
Wheat seed's 
defences 

"They plough the fields and scatter 
the good seed on the land". 

Take for example the humble grain of 
wheat; each year man sows millions of 
millions of them, and hopes to harvest 
20 times that number to make his bread, 
his staff of life. He relies on the gentle 
rain from heaven , and the earth beneath, 
to give him that 20-fold increase. 

Yet . according to Dr Terry O'Brien, 
Reader in Monash's botany department, 
when you consider the risks against it, 
it's a wonder that so much comes to 
harvest. 

Once a seed of wheat is put into the 
soil , it is under attack . "If wheat is good 
for man", O'Brien says, "it is good for 
other things too , including fungi that live 
in the soil, and indeed, fungi that, before 
the seed is sown, inhabit the outermost 
dead layers of bran." 

How does the germinating grain hold 
off tha t atta ck 7 

The answer, he says , is in the 
aleurone layer, in the wall that encases 
the aleurone cells. 

These cells may be likened to the 
pancreas, producing digestive ferments 
[enzymes) that transform the stored 
starch and protein in the rest of the 
endosperm of the seed into the nutrients 
needed for the growing root and stem. 

(It is a particular one of those fer­
ments that the barley maltsters select 
for brewing beer, the oth ers being des­
troyed by heat.) 

These aleurone cells must not only 
produce and release the enzymes in the 
course of digesting the starch and pro­
tein , they must aIso protect themselves 
from digestion by the very enzymes that 
the cells produce . 

For soil fungi, or fungi on the skin of 
the seed, to pass into the interior of the 
grain-and so to consume the starch 
and protein store reserved for the growing 
root and shoot-those fungi too must 
produce digestive ferments that will allow 
them to attack and penetrate the cell 
walls. 

Since this fungal attack doesn't usually 
happen (otherwise, no germination, no 
growth, and no harvest). O'Brien suspec­
ted , as had others, that something was 
continually protecting the aleurone cell 
walls from attack, while allowing the 
release of enzymes needed for germina­
tion. 

With Gary Fulcher, research student 
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Above: Sketch 01 wheat seed and 
its seed wall showing the aleurone 
layer . The photomicrograph (right ) 
shows a/ 'a' the strongly fluores ­
cent cell walls 01 the aleurone 
layer when they are i l lumi ruued by 
ultraviolet light. 

in botany, O'Brien set out to identify 
that material. 

As with many other ventures in modern 
science, some described in recent issues 
of Monash Review, 0 'Brien and Fulcher 
were working in a very small space-the 
cells on the inside of the 'shell' of a 
grain of wheat. 

Visual inspect ion with the optical 
microscope, and with the electron micro­
scope, had already established the struc­
ture of the layer and its cells and cell 
walls: that much was known. 

What they wanted was a method of 
inspection by some kind of irradiation that 
would reveal the chemical composition 
(not merely shape, size, or structure) of 
small sections of material. 

Irradiation with electrons, yielding 
x-ravs, or with ions, yielding light [both 
mentioned in Review, March 1974), or 
with microwaves in a magnetic field 
(this issue) were not appropriate. 

Sut fluorescence, the visible response 
of a substance to lrradlation with (invis­
ible) ultraviolet light, though seldom used 
in botany, was possible . 

It turned out that the cell walls of the 
aleurone layer, when viewed through a 
microscope i lluminated with ultraviolet 
light, were strongly fluorescent-that is, 
became visible at an identifiable wave 
length or color; and that color, it was 
hoped, could be matched to some known 
material. 

That result, coupled with viewing the 
walls when stained in appropriate ways, 
suggested that the aleurone layer con­
tained phenolic substances. 

But , says 0 'Brien, the living world is 
full of phenols (carbolic acid is one, 
found in most kitchens and medicine 
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chests) ; he therefore faced the grinding 
task, by trial and retrial, of finding which 
one. 

A chance remark by J. W . Lee, of 
CSIRO's Wheat Research Unit, Ryde, 
NSW, at a professional meeting, gave 
O'Srien the clue. 

Lee had said that ferulic ac id (a well 
known phenol) had been found as a 
constituent of wheaten flour. Right, said 
o 'Brien, if in the flour as milled then 
why not also in the aleurone layer before 
the flour was consumed in the germinat­
ing process. 

O'Brien and Fulcher followed that up. 
Using the anatomy department's micro­
spectrofluorimeter, they measured the 
fluorescent spectrum from one millionth 
of a square millimetre of aleurone cell ......... 
wall, and compared it with the fluores­
cence of a correspondingly small crystal 
of pure ferulic acid. 

The result, Without doubt : the sub­
stance of the cell walls of the aleurone 
layer was the phenol, ferulic acid . 

And ferulic acid was known to be a 
strong inhibitor of the fungi but could 
and would attack the seed 's store of 
starch and protein. 

And so the science of cell biology 
makes its slow advance . 

" W e see in this system", says 0 'Brien, 
" a nice example of an important biolo­
gical principle: once mutation has pro­
duced by chance a useful product (in 
this case, ferutic acid), biological systems 
exploit it to serve several purposes. 

"In this instance, the one compound 
protects the aleurone layer against its 
own digestive enzymes, and at the same 
time resists the attack of would-be para­
sites .:: 
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