merely misleading in reference to im-
printing.

It seems likely that James failed to
obtain an effect with his control ani-
mals simply because the animals did
not frequent the area in which the im-
printing object was placed (3).

PHILIP HOWARD GRAY
Department of Psychology,
Montana State College, Bozeman
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Ribonuclease of Euglena gracilis

Abstract. An enzyme in extracts of
Euglena gracilis splits both purine and
pyrimidine internucleotide bonds of ribo-
nucleic acid. Its pH optimum is at 4.5;
it is very heat-labile and is rather insensi-
tive to inhibition by metal ions or sulf-
hydryl group reagents. A partial purifica-
tion of the enzyme is described.

Recently, several enzymes of the
protistan FEuglena gracilis were ex-
amined in connection with other meta-
bolic studies. Because of the special
taxonomic position of this type of
organism, it seemed of interest to com-
pare the properties of some of these
enzymes with those of similar enzymes
from plant and animal sources. This
report deals with the isolation, partial
purification, and properties of a ribo-
nuclease from E. gracilis. Ribonucleases
from a wide variety of tissues and
organisms have been described in the
literature (1, 2).

Mass culture and harvesting of
Euglena, as well as the extraction of
the enzyme, were carried out as pre-
viously described (3). The ribonuclease
assay was a modification of a published
spectrophotometric procedure in which
the ultraviolet-absorbing material re-
maining in solution, when the unde-
graded and partially degraded ribo-
nucleic acid is precipitated from the
reaction mixture by uranium acetate at
pH 3.0, is determined at 260 muy (4).
The incubation was carried out at a
pH of 4.5 in the presence of 0.05M
acetate buffer for a period of 2 hours
with 0.25 ml of the enzyme extracts or
corresponding amounts of the purified
fractions. The symbol A*’, which is
used to express the enzymatic activity
in Fig. 1 and throughout the text,
represents the difference between the
absorption in the experimental tubes
and controls at 260 mpu.

The time course of the degradation of
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ribonucleic acid by the Euglena enzyme
is shown in Fig. 14. As shown in Fig.
1B, the enzyme has a very sharp op-
timum of activity at pH 4.5. This value
is at the lower end of the range of pH
optima (4.5 to 5.5) reported for a num-
ber of plant ribonucleases, while the
enzymes of animal origin tend to have

a higher optimal pH (2, 5). Unlike a -

number of other ribonucleases, the
Euglena enzyme was found to be ex-
tremely heat-labile. When the enzyme
extract was heated to 68°C at a pH of
4.6 in the presence of 0.05M acetate
buffer, all activity was lost within 2
minutes. As in the case of pancreatic
ribonuclease (6), the activity of the
Euglena enzyme increased with increas-
ing ionic strength, with an optimum at
approximately 0.5M sodium chloride
(Fig. 1C). Metal ions, which have
been shown to inhibit pancreatic ribo-
nuclease (7), were found to affect the
enzyme from Euglena at rather high
concentrations only (Table 1). The
sulfhydryl group reagents o-iodosoben-
zoate and p-chloromercuribenzoate,
which were tested at concentrations
from 10°M 107*M, were without effect,
except for p-chloromercuribenzoate,
which had a somewhat inhibiting effect
at the highest concentration.

An approximately 15-fold purification
of the enzyme was achieved by two
ammonium sulfate fractionations; in the
first, at pH 8.5, the protein precipitating
between 38 and 53 percent of satura-
tion in ammonium sulfate was col-
lected; in the second, protein precipitat-
ing at pH 7.0, between 39 and 51 per-
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Table 1. Inhibition of FEuglena ribonuclease
by various metal ions at four concentrations.
Assay as in text.

Inhibition (%)

Cation

10-°M 10*M 10-3M  10—*M
Fet++ 16 20 65 100
Cu™t 6 11 40 76
Zntt 19 18 23 96
Pb*+ 17 43 48 81

cent of saturation. These fractionations
were followed by the removal of
inactive protein by adsorption on cal-
cium phosphate gel (8) and a final
ammonium sulfate precipitation, at pH
7.0, between 39 to 51 percent of satura-
tion, to concentrate the enzyme solu-
tion. While the over-all vyield in
enzymatic activity by this procedure
was only of the order of 20 percent,
an essentially phosphomonoesterase-free
ribonuclease was obtained.

The specificity of this enzyme prep-
aration was examined by two methods.
In the first, its activity against ribo-
nucleic acid was compared to its activity
against the so-called ribonucleic acid
“core.” This “core” is obtained by ex-
haustive digestion of ribonucleic acid
by pancreatic ribonuclease, and it is
resistant to further degradation by this
enzyme (9). It has been shown to
consist of a mixture of oligonucleotides
containing mainly purine bases (9).
When Euglena ribonuclease was allowed
to act on this “core” and on undegraded
ribonucleic acid at pH 4.5, values of
0.720 and 2.040, respectively, were ob-
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Fig. 1. A, Time course of the deg-
radation of ribonucleic acid by
Euglena ribonuclease. B, Optimal
pH of Euglena ribonuclease. The
substrate was adjusted to the de-
sired pH values with dilute sodium
hydroxide or hydrochloric acid;
a Radiometer 22 pH meter was
used. C, Effect of sodium chloride
concentration on the activity of
Euglena ribonuclease. Assays as
in text.

7 MNaCl
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tained for A®, while pancreatic
ribonuclease (/0) at pH 7.3 gave a
A* of 0.930 with ribonucleic acid
and of 0.000 with the “core.” Unlike
the pancreatic enzyme, the FEuglena
ribonuclease therefore was capable of
further degrading the ‘“core”—an in-
dication that it does not share the
specificity of pancreatic ribonuclease
for pyrimidine internucleotide bonds.
This was confirmed by experiments in
which the enzymes were allowed to act
on polyadenylic and polyuridylic acid
(11) and in which the reaction prod-
ucts were analyzed by paper chroma-
tography. Both polymers were degraded
by the enzyme from FEuglena, while
pancreatic ribonuclease attacked only
the polyuridylic acid (12).
J. FELLIG*

CHRISTINE E. WILEY
Research Department,
Union Carbide Chemicals Company,
South Charleston, West Virginia
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Effect of Reserpine
on Ventricular Escape

Abstract. Catecholamine depletion by
reserping diminishes the tendency of the
ventricle to escape from vagal suppression.
Neither spinal section nor adrenalectomy
enhances the reserpine effect. Norepine-
phrine restores the characteristic occur-
rence of ventricle escape during vagal
stimulation.

Krayer and his co-workers (1) have
described the importance of catechola-
mines to the rhythmicity of the sinus
pacemaker, and Roberts and Modell
(2) have shown that catecholamine ac-
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Table 1. The effect of reserpine on ventricular escape during vagal stimulation. S.E., standard

error.
Av. slowest Av. ventric- Av
sinus rate ular escape Incidence .
Procedure No. of (induced by vagal rate® of duration of
animals s J . asystole
stimulation) beat/min asystolet (sec + S.E
(beats/min. + S.E) =+ S.E. sec = S.E.)
Anesthetized animals
Control 15 49 + 8 64 + 8 2/15 7
Reserpine-treated 14 14 +5 28 + 7% 11/14 17+ 2
Animals with spinal-cord section
Control 14 60 + 6 66 + 5 0/14 0
Reserpine-treated 4 T+2 20 + 11 4/4 14 + 4

* See text for explanation.
developed only sinus escape.

tivity is even more important to the
rhythmicity of the ventricular pace-
maker. It has been recently indicated
that an adrenergic mechanism may play
a role in the phenomenon of vagal
escape (3). If catecholamines are im-
portant to the intrinsic rhythmicity of
the ventricle, then ventricular escape
from vagal control should be influenced
by catecholamine depletion. This report
(4) describes experiments designed to
explore this relationship. Reserpine was
used to deplete the amines.

In cats with the spinal cord sectioned
at C1 or in cats anesthetized with Dial
urethane (0.6 to 0.7 ml/kg), the right
vagus nerve was stimulated. With ap-
propriate vagal stimulation, the sinus
rate may be slowed sufficiently to per-
mit ventricular escape—that is, there is
an unmasking of ventricular rhythmicity
through the removal of sinus domi-
nance. In each experiment the minimal
intensity of vagal stimulation which
would permit ventricular escape was
used. Therefore, while the stimulus
parameters varied, animals were com-
pared at equivalent stimulus responses.
Pulses of 6 to 14 volts, frequency of
10 to 40 cy/sec, and pulse duration of
0.1 msec applied for at least 20 seconds
(5) were usually sufficient to produce
ventricular escape. Reserpine (0.5 to
10.0 mg/kg) was injected intraven-
ously 24 to 50 hours before the experi-
ment. Since there was no significant dif-
ference in the effects of reserpine in
the dose range employed, the results at
all dose levels were pooled and aver-
aged. The data are summarized in
Table 1.

In 15 untreated, anesthetized ani-
mals, when the sinus rate decreased dur-
ing vagal stimulation to an average of
49 beats per minute, the rate of ven-
tricular escape averaged 64 beats per
minute and stabilized at an average of
75 beats per minute. Untreated animals
with spinal-cord section responded in
a similar manner, indicating that ven-
tricular escape is not primarily related
to sympathetic tone. In all cases, a
sinus rhythm reappeared promptly after
the cessation of vagal stimulation.

+ Periods longer than 5 seconds.

i Based on 11 animals, since three

In animals treated with reserpine,
ventricular escape still occurred, but
there was a striking difference in the
sinus rate at which this escape from
vagal control appeared. Furthermore,
ventricular rate after escape from vagal
control also differed greatly from the
comparable ventricular rates in the un-
treated animals. In 14 anesthetized ani-
mals, when the sinus rate was slowed
by vagal stimulation to an average of
14 beats per minute, the independent
ventricular rate averaged 28 beats per
minute. These rates are significantly
lower than those of the controls
(p < .01). There was a similar re-
sponse in four reserpine-treated animals
with spinal-cord section. During vagal
stimulation, asystolic periods of more
than 5 seconds duration developed in
only two of 29 untreated animals; such
periods occurred in 15 of 18 reserpine-
treated animals. In addition, the dura-
tion of asystole was considerably
greater in the reserpine-treated animals
(Table 1). The lower independent
ventricular rate and the longer period
of asystole after reserpine treatment in-
dicate that the effect of reserpine on
the ventricle is a consequence of an
altered ventricular rhythmicity.

The appearance of ventricular escape
during . asystole suggests other factors
not influenced by reserpine. In all res-
erpine-treated animals with spinal-cord
section and in two reserpine-treated an-
esthetized animals, ventricular escape
during asystole developed with the onset
of convulsions. Thus, it seemed possible
that such concomitants of anoxia as the
liberation of potassium or the mobiliza-
tion of cardiac catecholamine stores
not depleted by reserpine (6) provoked
ventricular escape. Other sources of
catecholamines probably did not play
a role, since bilateral adrenalectomy
after reserpine treatment (in one an-
esthetized animal and in two animals
with spinal-cord section) did not fur-
ther diminish the ability of the ventri-
cle to escape from vagal suppression.

In 12 animals treated with reserpine
the administration of norepinephrine
prevented, during vagal stimulation, the
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