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AsHiNo-Fusg, H. and Ikawa, T. 1981. Photosynthesis and carbon metabolism in Tetra-
selmis sp. (Prasinophyceae). Jap. J. Phycol. 29: 189-196.

Photosynthetic assimilation of “CO, by free-living Tetraselmis sp., a brackish-water
green flagellate belonging to the Prasinophyceae was investigated. After 1 minute of
photosynthetic #CO, fixation, 65% of the total radioactivity was incerporated into phos-
phorylated compounds such as 3-phosphoglycerate and some sugar phosphates. The per-
centage distribution of radioactivity incorporated in these initial products rapidly decreased
during the rest of the light period. Concurrent with the decrease in the initial #CO, fixation
products, mannitol, oligosaccharide and glutamic acid were heavily labeled with ¥C. When
the algal cells were preilluminated in the absence of CO,, dark CQ, fixation was enhanced,
and about 70% of the total radioactivity was incorporated into 3-phosphoglycerate after
30 second dark “CO, fixation. The percentage distribution of radioactivity in 3-phospho-
glycerate rapidly decreased during the rest of the dark period. Concurrent with the de-
crease in 3-phosphoglycerate, citric acid was heavily labeled with “C. Parallel measure-
ments of two carboxylating enzymes showed that ribulose-1, 5-bisphosphate carboxylase
was significantly greater than phosphoenolpyruvate caboxylase activity. In addition to
these enzymes, the activities of ribulose-5-phosphate kinase, fructose-1, 6-bisphosphate
aldolase, fructose-1, 6-bisphosphatase, mannitol-1-phosphatase, phoshorylase and amylase
were detected in crude extracts from this alga. These results indicate that the pathway
of photosynthetic CO, fixation in this alga is the reductive pentose phosphate cycle, or
Calvin cycle.
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Fig. 1. Effect of light intensity on the rate
of photosynthetic oxygen evolution of Tetraselnis
sp. at 21% oxygen. Temperature was 18°C.
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Fig. 2. Time courses of ¥C incorporatien into
ethanol soluble and insoluble fractions under pho-
tosynthetic conditions. —(Q—, ethanol soluble
fraction; —@—, ethanol insoluble fraction.
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Fig. 3. Distribution of ¥C compounds in the
ethanol soluble fraction during photosynthesis in
Tetraselmis sp. —@—, phosphate esters; —ll—,
mannitol ; —O—, oligosaccharide ; —(O—, aspartic
acid; —x—, alanine; —VvV—, citric acid; —A—,
glycine and serine; —A—, glutamic acid.
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Fig. 4. Time courses of dark CO, fixation.
Solid lines, enhanced dark CO, fixation after
preillumination ; dotted line, dark CO, fixation
without preillumination. —A—, —A—, total
radioactivity; —(QO—, ethanol soluble fraction;
—@—, ethanol insoluble fraction.
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Fig. 5. Distribution of ¥C compounds in the
ethanol soluble fraction during light enhanced
dark CO, fixation. —@—, 3-phosphoglyceric
acid; —QO—, aspartic acid; —Xx—, alanine ;
—A—, glutamic acid ; —V—, citric acid; —A—,
unidentified compound.

4. RERBICBESTIEERCOVT:

CO, AT 535 B L LT RuBP A H+
5 —+€& PEP A g%y —ELORMERKI £
DS RuBP » 4K ¥ v 5 —EiEHT, PEP # A&

Table 1. Activities of ribulose-1, 5-bisphos-
phate carboxylase and phosphoenolpyruvate
carboxylase in Tetraselmis sp.

Enzymes

Enzyme activity

(MCO. fixed, cpm/min/mg protein)
RuBP Carboxylase 3733
PEP Carboxylase 839

Table 2. Detection of enzymes seeming to
participate in the metabolic pathway of man-
nitol and starch in Tetraselmis sp.

Enzymes Activity
Ribulose-5-phosphate kinase?! 18.2
Fructose-1,6-bisphosphate aldolase? 0.17
Fructose-1,6-bisphosphatase?! 28.0
Mannitol-1-phosphate dehydrogenase® 0
Mannitol-1-phosphatase! 18.4
Phosphorylase! 12.3
Amylase* 2.3

1 40.D. at 530 nm/min/mg protein

2 40.D. at 340 nm/min/mg protein

3 units/min/mg protein

4 Inorganic phosphate liberated pg/min/mg
protein

* v 7 —EERICHETH 44 EEGESREB I W
(Table 1), = DizHMRERTEBICEET5 BHRL
LT, FBP 74 F5—+, FBP cA7 > & —¥k X
¥ RuSP 7 — €22 T @@ RV Tho BR
EME LB Xt (Table 2),

¥, ©v=, b ARCEETS BRELT MIP
BikFEEEFRE MIP RR7 5 7 & — €DV THNKE
(Table 2), MIP BiKFEBEFEMIL 747 b —A-6-
Y vEEDRBTRIGE: LU MIP oL RGO T RIG
SLTRE L2, WThoBA biEkERETS
C&ngﬁmotoit,7wﬁb—xﬁlﬁvy
=, FOEBLETERCOVWTHER L vnThi
BHETERh) ot UL, MIP hR7 52 —¥iF
PELE B AR S hte (Table 2), = OEEFRER
oBE pH 12 7eH v (Fig. 6), =o pH Kk T
EEERNY ANTHRS &, ABEEOBMTH MIP
wx LD CHREMNE - EAVREhic (Table 3o

b v 7 v ONRRIGCEEToERLLT
RAKRY F—EET I T —EEOWTHANCER |
BRLLEET D ENMLMCIt» T (Table 2),
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Fig. 6. Effect of pH on the mannitol-1-phos-
phatase activity of Tetraselmis sp. Assay condi-
tions are as described in the text, except for
variation in the buffer used. —@—, acetate
buffer ; —(O—, Tris-acetate buffer.

Table 3. Substrate specificity of the mannitol-
1-phosphatase of Tetraselmis sp.

Inorganic phosphate liberated

Substrate (#g/min/mg protein)
Mannitol-1-phosphate 6.0
Glucose-1-phosphate 0
Glucose-6-phosphate 0
Fructose-6-phosphate 0.5
Fructose-1,6-bisphosphate 1.1
Glycerate-3-phosphate 0
p-Nitrophenylphosphate 0

Reaction mixtures were incubated for 5 min
under standard conditions as described in the
text, except that mannitol-1-phosphate at a con-
centration of 10 #moles in 1m!/ of the reaction
mixture was replaced by equimolar amounts of
the other phosphates indicated.

Z ®

FrFTer i AD 1 (Tetraselmis sp.) ki 5
A “CO, BEEE Y O RN s BB ZFNIRER,
¥ER 1 AT 72 -2 AEESPC BE Shic

uC pE5%H PGA Y vELEHEEL Y vEit
SiL LTHRIBIHh, BN Ltz
L, TAATX VR Y vIBRE CooArEY
B0 L DRI TH -1 (Fig. 3)o 2O
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EEfEnZE L\ REL D, T “CEREHLLT
PGA »igHh, —F Coorr+v BEKELD
CiiapTix, “OPHRCIY TAASTF B ) v
SEEAE “CEEENE LTREBSIS & L8
XhT\3% (HoceTsu and MivacH! 1970, MiyAacHI1
1979), 7 b Z &4 § AT, RifRgEOR 1CO, A
EI0HTL YCEATEDTO%H PGAC L hhEhic
(Fig. 5)o ZHBDEREMND, 7+ T EA I AIRE
BITERIC &% Cs o CO, BEXT->TW5d
DIHEINB, Ebicz Dz &, RuBP »rx%
o5 —EEWMN PEP hAFF o5 — LRI ERT
wAaHEEL, RERTEHKCESTS FBP 74 ¥
55—+, FBP kA7 » &£ —«, RuSP 3 —+ 7l
LHoEmuiEES Rl ahi-o & (Table 2, 3) 7 &
nHIBM[ILND, -

FEREREEDTOVTIEL, XARDOMR &
=v=y b RT A~ ATREEGA~D UC DL hRIK
MBIt 5z & (Figs. 2, 3) »b,
FRF v 7 REBRERE L To T A b D EBbh
%, D= Lit CralGIE (1966) ® KREMER (1975)
BORERLL—HKLTWD, T FFeA I ALKTS
EEDO~ v =, F OEFL, KirsT (1975) * HELLE-

V=

" BuUsT (1976) HOWE BB L oI BEEOFEIT

Bi5 LTV B0, WREE S SEE RO
BYHE - TWBbDEELBND, TV =y }bD
ESRBRBITOVTIE, &6 MIP BikEEEREED
BRIBICIE I Lich oiedd, MIP kA7 52 —€0D
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et al. 1969, Ikawa et al, 1972) ¢F UL 72427 b
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WHLDEELLRDH, FMCOWTRSHRILIC
BENBBETHD, cOENT FFEL I ATEAY
TEAD UCDEYVRZB =V =y FREDOWVLTEL,
FAER 30 ALAE TIEH 20% T—EDEIBRT > T
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TvEBOFEE LI TV B TEER L EL LR B,
i, FV 7 UvRBICOWTL B LT s,
RAKY 5 —ERT { S—ENFEETH LMD, &
FHYLAB ML OBERC L » THMABIRT L
3b0LEZLAB,

—HE I E B Chlorella I X DFEER L UIGE
(KAREKAR and JosHi 1973), B A Anacystis
(MivacH! and OKABE 1976) 7r &z s\ Tit, %2
ML W AERENRBET7 I /ButeV v, 2V, 7
ARSEVEE TI=vigENREL, IR VEED
ERRDHEDZLRI, T FTEL I AD LTI
KERC LD 7L 5 ¢ vEEAD UC D L ) RLH R
HITHh -1 (Fig. 3), = hit CraIGIE et al. (1966)
X% Tetraselmis sp. o 2B D LD EHE &
I UT VD, FFTF L IADIFETIR AR § v
DS 7 = vEE~D UC Dk 93RE b bk (Fig.
3), &K HIBHEB O CO: BE Tt BEThH-1
(Fig. 5), = DRTREHEDORE CO, EED#EFRiL Chio-
rella 7s X DR (MivacHr 1979) 21t k&< B
5LDTHYH, 7 b5 i At Chlorella 213 E
ol RERBOHHMBEHIEET LD LEELLR
%o

FRRCH - BERO SoHBir ol &, #IEER
RIHE 2 Bb - B KEE YR ER TR MESZ
CEL B oBEYET S,
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T &

~<vAxFv=, L.P.1980. v=abraAXHiEofEE (Mepectenko, JI. [T. Bogopocau 3anusa INerpa Besukoro
{(Hayka) Jlenunrpax, 1980), 232 &, 404 [, (A ATORAMIEILE 4,500 M)

AGE 21(2) : 104, 28(1) : 8 CTHWA LA IO VERETHT ¢ —« 3= e ZHPHEHR (v=v 75~ F)
DEEFMAETRREBFEHT OBWREOMRCHEENTE Y, €/ 77 F-vy7HE I3 GROZEBHE
& SE, RVvAFvaltrIb e P A KFEORE L ETIEERTT IR,

2 P ARFBREY T OAR by 7XALR WL OhOBRXELEWEIRT, FOMEHEENHLRT, v
MAXBREOBRE LMD LCEERMK TS Y, FTHEEENOWET LY FF LA TVWBHZ L Eh bR
DIKAREINTELRETLDS, i, A, A (1966, Kk 14: 127-145) w X - T b hi- X 5
CHADHE 7 » 7 L DHBRORE W LR ENG, FBRRARE > THEELERE A 5,

TOREIEL LTINSEEE B OFAEIRE, 1965, 1966E I BMHEFTNT -1 v5 04 A Ly 7EHD
Ry = 2 EWTORETHIF > 1BER, E.S. Zinova Ei2 X 51920~30EROBERI 12 X > THbhT\5,

AERDRE AABREOMEREOHCA R T A A NARSEC S»R T\ W5, ¥3, HEOETIHAE,
%, GEOIATEH65R 16L&, 2258V TRIR LEKE REELT\Wb, OHTKRO 8 i, | FHoE
MRS hic, fLES5E (Porphyra inaequicrassa, Hollenbergia asiatica, Tokidaea hirta, Rhodomela
munita, Laurencia saitoi), #3532 # (Climacosorus pacificus, Ralfsia longicellularis), 3% 1 5% (En-
teromorpha clathrate subsp. asitatica f. lepioclada), IEHEA DI B AU D BRSNS, HmEEHOTE
IRHER DT % PO KD 6 MIBIR AT THERT V2, 1. BEHOBRAT, 2. €= F A AFEMRSOHEREY
LT, 3. Ry =2 BERMHEOWRNE, 4 BEMBOHRAM, 5 €3 b A KFBOEMESHBERE L A7,
6. X v = 2 BOWHHEHIBERE, ChoEIHEBERE TR 7 <=, Ayel EDBEBYOBIEIZ T
bFHBINT 2, ¥ EOFERRETIHRAA > T\ S DORZA, AB L EOMIEATF—EDOHE D
A Twievyy MANBAIRE o TRZDEANRZE L RETH 5, CMBEEX ILEFRE)





