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In this study effects of increased inositol 1,4,5-trisphosphate 3-kinases-A (IP3K-

A) expression were analyzed. H1299 cells overexpressing IP3K-A formed 

branching protrusions and under three-dimensional culture conditions they ex-

hibited a motile fibroblast-like morphology. They lost the ability to form actin 

stress fibers and showed increased invasive migration in vitro. Furthermore, ex-

pression levels of the mesenchymal marker proteins vimentin and N-cadherin 

were increased. The enzymatic function of IP3K-A is to phosphorylate the cal-

cium mobilizing second messenger D-myo-inositol 1,4,5-trisphosphate 

(Ins(1,4,5)P3) to D-myo-inositol 1,3,4,5-tetrakisphosphate (Ins(1,3,4,5)P4). Accord-

ingly, cells overexpressing IP3K-A showed reduced calcium release and altered 

concentrations of inositol phosphates, with decreasing concentrations of 

Ins(1,4,5)P3, inositol hexakisphosphate and inositol 1,2,3,4,5 pentakisphosphate, 

and increasing concentrations of Ins(1,3,4,5)P4. However, IP3K-A induced effects 

on cell morphology do not seem to be dependent on enzyme activity since a pro-

tein devoid of enzyme activity also induced formation of branching protrusions. 

Therefore, we propose that the morphological changes induced by IP3K-A are 

mediated by non-enzymatic activities of the protein. 
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INTRODUCTION 

Inositol 1,4,5-trisphosphate 3-kinase-A (IP3K-A) is one out of three isoforms (A, B and 

C) that catalyse the phosphorylation of the calcium mobilizing second messenger D-

myo-inositol 1,4,5-trisphosphate (Ins(1,4,5)P3) to D-myo-inositol 1,3,4,5-

tetrakisphosphate (Ins(1,3,4,5)P4) [1]. This IP3K product is involved in the regulation of 

calcium influx [2-4], and interferes with the Ras- and the phosphoinositide-3 kinase-

pathway. High cellular concentrations of Ins(1,3,4,5)P4 can compete for binding of Ras-

GTPase activating protein (Ras-GAP) to phosphatidylinositol 4,5-bisphosphate 

(PtdIns(4,5)P2) [5], resulting in translocation of Ras-GAP to the cytosol and in unhin-

dered activation of Ras [6]. Additionally, it was demonstrated that, up to a certain 

threshold level, Ins(1,3,4,5)P4 mediates promotion of pleckstrin homology domain (PH 

domain) binding to phosphatidylinositol 3,4,5-trisphosphate (PtdIns(3,4,5)P3) [7]. In 

addition to its function as a potential second messenger, Ins(1,3,4,5)P4 serves as sub-

strate for the production of further higher phosphorylated inositols, which have been 

implicated in multiple cellular processes (for review, see [8]).  

Although all IP3K isoforms catalyze the same step in inositol phosphate me-

tabolism, their physiological functions are different. Isoforms B and C are ubiquitously 

expressed [9,10] and both isoforms seem to play a special role in immune cell devel-

opment [11,12]. IP3K-A is a neuron and testis specific isoform [13]. There are no data 

available about its role in testis, but in neurons expression levels, activity and localiza-

tion of IP3K-A was investigated. In theses cells IP3K-A is located in dendritic spines 

and shows exclusive F-actin localization [14,15]. In embryonic rat neurons its activity is 

low and increases until the age of four month [16], whereby the highest expression 

level was found in hippocampal pyramidal cells [17]. Since its expression further in-

creases during spatial learning [18] and IP3K-A knock out in mice revealed that the 

kinase influences long term potentiation [19], it is assumed that the protein has rele-
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vance in memory formation [18]. However, the exact physiological role of IP3K-A ex-

pression has not been elucidated yet. 

In the present study we used a cell model to examine the effect of increased 

IP3K-A expression on proliferation, migration and cell morphology. We found that over-

expression of IP3K-A in H1299 cells changed morphology through reorganization of 

the cytoskeleton and increased cellular migration, most likely due to non-enzymatic 

activity. 

 

MATERIAL AND METHODS 

Materials 

H1299 cells were kindly provided by Dr. Günes (Heinrich Pette Institut, Hamburg, 

Germany, for characterization see American Type Culture Collection, (ATCC)). The 

cells were cultured in DMEM supplemented with 10% (v/v) fetal calf serum (FCS), 4 

mM L-glutamine, 100 µg/ml streptomycin and 100 U/ml penicillin. Culture media and 

G418 were obtained from Invitrogen (Groningen, Netherlands). Extracellular Matrix gel 

derived from the Engelbreth-Holm-Swarm mouse sarcoma was from Sigma (München, 

Germany). Antibodies were from Santa Cruz (Heidelberg, Germany), and from BD 

Biosciences (Heidelberg, Germany). FuGENE6 and G-Sepharose were from Roche 

(Alameda, CA) and the pEGFP plasmid from Clontech (Saint-Germain-en-Laye, 

France). Fura-2/AM was purchased from Calbiochem (Darmstadt, Germany). All 

chemicals used were of the highest quality available. 
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Construction of fusion genes and fusion gene derivates 

The full-length cDNA clone IMAGE:4792595 (GenBank accession no. BC026331; 

GenBank gi 20072242) encoding human IP3K-A was obtained from ResGen Invitrogen 

Corporation (Carlsbad, USA), and completely sequenced. The enhanced green fluo-

rescent protein (EGFP) fusion gene GFP-IP3KA was created by standard PCR tech-

niques. Because of the GC-rich 5’-end of the cDNA (>80% GC), dimethyl sulfoxide 

(DMSO) or tetramethylene sulfoxide (TMSO) was added to a final concentration of 

10% and 5% (v/v), respectively [20]. The open reading frame was amplified using the 

following primer pairs: GFP-IP3KA, 5’-CAA GCT TCG ATG ACC CTG CCC GGG GGC 

CC-3’ and 5’-AGG TAC CTC ATC TCT CAG CCA GGC TGG-3’. The PCR products 

were A-tailed and initially cloned into the pGEM T-Easy vector from Promega (Mann-

heim, Germany). The open reading frame was again completely sequenced to check 

PCR fidelity, and then the fragment was subcloned using the restriction sites intro-

duced (HindIII/KpnI) into the expression vector pEGFP-C1 (Clontech). 

 The point mutation mut1 (D416
�N), the deletion mutant mut2 (aa 2-66 de-

leted) and mut3 (P67
�stop) were created by using modified QuikChange site-directed 

mutagenesis [21]. The GFP-IP3KA fusion gene was used as template. PCR fidelity of 

the constructs was checked by complete sequencing of the coding region. 

 

Establishment of H1299 clones overexpressing IP3K-A 

Transfection for stable expression of GFP-IP3KA was performed by FuGENE6 accord-

ing to manufacturer’s instructions. Cells were transfected with pEGFP-C1-IP3K-A or 

pEGFP, followed by G418-selection of lines. Clones were isolated by fluorescence ac-

tivated cell sorting (using a BD FACSAria™ cell sorter) based on the GFP fluores-

cence and examined for the expression of GFP-IP3K-A fusion proteins by immunoblot-

ting with anti-GFP or anti-IP3K-A antibodies.  
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Immunoprecipitation  

50 µl protein G sepharose beads were incubated with anti-GFP antibody, anti-IP3K-A 

antibody, or anti-ERK1/2 antibody (volume: 12.5 µl; concentration: 200 µg/ml in PBS) 

over night at 4 °C. Cells, overexpressing GFP-IP3K-A or GFP, grown to 80% conflu-

ence in 15 cm dishes, were lysed with 2 ml MPER (mammalian protein-extraction re-

agent; Pierce) supplemented with protease inhibitor cocktail (Roche), transferred into a 

microtube and frozen in liquid nitrogen. After thawing and centrifugation (10 min; 

13.000 g; 4 °C) the supernatant was incubated with G sepharose beads over night at 4 

°C. Then, the G sepharose was washed 3 times with PBS and used for determination 

of IP3K-A enzyme activity or was supplied to SDS-PAGE. 

 

Determination of IP3K-A enzyme activity by HPLC 

30 µl of immunoprecipitated GFP-IP3K-A or GFP (see above) suspension was added 

to 270 µl reaction buffer (10 mM triethanolamine-HCl, 30 mM KCl, 1 mM DTT, 500 µM 

ATP, 5 mM MgCl2, 7.5 nmol Ins(1,4,5)P3; pH 7.5) and incubated at 30 °C. After 0, 10, 

20, 30, and 60 min 50 µl were withdrawn and diluted in 350 µl cold water. Nucleotides 

were removed by extraction with charcoal and inositol phosphates were analyzed by 

micrometal dye detection HPLC (MDD-HPLC) [22,23] To calculate specific enzyme 

activity the concentration of purified GFP-IP3K-A was determined from Coomassie 

Blue stained SDS gels using BSA as standard. 
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Determination of cell proliferation 

1x104 cells were seeded per well in 96 well plates and incubated at 37 °C and 5% CO2
 

for 24, 48 and 72 h. Growth was determined by counting trypsinized cells, using a 

CASY-1 cell counter (Schärfe System, Reutlingen, Germany). 

 

Immunoblotting and immunofluorescence 

Immunofluorescence and Immunoblotting were performed as described [24]. 

 

In vitro migration assay in Boyden chambers 

Boyden chambers (costar) with 3 µm pore size membrane inserts were covered with 

extracellular matrix (ECM) from Sigma according to manufacturer’s instructions. 5000 

cells per well, suspended in DMEM containing 10% FCS, were seeded in each cham-

ber and were incubated for 16 h at 37 °C in 5% CO2. Then the ECM was removed by a 

cotton swab and, after washing 3 times with PBS, cells having permeated the mem-

brane pores were fixed with 3% paraformaldehyde. DAPI stained cells were counted 

using immunofluorescence microscopy. 

 

Staining for F-actin 

Cells were seeded in chamber slides, grown to 50% confluence, washed with PBS and 

fixed with 3% paraformaldehyd for 10 min at 37°C. After washing with PBS, the cells 

were incubated for 10 min with TRITC-phalloidin. Then, the cells were washed again 

and monitored by fluorescence microscopy.  

 

Cultivation of H1299 cells in porous cellulose capillary 

Cells were grown to about 80% confluence in a 75 cm2 flask. After trypsinizing, they 

were suspended in 1 ml DMEM/10% FCS and transferred into a petri dish. The cell 
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suspension was aspirated into porous cellulose capillary tubes permeable to medium 

with an inner diameter of 200 microns and 2 cm length [25], placed in 6 well plates 

(four capillaries per well) and grown for 72 h in 5% CO2 at 37 °C. Growth behavior of 

cells was monitored every 24 h by light microscopy.  

 

Metal dye detection HPLC analysis of inositol phosphates (MDD-HPLC) 

H1299 cells (4x106) were plated on 15 cm cell culture dishes. After 48 h, dishes were 

placed on ice and washed twice with ice cold PBS. After completely removing the PBS, 

1 ml ice-cold trichloracetic acid (8%) supplemented with 10 µl 0.2 M EDTA and 10 µl 

0.1 M NaF, was added to extract inositol phosphates. The whole TCA precipitate was 

suspended, transferred to an ice-cold micro tube, vortexed, and frozen twice in liquid 

nitrogen. Precipitated protein was removed by centrifugation (5 min; 4,000 rpm; 4 °C) 

and the supernatant was incubated at 37 °C for 15 min to hydrolyze creatine phos-

phate. Supernatants were extracted three times with diethyl ether and neutralized to 

pH 6 to 7 with 2 to 4 µl 2 M Tris-base. Ether was removed by lyophylization and from 

the re-dissolved pellets nucleotides were removed by extraction with charcoal. Inositol 

phosphates were analyzed by micro-metal dye detection HPLC (MDD-HPLC) [22,23].  

 

Ca2+ measurements and ratiometric Ca2+-imaging  

Ca2+ measurement in suspended cells was performed as described in [26]. For rati-

ometric Ca2+-imaging 2.5 × 105 cells were loaded with fura-2/AM (4 µg/ml) for 30 min at 

37 °C in buffer A containing 140 mM NaCl, 5 mM KCl, 1 mM MgSO4, 1 mM CaCl2, 1 

mM Na2HPO4, 5.5 mM glucose, and 20 mM HEPES (pH 7.4) as described [27], 

washed twice with buffer A and kept in the dark at room temperature until use. 8 well 

µ-Slides (Ibidi, Munich, Germany) were first coated with 50 µl ECM and subsequently 

covered with 100 µl buffer A. 100 µl cell suspension (2.5 × 105 cells/ml) were added 
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and the slide was mounted on stage of a fluorescence microscope (Leica DMIRE2). 

Ratiometric Ca2+ imaging was performed as described [27]. We used an Improvision 

imaging system (Tübingen, Germany) built around the Leica microscope at 100-fold 

magnification. Illumination at 340 and 380 nm was carried out using a monochromator 

system (Polychrom IV, TILL Photonics, Gräfelfing, Germany). Images were taken with 

a gray-scale CCD-camera (type C 4742-95-12ER; Hamamatsu, Enfield, United King-

dom) operated in 8-bit mode. The spatial resolution was 512 x 640 pixel at 100-fold 

magnification. Camera exposure times were 21 ms (at 340 nm) and 7 ms (at 380 nm). 

The acquisition rate was adjusted to ~12 ratios per minute. Raw data images were 

stored on hard disk. Confocal Ca2+ images were obtained by off-line deconvolution 

(no-neighbor algorithm) using the volume deconvolution module of the Openlab soft-

ware as described recently for 3T3 fibroblasts [27]. The deconvolved images were 

used to construct ratio images (340/380 nm) pixel by pixel. Finally, ratio values were 

converted into Ca2+ concentrations by external calibration [28]. Data processing was 

performed using Openlab software, version 4.0.4 [Improvision, Tübingen, Germany). 

 

RESULTS 

Transient overexpression of IP3K-A in H1299 cells induced formation of branch-

ing protrusions. 

To investigate the cellular effects of increased expression of IP3K-A, we used the cell 

line H1299 as model. To increase and to monitor IP3K-A expression, a GFP-IP3K-A 

fusion protein was transiently overexpressed in H1299 cells. 24 h after transfection 

expression levels of endogenous IP3K-A and GFP-IP3K-A were examined by West-

ern-blot using IP3K-A specific antibodies.  
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As shown in Figure 1A (left panel) the cells expressed high levels of GFP-IP3K-A. In 

addition a strong signal of a band corresponding to the molecular weight (MW) of 

IP3K-A was observed, which might be due to up-regulation of endogenous IP3K-A or 

to degradation of the GFP-IP3K-A fusion protein to GFP and IP3K-A. Therefore ex-

pression of GFP was analyzed using a GFP specific antibody (Fig. 1A right panel). 

Since we detected a strong signal at 28 kD, which corresponds to the molecular mass 

of GFP, we assume that the strong signal observed at 52 kD corresponds to a degra-

dation product of the GFP-IP3K-A fusion protein.  

To analyze the effect of IP3K-A overexpression on cell morphology, GFP fluo-

rescence of the fusion protein or of GFP alone (control) was monitored by fluorescence 

microscopy. Control cells had a fusiform or round/oval shaped morphology and the 

cells extended many small fi lopodia. Cells strongly overexpressing IP3K-A formed long 

branching protrusions and exhibited a similar cell body as control cells (Fig.1B). Most 

of the cells overexpressing IP3K-A formed many branching filopodia (43%) exhibiting 

approximately the same length as the cell body, or few branching lamellipodia or filo-

podia longer than the cell body (38%) (Fig. 1C). In contrast, only very few control cells 

extended many branching filopodia (5%) and no formation of long branching filopodia 

or lamellipodia were detected (Fig. 1C) (for definition of filopodia and lamellipodia, see 

[29]).  

Transient overexpression of IP3K-B and IP3K-C GFP-fusion proteins did not al-

ter cell morphology (data not shown). These data clearly reveal that only overexpres-

sion of IP3K isoform A induces the formation of extended branching protrusions in 

H1299 cells. 
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Stable overexpression of IP3K-A altered the cytoskeleton and increased invasive 

migration of H1299 cells without affecting proliferation 

Since it is known that the ability to form filopodia and lamellipodia facilitates cell motility 

[29], we examined the impact of increased IP3K-A expression on cell motility. These 

experiments require homologous cell populations, thus it was necessary to establish 

cell clones stably overexpressing IP3K-A. Therefore, H1299 cells stably overexpress-

ing GFP-IP3K-A or GFP were generated and four cell clones (#6, #7, #8, and #10) with 

similar IP3K-A overexpression were selected. Cell clones expressing GFP alone were 

used as control.  

To examine the influence of IP3K-A overexpression on cell growth behaviour, 

the cell clones were cultivated under three-dimensional cell culture conditions, in po-

rous capillaries permeable for growth medium (Fig. 2A). To exclude clonal effects, all 

four clones as well as wt H1299 cells were examined. Control and wt cells formed 

epithelial-like dense cell colonies. In contrast, H1299 cells overexpressing IP3K-A 

strongly attached to the wall of the capillary. They grew in a dispersed fibroblast-like 

manner and formed long protrusions (see arrows in Fig. 2A) as also observed in cells 

transiently overexpressing IP3K-A. In addition, these experiments reveal that IP3K-A 

expression increases motility of H1299 cells. Since we did not find differences between 

the four cell clones, continuative experiments were performed only with one clone 

which was designed as H1299-IP3K-A. Control cells were named H1299-GFP. Ex-

pression levels of endogenous IP3K-A and of the GFP-IP3K-A fusion protein are de-

picted in Fig. 2B. The Figure shows strong overexpression of the GFP-IP3K-A protein 

and reveals that the intensity of the band corresponding to the MW of endogenous 

IP3K-A was increased again in H1299-IP3K-A cells. The stably overexpressed GFP-

IP3K-A fusion protein also showed strong degradation of GFP (data not shown), thus 
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the band of 52 MW might correspond to a degradation product of the GFP-IP3K-A fu-

sion protein. 

 The observed morphological changes of H1299-IP3K-A cells indicated that 

IP3K-A expression altered the cytoskeleton of the cells. To analyze if IP3K-A influ-

ences the F-actin structure, H1299-IP3K-A and control cells, cultivated in chamber 

slides, were stained with FITC phalloidin to visualize F-actin. As shown in Figure 3 

control cells formed distinct actin stress fibers. In contrast, in H1299-IP3K-A cells no 

formation of actin stress fibers was observed, but most of the F-actin was distributed 

around the cell periphery and in protrusions.  

Next, we analyzed the impact of IP3K-A overexpression on invasive cell migra-

tion, using the Boyden chamber assay. In this assay migration through extracellular 

matrix (ECM, derived from the Engelbreth-Holm-Swarm mouse sarcoma) and through 

filters of 3 µm pore size is measured. As shown in Figure 4A, an about 2-fold increase 

(p<0.001, t-test) in invasive ability was observed in H1299-IP3K-A cells as compared 

to controls. To determine if IP3K-A expression also affects proliferation, cell growth 

was measured by cell counting using the CASY-1 cell counter (Fig. 4B). No difference 

was found between control and H1299-IP3K-A cells. In conclusion, these results show 

that IP3K-A expression alters the cytoskeleton and increases invasive in vitro migration 

of H1299 cells without affecting proliferation. 

 

IP3K-A overexpression promoted the mesenchymal phenotype of H1299 cells 

Based on the phenotypic differences between H1299-IP3K-A and control cells we 

speculated that overexpressing of IP3K-A in H1299 cells resulted in a mesenchymal 

phenotype. Consequently, we examined expression of the mesenchymal marker pro-

teins N-cadherin and vimentin by immunoblot analysis. Expression of vimentin was 

significantly increased in cells overexpressing IP3K-A compared to control cells. N-
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cadherin expression was very low in control cells and about 5-fold increased in H1299-

IP3K-A cells (Fig. 5A). To exclude that increased expression of vimentin and N-

cadherin is a consequence of unspecific clonal effects, expression of these proteins 

was analyzed in further cell clones overexpressing IP3K-A (clone #6, #7 and #10, see 

Fig. 2A). These cell clones also showed increased expression of vimentin and N-

cadherin, compared to control cells (data not shown). In addition expression of abun-

dant cellular proteins involved in signal transduction (Fig. 5B, left panel) and/or in actin 

remodeling (Fig. 5B, right panel) was examined; GAPDH and actin served as loading 

controls. Since we did not find significant differences between control and H1299-

IP3K-A cells, and found up-regulation of vimentin and N-cadherin in three further cell 

clones overexpressing IP3K-A, we assume that increased expression of the mesen-

chymal proteins is a specific effect of overexpression of IP3K-A.  

 

IP3K-A induced cell migration was not dependent on calcium signaling 

The results above demonstrate that increased expression of IP3K-A increases motility 

and invasive migration of H1299 cells. Elevated Ca2+ concentrations can stimulate cell 

migration [28] and one important cellular effect of IP3K-A activity is to regulate intracel-

lular Ca2+concentrations ([Ca2+]i) by conversion of the calcium mobilizing second mes-

senger Ins(1,4,5)P3. Therefore the effect of IP3K-A overexpression on [Ca2+]i was 

measured. H1299-IP3K-A and control cells were loaded with Fura-2, and stimulated 

with 100 µM ATP to stimulate purinergic P2Y receptors. Using a Ca2+-free/Ca2+-

readdition protocol [26], we found that, compared to control cells, in H1299-IP3K-A 

cells calcium release was reduced by about 75% and calcium influx by about 50% (Fig. 

6A). Thus it is unlikely that increased migration of H1299-IP3K-A cells is dependent on 

calcium signals. 
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To verify this assumption, [Ca2+]i in cells that adhere or migrate through ECM 

was analyzed by confocal calcium imaging. Fura-2 loaded H1299-IP3K-A and control 

cells were supplied to ECM covered slides and [Ca2+]i and morphology of the same 

cells were monitored for 20 min by fluorescence and light microscopy. As shown in 

Figure 6B (upper panel) the cell shape of control cells remained unchanged during the 

experiment. In contrast, H1299-IP3K-A cells changed their morphology: they formed 

small protrusion and started to migrate into the ECM (Fig. 6B lower panel). Despite 

these morphological changes and induction of migration, neither in these nor in control 

cells calcium signals were observed. As a positive control, carried out under the same 

experimental conditions, transient calcium signals were induced by ATP in both cell 

types (data not shown). The fact that in unstimulated H1299-IP3K-A cells, migrating 

through ECM, no calcium signal was observed suggests that IP3K-A induced increase 

of invasive cell migration is not dependent on calcium signaling. 

 

IP3K-A overexpression altered intracellular inositol phosphate concentrations  

Recently, it has been reported that increased levels of the IP3K product Ins(1,3,4,5)P4 

can stimulate the Ras-ERK pathway through binding of Ras-GAP [6]. In cells with low 

Ins(1,3,4,5)P4 concentrations Ras-GAP is bound to PtdIns(4,5)P2 resulting in inactiva-

tion of Ras. Increased Ins(1,3,4,5)P4 levels can compete for binding to PtdIns(4,5)P2 

and Ras-GAP translocates to the cytosol, abolishing inactivation of Ras. Since activa-

tion of the Ras-ERK pathway, can be involved in the regulation of cell motility [28], 

InsP concentrations in H1299-IP3K-A and control cells were analyzed by MDD-HPLC 

(Fig. 7A). We found significantly decreased levels of the IP3K-A substrate, Ins(1,4,5)P3 

(about 2-fold, p<0.01, t-test), and significant increased levels of the product  

Ins(1,3,4,5)P4 (about 4-fold, p<0.1, t-test) in cells overexpressing IP3K-A compared to 

control cells. However, no increased concentrations of further higher phosphorylated 
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inositols were detected. In contrast, significant decreased levels of Ins(1,2,3,4,5)P5 

(about 3-fold, p<0.1, t-test) and of InsP6 (about 20%, p<0.01, t-test) were found.  

Since overexpression of IP3K-A significantly increased the concentration of 

Ins(1,3,4,5)P4, activation of ERK1/2 in H1299-IP3K-A cells in comparison to control 

cells was examined. In addition, we analyzed the intracellular distribution of GAP1 by 

immunocytology using a specific GAP1 antibody. In both, control and H1299-IP3K-A 

cells GAP1 was mainly located in the cytoplasm and within the nucleus (Fig. 7B). Fur-

thermore, high levels of pERK1/2 were found in both cell types and no difference in 

activation was observed (Fig. 7C). Based on these data we conclude that ERK1/2 is 

constitutively activated in these cells, but is not further stimulated by increased IP3K-A 

expression. Thus, IP3K-A induced increase of cell migration is not dependent on 

Ins(1,3,4,5)P4 mediated up-regulation of ERK1/2 activity. 

 

Transient overexpression of mutated forms of GFP-IP3K-A  

To further analyze the mechanism underlying IP3K-A induced effects on cell morphol-

ogy and migration, we examined if kinase activity is required. Therefore, a mutated 

IP3K-A form devoid of enzyme activity was produced. According to Communi et al 

(1993) [31] who found that exchange of D414 to N abolishes enzyme activity of rat 

IP3K-A, the human homologous D416 was changed to N (mut1) in the human protein. 

To measure enzyme activity of wt and mutated GFP-IP3K-A fusion proteins without the 

background of endogenous protein, we purified the proteins by GFP-

immunoprecipitation after transient overexpression in H1299 cells, and determined 

conversion of Ins(1,4,5)P3 to Ins(1,3,4,5)P4 by HPLC. We found that the wt protein ex-

hibited an enzyme activity of 0.212 ± 0.013 µmol/mg/min while the mutated IP3K-A 

was catalytically inactive. 
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To analyze the effect of mut1 on morphology of H1299 cells, the shape of cells 

overexpressing the mutated protein was compared to the morphology of cells overex-

pressing the wt protein. Interestingly, their morphology was similar to that of cells over-

expressing the IP3K-A wt enzyme (Fig. 8A). Since Western-blot analysis revealed that 

cells overexpressing mut1 also showed a stronger signal at 52 kD than control cells 

(data not shown), we examined whether endogenous IP3K-A activity might be up-

regulated. In case cells overexpressing mut1 show higher IP3K-A activity than control 

cells, one cannot exclude that the observed morphological changes induced by over-

expression of mut1 result from up-regulation of endogenous IP3K-A activity. However, 

we found that enzyme activity in cells overexpressing mut1 was similar to that of con-

trol cells (Fig. 8B), indicating that endogenous IP3K-A was not up-regulated. Thus en-

zymatic activity of IP3K-A does not seem to be required to induce morphological 

changes in H1299 cells. 

To reveal if actin binding is necessary to induce the formation of branching filo-

podia, the actin binding domain (ABD) was deleted and the mutated protein (mut2: aa 

67 – 461, ∆ABD) was overexpressed in H1299 cells. As shown in Figure 8C no mor-

phological differences between control cells and cells overexpressing mut2 were visi-

ble. Thus, actin binding of IP3K-A is required to induce phenotypic changes. Next, the 

effect of overexpression of the ABD alone (mut3: aa 1-66, ABD) was analyzed. This 

fragment also did not induce the same effect as observed for the full length protein 

(Fig. 8C). To exclude that the effects on cell morphology induced by mut1 are due to 

the fact that mut1 shows stronger overexpression than mut2 and mut3, expression 

levels of these proteins were analyzed by Western-blot using GFP specific antibodies. 

As shown in Figure 8D, expression of mut2 and mut3 was even stronger than expres-

sion of mut1 whereby mut2 showed strong degradation.  
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 Taken together the results show that actin localization of IP3K-A is required to 

induce formation of branching protrusions, and reveal that the IP3K-A induced effects 

on cell motility are not due to enzymatic activity. Since only overexpression of the full 

length protein induced morphological changes, we exclude the possibility that the ob-

served effects are overexpression artefacts.  

 

DISCUSSION  

In this study, we used a cellular model to examine the phenotypic conse-

quences of high expression of IP3K-A. We found that overexpression of the protein in 

H1299 cells induced marked morphological changes through reorganization of the ac-

tin cytoskeleton. In contrast to control cells which formed distinct actin stress fibers, 

cells overexpressing IP3K-A failed to form stress fibers, but showed cortical actin fi la-

ments which accumulated in cellular protrusions. Only these cells extended long 

branching protrusions and grew in a dispersed manner. Furthermore, they expressed 

increased levels of the mesenchymal marker proteins vimentin and N-cadherin. Most 

likely due to these phenotypic changes, cells overexpressing IP3K-A showed in-

creased motility and migration in vitro as compared to control cells.  

To elucidate the mechanism by which IP3K-A increases migration of H1299 

cells, we first investigated the potential effects of enhanced IP3K-A activity, i.e. altered 

calcium and InsPs signaling. However, these data gave no clear evidence that IP3K-A 

induced phenotypic changes of H1299 cells are due to enzymatic activity. Therefore, 

we examined the effect of overexpression of a kinase-dead mutant on morphology of 

H1299 cells. Indeed, we found that a protein devoid of enzyme activity induced similar 

morphological changes as observed for the wt protein, indicating that the IP3K-A in-

duced effects on cell morphology are due to non-enzymatic activities of the protein. For 

some inositol phosphate kinases it has already been shown that they regulate cellular 
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processes by protein-protein interactions. Yeast inositol phosphate multikinase inter-

acts with the transcriptional complex ArgR-Mcm1, whereby it serves as a molecular 

chaperone resulting in stimulation of mRNA export [32]. Furthermore, it was previously 

shown that inositol pentakisphosphate 2-kinase is a component of stress granules 

where it co-localizes with cytosolic mRNA and the stress granule marker proteins     

poly(A) binding protein (PABP) and TIA1 related protein (TIAR). Therefore the kinase 

might be involved in stress recovery [33]. In addition co-immunoprecipitation studied 

revealed that inositol hexakisphosphate kinase-2 (IP6K-2) interacts with tumor necro-

sis factor receptor-associated factor 2 (TRAF 2) through which it mediates attenuation 

of nuclear factor-kappa B (NFκB) induced signaling [34]. These studies show that the 

cellular effects induced by inositol phosphate kinases are not only due to their enzy-

matic activities, but are additionally mediated by direct protein-protein interactions. Our 

result that enzyme activity of IP3K-A was not required to induce branching protrusions 

indicates that also IP3K-A regulates cellular processes through protein-protein interac-

tions. Since actin localization of IP3K-A was necessary to change morphology of 

H1299 cells, the protein might be directly involved in actin polymerization or recruits 

proteins to actin that mediate actin remodeling. However, the molecular mechanisms 

how IP3K-A induces formation of branching protrusions deserves further investiga-

tions.  
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FIGURE LEGENDS 

Figure 1  Transient overexpression of a GFP-IP3K-A fusion protein in H1299 cells 

induces formation of branching protrusions 

(A) Total cell lysate was prepared from cells transiently overexpressing GFP-IP3K-A or 

GFP. 50 µg protein were subjected to SDS-PAGE followed by immunoblot analysis 

using a specific antibody against IP3K-A (left panel) or against GFP (right panel), and 

secondary peroxidase-linked antibodies. The signal intensity was analyzed by a lumi-

nescent image analyzer (model LAS-3000 plus, Fuji Film). (B) Cells were seeded in 

chamber slides and grown to 50% confluence. Then, the cells were transfected with a 

plasmid encoding for GFP (pEGFP-C1) or for a GFP-IP3K-A fusion protein using Li-

pofectamine as transfection reagent. After 24 h of incubation the GFP fluorescence 

was monitored by fluorescence microscopy. (C) The cell morphology of 100 cells over-

expressing GFP or GFP-IP3K-A was monitored by light and by fluorescence micros-

copy and the cell type was determined. This experiment was repeated and the per-

centage of each cell type calculated.  

 

Figure 2  Stable overexpression of IP3K-A increases motility of H1299 cells 

(A) Cell suspensions (1x107 cells/ml) of H1299 clones and wt cells were aspirated into 

medium permeable capillaries, which were placed in 6 well plates containing 2 ml me-

dium, and cultivated for 72 h. Growth behavior of cells was monitored every 24 h by 

light microscopy. The digital images shown here are from cells grown for 72 h. (B) 

Levels of GFP-IP3K-A and IP3K-A of cell lysates prepared from H1299-IP3K-A# 8 cells 

and cells expressing GFP alone, were evaluated by IP3K-A blotting.   

 

 

Biochemical Journal Immediate Publication. Published on 23 May 2008 as manuscript BJ20080630

T
H

IS
 IS

 N
O

T
 T

H
E

 F
IN

A
L 

V
E

R
S

IO
N

 -
 s

ee
 d

oi
:1

0.
10

42
/B

J2
00

80
63

0

St
ag

e 
2(

a)
 P

O
ST

-P
R

IN
T

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

© 2008 The Authors Journal compilation © 2008 Biochemical Society



 23 

 

Figure 3  Overexpression IP3K-A results in cytoskeletal reorganization 

Cells were seeded in chamber slides, grown to 50% confluence and fixed with para-

formaldehyd. F-actin was stained with TRITC phalloidin. The red fluorescence of 200 

cells was monitored by fluorescence microscopy and one representative image is 

shown. 

 

Figure 4  IP3K-A overexpression increases in vitro invasion of H1299 cells but 

has no effect on proliferation 

(A) 5000 cells per well were seeded in Boyden chambers which were previously cov-

ered with ECM proteins. Then, cells were incubated for 16 h. After removing the ECM, 

DAPI stained cells having permeated through the membrane were counted using im-

munofluorescence microscopy. Invasion was expressed as amount of cells migrated 

through ECM (“transmigrated cells”). Data represent mean values ± SD of four inde-

pendent experiments. Significance levels are indicated by ***p<0.001. (B) Cells for pro-

liferation assays were seeded in 96 well plates. Cell number was determined 24 h after 

seeding using the CASY-1 counter and set to 1. Further cell proliferation was deter-

mined after another 24 h and 48 h. Data represent mean values ± SD of seven inde-

pendent experiments. 

 

Figure 5  IP3K-A overexpression results in increased expression of mesenchy-

mal marker proteins 

(A) IP3K-A mediated regulation of vimentin and N-cadherin was examined by Western-

blotting. The signal intensity of the corresponding bands was analyzed by a lumines-

cent image analyzer and normalized to GAPDH signals for each lane. Data represent 

mean values of five different spots per sample. Significance levels are indicated by 
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***p<0.001, obtained by t-test. (B) To exclude that up-regulation of vimentin and N-

cadherin were due to clonal effects, expression of several abundant cellular proteins 

was analyzed by Western-blot. GAPDH and actin served as loading controls.  

 

Figure 6  Increased invasive migration of H1299-IP3K-A cells is not dependent 

on [Ca2+]i 

(A) H1299 cells were suspended, washed in calcium-free buffer and loaded with Fura-

2. Basal [Ca2+]i was measured and after 200 sec ATP was added to stimulated 

purinergic P2Y receptors. After further 200 sec 1mM Ca2+ was supplied. The meas-

urements were performed in a Hitachi F-2000 spectrofluorimeter (emission 510 nm, 

alternating excitations 340/380 nm). In the upper panel one representative experiment 

is depicted. The lower panel shows the mean from three different experiments, basal 

Ca2+ influx was subtracted from these data. (B) Suspended, Fura-2 loaded H1299-

IP3K-A and control cells were supplied to ECM covered chamber slides and incubated 

for 20 min at room temperature in the dark. Migration through ECM was monitored by 

light microscopy and ratiometric Ca2+ imaging was performed as described in Methods. 

The experiment was reproduced three times and the Ca2+ imaging data of each cell 

(thin lines) as well as the mean values (bold line) are shown. Cell pictures are shown 

from one representative experiment. Bars, 10 µm.  

 

Figure 7  Overexpression of IP3K-A alters concentrations of higher phosphory-

lated inositols but does not influence localization of GAP1 or pERK levels  

(A) Extracts of H1299-IP3K-A and H1299-GFP cells were processed as described in 

Methods. Inositol phosphate analysis was performed by MDD HPLC. Data represent 

mean values ± SD of at least four independent experiments. Significance levels are 

indicated by *p<0.1, **p<0.01, obtained by t-test. (B) Cells were seeded in chamber 
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slides, grown to 70% confluence, fixed with paraformaldehyde and permeabilized with 

triton X-100. Then the cells were incubated with a specific GAP1 antibody and a TRITC 

labeled secondary antibody. For the same cells the GFP fluorescence (left panel) and 

the TRITC fluorescence (right panel) are shown. (C) pERK1/2 and ERK1/2 levels were 

analyzed by Western-blotting.  

 

Figure 8  Transient overexpression of mutated GFP-IP3K-A fusion proteins in 

H1299 cells  

(A) Cells were seeded in chamber slides and grown to 50% confluence. Then, the cells 

were transfected with a plasmid encoding for GFP (pEGFP-C1) or for a kinase-dead 

GFP-IP3K-A fusion protein (D416N) using Lipofectamine as transfection reagent. After 

24 h of incubation the GFP fluorescence was monitored by fluorescence microscopy. 

(B) Activity of IP3K-A immunoprecipitated proteins from cells overexpressing GFP, 

GFP-IP3K-A or GFP-IP3K-A D416N were analyzed by MDD-HPLC and expressed as 

µmol/min per mg of total cell protein. (C) The same experiment as described in (A) was 

performed with two further mutated IP3K-A proteins: a protein lacking the ABD (∆ABD) 

and the ABD alone (ABD). For each mutant the cell type of 100 cells was determined 

and the experiment was repeated (lower panel). (D) Expression levels of mut1-3 were 

analyzed by Western-blot using GFP specific antibodies. 
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FIGURES 

 

 

 

B 

A 

anti-IP3K-A antibody anti-GFP antibody 

Figure 1 
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Figure 3 
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Figure 7
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