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WFFERC R O (Fns0) @« BREL LI HAKIMEIZHAET 57 4 2 (cyanobacterial
waterblooms) | ZENZHIEKO—FTHD LT /A Uz F K Retinoic Acid Receptor, RAR)
IZFEE LT 2 =2k (Agonist) & L TEI<MENHFET LI 2R L, TOWE % H
L. TOW&EEZA LM Lz, AEIL 7-Hydroxy retinoic acid T, Retinoic acid OF &7
Fu s Tholz, KYWEILEF 4 FOBRIMEKRO T EERICH 72, UV-A OFREHIx L T
all-trans retinoic acid (ATRA) X D XX A MCEE Th 7=, Fiz. IHMEIT ATRA OF 0
ETHo7-, UV-A |22 E 7 T-hydroxy retinoic acid 13 7 4 = 34K Ik CAIE LM 425D RAR
WIER L, 7 a8 KIRCHIE I NS D V002 BT 5 — KO REMES RIS S iy
77

FFgER R OMEEE (H30) : Anovel analogue of retinoic acid, 7-hydroxy retinoic acid, was found
in waterbloom-forming cyanobacteria. The analogue had an agonistic activity against
retinoic acid receptor (RAR) as a kind of nuclear receptors. The novel analogue was
isolated from mass-cultured Spirulina sp.(TU-3).The analogue was found in all-tested
strains of cyanobacteria. The analogue exist a mixture of four isomers by cis-trans
isomerization including keto-enol tautomerism. The agonistic activity of the analogue
against RAR was a half of all-trans retinoic acid (ATRA). The analogue was far-stable
under UV-A compared with ATRA. The stability of 7-hydroxy retinoic acid under UV-A
suggest that amphibians and fishes living in waterblooms occurring waters may be
exposure, and give teratogenic effects.
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BENZREITZ 52 08 FREAZHEIET
DNA GRS HIEIR - Th 53, fthois
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R OFEEITHATFT D, 1L A OB
T AIENZRERIIFRLE R I
R EDBESFDOY T REFAEL, b, %
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(Shiraishi, et al.Chemosphere 52, 33-42,2003) ,
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RAR(transretinoic acid receptor)® %M1k
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EHEESI N (RFEER), BERBAKETK
BT MR E T ERCKE O A b
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F D B2 IER O JR R D ZEE 11272 5
AREMEA R L T D, 51T, BRBEAKRE
BRCHEEML L I U ad R f F~ AN WFEE
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et al, Environ.Toxicol.20, 170-179, 2005), L 72>
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TWAH AN F (Spirulinasp.) % RK&R:
# L. BFH two-hybrid assay 2 K& Y LC—
MS TE=H— L7223 bflix O RIRIEEY
BHaomigiT 5, BRI EEDE O
PR oy fRRE LC—QTOFMS kB X U0
R U728 RO GC/MS 7 Bt L=,

UV-A ZEMHRER

7-hydroxy retinoic acid D FME7ZRAY F
721X ATRA % pH 3.3, 7.4 B L O 11.1 DK
RIZ DMSO % HWCIEfiE L, EFRE N AT
FEBRELE, UVA & 1.0 ¢ W/em2 (2
60min FRET L7-, FRIRIE T, 7272612 RAR
7 I = A MEME%E yeast two-hybrid assay T
HE LT,
BNZBREEICHDE O KEB Y ~DEE
All-trns retinoic acid (ATRA)IE dimethyl
formamide (DMF) IZ¥&EfE L T, 0.1% D
DMF O F 7% i & LT, 5 #1E (100, 320,
1,000, 3,200, 10,000 ng/L) DI %
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Table 1 IZ/R L2 X 2 ICE2TOENS RAR %
PR STz,

Table 1 Muclear Receptors Activities of Cyanobacteria

Nuclear Receptor Activity
RAR ER AhR

Cyanobacteria

CAR

LT 5 & IR I RFARER] (RT) 15 min-
25 min ORI 4 oD —7 L LTIHH LT,
HEEL & —7 2 FER—5M40 HPLC T
SHTBE HFEr—JFENFN4 oD —
Wiz, 2oz x40 — 7 THE N
WCEBBMRICH D Z LB R T HLDOEEZD
7=, RAR JEMEME % LC-MS/MS Torbr L7z &
ZA, 37,44, 67T B L7 min IZE—Z R
B (Flgl)o TNHDE—7 D(M-1)
BIO M+ ) OEBEEEEZRELZE Z A,
4250 E—7OM-1)EB L (M+1)"1L Table
21T/ L2 T8 < 315.1962 — 315.2013 D
c,to“317 2105-317.2109 OfIZH D . 4 DB —

Imghgu AT (mghgedl  (mghgasbHR)  imglgaptof) 71X E— o 757&‘#35‘2 YR A 4:@ TC HAHZ
Spirulina subsalsa NIES-27 1,500 0 580 16 A 71_ P =N
Spirulina Platensis NIES-46 660 0 850 i LR DD 785 71:_0 21:% O)*iﬁ FRM 2
Spirulina sp. (on the market) 3,400 0 76 - 316.2038 & ;k & % ﬂ‘ - @{E‘ﬁ) 6 C20H2603
. : . N .
Oscillatoria limnetica NIES-36 3,000 0 740 2 2 ﬁﬁﬁk EWA ) RO (Tab le 2)°
Microcystis aeruginosa NIES-1222 6,000 0 0 8
Planktothrixagardhii NIES-204 3,600 280 290 27| Table2.The exact masses and molecular formulae
Planktothrix rubescens NIES-610 2,000 0 2,000 10 | of the 4 peaks in the RAR-activating fraction
Phormidium tenue NIES-512 1,100 0 1,100 31 Compound | Il L IV
Cylindrospermopsis raciborskii 5,000 130 660 27 Rt {min} 37 44 67 77
AWT 205 -
mizof [M-Hf 3151973 51962 | 351398| M52013
Nostocsp. DUN 901 2,600 0 0 7 - -
S miz of [M+H]' 37109 HTH0B| HT207T| HN72105
Raphidiopsis sp. TEG-1 20,000 0 160 18
Caled miz for M 316.2038
RAR: Retineis AcidRoceptor; ER, Estrogen Resplor; ARR, Ayl hydrecarbon Receptor; CAR,C Hholecular formula CoH:0:
ATRA, all trans retincicacid E2, 1Tf-estracicl, b NF. fnaphthofl wtOlp henal

RAR {EMEALW)E 2 BB L, LS A2 50
2T A 7202, Spirulina 2 KEE:E L7~
TEELEREER N D A Z ) — L% FUN T RAR TEME
bR L7-, RAR {EVE/LE I veast
two—hybrid {ECE=X— LB L, 70U v
NIBTEABIR Y BTNV T EAEHNT
43 L7z, RAR JEME(L 2y O FEHL « BRI X
WiFAFR D HPLC & =, 26%0D U o BRAE IR

(pH 3.0, 50mM) Z=&de A& / —/L&BEIH
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Fig.l .LC chromatograms of the RAR-activating
fraction. Upper: detection by diode array detector (DAD);
Lower: detection by electron spray ionization (ESI)
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Fig.2 MS-Fragments of peak 4(compound IV, RT
7.7 min) and all-trans retinoic acid (ATRA)
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Fig.2 Ic¥—7Z IV (Compound IV) & ATRA
D7 T T A NOWEER LI, 7T T A
N OKEE miz BN S, K7 T 7 A O
KERKD, ATRA D7 T 7 4 DAL
D g > & AR RAR IE ML) E 1 retinoic acid
O TN KEEIE AN 7= 7-hydroxy retinoic
acid EHEE STz, MR DTZHIZ, RAR IE
M bWE % KFELFR T FET N U 7 A(NaBH4)
ZFRAWT/KERIML, Hydroxy #% 7 &5 /1
W2, INVEFINVEEATF VATV
FHEAREZFRL . GCIMS (EI) % HTKEE
HONEN TN THDLZ xR LT, Uk
DFERN B RAR JEMEALYE X 7-Hydroxy
retinoic acid T 5 = L Z[FAE L7, KMtEW
1% Retinoic acid O Fi# 7w 7 Th o7z,
K7 o~ K75 5D4>DE—7 DR
KEE., o FWerR¥% ESI negative 1 4
fBIC X % miz 315 2B DRk & FLHEI R o
7= (Table 3),
Table 3. Estimation of molecular extinction

coefficients (¢) of Compound I, 11, 11, and IV.
Compound I [} 1] w
Jmax (nm) 347 353 356 346
{A) Comp.% by DAD at max 221 44.3 230 106
{B) Comp.% by MS (ESI, neg) 246 223 215 11.6
A}/ (B) 0.90 1.05 1.07 091
Caled. mol. extinc.coeff.(z) 36,000 | 41,900 | 42,800 | 36,400

The Amax and ¢ of the mixture of Compound I, Il, 11l and IV

were 351nm and 40,000, respectively. Composition % by

PAD was obtained from the area at [Om

cis, trans & 2 max OREFRIS LT cis & trans
{RIZ31F % 7-Hydroxy retinoic acid o 3 8D
EXLWHD T 2B T DEMIERFO MR
26 B — 2 1—IV(Compound 1- IV)IZ Fig.3 4
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Fig.3 Possible relation of Compound 1,11, 1l
and IV. The relation was obtained from keto-enol
tautomerism, cis-trans isomerization and the
elution order by a end-capping ODS column

Numbers in the figure are corresponded to Compound I, 11, 111,

and IV.
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Fig.4 Photo-stability of the mixture of 7-hydroxy
RA isomers and all-trans RA (ATRA) irradiated
with fluorescent light.

The mixture of 7-hydroxy RA isomers (220 nmol,
70ng/ml)and ATRA (200 nmol, 60 ng/ml) in various pH
buffers were irradiated with fliorescent (UV-A, 1.0 mW/cm2)
for 60 min at 25 °C. After irradiation, RAR agonistic activities
were immediately determined. SD bars (n=3) are indicated in
the Figure. Activity (%) = activity after irradiation/ initial
activity x100
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AAMIFSE Tl 7-hydroxy retinoic acid 054y & Bk
WZHEI L TV DR EAE RN EZ5EM LT
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HIZENTEROVOT, ATRA Z W TR
TEMER HH ORE 21T - 720 RAR DA DA
WYy RThb ATRA ITBEIEEZEIC L .
TR D Z ENAMENTWND Z &
5., BEWERIHO T-hydroxyretinoic acid (2 & 57K
SAEHE R AW~ DA BT TN 2 F0 -~ 2 3 BRE
DREEZIT 572, RAR DAKRDAKRNY v
K Tdh 5D ATRA TR FIREEIC L 0 | [E&FMHE
NHDHZENMOENTNDZ LD, BERdE
@ 7-hydroxyretinoic acid (= X 5 /KSR ERER A
M ~DOMERFTENEZ R D BRIE O E 21T
o7z, MR A BT R S
WL E COMRMOENE T T 7 43 2D
I - (AR BR IR L D ATRA TRFE IS
X BIER N2 BRFE L 7=,

ATRA |2 DMF [Z7fi# L T, 0.1%® DMF D&
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Control { 3 days] 320 ng,-’L { 3 days]

1,000 ng/L (3 days) 3,200 ng/L ( 3days)
Fig.5.Teratogenic Test of ATRA using Zebra Fish
Embryos of zebra fish were exposure in ATRA-containing
water under dark condition at 20°C. After hatch, newborn fish
were checked abnormality
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