
In all cases, two data sets were collected: one with minimal
exposure to avoid intensity overload of the low-resolution
reflections and one with longer exposure times to better
measure the weaker high-resolution reflections. Data sets
were integrated using DENZO and scaled and merged using
SCALEPACK from the HKL package (Otwinowski & Minor,
1997).

2.4. Structure determination

The structure-determination and refinement calculations
were performed using the CCP4 suite (Collaborative Com-
putational Project, Number 4, 1994).

2.4.1. Apo mutants. The structures of the apo mutants were
determined using rigid-body refinement in the CCP4 suite
(Collaborative Computational Project, Number 4, 1994). The
coordinates of both of the molecules of the apo WT-CRABPII
structure (PDB code 2fs6) were used as the original model.
The model was visualized and manually rebuilt using the
program TURBO-FRODO (Roussel & Cambillau, 1989).

REFMAC v.5.2.0005 was used to refine the structure against
90–95% of the data (Murshudov et al., 1997), while 5–10% of
the data were chosen randomly for cross-validation using Rfree

(Brünger, 1993). All three apo CRABPII mutant structures
were refined using anisotropic refinement. Alternative con-
formations of 18 amino-acid side chains and 26 waters were
observed for apo CRABPII-R132K:Y134F (molecules A and
B combined). In the apo CRABPII-R132K:Y134F:R111L:
L121E:T54V structure, 14 amino acids and 22 water molecules
were identified as having alternative conformations. In the apo
R132K:R111L:L121E mutant, four amino acids and 14 waters
were observed with alternative conformations. The refinement
statistics are reported in Table 2.

2.4.2. CRABPII-R132K:Y134F:R111L:L121E:T54V–RA. The
structure was determined, as described for the apo mutants,
using rigid-body refinement. The previously published struc-
ture of WT-CRABPII–RA (PDB code 1cbs; Kleywegt et al.,
1994), with RA removed, was used as the starting model.
Anisotropic refinement in REFMAC5 resulted in improved R
factors and is justified by the thermal ellipsoid plot (not
shown). 18 amino acids and 17 waters were observed with
alternative conformations. The refinement statistics are
reported in Table 2.

3. Results and discussion

3.1. The structure of the WT-CRABPII–RA complex

All-trans RA binds inside the pocket with its hydrophilic
end buried deep inside the cavity and its ionone ring partially
solvent-exposed at the portal of the pocket (Fig. 1a; Wang &
Yan, 1998; Kleywegt et al., 1994). RA is mostly surrounded by
hydrophobic residues, except for the carboxylate-group
region, which makes direct and tight hydrogen bonds with
Arg132 and Tyr134 from one side and water-mediated
hydrogen bonds with Arg111 and Thr54 from the other side of
the pocket (Fig. 1b). These tight hydrogen bonds make RA a
good ligand for the protein (Kd ’ 2 nM).

Consistent with the structural data, a novel competitive
binding assay was developed by Yan and coworkers to

research papers

Acta Cryst. (2008). D64, 1228–1239 Vaezeslami et al. ! Cellular retinoic acid-binding protein II 1231

Table 2
Structure-refinement statistics.

KF, R132K:Y134F; KFLEV, R132K:Y134F:R111L:L121E:T54V; KLE,
R132K:R111L:L121E.

Apo
KF

Apo
KFLEV

KFLEV–
RA

Apo
KLE

Average B factor (Å2) 23.2 18.1 14.1 24.5
Wilson B factor (Å2) 21.8 16.6 24.9 19.6
Rwork (%) 15.4 13.8 12.0 15.4
Rfree (%) 22.2 17.6 16.8 22.7
No. of water molecules 362 399 221 347
Total reflections used 25713 75296 21611 41632
RMSDs from ideality
Bond lengths (Å) 0.020 0.018 0.020 0.028
Bond angles (") 1.78 1.69 1.85 2.32

Ramachandran plot
Most favored (%) 93.5 92.7 94.4 94.0
Allowed (%) 5.6 6.9 4.8 5.2
Generously allowed (%) 0.4 0 0 0
Disallowed (%) 0.4 0.4 0.8 0.8
Clashscore (MOLPROBITY) 9.34 4.55 6.50 12.00

PDB code 3d96 3d95 3cwk 3d97

Figure 1
(a) RA in the pocket of WT-CRABPII; (b) hydrogen-bonding interactions of the carboxylate group of RA with the residues inside the pocket. The
distances are in angstroms.


