in increased oxygen consumption and
increased cloacal temperature. The
mean body temperature at the time of
placement in the restraining device was
41.1° = 1.3°C. The mean oxygen con-
sumption of seven restrained birds at
an ambient temperature of 22° to 23°C
was 6.2 ml of oxygen per gram per
hour. These values were higher than
those reported for resting house spar-
rows in the daytime (9).

Thermode cooling or heating pro-
duced a change in oxygen consumption
and cloacal temperature in nine birds
but no response in ten others. Figure 1
shows the position of the thermode in
the 19 birds studied. Consistent in-
creases in cloacal temperature or OXxy-
gen consumption, or both, in response
to thermode cooling and consistent de-
creases in cloacal temperature or oXy-
gen consumption, or both, in response
to thermode heating indicate a thermally
responsive area. The lack of changes in
these parameters indicates a nonrespon-
sive area. An area of nonresponsiveness
surrounds an area of positive response
to thermode stimulation.

The area of localized thermosensitiv-
ity is centered in the preoptic area of
the sparrows. Cloacal temperature and
oxygen consumption change steadily to
a maximum response at approximately
15 minutes after initiation of thermal
stimulation. Continued heating or cool-
ing resulted in no further thermoregu-
latory response. Table 1 summarizes the
changes in oxygen consumption and
cloacal temperature of responsive birds
after approximately 15 minutes of ther-
mode heating or cooling. Although the
birds are already somewhat hyperactive,
cooling the brain elicits further heat
production, All birds returned to their
normal state within 15 minutes after
the cessation of heating or cooling.

In dogs preoptic thermosensitivity is
functionally important to temperature
regulation (10). The body temperature
of dogs is not altered by temperature
extremes although the central nervous
system is thermosensitive. Birds respond
to thermal stress without major changes

Darwinian Evolution of Proteins

Recently King and Jukes (/) have
argued that most evolutionary changes
in DNA and proteins are primarily due
to neutral mutations and random genetic
drift. They imply that “classical evolu-
tionists” have given insufficient thought
to the problems of macromolecular
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Table 1. Effect of 15 minutes of thermal
stimulation of the preoptic area in the house
sparrow (Passer domesticus) on the oxygen
consumption and cloacal temperature at an
ambient temperature of 22° to 23°C. For
comparison, the mean body temperature of
the birds at the beginning of the test was 41°C.

Body Oxygen
temperature consumption
Thermode ot
temper- Maximum P:;:e:ft
ature change N Gial
(°C) =+ range metabo- N
¢ lism =+
range
18°-21°  +40.9° = 0.4° 8 1154 2
36°-37° +0.5 1 113 1
45° -0.5 2

88 1

in body temperature (8). Since the pre-
optic region of house sparrows is ther-
moresponsive, this region is an im-
portant center for thermoregulation.
These facts indicate that the thermal
control system of birds is similar to
that of mammals.
STEVEN H. MILLS

JAMES EDWARD HEATH
Department of Physiology and
Biophysics, University of Illinois,
Urbana 61801
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change. It therefore seems appropriate
for a “classical evolutionist” to point
out a number -of weaknesses in their
argument.

Distribution of amino acid changes.
King and Jukes have tabulated the
distribution of numbers of amino-acid

changes in variants of globins, cyto-
chromes ¢, and the variable (S-) regions
of immunoglobulins. In plotting the
number of changes per site against the
number of sites having the specified
number of changes, they claim that the
results follow the Poisson distribution.
They regard this apparent correspond-
ence as evidence that most of the sub-
stitutions occur at random, but they
have obtained it by statistically illegiti-
mate methods. Before their figures will
fit the Poisson, they are obliged to re-
move an arbitrary number of sites from
the zero (“invariant”) category. Manip-
ulations of this sort would allow them
to make the figures fit almost any dis-
tribution.

The Poisson distribution is based on
the assumption of homogeneous prob-
abilities. Disregarding the invariant
sites (already known to be aberrant) it
is easy to show that the remainder do
not satisfy this assumption. If we con-
sider the distribution of individual
amino acids at sites where one substi-
tution has been observed and compare
it with the distribution at sites where
several substitutions have been ob-
served, we find that the distributions are
significantly different. With the use of
data given by Dayhoff (2) for the hemo-
globins, the sites with single substitu-
tions show highly significant relative ex-
cesses of valine, leucine, isoleucine, pro-
line; and phenylalanine and relative de-
ficiencies of serine, glycine, asparagine,
and glutamine (P < .001). This observa-
tion shows that King and Jukes’s “Pois-
son” distribution for the hemoglobins is
in fact a compound of several different
distributions, and it invalidates their
conclusions. It also casts doubt upon
the calculations of Fitch and Margoliash
(3), which are also based on the Poisson
distribution.

Even if the figures were to fit the
Poisson, this would constitute no strong
argument in favor of the “neutral” hy-
pothesis. The dangers of reasoning of
this kind are well known to population
geneticists. The distribution of gene-
frequencies in the land snail Cepaea,
for example, was originally (and legiti-
mately) fitted to a distribution based on
the assumption of randomness (4), but
was later demonstrated to have a strong
selective component (5).

King and Jukes were unfortunate in
choosing the S-regions of immunoglob-
ulins as one of their examples. Many
workers believe that the variability of
the S-regions is due to a mechanism
very different from that involved in
normal allelic substitutions (6, 7). No

1009



mention of this possibility is made in
their paper.

Fibrinopeptide A. King and Jukes
make the following statement: “The
relative rapidity of evolutionary change
in fibrinopeptide A . . . would seem to
imply that its primary structure is not
very critical. . . .” This is formally
equivalent to the statement “The rela-
tive rapidity of evolutionary change to
melanism in moths would seem to imply
that the coloring of these moths is not
very critical.” The second statement is
not only illogical, it is known to be
untrue (8).

Scurvy. Primates and guinea pigs are
unable to convert 2-keto-L-gulonolac-
tone to ascorbic acid and therefore de-
velop scurvy if they are deprived of vi-
tamin C. King and Jukes regard the
acquisition of this characteristic as non-
adaptive and, therefore, probably the
result of selective neutrality. However,
the loss of a metabolic pathway can be
selectively advantageous if the pathway
uses up a precursor that is also needed
for some other, more important, path-
way. There is no reason to believe that
this loss is necessarily nonadaptive.

Mutations to synonymous codons.
At first sight, the most convincing of
their suggestions is that synonymous
‘mutations may be neutral with respect
to natural selection. It is nevertheless
possible to suggest four reasons why
they may not.

1) It seems likely that the availabil-
ity of particular nucleotides may vary
in different organisms according to the
patterns of their metabolism. In this
case particular synonymous codons
might be favored by natural selection.

2) Despite ‘“wobble,” a particular
transfer RNA may have different de-
grees of attachment to different synon-
ymous codons. Since the tRNAs for
one amino acid are known to be heter-
ogeneous (9), a balance between the
number of various types of synonymous
codons and the concentrations of vari-
ous tRNAs could exercise a strong
effect on the rate of synthesis of par-
ticular proteins. This would be subject
to natural selection. It has also been
suggested that differentiation of. tissues
involves the use of particular synony-
mous codons (10).

3) The order and types of nucleo-
tides in a codon determine the spectrum
of single-step changes that can occur at
the associated site- on the polypeptide
chain. In proteins that have a long evo-
lutionary history one would expect na-
tural selection to favor particular syn-
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onymous codons at critical sites on the
chain. Codons would be favored if they
minimized mutational damage. This is
an extension of the argument put for-
ward by Sonneborn (7).

4) The secondary structure of the
messenger RNA may be important, and
particular codon sequences may be nec-
essary to regulate it (12).

In view of thes:z possibilities it is
unwise to assume a priori that synony-
mous mutations are selectively neutral.
This argument applies also to King and
Jukes’s statements about the Treffers
mutator gene in Escherichia coli. The
mut T gene, which tends to increase the
guanine-cytosine content of the bac-
terium, apparently fills the third po-
sitions of synonymous codons with C
and G. It does not markedly impair
the viability of mutated strains in cul-
ture. However, we cannot therefore
maintain that it would survive equally
well in natural situations, where it
would come into competition not only
with normal strains of E. coli but also
with other microorganisms. Many
Drosophila mutants survive perfectly
well in pure cultures but are rapidly
eliminated from natural populations.

The rates of protein evolution. It is
suggested by King and Jukes, and
others (13), that the rates of amino
acid substitution for particular pro-
teins -have remained roughly constant
over long periods of evolutionary time.
This apparent constancy is deduced
from the fact that the degree of di-
vergence in amino acid substitutions
between two forms is approximately
proportional to the estimated time of
their common ancestry. The data are
somewhat sparse, so that it is difficult
to state the limits of error involved in
the assumption of constancy. They are
certainly very wide, and King and
Jukes quote one case (guinea pig in-
sulin) where the assumption clearly
does not hold. Recent work has sug-
gested other cases (I14).

Nevertheless, even if we make the
unlikely supposition that the phenome-
non is general, a rough constancy of
rate is easily explained by a selective
theory. If we take the view that every
single amino acid substitution is the
result (at least in part) of natural se-
lection, the correspondence between
the phylogenetic trees based on the se-
quences of particular proteins and
those based on conventional techniques
leads us to the conclusion that the sub-
stitutions destined to succeed are to a
considerable degree determined by the

biochemical and genetical environment
in which they occur. In other words,
there is a great deal of selective inter-
action between' sites and between loci.
This interaction will result in the selec-
tive value of a substitution being de-
termined as much by the internal (ge-
netical and biochemical) environment
as by the external environment.

If this argument is correct, the in-
ternal ‘“‘coadaptation” of the genotype

- will constitute a force resistant to ge-

netic change, as has been suggested by
Mayr (I15). The resulting “evolution-
ary inertia” will smooth out disturb-
ances produced by environmental fluc-
tuation and lead to a relative constancy
of evolutionary rate. Periodically ge-
netic revolutions will occur and lead
to inconsistencies, such as the unusually
high rate of evolution in guinea pig
insulin. There is a weight of evidence
for genetic coadaptation to be found
in many recent studies of microevolu-
tionary change (16, 17).

Amino acid composition. King and
Jukes have tabulated the average
amino acid frequencies among 53 ver-
tebrate polypeptides and have com-
pared them with the frequencies to
be expected from random permutations
of nucleic acid bases. The two sets of
figures agree remarkably well (apart
from an explicable deficiency of argi-
nine). They interpret this agreement
as indicating that the average amino
acid composition of proteins reflects,
more or less passively, the genetic
code. If their interpretation of evolu-
tion is correct, the amino acid compo-
sitions of individual proteins should
not differ significantly from composi-
tions based on random permutations
of bases. It is easy to show that they
do. A “representative” series of globu-
lar polypeptides (bovine cytochrome
c, bovine ribonuclease, bovine tryp-
sinogen, horse hemoglobin, human
Bence-Jones, and papain) show sta-
tistically highly significant deviations
from expectation (P < .001), and
these deviations are due to different
arrays of amino acids in different pro-
teins. Even more striking are the devia-
tions to be found among structural
proteins, which were not considered by
King and Jukes. Fibroins contain be-
tween 25 and 45 percent of glycine
and also of alanine. Collagens are high
in proline’ and hydroxyproline; seri-
cins in serine; keratins in cysteine;
and myosins in glutamic acid and glu-
tamine (18). Despite these widz varia-
tions, the average proportions for struc-
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tural proteins seem to agree reasonably
well with those calculated for random
permutations of bases, except for ex-
cesses of glycine and alanine (19).

These observations are most easily
explained if we suppose that the genetic
code has evolved in such a way that
it provides larger numbers of codons
for the more common amino acids, and
consequently fewer for the rarer,
rather than that the proportions of
amino acids are passive consequences
of random codon assignments. The de-
gree of order in the code, the extent
to which chemically related amino
acids are coded by mutationally related
codons, lends strength to a belief that
the code has evolved in relation to
the requirements of protein synthesis
(21, 20).

Contemporary evidence of the selec-
tive importance of amino acid substi-
tutions. If the majority of amino acid
substitutions that have occurred in the
course of evolution have been neutral
or near-neutral in selective value we
should expect to find evidence of neu-
trality (or little evidence of selection)
in contemporary protein polymor-
phisms. However, in all the poly-
morphisms that have so far been
studied in detail, the action of natural
selection can be inferred.

The only known hemoglobin poly-
morphisms in man (hemoglobins A,
S, and C) have been shown to have a
strong selective element (2). Some
protein polymorphisms show morph-
ratio clines that can be related to cli-
matic factors, others show a constancy
of morph frequencies over large areas
and indicate strong forces maintaining
a balance despite great changes in local
environments (22). Yet others show
significant excesses of heterozygotes
(23) or seasonal changes large enough
to exclude random genetic drift (24).
None seem to show the patterns
expected for neutral substitutions, the
fixation or near-fixation of different
alleles in different isolated populations
without relation to their environmental
circumstances.

It might be argued that the selective
effects mentioned above are the results,
not of the protein polymorphisms
themselves, but of other- closely linked
polymorphic loci in linkage disequilib-
rium with them. If this is so, then the
linkage disequilibriums themselves re-
quire explanation. In the absence of se-
lection they would not persist for long
evolutionary periods, yet for the only
two protein polymorphisms that have
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been studied from this point of view
(a-amylase and larval protein 10 in
Drosophila pseudoobscura) it has been
shown that particular alleles have been
associated with particular chromosome
inversions for a period longer than the
history of the species itself (25).

The hypothesis of neutrality can be
crucially tested by observing natural
and artificial populations, but these ob-
servations are not considered by King
and Jukes.

Conclusion. Few would dispute that
both random genetic drift and natural
selection have a part to play in the
evolution of proteins, as in the evolu-
tion of other aspects of the phenotype.
It is nevertheless desirable to estimate
their relative importance. King and
Jukes argue that random genetic drift
has been primarily responsible for the
majority of amino acid substitutions,
but the weight of evidence does not
support them. Protein sequences, like
other characters, seem to have evolved
under the dominating influence of nat-
ral selection.

BRYAN CLARKE
Department of Zoology, University of
Edinburgh, Edinburgh, Scotland
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Lightning and the New-Generation Aircraft

In the article by Finger and Mcln-
turff (/) several meteorological problems
associated with flying supersonic ajrcraft

are discussed. Here I would like to

bring to the attention of those authors,
and of the public as well, a meteoro-
logical problem that was not discussed
in their article and that should be
closely examined by persons involved
in operating the SST’s and also the
“jumbo” jets. This problem is lightning
strikes to aircraft.

It has been estimated that there
are approximately 500 lightning strikes
per year to commercial jet airplanes
operating in the United States alone.
Most, if not all, of the lightning strikes
are triggered by the aircraft, as was
very probably true of the lightning
flashes that occurred during the launch
of Apollo 12. Because of the larger

'size of the new-generation aircraft

(SST’s and jumbos), this lightning

hazard will increase. If the new air-
craft are permitted to fly under the
same meteorological conditions that
are considered allowable for present
aircraft, the probability of the air-
craft’s being hit by lightning will be
considerably increased.

Apollo 12 was launched through a
cloud system that was electrically ac-
tive, as was indicated by .potential
gradiént meters on the ground, al-
though no lightning activity had been
observed in the vicinity. The Apollo
12 lightning incident provides a docu-
mented example of a large group of
electrically active clouds that may not
produce natural lightning and may not
be considered thunderclouds by the
meteorologist but, nonetheless, have

-the potential for producing triggered

lightning and should be avoided by
aircraft.

In most cases (there have been
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