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ABSTRACT: PX domains have been recently found to act as phosphoinositide binding modules. In the
yeast SNARE protein Vam7p, the PX domain binds to PtdIns(3)P and is required for vacuolar targeting.
To gain insight into how PX domains function, the solution structure of the ligand-free Vam7p PX domain
has been determined by NMR spectroscopy. The Vam7p PX domain has the samexg¥éoldl observed

in the structures of the ligand-free 4% PX domain and the PtdIns(3)P-bound p%0PX domain,
exhibiting several similarities and differences with these two PX domains. Most striking is the similarity
between the Vam7p and p#@ PX domains in a subset of secondary structure elements despite the low
level of sequence identity between them, suggesting that these elements form a conserved core in the PX
domain fold. These similarities and the observation that a putative PtdIns(3)P binding site is already
formed in the apo Vam7p PX domains suggest that ligand binding does not induce major conformational
changes, contrary to what was previously thought. The proposed ligand binding site of the Vam7p PX
domain includes basic side chains from the conserved structural core that also participate in Ptdins(3)P
binding to the p4&° PX domain, and basic side chains from a variable loop that probably inserts into
the membrane. These results indicate that PX domains contain a combination of conserved and variable
features that allow them to have a common function and at the same time exhibit distinct specificities,
mechanisms of regulation, or modes of interaction with effector molecules.

Phosphoinositides are involved in the spatial and temporal proteins are currently found in eukaryotic genome databases
regulation of a wide variety of cellular processes, playing (8). These proteins participate in a wide range of biological
key roles in the membrane recruitment and/or activation of processes, including membrane traffic (e.g., Vam7p and
proteins that control such processés 8). Major advances  sorting nexins), signal transduction (e.g., PI3K-C2, PLDs,
in understanding phosphoinositide signaling have arisen fromand RGS-PX1), cell growth and survival (e.g., CISK),
the identification and characterization of several protein cytoskeleton organization (e.g., Beml1p), and neutrophil
modules that specifically recognize these lipids, including defense (e.g., pA® and p4?"®. Perhaps reflecting this
the ENTH! PH, FYVE, and FERM domains4). An functional diversity, the level of sequence similarity among
additional, versatile phosphoinositide-binding module, the PX PX domains is generally low. In addition, different PX
domain, has emerged from a flurry of recent resea¢B)( domains exhibit different preferences and degrees of speci-
The PX domain was first identified in the p#@and p4 7o ficity for distinct phosphoinositides, although Ptdins(3)P is
subunits of the NADPH oxidase through a search for the most common targe®). Thus, while the PX domains
sequences homologous to a region from the Cpk class ofof p4®" SNX3, SNX7, and Vam7p bind PtdIns(3)P with
PI3 kinases{), and more than 100 PX domain-containing moderate to high specificityl0—14), the RGS-PX1 PX
domain also binds to PtdIns(3)P but is rather promiscuous
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domains and yielded critical insights into how specificity is 6.0 A, respectively, with appropriate pseudoatom corrections.
achieved 21). This work also revealed drastic differences ¢ andy torsion angle restraints were included on the basis

between the p40°*and p47"*PX domain structures in the

phosphoinositide binding cleft, but it is unclear whether these
differences arise because of the distinct specificities of the
two domains, or are due to conformational changes induced
by ligand binding. Assessing the significance of these and

of analysis of HN®N, 1*Ca, 13CO, and*C/ chemical shifts
using the program TALOS?20). Dihedral angles were
restrained to the maximum of 22.6r 1.5 times the standard
deviation observed in the TALOS database matches. To
restrain hydrogen bonds, the-HD distances were restrained

other structural differences between these two PX domainsto 1.3-2.5 A and the N-O distances to 2:33.5 A.

is further hindered by the lack of additional PX domain

structures and by the generally low level of sequence
similarity among PX domains. To shed light on these critical
questions and gain further insights into how PX domains

Structures of the PX domain were calculated by simulated
annealing using torsion angle dynamics with the program
CNS @0). A total of 500 structures were calculated with

the final set of restraints, and the 20 structures with the lowest

function, we have determined the three-dimensional structureNOE energy were selected.

of the PX domain from Vam7p using NMR spectroscopy.

Our results reveal that PX domains share a structural core

that lines the phosphoinositide binding site. In addition, we
find that the binding site is already formed in the Vam7p
PX domain, implying that ligand binding does not involve
substantial backbone conformational changes.

MATERIALS AND METHODS

Sample PreparationDNA encoding GST fusions of
protein fragments that include the vam7p PX domain
(residues +137 or 8-124) were amplified by PCR from
full-length vam7p cDNA using custom-designed primers
(Operon) and subcloned into pGEX-K@3). The fusion
proteins were expressedHischerichia colBL21-cotonplus
TM-DE3-TIL (Stratagene), affinity purified on glutathione
sepharose (Pharmacia), treated with Benzonase Nucleas
(Novagen), and cleaved with thrombin (Sigma). The eluted
protein was further purified by cationic exchange chroma-
tography at pH 6.2 on a monoS column (Pharmacia).
Uniform 5N labeling was achieved by growing the bacteria
in *NH4CI (Isotec, Miamisburg, OH) as a sole source of
nitrogen; for uniform labeling witASN and3C, [*3C¢]glucose
(Isotec) was used as the sole source of carbon.

NMR SpectroscopyAll NMR experiments were carried
out at 25°C on Varian Inova500 or Inova600 spectrometers
with samples dissolved in 20 mM Mes (pH 6.2). Samples
of 0.5 mM ®N-labeled and!®N- and *3C-labeled Vam7p
fragment containing the PX domain (residuesi24) were
used to determine the structure using a suite of pulsed-field
gradient-enhanced NMR experimeri28{26). Briefly, these
included three-dimensional (3BH—°N TOCSY-HSQC,
HNCO, HNCACB, CBCA(CO)NH, (H)CBCACO(CA)HA,
(H)C(CO)NH-TOCSY, H(C)(CO)NH-TOCSY, and HCCH-

RESULTS

Solution Structure of the Vam7p PX Domaiam7p is a
SNARE protein that functions in vacuolar membrane traffic
in yeast 81), participating in formation of the SNARE
complex that is critical for membrane fusio®2j. The
sequence of Vam7p contains (i) an N-terminal PX domain
that binds to PtdIns(3)P and is required for localization to
the vacuole 13), (ii) a linker region, and (iii) a C-terminal
SNARE motif. To define the boundaries of the PX domain,
we initially analyzed a fragment containing residueslB7
of Vam7p by NMR spectroscopy and found that the fragment
contained a properly folded domain but had a strong tendency
to aggregate over time. Partial resonance assignment of this
fragment revealed that residues-11121 form a structured
domain while the remaining sequences at the N- and
©-termini are unstructured. Hence, we prepared a smaller
fragment (residues -8124) that included the structured
region. This fragment also had a tendency to aggregate over
time but was stable for weeks at 26 in 20 mM MES (pH
6.2) when the protein concentration was kept below 0.5 mM.
We thus determined the three-dimensional structure of the
Vam7p~124 fragment under these conditions using multidi-
mensional heteronuclear NMR experiments.

The final structure calculations of the Vam7p PX domain
were performed using a set of 1443 unique, conformationally
significant experimental restraints. A backbone superposition
of the 20 structures with the lowest NOE energies is shown
in Figure 1A, and the structural statistics are summarized in
Table 1. The structures are characterized by good Rama-
chandran map statistics, as well as by low deviations from
the experimental restraints and from idealized covalent
geometry. The Vam7p PX domain solution structure is
generally well-defined except for a long loop that contains

TOCSY spectra for resonance assignments, and two-the proline-rich region. The observation that this region is
dimensional (2D) NOESY, 3BH—"N NOESY-HSQC, and  characterized by sharp resonances, a lack of protection of
3D 'H—"3C NOESY-HSQC experiments carried out with amide groups against exchange with the solvent, and an
mixing times of 100 ms to measure NOEs for structure gpsence of long-range NOEs showed that this loop is highly
determination. Protection of amide protons from the solvent flexible. The ribbon diagram of a representative conformer
was assessed from the intensities of exchange cross-peakgf the Vam7p PX domain shown in Figure 1B illustrates
with the water resonance in 3BH—"*N TOCSY-HSQC  that the structure can be divided into two parts or subdo-
experiments. Stereospecific assignments of Val and Leumains, an N-termingd-sheet and a C-terminal helical bundle,
methyl groups were obtained frontld—*C HSQC spectrum  that pack against each other. Tfesheet contains three
acquired on a 0.5 mM sample of 10%C-labeled PX  antiparallel 3-strands connected by tight turns, while the
domain. All data were processed with the program NMRPipe helical subdomain includes two mainhelices (1 ando2)
(27) and analyzed with the program NMRVie&§). connected by the flexible proline-rich loop and a third helical
Structure CalculationsNOE cross-peak intensities were sequence that is bent in the midd&3(a3').
classified as strong, medium, weak, and very weak, and PX Domains Contain a Consegzd Structural CoreThe
assigned to restraints of +-2.8, 1.8-3.5, 1.8-5.0, and 1.8 overall fold of the Vam7p PX domain is analogous to that
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Ficure 1: Three-dimensional structure of the Vam7p PX domain. (A) Stereo backbone superposition of the 20 structures of the Vam7p PX
domain with the lowest NOE energies. (B) Ribbon diagram of the Vam7p PX domairs-$trands (cyan) and the-helices (orange), as

well as the N- and C-termini, have been labeled with the same nomenclature used in Figure 2. This figure was generated with the programs
Insightll (MSI, San Diego, CA) and MolscripB6).

Table 1: Structural Statistics for the 20 Structures of the Vam7p R L
PX Domain with the Lowest NOE Energres 7 015 Bl (23-321 -
Average Rmsds from Experimental Restraints (1443 total) . it asz
NOE distance restraints (A) pa7e —_—
all 1193 0.0048+ 0.0004
intraresidue 314 0.0058 0.0011 (B} wmmmmmmmm—mms ﬁsg-;EnE JDZKINP- -~ jSTR----- .
sequentiali(— j = 1) 348 0.0046+ 0.0009 (1) MAVAQQLRAESDFEQUPDV. ms‘%; TRGFIs. W KoY
short-rangei(— j = 2—4) 185 0.0053+ 0.0010 (1) mmmmmmmmmmmes MGDT-FI 2 Lk LF L s WODLL
long-rangei(—j > 4) 346 0.0034+ 0.0005
hydrogen bonds (A) 98 0.0022 0.0008 R o o
dihedral angels (deg) 152 0.0580.0086 vam?7p —
Average Rmsds from Idealized Covalent Geometry pal " et gttty
bonds (A) 0.00H: 0.00001 g ol (44-5%)
angles (deg) 0.3@: 0.004 P47
impropers (deg) g | . ?‘13: 0.0056 (35) N‘ﬁf"@;@nﬁm\r ———————— ;J_-ES FPEZPGVLDRRW
Ramachandran Plot Statistics (% (52) K IRYROGHAN <uﬁc DSiSER c@%‘uﬁ ——————
residues in most favored region 83.5 (37) MYR%IEEFHKTT- e 'P?ﬁINPMI [ ;E; ------
residues in additionally allowed region 15.2
residues in generously allowed region 1.0 2(83-39) o3 (107-110) o3 (113-117)
residues in nonallowed region 0.7 vam7p '
Rmsds from the Average Structure pad™ —@ a— — g gt
backbone residues (3464 and 86-119) 0.46 pho a2184-102) o3 (108-119)
heavy atom residues (3464 and 86-119) 1.09 pa7 —E p— —
all backbone residues (#1121) 0.86
all heavy atom residues (+1121) 1.48 (76) QRRYEDPIUIR RR:E:.E ELYNDRFDESWRDTKIAQEF PN--
- (96) —-- Pl -2 EDJRIFFYQEEYISE
a All 20 structures have NOE energieso10 kcal/mol. There were (82) ----FGERA] ;-,NRQGTL%;E__‘ SRCPHEEE TR !I-K

no NOE violations larger than 0.2 A or dihedral angle violations larger
than 2.  Calculated using the program Proche8i)(

Ficure 2: Comparison of the sequence and secondary structure of
. h the Vam7p PX domain with those of the p4% and p4Phox PX
observed for the PX domains from A7 (,20) and p4(§ ” . domains. A sequence alignment of the three PX domains based on
(22), although there are a number of d!fferences in their sructural superpositions obtained with the program DAR3) (is
secondary structure elements. These differences are sumshown, with the following color code: red letters with yellow

marized in Figure 2 together with a sequence alignment of background, identical in the three PX domains; white letters with

the three PX domains based on pairwise structural Superposi_red background, identical in two PX domains; and white letters

. . . 2 : with blue background, conserved but not identical residues. A
tions obtained with the program DALBE)” (see Figure 3). g mmary of the observed secondary structure elements is shown

Using all conformers from the NMR ensembles, the average apove the sequence. The numbering system used to designate the
root-mean-square (rms) deviations yielded by DALI were secondary structure elements has been adapted to facilitate com-

2.8 A for the Vam7p/p48°<pair (99 equivalent @ atoms), parison among the three PX domains. Arrows repregesitands,

OX : and cylinders represent helices. In p#® and p4P"% a short,
3.4 Afor the Vam7p/p47®pair (91 equivalent @ atoms), proline-rich sequence forms a polyproline Il helix that is not strictly

conserved in Vam7p, although a few residues in the homologous
2For a more comprehensive alignment of PX domain sequences, positions do have torsion angles characteristic of a polyproline Il
see ref6 or 7. helix.
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Ficure 3: Superpositions of representative conformers of the Vam7@'¢idand p47hox PX domains obtained with the program DALI

(33): (A) Vam7p (yellow) vs p4eox (red), (B) Vam7p (yellow) vs p#7ox (blue), and (C) p4@ox (red) vs p4?hox (blue). The orientation

used in all superpositions is similar to that shown for Vam7p in Figure 1. The white arrow in panel A points to the highly conserved
sequence in the corner between strg8dand helixal, which lines the phosphoinositide binding site. This figure was generated with the
program Insightll (MSI, San Diego, CA).

and 3.6 A for the p4@p47hox pair (107 equivalent & p2 (Figure 4A,B). However, these two regions do not make
atoms). These relatively large deviations arise in part from contact in the structure of the p#? PX domain, resulting
the low level of sequence homology among these PX in a deep cleft above the location of the phosphoinositide
domains (11, 11, and 22%, respectively), and in particular binding site. These observations are surprising since several
from the divergence of the proline-rich loop. Indeed, a much of the residues involved in the packing interactions between
closer structural similarity in a core of secondary structure these two regions in pa® (F39, F41, Q99, A102, E103,
elements, which include the thrgestrands and helicesl and R105) are conserved in the p#7PX domain (Figure
anda2, is clearly apparent in the superposition of the Vam7p 2). These differences could in principle be due to a ligand-
and p4@"* PX domains (Figure 3A). The average rms induced conformational change, but it is also plausible that
deviation between these two PX domains when only this core the interface between these two regions could not be well-
is superimposed is 1.3 A for 42 equivalent. @toms. The defined in the structure of the p&™ PX domain because
structural resemblance of tifiesheet is particularly remark-  long-range NOEs between protons in these two regions could
able considering the low level of sequence similarity in this not be identified. Indeed, the similarity between the structures
region and the different length of the connecting loops of the ligand-free Vam7p PX domain and the ligand-bound
(Figures 2 and 3A), and includes /&bulge in strand 1 p4ChoxPX domain in this region suggests that ligand binding
(residues Asp and Asp® of the Vam7p PX domain).The does not cause substantial backbone conformational changes
center of the structural core is formed by the corner between (see below for additional details).
strand$3 and helixal (indicated by the white arrow in Phosphoinositide Binding Site in the Vam7p PX Domain.
Figure 3A), which exhibits the highest level of sequence The three-dimensional structure of the apo Vam7p PX
conservation in PX domains (see Figure 2 and@eé&nd domain described here, together with the ligand-induced
includes residues that are critical for phosphoinositide binding chemical shift changes described by Overduin and co-
(ref 21 and see below). These observations support the notionworkers (3), offers an opportunity to examine how this PX
that phosphoinositide binding constitutes the primary function domain binds to PtdIns(3)P and to compare the binding site
of PX domains. with that observed in the pd®* PX domain 21). Figure 5

The structure described for the pA4%PX domain is most ~ shows a ribbon diagram of a representative conformer of
similar to those of the Vam7p and p#¢ PX domains in the Vam7p PX domain together with a ball-and-stick model
the structural core but, surprisingly, exhibits a conspicuous of Ptdins(3)P obtained from the crystal structure of the
difference in the orientation of the N-terminal half of helix p40°"°* PX domain and placed according to the DALI
o2 (Figure 3B,C). This different orientation suggested a large superposition from Figure 3A. The positions of the 10
ligand-induced conformational change when the structuresresidues whose backbone amide protons exhibit the largest
of the apo p4%°x and holo p4@°x PX domains were chemical shift changes upon binding to dibutanoyl Ptdins-
compared (see réXl), and results in a dramatically different  (3)P (L3) have been colored in orange on the ribbon diagram.
shape right above the phosphoinositide binding site (Figure All these backbone amide groups are located around the
4). In the structures of the Vam7p and p#POPX domains, putative PtdIins(3)P binding site, showing that its location
the N-terminal part of helixc2 and a few preceding residues in the Vam7p PX domain indeed coincides with that observed
are well packed against the loop connecting strgfidand in the p4@"°xPX domain. Superposition of the 20 structures

of the Vam7p PX domain with the crystal structure of the
3 Note that the presence of this bulge led to the previous conclusion p40">PX domain revealed five basic side chains (R41, K47,

that the Vam7p PX domain contains fqgistrands, rather than three, K67, R77, and R88) that point toward the ligand in at least
based on chemical shift analysik3. some of the structures. All these side chains exhibit high
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Ficure 4: Space-filling models of the Vam7p (A), p2@(B), and p47"*(C) PX domains. Atoms from the N-termingisheet subdomain

are colored in cyan, and those from the C-terminal helical bundle domain are colored in orange. The ligand is shown in white for the
p4Cox PX domain. The structures have an orientation similar to those used in Figures 1 and 3, but are slightly rotated ayoaxid the

to allow a better appreciation of the packing betweenahe 52 loop and the N-terminus of helix2 at the top of the domain. The side
chains of Y42 in Vam7p and F44 in pd'? are labeled. This figure was generated with the program Insightll (MSI, San Diego, CA).

conformations found in selected conformers (Figure 5)
illustrate the fact that they can easily interact with the ligand
without significant changes in the backbone conformation.

The Vam7p R41 and R88 side chains are conserved in
many PX domains, and the homologous residues of"'940
(R58 and R105) are involved in coordinating the 3-phosphate
and the 4- and 5-hydroxy! groups of PtdIns(3)P, respectively
(21). Figure 5 shows that these side chains are ideally
positioned to play the same role in the Vam7p PX domain.
On the other hand, the basic side chains that interact with
the 1-phosphate group of Ptdins(3)P in the HZ0PX

- domain (R60 and K92) are not conserved in Vam7p, but
o U‘e""bra”e the K47 and K67 side chains of Vam7p can easily occupy

m) the same geometrical positions and can thus play analogous

4 K47

roles in ligand binding. It is less clear whether the Vam7p
R77 side chain is involved in ligand binding since no basic
residue from the p40°*PX domain coordinates Ptdins(3)P
from an analogous position, but its presence may explain
the finding that the Vam7p PX domain exhibits some low
Ficure 5: Model of the PtdIns(3)P binding site of the Vam7p PX affinity for phosphoinositides containing a 5-phosphate group
domain. A ribbon diagram of a representative conformer of the (13 14).

Vam7p PX domain is shown in gray with the positions of the 10 |5 addition to R41, the highly conserved4dR4lY42

residues whose amide groups exhibit largest chemical shift change . . :
upon binding to dibutanoy! Ptdins(3)R3) colored in orange. A Ssequence contains an aromatic residue that was shown to be

ball-and-stick model of Ptdins(3)P from the structure of the’ppgo  critical for PtdIns(3)P binding to the Vam7p PX domair$(
domain @1) is shown in the location resulting after superimposition and forms a stacking interaction with the inositol ring in the
of the structures of the two PX domains (oxygen atoms colored in crystal structure of the p2®* PX domain 21). The

red and other atoms colored in yellow). The approximate location gnhservation that the corresponding residue has a different

of the membrane is indicated. The side chains of five basic side _ . . . .
chains that point to the Ptdins(3)P binding site in selected OMi€Ntation in the structure of the pA7* PX domain and

conformers of the Vam7p PX domain are shown as blue ball-and- Would block ligand binding (see Figure 4C) reinforced the
stick models. All these side chains are flexible but are displayed in notion that ligand binding to PX domains may require a
these particular conformations found in selected conformers to sybstantial conformational change (see2®f However, in
illustrate the fact that they can easily coordinate the ligand without the structure of the Vam7p PX domain, Y42 is properly
needing substantial conformational changes in the backbone. Two o d i blish th ' King i .
hydrophobic residues in the loop sequence formed by residues 70 POSItioned to easlly establish the same stacking interaction
77 are shown as green ball-and-stick models to illustrate their With the inositol ring and has the same rotameric state
proximity to the acyl chains from the ligand and the likelihood observed in the p£0°* PX domain, rather than populating
that these side chains may insert into the membrane. This figurethe ynusual rotameric state observed in thePpaPX

was generated with the program Insightll (MSI, San Diego, CA). jomain p0). Hence, all our data indicate that the ligand
flexibility in the structure of the Vam7p PX domain, but the binding site is basically formed in the apo PX domain from
ball-and-stick models of these five side chains in the Vam7p, and ligand binding should not require substantial
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rearrangements in the backbone conformation. The smallal and a2. Correspondingly, the model for Ptdins(3)P
magnitude of most of the NH chemical shift changes binding to the Vam7p PX domain proposed in Figure 5
observed upon binding of dibutanoyl Ptdins(3)P to the includes two highly conserved basic residues (Arg41l and
Vam7p PX domain 13) strongly supports this view. Only  Arg88) that are also involved in PtdIins(3)P binding to the
the relatively large chemical shift change in the E66 NH p4C"* PX domain, and additional basic residues that are
group appears to suggest a significant local rearrangementiess conserved. This variability in the binding sites of PX
since the other NH group with a relatively large shift (Y42 domains may underlie differences in specificity, in the
NH) (13) is very likely to form a hydrogen bond with the regulation of phosphoinositide binding, or in interactions with
3-phosphate group of the ligand, as observed in the crystaleffector molecules. The currently intense research in this field
structure of the p40° PX domain 21). Finally, it is worth will undoubtedly shed new light on these issues soon.
noting that the loop sequence spanning residues770of

Vam7p was proposed to insert into the membrane upon SUPPORTING INFORMATION AVAILABLE

phosphoinositide bindingl@), and the binding model of 1H, 13C, and!SN chemical shifts of the Vam7p PX domain

Figure 5 shows that, indeed, hydrophobic residues in this 5 1y g 5 and 28C. This material is available free of charge
region could easily interact with the acyl chains without via the Internet at http://pubs.acs.org

major changes in the backbone conformation.

DISCUSSION

Extensive research has recently established PX domains
. i, - . . 264.

as n_ovel_phosphomosmde binding modules. _B|ophy5|cal 2. Fruman, D. A., Rameh, L. E., and Cantley, L. C. (1988w,
studies yielded the structure of two PX domains and the Rev. Biochem. 67481—507.
phosphoinositide binding mode for one of them, but critical 3. Odorizzi, G., Babst, M., and Emr, S. D. (2000)ends
guestions remained about which structural features are shared  Biochem. Sci. 25229-235.
among PX domains and about the structural consequences 4- ((::Llﬂlrenéizll Jii Cééige;ﬁggg Banting, G., and Mellor, H. (2001)
of ligand binding. The structure of the Vam7p PX domain ' : , ' !
described here provides a third three-dimensional structure 5 fgéi’_lélgg_overdum’ M., and Emr, S. D. (20G&gience 294
for a member of this diverse family and shows that, while g xy, v, Seet, L. F., Hanson, B., and Hong, W. (20BIjchem.
there are substantial structural differences among PX domains  J. 36Q 513-530.
due to a generally low level of sequence similarity and the 7. Ponting, C. P. (1996protein Sci. 52353-2357.
presence of insertions in the least conserved sequences, there 8. Schultz, J., Copley, R. R., Doerks, T., Ponting, C. P., and Bork,
is a conserved structural core formed by a three-stranded _ P- (2000)Nucleic Acids Res. 2831234,

. . . . 9.Yu, J. W,, and Lemmon, M. A. (2001). Biol. Chem. 276
antiparallel-sheet and twar-helices. The finding that this 44179-44184.

core is very similar in the Vam7p and p& PX domains 10. Ellson, C. D., Gobert-Gosse, S., Anderson, K. E., Davidson,
despite the low level of sequence similarity between them K., Erdjument-Bromage, H., Tempst, P., Thuring, J. W.,
suggests that this core is highly conserved in all PX domains. Cooper, M. A, Lim, Z. Y., Holmes, A. B., Gaffney, P. R.,
In addition, the fact that this similarity is observed between Eolgdwzeo”(’) 1J'NCth”(\:/elr|s|’3'E'| R-v6';gf’gé”25: P.T., and Stephens,
a.l “gandffre.e and a ligand-bound P.X domain suggests that 11. Kanéi(, F., L?u.allﬁ'., F?eld,lg.. Jg.), Akbary, H Matsuo, T., Brown,
ligand bmdmg does. not cause major structural rearrange- G.E., Cantley, L. C., and Yaffe, M. B. (200Mat. Cell Biol.
ments. This conclusion is strongly supported for the Vam7p 3, 675-678.

PX domain by the small magnitude of the amide chemical 12. Xu, Y., Hortsman, H., Seet, L., Wong, S. H., and Hong, W.
shift changes induced by ligand binding3f, and by the (2001)Nat. Cell Biol. 3 658-666.

observation that the ligand binding site is already formed in 13- ECheegerE,)M. Ld’ gatoaT_. KM dgo%eer, T(-:’ *ﬁ“é"?‘tle'adéféj- G.
the three-dimensional structure described here. Further 6{?;’ - D., and Overduin M. (200%jat. Cell Biol. 3

experimentation will be required to test whether this is a 14 Song, X., Xu, W., Zhang, A., Huang, G., Liang, X., Virbasius,
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