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Sensing electricity through the nose
 
Last year, Monash researchers announced they had documented
 

an electro-sensory system in the bill of the platypus, the first
 
from a mamma1. Now, they have found a similar system in the
 
snout of the echidna, the first in a land animal. But what is it
 

used for?
 

A GROUP OF MONASH physiologists has 
produced the first documented 

evidence of the capacity in a land animal 
to sense electricity . 

The team, led by Dr Uwe Proske and 
including Emeritus Professor Archie 
Mcintyre, has found electro-sensory 
glands packed into the tip of the snout of 
the echidna. 

These glands closely resemble electro
receptors discovered earlier by the group 
in platypus, the first recorded incidence of 
an electro-sensory system in mammals. 

" We had a pretty good idea before we 
started that echidna also were equipped 
with electro-receptors, but it was very ex
citing to have our suspicions confirmed," 
Proske said . 

The group has pinpointed the echidna 
electro-receptors and has been able to 
record nerve transmissions to the brain 
lriggered by their electrical stimulation. 

In addition, the researchers have run a 
series of behavioral tests to try to deter
mine whether echidnas are able to use the 
system to discriminate between electrical
ly different environments . 

The group's interest was aroused in
itially by the publication in 1984 by the 
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German anatomists Dr Karl Andres and 
Dr Monika von During of a series of 
drawings based on electron micrographs 
of sensors in the bill of the platypus. 

In the accompanying article, the 
authors speculated that these sensors 
might have been water now detectors . 
They also noted they had seen similar 
structures in the snout of the echidna. 

Having located the receptors in the 
platypus bill and determined that they 
were in fact sensitive to both static and 
changing voltage in the environment, Pro
ske 's team was able to apply essentially 
the same techniques to the echidna. 

The researchers stimulated small areas 
of the snout electrically using fine probes 
which produced electric fields about 1000 
limes weaker than those which can be 
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• Dr Uwe Proske of Physiology 

detected by tactile receptors. The group 
then recorded the transmission of the 
resulting nervous activity to the brain . 

Our own electro-sensitivity is limited to 
being able to detect the current in a torch 
battery as a tingling sensation if we apply 
the tip of our tongue to it. The echidna 
can do one thousand times better. 

Continued Back Page 

• The echidna , Tachyqlossus aculeatus: The first land animal known to sense electricity. 



Auto-immunity:Civil warinthebody
 
When Sir MacFarlane Burnet and Dr Ian Mackay first proposed 
auto-immunity, it was difficult to believe the body could attack 

itself. Now working at Monash, Mackay is getting closer to 
showing how it can happen. 

T HE CLIMA X TO a significant piece of 
modern medical detection - the 

unveiling of a mechanism for auto
immunity - could occur at Monash in the 
next few years. 

When medical researchers Dr Ian 
Mackay and Nobel laureate Sir Mac
Farlane Burnet, working at Melbourne's 
Walter and Eliza Hall Inst itute, proposed 
auto-immunity a quarter century ago, the 
idea that the immune system could strike 
at and damage its own tissue seemed 
almost beyond credibility. 

Now, auto-immunity ranks with 
cancer, infection, physical injury, and 
congenital abnormality as one of the im 
portant general causes of disease. It is 
recognised, for instance, as the underlying 
cause of diseases such as rheumatoid ar
thritis, non-viral chronic hepatitis, 
juvenile-type diabetes, syst emic lupu s and 
many oth ers. 

Since his retirement from the Hall In
stitute in 1987, Mackay has been working 
in the Monash Centre for Mole cular 
Biology and Medicine trying to unravel 
the precise cause of on e of th e most 
successfully investigated auto-immune 
conditions , primary biliary cirrhosis. 

In primary biliary cirrhosis , th e body' s 

immune system attacks the bile ductules 
of the liver. The disease is marked by an 
auto-immune reaction against mitochon
dria, and the Monash Cent re is inter
nationally recognised for its work on 
mitochondria, the site of energy produc
tion within cells. 

Some of the hard evidence for auto
immunity has come from three decades of 
research into primary biliary cirrhosis, a 
destructive liver disease which primarily 
affects middle-aged women . It leads to 
severe jaundice, itchiness and eventually 
death. 

Until recently, there was no known 
treatment for primary biliary cirrhosis. 
But the advent of liver transplantation 
and modern drugs which suppress the im
mune system now offer the hope of effec
tive therapy and prolongation of life. 

Primary biliary cirrhosis is contracted 
by between 25 and 30 per miJlion people 
of English stock in Australia and Canada, 
but by about 140 per million in the north 
of England . This difference between 
populations from the same general stock 
is unexplained as yet , but it suggests that, 
as well as auto-immunity, environment 
pla ys a part in the occurrence of the 
disea se. 

• A liver shOWing the effects of primary biliary cirrhosis. Note the nodules on what is usually a 
smooth surface. In the centre is the bile duct . 

In a healthy body, the immune system 
centres around the abilit y of certain white 
blood cells (lymphocytes) to manufacture 
antibodies. These antibodies act by bin
ding to and immobilising chemicals 
(mainly proteins) which are alien to the 
body. 

Antibodies are very specific . Any 
foreign protein, or antigen, which enters 
the body can stimulate production of an 
antibody which binds to it , and it alone. 
Normally there are firm safeguards which 
prevent the immune system from being 
triggered by proteins derived from the 
body's own tissue . 

The story of the investigation of 
primary biliary cirrhosis began in 1957 
when Mackay and Dr D . Carleton Gaj
dusek - who later won a Nobel Prize for 
work on the disease, kuru  -

demonstrated an immune reaction bet
ween the serum of sufferers and crude ex
tracts of liver tissue. 

By the mid-60s, English researchers had 
narrowed the cellular site of the at ypical 
auto-immune reaction to the mito
chondria. 

Over the next two decades several other 
auto-antibodies were discovered which 
also reacted with components of the 
mitochondri a . This group of mitochon
drial auto-antibodies were labelled 
anti-Ml to anti-M9. 

They were all associated with medically 
vary rare conditions, with th e exception 
of anti -M2, the marker antibody of 
primary biliary cirrhosis. (In fact, the 
presence of anti-M2 forms the basis of a 
defin itive diagnostic serological test for 
primary biliary cirrhosis .) 

Auto-antibodies can be identified using 
the technique of immuno-fluorescence. A 
slice of tissue is bathed in serum from a 
sufferer of a disease - if auto-antibodies 
are present , they will bind to antigen in 
the tissue and can in turn ha ve a fluores
cent dye attached to them. 

The fluorescent dye glows green under 
a specia lly designed microscope, showing 
not only the presence of auto-antibodies 
but precisely where they bind . 

By 1985, the genetic engineering revolu
tion was in full swing, bringing with it 
new techniques with which to analyse pro
teins and DNA, the genetic material 
which form s the template for protein pro
duction . These techniques were able to be 
turned to the study of auto-immunity. 

Mackay and his Hall Institute research 
team succeeded in breaking up mitochon 
dria and identifying the protein auto
antigens, with which the M2 auto 
antibody reacted . Th e next step was to try 
to find the genetic material containing the 
code for making those proteins . 

Using genetic engineering techniques 
Dr Eric Gershwin, an American resear
cher working with the group, copied the 
DNA sequences for the mitochondrial 
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auto-antigen and cloned them in bacteria 
cultured in dishes of gel. 

The DNA sequence of the mitochon
drial auto-antigen was then ascertained by 
Dr R. Coppel at the Hall Institute, and 
from it, the chemical structure of the cor
responding protein. This was the first ex
ample of cloning and accurate DNA se
quencing of an auto-antigen. 

The next step was to try to match the 
DNA sequence with known sequences in 
the world's DNA databanks, to look for 
correspondence with other cloned genes. 

At first, the sequence seemed unique. 
Then, almost simultaneously, Gershwin, 
who was now in California and Dr Steve 
Yeaman, a biochemist at the University of 
Newcastle-upon-Tyne in the UK, 
recognised that it corresponded to one of 
the protein chains of the well known mito
chondrial enzyme, pyruvate dehydro
genase (PDH) . 

After further work, Gershwin was able 
to determine exactly where on PDH the 
auto-antibody binds. Mackay said : "This 
level of precision in identifying the im
munologically reactive region of the auto
antigen, has hardly been reached for any 
other human auto-immune disease, and 
puts primary biliary cirrhosis right in the 
forefront of research interest." 

But many questions remain 
unanswered. And now Mackay is at 
Monash to tr y to answer them. 

Much of the Monash research into 
mitochondria has been carried out in 
yeast. Mitochondria, however, are such a 
fundamental part of cells that the dif
ferences in the way they are constructed 
and function are not great between yeast 
and in human cells. 

"We have to see whether yeast 
mitochondria can be applied to the 
analysis of this disease. Since yeast con
tains the same PHD enzyme, we may be 
able to manipulate its genes for that en
zy m e to learn more about its 

"'-"characteristics and movement within the 
cell," Mackay said . 

This is relevant to one of the 
unanswered questions about primary 
biliary cirrhosis; just how the lym
phocytes, which manufacture the M2 
auto-antibody, come into contact with 
PDH in the first place . 

PDH is manufactured inside the cell, 
and goes to work inside the mitochondria 
which are inside the cell. Thus there is 
more than one seemingly impermeable 
cell membrane between blood lym
phocytes and PDH at all times. 

Mackay says that he is considering 
several possible hypotheses. The simplest 
is that a protein carrying a sequence 
resembling the critical part of PDH may 
become incorporated in the cell mem
brane, and it is this sequence which occa
sionally triggers the immune system to 
make auto-antibody M2. 

Or perhaps there is a malfunction of the 
PDH manufacturing process . The genetic 
material which serves as the template for 
PDH is found in the cell nucleus, but the 
assembly of the enzyme itself takes place 
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•	 How primary biliary cirrnosis could occur. The DNA in the nucleus prints off a messenger-RNA 
sequence which forms the template for the protein PDH constructed in a ribosome. Because of 
a fault in the leader sequence (spiral) the PDH does not attach to the mitochondria and ends up 
being ejected to the cell surface where it triggers the immune system. 

in the body of the cell, outside of the 
nucleus and the mitochondria. 

In order to find its way to its work
place, PDH is equipped with an address 
- a special leader sequence which mat
ches a docking sequence on the mitochon
dria. If there is a mistake in the coding for 
that leader sequence, the protein might 
never find its proper workplace and 
wander loose in the cell, finally being dis
charged to the cell surface and meeting up 
with an unfriendly lymphocyte. 

Another possibility is that the PDH en
zyme is so alike in all organisms that it is 
present in many bacteria and yeasts to 
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which the body continually is exposed. 
Perhaps the immune system is triggered 
by one or another of these, and the 
response is then deflected towards the 
body's own PDH enzyme. 

The unfinished saga of primary biliary 
cirrhosis illustrates very well how scien
tific progress is made - one set of 
answers leads to the next set of questions. 

o 
In the Centre for Molecular Biology and 
Medicine, Dr Mackay is working with Pro
fessor Tony Linnane, Associate Professor 
Sangkot Marzuki, Dr Phillip Negley, Dr Rod 
Devenish and Dr John Armstrong. 
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•	 Dr Ian Mackay, now working in the Centre for Molecular Biology and Medicine . 
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Getting more bang out of Bass Strait
 
R EOULARLY SCHEDULED small explo

sions in a disused quarry in the nor
thern Melbourne suburb of Epping could 
provide clues to new oil fields in Bass 
Strait. 

The water-filled former quarry is used 
as the ICI Explosives Test Pond, and is 
the site of test explosions two or three 
times a month. 

With the latest digital seismic recorders 
(seismometers) and computer programs 
for signal processing designed at Monash, 
researchers in the department of Earth 
Sciences now are able to detect and 
measure the seismic waves from the test 
explosions hundreds of kilometres away. 

Seismic waves from anyone explosion 
can arrive at a seismometer at different 
times depending on the route they take . 
The time it takes depends on rock density, 
the denser the rock the faster the wave 
travels. So this information on time 
delays can be used to infer underlying 
rock densities and hence the composition 
of rock. 

And being able to collect data over such 
long distances has given the group the op 
portunity to construct a picture of rock 
structure to depths of 20 or 30 kilometres. 

The Epping project is still in its infancy, 
but it is closely related to a project in Bass 
Strait which is further advanced. Not only 
are the techniques similar, but the pat
terns of underlying rock are of the same 
type. And it is that rock which provides 
the foundation for the Bass Strait oil 
fields . 

In collaboration with the Bureau of 
Mineral Resources (BM R), the Monash 
geophysicists already have obtained use

ful data from small shipboard air cannon 
explosions hundreds of kilometres out to 
sea in Bass Strait. The data from Epping 
will provide information to amplify and 
calibrate the Bass Strait experiment. 

Project leader Dr Jim Cull said: "The 
seismic waves penetrate deep within the 
earth's crust giving a good indication of 
geological structure which can be used to 
test and extend present geological models . 
It is these models which guide oil explora
tion by the private companies." 

Much of the data upon which oil drill 
ing is based comes from seismic work. 
The standard technique on land this con 
sists of setting off a line of charges several 
kilometres long. Shock waves are 
reflected and refracted back to the sur face 
from discontinuities in underlying rock 
formations. These are measured by 
seismometers and the time delays can be 
used to build up a picture of what is below 
the surface . 

Marine exploration relies upon a 
similar technique. Here, the explosive 
charges are replaced by a shipboard 
compressed-air cannon of equivalent 
energy to one or two sticks of gelignite. 
Instead of seismometers, a one or two
kilometre streamer of geophones trails in 
the water behind the ship. 

In both cases the recorders are close to 

the explosions, so these techniques give 
information only on local and superficial 
geological structure . Neither reveals much 
about deep, underlying rock patterns. 

The seismic waves, which penetrate the 
deeper , denser rock in the mantle under 
the earth's crust, 15 or 20 kilometres 

• Map of Gippsland Basin oilfields area showing the course s sailed by the BMR seismic ship.
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"If th is should be the case, it would 
also apply in the Otw ay Basin, So fa r, ex
ploration companies have had no great 
success there, but ma ybe they have drill ed 
in the wrong spots ." 

To build up their picture of the under
lying structure of Bass Str ait out from Or
bost, the rese a rc hers placed digital 
recorders at Marlo and Newmarella in 
East Gippsland (see map) , and at Deal 
Island , hal fway bet ween Wilson ' s Pro
mont ory and Flin ders Island . As a check, 
an o lder an alogue recorder was loca ted in
land from Orbost 

With the two co mpressed-a ir cannons 
firin g at 20 second intervals, and the 
recorders ta king 50 sa mples a seco nd , the 
data filled up conside rable amo u nts of 
computer memo ry eac h day. Th e infor
mati on obt ain ed is sti ll being assessed , but 
enoug h has been don e to show that the 
team picked up a usabl e signal over the 
who le distan ce the ship sa iled. 

The onl y real disappointment was Deal 
Islan d , which requ ired a helicopter to fly 
in eq uip ment , supplies and grad uate stu
dent , Zis Kat eJis . But all that effo rt was to 
no ava il. Th e informat ion obta ined there 
was of littl e use, becau se any seismic 
disturbances were swa mped by the vibra
tion of an electr ical generator nearby. 

Th e group is hop ing to do a seco nd 
experiment in the Otwa y Basin within the 
next few mo nths. 

In the meanti me, the Ep ping proje ct 
has swu ng into ac t ion . Us ing simila r 
techni ques, but th is time moving the 
recorders instead of the explosions , the 
gro up hopes to build up a profil e o f the 

• A gas bubble from a small explosion bursts the surface of the ICI Test Pond ar Epping 

underlying rock along a line stre tching 
fro m the qua rry north past Pucka panyal 
Army Base, near Seym o ur, 100 km north 
of Melb ourne. 

ICI also uses Puc kapunyal as a tes t 
facil ity for lar ger explosion s, which will 
allow the seismo meters to record waves 
travellin g alon g the line in either dir ec
tion , thu s increasing the acc uracy of the 
information. 

Becau se the explosions tak e pla ce on a 
regular basis, honors stu dent Graem e 
Beardsm ore can leave his recorders a t one 
site until he th inks he has collec ted 
eno ugh information a t that distan ce . 

T here ar e plan s to run ano ther line in 

an east-west dir ect ion toward s qu ar ry 
sites in the Ballarat area , and thi s should 
expand the geolo gical picture of the area 
to three-dimension s. 

Th e inf ormation has great relevan ce to 
the Bass Strait expe rime nt. T he und er
lying rock in Bass St rait and in centra l 
Victori a a re both part of the Lachlan fold 
belt. In other wo rds the two geologica l 
environments are relat ed . " It will a llo w us 
to calibrate the Bass Stra it project to so me 
extent," Cull sa id . 

He said that the resear ch was signi fi
cant not onl y for oil exploration, but also 
to help set the context of local ea rt hquake 
resear ch. 0 

• Dr Jim Cull of Earth Sciences at work in his office with signal processing equipment 
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Researchers model Top End storms
 
T HE RESIDENTS of Melbourne's inner 

southern and southeastern suburbs 
need no convincing of the power of 
thunderstorms. 

Less than a month ago a locally severe 
storm dropped between 50 and 100 mm of 
rain on them in less than an hour, causing 
catastrophic flash floods, chaos on roads 
and railways and some $8 million 
damage . 

And yet, that storm was small in com 
parison to the tropical thunderstorms 
which form over Melville and Bathurst 
Islands, north of Darwin. The local s call 
them Hectors . 

"Storms in that area can be the biggest 
in the world and very fast growing," says 
Professor Bruce Morton of Applied 
Mathematics. 

He is now sifting through reams of data 
on tropical thunderstorms collected in a 
recent large- scale three-week experiment 
in the area - a collaborative effort bet
ween the Monash University Geophysical 
Fluid Dynamics Laboratory and the 
Bureau of Meteorology Research Centre. 

Morton said: " The idea of the study 
was to get a picture of the characteristic 
state of the atmosphere when a tropical 
thunderstorm is happening, to get a good 
amount of data which will allow us to test 
and modify numerical models . 

"But we also wanted to see if we could 
answer some specific questions, such as 
how the formation of clouds is initiated, 
and what triggers thunderstorms. 

"Thunderstorms playa much more im
portant part in tropical weather than they 
do in the temperate zone . They are 
responsible for a substantial part of the 
vertical motion in the tropical at
mosphere, and playa significant role in 
powering the atmospheric engine," Mor
lan said. 

The tropics are exposed to a greater 
amount of solar radiation than the 
temperate region s, because they are 
always under the sun . "It's the boiler box 
of the atmosphere. The Indonesian Sea, 
for instance, is one of the regions of 
highest evaporation in the world." 

The water vapor from the ocean con
denses into cloud as it rises and cools by 
expansion, and the latent heat of conden
sation thereby released provides the 
energy to drive thunderstorms large 
enough to affect the whole weather 
patterns. 

And, as recent research on global 
climate has shown, what happens in the 
tropics is critical to the weather patterns 
in the temperate zones to the north and 
south . 

The research team from the Bureau and 
Monash chose Bathurst and Melville 
Islands because they are close to a centre 
(Darwin) which has sophisticated 
meteorological equipment. Thunder
storms form over the islands two days out 
of three in the pre-monsoon season, and 
the topography is very simple - they are 
very Oat. 

In fact the broad outline of thunder 
cloud formation over Bathurst and 
Melville is thought to be relati vely 
straightforward. The island pair is 
ovoidal in shape and measures 65 km 
north to south and 150 km east to west. 
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On-shore sea breezes blow across the 
coastlines laden with water vapor. Near 
the centre of the islands where opposing 
sea breezes from opposite coasts ap
proach each other, they mix with the 
warmer air between them and squeeze it 
upwards. As this air rises it cools by ex
pansion and the water vapor condenses 
into cloud . 

The cycle can take as little as half an 
hour . Then the cloud will either become a 
thunderstorm or blow away. The group 
hoped to measure as many of the physi cal 
details as possible of the changes occurr
ing in the atmosphere during this time . 

Dr Greg Holland and Dr Tom Keenan 
of the Bureau of Meteorology Research 
Centre were able to call upon the 
considerable resources of the Darwin 
Regional Office. Foremost among these 
were Doppler radar equipment and radio 
sonde balloons. 

The Doppler radar was, in fact, install 
ed by the US National Aeronautics and 
Space Administration two years ago as 
part of a short-term project to measure 
tropical rainfall. It works on the same 
principle as the radar gun used by police 
to detect speeding cars. Radio waves 
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reflect back from the rain water embedd
ed in clouds giving information on its 
position and speed of travel along the line 
of sight. 

Two types of helium-filled sonde 
balloons were used . Additional nights 
were made from Darwin airport with the 
standard Bureau balloons . These are 
tracked with weather radar and radio 
back wet and dry bulb temperatures and 
pressure readings at various heights over
head . From the balloon's position, wind 
velocities can be calculated. 

The group also used two other balloons 
with a Finnish-made portable ground sta
tion . As they rise the balloons radio back 
the standard atmospheric measurements 
together with readings taken from the 
omega navigation system to enable their 
position to be calculated . All the informa
tion is immediately recorded, processed 
and printed out by a computer in the 
ground station. 

There were also four automatic ground 
weather stations, 12 automatic anemo
graphs for measuring ground wind veloci
ty , a network of rain gauges, an aeroplane 
and equipment operated by Dr Nigel Tap
per of Geography to measure fluxes of 
water vapor and heat near the ground. 
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• An aerial photo of the buildup of a Hector. The cloud bank on the right already towers many 
thousands of metres above the plane. 



•	 Huge thunderstorms form regularly over 
Bathurst and Melville Islands 

"The problem with measuring events 
like a Hector is that you cannot get the 
instruments where you want them, in fact 
it's difficult to get sensors in at all," Mor
Ion said. 

This was well illustrated by the pro
blems encountered with the aircraft . Not 
only is flying through thunderstorms ex
tremely dangerous, but the electro
magnetic intensity of the storms affected 
the aircraft's navigation system so badly 
that little information of any use could be 
obtained. 

And that was not the only problem with 
the experiment. This season's monsoon 
came three weeks early, only a week after 
measurements commenced. So the team 
was able to get good observations only on 
two or three Hectors, before the monsoon 
closed in. 

But it's an ill wind indeed, that is of no 
interest to atmospheric physics . 

Morton said: "We managed to get very 
good data on the monsoonal front coming 
in, and some other rather beautiful data 
on squall lines marching across the coast 
line - good for producing numerical 
models of squalls. 

"At present we are working through 
'i e data, tidying it up and putting it into 

""-'1tandard form for storage. It' s really 
quality control. We are looking for absur
dities, places where instruments were not 
working properly or transmissions from 
the sondes were unintelligible because of 
interference. 

"Then we will use our bank of data to 
run numerical models and we will also 
make it available so that others can do the 
same. We have a good amount of data to 
allow us to test models. These are hugely 
complicated, broad models which allow 
us to explore the physics of the 
atmosphere. 

"The Bureau will be using one of its 
models to study the effect of larger-scale 
weather influences on thunderstorms, 
from the cloud-size up. We will be study
ing the workings within the thunderstorm, 
from the cloud-size down. 

"Collaboration with the Bureau allows 
us to extend the things we can do. By 
working with them, our students can have 
the widest possible chance to gain the kind 
of experience which will make them more 
employable . 

"The Bureau gains by the interaction 
too. In fact the Bureau of Meteorology 
Research Centre is an affiliated research 
institution of the university ." 0 
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Monash builds knowledge 
of hot new ceramics 

which varies depending on the precise 
temperatures to which the ingredients 
have been heated and cooled within the 
vessel. 

The Monash reaction vessel is heated by 
a surrounding 15,000 watt radio frequen
cy coil (in which the current reverses many 
thousands of times a second) . A plasma is 
formed within which the temperature can 
reach 10,000 degrees Celsius . 

No molecule can withstand such heat 
and the result is a gaseous soup of in
dividual atoms, ions and electrons . On 
cooling the ingredients initially recombine 
as very fine particles of high melting point 
matter, either directly as a solid or 
through a liquid stage. 

For instance, zirconium oxide can be 
produced by zirconium chloride or 
bromide in oxygen gas. The oxide con
denses at 3000 degrees Celsius in liquid 
droplets, and finally solidifies as little 
balls one ten-millionth of a metre in 
diameter. If this powder then is heated, 
the little ball s stick together to form a 
high temperature ceramic. 

The original aim of the project was to 

make ceramics with unusual properties. 
While the group quickly found that the 
structures of the solids they formed were 
metastable, they also discovered that in 
some cases they produced solids of novel 
structure which co uld well be of use for 
such things as catalyst s or for the manu
facture of magnets. 

For example, the alloy mixture of 
aluminium oxide and zirconium oxide 
gave a powder with a very unusual ultra
fine structu re . 

Much of the research has been taken up 
with studying the properties and 
characteristics of aluminium oxide. 
Recently, however, a student finished a 
PhD on mixtures of zirconium oxide 
alloys and various other oxides. 

" But you can make oxides in other 
ways," McPherson said. "At pre sent, the 
real interest is in non-oxides - the car
bides and nitrides  which have potential 
as catalysts . " 0 

A CE RA M I CS PRODU CTION process 
which has been closely studied in the 

Materials Engineering department for 
more than IS years, recently has become a 
focus of interest worldwide. 

The process, which mimics the way in 
which the universe was formed, is known 
as plasma synthesis. It makes possible the 
construction of unusual ceramics in novel 
forms. 

A research group led by Associate Pro
fessor Reg McPherson of Materials 
Engineering, has investigated what occurs 
during plasma synthesis. This has enabled 
the group to make predictions as to the 
likely outcome of the process in untried 
situations, and to determine how best to 
apply it. 

In the past few years , with the discovery 
of the new high temperature super
conductors and the fabrication of useful 
new materials such as partially-stabilised 
zirconia (PSZ), world attention has 
become focused on the potential uses of 
advanced ceramics. 

The pioneering work of the McPherson 
group has been recognised in several 
ways. McPherson was invited by the 
Japanese Ministry of Technology and In
dustry (MIT!) to spend time at the 
Tsukuba Science City as a foreign 
specialist in high temperature processing . 

Two years ago the US National Science 
Foundation supported a post-doctoral 
fellow , Dr Bob Young, to come to 
Monash to work with the team. And in 
October last year, McPherson was a key
note speaker at the First International 
Symposium on Combustion and Plasma 
Synthesis in San Francisco. 

"When we started work on pla sma syn 
thesis 15 years ago, no-one was interested. 
In recent years its potential has begun to 
be recognised ," McPherson said. 

Technically, plasma synthesis is very 
s imple . The ingredients to be combined 
are fed into an intensely hot gas or plasma 
inside a reaction vessel. The temperature 
is above the boiling point of all known 
materials . Upon cooling a powder is 
formed, the structure and composition of 

Melville Island 
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• A transmission electron micrograph of the ultrafine structure of a mixture of zirconium oxide and 
silicon oxide. The biggest particle is one ten-millionth of a metre in diameter. 

7	 MARCH 1989 



Sensing electricity 
through the nose 
From Page J 

Not only were they abl e to localise 
receptors, but for each receptor they also 
determined a small spot of maximum sen
sit ivity. Thi s was dyed and marked with 
fine insect pins for lat er examination 
under the light microscope and the elec
tron micro scope. 

What they found was essentially the 
same sort of sensory gland as that which 
had been found in the plat ypus , but it was 
rather simpler in organisation . It was a 
por e which opened into a large flask 
shaped gland , like a human sweat gland. 

This gland was filled with a conducting 
fluid and lined with cells that insulated it 
electri cally. The result is to channel elec
tric currents directly to underlying nerve 
endings to stimulate them by a mechanism 
that has yet to be determined . 

In contrast to the platypus, where 
receptors occurred all over the bill, 
electro-sensors were absen t from mo st of 
the echidna snout. In fact there were far 
fewer electro-receptors altogether and all 
were located at the snout tip, a result con
firmed by the German anatomists . 

There were other differences. Wh ile 
echidna receptors were as sensitive as 
those in the platypus , and were able to 
detect fields as small as one thousandth of 
a volt per centimetre , they did not res
pond as vigorously. In addition, the nerve 
fibres in the echidna system were smaller, 
and showed no activity when not 
stimulated, a factor which makes the 
system less flexibl e. 

(In the platypus, the nerves connected 
to the electro-receptors fired spon 
taneously at a rate o f about 30 to 50 im
pulses a second. This " resting" rate can 
be increased to 500 or 600 pul ses, or 

•	 The setup for the behavioral experiments. If 
the echidna pushed the lever in the trough 
with the electric field, the door would rise 
giving access to food. 
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• An echidna snout showing the location of electroreceptors. 

decreased to zero by electri c fields of dif
ferent polarities .) 

The electro-sensory system in the 
platypus and echidna are sensitive to both 
static and alt ern ating electric fields . But 
the maximum sensit ivity for the platypus 
is when the field changes 100 times a se
cond - perfect for detecting the flick of a 
shrimp's tail - while the echidna's system 
works best at detecting 20 cycles a second. 

But why do echidn as hav e such a 
soph isti cat ed and elaborate senso ry 
system? Do they actu ally make use of it , 
like the platypus, to locat e food, or is it 
just an evolutionary hangover, like the 
human appendix seems to be? After all , 
the echidna is the closest living relative of 
the platypus, the two of them being the 
only s u r v ivi ng member s of the 
Monotremes, the egg-laying mammals. 

Proske sa id, " You hav e to be able to 
show two things to demonstrate that an 
animal uses a sensory system. In thi s case, 
you first have to show in behavioral 
experiments that the animal can respond 
to electric fields , which would imply that 
the ent ire sensory system is intact - in
cluding the necessary brain centres - and 
the animal is processing the information it 
gathers. Then you would have to find 
sources of electricity in the echidna's 
habitat to which the animal is able to 
respond . 

"We have done the behavioral experi
ments, but are still looking for the elec
trical sources ." 

To test echidna behavior, the group 
g designed an experimental rig, whereby an 
w animal was confronted by two waterGjffi troughs, one with a very weak electric 
~ field across it, the other with no field . If 
~ the echidna pushed a lever in the trough 
~ with the field, it would be rewarded by 
ff: some food . 
~ Which of the troughs had the field was 

~ ~~~~~e:ul~t :l~~d~em~a:i~~.the strength of 

"One of the echidnas - a three-quarter 
grown juvenile male - became qu ite 
tame. We were actually able to hand feed 
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him. For a test run we would coa x him te 
the back of the enclosure, which meant he 
had to walk a couple of metres to get to 
the troughs," P roske said . 

"Typically he would approach the 
troughs, dip his snout into one and then 
the other, and then make a choice. Even 
in field s of o ne thousandth of a volt per 
centimetre, tiny by comparison to what 
can be felt, he was right more than two 
times out of thr ee. 

" He clearly was not put off by the 
presen ce of the electric field becau se he 
happily repeated the task again and again . 

"It is extr emely unlikely that such a 
sophisticated sense would no t be used by 
the animal. We know, for instance, that 
echidnas always have a runny nose. 
That's just where the receptors ar e, and 
we think that the nas al secretions provide 
a low resistance pathway for the conduc
tion of electricity from environmental 
sources. But so far , we have not been ab le 
to pick up where it is sensing electricityi 
its environment, " Proske said. 

For example, he said, the group had 
placed electrodes in termite mounds 
term ites are a favorite echidna food 
but had not been able to pick up a signal. 
Neither could the resear chers pick up 
an ything in the laboratory from moving 
term ites. 

The grou p is still look ing, and would be 
glad to hear from an yone who knows of 
sources of electricity in the echidna's 
world, pre ferably which give off an alter
nat ing field in the 20 hertz ran ge. 

Perhaps it is the elect rical activity of 
earthworms moving through the soil, or 
even emperor gum moths as they move 
within their chrysalides in holes in the 
ground. Echidnas seem to know which 
holes are occupied and squash the pupae 
with their snouts before devouring them. 

The search continues, Proske sa id. 

MONASH REVIEW is produced six limes 
yearly by lhe tnlormat ion Office . Mona sh 
University, Wellington Road. Clayton. vrctona , 
3168 . Inquirie s should be addressed to Tim 
Thwane s. C/o the Informahon Ofhce 

MARCH 1989 

L...-	 ---J 

0 


