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B EE = 0029
VEPER BRI S B NS WAL (B LEY) ORSRREE L
HEPETE L E D 2k BT DI

BURHEZEE R R (RILRSTAS:  REBEALETIERY
SRS R B GUEE A BN MRS
FAF Hhe (BEROKERBNE TR

BLXICNETIE, SHEEYECREEEYEICH TS, SEMEY S
BEO, M, H30E, BRLNIVTORBETRISICBT 2EMBNEOTHFE
WEZE HEE) EUEYEERENCETAMAEZER TS

KFFRIE, Bx OBREICEIHET—5 2EALT, KK, BEEMIEEON
BEMENEFACHATEZ EICLD, REHREEDE ORI 5HESEIX
%ﬂ%ﬁb,ﬁﬁ%ﬁ%%%ikﬁﬁbi%f%ﬁ@k«®%tﬁﬁjEﬂ@ﬁ<
ZEEREMEL TR RTO .

WFFeic A W= Sl s, M NN BRI 5 BB S Nz Bk (Chaetoceros
gracilis, Chaetoceros sp., Nannochloropsis sp., Paviova luther) Z=RL, RE
BERE (N WIBELBIENE) &L Tid, 78 IVEBEY ZF IV AF)L (DOP), p-tert
FIFINT =) (tOP) , pn-A7FINAFTx /=)l (4-OoP) D 3HEEZE
BALZ. MWEEEMEROERIATEKS, SRTICERBAT (1000 X ,
2R, 20 °C THEK (2 L/ &) H&EEToZ. BHEEK (MMEERER 50 ml
7, BEFRIVECWE 1.2umol (7E b EIKR) BN, EXATHEST (1000 ) ,
20 °C, IFEME&EHICTE B >Far—hL, A270% TS 7ICTHITLE
BRI EERD .

DOPKO“TM%E%@&&%K,ﬁ%ﬁﬁmi%ﬁ%ﬂﬁﬂéﬂtﬁ,ﬁ%&
D BHHIANAOEENEEL TR I > Tz, 0P & 4-00P IKDWTIE, KfkESE
E b ERETOEERBIARO L To kS, MEEEMREATIE, EEAL
BRESNANEIENSEZT, MHEEABDAENOHEINTNDEER
57z,

HL®%%#6,ﬁ#ﬁﬁm&ﬁtgﬁﬁw%yﬁﬁ%gﬁ%%ﬁ,ﬂﬁmﬂ®
EMRENINEET S LD o7z,
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HHEEMCHEEE AV 2RO RBAYE (BERLVEY) OBERE
LB E ORI BT AR

BypeHied « ol e (RMIURSIKE (REEMFEHRF)
EXRAMREE AR B RBEERE BEEREHERLT)
A #he (BREKERRE ZEHREE)

1. X B W

BN, CNETICRA RIS TSBERELENEEEDHL,
FNEIREOTAEREEENILTERE. LaLANS, AEITENX 2BVRD
2HED, BUBEAOEELBAL, FHICHEARBEERIES S AL,
HABEAWEL TS, BICRE BERVED SHENT DA RSN
BECEWED, REOBHEBRL, BRI T RS < OFEEYOER
CERERBEREL, FARGARESRoTNE. S 0T 5 L8
TAF A EDBERIVE YR, HETRELEDERENED LTINS,
ZNBOIEMRARCKORNEEL T, RENITIEEICRNAD T &2
3 HEoT, BECBYBHECBHAEETLE S ORE A S RE BRI
TCERERICHETES, LALAEND, Tk S mEERLE EENE O
SEECBEICETHEDIEEASHABR THFDN TS, BECHAA AL
BREES —5y b ELEFRRIEEASTDNTRL.

BRI INETI, SHEICEMECBESENEIHT S, SEHEY (B
B, NE, Ml 5 EELRE) SHEEE (JoLS, BEERS) 0, @,
BB, BELA TOBRLETRGI ST 5 B8 E0 T RIS (51
E LB RN T BT A ERTE R WY, ‘
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F I TARETE, RxOEECEINET 5 BEALT, BT, WIEEH
MO R AT ONEERAEN EBAIRAT ST LI LD, PIETHAIEY
CRNADEEEREENE OHRNESRORBL REKD) ETECL,
O W BRI B LA D DR~ O /2581 DB <
CrEEEMELTREEGSoE. -

FRge i A W - G BT & DYETE T, R PONER BB S BB N B
OEERL, BEBRNE (WHOWBILEEYE) SLTE, JHIVBRIZATIV
EOT AT ) —VEEREMRE L. |

2. R BRAE

1. ERICHM L7 e M & T
Chaetoceros gracilis, Chaetoceros sp., Nannochloropsis sp., Pavlova lutheri
O 4 BEOWHEEMHEEZU TOERICER L. N5 OMMiEEIER
BAKERBREOY T THINTFvr—Thbs. BEFIVECHELLTE, 7))
B TFILAFIIL (DOP)  [Bis(2-ethylhexyl)phthalate] , p-tert-Z 27 F )V 7
<) —) (+tOP) [p-(1,1,3,3-Tetramethylbutyl)phenol]l , p-n-7 27 FIVAF
71 /—)l (4-OoP) [p-n-Octyloxyphenol] @ 3EFE=HEAL .

2. VEPEMMMEEOEREN
MR, MORITIC X 2 RE T (1000 1) , 28R, 20 °C THES 2L/ 47)
EREEES T, BHERIIUTED THS. AEAK 1 LIC, BEFTIID
L (NaCl) 20.747 g, {6~ > > HKFIY (MnCl,4H,0) 0.8 pg, L~
= AAKF Y (MgClLe6H,0) 9.474 g, ALV T LA ZKFY
(CaCl,*2H,0) 1.326 g, FilsF kU™ L (Na,SO,) 3.505 g, LA U T A (KCD
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597 mg, KBAKFEIFT UL (NaHCO,) 171 mg, RIEHU A (KBr) 85mg,
W&~ U D A+7kFY) (Na,B,0,+10H,0) 34 mg, (b2 kO >F ™ A (SrCly)
12 mg, #{LFKUDLA (NaF) 3 mg, LU F™ A (L) 1 mg T4
Uo7 A (KD 0.07 mg, HEI/N)L MARAKFIH (CoCle6H,0) 0.2 png, =4k
TV ZT LARIKFY) (AICIe6H,0) 8 png, =HALESKFIH  (FeClye6H,0)
5 ug, &/77\7—/@5’{7“ U AZKIY (Na,WO,2H,0) 0.2 ug, EU TS5
BT EZUL ((NH)Mo,0,,) 0.02 mg, NM IAE#K 1.0 ml iz /=b D%
e Uz, NMBRENE, REAK LI, MEF MU T A (NaNO,) 150 g,

U EAKFEF U DTA (NaHPO) 10 g, TF L P7 I DUEEE—F R ™
LM (EDTA-2Na) 099, E¥I B, 1.5mg, F7 I HEBEE 75 mg, EF
F2 1 mg, TFLIT7 I MEEEER (EDTA-2Fe) 25 g, RUXZ (B RO
FIAFIV) TIIRAZ 2 59 ZMATZ=BDTHS. Chaetoceros gracilis,

Chaetoceros sp T DWW TIIEEHIAFIZ 0.0045% D7 B+ KU I AZMEZ TR

=L/,

| MBI & B BNV E W E DA - BN
2. THEEL - BRI (WA EEERETR) 50 ml i, BRERIVECHWE 1.2 umol
(& bR ZINA, BEEATERET (1000 ) , 20 °C, IFREISRHIT
TOBMA > Fan—h Lk RRETE A5274 05— T2BL, #E
REMMITE S £ BEL T, BUBREIC OV TIE, BB T 3 B L,
OB S BEEE (EREDEER L —HITLE. BEEERCOL
T, YIFNT—5)VC3EHE, BARRT L) YA TERBELRS
¥, WETFCHEEEER, H20 0% 75T HHicE D EROEREER
B (Frac-B) . i OMMTEIT DN T b DTN T — 5L o, Ml
L, AROBEEFN, HRIOT Y5744k D EEOENEE RS-
(Frac-A) . ZEDENER, GCHNIBYBEENE EQ_EICLD, &
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BREAVWTEHLE. 28, LOERIIIC, 752/ ER (HiwEs
HALAVER) 270, ERBMELTOEROBAEERT I SICLE.
EROTO—Fr— NERLITRLE,

 Marine micro algae

| cultivated in the artificial sea water for 2 weeks at 20 °C, 1000 Ix

— substrate addition

— incubated for 6 days at 20 °C, 1000 Ix

filtrated on glass filter

l

marine algae used medium

washed with the artificial sea water

marine algae ' —  extracted with ether
) — dried over Na,SO,
— washed and extracted with ether
. — filtrated
— dried over NaySOyq4 '
. — evaporated in vacuo

— filtrated

— evaporated in vacuo _ Fraction-B

Fraction-A

Fig. 1. Flow chart of the experiment.

3. IRERBLUER
1. BEEKHORE

ATHKCHBILREZAN L ZEHFT, BR - UTRE T TORRERE
FolfER, 2~3EMTERIIER (BENHR) ELRE. BREW (F
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MEZE) ¥k, BIOEUESLEREKESBRER, FEEKEUTHALT
HEBICEENAETH 2. TNEDORRENS, BHZEFENDTS I EICK
D, PEETDHNRY— VD 5 ERMA S, — L TOKREEET, PEK)
IR EEISFIRETH B T ENhh o Ik,

Chaetoceros DRI DVWTIL, ATHARIER, 7B U ARLO
ST T, BEEREMESRD, BFREFRRSNGN .

A7V =22 Ul ABBEOWIFEEMMEZEOHR T, Chaetoceros gracillis
& Nannochloropsis sp.DZERENE, 2 HMTEBEEENRETH LD
T, LJT@’;EE%K 1, Chaetoceros gracillis & Nannochloropsis sp.® 2 BED
HEEMHEEERANS &I L.

MBI LD RENIVECWE OO - [EI
Q7 & IWVEYZFI~F )L (DOP)

Chaetoceros gracillis & Nannochloropsis sp. D¥#&¥&IZ DOP &ML, &
T O DOP DR E S MMEEMRA Mia\O~fFEDET) O DOP BZH
270 TS TR D REREITH N, %@?ﬁ%%é% LITRL 7.

Table 1. The reaction of DOP with marine micro algae.

Marine Algae
Frac.-A Frac.-B Frac.-A Frac.-B Frac.-A Frac.-B

" Nannochloropsis sp. 11.8 60.6 19.3 43.8 26.1 33.2

Chaetoceros gracilis 37.9 574 38.2 32.6 37.9 13.7

Nannochloropsis, Chaetoceros & 12, R ORE@IZ DN, FHiF O DOP
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B8 (Frac-B) 7ML TINE T Enthino . TO—4T, Frac-A O DOP
BRI T, COMER, RIMEETHS DOP A HHIEEEMIE E A
TELTED, U < TAEEEOMEAAR DA ENZ D TIRRNN E
£25N5. LHLAEAS, DOP DRENEZZET 5, MEERICHS
WA ERAED 5115 25, DOP HIlEE TIIA<, HIEBEOMR
HARDAEN, HEINTNDZ ENPEEINS. SN 70T
7 - EDERIZLD, DOP OIXATFIVEGMTIEENTZTND D TR
W ERESND.

Op-tert-F 7 F)WV 7=/ —)V (+-0P) .

Chaetoceros gracillis & Nannochloropsis sp. D¥s3HRIC +OP ZHRML, &
WO +OP OREEHHEEOMEA MiEA\OAEDED) +tOP B2H
27 av RNT S THIIC L DERRICHNZ. TORRER2ITRLE.

Table 2. The reaction of +OP with marine micro algae.

0 day 3 days 6 days
Marine Algae ~  ~"TTTTTToTTtTTT mTmmTomomTemTemT TmmmmmmmmmOO
Frac.-A Frac.-B Frac.-A Frac.-B Frac.-A Frac.-B
Nannochloropsis sp. - 2.4 34.1 3.0 23.5 4.1 147
Chaetoceros gracilis 2.4 20.9 3.6 16.7 5.3 10.8

Nannochloropsis, Chaetoceros & 12, FEIDREBRIC DN, HMF O +OP
%2 (Frac-B) MEALTWBZ ENbho/z. TDO—KT, Frac-A FOD +
OP EMIEEAEEMLTNAENS DT, MEANOERIZIZLALRNE
BbNnd. 75U 0ERTE, EETHD +OP OEINEKD 85%E FWEZER
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L7z (=R TWRW) Z&, +OP BEINEMENWI E2EET S &,
+OP IZMAIBEMIENEMOAEND &, THPRITHENTHRINTNS
EEZEND. IODRIIGE, ﬁirﬁ&l@&iﬁzﬁﬂiﬂ@l"]@ﬂ”*yﬁﬁ‘—tfg EDEAL
BRICED, +tOP OYIFIVEE, ®L <'%i%§%7bﬁﬁ%§3\@éé NZTNWBD
TR EEZIENS.

Op-n-A 7 FINAFT7x /=) (4-00P)

Chaetoceros gracillis & Nannochlorépsis sp. DEEEIRIT 4-00P ZHMNL, 5
R D 4-00P DIRE CHIIEROMIEN FRADHFESHETD) 4-00P E
EAAOX T T3 J: DRRIFRICHANZ. TORREERSITRLZ.

Table 3. The reaction of 4-OoP with marine micro algae.

Marine Algae
Frac.-A Frac.-B Frac.-A Frac.-B Frac.-A Frac.-B

Nannochloropsis sp. 22.7 16.8 18.9 13.3 4.07 10.5

Chaetoceros gracilis 66.4 154 19.0 13.1 5.40 9.39

Nannochloropsis, Chaetoceros &H1Z, FEEIOREBIZ DN, FHFD 4-OoP
¥%E (Frac.-B) Frac.-A H#® 4-00P & BITEHAL TS ZENDOM Tz, 4-
OoP & +OP &[IERIC, MMEEMEA RO AENTHHMENTNDEEEX
5N5. ZODRRISD, WHEEMRANOAF 7 F—ER L OBRLERIC

DBEINZTNSEDTRIZVWNEEDNS. SEEEICDONTH, 4-
OoP DA tOP k0 BBNEHESNS. F/z, 4-00P KOWTKE, 75>
7 EBRICBNTEEDEINRDK 35% SRWVEERLEZDT, BAKFTOESRE
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B RIS Z > TWAHAIREEDEZ 5015,

4. %

RAWBEERN DD EEZSNTWE T FINVEY TFIIAFLIL (DOP) ,
ptert A7 FN T )=V (HOP) , pnAIFNAFL Tz ) =) (4-00P) @
SEOEEN, BEEMMEEOWELRENICIVHEEININEINITDON
THELHE, EEOEEILIMENSERDSHO0, WAFICENLZ
NABEWEDES, \SHICEDT B IENbRok. ThHORERIVE
CEEMEE, MERARDAEN, S8 bLR, MEAANERSNTND
LEZBND.

4-OoP % +OP D& T, @ﬁ&ﬁﬁ&ﬁk&jf %éh%FAm T 95
Db D% S RAEE LTRSS L NTRETH .

%72, DOP DX SIHMENITL <, FMINPTNRETIVEMETHE,
B BEMMEEECSHEY, TOR, XUESRBHTIOI LY (TA
L PNFITRE) KEEIRIIEIED, BRNCEBTOBNTS U b
7%@&?%:&?,%%%%%ﬁbﬁbmﬁ6,%ﬁ#mmﬁﬁmﬁﬁéht
B &SN EMICEIN T E 2 RN/ TE 2.

sig, Cok S TR OESEEREEIEC DL T bHEEE
BTN FETHS. S5, ERITHREERICETAA T 2 HEBRER
NVESEENEICHT S, TEFNYATD MKEREONAFVT V5~ &
%%b,@ﬁ%%%gﬁﬂ‘%fk%?%%ﬂ%ﬁﬁﬁ%ﬁatm&%ifmé
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Modification and Elimination of Ocean Pollutants with Marine Micro Algae
Nobuyoshi Nakajima ?, Kohji Ishihara °, and Yu-ushi Uchimura °

® Graduate School of Health and Welfare Science, Okayama Prefectural University.
b Department of Chemistry, Kyoto University of Education.
¢ Ehime Prefectural Fisheries Experimental Station.

To date, we have been investigated that the biotransformation (stereoselective reduction,
regioselective glucosylation, acylation, hydrolysis, and so on) of various cbmpounds with
microorganisms such as yeast, thermophilic bacteria, fungi, and micro algae. Recently, we
reported the functional modification of naturally occurring endocrine disruption related
substances via enzymatic glucosylation. - In-this study, the functional modification and
elimination of ocean pollutants, mainly synthetic endocrine disruption related substances,
using marine micro algae was investigated as an improvement method of the ocean
environment by the bioremediation.

The marine algae (Chaetoceros gracilis, Chaetoceros sp., Nannochloropsis sp., and
Pavlova lutheri ) were photoautotrophically cultivated in an artificial seawater (1 liter) for 2
weeks at 20°C with constant aeration by air with illumination by white fluorescent light (1000
1x). The substrate (diocty! phthalate, p-tert-octylphenol, and p-n-octyloxyphenol; each 1.2
umol) were added in the growing algal suspension (50 ml) and incubated at 20°C With gently
shaking under white fluorescent light (1000 Ix). The reaction mixtures were filtered on glass-
filter to remove the algal cells. The used medium and the filtered algal cells were extracted
respectively with diethyl ether, and then concentrated under reduced pressure. The
remaining amounts of substrates in the used medium and the algal cells were determined by a
GLC. ‘

Dioctyl phthalate was accumulated in the algal cells in preference to the decomposition.
Small amounts of p-tert-octylphenol and p-n-octyloxyphenol were detected in both the used
medium and the algal cells. These results suggest that the pollutants were decomposed
immediately after the incorporation into the cells.

Thus, it was found that the endocrine disruption related substances were decomposed or

accumulated with marine micro algae.
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