
serving to what degree the pore was
blocked, based on the number of ions that
got through along with the DNA.

The process worked. And because the
bases traveled through the pore at a rate
approaching one million per second, “You
really had something that was orders of
magnitude faster than anyone had ever

dreamed of,” says Golovchenko.
But the pores were unstable, so the

method worked only for short segments
of DNA, nowhere near long enough to se-
quence the six billion base pairs that rep-
resent a human being’s full set of 46 chro-
mosomes (23 from each parent). That’s
where Golovchenko came in. Drawing on
his background in physics, he suggested
using a nanopore made of silicon nitride
(a glass-like compound known for its
hardness that is used in electronic prod-
ucts to protect transistors from air and
moisture) rather than Branton’s original
choice of a lipid membrane (similar to the
fatty envelope around cells).

The sturdier material enables the re-
searchers to use a di≠erent type of cur-
rent—electric rather than ionic—that is
stronger and therefore easier to measure.
They place wires on each side of the pore
and cause electrons to jump between
them and through the DNA, in a process
called tunneling. The DNA doesn’t con-
duct the current, per se, but “if you get the
wires close enough, it jumps,” Branton
says, leaving a characteristic electrical sig-
nature that distinguishes the four bases.

The pores in the silicon membrane are
just 1.5 nanometers wide. That’s 1.5 x 10-9

meters, a billion times smaller than a
meter, and about one ten-thousandth the
breadth of a human hair. Nanotechnology
is generally defined as involving objects
measuring 100 nanometers or less, so the
pores used by Branton and Golovchenko
are small even by these standards.

The Harvard colleagues are competing
with many other scientists in a challenge
issued by the National Institutes of

Health to produce a sequencing method
that costs less than $10,000 per genome
by 2009, and a method for $1,000 or less by
2014. Even after a reliable technology is
developed, however, widespread avail-
ability will depend on creating the com-
plementary infrastructure. Scientists are
well on their way to creating a relatively
cheap and easy genetic fingerprint; from
there, someone must still devise a way to
analyze it. It remains to be seen who will
develop the mega-fast processing capabil-
ities and giga-scale data storage capacity
this nanotechnology requires.

DNA sequencing research is sure to
touch o≠ a complex ethical debate. Using
DNA profiles to identify people, for ex-

ample, would presumably be far more re-
liable than using a fingerprint, but also far
more invasive of privacy. The research also
raises the specter of genetic engineering
of humans, although that’s something “no
responsible scientist is contemplating,”
Branton notes. He and Golovchenko con-
sider themselves lucky to be working on a
topic with such obvious benefits to soci-
ety. “Some scientists have a very fuzzy
idea of how their science might be useful
in the future,” says Golovchenko, but “we
have a very clear idea of how it could be
used.” �elizabeth gudrais

nanopore group website:
www.mcb.harvard.edu/branton
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T
he main baptistery doors of
the Duomo in Florence, created
by Lorenzo Ghiberti between
1425 and 1452, are considered

masterpieces of the Italian Renaissance.

Michelangelo himself declared them
“worthy to be the gates of Paradise.” Each
bronze door stands 16 feet high, weighs
two tons, and bears five three-foot-square
cast-bronze and gilded panels that fit into

frames in the door and de-
pict scenes from the Old
Testament in nearly three-
dimensional sculptural re-
lief. 

In 1966, a flood burst
open the Baptistery doors
and slammed them against
the walls with such force
that several panels fell out.
“That was the first time
they had been out of their
cast recesses since they
were made,” says research
curator Francesca Bewer
(pronounced bay-ver) of
Harvard’s Straus Center
for Conservation, who
with colleagues from the
Metropolitan Museum of
Art in New York City and
the National Gallery of Art
is studying how the panels
were made. The panels
were cleaned and replaced,

C R E A T I O N  M Y S T E R Y

“The Gates of Paradise”

Research curator Francesca
Bewer is modeling wax repli-
cas of Ghiberti’s exquisite
bronze panels to help expli-
cate how they were made.

“You had something 
that was orders of
magnitude faster
than anyone had
ever dreamed of.”

P h o t o g r a p h  b y  S t u  R o s n e r
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but by the 1980s, corrosion
(perhaps from pollution)
had begun to threaten their
integrity. Italian conserva-
tors eventually replaced the
original doors with repli-
cas, removed the panels,
and have spent the last
quarter-century cleaning
and conserving them. To
ensure that the doors cor-
rode no further once the
conservation e≠ort is com-
plete, they will be placed in
a sealed tank filled with ni-
trogen, a nearly inert gas,
and then displayed in a
new wing of the Duomo
Museum. Before this hap-
pens, however, three of the
panels will travel to the
United States for the first
time, to the High Museum
of Art in Atlanta (April 28-
July 15), the Art Institute of
Chicago ( July 28-October
13), and the Metropolitan
(October 30-January 14,
2008).

“Because it will be di∞-
cult to get close to them
again,” says Bewer, “the An-
drew W. Mellon Founda-
tion and Angelica Zander
Rudenstine [wife of former
Harvard president Neil L.
Rudenstine] proposed and
helped sponsor an interna-
tional workshop—a push
to do as much of the schol-
arly research and documen-
tation as we possibly can
before the doors are re-
assembled and sealed. Our
Italian colleagues have been
extremely generous in al-
lowing us such close access
to the pieces,” she adds,
even though “our views di-
verged about how the cast-
ing [of the original work]
was done.” Fingerprints
and other evidence that
prove Ghiberti had access
to the backs of the panels
suggested to the Italian
curators that he used an indirect casting
method. Bewer and her two colleagues
believe he used a direct method.

Everyone agrees that Ghiberti used the
“lost wax” technique to create his
bronzes. Known since the third millen-

nium B.C., this casting pro-
cedure involves creating a
wax model and then cover-
ing it with a fire-resistant
clay mold. The first layers of
clay are almost watery, like
slip, in order to capture de-
tails in the wax. Firmer lay-
ers follow. The entire as-
sembly—wax and clay—is
then heated until al l of 
the wax and moisture are
burned from the clay mold,
and molten metal is poured
into the hollow left behind.
Once the metal has cooled
and hardened, the mold is
broken away to free the
bronze inside. Because both
the wax model and the clay
mold are destroyed in this
“direct casting” approach,
there is no way to make
copies or correct errors if
something goes wrong. The
“indirect” method, which
enables replicas to be made,
adds a step at the beginning
of the process. The original
model is made in clay or an-
other hard material, rather
than in wax, and then a
plaster piece-mold is fitted
over its exterior in such a
way that each interlocking
piece can be removed, with-
out damaging the original,
and reassembled. Wax is
then pressed, dripped, or
poured into the hollow
piece mold, and when the
plaster pieces are removed,
the resulting wax model
can be used for direct cast-
ing.

Bewer and her colleagues
point to a range of evidence,
both contextual and tech-
nical, to support their di-
rect-casting thesis. “If you
look at the reliefs,” she says,
“there are so many figures
that jut out with under-
cuts—imagine taking a
mold of that so you can re-
move it without breaking

the model! There is no evidence that any-
body at the time had the technical know-
how to make intricate piece molds.” Nor
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Elaborate bronze doors adorn the east entrance to the Baptistery in Florence;
their 10 panels narrate Old Testament scenes. Photographs of the panel depict-
ing the story of Jacob and Esau show how Ghiberti combined linear perspective
with three-dimensional modeling to create a convincing feeling of depth.
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