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Abstract

Abstract

The research discipline of epitranscriptomics dealing with ribonucleic acid (RNA) modifications has
gained increased popularity over the last decade. With the discovery of their contribution to numerous
physiological and pathophysiological pathways, RNA modifications are now considered as highly
pertinent field in biological and biomedical research.

Methylations hold particular interest, since they represent the most widespread RNA modification and
thus are involved in a huge variety of cellular regulations. Methyl groups are attached to RNA by the
enzyme family of RNA methyltransferases (MTases). Due to the association of RNA methylations with
several malignancies, the corresponding MTases shifted into the focus of medicinal chemists as
potential drug targets.

One specifically interesting RNA MTase is DNA methyltransferase 2 (DNMT2), which exact biological
function remains enigmatic. However, increasing amounts of data indicate a participation of this enzyme
in pathophysiological processes. Accordingly, modulators of DNMT2 activity were developed within the
scope of this thesis by following two converging approaches. Firstly, small molecule inhibitors were
designed and assessed, while secondly, RNA aptamers were evolved and analysed.

The small molecule inhibitors evaluated herein are based on the structure of the natural cofactor
S-adenosyl-L-methionine (SAM), which was chemically derivatised to yield Y-shaped structures. A
systematic overview of structure-activity relationships for these inhibitors was provided by two distinct
surveys leading to profound insights into molecular architectures recognised by DNMT2. Thus gained
perceptions were backed and complemented by in silico analyses further broadening the understanding
of molecular recognition.

These efforts resulted in compounds with moderate affinities for the enzyme, which presumably compete
with SAM for the identical binding site. Beyond this, more sophisticated inhibition mechanisms for
specific inhibitors were revealed, such as time-dependent inhibition or RNA competition. Intriguingly, for
selected compounds even partial selectivity towards other MTases was observed.

The generation of RNA aptamers for DNMT2 commenced with analysing systematic evolution of ligands
by exponential enrichment (SELEX) evolved pools employing next generation sequencing (NGS) and a
subsequent bioinformatics pipeline. Therefore, not only promising sequences were chosen for further
characterisation, but highly conserved nucleotides among these were likewise identified. Subsequent in
vitro experiments exposed one aptamer with higher inhibitory efficacy compared to the complete RNA
pools and first truncation experiments of this sequence added knowledge about its structure-activity

relationship.






Zusammenfassung

Zusammenfassung

Der Wissenschaftszweig der Epitranskriptomik, welcher sich mit Ribonukleinsdure (RNA)
Modifikationen beschéftigt, hat in den vergangenen zehn Jahren zunehmend an Popularitat gewonnen.
Durch die Verbindung von RNA Modifikationen mit verschiedenen physiologischen und
pathophysiologischen Stoffwechselvorgangen sind diese nun ein bedeutsames Feld fir biologische und
biomedizinische Wissenschaften. In diesem Zusammenhang sind besonders Methylierungen von
Interesse, da sie die meistverbreiteten Modifikationen darstellen und dementsprechend in vielfaltiger
Weise an der zellularen Regulation mitwirken. Methylgruppen werden von der Enzymfamilie der RNA
Methyltransferasen (MTasen) auf RNA Ubertragen. Da RNA Methylierungen mit diversen Krankheiten
in Zusammenhang gebracht wurden, sind die dazugehérigen MTasen nun in den Fokus von
medizinischen Chemiker*innen als potentielle drug targets gerickt.

Eine auBergewdhnliche MTase ist die DNA methyltransferase 2 (DNMT2), von welcher die genaue
biologische Funktion noch nicht vollstandig aufgeklart wurde. Allerdings deutet immer mehr darauf hin,
dass das Enzym an pathophysiologischen Prozessen beteiligt ist. Dementsprechend wurden im Zuge
dieser Arbeit Modulatoren fir die DNMT2 Aktivitdt entwickelt, indem zwei konvergente Strategien
verfolgt wurden. Erstens wurden small molecule Inhibitoren entwickelt und untersucht, wahrend
zweitens RNA Aptamere generiert und analysiert wurden.

Die small molecule Inhibitoren, welche in dieser Arbeit evaluiert wurden, basieren auf der Struktur des
natdrlichen Cofaktors S-Adenosyl-L-Methionin (SAM). Dieser wurde chemisch derivatisiert, sodass Y-
formige Strukturen erzeugt wurden. Ein systematischer Uberblick tber Struktur-Wirkungsbeziehungen
fur diese Inhibitoren wurde durch zwei Studien generiert. Diese gewahren einen detaillierten Einblick in
die von DNMT2 erkannten molekularen Architekturen. So gewonnene Erkenntnisse konnten durch in
silico Modelle unterfuttert werden, sodass das Verstandnis tiber die molekularen Interaktionen erweitert
werden konnte.

Diese Ansatze flihrten zu Molekilen mit moderaten Affinitaten fir das Enzym und konkurrieren
wahrscheinlich mit SAM um die gleiche Bindetasche. Weiterhin wurden differenziertere
Inhibitionsmechanismen, wie zeitabhangige Inhibition oder RNA Konkurrenz, offenbart.
Interessanterweise wurde fiir einige Inhibitoren sogar partielle Selektivitat gegenliber anderen MTasen
beobachtet.

Fur die Generierung von DNMT2 RNA Aptameren wurden zunachst RNA Mischungen, welche durch
systematic evolution of ligands by exponential enrichment (SELEX) entstanden, durch
Hochdurchsatzsequenzierung (NGS) und anschlieBenden bioinformatischen Methoden analysiert.
Hierdurch wurden nicht nur vielversprechende Kandidaten fir weitere Charakterisierung ausgewahilt,
sondern auch Uber alle Sequenzen hochkonservierte Nukleotide identifiziert. Nachfolgende in vitro
Experimente zeigten, dass ein isoliertes Aptamer starkere Inhibition als die kompletten RNA
Mischungen aufwies und erste Verkirzungsexperimente lieferten ein fundiertes Wissen Uber Struktur-

Wirkungsbeziehungen fiir die Aptamere.
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Epitranscriptomics

1 Introduction

1.1 Epitranscriptomics

Ribonucleic acid (RNA) is a ubiquitous biopolymer and the most pivotal player in protein biosynthesis,
best known for its three main representatives: messenger RNA (mRNA), transfer RNA (tRNA) and
ribosomal RNA (rRNA) (1). In recent years, various additional functionalities of RNA were unveiled
alongside novel RNA species conferring increased significance and importance to RNA beyond its
classical task in protein translation (1-6). Notable examples are small interfering RNAs (siRNAs)
capable of gene silencing by targeted mRNA degradation (6—8) or tRNA derived small RNAs (tsRNAs
also called tRNA fragments (tRFs)) affecting multiple physiological processes, e.g. epigenetic regulation
(9, 10).

With the 2020 Nobel Prize in chemistry awarded to Jennifer Doudna and Emmanuelle Charpentier, two
discoverers of the clustered regularly interspaced short palindromic repeats (CRISPR)-Cas9 system
(11, 12), together with the federal drug agency’s (FDA) emergency approval of the first mRNA-based
vaccines in the same year (13), RNA has emerged as a main focus in biological and medical research.
Although RNA is capable of adopting highly complex three-dimensional structures (14), its composition
is rather limited at first sight, as it consists of only four different nucleotides mainly interacting via
canonical Watson—Crick—Franklin base pairing (15). In contrast, proteins comprise 20 canonical amino
acids giving them an extended interaction scope (16).

However, interactions between bases are not restricted to Watson—Crick—Franklin base pairing, non-
canonical interactions as Wobble or Hoogsteen base pairings are also feasible. This enables more
complex arrangements of RNAs and thus permits their diverse functionalities (15). In addition, all four
bases occurring in RNA, namely adenine (A), guanine (G), cytosine (C) and uracil (U), as well as the
ribose moieties are chemically modified, which considerably expands the diversity of these building
blocks.

Well over 150 RNA modifications have been described to date, with their number steadily increasing
(17). Modifications range from simple chemical attachments as the methyl group to more complex
molecules like %A or t6A, bearing isopentenyl or threonyl derivatives, (18, 19) to highly sophisticated
base alterations such as queuosine (Q) or wybutosine (yW), which are presented in Figure 1 (20, 21).
Modifications are found at several positions of all four canonical bases (indicated by descriptors before
the base letter) and moreover at the 2'-position of the ribose (indicated by an m behind the base letter,
Figure 1). Over the past ten years, the field of RNA modifications became increasingly popular, sparked
by the precise mapping of m8A (structure displayed in Figure 1) on mRNA (22, 23) and was dubbed
“epitranscriptomics”, in analogy to epigenetics (24, 25).

As the epitranscriptome became more prevalent, the enzymes associated with it became increasingly
recognised, roughly dividing into ‘writers’ (implement modifications), ‘readers’ (decode modifications)
and ‘erasers’ (remove modifications) (26). The existence of erasers already indicated the dynamics

underlying this layer of information reflecting their multiple functions in vivo (27, 28).
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Figure 1. Epitranscriptomics. Structure of the four canonical RNA bases as well as selected examples of RNA
modifications with a representative image of an mRNA cap.

RNA modifications and their machinery participate in biological regulation by numerous and diverse
pathways with many of them not fully understood (29, 30) and importantly they have been found to
contribute to pathological phenotypes (31). In this context, m8A is arguably the most famous and well-
studied modification. It is highly abundant on mRNA, where it influences translation, alternate splicing
as well as stability and thus directly affects the production of corresponding proteins (32-34).
Accordingly, it is not surprising that m®A was associated with progression of cancers, such as acute
myeloid leukaemia (AML) (31, 35-39) or development of the nervous system (40).

The epitranscriptome is also utilised by the innate immune system to distinguish between endo- and
exogenous RNA and consequently to recognise pathogens (41). In this regard, pseudouridine (¥, or
rather its methylated form m'W, see Figure 1) is particularly worth mentioning, since it is incorporated

into the mMRNA vaccines of BioNTech/Pfizer and Moderna for its immunomodulatory qualities (13, 42).

1.2 RNA methylation

Despite the vast divergence of RNA modifications, one of the most relevant members is also the simplest
one: the methyl group. Next to the above mentioned m8A, methyl groups have been found on all major
types of RNA as well as on various positions on the RNA scaffold, with prominent members such as
m5C, m’G or 2'-O-methylations as depicted in Figure 1 (43). As can be expected, the biological functions
exhibited by RNA methylations are as diverse as their occurrence on RNA.

Already half a century ago, RNA methylations were identified on the 5'-cap of mMRNAs in which a m’G
bearing guanosine is linked to the RNA via a 5'-5' triphosphate bridge, while additional to this,
2'-O-methylations can be found at the first nucleotides of the corresponding mRNA (Figure 1) (44-48).
These modified mMRNA caps have an impact on mRNA translation (49, 50), stability (51), transport (52,
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53) and influence various different functions (47, 48, 54), while additionally they are also crucial for the
discrimination of exogenic from endogenic RNA by the innate immune system (55-58).

RNA methylations also impact the structural integrity of tRNAs and rRNAs, e.g. by blocking of Watson—

Crick—=Franklin base pairing and therefore add an additional layer of translational control (59).
Interestingly, RNA methylations can also facilitate the incorporation of other modifications. For instance,
the 2'-O-methylations Cm located at position 32 and Gm at position 34 (Cma2 and Gmas) are crucial for
robust hypermodification of m'Gs7 to wybutosine (yW) on tRNAPe in Schizosaccharomyces pombe and
Saccharomyces cerevisiae (60, 61). The other way around, the incorporation of methyl groups can be
triggered by different modifications, as in Escherichia coli tRNA in which i®As7 facilitates Cm or Um
incorporation at position 34 (43, 62, 63).

An impressive and recent example for the possible impact of RNA methylations is given by the m3Ca:
modification found on mitochondrial (mt)-tRNAT"" and mt-tRNASeUCN) in humans. The modification is
implemented by the enzyme METTLS, in particular if RNA position As7 is modified with t6As7 (mt-tRNAT),
i%As7 or ms2i®As7 (mt-tRNASerUCN)) Modified mt-tRNA adopts a different conformation compared to RNA
lacking m3C and slightly alters translation (64, 65). As this process is localised in the mitochondria, the
methylation leads to increased respiratory chain activity and intriguingly the corresponding writer,

METTLS, is overexpressed in pancreatic cancer cell lines (66).

1.3 RNA methyltransferases

Methyl groups are grafted onto their respective targets by methyltransferases (MTases) (67). These
targets include not only RNA (68), but also deoxyribonucleic acid (DNA) (69), proteins (70) and small
molecules (71) and most of them are utilising S-adenosyl-L-methionine (SAM) as cofactor which is
converted into S-adenosyl-L-homocysteine (SAH) during the methylation reaction (Figure 2) (67).

After adenosine triphosphat (ATP), SAM is one of the most abundant cofactors found in cells, and
accordingly, SAM-dependent MTases were observed in all three domains of life (72). Classically, the
enzyme family was sorted into five different classes (67, 73, 74), however, the discovery and structural
assessment of novel MTases further expanded the scope to nine classes (75-80). Allocation of enzymes
to the classes is based on their structure and characteristic folds rather than on their phylogenetic
assignment (81-83). In Table 1 selected examples are presented with references to representative
crystal structures.

Class | is the most abundant group of MTases and is named after its characteristic Rossmann-fold (67,
73, 74, 84). Another noteworthy MTase class is class V, which contains a so-called SET domain and is
usually associated with protein MTases (85). Of special interest are MTases of class VII, which include
a TIM barrel and use radical mechanisms for methylation of their respective targets (86, 87). Class IV
enzymes, also dubbed SPOUT or SpoU-TrmD MTases exclusively contain RNA MTases (83, 88), which

are also found in classes |, VII, VIII, and IX.
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Figure 2. RNA MTases. Transfer reaction as catalysed by MTases on RNA, DNA, proteins and small molecules.

Even though most MTases utilise SAM as a cofactor, some exceptions use
N5,N'0-methylenetetrahydrofolate (MTHF) for methylation reactions (89-92). MTHF-dependent MTases
are not classified in a commonly accepted system as their SAM-dependent counterparts, but they are
known to methylate a variety of targets including RNA, proteins and especially small molecules and
further occur in all three domains of life (93-96). One prominent member is the thymidylate synthase,
which is a clinically relevant anti-cancer target and is addressed by the drug 5-fluorouracil (5-FU) (94,
95).
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Table 1. MTase classes. Listed are various MTase classes together with their unique structural features and

reﬁresentative examfles. Table adapted from Fischer et al. (97) for which is was created with | NG EGzGNG and

Representative crystal

Name Structure
structure
Class | An apa-sandwich formed by seven nsp1 O-nsp1fonn1et|23)/(ltransferase
Rossmann-fold MTases | [(-sheets flanked by three a-helices b
(98-101) on each side SARS Cov-2
PDB 6YZ1 (100)
A characteristic centrgl, antiparallel MetH methionine synthase
Class Il B-sheet, flanked by eight central B- .
(102) sheets framed by several a-helices E. coli K12
y PDB 1MSK (102)
at both ends
CbiF cobalt-precorrin-4
Class Il Two a B-clusters containing four a- transmethylase
(103) helices with five central B-sheets Priestia megaterium
PDB 1CBF (103)
Class IV : ) . ,
SPOUT (SpoU-TrmD) C-term|r.1al kno.t, seven a-helices RImB 2 -O-methy!transferase
MTases surrounding a six-stranded parallel E. coli
(83, 104) B-sheet PDB: 1GZ0 (104)
Class V C-terminal pseudoknot surrounded SET7/9 lysine
SET-domain containing by a combination of three B-sheet methyltransferase
proteins constructions consisting of three (3- H. sapiens
(85, 105) strands PDB: 1MT6 (105)
Class VI C-terminal catalytic subdomain Isoprenylcysteine carboxyl
Transmembrane comprising an a-helix and containing methyltransferase (ICMT),
MTases five transmembrane a-helices with a | Methanosarcina acetivorans
(76, 106) cofactor-binding pocket PDB: 4A2N (76)
Class VII MiaB radical
TIM barrel MTases Partial or full TIM barrel with a [4Fe- methylthiotransferase
(77, 107) 48] cluster Bacteroides uniformis
PDB: 7MJV (77)
Six-stranded anti-parallel B-barrel, TrmO/YaeB tRNA
Class VIII . . methyltransferase
sheets interconnected with extended )
(78, 79) lo0DS Archaeoglobus fulgidus
P PDB: 2NV4 (78, 79)
A concave surface formed by two SsTaw3 tRNA-yW N-4
Class IX four-stranded antiparallel B-sheets methyltransferase
(80) with five a-helices at the opposite Saccharolobus solfataricus

side

PDB: 1TLJ (80)
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1.4 DNA methyltransferase 2

Due to its close structural resemblance to DNA methyltransferases, DNA methyltransferase 2 (DNMT2)
was long thought to act on DNA (69, 108-110). However, at best low DNA methylating activity was
detected but still this remains controversial (111). The lack of activity was surprising, especially since
DNMT?2 is highly conserved in a lot of eukaryotic organisms (112—-114) and can also be found in some
prokaryotes (115). In 2006, Goll et al. finally revealed DNMT2 to be an RNA MTase methylating tRNAAsP
at position Css leading to m5Cas, depicted in Figure 3A (116).
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Figure 3. DNMT2 basics. A) Zoom-in to the anticodon loop of tRNA”P which is methylated at position Css by
DNMT2 leading to m°C. B) Overlay of all published crystal structures of DNMT2. DNMT2 homologue of human in
green, PDB: 1G55 (117), of S. frugiperda in red, PDB: 4HON (118), E. histolytica in orange, PDB: 3QV2 (119) and
S. pombe in blue, PDB: 6FDF (120), co-crystallised SAH is displayed in black in the pink circle. Protein structures
created with PyMOL (121). C) Catalytic mechanism of DNMT2 (marked in blue) in which the catalytic cysteine
attacks position 6 of the cytosine base (displayed in green), while N® is protonated by a glutamate, which leads to
activation of C°. The activated carbon atom can then attack the methyl group (displayed in pink) provided by the
cofactor SAM and after deprotonation of the C® position by an unknown base m®C modified tRNA is released.
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1.41 Structure and catalytical mechanism of DNMT2

As mentioned above, DNMT2 is structurally closely related to DNMT1 and DNMT3 (69), thus it is
proposed that these enzymes evolved from a common ancestor and DNMT2 changed its substrate
specificity from DNA to RNA during evolution (112). Consisting of less than 400 amino acids, DNMT2 is
a rather small protein, especially in comparison with its catalytically active protein-siblings DNMT1
(around 1600 amino acids) and DNMT3 (around 900 amino acids). Both proteins contain regulatory
domains at their N-termini, while DNMT2 only consists of the catalytic domain (69).

A detailed insight into the structure of DNMT2 is given by the four different crystal structures published
so far. These include homologues from human (PDB: 1G55 (117)), Spodoptera frugiperda (PDB: 4HON
(118)), Entamoeba histolytica (PDB: 3QV2 (119)) and S. pombe (PDB: 6FDF (120)) (Figure 3B).
These structures revealed a Rossmann-fold, allocating DNMT2 to class | MTases (117-120, 122).
Furthermore, motives | to X, associated to the catalytic activity of DNMTs, were found (113, 117, 118,
123) and are utilised by the enzyme according to a DNMT-like mechanism. This makes DNMT2 the only
m5C RNA MTase known following this kind of mechanism and not an m5C RNA MTase like mechanism
(124, 125).

For the successful transfer of a methyl group from the cofactor SAM to the 5-position of the cytosine
base, the position must be activated in a first step due to the electron-poor character of cytosine.
Therefore, DNMT2 utilises a catalytic cysteine residue located in motif IV (proline-cysteine-glutamine,
PCQ) attacking position six of the base (123). The nucleophilic attack is facilitated by the protonation of
N8 by a glutamate residue of motif VI (glutamate-asparagine-valine, ENV) and leads to the formation of
a covalent protein-RNA complex, which is activated on the 5-position of the attacked cytosine. The
activated C® atom can now act as a nucleophile itself and attacks the methyl group provided by SAM.
The catalytic cysteine is eliminated after deprotonation of C5 and subsequent rearomatisation leads to
the release of the methylated tRNA as well as SAH (111). Additional to motives IV and VI, aspartate
residues in motif VIII (arginine-random amino acid-arginine, RXR) were identified to be crucial for
DNMT2 activity (124). The detailed mechanism is depicted in Figure 3C.

Albeit the mechanism utilised by other m5C RNA MTases, also known as the NSUN family, looks very
similar at first glance, some differences occur. Here, the catalytic cysteine is located on motif VI
(threonine-cysteine-serine/threonine, TCS/T), while no glutamate residue in motif IV is used for
protonation of N8, but an aspartate located in motif I1V. Also, deprotonation of C?® is performed by a

cysteine residue on motif IV (125-127).

1.4.2 Substrates of DNMT2

This DNMT-like mechanism in an RNA MTase, together with the structural similarities between DNMT2
and the other, ‘real’ DNMTs leads to the question if the enzyme is also able to modify DNA. Interestingly,
this question has not been conclusively clarified yet (124). While some studies describe low levels of
DNMT2 related DNA methylation, especially in DNMT2-only organism such as D. melanogaster or
Dictyostelium discoideum (128-137), other reports dispute this (116, 138-140).

To resolve this contradiction, it was proposed that low levels of 5mC might indeed be artifacts or occur
due to suboptimal experimental conditions, as incomplete bisulfite conversion (138-140). Another

explanation could be the low abundance of DNMT2 homologues in organisms with disputed 5mC
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occurrence leading to hardly reproducible results (111). Furthermore, DNMT2 homologue expression
was shown to be higher in wild-type strains compared to laboratory strains for D. discoideum (141).
Differences between constant, mild lab and varying, more challenging natural conditions might therefore
provide another explanation for the differences in potential occurring 5mC modifications (111).

An unchallenged substrate is tRNAASPGuc, which is methylated at Css by DNMT2, close to the anticodon
loop. Depending on the species, further DNMT2 substrates are tRNA®Ygcc, tRNACUycuc and tRNAYaaac
being methylated at the same position (111, 141-144).

More recent studies imply DNMT2 activity in the context of DNA damage and propose a function on
MRNA or RNA:DNA duplexes (145-147). DNMT2 was also shown to methylate deoxynucleotides if they
were embedded into the tRNAAsP structure even with higher affinity than all-ribo tRNAAsP (148).

Multiple bases in the T- and D-loops of tRNA%Yscc were identified as crucial for successful in vitro
methylation and furthermore a Cs2U33X34X35C36A37C3s motif in the anticodon loop was suggested as
potential consensus motif recognised by DNMT2, depicted in Figure 3A (144).

The same question was also addressed from the protein’s point of view, which led to the identification
of eight basic amino acid residues on the protein surface important for DNMT2 activity. Based on this,
a tRNA binding-site on the protein was proposed (149).

Although these studies provide a first insight into the interaction between protein and RNA, for a detailed
insight a co-crystal structure of DNMT2 and an RNA substrate would be most beneficial, which is yet to
be resolved (111).

1.4.3 Biological functions of DNMT2

Biological function of an enzyme is often closely related to its subcellular localisation, e.g. DNMT1 and
3 are mostly found in the nucleus, alongside their substrate (DNA) (150, 151). However, DNMT2 is found
in the nucleus as well as in the cytoplasm (116, 152—154) which might reflect the dynamic localisation
of tRNAs (114, 155), but might also depend on exogenous factors such as stress (156).

The position of the m5C modification introduced by DNMT2 at Css close to the anticodon region already
hints a potential role of DNMT2 in translation, especially since RNA modifications here were shown to
impact proper protein production (157, 158). Indeed, in double knock-out mice lacking both DNMT2 and
NSUN2 (another tRNA m3C MTase) activity, a reduction of protein translation was detected besides the
loss of m3C. Importantly, no changes in mRNA levels were measured, while the level of certain tRNAs
was reduced backing a tRNA related mechanism (159).

Additional to this, loss of the m5C modification at Cas lowered aminoacylation of tRNAAsP in vitro and in
cellulo, which led to a reduction of poly-Asp proteins in cells (Figure 4A). These proteins are localised
in the nucleus and are important for protein expression, indicating an influence of DNMT2 activity on

expression of poly-Asp containing proteins and therefore an influence on overall gene regulation (160).
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Figure 4. DNMT2 functions. A) DNMT2 mediated m>C modification leads to higher degree of amino acylation of
tRNAAP. aaRS = aminoacyl-tRNA synthase. B) DNMT2 mediated m®C modification leads to higher translational
precision by better distinctiveness of Asp and Glu codons for tRNAAsP. C) Modification of tRNA*SP with Q enhances
DNMT2 activity and elevates m®C levels. D) DNMT2 mediated mC modification stabilises RNA against the
endonuclease angiogenin. m°C displayed in red, aaRS displayed in brown, aspartate displayed in yellow, queuosine
displayed in orange, DNMT2 displayed in blue, and angiogenin displayed in green.

tRNA angiogenin

Another function of DNMT2 and its implemented m>3Css modification was unveiled in DNMT2 knockout
mice, in which the ability of tRNAs to distinguish between aspartate and glutamate codons was reduced,
as depicted in Figure 4B. These findings point to DNMT2 having an influence on translational fidelity
and thus on protein integrity (161).

One more modification found in the anticodon region of tRNA*sPguc is Q (structure presented in Figure 1)
at the wobble position Gs4, which boosts activity of DNMT2 homologues in S. pombe and D. discoideum
in vivo and in vitro, therefore providing a further example of crosstalk between modifications (vide supra,
see Figure 4C) (120, 162).

Another well-known stress reaction in cells is tRNA fragmentation (163) being significantly impacted by
tRNA modifications (164). The aforementioned study of Tuorto et al. (159) did not only reveal an
influence of DNMT2 mediated tRNA methylation on translation, but also on RNA stability. This was also
demonstrated for D. melanogaster tRNAAsP, tRNACY and tRNAVa which were favourably cleaved by the
endonuclease angiogenin in the absence of m3Css, as can be seen in Figure 4D (142). Herein, cleavage
leads to the generation of tRNA fragments (tRFs), a class of small non-coding RNAs exhibiting
numerous regulatory functions (9). For example, tRFs repress protein translation (165) and are thought
to have effects in adipogenesis (166) and on the epigenetic inheritance (10).

In Dnmt2 mutant D. melanogaster, tRFs linked to DNMT2 activity were found to influence siRNA-
dependent pathways after heat shocking the flies. In this case, higher amounts of tRFs were found to
be present, dsRNA accumulation was observed, and the corresponding siRNA pathways were
downregulated. These siRNA pathways downregulate the stress response under normal conditions and

accordingly, Dnmt2 mutant flies showed prolonged stress response compared to wild-type flies (167).
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1.4.4 Involvement of DNMT2 in (patho)physiological processes

Knockout of Dnmt2 in D. melanogaster, Arabidopsis thaliana or mice led to viable phenotypes with no
morphological abnormalities (116). However, in Dnmt2 knockdown zebrafish growth defects were
detected (154).

DNMT2 activity was linked to stress conditions and resistance (141, 156, 168-172), e.g. D.
melanogaster Dnmt2 mutants were more prone to heat stress (142) indicating DNMT2 to be involved in
stress responses, while on the contrary overexpressio