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Molecular Computing in a DNA Soup

Putting on a lab coat, getting out test
tubes, and handling chemicals aren’t
normally part of a computer scientist’s
routine for solving a mathematical prob-
lem. But when the answer is encoded in
strands of DNA, hands-on computing in
the biotechnology laboratory becomes
necessary.

Computer scientist Leonard M. Adle-
man of the University of Southern Cali-
fornia in Los Angeles has taken just such
a route. He has ventured into the labora-
tory to use the tools of molecular biolo-
gy — simple DNA manipulations — to
explore the possibility of computing
directly with molecules.

In the Nov. 11 SciENCE, Adleman
describes a laboratory experiment in
which he solved a computational prob-
lem that involved finding a particular
path through a maze of points and links.
“This is the first example, I think, of an
actual computation carried out at the
molecular level,” Adleman says.

Adleman’s guinea pig was a particular
network, or graph, consisting of seven
points (called nodes or vertices) and 14
links (known as edges) connecting the
points in various ways (see diagram).
Identifying each node as a city and each
link as a one-way, nonstop flight between
two cities, one has to determine whether
there is a route that takes a traveler from
a given starting point to a given end
point and passes through each city
exactly once. For this example, Adleman
knew, there is only one solution.

Mathematically, this is known as the
directed Hamiltonian path problem, and
it serves as a surrogate for a wide variety
of practical computational problems.

Adleman proceeded by assigning each
of the seven cities a unique code name in
the form of a short DNA sequence made
up of 20 nucleotides. The four different
types of nucleotides are designated C,
G, T, and A, and the cities’ codes were
written as some combination of these
letters.

By replacing A with T, T with A, G with
C, and C with G, he also created a com-
plementary DNA sequence for each city
code. Such a string of nucleotides would
stick to its mate.

Adleman then constructed each of
the 14 links by attaching the last 10
nucleotides of the DNA code for the orig-
inating city to the first 10 of the destina-
tion city. To begin his experiment, he
obtained small quantities of each of the
DNA sequences representing the 14 links
and the complement codes for the seven
cities.

Adleman then mixed together pinches
of each of these 21 powders in a test
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tube and dissolved them in water. This
caused the DNA strands to join end to
end, forming longer sequences. The
complementary strands served as
splints to hold the pieces together. This
reaction resulted in the formation of
DNA molecules encoding an enormous
number of random paths through the
graph.

The remaining steps involved isolat-
ing out of the trillions of molecules pre-
sent the one type of DNA strand that
corresponds to the solution of the route
problem.

“What you know about the winning
molecule is that it has to start with the
right DNA name and it has to end with
the right DNA name, and it must have
the DNA names of all the cities in
between,” Adleman says. “You [will also
know] how much it will weigh and how
many nucleotides long it will be.”

Advances in molecular biology have
made such separations practically rou-
tine. Adleman spent a week in the labora-
tory obtaining his result. “In the end, you
wind up with a test tube in your hand
containing just the Hamiltonian path
molecules,” he remarks.
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This graph shows seven nodes and 14
one-way links. It has a unique
Hamiltonian path, starting at 0, running
through each of the other nodes exactly
once, and ending at 6.

“In essence, Adleman has used the
enormous parallelism of solution-phase
chemistry to solve a hard computational
problem,” David K. Gifford of the Massa-
chusetts Institute of Technology com-
ments in the same issue of SCIENCE.

“My goal was to show feasibility,”
Adleman says. “Whether it really turns
out to be practical remains to be seen.”

— I. Peterson

One team, two clues in Alzheimer’s puzzle

Collaboration between clinical and
basic researchers in Boston has yielded
two findings that should help physicians,
scientists, and patients fight Alzheimer’s
disease. Their work may explain how a
chemical in the brain, apolipoprotein E,
can increase a person'’s risk of develop-
ing Alzheimer’s disease (SN: 8/13/94,
p.111). Other results suggest that these
researchers have devised a simple diag-
nostic test for the disorder.

Like everyone else involved in the treat-
ment or study of this dementia, Hunting-
ton Potter of Harvard Medical School in
Boston has long sought an easy, certain
way to diagnose Alzheimer’s, a disease
characterized by progressive loss of
memory and other brain functions. Cur-
rently, researchers depend on a battery
of neurological and psychological tests
that can be confirmed only by examining
the patient’s brain after death.

Science Service, Inc. is collaborating with JSTOR to digitize, preserve, and extend access to
Science News. MINORY

Now, preliminary results indicate that
monitoring pupil dilation after exposure
to a chemical commonly used by eye doc-
tors may one day accomplish just that,
Potter says.

Because of similarities between
Alzheimer’s disease and Down’s syn-
drome, Potter had combed the scientific
literature for unusual traits in Down’s
patients that people with Alzheimer’s
might share. As early as 1959, others had
noticed that Down’s patients react strong-
ly to chemicals that block transmission of
the nervous system messenger acetyl-
choline: Their pupils dilate and their
heart rates increase more than normal.

Leonard FM. Scinto, now at Brigham
and Women'’s Hospital in Boston, tried
one such chemical, tropicamide, on 58
individuals. Of those 58, 14 were already
diagnosed as having Alzheimer’s, 5 were
suspected of having Alzheimer’s, 4 suf-
- fered from other
dementias, 3 showed
some loss of mental
function, and 32 had
scored well on the
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