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Phosphoserine phosphatase (PSP), a human enzyme involved in the

l-serine biosynthesis pathway, has been crystallized using the

hanging-drop vapour-diffusion method at 277 K. The crystals are

orthorhombic, belonging to space group C2221, with unit-cell

parameters a = 49.03 AÊ , b = 130.25 AÊ , c = 157.29 AÊ . Calculation of

the Matthews coef®cient indicates that there are two molecules in the

asymmetric unit. A complete native data set to a resolution of 1.53 AÊ

has been collected at 100 K using synchrotron radiation.
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1. Introduction

Phosphoserine phosphatase (PSP) is a 25 kDa

enzyme responsible for the third and last step

of the l-serine biosynthesis pathway. It cata-

lyses the Mg2+-dependent hydrolysis of

l-phosphoserine. The reaction mechanism of

many phosphatases or phosphotransferases

involves the formation of a catalytic inter-

mediate in which the phosphate derived from

the substrate is bound to the side chain of

either a serine, histidine, cysteine (Vincent et

al., 1992; Wo et al., 1992) or aspartate residue

present in the catalytic site.

PSP belongs to a recently identi®ed class

of phosphotransferases forming a phospho-

aspartate intermediate during catalysis

(Collet et al., 1998). Other enzymes forming a

phosphoaspartate intermediate include, for

example, P-type ATPases (Post & Kume, 1973;

Aravind et al., 1998) and phosphomanno-

mutases (Collet et al., 1998). Amino-acid

comparison revealed that PSP shares three

statistically signi®cant motifs with P-type

ATPases, with other members of this new class

of phosphotransferases and with haloacid

dehalogenase (Koonin & Tatusov, 1994).

The ®rst of these motifs contains an absolute

conserved aspartate in a conserved DXDX-

(T/V) motif, which covalently binds phosphate

in PSP and P-type ATPases (Collet et al., 1998).

The second motif contains a conserved serine

or threonine and the third motif contains a

conserved lysine residue followed by less

conserved residues and a strictly conserved

aspartate. Mutation in all these motifs shows

that they play an important role in catalysis

(MacLennan et al., 1992; Lingrel & Kuntz-

weiler, 1994; Collet et al., 1999). Moreover,

elucidation of the three-dimensional structure

of haloacid dehalogenase indicates that those

three motifs line up in the catalytic pocket

(Hisano et al., 1996).

In order to further explore the mechanism of

phosphoenzyme formation and hydrolysis, it is

of importance to determine the three-dimen-

sional structure of human PSP.

2. Experimental and results

2.1. Purification

Human PSP was expressed in BL21(DE3)-

pLysS bacteria harbouring the expression

plasmid described in Collet et al. (1997).

Bacterial extracts were prepared from cells

derived from a 3 l culture in M9 medium as

described elsewhere (Veiga da Cunha et al.,

1994), with a lysis buffer containing 20 mM

HEPES pH 7.4, 5 mM EDTA, 1 mM dithio-

threitol, 5 mg mlÿ1 leupeptin, 5 mg mlÿ1 anti-

pain, 0.5 mM phenylmethylsulfonyl ¯uoride

(PMSF) and 1 mg mlÿ1 hen egg lysozyme. The

extract was centrifuged for 40 min (20 000g at

277 K) and 9 g of polyethylene glycol 6000 was

dissolved in the resulting supernatant (150 ml),

which contained 1515 U of PSP. The mixture

was maintained for 15 min on ice and centri-

fuged for 15 min at 12 000g. PSP activity was

found in the supernatant, to which 24 g of

polyethylene glycol was then added. After

15 min on ice, the resulting mixture was

centrifuged for 15 min at 12 000g and the

pellet, containing 95% of the PSP activity, was

resuspended in 60 ml buffer A (25 mM Tris pH

8.5, 1 mM dithiothreitol, 1 mg mlÿ1 leupeptin,

1 mg mlÿ1 antipain). The mixture was then

applied to a DEAE-Sepharose column (1.6 �
10 cm). The column was washed with 100 ml

buffer A and protein was eluted with a linear

gradient of NaCl (0±400 mM in 2 � 150 ml

buffer A). PSP eluted at a NaCl concentration

of 250 mM. The active fractions were pooled

and loaded onto a Q-Sepharose column (1.6 �
10 cm). The column was washed with 100 ml of

buffer B (25 mM glycine, 1 mM dithiothreitol,

1 mg mlÿ1 leupeptin, 1 mg mlÿ1 antipain) and

protein was eluted with a linear gradient of
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NaCl (0±400 mM in 2 � 125 ml buffer B).

After this step, PSP had a speci®c activity

of 7.9 U mgÿ1 of protein and was nearly

homogeneous as assessed by SDS±PAGE.

Finally, the preparation was concentrated to

1 ml in an Amicon pressure cell equipped

with a YM-10 membrane. It was then diluted

with 9 ml of a buffer devoid of antipain and

leupeptin and reconcentrated. This proce-

dure was repeated twice to reduce the

concentration of antipain and leupeptin by

about 1000-fold.

2.2. Crystallization

To determine initial crystallization condi-

tions, Hampton Crystal Screen I (Jancarik &

Kim, 1991) was applied to a sample of the

PSP. Crystallization was carried out by the

hanging-drop vapour-diffusion technique at

277 K using Linbro multiwell tissue plates.

Each well was ®lled with 700 ml of reservoir

solution. Drops consisting of 1.5 ml protein

solution and 1.5 ml of reservoir solution were

placed on cover slips and set to equilibrate

against these reservoir solutions.

Three crystallization conditions from this

screening yielded crystals. Crystal form I was

grown from 8% polyethylene glycol 4000

and 0.1 M acetate buffer pH 4.6, whereas

form II crystals could be grown from 0.1 M

HEPES buffer pH 7.5 with 1.5 M Li2SO4.

However, both these crystal forms yielded

unsatisfactory results in data collection.

Diffraction was very poor (lower than 8 AÊ

resolution) and all attempts to improve the

crystal quality were unsuccessful. Crystal

form III (Fig. 1a), grown from 18% poly-

ethylene glycol 8000, 0.1 M cacodylate

buffer pH 6.3 and 0.2 M calcium acetate,

also initially gave bad results in data

collection. However, the diffraction char-

acteristics of these crystals could be

improved substantially by optimizing the

initial crystallization conditions: a solution

containing 0.7 M CaCl2, 0.1 M cacodylate

buffer pH 6.3 and 20% polyethylene glycol

1500 yielded better crystals (Fig. 1b). The

protein concentration used was 6.0 mg mlÿ1.

Furthermore, the removal of antipain and

leupeptin from the protein sample was

found to be essential for obtaining crystals

with excellent diffraction properties.

2.3. Data collection and processing

Diffraction data were collected at 100 K

using synchrotron radiation (BW7B beam-

line of the DESY synchrotron, Hamburg)

after soaking the PSP crystals for 24 h in a

solution of the mother liquor with 22%

polyethylene glycol 400. The crystals grow in

space group C2221, diffract to a resolution of

1.53 AÊ and have unit-cell parameters

a = 49.03, b = 130.25, c = 157.29 AÊ . All data

processing was performed using DENZO

and SCALEPACK (Otwinowski & Minor,

1997). The ®nal data set is 99.8% complete

and is characterized by an Rsym of 3.5%.

Further statistics are summarized in Table 1.

According to Matthews coef®cient calcula-

tions (Matthews, 1974), the asymmetric unit

should consist of two molecules, with a

corresponding VM of 2.53 AÊ 3 Daÿ1 and a

solvent content of 51%.

3. Conclusions

With the crystallization procedure and

preliminary X-ray analysis described here,

an initial step has been made to explore the

three-dimensional structure of PSP. The

elucidation of this structure will hopefully

contribute to a detailed understanding of the

reaction mechanism of phosphoenzyme

formation and hydrolysis performed

by many phosphatases and phospho-

transferases. A selenomethionyl derivative

for phase determination is currently being

prepared.
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Figure 1
Type III crystals of PSP (a) before (b) and after
optimization. The typical size of diffraction quality
crystals is approximately 0.3 � 0.3 � 0.3 mm.

Table 1
Data-collection and reduction statistics for the PSP
crystals.

Values in parentheses indicate data in the highest
resolution shell.

Space group C2221

Wavelength used (AÊ ) 0.8423
Resolution limit (AÊ ) 1.53 (1.56±1.53)
Total observations 319890
Unique re¯ections 76323 (3735)
Completeness of all data (%) 99.8 (98.7)
Completeness of data (I > 2�) (%) 95.2 (80.7)
Mean I/�(I)² 15.0 (3.1)
Rmerge³ (%) 3.5 (18.7)
Rmeas²§ (%) 3.8 (21.9)

² These values were obtained using NOVEL_R (Diederichs

& Karplus, 1997a,b). ³ Rmerge =
P

hkl

P
i jIi�hkl� ÿ

hI�hkl�ij=Phkl

P
i Ii�hkl�. § Rmeas =

P
hkl �nhkl=�nhkl ÿ 1��

�Pnhkl

i jIi�hkl� ÿ hI�hkl�ij=Phkl

Pnhkl

i Ii�hkl�.


