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Abstract 
Integrin linked kinase (ILK) is a serine/threonine protein kinase implicated in the 
phosphatidylinositol 3’kinase (PI3’K) pathway. Integrin linked kinase has been investigated in 
different organisms such as mammalian systems (human, mice, rat), insects (Drosophila) and 
nematodes (Cenorhabditis elegans), however to date little data regarding ILK research on 
amphibians has been reported. In our study, we isolated and characterized a cDNA clone encoding 
ILK in Xenopus laevis (X-ILK). The experiments were executed in both embryos and adult tissues to 
compare the relationship between the ILK expression patterns. Sequence analysis of X-ILK revealed 
that it is 59% identical to human ILK (HILK) cDNA and 71% identical to H-ILK protein. The well-
known domains of ILK (ankyrin domain, Pleckstrin homology domain, kinase domain and paxillin 
binding site) are preserved among human, mouse, rat and Drosophila. These domains are also found 
in Xenopus ILK. Northern blot analysis showed that a 1.8 Kb transcript is present throughout early 
embryogenesis. However, there was a significant increase in X-ILK expression at the onset of 
neurulation. Interestingly, expression studies revealed the presence of only one transcript whereas 
Western blot analysis revealed the expression of two X-ILK proteins during early development. 
Expression analyses for various adult tissues revealed that Xenopus heart expressed a lower level of 
X-ILK mRNA, while the protein level in heart was higher than the other tissues examined. We also 
measured X-ILK kinase activity in embryonic extracts using in vitro kinase assays. Our findings 
showed that X-ILK activity increased during early embryogenesis. The catalytic activity of X-ILK 
was also measured in Xenopus adult tissues and as expected, we observed higher X-ILK activity in 
heart and muscle. Overall results suggest that X-ILK may be an important signaling molecule during 
early Xenopus embryogenesis, and may have tissue specific functions in adult frogs. 
 

Keywords: Integrin linked kinase (ILK), Xenopus, Phosphatidyle inositol 3’kinase (PI3’K), 
Catalytic activity, Development. 

  
1. Introduction 

Integrin linked kinase is a serine-threonine kinase 

which interacts with β1, β2 and β3 cytoplasmic 

integrin domains (Hannigan et al, 1996; Zervas et al, 

2001). This interaction leads to cell adhesion (Li et 

al, 1999; Wu, 1999; Tu et al, 1999; Nikolopoulos et 

al, 2001) as well as cell signaling and regulation of 

downstream targets (Delcommenne et al, 1998; 
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Dedhar, 2000). Integrins and other adaptor molecules 

are involved in cell adhesion through focal adhesion 

assemblies. Integrin linked kinase is one of the proteins 

involved in focal adhesion assembly mediating the 

interaction of integrins with the cytoskeleton (Tu et al, 

1999; Nikolopoulos and Turner, 2001; Sakai, 2003). In 

addition, ILK plays an important role in Wnt/Wg, 

PI3’K and insulin signaling pathways; these pathways 

are involved in cell survival, growth and differentiation 

(Delcommenne et al, 1998; Novak et al, 1998; Dedhar, 

2000; Ali et al, 2001). In the PI3’K and insulin 

signaling pathways, ILK interacts with PKB and 

phosphorylates it on Ser-473 leading to cell survival 

through inhibition of apoptosis (Downward, 1998; 

Cardone et al, 1998; Brunet et al, 1999). In the Wnt/Wg 

pathway it phosphorylates GSK-3β on Ser-9 leading to 

activation of -catenin Lef/Tcf transcription factor 

complex and nuclear translocation of this complex 

initiating trascription of cyclin D1 and c-myc genes 

(Novak et al, 1999 and Coyle-Rink et al, 2002). 

Integrin linked kinase is found to be conserved 

among various organisms ranging from nematode 

Caenorhabditis elegans to humans. Monomeric ILK (in 

mammals) weighs 59 KDa (Hannigan et al, 1996) and 

has four different domains. The well-known domains of 

ILK (ankyrin domain, Pleckstrin homology domain, 

kinase domain and paxillin binding site) are preserved 

among human, mouse, rat and Drosophila. The high 

conservation of the domains strongly suggests that ILK 

function is conserved during evolution (Zervas et al, 

2001).  In its N-terminus region, it contains four 

ankyrin repeats that interact with the LIM1 domain, a 

cysteine rich domain, of protein PINCH. Downstream 

of the ANK domain is the pleckstrin homology domain 

(PH domain) which interacts with phosphoinositides. 

Proximal to the PH domain is a catalytic kinase domain 

which interacts with integrin β-subunits as well as its 

downstream effectors, such as protein kinase B (PKB) 

and glycogen synthase kinase-3 (GSK-3) (Hannigan et 

al, 1996; Delcommenne et al, 1998). Lastly, at the C-

terminal domain ILK contains a paxillin binding site, 

which mediates its interaction with the paxillin proteins 

involved in focal adhesion assembly (Nikolopoulos and 

Turner, 2001) (Figure.1). ILK plays a structural role 

through its ANK and Paxillin binding domains and a 

signaling role is carried out through its PH and kinase 

domains. However, there is evidence that indicates the 

significance of ANK domain through interaction with 

PINCH in certain signaling pathways such as growth 

factor pathway (Tu et al, 1999).  

 
Fig. 1: Structure of ILK protein domains (adopted from Zervas et 

al, 2001; Nikolopoulos and Turner, 2001)  

ILK is required for cell adhesion and controlling 

actin cytoskeleton accumulation (Sakai et al, 2003). 

In mice, lack of ILK expression leads to failure in 

epiblast polarization and the formation of cavity 

which causes mice death at the peri-implantation 

stage (Sakai et al, 2003). These series of results 

indicate that ILK is crucial for cell adhesion and the 

process of development. Similarly in Drosophila, 

mutations in ILK gene cause embryonic lethality as 

well as defects in muscle attachment (Zervas et al, 

2001). Clones of cells lacking ILK protein in the 

adult wing fail to adhere, and exhibit the formation 

of wing blisters. In a recent study performed by 

Yasunaga et al (2005), Xenopus ILK was found to be 

an important marker in morphogenetic movements 

during gastrulation, having a pivotal role in 

blastopore closure and axis elongation as well as 

being involved in cell-cell and cell-ECM adhesions 

observed in animal cap and dorsal marginal zone 

explants. In order to investigate the catalytic role of 

ILK during development, we isolated and 

characterized Xenopus ILK, which is 99% identical 

to the new isolated XeILK (Yasunaga et al, 2005). 
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2. Materials and Methods 

2.1. Materials 

Chemicals were obtained from Sigma and Fisher 

companies. Western chemiluminicence kit was 

supplied by Perkin Elmer. The BioTrace PVDF 

(Polyvinylidene fluoride transfer membrane 0.45 um) 

was maintained from Pall Corporation Life Sciences. 

The anti-human ILK antibody was purchased from 

Upstate. (32P) ATP (250 uCi/mol) radivue and anti-

rabbit hourse radish peroxidase conjugated antibody 

were supplied by Amersham Pharmacia. The primers 

were obtained from Sigma Genosys. Trizol solution 

and SuperscriptTM II RNase H- Reverse Transcriptase 

kit was purchased from Invitrogen and the 

autoradiograph films are maintained from Kodak 

Company and Biorad protein assay from Biorad 

laboratories. Tag polymerase from Fisher Scientific. 

2.2. Biological Material 

Xenopus laevis embryos were obtained by in vitro 

fertilization using Xenopus purchased from Xenopus, 

Inc. The female frogs were injected with (0.5 ml) 

HCG (Human Chorionic Gonadotropin hormone, 

5000 units) the night before and squeezed to release 

eggs the day after. The male frog was sacrificed and 

dissected from the abdominal wall to obtain the 

testes. Twenty five percent of the testes tissue was 

minced in 80% Steinberg solution [0.8X Steinberg’s 

A (Steinberg’s A (20X stock): 1160 mM NaCl, 13.41 

mM KCl, 16.6 mM MgSO4 and 6.7 mM Ca(NO3)2 ) 

and 40 mM Steinberg’s B (Steinberg’s B stock 

solution: 1 mM Trizma-HCl)] and the rest was kept 

in 200% Steinberg (0.2X Steinberg A and 10 mM 

Steinberg B) solution at 4°C for later use. The eggs 

were exposed to the sperm for 7 minutes. Once 

fertilized, the zygotes rotated and their black cap 

(animal cap) was visible. Modified Barth’s Saline 

(MBS) medium [0.88 mM NaCl, 0.01 mM KCl, 0.01 

mM MgSO4, 0.05 mM Hepes (Sigma-Aldrich, 

Oakville) and 0.025 mM NaHCO3] was adjusted to 

pH 7.8 using NaOH] and added to fertilized eggs. The 

fertilized eggs were dejellied using 2% L-cysteine in 

0.1% MBS. The embryos were incubated at room 

temperature, stored in 0.1% MBS and collected at the: 

4-cell, blastula (stage 8), gastrula (stage 10.5), neurula 

(stage 21) and tailbud (stage 28) stages. 

2.3. RT-PCR 

Total RNA was extracted from Xenopus embryos 

(40 embryos per stage) adult tissues (heart, liver, 

kidney and muscle) using the Trizol™ method 

(Invitrogen Life Sciences, Burlington, Ontario). This 

RNA was used as control for RT-PCR and. 5 μg of 

RNA was reverse transcribed using Superscript™ II 

RNase H- Reverse Transcriptase kit (Invitrogen Life 

Sciences, Burlington, Ontario). The PCR reaction 

was carried out using 0.4 μl Taq DNA Polymerase 

(5U/μl) per reaction, 5 μl 10X PCR buffer [200 mM 

Tris-HCL (pH 8.4), 500 mM KCL from (Invitrogen 

Life Sciences, Burlington, Ontario)], 2 μl cDNA, 1 

μl primers 5’ XILK Eco (50.8 nmol) and 3’XILK 

Not (96.0 nmol) for test experiment and 1 μl 5’ Xef-

1 (25.8 nmol) and 3’ Xef-1 (54.0 nmol) primers 

(for control experiment), 1 μl 10 mM dNTP Mix 

(1/10 dilution of dCTP) with 5 mM MgCl2 and the 

reaction volume was then taken up to 50 μl using 

autoclaved, double distilled water. The RT-PCR 

reaction was performed using 1.7 μl of 32P- dCTP 

to make the product radioactive. The primers are as 

follows: 

5’ Primer (XILK Eco):  

5’ CCGGAATTCCGGATGGACGACATTTTCG 3’ 

3’ Primer (XILK Not):  

5’ TTGCGGCCGCAACTATCTCTGCATCTTCTC3’ 

5’ Primer (Xef1-):  

5’ CAGATTGGTGCTGGATATG 3’ 

3’ Primer (Xef1-):  

5’ ACTGCCTTGATGACTCCTA 3’  
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The XILK PCR reaction was carried out for 27 

cycles under 95ºC for 5 min, 92ºC for 1 min, 55ºC 

for 1 min, 72ºC for 2 min and 72ºC for 10 min.  

2.4. Northern Blot 

Total RNA was isolated from 0.15-0.2 g of tissue 

Xenopus from a recently sacrificed frog as described 

above. Tissues were then homogenized in a 

homogenizer using the Trizol™ solution. Fifteen μg 

RNA was then electrophorized onto a 1.2% agarose 

gel (gel containing 0.6 g agarose, 1X MOPS, 5.92 % 

Formaldehyde, 0.1% DEPC treated water) with 1X 

MOPS buffer and subjected to electrophoresis at 70 

volts. The RNA on the gel was transferred to a nylon 

membrane (Biodyne B Membrane 0.45 μm) and cross 

linked to the membrane using a UV cross linker 

(Biorad-GS Gene Linker™ UV chamber, 150 Joule) 

for 150 seconds. The 32 P-α-dCTP labeled probe was 

made using PCR method and purified through a 

Sephadex G50 column (DNA grade, Sigma, Oakville, 

Ontario). After hybridization, the membrane was 

washed sequentially and dried followed by exposure 

to an X-ray film. The cassette containing the film and 

the membrane was kept at -80°C for a minimum of 

five days and then developed. 

2.5. Western Blot 

Xenopus embryos were homogenized and lysed in 

600 μl of lysis buffer (10 mM NaCl, 20 mM PIPES, 

0.5% NP40, 0.05% β-mercaptoethanol, 5 mM 

EDTA, 100 μM sodium orthovanadate, 5 μg/mL 

leupeptin and aprotinin, 50 mM sodium fluoride, 1 

mM benzamidine), and then centrifuged (15 000 X g, 

for 10 minutes at 4oC). The protein content was 

quantified using the Bio-Rad assay method 

(Bradford, 1976). Equal concentrations of protein 

were denatured and then separated by SDS-PAGE on 

a 12% SDS poly-acrylamide gel (containing of 12% 

resolving gel and 3% stacking gel, the resolving gel 

containing: 30% acrylamide 29:1, 3.0 M Tris (pH 

8.8), 10% SDS, 30% ammonium persulfate and 

addition of 4μl TEMED and the 3% stacking gel 

containing: 30% acrylamide, 1.0 M Tris (pH 6.8), 

10% SDS, 30% ammonium persulfate and addition 

of 3 μl  TEMED). For the Western blot analysis of 

tissues, the SDS poly acrylamide gel was performed 

differently (Laemmli, 1970). The protein in the gel 

was transferred onto a 0.45μm polyvinylidene 

fluoride (PVDF) transfer membrane using a semi-dry 

transfer blot apparatus. the primary antibody solution 

(1 in 10,000-fold of either Anti-Human ILK or Anti-

Human PKB/Akt in 2% Blotto – 2% skim milk 

powder, 1X PBS, 0.05% Tween) was added over 

night at 4oC, with gentle shaking on a nutator.  The 

blot was then exposed to the secondary antibody 

solution (0.024% Anti-rabbit polyclonal antibody 

linked to horse radish peroxidase) for three hours at 

room temperature with gentle shaking. The blots 

were then washed in 1 X PBS followed by exposure 

to the chemiluminiscence reagents (Perkin Elmer 

Life Sciences, Markham). Finally, the blots were 

exposed to autoradiographic film for a time range of 

1-5 minutes and then developed as described 

previously.The same protocol was followed in 

assessing the protein levels in various Xenopus tissues. 

2.6. Western Blot Analysis of Phospho-proteins 

The principle of this experiment is similar to a 

standard Western blot procedure except the antibody 

used in this experiment specifically identifies the 

phosphorylated form of the substrate. The transferred 

blot was treated with 1X TTBS (50mM Tris-HCl, 

pH. 7.4, 150mM NaCl and 0.1% Tween) and the blot 

was then exposed to anti phospho-Ser 473 PKB/Akt 

antibody diluted with 1X TTBS (1 in 10,000-fold) 

plus 1% BSA. The blot was then washed with TTBS 

without BSA and the secondary antibody, which in 

this case was anti-mouse monoclonal antibody 

conjugated with horse radish peroxidase, in TTBS 
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myosin light chain (MLC20) at the kinase site. There 

are two pools of ILK in smooth muscle, one which is 

associated with myofilaments and is involved in the 

Ca2+- independent myosin phosphorylation (Deng et al, 

2001). In addition, ILK phosphorylates myosin light 

chain phosphatase (MLCP) inhibitor proteins, such as 

protein kinase C (PKC)-dependent phosphatase 

inhibitor of 17 KDa (CPI-17) and phosphatase 

holoenzyme inhibitor-1 (PHI-1), two known substrates 

of PKC (Deng et al, 2002). Therefore, ILK may 

activate muscle contraction directly or indirectly.  

Although ILK kinase activity on PKB substrate was 

demonstrated in vitro using muscle tissues extracts, 

PKB may not be the target of ILK in vivo. Over-

expression of ILK in L6 myoblasts resulted in 

increased ILK kinase activity leading to stimulation of 

myotube formation and induction of biochemical 

differentiation markers (Miller et al, 2003). However, 

known targets of ILK, PKB/AKT and GSK-3β are not 

involved in the ILK-induced L6 myoblast 

differentiation. 

 This result is accomplished by inducing insulin and 

stimulating phosphorylation of PKB on Ser-473 in ILK 

mutant cells (E359K, kinase deficient ILK). The result 

of this experiment does not demonstrate any weakness 

in the phosphorylation levels of PKB, suggesting that 

PKB is not a myogenic target of ILK. Inhibition of 

GSK-3β by LiCl blocks L6 myogenesis, indicates that 

ILK-mediated inhibition of GSK-3β is not implicated 

in differentiation. This investigation showed that ILK 

activity is the highest in muscle and heart tissues as 

indicated by Hannigan et al, (1996). 
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