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Progress in the Study of KRAB Zinc Finger Protein
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Abstract: The zinc finger proteins containing the Kruppel-associated box domain (KRAB) constitute the largest single
family of transcriptional regulators in mammals. Many genes encoding members of this family are arranged in clusters.
KRAB-containing proteins are characterized by the presence of 4 and over 30 C2H2 zinc-finger motifs and a KRAB
domain near the amino terminus of the protein. KRAB domain behaving as a protein-protein interaction domain could
bind to corepressor proteins and/or transcription factors, and that the KRAB-containing proteins could act as a
repressor or corepressor and play a key role in transcriptional repression. Members of the family are involved in

embryonic development, cell differentiation, cell proliferation, apoptosis, neoplastic transformation and cell cycle

regulation.
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FAR(finger-associated repeats)?y, POZ(pox virus and
zinc fingers, also known as Zin) fll KRAB (Krup-
pel-associated box)%H,

H KRAB &5 14 35 (19 B 4 2 1 FRKRAB T £ 4
1 1 (KRAB-containing zinc finger protein, KZNF),
NSRBI AL B A BE R R (799 Rl =7r 2 —
(290 Fifr), 22l L 8l ) rh d KB s R N 1 X0, 3G
il 220 MERIR KB . AR L. gt K
20 0 300 P R 9 R AR T e, O B I 1) AN 4 1)
A AT RS 57 5 AR SCAKRABAL B4R 1111
Gt AR RIHL B Ty e 4 U7 ThixT 1 2 8 3k AT 2%

1 KRAB BEEFRE H 1) LR 4R 5

KZNF [ 45 F 45 AE SNt 2 KRAB S5 #3RB, C
Uit S 2 AN C2H2 BURERR 4 Mg lLe IR AN SRR 1) B8 2 i
BN i 54— N SCANZ: Htsl

1.1 C2H2 Bl%¥iE

C2H2 HUEFFi rh /2 P AN P Db 20 R A0 P A 4 2 1R
BB T T8 R 52 I BR-a BRI R 45 0, BEdR
HH R o R E 5 DNARUIE i (1) KB &5 &, B Jlide 8
[FIDNA- [l 4 G A fEKZNFH, BRI H A
—, —AE 3 F 40 200, AT B AN T g
[ P LI BB RSN E % N2y AT T W = 2 (= e N ]
S S LR /EDNA I PO R EEE AR, A
R 5 SR 7 4 I IR BE R AE 08 4y 7 I /EDNA B IF)
3~5 MBI, AH SRR RR 2 U 1E 22 [ DNA 7 ¥
TE e AT 2 A FBEAL 55, g T REFPKZNF (14
SRR,

BRI IR 7 41 41, HoAlh 22 ol DR 35 A1 e 06 5% i)
Fe B A DNA UG, AR I e 2 18] (1 AH H 5
B JE B 1) 5 ) A B 5 I A 8 1 0 e Y SR A,
A8 PRATT AN B A I 2 KR IR e 41 T b e B AR B R R
FIHEAT TN . F TR K ZNF L3 4 () % 5 22 30 i 52 56
(0 7792, ke gt — e K B IR XU A% 1 R S, i
Salifb 5B R 4G, Sl 7 Lo 573 215,

1.2 KRAB Z5#j15

KRABA — & 1 Jit-85 A FUAH BAE X, nTBlE
Z Pl [F) 4 IR 7, 40 KAP-1. HP1 a. MODI1
FIMOD2 & 2 Bl i 5k Al Wl e-myc MIBRCA1 454,

&P B B S e g M. e R4
57~75 MR IR IER ALK, W LAY 4> A B A
box(Fig. 1 A), ‘BITHAFIFANE ¥ gmhtdimnk,
A box{E i R EZOMEH], B boxXTA box[¥]
B SN Th ARG s e L, ARG AF/EEB box A
JG, KZNFA L4 3 M EZ%: (1) KRAB AVE K Ji%:
IEH A box; (2)KRAB A+BWE.5J%: &4 AFIB
#ibox; (3)KRAB A+blV 5 Jk: &4 — AN A boxAl—
AR5 HIB box(H AR b box).

1.3 SCAN Z#ie

1E — ¥ 70 KZNF ik 7 — Bl 45 14 380 4 Fk
SCAN (YT fe 148 7~ 53X Fh 45 AL 35 1) SC 3 P A A 10 5
IR EE RIS 4 A5 47 SRE-ZBP; CTfinS1;
AW-1 FINumber 18 cDNA)&E ik, Ko HE &2 &
TR, AFR N LeR& MR, & 2 87 AN JE AR sTI1
R A (Fig. 1: B), HATKISCANZK A it
60 LA R . 7R — 8 H Y, SCANSS I — ik
IR, NS 5KZNFIR MG shae, SR FE
B SCAN &5 H4) 15 11 25 {1 AR E A A i [ 9 B e Y5 R
FEL7/ N
2 KZNF [FJ3tAR 53 AT i

Z HKZNF AR RIAE G otk B ROR oA, oAt
TG THEA LI A rp Mo 2270 148 P I KZNF
(K 51%) 704 T 19q13 BB SGKZNFIE P B 46 1) ek
(LR, AT 22 0t 40 i rhoRe s 3Rk, 50 i 4
MR R B S 5%, 55— SeKZNF 3 R % 5 A
Z AN G B AR IR O R R RLIX o T 7 SCAN &5 #4358 11
KZNF 3 K] 3 22 Ji % o A T 3p21~22. 16p13.3 A
17p12~13 o LA LT 73 A7 (19 55 F — M 0 A TP et
P b e ATTIIX TR AR S A IR RUAT R S B AT R A
(T 7 X & 2 5 et LB

KZNF  F D] (73X B sl % 20 A 1R s R T AT
LR R R A T mA M W], e KR
P DUKG, A I DR B A s e T A ] P9 R I
A8 3 05 Bk AT A 22 52 1) 30 A 7] 905 556 TR 1 R e 2.
—, 55U 2 A SR R W FL B O N
(1) 2% ~5%. WS [ A7- 16X ME S e 2E4k i 72 o
R Al e sk s M4 i i 5 % EEER . R
KZNF 55 i f5 B BE (1) — AN a0 I I sk e



11 MHAEHESE: KRAB BUEFF5 5 1(KZNF) W5 1453

1 12

KRAB domaln

161 439

KRAB-A

\K}MB_B

RTl:VTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLl.[GYQLTKPDVILRLEKGEEPW,LV

helix

B 1 43

=

SCAN domain

helix

130 408

-

helix 50

10 20 30 40
ELCRQSFRRFCYQEVSGPQEALSQLRQLCRQWLQN

60 70 80

. ILELLVMEQFLTILPPEIQARVRHRCPMSSKEIVTLVEDFHRASK

helix

helix helix

1 KRAB (KOX1)&SCAN(ZNF174)% #1519 7= 2= B 1
Vel e 08 9 A 2 R R PR S S IR e ) T ) — L
Fig.1. Schematics of the structure of representative KRAB (from KOX1) and SCAN (from ZNF174) domainl
The primary amino acid sequences and predicted secondary structure of each of the domains are provided.
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[ PAY (1 2 KA 2 RIS A fp 3 PR R AR P, R DAL PR 0 H
FFP A AT BRI 22 5 o AR T A SO K £8 ~7 E,
KZNF S A8 kA R P I 22 5 A e R S B ke
TR R i 22 e L

3 KRAB RU¥da 8 H I AE AL
1996 4, KRAB #HX & H-1(KRAB-associated
protein-1, KAP-1)[1) & BLbr & 45 % KZNF s bl
HIWFFEII IT 46 - KAP-1 /& —Fl B 5 KRAB A box £ &
(R AR 7, 7> 7200 100 kDa, [HINEiL
iR A KRAB A 45458 1(KRAB-A interacting pro-
tein, KRIP-1)8i% s/l F 1 B (transcription in-
termediary factor 1B). KAP-1 5 3 Fi{f < &5 # 3k N
i () RBCC(RING-B box-coiled-coil) 45 #43f,. C i fx:
57 ) PHD 54 8 45 F1 'K B H J5 i) bromodomain 45 445,
J& T-FE 45 2 11 RING Finger %% RBCC M5 i H (1) —
GRHOIR AP ek 4 Fof 25 2 (1 o £ o 24 B 41 1 2
LR A, N-CoR1 FINuRD [ 5 Z 4L L ty, &
RELA = SRR X, A SO B A 554 2 R [ A i
FHIA 5, e e a2 11 1(heterochromatin protein
1, HP1). M H 2 L BEAL S (histone deacetylase-1,
HDACs)HMiSetdbl %5, J&m— R I e s il 2 A
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FIH3 55 9 A7 Z B (1 564k . HP1 J&— e 45 /Al
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FEAN A A RS T X AN ) (1) KZNF, e s il 52
ERIA AT A 25, AR A4
A 1) T R — D AT
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RN AE, A T 0 A S PR 4 b A7 7E 1 e KR
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TR A E D Re I 7w or ik, eflogash T GRS 55 WE XIAE 19913 8RS A1
HHORBZ o0, 2MEG EEIREM M R4 ZNF304. ZF5128 %5, LG & & A5 ZNF268 2
W B FREAT T Shfe % or, WA AMAE R ERE & e,

YEFI) ZZaPK #1 ZBRK1; {Eif g bz kik, 5 Z Bl KZNF Az AT, A Tl

£ 1 AZEKZNFRIBERLE
Table 1 Summary of the functional features of human KZNF repressor proteins

NIV ey etk E fir PEREHL Z 51 E LT g
Subfamily Name Chromosomal localization Number of zinc finger Proposed function
Z 58S A T
A ZK1 19p13.2 15 Radiation-induced apoptotic cell death
77aPK 10 16 i) ZAK 1) Zhig, a0 i A
Counteraction the ZAK function and cell cycle regulation
Lo o PP L T . . .
MGC2663 19 1 5 Tﬁf& & RTA 46y J{Fﬁ%:ﬁ\“{-u . Interaction with  viral
protein RTA and as its cofactor to active viral gene expression
KS1 19 10 25 RNA [P #3638 RNA post-transcription modifi-
cation and Transcription regulation
PRAF I 40 AR A RS
ZFQR 19q13.4 8 Maintenance of the nondividing state of normal human cells
AJ18 11 M Runx2 &R IE, 0 RCE 414 16 Osteoblastic
differentiation
Py 0 1 B L B S ) o .
ZNF74 22q11.2 12 % '5 RNA EJJ?}Z?\’»: ’jfb S 'RNA post-transcription modifi
cation and Transcription regulation
INF224 19q13.31 18 ik aldolase A JE[X 1)K IX Repression aldolase A gene tran-
’ scription
ZNF268 5 24 % 5 W& E Embryonic development
ZNF303 19q13.2 7 I 16 & ZE AN %% %% Formation and metastasis of hepatic cancer
ZNF304 19q13.4 13 WK ELAH KR 4k Lymphocyte activation
ZNF317 19p13 13 ZLA0 IR R RE40 ¥ 7346 Erythroid maturation and lym-
phoid proliferation
ZNF328 19q13.4 Is ] AP-1 Fl SRE (#5351, 1% MAPK i&4% Regulation
’ MAPK pathway
ZNF333 19p13.1 10 I )7 X5 ATAAT #0JFSIED 193214 Repression the
expression of promoters containing ATAAT core sequence
ZNF359 16q22.2 16 JEifi’kE Embryonic development
ZNF383 i AP-1 Fl SRE [ 33& M, H1E MAPK 12, 7EK 15 B
(hKid3) 19q13.12 11 f & B IR ] Regulation MAPK pathway, brain
and kidney development
Z 5O RE, B - s, 25 @
ZNF411 19p13.11 1 ’ SRR T, WX AP-1 il SRE ¥ 5 MAPK j&
1% Heart development
ZNF463 19q13.4 8 5T R EAHSE Spermatogenesis
ZNF480 191341 . i AP-1 FI SRE (%, 363, 4% MAPK %42 Regulation
’ MAPK pathway
| AP- SR, Y %4 i
ZNF649 19q13.41 10 ] AP-1 Fl SRE (#5351, 1% MAPK i&4% Regulation
MAPK pathway
Lj BRCAL 441l Gadd45 )1 Interaction with BRCA1
A+B ZBRKI1 19q13.41 I BELAL G
%ql3 8 and inhibition of Gadd45
ZF5128 19q13.43 9 N EHITE, T 4035 1L T-cell activation and proliferation
Hkr19 7 11 .41 f2 (¥ 4346 Hematopoietic cell differentiation
KID-1 5q35.3 13 A= 1% % Nucleolar integrity
RbaK 7 16 41 i I Cell cycle arrest
RITA 9q13 12 FUBR B9 (¥ K 4= Thyroid carcinoma
" " L . cee
SZF1 3p21 4 ulﬂlf@ﬁﬂ@ﬂ’]%@c Hematopoietic stem/progenitor cell differ
entiation
ZNF10(KOX1) 12q24.33 9 kM Repressor of RNA pol 1, 11, and IT promoters
: 3 S EL VAN 214 ] Lt \‘7"' H 1a.
ZNF43 19p13.1-p12 2 ZE ewing 4 i % 3 ?H‘H@)j .ﬂﬁ 12 I RH A Cell differentia
tion and cell cycle arrest in ewing cell
ZNF91 19p12 27 ] Fc gamma RIIB JE [ [¥] % 1A Repression the expression of
Fc gamma RIIB
ZNF140 12q24 9 4011l Fc gamma RIIB JE[X [} %1% Repression the expression of
Fc gamma RIIB
ZNF141 4p16.3 10 Wolf-Hirschhorme Zi&1E Wolf-Hirschhorme syndrome
INF157 Xpll2 12 L& Rk E J T R ek [ H O% Potential hotspot for

neurogenetic disorders
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gk 1
I Ep N et fAE L iR Z 5L ) g
Subfamily Name Chromosomal localization Number of zinc finger Proposed function
ZNF267 16 4 Wik MMP-10 [1RIE, SEHFIERL 44k As a negative
regulator of MMP-10 gene and promoting live fibrogenesis
ZNF382 19q13.13 9 LMIERIRE Heart development
ZNF470 19q13.4 17 R4 73 b Regulation of chondrogenesis-specific gene
expression
A+b ZNF28 19q13.42-19q13.43 14 J&Jifi & & Embryonic development
ZNF45 19p13.2 1 55 1 T fie R H’J/X’Iﬁ?% Potential hotspot for malignat
disorders
A+SCAN ZNF202 11q23.3 8 L RACH A 5% Energy metabolism
Ni 0 NSD1 B e id B, 5 EBER A R B R
izpl 1944 4 . -
Transcription repression in a NSD1-dependent manner
Ikl PSS i - - 1
NT2(FPM315) 16p13.3 9 a2 Collagen % Hjﬁg Repression cell-type-specific
promoter activity of the a2 Collagen gene
1 A1k SR Vi T d2s %1% - H
ZNFA446 19q13.43-19qter 3 013 AP-1 #1 SRE %31k, 4% MAPK i&12 Regulation

MAPK pathway

PRI SO rh g B Sk () 25, B TRNA B I AN
RZBE R0 BRA R RS 3% P, 3 2 B R A IR
AT 5 1B 00— Pl P 0 40 PR 45 4 o 3K 8 5 7 7 %
{ZH ) KZNF 2 A 2 A AT RNA RE8 1. 1A
M Lh e, LARTEIBF 0N EAT & i X RNA
RAEW 1 MR RS 5z d e, B2
WIS R BL— 255 RNA AW 1 0805 Mk
KZNF %A, U1 kox1 (ZNF10)&:4)5 & T A=, A
WX EATAE A T (0 D R Ie w5 21— D5, A
X KZNF 55 I D REEAT 7890 1R 1) 38

5 KZNF EHAKHE

H AT, XKZNFE H TR T H AR P D)
REMIHEIR AL, BB XTKRABSE Fy 32k (1 5 5 9051 2h B,
RIET — Mg 3L A T7 (1 S ms, RIDREIL 1 JE st of
PG T O AR A, RN E %
KI5k, R¥EE—RINGITER . SKRABREE 145
% R 5SDNASZ &7 1, e S5 S 1
(tetO) &5 & 1 K AT B 10 (VUK Z kI X, AE
HIV 5 LTRIA 3 F & & WM N L& BEE, s
TFLI-1 MPAX3 4, EATKKRABS A 2T & 14
FEDR B I, 5 A e ol B A0 i 40 1, T o e 410
TP B SR R, AR g i DA ) A s v MR 4 D7 1k
REEPUORTE BUMR M DIRE . XL DR 9T (1 SR
HA R E e v S iR, RS s s
AR R R I/ B,

6 g
KRABR! [{JBE 48 2 FIAE R — AN S0 1 56 i Belle-
froid E JA5B42E 1991 4EHEH, 2 H i A 1 H 5% 1k 5

Oy 2 T 300 Ff, JFAEERE LEE T E
IR Ss KA AL RE o I, S AT REAG R P i s
JE S B SR KSR R e HESh )
Fe B B SR R M 2% POl AR . (2, fF Al
0 s AU B DY AL (95 ME B W) (K KZNFAE 3t 4k
LR A R B AT SR R I RE B AT AT
LRERLRI AR HE I g, KRABUUT 58845 7)1 F &
PR LR S 1 T RE; B R B AR E AT PRI A2 L
A AT A RERI A, 3K ) Ak A AT A 22 A F 5
RTKZNFZ AT W TT . FRATIIAG X5 3% 24 i) R 1) 78 73
Bz, WS AR AU TS R ARH R R -
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