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Characterization of the gene expression related to the process of
DNA damage tolerance in Schistosoma mansoni
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In the course of its complex life cycle, the parasite Schistosoma mansoni need to adapt to distinct environments,
and consequently is exposed to various DNA damaging agents. The Schistosoma genome sequencing initiative has
uncovered sequences from genes and transcripts related to the process of DNA damage tolerance as the enzymes
UBC13, MMS2, and RAD6. In the present work, we evaluate the importance of this process in different stages of the
life cycle of this parasite. The importance is evidenced by expression and phylogenetic profiles, which show the
conservation of this pathway from protozoa to mammalians on evolution.
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The trematode Schistosoma mansoni, the causative
agent of schistosomiasis in Brazil, presents a complex life
cycle, which alternates phases in vertebrate host, free
life, and phases in invertebrate host. In order to complete
this cycle, various morphologic and biochemical adapta-
tions are important because different response is neces-
sary to counteract the stimulus from a different environ-
ment. In attempt to answer some of these questions, a
consortium was created to sequence the S. mansoni
Transcriptome (Verjovski-Almeida et al. 2003) and this
information has contributed to the understanding of the
parasite biology.

DNA damage is one of the most common external in-
terference in all-live organism, and the evolution gener-
ates diverse mechanisms to repair lesions on genome for
the species conservation (Lindahl & Wood 1999, Reddy
& Vasquez 2005). The mechanisms of tolerance to DNA
lesions mediated by ubiquitination of the Proliferation Cell
Nuclear Antigen (PCNA) were recently described to main-
tain the integrity of genetic material and viability of DNA
replication (Hoege et al. 2002). Previous works show that
Ubiquitin Conjugating Enzymes, such as RAD6, UBC13,
and an E2 variant - MMS2, have an essential role in the
control of mutagenic and non-mutagenic mechanisms of
damage tolerance during DNA replication (Stelter & Ulrich
2003). The enzyme RAD6 in a complex with the E3 RAD18
is responsible for the monoubiquitination of PCNA and
recruitment of mutagenic polymerases in a process called
Translesion Synthesis (Ulrich 2005). The E2 complex
UBC13-MMS2 works with the E3 RAD5 to extend the
poliubiquitin chain of the monoubiquitinated PCNA in a
Lys-63 conformation to direct the error-free tolerance rep-
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lication (Brown et al. 2002). The objective of this work is
to analyze the expression of genes related to the toler-
ance control and estimate the importance of these path-
ways to Schistosome biology.

For the purpose of conduct experimental procedures,
the putative sequences encoding to UBC13, MMS2, and
RAD6 were obtained from data bank of Transcriptome
Project (http://verjo18.iq.usp.br/schisto) to design prim-
ers to use in polymerase chain reaction (PCR) analysis.
The Table shows the sequence of primers and the condi-
tions used in PCR analysis for each gene. We extracted
total RNA by Trizol (Invitrogen) method from the follow-
ing stages: adult worm, eggs, germballs, cercaria, and
schistosomula. A reverse transcription (RT-PCR) was per-
formed using an oligo dT primer and a Thermoscript RT-
PCR system Kit (Invitrogen). We carried out the PCR us-
ing a Platinnum Taq DNA Polymerase Kit (Invitrogen) with
the primers above described (Table). The sequence of PCR
products was analized in the BlastX algoritm. The pre-
dicted amino acid sequence was used to generate a phy-
logenetic tree with the MEGA v. 3. program (www.
megasoftware.net/mega3).

The sequences obtained from the Transcriptome
Project, which encode for putative UBC13, MMS2, and
RAD6 are the first evidence for the presence of damage
tolerance pathways in this organism. Fig. 1 shows the
results of the RT-PCR analysis, where the amplification of
the transcripts was obtained in all stages of the parasite.
The controls did not show innespecific amplification from
DNA. These observations reflect the importance of this
mechanism to keep the DNA integrity, since the exposi-
tion of the S. mansoni DNA to damaging agents may be
constant during the life cycle. For example in the free life
stages, the action of ultraviolet light and chemical pollut-
ants and, in the other stages, the radicals of the host
metabolism may be lethal for the parasite if it does not
hold mechanisms to tolerate this lesions. The damage re-
sultant from exposition of these agents may block the
replication of DNA, and consequently inhibit cell divi-
sion of the parasite. Repair mechanisms may cause nega-
tive effects because in the replication forks the regions of
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single stranded DNA are numerous. For this reason the
cells bypass the damage and conclude replication to pos-
terior repair, in a process called post-replication repair.

In human cells, other functions are described for the
enzyme UBC13, like the control of the G1/G0 cell cycle
checkpoint (Matsusaka & Pines 2004) and activation of
the IkB kinase (Deng et al. 2000). The latter may do not
exist in schistosomes because of the absence of the
Ubiquitin Conjugating Enzymes variant type 1 as observed
in mammalians, which are responsible for the signaling.
The enzyme RAD6 also presents distinct functions in a
N-end rule proteolysis and damage tolerance. For these
reasons, the possibility of SmUBC13 and SmRAD6 to be
acting in other pathways not may be excluded. To confirm
the contribution to each pathway, additional works will
be carried on.

The RT-PCR with total RNA of cercaria and schis-
tosomula generated the amplification of two transcripts
with SmUBC13: a 319 bp and a 450 bp products respec-
tively. Both bands are eliminated in a PCR carried in high
stringency conditions. Sequencing of these transcripts
indicates the identity of SmUBC13 to the minor band and
the major band corresponding to a non-previously de-
scribed retrotransposon with similarity to Boudicca
(Copeland et al. 2003).  During the development of S.
mansoni Transcriptome Project, several retrotransposons

sequences were revealed, but the majority is expressed in
all stages of the parasite life cycle as pseudogenes and
does not convert to proteins. A retro-transposon differ-
entially expressed consist in a possible regulation point
of parasite metabolism in the stages of cercaria and
schistosomula. Previous works have described the func-
tion of retroviral integrases in the regulation of the en-
zymes from tolerance pathways (Mulder et al. 2002). Ad-
ditional works are necessary to characterize the functions
of this transcript.

The phylogenetic relationship of the three enzymes
focused on this work shows a similar organization, as
showed in Fig. 2. The co-evolution of these genes is an
evidence for the conservation of functions and preserva-
tion of an active DNA damage tolerance pathway. If the
evolution of these genes were different, the interactions
between the other would may be lost and these processes
would turn to be inactive.

This work shows the partial characterization of some
genes related to DNA damage tolerance in the parasite S.
mansoni. The quantitative expression analysis of the re-
pair and tolerance genes, and a biochemical characteriza-
tion of these processes will be a next step to provide more
specific information of the tolerance pathways in this para-
site.

TABLE
Sequence of primers for reverse-transcription-polymerase chain reaction analyses

Annealing Expected
Gene Genbank Primer sequence temperature product (bp)

SmUBC13 DQ321733 5' GAAAGATAGCGATACGAAG 3' 48°C 319
5' AGCGTAAAGCTGAGTCCATT 3'

SmMMS2 DQ321734 5' GATGAACTTGAGCAAGGACA 3' 45°C 336
5' TGCAGACATTTTCTTGCGGA 3'

SmRAD6 DQ321735 5' ACTTCTGCGTGACTTGAAAC 3' 48°C 433
5' TTCTTCGTACCAGCTTTCCT 3'

Smα-Tubulin M80214 5' CGCTCGCGGTCATTATAV 3' 47°C 137
5' ATCCAGAACCGGTACCAC 3'

BgRPN1 CV042523 5' CCAGAGCTTCAGAAAGTTCT 3' 42°C 456
5' AACTTGTCCTGCTAAATGCC 3'

Fig. 1: detection of transcripts in adult worms, infected (+) and non-infected (–) Biomphalaria snails, eggs, cercaria, and schistosomula. A:
reverse-transcription-polymerase chain reaction amplification of transcripts with the primers SmUBC13 (U), SmMMS2 (M), and SmRAD6
(R); B: control of amplification with Smα-Tubulin and of B. glabrata snails with BgRPN1 amplification. –RT: amplification of a RNA
untreated with reverse transcripase; +D = RNA previously treated with DNAse I; +C: positive control without treatment.
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Fig. 2: phylogenetic analysis of entire amino acids sequence of UBC13, MMS2, and RAD6. The sequence is from Homo sapiens (Hs), Mus
musculus (Mm), Schistosoma mansoni (Sm), S. japonicum (Sj), Drosophila melanogaster (Dm), Plasmodium falciparum (Pf),
Caenorhabiditis elegans (Ce), Arabidopsis thaliana (At), Schizosaccharomyces pombe (Sp), Saccharomyces cerevisiae (Sc), Trypano-
soma cruzi (Tc), and Leishmania major (Lm). The bootstrap percentages are indicated above the branches.
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