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The lysosomal N-acetyl-f-D-glucosaminidase (EC 3.2.1.30) of brain tissuelé
has been extensively studied in our laboratory?.15-18, with particular emphasis on the
distinction between its neuronal and glial?;10:1% components. Evidence for two neuron-
al components in the immature rat cerebral cortex, each with distinct characteristics,
was presented in 1973 (ref. 18). More recently, we demonstrated the presence of similar
components!? in Purkinje cell bodies, bulk-isolated from the immature rat cerebellar
cortex!4, It is of interest that several recent reports describing, inter alia, the existence
of N-acetyl-8-D-glucosaminidase C in human brain?, and the purification of N-acetyl-
f-p-glucosaminidase A from monkey and human brainl, failed to consider the pos-
sibility of differences in cellular origins and hence in the properties of the activities
studied.

In this communication we describe differences in the distribution of molecular
forms of N-acetyl-8-D-glucosaminidase in the neurons of 3 different rat brain regions:
the midbrain, the brain stem and the hypothalamus. We also report on the solubiliza-
tion characteristics of N-acetyl-f-pD-glucosaminidase in these and two other brain
regions, the striatum and the hippocampus. The results reveal that the different
neuronal cell types possess different complements of N-acetyl-8-p-glucosaminidase
activity which, in all likelihood, reflect each cell type’s specific performance potential
at the lysosomal level.

Neuronal perikarya were isolated by the procedure previously used for the
isolation of perikarya from the cerebral cortex with no modifications3. Twenty
18-day-old male Sprague-Dawley rats were used in each experiment and perikarya
were isolated from 3 brain regions per experiment. The procedure of Glowinski and
Iversen? was used for the manual dissection of the brain regions. The mean values in
grams of the wet weights of 20 brain regions (number of experiments in parenthesis)
were: hypothalamus, 0.39 (4); hippocampus, 1.10 (3); striatum, 1.62 (3); brain stem,
2.48 (5) and midbrain, 2.71 (6). Previously described procedures?s18 were used for the
isolation of a mixed, particulate fraction (Mit, Ly, Mic) enriched in N-acetyl-§-D-
glucosaminidase and for its solubilization by repeated (3 x) freezing and thawing!8,
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The neuronal cell bodies, 1solated as a pellet, were suspended in 0 25 M sucrose
and were homogenized with 6 up-and-down strokes of a Potter-Elvehjem glass—
Teflon homogenizer rotating at about 1300 rev./min. The approximately 20%, (w/v)
homogenate was subjected to differential centrifugation. The nuclear fraction was
first removed by centrifuging the homogenate at 1085 X g for 15 min in the SS-34
rotor of the Sorvall RC:2B centrifuge; this was followed by one 12-min wash and
fraction Mit, Ly, Mic was then sedimented at 105,000 x g for 2 h n rotor 65 of the
Spinco ultracentrifuge. The volumes of fraction Mit, Ly, Mic subjected to freezing-
thawing and subsequently centrifuged at 15,000 x g for 1 h to separate fraction S
and P (see Tables I and 1I) ranged between 1 and 4 ml and were proportional to the
wet weights of the brain regions.

We have previously shown!8 that about 859 of the quantitatively recovered
N-acetyl-8-D-glucosaminidase of fraction Mit, Ly, Mic appears in the supernatant
S as against 659 following centrifugation at 155,000 > g. Aliquots of fraction S
(1 ml for the hypothalamus and 1.7 ml for the brain stem and the midbrain) were
centrifuged in 5-259 (w/v) linear sucrose gradients (Spinco rotor SW-41) for 14.5 h
at 49,000 x g and the gradient collected in 15 tubes (13 drops/tube). The colorimetric
assay of N-acetyl-f-D-glucosaminidase activity was described previously’-16. One
unit of activity is defined as the amount of enzyme necessary to give an A4i2 nm/h
of 1.0. The specific activity is in units/mg of protein.

TABLE I

THE SPECIFIC ACTIVITY* OF N-ACETYL-ﬁ-D-GLUCOSAMlNIDASE IN NEURONAL PERIKARYA BULK-ISOLATED
FROM DIFFERENT REGIONS OF RAT BRAIN

The designated brain regions were dissected from twenty 18-day-old rats? and neuronal perikarya
isolated by the procedure of Sellinger and co-workers?. The mean protein contents of this fraction in
mg were: hypothalamus, 0.25; striatum, 0.52; hippocampus, 0.90; midbrain, 1.29; brain stem, 1.59.
Freezing and thawing was carried out as previously described!® with precautions to maintain closely
similar protein-volume ratios!®, Numbers of experiments are shown in brackets.

Source of neuronal Fraction Mit, Pellet (P) Soluble (S) Enrichment***
perikarya Ly, Mic (x-fold)
before F-T**

Hippocampus 106 (2) 112 (3) 261 (3) 2.45
(69-142) (32-160) (123-342)

Striatum 150 (5) 83 @) 334 (@) 222
(116-168) (65-103) (182-678)

Hypothalamus 156 (4) 35.6 (5) 202 (3) 1.30
(112-192) (21-55) (158-264)

Midbrain 178 (5) 129 (6) 322 (6) 180
(110-256) (86-153) (216-500)

Brain stem 195 (5) 126 (5) 331 @) 1.70
(127-285) (92-165) (162-503)

*  All values are expressed 1n units/mg of protein. The range of values is indicated in parentheses.
** F_T:frozen-thawed 3 X (see text and ref. 18).
**#* G over parent fraction Mit, Ly, Mic.
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TABLE II
THE SOLUBILIZATION OF NEURONAL N-ACETYL-f3-D-GLUCOSAMINIDASE*

The preparation of fraction Mit, Ly, Mic and its freezing and thawing were as described previously18,
The wide range of enzyme activities reflects a parallel range of individual neuronal yields. The range
of enzyme recoveries*** was within + 159 of the stated values.

Source of Hippocampus Brain stem Midbrain Striatum Hypothalamus
neurons
Fraction:

Soluble (S) 46 54 62 71 77

Pellet (P) 54 46 38 29 23
S 4 P** 38-116 (3) 70-509 (5) 58-274 (6) 32-149(5) 10-39 (4)
Recovery***

(%) 105 68 71 84 48

*  Values expressed as percentage of the recovered activity (S + P = 100%).
** Enzyme activity range in stated number of experiments (in brackets). Values are in A 412 nm/h.
*** (P 4 S/fraction Mit, Ly, Mic) x 100.

The specific activity of N-acetyl-§-D-glucosaminidase in the mixed particulate
fraction Mit, Ly, Mic which, as established in preliminary experiments, contained
between 70 and 809, of the total neuronal activity, is shown in Table I. The Table
reveals that the mean values spanned a two-fold range and tended to be higher in the
midbrain and brain stem neurons than in the hippocampal and striatal neurons.
Freezing and thawing followed by centrifugation resulted in mean specific activity
increases in fraction S which ranged from a low of 309, (hypothalamus) to a high
of 1459, (hippocampus). Since these findings suggested regional differences in N-
acetyl-f-D-glucosaminidase solubilization and hence in its structural latency within
the lysosomes of the different neuronal cell types, we investigated this point in more
detail. Table IT shows that the ease of solubilization differed regionally, exhibiting
a high resistance in the hippocampus and a high susceptibility in the hypothalamus
and the striatum. The enzyme from the latter region was the most affected, inasmuch
as 71 9, became soluble while undergoing a 2.2-fold enrichment.

Subjecting fraction S from the midbrain, the hypothalamus and the brain stem
to gradient centrifugation?® resulted in the specific activity profiles depicted in Fig. 1.
The hippocampal and striatal S fractions were also gradient-sedimented but since the
former resembled the hypothalamic and the latter the midbrain profile, they are not
shown. Fig. 1 reveals three distinct patterns of N-acetyl-8-D-glucosaminidase activity:
a midbrain (and striatal) pattern with two components sedimenting closely together
toward the bottom of the tube and one component virtually not sedimenting at all;
a hypothalamic (and hippocampal) pattern, with one ‘heavy’ and two intermediate
components and virtually no ‘light’ species; and a brain stem pattern in which three
distinct activity peaks were found in the ‘heavy’ portion of the gradient and two in the
‘light’ one. Previously, we analyzed the N-acetyl-B8-D-glucosaminidase sedimentation
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Fig. 1. Sedimentation profiles of solubilized N-acetyl-3-D-glucosaminidase i midbrain, hypothala-
mus and brain stem neurons. Aliquots of fraction S (see text) were layered on a 5-25% (w/v) linear
gradient of sucrose and the tubes centrifuged as described in the text. Activity was assayed in each
of the effluent tubes and the umts/h values were divided by the protein content in mg to give the
specific activity profiles as indicated. Recoveries of either enzyme or protein were less than quantita-
tive due to pellet formation. The pellets were not analyzed. The profiles as shown were, however,
reproducible in terms of peak numbers and sizes.

pattern in bulk-isolated neurons from the cerebral cortex? and in Purkinje cell
bodies bulk-isolated from the cerebellar cortex1?. Both cell types exhibited N-acetyl-
B-b-glucosaminidase activity profiles reminiscent of the midbrain pattern (Fig. I).

Although multiple forms of N-acetyl-f-D-glucosaminidase have been discovered
and characterized in a number of animal and human tissues!l, mostly by electro-
phoretic45:9:12:21 and column chromatographic8-12:20 techniques, attempts to assign
specific cellular loc1 to any particular activity component have been scant. Recently,
however, Majumder and Turkington8 noted that of the 3 components of N-acetyl-
B-D-glucosaminidase present in lysosomes of rat epididymal spermatozoa and testes,
two were specifically located in the testicular precursor cells, while the third was
derived from the acrosomes of the spermatozoa. In brain tissue!.4:6,7:12, despite the
knowledge that N-acetyl-f-D-glucosaminidase exists in several forms, there is no
precise information as to the partition of these among the different neuronal types.
Our previous reportsi?;18, as well as the present one, demonstrate that neurons
located in different neuroanatomical loci possess qualitatively different N-acetyl-
B-D-glucosaminidase molecular forms. These findings infer that the ability of all
neurons to hydrolyze complex glycosphingolipids, including gangliosides, is not
the same and that hereditary malfunctions in glycosphingolipid catabolism®11 may
therefore involve only a numerically small proportion of neurons lacking one or
several minor but essential N-acetyl-S-p-glucosaminidase components.

This research was supported by the United States Public Health Service,
Grant NS-06294,
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