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ABSTRACT. We tested for the presence of high-affinity phosphatidylinositol 4,5-bisphosphate [P}{4,5)P
and PI(3,4,5)Pbinding sites in four phospholipase C (PLC) isozymés (1, 82, andf33), by probing

these proteins with analogs of inositol phosphatedns(1,4,5)R, p-Ins(1,3,4,5)R, and InsB, and
polyphosphoinositides PI(4,58nd PI(3,4,5)F which contain a photoactivatable benzoyldihydrocinnamide
moiety. Only PLCo; was specifically radiolabeled. More than 90% of the label was found in tryptic
and chymotryptic fragments which reacted with antisera against the pleckstrin homology (PH) domain,
whereas less than 5% was recovered in fragments that encompassed the catalytic core. In separate
experiments, the isolateéh-PH domain was also specifically labeled. Equilibrium bindingpsins-
(1,4,5)R to PLC+, indicated the presence of a single, high-affinity binding site; binding-bfs(1,4,5)-

P; to PLC$1, -2, or 83 was not detected. The catalytic activity of Pldgwas inhibited by the product
D-Ins(1,4,5)B, whereas no inhibition of PL@4, -B2, or 83 activity was observed. These results
demonstrate that the PH domain is the sole high-affinity PI(4,8)Rding site of PLCé, and that a
similar site is not present in PL@r, -2, or 83. The data are consistent with the idea that the PH domain
of PLC-01, but not thef isozymes, directs the catalytic core to membranes enriched in Pl{46iPs
subject to product inhibition.

The eukaryotic phosphoinositide-specific phospholipase C The 8 isozymes are controlled by the,®r Gg, subunits of
(PI-PLCY isozymes cleave the phosphodiester bond of heterotrimeric GTP-binding proteins (G-proteins), which are
phosphatidylinositol 4,5-bisphosphate [P1(4 4)Peleasing coupled to receptors that possess seven transmembrane-
two intracellular second messenger moleculesnositol spanning segments. Thg isozymes are substrates for
1,4,5-trisphosphate [Ins(1,4,5]Rnd diacylglycerol. These  receptor tyrosine protein kinases, exemplified by the receptor
isozymes can be grouped by sequence into three types: for platelet-derived growth factor. Calcium and/or G-

7, ando (Lee & Rhee, 1995; Exton, 1996). Each group proteins may be involved in controlling tieisoforms. The
appears to be subject to a unique mode of cellular regulation. .o cent identification of a G-protein (Bthat activates PLC-
01 suggests a pathway linking this enzyme to cell surface
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§ Department of Chemistry, State University of New York at Stony et al., 1995). For some PLC isoforms, the polyphospho-

Bfﬁ%khiversity of Utah inositides themselves may serve as both substrates and
® Abstract published idvance ACS Abstractdfay 15, 1997. membrane anchorlng sites. PI:E(Rebecchl etal., 1992;

1 Abbreviations: PH domain, pleckstrin homology domain; PI(4,5)- Pawelczyk & Lowenstein, 1993), and PLisolated from

P2, pposphhatidglilnositolc4,F-tiiirihg)sghate;_ P'—Ftll ﬂogpth,omﬁsnide' turkey erythrocytes (James et al., 1995), bind strongly to PI-
specific phospholipase C; Ins(1,4,5)®-myoinositol 1,4,5-trisphos- . .
phate;  [3H]BZDC-Ins(1.4,5)  [3H]-1-O-[3-(4-benzoyldihydro- (4,5)R through a site that does not appear to be catalytic.

cinnamidyl)propyll-Ins(1,4,5)® PC, phosphatidyicholine; PI(4)P, phos-  Their P1(4,5)B hydrolytic activities, measured in membrane
phatidylinositol 4-monophosphate; PI, phosphatidylinositol; TEAB, and detergent/phospho“pid mixed micelle assays, are con-

triethylammonium bicarbonate; HEPB$,(2-hydroxyethyl)piperazine- . . . . . .
N'-2-ethanesulfonic acid: TRIS, tris(hydroxymethyl)aminomethane; SiStent with a bisubstrate model in which at least one high-

MES, 2-(N-morpholino)ethanesulfonic acid; MOPS, IS-fnorpholino)- affinity P1(4,5)R binding site tethers the low-affinity catalytic

propanesulfonic acid; IPTG, isopropyi-p-thiogalactopyranoside;  sijte to the membrane surface (Cifuentes et al., 1993; James
EGTA, ethylene glycol big{-aminoethyl etherN,N,N,N'-tetraacetic

acid; EDTA, ethylenediaminetetraacetic acid; PMSF, phenylmethane- et al., 1995). Studies of thé, isozyme support this idea.
sulfonyl fluoride; BCA, bicinchronic acid; BSA, bovine serum albumin; Deletion of the amino-terminal 60 amino acids abolishes
ECL, enhanced chemiluminescence; DTT, dithiothreitol; LUVs, large high-affinity PI(4,5)R binding and reduces scooting behav-
unilamellar vesicles; SDSPAGE, sodium dodecyl sulfatgpolyacryl- . ’ L . . .

amide gel electrophoresigi-ARK, j-adrenergic receptor kinase; 1O although the catalytic site remains functional (Cifuentes
G-proteins, GTP-binding proteins. et al., 1993, 1994; Yagisawa et al., 1994). The 60-amino
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acid region deleted in these experiments is now recognizedconserved in PLG} and ¥ isozymes, form hydrogen bonds
as part of a domain with pleckstrin homology. with the 4- and 5-position phosphates. In our kinetic model
The amino-terminal regions of all mammalian PLC of PLC-; catalytic activity, the affinity of the active site
isozymes contain a single pleckstrin homology (PH) domain for substrate or product is predicted to be lower than that
of 130-140 residues (Lee & Rhee, 1995). PH domains, first for other regions involved in membrane binding (Cifuentes
described as duplicated regions within the platelet protein et al., 1993). Although weaker active site binding can be
pleckstrin (Haslam et al., 1993), are found in many polypep- inferred from the crystallographic and deletion studies of
tides that function in cell signaling and cytoskeletal structure PLC-0,, the affinity of this site has not been directly
(Musacchio et al., 1993; Gibson et al., 1994; Shaw, 1996). measured in the native protein.
Like SH2 and SH3 domains, they are modular units that |n this study, we use analogs of PI(4,5¥hd PI(3,4,5)-
assume a common structure which is independent of thep, and their polar head groups, containing the photoacti-
surrounding protein (Gibson et al., 1994; Ferguson et al., vatable moiety,3H]benzoyldihydrocinnamide {H]BZDC),
1995a; Cohen et al., 1995). Despite their low sequenceto probe the PLC isozymes for evidence of multiple high-
conservation, all PH domains form a pseyiisandwich  affinity binding sites (Prestwich, 1996; Prestwich et al.,
containing a carboxy-terminal-helix that has an invariant ~ 1996). Peptide mapping of th& isozyme, labeled with
tryptophan residue. these probes, demonstrates that the PH domain is the only
A few well-studied examples support the idea that PH accessible high-affinity site. No specific labeling of PLC-
domains bind polyphosphoinositides and thereby anchor theirg,, -3,, or s is detected under these same conditions. From
host proteins to membrane surfaces. The PH domains ofthese and equilibrium binding studies, we conclude that a
pleckstrin (N-terminal and C-terminal), T-cell-specific ty- high-affinity site, which recognizes the PI(4,5)% PI(3,4,5)-
rosine kinase, ras GTPase activating protgiadrenergic P; polar head group, is not detectable in the P8 Bozymes
receptor kinase-ARK) (Harlan et al., 1994)p-spectrin  or in the catalytic core of PL@;. These data strongly
(Hyvonen et al., 1995), and PL@r (Garcia et al., 1995;  suggest that, among the PLC isozymes, Ri;Cthrough its
Lemmon et al., 1995) bind to phospholipid vesicles contain- PH domain, possesses a uniquely high affinity for membranes
ing either P1(4,5)Por PI(4)P. The relative order of affinities  enriched in PI(4,5)R
is PLC1 > S-spectrin> pleckstrin,3-ARK, or other PH
domains. A molecular explanation of this specificity and EXPERIMENTAL PROCEDURES
affinity is provided by crystallographic studies. The three-
dimensional structure of the PL&-PH domain, complexed ~ Synthesis ofH]BZDC-Inositol Polyphosphates and
with Ins(1,4,5)R, reveals a deep binding pocket formed by Phosphoinositides

f-strands 1 and 2 and the loop connecting them (Ferguson Syntheses of3H]BZDC-Ins(1,4,5)B, P-1-tethered Ins-

et al., 1995b). Six residues that line this pocket contribute .
\ (1,3,4,5)R, and P-2-tethered Ins(1,2,3,4,5,6)ere carried
12 hydrogen bonds to the complex with Ins(1,4sy@ven out as previously described (Mourey et al., 1993; Estevez

OLV\;hicr_}_harer\aolveq in recogtrl?zin? the 5t-positiotr)1_ %hos- & Prestwich, 1994; Dorriraet al., 1995; Hammonds-Odie
phate. The PH domain gkspectrin also contains abinding o | 1 996 'prestwich et al., 1996; Prestwich, 1996). The

site that accommodates the PI(4,5)polar head group o
. products were purified on a short column of DEAE-cellulose
(Hyvonen et al., 1995). Formed bstrands 1 and 2 and (HCO;~ form) using increasing concentrations (0.1 to 0.6

the_loop connecting them,_ this shallow groove contains four M) of aqueous triethylammonium bicarbonate (TEAB)
re_S|dues that contrlpu'ge SIx hydroge_n bonds to th? complex(Olszewski et al.,, 1995). The concentrations of fractions
\(/jwth Il_’ls(1f,4,'|5)B|.< tS_lmllar res?ugsdm the Nb—.te(;mmalfPlH containing the H]BZDC-labeled compounds (eluting at
(f,TESE?HErE"n Sét”;.?rl%gg urbed upon binding o1 InS" o 4-0.5 M TEAB) were determined by liquid scintillation
The amino acid residues that line the PI(4S)ding counting (ca. 0.030.05 mCi/mL) and v_enfled by an.alytlca_ll
pocket of the PLG3; PH domain are not well conserved in HPLC on a C8 reverse phase column interfaced with a diode
; . o - . array detector and a BetaRAM radiochemical detector. The
other PLC isozymes. This is surprising since a REC- specific activities of the photoactivatable ligands were-35

isoform, isolated from turkey erythrocyte membranes, binds . . - S
. A 44 Ci/mmol on the basis of the specific activity of the reagent
to PI(4,5)R with an affinity similar to that reported for PLC- [*H]BZDC-NHS ester, Fractiong were storetél as triethyl?’;\m-

01 (Jalmes et a].,t 1295}t;k]the lg!negc:ts Otf P|(4’§l‘?d][0|y?'sl . monium salts at 8C in the eluting buffer. The concentration
are aiso consistent with a bisubstrate model ot CalalysiS. ¢ o ligand was adjusted to the required value {A%
Similar kinefic results were reported for PL&-(Wahl et . uM) immediately prior to use by dilution with water or
al., 1992). These observations suggest that the PH domam%oncentration under a stream of nitrogerH]BZDC-PI-

of PLC$, -y, and ¥, are more similar than can be inferred (4,5)R and PH]BZDC-PI(3,4,5)R triesters and acyRf]-

e e e, BZDC-Pi4 9P were syniheized by melhods descred
7 1S0Zymes, y » PING POIYPROS- ¢ \cowhere (Chen et al., 1996; Gu & Prestwich, 1996).
phoinositides. Direct measurements of the affinities of the

mammalian PLG3 or -y isozymes for PI(4,5)Por other  pypression of the Recombinant PLC Isozymes and the
phosphoinositides have not been reported. PLC-6; PH Domain

The active site residues that bind the PI1(4,5)8lar head
group were recently identified in the three-dimensional  Expression and purification of recombinant human PLC-
structure of the PLG); catalytic core (Essen et al., 1996). 6, are described below. Recombinant human F.C-3»,
Within this site, a network of hydrogen bonds and specific and 33 were expressed in Sf9 insect cells using baculovirus
charge-charge interactions ligate inositol ring substituents. vectors (Runnels et al., 1996). Baculovirus, containing the
Lys 438, Lys 440, Ser 522, and Arg 549, which are human PLCB;3 sequence, was generously provided by S. G.
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Rhee (NIH). The PLG}; PH domain was expressed in
Escherichia colistrain BL-21(DE3) and purified as previ-
ously described (Garcia et al., 1995).

Expression of Human PLG:

Human PLCé; was expressed in the BL-21(DE3) strain
of E. coliusing the pET3a vector (Studier, 1990). Because
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of 50 to 300 mM NaCl over 32 min at a rate of 1 mL/min.
PLC-; eluted between 14 and 20 min of the gradient,
constituting at least 80% of the protein at this step.

(4) FPLC Mono-S.A 4.6 mmx 100 mm Mono-S column
(Pharmacia) was equilibrated with buffer C [10% glycerol,
20 mM MES (pH 6.1), 1 mM EGTA, 5 mM DTT, kg/mL
leupeptin, and 2.xg/mL pepstatin] which contained 0.1 M

this vector contained no affinity tag, the native sequence wasNaCl. Fractions containing PLC activity from step 3 were

completely retained in the expressed protein. A single,
transformed colony, selected for growth inhibition by iso-
propyl g-p-thiogalactopyranoside (IPTG) (Studier, 1990),
was used to inoculat4 L of superbroth (32 g of bactotryp-
tone/L, 20 g of bactoyeast/l5 g of NaCIl/L, and 5 mL of 1

N NaOHY/L) containing 15@g/mL ampicillin. The growing
culture was cooled to 20C and induced with IPTG (0.4
mM). An additional dose of ampicillin (15@g/mL) was
added at this time. Expression continued for 24 h at@0
(expression of the native soluble enzyme was optimal by 24
h at 20°C; the bulk of the enzyme was insoluble when
expression was attempted at 3T). The cells were

harvested by centrifugation and resuspended in 180 mL of

pooled and diluted 5-fold with buffer C. The sample was
applied at 0.7 mL/min and eluted with a linear gradient from
0.1to 0.5 M NaCl at a rate of 0.7 mL/min for 20 min. PLC-
01 eluted between 15 and 17 min. Samples of the peak
fractions were subjected to SBPAGE and stained with
Coomassie Brilliant Blue dye. A single protein band with
an apparent molecular mass of 85 kDa was detected.

Approximately 2 mg of pure PLC was recovered from
each liter oft. coliculture. The molar extinction coefficient,
116262 M cm at 280 nm, was determined using
homogeneous preparations of Pbg-dissolved in 8 M
guanidine hydrochloride (Gill & von Hippel, 1989). This

homogenization buffer [200 mM NaCl, 20 mM HEPES (pH constant was used to calculate the PLC concentration. The

7.6), 1 mM EDTA, 2 mM PMSF, 5 mM EGTA, 0.5 mM
DTT, 5 mM benzamidine, xg/mL leupeptin, 2.5:g/mL
pepstatin, 2ug/mL aprotinin, and 50Q:g/mL lysozyme].
Cells were then flash frozen in liquid nitrogen and then
thawed in cold water.

(1) Homogenization.Cells were disrupted by a single pass

PLC activity was measured with a detergent/Pl(4;)ixed
micelle assay as described previously (Cifuentes et al., 1993).
The final protein preparation was subjected to SIPAGE,
electroblotted onto nitrocellulose, and probed with sequence-
specific antisera as previously described (Cifuentes et al.,
1993). An 85 kDa immunoreactive band corresponding to

through a French press or by sonication. The lysate was!the purified protein was detected with all specific sef.

then subjected to centrifugation at 35@0Q.7 000 rpm) in
a Beckman JA-20 rotor for 30 min at4.

(2) Heparin—Sepharose.Supernatant fluid obtained at
step 1 was diluted 2-fold in ice-cold water and pumped at 3
mL/min over a 30 mL bed of HeparinSepharose (25 mm
x 30 mm) equilibrated in buffer A [20 mM HEPES (pH
7.2), 1 mM EGTA, 1 mM EDTA, 5 mM DTT, 5ug/mL
leupeptin, and 2.5g/mL pepstatin] which contained 100
mM NaCl. The column was washed sequentially with 60
mL portions of buffer A that contained 200 and 400 mM
NaCl. The protein was eluted with 120 mL of buffer A
containing 700 mM NaCl at 3 mL/min. Eluted material was
collected in 10 mL fractions. Nearly all the PLC activity
appeared in fractions-49.

The fractions containing PLC activity were pooled,
transferred to dialysis tubing (50 kDa molecular mass cutoff),
and dialyzed for approximateB h agains5 L of buffer B
[20 mM TRIS-HCI (pH 7.6), 1 mM EGTA, and 1 mM DTT].

It was important that the conductivity of the sample did not
fall below 3 mS at 4°C; otherwise, the PLC formed an

insoluble precipitate. Following dialysis, the sample was
subjected to centrifugation at 17 000 rpm in a JA-20 rotor

coli-expressed human PL&-showed characteristics similar
to those of PLG3; isolated from bovine brain cytosol. These
characteristics included calcium activation and PI(4; %P
Ins(1,4,5)R binding (Rebecchi et al., 1992; Cifuentes et al.,
1993; Garcia et al., 1995). The specific activity of this
enzyme, however, was at least 10-fold greater than those
reported for the purified bovine brain and liver enzymes
(Rebecchi & Rosen, 1987; Fukui et al., 1988). Similar results
were reported by Ellis et al. (1993) for the GST fusion protein
expressed irE. coli. They attributed the higher activity to

a lack of post-translational modification.

Photo-Cross-Linking of3H]BZDC-Ins(1,4,5)R, -Ins-
(1,3,4,5)R, or -Ins(1,2,3,4,5,6)Pto Recombinant PLC
Isozymes

Comparable amounts (0-8.0 ug) of purified PLC#é;,
-P1, -B2, or B3 were incubated in total reaction volumes of
24 uL with 0.12-0.25 uM [*H]BZDC-Ins(1,4,5)R, [*H]-
BZDC-Ins(1,3,4,5)F, or [*H]BZDC-Ins(1,2,3,4,5,6)Fin the
presence or absence of (160 «M) unlabeledd-Ins(1,4,5)-
P;, D-Ins(1,4)B, or Ins(1,2,3,4,5,6)Pfor 10 min at room

for 15 min to remove any precipitated protein. Glycerol was temperature in buffer containing 100 mM NaCl and 125 mM
added to the supernatant fluid to a final concentration of 10% HEPES at pH 7.2. The samples, in silanized borosilicate
by volume. Leupeptin, pepstatin, and DTT were added to glass test tubes, were irradiated with 350 nm light (36 W)
final concentrations of Sg/mL, 2.5ug/mL, and 4 mM, for 20 min in a Rayonet photoreaction cell af@. After
respectively. irradiation, the samples were boiled in SDS sample buffer
(3) FPLC HQ-Poros. A 4.6 mm x 100 mm HQ-Poros and subjected to electrophoresis in a 7.5% polyacrylamide
column (PerSeptive Biosystems), connected to a Waters 6500¢el. The gel was fixed in methanol/acetic acid/water (3:1:
protein purification system, was equilibrated with buffer A 6), stained with Coomassie Brilliant Blue dye, impregnated
containing 50 mM NacCl, 4 mM DTT, and 10% glycerol at with Entensify, an aqueous fluor solution (NEN), dried, and
4°C. The sample from step 2 was pumped over the column subjected to autoradiography. Each photo-cross-linking
at 3 mL/min. The protein was eluted with a linear gradient experiment was repeated at least twice with similar results.
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Photo-Cross-Linking of3H]BZDC-Ins(1,4,5)R, -Ins- min at 30°C in 100 «L of binding buffer containing 100
(1,3,4,5)R, or -Ins(1,2,3,4,5,6)Pto the PLCé, PH mM NaCl, 1 mM DTT, 20 mM HEPES (pH 7.5), anéH]-
Domain Ins(1,4,5)R ranging in concentration from 0.18 to 30J.

Conditions of the binding reaction were similar to those
described by Yagisawa et al. (1994). Each reaction mixture
was placed on ice; 104L of ice-cold 36% (w/v) PEG-8000
and 10uL of 15 ug/uL human y-globulin (Sigma) were
subsequently added. Samples were incubated on ice for 15
min and then subjected to centrifugation in a microfuge
(1200@) for 5 min at 4°C. Under these conditions;75%
of each PLC was precipitated. The supernatants were
aspirated, and the pellets were washed twice with 250
Mapping the Ins(1,4,5)PBinding Site of 18% (w/v) PEG-8000. Each pellet was solubilized in 0.1
PLC-51 (5 ug) was incubated with 0.5M [*H]BZDC- N NaOH, transferred to a scintillation vial, and counted. The

Ins(1,4,5)R for 10 min at room temperature in buffer data were analyzed using eq 1:
containing 100 mM NaCl, 1 mM EGTA, and 70 mM HEPES [INSPy)ee
at pH 7.2. Samples were irradiated as described above. Each V=
microgram of PLC was then digested for2 h with 0.025 [INSPylfree + Ky
ug of either chymotrypsin or trypsin. Digestions were carried
out in a total volume of 3@L in digest buffer containing 5
mM CaCk, 5 mM DTT, 0.8% octyl glucoside, 100 mM
NaC!, and 20 mM I_—|_EPES at pH 7.2. The digestions were Assay of PLC Catalytic Actity

terminated by addition of PMSF and SDS sample buffer.

One-half of each sample was subjected to SPBGE on LUVs composed of PE/PCH]PIP, (15:4:1) were pre-

a 12% acrylamide gel, transferred to nitrocellulose, and Pared by extrusion through polycarbonate filters as previously
immunoblotted using the specific antisera described previ- described (Cifuentes et al., 1993) to yield a final PI(4z5)P
0u5|y (Cifuentes et al., 1993) The immunoreactive protein concentration of 6QM The reactions, which were initiated
bands were excised, transferred to scintillation vials, dis- Py addition of substrate vesicles, were carried out in buffer
solved in methanol, and counted. The other half of each containing 150 mM NaCl, 20 mM HEPES (pH 7.5), 2.5 mM
sample was subjected to SDBAGE on a 12% acrylamide DTT, 0.1% gelatin, 12@M CaCb, and 4ug/mL leupeptin

gel and stained with Coomassie Brilliant Blue dye. Indi- and pepstatin, in the presence or absence pf\8Ins(1,4,5)-
vidual lanes were cut into 2 mm sections and transferred to Ps.

counting vials. The slices were digested igGd for 2.5 h

at 55°C and then counted in a liquid scintillation spectrom-
eter. The concentration of PLO; was calculated using the

Photo-Cross-Linking of3H]BZDC-PI(4,5)R. Acyl or ggge:m eéntjllilldGe;%;n I,Creldcmi% eﬁﬁlcﬂgﬂfgﬁf:;:gﬂtsagf
Triester _Der'vatiz/es or PH]BZDC-PI(3,4,5)R Triester to PLC-31, B2, and f; were estimat.ed by BCA assay (Pierce)
Recombinant PLC Isozymes using BSA as a standard. Concentrations of the BLEH
Comparable amounts {2 ug) of purified PLCé1, -f1, domain were measured by the Bradford assay (Bradford,
-2, or B3 or 6;-PH domain were incubated in reaction 1976).
volumes of 24-26 uL with 0.12—0.25uM [3H]BZDC-PI-
(4,5)R triester, pH]BZDC-PI(3,4,5)R triester, or acyl{H]- RESULTS
BZDC-PI(4,5)R in the presence or absence of unlabelec_i 30 [3H]BZDC-Ins(1,4,5)R, which contains the PI(4,5)polar
#M PIP, or 30uM PI for 2.5 min at room temperature in  paad group linked by an aminopropy! tether to the photo-
buffer containing 22G:M dodecyl maltoside, 100 MM NaCl,  eactive BZDC moiety (Figure 1a), has been used to label
1 MM EGTA, and 25 mM HEPES at pH 7.2. The samples, gpecifically Ins(1,4,5)Preceptors from rat brain and map
in silanized borosilicate glass test tubes, were irradiated with (e ligand binding sites (Mourey et al., 1993). We took
350 nm light for 20 min at 4C and processed as described 5qyantage of this compound and probed the PLC isozymes
above for the H]BZDC-inositol phosphates. for high-affinity PI(4,5)B binding sites. We (Rebecchi et
; P ; T : al., 1992) and others (Pawelczyk & Lowenstein, 1993) had
',\3"2""8%?3 of the Binding Site Cross-Linked 1] previously shown that PL@, binds to PI(4,5)Pwith high
pid e e .z
affinity and that binding is inhibited competitively by Ins-
After irradiation with UV light, an equivalent volume of  (1,4,5)R (Cifuentes et al., 1994; Kanematsu et al., 1992).
(0.01ug/mL) trypsin in digest buffer was added directly to |n this study, we compared the ability ofH]BZDC-Ins-

Purified PLCé; PH domain (2.5¢g) was incubated in a
total reaction volume of 2@L with 0.12—0.25uM [3H]-
BZDC-Ins(1,4,5)R, [3H]BZDC-Ins(1,3,4,5)R, or [*H]BZDC-
Ins(1,2,3,4,5,6)Fin the presence or absence of {160 uM)
unlabeledd-Ins(1,4,5)RB, p-Ins(1,4)B, or Ins(1,2,3,4,5,6)f
for 10 min at room temperature in buffer containing 100
mM NaCl and 125 mM HEPES at pH 7.2. The samples
were irradiated and processed as described above.

wherev = the number of molecules of Insound per
molecule of PLC.

Protein Concentration Measurements

the samples. Digestions were carried_ out afGdor 2—3 ~ (14,5)R to label covalently three PLC isozymesy, 31,
h, terminated, and processed as described above for mappingnd 3, (Figure 2). Only thed; isozyme was specifically
of the Ins(1,4,5)Pbinding site. radiolabeled (lane 5, upper portion). Labeling of the

. isozyme was observed in reaction mixtures containing both
Binding of FH]Ins(1,4,5)R to PLCy, -1, -2, and #s PLC-31 and ¢, (lane 7, upper portion) or in reaction mixtures

Purified PLC isozymes (6.4g of 1, 10.5ug of 55, 9.4 that contained substrate vesicles (7:3 PE/PI) and/or calcium
ug of 33, and 8.4 or 12.9g of d,) were equilibrated for 10  (50—200uM) (data not shown). No labeling of PLGr or
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BHBZC = . L © © FiGURE 2: Reaction of PLGS;, 81, or -8, with [3H]BZDC-Ins-
- (1,4,5)R. The PLC isozymes were incubated wiB[BZDC-Ins-
o T (1,4,5)R (0.5uM) in the absence (lanes 1, 3, 5, and 7) or presence
Ivohoshoinositid R R R (lanes 2, 4, and 6) of 66M unlabeled Ins(1,4,5)and exposed to
Polyphospholnositide ! 2 3 350 nm light. Samples were subjected to SIPRGE and
[3H]BZDC-PI(4,5)P2-triester aminopropylBZDC (CHp)13CH3  OH autoradiography. The acrylamide gel, stained with Coomassie
) ) Brilliant Blue dye (bottom), contained PLG:(lanes 1 and 2), PLC-
[3H]BZDC-PI(3,4,5)P3-triester aminopropylBZDC (CHj){3CHg OPO3= ﬁz (Ianes 3 and 4) PL®1 (Ianes 5 and 6) or a mixture of PL,Q—
[3H]BZDC-PI(4,5)P2-acyl H (CH)4NHBZDC OH and PLCé; (lane 7). Autoradiograph of the same gel (top). Only

] ] the 0, isozyme contained detectable radioactivity. Mobilities of
FiIGURE 1: (&) Chemical structures of synthetic analogs of Ins(1,4,5)- molecular mass standards are shown in kilodaltons.
P;, Ins(1,3,4,5), and Ins(1,2,3,4,5,6)Rontaining the photoacti-

vatable fH]BZDC moiety (T = tritium). (b) Chemical structures InsP. (uM
of synthetic analogs of PI(4,5)Rnd PI(3,4,5)FPcontaining fH]- nsP; (\M) 0 10 20 60 0
BZDC (T = tritium). InsP, (uM) 0 0 0 0 60

-2 was observed under any of these conditions. Ins(1,4,5)-

P; competitively inhibited labeling of PL@&4 by [*H]BZDC-

Ins(1,4,5)R (Figure 2) and was more effective than Ins(14)P

(Figure 3). At 60uM Ins(1,4)R, the labeling was decreased - - . <PLC
~50% when the bands were excised and counted directly in

a liquid scintillation spectrometer (data not shown). By

contrast, labeling was reduced0% by addition of 1Q«M

Ins(1,4,5)R. This is consistent with the higher affinity of

native PLCé; and its PH domain for inositol phosphates

containing a phosphomonoester group at the position 5- of 1.2 3 4 5
the inositol ring (Rebecchi et al., 1992; Cifuentes et al., 1994; FIGURE 3: Reaction of PLG; with [*H]BZDC-Ins(1,4,5)R. PLC-
Garcia et al., 1995; Lemmon et al., 1995). 01 was incubated with®H]BZDC-Ins(1,4,5)R (0.5uM) alone (lane

. ] ! . . 1) or in the presence of unlabeled Ins(1,45)Bnes 2-4) or Ins-

A panel of sequence-specific antibodies (described in (1,4)R, (lane 5) at the indicated concentrations and irradiated with
Figure 4) was used to map the sites in P&Clabeled in 350 nm light. Samples were subjected to SIFAGE and
the photo-cross-linking reaction witBH]BZDC-Ins(1,4,5)- autoradiography. PL@4 labeling was specifically competed for
Ps. The labeled enzyme was digested with either chymo- PY Ins(1,4.5)&.
trypsin or trypsin to generate a series of fragments analyzedmigrating with an apparent molecular mass~e80 kDa,
for their content of radiolabel, relative molecular mass, and contained 20% of the incorporated label and reacted with
immunoreactivity (Table 1a,b). antisera against the amino-terminal sequence of the PH

One major product of chymotrypsin digestion (Table 1a) domain, and a portion of the X box, but not the Y box region.
was a 70 kDa fragment that contained % of the total Minor protein bands of 40, 30, and 28 kDa were also detected
radiolabel and reacted with antisera against the X and Y by Coomassie staining but contained low amounts of
boxes but not with antiserum against the PH domain. Severalradioactivity.
highly radioactive protein bands migrated between 80 and Digestion with trypsin yielded major fragments of 60 and
85 kDa and reacted with antisera against the PH domain and30 kDa (Table 1b). The 60 kDa fragment reacted with
the X and Y box regions. A lightly stained protein band, amino-terminal and X box antisera, while the 30 kDa
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y—— 7 — InsP,(uM) 0 10 20 60 0 0 O
Anbodies: " - InsP,(tM)0 0 0 0 10 20 60

Ficure 4. Regions of PLG3; recognized by sequence-specific

antibodies. Open boxes indicate portions of the enzyme that

comprise the PH domain, the X box, and the Y box. Dark filled

boxes indicate the positions of the sequences of BPLGsed to

design the synthetic peptides to which the antibodies N (residues

3-16), X (residues 430442), and Y (residues 53530) were - EE 2 <PH
produced, as described in Cifuentes et al. (1993).

Table 1: Analysis of the Proteolytic Fragments Generated by
Digestion of Radiolabeled PL@: with (a) Chymotrypsin and (b)

Trypsin®
apparent molecular  cpm Coomassie N X Y
ppmass (kDa) ofp3H stain ab ab ab e . Ph1 . 2 3| k'4 f53 BGZDC7I 1458 to th
IGURE 5: Photo-cross-linking o -Ins(1,4, o the

@) 788_85 433273 Iii+ j i i PH domain of PLGCS,. The isglate[;]PH domaig of lel?ﬁr was
60 12805 4 i 4 - incubated with H]BZDC-Ins(1,4,5)R (0.75uM) in the absence
40 1647 + _ _ _ (lane 1) or presence of Ins(1,4,5)fanes 2-4) or Ins(1,4)R (lanes
30 342 + _ _ _ 5—7) and irradiated with 350 nm light. The samples were subjected
28 601 + _ _ _ to SDS-PAGE and aut_or_adlography. Only Ins(1,4,5§ectively
20 3240 _ _ _ displaced the photoaffinity reagent.

®) 33 23282 i+++ i + - were unable to recover a fragment of PbgCthat encom-
55 381 ++ -+ - passed only the intact PH domain or to identify the
39 677 4+ -+t - radioactive material that migrated with an apparent molecular
gg 11211 ILFJF -t n mass of 20 kDa. These results are consistent with our
28 111 Tt - - _ previous report showing that the amino-terminal 60 amino
20 2864 - - - - acids, which form part of this domain, are susceptible to

2+ indicates relative intensity of Coomassie staining or antibody €X{€nsive proteolysis (Cifuentes et al., 1993). In contrast,
(ab) reactivity.” The radioactivity was determined by cutting the gel the X and Y boxes were determined to be resistant to
into 2 mm slices and counting in a liquid scintillation spectrometer. digestion.

The amounts of radiolabel incorporated into immunoreactive bands . . . .
detected were also determined and gave similar results (data not shown). To test the identity of the Iabgled region, the PH domain
of PLC-9; was photoreacted withP]BZDC-Ins(1,4,5)R.

. . Like the native enzyme, the isolated PH domain was highly
fragment only reacted with Y box antisera. The 60 kDa and specifically labeled with this compound (Figure 5).

fragment contained approximately 50% of the incorporated Labeling w frectively displaced by nonradioactive Ins-
radiolabel, whereas the 30 kDa fragment contained less than 1a4e5 l%g b ?Sngt sclne{ 4 ;p _Ia_‘ﬁg o é Olt 2 eoggn 'etenst
0.5%. This result proved that the Y box was not labeled (1,4,5)B, bu y Ins(1,4)F S€ resutis ar SIS

significantly by PH]JBZDC-Ins(1,4,5)R. We deduce from with those obtained with native PLE&rand identify the PH

these results that the site radiolabeled By]BZDC-Ins- domain as the principal blnd!ng site |.n this isoform.
(1,4,5)R lies within the amino-terminal PH domain. This  Although PLC#; and £ failed to bind to or be photo-
contention is most strongly supported by the observation thataffinity labeled by fH]BZDC-Ins(1,4,5)R, they might still
the 70 kDa product of chymotrypsin digestion, encompassing Possess binding sites for higher-order inositol polyphos-
the X and Y boxes and missing the firstLl0O amino acid ~ Phates, such as Ins(1,3,4,5)hd Insk. To test this idea,
residues, did not contain significant levels of radioactivity. the radiolabeling of PLG3, and $, by [*H]BZDC-Ins-
By exclusion, the region of PL@; covalently cross-linked  (1,3:4,5)R or [*H]BZDC-InsR; was compared with that of
to [*H]BZDC-Ins(1,4,5)R or [*H]BZDC-Ins PI(4,5)R lies PLC-; and its PI_—|_d0ma|n _(Table 2). Neither PL&znor
within the PH domain (Table 1a,b). This interpretation is PLC52 was specifically radiolabeled (Table 2, rows &).
further supported by the demonstration that the isolated In contrast, PLGS; and its PH domain, reacting witfH]-
domain binds PI(4,5)Rand Ins(1,4,5)Pwith an affinity and ~ BZDC-Ins(1,3,4,5)k incorporated  significant levels of
specificity that are comparable to those of the native enzymeradioactivity (row 2) that were effectively inhibited by 30
(Garcia et al., 1995; Lemmon et al., 1995). #M Ins(1,4,5)R, but not Ins(1,4)P(rows 3 and 4). Labeling
Minor products of the trypsin digestion, such as the 55, of the PLCé, PH domain by {H]BZDC-InsR; was also
39, and 38 kDa fragments, contained low levels of radioac- observed (rows 58).
tivity, reacted with the X box antibody, and were not detected  To confirm the results of the photo-cross-linking experi-
with antibodies against either the PH domain or the Y box ments, binding ofJH]Ins(1,4,5)R to PLC%1, -B1, 62, and
region. It is unlikely that the low levels of radioactivity, -B; was directly measured (Figure 6). Because calcium is
present in these minor bands, represent labeling of the Xknown to bind to the active site of PLC and to stimulate
box, since even less radioactivity was recovered in a major PIP, hydrolysis (Essen et al., 1996), the measurements were
70 kDa chymotrypsin-generated fragment that reacted stronglyperformed in the presence and absence of this ion. The
with the X box antiserum. It is likely that these minor results confirm the presence, in PL&g- of a single high-
fragments contained part of the radiolabeled PH domain affinity binding site for Ins(1,4,5)Pthat is unaffected by
missing the epitope recognized by the sequence-specificcalcium ions. This site has an apparéqt of ~0.3 uM,
amino-terminal antibody (amino acid residuesl®). We similar to that reported for the intact enzyme and its isolated
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Table 2: Incorporation offH]BZDC-Inositol Polyphosphates and Polyphosphoinositides into BL,GB1, and $

unlabeled )
[(H]BZDC compound PLC isozyme
compound (30uM) 01 1 P2 01-PH

1 IP; - 2.1434+ 0.769 (8)° 0.009+ 0.005 (3) 0.004t 0.000 (3) 0.192+ 0.118 (6)
2 1Py - 0.857+ 0.194 (3) 0.06H 0.021 (4) 0.079t 0.092 (4) 0.025t 0.011 (4)
3 1Py IP3 0.090+ 0.015 (2) 0.043t 0.015 (2) 0.07Gt 0.020 (2) 0.005t 0.003 (4)
4 1Py 1P, 0.921+ 0.059 (2) 0.059t 0.016 (2) 0.05H 0.013 (2) 0.034t 0.021 (4)
5 IPs - 0.484+ 0.217 (2) - 0.120+ 0.000 (2) 0.006t 0.003 (2)
6 IPs IPs 0.050+ 0.024 (2) - 0.164+ 0.063 (2) 0.003t 0.000 (2)
7 IPs 1P, 0.450+ 0.131 (2) - 0.140+ 0.021 (2) 0.007 0.002 (2)
8 IPs IPs 0.091+ 0.057 (2) - 0.132+ 0.006 (2) 0.005t 0.001 (2)
9 PIR triester - 1.498+ 0.667 (4) 0.04Gt 0.011 (6) 0.045t 0.013 (5) -

10 PIR triester PIR 0.074+ 0.035 (4) 0.035t 0.015 (6) 0.038t 0.010 (5) -

11 PIR triester PI 1.336t 0.373 (4) 0.036t 0.013 (6) 0.044+ 0.015 (5) -

12 PIR triester - 0.442+ 0.220 (4) 0.031 0.007 (4) 0.057 0.014 (4) -

13 PIR triester PIR 0.019+ 0.006 (4) 0.028t 0.009 (4) 0.056t 0.019 (4) -

14 PIR triester PI 0.27G: 0.074 (4) 0.04Gt 0.010 (4) 0.06Qt 0.016 (4) -

15 PIR (acyl) - 0.121+ 0.034 (4) 0.035t 0.012 (4) 0.029t 0.012 (3) 0.012+ 0.001 (2)

16 PIR (acyl) PIR 0.038+ 0.011 (4) 0.037 0.014 (4) 0.032+ 0.020 (3) 0.002t 0.000 (2)

17 PIR (acyl) PI 0.110+ 0.008 (4) 0.037 0.016 (4) 0.034t 0.024 (3) 0.007% 0.001 (2)

aMol % of PLC covalently cross-linked (meah standard deviationy.n equals the number of determinations.

1

Table 3: Effect of Ins(1,4,5)on the Rate of PIPHydrolysis
Catalyzed by PLGQ34, -B2, -3, Or 01

0.9

o8 PLC isozyme % control rate SD n°
Jeit 93 10 6
07 1 B2 100 1 6
Bs 123 18 6
081 01 58 2 6

051 a Percent of PI(4,5)Phydrolysis rate determined in the absence of
30 uM Ins(1,4,5)R. Significance was determined by analysis of

variance (Tukey's Testf.p < 0.05.¢n = number of experiments.

0ad{];

0.3

mol InsP3 bound/mol PLC

01 was specifically labeled in the phospholipid/detergent
mixed micelle (Table 2, rows 9, 12, and 15); inclusion of
30uM PI(4,5)R (rows 10, 13, and 16), but not PI (rows 11,
14, and 17), substantially inhibited photolabeling. Its PH
domain was similarly radiolabled byH]BZDC-PI(4,5)R
acyl ester (rows 1517). Whether radiolabeled witlfH]-
BZDC-Ins(1,4,5)R, [®*H]BZDC-PI(4,5)R (triester or acyl-
linked diester), orJH]BZDC-PI(3,4,5)R (triester), digestion
of PLC-9; with trypsin always yielded the same pattern of
of the binding data obtained with the PL&isozymes, which were  radiolabeled peptides (results not shown), demonstrating that
determined at 1@M Ins(1,4,5)R. Free Ins(1,4,5)Fconcentrations  the same domain was labeled with each compound. Specific
were calculated from the amounts bound. Binding isotherms incorporation into either PL@; or -3, of any polyphos-
predicted by eq 1 were fit to the results obtained in the presence phoinositide analog was not observed (rowsl9).
(- - -) or absence<) of calcium ions from at least two independent . - .
experiments. Maximum binding in the presence or absence of We considered the possibility that the affinities of the
calcium was 0.824+ 0.04 and 0.74+ 0.04, respectively. The  PLC3 isozymes for Ins(1,4,5)nay be much higher under
apparenkq values were 0.28& 0.06 and 0.31 0.084M. Standard catalytic conditions. To test this possibility, the rates of PI-
(4,5)R hydrolysis were measured in the presence or absence

0.2

0.1 4

0 1 2 3 4 5 6 7 8 9 10
free [InsP3] uM

FiGure 6: Binding of Ins(1,4,5)Pto PLC. Binding of fH]ins-
(1,4,5R to PLCY; (@), -3, (W), -3, (a), and $3 (®) was
determined in the presence (open symbols) or absence (filled
symbols) of calcium ions (88M). The inset is a magnified view

deviations are shown if they are larger than the symbol sizes.

PH domain (Rebecchi et al., 1992; Garcia et al., 1995; of a high concentration (30M) of Ins(1,4,5)R, which had
Lemmon et al., 1995). Significant binding to PLAz; -62, previously been shown to inhibit PL&-activity by compet-
or -3 was not detected (Figure 6, inset). At the limit of ing for the binding to PI(4,5)P(Kanematsu et al., 1992;
detectable binding in this assay (@M), no further increases  Cifuentes et al., 1994). The bilayer membranes contained a
in the amounts of Ins(1,4,5)mound to the PLC isozymes high concentration (75 mol %) of PE that, although unneces-
were detected (results not shown). sary for PLCé1, was required for measuring the PIAC-
The possibility that the presence of a lipid moiety activities. Under these conditions, Pldg€atalytic activity
contributes to high-affinity binding to polyphosphoinositides was inhibited nearly 50% by Ins(1,4,%)Pwhereas the
was tested. Novel PI(4,5)Rnd PI(3,4,5)P analogs (see  activities of PLCS; and . were not (Table 3). These
Figure 1b), containing the photoactivatable grotijBZDC results agree with the photo-cross-linking and binding studies.
located in either the polar head group (triester) or acyl chain Surprisingly, PLCB5 was slightly stimulated. Whether this
region (Prestwich, 1996; Gu & Prestwich, 1996; Chen et al., was a specific effect of Ins(1,4,5Bn thefs isozyme was
1996), were used to probe PLd5; -f1, and $,. Only PLC- not explored further.
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DISCUSSION

We tested for the presence of high-affinity P1(4,5gnd
PI1(3,4,5)R binding sites in four phospholipase C (PLC)
isozymes §1, 81, 52, andBs) by probing these proteins with
photoreactive analogs of inositol phosphatedns(1,4,5)-
Ps, D-Ins(1,3,4,5)R, and InsB, and polyphosphoinositides
P1(4,5)R and PI(3,4,5R Only PLC4; was specifically
radiolabeled. More than 90% of the label was found in
tryptic and chymotryptic fragments which reacted with

Tall et al.

P, polar head group (Ferguson et al., 1995b). In the BLC-
isozymes, the loops connecting predicfedtrands 1 and 2
and 3 and 4, which correspond to the Pl(43)ding site

of the PLCé; PH domain, contain none of the important
residues involved in ligating Ins(1,4,%B 61. The corre-
sponding sequences of the PH domains found in RPL&Ad
PLC+y, also lack the appropriate residues. Remarkably, key
residues present in the loop connecting predigiesirands

3 and 4 are not well conserved in the otheisozymes.
Therefore, it appears that PL&3-contains a PH domain that

antisera against the PH domain, whereas less than 5% waginds PI(4,5)R with uniquely high affinity.
recovered in fragments that encompassed the catalytic core. The three-dimensional structure of the PBCPH domain

In separate experiments, the isolafgd®H domain was also
specifically labeled. Equilibrium binding aj-Ins(1,4,5)R

to PLC-; indicated the presence of a single, high-affinity
binding site; binding ofb-Ins(1,4,5)B to PLCH,, -5, or
-Bs was not detected. The catalytic activity of Pldgwas
inhibited by the produab-Ins(1,4,5)B, whereas no inhibition
of PLC-61, -B2, or {83 activity was observed. These results
demonstrate that the PH domain is the sole high-affinity PI-
(4,5)R binding site of PLCé; and that a similar site is not
present in PLG3,, -f3,, or #3. The data strongly support
the idea that the PH domain of PLd&3; but not of thes

complexed with Ins(1,4,53provides a molecular explana-
tion of the energies involved in binding, and the high degree
of specificity for the 4- and 5-position phosphates of PI-
(4,5)R (Ferguson et al., 1995b). Like other PH domains,
the overall structure is well conserved and electrically
polarized, with a core consisting of two nearly orthogonal
antiparallelg-sheets and a long C-terminathelix that ties
together one end of a pseu@esandwich structure. The
binding site lies at the center of the protein’s positively
charged face. Most of the specific contacts involve hydrogen
bonds to the 4- and 5-position phosphates and are contributed

isozymes, directs the catalytic core to membranes enrichedby the side chains of nine amino acids extending from the

in PI(4,5)B and is subject to product inhibitich.
Neither the $H]BZDC-labeled inositol phosphates nor

loops connectingg-strands 1 and 2 and 3 and 4. Remark-
ably, seven of the twelve hydrogen bonds formed in the

polyphosphoinositides exhibited specific photoattachment to €0MPplex are contributed by six amino acids that participate

the PLC§$; or -3, isozymes; the lower limit of detection in

these experiments was about 2% of the label found in PLC-

01. No labeling of PLCB; was observed in the presence of
substrate vesicles and/or calcium ions.
specific binding was detected in equilibrium experiments,
even at concentrations of InsBs high as 3@M. PLC-3,

Furthermore, no

in contacts with the 5-position phosphomonoester group. The
photo-cross-linking data are consistent with this structure and
the high degree of specificity for this group. A similar
structure was also reported for the complex of Ins(1,4,5)P
and thefs-spectrin PH domain (Hyueen et al., 1995), but
here, the affinity for Ins(1,4,58is nearly 2 orders of

isolated from turkey erythrocyte membranes, has been shownagnitude weaker than that of the PH domain of RLC-

to bind PI(4,5)Rwith an affinity comparable to that of PLC-
01 (James et al.,

like PLC-,, this isozyme cleaves its substrate processively.

Their results were consistent with a model in which PLC
bound PI(4,5)Pat a minimum of two sites, one of which is

catalytic. A similar model, based on approaches developed
by other investigators (Gelb et al., 1995; Carman et al., 1995)
has been used to explain the catalytic and membrane bindin

behavior of thed; isozyme (Cifuentes et al., 1993). Our
experiments, however, demonstrate that neither LG5>,

nor {33 binds the polar head groups of PI(4,5i? PI(3,4,5)-

Ps with specificity or affinity comparable to that of PL&-
Recently, Runnels et al. (1996) demonstrated that PLC-
and $, bind to membrane bilayers with high affinity, but
without the PI(4,5)Pspecificity observed for PLG-. What
could account for high-affinity binding is unclear from the
sequence of the erythrocyte isozyme. Whatever PI(4,5)P

binding sites may be present, they seem to be unique to this

avian isoform.

The PH domains of the PLB-isozymes are missing
critical amino acid residues involved in binding the PI(4,5)-

2In previous studies, we (Cifuentes et al.,, 1993) and others

The-spectrin binding site is a shallow groove in the surface

1995). These investigators suggested thatOf the protein rather than a binding pocket and involves fewer

contacts between the protein side chains and the phosph-
omonoester groups.

The reaction product, Ins(1,4,%)Pnhibits PLC9; by
preventing membrane adsorption (Kanematsu et al., 1992;
Cifuentes et al., 1994). This effect could represent a negative

geedback pathway in the regulation of the PhCeatalytic

activity in living cells (Lemmon et al., 1995). Although we
could observe product inhibition of PL&; neither PLC-

B, -B2, nor B3 was similarly affected (Table 3). Our results

suggest that direct control of PLEeatalytic activity by the
level of cellular Ins(1,4,5)Pis unlikely.

Regions, other than the PH domain, may anchor the BLC-
isozymes to the interface but are unlikely to provide sufficient
specificity to direct them to membranes enriched in P1(4,5)-
P,. A unique region extends approximately 400 amino acids
beyond the Y box of the PL@-isozymes (Lee & Rhee,
1995) and is important for binding acidic phospholipids (Wu
et al., 1993; Lee et al.,, 1993), activation by G-protein
o-subunits, and/or nuclear transport (Kim et al., 1996). Our
results suggest that this region lacks high-affinity binding
sites for PI(4,5)R, PI(3,4,5)R, and their polar head groups.

It has been proposed that the sequence (K/R)XXXKXK-

(Yagisawa et al., 1994) have shown that the amino-terminal region is (K/R), found in the X box region of all eukaryotic PLC

required for high-affinity PI(4,5)Pand Ins(1,4,5)Pbinding. These

experiments involved truncation of the enzyme that may have produced

a conformational change which obscured a high-affinity binding site
in the X or Y regions (“catalytic core”). By labeling the intact enzyme
and mapping these regions, we appear to exclude this possibility.

isozymes, could serve as a specific high-affinity binding site
for PI(4,5)R (Simoes et al., 1993, 1995). Similar suggestions
by other investigators (Yu et al.,, 1992) were based on
homology between this peptide and sequences found in
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profilin, cofilin, gelsolin, and other PI1(4,5)®inding proteins Ahern (NEN Life Sciences), whom we thank for providing
(Janmey, 1994). This site is clearly seen in the three- this reagent.

dimensional structure of the PL&-catalytic core (Essen et

al., 1996). Lys 438 and Lys 440, the invariant lysine REFERENCES
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