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Using yeast two-hybrid screens we determined that Drosophila (Dm)p53 interacts with proteins involved 
in sumoylation (UBA2, UBC9 and PIAS) through different regions of its C-terminal domain. A K302R 
point mutation within a single canonical sumoylation site of Dmp53 did not abolish the observed interac-
tions. These observations prompted us to analyze whether Dmp53 sumoylation at this site has any func-
tional role in vivo. Genetic assays showed that deleting one copy of genes involved in sumoylation  
(lwr, Su(var)2-10 or smt3 heterozygosity) enhanced slightly the mutator phenotype of Dmp53. We com-
pared the in vivo effects of wild type and K302R Dmp53 overproduced from transgenes and determined 
that similar levels of expression of the mutant and wild type proteins resulted in similar phenotype, and 
the two proteins showed similar cellular localization. The half life and the trans-activator activity of 
K302R mutant and wild type Dmp53 were also comparable. Lastly, by analyzing wild type and K302R 
Dmp53 expressed at different levels in animals and in S2 cells we detected no differences between  
the mobility of the mutant and wild-type protein. From these data we conclude that under normal devel-
opmental conditions the loss of SUMO modification at K302 does not affect Dmp53 function signifi-
cantly.
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INTRODUCTION

The tumor suppressor p53 plays a central role in regulating diverse responses of 
eukaryotic cells to genome damages. In mediating repair, cell cycle arrest and apop-
totic functions p53 interacts with numerous cellular factors and undergoes various 
types of posttranslational modifications. The in vivo functional consequences of some 
types of p53 modifications are clear, published data on the effects on others, however, 
seem to be controversial. Therefore, model systems to study p53 functions in vivo 
have great significance in elucidating the mechanisms by which p53 acts and is regu-
lated.
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The Drosophila homologue of mammalian p53 has been identified during the 
course of Drosophila genome project [6, 9, 18]. Subsequent studies have demon-
strated the structural and functional similarities of the mammalian and fly p53 and 
uncovered significant differences in the pathways the two proteins participate in as 
well. Similarly to its mammalian counterpart, Dmp53 is a transcriptional activator 
and bears activator, DNA binding and oligomerization domains which are structur-
ally less, functionally more similar to the corresponding domains of the mammalian 
protein. Furthermore, the human and fly p53 activates transcription through similar 
response elements. Like the mammalian protein, Dmp53 plays a role in DNA damage 
control and apoptosis. However, in contrast to its mammalian homologue, Dmp53 
seems to have no role in cell cycle arrest [18, 22]. Significantly, the Drosophila homo-
logue of MDM2 – the ubiquitin ligase, which is a major regulator of p53 turnover in 
mammalian cells – so far has not been identified. Consequently, the specific ubiquit-
in-proteosome degradation pathway for Dmp53 has not been identified. 

Modification of mammalian p53 by the small ubiquitin like modifier (SUMO) has 
been demonstrated by several laboratories [8, 16, 20]. The functional role of p53 
sumoylation, however is controversial (for an overview see [14, 17]). Human p53 is 
modified by SUMO-1 at a single site, K386, in the C-terminal region of the protein. 
In the case of human p53, SUMO-1 and ubiquitin modifications do not compete for 
the same lysine acceptor site(s). A K386R mutant p53, defective for SUMO-1 conju-
gation, has a slightly impaired apoptotic activity and overexpression of SUMO-1 
activates the transcriptional activity of wild-type p53, but not K386R p53. It was 
therefore concluded that the SUMO-1 modification pathway acts as a potential regu-
lator of the p53 response [8, 16, 20]. On the other hand, according to Kwek et al. 
wild-type and sumoylation-deficient p53 mutant showed a similar pattern of intra-
nuclear localization, suggesting that SUMO-1 does not target p53 to subnuclear 
structures. These authors concluded that SUMO-1 modification of p53 at lysine 386 
may not be essential for cellular localization, transcriptional activation, or growth 
regulation [12].

In yeast two-hybrid (Y2H) screen we identified several interacting partners of 
Dmp53 [2, 4]. Among the peptides demonstrating physical interaction with Dmp53, 
we found several that represent proteins identified previously in the SUMO modifica-
tion pathway in Drosophila, or a similar pathway in other eukaryotes. Here we 
describe results of studies which we performed to test whether elimination of a 
SUMO acceptor site affects Dmp53 in vivo function. Our data suggest that SUMO 
modification of Dmp53 at K302 has no significant effect either on the transcriptional 
activator function of Dmp53 or in determining the stability or the cellular localization 
of the protein. When these studies were in progress results of a study on the effect of 
SUMO modification on Dmp53 function was reported by Mauri et al. While some of 
our data were in agreement, at some point our conclusion differed from the data 
reported in that paper, therefore we took special care to double check the results we 
present here.
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MATERIALS AND METHODS

Plasmid constructs and yeast two-hybrid experiments

For the construction of bait plasmids: pBTM116-Dmp53ΔN, pBTM116-Dmp53C, 
pBTM116-Dmp53C1 and pBTM116-Dmp53C2, fragments of the Dmp53 cDNA 
were amplified by PCR using primer pairs: Dmp53F1/Dmp53R1, Dmp53F3/
Dmp53R1, Dmp53F3/Dmp53R2 and Dmp53F4/Dmp53R1, respectively. The 
sequences of the primers were: 

Dmp53F1: GGGAATTCTTGCAGGGATTAAACTCCG, 
Dmp53F3: GCGAATTCAGCAAGAAGCGCAAGTCC, 
Dmp53F4: GAATTCGGCATGATTAAGGAGGCGGC, 
Dmp53R1: CGGGATCCTCATGGCAGCTCGTAGGC, 
Dmp53R2: GGATCCAATCATGCCCTCGATGCTCT. 
The amplicons were cut with EcoRI and BamHI present in primers, and inserted 

into pBTM116. To generate pBTM116-Dmp53ΔNΔC, the plasmid pBTM116-
Dmp53ΔN was cut with StyI and BamHI, filled-in with Klenow enzyme and reli-
gated. Dmp53ΔNK302R, was constructed and cloned into pBTM116 using the  
F1, R1, Dmp53KR1 (ATTGCTATAAGGACGGAGGACAC), and Dmp53KR2 
(CCTCCGTCCTTATAGCAATGCACC) primers. 

Yeast two-hybrid screens were performed using the MATCHMAKER LexA Two-
Hybrid System (Clontech Laboratories, Inc.), following the supplier’s recommenda-
tions. In short, the Saccharomyces cerevisiae L40 (MATa his3delta200 trp1-901 
leu2-3112 ade2 LYS2::lexA-HIS3 URA3::lexA-lacZ) strain was first transformed 
with a bait plasmid, than the resulting strain was transformed again with Drosophila 
embryonic cDNA library cloned into pACT2. Positive clones were selected on 
TULLH drop-out medium and the interactions were validated by beta-galactosidase 
colony-lift filter assay [5]. Plasmid DNA was isolated from colonies found positive 
in both assays, sequenced and cDNAs identified by BLAST homology searches [1]. 
Semi-quantitative beta-galactosidase assays were performed according to Clontech 
Yeast Protocols Handbook.

GST-pulldown experiments

DmPias, DmUbc9 and DmUba2 fragments were transcribed and translated from 
pET28cDmPias, pET28cDmUbc9 and pET28cDmUba2. These expression plasmids 
were constructed by recloning the cDNA fragments identified in Y2H into pET28c. 
Transcription-translation coupled reactions were done in the presence of 3H leucine 
using the TnT (Promega) reticulocyte lysate system, following the manufacturer’s 
instructions. Dmp53C was cloned into GEX4T1 vector using EcoRI and SalI sites. 
Expressed GST-Dmp53C was bound to glutathione sepharose high performance 
beads (Amersham Biosciences) according to the manufacturer’s instructions. A 22 μl 
of in vitro translated protein and 10 μl of GST-Dmp53C-bound beads were mixed and 
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diluted to 100 μl with pull-down (PD) buffer (20 mM TrisHCl pH 7.5, 150 mM NaCl, 
3 mM EDTA pH 8.0, 1 mM β-mercaptoethanol, 1% Nonidet P40) and nutated at 4 °C 
for 2 hours. The beads were washed four times with PD buffer containing. 0.1%. 
Nonidet P40, and once with PD buffer lacking Nonidet P40. Interactions were ana-
lysed by SDS-PAGE and fluorography (using Amplify Fluorographic Reagent from 
Amersham Biosciences). 

Transgenes and Drosophila crosses

Drosophila melanogaster was maintained on standard Drosophila medium at 25 °C 
unless otherwise indicated. The Dmp535A-1-4 [21] strain was the generous gift from 
Yikang S. Rong (NIH, Bethesda, USA). The phiX51D and phiX86Fa lines, containing 
a phiC31 integrase source and an attP docking site, were kindly provided by Konrad 
Basler [3]. P[da-GAL4], and P[hs-GAL4] driver stocks were obtained from the 
Bloomington Drosophila Stock Center (Bloomington, IN). Transgenic UAS-smt3 flies 
were generated by P element mediated transformation of w1118 flies with a pUAST 
plasmid carrying the coding sequence of smt3. Dmp53 and Dmp53K302R fragments 
were cloned into the pUASTattB plasmid using EcoRI-BglII sites. pUASTattB-
Dmp53 and pUASTattB-Dmp53K302R transgenic lines were generated by phiC31 inte-
grase mediated site-specific transformation into the phiX51D and phiX86Fa strains. 
For high levels of Dmp53 expression GAL4 driver lines were crossed to pUAST-
Dmp53 and pUAST-Dmp53K302R lines. In order to overproduce the FLAG-Dmp53 
protein the Gateway system was used to create the pTFHW-Dmp53 plasmid and 
introduced into the w1118 strain by standard P-element mediated transformation.

Overexpression studies

To determine the effect partial loss of sumoylation-related genes exert on Dmp53 
induced eye degeneration we crossed P{w+mC = GAL4-ninaE.GMR}12; P{UAS-
Dmp53.Ex}3 or P{GMR-p53.Ex}2/CyO virgins with w, yw; P{ry+t7.2 = PZ}lwr05486/
y+CyO, yw; P{w+mC = lacW}smt3k06307/y+CyO, yw; P{ry+t7.2 = PZ}lwr05486 
P{w+mC = lacW}smt3k06307/y+CyO or yw; P{ry+t7.2 = PZ}Su(var)2-1003697/y+CyO 
males. 

The effect of the mutation of the consensus sumoylation site of Dmp53 on Dmp53 
induced apoptosis was investigated by crossing P{w+mC = GAL4-ninaE.GMR}12 vir-
gins to w; P{UAS-Dmp53K302R}2 males and comparing the rough-eye phenotype of 
the progeny to that of w; P{w+mC = GAL4-ninaE.GMR}12/+; P{UAS-Dmp53.Ex}3/+ 
control animals.

The effect of smt3 over-expression on Dmp53 induced apoptosis was investigated 
by crossing w; P{w+mC = GAL4-ninaE.GMR}12; P{UAS-Dmp53.Ex}3 virgins to w; 
P{UAS-smt3}3/TM6 males and comparing the rough-eye phenotype of the w; 
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P{w+mC = GAL4-ninaE.GMR}12/+; P{UAS-Dmp53.Ex}3/ P{UAS-smt3}3 progeny to 
that of w; P{w+mC = GAL4-ninaE.GMR}12/+; P{UAS-Dmp53.Ex}3/TM6 control sib-
lings.

Loss of heterozigosity assay

To test chromosomal instability we crossed w1118, yw; P{ry+t7.2 = PZ}lwr05486/y+CyO, 
yw; P{w+mC = lacW}smt3k06307/y+CyO and yw; P{ry+t7.2 = PZ}Su(var)2-1003697/y+CyO 
males to mwh1 Dmp535A-1-4 virgins. Wandering third instar larvae were irradiated with 
250 rad X-ray (1 krad/min) and transferred into fresh vials. Wings of eclosed adult 
flies were mounted in 1:1 Canada balsam/methyl salicilate (Sigma) and scored for 
mwh clones under an Olympus BH-2 microscope. The statistical significance of dif-
ferences in mwh clone numbers was evaluated by Wilcoxon sum of ranks test.

Immunodetection

Immunodetections were performed using anti-Dmp53 d-200 (Santa Cruz 
Biotechnology), and M2 anti-FLAG (Sigma, USA) primary antibodies. For western 
blots anti-Dmp53 and anti-FLAG Abs were used in 1:500, and 1:20 000 dilutions, 
respectively, and detected by using anti-rabbit-HRP and anti-mouse-HRP (DACO) 
secondary antibodies. Western blots were performed following standard protocols as 
described (Maniatis Handbook and [19]).

Immunofluorescence

To reach high levels of Dmp53 expression P[da-GAL4] driver line was crossed to 
pUASTattB-Dmp53 and pUASTattB-Dmp53K302R lines. Salivary glands of animals 
overexpressing Dmp53 protein were prepared in PBS. Cells were fixed in 4% para-
formaldehyde at room temperature for 20 minutes, permeabilized in PBS plus 0.3% 
Tween 20 for 15 minutes and blocked in PBS plus 10% FCS and 0.1% Tween 20 for 
60 minutes. For immunostaining of tissue samples the anti-Dmp53 d-200 (Santa Cruz 
Biotechnology) antibody was used in 1:100 dilution and detected with AlexaFluor555-
conjugated goat-anti-rabbit IgG (Molecular Probes), used at 1:500 dilution. Images 
were captured using Olympus FV1000 confocal laser-scanning microscope.

Quantitative RT-PCR

The influence sumoylation exerts on Dmp53 dependent transcriptional activation was 
measured by quantitative real-time RT-PCR on samples derived from X-ray irradiated 
larvae. yw; Dmp535A-1-4 virgins were mated with yw; P{ry+t7.2 = PZ}lwr05486 
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P{w+mC = lacW}smt3k06307/y+CyO or yw; P{ry+t7.2 = PZ}Su(var)2-1003697/y+CyO 
males. Wandering third instar larvae displaying the y phenotype were irradiated with 
4 krad X-ray (1 krad/min) along with wild-type and yw; Dmp535A-1-4 control larvae. 
After two hours recovery period irradiated larvae were frozen in liquid nitrogen and 
subjected to RNA isolation. 

Total cellular RNA was isolated using Qiagen RNeasy mini kit (Qiagen Inc., 
Valencia, CA) according to the manufacturer’s instructions. First-strand cDNA was 
synthesized using TaqMan Reverse Transcription cDNA synthesis kit (Applied 
Biosystems, Foster City, CA) with 2 μg RNA template and random hexamer primers. 
PCR reactions were carried out in duplicates in an ABI Prism 7500 real-time PCR 
system. cDNAs corresponding to 18S rRNA and rpr were amplified using TaqMan 
Universal PCR Master Mix, while SYBR-Green PCR Master Mix was used for the 
amplification of Dmp53 cDNA. The sequence of primers and TaqMan probes  
were: 18S forward: GCCAGCTAGCAATTGGGTGTA, 18S reverse: 
CCGGAGCCCAAAAAGCTT, 18S probe: TATGGCTCTCTCAGTCGCTTCCGGG, 
Dmp53 forward: GCTTGGGGCACGTACATATT, Dmp53 reverse: 
ACATGAGCCGGTCTGTAACC, rpr forward: CCAGTTGTGTAATTCCGAACGA, 
rpr reverse: TCGCCTGATCGGGTATGTAGA, rpr probe: 
AAGAAAGATAAACCAATGGCAGTGGCA.

S2 cell transfection and luciferase assay

Drosophila S2 cells were plated at a density of 3×106 cells/well in 6-well plates and 
transfected with 2 μg of pAFW-Dmp53 or pAFW-Dmp53K302R together with 1 μg 
pGL3-Promoter Vector containing p53-responsive element from the reaper gene, 
using the calcium-phosphate transfection protocol [11]. pHC624 plasmid was used as 
carrier DNA. Forty-eight hours after transfection cells were washed, harvested and 
lysed to determine luciferase activity as described in Promega luciferase assay kit 
protocol (Promega). To determine transfection efficiency, the pEGFP-Ketel plasmid 
expressing the green fluorescent protein was cotransfected with the luciferase report-
er plasmid, and the fraction of GFP positive cells determined by FACS. For Western 
analysis approximately 5 μg of total protein per lane was used. M2 anti-FLAG anti-
body was used to detect FLAG-Dmp53 protein.

RESULTS

Dmp53 interacts with proteins involved in sumoylation

We used yeast two-hybrid assay to identify Dmp53 interacting proteins in Drosophila 
embryonic cDNA library. Since the N-terminal region of Dmp53 is a transcriptional 
activator domain [6], we used an N-terminally truncated Dmp53 fused to the lexA 
DNA-binding domain as bait (Fig. 1A). Out of 12 clones (selected based on their 
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ability to grow in the absence of histidine and beta-galactosidase activity, see materi-
als and methods), five contained cDNA fragments corresponding to genes known to 
be involved in SUMO modification: two independent clones contained cDNA corre-
sponding to the C-terminal region of the SUMO activating enzyme UBA2, encoded 
by uba2; one cDNA fragment was from the lwr gene, which encodes the SUMO-
conjugating enzyme UBC9; and two clones carried cDNA fragments of the 
Su(var)2-10 encoding the SUMO ligase, PIAS (protein inhibitor of activated STAT1) 
(Fig. 1). All of these proteins have been shown previously to be involved in sumoyla-
tion in Drosophila and/or in other systems [10, 24]. The specific interactions between 
Dmp53 and UBA2, UBC9 and PIAS were also detected by in vitro pull-down exper-
iments (Fig. 1D). In order to identify the region(s) of Dmp53 involved in the observed 
interactions we constructed further LexA-Dmp53 fusions by deleting distinct regions 
of Dmp53 (Fig. 1A). By assessing the ability for interactions of the deleted Dmp53 
proteins in yeast two-hybrid assays, we determined that the presence of the central 
DNA-binding region of Dmp53 was not required, but the absence of the C-terminal 
oligomerization/basic region abolished interactions with UBA2, UBC9 and PIAS. To 
further dissect the C-terminal region of Dmp53 we constructed lexA fusions contain-
ing only the oligomerization domain C1 (amino acids 277-353), or the basic region 
C2 (352-385). We found that Dmp53C1 interacted with UBC9, and Dmp53C2 with 
both UBC9 and UBA2, while neither the oligomerization domain, (Dmp53C1) nor 
the basic region (Dmp53C2) alone was able to interact with PIAS (Fig. 1A, B, C). 
Collectively, from the results of yeast two-hybrid interactions and GST-pull-down 
experiments we concluded that Dmp53 interacts specifically through it C-terminal 
domain with enzymes of the sumoylation pathway. The canonical SUMO acceptor 
site is ΨKXE, where Ψ represents a large hydrophobic, X any amino acid, and K, and 
E are lysine and glutamic acid, respectively [15]. This sequence motif is present at 
one position in the C-terminal region of Dmp53, with the lysine at position 302. We 
generated a lysine to arginine (K302R) Dmp53 mutant and tested its effect on the 
interactions. Surprisingly the K302R change did not abolish Dmp53 interaction with 
the sumoylation-related proteins we identified in yeast two hybrids. 

Genes encoding proteins involved in sumoylation do not show strong 
genetic interaction with Dmp53

Since yeast two hybrid is known to produce false positive results frequently and sev-
eral contradictory reports have been published on the possible effects of sumoylation 
on p53 function, we sought proof for the functional significance of Dmp53 interac-
tions we identified in Y2H. For this we expressed wild-type Dmp53 under the control 
of the eye-specific Glass Multimer Reporter (GMR) regulatory element in order to 
produce a Dmp53 specific phenotype that can be used in genetic interaction tests. The 
rough-eye phenotype of GMR-Dmp53 animals depends on the amount and/or activ-
ity of Dmp53, as the phenotype of homozygotes is more severe than that of heterozy-
gotes. To assess whether partial loss of sumoylating activity leads to changes in 
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Dmp53 dependent apoptosis, we crossed males heterozygous for Su(var)2-10, lwr, 
smt3 or for lwr and smt3 simultaneously to females over-expressing Dmp53. Offspring 
expressing Dmp53 and heterozygous for a gene of interest were collected at 29 °C 
and their rough-eye phenotype was compared to that of control flies. We over-
expressed Dmp53 by either under the direct control of GMR promoter or through a 
GMR-GAL4 driver. We found that heterozygosity of genes involved in sumoylation 
did not alter the rough-eye phenotype of Dmp53 expressing flies in either case (data 
not shown). 

Next we hypothesized that if the activity of Dmp53 is sumoylation dependent, then 
high level expression of smt3 might alter the rough-eye phenotype of Dmp53 over-
expressing animals. To test this idea we crossed w+; GMR-GAL4; UAS-Dmp53 vir-
gins, expressing Dmp53 in the eye, to w; UAS-smt3/TM6 males at 25 and 29 °C and 
compared the rough-eye phenotype of w+; GMR-GAL4/+; UAS-Dmp53/ UAS-smt3 
progeny to that of w+; GMR-GAL4/+; UAS-Dmp53/TM6 control siblings. We found 
no significant difference between the rough-eye phenotype of the two categories (data 
not shown). Thus, these results do not support the idea that sumoylation contributes 
to the regulation of Dmp53 activity, however they do not exclude this possibility 
either, as half-dosage of the affected genes might be enough to fulfill their functions 
and an increased level of SUMO protein might not alter Dmp53 sumoylation level.

One of the hallmark phenotypes of Dmp53 mutations is the increased mutation rate 
after ionizing radiation. In order to investigate whether decreased sumoylating activ-
ity influences the mutator phenotype of Dmp53 we applied the loss of heterozygosity 
assay. We performed crosses resulting in offspring simultaneously heterozygous for 
Dmp53, for the marker gene mwh, and for genes involved in sumoylation: Su(var)2-10, 
lwr, or smt3. Wandering L3 larvae were collected, irradiated with low doses of X-ray 
(250 rad), and the number of homozygous mwh clones counted on the wings of the 
adult animals. As negative and positive controls, we investigated animals heterozy-
gous and homozygous for Dmp53 and found that the average number of clones was 
8.24 and 15.26, respectively. Partial loss of Su(var)2-10 (mean: 12.26, P = 0.016), lwr 
(mean: 16.06, P < 0.001), or smt3 (mean: 10.39, P < 0.209) increased the number of 

←⎯⎯⎯⎯
Fig. 1. Sumoylation enzymes interact with the C-terminal end of Dmp53. The results of His-auxotrophy 
reversion, β-galactosidase filter and semi-quantitative assays, testing direct interaction between Dmp53 
derivatives and the sumoylation enzymes are indicated. (A) Schematic representation of the domain 
structure of Dmp53: the regions of Dmp53 used as baits in yeast two-hybrid experiments are shown. AD, 
transcription activation domain; DBD, sequence specific DNA binding domain; CTD, C-terminal domain. 
(B) Yeast strains containing GAL4 activation domain-fused sumoylation enzyme fragments and Dmp53 
C-terminal region-lexA DB-domain fusions show growth ability on His– plates and β-galactosidase activ-
ity in filter assay. (C) Semi-quantitative β-galactosidase measurement revealed that sumoylation enzymes 
interact strongly with the C-terminus of Dmp53. By using the K302R mutant Dmp53 fragment, the inter-
actions with sumoylation enzymes remain, however, there is a significantly weaker interaction between 
Dmp53 and DmUba2. (D) In vitro pull-down of [3H]-leucine-labeled DmPias, DmUbc9 and DmUba2 by 
GST-Dmp53C and GST. The expected Mw of in vitro translated DmPias, DmUbc9 and DmUba2 is 25 

kDa, 16 kDa, and 21 kDa, respectively
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wing clones compared to the control (Fig. 2A). Thus, partial loss of sumoylating 
activity enhanced the mutator phenotype of Dmp53 suggesting that sumoylation may 
increase the activity of Dmp53.

To ask directly whether the sumoylation pathway mutants affected the transcrip-
tion activator function of Dmp53 we studied the mRNA level of Dmp53 target gene 
reaper (rpr) in sumoylation mutant heterozygotes. As shown in Fig. 2B lwr smt3 or 
Su(var)10 heterozygosity resulted only a small change in rpr mRNA level. 

In summary, none of the experiments described above indicated strong functional 
interactions between Dmp53 and members of the sumoylation pathway when the cor-
responding mutant alleles were studied in heterozygous combinations.

Expression of wild type and K302R mutant Dmp53 has similar effects
in transgene carriers

To analyze whether mutation of the canonical sumoylation site affected Dmp53 func-
tion in vivo we introduced UAS-p53K302R transgenes into the Drosophila genome and 
studied the resulting phenotype. We assumed that if sumoylation played an essential 
role in the regulation of Dmp53, over-expression of this transgene would produce a 
phenotype distinct from that of wild-type Dmp53 over-expression. In these experi-
ments we considered the possibility of mistakes resulting from different levels of 
transgene expression with insertions at different positions. In fact, we noticed that 
independent insertions of the same Dmp53 transgene resulted in very different 
expression levels and phenotypes. Therefore we compared the effects of Dmp53 and 

Fig. 2. Detecting the effect of reduced Dmp53 level by loss of heterozygosity assay and RT-PCR quanti-
fication of reaper mRNA. (A) Partial loss of sumoylating activity enhances the mutator phenotype of 
Dmp53. We applied the loss of heterozygosity assay using the mwh marker gene to assess genome stabil-
ity in larvae heterozygous mutations in genes involved in sumoylation after 250 rad X-ray irradiation. The 
chart shows the mean and standard error of mwh clones on wings in control flies heterozygous or homozy-
gous for Dmp53, and in flies heterozygous for both Dmp53 and DmPias (Su(var)2-10), lwr or smt3. 
Partial loss of DmPias and lwr increases the number of clones significantly. (B) The effect of Dmp53 on 
the mRNA level of the proapoptotic gene rpr in sumoylation pathway mutant flies. The rpr mRNA levels 
of L3 larvae were determined by Q-PCR and normalized to 18S rRNA levels. In each category the ratios 

of X-ray irradiated and non-treated (control) samples are given



Drosophila P53 sumoylation 407

Acta Biologica Hungarica 62, 2011

Dmp53K302R transgenes inserted at identical sites either on the 2nd or the 3rd chromo-
some. Comparisons of the mRNA levels by Q-RT-PCR indicated a similar level of 
expression of the wild type and mutant gene (Fig. 3A). In accord with that, the levels 
of Dmp53 proteins were also comparable in wild type and mutant transgene express-
ers (Fig. 3B). Surprisingly, the phenotypes of wild type and mutant Dmp53K302R car-
rier animals were also very similar (Fig. 3C).

One effect attributed to SUMO modification is that it might alter the cellular local-
ization of the modified protein. Therefore, we were interested to test whether a differ-
ence in the cellular localization of wt Dmp53 and Dmp53K302R could be detected. For 

Fig. 3. Drosophila strains over-expressing wild-type or mutant Dmp53 have similar mRNA and protein 
levels and show similar phenotypes. The amount of mRNA (A) and protein (B) in L3 larvae over-express-
ing wild-type or mutant Dmp53. Dmp53 was overproduced by expressing the P[da-GAL4]-driven 
P[UAS-Dmp53] or P[UAS-Dmp53K302R] transgene. mRNA levels were compared to w1118 control. (C) The 
graph shows the proportion of animals expressing a P[da-GAL4]-driven P[UAS-Dmp53] or P[UAS-
Dmp53K302R] transgene arrested at different stages of development. Early and late L3 larval stages were 

distinguished by the presence or absence of the anterior spiraculum, respectively
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this we immunostained tissue samples of transgene carrier Drosophila larvae with 
p53-specific antibodies and visualized Dmp53 localization by confocal microscopy. 
Using several transgenic lines which express mutant and wt Dmp53 the two forms of 
the protein were detected in identical cellular localization. Both wt and K302R 
Dmp53 reside primarily in the nucleus. At very high protein expression levels both 
the wild type and the mutant form of the protein forms intensively staining granules 
within the nuclear territory (Fig. 4).

SUMO modification has also been reported to affect protein stability. In order to 
test whether this can be observed in the case of Dmp53 we compared the turnover of 
wt and K302R Dmp53 in S2 cells. For these experiments we transfected S2 cells with 
plasmids expressing the wt or the mutant form of Dmp53 with a FLAG epitope, under 
the control of the Act5 promoter. Samples of transfected cells were collected at dif-
ferent time points following transfections and the Dmp53 protein levels were deter-
mined on immunoblots using FLAG specific Ab. In repeated experiments we found 
no significant changes between the expression levels of wt and mutant Dmp53 up to 
72 hrs after transfection (Fig. 5A).

Fig. 4. Nuclear localization of exogenous Dmp53 in Drosophila tissues. Dmp53 (red) and DAPI (blue) 
staining in cells of the salivary gland. Dmp53 was overproduced in flies by expressing the P[da-GAL4]-
driven P[UASDmp53] or P[UASDmp53K302R] transgene. Localization of Dmp53 proteins was analyzed 
by confocal microscopy. Both wild type (wt) and mutant (K302R) Dmp53 display similar localization, 

forming subnuclear foci in the perinucleolar space
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Wild type and K302R mutant Dmp53 are similarly active
in transcription transactivation

Post-translational modifications were found to affect transcriptional transactivation 
ability of several transcriptional transactivators. In order to test if sumoylation at 
K302R affects the transcriptional activator function of Dmp53, we compared the wt 
and mutant Dmp53 in reporter gene assays by transient transfection of S2 cells. For 
the analysis we constructed a Dmp53 responsive promoter–luciferase fusion reporter 
gene using the rpr promoter and luciferase coding region. The luciferase activity 
resulting from co-transfection of the reporter plasmid with a Dmp53 expresser is 
25–30-fold higher then the activity observed in the lack of Dmp53 (Fig. 5B). 
Co-transfection of the reporter with a plasmid driving Dmp53K302R production gave 
practically identical levels of transcriptional activation. Dmp53 and Dmp53K302R 

Fig. 5. Wild-type and K302R mutant Dmp53 are similar in respect of their stability and transcription 
activation ability. (A) Immunoblots reveal that both wild type (wt) and mutant (K302R) Dmp53 are pres-
ent at comparable levels in S2 cells 72 hours after transfection. The level of tubulin was measured in each 
sample to compare the levels of loaded proteins. (B) Wild-type and K302R mutant forms of Dmp53 are 
equally active in transcription transactivation. The pGL3-Luc reporter plasmid was transfected into S2 
cells together with a plasmid directing the expression of either wild-type or mutant Dmp53 as indicated. 

In the control no Dmp53 expressing plasmid was introduced
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were expressed from different constructs with identical result; in short: in S2 cells the 
wt and K302R mutant Dmp53 proteins are similarly active in transcription activation 
of a responsive promoter.

DISCUSSION

Drosophila melanogaster is considered to be an effective model system for studying 
both SUMO modification and p53 function beside many other complex cellular proc-
esses. In accord with that, a number of SUMO targets have been identified in the fly. 
However, for several of these, among them Dmp53, the role of sumoylation remains 
unknown. We used an N-terminal deleted form of Dmp53 to determine if Dmp53 
participates in physical interactions with proteins involved in sumoylation similarly 
to its human orthologue. With yeast two hybrids, and also with in vitro protein inter-
action studies, interactions were detected between Dmp53 and proteins playing a role 
in SUMO modification. Interaction of Dmp53 with proteins involved in the SUMO 
modification pathway has also been detected by others [7, 23]. Moreover, while this 
study was in progress Mauri et al. [13] reported on the SUMO modification of 
Dmp53. The three proteins we identified as Dmp53 interacting partners represent E1 
activating enzyme subunit (Uba2), E2 conjugating enzyme (lesswright), and E3 
ligase (PIAS). Each of them has been identified as sumoylation pathway components 
in other screens (see references in [24]). Our results indicate that the different 
sumoylation factors interact with different Dmp53 C-terminal regions. Surprisingly, 
the elimination of the SUMO target lysine within the single canonical sumoylation 
site in the C-terminal region of Dmp53 had no affect on the detected interactions. 
These observations prompted us to test whether a functional role of SUMO modifica-
tion at this C-terminal target site can be determined. For this first we used genetic 
interaction studies to identify p53 functions which show dependence on SUMO 
modification. Since mutations of the factors involved in sumoylation are lethal we 
opted to ask whether heterozygosity of Su(var)2-10, lwr or smt3 affected the extent 
of apoptosis resulting in Dmp53 overproduction in the developing eye. The results of 
genetic interactions gave a negative answer to this question. Similarly no change was 
detected in the mRNA level in the Dmp53 target rpr in heterozygotes of sumoylation 
mutants, and did not find that overproduction of the SUMO protein modified Dmp53 
function. An effect that could be detected in genetic interaction studies was that par-
tial loss of sumoylating activity enhanced the mutator phenotype of Dmp53 in loss of 
heterozygocity assay, suggesting that under specific conditions sumoylation may 
increase Dmp53 activity. 

In order to focus on the possible role of sumoylation of Dmp53 at K302 we 
directly compared wild type and K302R mutant Dmp53 in respect of cellular local-
ization, transient transcription activation of reporter gene in S2 cells, and resultant 
phenotype upon overexpression in transgenic animals. In none of these assays could 
be significant difference detected in the effects of wild type Dmp53 versus its form 
mutated at the sumoylation acceptor site. The simplest conclusion of these experi-
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ments could be that SUMO modification at K302 has no effect on Dmp53 function. 
This conclusion, however, seems to contradict with the observed protein–protein 
interactions of Dmp53 C-terminal region with three members of the sumoylation 
pathway. Therefore we rather propose that the prevention of the sumoylation at K302 
has no effect since it can be replaced by modification at an other site. This idea is in 
accord with the recent data of Mauri et al. [13].These authors found that mutations of 
either lysine 26 or 302 did not abolish Dmp53 transcriptional activator ability and did 
not change its localization, but simultaneous mutation of the two acceptor sites, one 
in the N-terminal one in the C-terminal region of Dmp53 reduced its transcriptional 
activity and its ability to induce apoptosis. We did not analyze K26 in the Y2H we 
detected interaction with truncated Dmp53 lacking K302. Thus, our data might indi-
cate that the SUMO acceptor site selection is not so strict in Drosophila melanogaster 
and other sites might substitute the K302.
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