9321  BHEPIZHFETHIRKEICE ZRIEEROER & HHREHEDBBFANTIZR
BhRRAFFSEE « IR RER GRKS: L)
JERIFFGEE B K CERKF)

1. ARE®

KEPOFALREZEREO LR CERYT 2 BRERLPBEES LTS, HERRK
DREBRIC BV CRBEOR T REEAE , ARG - TR SN2
ERFEDS 0 BRBEICHEITRAATVIEZEIZLNT VD, LLENL, WBHEFO
REBBICEEL2MEL LTWAEELONLMHEAY, $5I10, HMAEHORIEEE
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1. MEEN

REAPOZEBACKFZ R D LSRR T 2 KRR El s hTw 2, —7,
ANRNEE) IS & ) REFICHKE S N TnD REORTIEAERIEZH0%THY, JRh D
KEBGIEAHE RN E N TWB EEZ LN TWE, TN, thé 2 KR-MHEN O
REFRETFVPIRESNTE TS, REK EROKGRELRFHATE 2 W
TWh, TOREELT, MEADEDTEINEZEZERL T2V LR S Tw
20 KWW TS vy b v OMAERERE, RERL TR RERMN200-300E0n & HEEY &
NTBH, ZNLMEEYDND R FIRY A Ok Bk OV A=Y i Sk OB A E Y o
P & BRI~ DMk AS, MEFRED» 6 DORERFICKEREHEZRZ LTV D
LEZLNS,

1€o T, R ORFR TR R A FHAM O 1, MREPOEYET), 51,
BRI ICH T2 DI EL b EFR L - EENIREFVOMEILETH L, E
W, Wi 752 b VICE BRERMEDZMLAEFTAHFRESRTWSY 5, 20
EFMEICLEEENDEF =S HBARELTVEDNHIRTH %,

B O YRR O U O TR R b S v 0k, BIRECHET 23y 3
1) Z3(Coccolithophores) £ IFIE N B RIEA N 9 5 THHY , COEEZRLT, &
LTI o D) LAIKEIEH L. T O ANV 5 AAENIL,
MESIR LG L, BN WIENS (, FINEICBWTRZOEER D
KE L, MBI BREMMBRICKE LR ERZLTWB EHEESh TR B,

BIREOERE | B LUARKIEEY Kow Tk Diffsedid 5, ch g
THIEE S PRFERBREICHET 5 EERGIRIRIT EA LT bR TREP 272, £
T, AR BiiE, AKEO —HTdH 5 HAHEFUCIE T 5 Pleurochrysis carterae?)
BEAR R ATV, £ OYMRIRSE, FFICHARERIE B L UCO, MBI 3 A0 (Sea B
ERFAL DEEDEFFME I D W TR IR LHRET 4TI T LIk o T, WRHERTO K
FOPERICR /2T AIKEDKEO—EW LI TEHI L TH D,

AR, SRARIRAESREE EEE I RIZTRBICMETHMEEEE TToT &
TG RENE A C, ORI APOTRILKRTEDIED LA ML S L OFHIKRHE
DEE R RITTRBEIIOVTHRET T %,
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2 MEAE

2.1 EMkB LU

ERIC W AR, N7 MO PEE &IN5 —TFICR T % Pleurochrysis
aff. carterac CCAP 961/2 ( syn. ; Cricosphaera aff. carterae, Hymenomonas aff. carterae ) T
HDo BRI, FEIEMALMEASE O —ETH 2 GUIKE # (Guillard's Medium =
219 & FV, HEEIECT20H TSR L 7o MEKIRSMEKE04S x TX YT LY
T4NF —THBL, FEELERMEA— 2 V-T2 2T THLRRICH N,
¥ /- PRI IRE T (NaNO,) FE D &0.245 1 il B L 7220 2GUI K b & Al
Wize

2.2 REREE

ERHEBER % Fig. 1 X R T o HTEMENCO, & &t 225 % KPR E AL IR ELH
X4, HIAK—NT 45 =% TR EI00 cm’/min TRICHICIK 2 A 720
BGAE 13 7 5 A B E % 84mm AE K THEEMH450cm’ TH 5o HEHF I 13 Magnetic
stirer® AV 720 UG OIERBOpHIE 4+ ¥ 5 4 Y TE=S — L, LA L D02
N HCI 8 £ U'NaOH#% ETRIL THEE L 720 & 61, RIS OMmc20W B L5t
T4 4 ASORE L, RIcAEFRE T8000 luxlZR7zad Ly T Lize T72, ¥4 7 —
FRWVT, 12150 /12050 OBIRE R I £ 45 1) 720 2B 2R 18CITHIE L7 A
VHEAN—F —HICEKREL 2.

2.3 ¥ERIEE
AWFZETIE, KD &) eFEREZIT o7,
a)ﬂﬁﬁﬁ;mqﬁﬁwwmo%mﬁbt¥ﬁﬁ%%%%mwt%%ﬁﬁ&
(LLHORISEE) a3 2 Ak R F B & UAMER TR O EE EE D E,
2) OO, R 2R (CO,M%E2000ppm) %A L7z Bfihs 28R & v 72 R 3R
PR (PLEORUVERE) oat B MEMERTE B & U BERTE O B R O llE.
GUIEH & AV T 2 0 B & & O@CIRIF L T & 74 # WEGUIHB I L, 1B
MURRE B RERE L 727, ABERRC V7o ACHS 2R I o040 LM VB IE 12402 X 10°
cells/L & L 720
Fig.1 IR L7 FUC SR OBEIEI &, A 1L A O BEU 4 T o 1 IFRIR IS, AR
S DIcE U THEGUL B & AT L 720 T5BREIE, D=120/450d" (—H—[E450 cm’
DEEHD S 5 120cm” ZASH) |, 150/450 ', 180/450d”, 210/450d" D 4 ZetF%EA 70
FRE—0 —EREACAT v, HE o 2HE i oMRELr iz L, ke
BENER (£5%DETLIA) Kb T THIEL

—302—



HAHEREAE 1T BT B FEAER P OpHIX, AT D COMRIE K LTz fiEk D
pHOIC %2 &9 123 ¥ ba =)V L7ze & O CO, M IEAT2000ppmDIFA 1213, K3
W DPpHIEHT. 4L 5 L) IR L 12,

2.4 SAHE

FIRLFEIITE B0 & ) INHNO, T L7zb D &L 72,

MUBHIE R, B 1 em® 1225% Z V8 — V7V FIETRE 1IGiNTF LCEEE,
Burker-Turk [ EREFEL 8% 2 FI v TR L 720

KERA VY AEEEI, AV 7L Y7 4% — (Millipore,0.22 m) 12 & 9 4
cm’ DRSS Z 5 L, Tablel D Ca-free solution T¥EE 4, 11.7 gllie 1L T
V%, INHCHEHL S om® IS 16 RIAGE LRER D Vo o A % A S &, & DEHH
5mL%20 mLICAR L 7244, 12000 rpmT 105 RIS BEL, BEFBESHTIC L D Ca
iBEE UTHIE L7zo JRFRIEHAT I FIRESIERT (B 2YERT © 170-1081) %
MAWTHEE Lrzo MESISE TR A DIV Y 7 MIEHETE (FNeRZE T %) % /8
VT, Caigf£0.4, 0.8, 1.2, 2.0 ppmD4AIC & Y EEE- 720

ERMERFEET (TOCEN, BHHEEMERT | TOC-50008) MW T, &K% (TC) &
kigpkE (IC) #WEL, T0EP» LFMKE (00) %Kz, KEFEHS0 mLE
3000 rpm T100 MBLLREL THlla 2% & L, b ASEITE S 2w E 5 12 EEATE
50mLZIN Y Br\Wiztk, RERA IV D AHVEFH S W E I 58K mLE#HD»
X2 € EMUP100 &L & TEEAEI) Brvaiz, COLEY % 581K T10mL
KAMLAESFA XL 72bDE, WH AW BBIEADOED LRKDT, AT
TAZWKIGBEEWR AT F 49— (B AREBER | US-1508!) % Hv, 3500+ %
VA X ULTzo WEL, ZERMICIY ¥ 7 ic2 E3EME L FESi%E L 572 TOC
FHMERAAER, WNEMOREHNEN DT, ZHMRIED2%KIGIC% 5 F TllE %
AR L 720

COMREDERIE, ¥A/7u< 777 (BE | GC3BT) KL olke #T 411
Porapak Q% Ty, ML TCD %M 7z,

MR DITEAR B & AKE DL, ERTTFIIMETE v 7z, SRR,
Y 7Y YU BRI mL% Millipore X ¥ 75 ¥ 7 4 v — (022 pm) THILAS
DENL VL) ICECRT] A%, 2MTERBEICEEL, X3y 8 Y7 L1,
ANy F ) TN, A F ANy 5 ) v rEE (AATTF  JFC-110081) % /Tw T
JEE#5180 A ke B £ 91T L7z, WFHFUMEHLISEM (HATEF © ISM-84081) % v,
Mlldz R/ 5B OERIES000EMEELHAL 2o EEHBEOBED T 4 Vb 45
SS (B+BEEH 7 4 WA) 5L 7.
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2.5 HERIASKREIRIRE & LEIBTERE O M

WM B ) & A ) 72 B BEAR 1T 330F 2 MRt AR 1L, IERE I & ANz R IRT
v EE, SREFHENE 0FE 35 L, MlaoR (M) Uiz e
AR LS, F&L TR IS 200300 2 TR o Twb, Bl
RSB —BD ) L0H2—FDMREMICERAMICBI A Lix, &< 0flicHsEs
NTHY, FIRE, BE, HENLZEOHNs OERIEET HEELLNTWE
MFETERI > TV BHR L ERITHAT 2B LT, FAW—H oAligi sz 17
STERINEEGE XD L, KOAAUILEXTHLEAMTH 5,

ZIT, —HPRFEHHICHAMIRE o2& F 1 b &, HAiHiEEER T o LH R E
(u) EFHE (D) OMBIILTOL %2,

B BN ICAIIEREE (N) BHIL, NICET 2, 2 0BFRIFTFTLNLDT,
MIBRERN, (1-D) KETHL T 5, & DEIROLSEIEIT RS T T—E I
Richib, HHWEMICEBORHIICE o TN, (1—D) T TR L 7K 1 HE 5 L 3
PR o THREMITHA 2479 & & TR ESEHITIRNNICHEN,ICE TR T 5 &%
5 & u EDDEFRIL,

Ny =N, (1—=D) exp (pt) 1)
Ein,
u==In (1—D) /¢t )

DAEFEDFOND, KEROYE, tiX1HTH 5,

W75 v o b v O E SAETE DR EZRTOIE, 2HOEFLVAEHLT
— DRI FIG T IV LIRS S DT, MonodHORATHE DB,

S 3)
Kg+S

AEBRTIE, EESITONRICE D, RAMMERE,,  =0.9d", FHMTLHK
Ks=12 pgNfitre £ %25 2 EDTRENTWEY  —F, JIOWFZE T, WA
FEEOMMBHEE (BRE) KBFAT 22 EAMBEEsRTWDY (R
ETN) o DA, HHLERE IIDroop DI EREN RN THRIE NS,
% ) 4)

o

Egs.3), @M FIRFICHIL T 5 &) Z i, EHEIREICBIT 21RO 5 iE
FEDM D & L0 FH RO 2 FIE L TV 5 A%, ERBSHER BT, /T
PHTIEBLL ) B EEx bd, Fiz, AR B — 8IS IE R KTFT 5
25, ARFEERIC BT 58000 lux i3 I AR D RaFI BIAEFAIEAZE T 0 ?, T hUTF o5
FETI L D EVvllc B EE X LA,
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3. 1 FEFEFICH T DHBEEEE & MIEE DORFR

FAEREREAEIC BT HAMNLMRIE X, MR T %2 b L 1B OARERE TS & 1L 5 3%
B (BFF) OmICLo TIE b, FEWHEMNOXKD)IE, BF, VvicdmLtn
7205, MEECBWTIE, Vi) bBENFRRBFLELLI ENL 0" | %
BELTEZDLDZEERFT Lize SALNHKBEEE TRTHMICIND A
HEEZEXLDIZD, SEENOMRNOE RIFREQ I,

Q= (BrbhoBRFIRE) ~ (L) (5)
ERDLND,

7, X (2) L OHAMREHL S LHABEEL KDL Z EDTE D, GUIEDELL
RV 7o e R DB T YRIE I 27 DAV THEH T D SETEE B AE 2 12122.5X 107
[g-N/L1&E LT, tiilzMBASRERQ Ml IMAMIE,, & LT 7y FL
DHFIg2TH b, LI (4) £ DKW 72DroopdNTH 5, MAEILITIZT—FL T
B, TORTHDroopn R % 72T T &b b, Tz, COMEIEIS0 ppm & 2000
ppmD T K& R WIZR 6 Nk 2o 72,

3. 2 HMRAZEFREEODRZERBTERENDR

Mt SFFERES LM ad 72 ) OB K FEE & OMR 2Fig.31oRT o Aitdil o
MRS BRI WEESIE, Eqs.(1).OICE VAMEDL Y KD/ bDTH D, Millid 72
D OERZEEEEMBANETFIREIRE (2B E—HBNS R, F2bF
PICKREL 22TV D, T/, COIRME3S0 ppm & 2000 ppm® [TV id B & e 2
27,

Mgt R R LES MR e 7= ) oM ik FEEE & D4k 2 Fig.41sR 7 o Mg d
72 1) DMLY R FEREE & 1E CORIE3S0 ppm T AN B RIFIREIKE 2o Th b
T NZEDL LD o7z, COMIE2000 ppm TIIMININEFRIFIREIKE B L/ s L
% HAEA R & iz,

M o188 FRURURIE S & MEd® e 8/ A7 H i SR 2 Lo ) B4R % Fig. 512 /R T o CO IR IE
350 ppm TR MHE R K /AR KB E L IMEN S R TIRESIKRELL ZoTbH T Y
Ebbhhorz, TNk, Matsunaga and Takano” DAL & 131T—K T 5, CO,
U RE2000 ppm T AN SRR TIREAK & K 2 b PR FERERIVN S 2 5 12
WIT, MARRFE ARREEEL b /NS 22 Ema RS h,

Mot 22 R S LMl lad 72 b OB K 3 %E HEE DI FR %2 Fig.61< 7R 376 #Mlla
H1z ) O RFRE B EEE AN B R ITREAKE LB I THARL T 5,
¥ 72, CO,U%AE350 ppm & 2000 ppm D RIS VIZ R & e o 72,
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ML T IRESEMIad 72 ) DM KFEREEE DR EFig. 7I0R . Hilaas
72 ) DR R T SE BT 12 COMRAE3S0 ppm T AN R ZETUIRESK & 2B &K
& {7z o7z, CO,UAE2000 ppm THHAIBNAEFFIRENRKE o ThbHENLEDL
%Mo Tze Sikesb™AT, CEAWLMEICL WIBELZEFIVICE L, AKX
TRTHRIEE NS,

2HCO; + Ca* — CaCO,+ H,0 + CO, (6)
ZIT, BlIAETHO,I, BEKIELND L LTWD, APFFRICBWVT, QO
2000 ppm T IXICEIZ RN K E (B b h o 7201%, MIES2 5 00,% HEHNES
KR TZ 50T, AKIEIC & 2CO,DHERHITH § 5 MAFEDHIXT B ITET 32 720
LEZLND,

3. 3 fREOAXzIEayIUIDE

MoRE8ETy 2 A0 ETable 2 2R L7z & DIEIZIER ICERELK &
Wiz, EERNZER L VAT, COMRIE2000 ppm, AEED=210/450TEH & »
KTy TYRDOENFRI LTVD, S, &k, EEREOREE BRI L T
WHZ EE—HLTWwS,

SHEDER

2D TREZF DCOJRENNINT—ETE o 2RI R A V> 7 b Z AL 72 R BV
RIZIZFEFEFWIEL TV EZEXbND, LMLENS, KAPOCOREHNEFL
B TWABIIE, MENORRAN YLD T Ty 7 ADERHS N TWBITfEE
b, Tz, FEILBVTLDRT AP DCOMME R4 IC LW TITo A1
CORBENAWWBIEETHOEFT TP LHWES T2,

MHAEL D LIMBIWEL RTEDHL RO ) DRI AR TICEREHHD T %
W LW iERb —HTIEH D, UL, AAREE MRS T “MBIME (T v o
JA) LAHE (3vax7x2T) 2EERLTWAR" THoELEX, AKEIE
FRZREOEHEL ZRTE, FOEEEHLANGEHMELTIRZL 2V E
Eibhb,

* 72, ANFFE T IXCOUE 2000 ppmic L T b Okazakiet al P05 R & 5 IR ZEEE
BEFEAL TRV, TOSEIKDWTpHE FHREICEILE €722 EDFEL &
OTELRBRFAIPLETHDLEELOND, 51T, COBEA Tk {SMER
BEE L Vo 7 RFICHTT 2 REBMEEFEDCEIEIC DWW T ORI LENDH B &
ZErbhb,
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Nomenclature

D = dilution rate [ d” ]

K= saturation constant [ g g/litre ]

N = cell concentration in the medium [ cell/L ]
N, = final cell concentration [ g-N/cell ]

Q= nitrate content in the cell [ g-N/cell ]

@, = minimun cell quota of nitrogen [ g-N/cell ]
Vmax = maximum nutrient uptake rate [ g/cell/h ]
S = nutrient concentration in culture medium [ x g/litre ]
t=time [d]

= specific growth rate [ d™ ]

4 = maximum specific growth rate [d™' ]
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Table 1 Composition of Ca-free Solution

NaCl 24 g
MgSO4:7H20 50g
MgCl2'6H20 36¢g
KCl1 60¢g
Tris(hydroxymethyl)aminomethnae 024 ¢
NaHCO3 0.168 g

Make up to 1 litre with distilled water. Adjust pH o 8.1 or 7.4 with HCL

" . |
= RV pH controller
FI | i S ‘
ow er [:-.] ” . y — ‘
Tl Ny mm— g LY
— 1|3 .
Light '
» N
. 3 Qo ,/‘ A
air AR Ao ‘ ‘
WA o I
Oflo Fermenter "i10% .20 L\ L\
Of O [:j I‘:\:\'\' & ,\,""‘:\‘ . I . .
:E:El’:-': - — ‘ ‘
u & Magnetic stirrer NaOH HCI
Humidifier ~ Thermostat chamber

Fig.1 Schematic diagram of experimental apparatus
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cencentration and ratio of inorganic carbon
content to organic carbon content in cells
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cell-day)]

Production rate of organic carbon
[mg-C /(108

6 c 06 CO2 concentration
.8 [ ] 350 ppm
S = O 2000 ppm
2 &
ke - o
4 5 % 0.4
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oo
0 | 1 8 0 I I
0 10 20 30 o 0 10 20 30
Nitrate concentration in culture media Nitrate concentration in culture media
[ xg-N/L] [ 1g-N/L]
Fig.6 Effect of nitrate concentration Fig.7 Effect of nitrate concentration
on organic carbon production rate on inorganic carbon production rate
Table 2 Cell size and coccolith formation

Dilution rate Cell diameter [y m]

No. of coccolith [ cell'!]

[day ') | 350 ppm | 2000 ppm

350 ppm | 2000 ppm

120/450 15.1 14.0 151 112
150/450 15.5 15.8 147 146
2107450 15.05 13.2 121 48
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Mechanistic Study on Carbon Fixation Rate and
Global Environment Remediation by Oceanic
Calcareous Algae

Shintaro Furusaki and Minoru Seki

Department of Chemical Engineering, Faculty of Engineering
The University of Tokyo, Tokyo 113

Summary

Future increase in the atmospheric concentration of carbon dioxide as a
result of the combustion of fossil fuels for energy is expected to result in
substantial global-scale warming in future decades. Oceanic microalgae
are playing an important role in the global carbon cycle. In this study,
we investigated effects of environmental conditions such as nutrients,
light, and carbondioxide concentration on carbon fixation rate of oceanic
algae.

Organic and inorganic carbon fixation rates of a typical calcareous alga
Pleurochrysis carterae (Cricosphaera aff. carterae), which plays an
important role in global carbon cycle, were measured in vitro culture
system. P.carterae was grown in a semi-continuous system until a
steady-state cell concentration was reached at 18°C in enriched seawater
medium (GUI medium). The cultures were exposed to a repeating photo-
cycle of 12 hr of light followed by 12 hr of darkness. Air with 350 ppm
and 2000 ppm carbondioxide were supplied through a sparger into the
culture medium.

Specific growth rate of P.carterae was changed with a nutrient
(nitrate) content in the cells. This relation is explained using an
intracellular nutritional regulation model (Droop's equation).

Organic carbon fixation rate of P.carterae increased with increasing
extracellular nitrate concentration and had no difference between the
culture with 350 ppm and 2000 ppm CO; supply. Inorganic carbon
fixation rate of P.carterae with 350 ppm CO, also increased with
increasing extracellular nitrate concentration, whereas the inorganic
carbon fixation rate in the culture with 2000 ppm CO; kept almost
constant with changing extracellular nitrate concentration.
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