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Building protein microstructures
with less expensive lasers

11 1he emission from a fem-
tosecond Ti:sapphire laser can
be used to create miniature
structures made of protein that fence
in a living bacterium. Fabricating
structures in this way could some-
day be used to engineer neuronal
networks for prosthetics or in other
applications because the method is
biofriendly and can be performed in
the presence of living cells.
Although the structures are small
and inexpensive, a femtosecond
Ti:sapphire laser costs upward of
$100,000 and isn't the type of sys-
tem found in all laboratories. That
situation has hindered research into
and application of these protein mi-
crostructures. But researchers at the
University of Texas in Austin, in-
cluding Jason B. Shear, have exper-

tics with a numerical aperture of
1.3 and oil immersion to deliver
the beam where needed. They em-
ployed a motorized stage for move-
ment in the X and Y directions,
while changing focus to move the
cross-linking point along the Z-axis.
They compared the results obtained
with the Nd:YAG laser with those
from a femtosecond Ti:sapphire
laser operating at 740 nm.

For their structure’s base mater-
ial, they used a solution of bovine
serum albumin (BSA), adding the
dye Rose Bengal, in some cases, as
a photosensitizer. They also used
the glycoprotein avidin, which has
a strong affinity for biotin, as a raw
material. Previous work had shown
that avidin structures retained their
biochemical characteristics, and to
confirm that this was the case when

imented with a less expensive alter-
native for this application.

They have shown that similar re-
sults are possible with an Nd:YAG
laser that costs roughly $6000,
which could make 3-D protein man-
ufacturing achievable with the kind
of laser found in many facilities.

The key to the fabrication process,
no matter the light source, is multi-
photon excitation of either a pho-
tosensitizer or the protein. That pho-
ton absorption leads to protein
cross-linking and, because the excitation
is a highly nonlinear process, the photo-
chemistry initiated by the laser can be
confined to a small volume. Focusing the
laser down to a submicron spot enables
a photochemical volume of less than a
cubic micron. By moving that spot in a
controlled fashion, scientists can create
protein matrices in three dimensions with
features of a few hundred nanometers to
several millimeters.

However, the technique requires high
peak laser intensity, on the order of hun-
dreds of billions of watts per square cen-
timeter. In a series of experiments, the
researchers set out to see if a relatively
inexpensive and small Q-switched fre-
quency-doubled Nd:YAG laser at 532 nm
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This series of images shows researchers corralling cells
with an inexpensive laser and protein microfabrication.
A rat neuron (a) has an outgrowth contained by a line
created by cross-linking proteins in a solution of bovine
serum albumin using an Nd:YAG laser at an average
power of 1.5 mW. The wall is less than T ym high and
doesn’t affect growth 10 minutes affer fabrication (b).
Despite its low profile, the wall successfully confines the
outgrowth 26 (c) and 95 (d) minutes after fabrication.
Scale bars are 5 pm. Images reprinted with permission
of Analytical Chemistry.

could generate the right conditions. Such
lasers produce pulses of less than a
nanosecond duration with energies of sev-
eral microjoules. Their peak power is com-
parable to that needed to cross-link pro-
teins. What's more, Shear noted, previous
studies have indicated that substituting
this type of laser for the other could be
successful. “In most cases, the Nd:YAG
does work approximately as well as the
Ti:sapphire laser,” he said.

As detailed in the March 24 online issue
of Analytical Chemistry, the researchers
used a laser from JDSU of San Jose, Calif.,
operating at less than 1 mW of average
power with a pulse width of about 600
ps. They adjusted the beam to fill the ob-
jective of a Zeiss microscope and used op-

using a Nd:YAG laser, the investi-
gators labeled biotin with fluores-
cein, allowing them to use fluo-
rescence microscopy to validate that
the avidin was still functioning.

In a series of studies, they com-
pared structures fabricated with the
two lasers. Scanning electron mi-
croscope examination showed sim-
ilar structural integrity and gross
features for both sets of formations.
There were some small-scale dif-
ferences; for instance, features produced
by the Ti:sapphire laser were smoother in
appearance.

As was the case with earlier Ti:sapphire
fabrication research, the investigators
could build a protein fence around a cul-
tured rat neuron. Corralling the neuron is
an important initial step toward the more
sophisticated manipulation needed to
build a neuronal network. They also
showed that avidin structures retained the
ability to bind to biotin by constructing
a microspiral, exposing it to fluorescein la-
beled biotin and imaging it. The picture
faithfully reproduced the one captured
by the scanning electron microscope.

The researchers used the same mi-
crospiral structure to build a pH sensor



Microfabrication of protein structures using an Nd:YAG laser doesn't affect functionality. Researchers created two spirals (a), one of
avidin (upper left] and the other of bovine serum albumin (upper right). Fluorescein biotin bound to the avidin structure (fluorescence
image, lower left] but not the BSA one (fluorescein image, lower right], the same result that would be obtained without
microfabrication. The image in b shows a fluorescence intensity plot of the avidin structure. Scale bar is 5 pm.

by exploiting the fact that fluorescein has
a larger quantum yield at higher pH val-
ues. It thus acts as a probe of the local
chemical environment, which they mea-
sured by observing the fluorescence in-
tensity under various pH conditions.

As for other characteristics, they found
that the width of the protein lines for the
Nd:YAG laser was less than 0.5 pm at 1
mW and that it increased by about half

when the power was doubled. By mov-
ing the beam fast enough to overcome
random motion with a solution, they
could even enclose free-floating particles
in a protein box.

The researchers are concentrating on
applying the fabrication of microstruc-
tures to various tasks. Shear said that, in
principle, an even less expensive laser than
the Nd:YAG could be used, provided that

it met certain criteria. “It would likely
need to produce similar peak powers and
beam quality and have a reasonable rep-
etition rate — that is, kilohertz or higher,”
he said. O

Hank Hogan

Contact: Jason B. Shear, University of
Texas, Austin; e-mail: jshear@mail.
utexas.edu.

Tracking eyes reveals surprises about autism

n studying autism, researchers have

struggled with a basic problem: in-

terviewing subjects. Because the con-
dition is characterized by difficulty in so-
cial interactions, investigators have turned
to eye tracking. However, eye-tracking
headgear is so obtrusive that it is toler-
ated only by those with mild autism, mak-
ing it nearly impossible to resolve some
basic questions.

Now, thanks to advances in cameras
and some custom engineering, research-
ers at the State University of New York
at Binghamton's Institute for Child Devel-

opment have overcome these issues and
found some surprising results: When given
tasks, autistic children pay attention, are
motivated and understand what they are
trying to do. “This process for our kids
with autism is not impaired,” said Ray-
mond G. Romanczyk, director of the
institute.

These preliminary and unpublished re-
sults, which are to be presented at several
conferences, don’t support current think-
ing. Romanczyk and his group are plan-
ning further studies — experiments that
have long been contemplated, but that

have been made possible only recently.
“We've wanted to do this research for
about 15 years and, finally, the technol-
ogy caught up to what we needed,” he ex-
plained.

The setup at Binghamton consisted of
commercial and custom technology. The
commercial component was an eye tracker
from Tobii Technology AB of Stockholm,
Sweden. This stand-alone device doesn’t
require contact with the subject and can
track the gaze at 50 fps with an accuracy
of about a half a degree. When located at
a distance of 60 cm, the eye tracker can
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