Table 3. Sequences that account for all of
the nucleotide residues in the alanine RNA.

pG-G-G-C-, G-U-G-, U-MeG-G-C-, G-C-,
G-U-A-G-, DiHU-C-G-, G-DiHU-A-G-,
C-G-, C-DiMeG-, C-U-C-C-C-U-U-1-G-C-,
Mel-y-, G-G-G-A-G-A-G-U*-C-U-C-C-G-,
G-T-y-C-G-, A-U-U-C-C-G-, G-A-C-U-
C-G-, U-C-C-A-C-C-AoH

tion of the dihydrouridylic acid resi-
dues may be to “insulate” the coding
triplet from the influence of neighbor-
ing nucleotides in the polynucleotide
chain. Another possibility for the cod-
ing triplet is the I-G-C sequence, which
is in the middle of the chain and is
particularly sensitive to ribonuclease
T1. This sequence would be expected
to be equivalent to G-G-C in coding
properties. The sequence that is the
actual coding triplet is still unknown.

It is of interest to consider the struc-
ture from the standpoint of the con-
formation of the RNA in solution.
Examination of the nucleotide sequence
shows that there are no long comple-
mentary sequences that could give G
paired with C and A paired with U.
In fact, the longest complementary se-
quences contain only five nucleotides.
As a consequence, double-stranded re-
gions must be relatively short or must
contain many imperfections in base
pairing. Three conformations that util-
ize different regions of the RNA chain
in Watson-Crick type base pairing are
shown schematically in Fig. 2. These
should be considered only speculative,
and in any case it is likely that the
actual conformation of the RNA in
solution varies with the conditions. The
factors that might be expected to in-
fluence the conformation of an RNA
have been discussed (12).

The determination of this structure
of a nucleic acid represents the success-
ful conclusion of a major undertaking—
an attempt to isolate a biologically
active nucleic acid and establish its
structure. At the time that the isolation
of the alanine RNA was undertaken,
it was not known whether an individual
nucleic acid could be isolated from a
complex mixture of nucleic acids. Once
individual transfer RNA’s were isolated,
it was not known whether a nucleic
acid structure could be determined. In
retrospect, the part of the structure
determination that was completely un-
charted, namely the determination of
long nucleotide sequences, turned out
to be easier than was anticipated. The
time-consuming part of our work was
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the identification of new nucleotides
and the proof of structure of the small
fragments obtained by complete diges-
tion of the RNA with pancreatic ribo-
nuclease and ribonuclease T1. Once
the analyses of the two digests were
finished, the elucidation of the structure
was greatly facilitated by two experi-
mental developments. The first was the
discovery that ribonuclease T1 shows a
high selectivity of action at 0°C, mak-
ing it possible to isolate large fragments
from the RNA molecule. The second
was the development of highly efficient
chromatographic methods which make
use of 7M wurea solutions (73) with
long, narrow DEAE-cellulose columns
and which provide the resolution re-
quired to separate small amounts of
many different oligonucleotides (8, 9).
Together, these developments made it
possible to isolate and analyze large
fragments of the RNA, and the results
furnished sufficient information to es-
tablish the sequence.

Determination of the structure of the
alanine RNA indicates that the struc-
tures of other nucleic acids can also
be determined and provides a basis for
attempts to synthesize a biologically
active nucleic acid.
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Sweating: Direct Influence of Skin Temperature

Abstract. The onset and magnitude of the sweating response is greatly influenced
by the local skin temperature. This influence was evident with skin temperatures
above 33°C and occurred in the physiological range for thermo-regulatory sweat-
ing. The sweating rates were recorded continuously and simultaneously from

three areas of the skin.

In spite of extensive study a univer-
sally accepted theory of the regulation
of thermal sweating in man has not
been developed. It has been suggested
that the regulation of body temperature
depends upon a proportional control
system, in which the magnitude of the
response is a function of an error sig-
nal. This signal is the difference between
the actual hypothalamic temperature
and a set point temperature (/). There
is, however, a lack of agreement con-

cerning the participation of skin temper-
ature in this regulation. Interdependence
of sweating rate and skin temperature
had been suggested earlier by the find-
ings of Kuno (2), Bazett (3), and
Randall (4). From experiments in which
rates of work and metabolism and
rectal temperatures were maintained
constant, Robinson (5) concluded that
the rate of sweating was proportional
to skin temperatures up to 35.5°C. Re-
cently Belding and Hertig (6) in a
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study on working subjects and Wurster,
McCook, and Randall (7) and Bullard
(8) in studies on resting subjects have
presented evidence that sweating varied
with average skin temperatures which
were above 33°C. However, Benzinger
et al. (9) have suggested that in a
warm environment the rate of sweating
is related only to the hypothalamic
temperature and is not influenced by
skin temperatures in the range of 33°
to 39°C.

In our study a very definite effect of
skin temperature on sweating is demon-
strated by a comparison of the rates
of secretion at selected areas of the
skin having different temperatures, but
receiving equivalent efferent drives
from the central nervous system. The
rate of sweating was continuously and
simultaneously recorded from these
areas with a three-channel resistance
hygrometry system (70). In this meth-
od, air of fixed relative humidity was
passed through capsules enclosing 12
cm? of skin, and the changes in relative
humidity of the effluent air were then
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recorded. The skin temperature under
one of these capsules could be increased
and maintained at any desired temper-
ature by a small-resistance heating coil
mounted within the capsule and con-
trolled with a transformer.

The record (Fig. 1, which reads from
right to left) indicates that during
moderate work on a bicycle ergometer,
in a cool environment, sweating was
much greater in the locally heated skin
area. During the control period (minute
—7 to 0) no sweating was seen in any
of the three areas. With the initiation
of the work period the sweat glands of
the forearm area at a temperature of
36.1°C responded earlier and more in-
tensely than those of cooler areas. A
second record (Fig. 2) shows that this
differential effect was intensified with
a higher local skin temperature (fore-
arm 39.1°C). These responses have
been consistent in 15 experiments on
four male subjects and indicate that the
rate of sweating is strongly influenced
by the skin temperature of that area.

In an earlier report (11), we pre-

after moderate physical exercise in a cool room.

sented evidence that maximum work
in a warm room produced an increase
in sweating within 1 to 2 seconds. In
a cool room this rapid response could
be evoked only in the locally heated
skin area.

Similar effects were also demonstra-
ble in resting subjects. The recording
in Fig. 3 was taken during the recovery
period after moderate exercise in a cool
environment, where the room tempera-
ture cycled between 25° and 29°C.
Thus, the sweat glands of the warmed
skin were affected to a greater extent
by variation of the temperature of the
environment than those of the cooler
areas, even though the warmed skin
was not directly exposed to the room
air. While it is possible that the hypo-
thalamic temperature may have been
varying, the response of the effector
system here was greatly enhanced by
an increased local skin temperature in
the three types of experiments.

The overall results indicate that the
temperature of the human skin has an
important local influence on the activ-
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ity of the eccrine sweat glands. The
nature of the mechanism is largely un-
known. The effect seems to be of a
permissive or facilitatory nature such
that the action of efferent impulses
upon the sweat glands is enhanced.
There may be two explanations: (i)
The local excitatory state of sweat
glands is increased by heat and de-
creased by cold directly or through a
type of axon reflex. (ii) The facilitation
occurs by the interaction of impulses
from heat receptors and efferent sym-
pathetic fibers by some unknown mech-
anism.

Lloyd (72), studying the influence
of temperature upon the response of
sweat glands in the footpad of the cat,
found a shorter latency of sweat emer-
gence with higher local temperature;
he concluded that for each nerve im-
pulse the glands yield an amount of
sweat proportional to the local temper-
ature.

In many studies the influence of
skin temperature on sweating was in-
vestigated by changing the temperature
of large areas of skin or that of the
entire surface; such a change, however,
influences the mean body temperature
and presumably the hypothalamic tem-
perature. Thus, separation of surface
effects and central regulation has been
difficult. We differ with Benzinger et al.
(9) in that our results indicate that
skin temperatures over 33°C have a
marked effect on sweating. Their sug-
gestion that the inhibitory effect of
cooling is produced only by impulses
from cold receptors inhibiting the effer-
ent outflow of the hypothalamus should
therefore be reconsidered.

The local thermal effect on sweat
gland activity appears to be an im-
portant factor in thermoregulatory con-
trol. The magnitude and response time
of the immediate changes in sweating
with variations in mean skin tempera-
ture (6, 7) must have been influenced
by the local excitatory state of the
sweat glands.

W. vAN BEAUMONT
ROBERT W. BULLARD
Department of Anatomy and
Physiology, Indiana University,
Bloomington

References and Notes

1. J. D. Hardy, Physiol. Rev. 41, 521 (1961
H. T. Hammel, D. C. Jackson, J. A.
Stolwijk, J. D. Hardy, S. G. Stromme, J.
Appl. Physiol. 18, 1146 (1963); T. H. Ben-

)
J.

zinger, Proc. Natl. Acad. Sci. U.S. 45, 4
(1959).
2. Y. Kuno, Human Perspiration (Churchill,

London, 1934).
3. H. C. Bazett, in The Physiology of Heat

19 MARCH 1965

Regulation and the Science of Clothing, L.
H. Newburgh, Ed. (Saunders, Philadelphia,
1949), pp. 109-192.

W. C. Randall, Am. J. Phys. Med. 32, 292

(1953).

5. S. Robinson, in The Physiology of Heat

Regulation and the Science of Clothing, L.

H. Newburgh, Ed. (Saunders, Philadelphia,

1949), pp. 193-232.

H. S. Belding and B. A. Hertig, J. Appl.

Physiol. 17, 103 (1962).

R. D. Wurster, R. D. McCook, W. C. Ran-

dall, Physiologist 7, 291 (1964).

. R. W. Bullard, J. Appl. Physiol.

(1964).

. T. H. Benzinger, A. W. Pratt, C. K. Kitzinger,

Proc. Natl. Acad. Sci. U.S. 47, 730 (1961).

10. R. W. Bullard, J. Appl. Physiol. 17, 735
(1962).

11. W. van Beaumont and R. W. Bullard, Science
141, 643 (1963).

12. D. P. C. Lloyd, in Advances in Biology of
Skin (Pergamon, New York, 1962), vol. 3,
pp. 127-151.

13. Supported by the Office of the Surgeon Gen-
eral, Department of the Army, Contract DA-
49-0070. MD 947.

January 1965

Eol

® 2

19, 137

o

2

W

Hepatic Glycogen Depletion in
Amphiuma during Induced Anoxia

Abstract. Giant salamanders, Am-
phiuma means, measuring 240 to 280
millimeters from snout to vent, toler-
ate induced anoxia for 6 hours. After
3 hours of anoxia, hepatic glycogen
units are reduced in size and concen-
tration; after 6 hours the glycogen
units are almost completely depleted.
Greater development and changes in
the density of the endoplasmic reticu-
lum indicate that this structure partici-
pates in the mobilization of glycogen
from the cell.

Recent studies of the respiratory
metabolism of the giant salamander,
Amphiuma means tridactylum, indi-
cated that these animals could tolerate
anoxia for periods up to 13 hours
at 22°C. It therefore appeared that
Amphiuma would be a suitable animal
in which to study depletion of hepatic
glycogen with the aid of the electron
microscope.

Nine animals were placed individu-
ally in a nitrogen chamber filled with
oxygen-free water. A continuous flow
of nitrogen forced the water out of the
test chamber and flushed out exhaled
oxygen. The chamber was placed in a
water bath at 22°C.

Since there was a definite correla-
tion between size and ability to toler-
ate anoxia in this species, only ani-
mals measuring between 240 and 280
mm from snout to vent were used.
Amphiuma within this size limit toler-
ated anoxia for about 6 hours. Ani-
mals were removed after 3 and 6 hours
of anoxia, their body cavities opened,

and comparable portions of liver re-
moved. The tissue was fixed in 2-per-
cent osmium tetroxide buffered in
Millonig’s phosphate buffer (pH 7.6),
embedded in Epon (I), sectioned, and
stained for 10 minutes in saturated
aqueous uranyl acetate and then for
S minutes in lead citrate (2). Ani-
mals maintained in the laboratory for
5 days were used as controls.

As aptly reviewed by Revel, two
basic types of glycogen can be rec-
ognized with the electron microscope
(3). Alpha units are complex con-
glomerates of glycogen particles that
assume a characteristic rosette-shape.
Beta units are smaller and have
smoother edges than alpha units, and
they may be analogous to the glycogen
particles that comprise the alpha units.
Hepatic glycogen in amphibians is
usually distributed as individual parti-
cles (beta units) (3), but this was not
the case in Amphiuma.

Liver cells of the control animals
were packed with glycogen rosettes
(Fig. 1A4). The glycogen was stored
in the cytoplasm and the smooth endo-
plasmic reticulum appeared as short,
transparent areas (cisternae) within
the cells.

In the animals subjected to anoxia
for 3 hours there was an obvious de-
crease in the size and concentration
of glycogen rosettes (Fig. 1B). Also,
the cisternae were considerably length-
ened by the union of shorter sections
to form anastomosing channels. The
edges of the rosettes were smoother
than in the controls, suggesting that the
most externally exposed portions had

dissolved, leaving a smaller, more
rounded unit. At this stage the endo-
plasmic reticulum appeared more

dense than the cytoplasm.

Liver cells of the animals subjected
to anoxia for 6 hours were almost
completely devoid of glycogen (Fig.
1C) and further anastomosing of the
endoplasmic reticulum had occurred.

At higher magnifications the glyco-
gen particles of the rosettes appeared
to be composed of still smaller, punc-
tate particles (inserts, Fig. 1). These
smaller subunits may be either normal
facets of glycogen particles, or the ef-
fects of nonspecific areas of lead depo-
sition; alternatively, they may be
caused by electron-beam bombard-
ment of the specimen (3).

There was definite decrease in the
number of visible subunits per rosette
with increased time of anoxia. Thus,
ten of the largest glycogen units had
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