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Regulation of cellular functions of p53
by ubiquitination
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Abstract p53 undergoes various post-translational modifications, including phosphorylation, ubiquitination, sumoylation,
acetylation, methylation, and poly(ADP-ribosyl)ation. Modification of p53 widely affects to various functions of
p53. Acetylation and phosphorylation of p53 have been studied for regulating its transcriptional activity which
is observed in various stress condition. Otherwise, ubiquitination of p53 by Mdm2 has been well-studied as
a canonical ubiquitin-mediated proteasomal degradation pathway. Moreover several investigators have recently
reported that ubiquitination of p53 modulates not only its proteasome-dependent degradation by poly-ubiquitination
but also its localization and transcriptional activity by mono-ubiquitination which usually does not serve the
proteasome dependent degradation. Here we review recent studies on the cellular functions of p53 regulated
by post-translational modifications, particularly focusing on mechanisms of ubiquitination.
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p53-2 HEAR ¢ A FAAEA, 60% oPde] o 23
o EdHo|Z &5l 9o(1-4), p53-S ‘Guardian of
genome’ °l2kal E¥= ZAT(S), FrAke] WEo vy
o] N §E&3led X 718 FAAIZIAYS, 7), AIE
AEE QoA e IEE FHH8-9). TEo] telomere
shortening®l] &3 X =3}5 ZAA7|H(10, 11), FHE
Z3 Al YERYs= autophagy A4S E3AZ 4= 05=(12)
T TES AE W9 Vsl RuEal e Fast v
Z shtoltt. oleigt p53e] 7Fe diRE HAARIAEA
Thekgt delE o] WS SxIsh AV AAIsH(13-16), ot
Uy Al AZAPE S Rk didEe] Bdle 5
(17, 18), ZEH = Ao A M¥dou} nlo]EZ= o}
(mitochondria)ollA] Bel-2 family9} 23sle] rlolEFZ=
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gole] B35 FX31] ME APES doZ 4 var
Busw Jri19). p53e] olzst 54 sl gl Ax
Yol ps3o) dies] W w52 FEEeH, ol AA
A} AL DHAlelA o] Fo|R]= B2 A 7]70]
st7] wieltk £3] fRIFEE (ubiquitination)= 71
i34l elde] B3l 71 F 3hEM(20), Thdst 7]
AL 28 ps3 dlAS 2HT & Qe B} LS
ojFolz 1 k.

FHFAE (ubiquitin)S 76702] opr|:=Ako 2 FAE o
Je Fe A ZA AE o] ZjEel} Al EEA
&3] aAs, duidel] ARjto R TASAA wild
o] A2 715-S 53 "k fHIA"S = Al 71A9
47 B4 sh=dl Bl ©AQ) HFE 848 Ba
(ubiquitin-activating enzyme)Z H1FES &d3A]7|H,
E2 @il {ulFEl A3 &4 (ubiquitin-conjugating
enzyme)E E3 TR A FHIFARNS I AY 228
27 dldo] fujFElS Zole dEE itk viAEes,
E3 whlzl fulAe A &4 oA (ubiquitin ligase
enzyme, &-& E3 ligase)> E2 @il o] fHIFARS 55
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@il do] HA e 9ES FTH21). E3 ligase:= =3
o) fRIFES HAPAT|EE 22 thilldo) thak o)
go] o, 3ol e} HECT domain E}J3} RING-
finger domain E}¢] 528 vdth fuIFAEisE g
26S proteasome®] capping T o] ol3] FHIFAY AlE
(ubiquitin chain)©] 12O} proteasomeQtOE E0]7}4
3=, o]F2 7181 ] B A F shio]
TH22). ©] ¥l dejde] FHlFEs= vl o] ¢1%]
W3}l 8l 7|} dAe S T, o] Qs NEFY
ZZolu} dlAo] vty 2 5 e JYdx F83
AEE 3= AoE BuHT Quk(23-25). ps3e] #HlH
gisle] ot 23 71He FuFAEs) 71318 B3 vwlE
o] B3] 7139 uiEAQ] 2dY ¥ ohg} negative feed
back loopE 53 ©ize] 27} 23 7Aoo zAMx Z
dHA Aok HIZole ps3e] FHIFAREEE 53 23 1A
oz} ofg] T 7o) HuE1 o], B =&oA]
p538] 24 1A F fFHlF s 23 tFgk 7)1
S g gokeiqlth

r fe

Ubiquitinationg &% p532| 2l =X 7|

p53¢] #3l 713& 197030 ulo]z ol ¢JF it
717E dyshe AREEl 93] ps3e] A REA g
HaE7] ARBIAT: ps32 o8 71A] & i nlolelo)
ols} E¥4J3}l =7|% dh=tl, human papilloma virus
o8 FEsEe & 2 X1 E67} ps3ell A, o2
3l ps3ell frRIFAEST B ps3e] E&7t EREe
Zlo] TFETH26). oAe] Hzxo] Fu1AE S} 23 ps53
e 2 719 whAelon, vlojg 2o o3 i
Al A 71d F sE AAEATE 2y ps3el
olggt £3l|7)HL vlelg2e] AE W MY A Yehs
Aioln, Haol AE oA #EEE ps3e) e g
= AW = AT

3 % AF7HA ps39] fulFAES) 23k BalE Uo7
£ E3 ligase 5 713 22 A7} Ho] Y& AL mouse
double-minute 2 protein (mdm2)°]c}. Mdm2E & Hg
¥ 3T3DM Al¥oix Fdse guldz gy on27),
o A FRAAEA ok 7% GHENAN IR )
T}(28). Mdm2 null mice®*= embryonic lethalo] 2]
<tl(29, 30), ©] T2 ps39] FHodt LEy S £3)
Ro2 HAAW, p53-mdm2 double null miced A& ©)
Ao 2R 38 ¢ JouF(29, 30), mdm2o] <3
p53 Ao HH) S 2HE HE F siFQ) A
Al Aozt & 4 Uk T3 mdm29] fFuIALE}
£ 993l 9+ RING-finger domaing EHHo|E X8
AA EEASAIZ] mdm2 RING-finger mutant®] knock-in
mice®] phenotype 53} embryonic lethal FEfS HYJo =
mdm2¢] FelFAESEe] Fasithal HZ AAEJ31).
olF% ps3e] WEm A - FaF II¢L Fe

mdm29} 24 7|3 gEF ez v 2tk e fHl
#A€3} B3 ligase2] 54 T 34! mdm29] 27} fHlH
§13} (self-ubiquitination)E E3F mdm2 Giye] WA=
st 89 Aol mE ps3e] &4 FUtolth DNALSA
o W& ARFS 4%71= mdm29] A7} fFulARsE
23] p539 AL =o|H(32), mdm2E B #ulFAHS}
(deubiquitination) &A% HAUSP}2] Z3}o] Hojz|HA
mdm29] 27} 817" 8] 710 mdm2 ARE &
22 FeiEo A p53e il Adgst B8 wole psi-
mdm2-HAUSP complex”} BE${TH33). F¥AE mdm2
S} p53 23] 2ol g p53e] BA4e] Wsjo|tk AE
9] Z2o) #oJsh= EAQ] Aqksl E420 AKTel 23
mdm27} 912kl HH mdm27} 8 Qre 2] o)Fo] &3
o] p537 APeol Eo1A] ps539 EAS AR (34).
ole} W2, Tkt A2EH 2 o] Askd o 714
Qlxkel aAaEol 93 p53e] N-2 1594 serine”]7}
xEE 4= 9Jed|(35), oA mdm29} ps3te] A
Walete ps3& mdm2EHE Hssle] 4SS F21TH36).
TR p539] N-ZellE p539] B¢l 5838 &S 71X
= oEE} 8491 p300°] mdm29} BAH T A
o 909, p539] 8L 2AE 4 Johar BaEHAK3T).
o]FR mdm2e AR FHAL WH T ps39) FXAL HE
&)1, ARFU p300, Numbd} -2 gl oJajA ps3
o] Aol okl A 4= k38, 39). Mdm2<} p53<] &
& oFshA 3l ps3e] E4EE STHRIA FFEHE
M ZAPES F= FAEZEEE nutlin®] UTH40). Nutlind
mdm2¢] antagonistZ4] p539] AL FZAIAA A9
AFES Fethe R 9om4l), nutling £33 3¢
X EA| 7o) F18Y Folt}k AHAZ mdm29] e <)
A p539] &40l 24 W% 3h=H|(42), mdm29]
2 p53°l &J3A o]FAH, DNA &4 F mdm2+ p53
o oJ8f W@= ] p53e] B43E AA & F Y= negative
feedback loopE A8 E]o}AIt}43), 221} SNP(309) mdm2
& Z335H MEE estrogendl] 93 o] TV dd
Holr o]Z <3| p539] &/do] sl HTH44, 45). EFH
olgig SNPE 7Fd o %k $x1e] - 60 o5
57} - FA] @rhe Aol BAEHoE ®Bid v )l
©J(46), mdm29] BRI Fr} WHO R I8t p53e] EA
AL oF vy Folx Jee Fi= Ao AAFHT gk

p539l SJaiA] LA ] p53L FuAES} A AHA Bl
3= negative feedback loopE 7 EAE mdm2 2ol
COP1% Pirh27} $Itk47, 48). COP1-< arabidopsisellA] &
o] 15 u, photomorphogenesisE JAIsh= THAZE T2
RHart Qlo] $hem(49), HZole TE AEolA ps3 B
ollg & tAE 23K Fox01S FHIARS A#HA
Halshs a4E RalEo] 3loi(50), X F47 At
o= 8% I%s 7]d AS=E HIth COP1o] DNA
&4 F WA 48 Hole ATM Qe &4 o3
248} = COP1e] 27} fulFelsly} s o] p53)
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o] fEHTK51). Pirh2+ p53¢) APz x)¢ gt
HRoH, FuFEsle] 235 ps3e] B FE=IN52).
FZollx= Pirh27}t MEF7) 848 AAAIE p27 HE
&+ ke Hu= QA AE F719 F40) B
o o2 HATK53). Calmodulin-dependent kinase II
(caMK Dol &3] Jaksld Pirh2E ps53ol] thil &4do)
AL, o] AL BE AFoMe BHHAT GME
e kst o] HA| & Aoz Hol Pirh29)
Qe B3t p53Y) o] 4BE Ped FRY Ao
= A= A7EHAKS4).

o]} negative feed back loop 7|#& 74 F4AELS
AE 2] H3E 28] ps3oll oJsl 2] ps3S E3lA)7)
T Ao H9E T = IAT, 71EH 2= ps3e] Sl
ofsiA Edo| SV o] HAAA e Bl ps3
LB ol5e] W] Wolr p53S oz FaiAZd
T g T AUk B2 9 3E AEY mdm2E A
WollA] p53e]l thet Bie-R-H1FAES} (mono-ubiquitination)
& B8l p53& MEYoERE] MEHR olFAIA I
S & p53¢] @S ZH3RAY ps3Y] EE SsRE
Rt} webr A Aelollr ps3e] o] 24 He
717-& A8 lole BE32E negative feedback loopE
7HAA A Sk ohE H1FElE) E3v) E4 ligase7t A
A e ps3y] BSIE 293 Ao AAEa Q)
TK55). T3 p53<] AEF Y29 o]F-S 2= Crml A
Al leptomycin B X EA] ps3o] & ol HH == RS
Kol A Aefol A ps3el Eaj71He AEdo g
ofd Zlojz} &3l JYrH(56). T 71HE FFY AL
2 A== E3 ligase 5 52 ARF-BP1/Mule2 ARF
o] Afshs GidE g o, ps3S fHIFHDEE S

E3)& 4 90T, negative feed back loopE 7}AI YA

St} A9l Ajolre] 24 5ol AL JUATHST),
&3} vlo|ER = glotol] A& a, ¢ FelAR]
Mel-1-& BjAZIThE Bl glojx(57, 58) $oZ 37}
Al A7t BaE Ao g Btk p300-2 p53¢] opAlEs)
£ 8 842 2 4eA AT, p53F mdm2 & F3
8} XA A negative feedback loopE 448 F=3814(59),
ligase BA 07 UM A4 ps53-& u1FEIS) sl Ealigh
= B JojA] B3 3-8 B4 42 AAEIL 1TH60).
12y p3009] 23k p53 9] opxgstel fRlFHBETL AE
Wellx ojufgl HgeA 2-EE Ae oy WeAIA 4%t
o olyg Ayt MsfEo{xel & o' Bt o]
vl 2% (endoplasmic reticulum)dl] $JXI3+ p539] E3
ligase?] synoviolin® A¥Z Wie] p53S LAt He
237 AN, AARIREA ] BE JAATIE A
o7 BuEek6]). T3 Hol= caspase-87} -10-2 H3]]
3= E4%) caspase-8/10-associated RING protein (CARP)
7} v1&A33) Hol 1 ps3EE ohlE} 1584 serine?] <1
2181E0] QE ps3E BaATIE BAE BHUEHITH62).
ICPOS} Topors 22 E3 ligase® p539] £3lE 3 Ald
& glolxi(63, 64), p539] FARIFLEE BT 23l 71HS
FHE BoA FFE L Uk Table 1914 fFH1FAES)
71L& E3) ps3 © A RaE @dske ps3e] fHIH
€13} E3 ligase® A3

FHIFESHE B3t MIZ W p532| $iX| Hat

p53L Haole ) Ao B2 IRTKBY). ps3
o] AARIAZA HEE FP3P) Y 2B WS
o 93l oz olF ok 817] wlEoN(90), p53] Ao
29] o]FL ps3e] FARIKZAN ] B Fagt 9T

Table 1. Known E3 ligases responsible for the ubiquitin-proteasome dependent degradation of p53

Negative

Other targets for

E3 ligases Type Localization Activation Deactivation ubiquitin-mediated
feedback loop degradation
Mdm2 RING (65) Nucleus, Yes (67) Phosphorylated by AKT (8166/3186) {34); Phosphorylated by ATM (8385) (68) and Mdmx {71), ARC (72), L26
cytoplasm (66 stabilized by sumoylation (K468} (68) c-Abl (Y384) (70); degradated by ARF (38)  (73), FoxO3a (74)
Nucleus,
i ’ A 4/S1 4} p27 {53), HDAC1 (76
Pirh2 RING (47) yloplasm (75) Yes (47) Not reported Phosphorylated by CAMKIF {Y154/8155) (54) p27 {53) (76}
Nucleus
’ ition i idopsi 51 Fox01 (50
COP1 RING (TT) eyloplasm (78) Yes (48) Dark condition in Arabidopsis (79) Phosphorylated by ATM (S387) (51) ox01 (50)
p300 ::::760) l(VéIS?)nIy nucleus Not reported  Not reported regarding its ligase activity ~ Not reported regarding its ligase activity Not reported
ARFBP1 HECT (57) \cleus Not reported Not reported Not reported Mck1 (58)
mitochondria (57) | P P P
- Endoplasmic
Not reported
Synoviolin  RING (61} reiculum (61) Not reported  Not reported Not reported ot reporte

CARP RING (81) Not reported
ICPO RING (83) Nucleus (84)
Topors RING (87) Nucleus (87)

Not reported  Not reported
Not reported  Stabilized by USP7 (85)
Not reported  Not reported

Not reported
Not reported
Not reported

RIP (82), Caspase-8/10 (81)
l-kBa {86)
NKx3.1 (88)
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23ei}. AEAS] ps32 dyneindt AFs] qwr =14
o2 o]Fahy aut bl A2l importinol] 2J3) & Qto=
o538t olw| p53¢] nuclear localization signal (NLS)2
gleto 2 o] olgol FQ 3G HFHslal AUrH91, 92). RiH
2 p530] HX AEAZ o]FF woll= p539] nuclear
export signal (NES)o] B3} (93, 94), 3= iz Q]
Crm1< p53-& ARGt HEAZ o} FAZITH95). p53<]
oA AZFYWEY] o]Fol oA fulARskE ¢
F8% A%E d9sta Utk Mdm2o) 93 C-EThe]
FRIFALDSh= NESS] 724]Q] H3lE F2A)71a Crml$
T3l AEARZY ol FIAUTH96). ol ps3 C-EH
of fRlAE S B &89 p53E Al HE AFHES o
o] AIE Y] X7} 7)E p53-E& HAAFE Wols t=
A &3 AEAe] 2 yepd Y] AP YeR)
o)A ™(97), mdm2¢°] &Jgk o]H 3 P2 FelFHIF S}
(poly-ubiquitination)& &% p539] &3l 7IH= =24
2efulFRse] og Aoz B uHItk98). frHIFHAHS
of 23k djde] s proteasomes F3F ©]F0A]
=], proteasome2] capping protein 47 opg<] fulHE
AFEE 1A § oA (99), E=fHlFEsE X U
oA Eel 71347 e dFE FFelal vk Mdm29
olzfst 9 X W mdm29] W Aol we} el 4
o AL 429 mdm2E E=fRFAEEE fE,
B2 79 mdm2< p539 EERHlFREe deita
RuEITH98). Mdm2&= IHHE0Z AlE ol & T2
EAsl7] Wil AR deldlMe fulAdEskE S
p53& ¥ Hlo R XA F vk AZEHm, opl thE
E3 ligaseY} E=f0]F €18} p53E A5k proteasome
©2 Q&dl= E47F JE Aol FZHTKS5).
o= WWP13 UBC13, MSL27} 242} p53¢] =i
FHIFRSE L, 3 HoR9] o]FS sl FAARIAL
2M49] p539] e A Bt 3121(100-102),
cullin-7 complext A|3ZAA p53-& F=fH]FES} A]A,
FARIZEA O] EA3S AsiAIITAL B = {TK(103). Al
Aol YAI3F E3 ligase?] Parc-2 p533 273t AlZ Ao
pS3& AFATIER, AARIAEA p539] JE-S Wl
TH104). Jabl-2 mdm29} 28t mdm2o} Tl S-S
FoA p539] & HEo R 9] o]F& FX3l] p53o) EIE
FET(105). MSL2E mdm2shs S92 0 2 ps53< §H]
Blg} A|AX MZAZ] o}F-& Z3I3HY(102). B3 PIASyol
)3l = 3)(sumoylation)= FHIFE S} sl p53S
3 o2 olFAIZIth Pkl FEI= Tl 91X
olF= HsAIE 7R & dEA o, p53e Ag-
ol fHIFYSIe} Rdle] o] p53e] fx|HS}el F
83 g 99 @ T vk AS AEKATH97). ©fF
3 BuEE 53, 2719 ps39] fulFeiste] o3 AlxZ
Wl HRHslE ps3e] AARIAE 84S AAlT e 24
7fs TACE A7EI 2eEu HE Eof AlIEAY ps3ell
o3k A AQ) vlol EZ =0} A|EAME J]Ho| ¢hs}

(tumorigenesis)ol] WE AE &2 (oncogenic stress)oll &gk
autophagy = AsIA7)= 5 A2 7]do] Barsal glo.
o2 3RE p53S A|EAZ o) FATIE FHIFAESIe} ol
3 715ty #A) B SdstA A7 AR AdE
ok 93X wuel w=d fHFAEEE Fele] p53-2 Bel-2
family o} 28 5 glom(106), DHIFRS} Hojof 517)
7ol ZxFulAREE Qs 8 vho g Ukt BE p53o]
HHAQI vlo|ER=eo} AEAPE 7|7l Fofshe A2
ol gk Azt ) ps3<] EulFEs} 7 |-dlE B
v Fes} G491 HAUSPe] #HAH 131(107), E-FHIHA
8sld p53-& wld B4a o] SUHERE, fRHRE
7} p532] mlolEZE o} HZAPE 255 A = 3
& Ao dpden) fulFEs o3t ps3 AXHst 2
7)7& Fig. 19 Aelssdth

AR}
v

focSrom

Poly-ublquitinalion

Fig. 1. Ubiquitin-mediated localization of p53.

Low dose of mdm2 and WWP1, UBC13, and MSL2
induce the ubiquitin-mediated export of p53 to cytoplasm.
in cytoplasm, mono-ubiquitinated p53 may be degraded
through proteasome-dependent manners by unknown
E3 or E4 ligases. Otherwise, mono-ubiquitinated p53
has to be de-ubiquitinated by HAUSP for its exo-nuclear
function. And wild type of p53 is ubiguitinated by cullin
7 to sequester p53 in cytoplasm. Parc also sequesters
p53 in cytoplasm.

FHIFEISHE S8t p532| HAllx} & =X

p53-L AARIALZA T3 Tl o] HHEH S 53
A FAPES N2F7), AE 23], AMEAL autophagy T
FEL 71%5S YeRit: WA ps3o] owgl 7|1[dE B8
olz]gt whilA ol wa-e FH3l=Ad tliA B AT
AE0] FEE e AL FAT HolH, thkst v
289 & Q= F23 7iHolglar & 4+ ATk B3] AlE
APES fEdhs GASY WS SUAT]E ps3e 84
Zd 232 oA Ay A B ATt o]FoRe
o, p532] Sk} olgs} e AL WY B2 ok
3 A% wldo] p53e] AARIREA 9 AL A7
I BuEgrh o9F Bo] 2EHA S0 BEFH A=
N-Ze] olxkahg c-2ete] oA sl= ps39] HARIAL

==
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BN QS F7MAIFIH(108, 109), HzZFL} CasZe- ps3
o] A Tl ps3o] WARIAER ] B A5l
AEF7] A} AFAPE S 2487)% Fi110, 111).
3 FolA frelEsie) AAES ps3e] BAY| QAFS
F AeE HilEo e 71-E ps539] opxlgslolth
p300/CBP9l &3t o}Mdsh= ps3e) C-get RE- 67) <]
lysineo]] Y3}t p53<2] DNA binding domain (DBD)<]
TE HIE 53] DNAY] ARS fEshs Aoz
HA=ATK112). p539] gopdEsl a2l Sirt1¢] &4
< AR U5 ps3e] AARIA B4l ojgt X
Abde] FeHug, C-ude] opigshs ps3e] BARIA}
BN S FIATRE Qo) AAHATH113). TS
o] 671¢] lysine Z71E mdm2°] &J&) FHIHBEE & 4
Jerg [HIFAEE} oAl A4 WYL TS

p539] B4 o) WE A2 £Ho] AAEH R, o]
Bl T olM"E3} 491 p300/CBP associated factor
(PCAF)°) 2] 32005 lysine 7)) olM|€slr} tiokst
2EG 2 ol MZAPES 2300 B s ri(114).
FH E4F1°] $YT opv)iat 271 fuHeiss i
ks Bt dlom, SREAL o) fHlFEsks 71E
Hue b 71AE 53 ps3e] 24 23 7)1%S =
ROZ VERGTH(115). E4F1-S p539l] SulFElsls 55

pumat} noxa$} & ps3e 23} wlolER=glo} A|ZAPE
B A HHE AN, p219) BHE 27}
A71E & BRI o)F B3 AFEF7)e AN
Ao AFAPE L AN 28 fHHEs) 7R
< Walylon, o] 17L& MIAPE B ThFo) Wl
8% A& 3l & @719 PCAFY &J3) olAesle}
BAst A7 Aidolet F43I9Ti(115). B3 E4F1-&
A 2EH 27} $hS w) MEF7)E 50] DNA repair
o B Al2ElE FAAM AE A A 1917}
T2 AEAFES SANZ AWIE 2ARE 29X
QS 99T T US RAolghs 7FeAS AN YT
ol HIEZ st ps3e) fulFHsh= 7)Ed) e
7 C-2 lysine Z7|9] 242 W ¥ oz}, 320K
oEs} 7l AAA AES S p53e] FARIAZE
Wl 715& 2R A= B 5 3l 2o waiA
p53 DBD®] 120879} 1644 lysine ] p300/CBPel &J3k
oSk AFANEY] Aefshs B AL BEsd] FQ
sloi(116, 117), 53] 164HA] lysined] olA|gsh= p539)
e mdm29t mdmx ko] AFS Walsle] p53e] DNA
29 SUE F=Fe] Ru=n 0|23} lysine 27|15
< 71BHoR fHF"s | 4 Jay118), p53 DBDS)
lysine =3 in vitro AEjollA fulH€E Acks B o)
OB Z(119), 7|E HuHolHA FuARSe} ofxg
3e) 7o) MR- obEs}t 2719 12079} 164
lysineol = dold 4= 1S Ao 7 o] 3FE oA
= 7189 233 ligase & AF ligase7} p539] oj=
lysineo]] frHIFARSLE A7) =1 ol we} 1 2lg]ol] 7))

Y WA Te] A T 9A ps3o] w8l A
oflz}t AE WolXe] 2] WEt 285 FARIAZ R
A w3 - 4 J=Ael tial] B4 A GEHR Be
T ddEn 53] AARIA 24 23 SHAME
p53 DBD9| opM€ds} B x4 fHIARE = Q18| ps3sh
DNA<¢te} o] 2AE & 33 1 Yot oy thefst
p539] downstream gene®] TZTE] 9o thgl Agtel
Eold -2 213 downstream gened] WH ZA3} 19
e ps539] Hghe] tdigdo] DA 2FEEA g
A77} o018 Aog AYHAT) Fig. 2014% flFAHs}
5 B3 p539] AARIA B 248 gk

Celideath  ps3fl Cell death Cell death

wor et T p21]) N
TiPeo  |p3coicep PumalNoxa i 0300 ps3

Acetylation
n

p53
v 18
24 101 120 132 139 164 29% 292 305 319 320 321 370 372 373 331 382 388
Ubiquitination
E4F1 MDM2
2 p21{ ps3l)
K lysine Puma/Noxa [}
Cell cycle arrest Cell survival

Fig. 2. Ubiquitin-mediated modulation of the transcriptional
activity of p53.
Six lysine residues of the C-terminal end of p53 are
acetylated by p300 to induce its transcriptional activity
and express apoptosis-associated genes. Same lysines
are also ubiquitinated by mdm2, which inhibits the
transcriptional activity of p53. Moreover, lysine 320 of p53
is acetylated by PCAF for its apoptotic role, and E4F1
ubiquitinates at the same lysine for p27 not puma/noxa
expression, which resulting cell cycle arrest rather than
apoptosis. Two lysine residues (120 and 164) at DNA-
binding domain are known as potent acetylation sites
for expressing apoptosis-associated molecules, and it
has been an unsolved question whether these sites can
be ubiquitinated and also regulate functions of p53.
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