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Supplementary Figure 1. Standard curves used for the LC-QQQ-MS quantification of 5-
EC incorporation in WT total RNA. Two technical replicates for each standard were used
to generate standard curves.
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Supplementary Figure 2. Representative extracted ion chromatograms (EICs) from the
nucleoside LC-MS/MS measurements. (A) EICs of standard mix in the measurement of
m®°C, hm®C, f°C, ca®C, and i°A in HEK293T WT and ALKBH1 KO total and small RNA.
(B) EICs of standard mix in the measurement of 5-EC and 5-EU in total RNA of HEK293T
WT after metabolic labeling. 5-EC and A have the same parent mass and MRM transition,
but different elution times.
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Supplementary Figure 3. Cell viability curves for 5-EC treatment of WT 293T cells. Three
independent biological replicates were analyzed. Curves were fitted based on a 4-
parameter dose-response equation using GraphPad Prism: ICso values for 24-hr
treatment, 592.9 uM; for 36-hr treatment, 396.8 uM; for 48-hr treatment, 323 uM. Data
represent mean + SEM. Source data are provided as a Source Data file.
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Supplementary Figure 4. 5-EC metabolic labeling does not affect endogenous levels of
m>C or f°C. (A) Endogenous levels of m°C and levels of 5-EC incorporation in total RNA
of WT 293T cells after overnight treatment with 1mM 5-EC or vehicle as measured by LC-
MS/MS. (B) Endogenous levels of f°C in total RNA of WT 293T cells after overnight
treatment with TmM 5-EC or vehicle as measured by LC-MS/MS. For (A) and (B), three
independent biological replicates were analyzed. Data represent mean values * s.d.
Source data are provided as a Source Data file.
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Supplementary Figure 5. 5-EC RNA crosslinks exclusively with catalytically active
TET1(CD). (A) Wild-type (WT) or an inactive mutant (Mut) pcDNA5-TET1(CD) was
transfected into WT 293T, followed by treatment with 5-EC or vehicle for 16 hrs. Cells
were lysed, and the lysate was separated by SDS-PAGE. Expression of the construct
and the presence of a higher-running RNA-cross-linked band were detected by anti-FLAG
western blot. Actin blotting was used as a loading control. (B) 5-EC mediated cross-linking
and recovery of TET1(CD) WT. 3X-FLAG-TET1(CD) WT or 3X-FLAG TET1(CD) Mut
were overexpressed in WT 293T by transient transfection followed by treatment with 1
mM 5-EC for 16 hr. Cells were lysed, and poly-A RNA was isolated via oligo-dT pulldown.
RNA was digested and protein was detected by SDS-PAGE and anti-FLAG western blot.
For (A) and (B), experiments were repeated three times independently with similar results.
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Supplementary Figure 6. Mechanism of methylation at C5 position of cytidine (C) and
possible covalent capture with a 5-alkynyl C analog. The proposed mechanism involves
the methyltransferase’s (orange) two cysteine residues to mediate the transfer of a methyl
group from SAM (blue). First, nucleophilic attack of a catalytic Cys residue on the C6
position of C forms an enzyme-bound intermediate, and a second Cys residue mediates
beta-elimination after C5 methylation with SAM. With 5-ethynyl cytidine, the first
nucleophilic attack allows for a rearrangement of the alkyne to a thiol-reactive allene,
which then covalently traps the second cysteine residue.
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Supplementary Figure 7. 5-EC mediated crosslinking and recovery of ALKBH1 and
TET2. Full western blot data for Fig 3C in main text. PolyA RNA isolation was performed
as in Supplementary Fig. 5 with the corresponding Flp-In cell line. Highlighted regions are
presented in the main text. The experiments were repeated three times independently

with similar results.
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Supplementary Figure 8. (A) 5-EC mediated crosslinking and recovery of MPP8. Full
western blot data for Fig 3C in main text. PolyA RNA isolation was performed as in
Supplementary Fig. 5 with the corresponding Flp-In cell line. Highlighted regions are
presented in the main text. (B) 5-EC, but not 5-methylcytidine (m°C), mediates
crosslinking of MPP8 to mRNA. The experiment was performed as in Supplementary Fig.
5 with the corresponding Flp-In cell line fed with 1 mM m°C. For (A) and (B), the
experiments were repeated three times independently with similar results.
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Supplementary Figure 9. 5-EC-containing RNA crosslinks and enriches ALKBH1 over
ALKBH5. The experiment was performed as in Supplementary Fig. 5 with the
corresponding Flp-In cell lines. The experiments were repeated three times independently

with similar results.
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Supplementary Figure 10. /In-vitro crosslinking of recombinant ALKBH1 and 5-EC-
containing tRNAMet ASL (oligo 1) or m°C-containing tRNAMet ASL (oligo 2). A higher-
running band suggests crosslinked protein-RNA adduct. RNA, enzyme, and cofactors
were incubated as described in Methods. The required cofactors Fe?* and alpha-
ketoglutarate (a-KG) are included in all reactions unless otherwise indicated. NOG = N-
oxalyl glycine, an inhibitor of a-KG-dependent enzymes. The experiments were repeated
three times independently with similar results. Source data are provided as a Source Data
file.
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- Do
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Reference TTTCGG AAACTTTTCCGCTTCTA

Forward TTTCGGGAAAATTTTCCGCTTCTA

Reverse TTTCGGBAAACTTTTCCGCTTCTA
Guide RNA  17cG6 AAACTTTTCCGCTTC
Supplementary Figure 11. Sanger sequencing characterizations of ALKBH1, TET2,
NSUN2, and NSUN3 CRISPR knockouts. Cells were harvested, and crude genomic DNA
was extracted for genomic PCR and analyzed by Sanger sequencing. Alignment was
performed in Snapgene. KOs were chosen if insertions or deletions occurred at or near
the editing site (i.e., near the landing site for the guide RNA). Guide RNA for ALKBH1:
bases 68-87 of cDNA. Guide RNAs for TET2: bases 414-435 and 774-793 of cDNA.
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Supplementary Figure 12. Western blot validation of ALKBH1 KO cells. Circled in red
are the clones used in LC-MS/MS quantification experiments. The experiments were
repeated three times independently with similar results.
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Supplementary Figure 13. Western blot validation of TET2 KO cells. The experiments

were repeated three times independently with similar results.
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Supplementary Figure 14. Standard curves used for the LC-QQQ-MS quantification of
hm®C and f°C in RNA from WT and ALKBH1/TET2/NSUN2/NSUN3 KO cells. Two
technical replicates for each standard were used to generate standard curves.
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Supplementary Figure 15. Enrichment of mRNA from total mammalian RNA in ALKBH1
KO cells (biological triplicates). Extracted total RNA was first subjected to an oligo(dT)
pulldown to isolate poly(A)RNA, which was further enriched by depleting ribosomal and
small RNA fragments that co-purified during the pulldown. The quality at each step was
checked by agarose gel electrophoresis.
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Supplementary Figure 16. Enrichment of mRNA from total mammalian RNA in TET2
and NSUN2 KO Cells (biological triplicates). Extracted total RNA was first subjected to
an oligo(dT) pulldown to isolate poly(A)RNA, which was further enriched by depleting
ribosomal and small RNA fragments that co-purified during the pulldown. The quality at
each step was checked by agarose gel electrophoresis.
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Supplementary Figure 17. Enrichment of mRNA from total mammalian RNA in NSUN3
KO cells (biological triplicates). Extracted total RNA was first subjected to an oligo-dT
pulldown to isolate polyA RNA, which was further enriched by depleting ribosomal and
small RNA fragments that co-purified during the pulldown. The quality at each step was
checked by agarose gel electrophoresis.
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Supplementary Figure 18. Enrichment of small RNA from total mammalian RNA in
ALKBH1, NSUN2, NSUN3, and TET2 KO Cells. Extracted total RNA was enriched for
small RNA following the protocol for small RNA isolation from Zymo Clean and
Concentrator-5. Each extraction was performed in triplicate, with comparable results.
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Supplementary Figure 19. Depletion of i°A in mammalian mRNA from WT 293T and
ALKBH1/TET2/NSUN2/NSUN3 KO cells. RNA samples were extracted and processed
as in Supplementary Fig. 10, digested, dephosphorylated, and analyzed by LC-QQQ-MS.

Levels in total and mRNA are consistent with literature reports.’

i8A is present in mMRNA

at levels at least 20-fold lower than in total RNA. Three independent biological replicates
were analyzed. Data represent mean values + s.d. Source data are provided as a Source

Data file.
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Supplementary Figure 20. Levels of several modified“ér}d unmodified nucleosidégiﬁat
arise from mock (no RNA) enzymatic digestion and dephosphorylation (left column) or
ALKBH1 in vitro oxidation (middle column). Chromatographic traces for the standards

are included for reference (right column). In all cases, nucleoside levels are negligible or
completely inexistent.
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Supplementary Figure 21. Quantification of hm®°C levels in total and small RNA of WT
293T cells and various knockouts. Three independent biological replicates were
analyzed, and data represent mean values + s.d. An unpaired t-test (two-tailed) was used
to measure the statistical significance *p <0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.
Source data are provided as a Source Data file.
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Supplementary Figure 22. 5-carboxycytidine (ca®C) is not formed in cells by ALKBH1.
(A) Raw signals for ca®C in representative WT and ALKBH1 total and small RNA samples
(200 ng) as quantified by LC-MS/MS. (B) Calibration curve for ca®C ranging from 50 to
0.00025 ng/mL. Portions of the curve are expanded to highlight the non-linear nature
below 0.25 ng/mL. (C) Levels of other modifications (f°C, hm°C, i®A, m°C) in the same
samples remain consistent with values reported in this and other manuscripts. Three
independent biological replicates were analyzed. Data represent mean values * s.d.
Source data are provided as a Source Data file.
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Supplementary Figure 23. Levels of m°C in total RNA, small RNA, and mRNA from WT
293T and NSUN2/NSUN3 KO cells analyzed by LC-QQQ-MS. Experiment was
performed in triplicate. Three independent biological replicates were analyzed. Data
represent mean values + s.d. An unpaired t-test (two-tailed) was performed to evaluate
the statistical significance. p value, 0.0000049 (NSUN2 KO vs WT total RNA);0.00054
(NSUN2 KO vs WT mRNA); 0.0000014 (NSUN2 KO vs total RNA); 0.0000107 (NSUN2
KO vs WT small RNA). Source data are provided as a Source Data file.
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Supplementary Figure 24. The impact of cellular stress in ALKBH1-dependent levels
of m'A. (A) Quantification of m'A levels in total and small RNA from WT and ALKBH1
KO cell lines. p value, 0.7048 (ALKBH1 KO vs WT total RNA); 0.000034 (ALKBH1 KO
vs WT small RNA). (B) Quantification of m'A levels in total and small RNA from WT and
ALKBH1 KO cell lines under cellular stress; N.T., no treatment; H.S., heat shock (42 °C
for 1 hour); Gluc. depriv, glucose deprivation (5 mM glucose for 8 hours); Ars. high,
oxidative stress (0.5 mM NaAsO: for 1 hour); Ars. low, oxidative stress (0.2 mM NaAsO-
for 4 hour). p value, 0.000002 (H.S vs N.T.);0.000001(Gluc.depriv vs N.T.); 0.000012
(Ars.high vs N.T.) ; 0.000002 (Ars.low vs N.T). (C) Relative levels of various tRNAs in
WT or ALKBH1 KO cells. Detection of 5S RNA was used as a loading control. (D)
Relative levels of various tRNAs in WT or ALKBH1 KO cells under various cellular
stresses. Detection of 5S RNA was used as a loading control. (E) Quantification of
relative levels of various tRNAs from part C. Quantification was done by densitometry in
the ImageJ software, and the intensity of each band was normalized to that of the
corresponding 5S RNA band. KO values are plotted as a ratio of WT values. (F)
Quantification of relative levels of various tRNAs from part D. Quantification was done
by densitometry in the ImageJ software, and the intensity of each band was normalized
to that of the corresponding 5S RNA band. KO values are plotted as a ratio of WT
values. For A and B, three independent biological replicates were analyzed, and data
represent mean values £ s.d. An unpaired t-test (two-tailed) was used to measure the
statistical significance *p <0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. Source data
are provided as a Source Data file.

S26



5 Total RNA

N.T.

H.S.
® Gluc. depriv
m Ars. high
| Ars. low

C/C (ppm)

WT ALKBH1 KO

Small RNA

N.T.

H.S.
® Gluc. depriv
| Ars. high
| Ars. low

°C/C (ppm)
)
1

WT ALKBH1 KO

Supplementary Figure 25. Quantification of f°C levels in total and small RNA from WT
and ALKBH1 KO cell lines under cellular stress; N.T., no treatment; H.S., heat shock (42
°C for 1 hour); Gluc. depriv, glucose deprivation (5 mM glucose for 8 hours); Ars. high,
oxidative stress (0.5 mM NaAsO: for 1 hour); Ars. low, oxidative stress (0.2 mM NaAsO-
for 4 hour). Three independent biological replicates were analyzed, and data represent
mean values +s.d. An unpaired t-test (two-tailed) was used to measure the statistical
significance. No changes were identified as statistically significant. Source data are
provided as a Source Data file.
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Supplementary Figure 26. 5-EC-iCLIP western blot analysis of 3xFLAG-ALKBH1
immunoprecipitation (IP). Expression of 3xFLAG-ALKBH1 was induced in stable cell
lines. Cells were treated with 1mM 5-EC overnight, and RNA-protein crosslinks were
partially digested with high and low amounts of RNase and further enriched by FLAG IP.
RNA bound to the enriched protein was then biotinylated (full biotin blot from Fig. 4B in
main text). Experiment was performed twice.
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Supplementary Figure 27. 5-EC-iCLIP library preparation for next generation
sequencing. Top left: TBE urea gel showing the recovered cDNA. Top right: Agarose gel
showing the PCR product of iCLIP. Bottom: bioanalyzer analysis showing the mixed

libraries for
independently with similar results.

lllumina sequencing. The experiments were

repeated two times
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Supplementary Figure 28. RNA composition of untreated control sample (no 5-EC
labeling) according to uniquely mapped reads.
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Supplementary Figure 29. Composition of non-tRNA/rRNA identified by 5-EC-iCLIP

according to uniquely mapped reads.
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Supplementary Figure 30. ARP sequencing data. (A) Fold enrichment of f°C-containing
spike-in oligo during ARP sequencing in both WT and ALKBH1 KO 293T cells after IP.
Two independent biological replicates were performed. Source data are provided as a
Source Data file. (B) Venn diagram showing overlap between peaks detected by ARP
sequencing and 5-EC-iCLIP. Source data are provided as a Source Data file.
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Supplementary Figure 31. Recovery of native tRNAs from WT and ALKBH1 KO cells.
Individual tRNAs from bulk small RNA (input) were incubated with a complimentary
biotinylated DNA probe, eluted, and analyzed by northern blot. For detection, the
membrane-bound tRNA was annealed to the same biotinylated probe and further stained
with a streptavidin-conjugated dye. The experiments were repeated three times
independently with similar results.
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Supplementary Figure 32. Standard curves used for the LC-QQQ-MS quantification of
hm®C and f°C in synthetic RNA substrates following in vitro oxidation with ALKBH1.
Two technical replicates for each standard are used to generate standard curves.
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Supplementary Figure 33: tRNA antisense pulldowns with biotinylated probes are
specific. Various tRNAs analyzed in this study were enriched by antisense pulldown and
analyzed by northern blot using the complementary probe (the one used for pulldown) or
a non-complementary probe to assess specificity. The experiments were repeated three
times independently with similar results.
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Supplementary Fig 34. ALKBH1-independent f°C sites in tRNA-Gly-CCC and tRNA-
Val-CAC by detected by pyridine borane sequencing. Two independent biological

replicates were performed and analyzed. Source data are provided as a Source Data
file.
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Supplementary Figure 35: ALKBH1 cannot catalyze the formation of ca®C in vitro on
model tRNA anticodon stem-loop substrates. (A) Raw ca®C LC-MS/MS measurements in
select tRNA anticodon stem-loop substrates after oxidative in vitro reaction with or without
ALKBH1. Values are negligible. (B) Quantification of m°C, hm®C, and f°C for the same
samples. Values are similar to those reported in the main text of this manuscript. Three
independent biological replicates were analyzed. Data represent mean values * s.d.

Source data are provided as a Source Data file.
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Supplementary Figure 36. Characterization of oligo substrate 5. Following solid-phase
oligonucleotide synthesis and standard cleavage and deprotection, substrate 5 was
purified and characterized by denaturing urea-PAGE. The experiments were repeated
three times independently with similar results.
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Supplementary Figure 37. Translation of TTG or TTA codons in WT 293T or ALKBH1
KO cells as quantified by dual luciferase assay. Fluc signal is normalized to Rluc signal
for each condition. Three independent biological replicates were analyzed, and unpaired
two-sided student T test was applied and * as p = 0.034. Source data are provided as a

Source data file.

S39



SUPPLEMENTARY TABLES

Supplementary Table 1. Dynamic multiple reaction monitoring (DMRM) parameters of
for quantification nucleosides by LC-QQQ-MS.

Fragmentor  Collision Parent lon Product

Nucleoside e IM+HI* on Source/Vendor
A 100 20 268.1 136.1 Sigma
i°A 100 20 336.0 204.0 Cayman
G 80 13 284.1 152.1 Sigma
C 70 14 244 1 112.1 Sigma
m°C 70 14 258.1 126.1 Carbosynth
hm°C 70 14 274.0 142.0 Carbosynth
5-EC 70 14 272.0 140.0 synthesized
°C 70 14 268.1 136.1 Berry & Associates
U 70 7 245.1 113.1 Sigma
5-EU 70 7 273.0 141.0 Carbosynth
ca’C 80 14 288.2 156 Carbosynth
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Supplementary Table 2. Nucleoside concentration (ng/mL) in total RNA of WT HEK
293T cells treated or untreated with 1 mM 5-EC as measured by LC-QQQ-MS.
Experiments were performed in triplicate. Abundant nucleosides (ACGU) were quantified
in 1 ng of RNA, while modified nucleosides (5-EC, m°C) were quantified in 100 ng of
sample. Raw values correspond to data of Fig. 1D in main text.

Treatment Amount C U m°C A G 5-eC  5-EU
5-EC 1ng 46112 155.88 497.04 243.14 639.51 624.42 4.030
5-EC 1ng 478.79 358.90 484.69 222.22 1377.11 602.67 3.974
5-EC 1ng 423.92 29221 420.55 420.60 1188.87 632.96 4.397
Control 1ng 284.51 124.57 22450 175.79 344.76 0 0
Control ing 28550 123.63 239.42 170.34 337.26 0 0
Control ing 291.68 126.26 248.37 168.48 335.61 0 0
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Supplementary Table 3: f°C nucleoside concentration (ng/mL) in total RNA of WT 293T
cells after cells after overnight treatment with 1mM 5-EC or vehicle as measured by LC-
MS/MS. Experiments were performed in triplicate. Nucleosides marked with T were
quantified in 200 ng of RNA. All others were quantified in 1 ng of RNA. Raw values
correspond to the data of Supplementary Fig. 4.

Treatment C m5C U 5-ECT A f5Ct G

DMSO 164.8 157 729 0 86.9 0.330 246.5
DMSO 166.2 159 734 0 7.9 0.346 222.7
DMSO 1609 160 77.5 0 82.2 0.3560 226.4
5-EC 1412 151 716 2004 732 0.301 196.7
5-EC 1449 149 0664 1944 714 0.327 192.2
5-EC 1389 148 63.3 189.7 66.9 0.304 182.5
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Supplementary Table 4. Sequences and characterization of anticodon stem-loop (ASL)
substrates and linear RNA oligo substrates 1-8.

Substrate

Sequence

N

Exp. mass

Obs. mass (ESI-

TOF HRMS)
Mt-Met ALS 5 UAU CGG GCC m°CAUACC CCGAA 3 211097281  2110.97582
iMet-CAT ASL 5 UCG UGG GCC m*CAU AAC CCAGA 3 2124.30819  2124.3133
Val-CAC ASL 5 CGU UCG CCU m°CAC ACG CGAAA 3 211097281  2110.96902
Leu-CAAASL 5 CGC CAG ACU m*CAAGUUCUG GU 3 2216.96045  2116.94294
GIn-CTG ASL 5 CUC UGG ACU m*CUG AAUCCA GC 4  1577.46875  1577.46582
GIu-CTC ASL 5 UUC GGC GCU m°CUC ACC GCC GC 4  1569.21602  1559.20509
Gly-CCC ASL 5 UUC UCG CCU m°CCC ACG CGG GA 4  1575.21875  1575.21534
Leu-CAG ASL 5 CGC UGC GUU m°CAG GUC GCAGU 4 159546775  1594.46023
1 o Blemlid GLG GO0 A AUE 4  1686.76288  1686.75218

CCG AA
> Z’C%OALAAU CGG GCC (m°CIAU ACC 4 168426678  1684.2564
3 5 UAU AGA GCC m°CAU ACC CCG AA 3 2113.64491  2113.64849
4 5 UAU UGU GCC m"CAU ACC CCG AA 3 2098.29343  2098.29488
5 2 G CGA BTN SN N SN NN va  N/A(library)  NJ/A (library)
6 5" UUU GAA m°CCC GG 3 115850233 115850818
7 5 UUU GAA CmeCC GG 3 115850233  1158.49967
8 5 UUU GAA CCmiC GG 3 115850233  1158.49185
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Supplementary Table 5. Sequences of guide RNAs for CRISPR-Cas9 KO cell
generation.

KO Sequence
ALKBH1 KO1/2  TTCGGAAACTTTTCCGCTTC
TET2 KO TGGAGAAAGACGTAACTTCG
TET2 KO2 ATCGCATACCTCAGGGCAGA
NSUN2 GCTGCGGATTGCAACACGCG
NSUN3 TGTTCAAATGATCGAAGCTG
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Supplementary Table 6. Nucleoside concentration (ng/mL) in total RNA and mRNA of
WT HEK 293T and ALKBH1 KO cells measured by LC-QQQ-MS. Experiments were
performed in triplicate. Nucleosides marked with T were quantified in 200 ng of RNA. All
others were quantified in 1 ng of RNA. Raw values correspond to data of Figs. 3B-C in
main text.

Cell RNA

. hm°C’ C U m°C A e G i°A
Line type

KO1 Total 0.0133 1757 85.0 1.5134 1349 0.0202 272.4 0.0732
KO1 Total 0.0136 1726 774 13912 1204 0.0162 221.0 0.0406
KO1 Total 0.0212 199.6 92.8 1.7686 182.6 0.0212 330.9 0.0092
KO1 mRNA 0 161.4 1444 0.0461 207.1 0.0104 2387  0.4133"
KO1 mRNA 0 148.4 128.6 0.0409 191.5 0.0108 216.7  0.3882"
KO1 mRNA 0 167.4 147.7 0.0893 259.4 0.0138 262.9 0.5325
KO2 Total 0.0184 208.3 105.9 1.7324 168.6 0.0408 314.5 0.0759
KO2 Total 0.0171 184.7 89.6 1.5825 144.6 0.0289 290.2 0.0554
KO2 Total 0.0242 2126 982 1.7686 1954 0.0495 353.1 0.0144
KO2 mRNA 0 167.8 139.5 0.0304 193.7 0.0116 231.1 0.43621
KO2 mRNA 0 147.8 126.8 0.0401 187.4 0.0108 210.5  0.4062"
KO2 mRNA 0 150.1 1345 0.0824 2325 0.0177 238.0 0.5766"
Total 0.1463 240.3 119.9 1.9143 188.7 0.4143 363.0 0.0921
Total 0.1262 209.0 94.3 1.9961 1614 0.351 322.4 0.0615
Total  0.151 2245 105.1 1.9910 2057 0.346 371.5 0.0282
MRNA 0 1441 1236 0.0374 1742 0.0505 211.7  0.2661"
MRNA 0 145.5 122.2 0.0855 184.2 0.049 2154  0.2554"
MRNA 0 147.8 130.1 0.0823 214.8 0.0521 236.0 0.2185'

S553553
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Supplementary Table 7. Nucleoside concentration (ng/mL) in total and small RNA of WT
HEK 293T and ALKBH1 KO cells measured by LC-QQQ-MS. Experiments were
performed in triplicate. Nucleosides marked with T were quantified in 200 ng of RNA. All
others were quantified in 1 ng of RNA. Raw values correspond to data of Figs. 3B-D in

main text.
Cel BNA psct ¢ U m°C A £t G oAt
Line type
KO1 Total 0.041 360.32 18597 2512 31790 0.08388 567.02 17.584
KO1 Total 0.0298 360.53 186.40 2918 320.32 0.0346 569.92 17.662
KO1 Total 0.0414 363.72 188.45 2.741 322.92 0.0300 574.01 17.356
KO1 small 0.3026 236.67 206.94 19.741 34593 0.0809 552.35 144.518
KO1 small 0.3026 329.44 205.11 15748 346.30 0.0815 555.84 155.959
KO1 small 0.3746 323.96 20855 18201 346.44 0.0974 554.89 154.429
WT  Total 0.2052 411.68 21478 3.336 357.05 0.4510 639.57 14.235
WT  Total 0.272 409.78 212.66 3.252 355.78 0.3839 645.67 13.862
WT  Total 0.1349 407.50 210.32 2937 356.26 0.4932 643.97 14.265
WT small 3.0133 314.98 191.44 17.782 324.69 1.3855 527.66 144.514
WT small 3.2078 330.60 196.94 17.297 177.58 1.3854 356.54 98.065
WT small 29223 327.72 194.30 19.971 159.61 1.4053 364.29 86.706
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Supplementary Table 8. Nucleoside concentration (ng/mL) in total RNA and mRNA of
WT HEK 293T and TET2 KO cells measured by LC-QQQ-MS. Experiments were
performed in triplicate. Nucleosides marked with T were quantified in 200 ng of RNA. All
others were quantified in 1 ng of RNA. Raw values correspond to data of Fig. 3E in the
main text.

Cell RNA
Line type
KO 1 Total 0.0375 178.1 853 271.3 1324 0.423 2555 14.111
KO 1 Total 0.0325 164.3 79.4 266.5 133.7 0.408 273.8 14.078
KO 1 Total 0.0356 164.7 80.2 266.7 130.9 0.390 263.9 14.049
KO1 mRNA 0 157.4 126.4 4.87 182.8 0.077 226.6 0.856
KO1 mRNA 0 157.0 1252 478 180.6 0.074 2229 0.833
KO1 mRNA 0 151.1 126.0 473 1814 0.084 2265 0.842
KO2 Total 0.0254 1786 86.7 293.6 1474 0.289 286.8 12.410
KO2 Total 0.0326 179.6 87.0 2852 1453 0.301 281.7 12.336
KO2 Total 0.0401 1794 885 286.8 146.7 0.289 281.1 12.268
KO2 mRNA 0 1421 120.8 3.27 173.1 0.040 203.0 0.631

KO2 mRNA 0 143.7 120.4 3.21 172.8 0.040 200.7 0.629
KO2 mRNA 0 132.4 116.5 3.20 172.0 0.042 205.1 0.606
Total 0.1463 183.6 83.1 2934 136.1 0.347 2665 12.715
Total 0.1203 1815 83.7 2955 138.0 0.375 269.6 13.358
Total 0.1238 184.1 834 291.1 136.6 0.361 2649 13.513
mMRNA 0 138.8 111.0 3.79 1599 0.057 192.3 0.567
mMRNA 0 123.8 107.3 3.72 159.8 0.055 195.0 0.540
MRNA 0 128.6 109.0 3.83 162.5 0.056 197.0 0.560

hm°C’ C U m°C’ A f°CT G PAT

5533553

S47



Supplementary Table 9. Nucleoside concentration (ng/mL) in total RNA and small of WT
HEK 293T and TET2 KO cells measured by LC-QQQ-MS. Experiments were performed
in triplicate. Nucleosides marked with T were quantified in 200 ng of RNA. All others were
quantified in 1 ng of RNA.

Gl BNA e & mee U A 50! G iBAT
Line Type

KO1  Total  0.061 1248 125 744 1863 0277 2110 154
KO1  Total 0061 127.3 121 759 1854 0268 2095 154
KO1  Tota 0062 1159 1.03 688 181.4 0260 1875 15.6
KO2  Total 0073 1494 148 862 1712 0318 2293 18.1
KO2  Total 0079 1454 135 860 1739 0315 2213 16.6
KO2  Total 0061 1196 1.19 686 1723 0.304 1904 14.6
WT  Total 0.114 12941 1.31 787 1805 0.306 1726 155
WT  Total 0.138 1504 1.22 895 1920 0.325 209.6 20.5
WT  Total 0.126 1335 1.36 787 1827 0.301 1805 186
KO1  Smal 134 1205 691 790 1469 0989 1841 127.4
KO1  Smal 166 1250 7.59 757 1465 0988 1837 1412
KO1  Smal 157 1422 7.78 852 137.9 120 1937 117.0
KO2  Smal 147 1208 811 712 1422 1.09 1715 168.4
KO2  Smal 151 1230 830 742 1291 0098 1830 149.0
KO2 Smal 153 1205 817 726 1397 1.05 190.6 165.3
WT  Smal 229 1205 819 739 1361 1.08 2093 157.7
WT  Smal 255 1397 921 87.0 1730 1.19 2205 183.9
WT  Smal 256 1385 9.33 86.8 1988 1.06 2039 170.7
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Supplementary Table 10. ca®C nucleoside concentration (ng/mL) in total RNA and small
of WT HEK 293T and ALKBH1 measured by LC-QQQ-MS. Experiments were performed
in triplicate. Nucleosides marked with T were quantified in 200 ng of RNA. All others were
quantified in 1 ng of RNA. Raw values correspond to the data of Supplementary Fig. 22

CellLine BNAType hm5Ct  C  cabCt m5C U A f5CT G iBAT
KO Total 0.0321 170.7 0 147 81.7 1159 0.0303 199.7 15.1
KO Total 0.0318 216.7 0 1.56 101.7 104.2 0.0289 239.7 14.4
KO Total 0.0321 212.3 0 1.69 102.7 102.2 0.03184 232.3 14.5
KO Small 0.2964 219.7 0 10.67 1151 112.3 0.1265 236.7 193.8
KO Small 0.1725 164.5 0 7.86 854 76.0 0.109 167.1 138.4
KO Small 0.2082 190.3 0 932 979 972 0.1011 2023 177.8
WT Total 0.264 255.7 0 2.01 120.3 100.4 0.502 249.1 12.0
WT Total 0.2207 233.3 0 1.90 108.5 939 05306 2319 119
WT Total 0.2742 2454 0 2.03 116.3 982 0.5224 2475 12.8
WT Small 1.171  200.7 0 9.41 107.1 1051 15192 181.2 173.7
WT Small 1.028 202.2 0 9.56 106.8 102.7 1.6159 193.1 188.2
WT Small 1.1461 199.7 0 9.20 105.0 924 1.4049 198.4 14372
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Supplementary Table 11. Nucleoside concentration (ng/mL) in total RNA and mRNA of
WT HEK 293T and NSUN2 KO cells measured by LC-QQQ-MS. Experiments were
performed in triplicate. Nucleosides marked with T were quantified in 200 ng of RNA. All
others were quantified in 1 ng of RNA. Raw values correspond to data of Fig. 3F in the
main text.

Cell Line BRNAType 5hmC' C U mbdC A el G iBAT

KO Total 0.0252 4259 1217 7.27 30.27 0.073 46.61 2.49
KO Total 0.0127 36.83 14.06 7.34 32.54 0.084 52.47 2.63
KO Total 0.0137 4422 12.31 7.41 2298 0.098 45.19 2.74
KO MRNA 0 133.3 96.84 1.59 46.28 0.061 7117 0.13
KO MRNA 0 134.5 95.86 1.48 54.66 0.047 834 0.18
KO MRNA 0 120.0 92.67 1.37 4.99 0.060 17.87 0.025
WT Total 0.0231 46.69 14.67 59.42 17.07 0.125 46.49 1.78
WT Total 0.0217 53.02 12.61 56.93 16.33 0.107 44.63 2.13
WT Total 0.0174 28.36 14.41 ©64.97 1423 0.138 42.70 1.57
WT MRNA 0 126.3 104.9 6.02 33.04 0.070 67.43 0.089
WT MRNA 0 79.65 61.74 514 19.88 0.071 40.89 0.090
WT MRNA 0 87.09 57.68 5.20 11.56 0.073 30.24 0.090
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Supplementary Table 12. Nucleoside concentration (ng/mL) in total and small RNA of
WT HEK 293T and NSUN2 KO cells measured by LC-QQQ-MS. Experiments were
performed in triplicate. Nucleosides marked with T were quantified in 200 ng of RNA. All
others were quantified in 1 ng of RNA. Raw values correspond to data of Fig. 3F in the
main text.

Cell  RNA
Line type
KO Total 0.107 393.82 220.13 0.583 368.66 0.395 758.47 17.917
KO Total 0.121 398.96 22496 0.693 360.71 0.462 733.65 16.050
KO Total 0.094 403.99 227.79 0.569 360.01 0.388 729.19 16.696
KO Small 0.385 294.11 179.27 2352 267.15 0.291 512.95 156.525
KO Small 0.368 29149 177.50 1.905 252.83 0.268 492.37 143.885
KO Small 0.424 272.51 169.00 2.289 24253 0.280 503.36 144.267
WT Total 0.201 37544 208.82 2997 31492 0.429 689.31 17.842
WT
WT
WT
WT
WT

hm°C’ C U m°C A f°CT G IBAT

Total 0.212 384.72 21096 2.911 303.79 0.414 662.90 16.378
Total 0.203 385.27 213.94 3.085 291.50 0.431 644.45 15.940
Small 2.084 296.47 19294 19.16 200.63 0.907 434.30 130.290
Small 2.504 284.58 184.92 18.72 176.93 0.977 414.36 102.734
Small 2.825 293.87 187.81 17.06 209.14 0.979 368.28 146.828
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Supplementary Table 13. Nucleoside concentration (ng/mL) in total RNA and mRNA of
WT HEK 293T and NSUN3 KO cells measured by LC-QQQ-MS. Experiments were
performed in triplicate. Nucleosides marked with T were quantified in 200 ng of RNA. All
others were quantified in 1 ng of RNA. Raw values correspond to data of Fig. 3G in the

main text.

Cel . BNA psct ¢ msc U A 6B5CT G iBAT

Line Type

KO Total 0.206 167.64 0.204 72.60 10549 0.225 287.75 17.82
KO Total 0.224 15196 0.194 64.22 101.31 0.201 262.33 16.25
KO Total 0.209 178.89 0.240 7574 120.96 0.209 313.67 18.78
KO mRNA 0.000 120.70 4.97" 90.78 127.90 0.053 199.21 0.511
KO mRNA 0.000 87.539 3.60" 68.83 92.82 0.043 145.31 0.439
KO mRNA 0.000 73.248 3.62" 56.87 73.76 0.042 118.83 0.414
WT Total 0.257 179.35 0.242 7766 12199 0410 318.17 18.09
WT Total 0.282 212.74 0.224 89.48 14131 0.485 368.46 19.45
WT Total 0.254 173.66 0.217 81.19 127.24 0.445 328.86 19.89
WT mRNA 0.000 17450 7.24" 123.0 175.64 0.163 293.91 0.442
WT mRNA 0.000 81.657 3.12" 59.29 177.67 0.090 133.95 0.558
WT mRNA 0.000 112.8 3.96" 80.80 108.10 0.103 182.11 0.478
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Supplementary Table 14. Nucleoside concentration (ng/mL) in total and small RNA of
WT HEK 293T and NSUN3 KO cells measured by LC-QQQ-MS. Experiments were
performed in triplicate. Nucleosides marked with T were quantified in 200 ng of RNA. All
others were quantified in 1 ng of RNA. Raw values correspond to data of Fig. 3G in the
main text.

Cell RNA
Line Type
KO Total 0.2565 165.64 73.46 2.043 112.62 0.238 289.86 15.79
KO Total 0.171 158.82 6891 1.501 105.98 0.227 27422 16.19
KO Total 0.2074 181.46 82.84 2.059 113.95 0.223 307.37 17.29

O Small 2.1472 179.03 89.46 1258 134.53 1.117 309.97 0.724
KO Small 2.1101 188.96 95.79 12.27 14524 1144 333.99 0.732

O Small 1.8802 180.19 93.563 13.21 137.64 1.041 31796 0.714
Total 0.237 178.83 79.35 2.094 119.82 0.415 309.23 17.06
Total 0.2917 17143 7592 1.851 113.33 0.390 293.85 17.76
Total 0.2811 176.12 76.87 2.095 115.54 0.407 299.21 15.55
Small 2.9448 181.61 86.89 12.81 134.73 1.084 311.28 0.728
Small 2.8748 172.69 81.62 1245 126.27 1.030 293.21 0.668
Small 2.6429 186.68 87.42 1295 133.99 1.058 310.47 0.711

hm5C' C U mb5C A f5CT G IBAT
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Supplementary Table 15. m'A Nucleoside concentration (ng/mL) in total RNA and small
of WT HEK 293T and ALKBH1 cells under stress measured by LC-QQQ-MS.N.T., no
treatment; H.S., heat shock (42 °C for 1 hour); Gluc., glucose deprivation (5 mM glucose
for 8 hours); Ars. high, oxidative stress (0.5 mM NaAsO: for 1 hour); Ars. low, oxidative
stress (0.2 mM NaAsO: for 4 hour). Experiments were performed in triplicate. Nucleosides
marked with Twere quantified in 200 ng of RNA. All others were quantified in 1 ng of RNA.
Raw values correspond to the data of Supplementary Figs. 24-25.

Cell  RNA

. C m5C U A G mi1A iIBA f5Ct treatment
Line Type

WT total b661.1 4.08 2272 156.0 5165 2.18 17.8 0.1882 none
WT total 68315 490 2739 2280 6021 202 212 0.1686 none
WT total 408.0 3.56 213.1 169.1 6021 1.44 134 0.147 none
KO total 387.5 288 187.3 290.3 6022 158 158 0.0121 none
total 4178 3.72 209.1 3141 6534 191 182 0.0123 none
total 345.1 3.0 169.1 2448 6534 139 13.3 0.0156 none
small 252.6 20.30 1416 98.1 3694 ©6.60 919 0.3174 none

small 299.2 2411 163.9 100.2 323.6 7.97 136.4 0.397 none
small 200.6 16.16 108.5 80.4 323.6 4.26 149.7 0.218 none
small 2349 16.71 127.5 1589.4 329.3 10.09 102.9 0.0661 none

small 294.3 23.02 164.9 164.4 380.5 1241 133.1 0.0392 none
small 2351 17.74 1294 130.0 380.5 9.42 150.8 0.0639 none

total 368.7 390 182.1 181.7 4480 1.83 17.7 0.1358 H.S.
total 407.5 3.74 200.0 2235 2169 191 146 0.1169 H.S.
total 370.0 3.66 1827 1704 2169 141 123 0.122 H.S.
total 366.5 3.62 173.8 273.3 5755 170 182 0.0142 H.S.
total 411.8 392 2033 3022 637.6 206 214 0.0114 H.S.
total 3535 349 1713 2504 6376 143 135 0.0132 H.S.
small 1149 1524 848 982 2005 190 143.3 0.1618 H.S.
small 290.5 2423 159.4 1245 1523 4.67 1132 0.3515 H.S.
small 291.3 23.95 165.0 1135 1205 4.69 179.7 0.3684 H.S.
small 304.0 24.35 163.6 186.2 423.1 13.52 929 0.082 H.S.
small 328.3 26.76 177.6 164.0 397.7 14.37 154.4 0.0445 H.S.
small 280.5 20.86 153.4 1563.5 397.7 1194 1925 0.05632 H.S.

total 428.2 3.73 2164 1874 329.2 1.65 1563 0.1523 Ars. low
total 458.8 4.56 230.9 1904 2974 205 17.0 0.1683 Ars. low
total 329.3 3.10 1644 160.4 300.8 153 134 0.118 Ars. low
total 366.5 3.46 1784 2711 5669.6 162 16.5 0.0146 Ars. low
total 398.3 3.69 200.1 253.7 &78.2 195 19.56 0.0099 Ars. low
KO total 339.8 3.07r 1722 220.8 5782 129 132 0.0119 Ars. low
WT small 3121 2236 176.3 1209 3922 411 143.3 0.3882 Ars. low

583535556563533808835388865333873

S54



6853335506065558608658335568606553888533

KO

small
small
small
small
small
total
total
total
total
total
total
small
small
small
small
small
small
total
total
total
total
total
total
small
small
small
small
small
small

Ze NG
326.2
356.8
300.9
351.7
439.0
389.9
234.0
4021
393.2
354.6
247.9
312.4
280.4
278.7
174.5
277.0
434.4
437.7
400.0
350.1
387.2
363.0
341.9
299.4
320.4
335.8
433.6
332.5

20.60
24.46
26.10
21.48
25.78
4.48
3.72
2.29
3.88
3.75
3.22
19.39
23.56
22.43
20.24
12.75
18.51
4.11
4.27
3.43
3.31
3.27
3.30
28.58
24.51
26.53
26.27
34.87
25.42

171.2
188.3
197.2
170.1
118
219.2
€78
324.4
198.5
196.2
174.3
139.6
180.9
161.1
165.7
100.2
1565.3
2156.7
221.5
199.0
172.6
192.8
178.1
196.6
168.5
178.2
183.6
251.1
180.0

111.3
125.6
298.0
178.9
123.1
269.2
263.6
197.4
296.1
262.1
240.5
147.3
198.3
246.3
163.3
148.2
184.2
195.6
189.5
172.0
266.5
266.6
252.2
184.4
167.4
190.4
264.5
235.2
150.4

250.4
322.7
578.0
406.5
406.5
461.6
429.9
309.9
621.6
572.4
572.4
290.2
356.6
302.5
349.2
288.0
387.1
495.5
379.1
307.1
560.3
576.5
576.5
411.3
428.0
421.3
507.3
546.5
546.5

3.47
4.55
14.74
11.88
13.45
1.72
1.40
1.08
1.83
1.87
1.50
3.12
4.70
2.90
11.30
6.46
10.71
1.94
1.95
1.54
1.54
1.80
1.59
3.69
3.72
4.42
14.66
18.62
13.70

106.5
208.0
149.5
1221
1828
18.4
13.7
13.0
17.5
19.2
141
144.7
113.6
146.6
125.5
714
161.3
17.0
17.6
11.8
16.5
18.6
121
1561.7
137.7
238.9
144.5
183.9
192.2
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Supplementary Table 16. Quantification of °C and hm°C (ng/mL) content in native
tRNAs isolated from WT or ALKBH1 KO cells. Nucleoside levels were measured in 100-
600 ng RNA by LC-QQQ-MS. Values correspond to Fig. 5B-G in main text. Nucleosides
marked with T were recorded from injections with 24x more material. Values correspond
to Fig. 6B-G in main text.

{RNA Sﬁg hm5C G U  msCc A B5C G i6A
LouCAA KO 041" 98892 24040 31.06 480.77 008 10161  0.96
LeuCAA KO 035" 95098 23679 82.67 46479 008 9969  0.99
LeuCAA KO 029" 91946 23606 24.68 45008 0090 0822  0.98
LeuCAA  WT 371" 12649 25659 3584 500.67 065 11114 1.8
LeuCAA  WT 3570 12753 25428 3412 50043 075 11059 1.9
LeuCAA  WT 3720 12183 25449 3420 507.86 056 11092 1.7

mt-Met KO 009 11390 8359 512 5682 009 161.74 037
mt-Met KO 042 11018 7925 467 5772 007 15672  0.40
mt-Met KO 008 12302 61.91 468 4995 007 12945  0.29
mt-Met  WT 022 10272 8560 364 6197 188 14496 038
mt-Met  WT 031 10340 84.85 350 6433 181 14542 037
mt-Met  WT 023 10625 6252 277 4991 147 11181 024
ValCAC KO 003 10054 14043 396 20147 041 35597  0.04
ValCAC KO 005 9526 14373 344 20007 011 35266  0.04
ValCAC KO 004 0981 14875 316 21273 0410 36209 0.06
ValCAC ~ WT 002 7641 12591 210 189.83 007 33119  0.10
ValCAC ~ WT 003 8530 13290 201 207.83 010 33822  0.09
ValCAC  WT 004 0354 14328 306 23544 009 33904 010
GUCTC KO 000 11402 70818 757 33536 036 1647.0 028
GUCTC KO 000 12108 10941 1050 58127 041 27955  0.20
GUCTC KO 000 14115 42275 098 23455 005 967.12  0.22
GUCTC  WT 000 52059 30048 312 22586 023 73873 025
GUCTC  WT 000 58525 48955 495 24333 029 12701 081
GUCTC  WT 000 15312 47913 112 27718 007 12423 027
GyCCC KO 000 250.85 25830 256 127.59 026 527.64 027
GyCCC KO 000 36071 42539 180 23043 028 89529  0.20
GyCCC KO 000 59.86 20464 021 111.63 005 43338  0.32
GyCCC  WT 000 13695 19303 042 8251 026 383667 048
GyCCC  WT 000 14099 30825 068 13646 021 56269 045
GyCCC  WT 000 4880 20266 015 11745 007 47918 045
GhCTG KO 000 43516 39724 282 26850 016 72520  0.32
GhCTG KO 000 49891 64817 228 56349 021 14484 022
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GIn CTG
GIn CTG
GIn CTG
GIn CTG

5353

0.00
0.00
0.00
0.00

80.20
37417
400.32

90.73

284.24
328.32
519.08
343.58

0.42
1.86
2.25
0.49

22415
2156.72
371.06
272.67

0.04
0.15
0.19
0.03

556.34
579.98
1002.6
668.84

0.24
0.30
0.26
0.24
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Supplementary Table 17. Sequences of labeled probes for tRNA antisense pulldown
and northern blotting. Bio = biotin.

RNA Sequence
mt-tRNA-Met 5’ Bio-TGGTAGTACGGGAAGGGTATAACCAACATT
tRNA-Leu-CAA 5’ Bio-GAGTCTGGCGCCTTAGACCACTCGGCCATCCTGAC
tRNA-GIu-CTC 5’ Bio-TTCCCTGACCGGGAATCGAACCCGGGCCG
tRNA-Gly-CCC 5’ Bio-GGAGGCGAGAATTCTACCACTGAACCACCAATGC
tRNA-GIn-CTG 5’ Bio-AGGTCCCACCGAGATTTGAACTCGGATCGCTGG
tRNA-Val-CAC 5’ Bio-TGTTTCCGCCCGGTTTCGAACCGGGGACCTTTCGCGT

tRNA-iMet-CAT
tRNA-Leu-CAG
tBNA-Trp-CCA
tRNA-Lys-CTT
tRNA-Gly-GCA
tRNA-eMet-CAT
tRNA-Arg-CCT
5S RNA

5’ Bio-TAGCAGAGGATGGTTTCGATCCATCA

5’ Bio-GCGCCTTAGACCGCTCGGCCATCCTGAC

5’ Bio-TGACCCCGACGTGATTTGAACACGCAACCT
5’ Bio-CCAACGTGGGGCTCGAACCCACGACCCT

5’ Bio-AGTCAAATGCTCTACCACTGAGCTATACCCCC
5’ Bio-TGCCCCGTGTGAGGATCGAACTCACGACCT
5’ Bio-CACCCCAGGTGGGACTCGAACCCACAAT

5 FAM-AAAGCCTACAGCACCCGGTAT
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Supplementary Table 18. Generation of °C and hm°C (ng/mL) in tRNA ASL substrates
after oxidation with ALKBH1 in vitro. Nucleoside levels were measured by LC-QQQ-MS.

Values correspond to Fig. 7C in main text.

ASL Enz. hmb5C C m5C U A 5C G
iMet CAT - 0 66.4 19.23 49.50 100.01 0 103.98
iMet CAT - 0 66.11 19.94 48.43 96.46 0 103.04
iMet CAT - 0 65.92 18.89 4855 95.16 0 101.65
iMet CAT + 120 3883 7.87 2872 5847 1.085 58.56
iMet CAT + 1.84 38.45 7.78 2871 5725 1.208 58.62
iMet CAT + 1.12 3842 793 2898 5593 1.100 57.52
Val CAC - 0 11429 254 73.52 145.61 0 126.28
Val CAC - 0 113.80 25.71 73.48 141.86 0 124.21
Val CAC - 0 114.80 27.44 73.23 139.50 0 123.94
Val CAC + 3.63 5524 6.30 3549 7239 4.141 60.23
Val CAC + 256 5570 617 3584 7161 4203 59.44
Val CAC + 252 5650 6.16 36.27 70.79 4141 59.32
Leu CAA - 0 726 6.88 2274 2192 0 40.14
Leu CAA - 0 762 593 23.38 21.75 0 39.45
Leu CAA - 0 760 6.28 24.08 21.67 0 39.51
Leu CAA + 520 3529 9.12 6591 7874 3.801 111.50
Leu CAA + 484 3568 933 67.61 7751 3.095 108.67
Leu CAA + 512 3576 9.33 66.79 76.00 3.419 107.23
GIn CTG - 0 267 2.08 9.88 9.75 0.028 14.28
GIn CTG - 0 4.23 1.91 9.91 9.33 0.038 13.70
GIn CTG - 0 453 247 10.65 10.43 0.0414 1524
GIn CTG + 0.16 1.35 565 20.01 3099 0.600 30.12
GIn CTG + 0.17 098 505 17.79 26.67 0.555 2597
GIn CTG + 0.15 092 502 1845 2573 0.421 24.58
Glu CTC - 0 524 237 9.76 2.85 0.042 19.88
Glu CTC - 0 2.35 1.21 5.37 1.26 0.018 9.54
Glu CTC - 0 4.25 1.44  8.28 1.54 0.022 10.25
Glu CTC + 0.91 3.36 3.84 12.51 7.38 1508 27.66
Glu CTC + 0.91 6.36  3.71 14.00 6.13 1.510 32.67
Glu CTC + 1.13 718 425 1848 7.25 2.005 43.25
Gly CCC - 0 181.02 51.72 182.76 106.48 0.169 524.57
Gly CCC - 0 228.17 64.90 214.44 14448 0.190 608.86
Gly CCC - 0 203.57 59.35 201.57 122.35 0.174 500.22
Gly CCC + 31.9 290.86 48.17 264.00 317.57 48.81 729.06
Gly CCC + 356 292.63 60.23 278.56 330.88 46.24 759.72
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Gly CCC
Leu CAG
Leu CAG
Leu CAG
Leu CAG
Leu CAG
Leu CAG
mt-Met
mt-Met
mt-Met
mt-Met
mt-Met
mt-Met

|+ + + |

+ + +

28.7

4.65
1.21
2.65

3.62
0.59
3.24

250.53
1.58
1.62
0.38
13.38
4.35
3.58
51.21
38.61
40.85
58.60
3.69
16.27

50.5
4.44
2.25
1.14
8.36
2.37
4.92
32.64
28.63
25.55
20.73
3.27
18.27

250.53
19.63
9.82
7.36
44.08
14.13
34.42
56.85
44.34
42.47
61.00
10.42
50.27

300.56
9.77
3.96
2.45

45.87
11.49
27.57

160.08

141.29

130.74

1956.09

27.20

150.25

36.57
0.165
0.063
0.044
6.605
1.545
3.485
0.314
0.215
0.201
10.853
1.234
8.352

600.25
51.77
24.08
18.76
121.83
35.51
70.27
143.43
118.09
111.47
1568.96
23.64
100.54
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Supplementary Table 19. ca®C nucleoside concentration (ng/mL) in various tRNA ASLs
after in vitro oxidation with ALKBH1 as measured by LC-QQQ-MS. Experiments were
performed in triplicate. Raw values correspond to the data of Supplementary Fig. 22

ASL ALKBH1  hm5C C cabC  mb&C U A f5C G
mt-Met No 0 90.4 0 222 477 1119 0 171.3
mt-Met No 0 112.2 25.1 5855 136.5 0 198.0
mt-Met No 0 120.1 28.4 ©60.1 145.8 0 209.5

Leu CAA No 0 22.8 7.84 255 35.5 0 98.0
Leu CAA No 0 18.2 820 21.5 33.2 0 91.6
Leu CAA No 0 16.3 6.11 154 25.2 0 81.0
Val CAC No 0 31.6 7.82 17.3 41.8 0 87.9
Val CAC No 0 39.4 9.44 223 50.6 0 S
Val CAC No 0 32.8 760 17.0 39.5 0 86.8

mt-Met Yes 495 164.8
mt-Met Yes 3.97 128.1
mt-Met Yes 159 457.3
Leu CAA Yes 1.59 12.2
Leu CAA Yes 1.52 12.2
Leu CAA Yes 1.93 17.9
Val CAC Yes 743 1329
Val CAC Yes 0.62 12.2
Val CAC Yes 2.08 39.3

216 814 1840 11.0 251.7
139 63.8 1464 11.0 208.2
59.3 234.7 5140 29.6 638.8
227 16.7 23.4 084 77.1

2.16  156.1 23.8 085 742
3.00 229 30.2 089 87.5
10.0 669 1490.0 9.68 187.8
1.18  6.47 159 099 56.9
3.06 21.5 45.4  2.75 90.8

eoleololohololoNoholholoNolNoloNolNolNo)
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Supplementary Table 20. Generation of f°C and hm°C (ng/mL) and decrease of m°C in
substrates 3-5 after oxidation with ALKBH1 in vitro. Nucleoside levels were measured by
LC-QQQ-MS. The ASL of mt-tRNA-Met (mt-Met) is included as a positive control. Values
correspond to Fig. 7E in main text.

Substrate  Enz  hm5C C U m5C A 5C G
3 No 0.00 10790 92.86 43.15 278.08 0.00 127.34
3 No 0.00 106.93 92.07 42.01 269.61 0.00 122.12
3 No 0.00 106.50 90.62 4220 265.65 0.00 120.04
4 No 0.00 22485 313.30 74.63 388.05 0.00 244.49
4 No 0.00 22355 307.20 74.49 38295 0.00 242.03
4 No 0.00 22416 310.75 75.10 385.15 0.00 243.56
5 No 0.00 2706.02 4585.14 645.67 2848.96 0.00 5961.24
5 No 0.00 2523.48 4234.43 606.83 2697.73 0.00 5623.73
5 No 0.00 2307.67 4890.04 519.41 2627.61 0.00 5364.60
mt-Met  No  0.00 71.18 62.74 21.89 122.07 0.00 114.00
mt-Met  No  0.00 71.35 62.70 2151 121.48 0.00 113.48
mt-Met  No  0.00 72.22 63.27 2220 121.19 0.00 112.04
3 Yes 3.57 89.38 7718 2766 236.33 0.93 102.71
3 Yes 3.09 88.75 77.28 2754 236.02 0.85 102.20
3 Yes 3.15 89.03 76.95 2790 23553 0.84 102.33
4 Yes 0.19 171.30 224.79 51.24 279.13 0.05 175.46
4 Yes 0.12 170.42 21817 5218 278.46 0.07 175.30
4 Yes 0.17 17225 22571 5439 278.48 0.05 172.99
5 Yes 3.34 2793.24 4859.18 654.11 2731.75 1.76 5403.80
5 Yes 3.73 2873.43 4897.33 643.54 2738.18 1.69 5431.68
5 Yes 3.28 2864.30 4585.24 645.66 2658.31 1.73 5404.35
mt-Met  Yes 4.28  49.48 4214 9.69 88.49 1.63 72.50
mt-Met  Yes 4.85 49.59 42.83 9.77 88.87 158 72.78
mt-Met  Yes 4.84  49.89 43.92 9.77 89.09 1.79 73.45
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Supplementary Table 21. Generation of f°C and hm°C (ng/mL) and decrease of m°C in
substrates 6-8 after oxidation with ALKBH1 in vitro. Nucleoside levels were measured by
LC-QQQ-MS. The ASL of mt-tRNA-Met (mt-Met) is included as a positive control. Values
correspond to Fig. 7E in main text.

Substrate Enz. hm5C C U m5C A 5C G
6 no 0.00 000 167 058 1.114 0.00 7.75
6 no 0.00 202 316 089 2094 0.00 12.61
6 no 000 195 238 068 1584 0.00 10.14
7 no 0.00 198 3.49 1.00 2229 0.00 9.94
7 no 0.00 12.17 3.783 1.10 2.507 0.00 124.61
7 no 0.00 0.00 4.02 1.25 2674 0.00 9.35
8 no 0.00 205 3.92 1.23 2.623 0.00 11.47
8 no 0.00 214 3.06 095 1995 0.00 1547
8 no 0.00 000 159 045 1100 0.00 7.74
mt-Met no 0.00 20.81 74.84 2212 50.20 0.29 95.05
mt-Met no 0.00 44.69 128.71 43.39 86.15 0.37 209.56
mt-Met no 0.00 0.00 1055 355 7.039 0.07 26.30
6 yes 000 228 340 0.97 2.453 0.00 14.65
6 yes 0.00 1234 440 127 2.944 0.00 118.96
6 yes 000 000 830 258 5522 0.00 10.73
7 yes 0.00 259 3.04 1.03 1.990 0.00 14.81
7 yes 0.00 247 3.21 093 2175 0.00 12.25
7 yes 000 000 416 121 2774 0.00 11.21
8 yes 000 232 340 086 2305 0.13 13.81
8 yes 000 339 3.05 0.88 2048 0.14 20.43
8 yes 000 000 318 0.82 2106 0.11 9.79
mt-Met yes 1.26 18.61 37.69 7.12 25.063 4.35 86.36
mt-Met  yes 1.57 23.08 41.72 7.54 28.356 4.13 104.25
mt-Met yes 1,12 2115 36.76 7.43 25501 4.52 102.92
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Supplementary Table 22. Fluc/Rluc normalized dual-luciferase assay signals detected
in WT, ALKBH1 KO, or NSUN2 KO cell lines using different reporter constructs for Leu

translation.

Supplementary Fig. 37.

[Glucose] Cell Line Construct  Fluc/Rluc
25 mM WT TTG 0.522593
25 mM WT TTG 0.500958
25 mM WT TTG 0.490108
25 mM WT TTA 0.496131
25 mM WT TTA 0.454656
25 mM WT TTA 0.533748
25 mM WT Random  0.441912
25 mM WT Random  0.559697
25 mM WT Random  0.567572
1mM WT TTG 0.498829
1mM WT TTG 0.450062
1mM WT TTG 0.436086
1mM WT TTA 0.450586
1mM WT TTA 0.497583
1mM WT TTA 0.516315
1 mM WT Random  0.530949
1 mM WT Random 0.513912
1 mM WT Random  0.468501
25 mM ALKBH1 KO TTG 0.421198
25 mM ALKBH1 KO TTG 0.537379
25 mM ALKBH1 KO TTG 0.511532
25 mM ALKBH1 KO TTA 0.452581
25 mM ALKBH1 KO TTA 0.495098
25 mM ALKBH1 KO TTA 0.50427
25 mM ALKBH1 KO Random 0.563185
25 mM ALKBH1 KO Random 0.556884
25 mM ALKBH1 KO Random 0.576555
1mM ALKBH1 KO TTG 0.460817
1mM ALKBH1 KO TTG 0.460831
1mM ALKBH1 KO TTG 0.499743
1mM ALKBH1 KO TTA 0.418712

Biological triplicates were analyzed. Values correspond to data in
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1 mM
1 mM
1 mM
1 mM
1 mM

ALKBH1 KO
ALKBH1 KO
ALKBH1 KO
ALKBH1 KO
ALKBH1 KO

TTA
TTA
Random
Random
Random

0.366305
0.424741

0.56367
0.514439
0.519565
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Supplementary Note: Synthetic Protocols and Compound Characterization

General synthetic methods S66
Synthesis of 5-ethynylcytidine (5-EC) (3) S67
Synthesis of 5-ethnylcytidine phosphoramidite (11) S68
Compound Characterization (NMR and ESI-MS) S76

General synthetic methods

Reagents were purchased in the highest available quality from commercial
suppliers (Sigma-Aldrich, Chem Genes, Glen Research, Carbo Synth) and used without
further purification. All reactions were carried out under argon or nitrogen atmosphere,
unless otherwise noted. Analytical thin-layer chromatography (TLC) was performed on
Silicycle SiliaPlate Glass Backed TLC Extra Hard Layer 60A plates. Silica gel 230-400
mesh Grade 60 for column chromatography was purchased from Fischer Scientific. 'H,
13C, and 3'P spectra were recorded on a Bruker Ultrashield™ 300, 400, or 500 Plus
spectrometer. Chemical shifts (&) are referenced to the residual solvent signal (DMSO-
ds: 2.50 ppm for 'H and 39.52 ppm for 3C spectra; CDCls: 7.26 ppm for 1 H and 77.16
ppm for 3C spectra). The following abbreviations were used to denote multiplicities: s =
singlet, d = doublet, t = triplet, g = quadruplet, m = multiplet, b = broad. Mass spectrometric
analysis (HRMS) of nucleoside derivatives was performed on an ESI-TOF device. MS

analysis of oligonucleotides was performed on an ESI-TOF device in negative mode.
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Synthesis of 5-ethynylcytidine (5-EC) (3)

NH, T™S NH, NH,
' SN TMS-acetylene (1.8 eqv) X Ny X Sy
| Pd(PPhg), (0.14 eq) ‘ ‘
o N o N 0

o N0 e O MeOH, RT, O/N
> ,
DMF, 35°C 65%
35h
HO ' HO HO

OH OH OH

5-iodo cytidine (1) 2 5-ethynyl cytidine (3)
1 eqy, 2.7 mmol

TMS-protected 5-ethynylcytidine (2). 5-iodocytidine (1, 1 g, 2.7 mmol) was added to a
250 mL round-bottomed flask, and the flask was evacuated and backfilled with inert gas
(3x). Anhydrous DMF (44 mL) and anhydrous triethylamine (35 mL) were added via
syringe. TMS-acetylene (0.478 g, 1.8 mmol), tetrakis(triphenylphosphine)palladium(0)
[Pd(PPh3), 0.483 g, 0.38 mmol], and copper iodide (Cul, 0.348 g, 1.8 mmol), were added
under positive pressure of inert gas, and the mixture was stirred for 4.5 hr at 35 °C.
Volatiles were evaporated, and the residue was re-dissolved in methanol, filtered through
celite, and concentrated in vacuo. The crude was purified by column chromatography
(silica, 10-25% methanol in DCM) to yield (2) as a yellow solid (522 mg, 55%). "H NMR
(500 MHz, DMSO-d6): 0.22 (s, 9H, 3xCH3); 3.58 (ddd, 1H, H5’); 3.69 (ddd, 1H, H5");
3.83 (dt, 1H, H4’); 3.95 (m, 2H, H2' + H3’); 5.00 (d, 1H, 2’-OH); 5.18 (t, 1H, 5’-OH); 5.37
(d, 1H, 3'-OH); 5.75 (d, 1H, H10’); 6.65 (s, br, 1H, NH); 7.80 (s, br, 1H, NH); 8.33 (s, 1H,

H8). HRMS ESI-TOF [M+Na]* calc: 290.07174, found: 290.07139.

5-ethynylcytidine (3). Intermediate 2 (522 mg, 1.54 mmol) was dissolved in anhydrous
methanol (15 mL), and potassium carbonate (K2.COs3, 64 mg, 0.46 mmol) was added.

The mixture was stirred at room temperature for 16 hours, over the course of which a
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fine precipitate was formed. The reaction was vacuum-filtered, and the filter cake was
washed with cold methanol. The filtrate was concentrated in vacuo and purified by
column chromatography (silica, 15-25% methanol in DCM) to yield (3) as a light-yellow
solid (268 mg, 65%). "H NMR (500 MHz, DMSO-d6): 3.59 (ddd, 1H, H5’); 3.71 (ddd, 1H,
H5"); 3.85 (dt, 1H, H4’); 3.94 (m, 2H, H2’ + H3’); 4.35 (s, 1H, CCH); 5.00 (d, 1H, 2’-OH);
5.21 (t, 1H, 5’-OH); 5.39 (d, 1H, 3'-OH); 5.74 (d, 1H, H10’); 6.85 (s, br, 1H, NH); 7.73 (s,
br, 1H, NH); 8.38 (s, 1H, H8). 3*C NMR (125 MHz, DMSO-d6): 60.36 (C5’), 69.25 (C3’),
70.84 (CCH), 76.32 (C2’), 84.45 (C4’), 86.32 (CCH), 89.29 (C1’), 89.91 (C5), 146.29
(C6), 154.1 (C4), 164.62 (C2). HRMS ESI-TOF [M+Na]* calc: 290.07165, found:

290.07474.

Synthesis of 5-ethynylcytidine (5-EC) phosphoramidite (11)

1) 1 eq. TFOH

1.2 eq. (t-Bu),Si(OTf),
0°C to rt, 60 min

2) 1.3 eq.TBDMSCI

4 ! 0.60 eq. I,
8 eq. Imid., 5 12eq. (NH4>ZCe(vaNoa)e & )
60°C, 1.5 hr
o _ 80°C, 3 hr o) =
HO N/_>—NH Q N/_B—NH _— ? N NH
—_— i
e e HXPe Teee A
OHO 67% N 66% 7& OO
7(5“\ A
1.41 eq. TIPS-acetylene 7 9
0.14 eq. PAd(PPha), 5 6q.Ac,0 8
0.28 eq Cul Q 0.05 eq DMAP o) 4 eq. HF-Pyridine Q Q
40°C, 16 hr 070 N&—N\ “ >4 hr N N 0°C, 4 hr HO N0 N
v ) - . NN D ———— N NH
DMF/TEA 9\8"0 — Pyridine %él/ﬁ — N;_ DCM HO =
78% #\ NS 85% % 8% °
’ si_ \ J\ Nsi \° si \ J\
\rSi e \FSiJ\ 7 \rSi
o—
1
1.5 eq. CEP-CI O
1.5 eq. DMT-CI 0.05 eq. 1-Me Imid. O
0.1 eq. DMAP 2 eq DIPEA
i, OIN _ tehr o OyN Y=o
Pyridine DCM O KLOZ,N SN
66% 71% =
\\ —© 9 odr N\ )
P~ .
)\;'\O )Y- \(SI}/
W
N
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2'-O-(tert-butyldimethylsilyl)-3',5"-O-(di-tert-butylsilylene)- cytidine (5). Cytidine (4, 2 g, 8.2
mmol) was dried under high vacuum then dissolved in anhydrous DMF (20 mL) then
cooled to 0°C on ice. Then, TfOH (726 uL, 1.23 g, 8.2 mmol) was added via a syringe
followed (t-Bu)2Si(OTf)2 (3.21 mL, 4.35 g, 9.86 mmol). Reaction progress was monitored
by TLC. After 1 hour, the reaction was removed from the ice bath and warmed to rt.
Imidazole (2.79 g, 41 mmol) was added and the reaction was heated to 60°C. TBDMS-CI
(1.62 g, 10.6 mmol) was added, and the reaction stirred for an additional 1.5 hours. The
reaction was diluted with 200 mL EtOAc and extracted with 200 mL NaHCO3 (x2) followed
by washes with 200 mL H20 (x2). The organic layer was dried over Na>SO4 and filtered.
The solution was then evaporated and the crude residue purified by SiO2 column
chromatography pre-equilibrated with 0.1% triethylamine in DCM using a 1-4% MeOH in
DCM gradient. This afforded compound 5 (2.75 g, 5.53 mmol, 67%) as a white foam once

dried under high vacuum. R¢ = 0.44 (7% MeOH in DCM). HR-MS (ESI-TOF) calculated

[MH*] = 498.2814, observed [MH*] = 498.3130. "TH-NMR (400 MHz, CDCl3) d = 0.14 (s,

3H, H3C-Si), 0.21 (s, 3H, H3C-Si), 0.93 (s, 9H, H3C-Si), 1.02 (s, 9H, H3C-Si), 1.04 (s, 9H,
HsC-Si), 3.85 (dd, 1H, H-C(3")), 3.98 (t, 1H, H(a)-C(5')), 4.20 (m, 1H, H-C(4’)), 4.29 (d,
1H, H-C(2)), 4.50 (dd, 1H, H(b)-C(5")), 5.67 (s, 1H, H-C(1’)), 5.84 (d, 1H, H-C(5)), 7.34

(s, 1H, H-C(6)). 13C-NMR (126 MHz, CDCls) & = -4.86, -4.30 (2x SiCH3), 18.25, 20.34,

22.78 (3x SiC(CHs)s), 25.94, 27.00, 27.52 (3x SiC(CHs)s), 67.83 (C(5)), 74.41 (C(4")),
75.29 (C(2))), 75.90 (C(3")), 94.50 (C(1)), 94.87 (C(5)), 140.23 (C(6)), 155.34 (C(2)),

165.74 (C(4)) ppm.
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2'-O-(tert-butyldimethylsilyl)-3',5"-O-(di-tert-butylsilylene)-5-iodocytidine (6). Compound 5
(2.73 g, 5.49 mmol) was dissolved in 30 mL anhydrous CAN. |2 (0.835 g, 3.29 mmol) and
ammonium (IV) cerium nitrate (3.61 g, 6.57 mmol) were added, and the reaction was
refluxed at 80°C for 3 hr. The reaction was then cooled and diluted with 300 mL EtOAc
and extracted twice with 200 mL NaHCO3; and washed five times with NazS20s. The
organic layer was dried over Na>SOs, filtered, evaporated, and dissolved in a small
amount of CHCI3 then purified by silica gel column chromatography (0-5% acetone in
CHCI3) pre-equilibrated with toluene to afford compound 6 (2.27 g, 3.64 mmol, 66%) as

a light-yellow foam. Rf=0.656 (10% MeOH in CHCI3). HR-MS (ESI-TOF) calculated [MH"]

= 624.1780, observed [MH*] = 624.1226. "H-NMR (300 MHz, CDCl3) 6 = 0.15 (s, 3H,

HaC-Si), 0.22 (s, 3H, HsC-Si), 0.94 (s, 9H, HsC-Si), 1.02 (s, 9H, H3C-Si), 1.05 (s, 9H, HsC-
Si), 3.84 (dd, 1H, H-C(3")), 3.98 (t, 1H, H(a)-C(5)), 4.21 (m, 1H, H-C(4)), 4.30 (d, 1H, H-

C(2'), 4.52 (dd, 1H, H(b)-C(5")), 5.65 (s, 1H, H-C(1")), 7.66 (s, 1H, H-C(6)). *C-NMR (126

MHz, CDCls) & = -4.82, -4.31 (2x SiCH3), 18.21, 20.35, 22.85 (3x SiC(CHs)3), 25.92,
26.99, 27.50 (3x SiC(CHa)s), 55.95 (C(5)), 67.84 (C(5)), 74.57 (C(4')), 75.16 (C(2')), 75.72

(C(3)), 94.43 (C(1’)), 146.69 (C(6)), 153.94 (C(2)), 163.47 (C(4)) ppm.

2'-O-(tert-butyldimethylsilyl)-3',5'-O-(di-tert-butylsilylene)-5-

((triisopropylsilyl)ethynyl)cytidine (7). Compound 6 (2.25 g, 3.6 mmol) was dissolved in
130 mL anhydrous DMF and transferred to a dry 3-neck round bottom flask. The solution
was then degassed via three cycles of freeze-pump-thaw under high vacuum. Then, in
order, Cul (0.194 g, 1.02 mmol), TIPS-acetylene (0.931 g, 5.11 mmol, 1.29 mL),

Pd(PPh3)4 (0.590 g, 0.511 mmol), and 20 mL triethylamine were added. The reaction was
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allowed to proceed overnight (~16 hours) at 40°C under a N2 atmosphere in the dark. The
reaction was then diluted with 200 mL EtOAc and washed with 200 mL H>O and again
with 200 mL 0.5 M EDTA and again with 200 mL brine. The organic layer was dried over
NaxSOyq, filtered, and evaporated. The product was dissolved in a small amount of DCM
and purified via silica gel column chromatography (1-20% EtOAc in hexane) pre-
equilibrated with toluene to afford compound 7 (1.9 g, 2.80 mmol, 78%) as a whitish foam

after drying under high vacuum. Rf = 0.53 (40% EtOAc in hexane). HR-MS (ESI-TOF)

calculated [MH*] = 678.4148, observed [MH*] = 678.4379. 'TH-NMR (400 MHz, CDClz) d

= 0.15 (s, 3H, H3C-Si), 0.22 (s, 3H, H3C-Si), 0.94 (s, 9H, H3C-Si), 1.02 (s, 9H, H3C-Si),
1.04 (s, 9H, H3C-Si), 1.10 (d, 18H, H3C-Si), 3.87 (dd, 1H, H-C(3")), 3.99 (t, 1H, H(a)-C(5")),
4.23 (m, 1H, H-C(4’)), 4.28 (d, 1H, H-C(2')), 4.55 (dd, 1H, H(b)-C(5’)), 5.71 (s, 1H, H-

C(1)), 7.57 (s, 1H, H-C(6)). 3C-NMR (126 MHz, CDCls) & = -4.86, -4.35 (2x SiCHs), 11.14

(3x SiC(CHa)z), 18.22, 18.65 (3x SIC(CHs)2), 20.33, 22.84, 25.92, 26.96, 27.49 (3x
SiC(CHa)s), 67.79 (C(5")), 74.55 (C(4’)), 75.32 (C(2")), 75.62 (C(3’)), 91.29 (C(1)), 94.23

(C(8)), 97.41 (C(5)), 98.02 (C(7)), 143.57 (C(B)), 153.57 (C(2)), 164.36 (C(4)) ppm.

N4-Acetyl-5-((triisopropylsylil)ethynyl)-3',5'-di-O-tert-butylsilyl-2'-O-tert-

butyldimethylsilylcytidine (8). Compound 7 (1.9 g, 2.80 mmol) and DMAP (17.1 mg, 0.140
mmol) were dissolved in 28.6 mL anhydrous pyridine. Ac20 (1.43 g, 14.0 mmol, 1.33 mL)
was added, and the reaction proceeded overnight at rt. The solution was diluted with 75
mL DCM and washed with 100 mL 50% NaHCO3; then twice with 100 mL of 5% citric acid,
once with 100 mL H20O, and once with 100 mL brine. The organic layer was dried over

NaxSOyq, filtered, evaporated, dissolved in a few mL of hexane/DCM, and purified by silica
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gel column chromatography (0-10% EtOAc in hexane) pre-equilibrated with toluene to
yield 8 (1.71 g, 2.38 mmol, 85%) as a light orange foam once dried under high vacuum.

Rf = 0.69 (20% EtOAc in hexane). HR-MS (ESI-TOF) calculated [MH*] = 720.4254,

observed [MH*] = 720.4405. 'TH-NMR (400 MHz, CDCl3) & = 0.17 (s, 3H, H3C-Si), 0.26 (s,

3H, H3C-Si), 0.96 (s, 9H, H3C-Si), 1.03 (s, 9H, H3C-Si), 1.07 (s, 9H, H3C-Si), 1.12 (d, 18H,
H3C-Si), 2.35 (s, 3H, (H3C)CO), 3.82 (dd, 1H, H-C(3’)), 3.99 (t, 1H, H(a)-C(5")), 4.33 (m,
1H, H-C(4)), 4.36 (d, 1H, H-C(2")), 4.59 (dd, 1H, H(b)-C(5")), 5.69 and 5.75 (s, 1H, H-

C(1)), 7.78 and 7.99 (s, 1H, H-C(6)). 3C-NMR (126 MHz, CDCls) & = -4.93, -4.18 (2x

SiCH3), 11.14 (3x SiC(CHs)z), 18.52, 18.62 (3x SiC(CHs)2), 20.36, 22.80, 25.89, 26.95,
27.49 (3x SiC(CHa)s), 26.11 (COCHs), 67.64 (C(5)), 75.03 (C(4")), 75.21 (C(2))), 75.61
(C(3)), 94.75 (C(1’)), 95.84 (C(8)), 98.59 (C(5)), 101.82 (C(7)), 147.26 (C(B)), 152.83

(C(2)), 166.93 (C(4)), 170.75 (COCHs) ppm.

N4-Acetyl-5-((triisopropylsylil)ethynyl)-2'-O-tert-butyldimethylsilylcytidine (9). Compound
8 (1.71 g, 2.38 mmol) was dissolved in 50 mL anhydrous DCM and cooled to 0°C. HF-
pyridine (0.19 g, 9.51 mmol, 247 uL) was carefully mixed with 741 uL anhydrous pyridine
in a microfuge tube and added to the reaction dropwise. Reaction progress was monitored
by TLC (30% EtOAc in hexane) and showed a complete conversion of the starting
material at 4 hours. The reaction was then diluted with 200 mL CHCI; and washed with
100 mL Na2COs. The organic layer was dried over Na>SO4 and evaporated then dissolved
in hexane/DCM and purified by silica gel column chromatography (10-15% EtOAc in
hexane) which gave 9 (1.17 g, 2.02 mmol, 85%). Rs = 0.41 (30% EtOAc in hexane). HR-

MS (ESI-TOF) calculated [MH*] = 580.3233, observed [MH*] = 580.3377. 'H-NMR (500
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MHz, CDCI3) 8 = 0.16 (s, 3H, H3C-Si), 0.23 (s, 3H, H3C-Si), 0.92 (s, 9H, (H3C)sC-Si), 1.05
(d, 18H, (HsC)2C-Si), 2.34 (s, 3H, (HsC)CO), 3.90 (dd, 1H, H-C(3")), 4.10 (t, 1H, H(b)-
C(5)), 4.23 (m, 1H, H-C(4")), 4.44 (d, 1H, H-C(2)), 4.53 (dd, 1H, H(a)-C(5")), 5.59 and

5.76 (s, 1H, H-C(1’)), 8.44 and 8.90 (s, 1H, H-C(6)). 3C-NMR (126 MHz, CDCl3) & = -

5.33, -4.47 (2x SiCH3), 11.06 (3x SiC(CHs)2), 18.08 (3x SiC(CHs)z), 18.63 (SiC(CHa)s),
25.82 (COCHs), 26.09 (SiC(CHa)s), 60.29 )c(5')), 68.39 (C(4’)), 74.84 (C(2')), 85.02
(C(3)), 93.22 (C(1’)), 93.99 (C(8)), 98.11 (C(5)), 101.07 (C(7)), 147.77 (C(6)), 150.30

(C(4)), 153.37 (C(2)), 170.66 (COCHs) ppm.

N4-Acetyl-5-((triisopropylsylil)ethynyl)-5’-O-(4,4’-dimethoxytrityl)-2'-O-tert-

butyldimethylsilylcytidine (10). Compound 9 (1.17 g, 2.02 mmol) was dissolved in 30 mL
anhydrous pyridine. DMT-CI (1.03 g, 3.03 mmol) was added in portions over
approximately 1 hour. DMAP (0.109 mmol, 13.3 mg) was added with the first portion of
DMT-CI. An additional 0.05 eq. DMAP (0.111 mmol, 13.5 mg) was added after 3 hours,
and the reaction proceeded overnight. The solution was then diluted with 200 mL EtOAc
and washed three times with 100 mL 5% citric acid, once with 200 mL NaHCOs3s, once
with 200 mL H20, and once with 200 mL brine. The organic layer was then dried over
Na2SOs. The crude product was dissolved in CHCIs and purified by silica column
chromatography (5-15% EtOAc in hexane) pre-equilibrated with toluene to afford 10 as a
white foam (1.17 g, 1.33 mmol, 66%). Rs = 0.63 (30% EtOAc in hexane). HR-MS (ESI-

TOF) calculated [MH*] = 882.4539, observed [MH*] = 882.4735. 'H-NMR (300 MHz,

DMSO-d6) & = 0.08 (s, 3H, HsC-Si), 0.10 (s, 3H, HsC-Si), 0.88 (s, 9H, (HsC)sC-Si), 0.93

(d, 18H, (HsC)2C-Si), 2.37 (s, 3H, (HsC)CO), 3.21 (dd, 1H, H(a)-C(5)), 3.36 (t, 1H, H(b)-
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C(5')), 3.74 (s, 6H, OCHs), 3.98 (dd, 1H, H-C(3')), 4.09 (m, 1H, H-C(4")), 4.29 (d, 1H, H-
C(2"), 5.09 (d, 1H, HO-C(3")), 5.77 (s, 1H, H-C(1")), 6.90 (d, 4H, H-C(ar)), 7.22-7.42 (m,

9H, H-C(ar)), 8.25 (s, 1H, H-C(6)), 9.11 (s, 1H, H-N(4)). 13C-NMR (126 MHz, DMSO-d6)

5 = -451, -4.31 (2x SiCHs), 11.01 (3x SIC(CHa)z), 18.71 (3x SIC(CHa)s), 18.75
(SiC(CHa)s), 25.41 (COCHs), 26.20 (SiC(CHa)s), 55.44 (2x OCHs), 60.23 (CH2C(5)), 63.12
(C(5)), 69.32 (C(3)), 76.45 (C(2)), 83.06 (C(4")), 86.19 (tert. C(DMT)), 91.67 (C(1")),
94.22 (C(8)), 98.48 C(5)), 100.94 (C(7)), 113.65 (C(ar)), 127.11 (C(ar)), 128.32 (C(ar)),
129.38 (C(ar)), 129.96 (C(ar)), 130.12 (C(ar)), 135.81 (C(ar)), 136.02 (2x C(ar)-O), 145.12

(C(ar)), 146.68 (C(6)), 152.90 (C(2)), 158.56 (C(ar)), 161.52 (C(4)), 170.87 (COCH3) ppm.

N4-Acetyl-5-((triisopropylsylil)ethynyl)-5’-O-(4,4’-dimethoxytrityl)-2'-O-tert-

butyldimethylsilyl  cytidine-3’-O-2-cyanoethyl-N, N-diisopropylphosphoramidite ~ (11).
Compound 10 (1.17 g, 2.02 mmol) was dissolved in 30 mL anhydrous DCM. DIPEA
(0.343 g, 2.65 mmol, 464 pL) was then added followed by. CEP-CI (0.471 g, 1.99 mmol,
444 L) and 1-me imidazole (5.45 mg, 6.64 x 10°°mol, 34 L of a 16% solution in THF).
The reaction stirred at rt for approximately 6 hours before being diluted with 200 mL CHCl3
and washed once with 200 mL 50% NaHCOs. The organic layer was dried over NaxSOa,
evaporated, and the crude product was kept under high vacuum overnight. The crude
product was dissolved in DCM and purified by silica gel chromatography (0% then 5%
acetone in DCM) pre-equilibrated with 0.1% TEA in DCM. Purification afforded the final
product 11 (1.56 g, 1.44 mmol, 71%) as a light yellow foam once dried under high vacuum.
Product was aliquoted in 30 mg portions and stored in ABI oligosynthesizer vials under

nitrogen at -20°C for use in oligosynthesis. Rs = 0.18 (25% EtOAC in hexane). HR-MS
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(ESI-TOF) calculated [MH*] = 1,082.5618, observed [MH*] = 1,082.5611. "H-NMR (400

MHz, DMSO-d6) & = 0.08 (s, 6H, HsC-Si), 0.88 (s, 9H, (HsC)sC-Si), 0.95 (d, 18H, (H3C)2C-

Si), 1.07-1.13 (m, 12H, (H3C)2-CH), 2.33 (s, 3H, (H3C)CO), 2.78 (t, 2H, H2C-CN), 3.23 (m,
2H, (H3C)2-CH), 3.54 (m, 4H, H2-C(5)), 3.76 (s, 6H, OCHj3), 4.08 (m, 2H, H-C(4’), H-
C(3)), 4.31 (m, 1H, H-C(2")), 5.87-5.99 (dd, t, 1H, H-C(1’)), 6.89 (m, 4H, H-C(ar)), 7.32-

7.44 (m, 9H, H-C(ar)), 8.29-8.59 (dd, H-C(6)), 9.20 (d, 1H, H-N(4)). *C-NMR (126 MHz,

CDiCN) & = -4.93, -4.72 (2x SiCHs), 11.41 (3x SiC(CHa)z), 20.44 (SiC(CHs)s), 20.60
(CH2CN), 24.47 (2x N(iPr)), 25.77 (COCHj), 26.16 (SiC(CHs)s), 43.64 (2x NC(CHs)2),
55.44 (2x OCHg), 58.54 (CH2C(5)), 59.38 (C(5')), 72.86 (C(3')), 76.17 C(2')), 83.68 (C(4")),
87.30 (tert. C(DMT)), 91.15 (C(1")), 96.36 (C(8)), 101.01 (C(5)), 102.23 (C(7)), 113.75
(C(ar)), 118.78 (CN), 127.53 (C(ar)), 128.57 (C(ar)), 129.57 (C(ar)), 130.53 (C(ar)),
130.62 (C(ar)), 136.09 (C(ar)), 136.31 (2x C(ar)-0), 145.67 (C(ar)), 148.68 (C(6)), 153.98

(C(2)), 159.29 (C(ar)), 160.63 (C(4)), 171.28 (COCHs) ppm. 3'P-NMR (162 MHz, DMSO-

d6) & = 148.57, 148.77ppm.
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Spectral characterization data for 5-EC (3). (A) 'H (500 MHz, DMSO-dg) and APT "3C
(126 MHz, DMSO-ds) NMR spectra of 5-EC . (B) Positive mode high-resolution mass
spectrum (HRMS) for 5-EC. The Na® ion is detected instead of the H* ion.
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Spectral characterization of 5. (A) 'H (500 MHz, CDCI3) NMR and (B) APT "3C (126

MHz, CDCls)
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Spectral characterization of 6. (A) 'H (500 MHz, CDCI3) NMR and (B) APT "3C (126
MHz, CDCls)
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Spectral characterization of 7. (A) 'H (500 MHz, CDCI3) NMR and (B) APT "3C (126
MHz, CDCls)
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Spectral characterization of 8. (A) 'H (500 MHz, CDCI3) NMR and (B) APT "3C (126

MHz, CDCls)
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Spectral characterization of 9. (A) 'H (500 MHz, CDCI3) NMR and (B) APT "3C (126

MHz, CDCls)
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Spectral characterization of 10. (A) 'H (500 MHz, DMSO-ds) NMR and (B) APT '3C

(126 MHz, DMSO-ds)
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Spectral characterization of 11. (A) 'H (500 MHz, DMSO-ds) NMR, (B) APT 3C NMR

(126 MHz, CD3CN) and (C) *'P (162 MHz, DMSO-ds) NMR spectra.
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