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ment of the genome. In the case of 
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single DNA strands in the unpaired re- 
gion would be identical instead of com- 
plementary. The differences in length 
between the single-stranded ix segment 
on *one hand, and the corresponding 
i434, i2, or b5 segments on the other, 

provide an argument against inversion; 
the absence of any observable homolo- 
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of various heteroduplexes of viral DNA 
can be accurately measured, permits 
the construction of precise molecular 
maps, including the assignment of both 
position and size to various genes (28). 
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patient who lacks the soluble enzyme 
activity. 

Livers were obtained from fetal 
rhesus monkeys (Macaca mulatta) at 
Cesarian section during the latter half 
of gestation, or by biopsy from the 
newborn and from pregnant and non- 

pregnant adults. All tissues were kept 
at 4?C and were processed within 2 
hours of sampling. Subcellular fraction- 
ation was carried out (5), and soluble 
and mitochondrial fractions were as- 
sayed radiochemically (1). The results 

(Fig. 1) reveal significant activity of 
the mitochondrial, but very little activ- 
ity of soluble tyrosine aminotransferase, 
at 75 and 100 days of gestation. The 
100-day-old monkey fetus is at a stage 
of development equivalent to that of 
the human fetus at 7 months gestation 
(6). During the period just preceding 
birth, which occurs at 168 ? 4 days 
after conception, the specific activity of 
soluble TAT progressively increased 
from 3 mmole of p-hydroxyphenylpy- 
ruvate (pHPP) per milligram per 30 
minutes at 100 days to 6 mmole at 152 
days, and 17 mmole and 12 mmole in 
the fetuses killed at 153 and 162 days. 
The combined values from individual 
animals (Fig. 1) indicate that increase 
in soluble TAT occurs just before birth 
of the animal and is not dependent on 
the birth process. The increase in activ- 
ity of the soluble form of the enzyme 
continues in the early neonatal period. 
The specific activity of the mitochon- 
drial form shows a two- to threefold 
increase during the postnatal period. 
A similar reversal from predominantly 
mitochondrial enzyme at 18 days to 
predominantly soluble TAT activity at 
20 days gestation was found in pooled 
samples of fetal rat livers. 

The transition from a low to a high 
activity of soluble TAT during late fetal 
life or at the time of delivery is consist- 
ent with the findings reported for livers 
from premature and neonatal humans 
(4), rats (7), and rabbits (8). Inasmuch 
as the mitochondrial enzyme is the 
major form during earlier periods of 
gestation, it may also be the important 
site of regulation of tyrosine metabo- 
lism in the developing fetus. The con- 
tribution of mitochondrial transamina- 
tion to tyrosine metabolism in the fetus 
has not been considered until now. By 
analogy with the alterations encoun- 
tered in the patient who lacks soluble 
TAT, steady-state amounts of both 
tyrosine and pHPP would be expected 
to be elevated until such time as the 
soluble tyrosine oxidizing system has 
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Fig. 1. Tyrosine aminotransferase in rhesus 
monkey livers during prenatal and post- 
natal development. Results are expressed 
as mean and observed range of specific 
activity (mmole of pHPP produced, per 
milligram of protein per 30 minutes) for 
soluble and mitochondrial forms (1). The 
standard deviation of the method at the 
low-enzyme activities measured during the 
prenatal period is 3 mmole. Values for 
soluble TAT at 75 and 100 days are not 
significantly different from zero. The 
lowest value for mitochondrial activity at 
both 75 and 100 days is at the 93rd per- 
centile of the t distribution. 

developed, that is, at about birth. The 
contribution of the increase in mito- 
chondrial transamination after birth is 
unknown. 

Amounts of tyrosineine in serums from 
rhesus monkey fetuses at 152 and 153 
days of gestation were 0.562 and 1.667 
mg per 100 ml, compared to 0.217 and 
0.435 mg per 100 ml in the maternal 
serum (9). Amniotic fluid obtained at 
75 and 161 days of gestation contained 
0.062 mmole and 0.120 mmole of 
pHPP per liter (10), an indication that 
tyrosine is catabolized during intra- 
uterine life. 

The two subcellular pathways for 
tyrosine metabolism are illustrated in 
Fig. 2. During the prenatal period 
before significant soluble TAT activity 
appears, only the mitochondrial path- 
way would operate. It differs from the 
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Fig. 2. Soluble and mitochondrial path- 
ways of tyrosine metabolism. 

soluble pathway in two ways: no pHPP 
hydroxylase is present in mitchondria 
(11), and glutamate, which inhibits 
both forms of TAT, does not accumu- 
late. Regeneration of a-ketoglutarate 
from glutamate by glutamate dehy- 
drogenase was demonstrated in mito- 
chondria from adult rat liver samples 
(I). Glutamate dehydrogenase was 
also found in mitochondria from rhesus 
fetal livers as early as the 75th day of 
gestation (12). 

Factors which predispose to tyro- 
sinemia and tyrosyluria in the newborn 
include prematurity and a diet which is 

high in protein and low in ascorbic 
acid. Therapy with large doses of as- 
corbic acid completely reverses the 
metabolic abnormalities (13), and no 
permanent residua have been found in 
the subsequent development of such 
infants (14). 

Postnatal development of TAT and 
activation of pHPP hydroxylase by 
ascorbic acid may account for the 
transitory nature of this defect (4). 
The time of appearance of the soluble 
enzyme coincides with birth in rats and 
rabbits (7, 8). The late prenatal rise in 
rhesus monkey fetuses suggests that the 
factors responsible for induction and 
repression of soluble TAT may be re- 
lated to gestational age in primates. 
These include the hormones, hydro- 
cortisone (15), growth hormone (16), 
glucagon, insulin (17), and other less 
direct effectors such as blood glucose, 
epinephrine, and adenosine-3',5'-cyclic 
phosphate (cyclic AMP) (18). The 
mitochondrial form is responsive to 
hydrocortisone induction in adult rat 
liver (1). 

Except in the known inborn errors 
of tyrosine metabolism (1, 19), sig- 
nificant deviations from normal steady- 
state amounts of tyrosine and pHPP 
occur rarely in postnatal life. McCann 
et al. (20), described slight elevations 
of pHPP in urine from patients with 
connective tissue disease or liver dis- 
ease. An understanding of both normal 
and defective tyrosine metabolism must 
take cognizance of the existence of the 
two tyrosine metabolizing systems. 
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The values of electrical resistivity 
and activation energy of liquid and 
crystalline albumin found by different 
investigators (1, 2) vary considerably. 
Although it is not pure albumin, egg 
white upon being dried becomes a hard, 
clear, amber-colored solid that can be 
handled easily. Conductivity studies on 
it encounter neither the barrier prob- 
lems associated with powders nor the 
electrode problems associated with solu- 
tions, and, except for being heated and 
dried, the natural substance is not 
treated in any way. We therefore in- 
vestigated some of the electrical prop- 
erties of the material in the belief that 
they might prove a useful adjunct to 
the findings for albumin, by serving as 
a bridge to values for a biological ma- 
terial in the natural state. 

Samples were prepared from chunks 
of egg white that had been boiled in 
water for 15 minutes and dried in air 
for several days. The hard, translucent 
solid of less than half its original vol- 
ume was painted on two sides with 
silver epoxy, to which leads were at- 
tached. A guard ring encircling the re- 
maining sides prevented surface cur- 
rents from being recorded. A Chromel- 
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constantan thermocouple was cemented 
to the guard ring with insulating epoxy. 

For potentials under 1.5 volts a bat- 
tery and potentiometer were used; for 
potentials between 1.5 and 100 volts 
a high-voltage supply was used. Cur- 
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rents were measured with a picoam- 
meter. Temperature was varied with a 
thermoelectric heater-cooler attached to 
two copper rods that held the sample 
on the sides with electrodes, the latter 
being electrically insulated from the 
rods. The sample was contained in a 
light-tight box and could be illuminated 
through an optical shutter by a 100- 
watt mercury lamp, Corning glass filters 
isolating different regions of the spec- 
trum. 

The absorption spectrum, measured 
with a Cary-14 spectrophotometer, was 
essentially flat over the visible and near- 
ultraviolet range. For a sample thick- 
ness of several millimeters, radiation 
from the untraviolet to 5500 A is ab- 
sorbed totally. From 5500 A to longer 
wavelengths 1 or 2 percent is trans- 
mitted, accounting for the sample's 
translucency and yellow color. 

Curves of dark current as a function 
of voltage, at different temperatures, 
for a sample 0.8 by 0.8 by 0.5 cm thick, 
are shown on a linear scale in Fig. 1. 
The current is not ohmic; it depends 
roughly on the square of the voltage. 
Figure 2 shows the current as a func- 
tion of the reciprocal temperature on a 
semilogarithmic scale. There seem to 
be several slopes, the steepest at higher 
temperatures, yielding an activation en- 
ergy AE equal to 2.94 ev in the ex- 
pression 

i io e-AE/KT 

where i is the current density, i0o is a 
constant, K is Boltzmann's constant, e 
is the exponential, and T is the ab- 
solute temperature. The middle range 
yields a slope corresponding to AE of 
1.47 ev. Although at lower tempera- 
tures the slope seems to flatten and 
then become steeper, a single slope has 
been drawn. The behavior in this last 
range is shown more clearly in Fig. 3, 
where the logarithm of the current, at 
1 volt, is plotted against the reciprocal 
temperature. 

When the current is proportional, 
not to the voltage, but to some higher 
power of the voltage, an activation 
energy may still be relevant when the 
same activation energy is applicable to 
all voltages. It is possible, in that case, 
that the origin of the voltage depen- 
dence is not related to the source of 
current but is an independent phenom- 
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What emerges from these measure- 
ments are, first, large activation en- 
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Conductivity and Photoconductivity in Egg White 

Abstract. Activation energies of 1.47 to 2.94 electron volts were obtained in 
egg white. These values are too large to be consistent wtih the large observed 
currents if one uses a semiconductor model and indicate that the standard semi- 
conductor model is inappropriate for this biological material. 
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