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Fig. S1. Construction of mutants of the KaiC3 based clock system. (A) Schematic depiction of the
kaiA3B3 and kaiC3 genomic context. Gene locus of kaiA3B3 with the up- and downstream located
genes. KaiA3 and kaiB3 are transcribed as an operon together with s//0484, the putative promoter
is upstream of s/l0484. To inactivate kaiA3, the gene was replaced with a kanamycin resistance
cassette (KmR). To construct the triple knockout mutant AkaiAB3C3, the genomic region from kaiA3
to kaiB3 was replaced with a kanamycin resistance cassette (KmR) in the AkaiC3 strain.
Complementation of the AkaiA3 strain was achieved by the introduction of kaiA3 within its original
genomic context with a chloramphenicol resistance cassette introduced downstream of the kaiB3
gene. Clones were selected for chloramphenicol resistance (CmR) and lack of kanamycin
resistance. Black bars and grey, dashed boxes represent the regions for homologous
recombination into the Synechocystis chromosome. (B) Representative result for the verification of
the complete segregation of the AkaiA3 deletion strain and AkaiA3/kaiA3 complementation strain
using colony PCR with the oligonucleotides P15/P19 and P20/P29 (Table S1A). A non-template
reaction (N), chromosomal WT DNA and AkaiA3/FLAG-kaiA3 served as control reactions.
Expected construct sizes are 1913 bp for the WT allele and AkaiA3/kaiA3, and 2472 bp for AkaiA3
and AkaiA3/FLAG-kaiA3. (C) Verification of the kaiA3B3 deletion in the AkaiC3 strain using colony
PCR with the oligonucleotides P15/P30. A non-template reaction (N), chromosomal WT DNA, and
the vector pUC19-AkaiA3B3 served as controls. Expected construct size for AkaiA3B3 and
pUC19-AkaiA3B3 is 1554 bp. No construct was expected for the WT allele. Complete segregation
was verified using oligonucleotides P19/P30 (not shown).
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Synechocystis_PCC_6803_KaiA3 1 -MTQEPYQILLIEDDSATAAMVDHC FGPSIVSPLVERLPVQITTVSNLAEAVDICQDREFAVVLLDLFLSELQGIDT- 80
Rippkaea_orientalis_PCC_8802_KaiA3 1 -MADDLCRILLIEDRLDNVAQLLQRL LSEAQYCSLAQGLTFPVTCANNLAQGLDILAETAFDVILLDLSLPDSQGVNA - 80
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Geminocystis_herdmanii_PCC_6308_KaiA3 1 -MLNCVYEILLVEDNSVNAKLIQSL LSHAHQSVLAEGLSFNLSLVSNLTEAINLLNQQEFDAILLDLMLPDAKGIES- 80
Gloeothece_verrucosa_PCC_7822_KaiA3 1 -MSSNLCKGLI IEDDPAKIDLIKRL LCDVEHNSLAQGLSFGFTFVDSLKEGLEKLTSENFNVILLDLTLPDSQGVNA - 80
Crocosphaera_subtropica_ATCC_51142_KaiA3 1 -MPNDTCHVLLIEDKLENIELLQDL LSRSEHSSLAKGLTFPITSATTLTESLKSLEAQKFDVILLDLDLPDSQGLDT- 80
Microcystis_aeruginosa_NIES-843_KaiA3 1 -MTRELCRILLIEDEPTTVKLIQRL LLKAPQCSLAGGLTFTLTQAQDLQQTAEKLAGEKFDLILLSLEISVPPGLNI - 20
Microcystis_aeruginosa_NIES-2549_KaiA3 1 -MTRDLCRILLIEDEPTTVKLIQRL LLKAPQCSLAKGLTFTLTQAQDLEETAEKLAGEKFDLILLSLEISVPPGLNI - 80
Pleurocapsa_PCC_7327_KaiA3 1 -MPGNLCKILLIEENCDRIKLIERL LLESEGSSLAEGLFFTLIFAKTLSQGIECLAKEIFDVILLNLMLPDSKGINS- 80
Gloeothece_citriformis_PCC_7424_KaiA3 1 -MSSNLCRVLVIEDEPAKVRLIQRL LSDVEDNSLAQGLSFSLTIAESLKEGLEKLTTDONFDVILLDLTLSDSQGVKG- 80
Cyanobacterium_aponinum_PCC_10605_KaiA3 1 -MSNHVYQILLVEDNTDNAQLIENL LSSAHHSPLAEGSNFCLCCVONLAGALQVIKEKDFEAI ILDLTLPDGKGFES- 80
Rivulana_PCC_7116_KaiA3 1 -MLHNRCQILLIEDELEEIEYFCRL LSKAKSPSFKQG--FETIVAQSLEKGLQKLAVNKIDVIFLDLMLTDSRGIKT- 78
Stanienia_cyanosphaera_PCC_7437_KaiA3 1 -MLNHPCRVLLVEDEPEDLEKLKTI LTNARSASFRRG--FNLTRAETLAEGKQLIAQAEFEVVILDLMLPDSRGLNT- 78
Roseiflexus_castenholzii DSM_13941_KaiA3 RVMHSETGAPLEVLLVEDNPGDARLAAEA LAATSIG -TFVLTHVERLAEALELLQQRSFDAVLLDLSLPDSGGLDT- 85
Chloroflexus_aggregans_DSM_9485_KaiA3 1 -MTEASDEQRPTVLIVDDDPNVTSSLARS D---- -RFTIFTATDAETALHILQQQPVAVILTDQRMP TMSGVEL - 74

Chloroherpeton_thalassium_ATCC_35110_KaiA3 1MKKESSSVNVPKCTEKDDSIEKYQY I FNALPQLIAVVDESYLICSVNSSWKI| FYNKCAADKLENGGIGKNYLYVFQRLLEVNYSTVREIESGIRSI IQGDFPIFELEYNCKIDGKLNLFVTKIANL 126

Rhodospirillum_rubrum_ATCC_11170_KaiA3 1 -METRHLPP I SVVMGFHGGAVE - - - - - - - - - - - - oo mmonon -- -GTVERVRRTLPQTRVLSSLADDLAAESALVILVVGAFCPVNALAA - - -AV 67
Bradyrhizobium_BTAi1_KaiA3 1 MSAEAELPVRVLLVESGPASGQVVRDA 1 TG- P SMMDG- -CELVTVATVAEAQAILTHQPIDLVVLDVDDSDAHSVLD- VGKL 78
Escherichia_coli_K12_NarL 1 -MSNQEPATILLIDDHPMLRTGVKQL - - -« -« -------o-n | SMAPDI TV - - ---- - VGEASNGEQGIELAESLDPDLILLDLNMPGMNGLET - LDKL 74
*
Synechocystis_PCC_6803_KaiA3 81 RTIFPDQSI IVYSQSED- -EHLVIQAFQHGADGYLRLKNLDSYLL - - -« -« unnnnn YYELLSVLERNI| YRRKSENQRNLAS---QQKEYSALE--TLISST--TSVTARMFGSDTIKDSFPEL 183
Rippkaea_orientalis_PCC_8802_KaiA3 81 REKWPNIPI IVETHQEN- -ETLIVECFQLGADGYLQLQTLDTNLL - - -« -« oo nn VYEIRLGIERQQYRTKLAQQQQRLQ---QAKEFADLE--SLGNVKNSPS|I TARMFGEDSLRESLPEL 185
Rippkaea_orientalis_PCC_8801_KaiA3 81 REKWPNIPI IVETHQEN- -ETLIVECFQLGADGYLQLQTLDTNLL - - -« -« - VYEIRLGIERQQYRTKLAQQQQRLQ- - -QAKEFADLE- - SLGNVKNSPSI|I TARMFGEDSLRESLPEL 185
Geminocystis_herdmanii_PCC_6308_KaiA3 81 KENAPDTP I IVOTANHDQEENIVVKAFQMGANGYLRKKDLDTNLL - - - - - - - - - - - - - VYALRLAIERQQYIDKVAQLKQQQQ---QREEFANLE--I1FANSIQ-PSITARMFASEALKESIPEV 186
Gloeothece_verrucosa_PCC_7822_KaiA3 BIREVFTRIPI IVOLDNED- -ENLAIKVFQLGADGYLKADYLDTNLL - - -« -« --on IYQIRLAIEKQQYIAQLEAQQ- - - - - - - QEREFEVLE--KLIHASN-TSITARMFGSQPIRESVPDI 180
Crocosphaera_subtropica_ATCC_51142_KaiA3 81 RGKAANIPI IVEMDEQR- -EGKVVESFQLGADGYLQIKTLDSNLL - - -« -« @-nnn IHEIRLSIERQKYRAKINKQQEEMR- - -QAQEFADLD- -DLIKASRETSVTARLFGAYPLKESLPDV 185
Microcystis_aeruginosa_NIES-843_KaiA3 81 RELASDIPIVVAQTTSND- -EKLVVKAFQLGADGYIQLNNIDSSLL - - -« =---n-- VYQIRVAIERQQYILNLKHQQ- - - - - - - QEEEFRELE--QLIKGVQ-TSITAKMFGSEAIKQSIPDI 180
Microcystis_aeruginosa_NIES-2549_KaiA3 81 RELASDIPIVVAQTTSND- -EKLVVKAFQLGADGYIQLNNIDSSLL- - - - ---=------- VYQIRVAIERQQYILNLKHQQ- - - - - - - QEEEFRELE--QLIKGVQ-TSITAKMFGSEAIRQSIPDI 180
Pleurocapsa_PCC_7327_KaiA3 81 RERYPKVP I I LQTESED- -ETLVVKAFQLGADGYLHTKTLDRNFL - - - ----------- VYEIRLAIERQEYLAKLERLQQQKE---QELEFQQLE--RRANSTK-TSITARMFGSETLRESIPDI 184
Gloeothece_citriformis_PCC_7424_KaiA3 81 REQAHRIPI IVQTD--D--DNLAIQVFQLGADGYLQTNYLDTNLL - - -« -« e-nnn LYQIRLAIEKQHY I AKLEAEK - - - - - - - QQQEFEVLE--KLIQSSG-TTITARMFGSQPLKESVPDI 178
Cyanobacterium_aponinum_PCC_10605_KaiA3 81 KENAPDTPI 1 1QTDSTD- -EAVIVRAFQMGANGYLRKIDLDCNSL - - - = = = = = =« == oo VYAIRLAIERQQYVERLSALKQQKQ---QQEEFAGLE--NLAQSIQ-PSITARMFASSALKDSI|PDV 184
Rivulania_PCC_7116_KaiA3 79 LEAAPTLPIIVYT-ILD--EAAGVKALELGAIGYLHKTEIDTNLL - - - - ----=------ VYAIRSAIERQQHLNILKQQQTEQ----QQAEFEQLE--AFGAS---ASSNANLPGLESLRESQPDI 178
Stanieria_cyanosphaera_PCC_7437_KaiA3 79 QSLNSKVPI IVLTSIED--EIVAVKVLELGACGYLPKNVLAQNLL - - - - ---------- IYAIRTAIERKLQLAKFEEWQKQQ----PAQEIALLE--NF-------- LNEQLLSSESLHKKMPDI 174
Roseiflexus_castenholzii_ DSM_13941_KaiA3 86 LEQAPDMPVVVLTMLSD--EMLGVQAVNAGAQDYLQKGSCVQELL - - - - =-=-=-------- ARSVRYAVERQRLLRELQRARQQEQLARSASEIAAIE--RLSHDAR-TSVTAQLYSATPLREAQPDL 192
Chioroflexus_aggregans_DSM_9485_KaiA3 75 RELQPEARGF | | SGYTD- -PAALIEAINLGSVQGFMSKPWDIAALRRKLEQLVQEYQIAVHERRLAREAQAQIAMLRQLLDQA- ---QADDVMRLELVQWENEVE - SSATSAPAMGSPLAQTSPAL 193
Chioroherpeton_thalassium_ATCC_35110_KaiA3 127 STPSSDGAVITHSNI TN - RTDSLRVKMDNELRQELANVLLSEESHQLQSLE--RYTTAAN-TSITAKYFGLGPLKEANTGV 203
Rhodospirillum_rubrum_ATCC_11170_KaiA3 68 SDVVERAGVLVVLDSPD- -DALGLAAMRAGADDWIAADLLEPEVM- - - - - - - - - IQR 1 - - -LERRRAASEHQLALDSTL---RAEEADRLD- -KMVGGTP-TPTTARTFGSRPLREGLPEV 168
Bradyrhizobium_BTAI1_KaiA3 79 RAAGQDIPI IVVNGPAN- -ADSAAAYAGAGARDYLPGAETGPSTL - - - -« -- - RRAMI| YATARRRKDRI EDNRRSLANDR- -DLSSAGRVTSVSAHLAGHGSIRERRPEA 176
Escherichia_coli_K12_NarL 75 REKSLSGRIVVFSVSNH- -EEDVVTALKRGADGYLL-KDMEPEDL - - -+ -« -------- LKALHQAAAGEM- - - VLSEALT-PVLAASLRANRATTERDVNQ 155
Synechocystis_PCC_6803_KaiA3 184 FGELKQTYGELLELALDQRAFRVDHNLSERLRNLADRLGFMKASPRDIIEIHTTVLKEKNHNINVIKSQAYATEGRIL |IVLELMGYLASFYRKYYVSLNNLNISSRISPRFPPKD - 299
Rippkaea_orientalis_PCC_8802_KaiA3 186 FQOEFCKTYGDLLELALEQRAFKVEYNLSEQLRMLADKLGFVKASPRDAIEIHTK I LKEKNQDVPLAKAQAY | SEGRILMI LELMGYLASFYRKYYIGLSNIHLSPHRTLPKGYE - 298
Rippkaea_orientalis_PCC_8801_KaiA3 186 FOEFCKTYGDLLELALEQRAFKVEYNLSEQLRMLADKLGFVKASPRDAIEIHTK I LKEKNQDVPLAKAQAY | SEGRILM|I LELMGYLASFYRKYYIGLSNIHLSPHRTLPKGYE - 298
Geminocystis_herdmanii_ PCC_6308_KaiA3 187 FAELSEKYGELLDLALEERAFRVNHD | SEQLRELASKLGFFKASPRDIVDIHTKALKKKTONVNFAKIQAYVDEGRILRLLELMGYLTSYYRKYYIGLGNLNLISTPDLDQF- - - 297
Gloeothece_verrucosa_PCC_7822_KaiA3 181 FEEMVQSYAELLSLALEQRAYKIEHNI SERLRILADKLGFLKASPRDVIDLHTTTLKQKNQDVTLAKAQAYVSEGRILMVLELMGYLASFYRKYYIGLSTLNI | SKSDQQK- - - - 290
Crocosphaera_subtropica_ATCC_51142_KaiA3 186 FMELTEAYGKLLELSLEQRMFKVDYN| SEQLRILGDKLGFLKASPRDAIEIHTKVLKEKSQDVTVAKAQAYVAEGRILMI LELMGYLASFYRKYYIGLSNINLSIRKDYP 294
Microcystis_aeruginosa_NIES-843_KaiA3 181 FQELVONYGELLDLALEEQAYKVEHNLSERLRSLADKLGFLKASPRDVVDIHTTTLRQKNQDVTLAKAQAYVSEGRILMVLELMGYLVSFYRKYYIGLSNIKLFNNTQS 288
Microcystis_aeruginosa_NIES-2549_KaiA3 181 FQELVAONYGELLDLALEEQAYKVEHNLSERLRSLADKLGFLKASPRDVVDIHTTTLROKNQDVTLAKAQAYV SEGRILMVLELMGYLVSFYRKYYIGLSNIKLFNNTQS 288
Pleurocapsa_PCC_7327_KaiA3 185 FEELAQTYGKLLDLALEERAYKVEHN| SDRLRALADKLGFLKASPRDVVDIHTKTLREKNQGVPLAKAQAYVAEGRILMVLELMGYLTSFYRKYYIGLSNIKFSPQLEQENES- - 296
Gloeothece_citniformis_PCC_7424_KaiA3 179 FAQMSQSYGELLHLALEQQI YKVDHN | SGRLRTLADKLGFLKASPRDVIDLHTTTLKEKNKDVTLAKAEAYVSEGRILMVLELMGYLVSFYRKYYIGLSTFNLTSNSDQPKSP - - 290
Cyanobacterium_aponinum_PCC_10605_KaiA3 185 FSQLTVKYGHLLDLSLEERALKVDYNIAEQLRQLAAKLGFFKASPRDVVDIHTKALKERCKNVNLAKVQAYVDEGRILRLLELMGYLTSYYRKYYIGLSNLTILSSSDSDDI - - - 295
Rivulana_PCC_7116_KaiA3 179 FAELVHSYSEVMDLSLEEKAYKVEHN| SDKLSALARQLGFMQATPRDVIEIHTTVIKDKTNHS- -RKSQAYAKEARIL| I LOLMGYLTAYYRKYFIGLNQINIDNTNRKLDTD- - 288
Stanieria_cyanosphaera_PCC_7437_KaiA3 175 VAE IKEHYHDLLDRFVEQKL YQVQYQIACQIDVLVEQLGYLQATPRDLVEVHSA I LKQKQATLGHRQAMTYT I EGRIYLLLEMMGKLAAYYRKYYIGLNKINLAQNYNNEVSRSNQISNT 293
Roseiflexus_castenholzii DSM_13941_KaiA3 193 FAELVAQYGQILDQRLEQRAYKIDINTSDPLREIAYQLGFLRAGPRDVVDVHTQAIRQRVRNASV IRTQAYVEEGRILLVLELMGYLVSYYRNYALGGAH - - - - - - - - - - -~ 291
Chloroflexus_aggregans_DSM_9485_KaiA3 194 FNDLVANYSSLLDLATEQRGLHDQRSMPDRLRVFSERLGLLWAGPRDVIEIHTQALRRLCRGQTPQRIAVYMEEGRLMLLELMGHLYVNFYRIRLAAQSHE - - - - ---------- 293
Chioroherpeton_thalassium_ATCC_35110_KaiA3 204 FNNFVLKMDA| IDKAVENQMFKVENEFSKDLNGFANELGHLNLSPRDVIDIYLSALKLKSKKATPRAOMQAYTTEARLVVLELMGNLVSYYRNFSFGFIYPGAVDRKKTETNNDK - 318
Rhodospirillum_rubrum_ATCC_11170_KaiA3 169 FASAVLSLNTLIDQAIDERI FGPGAGTDAGLRALADSLGFARASPRDVIDL VTMLRGAEERF‘TPRR;QALAAE GEIL | ALQLMGHLVTHYRLRVIGAPGRTLGRGRR - - - - - - - 275
Bradyrhizobium_BTAi1_KaiA3 177 FGDLVEQYLHLFREYLDP SG-EPHARPLRMMERIATSIGDEGGGPRDLLDLHVVALERAIGGTTVERTSTLVFEGRILLALEMMGLLVDYYR- - - - ------ LGHRRRIAPGDR - 279
Escherichia_coli_K12_NarL 156 LTPRERDILKLIAQGLPNKM - HVKHMLKKMKLK SRVEAAVWVHRQERII F- - - - - - - - - - - - - - oo mmmm i mmm i a e e 216

Fig. S2. Alignment of the amino acid sequences of SlI0485 (KaiA3) orthologs including NarL from E. coli. The sequences were aligned with Mafft
(preset, L-INS-i). Sequences are represented in the Clustalx color code with conservation visibility set 20 %" % 3. As a representative of NarL-type
response regulators, the NarL homolog of the E. coli strain K12 (UniProtKB - POAF28) was added. The residues crucial for phosphorylation in
response regulators are marked with a blue star*.
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Fig. S3. Maximum likelihood-inferred phylogenetic reconstruction of selected orthologs of SI10485
(KaiA3), SIr1783 (Rre1), KaiA, and NarL from E. coli (UniProtKkB—POAF28). The sequences were
aligned with Mafft (L-INS-i default parameters, Jalview), trimmed to position 168 of the C-terminus
of the Synechococcus elongatus PCC 7942 KaiA. The aligned sequences were used to infer an
unrooted maximume-likelihood protein tree. The scale bar indicates one substitution per position.

Bootstrap values (n=1000) are displayed at branches. Bootstrap values of less than 50 are not
shown.
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Fig. S4. Secondary structure prediction and modelling of KaiA3. (A) Sequence alignment (Fig. S2)
was followed by a secondary structure prediction with Ali2D (preset, 30 % identity cutoff to invoke
a new PSIPRED run). Predicted a-helices and B-strands are shown in red and blue, respectively®;
https://toolkit.tuebingen.mpg.de. (B) The structure of the N-terminal domain of KaiA3 is closely
similar to the PsR domain of KaiA. Left: The 3-D structure of the KaiA3 N-terminal domain (template
E. coli NarL, PDB 1A04) was modelled with SWISS-Model (https://swissmodel.expasy.org/). It
comprises residues E4-N134 (initial search with residues 1-140) and displays the canonical fold of
a response regulator domain: a five-stranded a/f fold with a central five-stranded parallel B-sheet
flanked on both faces by five amphipathic a-helices. The predicted phosphorylation site D65 is
shown in turquoise. Middle: The PsR domain of Synechococcus elongatus PCC 7942 KaiA
(template PDB 4G86, residues 1-171 shown) lacks the a4-helix (highlighted by an asterisk) and a
phosphorylation site. Right: The predicted structure of the KaiA3 N-terminus (shown in yellow)
superimposes well on the PsR domain of KaiA (shown in light sea green). The putative
phosphorylatable aspartate in the KaiA3 B3-sheet is shown in pink. (C) The structure of the C-
terminal domain of KaiA3 displays a KaiA-like motif. Left (yellow): The 3-D structure of the KaiA3
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C-terminal domain (template KaiA Thermosynechococcus elongatus PDB 1V2Z) was modelled
with SWISS-Model (https://swissmodel.expasy.org/). It comprises residues D178 — Y273 (initial
search with residues 141- 299) and displays a KaiA-like four helix bundle (a’6 - a’9). Left (light sea
green): The C-terminal domain of Synechococcus elongatus PCC 7942 KaiA (template PDB 4G86,
residues 182 - 282). Numbering of the helices according to Ye et al.*. Middle: Superimposition of
the KaiA3 C-terminal domain model structure on the KaiA C-terminus. Right: Superimposition of
both KaiA3 domains on the chain B of the KaiA dimer (PDB 4G86). KaiA3 structures are shown in
yellow, KaiA structures in light sea green.
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Fig. S5. Complete scans of the plates for KaiA3 interaction analysis with KaiB3 and the three KaiC
homologs (KaiC1-KaiC3). Yeast two-hybrid reporter strains carrying the respective bait and prey
plasmids, were selected by plating on complete supplement medium (CSM) lacking leucine and
tryptophan (-Leu -Trp). As a positive control, Synechocystis KaiA1 dimer interaction was used. AD,
GAL4 activation domain; BD, GAL4 DNA-binding domain. (A-C) Physical interaction between bait
and prey fusion proteins is determined by growth on complete medium lacking leucine, tryptophan
and histidine (-Leu -Trp -His) and addition of 12.5 mM 3-amino-1,2,4-triazole 88 (3-AT).
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Fig. S6. KaiB1 (B1) does not form a complex with KaiA3 (A3) and KaiC3 (C3). Proteins were
incubated for 16 h at 30 °C and subsequently subjected to 4-16% clear native PAGE. The gels
were either stained with Coomassie Blue (left, n=3) or blotted and immunodecorated with a
monoclonal anti-His antibody for the detection of recombinant KaiA3-His6 (right, n=2). Arrows
indicate monomers or protein complexes. The KaiB1 monomer (12 kDa) is not visible in the 4-16%
native gradient gel. In contrast to Fig. 2b, a faint band appears in the KaiA3/KaiC3 sample, which
is shifted in comparison with the other KaiC3 bands (left). However, KaiA3 is not immunodetected
in the shifted band (right).
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Fig. S7. Immunoprecipitation-coupled LC-MS/MS screening of KaiC3 (A, B) and KaiC1 (C, D)
binding partners. Solubilized cell lysates of the WT/FLAG-kaiC3 (A), WT/FLAG-kaiC1 (C), and
WT/FLAG-sfGFP (control) strains cultured under continuous light conditions in copper-depleted
BG11 medium were used for a-FLAG co-immunoprecipitation- in pull-down assays. Two
independent replicates were measured for each condition. After FLAG-purification, the elution
fractions were analyzed by LC-MS/MS. Label-free quantification using the MaxQuant MaxLFQ
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algorithm was applied to identify co-enriched proteins. Panels A, C include quantified proteins
which were detected in the FLAG-KaiC3 or FLAG-KaiC1 overexpression strain and the control
strain. Logz LFQ ratios of FLAG-KaiC / control are plotted against the logio LFQ intensity.
Significantly enriched proteins (p-value = 0.01, significance B analysis in Perseus software version
1.6.5.0), labeled in dark grey font, are potential interaction partners of KaiC3 or KaiC1. (B, D) Panels
include proteins that were exclusively identified in the FLAG-KaiC3 (B) or KaiC1 (D) pull-down
assays, but not in the control. Proteins were sorted by their abundance in the KaiC co-
immunoprecipitation eluates and selected proteins were labeled. Two independent replicates were
measured for each condition. In each replicate, a minimum of two non-redundant peptides were
considered for the quantification for each protein group and independent replicates revealed high
correlation (Pearson correlation coefficients for LFQ ratios were between 0.74 and 0.89 for KaiC1
pull downs and between 0.67 and 0.9 for KaiC3 pull downs). The mass spectrometry proteomics
data were deposited in the ProteomeXchange Consortium
(http://proteomecentral.proteomexchange.org) via the PRIDE partner repository, with the dataset
identifier PXD042845 and a full list of identified proteins is shown in Supplementary Data S2.
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Fig. S8. Representative analysis of phosphopeptides of KaiC3 detected by mass spectrometry.
Samples from KaiC3-KaiA3 in vitro co-incubation assays (see Materials and Methods KaiC3
phosphorylation in in vitro assays and liquid chromatography mass spectrometry (LC-MS/MS))
were digested with trypsin and analyzed by LC-MS/MS analysis (n=3). Comprehensive b- and y-
ion series of an abundant, singly phosphorylated 37 amino acid peptide could be detected,
localizing the phosphorylation site on Ser423 (position 27 in the peptide). In multiple cases,
phosphorylation could be localized on the neighboring Thr424 position instead. Both sites are
homologous positions to the KaiC1 auto-phosphorylation sites Ser432 and Thr433 and appeared
with increased abundance after prolonged KaiC3-KaiA3 co-incubation duration.
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Fig. S9. In vitro and in vivo phosphorylation of KaiC3 (A) Detailed densitometric analysis of KaiC3
phosphorylation after 6 h incubation of 3.4 yM KaiC3 with 7.4 uM KaiB3 and the indicated KaiA3
concentrations. The fractions of double (PP), single (P), and unphosphorylated KaiC (NP-KaiC3)
were plotted as average (+ SD) (n=3 assays, indicated with dots). Data are derived from the same
experiments shown in Fig. 3a,c (in contrast to figure 3c only data from one gel analysis were used
for 1.4 yM and 2.8 pM KaiA3). (B) Western blot analysis to check the cross reactivity of KaiC1 and
KaiC3 antibodies. Five ug of total protein extracted from wild type (wt), AkaiA1, AkaiC1, AkaiC3
cells was loaded per well and western blot was done using KaiC1 specific (aKaiC1) and KaiC3
specific (aKaiC3) antisera. Note that no KaiC1 band was seen in AkaiC1 (left) and no KaiC3 was
detected in AkaiC3 cell extracts (right). The bottom panel shows the total protein loaded in stain-
free gels (Bio-Rad, USA). This analysis was performed at least two times.
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Fig. S10. Detection of circadian output via backscatter measurements. (A) Data from three
independent experiments (Exp. 1: All strains except AkaiA1B1C1 n=5 wells, AkaiA1B1C1 n=4
wells, Exp. 2: all strains n=4 wells, Exp 3: all strains n= 5 wells), which were analyzed as described
in Fig. 5d-f. Data from Exp. 1 wild type (WT) and Exp. 1 AkaiA1B1C1 are the same as those shown
in Fig. 5d and 5e, and are included again for comparison. Solid lines indicate the average of the
normalized backscatter with SD (shaded). Curves are smoothed. We attempted to fit the data to a
simple harmonic cosine function (dotted line) (B) in A). Only Synechocystis WT, AkaiA1B1C1, and
AkaiB3 fit well to the simple harmonic cosine function (dotted line in A). The table lists the
parameters of the fit and the derived average period with SD. (C) For the WT and all strains, which
were not well described by the simple harmonic cosine function, the period of the first
backscattering cycle was calculated (Fig 5j). The heatmap displays the pairwise statistical test. We
tested whether the strains had the same variance by using Levene’s test. If the variances differed
significantly (p-value < 0.05), we performed a Welch T-test. Otherwise, the Student’s t-test was
performed. Differences with p-value <0.05 were regarded as significant.
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Fig. S11. Overaccumulation of kaiA3 results in growth defects during mixotrophic and
chemoheterotrophic growth. Proliferation of the WT, the kaiA3 deletion mutant, and the strains
AkaiA3/kaiA3-FLAG and WT/kaiA3-FLAG, expressing kaiA3 ectopically from a self-replicating
plasmid, was tested under phototrophic (continuous light, - glucose), photomixotrophic (continuous
light, + glucose) and heterotrophic (darkness, + glucose) conditions. Strains were grown in liquid
culture under constant light, different dilutions were spotted on agar plates and incubated under
the indicated conditions with 75 pmol photons m2 s white light (A) or in darkness (B). A
representative result of three independent experiments is shown. (A) Cultures were diluted to
OD7s0nm value 0.4 and dilution series were spotted on agar plates with or without the addition of
0.2% glucose. The plates were analyzed after 6 days of continuous light. (B) Cultures were diluted
to ODrsonm values of 1.2, 0.8 and 0.4 and spotted on agar plates supplemented with 0.2% glucose.
Plates were analyzed after 26 days of darkness. For expression of the kaiA3-FLAG gene from the
Ppets promoter in the overexpressor strains, all experiments were performed in medium lacking
copper.
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Table S1.

A. Oligonucleotides used in this study.

Oligonucleotide

Primer Name Sequence (5° — 3) Purpose®
Construction of yeast two-hybrid expression vectors

P1 BD-SI0485-fw TTGGATCCTACCCAGGAGCCCTACCAAATTC Y2H

P2 BD-SI0485-rev GCACTAGTAGAACTATCTTTGGGGGGAAATCG Y2H

P3 S110485-AD-fw TAGGATCCATGACCCAGGAGCCCTACCA Y2H

P4 S110485-AD-rev GCCGCTCTAGAAGAACTATCTTTGGGGGGAAATC Y2H

P5 KaiC2-AD-fw TAGGATCCATGACAGATAACAGCCAAAG Y2H

P6 KaiC2-AD-rev GACCTAGGGGGGTTTTGATAAATGTG Y2H

P7 AD-KaiC2-fw TAGGATCCATACAGATAACAGCCAAAGTCTC Y2H

P8 AD-KaiC2-rev GACTCGAGGGGGTTTTGATAAATGTG Y2H

P9 BD-KaiC2-fw TAGGATCCAACAGATAACAGCCAAAGTCTC Y2H

P10 BD-KaiC2-rev TACCTAGGGGGGTTTTGATAAATGTG Y2H
Construction of E. coli expression vectors

P11 1297_sll0485 Nde fw AATACATATGACCCAGGAGCCCTA E

P12 1298 sll0485 Xho_rev TATTCTCGAGAGAACTATCTTTGGGG E
Construction of vectors used for deletion and complementation mutants

P13 pUC19-s//0485-fw GCATTGCCATGGGCAAGAATTCACTGGCCGTC MU

P14 pUC19-s//0485-rev CCCATTCCTCTGGCGGCAAGCTTGGCGTAATC MU

P15 US-sll0485-fw GACGGCCAGTGAATTCTTGCCCATGGCAATGC MU, CP

P16 US-sll0485-rev GACACAACGTGGCTTTCCGTAATCACGGCTAAGTTC MU

P17 s110485-KmR-fw CTTAGCCGTGATTACGGAAAGCCACGTTGTGTC MU

P18 sl10485-KmR-rev AACCTAGGCGATCGGCGAGGTCTGCCTCGTGAAG MU

P19 DS-sll0485-fw TCACGAGGCAGACCTCGCCGATCGCCTAGGTT MU, CP

P20 DS-sll0485-rev GATTACGCCAAGCTTGCCGCCAGAGGAATGGG MU, CP

P21 US-sll0485-compl-rev. GTATCAACAGGGACACTTAATCCTCCGGCAAACG MU

P22 CmR-sll0485-compl-fw  TTTGCCGGAGGATTAAGTGTCCCTGTTGATAC MU

pp3  CMR-Sl0485-cOMPl GoCTAGGGGATAGCGGCCAGCAATAGACATAAGE MU

P24 DS-sll0485-compl-fw TTATGTCTATTGCTGGCCGCTATCCCCTAGG MU

P25 DS-sll0485-compl-rev. GATTACGCCAAGCTTGCCTATGAGTTGCCGAGG MU

p2s  PUCTIsI0485-comPl - 0 TCGGCAACTCATAGGCAAGCTTGGCGTAATC MU

P27 kaiA3B3-KmR-rev GCCTAGGGGATAGCGGGAGGTCTGCCTCGTGAAG MU

P28 DS-kaiA3B3-fw TCACGAGGCAGACCTCCCGCTATCCCCTAGG MU

P29 NFLAG-s/l0485-rev GGATCCTTAAGAACTATCTTTGGGG MU, CP

P30 kaiB3-AD-rev GCTCTAGAATCCTCCGGCAAACG CP

P31 Km-seq-rev GTATTTCGTCTCGCTCAGGC CP

P32 Cm-seqg-leftout GCTCCTGAAAATCTCGATAACTC CP

P33 Km-seg-fw GCCTGAGCGAGACGAAATAC CP

P34 NFLAG-s/l0485-fw GAATTCACCCAGGAGCCCTAC MU

P35 pSK9-ORF-fw CTCCCATAATACCTTCGCGTC MU, CP
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P36
P37
P38
P39
P40
P41
P42

P43

P44

pUR-rev CTTCCAGATGTATGCTCTTCTGCTC
US-dkaiB3-fw GACGGCCAGTGAATTCATGACCCAGGAGCCC
US-dkaiB3-rev GACACAACGTGGCTTTCCCGCTGATAACAAATAAAGCC
dkaiB3-KmR-fw CTTTATTTGTTATCAGCGGGAAAGCCACGTTGTGTC
pUC19-dkaiB3-fw AGGGCTCCTGGGTCATGAATTCACTGGCCGTC
kaiC1F AAAATGAACTTACCGATTGTTAACG
kaiC1R AAACTACTCAGCGGTCTTGTCCTT
KkaiC1 ko-Kan F CTCAAACTACGGGGTACCGTGTCTAAATACATTCAAAT
ATGTATCCGCTCATGAG

. CTTCATGTGGGTGGTACCGGGATCGAAATCTCGTGATG

kaiC1-ko Kan R GC

# CP, colony PCR; E, expression; MU, mutagenesis; Y2H, expression in yeast cells.

MU, CP

MU
MU
MU
MU
MU
MU

MU

MU
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B. Plasmids used in this study.

Plasmid Name Description Reference

pCGADT7ah Expression of fusion proteins with a C-terminal GAL4(7es-881) Rausenberger
AD-tag in yeast cells, LEU2, HA epitope tag etal.®

pGADT7ah Expression of fusion proteins with an N-terminal GAL47es- Hiltbrunner et
gs1) AD-tag in yeast cells, LEU2, HA epitope tag al.,”

pD153 Expression of fusion proteins with a C-terminal GAL4(1-147) Shimizu-Sato
DNA-BD-tag in yeast cells, TRP1, c-Myc epitope tag etal.?

pGBKT7 Expression of fusion proteins with an N-terminal GAL4¢1-1479  Clontech,
DNA-BD-tag in yeast cells, TRP1, c-Myc epitope tag Germany

pGBK-BD-s/l0485 Expression of Sl10485 with an N-terminal GAL4(1-147) This study
DNA-BD-tag in yeast cells, TRP1, c-Myc epitope tag

pGAD-AD-sll0485 Expression of SI10485 with an N-terminal GAL4(768-881) This study
AD-tag in yeast cells, LEUZ2, HA epitope tag

pCGAD-kaiC3-AD Expression of KaiC3 with a C-terminal GAL4(768-881) AD-  Wiegard et
tag in yeast cells, LEU2, HA epitope tag al.,®

pGAD-AD-kaiC3 Expression of KaiC3 with an N-terminal GAL4(76s-8s1) AD-tag  Wiegard et
in yeast cells, LEU2, HA epitope tag al.,®

pD153-kaiC3-BD
pGBKT7-BD-kaiC3
pCGAD-kaiB3-AD
pGAD-AD-kaiB3
pCGAD-kaiA-AD
pD153-kaiA-BD
pCGAD-kaiC1-AD
pGAD-AD-kaiC1
pD153-kaiC1-BD
pGBKT7-BD-kaiC1
pCGAD-kaiC2-AD
pGAD-AD-kaiC2
pD153-kaiC2-BD
pGBKT7-BD-kaiC2
PET22-5110485-his6
pASK-kaiC3
pGEX-kaiB3
pGEX-kaiB1

PGEX-kaiA7942

Expression of KaiC3 with a C-terminal GAL4(1-147) DNA-
BD-tag in yeast cells, TRP1, c-Myc epitope tag

Expression of KaiC3 with an N-terminal GAL4(1-147) DNA-
BD-tag in yeast cells, TRP1, c-Myc epitope tag

Expression of KaiB3 with a C-terminal GAL4(768-881) AD-
tag in yeast cells, LEU2, HA epitope tag

Expression of KaiB3 with an N-terminal GAL4(768-881) AD-
tag in yeast cells, LEU2, HA epitope tag

Expression of KaiA with a C-terminal GAL4(768-881) AD-
tag in yeast cells, LEU2, HA epitope tag

Expression of KaiA with a C-terminal GAL4(1-147) DNA-
BD-tag in yeast cells, TRP1, c-Myc epitope tag

Expression of KaiC1 with a C-terminal GAL4(768—-881) AD-
tag in yeast cells, LEU2, HA epitope tag

Expression of KaiC1 with an N-terminal GAL4(768-881) AD-
tag in yeast cells, LEU2, HA epitope tag

Expression of KaiC1 with a C-terminal GAL41-147y DNA-BD-
tag in yeast cells, TRP1, c-Myc epitope tag

Expression of KaiC1 with an N-terminal GAL4(1-147) DNA-
BD-tag in yeast cells, TRP1, c-Myc epitope tag

Expression of KaiC2 with a C-terminal GAL4(768—-881) AD-
tag in yeast cells, LEU2, HA epitope tag

Expression of KaiC2 with an N-terminal GAL4(768-881) AD-
tag in yeast cells, LEU2, HA epitope tag

Expression of KaiC2 with a C-terminal GAL41-147y DNA-BD-
tag in yeast cells, TRP1, c-Myc epitope tag

Expression of KaiC2 with an N-terminal GAL4(1-147) DNA-
BD-tag in yeast cells, TRP1, c-Myc epitope tag

Expression of Sll0485 with a C-terminal His6 tag in E. coli
cells

Expression of KaiC3 with an N-terminal Strep-tag (1-11) in
E. coli cells

Expression of KaiB3 with an N-terminal GST-tag (1-231) in
E. coli cells

Expression of KaiB1 with an N-terminal GST-tag (1-231) in
E. coli cells

Expression of KaiA from Synechococcus elongatus PCC
7942 with an N-terminal GST-tag (1-231) in E. coli cells

Kobler et al., "0

Wiegard et
al.,®

Wiegard et
al.,®

Wiegard et
al.,®

Kobler et al.,'°

Kobler et al.,'°
Kobler et al.,'°
Kobler et al.,'°
Kobler et al.,'°
Wiegard et
al.,®

This study
This study
Kobler et al.,'°
This study
This study
Wiegard et
al.,®

Wiegard et
al.,®

Wiegard et
al.®

Nishiwaki et

al.,"
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pUC19

pUC4k
pUC19-Asli0485
pUC19-Asli0485-
compl
pUC19-AkaiA3B3
pUR-N-Flag-xyz
pUR-NFLAG-s/l0485
pUC19_AkaiB3

pJet AkaiC3

pGEMT-Easy
PsasA-Nina plasmid

pGEMT-AkaiC1

Cloning vector backbone with multiple cloning site, AmpR

Cloning vector backbone with multiple cloning site, KmR,
AmpR

Construction of the AkaiA3 and AkaiA3C3 strains via
homologous recombination

Construction of the AkaiA3/kaiA3 complementation strain via
homologous recombination

Construction of the AkaiA3B3 and AkaiA3B3C3 strains via
homologous recombination

pVZ321-based conjugative expression vector, expression of
N-terminal FLAG-tagged genes from the copper repressible
PpetJ promotor

Expression of N-terminal FLAG-tagged kaiA3

Construction of the AkaiB3 and AkaiB3C3 strains via
homologous recombination

Construction of the AkaiC3 strain via homologous
recombination

Cloning vector backbone with multiple cloning site, AmpR
Template for amplification of kanamycin resistance

Construction of the AkaiC1 strain via homologous
recombination

Norrander et
al.,'?

Taylor and
Rose,"®

This study

This study
This study

Savakis et
al. '

This study
This study

Dorrich et al.,
15

Promega
Carl H.
Johnson
This study
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