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WEMMBEDO CO,FIHCL2RE#HERIL THITHED
WHEREREDR

BRBIEE BT K (BEAY REH)

KRTEE B F (HERE REH)
$A Bl CKEXEER £HLEH)
BOE—E (EEAE B

BECBWTIEARERENDHEEED T 77 bk, TORE (CO,)
EEEAICL ) HRERLORRYE TH S 00, DEIRICEERRE 2 R L
TW5, £k, W77 7 NUIIKESBWORERAMICDZ & T, BIFEE
BRORSICLEFELE LTS, T2 TAMETIIKEREOMBER £ & L
TELFIASNTWAEEM>— 2T X275 Y X Chaetoceros gracilis %
FAVWTRBOKRKTO CO,FARLCICHMBEORER DT ICONTRET L,

C. gracilislZX A RKRED CO,FHITHEBANDO~NY RAR—ZAD CO,RE%.
BIELCTFML, MEORZBRSSICOWVTILEPA & DHA 2 & O IBIAEE, ¥ v
NIBEBEORERAT R SH Lic, C gracilis MBI Lic 38R+,
EEHRHATEZLAEBREOKRKCO, ZHIB Lz, 202 & ikilEE LM
WWBWT, 2 FNAMBELIEOEIERETY, WEREBILEDDEER
WX CO,MUEBETHBDZ & %‘ﬂ—fﬂﬁ L7, C gracilis OHEEEER X ORERK
SBITEEREICLI->TERSTBY, 30CTHEESNE C gracilisitT &
PP EEBICELEN, 10 BEW 20CTHEESNLZBEICESTEVEIE
EHRTE Do, D ENT C gracilis DEFERDIIEFHICELZH
WWEBENAZ eRbholr, HIZ10B LU 20°CTHEESNIZMIEDRER
SEITABICHE R L, L2rLAZRL, 30CHOBERE CIIHESEMHEARE
TERD27DT, EMELLTNELESZ T RLRLoT, hbO/RERIT,
BEEM ST 7 PrORKCO,FAEZTNDDRERSEEE L ORICEE
DHBHZ L, RONICRERLENTZ C gracilis EEZRART 22T, BF
ORI TR, EEHOBRAICNETREZ L EFRR LI,
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HEREE NEH  F (SRR EEH)
R EE (KEAER BRbER)
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1. WRER

KAEHICESENDIHEED CO, iFHREREOREYME L L TRIFICEEICR > TS,
e FAEY) & R EERIER SO TS LV 7 b b EL DEE UL ER EROE AR E
D CO, BEMAYITEE U THRNICERL T\W3, FERICERICEE L BN > 7 b
ViZ, ZOBYRESEO I HZE TS 0 b X SICANEOENEDIIRD , WEEME
EOEEELZZI TS, COXIITER TS 7 ik, ik () BRORECERRDHE
BIrEERGQEHRRE LTS, —F, »AEOHMEIEREE L CREESISEI UTEF
EEAEL, BICIKEREEIEARBER S 5. JOLIRRRICBNT, EELIEK
EERTE O IEIAR YT 5 2 EREDE AMIEE DR ER S B CHIEEE 2, EEEF— b
£5 253 R Chaetoceros gracilis TEIED HEEEE L= Y,

FRETEEHCE LR ERITRE T, 20X IOMBENcER LT, LrdZORIC
MR I Z B OISR A SR T2 L BHEL I Lz, JOBER, C graclis MIAICEVZE
D CO, BHRBHS (FEY) ~eHLIhzl e Z2TRLTNS. £, Mpglc EE S nzE
BEERIZIE, b MEKICHT 2HEEEDA RS T, FHADBERETICHTARRTA YR
9I>@Cm%)%ﬁﬂﬁ«#ﬁmyﬁtmm)%%étaihfmtukz®;5ECgmdm
TSR EERET 27217 T, FEMOEVEEREMI R D TEMDH 2, £ I TAIZFETEC.
gracilis FFEOKREHD CO, FIF - BEEET~, &5IHRICERS NzRERS OLETHE
FEEEEN ZRET UTzo

2. WEAE
2. 1 C gracilis D&

C gracilis 3358V PESY THREBBEINEDOTH D, EREMICH = > TSAIEOEZ M
2L DX UCERREELZ T TREOHIZHER Uiz, C gradlis % 1X10%cells/ml 1Z7&
253 ICEERICERL, 10-30°COERET, 481 9:00 »5F% 9:00 £TO 1 H 12 HHE
FBRE (LT B @REAT) OFRSE TS Uk, M mBkeTEEw A CEEMEE T Tl

U7zo
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2 - 2 C gracilis f#EEDORKHD CO,FIA

C. gracilis Mi@ZSTHERRZ, TRO L S 2EHR PC BOBEERFIIAN, 20°CTREL
BRBELFHICERL, KREEBREOET CO, B FEIEI =, FO%, AT v DEME
TEBRENTDP LB, B/BANY RRR—IHIHFOD CO, BEDEZFIVER KBRS 2 E
BT CD-602BCO, (FEEMLBRAE) CRIENICALIE Lz,

REUEZ (EH2v YD)
lﬁ@ﬁx%ﬁﬂ%%

HQPQGPWME—§>

2 -3 C gracilis fIEICE E N2 BERERD OO
253 -1 C gracilis {EEH 5 DISEMRA O

C. gracilis Hia» 5 Bligh-Dyer & ¥ IZ X D ISAMRA B Uiz, ThRDB, HEEDSEL
SEEE (1,500rpm, 10 min) X & 2T C gracilis #IEEEIN L, FNIZIEIBEDS L UERESR
A EERONEMEENE TCH S nA VP THY (P—2)Vi A T 2FE) & [-FHR8-hD
FF—)V (Fluka #t8) 2MZ /=%, A& —) 700V ARKREBNCIEERS ZHE L
2o TN EFEAFEES K UNEERDOMTICER Uiz,

2 +3 2 ARIZOXIIS7 14— (GC) ICKBIEMEEA T )V ERT VDA
HH X W= BERR P OB E 5 %HCL1-A % ) —)VCIEIEBA F )V T X7 )VICEBRL
T GCTHMT LIz Vo PITEHHIRD LB D TH B,
EE . GC14A (BEFWERTR)
#HEE  FID
75 2y : Omegawax 320 (Supelco 1) 30mX032mm D, 025 4m film
¥ ) FHR : He,1.6ml/ min
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BE : 752,200°C EAL, ¥HEE 250°C

2 3 -3 BEEEZOY N7 40— (HPLC) IZ& B HEMEROHNT
M hZEESN CLamER) 2O Y ATNVAS LTHEEL, IVET 7408 —
CHB L, HPLC TAMT Lik. SHFELERRD LB D Th Bo
B  LC6A (BEFIERTR)
TRHISE | SPD6AV (BEHIERTE)
715 A : Wakosil-5¢18 HG prep, 4.6mm X 250mm (D) (FIYEHISE T4t 8Y)
WA FEEBK: 7RIV AF ) —)V=3:5:2
HEHEB: 7MY
P& : 1.0ml/ min
BHIS Yz PEE
0—>20 min 10—>40%B, 20->30 min 40->70%B, 30—>40 min 70~>100%B, 40->45 min 100
->10%B

2 23 -4 FUNIERHE
C. gracilis RO NI BEDBEIE VY VME TV I (Sigma f8) ZIRES VNI E
L UT Lowry 59 TiFo 7k,

3. HERBIUER
3 -1 C gracilis ODRGHD CO,FIH

BELCERADEBEELE THEEN TS V7 b OEES (BEY) OEERE, WKICEET
% CO, DEHLESTH B, LI, CO, IAKEIEKkLOBEERBITLTHD, Z0HEZR
BICHEETEIRL, SHIEY TS0 N ORERTHET 2 2 LI CTHRETH 2, €2 T
AFETIE, BEEBROANY RAR—=ZAHZHD CO, DEFHEZFEL, ZhICX>TEDZ
v bUOREHD CO, FIFHDERBIFZ ATz, SEIOERIIVOTORHATH 2L L
»o, NEEEKEREICBNWTHAEENS {, BWREMT, LirbECEATRERE
EWRETH 5 Z L DRSS Nz Y B C gracilis —FEOHIZDNWTIRET L7z,

9, EREFNVARDBEREAT=. TROE, C gracilis MlESTREREE, BHRARE
RABZBIZAN, BENTOBHATTREL 2D SZESK (CO, BE 350~450 ppm) ERAIES
TRz, TOR, BRELDEBREAKL SBM L, MBORSHD Co, MARE, ~v 2R
R—ZHD CO, BEDHABED SEIE Uk, TORR, HER 100 mL, HEERRNNIEOESE
DAY RZR—ZZAE 1000 mL, FBE 4500 Vw7 R, K 20°COEREHFT C gracilis {2
D CO, FIAEDHBHIRIFICEETE 22 &b o/z, LIBOERTIX, 2 @%&Hﬁ‘é C. gracilis
D CO, FIFAREZIRET LTz,
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Fig. 1 IXWEUEHEER, SRS KOEEHRIAD C gracilis MEERREZ—HIBL, £
NOEDREHD CO, FIAEEHE LIZERTH D, WINDIEFEED C gracilis T &BEIERED
BBEEBHIIAY RIR—IFOEE CO, BEDEK TER SRR I Nz, FIONEBUEEHOM
fETIXBIERR A 5 120 ATEEEROERE CO, BEL, BHARON 1/4 @ 100 ppm ETETFL
2o SHEIEICHA U -SEEMEOMBEENER > T\l dd b, EEHEICK>T Co,
FMEACZEDNRDSNED, MlESHOELE L ZEESHEROMEICBVWTEERED Co, B
FIE - RS NB I DS ER oM. ZOZ LIIEREO LSRR L DB TS0 Y
T, ZNDBEE LTV BB EDARKFD CC, HIRICEEREZEZIXZLTNWAI L, £H
BTRDSN=ERERD C. gracilis MADIEENSOERE U BASHD €O, FIFICL BT L%
Uz

CO, MNBHEH KEN & BN 2SR OTERRNLIEIEHRICH D C. gracilis MiED 1 H
DOEZIFID CO, IRNERFE LI 5, BIAZHE UERHED Co, MAZIIET Lz, BT
BHIERRIIRARL L TEEED CO, ZHEB L TVWA I &hbho7kz (RFRLTHWRN),.

MEDESIC C gracilis MEEEBARIELE L%, SHMICbhE>T CO, ZFA -
B LTS Z &S NI R 020

3 -2 C gracilis DFE®RL
C. gracilis IZERNEDBELRERMICTHAIRE: EPA  DHA 72 EDOTEIMAEEZ S A T
B eh5, TELREREOKERE OFEIREY © & UTKESRES CLFATNT
W3, EEREOEY TS V7 b Uik, —RICEEHRISET 2FHEOMIEA R OERRIEMEME THE
IWENTNED, RESZERMIEES S -DOEERITERPEREFR LI DN T TR ITHRE
TNTVRY. LU, 8k V BLUOLROERERRED SMESRMEL LR S, BN
TSV N VERBORERSRER L TWB I LBTREEINE, ZTTEAERTIL C gracilis
DREBREFEZ CEHMERL, ZOMOMBOIBIER, & 27 EB LI EERBRDOEH
KR BB 2R Uizo 2B, %éﬁé%aiﬁ%@ﬁfbf@)ﬁ%iﬁzfz%ﬂﬁﬁtﬁﬂsﬁé:tc%f:“b‘
Th, B-hOF UREEFE0 7 aFY U FrirbohuF /) 4 NEICITEFRATRET S
BEEREUBREZHE - HETAEHALD 2. EERARICLARTRIER PV REZITPTVWE
TER DR P PEERBEAICIE, 05 ORI HEM LA 2 I0T 5 Z L BRI N TV,
LiEDoT, TNHEREEZEEIIEY C gradlis DEETENE, KEBEEORBICLFS
TEBo COLD RERD SRR CIE, BEOFRENS BESS /W H) ITMA T C. gracilis
DHERERES DT EIT 2720
Fig. 2 {& 10, 20, 30°CTEEINE C gracilis DHAEIRZIBIEHIEZ T L TC\W50 C gracilis
FEWESEEIFOERICEEL, SPEMTERRICELED, Z0RTACPITHAEAICA S
Tzo 7, BBEEEMEWEEBHICETZETIIW BALLOHBZE L=, EFHAVE
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<,%@%®ﬂ@ﬁ@ﬁ9ﬁbf@f%otoﬁt,:n%@ﬂ@%ﬁﬁ@ﬂb,mmtéﬁé
NEIEIER, &2\ ESIUAEREROEEERET L,

C. gracilis FEDIEIAEDOESZ Fig. 3 7R LT\ 5, EPA & DHA DOAFHERSTNIZEN
%%ﬁ@tﬁ%%@%@%ﬁ%ﬁi%ﬁté@éﬁ%(ﬁ%@@ﬂﬁ)f%ﬁ%f@&<,%§
ﬁ@@ﬁ%ﬁt%ﬁﬁfﬁﬁbtob#b,w@@%m%%ﬁET@IDT%ZWCEﬁ&T%
BEIDRDPOE.

Fig. 4 12 C. gracilis ¥ VA EEREDRAREEREEILITRL TN %, 10°COREE
f@&yﬂ&ggﬁéu,%%@tﬁﬁt(ﬁgs)%%%ﬁ@ﬁ%tt@tﬁmbtﬁ,mjs
L7X 30°COREETI 30 HELUBEOMMED TP TH ok, TDOLIICY Ny BEREIE
£EFEIC LD EEDPTRDSNZ, I C. gracilis DHEFHEEEEREDLE 2F =, HPLC &
tiofﬁ%éhki%@%éﬁé%@bmu74wa,7:%ﬁ>?y3107:%ﬁy?y
@%ﬁéit%bh%%ﬁi@%?%b,%@ﬁ#tﬁﬁﬁ%ﬁ@ﬁmm74ﬂxc%ﬁwm%
ymaﬁﬁﬁént(ESL,:n%w%ﬁ&@%ﬁﬁ@?&fwﬁéﬁﬁfﬁUfﬁotﬁ,
ﬁ&ﬁ(ﬁﬁi)@Emofmtoﬁﬁént%éiiéﬁﬁb,%h%&é%LECgmwx@
REFHEESEBOE(LE Fig 6 ICTL TV, ENEEBED C gracilis DYEARERIET
ﬁ%#ﬁ%ﬁ%tﬁiéﬁﬁﬁ%w%n,wT@%%fwssEEM%%@E@%E%%L,E
mW%mﬁTE;WE@%ﬁﬁﬁ%ﬁtmwam5:kﬁb@oto—ﬁ,w@%zwam%
%@@%QE@?&%ﬁ%Mb,%@%%Eﬁﬁﬁﬁén%:tﬁb#oto

ui,Cgmmmmmmaih5me%D&AﬁE@E%@%%@ﬁﬁf&<,&yﬂﬁgﬁ
iwﬁéﬁéi%Eﬁ%u%téﬁtﬁM?éﬁﬁﬁ%6@tmotoitﬂ@ﬁ@%ﬁﬁ(i
%ﬁt%f%%&)t%@t%ﬁéhﬁ%éﬁ%ﬁ&@%?b®~§bﬁm:tﬁﬂ%btoé
6E30@f%§ént%@@ﬁﬁﬁﬁﬁﬁﬁotﬁ,iﬁ%t%bt@,E%%Eﬁ?%:a
ﬁ?%@#otobtﬁof(:gmMs%E@%%ﬁm%ﬁ?5Zfﬁﬁéﬁﬁﬁivﬁ@ﬁﬁ
%f@b,ﬁ@%m@ﬁ%mﬁﬂi@tbfﬁm?%agum,ﬁ%@iitm%%ﬁ%?@m
Té@f@@<,m~m@@%%ﬁ§fﬁ%%@#&bﬁhﬁ&@f@m?ét%%%%mc
gracilis {EE SN B HDLRBDN D,

4. FrHLSBOFE

ﬁﬁﬁ%Tﬁyﬁby@,%%75y0byﬁﬁﬁﬁ@ﬁﬂéwam%:tfﬁﬁ@EWEﬁ
@%%Eiifﬁb;E%E%@%@ﬁ%ﬁﬂt%kmﬁﬁ%#%mﬁﬁ%mﬁx(G})@ﬂ
mt@%ﬁﬁﬁﬁ%bfmaaﬁgéhéob#b,:@;5&ﬁ%75ybb>@@ht%@
%%%b,mﬁtﬁﬁé%tﬁ%ﬂﬁﬁthgm#oto%:Tiﬁ%ﬁ@,ﬁ%7%yﬁby
@%%ﬁ%%%ﬁ%@ﬁﬁ%fC@ﬂﬁ%@%ﬁtkhkﬁ%%,%ﬁﬁ@@%ﬁﬂ%%f@
%Eﬁ%cgmmw&%mt%mbto%@%%,ngﬂgﬁiﬁﬁwébtﬁﬁﬁ%$@cg
%ﬂ%-ﬂﬁbfw%:a,it:@ﬁ%tﬁ%ﬁt%ﬁ@%éﬂﬁ(ﬁ%@,9yNOE,ﬁ
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05/ A ME) BPEBIND ZEHHELGPIIR D, LD L, BakiSsXHETR, B>
UMD CO,FBETNVRDEREICFRULOREEE LI, SEROGOEEES
OB T Z V7 b 2D CO, BFRRECRBRMAELTHIT 2 LIXTE D o 72,
SBOWMETIE, AAEREZ2EIEN TS 2 Mo D Co, FIAE (KIK) OIF Y7280,
S HIBFEICOMT 2 AEDER, Zh 50 CO,FIAEEPRER S DB REDPUETH B,
CNODERET Y ZEET DI LICKIDBEREY TS V7 N OEERSN (BEEERES, &
IZ CO, DHIFANDEBMEE) BIEEIND L LI, YT 20 by AW =B ERE
BB ZER R RS N2 DD LS h B,
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Fig. 1 Reduction of CO2 in headspace gas of culture bottle by C. gracilis
harvested at different growth phases.

Exponential growth phase (1.80 x10° cells/mL): @, Early stationary
growth phase (2.85x1 0° cells/mL): A, Late stationary growth
phase (2.08x10° cells/mL): O

T T TIrm

Number of cells/mL
T 11 Illlll

T

| | ] | ] ]

Q

l

0 10 20 30 40 50 60
Culture period (day)

Fig. 2 Growth curves of C. gracilis.
Culture temperature: 10°C (A), 20°C (@), 30°C (O)

-349-



ASO 5
- —
E ol 14 2
= B S
W 50 | 43 &
T 40 L it
<

= 30| -2 2
=

‘%20— _1§
4510—

= oL 0

Culture period (day)

Fig. 3 Change in fatty acid and EPAand DHA contents of C. g%acz'lis.

Culture temperature: 10°C (A) , 20°C (®) , 30°C (Q)
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Fig. 4 Change in protein content of C. gracilis.

Culture temperature: 10°C (A) , 20°C (®) , 30°C (O)
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Fig. 5 Separation of photosynthetic pigments of C. gracilis by HPLC.

1. chlorophyll ¢, 2. fucoxanthin, 3. unidentified pigment, 4. chloropyll a,
5.B-carotene, IS:internal standard (B-apo-8'-carotenal)
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Fig. 6 Change in photosynthetic pigments of C. gracilis.
Culture temperature: 10°C (A) , 20°C (@) , 30°C (O)
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Nutrient Enrichment of Marine Microalgal Cells by Utilizing CO, and Their

Prevention of Marine Environment

Hideo Hatate!, Hisashi Murata®, Nobutaka Suzuki?, and Yoichiro Hama®
! Faculty of Agriculture, Miyazaki University
*National Fiskeries University

® Faculty of Agriculture, Saga University

Summary

Marine phytoplankton play an important role in reduction of atmospheric carbon dioxide (CO,), a
critical factor for global warming, by CO, fixation because of their vast resources in the oceans. In addition,
they also contribute to the prevention of marine ecosystems as live feeds for various aquatic animals. In
this study, we studied marine microalgal CO, reduction and its cellular nutrients by using marine diatom
Chaetoceros gracilis, which is widely used as incipient feed in a culture farm.

Atmospheric CO, reduction by C. gracilis was estimated by measuring CO, concentration in the
headspace gases of the culture bottle, and nutritive changes in fatty acids including EPA and DHA, protein,
and photosynthetic pigments accumulated in the cells were also investigated. C. gracilis reduced significant
amount of atmospheric CO, during the culture periods examined, even at the late stationary growth phase.
This suggests that microalgal living cells require atmospheric CO, for biosynthesis of the cellular
indispensable organic compounds even though they are cytostatic state. C. gracilis showed different
growth rates and nutritional levels, depending on the culture temperatures. C. gracilis cultured at 30°C
reached the stationary growth phase rapidly, while the cells could not survive for long period compared to
those cultured at 10 and 20°C. C. gracilis were found to accumulate all nutrients tested after reaching the
stationary growth phase, and the accumulation levels were significantly and consistently increased in the
cells cultured at 10 and 20°C.  However, the accumulation was not so large at 30°C, because the cells could
not survive longer under this culture condition. These results indicated the relationships between utilization
of atmospheric CO, by marine phytoplankton and their accumulation of cellular nutrients and that C. gracilis
should be harvested at the late stationary growth phase but not at the usual exponential growth phase for the

preparation of the nutrition-enriched cells.
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