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A Circuit in
Every Cell
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Progress for tiny
biocomputers
Researchers in nanomedicine
have long dreamed of an age
when molecular-scale computing
devices could be embedded in
our bodies to monitor health and
treat diseases before they progress. The advantage of such computers, which would be made of
biological materials, would lie in
their ability to speak the biochemical language of life.
Several research groups have
recently reported progress in this
field. A team at the California Institute of Technology, writing in
the journal Science, made use of
DNA nanostructures called seesaw gates to construct logic cir-

cuits analogous to those used in
microprocessors. Just as siliconbased components use electric
current to represent 1’s and 0’s,
bio-based circuits use concentrations of DNA molecules in a test
tube. When new DNA strands are
added to the test tube as “input,”
the solution undergoes a cascade
of chemical interactions to release different DNA strands as
“output.” In theory, the input
could be a molecular indicator of
a disease, and the output could
be an appropriate therapeutic
molecule. A common problem in
constructing a computer in a test
tube is that it is hard to control
which interactions among molecules occur. The brilliance of the
seesaw gate is that a particular
gate responds only to particular
input DNA strands.
In a subsequent Nature paper,
the Caltech researchers showed off

the power of their technique by building a DNAbased circuit that could
play a simple memory
game. A circuit with
memory could, if integrated into living cells,
recognize and treat complex diseases based on a
series of biological clues.
This circuitry has
not been integrated
into living tissue, however, in part because its
ability to communicate
with cells is limited. Zhen
Xie of the Massachusetts Institute
of Technology and his collaborators have recently made progress
on this front. As they reported in
Science, they designed an RNAbased circuit that was simpler but
could still distinguish modified
cancer cells from noncancerous
cells and, more important, trigger

the cancer cells to self-destruct.
Both techniques have been
used only in artificial scenarios.
Yet the advances in DNA-based
circuits offer a new, powerful
platform to potentially realize
researchers’ long-held biocomputing dreams.
—Tim Requarth and Greg Wayne

PROMOTION

WHAT’S THE FUTURE OF ENERGY?
HERE’S WHAT YOU’RE TELLING US.

Q

Q

What energy developments will be the most effective in creating
sustainable urban environments?
Public transportation was the top choice for dealing with increasing
urbanization, with 20% of the votes. However, worldwide respondents
also saw efficient fuels (16%), smart technologies (13%) and natural gas
(12%) as attractive options. Other developments highlighted in reader
comments were active and passive solar power, and safer nuclear energy.
What do you see as the main benefit of using enhanced oil
recovery (EOR) techniques?
Over half of those polled said we should concentrate on
developing alternative energy resources. However, 20% of North
American respondents — who were the most active voters —
agreed that enhanced oil recovery techniques could help meet
growing demand.

Shell is posing provocative questions to start
a conversation about this important topic.
The Energy for the Future Poll measures global
and regional opinions on where to place
our energy and transportation priorities.
Go online and tell us what you think.
Compact Cities
Public Transportation
Efficient Fuels
Natural Gas
Smart Technologies
Stable Tax Regimes
Other

Help Meet Demand
Benefit Economy
Knowledge Sharing
Unsure - Need More Time
None - Alternative Energy
Other

Look for the Shell Energy for the Future Poll on
scientificamerican.com/sponsored/energyforthefuture
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