Sea Anemone Neuromuscular Responses in Anaerobic Conditions

Abstract. The sea anemone Bunodosoma cavernata survives anoxic conditions for
as long as 6 weeks. Whether or not oxygen is present, its neuromuscular responses
are the same and the pulses of its nerve net have the same threshold size and shape.
Bunodosoma cavernata buried in the sand during a low tide are exposed to anoxic
conditions. Their neuromuscular responses in anaerobic conditions ensure pro-
tective withdrawal behavior should the need arise.

Facultative anaerobic invertebrates
occur in a number of phyla. Distinctive
pathways of intermediary metabolism in
anaerobic conditions have been de-
scribed in several of these phyla (7). Sea
anemones have been reported to have
various degrees of anaerobic capabilities
(2). This report describes a common
Texas Gulf Coast sea anemone that sur-
vives long-term anoxia and shows that
the animal’s neuromuscular system con-
tinues to function normally during the
period of anaerobic metabolism.

Jetties and groins are the only rocky
substrate for marine organisms along the
Texas Gulf Coast. The sea anemone
Bunodosoma cavernata is a common
member of the jetty community. The
anemones live attached to the rocks in
the middle and lower intertidal zone. Of-
ten the columns of these anemones are
buried in the sand with only the tentacles
exposed, and some of the anemones are
found underneath rocks where the sand
is black from anaerobic sulfur bacteria.

Previous studies showed that anem-
ones in environments with very little
oxygen switch to anaerobic metabolic
pathways (3). We undertook to ascertain
the survival of the jetty anemones in
anoxic conditions. Anemones were col-
lected from exposed granite rocks of the
jetties at Galveston, Texas, and were
maintained in a seawater aquarium be-
fore the experiments. The animals were
placed individually in sealed chambers
containing seawater that had been
flushed with nitrogen. As determined
with a polarographic oxygen electrode
and by the Winkler method, the oxygen
concentration in the water was less than
0.1 part per million (ppm) at the begin-
ning of the experiment. After a few hours
in this anoxic condition, the anemones
withdrew their tentacles and contracted
the column. They were left alone for 6
weeks, and then the jars were opened,
releasing a pungent odor of sulfur. There
was no measurable oxygen left in the wa-
ter. The anemones from the sealed
chambers were now placed in aerated
water. All opened quickly, expanding
the column, disc, and tentacles. Thus all
the anoxic anemones survived, as did the
aerated controls.

C. Sassaman and C. P. Mangum (3) re-
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ported that Haloclava producta survived
for 11 days in water with less than 0.5
ppm of oxygen by shifting to anaerobic
metabolism. However, survival for 6
weeks in anoxic conditions at room tem-
perature is rare among free-living ani-
mals, regardless of phylum.

Since the anemones withstood such
long periods of anoxia, it was appropri-
ate to see whether their neurophysiolog-
ical responses were the same during
anaerobic and aerobic metabolism. In
aerobic conditions, the jetty anemone
withdraws its tentacles and shortens in
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response to four or five suprathreshold
electrical stimuli delivered less than 1
second apart (¢). These stimuli activate
the nerve net of the retractor muscles in
the column of the anemone. This nerve
net is through-conducting, but facilita-
tion is required at the neuromuscular
junctions before a fast withdrawal re-
sponse can occur.

To see whether their neuromuscular
system would continue to function in an-
aerobic conditions, jetty anemones that
had been kept anaerobic for 48 hours
were placed in seawater chambers with
covers with small openings that permit-
ted the passage of nitrogen gas tubing,
stimulating electrode, oxygen probe, and
thread from the anemone column to the
myograph of a Narco Physiograph. Ni-
trogen was bubbled through the chamber
continuously, keeping the oxygen level
below 0.1 ppm.

In the anoxic environment each anem-
one responded normally to the electri-
cal stimuli. There was no response to the -
first suprathreshold electrical stimulus
and a slight contraction in response to
the next stimulus if delivered within 1
second. Four or five consecutive stimuli
resulted in the complete contraction of
the anemone, which would already have
partly withdrawn its tentacles. Thus the
animal’s neuromuscular system contin-
ued to function normally without oxy-
gen. Metabolic inhibitors also provided
interesting results. In seawater contain-
ing 0.01M KCN, anemones survived for
several days and responded normally to
electrical stimuli. When transferred back
to the aquarium, they showed no ill ef-
fects. However, when placed in sea-
water containing 0.001 percent iodoace-
tate, a glycolysis inhibitor, they died in a
few hours.

To determine whether the nerve net
functions normally under anaerobic con-
ditions, electrical pulses associated with
the net were recorded with suction elec-
trodes after the method devised by Jo-
sephson (5). The signal was amplified by
a differential preamplifier, displayed on
an oscilloscope, and recorded photo-

Fig. 1. Electrical activity recorded from two
tentacles of B. cavernata. (A and B) Record-
ings in aerobic conditions. (C and D) Record-
ings in anaerobic conditions; 48-hour ex-
posure. (A) and (C) show NNP’s in response
to single suprathreshold stimuli (dots). (B)
and (D) show NNP’s and muscle potentials
(MP’s) in response to two suprathreshold
stimuli less than 1 second apart. The NNP in
response to the second shock just precedes
and is hidden by the muscle potential. (E)
Recording electrodes (R,, R,) and stimulating
electrodes (§) on the anemone.
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graphically. Electrical stimulation was
administered through another suction
electrode. Although McFarlane (6) de-
scribed a number of conducting systems
for anemones, in our study only the
nerve net pulses (NNP’s) and the poten-
tials of the retractor muscle were exam-
ined (7).

Preliminary studies of anemones in
aerobic conditions revealed NNP’s of 10
wV or less (Fig. 1A). Threshold was S to
7 V when a 1-msec stimulus was given.
Anemones that had been kept in sealed
anaerobic chambers for 1 week were
placed in recording chambers with nitro-
gen bubbling through the seawater; as be-
fore, the oxygen levels were less than 0.1
ppm. The contracted posture of the ani-
mals made it difficult to attach the suc-
tion electrodes; however, one or two
tentacles were usually exposed.

The NNP’s recorded from the anoxic
anemones were identical in configura-
tion and threshold to NNP’s seen in anem-
ones in aerobic conditions (Fig. 1C).
Also, two shocks 0.5 second apart in-
duced the muscle potential that is usually
associated with the second stimulus (Fig.
1, B and D). Thus the neuromuscular
system does not fatigue any more rapidly
in anaerobic conditions.

It is generally accepted that nerve cells
require oxygen to function. The sodium
ion pump requires adenosine triphos-
phate (ATP) generated by the electron
transport system. One well-known ex-
ception is found in the sea turtle. The
central nervous system of this animal
functions anaerobically for hours during
dives (8). Glycolysis is thought to gener-
ate sufficient ATP for the turtle to sur-
vive. To my knowledge, the anaerobic
function of the nervous system of a fac-
ulative anaerobic invertebrate has not
been reported until now. The B. cav-
ernata nerve net and retractor muscle
function normally in the absence of oxy-
gen or in the presence of the cytochrome
inhibitor KCN. There is sufficient ATP
stored or, more likely, produced by an-
aerobic metabolic pathways for an anem-
one to execute a protective withdrawal
response in anaerobic conditions. In-
vertebrates that survive anoxic environ-
ments maintain important behavioral and
physiological functions despite lower
production of ATP.

DorROTHEA C. MANGUM
Texas A & M University at Galveston,
Galveston 77553
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Antibody to Spermine: A Natural Biological Constituent

Abstract. A protein that binds spermine specifically was separated from normal
rabbit serum by affinity chromatography. Immunoelectrophoresis, the Ouchterlony
immunodiffusion test, and gradient gel electrophoresis indicated that this protein has
immunoglobulin characteristics and consists of several populations of antibodies to
spermine. These were sequentially released from Sepharose-spermine gel by step-
wise elution with solutions ranging in pH from 4 to 1. The binding constants varied
Srom 5.0 X 10% to 11.1 X 108 liters per mole. These globulins did not react with
monoacetylputrescine, L-ornithine, 1-lysine, and histamine. Negligible cross-reac-
tivity was detected with spermidine, putrescine, N&-monoacetylspermidine, cadav-
erine, and diaminopropane. Since perturbations in polyamine metabolism have been
identified in several diseases, the study of extracellular polyamine homeostasis may
reveal an important regulatory function for this protein.

Intracellular aliphatic polyamines and
diamines in micromolar quantities facili-
tate tissue growth, hypertrophy, and re-
generation (I-5). By contrast, no more
than picomolar levels of extracellular
polyamines (free, acetylated, and bound)
are observed normally (6-/0). In a num-
ber of systems, extracellular free poly-
amines may promote or inhibit cell
growth depending on their concentration
(11-15). Body polyamine homeostasis
may be seriously disturbed under condi-
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tions of uncontrolled production, tissue
damage, or renal retention (16-18).
These organic cations may bind non-
specifically or specifically to cell mem-
brane components (/9, 20). Similar intra-
cellular interactions have been described
for proteins, nucleic acids, and cell or-
ganelles (21-23).

During the purification of induced rab-
bit antibodies to spermine with affinity
chromatography (24), we noted that
control rabbit serum treated in the
same way as serum from immunized ani-
mals contained a protein fraction with
strong binding affinity for spermine. As a
consequence, we completed the separa-
tion and characterization of this active

Fig. 1. Inhibition curve for isolated anti-
spermine antibody (pool 4). Thirty thousand
DPM of [*H]spermine was used per assay test
tube (incubation volume, 1 ml). Binding at 0
pg of unlabeled spermine was 48 percent; at
10 pg, 47.2 percent. Charcoal dextran solution
(0.1 ml per assay test tube) (38) was used for
separating bound and free spermine. After
being mixed and incubated at 4°C for 20 min-
utes, the charcoal was centrifuged at 3000 rev/
min for 25 minutes in radioimmunoassay test-
tube carriers in a Beckman J-6B refrigerated
centrifuge; the supernatant fraction, contain-
ing bound ligand, was then counted.
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