
Supplementary Material 

 

Systemic oscillator-driven and nutrient-responsive hormonal regulation of daily 

expression rhythms for gluconeogenic enzyme genes in the mouse liver 

 

Akiko Taira, Emiko Arita, Eriko Matsumoto, Ayano Oohira, Katsuro Iwase,  

Takaki Hiwasa, Koutaro Yokote, Shigenobu Shibata, and Masaki Takiguchi 

 

 

Supplementary methods 

 

Quantitative real-time PCR 

One hundred ng of total RNA was reverse-transcribed with the High Capacity cDNA 

Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA). Specific primer 

pairs were as follows: Bmal1 (140 bp product), 5’-AATCCTGTGGACCTTTGAGC-3’ 

(forward) and 5’-TGAAGTCGCTGATGGTTGAG-3’ (reverse:); 18S rRNA  (124 bp 

product), 5’-GACTCAACACGGGAAACCTC-3’ (forward) and 

5’-AACCAGACAAATCGCTCCAC-3’ (reverse). Quantitative real-time PCR analysis 

was performed with Brilliant II Fast SYBR Green QPCR Master Mix reagents 

(Stratagene, La Jolla, CA, USA) and an Mx3000P instrument (Stratagene). Relative 

product levels of Bmal1 were normalized to those of 18S rRNA. 

 

Spline curve fitting analysis for peak and bottom phases of mRNA rhythms 

Since daily rhythmicity or fluctuation detected by one-way ANOVA in the present study 

does not necessarily show significant cosine curve fitting with the program Acro of 

Circadian Rhythm Laboratory (http://www.circadian.org/softwar.html) nor JTK_CYCLE 

(Hughes et al. 2010) (data not shown), peak and bottom phases of mRNA rhythms were 

calculated by cubic spline analysis using the software GraphPad Prism version 7.0.3 

(GraphPad Software, La Jolla, CA, USA) with segments of 0.2 h over the 44 h period of 

double-plotted data for mRNA levels. 
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Supplementary figure legends 

 

 

 

 

Supplementary Figure S1. Spline curve fitting analysis to calculate peak phases for 

daily rhythms of mRNA levels for Pck1, G6pc, and Tat in the mouse liver on feeding ad 

libitum (A) and prolonged fasting (B), related to Figure 1. Cubic spline analysis was 

performed with the double-plotted data of Figure 1. Red lines indicate peak phases 

labeled with Zeitgeber time (ZT). 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S2. Daily rhythms of mRNA levels for Bmal1 in the mouse liver on feeding ad 

libitum (A) and prolonged fasting (B), related to Figure 1. (Left panels) Total RNA prepared as in Figure 1 

was subjected to quantitative real-time PCR analysis. Results for Bmal1 mRNA levels relative to the 

maximum value (100%) in A are represented as mean ± SEM. p values for rhythmicity were assessed by 

one-way ANOVA. The broken lines in B represent the results reproduced from A. **p < 0.01 in comparison 

with A in each time point (two-way ANOVA followed by pairwise comparisons with Bonferroni correction). 

(Right panels) Cubic spline analysis to calculate peak phases was performed with the double-plotted data of 

left panels. Red lines indicate peak phases labeled with Zeitgeber time (ZT). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S3. Spline curve fitting analysis to calculate peak phases for 

circadian rhythms of mRNA levels for Pck1, G6pc, and Tat in constant darkness on 

feeding ad libitum (A) and prolonged fasting (B), related to Figure 2. Cubic spline 

analysis was performed with the double-plotted data of Figure 2. Red lines indicate peak 

phases labeled with circadian time (CT). 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S4. Circadian rhythms of mRNA levels for Bmal1 in constant darkness 

on feeding ad libitum (A) and prolonged fasting (B), related to Figure 2. (Left panels) Total RNA 

prepared as in Figure 2 was subjected to quantitative real-time PCR analysis to examine the 

rhythmicity of Bmal1 mRNA levels, as described in the legend of Supplementary Figure S2. The 

broken lines represent the results reproduced from Supplementary Figure S2A. No significant 

difference among varied lighting and dietary groups was detected by two-way ANOVA. 

(Right panels) Cubic spline analysis to calculate peak phases was performed with the 

double-plotted data of left panels. Red lines indicate peak phases labeled with circadian time 

(CT). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S5. Spline curve fitting analysis to calculate peak phases for 

daily rhythms of mRNA levels for Pck1, G6pc, and Tat in Clock mutant mice on feeding 

ad libitum (A) and prolonged fasting (B), related to Figure 3. Cubic spline analysis was 

performed with the double-plotted data of Figure 3. Red lines indicate peak phases 

labeled with Zeitgeber time (ZT), but are not shown when significant rhythmicity was not 

detected by one-way ANOVA in Figure 3. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S6. Daily rhythms of mRNA levels for Bmal1 in Clock mutant mice on feeding ad 

libitum (A) and prolonged fasting (B), related to Figure 3. (Left panels) Male Clock mutant 

(mutation-homozygous) mice were examined for the rhythmicity of Bmal1 mRNA levels, as described in 

the legend of Supplementary Figure S2. The broken lines represent the results reproduced from Figure S1A. 

*p < 0.05, **p < 0.01 in comparison with Figure S1A in each time point; #p < 0.05 for prolonged fasting 

(B) versus ad libitum feeding (A) in each time point (two-way ANOVA followed by pairwise comparisons 

with Bonferroni correction). (Right panels) Cubic spline analysis to calculate peak phases was performed 

with the double-plotted data of left panels. Red lines indicate peak phases labeled with Zeitgeber time (ZT), 

but are not shown when significant rhythmicity was not detected by one-way ANOVA in left panels. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure S7. Examples of correlations between blood humoral factors. 

Scatter plots between a pair of plasma concentrations of humoral factors on a nutritional 

condition are shown: between glucagon and GLP-1 (A-C) on the standard (A), 60% 

casein (B), and 60% soy-protein diets (C); between insulin and GLP-1 on the standard 

diet (D); between glucagon and insulin (E and F) on the standard (E) and 60% casein 

diets (F); between glucagon and GIP (G and H) on the 60% casein (G) and 60% 

soy-protein diets (H), between insulin and GIP (I and J) on the 60% casein (I) and 60% 

soy-protein diets (J); between corticosterone and PAI-1 on the 60% soy-protein diet (K); 

and between insulin and ghrelin on the 60% casein diet (L). The line for total samples is 

shown in black, and the line and circles for each time point are colored as indicated in the 

bottom box. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 


