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transposon-encoded anti-silencing factor

Transposable Elements (TEs) have a wide variety of survival strategies for each
TE. Because their transposition and insertion are potentially harmful to the host, the
host silences their transcriptional activity by epigenetic systems such as DNA
methylation. On the other hand, our understanding of how TEs counteract host silencing,
i.e., "anti-silencing" by TEs against the host, is less advanced than the control of TEs
by the host. One of the few known examples of anti-silencing by TEs is caused by
VANC?21 protein, which is encoded in VANDAL2] family TEs in Arabidopsis thaliana.
Exogenous expression of VANCZ2] gene induces loss of DNA methylation specifically
in VANDALZ2I family TEs, which results in transcriptional re-activation of VANDALZ21-
encoded genes. Although VANC21 protein binds to the specific region of VANDALZ2I
sequence, DNA de-methylation spreads over the entire VANDALZ2I sequence, which
leads to robust loss of silencing. Unraveling the mechanisms behind these phenomena
will advance our understanding of how TEs have proliferated in the genomes of diverse
organisms. However, the study of VANC21 protein remain at the stage of discovery and
many aspects have not been answered. For instance, the evolutionary aspect, the
mechanism of DNA-binding, and the biochemical process from DNA-binding to de-
methylation, are entirely unknown. In this doctoral thesis, I aimed to investigate three
different uncovered aspect of VANC21 protein; evolution, biochemical properties and
single-molecule dynamics.

I first describe basic knowledge about TEs and recent discovery about anti-

silencing protein VANC21 in “Introduction” chapter. An interesting aspect of VANC21



protein is its high specificity. I introduced the recent studies about VANC21 protein
with a focus on its target specificity.

To investigate the evolutional aspect, I focused on VANC21-like genes of other
VANDAL TE families that were particularly similar to VANC21 in amino acid sequence.
I expressed these VANC genes as transgenes and analyzed DNA methylome by whole-
genome bisulfite sequencing, and confirmed that one of VANC gene has an anti-
silencing function. This gene, which I named VANCG6, is encoded by VANDALG6 TE
family. Exogenous expression of FVANC6 induces hypomethylation specifically in
VANDALG6 and its phylogenetically closely related TE families. Although VANDALZ21
and VANDALG6 TE families are related, the targets for de-methylation of their respective
VANC proteins were different and did not affect each other. These results suggest that
all VANDAL TE families have evolved to get VANCs with different target specificities.

Next, I focused on the biochemical properties of VANC protein. Using ion-
exchange column chromatography and gel filtration chromatography, [ successfully
purified a single-band, nucleic acid-free pure VANC21 protein. I used this protein to
investigate the biochemical properties such as kinetics of the reaction in binding to
DNA. The kinetics of the complex of VANC21 protein and DNA showed a sigmoidal
curve as the concentration of VANC21 protein increased, indicating that VANC21
proteins binds to its target DNA motif with positive cooperativity. Moreover, I found
that target motif is a partial palindromic sequence. These findings suggest the VANCZl—
binding mode in which two VANC21 proteins bind to both strands of one single motif
to form a dimer.

In the process of purifying VANC21 protein by gel filtration chromatography, I
noticed that it was separated into void fractions when it contained the N-terminal and
C-terminal disorder regions. In order to comprehensively analyze the role of the
disorder region, I used high-speed atomic force microscopy (HS-AFM). HS-AFM is the

powerful and only tool available for observing the real-time, real-scale dynamics of



proteins, including intrinsically disordered proteins. By applying HS-AFM to VANC21
protein, I was able to visualize its real-time dynamics and DNA-binding mode. HS-
AFM observation revealed that VANC21 protein forms multimer but exists in a
monomeric form when the disorder regions were deleted. The multimeric form of
VANC21 protein does not take a constant shape and VANC21 protein bound to DNA in
any multimeric form. The disorder region of VANC21 have extremely acidic and basic
regions and this feature is also conserved in VANC6. This suggests the electric charge
bias is essential for multimerization. In addition, VANC21 proteins dynamically attach
to and detach from each other. This dynamic movement of VANC21 may form the basis
of the phenomenon of de-methylation at non-CG sites by VANC21 protein, which
spreads over from the localization site to the entire VANDALZ2] sequence.

Based on these above findings, I propose a model that positive cooperative
effects and subsequent multimerization of VANC protein contribute to its specific
binding to rapidly-evolving arrays of short target motifs. This model may explain the
spreading of DNA de-methylation across the entire VANDAL2I sequence. These
findings on biochemical property of VANC proteins would pave the way towards

understanding the molecular basis of the elaborate survival strategy of the VANDAL TEs.
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