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Since p53 was cloned and subsequently characterized as a tumor suppressor more the 20
years ago, more than 40,000 publications have been published relating to this protein. A
great majority of this scientific literature focuses on the intricate details of p53 regulation by
posttranslational modifications. Phosphorylation, the first posttranslational modification of
p53 identified, was established as a positive regulator of p53 via modification at multiple
sites by an ever-growing number of kinases activated by numerous stress signals.
Subsequently, acetylation and ubiquitination have been established as major regulators of
p53 by regulating p53 transcriptional activity and stability, respectively. More recently,
other modifications, such as sumoylation, neddylation, methylation, and glycosylation, have
been reported. Although the cellular effects of many modifications are established, mouse
models using site-specific knockin approaches imply that some of these modifications are to
some degree redundant. These findings raise the possibility that aspects of the p53
posttranslational regulatory network are redundant yet indispensable for exact and precise
control of p53 activity upon stress-induced stimulation.

References
1. Bode AM, Dong Z. Post-translational modification of p53 in tumorigenesis. Nat Rev Cancer. 2004;

4:793–805. [PubMed: 15510160]

2. Brooks CL, Gu W. Ubiquitination, phosphorylation and acetylation: the molecular basis for p53
regulation. Curr Opin Cell Biol. 2003; 15:164–171. [PubMed: 12648672]

3. Brooks CL, Gu W. p53 Ubiquitination: Mdm2 and Beyond. Mol Cell. 2006; 21:307–315. [PubMed:
16455486]

4. Horn HF, Vousden KH. Coping with stress: multiple ways to activate p53. Oncogene. 2007;
26:1306–1316. [PubMed: 17322916]

5. Hupp TR, Lane DP. Allosteric activation of latent p53 tetramers. Curr Biol. 1994; 4:865–875.
[PubMed: 7850419]

6. Michael D, Oren M. The p53-Mdm2 module and the ubiquitin system. Semin Cancer Biol. 2003;
13:49–58. [PubMed: 12507556]

7. Prives C, Hall PA. The p53 pathway. J Pathol. 1999; 187:112–126. [PubMed: 10341712]

8. Tang Y, Zhao W, Chen Y, Zhao Y, Gu W. Actetylation is indispensable for p53 activation. Cell.
2008; 133:612–626. [PubMed: 18485870]

9. Toledo F, Wahl GM. Regulating the p53 pathway: in vitro hypothesis, in vivo veritas. Nat Rev
Cancer. 2006; 6:909–923. [PubMed: 17128209]

10. Vogelstein B, Lane D, Levine AJ. Surfing the p53 network. Nature. 2000; 408:307–310. [PubMed:
11099028]

NIH Public Access
Author Manuscript
Cell. Author manuscript; available in PMC 2013 June 24.

Published in final edited form as:
Cell. 2008 May 30; 133(5): 930–30.e1. doi:10.1016/j.cell.2008.05.020.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kruse and Gu Page 2

Si
te

M
od

if
yi

ng
 E

nz
ym

e
C

el
lu

la
r 

F
un

ct
io

n
D

is
ea

se
 o

r 
K

no
ck

ou
t 

P
he

no
ty

pe

P
ho

sp
ho

ry
la

ti
on

N
-T

er
m

in
al

: S
6,

 S
9,

S1
5,

 T
18

, S
20

•
A

T
M

, D
N

A
PK

, C
K

1

•
E

R
K

s,
 A

T
R

, p
38

 k
in

as
e,

 m
T

O
R

, C
hk

1/
C

hk
2,

 J
N

K
, M

A
PK

A
P2

, H
ip

k4

•
A

ct
iv

at
ed

 b
y 

D
N

A
 d

am
ag

e,
 U

V
lig

ht
, i

on
iz

in
g 

ra
di

at
io

n,
re

pl
ic

at
iv

e 
se

ne
sc

en
ce

, o
r

ph
os

ph
at

id
yl

ch
ol

in
es

.

•
N

-t
er

m
in

al
 p

ho
sp

ho
ry

la
tio

n 
ca

us
es

p5
3 

st
ab

ili
za

tio
n 

by
 in

hi
bi

tin
g 

th
e

p5
3-

M
D

M
2 

in
te

ra
ct

io
n.

•
K

no
ck

in
 m

ic
e 

ca
rr

yi
ng

 s
ep

ar
at

e
an

al
og

s 
to

 h
um

an
 S

er
18

/ S
er

23
m

ut
at

io
n 

ar
e 

ph
en

ot
yp

ic
al

ly
 n

or
m

al
.

T
hy

m
oc

yt
es

 f
ro

m
 S

er
18

 m
ut

an
t

m
ic

e 
ar

e 
su

sc
ep

tib
le

 to
 io

ni
zi

ng
ra

di
at

io
n-

in
du

ce
d 

ap
op

to
si

s,
w

he
re

as
 S

23
 m

ut
at

io
n 

in
 E

S 
ce

lls
an

d 
M

E
Fs

 is
 d

is
pe

ns
ab

le
 f

or
 p

53
st

ab
ili

za
tio

n 
an

d 
ac

tiv
at

io
n.

 S
er

18
/

Se
r2

3 
do

ub
le

 m
ut

an
t k

no
ck

in
 m

ic
e

di
sp

la
y 

re
du

ce
d 

ap
op

to
si

s 
in

th
ym

oc
yt

es
 a

nd
 d

ev
el

op
 s

om
e

m
al

ig
na

nc
ie

s.

•
V

er
y 

ra
re

 m
ut

at
io

ns
 r

ep
or

te
d 

in
hu

m
an

 tu
m

or
s.

S3
3,

 S
37

, S
36

, S
46

,
T

55
, T

81
•

G
SK

3β
, p

38
 k

in
as

e,
 A

T
R

, D
N

A
PK

,
JN

K
, A

M
PK

al
ph

a

•
H

IP
K

2,
 D

Y
K

R
2,

 E
R

K
2,

 T
A

F1

•
A

ct
iv

at
io

n 
by

 U
V

 li
gh

t (
S3

3,
 S

37
,

S4
6,

 T
hr

81
),

 H
2O

2 
tr

ea
tm

en
t

(S
33

),
 γ

-r
ad

ia
tio

n,
 D

N
A

 d
am

ag
e

(S
37

),
 a

nd
 g

lu
co

se
 d

ep
ri

va
tio

n
(S

er
46

).

•
Ph

os
ph

or
yl

at
io

n 
le

ad
s 

to
st

ab
ili

za
tio

n 
an

d 
pr

om
ot

es
 p

53
tr

an
sc

ri
pt

io
na

l a
ct

iv
ity

 to
 r

eg
ul

at
e

p5
3-

m
ed

ia
te

d 
ce

ll-
cy

cl
e 

ar
re

st
 a

nd
ap

op
to

si
s.

•
V

er
y 

ra
re

 m
ut

at
io

ns
 r

ep
or

te
d 

in
hu

m
an

 tu
m

or
s.

S1
49

, T
15

0,
 T

15
5

•
C

SN
-a

ss
oc

ia
te

d 
ki

na
se

 c
om

pl
ex

•
A

ct
iv

at
ed

 in
 u

ns
tr

es
se

d 
ce

lls
.

•
Pr

om
ot

es
 p

53
 d

eg
ra

da
tio

n.

•
V

er
y 

ra
re

 m
ut

at
io

ns
 r

ep
or

te
d 

in
hu

m
an

 tu
m

or
s.

S3
15

, S
37

6,
 S

37
8,

S3
92

•
PK

C
, P

K
R

, G
SK

3β

•
FA

C
T

-C
K

2,
 p

38
 k

in
as

e

•
C

D
K

 (
cd

c2
/c

k2
),

 A
U

R
K

A

•
A

ct
iv

at
ed

 b
y 

U
V

 li
gh

t (
C

D
K

/
G

SK
3β

, F
A

C
T

-C
K

2,
 p

38
 k

in
as

e)
,

A
U

R
K

A
 o

ve
r-

ex
pr

es
si

on
, a

nd
in

te
rf

er
on

 s
ig

na
lin

g 
(P

K
R

)

•
S3

51
 p

ho
sp

ho
ry

la
tio

n 
ac

tiv
at

es
p5

3-
m

ed
ia

te
d 

tr
an

sc
ri

pt
io

n 
to

re
gu

la
te

 a
po

pt
os

is
 a

nd
 c

el
l c

yc
le

.

•
PK

C
 c

on
st

itu
tiv

el
y 

ph
os

ph
or

yl
at

es
p5

3 
at

 S
37

6 
an

d 
S3

78
 in

un
st

re
ss

ed
 c

el
ls

, I
R

 s
tr

es
s 

le
ad

s 
to

de
ph

os
ph

or
yl

at
io

n.

•
S3

92
 p

ho
sp

ho
ry

la
tio

n 
pr

om
ot

es
se

qu
en

ce
-s

pe
ci

fi
c 

p5
3 

D
N

A
bi

nd
in

g.

•
K

no
ck

in
 o

f 
S3

92
 m

ou
se

 a
na

lo
g

(S
38

9)
 is

 p
he

no
ty

pi
ca

lly
 n

or
m

al
.

p5
3 

tr
an

sc
ri

pt
io

na
l a

ct
iv

at
io

n 
is

pa
rt

ia
lly

 c
om

pr
om

is
ed

 in
 c

el
ls

is
ol

at
ed

 f
ro

m
 k

no
ck

in
 m

ic
e.

•
V

er
y 

ra
re

 m
ut

at
io

ns
 h

av
e 

be
en

re
po

rt
ed

 f
or

 in
di

vi
du

al
 s

ite
s 

in
hu

m
an

 tu
m

or
s.

Cell. Author manuscript; available in PMC 2013 June 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kruse and Gu Page 3

Si
te

M
od

if
yi

ng
 E

nz
ym

e
C

el
lu

la
r 

F
un

ct
io

n
D

is
ea

se
 o

r 
K

no
ck

ou
t 

P
he

no
ty

pe

A
ce

ty
la

ti
on

K
12

0
•

hM
O

F,
 T

ip
60

•
K

12
0 

ac
et

yl
at

io
n 

is
 p

ro
m

ot
ed

up
on

 D
N

A
 d

am
ag

e.

•
A

ce
ty

la
tio

n 
at

 K
12

0 
is

 c
ru

ci
al

 f
or

p5
3-

m
ed

ia
te

d 
ap

op
to

si
s 

vi
a 

B
A

X
an

d 
PU

M
A

.

•
K

12
0 

ac
et

yl
at

io
n 

is
 d

is
pe

ns
ab

le
fo

r 
ce

ll-
cy

cl
e 

re
gu

la
tio

n 
an

d
gr

ow
th

 a
rr

es
t.

•
p5

3 
ac

et
yl

at
ed

 a
t K

12
0

ac
cu

m
ul

at
es

 a
t p

ro
ap

op
to

tic
 ta

rg
et

ge
ne

s.

•
K

12
0 

m
ut

at
io

ns
 to

 A
rg

, G
lu

, o
r 

M
et

ha
ve

 b
ee

n 
re

po
rt

ed
 in

 h
um

an
tu

m
or

s.

•
E

ff
ec

t o
f 

K
12

0 
po

in
t m

ut
at

io
ns

 in
an

im
al

 m
od

el
s 

w
ill

 n
ee

d 
to

 b
e

de
te

rm
in

ed
.

K
16

4
•

p3
00

 / 
C

B
P

•
A

ce
ty

la
tio

n 
is

 in
du

ce
d 

by
 D

N
A

da
m

ag
e 

an
d 

H
D

A
C

 in
hi

bi
to

r
tr

ea
tm

en
t.

•
K

16
4 

m
ut

at
io

n 
do

es
 n

ot
 a

ff
ec

t
D

N
A

 b
in

di
ng

.

•
A

ce
ty

la
tio

n 
is

 r
eq

ui
re

d 
fo

r 
gr

ow
th

ar
re

st
 a

nd
 a

po
pt

os
is

.

•
M

ut
at

io
ns

 o
f 

K
16

4 
ar

e 
re

po
rt

ed
 in

hu
m

an
 tu

m
or

s.

K
32

0
•

PC
A

F
•

A
ce

ty
la

tio
n 

of
 K

32
0 

by
 P

C
A

F 
is

in
du

ce
d 

by
 D

N
A

 d
am

ag
e.

•
K

32
0 

ac
et

yl
at

io
n 

in
cr

ea
se

s 
p5

3
D

N
A

-b
in

di
ng

 c
ap

ab
ili

ty
.

•
p5

3 
K

32
0 

ac
et

yl
at

io
n 

st
at

e 
ef

fe
ct

s
tr

an
sc

ri
pt

io
na

l a
ct

iv
ity

.

•
K

no
ck

in
 e

xp
er

im
en

ts
 o

f 
th

e 
m

ou
se

ho
m

ol
og

 K
31

7R
, m

im
ic

ki
ng

 p
53

un
ac

et
yl

at
ed

 a
t K

32
0,

 e
nh

an
ce

 p
53

-
m

ed
ia

te
d 

ap
op

to
si

s 
af

te
r 

D
N

A
da

m
ag

e 
in

 a
ll 

ce
ll 

ty
pe

s 
an

al
yz

ed
.

•
V

er
y 

ra
re

 m
ut

at
io

ns
 r

ep
or

te
d 

in
hu

m
an

 tu
m

or
s.

K
37

0,
 K

37
2,

 K
37

3,
K

38
1,

 K
38

2,
 K

38
6

•
p3

00
/C

B
P

•
C

-t
er

m
in

al
 a

ce
ty

la
tio

n 
le

ve
ls

 a
re

en
ha

nc
ed

 u
po

n 
st

re
ss

.

•
A

ce
ty

la
tio

n 
le

ve
ls

 in
cr

ea
se

 u
po

n
H

D
A

C
 in

hi
bi

to
r 

(T
SA

,
ni

co
tin

am
id

e)
 tr

ea
tm

en
t.

•
C

-t
er

m
in

al
 a

ce
ty

la
tio

n 
en

ha
nc

es
p5

3 
se

qu
en

ce
-s

pe
ci

fi
c 

D
N

A
-

bi
nd

in
g 

ac
tiv

ity
.

•
A

ce
ty

la
tio

n 
pr

om
ot

es
 C

B
P/

p3
00

re
cr

ui
tm

en
t a

nd
 ta

rg
et

 g
en

e
ac

tiv
at

io
n.

•
p5

3 
st

ab
ili

ty
 is

 a
ff

ec
te

d 
by

 C
-

te
rm

in
al

 a
ce

ty
la

tio
n 

du
e 

to
in

hi
bi

tio
n 

of
 u

bi
qu

iti
na

tio
n 

at
ac

et
yl

at
ed

 ly
si

ne
s.

•
K

no
ck

in
 e

xp
er

im
en

ts
 in

 m
ic

e
in

tr
od

uc
in

g 
p5

3 
w

ith
 th

e 
C

-t
er

m
in

al
ly

si
ne

s 
m

ut
at

ed
 (

6K
R

/7
K

R
)

pr
od

uc
ed

 v
ia

bl
e 

an
d 

ph
en

ot
yp

ic
al

ly
no

rm
al

 a
ni

m
al

s.
 C

-t
er

m
in

al
 K

R
st

em
 c

el
ls

, M
E

Fs
, a

nd
 th

ym
oc

yt
es

sh
ow

 n
or

m
al

 p
53

 s
ta

bi
liz

at
io

n 
af

te
r

D
N

A
 d

am
ag

e,
 y

et
 p

53
 ta

rg
et

 g
en

e
ex

pr
es

si
on

 is
 im

pa
ir

ed
 in

 p
ro

m
ot

er
-

sp
ec

if
ic

 f
as

hi
on

.

•
V

er
y 

ra
re

 m
ut

at
io

ns
 r

ep
or

te
d 

in
hu

m
an

 tu
m

or
s.

Cell. Author manuscript; available in PMC 2013 June 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kruse and Gu Page 4

Si
te

M
od

if
yi

ng
 E

nz
ym

e
C

el
lu

la
r 

F
un

ct
io

n
D

is
ea

se
 o

r 
K

no
ck

ou
t 

P
he

no
ty

pe

•
p5

3 
is

 d
ea

ce
ty

la
te

d 
by

 H
D

A
C

s
an

d 
Si

rt
1.

•
D

ea
ce

ty
la

tio
n 

by
 S

ir
t r

ep
re

ss
es

p5
3-

de
pe

nd
en

t a
po

pt
os

is
 in

re
sp

on
se

 to
 D

N
A

 d
am

ag
e 

an
d

ox
id

at
iv

e 
st

re
ss

.

U
bi

qu
it

in
at

io
n

an
d 

U
B

-l
ik

e
M

od
if

ic
at

io
n

U
B

: K
37

0,
 K

37
2,

K
37

3,
 K

38
1,

 K
38

2,
K

38
6

•
M

D
M

2

•
A

rf
-B

P1
, C

O
P1

, a
nd

 P
ir

h2

•
M

D
M

2-
m

ed
ia

te
d

po
ly

ub
iq

ui
tin

at
io

n 
le

ad
s 

to
 p

53
de

gr
ad

at
io

n.

•
m

on
ou

bi
qu

iti
na

tio
n 

of
 p

53
 r

es
ul

ts
in

 n
uc

le
ar

 e
xp

or
t.

•
A

rf
-B

P1
, C

O
P1

, a
nd

 P
ir

h2
 a

ll
ub

iq
ui

tin
at

e 
p5

3 
an

d 
ta

rg
et

 it
 f

or
pr

ot
ea

so
m

al
 d

eg
ra

da
tio

n.

•
H

A
U

SP
 d

eu
bi

qu
iti

na
te

s 
p5

3 
as

w
el

l a
s 

re
gu

la
te

s 
p5

3 
vi

a
de

ub
iq

ui
tin

at
io

n 
of

 M
D

M
2 

an
d

M
D

M
X

.

•
K

no
ck

in
 e

xp
er

im
en

ts
 in

 m
ic

e
in

tr
od

uc
in

g 
p5

3 
w

ith
 th

e 
C

-t
er

m
in

al
ly

si
ne

s 
m

ut
at

ed
 (

6K
R

/7
K

R
)

pr
od

uc
ed

 v
ia

bl
e 

an
d 

ph
en

ot
yp

ic
al

ly
no

rm
al

 a
ni

m
al

s.
 C

-t
er

m
in

al
 K

R
st

em
 c

el
ls

, M
E

Fs
, a

nd
 th

ym
oc

yt
es

di
sp

la
y 

no
rm

al
 p

53
 s

ta
bi

liz
at

io
n

af
te

r 
D

N
A

 d
am

ag
e,

 y
et

 p
53

 ta
rg

et
ge

ne
 e

xp
re

ss
io

n 
is

 im
pa

ir
ed

 in
 a

pr
om

ot
er

-s
pe

ci
fi

c 
fa

sh
io

n.

•
K

no
ck

in
 e

xp
er

im
en

ts
 o

f 
th

e 
m

ou
se

ho
m

ol
og

 K
31

7R
, m

im
ic

ki
ng

 p
53

un
ac

et
yl

at
ed

 a
t K

32
0,

 e
nh

an
ce

 p
53

-
m

ed
ia

te
d 

ap
op

to
si

s 
af

te
r 

D
N

A
da

m
ag

e 
in

 a
ll 

ce
ll 

ty
pe

s 
an

al
yz

ed
.

•
V

er
y 

ra
re

 m
ut

at
io

ns
 r

ep
or

te
d 

in
hu

m
an

 tu
m

or
s.

SU
M

O
: K

38
6

•
PI

A
S,

 P
IA

Sx
β

•
Fu

nc
tio

na
l c

on
se

qu
en

ce
s 

ar
e

un
cl

ea
r.

 B
ot

h 
ac

tiv
at

io
n 

an
d

su
pp

re
ss

io
n 

of
 tr

an
sc

ri
pt

io
na

l
re

gu
la

tio
n 

ha
ve

 b
ee

n 
re

po
rt

ed
.

N
E

D
D

8:
 K

32
0

K
32

1,
 K

37
0,

 K
37

2,
K

37
3

•
FB

X
O

11
, M

D
M

2
•

N
ed

dy
la

tio
n 

of
 p

53
 in

hi
bi

ts
tr

an
sc

ri
pt

io
na

l a
ct

iv
ity

.

M
et

hy
la

ti
on

K
37

0
•

Sm
yd

2
•

In
hi

bi
tio

n 
of

 p
53

-p
ro

m
ot

er
as

so
ci

at
io

n 
re

su
lti

ng
 in

 p
53

 ta
rg

et
ge

ne
 r

ep
re

ss
io

n.

•
K

no
ck

in
 e

xp
er

im
en

ts
 in

 m
ic

e
in

tr
od

uc
in

g 
p5

3 
w

ith
 m

ut
at

ed
 C

-
te

rm
in

al
 ly

si
ne

s 
(6

K
R

/7
K

R
)

pr
od

uc
ed

 v
ia

bl
e 

an
d 

ph
en

ot
yp

ic
al

ly
no

rm
al

 a
ni

m
al

s.
 C

-t
er

m
in

al
 K

R
st

em
 c

el
ls

, M
E

Fs
, a

nd
 th

ym
oc

yt
es

sh
ow

 n
or

m
al

 p
53

 s
ta

bi
liz

at
io

n 
af

te
r

D
N

A
 d

am
ag

e,
 y

et
 p

53
 ta

rg
et

 g
en

e
ex

pr
es

si
on

 is
 im

pa
ir

ed
 in

 p
ro

m
ot

er
-

sp
ec

if
ic

 f
as

hi
on

.

•
M

od
es

t e
ff

ec
t o

f 
C

-t
er

m
in

al
 ly

si
ne

m
ut

an
t k

no
ck

in
s 

im
pl

ie
s 

lim
ite

d
ef

fe
ct

 o
f 

p5
3 

re
gu

la
tio

n 
vi

a 
si

ng
le

si
te

 m
et

yl
at

io
n.

•
V

er
y 

ra
re

 m
ut

at
io

ns
 r

ep
or

te
d 

in
hu

m
an

 tu
m

or
s.

K
37

2
•

Se
t7

/9
•

M
et

hy
la

tio
n 

st
ab

ili
ze

s 
p5

3 
an

d
pr

om
ot

es
 n

uc
le

ar
 lo

ca
liz

at
io

n 
to

up
re

gu
la

te
 p

53
 ta

rg
et

 g
en

e
ex

pr
es

si
on

.

•
B

lo
ck

s 
Sm

yd
-m

ed
ia

te
d 

K
37

0
m

et
hy

la
tio

n.

K
38

2
•

Se
t8

/P
R

-S
et

7
•

Su
pp

re
ss

es
 p

53
 m

ed
ia

te
d

tr
an

sc
ri

pt
io

n.

•
A

ug
m

en
ts

 p
ro

ap
op

to
tic

 a
nd

ch
ec

kp
oi

nt
 a

ct
iv

at
io

n.

Cell. Author manuscript; available in PMC 2013 June 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kruse and Gu Page 5

Si
te

M
od

if
yi

ng
 E

nz
ym

e
C

el
lu

la
r 

F
un

ct
io

n
D

is
ea

se
 o

r 
K

no
ck

ou
t 

P
he

no
ty

pe

O
th

er
s

O
-G

lc
N

A
c:

 S
er

14
9

•
O

-G
lc

N
A

c 
tr

an
sf

er
as

e,
 O

-G
L

cN
A

ca
se

•
St

ab
ili

za
tio

n 
of

 p
53

 b
y 

bl
oc

ki
ng

ub
iq

ui
tin

at
io

n-
m

ed
ia

te
d

pr
ot

eo
ly

si
s.

•
M

od
if

ic
at

io
n 

pr
ev

en
ts

 T
15

5
ph

os
ph

or
yl

at
io

n.

•
In

 v
iv

o 
ro

le
 o

f 
th

es
e 

m
od

if
ic

at
io

ns
is

 n
ot

 y
et

 d
et

er
m

in
ed

.

•
V

er
y 

ra
re

 m
ut

at
io

ns
 r

ep
or

te
d 

in
hu

m
an

 tu
m

or
s.

A
D

P-
ri

bo
sy

la
tio

n:
E

25
8,

 D
25

9,
 E

27
1

•
PA

R
P-

1
•

A
D

P-
ri

bo
sy

la
tio

n 
pr

ev
en

ts
 p

53
-

C
rm

1 
in

te
ra

ct
io

n,
 r

es
ul

tin
g 

in
nu

cl
ea

r 
ac

cu
m

ul
at

io
n 

of
 p

53
 d

ue
to

 in
hi

bi
tio

n 
of

 n
uc

le
ar

 e
xp

or
t o

f
p5

3.

Cell. Author manuscript; available in PMC 2013 June 24.


