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and neuronal death.
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Summary

D. melanogaster is a dipteran model system for many diverse phenomena including animal
development. The first report on the presence of 5-methylcytosine in the genomic DNA was by
Deobagkar nee’ Achwal (Achwal et al, 1984), where by use of sensitive and specific
immunochemical staining and photoacoustic spectroscopy, the amount of 5mC was shown to be of
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the order of 0.008mol%. Along with 5mC other methylated nucleotides like 6-methylAdenine and 7-
methylGuanine were also shown to be present in genomic DNA of D. melanogaster using
immunochemical methods (Achwal et al, 1983). Epigenetic changes in eukaryotic biology regulate
diverse processes predominantly due to the cross-talk between DNA methylation and histone
modifications. An appropriate environmental stimulus can reprogram the development of an
organism (Felsenfeld, 2007; Allis et al., 2007). The amount of methylation varies with different
stages of life cycle in all organisms (Hendrich et al., 2003). It is known that there is differential
expression of genes in response to external stimulus, and the stimuli for this change could be
temperature, medium condition, or presence of oxidative stress (Gonsalves et al., 2011). Drosophila
has been shown to possess a single known methyltransferase, dDNMT2 (Schaefer et al., 2008),
which belongs to the enigmatic DNMT2 family. The DNMT2 family of proteins is found to be
conserved, but their functions are still elusive. Molecular and biochemical experiments show that
Dnmt2 can localize in the cytoplasm as well as nucleus (Lyko et al., 2000) and is supposed to help
the fly against transposable elements and retroviral infections (Schaefer et al., 2010).

Prior studies indicate change in the expression of the genes in response to change in
temperature (Sorensen et al., 2005; Kristensen et al., 2003). The cellular heat stress response is well
studied in Drosophila with respect to the role of heat shock proteins (HSP), molecular chaperones
that are highly expressed during and after exposure to numerous stress types. All HSPs appear to be
regulated by a common transcription factor, the heat shock factor (HSF), which may also regulate
uncharacterized heat-responsive genes (Jensen et al., 2008) besides Hsp genes. It has been suggested
that HSPs also play a direct role in the extended longevity and stress resistance of flies exposed to
non-lethal stress at a young age (Tatar et al., 1997).
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Figure 1. Immunochemical staining of unmethylated DNA
substrate with 5 methylcytosine antibodies after incubation with
protein extract from S2 cells under stress conditions.

Results

In this work we have studied the effect of heat stress on the 5 methyltransferase activity at the
various time points in S2 embryonic cell line of Drosophila melanogaster. The S2 cell line was
derived from a primary culture of late stage (20-24 hours old) Drosophila melanogaster embryos.
This versatile cell line grows rapidly at temperature of 22°C without CO, and is easily adapted to
suspension culture. S2 cells can be grown in both serum-containing (Schneider's Drosophila
Medium) or serum-free medium (Drosophila SFM). These are used represent a studies on early
embryos. We have exposed the S2 cell line to a higher temperature for different time intervals and
assayed for DNA methyltransferase activity. The S2 cell line grown in Schneider’s medium was
exposed to 37°C for O hrs (control), 2 hrs, 4 hrs, 6 hrs, and 8 hrs, respectively. Cellular protein was
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extracted and used for in vitro methyltransferase assay followed by immunochemical staining using
5-methyl cytosine antibodies (Paniker et al., 2008). The concentration of the unmethylated substrate
and cell protein used for the assay was 4 pg and 400 pg, respectively. The technique used to detect
the activity of DNA methyltransferase and its effect on DNA methylation has been published by our
lab (Deobagkar et al., 2012).

180 -

160 Comparison of Methylation in S2 cell lines

140
1;2 Figure 2. Graphical representation of DNA
80 Methylation Assay for S2 Cell Lines of
60 Drosophila melanogaster after exposure to
40 higher temperatures (Deobagkar et al., 2012).
20
[ T T T

Ohr 2hr 4hr 6hr 8hr

Stress Period

IDV/ mm?2

This result clearly documents an increase in cytosine methylation upon exposure to
temperature stress. Although the exact role of DNA methylation in Drosophila is unclear, if involved
in chromatin remodeling, physiological changes could result from epigenetic modifications due to
change in the activity of methyltransferase. Different genotypes in the fly may respond differentially
to the same environmental stress. The variation in these norms of reaction may be due to the genetic
variation in their metabolic traits. The role of individual nutrients in stress resistance and longevity
are largely unknown. Despite these variable parameters it can be affirmed that a progressive change
in the activity of methyltransferase is observed under stress conditions in the embryonic stages of
Drosophila melanogaster. The activity goes on increasing in case of S2 cell line as the time of
exposure to stress is increased. The enigmatic role of DNA methylation in Drosophila physiology
provides a model to integrate and analyze molecular and genetic mechanisms which are governed by
methylation changes.
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