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Figure S1: Cell size distribution in a 12h/12h of light/dark diurnal cycle. (a) Cell volume 
histograms at 0, 4, 8, 12, 14 and 18 h, (b) bright field microscopic images of 
Chlamydomonas cells at 0, 6, 8, 10, 12, 14 and 18 h.  Arrows indicate clusters of newly 
divided daughter cells.  Bar: 10 µm. 
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Figure S2. Growth (cell volume increase) of Chlamydomonas cells in the 
control medium, or in the culture medium containing 0.3 M sorbitol or 0.15 M 
NaCl.  Error bars indicate standard deviations for three biological replicates. 
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Figure S3. Immunoblots of tubulins in various Chlamydomonas strains.  Cells were treated with 
NaCl or sorbitol at the indicated concentrations for 20 min.  Proteins were separated by SDS-
PAGE, blotted on membranes, and analyzed by anti-pT349 antibody or anti-a-tubulin antibody.
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Figure S4. T-DNA insertion mutant of PHS1. (a) Gene structure of PHS1. The boxes
and connecting lines indicate exons and introns, respectively. Tubulin kinase and
phosphatase domains are respectively shown in blue and red boxes. Insertion site of
the aphVIII gene in phs1-1 is shown. Blue arrows indicate the primer locations for
genomic PCR. (b, c) Agarose gel electrophoresis of Chlamydomonas genome
fragments. Genomic DNAs from wild type, phs1-1 and a complemented phs1-1 line
were amplified using the indicated primers targeting to probe the presence of the
aphVIII gene (a) and intact PHS1 gene (b).
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Figure S5. Original fluorescence images and the corresponding binary images of 
microtubules generated by Image J.  Chlamydomonas cells were treated with 0.3 M 
sorbitol for 10 min, and microtubules were immunostained with anti-a-tubulin antibody.  
The cell contours are marked by yellow dashed lines.  Microtubule occupancy was 
calculated by dividing the microtubule area by whole cell area.



Figure S6. Amino acid sequence alignment of putative kinase domains from green algae PHS1 homologues.  
At the bottom of aligned sequences, invariant residues are indicated by asterisks, while conserved residues 
by dots.  Three critical residues involved in ATP binding are indicated by arrows.  Also, see Table 1 for full 
description of algal species.

M. pusilla --------------------------------PAPEPATERVLVVKFCSDRLAAQSEYFAHEIASA-LGVDVPETRLFRRKPAAAAAAAAANKESDARASSFDEWSAMTRAAERAVAEWR 111
P. soloecismus --------------------------------MTGGLARESCAVMKFISDRLHCQSEQFAAELAFY-LSIPVPNSRIIFFSEEES-----------------SEWNIALWNAKNR----- 89
A. protothecoides NGRLSPPCTDAGPREVSPSVIEVIPGANAPLAVAKRSAPHGCLVLKIPASRLQCQSELFAGEVARHVGPL----QFTYAEDECPA-----------------PEWAAMLAAAQSIS---- 152
C. eustigma ----------------------------------VLAGLEELAVIKFAPTRLLMQAEQFANVITRHLLDISAPDCCIIRQAGATA-----------------SEWKDVEAAVKRLG---- 85
G. pectoral        ------------------------------------GEPEGLAVLKFGPSRLLMQAEQFANELTRH-LDICAPDCRIVRQAGASS-----------------EEWRALLEACTRLGSS-- 84
E. debaryana ------------------------------------GEAEGVAVLKFGPSRLLMQAEQFANELTRH-LDIASPDCRIVRQAGASS-----------------EEWRALLEACSALGSA-- 84
C. reinhardtii ------------------------------------GQHEGLAVLKFGPSRLLMQAEQFANELTRH-LDICAPDCRIVRQAGASS-----------------EEWRAITEACARLAAG-- 84
C. incerta ------------------------------------GDHEGVAVLKFGPSRLLMQAEQFANELTRH-LDICAPDCRIVRQAGASS-----------------EEWRAITEACARLAAG-- 84
C. schloesseri ------------------------------------GDHEGVAVLKFGPSRLLMQAEQFANELTRH-LDICAPDCRIVRQAGASS-----------------EEWRAITEACARLAAG-- 84
S. sp. NREL        WGGAAAPVQ------------Q-----QQQQKKKSQYPREGIAVLKVEFNRLAMQAEQFANELTRH-LGIAAPDCRIVRQVGPTA-----------------DEWAAALGAVHCLASCCC 148
C. zofingiensis -STP-------------------------AG-VGASDQREGIAVLKIAASRLAMQAEQFANELTRH-LGIAAPECRIVRQAGSSS-----------------EEWQAAKSAATT------ 104
M. neglectum CGGP-------------------------GGRPSDGGCEEGVAVLKVASSRLAMQAEQFANELARH-LGIAAPLCRLVRQTGDGA-----------------GEWTAACDAADA------ 116
C. subellipsoidea GSGRFSPCS------------SLRGGSRSPSPAGSEHAPERVVIVKVHQARLASQSEQFANELTQH-LGICAPACRILRRMGATA-----------------EEWKEAHGAAMLLG---- 123
C. variabilis      GGGEVPPTP------------RR------LRRSGTGGLQQSCLVLKFVSSRLLCQSEQFASELTRH-VGLCAPDSRILRSKGTTE-----------------AEWQEAFAAAAALR---- 277
M. conductrix      AVQSLAPSA------------RRPSLAGAPSLSGGAPTPEGCLILKFVSSRLLSQSEQFASELTRH-VGLCTPDSRILRQKGHSD-----------------GEWQQAYEAAEALR---- 273

. ::*. ** *:* ** :: : ** 

M. pusilla ---------------------------------------DDADAAD----------------------------------------------------ADARDAAGRMLGCLRAQHAALV 140
P. soloecismus ------------------------------------------------------------------------------------------------------KMCKHLAQEMSRPGCLLL 107
A. protothecoides ------------------------------------------------------------------------------------------------------GTYPELHAELQRCSCVLV 170
C. eustigma ------------------------------------------------------------------------------------------------------PAAEELASELSSLPCFLL 103
G. pectoral        ------------------------------------------------------------------------------------------------------SSAGELAGELSSLPVVLL 102
E. debaryana ------------------------------------------------------------------------------------------------------PGAGELAAELGSLPVVLL 102
C. reinhardtii ----------------------------------------------------------------------------------------GGAGG-----SGGGGGAEELAAELSSLPVVLL 111
C. incerta ----------------------------------------------------------------------------------------GGAGG-----AGGGGGAEELAAELASLPVVLL 111
C. schloesseri ----------------------------------------------------------------------------------------GGAGG-----GGGGGGAEELAAELASLPVVLL 111
S. sp. NREL GRSPSNTPTTCPGSTSSSYGGAGGHAANSAVGSIQTQMLSDAAAAAAAAAGAADRSEGAPGGGASAAGPRCSSCGGCLPAAGLAGQQAAGAGGGGGDCGSSGSGTSELLGELSHLPCFLL 268
C. zofingiensis ----------------------------------------------------------------------------------------------------ILDEGAELVAELERQPCFLL 124
M. neglectum ----------------------------------------------------------------------------------------------------LGEAGDELSGELGRMPCFLL 136
C. subellipsoidea ------------------------------------------------------------------------------------------------------RRGADLEEQMARSACMLV 141
C. variabilis      ------------------------------------------------------------------------------------------------------DRFPDLHEEMGRNSCFLV 295
M. conductrix      ------------------------------------------------------------------------------------------------------DSCPDLHEEMARSSCCLV 291

: : *:

M. pusilla MRFVRGGGLFSTTRSRSPKGKVLKERRAPRERGRMGSSLNANADDAGDESSDRPLRPFDTPARSAAAAEALGRVFVLDVLLGNADRMKCERLAWRGNPGNVLAPSLGGGGDDGDPIVVAI 260
P. soloecismus LEFVPGLPLVN-SSEAFAE-----------------------------------DN-------IEETSFLVGKILGLDMMLGNPDRLFCEQLSWPGNSANLIFATGG----KHCGKIVAI 180
A. protothecoides MEFIPAVSIATACETGFLG-----------------------------------P------KTLARVSHDLGRMLCLDMMLGNADRLPIEALGWRGNLGNVLFARTG----RWAGRMVAI 245
C. eustigma MEFVRGKPLLE-CADAFEG-----------------------------------VH-------VPSMFEDLGRLFLLDMVLGNADRLPCIDLGWRGNPSNIMHGARGS---KFAGRAVAI 177
G. pectoral MEYCPGFPLLE-CEEAFRS-----------------------------------PGPGPGTSTVLNTFEELGRLFLLDTVLGNADRLPCSDLGWRGNPNNVLYGRRGS---RYCSHIVAI 183
E. debaryana MEYVPGRPLFE-CEDAFKE---------------------------------------------LATFEGLGRLFLLDAVLGNADRLPCTDLAWRGNPNNILFGQRGS---RYCSRIV-- 171
C. reinhardtii MEYCPGHPLLE-CEDAFKS-----------------------------------P--GP----LLSTAEGLGRLFLLDAVLGNADRLPCADLAWRGNPNNILFGRRGS---RYCSQIVAI 186
C. incerta MEYCPGHPLLE-CEDAFRS-----------------------------------P--GP----LLATAEGLGRLFLLDAVLGNADRLPCADLAWRGNANNILFGRRGS---RYCSLIVAI 186
C. schloesseri MEYCPGHPLLE-CEDAFKP-----------------------------------PPAGP----LLSTAEGLGRLFLLDSVLGNADRLPCADLAWRGNPNNILFGRRGS---RYCSLIVAI 188
S. sp. NREL MEFVEGDKLSD-SPQALQG-----------------------------------CA-------VGRLLEDVGCLFLLDMLLGNADRMPCADLGWRGNTHNLLYGAPGT---RHESRPV-- 340
C. zofingiensis MEFVPGKPLSS-CKEDAQG-----------------------------------GH-------LLTVLEDVGRLFLLDMLLGNADRLPCADLGWRGNLGNILYGAPGS---RYAGRPV-- 196
M. neglectum MEYVAGRPLLE-CGDAFEG-----------------------------------PD-------TLPLLEDVGRLLLLDMLLGNADRLPLPELGWRGNRSNVLLGAQGS---KYAGRAV-- 208
C. subellipsoidea MEYIPGRALFH-LQQPFQP------------------------------------A------QILRTAEDLGRLFLLDMLLGNADQLPCATLGWRGNPHNVLFCTAG----AHAGRMV-- 212
C. variabilis      MEFVPGCCLFR-SGQAFR------------------------------------GS------HLAQTAQDLGRLFTLDMLLGNPDRLHCDELAWRGNPENILYASAG----RWAGRAVAI 368
M. conductrix     MEFIPGGCLFR-SPQAFAD-----------------------------------GG------ALQQTAEDLGRLFTLDMLLGNADRLHCTELGWRGNPENILYATSG----RWAGRAVAI 365

:.: . : :* :: ** :*** *:: *.* ** *:: * * 


