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Supporting Information

Protein and Peptide Preparation. Recombinant proteins (P14 and P15) were preceded by a 6x His tag and 
were expressed and purified as previously described.1 The P14i1 and P14i3 peptides were obtained from 
GenScript. 

P14i2 Peptide Synthesis and Purification. The P14i2 peptide was prepared on a 0.1 mmol scale on a CEM 
Liberty Blue peptide synthesizer using the Fmoc/Ot-Bu protecting scheme as previously described.2 Crude 
peptides were purified to >95% by reverse-phase high-performance liquid chromatography (RP-HPLC) on a 
Hitachi Chromaster 5000 instrument equipped with a semi-preparative AAPPTec Spirit C18 column (5 mM, 
10.0 mm x 25 cm) using a linear gradient of 10%-60% methanol (solvent B) in 0.1% aqueous TFA (solvent A) 
at a flow rate of 3 mL/min. Peaks eluted were detected by absorbance at 220 nm. All data were visualized with 
EZChrom software (Agilent). Purified peptides were lyophilized to afford white powders. The molar masses of 
purified peptides were confirmed by electrospray mass spectrometry in positive ion mode using a Thermo LCQ 
Fleet mass spectrometer (ThermoFisher).

ADP-Ribosylation Assay Clean-up. Protein desalting was performed via buffer exchange with 490 µL of 
0.1% TFA, thrice, targeting a final retentate volume of ≤ 5 µL. Desalted samples were immediately mixed in a 
1:1 ratio with a matrix solution consisting of 5 mg mL-1 Super-DHB (Sigma-Aldrich), 5 mg mL-1 α-CHCA, 50% 
acetonitrile, and 0.05% TFA and stored on ice. For the Western blot controls, 2 µL of the reaction mixture was 
mixed with 2 µL of 2x sample buffer and substrate labeling was detected via immunoblot using the pan-ADP-
ribose detection reagent MABE1016 (Millipore) and quantified using ImageLab v5.2 (Bio-Rad) and compared 
against the total substrate load as determined using Ponceau S stain. Peptide samples were desalted using 
ZORBAX SB-C18 peptide cleanup pipette tips (Agilent). Desalted peptide samples were immediately mixed in 
a 1:1 ratio with a matrix solution consisting of 10 mg mL-1 α-CHCA (Sigma-Aldrich), 50% acetonitrile, and 
0.05% TFA and stored on ice. 

TLC-MALDI Preparation and Optimization. Based on previous reports,3 we tested CHCA, DHB, and sinapic 
acid (SA) either alone or in combination as initial thin-layers. In each case – with both peptides and proteins – 
we observed higher intensities and better resolution in our spectra when CHCA was used alone (data not 
shown). 1 µL of the desalted sample mix in matrix solution was deposited on the α-CHCA layer and left to dry 
to completion. Calibrations were performed using either the ProteoMass Peptide or ProteoMass Protein 
calibration kits (Sigma-Aldrich) per the manufacturer’s instructions. MALDI-TOF experiments were performed 
using a MALDI-8020 instrument (Shimadzu).

MS Acquisition Parameters and Data Analysis. For collection of peptide spectra the mass range was set to 
1500 – 4000 Da. 50 laser shots were fired for each profile at a frequency of 50 Hz and 2500 total shots were 
collected per sample. Post-acquisition baseline subtraction and smoothing was performed using MALDI 
Solutions (Shimadzu) with the following parameters: baseline filter width set to 10, Gaussian smoothing with a 
smoothing width of 10. For collection of protein spectra the mass range was set to 30000 – 50000 Da. 100 
laser shots were fired for each profile at a frequency of 50 Hz and 2500 total shots were collected per sample. 
Pulse extraction was used for both P14 and P15 at 29043 and 26455 Da, respectively (2/3rds of the largest 
observed mass). Post-acquisition baseline subtraction and smoothing was performed with the following 
parameters for protein samples: baseline filter width set to 450, Savitsky-Golay smoothing with a smoothing 
width of 150. Following data acquisition, spectral intensities were min-max normalized between 0.0 and 1.0 in 
Origin 2020 (OriginLab) prior to import in Fityk.4 Peak fitting was performed in Fityk using the automated peak-
picking algorithm with standard Gaussian distributions. For each experiment, the half-width, half-max values for 
each ADPr-modified peak were equalized. The center of each peak was recorded and spectra were rejected if 
any observed mass differed from the predicted mass by more than 1%. The peak fits were integrated to 
determine the area under the curve and the resulting values were utilized to calculate the relative levels of 
ADP-ribosylation. Student’s t-tests were performed with a two-tailed distribution to determine significance for 
any observed differences between experimental conditions in Excel (Microsoft).
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Identification of Solvent Exposed D/E Residues. Crystal structures of the PARP15 catalytic domain (3BLJ)5, 
the yeast SUMO1 domain (3QHT)6, and the AlphaFold prediction of PARP147 were analyzed for solvent 
accessible surface areas using the GETAREA plugin.8 Residues that had a ratio of side-chain surface area 
that was greater than 50% as compared to random coil surface area were considered outward facing residues.
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Figure S1. Choice of quenching agent does not impact non-enzymatic ADP-ribose removal. P14 was 
incubated in the presence of 100 µM NAD+ and subjected to TLC-MALDI using the listed quenching agents. 
The bar graph depicts the fraction of the total protein that has been modified at 0 or 1 distinct sites (mean ± 
S.E.M., n = 3). N.S. represents no statistical difference, two-tailed Student’s t test.

Figure S2.  Sequence alignment of the P14 and P15 constructs. The acidic residues E and D are highlighted 
in blue. Residues that were identified as solvent exposed are highlighted in red.

Figure S3. P14 and P15 activity is unaffected by the presence of P14i1. (a) P14 was subjected to auto-
modification in the presence and absence of P14i1 and the blot was first imaged using a Ponceau S stain to 
detect total protein (bottom image) and then immunoblotted with MAB1016 to detect substrate ADPr (top 
image). (b) P15 was treated as in (a).
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Figure S4. In vitro HA ADPr removal assay. (a) Auto-modified P14 was subjected to HA treatment and the 
resulting blot was first imaged using a Ponceau S stain to detect total protein (bottom image) and then 
immunoblotted with MAB1016 to detect substrate ADPr (top image). (b) Auto-modified P15 was treated as in 
(a). Closed circles represent the addition of either HA or NAD+.


