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mE EH e mie R AR AR G 6 A R R EATH A 45, NPAT(nuclear
protein ataxia-telangiectasia)% @ # cyclin E/CDK2(cyclin E/cyclin dependent kinase 2)#7&, 2 i
U EROEFIAmLR e EE 5T . NPATEAL T @04z N 6945 2k 45 # 40% @ 2K J2 4K (histone
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Abstract
substrate of cyclin E/cyclin dependent kinase 2 (cyclin E/CDK2), nuclear protein ataxia-telangiectasia (NPAT) is

Precise modulation of histone gene transcription is critical for cell cycle progression. As a direct

a crucial factor in regulating histone transcription and cell cycle progression. NPAT is localized in histone locus
body (HLB) which is critical for regulating histone pre-mRNA process. Recent work revealed a series of NPAT-
interacting proteins which played different roles in regulating the function and/or cellular localization of NPAT. This
paper reviewed the recent work on the function of NPAT in regulating histone transcription and cell cycle and the
underlying mechanisms.
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JNPAT R 3 WL EAT 2218 o

1 NPATEHMEH. ThEe REMEAE
i
1.1 NPATERMEGHREEREX

NPATEERI R T NS5 Gt fk, K2 144 Kb,
FHVANEFMMNETY. NPATEASH 1 427
NRIEMR, IEDNAZ L g AR FE 20 25 3
(PIZIE o AE N2 B ) 3 1 42 1) DG K7, NPAT
W E B R IEAKCE B A g H S Bk
I, FEG/S IR I I I 3 & 2Rk K P Ik B d
NPATTE % 53 7K ~F 1) I 1% 32 2 HE2F % s [ 1 o
SE o B2FFEA T 2R, RIEHE G /S LU
DNAK | R i) — RAIE EIE K] . E2FA] LS5 &
TNPATE: R ) JA 3 7 X3, (i A 5%

1 2 A NPATR LA 3t 21 g 32 57 32E ASHIW, iX
— R RS HHFNPAT £ A AN [ DI B [ 4
A SCE AR H, NPATHFR EE 2 BOo T 41 i 2 A SHI1R
HHE, T 2 i ) A SO 2 B FH4ATH2B,
NPATH H 4 Ko, T BE B ff (9 8544 32 224 DY A
LisH(lissencephaly type 1-like homology). RXL J¥
%), DLFDJ¥ %l fl #% 52 £ {5 5 (nuclear localization
signal, NLS)( & 1), RXL Al DLFDF A AT T
NPAT M cyclin A J& NPAT #1 TRRAP(transformation/
transactivation domain-associated protein)&g [ 2 [ [
FHEAE R . A7 T NPATE iy 1) {8 57 7 51| Lis HAS A4
X T2 B B s B R B, AP LisHAR A 2
BEL I 41 2 FTHA%E Sk, AR, NLS R %E NPAT (4 M1 41
MR BR T IR DY AR LA, ImaisEPIATMa
SENHE, NPAT & H & A T AT BB IR LA A5, 73
FES775. S776. S1100. T1270F1T1350(F1).

1.2 Cyclin E/CDK2-NPAT{E S XA & H E F 4%
RIBERIF N

XYNPATH H D e I 7T 1 E AR P e X 4L iR
1 R ) A s i 4% b AR K DR M IR {5 5 2%
Boifcyclin EAN5 22 [R] Y5 ¢ 40 1 ) 4007 2% 4R 1 3
2(cyclin dependent kinase 2, CDK2). {E A cyclin E/
CDK2 1 ELE KA 43 T, NPATIE I RXLEE A Hcyclin B
FIHAEH, SENPATHIS775FIST79H AN 25 4 cyclin
E/CDK2f# % 16, NPATHE i 1k J&, 3L R e & (4
FEAEH, Wom 4l E A", HAl A SNATP
HEAE IR A R B i) M E 24 OCA-
S(Oct-1 coactivator in S phase) & /4. HiNF-P(histone
nuclear factor P). TRRAP-Tip60& &1k, OCA-Si&Z
JRBISHIH2BAL £ 1 #% % (1 )\ R A& B [ Oct- 11 3%
Bom 2 a4k, LB E A, 0 #nm23-HI. nm23-
H2. UNG(uracil-DNA glycosylase). LDH(lactate
dehydrogenase). GAPDH(glyceraldehyde-3-
phosphate dehydrogenase). Hsp70(heat shock protein
70)F0 Stil(stress-inducible phosphoprotein 1), ‘EAl]
FHPDIREX EAETEARN.  NPATHERR L f5, 4%
OCA-SH &k 5H2BJH 2 145 &, s P m sh 4Lk
HH2BHFfam . 5 T IHINF-PE H 45 &
WO 3 EE P2 B T HAR) e e Bas ™. ChIPSER S,
cyclin E/CDK2/NPAT/HiNF-P{5 5 3l i 1 4% 1) 4 2
FIH4% 5% [fImRNA [ &4 2H 25 FTH4 mRNA95%,
&P B HAA Y B T 2SSl e O
4h, NPATIE A F T Gi/SH: 6 I TRRAP-Tip60 = &
YR ZH A L R S B 2 18] B A AR L, AT i
Y B 502, TRRAP-Tip60 s & 978 41 % FH2B
HTHA ) 0 Hh A A 1 I

E A1 B 10 /2, NPATZE T 4H i o i 4 A [+

330 334

ER R RE] 1100 Ti1270  T1350

1062 1066 L3681 1405
‘4 4

0]

LisH motif DLFD motif
H4 transcription NPAT-TRRAP
activation interaction

NPAT-Cpnl0
interaction

430

R E

EXLmotif NLSmotif
NPAT-cyclinE nuclear localization
interaction signal

963

Ell NPATEHREAIRENEMERIEFFIIRE
Fig.1 Functional domains and motifs inside NPAT protein



F KT NPATS) T RO AFE L5

841

W12 . {HNPAT/HINF-P{5 5 38 % 7£ 4 21 i A1+ 41
J e R R LR IR AN AR R . 3 S22 ) AE AN R
cyclin/CDK i #% #NPAT/HINFP & & 14 [ #0% . 1
NG T4 g (human embryonic stem cell, hESC)
i, cyclin D2 DAREBZHENPAT, iX /£hESC [ 5
AIVEH 1 Py 0 75 1) S B KT 3R 1. FERESCHT i H
I H L FEH, cyclin D2/CDK4/NPAT/HiNF-P/41 5
FXAME 5 Rk 1B GUS LI . Fifkcyclin D2
o 5 Hp220™ B 1 KT R, 5 B4 g R AR
N 2H R I HARIE N %, G 4H B RE Y, S 34 sk
BB — BN N B B, cyclin D2 % B B
Z N FE, TMicyclin D1JF46 & 45 42 140 i 53 0 4k
I I,

1.3 NPATHIIF 40 A1 E £

A I 0 A E A 6f e T R I R 5 BAT G BE
B NPATH i 5 47 — NLS, X % e
AT 20 ML AZ BT, T A [ A 5T R B, NPATHE 28
P AZ A FR) 7 S R i B S (A PN I 0 D 5 A
CBs(Cajal bodies) 4l & [ % & (histone locus
bodies, HLBs)#H %<,

CBstE MR N 1 45 14 MR AE 19034 1 S 7E
MR A B4, CBs CLAN T 415 B coilindx 1 4h,
HBAHUL U2, U4, USHIUG6 HFf/MZAZHERZ & H (small
nuclear ribonucleoproteins, SnRNPs). Cajal body#H
J/NRNA(small CB-associated RNAs, scaRNAs) A/
B8 o447 5 A (survival motor neuron protein,
SMN)!'* 7, LA 52 30 O, NPAT /2 CBs ) 2H B i
4%, T3 $E 5E 0 EA R, NPAT 2 40 i % 4 — FhFR N

HLBs ] 45 14 1) 32 2 B 430", HLBs 5 CBsix /4>
240 Mo #5 4R H AL, A — 3k m A 5 Ey, IR
BEERNYEMME. —F FERX 5 7E THLBs
# AANPAT A FLASH(FLICE-associated huge protein)
B H, ANcoilin; MCBs 5 2 # %, & coilin, A&
NPATHIFLASH. HLBs 5 41 & F 9 A% 2 K AH OC, &%
H N T E AT AmRNAR W 75 H 4. H A2 %0
MHLBsE % 21 4 HFLASH. NPAT. U7 snRNA.
P~ U745 57 1% snRNP 25 [ Lsm 10 A1 Lsm11, 2534
4k 4 % M (stem-loop binding protein, SLBP). i 4E
{8 [X-F-(negative elongation factor, NELF). ff&*]
H (symplekin) A # MPM-2(mitotic phosphoprotein
monoclonal antibogy-2) /4 A 71 (1 AN 44 dr 1 P02,

2 NPAT#NH & B RAVEIEHLEI RO
NPAT & [ Ay 24 8 1 J [R5 S5 [ S B i 15 49
T, AR By 1 1 4% A2 40 B R I S A ) B R
B, SNPATHIRIENLEIOT i 2 . i AR
fEcyclin E/CDK2 X NPAT [ i g A A& 1 A 425 . 1% 350
SWBAESCERTH CARE, AHER. BT R
RSN, IR R I T — R FIFINPAT B A A0
TEHME A T. XEE 55 7l i SINPAT ) I
fEfr . HEAARG WA EEMAE A LIS
5 T HEAT %, AN S0 20 B (9 5% 3 (0 40 AR 30 3k
FE(E2).
2.1 NPAT 4858 E L B R E HLH
NPATTEZH A% N SHLBsIE A7, B ARG .

Stability regulation

!
|

Regulation of intracellular localization

T

Phosphorylation \

regulation . .
g Regulation of histone

acetylation

E2 NPATEBKRHEIENZNERERIEIENSIREE
Fig.2 Different regulatory mechanisms of NPAT
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Hil D& RI— RINEH S5 IHIENPAT SR 4514
7% . FLASH/ZHLBs ¥ 2y 2 —. FLASH
R FE i A AE — NMRSF P81, XA HIFE YARP(Yin
Yang 1 associated protein-related protein)&s [ 41
[E FEFEAE . FLASHATYARPYYIE T IX — {157 741 5
NPATAH HAE ™. 7EHeLaZli i+, 3X P 25 1 i AH B
YE R FLASHATYARPSE fi7 THLBs. 4 4Hi [l AS
WiJ5, FLASHi#E 5NPAT AR HAE 3L R 5 HE A
REhTaiE, MiEHERRRERL. THFLASHE
T BINPATHZ N 0K 465 16 R i 25, (HAS 52 I NPAT (1)
HHRIET,

ZPR1(zinc finger protein 1)z #] #7 I\ A /& 77 7E
T4 5T R B B P el AT ST R IR, 4
% WA AEEZPRIPT . 20 1 J 31 43 #7 S 7, ZPR11Y
VA1 i 5 A7 B A 1 G O AR AR eAR . LE 2 B S A
G LA S Go/MB, ZPR1J™ 32 M A7 78 T 20 Ji Joi
MAESHA, ZPRIN FE 37 7 /i A& THZ, It S
SMN(survival motor neurons). NPATHIZHMIAZ N A1
WREMG RIS L. ZPRIGR A2 BLIECBs¥
B, FEAESMNAINPATEAZ N SO &5 0 () i 1, I e
7 B0 B B AT AE GG e ZPRIGR R X 4L 8 1 4%
1A RS e 2 AR T Bt T R 2H B I HASE R 3 5%
1% 5 ZPRIR % S 3NPAT 78 A7 20 38 45 B — 529,

MV i PR £ B0 P 2R 1 2(arsenite-resistance protein
2, ARS2)f 4] 75 3V fift iR &6 vei 2 S0 4 i 3% v R B,
TEW ALY ) 5 R F ke E 2 AE ™. ARS2
B2 5 FENPATH) A% N 5E (o Rt FERARS2AN 52 Wi
coilin(BI AN 5 M CBs I i), {H 42 3 BINPATEZ A
TIE R AR, HE - B B G R A R0 4 i JE B BH
?%[30]0

/NGy B U ER 1 Cpnl 0 (chaperonin 10, XK
Hsp10(heat shock protein 10)]#% I\ 92 P42 £k f4F2
AR EE 70 FRATURE T A 7T K B, fE4H
F A% A 7 7E — 5 43 Cpn10, 38 i DLFDH { HINPAT
f11430~963 A FE IR /7 HIAH ELAE 1P, Cpn10Z 5 i {%
HEEF. WA EIEE. 5ARS2
B 2L, @B Cpnl OfENPATHIFLASHYE % A 1 45
IR O, (HA I CBs TR B, 1X L gh B4R
7N, CBsHIHLBs B AREh REA AL EBA —E I
RN, B =2 BV LA
2.2 NPATXJ¢HZE R B EIEHLE

BME R AR B\ B S H AR RS DNA

IR . /MR B S L R R IA %
VARG W FC R I, 28R 1 1) S B AN 25 S EAL 2 5
M 356 R e Sy ity 1 ) EE LR 3R, o, 7R L))
YA, /A7 7E15Fh 4 BRIt 3% 7% B (histone
acetyl transferases, HATs), H H[1) CBP/p300(CREB
binding protein)f14H & 1R IAZVIAH P, DA EH
H2BAIH4 A ], siRNAR & CBP/p300%= T 8 41 & M
H2BFIHAmRNAZK - .25 T, 10X~ 2 i
T4 55 FH2BRH4 )5 2 11 40 88 T H3FIHA £ 1
KPR B S BB, S2EGIE 5L, CBP/p300iX fi 1)
RE 1 R 45 52 K5 T-NPAT 1), NPAT# it 5 CBPAH
HAEH, ¥CBP/p3004A 52 B4 & ()5 301k, 2kl 4
b 3 207 DX ek P 4H 2 1 R 4R 2 R ) B R e

& CBP/p300 LA #F, NPATE A1 41 25 (1 2. Bk Ak 3%
F2BETRRAP-Tip60&= & A HAE A, X—HE A
YR T-NPAT 2 & 5% (I DLFDAS AR . 7EG/Sidt i 4,
X AR AR 2 Bl B 5 R SR
BEAh, AE e i N B 2L L0 R A iR, TEGY/STE
I 3], NPATH TRRAP-Tip602H & A 2. e AL e ¥ g 55
GYHEZRAEQ BT L, 30K B3 T XA
RAHAZTAL, SEmiAE A E AR, TRIA
NPAT %> 5 £H4 £ Bt Ak 7K ~F B S8 &1, T fENPAT R
A EI M R, 485 I HA LA KPS 2 a0,

H5HEAAR—FE, AEALHALE R A
HARM . SIS, AR Rl #47. 78
HEOERNERENRG TERBI OB AT
b FE SR A 40 B 1 4 AL 4 RR AR — AN IR K F
SIRT1(sirtuin type 1)& F/E AHDACs, £ 2
RAE S BEAE P, SIRT1LL 5 CBP/p3004H S (1) 77
XA E A CBEAL K E R AR SRR,
T HxX 2 2 A4 A A2 AR B8 T NPAT 25 (1 1
TE i FENPAT(P) 40 i o, 6 55 30 20 8 A H2BFI HA
7 ERISIRTE % TP,
2.3 NPATHREMRIBIE

U BT &, HINE-PARINPAT . [8] §) HAE A B T
NPATHI4H 2 [ )5 20 7 X 3 0 45 &, AT i 12 40 2
H % 5% . NPATHI R IA KT {EG/S¥e ¥ B E 7+, T
HiNF-PZRIE KPR A A28 - A W58 2R, HiNF-P
HA HENPAT 2 (A Fa e PE I /E B, 48 = HiNF-P
A] DL A HENPAT/HINF-PE & & (19 & 5 M T 2 8
NPATH H, K H - P, HHINF-PHINPATY
SIEIZ FARH A RA s B . AR ARG
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PN FIMG 13240 BE 41 i, HINF-PAINPAT [ 5 2 1
TR teAh, AT IR TS R OR, m RN TR
P IE A Cpnl 04> S EINPATLE A MOAZ P AS0IR B
SREEBI X WK, Cpnl 0T BES 5 IENPAT R E 1,
BARBIPLE B T B AT

3 NPATEHSER
HFNPATTEAE AR F EAEEEH, Hk

WL FEOIHAMA R, XX FERH, 51E%
(FIBZH A AH L, NPAT R [ (1 3R 14 76 18 P bk B2 41 g
197 (B-cell chronic lymphocytic leukaemia, B-CLL)
P NPT BAH A A 222 T 1, 3 R B4 M 12 M bk B 41 i
7 995 & B R 2 —B7, NPAT/EB-CLLY% AB4
JfLHb R YR ST T R DR DU 22 /b, W RE 2 NPATH
B B i, Bl L R DR S 2 B AT
FE R, NPATEE [ 1A I3 M 4 st 132 22 (06t 1) 2k 1 Bl e
iR R 48, M#EB-CLLYE ABZH i b, FENPAT %A T i
4k, CULS5(cllin-5) #1 PPP2R 1B(protein phosphatase 2
regulatory subunit A, Beta)t 2% i, CULS &
E3iZ #AEEME SRR K5r 2 —, CULS TS
R OB R ARG . Rk, A5 2 I, NPATTE
B-CLLIFBZH M & 25 U ] e 2 T 5 R A 5 2
B T8, 10 H AR B AR RN R A

WAk, TR I, BURm AR % 4F 3% T
(arcti gen, ARG)ZIEFE M IFINPATS2H & (A Bl AH
KR A MRIE, MIXTRbEDNAR HilAH < E (% H1E
FH, N T s 200 i BEL 7 76 Go/G 3, 3 T 3 i Ake- 145
T PR R I SR A M T X R R A T
A& 38 1 #1 il cyclin E/CDK28% # cyclin H/CDK 75 5
I % 5 BINPAT G 325 15 & M B2 Ak Sk SE BBy, X 4R
NPAT ) 25 1 5 i g B AH G

Ik i i R [ I8 S5 5 LA, b TR IS R
FIHOE B RTDN A 177 tH 2 XFNPAT 2 A1 4H 2
eI . R 2 3 B R FImRNAK P
TR, 5ULEE, DNAR A R R A R, @ it
XENPAT B2 A4 7K P H RS D, & ILDNA %5 45 5 3L
NPATBERR LK1 R B, e 3B R B D e o
FIDNAS il pa 530400 5 FF 70 R TN, SR Ah 2k HR 4
2 H A% 5 BINPATFIFLASH B# A1,

4 BESRE
25 b RTIR, NPAT 25 [ 76 40 i 240 2 11 JE DR 3 500

AN A W R AE R AR, 2 MES 0 THEA
[7] J2 T XTNPATER 9 1 5 o S L Th e #E 47 55 RS 1
Hi R4, THNPAT (1) D it 2 18 A i Jeg S5 9503 DA S o 5t
AR S AL, A7 0 BER FY 3k AT i B 5 T B
HEAT A I ATE 5T, DL BINPAT (1 25 31 K 34 H,
B — P W FUNPAT I 4R WL & BAE SR A .
X LRI TEAMEAT B ) B 4 i R S R A LB,
HAT B AR SBIR B 25T R AR AT R
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