TdT Loop1
(PDB ID:1KEJ)




TdT
PolA
Pol

H.sapiensH
P.troglodytesHi
P.abeliil
E.caballusH
S.scrofal
B.taurusH
0.cuniculusH
H.nusculusH
R.norvegicusH

H.nusculusT
H,.sapiensT
P.troglodytesT
P.abeliil
H.nulattal
A.nelanoleucal
B.taurusT
S.scrofal
E.caballusT
0.garnettiil
L.cattal
R.norvegicusT
H.donestical
G,gallusT
X.laevisT
R.eglanterial
T.rubripesT
0.nykissT

H,sapiensL
G.gorillal
C.wolfil
P.anubisL
L.albigenal
H.fascicularislL
C.guerezal
H.talapoinL
T.francoisil
N.leucogenysL
H,agilisL
S.syndactylusL
P.abeliil
P.pygnaeusL
C.cupreusL
S.sciureusL
A.saralL
S.scrofal
R.norvegicusL
H.nusculusL

H,.sapiensB
P.abeliiB
H.nulattaB
H.fascicularisB
C. jacchusB
B.taurusB
H.nusculusB
R.norvegicusB
H.donesticaB
G,gallusB
A.fulgensB
D.rerioB
P.pygnaeusB

o—— loopl —

F385
R387
F389

360 *1* 1"

ILYHQHQHSCCESPTR-LAQQSH-HDAFERSF
ILYHQHQHSCHESPTR-LAQASH-HDAFERSF
ILYHQHQHSSHESPTC-LAQASH-HDAFERSF
VLYHQHHRSE--DPTH-LTQASHTHDAFERSF
VLYHQHORGQQGDPTH-LAGKPHAMDAFEHSL
VLYHQHQHSQQGD----LTAASHTHDAFERSF
VLYHQHAPSCFGAPER-LARPSRSHDAFERSL
YLYHQYHRSHLADSAHNLRARSSTHDAFERSF
YLYHQYHRSHLADSAHILRARS-THDAFERSF

F385

375 [} 405

LLYCDILESTF-EKFKQPSRKYDALDHFQKCF
LLYYDLYESTF-EKLRLPSRKYDALDHFQKCF
LLYYDLYESTF-EKLRLPSRKYDALDHFAQKCF
LLYYDLYESTF-EKLRLPSRKYDALDHFAKCF
LLYYDLYESTF-EKLRLPSRKYDALDHFAKCF
LLYCDFYESTF-EKLKTPSRKYDALDHFAKCF
LLYYDLYESTF-EKFKLPSRQYDTLDHFAKCF
LLYCDLYESTL-EKSKLPSRNYDALDHFQKCF
LLYYDLYESTF-EKSKLPSRKYDALDHFQKCF
LLYCDLYESTF-EKLKLPSRKYDALDHFQKCF
LLYCDLYESTF-EKLKLPSRKYDALDHFQKCF
LLYCDIIESTF-EKFKLPSRKYDALDHFAKCF
LLYCDLIESTF-EDLKLPSRKIDALDHFAKCF
LLYCDITESTF-YKEQIPSRHYDAHDHFQKCF
LLFYNIIESTF-DETKLPSRHYDALDHFAQKCF
LLFCDYYERTH-EKRALPSRKYDAHDHFQKCF
LLYCDYQASTF-DLTKLPTHSFERHDHFAKCF
LLYCDYQGSTF-DYSKLPSCRFEDHDCFAKCF

457 474
LTDDLYSQEENGQO====+========~ OKYL
LTDDLYSQEENGAQ====-=========| OKYL
LTDDLYSQEENGAQ====-=========| OKYL
LTDDLYSQEENGQQ====-=========| OKYL
LTDDLYSQEENGQO====-=======u=| OKYL
LTDDLYSQEENGQQ====-=========| OKYL
LTDDLYSQEENGQO====-========~ OKYL
LTDDLYSQEENGQO====+========~ OKYL
LTDDLYSQEENGAQ====-=========| OKYL
LTDDLYSQEENGAQ====-=========| OKYL
LTDDLYSQEENGQQ—~ -0KYL
LTDDLYSQEENGQQ—~ -0KYL
LTDDLYSQEENGQO====-========~ OKYL
LTDDLYSQEENGQO====+========~ OKYL
LTDDLYSQEENGAQ====-=========| OKYL
LTDDLYSQEENGAQ====-=========| OKYL
LTDDLYSQEENGQO====-=======m=| OKYL
LTDDLYSQEQHGAO====-=========| OKYL
LTDDLYSQEENGQO====+========~ OKYL
LTDDLYSQEENGQO====-========~ QKYL

224 236
ITDTLSKGE TKFH
ITDTLSKGE TKFH
ITDTLSKGE TKFH
ITDTLSKGE TKFH
ITDTLSKGE TKFH
ITDTLSKGE TKFH
ITDTLSKGE TKFH
ITDTLSKGE TKFH
ITDTLSKGD TKFH
VTDYLSKGD TKFH
ITDTLSKGE TKFH
ITDTLSKGD TKFH
ITDTLSKGE TKFH
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H,.sapiensH
P.troglodytesH
P.abeliil
E.caballusH
S.scrofal
B.taurusH
0.cuniculusH
H.nusculusH
R.norvegicusH

H.nusculusT
H.sapiensT
P.troglodytesT
P.abeliiT
H.nulattaTl
A.nelanoleucal
B.taurusT
S.scrofal
E.caballusT
0,garnettiil
L.cattal
R.norvegicusT
H.donestical
G,gallusT
X.laevisT
T.rubripesT
0.nykissT

NTP steric gate

5>

4 A 0
KEKGLHLNSHGLFDPEQKTFF
KEKGLHLHSHGLFDPEQKTFF
KEKGLHLNSHGLFDPEQKTFF
KERGLLLHSHGLFDPEQKTFF
KERGLHLHSHGLFDSEQKHPF
KERGLCLHSHGLFDPEQKTYF
KEKGLHLSSHGLFDPEQGTFI
QEKGLHLNSHGLFDPEQKRYF
QEKGLCLNSHGLFDPERKTFF

466 486
HERKHHLDHHAL YDRTKRYFL
HERKHILDOHHALYDKTKRIFL
HERKHILDHHALYDKTKRIFL
HERKHILDOHHALYDKTKRIFL
HERKHILDHHALYDKTKRIFL
HERKHHLDOHHALYDKTKKIFL
HERKHHLDOHHAL YDKTKRYFL
HERKHILDOHHALYDKTKRIFL
HERKHILDHHALYDKTKRIFL
HERKHILDHHGLHDKTKRIFL
HERRHHLDHHGLHDKTKRIFL
HERKHHLOHHALYDKTKRYFL
HEKKHHLDHHALYDKTKKIFL
HERKHHLDHHAL YDKRKRYFL
HEKRHHLDHHGL YDKTKNHFL
KERRHLLOHHGLYDKTKEEFL
KERQHLLOHHALYDKTKKLCL
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H,sapiensH
P.troglodytesH
P.abeliil
E.caballusH
S.scrof all
B.taurusH
0.cuniculusH
H.nusculusi
R.norvegicusHi

H.nusculusT
H,sapiensT
P.troglodytesT
P.abeliil
H.nulattal
A.nelanoleucal
B.taurusT
S.scrofal
E.caballusT
0,garnettiiTl
L.cattal
R.norvegicusT
H.donestical
G.gallusT
X.laevisT
R.eglanterial
T.rubripesT
0.nykissT

H,sapiensL
G,gorillal
C.wolfil
P.anubisL
L.albigenal
H.fascicularisL
C.guerezal
H.talapoinL
T.francoisil
N.leucogenysL
H.agilisL
S.syndactylusL
P.abeliil
P.pygnaeusL
C.cupreusL
S.sciureusL
A,saral
S.scrofal
R.norvegicusL
H.nusculusL

H,.sapiensB
P.abeliiB
H.nulattaB
H.fascicularisB
C, jacchusB
B.taurusB
H.nusculusB
R.norvegicusB
H.donesticaB
G,gallusB
A.fulgensB
D.rerioB
P.pygnaeusB

GHTGSKLFORELRRFSRKEKGL
GHTGSKLFORELRRFSRKEKGL
GHTGSKLFORELRRFSRKEKGL
GHTGSRHFERELRRFSHKERGL
GHTGSKHFERELRRFSRKERGL
GHTGSKHFERELRRFSRKERGL
GHTGSELFERELRRFSRKEKGL
GHTGSAFFERELRRFSROEKGL
GHTGSQFFERELRRFSRAEKGL

449 470
GHTGSRAFERDLRRYATHERKH
GHTGSRAFERDLRRYATHERKH
GHTGSRAFERDLRRYATHERKH
GHTGSRAFERDLRRYATHERKH
GHTGSRAFERDLRRYATHERKH
GHTGSRAFERDLRRYATHERKH
GHTGSRAFERDIRRYATHERKH
GHTGSRAFERDLRRYATHERKH
GHTGSRAFERDLRRYATHERKH
GHTGSRAFERDLRRYATHERKH
GHTGSROFERDIRRYATHERRH
GHTGSRQFERDLRRYATHERKH
GHSGSRAFERDLRRYATHEKKH
GHTGSRAFGRDLRRYATHERKH
GHTGSRAFERDLRRYATHEKRH
GHSGSRQFERDLRRYCSAEKRH
GHTGSRAFERDLRRFARKERRH
GHTGSR-FGRDLRTFAQKERQH

505 525
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH
YFTGSAHFHRSHRALA-KTKGH

2n 291
YFTGSDIFHKNHRAHAL-EKGF
YFTGSDIFHKHHRAHAL-EKGF
YFTGSDIFNKHHRAHAL-EKGF
YFTGSDIFHKNHRAHAL-EKGF
YFTGSDIFHKNHRAYAL-EKGF
YFTGSDIFHKNHRAHAL-EKGF
YFTGSDIFNKHHRAHAL-EKGF
YFTGSDIFHKNHRAHAL-EKGF
YFTGSDIFHKNHRAHAL-EWGF
YFTGSDIFHKNHRTHAL-EWGF
YFTGSDIFHKHHRAHAL-EKGF
YFTGSDIFNKHHRTHAL-EKGF
YFTGSDIFHKNHRAHAL-EKGF
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Template




Supplementary figure 1. A to C) Superimposition of Loop1 from the crystal of the TdT
apoenzyme (PDB ID: 1JMS), shown in dark pink cartoon and semi-transparent surface, on
the murine Poly ternary complex structure (PDB ID: 2IHM), shown as a wheat-coloured
surface. A) The DNA substrate (1 nt gap) is shown in green cartoon, and the incoming dNTP
in blue sticks. B) The original DNA substrate has been trimmed to show a 1 nt 3’-protruding
template/primer structure (green cartoon). C) The original DNA substrate has been trimmed to
show two 1 nt 3’-protruding structures (template/primer: green cartoon; template/downstream:
purple cartoon). In each of the three panels (A-C), a cartoon on the right hand side depicts a
schematic of the complex shown in the structure to the left.

Supplementary figure 2. Multiple amino acid sequence alignment showing the regions
corresponding to: A) Loop1; B) the NSH motif (thumb mini-loop); C) the arginine helix, with a
different degree of conservation among Poly (M), TdT (T), PolA (L) and PolR® (B) from different
species. Spheres indicate Polp selected residues that have been mutated in this study (red),
or their murine TdT counterparts. Invariant residues are shown in red, highly conserved
residues in blue.

Supplementary figure 3. The “Loop1 network”: regulating the terminal transferase and
NHEJ activities of Polu through correct positioning of Loop1. Cartoon representations of
the ternary complex of murine Polpy (2IHM, left panel) and the murineTdT apoenzyme (1JMS,
right panel). Loop 1 is shown in blue cartoon with selected residues involved in interactions
shown in sticks; the thumb mini-loop is shown in orange with selected residues shown in
sticks; arginines from the helix N are shown in red sticks; water molecules and other residues
involved in the network of interactions are shown in light teal. In the case of Poly, the
incoming nucleotide is shown in dark pink and the template strand is shown in green.
Numbering of Polyu residues corresponds to the human enzyme.





