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The Crystal Structure of the C-Terminal DAP5/p97
Domain Sheds Light on the Molecular Basis for Its
Processing by Caspase Cleavage
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DAP5/p97 (death-associated protein 5) is a member of the eukaryotic
translation initiation factor 4G family. It functions as a scaffold protein
promoting cap-independent translation of proteins. During apoptosis,
DAP5/p97 is cleaved by caspases at position 792, yielding an 86-kDa C-
terminal truncated isoform (DAP5/p86) that promotes translation of
several mRNAs mediated by an internal ribosome entry site. In this
study, we report the crystal structure of the C-terminal region of DAP5/p97
extending between amino acids 730 and 897. This structure consists of four
HEAT-Repeats and is homologous to the C-terminal domain of elF4GI, eIF5,
and elF2Be. Unlike the other proteins, DAP5/p97 lacks electron density in
the loop connecting a3 and a4, which harbors the caspase cleavage site.
Moreover, we observe fewer interactions between these two helices. Thus,
previous mapping of this site by mutation analysis is confirmed here by the
resolved structure of the DAP5/p97 C-terminus. In addition, we identified
the position of two conserved aromatic and acidic boxes in the structure of
the DAP5/p97 C-terminus. The acidic residues in the two aromatic and
acidic boxes form a continuous negatively charged patch, which is
suggested to make specific interactions with other proteins such as elF2.
The caspase cleavage of DAP5/p97 removes the subdomain carrying acidic
residues in the AA-box motif, which may result in exposure of a
hydrophobic surface. These intriguing structural differences between the
two DAP5 isoforms suggest that they have different interaction partners
and, subsequently, different functions.
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Introduction

Initiation of translation in eukaryotes is a highly
regulated process. The majority of initiation events
in the cell occur through a cap-dependent mechan-
ism. This mode of initiation involves the assembly of
the preinitiation complex at the mRNA 5'Cap
m’GpppX structure. The preinitiation complex

*Corresponding author. E-mail address:
adi.kimchi@weizmann.ac.il.

Abbreviations used: elF, eukaryotic translation
initiation factor; UTR, untranslated region; IRES, internal
ribosome entry site; AA box, aromatic and acidic box; HR,
HEAT-Repeat.

consists of several initiation factors including,
among others, the ternary complex of eukaryotic
translation initiation factor (elF) 4E, elF4A, and
elF4G. elF4E is a protein that specifically recognizes
the cap structure,'” eIF4A is an ATP-dependent
RNA helicase that serves to unwind secondary
structures within the 5" untranslated region (UTR) of
the mRNA,** and eIF4G is a scaffold protein that
bridges elF4E and elF4A. In addition, elF4G recruits
elF3, which in turn interacts with the small
ribosomal subunit. elF4G also binds the poly(A)-
binding protein, allowing circularization of the
mRNA and as well as the Mnkl protein kinase
that phosphorylates eIF4E in these complexes.*”
An alternative mechanism of translation initiation
involves the recruitment of the ribosome to the
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mRNA at a position close to or directly at the
initiator codon. This mode of initiation requires the
presence of an internal ribosome entry site (IRES)
element within the mRNA’s 5'UTR, which, by
interacting with the translation machinery, enables
ribosome binding independent of the 5'Cap struc-
ture. The cap-dependent mechanism of initiation is
frequently blocked by various cellular stresses. A
characteristic of IRES-mediated translation initiation
is its ability to proceed under conditions in which
cap-dependent translation is inhibited.®®

DAP5/p97 (death-associated protein 5), a member
of the eIF4G protein family,”'” has been implicated
in mediating cap-independent translation. The
homology of DAP5/p97 to elF4G is largely confined
to the central segment, which corresponds to the
elF4A and elF3 binding regions.'’'® The N-terminal
part of eIF4G that contains the binding sites for e[F4E
and poly(A)-binding protein is completely missing
from DAP5/p97.10.11.14-16 Consistent with sequence
data, it was shown that DAP5/p97 indeed binds elF3
and elF4A, while it fails to bind elF4E necessary for
cap-dependent translation.'"'*'*'* The C-terminal
parts of elF4G and DAP5/p97 contain two aromatic
and acidic boxes (AA boxes) (aromatic/aliphatic and
acidic residues; also known as eIF5C or W2
domain).zo_23 Notably, both elF4G and DAP5/p97
bind to Mnk1 using the AA-box motif. In contrast,
DAP5/p97, but not elF4G, binds to elF2p through
the AA-box motif.** eIF2p is a subunit of the adaptor
protein elF2, which brings the initiator Met-tRNA to
the preinitiation complex. The differential binding of
elF2p suggests that functional differences between
DAP5/p97 and elF4G may also reside in their C-
terminal regions, in addition to the abovementioned
differences in the N-terminal region.

DAP5/p97 was identified and cloned simulta-
neously by four independent groups.''***?® In our
laboratory, DAP5/p97 was isolated through a
genetic screen aimed at identifying novel prodeath
genes essential for interferon-y-induced cell death.'®
While this protein was being studied as part of the
cell death process, it was revealed that, under
apoptotic conditions, DAP5/p97 undergoes proteo-
lytic cleavage, giving rise to a 86-kDa fragment
(DAP5/p86). By using a panel of inhibitors for
various cellular proteases, the cleavage of DAP5/
P97 was attributed to caspases. Examination of the
amino acid sequence of DAP5/p97 revealed the
existence of two potential caspase cleavage sites of
the motif DXXD (DETD”? and DHVD?®®), which
are capable of yielding a cleavage product that is
close to the expected size. DAP5/p97 mutants
carrying a single substitution of the aspartic residue
with alanine (DXXD — DXXA) in both potential sites
were constructed, and the ability of each mutation to
abolish the cleavage site upon death stimulus was
examined. This work revealed that DAP5/p97 was
converted into DAP5/p86 by a single caspase
cleavage event at DETD”??, whereas the second
potential DHVD®® site was silent. The cleavage at
D792 generated an isoform of the protein lacking the
last 115 C-terminal amino acids.!®

Subsequently, it was demonstrated, either by
ectopically expressing DAP5/p86 in cells* >’ or by
adding the recombinant isoform to cell-free
systems,”” that the cleaved isoform is more active
than the full-length protein in promoting the IRES-
driven translation of some mRNAs coding for
apoptotic-related genes. In addition, it was shown
that the 5'UTR of the DAP5/p97 mRNA itself
fulfils the set of criteria defining an IRES element,
and that DAP5/p97 is capable of supporting
translation from its own IRES in dying cells.!®
These DAP5/p86-mediated activities are consid-
ered to be part of the cellular response during
apoptotic cell death manifested when cap-depen-
dent translation is compromised.” In recent years,
DAP5/p97 protein has also been found to display
positive effects on translation, promoting the IRES-
driven translation of target mRNAs and enhancing
general uncapped mRNA translation in reconsti-
tuted cell-free systems.m*32 In addition, it has been
demonstrated that endogenous DAP5/p97 cosedi-
ments with polysomes in sucrose gradients, sug-
gesting that it is actively involved in translation
even at steady-state growth conditions.”*”® Recent
work, based on knocking down DAP5/p97 in
unstressed HelLa cells, established that the full-
length protein promotes the cap-independent trans-
lation of mMRNAs encoding two prosurvival proteins,
Bcl-2 and CDK1. The depletion of DAP5/p97 from
cells and the resulting decline in the expression of
Bcl-2 and CDK1 caused caspase-dependent cell
death that was most prominent in the mitotic phase
of the cell cycle.** Although both DAP5 isoforms
display important roles in protein translation, the
detailed functional differences between the two have
not been established yet. This further stresses the
importance of crystallizing the C-terminal domain of
DAP5/p97 harboring the caspase cleavage site.
Moreover, comparison with the existing structure
of the close family member elF4G should highlight
the unique functions of DAP5/p97 in light of its
rising importance in the regulation of translation
during cell death/survival processes.

In this study, we report the crystal structure of the
C-terminal region of DAP5/p97 extending between
amino acids 730 and 897 (designated as DAP5-
CTD). This structure belongs to the subclass of
proteins containing HEAT-Repeat (HR) domains
that include eIF4GI, elF5, and elF2Be, all of which
contain AA-box motifs.”****° The first AA box of
DAP5-CTD consists of helices a6 and a7, whereas
the second motif begins at the C-terminal half of a8
and extends until residue 900. The AA boxes, which
are rich in acidic residues, form a continuous
negatively charged patch that was shown to interact
with the positively charged segments of Mnk1 and
elF2p3. The structure of DAP5-CTD is similar to
those of elF4GI, elF5, and elF2Beg, with the excep-
tion of the loop connecting a3 to a4, which lacks
electron density in DAP5-CTD. The sequence of this
loop is considerably longer in DAP5-CTD and
includes the established caspase cleavage site at
position D792. Following cleavage at this site, the
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negatively charged C-terminal characteristic of the
full-length protein is removed, exposing a hydro-
phobic surface that may imply new interactions for
DAP5/p86. Thus, previous biochemical studies that
mapped the caspase cleavage site by mutagenesis'®
are in line with the resolved structure of DAP5-
CTD, which shows that the position of the site
allows access to caspases and predicts the removal
of the cleaved fragment with its associated struc-
tural domains.

Results and Discussion

Structural overview of DAP5-CTD

In this study, we present the crystal structure of a
C-terminal domain of human DAP5/p97, DAP5-
CTD, between residues L730 and A897 (Fig. 1). The
last stretch of amino acids (899-907) was omitted
from the construct due to its predicted unstructured

DETD™?

824 907
E————===1
DAP5-CTD
DAP5/p86
g -
DAP5/p97

Fig. 1. DAP5-CTD structure (730-897). Top: Ribbon representation of DAP5-CTD. The structure is composed of eight
helices (rainbow representation according to order) that fold into four HRs ala2, a3a4, a5a6, and o7a8. The boundaries
of the segment with missing electron density (residues 789-795), which includes the caspase cleavage site between o3 and
a4, are depicted by arrows. Bottom: Scheme presenting the functional domains of DAP5. The boundaries of the domains
have been determined according to UniProt Knowledgebase entry P78344. DAP5-CTD is marked by a purple line. The
caspase cleavage site is marked in blue. DAP5/p97 and DAP/p86 are marked by black and green lines, respectively.
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Table 1. Summary of multiple-wavelength anomalous
diffraction data collection from crystals of selenomethionine
DAP5-CTD

Peak Remote
Data collection .
Resolution range (A)* 25.0-1.9 23.0-1.85
. (1.97-1.90) (1.92-1.85)
N\ (A) 0.979 0.9814
Space group . P2
Unit cell dimensions (A)
a 61.06
b 45.73
c 63.36
Number of molecules in 2
the asymmetric unit
Number of reflections 203,573 110,027
measured
Number of unique 27,035 (2682) 29,276 (2916)
reflections®
Rsyma'b 0.068 (0.333) 0.051 (0.376)
Completeness (%)” 100.0 (100.0) 99.8 (100.0)
Redundancy 7.5 (7.5) 3.8 (3.8)
(D /{o(I)) 47.8 (5.8) 33.7 (3.1)
Refinement statistics
Resolution limits (A) 23.0-1.9
Reree” (%) 259
Ruork’ (%) 21.2
Mean B-factor (A? 30.53
rmsd (A) 0.019
Bond angles (°) 1.73
Torsion angles (°) 6.01
Ramachandran plot (%)
Most favored regions 93.7
Additional favored regions 6.3
Generously allowed regions 0.0
Disallowed regions 0.0

? Values in parentheses are for the highest-resolution shells.

b Reym= Y [{I) =Tl / Il where (L) is the average intensity
over symmetry-related reflections and Iy is the observed
intensity.

¢ R=Y||Fol = IFJ|/X|F,l, where F, denotes the observed
structure factor amplitude and F. denotes the structure factor
calculated from the model.

character (FoldIndex®®). The N-terminal boundary
was selected based on sequence similarity to the
structure of elF4G (4G/C2) [Protein Data Bank
(PDB) code 1UG3]. DAP5-CTD crystallizes with two
independent monomers per asymmetric unit (crys-
tallization and refinement data are summarized in
Table 1). Each monomer forms a globular a-helical
HR domain consisting of eight helices, which fold
into four HRs ala2, a304, ab5a6, and a7a8 (Fig. 1).
Each HR unit consists of a pair of interacting
antiparallel helices linked by a flexible interunit
loop. This fold is implicated in protein—protein
interactions such as in elFAGI** and in the extra-
catalytic domains of ATR, ATM, and TOR families.®”

Comparison of the DAP5-CTD to other
translation initiation factors

Three proteins involved in translation initiation—
elF5, elF2Bg, and elF4GI—were shown to contain
HR domains in their C-terminus.?>?>3° eIF5 is a
GTPase-activating protein specific for elF2, and

elF2B is the guanine nucleotide exchange factor
specific for eIF2.>® Here we show that DAP5-CTD,
another translation initiation factor, contains four
HR repeats as well. A sequence and structure
comparison of the C-terminal domains of human
DAP5/p97 (DAP-CTD; PDB code 3D3M), yeast
elF2Be (elF2Be-CTD; PDB code 1PAQ), human
elF4GI (elF4GI-CTD; PDB code 1UG3), and human
elF5 (elF5-CTD; PDB code 21U1) is presented in Fig.
2. This alignment is based on structural alignments
that were performed manually by superposing each
of the structures to DAP5-CTD in turn. The overlaid
structures show that the segments, including helices
a5-a8, superpose well in all four structures,
whereas helices al-o4 vary to a larger extent.
Notably, the most conserved sequence stretches
include the two conserved AA-box motifs that are
within the structurally conserved a5-a8 segment
(Fig. 2). All in all, the proteins share a similar
structural fold at their C-terminus despite the fact
that they have different functions in translation
initiation. While DAP5/p97 and elF4GlI function as
scaffold proteins of initiation complexes, elF2B and
elF5 modulate the activity of elF2. This is another
example where similar structural domains are
utilized for different biochemical functions.

AA-box motifs in DAP5-CTD

The most conserved region in the C-terminal
domain of all four proteins (DAP5/p97, elF2Bg,
elF5, and eIF4GI) lies in the two AA-box motifs****>**
(AAl and AA2in Fig. 2). In DAP5-CTD, AA1 extends
from 1848 to W869, while AA2 extends from W890 to
E900 (our construct was taken until E898). Both AA
boxes are composed of an aromatic/aliphatic motif,
followed by a stretch of acidic residues (Fig. 2). These
acidic residues (E859, E862, E863, E864, E871, D872,
and E895), together with exposed residues from a
loop connecting a4 and o5 (D822 and D825), form a
negatively charged patch (Fig. 3). Interestingly, only
nine residues in this C-terminal region are conserved
among these four proteins, all of which are part of the
two AA boxes, thus further stressing the importance
of this motif.

AA-box motifs are known to mediate specific
binding to positively charged segments of proteins.
In the case of DAP5/p97 and elF4Gl, this motif was
shown to be involved in the binding of Mnk1.*” This
interaction is mediated by a single stretch of eight
basic amino acids (RK box) at the Mnk1 N-terminus.
The AA-box motif was also shown to mediate
binding to e[F2p***'*?* in the case of DAP5/p97,
elF5, and elF2Bg, utilizing three stretches of seven
lysine residues (K boxes) at the elF23 N-terminus. For
DAP5/p97, this interaction was shown by mutations
of the four Glu residues 898-901 to Ala (in the AA2
box) that resulted in reduced binding to elF2.** Both
AA boxes were shown to be important in elF5’s
interaction with elF2p.% Interestingly, eIFAGI does
not bind elF2p,** as opposed to DAP5/p97, elF5, and
elF2Be. Therefore, we searched for residues that will
distinguish elF4GI from the three other proteins.
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Fig. 2. Structure-based sequence alignment of DAP5/p97, elF4GI, elF2Bg, and elF5 C-termini. C-terminal domains of
human DAP5/p97 (DAP5-CTD) (residues 730-897; PDB code 3D3M), yeast elF2Be (residues 549-712; PDB code 1PAQ),
human eIF4GI (residues 1441-1590; PDB code 1UG3), and human elF5 (residues 240-430; PDB code 21U1) are presented.
Numbering and secondary structural elements are presented according to the structure of DAP5-CTD. All a-helices are
spirals and labeled above the corresponding sequence. The residues conserved in all four rotems are highlighted in red,

and similar residues are in blue boxes. The caspase recognition sites DETD”*? and DHVD

5 are indicated by a green line.

The two conserved AA motifs, AA1 and AA2, are marked in purple. The blue arrow points to residue E862, which is not

conserved in eIFAGL. The figure was created using ESPript.>

Superposition of the AA boxes of the four proteins
revealed that residue E862 (within the AA1 box; blue
arrow in Fig. 2) is conserved in all three proteins that
bind elF2p and is replaced by K1557 in elF4GI. These
residues are exposed from the loop between a6 and
a7. We suggest that this residue contributes to the
selectivity for binding to elF2p.

The caspase cleavage site of DAP5/p97 is
located in an unstructured loop

Activation of caspases during the process of
apoptosis leads to the cleavage of DAP5/p97 at

E895

DETD”*? positioned at its C-terminus (Fig. 2). This
cleavage was shown by biochemical studies to
activate some properties of DAP5/p97 in cells. A
corresponding cleavage site was not observed for
elF4ClI, elF2Beg, and elF5. Indeed, based on sequence
and structure alignment, DAP5-CTD exhibits extra
residues in this region (Fig. 2). Interestingly, our
structure of DAP5-CTD has missing electron density
between residues 789 and 795, which contains the
cleavage site. This is an inherent property of DAP5-
CTD, as electron density in this region is not
observed in both independent crystallographic
monomers (see Supplementary Fig. 1). Protease

(b)

Fig. 3. Acidic residues form an electron-negative patch on DAP5-CTD. (a) The acidic residues in the two AA boxes
(E859, E862, E863, E864, E871, D872, and E895) together with exposed residues from a loop connecting a4 and o5 (D822
and E825), drawn as sticks in orange. (b) Electrostatic surface representation [same view as in (a)] showing the
electronegative patch (red) formed by these residues, indicated by an arrow.



544

The Crystal Structure of DAP5 C-Terminal Domain

cleavage sites, in general, and caspase cleavage sites,
in particular are often located in flexible, unstruc-
tured regions of 0proteins, in agreement with our
missing density.”’ Indeed, several structures have
been solved for caspase substrates, revealing that the
site of cleavage is within a disordered mobile loop
whose structure is not resolved.* In eIF4GI, elF2Bs,
and elF5, which lack the caspase cleavage site, this
region is structured and characterized by a short
loop connecting helices o3 and o4 (illustrated by
comparing this region in e[F4GI in Fig. 4a). Notably,
the structure also shows that DHVD®®, the other
putative cleavage site, is completely structured (Fig.
2). Moreover, this segment is part of helix o5 that is
unlikely to undergo cleavage; thus, the structure isin
line with a previous mutation analysis'® showing
that this site is not cleaved.

Upon cleavage of DAP5/p97, the C-terminal
fragment is removed yielding an active DAP5/
p86 isoform.'® Indeed, the structure shows that
helices a4—a8 form very few interactions with the
remaining protein, thus allowing for its release upon
caspase cleavage. To illustrate this, we have defined
two segments of DAP5-CTD in the vicinity of the
cleavage site: segment A between residues 730 and
788 (al-a3), and segment B between residues 796
and 897 (a4—a8). Interestingly, in DAP5-CTD, there
are only 15 atom—atom contacts up to 3.5 A between
the two segments, whereas in the CTDs of elF4GI,
elF2Bg, and elF5, there are 42, 53, and 49 atom—atom
contacts, respectively. The small number of interac-
tions between the two segments of DAP5-CTD is in
agreement with the fact that DAP5-CTD loses
segment B upon caspase cleavage. Table 2 sum-
marizes the residues involved in the atom-atom
interactions between the two segments for DAP5-
CTD and elF4GI (with the latter representing the
trend observed for elF2Be and elF5). In both
proteins, all the interactions between the two

(a) (b)

ad ad

Table 2. Interactions (up to 3.5 A) between side chains in
segments A and B in the C-terminal domains of DAP5-
CTD and elF4GlI (italicized residues designate interactions
in the loop between a3 and a4)

DAP5 elF4GI®
Interacting A B A B
helices (730-788)  (796-897)  (1441-1495) (1496-1566)
al-o4 51456 R1508
a2-a4 P747 S811 N1458 A1507
R1508
a2-o4 Y751 K818
nl-a5 V1475 K1521
a3-ab K766 D825 5829
a3-ad L1479 Y1515
a3-ab V1480 K1521
a3-ab M1484 A1525
a3-ab C1488 F1546
a3-a4 A1491 D1501
a3-ab 5781 H837
a3-ad 11493 R1499
L1498
a3-ad E783 Q804 F1494 L1498
a3-ad V784 Q801 E1495 T1496
P1497
L1498
R1499
a3ad N785 Q801
# According to DAP5-CTD structure PDB entry 3D3M based on
Fig. 2.

b Numbering according to eIF4G structure PDB entry 1UG3.

segments involve residues either from a3 or from
a4 (except for n1-a5 in the case of elF4GI). Notably,
in DAP5-CTD, there are only three pairs of interact-
ing residues between o3 and a4, weakly holding the
two helices (Fig. 4b). On the other hand, in elF4GI,
there are many interactions primarily located at the
loop, while one is at the bottom edge of the two
helices stabilizing the interaction between a3 and a4
(Fig. 4c and Table 2). Thus, the lack of density in the
loop region of DAP5-CTD and the few interactions

(c)

o4

Fig. 4. o3 and o4 flanking the loop containing the caspase cleavage site of DAP5-CTD in comparison to the
corresponding region in elF4GI. (a) Superposition of a3 (orange) and a4 (green) of DAP5-CTD to those of eIFAGI (blue).
(b) Interacting residues between a3 and a4 of DAP5-CTD (up to 3.5 A) and (c) between o3 and a4 of eIFAGI (up to 3.5 A).
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between its flanking helices support biochemical
studies showing that this loop contains its unique
protease cleavage site.

It appears that DAP5-CTD is composed of two
subdomains (segments A and B) that are loosely
held together. Removal of segment B from DAP5-
CTD exposes a hydrophobic surface, which harbors

an elongated groove where helix a4 (residues 812—
819) is situated (Fig. 5a and b). This putative
hydrophobic surface is a “sticky” region that may
be adequate for forming protein—protein interac-
tions, assuming that the conformation is retained. It
is noteworthy that helix a4 has a proline in position
814 and is therefore kinked, leaving its imprint on

Fig. 5. Electrostatic surface representation of DAP5-CTD. (a) Electrostatic surface representation of segment A
(residues 730-788) with segment B (residues 796-897) shown in green ribbon; a4 is indicated. (b) The exposed
hydrophobic surface of segment A revealed upon removal of segment B. (c) Electrostatic surface representation of DAP5-
CTD showing the negative patch located in segment B [same view as in (a) and (b)].
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the hydrophobic groove. Taken together, two major
structural changes occur upon the removal of
segment B by the caspase cleavage. The protein
loses its negatively charged C-terminus (Fig. 5c)
and, as a result, may lose its ability to bind to Mnk1
and elF2p. At the same time, a new hydrophobic
surface is exposed in the truncated p86 isoform,
suggesting the acquisition of an alternative reper-
toire of interaction partners. Notably, in the full-
length protein, a4 interferes with possible access to
this hydrophobic groove. This suggests that seg-
ment B may have an autoinhibitory effect on such
possible interactions in the context of the full-length
protein.

Materials and Methods

Expression and purification of selenomethionine
recombinant DAP5-CTD

DAP5-CTD (730-898) was cloned into pET28-TEVH*!
and expressed as an N-terminal 6xHis fusion. BL21(DE3)
bacteria expressing pET28-His-TEV-DAP5-CTD were
grown at 37 °C in M9 minimal medium containing glucose
(0.4% wt/vol) and kanamycin (30 pg/ml). At Agp=0.6,
selenomethionine (50 mg/L), along with lysine hydro-
chloride (100 mg/L), threonine (100 mg/L), phenylalanine
(100 mg/L), leucine (50 mg/L), isoleucine (50 mg/L), and
valine (50 mg/L), were added as solid. Protein expression
was induced by the addition of 100 M isopropyl-1-thio-b-
D-galactopyranoside for 24 h at 15 °C. Bacteria were lysed
by sonication in 50 mM Tris—-HCl (pH 8), 500 mM NaCl,
and 1 mM PMSF and protease inhibitor cocktail (Calbio-
chem) in the presence of DNase (1 pg/ml) and lysosyme
(40 U/ml). Soluble protein was purified using a Ni-NTA
column (HiTrap chelating HP; GE Healthcare), followed
by gel-filtration chromatography (HiLoad 16/60 Superdex
75; GE Healthcare) in 50 mM Tris (pH 7.0), 150 mM NaCl,
and 1 mM DTT. Pooled fractions containing purified
DAP5-CTD were then concentrated to 40 mg/ml for
crystallization experiments.

Crystallization, data collection, and refinement

Crystals of DAP5-CTD were obtained by the microbatch
method, under oil, using the Oryx6 robot (Douglas
Instruments Ltd., East Garston, Hungerford, Berkshire,
UK). Selenomethionine DAP5-CTD crystals were grown
from a precipitating solution of 100 mM MMT (D,L-maleic
acid, 4-morpholineethanesulfonic acid, and Tris; pH 6)
and 20% polyethylene glycol 1500. Crystals formed in
space group P2; with cell constants a=61.06 A, b=45.73 A,
¢=63.36 A, and $=103.8°, and contained two monomers in
the asymmetric unit cell with a V,, of 2.17 A’/Da. The
multiple-wavelength anomalous diffraction data from a
single crystal were collected at European Synchrotron
Radiation Facility beamline BM14. Data up to 1.9 A
resolution were collected at peak and remote wave-
lengths. The diffraction images were indexed and inte-
grated using the program HKL2000.**> Integrated
reflections were scaled using the program SCALEPACK.*
Structure factor amplitudes were calculated using TRUN-
CATE from the CCP4 program suite.*’ Details of the data
collection are described in Table 1. Selenium sites were
identified with the programs SHELX* and HKL2MAP.*

All steps of atomic refinement were carried out with the
program CCP4/Refmac5.*® Calculations of overall aniso-
tropic temperature factors and noncrystallographic sym-
metry restraints were used throughout all steps of
refinement. The model was built to 2F ;s — Feaie and Fgps—
Feale maps using the program Coot.*” In later rounds of
refinement, water molecules were built into peaks greater
than 30 in Fyps—Feac map. The current model contains
residues 730-788, residues 796-897, and 75 water
molecules. The Rgee value is 27.3% (for 5% of the
reflections not used in the refinement), and the Ryork
value is 22.9% for all data up to 1.9 A. The DAP5-CTD
model was evaluated with the program PROCHECK.*
Details of the refinement statistics of the DAP5-CTD
structure are described in Table 1. All figures depicting
structures were prepared using PyMOL.** Manual
structure alignment was performed using the Homology
module of InsightII (Accelrys, Inc., San Diego, CA). The
figure illustrating the sequence alignment was prepared
using ESPript.”’

Accession code

The coordinates and structure factors for DAP5-CTD
have been deposited in RCSB PDB under accession no.
3D3M.
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