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The human Golgi-associated PR-1-related protein (GAPR-1) is

closely related to plant pathogenesis-related (PR-1) proteins, which

are upregulated in response to pathogen attack. Family members

have been identi®ed in a variety of organisms, together constituting

the superfamily of PR-1 proteins. GAPR-1 is found within lipid-

enriched microdomains on the cytosolic side of the endomembrane

system. GAPR-1 is tightly anchored to membranes and absent from

the cytosol, although it does not possess a membrane-spanning

domain. Crystals of recombinantly expressed GAPR-1 have been

grown that diffract to high (1.5 AÊ ) resolution. Complete data sets

have been collected on a trigonal crystal form (P3121/P3221), with

unit-cell parameters a = b = 73.5, c = 63.2 AÊ . Molecular replacement

using the NMR coordinates of tomato pathogenesis-related protein

(28% identity) was unsuccessful and a search for heavy-metal

derivatives or alternative phasing methods has been initiated.
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1. Introduction

Human Golgi-associated PR-1 protein

(GAPR-1) is a 17 kDa protein found within

lipid-enriched microdomains of the Golgi

complex (Eberle et al., 2002). These micro-

domains have been shown to contain stochio-

metric amounts of only ten proteins, namely

subunits of heterotrimeric G proteins,

¯otillin-1, caveolin-1, subunits of the vacuolar

ATPase, GAPR-1 and an unknown protein

(Gkantiragas et al., 2001). In these micro-

domains, GAPR-1 is part of a core complex

that is composed of the B subunit of vacuolar

ATPase, ¯otillin-1, caveolin-1 and GAPR-1

(Gkantiragas et al., 2001). The stability of this

core complex has been shown to be mediated

through protein±protein interactions rather

than a lipid scaffold (Gkantiragas et al., 2001).

These protein±protein interactions may be

involved in stable membrane-anchoring of

GAPR-1.

Members of the PR-1 superfamily were

originally identi®ed through their induction in

plants following infection with necrotizing

viruses (Gianiniazzi et al., 1970; van Loon &

van Kammen, 1970). Since then, a number of

secretory proteins with signi®cant sequence

homology have been identi®ed, including

proteins from the fruiting bodies of fungi

(Schuren et al., 1993), insect allergens (Lu et al.,

1993), mammalian CRISP proteins (Kjeldsen

et al., 1996; Kratzschmar et al., 1996), human

GliPR/RTVP-1 (Murphy et al., 1995; Rich et al.,

1996) and proteins in snake or lizard venoms

(Morrissette et al., 1995; Brown et al., 1999).

The physiological function(s) of members of

the PR-1 superfamily remain to be established.

The NMR solution structure of p14a

(Fernandez et al., 1997), a PR-1 family member

from tomato sharing 28% identity with

GAPR-1, allowed the determination of the

arrangement of two conserved histidine/gluta-

mate pairs, which have been suggested to be

part of the active centre. Although the

arrangement of these conserved residues was

reminiscent of Zn2+ proteases, no metal ions

have been found to be associated with PR-1

proteins. The structure of an additional

member of the PR-1 superfamily has been

elucidated by crystallography, viz. the wasp

allergen Ves v 5. While Ves v 5 shares a similar

fold to p14a, the conserved histidine/glutamate

pairs have a signi®cantly different arrangement

(Henriksen et al., 2001).

More recently, another PR-1 family

member, Tex31, was identi®ed by Milne et al.

(2003), who proposed that Tex31 might have

serine protease-like activity against a cono-

toxin precursor. Antifungal activity of PR-1

proteins in plants has been reported

(Niderman et al., 1995) and PR-1 proteins have

been shown to play a central role in plant

immune response during systemic acquired

resistance, which is similar to the innate

immune system of animals (Kitajima & Sato,

1999; Zhang et al., 1999; Klessig et al., 2000;

Maleck et al., 2000).

A role in the immune system of the PR-1

superfamily is also suggested by the identi®-

cation of a human glioma pathenogenesis-

related protein, GliPR (20% identity). GliPR
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has been found in all glioma cell lines and

tumours studied and high levels of GliPR

expression can be induced with phorbol

ester in macrophages (Murphy et al., 1995),

which are active at the front line of the

human immune system. GAPR-1 was also

found to be expressed in a tissue-speci®c

manner, being highly expressed in

immunocompetent cells and organs, consis-

tent with a possible role in the innate

immune system. Thus, the PR superfamily of

proteins may represent a common ground in

immune response to pathogens in both

plants and animals.

A detailed biochemical analysis of

GAPR-1 indicated that it is unique amongst

PR-1 proteins in two respects. Firstly, it is

N-myristolated in vivo and found only in

lipid-enriched microdomains of the Golgi

complex (Eberle et al., 2002). Secondly,

GAPR-1 does not possess a signal sequence

and is not sorted into secretory granules or

vacuoles, in contrast to all other members of

the PR-1 family (Eberle et al., 2002).

We report here the crystallization of

human GAPR-1. Complete data sets have

been collected both in-house to 2.1 AÊ reso-

lution and at ESRF beamline ID14-EH2 to

1.5 AÊ resolution.

2. Materials and methods

2.1. Expression, purification and crystal-

lization

The ORF of GAPR-1 was obtained from

EST44799 (Genbank accession No.

aa339686), cloned into pBluescript SKÿ

(obtained from ATCC, Rockville, USA;

Eberle et al., 2002) and subsequently the

full-length mature sequence was cloned into

pQE60 vector using NcoI and BglII restric-

tion sites. GAPR-1 was overexpressed in

Escherichia coli (M15Rep4) by induction

with 1 mM IPTG for 4 h at 310 K. The

soluble fraction of the cell lysate was frac-

tionated on DEAE Sepharose. The ¯ow-

through was loaded onto a Macroprep High

S column and the bound GAPR-1 was

eluted from the column by an NaCl gradient.

Subsequent gel ®ltration on a Sephadex

G-200 column resulted in GAPR-1 that was

puri®ed to apparent homogeneity. The

expression products were checked by

dynamic light scattering, mass spectrometry

and equilibrium centrifugation for homo-

geneity and oligomerization state prior to

crystallization. The protein was exchanged

into a buffer containing 10 mM Tris±HCl pH

7.5, 50 mM NaCl and 2 mM DTT and then

concentrated using Amicon Centricon

10 kDa ®lters to a concentration of

12.6 mg mlÿ1 as estimated by Bradford

reagent (Biorad). Initial screening was

performed at room temperature (295.5 K)

by hanging-drop vapour diffusion

(McPherson, 1976) using sparse-matrix kits

from Hampton Research (Jancarik & Kim,

1991; Hampton Research, Laguna Niguel,

CA, USA). Drops were prepared on silico-

nized cover slips and equilibrated against

1 ml of reservoir solution. Screens were

prepared by combining equal volumes of

reservoir solution and protein solution

(2 ml). Conditions producing crystals from

the initial screens were re®ned to produce

crystals suitable for X-ray diffraction

analysis.

2.2. Data collection

Crystals were transferred to a cryopro-

tectant solution [reservoir solution with an

additional 15%(v/v) glycerol] and then

picked up using a ®bre loop and ¯ash-cooled

in a stream of nitrogen gas at 100 K. In-

house diffraction data were collected from a

single crystal on a MAR345 (MAR

Research) image-plate detector using Cu K�
radiation from a rotating-anode X-ray

generator operating at 50 kV and 100 mA. A

higher resolution data set was collected at

the ID14 EH-2 ESRF beamline on a MAR

CCD detector. The programs MOSFLM

(Leslie, 1992), SCALA (Evans, 1997),

AMoRe (Navaza, 1994) and CNS (BruÈ nger

et al., 1998) were used for data processing

and analysis.

3. Results and discussion

Two conditions from the initial screen

produced microcrystals from which further

screens were designed. Lens-shaped crystals

large enough for X-ray analysis were

obtained in 20%(v/v) PEG 8K, 100 mM bis-

Tris pH 7.0 and 200 mM magnesium acetate.

These crystals appeared after 3±4 d and

were suitable for analysis after 6±7 d (0.4 �
0.2 � 0.2 mm). Diffraction from these crys-

tals was measured in-house to 3.0 AÊ . Hexa-

gonal crystals were obtained in 30% PEG

4K, 100 mM Tris pH 8.0 and 140 mM

magnesium chloride. These crystals

appeared after 7±8 d and were suitable for

analysis after 10±12 d (0.4 � 0.4 � 0.4 mm).

The hexagonal crystals had unit-cell para-

meters similar to those of the lens-shaped

crystals and shared the same point group,

but diffracted in-house to 2.1 AÊ . A complete

data set to 1.5 AÊ was collected on a MAR

CCD detector at beamline ID14 EH-2 at the

ESRF (Table 1). A low-resolution pass was

made using a crystal-to-detector distance of

200 mm and an oscillation range of 100� in

1� steps. A high-resolution pass was made at

a crystal-to-detector distance of 110 mm and

an oscillation range of 130� in 0.5� steps.

Autoindexing yielded unit-cell para-

meters a = b = 73.5, c = 63.2 AÊ , � = � = 90,

 = 120� in the trigonal point group P321.

The 00l axial re¯ections are markedly

stronger for l = 3n (n integer), indicating that

the space group is either P3121 or P3221.

Data completeness and I/�(I) were 97.2%

and 3.6, respectively, overall and 90.4% and

2.8, respectively, for the 1.56±1.49 AÊ highest

resolution shell. The overall Rmerge values

for the data set were 9.3 and 22.4% for the

1.56±1.49 AÊ highest-resolution shell. Using a

molecular weight of 17 kDa for monomeric

GAPR-1, the predicted Matthews coef®-

cient (VM) for a single molecule in the

asymmetric unit is 2.81 AÊ 3 Daÿ1 (Matthews,

1968), which is within the usual range for

protein crystals, whereas the Matthews

coef®cient for two molecules in the asym-

metric unit is 1.3 AÊ 3 Daÿ1. Similarly, the

predicted solvent content for a single mole-

cule in the asymmetric unit is 56% and for

two molecules the predicted solvent content

is 11%, as calculated using the CCP4

utility MATTHEWS_COEFF (Collabora-

tive Computational Project, Number 4,

1994). Both the dynamic light-scattering

experiment and analytical ultracentrifuga-

tion indicated that the sample was mono-

disperse and found in a monomeric solution

state. However, gel-®ltration data indicate

that a small fraction (�5%) of the protein

runs as an apparent dimer.

Poly Ser/Ala/Gly models and the genera-

tion of an average structure from the NMR

ensemble, as well as individual members of

the NMR p14a ensemble, were used as

Table 1
X-ray data-collection statistics of the GAPR-1
crystals on ESRF beamline ID14-EH2.

Values in parentheses correspond to the highest resolu-
tion shell (1.56±1.49 AÊ ).

Space group Trigonal
(P3121/P3221)

Unit-cell parameters
a = b (AÊ ) 73.5
c (AÊ ) 63.2
� = � (�) 90
 (�) 120

Wavelength (AÊ ) 0.93
Temperature (K) 100
Exposure time (s) 2 (10)
Oscillation range per frame (�) 1 (0.5)
Resolution (AÊ ) 44.1±1.50 (1.56±1.49)
Observed re¯ections 235802 (23839)
Unique re¯ections 30262 (3937)
Rmerge (%) 9.9 (25.1)
Completeness (%) 97.2 (90.4)
I/�(I) 3.6 (2.8)
Unique re¯ections I > 3�(I) (%) 68.3
Multiplicity 7.8 (6.1)
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molecular-replacement search models.

However, both the p14a (PDB code 1cfe)

and the Ves v 5 (PDB code 1qnx) search

models are of low homology (<35%

sequence identity) and analysis of the data

by a number of molecular-replacement

algorithms has failed to yield a clear result to

date. Efforts are now under way to identify

heavy-metal derivatives of this crystal form.
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