storage tissue and it contains little alco-
hol-soluble protein (/6). An alterna-
tive explanation—that there is some
passage of ribonuclease from the endo-
sperm into the embryo—gains some
support from the observation that the
ratio of the activities of opaque-2 to
normal in the embryo reaches a peak
several days after that of the endo-
sperm,
ARTHUR DALBY
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Ribonuclease Activity in Normal and Opaque-2

Mutant Endosperm of Maize

Abstract. Three strains of maize heterozygous for the opaque-2 mutant gene
were self-pollinated to produce ears bearing both normal and opaque kernels.
The ribonuclease activity of the opaque-2 endosperm was two to more than four
times as high as the activity in the normal endosperm.

The opaque-2 mutant gene of maize
drastically alters the amino acid com-
position of the endosperm proteins by
greatly increasing the lysine content (7).
The change comes through a replace-
ment of zein by other proteins contain-
ing higher amounts of lysine. This find-
ing is of great practical importance be-
cause the opaque-2 seed possesses a
higher food value than normal maize
does -(2). There is also a fundamental
interest in the operation of a mutant
gene that may act either by repressing
the synthesis of a single storage protein
or by preventing the normal develop-
ment of the protein granules that are
thought to be the site of zein (3).

Increasing ribonuclease activities are
often associated with increasing con-
centrations of RNA in rapidly growing
plant tissues (4). The soluble ribonu-
clease of maize, which liberates 2’,3’-
cyclic nucleotides (5), is present in high
concentrations in mature endosperm
and reportedly increases during the de-
velopment of the endosperm (6). The
maximum activities of ribonuclease in
endosperm range from about 500
units/g (fresh weight) up to about 1200
units/g for a number of hybrids, while
activities of up to 1700 units/g were
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found in Illinois Low Protein, a strain
with low amounts of zein (7).

The ribonuclease activities of normal
and opaque endosperm were compared
in three strains which were segregating
for the opaque-2 gene. The 07N strain
was backcrossed three times, the others
one time, after it was crossed with a
source of the opague-2 gene. Then the
self-pollinated plants were examined
for ears containing both normal and
opaque kernels soon after the time that
a visible distinction could be made.
Fifteen endosperms of each phenotype
were separated from hulls and embryos.
The endosperms were homogenized in
ten times their weight of 0.05M sodium
citrate buffer, pH 5.0, with 0.5M KCl,
and the homogenates were then centri-
fuged to remove debris. Ribonuclease
was assayed as described previously
(5), with the units being defined in
terms of the increase in the absorbancy
at 260 my of acid-soluble material as
RNA is digested. Dry weights were de-
termined on a sample of ten kernels.
The developing endosperms of the
opaque kernels contained from 1.7 to
4.4 times as much enzyme per gram
of fresh weight as did the normal endo-
sperms from the same ear (Table 1).

The lowest ribonuclease activity in the
mutants was higher than any yet found
in nonopaque kernels. The opaque en-
dosperms had a higher water content at
this stage of development than the nor-
mal endosperms did, so the differences
are even greater when activities are
based on units per dry weight. The dry
weights of the opaque endosperms are
less than those of the normals in all
cases.

High activities of ribonuclease were
also characteristic of the endosperm
from plants homozygous for the
opaque-2 gene in backgrounds of five
other strains as compared to the nor-
mal endosperm of the same strains.
Large differences in activity were no-
ticeable about a month after pollination.
The differences between ribonuclease
acitvities of normal and opaque endo-
sperm are maintained even after the
seed is put through normal drying pro-
cedures after harvest, but the activity
may be considerably reduced.

The results of a few assays on lots
of seed known to be heterozygous for
the opaque gene and on individual nor-
mal-appearing seeds from one of the
segregating ears assayed above suggest
that there is no dosage effect of the
opaque-2 mutation on activities of ribo-
nuclease; only the homozygous opaque
kernels have the high concentration.

Preliminary experiments with disc
polyacrylamide-gel electrophoresis (8)
indicate that the ribonuclease in opaque
endosperms is the same as that in nor-
mal endosperms.

The role of ribonucleases in normal
development is unknown, and we may
only speculate on the significance of the
high activity in the opaque-2 mutant.
The enzyme might prevent zein synthesis
by destroying a specific messenger
RNA. However, its concentration in
the normal endosperm is high enough
to destroy all the RNA within 10 min- -
utes, unless the enzyme is normally in-
hibited or separated from the RNA.

Table 1. Ribonuclease content of normal and
opaque kernels from self-pollinated plants
segregatmg for the opaque-2 mutant gene.
Each pair of assays was made on seed from
a single ear.

Days  Ribonuclease Dry weight

after (units/g*) (%)
Strain  pol-
07N 43 1390 2340 64 53.5
07N 43 1560 3540 66 58
Oh43 47 900 3600 73 69
0Oh43 52 730 3250 68 59
Oh43 52 1380 3720 715 64
Oh45b 54 510 2110 73 66

* Fresh weight.
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Endosperm ribonuclease has been puri-
fied, and its specific activity and amino
acid composition are known (9). The
high concentrations in opaque-2 endo-
sperm do not materially contribute to
the changed amino acid composition be-
cause ribonuclease contributes only 0.05
percent of the total protein. Ribonu-
clease contains 5.1 percent lysine.
The opaque-2 mutation offers a
unique opportunity for investigation of
the possible function of ribonuclease
in the control of protein synthesis in
maize endosperm.
C. M. WiLsoN*
D. E. ALEXANDER
Department of Agronomy, University
of Illinois, Urbana 6180]
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Tetrodotoxin Blocks a Graded
Sensory Response in the
Eye of Limulus

Abstract. The generalization that
tetrodotoxin selectively blocks all-or-
none electrical activity of nerve and
muscle but has negligible effect upon
graded responses of sensory systems
does not appear to be valid for the
Limulus eye. Tetrodotoxin reversibly
blocks the graded transient component
of this visual response, while the steady-
state component of the response is rela-
tively unaffected by the drug.

The hazards of eating puffer fish
have been well documented, and the
relatively high concentrations of tetro-
dotoxin in these fish are more than
adequate to account for the observed
fatalities (7). Tetrodotoxin blocks the
all-or-none type of electrical excitabil-
ity of nerve and muscle (2). Experi-
ments (3) on crustacean nerve and the
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giant axon of squid suggest that the
drug specifically blocks the membrane
processes associated with the initial
transient conductance change of the
neural impulse. On the other hand,
it has been reported that tetrodotoxin
has little or no effect upon the graded
electrical response of several different
sensory systems. The drug has been
applied to the crustacean stretch recep-
tor and the mammalian pacinian corpus-
cle (4), the mammalian cochlea (57,
and several invertebrate sensory sys-
tems (6). In all cases tetrodotoxin
blocked sensory nerve impulses, when
observable, but had a relatively insig-
nificant effect, if any, upon the graded
sensory response. Data such as we now
present indicate that tetrodotoxin has a
pronounced effect on the graded visual
response of the lateral eye of Linutlus.

For our experiments the lateral eve .

of Limulus was excised, and a portien
was mounted in a flow chamber. The
preparation was exposed to a constant
flow of sea water, and a glass micropi-
pet electrode was inserted into =
visual cell. The micropipet provided x
salt bridge from the preparation to
reversible electrodes and a d-c record-
ing system. Tetrodotoxin was injected
into the flow system through a fine
capillary, and duration and rate of in-
jection were controlled with a syringe
drive. The test solutions were prepared
by dissolving crystalline tetrodotoxin in
normal sea water.

The eye was stimulated by a con-
trolled flash program, and a constant
stimulus program was maintained for
all records of Figs. 1 and 2. In order to
achieve a constant state of light adapta-
tion, the eye had been stimulated for
at least 1 hour before response 1 was
recorded. When the eye was bathed in
sea water alone, the visual response
consisted of three components: (i) «
short initial pulse, especially apparent
in records 4 through 6, (ii) a transi-
ent component, and (iii) a steady-state
component which was maintained for
the duration of the stimulus. After ap-
plication of tetrodotoxin, the transient
component was markedly reduced in
amplitude, while the amplitudes of the
initial pulse and the steady-state com-
ponent remained almost unchanged.
The “noisy” character of these records
deserves comment. Tetrodotoxin had
been presented to this eye earlier, and
its effects had been reversed by wash-
ing it out with sea water before the
first record. After an eye had been ex-
posed to tetrodotoxin, the responses
often were “noisy” even when all other
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Fig. 1. Effect of tetrodotoxin on the

graded response of the Limulus eye. Re-
sponse 1 was a control recorded in sea
water. Tetrodotoxin was injected into the
bathing solution after record 1. Drug
concentration, < 10° g/ml. Pure sea water
was used after record 4 to wash out the
drug. All light flashes were of constant
intensity and of 2-second duration, and
they were repeated every 20 seconds. The
curvilinear recording arc is defined for
the voltage calibration,

effects of the drug could be reversed
in sea water.

In Fig. 2 response amplitudes are
plotted against time, the data being
derived from the records of Fig. 1.
The transient component of the graded
response is plotted in the upper curve,
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Fig. 2. A plot of response amplitude
against time. The data were derived from
responses.which include the numbered rec-
ords of Fig. 1. Open circles define the
maximum amplitude of the transient com-
ponent, the triangles define the peak am-
plitude of the initial pulse, and the solid
circles define the amplitude of the steady-
state component measured just before the
stimulus was switched off. All potentials
were measured relative to the resting level
of the cell, which defines the zero value
of the ordinate. Injection of tetrodotoxin
is indicated by the upward arrow, addition
of the sea-water wash was initiated at the
downward arrow, and the double arrow
indicates a brief injection of tetrodotoxin
in the presence of the continuous sea-
water wash. Drug concentration, <. 107°
g/ml. The stimulus program was constant
and as specified for Fig. 1.
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