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ABSTRACT. The beige and ChedialHigashi syndrome (BEACH) domain defines a large family of
eukaryotic proteins that have diverse cellular functions in vesicle trafficking, membrane dynamics, and
receptor signaling. The domain is the only module that is highly conserved among all of these proteins,
but the exact functions of this domain and the molecular basis for its actions are currently unknown. Our
previous studies showed that the BEACH domain is preceded by a novel, weakly conserved pleckstrin
homology (PH) domain. We report here the crystal structure at 2.4 A resolution of thé8 PACH

domain of human LRBA/BGL. The PH domain has the same backbone fold as canonical PH domains,
despite sharing no sequence homology with them. However, our binding assays demonstrate that the PH
domain in the BEACH proteins cannot bind phospholipids. The BEACH domain contains a core of several
partially extended peptide segments that is flanked by helices on both sides. The structure suggests intimate
association between the PH and the BEACH domains, and surface plasmon resonance studies confirm
that the two domains of the protein FAN have high affinity for each other, wity af 120 nM.

The beige and Chediakdigashi syndrome (BEACH) is associated with the presence of giant, perinuclear vesicles
domain is a module of about 300 amino acid residues that (lysosomes, melanosomes, and others) in many cells of the
is highly conserved in a large family of eukaryotic proteins patients 2, 5), and therefore, the CHS protein may have an
(2). The name BEACH is derived frotmeigeand Chediak- important role in the fusion, fission, or trafficking of these
Higashi syndrome (CHS). CHS is a rare, autosomal recessivevesicles.
disorder that can cause severe immunodeficiency and Genomes of higher eukaryotes encode more than one
albinism in humans and other mammals, d®igeis the BEACH proteins. The human genome may contain 8 such
name for the CHS disease in mic@-4). The CHS disease  proteins, including CHSE-8), neurobeachin (Nbeap),

LRBA (also known as BGL, beige-like, or CDC4L)@, 11),
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symmetry; PH, pleckstrin homology. sequence homology among these proteins is limited to their
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Ficure 1: Primary structures of the BEACH proteins. (A) Schematic drawing of the primary structures of LRBA/BGL, Nbea, CHS, and
FAN. The PH, BEACH, and WD40 domains are shown in green, purple, and cyan, respectively. The blue bars in LRBA/BGL and Nbea
indicate the AKAP motif. (B) Alignment of the PH and BEACH domain sequences. The PH domain and the linker are shown with a green
and gold background, respectively.

C-terminal region, where they contain the PBEACH— important for protein-protein interactions20). The WD40
WD40 domains (Figure 1A and see below). Outside this domain of FAN interacts with tumor necrosis factor receptor
region, there is generally little sequence homology among | (TNFRI) as well as CD40, thereby initiating signal
these proteins, consistent with their diverse cellular functions. transduction and apoptosis through these recepi@<().

Nbea and LRBA/BGL are two BEACH proteins that share These effects are mediated by the activation of a neutral
significant homology throughout their entire sequences and SPhingomyelinasel@, 13). The targets of the WD40 domains
have homologues irDrosophila (AKAP550) (17) and in other BEACH proteins are currently unknown.
Caenorhabditis elegandlbea may be involved in membrane The BEACH domain is located just prior to the WD40
traffic in neuronal cellsg). LRBA/BGL may have a function ~ domain in these proteins and is the only domain that is highly
in polarized vesicle trafficking and is localized to vesicles conserved among them (Figure 1B). The amino acid se-
after stimulation by lipopolysaccharide (LP)). Several guence identity between any pair of BEACH domains is
copies of truncated pseudogenes of LRBA/BGL are presentgenerally 45% or higher, but this domain does not share any
in the human genome, one of which is located at the recognizable sequence homology with other proteins. The
translocation breakpoint linked to B-cell lymphonis). The BEACH domain is crucial for the function of these proteins.
BEACH proteins of this subfamily contain a motif that binds Mutations found in CHS patients all give rise to the
the regulatory subunit of protein kinase A (Figure 1A), and production of nonfunctional, truncated proteins that lack the
such proteins are also known as A kinase-anchoring proteinsBEACH and WD40 domaing( 22, 23), suggesting the full-
(AKAPS) (19). Therefore, one function of these proteins may length CHS protein is required for its function. Recent studies
be to direct protein kinase A to selected locations in the cell. in cell culture show that the WD40 domain of CHS has
However, the AKAP motif contains only about 20 amino dominant negative effects, producing enlarged lysosomes that
acid residues and therefore cannot account for the large sizeare reminiscent of the CHS diseag)(
of these proteins (Figure 1A). The pleckstrin homology (PH) domain in these proteins

The WD40 domain is generally located at the extreme C was first identified from our structural studies of the BEACH
terminus of these proteins (Figure 1A). It is more conserved domain region of Nbea26). This PH domain is weakly
at the structural level than at the sequence level and may beconserved among the BEACH proteins and does not share
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any recogni_zab_le sequence homolo_gy with pther PH domains. e 1- Summary of Crystallographic Information
This domain is intimately associated with the BEACH

domain in the Nbea crystal structus]. Studies with FAN Lisnﬂgg'rogf?&g;y;?gn? refinement (A) ffg%%
suggest that the PHBEACH—WD40 domains are required Rmerge(%6)2 5.1 (15.9)
for its function @5), whereas the WD40 domain by itself number of reflections 67 350
has dominant negative effects2. completeness (%) 89 (74)
. . Rfactor (%} 21.0 (25.8)

Although a descriptive function for some of the BEACH  freeRfactor (%) 25.8 (31.9)
proteins has been obtained, the molecular mechanism for rmsd in bond lengths (A) 0.008
their actions is currently unknown. For example, while the ~ rmsd in bond angles (deg) 13

number of protein, solvent atoms 13516, 494

lack of functional CHS protein produces giant lysosomes, it .
is not known how the CHS protein contributes to the averageB values for protein, solvent atoms 3?’ 36 _
morphogenesis and/or trafficking of this organelle. Specif- “Rnere= {ZnXilln = ThT}A 303 iln}. The numbers in parenthesis
ically, despite being the only domain that is highly conserved 2" for the highest resolution shellR = {n/F, — Fil}{ 2+ -

among these proteins, the exact molecular function of the

BEACH domain is still not clear. We have recently reported Symmetry. TheRmerge for this higher symmetry is 11.7%,
the crystal structure of the PHBEACH domains of Nbea  While that forP2; symmetry is 5.1% (Table 1), confirming
(25). The structure shows that the BEACH domain has an that there is deviation from the2,2,2; symmetry.

unusual polypeptide backbone fold and that the BEACH  Structure Determination and Refinemerfthe initial
domain has strong interactions with the novel PH domain. structure of the PHBEACH domain of LRBA/BGL was

To further our understanding of these domains, we presentdetermined by the molecular replacement method, with the
here the crystal structure of the PBEACH domains of program COMO 27, 28). The structure of the PHBEACH
LRBA/BGL, as well as biophysical characterizations that domain of neurobeachin was used as the search magel (
confirm the high affinity between the PH and BEACH The program automatically located all four copies of the

domains of FAN. molecule in the asymmetric unit. The atomic model was built
into the electron density with the program Q9|. The
MATERIALS AND METHODS structure refinement was carried out with the program CNS

. . L ) (30). Noncrystallographic symmetry (NCS) restraints on the
Protein Expression and PurificatioResidues 20732489 4in_chain atoms were applied throughout the refinement.

of the LRBA/BGL protein was subcloned into the pET28a e graistics on the structure refinement are summarized in
vector (Novagen) and overexpressedincoli Star cells at  1pje 1.

20°C. The expression construct contains an N-terminal hexa-  giacore StudiesThe PH domain of FAN (residues 183
histidine tag and covers the conserved BEACH domain 298) was expressed and purified as a glutathiiens-
together with the novel PH domain that we identified from ¢o.oce (GST) fusion protein, and the BEACH domain of FAN
our studies of neurobeachi5). The soluble protein was (residues 295579) was expressed and purified as a His-
bound to nickel-agarose affinity resin (Qiagen) and eluted tagged proteinZs).

with a buffer containing 20 mM Tris (pH 7.5), 250 mM The surface plasmon resonance studies were carried out

NaCl, and 150 mM imidazole. The protein was further ging 4 Biacore 3000 instrument (Biacore AB, Uppsala,
purified by anion-exchange chromatography at pH 7.5 and gyyeden). A monoclonal anti-GST antibody (Biacore AB)

by gel-filtration chromatography in & running buffer contain- a5 immobilized on a CM5 biosensor chip using standard
ing 20 mM Tris (p.H 7.5), 250 mM NaCl, and 10 MM DTT.  ypine coupling. Control experiments showed that there was
The protein fractions from this column were pooled and , hinding of the BEACH domain to this antibody surface.
concentrated to 25 mg/mL, flash-frozen in liquid nitrogen GsT—pPH fusion protein was captured on the anti-GST
in the presence of 5% (v/v) glycerol, and stored-@0 °C. g rface at low (RU 550) and high (RU 1660) densities, using
The N-terminal His-tag was not removed for crystallization. 4 of the available flow cells. To measure the kinetics and
Protein Crystallization. Crystals of the PHBEACH affinity of the interaction between the two domains, the
domain of LRBA/BGL were obtained at®C by the hanging- ~ BEACH domain was injected at concentrations from 890 to
drop vapor-diffusion method. The reservoir solution con- 11 nM using a 3-fold dilution series. The series was repeated
tained 100 mM Hepes (pH 8.0), 0.2 M Mg formate, and 5 times over a periodfc h to collect the response data.
5-10% (v/v) glycerol. For cryo protection, 20% (v/v) Sensorgrams were processed to remove bulk refractive
ethylene glycol was introduced into the mother liquor, and jndex changes and instrument drift using a reference surface.
the crystals were flash-frozen in liquid nitrogen for data The equilibrium response data were fit to a single-site-
collection at 100 K. binding model to extract affinities. The kinetic data from
Data CollectionX-ray diffraction data to 2.4 A resolution  the low capacity surface were globally fit to a 1:1 binding
were collected on an ADSC Quantum-4 CCD at the X4A model to determine the kinetics for complex formation and
beamline of the National Synchrotron Light Source (NSLS). dissociation.
The diffraction images were processed and scaled with the Fat Western Blotting Assaylhe experiment was per-
HKL package 26). The data processing statistics are formed following protocols described earli1j. A panel
summarized in Table 1. The crystal belongs to the space of phospholipids were purchased from Sigma and bound to
group P2;, with cell dimensions oh = 73.2 A,b = 102.2 nitrocellulose membranes. The PH domain of FAN (as the
A, c=131.5A ang3 = 90.5. There are four molecules of ~GST-fusion protein) and the PHBEACH domain of Nbea
the PH-BEACH domain in the asymmetric unit. As sug- (as His-tagged protein) were incubated with the membranes
gested by theS angle, the crystal has pseud®?,2,2; for 1 h at 4°C. Bound protein was probed with anti-GST
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FiGure 2: Structure of the PHBEACH domains of LRBA/BGL. (A) Schematic drawing of the structure of the /B EACH domains of

human LRBA/BGL. The PH domain is shown in green, and the linker is shown in orange. For the BEACH domain, the extended segments
are shown in cyan; the helices, in yellow; and the loops, in purple. (B) Schematic drawing of the structure of the BEACH domain of
human LRBA/BGL. The view is related to that of A by roughly a°30tation around the horizontal axis, produced with ribbd3#).(

and anti-His tag antibodies, respectively. As a positive the most favored and additional allowed regions of the

control, the GST- and His-fusion proteins were detected with Ramachandran plot.

the antibodies using a regular Western protocol. There are four molecules of the PIBBEACH domain in
Atomic CoordinatesThe atomic coordinates have been the asymmetric unit of the crystal. For ease of discussion,

deposited in the Protein Data Bank, with the accession codethe molecules are named A, B, C, and D. Molecules C and

1T77. D are related to molecules A and B by a pseuds@ew
axis along the axis of the unit cell, giving rise to the pseudo
RESULTS AND DISCUSSION P2,2,2, symmetry for the crystal. The deviation from perfect

crystallographic symmetry is fairly small, about 9.t
orientation ad 2 A in position. This is consistent with our
observation that thBmergefor the orthorhombic space group

is only 11.7%. As a result of this pseudo symmetry,
molecules A and B and C and D have essentially the same
structure, with a root-mean-square (rms) distance of 0.25 A

model contains residues 2078489 of the protein. The for_ all of their equivalent @ atoms. However, if moIec;uIe
residues are numbered according to GenBank entry P5085" IS Superimposed onto molecule C alone, the rms distance
(10). The first three residues, together with the His tag at 'S only 0.13 A, suggesting that there are small differences
the N terminus, are disordered. TRéactor for the structure N the organization of the AB and CD dimers.

is 21.0%. The crystallographic statistics are summarized in Molecules A and B are related by a noncrystallographic
Table 1. Almost all of the residues (99.4%) are located in (NCS) 2-fold symmetry axis, which is oriented abotifr®m

Structure DeterminationThe crystal structure of the PH
BEACH domains of human LRBA/BGL has been deter-
mined at 2.4 A resolution (Figure 2A). The initial structure
was determined by the molecular replacement metRa@y (
using the structure of the PHBEACH domain of human
neurobeachin as the search modH)( The current atomic
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Ficure 3: Structural differences between two PBEACH domain molecules of LRBA/BGL. ThedCtraces of the two molecules are

shown in yellow and cyan, respectively. The view is from the back of Figure 2A, to highlight the region of the largest difference near helix
oK, produced with ribbons34).

the unit cellb axis. The conformation of molecules A and B backbone fold unfortunately makes it impossible to deduce
are also similar to each other, with a rms distance of 0.4 A the function of the BEACH domain based solely on the
for 404 equivalent @ atoms between them. Residues 2457  structural information.

2466 (K helix and the following loop in the BEACH The linker between the two domains is well-ordered and
domain) have large structural differences between the two pas intimate contacts with both domains (Figure 2A). The
molecules (Figure 3). They are involved in the contacts at amino acid sequences of residues in this linker are poorly
the interface of this NCS dimer, which may be the reason ¢onserved among the various BEACH proteins (Figure 1B),
for their conformational differences. The dimer interface is pt it is unlikely for this variation to affect the association

small, with 640 R of the surface area of each MONOMer petween the PH and BEACH domains (see beld@8).(

buried, and more than half (390%fof the surface burial is c . to the PHBEACH D . £ N

due to residues 24572466. This suggests that the observed b orr:jpz_arrrl]son 0 I ? ¢ £1h Pﬁg]é,IAnC'ZSHOd euro-

NCS dimer in the crystal is unlikely to be stable in solution, fi%é%Bnger? S'I ruc urﬁ 0 fer h omains d

consistent with our light-scattering studies showing that this or L IS simifar FO that o ca .t at we reporte

protein exists as monomers in solution. earlier 5), consistent with the 82% amino acid sequence
identity shared by the two proteins (Figure 1B). A total of

Overall Structure.The PH domain covers residues 2676 5 t o b . d h
2181 and contains a seven-stranded, antiparakaindwich 75 of 290 Gl atoms can be superimpose .b.etween the
BEACH domains of LRBA/BGL and Nbea, giving a rms

(f1—p7) and ana helix (a3) near its C terminus (Figures : )
1B and 2A). This is the typical fold of canonical PH domains, distance of 0.54 A (Figure 4).
although the PH domains of BEACH proteins share litle ~ Despite the high sequence homology, there are regions of
sequence homology to these other PH domains. Anothersignificant structural differences between the two proteins.
feature of the PH domain of LRBA/BGL is the presence of Residues 23762388 ¢4—¢5 loop) have the largest differ-
two small helicesq1 anda?2) in the loop between strands ence between the two structures (Figure 4). In the crystals
B3 andp4 (Figure 2A), also observed in the structure of the of the PH-BEACH domains of Nbea, this loop is docked
PH—BEACH domains of Nbea25). These helices partially  into the PH-BEACH interface of another molecule in the
block the binding site for phospholipid and phosphotyrosine asymmetric unit 25) and therefore is located far from the
in the other PH domains and suggest that the PH domain ofrest of the BEACH domain (Figure 4). In comparison, this
LRBA/BGL may have a different function (see belov2pj. loop in molecules A and C contacts hel3 of the PH
The BEACH domain covers residues 2289 and domain from other molecules in the crystal of the PH
contains 1lo helices @A—aK) on the periphery of the  BEACH domains of LRBA/BGL, whereas this loop in
structure (Figures 1B and 2A). As was observed in the molecules B and D are not involved in crystal packing. The
structure of the BEACH domain of Nbe&5), the seven loop is placed closer to the rest of the BEACH domain in
peptide segments1—e7) in the core of this domain are not  the current structure (Figure 4), where it has interactions with
fully extended (Figure 2A), and the main-chain atoms of the oF—aG loop (Figure 2A). Conformational differences
these segments are mostly hydrogen-bonded to highlyare also seen for theF helix and thexF—aG loop between
conserved side chains of the domain. The BEACH domain the two structures (Figure 4). Two short antipargfetrands
structure can be considered to have three layers, with the(54' andf5') are hydrogen-bonded to each other in éde
partially extended segments in the center of the structuree5 loop (Figure 2A). Overall, it is clear that this loop has
flanked by helices on both sides (Figure 2B). Such a fold significant inherent flexibility, which may be important for
has not been seen in other protein structures. This novelthe biological functions of the BEACH domain.
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Ficure 4: Structural differences between the PBEACH domains of LRBA/BGL and Nbea. TheoCtraces of the PH, linker, and
BEACH domains of LRBA/BGL are shown in green, gold, and cyan, respectively, and those of Nbea are shown in magenta, gray, and
yellow, respectively. The region of the largest difference is indfhee5 loop. The rotation of 4needed to bring the PH domains into
overlap is also indicated, produced with ribboBg)(
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Ficure 5: Characterization of PHBEACH interactions by surface plasmon resonance. (A) Observed binding of the BEACH domain to
the high-density GSTPH domain surface. (B) Observed binding of the BEACH domain to the low-density-BSTdomain surface. (C)

Plot of the equilibrium binding response to the high-density GBH domain surface as a function of the BEACH domain concentration,

for the five injection series. The curves represent a fit to the experimental data, assuming a 1:1 stoichiometry between the PH and BEACH
domains. (D) Same as C but for the low-density G®H domain surface. (E) Fitting the observed binding data to the low-density-GST

PH domain surface to extract the kinetic constants of the interactions. The predicted binding curves are shown in red.

With the BEACH domain in overlap, the PH domain of confirms that the PH domains of the two proteins share
LRBA/BGL can be superimposed onto that of Nbea, giving significant structural homology. However, this superposition
a rms distance of 0.54 A for 122 equivaleni @toms. This requires a rotation of 4 suggesting that there is a small
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difference in the relative organization of the PH and BEACH T,pc - Affinity between the PH and BEACH Domains of FAN
domains between LRBA/BGL and Nbea (Figure 4).

Biacore Studies Show High Affinity between the PH and rggrr;g;n;'f%ai: ﬁgvr;g?r?ss'l?;g;
BEACH DomainsThere is an extensive, highly conserved injection " esponse " response
. > d g
interface between the PH and BEACH domains in LRBA/ series (M) unit (M) unit

BGL, similar to our original observations in Nbe25. A

total of about 1300 A of the surface area of the PH or % iggié iggii ﬂ;ig g;ig'g
BEACH domain is buried at this interface. One face of the 3 124+ 3 177+ 1 114+ 3 58+ 05
S sheet in the PH domain (strands, 52, 55, 6, andj7) 4 125+ 3 168+ 1 116+ 3 56+ 0.5
is docked over the surface of the BEACH domain (Figure S 123+3 160+ 1 113+4  53£05
2A). The small rotation of the PH domain relative to the

BEACH domain in LRBA/BGL has little impact on the Pl(4)p PI(3,5)P2
interface between them. A consequence of the different PE PI PC PIG)P P1(3.4)P2 PI(3,4,5)P3

packing interactions in the crystals of LRBA/BGL as
compared to Nbea is that the PIBEACH interface in the 0.5 g
current structure is exposed to the solvent, in agreement with

our earlier suggestion that the binding of ##e-¢5 loop to

the PH-BEACH interface in the Nbea structure is likely a  1ug
crystallographic artifact2s).

On the basis of GST pull-down experiments, it was
estimated that the affinity between the PH and BEACH 10ug
domains of the protein FAN is aboutiM (25). Moreover,
mutations of residues in the PHBEACH interface can
disrupt the interaction between the two domaifs)(We B
were not able to perform the binding assays with Nbea, 0.5ug
because we cannot produce its PH domain as a soluble
protein in bacteria. Nevertheless, the binding studies using 1ug
the PH and BEACH domains of the homologous protein
FAN are in good agreement with the extensive interactive
interfaces between these domains, as revealed from the Nbe. 10ug
gn_d LRBA/BG_L _crystal structures, and suggest that the FiIGUrRe 6: Characterization of phospholipid binding. (A) Phos-
intimate association between the PH and BEACH domains pholipid binding by the PHBEACH domains of LRBA/BGL.
may be conserved in all of the BEACH proteins. Increasing amounts of various phospholipids were spotted on a

To obtain a more accurate measurement of the affinity nitrocellulose membrane. After incubation with the PBEACH
between the two domains, we examined their interactions domains of LRBA/BGL as a His-tagged protein, the bound protein

£ i ; was probed with an anti His-tag antibody. The lack of response
by surface plasmon resonan@). A GST-fusion protein suggests no detectable binding of the-FBEACH domains to any

containing the PH domain of FAN was captured onto an of ‘the phospholipids tested. PE, phosphatidylethanolamine; PI,
anti-GST biosensor chip at two different densities, and the phosphatidylinositol; PC, phosphatidylcholine; PI(3)P, phospha-
BEACH domain of FAN was injected over these surfaces. rg?]ylinohsgg 3-r3?)(r§0£)rlljozsphgtheé§)lﬁdgtli°d }ﬂihnoosspipoalltidglT%sigglr]zé;rg?lr;?é
As expected, the observed binding responses were dependery %sg P2 : hosphatidylinositol 3,5-bisphosphate: PI(3,4,5)P3 hos;-
on the concentration of injected BEACH domain (Figure 5A), ph(at'id)ylin'ogitol 3.4,5-risphosphate. (B) Pﬁospﬁonéid k')ir)1din'gp by
as well as the density of the PH domain on the chip surface the pPH domain of Grp133). Clear evidence for binding was
(Figure 5B). On the other hand, no binding of the BEACH observed for the PI(3,4)P2 and PI(3,4,5)P3 phospholipids.
domain was observed when the PH domain was not im-
mobilized on the chip (data not shown), confirming the (for example, unfolding) of either the PH or BEACH domain
specificity of the interactions between the PH and BEACH during the time of the experiment. This is not unexpected
domains. when reactions are studied over a period of 6 h. Overall, the
To determine th&ly of the interaction, the responses at biosensor data demonstrate that there are strong interactions
equilibrium are plotted versus the BEACH domain concen- between the PH and BEACH domains. The data validate
tration for the high- and low-density PH domain surfaces. our earlier estimate{y value of 1uM based on GST pull-
The observed binding curves can be nicely fit using a 1:1 down experiments25) and are consistent with the extensive
interaction model (parts C and D of Figure 5), confirming interface between the two domains as observed in our
the stoichiometry of the interaction between the PH and structures.
BEACH domains. On the basis of these data, Khevalue To obtain estimates of the binding kinetics between the
is determined to be 120 and 110 nM, for the high- and low- PH and BEACH domains, the experimental data from the
density PH domain surfaces, respectively (Table 2), showing lower capacity PH domain surface are globally fit to a 1:1
excellent agreement between the measurements from the twanteraction model to extract the kinetic constants (Figure 5E).
surfaces. There was a small decrease (about 7%) in theThe rate of associatiorkd) is 4.6 x 1® M~* s7, and the
binding response when the BEACH domain was re-injected rate of dissociationky) is 0.49 s®. These are fairly typical
over the PH domain chip surface (parts C and D of Figure binding constants for proteirprotein interactions, indicating
5), but theKy of the interaction did not change (Table 2). the association is specific and complex formation is fully
This decrease in response is likely due to the loss of activity reversible.

PE PI  PC  PI(34)P2 PI(3,4,5P3
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PH Domain in BEACH Proteins Cannot Bind Phospho-
lipids. Our structural studies on the BEACH proteins revealed
a novel PH domain. However, detailed structural analyses
suggest that this PH domain is unlikely to bind phospholipids,
because the binding site is blocked by heti® in the
structure, a unique feature of the PH domains from Nbea
and LRBA/BGL. In addition, the surfaces of these PH
domains do not have the clustering of positively charged side
chains that may be important for binding the highly
negatively charged phospholipid®5.

To experimentally assess the capability of the PH ane- PH
BEACH domains to bind phospholipids, we performed dot-
blot binding assays using a panel of different phospholipids.
The PH-BEACH domains of LRBA/BGL did not bind any
of the tested phospholipids in these assays (Figure 6A),
supporting the prediction of the structural analyses. Similarly,
no binding was detected with the PBBEACH domains of
Nbea or the PH domain of FAN (data not shown). As a
positive control, we have expressed and purified the PH
domain of Grp1l, following protocols described earligB)

The dot-blot assay clearly showed binding to phospholipids
by this PH domain (Figure 6B), consistent with earlier results
(33) and validating our dot-blot assay.

The large sizes of the BEACH proteins and their unique 18.

amino acid sequences have severely hindered the elucidation

of the functions of these proteins and their domains. We have ;o

determined the crystal structure of the PBEACH domains

of human LRBA/BGL and demonstrated the strong affinity
between the PH and BEACH domains of the protein FAN
by surface plasmon resonance measurements. The structura
and biophysical information provides a molecular basis for

8

10.
11.
12.

13.

14.
15.

16.

17.

20.

Fl.

understanding the cellular functions of these domains once -

they become available.
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