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Synthetic Scotophobin in Goldfish:
Specificity and Effect on Learning

Abstract. Synthetic rat scotophobin was injected intracranially into common
goldfish (Carassius auratus) which were then trained to avoid light or dark. The
substance interacts with the learning process in goldfish in an apparently specific
way, facilitating the acquisition of dark avoidance, a task homologous with that
acquired by rats from which the natural peptide was isolated, while inhibiting

acquisition of light avoidance.

The isolation and characterization of
scotophobin (I, 2), a molecule formed
in the brains of rats learning to avoid
a darkened compartment, and its syn-
thesis (3) and reported activity in mice
(4) raise the question of the activity of
this learning-linked rat peptide in other
vertebrates.

We have studied the effect of syn-
thetic scotophobin (5) in Carassius
auratus, the common goldfish. In addi-
tion to our work with the goldfish (6),
evidence that scotophobin may be ac-
tive in goldfish has been reported by
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Fig. 1. Differences over 4 days of con-
ditioning between scotophobin (SP) and
control (C) fish in acquisition of active
dark-avoidance responding (black bars),
and between SP and C fish in acquisition
of active light-avoidance responding
(white bars). Positive values indicate
faster learning in SP fish; negative values
indicate slower learning in SP fish.
Measure is the response per fish per trial.
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Guttman et al. (7), who found in fish
screened for dark preference that sco-
tophobin depressed a high preinjection
level of time in the dark in a procedure
not involving learning. Our work bears
on the question of the specificity of the
scotophobin effect in goldfish, using a
procedure in which fish injected with
scotophobin were trained to actively
avoid light or dark. In this procedure,
we have used normal fish rather than
animals selected for dark preference,
as in other reports (I, 7). We have
found that scotophobin appears to in-
teract with the learning process in gold-
fish in a specific way, facilitating the
acquisition of dark avoidance, a task
homologous with that acquired by the
rats from which the natural peptide
was isolated, while inhibiting acquisi-
tion when the cues are reversed.

Common goldfish 8 to 10 cm long
were, before use, kept in the laboratory
at least 1 week after arrival from
Ozark Fisheries, Stoutland, Missouri.
Fish were maintained in shallow home
tanks under constant illumination. In
groups of five to ten, fish were trained
to avoid light or to avoid darkness in a
large “fish shuttlebox” (8). The tank
was divided by an opaque partition
allowing a 4-cm clearance underneath.
Electric current could be applied, as
described by Fjerdingstad (9), across
either end of the tank. Two clear stim-
ulus lamps were mounted on the ends
of the tank to permit either compart-
ment to be lighted while the other was
dark. The entire tank was under a
lightproof cover.

Synthetic scotophobin [peptide D
(4)] was injected in various nominal
doses ranging from 12.5 to 120 ng. In

all cases the intracranial route was used
with an injection volume of 10 ul (10).
Control fish received injections of the
vehicle (11). All glassware was sili-
conized.

Training was begun, one session of
ten trials per day, 48 hours after injec-
tion and was continued at least 4 days.
The learning of scotophobin recipients
was evaluated with respect to controls
trained concurrently to avoid light or
to avoid darkness. A trial for light-
avoidance conditioning consisted of a
15-second presentation of the stimulus
lamp in one end of the tank, followed
by the addition of shock (in that end
only) for 45 seconds, after which the
lamp came on in the other end, begin-
ning the next trial. The number of
light-avoidance responses for a trial
was recorded as the number of fish ob-
served to swim under the barrier away
from the light before the onset of
shock. Only net avoidances were
counted; if a fish swam away from the
light but returned before the onset of
shock, it was not counted as avoiding.
Dark-avoidance training was identical
with light-avoidance training except for
the reversal of cue significance: to
avoid shock the fish were required to
swim out of the darkened compart-
ment, not into it as in light-avoidance
training (12).

Figure 1 presents the results of 20
experiments involving a total of 313
fish trained for 4 days to avoid light
or to avoid dark (I3). Negative values
indicate slower learning in scotophobin
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(SP) than control (C) fish (SP < C),
whereas positive values denote faster
learning in SP fish (SP>C) (I14). A
differential effect of scotophobin may
be seen on light-avoidance and dark-
avoidance learning (I15). This differen-
tial inhibition or facilitation varies
over the period of conditioning. When
averaged across days (Fig. 2), the effect
may also be seen.

It is unlikely that the effect of sco-
tophobin should be equally strong at
all dosage levels used; however, we
have not considered it appropriate in
this report to omit any doses or experi-
ments in which the effect was dimin-
ished or absent (16). Differential effects
were observed with the lowest nominal
dose (12.5 ng), and these effects were
generally absent with the highest dose
(120 ng). The optimum dose for facili-
tating dark-avoidance learning appears
to be lower than the optimum dose for
inhibiting light-avoidance learning.

Although we worked with the syn-
thetic substance, we cannot of course
say that the entire sequence of 15
amino acid residues is required for the
activity we observed.

Caution is particularly indicated in
“reading into,” interpreting, or extrap-
olating from these data. We regard the
work as evidence that scotophobin does
have behavioral activity in fish; that
this activity is at least consistent with
that reported for mice; and that it in-
teracts with learning in goldfish in a
somewhat specific manner, either fa-
cilitating or inhibiting learning, de-
pending on the task itself. Although a
variety of mechanisms has been pro-
posed whereby such an effect might
occur (17), we do not at this time pro-
pose a mechanism mediating the effect.

RoDNEY C. BRYANT
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WiLLiaM L. BYRNE
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Department of Biochemistry,
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Capillary Suction Test of the Pressure Gradient Theory

of Amoeboid Motion

A contraction-hydraulic (rear con-
traction) theory has been proposed to
explain the amoeboid movement of
Amoeba proteus (1, 2), Pelomyxa palus-
tris (3), and Endamoeba invadens (4),
as well as certain other amoebae. In the
contraction-hydraulic theory a positive
pressure gradient is responsible for pro-
toplasmic flow. Recently, Allen et al.
(5) sucked the posterior ends of speci-
mens of Chaos carolinensis and Amoeba
proteus into capillary micropipettes
subjected to a pressure reduction of
30 to 35 cm of water. When this pres-
sure was applied, protoplasm flowed
backward into the pipettes, but the
pseudopodal flow continued in the op-
posite direction. Allen ez al. assumed
that only endoplasm was flowing into
the pipette and that lack of reversal
of pseudopodal flow ruled out the pres-
ence of a contraction-hydraulic mecha-
nism in these pseudopods. The frontal
contraction model (6) was proposed as
an alternative mechanism. In support
of their theory Allen et al. also cite
the observation of Kanno (7) that
sucking more than half the cytoplasm
from the tail region of a proteus-like
amoeba that is moving in a forward
direction in a capillary still allows for-
ward movement to continue.

A contraction-hydraulic mechanism
explains the data of Allen et al., since
their pipettes must have withdrawn
mostly or only ectoplasm (gel). They
made the assumption that the pipette
withdrew mostly or only endoplasm
(sol) from the amoeba. The diameter
of their pipettes prohibited insertion

into the amoeba, and also prohibited
the withdrawal of only endoplasm. As
the ectoplasm was sucked into the pi-
pette (arrow 1 in Fig. 1), gel was drawn
in from the sides (arrows 2 and 3).
Because of the structural viscosity (8)
of the gel and its glutinosity, ropiness,
and elasticity (9), gel should be drawn
in from the sides. This will squeeze the
sol and force it forward (arrows 4, 5,
and 6). In this way a positive and not

Fig. 1. Flow of ectoplasm and endoplasm
according to the contraction-hydraulic
theory.
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