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Introduction

Abstract

Aim: To investigate the effects of the pleckstrin homology (PH) domain of phos-
pholipase Cy; (PLC;5,PH) on inhibition of phospholipase C (PLC)-mediated hy-
drolysis of phosphatidylinositol 4,5-bisphosphate [PtdIns(4,5)P,] by neomycin.
Methods: A fusion construct of green fluorescent protein (GFP) and PLCy,PH
(PLCs,PH-GFP), which is known to bind PtdIns(4,5)P, specifically, together with
laser-scanning confocal microscopy, was used to trace PtdIns(4,5)P, translocation.
Results: Stimulation of the type 1 muscarinic receptor and the bradykinin 2 recep-
tor induced a reversible PLCgs, PH-GFP translocation from the membrane to the
cytosol in COS-7 cells. PLC inhibitor U73122 blocked the translocation.
Wortmannin, a known PtdIns kinase inhibitor, did not affect the translocation
induced by ACh, but blocked recovery after translocation, indicating that
PtdIns(4,5)P, hydrolysis occurs through receptor-mediated PLC activation.
Neomycin, a commonly used phospholipase C blocker, failed to block the recep-
tor-induced PLC;5,PH-GFP translocation, indicating that neomycin is unable to
block PLC-mediated PtdIns(4,5)P, hydrolysis. However, in the absence of PLCs,PH-
GFP expression, neomycin abolished the receptor-induced hydrolysis of
PtdIns(4,5)P, by PLC. Conclusion: Although PLC; PH and neomycin bind to
PtdIns(4,5)P, in a similar way, they have distinct effects on receptor-mediated
activation of PLC and PtdIns(4,5)P, hydrolysis.

cytoskeleton™. PtdIns(4,5)P, has also been implicated in
several forms of membrane remodeling events, including the

Phosphatidylinositol 4,5-bisphosphate [PtdIns(4,5)P,], a
minor phospholipid component of the plasma membrane, is
a key regulator of several cellular processes, and has be-
come the focus of research on intracellular signal trans-
duction. PtdIns(4,5)P, is a precursor of important second
messengers, such as the diffusible InsP;, which regulates
Ca*' release from intracellular Ca®" stores, and the protein
kinase C activator, diacylglycerol™?. PtdIns(4,5)P, is also
phosphorylated by class I PtdIns 3-kinases to form
PtdIns(3,4,5)P;, which controls membrane recruitment and
the functions of several important signaling proteins®.
PtdIns(4,5)P, itself is a regulator of a great variety of target
molecules, including ion channels™* and several proteins
that regulate actin polymerization and the cytoskeleton'®,
providing a link between the plasma membrane and the cortical
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fusion of secretory vesicles with the plasma membrane®,
clathrin-mediated endocytosis®, and membrane recovery by
endocytosis during neurotransmitter release!'”. Such di-
verse functions rely upon interaction of the lipid with a large
number of regulator molecules.

Pleckstrin homology (PH) domains have been described
in a large number of signaling proteins, and they show re-
markable specificity in recognizing various forms of
inositides". The PH domain of phospholipase Cs; (PLCs,PH)
binds with high affinity and selectivity to PtdIns(4,5)P,!"*.
Recently, a fusion construct of PLC;,PH with enhanced green
fluorescent protein (GFP) (PLCy,PH-GFP) was developed as
a probe to visualize PtdIns(4,5)P, in single cells because it
binds to PtdIns(4,5)P, within the plasma and translocates to
the cytoplasm after receptor stimulation. Subsequently,
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when PtdIns(4,5)P, is resynthesized, fluorescence returns to
the membrane!"!,

It has been demonstrated that neomycin, an aminogly-
coside antibiotic with a large positive charge (about +4.5),
binds with high affinity to PtdIns(4,5)P,'"". Later studies
also showed that neomycin bound to and neutralized the
negative charge of PtdIns(4,5)P,"*.,

Phospholipase C (PLC)-induced PtdIns(4,5)P, hydroly-
sis is an important cell signaling mechanism. Many mem-
brane receptors couple to PLC, and thus regulate PtdIns(4,5)P,
turnover and subsequent downstream cell signaling!'®. A
few PLC modulators have been developed and they play an
important role in understanding the cell signaling process
involving PLC and PtdIns(4,5)P,. Neomycin has long been
used as a blocker of PLC, although it actually binds to
PtdIns(4,5)P, and presumably prevents PtdIns(4,5)P, from
hydrolysis by PLC""\. Previous studies have demonstrated
that both PLCy,PH and neomycin bind PtdIns(4,5)P, through
an electrostatic interaction!">'*, This similar nature of inter-
action would indicate a similar consequence for PtdIns(4,5)
P, hydrolysis by PLC. However, in the present study, we
demonstrate that although both PLC31PH and neomycin bind
to PtdIns(4,5)P,, only neomycin blocks PtdIns(4,5)P, hydroly-
sis by PLC activation.

Materials and methods

Reagents and plasmids Acetylcholine (ACh), bradyki-
nin (BK), wortmannin, neomycin and Fluo 3-AM, the cal-
cium indicators, were purchased from Sigma-Aldrich (St
Louis, MO, USA). ACh, BK and neomycin were dissolved in
distilled water. U73122 was purchased from Calbiochem (San
Diego, CA, USA). U73122 and wortmannin were prepared as
stock solutions in dimethylsulfoxide (Me,SO), with a final
concentration of Me,SO of 0.1%. Fetal bovine serum (FBS)
and Dulbecco’s modified Eagle’s medium (DMEM) were prod-
ucts of Hyclone (Logan, UT, USA). COS-7 was obtained
from the Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences. cDNA from the type 1 muscarinic
(M,) receptor (M,R) and bradykinin 2 receptor (BK,R), pEGFP-
NI1(GFP) and the PLCs,PH construct with GFP (PLC;, PH-GFP)
were gifts from Prof DE LOGOTHETIS (Mount Sinai Medical
School, NY, USA). Red fluorescent protein (pDsRed-Express-
C1, pDsRed) was purchased from Clontech (Mountain View,
CA, USA). All other chemicals were of high performance
liquid chromatography or analytical grade.

Cell culture and transfection COS-7 cells were seeded
in 24-well plates on 12-mm glass coverslips, and cultured in
0.3 mL of DMEM supplemented with 10% (v/v) FBS, 100
pg/mL streptomycin, and 100 U/mL of penicillin at 5% CO,
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and 37 °C. When they were 60%—70% confluent, the cells
were transiently transfected with DNA constructs for 8 h
using calcium phosphate precipitate, with 1 pg of DNA and
equal proportions for each kind of plasmid per well. Follow-
ing transfection, cells were incubated in 10% FBS DMEM
for 12-48 h. For fluorescence detection, cells were washed
twice with a modified Krebs-Ringer buffer containing (in
mmol/L): 120 NaCl, 4.7 KCL, 0.7 MgSO,, 1.2 CaCl,, 10 glucose,
with 10 N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
(HEPES) added (pH 7.4). The coverslips were placed into a
flow-through chamber and mounted on an inverted
microscope.

Confocal microscopy and image analysis For confocal
imaging, a Leica (Wetzlar, Germany) DM-IRBE inverted mi-
croscope with a 20xobjective (numerical aperture 0.7) and
fitted with a TCS-SP2 scanhead was used. Excitation of
PLC; PH-GFP and Fluo 3-AM was achieved with a 488 nm
argon ion laserline, and emissions were collected at 500-565
nm. pDsRed fluorescence was visualized with excitation at
543 nm and a 570-600 nm emission filter. For translocation
studies, a series of confocal images were taken at 3—10 s
intervals and stored on disk. Determination of the ratio of
membrane to cytosolic fluorescence was carried out by as-
signing regions of interest for membrane and cytosol. TCS-
SP2 confocal software (Leica) was used to analyze data off-line.

Measurement of intracellular Ca** (|Ca*'];) of single cells
Cells were seeded onto sterile 12-mm borosilicate coverslips
in 35-mm Petri dishes, and incubated with 5 mmol/L fluo 3-
AM at 37 °C for 45 min. After loading, cells were washed
twice and maintained in modified Krebs-Ringer buffer until
assay. [Ca®']; changes were represented by relative fluores-
cence intensity calculated by using the equation AF/F,
where AF and F), are the change in fluorescence intensity
before and after treatment, and the initial fluorescence
intensity, respectively!'®',

Statistics Data were analyzed by using the Chi-square
test. P<0.05 was considered to be a statistically significant
difference. All data shown are the mean value of at least 5
experiments and are expressed as mean+SD.

Results

Activation of M;R and BK,R induced PtdIns(4,5)P,
hydrolysis and a reversible translocation of PL.C;, PH-GFP
Both M,R, and PLC;,PH-GFP or both BK, and PLCs,PH-GFP
were expressed in COS-7 cells. To follow the localization of
PLC;,PH-GFP within intact cells, we used GFP as a control.
In unstimulated cells, expressed GFP was found to be cyto-
solic and also present in the nucleus (data not shown).
PLC;,PH-GFP, on the other hand, accumulated strongly at
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the plasma membrane and had a low and homogenous distri-
bution in the cytosol (Figure 1A, 1B, left panel), consistent
with the hypothesis that the large pool of PtdIns(4,5)P, ex-
ists in the plasma membrane!™®, Next we examined the ef-
fects of ACh and BK, acting through their respective G pro-
tein-linked receptors, and subsequent activation of phos-
pholipase Cy and hydrolysis of PtdIns(4,5)P,, on the fluores-
cence distribution of the GFP and PLCs;,PH-GFP. COS-7 cells
were transfected with the GFP or PLC,PH-GFP together with
the cDNA encoding the MR or BK,R. After stimulation with
either ACh (5 pmol/L) or BK (0.1 pmol/L), there was a de-
crease of PLCy, PH-GFP fluorescence in the plasma membrane
and a concomitant increase in cytosolic fluorescence (Figure
1A, 1B, Table 1). The kinetics of ACh- or BK-induced
PLC;,PH-GFP fluorescence translocation were characterized
by arapid onset, with translocation peaking at approximately
30-60 s and returning to baseline approximately 5—8 min af-
ter washout (Figure 1C). No significant change in fluores-
cence were seen in cells transfected with GFP only (data not
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Table 1. Effects of ACh and its solvent on change in relative fluore-
scence ratios of PLC5PH-GFP. COS-7 cells were transfected with a
PLCS,PH-GFP fusion construct and M,R. F,

m>

average plasma mem-

brane fluorescence intensity; F,, average cytosolic fluorescence

intensity, normalized to 1 at time O s for each cell. The solvent of
ACh was a modified Krebs-Ringer buffer solution. n=5. Mean+SD.

¢P<0.01 vs control. ‘P<0.01 vs ACh at the same time point.

Drug Time/s Relative fluorescence

ratios (F,/F,)

ACh 0 (Control) 1.00+0.00
50 0.20+0.12¢
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Figure 1. Activation of M R induces re-
versible translocation of PLC5,PH-GFP from
the membrane to the cytosol. COS-7 cells
were transfected with the PLC5,PH-GFP fu-
sion construct and M ;R. (A) The fluores-
cence intensity changes across the white lines
from a representative cell. (B) Plotted as
line intensity histograms. (C) Shown in up-
per panels are time courses of the relative
fluorescence intensities in the membrane
(F,,) and cytosol (F,) regions. Shown in lower
panels are time courses of the relative fluo-
rescence ratios (F,/F,) and normalized to 1
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at time 0 s. Bar=8 um.
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shown). To exclude the effects of the laser, we used modi-
fied Krebs-Ringer buffer solution as a solvent control of
ACh. As shown in Table 1, there was no change in the
relative fluorescence ratios (£,,/F,) in the solvent control
group during perfusion. To examine whether ACh- or BK-
induced translocation of PLCy, PH-GFP is due to the hydroly-
sis of PtdIns(4,5)P,, we utilized 2 different PtdIns(4,5)P,
resynthesis and hydrolysis blockers: wortmannin and
U73122. Wortmannin is known to be able to block the PtdIns
3-kinase at low concentrations and block the PtdIns 4-kinase,
so therefore block the formation of PtdIns(4,5)P, from
phosphatidylinositol (PI), at high concentrations®”. As
shown in Figure 2, in COS-7 cells expressing PLC5,PH-GFP
and the M|R, after the cell was pre-incubated with wortmannin
(at 10 umol/L, a concentration known to block PtdIns 4-
kinase) for 20 min, ACh induced a similar translocation of
fluorescence from the plasma membrane to the cytosol, which
lasted for more than 10 min after washout of ACh (Figure
2A). When the cells were pre-incubated with U73122 (10
umol/L), a relatively specific PLC inhibitor, for 5 min, ACh
failed to induce transient translocation of the fluorescence
signal (Figure 2B). These data strongly suggest that
PLC; PH-GFP translocation induced by membrane receptor
activation is indeed due to PtdIns(4,5)P, hydrolysis.
Expression of PLC;, PH-GFP inhibited the effects of neo-
mycin on PtdIns(4,5)P, hydrolysis Neomycin binds
PtdIns(4,5)P, with high affinity and has often been used as
an inhibitor of PLC. The blocking effect of neomycin on PLC
is believed to be indirect, the result of neomycin binding to

PtdIns(4,5)P,, the substrate of PLC!"\. As we shown earlier,
PLC;,PH bound to PtdIns(4,5)P, but did not block receptor-
mediated PLC activation, or PtdIns(4,5)P, hydrolysis. Be-
cause both PLC;,PH and neomycin bind PtdIns(4,5)P, in a
similar way (electrostatic interaction, see Introduction), we
thought this difference between PLCs,PH and neomycin was
interesting, and worthy of further investigation. To deter-
mine whether the binding of PLCgs,PH-GFP to PtdIns(4,5)P,
can disrupt the effects of neomycin on PtdIns(4,5)P,
hydrolysis, COS-7 cells expressing PLCys,PH-GFP and MR
were stimulated with ACh in the absence or presence of
neomycin. Preincubation of the cells with neomycein (5 mmol/L)
for 40 min failed to prevent the release of the fluorescence
signal from the membrane to the cytosol upon the applica-
tion of ACh (Figure 3). Thus in the presence of PLCy,PH,
neomycin could not block hydrolysis of PtdIns(4,5)P,
induced by PLC.

Effects of neomycin on PLC activation in the absence of
PLC;, PH-GFP To further confirm that binding of PLC;, PH-
GFP to PtdIns(4,5)P, excludes the binding of neomycin to
PtdIns(4,5)P,, thus blocking neomycin’s inhibitory effects
on PLC, we used [Ca”']; as an indicator to reveal the effects
of neomycin on PLC in the absence of PLCs,PH-GFP. One of
the downstream products of PtdIns(4,5)P, hydrolyzed by
PLC is IP,, which acts to release intracellular Ca*'!"%, Thus
[Ca*']; would serve as a good indicator of PLC activation
upon membrane receptor (M,R) stimulation. ACh induced a
significant increase in [Ca?'];in COS-7 cells expressing the
MR alone and pretreated with modified Krebs-Ringer buffer
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Figure 2. Effects of wortmannin and U73122 on translocation of PLCs,PH-GFP. (A) Cells were preincubated with wortmannin (10 pmol/L)
for 20 min. ACh (5 wmol/L) was applied for the indicated period of time. Shown in upper panels are confocal images from a representative

cell taken at selected times after the application of ACh. The membrane:cytosol fluorescence ratios were determined (lower panels) as

described earlier. n=5. MeantSD. Bar=8 pm. (B) Similar experiments were performed as shown in part A, except cells were incubated with

10 pmol/L U73122 for 5 min before experiments were carried out.
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solution for 40 min (Figure 4A, 4B); pDsRed was co-trans-
fected with MR as a transfection tag (Figure 4A). However,
when cells were pretreated with 5 mmol/L neomycin (40 min),
no change was seen upon application of ACh (Figure 4A,
4B). Similar results were seen with BK as activator of PLC in
cells expressing B,R (data not shown). Thus, in the absence
of PLC;,PH, neomycin was able to block activation of PLC.
To further confirm these findings, we next examined
whether neomycin could also exert its inhibitory effects on
[Ca?7;in the presence of PLCs;,PH-GFP. In this section of the
study, we imaged the whole-cell fluorescence intensity
changes. GFP and Fluo 3-AM were excited and imaged at

A

the same wavelength. However, as shown in Figure 1C, the
total GFP signal from one cell did not change during
translocation, thus we were able to see an additional fluores-
cence signal from Fluo 3-AM (Ca®") when Ca* was released
from the store by IP;. Figure 5 shows COS-7 cells trans-
fected with PLCg, PH-GFP and the M R. Three types of cells,
presumably representing different transfection results, can
be identified. Cells designated a and b (Figure 5A) represent
those cells that had been transfected with both PLCs,PH-
GFP and the M|R, giving a clear and dominant localization of
the GFP signal on the cell membrane (Figure SA), which trans-
located into the cytosol upon application of ACh (Figure

ACh
B i Neomycin
8 1.04 =%
= 4
g /‘/
2~ 0.8+
£
S& ]
=3 0.64
@ S
z s
SE 04
23
&
0.2 .
0 100 200 300 400 500 600
Time/s

Figure 3. Neomycin failed to block PLC activation in the cells expressing PLC;,PH-GFP. Cells were preincubated with neomycin (5 mmol/L)
for 40 min before the addition of ACh (5 umol/L) for the indicated time. (A) Confocal images from a representative cell taken at selected times
after the application of ACh. (B)The membrane:cytosol fluorescence ratios were determined as described earlier. n=5. Mean+SD. Bar=8 pum.

A -Neomycin

+Neomycin

50s 0s 50 s

Figure 4. Neomycin blocked [Ca*']; increases
upon MR activation in the cells not express-
ing PLCS,PH-GFP. [Ca®7], responses to ACh
application were analyzed by confocal Ca*"
imaging using Fluo-3-AM and as indicated by
AF/F,, where AF and F; are the change in
fluorescence intensity before and after treat-
ment (ACh), and the initial fluorescence
intensity, respectively. (A) Confocal images
of a representative cell taken at selected times
during the experiment. pDsRed was co-trans-
fected with MR as a tag of transfection (Ab).

The numbers indicate the elapsed time in sec-
onds after ACh application. (B) AF/F, was

plotted against time; a and b refer to the same

B 2.5
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1.5
£
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T T T Wor T
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5A); cell c represents cells that had only been transfected
with MR, with no visible localization of the PLCs,PH-GFP
signal on the cell membrane, and a clear rising in [Ca®']; sig-
nal seen upon application of ACh; cell d represents cells that
had been transfected with PLCg,PH-GFP but not the M|R, so
that the clear PLC5,PH-GFP signal was not released from the
membrane, and neither could an increase in [Ca*']; signal be
seen upon application of ACh (Figure 5SA). When these
cells were pretreated with neomycin, only the response of
cell ¢ to ACh was blocked, whereas the responses of cells a
and b were unaffected. These results strongly suggest that
neomycin blocks PLC activation only in the absence of

PLC,,PH-GFP.

Discussion

The main finding of the present study was that in the
cells expressing PLCg, PH-GFP, neomycin could not exhibit
its inhibitory effects on PtdIns(4,5)P, hydrolysis by PLC.
There is increasing interest in understanding the actions of
inositol phospholipids, especially PtdIns(4,5)P,, in living
cells?"’. PtdIns(4,5)P, participates in many cellular functions,
including exocytosis, cytoskeletal function and membrane
transporter and ion channel functions'®. Many molecules
have been found to be able to bind to phospholipids, and
more specifically to PtdIns(4,5)P,, which forms the basis of
modulation by this lipid®?. The PH domain of PLCy, is one
of these molecules that are believed to selectively bind to

A -Neomycin

Neomycin
B 1 -
0.4 1 —m— acell
—i@— b cell
—d— ccell
0.3 1 —yp— dcell
< |
z 0.2
<
0.1
0
T T T T T 1 N T T

+Neomycin

PtdIns(4,5)P,l". Recently, a fusion construct of PLCs,PH
with enhanced green fluorescent protein (PLCg,PH-GFP) was
developed as a probe to visualize PtdIns(4,5)P, in single cells.
This novel methodology allowed imaging and analysis of
spatiotemporal changes in PtdIns(4,5)P, in single living cells,
and has been used increasingly in efforts to understand the
role PtdIns(4,5)P, plays in cell signaling, and protein func-
tion regulation'®, The central idea behind this methodol-
ogy is that the GFP signal that has been linked to PLC;5,PH
will faithfully follow the dynamic changes of PtdIns(4,5)P,
during its metabolism, including during hydrolysis by PLC.
However, because PLCjs,PH also binds to IP;, a downstream
product of PtdIns(4,5)P, hydrolysis, with higher affinity, some
have proposed that rather than being a faithful PtdIns(4,5)P,
follower, PLCy, PH-GFP molecules during PtdIns(4,5)P, hy-
drolysis are more likely to bind to newly produced IP,!"®,
But van der Wal et al showed that physiological increases in
IP;(10-100 pmol/L) on activation of PLC could not be solely
responsible for the translocation of PLCy,PH-GFP™. Our
data presented in Figure 2 are in agreement with the results
of van der Wal et al. In the cells expressing PLCy, PH-GFP as
well as the BK, or M, receptors, BK or ACh induced the
reversible translocation of PLCs,PH-GFP from the plasma
membrane to the cytosol. Thus, although it bound to
PtdIns(4,5)P,, PLC;,PH-GFP did not interfere with cleavage
of PtdIns(4,5)P, by PLC. On the other hand, neomycin, a
commonly used PLC blocker, is believed to block PLC cleav-
age of PtdIns(4,5)P, by preventing PtdIns(4,5)P, from

Figure 5. Presence or absence of PLCs,PH-
GFP determines the effect of neomycin on
PLC activation. [Ca®']; responses to ACh ap-
plication were analyzed as described in Figure
4 legend. (A) Confocal image from a repre-
sentative cell taken at selected times in sec-
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accessing PLC!""L. 1t is interesting to note that whereas a
smaller molecule such as neomycin would mask PtdIns(4,5)P,
from PLC cleavage, a much bigger molecule such as PLCy,PH-
GFP would allow the cleavage to happen. It is also interest-
ing to consider that the expression of PLCy, PH-GFP blocked
the action of neomycin (Figure 3), suggesting that PLCy,PH-
GFP and neomycin bind to the same sites on PtdIns(4,5)P,.
Previous studies have demonstrated that both PLCs,PH-GFP
and neomycin interact with PtdIns(4,5)P, in an electrostatic
way!'*'*l Thus the charged inositide head group of
PtdIns(4,5)P, is the binding site for both PLC;s,PH-GFP and
neomycin®, yet binding of PLCs,PH-GFP or neomycin to
PtdIns(4,5)P, has very different consequences for PLC hy-
drolysis of PtdIns(4,5)P,. Although it is less likely, it needs
to be noted that the GFP, rather than PLCg,PH, mayblock the
binding of neomycin to PtdIns(4,5)P,through a spatial block-
ing effect. For many cellular proteins that have been known
to interact with, and whose functions are regulated by,
PtdIns(4,5)P,, the molecular basis for the interaction remains
to be elucidated. Less clear is the mechanism for PtdIns(4,5)P,
hydrolysis by PLC. The present study provides interesting
and stimulating information for further understanding pro-
tein-PtdIns(4,5)P, interactions and PtdIns(4,5)P, hydrolysis
by PLC. We are currently investigating the mechanism un-
derlying the different consequences of PtdIns(4,5)P, bind-
ing to PLC;, PH-GFP or neomycin with respect to its hydroly-
sis by PLC.

Acknowledgements

We thank Diomedes E LOGOTHETIS (Mount Sinai School
of Medicine, New York University, NY, USA), for providing
us with plasmids of the M,R, BK,R and PLCy,PH-GFP, and
members of the Logothetis laboratory for helpful discus-
sions on this work.

References

1 Takano M, Kuratomi S. Regulation of cardiac inwardly rectify-
ing potassium channels by membrane lipid metabolism. Prog
Biophys Mol Biol 2003; 81: 67-9.

2 Nishizuka Y. The molecular heterogeneity of protein kinase C
and its implications for cellular regulation. Nature 1988; 34:
661-5.

3  Cantley LC. The phosphoinositide 3-kinase pathway. Science
2002; 296: 1655-7.

4 Zhang H, He C, Yan X, Mirshaki T, Logothetis DE. Activation
of inwardly rectifying K" channels by distinct PtdIns(4,5)P,
interactions. Nat Cell Biol 1999; 1: 183-8.

5 Hilgemann DW, Feng S, Nasuhoglu C. The complex and intrigu-
ing lives of PIP, with ion channels and transporters. Sci STKE
2001; 111: RE 19.

6 Berridge PA, Xian W, Flanagan LA. Controlling cytoskeleton

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

structure by phosphoinositide-protein interactions: phosphoino-
sitide binding protein domains and effects of lipid packing. Chem
Phys Lipids 1999; 101: 93-7.

Raucher D, Stauffer T, Chen W, Shen K, Guo S, York JD, et al.
Phosphatidylinositol 4,5-bisphosphate functions as a second
messenger that regulates cytoskeleton-plasma membrane
adhesion. Cell 2000; 100: 221-8.

Hay JC, Fisette PL, Jenkins GH, Fukami K, Takenawa T, Ander-
son RA, et al. ATP-dependent inositide phosphorylation re-
quired for Ca*"-activated secretion. Nature 1995; 374: 173-7.
Jost M, Simpson F, Kavran JM, Lemmon MA, Schmid SL.
Phosphatidylinositol-4,5-bisphosphate is required for endocytic
coated reside formation. Curr Biol 1998; 8: 1399-402.

Martin TF. PtdIns(4,5)P, regulation of surface membrane traffic.
Curr Opin Cell Biol 2001; 13: 493-9.

Harlan JE, Hajduk PJ, Yoon HS, Fesik SW. Pleckstrin homology
domains bind to phosphatidylinositol-4,5-bisphosphate. Nature
1994; 371: 168-70.

Cullen PJ, Cozier GE, Banting G, Mellor H. Modular phosphoino-
sitide-binding domains: their role in signaling and membrane
trafficking. Curr Biol 2001; 11: R882-93.

Varnai P, Rother KI, Balla T. Phosphatidylinositol 3-kinase-
dependent membrane association of the Bruton’s tyrosine ki-
nase pleckstrin homology domain visualized in single living cells.
J Biol Chem 1999; 274: 10983-9.

Schacht J. Inhibition by neomycin of polyphosphoinositide turn-
over in subcellular fractions of guinea-pig cerebral cortex in vitro.
J Neurochem 1976; 27: 1119-24.

Gabev E, Kasianowicz J, Abbott T, McLaughlin S. Binding of
neomycin to phosphatidylinositol 4,5-bisphosphate (PIP,).
Biochim Biophys Acta 1989; 979: 105-2.

Lei Q, Jones MB, Talley EM, Garrison JC, Bayliss DA. Molecu-
lar mechanisms mediating inhibition of G protein-coupled in-
wardly-rectifying K* channels. Mol Cell 2003; 15: 1-9.
Cockceroft S, Howell TW, Gomperts B. Two G-proteins act in
series to control stimulus-secretion coupling in mast cells: use of
neomycin to distinguish between G-proteins controlling polypho-
sphoinositide phosphodiesterase and exocytosis. J Cell Biol 1987;
105: 2745-50.

Hirose K, Kadowaki S, Tanabe M, Takeshima H, Lino M. Spa-
tiotemporal dynamics of inositol 1,4,5-trisphosphate that un-
derlies complex Ca”>" mobilization patterns. Science 1999; 284:
1527-30.

Halet G, Tunwell R, Balla T, Swann K, Carroll J. The dynamics
of plasma membrane PtdIns(4,5)P, at fertilization of mouse eggs.
Cell Sci 2002; 115: 2139-49.

Nakanishi S, Catt kJ, Balla T. A wortmannin-sensitive phosphati-
dylinositol 4-kinase that regulates hormone-sensitive pools of
inositolphospholipids. Proc Natl Acad Sci USA 1995; 92: 5317-21.
Martin TF. PI (4,5)P (2) regulation of surface membrane traffic.
Curr Opin Cell Biol 2001; 13: 493-9.

Hurley JH, Meyer T. Subcellular targeting by membrane lipids.
Curr Opin Cell Biol 2001; 13: 146-52.

van der Wal J, Habets R, Varnai P, Balla T, Jalink K. Monitoring
agonist-induced phospholipase C activation in live cells by fluo-
rescence resonance energy transfer. J Biol Chem 2001; 276:
15337-44.

Ferguson KM, Lemmon MA, Schlessinger J, Sigler PB. Crystal
structure at 2.2A resolution of the pleckstrin homology domain
from human dynamin. Cell 1994; 79: 199-209.

1491




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


