QUIMICA HOY CHEMISTRY SCIENCES Abril - Junio, 2024

A Versatile DIY 3D Printed Device for the Preparation of Gian Lipid
Vesicles as Model Membranes by Electroformation: Design and
Fabrication

Claudia Valero-Luna!, Athziri Herrera-Saucedo', Cristina Flores-Cadengo®, Pablo Luis Hernandez-
Adame*, Francisco Bafiuelos-Ruedas!, Lazaro Canizalez-Davalos?, Leo Alvarado-Perea'??, Alfonso
Talavera-Lopez?, and Alan Bafuelos-Frias'*

1 Universidad Autonoma de Zacatecas, Unidad Académica de Ingenieria Eléctrica, Campus UAZ Siglo XXI, Carr. Guadalajara Km. 6,
Ejido La Escondida, Zacatecas, Zacatecas, 98160 MEXICO.

2. Universidad Auténoma de Zacatecas, Unidad Académica de Ciencias Quimicas, Campus UAZ Siglo XXI, Carr. Guadalajara Km. 6,
Ejido La Escondida, Zacatecas, Zacatecas, 98160 MEXICO.

3 BC Cancer Research Centre, Department of Molecular Oncology. Vancouver, BC V5Z1L3, CANADA.

4 Laboratorio de Fisica de Membranas Bioldgicas, Instituto de Ciencias Fisicas (ICF), Universidad Nacional Auténoma de México
(UNAM). Avenida Universidad S/N, Chamilpa, Cuernavaca, Morelos, 62210 MEXICO.

*Corresponding author: abanuelos@uaz.edu.mx.

Recibido 01 de Abril de 2024, Aceptado 28 de Junio de 2024

Abstract

A simple way to study cell membrane properties and their interaction with other molecules is by using model systems with
the same basic structure. These use a few basic components that simulate the conditions of the plasma membrane and have
been used extensively to study biological membrane properties. Including these model systems, we can find Langmuir
monolayers, supported bilayers, and lipid vesicles. Lipid vesicles are particularly interesting because their spherical structure
mimics cell membranes. Among the different procedures for preparing GUVs, electroformation stands out because the
vesicles produced by this method are mostly larger than 100 nm and unilamellar, making them easily visible through
conventional optical microscopy. Although there are commercially available devices, custom handmade setups are usually
fabricated. This work describes the design and fabrication of a simple and versatile 3D printed devise to prepare giant lipid
vesicles using the electroformation method. The device has been designed to be fixed onto the microscope stage.
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Resumen

Una forma sencilla de estudiar las propiedades de la membrana celular y su interaccion con otras moléculas es mediante el
uso de sistemas modelo con la misma estructura basica. Estos utilizan unos pocos componentes basicos que simulan las
condiciones de la membrana plasmatica y se han utilizado ampliamente para estudiar las propiedades de las membranas
biologicas. Entre estos sistemas modelo, podemos encontrar monocapas de Langmuir, bicapas soportadas y vesiculas
lipidicas. Las vesiculas lipidicas son particularmente interesantes debido a que su estructura esférica imita a las membranas
celulares. Entre los diferentes procedimientos para preparar GUV’s (vesiculas unilamelares gigantes), la electroformacion
destaca porque las vesiculas producidas por este método son en su mayoria mas grandes que 100 nm y unilamelares, lo que
las hace facilmente visibles mediante microscopia Optica convencional. Aunque existen dispositivos comerciales
disponibles, generalmente se fabrican equipos personalizados de manera artesanal. Este trabajo describe el disefio y la
fabricacion de un dispositivo sencillo y versatil impreso en 3D para preparar vesiculas lipidicas gigantes utilizando el
método de electroformacion. El dispositivo ha sido disefiado para fijarse en la platina del microscopio.

structure [2,3] Therefore, model systems conformed by a

1. Introduction few components have been used extensively to study

Cell membranes are highly complex auto-organized biological membrane properties [4-9].

structures that contain hundreds of components, among i
cholesterol, proteins, and a wide variety of lipids [1]. A One of these model systems is Langmuir monolayers, %
preferred strategy to study cell membrane mechanical which are used as 2D models to study the interactions >g
properties and the interaction between cells and molecules present in biological membranes. Langmuir monolayers 9%
is by using model systems composed of the same basic produce pressure-area isotherms (m-A), allowing us to 36
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perform  a  physicochemical and  mechanical
characterization of the monolayers at the air/water
interface in a simple way under controlled temperature and
pH [6,10]. Furthermore, by wusing additional
characterization techniques such as X-ray and neutron
scattering, fluorescence microscopy, Brewster's angle
microscopy (BAM), and atomic force microscopy (AFM),
the morphologies and textures present in the monolayers
can be analyzed [10,11].

On the other hand, GUVs have been extensively used
to study cell membrane properties and their interactions
with other molecules as they have the same basic structure
composed of a single phospholipid bilayer [12]. Different
procedures have been used to prepare giant lipid vesicles,
among gentle hydration of lipid films, evaporation [13],
and electroformation. The electroformation technique for
GUYV generation was introduced by Angelova y Dimitrov
in 1988 [14]; it consists of the hydration of a lipid film in
a sinusoidal electric field, obtaining a homogeneous
population of vesicles between 30 and 60 um in diameter.
The main advantage of this method is that the vesicles
produced are mostly giant (> 100 nm) and unilamellar,
which makes them easily visible through a conventional
optical microscope [12]. To produce giant vesicles via
electroformation, some commercial devices with prices of
thousands of dollars are available. Nevertheless, custom
handmade setups are usually fabricated, depending on the
available resources in the laboratory. Platinum wires
inside plastic cuvettes or Indium Tin Oxide (ITO)-coated
glass slides connected to a sinusoidal voltage source can
be used to promote the electroswelling process [12,14—
17].

Additive manufacturing or 3D printing technology has
become a valuable and successful tool for many scientific
areas [18,19]. It provides a short prototyping time and the
capability to create and even test the models before
fabrication [20]. By helping to maximize the
manufacturing process and reduce the manufacturing cost,
3D Printing has allowed researchers to find new
alternatives for the design and manufacture of devices that
meet specific requirements for the area of application.
This work presents the design and fabrication of a low-
cost 3D printed GUV electroformation device that can be
fixed to a standard optical microscope platform for direct
observation and analysis of the vesicle preparation
procedure. The fabricated apparatus can be used for
educational or research purposes.

2. Experimental

2.1 Electroformation chamber design and
fabrication

The sample holder and base of the electroformation
device were designed using Blender open-source design
software [21] The selected model was then processed with

Ultimaker Cura software [22] and finally fabricated using
a ROBO R2 FDM 3D printer with PLA filament with a
printing resolution of 20 a 300 mm at approximately 250
mm/s. After the fabrication of the prototype, the fitment
on the microscope platform (Velab VE-146YT) was
checked to ensure its correct fixation.

2.2 Giant vesicle production

First, two 2.5 cm x 2.5 cm ITO-coated glass slides
were sonicated and cleaned with 70 % Ethanol. The
conductive sides were identified using a multimeter. 10 ml
of a PC:14-DMPC at 1 mg/ml (Avanti Polar Lipids, USA)
were carefully spread on the conductive surface of one of
the ITO Glass slides (Sigma-Aldrich, Alabaster, USA)
using a Hamilton microsyringe, as can be seen in Fig. 1.
The sample was then incubated under vacuum for 10 min
at room temperature to allow solvent evaporation. Next,
900 pl of deionized water was deposited to fill the
chamber. The chamber was then sealed using another ITO
glass slide with the conductive surface facing the water.
The sample holder was then mounted onto the base fixed
on the microscope stage. Then, the holder was connected
to a signal generator for two hours with an amplitude of
2V peak to peak and 1Hz of frequency using a BNC
connector. At the same time, brightfield images and videos
were acquired to analyze the electroformation procedure
with an AMSCOPE USB MU-310-BK-Cl microscope
camera. Finally, the resulting liposome solution was
extracted and stored.

Lipid vesicle preparation
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observed in the microscope to sine wave (A=2 V__ F= 1Hz) for 25 min.

Figure 1. Preparation procedure of Giant vesicles preparation
using the designed and fabricated device.

3. Results and discussion

3.1 Device design and fabrication

The designed electroformation device comprises a
base and a sample holder, as is shown in Fig. 2 and Fig.
S1: CAD model. The base can be fixed to the microscope
stage using two bolts, allowing it to move the device freely
and focus the microscope into the chamber to observe the
electroformation process. The sample holder that forms
the electroformation chamber can be attached to the base
once the lipid has been deposited and filled with deionized
water. The ITO glass slides are then fixed and connected
by contact to a copper conductive tape, which in turn is
connected by wires to a female BNC connector.
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Figure 2. 3D printed GUV electroformation device components.
The electroformation chamber is formed.

3.2 Liposome electroformation

The giant liposome preparation was successfully
carried out using the designed electroformation chamber.
The procedure was observed and analyzed using an optical
microscope, as is shown in Fig. 3C, D, and F, where
translucent bubble-like structures adhered to the lipid film
on the upper inner surface of the chamber are visible. As
the sinusoidal electric field polarizes the lipid molecules,
fragments of the lipid film detach into the water. Through
a self-assembly process, the fragments close on
themselves to form thermodynamically favorable
structures, in this case, spheres [12,14,23,24]. As a result,
the prepared samples produced liposomes suitable for
being used as membrane models in further analytical
techniques, such as measuring its mechanical properties
with electrodeformation, optical tweezers, Etc. [24,25]. In
addition, by adding micro-particles, proteins, or molecules
of interest to the lipid mixture, its interaction within the
lipid bilayer can be studied [16,17,26-28]. On the other
hand, by the use of different lipid mixtures, the lipid raft
formation phenomena have been extensively studied
[8,15,29,30].

| Liposomes

! et m
Figure 3. A and B custom-made 3D printed device mounted on
the microscope stage. C, E, and F vesicle formation on the edge
of the lipid film. D, free-floating vesicle after lipid film
detachment under sinusoidal waveform. G, liposome sample size
distribution analysis. Scale bar 20 um

The study of cell membrane phenomena and the analysis
of membrane interaction with external molecules or
particles is of extensive use nowadays. Moreover, by the
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use of model membranes such as the giant unilamellar
vesicles, these kinds of studies can be done without the
implications of having highly specialized cell culture
equipment in almost any basic science laboratory. Despite
high-end commercially available devices for the
preparation of giant vesicles, those are relatively
expensive (around USD 4,000) and are not accessible to
not specialized laboratories. Therefore, it is convenient to
look for alternatives such as the one presented in this work
because just is necessary to have inexpensive equipment,
such as a signal generator and voltmeter, a regular
brightfield microscope with a camera, and a pair of ITO
glass slides for the preparation and observation of the
GUVs. Therefore, the designed and fabricated device is
simple but functional and can be used to prepare giant
liposomes for a diversity of further analyses.

On the other hand, 3D Printing, as part of the CAD and
CAM technology, is here to stay in scientific research. It
can be employed to manufacture inexpensive devices with
specific characteristics for the intended applications, not
limited to laboratory but everyday life needs. In addition,
with the use of other 3D printing techniques, such as high-
resolution resin digital light processing (DLP), the device
presented in this work can be re-engineered to be smaller
and with the integration of microfluidic channels and
adaptable for different microscope brands, making it more
useful and versatile.

4. Conclusions

In this work, we successfully designed, fabricated, and
tested a device to prepare giant lipid vesicles by
electroformation. The produced vesicles can be used as
model membrane systems given their size of 18.54 + 2.59
pm (analyzed sample N=135), which allows them to be
observed and analyzed using a conventional optical
microscope. The designed device was fabricated by Fused
deposition modeling 3D Printing with a PLA filament and
other low-cost elements, making it cheap and accessible
for any science laboratory with access to an FDM 3D
printer. Finally, by using 3D Printing technology, we can
design and fabricate devices for specific applications
straightforwardly and inexpensively.
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