


1. Introduction

Neutrophils are key players in the innate anti-bacterial and fungal defence mechanisms of mammals. They are
capable of exiting the circulation in the proximity of local infections or tissue damage and chemotaxing towards the
epicentre of the in � ammatory response. These processes ready the neutrophils to phagocytose and destroy pathogens
or dead cells and hence contribute to the resolution of the problem. Conversely, a number of in � ammatory diseases are,
in part, driven by excessive, inappropriate neutrophil in � ltration ( Cowburn et al., 2008; Lee et al., 2003 {Cowburn et al.,
2008 #776).

Many further cell types can chemotax and the process is of very wide biological importance. Neutrophil chemotaxis to-
wards in � ammatory ligands for GPCRs, such as fMLP, can be studied in vitro and is amongst the most ef � cient in terms of cell
speed and directionality and as a result has been subject to intense investigation aimed at de � ning the underlying molecular
mechanisms and principles. This work has identi � ed a large number of intracellular signals and/or proteins upon which
neutrophil chemotaxis can depend. Amongst these phosphoinositide 3-kinases (PI3Ks) (Hirsch et al., 2000; Li et al., 2000;
Sasaki et al., 2000) and Rac-family GTPases (



3. Chemotaxis assays



removed from the Eppendorf tube, cut into smaller pieces and transferred to an Eppendorf containing 2.1 M sucrose/PBS and
incubated overnight. The following day cell blocks were prepared by cutting pellets into smaller fragments and mounting



4. Results

We, and others, have reported that a transgenically-expressed eGFP-PH-PKB reporter preferentially accumulated at the
leading edge of mouse neutrophils migrating towards formylated bacterial peptides released from a micropipette (Ferguson
et al., 2007; Nishio et al., 2007 ). We used cell-tracking and software designed to estimate the extent and vector of trans-
location of the reporter to the periphery, averaged for many cells, in comparison to DiIC16 membrane probes in the same cells.
It was clear that the PH domain reporter, and hence PtdIns(3,4)P 2/(3,4,5)P3, was concentrated in membrane at the leading
edge, in a manner dependent on PI3K g. In Fig. 1 we demonstrate that the sustained, gradient-biased accumulation of the
reporter at the leading edge is dependent on gradient-based stimulation and blocked by the PI3K-inhibitor wortmannin.

Expression of membrane-targeted-FP ( � uorescent protein) constructs has indicated that membrane accumulation near to
the leading edge can contribute to the apparent polarization of PH domain reporters (Dewitt et al., 2009; Onsum et al., 2006 ).
We tested to what extent phenomenon impacted our observations by co-expressing of mCherry-CAAX with eGFP-PH-PKB in
mouse neutrophils and then analysing their distribution during chemotaxis towards formylated peptides (Fig. 2 A). Consistent
with others work, the PH domain reporter was very signi � cantly more polarized. Comparison of the distributions of the
DiIC16 and mCherry-CAAX distributions indicated that the FP construct became more polarized. This could have been due to
DiIC16 being excluded from, and/or mCherry-CAAX being concentrated at, the leading edge. As mCherry-CAAX is based upon
a “biologically meaningful” targeting motif we assumed it represented an upper limit for potential morphological artifacts.

We attempted to identify the phosphoinositides that had been detected by the eGFP-PH-PKB reporter. The PH domain of
PKB can bind with similar af � nity to PtdIns(3,4)P 2 and PtdIns(3,4,5)P3 and could have been responding to either lipid. To
resolve this problem we made use of a PH-TAPP-1 construct demonstrated to be highly selective for PtdIns(3,4)P 2 (Dowler
et al., 2000; Watt et al., 2004 ). Co-expression of mCherry-PH-TAPP-1 with eGFP-PH-R212L-TAPP-1 (a lipid-binding
mutant) in peroxy-vanadate-stimulated mouse neutrophils (this treatment drives substantial accumulation of PtdIns(3,4)
P2 but not PtdIns(3,4,5)P 3 (Van der Kaay et al., 1999)) showed the wild-type reporter speci � cally detected PtdIns(3,4)P 2

Fig. 2. The lipid signals and morphological factors underlying polarised accumulation of PH-PKB reporters. (A) An fMLP-containing micropipette was used to
stimulate neutrophils co-expressing eGFP-PH-PKB and mCherry-CAAX, polar plots were created for each reporter (eGFP-PH e upper). (B) Validation of a
PtdIns(3,4)P2 reporter in neutrophils. Confocal images of neutrophils co-expressing mCherry-PH-TAPP-1 (upper) and eGFP-(R212L)PH-TAPP-1 (lower) stimulated
with peroxy-vanadate for 0 or 170 s (representative of 4, see Fig. 3 for more frames from this movie and further controls). (C) The eGFP-PH-PKB construct reported
changes in PtdIns(3,4,5)P3 during neutrophil chemotaxis. An fMLP-containing micropipette (position out of � gure directly down) was used to stimulate neu-
trophils co-expressing eGFP-PH-PKB (left) and mCherry-PH-TAPP-1 (right) (representative of 3).
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accumulation ( Fig. 2B). Co-expression of eGFP-PH-PKB and mCherry-PH-TAPP-1 in peroxy-vanadate-stimulated mouse
neutrophils showed that both reporters responded similarly, both in terms of kinetics and the extent of translocation to the
periphery; indicating that the dynamic sensitivity of the mCherry-PH-TAPP-1 reporter for PtdIns(3,4)P 2 is similar to that of
eGFP-PH-PKB for PtdIns(3,4,5)P3 (Fig. 3C). We found that fMLP-stimulation of cells co-expressing eGFP-PH-PKB and mCherry-
PH-TAPP-1 repeatedly resulted in clear translocation of the former, but not the latter, reporter to the leading edge ( Fig. 2C). We
concluded that, despite the known role of SHIPI in mouse neutrophil chemotaxis (Nishio et al., 2007 ), the levels of PtdIns(3,4)
P2 remain an order of magnitude lower than PtdIns(3,4,5)P 3 at the leading edge and that our, and many other workers, results
with a eGFP-PH-PKB reporter re� ect changes in PtdIns(3,4,5)P3 density at the cell surface. This is consistent with measure-
ments of these lipids by metabolic labelling with [ 32P]-Pi of fMLP-stimulated, non-adherent mouse neutrophils ( Condliffe
et al., 2005).

The precision with which we could locate the eGFP-PH-PKB reporter, and hence the endogenous PtdIns(3,4,5)P 3, was
limited by the resolving power of light microscopy and could only be stated to be peripheral. To advance this problem we used
EM techniques. To achieve this we rapidly � xed, froze and cryo-sectioned eGFP-probe-expressing neutrophils before applying

Fig. 3. Factors underlying polarised accumulation of PH-PKB reporters. (A) An fMLP-containing micropipette was used to stimulate neutrophils co-expressing
eGFP-PH-PKB (upper) and mCherry-CAAX. A representative series of frames is shown from movies analysed to produce polar plots shown in Fig. 2A and 3B.
(B) Validation of a PtdIns(3,4)P 2 reporter in neutrophils. Confocal images of neutrophils co-expressing mCherry-PH-TAPP-1 (upper panels) and eGFP-(R212L)PH-
TAPP-1 (lower panels), a mutant unable to bind to PtdIns(3,4)P 2, stimulated with peroxy-vanadate (representative of 4). (frames 1 and 2 of the series are shown in
Fig. 2B) (C) Comparison of the dynamic sensitivities of the TAPP-1 and PKB-derived reporters. Neutrophils co-expressing eGFP-PH-PKB (upper) and mCherry-PH-
PKB (lower) (representative of 3) were stimulated with peroxy-vanadate.
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an anti-GFP antibody and gold-labelled secondary antibodies. The approach avoided the challenges associated with detection
of endogenous phosphoinositides by application of lipid-binding probes after � xation ( Lindsay et al., 2006; Watt et al., 2004;
Watt et al., 2002 ). We found that upon fMLP-stimulation there was a reduction in the intensity of staining of the cytoplasmic
compartment ( Fig. 4A and C) and a large increase in the density of decoration of the plasma membrane (Fig. 4 B and C), but not
other membrane fractions ( Fig. 4C), that was inhibited by wortmannin, genetic loss of p101, the major G bg-sensitive p110 g
adaptor in neutrophils, or knock-in of a Ras-insensitive version of p110 g, p110gDASAA(by creating the lines eGFP-PH-PKB x
p101�/� and eGFP-PH-PKB x p110gDASAA/DASAA; Fig. 4C and D). This is entirely consistent with the wortmannin-sensitivity of
PI3Kg and known roles of G bgs and Ras in its regulation and further validates the veracity of this assay.

PI3Kg can be regulated by both G bgs and GTP-Ras in mouse neutrophils (Suire et al., 2006). We sought to test the idea that
these inputs might contribute differentially to driving PtdIns(3,4,5)P 3 accumulation at the leading edge using the mouse
strains described above; eGFP-PH-PKB x p101�/� and eGFP-PH-PKB x p110gDASAA/DASAA. The distribution eGFP reporter was



There is evidence that PH domains contain motifs that bind to speci � c types of cell membrane and that these interactions, in
addition to interactions between phosphoinositides and the PH domain, are required to allow membrane recruitment
(Hammond and Balla, 2015 ). As a result PtdIns(3,4,5)P3 could accumulate in membranes other than the plasma membrane but
would not be sensed by PtdIns(3,4,5)P 3-binding PH domains. It is unclear if domains that bind PtdIns(3,4,5)P 3 that are not PH
domains have the same properties.

The TAPP1 construct we used to sense PtdIns(3,4)P2 was capable of reporting an increase in PtdIns(3,4)P 2 in peroxy-
vanadate-stimulated neutrophils. We could not � nd any evidence of fMLP-induced localization of the reporter to the lead-
ing edge. These results do not allow us to conclude there is no PtdIns(3,4)P 2 accumulation at the periphery of fMLP-stimulated
neutrophils, indeed much evidence shows PtdIns(3,4)P 2 does accumulate in stimulated neutrophils ( Stephens et al., 1991;
Traynor-Kaplan et al., 1989
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