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Crystallization of FLINC4, an intramolecular

LMO4—-Idb1 complex

LMO#4 is the most recently discovered member of a small family of
nuclear transcriptional regulators that are important for both normal
development and disease processes. LMO4 is comprised primarily of
two tandemly repeated LIM domains and interacts with the
ubiquitous nuclear adaptor protein ldb1. This interaction is mediated
via the LIM domains of LMO4 and the LIM-interaction domain
(LID) of 1dbl. An intramolecular complex, termed FLINC4,
consisting of the two LIM domains from LMO#4 linked to the LID
domain of 1db1 via a flexible linker has been engineered, purified and
crystallized. The trigonal crystals, which belong to space group P312
with unit-cell parameters a = 61.3, ¢ = 93.2 A, diffract to 1.3 A
resolution and contain one molecule of FLINC4 per asymmetric unit.
Native and multiple-wavelength anomalous dispersion (MAD) data
collected at the Zn X-ray absorption edge have been recorded to 1.3
and 1.7 A resolution, respectively. Anomalous Patterson maps
calculated with data collected at the peak wavelength show strong
peaks sufficient to determine the positions of four Zn atoms per
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asymmetric unit.

1. Introduction

Members of the LIM-only (LMO) family are
each comprised primarily of two tandemly
repeated LIM domains. The term LIM is a
combination of the first letter of the first three
genes, namely lin-11, ISLI and mec-3, whose
protein products contain this cysteine/
histidine-rich motif. LIM domains contain two
structural zinc ions and have been identified as
important motifs that mediate specific protein—
protein interactions. LIM domains are found in
proteins with roles in diverse fundamental
biological processes including cell-fate deter-
mination, trafficking, cytoskeletal organization
and organ development (Bach, 2000). The
presence of tandem LIM domains in LMO
proteins confers the potential to engage in
multiple protein—protein interactions. Indeed,
LMO proteins are often found in multi-protein
complexes (Wadman ez al., 1997; Sum et al.,
2002) and are thought to act as docking
stations upon which multiple proteins can
assemble. In particular, LMO4 has recently
been shown to interact directly and simulta-
neously with BRCA1, CtIP and the nuclear
adaptor protein LIM domain binding protein 1
(1db1) to form a stable complex in vivo (Sum et
al., 2002). Both LMO and LIM homeodomain
proteins have the ability to interact with 1dbl
via a 39-residue region close to the C-terminus
of 1dbl known as the LIM-interaction domain
(LID; Jurata & Gill, 1997). Ldbl is of parti-
cular interest as it also contains an N-terminal

homodimerization domain that may allow the
formation of higher order functional
complexes (Jurata et al., 1998).

The nuclear LMO family comprises four
members, LMO1-4. Two members of this small
family are known oncogenes: LMOI1 and
LMO2 (originally known as rhombotin and
rhombotin-2, respectively) were originally
discovered in patients with acute T-cell
lymphoblastic leukaemia (T-ALL) and are
oncogenic in mice that carry /mol or Imo2
transgenes (reviewed by Rabbitts et al., 1999).
LMO#4 is the most recently identified member
of the family. It was originally described as a
breast-cancer autoantigen (Racevskis er al.,
1999) and has recently been shown to be
overexpressed in over 50% of primary breast
cancers (Visvader et al., 2001). Both LMO4 and
1db1 appear to act as negative regulators of
breast epithelial differentiation (Visvader et
al., 2001). Furthermore, displacement of
LMO4 as the binding partner of ldbl by
overexpression of either LMO1 or LMO?2 has
been proposed as a mechanism for LMO-
induced T-ALL (Rabbitts, 1998).

Previously, we have described the design and
production of a fusion protein in which
1db1-LID and LIM1 of LMO4 were linked to
form an intramolecular complex (Deane et al.,
2001). The structure of this complex was solved
using multidimensional NMR spectroscopy
(Deane et al., 2003). Analysis of this structure
suggested that the second LIM domain of
LMO4 might also be important for the inter-
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action with 1db1-LID. This led to the design
of an extended fusion construct that includes
both LIM domains of LMO4. This 20 kDa
protein, termed FLINC4 (an abbreviation
of ‘fusion of 1dbl-LID and the N- and
C-terminal LIM domains of LMO4’),
consists of residues 16-152 of LMO4
(DDBJ/EMBL/GenBank  accession  No.
XM_030627), including the two LIM
domains, and residues 300-339 of 1dbl
(encompassing the LID; DDBJ/EMBL/
GenBank accession No. NM_003893). The
LMO4 and 1dbl portions of FLINC4 are
fused via a flexible linker comprised of 11
glycine and serine residues. Here, we report
on the production, crystallization and preli-
minary crystallographic analysis of FLINCA4.

2. Experimental procedures
2.1. Production and purification

The production of the coding sequences
for LMO4 and 1db1 and the methodology for
production of the fusion protein FLIN4 have
been described previously (Deane er al.,
2001). The insert encoding FLINC4 was
produced using overlap extension PCR to
encode the following protein sequence:
GSLSWKRCAGCGGKIADRFLLYAMD-
SYWHSRCLKCSSCQAQLGDIGTSSYT-
KSGMILCRNDYIRLFGNSGACSACGQ-
SIPASELVMRAQGNVYHLKCFTCSTC-
RNRLVPGDRFHYINGSLFCEHDRPTA-
LINGHLNSGGSGGSGGSGGDVMVVG-
EPTLMGGEFGDEDERLITRLENTQFD-
AANGIDDE, where the italicized residues
form an artificial linker and Cys-to-Ser
mutations are indicated in bold. This insert
was subcloned into the pGEX-2T vector
using BamH1 and EcoR1 restriction sites
and then sequenced for confirmation.
FLINC4 was overexpressed and purified as
previously described for FLIN4 (Deane et
al., 2001) and the purified protein was
concentrated in Centricon YM-3 centrifugal

Figure 1
Trigonal crystals of FLINC4. Typical dimensions are
800 x 500 x 400 pm.

filtration devices (Millipore) to a concen-
tration of 13 mg ml~'. Samples of concen-
trated FLINC4 (1.0ml) were dialysed
against 20 mM Tris pH 8.0, 1mM Tris
(2-carboxyethyl)phosphine  hydrochloride
(TCEP) and 150 mM NaCl before crystal-
lization.

2.2. Crystallization

Preliminary  crystallization conditions
were found using factorial screens (Jancarik
& Kim, 1991) by the hanging-drop vapour-
diffusion method. Each of the solutions from
Hampton Crystal Screens 1 and 2 (Hampton
Research, CA, USA) (1.5 pul) was mixed
with a solution of FLINC4 (1.5 pl) at room
temperature (293 K).  Crystals  were
observed after 4d under five different
conditions (Hampton Screen 1 condition 18
and Hampton Screen 2 conditions 20, 23, 42
and 45).

Initial refinement from Hampton Screen 2
condition 23 (1.6 M ammonium sulfate,
0.1 M MES pH 6.5, 10% dioxane) yielded
the best crystals. Crystals that diffracted to
13 A resolution grew under conditions
where hanging drops were prepared by
mixing 2.0 pl of protein solution with an
equal volume of reservoir solution (1.0 M
ammonium sulfate, 0.1 M MES pH 6.7) and
were equilibrated against 0.5 ml of reservoir
solution at 293 K. Crystals appeared over-
night (Fig. 1).

2.3. Diffraction data and crystallographic
calculations

Crystals were cryoprotected by successive
soaking in mother liquor containing
increasing quantities of glycerol [the final
concentration of glycerol was 25%(v/v)] and
flash-frozen in a cold nitrogen-gas stream for
data collection. The Zn atoms present in
FLINC4 were used as anomalous scatterers
for structure determination using the
multiple-wavelength anomalous dispersion
(MAD) method. Data sets were collected at
100 K from a single frozen crystal of
FLINC4 on beamline 1-5 of the Stanford
Synchrotron Radiation Laboratory (SSRL)
using an ADSC Q4 CCD detector. A broad
X-ray excitation scan of the crystal gave an
intense absorption edge at 9665 eV, char-
acteristic of the presence of zinc. Data were
collected at three wavelengths near the zinc
absorption edge: A;, 1.282 A, 9669 eV (the
f" peak); Ay 1.170 A, 10600 eV (a high-
energy remote from the absorption edge);
A, 1.283 A, 9665 eV (the inflection point).
Native diffraction data were collected at
100 K on beamline 7-1 at SSRL using a
MAR 345 image-plate detector (Fig. 2). The

data were recorded in two passes to prevent
overloading of the low-angle data. The first
pass to record the high-resolution data (to
1.3 A) had 60 s exposure times and a crystal-
to-detector distance of 130 mm. The second
pass for the low-resolution data (2.4 A) had
10s exposures and a crystal-to-detector
distance of 350 mm. All data were integrated
and scaled with DENZO and SCALEPACK
from the HKL program suite (Otwinowski
& Minor, 1991). Anomalous and dispersive
difference Patterson functions were calcu-
lated from the MAD data using the CNS
program suite (Briinger ef al., 1998). Heavy-
atom positions were determined using
automated Patterson methods as imple-
mented in SOLVE (Terwilliger &
Berendzen, 1999).

3. Results and discussion

Large barrel-like crystals of FLINC4 grew
overnight using 1.0 M ammonium sulfate as
the precipitant. The symmetry and lack of
systematic absences in the diffraction data
show that the crystals are trigonal, space
group P312, with unit-cell parameters
a = 613, ¢ = 932 A. The value of the
Matthews coefficient is 2.50 A® Da™! for one
molecule per asymmetric unit (188 residues,
20.0 kDa), corresponding to a solvent
content of 50.0% (Matthews, 1968).

Very high resolution (1.3 A) diffraction
data were collected using synchrotron
radiation at SSRL (Fig. 2). In addition,
MAD data to 1.7 A were collected from a
single FLINC4 crystal at three wavelengths
about the zinc X-ray absorption edge.
Analysis of anomalous and dispersive
difference Patterson maps calculated to the
resolution limit of the data clearly showed
the presence of ordered zinc sites (Fig. 3).

Figure 2

Diffraction image recorded from a crystal of
FLINC4. The inset shows data at the limit of
diffraction (1.3 A)

Acta Cryst. (2003). D59, 1484—-1486

Deane et al. - FLINC4 1485



crystallization papers

Table 1

Data-collection statistics.

Values for the highest resolution shell are given in parentheses.

MAD

A
Wavelength (A) 1.282
Resolution limit (A) 1.7 (1.76-1.70)
Mosaicity (°) 0.38
Completeness (%) 99.7 (99.4)
Unique reflections 22274
Redundancy 5.1 (4.9)
Ruerge? 0.061 (0.464)
Ho(l) 202 (32)
Data with I > 30(I) (%) 85.6 (48.0)

99.6 (99.2)

52 (4.8)
0.051 (0.290)
192 (3.7)
85.1 (46.1)

Az Native
1.283 1.08
1.7 (1.76-1.70) 1.7 (1.76-1.70) 1.3 (1.35-1.30)

038 036
99.7 (99.5) 91.3 (79.2)

22082 22084 45441
51(49) 2.6 (2.0)
0.054 (0.489) 0.040 (0.291)
18.7 (3.0) 18.0 (2.4)
89.6 (64.7) 83.5 (412)

T Rumerge = p_(I1I — (I)|)/>_(I), where I is the intensity of an individual measurement of each reflection and (I) is the mean intensity

of that reflection.

XIN 96THS
(a)

Figure 3

XIN 96 THS
(b)

Anomalous difference Patterson maps of FLINC4. (a) Calculated with data collected at 1.282 A (Table 1) to
2.0 A resolution; (b) calculated from predicted zinc sites. The unit cell of the Harker section (z = 0) is shown.
Maps are drawn with a minimum contour level of 2o, with 0.50 increments.

The positions of four Zn atoms per asym-
metric unit were determined and refined
with an overall figure of merit of 0.75 for all
reflections in the resolution range 20-1.7 A.
Interpretation of the resulting electron-
density maps is in progress.
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