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Changes in Tryptophan Peroxidase
Activity in Developing Liver

Some enzymes found in adult mam-
malian liver are absent from fetal liver.
These enzymes are present in low activ-
ity at the end of gestation, and they in-
crease rapidly to adult levels in a mat-
ter of hours or days after birth. This
developmental pattern was first demon-
strated for glucose-6-phosphatase (1);
more recently it has been shown for
phenylalanine hydroxylase, tyrosine-oxi-
dizing enzymes, and uridine diphospho-
glucuronic acid transferase (2). The
questions arise: What mechanisms con-
trol the appearance of these enzymes late
in gestation? What factors control -the
dramatic increase in activity which oc-
curs after birth? One suggested mechan-
ism is that of substrate induction. Knox
reported that injection of L-tryptophan
into normal adult rats or into adrenalec-
tomized animals caused a transient in-
crease in activity of liver tryptophan
peroxidase (3). Knox presented evi-
dence that the effect depended upon sub-
strate induction.

To assess the possible role of substrate
induction in the development of en-
zymes, we studied liver tryptophan: per-
oxidase in the guinea pig, measuring lev-
els of activity and. the effect of L-trypto-
phan injection in fetal and postnatal
stages up to the adult (4). This survey
of tryptophan peroxidase revealed that,
as with glucose-6-phosphatase, two dis-
tinct changes occur during development:
an initial appearance of activity late in
gestation and a rapid increase to adult
levels after birth (Fig. 1). We found
that injection of L-tryptophan into the
fetus or into the mother before term had
no effect on fetal liver tryptophan per-
oxidase activity. Injection of L-trypto-
phan in combination with ACTH or
ACE also had no effect. Injection of a
term fetus, in utero or after delivery by
section, resulted in a small increase in
fetal liver activity. A newborn guinea
pig, after injection, showed a similar
small increase. Twenty-four hours after
birth, when liver tryptophan peroxidase
activity had attained adult levels, the in-
crease in activity following injection was
as great as in the adult (Fig. 1).

As Knox has shown, the controlling
mechanism increasing tryptophan perox-
idase activity in adult liver after rL-tryp-
tophan injection is substrate induction
(3). The relative refractoriness of fetal
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liver to L-tryptophan suggests that sub-
strate induction is not the rate-limiting
mechanism controlling the changes in
enzyme activity observed during devel-
opment.

In brief, the observations discussed
above were made in the following man-
ner. Assay of tryptophan peroxidase ac-
tivity was carried out in 12.5-percent
homogenates, as described by Knox (5).
All assays were done on single livers.
Conversion of L-tryptophan to kynure-
nine was measured. This is a two-step
reaction; the first step is catalyzed by
tryptophan peroxidase, the second, by
formylase. Formylase is not rate-limiting
in the over-all reaction in adult or fetal
guinea-pig liver homogenates, for for-
mylkynurenine, the product of the first
step, does not accumulate. Also kynure-
nine is not metabolized in such homog-
enates, so the over-all conversion of r-
tryptophan to kynurenine is a measure
of tryptophan peroxidase activity.

To study the effect of L-tryptophan on
liver tryptophan peroxidase activity, an
animal was given 1 mmole of L-trypto-
phan intraperitoneally for each 200 g of
weight. After 5 hours the animal was
sacrificed by cervical dislocation, and the
liver was assayed. Subcutaneous injection
of 1-tryptophan in the adult was as ef-
fective as intraperitoneal injection in
raising tryptophan peroxidase activity.
Injection of saline was without effect.

L-Tryptophan was injected into fetuses
in utero in amounts proportional to the
estimated weight. The mother was anes-
thetized with diethyl ether, a paramed-
ian abdominal incision was made, and

the fetus was injected intraperitoneally
through the uterine wall. After 5 hours
the mother was sacrificed, the fetuses
were delivered by hysterotomy, and the
livers were assayed. Anesthesia and la-
parotomy alone did not increase mater-
nal liver tryptophan peroxidase activity.
Intraperitoneal injection of L-tryptophan
into the pregnant animal or into the fetus
increased maternal liver tryptophan per-
oxidase activity about fivefold without
affecting fetal liver activity. In all cases
the injected fetuses seemed to be normal
at the time of sacrifice.

It should be emphasized that the de-
ficit of tryptophan peroxidase activity
observed in fetal liver is due to absence
of the active enzyme and not to a de-
ficiency of a heat-stable cofactor or to the
presence of an inhibitor in the homog-
enate. This conclusion was reached be-
cause the addition of fetal liver homog-
enate to adult liver homogenate had no
effect on the activity found in the latter.
Also, addition of a heated extract of
adult liver failed to stimulate activity in
fetal liver homogenates.

Some enzymes which have no activity
in fetal liver until the end of gestation
have been found to have little or no ac-
tivity in certain hereditary diseases (6).
It has been suggested (1) that such a dis-
ease can be viewed as a persistence of the
fetal condition into postnatal life. One
might predict that an inherited deficit
will be discovered for each enzyme with
a developmental pattern like tryptophan
peroxidase. However, an inherited defi-
cit of an enzyme necessary for fetal me-
tabolism would probably elude discovery
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Fig. 1. (Solid circles) Tryptophan peroxidase activity; (squares) tryptophan peroxidase
activity 5 hours after injection of 1 mmole of L-tryptophan per 200 g of weight.
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because of the likelihood of intra-uterine
death. Though, as yet, no inherited dis-
ease characterized by a deficit in trypto-
phan peroxidase activity has been de-
scribed, a case reported by Baron is sug-
gestive (7).
ANDREw M. NEMETH
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University of Pennsylvania,
Philadelphia
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Psychological Brightness
Reduction of Simulated Flashes
from a Polyhedral Satellite

Abstract optical properties (such as
brightness, frequency, and duration) of
solar flash reflections to be expected from
a polyhedral satellite have been dis-
cussed extensively elsewhere (1). How-

ever, since a leading advantage of such °

design for an artificial satellite would
be the relative ease and certainty of
visual observation of it, there remain to
be studied further the human visual re-
actions which might result from such
optical properties. In particular, one
might ask how the apparent brightness
or conspicuousness of the satellite would
be affected by the reflected sunbeam’s
consisting of intermittent pulses having
a frequency of perhaps 10 per second
and a pulse duration of less than 0.001
second.

Visual response to intermittent illu-
mination is generally described by two
psychological theories (2). First, Tal-
bot’s law states that, for flash rates
greater than the “critical flicker fre-
quency,” the fused image always ap-
pears fainter than a steady source, and
of brightness equal to the time-mean
brightness (3, p. 118). For example, if
the image appeared fused at flash fre-
quency of 10 per second, and the flash
durations were 0.001 second, the image
brightness would be 0.001/0.1, or 1/100
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of its steady brightness—that is, it would
be reduced by five stellar magnitudes.

But the proper applicability of Tal-
bot’s law depends on the flash rate’s be-
ing above the critical frequency. This
critical rate has been extensively meas-
ured for various colors and intensities of
light. Curves plotted by Hecht (4) show
that, for night (rod) vision, the critical
flicker frequency is about 15 per second,
while for fainter and redder sources it
may decrease to 10 or below. Hence, al-
though Talbot’s law giving a time-mean
brightness would hold for polyhedral
satellites flashing more than 15 times per
second, for lower flash rates it would
not be strictly applicable.

It has been shown (3, p. 138) that for
such flash rates below the fusion fre-

to-dark ratio, a linear logarithmic in-
crease of brightness with decrease of
frequency—that is, a linear variation of
apparent stellar magnitude in proportion
to frequency below that of fusion. Thus,
for the above example in which bright-
ness at the fusion frequency of 10 per
second was reduced by five magnitudes,
the reduction at a frequency of 4 per

Table 1. Diminution of the intermittent
image for three typical flash rates.

Steady  Flashing
Star magni- magni- Dimming
tude tude

Run No. I (frequency, 3.3/sec;
duration, 0.00152 sec)

quency the apparent brightness of the Jupiter -14 +1.2 +2.6
flickering light increases continuously Vega +0.1 +1.8 +1.7
with decreasing frequency. Indeed, for ~ Arcturus  +0.2 +1.2 +1.0
day (cone) vision and light-to-dark ra- ~ Saturn +0.5 +2.7 +2.2
tios of at least 1 to 1, the enhancement /SXllEalr 1(1)2 i;g 1(2)2
effect, discovered by Bartley, gives, for a pica - ) )
frequency of about 9 per second an ap- Nc[l?an . 1.8%0.9
parent brightness actually greater than mming +1.820.
the steady'brightness, by a‘factor equal Run No. 2 (frequency, 6.2/sec;
to the reciprocal of that given by Tal- duration, 0.00081 sec)
bot’s law. However, the Bartley effect  Jupiter -1.4 +0.7 +2.1
for a light-to-dark ratio as low as the Arcturus  +0.2 +1.9 +1.7
expected 1 to 100 of a polyhedral satel- Spica +1.2 +3.4 +2.2
lite seems not to have been investigated Mean
by the psychologists. dimming +2.0+0.1
Nevertheless, it appears certain that, )
for frequencies below that of fusion, the Run j\/ "'f. (f ’qugggg’ 7.7/sec;
brightness above the time-mean would . uraiton, o. sec)
Iy i ith d ine f Jupiter +1.4 +1.4 +2.8
generally increase with decreasing fre- A pe 402 +9.9 +9.0
quency, so that, for zero frequency, it Spica £1.0 +33 +9.1
would always equal the steady bright- M
. . . ean

ness. {\s an approximation hypot!lesm dimming £92.3+0.2

one might assume, for a constant light-
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Fig. 1. Variation of apparent stellar magnitude with flash frequency for critical (fusion)

frequency of 15 per second.
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