eye of Limulus the eccentric cell is
joined to the individual retinular cells
by electronic junctions; adjacent ret-
inular cells are similarly joined (2, 4).
These findings indicate that all intra-
ommatidial sensory cells are electrically
coupled by relatively low-resistance
electrotonic junctions. Thus, current in-
jected into any one cell will flow into
those cells to which it is coupled by such
junctions (2). The rhabdomeric mem-
branes of both retinular and eccentric
cells have numerous cylindrical projec-
tions, the microvilli, which meet those
of neighboring cells to form junctions,
some or all of which may have low
resistance (5). Consequently, currents
transmitted from one cell to others pre-
sumably flow across a portion of the
membrane system constituting the
rhabdom. When a given retinular cell
is hyperpolarized either directly or in-
directly, the directions of current flow
through the high-resistance portion of
the retinular cell membrane to the extra-
cellular space must be the same in both
cases, since both procedures produce
hyperpolarization; but the current flow
through the relatively low-resistance
electrotonic junctions must be of oppo-
site directions in the two cases. Since
hyperpolarizing currents injected di-
rectly into a retinular cell increase the
latent period whereas hyperpolarizing
currents injected into the eccentric cell
or another retinular cell either shorten
or do not change it, the direction of
current flow through the electrotonic
junctions in the rhabdom may be
significant. .

Modification of the latent period of
the receptor potential of retinular cells
by extrinsic currents is interesting be-
cause it demonstrates: (i) that the pro-
cess which occurs during the latent peri-
od, a process which is initiated by light
and determines when the receptor po-
tential begins (6), can be influenced by
extrinsic currents; (ii) that the direction
of the current flow across some re-
gions of the retinular cell membrane
determines whether the latent period is
increased; and (iii) that the rhabdomere
of the retinular cell seems to be the site
where the injected extrinsic current af-
fects the latent period of the receptor
potential.

Recently Lasansky and Fuortes (7)
demonstrated that the microvillar mem-
brane of the leech photoreceptor is the
site of an inward, light-evoked current
and concluded that the receptor poten-
tial originates in this structure. Our re-
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sults also indicate that the rhabdomeric
(microvillar) membrane generates the
receptor potential. However, our data do
not exclude the possibility that nonrhab-
domeric membrane may also be actively
involved (2, 8, 9).

The reduction in magnitude of the
receptor potential produced by rela-
tively strong hyperpolarizing currents
may also depend on the direction of
current flow through the rhabdomere.
When hyperpolarizing currents are in-
jected directly into a monitored retinu-
lar cell the magnitude of the receptor
potential increases [(2, 8) and Fig. 1];
if the currents are sufficiently strong,
the magnitude decreases (8). Such re-
ductions have been observed in seven ex-
periments where it was expressly looked
for; in one of these experiments, a
hyperpolarizing current of 4.5 na in-
creased the membrane potential by 64
mv and virtually suppressed the recep-
tor potential. Yet, indirect hyperpolari-
zation of retinular cells does not reduce
the amplitude of the receptor potential
(Fig. 2).

Our results support the conclusion
that the receptor potential of the lateral
eye of Limulus originates in retinular
cells (2, 9), that the rhabdomeric mem-
brane system (or a part of this system)
generates the receptor potential, and

that the reaction or reactions occurring
during the latent period may be influ-
enced by intracellularly injected extrin-
sic currents.

V. J. WuLFF, C. MENDEZ
‘Masonic Medical Research Laboratory,
Utica, New York 13501
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Carbon-13 and Oxygen-18 in Dinosaur, Crocodile, and

Bird Eggshells Indicate Environmental Conditions

Abstract. We have gathered, from the nests of dinosaurs, and living and fossil
birds, some evidence of the environment in which these creatures lived. However,
our isotope determinations suggest it will be impossible to resolve the problem as to
whether the dinosaurs were warm- or cold-blooded from the oxygen and carbon

isotope content of their shells.

In 1958 Russell speculated that dino-
saurs might have been warm-blooded
creatures unable, in their hairless state,
to adapt to the changing environment
of the late Cretaceous (/). Such specu-
lation is recurrent, but difficult to
test.

It occurred to us that a comparison
of the oxygen and carbon isotopic com-
position of dinosaur eggshells from the
Cretaceous beds at Shabarakh Usuy,
Mongolia, and near Aix in southern
France, with those of calcareous egg-
shells of living reptiles (the crocodilians)
and birds, living and extinct, might
prove the dinosaurs to be more similar
to one group than to the other.

Dinosaur eggshell fragments were
collected (2) from Rousset near AiX,
France, in 1960. We obtained shell
fragments from the 1923 collections of
the Central Asiatic Expedition near
Shabarakh Usu in the Gobi desert, and
a crocodile egg from the upper reaches
of the Amazon basin in Peru (3). Thin-
section and x-ray studies of the shell
fragments suggested that the calcite
comprising the dinosaur shells was not
recrystallized nor contaminated by sec-
ondary carbonate and might well have
retained its primary isotopic character.
Various shell fragments, including
those of the extinct giant bird of Mada-
gascar, Aepyornis (4), chickens, ducks,
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swallows, and shore birds were assem-
bled for comparison.

The carbon and oxygen isotopes of
the shell fragments were measured on
a mass spectrometer. These measure-
ments revealed excellent consistency of
isotope data within shells taken from
any one locality, but there appeared to
be no isotopic relation in shell compo-
sition between the dinosaurs of south-
ern France and those of the Gobi and
no clear-cut isotopic grouping of birds,
living cold-blooded reptiles, and dino-
saurs, The similarity in the isotopic
composition of eggs of quite different

species from the same locality—for in-
stance the large, plant-eating, dabbling
ducks and the small caronymid-eating
bank swallows of Lake Wabamun, Al-
berta, Canada—suggested the possibil-
ity that the isotopic composition of
water ingested by the birds swamped
subtler species-specific variations in the
oxygen isotopic composition of the egg-
shells.

A controlled feeding experiment was
set up with chickens fed a laying mash
that was rich in carbohydrates and sup-
plemented with limestone and drinking
water of widely different isotopic com-
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positions. The initial experiment estab-
lished water as the critical variable,
since variations in the isotopic compo-
sition of the carbonate supplement did
not measurably affect the isotopic com-
position of the eggshells.

Chickens that had been provided a
diet of standard laying mash and tap
water and that had been laying eggs
with an isotopic composition of 8180
~ — 15 parts per thousand PDB were
given access only to the same standard
ration and highly evaporated water (Fig.
1). Over about 2 weeks this diet caused
them to lay eggs progressively enriched
in 180 (8180 ~ +4 parts per thousand
PDB). On day 16, one chicken was
placed on a diet of tap water and lay-
ing mash, and another was placed on
a diet of melted snow (isotopically light)
and laying mash. In about 2 weeks both
were laying eggs with a constant, iso-
topic composition that reflected their
diets. The reaction was readily reversi-
ble.

The principal variable in producing
different oxygen isotopic composition in
eggshells is the water available to the
bird. Only a limited amount of data on
blood serum was collected during the
experiments (since collection interrupted
the laying sequence), and no determina-
tions of the isotopic composition of the
laying mash (mostly cereal grains pro-
duced on parkland) were made. How-
ever, limited data show a general in-
crease in content of 180 in the blood
serum reflected in an increase in con-
tent of 180 with the eggshell (Fig. 2).
Apparently, some of the oxygen in the
‘eggshell is contributed by the atmo-
spheric oxygen of respiration and the
carbohydrate, oxygen of the laying mash
(Fig. 2) of about 8180 —5 parts per
thousand SMOW.

There is an approximately linear re-
lation of oxygen in the carbonate of
the eggshell to the 80 content of the
water ingested (Fig. 3). We have no
direct information on the nature of the
water available to the dinosaur Hypselo-
saurus from southern France nor to
Protoceratops from the Gobi. Paleogeo-
graphic maps suggest that Hypselosaurus
lived on the latest Cretaceous Duran-
cian isthmus (5). Paleolatitude was
probably about 25°N, about the same
as the latitude in which Aepyornis
of Madagascar lived (25°S), and the
paleoecologic setting was probably re-
markably similar to that of present-day
Madagascar (4). In this. coastal setting
of strong evaporation and seasonal rain-
fall most of the water available was

SCIENCE, VOL. 168
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probably the relatively isotopically
heavy first precipitation from evapo-
rated seawater [at Tananarive, Mada-
gascar, —7 parts per thousand SMOW
(6)]. One might expect to find Hypselo-
saurus and Aepyornis eggshells com-
paratively enriched in 180, and such is
the case.

On the other hand, Protoceratops. of
the early Upper Cretaceous of Mon-
golia lived in an association with croco-

—44

-7t

-8} +

diles and tortoises on the continental
delta of an enormous ancient river fed
by continental water coming off the ris-
ing highlands (7). These continental wa-
ters from the cool highlands would have
been much lighter (isotopically) than
those of Madagascar or the Cretaceous
of the low Durancian isthmus and might
be expected to have been comparable
with those available to the crocodile of
Peru, in the upper reaches of the Ama-
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Fig. 4. Carbon isotopic compaosition versus oxygen isotopic composition in eggshells

of birds and reptiles.
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zon, a river fed by isotopically light
waters off the eastern slope of the
Andes. The eggs indicate that such is
the case.

The eggs of Protoceratops and the
Peruvian crocodile are not dissimilar in
180 content to those of bank swallows
and dabbling ducks, living on the shores
of Lake Wabamun, a large lake west of
Edmonton, Alberta (where precipitation
ranges from 8180 of —11 to —26 parts
per thousand SMOW). Lake Wabamun,
in a continental environment, has a
strong evaporitic regime with no active
surface outlet and somewhat isotopi-
cally heavier water than the local pre-
cipitation (8180 ~ —9 parts per thou-
sand SMOW).

In high latitude environments of the
Canadian Arctic where the lower tem-
perature results in lighter 8180 precipi-
tation, shore birds living near meltwater
ponds lay eggs depleted in 180, which
are comparable to those of the chicken
fed on melted snow.

Carbon isotope studies of all the
shells (Fig. 4) may provide a little paleo-
environmental information. Carbon iso-
topes fractionate during photosynthetic
formation of amino acids (8). Present-
day land plants have less 13C than
marine plants (9). Protoceratops and
Hypselosaurus are quite different, Pro-
toceratops has the most heavy carbon.
Carbon isotopes from Hypselosaurus
and Aepyornis eggshells are isotopically
much lighter and similar (confirming the
similarity in paleoecologic environment),
and the carbon from the Peruvian
crocodile egg is the lightest. Perhaps the
tropical rain forest favors light carbon-
ate, as do oceanic environments, arctic
to tropical.

Dryer continental environments seem
to favor heavier carbonate, chickens
fed with cereal grains growing on park-
land produce eggs with more 13C than
do birds from the same place consuming
foods grown in water (swallow, duck).
The food available to Protoceratops
(usually depicted as existing in a semi-
arid environment) produced the heaviest
carbon. It is unfortunate that dinosaur
egg fragments are not preserved in the
lime-poor continental Cretaceous beds
of western North America, where from
studies of the oxygen isotope content of
nearby marine fossils more can be in-
ferred about paleoenvironment (0).

R. E. FoLINSBEE, P. FriTz
H. R. KROUSE, A. R. ROBBLEE
Departments of Geology, Physics, and
Animal Science, University of Alberta,
Edmonton 7, Alberta, Canada
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Chromosomal Localization of Mouse Satellite DNA

Abstract. Hybridization of radioactive nucleic acids with the DNA of cytologi-
cal preparations shows that the sequences of mouse satellite DNA are located in
the centromeric heterochromatin of the mouse chromosomes. Other types of
heterochromatin in the cytological preparations do not contain satellite DNA.

One characteristic which distin-
guishes the DNA of higher organisms
from that of bacteria is the presence
of families of repeated nucleotide se-
quences. These repeated sequences are
found in multiplicities ranging from
102 to 106 per genome (I), but very
little is known about their function
or their organization within the chro-
mosomal complement. Recently a
technique which makes possible the
cytological localization of specific nu-
cleotide sequences has been developed
(2). This localization is accomplished
by hybridizing the DNA of cytological
preparations with radioactive nucleic
acid. The regions in the preparation to
which the radioactive nucleic acid has
bound are then detected by autoradiog-
raphy. Such a technique permits a di-
rect investigation of the distribution of
families of repeated sequences within
the genome.

Perhaps the most thoroughly studied
fraction of repetitive DNA, with the
exception of the sequences coding for
ribosomal RNA, is the mouse satellite
DNA. Therefore we chose mouse satel-
lite DNA for our first investigations of
the cytological localization of multiply
repeated DNA sequences. We show
that this fraction is located in the cen-
tromeric heterochromatin of the mouse
chromosomes, a fact which we have
briefly reported (3).

Mouse satellite DNA forms a band
slightly separated from the main peak
when mouse DNA is spun to equilib-
rium in a CsCl density gradient (4).
It makes up about 10 percent of the
total DNA, regardless of the tissue
from which the DNA has been pre-
pared, and is found in about the same
proportion in tissue culture lines (5).
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From renaturation kinetics it has been
estimated that mouse satellite DNA
consists of approximately 106 copies
per genome of a sequence some 400
nucleotide pairs in length (6). It is
possible that the copies are not all
identical. However, the rapid reasso-
ciation seen after denaturation indi-
cates a high degree of homogeneity
(6). Although the sequences of the
mouse satellite make up 10 percent of

-

Fig. 1. Autoradiograph of a mouse tissue
culture preparation after cytological hy-
bridization with radioactive RNA copied
in vitro from mouse satellite DNA. The
RNA has bound to the centromeric hetero-
chromatin of the chromosomes and to the
chromocenters of the interphase nucleus
on the left. The DNA of this preparation
was denatured in situ by treatment with
0.07N NaOH. The slide was then incu-
bated with radioactive RNA for 10 hours
at 66°C. The preparation was treated with
ribonuclease to remove RNA that was not
specifically bound and then coated with
autoradiographic emulsion. The RNA had
a calculated specific activity of 7 X 107
disintegrations min? ug?*. Slide stained
with Giemsa. Exposure, 5 days; X 2000;
scale length, 5 um.

the mouse DNA they do not seem to
code for a corresponding fraction of
the RNA in the tissues which have been
studied. Flamm, Walker, and McCal-
lum (7) were unable to detect any
hybridization of satellite DNA to RNA
from mouse liver, spleen, or kidney.
Recently Harel et al. (8) have reported
that rapidly labeled RNA from some
of the same tissues did bind to satellite
DNA. The coding properties of this
fraction require further study.

Our hybridization experiments on
the localization of mouse satellite DNA
have been done in two ways. First, we
have applied fractions of radioactive
mouse DNA to cytological prepara-
tions of mouse tissue culture cells (9).
The radioactive DNA was extracted
from tissue cultures of the mouse A9
line grown in medium containing
[*H]thymidine (3). Satellite DNA was
separated from the rest of the mouse
DNA by silver-ion—cesium sulfate (10)
density gradient centrifugation. The
DNA was denatured with heat before
use in the hybridization reaction. This
DNA had a specific activity of 200,000
cpm pg—! as determined by spotting
known amounts of the DNA on a
nitrocellulose filter and counting the
filter in toluene fluor in a scintillation
counter. In the second type of experi-
ment we applied radioactive RNA,
transcribed in vitro from mouse DNA,
to cytological preparations of both
mouse testis and mouse tissue culture
(2). Mouse liver DNA was frac-
tionated by silver-ion—cesium sulfate
centrifugation. The satellite DNA and
the main peak DNA were transcribed
separately with Escherichia coli RNA
polymerase (1) and tritiated ribonucleo-
tide triphosphates. This complementary
RNA had a calculated specific activity
of 7 X 107 disintegration min—1ug—1. In
all experiments the DNA of the cyto-
logical preparations was denatured by
treatment with NaOH before hybridiza-
tion. Autoradiographs were exposed for
several days when hybridization was
done with complementary RNA and for
several months when hybridization was
done with radioactive DNA.

The normal mouse chromosomal
complement consists of 20 pairs of
telocentric or acrocentric chromosomes
(12). Each chromosome has a region
next to the centromere which can be
identified as heterochromatin by its
staining properties. In some mouse
tissue culture lines a few of the chro-
mosomes are metacentric and have
presumably arisen by fusion of two of
the chromosomes of the normal com-
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