Role of a Modified Base, 5-Hydroxymethyluracil (5-hmuU), in Phase Separation: A Piece in the Puzzle

to Finding a Cause for Loss of Structural Integrity in Neurodegenerative Disorders

by Iris

Abstract / Methods \ Summary of Results
Modified base 5-hmU was introduced into
E. Coli DNA

Modified base was added only on 1 strand
of DNA — using a novel methodology

Background: Neurons require subcellular compartmentalization to
function efficiently and the existence of membrane-less organelles
(MLOs) is one of the ways by which proteins and RNA within the
neurons aggregate to form compartments. These MLOs are typically
formed by liquid-liquid phase separation and are common to many
cell types, but some are specific to neuron cells. A number of
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One of the proposed mechanisms for aberrant condensates
is a repeat of short DNA stretches [3]. Diseases like Huntington’s
disease, ALS, fragile-X syndrome, spinobulbar muscular atrophy
(SBMA), myotonic dystrophy (DM1) with CTG repeats, and
Friedreich’s ataxia (FRDA), and others, have been associated with
repeat expansion disorders.

Another mechanism which may lead to aberrant phase
separation, is the presence of modified bases such as 5-
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*Source: New England Biolabs, Ipswich, MA

Dinoflagellates are one of the most abundant marine
organisms with over 8000 species. The dinoflagellate nucleus
contains an extremely large DNA content, a skewed DNA-to-protein
ratio of 10:1 (compared to 1:1 in a eukaryotic nucleus), large
amounts of Mg2+ and Ca2+ cations in its DNA and most importantly,
a large proportion of nucleotide modifications such as 5-hmuU,
which replaces up to 70% of thymine, along with a deficit of
histones. These characteristics give Dinoflagellate DNA its
permanently condensed chromosomes a liquid crystalline physical
appearance. Interestingly, many species of dinoflagellates are
known to release neurotoxins. Hence, our far-reaching goal,
through this research project is to examine if aberrant phase
separation plays a role in release of neurotoxins, and hence, in
diseases like neurodegeneration.
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Incorporation (right) for Varying 5-hmU Incorporated DNA Strands
PCR was carried out for the 35t amplification
cycle using modified dmUTP in replacement of
dTTP (5-hmU as opposed to thymidine). Gel
electrophoresis was performed to confirm that

the PCR reaction was successful. —
Figure 3: Ethidium Bromide Stained Agarose Gel (1%) Showing PCR Products
Lanes 1: 0%; lane 2: 33%; Lane 3: 100 bp Ladder; Lane 4: 66%; Lane 5:100%

dTTP O L 0.17uL 0.33puL 0.5puL
Table 2: dmUTP:dTTP Ratio for 35t PCR Cycle
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actual incorporation of 5-hmU was
comparative to predicted rates for both test
groups

» Test group 1: predicted 33%; actual 37%
» Test group 2: predicted 66%; actual 40%

Figure 10: Isolated
dinoflagellate sample
observed under a
microscope

Figure 9: Bioluminescent
dinoflagellate observed in the
lab under dark conditions




