of the purified toxin in sterile water so-
lution was 4.0 mg/kg or 160 pug per
cockerel. An oral dose lethal to all the
animals (LD,,,) was observed at a
dose of 6.25 mg/kg (250 ug per cock-
erel). Some cockerels receiving a dose
of 3.12 mg/kg (125 pg per cockerel)
were dead within 24 hours; those sur-
viving for 24 hours recovered with no
apparent adverse effects. Increasing the
dose beyond 3.12 mg/kg resulted in
death of cockerels in a correspondingly
shorter time until dosages of 40 mg/kg
(1.6 mg per cockerel) resulted in death
within 45 minutes.

Gross and histologic lesions in cock-
erels, dosed at 500 ug and 250 ug,
that lived more than 2 hours after dos-
ing, were ascites “with edema of the
mesenteries and small hemorrhages in
the proventriculus, gizzard, small and
large intestine, and skin. The cockerels
that died within 2 hours (given 1000
and 500 pg per cockerel) had no
lesions in organs and tissues of the
cardiovascular, digestive, endocrine,
hematopoietic, integumentary, lymph-
oid, musculoskeletal, nervous, respira-
tory, or urogenital systems. Cockerels
dosed with 125 and 62.5 pg of toxin
and cockerels that were undosed also
showed no lesions.

Studies with plants demonstrated
growth-regulating and phytotoxic effects
of the toxin. Studies were conducted
with 4-mm sections cut from 5-day-old,
etiolated wheat coleoptiles (Triticum
aestivum L. ‘Wakeland’). Toxin con-
centrations of 20 and 200 ppm were
assayed in buffered solutions (at pH
5.6) containing 2 percent sucrose. Ten
sections were placed in test tubes con-
taining 2-ml test solutions and incu-
bated in a roller-tube apparatus for
24 hours at 21°C (3). Results demon-
strated that wheat coleoptiles were in-
hibited 24 and 57 percent (P < .01) at
20 and 200 ppm of toxin, respectively,
relative to controls.

Further tests with aqueous solutions
of the toxin containing 0.1 percent
Tween 20 were conducted on intact
tobacco and corn plants. Solutions were
sprayed onto 6-week-old tobacco seed-
lings (Nicotiana tabacum L. ‘Hick’s’)
or introduced into the whorls of 1-
week-old corn seedlings (Zea mays L.
‘Norfolk Market White’). Single appli-
cations of 1 ml of test solutions con-
taining 20, 200, and 2000 pg of toxin
were sprayed onto tobacco seedlings;
0.1 ml of each test solution was placed
into corn whorls at 2, 20, and 200 ug
of toxin per plant.

Necrosis and

interveinal chlorosis
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were observed at 200 ug per plant on
both corn and tobacco plants 1 week
after treatment. In addition, distortion
of leaf shape and thickening of the
midrib caused by hypertrophy or hy-
perplasia (or both) were quite promi-
nent on tobacco leaves 1 week after
treatment with toxin at 2000 ug per
plant. A later effect, becoming evident
12 days after treatment, was “rosetting”
(Fig. 1A) that presumably was caused
by destruction of apical dominance.
This effect remained prominent 21
days after treatment (Fig. 1B). Corn
plants appeared to be more sensitive to
the toxin, since necrosis and chlorosis
were more severe than on tobacco plants
treated with an equivalent amount of
toxin.

The various effects of the toxin on
tobacco leaves appeared to be related
to the developmental stage of the leaf
at the time of treatment. Effects on
older leaves were limited to necrotic
lesions caused by localized concentra-
tion of the toxin resulting from evap-
oration of spray droplets. Toxic effects
on immature leaves were expressed as
interveinal chlorosis and leaf-shape dis-
tortion. The rosetting or chemical
pruning effect probably resulted from
the action of the toxin on embryonic
leaf tissue, since this effect was not
apparent until about 12 days after
treatment.

The rosetting or chemical prun-
ing effect observed on tobacco was not
apparent on corn, presumably because
of the difference in growth patterns
(lack of axillary buds in corn). Effects
on corn were limited to necrosis, chlo-
rosis, and stunting.

The long-term effect on apical
growth of a single application of the
toxin on tobacco and corn plants can
be seen in Fig. 1, C and D. Tobacco
plants treated with 2000 pg per plant
showed a marked internodal shorten-
ing or chemical pruning effect 21 days

after treatment. Tobacco plants treated
with 200 ug per plant showed a less
severe reduction in height relative to
control plants (Fig. 1C). This same
trend of height relative to dosage was

‘evident on corn plants (Fig. 1D).

The effect on apical dominance and
internodal shortening was evident on
tobacco plants for approximately 30
days after treatment. Subsequently
these plants gradually overcame the
effects of the toxin, and 6 weeks after
treatment there was little difference
between treated and control plants.

Fusarium spp. are known to produce
mycotoxins (that is, F-2 and T-2 tox-
ins) (4); however, comparisons of the
physical and chemical data from the
F. moniliforme toxin with data re-
ported for known Fusarium toxins sug-
gest a structurally new toxin that pro-
duces profound effects in both plants
and animals.
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Electrogenic Sodium Pump in Squid Giant Axon

Abstract. Squid giant axon possesses a hyperpolarizing electrogenic sodium
pump which is stimulated by internal sodium and by external potassium. This
conclusion is based on the following observations: strophanthidin depolarizes the
membrane and enhances the depolarizing effect of 5 or 10 millimolar external
potassium; the magnitude of these effects is directly related to the internal sodium
concentration; both effects are abolished by cyanide.

The giant axon of the squid is one
of a few archetypal preparations from
which our knowledge of active ion
transport has been derived. Ironically,

it is one of the last ones to join the
growing list of demonstrably electro-
genic sodium pumps in animal cells

().
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Table 1. Effect of strophanthidin on squid giant axon membrane potential under various conditions.

The values are means =* standard

errors; the number of experiments is given in parentheses. The Na; concentration was estimated by flame photometry. The strophanthidin-
induced depolarization excludes seven axons for which the depolarigation was unstable. The
potential against log K, after and before exposure to strophanthidin is #1,/m,,.

ratio of the slopes obtained by plotting the

Strophanthindin-

Resting N P oced m,/my, for K, between
Condition of axons potential (mmolz:e ! /ke) depolarization
(mv) (mv) 5 and 10 mM 1 and 10 mM
Fresh —59.2+09 (13) 56 =4 (4) 1.36 = 0.03 (8) 1.33 = 0.08 (6) 2,15+ 0.31 (4)
Cold stored* —63.7*+18 (8) 676 (2) 231+ .55 (6) 1.74 = 57 (3) 318 = .18 (4)
Stimulated 9 X 10* times in Na-ASW —71.0 4.0 (4) 101 =7 (2) 4,68 = .47 (4) 1.84 = .11 (4) 286+ 95 (2)
Stimulated 9 10* times in Li-ASW —62.7 1) 27 (1) 0.7 (1) 1.06 (¢}
Exposed to 2 mM CN for 60 minutes — 66.0 (1) 85 1) 0.0 1) 0.94 (1)

* Stored in ASW at 4°C for 8 to 28 hours before use.

Hodgkin and Keynes (2) reported a
small (1.6 =0.9 mv, N =15) increase
in the resting membrane potential of
squid giant axons after the injection of
enough sodium chloride to raise the
internal sodium concentration, Na;, by
about 40 mM, and suggested that this
effect might be due to active sodium
extrusion making a direct contribution
to the resting potential. It had already
been found (3) that active sodium
extrusion seemed to exceed active
potassium uptake by a factor of 3/2,
and it was calculated that the contri-
bution of such aputative electrogenic
pump to the resting potential would be
of the order of 1.8 mv. Other authors
have since confirmed that, in squid
giant axon, active sodium extrusion
usually exceeds active potassium up-
take (4, 5), although Mullins and
Brinley (5) have shown that the Na/K
ratio may vary from about 1/1 to
3/1 or higher, depending on conditions.

Electrogenic sodium pumping in squid
axon would have at least two experi-
mentally verifiable consequences: (i)
membrane depolarization on stopping
the pump and (ii) (if the pump under
study is subject to stimulation by ex-
ternal potassium) a partial masking of
the well-known depolarizing effect of
external potassium, K, on the mem-
brane potential. Demonstration of an
electrogenic effect of the expected mag-
nitude would strengthen the belief that
the pump transports mainly Na+ and
K+ and no appreciable amounts of,
say, protons or anions as well. We now
report more direct experimental evi-
dence for a contribution of the sodium
pump of squid giant axon to the resting
membrane potential.

Carefully cleaned giant axons of
Loligo pealei (diameters, 420 to 560
wm) were mounted vertically in a
microinjection chamber (6). Artificial
seawater (ASW) solutions (at 21° to
23°C) flowed past the axons, some of
which had been injected with 22Na.
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Resting membrane potentials were con-
tinuously recorded, by using an Orion
model 601 pH meter, from an axial
glass capillary (130 pum in diameter
with a 10-um tip) filled with 3M KCI
(0.3 megohm). Commercial calomel
half-cells were used as reference elec-
trodes. With both electrodes immersed
in ASW, drift amounted to 50 uv per
45 minutes. The resting potentials of
axons in ASW were stable, typically to
within 200 pv during a 20-minute
period, and were demonstrably more
stable (within about 50 uv) for the
time required to complete a change of
solution. We attribute this low drift to
the use of stable half-cells and a pH
meter amplifier.
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Fig. 1. Effect of external potassium (K,)
and strophanthidin (Stroph) on the resting
membrane potential and sodium efflux
from squid giant axon. The axon was ex-
posed to seawater containing 10 mM K*
except where indicated, when the concen-
tration of K, was 1 mM. During the period
indicated, the seawater also contained
strophanthidin (10°M); recovery of the
sodium pump from inhibition by strophan-
thidin is known to be extremely slow in
squid axon. (Upper trace) Continuous re-
cording of resting membrane potential.
(Lower trace) Rate constant for *Na
efflux. The undulation in the potential
trace when the change was made to 1 mM
K, was not always observed, and could
have been due to mixing artifacts. The
diameter of this axon was 450 um; the
temperature was 22°C,

On exposuré of the axons to ASW
containing 10—~%M strophanthidin, the
sodium efilux was reduced to low levels,
and the resting membrane potential
underwent a sudden depolarization (Fig.
1), averaging 1.4 mv in fresh axons.
In addition, as shown in Table 1, the
strophanthidin-induced  depolarization
was larger in axons whose sodium
content had been raised by storage in
the cold or by repeated stimulation,
was smaller in an axon previously de-
pleted of Na by tetanizing in ASW in
which all the sodium was replaced by
lithium (Li-ASW), and was abolished
by previous exposure to cyanide (7).
In all axons except the one treated
with cyanide, the depolarization pro-
duced by raising the concentration of
K, from 1 to 10 mM was enhanced
after exposure to strophanthidin. A
strophanthidin-induced increase in per-
meability to potassium can safely be
excluded as the cause for this phe-
nomenon, since this would also re-
quire a hyperpolarization of the mem-
brane by strophanthidin at either value
of K,, rather than a depolarization, as
observed (Fig. 1). Furthermore, the
enhancement of depolarization by K,
after exposure to strophanthidin was
greater at increased concentrations of
Na; (see the last two columns of Table
1). The described behavior is to be
expected if the normal depolarizing ef-
fect of K+ on the membrane is an-
tagonized by a hyperpolarizing elec-
trogenic sodium pump which is stimu-
lated by external potassium as well as
internal sodium.

Our conclusion that the sodium
pump of squid giant axon normally
operates in electrogenic fashion seems
warranted on the basis of the aggregate
evidence: (i) Strophanthidin produces
a sudden membrane depolarization. (ii)
This depolarization is larger in sodium-
loaded nerves and smaller in sodium-
depleted ones, and is (iii) abolished by
previous exposure to cyanide. (iv)
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Treatment with strophanthidin increases
the sensitivity of the resting membrane
potential to external K+, (v) This in-
crease is related to the internal sodium
concentration, and is (vi) prevented by
previous exposure to cyanide.

This demonstration that the sodium
pump of squid axon, too, is electro-
genic reinforces the hypothesis (1)
that a truly neutral Na-K pump may
not, in fact, exist.

PauL DE WEER*
DoNALD GEDULDIG
Departiment of Biophysics, University
of Maryland School of Medicine.
Baltimore 21201
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Polyadenylic Acid in Visna Virus RNA

Abstract. Visna virus 70S RNA contains long stretches of polyadenylic acid
[poly(A)]. The homogeneity in length of poly(4) regions is observed in 70S RNA
from visna virus and all RNA tumor viruses tested, and not with other types of
RNA. By this criterion visna virus resembles RN A tumor viruses.

Data have been presented showing
that the genomic RNA of all RNA tu-
mor viruses (oncornaviruses) that
have been studied contain polyadenylic
acid [poly(A)] residues of large and
rather homogeneous size (7). In that
study, poly(A) was detected by molec-
ular hybridization to [*H]polyuridylic
acid [poly(U)]; although more conven-
tional assay techniques have obtained
the same result (2). The genome of
the RNA-containing tumor virus ap-
pears to be unique in having 70§ RNA
with long, relatively homogeneous
stretches of poly(A). Poly(A) regions
from most mature RNA preparations
are heterogeneous in size. This appears
to be the case for pure RNA prepara-
tions such as poliovirus RNA (3) and
hemoglobin messenger RNA (mRNA)
(4), as well as for the bulk poly(A)-
containing RNA in the cytoplasm of
cells (5). Similar results are presented
in this report. The one case where
poly(A) in RNA appears to be of uni-
form size is that of newly synthesized
cellular RNA (5); however, unlike the
RNA tumor virus genome, this RNA
is of heterogeneous size.

The list of RNA tumor viruses hav-
ing a genomic 70S RNA with long,
relatively homogeneous stretches of
poly(A) now includes Rous sarcoma
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virus, avian myeloblastosis virus, feline
leukemia virus (Rickard), feline sarcoma
virus (Gardner), Rauscher leukemia
virus, murine sarcoma virus (Kirsten-
Gross), murine mammary tumor virus
(CsH), and a primate virus, the
Mason Pfizer agent. Since this config-
uration has not been observed in RNA
from any other source, it is reasonable
to assume the situation is diagnostic
and to search for it in agents where
oncogenic potential is controversial.
Visna virus constitutes such an
agent. This RNA-containing particle
causes a chronic neurological disorder
in sheep (7). Although similar in sev-
eral characteristics to the tumorigenic
RNA-containing viruses (8, 9) it was
not classified with this group. The re-
ports that visna virus preparations con-
tain RNA-dependent DNA polymerase
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activity (10-12) and 705 RNA (9, 13)
led to the suspicion that this virus may
also be tumorigenic. These biochemical
observations encouraged further bio-
logical evaluation and led to the finding
that visna virus can induce transforma-
tion in vitro (14).

We report here that the 70§ RNA of
visna, like that of the RNA tumor
viruses, also contains large, homogene-
ous residues of poly(A).

On rate zonal centrifugation, RNA
isolated from visna virus shows (Fig.
1) a peak of poly(A)-containing mate-
rial in fractions 7 and 8. This is the
same position where the poly(A)-con-
taining RNA of avian myeloblastosis
virus was found in a separate gradient
(not shown). Hybridization of the 708
material to [*H]poly(U) was com-
pletely abolished by preliminary treat-
ment with 0.4M NaOH for 18 hours
at 30°C, a finding consistent with its
identification as an RNA molecule. Of
two preparations of visna virus RNA
examined, both showed this 708
poly(A)-containing material; however,
the gradient which is not presented also
showed a poly(A)-containing peak in
fractions 3 and 4. We have observed
similar rapidly sedimenting RNA,
larger than the 70§ RNA species, in
preparations of RNA from tumor

Fig. 1. 70S poly(A)-containing RNA
from visna virus. The procedure for the
growth and purification of visna virus was
essentially the same as described previ-
ously (70, 11). Virus was precipitated in
6 percent polyethylene glycol (6000 dal-

. tons). The resuspended virus was clarified

by centrifugation at 5000g for 10 min-
utes, and then sedimented at 100,000g for
60 minutes. The virus was resuspended in
TNE buffer (0.01M tris, pH 7.5, 0.1M
NaCl, 0.001M EDTA) and centrifuged on
preformed gradients of 20 to 60 percent
sucrose in TNE. The virus band was re-
moved, diluted with TNE buffer, centri-
fuged for 1 hour at 100,000g, and resus-
pended in TNE buffer. The virus suspen-
sion was extracted twice with TNE buffer
saturated with a mixture of phenol and
cresol (1 :0.15) and once with chloroform.
The resulting aqueous phase was treated
with potassium acetate to a concentration
of 2 percent, and nucleic acids were then
precipitated with 2.2 volumes of ethanol.
The precipitate was centrifuged, dissolved
in 0.5 ml of TNE buffer, and applied to a
linear glycerol gradient (10 to 30 per-
cent) in TNE buffer. The RNA was sedi-
mented for 4 hours at 40,000 rev/min (4°C
in a SW41 Beckman rotor). Fractions of
0.4 ml were collected. The poly(A) con-
tent of 0.025 ml of each fraction ob-
tained from glycerol gradient centrifuga-
tion was determined by hybridization to
[*H]poly (U) (2 X 107 count/min per micro-
egram) as previously described (I).
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