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Abstract

Single-stranded DNA-binding proteins (SSBs) are required for all known DNA metabolic

events such as DNA replication, recombination and repair. While a wealth of structural

and functional data is available on the essential human SSB, hSSB1 (NABP2/OBFC2B),

the close homolog hSSB2 (NABP1/OBFC2A) remains relatively uncharacterized. Both

SSBs possess a well-structured OB (oligonucleotide/oligosaccharide-binding) domain

that is able to recognize single-stranded DNA (ssDNA) followed by a flexible carboxyl-

tail implicated in the interactionwith other proteins. Despite the high sequence similarity

of the OB domain, several recent studies have revealed distinct functional differences

between hSSB1 and hSSB2. In this study, we show that hSSB2 is able to recognize cyclo-

butane pyrimidine dimers (CPD) that form in cellular DNA as a consequence of UV

damage. Using a combination of biolayer interferometry and NMR, we determine

the molecular details of the binding of the OB domain of hSSB2 to CPD-containing

ssDNA, confirming the role of four key aromatic residues in hSSB2 (W59, Y78,

W82, and Y89) that are also conserved in hSSB1. Our structural data thus demon-

strate that ssDNA recognition by the OB fold of hSSB2 is highly similar to hSSB1,

indicating that one SSB may be able to replace the other in any initial ssDNA bind-

ing event. However, any subsequent recruitment of other repair proteins most

likely depends on the divergent carboxyl-tail and as such is likely to be different

between hSSB1 and hSSB2.
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1 | INTRODUCTION

Single-stranded DNA binding proteins (SSBs) are essential in humans

as they protect temporarily exposed single-stranded DNA that exists

as a consequence of all known DNA metabolic events including

DNA replication, recombination, and repair.1 SSB proteins typically

recognize single-stranded DNA (ssDNA) via a highly conserved

oligonucleotide-binding (OB) domain that is made up of a five-stranded

bent antiparallel β-sheet that form a closed β-barrel. SSBs also possess

additional structured or unstructured regions that are important in

protein-protein interactions modulating downstream processing of

DNA. In addition to the main SSB that exists in humans, RPA, we
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have over the last decade characterized two more important SSBs,

hSSB1 (NABP2/OBFC2B/SOSSB1) and hSSB2 (NABP1/OBFC2A/

SOSSB2),1-16 both of which possess a single ssDNA binding OB

domain.

Although only very few differences exist between the sequences

of the OB domains of the two SSBs, several studies have revealed dis-

tinct roles of hSSB2 in contrast to hSSB1. For example, in the thymus

of mice, mSSB2 but not mSSB1 has been implicated in the regulation

of the ROR (retinoid-related orphan receptor) gene, a gene that plays

a significant role in many physiological processes.17 Similarly, higher

expression levels of mSSB2 compared to mSSB1 have been observed

in the testis, spleen, and thymus, potentially indicating a specific role

of mSSB2 in repair and recombination in these tissues.18 Another

study also revealed significant functional differences between mSSB1

and mSSB2 involvement in skeletogenesis.19 One possible explanation

for these observed differences is the significantly different sequence

of the flexible carboxyl-tail that is not involved in the interaction with

ssDNA but is able to recruit other proteins, possibly by being distinc-

tively post-translationally modified.16 However, the existence of small

but potentially significant molecular differences in the binding of the

SSBs to ssDNA cannot be excluded as no detailed structural data on

the OB domain of hSSB2 are available to date.

In this work, we show that hSSB2 is able to recognize cyclobutane

pyrimidine dimers (CPD) that form in the DNA as a consequence of

UV damage. Using our published NMR data on the OB domain of

hSSB2 and a combination of biolayer interferometry (BLI) and NMR

titration experiments, we have calculated a structural model revealing

hSSB2 OB binding to CPD-containing ssDNA. These data provide for

the first time the molecular details of how hSSB2 recognizes damaged

DNA and also demonstrate the structural similarities between hSSB1

and hSSB2.

2 | MATERIAL AND METHODS

2.1 | Cell culture and cell transfection

HeLa cells were cultured in RPMI (Gibco, ThermoFisher Scientific)

complemented with 10% FBS (Gibco, ThermoFisher Scientific), kept in

a humidified atmosphere at 37 �C and 5% CO2. HeLa cells were trans-

fected with control stealth siRNA vs stealth siRNA against (full-length)

hSSB2 (Invitrogen, Life Technologies, HSS148948). Individual siRNA

sequences were 50-GAAUAGUAAUAUGGGUACAGGUACA-30 (sense)

and 50-UGUACCUGUACCCAUAUUACUAUUC-30 (antisense). siRNAs

were transfected using RNAiMax (Life Technologies) in OptiMEM

(Gibco, ThermoFisher Scientific).

2.2 | Clonogenic assay

Forty-eight hours after transfection with control and hSSB2 siRNAs,

200 cells were plated in six well plates. Cells were irradiated 6 hours

after plating with an UVC source (UVC transilluminator). Dosimetry

was carried out in house. After 12 days incubation, cells were washed

with PBS before staining with crystal violet (0.01%) and 20% ethanol

solution for 10 minutes at room temperature. After washing wells

with water, colonies (>50 cells) were counted and reported to

untreated samples with UVC to determine the cell surviving fraction

in percent.

2.3 | Immunofluorescence

Transfected cells with control and hSSB2 siRNA were radiated with

5 J/m2 UVC and immediately after exposure fixed with PFA 4% in

PBS for 20 minutes at room temperature. After two washes of PBS,

fixed cells were incubated 10 minutes on ice with 0.2% Triton X-100

in PBS (Triton buffer) and blocked in PBS with 3% BSA for 1 hour. For

CPD staining, an extra step for DNA denaturation was added with

1 M HCl for 5 minutes and then washed three times with PBS. Cells

were incubated with the primary (Thymidine dimer antibody, Sigma)

and secondary antibody (mouse Alexa 488, Invitrogen) for 1 hour each

at room temperature, followed by a 5 minutes incubation with DAPI,

and washed with PBS. The coverslips were mounted on a slide with

Prolong Gold (ibidi). Images were acquired with a DeltaVision system

(GE Healthcare) and analyzed with Fuji software (>50 cells per

experiment).

2.4 | Protein expression and purification

An Escherichia coli codon-optimized construct of hSSB2 OB (1-125)

and corresponding mutants (GeneArt) were directionally cloned into a

pGEX6p vector (with an N-terminal GST expression tag) using BamHI

and EcoRI restriction sites. Protein expression of this construct was

achieved in BL21(DE3) E. coli cells and induced with 0.2 mM IPTG at

20 �C for 16 hours in a biofermentor for 15N labeled proteins (using
15N NH4Cl as nitrogen source) and in flasks for unlabelled proteins.

The harvested cells were lysed via sonication in lysis buffer for NMR

(10 mM MES, pH 6.0, 50 mM NaCl, 3 mM TCEP, 0.5 mM PMSF, 0.1%

Triton X-100) or BLI (10 mM Phosphate, pH 6.9, 50 mM NaCl, 3 mM

DTT, 0.5 mM PMSF, 0.1% Triton X-100). The soluble fraction

extracted using centrifugation was purified via GSH affinity chroma-

tography, followed by HRV-3C protease cleavage at two times 1-hour

intervals and then overnight at 4�C (leaving five additional residues

GPLGS, on the N-terminus of the OB construct). The cleaved protein

was loaded onto a HiTrap HP Heparin (GE) column equilibrated with

either NMR buffer (10 mM MES, pH 6.0, 50 mM NaCl, 3 mM TCEP)

or BLI buffer (10 mM Phosphate, pH 6.9, 50 mM NaCl, 3 mM DTT).

A 500-mL linear gradient consisting of 50-1000 mM NaCl in NMR or

BLI buffer was used to elute hSSB21-125 protein and mutants. After

exchange into either NMR or BLI buffer and a subsequent concentrat-

ing step (using 3 K cut-off), SDS-PAGE was utilized to confirm protein

purity. The concentration of all proteins was determined using the

theoretical extinction coefficient and the absorbance value at 280 nm.

2.5 | Biolayer interferometry

The BLI steady-state analysis was performed using a set of 7-8

hSSB21-125 concentrations ranging from 0.78 μM to 50 μM. Proteins
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were bound to a 50 biotinylated ssDNA oligonucleotide (50-AAATT

[CPD]TT-30) in triplicate (CPD represents the cyclobutane pyrimidine

dimer; HPLC purified; purchased from TriLink Biotechnologies), using

the BLItz biosensor system (ForteBio). Streptavidin biosensors (ForteBio)

were equilibrated in a buffer containing 10 mM HEPES and 100 mM

NaCl (pH 7) for 24 hours prior to use. For each individual binding curve,

an initial baseline was carried out (30 seconds), followed by the binding

of the oligonucleotide to the biosensor until saturation (60 seconds).

Two further baselines (30 seconds each) were carried out to transition

from the initial buffer to the BLI buffer. Each construct (in BLI buffer)

was allowed 120 seconds to reach an equilibrium state, followed by a

60 seconds dissociation step in BLI buffer. Average BLI equilibrium

values were taken from the sensorgrams, plotted against the respective

protein concentrations and fitted using the Hill Equation (1:1 stoichiome-

try, steady-state model) in Origin 9.1 (Microcal).

2.6 | NMR spectroscopy and data processing

NMR experiments were performed using approximately 0.1-0.5 mM

hSSB21-125 in NMR buffer containing 10% D2O. Proton chemical shifts

were referenced to 4,4-dimethyl-4-silapentanesulfonic acid (DSS) at

0 ppm. NMR spectra were recorded on either an 800 MHz or 600 MHz

spectrometer (Bruker Avance III) equipped with 5-mm TCI cryoprobes at

298 K and all proton and nitrogen resonanceswere taken fromour previ-

ously published study20 (BMRB database accession number 27184). The

chemical shifts of ssDNA-bound 15N hSSB21-125 were unambiguously

identified by gradual additions of 0.2, 0.4, 0.6, 0.8, and 1 equimolar vol-

umes of an ssDNA oligowith the sequence 50-TT(CPD)TT-30 (HPLC puri-

fied; purchased from TriLink Biotechnologies). The data collected were

processed using Topspin (Bruker Biospin) and assignments were ana-

lyzed using Sparky (Goddard and Kneller, University of California at San

Francisco).

2.7 | Structure calculation and HADDOCK modeling

A model of the protein structure of hSSB2 (residue 6-113 containing

the OB domain) was calculated using the program CS-ROSETTA21,22

using the published protein resonances from the BMRB database

(BMRB database accession number 27184). The best 10 structural

models, together with an ssDNA oligo containing a CPD constructed in

silico using the structure of the ssDNA within the complex structure of

hSSB1-6T as a template14 were used as input for HADDOCK23,24

(using a local installation of HADDOCK2.2). Based on our BLI and NMR

data, the same ambiguous interaction restraints (AIRs) used for the

calculation of the hSSB1-6T structure (base-stacking between the four

key aromatics W59, Y78, W82, and Y89 and the corresponding ssDNA

bases) were utilized as inputs in three separate runs, where the position

of the CPD was varied relative to the aromatic residues (run 1: CPD

between Y78 and W59, run 2: CPD between W59 and Y89 and run 3:

CPD between Y89 and W82). No models could be obtained in runs

1 and 2, however, 250 structural models calculated in run 3 were ana-

lyzed based on their structural similarity to the hSSB1-6T complex.14

The best 10 structural models were subject to a further semi-flexible

refinement in HADDOCK, using AIRs incorporating both the key aro-

matic as well as residues that exhibit significant chemical shifts in the

NMR experiments. For both calculations, hSSB2 protein residues

18-20, 33-43, 56-63, 75-96 were defined as semi-flexible based on our

BLI and NMR data and all bases of the ssDNA were defined as semi-

flexible and flexible. Additional restraints to maintain base planarity

between the four aromatic residues (W59, Y78, W82, and Y89) and the

ssDNA bases were used in the calculations in accordance with our ear-

lier study on hSSB1.14 The 10 conformers with the lowest HADDOCK

score (out of a total of 250 poses) were analyzed and visualized using

PyMol (Schrödinger, NY). The structural coordinates of the lowest-

energy hSSB1-ssDNA-CPD model were deposited into the Figshare

F IGURE 1 hSSB2 is required
in the response to UV-triggered
DNA damage. A, Clonogenic
assays revealing that the absence
of hSSB2 (red curve) leads to
decreased survival rates of cells
treated with increasing doses of
UV C radiation. B. Representative
images of HeLa cells probed for
CPD (green) immediately after UV
C irradiation; DAPI staining is
shown in blue. Note that hSBB2
depletion significantly affects
cyclobutane pyrimidine dimers
(CPD) clearance in cells exposed
to UV radiation [Color figure can
be viewed at
wileyonlinelibrary.com]
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data repository (DOI: 10.6084/m9.figshare.8156621) as the RCSB PDB

database does not currently accept molecular models.

3 | RESULTS

3.1 | hSSB2 is important for cell survival and CPD
clearance in cells exposed to DNA damage by UV
radiation

While hSSB2 has been shown to be involved in the repair of double-

strand breaks (DSBs),25 its role in the response to DNA damage

triggered by UV radiation is not known. To address this, we initially

carried out clonogenic assays in HeLa cells where we knocked down

hSSB2 using siRNA and tested cell survival rates after UV radiation

(Figure 1A). Notably, distinctively more cells die in the absence of

hSSB2 at increasing doses of UV radiation, strongly indicating that

hSSB2 plays an important role in the repair of UV-damaged DNA.

UV radiation is associated with the formations of cyclobutane

pyrimidine dimers (CPD) resulting in a distortion of the double-

stranded DNA molecule, opening up the two ssDNA strands and cre-

ating a “bubble” in the oligonucleotide sequence at the site of the

CPD.26 Thus, to determine the role of hSSB2 in the processing of

these DNA damage products, we examined the CPD damage distribu-

tion and clearance in hSSB2-depleted cells (Figure 1B). As seen in the

figure, the number of CPDs not removed by repair is significantly

higher (147% ± 16%) when hSSB2 is knocked down compared to the

control (100%) immediately after UV exposure. These data reveal that

hSSB2 is involved very early in this DNA repair process and might be

required for clearance of these lesions that form as a consequence of

UV radiation. Given the ability of hSSB2 to recognize ssDNA,10 it is

very likely that the protein is also capable of directly binding to the

CPDs, potentially initializing the repair process.

To determine in more detail the involvement of hSSB2 in these

DNA repair processes, we have carried out a more comprehensive

functional study (Boucher et al, 2019, manuscript submitted for

F IGURE 2 The four key aromatic
residues (W59, Y78, W82, and Y89) that
are conserved in hSSB1 are critical for
hSSB2 binding to CPD-containing ssDNA.
A-E, Average steady-state equilibrium BLI
values from n = 3-4 independent TT(CPD)
TT oligo binding experiments of wild-type
hSSB21-125 and mutants (as indicated) are
shown and fitted to a 1:1 binding model
(Hill equation). F, Summary of dissociation
constants of all mutants and wild-type
hSSB21-125 binding to CPD-containing
ssDNA
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publication). We confirmed that hSSB2 is involved very early in the

repair of UV-induced DNA damage by promoting the recruitment of

RPA and that the protein is capable of recognizing very short stretches

of ssDNA that are formed within a DNA duplex at CPD-damaged sites.

However, the exact underlying molecular mechanism of CPD recogni-

tion remains unclear and is the subject of the present study.

3.2 | The key ssDNA binding aromatics are
conserved between hSSB1 and hSSB2

We have already established earlier that hSSB2 is capable of binding

to short oligonucleotide sequences20,27; to first analyze in detail bind-

ing to CPD, we carried out BLI experiments using a 6T ssDNA oligo

containing a CPD in the center [TT(CPD)TT] and a hSSB2 construct

encompassing the entire OB domain (hSSB21-125) (Figure 2A). The BLI

data was fitted to a 1:1 binding model as the ssDNA binding footprint

of the closely related human SSB, hSSB1, is 5 to 6 14 and revealed a

dissociation constant of approximately 0.6 μMwhich is slightly smaller

than the one determined for hSSB1 (Figure 2F). We have also recently

determined the structural basis of ssDNA binding to hSSB1.14 Using

NMR and BLI approaches we have identified four key aromatic

residues (W55, Y74, F78, and Y85) in hSSB1 that are essential for the

recognition of ssDNA. To test whether the conserved aromatic resi-

dues in hSSB2 (W59, Y78, W82, and Y89; refer to Figure 1 in our ear-

lier study14) might play a similar role in the binding of CPD-containing

ssDNA, we made a series of point mutants within the hSSB21-125

construct where we replaced each aromatic residue by alanine and

carried out BLI experiments to test for ssDNA binding (Figure 2B-E)

F IGURE 3 NMR analysis of hSSB21-125 OB domain in complex with CPD-containing ssDNA revealing close similarities to hSSB1. Sections of
15N-HSQC spectrum of hSSB21-125 construct in the absence (black) and presence (1:1 mixture, light gray) of TT(CPD)TT oligo, respectively.
Assignments and directions of movement are indicated. B, Weighted backbone chemical shift changes of HN and N atoms for hSSB21-125 upon
binding to CPD-containing ssDNA. Residues exhibiting changes larger than the average are colored in red. The ssDNA (oligo-6T) binding profile of
hSSB11-123 (taken from Ref. 14) is shown as a comparison [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 4 The structural model of the OB domain of hSSB2 is highly similar to hSSB1. A, The 10 hSSB2 OB-fold structural models with the
best HADDOCK score (residues 6-113) as calculated by CS-ROSETTA using the available chemical shift resonances20 (BMRB database accession
number 27184) as input are shown. Note that the average RMSD over all atoms of the OB domain is 3.0 Å. B, Structural overlay of the hSSB2
OB-fold model with the fourth-best HADDOCK score onto hSSB131 (taken from the PDB database ID 4OWX) demonstrating the high structural
similarity displayed between hSSB2 and hSSB1 (RMSD 1.1 Å). Note that the position of the aromatic residues (stick representation) is conserved.
The orientation of the hSSB2 structure is the same as in A [Color figure can be viewed at wileyonlinelibrary.com]
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using the CPD-containing ssDNA oligo. Comparison of the dissociation

constants of all hSSB21-125 constructs revealed that all mutant

hSSB21-125 proteins exhibit significantly weaker binding compared to

the wild-type protein (Figure 2F). These data strongly indicate that all

four aromatic residues are involved in the same base-stacking mecha-

nism that is central to the hSSB1-ssDNA interaction.14

3.3 | Structural properties of hSSB2 ssDNA binding
are identical to hSSB1

Next, to determine the molecular details of CPD-ssDNA binding, we

recorded HSQC NMR experiments of hSSB21-125 in the absence and

presence of the TT(CPD)TT oligo, respectively (Figure 3A). Calculation

of weighted chemical shift changes28 for hSSB2 upon binding to the

ssDNA using the backbone assignments determined earlier20 revealed

a set of key binding residues (colored in red in Figure 3B). Notably,

the chemical shift profile of hSSB21-125 binding to TT(CPD)TT is highly

similar to that of hSSB11-123 binding to 6T (Figure 3B)14 further con-

firming that the structural details of ssDNA recognition are conserved

between hSSB1 and hSSB2.

3.4 | hSSB2 structural models based on chemical
shift data are similar to hSSB1

In an attempt to determine the NMR-based structure of CPD-containing

ssDNA-bound hSSB2we initially recorded 3D 13C and 15N-NOESYs and

filtered NOESY experiments at different temperatures. However, in

analogy to hSSB1,14 the insufficient quality of these spectra due to inter-

mediate exchange phenomena prevented us from obtaining any inter-

molecular NOEs in order to calculate any structures. To circumvent

these issues, CS-ROSETTA21,22 in combination with our deposited

chemical shifts (BMRB database accession number 27184)20 were uti-

lized to determine a structural model of the OB domain of hSSB2

(Figure 4). The best 10 model structures from the CS ROSETTA calcula-

tions are shown in Figure 4A and overlay with an RMSD of 3.0 Å over

the OB domain (residues 6-113). Comparison of the crystal structure of

hSSB1 (PDB 4OWX) with the most similar hSSB2 structural model

reveals an RMSD of 1.1 Å (Figure 4B), demonstrating the high degree of

structural similarity between the OB domains of hSSB1 and hSSB2.

In addition, the positions of the key aromatic residues (W59, Y78, W82,

and Y89 in hSSB2 vs W55, Y74, F78, and Y85 in hSSB1) are well con-

served (Figure 4B). Taken together with the data from the mutational

analysis (Figure 2) and theNMRexperiments (Figure 3), this strongly indi-

cates that the base-stacking mechanism of these four aromatic residues

that drives the hSSB1-ssDNA interaction is preserved in hSSB2.

F IGURE 5 Schematic showing the relative position of all aromatic
residues that are involved in base-stacking in relation to their
corresponding ssDNA bases in all known hSSB1, hSSB2 and
Sulfolobus solfataricus SSB (SsoSSB) crystal and NMR structures and
structural models. The structural data was taken from the PDB
database (PDB IDs 2MNA, 4OWX, and 5D8F) and the Figshare data
repository (doi: 10.6084/m9.figshare.3422788). Note that due to the
relative distances to the ssDNA bases, W82 and Y89 are the only

aromatic residues that are capable of base-stacking with the CPD
(shown in red) [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 6 The hSSB2-OB-CPD-ssDNA complex solution model. A, Overlay of family of 10 hSSB2-OB-CPD-ssDNA HADDOCK complex
structural models with the lowest total HADDOCK score in cartoon representation. B, Cartoon (hSSB2) and stick (CPD-ssDNA) representation of
the complex structural model with the lowest HADDOCK score (deposited into the Figshare data repository DOI: 10.6084/m9.
figshare.8156621). The four aromatic residues (W59, Y78, W82, and Y89) that intercalate with the ssDNA and the CPD are indicated. The
orientation of the hSSB2 model is the same as in A
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3.5 | A structural model of CPD-ssDNA recognition
by hSSB2

In order to gain more insight into the structural details of CPD recog-

nition by hSSB2 we next calculated a model of the hSSB2-CPD-

ssDNA complex using the program HADDOCK version 2.2 23,24 and

our CS-ROSETTA-based hSSB2 OB-fold structural model (Figure 4).

To achieve this, based on the high structural similarities between

hSSB1 and hSSB2, we utilized a similar set of restraints that was used

for hSSB114 taking into account the conserved base-stacking mecha-

nism between the four key aromatics (W59, Y78, W82, and Y89) and

the corresponding ssDNA bases. In these calculations, the relative

position of the CPD with respect to the aromatic residues was varied

within the ssDNA sequence, however, models could only be obtained

with the oligo where the CPD is located between the aromatic resi-

dues W82 and Y89 (Figure 5). This is perhaps not surprising given the

position of all the other hSSB2 key aromatic residues relative to the

corresponding ssDNA bases which are conserved in all determined

hSSB1 and Sulfolobus solfataricus (SsoSSB) SSBs structures (Figure 5).

As can be seen in the figure, W82 and Y89 are the only aromatic resi-

dues that stack with the ssDNA in such a way that enables the two

corresponding thymines to form a connected dimer (CPD).

The 10 structural models with the best HADDOCK scores are

shown in Figure 6A (RMSD 0.5 Å). The two thymines are part of the

CPD base-stack with W82 and Y89, respectively, as mentioned above

(Figure 6B). While all thymines that form Π/ Π-stacking are well-struc-

tured, the remaining thymine bases are disordered and do not exhibit

any interactions with the ssDNA. These data confirm that—in analogy

to hSSB1—four thymines including the ones that form the CPD are

required to recognize the ssDNA [minimal binding sequence: TT(CPD)].

The HADDOCK calculations also revealed three hSSB2 OB-fold resi-

dues (T34, T87, and R92) that were involved in hydrogen bonds with

different ssDNA bases in at least five of the 10 best structural models.

Interestingly, two of these three (T34 and R92) have also been shown

to be important for ssDNA recognition in the hSSB1-ssDNA complex

(corresponding to hSSB1 residues T30 and R88).

4 | DISCUSSION AND CONCLUSIONS

Our structural model provides insight into how the OB domain of the

previously relatively uncharacterised protein hSSB2, a close homolog of

the better known hSSB1, binds cyclobutane pyrimidine dimers (CPDs)

that form as a result of UV radiation. Given the ability of hSSB2 to also

recognize unmodified ssDNA with a similar affinity27,29 it is highly likely

that protein molecules are bound to both the CPD and the exposed

ssDNA (opposite the CPD) within the distorted double-stranded DNA

in the initial stages of DNA repair.

The hSSB2-CPD complex structural model reveals essentially the

same binding mechanism that hSSB1 utilizes to bind ssDNA, indicating

that hSSB1 may also be able to recognize CPDs. However, recognition

of the CPD takes place very early in the DNA repair process and is

followed by the recruitment of a set of other important proteins.30 As

the interaction of both hSSB1 and hSSB2 with other proteins is also

modulated by the flexible carboxyl-terminus that does not display any

similarity between the two SSBs, it is likely that hSSB1 is not able to

fully replace hSSB2 in this DNA repair process. Indeed, our latest func-

tional study (Boucher et al, 2019, manuscript submitted for publication)

revealed important differences between hSSB1 and hSSB2 in the con-

text of UV-triggered DNA repair.

In light of our structural data revealing the high degree of similar-

ity between ssDNA binding of hSSB1 and hSSB2 it is now also clear

that any functional differences observed between the SSBs, particu-

larly in mice (mouse analogues mSSB1 and mSSB2)17-19 must be due

to their divergent carboxy-tails.

In our recentwork on hSSB1 binding to ssDNA, we have commented

on the differences seen between the published crystal structure of the

OB domain of hSSB1 bound to ssDNA31 and our NMR-based solution

model.14 Interestingly, in contrast to the published crystal structure (PDB

ID 4OWX), a recently deposited crystal structure (PDB ID 5D8F) reveals

base-stacking of Y74 (Y78 in hSSB2) in good agreement with both our

hSSB1 and hSSB2 structural model, respectively (Figure 5). However,

neither crystal structure shows an involvement of Y85 (Y89 in hSSB2) in

ssDNA binding, which differs from our NMR-derived structural models.

Despite these differences, the positions of the stacking aromatic resi-

dues relative to the ssDNAbases are conserved in all knownNMR-based

structures (Figure 5). As a consequence, the only possible location of the

CPDwithin the ssDNA in the hSSB2-CPD-ssDNAmodel is between the

two aromaticsW82 and Y89 (Figure 5).

In summary, we have revealed the molecular details of hSSB2

binding to CPD-containing ssDNA that forms as a result of UV radia-

tion in cells. Our structural data confirm the role that four key aro-

matic residues (W59, Y78, W82, and Y89) play in the binding and also

demonstrate a high degree of structural similarity between ssDNA

recognition of hSSB1 and hSSB2.
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