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Olympic fever is upon us in Sydney.
Soon the “roar of the grease-paint,

the smell of the crowd” will be but

a happy memory.

In the Olympian spirit,
ChemoSense strives to be more
pleasing and useful to you, in the
world of smell, taste, pungency and
chemical communication.

This ChemoSense brings you news
of artificial sensing within liquids,
which will make our environment
and our foods cleaner and safer.

A mini-review by Laurence Dryer,
shows how human variations in
olfactory capabilities are largely,
but not completely explicable in
genetic terms.

Christine Broughan argues that
cultural influences determine what
we smell, and smell of. The con-
stant across time is that people
value odour highly and are influ-
enced by it.

For the sensory practitioner, two
articles may have special value:
Paula Durham’s on food product
development and Graham Bell's on
data snooping.

This issue also brings important
news from AACSS, the interna-
tional chemosensory community,
and more ....




these glucose meters contains the enzyme glucose oxidase
immabilised throughout a polymer layer deposited over an
electrode. When a blood sample is placed onto the strip, the
glucose oxidase reacts with glucose and in the process
produces a molecule which can be oxidised at the electrode.
Hence a diabetic can perform the analysis of a complex
substance, blood, in their home without any particular training

in analysis.

The adaptation of the generic principle of electrochemical
enzyme biosensors for the detection of analytes in wine is of
considerable interest [1]. At The University of New South
Wales we are conducting a project for the wine industry,
developing electrochemical enzyme biosensors for analytes of
importance to the wine industry; particularly sulfite and malic
acid.

Hurdles to the development of enzyme biosensors for
wine

The success of the glucose meter has not however been
translated to other analytes. Apart from the glucose meters
there are very few commercially successful biosensing devices
and none which monitor wine analytes. That is not to say that
biosensors for monitoring wine analytes will not eventually fulfill
their promise, just that certain problems need to be overcome.
Stumbling blocks to the successful commercialisation of
biosensors either relate to inherent properties of the biological
molecule, such as stability and the concentration range over
which the enzyme will respond to its substrate, or the fabrica-
tion process. With regard to biosensor fabrication the majority
of the difficulties relate to poor reproducibility between devices
and interferences of other chemical species in the wine, not
with the enzymes but directly at the electrode. So it is prudent
to ask why the UNSW approach will be any more different?

At UNSW a method of immaobilising the enzymes over the elec-
trodes has been developed to overcome these two main prob-
lems of poor reproducibility and interference. This approach re-
lies onthe electropolymerisation of tyramine directly on the sur-
face of the transducing electrode. The enzyme is codeposited
onto the electrode with the polymer. This serves to entrap the
enzyme within the polymer film. It is still possible for the en-
zyme to leach out of this polymer film, resulting in a highly
irreproducible device. The polymerization however does not af-
fect the free amine on tyramine (see structure). This amine can
be used as a linker to covalently attach the enzyme to the poly-
mer backbone, thus overcoming the leaching problem. The real
strength of this electropolymerisation approach is that the amount
of polymer which is deposited on the electrode, and hence the
amount of enzyme, can be precisely controlled. This is in con-
trast with other methods of depositing enzyme-modified poly-
mers where the control over the thickness of the deposition layer
is insufficient to ensure reproducibility between devices [2]. This
problem of reproducibility being associated with difficulties in re-
liably depositing the enzyme layer are highlighted by the com-
mercial glucose meters. In a recent New Zealand study, none
of the 13 glucose meters available meet the performance criteria
of the American Diabetes Association guidelines [3]. Relative
standard deviations for commercial glucose meters can be 10%
or more. In contrast enzyme biosensors fabricated using
polytyramine, using glucose oxidase as the enzyme for com-
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parison, had a relative standard deviation of less than 1% [4].

OH
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Tyramine

The polytyramine method is also effective at tackling the other
main stumbling blocks for the commercialization of enzyme
biosensors, namely interferences. Although the enzymes
used are highly specific for their substrate, in complex sam-
ples other species can react directly at the electrode.
Polytyramine membranes are effective at providing a barrier
between the many interfering agents found in blood and wine,
and the electrode [5]. The permeable selectivity of enzyme-
polytyramine membrane is related to both size and charge
exclusion properties of the polymer. The power of
polytyramine-enzyme biosensors to operate in complex
samples is demonstrated by a glucose oxidase-polytyramine
biosensor operating directly in serum giving the same analyti-
cal result as the standard analytical method [4]. Such a
result gave us confidence that enzyme biosensors made in
this way could be used in wine samples. As a consequence
we have been developing enzymes biosensors for monitoring

both sulfite and malate in wine.
Sulfite biosensor

Sulfite is used extensively as a preservative in both wine and
beer because of its ability to act as an antioxidant and as an
inhibitor for enzymatic or microbial activity in wine products.
The role of sulfite in food has been under legislation since it
was known that sulfite at a certain level causes asthmatic
attacks and allergic reactions in some individuals [6]. Al-
though many analytical method have been introduced for
sulfite, the Monier-William procedure followed by titration is
still recommended as an official method for sulfite by the
Association of Official Analytical Chemists (AOAC) [7].
Unfortunately this method is complicated, time consuming and

insensitive.

The polytyramine based enzyme biosensor for sulfite
uses the enzyme sulfite oxidase (SOD). The electrochemical
sensing is based on the measurement of hydrogen peroxide,
produced by enzymatic reaction (eq. 1), at the transducing
electrode.

SOD > Sulfate + H.0; (1)

Sulis# ik gy

The current response for the injection of sulfite increased linearty
in proportional to the concentration of sulfite. One of the
difficulties experienced by previous work on sulfite biosensors
was the direct oxidation of the sulfite and other interferences at
the electrode. As with the glucose analysis in serum, the
deposited enzyme-polytyramine membrane was effective in
eliminating this direct oxidation. The biosensor has been applied
for the determination of sulfite in various types of wine samples,
and the results obtained are in agreement with that using AOAC

method [8].
Malate biosensor

Malate is an important analyte in the winemaking process as
its concentration plays a key role in the flavour and nose of a
wine. Towards the end of the alcohol fermentation the
malolactic fermentation (MLF) begins. In the malolactic
fermentation the diprotic acid malic acid is converted to a
monoprotic lactic acid. The result is a decrease in acidity of
the wine and the loss of a musty smell. Winemakers like to
exercise control over the MLF to dictate the level of malic
acid and provide the wine with a particular flavour. Hence
the need for a biosensor. As with sulfite, the official method
of analysis of malate consist of long analytical procedures
starting from the separation of malate from the wine before
the polarimetric measurement been made [7]. In contrast
the Analytical service of the Australian Wine and Research
Institute a uses a spectroscopic enzyme assay [9] which
also requires specialist equipment and trained personnel.
The malate biosensor we have developed uses the enzyme
malic dehydrogenase. This enzyme however, did not
produce a product which could easily be oxidized or reduced
atthe electrode. Therefare an alternative approach based on
detecting a pH change due to the enzyme reaction was
employed, see reaction (2).

L-Malate + NAD® EC.1.1.1.37° Oxaloacetate + NADH + H' (2)

The reaction of malate and the enzyme cofactor NAD*, under
the enzymatic catalysis of malic dehydrogenase (MDH),
produces hydrogen ions which are detected potentiometri-
cally at a tungsten electrode. The tungsten electrode serves
simply as a solid state pH electrode. The beauty of this
system is that the malate biosensor could use the same pH
meter present in most wine laboratories. We are currently
validating this malate pH electrode for the use in real wine

samples.

The use of polytyramine for the fabrication of enzyme
biosensors, is showing considerable promise for the analysis
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Wine biosensor prototypes being tested

of wine. The electrodeposition of this polymer directly over an
electrode surface provides enhanced reproducibility between
devices compared with other methods of forming the sensing
membranes. This excellent reproducibility and the biosensor's
ability to operate in real samples without suffering from interfer-
ence, means the wait for commercial biosensors for analysis of

wine is not too far away.
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Poop or Scoop?
Are YOU a Data Snoop?

by Graham Bell, Centre for ChemoSensory Research,

UNSW, Sydney. g.bell@unsw.edu.au

It's nice to get a quick result, but early peeping at the data,
can lead to disaster.

There have been many celebrated announcements of great
research discoveries, that were soon after retracted, never
heard from again, failed to be replicated, or painfully de-
bunked.. Recent cases you might remember include cold
fusion and organisms on Mars.

Although there have been cases where dishonesty was
involved (Piltdown Man, fossils in the Himalayas, and lots
involving new drugs and wonder cures) many large bloopers
have occurred through “premature ejaculation” of research
data - i.e. someone getting too excited too quickly and
messing up the solution!

These missed research targets are far more commaon than
most realise or admit to. Most researchers can recall a “great”
result that set them going on a number of experiments,
seeking budgets and otherwise costly time and energy
expenditure, only to never see the “great” effect again. Where

did it go?

Well, it never existed in the first place. It was the result of a
kind of hallucination brought on by the excitement of knowing
you could be onto the big one. At the core of most of the
problems that follow, is the premature “snoop” of the data.
Your attention becomes selective, or what you look at may be
a preliminary and inadequate data set. You may also have
made inadequate assumptions in the experimental design,
such as leaving out crucial controls or replicates, “to do later”.

In applied and short-term contract research , the “snoop” can
be very expensive. Companies do take gigantic risks and
make huge commitments (by the standard of a research
project budget) at the first hint of a trend in the data. So-called
“top-lines” may be crude means with no statistical tests
applied. No problem- spend the next budget item and let the
boffins waste their time completing the stats. Result:- wrong
decision, costly cover-up.
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As universities become increasingly involved in contract
research their more naiive researchers, who may previ-
ously have done a bit of “harmless” data snooping -
usually labeled pilot experiments, will need to become
aware of the dangers they may be exposed to. Beware,
for example, of the man with the gold chains and a
diamond in his tooth, who wants “a quick experiment to
prove the principle”. Chances are he has already nipped
out and patented your idea - disclosed over a “free lunch”
and you are about to supply the key “reduction to
practice” (scoop) for him. He will never believe a null
result (poop) if he can possibly help it. You will be
enticed into more and more free lunch experiments until
you go mad or decide that science is no longer for you.
This is a tragic result of data snooping, but it is not the
worst type. Turning poop into gold is another more nasty
form.

Data snooping can cost millions (could be you)or earn
millions (never you). Usually the bad guys benefit and
the good guys lose. For example, “poop into gold”
snooping is done inside a research project by a risk-
averse manager or perhaps by a downright corporate
crook, known as a “rug-puller”. This new-age alchemist
has a big vested interest in the direction a result takes.
He snoops the data as it comes in, sample by sample,
and if it doesn't look as if it is going his way, bang!, the
rug is pulled and the project is stopped. It is then re-
started (with fresh crew and after randomly applied
punishment) and the process is repeated until the
desired result is obtained. In the worst case, this data is
used to defraud an unsuspecting bystander: an investor
or client, say for 10 million or so.

Well, excuse me. | must rush off to see how the latest
counts look on the machine that goes bing.
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Conference Launches

Sensometrics Society
by John Best, CSIRO, Sydney

The 5" International Sensometrics Conference was held
at the beautiful campus of the University of Missouri-
Colombia, USA in July. About 170 attendees. People
from a dozen countries gathered in airconditioned comfort
to talk about the statistics of sensory science, while
outside the tar bubbled.

Among the most interesting of the invited talks were
those given by Jingla Tan and Ruben Gabriel. Tan spoke
about using neural networks to relate taste test scores to
underlying physical and chemical properties of foods.
Gabriel, who is now retired, is well known as the inventor
of the statistical biplot. He spoke enthusiastically about
its applications, but food applications weren't mentioned.
We know however, that the biplot is gaining utility in
identifying complex product and attribute relationships in
food sensory analysis.

Of the contributed papers two of the highlights were the
presentations by Ms Giboreau explaining the detailed
tactile sensory work which is the basis of the fabric
choice for seating in Peugeot cars and Tom Carr’s case
study relating sensory data to product concept and
consumer vocabulary.

The new Sensometric Society was launched at the
meeting. A web-site is at www.dina.kvl.dk/
SensometricSociety. Membership information can be

obtained by emailing gbd @ kvl.dk.
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Food Product Development:

the power and the pitfalls

Success, in many businesses, particularly the food industry,
is measured by growth. Developing new products is a com-
mon strategy which will contribute to desirable growth.

However, many new products launched into the market place
fail, and no company is so big that it can afford new-line fail-
ures. A planned and well-executed product development ap-
proach will help manufacturers and marketers reduce that risk
of failure.

Good product development practice is a systematic and inte-
grated process covering all activities from concept to launch.
A products success requires corporate commitment and the
integration of product development into business strategy.
Success also depends on a coordinated team of specialists
who are responsible for the quality and speed of execution of
each step in the development process.

Where Do the Ideas Come From?

New product development opportunities are created by influ-
ences such as other cultures and cuisines, nutritional trends,
and changing family routines. If a company fails to respond
to these and other indicators, it risks existing products be-
coming obsolete. Continually updating products and taking
up opportunities helps companies protect existing business
and grow their share of the market.

To avoid reliance on one or two key lines, companies need to
diversify. This means developing different products within the
same category or through vertical integration, developing prod-
ucts which will work synergistically with existing lines. Addi-
tionally, if a company relies on seasonal lines, new products
should be developed to smooth out the effects of the
seasonality.

Successful new products may be developed by maximising
the use of existing resources and / or reformulating and
repacking existing lines to offer the consumer additional ben-
efits. Additionally, companies may look to contract manufac-
turing to increase their diversity and complement their exist-
ing lines.

Early Investment is Repaid

The product development process starts with exploration,
screening and business analysis. These three stages form
the foundation and direction for development and should in-
clude consumer research. Larger companies tend to dedi-
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by Paula Durham,
Concept Product Development, Melbourne
cpd@connect.net.au Ph: +61 3 9510 7250

cate significant resources, internally and externally to these activi-
ties, while small businesses often rely on gut feeling. Ignoring these
‘upfront investments’ will increase the risk of abandoning the project
or launching a product that fails — both financially devastating.

On completion of the ‘upfronts’, the target market, consumer needs,
product concept and target launch date will be determined. Once a
favourable financial analysis is established and the project objec-
tives fit the overall business strategy the development phase can

begin with a detailed product brief.

During the development phase a comprehensive technical
evaluation is made and a starting formulation established,
this may be based on products the company already
manufactures or modified versions of selected formulations.
When determining the initial formulation the developer must
comply with the ANZFA Food Standards codes and pre-empt
potential issues with the manufacturing process, shelf life,
claims, product safety, quality assurance and availability
and suitability of raw materials.

Samples Lead to Prototypes

From the initial formulation, samples are prepared and the
formula adjusted using a scientific approach until the desired
prototype is achieved. Once a suitable prototype is
developed it is tested for consumer acceptance and shelf life
performance. Depending on the outcome of this testing,
further modification may be required.

The next critical phase is to conduct a pilot production run.
Ideally it will be followed by production trials. How this is
conducted largely depends on the individual company and
available facilities. Where pilot facilities are not available itis
commonplace to use a reduced-size production batch, and
step this up to a full scale production batch. For reasons of
time and budget a successful result in a small batch, it is
often assumed that a full batch and subsequent batches will
succeed, but this assumption is a dangerous one and often
leads to disaster at the first commercial production.

The Decision to Proceed with a Prototype

How a product is ‘approved’ for launch varies greatly from
company to company. Before final approval, numerous
criteria should be checked including cost, taste, appearance,
performance, shelf life and the overall project objectives. A
vulnerable situation occurs when approval is given by either a
small group or by one person. To approve a product in this
way is a high risk as no individual has a ‘golden palate’. A
safer approval process is to conduct professionally super-
vised sensory evaluations. This may be done using some

Thinking of
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Sold & Supported Locally

=D JaVAST i dVET-Ed Arrow Scientific!

Vol.2 No.4 September 2000

form of taste panelling either internally or by using an external
consumer group. Sensory analysis reduces risks by identifying
issues before packaging is printed, advertising and promotions
are planned and the product is in store.

Packaging concepts and designs should run concurrently with
product development, taking into consideration protection and
presentation of the product. The labelling on the package must
meet legal requirements and successfully attract the
consumer's attention. It is not until product approval that the
ingredients list, nutritional panel and any health claim can be
confirmed, prior to production.

The final phase of development is commercialisation. This phase
involves the co-ordination of the logistics of the first production
run through to the distribution and delivery to market. Generally
Commercialisation involves a contribution from finance,
marketing, technical and production personnel.

Develop Today for Tomorrow’s Market

The time required to develop a new product depends on the type
of product, degree of technical difficulty and availability of
resources. Most frequently, the development plan may be
written to co-incide with a logical launch period or time frame.

Expediency is very important in developing and launching new
products. Excessive time spent during each of product
development phases can mean a competitor may launch a similar
product first. Conversely, rushing and inadequately attending to
detail risks launching a substandard product.

Methodically addressing and monitoring each of the phases of
product development greatly improves the chance of launching
a successful product. The cost of developing a product is
comparatively low when compared with the increased profitabil-
ity a company will achieve through a successful new product.

Think of

phone (02) 9564 1065
fax (02) 9564 1813

www.arrowscientific.com.au




The Odorant Receptor Gene
Repertoire in Humans

Introduction

Humans are supposed to be visual organisms. We are
said to respond primarily to visual stimuli, and rely ex-
tensively on our visual system to navigate through our
everyday sensory world. And indeed, compared to our
visual capabilities, and compared to the olfactory capa-
bilities of other species, our olfactory performance seems
poor. Specifically, our powers of discrimination are lower,
and our detection thresholds are higher. However, the
extent to which we are aware of our exposure to specific
olfactory stimuli in everyday life is almost certainly un-
derestimated. Some individuals make a living of using
their unusually discriminate sense of smell in the wine
or fragrance industry. On the other hand, a certain per-
centage of the population is unable to detect some
odorants at a concentration perceived by most people
(Amoore, 1977). This phenomenon is called specific anos-
mia, a term reserved for pure odors, although we all have
first-hand knowledge of the variability between individu-
als in terms of sensitivity to common (i.e., complex) odors
in everyday life. So, are our comparatively poor olfactory
abilities due to specific molecular features? Are those
unusually discriminating “noses” endowed with more
receptors for certain odors? Do anosmic individuals lack
certain odorant receptors (ORs), or do they possess
mutated receptors? And finally, are we all endowed with
the same odorant receptor gene repertoire?

The OR gene repertoire in non-human species

The best characterized OR gene repertoire so far is that
of the rodent. Mouse ORs are encoded by a large multi-
gene family that belongs to the class of opsin-like G
protein-coupled receptors (Buck and Axel, 1991). This
family is characterized by high diversity in terms of gene
sequences, but its members can be grouped into many
subfamilies of genes with high (>80%) sequence simi-
larity. Mouse OR genes are distributed on many chro-
mosomes, arranged in clusters of various sizes on chro-
mosomal domains, known as paralogous domains, that
share common ancestry (Sullivan et al., 1996). The OR
gene repertoire of several other species has been par-
tially characterized, and their estimated sizes appear
much smaller than that of the rodent repertoire (see
Mombaerts, 1999a, and Dryer and Berghard, 1999 for
reviews). In spite of their smaller size, the OR gene rep-
ertoires of lower vertebrates as well as some invertebrates
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exhibit an increased diversity in OR gene sequences. In
other words, these repertoires comprise fewer genes, and

' those genes are less similar to each other (Clyne et al.,

1999; Voshall et al., 1899; Berghard and Dryer, 1998).
Furthermore, some vertebrate OR genes share very little
similarity with rodent ORs and instead resemble neuro-
transmitter receptors (Berghard and Dryer, 1998). How-
ever, many of the OR gene families isolated so far are
known to be incomplete. It is difficult to estimate OR gene
repertoire size, especially in species with highly divergent
ORs. Thus, at present, all we have are rough estimates.

The human OR gene repertoire

Human OR genes and gene clusters identified to date have
been mapped to all but two chromosomes (for review see
Mombaerts, 1999b). It appears that, as in rodents, at least
some of these are the result of massive gene or gene clus-
ter duplications within the human genome (Trask et al.,
1998b). The human OR gene repertoire differs from that of
the rodent in two important ways. First, the human reper-
toire is reportedly smaller than that of the rodent (Dryer
and Buck, unpublished data). The reduced size of the rep-
ertoire seems intuitive, since we are reputed to be “poor
smellers”. However, one should keep in mind that reper-
toire size estimates are entirely methodology-dependent.
So far, estimation methods have mostly consisted of
screening genomic libraries or intact chromosomes with a
probe or a mixture of probes obtained by PCR. This se-
verely restricts the likelihood of finding highly divergent OR
genes, as these methods rely on hybridization, i.e., the
similarity between the probe and the target. This is com-
parable to estimating the total fish population in a pond
from the “catch of the day”, using only one type of bait.
What of the fish that do not like that particular bait? Expe-
rience in lower vertebrates has shown that assuming se-
quence similarity when searching for new ORs leads to a
biased and therefore incomplete representation of the OR
gene repertoire (Berghard and Dryer, 1998). Therefore, the
estimated number (about 500) of human OR genes may
be inaccurate, and the average Homo sapiens could pos-
sess as many OR genes as the average mouse. There-
fore, it may be premature to correlate our apparent poor
sensory ability with a gross estimate of our OR gene rep-
ertoire.

Second, the human OR gene repertoire seems to comprise a
rather large number of pseudogenes, i.e., genes that are not
normally expressed (Rouquier et al, 1998; Ben-Arie etal., 1994;
Glusman et al., 1997; Buettner et al., 1998). The presence of
pseudogenes might seem natural in a species that has accu-
mulated several large-scale duplications. Once a gene has been
duplicated, the new copies are at first free of evolutionary pres-
sure and can mutate. Some of these mutations will render the
gene non-functional, i.e., a pseudogene. Unfortunately, it is
difficult to confirm that these pseudogenes are indeed non-
functional, because they often are isolated from genomic DNA
instead of RNA, owing to the difficulty in obtaining human tis-
sue samples. In other systems, certain gene maodifications
allow pseudogenes to be expressed (Mc Cormack et al., 1991).
Therefore, it is possible that some human OR pseudogenes
are expressed and contribute to individual olfactory sensitivity
profiles (Crowe et al., 1996).

Interestingly, it was found that large numbers of human OR
genes are located at the very tip of chromosomes, the tel-
omere (Trask et al., 1998a). Telomeres are known to be hot
spots for recombination that can lead to the creation of multi-
ple new genes or copies of an existing gene. The phenomenon
is so striking that these chromosomal regions are sometimes
referred to as “gene nurseries”. Nevertheless, not all clusters
of ORs are located on telomeres, and some ORs, along with
unrelated genes, seem to have been duplicated several times
as part of large domains onto several different chromosomes.

Diversitv of olfactorv phenotvpes

Besides the anecdotal knowledge of the various olfactory sen-
sitivities in humans, psychophysical studies have character-
ized a number of olfactory sensitivity anomalies in the human
population (Amoore, 1977; Amoore and Steinle, 1991). Most
of these are specific anosmias. Depending on the odorant, 3%
(isovaleric acid)to 47% (androstenone) of the population can-
not detect a specific odorant at a concentration that other peo-
ple can perceive. There is some evidence that this phenom-
enon has a genetic basis (Wysocki and Beauchamp, 1984;
Gross-Isseroff et al.,, 1992; Whissell-Buechy and Amoore,
1973), and is unlikely to be the result of a defect in central
processing of the sensory information. Thus, the odorant
receptor repertoire becomes a prime candidate to be the site
of the event(s) responsible for the sensory defects. Are anos-
mic people missing an OR gene or group of genes? There is at
least one precedent for missing genes leading to perceptual
defects. In the visual system, an array of genes encode for
opsins, the proteins responsible for color vision. Certain visual
defects (in particular red/green color blindness) are caused by
the absence of some of these opsin genes, the result of a
recombination event that deletes one or more opsin genes from
the genome (Nathans et al., 1992; Nathans 1994). One could
imagine the same phenomenon taking place in the olfactory
genome. However, such drastic events require very specific
conditions to take place. In particular, the recombination can
only take place if the areas surrounding the gene to be deleted
are highly similar to another genomic region with which they
can recombine. Unfortunately, we have little information so far
about these surrounding areas for the olfactory genome.

The epitope model and specific anosmia

In the rodent, ORs are distributed topographically in the olfac-
tory epithelium, an arrangement thought to be functionally rel-
evant for the encoding of sensory information (Ressler et al,
1993; Vassar et al., 1993; Koshimoto et al., 1994; Strotman et
al., 1994 ). Each receptor is expressed in one zone only, but
each zone contains many types of receptors that are not nec-
essarily similar in sequence (i.e., that do not belong to the
same subfamily). Furthermore, sensory neurons that express
the same ORs send their axons to the same targets, a series
of spherical structures called glomeruli, in the olfactory bulb
(Ressler et al, 1994; Vassar et al, 1994). This segregation of
input (in the epithelium) followed by convergence (in the bulb)
is thought to be the basis for a complex combinatorial process
by which odors are encoded. According to this model, each
receptor recognizes an epitope, that is, a small molecular de-
terminant within the odorant, rather than the entire odorant
molecule itself. Thus, a given epitope can be present in several
different odorants, allowing for the binding of multiple odorants
to a given receptor (Fig.1). Note that this does not imply that
the receptor binds to all epitopes with the same pharmacologi-

cal affinity (see below).
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Fig.1: The epitope modsal for odorant recognition. Each OR recognizes one epitope that can ba unique 1o
an odorani (az in Od'), or common to several odorants (as in Od” and Od?). Odorants can carry several
differant epitopas. This allows multipbe cdorants to bind to & given OR, and a single odorant to bind to
savaral ORs.

If the epitope model is true, then anosmic individuals should
be missing an epitope-specific receptor in order to lose per-
ception of an odor (Fig.2). However, anosmia is a relative con-
cept, not an absolute one. For example, individuals who are
anosmic to isovaleric acid can still perceive fishy smells, al-
though they need the odorant to be presented at a much higher
concentration than the rest of the population. Thus, sensitivity
to the epitope is not completely lost. How could a partial loss
of sensitivity result from complete deletion of a receptor? Stud-
ies in rodents (Krautwurst et al., 1998, Zhao et al., 1998) and
in humans (Wetzel et al., 1999; Hatt et al., 1999) have shown
that single receptors respond preferentially, but not exclusively,
to one odorant. Mutational analysis in rodents has also shown
that single amino-acid substitutions can cause a shift from
one preferred odorant to another (Krautwurst et al, 1998). There-
fore, it is possible that in the absence of an epitope-specific
receptor, other receptors would still allow detection of the
epitope-carrying odorant, but with a lower affinity. . Thus the
individual would have a higher detection threshold for the odorant.



A second way to reconcile the epitope model with the
existence of specific anosmia is to consider a genomic
event less drastic than gene deletion, such as gene
mutation (Fig.2). The opsin gene array is also a good
example for gene mutations that can cause shifts in
sensitivity to certain wavelengths, i.e., colors (Nathans,
1994). This gene polymorphism has generated a host of
interindividual differences in light sensitivities in humans.
Polymorphism in the human OR gene repertoire is harder
to demonstrate, because the difference between a mu-
tated gene and another normal member of its multigene
family is sometimes tenuous. When does gene X ceases
to be X or X' (its mutated version), and becomes gene Y,
in a multigene family that comprises hundreds of similar
members? Sensus stricto, gene X and Y are considered
different when they are not located at the same locus on
the genome. At present, the human OR genome map is
incomplete, and we are often unable to rely on genomic
location to discriminate one gene from another. One of
the techniques that has provided preliminary evidence
for polymorphism in the human OR gene repertoire re-
lies on the conformation adopted by a DNA fragment
depending on its nucleotide sequence. This method is
called Single Strand Conformation Polymorphism (SSCP)
and allows detection of single point mutations within OR
gene sequences. Because SSCP allows comparison of
alleles from multiple individuals in parallel, this method
ensures that the same allele is being compared across
individuals (instead of similar members of the same gene
subfamily). SSCP has revealed several examples of OR
gene polymorphism in humans (Dryer and Buck, unpub-
lished data). Interestingly, most mutations resulting in
amino-acid changes were |ocated in the presumptive
binding pocket of the receptor. Mutations located out-
side of the presumptive binding pocket tended to be neu-
tral, that is, they didn't result in any significant protein
change. The evolutionary implication is that there is a
positive selection pressure that favors sequence diver-
sity in the binding pocket of the OR to match the plethora
of odorants available. The impact on individuals is that
we might all be endowed with a unique set of OR genes,
our own olfactory “fingerprint”, which confers to each of
us a specific profile of sensitivity to odorants.
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Fig.2: Possihle genomic events that lead to polymomphism within the human QR gene
raperioire. I: An intergenic recombination results from a cross-over that deletes one or several

ORs {in this case, OR2 and OR3). I: An intragenic recombination resulls from a cross over
that ultimately generates a hybrid OR (in this case, a hybrid of OR2 and ORS). I: A point
mutation is a simple event that modifies an OR at a specific residue.
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Human ORs and other adjacent genes

As human OR genes were mapped, it was found that some
OR genes are linked to apparently unrelated genes. For
example, some ORs map to the Major Histocompatibility
Complex (MHC), a group of genes involved in immune re-
sponses (Fan et al., 1995, 1996). Genes in the MHC are
the most polymorphic genes known in vertebrates (Apanius
et al., 1997). This hypervariability is maintained by posi-
tive selection. Interestingly, the MHC loci are also involved
in determining “odortypes”, that is, the specific odor that
an individual emanates through urine (mouse) or sweat
(human) (Yamazaki et al., 1999a, 1999b; Apanius et al,
1997). How this is achieved is intriguing, since MHC genes
encode proteins and peptides, which are not volatile com-
pounds and therefore do not qualify as odorants per se.
Nevertheless, some fascinating data have shown that the
MHC influences several aspects of social interactions: fe-
male mice show a marked preference for mating with MHC-
dissimilar males, which they recognize by olfactory cues
(Brown et al., 1987; Apanius et al., 1997). In humans, fe-
males appear to find the scent of shirts worn by MHC-
dissimilar males more preferable (Wedekind et al., 1995).
Given the role of the MHC and the location of some ORs
within the MHC loci, it is difficult to think of this as pure
coincidence. Why are these OR genes in the MHC loci,
and is there an interaction between both types of genes
(Fig.3)? Studies in mouse have shown that it is the MHC
genes themselves, and not the OR genes, that determine
odortypes (Yamazaki et al., 1999). However, since indi-
viduals show a marked preference for individuals with an
odortype different from their own, one could imagine that
the type of MHC allele expressed in an individual could
promote the expression of ORs located nearby within the
genome. Thus, the expressed MHC allele could confer a
specific olfactory sensitivity to an individual, allowing the
individual to discriminate MHC-similar from MHC-dissimi-
lar conspecifics. Conversely, the OR gene(s) could drive
the expression of specific alleles in the MHC locus. Fi-
nally, it is possible that an OR gene could “utilize” its loca-
tion within an extremely polymorphic locus to generate
polymorphism within itself, and that there is no specific
interaction between the two gene types. All three MHC
loci are known to contain genes that have nothing to do
with immune functions. It would be interesting to deter-
mine if these other genes are also unusually polymorphic,
or if their function is somewhat correlated with some addi-
tional non-immune role of the MHC genes.
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Fig.3: llustration of the MHC/OR genes co-localization in the human genome. Top, individual is
endowed with MHC1 and OR2 genes. The MHC genes confer the cdoriype 1 and sensitivity to
odor 2 to the individual. Conversely, on the bottom, the individual is endowed with MHC2 genes,
which confer the odortype 2 ta him, but also with OR1, which confers sensitivity to odor 1. Both
individuals are MHC-dissimiar and receptive lo each other's cdortypes.

Conclusion

At this time, ongoing mapping studies have not yet yielded an
accurate size estimate of the human OR gene repertoire.
However, it is becoming increasingly clear that this repertoire
is highly polymorphic. Evolutionarily recent genomic events
such as large-scale duplications, point mutations, and partial
or complete deletions seem to have resulted in the current
variability in the human OR gene complement. This is matched
by an extreme diversity in human olfactory thresholds and pref-
erences. Indeed, we might all be endowed with a different
olfactory sensitivity profile. It would be unreasonable to attribute
all human olfactory sensory ranges to genomic events, espe-
cially when considering the accumulation of pseudogenes within
the human OR gene repertoire. Some higher brain processing
must also account for some of the interindividual differences
within the human population. Nevertheless, linking genotypic
and phenotypic variabilities could shed some light on the func-
tion and specificity of individual receptors, as well as on spe-
cific odorant-evoked human behaviors. Therefore, it seems criti-
cal at this point to correlate psychophysical data with indi-
vidual olfactory profiles.
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Odours in Culture: How
our Olfactory World
Changes with History and

Fashion

by Christine Broughan, Coventry University, U.K.
c.broughan @ coventry.ac.uk

*The persuasive power of an odour cannot be fended off,
it enters into us like breath into our lungs, it fills us up,
imbues us totally. There is no remedy."

Patrick Suskind. Perfume.

As Patrick Suskind so eloquently puts it, there is very
little the majority of us can do, consciously or uncon-
sciously, to prevent odours penetrating our sensory sys-
tem, but how odours actually influence our behaviour is
somewhat less clear. Physiological studies have outlined
the mechanisms involved in the processing of such sen-
sory stimuli and it has been found that there is reason-
able agreement as to how olfactory signals move through
the olfactory pathways. However, how odours are inter-
preted by the higher brain centres appears to be some-
what less clear and a number of theories regarding olfac-
tory discrimination and detection have been put forward
by theorists over the years. In this article we will review
some evidence to suggest that response to odours can
be influenced by an individual’s cultural expectations.

Historical View

The influence of culture on our evaluation and response to
odours is particularly evident when one takes an histori-
cal perspective. Even as far back as the first-century AD
evidence exists of the cultural significance of odours, as
Petronius wrote;

Wines are out of fashion

Mistresses are in

Rose leaves are dated

Now cinnamon’s the thing!

Corbin's (1986) account of the way in which odours have
been regarded over the centuries is a particularly read-
able text. He suggests that there was little individual re-
sponse to malodours before the mid-18" century in mod-
ern Europe. These malodours formed part of daily life for
all members of society - they formed a part of your life
regardless of your class or status. In his novel ‘Perfume’,
Patrick Suskind described Eighteenth-century Paris;

“In the period of which we speak, there reigned in
the cities a stench barely conceivable to us mod-
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ern men and women. The streets stank of manure,
the courtyards of urine, the stairwells stank of mould-
ering wood and rat droppings, the kitchens of spoiled
cabbage and mutton fat; the unaired parlours stank
of stale dust, the bedrooms of greasy sheets, damp
featherbeds, and the pungently sweet aroma of
chamber-pots. .... People stank of sweat and un-
washed clothes; from their mouths came the stench
of rotting teeth, from their bellies that of onions, and
from their bodies, if they were no longer very young,
came the stench of rancid cheese and sour milk
and tumorous disease. .... The peasant stank as
did the priest, the apprentice as did his master's
wife, the whole of the aristocracy stank, even the
King himself stank, stank like a rank lion, and the
Queen like an old goat, summer and winter.”
Patrick Suskind, p. 3-4

During this time bathing was considered a foolhardy prac-
tice as it was believed that the best protection against dis-
ease was to smell strongly oneself. The lack of personal
hygiene meant that pores were clogged which was believed
to add a protective layer to ward off any disease. Further-
more, a final coating of musk and civet would not only pro-
tect the individual from disease but it would also increase
their sexual attractiveness!

It was only when scientific discoveries associated infections
with organic waste (Pringle, 1750) that malodours were re-
garded with intolerance. During the plague doctors wore large
leather coats and nosegays which resembled a bird's beak
or bill (hence the term ‘quack’ used to describe doctors)
which they believed would protect them from breathing in
the infectious air. This scientific discovery not only led to
massive sanitary reforms and the use of fragrances to mask
bodily odours, but it also provided a mechanism for the iden-
tification of social classes through smell. Under this inter-
pretation, scientific advances initiated a cultural shift in the
perception and significance of odours, leading to a society
in which both body odour and the sexual significance of
animal odours were suppressed. The use of powerful mask-
ing perfumes now cast doubt upon a person’s cleanliness.

Towards the end of the 18" century, musk and civet were no
longer popular. Masking one's own personal odour was to
guestion one's own personal hygiene. Instead then odours
such as rose, thyme, violet and rosemary were used to deli-
cately fragrance to emphasis their own odour rather than to
mask or obliterate it.

Thus a cultural division emerged between those who could
afford sanitation, baths and fine fragrances and those who
could not. It also led to odours being used as mechanisms
for racial and social inequalities. George Orwell expressed
it thus: “The real secret of class distinctions in the West....is
summed up in four frightful words...The lower classes smell”.
In the same way that ‘beauty is in the eye of the beholder’,
odours became more a matter of choice and preference.
One could use odours as a cultural signifier of class and
social taste.

In the UK a Wigan teacher is reported to have had a
boy sent home because of his smell. The boy's mother
sent her this note “Dear Miss, our Johnny smells the
same as his Dad and his Dad smells lovely. | should
know, I've slept with him for 25 years. The trouble with
you, Miss, is that you're an old maid and don't know
what a proper man smells like."
(Van Toller, 1986).

So, rather than odours becoming less and less important to
us, it would appear that they still have a very important role to
play in sensory evaluation. Hall (1969) suggested that people
of different cultures “inhabit different sensory worlds”. Howes
(1991) suggests that the use of odours as cultural signifiers is
greater in non-western societies. He suggests that the impor-
tance of odours in their cultural and historical context have
been weakened in Western society as a result of the declining
presence of smells in the wake of the perceptual revolution of
the mid-eighteenth century. He further suggests that the rep-
resentation of smell as more individual or ‘private’ than social,
more animal than human, more biological than historical is a
cultural representation, peculiar to the West, rather than an
empirical reality. However this notion does not receive valida-
tion when one examines how much is spent on the production
and elimination of odours in Western society each year. The
focus of the odours that we use as cultural signifiers may have
changed, but the importance of olfactory cues within our sen-
sory world still appears to have strong support.

However, cultural differences in odours are still apparent in
society today. Classen, Howes and Synnott (1994) use the
example of the odour of cow manure to demonstrate these
differences. Typically, in western Society, the odour of cow
manure would have negative associations. However, among
certain cattle-herding tribes in Africa it is perceived in a very
positive way, often being associated with power and prestige.

Practical Implications

Will certain fragrances from the past return to popularity?
Perhaps in ten years' time young people will again discover
the beauty of sandalwood and pituli oil that their grandparents
did in the 1970s. Food and fragrance companies might benefit
from exploring such resurrections in olfactory experience. Will
the “smellies” (movies with smell) achieve historical accuracy
with the right odours for the period-setting of the movie...and
what will they use in futuristic creations? Will fragranced and
flavoured products be designed with greater sensitivity to the
age and cultural background of the customer? The search for
“global” designs for products is likely to prove futile as long as
people and cultures keep evolving. Perhaps we should start a
new museum to capture the fragrances and flavours of cultures
in historical context, so that future generations may properly
appreciate the past with all the sense at their disposal. Product
designers could then use the olfactory archives to explore
creative ways of reintroducing specific odours to the modern
world.
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Electronic Noses Turn

" L]
Up in Brighton
Overview of the 7th International Symposium on Olfac-
tion & Electronic Nose (ISOEN 2000: 20-24 July 2000)

by Bashan Naidoo,
University of Natal, Durban, South Africa

Who said e-noses were just a fringe topic of the chemical
senses? Certainly no-one attending the combined meet-
ings of the 7th International Symposium on Olfaction &
Electronic Nose (ISOEN 2000) and the 13th International
Symposium on Olfaction and Taste (ISOT 2000) in
Brighton, UK in July. The event, attended by about 400 of
the world's keenest chemosensory scientists created a
splendid opportunity for the convergence of multi-discipli-
nary groups with a common interest in taste and smell.

ISOEN 2000 reflected the state of the art in electronic
nose research and provided useful discussions between
researchers, engineers, manufacturers and entrepreneurs.
There were 50 oral presentations, 37 posters and 2 plenary
lectures, mostly originating from Europe, with significant
contributions from the USA and Russia.

From nose to tongue

Several new commercial electronic nose devices and
technologies were presented. For example, a general-
purpose hand-held electronic nose device, and a laboratory
instrument that combines fingerprint mass spectrometry
with traditional sensor arrays. New technologies included
the development of electronic tongues for detecting dis-
solved organic compounds, calorimetric sensors and silica
micro spheres coated in fluorescent indicators. The
emergence of feasible electronic tongue technology
creates exciting new possibilities in sensing applications.
This is a field that will certainly receive more attention in
future. In some respects commercial groups seemed to
define the state of the art by developing advanced tech-
nologies. It was good to see commercial players deliver
some useful research papers.

Data processing technigues also received significant
attention. A discussion on the popular Principal Compo-
nent Analysis technique exposed differences of opinion
regarding its usefulness. A database of olfactory measure-
ments is being compiled to facilitate the development and
evaluation of data processing techniques.

ity CHEMOSENSE

What does the future hold? From and engineering perspec-
tive the field of chemical sensing is here to stay. The
Institute of Electrical and Electronics Engineers (IEEE) is
currently establishing an electronic nose committee and a
sensor journal. The field is still in the open ended discovery
phase with research efforts covering a broad spectrum. Itis
safe to predict a future convergence of research efforts
along more focused paths. For the moment, two broad
areas may be defined, sensor technology and data
processing methodologies. Issues that are likely to be
dealt with in the near future include electronic tongues,
biomedical applications, data processing technigques and
ongoing sensor development.
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Workshop on Food Allergens :

Issues and Solutions for
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to be held at the
Stamford Sydney Aimport Hotel, Mascot,
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on Tuesday 24 October 2000

Dr Steve Taylor and Dr Sue Hefle, Universilty of Nebraska,
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IN THE NEWS

AACSS TO MEET, MELBOURNE, 1/12/00

The Australasian Association for ChemoSensory Science
(AACSS) has nominated December 1st for the date of its
next annual meeting to be hosted by Caroline Owen and John
Patterson of the Sensory Neuroscience Laboratory at
Swinburne University of Technology in Melbourne.

Abstracts are now called for and should be submitted to
John.Prescott @ stonebow.otago.ac.nz as email attachments,
ideally in MS Word format.

AACSS JOINS ICOT AND GAINS ISOT IN 2008

At the recent International Symposium on Olfaction and
Taste (ISOT) in Brighton, U.K., AACSS presented its cre-
dentials to the board of the International Commission on
Olfaction and Taste (ICOT), under whose auspices the ISOT
meeting are run. It was formally accepted, that AACSS be
represented on this board along with the US, European and
Japanese Chemical Sensory Associations. AACSS now
stands in line to host an ISOT meeting in 2008, somewhere
in Australasia. Start planning.
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