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A calcium-binding protein CAS regulates the COjz-concentrating mechanism

in the green alga Chlamydomonas reinhardtii
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(R XANEDOEE)

Photosynthetic organisms possess a capacity to sense and respond to various
environmental stresses, such as light, CO,, and temperature, to optimize photosynthesis.
In particular, aquatic photosynthetic organisms induce a COz-concentrating mechanism
(CCM) to maintain photosynthesis in CO,-limiting stress conditions by sensing the
availability of CO; and light. The components of the CCM, including carbonic anhydrases,
membrane proteins for inorganic carbon (Ci) uptake, factors associated with the formation
of pyrenoid where ribulose-1,5-bisphosphate carboxylase/oxygenase is enriched for
CO,-fixation, and proteins for recycling of leaked CO, from pyrenoid, have been
identified in the eukaryotic green alga Chlamydomonas reinhardtii. So far, two regulatory
factors, CCM1 and LCR1, have also been characterized. CCM1 is a master regulator of the
47 low-CO; (LC, 0.04% COy)-inducible genes, including HLA3 encoding a HCO3;"
transporter in the plasma membrane, LCIA encoding a possible HCO3™ channel in the
chloroplast envelope, and LCR1 encoding an LC-inducible DNA-binding transcriptional
regulator. However, chloroplast-mediated regulation of the CCM remains to be elucidated.

In order to elucidate the regulatory network of CCM, three CO2-requiring mutants
have been isolated by gene tagging. In one of the three mutants, a Chlamydomonas
ortholog of Arabidopsis chloroplast calcium (Ca2*)-binding protein CAS was disrupted,
and this mutant was designated as H82. Introducing a wild-type CAS gene into H82
rescued the defects in growth rate, photosynthetic Ci affinity, internal Ci accumulation,
and accumulation of HLA3 and LCIA in LC conditions. The mRNA levels of HLA3 and
LCIA failed to be maintained in H82 at the increased levels seen in wild-type cells and
complemented cells in LC conditions. Additionally, Chlamydomonas CAS possessed a
Ca?*-binding activity in vitro, and the accumulation of HLA3 and LCIA was also impaired
by the perturbation of intracellular Ca?" homeostasis. These results suggest that CAS
could control the expression of LC-induced HLA3 and LCIA by post-transcriptional
regulation in Ca2*-dependent manner.

In response to LC stress in light, most of CAS protein changed its localization from
dispersed across the thylakoid membrane to being associated with tubule-like structures in
the pyrenoid. This relocation of CAS and the accumulation of HLA3 and LCIA were
suppressed by inhibitors of photosynthetic electron transport. Considering the facts that
the relocation and accumulation of CAS were not affected by the defect of CCM1, and that
the accumulation of CCM1 was not affected in the H82 mutant, CCM1 and CAS could
individually function in regulating the expression of HLA3 and LCIA in response to CO;
and light.

These findings suggest that Chlamydomonas CAS regulates CCM and the expression
of genes including HLA3 and LCIA through a Ca?'-mediated retrograde signal from the
thylakoid in the chloroplast to the nucleus in response to CO; and light.
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HEREMITIE O DOEFICKLERIERE, BrOBRKEA ML AZ)E LT HKiH
b3 2N %EE >, ZOIEMICIE., BEOZEZEM T LHES, T 7T
NEREL, NEREEY N EORBCHE L I T 2 BN FEST D &
BEZDHNTWD, FriZ, KPIZABTTHHRAKREMIT. LAEROEE TH S CO2
MDRZTHHMCO2 A ML RIZIEEND &, COHiHME (CCM) #iFE3 5 2

ETCHAREHMFFT D, 20 CCM O ERIZOWTIE I AE T, EZMOM AR
DFFEE7 7 I REFT AL WT, KRB KR, BERE@REAR, V7o —2X
15-ERAV VEBANEE Y T —BIFX T F—EREAR LY L ) A4 ROEK
Wb Z "I EH, LA RPN CO22HAHT LoD X7
ERRESN TS, 20O CCM ##l#l4+2K+& LT, CCM1 & LCR1 2841 &
nTws, CCM1 iE, FIEEMD HCOs#kiA%z 2 — K45 HLAS, HERFIKRE
£ HCOs-F ¥ x V% a— K345 LCIA, MYB#: 5K +% =2— K35 LCR1 %
Bl AT DMK CO FEMEL T ORBELHME T 2 HEHNRT+THDL, LiL,
BERIKZ R BICL D CCMO#EIT, ZhEFTHoN TN RMhsiz,

AL THEEHILZ, CCMOHIE Ry hU—27 28T 572012, CO2 E R
ERAKEZ SHEEL, ToFo 1 THD HS2 OERFINE R 28, HERAED
L (Ca2+) fEBG X X788 (CAS) #a—Fd4AZ txEx R, 1K
CO: 5 ToEE., RAROEBERFZICHTDEMME, MBEN~OEKXED
fikAE L HLA3 & LCIAOE MM CASICEvHlEHEn s Z 2R LT, £72.
CAS 7% in vitro T Ca2tfiATEMHEE2 b 6, K CO2 A M L RIZIGE T 5 HLAS &
LCIA O U)Wz EFHFE Tid/a <, 5% O mRNA L)L A2 #ERE4 5%E %2 o
ZlHR L, &5, HLA3 & LCIA o /A, Mgt o CaztL XV ITHKTF
THIEERLE, 2O OFERNG, CCM I M E kR ¥ > )7 8 (HLA3
& LCIA) OFBLN CAS 725 NC CaztlZiKfFE Ll 2= 05 2 L &R LT,

WIZ CAS DM REEZFH T2 A, KHFEMETFTD CO2RZ A ML RITIHEL
T, CAS " F 7 a4 FIEEERNMNLEL ) 4 FRNSBIIBEIT2F2RKAL, 20
B#) L HLA3 & LCIA OEMN., KEMOEFBEICKFT LI LER L,
BEA o CCM NN+ THD CCMIARKELTWTYH CASOBE) & ERNEZ
HZE, ZLT, CASHKRELTWTYH CCM1L ORIBUZITZENRh-T-2 &
N5, CAS X CCM1 & Iszic, COz & iZiis U7z HLA3 & LCIA @ ¥ Bl FF
< Z & BRI LT,

ARBFFRIC L0 KESRARED N CO2 KZ A L AIZIALT 2 BRI, A
WZRTET 5 CASHAEICH T CCaHkFM R L b L— Ry 7P Lak+ 52
LT, CCMB#EY N7 BEORBLZHET 22 B8O THLNTR ST,

AL T, WA S 26 Ny AW S o ERICE BT 2 A1 7 ik 1
N BRICTHEHINTEBY, HHEEOREWFREBERMELERT H2EN
FRADRENTND, Lo TARRITHE L (EGE%) OFMimLE LTl
EHHHLDOLERDO DL, IHIT, WMXHEEZICHEME L2 0 ERM %2 k284
1MH1HIC T o bR, B RO,
MXNBEOEFROFEEDOHEROEEIT, KEFHERI AT MV ICHEBL, AaFKL
T 5, FrarHas. HEBEEoMKRICEY, PUREBRINEART LI EICKERD D
BEE, UFTICARAEET I HMNZRATLEZ &,
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