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Recognition of DNA by Cys,,His,
Zinc Fingers

RAcHEL E. KLEvVIT

HE “ZINC FINGER” PROTEIN MOTIF WAS SO NAMED BE-

cause of the tandemly repeating pattern observed in the

amino acid sequence of the transcription factor TFIIIA (1,
2). According to the original hypothesis, each 30-residue sequence
of the type shown in Fig. 1B is an independently folded unit that
binds a zinc ion and is responsible for sequence-specific DNA
binding. Two-dimensional nuclear magnetic resonance analysis of
peptides with sequences that conform to the consensus sequence
have confirmed that the Cys,,His, zinc finger motif is indeed a
structural domain (3-6).

Hundreds of genes encoding Cys,,His, zinc finger domains
have been isolated, identifying them as a major class of eukaryotic
DNA-binding proteins. The way in which zinc fingers recognize
specific DNA sequences in various systems is therefore of great
interest. The structure of the complex formed between a three-
finger fragment of the protein Zif268 and its consensus DNA
binding site has been described by Pavletich and Pabo, providing
an atomic level view of DNA recognition by Cys,,His, zinc fingers
™). :

The sequence-specific contacts observed in the Zif268-DNA
complex have characteristic simplicity and modularity. Two amino
acid side chains in each finger interact with two guanines in a
three-base subsite, yielding the patterns shown in Fig. 1A. In the
structure, the interacting residues X, Y, Z are each separated by two
residues (Fig. 1B), with X immediately preceding an « helix and Y
and Z lying on the outer face of the helix (7).

Virtually the same pattern of contacts was inferred from change-
of-specificity mutagenesis experiments on the Cys,,His, protein
Krox-20 (8). Whether those two examples are Tepresentative- of
Cys,,His, zinc finger-DNA recognition remains to be determined.
Both Zif268 and Krox-20 make contacts only with guanines of the
DNA and use only arginine and histidine side chains; when any of
positions X, Y, or Z is not an arginine or histidine, a contact is not
observed. There is a one-to-one correspondence between the three
base pairs in a finger binding site and the three DNA-binding
positions in a finger, in an antiparallel orientation (provided that the
DNA: sequence is read 5’ to 3', the direction of the finger binding
is COOH to NH,).

There are seven potential arrangements of guanines in a triplet if
one or three contacts per finger are allowed as well as the two
contacts per finger used by Zif268. By combining different fingers,
many guanine-containing DNA sequences can be recognized. If
bases other than guanines were used as specific H-bond contacts (9),
the range of possible sequences increases. -

With only one Cys,,His, zinc finger—-DNA complex structure
available, it is not possible to ascertain directly the general
applicability of this scheme. An indirect test is whether it will
predict the binding sites for other zinc finger proteins. The
sequences of the three fingers of the switch protein SWI5 reduced
to their X, Y, and Z positions along with their predicted DNA
triplets are:
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Positions XYZ XYZ XYZ
Amino acids RNS RDR RAV
Bind GAn GnG Gnn--5'

The binding site, as identified by deoxyribonuclease I (DNase I)
footprint analysis is 3'-G-A-G-G-T-C-G-T-A-A-T-A-T-C-G-T-A-
C-G-A-C-C-5' which contains the predicted nine-base sequence
(underlined, with predicted contacts in boldface), although the
predicted Z-contact in finger 2 is missing in the natural site (10). A
similar treatment of the yeast transcription factor ADR1 yields:

Positions XYZ XYZ
Amino acids RHR RLR
Bind GGG GnG--5'

The natural site for ADRI1 is 3'-A-G-A-G-G-T-T-G-A-A-T (11).
The predicted six-base sequence is not found within the 11-base
binding site, but two sequences, G-A-G-G-T-T and A-G-G-T-T-G,
both give two of the three predicted contacts for finger 1 and one of
two predicted contacts for finger 2. This analysis suggests that the
scheme may be useful in predicting Cys;,His, zinc finger DNA
binding sites that can be tested experimentally.

A challenging test for the scheme is the nine-finger Cys,,His,
protein TFIITA. A 27-base site-would be predicted, whereas meth-
ylation protection experiments showed protection over 50 bases
(11). If the scheme is applied to TFIIIA and compared to its binding
site, the predicted sequences can be found in clusters of two and
three finger units:

Finger 1 2 3 4 5 6 7 8 9 )
XYZ XYZ XYZ XYZ XYZ XYZ XYZ XYZ XYZ
KKA SHR TNK KQV LRR KTK HYD TNS MSR
GGn nGG nAG GAn nGG GnG Gnn nAn nnG--5'

Positions
Amino acids
Bind

90 80 70 60 50
3-AGAGGGTAGGTTCATGATTGGTCCGGGCTGGGACGAACCGAAGGCTCTAG

Predicted GGnnGG nAG GAnnGG GnG GnnnAnnnG
Finger 1 2 3 4 5 6 78 9
His spacing BX3 X X3 X3 X4 X3 X4 X3
Linker length m m ® O @ ®) ®

This analysis leads to the hypothesis that TFIITA binds to a long
sequence by means of subsets of contiguous fingers that bind in the
manner described for Zif268, with single fingers (fingers 3 and 6)
spanning the gaps between the subsites. Several experiments support
this model. Methylation protection showed that the guanines be-
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Fig. 1. (A) Pattern of contacts between side chain and bases in the
Zif268-DNA complex. (B) The Cys,,His, zinc finger motif. Circled residues
are conserved; DNA-contacting residues, X, Y, and Z, are boxed.
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tween bases 60 and 70 were not well protected by TFIIIA, a result
consistent with finger 6 behaving differently compared to the other
fingers. Hydroxyl radical footprinting of finger deletion mutants of
TFIIIA is consistent with the placement of fingers 1-2 and 8-9 as
was shown (12).

The less regular mode of binding hypothesized for TFIIIA relative
to the Zif268 structure may arise from irregularities in some of the
TFIIIA zinc fingers. Fingers 3, 6, and 8 have His-X,-His spacings
between the histidine ligands instead of the more prevalent His-X;-
His spacing. The His-X,-His fingers have more conformational
flexibility than the His-X;-His fingers (13, 14). Also, the linker length
between fingers may influence the precise mode of binding (number
of residues between the last His and first Cys in neighboring fingers).
In the proposed model, the three subsites are spanncd by His-X,-His
fingers with irregular linker lengths. These variations on the more
regular His-X;-His domain may serve to increase and diversify the
binding sites available to multifinger proteins.

How general, then, is the recognition pattern of a single protein-
DNA complex? Structures of the helix-turn-helix motif suggest that
if there is a pattern, it will be more complex than the scheme
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outlined here. However, a scheme for making predictions that can
be tested experimentally, both by structural analysis and by site-
directed mutagenesis, should yield some insights into the nature of
this class of zinc finger-DNA recognition.
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