
Many proteins that are capable of binding to distinct

DNA sequences have been characterized to date.

Bioinformatic analysis of DNA�binding domains of dif�

ferent proteins has identified a number of amino acid

motifs capable of recognizing distinct DNA sequences via

interaction with hydrogen donors and acceptors located

in DNA major and minor grooves. The most widespread

elements of various DNA�binding protein domains are

so�called Cys2His2 (C2H2)�type zinc fingers (ZFs) [1].

ZFs are found in DNA�binding domains of about half of

human transcription factors, both known and predicted

from the data of bioinformatic analysis [2�4]. The typical

C2H2�ZF is a short protein motif with two histidine and

two cysteine residues that hold a zinc ion with coordina�

tion bonds. Such ZF is composed of α�helix and antipar�

allel β�structure (Fig. 1a). Four amino acid residues

located in specific positions at the tip of the finger (in the

N�terminal part of the α�helix) participate in DNA

recognition by interacting with hydrogen donors and

acceptors exposed in the major groove (Fig. 1b). One zinc

finger recognizes a tri� or tetranucleotide sequence [5].

DNA�binding domains of a majority of transcription

factors contain a group of tandem ZFs. Specificity of

recognition of extended DNA sequences by tandem ZFs

are considered to be largely determined by specificity of

recognition of short sequences by individual ZFs [5].

However, the situation is complicated due to possible

modification of specificity of DNA recognition by an

individual ZF by adjacent ZFs [6, 7]. So, both prediction

of DNA sequence recognized by tandem ZFs and con�

struction of protein domains recognizing distinct DNA

sequences are complex tasks [8, 9]. Nonetheless, several

approaches were recently developed allowing construc�

tion of ZF tandems recognizing specific DNA sequences.

The use of thus constructed DNA�binding protein

domains provides a basis for gene�therapeutic approach�

es, including methods of genome editing. In recent years,

many reviews have been published on this topic [10�14],

so we do not focus on this. Natural proteins containing

tandem ZFs have comparatively weak specificity to DNA

sequences they interact with, recognizing motifs rather

than strictly determined nucleotide sequences [15�21].
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Although zinc fingers were first found in DNA�bind�

ing domains of various proteins, it is obvious at present

that they can also recognize various motifs in RNAs and

proteins [22�25]. In the human genome around 1000

genes encode proteins containing zinc fingers (ZF�pro�

teins). As a rule, ZFs are tandemly arranged in blocks

composed of 40 or more individual ZFs. Many proteins

have several ZF�containing domains. Being capable of

specifically interacting with DNA, RNAs, and proteins,

ZF�proteins can provide links between these major class�

es of biological macromolecules.

Besides ZFs, ZF�containing transcription factors

contain additional conservative amino acid motifs. These

structural domains are implicated in regulation of intra�

cellular localization, DNA binding, and gene expression

via control of interaction of these transcription factors

with each other and with other cellular targets. The

C2H2�type proteins can contain the BTB (Broad�com�

plex, Tram track, and Bric�a�brac proteins)�domain [26],

also known as POZ (Poxvirus and Zinc finger)�domain

[27], KRAB (Kruppel�associated box)�domain [28], and

SCAN�domain as well [29, 30]. These domains – either

separately or in combinations (for instance, KRAB A and

SCAN) – comprise more than a half the characterized

ZF�proteins. Presence of these domains allows division of

ZF�containing transcription factors into functional

groups with differing implication in gene expression reg�

ulation. Both the proteins containing tandem ZFs and the

proteins containing not only ZFs, but also the other men�

tioned domains will be considered below.

CLASSIFICATION OF C2H2�ZF�PROTEINS

Given localization and number of zinc fingers, all

C2H2�ZF�proteins, which are present in genomes of ver�

tebrates, in particular humans, can be divided into three

major groups [31].

The first group consolidates the proteins containing

one cluster of three close ZFs. Many various transcription

factors, such as the KLF (Kruppel�like factors) family

[32] and related family of SP�factors (SP1�like transcrip�

tion factors) [33, 34] belong to this group. All transcrip�

tion factors belonging to the KLF family (17 KLF factors

are found in the human genome) are characterized by the

presence of a conserved DNA�binding domain composed

of three ZFs located in the C�terminal part of the

polypeptide chain. The N�terminal part of the polypep�

tide chain of different KLF factors can contain domains

that directly influence assembly of the transcription pre�

initiation complex or bind coactivators and, sometimes,

corepressors, so that biological functions of KLF mem�

bers are very diverse [32].

The second ZF�protein group contains proteins

containing one pair or more of ZFs; in the latter case

individual ZF pairs are located far from each other. This

a b

Fig. 1. Structure of zinc finger motif (PDB ID: 1ZNF) (a) and molecular model of the interaction between a domain composed of three zinc

fingers and DNA (PDB ID: 1A1J) (b).
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is the smallest group that includes several transcription

factors, such as tramtrack (TTK) (one ZF pair), PRDII�

BF1 [35] (two ZF pairs), and basonuclin [36, 37] (three

ZF pairs).

The third (and the most abundant) group of ZF�pro�

teins is characterized by presence of clusters composed of

four or more ZFs. One protein can contain one or sever�

al domains containing several closely spaced ZFs. The

most talked�about member of this group is the multifunc�

tional transcription factor CTCF containing 11 ZFs

arranged in one cluster [38�41]. Other examples of ZF�

proteins containing numerous ZFs are MZF1 [21], Nizp1

[42], ZNF394 [43], and many other functionally impor�

tant C2H2�ZF�proteins.

Division of ZF�proteins into the above three groups

is not completely definite. Some proteins (for example,

ZNF305 and PEG3) contain both paired ZFs and clus�

ters composed of more than four ZFs.

Other classifications of ZF�proteins take into

account the presence of additional, ZF�unrelated, con�

served domains (Fig. 2). The most widespread of them,

the KRAB�domain, is found in 45% of the annotated

human C2H2�ZF�proteins [28]. The KRAB�domain is

composed of two subdomains, KRAB A (about 38 a.a.)

and KRAB B (about 32 a.a.). The KRAB B�domain may

either be absent or replaced by a KRAB b (about 32 a.a.)

or KRAB C (about 21 a.a.) domain [44�46]. KRAB A is a

repressor domain that recruits KAP1 protein, an element

of the repressor complex containing SETDB1 histone

methylase that trimethylates histone H3 at lysine 9 [47],

which, in turn, recruits heterochromatin protein 1 (HP1)

and stimulates formation of heterochromatin domain

[48].

Seven percent annotated human C2H2�ZF�proteins

contain a leucine�rich conserved domain of about 84 a.a.

called SCAN [29, 30]. This name is composed of the first

letters of names of four C2H2�ZF�proteins (SRE�ZBP,

CTfin51, AW�1 (ZNF174), and Number 18 cDNA),

which analysis has led to identification of this domain. It

has been demonstrated using the yeast two�hybrid system

and some other experimental approaches that SCAN�

domains of various proteins can form homo� and het�

erodimers [49�51]. The role of homo� and heterodimer�

ization of C2H2�ZF�proteins containing the SCAN�

domain is just beginning to be explored. In particular, the

SCAN�domain was demonstrated to be essential for

localization of MZF1 (a C2H2�ZF�transcription factor

that plays an important role in differentiation of myeloid

cells) in PML�bodies of the cell nucleus, in which it very

likely forms heterodimers with ZNF34, another C2H2�

ZF�SCAN�protein [52]. Despite highly conserved

sequences of SCAN�domains, stability of their homo�

and heterodimers differs significantly [51, 53]. Some

SCAN�domains cannot form homodimers. The most

thoroughly studied SCAN�domain of the protein

ZNF174 only forms heterodimers with a few of the tested

SCAN�domains of other proteins [54].

Some annotated C2H2�ZF�proteins (2.5% of anno�

tated human C2H2�ZF�proteins) contain both KRAB�

and SCAN�domains [28]. There is no data on the inter�

action between SCAN�domains and other protein motifs.

At the same time, SCAN�domains were also found in

proteins that do not contain zinc fingers [51]. So, the

spectrum of C2H2�ZF�SCAN�protein partners can be

quite broad.

Besides the above�mentioned domains, C2H2�ZF�

proteins often contain the BTB�domain or POZ�domain

(5.7% of annotated human C2H2�ZF�proteins) [26, 27].

One can find in the literature either name or the com�

bined name BTB/POZ. This domain is rather long

(∼120 a.a.) and can form dimers and oligomers and inter�

act with other proteins, including some not having a

BTB/POZ�domain [55]. The BTB/POZ�domain also

demonstrates repressor features mediated by recruitment

of corepressors [56�58]. BTB/POZ�C2H2�ZF�proteins

also concentrate in a small number of nuclear compart�

ments, which is attributed to BTB/POZ�domain oligo�

merization [59�61]. Although the BTB/POZ�C2H2�ZF�

protein family is relatively small, it contains many func�

tionally important transcription factors, such as PLZF

(promyelocytic leukemia zinc finger), Bcl�6 (B cell lym�

phoma 6), HIC�1 (hypermethylated in cancer 1), Kaiso

Fig. 2. Schematic representation of domain structure of several C2H2�ZF�proteins. Proteins are specified on the left. Gray rectangles denote

domains KRAB A (A), KRAB B (B), SCAN, and BTB/POZ; light rectangles denote the C2H2�type zinc finger motif.
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(protein recognizing methylated CpG�dinucleotides with

its zinc fingers), and FAZF (Fanconi anemia zinc finger)

associated with cell differentiation and malignization [62].

FUNCTIONS OF C2H2�ZF�PROTEINS

The functional roles of a majority of annotated

C2H2�ZF�proteins are poorly understood. There are

several experimental approaches to solve this problem,

including analysis of genomic targets the studied C2H2�

ZF�proteins bind with, search for protein partners, study

of their influence on DNA transcription in nuclear

extracts of Xenopus oocytes and other systems, and analy�

sis of consequences of knockout or temporary switching�

off of transcription of a particular C2H2�ZF�protein. All

these approaches are labor�intensive, so that a systemat�

ic examination of all annotated C2H2�ZF�proteins has

not been done. Studies have been primarily focused on

functions of C2H2�ZF�proteins whose altered expression

correlates with development of some particular disease

[62] and on functional properties of conserved domains

comprising C2H2�ZF�proteins as well. The most of

functionally important C2H2�ZF�proteins in some way

influence transcription of individual genes or gene

groups.

Before analyzing mechanisms of transcription con�

trol by C2H2�ZF�proteins, it is worth noting that in

eukaryotes transcription is regulated at several levels,

including the level of assembly of a preinitiation complex

on a promotor and at the level of gene folding into various

types of chromatin domains [63]. Among C2H2�ZF�pro�

teins, some are transcription activators and some are sup�

pressors. Most of the known C2H2�ZF�activators of

transcription act at the level of individual promoters,

facilitating assembly of a stable transcription preinitiation

complex. Examples include a large KLF family of tran�

scription factors [32] and related family of SP1�like fac�

tors [34]. SP1 is necessary for recruitment of TATA�bind�

ing protein (TBP) to promoters that do not contain the

TATA�box. Other transcription activators belonging to

the KLF/SP�groups also contain domains directly influ�

encing the transcription preinitiation complex assembly.

Some transcription repressors also bind to gene promot�

ers, directly hampering assembly of the preinitiation

complex. An example is NZFP factor belonging to the

C2H2�ZF�protein group with multiple zinc fingers.

NZFP directly interacts with TBP, thus counteracting its

interaction with general transcription factors TFIIA and

TFIIB [64].

Most of the studied C2H2�ZF�proteins are tran�

scription repressors. However, the repression is common�

ly realized via creation of an inactive chromatin domain

rather than via direct influence on preinitiation complex

assembly. This can be achieved in different ways, such as

histone deacetylation (an easily reversible modification),

histone methylation, recruitment of HP1 protein, and

formation of a sufficiently stable repressed domain (hete�

rochromatin). C2H2�ZF�proteins themselves do not pos�

sess enzymatic activities. Due to the presence of a DNA�

recognizing domain and some other domains capable of

binding other proteins, they act as “conductors” recruit�

ing various enzymatic complexes to distinct genome sites.

Existence of various domains, particularly conserved

domains KRAB, SCAN, and BTB/POZ, which can

interact with other proteins, is essential for integration of

C2H2�ZF�proteins into various multienzyme complexes

executing histone modifications and chromatin remodel�

ing.

The best studied are KRAB�C2H2�ZF�repressors.

These proteins recruit a protein complex initiating forma�

tion of facultative heterochromatin to their genome tar�

gets [47, 48, 65]. The process is mediated by recruitment

of the corepressor KAP1 [66] that directly binds to the

KRAB�domain. In turn, KAP1 attracts the multifunc�

tional complex NURD (a complex causing chromatin

remodeling and histone deacetylation) and histone

methylase SETDB1 that initiates heterochromatin for�

mation by trimethylation of histone H3 at K9 [67, 68].

The human genome encodes several hundred KRAB�

C2H2�ZF�repressors [69]. So, an important question is:

what genes are the targets of these repressors? Recent

studies [70, 71] have shown that such targets are endoge�

nous retroviruses. A hypothesis that endogenous retro�

viruses are key targets of KRAB�C2H2�ZF�repressors is

also confirmed by the data of bioinformatic analysis indi�

cating tight correlation between the number of genes

encoding KRAB�C2H2�ZF�proteins and the number of

LTR�containing endogenous retroelements in vertebrate

genomes [72]. The list of genes inactivated by KRAB�

C2H2�ZF/KAP1 is not restricted to retroelements.

KAP1 is located on 3′�ends of many genes encoding

C2H2�ZF�proteins [73, 74]. This suggests that KRAB�

C2H2�ZF�proteins regulate transcription of their own

genes in feedback manner. Full�genome analysis of

KAP1�binding sites using the ChIP�on�Chip technique

has revealed many other genes inactivated with the

involvement of KAP1 [74].

Many of BTB/POZ�C2H2�ZF�proteins also play a

role of transcription repressors. Like KRAB�C2H2�ZF�

proteins, they repress by recruitment of histone modify�

ing complexes. However, unlike KAP1, corepressors

recruited by BTB/POZ�proteins do not stimulate forma�

tion of facultative heterochromatin. In most cases, sup�

pression of transcription occurs via histone deacetyla�

tion. A typical example is the oncoprotein LAZ3

(BCL6). This protein recruits a repressor complex con�

taining SMRT, mSIN3A, and histone deacetylase

HDAC�1; the latter interacts directly with the LAZ3

(BCL6) BTB/POZ�domain. The LAZ3 (BCL6) repres�

sor activity is significantly suppressed by inhibitors of

histone deacetylases, which directly indicates the crucial



Cys2His2 ZINC FINGER PROTEINS 221

BIOCHEMISTRY  (Moscow)   Vol.  77   No.  3   2012

role of these enzymes in transcription repression caused

by LAZ3 (BCL6) [57, 58]. Another BTB/POZ�transcrip�

tion factor, PLZF (promyelocytic leukemia zinc finger),

which is often damaged in various leukemias, also recruits

histone deacetylase comprising the SMRT�mSin3�

HDAC complex [75�77]. Both BCL6 and PLZF can also

recruit class II histone deacetylases, particularly HDAC�

4, HDAC�5, and HDAC�7 [78, 79]. Other BTB/POZ�

C2H2�ZF�proteins also suppress transcription via

recruitment of histone deacetylases. The BTB/POZ�

C2H2�ZF�repressor Kaiso, which binds methylated

CpG�dinucleotides [80], represses by recruitment of the

N�CoR corepressor [81], which is tightly associated with

HDAC�3 [82] and other histone deacetylases as well [83,

84].

These data suggest the following conclusion: repres�

sion mechanisms of KRAB� and BTB/POZ�C2H2�ZF�

proteins differ significantly. The KRAB�C2H2�ZF�pro�

teins recruit corepressors, which stimulate formation of

facultative heterochromatin. This kind of repression is a

long�term and can be sustained over cell generations. In

contrast, the BTB/POZ�proteins recruit corepressors

deacetylating histones. This repression is easily reversible.

The SCAN�domain has no pronounced activating or

repressor activity. Nevertheless, one should take in

account that many ZF�proteins contain both a SCAN�

domain and one or more KRAB�domains. Dimerization

of such proteins via association of SCAN�domains can

influence the ability of the KRAB�domain to bind to

KAP1 [85]. In some cases, the SCAN�domain deter�

mines the protein localization in subnuclear compart�

ments [52, 86].

About half of the annotated C2H2�ZF�proteins do

not contain SCAN�, KRAB�, and BTB/POZ�domains.

Nonetheless, many of them are repressors recruiting var�

ious corepressor complexes. The notable examples are

Ikaros and related proteins (Aiolos, Helios, Eos, and

Pegasus) playing a crucial role in control of lymphoid cell

differentiation [87�89]. The Ikaros molecule contains two

ZF groups: an N�terminal group essential for DNA

recognition and a C�terminal group essential for dimer�

ization and interaction with other proteins. With its C�

terminal ZFs, Ikaros recruits different corepressor com�

plexes containing histone deacetylases, such as mSin3,

NURD, and CtBP [90�93]. The C2H2�ZF�protein Myt1

(myelin transcription factor 1) controlling differentiation

of central nervous system cells recruits histone deacety�

lases via complex formation with Sin3B [94]. The list of

C2H2�ZF�repressors recruiting histone deacetylases is

rather large [95�97]. In many cases, histone demethylase

BHC110/LSD1 removing the active chromatin label

(H3K4 trimethylation) is recruited together with histone

deacetylases [98]. It was also shown that, besides the

above enzymes and enzyme complexes, the C2H2�ZF�

protein ZNF217 recruits histone methylases methylating

histone H3 at K9 and K27. The enzyme methylating

H3K9 is histone methylase G9a [99]. The only known

enzyme methylating H3K27 is the methylase EZH2 com�

prising one of the Polycomb complexes. Thus, there is a

reason to believe that ZNF217 also recruits this repressor

complex [99].

As mentioned above, most known C2H2�ZF�pro�

teins activating transcription are functioning at the level

of transcription preinitiation complex assembly.

Nonetheless, in some cases, C2H2�ZF�proteins recruit

activating complexes to distinct chromatin domains.

Histone deacetylases, in particular p300, play the role of

coactivators [100, 101].

THE MOST BIOLOGICALLY IMPORTANT

MEMBERS OF THE C2H2�ZF�PROTEIN FAMILY

C2H2�ZF�Proteins Lacking Additional
Conserved Domains

SP1 is a universal transcription factor that is neces�

sary for transcription preinitiation complex assembly on a

wide range of eukaryotic RNA�polymerase II promoters

lacking an expressed TATA box. The DNA�binding

domain is composed of three ZFs recognizing GC�rich

motifs (GC/GT boxes). About 12,000 SP1�binding sites

are known in the human genome [102]. Initially, SP1 was

supposed to preferably activate housekeeping genes asso�

ciated with CpG�islands, but it became obvious recently

that this factor is also implicated in expression regulation

of many tissue�specific and inducible genes, including

those controlling the cell cycle and apoptosis [33, 103�

107]. Some factors exist related to SP1 protein, including

SP3, recognizing the same motifs of nucleotide sequence.

Competition between these factors for binding sites con�

tributes to regulation of genes controlled by SP1 [107].

Although the main mechanism of transcription activa�

tion/inhibition by SP1 and SP3 is the direct influence on

preinitiation complex assembly, these transcription fac�

tors can also recruit various coactivators and corepres�

sors, such as chromatin remodeling complexes [108,

109], histone deacetylases (complex Sin3A) [110, 111],

and histone acetylases [107, 112].

The KLF transcription factor family. This transcrip�

tion factor family closely resembles the SP transcription

factor family. Sometimes the two families are fused

together. The KLF transcription factors play an impor�

tant role in control of hematopoiesis [113, 114] and a

number of other differentiation pathways [32]. Like SP

members, the KLF factors can recruit various coactiva�

tors and corepressors [32].

Ikaros and related proteins (Aiolos, Helios, Eos, and
Pegasus). This group of transcription factors plays a cru�

cial role in differentiation of lymphoid and myeloid cells

[87�89]. Dysfunction of proteins of this group is often

observed in various leukemias [115�117].
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CTCF. Initially, CTCF was described as a factor reg�

ulating the transcription of the c�myc gene [118, 119].

This protein is now better known for its implication in

function of enhancer�blocking elements [120, 121]. At

the same time, CTCF is a communicating protein main�

taining the 3D structure of the eukaryotic genome [122�

125]. Functional tests have demonstrated that coopera�

tion between CTCF and cohesin is essential for mainte�

nance of 3D organization of the genome [126, 127]. One

of the subunits of cohesin (SA2) interacts directly with a

distinct area of the CTCF C�terminal domain [128].

BORIS (brother of the regulator of imprinted sites,

CTCFL). It is a CTCF paralog that is only expressed in

cells that do not express CTCF, namely, in spermatocytes

[129]. BORIS contains the same 11 ZFs as CTCF, but it

differs from the latter in its C� and N�terminal sequences

[129].

WT1 (Wilms’ tumor gene). The tumor suppressor

WT1 discovered in the 1990s [130, 131] plays an impor�

tant role in urogenital development, and in the mature

organism it is expressed in gonads and mesothelial tissues.

Mutations of WT1 are found in 10�15% of Wilms’ tumors

(nephroblastoma), as well as in acute myeloid leukemia

and Denys–Drash and Frasier syndromes [132�136].

Apart from four C2H2�type zinc fingers, WT1 also con�

tains a Q/P�rich transregulatory domain and a domain

responsible for dimerization [137]. In gene expression

regulation WT1 can be either a transcription activator

[138] or coactivator [139] or repressor [140].

YY1 (Yin Yang 1) is a multifunctional ZF�protein

containing four C2H2�type zinc fingers that can either

activate or suppress transcription of multiple cellular and

viral genes [141]. Interestingly, under certain conditions

YY1 can functionally substitute for the TATA�binding

protein (TBP). It was shown that YY1 taken together with

TFIIB and RNA�polymerase II can correctly initiate

transcription in vitro [142]. It is also known that YY1 can

be associated with mRNP in Xenopus oocytes [143].

Overexpression of YY1 is observed in development of

some cancers [144].

BTB/POZ�C2H2�ZF�Proteins

HIC1 (hypermethylated in cancer 1). This protein is

an anti�oncogene that often undergoes inactivation in

tumors via methylation of its promotor [145]. The HIC1

DNA�binding domain is made up of five tandem zinc fin�

gers. Expression of HIC1 is controlled by the tumor sup�

pressor p53 [145, 146]. Knockout of both HIC1 alleles is

lethal (death occurs in embryogenesis) [147].

Heterozygous mice with one HIC1 knocked�out allele

(Hic1+/–) demonstrate a broad spectrum of malignant

neoplasias [148].

PLZF (promyelocytic leukemia zinc finger). The

human PLZF gene initially attracted attention because of

the chromosomal rearrangement t(11;17)(q23;q21)

resulting in formation of a chimeric gene PLZF�RAR�α
(retinoic acid receptor α) and development of acute

promyelocytic leukemia [149, 150]. The normal retinoic

acid receptor binds with a series of corepressors, such as

NCoR, HDAC�1, SMRT, and mSin3A, which are

released following the interaction of the receptor with

retinoic acid [84]. The chimeric receptor (PLZF�RAR�

α) also binds these corepressors, but their complete

release following the interaction with retinoic acid does

not occur, so the chimeric protein acts as a dominant

inhibitor of the normal receptor [151, 152]. As a result,

expression of a series of genes controlling apoptosis, cell

cycle, and DNA repair is dysregulated. The wild�type

PLZF can also be directly implicated in control of cell

proliferation via suppression of c�myc gene expression

[153]. Consequences of murine PLZF knockout have

shown an important role of this gene in control of skele�

ton (particularly limb) formation [154]. Elimination of

both PLZF alleles led to dysregulated expression of Hox�

genes. This is most likely because PLZF recruits the

Polycomb complex to regulatory elements of a number of

Hox�genes [155].

LAZ3/BCL�6 (B cell lymphoma 6). The gene

LAZ3/BCL6 originally attracted attention because its

rearrangements are often observed in some B cell lym�

phomas. It is now considered to be an oncogene [156]. At

the same time, BCL�6 is a key regulator of B� and T�lym�

phocyte differentiation [62, 157]. As a transcription

repressor, BCL6 counteracts expression of genes required

for final stages of B� and T�cell differentiation. In addi�

tion, BCL6 directly controls transcription of a number of

genes essential for DNA repair, cell cycle arrest, and the

function of various signaling pathways, such as the

cytokine�, toll�like receptor�, TGFβ�, and WNT�signal�

ing pathways [157]. Mice with both knocked�out BCL6

alleles are viable, but they demonstrate germinal

hypoplasia and attenuated inflammatory response [158].

C2H2�ZF�proteins comprise the second largest gene

family in the human genome. Distinct functions of the

majority of these proteins remain unknown. However,

many of them are transcription repressors. Mechanisms

of repression can vary, but they are commonly associated

with recruitment of various groups of corepressors. About

half the annotated human C2H2�ZF�proteins contain

so�called KRAB�domain and are capable of initiating

formation of facultative heterochromatin via recruitment

of H3K9 histone methylases and heterochromatin pro�

tein HP1. It seems that these proteins are essential for

establishment and maintenance of differentiated cell sta�

tus during development. Many characterized C2H2�ZF�

proteins are integrated into various multienzyme com�

plexes, in which they can play the role of DNA�binding

subunit recruiting these complexes to distinct genomic

sites.
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