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Structure of influenza hemagglutinin (HA)
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Cryo-EM: the N-terminal part of HA membrane
anchor is resolved
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MALDI-TOF MS to study S-acylation of HA
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Cytoplasmic tail of HA is B-structural

Circular dichroism analysis Molecular modeling
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Small Angular X-ray Scattering (SAXS) to analyze
protein structure in solution

SAXS analysis:
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SAXS to model M1-lipid and M1-HA interactions?

- « M1 - negatively charged (anionic) lipids SAXS analysis
o * M1 - liquid-ordered (raft) lipids .. :

> . L of lipid vesicles
= M1 — hemagglutinin cytoplasmic tail _

CBD mixtures

=

= Viral Membrane

]

= M1

= from A/PR8/8/34

Stear PalPal (acid solubilization)

Cytoplasmic tail > D 7 Adjusted to pH = 6.8
. +

Liposomes:

Extlrusion through 100 nm pge =
(1) Synthetic - with anior
(2) Synthetic - with anio
(3) Native (viral) lipids (SESSEEE
(4) Native (viral) lipids SESE"m




EM and DLS characterization of liposomes

Liposomes extruded through 100 nm pores
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Mixtures of lipid vesicles: SAXS data analysis

Bilayer electron density
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Mixtures of lipid vesicles,
SAXS analysis

Program BILMIX* (Bllayer Lipid MIXtures)
restores
the electron density of a lipid bilayer and
simultaneously generates the size distribution
of the unilamellar lipid vesicles
(using either spherical or ellipsoidal models)

BILMIX allows also the modelling of
asymmetric electron-density profiles,
e.g. proteins associated
with the inner or outer leaflets of the
liposome
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SAXS to model M1 - anionic lipid interactions

SAXS experimental curves Restored electron  In two-component liposomes, the left
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SAXS to model M1 - raft lipid interactions

SAXS experimental curves Restored electron
and BILMIX calculations density profiles
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In four-component liposomes,

we do not observe a separated protein-
associated peak after loading with M1;
the intensity of the left maximum
increases. We may suggest that M1
introduces its helices into the lipid
bilayer.
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Hypothesis

« Adsorption of M1 protein at
the liposomes containing
phosphatidylserine leads to
condensation of lipids
underneath;

« Imbalance in the area of lipid
monolayers occurs, leading to
the bendlng of the membrane
inside the ’
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Liposomes from viral lipids +/- HA L145 peptide
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SAXS to model M1 - viral lipid interactions

SAXS experimental curves Restored electron : :
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A drop of the electron density at the intermonolayer surface is observed upon
adsorption of the M1 protein only (not in the case of pure liposomes);
The M1-associated peak appears that is completely separated from the
second, lipid-associated peak; j
We do not see shifting of the lipid-associated sub-peak closer to the bilaye =
center. Thus, membrane tubular invaginations are not formed in complex = -
mixtures of viral lipids in contrast to synthetic charged vesicles.
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SAXS to model M1 - HA interactions

Proteoliposomes

SAXS experimental curves Restored electron
and BILMIX calculations density profiles
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In contrast to native liposomes, a drop of the electron density at the

intermonolayer surface is observed even before loading with M1 protein.

This result indicates that triply palmitoylated HA L145 peptides make lipt &

bilayer more ordered, and viral membrane becomes raft-like;
Two positive maxima move to the periphery from the bilayer centrum up
adsorption with M1. This effect is more pronounced in proteoliposomes

compared to native liposomes: the whole width of their lipid bilayer incr ;

by 2 nm (1 nm at each side).




CONCLUSIONS

« M1 interaction with phosphatidylserine leads to
condensation of the lipid Iin the protein-contacting
monolayer thus resulting in formation of lipid tubules;

« This effect vanishes in the presence of the raft-
forming constituents (sphingomyelin and cholesterol);

« Hemagglutinin anchoring peptides bearing three
fatty acid residues demonstrate a specific role in
ordering of viral lipid membrane into the raft-like one;

« Hemagglutinin anchoring peptides may stlmulate
the oligomerization of M1 on the lipid me .F~
form a viral scaffold for subsequent buddifs
virion from the plasma membrane of the infegh
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