DNA Binding and RAD51 Engagement by the BRCA2 C-terminus Orchestrate DNA Repair
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Supplementary Fig. 1
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Supplementary Fig. 1. Disordered conformation of BRCA2 CTRB and identified PTM motifs from
GPS web server.

a, Predicted disorder for the BRCA2-CTRB fragment (3260-3337). Four different disorder prediction
algorithms (IUPRED2A, PONDR-fit, PRDOS, MFDp2) were used to calculate the degree of disorder.
Source data are provided as a Source Data file.

b, Far UV-CD spectrum of the BRCA2- CTRB-derived polypeptide showing that it consists of random
coil predominantly. Circular dichroism was recorded using 10 uM BRCA2 CTRB (3260-3337) in 1 x
PBS, pH 6.0, 10 mM DTT, at 25°C. Source data are provided as a Source Data file.

¢, "H-""N-HSQC spectrum of BRCA2-CTRB: The narrow peak dispersion in the proton dimension is
clearly an indication for a predominantly disordered conformation in the BRCA2-CTRB. The 'H-'"’N-
HSQC NMR spectrum was recorded using 20 pM '"H-""N-labelled BRCA2 CTRB (3260-3337) in 1 x
PBS, pH 6.0, 10 mM DTT, at 5°C.

d, Ssp-scores' for the BRCA2 CTRB polypeptide. Positive values indicate a preference for helical
conformations, while negative values should be interpreted as an extended conformation. The majority
of residues adopts a negative value unravelling the extended nature of the fragment. Two short regions
of transient helicity can be found from residue 3260-3269 and residue 3300-3305 (as also highlighted
by the red box). Source data are provided as a Source Data file.

e, Possible functional and post-translational modification (PTM) motifs in the CTRB. Representative
excerpt of the alignment of vertebrate CTRB core fragment. Potential CDK phosphorylation sites are
colored in red. All positively charged residues are colored in blue. The tandem FXXP motifs are
highlighted within the yellow box. The cluster of highly conserved positive charges is highlighted
within the green box.



Supplementary Fig. 2
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Supplementary Fig. 2. Biochemical activities of the CTRB.

a, Quantification of DNA binding data from the experiment shown in Fig. 2¢c. (n=4 biologically
independent experiments for WT; n=3 for F/A and 4A; mean value = SD). Source data are provided as
a Source Data file.

b, The indicated CTRB species were incubated with ssDNA, dsDNA, and DNA fork and subject to
EMSA. (n=6 biologically independent experiments for CTRB WT; n=3 for F/A and 4A; mean value +
SD). The samples were derived from the same experiment and processed in parallel. Source data are
provided as a Source Data file.

¢, Pulldown assay to examine the effect of the CTRB-F/A, CTRB-S3291A, or CTRB-S3291E mutation
on RADS1 interaction. The supernatant (S) containing unbound proteins and SDS eluate of the anti-S
tag resin (E) were analyzed by SDS-PAGE and Coomassie blue staining. The samples were derived
from the same experiment and processed in parallel. The experiment was repeated three times with
similar results. Source data are provided as a Source Data file.

d, Mapping of the RADS51 interaction domain in the CTRB. GST-TR2 (BRCA2 residues 3265-3330)>
and various point and truncation mutant derivatives were tested for RADS51 interaction using
glutathione resin.
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Supplementary Fig. 3. Biochemical activities of mini-BRCA2/DSS1 harboring F/A, 4A, or F/A-4A

mutation.

a, SDS-PAGE of purified mini-BRCA2 protein species. The experiment was repeated three times with
similar results. Source data are provided as a Source Data file.

b, EMSA performed with the mini-BRCA2/DSS1 proteins with **P-labeled ssDNA or dsDNA (13, 25,
38, 50, 63, 75, 100, 200 nM of mini-BRCA2/DSSI1 for ssDNA; 25, 50, 100, 150, 200, 300 nM of mini-
BRCA2/DSS1 for dsDNA). The samples were derived from the same experiment and processed in
parallel. (n=3 biologically independent experiments). Source data are provided as a Source Data file.

- product

-dsDNA



¢, EMSA performed with mini-BRCAZ2 proteins (30, 60, 90, 180, 270, 360 nM) with a mixture of Cy-5-
labeled ssDNA, dsDNA, and DNA fork. The samples were derived from the same experiment and
processed in parallel. The experiment was repeated twice with similar results. Source data are provided
as a Source Data file.

d, Testing of mini-BRCA2/DSS1 (50, 100, 200, 300 nM) species for HR mediator activity with RADS1
(2 uM) and RPA (500 nM), as indicated. The samples were derived from the same experiment and
processed in parallel. (n=4 biologically independent experiments). Source data are provided as a
Source Data file.
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Supplementary Fig. 4. Expression, cellular localization, and RADS51 foci analyses of BRCA2 and

mutants.

a, Western blot analysis of cytoplasmic (C) and nuclear (N) fractions prepared from DLD-1 cells
expressing either wild type BRCA2 or its CTRB mutant variants. The samples were derived from
the same experiment and processed in parallel. These samples were analyzed in two gels, with the
top panel (a—MBP (BRCAZ2)) from one gel and the bottom two panels (a—Tubulin, a—H3) from
another gel. The experiment was repeated three times with similar results. Source data are provided

as a Source Data file.

b, Western blot analysis to verify ectopic expression of BRCA2 and CTRB mutants in HeLa cells.
MBP-tagged BRCAZ2 species were expressed after treatment of HeLa DR-GFP cells with BRCA2
siRNA (siBRCAZ2) or scrambled RNA (scr). The samples were derived from the same experiment



and processed in parallel. These samples were analyzed in two gels, with the upper two panels
(o—BRCAZ2 and a—Tubulin (loading control)) from one gel and the bottom three panels (a—MBP,
o—RADS51, and a—H3 (loading control)) from another gel. The experiment was repeated twice with
similar results. Source data are provided as a Source Data file.

¢, Representative micrographs of RADS51 foci (red) in the nuclei (blue: DAPI staining) of DLD1-cells
expressing BRCA2 or the indicated CTRB mutant after | pM MMC treatment for 16 h. Bar: 10 pum.
EV: empty vector (phCMV-2MBP), NT: not-treated. The samples were derived from the same
experiment and processed in parallel.



Supplementary Fig. 5
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Supplementary Fig. 5. Analysis of impact of BRCA2 CTRB mutations on replication fork
stability

Representative micrographs of CldU/IdU replication tracts in DLDI1 cells expressing the indicated
BRCAZ2. Cells were pulse-labeled 20 min each by CldU and IdU and then exposed to HU with or
without mirin. The samples were derived from the same experiment and processed in parallel.



Supplementary Table 1: Sites of potential post-translational modification as predicted by the GPS web

server>*.

ID Position Code Enzyme Peptide Score Cutoff

CTRB 36 K Cullin ICTFVSPAAQKAFQPPRSCGT 0.907 0.6726
RING/SCF/F-box
CTRB 67 K Cullin LNSPOMTPFKKFNEISLLESN 0.7666 0.6726
RING/SCF/F-box
CTRB 36 K APC C ICTFVSPAAQKAFQPPRSCGT 0.9992 0.0161
CTRB 47 K APC C AFQPPRSCGTKYETPIKKKEL 0.9963 0.0161
CTRB 53 K APC C SCGTKYETPIKKKELNSPQOMT 0.9962 0.0161
CTRB 54 K APC C CGTKYETPIKKKELNSPQMTP 0.9968 0.0161
CTRB 55 K APC C GTKYETPIKKKELNSPQMTPF 0.9995 0.0161
CTRB 66 K APC C ELNSPQMTPFKKFNEISLLES 0.9988 0.0161
CTRB 67 K APC C LNSPOMTPFKKFNEISLLESN 0.989 0.0161
CTRB 67 K Sumoylation POMTPFKKFNEISLL 3.62 3.32
Nonconcensus
CTRB 71 - 75 SUMO PFKKFNEISLLESN** *** 40.379 29.92
Interaktion

CTRB 64 S AGC/PKA IKKKELNSP QMTPF 23.553 22.884
CTRB 64 S CAMK/CASK IKKKELNSP QMTPF 4.136 3.657
CTRB 79 S CAMK/CASK KKFNE ISLLESN** 4,347 3.657
CTRB 64 S CAMK/DAPK IKKKELNSP QMTPF 11.805 9.755
CTRB 64 S CAMK/PIM IKKKELNSP QMTPF 16.521 15.765
CTRB 83 S CAMK/PKD E ISLLESN*#****%* 22.885 21.331
CTRB 69 T CAMK/TSSK LNSP QMTPFKKFNE 4.563 3.512
CTRB 64 S CK1 IKKKELNSP QMTPF 6.585 6.306
CTRB 69 T CMGC LNSP QMTPFKKFNE 43.002 40.815
CTRB 64 S CMGC/CDK IKKKELNSP QMTPF 12.353 10.587
CTRB 34 S CMGC/CDK PICTFV SPAAQKAF 10.379 6.537
CTRB 69 T CMGC/CDK LNSP QMTPFKKFNE 14.171 10.587
CTRB 83 S CMGC/CDKL E ISLLESN*#****%* 6.119 4.358
CTRB 79 S CMGC/CK2 KKFNE ISLLESN** 3.412 2.665
CTRB 64 S CMGC/DYRK IKKKELNSP QMTPF 18.798 17.356
CTRB 26 S CMGC/GSK PLP PPVSPICTFV 9.442 8.674
CTRB 64 S CMGC/GSK IKKKELNSP QMTPF 9.247 8.674
CTRB 26 S CMGC/MAPK PLP PPVSPICTFV 14.868 12.837
CTRB 64 S CMGC/MAPK IKKKELNSP QMTPF 12.865 12.837
CTRB 47 S CMGC/SRPK AFQP PRSCGTKYET 390.512 319.434
CTRB 64 S TKL IKKKELNSP QMTPF 5.474 5.299
CTRB 26 S TKL/RAF PLP PPVSPICTFV 2.504 2.477
CTRB 16 S Othar/CAMKK RA LDFLSRLPLP P 4.31 3.05
CTRB 16 S Othar/Haspen RA LDFLSRLPLP P 2.495 0.998
CTRB 79 S Othar/IKK KKFNE ISLLESN** 11.146 8.821
CTRB 64 S Othar/MOS IKKKELNSP QMTPF 3.158 2.885
CTRB 79 S Othar/MOS KKFNE ISLLESN** 3.299 2.885
CTRB 83 S Othar/MOS E ISLLESN*#***%% 3.219 2.885
CTRB 64 S Othar/PEK IKKKELNSP QMTPF 2.369 1.697
CTRB 69 T Othar/PEK LNSP QMTPFKKFNE 3.724 1.697
CTRB 79 S Othar/PEK KKFNE ISLLESN** 5.343 1.697
CTRB 83 S Othar/PEK E ISLLESN*#****%* 5.03 1.697
CTRB 79 S Othar/PLK KKFNE ISLLESN** 15.091 14.476
CTRB 16 S Othar/TLK RA LDFLSRLPLP P 2.318 2.277
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Supplementary Table 2: Oligomers and DNA substrates used in this study

Oligo- H3 5" -TTGATAAGAGGTCATTTGAATTCATGGCTTAGAGCTTAATTGCTGAATCT
GGTGCTGGGATCCAACATGT TTTAAATATG

Oligo- H4 5’- CATATTTAAAACATGTTGGATCCCAGCACCAGATTCAGCAATTAAGCTCT
AAGCCATGAATTCAAATGAC CTCTTATCAA

Oligo- H5 5’- CATATTTAAAACATGTTGGATCCCAGCACCAGATTCAGCATACGTTACCG
ATCGTACGTT CGATGCTGGC TACTGCTAGC

Oligo-2040 5’-AAATGAACATAAAGTAAATAAGTATAAGGATAATACAAAATAAGTAAATG
AATAAACATAGAAAATAAAGTAAAGGATATAAA

Oligo-2041 S’TTTATATCCTTTACTTTATTTTCTATGTTTATTCATTTACTTATTTTGTATTAT
CCTTATACTTATTTACTTTATGTTCATTT

Oligo-A 5’-TCTTATTTATGTCTCTTTTATTTCATTTCCTATATTTATTCCTATTATGTTTTATT
CATTTACTTATTCTTTATGTTCATTTTTTATATCCTTTACTTTATTTTCTCTGTTTAT
TCATTTACTTATTTTGTATTATCCTTATCTTATTTA

Oligo-B 5’- TAATACAAAATAAGTAAATGAATAAACAGAGAAAATAAAG

Oligo-C 5- CTTTATTTTCTCTGTTTATTCATTTACTTATTTTGTATTA

Oligo-12mer 5’- GGCTATGCG TTA

80bp dsDNA Annealed product of 5°-32P- (or Cy5-) labeled Oligo-H3 and Oligo-H4

83bp dsDNA Trap Annealed product of Oligo-2040 and Oligo-2041

40mer dsDNA Annealed product of 5°-3?P- labeled Oligo-B and Oligo-C

Fork substrate

Annealed product of 5’-Cy5- labeled Oligo-H3 and Oligo-H5
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