Evolution and Climate Variability

Richard Potts

Voariations in organisms are preserved and
accrue if there is a consistent bias in selection
over many generations. This idea of long-
term directional selection has been em-
braced to explain major adaptive change (1).
It is widely thought that important adaptive
shifts in hominids corresponded with direc-
tional environmental change. This view,
which echoes the savanna scenario of homi-
nid evolution (2), has strongly been sup-
ported by paleontologists and paleoclimatol-
ogists over the past decade (3).

According to deMenocal (4), periodic
increases in aridity occurred during the late
Pliocene and early Pleistocene, favoring the
evolution of arid-adapted taxa, in-

Hardly just noise, long-term fluctuation
was a signal of potentially major evolution-
ary consequence. | have proposed the term
“variability selection” (9) to describe the ef-
fects of repeated, dramatic shifting in Dar-
winian selection over time. This inconsis-
tency over many generations may have had
an important impact on hominid evolution.

Variability selection requires a long se-
quence of large-scale habitat oscillation such
that individuals of a lineage living at differ-
ent times experience different adaptive con-
ditions. Over a span of recurrent extremes,
some gene combinations and complex behav-
iors may be favored that enable resilient and

populations in the fossil record, four lines of
evidence emerge for hominids. First, adap-
tive flexibility is correlated with wider envi-
ronmental oscillation. As global climate var-
iability rose between 3 and 5 million years
ago, a form of bipedality emerged that could
accommodate terrestrial and arboreal set-
tings. Increase in relative brain size, tech-
nological innovation, manipulation of sym-
bols, and geographic diversity in behavior
are all apparent in the late Pleistocene. The
emergence of these features, suggestive of a
novel responsiveness to environments, cor-
responded with the largest recorded oscilla-
tions of the late Cenozoic (7, 8).

Second, stratified sites such as Olduvai
Beds I and II and Combe Grenal record long
periods of environmental change and the con-
tinuous presence of hominids (10). Although
many organisms followed favored habitats
over time, certain hominid populations coped
with large landscape changes within regions.

Third, there was turnover in other mam-
mals. Five previously dominant herbi-

cluding hominids. The late Ceno- |Time
zoic deep-sea oxygen-isotope (8180) ‘
record shows what is considered to

be marked global cooling and drying
in Africa; species turnover in t
bovids, rodents, and hominids is said
to correlate with stepwise expres-
sions of the climatic trend (5). The A
origin of the hominids, bipedality, ¢
stone toolmaking, and brain size in-
crease have all been related to cool-
ing, aridification, and savanna ex-
pansion (3-6).

There is, however, a more promi-
nent signal than the aridity trend:
an increase in the range of climatic 4
variation over time. Amplitude
variation in 6180, bottom-water
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vores in southern Kenya became ex-
tinct 800 to 400 thousand years ago
and had traits that indicate a reliance
on low-quality forage (11). When en-
vironmental fluctuation became ex-
treme, especially after 600 thousand
years ago, they were survived by closely
related taxa that could switch diet in
different settings, had smaller bodies
and dental morphologies (indicating

Wet

- less specialized grazing), and may have

had wider habitat ranges. Thus, in
these groups, habitat or dietary spe-
cialists were replaced by lineages hav-
ing flexible response.

Fourth, this process of sorting spe-
cies within a clade seems to have oc-
curred within the hominids. Although

temperature, sea surface tempera-
ture, and dust records increased over
the past 5 million years by a factor of
2 or 3 (4, 7). This variation was mir-
rored by fluctuation in vegetation
and moisture, particularly over the
past' 1 million years. Pleistocene
records from Africa, Europe, and
Asia indicate repeated shifts in re-
gional hydrology and vegetation
(8). The widest extremes were ex-
pressed over intervals of 10 to 100
thousand years and differed qualita-
tively from seasonal variations. Sub-
sequent remodeling of landscapes likely had
strong effects on water and food sources, popu-
lation densities, biotic competition, and thus
natural selection.
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Variability selection in a Mendelian population. Environmental
oscillation (right) is reflected (Landscape) by fluctuation in veg-
etation (green) and surface water (blue). At t,, a lake is ted by a
river system in open woodland. After wet and dry extremes, sur-
face water disappears (t,). The gene pool (and associated phe-
notypes) is divided into (i) features favored in moist, highly veg-
etated settings; (i) features that yield higher fitness in dry, open
habitats; and (iii) contingent responses, which are favored under
novel circumstances and depend on environmental input. The size
of the shapes under “Gene pool” depicts relative fitness in each
specific interval of time. The dominance of genotypes that confer
contingent responses over habitat-specific adaptations (i, to t;)
cannot be extrapolated from the short-term fitness resuits of ear-
lier intervals. In variability selection, complex mechanisms of me-
diating environmental information and novel response may evolve.

novel responses to new conditions (see fig-
ure) unlike those resulting from any single
generation of Darwinian selection. By posit-
ing that complex specializations may arise as
a result of temporal disparities in fitness, the
concept of variability selection challenges the
common idea that major adaptive change re-
quires long-term consistency in relative fitness.

Although it is hard to discern Mendelian
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early Pleistocene Paranthropus appears
to have been omnivorous, its massive
craniofacial and dental apparatus indi-
cates heavy mastication and thus spe-
cific dietary requirements (12). Later
in the Pleistocene, Neanderthals ex-
hibited a geographic range and ana-
tomical traits (such as short distal
limb segments) that imply adaptation
to cold environments (13). In both
cases, hominids with a more restrict-
ed geographic range became extinct,
whereas those with greater mobility
and behavioral diversity (early Homo
erectus and modern H. sapiens) persisted.

During hominid evolution, the episodic
revamping of climate, vegetation, and vital
resources was a key environmental signal.
The inconsistency of Darwinian optima was
likely its own unique selective process and
may have been responsible for the overall
pattern of hominid evolution and key adap-
tive features in the genus Homo.
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A New Receptor for Growth
Hormone—-Release Peptide

P. Michael Conn and Cyril Y. Bowers

Ia 1984, a synthetic hexapeptide was devel-
oped that causes release of growth hormone
from the pituitary gland. But even then there
were hints that this synthetic peptide (called
GHRP, for growth hormone release peptide)
and the natural growth hormone-releasing
hormone acted at distinct receptors in the
pituitary, suggesting that GHRP was mim-
icking a second “endogenous factor or . . .
hormone that regulates growth hormone re-
lease” (1, p. 1542). Now in this issue of Sci-
ence, a group of researchers from Merck re-
ports the cloning of the receptor for these
synthetic growth hormone secretagogues (2),
clinching the existence of a second route for
growth hormone regulation, and opening
the door for identification of the endogenous
ligand for this receptor.

Until recently the typical path leading to
the development of a drug has been to iden-
tify the active compound and then to make
analogs that recognize the target (usually a
receptor or an enzyme). But Howard et al. (2)
have followed a different route: They identi-
fied a potential lead drug before the identifi-
cation of either the endogenous active com-
pound or the receptor. The scientific history
that led to this development is a fascinating
story of independent accomplishment by in-
dividuals whose efforts may now be resulting
in a valuable new class of drug.

It was recognized for years that opiates
can cause release of growth hormone; in-
deed, certain peptide analogs of the opiate
Met-enkephalin actually lack opiate activity
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but still cause release of growth hormone (3).
The best of these early compounds GHRP-6
(His-D-Trp-Ala-Trp-D-Phe-Lys-NH;) was
interesting, because it had the biological ac-
tivity of a hypothalamic growth hormone—
releasing hormone (1). However, it contains
two uncoded D-amino acid residues and so is
clearly not naturally present in mammals.

At about the same time, a natural 44—
amino acid protein from the hypothalamus
was identified that causes release of pituitary
growth hormone (GHRH) (4). Defying a
number of predictions, GHRP-6 did not
compete with GHRH for its receptor (5).
Likewise, a proposed mechanism of action
in which GHRP-6 caused growth hormone
release by inhibiting the binding of soma-
tostatin (which inhibits growth hormone
release) to its receptor was excluded. In
fact, GHRP-6 could synergize with GHRH
to release growth hormone in animals and
humans (5, 6).

GHRP-6 and its chemical descendants
were licensed to a series of drug companies
whose researchers prepared peptidic analogs
in the hope of identifying some that might
promote growth hormone release in humans
or be useful for veterinary purposes. And
GHRP-6 and its analogs did show potent
growth hormone-releasing activity by intra-
venous, subcutaneous, intranasal, and oral
routes in humans and topically in mice (7-9).

In 1990, recombinant human growth
hormone (rhGH) was shown to increase the
quality of life for otherwise healthy men aged
61 to 81 with low plasma concentrations of
insulin-like growth factor-1 (IGF-1) of 350
units per liter (the “youthful” range is 500 to
1500 units per liter) (10). In the experimen-
tal group, who received thGH three times
weekly for 6 months, the IGF-1 value moved
into the youthful range, accompanied by an
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increase in lean body mass, a decrease in
adipose tissue mass, and an increase in aver-
age lumbar vertebral bone density. Skin
thickness also increased. But thrice weekly
self-administration of thGH would be ex-
pensive as a routine treatment, and aging
patients would likely have difficulty with
compliance. Clearly, a drug that would cause
release of the individual’s own growth hor-
mone would be preferable, especially if a ver-
sion with oral activity were available. Physi-
cians treating short-statured children, as well
as veterinarians, would find such compounds
useful. Another advantage would be that the
GHRP-like compounds increase growth hot-
mone secretion in the normal pulsatile pat-
tern and so, in contrast to rhGH administra-
tion, might be less likely to have any adverse
clinical effects in older subjects.

The Merck group has now identified
compounds that may fulfill the criteria of
useful agents and has used them to clone the
receptor for this class of compounds (2, 11—
13). Their findings demonstrate the exist-
ence of an endogenous system, distinct from
GHRH and somatostatin, that participates
in the regulation of growth hormone release.
This “reverse pharmacology” then gives us
access to the receptor, as well as (presum-
ably) agonists for it, even before we know the
endogenous ligand or the precise physiologi-
cal role of the receptor. Identification of the
receptor unequivocally establishes a novel
target of action for this drug class.
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