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Modeling the liver circadian clock control by nutrients
ABSTRACT RESULTS

Circadian rhythms are oscillations with a period of 24 hours inherent in various biological processes. On

a molecular level, the circadian clock is made of multiple feedback loops. The primary feedback loop of ' Cry Synthesis -> | 1.0 12 14 16 18
the circadian oscillator is CLOCK-BMAL1; PER-CRY feedback loop. As research into the mechanism < Competion

has progressed, additional proteins have been identified that modulate the activity of the clock. oscmatm No
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Experiments in recent years on mammalian circadian clocks have shown that external factors such as No 201 285 219 206 196
. . . . . . . oscillations
diet, nutrients and even blood gas concentrations have effects on circadian period, amplitude and 26; S N I (e

phase. Molecular markers of these external factors have been found to regulate and be regulated by the

circadian clock. Of note are mTOR and AMPK. mTOR is of importance in various cellular processes

such as cell survival, growth, autophagy and protein synthesis. AMPK has a central role in metabolism BMAL MRNA 2317 26.97 2153
and cellular energy homeostasis. Perl MRNA 23.17 27.01 2153

P1C ch/ - - - - Per2 MRNA 2317 26.99 21.53
In this work, we have studied the effect of AMPK and mTOR on the circadian clock. mTOR and AMPK N v
affect several clock proteins (Figure 1). Also AMPK is a known mTOR inhibitor. We studied the effect of e e . gae"r’:‘; /2§Ei$22‘5: F;Z)Tgrftt‘it;?:F‘)’;r'i’s;loift‘ﬁepcegcfrCrV to form

.. . . . . . igure 1. The regulatory network of circadian clock wit and m interactions. Some core - :
HFD (AMPK ACtIVIty) and Nutrients (MTOR ACtIVIty) on the circadian clock. We also simulated the effect circadian players and interactions between them have been left out for the sake of brevity. Table 1a - (Top) Effect on time period of the circadian clock upon
of the dual control of mMTOR and AMPK on the clock. 1a (left). Regulatory network showing interactions between mTOR and Circadian Clock increasing Cry synthesis and Competition between Perl and Per2
1b (right). Regulatory network showing interactions of AMPK with mTOR and Circadian Clock Table 1b - (Bottom) Experiments done in the model confirm observed

time periods for Perl and Per2 KO. (Tamiya et al. 2016)
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- The network was translated into a set of nonlinear ordinary differential equations, which W AWAWAS I WAWAWA SIVAVAR:aYavYe T e oA by /\\ /\ / \/ \V \/
describes the dynamics of clock components and mTOR. NV Y SER VAN b Fa® it N/ NN NN A\ 0 VY V. |
- Mass action kinetics were used for interactions between mTOR and core clock components. e U e e e
AMPK's interaction with PGC1a and NAMPT were described with Michaelis-Menten equations. 1A AN T T T ] T o VATV
- AMPK was described as a pulse oscillator based on experimental data (Wohler et al., 2016) VAR VA AN N B w/AVAVANER AN NI sl
- Competition effects between Per1 and Per2 for Cry were modelled using mass balance. o e e S e
- Model was simulated numerically using MATLAB to obtain the temporal profiles and time Figure 2. Effect of constitutive mTOR :
iod f illati y 9 P P activation (Red) and mTOR Knockout Figure 3. Effect of AMPK levels on Cry Protein FllguI:e 4.(Ij£ff|ect of SIRT Knockout on the Figure 5. Combined effect of mTOR and AMPK
perioas or osciliations (Blue) on the circadian clock. Per2 and (inhibited by AMPK) , PgCla, BMAL mRNA gloR?I' Kr(r;o el q , litude of on the clock (Red - Low AMPK, High mTOR ;
BMAL protein (represented by (activated by AMPK). AMPK is modelled as a berl (;:zlaauszs a tec?relase Im amplrtude o Green - High AMPK - Low mTOR). Both
CLOCK-BMAL complex) increases with pulse oscillation with 24 hr period. er-. anc rer protein 1evess, in - amplitude effects of mTOR on Perl and Per2
increasing mTOR, Perl and Rev-Erb Red - HFD, Blue - Normal, Green - Starvation confirmation with experimental evidence mRNA and of AMPK on Cry can be observed

by Foteinou et al (2018)

decreases with increasing mTOR here
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