cases there was marked infiltration of the blood cells
into the glandular tissue similar to the reactions shown
by nerve-sectioned insects. Nymphs showed the greater
haemocyte accumulation and infiltration response. The
results obtained are summarized in the Table, and the
extent of the reaction is roughly quantitated using the
symbols — + ++ or + .

Different types of cytoplasmic granules occurred in
the haemocytes accumulated on the glands. Ultrastruc-
tural studies of the blood cells revealed irregularly-shaped
mitochondria and many membrane-bound bodies con-
taining characteristic structures (Figure 1). Granular
bodies encroaching into the gland cells may represent
haemocytic remnants® and probably parts of adipo-
haemocytes and spherulites* (Figure 2).

Discussion. The results indicate that the nymphs
respond to injections of cell-free extracts or filtrates of
tumourous tissues more readily and exhibit more positive
reactions involving infiltration and invasion of the salivary
glands than do adults, where the response, though
present, is less well defined. The sensitivity of the
salivary glands to such injections cannot yet be explained,
but they are also the first organs to develop tumourous
lesions after severance of the recurrent nerve® 5,
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Fig. 2. Edge of salivary gland from the same
animal, showing adipohaemocyte and elec-
tron-dense granules. x 20,700.

Résumé. On a obtenu des tumeurs dans des blattes
{Peviplaneta americana) aprés la section du nerf récurrent.
Des extraits ou des filtrats de ces tumeurs, exempts de
cellules, ont provoqué des lésions semblables quand on
les a injectés & des adultes ou des nymphes.

K. K. Navar® E. ARTHUR
and M. BaLrs

Department of Zoology, University of Kevala,
Karyavattam Campus, Trivandrum (India), and
School of Biological Sciences, University of East Anglia,
Norwich NOR 88C (England), 13 July 1970.

3 R. L. TavLor, J. Inv. Path, 13, 167 (1969).

4 1. Harpaz, N, KisLev and A. ZELCER, J. Inv. Path. 74, 175 (1969).
5 Qur thanks are due to Prof. B. ScHARRER and Dr. J. NOBLE-
NessiTT for advice, to Mr, N. BAKER, Mrs. S. WURZELMANN and
Mrs. S. BHAT for technical assistance, and to the Medical Research
Council of the United Kingdom (EA/MB) and the Ford Founda-
tion {KKN) for research grants.

Part of the work was carried out during the tenure of a Com-
monwealth Visiting Professorship at the University of East Anglia
and Visiting Professorship in the Department of Anatomy, Albert
Einstein College of Medicine, Bronx (New York, USA).

A Comparison of Ultrastructural Localization of Carnitine Acetyltransferase Activity in Mouse Liver

Mitochondria with that in Cardiac Muscle

This communication describes the ultrastructural local-
ization of carnitine acetyltransferase activity in the
mitochondria of mouse liver, which to our knowledge
has not been previously reported, compared with the
activity in the cardiac mitochondria.

This enzyme catalyses the reaction; Acetyl-CoA +
Carnitine = Acetylcarnitine + CoA. The cytochemical
method of HicGins and BARRNEIT?! utilizes the reducing
property of the released SH group of free CoA to reduce
potassium ferricyanide to potassium ferrocyanide, which
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in the presence of uranyl ions, forms an electron-dense
precipitate of uranyl ferrocyanide.

Another method utilizes the mercaptide-forming prop-
erty of the free SH group of CoA, which forms a precipi-
tate with cadmium ions. The first method was employed
in the present investigation. It has been reported that
the carnitine acetyltransferase activity in mitochondria
from various tissues is highest in heart muscle and
lowest in liver?®,

In an attempt to compare the cytochemical localization
of the mitochondrial enzymes® in various tissues from
the normal and the muscular dystrophic mouse, we found
similar distribution of carnitine acetyltransferase between
cardiac mitochondria and liver mitochondria.

Unfixed slices of cardiac muscle and liver from the
mouse were incubated in the following medium: potas-
sium ferricyanide, 5 mg, uranyl acetate 2.5 mg, acetyl
CoA 2.0 mg, carnitine 4.0 mg, dextrose 100 mg, dissolved
in a total of 2.5 ml of 0.05M maleate buffer (pH 7.0).

Controls were preincubated for 5min in 4X10* M
mercuric chloride which has been reported to be an
inhibitor !4, Also the omission of either the acceptor or
donor substrate from the incubation medium was em-
ployed as further controls. Some slices were briefly fixed
in the glutaraldehyde (19%,)-formaldehyde (49,) solution
in 0.1 M cacodylate buffer (pH 7.4).

The optimal results were obtained in fresh slices
incubated for 30 min at room temperature (22°C). After
incubation tissues were washed briefly with cold buffer
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and fixed in 49, glutaraldehyde in 0.1M cacodylate
buffer (pH 7.4) for 30 min followed by post-fixation in
2%, osmium tetroxide for an additional 60 min. Most
mitochondria in mouse liver as well as those in cardiac
muscle showed reaction product without marked hetero-
geneity amongst the mitochondria (Figure 1). Reaction
product between the inner and outer mitochondrial
membrane was more stable than in the intracristal space.
Activity in the latter site was found only in the fresh
tissue and not in the controls fixed in the glutaraldehyde-
paraformaldehyde solution. Thin needle-like reaction
product, uranyl-ferrocyanide, was located mainly along
the outer surface of the inner membrane both in cardiac
muscle (Figure 2) and in liver (Figure 3).

In the liver cell, the deposits of uranyl-ferrocyanide
were occasionally found on the surface of the bile cana-
liculi and the endoplasmic reticulum. The mitochondria
in the darker cell, adjacent to the lighter cell, were
usually devoid of the reaction product (Figure 4). In the
sections preincubated in mercuric chloride no activity

1 J. A. Hicoins and R. J. Barrnert, J. Cell Sci. 6, 29 (1970).

2 N. R. Marguis and 1. B. Frirz, J. biol. Chem. 240, 2193 {1965).

3 T. Maxira and E, B. Sanpsorn, Proc. Can. Fed. biol. Sci. 73,
124 (1970).

4 1. B, Frirz and S. K. Suvrrz, J. biol, Chem. 240, 2188 {1965},

5 W.-D. TuomitzEK, Ergebn. Physiol. 62, 68 (1970).

Fig. 1, The reaction product of the carnitine acetyltransferase, uranyl-ferrycianide, is distributed in all mitochondria in the mouse liver
cell. Occasionally the reaction product is found in the surface of microvilli {arrow} and the endoplasmic reticulum (arrow).

Fig. 2. The cardiac mitochondrion which has more crests than the liver mitochondrion, has carnitine acetyltransferase activity along the
outer surface of the inner membrane as well as the inner surface of the crests (arrows).
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was found, nor in the sections incubated in the medium
without carnitine and acetyl CoA. When carnitine alone
was omitted only the intracristal reaction remained.
The activity of individual mitochondria appeared to
be similar both in liver and cardiac muscle. The deposits
were uniformly distributed along the membrane both on
the inner surface of the cristae and on the outer surface
of the inner mitochondrial membrane. The carnitine

Specialia

EXPERIENTIA 27/2

acetyltransferase plays a role in the transport of active
acetate across the mitochondrial membrane?:3,

The difference between the reaction product located in
the intracristal space and the space between the outer-
and the inner-mitochondrial membrane! suggests that
the intracristal enzyme plays a role in Acetyl-CoA - CoA
reaction. There is remarkable difference in the extent
of activity amongst mitochondria from various tissues.

Activity in mitochondria (umoles/min/g protein)
of cardiac muscle, skeletal muscle, kidney, brain,

(Cytoplasma) (al:}l%uczmﬂgﬁmem Iner compartment of liver was reported to be 440, 410, 109, 12.3 and
chondria) Mitochendria-matrix) 5.1 respectively2.

?nlgggnnndrial mﬁgmn dral However we found cytochemical reaction

membrane membrane of liver mitochondria to be similar to that

. of cardiac mitochondria. The difference in

Garniting overall activity between liver mitochondria

and heart mitochondria appears to be attributed

Acyl-CoA ¥ v A-Oxidation to a marked difference in the number of

Acyl=CoA carnitine Acyl-CoA crests between the two types of mitochondria.

Fatty atid ) ( — Enzyme activity in several' tissues has been

f\cu A Acyl-Carritine \CUA reported tf)'be correlate.d' with the amount (?f

ATP 0 ) acetylcarnitine and carnitine except in the testis

A in which the enzyme activity is higher than

atractylate the amount of carnitine and acetylcarnitine.
Acyl-carnitine

Fig. 3. A higher magnification of the liver mitochondrion shows
distribution of enzyme activity similar to the cardiac mitochondria.
Fig. 4. The mitochondria in the darker cells (arrow) are usually
devoid of enzyme activity while those in the adjacent cell have
reaction product.
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This suggests the correlation of this enzyme to the
testosterone.

Cytochemical studies on the effect of testosterone® on
the distribution of this enzyme, and a comparison of the
activity in mitochondria in the skeletal muscle of mice
normal and dystrophic will follow?,

Résumé. En microscopie électronique l'etuee de la
carnitine acétyltransférase a montré une méme localisa-
tion dans les mitochondries du foie et du muscle cardiaque

¢ N. R. Marguis and 1. B. Fritz, J. biol. Chem. 240, 2197 (1965).

7 Supported by grants from Medical Research Council of Canada
and the Muscular Dystrophy Association of Canada.

8 Dr. T. MaxiTA is a recipient of post-doctoral fellowship from
the Muscular Dystrophy Association of Canada.
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de souris. La grande différence d’activité que décélent
les méthodes biochimiques entre ces deux types de
mitochondries peut donc étre attribuée simplement a la
présence 'und nombre beaucoup plus grand de crétes
dans les mitochondries du muscle cardiaque.

T. MAKITA® and E. B. SANDBORN?®

Départment d’anatomie, Faculté de médecine,
Université de Montréal, Montréal 101 (Québec, Canada),
17 August 1970.

? The authors wish to express their appreciation to Dr. P.-E. Mes-
SIER, Misses ANDREE AUBIN, CECILE VENNE, HEATHER STEPHENS
and Mr. J.-P. MarciL for their assistance in preparation of this
communication.

Ultrastructural Localization of Arylsulfatase B in Mitochondria of Epithelial Cells of the Proximal

Convoluted Tubules of the Rat Kidney

This communication describes the previously unpub-
lished fine structural localization of arylsulfatase activity
in the mitochondrion. The physiological functions of
arylsulfatase are unknown at present® but arylsulfatase
is regarded as a lysosomal enzyme. It is similar to acid
phosphatase in several aspects, such as activation by
osmotic pressure, sodium chloride, mechanical disruption,
freezing and thawing or by thermal activation? At the
electron microscope level, arylsulfatase has been reported
only in the lysosome or in the lysosomal granule in the
thyroid follicular cell?, intestinal mucosal cell4, pulmonary
alveolar cell®, metrial gland cell® and the epithelial cell
of kidney convoluted tubules?-1,

Biochemical analysis of the intracellular distribution
of sulfatase, however, suggests that the mitochondrial
fraction contains as high as 509, of the total arylsulfatase
activity in the rat liver cell’® In an attempt to obtain
the mitochondrial localization of arylsulfatase, tissue
was dissected from rats perfused with lactated Ringer’s
solution (Abbott) for a few min and 2%, glutaraldehyde
in 0.1 M sodium cacodylate buffer (pH 7.4) containing
5% dimethyl sulfoxide (DMSO) for several min. DMSO
increases the osmolarity of the fixative and accelerates
its penetration into the tissue'® 14, After additional
perfusion of the lactated Ringer’s solution to wash out
the fixative, unfrozen sections, about 40 pm in thickness,
were cut on a Sorvall tissue sectioner. They were then
incubated for 5 to 30 min at either 4°C, 22°C or 37°C
in the Goldfisher’s medium?® as modified by Horsu et
al.?, which contains p-nitrocatechol sulfate (Sigma) as
substrate (23 mM) and lead nitrate (48 mM) as capturing
reagent in 0.1M veronal acetate buffer (pH 5.5). Hopsu
et al.? recommended barium chloride instead of lead
nitrate as the capturing reagent but we employed lead
nitrate to avoid the treatment with ammonium sulfide
for visualization®. Incubated sections were washed
thoroughly in the same buffer until the yellowish stain
from the incubation medium was practically removed.
This was followed by refixation in the buffered glutaral-
dehyde for an additional 30 min. After post-fixation in
buffered 29, osmium tetroxide for 40 to 60 min, the
sections were dehydrated through a graded series of
alcohol for a total of 60 min. Sections were embedded
in Epon 812 without staining and then re-examined after

staining with lead hydroxide (13 min) and uranyl acetate
(1 min) to enhance the contrast!®. A number of sections
inactivated by heating for 3 min or incubated in sub-
strate-free medium were examined as controls. The
optimal results were obtained with sections incubated
for 30 min at 22°C in a medium of pH 5.5.

In addition to localization within the lysosomes reac-
tion product was found in the space between the inner
and outer membranes and the intracristal space of the
mitochondria. Every mitochondria of the cell showed
similar reactions without the marked heterogeneity
(Figure 1) that is seen with the activity of succinic
dehydrogenase'®. At higher magnification (Figure 2) the
deposit of lead precipitate in the submitochondrial space
was not uniform. An irregular distribution pattern of
reaction product in the intra cristal space is in
common with that of other enzymes in mitochondria.
It may reflect the functional heterogeneity of the sub-
structure but is more probably due to such factors as
the irregular penetration of the incubation medium. The
relation of the reaction sites to the membrane structure

1 A. B. Roy, Adv. Enzymol. 22, 205 {1960).
2 R. Viara and R. Gianerro, Can. J. Biochem. Physiol. 33, 839
{1955).
3 R. SeLjeuip and H. J. HeLminex, J. Histochem. Cytochem. 76,
467 {1968).
4 J. Hucon and M. Borcers, J. Cell Biol. 33, 212 (1967).
8 B. CorriN and A. E. CLark, Histochemie 75, 95 (1968).
¢ B, CARLs&6 and G. D. Broom, Experientia 25, 1068 (1969).
7 §. GOLDFISHER, J. Histochem. Cytochem. 73, 520 {1965).
8V, K. Hopsu, A. Arstira and G. G. GLENNER, Annls Med. exp.
Biol. Fenn. 43, 114 (1965).
? V. K. Hopsu, A. U, Arstita, H. J. HELmineN and H. O. Kavrimo,
Histochemie 8, 54 (1967).
10 1, L. E. Ericsson and H. J. HeLmiNex, Histochemie 9, 170 {1967).
11 U. PreIFER, Histochemie 77, 284 {1969).
12 A, B. Rov, Biochim. biophys. Acta 74, 149 (1954).
13 B, B. SanpBorN, T. Makrra and K. Lin, Anat. Rec. 763, 255
(1969).
14§, MaxiTa and E. B. SANDBORN, Electron Microscopy (27th Ann,
Proc. EMSA 1969), p. 280.
15 B, B. SANDBORN, Can. J, Physiol. Pharmac. 44, 329 (1966).
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