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Scheme 1. Reagents and conditions: (a) ThexylBH,, THF, -10® 0 °C; then 3 M NaOH, 30% H,0,, rt, 92%; (b) (COCl),,
DMSO, NEts, CH,Cl,, -78 °C, 99%; (c) TMSCI, LiIHMDS NEts;, CH,Cl,, -78 °C; (d) Pd(OAc),, CHiCN, rt, 96% (2
steps); (e) HF, CH4CN, rt, 83%; (f) TIPSCI, EtsN, DMAP, CH.Cl,, rt, 87%; (g) HC(OMe)s, PPTS, toluene, 45 °C; (h)
EtsSiH, BF3 OEt,, CH,Cly, 11, 94% (2 steps); (i) SO3 pyr, NEts, DMSO, CH,Cl,, 0 °C; (j) PhsPCH3Br, NaHMDS, THF,
0 °C, 91% (2 steps); (k) LiDBB, THF, -78 °C; (I) CSA, pMeOC¢H,CH(OMe),, CH,Cl,-DMF, rt, 59% (2 steps); (m)
TIPSOTf, 2,6-lutidine, CH,Cl,, 0 °C; (n) NaHMDS, alylbromide, DMF, rt, 94% (2 steps); (0) (PCy 3),Cl,Ru=CHPh,
CH.Cl,, rt, 97%.
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Scheme 2. Retrosynthetic anadysis of 51-hydroxyCTX3C.
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Scheme 3. Reagents and conditions: (a) 15, 9-BBN, THF, rt; then 1 M ag. NaHCO3, 13, Pd(PPhs),, DMF, 50°C, 85%; (b)
DMDO, acetone, -78 ® -20 °C; (c) Et;SiH, BH3 THF, CH,Cl,, -20 °C, 60% (2 steps); (d) KOtBu, PMBCI, TBAI, THF, rt,
80%; (e) TBAF, THF, rt, 97%; (f) TPAP, NMO, 4 A MS, CH,Cl,, rt, quant.; (g) DDQ, CH,Cl,, pH 7 phosphate buffer, rt;
(h) EtSH, Zn(OTf),, CH,Cl,, rt; then Ac,O, DMAP, EtN, 0 °C, 84% (3 steps); (i) mCPBA, CH,Cl,, rt, 96%: (j) AlMe,
CH,Cl,, -78 ® 0 °C; (k) K,COs, MeOH, rt, 83% (2 steps); (I) TBSOTf, 2,6-lutidine, CH,Cly, rt; (m) CSA,
MeOH-CH,Cl,, 0 °C, 84% (2 steps); (n) I, PPhs, imidazole, THF, rt, 94%; (0) KOtBu, THF, 0 °C, 87%; (p) 20, 9-BBN,
THF, rt; then 3 M ag. Cs,COs, 14b, Pd(PPhs),, DMF, 0 °C, 71%; (q) BH3 THF, THF, rt; then 3 M NaOH, 30% H,0,, rt,
81%; (r) EVE, CSA, CH,Cly, rt; () TBAF, THF, rt; (t) TPAP, NMO, 4 A MS, CH,Cl,, rt; (U) EtSH, Zn(OTf),, CH,Cl,, rt;
(v) PhsSnH, AIBN, toluene, reflux, 56% (5 steps).
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Scheme 4. Reagents and conditions: (a) KHMDS, (PhO),P(O)Cl, THF-HMPA, -78 °C; (b) Pd(PPhs),, CO, M eOH, Et3N,
DMF, 50 °C, 75% (2 steps); () AD-mixa, MeSO,NH,, tBUuOH-THF-H,0, 0 °C; (d) MeC(OMe),, CSA, CH,CI,, rt,
79% (2 steps); (e) DIBALH, CH,Cl,, -78 °C, 91%; (f) TIPSOTf, 2,6-lutidine, CH,Cl,, 0 °C; (g) DMDO, CH,Cl,, -20 °C;
(h) EtsSiH, BH3 THF, CH,Cl,, -20 ® 0 °C, 76% (3 steps); (i) TBAF, THF, rt, 97%; (j) KOtBu, BnBr, THF, rt, 98%; (k)
EtSH, Zn(OTf),, CH,Cl,, rt; (I) Me&C(OMe),, CSA, CH,Cl,, rt, 78% (2 steps); (m) EtSH, Zn(OTf),, CH,Cl,, rt, 86%; n)
TBSOTf, 2,6-Iutidine, CH,Cl,, rt; (0) CSA, MeOH- CH,Cl,, 0 °C, 82% (2 steps); (p) 1., PPhs, imidazole, benzene, rt; (q)
KOtBu, THF, 0 °C, 86% (2 steps); (r) 12, 9-BBN, THF, rt; then 1 M ag. NaHCO3, 13, Pd(PPhs),, DMF, 50 °C; (s) DMDO,
CH,Cl,, -20 °C; then Et3SiH, BH3 THF, -20 °C, 70% (3 steps); (t) EVE, CSA, CH,CI,, rt; (u) TBAF, THF, rt, 94% (2
steps); (v) TPAP, NMO, 4 A MS, CH,Cl,, rt, 96%; (w) EtSH, Zn(OTf),, CH,Cl, rt,; (X) AGO, pyr, rt; (y) mCPBA,
NaHCOs, CH,Cl,, rt, 69% (3 steps); (z) AIMe, tBuOMe, 0 °C; (aa) K,COs, MeOH, rt; (bb) MeC(OMe),, CSA, CH,Cl,,
rt, 58% (3 steps); (cc) EtSH, Zn(OTf),, CH,Cl,, rt, 89%; (dd) TBSOTT, 2,6-lutidine, CH,Cl,, rt; (ee) CSA, MeOH-CH,Cl,,
0°C, 83% (2 steps); (ff) 1,, PPhs, imidazole, benzene, rt; (gg) t-BuOK, THF, 0 °C, 86% (2 steps).
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Scheme 5. Reagents and conditions: (a) 35, BBN, THF, rt; then 3 M ag. Cs,COs, 14b, Pd(PPhy),, DMF, rt, 59%; (b)
BH; THF, THF, rt; then ag. NaOH, H,0,, rt, 57%; (c) EVE, CSA, CH.Cl,, rt; (d) TBAF, THF, rt; (e) TPAP, NMO, 4 A
MS, CH,CI,, rt; (f) EtSH, Zn(OTf),, CH,Cl,, rt, 64% (4 steps); (g) PhsSnH, AIBN, toluene, reflux, 98%; (h) HC(OMe);,
PPTS, CH,Cl,, rt; i) AGO, reflux, 69% (2 steps); (j) LiDBB, THF, -78 °C; (k) Me&C(OMe),, CSA, CH,CI,, rt; (I) Ac,0,
pyr, rt; (m) EtSH, Zn(OTf),, CH,Cl,, rt, 69% (4 steps).
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Scheme 7. Retrosynthetic analysis of gambieral.
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Scheme8. Reagent and conditions: (a) OsO,4, NMO, ag. THF, rt; then Nal Oy, rt; (b) (iPrO),P(O)CH,CO.Et, KOtBu, THF,
—78 ® 0 °C; (c) DIBALH, CH,Cl,, =78 °C, 87% (3 steps); (d) (O)-DET, Ti(OiPr),, TBHP, 42 M S, CH,Cl,, —28 °C; (¢)
Red-Al, THF, 0 °C, quant. (2 steps); (f) pMeOCH.CH(OMe),, PPTS, CH,Cl,, rt; (g) DIBALH, CH,Cl,, 0 °C, 80% (2
steps); (h) SOzpyr, EtN, DM SO, CH,Cl,, 0 °C; (i) PhsP=CHCOMe, toluene, 80 °C, quant. (2 steps); (j) TBAF, HOAc,
THF, 35 °C, 91%; (k) NaH, THF, rt, 86%; (1) DIBALH, CH,Cl,, —78 °C; (m) PhsPCH3Br, NaHMDS, THF, 0 °C, 91% (2
steps); (n) 9BBN, THF, rt; then ag. NaHCO;, H,O,, 1t; (0) BnBr, KOtBu, BuyNI, THF, rt, 94% (2 steps); (p) DDQ,
CH,Cl,, pH 7 phosphate buffer, rt; () BnBr, KOtBu, BuyNI, THF, rt, 93% (2 steps); (r) pTsOH, MeOH, CHCI3, rt, 95%;
(s) TBSOTH, 2,6-Iutidine, CH,Cl,, 0 °C; (t) CSA, MeOH, rt, 92% (2 steps); (u) TPAP, NMO, 4A MS, CH,Cl,, rt, 95%;
(v) Tebbe reagent, THF, 0 °C, 90%; (w) 9-BBN, THF, rt; then ag. NaHCOs, H,0,, rt; (X) SOspyr, EtsN, DMSO, CH,Cl,,
0°C; (y) (iPrO),P(O)CH,CO,Et, KOtBu, THF, =78 ® 0 °C, 90% (3 steps); (z) DIBALH, CH,Cl,, —78 °C, 98%; (aa)
mMCPBA, CH,Cl,, 0 °C, 99%; (bb) SOzpyr, EtN, DMSO, CH,Cl,, 0 °C; (cc) PhsPCH3Br, NaHMDS, THF, 0 °C, 87% (2
steps); (dd) TBAF, THF, rt, 98%; (ee) PPTS, CH,Cl,, rt, 98%; (ff) PMBCI, KOtBu, BuyNI, THF, rt; (gg) OsO4, NMO, &g.
THF, rt; then NalO,, rt; (hh) NaBH,, MeOH, rt, 86% (3 steps); (ii) |, PPhs, imidazole, GiHe, rt, 95%; (jj) KOtBu, THF,
0 °C, 91%.
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Scheme 9. Reagents and conditions: (a) O;, MeOH, CH,Cl,, —78 °C; then NaBHj,, 0 °C, 96%; (b) I,, PPhs, imidazole,
THF, rt, 99%; (c) 1,3-dithiane, nBuLi, THF, 20 ® 0 °C; (d) TBAF, THF, rt, 95% (2 steps); (e) ethyl propiolate, NMM,

CH.CI,, rt; (f) Mel, NaHCOs;, ag. MeCN, rt, 94% (2 steps); (g) Sml,, MeOH, THF, rt, 70%; (h) DIBALH, CH,Cl,,
—78 °C; (i) PhaP=C(Me)CO,Et, toluene, 80 °C, 97% (2 steps); (j) TBSOTf, 2,6-Iutidine, CH,Cl,, 0 °C, quant.; (k)

DIBALH, CH,Cl,, =78 °C; (I) (-)-DET, Ti(OiPr),, TBHP, CH,Cl,, —20 °C, 97% (2 steps); (m) SOzpyr, Et sN, DMSO,

CH,Cl,, 0 °C; (n) PhsPCH3Br, NaHMDS, THF, 0 °C, 94% (2 steps); (0) TBAF, THF, rt; (p) PPTS, CH,Cl,, rt, 88% (2

steps); (q) TBSOTT, 2,6-lutidine, CH,Cl,, 0 °C; (r) EtSH, Zn(OTf),, NaHCO3, CH,Cl,, rt, 85% (2 steps); (s) M&C(OMe),,
PPTS, CH,Cl,, rt, 92%; (t) 9-BBN, THF, rt; then ag. NaHCO3, 30% H,O,, rt; (u) SO3 pyr, EtsN, DMSO, CH,Cl,, 0 °C;

(v) MeMgBr, toluene, =78 °C; (w) TPAP, NMO, 4A MS, CH,Cl,, rt, 86% (4 steps); (x) TBAF, THF, rt; (y) ethyl

propiolate, NMM, CH,Cl,, rt, 99% (2 steps); (z) Sml,, MeOH, THF, 0 °C, 87%; (aa) TMSOTf, 2,6-lutidine, CH,Cl,, 0 °C,
96%; (bb) DIBALH, CH,Cl,, =78 °C; (cc) PhsP=CHCO,Bn, toluene, rt, 95% (2 steps); (dd) TBAF, HOAc, THF, rt, 93%;

(ee) H,, PdIC, MeOH, THF, rt; (ff) 2,4,6-trichlorobenzoyl chloride, EtsN, THF, toluene, rt; then DMAP, toluene, 110 °C,

99% (2 steps); (gg) KHMDS, (PhO),P(O)CI, THF, HMPA, —78 °C, quant.

Stille Corey Pd(PPhs)4/CuClI/LiCl 72
66% 73
C30 TBS
Sille Scheme 11 72 THF
74 46
Stille Pd(PPhg)4/CuCl/LiCl 43%
(44) 1H, 13C
NMR, HRMS CD

MLD 50 75 ngkg, ip
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Scheme 10. Reagents and conditions: (&) 48, 9-BBN, THF, rt; then 49 (1.4 eq.), ag. Cs,COs, PdCl,(dppf)- CH,Cl,, DMF,
50 °C, 86%; (b) BH3 THF, THF, rt; then ag. NaOH, 30% H,O,, rt, 87%; (c) TPAP, NMO, 4A MS, CH,Cl,, rt, 98%; (d)
DDQ, pH 7 buffer, CH,Cl, rt; (€) EtSH, Zn(OTf),, CH,Cl,, rt; (f) AcO, EtsN, DMAP, CH,Cl,, rt, 75% (3 steps); (g)
PhgSnH, AIBN, toluene, 110 °C, 95%; (h) NaOMe, MeOH, CH,Cl,, 1t; (i) TBSCI, imidazole, DMF, 0 °C; (j) TPAP, NMO,
4A MS, CH,Cl,, rt, 69% (3 steps); (k) LIHMDS, TMSCI, EtN, THF, <78 °C; (I) Pd(OAc),, MeCN, rt; (m) MeMgBr,
toluene, —78 °C, 94% (3 steps); (n) TBSOTf, EtsN, CH,Cl,, rt; (0) LiDBB, THF, —78 ® —45 °C; (p) TBPSCI, Et3N,
DMAP, CH,Cl,, rt, 99% (3 steps); (q) TBSOTT, EtaN, CH,Cl,, rt; (r) CSA, MeOH, CH,Cl,, 0 °C, 93% (2 steps); (s) TPAP,
NMO, 4A MS, CH2C|2, r; (t) CBI’4, PPhg, Et3N, CH2C|2, 0°C; (U) nBU::,SﬂH, Pd(PPh3)4, C(;HG, rt, 82% (3 Seps), (V) 46,
Pd(PPhs)4, CuCl, LiCl, DMSO/THF (1:1), 60 °C, 66%.
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Scheme 11. Reagents and conditions: (a) HF-pyr, THF, rt, quant.; (b) 46, Pd(PPhs)4, CuCl, LiCl, DMSO/THF (1:1), 60 °C,
43%.
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Figure 1. Structurd andogues of gambieral.
Table 1. Minima letha dose vaues (mg/kg) of compounds44, 75 92 inmice

Compd Minimal lethal dose Compd Minimdl letha dose
(mgkg) (mgkg)
Gambieral (44) 0.05010.075 84 034
75 0.065 85 17
76 0.19 86 >12.9
77 0.44 87 >129
78 0.20 88 >7.6
79 0.34 89 >7.6
80 8.0 90 >6.1
81 >11.9 91 >8.2
82 0.065 92 >18.3

83 0.13
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Scheme 12. Retrosynthetic andysis of gymnocinLJA.
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Scheme 13. Reagents and conditions: (a) 101, 9-BBN, THF, rt; then 1 M ag. NaHCOj3, Pd(PPhs),, 102, DMF, 50 °C; (b)
BH3; SMe, THF, rt; then H,O,, NaOH, 0 °C ® rt, 54% (two steps); (c) LiDBB, THF, -78 °C; (d) PivCl, pyr, CH,Cl, rt,
85% (two steps); (€) TPAP, NMO, 4A MS, CH,Cl,, rt, 94%; (f) LIHMDS, TMSCI, Et3N, THF, -78 °C. (g) Pd(OAC),,
MeCN, rt, 96% (two steps); (h) NaBH,, CeCl; 7H,0, MeOH, rt, 88%; (i) mCPBA, NaHCO,, CH,Cl5, rt, 83%; (j) TPAP,
NMO, 4A MS, CH,Cl,, rt, 81%; (k) Na|PhSeB(OFEt);], AcOH, EtOH, 0 °C ® rt, quant; (I) DHP, CSA, CH,Cl,, it; (m)
L-Selectride, THF, -78 °C; (n) LiAlIH4, THF, 0 °C, 85% (three steps); (0) TsCl, EtzN, DMAP, CH,Cl,, rt, 81%; (p) methyl
propiolate, NMM, CH,Cl,, 35 °C; (g) Nal, acetone, reflux, 72% (two steps); (r) nBuzSnH, Et3B, PhMe, -78 °C, quant.; (S)
LiAlH,4 THF, 0 °C; (t) KOtBu, BnBr, THF, rt; (u) CSA, MeOH, rt; (v) pMeOPhCH(OMe),, CSA, CH,Cl,, rt, 71% (four
steps); (w) TBSOTf, 2,6-lutidine, CH,Cl,, rt, 95%; (X) DIBALH, CH,Cl,, 0 °C, 93%; (y) l,, PPhs, imidazole, THF, rt,
86%; (z) KOtBu, THF, 0 °C, quant.
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Scheme 14. Reagents and conditions: (a) Reagents and conditions: (a) 114, 9-BBN, THF, rt;, then ag. Cs,COs, 115,
PdCl,(dppf), DMF, 50 °C, 86%; (b) pTsOH, MeOH, rt, 84%; (c) Et;SiH, BF; OEt,, CH,Cl,, rt, quant.; (d) KOtBu, THF,
0°C, 91%; (e) nBusSnH, AIBN, toluene, 100 °C; (f) DDQ, CH,Cl,, pH 7 phosphate buffer, rt, 63% (2 steps); (g) TBSOTHT,
2,6-lutidine, CH,Cl,, 0 °C, 94%; (h) H,, Pd(OH),/C, MeOH, rt; () TPAP, NMO, 4A MS, CH.Cl,, rt, 61% (2 steps); ()
KHMDS, (PhO),P(O)Cl, THF/HMPA, -78 °C.
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Scheme 15. Reagents and conditions: (a) 98, 9-BBN, THF, rt; then ag. Cs,COs, 99, Pd(PPhs)4, DMF, 50 °C; (b) BH3 THF,
THF, -20 ® 0 °C; then ag. NaOH, H,0,, rt, 72% from 118; (c) TESOTf, 2,6-lutidine, CH,Cl,, 0 °C, 81%,; (d) DDQ,
CH,Cl,, pH 7 phosphate buffer, rt, 90%; (€) TPAP, NMO, 4A MS, CH,Cl,, 91%; (f) EtSH, Zn(OTf),, CH,Cl,, 1t, 87%; (0)
nBusSnH, AIBN, toluene, 100 °C, 92%; (h) H,, Pd(OH),/C, EtOAJMeOH, rt; (i) RuCl,(PPhs)s, toluene, 93% (2 steps).
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Scheme 16. Reagents and conditions: (a) KHMDS, THF/HMPA, -78 °C, Comins' reagent, -78 ® 0 °C, 80%; (b) 95,
9-BBN, THF, rt, then 96, 3M Cs,CO5, Pd(PPhs)s, DMF, rt, 81%; (c) BH; SMe, THF, 0 °C ® rt, then NaOH, H,0,, 1,
75%; (d) TESOTf, 2,6-lutidine, CH,Cl,, rt; () DDQ, CH,Cl,, pH 7 phosphate buffer, 0 °C, 79% (two steps); (f) TPAP,
NMO, 4A MS, CH.Cl,, rt, 95%; (g) LIHMDS, TMSCI, EtsN, THF, -78 °C; (h) 00,4, NMO, THF-H,0, rt; (i) TIPSOTT,
2,6-utidine, CH,Cl,, rt, 85% (three steps); (j) EtSH, Zn(OTf),, MeNO,, 0 °C ® rt, 130: 40%; 131: 38%; (k) TBSOTHT,
2,6-lutidine, CH,Cl,, rt, 71%; (1) PhsSnH, AIBN, toluene, 110 °C, 98%; (m) TBAF, 4A MS, MeCN, 70 °C; (n) TESOTT,
2,6-lutidine, CH,Cl,, rt; (0) LiDBB, THF, -78 °C, 73% (three steps); (p) TPAP, NMO, 4A MS, CH,Cl,, rt; (g)
PhsP=C(Me)COMe, CH,Cl,, rt; (r) DIBALH, CH,Cl,, -78 °C, 66% (three steps); (s) TASF, THF-DMF, 0 °C ® rt; (t)
MnQO,, CHCIs;, rt, 91% (two steps).
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0.5 — 0.5
AmB (1)/Lipids in MeOH (4)/Lipids Vs in MeOH
0.4 ( DMPC:Ergosterol = 95:5) 0.4 ( DMPC:E rgosterol = 95:5)
8 [0]
gi 0.3 § 0.3
S g5
20.2 202
< <
0.1 0.1
0 : o 0
300 370 440 (nm) 300 370 440
B 4 uv
AmB AmB- 1/200, 1/
- 0.5/200, 0.5/100, 0.5/20
AmB LUV
(Large Unilamélar Vesicles)
K+
3 4
AmB
AmB 3 4 AmB
2
56
6
ECso 0.03 nM
%p NMR
6 AmB
b
NMR
C
7 ECy 0.25 niM, AmB 1.5 nM



AmB dimer{3} dimer(4) control

no sterol | _ |l |
R=3 D e L S L S AR LY
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R=logiAamB unit/Lipd]| gl bl et e ey e ab hn g
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after Gh al rl i h] ] . | :
B 1P NMR
K* H* pH
(H 231P04- ) (H 31 Po42- )
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K+
AmB R=-3

PNMR K* 7 AmB
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8 10
9 n
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8:n=2, Ergosterol (AmB-C,-Erg)
9: n=6, Ergosterol (AmB-Cg-Erg)
10: n=2, Cholesterol (AmB-C,-Cho) o

11: n=6, Cholesterol (AmB-C-Cho) ©  Cholesterol



91

AmB

AmR 1

10

, 11

AmB

*IPNMR

AmB

PC/AmB

AmB

10000/3 3

T

11

AmB

8,9
8,10

l ext. pH7.5
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AmB

K" permealized liposome (%)

+

AmB

100

AmB

AnmB/lipid = 10
sat.PC/EggFC = 20%
rt, 6h

C10 Ci12 Ci4 C16 C18 EggPC
Acyl chain length of saturated PCs

AmMB
PC ~25.8
PC + ~29.8
30% cholesterol

di(C10)PC 155

di(C1o)PC 19.5

di(C14)PC 23

di(C46)PC 36

di(C18)PC 40.5
AmB-di(C,)PL:n=1
AmB'd|(C14)PL ‘n=2
AmB-di(Cg)PL:n=3
AmB-di(C1g)PL:n=4

AmB
AmB

AmB



NMR Bc AmB
Bc AmB Streptomyces nodosus
Bc AmB u-3c
Bc

[3-“C]

2 40 4 Bc AnB
AmB
single-length double-length

AmB

single-length

P AmB 15C
single-length
double-length 3P 13C

[3-1C] AmB
31P

M+

ket TROMR (e
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Single-length Double-length

AnB
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Dephasing time 22.9 ms
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Ciguatoxin (CTX) brevetoxin (BTX)

CTX4A CTX3C

VSSC Na
CTX
BTX
&)
MS/MS
CTX
Gambierdiscus toxicus
3 23 5
7 3 G. toxicus 14 53
10u g
CTX CTX4A CTX3C
Na CTX CTX4A MS/MS
CTX
Na
3 G. toxicus CTX4A CTX3C 3
2 CTX4A CTX3C M M-seco-CTX4A
M-seco-CTX3C 1 M-seco-CTX3C
A L CTX4A CTX3C

Ca



CoJors NG
T Omg CTXIC 1045 [M+hg]* =
1 CID MS/MS ciguatoxin
1
CTX3C
A M
A
CTX3C A
2b L-M
X3C 1 L Ca7
2C

CTHA4 1083 [M+haf* i

CTX4A
CTX4A C1 C4
CTX4A
2a

CT



17 CTX4A CTX4A M-secoCTX4A 5
2-epi-54-deozyCTX CTX 52-epi-CTX 54-deoxy-50-hydroxy-CTX 7-o0xo0-CTX 7-hy
droxy-CTX 3-hydroxy-7-oxo-CTX 9 CTX3C CT
X3C 49-epi-CTX3C 51-hydroxy-CTX3C 3-hydroxy-CTX3C 51-hydroxy-3-o0xo-CTX3C
2,3-dihydroxy-CTX3C 2,3,51-hydroxy-CTX3C A-seco-51-hydroxy-CTX3C 8

VSSC
4 1 VSSC
51-epi
-54-deoxy-CTX CTX4A CTX3C
Karenia (=formerly Gymnodinium) mikimotoi gy
mnocin
Karenia (Gymnodinium) brevis
Prymnesium parvaum
Kareniamikimotoi
K. mikimotoi
gymnocin
gymnocin
NVR
gymnocin-A gymnocin-B

53Me 52

6 Gymnocin-A



K. mikimotoi 1984 7

3L 2L 25 28
hexane/acetone(1:9)
80%ProH 3 hexane/80% MeOH CHCI,/40% MeOH
Gymnocin CHCI, DEAE CHCI,;, MeOH, CHCI,/AcOH(3:1)
JAIGEL W251 (80% PrOH) Develosil RPAQUEOUS (29% PrOH) Gymnocin
0DS
RPAQUEOUS

1.5mg gymnocin-A 3.2mg  gymnocin-B

Gymnocin-A  ESIMS m/z 1051 2082
1051 2 2082 [M+Na]”
2060 B3C-NMR 55
2000 gymnocin-A
FAB MS [M+H]" [M+Na]’ 1029 1051
Li’ [M+Li]" m/z 1035 m/z 2082 2
[2M+Na]” gymnocin-A 1028
FAB MS  NMR CosHggOrs ([M+Na]® 1051.5244, D
+0.2 mmu) Gymnocin-A H-K 4 6 E-1
J-N 6/6/7/6/6 NVR
FAB CID MS/MS Gymnocin
NMR
H-K m/z 837 767 711 655 599
6 56 70 6
7

Mosher



155 oH

o Nar s o o
[ . Wi ) L <
© H E L _'O | NI Kol - fM " OH
B o & H ML s
97, Pl aca 488 IO O D'?a? i Be3 . Me
& A 529 Eoy 866 711 837 1019
)
e
""'{ 4500
“-. §55.2
EE 2
165.0 TET 3
o 599.7
an 907.4
,.J BAT.3 9636 [0ig 0
" 4031 5291 |
LL}..J 1y “luJ‘]-IL Ja | lJ..;Il I.lll._] | "
4 Gymnocin-A  MS/MS
Gymnocin-B  'H-NMR gymnocin-B  gymnocin-A
gymnocin-B gymnocin-A NMR
gymnocin-B 2-methyl-2-butenal
5/7/6/6/6/6/7/7/6/7/6/6/6/6/7
gymnocin-A
15 gymnocin-A Gymnocin-B
MS/MS 2
Gymnocin-A  gymnocin-B P388 1.3u g/ml 1.5
p g/ml gymnocin 1.5 ng/ml
gymnocin-A  gymnocin-B gymnocin
gymnocin 2pp
(PbTx-3) 250 1 K. mikimotoi
Gymnocin

K. mikimotoi



Amphidinium carterae
amphidinol
Amphidinium
Amphidiniumsp. amphidinolide A. Kklebsii
amphidinol -1(AM1) A. klebsii AvV2-AVM8 AM7  AM8
Amphidinium carterae
AM2 AM4 5 AM9-AM13
AV9 CroH115053 AM3
NMR AM9 AM3 20,21 18,22
AN10 CoeHu12053
Av4 2 2 NMR AM1O AWM
16,18 AM11 1476 CyyHypi05aNa
2 NMR AM11 A2 1
AM12 CgHis0,Na AM13 CiHyy/04Na A4 AM9 1
Amphidinium

R1
Me OH M %OH oH OH OH
N N NN SN /‘\\r/\v/r‘\ ) PPN -
N [ - - I 7 T
0SONa  OH oH oH oH OH oH Me OH O
OH T
Ho L
s OH 1 on | OH
B SN s N o L
_ OH o T
Ro Amphidinol 1 (1)
Ry R,
Ry R,
Me OH - ! P . 22 67
Amphidinol 1 HO/L\ PPN P N ) Eg ) Amphidinol 9 Ho«'\rf’\;"\\/«*'\\4/\10»\/\ ,/\/\,f\@‘lr'\w/ R
N - Y TE ¥ N
OSONa OH  OH  OH  OH  OH onooon o en oo o
, OH Me OH Me Me OH - e N 20
Amphidinol 2 A 0t0 A s Lo H Amphidinol 10 HO N I I 2 H
Ho gH BH I OH OH OH OH oH
Ho Y Amonidinl , (fH Afle OH Me Me OH
. . OH OH 67 mphidinol 11 OO A A 20 )22 H
Amphidinol 3 PPN ¥ S (1-sulfateAMp) ~ NaOSO” Ty T T -
B HO N - YT oH oH L
Amphidinol 4 OH OH OH OH OH H HO" T
’ oH oH
1
. N OH 6 s e N ~20 N 20
Amphidinol 5 ! ., B g Amphidinol 12 Na0,S0” ™~y -z — N 22 H
P - ‘ Ho”‘\T/'“v/”\T"**xf/”\‘\?/\,/\ /"\J“\f“?&”\w,u' 2 (1-sulfateAM4) ' oH !)H (!)H EH OoH
Amphidinol 6 | OH OH OH OH OH OH
1
Amphidinol 13 NaO,80™ N N NI A BB g
(1-sulfateAM9) OH OH OH OH OH OH

5 Amphidinol

AM2, AM4 5

Table Aspergillus niger



AM2, AM4, AM9 AM11, AM12, AM13 3-6
AM2, AM11 5 P388
1
amphiidinol
AM10
1 Amphidinol
Antifungal acitivity' ~ Hemolytic acitivity”  Cytotoxicity®
(Lg/disk) (nM) (uu/ml)
AM?2 44 1160 15
AM4 58 207 25
AM9 33 176 37
AM10 14 6530 35
AM11 256 28900 23
AM12 >100 2990 27
AM13 132 2020 33
Ostreopsis siamensis palytoxin ostreosin-D
Ostreopsis siamensis
0. siamensis ostreocin-D palytoxin
Palytoxin
2700
Ostreocin-D 2736  palytoxin 44 2
NMR
3,26
C,D,F,G D,F,G  'H-NMR
palytoxin
C C NMR
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6 Palytoxin ostreocin-D

Ostreocin-D CID MS/MS Ostreocin-D
2-sulfobenzoate ostreocin-D 2-sulfobenzamide N-acetylostreocin-D
2-sulfobenzoate MS/MS

2-sulfobenzoate
ostreocin-D 2-sulfobenzamide 2818
m/z 2645 2588 C

m/z 2251, 2221, 2207, and 2178 30, 14, 30
19
1694, 1708, 1738, and 1781 43
46
1781, 1811, and 1824 41 42 a
42 osterocin-D

42-hydroxy-3,26-didemethyl-19,44-dideoxypalytoxin
Palytoxin

palytoxin
palytoxin
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m
GlIIA
m-
GIITA
m GlIIA
Conus geographus
m GlIIA
22
[Cs0= 010 nM
n GIIIA
m GlIIA
K1 4EH
m GlIA
[Cys’]GIIA
1C50=1.9 "M

(Nakamura et al., 2001a) n GIlIA



GIHA
0.3 uM
-]

?

1O wal sh
v

BSA-[Cys*|GIIA

3—2 pg/ml 70 pg/ml 5y I
GIIIA
“ m GIITA
gc3 GIIA
BSA BSA[Cys’]GIIIA
Nakamureet al.,
2002 m GIITA
153
GIITA 13
W
m GIIA

I
I |

j-conotoxin GIIA: HRD[C C|TO OK KK DR QK oQ R A-NH,
n-conotoxin GIIB: #R D|C C|TO O RK[C|K D RR|C|K O M K|C G|A-NH,
1 5 10 15 20

o]

/E‘iw BSA
Cys®-3g
¥s Fo)
13
Arg™

[CysIGIIA
GIlIA



p-conotoxin GlIlA

N, "'K\I/"“i qu:m ""Y""‘ Ha
VY ety

HNT DM HN™ “GOH HpN™ “COzH  MpNT TEGpH HNT TCOM HaN™ “GOgH HgN” "COM
Aw Lys Ao homadrg Ry Rs Ry
13
a NMR
13
Nakamura et al., 2001b
m GIIA
Symbiodinium
Symbiodinium Strain Y-6 W5 JRHEEEE Swnbiodinium sp.

62

Symbiodinium



Strain HA3-5 2717 (CursH22oN:054S))
zooxanthellamide A Onodera et al., 2003

zooxanthellamide A

)
m GIlIA

2001

m GlIIIA

Symbiodinium



Symbiodinium

OH CH4 4

H
HO.{ > 5 y @ 2 N (
0, AN A

L © OH OH OH OH OH OH OH
I Segment A

HO. R

- w
OH OH

o
CH; OH OH
Segment B

.
CHy OH OH QOH

77 N\ : Selected HMBC

e | DQF-COSY & HOHAHA

Symbiodinium
58RNA ITS 18SrRNA V1
PCR DNA



Ca

semotiadil

®-

®

(R)-semotiadil

Na

®



[3H]-D51-4700 (A).(S)- [°H]-D51-4700 (9- semotiadil  flecanide
(B).(R- (S)- [*H]-D51-4700 Na (R)-(lane2,2') (S)- semotiadil (3,3")
(C). R (9- [*HI-D51-4700 Ca (R)-(lane2,2') (S)- semotiadil (3,3")

| 10 k (obsd) |
[ 93k(caeay |

1686 1736 1743 1804 18171833 1836 1863 1880

Brain Na' Channel K

1861 1874
Cardiac Na* Channel KP——K—K
13.0 33k 3.4k 1.4k

13k (obsd) |

13.1k (calcd) |

17k (obsd)  19.8k (calcd) I

(9-[°H]-D51-4700 Na Vs

N Channel - VRGDCGAPS-VGFFPFYS- LIS FLIVVNTAVELENFSVATER-SAEP

Cf Cramel Y1--05--0F Ymijs%@c%m,;il.i-nﬁmvi_ APDLLERONS]-

R R RS,
LSEDDFEHPYEVHEREDPOAROFIEECRLSDEARALDPPLLIARPARV(L

LGPHHLDRFRATHAETDPEARGRIRALDVVELLARIQPRLGEGRRCOARY
©- (R)-[*H]-D51-4700 Na Ca

[1] (9-[*H]-D51-4700 Na flecanide



(9)-semotiadil [2]

IVS6 13 kDa Na 10 kDa

[3] L Ca
(R)-semotiadil

Na Ca
(@)

@) 2 |

HSA  (R-[°H]-D51-4700 (FNAK)

SN m/Z = 2557, 1322

a)
=) 2557.54
g ﬂu *
2 o — Mz
"= 1200 2000 2800
(]
= 257961
% 132244 1344.39 - e
* B -
o 12795?,____ +Na
N vl miz
800 1200 1600 2000 2400 2800 3200
) 401 YKFONALLVR YTKRVPQVST PTLVEVSRNL GKVGSKCCKH PEAKRMPCAE
451 DYLSVVLNQL CVLHEKTPVS DRVTKCCTES LVNRRPCFSA LEVDETYVPK
501 EFNAETFTFH ADICTLSEKE RQIKKQTALV ELVKHKPKAT KEQLKAVMDD
551 FAAFVEKCCK ADDKETCFAE EGKKLVAASQ AALGL
C) Residues no.  Putative fragments with the 505-u label  Calculated mass Observed mass
414-432 KVPQVSTPTLVEVSRNLGK 2557.38 2557.54
539-545 ATKEQLK 1322.68 1322.44

[*H]-FNAK HAS MALDI-TOF-MS

@



. [PH]-FNAK HSA

ESI-MSMS
Lys-414 Lys-541
HA

FNAK

FNAK
@

(M/Z = 2557.54)

(2

ES-MS/MS



[*H]-FNAK HSA
Myr-3, 4,5

. ca**

(al,a2,b,gd

al,b

single particle
® Ca

Ca



L Ca al-b . L Ca
negative stain negative stain

Extracellular

L I i

Cytoplasm
10. L Ca
ATP K*

ATP K Katp ATP

K Kir
SUR Kir, SUR

@ Katp @
Kir, SUR
@ Kate Kire.2 SUR2A

@

(C)



10.

b-PMTX

Kir, SUR

Na

Na

KATP
SUR2A  Kir6.2

Na’

b-PMTX

Na



v

b-PMTX

Wild-Type/Chimera

Amino Acid Sequence

Modification Ratio
Mean *+ S.D. (Number
of Observations)

wild type rBII
rBII chimera 1
BII-E1616Q
rBII-E1616K
rBII-V1620F
rBII-E1613R
BI-E1613D
wild type rH1
rH1 chimera 1
rH1 chimera 4
rH1 chimera §
tHI-Q1615E
rH1-F1619V

rH1-DI612N&F1619V
rH1 chimera 5&D1612N

T <
IGWAIGAMFI.AELIFKYFVSPTLF

[7 ] -

[F7D--

16081624 TVLS DIJQK YFFSPTLF

MF-AELJE - -V
[MF-AEL]- - -

026+ 003(n=5)
0(n=6)
0(n=06)
0m=4)
024=0.10(n=3)
0.15£003(n=3)
027+£004(n=3)
0(n=4)
0732 0.11(n=4)
0(n=3)
0.75=0.14 (n=4)
032004 (n=4)
022007 (n=4)
0(n=4)
0.67=0.11(n=3)

Na
S3-54
b-PMTX
D

N

13 b-PMTX
p7
b-PMTX

PMTX
rHl
|
Glu-1616 Na
Gln
5)
Na
1C;,=500 nM
()

R-1-K-1-G-L-F-D-Q-L-S-R-L-NH,

Na

PMTX

P7 Na

b-PMTX

P7

13

rBil

Na

R-1-K-1-G-L-F-nH,



(b-PuTX ) ( P7)

13. b-PMTX p7 b-PMTX Na
Na

@ @
2



14.

ca**
Ca

2001
single particle

Na

(©)

Ca

PMTX

Na’

pinpoint

Na

Ca



P7

(1)
)
©)
4)
©)
©)

Na

PMTX P7
invivo

P7

H. Yoshikawa et al., Heterocycles, 59, 613-622 (2003).

K. Kawaharaet a., Biochem. J., 363, 223-232 (2002).

K. Murataet a., Biochem. Biophys. Res. Commun., 282, 284-291 (2001).
A. Kuniyasu eta., FEBS Lett., 552, 259-263 (2003).

E. Kinoshitaet d., Mol. Pharmacol., 59, 1457-1463 (2001).

S. Yokote et d., in preparation.
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NM R

minNANP MCHFGGRMDRISCY R-NH>»
ANP
NPR-A
miniANP
Phe*, Met®, 1lett
minlANP
1 DMSO

Gly°-Arg’-Met®-Asp’

2 lle"
Pret  llett DMSO
DMSO
Pet  llett
Phe* llett

(1) Gly°-Arg’-Met®-Asp’

100

miniANP
ANP

cGMP Na

NMR

ke

1 miniANP

ANP
Phe*-llett

miniANP
Gly> Gi° i
(2) Phe*-lle'!
D (D+(2)
2 f



Gly®

(D+(2)
40 3 =
Gly = »
0 - - W@
20
10
0
-180 -90 0 9 180
60
Gly 6
50 A
a A
30
20 A
10 1
0
-180 -90 0 90 180
f (degrees)
2 f

f
D
Gly®
Gly?-Arg’-Met®-Asp®
Phe'-1le™ miniANP
Gly®, Gly° f
f
D-
mniANP  Gly°, Gly®
D-
[D-Ala®]miniANP, [D-Ala®]miniANP,
[p-Ala®,0-Al]miniANP
NPR-A CHO
cGMP

miniANP  EC50=458+11pmol
ECS0aao0d EC50miniane

( 0 A 0.38, 8.2, 2.9
lle" i_lg%“ ”eﬂlkr _‘ Phe pAla’ p-Al®
/\ Y g B
‘ X B N
7k e DMSOFH [D-Al2’]minANP
3 [D-Ala®]miniANP Phet-lett
3 Phe-lle™t miniANP
[>-Ala’]minANP DMSO 3
[D-Ala®]miniANP Phe’-lle't
[p-Ala®,p-Al?]miniANP Phet  1le! 1
pAla®  Phe* llet

D-Alaf



Gly?

p-Ald’ Gly
4- (2, - PbHN
>=NH
) 3’ o PhsO” SN phso,
6 &hane 1 ’b‘ "Bu, PP en ﬁ 7steps
N7 CO,'Bu co, e
4_ 1’ 4 Cbz Chz Fmoc
[4] l 2 steps beHN>=NH
3 ° RSO~ oN PhSO, _/ >

[(2S,49)-4-(2' -guanidyl) )\_L m PPN O~ s Z_)\
PrO'IMnANP 7 [(2SAR)-4-(2- Mroc

guanidyl)Pro’] miniANP 8

5 6

Scheme 1
NPR-A CHO cGMP Table 1 7,
miniANP
Table 1 miniANP
Peptide EC50 (nM)  EC50ana0/ EC50miniane
mnANP 511+ 0.29 1
7 10.80+ 1.13 21
8 17.04 £ 9.09 33
7,8 5 2
2-
NMR
minlANP 2
Gly®- Asp’
2 2-
Insightll Accelrys, San Diego, CA
Search Compare 2 2' -

Search Compare



Gly-Pro-Met- Asp 4

5
2 -
7,8 2'- 2
3 10° 360 °
CO(Gly)-NH(Asp) RMSD
7 A 8 45
miniANP Gly-Arg-Met- Asp
150
NMR
Phe-llet Gly®-Arg’-Met®-Asp’
Gly® i minANP
Arg  4-(2'- )
4-(2'-
)
NPR-A
NMR
LDso
25ng/kg
Na/K -pump ATPase
C129H223N 3054 64
X 'H-NMR

NMR



NMR

17.6 NMR
FT-NMR
OH o
)
108 !
i HG 3 <7 o oMYy oH
Ty 8 100 HO OH
“ D O g OH
HSQC-TOCSY OH |
HO oH'e :
OH o
S tHMBC I-b:;
—_— = TOCSY OH
OH o
< 0 ((i CIHrrh'Ij\I diP TOGSY & S
™ aD TOCSY-HSOC “E20H
HDMNJVQ sy OH -
. OH CH HOY
NG NB it Me HO oH | 3D
2/ e, 25 OH J T'_I.I’JECSEE(
L@-L 8] i— Ma o ey e BT0H
0. [ [
| ) 50 58 0H
O o
OH
oy
2 20 HSQC-TOCSY
Figure: 1
aj IIIJ-"/H" - HI2/H12 H'IZ;"HI“
d By r
L o 5k r‘::l[' HIZ/H13 o
A4S T HA4UHA4
b} :Hlafllll HM"H?'* _HIS/HIS
) 19471194
s J ‘f/
H94/H6 H56/HS4
DMX-750 3,70 1 h
uumlw _ R
750.13MHz 2754 B \kugs
T THSGHSG 4
M semisa H:H“ il l
HS6/HS57,55 N Hseniss
1,55 “}F_ iy
‘HsTHMER || THSTHST
il bt
<) i H6SHES r/_, H65/HG64 HG5/ 66
DQF-COSY TOCSY 3 ;. o aEMn A
3,404 \\\
_ el j.’ h HG65/HGT L |
Iy B¢ ::: HY/HE “HYHY HY/H 10 |
4.5 g k) LR 23 2.0 F’ | Py
Figure 2

HSQC



HMBC

2D-HSQC-TOCSY 3D-TOCSY-HSQC

3D-TOCSY-HSQC N-

TH-NMR Assignment of N-Acetylpalytoxin

|.|-|'

ams
/ -H.Pé-' 1m|.w

Figura 3

e
ool .t /
i
= _,/ B l e 1l *F
"'N-n Mfﬂlﬁ*"’l M{n]}‘f
= L]
T E /,", » -"'/?p-;H \{1:-
ma— | Y o
. 4' T "‘.._ P I|
- ¥ \\ bl 8 1
. N
L //}DH _:"_ ul|-||.u 1
T 2 am i T
e
1 h
= Ne bt Il
- j\.f\ L
H M M \ f e
e ,1:.” l-m- an
ln.ll E:MI f—mn
Sﬁﬂ—-Me Hm nrm LT
nh—-l‘-ﬁ n.n- =R ":H T
m S W T | T %
e s i
| HTB :




GPCR

GPCR
GPCR
GPCR
X
GPCR
T™6 Pro
TM6
GPCR
GPCR
Lys296
uv
| max 498nm
uv Batho
Batho

Lumi I Meta—I Ib Meta—Ib
Meta—I1 Lumi

l;5,0, Meta—I,, Meta—II

Rhodopsin —h . |Bathorhodopsin
(498nm) n (5500m)
re
. Lumirhodopsin
rralll g el
N

Metarhodopsin 1b

(460nm) |\§‘ ‘(’ (380nm)

Metarhodopsin 1

Metarhodopsin 11

(380nm) |




Meta—I1

Meta—I11

Batho
200fs

™3 ™4




Meta—II

T™M6
T™M6

Meta—I1

GPCR

T™M6

ms

™3 TM4

B-

™6

GPCR

™6

Khorana

™3

Hubel |

T™M6

Trp



b2—
Meta—I
b2—
Meta—I
™3 Asp
TMS 6

GPCR

)

NaK









10 12

15 11
10 12
12 7
1 9
15 11
12 10
15 11
NMR 11 4
12 3
0 11 4
15 3
CREST 11 6
14 3
CREST 11 11
12 10
O 15 4
CREST 15 11
. 1 3
CREST Na 12 11
13 11
15 11
0 NMR 14 4
15 11
10 12
15 11
10 12
15 11
12 4
15 11
11 4
NMR 15 11
0 11 4
CREST 15 11
14 4
15 11
14 4
NMR 15 11
11 10

12 8




12 10
13 1

13 2
15 11

10 12
15 11

15 1
15 11

CREST

14 10
15 11

10 12
15 11

12 4
15 11

10 12
15 11

10 12
12 3

10 12
14 3

14 4
15 11

10 12
12 10

12 10
15 11

10 12
11 3

10 12
13 3

11 4
15 3

11 4
15 3




10 12
13 3

10 12
13 3

10 12
13 3

Na

10 12
15 11

Na

10 12
15 3

12 4
15 11

Na

10 12
13 3

Na
PMTX

13 4
15 11

Caz

10 12
15 11

10 12
15 11

NMR

10 12
15 11

10 12
13 3

NMR

10 12
14 3

10 12
14 3

10 12
15 11

10 12
15 11

1 4
15 11




12

11

10 15

@
L

4 57
A. Morohashi, M. Satake, H. Naoki, H. F. Kaspar, Y. Oshima, T. Yasumoto: “Brevetoxin

B4 Isolated from Greenshdl Musseds Perna candiculus the Magor  Toxin
Involved in Neurotoxic Shellfish Poisoning in New Zealand”, Natural Toxins, 7,
45-48 (1999).

M. Inoue, M. Sasaki and K. Tachibanas “A Convergent Synthesis of the transFused
Hexahydrooxonine Ring System and Reproduction of Conformational Behavior Shown by
Ring F of Ciguatoxin”, Tetrahedron, 55, 10949-10970 (1999).

M. Sasaki, M. Inoue, K. Takamatsu and K. Tachibana: “Stereocontrolled Synthesis of the
JKLM Ring Fragment of Ciguatoxin®, J. Org. Chem, 64, 9399-9415 (1999).

M. Inoue, M. Sasaki, and K. Tachibana: “A Convergent Synthesis of Decacyclic Ciguatoxin
Modd Containing the =M Ring Framework”, J. Org. Chem, 64, 9416-9429 (1999).

M. Sasaki, H. Fuwa, M. Ishikawa, and K. Tachibana: “A General Method for Convergent
Synthesis of Polycyclic Ethers Based on Suzuki Cross-Coupling; Concise Synthesis of the
ABCD Ring System of Ciguatoxin” Organic Lett., 1, 1075-1077 (1999).

K. Konoki, M. Hashimoto, M. Murata, and K. Tachibana: “Maitotoxin-induced Calcium
Influx in Erythrocyte Ghosts and Rat Glioma C6 Cells, and Blockade by Gangliosides and
Other Membrane Lipids.”, Chemical Research in Toxicology, 12, 12993-1001 (1999).

M. Ishiguro: “A Mechanism of Primary Photo-activation Reactions of Rhodopsin: Modeling
for the Intermediates in the Rhodopsin Photocycle’, J. Am. Chem. Soc., 122, 444-451 (2000).
M. Sasaki, K. Noguchi, H. Fuwa, and K. Tachibana: “Convergent Synthesis of an HIJK Ring



Modd of Ciguatoxin via Suzuki Cross-coupling Reaction”, Tetrahedron Lett., 41, 1425-1428
(2000).

9. Y. Kobayashi and K. Tachibana “NMR Observation on Transbilayer Didribution of
N-[**C]Methylated Chlorpromazine in Asymmetric Lipid Bilayer of Unilammellar Vesicles”,
Chem. Lett., 4, 302-303 (2000).

10. A. Morohashi, M. Satake, Y. Oshima, and T. Yasumoto: “Absolute Configuration at C45 in
45-Hydroxyyessotoxin, a Marine Polyether Toxin Isolated from Shellfish”, Biosci. Biotech.
Biochem., 64, 1761-1763 (2000).

11. M. Sasaki, T. Koike, R. Sakai, and K. Tachibana: “Total Synthesis of (-)-Dysiherbaine, a
Novel Neuroexcitotoxic Amino Acid’, Tetrahedron Lett., 41, 3923-3926 (2000).

12. M. Sasaki, S. Honda, T. Noguchi, H. Takakura, and K. Tachibana: “Palladium-catalyzed
Carbonyaltion of Lactone-derived Enol Phosphates. Stereoselective Construction  of
Functionalized Cyclic Ethers from Lactones’, Synlett, 2000, 838-840.

13. H. Fuwa, M. Sasaki, and K. Tachibana: “Synthetic Studies on a Marine Polyether Toxin,
Gambierol: Stereosdlective Synthesis of the FGH Ring System via B-Alkyl Suzuki Coupling”,
Tetrahedron Lett., 41, 8371-8375 (2000).

14. T. Yasumoto, T. Igarashi, A.-M. Legrand, P. Cruchet, M. Chinain, T. Fujita, and H. Naoki:
“Structural Elucidation of Ciguatoxin Congeners by Fast-atom Bombardment Tandem Mass
Spectroscopy”, J. Am. Chem. Soc., 122, 4988-4989 (2000).

15. A. Morohashi, M. Satake, H. Nagai, amd T. Yasumoto: “The Absolute Configuration of
Gambieric Acids A-D, Potent Antifungal Polyethers |solated from the Marine Dinoflagellate,
Gambierdiscus toxicus’, Tetrahedron, 56, 8995-9001 (2000).

16. K. Konoki, N. Sugiyama, M. Murata, K. Tachibana, and Y. Hatanaka: “Development of
Biotin-avidin Technology to Investigate Okadaic Acid-promoted Cell Signaing Pathway”,
Tetrahedron, 56, 9003-9014 (2000).

17. K. Murata, N. Odahara, A. Kuniyasu, Y. Sato, H. Nakayama, and K. Nagayama
“Asymmetric Arrangement of Auxiliary Subunits of Skeleta Muscle Voltage-gated L-Type
Ca™* Channel”, Biochem. Biophys. Res. Commun., 282, 284-291 (2001).

18. H. Takakura, K. Noguchi, M. Sasaki, and K. Tachibana: “ Synthetic Studies on Ciguatoxin: A
Highly Convergent Synthesis of the GHIJKLM Ring System via B-Alkyl Suzuki Coupling”,
Angew. Chem. Int. Ed., 40, 1090-1093 (2001).

19. o —

K , 59, 193-205 (2001).
20. E. Kinoshita, H. Magiima, K. Yamaoka, K. Konno, N. Kawai, E. Shimizu, S. Yokote, H.



Nakayama, and |. Seyama: “Novel Wasp Toxin Discriminates between Neurona and Cardiac
Sodium Channdls’, Mol. Pharmacol., 59, 1457-1463 (2001).

21. T. Yasumoto: “The Chemistry and Biologica Function of Natural Marine Toxins’, Chem.
Rec., 3, 228-242 (2001).

22. H. Fuwa, M. Sasaki, and K. Tachibana: “ Synthetic Studies on a Marine Polyether Toxin,
Gambierol: Stereoselective Synthess of the EFGH Ring System via B-Alkyl Suzuki
Coupling”, Tetrahedron, 57, 3019-3033 (2001).

23. R. Sakai, T. Koike, M. Sasaki, K. Shimamoto, C. Oiwa, A. Yano, K. Suzuki, K. Tachibana,
and H. Kamiya: “lsolation, Structure Determination and Synthesis of Neodysiherbine A, a
New Excitatory Amino Acid from a Marine Sponge”, Org. Lett., 3, 1479-1482 (2001).

24. M. Sasaki, T. Shida, and K. Tachibana: “ Synthesis and Stereochemical Confirmation of the
HI/JK Ring System of Prymnesins, Potent Hemolytic and |chthyotoxic Glycoside Toxins
Isolated from the Red Tide Alga’, Tetrahedron Lett., 42, 5725-5728 (2001).

25. K. Kawahara, T. Gotoh, S. Oyadomari, A. Kuniyasu, S. Kohsaka, M. Mori, and H.
Nakayama: “Nitric Oxide Inhibits the Proliferation of Murine Microglial MG5 Cells by a
Mechanism Involving p21 but Independent of p53 and Cyclic Guanosine Monophosphate”,
Neurosci. Lett., 310, 89-92 (2001).

26. T. Ukena, M. Satake, M. Usami, Y. Oshima, T. Yasumoto, T. Fujita, and Y. Kan: “ Structure
Elucidation of Ostreocin-D, a Paytoxin Andog, Isolated from the Dinoflagellate Ostreopsis
siamensis’, Biosci. Biotech. Biochem., 65, 2585-2588 (2001).

27. M. Nekamura, Y. Niwa, Y. Ishida, T. Kohno, K. Sato, Y. Oba, and H. Nakamura
“Modification of Arg-13 of i-Conotoxin GIIIA with Piperidinyl-Arg Analogs and Their
Relation to the Inhibition of Sodium Channels’, FEBS Lett., 503, 107-110 (2001).

28. H. Fuwa, M. Sasaki, and K. Tachibana: “Synthetic Studies toward Gambierol. Convergent
Synthesis of the Octacyclic Polyether Core”, Org. Lett., 3, 3549-3552 (2001).

29. M. Nakamura, Y. Ishida, T. Kohno, K. Sato, Y. Oba and H. Nakamura: “Synthesis of
[Cys’]mConotoxin GIIIA and Its Derivatives as a Probe of Na* Channd Analysis”, Biochem.
Biophys. Res. Commun., 283, 374-378 (2001).

30. M. Sasaki, M. Ishikawa, H. Fuwa, and K. Tachibana: “A General Strategy for the Convergent
Synthesis of Fused Polycyclic Ethers via B-Alkyl Suzuki Coupling. Synthesis of the ABCD
Ring Fragment of Ciguatoxins’, Tetrahedron, 58, 1889-1911 (2002).

31. N. Matsumori, N. Yamgji, S. Matsuoka, T. Oishi, and M. Murata: “ Amphotericin B Covalent
Dimmers Forming Sterol-dependent | on-permeable Membrane Channels’, J. Am. Chem. Soc.,

124, 4180-4181 (2002).



32. K. Kawahara, A. Kuniyasu, K. Masuda, M. Ishiguro, and H. Nakayama “Efficient
Identification of Photolabelled Amino Acid Residues by Combining Immunoaffinity
Purification with MS: Reveadling the Semotiadilbinding Site and Its Relevance to Binding
Sites for Myristatesin Domain I1l of Human Serum Albumin”, Biochem. J., 363, 223-232
(2002).

33 M. Sasaki, T. Noguchi, and K. Tachibanaa “Intramolecular  Radica
Cyclization—Ring-closing Metathesis Approach to Fused Polycyclic Ethers. Convergent
Synthesis and Conformational Analysis of the (E)FGH Ring System of Ciguatoxin”, J. Org.
Chem, 67, 3301-3310 (2002).

34. M. Sasaki, C. Tsukano, and K. Tachibana: “Studies toward the Synthesis of Gymnocin A, a
Cytotoxic Polyether: A Highly Convergent Entry to the FN Ring Fragment”, Org. Lett., 4,
1747-1750 (2002).

35. N. Yamgji, N. Matsumori, S. Matsuoka, T. Oishi, and M. Murata: “Amphotericin B Dimers
with Bisamide Linkage Bearing Powerful Membrane-permesbilizimg Activity”, Org. Lett., 4,
2087-2089 (2002).

36. H. Takakura, M. Sasaki, S. Honda, and K. Tachibana: “Progress toward the Total Synthesis of
Ciguatoxins. A Convergent Synthesis of the FGHIJKLM Ring Fragment”, Org. Lett., 4,
2771-2774 (2002).

37. H. Fuwa, M. Sasaki, M. Satake, and K. Tachibana: “Total Synthesis of Gambierol”, Org.
Lett., 4, 2981-2984 (2002).

38. H. Fuwa, N. Kainuma, K. Tachibana, and M. Sasaki: “Totd Synthesis of (-)-Gambierol”, J.
Am. Chem. Soc., 124, 14983-14992 (2002).

39. M. Satake, M. Shoji, Y. Oshima, H. Naoki, T. Fujita, and T. Yasumoto: “Gymnocin-A, a
Cytotoxic Polyether from the Notorious Red Tide Dinoflagellate, Gymnodinium mikimotoi”,
Tetrahedron Lett., 43, 5829-5832 (2002).

40. S. Matsuoka and M. Murata: “Cholesterol Markedly Reduces 1on Ppermeability Induced by
Membrane-bound Amphotericin B”, Biochim. Biophys. Acta, 1564, 429-434 (2002).

41. T. Ukena, M. Satake, M. Usami, Y. Oshima, T. Fujita, H. Naoki, and T. Yasumoto:
“Structural  Confirmation of Ostreocin-D by Application of Negative-ion Fast-atom
Bombardment Collision-induced Dissociation Tandem Mass Spectrometric Methods’, Rapid
Commun. Mass Spectrom., 16, 2387-2393 (2002).

42. T. Hirano, I. T. Lim, D. M. Kim, X.-G. Zheng, K. Yaoshihara, Y. Oyama, H. Imai, Y. Shichida,
and M. Ishiguro: “Constraints of Opsn Structure on the Ligand-binding Site: Studies with
Ring-fused Retinas’, Photochem. Photobiol., 76, 606 (2002).



43. M. Nakamura, Y. Oba, T. Mori, K. Sato, Y. Ishida, T. Matsuda, H. Nakamura: “ Generation of
Polyclonal Antibody against mConotoxin GIIIA using an Immunogen of [Cys’]JmConotoxin
GIlIA Site-specifically Gonjugated with Bovine Serum Albumin”, Biochem. Biophys. Res.
Commun., 290, 1037-1041 (2002).

44. H. Yoshikawa, E. Shimizu, K. Kawahara, A. Kuniyasu, T. Shibano, and H. Nakayama
“Photochemicd Identification of the Binding Region for (S)-Semotiadil on Sodium Channels:
Comparison with that for (R)-Semotiadil on Skeletal Muscle Calcium Channel”, Heterocycles,
59, 613-622 (2003).

45. M. Ishiguro, T. Hirano, and Y. Oyama “Modelling of Photointermediates Suggests a
Mechanism of the Hip of the b-lonone Moiety of the Retinylidene Chromophore in the
Rhodopsin Photocascade’, ChemBioChem, 4, 228-231 (2003).

46. S. Matsuoka and M. Murata: “Membrane Permeabilizing Activity of Amphotericin B is
Affected by Chain Length of Phosphatidylcholine Added as Minor Constituent”, Biochim.
Biophys. Acta, 1617, 109-115 (2003).

47. 2 ,
41, 283-285 (2003).

48. M. lzumikawa, M. Murata, K. Tachibana, Y. Ebizuka, and I. Fujii: Cloning of Modular Type
| Polykedite Synthase Genes from Salinomycin Producing Strain of Streptomyces albus.
Bioorg. Med Chem., 11, 3401-3405 (2003).

49. S. Matsuoka, N. Matsumori, and M. Murata: “Amphotericin B — Phospholipid Covalent
Conjugates. Dependence of Membrane-permeabilizing Activity on Acyl-chain Length”, Org.
Biomol. Chem, 1, 3882-3884 (2003).

50. o 107 " , 58,
32-37 (2003).

51. D

, 61, 742-751(2003).

52. H. Sasaki, S. Fukuzawa, J. Kikuchi, S. Yokoyama, H. Hirota, and K. Tachibana: Cholesterol
Doping Induced Enhanced Stability of Bicelles. Langmuir, 19, 9841-9844 (2003).

53. H. Sasaki, M. Araki, S. Fukuzawa, and K. Tachibana: The Packing of Lipid Chains Changes
the Character of Bacteriorhodopsin Reconstituted in a Model Membrane.  Bioorg. Med.
Chem. Lett., 13, 3583-2585 (2003).

54. K. Onodera, H. Nakamura, Y. Oba, and M. Qjika “Zooxanthellamide A, a Nove
Polyhydroxy Metabolite from a Marine Dinoflagellate of Symbiodiniumsp.”, Tetrahedron 59,
1067-1071 (2003).



55. M. Sasaki, C. Tsukano and K. Tachibana: Synthetic Entry to the ABCD Ring Fragment of
Gymnocin-A, a Cytotoxic Polyether. Tetrahedron Lett., 44, 4351-4354 (2003).

56. H. Fuwa, N. Kainuma, M. Satake and M. Sasaki; Synthesis and Biologica Evauation of
Gambierol Analogues. Bioorg. Med. Chem. Lett., 13, 2519-2522 (2003).

57. M. Sasaki, Y. Iwamuro, J. Nemoto and M. Oikawa: Studies toward the Total Synthesis of
Azaspiracids. Synthesis of the FGHI Ring Domain. Tetrahedron Lett., 44, 6199-6201 (2003).

58. C. Tsukano and M. Sasaki: Totd Synthesis of Gymnocin-A. J. Am. Chem. Soc., 125,
14294-14295 (2003).

59. E. Ito, F. Suzuki-Toyota, K. Tashimori, H. Fuwa, K. Tachibana, M. Satake and M. Sasaki:
Pathological Effects on Mice by Gambierol, Possibly One of the Ciguatera Toxins. Toxicon,

42, 733-740 (2003).

Proceedings

1. M. Nekamura, Y. Niwa, Y. Ishida, T. Kohno, K. Sao, Y. Oba, and H. Nakamura
“Modification to Arg-13 of mConotoxin GIIIA with PiperidylArg Analogs and Their
Evduations’, Peptide Science 2001, H. Aoyagi, ed., pp. 203-204 (2001).

2. M. Nekamura, Y. Oba, K. Sato Y. Ishida, T. Mastuda, and H. Nakamura: “Generation of
Polyclona Antibody against Peptide Toxin mConotoxin GIIA”, Peptide Science 2001, H.
Aoyagi, ed., pp. 385-386 (2001).

@

75 26
1
FGH

1999.3.30
2.

1999.3.30
3.

1999.6.4

4.

Construction of Bioassay Protocol to Evaluate Recognition and Activation of



Membrane-bound Proteins by Ladder-shaped Polyether Using Reconstituted Systems.
New Hampshire, U.SA. 1999.7.26

5.
Second Euroconference on Marine Natural Products
1999.9.19
6.
0
1999.7.16
7.
1999.9.24
8.
ATP 0
0
2000.3.29
9. Anne-Marie Legrand, Philippe Cruchet
( )
1999.10.14
10.
1999.10.19
11
Synthetic Studies toward Marine Natural Product Ciguatoxin
Seoul National University-The University of Tokyo Joint Symposium (Seoul, Kores,
1999.11.22)
12,
Why are Marine Sponges Immune to Cytotoxinswhich They Accommodates?
Ventura, Cdifornia, U.S.A., 2000.2.28
13.



14.

15.

16.

17.

18.

19.

21.

23.

ESI

42

2000.3.29

2000.3.29

2000.3.29

2000.3.29

2000.3.29

2000.3.29

2000.3.29

2000.3.29

A

2000.4.2

CREST

2000.5.11

2000.11.7

CREST



24.

M¥CONOLoXin
37 2000.10.19
25.
Why are Marine Sponges Immuneto Cytotoxinswhich They Accommodate?
Townsville, Augtrdia  2000.9.30
26.

Co-Induction of Argininosuccinate Synthase, Cationic Amino Acid Transporter-2, and Nitric
Oxide Synthase in Activated Marine Micoglid Cells

30 (New Orleans, USA  2000.11.7)
27.
A New Strategy for Convergent Synthesis of Polyether Natural Products
2000 Hawaii Honolulu, USA 2000.12.15
28.

Structure Analysis of Carbohydrates using an Electrospray lonization Quardupole
Time-of -flight Mass Spectrometry
2000 Hawaii Honolulu, USA 2000.12.18

Okadaic Add-binding Proteins form the Sponge Halichondria okadai: A Clue to the

Molecular Mechanisms of Sdf-resistance

2000 Hawaii Honolulu, USA 2000.12.18

30.
Anayses of Biosynthetic Mechanisms and Cloning of Biosynthethic Genes for Polyethers
2000 Hawaii Honolulu, USA 2000.12.18

3L

Molecular Recognition of Membrane Components by Polyether Toxins and
Polyenemacrolides
2000 Hawaii Honolulu, USA 2000.12.16
32.
Cross-linked Analogs of Amphotericin B: Bioactivity and Spectroscopic Properties
2000 Hawaii Honolulu, USA 2000.12.18



32.

36.

37.

41.

42.

Unique Structures of Two Polyether Compunds, A zaspiracid and Gymnocin-A
2000 Hawaii Honolulu, USA 2000.12.19

Chemistry in Marine Ecotoxicology

2000 Hawaii Honolulu, USA 2000.12.19
Ledey Rhodes
-4
2001 2001.3.2
HIJK
79 2001.3.28
O FGHI ad
79 2001.3.28
O GHIJKLM d
79 2001.3.28
O GHI d
79 2001.3.28
79 2001.3.28
B_
79 2001.3.28
B
79 2001.3.28



47

49.

IR

13

79

79

79

2001.3.28

2001.3.28

Gymnodinium mikimotoi

2001.4.4

2001.6.6

K. James Cork Ingtitute of Technology

Azaspiracid and Its Analogs

10

T. MacMahon Marine Institute

2001.6.25

Biosynthesis of Yessotoxin, a Marine Polycyclic Ether Compound

10

Studiestoward Tota Synthesis of Ciguatoxins

10

Structure  Anayses and

lon Abundance in CID-MSMS Spectra of

2001.6.25

2001.6.25

| someric

Oligosaccharides Using Quadrupole Time-of-flight Mass Spectrometry: Distinguishing

between | someric Oligosaccharides

1n

GSC

2001.9.20

GSC

2001.8.10



52.

57.

59.

80 (

Structural Characterization of Glycosylation of Proteins Based on the lon Abundance in

2001.9.22)

ComBio 2001 International Proteomics Conference 2001

2001.10.2

i-conotoxin GIIIA

the Mass Spectra
2001.10.1
43
33
13
33
43
Amphidinium carterae
134
134
Symbiodinium sp.
2002

2001.10.3

2001.10.3

2001.10.4

amphidinal

2001.10.20

2001.10.20

2002.3.26

i-conotoxin GIIIA



61.

62.

63.

65.

66.

67.

68.

69.

70.

50

81

CDE/FG

81

81

81

81

81

81

81

FGHI

-A
2002.3.27

HI/IK

2002.3.27

2002.3.27

2002.3.27

2002.3.27

2002.3.27

2002.3.28

B

2002.3.29

MALDI-MS

2002.5.16

2002.5.25

GSC

GSC



71.

72.

73.

74.

75.

76.

77

44

2002.6.27

2002.7.25
82 2002.9.27
82 2002.9.28

Gymnodinium mikimotoi

2002.10.9

2002.10.11 38.

2002.10.10

. R. Watanabe, R. Samusawa, M. Satake, and Y. Oshima
Development of Saxitoxin-induced Affinity Gel

GSC

Gymnocin-A

10th International Conference of Harmful Algea  Florida, U.SA. 2002.10.25
. M. Satake, K. Eiki, Y. Oshima, T. Mitsuya, K. Sekiguchi, K. Koike, and T. Ogata

Yessotoxin Production by Protoceratium reticulatum in Japan and Structures of Its New
Anaogs
10th International Conference of Harmful Algea Forida, U.SA. 2002.10.25
GSC
GSC

40 2002.11.2



80.

82 2002.11.5
81.K. Kawahara, S. Oyadomari, T. Gotoh, H. Nakayama, and M. Mori
The Role of ER Stress in Overactivation-induced Apoptosis of Mouse Microglia Cdls
32nd Annua Meeting of Society for Neuroscience Florida, U.SA. 2002.11.5
82. E. Shimizu, K. Kawahara, M. Kgjizono, A. Kuniyasu, and H. Nakayama
Role of a Scavenger Receptor CD36 for b-Amyloid Peptide Clearance in Microglia
32nd Annua Meeting of Society for Neuroscience Florida, U.SA. 2002.11.6

83. CREST
17
2002.11.28

84.

83 2003.3.19
85.

83 2003.3.19
86. CREST

83 2003.3.20
87.

CDE/FG

83 2003.3.20
88.

-A

83 2003.3.20
89.

83 2003.3.20
90.

NMR



83 2003.3.20

91.

83 2003.3.20
92.

NMR B

83 2003.3.20

93.
B

83 2003.3.20

94.
SAAF

83 2003.3.20

95.
-ATP 2 - NMR-

83 2003.3.20

96. M. Sasaki

Total Synthesis of Gambierol
Japan-U.S. Seminar on Bioorganic Marine Chemistry  Awaji, Japan, 2003.6.25
97. K. Tachibana
Synthesis and Molecular Recognition of Policyclic Ethereall Marine Toxins
Japan-U.S. Seminar on Bioorganic Marine Chemistry  Awaji, Japan, 2003.6.26
98. M. Sasaki
Total Synthesis of Polycyclic Ethers based on B-Alkyl Suzuki-Miyaura Coupling
2nd Japanese-Sino Symposium on Organic Chemistry for Young Scientists  Shima-gun, Japan,
2003.9.24

99. Feng Jueb
Symbiodinium sp. Zooxanthellamide
45 2003.10.7
100.
A
84 2003.11.18

101. M. Sasaki



Total Synthesis of Polycyclic Ethers Based on B-Alkyl Suzuki-Miyaura Coupling
1st Interanational COE Syposium “Giant Polyether Natural Products-Isolation and Synthesis-
2003.11.26

DSC
41 2003.9.23

(€)) 6 1

2000.1.20

2000.3.10

(2000.6.16)

(2000.8.24)

(2000.9.28)

2002.7.12

Method for Producing Cyclic Polyether Compounds (2002.2.19)

4

2002 14 7 19



2002 14
2002 14
2002 14

CREST

7 18
7 18
7 18



NMR



	１．研究実施の概要
	２．研究構想
	３．研究成果
	３．１ “複合体構造解析グループ（橘・村田・佐々木グループ）”
	３．２ “微量ポリエーテル化合物の構造決定と構造活性相関に関する研究（安元・佐竹グループ）”
	３．３ “ポリオール・ペプチド毒グループ（大場グループ）”
	３．４“活性評価グループ（中山グループ）”
	３．５ “計算化学グループ（石黒グループ）”

	４. 研究実施体制
	５．究期間中の主な活動
	７．結び

