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Project outline

Background: GLUT4 plays a vital role in maintaining glucose homeostasis by promoting glucose uptake
into adipocytes and skeletal muscle upon stimulation by insulin or exercise. Disruption in GLUT4
trafficking is a hallmark of type 2 diabetes and is linked to obesity.! Current techniques for investigating
GLUT4 largely rely on the expression of GFP-GLUT4 fusion proteins? or the use of antibodies.3
Nonetheless, GFP fusion proteins are unsuitable for investigating subpopulations of GLUT4, and
antibody-based methods suffer from specificity issues and are often restricted to fixed tissues. The
lack of tools to label endogenous GLUT4 and identify its interaction partners in individual
compartments hinders the understanding of its trafficking and regulation, and limits the development
of strategies to modulate its distribution for therapeutic purposes.
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synthesis, and application of similar ligand-
directed labelling probes. We propose to
employ this technology to label
endogenous GLUT4 to investigate its
trafficking and map its interactome.

Objectives: O1. To design and synthesise a
toolbox of selective GLUT4 probes for in
situ two-step labelling. 02. To characterise
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Fig 1.a Ligand-directed two-step labelling of GLUT4. b Measurement of

trafficking rates of GLUT4 subpopulations via fluorophore conjugation. ¢
Mabnbina of the GLUT4 interactome via Dexter enerav transfer.

real-time rapid GLUT4 trafficking in
response to diverse physiological cues,
including insulin and exercise-activated pathways. 03. To monitor context-specific
compartmentalization in specialized pools responsive to particular stimuli. 04. To map the
interactome of GLUT4 at different stages to identify the molecular determinants of GLUT4 trafficking
and compartmentalisation.

Approach: 01. Ligand-directed two-step labelling is based on the proximity-induced conjugation of a
POI with a click label, facilitated by the reversible binding of a ligand (Fig. 1a). After ligand release and
recovery of the POI function, a biorthogonal click reaction can be performed to attach a functional
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probe to the POI. This two-step process inherently ensures high specificity. We will design and
synthesise a toolbox of probes consisting of a GLUT4 ligand conjugated to a click label with a lysine-
reactive tether, and structure-matched negative controls. Probe design will be informed by previous
structure-activity-relationship data.>® 02. The probes will then be applied to human adipocytes in the
presence of insulin, which will allow conjugation of endogenous GLUT4 with the click label.
Subsequent treatment with a tetrazine-containing reagent will promote the second labelling step to
attach a functional tag onto the previously labelled GLUT4. A biotin tag will be used to assess labelling
efficiency and selectivity through pull-down analysis in competition experiments with a reversible
GLUT4 ligand and in knockout cell lines. Normal GLUT4 distribution will be verified through live cell
imaging after labelling with a fluorophore, and 2-deoxy-D-glucose or 3H-glucose uptake (the latter in
collaboration with Prof. Lisa Heather’s lab) will be used to confirm the functional integrity of the
modified GLUT4. 02, 03. Once validated, this labelling technique will be used to measure the
trafficking rates and compartmentalisation of GLUT4 in adipocytes and skeletal myotubes in response
to insulin or AMPK activation (Fig. 1b). O4. Finally, a photocatalytic tag will be conjugated to the click
label to investigate the interactome of GLUT4 via Dexter energy transfer (Fig. 1c).” This proximity-
based technology allows labelling of proteins surrounding the POI (within ca. 4 nm radius), and their
enrichment and analysis by proteomics. Parallel labelling experiments on cells with inducible GLUT4
knockout will be used to distinguish off-target labelling from genuine interactome labelling. This will
allow identification of proteins involved in the trafficking of GLUT4 in disease-relevant cells with high
spatiotemporal resolution.

Impact: This molecular toolkit will provide fundamental insight into elusive aspects of GLUT4
trafficking, such as its endocytosis and context-specific compartmentalisation. This technology will
identify molecular determinants of GLUT4 distribution in adipocytes and skeletal myotubes, and help
elucidate the differences and similarities between GLUT4 trafficking induced by insulin and exercise.
Such insights will inform the development of GLUT4-based therapeutics to alter its distribution for the
treatment of metabolic diseases.

References:

IKlip et al., J. Biol. Chem. 2019, 11369

2Dawson et al., Biochem. Biophys. Res. Commun. 2001, 445
3Tucker et al., PNAS 2018, 4990

“Qjima et al., Nat Commun 2021, 831

>Mishra et al., J. Biol. Chem. 2015, 14441

®Wei et al., Eur. J. Med. Chem. 2017, 573

"Trowbridge et al., PNAS 2022, 1091, 2208077119

Supervisor’s recent relevant publications:
Professor Angela Russell

1. Wilkinson, LV.L.; Perkins, K.J.; Dugdale, H.; Moir. L.; Vuorinen, A.; Chatzopoulou, M.; Squire,
S. E.; Monecke, S.; Lomow, A.; Geese, M.; Charles, P.D.; Burch, P.; Tinsley, J.M.; Wynne, G.M.;
Davies, S.G.; Wilson, F.X.; Rastinejad, F.; Mohammed, S.; Davies, K.E.; Russell, A.J.* Chemical
Proteomics and Phenotypic Profiling Identifies the Aryl Hydrocarbon Receptor as a Molecular
Target of the Utrophin Modulator Ezutromid. Angew. Chem. Int. Ed. 2020; DOI:
10.1002/anie.201912392.

2. Jackson, T.R.; Vuorinen, A.; Josa-Culleré, L.; Madden, K.S.; Conole, D.; Cogswell, T.J.; Wilkinson,
I.V.L.; Kettyle, L.M.; Zhang, D.; O’Mahony, A.; Gracias, D.; McCall, L.; Westwood, R,
Terstappen, G.C.; Davies, S.G.; Tate, E.W.; Wynne, G.M.; Vyas, P.; Russell, A.J.; Milne, T.A. A
tubulin binding molecule drives differentiation of acute myeloid leukemia cells. iScience 2022,
104787.

3. Bery, N.; Bataille, C.J.R.; Russell, A.J.; Hayes, A.; Raynaud, F.; Milhas, S.; Anand, S.; Tulmin, H.;
Miller, A.; Rabbitts, T.H. A cell-based screening method using an intracellular antibody for



discovering small molecules targeting the translocation protein LMO2. Science Adv. 2021,
eabg1950. doi: 10.1126/sciadv.abg1950.

Lucy, D.; Purvis, G.S.D.; Zeboudj, L.; Chatzopoulou, M.; Recio, C.; Bataille, C.J.R.; Wynne, G.M.;
Greaves, D.R*; Russell, A.J. ¥ A Biased Agonist at Immunometabolic Receptor GPR84 Causes
Distinct Functional Effects in Macrophages. ACS Chem. Bio. 2019, 14, 2055-2064.

Quevedo, C.E.; Cruz-Migoni, A.; Bery, N.; Miller, A.; Tanaka, T.; Petch, D.; Bataille, C.J.R.; Lee,
L.Y.W.; Fallon, P.S.; Tulmin, H.; Ehebauer, M.T.; Fernandez-Fuentes, N.; Russell, A.J.; Carr, S.B.;
Phillips, S.E.V.; Rabbitts, T.H. Small molecule inhibitors of RAS-effector protein interactions
derived using an intracellular antibody fragment, Nature Commun. 2018, 9. DOI:
10.1038/s41467-018-05707-2.

Dr Jorge Correia

1.

Correia, J.C.; Jannig, P.R.; Gosztyla, M.L.; Cervenka, |.; Ducommun, S.; Praestholm, S.M.;
Dumont, K.; Zhengye, L.; Liang, Q.; Edsgard, D.; Emanuelsson, O.; Gregorevic, P.; Westerblad,
H.; Venckunas, T.; Brazaitis, M.; Kamandulis, S.; Lanner, J.T.; Yeo, G.W.; Ruas, J.L. Zfp697 is an
RNA-binding protein that regulates skeletal muscle inflammation and regeneration. BioRxiv.
2023, 13:2023.06.12.544338.

llegems, E.; Bryzgalova, G.; Correia, J.C.; Yesildag, B.; Berra, E.; Ruas, J.L.; Pereira, T.S.;
Berggren, P.O. HIF-1a inhibitor PX-478 preserves pancreatic 8 cell function in diabetes. Sci.
Transl. Med. 2022. 14(638):eaba9112.

Correia, J.C.; Kelahmetoglu, Y.; Jannig, P.R.; Schweingruber, C.; Shvaikovskaya, D.; Zhengye,
L.; Cervenka, |.; Kahn, N.; Stec, M.; Oliveira, M.; Nijssen, J.; Martinez-Redondo, V.; Ducommun,
S.; Azzolini, M.; Lanner, J.T.; Kleiner, S.; Hedlund, E, Ruas, J.L. Muscle-secreted neurturin
couples myofiber oxidative metabolism and slow motor neuron identity. Cell Metab. 2021.
33(11):2215-2230.e8.

Mills, R.; Taylor-Weiner, H.; Correia J.C.; Agudelo L.Z.; Allodi I.; Kolonelou C.; Martinez-
Redondo V.; Ferreira D.M.S.; Nichterwitz S.; Comley L.H.; Lundin V.; Hedlund E.; Ruas J.L.;
Teixeira A.l. Neurturin is a PGC-lal-controlled myokine that promotes motor neuron
recruitment and neuromuscular junction formation. Mol. Metab. 2018. 7:12-22. doi:
10.1016/j.molmet.2017.11.001

Correia, J.C.; Massart, J.; de Boer, J.F.; Porsmyr-Palmertz, M.; Martinez-Redondo, V.; Agudelo,
L.Z.; Sinha, I.; Meierhofer, D.; Ribeiro, V.; Bjornholm, M.; Sauer, S.; Dahlman-Wright, K.;
Zierath, J.R.; Groen, A.K.; Ruas, J.L. Bioenergetic cues shift FXR splicing towards FXRa2 to
modulate hepatic lipolysis and fatty acid metabolism. Mol. Metab. 2015. 4(12):891-902.



