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Abstract

The DNA aggregation was found in aloe-emodin-induced H460 cell apoptosisin
this study. Aloe-emodin (40 uM)-induced DNA single strand breaks were observed by
comet assay. Aloe-emodin induced decreases in the mMRNA of DNA repair enzymes such as
hMTH1, hOGG1 and APE. Although the activity of the radical-scavenging enzyme SOD
was enhanced by aloe-emodin, the effects of aloe-emodin on H460 cell apoptosis were
suspected to result from the prooxidant. These results suggest that al oe-emodin induced
DNA damage through generation of reactive oxygen speciesin human lung carcinoma

cells.
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1. Introduction

Aloe-emodin is a bioactive anthraguinone from the root and rhizome of Rheum
palmatum and is an extremely potent inducer of apoptosisin H460 cells[1]. Many reports
demonstrated that exposure to chemotherapy drug in cancer cells can lead to DNA damage
[2,3]. DNA strand breaks and nuclear condensation has been observed on antitumor activity
of chemotherapy drug [4,5]. The most abundant lesion produced is DNA single strand
breakage, which can be sensitively detected by the alkaline microgel electrophoresis
(comet) assay [6,7]. The comet assay has also been previously used to detect DNA strand
breaks in anti-tumor study [8,9]. We attempted to examine whether DNA strand breaks and
DNA aggregation were involved in a oe-emodin-induced H460 cell apoptosis. One of the
principal forms of DNA damage is 8-0x0-2-deoxyguanine (8-oxo dG), which is aresult of
mis-pairing to adenine during DNA-replication resultsin the formation of Gto T
transversions. The formation of 8-oxo dG may represent an important mechanism during
DNA damage [10,11]. As a consequence of the formation of 8-oxo dG, there are four main
repair systems that maintain the integrity of the human genome: prevention of
incorporation (human MutT homologue, hMTH1), mismatch repair (human MutY
homologue, hMY H), base excision repair (human homologue of the
8-oxoguani ne-glycosylase enzyme, hOGG1) and nucleotide excision repair [12,13]. In the
current study we investigated mMRNA expression of DNA repair enzymesin human lung
carcinoma cells exposed to aloe-emodin to determine whether aloe-emodin is able to
modulate expression of DNA repair enzymes. Some evidences suggested that
polyphenols-inducing cell toxicity was suspected to result from the prooxidant or the
antioxidant action [14,15]. Since the structure of aloe-emodin contains polyphenolic
structure, this study would demonstrate the role that prooxidative or antioxidative actions

of aloe-emodin play in aoe-emodin-induced H460 cell apoptosis. Free radicals are afamily
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of molecules, which modulate several important physiological functions including
proliferation and apoptosis. Previous studies reported that reactive oxygen species (ROS)
participated in cancer and apoptosis through inducing DNA damage [16,17]. Superoxide
dismutase (SOD) is awell-known antioxidative enzyme with the activity to convert
superoxide to hydrogen peroxide, and at |east two types of SOD have been identified, one
ismitochondrial Mn SOD, and the other is cytosolic Cu/Zn SOD, which can be inhibited
by cyanide. Antioxidant enzymes can antagonize initiation and promotion phases of
carcinogenesis and they are reduced in many malignancies. The most commonly decreased
enzyme is the mitochondrial Mn SOD. Mn SOD is reduced in avariety of tumor cells and

has been proposed to be a new type of tumor suppressor gene [18,19].

2. Materialsand methods

2.1. Materials

Aloe-emodin (1,8-dihydroxy-3-(hydroxymethyl)-anthraguinone), antipain, aprotinin,
dithiothreitol, EDTA, leupeptin, pepstatin, phenylmethylsulfonyl fluoride and Tris were
purchased from Sigma Chemical Company (St. Louis, MO, USA). Cu/Zn SOD and Mn
SOD antibodies were purchased from Calbiochem (San Diego, CA). Enhanced
chemiluminescent (Renai ssance) detection reagents were obtained from NEN Life Science

Products (Boston, MA).

2.2. Cdl culture

H460 cells were grown in monolayer culture in Dulbecco’s modified Eagle’s

medium (Life Technologies, Rockville, MD, USA) containing 5% fetal bovine serum
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(Hyclone, Logan, UT, USA), 100 U/ml penicillin and 100 pg/ml streptomycin (Gibco BRL,
Rockville, MD, USA) and 2 mM glutamine (Merck, Darmstadt, Germany) at 37°C ina
humidified atmosphere comprised of 95% air and 5% CO,. When H460 cells were treated
with a oe-emodin, the culture medium containing 1% fetal bovine serum was used. All data
presented in this report are from at least three independent experiments showing the same

pattern of expression.

2.3. DNA extraction and aggregation assay

DNA extraction and precipitation assay were performed as described previously
with some modifications [1,4]. Cells were collected and lysed in 400 ul of ice-cold lysis
buffer (containing 50 mM Tris-HCI, pH 7.5, 10 mM EDTA, 0.3% Triton X-100), incubated
on ice for 30 min, and then centrifuged. RNase A (100 pg/ml) was added to the supernatant,
which was then incubated at 50°C  for 30 min, followed by the addition of 200 pug/ml
proteinase K and further incubation at 37°C for 1 h. DNA was extracted with
phenol/chloroform and precipitated at -20°C  with ethanol/sodium acetate. Equal aliquots
of DNA (40 pg) were mixed with aloe-emodin or DM SO and the volume was brought up to
250 ul with PBS buffer. The final concentration of aloe-emodin and DMSO are 80 uM and
0.1%, respectively. The samples were extensively vortexed, incubated for 20 min at room
temperature and centrifuged for 10 min at 14,000 rpm. The nonprecipitated DNA in
solution was determined by measurement of absorbance of the supernatant at 260 nm. The
precipitated DNA was stained with propidium iodide (50 pg/ml) for 30 min at 37°C . After
the DNA was stained, it was washed gently and centrifuged. An aliquot of the pellet was
recovered and deposited between slide and coverdlip. The preparation was photographed

with a fluorescence microscope (Olympus IX 70, Germany).



2.4. Sngle cell gel electrophoresis

To examine the DNA damage in these single cell suspensions, we performed an
alkaline single-cell gel electrophoresis (comet assay). The comet assay carried out was
based on the method of Singh (2002) with some modification [7]. Fully frosted microscope
slides were covered with 85 pl of 1% normal melting agarose in PBS, immediately
coverdipped and kept at room temperature for 30 min to allow the agarose to solidify. The
removal of the cover glass from the agar layer was followed by the addition of a second
layer of 75 ul of 1% normal melting agarose containing approximately 1 x 10° cellsat 37°C.
Cover glasses were immediately placed and the slides were placed at room temperature for
30 min. After the solidification of the normal melting agarose, the cover glasses were
removed and the slides were immersed in the cold lysis solution (pH 11) containing 2.5 M
NaCl, 100 mM Na-EDTA, 10 mM Tris-HCI and 1% Triton X100 for 1 h at room
temperature. Gels are then incubated in an akaline buffer (0.3 M NaOH, 1 mM Nax-EDTA)
for 20 min at 4°C . The slides were removed from the alkaline buffer and placed on a
horizontal electrophoresis tank. The electrophoresis was carried out for 1 h at 25 V. After
electrophoresis, the gels were washed gently twice with water and Tris-HCI (0.5 M, pH 7).
The slides were immersed in 100% methanol for 30 min at room temperature. The
methanol was then removed and the gels were stained with propidium iodide (40 pg/ml).
The gels were washed twice with water and examined by fluorescence microscopy

(Olympus IX 70, Germany).

2.5. Reverse transcriptase-pol ymerase chain reaction (RT-PCR)

Tota RNAs were isolated from control or aloe-emodin-treated H460 cells with

RNeasy Mini kit (QIAGEN, USA) according to the manufacturer’s descriptions. RNA
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concentration was quantified using a spectrophotometer at a wavelength of 260 nm. cDNA
was prepared by reverse transcription of 1.5 ug of total RNA. Gene transcripts were
determined by reverse transcriptase-pol ymerase chain reaction (RT-PCR) with RNA PCR
kit (Invitrogen life technologies, USA). The primers of investigated genes are shown in
Table 1. The amplification was performed with one denaturing cycle at 95°C for 5 min,
then 30 cyclesat 95°C for 1 min, at 55°C for 1 min, at 72°C for 1 min, and one final
extension at 72°C for 10 min. RT-PCR products were separated by electrophoresis on 2%

agarose gel and visualized by ethidium bromide staining.

2.6. Fluorescence microscopic measurements of reactive oxygen species (ROS) production

This study used 5-(and-6)-chloromethyl-2°,7°-dichlorodihydrofluorescein diacetate
(CM-H,DCFDA, molecular Probes) to detect intracellular generation of ROS. H460 cells
were loaded with 5 uM CM-H,DCFDA for 30 min in the dark. After loading, cells were
washed with warm PBS. During loading, the acetate groups on CM-H,DCFDA are
removed by intracellular esterase, trapping the probe inside the H460 cells. Cells loaded
with CM-H,DCF were treated with aloe-emodin (40 uM) and analyzed by fluorescence
microscopy. Production of ROS can be measured by changes in fluorescence due to
intracellular production of CM-DCF (5-(and-6)-chloromethyl-2°,7°-dichlorofluorescein)
caused by oxidation of CM-H,DCF. CM-DCF fluorescence was measured at an excitation

wavelength of 480 nm and an emission wavelength of 520 nm.

2.7. Evaluation of superoxide dismutase (SOD)

Adherent and floating cells were collected at the indicated times and washed twice

inice-cold PBS. Sonicate the cell pelletsin cold 20 mM HEPES (Sigma) buffer, pH7.2,
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containing 1 mM EGTA, 210 mM mannitol, and 70 mM sucrose (Sigma). Samples were
then centrifuged for 5 min at 1,500 g and 4°C . The supernatant was aspirated and the total
SOD and Mn SOD activity was assayed spectrophotometrically at 450 nm with a
commercia kit (Cayman chemical). A standard curve of SOD solution (from 0.025 to 0.25
U/ml) was run for quantification. One unit of SOD is defined as the amount of enzyme

needed to exhibit 50 % dismutation of the superoxide radical.

2.8. Protein preparation

Adherent and floating cells were collected at the indicated times and washed twice
inice-cold PBS. Cell pellets were resuspended in modified RIPA buffer (50 mM Tris-HCl,
pH 7.5, 150 mM NaCl, 1 % Nonidet P-40, 0.25 % sodium deoxycholate, 1 mM EGTA, 1
mM DTT, 1 mM PMSF, 1 mM sodium orthovanadate, 1 mM sodium fluoride, 5 ¢ g/ml
aprotinin, 5 1 g/ml leupeptinand 5 ¢ g/ml antipain) for 30 min at 4°C . Lysates were
clarified by centrifugation at 100,000 x g for 30 min at 4°C and the resulting supernatant
was collected, aliquoted (50 1 g/tube) and stored at -80°C until assay. The protein

concentrations were estimated with the Bradford method [20].

2.9. Western blot analysis

Samples were separated by various appropriate concentrations (12 and 15 %) of
sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE; Bio-Rad,
Hercules, CA). The SDS-separated proteins were equilibrated in transfer buffer (Tris-HCI
50 mM, pH 9.0-9.4, glycine 40 mM, 0.375 % SDS [Bio-Rad], 20 % methanol [Merck]) and

electrotransferred to Immobilon-P Transfer Membranes (Millipore Corporation, Bedford,



MA). The blot was blocked with a solution containing 5 % nonfat dry milk in Tris-buffered
saline (TrissHCI 10 mM, NaCl 150mM [Sigma]) with 0.05 % Tween 20 (TBST; Merck) for
1 h, washed and incubated with antibodies to -actin (1:5000 [ Sigma], the detection of
B-actin was used as an internal control in all of the data of Western blotting analysis),
Cu/Zn SOD (1:1000) and Mn SOD (1:1000). Secondary antibody consisted of a 1:20,000
dilution of horseradish peroxidase (HRP)-conjugated rabbit anti-sheep 1gG (for Cu/Zn
SOD and Mn SOD; Jackson ImmunoResearch). The enhanced chemiluminescent detection

system was used for immunoblot protein detection.

2.10. Data analysis and statistics

Values are presented as percentage + S.D. of control. Statistically significant
differenced from the control group were identified by Student’s t test for paired data. A P

value less than 0.05 was considered significant for all tests.

3. Reaults

3.1. The effect of aloe-emodin on DNA aggregation in H460 cells

Changes in nuclear morphology that involve DNA condensation and nuclear
fragmentation are widely considered as an integral criterion of apoptosis. Therefore, the
DNA of H460 cells was extracted to investigate the effect of aloe-emodin on DNA
aggregation in vitro. DNA aggregation was determined by measurement of absorbance at
the 260 nm. As shown in Fig. 1A, the DNA precipitation, which resulted in the decrease
in DNA concentration of supernatant, was observed after treatment with 80 uM

aloe-emodin for 20 min. DNA aggregates obtained in the presence of DM SO or
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aloe-emodin have aso been observed by propridiun iodide staining. Aloe-emodin (80 pM)
induced very big and fluffy DNA aggregates (Fig. 1C). Fig. 1B showed that 0.1% DM SO

had no significant effect on the DNA aggregation.

3.2. The effect of aloe-emodin on DNA damage in H460 cells

To study the DNA damage in the aloe-emodin-treated cells, we performed an
alkaline single-cell gel electrophoresis (comet assay). Alkaline comet assay is a sensitive
method by which DNA single strand breaks at asingle-cell level can be monitored. Fig.2
is a photomicrograph of DNA migration patterns in human lung nonsmall carcinoma
H460 cells, processed using comet assay. When cells were treated with 40 uM
aloe-emodin for 16 h, DNA damage, as indicated by increased tail migration, is
significantly observed in the mgjority of the aloe-emodin-treated cells compared to those
of control cells. The comet assay results in H460 cells showed that aloe-emodin induced

DNA damage in this study.

3.3. The effects of aloe-emodin on the gene expression of DNA repair enzymes in H460

cells

To elucidate whether aloe-emodin affects the gene expression of hMHT1, hOGG1
and apurinic endonuclease, RT-PCR techniques were used in this study. The detection of
[S-actin was used as an interna control in the data of PCR. After H460 cells were treated
with 40 uM aloe-emodin for 24 h, there was a significant decrease in the gene expression

of hMHT1, hOGG1 and apurinic endonuclease in H460 cells (Fig. 3).

3.4. Effect of aloe-emodin on intracellular ROSin H460 cdlls
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ROS producing and scavenging activities play important roles in the drug-induced
apoptosis. In order to demonstrate the role that ROS plays in al oe-emodin-induced
apoptosis, production of ROS was examined by using an oxidant-sensitive fluorescent
probe, CM-H,DCFDA. The results showed that treatment with 40 uM aloe-emodin had
significantly increased the intensity of the DCF signal as compared with thosein the
control during treatment with aloe-emodin for 1, 4 and 8 h (Fig. 4). The concentration of 40
uM of aloe-emodin was used to induce H460 cell apoptosisin our serial studies. This result

indicates that ROS producing isinvolved in aloe-emodin-induced cell death in H460 cells.

3.5. Effects of aloe-emodin on superoxide dismutase (SOD) activity in H460 cells

Results described above suggested that a oe-emodin-induced apoptosisis mediated
by its prooxidant activity. The antioxidant properties of aloe-emodin, such as the activity of
SOD (an antioxidant enzyme), were also detected in aloe-emodin-induced H460 cells
apoptosis. This study measured total SOD and Mn SOD activity in H460 cells treated with
40 uM aloe-emodin for various time points. 40 uM aloe-emodin stimulates a biphasic
changeintotal SOD activity. Theinitial phase of the aloe-emodin response exhibited a
significant increase in total SOD activity compared to those of control cells at 8 h of
aloe-emodin treatment. The second phase is followed by a significant decay after treatment
with aloe-emodin for 8 h (Fig. 5A). To further investigate whether the activation of Mn
SOD by aloe-emodin could be linked to a oe-emodin-induced H460 cell apoptosis, 1 mM
potassium cyanide, which will inhibit Cu/Zn SOD, was added to the assay samples. As
shown in Fig. 5A, after 4 h treatment with aloe-emodin aso induced a biphasic increased in
the activity of Mn SOD. These results suggest that the antioxidant properties of

aloe-emodin in cell death are mediated by an increase the activity of antioxidant enzymes.

11



Our study also demonstrated the expression of Cu/Zn SOD and Mn SOD protein levels
during aloe-emodin-induced apoptosis by Western blotting techniques. The protein levels
of Mn SOD and Cu/Zn SOD were not changed during treatment with 40 uM aloe-emodin

for 24 h (Fig. 5B).

4. Discussion

Our previous study demonstrated that 24 h of continuous exposure to 40 uM of
aloe-emodin induced atypical apoptosis on lung carcinomacell line H460 [1]. We have
also reported that the release of nucleophosmin, anuclear protein, from the nucleus to
cytosol was associated with aloe-emodin-induced H460 cell apoptosis[21]. The nucleus
may be an important target area of aloe-emodin during aloe-emodin-induced H460 cell
apoptosis. Therefore, we focused attention on the DNA damage in a oe-emodin-induced
H460 cell apoptosis. During apoptosis, DNA condensation took place at the early stages of
apoptosis and preceded nuclear DNA fragmentation. Therefore, the DNA of H460 cells was
extracted to investigate the effect of aloe-emodin on DNA aggregation in vitro. As shown
in Fig. 1A, the DNA precipitation, which resulted in the decrease in DNA concentration of
supernatant, was observed after treatment with 80 uM aloe-emodin for 20 min. DNA
aggregates obtained in the treatment of aloe-emodin have a so been observed by propridiun
iodide staining.

The akaline microgel electrophoresis technique (comet) was used for estimation of
DNA single strand breaks in this study. Comet assay is a sensitive method by which DNA
single strand breaks at a single-cell level can be monitored. When cells were treated with
40 uM aloe-emodin, DNA damage, as indicated by increased tail migration, is significantly
observed in the majority of the aloe-emodin-treated cells compared to those of control cells.

The results of comet assay showed that aloe-emodin induced DNA damage in H460 cells.
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In order to prevent DNA from chemical-mediated damage, there are many specific DNA
repair enzymes, which help in the safeguarding and repairing of DNA. To elucidate
whether aloe-emodin affects the gene expression of h(MHT1, hOGGL1 and apurinic
endonuclease, RT-PCR techniques were used in this study. After H460 cells were treated
with 40 uM aloe-emodin, there was a significant decrease in the gene expression of h(MHT1,
hOGGL1 and apurinic endonuclease in H460 cells.

Recently, many reports indicated that reactive oxygen species participated in cancer
and apoptosis through inducing DNA damage [16,22]. ROS producing play an important
role in the drug-induced apoptosis. Specifically, oxidative damage to DNA is considered an
essential step in cancer development or apoptosis [16,22]. In order to demonstrate the role
that ROS play in aloe-emodin-induced apoptosis, production of ROS was examined by
using an oxidant-sensitive fluorescent probe, CM-H,DCFDA. The results showed that
treatment with aloe-emodin had significantly increased the intensity of the DCF signal as
compared with those in the control. This result indicates that ROS producing isinvolved in
aloe-emodin-induced cell death in H460 cells.

Polyphenolic antioxidants are scavengers of free radicals and modifiers of various
enzymatic functions. The structure of aloe-emodin is anthraguinone and contains two
phenolic structures. Therefore, this study detected the activity of antioxidant enzymes, such
as superoxide dismutase, of H460 cells after treatment with aloe-emodin. Aloe-emodin (40
uM) stimulates a biphasic change in total SOD activity. To further investigate whether the
activation of Mn SOD by aoe-emodin could be linked to aloe-emodin-induced H460 cell
apoptosis, 1 mM potassium cyanide, which will inhibit Cu/Zn SOD, was added to the assay
samples. As shown in Fig. 5A, after 4 h treatment with aloe-emodin also induced a biphasic
increased in the activity of Mn SOD. The present study also demonstrated that the protein
levels of Mn SOD and Cu/Zn SOD were not changed during treatment with aloe-emodin.

In summary, we found that the DNA damage was an important event in
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aloe-emodin-induced H460 cell apoptosis. Aloe-emodin induced ROS production during
H460 cell apoptosis. Although the activity of the radical-scavenging enzyme SOD was
enhanced by aloe-emodin, H460 cells till died. Therefore, the effects of aloe-emodin on
H460 cell apoptosis were suspected to result from the prooxidant rather than the

antioxidant action of aloe-emodin.
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Table 1: Primersfor PCR analysis

Genes Primer Product (bp)
hMTH1 F: GAGCGGCGGTGCAGAACCCAG 285
(Sato et al., 2003) R: AGAAGACATGCACGTCCATGAG

hOGG1 F: ATCTGTTCCTCCAACAACAA 495
(Hodges and Chipman, 2002) R: GCCAGCATAAGGTCCCCACAG

hAPE F: ATAGGCGATGAGGATCATGA 419

(Hodges and Chipman, 2002)

B-actin (G15871)

R: CAACATTCTTGGATCGAGCA
F: ACAAAACCTAACTTGCGCAG

R: TCCTGTAACAACGCATCTCA

241
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Fig. 1. DNA aggregation induced by aloe-emodin. DNA was extracted from H460 cells.
Equal aliquots of DNA (40 pg) were treated with 0.1% DMSO or 80 uM aloe-emodin. The
samples were votexed, incubated and centrifuged. (A) The nonprecipitated DNA in solution
was determined by measurement of absorbance of the supernatant at 260 nm. Aloe-emodin
(C)- or DM SO (B)-induced the precipitated DNA was stained with propidium iodide and
examined by fluorescence microscopy. Results are representative of three independent

experiments. Bar (1 cm) = 100 pm.

Fig. 2. Aloe-emodin induced DNA single strand breaks in H460 cells. Cells were incubated
with (B) or without (A) 40 uM aloe-emodin in the presence of 1% serum for 16 h. Single
cell gel electrophoresis was determined as described in Materials and Methods. The
symbols of + and - indicated the anode and cathode, respectively, during el ectrophoresis of
negatively charged DNA. Results are representative of three independent experiments. Bar

(1 cm) =33 um.

Fig. 3. Effects of doe-emodin on the mRNA expression of hMHT1, hOGGL1 and apurinic
endonuclease in H460 cells. Aloe-emodin-induced the gene expression of hMHT1, hOGG1
and apurinic endonuclease was detected by RT-PCR. H460 cells were incubated with 0.1%
DMSO or 40 uM aoe-emodin in the presence of 1% serum for 24 h. RNA samples were
prepared from control or aloe-emodin-treated cells. PCR products run on a 2% agarose gel.
Lane M, molecular weight marker; lanel (hOGGL), control cells; lane 2 (hOGGL),
aloe-emodin-treated cells; lane 4 (hMHT1), control cells; lane 5 (hMHTL),
aloe-emodin-treated cells; lane 7 (apurinic endonuclease), control cells; lane 8 (apurinic
endonuclease), aloe-emodin-treated cells; lane 10 (5-actin), control cells; lane 11 (5-actin),
aloe-emodin-treated cells. Lanes 3, 6, 9 and 12 were no template control in PCR reaction.

Results are representative of three independent experiments.
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Fig. 4. Effects of aoe-emodin and chelerythrine on ROS production in H460 cells. Cells
were cultured for 48 h before drug treatment in 12-well plates. Intracellular levels of ROS
were examined by 5-H,DCFDA (5 uM) for 30 min in the dark, washed and then treated
with 0.1 % DM SO (A, B and C) or 40 uM aoe-emodin (D, E and F) in the presence of 1 %
serum at 37°C for 1, 4 and 8 h and cells were washed and observed by using fluorescence
microscopy. Results are representative of three independent experiments. All photographic

exposures were for 10 s.

Fig. 5. Effects of aloe-emodin on SOD activity in H460 cells. A: Cells were cultured for 48
h before drug treatment in 10 cm dish. Cells were incubated with or without 40 uM
aloe-emodin in the presence of 1 % serum for 1, 2, 4, 8, 16 and 24 h. Cell lysates were
analyzed by commercial kit. Thetotal SOD activity was assayed by monitoring the
absorbance at 450 nm using a plate reader. The addition of 2 mM potassium cyanide to the
assay will inhibit Cu/Zu SOD, resulting in the detection of only Mn SOD activity. Dataare
the mean percent control £ S.D. for 3 separate experiments. * P < 0.001 compared to the
control values. B: The effects of aloe-emodin on the protein levels of Cu/Zn SOD and Mn
SOD were detected by Western blot analysis in H460 cells. Cells were incubated with or
without 40 uM aloe-emodin in the presence of 1 % serum for 1, 2, 4, 8, 16 and 24 h. Cell
lysates were analyzed by 12 % (Mn SOD) and 15 % (Cu/Zn SOD) SDS-PAGE, and then
probed with primary antibodies as described in Materials and Methods. Results are

representative of three independent experiments.
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