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Differential regulation of S-region hypermutation and class switch

recombination by noncanonical functions of uracil DNA glycosylase
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Activation-induced cytidine deaminase (AID) is essential to class switch
recombination (CSR) and somatic hypermutation (SHM) in both V region (SHM)
and S region (s-SHM). CSR and SHM are crucial genetic alterations that engrave
antigen memory in the immunoglobulin (Ig) genes. Uracil DNA glycosylase (UNG),
a member of the base excision repair (BER) comple, is required for SHM and
CSR. Although the precise function of UNG in CSR and SHM is extensively elusive
and debatable. UNG has been proposed to be involved in AID-dependent DNA
cleavage by DNA deamination hypothesis, in which AID generates uracil from
cytosine on DNA, providing the substrate for UNG in the Ig locus. In contrast,
previously we have shown that UNG enzymatic activity is dispensable for class
switch recombination. Ever since, we have followed up this finding and published
additional lines of evidence that support the dispensability of UNG enzymatic
activity function for CSR. Furthermore, while AID deficiency abolishes both CSR
and SHM, UNG deficiency causes drastic CSR impairment and augment SHM,
suggesting a novel function of UNG in CSR and SHM.

Here, we made a striking finding that distinct functions of UNG are involved in
s-SHM and CSR. We found that UNG actively suppresses SHM. Chromatin
immuneprecipitation assay (ChIP) indicates that UNG serves as a scaffold for BER
enzymes at AlD-induced damage sites of immunoglobulin locus and suppresses
s-SHM. A UNG mutant that fails to interact with BER enzymes such as flap
endonuclease 1 (FEN1) does not suppress s-SHM. This suppression is caused by
competitive SSB site binding of the UNG complex with error prone polymerases

like Revl and Rev3 which introduce SHM. Furthermore, we demonstrate that
UNG serves as a critical scaffold for CSR by recruiting synapsis factors like
p53-binding protein 1 (53BP1) and DNA- dependent protein kinase, catalytic
subunit (DNAPKcs). In collaboration with these proteins, UNG contributes for
pairing of appropriate double strand break ends by the formation of chromatin high
order structure, namely S-S synapsis formation. Different surfaces of UNG are
required for the scaffold functions for s-SHM and CSR because several UNG
mutants can distinguish s-SHM suppression and CSR promotion activities. Taken
together, UNG is now shown to be a scaffold protein that plays distinct roles in
s-SHM and CSR at the repair phase of the AID induced genetic alterations.
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M EERES Fo 077 I 7—8 (AID) 1%, &7 a7 Y >V SO EHIRZSRA fls
FOSHHHD I T AAA I FIIARRIR T D, 7T AAA » THIIHZ & ASHIEZERAS
2 &> THURRMED BRSNS, T3 L DNA 7' 235 —F (UNG) |3 EE
HEEEHE (BER) DAL /N—Th Y | HIRZSREI L 7 T AL v NI & F bt
T&7e, R, UNG 7 T AAA v FHAAHZ LRSS T 31T HEENZDOUNT
1372 < DS BT, AID OVERFERE S LCDNA L7 2 /U W Tid, UNG
IZAID 2ADNA £ C % UIE#aL7=dH & UG R A~y TFPAELHDOTU #hrET 2
MR & L TIRR SN, ZD%IC Ape I S DNA UIlr&9% &2 bz, & ZAN, Hi
FH W72 TIEUNG OBEREIEL Y T A AL~ FHADBZNMEETRN T & A SN
L. ZOmAEXFRF 5 UNG HEICEET 27— X 28k L T& 7=, S5z, AID KHEIC
BNWTILY T AR v F L ARHIBZERIE RO WE R Fdn 578, UNG OKIBIZBNTIT
I T AAA v FOIRINER L, IR R Tte L AHEIRT 5 Z ENH LN ERD
UNG 137 T AAA » F EARHIRZRE B CRIDEE 235 Z LoV ST, HiEaix
ARl UNG 237 T ARA v TR LRSS E R CE o 7o SEHBEREA FFo 2 &
A L7, £7. UNG |1 IAHIaZRE BA MG DM8E 2 F5 D, 7 rn~ T il
% (Fy 7)) 12X, UNG 13 BER BERHED RS 5 L 3 E & LTEE, DNAIZL -
THIERZ SNE 7 a7 ) RS TEEO TR BER BRI A D, £ LT
IELVMERZAT O 2 LIS Lo TINMIRZSRNAER A2 5, FEFRIZ, BER BER & OFFGH
T&E72 UNG ZRATIE, 20X 9 7SR B OMHIER S L o e 7,
UNG 23720 & | 1EREEE DNA A1E#ETH 5 Revl., Rev3 75 DNA WIS L
SHINZHRIE R A TS D, — 5, 7 T A AL v FICBOTITHIN S AWk A2
%72 53BP1 & DNA PKces #5638 4 v /378 & L CUNG 2ME WD Z & AoR
L7z UNGIZZNSDZ L7 E L L, ESHUIroWmD o7 2k @<,
UNG O & F I E B RROMHNTN G, R UEFYRIN G T AAA »F L IRHIRZSRE R C
IRE D EMEA R Z EMB SN2/ 0 . UNG X7 7 A AL v F iz UNG &4 v
INTEDE 3T K S ARSI BRI ERIZ B 5 UNG &8s % o/ 7 B am & 13
WioHZ LEBMNT LT,
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7T AAA v FHAHHLZ(CSR), 72BN, V fElk SHM & S fElk SHM (s-SHM) Tk
FHREEZE F(SHM)DME U 2 DIZIEMEEFE L T 077 L T —B(AID) B RA[ K TH 5,
CSR M L DITIHEESREEEBERYESIKD A L/ 3—TH LT TV DNA 7 a5
—F (UNG)LRETHD, LinL, B REZ LT, UNG BKIET S E SHM 23RS
5o ZDOZ EIX, SHM & CSR Tid UNG 23872 D8HER L CWDH Z E2RNET 5 H DT
oD, AFRLTIE, UNG OBERTEMETIIe < JEHEREDS. s-SHM [Tkt L T Dl %,
CSR |2k} L CIIEDHIEIZ LT D Z & &7 LTz, UNG @ s-SHM (2% 2 Jiil i 7eF6E
I%. DNA YIRHALIZIE Ly MERGiZAT 5 EESIFRIMEE (BER) OEEENEIA X, =
T—RDOEVVRY AT =P LHETDHILIZELDHLDOTH D, REAIZ, UNG D CSR 2
HERRAEIX, pB3-fha 4 v /X7 1 (53BPL)F L INDNA KT 1 7 A » & —Bfiliit—
2=+ NDNAPKes)ZEIE T 5 Z & TAID K7 S-S 7 Ak mb 5, UNG DU
< ODDfSHER IS T Z I > T, CSRABHEEEME & SHM HfilsRER XBIIC& 7=, #h
T 5. UNG DRIGH v /X7 EisHEDS, AID 7538 DNA UMD AT » 7 2185, T
7205 s-SHM ClIEREYEE (error prone repair) 2471 L. CSR Tl & 2 tttd 25,
LU E ORISR DA LA E IR LEFORRICHET D & Z AN
20, Ui T, Amaddt: (=7 ) oAfmacs UUiED S O LFEb D,

k. RPN EREEE L. TRk 26 4 4 A 18 HEMORSINE & LUl
L7zl z%0, LR LNTZHLDTHD,
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