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for the study and monitoring of biomolecular interactions
nanostructured materials 

The ability to control, monitor and 
study biomolecular interactions, such 
as recognition, binding, catalysis and 
signal transduction, is critical not on-
ly for understanding fundamental cell 
biology but also for the design of effi -
cient high-throughput biosensing and 
diagnostic methods. 

Micro and nanostructured surfaces 
have been targeted as powerful tools to 
investigate biomolecular interactions 
because they yield high-density arrays 
of biomaterials at biologically relevant 
scales. On one hand, they can produce 
motifs that can be used as simplifi ed 
surrogates for the complex cellular mi-
croenvironment. This has enabled the 
in vitro study of targeted biomolecular 
interactions, which would be hard or 
impossible to study in vivo. On the oth-
er hand, the demand for effi cient de-
tection of proteomic and genomic bio-
markers, as well as the need for rapid 
detection of pathogenic threats has 
placed great emphasis on the produc-
tion of biofunctional micro and nano-
structured materials that act as rec-
ognition elements in high-throughput 
biosensing platforms. 

Such materials enable the specifi c 
binding and sensing of target biomol-
ecules in complex mixtures with high 
sensitivity and low noise. Because of 
the potential applications in cell biol-
ogy and in biosensing and diagnos-
tic tools, much research has focused 
on the ability to create bioactive mi-
cro and nanostructured surfaces. 
To date, numerous techniques have 
been developed to accomplish this 
goal including: self-assembly, micro 
and nanomachining, quill-pin spot-
ting, dip-pen nanolithography, inkjet 
printing, microcontact printing, poly-
mer stencil lift-off, electrospinning, 
and micro-fl uidic networks, among 
others. Our laboratory focuses on the 
development of techniques to produce 
surfaces that enable the immobiliza-
tion of biomaterials in controlled mi-
cro to nanoscale patterns, and their 
application for the study of targeted 
biomolecular interactions. Below, we 
detail two specifi c techniques that we 
currently employ, and discuss their 
potential applications in the fi elds of 
cellular and molecular biology, and in 

the development of biosensors and 
point of care devices. 

Polymer stencil lift-off for 
biomaterial micropatterning
Biomaterial micropatterning refers 
to the host of techniques used to de-
posit biomaterials on solid surfaces 
with controlled feature sizes of mi-
cron to nanometer dimensions. Mi-
cropatterning is a powerful and rapid 
means for producing arrays of bioma-
terials for biosensing assays and for 
the study of interactions between the 
patterned materials and target analyt-
es. A number of biocompatible tech-
niques have been developed aimed 
at placing biological ligands at well-
defi ned locations on substrates, with 
the most widely used being micro-
contact printing (µCP). Although strat-
egies for DNA and protein patterning 
are relatively mature, supported lipid 
bilayer (SLB) and cellular patterning 
are more challenging because they re-
quire the materials to remain in ‘nev-

er-dry’ condition and cannot be easily 
achieved by any of the currently avail-
able techniques. An additional short-
coming of current techniques lies in 
the ability to deposit a multiplicity 
of biomaterials to form intricate pat-
terns. Our research group is working 
on the development of new approach-
es to overcome these challenges.

Among the techniques developed for 
biomaterial micropatterning, polymer 
stencil lift-off (PSLO) is one of the most 
robust and is utilized in our lab due 
to its advantages in terms of biocom-
patibility, pattern transfer fi delity, and 
its applicability to patterning under 
aqueous conditions. PSLO is a rela-
tively new patterning method that en-
ables the formation of arrays of micro 
to nanometre-sized biomaterial do-
mains over large surface areas. In this 
approach, Parylene C (dichloro-[2,2]-
paracyclophane) is the most common-
ly used polymer because it produces 
chemically inert, pinhole-free, thin 
polymer fi lms. Furthermore, these 

fi lms do not swell and can be mechan-
ically peeled off from the surface un-
der aqueous conditions, which makes 
them ideal templates for patterning 
biomaterials that need to be kept in 
hydrated environments (e.g. lipid 
membranes and cells). The principle 
behind PSLO micropatterning is illus-
trated in Figure 1. First, a thin con-
formal polymer fi lm is deposited onto 
the solid surface through chemical va-
pour deposition. A photoresist layer is 
then coated on the polymer and pat-
terned using photolithography. With 
the patterned photoresist as a mask, 
the sample is subjected to a controlled 
oxygen plasma reactive ion etch that 
removes the polymer and exposes the 
underlying substrate surface, effec-
tively creating a polymer stencil. The 
biomaterials of interest can then be 
applied and bound onto the exposed 
substrate, while the polymer stencil 
keeps all the covered areas protect-
ed. After the excess biomaterials are 
washed away, the stencil can be me-
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Figure 2 

Electrospinnning is a simple and low-cost technique for producing nanostructured materials. Left:  
Schematic depiction of a standard electrospinning setup. Right: Fluorescence images of photo- 
luminescent nanofibers produced from polymer solutions doped with different fluorogenic molecules.

chanically easily peeled off due to its 
weak adhesion to the substrate, leav-
ing the biomaterial micropattern on 
the surface.

Currently, research in our lab fo-
cuses on supported lipid bilayer 
(SLB) micropatterning through the 
PSLO technique. SLBs are interesting 
model systems because they preserve 
many of the distinctive properties of 
cell membranes, such as fluidity and 
functionality, while at the same time 
allowing control of the membrane 
composition and ease of access for 
their study through quantitative an-
alytical techniques. Thus, SLBs have 
become increasingly popular and  
offer opportunities for the study of 
lipid-lipid, ligand-receptor1, and cell-
membrane2,3 interactions, as well 
as for the production of membrane 
based biosensors.4–6 SLB micropat-
terning provides the additional capa-
bilities of controlling the size of the 
SLB domains and of producing SLB 
arrays of heterogeneous composi-
tions. Furthermore, the combination 
of SLB micropatterning with micro-
fluidic devices provides a powerful 
tool for studying biomolecule inter-
actions with low sample consump-
tion and high throughput. With the 
PSLO technique, our group is able 
to produce micron and sub-micron 
sized patterns of SLBs with homog-
enous and heterogeneous lipid com-
positions under aqueous conditions 
(Figure 1). We use micropatterned 
SLB arrays as models for the study 
of the effect of domain size and en-
vironmental factors (e.g. tempera-
ture, cholesterol concentration, ion-
ic concentration) on the behavior of 
lipid mixtures. Through these simpli-
fied model systems we aim at under-
standing more complex systems such 
as the plasma membrane.

Electrospinning of Functional 
Nanofibers
Developed over 70 years ago and 
popularized by Reneker in the 1990’s, 

electrospinning is another power-
ful technique for generating micro 
and nanostructured materials. In re-
cent years, there has been increased 
interest in the study of electrospun 
nanofibers due to the surge in the 
demand for nanostructured materi-
als. With electrospinning, not only a 
variety of polymers, but also biomol-
ecules, nanoparticles, and even cells 
embedded in a carrier polymer, can 
be used to produce nanofibers with 
different physical, chemical and bi-
ological properties. In particular, fi-
bers made of functional polymers 

can possess unique mechanical7, elec-
trical8, electrochemical9, magnetic10, 
and optical properties.11 With easily 
tailored properties and functionalities, 
electrospun nanofibers have promis-
ing applications in drug delivery, en-
ergy storage, tissue engineering, sens-
ing and lab-on-a-chip applications. 

One of the most attractive features 
of the production of functional nano-
fibers through electrospinning is that 
can be done on the bench top in a very 
simple manner. In a typical electros-
pinning setup, such as the one imple-
mented in our laboratory, a droplet 

of viscous solution is applied onto a 
sharp conductive tip and high electri-
cal potential is applied between the 
tip and a static or rotating ground-
ed collector. As a result of molecular 
ionization, charge redistribution and 
the external electric field, the droplet 
deforms until the electrostatic forces 
acting on the charged solution over-
come surface tension. At this critical 
point a Taylor cone forms and a con-
tinuous jet is extracted from the so-
lution. As the jet travels through the 
air from the tip to the collector, it is 
thinned out due to solvent evapora-
tion, stretching and bending forces, 
which results in the formation of 
very narrow solid nanofibers that 
can be deposited on a substrate af-
fixed to the collector. The electros-
pinning process is mainly affected by 
the material properties of the poly-
mer solution (molecular weight and 
polydispersity, viscosity, surface ten-
sion, and conductivity of the solution) 
and process parameters (amount of 
solution applied, electric voltage, dis-
tance between the tip and the col-
lector, and motion of collector). With 
proper control of the solution viscos-
ity, the voltage applied and the dis-
tance between the tip and the collec-
tor substrate, fibers with diameters 
in the sub-micron range can be eas-
ily produced via electrospining.

Our current research explores 
bench top techniques to fabricate mi-

Figure 1 

The polymer stencil lift-off technique produces well-defined, high quality micron and sub-micron supported 
lipid bilayer patterns. Top: Schematic description of the PSLO technique and illustration of the lift-off  
process. Bottom: sample images of line (3 μm wide) and square (10 μm wide) patterns formed using 
PSLO of fluorescently labeled SLBs with heterogeneous lipid mixture compositions. 



Electrofusion 
The Hybrimune® is the new-
est addition to the BTX line of 
electrofusion systems. The Hy-
brimune® is an advanced pulse 
generator capable of delivering 
variable AC pulse frequencies; 
utilizing patented technology to 
enhance the alignment of cells 
in large volumes up to nine 
mls in one run. Researchers 
performing monoclonal anti-
body production can achieve 
the highest effi ciencies in scalable throughputs (up to 180 million cells 
fused in milliseconds). Published data demonstrates that Hybrimune® 
technology can yield 10 to 20 times greater antigen plus specifi c clones 
compared to PEG.
web: www.btxonline.com

Pumps 
Supercritical Fluid Technologies, 
Inc. introduces the completely 
self-contained SFT-10 Liquid Car-
bon Dioxide Pump. The SFT-10 
pump can pressurize carbon di-
oxide up to 10,000 psi (69 MPa) 
at fl ow rates from 0.01 to 24.0 
mL/min. These characteristics 
make the SFT-10 an ideal pump 
for use in supercritical fl uid ex-
traction as well as a variety of 
other high pressure applications, 
including supercritical fl uid reac-
tion chemistry and chromatography. The SFT-10 utilizes reliable, dual 
sapphire syringe pump technology to achieve high pressures rapidly 
while its Peltier chiller has superior cooling capability. It maintains the 
temperature at the pump heads low enough to ensure the carbon diox-
ide remains liquid. The SFT-10 may be acquired as a stand alone CO2 
pump or used as part of Supercritical Fluid Technologies’ SFT-100 / 
SFT-100XW Supercritical Fluid Extractors.
web:  www.supercriticalfl uids.com.

Titrator 
JM Science’s AQUACOUNTER® 
Karl Fischer Volumetric Titrator 
(AQV-2200S) is rugged, reliable, 
long lasting and eco-friendly 
with small volume titration cells 
requiring only 20mL of titration 
solvent for accurate measure-
ments. Less reagent volume re-
duces waste and makes it easy 
to replace fresh solvent for the 
next series of measurements. 
This unit comes with accesso-
ries kit and is ideal for users who have many kinds of samples to be 
analyzed or exchange KF reagents frequently or after each measure-
ment. A two-channel option means easy plug-and-play. End-users can 
add various peripherals, such as a second channel, and the system 
recognizes the new channels and begins working with them immedi-
ately. Intuitive control panel display shows current status, data and 
function keys displayed on a large, colourful screen. Result data with 
curves can be viewed on your PC internet browsing program with-
out optional software. Save and load parameters and results via USB 
fl ash memory.  A built-in thermal printer is easy to load and has high-
resolution printouts.
web: www.jmscience.com
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crostructured conductive tips that 
can be integrated with continuous 
fl ow microfl uidic systems for the 
electrospinning of conductive poly-
mer nanofi bers. Our conductive 
tips are typically fabricated by di-
rectly cutting polymer fi lms, which 
are subsequently coated with a 
conducting layer. This approach al-
lows us to test different shapes and 
sizes and tailor the electrospinning 
tip to the particular polymer blend 
that we wish to electrospin. Carrier 
polymers that we use for electros-
pinning include polystyrene (PS), 
poly-ethylene oxide (PEO), and po-
ly-vinyl alcohol (PVA) dissolved in 
different polar and non-polar sol-
vents such as water, ethanol, chlo-
roform, and toluene, among others. 
The ability to pair the electrospin-
ning tip morphology with a variety 
of polymer and solvent combina-
tions allows us to routinely produce 
fi bers with diameters smaller than 
500 nm. Furthermore, the abil-
ity to collect the fi bers in static or 
rotating collector modes allows us 
to generate disordered non-woven 
mats or single aligned fi bers (Fig-
ure 2). Fluorescence microsco-
py, scanning electron microscopy 
(SEM) and atomic force microscopy 
(AFM) are the main techniques our 
group utilizes in the characteriza-
tion of the electrospun nanofi bers. 
Figure 2 shows a fl uorescence mi-
crograph of a collection of 100-300 
diameter photo-luminescent poly-
ethylene oxide nanofi bers doped 
with two different fl uorophores. 
Our research aims at employing 
electrospinning as a simple and 
low-cost technique for the fabrica-
tion of functional polymeric nano-
structures to be used as highly sen-
sitive biosensors for lab-on-a-chip 
applications.

Conclusion and outlook
With the increasing demand for un-
derstanding more complex biologi-
cal phenomena as well as the need 
for highly sensitive diagnostic tech-
niques, micro and nanostructured 
materials will play a preponderant 
role in the study of biomolecular in-
teractions and the development of 
novel sensing devices. On one hand, 
the development of high throughput 
and low-cost techniques to create 
more uniform and precisely con-
trolled biomaterial micropatterns 
under aqueous conditions should 
expand the range of biological sys-
tems that can be studied and mon-
itored in vitro. This will not only 
enhance our ability to study mem-
brane and cell behavior under con-
trolled environmental conditions, 

but should also expand the range 
of platforms available for diagnos-
tics based on membrane-binding 
analytes and for the screening of 
drugs that target membrane asso-
ciated proteins. On the other hand, 
the use of simple techniques for the 
fabrication of nanostructured bio-
active surfaces should contribute 
to the development of architectures 
that exploit the high surface area 
and tailored functionality provided 
by electrospun nanofi bers, such as 
tissue engineering scaffolds, sepa-
ration matrices, or highly sensitive 
electrodes. 
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