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METHODS

Solid phase synthesis of LdG modified oligodeoxynucleotides. All the LdG modified
DNA sequences were synthesized on 1 pumol scale using CPG solid support in a MerMade4
DNA synthesizer." The concentration used for the LdG modified phosphoramidite solution was
0.1 M and the coupling time used was 6 min. The activator 5-(ethylthio)-/H-tetrazole (ETT) was
used for the coupling step. Deprotection of the LdG modified oligodeoxynucleotides was carried
out in four different steps. Initially, the deprotection of cyanoethyl groups was carried out using
10% diethylamine in ACN (800 pL, v/v) for 5 min. Supernatant layer was collected and solid
support was washed with ACN (2 x 400 pL). The CPG beads were air dried and treated with 1
M DBU in ACN (1 mL, v/v) for 1 h at room temperature to remove p-nitrophenylethyl group.’
The supernatant was removed and the CPG beads were washed with dry MeOH (2 x 1 mL) and
dry ACN (3 x 1 mL). Further, the CPG was treated with 30% aq. NH, (1 mL, v/v) for 3 h for the
cleavage of the solid support. Supernatant layer was collected separately and the CPG beads
were washed with water (2 x 100 pL) and the combined aqueous layer was evaporated on a
speedvac apparatus. To remove the base protecting groups, crude DNA was resuspended in 30%
aq. NH; (1 mL, v/v) and heated at 55 °C for 16 h. Further, the NH; layer was evaporated on
speedvac to obtain the DNA pellet and finally, the crude oligodeoxynucleotides were dissolved
in water (100 pL). Crude DNAs were purified by using 20% (7 M urea) denaturing PAGE (30
W, 3 h) with 1 X TBE running buffer (89 mM each Tris and boric acid and 2 mM EDTA, pH ~
8.3). The gel thickness was 1 mm, and gel dimension was 20 x 30 cm. The desired oligomer
bands were visualized and marked under the UV lamp (260 nm). Further, the gel bands were cut
and crushed into fine particles. The crushed gels were placed in a falcon tube and the oligomers
were then extracted from the gel three times with 15 mL of TEN buffer (10 mM Tris, 1 mM
EDTA, 300 mM NaCl, pH ~ 8.0) at 37 °C. Finally desalting of oligomers was carried out using
C18 Sep-Pak column. Sep-Pak column was washed with 50% ACN in water (v/v), 5 mL of water
and 5 mL of TEN buffer. After this, DNA samples were loaded onto the column followed by
washing with water (5 mL) and TEN buffer (5 mL). Finally, DNA was eluted with 50% ACN in
water (4 mL, v/v) and evaporated on a speedvac apparatus. The DNA pellet was dissolved in
water and the concentration was measured at 260 nm in UV-Vis spectrophotometer using

appropriate molar extinction coefficients (¢). The molar extinction coefficients were determined
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employing the oligo analyzer from IDT (http://biophysics.idtdna.com/UVSpectrum.html). The
integrity of all the modified DNAs was confirmed by using MALDI-TOF spectrometry (Table
S1).
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TABLES

Table S1. DNA oligodeoxynucleotides used in this study.

MW MW

Experiment Sequences (5'-3")
P 1 (calc.) (found)

Svnthetic LdG-containing oligodeoxynucleotides

primer-extension assays TCCTACCGTGCCTACCTGAACAGCTGGTCA 15547 15547
CACTG*ATGCCTACGAGTACG

(D1)
LC-MS (D2) AGCTGGTCACACTG*AAGCGTTAGCCATTA 9183 9183
crystallization; insertion ~ ATGG*CTGATCCGCGCGGATCAG 7058 7057
(D3)
crystallization; extension =~ CTATG*TCGATCCGCGGATCGAC 6993 6994
(D4)

DNA oligodeoxynucleotides obtained commercially

primer-extension assays CGTACTCGTAGGCAT  (15-mer oligomer)
CGTACTCGTAGGCATC (16-mer oligomer)
LC-MS TAATGGCTAACGCUT

LdG-modified DNAs were characterized using MALDI-TOF positive reflectron or linear
mode (calculated and found). G* denotes LdG.
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Table S2. Steady-state kinetic parameters for single-nucleotide incorporations opposite the LdG
lesion or unmodified dG catalyzed by pol %, pol 1, pol v, or Rev1l. Assays were performed at 37
°C with 80-100 nM 15/50-mer primer-template DNA (unmodified or adducted), 0.5-20 nM DNA
polymerase, varying concentrations of dNTP, 4 % (v/v) glycerol, 5 mM DTT, 50 mM NaCl, 5
mM MgCl,, and 100 ug mL"' bovine serum albumin (BSA) in 50 mM Tris-HCI pH 7 4. Correct

base pairs are in italic. Results are shown as the mean + standard error of data from four

experiments.
Polymerase Template:dNTP pair k., (min™) Konaxte (MM) koK anrp (min™ pM™) fP
pol % dG:C 261 20+0.1 13+0.8
dG:T 19+0.1 470 £ 20 3.6+02)x10? 2.7 x 10*
dG:A 026 +0.03 32+13 (8.1+34)x107 6.2x10*
dG:G 048 +0.13 1700 + 600 28+12)x10* 2.1x%x103
LdG:C 75+2.1 56+12 13+05
LdG:T 0.16 £0.03 180 + 10 89+18)x10* 7.0x10*
LdG:A 0.025 + 0.004 55+ 14 45+14)x10* 3.5x%x 10"
LdG:G 0.022 +0.007 170 + 40 (13+0.5)x 10* 1.0x 10*
poln dG:C 17+3 0.72 +0.07 24+48
dG:T 69+18 78 +18 (8.8+3.1)x 107 3.7 %103
dG:A 27+0.1 38+ 16 (7.1 £3.0) x 10 3.0x 103
dG:G 62+1.0 49 +7 (13+£03)x 107! 53 %107
LdG:C 12+0.1 107 (12+£09)x 107!
LdG:T 23+03 100 + 8 (23+04)x 107 1.9 x 10"
LdG:A 25+0.7 290 + 30 (8.6+2.6)x 107 7.2 %107
LdG:G 0.95 +0.07 53+ 17 (1.8+0.3)x 107 1.5x%x 10"
polt dG:C 0.59+0.16 3.6+0.5 (1.6 +£0.5)x 107!
dG:T 1.8+03 260 + 30 (69 +14)x 10° 43 %107
dG:A 0.021 £0.001 97 +27 (22 +0.6) x 10* 14x10°
dG:G 0.022 +0.001 120 £ 20 (1.8+0.3)x 10* 1.1x10?
LdG:C 0.045 +0.002 20+2 (23+03)x 107
LdG:T 0.20+001 45+ 4 (44+05)%x107° 1.9
LdG:A 0.0030 + 0.001 33+4 (9.1+32)x107° 3.9 x 102
LdG:G 0.010 £ 0.003 110 £ 40 (9.1 £+4.3)x 103 3.9 x 102
Revl dG:C 0.064 +£0.001  0.065 =+ 0.002 (9.8+0.3) x 10"
dG:T 0.028 + 0.002 8.0+1.0 (3.5+0.5) x 107 3.6 %107
dG:A 0.0072 + 0.001 48 +29 (1.5+0.9) x 10 1.5x10™
dG:G 0.11+0.01 100 £ 6 (1.1+0.1) x 107 1.1x103
LdG:C 0.0078 = 0.0001 0.033 + 0.004 (2.4 +0.3) % 10
LdG:T 0.024 + 0.002 3.7+0.7 (6.5+1.3)x 107 2.7 %107
LdG:A 0.017 +0.001 19+2 89+1.1)x10* 3.7 %107
LdG:G 0.065 + 0.001 21+4 (3.1+0.6)x 107 1.3x107
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! MiSinSCrtion frequenc)’f = (kcat/Km,dNTP)incorrect/(kcat/Km,dNTP)Correct'
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Table S3. Steady-state kinetic parameters for single-nucleotide incorporations opposite the 5'-

neighboring dT of LdG (or unmodified dG) in a 16/50-mer DNA. Assay conditions were similar
to those described in Supporting Information Table S2. Correct base pairs are in italic. Results
are shown as the mean + standard error of data from four experiments.

Polymerase Template:dNTP pair k.. (min™) Kpnaxte (MM) koo Koy anrp (min™ pM™) fP
pol % 3'-G—dT:A 72 +20 3620 20+ 12
dT:C 15+0.1 129 + 30 (12+0.3)x 107 6.0 x 10™
dT:T 0.65+0.10 280 + 50 (23+05)%x10° 12x10*
dT:G 0.51+0.13 85+7 (60+1.6)x10? 3.0 x 10*
3"-LdG—dT:dA 16+9 46+12 35+£22
dT:C 0.34 +£0.02 150 = 12 23+02)x 1073 6.5x10*
dT:T 027 +0.03 620 + 130 (44+10)x10* 13x10*
dT:G 27+08 160 + 40 (1.7+0.7) x 10 49x%x10°
polm 3'-G—dT:A 74+1 32+09 23+0.7
dT:C 0.38 £0.09 160 + 20 24+0.6)x 1073 1.0 x 107
dT:T 21+02 500 + 110 (42+10)x10? 1.8 x10?
dT:G 091 +0.11 28+5 (32 +0.7) x 107 14 %107
3"-LdG—dT:dA 0.071 £0.023 0.18 £0.09 3.6+2.1)x 10"
dT:C 0.025 +0.004 210 + 80 (12+05)x 10* 33x10°
dT:T 0.18 +£0.01 193 +38 93+19)x10* 25x%x 103
dT:G 0.017 £0.007 9.1+50 (19+13)x 103 52x%x103
polt 3'-G—dT:A 0.23+0.01 49+09 (4.7+09)x 102
dT:C 57+1.7 2900 + 900 20+09)x 10? 42 x 107
dT:T 0.76 +£0.07 180 + 40 (42+10)x10? 8.9 x 102
dT:G 049 +0.11 22+7 (22 +0.9) x 107 47 % 107!
3"-LdG—dT:dA 0.081 +0.001 47+04 (17+02)x 102
dT:C 0.0023 + 0.0002 160 = 50 (14+05)x 107 8.2x 10"
dT:T 0.13+0.01 270 + 10 (4.8+04)x10* 2.8 x 107
dT:G 0.038 +0.013 78+33 (49+03)x107° 2.9 x 107!

a .. . _
MlSlnserSIOH frequency f_ (kcat/Km,dNTP)incorrect/(kcat/Km,dNTP)correct'
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Table S4. Root-mean-square deviations (RMSDs) of ternary pol » complexes.

Structure | LDGI | LDGE | 5Tl4 4U7C° | 2002 | 2W7P° | 3INS°
(space group) | (P22.2) | (P222) | (P2.2.2) | 2220 | (€222 | (222) | (Cc222)
DG 0040 | 02900347 [ 032031 | 031/034 | 1160097 | 085082 | 106/0.85
: 033/029 | 032/031 | 031/033 | 1.16/097 | 0.85/0.82 | 1.06/0.85
026/031 | 036/041 | 1.12/095 | 0.89/085 | 1.03/0.84
LDG-E 0268 | (40/028 | 038036 | 1.10/097 | 0.88/0.81 | 0.97/0.83
14 0 | 0420042 [ 116115 | 0900090 | 101/1.05
: 041/046 | 0.94/0.97 | 0.87/0.83 | 0.84/0.85
1.18/1.17 | 085/0.85 | 1.15/1.10
4U7C 018 1 0.98/1.00 | 0.80/0.79 | 0.85/0.86
1.01/130 | 048/07
20H2 0721 0.89/1.14 | 0.81/0.48
0.97/07
ZW7P 085 1 1 16/1.00
3IN5 0.67

*RMSD values along the diagonal line are the rmsds between the two complexes (A and B) in
the same structure. Each crystal structure has two complexes (A and B) in an asymmetric unit.

® RMSD values off the diagonal line are for the superposition of proteins over 423 Ca atoms in
pair-wise comparisons among two (A and B) independent complexes (AB vs A'B’) in different
ternary complex structures. The order of the rmsd values: AA’/AB’/BA’/BB’; A and B are from
one structure, and A’ and B’ are from another.
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FIGURES

Figure S1. MALDI spectrum of D1, 5'-TCCTACCGTGCCTACCTGAACAGCTGGTCACACTG*ATG
CCTACGAGTACG-3' Calculated mass, [M+H]* 15547; Observed mass, [M+H]" 15547
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Figure S2. MALDI Spectrum of D2, 5'-AGCTGGTCACACTG*AAGCGTTAGCCATTA-3'
Calc. mass, [M+H]*9183; Obs. mass, [M+H] 9183
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Figure S3. MALDI spectrum of D3, 5'-ATGG* CTGATCCGCGCGGATCAG-3' Calc. mass, [M+H]"
7058; Obs. mass, [M+H]" 7057

5000 —
7057

4000
S 3000 -
&
2> 4
]
c
S 2000
£

1000

0 h
! ! | ! I ! ! ! !
5000 6000 7000 8000 9000
Mass (m/z)

S12



Figure S4. MALDI Spectrum of D4, 5'-CTATG* TCGATCCGCGGATCGAC-3’ Calc. mass,
[M+H]" 6993; Obs. mass, [M+H]" 6994
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Figure S5. LC-MS analysis of pol %-catalyzed primer-extension reaction with a dG-containing
DNA substrate. (A) Extracted ion chromatograms of the cleaved primer (m/z 672.1, [M-6H']*), a
13-mer oligomer product (m/z 674, [M-6H*]*), and a 12-mer oligomer primer-extension product
(m/z 620, [M-6H']%). (B), (C), and (D) are LC-MS/MS collision-induced dissociation mass
spectra for precursor ions 672.1, 674.7, and 620.0, respectively. The observed product ions that
match the theoretical fragmented ions are labeled. Reaction conditions are described in the
Experimental section.
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Figure S6. LC-MS analysis of pol n-catalyzed primer-extension reaction with an LdG-
containing DNA substrate. (A) Extracted ion chromatograms of the cleaved primer (m/z 672.1,
[M-6H*]%), a 13-mer oligomer product (m/z 674, [M-6H*]*), and a 12-mer oligomer primer-
extension product (m/z 620, [M-6H']*). (B), (C), and (D) are LC-MS/MS collision-induced
dissociation mass spectra for precursor ions 672.1, 674.7, and 620.0, respectively. The observed
product ions that match the theoretical fragmented ions are labeled. Reaction conditions are
described in the Experimental section.
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