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Materials and Methods

Materials and Measurements. Cisplatin was obtained from Strem Chemicals, Inc. Oxaliplatin was
purchased from LC Laboratories. Phenanthriplatin was synthesized as previously described (1). Oli-
gonucleotides were obtained from Sigma-Aldrich. All other reagents and solvents are commercially
available. High-performance liquid chromatography (HPLC) was carried out on an Aglient 1200 series
instrument. UV-vis spectroscopy was performed using a HP 8453 UV-visible spectrometer. Atomic
absorption spectroscopic measurements were taken on a Perkin Elmer AAnalyst 600 spectrometer.
Distilled water was purified by passage through a Millipore Milli-Q Biocel water purification system
(18.2 MQ) equipped with a 0.22 pm filter. MALDI mass spectrometry was performed at the Koch
Institute (MIT) in negative ion mode with an Applied Biosystems model Voyager DE-STR matrix
assisted laser desorption ionization (MALDI) time-of-flight mass spectrometer. Electrospray ioniza-
tion-MS (ESI-MS) data were obtained on an Agilent Technologies 1100 series liquid chromatog-
raphy/MS instrument. A BioTek Synergy HT multi-detection microplate plate reader was used for MTT

and MTS assays.

Oligonucleotide Purification. Four oligonucleotides were purchased from Sigma-Aldrich: Pt-27 (5'-
d(CCATCTTACCTCTCCTGTACCATCACT)-3’), PPG1 (5-d(CATGCTCACACT)-3), PPG2 (5
d(CATCGTCACACT)-3’), and PPG3 (5-d(CATTCGCACACT)-3’). The bolded letters indicate the po-
sition of subsequent platination. Oligonucleotides were characterized by HPLC and MALDI (Figures
S2 and S3) or ESI-MS. MALDI (margin of error for this method is £ 8D); 27-mer calculated: 8041.3 Da,
found: 8040.773 Da. ESI-MS; PPG1 calculated: 3562.6319 Da, observed: 3564.5 Da; PPG2 calculat-
ed: 3562.6319 Da, observed: 3564.6 Da; PPG3 calculated: 3562.6319 Da, observed: 3564.6 Da.

Synthesis of Phenanthriplatin-Modified Pt-27, Pt-PPG1, Pt-PPG2 and Pt-PPG3. A 1.0 mM aque-
ous solution of phenanthriplatin was combined with 1.2 equiv of silver nitrate in the dark for 5 h to ac-
tivate the platinum compound. After removal of silver chloride by centrifugation, a portion of the su-
pernatant containing phenanthriplatin was allowed to react with 200.0 nmol of 27-mer, 326.7 nmol of
PPG1, 237.1 nmol of PPG2 or 366.8 nmol of PPG3, respectively, in 10 mM NaH2PO,4 buffer (pH 6.3)
in the dark at 37 °C overnight. The platinated Pt-27, Pt-PPG1, Pt-PPG2 and Pt-PPG3 strands were
each purified twice or three times by preparative ion-exchange HPLC on a Dionex DNAPac PA-100
column (9x250 mm). After purification, the solutions of platinated DNA were dialyzed against ddH,O
and lyophilized. The final products were stored in ddH,O at -80 °C. The products were characterized
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by ion exchange HPLC, UV-vis spectroscopy, and atomic absorption spectroscopy. Purified Pt-27
(30.27 nmol, 15.0%), Pt-PPG1 (68.58 nmol, 22.4%), Pt-PPG2 (47.34 nmol, 21.8%) and Pt-PPG3
(69.84 nmol, 20.1%) were obtained. The Pt/DNA ratio was determined by AAS and UV-vis spectros-
copy to be 0.96 + 0.04 for Pt-27, 1.10 + 0.02 for Pt-PPG1, 1.04 £ 0.04 for Pt-PPG2 and 1.08 + 0.06
for Pt-PPG3. The samples were further analyzed by MALDI mass spectrometry in negative mode.
The results are displayed in Figures S2 and S3. Calculated masses for Pt-27, Pt-PPG1, Pt-PPG2 and
Pt-PPG3 are 8449.39 Da, 3973.48 Da, 3973.48 Da and 3973.48 Da. The experimentally found mass-
es were 8448.558 Da, 3973.073 Da, 3974.201 Da and 3973.073 Da, respectively.

Cell Lines and Cell Culture. Normal lung fibroblast MRC5 cells were provided by David E. Root
(Whitehead Institute for Biomedical Research). The XP30RO cell line (also known as GM3617),
which is a SV40 (Simian virus 40)-transformed fibroblast obtained from a patient with XPV (xeroder-
ma pigmentosum variant), was generously offered by Prof. James E. Cleaver at UCSF. GM13154
(XPV, B-Lymphocyte cells) and GM13155 (untransformed XPV fibroblast cells) were purchased from
the Coriell Cell Depositories (Coriell Institute, Camden, NJ). Cells were incubated at 37 °C in 5% CO3
and grown in RPMI (GM13154) or DMEM (MRC5, XP30RO, and GM13155) supplemented with 10%
fetal bovine serum and 1% penicillin/streptomycin. Cells were passed every 3 to 4 days and restarted
from a frozen stock upon reaching passage number 20.

Immunoblotting Analysis Procedure. Cells (10° cells) were scraped into SDS-PAGE loading buffer
(64 mM Tris-HCI (pH6.8), 9.6% glycerol, 2% SDS, 5% B-mercaptoethanol, 0.01% Bromophenol Blue)
and incubated at 95 °C for 10 min. Whole cell lysates were resolved by 4-20% sodium dodecylsulfate
polyacylamide gel electrophoresis (SDS-PAGE; 200 V for 30 min) followed by electro-transfer to a
polyvinylidene difluoride (PVDF) membrane (350 mA for 1 h). Membranes were blocked in 5% (w/v)
non-fat milk in PBST (PBS, 0.1% Tween 20) and incubated with the appropriate primary antibody
(Anti-DNA polymerase n antibody, Abcam). After incubation with horseradish peroxidase-conjugated
secondary antibodies (Goat anti-rabbit), immune complexes were detected with the ECL detection
reagent (BioRad) and analyzed using an Alpha Innotech Chemilmager™ 5500 fitted with a chemilu-

minescence filter.

MTT and MTS Assays. The cytotoxicities of cisplatin, oxaliplatin, and phenanthriplatin were evaluat-
ed by the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) or MTS (3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt) assay.
Solutions of the platinum compounds were freshly prepared in sterile PBS before use and their con-
centrations were quantitated by atomic absorption spectroscopy. For the MTT assay, cells were
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seeded in a 96-well plate (1200 cells per well for XP30RO, and 1800 cells per well for MRC5 and
GM13155) in 100 pL of DMEM and incubated for 24 h. The cells were treated with cisplatin, oxali-
platin, or phenanthriplatin, separately at varying concentrations, for an incubation period of 72 h at
37 °C. The cells were then treated with 20 pL of MTT (5 mg/mL in PBS) and incubated for 4 h. The
medium was removed, 100 uL of DMSO was added to the cells, and the absorbance of the purple
formazan dye was recorded at 570 nm using a BioTek Synergy HT multi-detection microplate plate
reader. For each cell line, three independent experiments were carried out in triplicate. For MTS as-
say, GM13154 cells were seeded in a 96-well plate (50000 cells per well) in 50 yL of RPMI and were
then treated with cisplatin, oxaliplatin, or phenanthriplatin, separately at varying concentrations, for an
incubation period of 72 h at 37 °C. The cells were then treated with 20 uL of MTS/PMS solution, 20:1
= MTS (2 mg/mL in PBS): PMS (phenazine methosulfate, 0.92mg/ml in PBS), and incubated for 4 h
at 37 °C. To measure the amount of soluble formazan produced by cellular reduction of the MTS, the

absorbance at 490 nm was measured.

Small Molecule X-ray Crystallography. Crystals of cis-diammine(phenanthridine)(9-ethylguanine)
trifluoromethanesulfonate, prepared as previously described (2), were grown at room temperature by
slow evaporation of an aqueous solution of the compound. The solution was not allowed to evaporate
completely and the crystals were preserved in the mother liquor. The compound crystallized as well-
faceted colorless blocks. A sample suitable for X-ray diffraction was selected under crossed-
polarizers, mounted on a nylon cryoloop in Paratone oil, and cooled to 100 K under a stream of nitro-
gen. A Bruker APEX CCD X-ray diffractometer controlled by the APEX2 software was used to record
the diffraction of graphite-monochromated Mo Ka radiation (A = 0.71073 A) (3). Although the crystals
were of high quality, the resolution was limited. As described below, this feature most likely arises
from significant disorder of within one of the crystallographically independent molecules in the asym-
metric unit. The data were integrated with SAINT (4) and absorption, Lorentz, and polarization correc-
tions were calculated with SADABS (5). The space group was determined by analyzing the Laue
symmetry and the systematically absent reflections with XPREP (6). The structure was solved using
direct methods and refinement was performed with the SHELX-97 program suite (7, 8). Refinement
was carried out against F? using standard procedures (9). Non-hydrogen atoms within the platinum
complexes were located in difference Fourier maps during refinement. The limited resolution only
permitted anisotropic refinement of the non-carbon atoms. Counter ions and solvent molecules could
not be located in the difference Fourier maps. Hydrogen atoms were not included in the final model.
The rings of the phenanthridine ligands were constrained to hexagonal-planar geometry. No higher
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symmetry or twinning was detected with PLATON (10, 11). Final refinement details are presented in
Table S2. The structure was deposited in the Cambridge Structural Database (CCDC 993359),

Run off polymerization assay. Pol n 1-432aa was cloned, expressed, and purified as described
previously (12). Pol v and Pol ¢ were cloned, expressed, and purified as described previously (13).
Klenow fragment was obtained from New England Biolabs (Pdt# M0210S). Pol k was obtained from
Enzymax (cat# 27).

The template/primer pairs used are shown in Figure 1B and 1C. The reaction mixture con-
tained 0-50nM Polymerase, 25 mM each dNTP, 100 nM 5’ labeled primer and template, 40 mM Tris
pH 7.5, 5 mM MgCl,;, 100 mM KCI, 10 mM dithiothreitol, 0.1mg/ml bovine serum albumin, and 5%
glycerol. Reactions were initiated by addition of ANTP and MgCl,, incubated at 30 °C for 5 min (10
min for Pol ¢), and quenched with an equal volume of formamide, 10 mM NaOH, and xylene cyanol.
After heating at 90 °C for 3 min and rapid cooling on ice, the primers were resolved on 20% poly-
acrylamide (15% for Pol C) gels containing 5.5 M urea, visualized using a Typhoon Trio (GE
Healthcare), quantified using ImageQuantTL (GE Healthcare) software.

Nucleotide preference assay. Nucleotide preference was measured using the template/primer pairs
shown in Figure 1D. The reaction mixture contained 2 nM Pol n, 25 mM dNTP, 5 mM 5’ labeled pri-
mer and template, 40 mM Tris pH 7.5, 5 mM MgCl,, 100 mM KCI, 10 mM dithiothreitol, 0.1 mg/ml bo-
vine serum albumin, and 5% glycerol. Reactions were initiated by addition of dNTP and MgCl,, incu-
bated at room temperature for 5 min, and quenched with an equal volume of formamide, 10 mM
NaOH, and xylene cyanol. After heating at 90 °C for 3 min and rapid cooling on ice the primers were
resolved on 20% polyacrylamide gels containing 5.5 M urea and visualized using a Typhoon Trio (GE
Healthcare), quantified using ImageQuantTL (GE Healthcare) software.

Steady-state kinetic assay. Steady-state kinetic parameters Ky and Kca: were measured using the
template/primer pairs shown in Figure 1D. The reaction mixture contained 2.5 or 5 nM Pol n, 0-60 mM
dNTP, 5 mM 5’ labeled primer and template, 40 mM Tris pH 7.5, 5 mM MgCl;, 100 mM KCI, 10 mM
dithiothreitol, 0.1 mg/ml bovine serum albumin, and 5% glycerol. Reactions were initiated by addition
of dNTP and MgCl,, incubated at room temperature for 5 min, and quenched with an equal volume of
formamide, 10 mM NaOH, and xylene cyanol. After heating at 90 °C for 3 min and rapid cooling on
ice, the primers were resolved on 20% polyacrylamide gels containing 5.5M urea, visualized using a
Typhoon Trio (GE Healthcare), and quantified using ImageQuantTL (GE Healthcare) software. Curve
fitting was performed using Prism 5 (Graphpad) software.
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Macromolecular Crystallization and Data Collection. For crystallization, purified Pol n was mixed
in a 1:1.09 ratio with DNA in 5 mM MgCl, and incubated to form a binary complex. DNA of the se-
quence 5- CATGCTCACACT -3’ (phenanthriplatin damaged G is underlined) and 5’- AGTGTGAG -3’
were used to form the insertion step complex. DNA of sequence 5- CATCGTCACACT -3’ (phenan-
thriplatin damaged G is underlined) and 5’-AGTGTGAG -3’ were used to form the extension step
complex. After threefold dilution to reduce salt concentration to 150 mM KCI, the solution was con-
centrated to 3.5 mg/ml and the correct AINMPNPP was added to form the ternary complex. Crystals
were obtained using the hanging drop method over a reservoir containing 0.1M MES pH 6.0, 15%
(insertions step crystal) or 22% (extension step crystal) PEG 2000MME. After a short soak in 0.1 M
MES pH 6.0, 20% PEG 2000MME, and 20% glycerol for cryoprotection, the crystals were flash frozen
in liquid nitrogen. Diffraction data were collected at 100 K on the 22 BM beam line at the Advanced
Photon Source (APS).

Macromolecular Structural Determination. Diffraction data were processed with HKL2000 and
converted to structure factors by TRUNCATE (14-16). Both data sets were in the P61 space group
and isomorphic with the Pol n structure with undamaged DNA substrate (PDB code 3MR2), which
was used to obtain phases. Models were built in COOT and refined in PHENIX (17, 18). Data collec-
tion and refinement statistics are summarized in supplemental table S1. All structural figures were
rendered in PyMol (19).
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Figure S1. Evidence of two phenanthriplatin-dG conformations in the insertion complex.
A. Insertion complex phenanthriplatin-dG masked by 2F,-F. (blue) and F.-F. (green/red) maps calcu-
lated having omitted the major conformation.

B. Insertion complex phenanthriplatin-dG masked with 2F,-F. (blue) and F-F. (green/red) maps cal-
culated having omitted the minor conformation.
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Figure S2. MALDI mass spectra of purified A) 27 mer and B) Pt-27.
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Figure S3. MALDI mass spectra of purified A) PPG2, B) Pt-PPG1, C) Pt-PPG2, and D) Pt-PPG3.
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Figure S4. Immunoblotting analysis of Pol n expression in XPV cell lines (XP30RO, GM13155, and
GM13154), MRC5, and HelLa cells. Whole cell lysates were resolved by SDS-PAGE and analyzed by
immunoblotting against pol n and B-actin (loading control). Histogram depicts the quotient of the inte-
grated areas of the Pol n and B actin bands for each sample. Inset is the image of the blotted film.
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Figure S5. Fidelity of Pol n, Pol ¢, Pol v, Pol k, and the Klenow fragment bypassing of phenan-

thriplatin-damaged DNA at the insertion step.
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Figure S6. Model of the Klenow fragment in the insertion step of phenanthriplatin bypass. The phe-
nanthriplatin adduct is rotated ~180° from the observed position in the Pol n structures due to lack of
a pocket in the finger domain. An arginine residue had to be moved to a different rotomer position in

order to fit the adduct and is highlighted in red in the surface representation.
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Figure S7. Extension complex structure aligned with undamaged structure (4DL3). The extension
complex is colored by domain and the undamaged structure is semitransparent blue. The shift in DNA
position downstream of the adduct is shown with a straight arrow and the rotation of the little finger

domain is denoted with curved arrow. The finger domain is omitted for clarity.
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Table S1: Macromolecular data collection and refinement statistics

Insertion +1 Extension
PDB code 4Q8E 4Q8F
Data Collection
Space group P6+ P6+
Cell dimensions
a b, c(A) 98.77 98.69
98.77 98.69
82.20 81.81
Wavelength (A) 1.00 1.00
Resolution (A) 30-1.55 30-2.80
Rsym (%)* 7.8 (66.0) 8.9 (55.9)
l/ol* 8.15(2.16) 12.58 (1.78)
Completeness (%)* 99.7 (98.6) 99.6 (97.52)
Redundancy* 3.4 (3.2) 3.5(2.9)
Refinement
Resolution (A) 30-1.55 30-2.80
No. reflections 65924 11236
Rwork/Riree 18.3/22.5 19.6/24.3
No. atoms
Protein/DNA 3464/426 3258/497
dNMPNPP/Mg” 28/2 62/2
Water/Solutes 394/18 39/30
B-factors
Protein/DNA 21.24/23.29 35.47/40.54
dNMPNPP/Mg” 9.64/7.30 25.26/22.82
Water/Solutes 26.80/24.55 26.32/36.82
R.m.s deviations
Bond lengths (A) 0.01 0.003
Bond angles (°) 1.4 0.84

* Highest resolution shell is shown in parenthesis
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Table S2. Small molecule refinement statistics

Formula
Space group
a, A

b, A

c, A

a,°

B °

Y, °

v, A3

Z

T,K

p(Mo Ka), mm’™

0 range, °

total no. of data
no. of unique data
no. of parameters
completeness (%)
R+% (%)

wR2" (%)

GOF°

Ca0H23sNsOPT
P1
13.0839(12)
13.3405(12)
16.8639(16)
98.744(2)
93.9530(10)
93.505(2)
2894.7(5)

4

100(2)

4.869

1.55 to 22.49
35898

7475

611

98.6

4.74

13.76

1.084

"Ri=X||Fo| - [Fel|/ Z|Fol. "WRo= {Z[w(Fo™Fe’) YZIw(Fo") ]} "™
-FEYN(n-p)}

°*GOF= {Z[w(F,
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