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Lateral Geniculate Nucleus in Dark-Reared Cats:
Loss of Y Cells Without Changes in Cell Size

Abstract. In cats reared in the dark from birth until 4 months of age, the dorsal
lateral geniculate nucleus contained few normal Y cells in either the binocular or
monocular segments. Although most of the neurons appeared to be normal X cells
unaffected by light deprivation, many cells with abnormal receptive field and re-
sponse characteristics were encountered. These effects were permanent, since 1 to 2
years of normal visual experience following initial light deprivation did not lead to
~any functional recovery. The sizes of cell bodies in cats reared in the dark were
similar to those of normal animals, an indication that changes in geniculate cell
physiology need not be related to changes in cell size.

The cat’s retino-geniculo-cortical
pathways have been subdivided on the
basis of electrophysiological criteria into
at least two subsystems. These sub-
systems, called the X and Y pathways,
are composed of retinal ganglion X and
Y cells that project to geniculate X and Y
cells (/-3). These neurons in turn project
to the visual cortex. Compared with X
cells, Y cells generally (i) have axons
that conduct more rapidly, (ii) respond to
more rapidly moving visual stimuli, (iii)
are more phasic in their response to
standing contrast, (iv) have larger recep-
tive fields, and (v) display less linear re-
sponse summation to visual stimuli.

During postnatal development, Y cells
in the dorsal lateral geniculate nucleus
are more susceptible to visual depriva-
tion than are geniculate X cells. For in-
stance, if the lids of one or both eyes of a
kitten are sutured shut just after birth
and maintained in this manner for sever-
al months, there is a significant reduction
in the percentage of geniculate Y cells
encountered with microelectrodes in the
laminae receiving input from the sutured
eye or eyes (4-6). In contrast, the devel-
opment of Y cells in the retina appears to
be unaffected by lid suture (7). Although
eyelid suture essentially eliminates pat-
terned visual input, the amount of light
striking the retina is reduced during de-
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velopment by only 1 to 2 log units (8). To
determine the effects of total light depri-
vation on the development of geniculate
X and Y cells, we raised four cats from
birth to 16 to 18 weeks in complete dark-
ness. No light source of any sort includ-
ing infrared was introduced into the rear-
ing area during this period.

At the end of the dark-rearing period,
single geniculate neurons were recorded
extracellularly in two of the kittens (DR
cats), and the two remaining animals
were given 1 to 2 years of normal visual
experience prior to recording (DR-LR
cats). We used tungsten microelectrodes
to isolate and study 156 single units in
laminae A and Al of the four dark-reared
cats. Electrodes were placed near the
rostro-caudal middle of the nucleus, and
thus all receptive fields were within a few
degrees of the horizontal zero parallel.
Details of recording and criteria used for
classifying cells as X or Y have been re-
ported (I, 2, 4, 7).

All cells encountered in the binocular
segment of laminae A and Al of normal
adult cats can be classified as X or Y
cells, and they are sampled with roughly
the same frequency (Fig. 1A) (9). By
contrast, in the A laminae of DR and DR-
LR cats, X cells comprised the vast ma-
jority of the total (Fig. 1A). Only a few of
the neurons could be classified as normal
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Y cells, and about a fifth of the cells had
abnormal response properties and could
not be classified as normal X or Y cells
(10, 11). No difference was found be-
tween animals dark-reared with or with-
out additional normal visual experience.
Furthermore, no significant interanimal
variability was observed among the four
animals of our experiment, since the
range in percentage of Y cells was 0 to 7
percent.

The ratio of X and Y cells encountered
in the A laminae depends on the eccen-
tricity from the vertical meridian of the
receptive fields sampled, which in turn
relates to the medio-lateral location of
the electrode within the lateral genicu-
late nucleus (Fig. 1B) ). The effects of
monocular and binocular eyelid suture
differ not only in the ratio of X and Y
cells encountered, but also in these ra-
tios as a function of eccentricity (¢). Cats
with monocular lid suture have few Y
cells throughout the deprived, binocular
segment of the nucleus, yet have a nor-
mal ratio of Y cells in the deprived, mo-
nocular segment. Such evidence sug-
gests that the Y cell loss observed in cats
with monocular lid suture results from an
imbalance in visual input between the
two eyes (binocular competition) and not
from deprivation per se (¢, 12). In com-
parison with normal animals, cats with
binocular lid suture suffer a reduction of
Y cells throughout the nucleus, including
the monocular segment. A similar but
more pronounced effect is seen in DR
and DR-LR animals (Fig. 1B). In these
animals, we found a reduced percentage
of Y cells throughout the nucleus. More-
over, we also found that the percentage
of Y cells in cats reared in the dark was
reduced in comparison with cats with
binocular lid suture (P < .01, x? test). In
fact, the percentage of Y cells encoun-
tered in the binocular segment of animals
reared in the dark is essentially as low as
that reported for the binocular segment
of monocularly deprived cats. However,
the monocular segment of cats with mo-
nocular lid suture differs from that of
cats reared in the dark (Fig. 1B).

In addition to the electrophysiological
experiments, we also measured the
cross-sectional areas of 100 cells in each
DR and DR-LR animal. These samples
were taken from a zone in the binocular
segment of lamina A near the rostro-
caudal middle of the nucleus (typically
from sections just rostral or caudal to
those containing electrode tracks), and
only cells with nucleoli in the plane of
the section were measured. Medio-
laterally, the sample zone was in that
area of lamina A which represents the
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Fig. 1. Cell types in the dorsal lateral genicu-
late nucleus. (A) Percentages of X cells, Y
cells, and abnormal cells (//) in normal cats
©9), two dark-reared cats (DR), and two dark-
reared cats that received subsequent normal
visual experience (DR-LR). The number of
cells in each group is shown above each bar.
Note both the decreased percentage of Y cells
and the number of abnormal cells in animals
reared in the dark compared with normal cats.
(B) Comparison of percentage of Y cells in
normal cats, cats in which the eyelids were
binocularly sutured (BD) (4), the deprived lam-
inae of cats with monocularly sutured lids
(MD) 4), and the four cats reared in the dark
for this experiment. The data are broken
down into groups on the basis of the eccen-
tricity in the visual field of the receptive fields
sampled. Abbreviations: BS, binocular seg-
ment (the central portion of visual field, which
can be viewed by both eyes); MS, monocular
segment (the peripheral portion of visual field,
which can be viewed only by the ipsilateral
eye). The number of units sampled and
mapped at each eccentricity group for the
dark-reared cats are 82 (0° to 10°), 25 (10° to
20°), 25 (20° to 45°), and 14 (45° to 90°). Ten
additional units could not be mapped because
responses to visual stimuli were poor or ab-
sent (/).

peripheral 5° to 10° of visual field (/3).
For comparison we also made equivalent
measurements in four normal adult cats
(14, 15). The DR and DR-LR cats did not
differ in their cell body sizes (Fig. 2A).
Furthermore, when these data are com-
bined and compared with the measure-
ments from normal adult cats, again no
difference is observed (Fig. 2B). A simi-
lar result has been reported by Kalil (/5),
who presented evidence that the growth
of geniculate cells in cats reared in the
dark is slower than normal, but that cell
growth continues until the neurons
achieve and maintain normal size at 16
weeks of age.
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The mean cell size in deprived genicu-
late laminae of cats with monocular lid
suture is smaller than normal (/6). It has
thus been necessary to acknowledge that
the reduction in the percentage of re-
corded Y cells may be due to a change in
electrode sampling characteristics as a
consequence of the change in cell sizes.
Since the geniculate cell size distribu-
tions in the dark-reared cats appear to be
normal, however, it seems unlikely that
the observed loss of geniculate Y cells in
these animals can be explained by
changes in electrode sampling charac-
teristics brought about by abnormal cell
sizes. Although this possibility cannot be
completely excluded, at least five alter-
native explanations can account for the
apparent loss of Y cells. (These ex-
planations are not mutually exclusive.)
(i) Some of the cells destined to become
Y cells might fail during rearing in the
dark to develop properly and thus be-
come abnormal. This hypothesis is sup-
ported by the observation of a trend in
cats reared in the dark toward a greater
percentage of abnormal geniculate cells
with increasing receptive field eccentric-
ity (P < .05, x? test based on the ratio of
abnormal cells in each of the eccentricity
groups illustrated in Fig. 1B); more ge-
niculate Y cells are normally found with
increasing receptive field eccentricity
(Fig. 1B). However, even if all of the ab-
normal cells seen in the cats reared in the
dark are considered to be Y cells, the
percentage of geniculate X cells remains
too high for this possibility to account for
all the missing Y cells (Fig. 1A). (ii) Al-
though there is no evidence to suggest
missing neurons, and cell densities in our
histological material seems normal,
some of the presumptive Y cells may be
physically missing from the nucleus. (iii)
Some of the presumptive Y cells may
have developed as X cells (/7). (iv) Some
of the Y cells may be present but unre-
sponsive. (v) Finally, although suturing
the lid permits qualitatively normal de-
velopment of retinal ganglion cells (7),
the more total deprivation imposed by
rearing in the dark may not. Rearing in
the dark may selectively retard develop-
ment of Y cells in the retina; since retinal
input largely determines geniculate cell
physiology, the result would be fewer
geniculate Y cells. _

Our results support the conclusion
from studies of cats with sutured lids that
geniculate Y cells are markedly affected
during postnatal development by visual
deprivation ¢-6). The more severe ef-
fects of rearing in the dark compared
with binocular lid suture suggest that
even diffuse illumination of the retina
can play an important role in the devel-
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Fig. 2. Cross-sectional area of cells from the
dorsal lateral geniculate nucleus of dark-
reared and normal cats; 100 cells for each ani-
mal were measured. (A) Comparison of cell
sizes from two cats reared in the dark (DR)
and two also reared in the dark but that re-
ceived subsequent normal visual experience
(DR-LR). No statistical differences were
found (Mann-Whitney U test, P > .1). (B)
Comparison of cell sizes of the four cats from
(A) and four normal cats. No statistical dif-
ferences were found (Mann-Whitney U test,
P > .1). Both histograms represent pooled
data for all the animals in each condition, and
no detectable interanimal variability occurred
in these measures.

opment of some geniculate Y cells. Fur-
thermore, extensive normal experience
following 4 months of dark-rearing does
not alter in any obvious way the estab-
lished reduction in normal geniculate Y
cells. Therefore, in terms of develop-
ment of the lateral geniculate nucleus,
dark-rearing during the first 16 to 18
postnatal weeks appears to produce
permanent functional alterations not
matched anatomically by any apparent
changes in cell size. Such a dissociation
between physiological and morphologi-
cal effects suggests that the loss of Y
cells in visually deprived animals is a
true functional loss and not merely the
result of an electrode sampling bias
created by changes in cell sizes.
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Magnetite in Freshwater Magnetotactic Bacteria

Abstract. A previously undescribed magnetotactic spirillum isolated from a fresh-
water swamp was mass cultured in the magnetic as well as the nonmagnetic state in
chemically defined culture media. Results of Mdssbauer spectroscopic analysis ap-
plied to whole cells identifies magnetite as a constituent of these magnetic bacteria.

Iron-containing bacteria from diverse
aquatic environments which orient and
swim in a preferred direction in weak
(0.1 gauss) magnetic fields (magneto-
taxis) have been described (/). Cellular
iron is localized in crystals (100 by 150
nm) within these bacteria. Kalmijn and
Blakemore (2) demonstrated geomagnet-
ic orientation by similar bacteria in salt-
marsh sediments. These workers sub-
sequently obtained evidence through cell
remagnetization studies that the bacteria
exhibited properties of single domain fer-
romagnets (3). Thus, the directed swim-
ming response of magnetic bacteria to
geomagnetism is a direct one, clearly dif-
ferent from electromagnetic induction
exhibited by elasmobranch fishes ).

Definitive studies of the chemical na-
ture of iron in magnetic bacteria have not
been possible because the organisms
have not been available in pure culture.
Recently, Blakemore (5) isolated a fresh-
water magnetotactic bacterium. In this
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report, we describe the results of
Mdssbauer spectroscopic analyses of
magnetic and nonmagnetic whole cells of
this isolate cultured in chemically de-
fined media.

The organism was an unclassified mag-
netotactic spirillum (Fig. 1) designated
strain MS-1. It was isolated from sedi-
ments of Cedar Swamp, Woods Hole,
Massachusetts, and appears to be a new
bacterial species by criteria separate
from its magnetic properties. Character-
ization, taxonomy, and details of cultur-
ing this organism have been studied ().
Cells of the organism were cultured un-
der microaerobic conditions (the O, at-
mosphere over the cultures was initially
6to 7 uM) in a liquid medium containing
filtered bog water with succinic acid and
sodium nitrate as the principal sources of
carbon and nitrogen, respectively. Sub-
sequently, a chemically defined medium
lacking bog water was employed. Iron
was supplied in this latter culture medi-
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um to a final total iron concentration of
1.6 mg/liter, as ferric sulfate and ferric
quinate. Results of atomic absorption
spectrophotometric analyses indicated
that magnetic cells contained 1.5 percent
of their dry weight as iron. The cells con-
tained an average of 22 intracellular
crystals, each approximately 50 nm on a
side (Fig. 1).

After prolonged culture of strain MS-1
in a medium with less iron, cells grew
nonmagnetically. They did not align with
stationary external magnetic fields or ro-
tate in response to reversal of the am-
bient field. From such a culture, a ho-
mogeneously nonmagnetic population of
cells was obtained by standard micro-
biological cloning procedures. Non-
magnetic cells lacked intracellular crys-
tals present in magnetic cells and con-
tained less than one-tenth the amount of
iron of magnetic cells. In other respects,
the two types were similar. Nonmagnetic
cells were maintained in a chemically de-
fined medium identical to that used for
magnetic cells, except that ferric quinate
was deleted. The total iron content of
this medium was 3.6 uM.

Cells were mass cultured at 30°C in
glass carboys having a 10-liter capacity.
They were harvested by continuous flow
centrifugation (15,000 rev/min) at 10°C.
Cell yields were (wet weight) 0.2t0 0.5 g
per liter. Harvested cells were washed
three times in distilled water and lyophi-
lized. They were not exposed to magnet-
ic fields stronger than those normally as-
sociated with general laboratory condi-
tions (such as a-c motors, pumps, and
electrical lines) during growth, harvest,
or preparation for analyses.

Mdssbauer spectra at room temper-
ature were obtained with 350-mg sam-
ples of freeze-dried cells grown under
various conditions. Cells analyzed in-
cluded (i) magnetic cells grown in medi-
um containing bog water, (ii) magnetic
cells grown in chemically defined medi-
um containing 29 uM iron, and (iii) non-
magnetic cells grown in chemically de-
fined medium containing 3.6 uM iron.

No discernible y-ray absorption great-
er than 0.2 percent was observed in non-
magnetic cells (Fig. 2a). The Mdssbauer
spectrum of magnetic cells grown in me-
dium containing bog water (data not
shown) was identical to that of magnetic
cells cultured in chemically defined me-
dium (Fig. 2b). The spectrum of Fig. 2b
can be characterized as being due pri-
marily to iron in magnetite (7). There
are, however, two significant differences
between the spectrum in Fig. 2b and the
spectrum of stoichiometric magnetite
(Fig. 2¢). These are (i) an extra absorp-
tion area close to v = 0 (Fig. 2b), which
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