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Supplementary Figure S1 

 

Supplementary Figure S1 | Automated Voided Stain on Paper (aVSOP) method and characteristics 
of Cx43+/+ and Cx43+/- mice. (a) A representative urine stain with a deep purple edge. The scale bar 

indicates 10 cm, corresponding to 1 hour. (b) A standard curve was constructed from 10 to 800 µl of normal 

saline and their corresponding stained areas (n=3 for each volume). (c) There were no significant 

differences in total urine volume per 6 hours among Cx43+/+ and Cx43+/- mice (two-way repeated measures 

ANOVA, n=4 for each mice). No marked difference was observed in body weights (23.4 ± 3.5 g in Cx43+/+ 

mice and 22.9 ± 3.0 g in Cx43+/- mice, mean ± s.d., n=4 for each mice). 



 
Supplementary Figure S2 

 

 

Supplementary Figure S2 | Analyses of diurnal rhythm in UVVM under LD and DD conditions. (a) 

Representative χ2 periodograms of UVVM under LD (left) and DD (right) conditions show a peak at 24 

hours, indicated by arrow heads. (b) Circadian amplitudes in a were quantified as relative power calculated 

by Fourier transform (0.042 cycles per hour, indicated by arrow heads). Relative power spectral densities to 

24 hours (rPSD) of five mice in LD and DD were 0.060 ± 0.026 and 0.053 ± 0.013, respectively (mean ± 

s.e.m.), with no significant difference by Mann-Whitney U-test. 



 

Supplementary Figure S3 

 

Supplementary Figure S3 | Cry-null mice have disturbed rhythmicity in locomotor activity and micturition 

behaviour. (a) Actograms of WT and Cry-null mice. Each following day was double-plotted. (b) One 

representative χ2 periodogram and circadian amplitude of UVVM in WT and Cry-null mice. Circadian periodicity 

(indicated by arrow heads) shown in the WT mice was disturbed in Cry-null mice. Circadian rhythmicity, 

demonstrated by rPSD, in Cry-null mice was significantly lower than that in WT mice (0.009 ± 0.002 vs. 0.039 ± 

0.015 [mean ± s.e.m.], P < 0.05 by Mann-Whitney U-test; n=5 for each model). (c) Significant temporal changes 

in total urine volume per 4 hours observed in WT mice (F(5,20)=9.8, *P < 0.005 by one-way repeated measures 

ANOVA) were not observed in Cry-null mice, and rPSD in Cry-null mice was significantly lower than that in WT 

mice (0.035 ± 0.013 vs. 0.135 ± 0.027, P < 0.05 by Mann-Whitney U-test, n=5 for each model). (d) Significant 

temporal changes in urinary frequency per 4 hours in WT mice (F(5,20)=14.0, *P < 0.005 by one-way repeated 

measures ANOVA) were not observed in Cry-null mice, and rPSD in Cry-null mice was significantly lower than 

that in WT mice (0.004 ± 0.002 vs. 0.115 ± 0.025, P < 0.005 by Mann-Whitney U-test, n=5 for each model). Error 

bars represent s.e.m. F(x,y), x=DF for the time factor; y=error DF in c and d. 
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Supplementary Figure S4 | Clock gene expression rhythms of the urinary bladder in WT mice.  
Temporal mRNA accumulation of Per1, Cry1, Clock and Dbp in WT mouse bladder under DD conditions by 

real-time RT-PCR (n=3 for each time point). MaxCorrs of Per1, Cry1, Clock and Dbp were 0.89, 0.96, 0.86 

and 0.98, respectively. Error bars represent s.d.. For the relative expression, maximal values were set as 1.  



 

Supplementary Figure S5 

 
 

Supplementary Figure S5 | Disturbed oscillations of bladder internal clock in Clock mutant Per2::luc 

mice. Oscillations of luminescence observed in bladder ex vivo slice culture obtained from mPer2Luciferase 

knock-in (Per2::luc) mice (left, n=8), and Per2::luc mice with the Clock-mutation (ClkΔ
19/ClkΔ

19)61 (right, n=8). 

Note the bioluminescence of each bladder from ClkΔ
19/ClkΔ

19 mutant Per2::luc mice lacked a circadian 

rhythm. 



 

Supplementary Figure S6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S6 | RORE-like site-independent activation of Cx43 transcription by Rev-erbα. (a) 

Schematic representation of Cx43 promoter sequences including three RORE-like sites, numbered from the 

distal to proximal side as RORE-like 1, 2 and 3. The asterisk indicates corresponding nucleotide sequences 

among humans, rats and mice. (b) RORE-like sites are dispensable for Cx43 promoter activation by Rev-erbα. 

Truncated mutants of pCx43-luc were transfected with and without Rev-erbα (n=3 for each). *P < 0.001 vs. the 

control of each construct and †P < 0.001 vs. the -54 (without Sp1 sequences) construct by two-way ANOVA with 

Bonferroni’s post hoc test. One representative of two experiments with similar results is shown. (c) No effect of 

mutations in the three predictable RORE-like sites (RORE-like 1, AGGTCC→ACATCC; RORE-like 2, 

AGGTCA→ACATCA; and RORE-like 3, AGATCA→ACATCA) on activation by Rev-erbα and Sp1 was observed. 

*P < 0.001 vs. the control of each construct and †P < 0.001 vs. the control, Sp1 or Rev-erbα of each construct by 

two-way ANOVA with Bonferroni’s post hoc test, n=3 for each group. One representative of three experiments 

with similar results is shown. (d) No significant competition by Rorα against Rev-erbα (one-way ANOVA, n=3 for 

each group). One representative of three experiments with similar results is shown. Error bars represent s.d.. 

Cells used were HEK293T in all transfection experiments. Similar results were obtained using the same 

expression vector without coding Rev-erbα or RORα. Five nanogram of pTK-RL was used in b-d as a 

transfection efficiency control. For relative expression, Rev-erbα (-) was set as 1 in b, Sp1 (-) Rev-erbα (-) in c 

and Rev-erbα (-) Rorα (-) Sp1 (-) in d. The RORE-like sites of the Cx43 promoter are atypical (Supplementary 

Fig. S6a) because correspondence of RORE-like 1 to the RORE consensus is weak and the base pair number 

between tandem repeats of RORE-like 2 and 3 is not matched to the reported RORE site bound as a dimer of 

Rev-erbα62. However, the involvement of these RORE-like sites for activation of Cx43 by Rev-erbα should have 

been tested, because the activation mechanism by Rev-erbα was contradictory to conventional notion. The 

truncation mutants of the Cx43 promoter, whose truncated sites are more specific to the RORE-like sites, did not 



affect Cx43 promoter activation (Supplementary Fig. S6b). Mutations of RORE-sites also had no effect on 

activation of the Cx43 promoter by Rev-erbα, even with Sp1 (Supplementary Fig. S6c), which activates the 

Cx43 promoter in association with Rev-erbα, as we will demonstrate later in Fig. 6. RORα, known as a positive 

competitor of Rev-erbα at the RORE site of the promoter, did not compete with Rev-erbα/Sp1 for the activation of 

Cx43 (Supplementary Fig. S6d). In conclusion, RORE-like sites are dispensable for Cx43 promoter activation 

by Rev-erbα/Sp1.



 

Supplementary Figure S7 

 
Supplementary Figure S7 | Screening of clock genes for effect on pCx43-luc singled out Rev-erbα. 
(a) Rev-erbα had a prominent effect on Cx43 transcription among clock genes. *P < 0.0001 vs. controls 

with no clock gene transfection by one-way ANOVA with Dunnett’s post hoc test, n=3 for each group. (b) 

Activation of the Per1 promoter-reporter (pPer1), containing both E-box and D-box elements, by 

Clock/Bmal1 and Dbp are blocked by Cry1 and E4bp4, respectively. Clock/Bmal1and Cry1 are positive and 

negative regulators of genes with E-box elements, respectively. Dbp and E4bp4 are positive and negative 

regulators of genes with D-box elements, respectively. *P < 0.0001 by one-way ANOVA with Tukey’s post 

hoc test, n=3 for each group. (c) Activation of the Bmal1 promoter-reporter (pBmal1), containing RORE 

sites, by Rorα is blocked by Rev-erbα. *P < 0.0001 by one-way ANOVA with Tukey’s post hoc test, n=3 for 

each group. One representative of three experiments with similar results is shown in a-c. Error bars 

represent s.d. in a-c. The dosage of pPer1-luc and pBmal1-luc was 10 ng; cells used were HEK293T. 

Controls without clock-gene expression vectors were set as 1. 



 

Supplementary Figure S8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure S8 | Sp3 is an activator of Cx43 transcription. The Cx43 transcription was 

dose-dependently activated by Sp3 and Rev-erbα in HEK 293T cells (n=3 for each group). *P < 0.05 vs. 

controls without Sp1, Sp3 and Rev-erbα, and †P < 0.005 by one-way ANOVA with Tukey’s post hoc test. 

One representative of two experiments with similar results is shown. Immunoblotting shows expression of 

Sp3, Sp1 and Rev-erbα. Error bars represent s.d. The relative expression of Sp3 (-) Sp1 (-) Rev-erbα (-) 

was set as 1.  
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Supplementary Figure S9 | Protein expressions of HA-tagged Rev-erbα and DDDDK-tagged Sp1 
expression vectors. Antibodies for Rev-erbα and HA or Sp1 and DDDDK detect proteins of HEK293T 

cells transfected with expression vectors of HA-tagged Rev-erbα or DDDDK-tagged Sp1, respectively. One 

representative blot of three independently performed experiments is shown. 



 

Supplementary Table S1 

 

 

Supplementary Table S1 | Primers for real-time RT-PCR and chromatin immunoprecipitation (ChIP) 
assay. Primers were designed using Primer Express 2.0 software (Applied Biosystems) or according to 

previous reports63,64. 
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