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In this study, we investigate the anticancer properties of an inert half-sandwich metal complex scaffold.
UV melting experiments with duplex DNA and '"H-NMR experiments with 9-ethylguanine reveal that
the apoptotic ruthenium complex DW12 does not interact with DNA. On the other hand, diminishing
the kinase inhibition properties of DW12 by methylating the maleimide nitrogen (DW12-Me) abolishes
the anticancer activity. Furthermore, the incorporation of a fluorine into the pyridine moiety (NP309)
improves the ICy, value for glycogen synthase kinase 3 (GSK-3) and at the same time the cytotoxicity,
implying that the anticancer activity correlates with the inhibition of GSK-3 and maybe other not yet
identified kinases. We demonstrate in Burkitt-like lymphoma (BJAB) cells that NP309 is not necrotic
but induces apoptosis and that this apoptosis is mediated by a loss of the mitochondrial membrane

potential, caspase-9 processing, and is partly dependent on Bcl-2 expression. In addition, NP309
efficiently induces apoptosis in vincristine- and cytarabine-resistant human B-cell precursor cell lines.

Introduction

Altering cell fate with small synthetic compounds is one of
the key strategies in cancer therapy. Typically, in the case of
inorganic anticancer agents, the metal is directly involved in the
mode of action either through coordination chemistry or redox
processes.! On the other hand, we have recently demonstrated
the astonishing kinase inhibition and anticancer properties of
the chemically inert ruthenium half sandwich complex DW12
(Fig. 1).** Being highly potent for GSK-3 and Pim1, and probably
some unidentified kinases, DW12 induces significant biological
responses. It is a nanomolar activator of the wnt signaling
pathway in mammalian cells, exhibits strong pharmacological
effects during the development of frog embryos, and is highly
antiproliferative and apoptotic in melanoma cells.>* Replacing
ruthenium with osmium in this organometallic kinase inhibitor
scaffold afforded the isostructural complex DW12-Os (Fig. 1)
with almost indistinguishable biological activities.®* Thus, we have
strong evidence that the role of the metal in DW12 and DW12-Os
is solely structural and the biological effects of these compounds
are due to their shape rather than the reactivity of the metal center.

Here we demonstrate that DW12 does indeed not interact
with DNA and that the cytotoxic and apoptotic effect of the
compound DW12 is instead due to its ability to inhibit the activity
of protein kinases. In fact, we report that the fluorinated derivative
NP309 (Fig. 1), an improved kinase inhibitor, displays even further
enhanced antiproliferative activities. We demonstrate in Burkitt-
like lymphoma (BJAB) cells that NP309 is not necrotic but induces
apoptosis, mediated by a loss of the mitochondrial membrane
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Fig.1 DWI12, DW12-Os, NP309, but not DW12-Me, are highly cytotoxic
and apoptotic in cancer cell culture. All complexes are racemic but only
one enantiomer is shown.

potential, caspase-9 processing, and in part dependent on Bcl-2
expression.

Results and discussion
Investigation of interaction with DNA

DNA-reactive anticancer metal complexes often target the N-7
nitrogen of the guanine bases and we therefore used the reaction
with 9-ethylguanine (9-EtG) as a simple model system in order
to investigate the coordinative interaction of DW12 with DNA.”
Accordingly, DW12 (2.5 mM) was incubated with 9-EtG (2.5 mM)
at room temperature in 10% D,0-DMSO-d, and the interaction
was followed by "H-NMR. As can be seen in Fig. 2, no reaction
took place between 9-EtG and DW12 within 48 h under these
conditions. This experiment supports the notion that DW12
is inert towards the coordination to nucleobases. As recently
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Fig. 2 'H-NMR spectra of a solution of DW12 (2.5 mM) and 9-EtG
(2.5 mM) at timepoint 0 and after 48 h (DMSO-d: D,0 9:1). Only the
aromatic region is shown.

demonstrated, DW12 is stable in cell culture medium and in the
presence of mM concentrations of thiols,® thus further indicating
that a reversible binding of DWI12 to a biomolecular target is
responsible for its biological activity.

DW12 contains a hydrophobic planar pyridocarbazole moiety
which might be able to interfere with cellular function by
intercalating into DNA.® In order to rule out this mode of action,
we investigated the interaction of DW12 with a synthetic 15mer
DNA duplex (5-TACAACAATAATGTG-3") by temperature-
dependent UV spectroscopy at 260 nm. Accordingly, we measured
the melting temperatures of the DNA duplex (2 uM) in the
presence of different concentrations of DW12 and found that
the melting temperature of 40.0 °C was not affected by DW12
within experimental error (£0.5 °C) in the concentration range
of 0 to 16 uM, thus clearly indicating that DW12 does not have
any significant affinity for duplex DNA at biologically relevant
concentrations. This might be due to a lack of positive charge in
the metal complex which would be necessary for an electrostatic
attraction to the polyanionic DNA. Thus, it can be concluded that
DW12 neither coordinates to DNA nucleobases nor intercalates
into duplex DNA.

Effect of imide methylation on cytotoxicity and apoptosis

We have previously established that DW12 is highly cytotoxic
to certain melanoma cell lines and that this effect is at least in
part due to p53-induced apoptosis, initiated by the inhibition of
the protein kinase GSK-3B.° In order to differentiate between
cytotoxicity due to kinase inhibition or an unrelated reactivity
of the organometallic moiety, we investigated the cytotoxic and
apoptotic effect of the methylated derivative DW12-Me. This
imide methylation leaves the coordination sphere of the ruthenium
complex unaffected but at the same time abolishes the inhibition
of most protein kinases by blocking a key hydrogen bond within
the ATP-binding site. Indeed, DW12-Me is less potent for GSK-
3 by almost four orders of magnitude compared to the parent
compound DWI12.? Thus, if the ruthenium center is in fact
not responsible for the biological effect of DWI12 but solely
serves as a structural scaffold for establishing strong binding to
some protein kinases, DW12-Me should display a significantly
diminished cytotoxicity.

In order to address this issue, we first tested the effect of
methylation (DW12—DW12-Me) on the cytotoxicity in colon
carcinoma HCT-116 cells. The compounds DW12 and DW12-Me
were incubated with HCT-116 for 72 h at different concentrations

varying from 0.03 uM to 10 uM and cell survival in each cell
population was determined with the MTT method. As shown in
Fig. 3, DWI12 exhibited a significantly higher cytotoxicity than
DWI12-Me with an LCy, value of around 0.6 uM for DW12,
whereas more than 80% of cells were alive at the highest tested
concentration of 10 uM DW12-Me (Fig. 3).
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Fig. 3 Cytotoxicity of DWI12, DW12-Me, and NP309 in HCT-116
cells. Cells were incubated with different concentrations of ruthenium
compounds for 72 h and cell survival was measured with the MTT method.

Next, we compared the apoptotic properties of DW12 and
DW12-Me. A typical consequence of apoptosis is the formation
of hypodiploid DNA fragments, the end product of the apoptotic
cascade. We therefore quantified the induction of apoptosis by
incubating HCT-116 cells with 1 puM DW12 or DW12-Me for
24 h, followed by analyzing the DNA content with flow cytometry
after propidium iodide staining. Fig. 4 depicts the results of the
cell cycle analysis in which significant differences were observed
in cellular responses to DW12 and DW12-Me treatment. Whereas
DW12 induced strong apoptosis with 49% of the cells in the sub-
G, phase, DW12-Me did not differ significantly from control cells
which were treated with 1% DMSO only (13% and 14% sub-G,
phase, respectively), demonstrating that DW12 induces strongly
apoptosis in HCT-116, but not DW12-Me.

These experiments suggest that it is the ability of DWI12 to
inhibit protein kinases which is responsible for its cytotoxic and
apoptotic effects.

NP309, a protein kinase inhibitor with improved anticancer
properties

Several recent studies reveal a formerly unrecognized role of
GSK-3 in tumor cell survival and proliferation.>*** For example,
it was found that colon cancer cells display high levels of GSK-
3B and its active form phospho-GSK-33™2"°.1> Furthermore, it
was demonstrated in colon cancer cells such as HCT-116 that an
inhibition of GSK-3 activity by pharmacological inhibitors or
elimination of GSK-3f by RNA interference (RNAi) induced
apoptosis and attenuated proliferation of colon cancer cells.?
Recent studies by some of us® and others' suggest that GSK-3f3
cooperates with Mdm2 to directly regulate the export of the tumor
suppressor protein p53 from the nucleus via phosphorylation of
p53, thus explaining at least in part the apoptotic properties of
GSK-3 inhibitors such as the organometallic compound DW12.
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Fig. 4 Cell cycle analysis reveals that DW12 but not DW12-Me strongly
induces apoptosis. HCT-116 cells were treated with 1 uM DWI12 or
DW12-Me. Cells were then harvested and ethanol-fixed before stained
with propidium iodide and analyzed using flow cytometry. DMSO was
used as a control sample.

Since the anticancer activity of the organometallic scaffold
DW12 displays an apparent correlation with its ability to inhibit
GSK-3, we sought to enhance the anticancer activity further by
improving the kinase inhibition properties. As reported recently,
the introduction of an additional fluorine at the pyridine moiety
(DW12—NP309) improves the binding affinity by almost one
order of magnitude, affording a picomolar inhibitor for GSK-3f3
(DW12: ICy, = 2 nM; NP309, 1C5, = 0.3 nM at 100 uM ATP)."
Indeed, following the observed trend, NP309 shows a higher
cytotoxicity in HCT-116 with an LCs, value of around 200 nM,
compared to 600 nM for DW12 (Fig. 3), once more demonstrating
the correlation between the anticancer activity and protein kinase
inhibition of the here discussed organometallic scaffold.

No induction of necrosis by NP309

Depending on their concentration, many cytostatic substances
cause undesired necrotic cell death accompanied by membrane
damage. In order to exclude unspecific cell death via necrosis,
lactate dehydrogenase (LDH) release was determined. Early LDH
release is characteristic for necrotic cell death, while apoptotic
cells maintain their membrane integrity and do not emit large
intracellular proteins like LDH. We therefore investigated LDH
release in Burkitt-like lymphoma (BJAB) cells by incubating BIAB
cells with different concentrations of the complex NP309 and
measuring the LDH release into the culture medium after 1 h. As
illustrated in Fig. 5, LDH release was very low and the cell viability
was not significantly reduced after 1 h of incubation with NP309
at cytotoxic concentrations. The results indicate that necrosis does
not have a significant impact on the potency of NP309.
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Fig. 5 Lactate dehydrogenase (LDH) release assay to evaluate necrotic
properties of NP309. BJAB cells were incubated with the indicated
concentration of NP309 for 1 h and the LDH release measured. LDH
activity of lysed cells was used as a 100% control. Values are given in % +
SD (n = 3).

Induction of apoptosis by NP309

Similar to its effect on HCT-116, NP309 showed efficient antipro-
liferate properties in BJAB cells (Fig. 6). To further investigate
the NP309-induced induction of apoptosis, a flow cytometric
cell cycle analysis was performed after incubating BJAB cells
with NP309 for 72 h. The results are shown in Fig. 7a and
confirm a dose-dependent induction of apoptosis in BJAB cells
after the treatment with NP309. NP309 potently induced DNA
fragmentation in up to 80% of the cells and apoptosis induction
was concentration-dependent with a half-maximum concentration
of about 4 uM. These data verify specific induction of apoptosis
by NP309.

To determine the involvement of the mitochondrial pathway
in the induction of apoptosis, mitochondrial activation after
treatment of BJAB cells with NP309 for 48 h was measured.
Exposure to NP309 resulted in a dose-dependent loss of the
mitochondrial membrane potential determined by staining with
the dye JC-1 (Fig. 7b).’* Additionally, the caspase-9 activation was
investigated for a more specific proof of the intrinsic pathway. As
illustrated in Fig. 7c, the procaspase-9 degradation was analyzed
by Western blot analysis after incubating the BJAB cells with 3 uM
and 3.5 uM NP309, revealing a reduction in procaspase-9 levels
by NP309. Furthermore, Fig. 7d demonstrates that induction
of apoptosis by NP309 is partly dependent on Bcl-2 levels, but
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Fig. 6 Antiproliferative effect of NP309 in BJAB cells. Inhibition of cell
proliferation after treatment with NP309 for 24 h as measured by a CASY
cell counter. Untreated cells served as the control. Bars indicate the number
of cells after 24 h incubation in units of 10° cells mI™' + SD (n = 3). The
line chart indicates the inhibition of cell proliferation in % of the control.

overcomes the Bcl-2-mediated block of apoptosis. The protein
Bcl-2 is a strong antiapoptotic protein of the mitochondrial
pathway and tumor cells, which overexpress Bcl-2, are often
resistant to cytostatic drugs.”” Here we used the melanoma cell
line MelHO transfected with the pIRES plasmid (MelHO-pIRES)
and with the Bcl-2 cDNA in pIRES, respectively (MelHO bcl-2).
MelHO Bcl-2 cells produce a 30-fold overexpression of Bcl-2
compared to MelHO pIRES cells (data not shown) and are less
prone to the induction of apoptosis by NP309 (Fig. 7d). Indeed,
as the data in Fig. 7d reveal, Bcl-2 overexpression reduced the

levels of apoptosis induced by NP309, but did not completely
block it. Thus, our investigations clearly demonstrate that NP309
induces apoptosis in a Bcl-2 dependent manner and triggers the
mitochondrial pathway of apoptosis.

Induction of apoptosis by NP309 in drug resistant cell lines

The identification of new generations of anticancer compounds
that overcome the resistance of cancer cells against currently used
drugs is an important goal in clinical oncology. Therefore, the
effect of NP309 on vincristine (Vcr)- and daunorubicin (Dau)-
resistant cancer cell lines was tested. Regular leukemia cells
(Nalm6) and Vcr-resistant Nalm6 cells, as well as Dau-resistant
Nalm6 cells were treated with NP309 for 72 h and apoptosis
induction was determined by flow cytometric measurements. In
Fig. 8a the strong apoptosis induction in Vcr-resistant leukemia
cells is depicted, whereas the apoptosis induction in Dau-resistant
leukemia cell is displayed in Fig. 8b. Thus, it can be concluded
that these in vitro experiments with the human B-cell precursor
leukemia cell line Nalm6 indicate that NP309 overcomes drug
resistance in vincristine-resistant and daunorubicin-resistant cells.

Conclusions

In conclusion, we here demonstrated that ruthenium complex
DW12 does not interact with nucleic acids and that its anticancer
effects are instead due to its inhibition of protein kinases. DW12
and the even more cytotoxic derivative NP309 are thus members of
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Fig.7 Probing the induction of apoptosis by NP309 via the intrinsic pathway. a) Induction of apoptosis measured by DNA fragmentation after treatment
of BJAB cells with NP309 for 72 h. Nuclear DNA fragmentation was quantified by flow cytometric determination of hypodiploid DNA. Data are given
in percentage hypoploidy (sub-G,) + SD (n = 3), which reflects the number of apoptotic cells. b) Influence of NP309 on the membrane potential: The
mitochondrial permeability transition was measured by flow cytometric analysis in BJAB cells after treatment with various concentrations of NP309 for
48 h. Values of the mitochondrial permeability transition are given as the fraction of cells with decreased membrane potential in % * SD (n = 3). ¢)
Procaspase-9 degradation: BJAB cells were incubated for 48 h with 2.2 uM epirubicin (lane 2, positive control), 3 uM NP309 (lane 3), and 3.5 uM NP309
(lane 4). Lane 1 displays untreated cells. Cytosolic proteins (20 pg) were separated by SDS-PAGE, subjected to Western blot analysis, and immunoblotted
with an anticaspase-9 antibody. The position of the 47 kDa procaspase-9 (Procsp-9) is indicated. Equal loading and blotting was verified by detection of
the 43 kDa B-actin. d) Apoptosis induction in the multidrug-resistant melanoma cell line MelHObcl-2 (stable transfection and 30-fold overexpression of
Bcl-2). DNA fragmentation was measured after 72 h by flow cytometric analysis. Data are given in percentage hypoploidy (sub-G,) = SD (n = 3), which
reflects the number of apoptotic cells. As a control, the vector-transfected MelHO clone (MelHOpIRES) was used.
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Fig. 8 NP309-induced apoptosis in vincristine (Vcr)-resistant and
daunorubicin (Dau)-resistant leukemia cells. Apoptosis was determined by
DNA fragmentation in regular leukemia cells (Nalmé6) and a) Ver-resistant
Nalm6 cells, as well as b) Dau-resistant Nalm6 cells after an incubation
period of 72 h with various concentrations of the indicated drugs. Data
are given in percentage hypoploidy (sub-G,) = SD (n = 3), which reflects
the number of apoptotic cells.

a new class of anticancer metal complexes in which the metal is not
directly involved in the mode of action. NP309 efficiently triggers
the mitochondrial pathway of apoptosis and shows promising
anticancer activities in some drug resistant cell lines.

Experimental
Synthesis

The synthesis of DW12,* DW12-Me* and NP309" has been
reported recently.

Reaction of DW12 with 9-EtG

A solution of DW12 (2.5 mM) and 9-EtG (2.5 mM) was incubated
at room temperature in DMSO-d, with 10% D,O. '"H-NMR
spectra (Bruker DMX-360, 360 MHz) were taken after different
time intervals.

Interaction of DW12 with duplex DNA

Solutions containing 2 uM of a 15mer DNA duplex (5'-
TACAACAATAATGTG-3’ plus complementary strand) and var-
ious concentrations of DW12 (0-16 uM) 10 mM phosphate buffer
pH 7.0, 50 mM NaCl and 20% DMSO were prepared. UV-
monitored melting experiments were carried out in 1 cm path
length quartz cells (sample volume 200 pl) on a Beckman DUS00
spectrophotometer with a thermo programmer. Melting curves
were monitored at 260 nm with a heating rate of 1 °C min™" and
the melting temperature (7', values) were calculated by using a
non-linear fit of the melting curves.

Cytotoxicity measurements in HCT-116

Human colon cancer cells HCT-116 were maintained in DMEM
supplemented with 10% FBS at 37 °C under an atmosphere of
5% CO, and constant humidity. Cells were plated into 96-well
plates (2500-3000 cells/well) and left to attach for 24 h. Afterwards,
different concentrations of DW12, DW12-Me, or NP309 were
added and cells incubated with the compounds for 72 h. As a
control, the same number of cells was treated with 1% DMSO. Af-
ter the incubation period, the medium was replaced with 200 uL
of fresh medium and 20 pL 5 mg mI™ of 3-(4,5-dimethylthiazol-2-
yI)-2,5-diphenyltetrazolium bromide (MTT). Cells were incubated
with MTT for 3 h and after that time 175 pL of medium was
removed and 90 uL. of DMSO was added to solubilize the resulting
purple crystals. Absorbance of each well was measured at 550 nm.
Cell survival at different inhibitor concentrations was calculated
as a percentage of the control absorbance. Each experiment was
repeated in quadruple.

Cell cycle analysis in HCT-116

Approximately 1 x 10 HCT-116 cells were grown adherently for
24 h. After incubating with 1 uM DW12 or DW12-Me for 24 h,
the cells were harvested. They were washed and resuspended (250
puL) in cold PBS. Cells were fixed by adding 2 mL of 70% EtOH
and incubated overnight at 4 °C. Next morning, the cells were
spun down and resuspended in 200 pl propidium iodide solution,
containing 40 ug ml™" propidium iodide, 100 pg mlI"' RNase in PBS
and incubated at 37 °C for 30 min in the dark to label intracellular
DNA. The cell cycle profile was obtained by analyzing 15 000 cells.
Apoptosis was defined by the percentage of cells in the sub-G,
fraction of the cell cycle.

Cell culture with BJAB and Nalmé6 cells

BJAB (Burkitt-like lymphoma) and Nalm6 (human B cell pre-
cursor leukemia) cells were cultured at 37 °C in RPMI 1640
(GIBCO, Invitrogen) supplemented with 10% heat-inactivated
FCS, 10° U/L penicillin, 0.1 g L' streptomycin, and 0.56 g L™
L-glutamine. The cells were subcultured every 3—4 days by diluting
the cells to a concentration of 1 x 10° cells ml'. DMEM was
used instead of RPMI 1640 for MelHO only. Twenty four hours
before the assay setup, cells were cultured to a concentration of
3 x 10° cells ml™ to ascertain standardized growth conditions. For
the experiments cells were diluted to a concentration of 1 x 10°
cells ml™' immediately before addition of the complexes.

LDH release assay'®

BJAB cells were incubated with various concentrations of NP309
for 1 h at 37 °C and LDH activity measured in the cell culture su-
pernatants using the Cytotoxicity Detection Kit from Boehringer
Mannheim. The supernatants were centrifuged at 1500 rpm for
5 min. Then, 20 ul of cell-free supernatants were diluted with
80 ul phosphate-buffered saline (PBS) and 100 pl reaction mixture.
Time-dependent formation of the reaction product was quantified
photometrically at 490 nm. The maximum amount of LDH
activity released by the cells was determined by lysis of the cells
using 0.1% Triton X-100 in culture medium and set as 100%.
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Determination of cell viability in BJAB and Nalm6 cells

Cell viability was determined by CASY® (Cell counter and
Analyzer System of Innovatis, Bielefeld, Germany). Settings were
specifically defined for the requirements of the cells used. The
cell concentration was analyzed simultaneously in three different
size ranges: cell debris, dead cells, and viable cells. After a 24 h
incubation period at 37 °C, cells were resuspended properly, and
100 ul of each well was diluted in 10 ml CASYton (ready-to-use
isotonic saline solution) for an immediate automated counting of
the cells.

Measurement of DNA fragmentation in BJAB cells

Apoptotic cell death was determined by a modified cell-cycle
analysis which detects DNA fragmentation at the single-cell level
as described previously.”? After a 72 h incubation period at
37 °C, cells were collected by centrifugation at 1500 rpm for
5 min, washed with PBS at 4 °C and fixed in PBS—formaldehyde
(2% v/v) on ice for 30 min. After fixation, cells were incubated
with EtOH-PBS (2:1 v/v) for 15 min, pelleted and resuspended
in PBS containing 40 pg ml™ RNase A. RNA was digested
for 30 min at 37 °C, after which the cells were pelleted once
again and finally resuspended in PBS containing 50 pug ml™
propidium iodide. Nuclear DNA fragmentation was quantified by
flow cytometric determination of hypodiploid DNA (fluorescence-
activated cell sorting, FACS). Data were collected and analyzed
using a FACScan (Becton Dickinson, Heidelberg, Germany)
apparatus equipped with CELL Quest software. Data are given
in % hypoploidy (sub-G,), which reflects the number of apoptotic
cells.

Measurement of the mitochondrial permeability transition in
BJAB cells

After an incubation period of 48 h with various concentrations of
the complexes, cells were collected by centrifugation at 1500 rpm at
4°C for 5min. The mitochondrial permeability transition was then
determined by staining the cells with 5,5",6,6’-tetrachlor-1,1",3,3’-
tetraethyl benzimidazolylcarbocyanine iodide (JC-1, Molecular
Probes). Cells were resuspended in 500 pl phenol-red-free RPMI
1640 without supplements, and JC-1 was added to give a final
concentration of 2.5 ug ml™'. The cells were incubated for 30 min
at 37 °C with moderate shaking. Control cells were likewise
incubated in the absence of JC-1 dye. The cells were harvested by
centrifugation at 1500 rpm and 4 °C for 5 min, washed with ice-
cold PBS, and resuspended in 200 ul PBS at 4 °C. Mitochondrial
permeability transition was then quantified by flow cytometric
determination of the cells with decreased fluorescence, that is,
with mitochondria displaying a lower membrane potential. Data
were collected and analyzed using a FACScan (Becton Dickinson,
Heidelberg, Germany) apparatus equipped with CELL Quest
software. Data are given in percentage of the cells with low
mitochondrial membrane potential, which reflects the number of
cells undergoing mitochondrial apoptosis.

Immunoblotting

After incubation for 48 h with different concentrations of NP309,
BJAB cells were washed twice with PBS and lysed in buffer

containing 10 mM Tris—HCI, pH 7.5, 300 mM NacCl, 1% Triton
X-100, 2 mM MgCl,, 5 uM EDTA, 1 uM pepstatin, 1 uM
leupeptin and 0.1 mM phenylmethylsulfonyl fluoride (PMSF).
Protein concentration was determined using the bicinchoninic
acid assay®! from Pierce (Rockford, IL, USA), and equal amounts
of protein were separated by SDS-PAGE.? Immunoblotting
was performed at 1 mA cm™ for 1 h in a Transblot SD cell
(BioRad, Miinchen, Germany). The membrane was blocked for
1 h in PBST (PBS, 0.05% Tween-20) containing 5% non-fat dry
milk and incubated with primary anti-mouse caspase-3 (Santa
Cruz, CA, USA) antibody over night or with anti-mouse caspase-
9 (RD Systems) for 1 h. After the membrane was washed in PBST,
secondary antibody (anti-mouse HRP conjugated, RD Systems)
in PBST was applied for 1 h. After washing, the protein bands
were detected using the ECL enhanced chemiluminescence system
(Amersham, Braunschweig, Germany).
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