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Crystallization of NAD*-dependent phenylalanine dehydrogenase from Nocardia sp239
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Abstract

The NAD -dependent phenylalanine dehydrogenase from
Nocardia sp239 has been crystallized by the hanging-drop
method of vapour diffusion using ammonium sulfate as the
precipitant. Two crystal forms were obtained in the presence
and absence of the enzyme substrates phenylpyruvic acid or
phenylalanine and its coenzyme NADH. Crystals of the native
protein belong to the hexagonal system, with the space group
being one of the enantiomorphic pair P6,22 or P6s22. The cell
dimensions are a=b =111.0,c=1745A, 0 ==90and y =
120°. Crystals grown from the protein co-crystallized with its
substrates all belong to the trigonal system, space group P3,21
or P3,21, with unit-cell dimensions of a = b = 88.1, ¢ =
1126 A, & = B = 90 and y = 120°. Preliminary protein-
sequencing experiments have established that this enzyme is
related to the octameric PheDH’s which are members of the
wider superfamily of amino-acid dehydrogenases. However,
gel-filtration studies suggest that this enzyme is active as a
monomer. The full determination of the three-dimensional
structure of this phenylalanine dehydrogenase will add to the
understanding of the molecular basis of the differential substrate
specificity within this enzyme superfamily. In turn this will
contribute to the rational design of an amino-acid dehydrogen-
ase which could be used for the diagnosis of phenylketonuria
and for the chiral synthesis of high-value pharmaceuticals.

1. Introduction

The enzymatic amination of keto acids to the corresponding
amino acids provides a route for the incorporation of ammonia
into organic compounds thereby linking the metabolism of
carbohydrates and amino acids. Previous studies have estab-
lished that a number of enzymes catalysing this reaction form a
superfamily with differential specificity for the amino-acid
substrate. These include the enzymes leucine dehydrogenasc
(LeuDH) (Nagata er al., 1988), glutamate dehydrogenase
(GluDH) (Britton et al., 1993), phenylalanine dehydrogenase
(PheDH) (Takada et al., 1991) and valine dehydrogenase
(ValDH) (Turnbull ef al., 1998; Leiser et al., 1996). The three-
dimensional structures of species variants of two members of
this enzyme superfamily, the hexameric GluDH (Stillman et al.,
1993) and the octameric LeuDH (Baker et al., 1995) have been
determined. While the quaternary structures of these two
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enzymes are different, there is a strong resemblance between
the fold of their subunits and in the nature of the subunit
interactions across the twofold axis to form dimers. Assembly
of the dimers to form the higher order structures is however,
quite different. Comparison of the structures of GluDH and
LeuDH has shown that the residues involved in the catalytic
mechanism are very similar. The differential substrate specifi-
city displayed in this family is thought to be due to
modifications of a restricted number of residues in the
specificity pocket accommodating the side chain of the amino
acid coupled to subtle differences in the shape of the pocket
caused by differences in the position of the main chain which
may be associated with the change in quaternary structure
(Baker et al., 1995). Homology-based modelling studies have
suggested that a deletion of 15 residues at the C terminus of
ValDH with respect to LeuDH account for the dimeric structure
of this enzyme (Turnbull er al., 1997).

PheDH’s catalyse the reversible oxidative deamination of
L-phenylalanine to phenylpyruvate and ammonia in the
presence of NAD". The enzyme has been isolated and purified
from a limited number of bacterial sources including Brevi-
bacterium, Bacillus, Sporosarcina, Nocardia, Thermoactino-
mvces and Rhodococcus sp. M4 (Hummel ef al., 1987, and
references therein). The reported oligomeric states for the
members of the PheDH family seem to vary from species to
species (Ohshima et al., 1991; Asano, Nakazawa & Endo,
1987; Asano, Nakazawa, Endo er al., 1987; Misono et al.,
1989) but are most commonly reported as octamers. However,
analytical gel-filtration studies suggest that the PheDH from
Nocardia sp239 is active as a monomer of molecular weight
42 000 (de Boer et al., 1989). To our knowledge, this is the only
reported case of a monomeric amino-acid dehydrogenase. The
amino-acid sequence of this PheDH has not been determined
and therefore, at present, it is not known whether this enzyme is
a true member of the family.

A number of genetic discases of amino-acid metabolism
including phenylketonuria, homocystinuria and maple syrup
urine disease are almost unique in that their early detection can
lead to a simple and effective treatment through the adoption of
a diet low in the offending amino acid. This reduces the scvere
clinical symptoms associated with these crippling diseases.
Upon reaching maturity this diet can then be relaxed as high
levels of the particular amino acids can be tolerated. Thus,
neonates are routinely screened for the genetic discase
phenylketonuria and much research is being directed towards
the production of a simple and sensitive test for the detection of
elevated levels of phenylalanine associated with this disorder. It
has been suggested that PheDH could be used to measure
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PheDH (Noc) 1 MEHEEVKVRRGPR------- SGLPVVVAIHSRALGPAVGGIR 35
PheDH (Bs) 21 ANHEQIVFCNDPV--=-~~~— SGLQAIIATHDTTLGPALGGTR 55
PheDH (Bb) 20 SEHEQVVFCNDPA------- TGLRAIIATHDTTLGPALGGCR 54
PheDH (Ti) 11 YGHEQVIFCRHPQ-=----- TGLKAIIALHNTTAGPALGGCR 45
PheDH (RhM4) 9 WDGEMTVTRFDRE-===~~~ TGAHFVIRLDSTQLGPAAGGTR 43
LeuDH (Bst) 10 YDYEQVLFCQDKE~-----— SGLKAITATHDTTLGPALGGTR 44
GluDH (Cs) 52 VIPERVIEFRVPWEDDNGKVHVNTGYRVQFNGAIGPYKGGLR 93
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Fig. 3. An amino-acid sequence alignment of the N-terminal sequence of Nocardia sp239 PheDH (Noc) against the corresponding regions of the
published sequences for several PheDH’s together with representative members of the amino-acid dehydrogenase superfamily. Each segment of
scquence is labelled with the start and end numbers, respectively. The other sequences included are Bacillus sphaericus PheDH (Bs) (Okazaki et
al., 1988); Bacillus badius PheDH (Bb) (Yamada et al., 1995); Thermoactinomyvces intermedius PheDH (T7) (Takada et al., 1991); Rhodococcus
M4 PheDH (RhM4) (Brunhuber et al., 1994); Bacillus stearothermophilus LeuDH (Bst) (Nagata et al., 1988) and Clostridium symbiosum GluDH
(Cs) (Teller et al., 1992). The amino acids highlighted in bold are those which are identical across the superfamily of amino-acid dehydrogenases.

Nocardia sp239 PheDH protein solution with S pl of the
precipitant and equilibrating the drops over the precipitant at
290 K. Trials with ammonium sulfate solution in the range 31—
33% saturated in 50 mM Bis-Tris propane buffer at pH 8.8
(buffer B) resulted in crystals with the morphology of
hexagonal pyramids (form 4). The maximum dimensions of
1.0 x 0.8 x 0.5 mm were obtained for these crystals and they
could be stabilized with 50% saturated ammonium sulfate in
buffer B. X-ray precession photographs of the crystals show that
the crystals belong to the hexagonal system. Axial reflections
along / are systematically absent except when / = 6n and
combined with the presence of 6mm symmetry in the hkl zone
identifies the space group as one of the enantiomorphic pair
P6,22 or P6522, with cell dimensions ¢ = b = 111.0, ¢ =
174.5 A, « = =90 and y = 120°. The volume of the unit cell is
18.62 x 10° A* and assuming a subunit molecular weight of
42 000 gives a V,, value of 3.78 A* Da™! for a monomer in the
asymmetric unit which lies within the range given by Matthews
(1977). Preliminary images have been collected with a MAR
research image plate on station PX9.5 at the CCLRC Daresbury
Synchrotron Radiation Source (SRS) which show diffraction to
2.5 A (Fig. 1).

4. Crystallization in the presence of substrates (form B)

In parallel studies, crystals were grown in the presence of either
the substrate phenylpyruvic acid (30 mM) or in the presence of
both 30 mM phenylalanine and 10 mM NADH. Crystallization
trials were carried out as above using ammonium sulfate as the
precipitant in the range of 25-36% saturation in buffer B. This
led to the formation of cuboid crystals of maximum dimensions
0.6 x 0.6 x 0.6 mm which could be stabilized in 50% saturated
ammonium sulfate in buffer 4, including the relevant substrates.
Data to 3 A were collected on the form grown in the presence of
30 mM phenylpyruvic acid at station PX9.5 of the CCLRC
Daresbury SRS with a MAR research image plate (Fig. 2).
Inspection of the diffraction images and analysis of the data
using the auto-indexing algorithms in the program REFLY
(Kabsch, 1988) show that the data belong to the primitive
trigonal system, with cell dimensions @ = b = 88.1, ¢ =
112.6 A, @ = 8 =90 and y = 120°. Axial reflections along / are
systematically present except when / = 3n and the Akl zone
shows 31m symmetry suggesting that these crystals belong to
one of the enantiomorphic space groups P3,21 or P3,21. The
volume of the unit cell is 7.56 x 10° A* and the V,, value of
3.07 A% Da™! for a monomer in the asymmetric unit lies in the
range given by Matthews (1977).

To establish whether this PheDH belongs to the superfamily
of amino-acid dehydrogenases the sequence for the first 35 N-
terminal residues was determined on an Applied Biosystems
476A sequencer. Alignment of this sequence against other
sequences for members of the family showed a pattern of
sequence similarity consistent with the identification of this
enzyme as a member of this family (Fig. 3).

Both crystal forms obtained are suitable for structural studies
and preliminary efforts are being directed towards the solution
of the structure of the form B crystals grown in the presence of
phenylpyruvic acid. An attempt will be made to solve the
structure by isomorphous replacement and to that end a screen
for heavy-atom derivatives is now under way. The results of this
analysis may well provide the full understanding of the
structure—function relationship in this enzyme and allow us to
better refine our knowledge of the molecular basis of the
differential specificity within the superfamily of the amino-acid
dehydrogenases. In the long term this may well enable the
engineering of an enzyme with the desired specificity for the
diagnosis of phenylketonuria.
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