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Abstract 
— being part of an address given to the Society on 15th November, 1963 
Medical students and clinicians prefer — for different but equally good and acceptable reasons — to be 
presented with simple and easily comprehensible explanations of physiological and biochemical phenomena. 
But, as I have been saying to my students for years, the body was not designed for the convenience of the 
medical student or the clinician, if, indeed, it can be regarded as having been designed at all. 
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THE DESIGN 
OF THE ORGANISM

R. B. FISHER, Department of Biochemistry, University of Edinburgh

— being part of an address given to the Society on 15th November, 1963

M edical students and clinicians prefer —  
for d ifferent b u t equally good and acceptable 
reasons —  to be presented w ith  sim ple and 
easily com prehensible explanations of physio­
logical and biochem ical phenom ena. B u t, as 
I have been saying to m y students for years, 
the body was n ot designed fo r the convenience 
o f  the m edical stu d en t or the clinician, if, 
indeed, it can be regarded as having been 
designed at all.

T h e  popular n otion  of w hat it was designed 
for is that every  discernible aspect o f its 
fu n ction in g is there for the benefit o f the 
organism , and it is a popular m inor in tellectual 
sport to ‘exp lain ’ a physiological observation in 
term s o f w hat you w ould have p u t it there to 
do. T h e  exponents o f this sport rarely, if ever, 
pause to thin k w hat happens w hen m an designs 
a com p lex piece of m achinery. W h e n  a team 
o f able experts designs an aeroplane they can 
be m oderately  certain o f a few  things: it will 
fly: its speed w ill be in the expected region: 
its range w ill be m uch as hoped. B u t it is so 
com p lex that the inter-actions betw een m any 
o f its parts and functions are unpredictable. So 
the m achin e that is b u ilt to the design is put 
into  the hands o f a large team  o f other experts 
w ho spend years m easuring hundreds of its 
properties in flight, and it w ill undergo succes­
sive small m odifications intended to nullify  the 
undesirable features that are disclosed by this 
study. W h e n  all this has been done w ith 
enorm ous care, industry and intelligence, it is 
still possible to leave the m achine in posses­
sion o f som e such disastrous property as the 
unsuspected susceptibility  to fatigue o f the air­
fram e of the C o m e t.

Personally, I am firm ly opposed to view ing 
the body as ‘designed’ . Q u ite  apart from  the 
dangers in heren t in the easy superficial explan­
ations o f functions to w hich such a view  
in evitably leads, it leaves o u t tw o m atters of 
im portance.

In the first place, by satisfying one that 
everything is there, in the m ost subtle  and 
intricate collaboration, to  m aintain  the status 
quo, it m akes it very difficult to understand the 
occurrence o f any but the m ost gross of p ath o ­
logical processes. In the second place, it in­
volves ignoring the conclusions o f basic biology.

Biologists in general accep t the n otion  of 
evolution  by natural selection. B y the 
nature o f things, they cann ot prove 
how  evolution  has occured. B u t they 
have been able to observe it in action  in som e 
instances, and the biological phenom ena w hich 
could form  its basis arc beyond dispute.

For instance, it is beyond dispute that errors 
occur in the duplication  of chrom osom es and 
that chrom osom es can segregate during cell 
division in irregular fashions, so that parts of 
two chrom osom es can interchange, or fragm ents 
can break off and be lost, or m ore than the 
norm al co m p lem en t o f chrom osom es can 
appear in a germ  cell. C h ro m o so m e abnorm al­
ities in man in association w ith  structural and 
fun ction al abnorm alities are n ow  frequen tly  
being reported as the result o f recent advances 
in the tech nique of study o f chrom osom es.

W e  can lum p together all the random  
abnorm alities o f chrom osom e reproduction as 
m utations and w e can call the bearer o f such 
an abnorm ality a m utant. T h e  theory of 
natural selection suggests that evolution  is due 
to the survival o f a m utan t form  because it 
possesses greater ability  to adapt to its environ­
m ent than does the original form , the ‘w ild ’ 
type.

B efore w e can understand the application 
o f this n otion , tw o points have to be taken 
into account. First, in a sexually reproducing 
organism , it docs n ot seem likely that a single 
error, resulting in a unique m utant, could have 
m uch success in originating a new  specics. B u t 
it is know n that particular m utations occur 
naturally w ith  quite  a high frequency, that is,
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a particular kind o f c ell is prone to particular 
kinds of reproductive inexactitude. For in­
stance, before m odern haem atological advances 
made life  supportable for the haem ophiliac, 
that is before he had any significant chance of 
surviving to the reproductive age, new  eases 
turned up w ith regularity, and it was clear that 
the m utation regularly occurred spontaneously. 
So, w ith a m utant form  that docs not confer a 
reproductive disadvantage, it is to be expected 
that it w ill accum ulate in a population  m uch 
m ore rapidly than if it had to rely for its spread 
on the progeny of a single m utant.

T h e  second point is a m ore im portant one. 
M odern evolutionary studies have indicated 
that successful new  forms are m ost likely to 
arise on the fringe of the habitat o f the wild 
type . T h e  fringe o f the habitat is the region 
w hich is disadvantageous to the w ild type, but 
just not sufficiently so to exclude it. T h e  new  
form , then, does n ot have to be better adapted 
to the conditions o f the m ajor part o f the habi­
tat, but does have to be better adapted to the 
special features of the fringe area.

T h e  consequences of this can be seen if some 
special instances arc considered. A n anaerobic 
bacterium , incapable of tolerating m ore than 
a trace of oxygen, can live in the deep layers 
of the soil. A  m utant form  capable o f tolerat­
ing higher oxygen concentrations or of living 
fully aerobically could arise at the upper fringe 
of this habitat and could invade the upper 
layers of the soil. T h e re  is no reasons w hy a 
second m utant could not arise from this one 
capable o f tolerating low er oxygen concentra­
tions, so that it could re-invade the original 
habitat. If it were incidentally m ore capable 
o f tolerating the particular conditions of acidity 
of the lower soil than the original form it could 
com pete w ith it successfully.

T w o  im portant considerations arise from 
this exam ple: first, that succcssive m utations do 
not necessarily mean successive refinem ents of 
adaptations to one environm ent and, second, 
that since it is m ore likely than not that succes­
sive m utations w ill be at different sites, the 
double m utation w ill retain the properties con­
ferred by the first m utation, even though they 
have no specific value in the new  environm ent. 
Rem em ber, in this con text, that evolutionary 
success does not mean that the successful form 
is perfectly adapted to its environm ent. It 
m erely means that it is better adapted than is 
any contem porary com petitor for that biological 
niche.

T h is  im plies that com plex organisms must

be expected to possess num erous features that 
were introduced a long tim e ago in evolution 
w hich have never disappeared because the pres­
sure of selection against them  has cither never 
occurred or has never been strong enough. 
R ecapitulation in ontogeny is sufficient evi­
dence that this sort o f th in g occurs, but we 
rather tend to suppose that this is m erely an 
anatom ical m atter, and w e take com fort from 
such facts as that the pronephros and the 
m esonephros disappear during developm ent, 
and that we are left w ith  a respectable m odern 
m etan ephros to look after our excretory needs.

B u t I think that w e take com fort too easily, 
and that we are not really know ledgeable 
enough to be able to say how  far cellular 
architecture conform s to an efficient pattern 
and how  far it is cluttered w ith lum ber from 
the evolutionary past. It is certainly true that 
there arc anaerobic micro-organisms w hich con­
tain cytochrom e oxidase for w hich they cannot 
be seen to have a use and that there arc marine 
worms containing a kind of haem oglobin w hich 
holds oxygen w ith such tenacity that the 
tension at w hich it will give it up is too low 
to support the life  o f the organism. Plants 
m anufacture alkaloids for w hich no biological 
function can be found, and the form o f the 
Peppered M o th  w hich is now  com m onest all 
over England is so conspicuous in its black 
livery against the bark of clean trees, 011 w hich 
it rests w ith open wings, that it is an easy prey 
to birds. T h is  last instance is particularly 
striking, because 60 years ago the com m on 
form was a pale speckled creature w hich is 
quite inconspicuous in this situation.

I believe that these considerations im ply that 
the fun ction in g of living organisms is based 
on crude basic m echanism s w hich have been 
overlaid from  tim e to tim e by accretions, m any 
of w hich are n o  longer particularly useful, 
w hich have tended to m oderate the im perfec­
tions o f the basic m echanism s in particular 
ways. Such arrangem ents m igh t be expected 
to breakdown when stressed quite trivially in 
particular ways, and I believe that we could be 
better occupied in endeavouring to study the 
properties o f these conglom erations than in 
searching for broad principles o f design.

Have you ever thought of skeletal m uscle as 
a kind o f H eath Robinson contraption? M uscle 
cells at rest have rather a low  oxygen consum p­
tion. As soon as the cells arc stim ulated to 
contractile activity the oxygen requirem ents 
rises enorm ously, and the cells arc so consti­
tuted that oxygen lack or lack of a substitute



source o f energy puts them  rapidly into a state 
o f contracture com parable w ith  rigor m ortis.

Y e t, as soon as a group o f m uscle cells con­
tracts, it  exerts on the blood vessels running 
w ith in  it a pressure sufficient to occlude the 
blood supply: a process equivalent to p uttin g 
a plastic bag over your head before you run 
for the bus.

T h e  first stage ad junct to the m uscular 
apparatus w hich offsets this m ajor defect in 
design is the provision of a glycolytic m echan­
ism. T h is  enables the m uscle to obtain som e 
energy from  the breakdown of carbohydrate to 
lactic acid w ith ou t need for oxygen. B u t since 
the blood that brings o xygen also brings 
glucose, this m echanism  is o f little  use w ith ou t 
another, the m echanism  of glycogen storage 
and breakdown.

T h e  com bination  of these tw o adjuncts is 
o f lim ited use: m uscle cannot store m uch 
glycogen, and the glyco lytic  breakdown of 
carbohydrate provides only a fifth or a sixth 
o f the energy that can be obtained by oxidation, 
so that the store lasts only a short tim e. In 
addition , the lactic acid form ed in glycolysis 
makes the m uscle m ore acid than usual and 
m ilitates against fun ction . So, even w ith  these 
aids, the inherently bad design of m uscle makes 
it d ifficult to m aintain tonic activity  or long- 
terms phasic activity, as in w alking or flight, 
for any length o f tim e. W ith  these m echan­
isms, we still do n ot have an effective basis for 
rapid flight from  an enem y, on the ground or 
in the air.

H ow ever, a third supplem entary m echanism  
exists. T h is  is the provision of m yoglobin. 
M yoglobin  is closely related to haem oglobin 
in fun ction , but it occurs in the m uscle cells 
them selves. W h ereas haem oglobin consists of 
four peptide chains, each o f w hich is com bined 
w ith  a haem m olecule  w hich is responsible for 
the capacity of the haem oglobin to bind a 
m olecule  of oxygen, m yoglobin consists o f one 
such peptide chain com bined w ith  one m ole­
cule of haem . T h e re  seems to be no clear 
relation betw een the sequence of am ino-ac ids 
in the haem oglobin peptides and that in m yo­
globin . T h e  two haem-pro te ins appear to have 
arisen separately in evolution.

M yoglobin  w ill still retain its com plem ent 
of oxygen when the oxygen tension is m uch 
below  that in arterial blood, but it gives up 
the oxygen at a tension w hich is still high 
enough to be of use intraccllularly. T h u s  it 
holds on to oxygen inside the cell until the 
supply from  outside has run o u t and then pro­

longs the period during w hich the m uscle cell 
can fun ction  aerobically. It does for the m uscle 
cell w hat the C h an cello r of the E xchequer 
wishes that h e  could do for the econom y: it 
irons out the swings in the relation betw een 
supply and dem and.

Y o u  w ill n ote  that this arrangem ent is not 
aiding the g lyco lytic  m echanism . It is as though 
som eone had th ough t that though glycolysis 
was quite a good notion for a beginner, it w asn’t 
really good enough, and it w ould be better to 
try to solve the problem  another way. T h e  
interesting th in g is that the m yoglobin  m echan­
ism is n ot only of a different kind from  the 
glycolysis m echanism  b u t it has quite  a different 
in ciden ce .

W h ereas all skeletal m uscle appears to possess 
the capacity for glycolysis and for the storage 
of glycogen, only certain m uscles in certain 
species possess m yoglobin. T h in k  of the w hite  
m eat and the dark m eat: the pectoral muscles 
of the alm ost earth-bound dom estic fow l have 
little  or no m yoglobin: those of the gam e birds, 
pheasant, grouse and partridge, for instance, 
arc richly endow ed w ith it.

T h u s w e can anatom ize the apparatus for the 
provision of energy in m uscle into  elem ents 
w hich are independent, elem ents w hich are 
not inevitably brought together in every case, 
elem ents w hich fall into  classes o f basically 
functional and of superadded elem ents w hich 
serve to m oderate the im perfections of the basic 
apparatus in fashions w hich arc som etim es co ­
operative but som etim es independent.

N o te  that if cellu lar organisation is o f this 
kind, then there is a strong probability that the 
superadded elem ents w ill introduce properties 
that are disadvantageous in som e conditions, 
and keep in m ind at all tim es that unless you 
are prepared to take the position that evolution 
is over and that neither man nor any animal 
w hose physiology has been thoroughly studied 
is susceptible to m odification capable o f adapt­
ing the organism m ore fully  to its present envir­
onm ent or to any environm ent at the fringe of 
its habitat, then you m ust conclude that in 
som e con text or other the organism has im per­
fections.

T h e  sim ple explanations that w e all need to 
enable us to focus on physiology arc only  a 
beginning o f our study. If w e accept these neat 
notions as true physiology then w e are accepting 
a picture of man as man w ould have designed 
him  had he had the forethought, and, at that, 
this is a picture of a design that has not been 
test-flown.
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