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Introduction

Mammalian uncoupling protein 1 (UCP1), and putatively the novel paralogous proteins UCP2 and UCP3, dissipate proton motive force by
uncoupling substrate oxidation from ATP synthesis. UCP1 enables brown fat mitochondria to increase proton conductance and respire at
maximal rates in the absence of ATP-synthesis thus resulting in heat production’. The physiological role of other UCPs is still debated? and as
these cannot be activated with fatty acids, they may have a function different from UCP1. Their physiological role may be unravelled by
identifying modulating molecules that regulate their function. To solely preserve an environment that may be essential to display physiological
protein function, we aimed to measure bioenergetic parameters (respiration and mitochondrial membrane potential) in intact cells. In this study,
we tested the suitability of novel in situ techniques in HEK293 cells that ectopically express mouse UCP1 to evaluate UCP1 function in the intact
cell. These techniques will contribute significantly to identifying functional regulators of other UCPs assisting in the elucidation of their
physiological roles.

A

Effect of the retinoic acid analog TTNPB on leak respiration of mouse UCP1 expressing HEK293 cells
= measured by plate-based respirometry using the Seahorse XF24 Extracellular Flux Analyzer
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Graphs show oxygen consumption rates normalized to basal respiration. Wildtype and mouse UCP1 HEK293 cells were grown on Seahorse V7
microplates. At the start of each basal respiration was determined, suhsequently ollgomycm was added to inhibit the ATP synthase
(1), then different concentrations of TTNBP (2), then FCCP (3) to ia and finally a i (4) ktail

to determine non-mitochondrial respiration. Notably, TTNPB increased leak resglratlon in UCP1-containing cells but not in wildtype.

B

Effect of TTNPB on mitochondrial membrane potential of HEK293 cells expressing mouse UCP1

= assessed by mitochondrial TMRM accumulation corrected for plasma membrane potentlal changes
wild type

Plasma membrane (A®gy) and mitochondrial membrane
potentials (A%,,) were followed by wide field fluorescence
microscopy of PMPI and TMRM*. Fluorescence values were
converted to millivolts by a compartment model based
deconvolution method.

15 uM TTNPB decreased mitochondrial membrane potential
selectlvely in UCP1 contalnmg ceII (see lower panel).
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Conclusions and Outlook

TTNPB is a known activator of UCP1, so far only investigated in isolated tissue and yeast mitochondria®. Here, we show that state 4
respiration of HEK293 cells ectopically expressing mouse UCP1 can be selectively increased with very low amounts of TTNPB under in
vivo conditions (A).

By 1eous drial membrane potential, we confirmed that the increase in state 4 respiration is due
to uncoupling activity (B): TTNPB lowered mitochondrial membrane potential in UCP1 cells thus dissipating proton motive force.

This study demonstrates that UCP1 function can be accessed in situ in a cell culture system and provides a system for future studies
searching for novel modulators of UCP1 activity and exploring potential regulators of other UCPs with so far unknown function.
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