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Plants as Poisoners

Dolphins are Colour-blind

Plants transfer large quantities of sugar and amino acid
nutrients into their seeds
where they are converted to
polymer reserves. During this
process, the seeds are vulnerable to attack by fungal and
bacterial pathogens. In order
to protect their offspring,
plants “poison” fruits and
seeds with a series of defence substances. In addition
to the so-called defensins
and enzyme inhibitors already known, scientists in
Dr. Richard Thompson’s team
at the Max Planck Institute
of Plant Breeding Research in
Cologne have discovered a
further arsenal of previously
unknown defensive proteins
with a broad fungicidal effect in developing maize kernels. The researchers report
this in THE PLANT JOURNAL
(issue 25/6, pp 687-698).
The novel anti-fungal proteins
were tracked down in the
boundary layer between the
plant’s placenta and the growing maize kernel. They are,
therefore, known as basal layer
anti-fungal proteins (BAPs).
BAPs are synthesised as inactive propeptides. Subsequently
enzymes split the propeptides
and release active BAP peptides. They consist of approximately 40 amino acids. These
BAP peptides are mainly stored
in a thick cell wall made up of
maternal tissue that adjoins
the maize kernel. Here the active peptides accumulate withM
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in only a few days when seeds
and fruits are developing and
the concentration of nutrients
reaches particularly high values. The BAP peptides are not
found in the ripe kernel, in
contrast to many anti-pathogenic substances and presumably protect specifically the
young maize kernel against an
attack by pathogenic fungi via
the nutrient-rich, maternal
supply cells.
Richard Thompson’s team was
able to demonstrate that even
the smallest concentrations of
active BAP peptides inhibit the
growth of the cereal mould
Fusarium culmoreum. The same
also applies for many other
types of fungus. Thus scientists
from the Max Planck Institute
of Breeding Research in
Cologne were able to show
that BAP peptides not only reduce fungal growth but also
the remaining filaments are
deformed.
The researchers in Cologne received a pointer as to how the
BAP peptides develop their effect with the help of an indicator dye that binds to nucleic
acid. To do this the scientists
mixed various pathogenic fungi with both peptides and the
dye. As a result the cell nuclei
began to fluoresce. However,
the dye can only bind to the
nucleic acid if it has penetrated
the fungal membranes. This
presupposes that the membranes are permeable or damaged. However, as yet it is still
unclear how the BAP peptides
interact with the membrane.
At present the working group
at the Max Planck Institute is
investigating whether the BAP
peptides themselves cause
pores in the membrane or
whether they target specific
receptors.
In addition to biological studies
of this type, the Max Planck
breeding researchers have examined the genes that code
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the different BAP peptides.
Mapping showed that the
genes are arranged in groups
on the maize chromosomes.
The scientists also discovered
BAP genes in teosinte, the
original form of maize, and in
millet. All three types of plants
belong to a sub-family of
grasses. However, BAP genes do
not occur in either other types
of cereals or in other plants.
This might indicate that plants
of this sub-family of grasses
have adjusted themselves
rapidly to specific causative
organisms in the course of
evolution.
As the BAP peptides act as a
natural defence agent against
a large number of fungi and
their occurrence is also restricted temporally and spatially, it may be possible in the future to use them as an alternative to synthetic fungicides.
Thus it appears possible to couple BAP genes with special genetic control elements (promoters) and to transfer them
to plants that are particularly
susceptible to pathogenic fungi
such as vines. They would then
only form the defensive peptides at the points that are
attacked by the causative
organism.
The BAP peptides are probably
harmless to human health.
They are consumed when we
eat corn on the cob or sweetcorn which are harvested in
the unripe condition when the
BAPs are particularly active. ●

@ Further information
may be obtained from:
DR. RICHARD THOMPSON
Max Planck Institute of Plant
Breeding Research, Cologne
tel.: +49-221/5062-440
fax: +49-221/5062-413
e-mail: thompson@
mpiz-koeln.mpg.de

Most mammals can see
colours. The basis for this is
two types of cone photoreceptors in the retina, the
blue and green cones, each
with different spectral sensitivity. Scientists at the Max
Planck Institute for Brain Research in Frankfurt-on-Main,
the Alfred Wegener Institute
in Bremen and the University
of Lund in Sweden have discovered that the blue cones
are missing in whales and
seals (EUROPEAN JOURNAL OF
NEUROSCIENCE, vol. 13, pp.
1520-1528, April 2001).
These marine mammals only
possess green cones and are,
therefore, colour-blind since
it is impossible to distinguish
colours with only one type
of cone. By contrast, relatives
of the whales and seals living
on land still possess both
types of cone.
Humans and many other primates can see colours very
well. This is made possible by
three types of cone photoreceptors (light-perceptive cells)
with different spectral sensitivity in the retina of the eye:
the blue, green and red cones
(trichromatic colour vision).
The capability of most other
mammals is somewhat less developed. They only possess two
types of cone: blue and green

lions examined; their retinas
contain only the green cones
and the rod photoreceptors
essential for twilight vision.
The defect was demonstrated
by means of immunocytochemistry using antibodies
against the visual pigments
(opsins) of the cones. This
method makes it possible to
examine the preserved eyes
of marine mammals that have
been stranded or have died
in zoos.
Based on their taxonomically
broad random samples, Peichl,
Behrmann und Kröger suspect
that all whales and seals have
the blue cone defect. Whales
and seals are not phylogenetically related. The whales originate from land-living eventoed ungulates, their nearest
terrestrial relative is the hippopotamus. The seals have developed from land-living beasts
of prey (carnivores); amongst
their close relatives are the
wolf, the ferret and the river
otter. The research group found
blue cones in all these terrestrial relatives. The loss of the
blue cones in the marine representatives of these two so disparate groups of mammals argues in favour of an evolutionary adaptation (convergent
evolution) to the marine habitat and thus of an adaptive
advantage to the defect.
❿

cones. Some species only
have blue and red cones. This
dichromatic colour vision is so
to speak the basic equipment
in the building plan of mammals. However, two large
groups of marine mammals,
whales and seals, fall completely outside this pattern.
Whales and seals lack the blue
cones; they possess only the
green cones. Since it is not
possible to distinguish colours
with only one type of cone,
whales and seals are, therefore,
colour-blind (cone monochromats). Furthermore, their perception of brightness and contrast is severely restricted in
the blue band of the spectrum.
The defect seems paradoxical
to the scientists since the light
becomes increasingly blue in
clear seawater as the depth
increases.
When examining the eyes of
various marine mammals, Leo
Peichl from the Max Planck
Institute for Brain Research,
Günther Behrmann from the
Alfred Wegener Institute of
Polar and Marine Research in
Bremen and Ronald Kröger
from the Zoological Institute
of the University of Lund
(Sweden) came across a surprising deficiency: the bluesensitive cones are missing in
all 14 species of the toothed
whales (dolphins), seals and sea

Bottlenose dolphin: The blue
cones are missing in the eyes
of these marine mammals; they
only possess green cones. The
evolutionary advantage of the
loss of blue cones is unclear
since in clear seawater light
becomes increasingly blue
as the depth increases.
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Cross-section
through a young
maize kernel on
the boundary layer
to the maternal
tissue. The BAP
peptide was
coupled with an
antibody dye and
appears black.
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ficial or at least harmless
development.
The loss of colour vision may
have simplified the processing
of visual information in the
brain, thereby releasing capacities for other sensory outputs.
Thus many whales have developed an echolocation system
and seals can perceive the
water movements generated
by their quarry with their
whiskers.
For the species that still live
near the coast today, the loss
of blue cones would continue
to be an advantage. In contrast, the species that have
conquered the open seas in
the course of evolution would
probably profit now from blue
cones but the genetic defect
that happened during evolution is probably so serious that
it cannot be undone. “Perhaps
the colour-blindness of the
whales and seals is the price
that these mammals had to
pay for access to the abundance of food in the seas,”
summarizes Leo Peichl. ●

@ Further information
may be obtained from:
PD DR. LEO PEICHL
Max Planck Institute for
Brain Research, Frankfurt/Main
Neuroanatomy Department
tel.: +49-69/96769-348
fax: +49-69/96769-206
e-mail: peichl@
mpih-frankfurt.mpg.de
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Cone photoreceptors
in the retina of a ringed
seal, stained with an
antiserum against the
visual pigment of the
green cones. Seals and
whales only possess this
green-sensitive type of
cone. The space between
the cones is filled with
the more numerous rod
photoreceptors that
convey twilight vision.
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DEMOGRAPHY

Autumn
Babies
Live Longer
Anyone who had thought up
to now that he was at a disadvantage because his birthday is in the gloomy winter
months is wrong. Naturally,
one can’t invite people to a
friendly barbecue and one,
therefore, has to take the
size of the living room into
account when considering
the number of guests but on
the other hand the chances
are high that one will at
least throw parties more often. The reason: the remaining life expectancy at age 50
depends on the month of
birth, as Gabriele Doblhammer-Reiter and James W.
Vaupel from the Max Planck
Institute for Demographic
Research in Rostock found
out. Anyone who was born
between October and December can, on average, live
six months longer than those
born in April, May or June –
whether man or woman
(PNAS, 27 February 2001).
Although the difference appears to be small, “If, however,
one eliminated mortality from
cancer, life expectancy would
increase by “only” about three
years. Measured against this,
half a year is actually a great
deal,” says Doblhammer-Reiter.
The demographer has checked
that the findings are not purely
accidental on the basis of statistical examinations of enormous amounts of complete
population data for three
countries; this is why now
one can say that the difference
in life expectancy is statistically significant. Overall the results are based on over a million birth and death dates for
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However, the matter becomes
puzzling due to the phenomenon that during the propagation of light in clear water,
such as in the open sea for example, the long-wave fractions
are scattered in preference and
therefore, as the depth of water increases the short-wave,
blue fractions dominate more
and more – an effect with
which every diver is familiar.
Under these conditions loss of
the blue cones would seem to
be a particularly poor adaptation. Even if colour vision (on
the basis of at least two types
of cones) is not very useful in a
monochrome blue underwater
world, surely the type of cone
that can best make use of the
available light for perception
of contrast and brightness
ought to be retained. Thus
many fish that live under
comparable light conditions
have blue cones.
The researchers assume that
loss of the blue cones occurred
at an early stage of evolution
when the first representatives
of whales and seals on their
way back to the sea initially
only inhabited coastal waters.
There the light under water is
longer-wave because of the
higher content of organic and
inorganic matter causing turbidity and contains only low
fractions of blue. In these conditions the loss of “idle” blue
cones would have been a bene-

people from Austria, Denmark
and Australia. Thus they have
the advantage of a broad,
unselected database whilst
previous studies used comparatively small amounts of data
for partial populations. Although Ellsworth Huntington
is credited with having recognised a relationship between
the differences in life expectancy and the month of birth
as far back as 1938, his statements were the result of genealogical information obtained from only 39,000 people.
One interesting detail that,
moreover, proves how little
chance plays a part in longer
life expectancy, is found by
shifting this pattern to the
Southern hemisphere. The reverse is actually true; in Australia those born in the second
quarter of the year live longest.
The fact that with English immigrants in Australia the relationship between month of birth
and longevity corresponds to
that of their country of origin,

in this case their English homeland in the Northern hemisphere, appears to bear out
that it is primarily early living
conditions that are responsible.
The noticeable decline in death
from old age in the last half
century has led to a rapid increase in the older population.
In spite of this, knowledge of
the factors that affect mortality and survival in old age is still
limited, Doblhammer-Reiter
explains one starting point for
her research considerations.
True current research results
have already pointed out the
role of the so-called early-life
factors in connection with
mortality in old age. According
to this, environmental conditions during pregnancy and in
the first few years of a child’s
life significantly affect the
health of adults and their mortality. However, these results
are still the topic of controversial discussion.
For the demographer, the assumption that the month of
birth might be an indicator for
environmental conditions
stood at the centre of her considerations because they in
turn are better or worse depending on the season. Once
the data confirmed this relationship she tested four hypotheses or possible reasons to
explain the pattern discovered.
The first assumed that the relationship between age and the
seasonal distribution of deaths
caused the differences (example: people born in April are
older than those born in November when they are hit by
the higher mortality risk of
winter). The second hypothesis
tested a constellation of social
factors that possibly influence
the seasonal timing of births,
whilst the third hypothesis
sought to explain the difference in life expectancy with
seasonal differences in the
probabilities of surviving in the
first year of life. This means
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that children born in autumn
suffer a higher risk of mortality
in the first year of life and this
selection only allows the most
robust children to survive who
then live longer. The fourth
hypothesis is: seasonally occurring negative environmental
effects during the development
of the foetus or in the first
year of life increase the susceptibility to illnesses in adulthood.
The time-consuming statistical
investigations of Gabriele
Doblhammer-Reiter and James
Vaupel, director of the Institute, now prove that it is this
last hypothesis above all that
provides the reasons for the
difference in life expectancy.
The scientists believe that environmental influences, which
the person is exposed to in the
womb and in the first few
years of life, may be made to
answer for up to a quarter
of the variation in human
longevity; a further quarter
might, however, also lie in genetic causes and the remaining
two quarters would be shared
between the respective adult
or current living conditions
in old age.
Amongst the environmental
influences prior to birth are the
mother’s nutritional condition
and health during pregnancy,
which, in turn, have an effect
on the child’s birth weight.
Thus there is a series of investigations, which show that infants with below average birth
weight suffer more frequently
as adults from high blood
pressure, increased cholesterol
level and reduced lung function – all diseases that can
lead to early death.
Research into birth weight
suggests overall that the conditions in the womb are also
determined seasonally with regard to nutritional status and
health. Thus a series of infectious diseases frequently occur
seasonally.
❿
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