to the peripheral vestibular organ, and
that there appear to be two groups with
different conduction velocities. More-
over, a parallel light- and electron-
microscopic study has confirmed the
existence of the direct cerebello-ves-
tibular pathway in the bullfrog by show-
ing that section of the eighth nerve
extracranially produces degeneration of
both climbing and mossy fibers, as well
as characteristic retrograde changes in
the somas of Purkinje cells (15). The
latter finding (Fig. 2, top) directly con-
firms the thesis that Purkinje cells send
axons or axon collaterals to the ves-
tibular organ. In addition, if the cere-
bellar cortex is removed, care being
taken not to injure the cerebellar nu-
clei, one can demonstrate degenerat-
ing synaptic boutons in contact with
the peripheral vestibular receptor cells
(Fig. 2, bottom) (15).

The aforementioned results demon-
strate the existence of a cerebello-
vestibular efferent system in the frog.
Previous anatomical and physiological
studies have indicated the presence of
an efferent system to the peripheral
vestibular organ. In the case of the cat,
light- (16) and electron-microscopical
studies (/7) have revealed efferent ter-
minals on the vestibular receptor cells.
Furthermore, direct-current potential
changes have been recorded from the
surface of the semicircular canals fol-
lowing stimulation of the central ner-
vous system (/8). In the frog, recent
electron-microscopical ~ studies have
verified the existence of this efferent
system (19), which had been suspected
on the basis of earlier physiological
findings (20). The origin of the efferent
system was, however, unknown,

Since the cerebellum develops in very
close relation with the stato-acoustic
system and since a certain component
of the vestibular projection to this cen-
ter is direct in both lower (21) and
higher vertebrates (2), it seems possi-
ble that the cerebellum has some di-
rect action upon the peripheral or-
gan. Occasionally we observed direct-
current potential changes at the frog
vestibular organ following the stimula-
tion of the auricular lobe; however, no

clear physiological meaning has so far

been attached to this finding.
Although the functional significance
of the cerebello-vestibular system has
not been ascertained, this system may
be inhibitory in nature, as is the olivo-
cochlear bundle (22), particularly
since Purkinje cells inhibit all target
cells so far studied (4). The demon-
stration of a direct cerebello-vestibular
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pathway in the frog implies that, at
least in this form, the cerebellum is
not involved in motor control exclusive-
ly, but has a sensory regulatory role
as well.
RoDOLFO LLINAS

WOLFGANG PRECHT

STEPHEN T. KITAI
American Medical Association,
Institute for Biomedical Research,
Chicago, Illinois 60610
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Erythrocyte Transfer RNA: Change during Chick Development

Abstract. Radioactive aminoacyl transfer RNA’s isolated from erythrocytes
in the blood of 4-day-old chick embryos and from reticulocytes of adult chickens
were analyzed by chromatography on methylated albumin kieselguhr and freon
columns. Embryonic and adult methionyl transfer RNA’s showed qualitative and
quantitative differences in both chromatographic systems. The patterns for arginyl,
seryl, and tyrosyl transfer RNA’s in the two cell types were similar, while the
leucyl transfer RNA patterns suggested a difference. '

Structural modification of transfer
RNA (tRNA) may play a regulatory
function in cell differentiation and me-
tabolism (7). With methylated albumin
kieselguhr (MAK) chromatography,
Kano-Sueoka and Sueoka (2) demon-
strated an alteration in leucyl-tRNA
after bacteriophage T2 infection of
Escherichia coli; this finding was con-
firmed by Waters and Novelli (3), us-
ing the reversed-phase chromatography
developed by Kelmers et al. (4). Ka-
neko and Doi (5) found a change dur-
ing sporulation of Bacillus subtilis in
the elution pattern of valyl-tRNA from
MAK columns.

To look for changes in specific
tRNA’s during development, we used
avian immature red cells as a test sys-
tem and compared the chromatographic
profiles of aminoacyl-tRNA’s from red
cells present in the blood of 4-day-old
chick embryos and of reticulocytes of
adult chickens. The techniques in this
study were MAK (2) and freon col-
umns (6). Of the five aminoacyl-
tRNA’s examined, only the methionyl-
tRNA gave a strikingly different elu-
tion pattern.

Adult chickens (White Leghorn) were
made anemic by daily injection (for
5 days) of 15 mg of phenylhydrazine
[in 0.1M tris(hydroxymethyl)amino-
methane (tris) buffer, pH 7.2] and
were bled on the 6th day. Eggs from
the same strain were incubated at 37°C
for 4 days, and blood cells were col-
lected by bleeding the embryos. Blood
cells from either source were washed
twice with 0.145M NaCl, 5 X 10*M
KCl, and 0.0015M MgCl,, and once
with 0.145M NaCl, 5 X 104M FeCl,,
and 0.01M phosphate buffer (pH
7.4); 0.12 ml of packed embryonic cells
was suspended in the latter medium
supplemented with glucose (200 mg/
ml) with a total volume of 0.5 ml.
For adult cells, 0.5 ml of packed cells
was similarly incubated in a total vol-
ume of 2.0 ml. To cells previously
incubated at 38°C for 10 minutes,
14C. or 3H-labeled amino acid (5 to
10 uc) and the 19 remaining nonradio-
active amino acids (1 umole of each)
were added. After incubation for an
additional 12 minutes, cycloheximide
(10*M) was added to inhibit protein
synthesis (7) and thus prevent the trans-
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fer of amino acids from aminoacyl-
tRNA’s. After 10 minutes more, the
cells were lysed by suspension in 5
volumes of 0.01M tris, 0.01M KClI,
and 0.0015M MgCl, containing 15 mg
of purified bentonite per milliliter (8)
and by repeated freezing (in a mix-
ture of dry ice and acetone) and thaw-
ing. The lysate was extracted with a
half volume of carbon tetrachloride,
and the upper phase was shaken for
15 minutes with an equal volume of
twice-distilled, buffer-saturated phenol.
The aqueous phase was extracted again
with phenol, and traces of phenol were
removed with cold, peroxide-free ether.
The solution was then adjusted to 0.1M
with sodium acetate buffer (4M, pH 6),
and then 2 volumes of cold ethanol
were added. After several hours at
-—-20°C, the precipitated RNA was col-
lected by centrifugation, washed with
cold ethanol, and dried. The yields of
tRNA from the above-mentioned vol-
umes of packed cells were 1.3 optical
density (0.D.) units (260 my) and 0.85
O.D. units for embryonic and adult
cells, respectively.

The MAK column (1 by 3 cm) was
similar to that of Kano-Sueoka et al.
(2); it contained 1 g of kieselguhr and
0.25 ml of 1-percent methylated albu-
min, because only small quantities of
material were available for analysis.
The second change was the use of a
shallower gradient of 0.20 to 0.65M
NaCl (250 ml in total volume).

The freon column used was a modi-
fication of the method of Weiss et al.
(6). Radioactive aminoacyl-tRNA’s, to-
gether with 5 mg of carrier unlabeled
tRNA’s (9), were applied to a column
(0.5 by 250 cm). Elution was effected
with a concave NaCl gradient contain-
ing 0.01M sodium acetate and 0.01M
MgCl, (pH 4.5) at room temperature.
Fractions (2 ml) were collected at 12-
minute intervals.

Optical density was measured at 260
my on alternate fractions. A sample
(1 ml) of each fraction was then mixed
with 10 ml of Bray’s solution (10),
and the radioactivity was measured
in an Ansitron liquid-scintillation coun-
ter.

Aminoacyl-tRNA’s isolated - from
erythrocytes of 4-day-old chick em-
bryos and from reticulocytes of adult
chickens were compared first by chro-
matography on the MAK column and
then on the freon column. The specific
tRNA’s examined were: arginine, leu-
cine, methionine, serine, and tyrosine.
Typical results. of the MAK chromato-
graphs are shown in Fig. 1, With the
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Fig. 1. Elution profiles of aminoacyl-tRNA’s of blood cells from embryonic and
adult chickens on MAK columns. Dotted lines, optical density at 260 mgy; solid lines,
radioactivity. Amino acids labeled with “C were used in the preparation of all

aminoacyl-tRNA’s.

exception of the methionyl-tRNA,
which gave a clear alteration in the
elution profiles, there were no signifi-
cant differences in the profiles between
the aminoacyl-tRNA’s from the two
sources. Under the present chromato-
graphic conditions, both the adult- and
the embryonic-cell methionyl-tRNA
showed two major peaks in MAK
chromatography. However, a dramatic
change during development in the pro-
portion of methionyl-tRNA in the two
major peaks was observed. The ratio
of the areas under the peaks which
was 1.1 in the embryonic cells shifted
to 3.8 in the adult cells.

Figure 2 shows the elution patterns
of the aminoacyl-tRNA’s on the freon
column. The better resolution of this
chromatographic system revealed the
presence of multiple peaks for several
of the amino acids tested (arginine,
leucine, and methionine). No signifi-
cant difference was observed between
the elution patterns of the embryonic
and adult cells of the amino acids
arginine, leucine, serine, and tyrosine.
However, the elution profiles of the
methionyl-tRNA’s from cells of the two
different developmental stages showed
a striking alteration. Although both the

Fig. 2 (right). Elution profiles of aminoacyl-
tRNA’s on freon columns. Avian amino-
acyl-tRNA’s were prepared as described.
The following samples were prepared with
“C-labeled amino acids: arg (A), arg (E),
leu (E), met (A), ser (E), and tyr (A),
whereas leu (A), met (E), ser (A), and
tyr (E) were acylated with °*H-labeled
amino acids. Escherichia coli leucyl-tRNA
was prepared as described by Kano-Sueoka
and Sueoka (2). Dotted lines, optical
density at 260 mu; solid lines, radioactivity.
(In the double-labeling experiments, “C
is shown by a solid line, and *H is shown
by a dashed line.)

adult and the embryonic methionyl-
tRNA’s gave two resolvable peaks, the
proportions of the two peaks differed.
The ratio of the peaks was 1.3 for the
embryonic cells and 2.7 for the adult
cells. These results were similar to
those found with the MAK column.
In addition, the two peaks for the em-
bryonic cells were further apart; a small
third peak was observed, but its sig-
nificance is doubtful.

The chromatograph of leucyl-tRNA
from avian reticulocytes differed strik-
ingly from that from E. coli B on both
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the MAK and the freon columns. A
typical elution profile of the bacterial
leucyl-tRNA on the latter column is
shown in Fig. 3. There were at least
four major peaks in the bacterial sys-
tem, but only two were detected in
the avian system. Moreover, the elu-
tion profiles of adult and embryonic
leucyl-tRNA’s appeared to differ slight-
ly. The two embryonic peaks were
further apart. However, the signifi-
cance of this difference is not clear at
the moment.

Thus, the analysis of aminoacyl-
tRNA’s from immature erythrocytes
of chick embryos and from reticulo-
cytes of adult chickens by chromatog-
raphy on the MAK and freon columns
has revealed that the elution pattern
for methionyl-tRNA changes during
development, whereas the patterns for
the four other amino acids studied
remain essentially unaltered with a
possible difference for leucyl-tRNA.
However, it is possible that changes in
other untested tRNA’s may exist. The
fact that remarkably similar elution
patterns of the other aminoacyl-tRNA’s
were observed apparently eliminates
the possibility of ribonuclease activity
as a major factor in the observed
change in methionyl-tRNA. In a later
experiment, we examined the embry-
onic methionyl-tRNA with the use of
the same 1¢4C-methionine sample as
we had used for the adult tRNA in
Fig. 2. Because the expected embry-
onic pattern was observed, it seemed
unlikely that the difference illustrated
in Fig. 2 is due to contamination in
the 3H-methionine. The identical elution
profiles obtained either by 1¢C-, SH-,
double-, or single-labeling techniques
(as in the case of tyrosyl-tRNA) dem-
onstrated that these profiles are re-
producible and reliable.

The actual mechanism and biologi-
cal significance of this change are not
clear at the moment. The observed
modification in methionyl-tRNA dur-
ing development may be a change of
either the tRNA molecules or of the
specificities of the aminoacyl-tRNA
synthetases involved. The tRNA may
also be involved in the regulation of
protein synthesis at the translational
level (1). Moreover, our finding is of
particular interest because N-formyl-
methionyltRNA from E. coli plays a
crucial role in the initiation of protein
synthesis in bacteria (11). Two methio-
nyl-tRNA’s of E. coli have been re-
ported (12); one of these can be con-
verted to N-formyl-methionyl-tRNA,
and the other does not accept formyl
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groups. Our finding that methionyl-
tRNA’s are modified during develop-
ment agrees with the expectation based
on the model of regulation that a
change in tRNA molecules may lead
to an alteration in their functional ca-
pacity and thus may affect translation.
Joun C. LEE
VERNON M. INGRAM
Department of Biology,
Massachusetts Institute of Technology,
Cambridge 02139
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A Mutagenic Effect of Visible Light Mediated by Endogenous

Pigments in Euglena gracilis

Abstract. Mutant cells lackng chlorophyll, chloroplasts, and chloroplast DNA
were produced by irradiating Buglena gracilis in aerobic conditions with visible
or red light (greater than 610 nanometers) of an intensity equivalent to that of
direct sunlight. The photosensitizer is apparently the endogenous chlorophyll
present in the chloroplasts. These mutants are comparable to those induced by
ultraviolet light, x-rays, heat, or streptomycin. Our findings indicate that visible
light can serve as a mutagenic agent in the absence of exogenous photosensitizers,
thus directly effecting the course of evolution of organisms containing chlorophyll.

In the presence of a suitable exoge-
nous photosensitizing dye, cells exposed
to visible light and air display a photo-
dynamic action, which can be lethal
(1) or mutagenic (2) in nature. In the
latter case the photosensitizer can be
preferentially bound to nucleic acids
(3) and may act directly as a “photo-
mutagenic” agent, whereas, in other
cases, the mutagenic mechanism is not
clearly understood (4). In the absence
of an exogenous photosensitizer, it has
not been possible to demonstrate muta-
genesis with visible light under normal
physiological conditions. Kaplan and
Kaplan (5) have reported the appear-
ance of S-mutants of Serratia marces-
cens from cells which had been initi-
ally dehydrated and then rehydrated
and exposed to visible light. Except for
this experiment, it is generally held that
light with wavelengths above 300 nm
has primarily lethal action but very
little mutagenic action (6), although
there is no doubt that near-visible light
(320 to 400 nm) can be mutagenic
(7). The conditions which limit muta-
genesis with visible light include the
absence of endogenous photosensitizers
or the development of suitable protec-
tive mechanisms such as those which

operate to prevent the damage caused
by aerobic photosensitivity (8). We re-
port here the induction of a mutation
(that is, a stable, heritable change ex-
pressed in the phenotype) by visible
light in Euglena gracilis in the absence
of exogenous photosensitizers.

Euglena gracilis var. bacillaris was
cultivated on Hutner’s medium (pH
3.5) with continuous shaking under
visible light (275 lumen/m?) (9). Cells
taken during the logarithmic phase of
growth were transferred to flat-sided
tissue-culture flasks and immersed in an
aquarium tank maintained at 23°C. Air
was bubbled through the flasks for the
duration of the experiment, both to in-
sure adequate aeration and to avoid
settling of the cells. Illumination was
by means of a Sylvania Sun Gun II
(650 watts), and the intensity was de-
termined with a Yellow Springs In-
dustry radiometer, Model 65. For those
experiments involving red-light irradia-
tion, a Corning C.S. No. 2-61 glass filter
which transmits light only above 610
nm, was placed in front of the culture
flask. Illumination was continued for as
long as 6 hours, during which time the
temperature within the flask, monitored
with an electronic thermometer, was
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