
ments microsomes were incubated with 
tubulin for 120 minutes at 37?C, centri- 
fuged at 100,000g for 60 minutes at 25?C, 
and the supernatant assayed for tubulin 
content by colchicine binding. Control 
tubes contained tubulin but no micro- 
somes. The amount of tubulin bound to 
the microsomes was calculated as the 
difference between the tubulin remaining 
in the supernatant in control tubes and 
that in tubes incubated with microsomes. 
The supernatant from microsomes in- 
cubated and centrifuged in buffer alone 
had no effect on the colchicine binding 
by tubulin. Microsomes derived from 
1 g of brain bind approximately 12,000 
pmole of tubulin. The value predicted on 
the basis of inhibition of colchicine bind- 
ing is 10,600 pmole/g. Inactivation of mi- 
crosomal colchicine-binding inhibition 
by heat or trypsin results in a con- 
comitant loss of ability to bind tubulin. 
The close agreement between the num- 
ber of inhibitory sites calculated by the 
two methods supports the notion that the 
inhibition of colchicine binding to tubulin 
by brain proteins reflects a specific lig- 
and-receptor type interaction. 

It is curious that a highly specific, 
high-affinity colchicine-binding site on 
tubulin should have evolved. The exis- 
tence in animal tissue of a protein that 
competitively inhibits colchicine binding 
to tubulin may provide an answer to this 
puzzle. Because most if not all of the in- 
hibitor is particulate, it could function to 
bind tubulin and maintain it in an in- 
soluble form, preventing polymerization. 
Regulation of tubulin binding to the in- 
hibitor might then control the local con- 
centration of cytosolic tubulin available 
for assembly into microtubules (14). 

PETER SHERLINE 
KAREN SCHIAVONE 

SUSAN BROCATO 
Division of Endocrinology and 
Metabolism, Department of Medicine, 
University of Connecticut Health 
Center, Farmington 06032 

References and Notes 

1. R. C. Weisenberg, Science 177, 1104 (1972). 
2. J. B. Olmsted and G. G. Borisy, Biochemistry 

12, 4282 (1972). 
3. ___ , ibid. 14, 2996 (1975). 
4. D. B. Murphy and G. G. Borisy, Proc. Natl. 

Acad. Sci. U.S.A. 72, 2696 (1975). 
5. M. D. Weingarten, A. A. Lockwood, S. Hwo, 

M. W. Kirschner, ibid., p. 1858. 
6. J. B. Olmsted, in Cell Motility, R. Goldman, T. 

Pollard, J. Rosenbaum, Eds. (Cold Spring Har- 
bor Laboratory, Cold Spring Harbor, N.Y., 
1976), pp. 1081-1092. 

7. R. C. Weisenberg, W. J. Deery, G. Dickinson, 

ments microsomes were incubated with 
tubulin for 120 minutes at 37?C, centri- 
fuged at 100,000g for 60 minutes at 25?C, 
and the supernatant assayed for tubulin 
content by colchicine binding. Control 
tubes contained tubulin but no micro- 
somes. The amount of tubulin bound to 
the microsomes was calculated as the 
difference between the tubulin remaining 
in the supernatant in control tubes and 
that in tubes incubated with microsomes. 
The supernatant from microsomes in- 
cubated and centrifuged in buffer alone 
had no effect on the colchicine binding 
by tubulin. Microsomes derived from 
1 g of brain bind approximately 12,000 
pmole of tubulin. The value predicted on 
the basis of inhibition of colchicine bind- 
ing is 10,600 pmole/g. Inactivation of mi- 
crosomal colchicine-binding inhibition 
by heat or trypsin results in a con- 
comitant loss of ability to bind tubulin. 
The close agreement between the num- 
ber of inhibitory sites calculated by the 
two methods supports the notion that the 
inhibition of colchicine binding to tubulin 
by brain proteins reflects a specific lig- 
and-receptor type interaction. 

It is curious that a highly specific, 
high-affinity colchicine-binding site on 
tubulin should have evolved. The exis- 
tence in animal tissue of a protein that 
competitively inhibits colchicine binding 
to tubulin may provide an answer to this 
puzzle. Because most if not all of the in- 
hibitor is particulate, it could function to 
bind tubulin and maintain it in an in- 
soluble form, preventing polymerization. 
Regulation of tubulin binding to the in- 
hibitor might then control the local con- 
centration of cytosolic tubulin available 
for assembly into microtubules (14). 

PETER SHERLINE 
KAREN SCHIAVONE 

SUSAN BROCATO 
Division of Endocrinology and 
Metabolism, Department of Medicine, 
University of Connecticut Health 
Center, Farmington 06032 

References and Notes 

1. R. C. Weisenberg, Science 177, 1104 (1972). 
2. J. B. Olmsted and G. G. Borisy, Biochemistry 

12, 4282 (1972). 
3. ___ , ibid. 14, 2996 (1975). 
4. D. B. Murphy and G. G. Borisy, Proc. Natl. 

Acad. Sci. U.S.A. 72, 2696 (1975). 
5. M. D. Weingarten, A. A. Lockwood, S. Hwo, 

M. W. Kirschner, ibid., p. 1858. 
6. J. B. Olmsted, in Cell Motility, R. Goldman, T. 

Pollard, J. Rosenbaum, Eds. (Cold Spring Har- 
bor Laboratory, Cold Spring Harbor, N.Y., 
1976), pp. 1081-1092. 

7. R. C. Weisenberg, W. J. Deery, G. Dickinson, 
ibid., pp. 1123-1131. 

8. R. C. Weisenberg, G. G. Borisy, E. W. Taylor, 
Biochemistry 7, 4466 (1968). 

9. L. Wilson, J. R. Bamburg, S. B. Mizel, L. M. 
Grisham, K. M. Creswell, Fed. Proc. Fed. Am. 
Soc. Exp. Biol. 33, 158 (1974). 

10. P. Sherline, J. T. Leung, D. M. Kipnis, J. Biol. 
Chem. 14, 5481 (1975). 

SCIENCE, VOL. 205, 10 AUGUST 1979 

ibid., pp. 1123-1131. 
8. R. C. Weisenberg, G. G. Borisy, E. W. Taylor, 

Biochemistry 7, 4466 (1968). 
9. L. Wilson, J. R. Bamburg, S. B. Mizel, L. M. 

Grisham, K. M. Creswell, Fed. Proc. Fed. Am. 
Soc. Exp. Biol. 33, 158 (1974). 

10. P. Sherline, J. T. Leung, D. M. Kipnis, J. Biol. 
Chem. 14, 5481 (1975). 

SCIENCE, VOL. 205, 10 AUGUST 1979 

11. M. L. Shelanski, F. Gaskin, C. Cantor, Proc. 
Natl. Acad. Sci. U.S.A. 70, 765 (1973). 

12. D. M. Neville, Jr., J. Biol. Chem. 246, 6328 
(1971). 

13. P. Sherline, C. K. Bodwin, D. M. Kipnis,Anal. 
Biochem. 62, 400 (1975). 

14. While this manuscript was in review, a paper ap- 
peared that describes the presence of three pep- 
tide inhibitors of colchicine binding in rat brain 
supernatants [A. Lockwood, in Cell Reproduc- 
tion, E. R. Dirksen, D. M. Prescott, C. F. Fox, 

11. M. L. Shelanski, F. Gaskin, C. Cantor, Proc. 
Natl. Acad. Sci. U.S.A. 70, 765 (1973). 

12. D. M. Neville, Jr., J. Biol. Chem. 246, 6328 
(1971). 

13. P. Sherline, C. K. Bodwin, D. M. Kipnis,Anal. 
Biochem. 62, 400 (1975). 

14. While this manuscript was in review, a paper ap- 
peared that describes the presence of three pep- 
tide inhibitors of colchicine binding in rat brain 
supernatants [A. Lockwood, in Cell Reproduc- 
tion, E. R. Dirksen, D. M. Prescott, C. F. Fox, 

Eds. (Academic Press, New York, 1978)]. The 
relationship of these peptides (all of which have 
molecular weights less than 40,000) to the inhib- 
itor described in the present work should be 
clarified by further research. 

15. We thank B. Kream for her careful reading of 
the manuscript. This work was supported by 
NIH grant GM 22497 and by NIH research ca- 
reer development award AM00456 to P.S. 

8 December 1978; revised 9 April 1979 

Eds. (Academic Press, New York, 1978)]. The 
relationship of these peptides (all of which have 
molecular weights less than 40,000) to the inhib- 
itor described in the present work should be 
clarified by further research. 

15. We thank B. Kream for her careful reading of 
the manuscript. This work was supported by 
NIH grant GM 22497 and by NIH research ca- 
reer development award AM00456 to P.S. 

8 December 1978; revised 9 April 1979 

Reptiles and Mammals Use Similar Sensory 

Organizations in the Midbrain 

Abstract. Striking similarities were observed between the overlapping visual and 
tactile maps of the mammalian superior colliculus and of its homolog in reptiles, the 
optic tectum. This topographic pattern probably represents a plan of sensory repre- 
sentation that existed in ancient reptiles and that was retained during the evolution 
to mammalian forms more than 180 million years ago. 

Reptiles and Mammals Use Similar Sensory 

Organizations in the Midbrain 

Abstract. Striking similarities were observed between the overlapping visual and 
tactile maps of the mammalian superior colliculus and of its homolog in reptiles, the 
optic tectum. This topographic pattern probably represents a plan of sensory repre- 
sentation that existed in ancient reptiles and that was retained during the evolution 
to mammalian forms more than 180 million years ago. 

The ability to focus attention on a 
stimulus and to orient toward and follow 
that stimulus is critical for the survival of 
many species. Refinements of this ability 
are evident in the stalking and attack be- 
havior of hunting mammals. Although 
the specific neural mechanisms that un- 
derlie attentive and orienting behavior 
are not fully understood, cells of the su- 
perior colliculus must be involved (1). 

Natural sensory stimuli excite superi- 
or colliculus neurons that, in turn, acti- 
vate brainstem motor centers (2) to pro- 
duce orientation of the eyes, ears, head, 
and limbs. Because natural stimuli af- 
fecting various sensory modalities may 
produce similar orientation changes via 
the circuitry of the superior colliculus, 
the manner in which these sensory repre- 
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sentations are organized in the colliculus 
has been of considerable interest. 

Stein et al. (3) have shown that the vis- 
uotopic organization of the cat superior 
colliculus is in register with deep-layer 
topographic somatic (somatotopic) rep- 
resentation. Although some differences 
in laminar distribution exist, parafoveal 
visual receptive fields are found in the 
same areas of the superior colliculus as 
tactile receptive fields on the face. Cells 
with either superior, inferior, or tempo- 
ral visual receptive fields are found near 
somatic cells with receptive fields on the 
superior, inferior, or caudal regions of 
the body, respectively. Such topograph- 
ic register between modalities [a similar 
one has been described in rodents (4)] 
seems to represent a general mammalian 
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were found at or just superfi- 
cial in the tectum to cells with 
somatic receptive fields on the 
face (lateral tectum), whereas 
cells with temporal visual re- 
ceptive fields were located near somatic cells with receptive fields on the tail (medial tectum). 
Similarly, inferior visual receptive fields corresponded to ventral somatic receptive fields (cau- 
dal tectum) and superior visual receptive fields to dorsal somatic receptive fields (middle- 
rostral tectum). 
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plan. It is unclear, however, whether this 
organization arose during the evolution- 
ary transition to mammalian forms, or 
whether it is an ancient scheme antedat- 
ing the evolution of early mammals. If 
the latter is the case, this plan of tectal 
organization might be expected to be 
found in reptiles. 

We have examined this question by 
studying the sensory organization in the 

lizard Iguana iguana, which, as a reptile, 
is interposed between the Amphibia and 
the Mammalia (5). We asked: Is a visual 
topography in the iguana tectum similar 
to that found in mammals? Is there a sig- 
nificant tactile representation in the tec- 
tum, and if so, is it topographic? If there 
is a somatotopic representation, what is 
the spatial relationship between it and 
the visuotopic representation? Portions 

R 

Superior A 

Temporal 

50 

M 

Inferior 
C 

B 

Nasal _ Temporal 

Fig. 2. Visual and somatic topographies in the iguana optic tectum. (A) Visual and somatic 
topographies illustrated on a diagram of the surface of the contralateral (right) tectum. The 
horizontal and vertical visual meridians are represented, and are divided by isobars represent- 
ing 10? concentric circles of the visual field. The orientation of the visual map is indicated 
(Superior, Inferior, Nasal, and Temporal), and letters indicate the orientation of the tectum (R, 
rostral; C, caudal; M, medial; and L, lateral) (see also Fig. 1). The rostral pole, upon which 
superior visual space is represented, lies beneath the cerebral lobe and is not shown. Note the 
magnified representation of both the central 10? of the visual field and the corresponding somatic 
area, the face. (B) The body represented in a circular diagram of the visual field to illustrate the 
spatial overlapping of sensory topographies in the tectum. The location of each body sector was 
determined by the location of the visual receptive fields found in the same area of the tectum. 
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of these results have been briefly pre- 
sented elsewhere (6). 

Eleven animals were anesthetized for 
surgery with general hypothermia and 
careful local infiltration of all surgical 
areas with a long-lasting anesthetic (Zyl- 
jectin). Each animal was paralyzed with 
d-tubocurarine (0.6 mg per kilogram of 
body weight per hour) and artificially 
respired. The head was fixed in a brace, 
with the contralateral eye centered on, 
and 46 cm from, a 91-cm plastic hemi- 
sphere. Thus, the nasal-temporal axis of 
the visual field may also be viewed as the 
anterior-posterior (or horizontal) axis of 
the body. Stationary and moving spots 
and bars of light were projected onto the 
hemisphere and used for mapping visual 
receptive fields. Insulated tungsten mi- 
croelectrodes with tip diameters of 5 to 
30 ,tm and impedances averaging 1 meg- 
ohm at 60 Hz were used for recording. 
The axis of the electrode was per- 
pendicular to the tectum. Visual, tactile 
(taps and strokes with a camel's hair 
brush or wooden probe) and auditory 
(clicks, handclaps, and whistles) stimuli 
were presented at regular intervals in 
each penetration, and standard single- 
unit recording techniques were used. Af- 
ter each experiment, the animal was per- 
fused through the heart with saline fol- 
lowed by 10 percent formalin. The brain 
was blocked and then cut transversely or 
parasagittally in 25-,tm sections. A 
coordinate grid system facilitated the 
systematic exploration of the tectum 
(Fig. 1A); in each experiment visual or 
somatic receptive fields (or both) were 
mapped at progressively greater depths 
at numerous points on this grid. Elec- 
trolytic lesions were made at selected 
recording sites to aid in the histological 
reconstruction of electrode tracks. 

The reptilian optic tectum is composed 
of six main strata subdivided into 14 lam- 
inae (7). Visual responses were recorded 
from cells within all strata, but most fre- 
quently within the three superficial lami- 
nae (stratum opticum to stratum griseum 
centrale). Responses to somatic stimuli, 
however, were recorded primarily from 
the deeper layers, and no responses to 
auditory stimuli were obtained in any 
electrode penetration. 

A map of contralateral visual space 
was recopstructed from 250 successful 
electrode penetrations in six animals. 
This was accomplished by noting the po- 
sition of the visual receptive field at each 
intersection (0.5 mm) or half point (0.25 
mm) within the grid system on a diagram 
of the tectum (Fig. 1A). Although ex- 
amples of receptive fields 90? nasal and 
70? temporal were encountered, we were 
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able to record systematically from only 
120? of the field because of the in- 
accessibility of portions of the tectum. It 
was apparent, however, that the superi- 
or-inferior axis-or vertical meridian of 
the visual field-was represented along 
the rostral-caudal axis of the tectum (8), 
whereas the nasal-temporal visual axis- 
or horizontal meridian-was represented 
along the lateral-medial axis of the tec- 
tum. The visuotopic organization of the 
iguana tectum thus appears to be rotated 
roughly 90? with respect to the superior 
colliculus in the cat and the optic tectum 
of other species (9). A disproportionately 
large area of the iguana tectal surface 
area [approximately 20 percent (10)] was 
devoted to the central 10? of visual 
space, with progressively less tectum de- 
voted to areas of greater eccentricity. 
Receptive field diameters were smallest 
(0.5? to 3?) in the central 10? of the visual 
field and became progressively larger at 
greater eccentricities, reaching 15? diam- 
eters at 70? temporal. Similar nonlinear 
visual topographies have been de- 
scribed in the mammalian colliculus 
(3, 4, 11). 

After the basic visual map was deter- 
mined, the somatic representation was 
studied and reconstructed from 37 pene- 
trations in five animals. Somatic recep- 
tive fields were mapped, and their posi- 
tions on the body were related to visual 
receptive fields at the same recording 
site. When this procedure was not pos- 
sible, they were related to visual recep- 
tive fields in the immediately overlying 
stratum. A somatotopic organization 
corresponding to the visuotopic repre- 
sentation was apparent. The long or hori- 
zontal axis of the body (head-to-tail) was 
represented along the lateral-medial axis 
of the tectum, thereby corresponding to 
the horizontal visual meridian. The ven- 
tral-dorsal or vertical body axis (belly-to- 
back) was oriented along the caudal-ros- 
tral tectal axis as was the vertical visual 
meridian (Fig. 2A). Thus, in general, the 
lateral tectum represents visual space 
and body sectors toward the front of the 
animal, while the medial tectum repre- 
sents visual space and body regions to- 
ward the rear. The caudal tectum repre- 
sents lower parts of both visual space 
and body, and the rostral tectum repre- 
sents upper visual space and body. This 
pattern was apparent in every series of 
electrode penetrations in each animal 
(Fig. 1). 

An expanded representation of the 
face noted in the tectum corresponded to 
the magnified representation of the cen- 
tral 10? of the visual field (Fig. 2A). The 
smallest somatic receptive fields (some 
10 AUGUST 1979 

occupying a single scale) were also found 
here. The general relationship between 
visual and somatic representations is de- 
picted in Fig. 2B. This figure was con- 
structed in the same way as were the cat 
schematic maps of Stein et al. (3). The 
body was divided into five sectors, with 
each somatic receptive field numbered 
according to its body sector. Numbers 
were then placed on schematics of the vi- 
sual field with positions determined by 
the center of the visual receptive field or 
fields in the same electrode penetrations. 
The names of body sectors were sub- 
stituted for numbers in the figures. 

The visuotopic-somatotopic relation- 
ship in the iguana is strikingly similar to 
the organization described in mammals 
(3, 4, 11). Even the partial laminar segre- 
gation of modalities (upper layers visual, 
deeper layers multimodal) is essentially 
the same. In both iguana and mammals 
(3, 4, 11) the representations of the face 
and forelimb are magnified and have the 
smallest receptive fields. Topographical 
relationships between modalities in tec- 
tal or subtectal regions in fish, amphibi- 
ans, and other reptiles (9, 12) remain to 
be explored in detail. In the snake, how- 
ever, an animal that has lost its limbs, 
one would expect that the trigeminal 
(face) representation would be highly de- 
tailed (with small receptive fields) and 
would occupy even more of the tectum 
than is observed in other species. Al- 
though tactile cells have not yet been 
studied, in the rattlesnake the represen- 
tation of a unique trigeminal special- 
ization for heat detection-the infrared 
system-occupies most of the deep tec- 
tum (13, 14). In this case, there exists a 
small but systematic disparity between 
infrared and visual axes (14). It may be 
that such a disparity is of functional val- 
ue or these may be independent systems. 
It seems unlikely that the visual and tac- 
tile representations are functionally un- 
related. Interactions presumably take 
place in multimodal cells, and both mo- 
dalities have access to the same deep- 
layer, topographically organized (15), ef- 
ferent system. Consequently, stimuli of 
either modality can produce the same 
orientation movement via the same ef- 
ferent circuits. Correspondence of sen- 
sory topographies may be the most eco- 
nomical way to connect both sensory 
maps with the deep motor map. In this 
way, an object from which visual and 
tactile stimuli are simultaneously re- 
ceived produces activity in only one 
locus of the tectum (or superior collicu- 
lus), thereby effecting a properly direct- 
ed motor response. 

Whatever the specific midbrain cir- 

cuitry that enables the organism to trans- 
late a sensory stimulus into an orienta- 
tion movement, the sensory representa- 
tions in the mammalian superior col- 
liculus and the reptilian optic tectum 
have fundamental similarities. Although 
the similarities may represent an ex- 
ample of convergent evolution, the pres- 
ence of similar visuotopic-somatotopic 
registers in organisms living under dif- 
ferent ecological stresses is consistent 
with the idea of an ancient plan of modal- 
ity representation retained during the 
transition from reptilian to mammalian 
forms more than 180 million years ago. 

NEAL S. GAITHER 

BARRY E. STEIN 

Department of Physiology, 
Medical College of Virginia, 
Richmond 23298 
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