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Abstract of Thesis

Necdin is a pleiotropic protein that promoies differentiation and survival of mammalian neuroms. Necdin is
expressed abundantly in postmitotic neurons and interacts with many nuclear proteins such as EZ2F family
proteins, p53, hypoxia-inducible proteins, Bmi-1, Sirtuinl, and Fox0l. Necdin is a member of MAGE (melanoma
antigen) family proteins that share a highly censerved MAGE homology domain. It has previously been reported
that several MAGE proteins inferact withubiquitin E3 ligases and modulate their activities. However, it remains
unknown whether necdin and its related MAGE family proteins interact with SUMO (small ubiquitin-like medifier)
E3 ligases such as PIAS (Protein Inhibitor of Activated STAT} family, Nsmce2/Mms21 and Cbx4/Pc2. In the present
study, we investigated whether necdin interacts with these SUMO E3 ligases. We first examined whether necdin
and other MAGE proteins {necdin-like 2, MAGEDI, MAGEF1, MAGEL2) interact with three known SUMO E3 ligases
PIAS!, Nsmee2, and Cbx4. Co-immunoprecipitation analysis revealed that necdin, MAGED!, MAGEF1 and MAGEL2 bound
to PIAS! but not to Nsmee2 or Chxd. These SUMO E3 ligases bound to MAGEAL but failed to interact with necdin-like
2 MAGEGL). Necdin bound via its hydrophobic pocket domain to PIASI central domains inciuding PINIT
(Pro-1le-Asn-Ile-Thr)-metif and RING (Really Interesting New Gene) domains, which are highly conserved among
PIAS family proteins and indispensable for the catalytic activity. We then examined the effects of necdin
on the SUMdvlation activity of PIAS]. Necdin suppressed PIASI-dependent SUMOylation of the substrates STATI
and PML (promyelocyiic leukemia proiein). Moreover, necdin strongly suppressed the effects of PIAS] on the
transcriptional activities of p53 and PML. In co-transfection assays, PIAST protein levels were markedly
reduced by co—expressed necdin, and the reduction of PIAS] levels was relieved in the presence of the proteasome
inhibitor MG132. Furthermore, necdin markedly promoted degradation of PIASI via the ublquitin-proteasome
pathway. In transfected HEK293A cells, Nand C-terminally truncated PIAS] mutants bound to necdin but failed
to undergo necdin-dependent ubiquitination, indicating that the N- and C-{erminal domains intramolecularly
regulate ubiquitination. Because the N-terminus of PIAS] contains the SAP (SAF-Acinus-PIAS) domain that
interacts with the muclear matrix, we examined whether N- and C-terminal deletions of PIASI affect its
association with the nuclear matrix. Both PIASI and necdin were associated with the nuclear matrix, to which
the PIASI] terminal deletion mutants failed to localize, implving that the nuclear mairix is indispensable
for necdin-dependent ubiquitination of PIAS]. Furthermore, lentivirus-mediated necdin overexpression in H1299
cells reduced endogenous PIAS] protein levels and decreased proliferation rates.

The present study has demonstrated that necdin suppresses the fumction of PIASI both by inhibiting its SUMO
E3 ligase activity and by promoting ubiquitin-dependent degradation. Protein SUMOvlatiom levels are high in
neural stem cells, in which PIAS] expression is upregulated. Expression of necdin is low in neural
stem/progenitor cells and upregulated during neuronal differentiation. These findings suggest that necdin
suppresses SUMOvlation of PIAS! substrate proteins involved in neuronal differentiation. The present study
also provides insights into the involvenent of necdin and other MAGE family proteins in PIASI-mediated events
in various types of cells.
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Necdin i3, X DEHELEEEEBRLT. MAEH-=— o OokCETFRZRET HE
AMtEEAE CHD, Needin NBT S MAGE (melanoma antigen) 7 7 T U —i%, & hew AR Y
OFHIE (HBIE) TR 0EEULFEET S, BEaEOHMREBEHICBNT, 2 EFF 0
SUMO(small ubiquitin-like modifier){kit. BHE D HMPLENMICEETCHDH Z B MLA
TWB, MAGE 7 7 3 U —D—Hik, BENREXTF VB ) A— P L EAKEHE L TEAR
HEO2EFFALICERB R EZ R MO TWS, —F, MAGE 77 IV —FBHEICX3
SUMO E3 U ¥ —FOEEREICEL Tk, ThETHESTEY,

AL Needin 231832 A972 SUMOES U #— ¥ Ta 3 PIASI (protein inhibitor of activated
STAT) &#5& LT, ZHELHO SIMO L2 T2 BEEZHLNILELDTH D, Needin B
& Ut Necdin iZ¥EEL L7 MAGE 7 7 2 VR BAE L, BRI SUMOE3 U #/—E DO TIL PIASL &%
&7 5, Necdin i&, PIAS1 ® E3 U H—¥REMICHAOER LS LT, PIASI KL BZEHEER
B SUIMO bR MmE 35, £72, Needin X PIASL 2o ¥R FL{bTBHZ itk o T, FuF7 Y
— AFZTO PIAS]1 HfF & RET 5, Needin-PIAS]1 BAEDHMAFIE L Necdin IZ X 5 PIASI
A ERF LI, PIASI EHEHOS THEREZANLTHBPER TS, 20X 5 BB L~ T,
Necdin ¢ PIASL @ SUMOE3 V H—¥ & L TOREEREEXMMEFL T, HREERHE O SUM0 (L& mH
THZEBRPLMNTE o7, PIASI OEHIZ, MBRROAPMBLECBNT, ==—1 rDOH5{ER
EFIEEDD LOPE L, Necdin-PIASI HAKIL LI - THRBERSEBFTH EIRDL Z EBRE X
b,

BLED X 512, Needin A3 PIAS]1 SUMO E3 UV H—FOHIHICEESETBHZ EE2WAL NI LEKR
ik, SUMO LI L2 BEHEBREEMBBOMBRAICERTILOLERZLNDS, Lo T, Xia
L (MY ORMRXELTHoMESZLOLBD S,




