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The endogenous sialidase (N-acetylneuraminidase) activity of membranes pre-
pared from goldfish retina and optic tectum displays characteristics similar to those
reported for neural plasma membrane sialidases of other organisms. Endogenous
membrane sialidase activity was found to be optimal at pH 4.0, and maximal
release was obtained at 37-50°C, above which temperature thermal instability of
the preparations was observed. Optic nerve crush, which results in regeneration
of retinal ganglion cell axons, did not result in significant changes in measured
endogenous membrane sialidase activity in either the retina or the optic tectum.
Enzymatic hydrolysis of membrane sialoglycolipid (ganglioside) accounted for
about 70% of the total sialic acid released. Ganglioside GM, accumulated as the
major lipid product in both retina and tectum, indicating that the inner sialosyl-
galactosyl linkage in the ganglio oligosaccharide series was resistant to hydrolysis
by the endogenous enzyme.

INTRODUCTION

Glycosidically-bound sialic acid (N-acetylneuraminic acid) in membrane
proteins and lipids may play a critical role in diverse biological functions,
including: recognition of serum glycoprotein (1); the lifetime of circulating
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lymphocytes (2) and erythrocytes (3); receptors for hormones (4), viruses
(5) and bacterial toxins (6); and possibly in the malignant transformation
of cells (7). In the nervous system, specific functions attributed to sialo-
glycoproteins and lipids (gangliosides) include choline uptake and ace-
tylcholinesterase activity (8, 9), susceptibility of dopamine B-hydroxylase
to proteolytic degradation (10), and Ca®* mobilization during synaptic
transmission (11, 12).

Sialidase (N-acetylneuraminosyl glycohydrolase, EC 3.2.1.18) resides
in the plasma membrane in close association with sialoglyconjugates, and
may be involved in regulatory functions (13). In brain tissue, this enzyme
has been shown to be associated with synaptosomes (14, 15), and its
possible suitability as a marker for the synaptic plasma membrane has
been suggested (16, 17). Proposed chemical consequences of the action
of endogenous sialidase activity (18) include a decrease in net surface
charge density of the membrane, which could alter various enzyme and
receptor activities, the release of sialic acid, which could then have actions
on neighboring cells, and the exposure of B-D-galactosyl end groups for
cell-cell recognition. In contrast to the brain enzyme, endogenous mem-
brane-associated sialidase activity of the retina has received little atten-
tion. Developmental studies in the chick of both endogenous and exo-
genous (ganglioside substrate) sialidase demonstrate maximum activities
at hatching, whereas glycosyltransferases attain maximum levels of ac-
tivity earlier in development (19, 20). Since regenerating neurons have
some biochemical properties in common with developing ones (21, 22),
it was of additional interest to examine the possibility that endogenous
sialidase could serve as a functional marker of the regenerative response
of the visual system of the goldfish that follow optic nerve crush.

EXPERIMENTAL PROCEDURE

Tissue Preparation. Goldfish (Carassius auratus, Ozark Fisheries, Stoutland, Missouri)
6—7 cm in body length, were maintained at 25°C in constant light-dark cycles. Dark-adapted
retinas were removed under dim light from the hemisected eye cup (23). Optic tecta were
dissected from the brain at the same time. For regeneration experiments, the right optic
nerve was crushed intraorbitally (23). Groups of 15-25 retina or tecta were homogenized
in 15 ml of 0.156 M KCI (19, 20) and a particulate fraction was pelleted at 100,000 g for 60
min. After rehomogenization of the pellet, protein was assayed in the presence of sodium
dodecyl sulfate by the method of Hess et al. (24).

Endogenous Sialidase Assay. Sialidase activity toward endogenous membrane substrates
was assayed by incubating membrane suspensions in a 1-3 ml volume at a concentration
of 1.5 mg protein per ml in 0.02 M sodium acetate buffer (pH 4.0) at either 25°C or 37°C
(25). Enzyme controls consisted of equivalent samples of membrane suspension which had
been heated to 100°C for 10 min and maintained at 4°C during the incubation period (26,
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27). Enzymatic hydrolysis was terminated by neutralization with 1 N NaOH and rapid chill-
ing. Released sialic acid was separated on small columns (0.5 X 4 cm) of Dowex 1X8 C1™
(28) and assayed by a thiobarbituric acid method (29). To examine release of sialic acid from
membrane glycoprotein and ganglioside, the reaction was terminated by the addition of an
equal volume of 0.08 M Tris-HCl buffer, pH 7.6. Membranes were collected by centrifugation
at 100,000 g for 60 min and glycoprotein was separated from lipid by extraction with phos-
phate-buffered tetrahydrofuran (30). Gangliosides were partitioned by the addition of diethyl
ether to the solvent extract and further purified by chromatography of the resultant aqueous
phase on Sephadex G-50 in 0.01 M acetic acid (31). Chromatography of gangliosides was
performed at 38°C on high performance thin layer plates (Silica gel 60, E. Merck) with
sequential development in chloroform-methanol-12 mM MgCl,-15 N ammonium hydroxide
(60:35:7.5:3, v/v) followed by chloroform-methanol-12 mM MgCl, (58 :40:9, v/v), according
to Rosner (32). Separated gangliosides were visualized by spraying the plates with resorcinol-
HCl and heating (33, 34). Bound sialic acid was determined by the thiobarbituric acid method
after mild acid hydrolysis (35).

RESULTS

Characterization of Endogenous Sialidase Activity. The maximum rate
of hydrolytic release of sialic acid from membrane sialoglycoconjugates
was seen at pH 4 (Fig. 1), for both the retina and optic tectum. The
presence of a soluble form of sialidase in the rat eye, with a pH optimum
of 5.8 has been reported (36). The lack of a detectable second peak of
activity at this pH in the fish suggests the absence or minimal contami-
nation of the particulate preparation used in the present studies by this
soluble enzyme,

The results of experiments to maximize release of sialic acid from en-
dogenous glycoconjugates are seen in Figures 2 and 3. At 25°C, there is
no indication of loss of activity due to denaturation of enzyme or alter-
ations in membrane structure that could decrease substrate availability.
At 37°C, maximum release of sialic acid is attained by 120 min, amounting
to about 10 nmol per mg of membrane protein for retinal membranes, and
about 15 nmol per mg of membrane protein for the tectal preparation.
Beyond 50°C, denaturation and/or loss of accessibility of substrate sharply
decreases the final yield of sialic acid. The drop is more precipitous in
the tectal than in the retinal preparation.

Effect of Triton X-100 Addition on Endogenous Sialidase Activity. Low
concentrations of detergent are known to stimulate hydrolysis of mem-
brane sialoglycoconjugates by the endogenous sialidase in avian and mam-
malian brain (27). The effect of added Triton X-100 was examined in
goldfish retinal and tectal membranes at both 37°C and 25°C. At each
temperature, and in both preparations, Triton X-100 was maximally stim-
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Fic. 1. Endogenous hydrolysis rate of the membrane sialidase of goldfish optic tectum
(squares) and retina (circles) as a function of pH. Membranes were incubated for 30 min at
37°C and released sialic acid was measured after purification by ion-exchange chromatog-
raphy. Average of triplicate determinations + SEM.

ulatory at low concentrations (0.01-0.03%), and was without effect or
was inhibitory at concentrations above 1% (Figure 4). While more sialic
acid was released from both retinal and tectal membranes at the higher
temperatures, the increment in release attributable to the presence of
Triton X-100 was greater in retinal membranes incubated at 37°C and for
tectal membranes incubated at 25°C.

Properties of Endogenous Membrane Substrates. Three samples con-
taining the membranes from either 15 retinas or tecta were analyzed for
each data point. Unincubated retinal membranes contain 6.64 = 0.24 nmol
of lipid-bound sialic acid and 8.08 + 0.22 nmol of protein-bound sialic
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acid per mg of membrane protein. After maximal release (3 h at 37°C),
55% of the lipid-bound sialic acid was cleaved, while only 17% of the
protein-bound sialic acid was liberated. Tectal membranes contain 13.1
+ 0.18 nmol of lipid-bound sialic acid, while 11.7 += 0.32 nmol of sialic
acid is protein-bound. The incubation releases 43% of the sialic acid in
ganglioside and 31% of the available protein-bound sialic acid. Thus, 73%
of the total sialic acid released from retina and 61% of that released from
the tectum is derived from membrane-bound ganglioside.

The ganglioside species which serve as endogenous substrates in tectal
membranes are indicated in Figure 5. Thin-layer chromatography of mem-
brane gangliosides remaining after incubating preparations at various
times indicates that even after short times, material comigrating with gan-
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Fig. 2. Release of sialic acid from goldfish retinal membranes (circles) and optic tectal
membranes (squares) as a function of incubation temperature. Membrane preparations were
incubated at pH 4.0 for 120 min. Average of triplicate determinations = SEM.
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Fic. 3. Endogenous membrane sialidase activity of the goldfish retina (circles) and optic

tectum (squares). Membrane preparations were incubated at pH 4.0 for times indicated at
37°C (A) or 25°C (B). Average of triplicate determinations + SEM.

glioside GM, accumulates, while GM;, GD; and the polysialosyl gan-
gliosides are markedly decreased. At 120 min, after which time no ad-
ditional release of sialic acid is observed (Figure 3), gangliosides GDyy
and traces of GD;, and GT;, remain, with GM, emerging as the major
product of enzymatic hydrolysis. A similar study of retinal membrane



MEMBRANE SIALIDASE OF THE VISUAL SYSTEM 105

i

nmol NeuNAc released/mg protein

E Y
L]

06 a8 10 12 16 18

TRITON X-100(%W/v)

Q2 04 14

Fic. 4. Endogenous sialidase activity of membranes prepared from the goldfish retina (cir-
cles) and optic tectum (squares) assayed in the presence of varying concentrations of Triton
X-100. Membrane samples were incubated at pH 4.0 for 120 min at either 37°C (A) or 25°C
(B). Average of triplicate determinations = SEM.
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ganglioside hydrolysis is shown in Figure 6. The chromatographic pattern
indicates that retinal membranes are rich in gangliosides possessing the
lactosyl ceramide core, i.e., GM3, GD; and GT;, as has been noted in
mammalian retina (37). The prominent GT; band may be characteristic
of teleost retina. As in the tectal membranes, retinal ganglioside GM;
accumulates following incubation. Lactosyl ceramide, an anticipated
product, is not isolated with the retinal ganglioside fraction by the isolation
procedure used. It could, however, be identified in the tetrahydrofuran
layer and was shown to be increased following incubation (not shown).

Effects of Optic Nerve Crush. Following injury to the optic nerve, al-
tered nucleotide (38, 39) and protein (40) metabolism can be detected in
the retina within a few days. The optic nerve degenerates centrally, and
regenerated fibers growing from the site of the crush back into the tectum
can be detected within a week of the injury (41, 42). Evidence of resto-
ration of function can be detected as early as two weeks following crush
(42) and behavioral and biochemical indications of recovery continue for
several weeks thereafter. The rate of sialic acid release (incubation at
25°C for 1 h) was examined in both retinas and tecta of fish previously
given unilateral lesions. The ratios of activities in tissues from the lesioned
side (i.e., right retina or left tectum) to the control side for retinal and
tectal membranes, respectively, at various times postcrush was as fol-
lows: 6 days, 1.1 and .85; 8 days, .89 and .75; 14 days, .92 and .96; and
20 days, 1.1 and .93. None of the differences were statistically significant.
In addition, no significant changes in activity resulting from nerve crush
could be observed in either retinal or tectal membranes following incu-
bation at 37°C for 2 h (to establish maximal release), or with incubations
at 37°C for 30 min in the presence of 0.02% Triton X-100,

DISCUSSION

Membrane-bound endogenous sialidase activities in the nervous system
have been reported for a number of species (13, 27). Presence of this
activity in teleost retina and tectum has not previously been described,
although cleavage of sialic acid from a mixture of prelabeled brain gan-
gliosides added to developing trout brain membranes has been reported
(43). This exogenous activity is reported to increase during development.
The present study shows, in accordance with results from other species,
that both ganglioside and sialoglycoprotein serve as endogenous sub-
strates for membrane sialidases of tissues of neural origin in the goldfish.
Although subfractionation of the membrane preparations was not at-
tempted in the present experiments, studies in other systems suggest that
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1 2 3

FiG. 6. Degradation of retinal membrane gangliosides (see Figure 5). Lane I, standards; 2,
unincubated retinal membranes; 3, after 120 min incubation. Note prominent bands for GM3,
GD; and GT,, and their disappearance, while GM, persists.

the origin of sialoglycoprotein-directed activity may be lysosomal, while
release of sialic acid from ganglioside may be localized to the plasma
membrane (44). Under conditions of maximal sialic acid release, gan-
gliosides appear to be the major source of liberated sialic acid, both in
retinal and in tectal membranes. The pH curve for sialic acid release is
smooth, with an optimum at 4.0. While endogenous sialidase activity
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against ganglioside in rat synaptosomes increases with decreasing pH,
that for glycoprotein is relatively pH insensitive (45). The pH optima for
rabbit, cat and human brain endogenous sialic acid release are reported
to be 4.0-4.1, while pig and rat brain membrane activities have pH optima
of 5.0 and 4.7, respectively (27).

Retina and tectum differ strikingly in anatomical structure and in com-
position. For example, the retina contains only small amounts of myelin
(46), while excised tectum contains the heavily myelinated terminal fibers
of the optic tract. While alterations in nucleotide and protein metabolism
are seen in the retina within a few days following optic nerve crush (38-
40), relatively little is known about the tectum, where changes due to
regrowth and altered postsynaptic neurons may be confounded by
changes due to infiltration of cells associated with resorption of degen-
erated nerve fibers. Previous histochemical studies of regenerating nerve
have reported both increases and decreases in various degradative en-
zymes (47-49). The failure to find differences in sialidase activities during
regeneration may, in the case of the retinal incubations, reflect the fact
that the axotomized ganglion cells represent only about 5% of the total
retinal mass. It is also possible that alterations in specific subcellular
components are masked in the results with a total cellular membrane
preparation.

A major product of endogenous sialidase activity in the goldfish retina
and optic tectum is ganglioside GM,. The enzyme, like previously de-
scribed nervous system plasma membrane sialidases, and in contrast to
viral and bacterial sialidases, does not cleave the inner sialic acid residue,
perhaps due to steric hindrance by the N-acetyl group of the neighboring
GalNAc residue (18). It is also noteworthy that a fraction of the di- and
trisialosyl gangliosides remains uncleaved, even after prolonged incu-
bation, suggesting that these lipids are not accessible to the endogenous
sialidase. This inaccessibility, as well as differences in thermal stability
and activation by Triton X-100 seen in the retinal and tectal preparations
may reflect differences in membrane lateral mobility. Particulate sialidase
has in fact been reported to be sensitive to agents which alter membrane
fluidity (50).

ACKNOWLEDGMENTS

The authors wish to thank Ms. M. R. Lewis for technical assistance and Dr. N. S.
Radin of this university for asialoglycolipid standards and Dr. H. C. Yohe of Yale University
for samples of gangliosides GM; and GD;.



110 LESKAWA AND AGRANOFF

10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

. AsHwgLL, G., and MoreLL, A. G. 1974. The role of surface carbohydrates in the hepatic

recognition and transport of circulating glycoproteins. Adv. Enzymol. 129:551-567.

. WOODRUFF, J. J., and GESNER, B. M. 1969. The effect of neuraminidase on the fate of

transfused lymphocytes. J. Exp. Med. 129:551-567.

. PFaNNscHMIDT, G., and SCHAUER, R. 1980. The role of membrane sialyl and galactosyl

residues in the regulation of the life-time of rabbit erythrocytes. Hoppe-Seyler's Z.
Physiol. Chem. 361:1683-1695.

. Konn, L. D., ConsicLio, E., DEWoLr, M. I. S., GroLLMAN, E. F., LEpLEY, F. D.,

Leg, G., and Morris, N. P. 1980. Thyrotropin receptors and gangliosides. Adv. Exp.
Med. Biol. 125:487-503.

. HoLMGREN, J., ELwiNG, H., FREDMAN, P., STRANNEGARD, O., and SVENNERHOLM, L.

1980. Gangliosides as receptors for bacterial toxins and Sendai virus. Adv. Exp. Med.
Biol. 125:453-470.

. WirGanpT, H. 1979. Toxin interactions with glycoconjugates. Adv. Cytopharm. 3:17-

25.

. ViLareM, M. J., JouaNNEAu, J., and BourriLLON, R. 1981. Differences in sialic acid

contents of low cancer cells, high cancer cells and normal mouse lung counterparts.
Biochem. Biophys. Res. Comm. 98:7-14.

. STEFANOVIC, V., MassAReLLI, R., MANDEL, P., and ROSENBERG, A. 1975. Effect of

cellular desialylation on choline high affinity uptake and ecto-acetylcholinesterase ac-
tivity of cholinergic neuroblasts. Biochem. Pharmacol. 24:1923-1928.

. MassareLLl, R., Wong, T. Y., HartH, S., Louss, J. C., Freysz, L., and DREYFUS,

H. 1982, Possible role of sialocompounds in the uptake of choline into synaptosomes
and nerve cell cultures. Neurochem. Res. 7:301-316.

AquiNo, D., Wong, R., MarGoLis, R. U., and MarcoLis, R. K. 1980. Sialic acid res-
idues inhibit proteolytic degradation of dopamine B-hydroxylase. FEBS Lett. 112:195—
198.

RanManN, H., Rosner, H., and Breer, H. 1976. A functional model of sialo-glyco-
macromolecules in synaptic transmission and memory formation. J. Theor. Biol. 57:
231-237.

Leskawa, K. C., and RoSENBERG, A. 1981. The organization of gangliosides and other
lipid components in synaptosomal plasma membranes and modifying effects of calcium
ion. Cell. Molec. Neurobiol. 1:373-388.

ROSENBERG, A., and ScHENGRUND, C.-L. 1976. Sialidases. Pages 295-359, in ROSEN-
BERG, A., AND SCHENGRUND, C.-L., (eds.), Biological roles of sialic acid, Plenum Press,
New York.

ScHENGRUND, C.-L., and RosenNBERrG, A. 1970. Intracellular location and properties of
bovine brain sialidase. J. Biol. Chem. 245:6196—6200.

Leskawa, K. C., Yong, H. C., MaTsuMoTo, M., and ROSENBERG, A. 1979. Large-scale
preparation of synaptosomes from bovine brain using a zonal rotor technique. Neuro-
chem. Res. 4:483-504.,

TETTAMANTI, G., MORGAN, 1. G., GoMBOS, G., VINCENDON, G., and MANDEL, P. 1972.
Sub-synaptosomal localization of brain particulate neuraminidase. Brain Res. 47:515-
518.

Marus, A. 1978. The chemical synapse: Structure and function. Pages 99-139, in FELD-
MaN, J. D., GiLuLa, N. B., and Prr1s, J. D. (eds.), Intercellular junctions and synapses,
Chapman and Hall, London.



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32,
33.
34.

3s.
36.

MEMBRANE SIALIDASE OF THE VISUAL SYSTEM 111

RosenBERG, A. 1979. Biosynthesis and metabolism of gangliosides. Pages 25-43, in
Margoris, R. U., and Marcotrs, R. K. (eds.), Complex carbohydrates of nervous
tissue, Plenum Press, New York.

Drevrus, H., Harth, S., UrBan, P. F., MaNDEL, P., PreT1, A., and LoMBARDO, A.
1976. On the presence of a “‘particle-bound’” neuraminidase in retina. A developmental
study. Life Sci. 18:1057-1064.

PreTI, A., FiorILLI, A., DrREYFUS, H., HARTH, S., UrBaN, P. F., and MaNDEL, P. 1978.
Developmental studies of the catabolism of sialocompounds by endogenous neuramin-
idase in the chick retina. Exp. Eye Res. 26:621-628.

Benowrrz, L. 1., SHasHoUA, V. E., and Yoon, M. G. 1981. Specific changes in rapidly
transported proteins during regeneration of the goldfish optic nerve. J. Neurosci. 1:300-
307.

SkENE, J. H. P., and WiLLarRD, M. 1981. Axonally transported proteins associated with
axon growth in rabbit central and peripheral nervous system. J. Cell Biol. 89:96-103.
Heacock, A. M., and AGraNoFF, B. W. 1976. Enhanced labeling of a retinal protein
during regeneration of optic nerve in goldfish. Proc. Nat. Acad. Sci., U.S.A. 73:828-
832.

Hess, H. H., Legs, M. B., and DErg, J. E. 1978. A linear Folin-Lowry assay for both
water-soluble and sodium dodecyl sulfate-solubilized proteins. Analyt. Biochem.
85:295-300.

YoHE, H. C., and ROSENBERG, A. 1977. Action of intrinsic sialidase of rat brain synaptic
membranes on membrane sialolipid and sialoprotein components in situ. J. Biol. Chem.
252:2412-2418.

PreTI, A., LOoMBARDO, A., and TETTAMANTI, G. 1970. Assay of brain particulate neur-
aminidase. 1. Determination of N-acetylneuraminic acid released by the enzyme from
endogenous substrate. Ital. J. Biochem. 19:371-385.

TeETTAMANTI, G., PRETI, A., LOMBARDO, A., SuMAN, T., and ZamBorT1, V. 1975. Mem-
brane-bound neuraminidase in the brain of different animals: Behavior of the enzyme
on endogenous sialo derivatives and rationale for its assay. J. Neurochem. 25:451-456.
ScHENGRUND, C.-L., and NeLson, J. T. 1975. Influence of cation concentration on the
sialidase activity of neural synaptic membranes. Biochem. Biophys. Res. Comm.
63:217-223.

AMINOFF, D. 1961. Methods for the gquantitative estimation of N-acetylneuraminic acid
and their application to hydrolysates of sialomucoids. Biochem. J. 81:384-392.
TeTTAMANTI, G., BONALL F., MARCHESING, S., and ZamBoT1T1, V. 1973, A new procedure
for the extraction, purification and fractionation of brain gangliosides. Biochim. Bio-
phys. Acta 296:160-170.

Your, H. C., Ueno, K., Cuang, N.-C., GLaSER, G. H., and Yu, R. K. 1980. Incor-
poration of N-acetylmannosamine into rat brain subcellular gangliosides: Effect of pen-
tylenetetrazol-induced convulsions on brain gangliosides. J. Neurochem. 34:560-568.
Rosner, H. 1980. A new thin-layer chromatographic approach for separation of mul-
tisialogangliosides. Analyt. Biochem. 109:437-442.

SvENNERHOLM, L. 1957. Quantitative estimation of sialic acids. II. A colorimetric re-
sorcinol-hydrochloric acid method. Biochim. Biophys. Acta 24:604-611.

Yates, A. J., and THoMpsoN, D. 1977. An improved assay of gangliosides separated
by thin-layer chromatography. J. Lipid Res. 18:660—663.

ScHAUER, R. 1978. Characterization of sialic acids. Meth. Enzymol. 50:64-89.
TuLsiant, D. R. P, Norquisr, R. E., and CaruBerLy, R. 1973. The neuraminidases of
rat eyes. Exp. Eye Res. 15:93-103.



112

37.

38.

39.

40.
41.

42.

43,

44.

45.

46.
47.
48.
49.

50.

LESKAWA AND AGRANOFF

HorwMm, M., Mansson, J. E., Vanier, M. T., and SvENNERHOLM, L. 1972. Gangliosides
of human, bovine and rabbit retina. Biochem. Biophys. Acta 280:356-364.

Dokas, L. A., Konsaka, S., BurreLL, H. R., and Acranorr, B. W. 1981, Uridine
metabolism in the goldfish retina during optic nerve regeneration: Whole retina studies.
J. Neurochem. 36:1160-1165.

Kounsaka, S., Dokas, L. A., and Acranorr, B. W. 1981. Uridine metabolism in the
goldfish retina during optic nerve regeneration: Cell-free preparations. J. Neurochem.
36:1166-1174.

HEeacock, A. M., and AGRANOFF, B. W. 1982. Protein synthesis and transport in the
regenerating goldfish visual system. Neurochem. Res. 7:771-788.

Murray, M. 1976. Regeneration of retinal axons into the goldfish optic tectum. J. Comp.
Neurol. 168:175-196.

SPRINGER, A. D., and AGranNorF, B. W. 1977. Effect of temperature on rate of goldfish
optic nerve regeneration: A radioautographic and behavioral study. Brain Res. 128:405-
415.

ScHILLER, H., SEGLER, K., JESERICH, G., ROSNER, H., and RauMmannN, H. 1979. Prop-
erties of membrane-bound neuraminidase in the developing trout brain. Life Sci.
25:2029-2033.

ZEIGLER, M., and BacH, G. 1981, Cellular localization of neuraminidases in cultured
human fibroblasts. Biochem. J. 198:505-508.

Cruz, T. F., and Gurp, J. W. 1978. Reaction of synaptic plasma membrane sialogly-
coproteins with intrinsic sialidase and wheat germ agglutinin. J. Biol. Chem. 253:7314—~
7318.

WoLBERG, H. 1980. Myelinated axons of ganglion cells in the retinae of teleosts. Cell
Tiss. Res. 210:517-520.

CerF, J. A., and CHacko, L. W, 1958. Retrograde reaction in motoneurone dendrite
following ventral root section in the frog. J. Comp. Neurol. 109:205-216.
WawrzyNIak, M. 1962. Chemoarchitektonische Studien am Tectum Opticum von Te-
leostiern unter normalen und experimentellen Bedingungen. Z. Zellforsch. 58:234-264.
Marani, E., and Ruicrok, T. J. H. 1981. Enzyme histochemical changes in some optic
projection areas of the goldfish after optic nerve lesions. Neurosci. Lett. 23:233-238.
SanpHorF, K., and PaLLManN, B, 1978. Membrane-bound neuraminidase from calf
brain: Regulation of oligosialoganglioside degradation of membrane fluidity and mem-
brane components. Proc. Nat. Acad. Sci., U.S.A. 75:122-126.



