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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Presynaptic phase of homologous DNA pairing and strand exchange ↗

Stable identifier: R-HSA-5693616

Compartments: nucleoplasm

The presynaptic phase of homologous DNA pairing and strand exchange during homologous recombination repair 
(HRR) begins with the displacement of RPA from ssDNA (Thompson and Limoli 2003) by the joint action of 
RAD51 and BRCA2. CHEK1-mediated phosphorylation of RAD51 and BRCA2 (Sorensen et al. 2005, Bahassi et al. 
2008) is needed for BRCA2-mediated nucleation of RAD51 on 3'-ssDNA overhangs, RPA displacement and 
formation of RAD51 nucleofilaments (Yang et al. 2005, Jensen et al. 2010, Liu et al. 2010, Thorslund et al. 2010). 
Invasive RAD51 nucleofilaments are stabilized by the BCDX2 complex composed of RAD51B, RAD51C, RAD51D 
and XRCC2 (Masson et al. 2001, Chun et al. 2013, Amunugama et al. 2013).
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CHEK1 phosphorylates RAD51 ↗

Location: Presynaptic phase of homologous DNA pairing and strand exchange

Stable identifier: R-HSA-5685230

Type: transition

Compartments: nucleoplasm

Activated CHEK1 phosphorylates RAD51 on threonine residue T309, which is necessary for RAD51 association 
with chromatin (Sorensen et al. 2005).

Followed by: RAD51 binds BRCA2 at resected DNA DSBs
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BRCA2 binds SEM1 (DSS1) ↗

Location: Presynaptic phase of homologous DNA pairing and strand exchange

Stable identifier: R-HSA-9763137

Type: binding

Compartments: cytosol

DSS1 is a critical and positive effector of BRCA2 function (Gudmundsdottir et al. 2004), which binds through the 
BRCA2 helical domain, OB1 and OB2 folds (Marston et al. 1999, Yang et al. 2002). Defective binding of DSS1 
leads to reduced homologous recombination repair (HRR) activity of BRCA2 mutant constructs in mice (K2630A 
and K2630D) (Siaud et al. 2011). BRCA2 D2723H mutation is cancer-predisposing and leads to cytoplasmic 
mislocalization of BRCA2 due to wrongly exposed nuclear export signals as a consequence of defective DSS1 
binding (Jeyasekhran et al. 2013). DSS1 controls the oligomeric state of BRCA2 and stabilizes the monomeric form 
of BRCA2 (Le et al. 2020). Defective DSS1 binding leads to intracellular oligomerization and cytosolic 
mislocalization (Le et al. 2020, Lee et al. 2021, reviewed in Le et al. 2021).

Followed by: BRCA2 translocates to the nucleus
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BRCA2 translocates to the nucleus ↗

Location: Presynaptic phase of homologous DNA pairing and strand exchange

Stable identifier: R-HSA-9709273

Type: omitted

Compartments: nucleoplasm, cytosol

BRCA2 possesses two functional nuclear localization signals (NLSs) in its C-terminal region. NLS1 has been 
mapped to amino acid residues 3263-3269, while NLS2 has been mapped to residues 3381-3385 (Spain et al. 1999, 
Yano et al. 2000). A third putative NLS maps to residues 3311-3317, however it was shown to be nonfunctional 
(Spain et al. 1999, Yano et al. 2000). NLS1 is essential for localization of BRCA2 to the nucleus, while NLS2 is not 
essential. 
 
Binding of BRCA2 to SEM1 (DSS1) is needed for the translocation of BRCA2 to the nucleus and nuclear retention. 
SEM1 prevents BRCA2 oligomerization, which leads to cytosolic retention (Lee et al. 2021). Binding of SEM1 to 
BRCA2 masks the nuclear export signal of BRCA2, resulting in nuclear retention of BRCA2 (Jeyasekharan et al. 
2013).

Preceded by: BRCA2 binds SEM1 (DSS1)

Followed by: CHEK1 phosphorylates BRCA2
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CHEK1 phosphorylates BRCA2 ↗

Location: Presynaptic phase of homologous DNA pairing and strand exchange

Stable identifier: R-HSA-5685242

Type: transition

Compartments: nucleoplasm

CHEK1 phosphorylates BRCA2 on threonine residue T3887, in the C-terminal region of BRCA2. CHEK1-mediated 
BRCA2 phosphorylation, as well as CHEK1 mediated RAD51 phosphorylation, promotes the association of BRCA2 
with RAD51 (Bahassi et al. 2008).

Preceded by: BRCA2 translocates to the nucleus

Followed by: RAD51 binds BRCA2 at resected DNA DSBs

Literature references
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RAD51 binds BRCA2 at resected DNA DSBs ↗

Location: Presynaptic phase of homologous DNA pairing and strand exchange

Stable identifier: R-HSA-5693561

Type: binding

Compartments: nucleoplasm

BRCA2 and RAD51 interact directly through the highly conserved BRC repeats in BRCA2 (Venkitaraman 2002). 
CHEK1-mediated phosphorylation of BRCA2 (at threonine residue T3387) and RAD51 (at threonine residue T309) 
modulates their binding (Sorensen et al. 2005, Bahassi et al. 2008). One BRCA2 can bind up to six RAD51 
molecules, thus playing an important role in RAD51 nucleation at the dsDNA-ssDNA junction created by resection 
of DNA double-strand breaks (DSBs) (Liu et al. 2010, Thorslund et al. 2010, Jensen et al. 2010). After the 
nucleation step, additional RAD51 molecules bind the ssDNA and multimerize, forming RAD51 nucleoprotein 
filaments (Yang et al. 2005). BRCA2-mediated RAD51 loading displaces the RPA complex from 3' overhanging 
ssDNA at DSBs (Liu et al. 2010, Jensen et al. 2010), possibly with other RPA-bound proteins, such as ATR:ATRIP 
and complexes involved in ATR catalytic activation. 
 
BRCA2-binding partner SEM1 (DSS1) directly facilitates RPA release from ssDNA and its replacement with 
RAD51 (Zhao et al. 2015). 
 
The interaction with DNA is critical for BRCA2 function, and the protein contains two different DNA binding 
regions. The amino-terminal DNA-binding domain (NTD) (residue 267-350) consists of a zinc finger-
poly(adenosine diphosphate-ribose) polymerase (PARP)-like domain and binds to different DNA structures (ssDNA, 
dsDNA, tailed DNA, and gapped DNA) with similar affinity (von Nicolai et al. 2016). The carboxy-terminal DNA-
binding domain CTD (residue 2,474-3,190) is significantly more complex with three OB-folds and an apical 3 
bundle helix on top of a tower domain preceded by a helical domain (Yang et al. 2002). The proposed breast and 
ovarian cancer cluster regions (BCCR and OCCR) overlap with the CTD (Rebbeck et al. 2015, Gayther et al. 1997). 
Several common pathogenic mutations (ClinVar database) and loss-of-function mutations are found in this region 
including K2630A, K2630D, D2723H.

Preceded by: CHEK1 phosphorylates BRCA2, CHEK1 phosphorylates RAD51

Followed by: BCDX2 complex stabilizes RAD51 filament

Literature references
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BCDX2 complex formation ↗

Location: Presynaptic phase of homologous DNA pairing and strand exchange

Stable identifier: R-HSA-5685318

Type: binding

Compartments: nucleoplasm

RAD51 paralogs RAD51B, RAD51C, RAD51D and XRCC2 form a complex named BCDX2 with 1:1:1:1 
stoichiometry. In this complex, RAD51B directly interacts with RAD51C, which interacts with RAD51D, which 
interacts with XRCC2 (Masson et al. 2001, Chun et al. 2013).

Followed by: BCDX2 complex stabilizes RAD51 filament

Literature references
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BCDX2 complex stabilizes RAD51 filament ↗

Location: Presynaptic phase of homologous DNA pairing and strand exchange

Stable identifier: R-HSA-5685341

Type: binding

Compartments: nucleoplasm

The BCDX2 complex, composed of RAD51 paralogs RAD51B, RAD51C, RAD51D and XRCC2, preferentially 
binds at the ends of 3' overhanging ssDNA created by resection of DNA double-strand breaks (DSBs). The BCDX2 
complex stabilizes nucleoprotein filaments formed by BRCA2-mediated RAD51 loading onto ssDNA (Masson et al. 
2001, Chun et al. 2013). The BCDX2 complex may act by inhibiting displacement of RAD51 by BLM helicase 
(Amunugama et al. 2013).

Preceded by: RAD51 binds BRCA2 at resected DNA DSBs, BCDX2 complex formation
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