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Teflon lab-on-a-chip

Microscale technologies have explored

many materials for biological applica-

tions, from rigid glass and PMMA plat-

forms to the widely used elastic PDMS

devices.1 Most of these materials are

useful for some applications, yet they all

have certain drawbacks. Rigid materials

preclude the use of on-chip valves and

flexible membranes, while biological

samples such as cells and proteins tend to

adsorb onto certain polymer surfaces.

Furthermore, many polymers are sensi-

tive to organic solvents.

In an effort to develop a microfluidic

platform that can incorporate flexible

elements, but is robust to solvents and cell

adhesion, Hongkai Wu and colleagues2

selected Teflon as their material of choice.

The authors first created a special PDMS

mold at a base : curing agent ratio of 5 : 1

and cured it at 250 �C. The Teflon was

subsequently thermomolded using the

PDMS master at 350 �C. The molds ex-

hibited high replication fidelity down to

100 nm for both rounded and rectangular

channel cross-sections. Finally, two

Teflon layers were bonded at a high

temperature. In this step, the layers were

sandwiched between PDMS-coated rigid

substrates and pressed together with

stainless steel screw clamps and then

heated in an oven. The thermal bonding

process required precise control over

both pressure and temperature (260 �C at

100 kPa). Inadequate parameters were

shown to yield misshaped or collapsed

channels, or weak bonding of the layers.

This fabrication method was highly

successful for channel aspect ratios of up

to 1 : 5.

The paper examines several experi-

mental applications of the Teflon device;

among others, the efficiency of on-chip

micro-valves and -pumps. The authors

fabricated soft, 15 mm thick valve

membranes and operated on-chip pumps

continuously for 7 days at 1 kHz. The

valves closed off moderate flow at

0.1MPa, which is similar to PDMS-based

valves, and the pumps regularly propelled

30 nl volumes over the course of the

experiment. In contrast to PDMS, resis-

tance of the Teflon chip to hexane, chlo-

roform, toluene, and acetone was

documented, as no swelling of the mate-

rials was observed after a 24 h exposure.

The device was also shown to be reusable.

When filled with green fluorescent protein

and subsequently rinsed, no protein

residue was observed, contrary to PDMS

and polystyrene chips. Similarly, it was

shown that cells (HepG2) seeded inside

Teflon channels spread and proliferated,

but did not leave any residue after lysis.

Finally, a 5-day cell culture inside closed

Teflon channels indicated good oxygen

and CO2 permeation, as a large fraction

of the cells was viable at the end of the

study.

These observations indicate that Teflon

is easy to process, highly biocompatible

and in addition reusable and resistant to

organic solvents, making it superior to

a variety of materials commonly used in

microfluidic device fabrication.

Label-free observation of ligand-
membrane binding

Membrane proteins are involved in

signaling events between cells, but they

also help regulate inner cell processes by

aiding the transduction of ligand mole-

cules across the membrane. Thus, they are

the focus of many drug screening studies.3

Most studies, however, require the isola-

tion of membrane proteins or modifica-

tion of the membrane by attaching

labeling molecules to it. Fluorescing

labels, for example, allow for the use of

observation methods like fluorescence

microscopy or TIRF. The resulting

observations are therefore not fully

representative of the native membrane

proteins and the membrane behavior.

Bornhop, Finn and colleagues have

recently offered a solution to this problem

by developing a procedure for label-free

observation and quantification of inter-

actions between membranes and ligands

such as drugs.4 This procedure utilizes

backscattering interferometry (BSI)

inside a microfluidic channel and takes

advantage of the difference in refractive

index between solutions containing

bound and unbound ligands (Fig. 1).

The authors prepared small unilamellar

vesicles from lipid components or cellular

membranes incorporating functional

membrane proteins. These vesicles were

suspended in solution together with

ligand molecules and introduced into

a microfluidic channel, which functioned

as a resonance cavity. A HeNe laser illu-

minated the filled channel and the inci-

dent coherent light was collected with

a CCD camera. The recorded interference

pattern was then Fourier-transformed

into a functional pattern of the refractive

index of the solution. Changes in the

index of refraction for samples and
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