N

N

Mathematical modelling of the plasticity of energy
stores at cellular scale
Masoomeh Taghipoor, Jaap J. van Milgen, Ludovic Brossard, Florence
Gondret

» To cite this version:

Masoomeh Taghipoor, Jaap J. van Milgen, Ludovic Brossard, Florence Gondret. Mathematical mod-
elling of the plasticity of energy stores at cellular scale. 8. International Workshop on Modelling
Nutrient Digestion and Utilization in Farm Animals, Sep 2014, Cairns, Australia. CSIRO, Astralien
Centre for International Agricultural Research, Animal Production Science, 54 (11/12), 2014, Animal
Production Science. hal-01210686

HAL Id: hal-01210686
https://hal.science/hal-01210686
Submitted on 3 Jun 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01210686
https://hal.archives-ouvertes.fr

DYNAMICS OFENERGY RESERVESIN A
GENERICCELL
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A dynamic model has been developed to observe the evolution of
energy stocks in a generic cell. Taking into account the main regula-
tors of enzymes activities allows the model to describe the dynamics
of storage and use of glycogen and lipids stores in a cell. The bio-
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Figure 1: Three levels of ATP need have been compared: (a) no energy
need, (b) 0.5 ATP per minute and (c¢) 1 ATP per minute for continuous entry

chemical network of our model is represented in Figure below of 160 glucose units.
GLC (a) f= 1, GLC=160 (a) f = 1, GLC=160
4 S —— Fatty acids (%) = 7 —— ATP/ADP (unitless)
HK © E -  Glycogen (%0) © : = Glucose (9)
I// \\\ < E ﬁ\ < —
GS PP ~ ] -
GLYC ) \\ G6P /’ < | | | | | < T {-/\ | | | |
_ 0 1000 2000 3000 4000 0] 1000 2000 3000 4000
¢\ "PG| Time Time
GP I ATP >| ADP
F6P (b) =4, p=2500, GLC/p =40 (b) f=4, p =500, GLC/p = 40
<
i . —_ gﬁ‘;%’ozce'gs(;’?) i | —— ATP/ADP (unitless)
l PFK NADH > 3ATP o o
G3P [« ~ ~
I// RK\\ Time Time
PC ME
\ PYR (; OAAc (c) f = 10, p= 300, GLC/p = 16 (c) f = 10, p= 300, GLC/p = 16
\ X ) )
N .’/ = ] - Fatty acids (%0 = =  ATP/ADP (unitless
iPDH co 7 — G-Iyé/oger(iI (C;))) 0 = — Gluc{ose (é) ! )
LipL ~ 5 < -
ACA [« ~ N
v // - T N Time Time
cS\_ / \
OAA ™ CIT 71— ACAc o > PALM
N P Figure 2: Three feeding frequencies have been compared, (a) one entry of
AKG CDH 160 GLC, (b) 4 entries of 40 GLC et (c) 10 entries of 16 GLC.
ACG

CONCLUSION

— = N -v(k,S5) The model is generic and phenomenological, and provides a ba-
q sis to investigate various hypotheses in animal biology. It allows

for example studying the postprandial metabolism (fast dynam-
N = [nijli<i<is,1<j<10 ics) and energy stock management in lactation/gestation (slow dy-
namics). Furthermore, it allows understanding and predicting the
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. effects of diets containing contrasting sources of energy (carbohy-
Regulation of pentose phosphate pathway (vpp): drates / lipids) on the energy stocks in animal.

1. required energy for the cell is provided (Energy = Ej)
2. glycogen reserve is filled (glycogen = G,,) CONTACT INFORMATION

3. the surplus of intake nutrients in F'6 P is then deviated toward . . .
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pentose phosphate pathway.




