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location from the root to the shoot?. The effects of Mn on
the absorption of some monovalent cations were investi-
gated?, and it was found that Mn inhibited the uptake of
Na from 0.1 mM NaCl and that of K from 5 mM KCl. Mn
also reduced the absorption of Ca and Zn3. In contrast,
the present study reveals that the effect of Mn on the
absorption of Fe is different from those on other cations
reported earlier# ®,
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Absorption of Fe from 0.1 m}M (@—@) and 5 mM (O—0O) FeSO,
by excized rice roots, in the absence and presence of different
concentrations of MnSQO,. The absorption medium contained 0.1 mM
CaSO,, besides others. The vertical bars are the standard errors of
the mean.
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Fe absorption was measured by suspending excized
rice (Oryza sativa L. cv. L.R. 8) roots® in 39Fe labelled
FeSO, solutions (sp. act. 0.1 uCi/umole, pH 5.5) contain-
ing various concentrations of MnSO,. 5 replicate samples
were used for each concentration. At the end of the ex-
periment, the roots were desorbed in unlabelled cold
(5°C) solutions and radioassayed in a y-ray spectrometer.
The concentrations of MnSO, were similar to those of
mechanisms 1 and 2 of Epstein’ and were chosen to un-
derstand the ion interactions.

The results (Figure) show that Fe absorption from
0.1 mM FeSO, is enhanced by the presence of MuSQO, at
concentrations above 0.1 mM. The absorption from 5 mM
FeSO0, is significantly increased by MnSO, above 0.5 mM.
The findings suggest that rice roots, which are generally
grown under submerged conditions, have a capacity to
absorb Fe in a manner different from other plant roots.
The exact mechanism, however, is not known. There is no
evidence to suggest that Mn could bring about a change in
the configuration of the ion-carrier and thus influence the
uptake of other cations. However, this possibility is rather
remote, because such an effect on the configuration would
influence the uptake of other ions in a more or less similar
manner, and our studies4’ reveal that this is not true.
The present investigation further shows that chemically
similar ions need not to be antagonistic to each other in
their absorption, at least in some plant species.
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Subcellular Distribution of Acetylcholinesterases in the Neural Lobe of the Bovine Pituitary Gland

H. ViLuarDT! and RutH V. BAKER

Department of Pharmacology, University of Oxford, Oxford (England), 13 March 1976.

Summary. Biochemical analysis of subcellular fractions of bovine neural lobe tissue indicated that non-specific acetyl-
cholinesterase was principally associated with the pituicytes.

In cholinergic transmission of nerve impulses, the
acetylcholine released is inactivated by degradation by
acetylcholinesterase. In the central nervous system, both
specific acetylcholinesterase and non-specific acetylcholin-
esterase activity can be demonstrated?3. The specific
enzyme activity seems to be found mainly in neurons? %-¢,
whereas the non-specific esterase is principally located in
the glial cells® %8, This is in accordance with the early
finding by BULBRING et al.? that glial cell tumors are
particularly enriched in the non-specific esterase.

The principal constituents of the neural lobe of the
pituitary gland are the neurosecretory nerve endings and
the pituicytes. The nerve endings are the distal projections
of neurons of the hypothalamo-neurohypophysial system
originating in perikarya located in the supraoptic and
paraventricular nuclei of the hypothalamus. The nerve
endings contain the hormones vasopressin and oxytocin,
which are secreted from the neural lobe.

In the neural lobe, acetylcholinesterase activity has
been demonstrated both biochemically?,1! and at the
ultrastructural level!2. The concentration of non-specific
acetylcholinesterase in neural lobes from rats and rabbits
was generally found to be lower than that of the specific

enzyme10: 11, The histochemical study by BRIDGES et al.1?
indicated that in the rabbit neural lobe pituicytes mainly
exhibited non-specificacetylcholinesterase activity, where-
as nerve fibres identified as neurosecretory terminals oc-
casionally displayed specific acetylcholinesterase activity.

In the present study, homogenates of bovine neural
lobes were subjected to subcellular fractionation by ultra-
centrifugation. The distribution of acetylcholinesterases
among the fractions was examined and compared with
the distribution of other marker substances.

Matevials and methods. Freshly collected bovine neural
lobes were homogenized in ice-cold 0.3 M sucrose and
subjected to differential centrifugation: 800 g4, for 15 min
(I), 3000 gqv for 15 min (II), 5000 g4, for 15 min (ITI),
26,000 gy for 15 min (IV), and 100,000 g, for 60 min (V)
leaving the final particle-free supernatant (VI). All
operations took place at 4°C.

The fractions were resuspended in 5 mM Tris-HCI
(pH 7.5) and assayed for protein!?, vasopressin by the
method of DEkawnski as described by VILHARDT and
Hope?®, succinate dehydrogenase® as modified by
PortEOUs and Crarx'?, lactate dehydrogenase!® as
modified by Picxup and Hore!?, Mg2+4Na+4+K+AT-
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Fig. 1. Differential centrifugation of neural lobe homogenate. The
fractions were assayed for a) protein, b) vasopressin, ¢} lactate
dehydrogenase, d) succinate dehydrogenase, e} Mgt ++ Nat 4 Kt-
ATPase, f) 5-nucleotidase, g) DNA, h) specific acetylcholinesterase,
and i) non-specific acetylcholinesterase. Recoveries ranged between
809,-118%.

Pase?’, DNA?20 and 5’-nucleotidase?!. Acetylcholinester-
ase (acetylcholine acyl-hydrolase, EC 3.1.1.8) activity
was determined by the method of ErLman et al.2?
with acetyl-thiocholine as a substrate. BW 284c¢51
(Burroughs Wellcome, final concentration 1.5 x10-8 M)
was used as an inhibitor of specific acetylcholinesterase
activity and eserine sulphate (Sigma Chemical Co., final
concentration 10-%* M) as general inhibitor of cholin-
esterase activity.

Results and discussion. Both specific and non-specific
acetylcholinesterase activity could be demonstrated in
homogenates of bovine neural lobes. The non-specific
activity constituted 71.7 4+ 13.69, of the specific acetyl-
cholinesterase activity (6 experiments).

The distribution among subcellular fractions of enzymes
and other substances is shown in Figure 1. The soluble
cytoplasmic enzyme lactate dehydrogenase is mainly
located in fraction VI, indicating that the homogenization
procedure has led to a thorough disruption of the tissue.
Part of the enzyme found in fraction V1 may, however,
have leaked out of the cells during the preparation??.

Fraction I contains high amounts of the nuclear marker
DNA. Since the neuronal elements of the neural lobe do
not contain nuclei, DNA may be used as a marker for the
pituicytes. The concomittant occurrence in fraction I of
the plasma membrane marker 5’-nucleotidase indicates
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Fig. 2. Electron microscopic appearance of fraction II. After isolation
the resuspended fraction was centrifuged at 100,000 gov for 60 min
before fixation. The fraction contains large numbers of broken off
nerve endings characterized by their contents of neurosecretory
vesicles. x40,000.
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the presence in this fraction of a substantial amount of
pituicytes. Nearly 609, of the total non-specific acetyl-
cholinesterase activity is also sedimented in fraction I,
strongly suggesting an association between this enzyme
and the pituicytes. However, since the neural lobe also
contains endothelium and blood cells, it cannot be ex-
cluded that part of the enzyme activities demonstrated in
fraction I originates in these structures.

Vasopressin and Mg?*++Na+4+K+-ATPase may be
used as markers for the nerve endings of the neural
lobe?4. The distribution by differential centrifugation of
these substances indicates that the neurosecretory nerve
terminals mainly accumulate in fraction II, but also to
some extent in fraction 1. Electron microscopic examina-
tion of fraction Il demonstrates the presence in this frac-
tion of large quantities of broken off nerve endings
identified by their contents of neurosecretory granules
(Figure 2). The concentration in fraction IT of non-
specific acetylcholinesterase, however, is much lower than
that of fraction I and it is reasonable to conclude that the
nerve endings only contain small amounts of that enzyme
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if any at all. The non-specific esterase activity observed
in fraction II could be due to the presence in that fraction
of a small number of pituicytes.

The specific acetylcholinesterase is found in relatively
high concentrations in both fraction I and II and cannot
be specifically associated with either the pituicytes or the
nerve endings, but it may be a constituent of both par-
ticles. A much larger part of this enzyme was found
in a soluble form (fraction VI) than was the case for the
non-specific acetylcholinesterase.

In conclusion, this investigation ‘indicates that the
non-specific acetylcholinesterase may be primarily loca-
ted in the pituicytes of the neural lobe. In this respect
the pituicytes resemble the glial cells of brain tissue. The
nerve endings display specific acetylcholinesterase ac-
tivity and very little non-specific activity.

24 H, ViLaarDpT, R. V. Baker and D. B. Horg, Biochem. J. 748, 57
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Factors Affecting High-Frequency Fungal Protoplast Fusion
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Summayry. Factors influencing the fusion frequency of protoplasts have been examined with auxotrophic mutants of
Aspergillus nidulans. The optimum conditions were a total of 5 to 15 million protoplasts per ml, and 259, polyethylene
glycol (PEG) 4000 or 6000 as fusogenic agent in 10 to 100 mM CaCl, solution.

Formerly we had developed methods for fusion of
fungal protoplastsl-3, including a high-frequency pro-
cedure carried out with polyethylene glycol (PEG) and
Ca ions?. Details of PEG-induced protoplast fusion were
given elsewhere®, and independently by ANNE and
PEBERDY $-8,

Here we present results concerning 1. the concentration
of the protoplasts involved in the aggregation and fusion
by PEG, 2. the stabilizing, aggregating and fusogenic ca-
pacities of PEG preparations of different molecular
weights at different concentrations, and 3. different in-
organic materials as osmotic stabilizers and promoters or
inhibitors of protoplast fusion. Appropriate control of
these factors renders the fusion method more reliable for
‘genetic transfusion’, i.e. for transfer of genetic material
via protoplast fusion.

Materials and methods. Aspergillus nidulans® mutants
requiring lysine (SzMC 0443) and methionine (SzMC
0442) were used. The methods of protoplast formation,
fusion, nutritional complementation and heterokaryon
formation were similar to those described previously?24,
except that no buffer was included in the stabilizing
0.6 M KCI solution; prior to PEG treatment the proto-
plasts were suspended in 0.05 ml osmotic stabilizer and
then PEG solution was added to give a total of 1 ml;
after PEG treatment for 15 min the samples were diluted
with 0.6 M KCl and plated. The fusion frequency is ex-
pressed as the number of colonies developing on minimal
medium as a percentage of those growing on nutritionally-
sufficient medium, in both cases after PEG treatment.

PEG preparations (Fluka and Hoechst) with molecular
weights of 400, 1540, 4000, 6000 and 20,000 were used for
comparison at different concentrations (%, w/v).

Fig. 1. Sections of Aspergillus nidulans protoplasts before (A) and
after (B) PEG treatment. N, nucleus; m, mitochondria. Markers
represent 2 pm.



