKH FRDVW RTIOHRVBPEEZRXHLVWHU VSHFLHVY FDSDEOH F
EH IRXQG DORQJ FRQWDFW JRQHV7XKFKDP\S QK R | &IREK \3 HR
FROOHFWHG DPRQJ RQHVRLQVKIHON\HHFRRQW BRWWR GIULFD 7K
FKDSWHU RI WKLV WKHVLV DV WKLV VDPSOH KRXORB QLDSPE
DQGNORQLDZKRG KDPDINHY LW D YDOXDEOH WDUJHW WR HI¢

. E. maxima . E. radiata . Both

J)LIXUAKH SRVVLEOH GLVWULEXWLRQ RI WKH JHQXV (FNC
SUHGLFWHG ZLWK VSHFLHV GLVWULEXWLRC



SOLQLFOBNOWRKYPBDYHG 3KDUPDFHXW
6RGLXP 20LJRPDQQIDWEQ*RUDOO\ DGPLQLVWHUHR PR (CFINRF
NXURPKDW LV DSSURYHG LQ &KLQD WR WUGIDWHP\LIOG BN R
FRIQLWLYH IXQKWVREHHQ VKRZQ WR LQGLUHFWO\ UHH®ED
$' DQG PLFURELRWD KDV \HW WR EH HOXFLGDWHG H[KDXV
DPLQR DFLG PHWDEROLVP RI JXW PLFURELRWD FDQ OHDC
OHYHOV LQ WKH ERG\ FDXVLQJ WEKHOQQWF DBV 8 8 X3UFED L {H |
FDQ DOVR GLUHRWOLQQRUPDWLRQ ZKRVH DJJUHJDWLRQ
EHHQ LPSOLFDWHG LQ WKH SBIMDKR/I WERHWE KW BDIFSORWGE L Q L

IRUPDWLR
‘L% ( m'COONa
n ( mCOONa
n=1~9

m=20,1,2
m'=0,1

JLIXUBWUXFWXUH RI 6RGLXP 20LJRPDQQDW

8VH(RNORRNDDFW DV %LRIHUWLOL]HU
$00 SODQW OLIH UHTXLUHYV PLQHUDOV SUHWHGWPIP®R QVRH(
UHTXLUHG LQ WKH VRLO LQ KLJK DPRXQWY DUH QLWUR:
LQWHQVLYH IDUPLQJ DQG HWUHPH ZHDWKHU FRQGLWLRQ
IURP WKH VRLO HLWKHWZWHQJWKBG W8 DWD DHUD WFOIMHQ LV
DzD\ 7KH IXQFWLRQ RI IHUWLOLVHUV LV WR UHSOHQLVK W
XVH KRZHYHU OHDGYVY WR D YDULHW\ RI SUREOHBWYWJVREDD\N
QLWURJHQ IHUWLOLVHUV LQWR ZDWHU VROXEOH QLWUDW

7KH XVH Rl VHDZHHG H[WUDFWV DV D IRUP RI QDWXUDC
FROQYHQWLRQDO V\@WORWLP I-HBJWBER KWKDSKDV EHHQ KDUY
DV D ELR VWLPXODQW XQGHU WKH QDPH .HOSDNS 30DQ
SRO\DPLQHV JLEEHUHOOLQV DEVFLVLF DFLG EUDVWNMDGR



SKORURJOXFRFRQRQPD[KPPH SURYHQ WR VWLPXODWH FUTF
RI 0 HFNRO ZDV SURYHQ WR LQFUHDVH WKH OHQJWK DQ
OHQJWK RI WKH URRWYV )XUWKHU® RUH FWRINR Q 5 KIGRRAFR |
WKH OHQJWK Rl PXQJ EHDQ URRWYV D® R | WKRR\RR/OVD 6 R B NLQF
RI OHDI SURWHLQV 7KLV HYLGH QR NXKRPVDS\KHY ISE 9 DU | K
SODQW JURZWK UHJXODWRUV IRU DJULEXOWXUDO XVH

OH
OH O/©\OH OH
HO 0 HO OH
OH
Eckol Phloroglucinol

JLIXUKBWUXFWANRONEORURIOXFLQRO

3KORURWDQQLQV

SKORURWDQQLQV DUH ROLJRPHUV RI SKORURJOXFLQRO W
2FKURSEURZMZMHG 3KORURWDQQLQV FDQ EH GLYLGHG LC
WKDW MRLQ WKHLU SKORURJOXFLQRO OLQNDJHYV

SKORURHWKROV )XKDOROV DUH FRPSULVHG RI HSWRIRWU R
VXFK DV WULSKORURHWKRO $

)XFROV DUH SKORURWDQQLQV ZKHUH WKH SKORWRIERE
VXFK B®W @ FKORURGLIXFRO KH[DFHWDWH

JXFRSKORURHWKROV DUH SKORURWDQQLQV LQ ZKLFK I
EHWZHHQ WXHLQRORYRKWW IXFRSKORURHWKRO $

(FNROV &DUPDOROV ZKHUH WKH SKORURJO XFLQREK XL W



OH

OH (@) OH

/ﬁ:[o OH
HO OH

OH

Triphloroethol A
Phloroethol / Fuhalol 3-[A4]chlorodifucol hexacetate
Fucol

OH

HO OH /@\
OH
O HO OH OH @) OH
SO cos
OH
HO (o)
OH HO @)
OH

Fucophloroethol A

Fucophloroethol Eckol

Eckol / Carmalol

JLIXUBWUXFWXUHV RI WULS KOFKWRIMW IGR OX § R OX kK R BIXFOHRVJIRY
DQG HFNRMH IXQFWLRQDOLW\ RI HDFK W\SH RI SKORU

3KORURWD@Q DR LDRWPS
(FNRO SKORURWDQQLQV DUH WKH PRVW FRPHRQ FFQWB O/
LV RKDXVWLYH UHYLHZ RI VRPH QRWDEOH SKNAR  WB\Q
PHWDEROLWHY ZHUH VHOHFWHG DV WKHH5 6PD6/ DYDY BDNKN
6RXWK $(ENEB/PPPLSOH VWXGLHG LQ WKLY WKHVLV

7ULSRBOWKRQ BV FROO KFMWHBEQILIR PMORW R B IBIHD R |1 -DSDQ PD
W SRVVHGVYEBHMQWLDFWLYLW\ LQKLELWLED VDIORER B RIGHGE



)XFRGLSKOR URHDW KIR/R ® 0ANIOR QUIRPREMBN &KLQD 6HD 0DULV
W KDG SRWHQW UDGLFDO VFDDI @& RHLRIJRIF W K¥LW8\+Z\W/ W X \WD C
LWV SRWHQWLDO DV DQ DQWLR[LGDQW FRPSRXQG

(FNRO SKORURHPBPNEIOFNRDHUH LV R QBNMIHOQU®BERRID P X.ODW K H
RI -DSDQ PDULWLPH HFRUHJLRQ MKKWRPERRSLREX DIGR/D.Y WR X
PDFURJORELROD®BLQ (FNRM®M&DHV ,RIP/DQG J P/DIDLQVW
PDFURJORELODYBLQ UH\SKHARWIRHFOR OY RDEHD R PEDJDL Q\
ERWK SODVPLQHRNRE LKWDEBOYHY RP/DQG J P/DIJDLQWWDVPL
DQ.G SODVPLQ UHVSHFWLYHO\



OH HO OH

nlii OH
OH o OH OH 0 O
HO OH

/I:i:I:O OH /[:i:I:o OH
HO OH HO OH

OH OH

triphloroethol fucodiphloroethol G

OH

ol 2,

OH o) OH OH OH
sees fi X

HO HO o} HO OH

(0]

eckol 2-phloroeckol

OH OH
J@[O L
OH (0] OH o OH
Jf:[O 0O
HO 0o

OH OH

dieckol

JLIXUBWUXFWXUHV R \WAHARKICGRKUICRRHVRRIRMKRRB KO RURHI/B R C
GLHFNRO

ELHFNRDQGIELHFNR@HUH LVRQBWOIRKQIULRRNBOEPRBID WKH 6F
-DSDQ PDULWLPHTEIFHRARNAROQRUKR ZHEBKGE RPHEQ W LFQINAVD IOYXLHAA
J P/ J P/ J P/ J PIDQG J PDIJDLQWMFURJOREOQOQVPL



SODVPLQ WU\SVLQ DQG W HEIRPENRO UBGS KN WRF/HO\ P/
JP/ ! JP/DQG J P/IDJDLOQWRFURJOREQOQYPBEODVPLQ WL
WKURPELQ UHVSHFWLYHO\

(FNPD[ROZDV LVRO DFMNOR QURRRDWRHE $JXOKDV PDULWLPH
ZDV VKRZQ WR KDYH QWXURBNRBMROWSUY H YHRIQRVBHRE HDWP \IORG:
GHDWK LQHBH®R\DHQW PDQQHU ZLWK @ PRNEPRD) Q VI BPW RD \
UHGXFROLJRPHU LQGXFHG R[b&XWLHGIOVW DBGVLIQX LBELW W
SDWKZD\V IXUWKHU VKRZFDVLQJ QHXURSURWHFEWLYH DFV

'LEHQ]RAXRRSKRRORHADY LVRODMNOR QUBROFWXBI <HOORZ 6F
HFRUHJLRQ 7KH FUXGH H[WUDFW IRUDYK B/FEDLRZIQQ D O/J W KK R
YLUXV + 1 ZLWRO®OXH ,BRIPLQ WKH &\WRSDWKLF HIIHFW &3(

SBKORURIXFRIX3BRHFNROW LVROCFWROR QUBRMNRBREBEWKH 6HD F
PDULWLPH HFRUHJLRQ 3KKRZUHRS XSHRRWKIOR\A BRRI@ S D FYWOLO X K
R JPDQG J PDIJDLQWFURJOREISWPQG UHVSHFWLYHO\



OH

OH (0] i OH OH
l (0} OH f

OH HO (0] HO o)
O HO

o OH OH
HO O
HO\©/O

OH

OH OH

OH
HO 0
OH O
0
O o OH
OH o OH
o OH \Q/

OH

6,6'-bieckol 8,8'-bieckol

HO OH HO OH
HO OH
0 O HO 0
OH

OH

eckmaxol

dibenzodioxin-fucodiphloroethol

HO

OH
HO OH
o

OH O
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oS Jon
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o
o]

HO

phlorofucofuroeckol A

JLIXUHWUXFEWXEH/FRROELHFNRMHENPD[ROGLEHQ]RGLRIL
IXFRGLSKORUR®® 8RO



1 SKORURJOKEFLMRNR ZDV LVRODQDWMNGR QULRRQFMWKH (DVW &
PDULWLPH HFRUHJLRDV &RPSRKXK@ GRU DQWLR[LGDRWGERLRD!
YDOXH RO DIJDLQVW WKH '""3+ UDGLFDO® VAD YOHONMAOQV PN YW

0 IRU K\GUR[\O VFDYHQJOQIR D PAMXISHUR\[LGH VFDYHQJL
0O IRULQWUDFHOOXODU 526 VFDYHXQQVR JVRR BN BY SVIRGAK E
HITHFWV DJDLQVW FHDOXWR WD @DBXWHXRIH WR +

3\URJDSXORW R JOKFILHRNRAZDV LVRODMIO®R QUR@FIWKE (DVW &
PDULWLPH HFRUHJLRKD G& PRYRROXE RI0 DDLQVW WKH ''3+
VFDYHQJLQJ WHMWANDON\O VFDYHQJLQIRDFKAGYURNY\O VEDYHC

0 IRUVXSHUR[LGH VFDYHQUURU DRWIUNLAHOMX®DU 526
&RPSRX@®VR VKRZHKEG BDOWWRHEWDQW HIITHFWV DJDRLOQWK
,& YDOXH RO

$ DQG % ZHUH LVROMTWEBRQIURMNXURPG WNDBPEHD R
PDULWLPH HFRUHIJLPQGZRBSEHRXRRGWHG IR UWLCHVLRBRQLGE B Q BH,
RI 0 DQGO DJDLQVW WKH "'3+ UDGLFDO VFDYHQJLQJ DRGV

KDG VWURQJHU LQWUDFHOOXODU UDGLFDO V WIRVHRE@ KIHXIF
TXHUFHWQQ DW



OH HO\©/OH
0~ i ~OH
OH

O (6]
OH OH
HO (0]
\Q/ OH OH
L X
o OH
OH

2,7"-phloroglucinol-6,6'-bieckol pyrogallol-phloroglucinol-6,6’-bieckol

P ﬁiﬁ <
Q:o Q .

HO
974-A

974-B

JLIXH 6WUXFW XI$HKD RURJO XELLIDRNR B\URJBIOORWORIOKFLQF
ELHFNRO $ DQG %

6 XOIDWHG 3KHQROLF OHWDER

&EXUUHQWO\YWHKHUHHZSIRWMIVHG V XOID W AVX F K GHRARRNT. (- IDAVH
OLWHUDMWEKKHIHIOHFWYV DL WRIGIX®HBIWIH @ IDRNR RDWLF FRPSF



WKH PDULQH HQYLURQPHQW VXOIDWH P JDU B CRIHIV HIQMK CKVD (
&0 EHLQJ SUHVWHIQW EDURPL®H DWQG LRGIPGH DW

ODULQHKBOEBYHORSHG WKH QHFHVVDU\ ELRFKHPLFDO FRF
DQG VXOIDWHV SUHVHQW LQ WKHLU HQYLURQPHQW VXEFE¥
SKHQYXROYKDWDVH 6HDZHHGYV FDSDELOLW\ WR VXOIDWH EL!
RI VXOIDWHG SRO\WDFFKDULGHV IRXQG LQ VHDZHHGV
2FKURSKWKB QRWDEOH ODFN RI VXOIDWHGVDQRERQW LK) RRF
EHHQ VXJJHVWHG LV D UHVXOW Rl KDUVK DQG DF%G DR H [M
H[DPSOHV Rl QRWHZRUWK\ VXOIDWHG SKHQROLF FRPSRXQ

WHWUDK\GUR[\G6HQXOODHWH HYWIHMRODWHG IURP WKH
$VFRSK\OOXPLQRGKRHV PBHDULWLPH HFRUHJLRQV RI WKH 1RU:
VXOIDWHG DURPDWLF FRPSRXQG IURP D EURZQ DOZDV MKR[
WR |ILVKIOHXVYREGBFWHYYV D

GLEURRWUR[\EHIQGIOVXOIDWHN LVRORWRIGWMKROLD [EQ® WR
6HD RI 2NKRWVN PDULWLP MX-OARWHHIG PQ RPKOW LR EQRPRSK
IHHGLQJ GHWH U U HQ@VO IDREWN WENOEEDND WEWW X OIDWHG EURPF
FRXOG LQGLFDW HVIRWIVF LBRIHHF PWVER W R Q

'LIXFREELVXOSKDWH SHQWDKXGWERBKHQUO @XOIDWHGURI\
SKHQ\OHQH ELV V)CQIK\WSRKRHQ\O VXOIDGMHK\GURK\GURI\
VXOIRQDWRR[\ SKHQR[\ SKH@LE&\EX®[DIKHRIR{\GUR[\SKHQ\¢

DQ®\GUR[\ WULK\GUR[\SKHQR[\ SKHIQUG Y XRCDWHG IL
DO3DHXUFXYKIYD UG MWKH QRUWKHUQ &DOLIRUQLDK&MHUN®
VXOIDWHG SKORURJOXFLQRO GHULYDWLYHV DUH RQH RI
OLWHUDWXUH DQG PD\ EH LOQWHUHVWLQJRR VY X® LDMKHG S/KN
1R ELRDFWLYLWLHY ZHUH UHSRUWHG IRU WKHVH FRPSRXQ



SO4 K+

OH
OH Br
HO //o O\\ _OH
o S Br OH
7 O (0] \\O
o\
OH SOs' K+

1,2,3,5-tetrahydroxybenzene 2,5-disulfate ester

H OH HO

oo
OH HO H

Difucol-4,4’disulphate

H
H

2,3-dibromo-5-hydroxybenzyl-1’,4-disulfate

OH HO H

2,2'4',6,6'-pentahydroxy-[1,1'-biphenyl]-4-yl sulfate

H H
HO OH
H

5-hydroxy-1,3-phenylene bis(sulfate) 3,5-dihydroxyphenyl sulfate

S04
H OH H O
H OH H OH H

OH H OH

3,5-dihydroxy-4-(3-hydroxy-5-(sulfonatooxy)phenoxy)phenyl sulfate 4-(3,5-dihydroxyphenoxy)-3,5-dihydroxyphenyl sulfate

S0,

H OH H (@]

gasvd

H OH H OH

3-hydroxy-5-(2,4,6-trihydroxyphenoxy)pheny! sulfate

YLIXUHWUXFWXUNMMRIUDK\GUR[CANYHQOWH HGWHEWR PR
K\GUR[\EM QGLO/XOID'WHFRIOLOIKDWH SHQWDKXGURJ\
ELSKHQUO@XOIDWMGUR[\SKHQ\OHQH EL\GVK\GIDR{HSKHQ\O V|
GLK\GURK\GUR[VXOIRQDWRR[\ SKKQFRIWSKHQ\O

GLK\GUR[\SKHQKNCIRHQ\O VXDIQWHSUR [\
WULK\GUR[\SKHQR[\ SKHQ\O VXOIDWH



GLEURRWVGUR[\ EMQGLY XOIDIDY LVRO®\WH I\ RFROM G L D @ B\
*HRUJLD %DVLQ PDULWLPH HFRUHJLRQ LTXRRE RO RP/BRE LAML
ZDV SURYHG XVLQJ YDULRXV H[WUDEBDN FO® \BR) RAFHBGWSKKE YDX
VWUDLBQURWIOHNEVLHOOD GS\QUNSWARERFFIDVSARDHIBOOP R QH

WA\SKLPXPDLWK DFWLYLSSPDURRXG@G\ VWOEDXQYHRBHSKL FK FRP
KDG QR DFWLYLW\

CH,0805 K+
Br

HO Br
0SO5”
K+
2,3- dibromo-5-hydroxy benzyl-1’,4-disulfate (29)

Degradation during extraction process

CHO CH,0Me CH,OH

Br Br Br

Br OH HO Br HO Br
OH OH OH

5,6- dibromoprotocatechualdehyde 2 3-dlbromo-4,5_dihydroxybenzyl methyl ether Lanosol

JLIXUAKH GHFRPSRVIGWERQRFEUR[\ EfQGLWO/ XOIDWH LQWR
VXOIDWHG PHWDEROLWHYV

$LPV DQG 2EMHFWLYHYV
7KH DLPV Rl WKLV UHVHDUFK SURMHFW ZHUH

7R GHYHORS D QHZ H[WUDFWLRQ DQG LVRODWLRQ PH
GHJUDGDWLRQ

7R SHUIRUP D GHHS FKHPLFDO D QD QRMD\R QRDDE KB B/RIX O
SKORURWDQQLQV



2EMHFWLYHV RI WKLV UHVHDUFK SURMHFW ZHUH

8VLQJ WKH 6LULXV VRIWZDUH WR LGHQWLI\ DQ\ NQRZQ S
WR LGHQWLI\ DQ\ XQUHSRUWHG VXOIDWHG SKORURWDQQL

([WUDFWIK@UDBWHULVLQJ DQ\ QHZ VHFRA ®RQE\ PMWDBER

SHVXOWYV

$QQRWDWLRQ RI 6XOIDWHG 3KO
SUHYLRXV ZRUN FDUULHG RXW E\ 3URIHVVRU 7KRPDV LGH
FRXQWHUSDUWYV I|IRIW RVD+BI(HWE D QWROVIWL RFEH NQRZQ SKO
VXOIDWHG FRXQWHUSDUWY GLIITHUH® IURP HDFK RWKHU Z

Annotation m/z Retention Sulfated Retention
Time (m) Phlorotannin | Time
m/z
Triphloroethol A 373.0556 3.38 453.085 3.65
Fucodiphloroethol G 497.0716 5.8 577.0296 6.05
Eckol 371.0409 6.51 450.998 6.63
eckmaxol/dibenzodioxin| 743.0899 6.52 823.0446 7.26
fucodiphloroethol
dieckol/6'6bieckol/8,8" | 741.0731 6.83 821.0313 7.52
bieckol/Eckmaxol
2-phloroeckol 495.0576 6.63 575.0143 6.86
974A 973.1115 7.68 1053.068 8
2-phloroeckol 495.0576 6.63 575.0158 6.68
Dehydroradeckol 577.0302 3.6 - -
Phlorofucofuroeckol A | 601.062 7.59 - -




Unannotated sulfate 450.9971 7.67

compound

7TDEOHKH DQQRWDWLRQ P ] RI WKH GHWHFWHG SURWRQ D
DQG WKHLU VXOSKDWHG DQDORJXHV

+RZHYHU QRQH RI WKH VXOIDWHG FRXQWHUSDUW RI WK
UHSRUWHG LQWOZWWH KDMWNRWKHVLIHG WKDW KDUVK H[WUDF
GHVXOIDWLRQ RI WKHQFHKORHNR WPD® DFVGHYHORSHG WR L
ZKLOH DYRLGLQJ GHJUDGDWLRQ

OHWKRG '"HYHORSPHQW
7KH PHWKRG G HDA\HORFPVHHGNVRD) RSWLPLVLQJ VWHSV WK
SXULILFDWLJRQO XKHRI ZDV XVHG DV D VWDQGDUG WR
VXOIDWHG SKORURWDQQLQ WKD¥K H H R P SRX\Q B U BV VIR HR
LV DOVR WKH PDMRU PHWDEROLWH SDKIVAKQ MD FZLLOV KA VW IGL
GHJUDGDWLRQ



No
Sonication

Extractlon Sonication Chosen

[ MeOH J HZOa’MeOH‘ - ‘ MeOH/Tol E\JEOH CH»CI;]

Ext:ractlcn H;O/MeOH chosen

- [n-BuOHr‘I—IZO} [L-H‘BE-H_,O.-MeO%

l Fractionation: n-BuOH/H,0O chosen

H;0/MeOH
0.1% AcOH

Purification: H;O/MeOH, 20mM pH4 CH.COONa/AcOH
buffer chosen

H,O/MeOH H,0/MeOH
No Acid 1% AcOH

JLIXUH7KH ZRUNIORZ RI PHWKRG RSWLPLVDWLRQ 7KHGU!
FRQGLWLRQV

(IWUDFWLRQ

7KH VWDQGDUG H{WUDFWLRQ SURFHGXUH XVHG LQPLROIY H(
XVLE@H2+ &&0O 6RQLFDWLRQ LQYROYHYVY WKH WUDQVIHU F
ELRPDVV WR EOWMXNDWIRPHHEHUDQHY 7R REVHUYH ZKHWK
VXOIDWHG SKORWORDQMREEH WAKIHV H[WUDFR2HH & &KV L Q JZQAV |
DQG ZLWKRXW VRQLFDWLRQ )RU WKH VRQLFDWHGXSWHR/F B
WKHQ YRUWH[HG DQG D3)XDb ®m6/HE/ WKW RWKKIK SURFHGXUH ZL
HIWUDFW ZDV RQO\ YRUWH[HG DQG DQDO\VHG



2610 B E[&laoc 3 ox|e il AEM]% % Bl Moo z i3

=108 |-ESITIC Scan Frag=175.0v miMDexNOson1.d

5.451

0.680

9145

8035  gssz o 10139 qpge5

o 4 M oW B oo @

i

x10% -ESITIC Scan Frags175 0V miMDexson1.d

5.4b3
&
54
4] 5181
0,685 4860 |
3 ‘p‘ ‘
2 | o L \\ ’ -
14 |I 'r." R \-_. iy 703 8024 E??-’\L‘,;" 011 qpess i
r"’”"L“‘ - A A _S___’n__” €58 Mmool B e BT e
o=
05 i 15 H 25 3 35 4 45 [ 55 [ 65 7 75 [] a5 (] 95 0 105 1 s 12 125
Counts vs. Acquisition Time (min)
1 Spectrum Preview

2o tlaBd[Ealoe 1-Bl =9
x10% -ESI Scan (r: 5.456 min) Frag=175 0V mtMDexson1 d
11

- 1053.0677
08
08
074
086

05

04

0.3

02

014 601.0635 9559718

o) 124p060 2445941 ULy | 7o70ss2 8270620 ||| L. . 1354 5950 1592.0302

a il . Pl -l il P N (T . 13 [ Mt St
W0 200 300 4o sho e 7o sl 9lo 1000 100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2900 2600 2700 2800 2900 3000
Couns Mase-to-Charas (o)

JLIXUH7K38/&06 IRU WKH SURFHGXUH LQYROYLQJLQRQLEI
VRQLFDWLRQ UHG 7KH P ] YDOXH RI ZDV REVHUY
SKORURWDQQLQV KDG QRW GHJUDGHG

1R GLIIHUHQFH ZDV REVHUYHG EHWZHHQ WKH H[SHULPHGQ
LGHQWLFDO LQ EWRRXK WRH WRQVFDWLRQ SUWRHVEUEDW GIR:
FHOO ZDOO DQG PD[LPLVH WKH UHOHDVH RI HYHU\ SRVVLE

7KH VHFRQG VWHS Rl H{WUDFWLRQ RSWLPLVDWLRQOEDY W
@4 OR++2 2-(W 2 + D D46 &0+ O ZHUH WHVWHG
WROXHQH ZDV WRSLQWWBWNUQWHQWHUDFWLRQV EHWZHHCG
ZRXOG LQFUHDVH WKH \LHOG RI H{WUDFWLRQ WMRG ZBW KX
ODUJH VFDOH FRP PHQZEZIDD/OXXWHE WR WHVW ZKHWKHU WKLV
WKH H[WUDFWLRQ \LHOG RI WKH VPDOOHU PRWRH K& IZREKHL
XVHG DV WKH\ DUH VWDRGHWG H[WUDFWLRQ SURFHG
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JLIXUH7KH 83/& FKURPDWRJUDP RI WKH HIWUDFWLRQ SURI
GDUN EQXBHWKDQRO OLJKW EOXH PHWKDQRO GLFKORI
WXUTXRLVH

$00 WKH RO ISQWMFLHQW LQ H[WUDFWLQJ WKH PDRRU
WKH VXOIDWHG D Q DILEHQH RRY ERENGK[GRROURHW KPR D
GLHFNROFNREB.HFNRO DQG W KX U OWE\@ ZHIWM B
3 PLQRU SHDNV FRQWDLQHG BRARQRIXPKIXURHENR® § |
WKH VXOIDWHG $DQBRRHIMHURMW 2D Q62 OH2ZHUH PR
HITHFWLYH IRU H[WUDFWLQJ 3 PARQWDLQULIQH VX O SHHW HiGV
IXFRGLSKORURHWKRO *2 DHOWHHWUPKEWH\LWRIBHG KLIJKHU L
FRQWDLQLQIZMMKK VSHFDB'G UHVSHEWLYHO\2 RHR WK
HIWUDEFW ZDV KHJ RWHKHW & RO MQW FRPELQDWLRQV

JUDFWLRQDWLRQ

7KH VWDQGDUG SURFHGXUH IRU IUDFWLRQDWLRQ LQYROY
WKH H[WUDEFW2XOMHZ}] #H2+ OKZ&ODQ&+& O UHVSHFWLYHO\

DOORAWKHRGHVDOWLQJ RI WKH2PIDIEW RIQ® AVBABUHD IR WW K H+ |
'&0 I[UDFWLRQ IRU WKH HOXWLRQ R2 5 @WGPOAS\KPNWYE RBIL
GLVFDUGHG DQG WR VHSDUDWH WKHIRMWIXDMK DEF FSRAWGE L IQR
WKLV VWDQGDUG SURFHGXUH KDV WZR LVVXHV 7KH VLOD
FDXVLQJ WKH GHJUDGDWLRQ RI WKH VXOIDWHG SKORURW



D vLJQLIuUWDL®RW BRWKH PHWDEROLWHY ELQG LUUHYBUVKE
SDUWLWLRQ ZDV IDYRXUHG RYHU YDFXXP OLTXLG FKURPD

GLIITHUHQW SDUWLWLRQV ZHUIH 2HSH U L P H QADH/G WALMWHIG D
VWDQGDUG SDUWLWLRQ FRQWDLQLQJ D OLSRSKRIOWK BEKD
HTXLOLEULXP EHWZHHQ WKH WZR SEBDOG W2KHN S X B SOWHV |
ZDV WR REVHUYH WKH DIILQLW\ RI W DN IB\K ORGRW R GHMDO
KLJK VDOW FRQWHQW FDQSKRXVIHFDWDRQ GXULQJ +3/&

7KH 07%R2 OH2+ SDUWLWLRQHGLGBEQRXJK VHOHFWLYLW\ DV
HTXDOO\ EHWZHHQJERWK SKDVHV
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=]

il w1

A"

x102 DAD1-G:Sig=28004.0 Ref=360.0,100.0 MB MW/ LL 2 MTBE.d

&

05 i 15 H 25 3 35 1 45 5 55 3 65 7 75 8 85 3 95 10 105 fil 115 12 125
Response Units vs. Acquisition Time (min)

JLIXUH83/& FKURPDWRJUDPV RI WKH DTXHRXV SDUWLWLRC(
Rl WKH 02%WHWKDQRO OLTOLG XS DBEJWLWLRQ

7TKH %X2+ 2 SDUWLWLRQ RITHUHG I0UXDADIDWG \DHGHAWH B L WY
QHFHVNRWU+3/& SXULILFDWLRQ+RRZEBY WU WLKH) (WM2GFNVKH JU
PHWDEROLWHY 3DUWLFXODUO\ WKH ODNW SHDNV KRSHG
DIILQLW\ WRZDUGV WKH (W2$F SKD¥R SBWLWKRQ UBDWRH
IUDFWLRQDWLRQ DV LW SURYLGHG JRRG UHWHQWLRQ RI
GHVDOWLQJ RI WKH HIMU®PEFW VLPXOWDQHRXVO\
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JLIXUH7KH 83/& FKURPDWRJU®SRDR/IHW BEBHRIWI DIMQAGE DTXHR X\
QW X2+ 2 OLOXTXSLG SDUWLWLRQ
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JLIXUH 7KH 83/& FKURPDWRJUDP RI WKH RUJDQLF SKDVH
(W 2R+ 2 OLOXT®SLG SDUWLWLRQ

SXULILFDWLRQ

W ZzDV K\SRWKHVL]J]HG WKDW WKH XVH RI DFLGLF FRQGLW
RI WKH VXOIDWH JURXS )RU WKLV UHDVRQ YbDIORRY FR
$R+ +2 OH26+ PO &+&221D $FPRG2 OH2ZVROYHQW ZLWK QF
XVHG WR REVHUYH FKDQJHV WR OWKOH PXUBRPWWRJIJUDP RI W



DAD1 C. Sig=280,10 Ref=off (MEHMET\ECK... ECKLONIA XBRIDGE C18 ANALYTICAL 2024-03-04 13-12451003-0201.D)
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JLIXUH7KH FKURPDWRQWPDMRI WKH HIfWUDRW RNWEKD®RO ZL
:DWHUV & [ PP 2 + OH2+ WR OH2+ W PL

200-|

JLIXUH7KH FKURPDWRQWDMRI WKH HIWUDRBW VVRKDQRG ZLWK
DFLG ‘DWHUY & PP 2 + OH2+ WR OH2+ W P
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JLIXUH7KH FKURPDWROWDMRI WKH H[WUDBW RMWEKD®RO ZlI
&+&221D $F2+ S+ EXIIHU :DWHURP& 2+ OH2+ WR
OH2+ W PLQ

'LWKRXW EXIITHU WKH LRQLVDEOH VXOIDWH JURXSV DUH

ZLWKLQ WKH FKURPGBWRIWREGSMRONLRQPGEWU VXFK FRQBQWWHE
GLG SURYLGH D FOHDU FKURPDWRJUDP KRXHYHWEF DWR EH X
SXULILFDWLRQ RI WKHVH FRRSRXDOWF2ZAKEXIIFHU SSURYLGH
FKURPDWRJUDP DV WKH DFHWLF DFLG DW D JHQWOHU S+ ?

7RHWW ZKHWKHU WKH VXOIDWHG FRPSRXQGV ZHUH GHJUD
SXULILFDWLRQ ZDV FRPSOHWHO\ DQG WHKH (ERBSRYG GWK BH
P ] UHPDLQHG XQPRGLILHG
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JLIXUH' KH 830& RI WKH DQDO\WLFDO SXULILFDWLRQ RI WK
&+&221D $F2+ EXIIHU 7KH 06 5HG VKRZV WEKBWXOPBKI
UHPDLQHG XQGHJUDGHG

7KLY VLPSOH PHWKRG WR H[WUDBW HIA& BKWRRRUWDID QIQLBV S
VFDOH WR LVRODWH DQG FKDUDKMWNHUR QUDPBBE HSKORURWD

+3/&%" 3IXULILFDWLRQ

J RI ITUHH]H GULHG WK NG R YWKDY6 GBI AW@ RV DG 24 L Q X VL Q
VREDWLRQ [ PLQ 7KH H[WUDFW ZDV 2DUWLWKR QUG EQ
ZDV HYDSRUDWHG DQG \LHOGHG PJ RI IUDFWLRQ ZKLFK .
SHYHSKBIVH 3UHSDUDMILGH H 34&+ & 2%XBQHS &RO + 2

OH2+ WR OH2+ PO 8&822BH$F2+ EXIIRURIQDW WPLQ
OH2+ W PLQ



202mg of Ecklonia sp. extract

Preparative HPLC

Crude Fraction Crude Fraction Crude Fraction Crude Fraction

P1 P2 P3 P4

Analytical
Purification

Eckol {(1mg) 8,8"-bieckol Mew compound

(2mg) 1054-A (5mg)

JLIXUH:RUNIORZ Rl WKH SXULILFDWLRQ SURFHVV ®1GW
FUXGH IUDBWIBR@WWB UHSXULILHG WR \LHOG NQRZQ FRPSIH

\LHOG NQRZQ FRPLIFNR® 3 ZDV UHSXULILHG WR ODWOE\Q
WKH FUXGH |U DV VEHRPNDVRXGIGQG XA & R MAKIHV BONIAH S E
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JLIXUH$ FKURPDWRJWQPP VKRZLQJ WKH FUXGH IUDBWLRQ)
+3/& Rl WKH (FNORQR VG HPWWDEFW2%' 3UHS &ROXPQ
PP  +2 OH2RW OH2+ PO S+&224$% $F2+ EXIIHU L¢
RQO\ WPLQ OH2+ WPLQ

7KH FUXGH3|I WIDAPWURSOXULILHG WKH NQRZQ SKORURWDQQL!
\LHOGHG YHU\ ORZ WMPRRQUWWHD(®® 65066 QQ D OAKHVUHS XULILF
FRPSOHWHDBFXWUM)+BDEAHKROXPQ DQDO\WLFDO & 18&/(265P

[ PP +2 OH2+ WR OH2+ W PLQ OH2+ W PLQ
QR DFLG DQG QR EXIIHU LQ VROYHQWYV
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JLIXUH7KH FKURPDWRJUDP VKRZLQJ WKH UHSXULILFDWLR
SHDN SXULILHG KLJKOLJKW HG@/BRQFRIOE P @ DEFE® B OMW LD E O 1
& +' —P [ PHP2 OH2+ WROH2+ W PLQ OH2+

W PLQ QR DFLG DQG QR EXIIHU LQ VROY

7KH FUXGH3 | UDFAWULR®XULILHG DQG \LHOGHELWRMNRNQ RDMD F
SHDN ZDV DYDLODEOH IRU SXULILFDWLRQ WIK®IO WQKPH ZFDLYQH
UHJLRQ LQGLFDWLQJ IDWW\ PHWDERTKHVHMS QRIWLEDRRRD
XQGHU WKH IRO O RZLRKHBR QIWHBRIOXPQ DQDO\WLFDO

& +' —P [ PP2 OH2+WR +2 OH2+ W PLQ

+2 OH2+ OH2+ W PLQ QR DFLG DQG QR EXIIHU LQ VROY
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JLIXUH 7KH FKURPDWROPDRUHHQ VKRZLQJ WKH UHSXULIL
3 ZLWK WKH PDMRU SHDN LVRODWH G +3l&KFR.Q K W@ GDIQD «
18&/(26,/ & +' —P [ PR OH2+ WR 2 +
OH2+ W PLOQ 2+ OH2+ OH2+ W PLQ QR DFLG DQG Q
VROYHQWV

7KH FUXGH3 I WDAWURSXULILHG DQG \LHO G 8 G WKKH VXD DR
NQRZQ SKORUBWBREOQARQGLWLRQV RIDAUKHDWH ISREIFKRIZB/E W L E
+3/& FROXPQ DQDO\WLFDO& 18&/(26P [ PP2  OH2+
WR + 2 OH2+ W PLQ +2 OH2+ OH2+ W PLQ QR DFL
QR EXIIHU LQ VROYHQWYV
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JLIXUH7KH FKURPDWRQWDR KRZLQJ WKH UHSXULILFDWLRC

ZLWK WKH PDMRU SHDN KLJKOL3BNMHFER DY RJH GD @D G KW IUFHD (

& +' —P [ R R OH2+ WR 2 +

OH2+W  PLQ
+ 2 OH2+ OH2+

W PLQ QR DFLG DQG QR EXIIHU



$ VWUXFWXUH (OXFLGDWLF

$ ZDV LVRODWHG IURP WKH UHSXULILFDBW/IER QLR X WHO |

+5(6,06 DQDOWIHQWLIEEWBRWKAX-MDU LRQ DW P ]
WKLV FRPSRXQG ZDV WKH VXO@SKORUHG] OFRQRNIRE RBI\U |
SKORURJONEHFRAO$ RU % T$KORURJOKXFILMARRO 3\UI
SKURJOXFIFLRIGNRO VKRZHG QR VWURQJ PDWFKHV LQ WKI
EHWZHHQ WKH ULQY DQWMHMQRBIWKH PRUH GHVK®%H@BHRX 9
GLVWLQJIXLVKLQJ GLII$ DQGF H. & HADAH BEKWDIWSH GDV WKH VX
DQDORJXHE RI

JLIXUHBWUXFWXB®BHDRQHZ VXOSKDWHG SKORURW
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JLIXUH7K#H 105 VSHFWUX¥ RHDVXUHGGAQ OH2+



7KH SRVLWLRQ Rl WKH VXODWH GDQ VY HKDGHI Y H B P FVORK H
ZLWK$ LQGLFDWLQJ WKH VXOIDWLRQ Z QVWKAEFRIIRMWHRG) L\B MH
VLIQDO DWSP VLQJOHW LQGLFDWHG WKDW WKHUH L
VIPPHWU\ FDXVLQJ HTXLYDOHQFH Rl WKH WZR SURWRQV ¢
WKDW WKH VXOIDWLRQ RFFXUUHG DWWKHQ G HV KLKHYGZ DV
FRPSDUHG WR WKH U$Q@J + SSFRWRQ LQ

J)LIXUH $ VLPSOH GLDJUDP VKRZLQJ KRZ DQ D[LV RI V\PPF
HTXLYDOMKRQHF\SRIRWRQV SUHVHQW

7KH UHVW RI WKH VLJQDOV ZHUH GHB$LDNVGWKKURWY BKK I RIRE
LQ FORVH DJUHHPHQW ZLWK UHSRUWHG GDWD

20 ULQJufl+ + DQQGpE pih KDYH +0%& FRUUMD PMWLRQV W
+ Up HYKRZ +0%& FRUUHMRWLR QDOWR &

2Q ULQJ "L+ KDV +0%& FRUUHQDWLR@VWeWR & & &

DQG &DQG B/ WKH WZR VLIQDOV RYHUODS
2Q ULQJ & I+ KDV +0%RKOBRMLIR DV WR & & /& & D /g
& s D QG D&/e

2Q ULQJ % + KDV +0%& FRUUHDQG/ERQV WRYYHUODSS4LQJ
& & D QG D&/

2Q ULQJ @+ + DQG -+ KDYH +0%& FRUUHKODGVMERQV WR
RYHUODSSIQJ &DQQGU&



2Q ULQJuwu+ D Q Gu#u KDYH +0%& FRUUMMDWLRQV WR

& MM D Q Gu|éu
2Q ULQJ prufsu KDV +0%& FRUUHIQBRWLRQE MR & DG
& HUPIQ G p8ufep RYHUODSSLQJ

JRU ULQJ + WKH HTXL Y Pyt Q WKDYRIWAOQHL +H R U WHIR D W L R&® V
M et D Q Guigdu

SRVLWLRQ le. SSP [+ SSPOXOWL
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fELHFNRO 6WUXFWXUH HOXFL
T EHFNRO ZDV LVRODWHG |WKR WK KGH BXOJAWBRRRQNVEL RRVR-D
DQG +5(6,0606 UHYHDOHG D PROHFXODU LRQ DW P ]
HFNRO LVRPHUVEHFHNREGMERLWHFNR® &KMHQG +64& VSHFWUD P|
ZLWK WKIEWHFON D VI\PPHWULFDO GLPHU RI HFNRO

JLIXUH7KH VWU XM®IXHANRD



JLIXUH7KH 83®/&06 Rff ELHFNRO VKR&Z@ON WKH >0

JLIXUH7K#H 105 VSHFWIELHANROG'06D +]



3RVLWLRQ /g SSP /+ SSP
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7TDEOHKH DQ& 105 VKLIWELRENROG'06D +]

(FNRO 6WUXFWXUH HOXFLGD

(FNRO ZzDV LVRODWHG IURP WK &UNXGKUHWUDFW53 6 )0WLQJ
06 DQRDO\VLYV OHYAHROPDBVD > ZKLFK FRUUHVSRQGV WR WEK
) XUW KH WKRR UKD YAB MRQ]W D @PG] VKRZHG WKH |IUDJP!

SKORURJOXFWERRWWIBWN WWH WKH VAW UXF WRXOGIGRQ RRWNRHKD S H L

VDPSOH GXH WR D WHFKQLFDO HUURU LQ WK HWKH ALIO/HV 1L
WKH DXWRVDPSOHU URERW

JLIXUBWUXFWXUH RI HFNRO



JLIXUH7KH 83/&6 RI HFNRO VKRZLQJ WKH P ] DW
WKUHH SKORURJOXFLQRO XQLWYV

D



J)LIXUH+ 105 VSHFWUXP RI GFNR®+]'062
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7TDEOHKH VKLIWV IRU HFNRO 0462

'LVEXVVLRQ

&KHPRWD[RQRPLF LPSOLFDWLRQ RI V
7KH LVRODWLRQ RI WK BHY KIRPES RKEBRWD[RQRPLF LPSO
(FNORQL®RXWK $IULFD )DOVH ED\ ZKHUH WKLV NHOS ZDV
ZDUPHU WHPSHUDWXUHV WKDQ 6RXWK $IULFDQ FRDVW IDF
ZDWHU WHPSRRUDWKUHDRM WKH ZHVW FRBWWYQ XPL\Q D QV B M Ht
WHPSHUDWRSRUHXUWKHUPRUH )DOVH %D\ OD\(\V¥ NQR) ER P\ [
DQGENORQLDWDRG VBWBLHY FDSDEOH RIS UR GoRAL KR WHHE WVIKG:
HQYLURQPHQWDO F FoQ ®LONL VW FSIR VDVOL ZEHNIZL RAGS [HRY FDS K \ /WL B
IDFLOLWDWH WKH IRUP DXWNR ERIOQGHWE KA 18 RIXKMWK RSIIULFD Q
RI D QHZ PDMRU P$WDERBUWH DV FKHPRWD[RQRPLF PDUNI|
+RZHYMHUHQHWLF VHTXHQFLQJ RI VDPSOH IURP )DOVH %D\
WKR\VANDR QLD DPRREINCIR Q L DI ROGE DRMQDWKH 6RXWK $IULFDQ
K\SRWKHVLYV



JLIXUH$ PDS VKRZFDVRQJRVKEOORIFZHWY 6RXWK $IULFD D¢
WHPSHUDWXUH DQG WKH GLVWULEXWLRQ RI 6RX)

LRV\QWKHVLV RI SBKORURWDAQ

SKORURWDQQLQV DUH SRO\SKHQROV IRUPHG WKURXJK WEK
BSORURJOXFLQRO DQG FRUUHVSRQGLQJ SRO\SKHQROLF GH
FDWDO\VHG E\ D FODVV RI HQ]J\PHV FDODKH SSRROB\RWANG GH
SDWKzZD\ IRU SKORURJOXFLQRO LQYROY\¥RWHKHR FIRRQ®F
GLNHWRKHSWDQHGLRDWIKLNMHHFWBERPWDQYHRQRMIWH IROOR.
FDUEDQLRQ PD\ OHDG WR WKH IRUPDWLRQ RI SKORURJOXI



J)LIXUH 7KH SURSRVHG ELRV\QUYRKEBVIWNKRIIERGRBROOWIFO X (

7KH ELRV\QWKHVLV RI SKORURWDQQLQV FDQ EH UDW QR®D
XQLWV WEURXBKE ERXSOLQJV 7KH MRLQLQJ Rl SKORURJO
RILGDWDRSKRQRO JURXS FDQ UDWLRQDOLVH WKH ELWYR®D
RI HFNRO WK URXIKARX POQLQJ FDQ UDWLRTEDHFINROWKH XBH



JLIXUH$ SURSRVHG ELRVM\QWHKHWNRELBWMGRO 7KH ERQGV |
VWHS DUH KLIJIKOLJKWHG LQ EROG

7KH ELRV\QWK$ VIDWQ RIH UDWLRQDOL]HG WK% RXQ R RZKIKG IR\U
VXOIDWLRQ XVLQJ SKRVSKRDGHQRV\OSKRV S KRKWHXODIBW AN C
FRXSOLQJ RI D WULF\FOLF SKORURJOXFLQRO XQLW 2LR\QKWI
LQ $ $ FRQGHQVDWLRQ IROORZHG E\ D UDGLFDO FRXSOL!
D GLPHULF SKORURJO X FQ QMNH X Q. MWV EZ b1 HH WK K/ X RLDI Q@ U W



J)LIXUH$ SURSRVHG ELRV\QWKHWKH FRWQIGXD\RIRRIHG LQ HI
KLJKOLIJIKWHG LQ EROG



(FRORJLFDO )XQFWLRQ RI 6XOIDW

7KWRODWLRQ RI D QHZ VXO (PWORQEPOWRKMRWEDOWQRQR DV
HFRORJLFDO UROH WKHVH PHWDEROLWHY VHUYH 7KH HFF
UHPDLQV XQHOXFLGDWHG 2QH K\SRWK FVHWD VK XGRS KALK
SKORURWDQQLQV IRU WKHP WR EH UHGMDLWHIGY LGNS AMIGH!
(6,06 GDWD WKH UHWHQWLRQ WLPH RI WKH VXOSKDWHG D
ZLWK WKHLU K\GHWR$IDDMWH G/ KRXIOQW DQ LQFUHDVH LQ OLS!

7KH UROH RI SKORURWDQQLQV DV SURWHFWLRQ DJDLQVW
DOUHDG\ SRVVHVVLQJ WKH SLIPHQWYV QHHGHG IRU WKLYV
DIJDLQVWX8®G JR DIJIDLQVW WKH FRQVHUYDWLYH QDWXUH R
ELRVI\QWKHVL]LQJ D FODVV RI FRPSRXQGV DORQJ ZLWK '
ZRXOG EH HQHUJHWLFDOO\ LQHIILFLHQW

$QRWKHU K\SRWKHWLQR@[MFKB UM FXRIVIRW 7KLV K\SRWK}
SKORURWDQQLQV DUH XVHG IRU WKH VDIH VWRUDJH RI WF
HQFRXQWHUV DQ HQYLURQPHQW DL VRARDBAVR [(E HRKIDR E | R 1A
ZKLFK LV VKRZHG QR DQWLIHHGLQJ DFWLYLW\ ZKLOVW L
IHHGLQJ DFWEDDWRWIDL@MWWWF XV KDQQDL

JLIXUHB6WUXFW)GUWHE RRRBUR[\OEf @LO®XOIDWH



$ VLPLODU IXQFWLRQ ZDV SRVWXODWHG IRU ODQDVRO DQ
LOQDFWLYHHGLRQWLY VD\V ZKLOH ODEHEEGRQ JL NYBLINGWKITZ B G
W PD\ EH WW DM O\SKHD WBG IRUP RI SKORURWDQQLQV PD\ E
IRUP DQG UHOHDVHG XSRQ LQMXU\ WR IRUP WKH DFWLYH

2Q WKH FRQWUDU\ WKH RSSRVLW HGIEWR PRIVK DEOWR] \F K W DU
DQGV LWKOSKDWHG ©RBWRAIRIK\GUR[\SKHQ\OHWKDQRO VX
F\WRWR[LFLW\ DIJDLQVW KXP R SHR\DRRRED F BWRBHPLD FK& FD Q F H U
OXQJ DGHQRFDUFLQRPD $ M @RHY KEPDQ FRIORH ORRUIN ).
VWXG\ WKH RWKHU VXQRECIRG HIG\ ORI ORKIKGNO HW KD QRO
GLEURP®RLK\GUR[\EH@IKOGUR[\SKHQ\OHWKDQRO VXOIDWH D
ZKLOH WKXHDIDRMHG FRPSRXQGWEMHH GHHPHG LQD

JLIXUHBWUXFW X®IHBWURPRLK\GUR[\SKHQ\GHBKDRR O
GLK\GUR[\SKHQ\OHWKRPR®LKX®DURWSKHQ\OHW KD QRE VKPR
GLK\GURI[\EH®RKOG UR [\ KDQROWYN WD W H

TKHUHLID/WHEKKHYV ZKLFK PXVW EH DGGUHVVHG LQ WKLV WRSLF
WKDW ZHUH HPSOR\HG WR WHVW WKH ELRDFWLYLW\ RI WK



ELRDVVD\V FDQQRWOEH) ¥RWEHBHURBUHDWRVW RI WKH UHSRL
WHVWHG IRU DQ\ ELRDFWLY LWV D/GKHH WHV RGI\H & VW RG RHH R W
SURGXFWV DQG VIQWKHWLF DQDORJXHV WR W H\D\& DK WA HI
RI ELRDVVD\V PWHYRELIBOD@@WA@IDOL LFKW KARWRJILEQ G A
DFWLYLW\

7KH VHFRQG LVVXH LV PRVW RI WKH VXOSKDWHG 7XKHRRHB
Rl WKH KDORPHERWKIKUSBKBPRNQQRW EH GHFRXSOHG IURP W
VDPH PROHFXOH 7R DVVHVV WKH HFRORJLFDO IXQFWLRQ
KDORJHQV PXVW EH WHVWHG IRU ELRDFWLYLW\



&RQFOXVLRQ

7KH PDLQ DLPV RIHWKLWRSBRMBWW D PHWKRG WR H [ WUURDFF W
WKH 6RXWK HIFNGRQZIH®SBW DYRLGLQJ WKH GHJUDGDWLRC
SKORURWDQQLQV SUHVHQW 7KH PDLQ REMHFWLYH ZDV W
SKORQR®\D QUEMN O/K@PBOH $ QHZ PHWKRG ZDV GHYHORSH
QHZ VXOIDWHG SKORURWDQQLQV 7KH PHWDEROLMEHIHZHU
IDFLOLWDWH WKH H[WUDFWLRQ RI VPDOOWURK\G QR SURYGLGF
OLTXLG SDUWLWLRQ EHWZHH®W KW BKORURWDQQLQV VKRZH
WKH RUJDQLF SKDVH ZKHUHDV WKH VDOWV ZHUH GLWOHD U
S+ PO &221D $F2+ EXIIHRWHQVOFHR+ DV VROYHQWYV DV L
EURDGHQLQJ LQ WKH +3/& VSHFWUD ZKLOVW QRW GHJUDG
FRPSRXQ® VXOIDWHG DQIDORJEXHARNRO DQG HFNRO ZHUH ¢
FKDUDFWHULVHG IURP WKLV H[WUDEFW

VWPSDFW RI WKLV PHWKRG GHYHORS P HIQ W KMRUK W KB /I KU
SKORURWDQQLQV FDQ RIWHQ EH DUWLIDFWV RI WKH H[WU
FRQGLWLRQV FDQ GHJUDGH W,KNR&KQ IRMWM IKEHSKO®RIDRWSHIEQ R
VKRZV IXUWKHU SURPLVH RI WKH LVRODWLRQ RI RWKHU V
WKH HFRORJLFDO IXQFWLRQ RI WKHVH PHWD & FO@LGVR W K HKJ
VXOIDWHG SKURORWEQ@DQ QRZ EH LQYHVWLIJDWHG IRU C
RI ELRDVVD\V 7KH SUMHW BQFMHMRIU PHWDEROLWH ZLWKLQ W
KDYH FKHPRWD[RQRP L NP RRIWDEVQIFG )DRNH %IR\PDWKHVKD H
FROG FRQGLWLRQV Rl WKH $WODQWLF ZK(LCPDJLPQER EHLC
UDGLDMMLIFK FRXOG IDFLOLWDWH GLYHUJHQFH IURP WKH P
K\EULGLVHG VSHFLHV RI NHOS

$ VKRUWFRP IMDXGLQZ DAK IMKRIL WDRH.RQ $OWKRXJK PDQ\ PHW
WKURXJK(6,0606 DQDO\VLZHWROVRODWHG DQG FKDUDFWH
FRQVWUDLQWYV W KH ¥O\VEBH UHSKW L RICH G



JRU DQ\ IXWXUH ZRWN WVRIQHWK/IROBSWRMRBFRI PRUH VXOIDWHG
FDWDO\VHG E\ WKLV QHZ PHWKRG IRU WKHLU LVR ORDONDLVRIDC

SKORURWDQQLQV DJDXQ\SD @R Y B DHVIFCLRFNYRE WDIF DQFEH D Q V
SURSHUWLHY WR GHGXFH LWV HFRORJLFDO IXQFWLRQ



ODWHULDOV DQG OHWKTF

*HQHUDO OHWKRGYV

BROYHQWYV XVHG IRU HIWUDFWLRQ IUDFWLRQDWLRQMQG
+DPSWRQ 1HZ +DPSVKRWH HRQ®YV 2B SXUFKDVHG IURP
*HUPDQ\ 6LOLFD XVHG IRU IUDFWLRQDMURQ ZXWISAUERD
‘HVWIDOHQ *HWBDPSQO606 GDWD DQG 83/& FKURPDWRJUDPV
8+3/&T72) $JLOHQW VSHPWW\WRPHWHU XVLQEBEQD G848 ufc 83/8&

[ PP 3XULILFDWLRQV ZHUH FRPS O3HOXN G+ XA.L @\W IV H P 6/& :
-DSDQ DQG UHSXULILFDWLRQ ZDV GRQH XVLQJ $JLOHQW
,QF 6DQVEB &BBUDLO5 VSHFWUD ZHUH REWDLQHG IURP D ¢
6SHFWURPHWHU 9DULDQ 3DOR $OWR &$ 86$% DQG DQ $JI
7HFKQRORJLHV ,QF 6DQWD &ODUD &$ 86%

(IWUDFWLRQ DQG J)UDFWLROQT

(IWUDFWLRQ 2DWIBRQH XVY Y DQG VRQLFDWLQJ [ P 7
GRQH HYDSRUDWHG )UDFWLRQDZ DR QOAIENLFER BB 0 WW\W GRI)
RUJDQLF SKDVH KDG JRRG DIILQLW\ WRZDUGV WK H & O\WRU
H[WUDFW ZKLOVW KDYLQJ D SRRU DIILQLW\ IRU WKH SKOR
DQDO\WHG XVbQ3IBEHQG ' DQG ' 105

WLEOLRJUDSK\

6DQWRYV HBWE8EKDRURSK\WD DQG 5KRGRSK\WD PRPFRRDWLULQ B
SK\WRFKHRIRFED &KHP =+

$QDQWKDUDPDQ 3 0DQXDO RQ ,GRRWLHLFDVRICROQU R 6HDZ|

KWWSV VFKRODU JRRJOH FRP VFKRODU"KO HQ DVBVGW

,GHQWLILFDWLRQ RI| 6BBRHIBGQHHVH URMHFW RQ 6XUYH\ L

&RDVWDO DQG ODULQH %LRGLYHUVLW\ - 0DU %LRO $VVF
EWQ*

5RWKPDQHW $DPROHFXODU LQYHVWLIJDWLRQ RI WKH JHQXYV
/IDPLQDULDOWRYDALMREXWSRQ WKH 6RXBWKARIQ ++HPLVSKHUH



ODGHLWO &SUOSWLF GLYHUVLW)\ LQ6FRXWWH ULF HIMERDE WHO

'DQJ HMWOERBLXP ROLJIRPDQQDWH WKHUDS WXV D BISODX SBHRH
EDFWHULDO \DKFDRHRGDFHZVRLQIODP P D W REL WHD V & KSRUERID $i(
5HVHDUFK +

6\HG < < 6RGLXP 20LJRPDQQRWH M UVW $SSURYDO

$ 5(9,(: 6&23) 87,/,=,1* 6($:((' $6 $ %,2)(57,/,“RRIOH 6FKROI
KWWSV VFKRODU JRRJOH FRP VFKRODU"KO HQ DVBVGW
/,=,1% 6($:((' $6 $ %,2)(57,/,=(5 ,1 $*5,&8/785( EWQ*

5HQJDVDP\ . 5 5 . XONDUQL O6WDGWQUMN (FHRSCSILDPLW J|
VWLPXODQW IURP WKH EURZQ-WSBLHBIG\KROORQLD PD[LPD

-RVH+KLSRtLWR - O0DUWO+QH]PDUWO+QH] , 7RUUHV *
&KURPDWRJUDSKLF $QDO\WKWRPBWRRUFRBWDQQLQV

0y " O ONHBD .U

<RXQJ 0 + -RQJ 6 % -4 Q ;VRODMIPRQ RI D 1HZ 3KORU!
)XFRGLSKORUHWKRO * IURP D %X@2Q BOH D Q RNCGHPQERFFD Y

)XNX\DPBW<LBO2/6 129(/ 3+/2527$11,16 :,7+ $ ', %'(2=21
6.(/(721 3266(66,1* ,1+,%,725< ())(&TS&BR2*/2%8/,1 Y520 7+(
%52:1 $/*$ (&./21,% .8520( 2.$08BKHP /HWW

YXNX\DPBWSIXASDDVPLQ ,QKLELWRU 9 x 6WUXFWXUHV RI 1
WKH %YURZQ QODDNRNOFRH 2 BWBBE$3KDUP % XOO FRN\R

:DQJ HW (BPEPD[RO D 3KORURWDQQLQ ([WUDFWHG IURP (FN
DP\ORLG 20LJRPHU 1HXURSURWHEWLYH (IITHFWV 3RVVLEO\
LQDVI&6 &KHP 1HXURNVFL

&KR +HOW ' BOHSOLFDWBRQIRUPDIXFH /LTXLG &KURPDWRJUL
AXDGUXSRBMOLIKW ODVV 6SHFW& RVEE SHQWILX)LUDO $FWLYL
3KORURWDQQLQV |IWPRJEMORQLD BR®D  3DJH

)XNX\DPBWSIMASDDVPLQ ,QKLELWRU 9, x 6WUXFWXUH RI 3|
3KORURWDQQLQ ZLWK LRRMX DIOEHQJRHQ]RIXUDQ (OHPHQWV
2.$085% &KHP 3KBX®O 7RN\R

.DQJ 6 0 +HR 6 - .LP . 1 J/HH 6 + -HRQ < - ,VRO
FRPSRXQASKORURJOMFALHANRO IURP EURZQ DOJDH (FNORQI
HIITHFYKQFW )RRSV



.DQJ 6 0 /HH 6 + +HR 6 - .LP . 1 -HRQ < - (YDO
D QHZ FRPSRXQ G K®OWRRR DOKHRERNRO LVRODWHG IURP EUR:
1XWU 5HV 3WDFW

<RWIDFPDVKLMM) ,DRODWLRQ DQG 6WUXFWXUDO "HWHUPLQD\
WKH %YURZQ $0OJD (FNORQLD NXURPH 2NDPXUD DRQGLDKHLU
‘UXJV 9RO 3DJHV

$TXDWIPLCWH\ $Q ,QWURGXFWLRQ (PSKDV L HUQUH&KEWR KPP C
- ORUJRRJIOH %RRNYV
KWWSV ERRNV JRRJOH LH ERRNV DERXW $TXDWLFB&KHPL

.QlVV *ORPELW]D . : $ SKHOQRIO VOOERBWDMFE QURGJID
WDPDULGRLAWWRFIKIHPLVW U\

'HLQVWHLQ % B5ROG 7 / +DUUHOO & ( %XUQV 0
EURPRSKHQROV LQ WKH UBG\VRFKBRRGKRPHOD ODUL]

"HQVHQ $ ©5DJDQ WOHWUDK\G UR [EHNX]GIQOM HSHKHDRO LFK H
SUHFXWUY RHORWPRIQJ H[XGDWHYV IURP WKH PDULQH EURZQ
JHMRIOWUDKHGURQ@ /HWW

XUDWD/D.QLIJXFKLL . 7DNDVKLPD . +D\D@KWHUUBIEW]NL
EURPRSKHQROV IURP 2GRXXWKRPOLIBDPERMAPELIHUD

*ORPELW]D . : .Q|VV : 6XOSKDWHG SKORURWDQQLQV I
3KRFKHPLVWH\

‘'HLQVWHLQ % 5ROG 7 / +DUUHOO & ( %XUQV O
EURPRSKHQROV LQ WKH URBG\D/BFKBRRGRPHOD ODUL]

6PLW IBWS$DORDVWDO AABADWWNXNWH 'DWDVHW IRU %LRJHRJI
%LDVHV EHWZHHQ ,Q 6HOMHDBQ G VBB FBRIWIWOD URXQG WREl &R
2QH H

*DR : :DQJ 3 7DQJ < (QJLQHHUHG SRO\NHWYBKHHEILFK\
FR®5SO OLFURELRO %LRWHFKQRO

$FKNDU - ,LDQ 0 =KDR + JURVW - %R %XHRPKERHA V
+

'H &DUYDOKR / 5 B5RTXH 1 ) )HQYLV IGHIORDFHQMIERM M F
AXLP 1RYD &

%DUUHWR 0O OH\HU - - 0 ,VRODWLRQ DQG DQWLPLFUR
2VPXQGDULD VHUUDWD 5KRGRSK\WD DQG D $RWX\KOS$HUS 6
“RXQDO Rl %RWDHQ\

OD OHWWWRPRSKHQROV FRXSWHHGE R BEKWRHIWWHOD QG EURPI
WKH UHG DOJD 5KRGRPIHXOND ARBEHUYRLGHV



$SSHQGLFHYV

JLIXUH&6< 105 VSHFWUXP RI BRPBR&XQG 0+]



JLIXUH +64& 105 VSHFWUXP RIS RHZBXQG 0+]



JLIXUH +0%& 105 VSHFWUXP RISFRR3S®XQG 0+]



JLIXUH & 105 VSHFWUXP RI FIRROFHREQG 0+]



J)LIXUH+64& 105 VSHFWEKRFRIROG'062 0+]



JLIXUH & 105 VSHFWUEPHRFINROG'06D +]



