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X F UL VN E TH HSUMO (Small Ubiquitin-like Modifier) 1%, ¥ VX7 ED Y ¥ 5%
HICHAEL,. 20X U X7 EOBEZEILEE D L T, BiaFORICMBEL 22 &, BxAmE
SEHHL TV ERMONTNDS, 2EFF AL FAEICZ N7 BESUMOLIZAIWRI TH Y |
SUMOJEME{LEESE (E1), SUMOREARES#RE (E2). B L OSUMOHEKEE#E (E3) ICX W RE X VX7 EIC
SUMOIFEEE SN, v AT A 7 r 7 7 —8Th HBSUMO(LEEFESENPIZ L D iSUMOL &L 5, il
AN O SUMOAL L L 0 BEFE N0 AR B R CORB L ERICED > TWD Z ERH LN
o T&ER, ZOZ b, Z 2 2X7HEOSUMOL % filifl 3 2L 51X, SUMOAL & A BB RE % fiR B 5
HIODOHEHRY =N e RDIET TR, Filce iy FIERRREE R AIREN D 5, £ 2 TARMFET
I%. SUMOTLEER L EH . & OBLSUMO LEE R HEM 2 Bk U, [FE L 72 BRI o [H 5 A8 o fi B J OF,
ZTOHNATEMES, ML~ TORBEMERONMZ BN E L,

(R 9E 5 C & 2 BAL S WF R T S AL F BB PRIV T, insitu SUMOIET v A R & H W T
AT X OEOMBEE P ICSUMOLILEEENTFET 2 2 BN AH SNz, £2 T, AT RFEES
HOARMNE—BROIINV—T L LR CHEEMDE LR RELLE A, 2TV F = O—FTHD
davidiink X, =7 O X > = BWIMKGET 5 Z &1 & - THA U Hellagic acid2s SUMO{LFLEIGEEZH L
TWAHZEERHLE, 22 TZ0 2 50{bAEWOSUMOILBLEMKMEIC OV TR Lz & 2 A, davidiin
IXSUMO E1 & BE#H:K5A L. EI-SUMOH A DR ZHET 5 Z & TCSUMOLK L Z#ET 5 2 & 21
LMLz, £/, TOICSHEIZ0.15yMTH Y . ZHE THRIE SN 7ZSUMOILILER O T H Kk H ik
WBHETEM %278 L=, — 7. ellagic acidix, EI-SUMOH AR B %2 KIF4 Z L 1x72 <. SUMO E2
WCEERE AT 5 2 L TE2-SUMOH KDk 2 BLE L, SUMOIL S ZBET 5 2 & 0N sz,
BT, T A ST UARIER R L AR O BEFEIZSUMO E2W B 5925 Z L /R &N TV 58, ellagic
acidlT= A ~ v 7 MEAFAY 72 MCFTHL S A M o0 B85 % #ifi] L 7=, SUMO E2% [HE 3 5 K0 L& Wi
RNVEAMKAFRI RN ADIRIFEFEICRVEDL Z BRI N,

% 72, BLSUMOAL % 3 SENP1FHEHI 0 52 T, in situ SUMOAL T » & A & % & A L 7zin situ iSUMO
{7 oA REMHL LI, ThEAZ Y —=2 7% ELTHWT, BALFEHZETT ONPDepolb &) 7 A
77U —IZINAE I N TV 518,000/ 597> & SENPIBRLFEIG 2 A 3 2 BB O Mt &M xSz, &
iR E LT, v AZ 7 a ey MEIZ X DinvitroliSUMO{E T » & 1 3 L U'Cypet-SUMO-1-Ypet% %
& & L 7zin vitro FRETHEAT 24T\, SEBYICICS0ME AN 1S p MEL F o b & & 7S 7-, = D+ THIC50
E230.29 pM & e b [LEFETE DB UDMEE I O W T S L ICifT 2 E D 7=, K{LE& ¥ idpapain, trypsin/a &£
oL AT A4 TaTr7 —BEe] HEYT, SENPIZ@ERNAICHE L, 72, MENOSENPIFLE
IHEMEIZ DWW T, Flag-SUMOZ @ Bl S B 72293THla 2 W TRt L7 & 2 A, RILAWILSENP1 % /
I E T L& LRBRICHMENO X R 7 ESUMOE L RV BN S E7-, S5I2, BERTF-TH
HHIFL o % 87 BITKIEE F CLEE(L I, BAMEO AT, BIHICH 53 525, SENPLIZ X 5 M
SUMO{LAAHIFL a ZZEALTHZ ENHMESH TWD, AMEEWITINEFEIC LV FE SN D NIEMHIFL
a DEEMZIKT S, HIFl « OEEFIEE{REEZIH Lz, DLEORR LY | AMEEWILSENPLOHE
ZHNLT, KBEEBINRE FTOBMROEFICEZEZRHIFla OB E2M2 25 2 &L BREB I, SENPL
PHETEMEZ A3 2K 0 FILEWITHT LWES FIENEREEL LTAE T L Z BRI N,

ABFZE T, davidiind X Wellagic acid & W 9 2 -5 D SUMOAL FLEA 72 5 DN % %4 @ Bl SUMOAE % 35 FH.
FREZRETDHZ LR LEZ, 2RO IEEWITIVWTN L BEFEOMEA L LW LEFREZ R LIz
e, ZFUNTESUMOMRHIE T 2 EMB G LA T L2 ODONNAF T o =T OH TR, X
NRIESUMOL ZHER & LI2HUERIBEE OO Dy — FMeAWm e L TABDOIERNHETE 5,
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Protein modification by small ubiquitin-related modifier proteins (SUMOs) is one of
important regulatory mechanisms for protein functions. SUMOylation is mediated by a multi-step
enzymatic reaction that is reversibly catalyzed by SUMO-specific activating (E1), conjugating
(E2), and ligating (E3) enzymes, and a family of SUMO-specific proteases (SENPs).
Dysregulation of the reversible SUMOylation processes has been implicated in the development of
cancer and neurodegenerative diseases. Therefore, it is important to find small-molecule inhibitors
of protein SUMOylation/deSUMOylation for not only elucidating physiological roles in reversible
protein SUMOylation but also a drug development. Here, we have identified two natural products,
davidiin and ellagic acid, as novel SUMOylation inhibitors and a novel SENP1 inhibitor.

Davidiin and ellagic acid inhibited in vitro SUMOylation of RanGAP1-C2 in a
dose-dependent manner, and their IC50 values were 0.15 uM and 0.96 uM, respectively.
Furthermore, davidiin and ellagic acid inhibited protein SUMOylation in vivo without affecting in
vivo ubiquitination. Mechanistically, davidiin inhibited the intermediate formation of
E1-SUMO-1, while ellagic acid inhibited the intermediate formation of E2-SUMO-1 without
inhibiting the E1-SUMO-1 intermediate. Moreover, davidiin and ellagic acid inhibited the
proliferation of various cancer cells. Thus, we succeeded in identifying two natural SUMOQylation
inhibitors with a different target in the SUMOylation process.

We developed an in situ deSUMOylation assay to screen for a SENP1 inhibitor. We
confirmed NPD11715 as a novel SENP1 inhibitor using an in vitro deSUMOylation assay.
NPDI11715 inhibited SENP1 with an IC50 value of 0.29 uM, but did not inhibit other proteases.
NPDI11715 also inhibited protein deSUMOylation in vivo. Hypoxia inducible factor 1 alpha
(HIFlalpha) is known to be involved in tumorigenesis and deSUMOytlation of HIF lalpha by
SENPI leads to its stabilization and activation. Treatment with NPD11715 induced degradation of
HIF1lalpha and a decrease in its transcriptional activity. These results indicate that NPD11715
functions in inhibiting the SENP1 activity in cells.

Thus, we identified novel small molecule inhibitors against both SUMOylation and
deSUMUOylation. These new compounds will be not only useful for investigating the roles of
SUMO conjugations in a variety of pathways in cells, but also provides a basis for the

development of drugs targeted against diseases involving aberrant SUMOylation.




