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IMPROVED UNDERSTANDING OF LIPID MEMBRANES THROUGH

COMBINED QCM-D AND EIS MEASUREMENTS

A current trend in the field of sensing is to use instruments in which several detection principles
can be combined. Methods that combine structural and functional investigations of biomolecules
are very valuable to improve the understanding of biomolecular functions. It is of interest to de-
termine if there is an interaction at all and, if so, whether the properties of the lipid membrane are
altered by this interaction. One field in which this approach is valuable is the study of protein and
peptide interactions with lipid membranes.

INTRODUCTION

Biological membranes have many
important functions, and membrane
damage is fatal to cells and bacteria.
Therefore, a common mechanism of
toxins is to disrupt the membrane or in-
terfere with the transport of ions across
the membrane. Typically, antibacte-
rial peptides incorporate into bacterial
membranes and destroy the ion gradi-
ent between the inside and the outside
of the bacterium.

APPROACH AND

EXPERIMENTAL SETUP

This application note reviews two ex-
amples of experiments where QCM-D
and Electrical Impedance Spectros-
copy (EIS) were combined. The first
example deals with the disruption of a
lipid membrane through the catalytic
action of the enzyme PLA2, found in in-
sect and snake venom. PLA2 cleaves
phospholipids into the corresponding
lysolipids and fatty acids by catalyzing
the hydrolysis of a phosphoester bond
in the lipid molecule. This cleavage
disrupts the membrane (Figure 1).
The second example demonstrates
the insertion of trans-membrane pores
in a model membrane by the addition
of the peptide Gramicidin D (Figure 2).
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FIGURE 1 lllustration of the enzyme PLA2 and its effect on a lipid membrane.

The combination of QCM-D and EIS
is especially attractive in these exam-
ples; the effect on the membrane can
be sensitively detected by the electro-
chemical method, whereas the strength
of the QCM-D method lies in its ability
to characterize the membrane’s visco-
elastic (soft or rigid) properties.

RESULTS AND DISCUSSION

The formation of good quality lipid
membranes was first ascertained by
both QCM-D and EIS. The formation
of a lipid bilayer on the QCM-D sen-
sor was detected in real-time by both
frequency and dissipation shifts and by
single frequency impedance spectros-
copy, as demonstrated in Figure 3. Bi-
layer formation follows the typical
pathway via the adsorption of a

FIGURE 2. Bode plots showing the insertion of
Gramicidin D as a function of peptide concen-
tration, redrawn after [1] with permission from
the authors.

critical mass of liposomes, which even-
tually ruptures and forms an extended
lipid bilayer on the surface with the
characteristic QCM-D responses Af =
- 26 Hz and AD < 0.5, indicating that a
layer a few nanometers thick (typically
5 nm) and rigid as indicated by the low
AD has formed on the sensor surface.
Note that bilayer formation as moni-
tored by QCM-D is already complete
long before the impedance amplitude
stabilizes. A plausible explanation for
this observation is that the fusion and
rupture of adsorbed liposomes is fol-
lowed by a slower annealing process,
resulting from increased ordering of the
lipid molecules in the lipid membrane
and improved electrical sealing of the
membrane. The first example, involv-
ing membrane disruption, is shown in
Figure 1, where the action of the en-
zyme immediately alters the electrical
properties of the membrane, as evi-
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denced by the sharp decrease in the
impedance amplitude (Figure 3). By
QCM-D, the process is first charac-
terized by mass uptake, followed by
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has been rinsed with buffer.
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In the second example, impedance

Dissipation is related to
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spectra were recorded at different
stages of an experiment involving a
supported lipid membrane and the

Dissipation (10‘5)

pore-forming peptide Gramicidin D, as
schematically depicted in Figure 2. As
expected, the resistivity of the mem-
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brane decreased after exposure to 18-
Gramicidin D (Figure 4). The insertion
of the peptides is seen in the EIS spec-
tra, while no changes are observed in
the QCM-D signals (data not shown).
This means that this modification of
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tion of active Gramicidin D [1].

FIGURE 3 (A) QCM-D and EIS results obtained for the formation of a supported lipid membrane on the SiO2-coated
sensor surface in real-time. Figure adopted after [1] with permission from the authors and Reproduced by permission
of The Royal Society of Chemistry. (B) The effect of addition of the enzyme PLA2 to the lipid membrane. Courtesy of

E. Briand.
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1004 FIGURE 4. Bode plots showing the insertion of

Gramicidin D as a function of peptide concen-
tration, redrawn after [1] with permission from
the authors and reproduced by permission of
The Royal Society of Chemistry. In the inset,
spectra of the modulus of impedance are normal-
ized against the modulus recorded on the sensor.

10
s,

1000 10000 100000

Frequency (Hz)

10 100

REFERENCES AND SUGGESTED FURTHER READING

[1] Elisabeth Briand, Michael Zach, Sofia Svedhem, Bengt Kasemo and Sarunas Petronis. Combined QCM-D
and EIS study of supported lipid bilayer formation and interaction with pore-forming peptides. Analyst, 2010,
135, 343-350

Examples of combined QCM-D and electrochemistry performed in chronoamperiometric mode:

- Grieshaber, D., et al, all authors, Swelling and Contraction of Ferrocyanide-Containing Polyelectrolyte Multi-
layers upon Application of an Electric Potential, Langmuir, 24 (23), 13668-13676 (2008).

- Bjoérn Wickman, Henrik Grénbeck, Per Hanarp, and Bengt Kasemo, Corrosion Induced Degradation of Pt/C
Model Electrodes Measured with Electrochemical Quartz Crystal Microbalance. Journal of The Electrochemi-
cal Society, 157 (4) (2010). (Also see Application note 27).

- Barry D. Fleming, Slavica Praporski, Alan M. Bond, and Lisandra L. Martin*, Electrochemical Quartz Crystal
Microbalance study of azurin adsorption onto an alkanethiol self-assembled monolayer on gold. Langmuir, 24,
323-327 (2008).

Headquarters: BiolinScientificAB, Q-Sense, Hangpilsgatan 7,426 77 V Frélunda, Sweden, Phone+46 31769769 0, Fax +46 3169 80
40, info@q-sense.com North America: BiolinScientific, Inc., +1 (877) 773 6730, sales@gq-sense.com Scandinavia: Q-Sense, +46 31
769769 0, sales@g-sense.com UK/IE: BiolinScientific, +44-7530879037, daniel.slater@biolinscientific.com Germany/CH/AT: LOT-
Oriel GmbH, +49 6151/8806-44, gsense@lot-oriel.de France: LOT-Oriel FR, +33 1 6919 4949, tcherbak@lot-oriel.fr Italy: Nordtest
s.r.l.,+39-0143-62422, mbruni@nordtest.it Benelux: LOT-Oriel Benelux, +32 57 363 954, struyve@lot-oriel.com Japan: Meiwafosis
Coltd,+81353790051, fukuda@meiwanet.co.jp China: BiolinScientific, +86 21 5466 107 1, vanilla.chen@k-analys.se Korea: Hucom
Systems Inc., + 82 31 204 5030 , hucomsys@korea.com Australia: ATA Scientific +61 2 95430477 enquiries@atascientific.com.au

CONCLUSIONS

The combination of QCM-D and electri-
cal impedance spectroscopy is a power-
ful tool to investigate structure-function
relationships of proteins and peptides
interacting with lipid membranes. In
particular the function of ion channels
can be followed while at the same time
monitoring the viscoelastic properties of
the lipid membrane.
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Q-Sense equipment avaliable for simi-
lar studies...

E1 or E4 together with the ECHEM module
and a potentiostat.
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