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Analysis of Fanconi anemia (FA) associated RAD51 mutation to reveal the role of
= yemre | RADSL In FA pathway which maintains genome integrity
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Fanconi anemia (FA) is a human hereditary disease with a defect in the repair process of DNA
interstrand crosslink (ICL), which potentially blocks DNA replication and leads to chromosomal
instability and a strong predisposition to cancer. FA is a heterogeneous disease with 23 FA-
associated genes reported so far. The current model of FA pathway for ICL repair includes a
nucleolytic incision step to remove ICL within DNA strands, resulting in DNA double-strand
break (DSB) formation, which subsequently restored by homologous recombination (HR). HR is
a central process to repair DNA double strand breaks called DSBs. DSB is the most dangerous
DNA damage among many types of DNA damages. If DSB can not be repair properly, it will
cause genomic instability, which potentially leads to cell death. In human cell, during mitosis,
DSBs are accidently formed by exogeneous DNA damages, such as irradiation, active oxygen
and so on. During HR process, RAD51 forms a nucleoprotein filament on the DNA, which is
facilitated by RAD51 mediators, such as BRCA2. This process is also negatively regulated by
anti-recombinases, including FIGNL1. Once RAD51 forms a nucleoprotein filament on ssSDNA,
it works as a key recombinase; it can search for and invade into a homologous double-stranded
DNA (dsDNA), and carried out the strand exchange, which is the central process of HR. Human
RAD51 has four unique motifs: Walker A and B motifs for ATP binding and hydrolysis, and L1
and L2 loop for DNA binding. When RAD51 binds to the DNA, RAD51 protomers interact with
each other and form a nucleoprotein filament on the DNA. Between two RAD51 protomers, an
ATP binding site exists where ATP binds, which serves as a glue to connect two RAD51
protomers. Therefore, ATP binding can stabilize the RAD51 nucleoprotein filament, while ATP
hydrolysis will stimulate RAD51 to dissociate from the DNA. In addition, proper ATP binding
is essential to induce the structural change of RAD51 nucleoprotein filament. When the structural
change of RADS51 is properly induced, RAD51 filament stretches itself while bindng the
DNAinside the filament, so DNA is also streached to generate more space for subsequent HR
process. Recently, RAD51 was identified as an FA-associated gene. So far, four types of
heterozygous RAD51 mutations are reported to cause an FA-like phenotype. Initial hypothsis
about RADS51’s function in FA pathway is that it may work in later part of FA pathway as a
recombinase fpr carried out HR process. However, in vivo analysis revealed that patient cells
with a FA-associated RAD51 mutation showed hypersensitivity to DNA crosslinking agents but
remained HR activity, which cannot be explained by the initial hypothesis. To elucidate the
mechanism how FA-RAD51 mutations leads to FA, two FA-associated RAD51 mutant proteins,
RAD51-T131P and RAD51-A293T, were biochemically analyzed in detail. It was hypothesized




that these mutations resulted in defects in the protection of stalled replication fork, which is
caused by their unstable nucleoprotein filament upon defective ATP binding and hydrolysis.
However, the special function of RAD51 in FA pathway distinct from that in HR is still not fully
clarified.

Third de novo FA-associated RAD51 mutation, RAD51-Q242R was recently identified, but
resulting mutant protein has not been characterized in detail yet. Q242 is highly conserve among
species and it locates nearby L1 loop, which is the DNA binding site. Interestingly, Q242 locates
the opposite site of the protein compared to other FA-associated RAD51 mutations. Therefore, |
speculated that RAD51-Q242R might have a different mechanism to cause FA symptoms from
other FA-RAD51 mutations. To study how RAD51 works in FA pathway, | purified wild-type
RAD51 and RAD51-Q242R proteins and investigated what defect by RAD51-Q242R mutation
causes on RADS51’s function. By comparing RAD51-Q242R protein’s defect with other FA-
RAD51 mutant proteins, | wanted to know if the mechanism causing FA is the same or not in
RAD51-Q242R. To achieve it, biochemical analysis of RAD51-Q242R protein was carried out.
As a result, RAD51-Q242R retains ATP hydrolysis and DNA binding activities comparable to
those of wild-type protein. However, the addition of single-stranded DNA (ssDNA), which is
known to stimulate RADS51’s ATPase activity, did not stimulate RAD51-Q242R’s ATPase
activity. Similarly, the prevention of ATP hydrolysis, which is known to stabilize RADS51’s
nucleoprotein filament on ssDNA, weakly stabilized RAD51-Q242R-DNA complex compared
to wild-type RAD51. These results suggest that RAD51-Q242R has an impaired DNA-dependent
ATPase activity, which may disturbs the coordination between it’s DNA binding and ATPase
activity. In addition, | found that RAD51-Q242R could protect dsSDNA from MRN nuclease as
well as wild-type RAD51 does. Therefore, RAD51-Q242R maybe proficient in the fork
protection process when the replication fork stalls, which is different from other FA-associated
RAD51 mutations. On the other hand, unlike wild-type RAD51, | found that RAD51-Q242R
quickly dissociates from ssDNA in the presence of competitor dsSDNA, which potentially causes
a disability of the nucleoprotein filament to form the key intermediate of HR, D-loop.
Interestingly, although RAD51-Q242R cannot form D-loop by itself, RAD51-Q242R retains the
ability to help wild-type RAD51 to form D-loop, suggesting that a mixed filament with both wild-
type RAD51 and RAD51-Q242R proteins might be formed in vivo. Combine with all these
results, | speculated that RAD51-Q242R may be proficient in both HR and the fork protection
process. If so, RAD51-Q242R should have an another defect which leads to FA symptoms. Since
RAD51-Q242R showed the defective ATP-dependent RAD51 dissociation from ssDNA in my
nuclease protection assay’s result, | wonder if this defective dissociation could be a possible
defect of RAD51-Q242R causing FA. To elucidate why RAD51-Q242R has the dissociation
problem, both RAD51 dismantle assay and topology assay were carried out. These findings may
help us to understand the molecular mechanism of how RAD51-Q242R causes a defect in FA
pathway but is still proficient in HR in FA patient cells. Besides, how Q242R substitution affects
the function of RAD51 maybe elucidated, which help us to better understand the function of
RAD51 in structural level.
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B b A DNAIEER 2 Ze NE - S EIRIC L » THEHFEMWICEE SN TEB Y, £ OEEKEE
OB T2 OFEBORIK 7%, Fanconi anemia (Fanconi &2 1fi) X b ~#E xR R
Thy, PAKOAREERZFELRHORBEBLOHMRRRERTE 0 EE RIER
yHEEFICH 29, T FE CTIZ Fanconi anemia ®JRARNEME F & L T 23 @ D
BETAREINTWVDLIN, TOHRICHFEMMBE X CEERMB X 21T 5 RADSI N
& 5., RADS1 |X ATPase [EHZFH D DINAFK G EBE THY ., — KEHDINAIZH A L
THRAFERBSLHSBEXIGEZRET 2 a2 -8B L L TOBEEEZ H o
TERMLENTWVWS, £/ RADSLIEEILELAEZER T r — 7 OFR#EICH L
DNA I IcHRMB LUl ERE 2L > b HEINTWD, Fanconi
anemia P RADSI AR TIT, FIZZO0BEH 7+ — I REROBEDNLEEKRREL
EEICEEL TS EE XL TE I,

Liu Sijia KIX T H 7~ 12 Fanconi anemia I E T 5 & L THEN H o
7o RADS1-Q242R E ¥ O M fx T #E W T & 5 RAD61-Q242R B HE O e & AT L |
B A RADSL L bbig L7z, Z DR R . (1) RAD51-Q242R X DNA 5 & 68 X° ATPase
WHEEZMBFEL WS Z L, (2) AR RADSL TR LN D ATP A fRIC X » T
FE SN DS DNANDL OFEE,. B X ODNAKIFER ATPase iIFHHIC B E RN H 5 Z &
(3) FHIF M 2 (T HHD D-loop FERAEZEZ K> TWVWDHZ L E2HL»IZL -,
RAD51-Q242R AV 2> B — B L L TOHEEEZ K> TWWDH I ERRINTEN, £
@ — Ji ., RAD51-Q242R ® IR MIZ X v ¥ A A RAD51 @ D-loop W N+ 5 = &
ZHRHHLE, 2o O/ ENDS ., RAD51-Q242R I DNA IZ 45 & L B 4 A RADS1 &
AL CHRME X CH < 2N R I, £ Liu Sijia KX RAD51-Q242R
MDINAZX 7 L7 —EnbR#ETIEREBAMPFEL VWD Z &2 R ML, RADGL-
Q242R ZE E 2 B iF 5 Fanconi anemia ® BIEHMWE LN RO TH TH L EH- 7 5 —
shEROBRFELUA T TSNS TREMEE A L (Liu et al., JBC,
2023),

Liu Sijia R1ZT %< O EBRICHE S &, RADEI-Q242R 2 F 7% RADS1 @ ¥ fE (1
G252 BrHONICT 2R E2ET-., 2O IR EKMIZ Fanconi anemia @ J§
OB~ ORNDNIEERARLTCHI EEZDLOND, Lo TAE LR XAE
EEMwm L ELTCAEKEHNET D,

SFUEEEF . Liu, S., Shinohara, A., and Furukohri, A. A Fanconi anemia—associated
mutation in RAD51 compromises the coupling of DNA binding and ATPase activities. J.
Biol. Chem. 299. 105424. 2023. Online, DOI: 10.1016/j. jbc.2023. 105424
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