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ABSTRACT

In Caenorhabditis elegans, the N°-methyladenosine
(m®A) modification by METT10, at the 3’-splice sites
in S-adenosyl-L-methionine (SAM) synthetase (sams)
precursor mRNA (pre-mRNA), inhibits sams pre-
mRNA splicing, promotes alternative splicing cou-
pled with nonsense-mediated decay of the pre-
mRNAs, and thereby maintains the cellular SAM
level. Here, we present structural and functional
analyses of C. elegans METT10. The structure
of the N-terminal methyltransferase domain of
METT10 is homologous to that of human METTL16,
which installs the m®A modification in the 3'-
UTR hairpins of methionine adenosyltransferase
(MAT2A) pre-mRNA and regulates the MAT2A pre-
mRNA splicing/stability and SAM homeostasis. Our
biochemical analysis suggested that C. elegans
METT10 recognizes the specific structural features
of RNA surrounding the 3’-splice sites of sams pre-
mRNAs, and shares a similar substrate RNA recog-
nition mechanism with human METTL16. C. ele-
gans METT10 also possesses a previously unrec-
ognized functional C-terminal RNA-binding domain,
kinase associated 1 (KA-1), which corresponds to
the vertebrate-conserved region (VCR) of human
METTL16. As in human METTL16, the KA-1 domain
of C. elegans METT10 facilitates the m®A modifica-
tion of the 3’-splice sites of sams pre-mRNAs. These
results suggest the well-conserved mechanisms for
the mfA modification of substrate RNAs between
Homo sapiens and C. elegans, despite their differ-
ent regulation mechanisms for SAM homeostasis.

INTRODUCTION

N®-Methyladenosine (m°A) is an abundant modification
found in eukaryotic mRNAs (1-4). It regulates mRNA
splicing, translation, localization, decay, and stability (5—
8), and thereby plays pivotal roles in various cellular pro-
cesses encompassing cell differentiation, proliferation, de-
velopment, and cell signaling (9-13).

Two m°A methyltransferase writers that install
m®A in mRNAs have been described so far. Most
m®A modifications in mRNAs are established by
the heteromeric METTL3 and METTL14 complex
(METTL3/METTL14). The METTL3/METTL14 com-
plex introduces the m®A in the RRACH motif (modified
adenosine is underlined, R = A or G, H = A, C or U),
located at positions close to the stop codon or 3-UTR
of mRNAs (2,3,14-16). METTLS3 is a catalytic subunit
and interacts with S-adenosyl-L-methionine (SAM), while
METTLI14 contributes to substrate RNA binding (17,18).

Another methyltransferase-like protein, METTLI16, was
recently identified. Human METTL16 (hnMETTLI16) in-
stalls m®A into distinct target RNAs in a specific struc-
tural context (19-23). It methylates the adenosines in the
UACAGAGAA (methylated adenosine is underlined) mo-
tif within the hairpins of the 3’ UTR of the methionine
adenosyltransferase 2A (MAT2A) precursor mRNA (pre-
mRNA). The m®A modification regulates the splicing and
stability of MAT2A pre-mRNA (19,20). Under conditions
with lower SAM concentrations in cells, the longer dwelling
time of METTL16 on the 3’-UTR hairpins in the MAT2A
pre-mRNA may promote MAT2A pre-mRNA splicing by
recruiting splicing factors via the METTL16 C-terminal do-
main (20). Conversely, in cells with higher concentrations
of SAM, the methylation of 3’-UTR hairpins in MAT2A
leads to the degradation of MAT2A pre-mRNA. Thereby,
METTL16 maintains the intracellular SAM homeostasis
(19,20) (Supplementary Figure 1A).
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METTLI16 also methylates a specific adenosine (A43 in
human) of U6 snRNA in the conserved motif sequence, as
observed in the 3'-UTR hairpins of MAT2A pre-mRNAs
(20-22). A43 lies within the highly conserved ACAGAGA
(methylated adenosine is underlined) box of U6 snRNA,
which base pairs with the 5-splice sites of mRNA dur-
ing pre-mRNA splicing (24-28). In yeast, mutations in the
conserved sequence are lethal (29), implying that the m®A
modification at this position is essential for pre-mRNA
splicing regulation. Recently, the m®A modification of A37
(corresponding to A43 in human U6 snRNA) in the U6
snRNA of the fission yeast, Schizosaccharomyces pombe,
was shown to regulate the splicing by facilitating interac-
tions with 5’-splice site adenosines in a subset of S. pombe
introns (30).

The homolog of h\METTLI16 in Caenorhabditis elegans,
METT10 (CeMETT10), reportedly regulates the SAM
homeostasis by installing the m®A modification at the dis-
tal 3’-splice sites (‘AG’ dinucleotide: methylated adenine
is underlined) between intron 2 and exon 3 of SAM syn-
thetase (sams) pre-mRNAs (31,32). Under high nutrient
(SAM) conditions, CeMETT10 installs m®A at the 3’-splice
sites of sams pre-mRNAs, and this methylation prevents the
splicing factor U2AF35 from binding to the 3’-splice site
(31-33). As a result, the alternative splicing and nonsense-
mediated mRNA decay (AS-NMD) of the pre-mRNAs are
induced to degrade the sams pre-mRNAs, and the SAM
homeostasis in cells is maintained (Supplementary Figure
1B). Analyses of the nucleotide sequences around the 3’-
splice sites of sams pre-mRNAs revealed that the UACAG
sequence (methylated adenosine is underlined) is conserved
and the region could also form stem-loop hairpin structures
similar to the 3’-UTR hairpins in the MAT2A pre-mRNA
(22,23). Although the amino acid sequence of the N-
terminal methyltransferase domain (MTD) of CeMETT10
is homologous to that of h(METTLI16, the amino acid se-
quence of the C-terminal half of CeMETT10 apparently
lacks this homology (20,34,35). In hMETTLI16, the C-
terminal half region, termed the vertebrate conserved re-
gion (VCR), is suggested to recruit splicing factors to pro-
mote the MAT2A pre-mRNA splicing (20). A more recent
report found that the VCR facilitates the m® A modification
of U6 snRNA and MAT2A hairpin RNAs in vitro (35).
Thus, the detailed mechanism of the m®A modification of
the 3’-splice sites of sams pre-mRNAs by CeMETT10 is not
fully understood. In this study, we analyzed the structure
and function of CeMETT10 to elucidate the mechanism of
mC®A modification at the 3 -splice sites of sams pre-mRNAs.
Our results suggest that the mechanisms for the methylation
of specific RNA substrates are shared between CeMETT10
and hMETTLI16, despite their different systems for regulat-
ing SAM homeostasis.

MATERIALS AND METHODS

Plasmid constructions

The synthetic DNA encoding the full-length C. elegans
METT10 (CeMETT10) gene was purchased from Eurofins
Genomics Japan (Supplementary Table 1) and cloned be-
tween the Ndel and Xhol sites of the pET15SUMO vector
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(36), yielding pET15SUMO_CeMETTI10-FL. The plas-
mids for the expression of CeMETT10-FLAL with the dele-
tion of the putative disordered region (residues 386—430)
in the C-terminal half, and CeMETT10-FLAL(RRR/7E)
with mutations in the RRR-motif (arginine-rich-region:
residues 360-366) to seven Glu residues in CeMETT10-
FLAL, were prepared by using a KOD-Plus mutagenesis
kit (Toyobo, Japan) according to the manufacturer’s
instructions, yielding pET15SUMO_CeMETTI10-FLAL
and pETI5SSUMO_CeMETT10-FLAL(RRR/7E), re-
spectively. The expressed proteins have an N-terminal
Hisg-SUMO sequence. The DNA fragments encod-
ing the N-terminal methyltransferase domain (MTD:
residues 1-314) of CeMETT10 were PCR-amplified
and cloned between the Ndel and Xhol sites of pET22b
(Merck Millipore, Japan), yielding pET22_CeMETT10-
MTD. The CeMETTI10-MTD variants were expressed
from the respective plasmids, and mutations were in-
troduced into pET22_CeMETT10-MTD as described
above. The expressed proteins have a C-terminal Hisg-tag
sequence. The oligonucleotide sequences used for molec-
ular cloning and mutations are listed in Supplementary
Table 2.

Expression and purification of C. elegans METT10 and its
variants

For the overexpression of the CeMETT10-FL protein or
its variants, Escherichia coli BL21(DE3) was transformed
by the corresponding overexpression plasmid and cul-
tured in LB medium containing 50 wg/ml ampicillin at
37°C, until the ODggy reached 0.8. The protein expres-
sion was then induced by adding IPTG (isopropyl-B-D-
thiogalactopyranoside) to a final concentration of 0.1 mM,
and the culture was continued at 20°C for 20 h. The cells
were harvested and lysed in buffer, containing 20 mM Tris—
HCI, pH 7.0, 500 mM NacCl, 5 mM B-mercaptoethanol, 20
mM imidazole, and 5% (v/v) glycerol. CeMETT10-MTD
and its variants were first purified by Ni-NTA agarose (Qi-
agen, Japan) chromatography, and the proteins were eluted
from the column with buffer, containing 20 mM Tris—-HCI,
pH 7.0, 500 mM NacCl, 5 mM B-mercaptoethanol, 300 mM
imidazole, and 5% (v/v) glycerol. The proteins were fur-
ther purified on a HiTrap Heparin column (GE Health-
care, Japan), and finally separated by chromatography on
a HiLoad 16/60 Superdex 200 column (GE Healthcare,
Japan), in buffer containing 20 mM Tris—=HCI, pH 7.0, 200
mM NacCl, and 10 mM B-mercaptoethanol. For the purifi-
cation of CeMETT10-FLAL and its variants, Hisg-SUMO-
tagged proteins were purified with the Ni-NTA agarose col-
umn as described above. The Hisg-SUMO tags were then
cleaved by ULP1 (ubiquitin-like-specific protease 1) dur-
ing dialysis against buffer, containing 20 mM Tris—HCI,
pH 7.0, 500 mM NaCl, 5 mM B-mercaptoethanol, and 5%
(v/v) glycerol, at 4°C overnight. The ULPI-treated pro-
teins were then passed through the Ni-NTA agarose column
again. The proteins were further purified by chromatogra-
phy on the HiTrap Heparin and HiLoad 16/60 Superdex
200 columns, as described above. The purified proteins were
concentrated and stored at —80°C until use.
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Crystallization and structural determination of CeMETT10-
MTD

CeMETT10-MTD crystals were obtained by the sitting
drop vapor diffusion method at 20°C. A 0.2 pl portion of
the purified CeMETT10-MTD (5 mg/ml) was mixed with
0.2 wl of reservoir solution, containing 0.2 M ammonium
acetate, 0.1 M Tris—HCI, pH 8.5, and 25% (w/v) PEG3350,
and incubated at 20°C. Crystals appeared in three days and
continued growing for up to two weeks. The crystals were
cryo-protected with reservoir solution supplemented with
25% (v/v) ethylene glycol, and flash-cooled in liquid nitro-
gen. X-ray diffraction data were collected at Beamline 1A
at the Photon Factory (KEK, Japan). The diffraction data
were indexed, integrated, and scaled with XDS (37). The ini-
tial phase of the METT10-MTD structure was determined
by molecular replacement with Phaser (38), using the crys-
tal structure of human METTL16-MTD (PDB: 6B91) (34)
as the search model. The CeMETT10-MTD structure was
further refined by Phenix.refine (39) and manually modified
with Coot (40). The final structural model was assessed with
the MolProbity program (41).

Preparation of RNAs

Synthetic sams hairpin (sams-hp) RNA and its variants
were purchased from Fasmac, Japan. The sams hp-ls RNA
and C. elegans U6 snRNA were synthesized by in vitro tran-
scription with T7 RNA polymerase, using plasmids encod-
ing the respective DNA sequence downstream of the T7
promoter as templates (Supplementary Table 1). The syn-
thesized RNAs were purified by 10% (w/v) polyacrylamide
gel electrophoresis under denaturing conditions. The nu-
cleotide sequences of the RNAs used in this study are listed
in Supplementary Table 3.

In vitro methylation assay

In vitro methylation assays were conducted using the
MTase-Glo system (Promega, Japan), as previously de-
scribed (35) with slight modifications. The reaction mixture
(15 pl), containing 0.4 uM CeMETT10-FLAL (-MTD or
its variants), 50 mM HEPES-KOH, pH 8.0, 120 mM NacCl,
2 mM MgCl,, 1 mM dithiothreitol (DTT), 1 mM SAM
(Cayman Chemical, USA), 1 x MTase-Glo Reagent, and a
series of different concentrations of RNA samples (0.25-
8.0 wM), was incubated at 37°C for 4 min. Afterwards, 15
wl of MTase-Glo Detection Solution was added, and the re-
action was incubated at room temperature for 30 min. The
luminescence was quantified by the GloMax-Multi Detec-
tion System (Promega, Japan). The luminescence value of
the mixture without the RNA substrate was used as the
background and subtracted. One picomole of SAH was es-
timated to be equivalent to 190 000 LU (light units), ac-
cording to the standard quantification curve. For the SAM
titration experiments, the RNA substrate concentration was
fixed at 20 wM, and the SAM concentrations ranged from
0.05to 1.5 mM. Since the reaction proceeds in a linear range
up to 8 min, the luminescence data obtained at the 4 min re-
action time point were used to calculate the initial velocities
of the reactions.

Gel-shift assays

RNAs (sams-hp, sams-hp-Is, and U6 snRNA) were 5°-3?P-
labeled by T4 polynucleotide kinase (NEB, Japan) using
v-32P-ATP (3000 Ci/mmol; PerkinElmer, Japan), and the
32P-labeled RNAs were gel-purified. The 3>P-labeled RNAs
(10 000 cpm) were mixed with various concentrations of
CeMETTI10-FLAL, -MTD or their variants in 10 wl of so-
lution, containing 50 mM Tris—Cl, pH 8.0, 120 mM NacCl,
10 mM MgCl,, 5 mM B-mercaptoethanol, 10% (v/v) glyc-
erol and 2.5 wg E. coli tRNA mixture. The solution was in-
cubated at room temperature for 15 min and then placed on
ice for 10 min. Loading buffer (2 1) containing 0.02% (w/v)
xylene cyanol and 50% (v/v) glycerol was added, and the
RNAs were separated by 6% (w/v) polyacrylamide gel elec-
trophoresis under native conditions at 4°C. The **P-labeled
RNA bands in the gel were visualized and quantified by a
BAS-5000 image analyzer (Fujifilm, Japan).

RESULTS
Overall structure of C. elegans METT10-MTD.

To elucidate the mechanism of m®A modification of RNAs
by C. elegans METT10 (CeMETT10) (31,32), we tried to
obtain crystals of full-length CeMETTI10 (CeMETT10-
FL) (Figure 1A). However, the expression level of soluble
CeMETTI0-FL in E. coli was low, and we could not ob-
tain sufficient amounts of highly purified proteins. As de-
scribed below, we noticed that CeMETT10 has the kinase
associated 1 (KA-1) domain in the C-terminal half, and
there is a putative disordered loop region in the middle of
KA-1, as in human METTL16 (hnMETTL16) (35). Thus,
we deleted this loop region (residues 386-430 between KA-
la and KA-1b) (Figure 1A), yielding CeMETT10-FLAL.
The CeMETTI10-FLAL protein was expressed well in E.
coli and purified. We also expressed the N-terminal methyl-
transferase domain (MTD: residues 1-314) of CeMETT10
(CeMETT10-MTD) (Figure 1A). As described below, both
CeMETTI10-FLAL and CeMETT10-MTD can methylate
the hairpin RNA, sams-hp, derived from the nucleotide se-
quence around the 3’-splice sites of SAM synthetase (sams)
pre-mRNAs, and U6 snRNA in vitro.

The crystallization trial of CeMETT10-FLAL was not
successful. However, we obtained diffractive crystals for
CeMETT10-MTD. The CeMETTI10-MTD crystal be-
longs to the space group P2;2,2;, and one molecule of
CeMETT10-MTD is contained in the asymmetric unit cell.
The initial phase was determined by the molecular replace-
ment method (38), using the structure of the MTD of
hMETTL16 (PDB: 6B91) (34) as the search model. Fi-
nally, the structure was model-built and refined to an Ryork
factor of 24.1% (Rgee of 29.8%) to 3.0 A resolution (Fig-
ure 1B). The final model for CeMETT10-MTD includes
residues 6—187 and 236-309. The terminal and internal re-
gions (residues 1-5, 188-235 and 310-314) could not be
modeled due to insufficiently clear electron densities. The
statistical details for the data collection and refinement are
provided in Table 1, and a representative image of the elec-
tron density map is shown in Supplementary Figure 2.

The CeMETT10-MTD adopts a classical Rossmann fold
with the extended N-terminal domain (Figure 1B, C). The
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Figure 1. Overall structure of C. elegans METT10-MTD. (A) Schematic diagrams of full-length C. elegans METT10 (CeMETT10-FL), its variant
CeMETTI10-FLAL lacking the putative disordered region (residues 386-430), and its N-terminal methyltransferase domain (CeMETT10-MTD: residues
1-314). The MTD is colored cyan, and the C-terminal kinase-associated domains, KA-la and KA-1b, are magenta and green, respectively. The region
between KA-la and KA-1b is predicted to be disordered. The MTD consists of the N-terminal domain (N) and Rossmann fold (RF). (B) Overall structure
of CeMETT10-MTD. Residues 6-187 and 236-309 are modeled in the structure. The extended N-terminal domain and the Rossmann fold are colored ma-
genta and cyan, respectively, and the RNA binding loop (dashed line) between 4 and a4 was disordered and not modeled in the structure. (C) Schematic
view of the secondary structure of CeMETT10-MTD. The N-terminal domain and the Rossmann fold are colored as in (B). (D) Stereo view of the struc-
tural alignment of Ca atoms between CeMETT10-MTD (cyan) and human METTL16-MTD (hMETTL16-MTD) in complex with SAH (orange, PDB:

6B92) (34).

core Rossmann fold consists of seven B-strands (31-37) and
six a-helices (a1—aS and a4’), and SAM would interact with
the topological switch in the center of the Rossmann fold.
The extended N-terminal domain consists of three a-helices
(al’-a3’) and two B-strands (81’ and B2’). In the present
structure, the region between B4 and a4 (residues 188-235)
in the Rossmann fold is disordered.

The structures of the CeMETT10-MTD and the MTD
of AMETTL16 (hMETL16-MTD) (PDB: 6B92) (22,34) are
homologous, with a root mean square deviation (RMSD)
of 1.04 A for 198 Ca atoms (Figure 1D). This structural
homology is expected from the highly homologous amino

acid sequences between CeMETT10-MTD and hMETLI16-
MTD [38% identity between CeMETT10-MTD (residues
1-314) and hMETTL16-MTD (residues 1-306)] (Supple-
mentary Figure 3).

Substrate recognition by CeMETT10-MTD.

The crystal structure of hMETTL16-MTD in complex
with the 3°-UTR hairpin of methionine adenosyltransferase
2A (MAT2A) mRNA (hMAT2A-hpl) was recently re-
ported (PDB: 6DU4) (23). In the structure, the extended
N-terminal domain and the loop between B4 and a4 in the
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Table 1. Data collection and refinement statistics

Data collection METT10-MTD

Space group P212,2;

Cell dimensions

a, b, c(A) 43.21, 70.08, 94.23
a, By (®) 90, 90, 90
Wavelength (A) 1.0000
Resolution (A)* 50-3.0 (3.118-3.0)
Roym” 0.113 (1.242)
I/ol 18 (1.8)

cCy 0.999 (0.765)
Completeness (%)" 99.9 (99.5)
Redundancy” 12.5(12.7)
Refinement

Resolution (A) 50-3.0

No. reflections 6053

Ryork/ Riree (%0) 24.11/29.75
No. atoms

Protein 2039
B-factors (Az)

Protein 103.74
R.m.s. deviations

Bond lengths (A) 0.003

Bond angles (°) 0.64

*Values in parentheses are for the highest-resolution shell.

Rossmann fold interact with the RNA substrate and clamp
the hairpin-structured RNA from various angles (Figure
2A). The structure of CeMETT10-MTD was superimposed
on that of hMETTL16-MTD complexed with hMAT2A-
hpl (Figure 2B) (23). In the superimposition, the extended
N-terminal domain of CeMETT10-MTD is proximal to the
hMAT2A-hp RNA and thus expected to interact with the
RNA substrate. The loop between B4 and a4, which was
disordered in the apo CeMETT10-MTD structure (Figure
1B), is also expected to interact with the substrate RNA, as
observed in the structure of AMETTL16-MTD complexed
with hMAT2A-hpl (23).

The amino acid sequence and the structure of the ex-
tended N-terminal region of CeMETT10-MTD are homol-
ogous to those of hAMETTL16-MTD (Figure 1D, Supple-
mentary Figure 3). The deletion of the N-terminal 39 amino
acid residues (AN39) from CeMETT10-MTD decreased
the methylation of sams-hairpin (sams-hp) RNA, contain-
ing the 3’-splice sites of sams pre-mRNAs, in vitro (Figure
2C), as in hMETTL16-MTD (22). The disordered region
between B4 and a4 in the CeMETT10-MTD structure has
some additional amino acid insertions, and thus is longer
than the corresponding loops in hMETTL16 and other
vertebrate METTL16 homologs (Supplementary Figure 3).
The mutation of Arg217, corresponding to the Arg204
residue in hAMETTL16 that hydrogen-bonds with the RNA
as described below, to Ala in CeMETT10-MTD decreased
the methylation of sams-hp in vitro (Figure 2C). In addi-
tion, the mutations of Lys196 and Phel97, conserved only
in worm METT10 homologs (Supplementary Figure 4),
to Ala (K196A/F197A) also decreased the methylation of
sams-hp in vitro. Thus, additional and/or specific interac-
tions may be present between the loop connecting B4 and a4
of CeMETT10-MTD and sams-hp RNA. In hMETTLI16,
Arg200 in the corresponding loop interacts with MAT2A-
hp, and the Arg200Glu mutation increased the methyla-

tion of MAT2A-hp (23). The corresponding amino acid in
CeMETT10 is Ala213 (Supplementary Figure 3). Thus, as
described below, Ala213 in CeMETT10 is expected to allow
the sams-hp to adopt the productive structure for methyla-
tion.

To further evaluate the involvement of the extended
N-terminal region and the loop between B4 and a4 in
RNA interactions, gel-shift assays were performed using
CeMETTI10-MTD and its variants. In these gel shift ex-
periments, distinct shifted bands were not clearly observed,
and the shifted bands were smeared in the gels (Supple-
mentary Figure 5A). This would be due to the instabil-
ity of the CeMETT10-MTD -sams-hp complex under the
gel-shift conditions and/or the weaker interactions between
CeMETT10MTD and sams-hp. Therefore, the affinities of
CeMETTI10-MTD and its variants for sams-hp could not
be reliably quantified. Nevertheless, the results showed that
the extended N-terminal deletion (AN39), and the R217A
and K196A/F197A mutations in the CeMETT10-MTD,
all decreased the affinities for sams-hp RNA (Supplemen-
tary Figure 5A). Thus, the loop between B4 and a4 of
CeMETTI10-MTD and the N-terminal extended domain
would interact with RNA substrates.

The structures of hMETTL16-MTD complexed with
S-adenosyl-L-homocysteine (SAH) (PDB: 6B92) (34) or
hMAT2A-hpl RNA (PDB: 6DU4) (23) revealed that the
adenine base to be methylated (m°A site) in the RNA
substrate is captured in the hydrophobic pocket near the
Asn-Pro-Pro-Phe motif (residues 184187, NPPF) (23). The
adenine base stacks with Phel87 and forms hydrogen-
bonds with the main chain of Pro185-Pro186-Phel87 (Fig-
ure 2D). Gly110, Glul33 and Asn184 interact with SAH
in hMETTLI16 (Figure 2D). The superimposition of the
catalytic pockets of CeMETT10-MTD and hMETTL16-
MTD showed that these key residues superimposed well
(Figure 2E, Supplementary Figure 3). The NPPF mo-
tif is conserved in CeMETTI10, and Phel87, Glyl10,
Glul33 and Asn184 in hMETTL16 correspond to Phel87,
Gly108, Aspl131 and Asnl84 in CeMETT10, respectively
(Figure 2E). The Phel87Ala, Asn184Ala, Aspl31Ala and
Gly108Cys mutations in CeMETT10-MTD all decreased
the methylation of sams-hp RNA in vitro (Figure 2C, F).
Thus, the mechanisms used to recognize SAM and the ade-
nine base of the m°A site in the RNA substrate are shared
between CeMETT10-MTD and hMETTL16-MTD.

In hMETTLI16, Lys163 and Met167 in the loop between
B3 and a4’, termed the K-loop (Figure 2A, G), were sug-
gested to regulate the affinity of SAM for the catalytic
pocket (23). In the structure of the \METTL16-MTD com-
plex with hMAT2A-hpl, the side chains of Lys163 and
Metl167 in the K-loop can occlude the SAM binding site
through extensive intramolecular hydrophobic interactions,
and the mutations of Lys163Ala and Metl67Ala report-
edly enhanced the methylation of hMAT2A-hp RNA in
vitro and in vivo (23). In contrast, the corresponding re-
gion between B3 and a4’ in CeMETT10-MTD has an in-
sertion of a few additional amino acid residues, as com-
pared to this region in hMETTL16 (Supplementary Fig-
ure 3). The mutations of Lys163Ala and Metl167Ala in this
region of CeMETTI10-MTD did not enhance the methy-
lation of sams-hp RNA in vitro, but rather slightly de-
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Figure 2. Key residues of CeMETT10- MTD for RNA methylation. (A) The structure of human METTL16-MTD (hMETTL16-MTD) in complex with
hMAT2A- hpl RNA (PDB: 6DU4) (23). hMAT2A-hpl is shown in green. (B) RNA docking onto the CeMETT10-MTD structure. The structure of
hMETTL16-MTD complexed with hMAT2A-hpl in (A) was superimposed on the structure of CeMETT10-MTD. hMETTL16-MTD was omitted for
clarity. hMAT2A-hpl is colored green. (C) Methylation of sams-hp RNA (see Figure 3B) by METT10-MTD and its variants. The sams-hp RNA (1
wM) was incubated with 0.4 pM METTI10-MTD in the presence of | mM SAM, at 37°C for 4 min. The methylation of sams-hp RNA by wild-type
METTI10-MTD was taken as 1.0. The bars in the graphs are the SD of three independent experiments. (D) Model of the hMETTLI16 active site with
SAH and hMAT2A-hpl. The SAH was modeled into the structure of h(METTL16-MTD in complex with hMAT2A-hpl by referring to the structure of
hMETTLI16-MTD in complex with SAH (PDB: 6B92) (34). The methylation site in the RNA (m°A site) is shown in green, and SAH is colored magenta.
(E) Superimposition of the active site structures of CeMETT10 (cyan) and hMETTL16 (orange). (F) Methylation of sams-hp RNA by METT10-MTD
and its variants, as in (C). The methylation of sams-hp RNA by wild-type METT10-MTD was taken as 1.0. The bars in the graphs are the SD of three
independent experiments. (G) Superimposition of the K-loops of CeMETT10-MTD (cyan) and hMETTL16-MTD (orange) in complex with hMAT2A-
hpl. SAH was modeled as in (D). (H) Methylation reactions of sams-hp-Is RNA by METT10-MTD and its variants with various concentrations of SAM
(0.05, 0.1, 0.2, 0.5, 1.0 and 1.5 mM). The sams-hp RNA (20 wM) was incubated with 0.4 uM METT10-FLAL or its variants in the presence of various
concentrations of SAM, at 37°C for 4 min. The bars in the graphs are the SD of three independent experiments.
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creased the methylation of sams-hp RNA (1 wM) in the
presence of 1 mM SAM (Figure 2F). To further examine
the effects of the mutations on the methylation of sams-
hp RNA, a saturating amount of sams-hp RNA (20 wM)
was used for the assays over the range of SAM concentra-
tions (50 wM-1.5 mM). The results showed that the muta-
tions did not affect the methylation of sams-hp RNA signif-
icantly over the range of tested SAM concentrations (Fig-
ure 2H), and the K, values of wild-type CeMETT10-MTD,
Lys163Ala and Metl67Ala for SAM were estimated to be
551, 480, and 491 pM, respectively. Thus, the mutations
did not cause any significant changes in the affinities for
SAM. Since the K, value of CeMETT10-MTD is larger
than that of h(METTL16-MTD for SAM (~182 uM) (35),
the effects of the Lys163Ala and Metl67Ala mutations in
CeMETTI10 might not be detectable under the assay condi-
tions, and the SAM-dependent response of the methylation
of sams pre-mRNA by CeMETT10 might not be as promi-
nent, in comparison with that of hMETTL16 (23). Notably,
the Lys163 and Met167 residues of CeMETT10 are not con-
served among the METT10 homologs from worms (Sup-
plementary Figure 4); thus, the loop between B3 and a4’ in
CeMETT10 might tightly occlude the SAM binding site in
a different manner from that observed in h\METTL16 com-
plexed with hMAT2A-hpl.

Elements in RNA substrate for methylation by CeMETT10-
MTD.

The comparison of the sequences of MAT2A pre-mRNA
3’-UTR hairpins with the sequences around the 3’-splice
sites (AG-dinucleotides between intron 2 and exon 3) of
sams pre-mRNAs revealed the conservation of the UACAG
sequence (methylated adenosine is underlined) (Figure 3A)
(31,32). The nucleotide sequences around the 3’-splice sites
of sams pre-mRNAs suggested that the region could also
form stem-loop hairpin structures similar to the MAT2A
3’-UTR hairpins (22,23) (Figure 3A, B).

MAT2A-hp bound to hMETTL16-MTD has struc-
tural conformation elements consisting of the loop
(U14A15C16A17G18 recognition motif and linker),
transition, and stem, which are required for productive
catalysis (23). Considering the structural similarity be-
tween hMETTLI16-MTD and CeMETTI10-MTD, the
nucleotide sequences around the 3’-splice sites of sams
pre-mRNAs could also adopt structures analogous to
those of MAT2A-hpl1 for productive catalysis (Figure 3B).

The structure of hMETTL16-MTD complexed with
MAT2A 3-UTR hairpins (MAT2A-hpl) suggested that the
conserved UACAG motif in the MAT2A-hp loop is re-
quired to form a productive structure for methylation by
hMETTLI16 (23), in which the adenine base is captured
in the hydrophobic pocket near the catalytic site (Figure
2D, E). In the structure of hMETTL16 complexed with
MAT2A-hp, Phe20 and Phe46 in the N-terminal region
stack with the uracil (U14) and adenine (A15) bases of
the conserved U14A15C16A17G18 motif in the recognition
loop of hAMAT2A-hpl, respectively (Supplementary Figure
6A, B) (34). These two amino acid residues are conserved
as Phe20 and Phe46 in CeMETT10 (Supplementary Fig-
ures 3, 6B). In hMETTL16, the 4-NH, group of C16 forms

a hydrogen bond with the phosphate backbone of A15 and
stacks with the adenine base of A15 (Supplementary Fig-
ure 6A), and G18 stacks with the U9-A19 base-pair (Sup-
plementary Figure 6C, D). As a result, the adenine of A17
(m®A site) is captured in the hydrophobic pocket near the
NPPF motif.

To determine whether CeMETT10 methylates RNA con-
taining the UACAG motif in a specific structural context,
we prepared sams-hairpin (sams-hp) RNA variants (Figure
3C) and tested their methylation by CeMETT10-FLAL in
vitro (Figure 3D). The mutation of nucleotides in the con-
served U14A15C16A17G18 recognition motif in sams-hp
(R1: A15G and R2: C16U) decreased the methylation of
the RNAs (Figure 3D), suggesting the requirement of the
UACAG motif in the loop for methylation by CeMETT10,
as with hMETTLI6.

The mutations in the linker of the loop (L1: G11C and
L2: A12U) moderately decreased the RNA methylation. In
the structures of hAMETTL16 complexed with MAT2A-hp,
the linker region does not interact with hAMETTL16-MTD
(Supplementary Figure 7A—C) (23). Furthermore, the se-
quences and numbers of the nucleotides in the linker dif-
fer (Figure 3A). Thus, the effects of the mutations would
be moderate. The stem-disrupting mutation (Astem: dele-
tion of U5A6) decreased the methylation of the RNA (Fig-
ure 3D). The partial deletion of the stem could disrupt the
proper folding of the entire stem—loop structure required for
productive catalysis.

The structure of the transition region of MAT2A-hp in
the complex with hMETTL16-MTD showed that the U9-
A19 pair proximal to the loop is a reverse Watson-Crick
base pair, and Arg204 forms hydrogen bonds with the uri-
dine (U9) (Figure 3B). The G8-A22 pair near the stem is
formed between the sugar-edge of G8 and the Hoogsteen-
edge of A22, and Arg200 forms hydrogen bonds with the
Hoogsteen edge of G8 (23). G20 and A21, which are be-
tween the two base pairs, interact via a water molecule (Sup-
plementary Figure 7D-F).

Mutations of the corresponding base pair in the transi-
tion region of sams-hp also decreased the methylation of
the RNAs by CeMETT10-MTD (Figure 3D). The muta-
tion of Ul0-A19 (corresponding to U9-A19 in MAT2A-
hpl) in the transition region to A10-A19 (T1) decreased
the methylation of the RNAs, and the mutation of Arg217,
corresponding to Arg204 which interacts with U9 in
hMETTLI16, negatively affected the methylation of sams-
hp (Figure 2C). The mutation of U9-C22 to G9-C22 (T2)
also decreased the methylation of the RNAs. U9-C22 in
the transition region of sams-hp could also form a similar
interaction to G8-A22 in MAT2A-hp through the sugar-
edge of U9 and the 4-NH, group of C22 (Figure 3E),
and allow the sams-hp to adopt the productive structure
for efficient methylation by CeMETT10. Thus, the U9—
C22 to G9-C22 (T2) mutation would disrupt the produc-
tive structure for the methylation of the substrate RNA.
Arg200, which interacts with G8 in the G8—A22 pair near
the stem of the hMETTL16-MAT2A-hp structure, is re-
placed with Ala (Ala213) in CeMETT10 (Supplementary
Figure 3). Therefore, Ala213 in CeMETT10 might not di-
rectly interact with U9 in the U9-C22 of sams-hp. As de-
scribed above, in CeMETT10, additional and/or specific
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Figure 3. RNA recognition by C. elegans METT10. (A) Alignments of the nucleotide sequences around the junction between intron 2 and exon 3 of C.
elegans sams (-3, -4 and -5) pre-mRNAs and the 3’-UTR hairpin regions of human MAT24 (MAT2A-hpl-6) pre-mRNAs (31). (B) Secondary structures
of 3’-UTR hairpin RNA (MAT2A-hpl) of human MAT2A4 pre-mRNA (left) and C. elegans sams hairpin RNA spanning intron 2 and exon 3, including
the 3’-splice site (AG-dinucleotides) (right). The sams RNA also adopts a hairpin structure (sams-hp), as in human MAT2A-hpl. The adenine residues
targeted for methylation are circled. The hairpin comprises the loop, transition, and stem regions (23). The loop region is composed of the recognition
motif (UACAG: red) and linker (green). (C) Secondary structures of C. elegans sams-hp RNA and its variants used for the methylation assays in (D).
(D) Methylation of sams-hp RNA and its variants by METT10-FLAL. The sams-hp RNA (1 wM) and its variants were each incubated with 0.4 pM
METT10-FLAL in the presence of | mM SAM, at 37°C for 4 min. The methylation of wild-type sams-hp RNA by METT10-FLAL was taken as 1.0. The
bars in the graph are the SD of three independent experiments. (E) G8-A22 base pairing in the transition region near the stem of h(MAT2A-hp (left) and
the possible U9—-C22 base pairing at the corresponding position in the sams-hp (right). Possible hydrogen bonds between the sugar edge of U9 and the

4-NH; group of C22 are depicted by dashed lines.

interactions may be present between the loop connect-
ing B4 and a4 of CeMETT10-MTD and sams-hp RNA
(Figure 2B, C).

The mutation of A20A21 to U20U21 (T3) moderately
decreased the methylation of the RNA (Figure 3C, D).
The A20 and A2I in the transition region of the sams-hp
could adopt a structure similar to the G20A21 of MAT2A-
hp, and the two nucleotides between the two base pairs

(U10-A19 and U9-C22) in the transition region could im-
pact the methylation of RNA by CeMETT10. In MAT2A-
hpl, the substitution of G20 to A20 reportedly did not af-
fect the affinity of the RNA toward hMETTLI16, but in-
creased the RNA methylation (23). Thus, the presence of
A20 in the sams-hp contributes to the formation of the pro-
ductive structure for efficient methylation by CeMETT10.
Altogether, these results suggest that CeMETTI0 and
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hMETTLI16 recognize the same structural features in the
RNA substrate for productive catalysis.

The presence of KA-1 in the C-terminal half of CeMETT10.

METTLI16 proteins from vertebrates possess the distinct
C-terminal domain, which was originally termed the ver-
tebrate conserved region (VCR) (19-21). Recent structural
and functional studies of the hMETTL16 VCR showed
that its structure is homologous to the kinase associated
1 (KA-1) domain structure found in U6-specific terminal
uridyltransferase (TUT1) (Figure 4A) (35,42,43). The VCR
in hMETTLI16 acts as an RNA binding domain to facili-
tate the methylation of MAT2A-hp RNA and U6 snRNA,
through binding to the double-stranded regions of the
RNAs (35).

VCRs were previously considered to be present only
in vertebrate METTL16 homologs. The amino acid se-
quence identity of the C-terminal halves of CeMETT10 and
hMETLI16 is only 6.9% [CeMETTI10 (residues 315-479)
and hMETTL16 (307-562)]. However, our careful sequence
alignments of the C-terminal regions of invertebrate and fis-
sion yeast METTL16 homologs suggested the presence of
a domain similar to KA-1 in their C-terminal regions (Sup-
plementary Figures 3 and 4).

Furthermore, the structure prediction by Alphafold2
(44,45) revealed that the C-terminal regions of METTL16
homologs from invertebrates, including C. elegans and
S. pombe, adopt similar structures to that of KA-1 in
hMETTLI16 (PDB: 6M1U) (35) (Figure 4B, C). The flex-
ible loops are inserted in the middle of KA-1, but the N-
terminal KA-la and the C-terminal KA-1b together com-
pose a single domain (Figure 4B, Supplementary Figure 8).
Structural alignment of the KA-1 domains of hAMETTL16
and CeMETT10 suggested the presence of a basic region,
termed RRR (arginine-rich region: RRR), between KA-
la and KA-1b of CeMETTI10 (Figure 4C). The RRR in
hMETTLI16 is involved in RNA binding and facilitates the
methylation of MAT2A hp and U6 snRNA (35). Further-
more, the basic regions are also present in other METTL16
homologs from invertebrates and fission yeast, and they
align with the RRR of \METTL16 (Figure 5A). These ob-
servations suggest that the C-terminal regions of inverte-
brate METTL-16 homologs could be functional domains
that facilitate the methylation of RNAs.

To examine the function of the KA-1 of CeMETT]10,
the methylations of the sams hairpin with a longer stem
(sams-hp-Is) and C. elegans U6 snRNA by CeMETTI10
variants were tested (Figure 5B, C). The steady-state kinet-
ics of RNA methylation by CeMETT10 and its variants
showed that KA-1 facilitates the methylation (Figure 5D,
E) of both the sams-hp-Is and U6 snRNA substrates. The
estimated K, value of FLAL for sams-hp-Is is 1.82 uM,
while that of MTD for sams-hp-Is is >>8 wM, since the
initial velocity of the reaction did not reach a plateau at
8 WM of substrate RNA (Figure 5D). Thus, the K, value
was elevated by at least several-fold by deleting KA-1. The
K, value of FLAL_RRR/7E, in which RRR (residues:
RARKRAK) was mutated to seven Glu residues, for sams-
hp-Is is also >>8 wM. These results suggest that the KA-1
of CeMETT10 facilitates the methylation of sams-hp-Is by

increasing the affinity for the substrate RNA through the
RRR. The K, value of FLAL for U6 snRNA is estimated
to be 0.25 pM. However, the K;, value of the MTD for U6
snRNA is estimated to >>4 wM, since the initial velocity
of the reaction did not reach the plateau at 4 wM of sub-
strate RNA. Thus, the K, value of U6 snRNA increased
by at least sixteen-fold by deleting KA-1 (Figure S5E). The
K, value of FLAL_RRR/7E for U6 snRNA also increased
and was estimated to be >>4 wM.

To further evaluate the involvement of the C-terminal
KA-1 and the RRR region of KA-1 in RNA interac-
tions, gel-shift assays were performed. While the Ky value
of FLAL for sams-hp-ls was estimated to be 0.14 uM,
those of MTD and FLAL_RRR/7E for sams-hp-ls were
22.3 and 8.3 uM, respectively. The estimated Ky value of
FLAL for U6 snRNA was 0.27 wM, and those of MTD
and FLAL_RRR/7E for U6 snRNA were 11.8 and 2.4 uM,
respectively. Thus, the deletion of the C-terminal KA-1 do-
main and the mutation of RRR in KA-1 decreased the affin-
ity of CeMETT10 for RNAs (Figure SF, G, Supplementary
Figure 5B, C).

DISCUSSION

In this study, we performed functional and structural anal-
yses of C. elegans METT10 (CeMETT10), which installs
m®A at the 3’-splice sites (‘AG’ dinucleotide) of sams
pre-mRNAs and regulates the SAM homeostasis in cells
(31,32). Human METTL16 (hMETTL16) installs m®A on
specific adenines in the 3’-UTR of the MAT2 A4 pre-mRNA,
and regulates the SAM homeostasis (19-21). Despite their
distinct mechanisms for the regulation of SAM home-
ostasis (Supplementary Figure 1), CeMETT10-MTD and
hMETTL16-MTD are structurally quite homologous (Fig-
ure 1D) (22,23,34) and share the same mechanism of RNA
substrate recognition for productive catalysis (Figure 3).
These results are consistent with recent data showing that
the sams-3 mRNA splicing at the 3’-splice site is inhibited
and the alternative splicing is promoted, when the C. elegans
sams-3 transgene reporter is introduced into human cells
(32). CeMETTI10 also possesses a functional domain that
is structurally and functionally equivalent to the C-terminal
KA-1domain of hAMETTL16. The KA-1 domain facilitates
the efficient methylation by increasing the affinity for the
RNAs (Figures 4, SA, Supplementary Figure 8) (35).

The K, values of CeMETT10 and hMETTL16 for SAM
are approximately 10- to 100-fold larger than those of
other Rossman-fold methyltransferases that use SAM as
a methyl donor (46-49). These values explain the biolog-
ical functions of CeMETT10 and hMETTL16 in SAM
biogenesis. CeMETT10 and hMETTL16 negatively regu-
late the expression of SAM synthetase by only methylating
RNAs when the intracellular SAM levels are high. A com-
parison of the SAM (SAH) binding sites of CeMETT10
(hMETTL16) with those of other Rossmann-fold type
methyltransferases (49-53) revealed the diversity of the
sequences corresponding to the K-loop of hMETTLI16
(Supplementary Figure 9). The corresponding loops in
CeMETT10 and hMETTL16 might be tightly anchored
to the catalytic core pocket and occlude the SAM bind-
ing site, and this may explain the higher K, values of
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Figure 4. Predicted structure of the C-terminal region of CeMETT10. (A) Structure of the C-terminal KA-1 domain of human METTL16 (PDB: 6M1U)
(35). The disordered loop (dashed line) is inserted between KA-la (magenta) and KA-1b (green). (B) Model structures of the C-terminal regions of
CeMETT10 and h(METTL16 homologs from invertebrates [ Caenorhabditis elegans MET16_CAEEL), Octopus vulgaris (AOA6PTTIF1_OCTVU), Tetrany-
chus urticae (T1IJVZO_TETUR), Actinia tenebrosa (AOA6PSITSO_ACTTE), and Amphimedon queenslandica (AOA1 x TUSNO_AMPQE)], and a fission
yeast [Schizosaccharomyces pombe (MTL16_SCHPO)] generated by Alphafold2 (44,45). The disordered region between KA-la (magenta) and KA-1b
(green), predicted by Alphafold2 in each structure, is depicted by dashed lines (Supplementary Figures 2, 6). The arginine-rich region, RRR, is colored
blue. (C) Alignments of the amino acid sequences of the C-terminal regions of AMETTL16 and CeMETT10. The secondary structural elements (a-helices
and B-strands) for htMETTL16 and CeMETT10 are shown in parallel above and below the alignment, respectively.
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diagram of CeMETT10-FL and its variants used in the methylation assays in (D

)and (E). MTD, KA-la and KA-1b are colored cyan, magenta, and green,

respectively. RRR (arginine-rich region: RARKRAK) is colored blue, and its mutant is red (RRR/7E). (C) Secondary structures of sams-hp-ls and U6
snRNA. (D, E) Steady-state kinetics of the methylation of sams-hp-Is (D) and U6 snRNA (E) by METT10-FLAL, -MTD, and -FLAL_RRR/7E. Various
concentrations of RNA [0-8 wM for sams-hp-Is (D) and 1-4 uM for U6 snRNA (E)] were incubated with 0.4 uM METT10- FLAL, -MTD or -FLAL

_RRR/7E in the presence of | mM SAM, at 37°C for 4 min, and the initial rea

ction velocities were calculated. The bars in the graph are the SD of three

independent experiments. (F) Gel-shifts of sams-hp-Is by wild-type METT10-FLAL (0-1.0 wM), -MTD (0-100 wM) or -FLAL _RRR/7E (0-20 uM). The
graphs on the left in (F) and (G) are magnified views of the graphs on the right at the lower protein concentration ranges. (G) Gel-shifts of U6 snRNA by
wild-type METT10-FLAL (0-1.0 M), -MTD (0-100 wM) or -FLAL RRR/7E (0-20 wM). The bars in the graphs (F, G) are the SD of three independent

experiments.

CeMETT10 and hMETTLI16 than those of other methyl-
transferases. Notably, the Lys163Ala and Metl67Ala mu-
tations of CeMETT10-MTD do not affect the methyla-
tion of sams-hp, in contrast to the corresponding mutations
of AMETTL16-MTD, which increase the methylation (23)
(Figure 2F, H). The K-loop in CeMETT10, which is longer
than that in hAMETTL16, might occlude the SAM binding
site in a distinct manner from that observed in h\METTL16
complexed with hMAT2A-hpl.

In CeMETT10, KA-1 facilitates the methylation of sams-
hp-ls and U6 snRNA through its RRR, as in the KA-1 of
hMETTLI16, by increasing the affinity of CeMETT10 for
RNA substrates (Figure 5D) (35). A previous study sug-

gested that the KA-1 of hMETTLI16 interacts with double-
stranded regions, and KA-1 binding to these regions of
RNA substrates would promote the proper folding of the
entire stem—loop structure required for productive cataly-
sis by the MTD. Thus, both hMETTL16 and CeMETT10
methylate the adenosine of the conserved UACAG motif
in the specific structural context of RNAs, by cooperatively
using the N-terminal MTD and C-terminal KA-1.

KA-1 domains have also been identified in other inver-
tebrate and fission yeast METTL16 homologs (Figure 4B,
Supplementary Figures 3, 4, 8). In S. pombe, the METTL16
homolog possesses the KA-1 domain in its C-terminal half
(Figures 4B, SA, Supplementary Figures 3, 8). A recent re-



port showed that S. pombe METTL16 methylates A37 (A43
in human) of U6 snRNA, and regulates the splicing by fa-
cilitating an interaction with the 5’-splice site adenosines in
a subset of S. pombe introns (30). Although the 3’-UTR
hairpins of MAT2A mRNA are conserved in vertebrates,
they are not present in other organisms (54). In fact, S.
pombe S-adenosylmethionine synthetase 1 (saml) mRNA,
an ortholog of MAT2A, is not affected in the mt/16 A strain
(30). In S. pombe, the SAM homeostasis is partially regu-
lated by the translation of sam!/ mRNA, through the in-
teraction of SAM with the 5-UTR of the sam! mRNA
(55). Thus, the primary target of S. pombe METTL16 would
be U6 snRNA, and the KA-1 domain would facilitate its
methylation to control the splicing of some pre-mRNAs
(30).

Under cellular conditions with a limited concentration of
SAM, hMETTLI16 dwells on the 3’-UTR hairpins of the
pre-MAT2A mRNA, and the KA-1 (VCR) in hMETTL16
may recruit splicing factors for efficient and rapid splicing
of the MAT2A pre-mRNA (20). The affinity of h(METTL16
for MAT2A-hp-Is is larger than that of CeMETTI10 for
sams-hp-Is (K4 values of h(METTL16 and CeMETTI10 for
RNA are 0.042 pM and 0.14 pM, respectively) (Figure
5F) (35). Under limited SAM concentration conditions,
while hAMETTLI16 dwells on MAT2A pre-mRNA and re-
cruits splicing factors through KA-1 to promote splicing,
CeMETT10 might quickly dissociate from the 3’-splice site
of sams pre-mRNA and U2AF35 would bind to the 3’-
splice site to promote the pre-mRNA splicing. Considering
that the KA-1 of CeMETT10 facilitates the efficient methy-
lation of the 3’-splice sites of sams pre-mRNAs (Figure 5SD),
the KA-1 of CeMETT10 would promote the rapid methy-
lation under conditions with higher SAM concentrations,
and the binding of U2AF35 to the 3’-splice site would be
blocked; thereby, CeMETT10 inhibits the splicing of sams
pre-mRNA and reduces the level of SAM biosynthesis.

The previous biochemical study showed that KA-1 of
hMETTLI16 interacts with the double-stranded stem region
of RNA (35). The KA-1 of CeMETT10 would also interact
with double-stranded RNA. However, the detailed mecha-
nism of the interactions between KA-1 and RNA remains
elusive (35,42). Full-length hMETTLI16 reportedly inter-
acts with the 3’-terminal triple-helix of MALAT IncRNA,
while the MTD does not, suggesting that the KA-1 (VCR)
and/or the disordered part in the C-terminal region be-
tween KA-la and KA-1b could interact with the 3’-triple
helix RNA (34,56). The detailed mechanisms of the RNA
recognition by KA-1 and the dynamical cooperative methy-
lation of substrate RNAs by the N-terminal MTD and the
C-terminal KA-1 await further structural determinations.
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