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Double electron-electron resonance (DEER or PELDOR) is a pulsed EPR technique

which is based on electron spin echo spectroscopy and

allows studying magnetic dipole-dipolar interactions between electron spins separated by
1.5 — 8 nanometers
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Electron spin echo
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DEER signal appears after acting of microwave pulses at two EPR frequencies
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Echo-detected EPR spectrum of nitroxide spin label
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Typically, DEER (PELDOR) is applied to double-spin-labeled molecules

Mathematical treatment results in
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Does the background signal also contain a useful information?

The answer is: Yes
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DEER modulation for
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We study biological membranes: c
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1. Lipid rafts |
2. Clustering of free fatty acids

3. Clustering of the antimicrobial peptide



Topic 1: Lipid rafts in membranes

Mammalian membranes contains 10 — 40 % of cholesterol. Lipids and proteins in membranes are organized in specific
domains, the so-called lipid rafts, which are enriched with cholesterol. Lipid rafts are small (10200 nm), highly dynamic,

sterol- and sphingolipid-enriched domains that compartmentalize cellular processes.

From D.
Lingwood et
al. Science
327, 46
(2009)
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cholesterol

1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine
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EPR spectra of spin-labeled cholesterol analog are concentration-broadened

DPPC/DOPC bilayer
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But in presence of rafts this

clustering disappears.
Why?

DPPC/DOPC bilayer D-cholestane concentration:
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In(V(T)/V(TO))

DEER provide the answer

Random spin distribution in
absence of rafts

Rafts promote
regular distribution
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The putative structure of lipid raft

Cholesterol

Doxyl-Cholestane

VV. Unguryan, E.A. Golysheva, S.A.
Dzuba, J. Phys. Chem. B, 2021, 125,
9557-9563.

Lipid raft

Membrane
top view

4 nm

Lipid raft (10 — 200 nm) consist of 4 nm sub-clusters



Suggested mechanism of sub-cluster o
formation is based on proximity of “structural
step” for saturated lipids and cholesterol




Topic 2: Clustering of free fatty acids

Free fatty acids play various roles in biological membranes:
increase their fluidity, serve as energy supply and a source of
structural components, participate in cell signaling, in cell
fusion, and in many other physiological processes.

Their amount in mammalian membranes usually varies in the
range of 0.3-10% of total lipids.

Stearic acid




Spin-labeled stearic acids
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DEER time traces for DOPC/DPPC bilayers
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Local concentrations are much higher than average: clustering
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For 5-DSA local concentrations are lower than those for 16-DSA. Why?



Our model of alternative sub-clusters
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Topic 3. Clustering of antimicrobial peptides
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Antimicrobial peptides disturb bacterial

biotics of new type which may help to overcome the
membrane

resistance

Antimicrobial peptides are anti
problem of bacterial

The problem exists of elucidation of molecular mechanisms of action of peptides on the bacterial membranes



Antimicrobial peptide tilopeptin
Ac-Trp-Val-Aib-Aib-Ala-Gln-Ala-Aib-Ser-Aib-Ala-Leu-Aib-GIn-Lol Native tilopeptin
Ac-Trp-Val-TOAC3-Aib-Ala-GIn-Ala-Aib-Ser-Aib-Ala-Leu-Aib-GIn-Lol

Ac-Trp-Val-Aib-Aib-Ala-GIn-Ala-TOAC8-Ser-Aib-Ala-Leu-Aib-GIn-Lol
Ac-Trp-Val-Aib-Aib-Ala-GIn-Ala-Aib-Ser-Aib-Ala-Leu-TOAC!3-GIn-Lol

Synthesis: Marta De Zotti, Marina Gobbo, Fernando Formaggio
Department of Chemical Sciences, University of Padova, Padova, Italy



Fast decay implies clustering

DEER of spin-labeled tilopeptin in the membrane
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Background signal decays slowly: mutual repulsion of the clusters
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Lipid raft

Membrane
top view

Conclusion

DEER background signal decay allows obtaining
information of clustering of spin-labeled

molecules: formation of cluster and their
structure
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Thank you for your attention



CnekTpbl P ans «KBaapaTHOM MOOE/IN» TaK¥Ke NOKa3bIBalOT OTCYTCTBME BUAMMOTO YLIMPEHUSA

KpaCHbIN\Z BbICOKaA KOHUEHTPAUNA CMTUMHOBbLIX METOK

. . —— T The membrane top view
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For single-labeled molecules only background decay:
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The local D-cholestane surface concentrations obtained as a function of the cholesterol concentration

T ] N | b | ’ | ' | N | N | b ]
9 1 9% cholestane content -
6 > > > - ——
5 - 9 "
ﬂ ‘ J
< raft formation >
52 44 1 VM Unguryan, E.A. Golysheva, 5.A. Dzuba, J.
ﬁ& ] 0.5 % cholestane contént { Phys. Chem. B, 2021
B 31—9 9 9 o -
)
9 o
2 - e ~
1 o e e e e e e e e e e e = = = - I —
D | 1 | | | 1 | |
0 5 10 15 20 25 30 35

Cholesterol concentation, mol%



CW EPR spectra at room temperature for 16-DSA of different concentration in the DOPC/DPPC and POPC bilayers
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NTaK, «4BYMEPHOCTb» ANA OAHOro BUCN0N N «TPEXMEPHOCTb» ANA APYroro.
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In(V(T)/\V(0))

20 mol% Cholesterol, different D-cholestane content

Lipid raft

Membrane
top view

Excess of local concentration over
the average values means clustering
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Reviews on lipid rafts (Web of Science)
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Cnektpbl IMP npu 200 K ana 16-DSA and 5-DSA npu pasHbIx KOHUEHTPauUnAx B bucnoe

16-DSA, mol %: 5-DSA, mol %:
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Theory predicts for random space distribution of spin labels:

For 3-D random distribution : V(T) = V(0)e—constxtppT

C — local volume concentration,
pp, - excitation efficiency

For 2-D random distribution V(T) = V(O)e_CO"S’:*UPIDTZ/3
(as expected for bilayers):
o — local surface concentration,
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