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Figure S1. Plasmids built for reconstruction of the circadian oscillator in E. coli.  

(A) Core oscillator components, kaiABC, are expressed in an operon driven by an arabinose 

inducible promoter. (B) Additional native cyanobacterial components, sasA, rpaA, rpaB, are 

expressed in a synthetic operon driven by an IPTG inducible promoter. (C) mCherry reporter is 

driven by a circadian responsive promoter, such as kaiBC. 

  



 

Figure S2. Additional data and quantifications of KaiC phosphorylation in E. coli 

expressing KaiABC.  

(A) Western blots, which were quantified in Fig. 1D, show phosphorylated and 

unphosphorylated KaiC over time in E. coli coexpressing KaiA and KaiB.   Time t=0h 

corresponds to synchronization.  Arrows indicate timepoints with high proportion of 

phosphorylated KaiC. (B) Proportion of unphosphorylated KaiC over time in E. coli co-

expressing KaiA and KaiB, after synchronization (t=0h). The mean ratio of unphosphorylated 

KaiC to total KaiC across biological replicates, mean normalized for each time-trace, is plotted. 

(C) Total KaiC quantified over time in E. coli co-expressing KaiA and KaiB, after 

synchronization (t=0h). No statistically significant oscillations were found when analyzed using 

RAIN (P=0.35). Error bars, s.e.m. (n=3).   



 

 

Figure S3. Circadian phosphorylation of KaiC over time requires KaiA and KaiB.  

KaiC phosphorylation over time, after synchronization, in E. coli expressing only KaiC without 

other Kai clock components. The mean ratio of phosphorylated KaiC to total KaiC across three 

biological replicates, mean normalized for each time-trace, is plotted. Error bars, s.e.m. (n=3). 

Circadian oscillations were not statistically significant as analyzed by RAIN (P>0.99). 

  



 

Figure S4: Plasmids built for the synthetic oscillator utilizing a modified bacterial two-

hybrid system 

(A) Plasmid expressing full length KaiC C-terminally fused to the α subunit N-terminal domain 

of RNA polymerase (KaiC-αNTD). (B) Plasmid expressing full length SasA C-terminally fused 

to λCI protein (SasA-CI). The two parts of the fusions are connected via 3X alanine linkers and 

their corresponding genes are driven by lac promoters.  

  



 

Figure S5: KaiC and SasA phosphorylation states affect reporter output.  

OD normalized fluorescent reporter output of interactions between combinations of 

phosphomimic (-P mut, KaiC: S431A, T432E; SasA: H161D), non-phosphorylatable mutant (-

unP mut, KaiC: S431A, T432A; SasA: H161A) and wild-type (WT) KaiC- αNTD and SasA-CI. 

Error bars, s.e.m. (n=3) 

 



Table S1 Raw data for Fig. 2D. 

  



Table S2. Bacterial strains and plasmids. 

Strain or 

plasmid 

Relevant genotype Resistance Reference 

E. coli strains 

 

   

DH10B/Top10 Expression strain  Invitrogen 

MG1655 Parent strain of DH10B for microfluidic device loading and growth   

DP10 Variant of DH10B for arabinose induction  Kizer 2008 

 

Plasmids 

 

   

AHC138 pBAD-kaiABC-FLAG Amp This work 

AHC181 Phosphomutant variant of AHC138 with KaiC S431A, T432A Amp This work 

AHC82 pTET kaiBC-6XHis Kan This work 

AHC21 pBAD kaiA Amp This work 

AHC20 pBAD-kaiABC Amp This work 

AHC86 kaiBC promoter -mcherry Kan This work 

AHC65 plac-rpaA, rpaB, sasA Cm This work 

AHC22 AHC20 kaiA Amp This work 

AHC165 AHC20 kaiB Amp This work 

AHC166 AHC20 kaiC Amp This work 

AHC163 AHC65 rpaA Cm This work 

AHC164 AHC65 sasA Cm This work 

AHC123 AHC65 rpaB Cm This work 

AHC170 AHC20 kaiAC Amp This work 

AHC171 AHC65 SasA RpaB Cm This work 

AHC172 AHC65 RpaAB Cm This work 

AHC85 AHC65 SasA RpaA Cm This work 

AHC205 AHC20 KaiC phosphomimic S431D T432D   

AHC 140 AHC65 RpaA phosphomimic D53E Cm This work 

AHC141 AHC65 Non-phosphorylatable RpaA D53A Cm This work 

AHC 142 AHC65 RpaB phosphomimic D56E  Cm This work 

AHC 143 AHC65 Non-phosphorylatable RpaB D56A Cm This work 

AHC 144 AHC65 SasA phosphomimic H161D Cm This work 

AHC 145 AHC65 Non-phosphorylatable SasA H161A Cm This work 

pBR  PlacUV5/Plpp -directed synthesis of the full length a subunit of E. coli 

RNAP 

Amp Dove et al. 1997 

pACλCI PlacUV5-directed synthesis of the lCI protein                          Cm Dove et al. 1997 



AHC096 placUV5- and plpp-directed synthesis of the NTD (residues 1-248 

of the  subunit of E. coli RNAP) fused via three alanines to S. 

elongatus KaiC protein 

 Amp This work 

AHC097 PlacUV5-directed synthesis of the lCI protein fused via three alanines 

to S. elongatus SasA protein 

Cm This work 

AHC157 placOL2 driving 3x tandem sfGFP Kan This work 

AHC177 AHC096 Non-phosphorylatable KaiC S431A, T432A Amp This work 

AHC178 AHC096 KaiC phosphomimic S431D T432D Amp This work 

AHC179 AHC097 Non-phosphorylatable SasA H161A Cm This work 

AHC180 AHC097 Phosphomimic SasA H161D Cm This work 

 

 


