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Fig. 2-3 Kerama Islands of Okinawa
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Fig. 2-4 Kashiwa Island and Kuroshio Biological Laboratory in Kochi
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Fig. 2-5 Sampling point in Kinki district
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Fig. 2-6 The sponge for the collection of the marine microorganism
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Fig. 2-7 The trap for the collection of the marine microorganism
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ENENERIR L, ZhbEREE LT,
Table 2-1 Sampling data of living things

BEUEAT &F B+ HE 7KiE BEEY
=, BB, eFTHA, A,
R LR 2 JE 2005 8H 138 1.023 26.5C
1 IRF %Y
KERAFHAEEZEM 2005 9A1H 1.017 25°C =, &H
IR -FEk 2005 9A1H 1.017  25.5C A=, YAV
FoFR L BANA 2005 10811 H — — TV, A B

B=, ¥ RN, FF, <F,
I RHA

KR REEE 2005 108288 1.025 2T

FoskILR A B 2007 5AT7H - 24°C H=, ¥ FHV, Z%B
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2-2 AT A FEESEMDRY J—=2F

WG - BEET, 7V — _XUFNTITR-77,

HEAREE EETRAR VT —0K lem DEFBIZEI VY . EOLITE A~y Z—
EESTAE Yy YNLEKESER2N 0 Inl FREX U7, HEAOFEE JIREE S FLék
THA N2 DR 1 g B L, ENENRBIE Lz,

FUBIEREEIY 2 BEE O 4 BRE T 10 EEERIR L, AR E B LT, BRI
B A THEK (Table 2-2) 2,

TR EFNEN Il $0L V| AIESEIRFERIEH (K9 15ml) (Table 2-3,4) (Zhi%
BE LRV D BTy v — LI LIAAT,

AL 3 B, EERITN 1EM, 28CTHEE L7k, BREEH FITER SN
fran=m—%BEL, FEan=—BROBRLIbLDE, XRT 0 MIEEFEEAN
TR LT,

F, TOEaa=—h U METROEAEYEERIE LT,

Table 2-2 Composition of medium used for seawater dilution
MARINE ART SF-1 36.0g
Distilled Water 1, 000m1

After sterilization at 121°C for 15min this medium was used in this experiment.
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Table 2-3 Composition of medium used for marine microbe (for bacterium)

isolation or preservation

Peotone 5. 0g
Yeast ex. 1. 0g
Glucose 2.0g
MARINE ART SF-1 36. Og
Distilled Water 1000m1
pH 7.0

After sterilization at 121°C for 1bmin this medium was used in this experiment.

Table 2-4 Composition of medium used for marine microbe (for fungi)

isolation or preservation

Peotone 5. 0g
Yeast ex. 1. Og
Glucose 20. 0g
Chloramphenicol 0.12¢
Streptomycin 0.02g
MARINE ART SF-1 36. 0g
Distilled Water 1000ml1
pH 7.0

After sterilization at 121°C for 15min this medium was used in this experiment.
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2-2-1 HEREEERAF

B U7 ERRII A T > MR L. 28°CCER A s LB 04 B 2 REER%, 4CIT
BT, ARG ET SRTRETRIE Ui, 2~3 o HEICEf /2B i il X
MNTE, 2 ZIR—Va VBRI oTARICOW T, BE 2-2 OFETHEERTR

7,

2-3 hnT ) A REEEOS
BOLNERIIZEEHE T, B REEERE L O, EICRBHKE D BEEEL
RO EFNI ST =T —ICE I FROKEE T CERT D7Dk 2 RIEEOERE
AFE LT D RTREMESE Y,
HEREKIZ, BBL72ARA v M D ONTEREIChIT TR L=, —RAERT. &
AV PRBEIZEBOTCEORAR LIV, RRICIFRICZE VO TIIPNE LANE TRV S
Hivie (Fig. 2-8~11), 7z, MEE/IEWINO—RAEBRIT TS R L 72
-7 (Fig. 2-12,13), AEELNIZHEEKRO U R | (Table 2-5) &, A L7
A2 EOMEERER L= Fig. 2-14) .
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Fig. 2-8 Viable bacterial counts of the Philippines
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Fig. 2-9 Viable bacterial counts of Kerama (extracts by chemical sponge)
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Fig. 2-10 Viable bacterial counts of Kerama
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Fig. 2-11 Viable bacterial counts of Kochi
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Fig. 2-12 Viable bacterial counts of living things (2005)
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Fig. 2-13 Viable bacterial counts of living things (2007)
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Table 2-5 The colored microbes stock collected in 2001~2007

EE R T4 0BV A A GE#)

2001 31 - - -

2002 18 - - -
2003 50 - - 30
2005 20 - - 42
2006 11 25 - 32
2007 15 14 10 36

& 145 39 10 140

Table 2-6 The colored microbes stock collected in Okinawa

vy TA v MM 7= Yo IR
Ve 1 &
THENZ DR 4 7
THEUT 3 th
FE E—F 5 7
s
R 17 a5
TYTIY A 32 K FFER)
ELCAT 34 H
T I H—r—T )N 20 H
WA 4 s
S\ EYEELS 8 /5
= Z 1 N
TR B PR IR 1
sty TIyY 5
U INKUFU 10
aF 96
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Fig. 2-14 Diving Map for Sea Around Zamami Islands

Point name (white) :Separated strains producing pigments

24



2-3-1 E&

SE, FIINARVBLIUORE Y Y EANTT ¢ VU TREED, MHaRE
R SEERRBELL, SR EREIEHTI I\ CTHAESEI B CH Dk
EHRBE LT, RETIBROLNEBRELZHFET? | BAVEROY 7Y 7 RARET
HoTr, WEEIZIIKEE S0mAHIE ClZiX Iml H720#9 104~10°%  DHIESEFEEL T
WD, AR DEBMERAEDICRAL T TED 2 RS ST LHER, [MhcfET
LR EETOIMEDIH L TERGO N7 v MR b0 EE L BN, £KE
iE, KBEHEKPIZH ARE, TENT 20~30mPl EOEE X TEL & 5 RFBHE
OEVBETLVBENIEZRET LI D LEZ LD,

—H., SEERRCRIT A EEREEL LT, FRBA TIN5, FRTLZLiCEY
HMOBEDBASB KIS L, E7-0BHREE R G HEBIESITITH Z LR TE S,
Fie. SENTE—FHE RO CEERIC L AREFELZ TN TR - 7203, BROZML
RFCETR LT, SRIIBEEARLRFEEHATOILERD S LEELX LIS,

SEIOREIZBNT, 74 U ErORBIEKFOLEEROKER CII2Fmic %
WRER L 72Tz, UL, 74 U B THIKREER LT D, BARICELRY £FK
BIEAEMTHE THHPENTLE) ZEREREEZ OND, HRREREES
DAEEEIT, WIB LNETHROEFRETRE o7, WETIE, BEMELRBIZ
DN S, b L IXHFBOEE CEEN B LT\ D WS HERR O, L
L. SNEN HEER L7HEK Tit. BISoh O TESRCEREE LTz, i
RCE VL TOEXREEONIMNEEERY, BELZREICHDNE & OFEVIHE
hizE&Ez2bhb,

Eo, TIWNRBDIIBNT, ARV VITRET D H A T ORE AR L
LTIEBRBERBEVIR LN 2o 72 b 00, B LT TBOES CH AR/
BTN Z LB inoTe, mAORBIFERTCIE, ROV TERIM LTS, ki
o EEEDEBD TEVERME DIV, £o, FRERBEKIVZBL L
NTET,
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FEEOE AR S BRI RER, 3UBROFEEKR LT (Table 2-5),
SRR CE T-IREIIF RIS Z o, BIRLI=F A BT RA Vv b EEER
BLOBFREDOBRIZOWTRIEL Thz e 25, HEBRRMEESIZBOTHED &
5 RYERNERE L, LOOEERRA v b b HROEREZBBBAIZ LB TET,
Fie, VU IEEOBVPEREICOERL QNS I LVREBS N, TV TV
SO XD REEEOY v TR (2 e F Y I) BEVRA  MZBWTE, FEE
BB E B EN, —F, B E&oBHT Ty IEEOHEH NS VB E—F T
I, BRERPDRVIERE 2T, SEOV VT U AT THEERSERET
ETH AL TRA Y MR LT (Fig 2-9) BRSO ARA & MO DN L 9 722
RA Y P CIIEFBEREEL Z N TERDP ST, ZIEEPEETHDHZ L L,
B L0 HABRERPETABEICE 52 LNFEEROATICHEELBIIFL
TebDeEZ LD,

2-4 (&9

2001 €D 5 2007 FEIZMT T, 74 U BV, B, BEIEZ NI
EMERR Ly nT ) A NEEEZBI-OFREKRE RS U —=0 T Lz, 2O
R, MEFT3UKOFAEKREBDL LB TE,

SRR AT QOB T, FREFREBLNZAA I RA U |k
IR BRI, ZOELRER> TV, WEBO X S RO RA b3
BLTWbEEZLND,
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FTIE HuT A RWEDOH

WMEMEIREMELZENHGUWT DD L WEZEENCITR TS b O
BHONTWVD, IaT /A FIEERNICERIN2HE TED TEVHERML
HEHEERE > T 5, EEBROT UV ARED TRAE LTV, &I HEE
WORBTERT I2MEYMPEET LT /A FIIEEEVHERSZETH
Do

1 TG /A Y 740

Iar /A RNE BEHE L TCHEEZEFESIPERE L-EEHRF D = EE&
HT 5D, (Fig. 3-1) EAWICSEDOA Y7L /A4 F (C) BNSRAT
FTNR) AR (Cp) THDNR, REBDERD DD D, AnTF /A RO
ILRILKBILEME I 0T o BEERELZEDLOEFY U F T 400k
95, T U F (carotenes) & FH 2 k7 ¢ V¥H (xanthophylls) O
BDOENI, KBEEZETLINEIDICLZ2EBEEA~DBREEOZRNET
bivd, Thbb, KBELZETLIXV L M7 A NVEHITA Y ) —NVEA~DOFR
HEREL. —F, a7 VEIIRICKEEA~OBRIERE Y, o, —RKBI
hwaF /A RIZIBEETH AR, KEHOLOLFET S, —flE LT, 7F
+ 3 (Gerdenia augustaMEER. var. grandiflora HORT) 72 & OMZ Y7 F > (Crocus
sativus .) OEBRBEMRSTH S Crocin L. WERED I NVR A BERE ST
gentiobiose T ATF/LFEES L T WA= OKEMETH S (Fig. 3-2).

oﬁ)\/\/&/WMO
o Gy
NS S e S e
w HO® “OH
HC! OH H
OH
Polyene Co8589
Fig. 3-1 Polyene Fig. 3-2 Crocin
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s ) A4 ROASRBERIL, A0 BRERE LI EA o U BRE
(1I-FA4F v ro—RE) (Fig. 3-3,3-4) 2B TA /Y RUF=A R
U EE (IPP. C) RV -EME{LLTIAFAT YA Y Y B (DMAPP, C,)
2%, ZEBMAELTTFS=1a UEBGPP, Cp)., Z7 AR AERY VEE
(FPP, Cyp) s 7 =NT T = ) VB (GGPP, Cy) & 720 S HITTE&IL,
Brol Bl T7 4 b= (BRInT ) AR, G &ib, BKBLLT
T4 hTTY (Cp) MBL-HBTY (€ ERTC=az—mRAKRLY (Cy).
Yo'y (Cp) &720, BxR2ERER > WTE T VEERY, EBIZE
NOBBILLTRY U N7 AV EERD, £, BMWIXEANT GGPP 2ED Z
EMTERVDT, EXIVELBIRICIOT ) A FEENADPSERT HME
N5, BEMRINLTHEIaT /A RO B 10%IX7e eI ATH
V. BICEREIND EENTEZ I VA LRS ™, (Fig. 3-5)

SCoh
f%f @‘?;E':{% }‘T“*W i}*ﬁﬂooc\/wcos@a

W HMG-CoA
FEF Lok HMOR ARRFL
Ha PPP gﬂ Ny 3xAP | MG oM
.__/Op DPRRAD ~on ﬁiﬂw _ PP ‘ HOOC. &v CH,OH
i. PP cn;:-.,. 3% ADP o dnpuag
h )
Hb
HIAGH: S-hydroxy-3-maeftodgivtand CoR reductase
/ HMGS: 3-hydrexy-3-methylgiutary! CoA synihase
DM APP TPMD: diphozphomevatonate devaibexylase

Fig. 3-3 Mevalonate pathway
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W

( pyr e acid o (K{S-glycefalclehyde&?
_ H , oH *§

=y

1-desxy-D-lulase-5.p

PP !ZTF" HG
i PF»CM
H COPRER

HO,

1 2C-metd-D-erytheitel.4.9
NADPH OH HADPH
Ekméim - 3 >m{;mop S { >m” " >w"
§ Opp g B Km@mi \m4w¢ % mgimmm
OoH nape* OH 330 OH Nﬁgp‘* hH B0
DXPE: L deowypagiulese-f phocphate synthase i?

LEREPERY Y 3 £1:2 5r¢ rx_; ra— P y
JEE=,
COME 5 3 diphosphoadidyl-2T- methyh B-endhsitol synthaze N*»——OPP

COPEN & diphuspho cotidyb 28 methyl-D-engh bl ldnase OMAPE
Fig. 3-4 non—Mevalonate pathway
P
PPQL op PPO |
) H
. R,
C Sk —
\L/ GGPP GGPP g\
e
-~
P phytoene
e oy
fycopene
l R
Y NN N N Ny R=H 11-cistetinal  °H°
R=0H 3-hydroxy-11-cis-retina
REHE

y-carotene

el
-

¢ 11
N N N CHaOH
5 BMiER o
l vitamin Ay

p—carotene

WCH@H
vitamin A

Fig. 3-5 Carotenoid biosynthetic pathways
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3-2 huF A FYEDLH

3-2-1 huF /A FOHMHE

1) SBERERIL Table 3-1 IR LT85 A LU 2 A ATES3E L7-% . Table 3-1
(AR EEHE (100/500m] IREHTE T 5 R =) & VT, 5528 (25°C. bdays)
#%. EDOOBE(6000rpm, 10min) 297> TEEE B,

2) B 7-HEEIZ Acetone : MeOH(1: D EEBEHE ML, 7 A —X(ER In
m, 0.5mm) /> BV X 0 R BERERT 5 5 EETV., &
R L7,

3) . O4HEE (6000rpm, 10min) B, LEOCBEFEZEHEL, WHHIIERLT
WaAhboEkbuT )4 FEABELE L TERINL, HEHKROENRE 2DET
MEHBREE R VIR LT,

4) £ EBEITREZE L, BRBEYE~F T ICEE L72% —80C TR
L,
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Culture Broth (25°C. 1 week)

@ § (6000rpm, 10min, 4°C)

|

Cells Culture filtrate

—— [yvophilized

] Crushed (in the presence of MeOH)
(Extracted with Acetone, 6000rpm, 10min)

Extracts Debris

Concentrated with evaporator

Concentrated to dryness

Dissolved in hexane

Carotenoids Sample

Fig. 3-6 Extract procedure of Carotenoids from carotenoids extract
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Table 3-1 Composition of Artificial sea water medium

Peotone

Yeast ex.
Glucose

MARINE ART SF-1
Distilled Water

5. 0g
1.0g
2.0g
36. Og
1000m1

pH

7.0

After sterilization at 121°C for 15min this medium was used in this experiment.

3—2—2 HIuF /A FOEE

BonhihaT /A4 Bk, GREEEIZERE L, WEE 2 BIE. McBeth

DR ->TER LT,

Carotenoid contents(mg) O.D x Vol X 108
: — 1% .
100g tissue E 1c¢m X weight

0,
E1%é1! absorption coefficient

0.D : optical density

Vol ‘total volume of solution

ELR i T oseE g B 9,
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B —carotene (2 3 37 Benzene, 2592 Light petroleum)

v —carotene (3 100 Light petroleum)

tolulene (3240 Light petroleum)

neurosporaxanthin (22 10 Benzene, 1 715 Light petroleum)

astaxanthin (2 1 8 0 Benzene)

F/2. buTF /A KR (Benzene) FOI 2T /A KN, UV-VIS A~7 b

1)
V@D A max 2B 5D optical density 3R, Ellc{%z 2200IZTR'ELTE

2L,
3-2-4 AT /A FHEROBE

FaF /) A N cEEndiaT ) 4 ROMBRERETT 5720, £
30% 7 FEEAFYT U BEEEE S U Merck #EEIT U B S 60 ZHEME L
THEBI < N T 7 4 —(TLO) TRBEL 7o, BEERITL /BT X ¥
FHUF UL B-huT B LUHIRERFR T-1 BREROT 0T /A R}
EER LT,

su<w NFTTOARY NEBEL, TREXYLFUEITT A R,
InT A FEEEDEBLOFRInT /A FEEELTHWDL LHESN
LEBREZBIR LT,

3-2-4 FER
hwas ) A FEERHEOBK

R U7z 334 R B DMK HIX 84 R, 7 1 U B2 DOMEKD 61X 24 £,
A BT 65 BRELMET 1713 o nT )4 NEEE2HBAIZ LN TE
(Fig. 3-6),

28, EEUANOEBRICEROEELHER CTEXRVEDS L IIRETHoNT
MR FTREZRBRIZERS LT,
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aT )4 REEEORR

IR ET—FEBZND, RTERINZHO—EIZOnThIa T
A REFER EOBEREUTITRT,

SEBONIZInT /A FEEREEEZ LICELOERE Table 3-2 12
T, FEBOI T ) A REFEDS T 7% Fig. 3-112, E@rnu<
T 7 4 —DfER% Fig. 3-8 1T, £72 PDA ODHFIC L B EHREHE A7 FAD
Amax OfE% Table 3-2 TR LT,

Table 3-2 Number of carotenoid producing microorganisms by year

FEE L 74Uy A £ (TER)
2001 17 - - -
2002 9 - - -
2003 36 - - 16
2005 14 - - 36
2006 4 19 - 11
2007 4 5 0 2

B 84 24 0 65
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e/ 100g tissue

Fig. 3-7 Carotenoids content of the new search microbe stocks in Okinawa
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Table 3-3 Absorption maxima (A max) of carotenoids producing microbes

stocks in Okinawa

Retentions
Sample Band Pattern A max (nm) Time (min)
FM1 2 VAN 450 477 10. 65
FM5 VA A VAN 450 477 10. 02
FM6-1 TR R 471 15. 73
FM6-2 TR R 464 19. 00
FM6-3 TN R 463 25. 00
FM8 I TAVAN 449 476 20. 00
FM9 TN R 465 19. 00
FM10 NN R 464 19. 00
FM12 I ZaV AN 449 477 18. 33
FM14-1 A AV 449 477 18.33
FM14-2 FY AN R 420 443 471 17. 03
FM15-1 WP/ ZaVaN 422 444 471 17. 00
FM15-2 VI ZaVaN 450 477 18. 76
FM17-1 DLV VAN 467 23. 80
FM17-2 AN Za VAN 481 504 32.15
FM20-1 TN R 467 23. 80
FM20-2 N Za VAN 481 504 32.15
FM23-1 NN R 471 14. 44
FM23-2 N ZaVaN 450 477 18. 43
FM23-3 TN R 465 19. 41
FM24 A Za VAN 451 477 10. 11
TMNL N Za VAN 451 477 18. 97
TMNG-1 NV ZaVaN 420 443 472 17. 02
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TMNG-2 NI ZaVaN 449 476 18. 54
TMN7-1 ST NNR R 471 13.57
TMN7-2 TN R 462 16. 96
TMNS A ZaVaN 450 477 22. 44

TMN9 I Za VAN 450 477 18.76
TMN10 A Za VAN 449 476 18. 60
TMN11-1 W Za VAN 420 443 472 16. 59
TMN11-2 A Za VAN 450 477 - 18.54
TMN13-1 TN R 471 15.72
TMN13-2 v ZaVaN 449 477 18. 54
TMN15~1 NP Za VN 420 442 473 16. 82
TMN15-2 A ZaV AN 449 477 18.55
TMN16 I ZavVaN 450 476 22. 20
TMN17 + 18 + 19-1| F U F R R 416 440 469 15. 00
TMNL7 - 18 « 19-2|k U FArty R 416 440 469 27. 00
TMN17 « 18 « 19-3| F U F R K 416 440 469 34. 95
TMN20 ST AN R 458 30. 20
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3-2-5 Eg

BHEBERRPY 334 #kF, IueT /A ROBMEMTZZbDIX 113 K Tho T,
BEICENPEY ., SEOHMMBE CIIHME TE 20 =ERICE LT3 0%
BICTREMZ D2 EELRDPEAERLELLHBEINDS, £Z T, 3-4 Tk
R B IR S e OmE B 2 2o T, R R EO— D> Th 5 EREHE
EaERWTRIEZTT R - 72,

A E, FEEEML L LT astaxanthin,

B —carotene., neurosporaxanthin.,

neurosporaxanthin S -D- glucopyranoside Z RV ELEE L7~/ BEREIZIE:
REDT FaaT /A RBEOERBABD B- T VICEE L REEELRTBFE
EEMRMNEZEZ <FRD Bz (Table 3-4),

Table 3-4 Main producing carotenoid of microorganisms

Carotenoid Strain

PM8, FM12, FM14, FM15, FM23, TMN1, TMNG, TMN
Zeaxanthin 13

8, TMN9, TMN10, TMN11, TMN13, TMN15, TMN16
Astaxanthin FM6, FM23, TMN7, TMN13 4
4-Ketozeaxanthin FM6, EM9, FM10, FM23, TMN7 5
Canthaxanthin FM6, FM17, FM20 3
Isocryptoxanthin FM1, FMb, FM24 3
Isozeaxanthin TMNS, TMN16 2
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3-3 buF /A4 Pl 29GSR0 R

3-3-1 By
EEMEN OO aT )4 N0 EERNE LT, DBEMNEGHTHD
1B OB 1= DT B [EI e Sl OWTCEREEE BV CRIET 5,

3-3-2  EBRME
B & L C Rhodosporidium toruloides IF0 11012 (No.21) % F\ 7z,
Bt BBk Rhodosporidium toruloides IFO 11012 (No. 21)

A L7 fERERI R TR E—RBIFE L L TETTRRMED % 5
BT 22 L2 HEE LT, 1985 42 5 AHD 10 AICRE L7 8ENOB, £,
B 72 EO— LB A REROSBERE L THFRECoBES W -ER
Thbd, ¥ Rhodotorula glutinis & RIE SIS, 2001 B HEAZ
BERFERTIC B RIE L R LT R, Rhodosporidium toruloides & H|BH L7~

U RE CLBRELERR L U THBES/e £ toruloides No. 21 1%, B
EOBNZE>TRAEI T /A4 FOEFLRBEREL D, ERFEZRLTIE
CERIIaT A4 FEEMTH S B-Carotene B L Torularhodin E 23 HEAN
L, ZOZ L XY, ERFEEZBIGITHED Lo TRET 5 L REDIEER
AL, BRHCIIHRBEEED 50%IZET L2 LW OBENDL, yuT /A RidfE
P cERMshbs bt B BN,

LLFIZ R toruloides No.21 DA nT /A FAEGKBEEEZRT (fig. 3-9),
Z DEE BB TR RE051E, v —Carotene 2> bEA LT 5 BT
ThD, y-Carotene D— FDRBIIRILTTICHRE_EFEENE X T
Torulene 1272 ¥V, & BIZ Torulene DFRMED A F NP I NVR F L IVEIZERR
&N T Torularhodin 2725,
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/L/\/LJ\JLVQViVAVATAwAW/\/W/\/ﬁ/ \YAVAV VA2 VAVN
Neurosporene

B -zeacarotene
N Y N WX — \\\\\\\\\
Lycopene
Y —carotene
VWA
3, 4-didehydorol ycopens B -carotene

VAV VANMAALAA VAV VWV A YANVAWACO0H

Torulene Torularhodin

Fig. 3-9 Carotenoid biosynthetic pathways of A toruloides No. 21

41



3-3-3 ZEBR&MH

EFEINREE (A). MERERE (B). MRS X ABWBROERK ©) B
LOBEEDOHEREOBRVIELDOFE D) LBRELERETRoT,
UTZEREF2bNTKEER LT, (Table 3-5)

Table 3—-5 Experiment condition

K+ 7K
A IMBIRE 4 iR
30 EE
50 &
70 &
B I 2 30 4
60 %
C HERAR R D B R 2 343X 1
| 33 X2
HFE L B OB IR
D 2 HY
L
2L
3-3-4 EBRFIE

1) 79 Rz (BH#E/7 T A a®BFE:100ml/500ml) 2 AT, 25°C, 100rpm,
5 B EEEE L2z, BEEEIR L,

2) EWEEE 250l Da=bNLFa—T 16 KIZRES >4 7,

3) —BRERRELEEIT R o7,

4) RFDOHEMEEEOMVEL S Y OHEY H UFR CHE., AEEFTUR
FEMLER LTz,

5) LUFL16 EAREFIRICHEV, I aT /A FOMHE{TRo7,

6) i L7z a5 /A FidREEFHE AV 470nm OWREEZHIE L. Mcbeth
OREVIaTF /A FEZRIE L,

7 BohRRESBGHT L.
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SRV L 16 Ea2EFIEZ LLTFIOR L (Table 3-6),

NOISHA "TYNOOOHI¥O 911 49 udiseq 9-¢ 8Iqel

prry 5 oan ol R e o OO0 I O O e W RE e
o BE DO e ed BB OBR R b D DG e e B0 B9 e e B
XM Rt e O B e ek BE DS B DS e e B8 B e e | T
o xﬂb‘: X Fies B0 s ke e e 28 B e e 2 2O B DO R e | =
g‘g”‘: DO e DO ek B0 e DO O = B85 e 80 2 0O e | 2D
X A
o . : .
€3
- :
ﬁ B et e DO et B D R B ke e BB gk B BN e | T
L)
e FPFPso =P ReER s Fla
B 8RR Pz wgLs e
IR TFTILII R B I & g
- k §
P 2 N RBRESSR R EEZTRS EER

FERL LT, UToOSoBSITEELES Z LB H¥KT- (Table 3-7),
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Table 3-7 Analysis of variance table

¥ 5 fn B HE EHES Fo

(S) (¢) (V)
IRIEE A |0.01393 3 0.00464  3.20229
FEFeERR C | 0.03465 1 0.03465  23.89781 ok
GAEREE D |0.02807 1 0. 02807 19.36069 |
BE e 0.01450 10 0. 00145
g 0.09115 15

WROER L RBEBEROBV B LOBRPER L RoT, £, BHREMBEO
BOBLLERE R TV, BREIZBE LTI, HETOPRIIAGNES, &
BLIRbRhrol, '

BERIZBITHIHRICONT, BREUTICR L, (Fig. 3-10,11)

0.25
0.2
o 04 /'0.‘90
0.15
3 ' 018
0.1
0.05

Fig. 3-10 Influence of warming exerted on carotenoid content
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Fig. 3-11 Influence of times of cell crushing exerted on carotenoid content

3-3-5 E&
LEREZELE, FLOERBRLUTIIRLE (Fig. 3-12),

0.25

[
0.2 //)
0.15 D
o o mMAHM
o e BREHK

ug/ml

—— XiE-MRABRYERL

0.05

Fig. 3-12 A comprehensive result
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HFADRETIE, RERBVBRONRPSTbOD, BERD 70 ETO
METHRP DD LEBDONDZ b, 2IROBEAB DY ERIET 5 LERN
b5,

RFD OBAERBEOMEY B L ORI, FREMEEOBEY IR L 2T
FREORE R E BT, TRETOHETIE, WEERITHYIR L
E5 03, MIBRNOKGBES Z & Tk LIIRIRZ B0 5 = & T, B
HHBBERICRDEEZ N TV, UL, INBAEEZIT2 HBE. HiEE
WOBYIELTIaT /A FRBEHLLTWRETOMER AT /A K%
BLTLEVWHBEDERE T 2RRIIER e EZ2 N5,

FE7o, BHFBOIMBABEORHE G REMICZHIZEHBSIRIIETT5, =
ix, BEREOLBEITHRANZ VR OBEEOER Z LEES—X MRIZ
BEOTLEoTmZEIZEDbDEEZONS,

SEIDORFET, INBIEEIT 70 B, MRFRRIT 10 5. HEREBEOBEVE LT
TP, B T3 EOLBEITR S Z LR L RARHHFETHE LE
RSy (o
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34 k&8

2EIZRBWT, JuaT /A FEEAEL TS BN 2FBEKRE MBS
4 U B DMK EE O NN D 3U BB DS Z LN TE L, £ T,
{8l x OB EZ MR L, B O AEKE L —max, TLC, PDA Z HWTH %7
LAY o

ZORER, RBROUEKPDIZ 84K, 7 4 U B DMK LIT 24 BR, YD
HIX 65 R 2ET IT3 O nT /A FEEREEBL LR TE, HBbh
Tmhas ) A RESGLine = A, Zeaxanthin *° Astaxanthin 22 EERR B L WG
Bligot,

£l SFEIAIvT /A ROMEOE, BHFICERI/E-oTLEN, BEITH
HAT X WA —EIC R b, HTRICKEBOLEESEZX DN, 22
T, BESCBEBREIE R EOFEEREFHFEOO L O TH S ERHEEL A
WTHREEE T2 o 72,
ZORER. IMRIREIL 70 B, MNERFRIX 10 4y, BB OV IR LITTTH
T, IR T 3 EIOMEEITR D Z LR OIRMBRHHFETHLEEZD
i,
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A s

4-1 YERIREER N -FROEE-

BEE T, YHIRETIII Ry ) MEEBORRSNE (RE, WHmRE 75
ERB I USSR L) 2oV THENT b, BREEHE TS, 2B, ZThETO
FEN G, RO R N VRARFRIaT /A REERICEET 5 Z 2R oTE
770

ZFLTHIZA P LVARTF L BONAFEDFTY, & < ITEBERRRMTEH L,
UHFRETIL, JEOREC, IBFBRRE, BFROBHR LI HO>WT, InF /A F
DEFEICEZ HEBERET L TE T,

REEHE L ik, AR 20kHz LA TR T, KPEERE (V) —) . AERE,
BELNEE., BRI EFRe TR TS, £, WEMDS
BHZRWT, BERIZA FLRE LTHEE, REDREISHERS TS, BERIL
B A MO EENE L EBL WERRE, EAICI > TEETDIE NI
Bk b, BEROERICE 2 5RbREZBET, BRLESE2 N5, WRCB
B ChHAIBERERNT 2L, XY EF— Vg VAT L IIN A RIENERT 5,
Ehe, ZTOXVANENRELIED R USET 2R, RIICRTE, KEREL N
5. EbHTHRBEDRIGHE KD,

FORER, KBTI GFOBSERIGHBIZY, 0H T P& 0T VAN IRER
T3, 0H TP MIZ DD TEORGMEE bOT VNV THY , REFHEE b-OMRP
RBVEICH D, OH 7 UINADRIGE LTE, 20X 5 REFBERGOITN, —E
FEEHBEE~OMING72 SIREERIGE O EE TORIGR. CH fBEhbokHE
FIEHERGRERH D, T2 T, ZOKEDOIERIL, YEROER LLFRHERIZS
TCED, YT —Ta VREIIRITAEEOERIT. ZERTES Fis. 4-1),

E—ERIIRRONETH D, Z 2T, BENICETE, HEKEOREERS
%, WESHER CRGRERICBIRBZ 5, TDT=), EREOBEV WEIIKIEPERICA
VA, KIAORERHCB Z AR X o THOEEN D, KEEH S L7-BT, 0H S
DI NSKRIETF T2 L DIEHES W ADERRT 5, |

ETHERIIRNE LB OMORE CTh 2, [VSNOEEBEDIRIEIX, Kl
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5. FE, BER~EEENLDICLIER o TELS 2o T, UL, KEFAE CIHE
ERENRHDLOD, ZTONVERREITRI 190K L &L, BERRETHHLLELD
NTEY, ZOEKTYH, EZBEGHBRIGABI 5, £, [IENE»LFTHLT
XTIEEZ N DT UVANKISHETT B,

BT, BEERPTH D, [IENTER LERAET. & O EmER e
SNPFICRESFE D OHITH U TE GRS PN & ORISHED, RIZ, ¥ T
= s CVHRITRIT ZWERER & LT, RUEDEHARE CEET BN, R
WX VR RRENAE L, BRI EERRENET L Z L 3bIF o5 %, Zh
5 & By VETERE HNEE) U CRIIEEE~D & A — ¥ L R B O R b A B EE 2
L. EEWE L SuEEIMEE ST D, E. MIERRNEE A 38 T oK E A R
FTRASYE, WHEHREAEETS, JHUCLY, BEE GFRNENMEZLLEVD
WELHD Y,

SialaE L OREMEE
SUARER 1 2000 EHLEBA~DRE
5000 E, #ERE. 2%it.

B L RBERUG

.\ SEhEAElS
=B, BE.OHSUAL

Fig. 4-1 Three ranges in an ultrasonic reaction
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4-1-1 BEEK

HERERE LT, UTO=EHEFER L

1) Rhodosporidium toruloides TF011012 (No. 21)
3 THERALIELDLFEROKRTH D,

2) Paracoccus sp.

Paracoccus \ET AR XY o F U B EET HDWMEETH D, Va7 5—F%
CetV)RY 2R % - T AT D, EOH%, KSR Crt2), B-AaT 7
MEEESR (CrtW) MBI E . BMENTIZT AF XY F AT D, £DEE, CrtZ & CrtW
BB NEBITRE > TR LT, FIREMDH 5 RS OPRUER R DOD>TnD, 72
b, CrtZ 13 pRMETZT TR 47 b= BRIGED, CriW 13 f RImEIZIT T
3t FuXxi-BREEGFEEIZTTE B, Paracoccus sp. DI 15 ) A NESERKRA
Fig. 4-21T7¢ %,

o6ePp — Phytoene —— Lycopene -—————l

= =R

3
4 8 -Carotene

\

HO
° Echlnenone -Cryntoxanthl AW 0“
/ Zeaxanth in

3" -Hydroxyechonenone I TSNS
[«
l Y ° 3-Hydroxvechinenone

Cantaxanthin oH

SN

G

N HO o

HO
Adonirubin \ /
. M

o
Astaxanthin

Adonixanthin

Fig. 4-2 Carotenoid biosynthetic pathway of Paracoccus sp.
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3) Erythrobacter sp.

(R R MERE Erythrobacter I IREEER Ing %720 0. 1-0. 5 u g ii< DT F U A2
nr 7 koL b, ZOEITBREEICER U aE0AEEIZILET 5,
Erythrobacter T X A EEOERUTIT 0. N E T, HEOLESFRMEE TR L,
R FVF I an7 4 NVOERITRBECHR S, AnT ) A ROERHDR Y ]
ENB, BERIZEETH 0T /A FEIAYY a3 0F URBBICX VAR EheE
RY VRVBEEETHE L TNT, —FEZRIZEENDI I uT /A FEER LI, J
ERICEEE IR U ER 2 b o B X bD &, Erythrobacter sp. DI T )/
4 F EARERE Fig. 4-3 17T 9,
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Phytoene

!

Lycopene

'
S SRS

l B - carotene
\ OH
HO
| Zeaxanthin

! .

l Caloxanthin

Ho K\)E\/K/\VK/\V\]AVY\IQ,::

HO

Nostoxanthin

Fig. 4-3 Carotenoid biosynthetic pathway of Erythrobacter sp.
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4-1-2 FEBREEBVERR
ABE PRI RIE T B, IR TR CTERI L7, UL TICESS %7,
NP~ 509

[FTrIYY

PPy, Sy
7 0. 0470F (479) 60V
§ . 6 2

] 151088 (Y2441 @)
odw 1:’:5% 5 e xist "‘H“" 2
004 no» ?
(472) xuda Te
AS O 8
R10 100K RS foog'
100K
100K; oy
R?

2R/

Fig. 4-4 Wiring diagram of sine wave oscillator
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FIREE L&A 10Hz—20kHz TH 5 Y7 b7 =7, Realtime Analyzer (FIEETF
BREt) o7y = Rxb—4# (Fig. 4-5) W, XY a2 & f — & —(SANYO,
®5cm, 6Q., 80W) 072X, HBEHE (20kHz) DHAZIT2 -7~

= Realtime Analyzer [RA]

Z274AE) W=D UMW ANTHD

FIMR . AnER E=IL~LER
AN [SiemaTel Audic v | MR[7(Z v AP
e T W
W [SiemaTel Audio v (R =) WEl-80 -7 -0 80 40 p g 5

-30
Avsl-g | FFTISY |ty | EEME | owamE | acrME | #EEE| Ve [CRT

SOV T1RL -~ &3
LI t . M)
= = | [T20000 H: — [—:—~'—
%5 | [T20000 He - -

11 B 11" I R (i A 113 (O - e I )
Ttz [Hl [10Hz-20kHz_+ | =« [4a700kHz ]
10 | 100 | k| 10k [Set]! o sug x F UL

5 ® — |
(% (L - R N3 | - - F“’”
: i EEE <] 32767
.-"dl"'éur00|m S Sl
=180 -90 1
o - v iEgh KT |

Fig. 4-5 Realtime analyzer and Signal generator
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4-1-2 ERFIE, EERBHEOERHY

1) TL#RIL GP 5x#l1 (Table 4-1) AV T, FM6 &~ %, A FAREHL I (Table 4-2) %
v, BB (100rpm, 25°C, 2days) L., ZOOEEEHEA 0.D. {E 1. 0 IZ5581%. 6 7
v A 77— MZ 1 T/l bnl OREEEKRT~50u 1 OBESTHEE L. &5
BEITIR -T2,

Table 4-1 Composition of GP medium

Peotone 1. 0g

Yeast ex. 0. 25¢g

Glucose 20. 0g

C, Hi:C1LN,0; 0. 05g

(NH,) ,S0, 1.0g

K,HPO, 1.0g

MgS0, + TH,0 0. 5g
Distilled Water 1000m1

pH 7.0

After sterilization at 121°C for 1bmin this medium was used in this experiment.

Table 4~2 Composition of Artificial sea water medium

Peotone 5. 0g
Yeast ex. 1. 0g
Glucose 2. 0g
MARINE ART SF-1 36. Og
Distilled Water 1000m1
pH 7.0

After sterilization at 121°C for 15min this medium was used in this experiment.
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2) AEEEF (90rpm, 25°C, 5days)iZ 6 Vv 7 a S L— &YV A —F—DiEEE
% lmm & LC, HBEIK (20kHz) %, ATHERRRIC 1 RIOLRBA, EH 1 REBHO
FETHRHN L, Z0OB, BEROEMEEZEZEEL, 6 Vol /a7 L—L%
A, B, CIZR4r L7z (Fig. 4-6), R T, BILE (620nm) ZBE L. EHITE
D578 (8000rpm, 4°C, 10min) IZX VEE L, ERFEBIHE/ERTF L=

Fig. 4-6 Micro plate

3) s LB A AR L ERMH AT o7, BRI TIAE—XETE b A
= (7:3) % 20ml Mz, ANVT v 7 AI XV —2 AW TCEEEZBE~RL, 8%
WH STz, Z OEHIR % = L5 BE (8000rpm, 4°C,  10. Omin) (22N T LB A% i
L7z, Zhz 2, 3EHRDIRL, 3TCTRIERZE LERENRETR>72, ZhEE
EFHE, SCUT TEMREFEL
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4-1-3 HER

TLEB X O R6 DB EEThHuT ) 4 FEFE% Fig. 41,8 1R LT

0.2

0.15

0.1

mg/ml

0.05

cont —E D H #Hih

Fig. 4-7 Carotenoids content of TL strain

0.2

0.15

0.1

mg/ml

0.05

cont 18D & #Hih

Fig. 4-8 Carotenoids content of FM6 strain
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TL BRB L O'\RM6 RO/ CH I uT ) 4 FEFEY Fig. 4-9, 10 IR LT,

100%

80%

60%

B Other

O B -carotene;
0O torulene
torularhodin

40%

20%

0%

Fig. 4-9 Carotenoid contents ratio of TL strain

100%

80%

60%

0 Other
Astaxanthin

40%

20%

0%

Fig. 4-10 Carotenoid contens raito of FM6 strain
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4-1-4 HE

TLERIZY 7 ) A FEFEBIZBWCay ha—i, | BIOADRES, EA 1h B
JIEIZ Torularhodin 28B4 25, ZiLEIZRFHT, Torulene DMERE XL TS, =
AT Torularhodin DERPBERIC L > THEEN, ZORIBRMETH S Torulene 23
EHEanEz2z B,

FM6 #i3fH 1h BEHCRI LT e T /A FEFENRED L2, EFRIZBANT
Astaxanthin 2S¥EAN L7z, ZAUE, FM6#RIE TL BRIC L ~SREREE < . BEWHIZL D
BEHEEENBZ 0, HTA ML AWE L LT Astaxanthin 21 L7-72ClIR VWt &
ALY (R

Fz, BHEENAY—I—ThHHILEEBRL. v~ /L —]F%A, B, C
LT THhaT ) A4 REOHBIEZIT/Ro7, TORER. TL, FM6 #RE HICERRE L
e NV TETOBROHREN ., bt A—I—0fE R, BETICIVERT
WL VEL OBERRL o272 L EZ BRD,

At IBERHE L HEERT 572 9DIZ B —galactosidase {EMEDRIERCE T BEEEEIZ X A4
FBEDEA LD B2 CBER ERNETH 5,
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4-2 YEARERG RROEE-

ABFSECiX Torularhodin % EIZAERET D Rhodosporidium toruloides TF011012
DEFBEELTBEMTH D Rhodosporidium  toruloides IFO110 1 3(TL ¥ 2fEH L. b
05 ) A FAEERICRIET RS OEEIC OWVTRE L, TLEROD 15 ) A RARE
PEIZDOWTIEE A SOEREDOFIRIES Torularhodin AEERZHRI T &
2, LETL O#h, PEBICHEBLICE > THE STV,

I, B—ERCERAET 5 LED OFNERIC LV . SN R SEHERM) AR
AR R SRBERAE TORERR ORIV L o7, 22T, AR TIL
JIRE LT, 3hF 24— F (LED) AV, 395 (3R) ,470 () ,562 (%) ,590 (1)
FBLU630 GR) nm & HEAD 6 FEEFER L, TLEROISEIZOWTRET L, £,
395, 470nm DEFEEEEDOFEBEIZOWNT, LV BEHITRE 21T R > T,

4-2-1 HERERE
BB L LT, ERME CTH Y Zeaxanthin LEFEMRTH B Erythrobacter
sp. (TMN11 #8) & Astaxanthin ZEEERK T D Paracoccus sp. (LLF FM6 #%) & /=,

4-2-2 FEBREEOVER

EAZZ 10emX 13em IZH > ML, BhD 6 VxbvwA 7 L— hOEZED A1)
B, TROXSIZ1 7o /VHIZ 5 @EE/X 2 EILED A D X S ITIRAERITZ L
72
3.5 %723 3.6V 0 LED5 ADEEIE. 5T LED AHEFNC 77z & 2 i 2 o
FEBMY A A — FEWFIZ-2721F 7= (Fig. 4-11), £7=, 2~3 {&9>> LED ZEFliz>
RITT= & ZAIZ L EOFEERS A A — Re-27iF 7=,
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Fig. 4-11 Wiring diagram of LED device

4-2-3 RIS LU

1) HEAEE%E YPD K2Hi(Table 4-3) C 24h RIS (125rpm, 27°C) L7z, ERREIE
(OD=1. 0)500 1 1 % 50ml > SC Bz (Table 44 IZ AN, 6 Vx<wA 7 2 L— |k
D LED OIEAY7=5 4 7 =)V bml T L7,

Table 4-3 Content of YPD medium

Bacto Yeast extract 10
Polypeptone 20
D-Glucose 20
Distilled Water 1000ml1
pH 7

After sterilization at 121°C for 15min this medium was used in this experiment.
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Table 4-4 Content of SC medium
Yeast Nitrogen Base w/o Amino Acids & (NH),S0, 1.7

(NH,) ,S0, 5.00 D-Glucose 20.0
Adenine 0.019 L-Alanine 0.076
L-A r uginine 0.076 L-Asparagine 0. 076
L-Asparaginic acid 0.076 L-glutaminic acid 0.076
L-Cystein 0.076 L-Glycine 0.076
L-Glutamine 0.076 L-Histidine : 0.076
L-Inositol 0.076 L-Leucine 0.076
L-Isoleucine 0.076 L-Methionine 0.076
L-Lysine 0.076 L-Proline 0.076
L-Phenylalanine 0.076 L-t r yptophan 0.076
L-Serine 0.076 L-Valine 0.076
L-Threonine 0.076 L-Tyrosine 0. 076
Uracil - 0.076 p-Aminobenzonic acid 0.076
Distilled Water 1000m1

After sterilization at 121°C for 15min this medium was used in this experiment.

2) VERLL7-SEBRIEEIC AN, 4 HREAEEE (120rpm, 25°C) L7z,

3) HRE LB RN LA AT o7, BRI AE—XL TR F A S
J = (1:3) & 20ml Mz, AT v 7 A FP—2ANCEELERL, aFE
FHSE, Z OEHIEERL28E(8000rpm, 4°C, 10, Omin) (2537 L&A 28R
T5, ZHE 2, 3EHEVIEL, TCTRERLRE LEREINEIT 2T, ThEE
FRHE, —5CLUT CEMRTE L
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4-2-4 FER

PATFIC, RV DhvT )4 FELMIEED-VDOIuT )4 FEOKES
~9 (Fig. 4-12,13), LED2 A&, 5 A& (ITHERESH -V DT ) A REIZITKRE R
BOBRWESIZEDIS, LL2RG, KEBRTIXLE HORBRESNIKREOR

BrROLZLEZBHELTRBY., ZDF T 7 TID bR L EBEFOREEZRD Z

EBTERY, iU, LED OBMEORENZREIT bD, BEOENLED L 5 ICERE

EEEEBED DTV A S OIIREREZV VDS, LED (I MEYERR N2V, FD78,
Al USRS CHa (R BNELNE, BHET3HOMENRERSD,

F T, SEORIF OB THANEFERAVCTHEEEZITV., 4-2-5 IZBVWCEHE

L7
0.25 6.00E-10
02 | 1 S00E-10 | gty
hoF/4rE
{ 400E-10
015 1 — |~ ARsLY0
_'é ® ﬁﬂ:i"/'fpi
= 1 3.00E-10 ©
E o
01
1 2.00E-10
005 ¢ 1 1.00E-10
0 0.00E+00
395 470 562 590 630 HE

Fig. 4-12 Carotenoid content of Two LEDs per cell and medium
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960
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1

6.00E-10

9.00E-10

400E-10

3.00E-10

ng/cell

200E-10

1.00E-10

0.00E+00

SRR BV
haT/4Fg

——ifilahi-yo
yab RN

Fig. 4-13 Carotenoid content of Five LEDs per cell and medium
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4-2-5 SEDOEfL

<JEOFHANE>

HEOFHAEL LT EREHY OREL T + M & A 4 — FOZARFITAV,
FUENBER I3 BRESH F s TEEIL
<DV > O

HDOBEARIL, ST BALR TERINTNSS, ARORBRICE LY LERE RS
TRAXF—BEAEZRLE LT-BED 5BV IS, £-, MBACRIT. HETER
%, AOEOEEHGRE L A\MOSEFRREREICESONCGHEL-&, 77205, X
3 (luminous flux ; 1m) @v 24T LT, WHEETHDHBEHH Oe (BAIRM Y720 DK
FoxnrF—; W=J/s ) LOMTONEE Pe, L ZRANTRDL I IZRIND,

Qv=»HAXV L) XPe [1]

HDWERNBE—ERTIIRN L&, TWEBS LIZE

2] @, =X, f e, LAV (L)d A

Thbhahd,
T I C VA AREL AR, Ko 3R RHRRREE (683 1o/ W), A IR TH D,

EYEHARRRE T, CIE (ERSEAZEES) IC XV BRI, THOEERICRIT 5 AF D
BV B —DOREICEDEBREOIRER LR TH S, B, AFD
B CRbBEE D XV 555nm DRREIEEIE 1 & L, HEA, Zh X bEREMA. &
BEMIZ2 206> T, BEHGRBEIMET LT, Fis. 414) FERRIZBITD
EREHARRRE % Table 4-5 1R T, AmiX, 540X 10%Hz (540nm) DEGHESEONLE

LV ERESND,
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BERHHY

02

A P e PR #
360400 500 600 700 780
¥ (hm)

Fig. 4-14 Spectral luminous efficiency. V (1)

Table 4-5 Spectral luminous efficiency. V (1)

380 0. 0000 520 0.710 660 0. 061
390 0. 0001 530 0. 862 670 0. 032
400 0. 0004 540 0. 954 680 0. 017
410 0.0012 550 0. 995 690 0. 0082
420 0. 0040 560 0. 995 700 0. 0041
430 0.0116 570 0.952 710 0. 0021
440 0. 023 580 0.870 720 0. 00105
450 0. 038 590 0. 757 730 0. 00052
460 0. 060 600 0. 631 740 0. 00025
470 0.091 610 0. 503 750 0. 00012
480 0.139 620 0. 381 760 0. 00006
490 0. 208 630 0. 265 770 0. 00003
500 0.323 640 0.175 780 0. 000015
510 0. 503 650 0.107

77, SI BIRIZBWT, DEFHETHAIRE (1x) &FE (Im) OBIZIIRD
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BUROIER Y 31D,
Lx (BE) =Im Ot / o [3]

TR05, Inf OBELLEES - Y ORERFOFENE L 1m? DBENERE DT D OREH 0k
HREE ; e, W/md) ORICBWLTIE., RADBENERY ST,

Fe=1x /{km X (1)} J/m/s) [4]

Table 4-6 Correction factor of digital
7272 L. RES O ERMRERREZ IR L., .
illuminometer IM-3
R alZ 17729, . \
BRI 2 IC X A EETTRD T —— R
FIEAAEUT Table 4-6 T4,

400~760nm 0.99
450~500nm 1.06
500~560nm 0.96
550~600nm 0. 95
600~650nm 1.11

Lo, BEEFT X 5 41RO RN X — BRI,
Fe = aX 1x/{KmX V(1)} [5]
725,
o, TAVYaZ AL zib e, MEEEHEY LWIEFEORY MEERE TS

FEITH D, T742DD, FEIFTHD L L BIT, ZRNF—2HTHETF (Photone ;
HEF) L LTOMEEFOP ,

BEFI3, B CHATE D RNERRATINF—BEZIRD Z Lid, FART TV
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7 ORI TREND, £, By Hzs s % SERL @ LOBGRIE,
[TIRTERSN D,

£ = hAv (6]
v =c /A [7]

TDEE, it TRAX—ETF, AL, T EET6.62606876 X 10 (J-s)
TREI. c L, YEET, ¢=2.99792458x10° (m*s™) TRENB, F/n, ZDE X,
FEOBEML, ndid, koT, Z0LEn, ¢ DENIL, JTHD,

E72, BB L7Z L 5T, =R AT —BEFIIRER R XLF—5 2 B2 LD, 3
DITRNF—BTF, HEF Imol DFEFOTRIAVF—E 1L, TARN KN (6.02X10%)
2T
E = NXch/ A [8]

T“%éo

LT, [6] K& [8] KXV, BERTEHISHRE Ix TO, B—FRA1 W ©
BENTERE CO—H 7= OHETFO mol Fiebb, HETFHREE (PPF) 13,

PPF = aX1xX 2/{ (KmXNchXV (1)} (9]
LEHETE D,

<HDTRAF—LETH>
FEEE DB &,

Dz RFNF—E . HHBE (J/n/s)

68



Fe = axX 1x/{fmx W)} [5]

HEFEH: AEFHREE (ol/n’/s)

PPF = aX1xX 4/{ (KmXNchXV (1)} [9]

—ARENIBE OENMIL, ymol/mt/s TEINDZ LBRELN,

< HEHDS TR — D>

HEBIRGRZ RO ERERE TR, BRR O EDIIRITIEG U iR S Tl
SNTEY ., ZOHITE, REDH L, FEREENROZINE—EH D2 52K
RF (74 FFAA—NR, ZZTE, THRAFERT. HDHVIL. GaAsP FFEAN
HONEY L Bbhd®) ZHEREETA0KERE (BE) 3. H50ik Xk
TR L DEE LR EZFET 2 B R EEAVEHIIT 2 2 &8 TES, Lk
L7 s, ZROOBITEMTH D 2 L0, BEORE IR POMENS, HE,
AN ZEBRTRETHD, £07D, RIERESCREIEFICRE VD, SEDOSE
BRCi. BIEEEERbL, TUZNRBERT, BRELZFHRIL, X605 5 400-7000m
DFFRELER L, BRI - AIDCOSHBER SR EEBEB T LIED
BEEEZ T R UB0EREE LT =y NEMHERL, ELA-520C (Z[FHE, eLine
Z VY FHA4B5TS (BD, BOfR, 6700K, EHREMi%k Ra90) %MV 7z,
B{VEBIEICOVWTIL, B RUBSLROBOT DSNHEH AT M 2SEITRE O
X 2RO BEREEFREOL V¥ —Ry A NOBBZEHRACIZI VTR
77

ERITRUZHEREZRWT, 4ROFERTHVW-LED ORELZHFERER IO
KEFHREEOEIIER L, UTOREEZRT, (Table 4-7,8)
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Table 4-7 Photon flux density and Irradiance of Two LEDs

¥E (m) 395 470 562 590 630
BERE (J/n’/s)
104. 36 4, 61 1. 40 1.84 6.13
Ee = aX 1x/{KmX V(1)}
HEFHEE (umol/m2/s)
PPF=aX1xX 1/{ (KmXNch 344.72  18.10 6.57 9.07 32.31

XV (A) }

Table 4-8 Photon flux density and Irradiance of Five LEDs

FE (om) | 395 470 560 590 630

BEHRE (J/n’/s)
Ee = aX 1x/{KmX V(A)}
HEFHREE (1 wol/m2/s)
PPF = aX1xX A/{ (KmX 1187.36  109.46 10. 73 14. 80 52. 76
NehXV (1) }

359. 47 27.85 2.28 3. 00 10. 02

4-2-6 HEBETHREE PPRIIEHR LU EEEER
LED2 BB LU RKDONEFH- VDI aT /A FINE., HFEINEOFEHE
% (Fig. 4-15) LAFITRT,
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LED2 A3 LUV LEDS ADMEF-HTe Y DI vT ) A NRE, HEFH7- 0 OFEIEIX
Bi%, LI 562nm TE< 395nm IR 72 o7z, 72, 395nm~470nm “Ci LED2 ZA&D 3
EFHicYDIaT /A FIRER LURETH7- ) OMIANENF <, 562mm LLEIE
LEDS RDFHFMREL 7oolz, T, LEDS ARDFE, WEDTFR/LF—HEV 395nm~
470nm DIREDEREHNBN =D e BX bvd, SLEDRERL Y| TRINEROW
BSETRLF—THER - REFBIREF O L8 Dh T,

—
(2]

8.5

—
Y
l

—
N
T

——2XK(HATE

—
o
T

- - ~5K

[+ =]
T

—— 2K (MR &)

= = =54

»
T

[=>]
[4;]
cell/ ¢ mol*m-2+s-1

ng/mi/ {t mol*m-2-s—1

Fig. 4-15 Carotenoid content and Cell amount per photon of Two and Five LEDs
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4-2-7 EE

BONET—F &, SEOBNL Lx 235, HDIRE L RSO RV —EE 25
THZENTED, HEEBFLLTLELIIABTFIIESE L CREEOBRERNL
TAER, LED2 AB LU 5 RONEFHI=Y DI T ) A NIRESR L UMBIIE,
562nm TE< ., 395mm TIEM- T, FTo, 395mm~470mm F TCOHEFH-DOHaTF
J A FINER L OWIIINEIX. LED2 2535 < 562nm DAL, LEDS R CHEL Moz,

ISR CONBRIIREEREZE 5720, BRGERDABREMIESNS Y
DEEZ LIS, —F, BIEIISEOEDIZIaT ) A4 NEEEE R LSS5I
TRAF—EES T EPHEESI, TOBRIOT ) A ROEEESHERLELO L
Bzohd, £, HBEFHY O RAF—-IIMEL |, #HIBR LITKEIZEYD T
% 562nm OYEEERL, B uT ) A FAEOHRBBNZ EREZ 6D,

SbEv, FRABEMEDOT ) A FEEICL, TRIMERD DREIIHNT TOR
BB THD Z NP0l FORTH IHEMRPHRTH L B2 N5,

4-3 PERERE -BRAREROBERORE-

BPREICRWTC, I aT ) A NEEICISIERI A~ (562m) fTEDERPIEH TH Y,
ERICEEME Y 0T ) A FAECBO UL, ITEAMEROBEESSIRTH D Z 23
¥ L7z, 22T, XVERR TH D W-A 2EHRIMMEROBRIZONT, T
J A REEBAYZ T2 DEEIZOVWTRIEL T,

4-3-1 FEREEE |

TAE, LED TR WV-A D L 5 RERELHT Z LIXTERWO T, 8B EERTD
Z LT Lz, UV-A(400-316mm) BBEHZIZITZ v 2 > 7 (TOSHIBA, 10W), UV-C FR&T
(280~200nm) {ZII3%E 7 >~/ (TOSHIBA, 10W) Z VT, Fig. 4-16 TR L7 5EBREEE C
L |
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Fig. 4-16 Experimental device of ultraviolet radiation

4-3-2 HEAER
HREH L LT, BERME THY Zeaxanthin £FEKTH D Erythrobacter
sp. (TMN11 #8) & Astaxanthin ZEEERK T D Paracoccus sp. (LU FM6 #) Z BV 7=,

4-3-3 HE& LB

1) TMN1L BR, FM6 ¥R % %, HFHEEFESH I (Table 4-2) % FAV>, ATEEE (100rpm, 25°C,
2days) L, ZOREEK% 0.D.1H 1.0 [TFHERE, 6 Vo L~vA 7 L— R
L 1 7 x/bbml ORI~ 50 u 1 OFIE THE L7,

2) SRHVREBETERBIT A, A5 (90rpm, 25°C, bSdays) 21772 o7z, BB TH,
RHEE (620nm) ZHIE L, EHITHE L4 (8000rpm, 4°C, 10min) IZX WAL,
ERFTHEBRITHERF LT

3) Bt LT B LR AR EITR ol BERICH I AE—XLTE h i A ¥
= (7:3) % 20ml Mz, AT v 7 AIFP—2AVWTCEELZHBREL. aFE
WS-, ZOEHEZEO5BE (8000rpm, 4°C, 10, Omin) (24T BB A & TEE
T5, Tk 2,3 EfRVIRL, 3TCTRHIERZE LAREIEZITRo72, ZHEE
FRE, SCUT CERREFE LT
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4-3-4 FER

UV-A BBSTSRIFD TINLL #R-FM6 #kD v T ) A FEFE, a7 /A FEFLRE
Fig. 4-17,18 \T/R L7z, FE7z, W-C BFEMD TMNLL £R-FM6 kDA nT /A FEF
B o7 /A FEFLESFig. 419,20 IR LTz,

100% i
90%
80% [ zeaxanthin
0% [ nostoxanthin
60% E
50% g [ caloxanthin
=14
40% [ zeaxanthin
30%
—— carotenoid
20% contents
10%
0%

Uv-A EH cont

Fig. 4-17 Carotenoid content and contents ratio of TMN11 strain by UV-A

100% 7
90% —
T 16
80%
0% T 18 [ other
60% — W a e
13 ;
50% \\ 3 [ astaxanthin
A (R o 13 = '
40% — —— carotenoid
30% 4 2 contents
20%
11
0% - 1 0
UV-A i cont

Fig. 4-18 Carotenoid content and contents ratio of FM6 strain by UV-A
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100% 12
90% B . 1 other
80%
70% 8 nostoxanthin
60% _
E = :
50% 6 e = caloxanthin
=
40% .
4 EEE zeaxanthin
30%
20% 5 —— carotenoid
10% contents
0% 0
uv-c S cont

Fig. 4-19 Carotenoid content and contents ratio of TMN11 strain by UV-C

100% 16
90% 1 14
80% —]
70% —
60% —
50%
40% — 7
30%
20%
10%

0%

[ other

£ 1 4—ketozeaxanthin
EEEER astaxanthin

—8— carotenoid contents

uv-c Bt control

Fig. 4-20 Carotenoid content and contents ratio of FM6 strain by UV-C
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4-3-5 B

UV-A FRHHCIZ TMNLL BRIZRW T v T J o REHFEH UV-A, control SMFIZHA,
DR TR bz, TMNLL I, HEAREETH Y., WV-ABRES I eT )
A FAEBEICERICBN I EBZ BVD, Eie, haT /A FEFHERETIE, WA
IZRBWTEEYE, control (1356 E A b/l o7z Caloxanthin, Nostoxanthin &Lk
BHEM Uz, ZHUE, UV-A BBEHC X o T IINLL RO SRR MEE Sz &
Zzbh5b,

F 7z, FM6 BRIZIW T UV-A RRTRWT O T J A RFEFESESEEI -3
Lz ETo, W-AFRMBIZRBWTAIRT /A REF IR T Astaxanthin DEMRH I
7o ZHUSBHRBOTDIZHERLRED BV Y Astaxanthin SSEE I, ZOMRR, In
T4 FEFELEN L0 EEZ BN,

UV-C BRI, EARME TH S ML R TIZhuT /4 FERaY be—L ek
~SEEAL7225, FM6 B CIidd Lz, LasL, ke bhed /A FEFLE TR
BLREDBE NI T ) A ROBISNEEM LT, £7-. TMNLL BRIZISV M TiX Caloxanthin
DEEPEML TN Z L35, U-C FBERHZ X o T TMNLL BRDER BRI IMBEE S
TeHieeEz b,

M6 B TIZUV-C BBRRMEIZ Lo T e T /A FEFEIZHA LR BR LIV,
AU, FEEAFOHEIEE O FM6 AR TR UV-C BRI LV BB DB TOBDRHY . £h
RN BT ) A FOEEBHESNZ LD LEEZ B, AR & IEXERHE
DIEREEDENBRNZH D LEZ OIS,
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4-4 £¢%

AT ) A NEERMEMOYRRIEREEII OWT, FEOBERER. 0B KIC
BALTERL, 1uT7 /A NEEICEZZEEBII OV TRIELT

9. BROBEFRBOKRRICE B UBEFRBEEBEL BN LERETRoT, £
DORER, BRTHD TL HBTiE,. BFROREIT L > T Torulene HHEEE S,
Torularhodin DEABERIZ K-> THESI -, METHS FM6 HRTIX, hu7T
J A REFENBD LB, §FRIZEBU VT Astaxanthin 2380 L7z, Z i3 FM6 #£
W TL ARIZ EE SRR N E S | ZAUC K » TEBERIC L 2ERENIBZ Y IR bR
YWEE LU THEELIZOTIIRVDNEEZLND, Ko T, BEREEHATLZLTE
Y12 B2 VAR aT ) A FEEETEDTREERH D = L3 bh o7z,

WIZ. LED % VTR & TR DRI DU T LED BBAEE 2 /B LR AT
Iolz, BbhizhuT /A FEAERDT —F 2 HEBEFOEMICEERZI-ER. i
BABBROBE TR T ) A FEEMEL-, £77, HRBFH-Y D=RIILF—IME
<, HUER BITKREICRE Y IRV TV S 562mm OFERBEIL, uT /A4 REEOSERR
NWZ EREZLND,

LY, BRZAEEED 2T A FOMEIZIL, TERAMERD HREEIZTTO
BENED THDHZ Lhbholz, TOFTYH, ERIMNEPIHRENTH D LB 25N
B

Z 2T, BINGEEIRIC DUV T UV-A R UV-C DR EZ 3T D 0BT 4 AV CERER
BER L, EOICEREITRoT, TORER, TIN1L BRIZFWT UV-A BHIZE > T
Caloxanthin, Nostoxanthin &7 RGN L, TMN11 BROE A FGRISIMEE ST,
F7o, FMB BRIZBWT W-CRRINICE » T, a7 /A FEFEIZHALI B PR DL
iz, UL FEEA BB O FMe R I UV-C BENC LV BB L ET OB B H Y |
FruEN T T ) A FOEELREIN DO LEZ b, ARE & IELER
HIEOBRBEDB O RRNIZ DD EZZ DD,

PUIEORER LD | JARBHEIEERMEICIWT, BOSREEZ - BT, X
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DHRECERR A T ) A FEBESED I ERFRETHD Lahol,
ST, BEOWRREEZTV, Uy—T 7 A2 —0DX ) IRREEREE~DIS
REBRL TV,
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HHE wnT A NEEREY DOBRFERRE

BERREEE O RN FIET, BETONL WS TEEOB L~V E TORE]
EEEFHTICRL T [BEMROZBRIZEZBE 02 o006 EN5, |
FIIBERRIZ DWW T, 16S U AR Y —2 DNA (16S r DNA) DIEEFFEITIC TR LR
VDRFIE %45V ., Clastal Wz X 0 RER 2/ER LT, —F. BEFIX.
I v B aT 4 FeREHE ., TLC 04T, PDA-HPLC B X B BFEHMR D
BT, EREFEOV T Va4 2 BLOY—2 BREELZEEHITIC
T cos BRI X VELEEZ RO T HEEEMTFI 28 H L. UPGMA B2 & U ER
L THRERORBHENR ZIT R T,

I 2 DORMEORERENTZ LB L, BESEET AR L EHEOBERE
DEELIRFTIE EHICBRLI T /A NEEBEMO A TZ ) —%
VERR LT=%,

5-1 16S rDNAIZ kB v /A4 FAEMAEMORE

5-1-1 ap=—FA L7 hor—F T
1) Template O YE{H

PCR AF =—Tz, MEIVQAKZ 10p1 EAL, HRETVEE THE LT,
EE%. TOMRE K& TV /= PCR thermal cycler (TaKaRa Bio #E8Y) 2 L.
A5 b A S — | C DENATURATION (&L 95°C20 #) %1772 o7, WIT PCR X
SRR ORBELER LT, TRbbFa—T UV UTORERIZRD LD, B
SN UOMERESS O nixture ZER L, £F 22— 20ul §2o8%LE
(Table 5-1),

Table 5-1 Preparation for Template

(IMilliq water 12.9u1 M
®10XTaq buffer 2.0ul
30, 2nM dNTPs 2.0ul

@10pmol 27F primer 1.0l %X%‘/f}lz%(%
®10pmol 1492R primer 1.0u1

®Blend Taq 0.1p1
@ (Template 1.0ul)
Total 20.0ul _J
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2) Polymerase Chain Reaction (PCR)
94.0°CC 2 oMtk 94. 0°C% 30 #, 50.0C% 30 %), 72.0C%2 143 30
D 30 YA 7 NEHEHIZ 72.0°C% 2 438 T 16S r DNA DI 24T/ o 77,

3) THu—RFNEBXKIKE

50 X TAE #E&E#K (Tris—acetate;2M JKEEEE;2M 0.5M @ EDTA;0.05M pHS. 0)
235 IXTAE SBER AT L2 b D2 AVTER L 0. 8% DT Hu—RF i
PCR IZ Lo THE L7 loading Dye 2 BT 77U v &1L, 100V EEE
T 25 I BRIKENZ1T/2 o2, DNA YA Xv—A—& LCTiZ 0. 2—10kbp Smart
Ladder (Wako #fiZ&) % i\ % ,400bp FHTICHER I NNV REA XTIV H L,
NucleoSpin ExtractIl (DNA #iHF v b) ZHWTH 056 DNA OMH Z1T72

27,

MM MM MM MM MM MM MM MM MM MM

Fig. 5-1 Electrophoresis

) YA I Ny —o vy

EROFETHHEINZS /) LA DNA 288 L LT Table 5-2 2R L7z f1L,
f2L. f3L. rE1L. rlL, r2L, r3L B L O rdl DK 7T A =—%fFEH L DYEnamic ET
Terminator Cycle Sequencing Kit (AP #8) Z W Ty — 7 = v ARG Z2{TV,
ABI PRISM 3100 Genetic Analyzar (ABI). Bio Edit (free software) BI W
Chromas pro % FAVNT 16SrDNA S EEFIZRE LTz, B, ¥—7 VARG
1£95.0CT 20, 50.0°CT 158, 60.0°CT14% 30 %4 7 VOEMETTIT
W, AW 7 A4 2 —DEMRIIERSHEEERAL T —ERIZEFE LT,
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Table 5-2 Primer for amplification of 16S rDNA

Primers Direction Position Sequences Length (mer)
27F Forward 8-27 5" —~AGAGTTTGATCCTGGCTCAG-3’ 20
1492R Reverse 1509-1491 5’ ~GGCTACCTTGTTACGACTT-3’ 19
fiL Forward 9-27 5" ~GAGTTTGATCCTGGCTCAG-3’ 19
f2L Forward 517-535 5" —CCAGCAGCCGCGGTAATAC-3’ 19
f3L Forward 1093-1111 5" —GTCCCGCAACGACGGCAAC-3’ 19
rEiL Reverse 344-326 5" —GTAGGAGTCTGGACCGTGT-3’ 19
riL Reverse 535-517 5" ~GTATTACCGCGGCTGCTGG-3’ 19
r2L Reverse 804-785 5’ —GACTACCAGGGTATCTAATC-3’ 20
r3L Reverse 1110-1092 5> ~TTGCGCTCGTTGCGGGACT-3’ 19
4l Reverse 1405-1308 5" ~ACGGGCGGTGTGTACAAG-3’ 18

5-1-2 FER

<16S rDNA B{=TELFfENT >

HEWE L 7= 16S rDNA i%. ABI PRISM 3100 Genetic Analyzar (ABI). Bio Edit

(free software) I3 X ! Chromas pro % B\ CEBEFEFIMENT 21TV, E#E
=F-HFFEET @ BLAST 15 CHIRMER R 21T o 7o R % Table 5-3 TR L7z, &
R THRE L= RO EEIF] & GenBank IZB &I TV BHDOEEEF] & D
FMEDS 100%2 R L72b DX, BEMICFBREETH D LHlr L, FERMEDS 97%
D 99%DRIL., RBOERZME THD & ¥ L7,

—ER, FEEEL 88~93% L 8 EBMEVVEL R L2 OO, iV 97%
Y EDEBEERE O,
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Table 5-3 List of Carotenod producing microorganisms

B KAV VA =} PR -t R
L7 TITIY A Mrthylobacterium Mrthylobacterium sp 98%
L8 T Y H—4r—TFN  Erythrobacter Erythrobacter—Ilike sp 98%
FM1 7 A YAk Janthinobacterium Janthinobacterium sp 97%
FM6-1 T HFNZ DR Paracoccus Paracoccus sp 99%
M6-2 THENFOR Paracoccus Paracoccus sp 99%
FM6-3 T H¥ANZ DB Paracoccus Paracoccus sp 99%
FM8 B HoT sphingomonas sphingomonas sp 98%
FM10 THENZ DR Janthinobacterium Janthinobacterium sp 98%
FM12 vIgY Erythrobacter Erythrobacter—like sp 99%
Mi4-1 7Y H—4—TF N  Erythrobacter Erythrobacter sp 99%
FM14-2 T Y H—4,—TN  Erythrobacter Erythrobacter sp 99%
FM15-1 EZHoAfl Erythrobacter Erythrobacter—Iike sp 99%
FM15-2 ELHoHG Erythrobacter Erythrobacter—like sp 99%
A Martnicola Marinicola seohaensis strain 97%
FM17~-1 sechaensis
Marinicola
vIgpy Marinicola seohaensis strain 97%
FM17-2 seohaensis
Marinicola
7y Marinicola seohaensis strain 95%
FM20-1 seohaensis -
Harinicola
uIgY Marinicola seohaensis strain 95%
FM20-2 seohaensis -
TMN1 3 Erythrobacter Erythrobacter sp 99%
™MNT-1 T TIY A Erythrobacter Erythrobacter sp 97%
MN7T-2 T 7o% A Erythrobacter Erythrobacter sp 97%
TMN8 TIOTIY A Maribacter Maribacter dokdoensis strain 99%
TMN9 A AL V= Erythrobacter Erythrobacter sp 99%
IMNIO Y7oy Erythrobacter Erythrobacter sp 98%
TMN11-1 7oy Erythrobacter Erythrobacter sp 97%
IMN11-2 T 7Y% oA Erythrobacter Erythrobacter sp 97%
TMN13-1 ZEHAl Erythrobacter Erythrobacter sp 97%
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3 KAV A B PN - 25 HFEH
TMN13-2 PO Erythrobacter Erythrobacter sp 97%
TMN15-1 B R Marinobacter Marinobacter sp 99%
TMN15-2 o Y Bk Marinobacter Marinobacter sp 99%

TMN16 o EE BBk Flexibacter Flexibacter aggregans 95%
TMN17-18-19-1 B[EE—F Microbacterium Microbacterium sp 99%
TMN17+18-19-2 [MEE—F Microbacterium Microbacterium sp 99%
TMN17-18-19-3 MMEVE—F Microbacterium Microbacterium sp 99%

TRO4 <5 B (NW) Janthinobacter Janthinobacter sp 98%
MM1 b I = g Erythrobacter Erythrobacter sp 97%
MM2 AIpyv Erythrobacter Erythrobacter sp 98%
MM8 AInpv Erythrobacter Erythrobacter sp 97%
MM10 ARIpYv Janthinobacter Janthinobacter Iividum  88%
MM11 Ny B vV —F Erythrobacter Erythrobacter sp 99%
MM12 Ny B ¥ E—F Janthinobacter Janthinobacter sp 95%
MM13 Ry 3% ¥—F Erythrobacter Erythrobacter sp 98%

MM14 R E—F polaribacter dokdonesis
polarobacter 98%
DS¥-5 -

MM17 AVE S @Vl et o Algariphagus marincola
Algoriphagus 98%
S¥H-2 -
MM18 Eva Arenibacter Arenibacter palladensis 96%
MM26 TRE Erythrobacter Erythrobacter sp 97%
MM29 TRE Citromicrobium Citromicrobium sp 96%
MM41 Y FE Erythrobacter Erythrobacter sp 98%
MM42 Y Kk Erythrobacter Erythrobacter sp 98%
MM45 Y KE Erythrobacter Erythrobacter sp 98%
MM46 Y FE Erythrobacter Erythrobacter sp 97%
MM48 Y FE Erythrobacter Erythrobacter sp 97%
BTO1 - Aaq i} sphingomonas sphingomonas sp. KIT02ds20 96%
BTO2 - A2 1) sphingomonas Spbmgmmf 96%
baekryungensis
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5-1-3 B

SEIVEBONEIRT /A FAEBIZOWT 16SDNA 2 1 bW TEETFHE
E(BRE) 21Tk o7,

FORER. B3HROBLEFEIIDHEE LBRE LT, Erythrobacter Bt
%< 26 BENB LT, Erythrobacter BD E. citoreus I%. Huirb¥gE (A Y,
IV HTE) B OIKEE 35m DIFEAPLEEESh, BEELEA L ERAan=
—EBRTDHZENBREEIN TS ™, . BAERKRZEOHREIC LV 608Y2
MRIZ BN 2 IEE LT DEARD D Z L RHRE SN TWNE ™, 74U ELD
N B E—FNoELIT M-14 #iX Polarobactor sp. (TiRFE
polaribacter dokdonesis DSW-5) L RIEINT-, Z OiEBEEIZBATIINE.
BETIME L RASN. FEMERZEREL VI ETERENTHKTH 5,
BEOHEENAERL, BEOBEKXLMENDLETWD, MEHROEKRN Y
4 UV TERENE Z ST EBEREND,

BEFREOCBREICRBWT, BRIKEITT—V U IEHAERR LNV, 3K
BEEIOEVRHBE Z 200, SRIIPCRIEEROT =—Y VU FBELRE LR
D, THae—RF VA2 TEBROH—ITERL, BERIKEREZ —EILT5
MEDUBEBPHLETHD EEZ NS, £, 165 rDNA B FESUMITIC LD
BREIEIZBWNTIZ, UNRN—XFT A <— (r2l) 5 5 KAl 360 HEEF
IZXBBRIE L 16S rDNAEEEF DOEEIC L 2 BRIEDRK RN IZIZFR —DRER
DELNEIEESLHY., SBRIZBL VIV TOREP L VEEIITZS L1
H5THAI,

5-2 MEREREERICBITID D IuT /A4 FEE#EDOSH

5-2-1 Hik
5-1 F VBN -BEFRIEOEEND, TRERBRMEEOF—FITHoWN
TH I TEFRol- XAV IRA LV FEBA L, SFEREZRI L,

5-2-2 FER

has ) A VEERZBEFRIE LEERY Table 5-4 IR LT, E£72, &
A TIHRA YV bD< 7% Fig. 5-21Zn LTz, 2B, BEIELNZERA
M IXBE CTHVWRE LT,
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Table 5—4 Carotenoid producing microorganisms of Kerama Islands, Okinawa

R bR ¥ B BB 3 B
FMB-1 Paracoccus L Mrthylobacterium
-~ FM6-2 Parvcoccus TMNZ-1 Erythrobacter
FMB-3 Paracoccus TMN7-2 Erythrobacter
FMIO Janthinohacterium TMNB Maribacter
TMNI7-18" N
1541 Microbacterium b o 7 i 39 TMND Eyythrobacter
" TMN17-18" y
P EE—F 19-2 Microbucterium TMNIO Erythrobacter
TMN17-18" g
18-3 Microbacterium TMNT1-1 Erythrobacter
T LD FM1 Janthinobacteriun TMN11-2 Erythrobacter
. L8 Ermythrobacter FMB Sphingomonas
7'”’;'7“7 FMI4-1 Evythrobacter FMIS—1 Erythrobacter
FM14-2 Erypthrobacter FMI15-2 Erythrobacter
4y TMN1 Erpthrobacter =LA TMN13-1 Erythrobacter
MMI8 Arentbacter TMN13-2 Ewthrobacter
TMN15-1 Marinobuacter BTO1 Sphingomonas
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The ocean occupeis about 70% of area of planet earth. And is home to a
variety of living organisms. Human beings have been using the marine
resources including food since ancient times. The natural pigments from
the ocean were also used. Clothes of the mummy of Egypt were dyed by the
indigo. There are pharmacological action and psychological effect in some
kind of coloring materials. '

Carotenoid are liposoluble pigments distributed widely in the nature.
The research history of carotenoid started at the early of 19th century.
Carotenoid was isolated from paprika (Capsicum annuum) at first. Almost
at carotenoids such as B —carotene possess the provitamin A activity which
metabolite to vitamin A in the living body. Although above 750 carotenoids
are isolated from the nature, only few kinds of them are used industrially.
Then production of carotenoid by microorganisms would be expected, but
there are few kinds of carotenoid originated from living thing on land.
And there is little knowledge about the carotenoid producing microorganisms
in the oceanic. It has the possibility of discovery on the new
carotenoid—producing microorganisms.

In the subtropical region there are very strong sunlight. The surface
of the sea and coral reefs in this area is a severe environment for the
growth of microorganisms. While this condition produces reactive oxygen
species, the continuing strong irradiation can also lead to damaging and
lethal photooxidative reactions. Many other undiscovered microorganisms
would possess protective mechanisms such as antioxidative activity for
survival in this environment. On above mentioned aspect, this study focused
on the marine microorganisms around the coral reefs, especially the
carotenoid-producing bacteria possessing antioxidative activity.

In this research, we searched for carotenoid producing microorganisms
from subtropical ocean areas. We extended our search to include oceanic
animals such as crabs and bivalves. Chemical composition, culture condition
and genetic characteristics of the carotenoid from carotenoid-producing
microorganisms were also examined.

1) Search of carotenoid producing microorganisms from marine resources
From 2001 to 2007, sea water and oceanic small animals were extracted
in the Philippines, Okinawa and Kochi. And the colored strains are screened



in order to obtain carotenoid-producing microorganisms.

As a result, 334 colored strains were obtained. After each strain was
grown in pure culture medium, carotenoid was extracted, and analyzed by
using A -max, TLC and PDA. Carotenoid—producing microorganisms 173 strains
were collected.

There were many Zeaxanthin and Astaxanthin producing strains. Moreover,
the extraction procedure has also been improved. The experimental design,
one of the statistical techniques, was used for the education of carotenoid
production ability.

2) Culture characteristics

In order to collect mass—production of useful carotenoid, the physical
culture environment of the microorganisms are tested.

The effect of the sound wave and light on the carotenoid production of
microorganisms was investigated. First, the effect supersonic wave was
experimented. In FM-6 strain (bacteria) carotenoid content decreased,
which Astaxanthin content increased.

Next, the effect of the wavelength (from ultraviolet to a visible light)
was tested. As a result, carotenoid production increased on irradiation
of the wavelength near the ultraviolet ray region.

Then, experiments were made with irradiation of UV-A and UV-C
(ultraviolet radiation). TMN-11 strain (photosynthetic bacterium) was
promoted, the biosynthetic path of carotenoid. On the other hand, in FM-6
strain (a non—photosynthetic bacterium) are production of carotenoid was
inhibited. This phenomenon would be based on the difference of membrane
structure between photosynthetic bacteria and non—photosynthetic bacteria.
In suitable condition, mass production of the useful carotenoid would be

expected.

3) Genetic characteristics of a carotenoid-producing microorganism
Identification of the carotenoid—producing microorganisms was performed
genetically by using 16S rDNA. Gene sequences 53 strains became to be clear,
and genus was clear determined. Many Erythrobacter sp. (dominant bacteria:
26 strains) were obtained.
The result of gene identification was compared with the diving point of
Okinawa Kerama Islands. Erythrobacter sp. was extracted partially from



gahimae and bustubustusango. Moreover, various carotenoid-producing
microorganisms also survived, such as a Janthinobacterium sp. which is not
usually got from the ocean. Distributions of microorganisms were found to
be influenced by water environment.

Cluster analysis was also performed by stratification results of the
ratio of carotenoids detected with PDA (Photo diode alley). The result of
the statistical analysis was compared with the phylogenetic tree.

Finally, a database of the carotenoid producing microorganisms in this

research was also created.



