Isolated Neuron Preparation for
Studies of Metabolic Events at
Rest and during Impulse Activity

Abstracts. Application of the Car-
tesian diver technique to the slowly
adapting stretch receptor organ of
Crustacea permits quantitative measure-
ments to be made of some metabolic
processes in a single intact neuron dur-
ing different functional states.

In the course of recent electrophys-
iological studies on the properties of
the nerve cell of the slowly adapting
stretch receptor organ of Crustacea, it
became apparent that this preparation
may permit investigation of some meta-
bolic events in a single neuron during
different functional states (at rest and
during impulse activity).

This neuron can be easily isolated,
it can survive for several hours (even
days), and it is capable of repetitive
impulse activity. This activity can be
induced not only by stretching the
muscle bundle in which the dendrites
are embedded (see /) but also by alter-

ing the concentration of the K+ and
Cat* ions in the external medium (2).
The Cartesian diver technique of
Linderstrom-Lang (3) with its modi-
fications (4) can therefore be used. By
this technique O: uptake as well as the
activity of several enzymes (see 5) can
be measured in a single intact cell.

The preparation consists of the cell
body of the neuron of the slowly adapt-
ing stretch receptor organ of a cray-
fish, a segment of axon approximately
800 p long and a portion (approxi-
mately 560 p) of the muscle bundle in
which the dendrites of the neuron are
imbedded. These are the minimal di-
mensions compatible with survival for
most of the preparations obtained from
young specimens (Procambarus alleni
or Orconectes virilis, 3 to 5 cm in total
length). The axon belonging to the
fast-adapting receptor can be split away
from the preparation, but the risk of
injury is high. The contribution made
to the measurements by the metabolism
of this portion of axon as well as by
the muscle bundle can be estimated in
separate experiments.

Fig. 1.

placed at the desired position (D).

Experimental procedures. The cell was isolated (A). Its ability to respond
to stretch with repetitive impulse activity was tested after the muscle bundle had
been cut by recording from the axon by means of the wire electrode EL (B).
Thereafter the preparation was introduced by suction into the microdiver (C) and

The microdiver was subsequently sealed and,

after a period of equilibration, measurements were made (E). The diver was then
opened, and the functional integrity of the cell was tested as in B (F). Steps C to F

can be repeated several times without apparent damage to the cell.

At the end

of the experiment the preparation was placed in alcohol (95 percent) containing
a minute amount of eosin to permit the cell to be seen in subsequent steps (G). After
dehydration the alcohol was boiled off at room temperature under high vacuum (H)
and the preparation (or part of this) was weighed with quartz microbalances (/).
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As much connective tissue as possi-
ble was removed under high-power
magnification. The functional integrity
of the preparation was tested by re-
cording the impulse activity from the
axon with a 30 p wire electrode
mounted in a microdrive. Although no
forceps could be applied to the muscle
bundle to produce stretch after it had
been cut to the stated dimensions,
stretch could still be applied when the
axon was raised into the air because of
the surface tension of the solution. Im-
pulse activity was displayed on an
oscilloscope and audio-monitored. Data
are presented only from preparations
which were capable of impulse activity
with stretch before and after each
microgasometric measurement (Fig 1).

To perform the microgasometric
measurements the preparation was in-
troduced into a capillary diver together
with a small amount (approximately
0.5 ul) of the appropriate medium.
The microdiver had a weight between
1 and 0.5 mg and a gas volume of 0.3
to 0.4 ul. For measurements of O:
uptake the diver was charged with air,
and the floating solution consisted of
0.1N NaOH. The sensitivity of the
system is of the order of 10" ul of gas
per hour with accuracy of +10 percent
(see 4).

Measurements were made for at least
1 hour. Since the same preparation could
be introduced into a diver several times
without apparent damage, as judged by
its ability to produce impulse activity,
it was possible to test the same neuron
under different conditions. This was
essential because of the scattering of
values obtained from different prepara-
tions.

Oxygen uptake by the preparation in
resting conditions (van Harreveld solu-
tion) and in the absence of any added
substrate was 4.18 X 10 ul/hr (¢ =
2.1; confidence interval for p = .05,
3.51 to 4.85). The O. uptake by the
muscle tissue was measured in separate
experiments (mean: 0.23 pl/mg hr; ¢
= 0.05; confidence interval for p =
.05, 0.20 to 0.26) and the contribution
by the muscle bundle to the total weight
of the preparation (lipid free dry
weight) was determined with a quartz
microbalance (6). The respiration of
the second large axon contained in the
nerve was determined independently.
When the above correction factors are
taken into account, the endogenous res-

. piration of this single crustacean neuron

(60 to 85  long) with its dendrites and
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800 p of axon can be estimated to be
3.38 X 107 ul/hr (¢ = 1.7; confidence
interval for p = .05, 2.86 to 3.90). In
the presence of glucose (10 to 100 mg/
100 ml) a very substantial increase in
respiration (up to 1.5-fold) was ob-
served (7).
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Ion Exchange at Edge and
Interlayer in Montmorillonites
Differing in Size

Abstract.  Titrations of hydrogen-
saturated montmorillonite with sodium
hydroxide indicate that two kinds of
hydrogen are exchanged on the surface
of the clay. At low pH there is more
titratable hydrogen in a fine-size fraction
of the clay than there is in a coarse
fraction. This indicates neutralization
of hydrogen adsorbed at the crystallite
edge. The hydrogen adsorbed on the
interlayer flake surface is neutralized at
a higher pH, and there are more titrat-
able hydrogen ions for the coarse frac-
tion than for the fine. This suggests
that surface-charge density is a function
of crystallite size, a proposal already
made on the basis of other properties
of clay.

The technique described by Pommer
and Carroll (/) for titrating separately
the cation-exchange capacity (CEC) of
the edge and surface of hydrogen-satu-
rated montmorillonite offers exciting pos-
sibilities for further experimentation.
Measuring the ion exchanged on the
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flake surface alone allows information
to be gathered on the isomorphous
substitutions on which this exchange
is assumed to depend. Heretofore only
measurement of the total exchange was
possible; this included an unknown con-
tribution from the exchange at the crys-
tal edges. The method (7) is applied
here to two fractions of montmoril-
lonite, differing in particle size, in an
effort to determine whether variations
in the two cation exchange capacities
are related to the size of the clay crys-
tallite. The first equivalence point in
the titration curve corresponds to a
cation exchange capacity that increases
as the size of the particles decreases.

The exchange capacity corresponding -

to the second reaction tends to decrease
with decreasing size of the particles.

As a result of careful and laborious
supercentrifugation (2) a set of size

fractions for several bentonitic mont- .

morillonites was produced. For the Wy-
oming bentonite (commercial Aquagel)
used here, the finest suitable fraction
was 15N with ESD (equivalent spheri-
cal diameter) range of 0.05 to 0.02 p.
The coarse fraction was 15H with ESD
ranges of 0.4 to 0.3 4.

The fractionated clay samples were
stored as dry powders. These were sus-
pended by mixing with demineralized
water in a blender. Dowex-50 resin
in the hydrogen form (H-resin) was
added to the suspension so that the ex-
change capacity was twice that of the
clay. After the mixture had been stirred
for 3 hours, it was separated by sieving
and treated twice again with fresh
H-resin. '

A stock suspension of the hydrogen-
saturated clay was prepared for each
fraction. Samples of 10 ml were pipet-
ted into covered polyethylene bottles.
Varying quantities of 0.1N NaOH
were added with enough water to bring
the total volume to 15 ml. After 1
week the clay was separated by cen-
trifugation, and the solutions were re-
turned to the cleaned bottles. Measure-
ments of pH were made on these solu-
tions. The weight of clay used in the
bottles for the titration was determined
separately for each fraction by weigh-
ing samples of the stock suspension.

The data are plotted, according to
the method of Pommer and Carroll
(1), in Fig. 1. The first straight por-
tion of the graph represents neutraliza-
tion of one of the two acids, either
hydrogen ions exchanged at the crystal-
lite edge or hydrogen ions exchanged

Table 1. Cation exchange capacities for two
montmorillonite fractions, differing in size.
The sample weight for 15H was 0.0461 g
and for 15N was 0.0469 g.

Acid Meq/100 g
titration 15H 15N
1st 30 41
1st and 2nd 152 139
2nd only 122 98

at the crystallite flat surface. The second
straight portion of the graph represents
neutralization of the other hydrogen-
bearing exchange site. Carroll (3) has
discussed the advantages and possible
difficulties in this experimental tech-
nique for determining the relative
amounts of exchange at each site.
Because the concentrations of the
two stock suspensions were slightly dif-
ferent, the weights of clay titrated for
the two graphs were different, and the
two curves are therefore not directly
comparable. The significant points on
the curves are the two points of inter-
section of the three lines, and these can
be adjusted to represent exchange
capacity in terms of 100 g of clay.
Table 1 shows the cation exchange
capacity for the two fractions. The first
reaction is completed after NaOH is
added in the amount of 30 meq/100 g
of clay for the coarse fraction (15H).
The fine fraction shows the same re-
action to be completed at 41 meq/100 g
of clay. "If the same reaction were
titrated for both fractions, it would be
necessary for sample 15H to contain
almost one-third inert diluent in order
to explain its difference from the meas-
ured cation exchange capacity of
sample 15N. It is reasonable to con-
clude that the exchange capacity of
the first reaction increases with de-
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Fig. 1. Titration of H-montmorillonite
with NaOH: two distinct reactions.
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