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Activation—induced cytidine deaminase (AID) (Z X BHUKEIED Y / L~DHIENIZ DNA BT
WX VBAEEEI D, DNA FEEDHERFICE < hARA Y A F—E 1 (Topl) 2% AID IZFFEE SN, £
@ DNA YW 2 3473 5 43 F-HERE 2 fRAT L. 1E3E D DNA fREEGER % 1IE L 72, AID I DNA G & DNA
BEEWD 200 REEA L, K4 137 I /M E D NVRFIIVEMOR] 2 D R A A NKTF
T 5, & OSREICE RN DD AID O 444> F. hnRNP K & hnRNP L @ 2 % [FE L.
FIVH OBEREZ AT LT-, AID DZERZE R L IEFITRIT-WRED & 1M e 5 A2 R4 U 7 v
DNA 77U 2225 —E (UNG) KRIEETILCSR BHIHI SN D DD SIM TR TEY, 2FDZE
RO L UL TIEBA LTz, £72. AP =2 RX 27 L7 —F 1(APEL) ® CSR TOHEREAS DNA
BIMBIEEICE L L TWAD Z & ZEE L=, AID 12 X % DNA BT & DNA 15 D 2 DT F N Eh.
BRI 7 a~TF U BEEZERTOIWMETHDI Z LA L, 7 e~ T oAl 1
SMARCA4 R0z B AR E K 7 Sptd/5 AR, B A M TEF ALY P ChEAT 5 Brdd AhE 7
07 ) VBT I W TEEREREY R 2R LT,

MR OB (3E30) -

Activation—induced cytidine deaminase (AID)-dependent immunological memory is engraved
in immunoglobulin (IgH) gene and initiated by DNA breaks. Precise molecular mechanism
of Topoisomerasel (Topl)’s involvement in AID-induced DNA breaks was analyzed. This
result corrected the previous DNA deamination theory. In type 5 hyper IgM syndrome caused
by UNG deficiency, class switch recombination (CSR) is abolished, however, somatic
hyper-mutation (SHM) is maintained. Molecular mechanism of UNG in CSR and SHM is analyzed
and the results is sufficient for explaining this difference between these two syndrome.
AID has two independent functions of DNA breaks and DNA repair which are dependent on
N-terminus and C—terminus domain of AID, respectively. The function—specific cofactors,
hnRNP K for DNA breaks and hnRNP L for DNA repair are identified and analyzed. DNA breaks
and repair steps are conducted in the chromatin structure. We showed that AID-induced
IgH gene recombination requires the specific chromatin structure. Actually molecular
function of chromatin remodeller SMARCA4, transcription elongation factor Spt4/5 complex
and Brd4 which binds to acetylated lysine in IgH diversification were analyzed.
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Activation—induced cytidine deaminase
(AID) &9 BER DB PUATEIE Z 7/ LA A
AR THDLZ L HM BT LIz, AID I
PiABE B b2 L, PURASEERE N %
HEBR S 2 (B 2E 3R A8 3 L BLRAL R D %
BibZ b6 5 224 v FHHaz 25
T4, SHITAID OEFERIUC L Y £
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TRAC BT -5 O kB MAE DY, fRT
DT,

s Topl BrEWPAEXR S 7 T v, Fasr
7V — ABREH], Brd4 FLEH] 7 & oA RELE
| A& F T LR AR 7R (CSR, SHM) D s
« RNA &G 2 X7 BIZRT Dk E W
RNA SRyl (Rl —ro v 7
IZ X % RNA-seq & #AEHETD)

« o a HEEEARLGRE OB L DAY ) — L5y
1% N Topl BIERZIER O

/= AVt b SR SN/ Sy AV el !
CSR <> SHM &

« BT Topl PULESCKFE Y v~ F L BEEKX 112
kB0 a~F o uE

B F AL MNP &R TR R T A
~— % V7= DNA R s

- B4 F ALY vk —% 7= DNA Bl AR
ik

- 7V ' a— VI E AR OEIZ K D AID 4
i ORRET (AID 0K Z PRI X D aE ik &
DA EDEEET)

CHEH R B R T =y ML
BREH ST EMAT S L THEKR - &
KRk & & =X —3 % mKG 14

« CRISPR/CASO IZ L D51/ v T v ME
« GFP L AR— % Z W7 FA R 2 - FEFA R
Mz =X Tk

« XTF RV E W B A S ERR A~
@ Topl #5457 ER

* microRNA array. miRNA-seq

4. WFIEALE

(1) AID AT 2 Z LIk v HUAEEF2
UiWr&n 5, Z o DNA Bl Topl OF o
UERFEDS DNAS Ko & AR A A ED R T
%5, Topl 1T EAIIZ DNA K5 1E A HEFE+ 5 1%
FC, —/R$H DNA Gllr, DNA #iED Uihvg

W95 7= O DL & FAEA Z 1 ODEH
TITH A, AID OIEHEILIZ £ 0 Uk s
NMCIEFHEAICEST DNA U2 L CLE
5. KL= B IE 2009 4E1T Topl 23 AID M D
DNA BIEEE T D 2 & A RE LR, FD
FEREDS X B THE 2 7=, Topl DA 73 BHEH
ThHH T T U RHREET O SHM %
FHZE4 % Z & (Kobayashi et al., 2011). Topl
IXDNA ~IEHRES L-Ric e T 7 VY — AT
SREZ T HN, TaTF TV —ARER ST
KRBT ZET DS (Xu et
al.,2014), $L Topl LikEH W=7 a~F
IR RN D 6, FERIZ Topl OEREMN
w7 a7 ) VBT ORENREWNI &N
RI7~ (Husain et al, 2016).

Topl EEEEREIERT 55 1% GFP @G
Topl Z#HWTIRET A5 5 Topl 1% FACT
BAEKET X T H— L L THICHR G 2N E %
RPURER T MO A R 3 R Y XA
FIEMIRIZY 7 v— &5 2 L &FEH
L 7= (Stanley et al., 2011, Husain et al,
2016), [AIEEIZ 7 v~ F L ZEH#a[K 1 SMARCA4
IZ Topl @ DNA ~DR/EICEETH - /-

(Husain et al., 2016),

AID 23 Topl Z ¥/ &€, D Topl BN
DNA #1&E D3 Ul (negative super—helicity)
s X4 2% (Husain et al, 2016) = & 13w
SN, FDLGF AT =R LDV TAH
T D, AID 2Mi[ 5230 miRNA Z | L Topl
@ mRNA I[ZHE AT DfEHR. Topl OFERDS F A
5 Z L &P Ago2 BufE % v 72 PAR-CLIP 4 &
miRNA J v 7 X7 U AETRTZ ENTE2n

(Kobayashi et al., unpublished data) .
RNA #miE DREHLMNFIE CTE 2 nolz, £,
Topl 3’ UTR KIBAMAERE T CSR & SHM 23{H k1
9. Topl ~@ miRNA #E &1 coding fEIEIZ &
HEEZ LN, BfE, AID & hnRNP K #HE
RIZNEL S D RNA DT % 1 [F]7E & 5k A
TW5,

AID IXPUAEIE T2 U9~ 5 IS,
Ja D 23 AABIC D 7273 B Z DA D& s+ b 1)
Wrd s Z ERMBNTWEN, EDX D ik
B PIEIRCEIT SN D0y, Lo Z ki
DOWNWTIIRIMTH > 72, F Z TAIDIZ L 5 DNA
iz 4 F oAb v h—TI7 X35
FrHLo> DNA Bl VA2 BA% L, B N B Y
UoRBER MR TOYIM X — S > S &
KLl ZA, BiiZg) v¥— MNdF&2H Lis
BEFE 7258 An T VED IR O &4 C
WA Z &L BB FRE ) H3K4me3 & fifi A3
EBWZ ENBH LN 572 Kato et al.,
2012)

(2) AID ERERICTF D UMT I /) {biE#E T
& % APOBEC1 |Z ACF & \9 hnRNP 7 7 3 U —
DOILER TR —47 > b RNA 2RF4 52 &



¥ X CK—19

c;@mmﬁ%ﬁﬂ%&ﬁéoH%ﬁE%ﬁ
X \ZMHEDO RN 77 I Y —F %227 )
~%/7Lt%%\MD%§ﬁ®ﬁ%§E¥
ERAL D DNA HIMTIZIE hnRNP K 723, CSR &
cMyc—1gH $58 12 ihnRNPLﬁM CETHY, 2
o@mww 431 RNA (R AEPELZ ATD S FEA L
TWDZ EMNHEL NI focof: (Hu et
al.,2015), X512, Z U kn— VEESHE
125V hnRNP K 1 ATD OB &AL . hnRNP L
IXAID O —BEREIAFL TR, &IER T
& AID DEAIRITHEEEM 72 = RN B 5 = &N
HAFF 57 (Mondal et al., 2016), 5%,
hnRNP K-ATD #&A&<° hnRNP L-AID A& A7)
SDEVIAENTWS RNA ZEIUL L AIDIC X D
RNA #REEX —4 v DERIET S ,

(3)® UNG D FEIEFRILTIX invitro TO D
Z UVERFEIEMERE WD OB CSRIEMEDME L |
FEHWONRE = BRI, BERE LB
RBIR A ZBIGNHE L2 &0
BH ST o7z, & BIC UNG KRB o4l
2 AR Z AR I R BL S - e 2 T
PUAEA G T~ D458 DNA 18 BE 4> T DO 4
AT L7=L Z A, UNG 1T CSR I2B W T
HEREBEEREOEKRE S - OERBICLE
AHT =)V Roaf L L TokE 2 R-T
ZEPRABLMNTIR STz, FT2. CSR ERIERIC
SHM &M & BESRTHME & I3, UNG k48
HMIEC I DNA BIBrEAT~ DNA 48455 ik 2 (E18
REORY AT —ENRERTHHEE, SHM 2
FHL 7o TWD I ENRENTZ, TN D
B UNG OHUFRES T2 12T 5%
FIXDNA LT 2 7 {bfGRCIRRE SN Y 7 v
IVBRETIHARWEZ X B2 (Youshif et
al., 2014),

@ APE1 O /K4H CH12 MAERE TIX APE1 7T U
JVEBU A CSR B IR S d Z & 1%
BEFnCdH 72, LA>L. DNA BT & SHM, £7-
MWIﬁﬁwki%&thWWﬂ‘ E#K

FECHID TR & 2MZ 7 - 72, APEL KRBT

@ Ku80 7 £ @ DNA ﬂ%@%@@]%ﬁﬁ%«@%
FEMMETT 52 &, — RSN 2 RKE~DHI|
D ZHERBRENTH Y ZLICL D DNA S
BERRN END T Lo APEL KARIC K
V) —Z$H DNA i > “AREE~DHI D Z HhR
PMET 5 2 & 23 CSREEMFI O ERK &5 2
b7z (Xu et al, 2014),

(4) PUAEIZ 7 IZIR S F°, DNA YK & DNA &
BiXe A P 8 BIRKIZDNA “EHLBANEX
ffWwizrza~F skl LTEX S
B Th D=0, DNA GIK-CHLHR 2 DRFEME
ERET D7 u~F B A Yy
N URNRET LI ERT u~F UREEN
BHEIND Z LIRS B SN D, K5t
WX VD7 v~ T AEEZ R T SMARCA4 A3

Topl DOHIERELAFE~DEFEIINETH Y |
SMARCA4 DN & 0 BB AR E M HENE
S, PUREG THH X O RNELT Dl
BAEHO N LTz, @QDSIF AR EZEHT 5
Sm5itxk/7y&m/FMT@ A & [A]
%cMMmsmﬁm&mm@m WHTH >
IZ%F L. Sptd 1% DR %%t¢\£%
i@%@%%“%mﬁbfmto@%@m*
V2B I AR R AL 2 & FEAR R AL 2 oD
%%%@waé:&#gxﬁﬁﬁmfuy
B HHR 2 2 FRRR IO T D & Sptd &
Spth 1T 4 F OB OIWRIZIMSL L TR 5
THZ LRI NI, OIERRERT & B L
TEA MY TEFAMALY D UICHEAT D
Brd4 73 DNMEE BRI B W TR T HENC
WCIZH RN 2o 72, Z 2T Brd4 13%FIZ
FEFA R H 2 B FR I B W THUR & 5 1 D)
% @ 53BP1 X° UNG DEFEIZNETHSH Z &»n
RENTZ, e AR ARYT U R THD H3.3
IXIER RGN L SERBL, A MO
DE EMEEITRERIZRTET 208, PuikE
G OIBrERALIZ S 2D H3.3 4R L.
H3.30D /) v 7 27 A2k SIMBME T35 2
EBIE SN (Aida et al, 2013),
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(MChromatin Reader Brd4 Functions in Ig
Class Switching as a Repair Complex Adaptor
of Nonhomologous End—Joining. Stanlie,
A.,Yousif, A. S., Akiyama, H., Honjo, T.
and Begum, N. A. Mol.Cell 55, 97-110 (2014)
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@Decrease in topoisomerase I is
responsible for activation—induced
cytidine deaminase (AID)-dependent
somatic hypermutation. Kobayashi, M.,
Sabouri, Z., Sabouri, S., Kitawaki, VY.,
Pommier, Y., Abe, T., Kiyonari, H. and
Honjo, T. Proc. Natl. Acad. Sci. USA 108
19305-19310 (2011)

®Mice carrying a knock—in mutation of
Aicda resulting in a defect in somatic
hypermutation have impaired gut
homeostasis and compromised mucosal
defense. Wei, M., Shinkura, R., Doi, Y.,
Maruya, M., Fagarasan, S. and Honjo, T.
Nat. Immunol. 12 264-270 (2011)
@Histone3d lysine4 trimethylation
regulated by the facilitates chromatin
transcription complex is critical for DNA
cleavage in class switch recombination.
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Stanlie, A., Aida, M., Muramatsu, M.,
Honjo, T. and Begum, N. A. Proc. Natl.
Acad. Sci. USA 107 22190-22195 (2010)

®B cell-specific and
stimulation—responsive enhancers
derepress Aicda by overcoming the effects
of silencers. Tran, T. H., Nakata, M.,
Suzuki, K., Begum, N. A., Shinkura, R.
Fagarasan, S., Honjo, T. and Nagaoka, H.

Nat. Immunol. 11 148-155 (2010)
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