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Tyrosinemia with plantar and palmar

keratosis and keratitis

An 11%Vs-year-old boy, born of a consanguineous marriage, had mental retardation,
painful plantar and palmar keratosis, and dendritic keratitis associated with

tyrosinemia, p-hydroxyphenylpyruvicaciduria, p-hydroxylaceticaciduria, and

p-hydroxyphenylaceticaciduria. Liver and renal functions were within normal ranges,

and vitamin C loading did not correct the metabolic abnormalities. Maintenance

on a low-tyrosine, low-phenylalanine diet was associated with resolution of the

epithelial lesions and a decrease in the metabolic abnormalities. Four other patients

with similar metabolic abnormalities may have had this clinical syndrome.
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A MENTALLY retarded boy with palmar
and plantar keratosis and keratitis, the Rich-
ner-Hanhart syndrome (RHS), had phenolic
aciduria and tyrosinemia in the absence of
scurvy, cirrhosis, or renal tubular dysfunction.
Treatment with a low phenylalanine-tyrosine
diet was associated with clearing of the eye
and skin lesions and the amelioration of the
metabolic abnormalities. During dietary re-
laxation, the epithelial lesions recurred. In
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retrospect, [our other patients with similar
metabolic abnormalities** have had similar
clinical features. Furthermore, the clinical
features are compatible with RHS, a disorder
without published biochemical findings. This
report includes our clinical and biochemical
findings and electron microscopic studies of
the skin and eye lesions in this unusual syn-
drome.

Abbreviations used

PHPLA: parahydroxyphenyllactic acid
PHPAA: parahydroxyphenylacetic acid
OHPAA: orthohydroxyphenylacetic acid
PHPPA: parahydroxyphenylpyruvic acid

CASE REPORT

The patient was the second of three children
born of a marriage of first cousins. His parents
were born in the province of Abruzzi, Italy, in a
town with a population of less than 100 people.
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Birth was normal . after a 41 week gestation.
Birth weight was 7 pounds, 12 ounces. The neo-
natal course was uneventful. Developmental mile-
stones - were slightly delayed; he sat at age 8
months, walked with support at 15 months, and
walked alone at 22 months.

At 17 months of age he sustained a linear
skull fracture of the left temporal bone during a
fall. The fracture healed normally. Over the next
14 years his gait was noticed to be unsteady and
stiff. He was psychologically tested at age 31,
years and was considered to be .moderately re-
tarded, although a reliable score was not possible.
At age 4%12 years he was found to be functioning
at the 2 year level according to the Stanford-
Binet Test, Form L-M.

He was seen at the Children’s Hospital Med-
ical Center at 114 years of age because of hyper-
activity and abnormal behavior. On examination
he was slender, dull appearing, and had a bird-
like facies. Weight was 28.9 Kg., height 140.5
cm., and head circumference 51.5 cm. He ner-
vously bit his nails, picked at the hyperkeratotic
lesions on his palms and soles, and chewed the
crusts off some of the lesions of his fingers. He
had severe tics with intermittent grimacing, bi-
zarre extension of the neck, blinking, and occa-
sional sudden extensor movements of the right
arm which seemed to occur more frequently when
he appeared nervous. His gait was abnormal and
accentuated by mild trundling and planting of
the toes in mild valgus position. Muscular de-
velopment was poor and very little subcutaneous
tissue was noted. No enlargement of the liver,
spleen, or thyroid was noted. The electroenceph-
alogram was abnormal with frequent bursts of
moderate- to high-voltage rhythmic delta waves
lasting 1 to 10 seconds, maximal in the anterior
quadrants. Several drugs were tried without bene-
ficial results, and administration of haloperidol
(Haldol) resulted in the development of extra-
pyramidal signs which were reversed on with-
drawal of the drug.

Skin lesions. At the age of 6 years he had
onset of painful, nonpruritic lesions on the feet
and palms which at times spontaneously cleared.
Clearing or worsening of the lesions was not
related to time of the year, intercurrent illness,
or topical therapy. Palmar and plantar lesions
localized to the -peripheral pressure-bearing areas
were present. The lesions were discrete hyper-
keratotic papules up to 2 cm. in diameter with
irregular polycyclic borders. The palms were
hyperhidrotic. There were greyish, uniformly
hyperkeratotic, slightly raised plaques in the

Tyrosinemia with keratosis and keratitis 799

prepatellar regions and over the elbows. The nails
and hair were normal. He was deeply and evenly
tanned and darker than his siblings or parents,
even in winter months.

Eye lesions. Since the age of 8 years, the
patient had redness, excessive tearing, and photo-
phobia of both eyes which were less severe during
the summer. Abnormalities were limited to the
conjunctiva and cornea. The conjunctiva was
thickened and less transparent than normal and
appeared as if it were constructed of an artificial
membrane. In each cornea, there was a lesion
made of fine lines in the branched pattern of
a miniature dendrite. These lines were limited
to the epithelium and occupied all but the most
superficial levels of the epithelium. The major
lesions occupied an inferior, paracentral location
in each cornea, and in the left eye there was an
additional smaller lesion with a stellate pattern a
little further from the center. During a year of
observation there was no change in the shape
of the lesions. There was no fluorescein staining,
and viral cultures of both eyes were negative.
The patient’s vision was 20/25 in each eye un-
corrected. Applanation tension, ocular motility,
field examination, anterior chambers, irides and
their reactions, lenses, and fundi were not ab-
normal.

METABOLIC STUDIES

Tyrosinuria, tyrosyluria, and tyrosinemia
were discovered during the work-up for hy-
peractivity at age 11V, years; they were not
corrected with vitamin C loading, 500 mg.
per day for two weeks. Liver and renal func-
tion studies were normal. Further studies
were postponed for ten months because of an
intervening trip to Italy. Upon return, the
biochemical abnormalities were reconfirmed
on repeat study. The skin and eye lesions
were still unchanged.

Significant reduction in the degree of the
biochemical derangement in tyrosine metab-
olism was achieved with a relatively mild
and well-tolerated diet. The diet was changed
from 4 to 2 Gm. of protein per kilogram per
day, and from approximately 200 mg. per
kilogram per day of phenylalanine and a like
amount of tyrosine to approximately 60 to
90 mg. of each per kilogram per day. No
meats, fish, poultry, egg whites, cheese, jello,
or milk were included, and a milk substitute,

3200 AB (Mead Johnson), an investigational
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preparation low in phenylalanine and tyro-
sine, was used to augment his protein needs.
Two and one half weeks after this modest
dietary reduction of phenylalanine and tyro-
sine, the skin and eye symptoms and lesions
disappeared and his disposition improved.
The skin lesions recurred within two weeks
when the diet was liberalized.

There are two other children in this fam-
ily. The older child, a girl, is clinically nor-
mal, and a younger brother is mildly retarded
and has right exotropia and mild amblyopia.
The parents and siblings have normal skin
and corneas and did not exhibit any bio-
chemical evidence of disturbed tyrosine me-
tabolism under normal dietary conditions.

BIOCHEMICAL STUDIES

Whole blood for amino acid determinations
was collected in EDTA after an overnight
fast. The plasma was separated and depro-
teinized with solid sulfosalicylic acid and
stored at —20° C. until analysis. Urine was
kept frozen until analysis. Deproteinization
of urine was carried out with solid sulfosali-
cylic acid prior to analysis. Amino acids were
quantitatively determined by a modification
of the Piez-Morris method using a Technicon
amino acid analyzer.” Urinary amino acids
were also examined semiquantitatively by a
two-dimensional separation (high-voltage
paper electrophoresis followed by chromatog-
raphy with butanol-acetic acid-water).®

Total tyrosine and tyrosyl compounds in
urine were quantitated on 24 hour urine
samples by a modified Millon reaction.?

Parahydroxyphenyllactic acid (PHPLA)
and parahydroxyphenylacetic acid (PHPAA)
levels were determined on unfractionated
urine by comparison with standard com-
pounds run in parallel and separated by
ascending paper chromatography (Whatman
3MM) in butanol-acetic acid-water and ben-
zene-acetic acid-water (125:72:3) for three
hours.*°

Descending chromatography in butanol-
ethanol-ammonia (4:1:1) was wused to
determine orthohydroxyphenylacetic acid
(OHPAA) .*® Urine for OHPAA analysis was
first acidified, extracted with ethylacetate,
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alkalinized with sodium bicarbonate, and
then re-extracted with ethylacetate. An ali-
quot of the ethylacetate extract was chro-
matographed. The enzymatic spectrophoto-
metric modification of the enol-borate
method of Knox and Pitt?* was used for
parahydroxyphenylpyruvic acid (PHPPA)
analysis in serum. Catalase and L-amino oxi-
dase were omitted and the serum was de-
proteinized with HClO, and neutralized with
potassium carbonate before use. Recovery
of PHPPA added to serum was 92 per cent.

Urine PHPPA was measured by two meth-
ods: (1) modification of the enol-borate
method!? (acidification to pH 1, extraction
with peroxide free ether, addition of sodium
phosphate buffer, evaporation under cool air,
readjustment of volume and pH to 6.5),%
and (2) conversion to the 2,4-dinitrophenyl-
hydrazone followed by separation by thin
layer chromatography (silica gel) in butanol-
acetic acid-water. The latter was run in
parallel with a standard, eluted with glacial
acetic acid, and absorption was spectrophoto-
metrically determined at 370 nm.*?

Homogentisic acid,*® homovanillic acid,*
dihydroxyphenylalanine,’® dihydroxyphenyl-
acetic acid,’® $8-amino levulinic acid,’® and
porphobilinogen'* were determined in 0.1 ml.
of urine by paper chromatography.

BIOPSY STUDIES

The conjunctiva of the right eye was bi-
opsied, and light microscopy demonstrated
thickened epithilium and stroma, vacuoles
in the epithelium, and an infiltration of
plasma cells between the epithelium and
stroma. Electron microscopic studies demon-
strated many intracytoplasmic vacuoles, in-
tranuclear electron dense particles (possibly
clumping of nuclear chromatin), and non-
uniformity of heterochromatin in the epithe-
lial cells (Fig. 1). The vacuoles contained a
somewhat amorphous substance; some of
these vacuoles were fused with each other.

The hyperkeratotic palmar papules showed
a thickened parakeratotic stratum corneum

*Adaptation to urine as recommended by Dr. Vincent
Zannoni.
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Fig. 1. Epithelial cells of conjunctiva. Note vacuolar structures which are partially membrane
delimited and coalescent with each other. The nucleus is indented, and nuclear heterochromatin
is not uniformally distributed. (Fixed with osmium-tetroxide and stained with uranyl-acetate

and lead citrate. x6,500.)

with homogeneous refractile eosinophilic in-
clusions 2 to 3 micra in diameter in the
stratum corneum and upper malpighian
layer.

Electron microscopic studies of palmar bi-
opsies suggested that the eosinophilic refrac-
tile inclusions were lipid-like granules. These
granules were of various electron densities
and were most prominent in the keratinocytes
of the malpighian layer and the stratum cor-
neum. These lipid-like granules measured
2 to 3 micra in diameter and most had a
round border, although some had a scalloped
border (Fig. 2). Aggregates of complexly
whorled and intertwined, discrete filaments
were occasionally present close to the plasma
membrane of the malpighian cells. Their
diameter was about 100 A, which is different
from that of tonofilaments (50 A). Lipid-like
substances and myelin-like figures were seen
within these filamentous aggregates (Fig. 3).
As in the conjunctivae there was prominent
coarse clumping of nuclear chromatin.

RESULTS OF
BIOCHEMICAL STUDIES

Fasting plasma tyrosine levels ranged be-
tween 1.42 and 1.67 pM per milliliter (nor-
mal 0.049 + 0.0033%). Tyrosine levels dropped
to 0.464 M per milliliter after two weeks of
dietary treatment. Phenylalanine levels were
elevated and were between 0.07 and 0.08 uM
per milliliter (normal 0.049 + 0.003'%). Me-
thionine levels were also normal, measuring
0.03 uM per milliliter (normal 0.019 #*
0.005.*5 Normal values represent mean + 1
S.D.)

Urinary excretion of tyrosine was as high
as 410 mg. per 24 hours. Tubular reabsorption
of tyrosine exceeded 99 per cent before and
after institution of the low phenylalanine-
tyrosine diet. Reabsorption of methionine,
isoleucine, and ornithine was lower before
than after dietary treatment, but by only
3 to 5 per cent.

Homogentisic acid, homovanillic acid, di-
hydroxyphenylalanine, dihydroxyphenylacetic
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Fig. 2. Skin obtained from hyperkeratotic palmar papule. Arrows point to some of the many
lipid-like granules (2 to 3 g in diameter) in the malpighian layer and in the stratum corneum
(8C). (Fixed with glutaraldehyde and formaldehyde mixture and stained with uranyl-acetete

and lead citrate. x5,500.)

Fig. 3. Skin obtained from hyperkeratotic palmar papule. There is an aggregate of complexly
whorled and intertwined, discrete filaments (Ca. 100 A in diameter) along the plasma mem-
brane of the keratinocytes. Lipid droplet-like substances and myelin-like granules are also
prominent in the center of the aggregates. (Fixed with glutaraldehyde and formaldehyde
mixture and stained with uranyl-acetate and lead citrate. x24,500.)

acid, §-amino levulinic acid, porphobilinogen,
OHPAA, phenylpyruvic acid, and glucose
and other sugars were not detected in the
urine by paper chromatographic methods.

Total tyrosyl substances excreted in the
urine as measured by the Millon reaction
exceeded 1.4 Gm. per gram of creatinine.
Tyrosine and PHPLA accounted for the ma-
jority of these substances (Table ).

PHPPA was definitely present in the urine
as determined by two methods of study; the
enol-borate spectrophotometric study of urine
extracts and by comparison of the 2,4-dinitro-
phenylhydrazone derivatives of urine and
standard on silica gel. Two bands (isomers)

" were obtained from the sample and standard

which absorbed maximally at 370 nm. in
glacial acetic acid. A 4-fold reduction in
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Table I. Summary of clinical and biochemical features of patients with tyrosinemia
without hepatorenal disease

Clinical and Case No. and references
biochemical 1 2 3 4 5
features (1) (5, 6) (2, 3) (4) (present report)

Sex F M F M M

Age at report 18 2 13 10V 11%

(yr.) — '

Skin 0 — Palmar and — Palmar and
plantar acro- plantar hyper-
keratosis onset keratosis
8 mo.

Eyes Cataracts Corneal ulcera- Corneal ulcera- Severe keratitis Dendritic epi-
tions, clouding, tions, onset up to age 9 thelial corneal
hyperlacrima- 6 wk., nystag- mo., severe clouding, hy-
tion mus myopia perlacrimation,

photophobia

Neurologic ab-

normalities
Mental status  Retarded Retarded Retarded Retarded Retarded
Microcephaly + + 0 0 +
Others Self-mutilation, Tics
asymmetrical
knee reflexes,
Babinski on
, “right, seizures
Other findings Growth retarda- Cleft palate and History of con- -— Mild growth
tion lip, inguinal sanguinity retardation,
hernias, talipes consanguinity
equinovarus,
absence of 1
kidney
Blood metabolites
(mg./100 ml.)
Tyrosine (nor- 7-11 62 25 16-27 25-30
mal < 2.5)
PHPPA — 0.36 — — 0
(normal 0)
Urinary metab-
olites (mg./mg.
creatinine)
Tyrosine (nor- 0.25 0.32 0.35 0.29 0.56
mal < 0.05)
PHPPA (nor- 0.94 0.6-1.8 0.03 0.15 0.46
mal trace)
PHPLA (nor- 2.12 1.0-1.7 0.85 0.49 0.90
mal < 0.01)
PHPAA (nor- 0.42 0.7-1.2 0.1t 0.12 0.11
mal < 0.02)
amount of PHPPA excretion per gram of tion.*® 1 Metabolic studies have not been

creatinine was noted two weeks after dietary
reduction of phenylalanine and tyrosine.

DISCUSSION

The Richner-Hanhart syndrome is a rare
autosomal recessively inherited condition of
dendritic corneal opacities, punctate palmar
and plantar keratosis, and mental retarda-

reported in these patients.

In this patient with the clinical features of
RHS the rapid clearing of the corneal and
cutaneous lesions in response to a low-phenyl-
alanine, low-tyrosine diet suggests an etiologic
relation between the epithelial lesions and the
metabolic defect. Our patients most closely
resemble the patient described by Hill and
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Zaleski,? who had similar metabolic findings,
corneal ulcers, and skin lesions which cleared
after dietary therapy. Other reported cases
with similar clinical and metabolic features
are listed in Table I. All of the patients in
Table I had mental retardation, eye or skin
lesions, and abnormalities in tyrosine metab-
olism, and we propose that some of the cases
reported as atypical tyrosinemia have had
the RHS. The variability of the clinical pic-
tures and of some of the metabolic findings,
e.g., the low PHPPA in the urine in the
patient of Hill and Zaleski, may reflect basic
genetic heterogeneity of the basic defects in
this group of disorders, the presence of other
modifying factors, or methodologic factors
which can affect the stability of this com-
pound.

The corneal lesions in our patient were
identical to those seen in the six other pa-
tients reported with RHS.'¢® The lesions
in RHS are typically dendritic opacities lim-
ited to the epithelium. Although the lesions
superficially resemble those of herpes simplex,
negative viral studies, absence of fluorescein
staining, and their stable location over one
year of observation rule out that diagnosis.
The thickened conjunctival plaques in this
patient have not been previously seen in
RHS. Definite keratitis was present in three
other patients with tyrosinemia (Table I).

The skin lesions in Case 3 (Table I) and
in this patient are similar clinically, although
the biopsy of Case 3 was interpreted as show-
ing epidermolytic hyperkeratosis. Since our
patient does not have epidermolytic hyper-
keratosis, as shown by electron microscopic
examination, ultrastructural studies of Case 3
could establish if more than one form of
epidermal histopathology may be seen in
these atypical cases of tyrosinemia.

The conjunctivae and skin had microscop-
ically similar lesions. The abnormal vacuo-
lated cells are similar to those seen in benign
familial pemphigus (Hailey-Hailey disease?!)
and after nonspecific injuries like anoxia and
ultraviolet light irradiation.*® The filamen-
tous structures in this patient are unlike those
previously described.

Persistent tyrosinemia with the excretion of
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large amounts of tyrosine and PHPLA and
moderate amounts of PHPPA and PHPAA
in the absence of cirrhosis or renal tubular
dysfunction is compatible with hepatic soluble
tyrosine aminotransferase deficiency. In one
of the four patients with tyrosinemia without
hepatorenal disease® 22 soluble tyrosine am-
inotransferase activity was absent but hepatic
mitochondrial tyrosine aminotransferase ac-
tivity was normal, and hepatic parahydroxy-
phenylpyruvate hydroxylase activity was in-
tact. We suspect our patient may have this
same defect but liver biopsy was not per-
mitted by the patient’s family.

Fellman and co-workers?® suggested a
mechanism for the urinary excretion of large
amounts of PHPPA in this disease. Distribu-
tion of the two enzymes tyrosine aminotrans-
ferase and PHPP hydroxylase in tissues indi-
cated an unexpected discordance. PHPP
hydroxylase activity was present in human
liver and kidney but was absent in muscle,
heart, and brain.*®* Mitochondrial tyrosine
aminotransferase activity was present in all
of these tissues. It was proposed that the
elevated plasma tyrosine concentrations re-
sulting from cytosol tyrosine aminotransferase
deficiency leads to increased mitochondrial
synthesis of PHPPA, Since PHPPA synthesis
occurs in many more tissues than does its
oxidation, PHPPA accumulates. Thus the
source of PHPPA in the urine is extrarenal,
and PHPPA is excreted by active tubular
secretion.?t 29 :

In rats experimental dietary excess of tyro-
sine for one week results in the appearance
of corneal lesions and hyperkeratotic lesions
on the paws very similar to the RHS.*®
During experimental feeding, blood, tissue,
and eye concentrations of tyrosine are mark-
edly increased. '

Soluble tyrosine aminotransferase is absent
prenatally®’; if the excess of tyrosine and its
metabolites are etiologically related to the
mental retardation present in RHS, dietary
therapy begun early enough in life might

_prevent mental retardation in these patients.

The autosomal recessively inherited forms
of palmar-plantar hyperkeratosis such as
RHS are rare, and the painful nature of
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the keratotic lesions is a useful clue for sus-

pecting the RHS.

Dr. Toichiro Kuwabara kindly performed the

electron microscopic studies of the eye lesion,
and. Drs. W. A. Zaleski and A. Hill kindly let
us see the manuscript and pictures describing
their patient before publication.

10.

11.

12.

13.

REFERENCES

Wadman, S. K., Van Sprang, F. J., Maas,
J. W, and Ketting, D.: An exceptional case
of tyrosinosis, J. Ment. Defic. Res. 12: 269,
1968.

Hill, A., and Zaleski, W. A.: Tyrosinosis:
Biochemical studies of an unusual case, Clin,
Biochem. 4: 263, 1971.

Zaleski, W. A, Hill, A., and Kushniruk, W.:
Skin lesions in tyrosinosis: Response to dietary
treatment, Br. J. Dermatol. 88: 335, 1973.
Holston, J. L., Levy, L. L., Tomlin, G. A.,
et al.: Tyrosinosis: A patient without liver
or renal disease, Pediatrics 48: 393, 1971.
Kennaway, N. G., and Buist, N. R. M.: Meta-
bolic studies in a patient with hepatic cytosol
tyrosine aminotransferase deficiency, Pediatr.
Res. 5: 287, 1971.

Burns, R. P.: Soluble tyrosine aminotrans-
ferase deficiency: An unusual cause of cor-
neal ulcers, Am. J. Ophthalmol. 73: 400,
1972.

Piez, K. A, and Morris, L.: A modified
procedure for the automatic analysis of amino
acids, Anal. Biochem. 1: 187, 1960.

Efron, M. D.: Two-way separation of amino
acids and other ninhydrin reacting substances
by high voltage electrophoresis followed by
paper chromatography, Biochem. J. 72: 691,
1959.

Hsia, D. Y. Y., and Touye, T.: Inborn errors
of metabolism. Part II. Laboratory methods,
Chicago, 1966, Year Book Medical Publishers,
Inc.

Smith, I.: Phenolic acids, in Smith, I., editor:
Chromatographic and electrophoretic tech-
niques, Vol. 1, Chromatography, London,
1960, William Heinemann, Ltd., pp. 291-307.
Knox, W. E., and Pitt, B. M.: Enzymatic
catalysis or the keto-enol tautomerization of
phenylpyruvic acids, J. Biol. Chem. 225: 675,
1957.

LaDu, B. N., and Michael, P. J. M.: An en-
zymatic spectrophotometric method for the
determination of phenylalanine in blood, J.
Lab. Clin. Med. 55: 491, 1960.

Smith, I.: Amino acids, amines and related
compounds, i# Smith, I., editor: Chromato-
graphic and electrophoretic techniques, Vol.

Tyrosinemia with keratosis and keratitis

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

805

1, Chromatography, London, 1960, William
Heinemann, Ltd., pp. 82-117.

Jepson, J. B.: Indoles and related Ehrlich
reactors, in Smith, 1., editor: Chromatograph-
ic and electrophoretic techniques, Vol. 1,
Chromatography, London, 1960, William
Heinemann, Ltd., pp. 183-211.

Efron, M. L., Kang, E. S., Visakorpi, J., and
Fellers, F. X.: Effect of elevated plasma
phenylalanine levels on other amino acids in
phenylketonuric and normal subjects, J.
PepiaTr. 74: 399, 1969.

Richner, H.: Hornhautaffektion bei Keratoma
palmare et plantare heriditarium, Klin.
Monatsbl. Augenheilkd. 100: 580, 1938.
Hanhart, E.: Neue Sonderformen von kera-
tosis palmo-plantaris, u.a. eine regelmi g-dom-
inante mit systematisierten lipomen, ferner 2
einfachrezessive mit schwachsinn und z.T.
mit Hornhaut-verinderungen des Auges (Ek-
todermalsyndrom), Dermatologica 94: 286-
308, 1947.

Ventura, G., Biasini, G., and Petrozzi, M.:
Cheratoma Palmoplantare dissipatum associ-
ato a lesioni corneali in due fratelli, Boll.
Ocul. 44: 497, 1965.

Forgacs, J., and Franceschetti, A.: Histology
of corneal changes, Am. J. Ophthalmol. 41:
191, 1959.

Gottlieb, S. K., and Lutzner, M. A.: Hailey-
Hailey disease—an electron microscopic study,
J. Invest. Dermatol. 54: 368, 1970.

Nix, T. E.: Ultraviolet induced changes in
epidermis, in Zelickson, A. S., editor: Ultra-
structure of normal and abnormal skin, Phila-
delphia, 1967, Lea & Febiger, Publishers,
pp. 304-319.

Fellman, J. H., Vanbellinghen, P. J., Jones,
R. T., and Koler, R. D.: Soluble and mito-
chondrial forms of tyrosine aminotransferase.
Relationship to human tyrosinemia, Biochem-
istry 8: 615, 1969.

Fellman, J. H., Fujita, T. S., and Roth, E. S.:
Assay, properties and tissue distribution of
p-hydroxyphenylpyruvate hydroxylase, Bio-
chim. Biophys. Acta 284: 90, 1972.

Fellman, J. H., Buist, N. R. M., Kennaway,
N. G., and Swanson, R. E.: The source of
aromatic ketoacids in tyrosinemia and phenyl-
ketonuria, Clin, Chim. Acta 39: 243, 1972,
Kennaway, N. G., Buist, N. R. M., and Fell-
man, J. H.: The origin of urinary p-hydroxy-
phenylpyruvate in a patient with hepatic
cytosol tyrosine aminotransferase deficiency,
Clin. Chem. Acta 41: 157, 1972.

Schweizer, W.: Studies on the effect of L-tyro-
sine on the white rat, J. Physiol. 106: 167,
1947.

Koler, R. D., Vanbellinghen, P. J., Fellman,
J. H., et al.: Ontogeny of soluble and mito-
chondrial tyrosine aminotransferases, Science
163: 1348, 1969.



