thoroughly with ether and 95 percent
ethanol, and dissolved in pyridine. The
digitonin was precipitated with ether
and removed by centrifugation, The
cholesterol was reduced to dryness in
an air stream and dissolved in ether.
The lower limits for activity were not
investigated, but the digitonin-precipi-
tated cholesterol induced oospore or
sporangium formation at 0.2 mg/liter
of medium. Digitonin alone was not
active.

Leonian and Lilly (9) reported on a
fat-soluble substance which induced
oospore formation by species of Pyth-
ium and Phytophthora. They stated
that the active substance was strongly
adsorbed onto sterols, which, when
crystallized repeatedly from hot etha-
nol, were inactive. The active sub-
stance distilled at 110° to 135°C at 0.1
mm-Hg and was active at 0.1 to 1 part
per million. The digitonin-precipitated
cholesterol was active in the same con-
centration range; thus its reproduction-
inducing activity is probably not due to
an impurity. It would be of interest to
determine whether Leonian and Lilly’s
substance was a sterol derivative or a
different type of compound.

Exogenous sterols are required for
the growth of certain protozoa, a slime
mold, and pleuropneumonia-like organ-
isms (10). A sterol was found to initi-
ate the aggregation of amoebae of the
slime mold Dictyostelium discordeum
Raper to form a multicellular unit, the
first step in reproduction. It appears
likely that sterols participate directly
or indirectly in reproduction of micro-
organisms, and that those organisms
unable to synthesize sterols require an
€X0genous source.

JamEs W. HENDRIX
Department of Plant Pathology,
University of Nebraska, Lincoln
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Heart Rate Reactions and Locus of Stimulation
within the Septal Area of the Rat

In the 14 June 1963 issue of Science
there were two reports (I, 2) dealing
with heart rate changes accompanying
brain stimulation in the rat. Both pa-
pers referred to my earlier report (3)
of heart rate slowing associated with
intracranial self-stimulation of the sep-
tal area in rats.

Perez-Cruet et al. (2) make the fol-
lowing statement. “Our findings on the
slowing of heart rate during septal self-
stimulation are in substantial agree-
ment with Malmo’s results despite the
difference in methods of measurement
in the two experiments.” These work-
ers determined mean heart rates for 10
to 14 periods of 5 minutes each, with
brain stimulation and no brain stimula-
tion alternating from one 5-minute pe-
riod to the next; and they compared the
mean heart rate for combined stimula-
tion periods with the mean heart rate
for combined nonstimulation periods.
With my data, on the other hand, dif-
ferences for single bar-presses were ob-
tained by subtracting poststimulation
heart rates from the prestimulation
heart rates, and from these single dif-
ference values a mean difference was
computed for each animal. Meyers et al.
() in summarizing the results of their
third study say, “the early effect of
septal ICS is accelerative, but the late
effect is pronouncedly decelerative.”
This conclusion was based on results
from beat-by-beat measurements.

Although earlier I had not actually
measured heart rate during the first sec-
ond after stimulation, careful inspection
of my tracings had not revealed this
initial accelerative phase observed by
Meyers et al., and this impression gained
from inspection was later confirmed by
careful beat-by-beat analyses on six ani-
mals in my most recent ICSS experi-
ment (4, p. 8). These animals were
selected for measurement because they
were the only ones with satisfactory
respiration tracings recorded along with
heart rate during septal self-stimulation.

The results of the beat-by-beat mea-
surements for these six subjects are
shown in Fig. 1. In no case did the
heart rate for any of the first three
poststimulation points on the curves
exceed the modal level of the prestimu-
lation curve. All curves show an initial
drop in heart rate followed by what
appears to be a compensatory rise

(roughly in proportion to the degree
of initial fall) with another fall, more
prolonged than the initial one, coming
afterward. Only in one case (subject
16) did the rising phase reach the level
of the prestimulation curve. In this sub-
ject, the rising phase actually exceeded
the prestimulation level at two points;
but the falling phase after this rise was
extremely marked, and the overall main
effect was clearly one of heart rate
slowing. In short, in no case was initial
heart rate acceleration observed.
Clearly, the problem was to discover
the reason for the different findings in
the two laboratories; and after an ex-
change of detailed histological findings,
it now appears very probable that the
different results were obtained be-
cause there was a consistent

dif-
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BEFORE STIMULUS DURING AND AFTER STIMULUS

SUCCESSIVE CARDIAC CYCLES

Fig. 1. Temporal course of cardiac re-
sponse. Data are from six animals in ex-
periment 2 (4, p. 8). Averages are based
on all available data for these animals
(that is, all artifact-free tracings for bar-
presses during five 10-minute sessions and
one S-minute session, in which there had
been at least 8 seconds between the
beginning of the stimulation in question
and the termination of the immediately
preceding stimulation). Period of stimulus
onset: the one cardiac cycle (that is, the
distance between the peaks of two suc-
cessive QRS waves) in which onset of
0.5-second septal stimulation occurred.
Since this cycle was a mixture of pre- and
poststimulation, it was eliminated from
measurement.
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Fig. 2. Electrode placements for all ani-
mals whose temporal course of cardiac
response to brain stimulation was studied.
Stimulation points that produced heart
rate acceleration are marked with X’s.
Stimulation points for which the initial
acceleratory phase was absent are marked
with circles. Data are from three experi-
ments (/, 4, 5). Arrow indicates three
electrode tips with nearly identical place-
ments. S, septal area; C.C., corpus cal-
losum; Caud., caudate nucleus; A.C.,
anterior limb of anterior commissure; and
L.V., lateral ventricle.

ference from laboratory to labora-
tory in the specific location of stimula-
tion within the septal complex. All of
the telencephalic placements of Meyers
et al. “were found to be in either the
medial septal nucleus or the parolfac-
toria area,” whereas mine were located
more laterally.

Figure 2 shows electrode placements
for 20 animals: the three animals with
clear changes in heart rate under the
20-second interval stimulation condi-
tion in experiment 3 by Meyers et al.
(their fourth animal showed only slight
heart rate change), 11 animals from
an experiment by Kasper (5) in our
laboratory, and my six animals. For
this group of 20 animals the temporal
spacing of brain stimulations was suf-

Universality in the Genetic Code

Hinegardner and Engelberg (/) have
presented an argument to reconcile a
universal genetic code with the possi-
bility that its codon assignments are
the product of “historical accident”
(2)—that is, that the codon UUU,
for example (U-uridylic acid), could
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ficient to study the temporal course (see
Fig. 1).

In Fig. 2 the stimulation points
marked with X’s yielded initial heart rate
acceleration followed by deceleration.
See, for example, the septal-stimulation
curve for R49 in Fig. 2 of the paper
by Meyers et al. (1, p. 1234). Stimu-
lation at all other points (open and
filled circles in Fig. 2) failed to pro-
duce initial acceleration. Closed circles
represent cases in which stimulation
produced initial slowing followed by
compensatory acceleration. See, for ex-
ample, the curve for subject 17 in my
Fig. 1. Open circles represent cases of
slowing without any very obvious com-
pensatory acceleration (the curve for
subject 1 in my Fig. 1, for example).
As might be expected, in almost all
these cases the initial slowing was less
marked than it was in the animals
showing the obvious compensatory ac-
celeration (coming in between the ini-
tial and resumed slowing).

In the charts the stimulation points
that produced initial heart rate acceler-
ation (the X’s) form a cluster near
the midline, whereas the stimulation
points for which the initial acceleratory
phase was absent (the circles) are
placed more laterally.

These findings are of considerable in-
terest in relation to Guillery’s (6) ana-
tomical work. Guillery has divided the
ascending fibers in the medial fore-
brain bundle into two groups, the hy-
pothalamo-septal group ending in the
lateral septal nucleus, and the mesen-
cephalo-septal group ending in the me-
dial septal nucleus.

ROBERT B. MALMO
Allan Memorial Institute, McGill
University, Montreal, Canada
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very well have been assigned to any of
the other amino acids rather than
phenylalanine during the course of evo-
lution. The argument used is the cus-
tomary one—that any mutation which
would lead to a change in a codon as-
signment would have such profoundly

deleterious effects upon the cell that it
would always be lethal; thus if all cells
today are descendants of a single pri-
mordial cell line, all cells today should
carry the same immutable set of codon
assignments (2). This argument when
made for a nondegenerate code—as it
has been in the past—is rather power-
ful and compelling. However, when
made for a degenerate code in the cells
we know to exist today, it loses its force
and becomes a rationalization. I feel
it essential to emphasize here the
weakness of this argument.

If it is assumed that a mutation can
alter a codon assignment, then the
point at issue is whether such a change
would persist in nature. Suppose that
codon X is initially assigned to amino
acid x, and that a mutation occurs
which results in the assignment of X
to two amino acids, x and y, in a
ratio such that x/y=>~b [in cases where
the parameter b is neither very large
nor very small, the codon assignment
is properly ambiguous (2)]. Concerning
such a mutational change in codon
assignment Hinegardner and Engelberg
state:

It is hard to imagine any circumstance
under which a selective advantage would
be gained by the random placement of
certain protein amino acids. In fact, a
change of this kind would almost cer-
tainly have large scale deleterious effects
on any organism and therefore the change
would not be perpetuated.

On the validity of this statement
rests the power of their whole argu-
ment. But it is indeed possible to con-
ceive of reasonable circumstances un-
der which such a mutation might well
have a selective advantage. For ex-
ample, suppose that such a mutation,
by changing the translation of an exist-
ing RNA message, led to the produc-
tion of a new enzyme function—per-
haps one not attainable by an ordi-
nary, one-step mutation. It is reason-
able that, in certain environments, the
survival of a cell might depend upon
this particular enzyme function. In this
situation, any inefficiency introduced by
an ambiguous codon assignment might
subsequently be removed by a series of
ordinary, one-step mutations in later
cell generations. The end result could
be a cell line whose codon assignment
had been changed from X-x to X-y.
(It has been tacitly assumed that amino
acid x had initially at least two re-
lated codon assignments.)

Moreover, the occurrence of such
an ambiguous codon in the cell does
not necessarily have “large scale del-
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