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KEH O ZEALRFRED LA CRRT 2 IR RILSEE ST b, —7,
AFENEENIC & ) KEFICHH E hTw 5 KREDOKFZZEEIHN0%THY, RO
KERWEMEE ISR E N T VB EEZ LN TWDE, FD70, K4 R RKK-MEER O
REMWIREFNVDPREENTETWVEY, RELK EBROKREEAERLHHATEZ W
TWh, TOERERE LT, MENOEYTEHL2ZRL Tz eFEHITY
20, dEM 7T v b v OFEERR, REWRE CRA 4 H200-300f0n & HEED &
nNTHY, b EEEYHEROR TRYE OB EYWHEDOBEFERY O
PRI & BRI~ DOWED, HHERBD? b OREBREICKREZRE R L TS
LEZLND,

o T, RBRCRIE ORI RT 0 R4 KB O FF-AM I 1L, MEFEROEYIET), I,
AT 5 AEYOIE 2 b ZERLLKRERRETIVORENLETH L, E
B MW T S v bV ICE A RERESERLAEFVIREEA TR B Y, £
DEFMEICDLEELEENEF = PARLTWEOPBIKRTH %,

R D YRFOHREY OF TEMITR LSV OIL, AKEICHEE T3
A (Coccolithophores) & FFEN B [RERH V¥ 7 6 THBY , CHZEEZERLT, K
ABKEH TS 7 D) BAEIKEICER L2, FTHOANEICH 5 HAEREI,
MELBIE SO L, BN E WIENS L FITNEILBY TR ZTOEEED
KE <, WHEC B D REOBIRICKE 2 xEE R LT b LiEESh TV,

AIRMED LRSS B L ORERAERESST 120w T RS DD H 5 78,
T THEE L CREEEICHE THEREROIITIZIIEA LT b THEEY -
7o 2T, AWZEOB WL, AIKEO—TETH 5 M AEMEIZE T 5 Cricosphaera
carteraeNEEFE ATV . £ DHMERRIE. B¢ ICHKEIRIBE B L UFCO,IREE AT S
(&R ERIRALDEE DRSO WTERI LM 247 S LIk o T, 1
HEPTOREZEOERICE L TAHIKENREHNO—imZHLNIITHI L TH b,
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2 MRAE
2.1 EMbIUER

EERICHWEBRE, NT MERD
AR ELHIERSE —BHILET A
Cricosphaera aff. carterae CCAP 961/2 (
aff.
Hymenomonas aff. carterac ) T& 5, 1}
FFITIE, FEEMALEARE O —FE T
% B GUIHEH (Guillard's Medium = £/2)*”
AV, BRERE T HE MU L7,
BEFME1SC, MR aeEELT
REA L, BRBEHKS8000 lux, 128FR] .
120 R O BARE EMA TR 2 AT 2 o 720

SEIEIEIGER 0 EERICIL, Table
TR L7 AR SEE A, LE
WG U TR P v Ah B Wity v
BRkZEN ) v b DREEREL
2.2 [E9EE

EEREEE ZFig. 1 IR T, LEID
CTEHEZER (COREH350 ppm)
LCOENERERETHI LITLD
CORREE % GIMH L7z 2GR 2K IR &
AAMEBBEME &, I AR—=V7T
4V & — % v T#AE 100 cm’/min
TR IR & AA 72, BUCTE X A
5 2 BEAEAmm D) HE IR TAHEEHX
450cm’TdH B o FUCAEPH DB D
pHiZF ¥5 4 v TE=F—L, HE
12 & D02N HCI B & 'NaOH% B T)
WINL CRREL 2o 2518, FRUCHY
ORI 20WELLT 2 4 XD ORE
L, RUCHEZR HE T8000 luxilfr7z1L 5
LW LTe T2, 47 —%H

syn. ; Pleurochrysis carterae,

Table 1 Composition of Artificial Seawater Medium

NaCl 18.0¢g
KCl 0.600 g
MgSO,* 7TH,0 0.100 g
CaCl, 02775¢
KHPO, 0.030 g
NaSiO,* 9H,0 0.200 g
NaNO, 0.500 g
Tris(thydroxymethyl)aminomethane  1.00 g
Viamin B,, 0.000003 g
Thiamine - HCI 0.0001 g
Sodium lactate 20¢g
Trace metal solution 10.0cm’

Make up to 1 litre with distilled water.

Trace metal solution

mg /1OO.<:m3 of water

Hydroxyethyl ethylenediamine 300.0
-macetic acid ( HEDTA)
FeCl, 20.0
MnCl, 10.0
© ZnCl, 5.0
CoCl, 0.1
CuCl, 0.2
Na,MoO, 5.0
H,BO, 20.0

AdjustpHto 8.1.

pH meter
Flow meter ﬁ Air Filieg —3
i I
u Hq@/ Pump
L o~
{ H 5 T ~
_ 0 (5:1! clectrade
O
Llo oo O
o o °  Reaclor
o o o
q ° bo
°lp
)
. O
Co, Air - Humidifier  Magnetic HCI NaOlH
cylinder cylinder Stirrer

Fig.1 Schematic diagram of experimental apparatus
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W, 128 12K OB R 2 1) 7., HEESEELIRBEISCICHM LA v %
aR—F —HIZEKE L 72,

KEIRIBIUERE ORIBIRRERFEOWEITWEEIEIC L, R E % HHFEE
R ITERBEE T BERRMICHINE 2750 L, Magnetic stirer THEFE L 2 A L83 L, w0
B e300 IS Y T VT Lo ¥ T Y V7RI HI2045 pmD A YT LY T
AIWVE —TUE L, ERF OFEIRBEZIZE L7z
2.3 FEFEE

VSRR O 2R IF R EERFEO EKRIE, ROFIRICL -7, OFFFEFIBALRE
KB (NaNO, : 14 mg/lie) T 1 AMFEFEGEE £1To720 @200ecm®> D =A7 5 2
TCODFEFW £ 150cm’ TOHE L, BIAEILERE OB T o 3 M, &
ME DG U CHriE e 2R IFHIBRRE H & A L 720 MBREIE, D=30/1504"" (—H
—[E150 c®*DHEEHE D 9 £ 30cm® 2 AHL) , 40/150 d7', 50/150d7", 60/150d%, 70/150
d’l, 80/150d7'?D 6 &M % BAZ, KRHFFHRIEISEELA L TH L, BT
Magnetic stirrer & V2 720 QIR S B o 7- B OB E #8E Lo QLR —
H—[RI[E RN A 247 % v, MIRIBESER (25 %OEBLRN) Kk F
TR LT BHRBORBETEREELE LERE RS ) BREREKEL T
M7, OHIBRESEEICk o -RHT, BERTFOEZREELTLEHE L,

CORBEMFHENEERICH VEE L, BSEEICHVZLDLIZIIZFRLTH S,
LaL, ZOHERERGR % L-GUIKH (NaNO, iBE % L n@FIRHIEAL
WAEEH E —F 320 D) ZHAVE, FRTIFZ04d T—F L LT

IR CO,IC T HBIMEREREICH, FiglDEE 2 A\, COBE %4350 ppm#A* b
719 ppmE T% 9 BFEITH 1) TREBIRICHEI S € 7248 VR LRSI E LT 2 0 720 &
BREDZIEY A X 13440 cm’ I3+ L Tl0em® & L7zo F72, HEBEDCO,MEEIH L
T %2 1K DpHIZIZ 128,170 7.8 NE LT 2 PD CHEBBHOpHLITIL T 5 &
DB L E 7,

2.4 PWAE
MR TERE X, B 1 cm’ 1225% &0 ¥ Table 2 Composition of Ca-free Solution
—VT VT FEBE LEET L CESE NaCl 24g
%, Burker-TurkMBKFHE % A\ TETK MgSO, 7H,0 >0g
MgCl,  6H,0 3.6g
Lo IKERAI VY LEIEEEX, XV T KCl 6.0g

Tris(hydroxymethyl)aminomethnae 0.24g

V¥ 74 )% — (Millipore,0.22 4 m) I &
NaHCO, 0.168 g

03 ~4cm’ DREFWEH» LML 2HEL,
Table 2 M Ca-free solution THEEE, 11.7

Make up to 1 litre with distilled water. Adjust pH to 8.1 with HCL.
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glire BT > % ~, 1IN HCHA 5cm’ B 16BFIKRE LRER IV S 0 b 2R & 2,
C OB R ARG GHHEL, BEFWROEIEEER (Hitachi : Model 170-10) 12 & b Ca
BELLTEEL,

B REECE L, KW O MM L& OHME L, AWK THESE, BEkE
EVFAXL, EFERKRES (B TOC5000) LW EE LI, Ny 2550 v
F& L TiamkzEAviz, =YYVl 2EEIZE L, BRENF2 LWL &
BESIT LT,

WM EE, 7 FIva AT LBTE &), VUBEDY vk, Y 7
FrIN—FED Lk o TEEL o CORENERIE, H#A2 1 (BE : GC3BT)
& o726 #1F LidPorapak Q% Vv, MRHEIZTCD & MW7z,

Mfa kB L UAIKEOBEICIE, EAMETFHEME LAV, MREKE 7
V& —=VT7NVFe FTEZEL, 022y mD A ¥ 7L 74 )% — (Nippon Millipore
Kogyo, Yonezawa) # WV TIHAL, 74 V& — LICHE S h-Mllg % ik, 74
Vo —TERIRSE, ASEFEE S THEMERE & L,

3MRBERS SUEE
3.1 EHEE

BWEZERIC L 5 RIORFEDOHEIEMG #Fig.2IC/R L7z, pHZ I ¥ O — IV LA
&, 128128 OBRE M Th o TH, HWIHIEEL, RKMBEE 51.64X10°
cells/em® &, pHZ T~ b B —)V L WERLBEEHCLERT, W3k oz, h
X, WA o THEEEPT ORBRAKFEA 4+ VWO AT N2/, pHEFI Y + O —
VL VIGE, BEBEOPH R N#8.1405 6 HEHIC0.0% B, HEMICIETL
ol EICREEATAEEZEZLND, METORNEERWICHLN,IZT HE V)
B2 o, BOEERTIIpHE MHETOFMIEEIC R 5 & 9 1HI# L 72,

Fig2lC BT 2pHZ I L2EEICBW T, Milabizhyoa vy v sEEERHER
10~20 x g-Ca/10°cells T & ¥, Dorigan and Wilbur 7% Cricospaera carterac? 3\ O FEtk IC
DVTERLEREDIFIZ-HL TS, ThiXCaCot L TERREZBFEEICHRE T
BE, 3~6X107  mg-Cleellk 7z B L2 LD, ESEETHLZD, MKad ik
h DEEEFEEREEIECED LT A S o 72,

3.2 RERIEDRE

PR 2447 - BB I BT A FEMR T, [EMICIEFig2 DL ) ICEL D%
wnERTRTE 2V, EHELE, KREAERE 0RRET 5L, Minoik (HEhH)
FHFICRIZEAERILT, T L TRHO12ED 520K300 21T TiRZ » T
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BB LD o 1o BEOMBAHES—HD) bOH s —ENREICERANIC B
IhZ b, EofETHESRTBY, FERE, BE, tEAHEEOELDE
WOBET2EZ1oMTVEY , 22T, ZORAMICEREOIY AHDED L
SICEBELTWBEDOPREL 72,

BEOERR T, YW TI Vs P VOO ZORLELEINLTEN) LE
Fry voREY, LIELIEHBERTFE 22 E0H 520", NO,” 8LUPO, ™ @
B EE O e s R IR BT M 2 RERIT & D3R 7

FEEOWMY) AHEE IR, MBI OFEFEEOBBEICKAFL, EEBRHIKC
Michaelis-Menten(M-M)Z. CEEMRTE 2 & 2 TWBY , AEEROKERE L M-MK CEH
TE, FRELD A REE VnaxB & CEIMEBKsTEHET S £Table 3D &L X% -
1o 7 DRER, PO FEAEE IR OMBEARERN /NS, MRIKE
HORE B LU B RE NS EXHL Ik o T, F 7z, SIMIERIIE
FEFRBICBIAEYREL 4 —F -z —E L7
3.3 BEEREOEFEEKRENE

SERPFEWOZETNIE, BF, )V VB LTV, MEICBWTE, &)
SEEMNHBRT L 422 XS nen? | FEFL LTERZOHDHELRET LT,
PR ST AHIRRAFChH L BEREOEE AL 2 L, BEDWEICS
FARERSEENDEEVICEN THEIEPN TR, SHBOANMEHICLIER
BEOHENDOT L & 5 i3 CORERIRD 720 ORBH % 3K E L TOERFEO H
e EOBEMEHMICEE LT AR ERE S X 5o

ORI bBELLZ LI, BETED o T3 HE e ERICHHAT 5
KELT, Bf—HoYEmEgziTo CTEEREBES A 52 L F, XD BA®E
LEZTHABYTHL, BEROMEZARL 2012, TTERFLHIREF L
BN R BRE L To R B x5 M R IR B ORI R A Tk s
HORERF M) AEEAZEXDL I LICE AN, EREFIQIIRL 7. 2R
FEICHE LT, 0~23mglire DFEETIIEME LD, WRA A I HIBRET L% -
TWLZ EFPELPER o7, Lo T, LEFEERIBNWTIF, BEREEIE23
mg/lite (NaNOJEFEIC L Tl4 mg/liee) & L7z, F72, Fig3NEMDMEE &, —HED
MRS LELRIMEOREE (BAMIRNSZSEE) 2ERLTBY, 5.1X1077
g-N/cell TdH o720

HOERERERIC B WV TIE, —H—EIREAT o 3BT (EE LR T21 : 00)
WFRREE TS U T 150 cm® ORI O — 80 % Hriti s L ML 72, HERFH ORI
BEVy, REFAER OMILBEE SR A ML, —ARRBETER Lzol. TDGE,
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—H®DH b OEEE O L2 IRRE T, —HBFYMIHEENRE o
febEx DL, WHIEEE  AEMEDEH TR TEI D,

u=-In(1-D)/¢ (1)

AEROEE, tZ1HThb, EEROMERASA A ViRED BRALI/LO—F %
Fig.dlZ/nL7: (D=02h""'DHE) o AIETOERT ORI N/ L) IKHHICERR
BERECEASL, BHTREBDTPIMYATINE I ENGH S, 2T, O
FAEEF (12:00) DREEBRFOERZRBEOSMELEG()THESND 4 L DR %
BIRL7=D %%, FigbTh b, —Fh, THRMAKKEFREOERREDENPL, T
FAUEES ICHIIAPIIC IR D SAA R BEEBIH LTy 70y F L7720, Fig6Th b,

W77 > by O¥E L SFERFIREOBR E RT 0, 2E0EF VS LY,
— D IIHERRERASE TN LRI D LD T, MonodDKRR THEE NS,

Sy @)

Ks+S§

AEEBRTIE, Figbd V), RAMEIMEERE £, = 0947, FHRMEH Ks=12 p
g-Nlitre & 7% o720 —75, BIOETIE, WHEEIFEFEOMBASE (EHEE)
KRR 5 CEDBIEBEsN TR (REEERAHETTNV) o COHE, HEIERE
13Droop D LT N B R TEH I N5,

Qo

=p, (1-=2
H= o ( Q)

Fig. 7O EHITEQ3T, BRAMIHEE » , = 0947, BNHBAZEEEQ,=5.1
X107 g-N/cell (Fig 3D EMOMEE L LTRDAZLD) L LTHwibDTHB,
Figs.5,61C/R& 72 & 912, Eqs.Q).G)PRKICEKILT 5L v ) T ik, BEREI
B BAIBAND RERIBEDOR O H L HOFMEROR L2 ERL TV 525, £
BOBEPICBNTH, BAIWICEEILLY) 5EEx bhb,

T 7z, BORIEGEER 13— I JERRE ISR § A 4%, AZEERIC BT 58000 luxid it
AROBABIERERETH DY, CAUTORMBETR L VERWVEKESE EZ 2L
N5,

3.4 REBRTEREICRIEITERCOBENTE
COREH #1350 ppm D BEERE, BIEDRED 21T 25123 /- 5715 ppmD ZEX,
ERAWT, REBEREICRITTEKT DCOREDKEE R,

REBERE IS EDEEOEELOMPBBE L AL L VERRREZEL AV
T L 720 FHERMOBRIRENEROMERE OTFHBRRIRENIS 4 glive” &
—HT5 &9, FigsOBEPS, £=053d7' L L, Eq()£ YD=04d ' &L 72

H= L (

©))
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WE 2R GB50 ppm)Z AV 72354, WE L D715ppmic BT 2d5E, 6BR 2T TT19
ppmE T EIF A D 3 D04 — ATV CRE L7245, MIIMIIIE LA EZED Y
Bhed otz Milad 72 ) DEMREOEEEIC O KE BET 2P o727, CORED
BVBAICEFEL 2otz BRTAFTDCORE 2 251 LA S TH, pHEEE
DOFMHEEEICRDOR Y, #OBufferdf)RICE DV BEFERKZETI0BEE L EAL %
WO E RIS E D KESERE LS EREZCVA, BMLICLERREEE L &
HT, FHipHELOKBLOER T HLENFHS ),

BRI, ARICBTLERERL S, AKEORFBRNOEHFSEHMET 5 EUT
DEIT %D, IBEY 1%OREL L CHNBOELZ100mE T 5" , HHE
DEWHEDEFE 3.6 X10 km®, AIKE OFIREE 45X 10 celllire™ , FHEFRIRE
15 ghie” & T %, MH 72 ) OEIFREEEE % LB0 EHRMER L H 8x10°
mg/cell: 5 &, Fig5& ) 4 =053d 't%bnT, —HH/h, MRORFED
exp(u)-1= 0707 BEEESND Z LD 0%, ILERRENEEEIRX, b
DRED HEMB3TE Y ERARND, EE/ AROBEELE0.1E T, 24D E
E (—REFE) BE1Z#40MEon-Clyear & %5 %,

SHNERE

WEHE CORZ/RIC KT THEDCNEY 77 » 2 b v, FICAIKED ZEEFF
flid 272912, MAEEICIET b Cricosphacra carteraeD¥E #E 2 477% v, LD L %
FEBRMICHL I LTz, SHOBEE LTI, UTOHEEFEZE AL b5,
(OAKFHOZBALRZESEDEAL SAIKE O RFEEEE IR ITTERE, 58
OWIKIBRILOHER 2 FRTLETREELRF LEEXLND, EBDERLD D
XLEEWIBLREDEDBELED T, LYFMLRENLELEA ),
QUEEF TR, BRROGERLAMEHOERE L T, KERBESRIBITK
BT B, T HITPEWRIKE O HEIEEE b BT 54, T OBICHERKE &
MR FEDEIEL DS ED L) T THDOP AL PITEI R TV N,

O)VEIKIE O R FEEEE O I3t T 5 EKFEH I, REEEEEDOSHEF D
SAEWET L ETHABROREREL E5 9,

Nomenclature

D = dilution rate [ d” ]

Ks = saturation constant [ gflitre ]

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

®, = Minimun cell quota of nitrogen [ g-N/cell ]
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Vmax = maximum nutrient uptake rate [ g/cell/h ]

S = nutrient concentration in culture medium [ u g/litre ]
t=time [d]

w = specific growth rate [ d']

¢ ., = maximum specific growth rate [ d ]
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Cell Concentration [ 10° cells/cm?)

Table 3 Nutrients Uptake Rate

NO, =N PO,>—p
Condition Vmax Ks Vmax K;
(Time) [g-N/cellh] [pglice] [ g-Pleell/h] [ gllitre]
Light
(0:30) 7.1x10" 66 4.6Xx10™" 58
Dark
(12:30) 2.1%x10" 58 2.8X10™" 29
(21:00) N.T. N.T. 4.2%x10" 21
(N.T. = Not tested)
20 | FLL I A | LALLM B
|l —@&— 12h Light/12h Dark: pH control
[l —O— Continuous Light: pH no control
— 6
s Ve :
[ P
)
Q
L 2 4
10 =
I c
L 2
3
5 2
s}
(5]
Q
o=
(@]
O
S
(@ TR ] A ——
0 1 2 3

Fig.2 Growth curve in batch culture

Initial NO; - N Concentration [ mg-N/ litre ]

Fig.3 Relation between maximum cell
concentration and the initial nitrate concentration in

batch culture
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Specific growth rate p [d” ]
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Time[h]-

Fig.4 Nitrate concentration change at steady state of

growth cycle in semi-continuous culture
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Fig.6 Relation between specific growth raie and

NO; - N concentration in the medium [

Fig.5 Relation between specific growth rate and

nitrate concentration in the medium nitrate content of the cell
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Mechanistic Study on Carbon Fixation Rate and Global Environment
Remediation by Oceanic Calcareous Algae

Shintaro Furusaki and Minoru Seki
Dept. of Chem. Eng., The Univ. of Tokyo, Tokyo 113
Summary

Growth and carbon fixation rates of a typical calcareous alga Cricosphaera
carterae, which plays an important role in global carbon cycle, were
investigated. Nutrient uptake rates of the cells in light were higher than those
in the dark. Dependence of nitrate concentration on specific growth rate was
determined and formulated using a semi-continuous culture system.  The
specific growth rate was 0.53 d' at 15 mg/m’ of nitrogen concentration in the
medium. This nitrogen concentration is the average value in surface ocean.
The maximum growth rate was 0.9 d”. The ratio of inorganic carbon fixed to
organic carbon fixed was about 0.1.  The CO, enriched air (715 ppm) was
used for the microalgae cultivation. The growth rate and the amount of
inorganic carbon fixed by a cell were little affected by the CO, enrichment.
The similar result was obtained for the cells after the acclimation culture
where the CO, concentration was gradually increased during 6 weeks. Using
these results, the amount of total carbon fixation by the calcareous algae in the
ocean was estimated for the global carbon balance.
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