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for insight into the origins of lung cancer.
“The steps that transform a damaged cell
into lung cancer of one type or another
are likely to be similar to normal develop-
ment in the lung,” he says. “If we can fol-
low-up this paper to understand those
steps then we should be able to discover
novel insights into lung carcinogenesis.”  
—Kathy Miller

Proteins in Knots? 
NOT! 

When you accidentally twist a
shoelace, garden hose, or necklace, it
can get annoyingly tangled into
intractable knots. On the microscopic
level, biopolymers—string-like molecules
such as DNA—also form knots, with one
mysterious exception: knotted proteins
are rare. Physicists have now used com-
putational methods to quantify just how
rare in the May 2006 issue of PLoS
Computational Biology.  

“We found that the proportion of pro-
teins with knots is several orders of mag-
nitude smaller than chance would pre-
dict,” says author Alexander Grosberg,
PhD, professor of physics at the
University of Minnesota. “The degree of
it is spectacular.” 

To envision a knot in a protein,

imagine grasping the ends of an amino
acid chain (the N-terminus and C-ter-
minus), one end in each hand, and
then stretching it out. If you can’t
stretch it into a straight line, then it
contains a knot. 

Of course, finding knots in real pro-

teins requires a computer rather than a
pair of hands. Grosberg and his co-
author, postdoc Rhonald Lua, PhD,
developed a knot-detecting algorithm
that they used to scan 4716 proteins with
known shapes from the Protein Data
Bank. They found only 19 proteins (0.4
percent) with knots. Bolstering their
findings, two other groups (from MIT
and Italy) independently arrived at
almost the same list of knotted proteins
(they missed two of Grosberg’s). 

Grosberg and Lua next set out to quan-
tify how often proteins would be expected
to form knots if only chance was at work.
They simulated the shapes of random
polymers with chains of equal length, den-
sity, and flexibility as proteins using a sta-
tistical technique—random walk on a lat-
tice. Starting at a single point, this algo-
rithm draws a path in three dimensions by
randomly moving one unit at a time in
one of six possible directions: up, down,

forward, backward, right, or left.
The end result is a randomly
crinkled chain that may or may
not contain knots. The propor-
tion of these random polymers
with knots trounced that found
in real proteins: Simulated poly-
mers at lengths of a typical pro-
tein (200-500 amino acids)
formed knots 15-60 percent of
the time.

Marc Mansfield, PhD, a pro-
fessor of chemistry and chemical
biology at the Stevens Institute of
Technology, did pioneering work
on knotted proteins in the early

1990s. He says the researchers’ method of
generating random polymers produces
some bias, but the bias did not significant-
ly affect the result and had no impact on
the study’s overall conclusions. 

As to the mystery of why proteins
avoid knots, Grosberg says “it has to be a

product of evolution.” Mansfield agrees:
“My money is still on the explanation
that a knotted protein just would not
fold well, so nature doesn’t use them.”
—Kristin Cobb, PhD

Simulating 
Wheelchair Posture 

Implanting electrodes into paralyzed
torso muscles can help individuals with
spinal cord injury balance in their seats. So
say researchers at Case Western Reserve
University, who have built a three-dimen-
sional biomechanical model that predicts
how effectively functional electrical stimu-
lation (FES) stabilizes seated postures.

In 2003, the late actor Christopher
Reeve received implanted electrodes for
FES to help him breathe, and various other

Chain “A” of the protein Ubiquitin
Hydrolase, which contains the
most complicated knot that
Grosberg and Lua found in a
protein. It has a knot with at
least five crossings in it when
viewed as a flat object. Courtesy
of Rhonald Lua.

For those with spinal cord injury, hooking
one arm over an armrest for stability is a
common strategy to maintain balance when
reaching. Courtesy of Cleveland FES Center.

“We found that the
proportion of proteins
with knots is several
orders of magnitude
smaller than chance
would predict,” says
Alexander Grosberg.
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types of FES are under investigation for
help in bowel and bladder control, cough-
ing, walking, and standing. However, rela-
tively little attention has been paid the sub-
tle muscle movements of torso stabiliza-
tion required for balanced, steady sitting,
says Ari Wilkenfeld, MD, PhD, first
author of the study that appeared in the
March/April issue of the Journal of
Rehabilitation Research & Development. 

A stable seated position means being
able to reach with one or both hands
and not fall over, Wilkenfeld says. A
healthy posture also prevents skeletal
deformities, pressure wounds, and too
much pressure on internal organs.

The Cleveland group’s model of the
human torso simulates how three mus-
cle groups work in synergy to rotate the
spine and bend it forward and sideways.
Knowing from previous research that a
paralyzed muscle stimulated by FES pro-
duces, at most, about 50 percent of the
force of a non-paralyzed muscle,
Wilkenfeld, along with investigators
Ronald Triolo, PhD, and Musa Audu,
PhD, at the Cleveland FES Center, used
the model to calculate the largest range
of stable movement that a paralyzed
torso could attain under ideal FES. 

They found that with the help of
FES, paralyzed individuals can hold the
weight of one or two bricks at arm’s
length, bend forward enough to extend
their reach by almost a foot, and bend to
the side a bit more.

In addition to creating the model,
the Cleveland researchers compared its
predictions to the actual sitting of a test
volunteer with one pair of implanted
spine electrodes. They found that one
pair is not ideal because it does not fully
activate even one of the sets of muscles.
Yet they found that the model describes
seated postures well.

“It is a promising start,” says Jason
Gillette, PhD, an assistant professor who
specializes in biomechanics and motor
control at Iowa State University. He sug-
gests testing more individuals and
expanding the tests to include active
reaching, not just still postures.

Additionally, says Wilkenfeld, they’ll
need a more sophisticated system of FES
implanted electrodes to get the kind of

results predicted by the model. Yet, now
that they have a model that shows two-
handed reach and the stable sitting pos-
tures theoretically possible, they can work
on the practical details for attaining them. 
—Louisa Dalton

Brain Chips 
Neurons are tough cells to study.

There are a staggering number of them in
most animals, and they are constantly
talking with one another. One way to
look at groups of neurons in real-time is
to take a slice of brain, stimulate it elec-
trically, and measure responses across the
slice. Now a new tool may give researchers
more neuronal data in the span of a few
milliseconds than ever before. 

A team headed by Peter Fromherz,
PhD, a director at Max Planck Institute
for Biochemistry in Munich, has devel-
oped a computer chip that can measure
the activity of thousands of neurons at a
time. “We can get a movie of a complete
electroactivity map in space and time,
with a resolution of eight micrometers,”
Fromherz says. The work was published
in the September 2006 issue of the
Journal of Neurophysiology.

Fromherz’s group worked with
Infineon Technologies in Munich to create
a special 1-square-millimeter silicon chip
containing more than 16,000 transistors.
To prepare the device for data collection,
the researchers first culture a thin slice of
rat hippocampus onto the chip for a few
days. Then they stimulate the slice with
microelectrodes and take an electrical snap-

shot every half-millisecond. “Transistors in
the chip measure the voltages that arise in
the slice, so we can see how electrical activ-
ity propagates in the tissue,” Fromherz says.

Although the chips themselves are
relatively simple, Fromherz says, the
computer technology behind it is rather
complicated. His team is retooling the
apparatus so that it can run off a PC
rather than the specialized computers
used now. After that, they’ll work to
make the entire system commercially
available for other scientists. 

Fromherz’s long-term goal is neuro-
computing, a coupling of both brain and
silicon. He hopes that semiconductor
technology can eventually benefit from
the brain’s powerful ability to store mem-
ories. “Right now, that is a little bit sci-
ence fictiony, I know,” Fromherz says. But
Fromherz has less lofty goals for the near
future. He’d like to see the brain chip
help pharmaceutical researchers expand
their study of drug effects on the brain by
providing data on thousands of neurons
at a time. And he hopes that the technol-
ogy will prove useful to neuroscientists
who are open to new technology. “Now
the neuroscientists have a new tool, and
they will need to think about completely
new questions,” Fromzherz says.

Indeed, it remains to be seen how use-
ful this chip will turn out to be for brain
researchers, says Arthur Toga, PhD, pro-
fessor of neurology at the University of
California, Los Angeles. “But I’m a
firm believer that almost every leap forward
in neuroscience has been preceded by a
technological innovation, one that
allows us to pose questions that couldn’t be
posed before,” he says. “That’s been true all
the way from the microscope to the MRI.”
—Regina Nuzzo, PhD ■■

Fromherz and his colleagues used more
than 16,000 transistors on a 1-square-mil-
limeter silicon chip to measure field
potentials from a slice of rat brain every
half-millisecond after stimulation with
electrodes. This image shows those
potentials after 5 milliseconds have
elapsed. Red regions indicate positive
voltage; negative signals are in blue. The
gray curve traces the structure of the
cornu ammonis in the hippocampus.
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