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Zinc finger proteins are among the most abundant proteins in
eukaryotic genomes. Their functions are extraordinarily diverse
and include DNA recognition, RNA packaging, transcriptional
activation, regulation of apoptosis, protein folding and
assembly, and lipid binding. Zinc finger structures are as
diverse as their functions. Structures have recently been
reported for many new zinc finger domains with novel
topologies, providing important insights into structure/function
relationships. In addition, new structural studies of proteins
containing the classical Cys2His2 zinc finger motif have led to
novel insights into mechanisms of DNA binding and to a
better understanding of their broader functions in
transcriptional regulation.
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Abbreviations
Arf ADP-ribosylation factor
ATF-2 activating transcription factor 2 
BIR baculoviral IAP repeat
CR cysteine-rich 
CRE cyclic AMP response element 
FOG friend of GATA
GAP GTPase-activating protein
IAP inhibitor of apoptosis
MRE metal-response element
MTF-1 MRE-binding transcription factor 1
NC nucleocapsid 
PDB Protein Data Bank
PI(3)P phosphatidylinositol 3-phosphate 
TFIIS transcription factor IIS 
TFIIIA transcription factor IIIA
WT1 Wilms’ tumor suppressor protein

Introduction
The zinc finger was first recognized 15 years ago as a
repeated zinc-binding motif, containing conserved cys-
teine and histidine ligands, in Xenopus transcription factor
IIIA (TFIIIA) [1]. Since that time, numerous other zinc-
binding motifs have been identified and designated as zinc
fingers. These vary widely in structure, as well as in func-
tion, which ranges from DNA or RNA binding to
protein–protein interactions and membrane association.
We now recognize the classical Cys2His2 zinc finger as the
first member of a rapidly expanding family of zinc-binding
modules. For the purposes of this review, we define a zinc
finger to be any small, functional, independently folded
domain that requires coordination of one or more zinc ions

to stabilize its structure. In this article, we review recent
advances in the structural biology of zinc finger proteins.
We focus first on zinc fingers that function by binding
nucleic acids or otherwise participate in transcriptional or
translational processes. However, for the sake of complete-
ness, we extend the discussion to encompass other novel
zinc finger domains whose structures have been elucidat-
ed recently, even though their functions do not involve
interactions with nucleic acids. A notable omission from
this review is the zinc fingers from nuclear hormone recep-
tors, which are reviewed in another article in this issue (see
the review by Rastinejad, pp 33–38).

DNA binding by Cys2His2 zinc fingers 
Proteins containing the classical Cys2His2 zinc finger are
amongst the most abundant in eukaryotic genomes. Many
of these proteins are transcription factors that function by
recognition of specific DNA sequences. Since the struc-
ture of a single zinc finger was first reported in 1989 [2]
(Figure 1a), the structures of numerous complexes with
DNA have been described, beginning with that of Zif268
[3]. These structures have established the invariance of
the ββα framework of the Cys2His2 zinc finger module and
have provided a sound basis for understanding the nature
of the interactions that mediate DNA binding. Specificity
is determined by sidechain–base interactions involving a
discrete set of residues located at the fingertip or on the
surface of the helix. Additional interactions with the phos-
phate backbone and between adjacent zinc fingers
contribute to binding affinity. The DNA-binding functions
of zinc finger proteins have recently been the subject of an
extensive review [4••]. 

Approximately half of the known Cys2His2 zinc finger pro-
teins contain a highly conserved linker of sequence
TGEKP that connects adjacent fingers [4••,5••]. A long-
standing question about zinc finger proteins has been
whether the linkers play an active or passive role in DNA
binding. Early mutagenesis studies suggested that the
linkers do play a role in DNA binding, with single site
mutations reducing the binding affinity by as much as
20-fold [6]. A recent comparison of the structures of
TGEKP linkers in the available X-ray and NMR structures
of zinc finger proteins in complex with DNA revealed that
the linker conformation is remarkably conserved [5••].
Although it has long been known that one of the functions
of the TGEKP linker is to cap the C terminus of the pre-
ceding helix [3,7], it has only recently been recognized that
this C-capping interaction is not present in the free protein
and is induced upon binding of the zinc finger protein to
DNA [5••,8]. Dynamic NMR measurements on zinc finger
domains of TFIIIA and of the Wilms’ tumor suppressor
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protein (WT1) [9,10••] revealed that the linker is dynami-
cally disordered in the free protein, but adopts a
well-defined structure with restricted backbone flexibility
upon binding to DNA. 

A survey of zinc finger protein sequences in the SWISS-
PROT database shows that more than 70% of the linkers
can potentially form a C-capping motif, suggesting that
DNA-induced helix capping plays an important and gen-
eral role in zinc finger protein function [5••]. A model for
DNA binding has been proposed in which it is assumed
that the intrinsic flexibility of the linkers will facilitate dif-
fusion along the DNA as a zinc finger protein searches for
its cognate binding site. Once the correct DNA sequence
is encountered, structure is induced in the linkers, which
then act as inducible ‘snaplocks’, holding the fingers in the
proper orientation for optimal interactions in the major
groove [5••]. Recognition of the important functional role
played by conserved capping motifs in linker sequences
may facilitate the identification of subsets of DNA-binding
fingers from the genome sequences.

Modification of linker sequences in vivo can have profound
functional and physiological consequences. An excellent
example of this is WT1, in which alternate splicing results
in the insertion (+KTS) or omission (–KTS) of the tripep-
tide Lys-Thr-Ser in the canonical TGEKP linker between
the third and fourth zinc fingers. The relative abundance
of these isoforms is tightly regulated in the cell and varia-
tions are associated with human disease: for example,
Frasier syndrome is caused by an intronic mutation that
prevents production of the +KTS isoform [11]. The pres-
ence or absence of the KTS insert modulates both the
DNA-binding affinity and the functional distribution of
WT1 within the nucleus. The –KTS isoform binds DNA
with high affinity and regulates transcription; in contrast,
the +KTS variant binds DNA only weakly and associates
preferentially with the splicing machinery, where it may
interact with RNA [12]. A recent NMR study of the +KTS
and –KTS isoforms bound to DNA has revealed the mole-
cular basis by which alternate splicing mediates the
biological function of WT1 [10••]. The KTS insertion
increases the flexibility of the linker between fingers three
and four, and abrogates binding of the fourth zinc finger to
its cognate site in the DNA major groove, significantly low-
ering the DNA-binding affinity. Thus, modification of
linker sequences by alternate splicing represents a novel
mechanism whereby a single zinc finger gene can be 
utilized to fulfill different functions in the cell.

Zinc finger engineering
In recent years, much effort has been focused on the design
of novel Cys2His2 zinc finger proteins that can specifically
target unique binding sites within the human genome.
Such ‘designer’ zinc fingers have important applications as
probes and may ultimately prove valuable for human gene
therapy. As a thorough review of recent progress in zinc fin-
ger engineering has been presented recently [13], this topic

will be discussed only briefly. One of the current challenges
in zinc finger protein engineering is in finding methods to
link subsets of zinc fingers together to achieve the high
binding affinity and exquisite specificity that would be
required for applications in gene therapy. The binding
affinity of Cys2His2 zinc finger proteins increases approxi-
mately 1000-fold for each additional finger connected by
canonical TGEKP linkers. However, only modest improve-
ments in affinity occur when proteins with more than three
fingers are connected by TGEKP linkers; much effort has
therefore been focused on the identification of suitable
linkers for connecting three-finger modules (reviewed by
Choo and Isalan [13], and Wolfe et al. [4••]). An alternative
approach is to introduce dimerization motifs to facilitate the
assembly of multiple zinc fingers on DNA. The utility of
this approach has been demonstrated very recently by the
construction of a fusion protein containing the GCN4
leucine zipper dimerization motif and fingers two and three
from Zif268 [14••]. This four-finger chimera binds DNA
with similar affinity and specificity as the best six-finger
construct designed to date. The limitation of this chimeric
protein is the relatively small size of the DNA site recog-
nized (10 base pairs), but additional fingers can presumably
be incorporated to produce a protein that recognizes longer
DNA sequences. 

Zinc-sensing proteins 
Regulatory mechanisms have evolved in all organisms to
control the homeostasis of metal ions. The response of
mammalian cells to surplus zinc appears to be largely
mediated by metallothionein, which acts to chelate and
sequester the excess metal from the cellular environment.
Metallothionein synthesis is induced by zinc excess and is
regulated through the metal-response element (MRE) by
the transcription factor MTF-1 (MRE-binding transcrip-
tion factor 1), which contains six Cys2His2 zinc fingers. In
yeast, the cellular response to zinc deficiency is regulated
by the metal-sensing transcriptional activator Zap1, which
contains seven Cys2His2 zinc fingers. Recent papers have
begun to provide insights into the structural basis of zinc
sensing by MTF-1 [15,16•] and Zap1 [17]. It appears that
both proteins contain a core DNA-binding domain com-
prising a subset of the zinc fingers. In Zap1, the
DNA-binding and zinc-responsive domains overlap and
map to a set of five zinc fingers at the C-terminal end of
the protein [17]. In contrast, fingers two to four of MTF-1
are involved in DNA binding, whereas finger one appears
to function as a unique metal-sensing domain that pre-
vents MTF-1 from binding to the MRE in the absence of
exogenous zinc [16•]. Finger one deletion mutants bind
DNA constitutively, but do not respond to zinc induction.
The zinc-dependent molecular interactions involving fin-
ger one of MTF-1 that control DNA binding to the MRE
have not been elucidated. Fingers five and six of MTF-1,
which are highly conserved but are not part of the core
DNA-binding region,  appear to bind zinc with a relative-
ly low affinity and to lack the typical ββα structural motif
characteristic of Cys2 His2 zinc fingers [15]. However, it is
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not yet known whether these fingers play a metalloregula-
tory role. Indeed, much work is still needed to elucidate
the structure of these proteins and to determine the mech-
anism by which they regulate transcription in response to
changes in metal ion concentration. What is already clear,
however, is that early suggestions [18] that zinc finger pro-
teins might regulate gene expression in response to
fluctuations in zinc concentration were prescient. 

A broader function for TFIIIA-type ββββαα folds
Although the majority of the Cys2His2 zinc finger proteins
identified to date are implicated in nucleic acid binding, it
is becoming increasingly clear that some members of this
superfamily function by mediating protein–protein inter-
actions. For example, the zinc finger protein Ikaros, which
plays a crucial role in lymphoid differentiation, forms
homodimers through the association of the two C-terminal
Cys2His2 zinc finger motifs [19]. The Ikaros-related pro-
tein Aiolos both homodimerizes and forms heterodimers
with Ikaros through a two-zinc finger domain [20]. 

Zinc fingers also mediate functional interactions between
the GATA-1 transcriptional activator (Figure 2a), which
contains two CCCC zinc fingers, and the friend of GATA
(FOG) protein. The FOG family of proteins includes the
erythroid FOG-1 and the widely expressed FOG-2, as well

as the Drosophila U-shaped protein, all of which contain
eight or nine zinc fingers homologous to the classical 
TFIIIA-type Cys2His2 zinc fingers. In five of the zinc fin-
gers in each protein, however, the last histidine ligand is
replaced by cysteine [21,22•]. The interactions between
these proteins involve the N-terminal zinc finger of
GATA-1 and three to four of the CCHC zinc fingers of
FOG [22•]. The Cys2His2 zinc fingers of FOG play no part
in binding GATA-1 and are presently of unknown func-
tion. The residues involved in DNA binding and FOG
binding are located on different faces of the N-terminal
zinc finger of GATA-1, suggesting that it might simultane-
ously participate in recognition of GATA promoter sites
and binding to the FOG cofactors [23]. The structure of a
CCHC zinc finger from U-shaped has been reported and is
very similar to that of the classical Cys2His2 motif [22•]
(see also Update). Thus, substitution of a histidine ligand
by cysteine appears to have little effect upon the structure. 

The FOG CCHC zinc fingers are the first example of nat-
urally occurring proteins containing functional
substitutions of ligands within the Cys2His2 motif. The
structure of this motif seems quite robust and ligand sub-
stitutions can apparently be accommodated without gross
structural distortions. Indeed, it has recently been reported
that the replacement of all of the cysteine ligands by histi-
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Figure 1

Variations on the classical Cys2His2 zinc
finger. (a) Classical TFIIIA-type zinc finger
(PDB code 1ZNF), (b) N-terminal zinc finger
of SWI5 (PDB code 1NCS) and (c) BIR2
domain of XIAP (PDB code 1C9Q). The
β sheet and α helix structural motif common to
each structure is highlighted in orange.
Additional helices in BIR2 are shown in
magenta. All figures were generated from
PDB files using MOLMOL for rendering [55].

Figure 2

The structures of the FYVE and Arf-GAP
domains all contain a zinc-binding motif similar
in structure to that from GATA-1 [56].
(a) GATA-type zinc finger from GATA-1 (PDB
code 1GAT), (b) FYVE domain of Vps27p
(PDB code 1VFY) and (c) Arf-GAP domain
(PDB code 1DCQ). The GATA homology
region is shown in green, with additional
helices and β strands colored magenta and
cyan, respectively.



dine in the three zinc fingers of Sp1 gives rise to a protein
that is fully functional in DNA binding [24]. Structural
studies of one of the mutant fingers show that the protein
can accommodate the four histidine ligands with only
minor distortions of the classical zinc finger fold.

An intriguing protein-interacting Cys2His2 finger is found
in the transactivation domain of activating transcription
factor 2 (ATF-2) or cyclic AMP response element (CRE)
protein-1 (CRE-BP1) as it is also known. ATF-2 is a bZip
transcription factor that binds to the CRE in response to
increased levels of cAMP, both as a homodimer and as a
heterodimer with c-Jun. The structure of the ATF-2 trans-
activation domain has been determined recently and
reveals a folded N-terminal region that contains a Cys2His2
zinc finger coupled to an unstructured C-terminal subdo-
main [25]. The zinc finger domain adopts the characteristic
ββα fold. The residues that constitute the hydrophobic
core are highly conserved, whereas the surface charge dis-
tribution is very different from that of zinc fingers that are
known to function through interactions with nucleic acids. 

Nucleic acid recognition by other zinc finger
motifs
The DM motif is a zinc-dependent DNA-binding domain
found in a number of transcription factors that regulate
sexual differentiation. A recent NMR structure revealed
that the DM motif is a novel zinc finger containing inter-
twined CCHC and HCCC ligands [26•]. The two
zinc-binding sites stabilize a compact globular domain
that contains two α helices. The second helix extends
into an unstructured C-terminal tail that functions as a
nascent DNA-recognition helix, folding into a helical
structure upon binding to DNA. The DM domain binds
cooperatively to DNA as a dimer, making contacts in the
minor groove. Mutations in both the zinc-binding motif
and the C-terminal tail are associated with intersex disor-
ders [26•]. The DM motif thus represents a novel zinc
finger that, unlike most other zinc finger domains, recognizes
the DNA minor groove. 

The retroviral nucleocapsid (NC) protein from HIV-1 plays
a major role in the recognition and packaging of the retro-
viral genome. The NC protein contains two zinc ‘knuckles’
separated by a seven-residue linker that, together with a
long N-terminal tail, are unstructured in the free protein
[27]. The protein recognizes four different stem loop struc-
tures within the HIV-1 packaging sequence, the Ψ-site.
Structures of the NC protein bound to both the SL3 and
SL2 RNA stem loops from the Ψ-site have now been
reported [28••,29], providing important insights into the
mechanism of RNA recognition. Both SL2 and SL3 con-
tain disordered G-rich tetraloops, GG(U/A)G, which fold
upon binding to the zinc knuckles. Upon binding to SL3,
the N-terminal tail of the NC protein folds into a 310 helix
that binds in the major groove and makes contacts with the
phosphodiester backbone [29]. The interactions with SL2
are quite different, however. SL2 contains a novel A-U-A

base triple, which opens up the minor groove [30]. In the
complex with the NC protein, the N-terminal zinc
knuckle binds in the minor groove and packs against the
base triple [28••]. The N-terminal 310 helix contacts the
phosphodiester backbone, but does not bind in the major
groove or make specific hydrogen bonding contacts, as it
does in the SL3 complex. Thus, the NC protein binds to
the different RNA stem loop structures by an adaptive
mechanism, adopting a different conformation in each
complex and making different intramolecular and inter-
molecular interactions. Adaptive binding is undoubtedly
facilitated by the intrinsic flexibility in the linker and in the
N-terminal tail.

New zinc finger folds
Zinc fingers in RNA polymerase
The crystal structure of yeast RNA polymerase II reveals
six zinc-binding proteins, several of which appear to meet
the criteria for classification as zinc fingers [31]. Subunit
nine (Rpb9) forms two distinct zinc-binding domains sep-
arated by a long linker: the smaller C-terminal
zinc-binding module has previously been shown to fold
independently into a zinc ribbon motif similar to that
observed in transcription factor IIS (TFIIS) [32,33].
Subunit Rpb12 appears to have a similar zinc ribbon struc-
ture in the intact polymerase [31] and displays sequence
similarities with the zinc ribbon domain of Rpb9 [32].
Subunit Rpb10 binds zinc in an unusual CX2CXnCC
motif, with two adjacent cysteine ligands. The structure of
the isolated subunit has been determined by NMR [34••].
Folding is zinc dependent and the structure consists of a
cluster of three helices (designated a zinc-bundle motif by
the authors) with the zinc bound at one end (Figure 3a).
Although these zinc finger subunits are essential for poly-
merase activity, it is not yet known whether they interact
directly with nucleic acid or play some other role in the
polymerase complex. 

Ribosomal proteins 
The 2.4 Å crystal structure of the large ribosomal subunit
from Haloarcula marismortui contains four zinc-binding
proteins homologous to the eukaryotic L24, L37, L37a and
L44 proteins [35]. The structure of L24 is reminiscent of
that of the GATA-type zinc finger. L37 and L37a bind zinc
through a CX2CX11,14CX2C sequence motif and appear
similar in structure to the zinc ribbon motif. The structure
of the zinc-binding site in L44 also appears similar to the
zinc ribbon, although there are large inserts in the zinc-
binding motif, which has the sequence pattern
CX5HX53CX2C. The structure of ribosomal protein L36
was recently solved by NMR [36]. L36 also adopts the zinc
ribbon fold, despite the substitution of the last cysteine
ligand of the canonical zinc ribbon motif by histidine
(CX2CX12CX4H coordination motif) (Figure 3b). The high
propensity for zinc ribbon structures in the ribosome is
intriguing and, as detailed analyses of the ribosome struc-
ture are completed, it will be of great interest to elucidate
the nature of their interactions with RNA. 
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Transcriptional adaptor zinc fingers
The transcriptional adaptor proteins CBP and p300 con-
tain two copies of a zinc finger motif, termed the TAZ
finger [37], that are implicated in functional interactions
with numerous transcription factors and viral oncopro-
teins. The NMR structure of the TAZ2 domain from CBP
has been reported recently [38••]. The TAZ2 zinc finger
folds into an unusual bundle of four helices that is stabi-
lized by three zinc ions, each of which is bound to one
histidine and three cysteine ligands in an HCCC motif
(Figure 3c). Each zinc-binding site is formed from
residues at the C terminus of an α helix, at the N termi-
nus of the next helix and in the intervening loop. A
peptide derived from the p53 activation domain binds to a
specific site on the surface of the TAZ2 domain. The close
sequence similarity between the TAZ2 and TAZ1
domains suggests that both are likely to adopt similar
three-dimensional structures. Additional work will be
required to elucidate the molecular features responsible
for the differing ligand specificities of the two motifs.

Cysteine-rich domain of the chaperone DnaJ
The NMR structure of the cysteine-rich (CR) domain 
of Escherichia coli DnaJ reveals a novel zinc-binding 
motif [39•]. The protein binds two zinc ions using four
CXXCXGXG peptide sequences (where X is any amino
acid) that form an extended V-shaped structure (Figure 3d).
The zinc coordination is interleaved, with each zinc ion
coordinated by pairs of cysteine residues that are far apart
in the sequence. As the spacing between the cysteine
residues in the CR domain closely matches that of the
Cys4-type zinc fingers, it had been suggested that the struc-
ture may resemble that of the glucocorticoid receptor [40].
This is clearly not the case and the CR domain adopts a

unique structure unlike that of any known zinc finger. The
CXXCXGXG sequence motif is highly conserved from
archaea to man, and is a topological signature for the CR
domain. The domain appears to function in the binding of
denatured proteins by DnaJ. 

The BIR repeat
The baculoviral IAP (inhibitor of apoptosis) repeats
(BIRs) contain a CCHC coordination motif. Many BIR
domain proteins are involved in the regulation of pro-
grammed cell death, which they accomplish through
inhibition of caspases. Structures have recently been
determined for BIR domains from XIAP and c-IAP1
[41,42••,43], and from the anti-apoptotic protein survivin
[44–46]. The conserved core of the BIR domain is made
up of a central three-stranded β sheet and four short α
helices. (Note that in the structure of the c-IAP1 BIR
domain, the β sheet and one of the helices were not
observed and the structure aligns poorly with the other
five structures [41].) The zinc-binding motif in the BIR
domain resembles that of the classical Cys2His2 zinc fin-
gers, with the first two cysteine ligands located on a
β hairpin and with the histidine ligand on the adjacent
α helix [42••] (Figure 1c). Indeed, the structure is espe-
cially reminiscent of that of the first zinc finger domain of
SWI5, with its three-stranded β sheet [47] (Figure 1b).
However, the histidine-containing helix is considerably
shorter in the BIR domain, terminating several residues
before the final cysteine ligand. Also, the loop between
the last β strand and the α helix is longer than in the clas-
sical zinc finger structures and is disordered in solution
[43]. It is striking that a similar zinc-binding framework
occurs in the classical Cys2His2 zinc finger and in the BIR
domain, although it is adorned by additional helices in the
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Figure 3

Ribbon diagrams of recently solved zinc finger
structures. (a) Zinc bundle of Rpb10 (PDB
code 1EF4), (b) zinc ribbon of L36 (PDB
code 1DFE), (c) TAZ2 domain of CBP, and
(d) CR domain of DnaJ (PDB code 1EXK).
The coordinates of TAZ2 were obtained from
the authors [38•• ]. α Helices and β strands
are shown in magenta and cyan, respectively.
Cysteine and histidine ligands are shown in
yellow and green, respectively.



latter that mediate functional interactions. Indeed,
despite the high degree of conservation of the core struc-
ture in the IAP and survivin BIR domains, differences in
the N- and C-terminal helical regions are observed that
probably relate to their differing functions.

Lipid-binding zinc fingers
The FYVE domain targets cytoplasmic proteins to specif-
ic membranes by recognition of phosphatidylinositol
3-phosphate [PI(3)P] through a highly conserved
sequence motif. The FYVE domain binds two zinc atoms,
which are required for folding [48], with CCCH and
CCCC coordination [49•]. The ligands are interleaved in
the sequence, with the first and third pair of ligands
bound to one zinc and the second and fourth pair of lig-
ands bound to the second zinc ion (Figure 2b). A
structural resemblance between the second zinc-binding
site of the FYVE domain and the GATA-1 (Figure 2a) and
protein kinase C zinc fingers has been noted [49•].
Dimerization is required for high-affinity binding to
PI(3)P-containing membranes [48]. Antiparallel homod-
imers of the FYVE domain of Hrs have been observed in
a recent crystal structure and have given rise to a plausible
model for membrane binding [50]. The structure of the
Rab3A effector domain of rabphilin-3A [51•] is very simi-
lar to that of the FYVE domain. Although it has been
suggested that the rabphilin zinc finger domain may also
interact with phospholipids [51•], it does not contain the
PI(3)P-binding sequence motif typical of FYVE domains
and direct lipid binding is yet to be demonstrated.

Interestingly, a GATA-type zinc-binding motif is present
in the Arf-GAP (ADP-ribosylation factor GTPase-activat-
ing protein) domain of the centaurin β family of
membrane-associated proteins. Arf  family GTPase pro-
teins regulate membrane trafficking and contain
pleckstrin homology (PH) domains that function together
with the Arf GAP domain to mediate binding to phospho-
inositides [52]. The structure of the Arf GAP domain has
been reported recently and reveals an exposed zinc-bind-
ing motif that is similar in structure to the GATA-1 and
protein kinase C zinc fingers [53•,54] (Figure 2c). The role
of the zinc finger motif in phospholipid binding remains to
be established.

Conclusions
Recent structural studies of zinc finger proteins have shed
new insights into their extraordinary diversity of structure
and function. It is chastening to realize, however, that of
the large number of putative zinc finger motifs that have
been identified, only a handful have been characterized
structurally. Although some of these will undoubtedly
prove to have novel folds, it is notable that recently deter-
mined structures of several previously uncharacterized
zinc finger domains show that they are built on common
structural cores, first seen in DNA-binding zinc fingers
(the Cys2His2 motif [Figure 1a], GATA-1 [Figure 2a] and
the β-ribbon zinc finger motif of TFIIS [Figure 3b]).

Despite the remarkable progress made, much remains to
be done to elucidate the structures, functions and mecha-
nisms of action of zinc finger proteins. What is already very
clear, however, is that these small, independently folded
protein domains play a vital role in regulating a remarkable
array of biological functions. Even the classical Cys2His2
zinc finger motif can no longer be viewed simply as a
nucleic-acid-binding motif, but is now seen to perform
additional functions beyond DNA and RNA recognition
and packaging.

Update
The solution structure of the plant homeodomain (PHD)
motif has been reported recently [57•,58]. It folds into 
an interleaved zinc finger domain that binds two zinc
atoms. The zinc-binding core is similar in structure to
that of the FYVE and RING domains. The PHD motif is
found in both single and multiple copies within tran-
scriptional control proteins. Mutations within the PHD
motif are associated with developmental disorders, such
as Williams–Beuren syndrome, X-linked mental retarda-
tion and autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy. 

Further details of the FOG zinc finger structure have been
recently described, along with chemical shift mapping and
mutational analysis of the interaction with the N-terminal
GATA-1 zinc finger [59]. The FOG zinc finger resembles
the classical TFIIIA zinc finger, except for the substitution
of the last zinc ligand histidine for cysteine.  

In recent work on zinc finger engineering, a zinc finger
protein that is based on the DNA-binding domain of
Zif268 was optimized using phage display techniques to
selectively recognize a human telomeric DNA sequence
that forms a four-stranded guanine quadruplex [60].
Although this engineered human telomere-specific protein
has potential diagnostic and therapeutic applications, fur-
ther structural characterization is necessary to identify the
mode of binding and specific intermolecular interactions
within the complex. 
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