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T-cells – key element of the immune system

Fritzsche Sci Adv 2017,   Chen Science 2014



T-cell signalling

Cell Signaling



T-cell triggering – Kinetic-segregation model

Davis Nat Immunol 2006
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T-cell triggering – Kinetic-segregation model

James Nature 2012
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Roles of the lipid environment in T-cell signaling?

Sezgin Nat Rev Mol Cell Biol 2017



Membrane organisation in T-cells?

What are the local 
membrane properties 

at the sites of TCR / CD45?
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Local membrane properties to investigate in T-cells

Lipid order
Fluorescence microspectroscopy
(spectral imaging) with polarity-
sensitive probes

Diffusion rate
Fluorescence correlation 
spectroscopy (FCS)

Diffusion modes
Spot-variation (super-resolution) 
STED-FCS 



Lipid order? Polarity-sensitive probes

Sezgin Biophys J 2017

GP =
𝐼1 − 𝐼2
𝐼1 + 𝐼2

Empirical index of lipid order:
Generalised Polarisation (GP)
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Such probes red-shift their 
emission spectrum in more 
polar environment, e.g. 
disordered membranes



Spectral sensitivity – pitfals of GP

LUV DOPC + chol + Di-4-ANNEPDHQ
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Maximising spectral sensitivity
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Using all spectral datapoints helps

Sezgin ChemPhysChem 2015, Urbančič Opt Express 2013, Fereidouni Opt Express 2012
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Lipid order in activated T-cells

Spectral imaging 

with polarity-sensitive membrane probe NR12S

Kucherak JACS 2010



Lipid order in activated T-cells

aTCR-633 intensity NR12S peak position

10 mm

Jurkat T-cells at OKT3-coated surface, 37 °C
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Protein fluorescence

TCR concentrates in 
more ordered domains



Lipid order in activated T-cells

Jurkat T-cells at OKT3-coated surface, 37 °C

5 mm
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aCD45-488 intensity NR12S peak position

Spectral decomposition:

CD45 partitions into more 
disordered domains
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Does the membrane order correlate 
with the lipid diffusion rates?

Fluorescence correlation spectroscopy (FCS)

with Atto647N-DPPE



Fluorescence Correlation Spectroscopy (FCS)
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Excitation beam

Scanning FCS
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Diffusion rates of PE-lipids in activated T-cells

CD45

DPPE

5 mm

aCD45-488aTCR-488

Slowed-down lipid diffusion at
TCR
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Jurkat Fab-488 Atto647N-DPPE, OKT3 surface, 37 °C
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Do lipids diffuse freely 
at the sites of TCR / CD45?

Spot-variation super-resolution STED-FCS

with Atto647N-sphingomyelin



Lipid diffusion modes? Spot-variation STED-FCS

Excitation beam



Lipid diffusion modes? Spot-variation STED-FCS

Autocorrelation curves
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Diffusion modes of sphingomyelin (SM) in activated T-cells 

Jurkat Fab-488 Atto647N-SM, OKT3 surface, 37 °C

at CD45at TCR
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Membrane properties of activated T-cells

Membrane property at TCR at CD45

Lipid order ordered disordered

PE diffusion rate slowed down -

SM diffusion mode trapping free

Does lipid phase separation 
drive, assist, or follow 

the segregation of proteins?



Triggering of T-cells on poly-L-lysine (PLL)

Santos Nat Immunol 2018
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