tablished intradermal tumors in guinea
pigs caused tumor regression and
prevented the development of metas-
tases (10). Our result demonstrates the
possibility of suppression of primary
tumor formation in mice through in-
duction of granulomatous cellular re-
sponse with a chemically defined
substance. Whether the cellular re-
sponse evoked by cord factor has an
immunological basis is under investi-
gation.
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Isolation of Filaments from Brain

Abstract. A method is presented for the isolation of filaments of 90-angstrom
diameter from the white matter of bovine brain by first floating the myelinated
axons in a centrifugal field and then fractionating the axons on a series of density
gradients. This results in a fraction that contains two types of bundles of filaments
but few other constituents. The filaments are stable over a wide range of temper-
atures and at both low and high ionic strength. Their density and their resistance
to digestion by ribonuclease and deoxyribonuclease indicate that they are primarily
protein. The molecular weight of the subunit is approximately 60,000. The protein
does not comigrate with microtubule protein and does not bind cholcicine or

nucleotides.

Neurons and astroglia are both ex-
ceptionally rich in intracellular fibrous
organelles. Microtubules are present in
both types of cells, although far more
abundant in neurons, and have been
extensively studied from both the mor-
phological and biochemical standpoint
(Z). The neuronal and glial microtubules
do not differ significantly from the mi-
crotubules of other cells and tissues.
Neurofilaments and glial filaments are
from 60 to 100 nm in diameter and
appear to run in bundles within cells.
High-resolution examination with the
electron microscope has revealed mor-
phological differences between the two
types of filaments, with the glial fila-
ment being narrower and being com-
posed of a smaller subunit (2).

Davison and his co-workers have
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characterized a presumptive neurofila-
ment subunit, filarin, which has a mo-
lecular weight of 80,000 and which
lacks the colchicine- and nucleotide-
binding activities of the microtubule
subunit (3, 4). In the isolation method
of Davison, axoplasm is extruded from
the giant axon of the Chilean squid,
Docidicus gigas, and fractionated to ob-
tain the filaments. The major advantage
of this method is the clear neuronal
source of the filaments. The disadvan-
tages are that this procedure cannot
readily be applied to vertebrate brain,
and that the difficulties in keeping a
large squid such as D. gigas alive in the
laboratory rule out many interesting
metabolic studies on the neurofilament.

In order to circumvent these difficul-
ties, we have attempted to isolate fila-

ments from mammalian brain. In initial
studies, a homogenate of a whole brain
was fractionated in discontinuous su-
crose density gradients. Fractions that
were rich in filaments of 90-A diameter
were found at the interface between 1.5
and 2.0M sucrose. However, we could
not determine whether these filaments
were of neuronal, glial, or mixed origin.
Since axoplasm is rich in filaments, the
procedure was modified to use as an
initial step the new procedure for isola-
tion of axons (5, 6), in which the myelin
surrounding the axon functions as a
“life vest” to float the axon away from
other elements of nervous tissue. Ex-
amination with the electron microscope
of axons prepared by this method con-
firmed their suitability as a starting
material.

Because the structural integrity of the
unmyelinated axons is not important in
the filament purification, we have modi-
fied the method of DeVries and Norton
(6) and incorporated it into the isolation
scheme.

Myelinated axons were prepared
from carefully dissecied bovine white
matter. White matter (25 g) was ho-
mogenized in 625 ml of 0.9M sucrose
in 0.03M phosphate buffer containing
0.01M KCI at pH 6.5. Homogenzation
was either at low speed in a blade-type
homogenizer (Sorvall Omni-Mixer, set-
ting 3) or in a glass Dounce homoge-
nizer with a tight pestle. The suspension
was then centrifuged in a Beckman L2-
65B centrifuge in a Ti-14 rotor at 15,-
000 rev/min for 15 minutes or in an
SW-27 rotor at 10,000 rev/min for 15
minutes. The pads of myelinated axons
which had floated to the center or top,
depending on the rotor used, were then
harvested with care to keep them as free
as possible from other materials in the
rotor or tube. The pellet and sucrose
solution, which consist of cell bodies,
nuclei, capillaries, and debris, were dis-
carded.

The pads were rehomogenized in 625
ml of the original homogenizing solu-
tion, and the flotation procedure was
repeated three to four times. The pads
from the final flotation were pooled,
washed quickly by resuspension in 200
ml of 30 mM phosphate buffer at pH
6.5, and pelleted for 10 minutes at
20,000 rev/min. The pads at this stage
were composed entirely of myelin and
myelinated axons (6). The pellet was
resuspended in 30 mM phosphate at
pH 6.5 containing 10—2M mercapto-
ethanol, homogenized vigorously in
either a blade-type or Dounce homoge-
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Fig. 1. Crude axoplasmic fraction containing filaments, mitochondria, and membranes (X 17,500). Fig. 2. Fraction from inter-
face between 1.5 and 2.0M sucrose on step gradient. Note two types of filament bundles. Membranous contaminants remain
(X 25,000). Fig. 3. Filament fraction from CsCl gradient. Two types of filament bundles are present: tight (7B) and loose
(LB) (X 15,000). Fig. 4. Purified filaments. Occasional side arms are visible (X 125,000).
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nizer for 1 minute, and allowed to stand
in the cold for 1 hour. During this time,
the myelin was removed from the axon,
and the axoplasmic constituents were
released. The solution was made 1.0M
in sucrose at the end of this period by
the addition of crystalline sucrose.

The suspension was centrifuged at
27,000 rev/min (SW-27) or 45,000 rev/
min (Ti-14) for 1 hour. The pellets
were pooled, and the supernatants and
myelin pad were discarded. The result-
ant material, .which we have called
crude axoplasm, was composed of
membranous vesicles, mitochrondia, and
bundles of filaments (Fig. 1). Two dis-
tinct types of filament bundles were
present. One type was loose and was
composed of discrete filaments separated
from one another by many filament
diameters." The other type of bundle was
short and densely staining. In each case
the filaments were of roughly 90-A
diameter. All electron microscopy (7)
was performed on pellets which had
been fixed in 2.5 percent glutaraldehyde,
postfixed in 1 percent buffered osmic
acid, and embedded in Epon.

The crude axoplasm was suspended
in the original homogenization medium
with a glass homogenizer and centri-
fuged on discontinuous sucrose density
gradients with steps of 1.0, 1.5, and
2.0M sucrose in an SW-41 rotor at 41,-
000 rev/min. All sucrose solutions con-
tained 30 mM phosphate and 0.01M
KCl and were at pH 6.5. The interface
between 1.5 and 2.0M sucrose was rich
in filaments (Fig. 2), and a small num-
ber of highly purified filaments sedi-
ment through the 2.0M sucrose step.
If Mg2+ was added to the preparation
at this point, the filaments clumped into
a tight mass that was resistant to ho-
mogenization. The removal of Mg2+
and addition of ethylenediaminetetra-
acetic acid (EDTA) reversed this effect.

To obtain a greater yield, the ma-
terial from the interface between 1.5
and 2.0M sucrose was sonicated (75
watts, 1 minute, 4°C). Tris(hydroxy-
methyl)aminomethane maleate (tris mal-
eate) was added to give a concentra-
tion of 0.01M, CsCl was added to give
a concentration of 2.49M, and the pH
was adjusted to 6.8. The suspension
was centrifuged for 96 hours at 41,000
rev/min in an SW-41 rotor at 4°C. A
sharp band near the top of the tube was
composed primarily of membranous ma-
terial but also contained a few of the tight
bundles of filaments. A second band, at a
density slightly greater than 1.3 g/cm3,
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was composed of tight and loose bun-
dles of filaments, with the loose type
being about four times more prevalent.

Beneath this band was a strand that
appeared fibrous to the naked eye and
ran vertically in the center of the tube
between the density marker beads at
1.3 and 1.4 g/cm3. The upper half of
this strand, when examined ultrastruc-
turally, revealed a composition identi-
cal to that of the band immediately
above it (Fig. 3). The lower portion of
the band had some nuclear contamina-
tion, Increasing the duration or inten-
sity of sonication diminished the
amount of material in the strand and
increased the amount in the band. How-
ever, increased sonication also ap-
peared to result in increased losses. The
filaments from CsCl gradients were
free of nonfilamentous contamination.
Numerous side arms were present on
the filaments in loose bundles (Fig. 4).

The preparations of purified filaments
were diluted, sedimented, and washed
in buffer to remove CsCl. The filaments
were insoluble at low ionic strength
with or without EDTA. They remained
intact for at least 24 hours at 37°C and
for an indefinite period in the cold.
They were not solubilized by exposure
to 2M KClI, deoxyribonuclease, or ribo-
nuclease, but were readily broken down
by trypsin. They were soluble in 8M
urea, 6M guanidine hydrochloride, or
1 percent sodium dodecyl sulfate (SDS).
Heating the suspension to 50°C for 15
minutes also appeared to cause a par-
tial solubilization. A determination of
sedimentation velocity (8) of the pro-
tein in 1 percent SDS gave a sy,,, Value
of 2.9.

Colchicine-binding activity is present
in the preparations of myelinated axons
and in the crude axoplasm, but the
amount of colchicine bound per unit of
protein falls rapidly with further puri-
fication, results suggesting that the fila-
ments lack this activity. Colchicine does
not bind to pure filaments. However,
the long exposure of these filaments to
solutions free from Mg2+ makes defin-
itive interpretation of these results diffi-
cult. No bound nucleotide was found
on the pure filaments, and no binding
activity could be demonstrated.

Samples from all stages of the puri-
fication procedure were examined by
polyacrylamide-gel electrophoresis on
the 8M urea-SDS system (9). Proteins
are separated by molecular weight in
this system.

In the crude axoplasm a number of

bands are present, but the most prom-
inent migrates with a mobility cor-
responding to a molecular weight of
60,000. Only one major band is pres-
ent in the preparations of purified fila-
ment, and this band comigrates with
the major band of the crude axoplasm
both in parallel gels and in mixing ex-
periments. A second band with a molec-
ular weight of 120,000 is present in the
purified preparations. Densitometry on
gels stained with fast green (10) reveal
this component to be 10 percent of the
protein. This probably represents a di-
mer of the filaxent subunit, but further
work will be necessary to establish this.

Since the molecular weight obtained
here is close to that obtained for the
microtubule subunits under similar con-
ditions, mixing experiments with tubu-
lins from porcine brain and bovine
brain were performed. In all cases the
filament protein migrated behind the
slower of the two tubulin subunits,
which have apparent molecular weights
of 53,000 and 56,000 in this gel sys-
tem (9). Since the filament protein has
a different molecular weight and does
not bind colchicine or nucleotides,
a close relationship is unlikely between
the filament and tubule proteins, but
further studies in which peptide map-
ping techniques are used will be neces-
sary to settle this.

The major problem with this isola-
tion method is that it yields two mor-
phologically different types of filament
bundles. In the final fractions the
loose bundles predominate, but a sub-
stantial percentage of tight bundles are
present. While every effort has been
made to avoid contamination with as-
troglia, one cannot rule out the possi-
bility that one type of bundles, presum-
ably the tighter, is of glial origin. How-
ever, we were unable to obtain filaments
from gray matter or glioblastoma cul-
tures with this technique. The presence
of only one major band in electropho-
resis studies also suggests that the fila-
ments are chemically similar and differ
only in the amount of cross-linkage.

A second problem is the difference
in molecular weight between these fila-
ments and those isolated from the squid
axon by Huneeus and Davison (4). The
lowest value for molecular weight de-
termined on filarin from the squid was
over 70,000. The molecular weight of
the mammalian filament subunit, de-
termined by similar wultracentrifugal
methods, was 58,000 = 4,000. This
might be a species difference. The mam-
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malian filament subunit is insoluble in
high concentrations -of KCl while fil-
arin dissolves readily. The two proteins
also differ in solubility in guanidine hy-
drochloride (11). In view of these dif-
ferences in physical properties, it is hard
to draw any conclusions about the ho-
mology between squid and mammalian
neurofilaments.

The possibility that neurofilaments
and neurotubules are polymorphic as-
sembly forms of the same subunits has
been raised by morphological studies
(12). Our data argue against such a di-
rect interconversion. However, the dif-
ferences in molecular weight between
the X subunit of tubulin and the neuro-
filament are slight and could simply
represent differences in glycosylation or
other secondary modifications. There-
fore, final resolution of these differences
must await more detailed studies and
peptide maps.

This procedure offers a promising
method of isolating neurofilaments
from vertebrate brain and for ultimately
studying the dynamics of these struc-
tures.
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Ethanol Stimulates Triglyceride Synthesis

by the Intestine

Abstract. In vivo ethanol given acutely or chronically by two dietary means
resulted in significant increases in [1-14Clpalmitate incorporation into triglyceride
by intestinal slices or microsomes derived from intestinal slices. In vitro, 2.6 per-
cent ethanol, an amount comparable to that found in t:e intestinal lumen of
social drinkers, also resulted in significant increases in [1-1'Clpalmitate incorpo-
ration into triglyceride. Pyrazole, an inhibitor of alcohol dehydrogenase, dimin-
ished the stimulatory effect of ethanol both in vivo and in vitro. These data may
provide a new insight into the effects of alcohol, and specifically on the possible
contribution of intestinal triglyceride synthesis to alcoholic hyperlipemia and the

alcohol-induced fatty liver.

Very little research has been done
on the effects of ethanol on the intes-
tinal tract in contrast to those on the
liver. It has been assumed in the past
that most ingested alcohol is absorbed
by the stomach, but this appears to be
incorrect. Significant amounts of ethanol
reach the lumen of the small intestine
).

Work over the past few years indi-
cates that ethanol has a number of ef-
fects on intestinal mucosal transport
processes. Ethanol has been shown to
inhibit the active transport of Na+ and
K+ and the (Nat 4 K+) activated
adenosine triphosphatases in several tis-
sues and species (2). A number of in-
vestigators have demonstrated that both
in vitro and in vivo administration of
ethanol or its presence in the incubation
system may lead to interference and
inhibition in the uptake and transport of
amino acid and glucose (I, 3-5). Israel
et al. (1), studying the effects of ethanol
on intestinal L-amino acid absorption
in vivo, found in the human small in-
testine that at a 2 percent concentra-
tion of ethanol in the lumen, a concen-
tration that can be found in the human
intestine in moderate drinkers, the in-
testinal absorption of L-methionine was
inhibited by 50 percent. Comparable
observations have been made by Chang
et al. (4). Recently, Lindenbaum and
Lieber (6) have presented evidence to
indicate that in man alcohol ingestion
may lead to a decreased absorption of
vitamin B;,. Finally, ethanol in vivo has
been reported to lead to an interference
with fat absorption from the gastroin-
testinal tract and a retention of a pro-
tein meal in the stomach (7).

In marked contrast to the inhibitory
effects of ethanol on systems cited
above, we have observed that ethanol
stimulates intestinal cholesterol synthe-
sis (8). Mistilis and Ockner (9, 10) re-
cently reported that ethanol introduced

into the intestine intraduodenally caused
a significant increase in lymph triglyc-

eride content. This report deals with the -

effect of ethanol on intestinal triglyc-

eride synthesis. '
Female Sprague-Dawley rats were

fasted 8 hours prior to and 18 hours
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Fig. 1. Effect of ethanol in vivo on the
incorporation of [1-*C]palmitate into tri-
glyceride by intestinal slices and micro-
somes. Intestinal tissue from rats treated
with a single acute dose of ethanol (7.5
g/kg), or chronically with ethanol for
28 days with either the high-alcohol
liquid diet (II) or the super diet (12)
was excised and prepared as described
in the text. Six animals were used in each
group. In the case of the intestinal slices,
the substrate was 10 uc of [1-**Clpalmitate
(250 nmole), and incubation was for 1
hour at 37°C. For the microsomal study,
the incubation mixture (3.0 ml) consisted
of 1.0 ml of microsomal suspension, 25
umole of D,L-a-glycerophosphate, 10
umole of adenosine triphosphate, 10 umole
of cysteine (neutral), 20 umole of potas-
sium phosphate, 10 umole of MgCl,, 0.15
umole of coenzyme A, and [1-*Clpalmi-
tate (10 uc, 250 nmole) bound to albumin
in KCl-tris, pH 7.4. Incubations were for
30 minutes at 37°C.
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