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Table S1. Data collection and refinement statistics  

  TDG G·caCF N140A-TDG G·caCF N140A-TDG G·caC 
 (PDB ID: 6U17) (PDB ID: 6U15) (PDB ID: 6U16) 
Data collection     
Space Group C2 C2 C2 
Cell Dimensions    
       a, b, c (Å)              96.9, 52.8, 81.6 93.2, 53.5, 82.5 94.6, 53.2, 81.3 
        β (°) 95.3 95.4 94.8 
Resolution (Å) 40.25-1.55 (1.58-1.55) 43.37-2.40 (2.49-2.40) 81.03-1.60 (1.63-1.60) 
Rpim 0.030   0.162 0.047  
Mean I/σI 9.4 (0.8) 4.0 (0.5) 6.7 (0.8) 
CC1/2 0.999 (0.343) 0.975 (0.214) 0.997 (0.288) 
Completeness (%) 95.5 (86.7) 95.0 (97.3) 97.3 (98.2) 
Redundancy  21.7 (17.3) 5.8 (5.8) 6.2 (6.2) 
Wilson B-factor (Å2) 32.5 51.3 31.9 
    
Refinement    
Program Buster 2.10.3 Buster 2.10.3 Buster 2.10.3 
Resolution (Å) 43.25-1.55 42.13-2.40 42.31-1.6 
No. of reflections 56810 15179 51710 
Rwork/Rfree 0.189/0.224 0.199/0.213 0.186/0.210 
Number of atoms    
     Protein 1520 1479 1533 
     DNA 1123 1123 1123 
     Water 308 91 308 
     Other 34 30 41 
B-factors (Å2)    
     Protein 43.13 56.35 36.30 
     DNA 61.12 78.15 52.01 
     Water 60.65 60.10 52.56 
     Acetate - - 57.95 
Ramachandran Plot    
     Favoured (%) 96.9 94.8 97.9 
     Allowed (%) 3.1 5.2 2.1 
     Outliers (%) 0.0 0.0 0.0 
RMSD from ideal    
     Bond lengths (Å) 0.010 0.010 0.010 
     Bond angles (°) 0.98 1.03 0.98 

 
Values shown in parenthesis are for highest resolution shell. The Ramachandran analysis was performed 

using Molprobity.1 Wilson B-factor estimated by phenix.xtriage. Number of atoms includes all atom 

records explicitly included in the model, including alternate positions. 
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a  N140A-TDG82-308       b   N191A-TDG82-308 

     

 

Figure S1. Single turnover kinetics for TDG82-308 variants acting on a G·caC substrate at 23°C. 
Due to low activity the data were fitted by linear regression. (a) Fitting of data for of N140A-
TDG82-308 gives rate constant of kobs = (6.8 ± 0.7) × 10−6 min−1 with a corresponding reaction half-
life of t1/2 = 70 d. Experiments were collected with 0.5 µM substrate and 1.5 µM enzyme. Given 
the tight binding of N140A-TDG to G·caC DNA (Kd = ~2 nM),2 this provides saturating enzyme 
conditions, such that kobs represents the maximal rate of product formation (kobs ≈ kmax). (b) Data 
fitting for N191A-TDG82-308 gives a rate constant of kobs = (3.7 ± 0.3) × 10−5 min−1 and t1/2 = 12.8 
d. Experiments were collected with 0.5 µM substrate and 1.5 µM enzyme. Given that N191-TDG 
binds tightly to G·caC DNA (Kd = ~10 nM),3 this provides saturating enzyme conditions such that 
kobs ≈ kmax. 
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Figure S2. The N140A mutation does not substantially alter TDG interactions with the caC 

base. (a) Structure of N140A-TDG82-308 bound to DNA with cadC (non-substituted) flipped into 

its active site (PDB ID: 6U16). TDG residues are in tan and cadC DNA is lime. (b) Structure of 

N140A-TDG82-308 bound to DNA with cadCF (2΄-F-cadC) in its active site (PDB ID: 6U15), solved 

at substantially reduced resolution of 2.40 Å. TDG residues are tan and cadCF DNA is yellow. 

For both panels, red spheres are water molecules (some omitted for clarity), and the 2Fo–FC 

electron density map, contoured at 1.0σ, is shown for DNA and water molecules. Dashed lines 

represent hydrogen bonds, with interatomic distances (Å).  

 

  



	 S5	

      

Figure S3. Conformation of the a1-a2 loop for TDG82-308 bound to DNA containing dUF or fdCF. 

(a) Structure TDG82-308 bound to DNA with dUF (2΄-F-dU) flipped into in its active site (PDB ID: 

5HF7). TDG residues are grey and dUF DNA is yellow, and red spheres are water molecules. 

Note that both cis and trans isomers of P155 are observed. (b) Alignment of the structure in 

panel a (TDG-dUF) with that of TDG82-308 bound to DNA containing fdCF (2΄-F-fdC) (PDB ID: 

5T2W), with all elements (TDG, DNA, waters) shown in pink. The cis isomer of P155 is 

exclusively observed for TDG bound to fdCF DNA. Note that, regardless of P155 isomerization 

for TDG bound to dUF DNA, the backbone oxygen of P153 receives a hydrogen bond from a 

water that provides a hydrogen bond to the 5΄-phosphate, which is exactly as observed for TDG 

bound to dfC DNA, but different from the hydrogen bonding involving the corresponding water 

for TDG bound to dcaC DNA (Figure 6, main text). 
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METHODS 

Glycosylase Assays 

Glycosylase activity was determined for TDG82-308 variants acting on DNA containing a G·caC 
pair using single turnover kinetics experiments performed with saturating enzyme conditions.4-5 
Reactions were initiated by adding enzyme to G·caC substrate (0.5 uM) in HEN.1 buffer (0.02 M 
HEPES pH 7.5, 0.1 M NaCl, 0.2 mM EDTA) and were quenched with 50% (v:v) 0.3 M NaOH, 
0.03 M EDTA, and heated (15 m, 85 °C) to quantitatively cleave the DNA backbone at abasic 
sites. The resulting DNA fragments were resolved by UHPLC using a DNAPac PA200 RS ion 
exchange column (Thermo Scientific) under denaturing (pH 12) conditions,6 and peak areas 
were used to determine the fraction product for a given sample. Progress curves (fraction 
product versus time) were fitted by non-linear regression to eq. 1: 

fraction product = A(1 − exp(− kobst))     (1) 

where A is the amplitude, kobs is the rate constant, and t is the reaction time. Because the 
reactions for N140A- and N191A-TDG82-308 were very slow the data were fitted by linear 
regression using time points in the initial linear range of the reaction (fraction product £ 0.1). 
Experiments were performed with saturating enzyme ([E] >> Kd; [E] > [S]) such that the rate 
constant reflects the maximal rate of product formation (kobs ≈ kmax) and is not influenced by 
enzyme-substrate association or by product release or product inhibition 4. TDG binds G·caC 
DNA with a Kd of 0.002 µM 2 and TDG82-308 is expected to bind with about the same affinity,5 and 
the kinetics experiments were performed with a TDG82-308 concentration of 1.5 μM, giving 
saturating enzyme conditions. 

 

X-ray Crystallography 

The structures include multiple conformations and partial oxidation of the C276 side chain, as 
indicated by electron density. By contrast, for our previous high-quality structures of TDG82-308 
bound to other DNA substrates (G·fC, G·U) or abasic DNA, the electron density indicated a 
single conformation and reduced state for Cys276.5,7 However, the C276A mutation does not 
alter TDG82-308 activity for a G·caC substrate (not shown), indicating the multiple C276 
conformations observed in the current structures is not likely relevant to glycosylase activity. 
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