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Supplementary Figure 1. Multiple sequence alignment analysis of TruD from 7. thermophilus, D.
radiodurans, E. coli, S. schwarzengrund, and H. influenzae. The amino acid sequences were retrieved
from UniProt (https://www.uniprot.org/) and aligned by CLUSTALW (https://www.genome.jp/tools-
bin/clustalw) with default parameters. Catalytically important residues in E. coli TruD and T.
thermophilus TruD are highlighted in red and blue, respectively. Numbering of the amino acid
sequence is based on the E. coli TruD sequence.
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Supplementary Figure 2. (A) T. thermophilus TruD was modeled by AlphaFold3
(https://alphafoldserver.com) and visualized by PyMol. The T. thermophilus TruD model (Magenta)
was superimposed on the crystal structure of E. coli TruD (PDB id: 1SB7) (White cyan). (B) The
catalytically important residues in T. thermophilus TruD are compared with the corresponding
residues in E. coli TruD.
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Supplementary Figure 3. (A and B) The three or two biological replicates of the mutation profiling
data from PRAISE experiments of (A) 7. thermophilus WT and (B) the AtruD strain, are plotted to
see the correlation between each replicate. The plots were fitted with a linear regression. The Pearson

correlation coefficient (R value) is shown in each graph.
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GGGGCCGUGGCGCAGUUGGGAGCGCGCCUGAAUCGCACUCAGGAGGUCAGGGGUUCGAAUCCCCUCGGCUCCACCA z GGGGCAGUGGCGCAGUUGGGAGCGCGCCUGAAUCGCACUCAGGAGGUCAGGGGUUCGAAUCCCCUCGGCUCCACCA
Sequence Sequence
tRNA-Ala-GGC-1-1 s tRNA-Ala-GGC-1-1
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GGGGCCGUGGCGCAGUUGGGAGCGCGCCUCAAUGGCAUUGAGGAGGUCAGGGGUUCGAAUCCCCUCGGCUCCACCA z GGGGCOGUGGCGCAGUUGGGAGCGCGCCUCAAUGGCAUUGAGGAGGUCAGGGGUUCGAAUCCCCUCGGCUCCACCA
Sequence Sequence
tRNA-Ala-TGC-1-1 & tRNA-Ala-TGC-1-1
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GGGGCGGUAGCUCAGAGGGAGAGCACCCGCCUUGCAAGCGGGAGGUCCGGEGUUCAAGUCCCCGCCGCUCCACCA z GGGGCGGUAGCUCAGAGGGAGAGCACCCGCCUUGCAAGCGGGAGGUCCGGGGUUCAAGUCCCOGCCGCUCCACCA
Sequence Sequence
tRNA-Arg-ACG-1-1 T tRNA-Arg-ACG-1-1
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GGGCCCGUAGCUCAGCUGGAUAGAGCGGCUGACUACGGAUCAGCAGGUCGGGGGUUCGAAUCCUCCCGGGCCCGCCA z GGGCCCGUAGCUCAGCUGGAUAGAGCGGCUGACUACGGAUCAGCAGGUCGGEGEGUUCGAAUCCUCCCGGGCCCGCCA
Sequence Sequence
tRNA-Arg-CCG-1-1 = tRNA-Arg-CCG-1-1
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‘GCGCCCGUAGCUCAGCUGGAUAGAGCGUCGGCCUCCGGAGCCGAAGGUCAGAGGUUCGAGUCCUCUCGGGOGCGCCA z GCGCCCGUAGCUCAGCUGGAUAGAGCGUCGGCCUCCGGAGCCGAAGGUCAGAGGUUCGAGUCCUCUCGGGOGCGCCA
Sequence Sequence
tRNA-Arg-CCT-1-1 = tRNA-Arg-CCT-1-1
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GCGCCCGUAGCUCAGCAGGAUAGAGCGGGEGGCUUCCUAAGCCCUAGGCCGGGGGUUCGAAUCCCUCCGGGOGCACCA z GCGCCCGUAGCUCAGCAGGAUAGAGCGGEGEGCUUCCUAAGCCCUAGGCCGEGEEUUCGAAUCCCUCCGGGOGCACCA
Sequence Sequence
tRNA-Arg-TCT-1-1 = tRNA-Arg-TCT-1-1
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GGGCCCGUAGCUCAGUGGACAGAGCAGCCGCCUUCUAAGCGGUAGGUCGGGGGUUCGAAUCCCUCCGGGCCCGCCA z GGGCCCGUAGCUCAGUGGACAGAGCAGCCGCCUUCUAAGCGGUAGGUCGGGGGUUCGAAUCCCUCCGGGCCCGCCA
Sequence Sequence
tRNA-Asn-GTT-1-1 = tRNA-Asn-GTT-1-1
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UCCGCGGUAGCUCAGCAGGUAGAGCAGCCGGCUGUUAACCGGUAGGUCGCAGGUUCGAGUCCUGCCCGCGGAGCCA z UCCGCGGUAGCUCAGCAGGUAGAGCAGCCGGCUGUUAACCGGUAGGUCGCAGGUUCGAGUCCUGCCCGCGGAGCCA
Sequence Sequence
tRNA-Asp-GTC-1-1 F tRNA-Asp-GTC-1-1
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GGCCCCGUGGUGUAGUUGGUUAACACACCCGCCUGUCACGUGGGAGAUCGCGGRUUCGAGUCCCGUCGGGGCCGCCA z GGCCCCGUGGUGUAGUUGGUUAACACACCCGCCUGUCACGUGGGAGAUCGCGEEUUCGAGUCCCGUCGGGGCOGCCA
Sequence Sequence
tRNA-Cys-GCA-1-1 & tRNA-Cys-GCA-1-1
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GGCGCCGUAGCCAAGUGGUAAGGCAGAGGUCUGCAAAACCUCCAUUCGCCGRUUCGAAUCCGGCCGGCGCCUCCA z GGCGCCGUAGCCAAGUGGUAAGGCAGAGGUCUGCAAAACCUCCAUUCGCCGGUUCGAAUCCGGCCGGCGCCUCCA
Sequence Sequence
tRNA-GIn-CTG-1-1 T tRNA-GIn-CTG-1-1
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UGGGGUGUCGUCUAAGGGUAGGACAGCGGACUCUGGAUCCGCCGGUCGUGGUUCGAAUCCACGCACCCCAGCCA z UGGGGUGUCGUCUAAGGGUAGGACAGCGGACUCUGGAUCCGCCGGUCGUGGUUCGAAUCCACGCACCCCAGCCA
Sequence Sequence
tRNA-GIn-TTG-1-1 = tRNA-GIN-TTG-1-1
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UGGGGCGUCGUCUAACGGCAGGACAGCGGACUUUGGAUCCGCCGGUGGUGGUUCGAGUCCACCCGCCCCAGCCA z UGGGGCGUCGUCUAACGGCAGGACAGCGGACUUUGGAUCCGCCGGUGGUGGUUCGAGUCCACCCGCCCCAGCCA
Sequence Sequence
tRNA-GIu-CTC-1-1 = tRNA-GIu-CTC-1-1
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GGCCCCAUCGUCUAGCGGUUAGGACGCGGCCCUCUCAAGGCCGAAACGGGGGUUCGAUUCCCCCUGGGGUCACCA z GGCCCCAUCGUCUAGCGGUUAGGACGCGGCCCUCUCAAGGCCGAAACGGGGGUUCGAUUCCCCCUGGGGUCACCA
Sequence Sequence
tRNA-GIu-CTC-2-1 - tRNA-GIu-CTC-2-1
=)
20 @ 20
o
°
10 S 10
]
o E
T o
GGCCCCAUCGUCUAGAGGCCUAGGACACGGCCCUCUCAAGGCCGAGACGGGGGUUCGAAUCCCCCUGGGGUCACCA z GGCCCCAUCGUCUAGAGGCCUAGGACACGGCCCUCUCAAGGCCGAGACGGGGGUUCGAAUCCCCCUGGGGUCACCA
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Sequence

tRNA-Gly-CCC-1-1

GCGGGAGUAGCUCAGUUGGUAGAGCAUCGGCUUCCCAAGCCGAGGGUCGOGGEGUUCGAGUCCCGUCUCCCGCUCCA
Sequence

tRNA-Gly-GCC-1-1

GCGGGAGUAGCUCAGUCGGUAGAGCACGACCUUGCCAAGGUCGGGGEUCGOGGEGUUCAAGUCCCGUCUCCCGCUCCA
Sequence

tRNA-Gly-GCC-1-2

GOGGGAGUAGCUCAGUCGGUAGAGCACGACCUUGCCAAGGUCGGGGUCGCGGGUUCAAGUCCCGUCUCCOGCUCCA
Sequence

tRNA-Gly-TCC-1-1

GCGGGAGUAGCUCAGCUUGGUAGAGCAUCGGCCUUCCAAGCCGAGGGUCGCGGGUUCGAAUCCCGUCUCCCGCUCCA
Sequence

tRNA-His-GTG-1-1

GUGAGCGUAGCUCAGCUGGUUAGAGCACCGGACUGUGGAUCCGGGGEGEUCGUGGGUUCAAGUCCCAUCGCUCACCCCA
Sequence

tRNA-lle-GAT-1-1

GGGCGAUUAGCUCAGCUGGUUAGAGCGCACGCCUGAUAAGCGUGAGGUCGGUGGUUCAAGUCCACCAUCGCCCACCA
Sequence

tRNA-lle2-CAT-1-1

GGGCOGUUAGCUCAACGGUCAGAGCAGCCGGCUCAUAACCGGUAGGUUGCAGGUUCGAAUCCUGCACGGCCCACCA
Sequence

tRNA-Leu-CAA-1-1

Sequence

tRNA-Leu-CAA-2-1

GGGGGUUCUGGGCCUGCCUCACACGCGAGAGGUCGUAGGUUCAAGUCCUACGCCGCCCACCA
Sequence

tRNA-Leu-CAG-1-1

Sequence

tRNA-Leu-GAG-1-1

Sequence

tRNA-Leu-TAA-1-1

Sequence

tRNA-Leu-TAG-1-1

Sequence
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tRNA-GIu-TTC-1-1

GGCCCCAUCGACUAGCGGUUAGGUCACCGGCCUUUCAAGCCGGCGGCGGGGGUUCGAGUCCCCCUGGGGUCACCA
Sequence

tRNA-Gly-CCC-1-1

GCGGGAGUAGCUCAGUUGGUAGAGCAUCGGCUUCCCAAGCCGAGGGUCGOGGGUUCGAGUCCCGUCUCCCGCUCCA
Sequence

tRNA-Gly-GCC-1-1

GCGGGAGUAGCUCAGUCGGUAGAGCACGACCUUGCCAAGGUCGGGEGUCGOGGGUUCAAGUCCCGUCUCCCGCUCCA
Sequence

tRNA-Gly-GCC-1-2

GCGGGAGUAGCUCAGUCGGUAGAGCACGACCUUGCCAAGGUCGGGEGUCGOGGEUUCAAGUCCOGUCUCCCGCUCCA

Sequence
tRNA-Gly-TCC-1-1
1
GCGGGAGUAGCUCAGCUUGGUAGAGCAUCGGCCUUCCAAGCCGAGGGUCGCGEEUUCGAAUCCCGUCUCCOGCUCCA
Sequence

tRNA-His-GTG-1-1

GUGAGCGUAGCUCAGCUGGUUAGAGCACCGGACUGUGGAUCCGRGGGUCGUGGGUUCAAGUCCCAUCGCUCACCCCA
Sequence

tRNA-lle-GAT-1-1

GGGCGAUUAGCUCAGCUGGUUAGAGCGCACGCCUGAUAAGCGUGAGGUCGGUGGUUCAAGUCCACCAUCGCCCACCA
Sequence

tRNA-lle2-CAT-1-1

GGGCCGUUAGCUCAACGGUCAGAGCAGCCGGCUCAUAACCGGUAGGUUGCAGGUUCGAAUCCUGCACGGCCCACCA
Sequence

tRNA-Leu-CAA-1-1

Sequence

tRNA-Leu-CAA-2-1

GGGGGUUCUGGGCCUGCCUCACACGCGAGAGGUCGUAGGUUCAAGUCCUACGCCGCCCACCA
Sequence

tRNA-Leu-CAG-1-1
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tRNA-Leu-GAG-1-1

Sequence

tRNA-Leu-TAA-1-1

Sequence

tRNA-Leu-TAG-1-1

Sequence
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tRNA-Lys-CTT-1-1

GGGCCGCUAGCUCAACUGGUAGAGCAACCGACUCUUAAUCGGUGGGUUACAGGUUCGAGUCCUGUGCGGCCCACCA
Sequence

tRNA-Lys-TTT-1-1

GGGCCGUUAGCUCAGCUGGCAGAGCAACCGACUUUUAAUCGGUAGGUCGCAGGUUCGAAUCCUGCACGGCCCACCA
Sequence

tRNA-Met-CAT-1-1

GGOGGCGUAGCUCAGGUGGUCAGAGCACACGACUCAUAAUCGUGGUGUCGUGGGUUCGAGUCCCACCGCCGCCACCA
Sequence

tRNA-Met-CAT-2-1

GEOEGMGEUUUCCGEOGCAEUUCUUUGGAAAGGIGAUGCCUCAUAAUCGUGGEUGUCGUGEGEUUCGAGUCCCACCGOOGCCACCA-
Sequence

tRNA-Phe-GAA-1-1

GCCGN.KSL'JNIUCAGJUGSUAGAGCAMAO.GAAAAUCWGIG}UUG}AUUCCGCCCCUGMCCA

Sequence
tRNA-Pro-CGG-1-1
CGGGGAGUAGCGCAGCCCGGUAGOGCACCUCGUUCGGGACGAGGGEGEGUCGCUGGUUCAAAUCCAGUCUCCCCGACCA
Sequence

tRNA-Pro-GGG-1-1

CGGGGAGUAGCGCAGCCUGGUAGCGCACACGCUUGGEGUGCGUGGGGUCGUCGGUUCAAAUCCGGCCUCCCOGACCA
Sequence

tRNA-Pro-TGG-1-1

CGGGGOGUAGCGCAGGCCGGUAGCGCACCUGCUUUGGGAGCAGGGGGUCGCCCGUUCAAAUCGGGCOGCCCOGACCA
Sequence

tRNA-Ser-CGA-1-1

Sequence

tRNA-Ser-GCT-1-1

Sequence

tRNA-Ser-GGA-1-1

Sequence

tRNA-Ser-TGA-1-1

Sequence

tRNA-Thr-CGT-1-1

GCCGGUGUAGCUCAGCGGUAGAGCAACCGCCUCGUAAGCGGUAGGCCGCCGGUUCAAAUCCGGCCACCGGCUCCA
Sequence

tRNA-Thr-GGT-1-1

GCUCGCGUAGCUCAGCAGGUAGAGCACACCCUUGGUAAGGGUGAGGUCGCCGGUUCGAGCCCGGCCGCGAGCUCCA
Sequence
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tRNA-Lys-CTT-1-1

(HSCCGG'JI-‘GCUCAAGMJAGAGCAACCGACUCUUAAUC(ISLKHSUUA@(HJUCGNBUCCLGHHBCCO\CO\
Sequence

tRNA-Lys-TTT-1-1

GGGCCGUUAGCUCAGCUGGCAGAGCAACCGACUUUUAAUCGGUAGGUCGCAGGUUCGAAUCCUGCACGGCCCACCA
Sequence

tRNA-Met-CAT-1-1

GGCGGCGUAGCUCAGGUGGUCAGAGCACACGACUCAUAAUCGUGGUGUCGUGGGUUCGAGUCCCACCGCCGCCACCA
Sequence

tRNA-Met-CAT-2-1

GECEGOGUUUCCGEAGCCEUUCUUUGGAAAGGIGAUGCCUCAUAAUCGUGGEUGUCRUGEEUUCGAGUCCCACCGCOGACACCA-
Sequence

tRNA-Phe-GAA-1-1

ECGA@MUMWMMCMAWWUWUUMCCMMCCA
Sequence

tRNA-Pro-CGG-1-1

CGGGGAGUAGCGCAGCCCGRUAGCGCACCUCGUUCGGEGACGAGGEGEGEUCGCUGGUUCAAAUCCAGUCUCCCOGACCA
Sequence

tRNA-Pro-GGG-1-1

CGGGGAGUAGCGCAGCCUGGUAGCGCACACGCUUGGEGEGUGCGUGGGEUCGUCGGUUCAAAUCCGGCCUCCCOGACCA
Sequence

tRNA-Pro-TGG-1-1

CGGGGCGUAGCGCAGGCCGRUAGCGCACCUGCUUUGGGAGCAGGEGEGEUCGCCCGUUCAAAUCGGGCCGCCCAGACCA
Sequence

tRNA-Ser-CGA-1-1

Sequence

tRNA-Ser-GCT-1-1

Sequence

tRNA-Ser-GGA-1-1

Sequence

tRNA-Ser-TGA-1-1

Sequence

tRNA-Thr-CGT-1-1

GCCI}GUGUAGGJCAGCIXSUAGAGCAACCISCCUCGUANIGSUN}]CCGCCGGUUCAAAUCCIX}CCACCGBCCICCA
Sequence

tRNA-Thr-GGT-1-1

&UGIWUWW@CCCUWJWW@JUWCWCW&CU
Sequence
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tRNA-Thr-TGT-1-1

20
10
0
GCCACCCUAGCUCAACCGGCAGAGCACCCGACUUGUAAUCGGGGGGUUGGGGEGUUCAACUCCCCUGGGUGGCUCCA
Sequence
tRNA-Trp-CCA-1-1
20
10
. |
GGGCCGUUAGCUCAACUGGCAGAGCACCGGUCUCCAAAACCGGGGEGUUGGAGGUUCGAGUCCUUCACGGCCCGCCA

Sequence

tRNA-TYr-GTA-1-1

20
10
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Sequence
tRNA-Val-CAC-1-1
20
10
0
GGGCGGCUAGCUCAGCGGAAGAGCGCUCGCCUCACACGCGAGAGGUCGUAGGUUCAAGUCCUACGCCGCCCACCA
Sequence
tRNA-Val-GAC-1-1
20
10
N | |
GEGOGCGUAGCUCAGGUGGCUAGAGCACUACCUUGACACGGUAGGGEGUCGGUGGUUCAAGUCCACUCGCGCCCACCA
Sequence
tRNA-Val-TAC-1-1
20
10
0 |
GGGCGGCUAGCUCAGCUGGCCAGAGCACUCGCCUUACAAGCGAGGEGUCAGAGGUUCAAGUCCUCUGCCGCCCACCA

Sequence

RNA-fMet-CAT-1-1

20

CGOGGGGUGGAGCAGCCUGGUAGCUCGUCGGGCUCAUAACCCGAAGGUCGCGGGUUCAAAUCCCGCCCCOGCAACCA
Sequence
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tRNA-Thr-TGT-1-1

20
10
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GCCACCCUAGCUCAACCGGCAGAGCACCCGACUUGUAAUCGGGGEGUUGGGGGUUCAACUCCCCUGGGUGGCUCCA
Sequence
tRNA-Trp-CCA-1-1
20

10 I
0

GGGCCGUUAGCUCAACUGGCAGAGCACCGGUCUCCAAAACCGGGGRUUGGAGGUUCGAGUCCUUCACGGCCCGCCA
Sequence

tRNA-Tyr-GTA-1-1

COGUGEEX
Sequence

tRNA-Val-CAC-1-1

10

GGGCGGCUAGCUCAGCGGAAGAGCGCUCGCCUCACACGCGAGAGGUCGUAGGUUCAAGUCCUACGCCGCCCACCA
Sequence

tRNA-Val-GAC-1-1

. |
GGGUGCGUAGCUCAGGUGGCUAGAGCACUACCUUGACACGGUAGGGGUCGGUGGUUCAAGUCCACUCGCGCCCACCA
Sequence

tRNA-Val-TAC-1-1

20

10

0 |
GGGUGGCUAGCUCAGCUGGCCAGAGCACUCGCCUUACAAGCGAGGGEGUCAGAGGUUCAAGUCCUCUGCCGCCCACCA

Sequence

RNA-fMet-CAT-1-1

20

10

[
CGCGGGGUGGAGCAGCCUGGUAGCUCGUCGGEGCUCAUAACCCGAAGGUCGOGGGUUCAAAUCCCGCCCCCGCAACCA

Sequence



Supplementary Figure 4. PRAISE data on tRNAs from WT and A#ruD strains were provided.
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Supplementary Figure 5. (A—B) In vitro pseudouridylation assays with (plus TruD) or without
(minus TruD) recombinant TruD using in vitro synthesized (A) tRNAS-CUG-I-L WT transcript,
and (B) tRNASW-CUCI-TWT transcript. Pseudouridine formation was detected by nucleoside
analysis using HPLC where pseudouridine eluted around 5 min. These experiments were
performed independently three times (n=3) and gave the same results; one representative
chromatogram is shown.
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Supplementary Figure 6. (A) Secondary structure of T. thermophilus tRNAS"-VUC-1-1 The point
mutation was introduced at 2 nucleotide positions in the TruD recognition site. The target uridine
is highlighted in red. (B—E) In vitro pseudouridylation assays with (plus TruD) or without (minus
TruD) recombinant TruD using in vitro synthesized (B) tRNASG-UUC-I-LWT transcript, (C) U13C
mutant transcript, (D) A11U mutant transcript, and (E) A11C mutant transcript. Pseudouridine
formation was detected by nucleoside analysis using HPLC where pseudouridine eluted around 5
min. These experiments were performed independently three times (n=3) and gave the same
results; one representative chromatogram is shown.
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Supplementary Figure 7. (A) Secondary structure of 7. thermophilus tRNAAP-GUC-1-1 The point
mutation was introduced at 5 nucleotide positions in the TruD recognition site. The target uridine
is highlighted in red. (B—G) In vitro pseudouridylation assays with (plus TruD) or without
(minus TruD) recombinant TruD using in vitro synthesized (B) tRNAAS-SUC-I-L WT transcript
(Fig. 5C was replotted), (C) U13C mutant transcript (Fig. 5D was replotted), (D) Ul 1A mutant
transcript, (E) G12C mutant transcript, (F) A14G mutant transcript, and (G) G15C mutant
transcript. Pseudouridine formation was detected by nucleoside analysis using HPLC where
pseudouridine eluted around 5 min. These experiments were performed independently three
times (n=3) and gave the same results; one representative chromatogram is shown.
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Supplementary Figure 8. (A) Secondary structure of T. thermophilus tRNAT™CGU-1-l 'The TruD
recognition sequence is highlighted in red. (B) PRAISE data for tRNATh-CGU-1-1 in WT and
AtruD strains. The TruD recognition sequence is highlighted in red. (C) In vitro
pseudouridylation assays with (plus TruD) or without (minus TruD) recombinant TruD using
tRNATh-CGU-I- transcript was performed. Pseudouridine formation was detected by nucleoside
analysis using HPLC where pseudouridine eluted around 5 min. These experiments were
performed independently three times (n=3) and gave the same results; one representative
chromatogram is shown.



