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Innovations

In the Fragrance Business, the Right

Molecule Smells like Money

Luca Turin’s unconventional theo-
ries on olfactory reception and pre-
diction of odor character have raised
a bit of a stink. “I loved perfume,”
says Turin, CTO of Flexitral, Inc., a
privately funded company that uses
rational design to develop fragrance
molecules. “l was very interested in
biology. The more | read | thought
things didn’t add up. | came across
a crazy vibration theory.” According
to this theory, the receptors in the
nose distinguish between different
odor molecules primarily by probing
their vibrational spectra, not their
shape. Recently, he has modified
his theory to include shape as well.

Luca Turin holds a Ph.D. in bio-
physics and physiology from the
University of London. He was a bio-
physicist on the staff of the French
Centre National de la Recherche
Scientifique (CNRS). His passion for
fragrance is profiled in Chandler
Burr’'s 2003 book “The Emperor of
Scent: A Story of Perfume, Obses-
sion and the Last Mystery of the
Senses” and in a BBC documentary
called “A Code in the Nose.” His
blog, at http://lucaturin.typepad.com,
wittily comments on the evanescent
world of fragrance, a fascination
that has shaped his life.

In 2001, CEO Jacquelin Grant
founded Flexitral, based in Chan-
tilly, VA, and hired Turin as its CTO.
One of the company’s goals is to in-
telligently develop molecules to re-
place odorant ones deemed aller-
genic or environmentally unfriendly.
The company holds 27 broad pat-
ents on molecules such as Lioral, a
synthetic lily-of-the-valley fragrance
substitute. Turin says that each
substance was a result of hundreds
of computations but fewer than ten
syntheses. “All the computations
are based on my theory,” Turin says.
“The industry standard for itera-
tions is somewhere between 1000
and 2000,” Turin estimates, but he
adds that it is a very hard figure to
access.

The global fragrance and flavor
market is estimated to be between

$12 billion and $15 billion, with per-
fumes making up about $3 billion of
the total. The rest are prosaic sham-
poos and detergents. Five out of
the six biggest fragrance compa-
nies are working with Flexitral, and
the company is “on friendly terms”
with the sixth, Turin says.

“According to [Turin’s] the-
ory, the receptors in the
nose distinguish between
different odor molecules
by probing their vibra-
tional spectra primarily,
not their shape.”

Flexitral’s business strategy is to
charge for licensing the scent mole-
cule not for developing the product,
even if it was specifically ordered.
The R&D work itself is outsourced
to laboratories in Germany, England,
and Russia. The company’s only
employees are Turin and Grant. They
declined to release the company’s
financial information. The target mar-
kets for the scent molecules devel-
oped by Flexitral are not only the
companies that produce fragrance
molecules but also the everyday
soap and detergent manufacturers
that may be interested in buying
“captive molecules” for exclusive
use.

The Challenge

Much is unknown about the link
between molecular properties and
smell. We do not know why there
are thousands of odors yet limited
receptors, why two very different
molecules can smell the same, or
what causes some odors to be
stronger than others.

The generally accepted stereo-
chemical theory advanced by John
Amoore in the 1960s posits that the
structures of odor molecules fit into

active sites of nasal receptors like a
key to a lock. Turin, however, sup-
ports the vibrational theory of olfac-
tory transduction first proposed by
G.M. Dyson in 1938 and revived by
Robert H. Wright in the mid 1950s.
The theory says that receptor pro-
teins in our nose respond to the vi-
brational spectrum of molecules to
discern odor character and that the
shape governs the intensity of the
smell, i.e., a weak rose versus a
strong rose.

A molecule’s vibrations are probed
by receptors that act as biological
spectrometers by using a solid-
state mechanism called “inelastic
electron tunneling.” Odor receptor
proteins serve as electron tunnel-
ers, transferring information about
smell to the olfactory bulb. The al-
gorithm that Flexitral uses to design
its fragrance molecules is based on
this theory.

Putting the Theory to the Test

Dr. Leslie Vosshall, head of the Lab-
oratory of Neurogenetics and Be-
havior at Rockefeller University, and
her colleague Andreas Keller tested
Turin’s theory in a double-blind ex-
periment. Their results appeared in
the April 2004 issue of Nature Neu-
roscience. “Turin has spent a large
part of his career making hypothe-
ses, but in my opinion, he had never
put hypotheses to a double-blind
test,” says Vosshall. “We thought it
was only fair that we attempt to put
the theory to a reasonable double-
blind test before we reject it. It is
more difficult to do experiments
that are not based on one’s own
theory. We were guided by what
was available in the literature. The
upshot of the work is that given the
predictions outlined by Luca Turin,
we found no experimental evidence
in favor of them. While all theories
have an inherent appeal to them,
this theory cannot perfectly explain
the relationship between an odor
and how it is perceived by human
subjects, which leaves us in a bit of
a bind.”
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“We currently cannot look at the
structure of an odor and predict
what it would smell like,” Vosshall
says. “If we could do that, it would
be an enormous benefit, both to ex-
perimentalists and to people in the
flavors and fragrance industry.”

Industry Feedback

“Most of the R&D in industry is
about making the molecule,” says
Dr. Avery Gilbert, founder, Synes-
thetics, Inc. “It is a highly empirical
seat-of-the-pants process; more of
inspired tinkering. Companies want
to know if a molecule is attractive.
Is it different from current mole-
cules? What does it cost? The in-
dustry always wants substitutes. It
boils down to the sense of buying
[Turin’s] program or buying his mole-
cule. A good molecule they will take
from anybody.”

“The industry is interested in fore-
casting of olfactory properties and
targeted design of new odorants,”
says Dr. Christian Margot, Research
Chemist, Corporate Research Divi-
sion of the Swiss company Firmen-
ich. “There is a strong drive to find
new odor molecules. Beyond the
thrill of discovering new smells,
three reasons fuel the research for
substitutes of existing materials.
First, a lot of natural materials be-
come rare or are not available for
worldwide use. Second, other pop-
ular chemicals have to be replaced
because they tend to bioaccumu-
late, although they have no pro-
ven toxicity. Last, some chemicals,
mostly of natural origin like selected
terpenes, are suspected to be al-
lergens.”

Each company develops what
are called “captive molecules,” pat-
ented novel molecules. Because
every fragrance or flavor is a com-
plex mixture of dozens or hundreds
of molecules, companies have to
build and maintain vast libraries
of compounds. Fragrance molecules
are obtained by a variety of meth-
ods, including the analysis and
identification of natural food and
flavor constituents. New smell mole-
cules may also be discovered by
rational design based on the shape,
functional group, and stereolec-
tronic features of lead molecules.
That approach becomes especially
useful when the smell is charac-
terized by psychophysical measure-

ments, which allows the develop-
ment of a structure-activity model.

How were Turin’s theories re-
ceived by the Swiss fragrance spe-
cialist? “We are always curious,”
Margot says. “But so far, there is
nothing really exciting.”

You Smell with Your Brain

Scent is like an image the brain cre-
ates from the signals that come
from the olfactory receptors in the
nasal cavity. It is assumed that the
odor molecule interacts noncova-
lently with the receptor. Odorant
recognition by a cognate receptor
(or receptors) appears to be deter-
mined by a set of molecular fea-
tures such as individual functional
groups or lipophilic surfaces that
must obey precise geometric rela-
tionships. Smells such as woody,
musky, or smoky can be related
to a particular chemical structure.
Random chemical modification of a
lead molecule often yields surpris-
ing results. Sometimes completely
different molecules are barely dis-
criminated. “With a model at hand,
we can sort of predict specific
smells.” Margot says.

“Humans seem to have between
350 to 380 different receptors,” says
Margot, “the evidence gathered so
far shows that any chemical will ac-
tivate a set of receptors. And con-
versely, any receptor seems to be
activated by its characteristic range
of chemicals. With these many re-
ceptors, you can encode and dis-
criminate hundreds of millions of
molecules.”

The chemical detection process
is just part of the process of smell.
The human olfactory pathway is still
unknown. The brain converts sig-
nals from the nose into an image
of a smell. “The long part of that
work is the psychophysical charac-
terizations of odor,” Margot says. A
shared perceptual pathway could
explain why molecules that are struc-
turally different from each other smell
the same.

Smell is also modulated by adap-
tation, which may be the reason
some people wear too much af-
tershave. “When you smell a scent
at first sniff, it can be quite intense.”
Margot said. “If you are continu-
ously exposed to that same scent,
your sensitivity decreases. That is
adaptation. It seems that when two

chemicals are perceived by similar
perceptual channels, they cross-
adapt. One chemical will decrease
sensitivity to the other.”

The bottom line is that synthesiz-
ing a scent molecule on demand is
extremely complicated and requires
many empirical inputs. “When you
synthesize a chemical that has a
good smell, you submit it to per-
fumers, and if they appreciate it too,
they study it in different fragrance
blends because everything in per-
fumery depends on mixtures,” Mar-
got says. “Once in the mixture, it
often disappears; that means it has
no influence on the perceived fra-
grance. And you don’t know why. It
hints to the fact that brain pro-
cesses could refine the olfactory in-
put at a higher level. All the contri-
butions from the olfactory receptors
will be processed in a new message
by the brain, and we don’t know
how it happens. Amazingly, there
are also lucky chemists [who] with-
out knowing about structure-odor
relationships, discover something
that smells nice by serendipity.”

Despite industrial combinatorial
chemistry, developing fragrance re-
mains a bit of a black art. “Per-
fumers have a combination of tre-
mendous memory, skill, and a
willingness to experiment.” Turin
says, “It took eleven hundred itera-
tions to arrive at the fragrance
‘Tommygirl.””

Wendy Wolfson (wendywolfson@nasw.org)
is a science and technology writer based in
Oakland, CA.
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