
HAL Id: hal-03485562
https://inria.hal.science/hal-03485562

Submitted on 17 Dec 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Uptake of fatty acids by the enterocyte: New insights
gained from mathematical modeling

Julie Etienne, Armelle Penhoat, Marie-Caroline Michalski, Carole Knibbe

To cite this version:
Julie Etienne, Armelle Penhoat, Marie-Caroline Michalski, Carole Knibbe. Uptake of fatty acids by
the enterocyte: New insights gained from mathematical modeling. GERLI 2021 - 16th Lipidomics
Meeting, Sep 2021, Bordeaux, France. �hal-03485562�

https://inria.hal.science/hal-03485562
https://hal.archives-ouvertes.fr


GERLI 16th Lipidomics Meeting 26 – 29th September 2021

Uptake of fatty acids by the enterocyte:
New insights gained from mathematical modeling

Julie Etienne1,2,3, Armelle Penhoat1, Marie-Caroline Michalski1, Carole Knibbe1,2,3

1 CarMeN laboratory, Inserm, U1060, INRAE, UMR1397, Univ. Lyon 1, Pierre-Bénite, France
2 Beagle Inria, Antenne La Doua, Villeurbanne, France
3 INSA Lyon, Villeurbanne, France



2
GERLI 16th Lipidomics Meeting 26 – 29th September 2021 Julie Etienne, et al. 

Introduction

Are the observed dose-response curves of apical enterocyte FA 
uptake compatible with the pathways suggested by the literature?

Uptake of fatty acids by enterocytes is debated in the 
literature and usually reviewed as a dual mechanism

Passive diffu
sion?

Active transport?

Saturable mechanism?

CD36?

FABPpm?
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Mathematical modeling and data fitting

No membrane protein required?
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Material and Methods

3

Uptake
parameter

Value

P 14.8 dm/min

min=1 ; max=1000
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Material and Methods

3

Uptake
parameter

Value

P 14.8 dm/min

min=1 ; max=1000

min=100.78 ; max=104.78 min-1

min=10-1.22 ; max=102.78
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Material and Methods

4

pH variation of each model:

pKa = 7.5
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Material and Methods
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Obtaining dose-response curves from our models:

: collection time
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Result 1

For intermediate parameter values
Dose-responses : collection time set to 10min

pH increases the uptake response
6

Dose-responses
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Result 2

M2 and M2.pH enable greater uptake responses and slope discontinuities

Further study of dose-responses at different collection times
For parameter maximizing the uptake
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Experimental data
● 7 datasets
● Digitized from research papers using WebPlotDigitizer1

● Expressed in the same units of measure (µmol/mg protein/min) using conversion factors found in the 
literature

Data fitting
● MCMC algorithm (FME package, R) (Bayesian methods)
● Parameter a posteriori distributions

– We have >1,000 values for each parameter for each model and each dataset
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Material and Methods

1 Rohatgi, A. (2020). WebPlotDigitizer (Pacifica, California, USA)
  https://automeris.io/WebPlotDigitizer/  
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https://automeris.io/WebPlotDigitizer/
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Result 3

M2 and M2.pH show better quality of fits
(The lower the normalized RMSE, the better the fit)

Quality of fits
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Result 4

● Responses of M0 and M1
are far from data
(even with pH)

● Responses of M2 and M2.pH
are close to data

Only M2 and M2.pH
show slope discontinuities
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Data fitting
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Conclusion

Take-home messages Perspectives

● New experimental uptake data to 
improve our understanding

● Gaining insights on sensitive 
topics using quantitative and 
mechanistic modeling

● pH enhances uptake

● Passive diffusion alone (M0) is not 
sufficient to provide realistic uptake 
responses

● Adding an intracellular enzymatic 
transformation of FA (M2) is more 
efficient for the enterocyte than 
adding a membrane protein (M1)

On-going submission of a research paper 11

Open to discussion!
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