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Abstract

The PARP1 (Poly (ADP-ribose) polymerase 1) enzyme is essential for single and double-strand
break repair in humans. Alterations affecting PARP1 activity have severe consequences for
human health and are associated with pathologies like cancer, and metabolic and
neurodegenerative disorders. Here, we have developed a fast and easy procedure for the
expression and purification of PARP1. Biologically active protein was purified to an apparent
purity > 95 %, with only two purification steps. A thermostability analysis revealed that PARP1
possessed improved stability in 50 mM Tris-HCI pH 8.0 (Tm = 44.2 + 0.3 °C), thus this buffer was
used throughout the whole purification procedure. The protein was shown to bind to DNA and
has no inhibitor molecules bound to the active site. Finally, the yield of the purified PARP1
protein is sufficient for both biochemical, biophysical and structural analysis. The new protocol

is more effective and produces similar protein quantities in less time.
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1. Introduction

Poly (ADP-ribose) polymerase 1 (PARP1) belongs to a large protein family with 17 members. The
protein can be found in several cellular compartments and is involved in various cellular
processes [1]. PARP1 is categorized as a nuclear PARP along with two other members of the
family, PARP2 and PARP3 [2]. These three proteins are associated with poly (ADP-ribosyl) (PAR)
post-translational modifications, with PARP1 being the major executer [3]. PARP1 is composed
of a single chain of 1014 amino acids and contains 6 major domains. Homology with other family
members is only observed in the C-terminal domain, where the catalytic domain (CAT) is present
[4]. In structural terms, the protein consists of three zinc finger domains (Zn1, Zn2 and Zn3), a
BRCT domain (BRCA-1 C-terminus fold), the WGR (Tryptophan-Glycine-Arginine) domain and the
CAT domain (comprises the a-helical subdomain (HD) and the ADP-ribosyltransferase fold (ART))
[5,6]. The multiple-domain structure is pivotal for PARP1’s numerous biological functions. The
protein is primarily associated with DNA damage repair pathways (e.g. BER, NER, among others),

but is also involved in events such as transcription, cell cycle regulation and death [4,5].

The role of PARP1 is to detect, bind, and stabilize DNA breaks. DNA repair is then initiated by the
addition of poly (ADP-ribose) (PAR) chains to its own BRCT domain, termed PARylation, leading
to the recruitment of effector proteins and the release of PARP1 from the damaged site [2,6].
The PARylation process is tightly regulated and proves to be of high importance, if not essential,
since PARP1 is capable to both auto- and hetero modify several targets [7]. Deregulation of
PARP1 enzymatic activity is often associated with several pathologies, such as inflammatory

processes, metabolic disorders, neurodegenerative diseases, ageing and cancer [8—10].

Despite years of extensive studies of PARP1, there are still a lot of questions that remain to be
answered regarding its biochemical and biophysical properties, inhibition and structure.
However, it is a challenge to obtain high yields of pure biologically active PARP1 enzyme for
studies at a molecular level. In this work, we have developed a fast and efficient method for
expression and purification of recombinant PARP1, compared to other published work [5,11-
14]. The protocol is easy to reproduce and results in pure, stable, and biologically active
recombinant protein in amounts sufficient for characterization, structural and radiation

experiments.



2. Materials and Methods
2.1. Gene Cloning, Protein Expression and Purification
2.1.1. Gene cloning

The gene encoding for human PARP1 was amplified from the plasmid pCMV-PARP1-3xFlag-WT
which  was a gift from Thomas Muir (Addgene plasmid # 111575;
http://n2t.net/addgene:111575; RRID:Addgene_111575) [15]. The primers used for gene
amplification and cloning are shown in Table 1. Nucleotides encoding an N-terminal 6x-Histag
sequence and a TEV cleavage site were included in the amplified PARP1 gene via the primer
FDRall. 50 pL reactions contained 1x Phusion Buffer HF, 0.2 mM dNTPs, 10 uM forward and
reverse primer, 3% dimethyl sulfoxide and 0.5 U Phusion DNA Polymerase (ThermoFisher). PCR
reactions included a 98 °C initial denaturation step (5 min); 30 cycles of denaturation (98 °C for
30 seconds), annealing (55 °C for 1 min) and extension (72 °C for 2 min). A final extension was
performed at 72 °C for 7 min. PARP1 amplicons were inserted in the pDest14 expression vector
following the Gateway Cloning system (ThermoFisher) recommendations. Vectors selected for
the cloning processes were entry vector pPDONR221 and destination vector pDest14. The correct

clones were verified by sequencing using the Eurofins Genomics services.

Table 1

Primer sequences used for the amplification and cloning of the PARP1 gene.

Name Nucleotide Sequence

FPPARP1 | 5-CATCACCATCACCATCACGAAAACCTGTATTTCCAGGGAGCAATGGCGGAGTCTTCGGATAAG-3’

RPPARP1 | 5-GGGGACCACTTTGTACAAGAAAGCTGGGTCTCACCACAGGGAGGTCTTAAA-3’

FDRall 5 -
GGGGACAAGTTTGTACAAAAAAGCAGGCTTCGAAGGAGATAGAACCATGCATCACCATCACCATCA
c-3

2.1.2. Protein Expression —Small to large scale

Initial small-scale expression tests (10 ml) were performed with seven different Escherichia coli
expression strains. Rosetta™, Rosetta™ 2, Rosetta-gami ™ 2, Rosetta™ plLysS 2, Tuner (DE3),
pLysS star (DE3) and Lemo 21 (DE3) were transformed with pDest14 containing the gene
encoding PARP1. Different growth media (LB Broth (LB), Power Broth (PB) and Auto-induction),



growth temperatures (37 °C and 18 °C) and incubation time (2 hours, 3 hours and overnight)
were tested. Induction of protein expression was performed by addition of 1 mM isopropyl! B-D-
1- thiogalactopyranoside (IPTG). Culture media was supplemented with Ampicilin (200 pg/ml)
and Chloramphenicol (34 pug/ml). Cells were harvested by centrifugation and lysed using 200 pL
lysis buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 5 mM MgCl,, 0.1 mg/ml lysozyme, 1 pg/ml
DNase) and subjected to three cycles of freeze and thaw in liquid nitrogen. Centrifugation
(15000 xg, 10 min, 4 °C) was performed to recover cytoplasmatic fractions (soluble fraction) and
the pellet (insoluble fraction). The pellet was resuspended in 50 pL. 1 % SDS and heated (95 °C,
5 min). Fractions were analysed on 10 % and 12.5% Tris-glycine-SDS-PAGE gel, stained with Blue-
Safe (NZYTech). Protein expression of PARP1 was confirmed by Western blot (Wet-System
BioRad) (protocol depicted in next subsection). The expected molecular mass of PARP1 is 114
kDa. After determination of the best strain for PARP1 expression, a scale-up was performed in

1 L LBmedia.

Recombinant PARP1 expression was performed using an adapted protocol from Langelier et al.,
[16]. 25 ml of LB broth supplemented with Ampicillin (200 pg/ml), Chloramphenicol (34 pg/ml )
and 1 % glucose was inoculated with Rosetta 2 (DE3) E. coli colonies, transformed with the
pDestl4 vector containing the gene encoding full-length PARP1. The culture was grown
overnight at 37 °C and 150 rpm. 10 ml of the overnight culture was used to inoculate 1 L LB
medium with 200 pg/ml Ampicillin, 34 ug/ml Chloramphenicol and grown to an ODggo = 0.65 at
37 °C at 120 rpm. At this point the culture medium was cooled down in a cold chamber for 30
min and supplemented with 0.1 mM ZnSO, solution (100 mM stock). Expression was induced by
addition of 0.2 mM of IPTG and the culture was grown overnight at 18 °C at 120 rpm. Cells were
harvested by centrifugation for 30 minutes at 8000 rpm (Avanti™ J-26 XPI High Performance

Centrifuge, with Beckman Coulter JA-10 fixed-angle rotor), 4 °C and stored at -20 °C.
2.1.3. Protein Purification

Cells were resuspended in 20 ml of lysis buffer (50 mM Tris pH 8.0, 150 mM NaCl, 5 mM MgCl,,
0.1 mg/ml lysozyme, 1 pg/ml DNase and 1 tablet protease inhibitor cocktail Il (Merck
Millipore)). Resuspended cells were lysed by repeated freeze-thaw cycles using liquid nitrogen.
The cell extract was centrifuged at 17000 rpm (Avanti™ J-26 XPl with Beckman Coulter JA-25.50
fixed-angle rotor) for 30 min at 4 °C. The supernatant was injected into a pre-equilibrated 1 mL
Histrap HP™ column (GE Healthcare) in buffer A (50 mM Tris-HCI pH 8.0, 150 mM NacCl, 0.5 mM
TCEP, protease inhibitor cocktail lll). The purification steps utilized an AKTA Explorer system (GE
Healthcare) implementing both isocratic and gradient methods and employing a flow rate of 1

mL/min. A5 % buffer B step was included to remove low affinity contaminants and a gradient
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of 5-100 % buffer B was employed to elute the target protein. Eluted fractions were assessed by
10 and 12.5 % SDS-PAGE and fractions of interest were pooled. Buffer exchange was performed
using a Cytiva HiPrep™ 26/10 Desalting column (Fisher Scientific) and Heparin Buffer A (50 mM
Tris-HCI pH 8.0, 75 mM NaCl, 0.1 mM TCEP, 1mM EDTA), with a flowrate of 3 ml/min. Desalted
fractions were loaded onto a 5 ml HiTrap Heparin HP™ column (GE Healthcare) for removal of
bound DNA. The protein was eluted over a 0-100 % buffer B gradient (50 mM Tris-HCl pH 8.0, 1
M NaCl, 0.1 mM TCEP, 1 mM EDTA) and flowrate of 2 mL/min. Protein fractions eluted were
analysed by SDS-PAGE, pooled, and concentrated to approximately 1 mg/mlin a Amicon® Ultra-
4 (10 kDa MWCO) (Merck), and flash frozen in liquid nitrogen and stored at -80 °C. Protein

concentration determination was performed using the Bradford method.

PARP1 aliquots of 250 puL were injected and analysed in a Superdex 200 10/300GL (GE
Healthcare) in an AKTA Explorer system (GE Healthcare). The elution buffer used was 50 mM
Tris-HCI pH 8.0 and 150 mM NaCl.

2.2. Zinc* lon Quantification — Zincon (2-carboxy-2’-hydroxy-5’-sulfoformazylbenzene) Assay

1.6 mM Zincon monosodium salt (Thermo Scientific) solution was dissolved in 1 ml 1 M NaOH
and diluted in Milli-Q water until the designated final concentration. A stock solution of 51.28
mM borate pH 9.0, 8.2 M urea was prepared for assay incubation and a 40-fold concentrated
work solution of ZnS04.7H,0 (Merck) [17] was used for construction of a standard metal ion
curve. The zinc work solution was prepared from a 100 mM stock. Final concentrations of 0 to
40 pM metal ion and 1 puM of recombinant PARP1 were used in the assay. An initial 10 min
incubation of the protein in 50 mM borate pH 9.0, 8 M urea at room temperature was carried
out to release zinc ions from the protein’s metal cores. The Zincon reagent was used at a final
concentration of 40 uM, and the chelation reaction was left to incubate at room temperature
for 5 min. Absorbance at 628 nm was recorded in the Spark® multimode microplate reader
(Tecan), with a Nunc™ 96-well polystyrene plate (Thermo Scientific). At least three replicas were

done and mean values with standard deviation values are presented.
2.3. PARP1 Auto-modification Activity Assay

PARP1 auto-modification activity reactions were conducted following the protocol described by
Langelier [16]. Activity reactions were all prepared on ice and incubated at room temperature
for 10 min. Reaction solutions used 1 uM protein, 1 pM blunt non-labelled DNA template
(Seq.Fw: 5’-AGTACGGTCATCGCG-3’ and Seq.Rv: 5-CGCGATGACCGTACT-3’), 5 mM beta -
nicotinamide adenine dinucleotide (B-NAD+) and incubation buffer (20 mM Tris-HCI pH 7.5, 50

mM NacCl, 5 mM MgCl,). Auto-modification reactions were stopped by adding SDS-loading buffer



(15.6 mM Tris, 100 mM EDTA, 2.5% glycerol, 0.2 M B-mercaptoethanol, 0.26% SDS, 0.001%
bromophenol blue). Reactions were analysed in 10 % SDS-PAGE gel, stained with BlueSafe
(NZYTech) and images were acquired using the Gel Doc EZ System (BIORAD).

2.4. Wet-system Western-Blot

Protein samples were loaded onto 10 SDS-PAGE gels (1.0 mm, 15-well gel) and run at 180 V. Gels
were wet transferred in 0.45 um nitrocellulose filter paper sandwiches 7 x 8.5 cm (BioRAD)
previously prepared in 1x Transfer Buffer (25 mM Tris-base 192 mM glycine 0.05 % SDS 20 %
methanol). Membranes were blocked for 1h at room temperature in 5 % powdered dry milk
solution (1x TBST). Primary (Mouse monoclonal Anti-6x Histag antibody, Catalog No:
SAB1305538) and secondary (Goat Anti-Mouse IgG antibody, alkaline phosphatase-conjugated,
Catalog No: AP124A) antibodies (Sigma-Aldrich) were diluted (1:6000) in 5 % milk solution and
incubated for 1 h at room temperature with gentle shaking. Washes were performed after each
antibody incubation with 1x TBST with gentle shaking. Detection was performed with membrane

incubation in BCIP®/NBT Liquid Substrate System (Sigma-Aldrich).
2.5. Protein Mass Spectrometry Analysis

Peptide mapping was performed by the UniMS (ITQB/iBET, Oeiras, Portugal) using a nanoLC-MS
and Sciex TripleTOF 6600 mass spectrometer. Mass spectra data was processed with Protein
Pilot Software v. 5.0 (Sciex) for protein identification, and search was done against the SwissProt
protein sequences for E. coli and human PARP1 sequence (P09874 — PARP1_HUMAN). A
confidence cut-off at least of 95% and percentage of amino acids in protein sequence identified

with set cut-off were used for data analysis and peptide identification.
2.6. Nano Differential Scanning Fluorimetry (Nano-DSF)

Real-time monitoring of Intrinsic Tryptophan Fluorescence (ITF) at 330 nm and 350 nm was
performed in a Prometheus NT.48 (NanoTemper Technologies) with an excitation wavelength
of 280 nm. High-sensitivity capillaries were filled with 10 pl PARP1 at a final concentration of 0.2
mg/ml. A buffer screen comprising 50mM Tris-HCl, 50 mM Tricine, 20 mM HEPES and 50 mM
Gly-Gly at pH ranging from 7.0 to 8.0 were assessed. A temperature ramp from 20 to 90 °C at a
rate of 1 °C/min, was employed. Emission intensity ratio (Emssonm/EM330nm), Was plotted as a
function of temperature and first derivatives were calculated using the manufacturer’s software
(PR.ThermControl, version 2.1.2). Three independent measurements were carried out and mean

values are presented.



3. Results and Discussion
3.1. Protein expression tests

Upon achieving positive clones, small scale test expression experiments of PARP1 were carried
out. Several E. coli strains, growth medium (Luria Broth (LB), Power Broth (PB) and auto-
induction) and culture conditions (37 °C 2h-3h and 18 °C overnight) were selected and tested.
The E. coli strains listed in Table 2 were selected based on their unique features and suitability

for expression of recombinant human proteins.

Table 2. Cell lines tested for expression of PARP1, with X indicating no expression, v indicating

expression and — indicating strain not tested).

PARP1
Strains Medium
18 °C 37°C
LB - X
Rosetta™ PB - X
Auto induction - -
LB Vo X
Rosetta™ 2 PB . X
Auto induction X -
LB - X
Rosetta-gami™ 2 PB - X
Auto induction - -
LB - X
Rosetta™ plysS 2 PB - X
Auto induction - -
LB - X
Tuner (DE3) PB - X
Auto induction X -
LB - X
pLysS * (DE3) PB - X
Auto induction X -




LB - X

Lemo 21 PB - X

Auto induction - -

*in specific growth conditions (see subsection 2.1.2, second paragraph)

The expression tests of PARP1 encompassed a total of 21 conditions (Fig. 1 and Supplementary
Fig. 1-4). Among those, Rosetta in LB and PB media presented substantial growth problems, not
even achieving the desired ODggo for expression induction. Also, an attempt to verify if PARP1
could be expressed in a short time interval (2h) in Rosetta 2 with LB medium at 37 °C proved to
be ineffective (Supplementary Fig. 4). Protein expression was induced by the addition of 1 mM

IPTG at an optical density (ODeoo) of 0.65 in all conditions, except for the auto-induction medium.

250 kDa

150 kDa
100 kDa
75 kDa

50 kDa

37kDa

25 kDa

20 kDa

b

Figure 1. PARP1 (114 kDa) expression tests in different cell lines and media conditions. a) SDS-PAGE gel
(10%) of soluble and insoluble fractions of PARP1 protein; b) Western blot results with identification of
PARP1 expression in well 5. M — Precision Plus Protein™ Dual colour standard (BioRad); 1- Tuner Auto-
induction medium (soluble fraction); 2 - Tuner Auto-induction medium (insoluble fraction); 3 — pLysS*
Auto-induction medium (soluble fraction); 4 — pLysS* Auto-induction medium (insoluble fraction); 5 —
Rosetta 2 LB (soluble fraction) (adapted Langelier protocol); 6 - Rosetta 2 LB (insoluble fraction) (adapted
Langelier protocol); 7 — pLysS* LB (soluble fraction); 8 — pLysS* LB (insoluble fraction); PC- positive control
(PARP1 WGR-CAT construct).

Due to the difficulty of obtaining PARP1 expression, a modified protocol from Langlier et al. [16]
was tested following the methodology described in subsection 2.1.2. This protocol incudes the

use of a pre-inoculum supplementation with 1% glucose (v/v) and addition of 0.1 mM ZnSO4to



the main culture. Protein expression was verified, as seen in Fig. 1, with expression induction

being initiated at a lower ODgoo (0.65) than Langelier et al., [16].

Difficulties in the expression of PARP1 may be related to the toxicity due to its enzymatic activity
[6], but also to the complex structure and folding capability of the protein. It is likely that the
addition of zinc into the growth media, allowed for a stabilization of the zinc-finger domain, and
thus the overall stability of the protein structure [16]. It's important to emphasize that contrary
to the Langelier et al., [16] expression protocol, our adapted procedure does not resort to the
use of any type of PARP1 inhibitor (benzamide), thus leaving our recombinant protein close to
its biologically active state. Furthermore, it is important to note that the ability of Rosetta 2 to
express this protein may be linked to its utility in the expression of human recombinant proteins,
having present a chloramphenicol-resistant plasmid that encodes tRNA genes for seven rare

codons in E.coli (AGA, AGG, AUA, CUA, GGA, CCC and CGG) [18].

3.2. PARP1 Purification

After the determination of optimal expression conditions, a large-scale expression was
performed in a 1 L culture, followed by protein purification. The purification protocol involved
the use of a 1 ml Histrap and a 5 ml Heparin column. From the Histrap column, PARP1 was
eluted at ~20% buffer B, and the use of a 5% buffer B step before the gradient removed a large
part of contaminating E. coli proteins, as shown in the chromatogram profile of Fig. 2a and b.
From the analysis of the 254 nm chromatogram profile, PARP1 appears to be bound to DNA (Fig.
2a). Because of this and the knowledge that the Zinc fingers (Zn1-3) [6,19] and WGR domain are

capable of binding nucleic acids [20], we decided to proceed with a Heparin purification step.
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Figure 2. Histrap purification of PARP1. a) Chromatogram of HisTrap purification. A large amount of
contaminating proteins from E. coli were removed with a 5% buffer B step and the protein of interest was
eluted in approximately 20% buffer B. b) SDS-PAGE analysis of Histrap purification. Fractions that were
analysed are identified with their respective fraction number and fractions pooled are selected in a blue

frame. M - Precision Plus Protein™ Dual color standard (BioRad)).

Prior to the Heparin purification, a sample desalting (HiPrep™ 26/10 Desalting) was conducted
to remove imidazole and reduce the salt concentration. Desalted fractions were injected into
the 5 ml Heparin column, and a gradient from 0 to 100 % buffer B (50 mM Tris-HCl pH 8.0, 1 M
NaCl, 0.1 mM TCEP, 1 mM EDTA) was employed to purify PARP1. In Fig. 3 it can be observed that
we were able to remove several contaminants, and that PARP1 presents low to medium affinity
to the Heparin resin, with the elution occurring at approximately 45-50 % buffer B (Fig. 3a). It

should be noticed that the low to medium affinity to the column may be an indication of the
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native affinity of PARP1’s WGR and Zn domains to nucleic acids. Also, a variation in binding
affinity to the column may be explained by differences in protein folding. The WGR domain is a
domain that is conserved among the three nuclear human PARPs (1-3), where it has a central
role in DNA dependent regulation of PARP 2 and 3 repair activity [21]. While PARP1’s DNA
dependent activity solely rely on the Zn1 and 3 domains, PARP2 recruitment to DNA breaks is

orchestrated by the WGR and CAT domain [22].
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Figure 3. Heparin purification of PARP1 for DNA removal. a) Chromatogram for Heparin purification. A
gradient of 0-100 % buffer B was used, and the protein was eluted at 45-50 % buffer B. The fractions
selected and pooled for analysis on SDSPAGE gel are identified in the dark blue frame, b) SDS-PAGE gel
analysis of Heparin purification, M — NZYColour Protein Marker Il (NZYTech); 1- Pooled fractions of PARP1.

Upon finalization of the Heparin purification, selected protein fractions were analysed in a
polyacrylamide gel, results shown in Fig. 3b. This assessment revealed that PARP1 presented a

high degree of purity (> 95 %). Protein yield after Heparin purification was 3.5 £ 0.3 mg.

3.3. Protein Purity Evaluation and Yield

In order to further analyse the purity of PARP1, aliquots of Heparin purified samples were
analysed by gel filtration using a Superdex 200 10/300GL column (24ml column). In Fig. 4a and
b it can be observed that PARP1 is eluted from the column at 12 ml volume and appears in the

chromatogram as a single isolated peak. Thus, we can state that a two-step purification is

sufficient for PARP1 purification.
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Even though pure PARP1 is achieved after heparin purification and can be used in biophysical
and biochemical characterization studies, we would like to emphasize that in the case of protein
structural analysis (e.g. crystallography or cryo-EM) it is advised to proceed with a SEC step to

ensure that any type of aggregates or trace elements from purification/storage buffer are

removed.
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Figure 4. Size exclusion chromatography analysis of PARP1. a) Superdex 200 10/300GL (24 ml column)
analysis of PARP1 with the presence of protein peak of interest at 12 ml elution volume. Peak 2 and 3
appear to be some small trace elements besides protein, that we hypothesise to be some RNA traces. b)
PARP1 peak fractions analysed by SDS-PAGE: M - NZYColour Protein Marker Il (NZYTech); 1 — fraction

eluted at 12 ml; 2 — fraction eluted at 18.6 and 3- fraction eluted at 19.8 ml.

The use of a two-step purification procedure for PARP1 opens new possibilities in decreasing
protein loss, which usually is associated with a multi-step purification process, as well as

reducing protein stability problems due to exposure to environmental temperature variations.

An evaluation of the protein yield along the expression and purification process (Table 3) show
great differences in values. We verified that after expression, the cell mass was approximately 4
g/l and that after the first purification step (Histrap) the protein mass was of 4.1 + 0.3 mg. The
protein yield significantly changed in the final purification step, with PARP1 presenting a total
mass of 3.5 + 0.3 mg. However, the concentration procedure showed to have a great impact on
the complete process, as can be observed from Table 3. The final yield, after protein
concentration was only 0.24 £ 0.02 mg, and translates into a reduction of protein mass of around

90 %, while it before concentration is only 14.6 %.

It’s important to emphasise that the major loss is due to the concentration process. We have

indications that this was caused by the proteins interaction with the membrane from the Amicon
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system. Upon experimenting with different centrifugation systems (Amicon, DiaFlow and
Vivapore) and different membrane materials (cellulose and PES), we verified that the protein
loss was similar or even greater (results not shown) than the values here depicted, using the

Amicon® Ultra-4 (10 kDa MWCO) system.

To our knowledge, the problems with a massive loss of PARP1 during the concentration step has
not been reported previously in the literature. However here we observed this phenomenon
and suggest that care should be taken at this critical step, while attempting to obtain pure
recombinant PARP1 protein. The resort to non-ionic detergents, such as NP40, is a common
alternative in purification procedures and can be taken into consideration if a further increase
in protein yield values is needed. Detergents are used to reduce protein-protein association and
protein loss due to adsorption to surfaces [23]. However, because of detergents interference
with or loss of sensitivity to protein characterization techniques (e.g. MS), protein quantification
methods (e.g. Bradford method) and biochemical assays (e.g. protein-protein/lipid interaction

assays), we did not include it in our purification protocol [23,24].
Table 3

PARP1 large-scale expression and purification yields.

. Heparin
Protein ' Histrap Protein P a1 Yield
Expression Cell Mass Yield Protein Yield Final Yie
(1L) (g) (mg) (me) (mg)
PARP1 4.8+0.3 41+0.3 3.5+0.3 0.24 £0.02

*mean * SD values

Although we identified the concentration step as one of the major critical points in PARP1’s
purification process, the quantification procedure also proved to be complicated. Quantification
using the Nanodrop (absorbance at 280 nm — Axsonm) proved to be inefficient. We consider this
problem to be related to PARP1’s intrinsic low aromatic residue composition (1.3 % tryptophan,
3.2 % tyrosine and 3.0 % phenylalanine), but also to the protein folding. Depending on the three-
dimensional structure of a protein in solution, residues can be more or less exposed to the
surrounding environment, and this will affect the UV light absorption of the aromatic rings in
the 280, 275 and 258 nm wavelengths [25]. Due to this problem, we resorted to the Bradford
method. This method revealed to be a reliable alternative. Nevertheless, several limitations are

associated with this quantification procedure, such as dye interaction or incompatibility to some
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buffers/additives and problems related to proper protein standard selection [24]. In the present

case, we selected bovine serum albumin (BSA) as our standard for protein quantification curves.

In summary, a fast and easy PARP1 purification protocol was developed, requiring a minimum
number of steps to obtain pure protein. The PARP1 protocol required a 2-step purification, and
the protein mass loss was reduced to a minimum. In the literature most laboratories refer to the
Langelier’s 3-step protocol (Histrap, Heparin and SEC) [5,11-14]. A direct comparison of our yield
to the Langelier protocol is difficult since the latter does not give any exact number which we
can compare with [11]. However, they claim that the yield is sufficient for structural and
biophysical studies, which is also true for the outcome of our purification, it should thus be
similar. However, in our case we report the yield from expression in one litre culture, while
Langlier et al. has used 6 litres. Regarding the purity, a comparison of our protein in the SDS-
PAGE gel in Figure 3b in this work and Figure 1 in Langlier et al., 2011 [11] demonstrate that
there are some contaminants in the same size range for both samples. The purity is thus similar

for the two samples.

Thus, following our 2 step protocol, the yield and the purity of PARP1 is comparable to previously
published protocols, however the SEC purification and an additional protein concentration step
can be dismissed, which thus simplifies he purification procedure, and in our case reduced the
loss of protein during an additional purification and protein concentration step. Additionally, we
are using a Tris-HCI buffer pH 8.0 for all the purification steps, which has not been reported
before. This removes the need for an eventual buffer exchange and contributes to a further

simplification of the protocol.

3.4. Western blot and PARP1 MS analysis for target confirmation

A qualitative analysis was performed by SDS-PAGE (Fig. 5a) and WB (to confirm protein target)
(Fig. 5b), followed by MS analysis. In Fig. 5a, it is observed that PARP1 was purified, with a low
amount of contaminant proteins, and that a relatively high purity value (> 95 %) was attained.
However, trace amounts of contaminants between 75 to 100 kDa region are still observed (Fig.

5a).

Western blot assessments, by detection of the 6x Histag tail motifs, unequivocally identified the
protein by band detection in the expected molecular mass region of PARP1 (114 kDa) (Fig. 5b).
It is also important to emphasize that no contaminant was detected by this technique, which is

a good indication of the integrity state of the protein of interest.
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Figure 5. Purified recombinant human PARP1 protein analysis by SDS-PAGE gel (a) and western blot (b). M- NZYColour
Protein Marker Il (NZYTech); 1 — PARP1 (identification of Band1 and 2 analysed by Mass-spectrometry).

To ensure the identity of the expressed and purified PARP1 protein, the 114 kDa band (identified
as Band1l) and the 75 kDa contaminant band (identified as Band2) (Fig. 5a) were analysed by
mass spectrometry (MS). Results retrieved from nanolLC-MS (Supplementary Fig. 5 and
Supplementary Table 1) presented unequivocal identification of Bandl as human PARP1
(Supplementary Table 1) and Band2 as the E.coli protein maltodextrin phosphorylase (P00490
— PHSM_ECOLI) (Supplementary Table 2), an enzymatic protein involved in E.coli carbohydrate

metabolism[26,27]. For both identifications high degree of confidence was considered (> 95 %).
3.5. Protein qualitative confirmation/evaluation (Zincon and activity assays)

AdditionalPARP1 quality assessments were performed to ensure proper enzymatic activity and
were focused on: 1) the determination of protein’s zinc content and 2) PARP1’s auto-
modification activity. These assays make sense since PARP1’s DNA dependent enzymatic activity

solely relies on the zinc fingers (Z1-3), BRCT (BRCA-1 C-terminus fold) and CAT (catalytic)
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domains. From the three, the Zn1-3 domain intervenes in the binding to DNA break loci, the CAT
domain catalyses NAD+ molecules to build poly(ADP- ribose) (PARP) chains (on itself or other
protein targets) and the BRCT is pointed as the auto-modification domain, where PAR chains

addition leads to PARP1 release from the break site [2,5,6,28].

Zinc fingers (ZF) are one of the most abundant motifs in proteins and are involved in the
coordination of zinc atoms by specific amino acid residues (cysteins (C) and histidines (H), but
also in specific cases by aspartate (D) and glutamate (E)) [29]. One of the more conserved
orientations in eukaryotes is the CCHH, a classical BBa-fold, but other non-classical forms have
also been identified, where C and H combinations differ [29,30]. These motifs are of key
importance in molecular functions that require protein-DNA/RNA, protein-protein and protein-
PAR interactions[30]. PARP1’s three ZF domains are oriented by two CCHC and one CCCC in the
Znl, Zn2 and Zn3, respectively. Zn1-2 participate in DNA binding and Zn3 is responsible for

interdomain interactions [31,32].

The Zn?* quantification was performed using the chelating agent Zincon (2-carboxy-2’-hydroxy-
5’-sulfoformazylbenzene) and a zinc ion standard curve was prepared (Supplementary Fig. 6).
Results revealed that the purified protein presented a 1.1 + 0.2 uM concentration of Zn%, which
translates in a 1:1 protein:ion ratio. This value was inferior to what was expected of a three ZF
domain protein (1:3) and could be justified by: 1) the technique’s indirect detection mode, 2)
the dependency on the effectiveness of the Zincon chelator reagent, and 3) an inefficient protein
denaturation with urea. This last problem could be solved by increasing denaturant
concentration and/or addition of guanidine hydrochloride (GdnHCI) [17], that will help to
increase the availability of metalloprotein ions to chelation agents [17,33]. In addition, Bossak
and colleagues [31] have previously presented evidence that point to an incomplete allocation
of Zn?* to PARP1 ZFs, which may explain part of the discrepancy between expected and observed
zinc concentration. The authors verified that Zn?* dissociation constants for Znl and Zn2
significantly differed, with values of 26 + 4 nM and 4 + 1 pM respectively. Zn1 low affinity to Zn#
was suggested as an indication of Znl domain in a “metal-free” state, in the biological
environment [31]. The incomplete Zn? allocation could partially explain the 1:1 protein/metal
ion ratio detected by us, but also incomplete metal ion removal from PARP1l’s metal

coordination core and subsequent reduced chelator interaction can justify the results obtained.

Additionally, we cannot rule out the chelator effect of the EDTA present in the purification buffer
that could have some impact in the metal ion content of the protein. However, by the Zincon
assay we were able to verify that the EDTA chelation effect wasn’t complete, since zincions were

detected. This event could be due to the protein folding state and/or to protein-protein
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interactions, that could prevent complete metal ion depletion or slow-down metal ion
dissociation, stabilizing the metal cores. This was previously reported with Ca%*-binding proteins

[34].

An auto-modification activity assay, following Langelier’s protocol [16], was employed to
confirm PARP1’s DNA binding capability and DNA dependent enzymatic activity. PARP1 is
incubated in a 1:1 ratio with a DNA template and upon addition of the NAD+ cofactor the
formation of PAR chains (PARylation) onto itself is triggered. The post-translational modification
serves as a mean for PARP1’s release from DNA molecule and recruitment of repair effectors
[28]. PARylation contributes to PARP1’s size/weight increase, which can be visualized in an SDS-
PAGE gel by a shift in the protein band to higher weight values. In Fig. 6, a shift is observed on
PARP1’s band localization to a higher molecular mass region, when compared to the negative
control (CN). It is verified that the protein activity is triggered within seconds, and that the
intensity of the unmodified protein band (114 kDa) decreases with time, while the intensity of
the modified protein band is sharpened. A smear pattern is observed in the concentration gel
portion at the 10-minute reaction time point, which serves as indication that further protein size

increase occurs.

M CN 05 1 2 4 10

120 kDa

85 kDa

50 kDa

Figure 6. PARP1 auto-modification activity assay with analysis of different reaction time points. M-

Protein marker Ill (VWR); CN — negative control; X’ — reaction time (minutes).

PARP1’s qualitative analysis revealed that the purified protein is fully active and that interaction
with DNA occurs even at a low Zn?*: protein ratio. Differences between expected and observed
Zn?*: protein ratio may be related to incomplete metal ion allocation, incomplete metal ion

removal from PARP1’s metal coordination core in the Zincon assay and partial EDTA chelation
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effect. However, the detected Zn?* content proved to be sufficient for DNA binding and

subsequently to trigger PARP1’s DNA dependent auto-modification activity.

3.6. Buffer thermostability assessment

Thermostability analysis was performed by means of intrinsic fluorescence emission
spectrometry (Nano-DSF). Four different buffers (Tris-HCI, HEPES, Tricine and Gly-Gly) at three
different pH (7.0, 7.5 and 8.0) conditions were assessed (Supplementary Fig. 7). Results
indicated that stabilization was attained in all buffers, by the observation of a single peak
denaturation profile (Fig. 7 and Supplementary Fig. 7 a-c). The highest melting temperature
(Tm) was verified at pH 8.0, with values ranging from 43 to 44 degrees (Table 4). An overall
increase in Tm is verified with the increase in the ionic strength of the buffer. Tris-HCI (50 mM)
at pH 8.0 presented the highest Tm value (44.2 + 0.3 °C), when compared to remaining buffers.
Tm differences between Tris-HCl and other buffers, at pH 8.0, present statistical significance (p
< 0.05), except with Tricine (Supplementary Table 3). Tm variation in Tricine vs. Gly-Gly and
HEPES vs. Tricine/Gly-Gly at pH 8.0, did not present statistical significance (p = 0.05). In terms of
biological significance (> 3 °C) this is only verified in Tris-HC| buffer when pH 7.0 and pH 7.5/8.0

are compared, which in turn also presents statistical significance (p < 0.05).
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Figure 7. PARP1 buffer stabilization assessment by Nano-DSF. PARP1 stabilization curve (1% derivative

330/350 nm ratio) with buffer 50 mM Tris-HCI pH 8.0.

18



Table 4

PARP1 determined melting temperatures for assessed buffers and pH values.

PARP1"
50 mM 20 mM 50 mM 50 mM
Tris-HCI HEPES Tricine Gly-Gly
pH7.0 39.3+0.2 39.3+0.1 N/A 39.8+0.1
pH 7.5 43.0+0.3 41.9+0.1 N/A 42.0+0.2

pH 8.0 442 +0.3 43.7+0.2 44.2 +0.5 43.3+0.4

*mean +SD value

In sum, protein stabilization was achieved for PARP1, however additional work can also be
carried out in further improving protein thermostability. This may be devised and supported by
the buffer and pH conditions that rendered the best results (50 mM Tris-HCl pH 8.0) in this work.
Salt and additives are good options for these further assessments. Specific stabilization

conditions can be expected, and “tailor-made” buffers are required for optimal stabilization.

4, Conclusions

A user-friendly optimized protocol for expression, and purification of PARP1 was developed and
analysed. Purification with high purity yields was achieved by means of a two-step protocol.
However, elevated levels of protein loss were observed along the complete process, with the

concentration procedure being the major limiting factor.

The purification protocol was optimized with as few steps as possible, making the complete
purification process simpler. With this protocol there is only a need for two main purification
steps (Histrap and Heparin) (Fig. 8). The SEC purification, that is associated with great protein
loss, was abolished. Moreover, our protocol was optimized to reduce the number of protein
concentration cycles (Fig. 8), thus decreasing the protein loss. The present work demonstrates
that it is possible to purify PARP1 to an apparent purity of > 95% following a 2-step protocol. The
SEC purification can be dismissed, and concentration cycles decreased to a minimum. Thus,

making the reported protocol a fast and easy stepwise procedure to obtain pure and biologically
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active protein. The protein sample obtained is close to its biological active human state and is
thus suitable for biochemical and biophysical characterization studies. However, in case of
structural studies (e.g. crystallography and cryo-EM) we advise that a SEC purification should be
done to ensure removal of possible aggregates and/or buffer trace elements, but it should be

kept in mind that the protein yield will be lower.

Langelier’s
g

pH 8 pH7 3-step pH8
Comparative — _ Pm—
Purification Histrap »| Heparin | —¢  Concentration >—» SEC | Concentration » » | Storage
Work Flows 1st 2nd S 3rd ~ -80°C
pH 8 pH 8 Author’s 2-step

Figure 8. Purification workflow. A schematic comparison of the 3-step (Langelier et al. [16]) and 2-step

(Author’s present work) PARP1 purification protocols.

Additionally, a positive identification and confirmation of PARP1 purification was conducted by

MS and WB.

A qualitative analysis performed on PARP1 samples demonstrated its DNA-binding aptitude and
enzymatic capability. Even though the Zn?* content revealed a possible incomplete metal bound
state for the zinc finger domains, previously reported evidence corroborates a possible Zn1l

domain “metal free-state”.

Thermostability assessments by Nano-DSF allowed to determine the best buffer and pH
conditions for protein purification and storage. PARP1 stabilization was achieved with 50 mM
Tris-HCI pH 8.0, with an observation of a single unfolding peak and determination of Tm = 44.2

+0.3 °C.
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