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Crystallization and phasing of focal adhesion
protein 52 from Gallus gallus

Focal adhesion protein 52 (FAP52) is a multidomain adaptor protein
of 448 amino acids characterized as an abundant component of focal
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adhesions. FAP52 binds to filamin via its N-terminal o-helical
domain, suggesting a role in linking focal adhesions to the actin-
based cytoskeleton. The recombinant protein was crystallized using
the hanging-drop vapour-diffusion method, which yielded two crystal
forms. Native data were collected from both crystal forms to 2.8 and
2.1 A resolution, respectively. For one of the crystal forms, initial
MAD phasing was successfully performed using two data sets from
xenon-derivatized crystals. The derivative data sets were collected
using softer X-rays of 1.5 and 1.9 A wavelength. Preliminary
structural analysis reveals the presence of a dimer in the asymmetric

unit.

1. Introduction

FAPS52 is a focal adhesion-associated protein of
molecular weight 52 kDa (Merildinen et al.,
1997). It co-localizes with several cytoskeletal
proteins such as vinculin, talin and paxillin.
FAPS2 consists of three distinct domains: an
N-terminal a-helical domain is connected to a
C-terminal SH3 domain through an unstruc-
tured linker region. FAPS52 shares high
sequence homology with about a dozen
proteins, which form the PCH (pombe Cdcl5
homology) protein family (Lippincott & Li,
2000). PCH-family members are also char-
acterized by the presence of a FER-CIP4
homology (FCH) domain at their very
N-terminus. The central a-helical part of the
molecule was predicted to adopt a coiled-coil
structure and to consequently form oligomers.
Indeed, in vitro experiments have shown that
FAP52 presumably oligomerizes by forming
trimers (Nikki ef al., 2002a). The oligomeriza-
tion interface was identified by stepwise trun-
cation of the protein from both the N- and
C-termini and by analyzing the self-association
of these constructs. The amino-acid residues
required for self-association of FAP52 subunits
coincide well with the central region predicted
to form coiled coil. Recently, filamin of mole-
cular weight 280 kDa (ABP-280) was identified
as a binding partner of FAP52 as it co-
immunoprecipitates with FAP52 upon the
addition of anti-FAP52 antibodies to cell
extracts (Nikki et al., 2002b). The regions in the
two proteins that contribute to complex
formation were elucidated by monitoring the
binding affinity of various N- and C-terminally
truncated constructs of FAP52 and filamin.
These experiments showed that the «-helical

N-terminal domain of FAP52 and repeat 15 of
filamin are necessary for complex formation
(Nikki et al., 2002D).

2. Materials and methods
2.1. Cloning and expression

The identification and cloning of FAP52
from a chicken cDNA library is described in
Merildinen et al. (1997). The full-length cDNA
encoding FAPS52 was inserted into a pGEX-
2TK vector (Amersham Biosciences), which
was then used to transform Escherichia coli
BL21(DE3) cells. The recombinant protein
was expressed in bacteria by standard proce-
dures. The cells were then pelleted by centri-
fugation and resuspended in cold PBS buffer
containing aprotinin at a concentration of
3umol 1™, The cells were gently lysed by
sonication and the supernatant was separated
from the cell debris by centrifugation. Gluta-
thione-Sepharose 4B beads were added to the
supernatant in order to remove the GST-
FAPS2 fusion protein from the solution. After
equilibration, the beads were packed into an
empty column, washed with five column
volumes of cold PBS additionally containing
0.5 M NaCl and then washed again with two
column volumes of cold PBS buffer. Cleaving
FAP52 from the GST-fusion protein was
achieved on the column by the addition of
bovine thrombin (10 units of thrombin per
milligram of fusion protein; Amersham Bio-
sciences) and incubation for 10 min. The
reaction was stopped by adding PMSF, benza-
midine and leupeptin to achieve final concen-
trations of 0.25, 5 and 1 mM, respectively.
FAP52 was eluted from the column with cold
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PBS buffer. The eluted protein was purified
to homogeneity on a MonoQ column
(Amersham Biosciences) by using an NaCl
gradient and bis-Tris buffer adjusted to pH
6.0. The purified protein was dialyzed
against 20 mM Tris—-HCl pH 8 by three
cycles of dilution-concentration from 15 to
1 ml using an Amicon Centriprep concen-
tration column (Millipore). The final
concentration of the solution was adjusted
to 13.5 mg ml™"'.

2.2. Crystallization

The hanging-drop vapour-diffusion tech-
nique was used for all crystallization
experiments. Drops were prepared by
mixing 1 pl protein solution (prepared as
above) with 1l well solution and were
suspended over 1 ml reservoir solution.
Ammonium Sulfate Grid Screen (Hampton
Research) was tested in initial trials at 293 K
with immediate success: small crystals
appeared after 1d of equilibration. How-
ever, further optimization did not yield
sufficiently large crystals. In subsequent
screens, combinations of polyethylene glycol
(PEG) and ammonium sulfate (AS) were
employed as precipitating agents. PEG 2000
MME was used in the concentration range
10-30%, while the AS concentration was
varied from 100 to 400 mM in 50 mM steps.
The drops were buffered with 100 mM
HEPES pH 8.0, which seemed to be the best
pH value as deduced from the initial screens
with AS. Single crystals suitable for diffrac-
tion experiments were grown under the
following conditions: 20-22% PEG 2000
MME, 350 mM AS and 100 mM HEPES pH
8.0. Two crystal forms clearly distinguishable
by their different morphologies (Fig. 1) grew
simultaneously in the same drops. Form I
has the shape of columns or thick needles,
while form II appears as prism/plate-shaped
crystals.

2.3. Data collection and processing

A uniform cryoprotectant solution with
the following components was used for all
the experiments: 25% PEG 2000 MME,
200 mM AS, 100 mM HEPES pH 8.0 and
15% glycerol. Crystals were briefly soaked
in the cryoprotectant solution, flash-cooled
in liquid nitrogen and transported in a
Dewar under liquid nitrogen to the
synchrotron beamlines. All data collections
were performed at 100 K using a 700 Series
Oxford Cryosystems cooling device (Oxford
Cryosystems, 2000).

2.3.1. Crystal form 1. Form 1 crystals
belong to space group P2,2,2,. 120° of
rotation data from a native crystal were

Table 1

Data-collection and MIRAS statistics for native crystal forms I and IT and the xenon-derivatized crystal form I of

FAP52.

Values in parentheses are for the highest resolution shell.

Native (form I)

Native (form II)

Xenon-derivatized crystals (form I)

Collected at 1.5 A Collected at 1.9 A

Crystal data

Space group P2,2:2,
Unit-cell parameters
a (A) 101.4
b (A) 105.9
c(A) 1263
BC) —
Reflecting rangef (%) 1.38

Data collection and phasing

Beamline ID14-1 (ESRF)

Wavelength (&) 0.934
Resolution range (A) 30-2.8 (2.98-2.8)
Observed reflections 161537

Unique reflections 33241

Ruerged 0.071 (0.334)
Completeness (%) 97.3 (90.7)
(Tlo(I)) 14.6 (4.8)

Phasing power§
Isomorphous (centric/acentric) —
Anomalous _
Reunsy (iso/ano) _

2 P2.2,2 P22:2,
164.7 101.8 101.1

1022 106.00 104.8

107.3 126.0 1249

1312 - -

2.01 2.74 215

ID14-2 (ESRF) XRDI1 (ELETTRA) XRDI (ELETTRA)
0.933 1.500 1.900

30-2.1 (222-2.1)  30-2.99 (3.17-2.99)  30-3.0 (3.18-3.0)
243066 108475 98084

70602 47707 44969

0.071 (0.295) 0.054 (0.149) 0.068 (0.308)

90.0 (59.3) 89.6 (57.0) 87.6 (84.8)

10.1 (2.6) 12.4 (4.9) 10.6 (3.2)

- - 0.451/0.510

- 0.842 0.830

- —/0.861 0.349/0.886

1 Reflecting range as defined in the XDS manual: ‘angular lifetime (°) of a reflection to pass completely through the Ewald sphere

on the shortest route’.

symmetry-equivalent  intensities. § Isomorphous

% Rumerge = 2 1, — (I)|/>_(L;), where I; is the observed intensity and (I;) is the average intensity over
phasing

YIEP =

where

X |Fy(cale)P /3 |EP]2,

power,

S [IFpy(obs)| — \F,,H(calc)\]z; anomalous phasing power, [Y_ |FH(imag)\2/||AF§H(0bs)| — \AF,?H(calc)Hz]l/z, where AFj, is the
structure-factor difference between Bijvoet pairs and Fp(imag) is the imaginary component of the calculated structure-factor
contribution by the anomalously scattering atoms. 9 Reyuis(iso) = Y ||F,.,, + Fpl —F,,(calc){/z |Fpy £ Fpl; Reunis(ano) =

3 ||AFz, (obs)| — |AF3(calo)l|/ AF7; (obs).

collected using a 1° oscillation angle on
beamline ID14-1 at ESRF using an ADSC
Quantum 4 CCD detector. The best crystal
diffracted to a resolution of 2.8 A (Table 1).

2.3.2. Crystal form Il. Form 2 crystals
belong to space group C2. In this case, 180°
of rotation data from a native crystal were
collected using a 1° oscillation angle on
beamline ID14-2 at ESRF using an ADSC
Quantum 4 CCD detector. The best crystal
diffracted to a resolution of 2.1 A (Table 1).
In addition, a 3.27 A low-resolution data set
consisting of 54 frames with a 3° oscillation
angle were collected to supplement the
missing low-resolution reflections lost owing
to overload.

Figure 1
Two different crystal forms of FAP52 in one drop (the
diameter of the drop is approximately 2-2.5 mm).

2.3.3. Xenon derivatives. The xenon
derivative was generated by subjecting
crystals of form I to 1.4-1.5 MPa xenon
for 5-7min in a commercially available
chamber from Oxford Cryosystems (Xcell).
The crystals were briefly soaked in a cryo-
protectant solution prior to mounting them
in cryoloops (Hampton Research) and
inserting them into the pressure cell. After
releasing the pressure, the crystals were
rapidly plunged into liquid nitrogen to avoid
desorption of xenon. Data from xenon-
derivatized crystals were collected on the
tuneable XRD1 beamline at ELETTRA
using 1.5 and 19A wavelengths. In both
cases 110° of data were acquired to a
maximum resolution of 3 A. 15° of data had
to be discarded from the data set collected
with 1.9 A wavelength owing to equipment
error.

All data were processed with XDS and
scaled with XSCALE (Kabsch, 1993). The
native data were converted to CNS format
using XDSCONV, which in turn was
converted to the CCP4 MTZ format using
F2MTZ  (Collaborative ~ Computational
Project, Number 4, 1994). The anomalous
xenon-derivative data were converted to
MTZ format by a Perl script xds2mtz.pl
written by Serge Cohen (available for
download at http://www.yorvic.york.ac.uk/
ccp4bb/2002/msg00165.html), which also
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Figure 2

The Harker section at w = 1/2 of an anomalous
Patterson map calculated with diffraction data in the
range 30-4 A resolution, contoured in steps of 0.50
starting at 1.50. The map limits are u = 0-1/2 and
v = 0-1/2 . The xenon Harker peaks are indicated
(Xel, Xe2).

employs XDSCONV and F2MTZ. Data-
collection and processing statistics are
reported in Table 1.

2.4. Phasing

The positions of two Xe atoms were
determined using RSPS (Collaborative
Computational Project, Number 4, 1994)
from an anomalous Patterson map calcu-
lated from the data set collected using 1.9 A
wavelength (Fig. 2). The resulting coordi-
nates were input into SHARP (de La
Fortelle & Bricogne, 1997) in order to
calculate experimental phases and to locate
additional Xe atoms in an iterative way.
The final experimental map from SHARP
was solvent-flattened with SOLOMON
(Abrahams & Leslie, 1996; Collaborative
Computational Project, Number 4, 1994).

3. Results and discussion

FAP52 shows polymorphism, with two
crystal forms growing simultaneously in the
same hanging drop. Crystal form I belongs
to space group P2,2,2,. The column-shaped
crystals nucleate in a couple of days,
reaching final average dimensions of 500 x
60 x 60 um. The volume of the unit cell is
136 x 10° A3, which permits two or three
protein molecules per asymmetric unit
(Vm = 33 A’Da™! in the case of two
molecules and 2.2 A>Da™! in the case of
three). Form I is the predominant crystal
form in PEG conditions and is also the more
resistant to mechanical shock, making pres-
surization with xenon gas possible without
loss of diffraction, although the crystal

mosaicity  increases
Table 1).

Form II crystals belong to space group C2.
The prisms or rhomboidal plates grow less
commonly than the form I crystals and have
average dimensions of 250 x 250 x 100 pum.
The volume of the unit cell is 1.36 x 10° A> s
which like form I is consistent with the
presence of two or three molecules per
asymmetric unit. These crystals are particu-
larly fragile, breaking easily during the
mounting manipulations. Trials to obtain
xenon-derivatized crystals of form II failed
completely as the diffraction pattern was
seriously compromised in each case. The
native data set collected from form II crys-
tals at ESRF showed signs of radiation
damage. Therefore, 30 frames at the end of
the data set were omitted from the proces-
sing.

The data sets from xenon-derivatized
crystals were collected to a maximum reso-
lution of 3 A from two different crystals
using wavelengths of 1.5 and 1.9 A. The
isomorphous Patterson maps calculated
from the differences of the native and
xenon-derivatized data sets of form I
crystals were uninterpretable owing to lack
of isomorphism. Therefore, anomalous
Patterson maps were generated in order to
locate the initial set of two heavy-atom
positions. A MAD phasing scenario was
then set up in SHARP (de La Fortelle &
Bricogne, 1997) with an initially incomplete
heavy-atom model: the 1.5 A xenon data set
was used as a reference against the 19A
xenon data set. The fact that the two xenon
data sets were collected from two different
crystals was properly implemented in the
SHARP setup. The starting occupancies for
the Xe atoms were set to the more realistic
value of 0.5. After a complete refinement
cycle, inspection of the anomalous residual
maps revealed three additional xenon sites.
Interestingly, four of the five Xe atoms are
bound to the protein as two pairs with
distances of 3.3 and 3.7 A between the atoms
forming the pairs. The second refinement
cycle with the updated heavy-atom
substructure did not reveal any new sites;
the atoms located by RSPS had to be refined
with anisotropic B factors in a final refine-
ment. At present, the overall figure of merit
(FOM) is 0.32 and 0.12 for acentric and
centric reflections, respectively. The experi-
mental electron-density map was not readily
interpretable and was therefore solvent-
flattened by SOLOMON using an option in
the web interface of SHARP (SUSHI) to
search for an optimal solvent envelope. This

significantly ~ (see

optimization was carried out by running
SOLOMON with various solvent-content
values while calculating various quality
indicators. The inspection of the solvent-
flattened electron-density maps and the
position of the xenon sites suggested the
presence of twofold non-crystallographic
symmetry. The NCS operator was found by a
procedure implemented in SUSHI using a
combination of the programs POLARRFN
(Collaborative ~ Computational ~ Project,
Number 4, 1994), GETAX (Vonrhein &
Schulz, 1999; Collaborative Computational
Project, Number 4, 1994) and DM (Cowtan,
1994; Collaborative Computational Project,
Number 4, 1994). Although the self-rotation
function did not reveal any peaks except
that of the origin, GETAX found the NCS
rotation axis almost parallel to one of the
crystallographic axes, which was confirmed
by twofold averaging in DM. The inspection
of the solvent-flattened and averaged
electron-density maps suggests that the
phases will be sufficient to ultimately allow
structure determination of FAP52.
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