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SUMMARY
L-phenylalanine dehydrogenase (L-Phenylalanine : Napt -
oxidoreductase (deaminating)) from Rhodococcus sp. M4 has been
immobilized on aminopropyl-CPG and incorporated into a FIA system
with fluorimetric detection of NADH. The system is amenable to
automation.

INTRODUCTION

Phenylketonuria (PKU) is an inborn error of the metabolism of
L-phenylalanine (phe) which occur with a frequency of about

1 : 7000 in West-Germany and about 1 : 2600 in Turkey. The cause
of the disease is a deficient activity of phenylalanine hydroxy-
lase. As a consequence, tyrosine becomes a nutritionally essential
amino acid. The concentration of phe is much increased in body
fluids, up to 2 mM in plasma (normal plasma level in children:
0.025 - 0.065 mM), and secondary catabolism, e.g. transamination
to phenylpyruvate, ensues. The altered metabolic status leads to
disturbed brain development and mental retardation.

Preventive treatment by dietary phe restriction is available since
about 30 years. If started in the first month of life and if
adhered to strictly til the age of 12 - 14 years, a normal mental
development can be expected. A newborn screening and regular
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monitoring of plasma phe levels are the analytical prerequisites
to this success. It has become an urgent medical problem that in
the United States alone 2800 mentally normal treated woman are now
in the childbearing age. Without dietary treatment resumed and
strictly controlled already before conception as a consequence of
a PKU embryopathy (so-called maternal PKU).

Presently, for newborn screening, the microbiological inhibition
assay of Guthrie and Susi (1), is used worldwide. Major drawbacks,
despite low cost, are its semiquantitative nature and the
difficulty of automating it. Therapeutic monitoring is done in
most centers by amino acid chromatography on dedicated analyzers.
High costs of this equipment, the need for highly sophisticated
technical knowledge for running these machines, long analysis time
(1 - 2 hrs per analysis) including the necessity of sample
pretreatment, and the total dependence of patients on major
clinical centers are presently hindering the successful
introduction of dietary therapy into developing countries like
Turkey.

Accordingly, our studies aim at development of automated methods
for PKU screening and of simple, yet reliable phe assays (2) with
the ultimate goal of a home monitoring device for improving the
control of dietary therapy of children and pregnant women with
PKU.

RESULTS

Evaluations of enzymes for L-phenylalanine determination

Commercially available enzymes are not suited for the analysis of
PKU. They are lacking either substrate specificity (L-amino acid
oxidase) or their activity is too low (phenylalanine ammonia
lyase). The newly discovered NADH-dependent phenylalanine
dehydrogenase (pheDH), however, seems to open new aspects for an
enzymatic analysis of L-phenylalanine. This enzyme catalyzes the
oxidative deamination of L-phe coupled with the stochiometric
production of NADH.

EePhe it NAD oo it > Phenylpyruvat + NADH + NH,*
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We characterized two enzymes from different microbial sources
(Brevibacterium sp.(3), Rhodococcus sp.(4)). The most important
biochemical data of both enzymes are summarized in table 1.

Tab. 1: Comparison of phenylalanine dehydrogenase from
Brevibacterium sp. and Rhodococcus sp.

Brevibacterium Rhodococcus

Microbiological data:
enzyme yield (U/l) after
addition of 1 % of

L-phenylalanine 210 15200
D-phenylalanine 204 0
D,L-phenylalanine 214 0
Enzymological data:
pH-optimum
reductive amination 9.0 9% 25
oxidative deamination > 10 210
Ky (mM)
pﬁenylpyruvate 0.11 0.16
p-OH-phenylpyruvate 0.24 2.4
indolepyruvate 8.0 7 i
2-Keto-4-methylmercaptobutyrate 3.0 2 .E
Vhax (relative to phenylpyruvate)
pﬂenylpyruvate 100 100
p-OH-phenylpyruvate 96 5
indolepyruvate 24 3
2-Keto-4-methylbutyrate 59 33
Ky NADH (uM) 47 130
Ky NH + (mM) 431 387
stability:
stored at 4°C (T;/5) 4-8 h 10 d
deactivation (%/d) under continuous 26 5

operation (enzyme membrane reactor)

The enzyme from Rhodococcus can be obtained in high yield and
specific activity. The storage stability of the soluble enzyme is
limited, but sufficient for preliminary studies.
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Determination of L-phenylalanine with phenylalanine dehydro enase

The first use of phenylalanine dehydrogenase for an optical
kinetic phe assay was reported by Hummel et al. (5) with the
enzyme from Brevibacterium sp. Already these data demonstrated the
advantages of phenylalanine dehydrogenase, e.g. high specificity
for phe, sensitivity, speed, and good linearity of calibration. A
further improvement was obtained recently (2) by using the
Rhodococcus sp. M4 enzyme in combination with diaphorase/INT
mediated recycling of NADH. The much higher Km of this enzyme for
phe (7.4 mM) also assured first-order kinetics over a broader
range of substrate concentrations. The correlation to the
reference method (amino acid analyzer) in 41 PKU plasma samples
was y = 0.02 + 0.013 x with r = 0.998 (Fig. 1).
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Fig. 1: Correlation of phenylalanine values in plasma measured by
two different methods: y-axis = amino acid analysis; x-axis =
enzymatic analysis with phenylalanine dehydrogenase (Rhodococcus
sp.). Plasma samples of PKU patients under therapy were applied
after deproteinization (from (2)).

The better kinetic properties and the higher stability of the
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Rhodococcus sp. M4 enzyme was encouragement enough to try phe
assays after immobilisation, as a first step towards the
development of a phe biosensor.

FIA Measurements with immobilized phenylalanine dehydrogenase

In order to improve the sample frequency of our present enzymatic
phe assays and in order to evaluate the prospects of automation, a
flow injection system (FIA) with immobilized Rhodococcus sp. M4
phe-Dh was studied. Immobilization of the enzyme proved to be the
critical step for this analytical purpose. Of several evaluated
alternatives (Eupergit (RShm und Haas), VA Epoxy Biosynth (Riedel
deHaen)) only aminopropyl-substituted controlled pore glass (CPG-
1400 A; Fluka) yielded a sufficiently active proparation.
Preliminary observations point to a considerably higher storage
stability of the immobilized enzyme, compared to the soluble one.
The experimental details of our present method are summarized in
table 2.

Table 2: Technical parameters of the present FIA method of L-phe

assay

Column dimensions 30 x 3 mm

Flow 1.2 ml/min

Sample volume 40 pl

Final concentration of NAD+ 2.5 mM; pH 7.1

Response time 1 min

Sampling frequency 60 - 80/hr

FIA instrument FIA star 5020 Analyzer (Tecator;
Rodgau, FRG)

Detector Fluorophotometer (Waters 420;

Milford, USA)

A typical calibration for L-phe and L-tyr (in buffer) is shown in
fig. 2. The high selectivity for L-phe is evident from these data.

It stems from the very high Km and the very low V_ .. of the enzyme
towards L-tyr (2).
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Fig. 2: Calibration curve for L-phenylalanine and L-tyrosine
measured with immobilized phenylalanine dehydrogenase (Rhodococcus
sp.) in a flow injection system (FIA).

The lower limit of detection for L-phe was found in the order of
10 puM. The failure of the calibration to start at the zero
intercept (origin) is inherent in FIA assays when negative signals
are not corrected for. - We are presently evaluating the
feasibility of using blood spots from Guthrie card filters for FIA
analysis of L-phe.
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