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Supplementary Table S1. A summary of mutation-mapping studies of EC-LigA performed by the
Shuman group [1-5]. Amino acids are considered essential for EC-LigA function if they result in =90%
inhibition of ligase activity when mutated.

Residue

D285
Y22
Y35
K115
K115
K115
D117
D117
G118
R136
R136
E173
E173
E173
R200
R200
R200
R208
D285
K314
K314
C408
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Y22
D32
D36
R136
D32
R379
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G455
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R208
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Y35
R208
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D117
R171
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D36
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D285
R308
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K314
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C426
K290
Y22
D32
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HhH
HhH
NTase
HhH
HhH
NTase
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NTase

NTase
NTase
HhH
HhH
BRCT
NTase
NTase
NTase
HhH

NTase
NTase
NTase
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OB
NTase
HhH
NTase
NTase
HhH

Role

Metal-binding at active site

NAD+ binding

NAD+ binding

Adenylated residue of KxDG motif
Adenylated residue of KxDG motif
Adenylated residue of KxDG motif
KxDG motif

KxDG motif

KxDG motif

Coordinates reactive phosphates, needed for steps 1 and 2
Coordinates reactive phosphates, needed for steps 1 and 2

Contacts NAD+
Contacts NAD+
Contacts NAD+
la/Ntase interface, DNA binding
la/Ntase interface, DNA binding
la/Ntase interface, DNA binding
la/Ntase interface, DNA binding

Contacts NAD+
Contacts NAD+
Metal-binding
Metal-binding
Metal-binding
NAD+ binding
NAD+ binding
NAD+ binding

Coordinates reactive phosphates, needed for steps 1 and 2

NAD+ binding

Stabilises OB fold

DNA binding

DNA binding

DNA binding

DNA binding

Stabilise active domain fold
DNA binding

DNA binding

Stabilises NTase active site fold
la/Ntase interface, DNA binding
Stabilises OB fold

Stabilises NTase active site fold
NAD+ binding

la/Ntase interface, DNA binding
Bind phophodiester bond flanking nick
DNA binding

DNA binding

KxDG motif

Stabilise active domain fold

Contacts NAD+/contacts AMP adenine
DNA binding

NAD+ binding

Bind phophodiester bond flanking nick

Bind phophodiester bond flanking nick
Distorts DNA at nick site

Distorts DNA at nick site

Contacts NAD+

Domain-domain interaction

Stabilises NTase active site fold

DNA binding

DNA binding

Stabilises OB fold

Metal-binding

Contacts NAD+/contacts AMP adenine
NAD+ binding

NAD+ binding

Bind phophodiester bond flanking nick

Mutation
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% Ligase Reference
Inhibition

>99.99 Sriskanda et al ., 1999 [1]
>99.9 Sriskanda and Shuman, 2002 [2]
>99.9 Sriskanda and Shuman, 2002 [2]
>99.9 Sriskanda et al., 1999 [1]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Sriskanda et al., 1999 [1]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Wang, Zhu and Shuman, 2009 [5]
>99.9 Wang, Zhu and Shuman, 2009 [5]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Sriskanda et al., 1999 [1]
>99.9 Zhu and Shuman, 2005 [3]
>99.9 Sriskanda et al ., 1999 [1]
>99.9 Sriskanda et al ., 1999 [1]
>99.9 Sriskanda et al., 1999 [1]
99.8 Sriskanda and Shuman, 2002 [2]
99.8 Sriskanda and Shuman, 2002 [2]
99.8 Sriskanda and Shuman, 2002 [2]
99.8 Wang, Zhu and Shuman, 2009 [5]
99.6 Sriskanda and Shuman, 2002 [2]
99.3 Wang, Nair and Shuman, 2008 [4]
99.2 Wang, Nair and Shuman, 2008 [4]
99.2 Wang, Nair and Shuman, 2008 [4]
99.1 Wang, Nair and Shuman, 2008 [4]
99.1 Wang, Nair and Shuman, 2008 [4]
>99 Wang, Nair and Shuman, 2008 [4]
>99 Wang, Nair and Shuman, 2008 [4]
>99 Wang, Nair and Shuman, 2008 [4]
98.9 Zhu and Shuman, 2005 [3]
98.8 Zhu and Shuman, 2005 [3]
98.8 Wang, Nair and Shuman, 2008 [4]
98.2 Zhu and Shuman, 2005 [3]
98 Sriskanda and Shuman, 2002 [2]
98 Zhu and Shuman, 2005 [3]
98 Wang, Zhu and Shuman, 2009 [5]
98 Wang, Nair and Shuman, 2008 [4]
97.4 Wang, Nair and Shuman, 2008 [4]
97.4 Wang, Nair and Shuman, 2008 [4]
97 Zhu and Shuman, 2005 [3]
97 Wang, Zhu and Shuman, 2009 [5]
97 Wang, Zhu and Shuman, 2009 [5]
96.8 Wang, Nair and Shuman, 2008 [4]
96 Sriskanda and Shuman, 2002 [2]
96 Wang, Zhu and Shuman, 2009 [5]
96 Zhu and Shuman, 2005 [3]
96 Wang, Zhu and Shuman, 2009 [5]
96 Wang, Nair and Shuman, 2008 [4]
96 Wang, Nair and Shuman, 2008 [4]
95 Zhu and Shuman, 2005 [3]
94.6 Wang, Nair and Shuman, 2008 [4]
94.4 Zhu and Shuman, 2005 [3]
94 Wang, Zhu and Shuman, 2009 [5]
94 Wang, Nair and Shuman, 2008 [4]
93.7 Wang, Nair and Shuman, 2008 [4]
93 Sriskanda et al ., 1999 [1]
92 Wang, Zhu and Shuman, 2009 [5]
91 Sriskanda and Shuman, 2002 [2]
91 Sriskanda and Shuman, 2002 [2]
91 Wang, Zhu and Shuman, 2009 [5]



la NAD+ binding 88 Sriskanda and Shuman, 2002 [2]

HhH DNA binding 87 Wang, Nair and Shuman, 2008 [4]

NTase 86 Wang, Zhu and Shuman, 2009 [5]

NTase Stabilise active domain fold 85 Wang, Zhu and Shuman, 2009 [5]

NTase Bind phophodiester bond flanking nick 81 Wang, Zhu and Shuman, 2009 [5]

NTase DNA binding 79 Wang, Zhu and Shuman, 2009 [5]

HhH Domain-domain interaction 79 Wang, Nair and Shuman, 2008 [4]

HhH DNA binding 78 Wang, Nair and Shuman, 2008 [4]

NTase 75 Sriskanda et al., 1999 [1]

HhH DNA binding 75 Wang, Nair and Shuman, 2008 [4]

NTase 74 Zhu and Shuman, 2005 [3]

NTase Bind phophodiester bond flanking nick 72 Wang, Zhu and Shuman, 2009 [5]

NTase 67 Wang, Zhu and Shuman, 2009 [5]

HhH DNA binding 65 Wang, Nair and Shuman, 2008 [4]

D138 NTase A 63 Zhu and Shuman, 2005 [3]

je)

72 NTase DNA binding A 62 Wang, Zhu and Shuman, 2009 [5]

G553 HhH DNA binding \Y 62 Wang, Nair and Shuman, 2008 [4]

E113 NTase A 60 Sriskanda et al., 1999 [1]

G455 HhH DNA binding A 56 Wang, Nair and Shuman, 2008 [4]

=

50 HhH Domain-domain interaction A 45 Wang, Nair and Shuman, 2008 [4]

=4

97 NTase Bind phophodiester bond flanking nick K 37 Wang, Zhu and Shuman, 2009 [5]

E319 NTase A 31 Sriskanda et al., 1999 [1]

V288 NTase A 24 Zhu and Shuman, 2005 [3]

Q318 NTase A 20 Sriskanda et al., 1999 [1]

m

10 la A 10 Sriskanda and Shuman, 2002 [2]

NTase A -10 Zhu and Shuman, 2005 [3]
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Supplementary Table S2. Properties of potential inhibitor target Site 1. Amino acids comprising potential

inhibitor target Site 1 (volume = 12 A3).

Domain/Residue Essential Function Predicted Predicted
interaction with interaction with
geneticin chlorhexidine

OB-fold/R325 Unknown Unknown Y

OB-fold /1371 Unknown Unknown

OB-fold /G372 Unknown Unknown

OB-fold /D398 Unknown Unknown Y Y
OB-fold /T399 Unknown Unknown

OB-fold /R400 Unknown Unknown Y




Supplementary Table S3. Properties of potential inhibitor target Site 2. Amino acids comprising potential

inhibitor target Site 2 (volume = 19 A3).

Domain/Residue Essential Function Predicted Predicted
interaction with interaction with
glutathione imidazolidinyl
urea

HhH/K456 Unknown Unknown

HhH/1458 Unknown Unknown Y

HhH/D460 Unknown Unknown Y

HhH/Q461 Unknown Unknown

HhH/L485 Unknown Unknown

HhH/E486 Unknown Unknown Y Y
HhH/R487 Yes DNA binding Y
HhH/M488 Unknown Unknown Y




Supplementary Table S4. Properties of potential inhibitor target Site 3. Amino acids comprising potential

inhibitor target Site 3 (volume =27 A3).

Domain/Residue Essential Function Predicted Predicted
interaction with 5- interaction with
azacytidine imidazo[1,2-
a]pyridine-7-C

NTase/L116 Unknown x in KxDG motif Y

NTase/D117 Y KxDG motif

NTase/G118 Y KxDG motif

NTase/E173 Y Contacts NAD*

NTase/F175 Unknown Unknown

NTase/LL176 Unknown Unknown

NTase/P177 Unknown Unknown

NTase/Q178 Unknown Unknown

NTase/P199 Unknown Unknown

NTase/R200 Y DNA binding

NTase/A203 Unknown Unknown

NTase/F282 Unknown Unknown

NTase/D283 N Unknown




Supplementary Table S5. Properties of potential inhibitor target Site 4. Amino acids comprising potential

inhibitor target Site 4 (volume = 41 A3).

Domain/Residue Essential Function Predicted Predicted interaction
interaction with with 2-
bestatin (aminomethyl)imidazole
la/Y35 Y NAD" binding
Ia/D36 Y NAD' binding Y Y
Ta/A65 Unknown Unknown Y
Ta/P66 Unknown Unknown
Ta/L67 Unknown Unknown
Ta/A68 Unknown Unknown Y
Ta/A69 Unknown Unknown
NTase/F70 Unknown Unknown Y
NTase/D144 Unknown Unknown
NTase/1145 Unknown Unknown
NTase/T146 Unknown Unknown
NTase/S147 Unknown Unknown Y Y
NTase/N148 Unknown Unknown
NTase/Q209 N Unknown
NTase/L210 Unknown Unknown Y
NTase/D211 Unknown Unknown
NTase/P212 Unknown Unknown




Supplementary Figure S1. Evaluation of the functional significance of potential inhibitor target sites.
Structure of EC-LigA (wire) coloured by domain (Ia, red; NTase, orange; OB-fold, green; Zn finger, blue; HhH,
magenta) (PDB 20WO [6] with the nicked DNA removed). The AMP from the nicked DNA-adenylate (grey,
red and blue spheres) binds in the AMP-binding pocket within SITE 3. A Zn?* ion (purple sphere) is coordinated
by the Zn finger domain. (A) The amino acids forming small molecule accessible sites (spheres, coloured
according to domain location) identified using the MOE site-finder tool (as shown in Figure 2). The sites are
labelled SITE 1 to SITE 4. (B) The amino acids that are considered to be essential for EC-LigA function based
on them resulting in =90% inhibition of ligase activity when mutated [1-5] (Supplementary Table S1).



60 —| —— Geneticin

——— Chlorhexidine

—— Glutathione

——— Imidazolidinyl urea

— 5-Azacytidine

—— Imidazo[1,2-a]pyridine-7-C

—— Bestatin

% 50Top product

—— 2-(Aminomethyl)imidazole

0 T TTTTI T TTTTI T TTTTII] LBLULLLLL LI
0.1 1 10 100 1000 10000
[Compound] in pM

Supplementary Figure S2. Comparison of the inhibitory activity of small molecules targeting EC-LigA.
Fits to the data shown in Figure 4B-E plotted as a semi-log plot. Values for the Hill slope factor (n) are
indicated.
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