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Just a Little Bit Unnatural

Roald Hoffmann

hemists, those master builders of molecules, have
an interesting way of playing with the natural/
unnatural borderline. Here is one recent example,
involving DNA and RNA. Both of these crucial hiopoly-
mers utilize the construction module of a sugar called
ribose. Ribose (fig. 1) is a pentose, meaning that the sugar
has five carbons. Four of these form a five-membered ring
with one oxygen; the fifth carbon is outside the ring. But

more common on earth than pentoses is another group of

sugars, the six-carbon hexoses. Glucose (fig. 2), fructose,
starch, cellulose all contain this molecular motif.

So here’s the question, posed by Alfred Eschenmoser
of the Federal Institute of Technology in Zurich, a question
in tone much like those asked at a Passover seder: “Why,
then, did Nature choose pentoses and not hexoses as the
sugar building blocks of nucleic acids?™!

The Swiss chemist answers this question about the
natural world by synthesizing unnatural molecules. He and
his able co-workers build up an entire alternative uni-
verse—changing the sugars, hooking them together to a
polymer by the same phosphates that form the normal DNA
chain, adding on the same bases that DNA uses to carry
the genetic code. Eschenmoser and his co-workers do what
nature chose not to do: build a “hexose-DNA” (fig. 3); nor-
mal RNA and DNA are pentose nucleic acids (fig. 4).

The alternative world in their hands, the chemists
look for differences. These are easy to find. The beauty and
efficient replication properties of the pentose-DNA uni-
verse (natural, that of our world) derive from the bases
being cradled within a helix and perpendicular to its axis.
This, in turn, can be traced to the angle at which the bases
B come off the sugar, relative to the way the sugar ring
enters the chain. But notice how in the hexose-DNA uni-
verse (unnatural, even more so that of our world) the bases
are attached at a very different angle. Computer modeling
and experiment show that the hexose-DNA does not form
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FIG. 1 Ribose, a pentose.

FIG. 2 Glucose, a hexose.

helical structures. Hexose-DNA strands pair differently,
pair more strongly, and thus are much less prone to the
ready pairing-unpairing that is characteristic of normal
pentose-DNA. The alternative universe is just not good
enough, so it seems, to do what has been done.

There are several reasons why artists might find a
special affinity for such creative play with the molecules of
nature. Here is one: A strong bond between good chemistry
and good art is that of craftsmanship, and the very special
respect for the work of mind and hands together. For real
creation and not just theory or criticism. What a difference
between writing about a painting and starting to paint it,
between writing about a molecule (as I've done above), and




FIG. 9 Paul McCarthy, Tomato Heads, 1994, fiberglass, aluminum, urethane
rubber, cloth, plexiglass, 84 » 60 x 46 inches. Rosamond Felson Gallery and
Douglas M. Parker Studio, New York.

In The Magic Mountain Thomas Mann used the
device of the chest X ray to reveal the inner person. His
protagonist in the Swiss sanitorium, Hans Castorp, cher-
ishes the X ray of Frau Chauchat as the essence of her per-
sonhood.'” Similarly, artists like Clarke draw inspiration
from scientific discoveries and use them to look beneath
the visible world, to reveal the essential nature of ohszerv-
able things. But science has also been a source of Surreal
fantasies and dystopic, even apocalyptic, visions, as many
artists have cast themselves as social critics.

The DNA art of the 1990s reflects these various pat-
terns in the historical intersection of science and art. In
attributing cultural powers to a biological entity—in accept-
ing the premises of genetic essentialism—some of the artists
I have described use molecular metaphors to probe underly-
ing truths. But others are raising questions that are more
broadly troubling with the ascendance of genetics as an
explanatory science. Can the self be reduced to a molecular
entity? Can persons—human beings, in all their social, his-
torical, and moral complexity—Dbe equated with their genes?
If the premises of genetic essentialism are accepted as a
basis for social policy, what will be the social implications?
Such questions, captured by artists and illustrators, worry
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FIG. 10 Ronald Searle, The Double-Edged Helix, 1994, ink on paper, 84 x
11 inches. Private collection.

many scientists as well.'® For the social and ethical meaning
of genetics—the implications of the belief in genetic essen-
tialism—will become increasingly critical as scientific
advances in molecular biology change the way we regard
human behavior and how we shape our social codes -
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FIG. 3 A segment of hexose-DNA.

the existential act of making it! I don’t mean to deny the
creative element in the best criticism, that of perceiving
relations where none were to be seen before. Nor do I want
to downplay the role of the intellect in shaping creation.
After all, 1 am a theoretical chemist! But there is some-
thing inherently different about beginning to carve that
stone, something vital that matches measuring out the
reactants and dissolving them in a solvent at the outset of a
chemical reaction.

How much changes in the act of painting! And in the
act of synthesizing one of Eschenmoser’s pentoses. There
is always a plan, but it works only part way. In each new
reaction, different conditions are tried out. These may fail
to produce the desired results, whereupon part of the plan
is abandoned and a new way is tried. In some cases (not the
pentoses), the process and its serendipitous outcome may
render the original goal irrelevant. A new molecule may be
built, surpassing not only what was planned, but what was
imagined. The object of chemical creation, built by a
process of trial and error, as a painting often is, acquires a
life of its own. Laboratory science and studio art have more
in common than one might think.

Another reason for science and art being drawn
together: The artifactual is a natural bridge between them.
The practitioner of art and science, a human being, uses
his or her tools (I don’t have any hangups about Lucie
Ree’s wheel or Caravaggio’s brush being a different order
of tool from Eschenmoser’s students’ gleaming glass flasks)
to do something very similar—to shape, paint, synthesize
what was not on earth before. There is no doubt that we can
judge as beautiful the natural objects of this wonderful and
terrible world—be they an Arizona sunset, a typhoon, the
world within a lily. But that is not what art (or science) is
about. To quote Igor Stravinsky (from his Poetics of Music,
at a point where he inveighs against the idea that natural
sounds are music, or that music should imitate nature):
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FIG. 4 A segment of pentose-DNA.

I take cognizance of the existence of elemental natural
sounds, the raw materials of music, which, pleasing in them-
selves, may caress the ear and give us a pleasure that may be
quite complete. But, over and beyond this passive enjoyment
we shall discover music, music that will make us participate
actively in the working of a mind that orders, gives life, and
creates. For at the root of all creation one discovers an
appetite that is not an appetite for the fruits of the earth.”

Some reasonable people in the arts think of the activity of
scientists metaphorically as the killing and dissection of a
free bird, the downing of the hawk circling in the sky, carv-
ing out the trajectory of its flight. Perhaps that is so for
some bad science. But how different that is from the activ-
ities sketched above—{rom the free, inventive, intense
(and responsible) play with the genetic material that
shaped the bird and you and me! What science provides—
knowledge of the making of a feather, of the bird’s awesome
economy of energy, of its homing mechanisms—gives us
alternative ways of appreciating the hawk as it flies.” This
does not detract, in any way, from the poem, the infinite
ways in which I can write a poem of that hawk. Or paint it.
All knowledge enriches. -
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