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The crystal structure of the human basophilic leukemia-expressed protein
b (BLESO03, p5326, Hs.433573) was determined by single-wavelength anomalous
diffraction and refined to an R factor of 18.8% (Rie. = 24.5%) at 2.5 A
resolution. BLES03 shows no detectable sequence similarity to any functionally
characterized proteins using state-of-the-art sequence-comparison tools. The
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1. Introduction

PDB Reference: BLESO3, 1ztp, r1ztpsf.

The human gene locus 11q13.1 encodes basophilic leukemia-
expressed protein (BLES03, p5326, UniGene code Hs.433573) with a
molecular weight of 27.5 kDa (residues 1-251) and a predicted pI of
5.4. The function of this protein has not yet been established. BLES03
does not show a detectable sequence-family relationship to any
previously established protein family based on a SUPERFAMILY
server search (Gough et al., 2001). A search of the Pfam database
revealed that BLES03 and two other closely related sequences form a
core of the Pfam-B 63280 family (Bateman et al., 2004). BLESO03 thus
represents a valuable structural genomics fold-space target. Here we
report the three-dimensional structure of BLES03 protein at 2.5 A
determined by single-wavelength anomalous diffraction (SAD). We
show that the fold of BLESO03 is similar to that of eukaryotic tran-
scription initiation factor 4E (eIF4E), with some topological varia-
tions. Furthermore, BLES03 and eIF4E present an analogous
electrostatic surface potential despite minimal sequence conserva-
tion. The structure was determined under the National Institutes of
Health NIGMS Protein Structure Initiative.

2. Materials and methods

The gene encoding the BLES03 protein was cloned and a seleno-
methionine-labeled protein was purified following the standard
Center For Eukaryotic Structural Genomics (CESG) pipeline
protocol for cloning (Thao et al., 2004), protein expression (Sreenath
et al., 2005), protein purification (Jeon et al, 2005) and overall
information management (Zolnai et al., 2003). Crystals of BLES03
were grown by the hanging-drop method from 10 mg ml~" protein
solution in buffer (50 mM NaCl, 3 mM NaNj3, 0.3 mM TCEP, 5 mM
bis-tris pH 6.0) mixed with an equal amount of well solution

© 2005 International Union of Crystallography containing 1.2 M sodium citrate, 100 mM Tris pH 8.5 at 293 K.
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200 x 30 x 30 pm. The selenomethionyl crystals of BLES03 belong to
space group P2,2,2;, with unit-cell parameters a = 62.5, b = 116.8,
c=1236A. Crystals were cryoprotected by soaking in a solution
containing 1.2 M sodium citrate, 100 mM Tris pH 8.5 supplemented
with increasing concentrations of glycerol up to a final concentration
of 20%. X-ray diffraction data were collected at the X29 beamline at
Brookhaven National Laboratory. The diffraction images were inte-
grated and scaled using HK1.2000 (Otwinowski & Minor, 1997). The
selenium substructure of SeMet-labeled BLES03 crystals was deter-
mined using HySS and SHELXD (Grosse-Kunstleve & Adams, 2003;
Schneider & Sheldrick, 2002). The protein structure was phased in
CNS to 3.7 A using SAD data (Briinger et al., 1998); phase infor-
mation was further improved by density modification and phase
extention to 2.5 A resolution. Detailed inspection of the preliminary
electron-density maps and selenium substructure of the crystal
revealed that one of the three monomers in the asymmetric unit
adopted a different conformation that consequently altered the
position of the selenium sites. Therefore, we partially traced one of
the monomers and manually placed its trace into the electron density
of the remaining two monomers using the program O (Jones et al.,
1991). Operators relating the monomers were obtained using
PDBSET (Collaborative Computational Project, Number 4, 1994). A
partial polyalanine model of the traced monomer was generated in
Xfit (McRee, 1999) and was used to create a protein mask with the
program MAMA (Kleywegt & Jones, 1999). A real-space electron-
density correlation search with the program /MP was then used to
optimize the transformation operators (Kleywegt & Read, 1997). The
improved operators were used to regenerate all BLES03 monomers.
Four equivalent C* atoms were selected from each monomer. These
positions, along with the original phase information to 3.7 A from
CNS, were supplied to the automatic density modification and NCS-
averaging as implemented in RESOLVE (Terwilliger, 2000). The
resulting electron-density map was of very high quality and the
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Figure 1

Table 1

Summary of crystal parameters, data-collection and refinement statistics.

Values in parentheses are for the highest resolution shell.

Space group .
Unit-cell parameters (A, °)

Data-collection and phasing statistics

P2,2.:2,
a=62.547, b = 116.809, c = 123.635,
a = 90.00, B = 90.00, y = 90.00

Energy (keV) 12.664
Wavelength (A) 0.97900
Resolution range (A) 43.97-2.50 (2.56-2.50)
No. of reflections (measured/unique) 390157/31664
Completeness (%) 98.6 (93.1)
Runerget 0.106 (0.597)
Redundancy 12.3 (9.0)
Mean I/o(I) 13.35 (2.68)
Mean FOM from CNS 0.30
Refinement and model statistics
Resolution range (A) 84.82-2.50
Data set used in refinement Selenium peak
No. reflections (total/test) 29882/1607
Reryutk 0.18831
Riee$ 0.24524
R.m.s.d. bonds (A) 0.013
R.m.s.d. angles (°) 1.422
Average B factor (A%) 39.453
No. of water molecules 217
Ramachandran plot, residues in
Most favorable region (%) 923
Additional allowed region (%) 7.7
Generously allowed region (%) 0.0
Disallowed region (%) 0.0

T Ruerge = 2op 2 [i(h) — (I(R)I/D_, > I,(h), where I(h) is the intensity of an
individual measurement of the reflection and (/(h)) is the mean intensity of the
reflection.  # Reryse = Dy |\F0bs\ - |Fcalc||/2h |Fopsl, Where Fuus and Fy. are the
observed and calculated structure-factor amplitudes, respectively. § Ry Was calcu-
lated as Ry using 5.1% of the randomly selected unique reflections that were omitted
from structure refinement.

automatic tracing procedure of ARP/WARP (Perrakis et al., 1999)
produced an inital model with approximately 80% of all possible
residues placed, of which 93% had side chains assigned. The structure

)

(a) A topology diagram of the BLES03 structure (PDB code 1ztp). The central nine-stranded S-sheet (red) is surrounded by several helices (cyan). The figure was prepared
using TopDraw based on a topology analysis of the BLES03 structure by the TOPS server (Bond, 2003; Westhead et al., 1999). (b) A ribbon diagram of the BLES03 structure.
The structure is labeled and colored to match the topology diagram. The figure was generated using PyMol (DeLano, 2002).
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was completed using alternate cycles of manual building in Xfir and
COOT and refinement in REFMACS (McRee, 1999; Emsley &
Cowtan, 2004; Murshudov et al., 1997). Loose positional and thermal
restraints between the three monomers in the asymmetric unit were
applied during the refinement. All refinement steps were monitored
using an Ry, value based on 5.1% of the independent reflections.
The stereochemical quality of the final model was assessed using
PROCHECK and MolProbity (Laskowski et al., 1993; Lovell et al.,
2003).

3. Results and discussion

The structure of BLES03 has been refined to a resolution of 2.5 A.
Data-collection, refinement and model statistics are summarized in
Table 1. The final model describes three monomers, containing resi-
dues 17-231 and 238-250 in molecule A, residues 17-251 in molecule
B and residues 30-250 in molecule C. In addition, 217 water mole-
cules were built into the final model.

The three-dimensional structure of BLES03 revealed that this
protein belongs to the o/f-class of proteins with a two-layer sandwich
architecture (see Fig. 1a). The central feature of the structure is a
nine-stranded B-sheet formed by eight antiparallel g-strands (B-I)
and strand A that is parallel to strand B. On one side of the central
B-sheet are helices H2, HS5 and H6 that run in an approximately
parallel direction to the B-strands (see Fig. 1b). On the other side are
helices H3, H4 and H7 that form a smaller satellite domain and a
solvent-exposed amino-terminal helix H1.

To classify the fold of BLES03, a structural homology search was
conducted using the DALI and VAST servers (Holm & Sander, 1993;
Madej et al., 1995). Both DALI and VAST identified a range of
structural homologs of BLES03. The strongest hits identified by both
servers were those of eIF4E. Specifically, the top homolog found by
DALI was a mouse elF4E with Z = 9.7, rm.s.d. 32 A and 15%
sequence identity over 136 aligned C” residues (PDB code lejh;
Marcotrigiano et al., 1999). The VAST server also identified the same
protein as a top homolog, with a VAST score of 14.8, rm.s.d. 2.3 A
and 16% sequence identity over 119 aligned residues (PDB code 1ej1;
Marcotrigiano et al., 1997). Other significant hits from the VAST
server included eIF4E proteins from mouse (PDB codes 118b and
lejh; Niedzwiecka et al., 2002; Marcotrigiano et al, 1999), human
(PDB code 1lipb; Tomoo et al., 2002) and yeast (PDB codes 1rf8 and

lap8; Gross et al., 2003; Matsuo et al., 1997). The analysis of fold
similarity between eIF4AE and BLESO03 revealed that the overall fold
is quite similar. The structures overlap in seven B-strands (one of
which, however, runs in an opposite direction) and helices H2, H5, H6
and H7 (see Fig. 2).

A structural alignment of all eIF4E proteins with BLES03 also
revealed several conserved residues that may be important for fold
stability (see Fig. 3a). Conserved residues map onto the structure of
BLESO3 in two clusters. The first cluster involves the fully conserved
residues Trp129, Gly127 and Thr176 and the less conserved Tyr203
and Tyr226 (see Fig. 3b). Residues of this cluster may be involved in
the stabilization of the helix H6 interaction with the central B-sheet.
The second cluster involves the conserved residues Asp140, Trp143
and Leul33 and the less conserved residue Ser60 (see Fig. 3b).
Residue Asp140 forms two hydrogen bonds to the amide N atom and
hydroxyl O atom of Ser60. Trp143 resides nearby within a hydro-
phobic pocket and stabilizes the apposition of helix H5 against the
central SB-sheet. Leul33 resides within another hydrophobic pocket
formed between helix H5 and the central B-sheet strands C and E.
Interestingly, the structurally important residues Gly127, Trp129 and
Trp143 are also absolutely conserved among proteins homologous to
BLESO3 that were identified by PSI-BLAST (Altschul et al., 1997)
(with threshold E <2 x 1077 after three PSI-BLAST cycles). On the
other hand, several functionally important residues found in eIF4E
are not conserved in BLES03 proteins. Most importantly, residues
Trp56 and Trpl02 of mouse eIF4E that are involved in a stacking
interaction with the guanosine ring of the mRNA cap are not
conserved in BLES03 (Marcotrigiano et al., 1997). If a favorable
conformational change occurred within helix H7 of BLES03, Tyr210
of BLES03 could possibly substitute for Trpl02 of mouse elF4E.
However, no aromatic residue of BLES03 could take on the role of
Trp56 as found in mouse eIF4E. We suspect that BLES03 is not tuned
to recognize the mRNA-cap structure.

Several notable topological differences exist between the folds of
BLESO03 and elIF4E. Firstly, the amino-terminal portion of BLES03
adopts an entirely different topology. Specifically, an antiparallel
B-strand that in eIF4E is formed between pB-strands analogous to
strands A and B of BLES03 is completely missing in BLES03. A
parallel B-strand A is formed at this position instead. This topological
arrangement results in the positioning of the amino-terminal part of
BLESO03 on the opposite face of the protein compared with eIF4E.
Secondly, BLESO3 and eIF4E are topologically different at their

Figure 2

Structural superposition of monomer B of human BLES03 (cyan; PDB code 1ztp) and mouse eIF4E (red; PDB code 1ehl). The orientation of the structures is consistent
with that introduced in Fig. 1. The figure was generated using PyMol based on the structural alignment of proteins by DALI (DeLano, 2002; Holm & Sander, 1993).
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carboxy-termini. The longer BLESO03 protein (251 versus 217 residues
in mouse eIF4E) forms two additional antiparallel B-strands H and /.
The third significant difference between the folds of BLES03 and
elF4E is the presence of helices H3 and H4 in BLESO03 that are
connected to the central B-sheet strands B and C by an extensive
linker. At the same topological location in eIF4E the respective
B-strands of the central B-sheet are connected by a much shorter
linker containing a single-turn helix (see Fig. 2).

The PSI-BLAST search did not detect any sequence similarity
between BLESO03 and eIF4E. The profile—profile sequence alignment
tool FFASO3 (Jaroszewski et al., 2000) revealed a putative distant
homology between BLES03 and human and yeast eIF4E. The
alignment of BLES03 with human eIF4E by FFAS03 spans BLES03
residues 120-195. These residues form the most conserved portion of
the protein and include helices HS, H6 and B-strands C, D and E (see
Fig. 1). The alignment with yeast eIF4E spans (with several gaps) the
first 205 residues of BLES03. However, the FFASO3 scores for both of
these alignments fell below the threshold value for the confident
prediction of family relationship. The FFASO03 predition can there-
fore be classified as a false negative. Finding that the BLESO03 fold is
similar to that of eIF4E is therefore significant and will extend our
capability to identify additional sequences of proteins likely to adopt
the eIF4E/BLES03-like fold.

Despite very low sequence similarity, BLES03 and eIF4E proteins
show a significant conservation of electrostatic surface potential.
Specifically, extensive basic and acidic patches are located in analo-
gous positions on both proteins (see Fig. 4). In the case of eIF4E, the
basic patch is responsible for the binding of the phosphate backbone
of a capped mRNA molecule (Tomoo et al, 2002). In crystallized
BLESO03, the acidic amino-terminal helix H1 is bound within the basic
cavity located on the surface of a symmetry-related BLES03 molecule
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(see Fig. 4a). We find this observation intriguing and speculate that
this patch may also be involved in an interaction with a natural
binding partner, possibly an RNA or DNA strand. It is interesting to
note that the automatic protein clustering of the BLES03 sequence
by ProtoNet assigned this protein to the 271979 cluster represented
by the DNA-repair protein XPGCl/yeast RAD (Kaplan et al., 2004).
Many of the 147 members of this cluster are established endo-
nucleases, exonucleases or DNA-repair proteins. It is also intriguing
that the human gene encoding the BLES03 protein is located
between two genes encoding proteins involved in transcription
regulation. Namely, these are the FOSL1 protein of the Fos family
and the DR1-associated protein 1 (DRAP1). Fos-family proteins
dimerize with proteins of the JUN family to form the transcription-
factor complex AP-1 (Wagner, 2002). DRAPI1, on the other hand,
acts as a co-repressor of transcription by interacting with DR1 and
enhancing DR1-mediated repression. DR1 acts as a repressor of
transcription by interacting with the TATA-binding protein TFIID
and thus preventing the formation of the preinitiation complex (Kim
et al., 1997; Yeung et al., 1997). Taken together, these findings lead us
to hypothesize that BLES03 may be involved in a biochemical
process that requires recognition of nucleic acids.

While inspecting the results of the PSI-BLAST search we noticed
that two versions of rat BLES03 exist in the sequence databases. One
of these proteins contains an additional 41 amino-terminal residues.
On inspection of the sequence of human locus 11q13.1 it became
clear that the spliced mRNA product of this locus could be tran-
scribed into a BLES03 protein with an additional 42 amino-terminal
residues. These residues show about 75% identity to the amino-
terminal residues of the extended rat BLESO03 protein. The first 20 of
these residues form a sequence of low complexity. It is not clear
whether the currently annotated or the extended version of the
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(a) A structural sequence alignment of human BLES03 (PDB code 1ztp) and mouse (PDB code 1ej1), human (PDB code 1lipb) and yeast (PDB code 1rf8) eIF4e proteins.
Sequences highlighted in upper case cyan letters represent structurally aligned residues among all the proteins. Red upper case letters indicate residues that are fully
conserved among the proteins and blue upper case letters indicate additional residues possibly involved in fold stabilization of these proteins. Gray lower case letters
represent residues that do not align structurally. The structural alignment was performed using VAST (Madej et al., 1995). (b) Fully conserved (red) and other interesting
(blue) residues mapped onto a C* trace of the BLES03 structure. The color coding of the backbone is consistent with the structural alignment from Fig. 3(a). Cyan color
highlights segments that are structurally aligned among BLES03 and mouse, human and yeast eIF4e. The figure was prepared using PyMol (DeLano, 2002).
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Figure 4

The electrostatic surface potential of BLES03 (left) and mouse eIF4e (right; PDB code lejl) contoured from —10kT (red) to 10kT (blue). Proteins were structurally
superposed as depicted in Fig. 2 and are depicted in the same orientation. (a) The extended basic patch on the surface of BLES03 (left) is involved in electrostatic
interactions with the acidic helix H1 (yellow sticks) of the symmetry-related BLES03 monomer. The basic patch on the surface of mouse eIF4e (right) is involved in the
recognition of phosphates of mRNA-cap structure (sticks). (b) The acidic patch with the strongest electronegative potential in BLES03 is localized mainly on the surface of a
loop connecting the B-strand E and the helix H6 and the first two turns of the helix H6 (see Fig. 1). A similar acidic patch is located on the surface of mouse eIF4E in
approximately the same position. The molecules are rotated 180° from the view presented in Fig. 4(a). The figure was generated using PyMol using electrostatic potential
generated by APBS (DeLano, 2002; Baker et al., 2001).

human BLESO3 protein represents an actual species found in vivo. were measured at beamline X29 of the National Synchrotron Light
Additional amino-terminal residues could be involved in the Source. Financial support comes principally from the Offices of
physiological regulation of the BLES03 protein function. It is of Biological and Environmental Research and of Basic Energy
interest that an amino-terminal extension of about 40 residues found Sciences of the US Department of Energy and from the National
in yeast eIF4E facilitates the folding transition of eIF4G to form a Center for Research Resources of the National Institutes of Health.
right-handed helical ring which wraps around the amino-terminus of Special thanks goes to all members of the CESG team including Todd
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