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Table S1: Biological acronyms used in the paper.

Biological names Acronyms
Ten-eleven translocation 2 TET2
a—ketoglutarate a-KG
5-methylcytosine 5mC
5-hydroxy-methylcytosine 5hmC
5-formylcytosine 5fC
5-carboxylcytosine ScaC
Thymine DNA glycosylase TDG
Base excision repair BER
1-methyladenine ImeA
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Table S2: Mulliken spin densities and electron configurations for the reactant of the snapshot
number 1 and 3 in theT1372E mutant.

Mulliken Spin density
Fe (III)
Oxyl O
Electron configuration

snapshot number 1
3.28
0.50
ISFe(I11) — Op

snapshot number 3
4.32
-0.69
HSFe(IIT) — Oar

Table S3: Comparison of the reaction and the first barrier energies for TET2, AlkB and
ABH2.

A E barrier (kcal/mol) A E reaction (kcal/mol)

AlkB 23.2 -3.7
AlkBH2 25.7 -3.5
TET?2 20.1 0.4

Table S4: Comparison of Mulliken spin densities of important atoms involved in the oxidation
in TET2, AlkB, ABH2.

C(1meA)/ H(lmeA)/

Mulliken spin densities Fe — O(Oxyl) O(hmC)  H(hmC)
AlkB reactant 3.26 0.54 0.00 0.00
AlkBH2 reactant 3.20 0.61 0.00 0.00
TET?2 reactant 3.25 0.55 0.00 0.00
AlkB I1 4.35 0.26 -0.92 0.005
AlkBH2 I1 4.36 0.26 -0.92 0.004
TET2 11 4.35 0.25 -0.85 0.01

Table S5: Mulliken spin densities for critical points of wild—type.

Mulliken Spin density Reactant TS1 I TS2 12 TS3 Product

Fe (II1) 3.25 413 435 435 4.36 4.37 3.83

Oxyl O 0.54 0.01 025 026 025 0.18 0.02
Hydroxyl O 0.00 -0.43 -0.86 -0.87 -0.85 -0.74 0.00
Hydroxyl H 0.00 0.04 0.01 0.01 0.01 0.01 0.00
Methylene C 0.00 0.03 0.05 0.06 0.05 0.01 0.00
Methylene H1 0.00 -0.04 -0.06 -0.08 -0.11 -0.14 0.00
Methylene H2 0.00 -0.04 -0.10 -0.09 -0.06 -0.05 0.00
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Table S6: ELF basins of the iron-oxyl moiety in the reactant, TS1 and I1.

Volume Population Volume Population Volume Population
ISEeT_Qp reactant HSET_() 4 TS1 HSEMI_Q 4 11
C(Fe) 0.29 10.07 C(Fe) 0.30 10.08 C(Fe) 0.27 9.92
C(Fe) 6.25 3.50 C(Fe) 3.13 1.88 C(Fe) 3.46 2.01
C(Fe)  4.39 2.76 C(Fe)  4.57 2.51 C(Fe) 4.67 2.63
C(Fe) 3.21 2.38 C(Fe) 4.63 2.78 C(Fe) 5.42 2.95
C(Fe)  4.86 3.36 C(Fe) 3.29 2.27 C(Fe) 3.19 2.21
C(Fe) 3.92 2.45 C(Fe)  4.16 2.70 C(Fe) 11.23 8.10
C(Fe)  4.35 3.30 C(Fe) 3.85 2.51 C(0) 0.22 2.00
C(0) 0.22 2.02 C(Fe)  4.53 3.13 V(0) 41.66 3.60
V(O) 67.54 6.65 C(Fe) 43.29 4.00 V(O) 30.20 3.22
V(O) 11.53 1.23 C(0) 0.22 2.01 V(H,0) 24.27 1.18
V(O) 34.20 3.46
V(O) 1.27 0.23
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Figure S1: Relative QM /MM energies of the selected snapshots from the MD simulations in
the wild-type and the T1372E mutant.
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Table S7: Residues with more than 1 kcal/mol difference by EDA for T'S1/2/3/product with
respect to the reactant. All values are in kcal/mol. G** is one of the linkers.

Residue AAE AAE AAE AAE Residue AAE AAE AAE AAE
(TS1) (TS2) (TS3) (pro) (TS1) (TS2) (TS3) (pro)

K1142 - - -1.1 - E1318 -1.0 - - —
E1144 - 1.1 - - K1321 - 1.5 - —
K1173 - - 1.1 1.2 E11323 - - - -1.2
E1186 - 1.2 — - N1347 - 1.5 - 1.4
K1188 -1.1 - -1.2 - C1374 - 1.4 - 1.9
C1193 — 1.0 - — D1376 - — -1.1 -
K1208 - - - 1.1 R1383 -1.3 - -14 —
D1242 - - -1.0 - G1391 1.0 1.1 - —
E1247 - -1.1 -1.5 - T1393 1.3 1.6 1.8 -
E1250 — - -1.3 — K1409 - — - 1.8
R1253 - - 1.4 - E1411 — - 1.4

T1257 - - -1.0 -1.0 K1439 - 1.2 - —
T1259 - - 1.7 -1.9 R1455 1.7 1.1 1.4 1.8
N1260 -1.2 -1.2 -1.4 -1.1 K1462 -1.1 -1.2 - —
R1262 -1.9 - - 1.2 G** -1.3 -1.5 - -1.6
C1263 - -1.3 - — E1874 — -1.4 — -1.7
E1267 - 1.9 1.3 - K1877 - -1.1 - —
E1268 1.2 1.0 - - R1878 - -1.1 - —
R1269 -1.4 1.1 - - E1879 1.4 1.2 1.1 —
C1271 — 1.2 — — R1896 1.5 1.2 - -
S1290 — - — 1.2 V1900 — 1.0 - 1.6
K1299 - - -1.0 - Y1902 1.2 1.3 - 1.3
R1302 - - 1.8 1.2 K1905 - -1.0 -1.1 —
K1308 - - - 1.2 K1920 - - - 1.2
K1310  -1.3 -1.1 — - E1923 - — -2.2 -

AF-coupled Fe''-0 F-coupled Fe''-0
dzZ —1_ dzZ I
dyoy2 dx2-y2
dxz/yz 47 ‘17 + © P dxz/yz ‘1’ 4‘ 47 ° P
dy 4 dyy
HSFe'"—OAF ISEell_Q

Figure S2: Electron configurations for the iron-oxyl moiety in the quintet state.
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Figure S3: Optimized geometries of critical structures for the T1372E mutant. The black
circle shows the hydrogen bond in the reactant and product.
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Figure S4: Difference of total, Coulomb and vdW energies of a) I1, b) 12, ¢) product and
reactant.
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SCORE=56
* sp|Q6N021 | hTET2 1114 TPIKNLLDTPVK-TQYDFPSCRCVEQII EGPFYTHLGAGPNVAAIREIMEERFGQKGKAIRIERVIYTGKEGKSSQGCPIA 1196
w AVG GOOD sp|Q4JK59 |mTET2 1037 -====-- DTPGE-0-SON--GKCEGCNPDKDEAPYYTHLGAGPDVAAIRTLMEERYGEKGKAIRIEKVIYTGKEGKSSOGCPIA 1109
* sp|Q8NFU7 | hTET1 1405 NPTKNLVSIT---KDSELPTCSCLDRVIQKDKGPYYTHLGAGPSVAAVREIMENRYGOKGNAIRIEIVVYTGKEGKSSHGCPIA 1485
sp|Q6N021 | hTET2 48  SP|Q3URK3|mTET1 1354 KPAKNLIAGL---KEQEAAPCDC-DGGTQKEKGPYYTHLGAGPSVAAVRELMETRFGOKGKAIRIEKIVFTGKEGKSSQGCPVA 1433
sp|04JK59 | mTET2 50 Sp|043151|hTET3 673 TPTKSLLDTPAKRAOAEFPTCDCVEQIVEKDEGPYYTHLGSGPTVASIRELMEERYGEKGKATRIEKVIYTGKEGKSSRGCPIA 756
sp|Q8NFU7 | hTET1 56  SP|Q8BG87|mTET3 681 TPTKSLLDTPAKKAQSEFPTCDCVEQIVEKDEGPYYTHLGSGPTVASIRELMEDRYGEKGKATRIEKVIYTGKEGKSSRGCPIA 764
sp|Q3URK3 |mTET1 56 R1261
sp|043151 | hTET3 62 cons 1933 * SR W ARRAR AR ARk AR AR AR ARRRR o ARRRRRARARR R 2016
sp|Q8BG87 |mTET3 62
cons 5 R1253| T1259 R1262 E1279
sp|Q6N021 | hTET2 1197 KWVVRRSSSEEKLLCLVRERAGHTCEAAVIVILILVWEGIPLSLADKLYSELTE' -GTL! ' TCACOGLD: 1279
sp|Q4JK59 |mTET2 1110 KWVYRRSSEEEKLLCLVRVRPNHTCETAVMVIAIMLWDGIPKLLASELYSELTDILGKC-GICTNRRCSQNETRNCCCQGENPE 1192
sp|Q8NFU7 | hTET1 1486 KWVLRRSSDEEKVLCLVRQRTGHHCPTAVMVVLIMVWDGIPLPMADRLYTELTENLKSYNGHPTDRRCTLNENRTCTCQGIDPE 1569
sp|Q3URK3 |mTET1 1434 KWVIRRSGPEEKLICLVRERVDHHCSTAVIVVLILLWEGIPRLMADRLYKELTENLRSYSGHPTDRRCTLNKKRTCTCOGIDPK 1517
sp|043151 | hTET3 757 KWVIRRHTLEEKLLCLVRHRAGHHCONAVIVILILAWEGIPRSLGDTLYQELTDTLRKY-GNPTSRRCGLNDDRTCACQGKDPN 839
sp|Q8BG87 |mTET3 765 KWVIRRHTLEEKLLCLVRHRAGHHCQNAVIVILILAWEGIPRSLGDTLYQELTDTLRKY-GNPTSRRCGLNDDRTCACQGKDPN 847
cons 2017 *** ** ko okkkE k kK kkok: ko kokkk LRk kkk: Kk Kk Kk _kkk Kk k_* kk% -%: 2100
K1299 K1321
sp|Q6N021 | hTET2 1280 TCGASFSFGCSWSMYYN( "ARSKIPRKFKLLGDD! SHLONLSTLMAPTYKKLAPDAYNNQIEYEHRAPECRLGLK 1363
sp|Q4JK59 |mTET2 1193 TCGASFSFGCSWSMYYNGCKFARSKKPRKFRLHGAEPKEEERLGSHLONLATVIAPIYKKLAPDAYNNQVEFEHQAPDCCLGLK 1276
sp|Q8NFU7 | hTET1 1570 TCGASFSFGCSWSMYFNGCKFGRSPSPRRFRIDPSSPLHEKNLEDNLOSLATRLAPIYKOYAPVAYONOVEYENVARECRLGSK 1653
sp|Q3URK3 |mTET1 1518 TCGASFSFGCSWSMYFNGCKFGRSENPRKFRLAPNYPLHEKQLEKNLQELATVLAPLYKQMAPVAYONQVEYEEVAGDCRLGNE 1601
sp|043151 | hTET3 840 TCGASFSFGCSWSMYFNGCKYARSKTPRKFRLAGDNPKEEEVLRKSFQDLATEVAPLYKRLAPQAYQONQVTNEEIAIDCRLGLK 923
sp|Q8BG87 |mTET3 848 TCGASFSFGCSWSMYFNGCKYARSKTPRKFRLTGDNPKEEEVLRNSFQDLATEVAPLYKRLAPQAYQNQVTNEDVAIDCRLGLK 931
H1
cons 2101 iiiiiiiiiiiiiii:iiii:_é?e *kok * k. * sk Kok ckk kk: kk Rk kk: Kk Kk -k *% - 2184
R1383 l N1387 N14031 IK1409
sp|Q6N021 | hTET2 1364 EGRPFSGVTACLD: LHNMONGSTLVCTLTREDNREFGGKPEDEQLHVLPLYKVSDVDEFGSVEAQEEKKRSGAIQVL 1447
sp|Q4JK59 |mTET2 1277 EGRPFSGVTACLDFSAHSHRDOONMPNGSTVVVTLNREDNREVGAKPEDEQOFHVLPMYIIAPEDEFGSTEGOEKKIRMGSIEVL 1360
sp|Q8NFU7 | hTET1 1654 EGRPFSGVTACLDFCAHPHRDIHNMNNGSTVVCTLTREDNRSLGVIPQDEQLHVLPLYKLSDTDEFGSKEGMEAKIKSGAIEVL 1737
sp|Q3URK3 |mTET1 1602 EGRPFSGVTCCMDFCAHSHKDIHNMHNGSTVVCTLIRADGRDTN-CPEDEQLHVLPLYRLADTDEFGSVEGMKAKIKSGAIQVN 1684
sp|043151 | hTET3 924 EGRPFAGVTACMDFCAHAHKDOHNLYNGCTVVCTLTKEDNRCVGKIPEDEQLHVLPLYKMANTDEFGSEENONAKVGSGAIOVL 1007
sp|Q8BG87 |mTET3 932 EGRPFSGVTACMDFCAHAHKDQHNLYNGCTVVCTLTKEDNRCVGQIPEDEQLHVLPLYKMASTDEFGSEENQNAKVSSGAIQVL 1015
cons 2185 *kkkk-kkk k-kk kk k-k k- Kk k-k kk - Kk & kokkk o kkkk ok - hhkkkk * % *okok 2268
sp|Q6N021 | hTET2 1448 SSFRRK-VRMLAEPVK-TCRORKLEA---KKA----AAEKLSSLENSSNKNEKEKSA-PSRTKOTENASOAKOLAELE--RLSG 1519 -
sp|Q4JK59 |mTET2 1361 QSFRRRRVIRIGELPK-SCKKKA-EP---KKAKTKKAARKRSSLENCSSRTEKGKSSSHTKLME--NASHMKOMTAQP--QLSG 1435
sp|Q8NFU7 | hTET1 1738 APRRKK-RTCFTQPVPRSGKKRAAMM---TEV----LAHKI-------~- RAVEKKP-IP-RIKRKN--NSTTTNNSKPSSLPTL 1801
sp|Q3URK3 |mTET1 1685 GPTRKR-RLRFTEPVP-RCGKRAKMKQNHNKS----GSHNT--- --KSFSSASSTSHLVKDES--TDFCPLOASSAET--- 1749
sp|043151 | hTET3 1008 TAFPRE-VRRLPEPAK-SCRQRQLEA---RKA----AAEKK--- --KIQKEKLSTPEKIKQEA--LELAGITSDPGLSLKG 1072
sp|Q8BG87 |mTET3 1016 TAFPRE-VRRLPEPAK-SCRQRQLEA---RKA----AAEKK--------KLOQKEKLSTPEKIKQEA--LELAGVTTDPGLSLKG 1080
cons 2269 2352
E18741
sp|Q6N021 | hTET2 1819 ---=====- LSDANGQEKQPL- - - -ALVQG- -VASGAEDNDEVWSDSEQSFLDPDIGGVAVAPTHGSILIECAKRELHATTPLK 1887
sp|Q4JK59 |mTET2 1736 -- -LTG-SSQEKQPE--~-~-~-~ 'VSG--QDAAAVQEIEYWSDSEHNFQDPCIGGVAIAPTHGSILIECAKCEVHATTKVN 1801
sp|Q8NFU7 | hTET1 1962 -- --OHSE-ADEPPSDEPLSDDPLSPAEEKLPHIDEYWSDSEHIFLDANIGGVAIAPAHGSVLIECARRELHATTPVE 2034
sp|Q3URK3 |mTET1 1851 -- --RHPE-ADEPQH----~----~~ PEDDNLPQLDEFWSDSEEIYADPSFGGVAIAPIHGSVLIECARKELHATTSLR 1913
sp|043151 |hTET3 1464 EEKLWDPFSLEEGP-AEEPPSKGAVKEEK--GGGGAEEEEEELWSDSEHNFLDENIGGVAVAPAHGSILIECARRELHATTPLK 1544
sp|Q8BG87 |mTET3 1472 EEKLWDPFSLEEGT-AEEPPSKGVVKEEK--SGPTVEEDEEELWSDSEHNFLDENIGGVAVAPAHCSILIECARRELHATTPLK 1552
cons 2773 * okkkkk . Kk ckkkR kR K Ko kkkkk: k. kk*k . 2856
R1896 E1923 K1924
sp|Q6N021 | hTET2 1888 NPNRNHPTRISLVFYQHKSMNEPKHGLALWEAKMA---EKAREKE-------- EECEKYGPDYVPQKSHGKKVKREPAEPHETS 1960
sp|Q4JK59 |[mTET2 1802 DPDRNHPTRISLVLYRHKNLFLPKHCLALWEAKMA---EKAR-KE--------
sp|Q8NFU7 | hTET1 2035 HPNRNHPTRLSLVFYQHKNLNKPQHGFELNKIKFE---AKEAKNKKMKA. KDQAANEGPEQSSE
sp|Q3URK3 |mTET1 1914 SPKRGVPFRVSLVFYQHKSLNKPNHGFDINKIKCK---CKKVTKK
sp|043151 | hTET3 1545 KPNRCHPTRISLVFYOHKNLNOPNHGLALWEAKMKOLAERARARO---
sp|Q8BG87 |mTET3 1553 KPNRCHPTRISLVFYQHKNLNQPNHGLALWEAKMKQLAERARQRQ
cons 2857 % % & Wokkkokokk : Wk ; ;o o & 2940

K1142

Figure S5: Protein sequence alignment of h/m-TET1-3 created by T-coffee (J. Mol. Biol.,
13, 205) The residues with significant change in stabilizing energy (|JAAE| > 2 kcal/mol) are
shown with red arrow. Our results show these residues are important for the catalytic func-
tion of this family of enzymes and could be interesting targets for experimental mutagenesis
studies.
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