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Summary 
 
In response to DNA-damaging agents such as ionizing radiation, cells are known to undergo cell-
cycle arrest or apoptosis. These responses are provoked by the transcriptional factor protein p53. 
The protein p53 binds to wide array of genes that induce apoptosis. The DNA-damage inducible 
transcript 3 (DDIT3) gene is one such target of p53, and the previous laboratory work has shown 
it to contain a p53-binding site. The DDIT3 gene was isolated during a screen for genes 
expressed in response to ultraviolet radiation C (UVC).  Therefore, the hypothesis of this study 
was to examine whether the DDIT3 gene was induced and expressed dependent or independent of 
p53 in cells exposed to ionizing radiation. The expression of DDIT3 gene was studied at the 
protein and mRNA level using Western and Northern blot respectively in cells treated with UV 
and gamma radiation. The results from Western blot showed expression of DDIT3 protein in both 
wild-type p53 and p53 null cells, while the results for the Northern blot were inconclusive. Thus, 
most likely the DDIT3 gene is expressed independent of p53 in response to ionizing radiation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 3 

1. Introduction 
 
Tumor suppressor protein p53  
 
The protein p53 is a nuclear transcription factor encoded by the gene TP53, located on 
chromosome 17p13. This was the first tumor suppressor gene to be described, in 1979 (Lane 
and Crawford, 1979; Linzer and Levine, 1979).  Originally, this gene was thought to be an 
oncogene (a mutant form of a normal gene whose product helps to make cells cancerous), 
however, genetic and biochemical function identified it as a tumor suppressor gene 
(Vogelstein et. al., 2000).  In response to cellular stress such as DNA damage, hypoxia, and 
oncogene activation, p53 induces cell-cycle arrest and apoptosis by transactivating a set of 
genes. Hence, it is aptly called a ‘guardian of the genome’.  The p53 protein is expressed 
ubiquitously in all tissues and has a half life of about 20 minutes (Levine, 1997).  
 
In normal cells, the level of p53 is maintained at a low concentration by the p53 inhibitory 
factor MDM2 (Murine double minute 2) that targets p53 for degradation in an autoregulatory 
feedback loop.  In stressed cells, the inhibition of MDM2 function leads to activation and 
stabilization of p53 (Vousden and Liu, 2002). The human p53 protein is made up of 393 
amino acids with several well-defined domains:  the N-terminus transactivation domain, the 
central sequence-specific DNA-binding core domain, and the C-terminus domain that 
contains oligomerization sequences and nuclear-localization signals. Mutations in TP53 are 
implicated in about half of all human cancers. Most of these mutations occur in the sequence-
specific DNA-binding core domain (Guimaraes and Hainaut, 2001).  
 
Ionizing radiation and p53  
 
UV (ultraviolet) light, X-rays, and gamma-rays are different forms of ionizing radiation with 
particles of enough high energy to ionize an atom or a molecule. Based on their wavelengths, 
there are three types of UV radiation: UVA at 315-380 nm, UVB at 280-315 nm, and UVC at 
190-280 nm. The radiation energy is inversely proportional to the wavelength, thus making 
UVC the most harmful UV radiation (Latonen and Laiho, 2005). UV radiation has serious 
adverse effects on the health, including skin cancer, suppression of the immune system, and 
premature aging of the skin.  The aromatic ring structures of DNA bases absorb the UVC 
radiation directly and also to some extent absorb the UVB radiation. This results in the 
formation of pyrimidine dimers and (6-4)-photoproducts. The dimers interfere in DNA 
replication by blocking the progression of DNA polymerases, while the photoproducts block 
the progression of RNA polymerase II involved in transcription, thereby inhibiting the gene 
expression (Mone et al., 2001). The first evidence of UV-triggered stabilization and 
accumulation of p53 came from studies done on normal mouse cells (Maltzman and Czyzyk, 
1984). The damage incurred to DNA is sensed by the cell-cycle checkpoint proteins, mainly 
DNA-dependent protein kinase, ATM (ataxia telangectasia mutated), Chk1 (checkpoint 
kinase 1) and Chk2 (checkpoint kinase 2). These kinases phosphorylate p53 at the N-terminus 
close to MDM2-binding site and thus block the interaction of MDM2 with p53, leading to its 
stabilization (Vogelstein et al., 2000).  The level of increase in p53 is directly proportional to 
the extent of DNA damage, but the kinetics of p53 level enhancement differ for different 
types of radiation damage (Levine, 1997). The p53-dependent transcriptional responses to 
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different wavelengths and doses of UV radiation are highly divergent. Induction of 
p21waf1/Cip1(p21 Wild type p53 activated protein 1/ Cyclin-dependent kinase inhibitor protein 
1 is involved in inhibition of cell cycle progression through G1 phase), by p53 was observed 
in mouse fibroblasts exposed to low UVB doses, but upon exposure to higher doses, Bax, a 
proapoptotic protein, was induced, leading to apoptosis. (Reinke and Lazano, 1997). 
 
Biological functions of p53 
 
Biological activities of p53 are carried out by transactivation of genes that contain p53-
binding sites in their regulatory region (Vousden and Lu, 2002). The wild-type p53 protein 
recognizes a consensus DNA sequence of two copies of a 10-base-pair motif 5’ RRRC (A/T) 
(T/A) GYYY 3’ (where R is any purine and Y is any pyrimidine) separated by 0-13 base 
pairs (el-Deiry et al., 1992). In the event of cellular stress, one of the first effects of p53 is 
arrest of the cell cycle. The protein p53 induces expression of p21waf1/Cip1, a potent inhibitor of 
cyclin-dependent kinases (CDKs, protein kinases whose enzymatic activity is dependent on 
cyclins to regulate cell-cycle passages), and thereby blocks the G1-to-S and G2-to-mitosis 
transitions (Vogelstein et. al., 2000).  
 
The ability to induce apoptosis, also called as programmed cell death, is the most important 
tumor suppressive function of p53 (Yee and Vousden, 2005; Vogelstein et. al., 2000). 
Apoptosis is a normal physiological process whereby redundant or unwanted, harmful and 
dead cells are removed. This process is essential for the maintenance of normal tissue 
homeostasis, morphogenesis and organogenesis (Meier et al., 2000). Apoptosis can be 
executed by two pathways depending on the origin of the signals. The intrinsic pathway, 
triggered by internal signals such as DNA damage, oxidative stress, starvation is mediated 
through mitochondria (Wang, 2001), while external signals such as binding of ligands to the 
‘death receptors’ present on the cell surface triggers an extrinsic pathway (Ashkenazi, 2002) . 
The protein p53 activates several genes involved in these pathways (Schuler and Green, 
2005).  
 
Another mechanism by which p53 can suppress tumor progression is through a process called 
replicative senescence, observed in cultures, where cells stop dividing after undergoing a 
finite number of cell divisions.  During normal replication, the telomeric ends of chromosome 
are extended by the hTERT (human telomerase reverse transcriptase) enzyme, thus 
maintaining the proliferation of the cells. p53 downregulates hTERT expression, thereby 
suppressing its activity and promoting cellular senescence (Latonen and Laiho, 2005). 
Another known role of p53 is induction of genome stability by DNA repair (Vogelstein et al., 
2000; Latonen and Laiho, 2005).  
 
DNA-damage-inducible-transcript 3  
 
The DNA-damage-inducible-transcript 3 (DDIT3) gene encodes a nuclear basic leucine 
zipper transcription factor that belongs to the family of CCAAT /enhancer binding protein 
(C/EBP) and hence is also known as C/EBP homology protein (CHOP). The C/EBP proteins 
are transcription factors that bind to the CCAAT motif present in the promoter or enhancer 
regions of the target genes, and are known to play important role in regulating differentiation, 
liver-regeneration, inflammatory response, and various other cellular processes (Ramji and 
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Foka, 2002). The DDIT3 protein is ubiquitously expressed in low amount in the cytosol under 
normal conditions; however, it is rapidly induced by endoplasmic reticulum (ER) stress (ER 
stress results from accumulation of unfolded or misfolded proteins, imbalances in ionic 
conditions of the ER lumen, Wang et al., 1996), oxidative stress (Guyton et al., 1996), and 
DNA damaging factors (Fornace et al., 1988). The DDIT3 gene is located in the region 
12q13.1-q13.2 of chromosome 12 (Park et al., 1992). The human protein is 29 kDa and 
consists of 169 amino acid residues. The protein has two functional domains: an N-terminal 
transcriptional activation domain and a C-terminal basic leucine-zipper domain that contains 
a sequence of basic amino acids followed by a leucine zipper dimerization motif. However, 
the basic leucine-zipper domain contains proline and glycine substitutions that disrupt its 
DNA-binding ability (Oyadomari and Muri, 2004). The heterodimerization of DDIT3 protein 
with C/EBP inhibits the latter’s function of binding to DNA at C/EBP sites 5’ 
(R)TTGCG(T/G)AA(Y) 3’, causing instead binding to a unique 5’ 
(RRR)TGCAAT(A/C)CCC 3’ sequence and activating a unique set of genes. Thus, DDIT3 
acts a dominant negative inhibitor of C/EBPs (Ubeda et al., 1996; Ron and Habener, 1992).  
The DDIT3 gene is consistently rearranged in human myxoid liposarcomas (MLS) by two 
chromosomal translocations. Myxoid liposarcomas are mucus-like soft tissue malignancies 
involving the muscles, fat, blood vessels, peripheral nervous system, and fibrous tissues. In 
MLS, the DDIT3 gene is fused to TLS (translocated in liposarcoma) gene located on 
chromosome 16p11, resulting in chromosomal translocation t(12;16)(q13;p11)(Crozat et al., 
1993).  The second translocation t(12;22)(q13;q12) results from the fusion of DDIT3 gene to 
EWS (Ewing sarcoma) gene located on chromosome 22q12 (Panagopoulos et al., 1996). 
 
Aim 
 
The aim of this study was to examine the effect of p53 on DDIT3 expression in response to 
ionizing radiation.  
 
2. Results 
 
Effect of ionizing radiation on the expression of DDIT3 proteins 
 
The human colon carcinoma cell line HCT116 wtp53+/+ and null p53 -/- cells were treated 
with UV and gamma radiation and harvested for proteins. To determine whether DDIT3 
protein expression is dependent or independent of p53 in response to UV radiation, the 
protein samples were examined by Western blot. From Figure 1, it can be seen that there was 
induction of DDIT3 upon irradiation of the cells with UV. However, the level of DDIT3 
expression was the same in both HCT116 wild-type p53 (+/+) and HCT116 null p53 (-/-) 
cells, irrespective of the time points.  For internal loading control, beta-actin was used as it is 
constitutively expressed in all tissues, and also is not induced or affected by irradiation. 
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Figure 1.Western blot analysis of DDIT3 protein level in UV-treated HCT116 wt p53+/+ and null p53-/- cells at 
various time points in hours, where 0 is untreated cells. Beta-actin was used as an internal control to see equal 
loading of protein samples 
 
Similarly, DDIT3 protein expression was studied in cells treated with gamma radiation. The 
Western blot analysis of protein samples showed no significant difference in the expression of 
DDIT3 protein in both HCT116 wild-type p53 (+/+) and HCT116 null p53 (-/-) cells, despite 
increasing the dosage of gamma radiation as shown in Figure 2.   
 

 
Figure 2.Western blot analysis of DDIT3 protein level in gamma-radiation treated HCT116 wt p53+/+ and null 
p53-/- cells at increasing radiation dosage, where 0 is untreated cells, and later harvested after 24 hours. Also, 
here beta-actin was used as an internal control to check for equal loading of proteins. 
 
Increase in induction of p53 protein with respect to radiation dosage and time was also seen, 
Figures 1 and 2. Taken together, these findings suggest that expression of DDIT3 is induced 
independently of p53 by ionizing radiation. 
 
The DDIT3 mRNA expression was also studied by Northern blot on HCT116 wtp53 +/+ and 
null p53-/- cells treated with UV and gamma radiation and harvested for total RNA. The total 
RNA was used for gel electrophoresis and for the preparation of DDIT3 cDNA. The cDNA 
was amplified by PCR using two different sets of DDIT3 primer sequences as shown in Table 
1. The primer sequences differ in their start position for amplification. The two sets of 
amplified cDNA were used for making the radio-labeled probe. A beta-actin mRNA probe of 
size 2 kilo base (kb) was used as control. However, the beta-actin mRNA band was not so 
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distinct and was present as a smear around the 18S ribosomal subunit. The DDIT3 mRNA 
transcript is of the size 910 base pairs and should be visible just below the 18S ribosomal 
subunit which has a size of 1.9 kb. However the DDIT3 probes did not work so well, 
resulting in no bands being visualized on the membrane, as seen in Figure 3 and 4. Therefore, 
the results of this experiment remain inconclusive. 
 

 
Figure 3. Northern blot analysis of DDIT3 mRNA expression following gamma-radiation of HCT116 wtp53 +/+ 
and null p53 -/- cells at increasing dosage. Beta-actin mRNA probe of size 2 kb was used as an internal control 
and can be seen as a smear around 18S ribosomal subunit.  Since for electrophoresis total RNA was used, two 
ribosomal bands of 28S and 18S subunits were seen on the membrane.  
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Figure 4. Northern blot analysis of DDIT3 mRNA expression in HCT116 wtp53+/+ and null p53-/- cells treated 
with UV radiation and harvested for total RNA at indicated time points in hours. The membranes were 
hybridized with 32P-labelled cDNA DDIT3 probe.  
 
3. Discussion 
 
The DNA damage induced by ionizing radiation is known to trigger several cellular responses 
mediated by p53 by evoking cell cycle arrest, DNA damage repair, and/or apoptosis (Latonen 
and Laiho, 2005).  The DDIT3 gene was first isolated during a screen for genes that are 
induced by UV (Fornace et al., 1988).  DDIT3 is strongly induced in endoplasmic reticulum 
stress during unfolded protein response (as explained previously, ER stress arises from 
accumulation of misfolded or unfolded proteins) and oxidative stress caused by UVC 
(Guyton et al., 1996). Recent studies have shown the involvement of DDIT3 in hypoxia-
induced apoptosis in cardiac myocytes (Han et al., 2005), while previous studies in this 
laboratory using cDNA microarray analysis have demonstrated one p53 binding site in the 
DDIT3 promoter under hypoxia. Combining these studies, the project therefore examined the 
influence of p53 on DDIT3 expression following cellular stress by ionizing radiation.  
Though the study here demonstrated the p53-independent expression of DDIT3, it cannot be 
concluded that the expression of DDIT3 is induced independently of p53.  The results are 
based on western blot method using only one type of antibody. Also, there was no control 
used for the antibody to compare the induction level of DDIT3. Further experiments at RNA 
level by Northern blot, real-time PCR, and antisense techniques could be used to study 
DDIT3 expression.  
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The signaling pathway that induces p53 upon DNA damage is mediated through ATM (ataxia 
telangiectasia mutated) that senses double strand breaks in DNA and halting the cell-cycle, 
through several posttranslational modification of p53. However, the mode of mechanisms for 
induction of p53 in nongenotoxic stimuli (non-DNA-damaging agents) such as hypoxia is still 
unknown. This should explain the difference as to why DDIT3 gene was induced by p53 in 
response to hypoxia, but not by ionizing radiation. It is also possible that p53 binds to the 
p53-consensus sequences in regulatory region of the DDIT3 gene, but is unable to 
transactivate (transcriptional activation of target gene) the gene. Further experiments 
involving chromatin immunoprecipitation, microarray analysis, and proteomics should reveal 
the difference in cofactors that mediate hypoxia and ionizing radiation, and thus enhance the 
understanding of DDIT3’s upregulation in hypoxia in a p53-dependent manner and not in 
ionizing radiation, and also its proapoptotic role in cellular stress.   
 
4. Materials and Methods 
 
Cell culture 
 
Human colon carcinoma cell line HCT116 p53 wild-type (+/+) and p53-null (-/-) cells were 
grown in ISCOVE’s Modified Dulbecco’s Medium (Sigma-Aldrich, UK) supplemented with 
10% fetal bovine serum, 2% glutamine, and 0.5% gentamycin. Cells were maintained at 
37 °C and 5% CO2.  
 
Cell treatment with UV and gamma irradiation 
 
For UV irradiation, the medium was removed and cells washed with PBS (phosphate buffered 
saline), (D-PBS, GIBCO, Invitrogen,UK). After removal of PBS, the cells were subjected to 
UV-irradiation in a UV crosslinker (1800, Stratagene) at a fixed dosage of 50 mJ/cm2. Fresh 
medium was added and cells cultured under normal conditions until the time of harvesting. 
Gamma-irradiation was performed using a 137Cs (Cesium) source at a dosage of 0.506 
Gy/min. 
 
Western Blot 
 
Following irradiation and incubation, the cells were washed with ice-cold PBS, harvested by 
scraping, and lysed in 1x lysis buffer containing 100 mM Tris pH 8.0, 150 mM NaCl, 1% 
NP40 supplemented with 1mM phenylmethylsulfonlyfluoride (PMSF) as protease inhibitor. 
Protein concentrations were measured using Bio-Rad Protein Assay Reagent according to the 
manufacturer’s protocol, and subsequently stored at -80°C prior to analysis. Only relative 
protein concentration was determined and not the actual concentration in the lysates as equal 
protein loading in each lane on a gel was of importance. Lysates containing 50 µg proteins 
were boiled in 4x SDS (sodium dodecyl sulphate) loading buffer composed of 1 M Tris HCl 
pH 6.8, 1 M dithiothreitol (DTT), 4% SDS and 20% glycerol, for 3 minutes at 98ºC. The 
proteins were separated on a 10% Tris-HCl Ready Gel Precast Gels (Bio-Rad, Sweden) at 
110 V for approximately 90 minutes in a 1x running buffer that contained 0.192 M glycine, 
0.025 M Tris base, and 0.1% SDS. Following electrophoresis, the proteins were 
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electrotransferred to Hybond-ECLTm nitrocellulose membrane (Amersham Biosciences, 
Germany). The transfers were run at 200 V for approximately 50 minutes in a cold room at 
4ºC in 1x transfer buffer containing 10% SDS, 15.5 g Tris, 70 g glycine, 200 ml methanol, 
and 800 ml dH20. Following transfer, the membrane was blocked with 5% non-fat dry milk in 
PBS-T (1x PBS + 0.1% Tween-20) for 1 hour to prevent unspecific binding of the antibodies 
to the membrane. This was followed by overnight incubation of membranes at 4°C with the 
respective primary antibodies. For both p53 (FL-393) and DDIT3 (sc-793), polyclonal 
antibodies prepared in rabbit were used, while for beta-actin (sc-8432) monoclonal antibody 
in mouse was used. All the antibodies were purchased from Santa Cruz Biotech. USA. The 
primary antibodies were diluted in 5% non-fat dry milk in PBS-T. The antibody dilutions 
were: 1:500 for DDIT3, 1:1000 for p53, and 1:5000 for beta-actin. The next day, the 
membranes were washed 3 x 10 minutes with PBS-T, and were incubated for 1 hour with 
secondary antibodies. The ECLTm  Anti-rabbit and anti-mouse IgG horse-radish peroxidase 
linked whole secondary antibodies (Amersham Biosciences, UK) were diluted at 1:5000 in 
5% non-fat dry milk in PBS-T. The anti-rabbit secondary antibody was used against p53 and 
DDIT3, while the anti-mouse secondary antibody was used against beta-actin. Following 
incubation, the membranes were washed in 1x PBS and specific signals were detected by 
enhanced chemiluminescence (SuperSignal West Femto Maximum Sensitivity Substrate; 
Pierce, Rockford, IL) and imaged with Fuji film. 
 
RNA Extraction and Reverse Transcription 
 
The cells were washed with ice-cold PBS, scraped and suspended in Trizol reagent 
(Invitrogen, UK) and total RNA extracted according to the manufacturer’s protocol. RNA 
pellets were dissolved in ddH20 treated with 0.01% diethyl polycarbonate (DEPC) and 
quantified by spectrophotometer. The quality of total RNA was verified by electrophoresis on 
1% agarose gel [1 g agarose in 1x Tris acetate buffer (TAE) (Invitrogen, UK)]. The gel was 
run for approximately 25 minutes at 90 V in 1x TAE buffer.  
 
For the first-strand cDNA synthesis, 3 µg of total RNA was annealed to 0.5 µg oligo (dT)12-18 
primer and 10 mM dNTP Mix (Invitrogen, UK) in a reaction volume of 12 µl and incubated 
at 65ºC for 5 min followed by quick chilling on ice. The annealed RNA was incubated in 5x 
First Strand Buffer containing 0.1 M DTT, 40 U RNase OUTTm Recombinant Ribonuclease 
Inhibitor, and 200 U of SuperScript II RTTm (Invitrogen, UK). Reverse transcription was 
carried out at 42ºC for 50 min and the reaction inactivated by heating at 70ºC for 15 min. Two 
l of the reaction mixture was used for amplification of cDNA by PCR. A total of 50 µl PCR 
reaction tube contained 10x PCR buffer (Invitrogen, UK), 50 mM MgCl2, 10 mM dNTP Mix 
(Invitrogen, UK), 5 U Taq DNA polymerase (Invitrogen, UK), 10% of cDNA from first-
strand reaction, and 10 µM each of DDIT3 forward and reverse primers (Invitrogen, UK). 
The DDIT3 primer sequences used are shown in Table 1. 
 
 
 
 
 
 
 



 11 

Table 1. Gene-specific primer sequences used for cDNA amplification 
Primer set Forward primer Reverse primer 

DDIT3-1 5’GCG CAT GAA GGA GAA AGA 

AC 3’ starts from position 534 

5’TCT GGG AAA GGT GGG TAG 

TG 3’ starts from position 743 

DDIT3-2 5’ TGG AAG CCT GGT ATG AGG 

AC 3’ starts from position 233 

5’ TGT GAC CTC TGC TGG TTC 

TG 3’ starts from position 402 

 
The amplification was started by first denaturing for 4 minutes at 94ºC and then subsequent 
35 cycles of program: denaturing at 94ºC for 30 seconds, annealing at 58ºC for 45 seconds, 
and elongation at 72ºC for 1 min, with the final extension at 72ºC for 10 min. The amplified 
PCR products were verified on 1% agarose gel in TAE buffer.  
 
Preparation of probes 
 
Radio-labeled probes were made from the amplified DDIT3 cDNA products with (32P)-dCTP 
using Megaprime DNA labeling system (Amersham Biosciences, Sweden) following the 
manufacturer’s instruction. Briefly, 25 ng/l of amplified cDNA was dissolved in 5 l of 
primers (Amersham Biosciences, Sweden) and the total volume of the reaction was adjusted 
to 33 l with ddH2O. The solution was heated at 95 ºC for 5 min. in a boiling water bath. The 
tubes were maintained at room temperature and 10 l of labeling buffer followed by the 
addition of 5 l (32P)-dCTP (Amersham Biosciences, Sweden) and 2 l of enzyme 
(Amersham Biosciences, Sweden). The reaction mixture was heated at 37 ºC for 10 min. The 
reaction was stopped by the addition of 0.2 M EDTA (ethylenediaminetetraacetic acid). The 
reaction mixture was purified using ProbeQuantTM G-50 Micro Column (Amersham 
Biosciences, Sweden) to remove unincorporated labeled nucleotides from a DNA labeling 
reaction. The purified products were denatured at 96 ºC for 5 min. and later maintained on ice 
until use. The beta-actin mRNA probe was provided directly by the supervisor.  
 
Northern Blot 
 
Lysates containing 40 g of total RNA were boiled in RNA loading buffer [60 l dye marker, 
125 l formaldehyde, 350 l formamide, and 70 l 10x MOPS (3-(N-morpholino) 
propanesulfonic acid] for 2 min. at 95ºC. The total RNA was size fractionated on 1.2% 
agarose gel [2 g agarose, 20 ml MOPS, 10.8 ml 37% formaldehyde, 5 l ethidium bromide 
(10 mg/ml) and dH2O] at 60 V for 4 hours. Following electrophoresis, the gel was washed in 
dH2O and rinsed briefly in 20x SSC (standard saline citrate; Invitrogen, UK) to get rid of 
formaldehyde. By capillary action, RNA was transferred from gel to nylon membrane (Bio-
Rad, Germany) overnight in a 20x SSC. Following transfer, the membranes were UV cross-
linked in a UV crosslinker (1800, Stratagene) at 70mJ/cm2, and later baked at 80ºC for 1 hour 
in an oven. The membranes were cut into 4 strips each containing two lanes of RNA loading. 
Each strip was prehybridized with ULTRAhyb hybridization buffer (Ambion, Sweden) for 2 
hours at 42ºC.  Later, the membranes were hybridized overnight at 42ºC in a hybridization 
buffer containing 32P-labeled DDIT3 cDNA probes. After hybridization, membranes were 
washed twice under low stringency condition of 2x SSC, 0.1% SDS for 5 min. at room 
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temperature, followed by high stringency wash with 0.1x SSC, 0.1% SDS at 42ºC for 15 min. 
or until the background signal was low on the Geiger counter. Following washes, the 
membranes were exposed to phosphoimager cassette overnight at 4ºC. Signals were detected, 
scanned and analysed on fluorescent image analyzer, FLA-3000 instrument (Fujifilm, 
Sweden).  
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