Received: 27 April 2023 Revised: 6 September 2023

Accepted: 13 September 2023

DOI: 10.1002/mc02.402

HIGHLIGHTS

MedComm

Open Access,

A comprehensive model for tRNA methylation modification

studies

Qi Weng? | Feng Zhang'*

| Quan Zheng'**

'Quzhou People’s Hospital, The Quzhou Affiliated Hospital of Wenzhou Medical University, Quzhou, China

2Department of Pharmacy, Quzhou People’s Hospital, The Quzhou Affiliated Hospital of Wenzhou Medical University, Quzhou, China

3Core Facility, Quzhou People’s Hospital, The Quzhou Affiliated Hospital of Wenzhou Medical University, Quzhou, China

*Correspondence

Feng Zhang, Core Facility, Quzhou People’s Hospital, The Quzhou Affiliated Hospital of Wenzhou Medical University, Quzhou 324000, China.

Email: fengzhang@wmu.edu.cn

Quan Zheng, Core Facility, Quzhou People’s Hospital, The Quzhou Affiliated Hospital of Wenzhou Medical University, Quzhou 324000, China.

Email: zhengquan@wmu.edu.cn

Funding information

Science and Technology Project of Quzhou, Grant/Award Number: 2023K129; Medical and Health Talents Scientific Research Initiation Fund

Category G of Quzhou, Grant/Award Number: KYQD2022-23

Two new studies published back-to-back in Nature
revealed the crystal structure of the methyltransferase
like 1-WD repeat domain 4 (METTL1I-WDR4) and the
cryo-electron microscopy (cryo-EM) structure of METTLI1-
WDR4-tRNA, and elaborated the molecular mechanism of
N7-methylguanosine (m’G)-tRNA modification mediated
by METTL1-WDR4."> These new breakthroughs lay an
important foundation for future researches on the mech-
anism of METTL1-WDR4-mediated m’G-tRNA modifica-
tion in cancer occurrence and provide new ideas to design
and develop METTL1-WDR4 methyltransferase inhibitors
as potential novel anticancer medications.

In epitranscriptomics research, RNA modification is an
important posttranscriptional regulator of gene expres-
sion program, which affects the growth and development
of various eukaryotes..3 The folding, stability, and func-
tion of tRNA are affected by extensive posttranscriptional
modifications.* In mammals, m’G at position 46 of tRNA
(m’G46) is one of the most prevalent tRNA modifications,
catalyzed by the METTLI-WDR4 methyltransferase com-
plex, which can affect tumor cell genesis and progression
by regulating the level of steady-state tRNAs.> The catalytic
enzyme METTLI1 plays a catalytic role in the METTLI1-
WDR4 complex, whereas WDR4 lacks catalytic activity

and serves as the complex’s stable scaffold.” At present,
METTLI-WDR4 has been considered as a potential new
target for cancer treatment.! However, the paucity of struc-
tural data of the METTL1-WDR4 complex and its mech-
anism of tRNA methylation and modification has posed
great challenges for the design of METTL1-WDR4-targeted
inhibitors and the development of novel antitumor drugs.

The latest research paper published in Nature by
Richard I. Gregory’s group revealed mechanism by
which METTL1-WDR4 specifically recognized and com-
bined tRNA substrates, emphasized the critical func-
tion of METTL1 N-terminus in tRNA modification, and
expounded the effect of METTL1 N-terminus phosphoryla-
tion on methyltransferase activity.! By comparing the cryo-
EM structures of METTL1-WDR4-tRNAP"® and METTL1-
WDR4-tRNAYa! complexes, the authors observed that the
overall structure of both ternary complexes was similar
to a sail-boat-like arrangement. Furthermore, by super-
imposing the structures of METTL1-WDR4-tRNAP"® and
METTL1-WDR4, the authors discovered that the only
region of METTLI-WDR4 that underwent a structural
rearrangement after binding to tRNA was the aC loop,
which indicated that aC loop formation of «C helix pro-
moted the recognition of tRNA by METTL1-WDR4. In
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The molecular mechanism of N’-methylguanosine (m’G)-tRNA modification mediated by the methyltransferase like 1-WD

repeat domain 4 (METTL1-WDR4). Route A indicated that with WDR4 as the scaffold, METTLI catalyzed G46 methylation modification after
binding of the tRNA variable loop via its «C and a6 helices, as reported by Richard I. Gregory’s group. Route B showed the
METTL1-WDR4-mediated tRNA methylation modification model and the effect of binding of the S-adenosylmethionine (SAM) on the

N-terminus of METTLI, as reported by Yunsun Nam’s group.

addition, the authors found that WDR4 acted as a scaf-
fold during METTL1-WDR4 binding to tRNAs. B4 of
WDR4 not only mediated the interaction with METTL1 but
also participated in the binding of tRNAs to B3, suggest-
ing that B3-B4 was essential for the methylation activity
of METTLI-WDRA4. In the presence of METTLI-WDR4,
tRNA would partially unravel and bend to bring its vari-
able loop closer to the METTLI1 catalytic pocket, where it
would flip its G46 site into the catalytic pocket for methy-
lation modification. In short, using WDR4 as the stable
scaffold, METTLI bound to the tRNA variable loop via aC
and a6 helices, catalyzed its binding to the flipped G46 site,
thereby achieving m’ G46 modification of tRNA (Figure 1).

Notably, the authors verified that its N-terminal portion
(residues 1—33) was disordered by expressing isotope-
labeled METTLI1. Then, the authors found that residues
18—27 were related to the central region of METTL1
through nuclear magnetic resonance (NMR) titration
experiments. Truncation of the METTL1 N-terminus and
mutagenesis of the METTL1 a2 helix showed that residues
16—27 were crucial to METTLI activity. In addition, after
NMR analysis of the S27D mutant at the N-terminal of
METTLI], the authors pointed out that the phosphorylation
of S27 would cause steric hindrance and would introduce
negative charges to repel tRNA as well as destroy the cat-
alytic center of METTLL1, thus inhibiting its methylation
activity.!

At the same time, the latest research paper published in
Nature by Yunsun Nam’s group clarified how METTL1 and
WDR4 cooperated with each other to recognize tRNA sub-

strates and catalyze m’G46 modification.” First, through
in vitro methylation determination and electrophoretic
mobility shift assays, the authors confirmed that METTL1
could better combine with tRNADS and catalyze its methy-
lation modification only when it formed METTL1I-WDR4
complex with WDR4. In addition, the authors found that
the molecular interactions between WDR4 and METTLI1
as well as between S-adenosylmethionine (SAM) or
S-adenosylhomocysteine (SAH) and METTLI were critical
to the activity of METTL1-WDR4 complexes, through the
crystal structure and site-directed mutagenesis studies of
METTL1-SAM, METTL1-SAH, and METTL1-WDR4 com-
plexes. Then, the cryo-EM structure of METTL1-WDR4-
tRNA revealed that METTL1-WDR4 complex specifically
bound tRNA through shape and charge complementary
form. Meanwhile, by comparing the cryo-EM structures
of METTL1-WDR4-tRNA, METTL1-WDR4-tRNA-SAM,
and METTL1-WDR4-tRNA-SAH, the authors observed
that the conformation of the methyl donor cofactor SAM
binding state was an intermediate state, whereas there
was a significant difference in the conformation of the apo
and cofactor demethylation product SAH binding states.
The C-terminal helix of WDR4 becomes more stable and
orderly in the SAH binding state, which is crucial to the
formation of optimal enzyme activity. However, the helix
is flexible in the apo and SAM binding states. Besides,
the truncation and induced mutation analysis of the
C-terminal helix of WDR4 showed that its truncation and
induced mutation would reduce the methylation ability
of the complex. Using the structural and biochemical
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experimental data, the authors found that the truncation
of the METTLI N-terminus or the phosphorylation of S27
could inhibit the methylation activity of METTL1-WDR4.
Moreover, they observed that the N-terminal of METTL1
was disordered without cofactor binding. However, after
binding with SAH, the N-terminal of METTLI would
cross the narrow channel between SAH and the D arm
of tRNA orderly (Figure 1). The N-terminal of METTL1
regulated the methylation activity of m’G46 by coordinat-
ing the binding of tRNA and SAM with METTL1-WDR4
and corresponding conformations changes, while the
phosphorylation of S27 interfered with their interaction
through steric hindrance and charge repulsion.’

In summary, two studies have jointly expounded the
molecular mechanism of how METTL1 and WDR4 cooper-
ated to recognize tRNA and catalyze m’G46 modification.
Richard 1. Gregory’s group mainly focused on the key
role of truncation or mutation of specific residues on the
N-terminal of METTLI in tRNA modification, whereas
Yunsun Nam’s group concentrated on the effect of cofac-
tor binding on the conformation change and methylation
activity of METTL1-WDR4. The discovery of the molec-
ular mechanism will provide a necessary basis for ana-
lyzing the pathogenesis of related diseases.” Currently,
METTL1-WDR4 has been considered as a promising new
target for cancer therapy, but its biological function has
not been thoroughly studied, and no related inhibitors
have been reported so far.! Therefore, to further eluci-
date how METTL1-WDR4 recognizes and modifies its
RNA substrate, while promoting the clinical transforma-
tion of research in this field, future work might be carried
out in the following areas: (1) based on the METTLI-
WDR4-mediated m’G-tRNA modification model, we can
extensively study the methylation modification of other
tRNAs catalyzed by METTL1I-WDR4 and explore whether
METTL1-WDR4 participates in regulating other RNA
modifications; (2) to gain a deeper understanding of the
relationship between the dysregulation of m’G tRNA
modification and disease occurrence, further researches
should be conducted in animal models to investigate
the mechanism of METTLI-WDR4-mediated m’G tRNA
modification in cancer development; (3) based on the
new finding that the N-terminus of METTL1 and the C-
terminus of WDR4 play important roles in the methylation

activity of METTL1I-WDR4 in this study, it is possible
to design and develop METTL1-WDR4 methyltransferase
inhibitors targeting these two regions, which will provide
new directions for the early diagnosis and treatment of
cancer.
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