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One class of horizontal cells in the mam- 
malian retina has an extraordinary appear- 
ance (1, 2). A cell body with a radiating 
system of dendrites gives off a single, long, 
thin axon-like process that ends in an 
enormous terminal arborization (Fig. lb) 
whose size far exceeds that of the dendritic 
field of the cell body (Fig. la). The termi- 
nals of this distant axonal arborization go 
only to rod spherules, while the dendrites 
at the cell body go only to cone pedicles 
(2). This pattern suggests that the cell is re- 
ceiving signals from cones and conducting 
them to rods. 

We have succeeded in recording from 
within the cell body and separately from 
within the terminal arborization of this 
type of horizontal cell in cat retina and 
have injected the structures in question 
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ulnae of rodents or carnivores. (ii) Among the 
known mammalian fauna from the Fayum [E. L. 
Simons and A. E. Wood, Peabody Mus. Nat. Hist. 
Yale Univ. Bull. 28 (1968)] Aegyptopithecus is the 
most likely taxon to which this ulna could be as- 
signed on the basis of the size of skull and denti- 
tion. There are no Fayum rodents or carnivores of 
a size correspondent to this ulna and all other 
Fayum primate species are disproportionately 
smaller. (iii) Limb bone fossils are much less com- 
mon than teeth and jaws in the Fayum deposits 
and are known for only a few common animals. In 
consequence, it is improbable that this bone be- 
longs to an animal not known from teeth or jaws 
(3). (iv) The bone is structurally that of an arboreal 
animal, but no group of arboreal nonprimates in 
this size range is known from any site throughout 
the whole Tertiary of Africa. (v) YPM 23940 re- 
sembles ulnae of Miocene apes and looks much 
like a robust version of the ulna of Pliopithecus 
from Czechoslovakia, which is, otherwise, the old- 
est well-preserved hominoid ulna. 
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with Procion Yellow (3). The results in- 
dicate that both ends of this cell receive 
signals from photoreceptors but that the 
long axon-like process plays no significant 
role in conducting these signals from one 
end of the cell body to the other. 

Some horizontal cells injected with Pro- 
cion bear a remarkable morphological 
similarity to axon-bearing, Golgi-impreg- 
nated cells (compare Fig. 2a with Fig. la). 
These horizontal cells have discrete round 
perikarya from which arise five main 
dendrites. The latter divide dichotomous- 
ly, producing many overlapping wavy 
branches that in well-stained preparations 
can be seen to bear small clusters of termi- 
nals that are known to contact cone ped- 
icles (2). The nuclei of these cells appear 
much brighter than the rest of the cell body 
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and are thus readily discernible in prepara- 
tions injected with Procion. Although the 
axon has not stained in our horizontal cells 
injected with Procion, we can distinguish 
the axon-bearing cell type by these mor- 
phological criteria and can thus be con- 
fident in attributing particular physi- 
ological responses to the correct structure. 

The terminal arborizations of horizontal 
cells are quite different in appearance from 
cell bodies (compare Figs. 2b and lb with 
Figs. 2a and la). The main axonal 
branches are, at their thickest, only about 5 
gm in diameter, and we were surprised to 
be able to record from such small struc- 
tures. A meshwork of ultrafine processes 
and bright dots can be seen in the Procion- 
injected terminal arborization of Fig. 2b, 
which is also particularly characteristic of 
Golgi-impregnated material and repre- 
sents the fine branches and thousands of 
terminals that go to rod spherules (2). Nu- 
clei have not been seen in these units. 

Both cell bodies (4) and terminal arbori- 
zations respond to light of all wavelengths 
by hyperpolarizing shifts in membrane po- 
tential (S-potentials). The physiology of 
the terminal arborization is most reliably 
distinguished from the physiology of its 
cell body by the procedure shown in Fig. 
Ic. Responses were obtained to 658-nm 
(red) and 400-nm (blue) flashes which were 
adjusted to bleach equal amounts of rod 
pigment (5). The responses of the terminal 
arborization to these stimuli match at 
threshold and at low intensities, but those 
from the cell body do not match at any in- 
tensity. The fact that the low intensity re- 
sponses of the terminal arborization have 
identical waveforms to these matched 
stimuli implies that the axon terminal is 
driven purely by rods at these intensities. 
The cell body, on the other hand, has a 
small rod input (4), but this is so insensitive 
that even at threshold the 658-nm light 
stimulates the cone input more strongly 
than the rod input (see Fig. ld). Thus these 
traces are never superimposable. 

At higher intensities the waveforms of 
the responses produced by the terminal ar- 
borization to rod-matched stimuli no 
longer match (Fig. Ic) because of a small 
cone input into this structure. Therefore, 
both terminal arborizations and cell bodies 
of these horizontal cells receive inputs 
from both rods and cones, but the propor- 
tion of these two inputs is quite different 
(6). In terminal arborizations about 80 + 2 
percent of the peak response was contrib- 
uted by rods (three well-stained units), and 
the remainder by cones; in cell bodies, re- 
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the remainder by cones; in cell bodies, re- 
gardless of morphological characteristics, 
about 58 + 14 percent of the peak re- 
sponse came from cones (five well-stained 
units), and the remainder from rods 
(means +i standard deviations). 
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Horizontal Cells in Cat Retina with 

Independent Dendritic Systems 
Abstract. Cat horizontal cells are retinal neurons with two functionally distinct parts; 

the cell body receives signals predominantly from cones, while the terminal arborization 
receives predominantly from rods. The long thin process connecting these parts neither 
generates impulses nor allows significant passive electrotonic conduction between them. 
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Fig. 1. (a and b) Golgi-impregnated cat horizontal cell of the axon-bearing variety. (a) Cell body; (b) terminal arborization. Calibration, 100 ym. (c) Re- 
sponses of a horizontal terminal arborization (HTA) and a horizontal cell body (HCB) to stimuli matched for rods. One of each superimposed pair of 
traces was obtained with 400-nm light (arrows), and the other with 658-nm light. The energies of these two wavelengths were adjusted to stimulate rods 
equally. Where the traces are exactly superimposed, only rods contribute to the responses; where they differ some cone input is implied. Intensities refer 
to 400-nm light. Flash length, 520 msec; voltage calibration, 10 my. The stimuli were large (about 1 cm) and diffuse. HCB, responses from cell of Fig. 2a; 
HTA, responses from a unit different from Fig. 2b (both stained). (d) Normalized, averaged intensity response curves for the rod inputs into five HCB's 
and three HTA's. Points are means ? standard deviations computed on the log I axis; 400-nm stimuli. Abbreviation: V/ Vax, the fraction of the max- 
imum rod response. 

The rod limbs of the intensity response 
curves of both terminal arborizations and 
cell bodies can be seen in relative isolation 
from the cone limbs by using deep blue 

(400-nm) stimuli. If the rod component of 
the cell body response arrived from the ter- 
minal arborization by way of the long con- 

necting process, the intensity response 
curves of the rod limbs of both terminal ar- 
borizations and cell bodies should be the 

same, except for possible voltage attenua- 
tion. To correct for this possible attenua- 
tion, these rod curves have been normal- 
ized to the peak rod response in each unit 

(6), and the results appear in Fig. ld. The 
curves, however, are quite separate. It 
takes 1.1 I 0.2 log units less light to half- 
saturate the rod input into terminal arbori- 
zations than it takes to half-saturate the 

corresponding rod input into cell bodies. 
Thus the rod signal that is seen in the cell 

body must not arrive from the terminal ar- 
borization by passive electrical conduction 
down the connecting process. 

The way in which a rod input gets into 
cell bodies, or a cone input into terminal 
arborizations, is still unclear. Raviola and 
Gilula (7) have found numerous gap junc- 
tions, which appear to be the morphologi- 
cal counterparts of electrical synapses, be- 
tween rods and cones. This could provide a 
means for some mixing of rod and cone 

signals at an early stage in the retina. 
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There are also gap junctions between hori- 
zontal cell processes in cats, but so far we 
have found them only between dendrites 
and not between dendrites and terminal ar- 
borizations. 

Certain horizontal cells of cat retina are, 
therefore, neurons that have a different 

physiology in their terminal arborizations 
than in their cell bodies. From an elec- 

trophysiological standpoint the "axon" of 
this cell serves more to isolate the cell body 
from its terminal arborization than to in- 
terconnect the two processes. These cells 
do not produce action potentials, and the 
small caliber (0.5 um in diameter) and the 

great length (300 to 500 um) of the "axon" 
most likely allow less than 1 percent pas- 

sive electrical conduction of the signals be- 
tween the two ends (8). Thus the axon puts 
electrotonic distance between the two parts 
of the cell while still maintaining a nutri- 
tive link. 

One reason for limiting the conduction 
of signals from one end of this cell to the 
other may be to restrict interactions be- 
tween the rod and cone systems of mam- 
mals, which have different dynamic ranges 
of function. Other instances of a sepa-ra- 
tion of rod and cone channels in cat retina 
are found not only in the outer but also the 
inner plexiform layer where separate bipo- 
lars (9) and even amacrine (10) cells occur 
which appear to handle either exclusively 
or mostly one or the other system. It is in- 

Fig. 2. Horizontal cells of the cat retina stained with Procion. (a) Cell body of the axon-bearing 
variety; (b) horizontal cell terminal arborization. Calibration, 100 ,um. 
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triguing that in the teleost retinas entirely 

separate horizontal cells have evolved for 
rods and cones (11), whereas in mammals 
one cell of the axon-bearing variety ap- 

pears to perform both functions. A pos- 
sible advantage in having single neurons 
with electrically isolated regions is that the 
number of independent integrating units 
within the brain (12) can be increased 
without adding more cells. It would there- 
fore not be surprising if similar arrange- 
ments were present elsewhere in the 
central nervous system. 

RALPH NELSON 

Neurophysiology Section, Laboratory of 
Vision Research, National Eye Institute, 
Bethesda, Maryland 20014 

ASTRID V. LCTZOW 
Institut fur Allgemeine und 

Vergleichende Physiologie der 
Universitit Wien, Schwarzspanierstrasse 
17, 1090 Vienna, Austria 

HELGA KOLB 

Laboratory of Neurophysiology, National 
Institute of Neurological Diseases 
and Stroke, Bethesda, Maryland 20014 

PETER GOURAS* 

Neurophysiology Section, Laboratory of 
Vision Research, National Eye Institute 

References and Notes 

1. G. Marenghi (1901), cited in R. W. Rodieck, The 
Vertebrate Retina (Freeman, San Francisco, 
1973), pp. 378 and 379; T. E. Ogden, J. Comp. 
Neurol. 153, 399 (1974); S. K. Fisher and B. B. 
Boycott, Proc. R. Soc. Lond. Ser. B Biol. Sci 186, 
317 (1974). 

2. H. Kolb, Philos. Trans. R. Soc. Lond. Ser. B Biol. 
Sci. 258, 261 (1970); J. Comp. Neurol. 155, 1 
(1974). 

3. A modification of the perfused cat eye preparation 
was used [F. J. Macri, Arch. Opthalmol. 63, 953 
(1960); P. P. Lele and P. Grimes, Exp. Neurol. 2, 
199 (1960); P. Gouras and M. Hoff, Invest. Oph- 
thalmol. 9, 388 (1970); G. Niemeyer, Vision Res. 
13, 1613 (1973)]. We removed the anterior third of 
the eye and the vitreous in order to facilitate in- 
serting fine (100- to 300-megohm) micropipette 
electrodes into the retina. These electrodes were 
filled with 5 percent Procion Yellow M-4RS. Cells, 
stained by injecting 3 to 7 na of negative current 
for I minute, were subsequently identified in ap- 
propriately prepared histological material [A. 0. 
W. Stretton and E. A. Kravitz, Science 162, 132 
(1968)]. 

4. R. Steinberg, Vision Res. 9, 1319 (1969); ibid. p. 
1331; ibid. p. 1345; G. Niemeyer and P. Gouras, 
ibid. 13, 1603 (1973). 

5. The rod match was determined by adjusting the in- 
tensities of the 658-nm and 400-nm flashes to pro- 
duce equal electroretinographic b-wave responses 
from the dark-adapted retina. These responses 
measure solely rod action [E. Dodt and J. B. Wal- 
ther, Pfluegers Arch. Gesamte Physiol. Menschen 
Tiere 266 167 (1958)]. 

6. The peak rod response was defined as the ampli- 
tude of the largest response to blue (400-nm) light 
which did not produce a separate early depolariz- 
ing deflection at "off' coming from the cones. The 
total peak response was taken as the response to 
unattenuated 658-nm light. Thus the percentage of 
rod input is the ratio of these two amplitudes. 

7. E. Raviola and N. B. Gilula, Proc. Natl. Acad. Sci. 
U.S.A. 70, 1677 (1973). 

8. The steady state attenuation of signals conducted 
passively through the axon from the cell body to 
the terminal arborization was calculated for the 

triguing that in the teleost retinas entirely 

separate horizontal cells have evolved for 
rods and cones (11), whereas in mammals 
one cell of the axon-bearing variety ap- 

pears to perform both functions. A pos- 
sible advantage in having single neurons 
with electrically isolated regions is that the 
number of independent integrating units 
within the brain (12) can be increased 
without adding more cells. It would there- 
fore not be surprising if similar arrange- 
ments were present elsewhere in the 
central nervous system. 

RALPH NELSON 

Neurophysiology Section, Laboratory of 
Vision Research, National Eye Institute, 
Bethesda, Maryland 20014 

ASTRID V. LCTZOW 
Institut fur Allgemeine und 

Vergleichende Physiologie der 
Universitit Wien, Schwarzspanierstrasse 
17, 1090 Vienna, Austria 

HELGA KOLB 

Laboratory of Neurophysiology, National 
Institute of Neurological Diseases 
and Stroke, Bethesda, Maryland 20014 

PETER GOURAS* 

Neurophysiology Section, Laboratory of 
Vision Research, National Eye Institute 

References and Notes 

1. G. Marenghi (1901), cited in R. W. Rodieck, The 
Vertebrate Retina (Freeman, San Francisco, 
1973), pp. 378 and 379; T. E. Ogden, J. Comp. 
Neurol. 153, 399 (1974); S. K. Fisher and B. B. 
Boycott, Proc. R. Soc. Lond. Ser. B Biol. Sci 186, 
317 (1974). 

2. H. Kolb, Philos. Trans. R. Soc. Lond. Ser. B Biol. 
Sci. 258, 261 (1970); J. Comp. Neurol. 155, 1 
(1974). 

3. A modification of the perfused cat eye preparation 
was used [F. J. Macri, Arch. Opthalmol. 63, 953 
(1960); P. P. Lele and P. Grimes, Exp. Neurol. 2, 
199 (1960); P. Gouras and M. Hoff, Invest. Oph- 
thalmol. 9, 388 (1970); G. Niemeyer, Vision Res. 
13, 1613 (1973)]. We removed the anterior third of 
the eye and the vitreous in order to facilitate in- 
serting fine (100- to 300-megohm) micropipette 
electrodes into the retina. These electrodes were 
filled with 5 percent Procion Yellow M-4RS. Cells, 
stained by injecting 3 to 7 na of negative current 
for I minute, were subsequently identified in ap- 
propriately prepared histological material [A. 0. 
W. Stretton and E. A. Kravitz, Science 162, 132 
(1968)]. 

4. R. Steinberg, Vision Res. 9, 1319 (1969); ibid. p. 
1331; ibid. p. 1345; G. Niemeyer and P. Gouras, 
ibid. 13, 1603 (1973). 

5. The rod match was determined by adjusting the in- 
tensities of the 658-nm and 400-nm flashes to pro- 
duce equal electroretinographic b-wave responses 
from the dark-adapted retina. These responses 
measure solely rod action [E. Dodt and J. B. Wal- 
ther, Pfluegers Arch. Gesamte Physiol. Menschen 
Tiere 266 167 (1958)]. 

6. The peak rod response was defined as the ampli- 
tude of the largest response to blue (400-nm) light 
which did not produce a separate early depolariz- 
ing deflection at "off' coming from the cones. The 
total peak response was taken as the response to 
unattenuated 658-nm light. Thus the percentage of 
rod input is the ratio of these two amplitudes. 

7. E. Raviola and N. B. Gilula, Proc. Natl. Acad. Sci. 
U.S.A. 70, 1677 (1973). 

8. The steady state attenuation of signals conducted 
passively through the axon from the cell body to 
the terminal arborization was calculated for the 
cell of Fig. 1, a and b, by using equation 3 of Rall 
[Exp. Neurol. 1, 491 (1959)], setting B, of this 
equation equal to R,/Rt (see equation 13, ibid.); 
R_ois the input resistance of a semi-infinite axon 
(equation 10, ibid.) of the diameter of the horizon- 
tal cell axon, and Rt is the resistance of the termi- 
nal arborization [calculated from equation 5 of W. 
Rall, in Excitatory Synaptic Mechanisms, P. An- 
dersen and J. K. S. Jansen, Eds. (Univ. Forlaget, 

11 JULY 1975 

cell of Fig. 1, a and b, by using equation 3 of Rall 
[Exp. Neurol. 1, 491 (1959)], setting B, of this 
equation equal to R,/Rt (see equation 13, ibid.); 
R_ois the input resistance of a semi-infinite axon 
(equation 10, ibid.) of the diameter of the horizon- 
tal cell axon, and Rt is the resistance of the termi- 
nal arborization [calculated from equation 5 of W. 
Rall, in Excitatory Synaptic Mechanisms, P. An- 
dersen and J. K. S. Jansen, Eds. (Univ. Forlaget, 

11 JULY 1975 

Oslo, 1970), p. 175]. The following electrical pa- 
rameters and dimensions enter into our calcu- 
lations: Rm, 1500 ohm cm2 [based on measure- 
ments of horizontal cells in Necturus retina, R. 
Nelson, J. Neurophysiol. 36, 519 (1973)]; Ri, 100 
ohm cm; axonal diameter, 0.5 gm; axonal length, 
330 tim; membrane area of the terminal arboriza- 
tion, 17,800 gm2; L for a typical axonal branch, 0.5 
space constant (based on measurements of seven 
typical branches of Fig. lb by using the above elec- 
trical parameters); membrane area of the cell 
body, 5100 Atm2. These values yield several deriva- 
tive properties: axonal space constant, 137 gm; 
Laxon, 2.4 space constants; Rt, 9.1 X 106 ohms; 
Rceil body, 2.9 X 107 ohms, Bi, 77, signal transfer 
from cell body to terminal arborization, 0.23 per- 
cent; from terminal arborization to cell body, 0.73 
percent. The cone signal seen in the terminal arbo- 
rization of Fig. Ic is about 4 mv or no less than 10 
percent of the largest cone signal seen in horizontal 
cell bodies. However, in order to obtain signal 
transfer as large as 10 percent either Rm would 
have to be 33,000 ohm cm2 or the axon could be no 
longer than 16 Am. Much of the voltage attenua- 
tion is accounted for by the very low resistance of 
the terminal arborization as compared to the input 
resistance of the axon. Signals coming down the 
axon are effectively short-circuited by the terminal 
arborization. If the terminal arborization is cut off 
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of cytochalasin B. 

A means for preventing more than one 

sperm nucleus from fusing with the egg nu- 
cleus is a prerequisite for preserving the 

diploid state of the genome in eukaryotic 
organisms. In eggs that do not contain 

yolks, this occurs by excluding all but one 

sperm and is referred to as the block to 

polyspermy. The mechanism of this block 
has been worked out for eggs of the sea ur- 
chin and the hamster. Earlier work on 
these eggs indicated that the fusion and ex- 

ocytosis of the cortical granules, referred 
to as the "cortical reaction," was involved 
in the block to polyspermy (1). Later it was 
shown that macromolecules released from 
these granules at fertilization are the re- 

sponsible factors (2, 3). 
However, the cortical reaction may not 

constitute the sole block to polyspermy. In 
the sea urchin, numerous sperm attach to 
an egg within the first second after in- 
semination and hundreds or even thou- 
sands of sperm are attached to the egg sur- 
face by the time the cortical reactions are 
initiated 25 seconds later (4). Many work- 
ers, therefore, have suggested that some 
earlier change in the egg results in the 
block to polyspermy, this change presum- 
ably occurring at the plasma membrane. 
Kinetic analyses of sea urchin fertilization 
indicate that two types of blocks occur. 
The first is rapid and only partially effec- 
tive, and could correspond to a rapid 
change in the plasma membrane. The 
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other block is later-acting and completely 
effective, and its time sequence corre- 

sponds to that of the cortical reactions (5). 
Whether the fast block occurs at all, or in- 
deed whether it occurs in sea urchin eggs, 
is still a matter of debate (4). 

There are eggs of other organisms that 
do not exhibit any sort of cortical reaction 
but must have a block to polyspermy. The 
best-studied examples of these are the pe- 
lecypod mollusk Spisula solidissima (6, 7) 
and the echiuroid worm Urechis caupo (8). 
These eggs are useful for studying blocks 
to polyspermy in the absence of cortical 

granule exocytosis. The experiments de- 
scribed here demonstrate a fast block to 

polyspermy in Spisula and may provide a 
model for the proposed fast incomplete 
block in eggs that do have cortical reac- 
tions, such as those of the sea urchin and 
hamster. 

Ripe ovaries from S. solidissima fe- 
males were minced with scissors, and the 

eggs were strained through several layers 
of cheesecloth into seawater. The eggs 
were immediately sedimented by a hand 

centrifuge, then suspended in filtered 
seawater; this washing procedure was re- 

peated three to four times. Semen was ob- 
tained as the exudate from excised testes 
that had been stored at 4?C for 15 minutes; 
the exudate was filtered through cheese- 
cloth and stored at 4?C until it was diluted 

just before use (9). All experiments were 
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Polyspermy Block of Spisula Eggs Is Prevented by Cytochalasin B 

Abstract. The eggs of the surf clam Spisula solidissima have a built-in mechanism that 
prevents polyspermy: the eggs show a 70 percent decrease in sperm receptivity 5 seconds 
after fertilization, and become completely resistant to sperm by 15 seconds. When the 
outer egg coat (vitelline layer) was removed, there was no change in Jertilizability or the 
timing of the block to polyspermy. This suggests that the alteration occurs in or at the 
plasma membrane. Such changes in the egg surface were sensitive to low concentrations 
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