50,000, 60,000, and 65,000. Using data
available from other laboratories before
the monoclonal antibody work got un-
der way, Lindstrom constructed a hypo-
thetical model of the receptor. It is a cy-
lindrical molecule that protrudes through
the postsynaptic membrane, having an
ion channel running through the center,
with two acetylcholine binding sites
probably located on the a-subunit (see
diagram).

Michael Raftery and his colleagues at
the California Institute of Technology
have analyzed part of the amino acid se-
quence of each of the four subunits and
report a high degree of homology be-
tween them. "*At 11 of the first 54 amino
acid positions all four subunits have the
same residue,”” says Raftery. ‘These
data suggest that the genes encoding the
four subunits descended from a single
ancestral coding sequence. . . . We as-
sume that the subunits evolved to per-
form discrete functions in the receptor
complex.”’

“*Apart from the obvious functions
such as the site for binding with acetyl-
choline and the structures that make up
the ion channel, there are other features
on the receptor we need to know about,”’
says Lindstrom. *There’s the functional
link between the binding site and the
channel, for instance; and the molecule
probably interacts specifically in some
way with the basement membrane out-
side the postsynaptic membrane and
with structural proteins inside it. We ex-
pect to be able to probe these functions
using our library of monoclonal anti-
bodies.”

So far Lindstrom and his colleagues
have isolated 70 monoclonal antibodies
from rats, 17 of which came from immu-
nization with torpedo receptor, 40 with
electric eel, and 13 with fetal calf muscle.
By testing with whole receptor, separate
subunits, and individual subunits frag-
mented by proteolysis, the Salk group
has begun the process of mapping the re-
gions on the receptor to which the anti-
bodies bind.

“*Many of the antibodies are species-
specific: they bind only to receptors
against which they were produced,’’ re-
ports Lindstrom. ‘**But about half of
them cross-react with receptors of other
species. It is interesting that many of
these cross-reacting antibodies bind with
the a-subunit. There’s an area on the o-
subunit that provokes a powerful im-
mune response; many antibodies react
with determinants here. We call it the
Main Immunogenic Region, and it is not
the acetylcholine binding site.”” Similar
regions are found in torpedo, eel, and

(Continued on page 42

Biology and Culture
Meet in Milk

William Durham, an anthropologist
from Stanford University, is con-
cerned about a gap he sees between
biological and cultural anthropology.
“A major goal of anthropology has
been to explain and interpret the di-
versity of human attributes around the
world, past and present,” says Dur-
ham. And yet, he complains, “there
have been relatively few attempts to
interrelate or integrate the dichoto-
mous schools of thought.” Speaking
at one of the few sessions on socio-
biology at this year's meeting, Dur-
ham offered to bridge that gap with a
case study on the biological and cul-
tural aspects of dairying.

“The interaction of biology and cul-
ture proceeds through the influence
that culture can have on the fitness of
individuals and genotypes, and
through the influence biology can
have on the fitness of cultural prac-
tices,” he stated. Calling on the data
of cultural geographer Frederick J.
Simoons, Durham claimed that the
distribution of certain dairying prac-
tices and the physiological ability to
metabolize lactose “proves in this in-
stance that cultural changes directly
affected human survival and repro-
duction.”

Some populations rely heavily on
milk products as part of their diet; oth-
ers do not. This is the cultural diversity
on the equation. In addition, some of
the “dairying populations” consume
their dairy products as milk, others as
cheese, yoghurt, and similar deriva-
tives, thus extending the cultural di-
versity. Durham adduced archeologi-
cal data for an indication of the impor-
tance of dairying in different cultures’
history.

The biological variable in the equa-
tion is the possession, or not, of lac-
tase, the enzyme required for the ab-
sorption of lactose from the intestine.
Although all infants have lactase in
their gut juices, for obvious reasons,
levels of the enzyme plummet to near
zero in many populations of adults.
This state of zero lactase in adults
was the norm in humans until animal
domestication became important after
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the Agricultural Revolution some
15,000 years ago, Durham hypothe-
sized. The recently evolved high lev-
els of lactase in some adult popu-
lations provides the biological diver-
sity.

Durham analyzed biological and
cultural data on 32 populations living
between 60°W and 6C°E (that is,
roughly between Greenland and
Saudi Arabia) and- classified people
into dairying and nondairying popu-
lations. imposed on this cultural split
was the finding, not surprisingly, that
the lactase levels in nondairying
people were low. The dairying people,
however, were divided into low-lac-
tase and high-lactase groups. This bi-
ological difference was explained by
the discovery that these low lactase
absorbers, who had a long history of
dairying, consumed their milk produce
mainly as cheese and other deriva-
tives (the most extreme example is
Jordan, where 86 percent of its milk is
converted into cheese).

The question to be answered, says
Durham, is “why in the milk-consum-
ing populations there was a biological
rather than a cultural solution to the
problem of lactose absorption.” The
answer, he suggests, has to do with
the diminishing amount of natural syn-
thesis of vitamin D in the skin with in-
creasing distance from the equator.
“Clinical studies have shown that lac-
tose behaves biochemically like vita-
min D, facilitating the absorption of
calcium from the small intestine, but
only for absorbers,” explains Durham.
“The frequency of lactose absorption
in dairying populations would there-
fore be expected to increase directly
with increasing distance from the
equator. ... This prediction is pre-
cisely what one finds.”

This pattern of lactose absorption
among dairying people is mirrored di-
rectly by the cuiltural pattern of milk
consumption and inversely by cheese
consumption. “Dairying is thus a good
case of what | have called coevolu-
tion—the idea that through both bio-
logical and cultural evolution attri-
butes tend to facilitate human survival
and reproduction,” claims Durham,
making the assumption that the ability
to assimilate dairy products signifi-
cantly widened people’s base of food
resources. Coevolution—or coinci-
dence? Some biologists are certain to
offer the latter as an equally valid in-
terpretation.
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Disease Clue to Dawn
of Agriculture

“It is a striking fact that largely irre-
versible sedentism emerges in a re-
markably parallel manner in various
parts of the world over the past 15,000
years. . . . Our job is to look for com-
monalities that can explain this major
cultural change while accommodating
the wide diversity of detailed dif-
ferences.” This was how Mark Cohen
of the State University of New York at
Plattsburgh spelled out the intellectual
challenge of explaining why our an-
cestors switched from long-estab-
lished hunting and gathering to agri-

Kung San in Botswana

many workers which, he cautiously
claims, “are at least consistent with the
hypothesis that high population den-
sity was a causal factor in the relative-
ly rapid global shift to sedentism.”
Those data come from paleopatholo-
gy studies that reveal the tell-tale
signs of stress-related disease in an-
cient bones and teeth.

“| have suggested,” explained Co-
hen, “that as one index of population
pressure we might expect to find pa-
leopathological evidence of increas-
ing biological stresses on populations
just before and during the transition
from hunting and gathering to farm-
ing.” Such evidence appears to come
particularly cogently from central llli-
nois where the transition from a mo-

Marjorie Shostak/Anthro

Hunting and gathering has dominated most of human history. It was a way of life that
provided a surprising degree of security and leisure. For this reason the almost universal
switch to agriculture over a relatively short period is particularly puzzling.

culture on a global scale over a very
short period of time. Cohen’s com-
monality is population pressure.

In an area of archeological dis-
cussion that has been dominated
more by speculation than by fact, the
notion of population pressure as a
“trigger” for the relatively dramatic
adoption of agriculture and other sed-
entary economies has been a recur-
rent theme over the past decade and
a half. But the proposition has by no
maans been proved. Now, however,
Cohen has drawn together the data of

bile to a sedentary population oc-
curred about 3000 years ago.
Archeological evidence for a rise in
population (such as a higher density
of camp sites, exploitation of more
marginal habitats, and the consump-
tion of a broader range of foods) is ac-
companied in this region by in-
dications of chronic poor health in the
people of the time. Citing the data of
Della Cook, Cohen notes an increase
in the incidence of infectious lesions
of the bone (periostitis) and abnormal-
ly thin cortical bone layers of the fe-
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mur. And children in the early agricul-
tural communities faced a higher mor-
tality rate than their hunting and gath-
ering predecessors. “The diet,” said
Cohen, “shifted from one relatively
rich in protein to one higher in car-
bohydrates during this period.”

An equally grim picture of hardship
comes from the lower lllinois valley,
the work here of Jane Buikstra. Ac-
cording to Cohen, “She noted that the
number and density of sites in-
creased; that more upland areas
away from the rivers were exploited;
that each site suggested more intense
exploitation and storage of wild pro-
duce of a more limited territory; that
gene pools became more localized;
and that there was evidence of a sig-
nificant increase in the frequency of
violent deaths, suggesting increased
intergroup strife and competition.” A
high incidence of weanling deaths and
a lowered life expectancy was also
apparent in these maize-farming
groups.

Cohen’s extensive survey of New
and Old World archeology of the Neo-
lithic period has the air of a particularly
grim medical case book. The promi-
nence of nutritionally related patholo-
gies at the transition from hunting and
gathering to more settled economies
is impressive. And one set of data
from Kentucky and lllinois indicates a
fall in life expectancy from 24.3 years
in the early hunter-gatherers, to 22.5
years in the first farmers. The decline
continued over many centuries to 19.0
years, recovering only when agricul-
tural techniques had become well de-
veloped and productive. Cohen ac-
knowledges that there are counter-
examples, where hard-pressed hunt-
ers had their plight relieved by
adopting agriculture, “but they are
surprisingly in the minority,” he com-
ments.

In some areas the archeological
evidence is abundant enough to re-
veal in detail that some early farmers
suffered deprivations over periods of
many hundreds of years. “This pat-
tern conforms well to a population-
pressure model,” claims Cohen, “and
does not fit the alternative suggestion
that poor health may simply have
been an unanticipated result of the
adoption of a new economy.” In other
words, why persist with a new eco-
nomic system that is demonstrably in-
ferior to the old one—unless there is
no choice?
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