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Abstract

Human leishmaniasis is a major public health problem in many countries, but chemotherapy is in an
unsatisfactory state. Leishmania major phosphodiesterases (LmjPDEs) have been shown to play
important roles in cell proliferation and apoptosis of the parasite. Thus LmjPDE inhibitors may
potentially represent a novel class of drugs for the treatment of leishmaniasis. Reported here are the
kinetic characterization of the LmjPDEBL1 catalytic domain and its crystal structure as a complex
with 3-isobutyl-1-methylxanthine (IBMX) at 1.55 A resolution. The structure of LmjPDEB1 is
similar to that of human PDEs. IBMX stacks against the conserved phenylalanine and forms a
hydrogen bond with the invariant glutamine, in a pattern common to most inhibitors bound to human
PDEs. However, an extensive structural comparison reveals subtle but significant differences
between the active sites of LmjPDEB1 and human PDEs. In addition, a pocket next to the inhibitor
binding site is found to be unique to LmjPDEBL. This pocket is isolated by two gating residues in
human PDE families, but constitutes a natural expansion of the inhibitor binding pocket in
LmjPDEBL1. The structure particularity might be useful for the development of parasite-selective
inhibitors for the treatment of leishmaniasis.
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The leishmaniases are a complex of clinical diseases that comprises three main syndromes:
local or disseminated ulcerative skin lesions (cutaneous leishmaniasis, CL), destructive
mucosal inflammation (mucosal leishmaniasis, ML), and fatal visceral infection (visceral
leishmaniasis, VVL). They are caused by about 20 species of the protozoan Leishmania that are
all transmitted by the bite of female sand flies (Kamhawi et al., 2006; Reithinger and Dujardin,
2007). The diseases are endemic in developing countries in tropical/sub-tropical regions and
also in Southern Europe, but have increasingly been introduced into the industrialized countries
through economic globalization and travel (Schwartz, et al., 2006). An additional problem is
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the rapid increase in the number of HIV/leishmaniasis co-infections that exacerbate both
diseases (Desjeux and Alvar, 2003). At present, no vaccine is available, and chemotherapy is
severely deficient (Kedzierski et al., 2006; Croft et al., 2006; Mishra et al., 2007). The
pentevalent antimonials such as glucantime® have been the main anti-leishmaniasis drugs for
over 60 years, but their efficacy is diminishing due to drug—resistance in some regions of the
world such as Bihar in India (Loiseau and Bories, 2006; Mishra et al., 2007; Ashutosh et al.,
2007). Other antileishmanials such as Amphotericin B (AmBisome®), paramomycin,
pentamidine (Pentacarinat®) and miltefosin (Miltex®) are available in cases where
antimonials lack efficacy, but their therapeutic windows are limited. Thus, the development of
novel and better anti-leishmanials is necessary to meet an urgent medical need on a global
scale. Inhibitors of cyclic nucleotide phosphodiesterases (PDES) may represent such a category
of novel drugs for the treatment of human leishmaniasis.

PDEs control the cellular concentration of the second messengers CAMP and cGMP that are
key regulators of many important physiological processes (Bender and Beavo, 2006; Lugnier
2006; Omori and Kotera 2006; Counti and Beavo, 2007; Ke and Wang, 2007). The human
genome contains twenty-one PDE genes that are categorized into eleven families. Alternative
mRNA splicing generates about a hundred PDE isoforms distributed over various human
tissues. Family-selective inhibitors of human PDE families have been widely studied as
therapeutics, including cardiotonics, erection enhancers, vasodilators, anti-psychotics, smooth
muscle relaxants, antidepressants, anti-thrombaotics, anticancer drugs, and agents for the
treatment of asthma and chronic obstructive pulmonary disease, as well as for the improvement
of learning and memory (Rotella 2002; Lipworth 2005; Castro et al 2005; Houslay et al
2005; Lerner et al., 2006; Blokland et al 2006; Menniti et al 2006). The media star among these
inhibitors is certainly sildenafil, a PDE5-selective inhibitor that has been successfully deployed
as a drug for the treatment of male erectile dysfunction and pulmonary hypertension (Rottela
2002; Galie et al., 2006).

The genome of the protozoal parasite Leishmania major contains five PDE genes encoding
LmjPDEA, LmjPDEB1, LmjPDEB2, LmjPDEC and LmjPDED, respectively (Kunz et al.,
2005; Rascon et al, 2000; Johner et al., 2006). Two of these, LmjPDEB1 and LmjPDEB2 are
tandemly arranged on chromosome 15 and share extensive similarity in their overall
architecture. They contain two GAF-domains in their N-terminal regions. Their catalytic
domains are essentially identical, except for a short stretch of sequence between Ala798 and
Arg823 of LmjPDEBL. Early studies showed that three human PDE inhibitors (etazolate,
dipyridamole, and trequinsin) inhibit the proliferation of L. major promastigotes and L.
infantum amastigotes with 1Cgq values in the range of 30-100 uM (Johner et al., 2006). In
addition, 5,7,4’-trihydroxyflavan exhibited toxic activity on amastigotes of L. amazonensis
(Mishra et al., 2007), and the flavonoids luteolin and quercetin caused cell cycle arrest of L.
donovani promastigotes in the G1 phase and increased cell apoptosis (Salem and Werbovetz,
2006). Since the flavonoids are nonselective inhibitors of the human PDEs (Peluso, 2006),
these preliminary experiments suggested that selective inhibitors of LmjPDEs may potentially
represent a novel class of drugs for the treatment of leishmaniasis. However, neither selective
LmjPDE inhibitors nor structures of LmjPDEs are available at present. Here, we report the
kinetic characterization and the crystal structure of the catalytic domain of LmjPDEBL1 in
complex with 3-isobutyl-1-methylxanthine (IBMX). A comparison between the structures of
LmjPDEB1 and human PDEs reveals a unique pocket in the LmjPDEBL structure, which may
thus be useful for the design of parasite selective inhibitors for the treatment of leishmaniasis.
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RESULTS and DISCUSSION

Enzymatic properties

The catalytic domain of LmjPDEBL1 (residues 582-940) has a Ky, of 20.6 uM and a kggt 0f 2.7
s'1 for cAMP. The catalytic efficiency constant Kea/K, is 0.13 s1 uM-1. For the catalysis using
cGMP as the substrate, the K, is estimated to be > 1mM and k¢, could not be measured because
cGMP at concentrations >2 mM co-precipitated with the product GMP under the assay
condition. Our assay confirms the earlier report that LmjPDEBL1 is cAMP specific (Johner et
al., 2006). However, the K, value of the LmjPDEBL1 catalytic domain is higher than the K,
of 1 uM for the full-length protein (Johner et al., 2006). This difference likely reflects the
contribution of the regulatory GAF domains of the protein. We speculate that CAMP binds to
the GAF domain of LmjPDEBL1 and causes conformational changes at the active site, thus
impacting the Km of the substrate cAMP. In fact, this allosteric effect was first reported by
Beavo's group for trypanosome PDEB2 (Laxman et al., 2005). TbrPDEB2 was shown to be
an allosteric enzyme with a Hill coefficient of 1.75 and to have a K, value of > 44 uM for the
isolated catalytic domain and of 4.5 uM for the full-length protein (Laxman et al., 2005). Since
LmjPDEB1 shares a high homology with TorPDEB?2, the different Ky, values for the
holoenzyme of LmjPDEB1 and its isolated catalytic domain may imply that LmjPDEBL1 is an
allosteric enzyme.

Since no LmjPDE-selective inhibitors are available at present, several inhibitors of human
PDEs were tested for their inhibition of LmjPDEB1. However, most human PDE inhibitors do
not effectively inhibit LmjPDEB1, in consistence with an earlier report (Johner et al., 2006).
For example, the PDE4-selective inhibitor rolipram showed an 1Csq value of 330 uM for the
LmjPDEB1 catalytic domain, and the non-selective inhibitor IBMX had an ICsq value of 580
uM. Thus, a single-concentration assay was performed for a quick screen of other PDE
inhibitors (Fig. 1). Among the tested inhibitors, luteolin, a flavonoid and a non-selective
inhibitor of human PDEs (Peluso, 2006), is most potent and shows about 80% inhibition of the
LmjPDEB1 activity at 20 uM inhibitor. In addition, 20 uM dipyridamole and quercetin inhibit
about 70% activity of the LmjPDEBL1 catalytic domain (Fig. 1).

Structural architecture

The catalytic domain of LmjPDEBL1 (residues 582-940) was used for the crystallization, but
only residues 597-931 had good electron density and were traced without ambiguity. The
remaining N- and C-terminal residues were disordered. The crystallographic asymmetric unit
contains two molecules of LmjPDEBL, which apparently form a dimer by a 2-fold symmetry
axis. However, this crystallographic dimer is not comparable with any of the human PDEs,
and thus it is not clear whether the dimer is biologically relevant. The superposition of the two
catalytic domains of LmjPDEBL in the crystallographic asymmetric unit yielded a root-mean
squared deviation (RMSD) of 0.33 A for all the Ca atoms in the structure, indicating the
similarity of the two molecules. The catalytic domain of LmjPDEB1 comprises sixteen o-
helices but no B-strands (Fig. 2). Two divalent metal ions occupy the bottom of the catalytic
pocket. Zinc and magnesium were used, without verification, in the structure refinement and
had comparable B-factors with the overall average for protein atoms, suggesting a reasonable
assignment. The zinc ion coordinates with His685, His721, Asp722, Asp835, and two bound
water molecules. The magnesium ion coordinates with Asp722 and five water molecules. The
octahedral configuration of the two divalent metals in LmjPDEBL is comparable with those in
the human PDEs.

The structure superposition between LmjPDEB1 and human PDEs yielded RMSDs of 1.7, 1.8,
1.3,1.5,1.8,2.0,1.5, and 1.6 A, respectively for the 270, 282, 266, 277, 265, 290, 292, and
289 comparable Co atoms of unliganded PDE1B (Zhang et al., 2004), unliganded PDE2A
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(Iffland et al., 2005), PDE3B-IBMX (Scaping et al., 2005), PDE4D2-IBMX (Huai et al.,
2004a), PDE5SA1-IBMX (Huai et al., 2004a), PDE7A1-IBMX (Wang et al., 2005), PDE9A2-
IBMX (Huai et al., 2004b), and PDE10A2-cAMP (Wang et al., 2007). This comparison
indicates a similar topological folding of LmjPDEB1 and the human PDEs. Indeed, visible
inspection on a graphic terminal showed that the core domain from helix H3 to H16 compares
well with those of human PDE families, except for a few insertions/deletions (Fig. 2).

The superposition revealed four regions that exhibit significant differences between the
structures of LmjPDEB1 and human PDEs. The N-terminal residues 597-617 and a loop around
residue 814 of LmjPDEB1 showed positions and conformations different from the human
PDEs (Fig. 2). Since the sequences of these two fragments are poorly comparable or have
insertions/deletions in almost all parasite and human PDEs, the different conformations may
be predictable. In addition, helix H9 of the H-loop (residues 729-754 in LmjPDEB1) and most
residues in the M-loop (residues 858-882) of LmjPDEB1 exhibit significant positional shifts
of as much as 3 A for their Ca atoms from those of the human PDE families (Fig. 2). This
difference is about twice the overall RMSD between the structures of LmjPDEB1 and human
PDEs and is thus statistically significant. Since the H- and M-loops are directly involved in
interaction with the inhibitors (Huai et al., 2004; Wang et al., 2006;Ke and Wang, 2007), their
conformational changes appear to have enzymatic implications. However, further
characterization is needed to understand the roles of the individual residues in the loops.

IBMX binding

IBMX is a non-selective inhibitor for most human PDE families, but it only weakly inhibits
LmjPDEB1 with an 1C5q value of 580 uM. IBMX binds to the active site of LmjPDEB1. The
06 atom of the xanthine ring of IBMX forms a hydrogen bond with Ne2 of GIn887 of
LmjPDEBL1 (Fig. 3). The xanthine ring stacks against Phe890 of LmjPDEB1 and also forms
van der Waals’ contacts with residues Tyr680, Asn838, Val853, and Phe857. The isobutyl
group of IBMX interacts with residues Tyr680, His681, Asn838, and Val853.

The binding of IBMX in the LmjPDEBL1 structure is similar to that observed in the human
PDEIBMX complexes. Two elements of IBMX binding to LmjPDEB1, the hydrogen bond
with the invariant glutamine and the stack against phenylalanine, are conserved among
LmjPDEB1 and human PDEs. In fact, these two elements are the common binding
characteristics of almost all PDE inhibitors (Ke and Wang, 2007), whether or not they are
selective or non-selective. Notably, the xanthine ring of IBMX in the LmjPDEBL1 structure has
the same orientation as it has in PDE3B, PDESA (Fig. 4) and PDE9A (data not shown), but it
is flipped by about 180° in PDE4D (Fig. 4) and PDE7A (data not shown). The different
orientations of IBMX in the PDE structures may be understandable because the active site
pockets of PDEs are much larger than the volume of substrates, IBMX, or other PDE inhibitors.
For example, the active site of PDE4B has a volume of 440 A3, in comparison with 232 A3 of
cAMP (Xu et al., 2000). Besides, IBMX forms two hydrogen bonds with PDE3B and PDE5A,
but only one with PDE4D, PDE7A, PDE9A, and LmjPDEB1. The different numbers of
hydrogen bonds in these PDE structures appear to be determined by the orientation of IBMX
and by the position of the side chain of the invariant glutamine.

Similarities and differences between the active sites of LmjPDEB1 and human PDEs

Toexplore the possibility of designing parasite-selective inhibitors, the structure of LmjPDEB1
was superimposed over those of human PDEs by using all comparable residues in the catalytic
domain (about 270 out of total 335 residues). Overall, the active sites of LmjPDEB1 and human
PDEs compare well, including the four metal-binding residues (His685, His721, Asp722,
Asp835), the important residues for the catalysis (His681 and His725), and the residues for
inhibitor binding such as Phe890 (Fig. 4 and Table 2).
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However, subtle but significant differences are observed from the superposition. For human
PDE1B, the largest positional displacement is associated with Ser420 of PDE1B or Gly886 of
LmjPDEB1 (Table 2). For PDE2A, the following residues show significant positional
differences (Table 2): Leu809 (Val836 of LmjPDEB1), Asp811 (Asn838), Thr819 (Ser846),
Leu858 (Gly886), and GIn859 (GIn887). For PDE3B, Leu987 and GIn988 exhibit large
positional displacements and Phe976 shows a marked conformational difference from Met874
of LmjPDEBL1 (Fig. 4A). For PDE4D, the overall positional differences are relatively small
(average of 0.6 A for the 22 active site residues, Table 2), with the largest difference associated
with Ser368 (Gly886 in LmjPDEB1, Fig. 4B). For PDESA, the most notable change is the
disorder of a part of the M-loop both in the unliganded form and in the complex with IBMX
(Fig. 4C). This loop is well ordered in the complex with sildenafil (Huai et al., 2004a;Wang et
al., 2006). For PDE7A, helix H15 shows significant positional changes, resulting in a
movement of 1le412 and GIn413 (Table 2). For PDE9A, the movement of the M-loop is
remarkable, as shown by the 2.3 A difference between the Ca atoms of Phe441 of PDE9A and
Met874 of LmjPDEB1 (Table 2). In PDE10A, the movement of helix H15 causes 2.4 and 1.8
A shifts of the Ca atoms of Gly725 and GIn726 from Gly886 and GIn887 of LmjPDEB1. Since
the active site residues in Table 2 are not involved in the lattice contacts in the crystals, their
positional differences must reflect the intrinsic structural variations.

In summary, Gly886 and GIn887 of LmjPDEB1 show the most significant positional
displacement (Table 2). Since the invariant glutamine (GIn887 of LmjPDEB1) has been
proposed to play essential roles in the substrate and inhibitor binding (Ke and Wang, 2007),
the positional variation of Gly886 and GIn887 must be an important factor that diminishes the
binding of the human PDE inhibitors to LmjPDEBLI. In addition, changes of Asn838, Val839,
Ser846, and Met874 of LmjPDEBL are also significant, and may impact on inhibitor binding.
Therefore, we believe that multiple residues at the active site of LmjPDEBL1 jointly determine
the affinity of inhibitors. The positional and conformational differences between the active
sites of LmjPDEB1 and human PDEs suggest the feasibility of designing LmjPDE selective
inhibitors.

A unique pocket of LmjPDEBL1 for inhibitor binding

The most surprising finding of the structural study is the identification of a subpocket in
LmjPDEB1, which is close to the binding of cyclic pentanyl ring of rolipram in PDE4 (Fig.
5). This pocket is made up of residues from the M-loop and helix H14, including Thr854,
Tyr858, Met874, Asn881, Leu883, and Gly886 in LmjPDEBL. Three residues Thr854, Met874
and Gly886 of LmjPDEBLI are located at the entry of the subpocket. In most of human PDE
families, the subpockets are isolated from the active sites by two entry residues: Met847 and
Leu858 in PDE2A, Phe976 and Leu987 in PDE3B, Met357 and Ser368 in PDE4D2, Leu401
and 1le412 in PDE7A (Fig. 5). In PDE10A, Tyr693 plays a key role to obstruct the entry to the
subpocket while Met713 and Gly725 are separated by 6.7 A. In PDE9A, Phe441 and Ala452
do not block the path, but VVal447 moves over by 3 A into the pocket and thus fills it up (Fig.
5). Itis interesting to note that the gating glycine (Gly886 in LmjPDEBL1) exists in four of the
five Lmj PDEs, but only in human PDE10, and shows the largest positional difference among
the active site residues (Table 2). Because glycine is unique in that its backbone conformation
can freely assume any angle, this glycine must represent a fundamental difference between
most human and leishmania PDEs.

Inthe LmjPDEB1 structure, a separation of 7.5 A between the Ca atoms of Met874 and Gly886
leaves the subpocket widely open and fully accessible. Thr854 and Tyr858 of helix H14 and
Leu883 and Gly886 of helix H15 form two walls of the pocket, while the fragment around
Asn881 of the M-loop constitutes the third side of the pocket (Fig. 5A). Interestingly, the
bottom of the subpocket is open to the molecular surface of LmjPDEBL. Thus, the pocket looks
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1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wang et al.

Page 6

more like an open channel. It has a size capable of accommodating a five-membered ring and
shows mixed hydrophilic and hydrophobic characteristics. Since this subpocket is unique for
LmjPDEB1, we tentatively name it as leishmania pocket or L-pocket for short, and we believe
that it is useful for the development of Leishmania-selective inhibitors.

Concluding remarks

The crystal structure of LmjPDEB1 shares a common topological folding with human PDEs.
However, the active site of LmjPDEB1 shows subtle but significant differences from those of
human PDEs, implying the feasibility to develop LmjPDE selective inhibitors. Most surprising,
the L-pocket that neighbors the active site appears to be unique to the parasite LmjPDEBL,
thus representing a candidate pocket for the design of LmjPDE selective inhibitors. The study
in this paper reveals for the first time the structural information on a pathogen PDE, and
therefore provides a template for the design of novel drugs for the treatment of leishmaniasis.

EXPERIMENTAL PROCEDURES

Protein expression and purification of the catalytic domain of LmjPDEB1

The cDNA of the catalytic domain of Leishmania major PDEB1 corresponding to amino acids
582-940 was amplified by PCR and subcloned into the expression vector pET28a. The resulting
plasmid pET-PDEB1 was transferred into E. coli strain BL21 (CodonPlus) for overexpression.
When E. coli cell carrying pET-PDEB1 was grown in LB medium at 37°C to an ODggq of 0.7,
0.1 mM isopropyl B-D-thiogalactopyranoside was added and the culture was further grown at
15°C for 24 hours. Recombinant PDEB1 was purified by Ni-NTA chromatography (Qiagen),
subjected to thrombin cleavage, and further purified by ion-exchange chromatography on
QSepharose and gel filtration on Sephacryl S300 (Amersham Biosciences). A typical
purification yielded about 10 mg LmjPDEB1 with a purity of >95% from a 2-liter cell culture.

Protein crystallization and structure determination

The co-crystal of LmjPDEB1 (582-940) in complex with IBMX was grown by vapor diffusion.
The LmjPDEB1-IBMX complex was prepared by mixing 2 mM IBMX with 15 mg/ml
LmjPDEB1 that was stored in a buffer of 20 mM Tris.HCI pH 7.5, 1 mM B-mercaptoethanol,
1mM MgCl,, 5% glycerol. The protein drop was prepared by mixing 2 pl of the LmjPDEB1-
IBMX complex with 2 pl well buffer of 30% PEG3350, 0.1 M HEPES pH 7.5 at 4°C.
LmjPDEB1-IBMX was crystallized in the space group P2, with cell dimensions of a = 63.8,
b=78.8,c=70.6 A and p =92.5° (Table 1). The diffraction data were collected on beamline
X29 at Brookhaven National Laboratory and processed by program HKL (Otwinowski and
Minor, 1997).

The structure of LmjPDEB1-IBMX was solved by the molecular replacement program AMoRe
(Navaza and Saludjian, 1997), taking the PDE7A1-IBMX structure without IBMX as the initial
model. The atomic model was rebuilt by program O (Jones et al., 1991) against the electron
density map that was improved by the density modification package of CCP4. The structure
was refined by CNS (Table 1, Briinger et al., 1998).

Assay of enzymatic activity

The catalytic domain of LmjPDEB1 was incubated with a reaction mixture containing 20 mM
Tris.HCI, pH 7.5, 10 mM MgCl,, 1ImM DTT, 3H-cAMP or 3H-cGMP (20000 cpm/assay) at
room temperature for 15 min. The reaction was terminated by addition of 0.2 M ZnSO,4 and
0.2 M Ba(OH)s,. The reaction product 3H-AMP or 3H-GMP was precipitated by BaSO, while
the unreacted substrates remained in the supernatant. Radioactivity in the supernatant was
measured by liquid scintillation counting. The activity was measured at eight concentrations
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of substrate. All assays were done in triplicate. For the measurement of 1Csgg, twelve
concentrations of inhibitors were used, with a substrate concentration less than one tenth of
Km and a suitable enzyme concentration. The 1Cs value is defined as the concentration of
inhibitors where 50% of the enzyme activity is inhibited. The kinetic parameters Ky, and Kcgt
were obtained following the theory of steady state kinetics.
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Fig. 1.

Inhibition of the LmjPDEBL1 catalytic domain by human PDE inhibitors. The single-point assay
was performed at 0.04 uM cAMP and 20 uM inhibitors. The error bars were calculated from
3-4 repeated measurements. BAY 60-7550 and EHNA are PDE?2 selective inhibitors.
Zardaverine is a PDE3/PDE4 dual selective inhibitor. Etazolate, MK298 (L-869298), NVP (4-
[8-(3-nitrophenyl)-[1,7]-naphthyridin-6-yl]benzoic acid), and Ro 20-1724 are PDE4 selective
inhibitors. MBCQ, MY-5445, sildenafil, and zaprinast are PDE5 selective inhibitors. BRL
50481 is a PDE7 selective inhibitor. Dipyridamole inhibits several PDEs, including PDES, 6,
8, 10 and 11. Flavonoids of genistein, hesperetin, luteolin, and quercetin are non-selective PDE
inhibitors.
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The structure of LmjPDEBL. (A) Ribbon diagram. (B) The superposition of LmjPDEBL1 (cyan
ribbons) over PDE4D2. Only the PDE4D loops (golden ribbons) with large positional
differences are shown. (C) The sequence alignment between LmjPDEB1 and PDE4D2. Symbol
@D represents a-helices and ™ represent 31 helices.
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(A) (B)

Fig. 3.
IBMX binding to LmjPDEB1. (A) A stereo-view of the IBMX binding at the active site of

LmjPDEB1. The dotted line represents the hydrogen bond between IBMX and the side chain
of glutamine. (B) Electron density for IBMX. The (Fo-Fc) map was calculated from the
structure without IBMX and contoured at 3 sigmas.
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Fig. 4.

Superposition of the IBMX binding pocket of LmjPDEBL (green ribbons and sticks) over those
of PDE3B-IBMX (A), PDE4D2-IBMX (B), and PDE5A1-IBMX (C), and their detail views
(D, E, F). In Figs. 4D, 4E, and 4F, the green bonds represent LmjPDEBL, gold for PDE3B,
blue for PDE4D, and cyan for PDE5SA. PDE3, PDE4, and PDES5 are dual-, cAMP-, and cGMP-
specific enzymes, respectively. The superposition was produced by using all comparable
residues in the catalytic domains. The dotted lines in PDE5A represent the disordered residues
in the M-loop. The first portions of the labels represent the LmjPDEBL1 residues while the
second parts of the labels are for the human PDEs.
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Fig. 5.

Putative Leishmania parasite pocket (L-pocket). (A) A stereo-view of the superposition of
LmjPDEBL1 (green ribbons, sticks, and labels) over PDE4D2 (cyan ribbons and blue sticks and
labels). (B) Surface presentation of aunique L-pocket of LmjPDEBL1 (shaded circle and marked
with L) and equivalents of PDE2A (C), PDE3B (D), PDE4D (E), PDE7A (F), PDE9A (G),
and PDE10A (H).
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Table 1

Statistics on diffraction data and structure refinement

Data collection
Space group
Unit cell (a, b, ¢, A)
Resolution (A)
Unique reflections
Fold of redundancy
Completeness (%)
Average l/c
Rmerge
Structure Refinement
R-factor
R-free
Reflections
RMS deviation for Bond (A)
Angle
Average B-factor (A2)
Protein
IBMX
Waters

Zn
Mg

P2
63.8, 78.7, 70.5, 90.0 92.5, 90.0
1.55

100,381

6.7

9957 (68.9)

14.0 (3.4)"

0.054 (0.22)"

0.190
0.208 (10%)F
98144
0.0043

1.1°

22.7 (5322)8
431 (32)8

315 (501)8
17.0 (2)
151 (2)

TThe 99.5% completeness is calculated by including 4312 reflections in resolution shell 1.55 to 1.50 A.

*
The numbers in parentheses are for the highest resolution shell.

iThe percentage of reflections omitted for calculation of R-free.

§The number of atoms in the crystallographic asymmetric unit.
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