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Abstract— lon channels are natural nanometric pores formed
by proteins across cell membranes. They are respdhke of
part of cell signaling and a large part of pharmacatical
compounds are interacting with them. Therefore, sigle ion
channel screening is being proposed as a fundamehta
technique for investigating the function of cell menbrane
proteins with pharmaceutical compounds. The technige
consisting in embedding ion channels in artificiabilayer lipid
membranes (BLM) is gaining attention over patch clenp
approach due to its characteristics of performing prallel tests
over selected classes of channels. However, no @grocedures
for automatic formation and real time monitoring of BLM
arrays have been presented so far. More specificgll since
BLM is based on a manual and time-consuming technig,
there is a strong need of automatic systems for foring BLMs
in a fully parallel fashion for testing compounds m high
throughput screening (HTS) fashion. In this paper, an
automatic liquid dispensing system for BLM formation is
presented using commercial 3+1 axes movement steppe
machine together with a multi-sensor technique fomonitoring
BLM formation in real time. As proof of this concep, the
automatic dispensing system is interfaced with an 8hannel
electronic interface where low noise amplifiers areable to
automatically sense BLM formations by means of cuent
sensing.
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l. INTRODUCTION

Bilayer lipid membranes are artificial biological
substrates composed of phospholipid mixtures sugaen
into different organic solvents that self assemialeform
bilayers under specific conditions [1]. BLMs areedgo host
ion channel proteins since they well approximatesrtatural
behavior of cell membranes.
nanopores that regulates the ions exchange frora amd
extra-cellular solution, and they are involved irah the
cellular life process [2]. Because of their keyeroh the
physiologic process, ion channels behavior canlteeed or
compromised from several diseases [3]. For theasores,
simple and versatile systems that allow to verifyda
screening drugs interaction with ion channels aguired to
reduce time consuming in the drugs discovery atidat&on
processes [4].

low concentrations of target molecules [5], or eidentify
differences between different DNA bases [6].

BLMs can be used instead of natural cell membrane
without significant information loss using chanmebteins
incorporation techniques [5]. BLMs can be formedntgans
of different techniques using microfluidic chambeaad
systems to mechanically support the bilayer.

Various techniques to form BLMs are reported in
literature: one of the first developed is the gamptmethod,
consisting in applying a small quantity of lipidkstion
dissolved in an organic solvent using a boros#icaid over
an aperture immersed in water. The orfice, in tmege of
tens to hundreds micrometers, is created in a Ipyaioic
material foil such as Teflon or Delrin [1]. At thipid-
aqueous interface, a lipid monolayer will be cdostd
thanks to the amphiphilic properties of lipids. Thgid-
solvent solution wets the hydrophobic walls of #perture,
resulting in a thinning of the solvent solutiontiive center of
the aperture, until a completely fusion of the twonolayers
into a single bilayer. A small quantity of solveemmains at
the aperture perimeter (the annulus), increasirg BbM
stability and acting as connection between thekthieflon
sheet and the final thickness of the BLM, typicdlythe
nanometric range [1].

Following different approaches, other techniquesrew
developed: some are based on droplets of wateteiriiid
solution [8], others using solvent evaporation aesulting
thinning of the bilayer [9], or based on the liqundertion
through a microfluidic chip which spreads lipidseoa small
Teflon apertures [10]. These techniques allow theM8
formation, but they are not suitable to be autochate
contrast, the Montal-Muller approach presents some
characteristic procedures so as to to be autonjaigd As
illustrated in Figure 1, the Montal-Muller techn@aonsists
of the formation of two lipid monolayers above tmgueous

lon channels are naturgface of two separated chambers by applying @ lip

solution in a volatile solvent, such as hexanehtoroform.

The chambers are separated by a thin septum wheiera
aperture is drilled and, during the monolayer fdiom it is

kept out from the aqueous surface. After the eatjor

time, the micro aperture of the septum is loweredi the two
monolayers formed into the chambers aqueous ssriace
folded down against each other, forming a bilayzoss the
aperture [11].

This paper present first example of a fully autamat

The integration of biological nanopores, such as i0 g stem for parallel BLM formation inspired on theoMal

channels with electronics is also a promising aaginofor
the development of novel biosensors that are ablgetect
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Muller approach employing disposable bilayer chammbe
[12] and an array of sensing amplifiers to contimlp
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monitor BLM formation. The system allows testingdan
optimizing different protocols, offering a largeXibility and
a fast characterization of membranes.

Section Il will show the system architecture andkira
principle. Section Il will present the implemeritat of the

mechanical control. Section IV will show a real esment 1o
where BLM are formed in parallel fashion and morgitbin iyl
real time by embedded amplifiers. Finally, SectMmwill

present an application of the apparatus for rengrdingle

ion-channel signals.
Il.  SYSTEM STRUCTURE AND CALIBRATION

. BLM assembl
The proposed automatic liquid handling system (fgu ﬂ

2). IS composed of: I.) Sutter lnStrl.Jment MP'285'X&'8‘ Figure 1. Montal Muller technique for BLM formation on a srhable on
mlcrom_z?mlpulator for pipette _aUtomat_'C m_ovemen_tthm3D a Teflon or Delrin septum separating two chambgysdevice empty; 2)
space; i) Newport NSA12: single-axis micromanipoitfor  pipette positioning on the inlet channels; 3) itifge of buffer solution; 4)
multipipette flux control; iii) Anachem Ltd 8-Chaein deposition of lipids for monolayer assembly on te solution surfaces;
Pipette (20-200 pL); iv) LabVIEW control panel. 5) rising solution level 6) final bilayer assembly.

Sutter Instruments MP-285 micromanipulator offers a
range of movement of 25 mm in the 3 directionsallbws
also selecting between two submicron movementutsabk
of 0.2 mm (coarse range) and of 40 nm (fine rangejvport
NSA12 provides a motorized, linear plunger, whossitpn
can be controlled with sub-micron (0.1m-uSTEP)
resolution over 11 mm of travel, with a minimum
incremental motion of 0.am (3 USTEPSs). Each USTEP is
1/64 of the full-step (FS) of 6[m. The NSA is mounted in
a fixed aluminum bracket (screwed in the MP-28%ival
plate) that provides both a rigid coupling betwé¢BA12
plunger and the pipette plunger along the verticas and
the rigid coupling between the MP-285 and the rpigétte.
In order to have the maximum pipette volume rangeen
the NSA12 plunger is fully retracted, the pipettenger is
fully extended and vice-versa. The mechanical fater is multi
compatible with any kind of pipettes.

Calibration is done using a precision balance (1
resolution) knowing these experimental relationshiphich
are dependent on the particular pipette tips used:

pipette

8100uSTEPS =100uL = 810%?38 = 12.66/%
@

10 15605750 Ab _qp 35Kt L 10 34Hh
S s 12.66FS S mm

@)

Using these two relationships, it has been possiblelate
the volume with the linear movement of the NSAl@ngler
as in equation (1) and its velocity with the Figure 2. Details of the micromanipulators and multipipettenposing

infusion/withdrawal flow rate as in equation (2)arder to the compact automatic liquid handiing system.

have a control with a precision of L. . . IMPLEMENTATION OF THE CONTROL
Both micromanipulator are connected to a PC usiBg R ) ) )
232 interface and are controlled by LabVIEWWElementary The described system has been designed with the

operations are implemented in LabVIE¥executable in Particular aim to create a compact automatic liduddling

order to obtain modular software, very versatilediferent ~ "obot for BLM formation able to be interfaced wih array

user-friendly control panel (Figure 3). This haseibe
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designed following a modular and reusable desitartisg
from elementary operations, implemented in difféeren
subroutines and associated to single independeatriota
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Figure 3. LabVIEW™ Control Panel interface for automatic liquid
handling.

The operations are referred to the reference syied to
the array platform [13]. Elementary operations available
to the user, more specifically: 1) to move the ipigette to
buffer reservoir; 2) to move the multipipette tqidi
reservoir; 3) to shift left/right the multipipette the bottom
of left/right chamber; 4) to move the multipipetb@ the
bottom of left/right chamber at the air-buffer iritee level
where lipids are deposited; 5) to return to origimove the
multipipette to the reference system origin; 6\Mthdraw a
fixed amount of buffer selected by the usdr)( 7) to inject
a fixed amount of buffer selected by the uset)(

Furthermore, several important parameters for BLM
formation can be set, in order to test different MBL
protocols, in particular: a) volume of buffer/ligid

injected/withdrawed (L); b) infusion/withdrawal flow rate
(uL/s); c¢) number of lowering/raising buffer levelabgs in
both chambers; d) waiting time for lipid solventperation
(minutes). Finally, stacking and synchronizing the different
elementary operations, two automatic BLM formation
protocols (both using the Montal-Muller method) ddeen
implemented.

IV. MEASUREMENTS ON PARALLELBLM FORMING BY
REAL-TIME MONITORING

As proof of concept, two protocols for automatic NBL
formation have been implemented, following the Mdnt
Muller technique [11]. They are called “Automatiaising”
and “Automatic”. 1) Automatic raising. The system
withdraws a quantity of buffer from the reservoirdathen
fills the two chambers beneath the microhole (buffdume
< 70ul). Then, a selected quantity of lipids is abggl in the
two chambers and, after a waiting time for solven
evaporation, the buffer level in the two chambsmaised by
a fixed quantity at a fixed velocity. At the enctthipette is
moved to the reference system origin. Il) Automafibis
sequence is illustrated in Figure 5. The systenhdr@ws a
quantity of buffer (1) from the reservoir it fillthe two
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chambers above the microhole (2) (3), in orderlimnato
use the offset correction (4) functionality implerted in the
readout interface. Then a selected quantity (5)ipd is
infused (6) (7) in the two chambers and, after @imgtime
for solvent evaporation, the buffer level in theotehambers
is lowered and immediately raised (8) (9) by a el
quantity of buffer.

For a better lipid spreading over the microholeg th
“lowering/raising  cycle”  functionality has  been
implemented. This procedure automatically —move
alternatively the pipette to both chambers, withdraand
then injects a selected quantity of buffer from tiveo
chambers using a fixed pipette flow rate (selected
“raising/lowering level velocity” option). In ordeto better
distribute the lipid at the air-buffer interfachgtuser can set
several automatic cycles.

To monitor the membrane formation, following a kmow
technique [1], a triangular wave of 80 m@6Hz is applied
by the electronic system and the current signatsirog from
the parallel fluidic bilayer chambers are visualizeand
recorded by means of a PC-based custom graphieasl us
interface (GUI). As shown, in Figure 4, if the tpbilayer is
not formed, the microhole acts as an electricalsi@s
Hence, the current follows the same shape as thageo
stimulus. When a BLM is formed, the equivalent aitc
element could be modelled as a capacitor and threrdus
given by the derivative of voltage stimulus, resgtin a
square current waveform proportional to the memdbran
capacitance. This method allows to known the dimogissof
the bilayer since different BLM have different sgpavave
amplitudes (Figure 5).
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Figure 4. Equivalent electrical circuit of the septum (abovié)BLM is

tnot present, the microhole can be representedrbgistor. In the presence

of a lipid membrane it can be modeled by a capacitbe difference is
sensed by a low-noise transconductance amplifecepl on each spot of
the array (below).

The typical measured current is about 300 ppA
equivalent to a membrane capacitance of about 156 p
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much higher of the septum strain capacitance (8pEO
range), which can be neglected.
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Figure 5. Example of automatic operations sequence implerdent¢he
“automatic” procedure. Steps 4-10-11 are screesgifahe GUI interface.
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The three square-wave signals (red, cyan and ygllow step 11
demonstates the concurrent formation of three iedéent BLMs of
different dimensions on different microholes, whilwn wave indicates
the early stages of membrane formation where a lggglomerate is
present and acts as a very small capacitance &etilve two chambers.

V. APPLICATION TO SINGLE CHANNEL RECORDINGS

As a working proof of formation of artificial lipithilayer
resulting from the proposed approach, a typicalglsin
channel recording using artificial lipid bilayer mbrane
will be shown. In the trans-chamber @maemolysin ¢HL)
protein is embedded with the BLM with a final
concentration of 5ng/mLaHL is an exotoxin secreted by
the bacteriumstaphylococcus aureus that forms pores
allowing ions and molecules to pass through the BLM

ion channel open:
ions current flow

a) b)

ions
/

memBIECIOUL GRIMNIE.. | SSSEER
Nlon channel
lon channel closed: Single molecule binding:
no ions flow current pulse due to ion
\ channel temporary occlusion

Figure 6. Example of single molecule binding activity ovewotdifferents
BLM.

When no ion channel is embedded into BLM, no passag
of current occurs, due to the high electrical tesise
(several Gigaohms) of the membrane with respedbris.
After insertion of axHL pore into BLM a constant current is
detected through the membrane. When a transmembrane
potential of -80mV, is applied a current of aboBOpA is
observed. Finally, we have also introdudi&dyclodextrin
(BCD), which binds the a-haemolysin protein and
significantly reduces the ionic channel conductareed
thus the measured current. This molecule is ablgetanto
the lumen of the pore from the stem side and tal bnit,
partially blocking the channel and causing stodbastrrent
spikes. Figure 6 is illustrating this experimentend current
pulses are readout using the same Ilow-noise
transconductance amplifiers used for monitoring BLM
formation.
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VI (6]

A compact parallel liquid handling system for austit
BLMs formation procedure and real time monitorirgy i
presented. The apparatus shows for the first tirmenaplete
automatic setup for parallel BLM formation. A uggendly
interface controlling the micromanipulators has rbee

CONCLUSION

(7]

implemented in order to automatically create BLMs
regardless of the user’s ability with a high yielte. As (8]
proof of concept, a complete sequence for par&le\
formation is reported together with single chameebrding g

using the same transconductance amplifiers useabtator
BLM formation.

[10]
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