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Inability to convert phenylalanine to tyro-
sine, a reaction catalyzed by the enzyme sys-
tem phenylalanine hydroxylase, is known to
occur as an hereditary metabolic abnormality.
Jervis(1) and Udenfriend and Bessman(2)
have reported that individuals with phenyl-
pvruvic oligophrenia almost completely lack
the ability to oxidize phenylalanine, while Jer-
vis(3) has shown that postmortem specimens
of livers of two patients with this disease were
inactive in in vitro assays for phenylalanine
hydroxylase. Recently, detailed biochemical
observations on liver biopsy(4) and autopsy
(5) material have confirmed and extended his
findings.

Since other enzymes whose deficiencies in
postnatal life are associated with disorders of
incomplete metabolism are known to be essen-
tially inactive in fetal life(6)—glucose-6-phos-
phatase(7) and the enzymes of tyrosine oxi-
dation (8)—it seemed worthwhile to determine
if the enzyme system, phenylalanine hydroxy-
lase, demonstrates a similar developmental
pattern.

Methods. Fetal, newborn, and adult rats
of the Long-Evans strain were used. Fetal
animals were studied as close as possible to
predicted term. They and newborn rats were
killed by decapitation; adult rats by a blow to
the head. Livers were removed in the cold

* This work was supported in part by grants from
Natl. Inst. of Arthritis and Meabolic Diseases, N.IH.,
Assn. for Aid of Crippled Children; and Damon
Runyon Memorial Fund.

room (temperature 2 to 4°C) and immedi-
ately placed on cracked ice. Fetal as well as
newborn livers were pooled to obtain adequate
samples. The livers were homogenized in the
cold with a Teflon homogenizer in 2 volumes
of ice-cold 0.15 M KCl. Homogenates were
spun in a Spinco Model L centrifuge for 30
min. at 100,000 x gravity. The soluble frac-
tions were assayed directly or after 3 hours of
dialysis against 0.15 M KCl in 0.01 M phos-
phate buffer at pH 7.0. Freezing at -15°C
for several days resulted in no loss of activity.
The soluble fractions of livers (1.0 ml) were
shaken at 35°C in air in a reaction mixture
containing 2 uM of L-phenylalanine, 150 pM
of phosphate buffer, pH 7.0, 5 uM of nico-
tinamide, and 2 uM of reduced diphosphopy-
ridine nucleotide; final volumes were 1.75 ml.
The reaction was stopped after 20 to 60 min-
utes incubation by addition of 1.75 ml of 10%
trichloroacetic acid. Following centrifuga-
tion, formed tyrosine was measured colori-
metrically (9) on suitable aliquots of the de-
proteinized solution. Control values obtained
with reaction mixtures incubated without phe-
nylalanine were subtracted in each case.
Preparations of known activity were concur-
rently assayed to ensure satisfactory experi-
mental conditions. Nitrogen was determined
on aliquots of the liver soluble fractions by
the Ma-Zuazaga modification of the micro-
Kjeldahl method (10).

Results. Phenylalanine hydroxylase activ-
ity in dialyzed soluble fractions of livers of
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TABLE 1. Effecct of Dialysis on Activity of Phen-
ylalanine Hydroxylase in Liver Soluble Fractions
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FIG. 1. Phenylalanine hydroxylase activity of rat

liver in relation to age. Dialyzed soluble fractions
of liver were assayed as described in the text. Height
of bars represents the mean; lines drawn through
points represent range of experimental values ob-
tained. Figures in parentheses denote number of
experiments performed. Values greater than 0.4 M
tyrosine/mg N correspond to complete conversion of
the 2 uM of phenylalanine added to the reaction
mixtures.

fetal, newborn, and adult rats are summarized
graphically in Fig. 1.

Fetal rats. Experiments with dialyzed sol-
uble fractions of fetal liver indicated that con-
version of phenylalanine to tyrosine was ab-
sent or negligible at this stage of development.
Samples were incubated for one hour; under
these conditions 8% or less of the added phe-
nylalanine was hydroxylated.

Newborn rats. Enzyme activity of dialyzed
preparations of livers of rats less than 24
hours old was within the range of fetal prepa-
rations; not more than 89 of added phenyl-
alanine was converted to tyrosine. These es-
sentially inactive soluble fractions could not
be stimulated by addition of larger amounts
(up to 6.0 uM) of pyridine nucleotides in
either oxidized or reduced form. In the dia-
lyzed soluble fractions of livers of rats 4 to
12 days old, complete conversion of the added
phenylalanine to tyrosine was observed in one
of the assays. The other 4 converted 35 to
55% of the phenylalanine.

Adult rats. Phenylalanine hydroxylase ac-
tivity of dialyzed soluble fractions of livers

of Rats.*
uM tyrosine/ml sol. frac.
After
Before dialysis 9% aetiv-
Age dialysis for 3 hr ity lost
Adult 1.84 1.34 27
" 2.37 1.24 48
” 2.02 1.68 17
” 2.11 1.23 42
Fetus 0 0
” 15 .05 67
Newborn (23 hr) .85 .16 81
” (4 days) 2.18 1.14 48

* Tncubation time for liver soluble fractions of
adult rats—20 min.; of fetal and newborn rats—
60 min.
obtained from adult animals of both sexes,
following periods of incubation of 20 to 60
minutes, showed a conversion capacity of 50
to 90% of added phenylalanine in 20 minutes.
Within one hour conversion was complete in
8 of 10 observations. In the remaining 2,
conversion was 80% and 95% complete.

Effect of Dialysis. Recent studies by Kauf-
man(11,12) on the mechanism of this reaction
in liver extracts have indicated the presence of
a hitherto unrecognized cofactor. Since this
cofactor is presumably dialyzable, the influ-
ence of dialysis on the activity of the soluble
fraction was studied (Table I). The activity
of adult liver preparations was decreased 17
to 48% after 3 hours of dialysis. Soluble
fractions of livers of fetal and newborn rats
were also tested before and after dialysis.
Loss of activity in these preparations was con-
siderably more marked, ranging from 48 to
81%. Nevertheless, the activity of undia-
lyzed preparations of fetal livers never ex-
ceeded a conversion of 8%, and in one experi-
ment, no activity was found prior to or fol-
lowing dialysis. Thus the low activity of
fetal and newborn liver preparations is not
due primarily to inactivation by dialysis, but
the more marked lability of these preparations
does suggest that they contain less of a
dialyzable component (or a component more
readily inactivated during dialysis) than those
of adult animals.

Discussion. The results indicate that phe-
nylalanine hydroxylase activity is absent or
negligible in the livers of fetal rats near term
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and in newborn rats less than 24 hours old.
Within a few days following birth the enzyme
system approaches the level of activity ob-
served in adult animals.

It has recently been established that con-
version of phenylalanine to tyrosine in liver
extracts requires participation of 2 discrete
enzymes(13), as well as reduced pyridine nu-
cleotide(14) and the unidentified cofactor
mentioned previously. One of the compon-
ents of the enzyme system can be found in
tissues which do not hydroxylate phenylala-
nine, while the second enzyme, which is spe-
cific, has been found only in liver. This sec-
ond specific enzyme is now known to be the
component which is lacking in the livers of
individuals with phenylketonuria(4,5). Re-
cent experiments in this laboratory have
shown' that the non-specific components of
the overall reaction are present in fetal liver,
and that inactivity of these preparations can
also be traced to a deficiency in the specific
enzymic component of liver. The study of
phenylalanine hydroxylase provides a striking
example of a situation wherein enzymic de-
ficiency encountered in an hereditary meta-
bolic disease, phenylpyruvic oligophrenia, oc-
curs as the normal pattern in the fetal mam-
mal. Further studies of this enzyme in the
fetal animal may contribute information on
the pathogenesis of the enzymic defect of phe-
nylpyruvic oligophrenia.

Summary. Development of phenylalanine
hydroxylase in livers of fetal, newborn,
and adult rats has been studied. The
results indicate that the enzyme system de-
velops shortly after birth. Activity of the
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enzyme is negligible in livers of fetal rats
near term and rats less than 24 hours old; it
approaches the adult level in livers of animals
only a few days old. The virtually inactive
preparations obtained from livers of fetal and
newborn animals could not be activated by
adding increasing amounts of pyridine nucleo-
tide to the reaction mixtures in either oxidized
or reduced form. The activity of soluble frac-
tions of adult liver was partially lost during
short dialysis; the initially low activity of
preparations of livers from fetal and newborn
animals was particularly sensitive to this pro-
cedure.
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