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Continuous emergence of
microbial resistance

= Need of new active drugs
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Harmful effects of
pesticides on human health
and environment

= Need of biopesticides
or other alternatives

= Decipher the molecular mechanism of bioactive
molecules is a sine gua non condition to optimize their use
and to design optimal compounds

Perception by the cells is a critical step

Plasma membrane plays a central role in
signaling processes




Laboratory of Molecular Biophysics at Interfaces

Main research topics

v'Study of the structure-function relationships of biomolecules
v'Understanding of the mechanisms involved in biological phenomena and
occuring at the level of a biological membrane

Perception of structurally-
different biomolecules by
the lipid fraction of plasma
membrane
Complementary
experimental and /n silico
biophysical techniques

Human health (Antimicrobial properties)
Plant protection (Eliciting properties)
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Different biomolecules

Biosurfactants
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Complex dynamic
entity
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Different membrane models

Monolayers
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Complementary of biophysical techniques
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Molecular modelling

IR spectroscopy
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Interaction between the antifungal lipopeptide
fengycin and lipid membranes

B-hydroxy fatty
acid chain

= Lipopeptide excreted by B. subtilis
= Surface-active properties (CMC~ 5uM)
= Active against fungi

Or D- Val® = Low haemolytic activity

e o W, L-Tyr® Biosurfactant with high potential for
L-Gln? plant protection

MW : ~1460 daltons

Host cell membrane interaction
Molecular details not known
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Two main questions

1. What is the effect of fengycin on
biological membranes (lipid lateral
organization, depth of insertion,
solubilization) ?

2. What is the importance of the fengycin
conformation in this interaction ?
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1. Laser source + Polarizer - 2. Analyzer -
3. CCD Camera - 4. Langmuir trough

Fengycin inserts into lipid monolayer
and modifies its lateral organization
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Cuvet (with magnetic stirrer)

Interface

Sample (re

Computer

Ellipsometry gives “optical” thickness and

“dry” mass versus time

Fengycin adsorbs into lipid bilayers and
differently affects their integrity
according to their physical state
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POPC bilayer
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Frequency signal
Dissipation signal

Time Time

QCM-D gives “wet” mass with coupled water
and dissipation measures the viscoelastic time (min)
properties of the film

Binding of fengycin to a fluid lipid bilayer causes its
fluidification leading to its destabilization
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Substrate (silicon)

Neutron beam
out to detector|

Neutron beam in

i Thermostated
aluminum

% blocks

Teflon block Liquid in Liquid out
Stirrer motor

T |

Neutron Reflectometry gives density profile of
the interfacial layer

Selective deuteration + contrast matching gives
composition perpendicular to the interface

“Cuvette”
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Neutron reflectivity profiles for d-P-h-O-PC bilayers from vesicle

dispersion in D,O buffer (Tris 10mM, NaCl 150 mM, pH 7.4).
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Calculated properties of pure d-P-h-O-PC bilayer

Layer | d R SLD Solvent %
(A | (A | (106 &?)

Head 8 4 0.93 25

group

Tail 27 | 10 3.01 20

d = thickness, R = Roughness, SLD = Scattering length density

Bilayer coverage decreases from 80%
to 65% after 3h and to 25% after 10h
when 20 yM fengycin are added

A low fengycin concentration is able to destabilize a
fluid phospholipid bilayer with a very slow kinetics

Local concentration threshold
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Effect of 20 uM fengycin on
d-P-h-O-PC bilayer in D20
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Calculated properties of d-P-h-O-PC bilayer after 3 hours and 10
hours of fengycin adsorption

Layer d (A) R (A) SLD Solvent
(10-6 A-2) %
/\
3h Head 8 4 0.93 40
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h-POPC/h-POPS bilayer

0
10 o D20 .
-1 — Fi © L =
10 Fit D20 Si >'® | Bulk
A H20 o o8& |50
21072 — FitH20 % . <o
3 10° ° S?AC\?IQ/IS S # R : --- D20
5 B x . o § —— H20
= 10 o AT A CMSi
2 v
10 0 Yoo
10'6 T T 1 -2 T T T 1
005 0.1 05 0 50 100 150 200
z(A)

Sub- Acyl Head Bulk
strate chain group 2 solution

Thick- Total thickness= 48 A

giS;' g Total surface coverage =
x106 42 84%

Solvent PS mainly located in the
vl i outer leaflet

Rough-

ness

» # LIEGE université
¥ Gembloux ‘&w

Agro-Bio Tech 14



h-POPC/h-POPS bilayer + addition of Fengycin (20uM)
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Organization of Fengycin within PC/PS bilayer

v'Penetration into the acyl
chain region of bilayer

v'Due to electrostatic
interactions: Rather dense
layer in outer head group
region.

v'Inner head group region not
affected
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Further questions

Effects of membrane organization e, Taae o
(hanodomains) e e
of specific lipids (ergosterol) ¥ 3pF s [ rir
s B ‘Mi;
ll I L1

B-hydroxy fatty acid

4\5}%\%‘% chain: C14-C18

o’ G»ygy ~  Influence of fengycin homologs and
D- Val6 variants
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Conclusion

NR = method of choice for a detailed picture of
a biomimetic system in the plane perpendicular
to the interface

= Information about the depth of insertion (not available with other
techniques)

= Information about kinetics of the destabilization
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