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On the Nature of Enzymatic Defect in Phenylpyruvic Oligophrenia. (23034) 

CHOZO MITOMA, RICHARD 31. AULD AND SIDNEY UDENFRIEND 
(Introduced by A. Meister) 

Laboratory o f  Clinical Biochemistry, A-atl. Heart Znst., N.Z.H., Bethesda, M d . ,  and Pediatric 
Depart titent, Georgetown Hospital, Washington, D.C. 

In a previous communication( 1) from this 
laboratory, it was reported that phenylalanine 
hydroxylase consists of 2 protein fractions : 
one of which (Fraction I) is present only in 
the liver and the other (Fraction 11) in almost 
all tissues, including brain. 

Since patients with phenylpyruvic olipo- 
phrenia are essentially devoid of phenylala- 
nine hydroxylase activity ( 2,3,4) , the question 
arises as to which, if not both, of the 2 frac- 
tions may be absent in this disorder. In the 
present communication, data are presented to 
show that Fraction I1 is present in phenylke- 
tonuric patients and some of the implications 
of these findings are discussed. 

Methods. Liver samples" from normals 
and phenylketonuric patients were obtained 
at autopsy, 4 hours after death, and kept in 
frozen state until use. Four grams of liver 
were thawed. minced and homogenized in 3 
volumes of isotonic KCl. Fractions I and I1 
from both human liver and rat liver were 
prepared, as described previously ( 1 ) : the 
terms, purified enzyme fraction and crude en- 
zyme fraction! used in the Tables, refer to 
terms used in that paper. The incubation 
conditions and the method for enzyme assay 
were also the same as used before ( 5 ) .  

Results. As shown in Table I, conversion 
of phenylalanine to tyrosine was catalyzed 
upon recombination of rat Fraction I with rat 
Fraction 11. In these studies combination of 
Fractions 1 and I1 of human liver, both nor- 
ma1 and phenylketonuric. failed to catalyze 
this reaction. This was apparently due to 

*The Ipatient was a 2-year-old white female ex- 
hibiting characteristic chemical and clinical symptoms 
of phenylpyruvic oligophrenia. The normal liver, 
data for which are shown in Table IT, was also ob- 
tained from a 2-year-old, white female. Another 
sample of liver was obtained from a 6-month-old, 
white male. The authors are indebted to Sister Fer- 
nandes of the Pathology Department of Georgetown 
Hospital for providing us with the autopsy samples. 

- _  - ._ 

TABLE I. Presence of Fraction I1 in Phenylketo- 
nuric Liver. 

Enzyme pmole of 
preparations" tyrosine formed 

RI .@ I 
R.11 .o 

R.1 + R I I  .44 
PI + PI1 .o 
PI + R I I  .o 
R I  + PI1 .4@ 

* Purified enzyme fractions were used in these 
thspclriments. RI-Rat liver Fraction I, 13.5 mg/ 
Imiker. RTI-Rat liver Fraction 11, 6.9 mgbeaker.  
PI-Phenylketonn~ic liver Fraction I, 17 mgbeak-  
cr. PII-Phenylket.onuric liver Fraction 11, 15.8 
nig/bcaker. 

t Limit of detection of enzyniatically formed 
tyrosine by the colorimetric method used was 0.05 
,.wale of tyrosine. 

All beakers contained 2 pmoles of I;-phenylala- 
nine, 0.5 @mole of DPN, 5 pmoles of nicotinamide, 
400 pmoles of glucose, 325 units of glucose dehy- 
drogenase and enzyme fractions in  final vol of 2.2 
1111. Incubation was carried out 15 min. at 37' in  
;I Ihibnoff met;ibolic shaking incubator under air. 
The data presmted above represent typical values 
obtained after several experiniental rims. 

failure of Fraction I, in normal liver, to sur- 
vive during the several hours of autolysis be- 
tween death and autopsy, since fresh human 
liver can catalyze this reaction (43) .  How- 
ever, stable Fraction I1 survived under these 
conditions. Thus, when rat Fraction I was 
incubated with Fraction I1 from the phenyl- 
ketonuric liver, formation of tyrosine took 
place. Furthermore, as shown in Table I1 
equal amounts of Fraction 11, from both phe- 
nylketonuric and normal livers, catalyzed 
formation of tyrosine to the same degree, 
when they were combined with rat Fraction I. 

It is apparent from this that Fraction I1 is 
present in phenylketonuric livers in normal 
amounts indicating that in these patients the 
block in tyrosine formation is more likely as- 
sociated with absence of Fraction I. Unfor- 
tunately, the lability of Fraction I in the nor- 
mal autopsy samples made it impossible to 
show this directly. Similar studies on fresh 
biopsy material will be required to establish 
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TABLE 11. Comparison of Fraction I1 Activity 

Enzyme pmole of 
preparations" tyrosine formed 

in Normal and Phenylketonuric Livers. 

R I  .15 
R I  + R I I  .98 
R I  + N I I  .82 
R I  + PI1 .81 
R I  + P**II .15 

* Crude enzyme fractions were used. RI-Rat 
Fraction I, 26,6 mg/beaker. RII-Rat Fraction 
11, 10.8 nig/beaker. NII-Normal human Fraction 
11, 15 mg/beaker. PII-Phenylketonuric Fraction 
11, 15 ing/beaker. P**II-Phenylketonuric Frac- 
tion 11, heated 5 min. in boiling water bath, 15 
mg/beaker. 

Iiicubatioii conditions were as described under 
Table I. Similar results were obtained with N I I  
from a second eoiitrol patient. 

this point. Such studies are reported by Wal- 
lace et aE., in the preceding paper($). In  
that report as well as in this one, experi- 
mental findings on tissues from only one phe- 
nylketonuric patient are given. It would ob- 
viously be desirable to have these findings 
corroborated on more patients but liver sam- 
ples from phenylketonuric patients are not 
readily obtainable. 

Since the conversion of phenylalanine to 
tyrosine takes place only in the liver and 
Fraction I is found exclusively in this organ, 
the conclusion that Fraction I is the enzyme 
primarily concerned with the hydroxylation 
reaction seems justifiable. Fraction I1 which 
is found in many tissues, may then be looked 
upon as an enzyme concerned with an aux- 
iliary reaction, the nature of which is still not 
understood. Had Fraction I1 been missing 

one might have inferred a disturbance in 
metabolism in many tissues, including brain. 
Since, as is suggested by these studies, Frac- 
tion I is absent, the primary defect in phenyl- 
ketonuria must be one of liver function. The 
chemical anomalies manifested in these pa- 
tients most probably result from failure to hy- 
droxylate phenylalanine, resulting in an ex- 
cess of phenylalanine in tissues and an over- 
production of other intermediary metabolites 
of phenylalanine catabolism. Suggestions 
that the mental deficiency is caused by an 
overproduction of one of these metabolites or 
by excess phenylalanine itself (6,7) are sup- 
ported by these enzymatic findings. 

Summary. Evidence is presented to show 
the presence of the stable Fraction I1 of 
phenylalanine hydroxylase in the liver of a 
patient with phenylpyruvic oligophrenia. The 
biochemical significance of this finding is dis- 
cussed. 
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