ZnF_MT-A70_H.sapiens 250 SIVEKERSR[GRA[QVIQEF CDY|G[T]. .[KEEMMKASDADRP[S RKL RRI INK[H
ZnF_MT-A70_M.musculus 259 SIVEKFRSR|GRAQV|QEFCDY|GT|. . KEE[MKASDADRP[®. . RK|[L#YRR I I[NK/H
ZnF_MT-A70_X.tropicalis 252 SIVEKFRSR|GRAQV|QEFCDY|G[T|. . KEE[@MKAAGADTP[®. . RK|LI;83RR I I|NM[H
ZnF_MT-A70_D.rerio 264 SIVEKFRSR|GRAQVIQEFCDY|G|T|. .KEE[@MVQSGDTPQP[. . TK|LESARR I I|NK[H
ZnF_MT-A70_O.sativa 363 AVAAKF|K TK|G|G S|Q LIK|E Y C T N|L|T KED[MRRQSGSFVA[S. . DKVI:§3RR I I|AP|H
ZnF_MT-A70_T.gondii 101 MILH[SFKNKGGSALREICTY|G|S|. .RVEMCRARNSFKP[8. . SKV|:§lRR I V|L.P|H
ZnF_MT-A70_C.reinhardtii 46 ARVEQFRTA|GIGSAIREHCPH|LIT|. .KDE[MRRVNGVPLA[®. . HR[LESYL RV VQP|H
ZnF_MT-A70_A thaliana 354 ATAAKF|KSK|GGS|QVK[YYCRY|L|T|. .[KED[MRLQSGSHIA]. . NKR):$IRRL I|AS|H
ZnF_MT-A70_T.thermophila 352 SALA|IF|RKQ|G|[SRRI|.DYCDC|G|T|. .RDK[EIQIRNSTVP[®. . NKA$YRK T I[RPH
ZnF_MT-A70_P falciparum 449 MRIK[KF|QKK[DD S|. VIKIICP Y|L|T|. .[KKV[®QKHNKE . . .[8. . NKVi:83KK T T[S E[H
ZnF_MT-A70_D.melanogaster 282 AEDG|E I|TAE[VIINNC|EAE SQE|S|TIDG|SDT[&JSSETTDK . .[8. . TK|LESIKK I T|QAH
ZnF_MT-A70_S.cerevisiae ~ 207 SLLS|TSVY I[VINNKI|V|SL .OWSK . .ISA[OENHPGLIE[®IQS|K|T IPNIKP|Q
ZnF_MT-A70_P.tetraurelia 215 YDEEEAKRK[F|TERGLIQICENF|T|. .RDK[RNVQ. . . . . (o. . QKTEESIRK I LIKAN

ZnF_MT-A70_H.sapiens 307 FDIE HMD T[@K Y VER4E I DACMD|S[E|JAPGS . KDHTP S[QE|LA[L|TQ
ZnF_MT-A70_M.musculus 307 RYD[E HMD T[MK Y V):84E I D[ACV|D|S[E|SPGS . KEHMP S|QE|LA[L|TQ
ZnF_MT-A70_X tropicalis 300 pYD[E HMD T[®K Y V):84E I DIAWV|E[P|GIGTAVVPEAVP S|QD|TP[L|TK
ZnF_MT-A70_D.rerio 312 pD|E HMD T[MK Y V):§4E I D|SPP|E[A[EGDAL . GPQAGAAELG[LHS
ZnF_MT-A70_O.sativa 411 pyD|T HTKT[®K Y V):84E LD|Q TPD|I|.[PPMMAGALAPPROQIR|LIQOR
ZnF_MT-A70_T.gondii 149 pdD[V|S HIET[MRY V):®4E VDAASKINDALKKMRGEASADP|YA|.|. .
ZnF_MT-A70_C. reinhardtii 96 pYD[V NMRT[eJK Y V):84RP D|P EP[D|V[P|GMG SEMARLRA|. S[VPKKP
ZnF_MT-A70_A thaliana 402 p4D[V HMKT[MKY Vii®4E LDM . .|.ADAM. . .. .. MAG[P D|KA|L|K P
ZnF_MT-A70_T thermophila 399 p§D|E HMD Y[MKF VIi§4E D[V . .[D|IN]NM. . .. .. NNND N|LL|LD .
ZnF_MT-A70_P falciparum 493 pdD[V HIET[MKF V):84A VDKDD|QOMNM. . . . .. N T Q|E N|L S|Q|S K
ZnF_MT-A70_D.melanogaster 330 p4D|E HMAT[MKY V):84E VDT LPH|INTN . . . KPTDVK|[TKLS|LIKR
ZnF_MT-A70_S.cerevisiae 256 p4D|T KLNT[®RY T):84LQY|I P S|C/LIOQERADRETASENKR|IR|SNV
ZnF_MT-A70_P tetraurelia 258 pyO|T EQEQIMKY TIERITLD|. « clefelede ¢ o o o v v v v GINDJVDWQK

Supplementary Figure 1. Sequence alignment of the Zinc-finger domain of METTL3 from
different species. Red highlight indicates residues that are strictly conserved, and red font
indicates residues that are mostly conserved (>70%). The second Zn®'-finger appears more
conserved than the first Zn®'-finger. Green dots denote residues that are involved in Zn**
coordination. The N°-adenosine-methyltransferase 70-kDa subunit is denoted here as MT-A70.
Species abbreviation and GeneBank accession ID: H.sapiens, homo sapiens, NP _062826.2;
M.musculus, Mus musculus, NP_062695.2; X.tropicalis, Xenopus tropicalis, NP_001016419.1;
D.rerio, Danio rerio, NP _997945.1; O.sativa, Oryza sativa, XP_015625439.1; T.gondii,
Toxoplasma gondii, KFG50663.1; C.reinhardtii, Chlamydomonas reinhardtii, XP_001691478.1;
A .thaliana, Arabidopsis thaliana, NP_192814.1; T.thermophila, Tetrahymena thermophila,
EAS00013.2; P.falciparum, Plasmodium falciparum, XP_001349190.1; D.melanogaster,
Drosophila melanogaster, NP_651204.1; S.cerevisiae, Saccharomyces cerevisiae, CAA96904.1;
P.tetraurelia, Paramecium tetraurelia, XP_001450303.1.

S1



A Time (min) B Time (min)
10 30 50 70 90 0 10 20 30 40 50
008 T | T | T I T l T I _l M T M T T T v T M T
o T 0.00-
- (o] -
© 0.04 3
= . 2 -0.10-
(V]
o S |
=< 0.00 3
0.20
-0.04 - 030
= 0.0
C [ ]
L + -0.80—
g == 5
(0] s —
= 05 . 3
- 'S -1.00
O T N
v (o] -1
© -1.0- -
E S -1.20 .
T 37°C £ 10°C
X —
15 sRNA —=ZFD £ 140 4 nsRNA —+ZFD
1 T 1 © T T 1T T 1 I I I I I T T T T
00 05 10 15 20 25 00 10 20 30 40
Molar Ratio Molar Ratio
C Time (min) D Time (min)

10 20 30 40 50 0 10 20 30 40 50
0.124T T T T T T T T T v T — T T T v T v T —
0.10 0.00_[ ( ”””r

o 0.08 o "0-50 .
£ 0.06+ 2 § oo: ]
S 0.04- < "
. g. -1 E
0.02+ -1.50 10 OC B
0.00 - J
-0.02-] -2.00 sRNA =ZFD-MTD -
0.0 T T T T T L
< 1.00 L] = -
5] E
© 3]
_ o -1.54 i
% 0-80 " - L " L . ] § -
- - - -
S 0.60- ., - " S 304 i
ol o i
[e) E sE = E
% 0.40 10 °C 5 45 N=1.00£002 1
C 1 = 7 K,=23.0+23 uM]
< 000d mm sRNA—MTD 6.0 D ]
T T 1 17 T 1T 771 T rrrrrorrT
00 05 10 15 20 25 30 00 05 10 15 20 25
Molar Ratio Molar Ratio

Supplementary Figure 2. Isothermal calorimetry (ITC) measurements for RNA-protein
interaction. The titrations were conducted at either 37 °C or 10 °C otherwise under the same
conditions as in Figure 1C. (A) A 1.5 mM specific RNA containing 5'-GGACU-3' sequence was
titrated to 70 pM ZFD at 37 °C. Though the ITC curve can be arbitrarily fitted (Kp~ 120 uM), the
stoichiometry is way off (0.005). (B) At 10 °C, a 20-nt nonspecific RNA containing only
adenosines (4 mM) was titrated to the ZFD of METTL3 (200 uM). Though the ITC data can be
arbitrarily fitted (Kp = 123 uM), the stoichiometry is off (N = 2.05). (C) A 1 mM specific RNA
substrate was titrated to the heterodimer of METTL3-METTL14 (70 uM). In this case, the
binding isotherm was too weak to be assessed. (D) A specific RNA (2 mM) was titrated to the
enzymatically active heterodimer comprising the METTL3 ZFD-MTD and METTL14 MTD (200
uM). The isotherm can be fitted using a one-site binding model to a Kp value of ~23 uM. All ITC
experiments were repeated at least three times.
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Supplementary Figure 3. ITC titrations for measuring the affinities between METTL3 ZFD and
specific RNA. The experiments were done at 10 °C, with 1.38 mM specific RNA titrated into 100
uM ZFD protein. (A) The titration was performed at 20 mM pH 7.5 HEPES buffer containing
100 mM NacCl. The ITC profile and fitted Kp value is almost identical to those performed at pH
6.8 (c.f. Fig. 1C). (B) The titration was performed at 20 mM pH 6.8 phosphate buffer containing
100 mM NaCl for R300D charge reversal mutant. The Kp value is almost 6 times weaker for the

mutant.

S3



ZFD .« ¢
o
1104 ZFD-MTD N
K ;
115 - . Taegd e L0
€ M‘, .0
g L) o ‘o
k=% ° c e ’. * o
z 1201 . s;; L 5‘;.: .
fry o . /} P @
. o
e o °
125 - ° ® A354%.
. co o Q357
° i ’
130 - e o %
T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0
6'H (ppm)

8N (ppm)

10 ey Ve ‘
| 1
180 . ' |
| [
190
. |
200
210
220 Hoos & : (] ¢ § hoos
Ne2-Hel H330 . . H330 Ne2-H82
Ne2-Hel Ne2-Hd2
T T T T T T
85 80 75 70 6.5 6.0
6'H (ppm)

Supplementary Figure 4. 'H-""N HSQC spectra of the ZFD of METTL3. (A) Overlay of the 'H-
N HSQC spectra for the isolated ZFD and segmentally “N-labeled ZFD as part of the
METTL3-METTL14 catalytically active heterodimer. Except for a few residues near the ligation
site (labeled), the two spectra can be nicely overlaid. (B) Long-range 'H-">’N HSQC spectrum for
assessment of the tautomeric states of the histidines. A carbon-attached proton in the histidine
imidazole ring (Hel or H82) can be correlated to imidazole nitrogen (Ne2 or No1) through a two-
bond scalar coupling. If the nitrogen is protonated, the cross-peak can be effectively dephased
over a 22-ms INEPT transfer period. Illustrated with red and blue rectangles respectively, H298
and H330 exist in 81-H neutral tautomeric states, meaning that H31 is present while He2 is
absent, available for Zn*"-coordination. In comparison, H322 exists in the charged form (gray

rectangle).
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Supplementary Figure 5. The correlation between observed and back-calculated PRE I'; values
for the backbone amide protons of the ZFD. (A) The PRE values are calculated for the conformer
with the lowest PRE energy in the bundle. (B) The PRE values are calculated for all 25
conformers in the bundle. The error bars indicate 1 S.D. in the measurement uncertainty for the
observed values, and indicate 1 S.D. when averaging the calculated values from all conformers in
the structure bundle. Only the PRE data for the rigid residues (before S338) are used to plot the
correlation. The correlation coefficient and PRE Q-factors (Qe for the bundle) are reported.
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Supplementary Figure 6. Overlay of the 2D NMR HSQC spectra for '°N-labeled METTL3 ZFD
titrated with increasing concentrations of the specific RNA. The two sleeted regions show the
progressive shift of the peaks for F316 and C320, both located at the interface, upon RNA
binding. In comparison, peaks for residues away from the interface display no shifts.
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