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ANALYSIS

Letting your fingers do the walking

Jeremy M. Berg

Even before the first three-dimensional
structures of DNA binding proteins were
determined, it was hoped that simple rela-
tionships might exist between the amino acid
residues used for sequence-specific nucleic
acid recognition and the nucleotide bases
that these residues contact. With the elucida-
tion of the amino acid sequences and three-
dimensional structures of a large number of
DNA binding proteins, it has been discov-
ered that a relatively small number of DNA-
binding structural motifs are repeatedly
used. Among these, the Cys,His, zinc finger
motif—first identified in the transcription
factor IIIA (TFIIIA)—has proven to be the
most amenable for the elucidation of such
recognition rules and for the generation of
novel sequence-specific DNA-binding pro-
teins.

Greisman and Pabo' have recently report-
ed in Science an extension of previous strate-
gies based on phage display that has allowed
the identification of arrays of three zinc finger
domains that specifically bind to a more
diverse set of DNA-binding sites than had
previously been demonstrated. With this and
other recently developed methods, it may be
possible to find zinc finger arrays that will
bind to almost any sequence 9-10 nucleotides
in length.

The first direct evidence for the mode of
interaction between an array of zinc finger
domains and its DNA target site came from
the cocrystal structure of the three zinc finger
domains from Zif268 bound to an oligonu-
cleotide containing its preferred binding
sequence”. This structure revealed remarkably
modular interactions, with each zinc finger
domain primarily interacting with a three
base pair DNA subsite. These interactions
were mediated via four amino acids from each
zinc finger domain that fall in positions 1, 2,
3, and 6 relative to the start of an o-helix that
is present in each domain. The apparent inde-
pendence of each domain provided impetus
for DNA-binding protein design based on
“mixing and matching” zinc finger domains
with known subsite specificities’.

As an alternative approach, zinc finger
proteins have been selected using phage dis-
play methodologies*’. In these studies, the
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residues in the recognition helix of one zinc
finger domain within a set of three (such as
those in Zif268) were randomized, and phage
expressing these proteins were selected on the
basis of their ability to bind to specific DNA
sequences. Such experiments were reasonably
successful, but it became clear that the mode
of interaction of one zinc finger domain was
influenced by neighboring domains, restrict-
ing the DNA sequences for which specific zinc
finger arrays could be found. Simultaneously
randomizing more than one finger would lead
to pools of sequences too large to screen.
Greisman and Pabo have developed a strategy
that allows phage display methods to be effec-
tively utilized, but with the context depen-
dence of the interactions of each zinc finger
factored into the selection. The approach is

Figure 1. Selection of a three zinc finger protein with
desired DNA binding characteristics by “watking” across

the binding site.

illustrated in Figure 1.

Proteins comprising three zinc finger
domains have sufficient affinity for DNA that
they are suitable for selection by phage dis-
play methods. Initially, phage were con-
structed that displayed proteins consisting of
two domains from Zif268 (with known
DNA-binding preferences) and one domain
with a randomized recognition helix. Phage
were selected on a hybrid binding site com-
prising the two subsites for the Zif268-
derived domains and a third subsite that was
part of the DNA binding site for which a
DNA binding protein was sought. After
selection of a high-affinity binding protein, a
new pool of three domain proteins was con-
structed with only one Zif268 domain, the
new selected domain in the middle, and a
new randomized recognition helix domain.
This cycle was then repeated, discarding the
final Zif268 domain and replacing it with a
third new domain to be selected.

The beauty of this approach is that three-
domain proteins can be used at all stages,
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providing sufficiently high binding affinity
for effective phage display, but allowing the
second and third domains to be selected in
the context of neighboring domains. The
power of this method was demonstrated by
selecting proteins that recognize sites corre-
sponding to a TATA box, a nuclear receptor
recognition element, and a p53-binding site.
The TATA box result is particularly impres-
sive because this site is nearly devoid of GC
base pairs that are crucial for recognition for
many of the better characterized zinc finger
proteins, including Zif268.

It is gratifying to see that many of the
amino acids selected in the canonical DNA
recognition residues correspond to those
that have been characterized in other con-
texts. For example, many of the adenine
bases appear to be contacted
by glutamine or asparagine
residues in the selected pro-
teins. Contacts between ade-
nine and the carboxamide
groups of these amino acids
have recently been observed
in the crystal structure of a
designed zinc finger pro-
tein—-DNA complex’.

The confluence of these stud-
ies suggests that our under-
standing may soon advance to
the point that specific binding
proteins can be designed with-
out the need for selection.
Such tailor-made, zinc finger-
based, DNA-binding proteins
are likely to find many applications. Addition of
other functional modules has already led to the
production of novel restriction endonucleases™°
and transcription factors'. These designed pro-
teins will be powerful tools for research and
may soon find applications as therapeutic and
diagnostic agents.
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