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d-Phenylglycine aminotransferase (d-PhgAT) catalyzes the rever-

sible transamination of d-phenylglycine to l-glutamate with

2-oxoglutarate as the amino-group acceptor. Crystals of substrate-

free Pseudomonas stutzeri d-PhgAT bound to the cofactor pyridoxal-

50-phosphate (PLP) were obtained by the hanging-drop vapour-

diffusion method using ammonium sulfate as a precipitant. The

crystals belong to space group P3121 or P3221, with unit-cell

parameters a = b = 75.155, c = 147.554 AÊ . The asymmetric unit

contains one molecule of d-PhgAT and has a solvent content of

50.0%. A complete native X-ray diffraction data set was collected

from a single crystal at 100 K to a resolution of 2.3 AÊ .
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1. Introduction

d-Phenylglycine aminotransferase (d-PhgAT),

a vitamin B6-dependent enzyme, catalyzes

the stereospeci®c amino-group transfer of

d-phenylglycine to 2-oxoglutarate to yield

l-glutamate by a reversible ping-pong kinetic

mechanism (Wiyakrutta & Meevootisom, 1997;

Kirsch et al., 1984). The enzyme requires

pyridoxal phosphate (PLP) as a coenzyme and

has substrate speci®city for d-phenylglycine

and d-4-hydroxyphenylglycine. However,

neither d- nor l-aromatic nor branch-chained

amino acids can be utilized as substrates. Using

the `stereo-inverting' transamination property

of d-PhgAT, the amino nitrogen can be chan-

nelled directly between d-phenylglycine and

l-glutamate, a central molecule in cellular

nitrogen metabolism, without the need for

additional amino-acid racemases for phenyl-

glycine or glutamate. d-PhgAT, found as a

homodimer of molecular mass 92 kDa, has

been puri®ed from Pseudomonas stutzeri

ST201 (Wiyakrutta & Meevootisom, 1997).

The enzyme is most active at alkaline pH, with

maximum activity at pH 9±10, and can be

inhibited by typical inhibitors of pyridoxal

phosphate-dependent enzymes. The d-PhgAT

encoding gene, isolated from the plasmid

pBPL-ph, was cloned into the expression

vector pET-17b and the expression host

BL21(DE3) (Laowanapiban, 2001). From a

BLASTp search (Altschul et al., 1997) using

the deduced amino-acid sequence, the 453-

residue d-PhgAT was found to be homologous

to the aminotransferase subgroup II (Mehta et

al., 1993) or aminotransferase subclass II

(Schneider et al., 2000), including glutamate-

1-semialdehyde aminomutase (GSAAT) and

ornithine aminotransferase (OAT) with

sequence identity of 25±30 and 21%, respec-

tively. Notably, d-PhgAT lacks sequence

homology to d-amino-acid aminotransferase

(DAAT), having a sequence identity of only

16%.

In general, the amino-group transfer reac-

tion catalyzed by aminotransferases is highly

stereo-conserved (Sugio et al., 1995; Peisach

et al., 1998) and there is little information

regarding transamination reactions between

two amino acids which have opposite con®g-

uration (van den Tweel et al., 1986, 1988).

Therefore, we have initiated a crystallographic

investigation of the stereospeci®c reaction

mechanism, as well as of the substrate speci®-

city of the d-PhgAT enzyme.

2. Experimental

2.1. Overexpression and purification

pEPL-transformed E. coli BL21(DE3) cells

were grown in LB medium with 50 mg lÿ1

ampicillin at 303 K. When the culture reached

an absorbance at 600 nm of 2.0, IPTG was

added to 0.4 mM and the culture was further

incubated for 3 h. The cells were harvested by

centrifugation, resuspended in 50 mM phos-

phate buffer pH 7.0 with 1 mM PLP and 1 mM

PMSF and subsequently disrupted by a soni-

cator. The protein was puri®ed by ammonium

sulfate precipitation at 25±45% saturation,

followed by chromatography on a phenyl-

agarose CL-4B column and a DEAE anion-

exchange column. The combined active

fractions were desalted and concentrated to

about 10 mg mlÿ1 using a Centricon Plus-20

ultra®ltration membrane (Amicon, Beverly,

MA, USA).

2.2. Crystallization and X-ray data

collection

Initial crystallization conditions were

obtained using the vapour-diffusion technique
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in a 24-well tissue-culture plate at 277 and

298 K. In each drop, 2 ml of 10 mg mlÿ1

d-PhgAT solution in 10 mM Tris pH 7.8,

100 mM NaCl, 1 mM EDTA was mixed with

an equal volume of reservoir solution.

Promising conditions were discovered using

(NH4)2SO4 and pH-screening grids at 277 K

and were further optimized with respect

to pH and precipitant concentration. The

optimal condition was found to consist of

200 mM phosphate buffer pH 6.2 and

28±30% saturated (NH4)2SO4. These rhom-

bohedral crystals typically grew to 0.2 � 0.2

� 0.2 mm within a few weeks (Fig. 1).

2.3. Data collection

A 2.3 AÊ resolution data set from d-PhgAT

in complex with PLP was collected at the

National Synchrotron Light Source (NSLS)

at Brookhaven National Laboratory on

beamline X8C. A single crystal (0.1 � 0.1 �
0.1 mm), cryoprotected by a 60 s soak in a

reservoir solution containing 35%

(NH4)2SO4, 200 mM phosphate buffer pH

6.2 and 30% glycerol, was ¯ash-frozen in the

cryogenic nitrogen stream using a nylon

loop. The crystals of d-PhgAT complexed

with PLP possessed trigonal symmetry,

with unit-cell parameters a = b = 75.155,

c = 149.554 AÊ , � = � = 90, 
 = 120�. The

re¯ection data were collected on an ADSC

Quantum-4 CCD detector using X-ray

radiation (� = 0.9795 AÊ ) with a crystal-to-

detector distance of 200 mm and a 0.5�

oscillation angle per image, with an exposure

time of 60 s for each image and a total of 360

frames (Fig. 2). The diffraction data were

integrated, scaled and reduced with

MOSFLM and SCALA from the CCP4

program suite (Collaborative Computa-

tional Project, Number 4, 1994) (Table 1).

The Laue symmetry and systematic absences

showed a clear threefold screw axis, identi-

fying the space group as either P3121 or

P3221. The data set was 99.8% complete,

with a scaling Rsym of 0.065 for 22 083 unique

re¯ections in the resolution range 20.0±2.3 AÊ

(Table 2). Although d-PhgAT exists as a

dimeric protein in solution, there is one

molecule of d-PhgAT in the asymmetric

unit. This revealed that in the crystalline

state each monomer of the dimeric enzyme

adopts a similar conformation, unlike the

asymmetric dimeric crystal structures of

glutamine-1-semialdehyde aminomutase

(Hennig et al., 1997) and ornithine amino-

transferase (Shen et al., 1998). Assuming one

monomer of 47.5 kDa d-PhgAT in the

asymmetric unit, the calculated volume

per unit mass, VM (Matthews, 1968), is

2.46 AÊ 3 Daÿ1, corresponding to a solvent

content of 50.0%.

Preliminary phases for

d-PhgAT have been obtained by

a molecular-replacement tech-

nique using a modi®ed GSA-AT

structure. A full description of

the procedure for obtaining

phase information will be

published elsewhere.

The authors wish to thank the

Thailand Research Fund for

®nancial support (RSA15/2544).

We acknowledge the use of the

X8C beamline at the National

Synchrotron Light Source

(Brookhaven, USA), Dr Herbert

E. Klei (Bristol-Myers Squibb)

for his assistance during the

data collection and Professor

William N. Lipscomb for critical

comments. CS is supported by a

scholarship from the Postgraduate Educa-

tion and Research in Chemistry.

References

Altschul, S. F., Madden, T. L., SchaÈ ffer, A. A.,
Zhang, J., Zhang, Z., Miller, W. & Lipman, D. J.
(1997). Nucleic Acids Res. 25, 3389±3402.

Collaborative Computational Project, Number 4
(1994). Acta Cryst. D50, 760±763.

Hennig, M., Grimm, B., Contestabile, R., John,
R. A. & Jansonius, J. N. (1997). Proc. Natl Acad.
Sci. USA, 94, 4866±4871.

Kirsch, J. F., Eichele, G., Ford, G. C., Vincent,
M. G., Jansonius, J. N., Gehring, H. & Christen,
P. (1984). J. Mol. Biol. 174, 497±525.

Laowanapiban, P. (2001). PhD thesis, Mahidol
University, Thailand.

Matthews, B. W. (1968). J. Mol. Biol. 33, 491±498.
Mehta, P. K., Hale, T. I. & Christen, P. (1993). Eur.

J. Biochem. 214, 549±561.
Peisach, D., Chipman, D. M., van Ophem, P. W.,

Manning, J. M. & Ringe, D. (1998). Biochem-
istry, 37, 4958±4967.

Schneider, G., Kack, H. & Lindqvist, Y. (2000).
Structure Fold. Des. 8, R1±R6.

Shen, B. W., Hennig, M., Hohenester, E., Janso-
nius, J. N. & Schirmer, T. (1998). J. Mol. Biol.
277, 81±102.

Sugio, S., Petsko, G. A., Manning, J. M., Soda, K. &
Ringe, D. (1995). Biochemistry, 34, 9661±9669.

Tweel, W. J. J. van den, Smits, J. P. & De Bont, J. A.
(1986). Arch. Microbiol. 144, 169±174.

Tweel, W. J. J. van den, Smits, J. P., Ogg, R. L. H. P.
& De Bont, J. A. (1988). Appl. Microbiol.
Biotechnol. 29, 224±230.

Wiyakrutta, S. & Meevootisom, V. (1997). J.
Biotechnol. 55, 193±203.

Figure 1
Photograph of a recombinant d-PhgAT trigonal
crystal (approximate dimensions 0.2 � 0.2 �
0.2 mm).

Figure 2
A typical 0.5� oscillation X-ray diffraction pattern of a d-PhgAT
crystal.

Table 1
Unit-cell parameters and data-collection statistics.

Space group P3121 or P3221
Unit-cell parameters (AÊ ) a = b = 75.155,

c = 147.554
Resolution (AÊ ) 20±2.3
Temperature 100
Wavelength (AÊ ) 0.9795
Total No. of re¯ections 487524
No. of unique re¯ections 22083
Data completeness 99.8
Rsym 0.065
Average I/�(I) 8.7
Multiplicity 10.7
No. of molecules in asymmetric unit 1
VM (AÊ 3 Daÿ1) 2.46
Solvent content (%) 50.0

Table 2
Statistics of data collection from a d-PhgAT crystal
by resolution shell.

Resolution
(AÊ )

No. of unique
re¯ections

Completeness
(%) Rsym

7.27 753 95.1 0.040
5.14 1346 100 0.041
4.20 1688 100 0.040
3.64 1985 100 0.045
3.25 2218 100 0.056
2.97 2444 100 0.082
2.75 2660 100 0.112
2.57 2826 99.9 0.152
2.42 2960 99.9 0.203
2.30 3203 100 0.270


