the calculation is in a range where one
or two additional base differences affect
it markedly. When calculated (6) for
best fit, there is 0.22 hit per site on 54
variable sites, which is discordant with
the snake-bird comparison, but one
more two-base change would bring the
computations into line for 0.55 hit per
site on 25 variable sites, with one-
fourth as many REHC for turtle as for
snake (0.14 versus 0.58). The statis-
tical variance in the estimate of the
number of variable sites is thus large
and very strongly dependent on the
sample of sequences available. This
large variance is not, however, a prop-
erty of the estimate of the number of
REHC. In fact, it can be shown (11)

that the observed difference in the °

number of amino acid substitutions
between the snapping turtle-chicken
and rattlesnake-chicken exceeds chance
fluctuations by a factor of more than
3.6.

A direct comparison of turtle and
snake (Table 3) shows that the two
reptiles have diverged widely, and we
infer that most of this divergence is
due to changes in snake. The four birds
inter alia show very little divergence,
even though the penguin is in a differ-
ent superorder (9) from the other
three. When snake, turtle, and chicken
are compared for amino acid differ-
ences with the cytochromes ¢ of seven
nonreptilian and nonavian vertebrates
[lamprey, dogfish, tuna, kangaroo,
bovine, rabbit, and human (2)], in each
case the snake differs more than either
turtle or chicken. The average amino
acid difference between snake and
these seven species is 21.0 = 4.5
(S.D.); the corresponding average for
both turtle and chicken is 13.4 = 4.2,

The Reptilia are a large and diverse
class that includes both primitive and
“modern” animals, so that it might be
expected that turtle and rattlesnake
would represent widely divergent lines.
However, the difference between turtle
and rattlesnake of 21 amino acid resi-
dues per 100 codons is notably larger
than many differences between repre-
sentatives of widely separated classes,
for example, 17 between chicken and
lamprey, or 16 between horse and dog-
fish, or even 15 between dog and screw-
worm fly in two different phyla.

The identification of the variable
codons in rattlesnake cytochrome ¢ is
" further supported by comparing it with
bovine cytochrome c, All 20 of the
sites differing in this comparison also
differ in the snake-turtle comparison.
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The differences in Tables 1, 2, and 3 -

suggest that the evolutionary rate of
change of vertebrate cytochromes ¢ is
species-dependent as well as time-
dependent,
TaOMAS H. JUKESs

RicHARD HOLMQUIST
Space Sciences Laboratory, University
of California, Berkeley 94720
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Pineal Serotonin N-Acetyltransferase Activity

Abstract. Light acting by way of the eye causes the dark-induced activity of
serotonin N-acetyltransferase in the pineal gland of the rat to decrease with a
halving time of about 3 minutes. This effect, which is one of the more rapid phys-
iological changes known to occur in the activity of any enzyme that metabolizes
biogenic amines, appears to explain the rapid increase in the concentration of
pineal serotonin that is caused by light exposure at night.

Serotonin = N-acetyltransferase con-
verts serotonin (5-hydroxytryptamine) to
N-acetylserotonin (N-acetyl-5-hydroxy-
tryptamine), the precursor of melatonin
(5-methoxy-N-acetyltryptamine)  (I).
The activity of serotonin N-acetyltrans-
ferase in the pineal gland of the rat
increases at night in the dark, when
rats are active, to values that are 15 to
70 times greater than the day values
(2, 3). It was not known if light could
decrease the activity of this enzyme
after it had been dark-induced. We now
report that exposure to light at night
causes a rapid decrease in the activity
of pineal N-acetyltransferase.

Groups of male Osborne-Mendel

(NIH strain) rats (200 to 225 g) were

housed for 7 to 10 days in a room
without windows, but with automatically
regulated lighting that provided 14
hours of light and 10 hours of dark-
ness. The lights were turned off at 7:00
p.m. At 11:30 p.m. the animals were
removed from that dark room and trans-
ferred to a room where the lighting was

about 100 lumen/m?2 (4). After being
in the light for 0.25 to 10 minutes, the
animals were stunned and immediately
decapitated. The pineal glands were re-
moved within 30 seconds of decapita-
tion, were frozen on solid CO,, and
were stored for 12 hours at —20°C.
Serotonin N-acetyltransferase activity in
individual pineal glands was estimated
as described (2, 3). When animals were
placed in the lighted room the activity
of pineal serotonin N-acetyltransferase
was above 5000 units (Fig. 1). During
a 10-minute exposure to light the activi-
ty fell to 400 units. The halving time
(t/2) was slightly less than 3 minutes.

To determine whether we were actu-
ally observing an effect of light acting
by way of the eye or if handling of the
animals was causing the decrease in
enzyme activity, we used blinded animals
in a second study. The rats were
blinded by bilateral enucleation while
under ether anesthesia 36 hours prior
to decapitation. They were housed in
cages with control animals that had been
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Fig. 1. Effect of light exposure on pineal
N-acetyltransferase activity in animals at
night in the dark. Each point represents
enzyme activity in an individual rat pineal
gland. Halving time, #/2. The line was
drawn by the least-squares method.

anesthetized but not blinded at the time
of surgery. The response of five control
and six blinded animals to light ex-
posure was determined over a 15-
minute period in the same type of ex-
periment as above (Fig. 2). The /2
for the disappearance of enzyme activity
in controls was again about 3 minutes.
The correlation coefficient of enzyme
activity and the time in light was 0.93
for the control group; that of the
blinded group was 0.28. This lack of
any effect of light in blinded animals
indicates that light is acting by way of
the eye, and that the decrease is not
due to handling or to light acting by
way of a nonretinal photoreceptor. This
is consistent with the observation of a
24-hour rhythm in pineal N-acetyltrans-
ferase activity in blinded animals kept
in continuous lighting (2).

Illnerova has observed that the con-
centration of serotonin in the rat pineal
gland increases by about twofold from
night values to day values within 14
minutes (5). The mechanism of this
rapid effect was unknown, but the ex-
planation may lie in the rapid change in
N-acetyltransferase activity. Based on
the available evidence, it has been pro-
posed that the circadian rhythm of sero-
tonin in the pineal gland is regulated by
the inverse rhythm of N-acetyltrans-
ferase, which causes an increased re-
moval of serotonin by N-acetylation at
night and a decreased rate of removal
during the hours of daylight (2). It ap-
pears reasonable to extend the N-
acetylation explanation to include the
rapid effect of light on pineal serotonin.

The physiological importance of a
rapid change in N-acetylation of sero-
tonin may be related to the secretion of
melatonin, the putative antigonado-
trophic hormone of the pineal gland (5).
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The findings of organ culture experi-
ments indicate that large changes in the
production and “secretion” of melatonin
by the pineal gland are regulated by the
activity of N-acetyltransferase (2, 3, 7).
Perhaps the rapid effect in vivo of light
on the activity of N-acetyltransferase
would be transferred into a similar large
and abrupt decrease in melatonin pro-
duction and secretion, thus increasing
the precision and accuracy of the pineal
gland acting as an “endocrine trans-
ducer” that changes information about
the daily dark period into an endocrine
signal, that is, the duration of melatonin
secretion (8). This precision may be
most important to seasonal breeders,
such as the ferret, which become re-
productively active when the daily dark
period is shortened several hours (9).
Shorter nights would be expected to
produce shorter daily periods of mela-
tonin secretion. The accumulative effect
of this may be gradual changes in re-
productive activity. Alternatively, the
rapid change in N-acetyltransferase ac-
tivity may be related to daily changes
in reproductive or other behavior pat-
terns.

The mechanism through which light
acts to decrease pineal N-acetyltrans-
ferase activity may involve only the
turning off of the system that is re-
sponsible for the transsynaptic norepine-
phrine-adenosine 3’,5’-monophosphate
induction of enzyme activity by dark-
ness. This neural-biochemical pathway
appears to include the retina, central
neural structures, the superior cervical
ganglia, the release of norepinephrine
from sympathetic nerve endings, the ac-
tivation of adenylate cyclase, and the
stimulation of pineal adenosine 3’,5'-
monophosphate (7, 10). Alternative hy-
potheses include: (i) the nonadrenergic
neural transmission of a visual signal;
(ii) the release of a second transmit-
ter from nerve endings in response to
the net uptake of norepinephrine, which
would occur at the termination of the
dark-induced norepinephrine release
(11); and (iii) electrochemical changes
in the pinealocyte, which may be as-
sociated with termination of neural
stimulation. The rapid nature of the
change in enzyme activity fits better with
a model for enzyme inactivation, rath-
er than with one including enzyme
degradation. Perhaps the rapid change
in activity depends on the rapid conver-
sion of an N-acetyltransferase stabilizing
compound to a nonfunctional form that
allows the spontaneous thermal inactiva-
tion of the unstabilized enzyme.
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Fig. 2. Effect of blinding on the light-
induced disappearance of pineal serotonin
N-acetyltransferase activity at night. Lines
were drawn by the method of least squares.

The light-induced drop in the activity
of pineal serotonin N-acetyltransferase
is one of the more rapid physiological
changes known to occur in the activity
of any enzyme that metabolizes
biogenic amines. Serotonin N-acetyl-
transferase activity has been detected in
several areas of the brain (3). Large,
rapid, and localized changes in the ac-
tivity of this enzyme in the brain may
occur and may be involved in the medi-
ation of rapid changes in behavioral
states that seem to involve serotonin,
such as sleep (12).

Davip C. KLEIN
Joan L. WELLER
Section on Physiological Controls,
Laboratory of Biomedical Sciences,
National Institute of Child Health and
Human Development,
Bethesda, Maryland 20014
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