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The Actin-Binding Protein Profilin Binds to PIP2 and 
Inhibits Its Hydrolysis by Phospholipase C 

PASCAL J. GOLDSCHMIDT-CLERMONT, LAURA M. MACHESKY, 
JOSEPH J. BALDASSARE,* THOMAS D. POLLARD 

Profilin is generally thought to regulate actin polymerization, but the observation that 
acidic phospholipids dissociate the complex of profilin and actin raised the possibility 
that profilin might also regulate lipid metabolism. Profilin isolated from platelets 
binds with high affinity to small clusters of phosphatidylinositol 4,5-bisphosphate 
(PIP2) molecules in micelles and also in bilayers with other phospholipids. The molar 
ratio of the complex of profilin with PIP2 is 1: 7 in micelles of pure PIP2 and 1: 5 in 
bilayers composed largely of other phospholipids. Profilin competes efficiently with 
platelet cytosolic phosphoinositide-specific phospholipase C for interaction with the 
PIP2 substrate and thereby inhibits PIP2 hydrolysis by this enzyme. The cellular 
concentrations and binding characteristics of these molecules are consistent with 
profilin being a negative regulator of the phosphoinositide signaling pathway in 
addition to its established function as an inhibitor of actin polymerization. 

T HE INHIBITION OF THE INTERAC- 
tion of actin with profilin, the most 
abundant actin-binding protein, by 

the membrane phospholipid PIP2 (1) is one 
of a growing number of examples where 
phospholipids can influence cytoplasmic 
proteins (2). In the case of profilin and actin, 
it has been assumed that PIP2 binds to the 
profilin. PIP2 is also the precursor of two 
second messengers, inositol 1,4,5-trisphos- 
phate (1P3) and diacylglycerol, which regu- 
late a variety of cellular processes (3). We 
have characterized the interaction of human 
platelet profilin with PIP2 in vitro and pre- 
sent evidence that profilin can regulate 
phospholipid metabolism. 

In a gel filtration assay (Fig. 1, A to E, 
and Table 1), 12 molecules of platelet profi- 
lin bound to micelles composed of 83 mole- 
cules of PIP2 (4). This corresponds to 1 
profilin molecule bound to 7 lipid mole- 
cules. The profilin that was bound to mi- 
celles eluted in the void volume and was 
well-separated from the free profilin. As the 
molar ratio of profilin bound to PIP2 was 
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the same (1: 7) at all micelle concentrations 
tested, the affinity of the interaction must be 
relatively high. The amount of profilin trail- 
ing behind the micelle peak was small, 
which is further evidence that the complex 
has a dissociation constant (Kd) in the sub- 
micromolar range. The amount of profilin 
bound was the same in buffer with and 
without 75 mM KCI. Micelles of phosphati- 
dylinositol 4-phosphate (PIP) gave similar 

results as micelles of PIP2 (5), whereas much 
higher concentrations of small unilamellar 
vesicles (SUVs) of pure phosphatidylinosi- 
tol (PI) were required to bind profilin. 

At a 1: 7 binding ratio, the profilin mole- 
cules should be tightly packed on the surface 
of a PIP2 micelle. This conclusion is based 
on the dimensions of the profilin molecule 
[-3.0 nm by 3.0 nm by 3.5 nm (6)] and the 
5.5- to 6.0-nm diameter of PIP2 micelles 
(4). Thus, steric hindrance is likely to limit 
the binding of more profilin molecules to 
the micelles and to result in an overestimate 
of the number of PIP2 molecules actually 
associated with each profilin molecule. 

To obtain a better estimate of the molecu- 
lar stoichiometry of the complex, we carried 
out parallel experiments with small amounts 
of PIP2 incorporated into large unilamellar 
vesicles composed of other lipids. We used 
large unilamellar vesicles produced by the 
extrusion technique (LUVETs) (7) that 
were composed of a 5: 1 molar ratio of 
phosphatidylcholine (PC) to PIP2. Electron 
microscopy of negatively stained vesicles 
showed that they were unilamellar and had a 
mean diameter of 0.12 Fm (SD = 0.03 Fm, 
n = 31). Freeze-fracturing (7) showed that 
these vesicles were unilamellar, and nuclear 
magnetic resonance (8) showed that PIP2 
partitions between the two leaflets of such 
vesicles. Thus, we have assumed that 50% of 
the PIP2 in the LUVETs is exposed to the 
medium and available for binding to profi- 
lin. 

In the gel filtration assay, all concentra- 
tions of PC-PIP2 LUVETs that we tested 
bound the same number of profilin mole- 

Table 1. Characterization of the PIP2-profilin complex. Stoichiometry and Kd were estimated by fitting 
theoretical curves (obtained by varying these two parameters independently) to the data from the 
binding filtration assay (22) and the PLC inhibition assay (25) (Fig. 1, E and F; Fig. 2, B and C). 
Because the bound and free profilin are separated during the gel filtration assay, the equilibrium is 
perturbed, causing the complex to dissociate and profilin to trail behind the micelles and vesicles. In the 
PLC inhibition assay, the equilibrium is also perturbed, as PIP2 is hydrolyzed when profilin comes off 
the PIP2 clusters. Consequently, the Kd's estimated by these assays are maximum values. The 95% 
confidence intervals (in parentheses) were calculated from 8 to 12 separate filtrations for the binding 
filtration assay, and from two separate experiments (each representing eight individual time courses) for 
the PLC inhibition assay. 

Stoichiometry 
(number of PIP2 molecules Kd (pIM) 

Lipid composition per profilin molecule) 

Filtration PLC assay Filtration PLC assay 

Micelles of PIP2 7.4 10.0 <0.1 <0.1 
(6.7 to 8.2) 

LUVETs of PIP2:PC (1:5) 5.4 <1.0 
(3.4 to 7.3) 

LUVETs of PIP2:PC:PE (1:1:1) 4.8 <1.0 
(3.9 to 5.8) 

LUVETs of PIP2:PC (1:12) 5.0 <5.0 
LUVETs of PIP2:PC:PE (1: 5:5) 5.0 < 1.0 
LUVETs of PI:PC (1: 5) < 1000 
SUVs of PI <1000 
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