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ABSTRACT

The PROSITE pattern Zinc_Finger_C2H2 was extended
to permit the detection of all C2H2 zinc fingers and their
parent proteins in the recently completed sequence of
the yeast genome. Additionally, a new computer
program was written that extracts other zinc binding
motifs (non C2H2 ‘fingers’), overlapping with the
classical zinc finger pattern, from the found set of yeast
C2H2 fingers. The complete and correct detection of all
fingers is a prerequisite for the classification of the
yeast zinc finger proteins in functional terms. The
detected 53 yeast C2H2 zinc finger proteins do not
contain finger clusters with 10 or more repeats, as is
frequently found in higher eukaryotes. Only three
proteins contain four or more fingers in a cluster.
Moreover, nearly all 27 yeast proteins with tandem
arrays of two or three finger domains can be classified
into nine subgroups with high sequence conservation
in their finger clusters, in particular of their DNA
recognition helices. These results and application of
the recently elaborated finger/DNA recognition rules
suggest that the yeast proteins belonging to the same
subgroup may recognize identical or very similar DNA
sites.

INTRODUCTION

recognition parts (mainly the N-terminal half ofcehelix) truly
modular recognition of specific DNA sites is facilitated in the zinc
finger proteins. Crystal structures of zinc finger-DNA complexes,
site-directed mutagenesis and screening/selection studies have
revealed finger/DNA recognition rules (a code) that can describe,
at least partially, the sequence-specific interactions between fingers
and DNA and that are useful for tthe novadesign of zinc finger
proteins that recognize desired DNA target sites ¥s8eand
references therein).

Zinc finger proteins represent perhaps the largest and most
diverse superfamily of nucleic acid binding proteins in eukaryotes.
It has been estimated that up to 1% of genes in the human genome
may encode proteins with zinc finger domabjs Qur database
of zinc finger proteins (Zfp) and zinc fingers (Zf) now contains
>560/2800 Zfp/Zf entries. Since the earlier collection of Zfp/Zf
was published by Jacobs0f in 1992, the number of Zfp/zf
sequences has increased nearly 3-fold.

Sequence analysis of the fingers in our database has indicated
that the PROSITE pattern Zinc_Finger_C2HZ2) (used for the
detection of zinc fingers in new protein or genome sequences does
not match all fingers actually present. The complete and correct
detection of protein sequence motifs is essential in analysing the
huge amount of data provided by the many genome sequencing
projects. Very recently the genome of the y&astcharomyces
cerevisiaehas been completely sequenced through a worldwide
collaboration {2). The sequence afl2 000 kb represents the
first complete genome sequence for a eukaryote, defining 6305
potential protein encoding genes. Here we report on extensions of

In 1985 three groups independently observed in the DNA/RNghe PROSITE C2H2 pattern to permit the detection of all fingers

binding transcription factor TFIIIA fronXenopus laevi¢l) a

and their parent proteins in the yeast genome. Moreover, applying

9-fold repeated pattern of amino acids with conserved cysteingnew program we have extracted from the set of detected yeast
histidine and hydrophobic residues4). The arrangement of coH2 finger sequences wrong ‘fingers’ which belong to other

this pattern in TFIIIA is $-X-C-X4,5C-X3-$-X5-$-Xo-H-X3 #H,
where X represents any amino acid, $ a hydrophobic residue .,

subfamilies of zinc binding motif4 §) but overlap partially with
classical finger motif. The implications of the detection of alll

cysteine and H histidine. Based on this observation, as well as@pH2 fingers for the functional classification of yeast Zfp are
biochemical and biophysical studies, Klug and co-work®rs ( giscussed for proteins with a finger pair in terms of their sequence-
coined the term ‘zinc finger’ to describe their proposal that th'§pecific DNA recogpnition.

(B0 amino acid sequence motif forms an independent DNA
binding minidomain folded around a central zinc ion with ATERIALS AND METHODS
tetrahedral arrangement of cysteine and histidine metal Iigan%/ls

(reviewed in5). Through the tandem repetition of structurallyUsing the SwissProt, PIR, EMBL and GenBank databases, literature
identical small finger domains with chemically different DNA searches and contributions from authors, we have created a Zfp/Zf
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database with >560/2800 entries. About half of the Zfp ar 4
complete sequences. The database includes an earlier collec

X - Finger position 13 3 13 19 22 29
of Jacobs10), kindly supplied to us by the author. A total of 2475 [ consensus |2 3000 —
non-identical finger sequences present in the whole Zf collectic | secndary structure || o8t ool coonce
have been aligned using Clustal W)(in 29 positions according | czuzeri (PROSITE) 244 3-5
to our new C2H2 pattern (see below and EjgThe position- C2H2can b 2 3-8
dependent frequencies of all 20 amino acids as well as a prof | czH2new by REE e

(15) were calculated from this non-redundant set of aligned fing: g
sequences. Similar analyses were made with the complete se [wame  TGene
127 yeast fingers found with our new C2H2 pattern. In additior |yei24s | Fzr
a phylogenetic treei ) was created from the distance matrix of |YiE" | *
the yeast fingers and used together with profile searches to qua | ymrm | amst
the sequences on a scale from ‘good’ to ‘bad’ fingers. A ne !:’r;"f 2]
program was written in the Perl programming language whic fﬂm PRI
permits the automatic detection of C2H2 fingers with ou s

extended C2H2 pattern as well as the detection of 13 other kno'

Finger

or putative zinc binding patterns (often described as ‘finger’ motifs [Name [ Gene Finger
in protein sequences. ::’r'l';l“ o

Searches with the program have been performed against * [Jars | rowi
6305 open reading frames (ORFs) of the translated comple [spiz30 | RGMb
yeast genomei Q). (For sequence informations contact our home {27 | TR0
page, http://www.mips.biochem.mpg.de, or other yeast-relate [y | ~ewsa
Internet resources, shown in table 1 ofr&), The program forthe =~ | ypl38 | NEW3b
automatic detection of zinc fingers in protein sequences can |'m | sae
obtained from one of us (D.F., frishman@mips.biochem.mpg.de [yiris | seet
For information on the Zf/Zfp database and additional data ni | *{%!°
shown here contact the corresponding author (S.B., boehm@m yerd6* | RADIS

berlin.de).

Suom ot oy leg gl e

Figure 1. New C2H2 zinc fingers detected in the yeast genofjefiager

RESULTS AND DISCUSSION consensus, secondary structure and C2H2 motifs used in this work. The original
. . PROSITE motif C2H2ori is shown together with the two extended patterns,
The C2H2 zinc finger pattern C2H2can and C2H2new, proposed in this work. Position numbers of invariant

zinc ligands and conserved hydrophobic residues in the zinc finger consensus
Release 32 of the PROSITEL) pattern ZINC_FINGER_C2H2  according to the C2H2new pattern are shown in the first line. The finger

(accession no. PS00028), formulated asG&-X3-(FY,W,C.L,I, consensus reflects 2475 non-identical sequences between positions 1 and 29
VIM»-X g H-X3.45H, contains 311. zinc finger proteins and 1350 120 TVRTER B S0 HE B Bos o B e vaon of hydropnobic
Zinc flngers_, with 90 and 97% .true pos!tlyes respectively. AY sidues in positions i/ 13arF1)d 1995% (see text). Residue codes: C},/cys?eine;
search against all yeast ORFs with the original PROSITE C2HY " histidine; X, any amino acid; x, any amino acid in positions with rare
zinc finger motif (further referred to as C2H2ori) resulted in 48/85ccurance; $, hydrophobic residue, with one of FYWCLIVM in position 13 of
Zfp/Zf hits. A more detailed analysis of these yeast Zfp/Zfthe C2H2ori pattern. Secondary structure codesa-helix; B, B-sheet.
indicates that the above set is incomplete. In this work we exter§f!mbers in the pattern show allowed spacings between the two pairs of

. . invariant zinc ligands, where the / separator means one of and the — separator
the C2H2 pattern to permit the detection of all (except VelYneans the range. Colour code: purple, C; blue, H; grey, positions 1, 13 and 19.

Unusuab yeast zinc fin_gers_ and_ their parent PrOteinS- WeB) Zinc fingers detected by the C2H2can pattern in addition to the C2H2ori
introduced several modifications in the C2H2ori pattern andotif. (C) Zinc fingers detected by the C2H2new pattern in addition to the

created two new extended patterns based on statistical ana|ysi§6rl20an motif. In (B) and (C) the first three columns contain systematic yeast

i : - : F names, gene names (where known) and location of the first amino acid of
2475 _non identical fmger sequences In our database (3% zinc finger in the parent protein. Then follows the sequence of the zinc
Materials and Methods).

3 . . o finger. The column marked Finger contains the numbering of the finger in the
One of the varied patterns permits any amino acid in fingetorresponding Zfp. Isolated fingers that are not part of a finger cluster are

position 13 (see Fid.), which is restricted in C2H2ori to eight indicated by i (see legend to Fig. 3). Pairs of fingers with significant sequence
hydrophobic residues. In addition, two variable residues beforémilarities are boxed and/or coloured yellow. A name marked by * indicates
the first invariant Cys have been allowed to match the whole fold possible finger which might be a faise positive detection.

of the finger domairt]). According to our analysis the mentioned

eight hydrophobic residues occur in position 13 with a frequen@attern in the yeast genome led to detection of eight additional
of 95.6%, but all other residues except proline are also foundfingers compared with searches with C2H2ori (Eigsd3). The
position 13. As a rule, the first position of aligned fingersecond pattern further generalizes C2H2can to allow for the
sequences, situated at the N-terminus of th@fsttand (Figl),  alternative presence of Cys in position 29 instead of the invariant
is also occupied by conserved hydrophobic residues (includingttis (Fig.1), because our database analysis indi¢@%sof such

the calculation the frequently occurring His) with a frequencwltered finger types. Additionally, more flexible spacing has been
>95%. All other amino acid residue types occur rarely in positiopermitted between the first invariant pair of zinc ligands (cysteines)
1. In accord with these data, the first extended pattern, dubbed émel the second pair of zinc ligands (histidines or histidines/
canonical C2H2 motif (C2H2can), is therefore formulated asysteines). The resulting C2H2new pattern can be considered as the
X2-C-X2 4#C-X12H-X3 4 5H (Fig. 1). Searches with the C2H2can least stringent C2H2 motif, formulated gs&-X1 2 4 5C- X12-H-
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Overlapped non CZH2 motifs C2H2new pattern
Motif Name Gene Pas.
GATA

¥l | GZF3 129

yloriidd DALSO 29
GALA

ydr207 UME& 770

ymii9y ARGRZ 20

ylr256 HAPL 63
RING'

yhrlld RAD16 537

ydr266 6d
RING®

¥dI175 63

¥ilo79 76

ykrid17 179
C8MOT

¥lr00s SSL1 429
ZZFIN

yirdd8 | ADA2 7
BBOX

vhrid0 5

ymi041 244
RPOL

yor3dl RPAIS0 | 62
NEWMI

ynli26 106
Unknown

yml68 294

ymrl87 15
Homology to other subfamilies
Subfamily | Name Gene Pos.
1 Deamin. | vhridd DCD 180
2 Kinases | ypri54 SMEKI1 152
3 Ligases | vpri84 UBR1 136
4 Dehydr. | yhl041 18

Figure 2. Wrong fingers overlapping with other non-C2H2 ‘finger’ motifs and questionable fingers found in yeast proteins which belong to homologous non-Zf
subfamilies of proteins. Overlapping non-C2H2 motifs. In the first column the name of the non-C2H2 motif is shown; the next three columns contain the yeast C
names, gene names and location of the ‘finger’ in the parent protein; the last three columns show the alignments of the overlapping C2H2new pattern sequenc
with the non-C2H2 finger motifs (shown in each case in the first lines of the different motifs). Note that all non-C2H2 motifs have additional sequence parts to
left and/or right termini of their C2H2new part, marked with Prefix and Suffix. All numbers given in the sequence columns indicate spacings by amino acids of :
type varying in length by the given numbers, X means any amino acidt RiIN®ING indicate two types of overlap. The colouring of C and H is as in Figure 1. Homology

to subfamilies. In the first column a short name for the protein subfamily is given. All other columns are as described above. The short names refer to the follo
subfamilies, first described for the yeast proteins in the given references: 1 Deamin., cytidine deaminase (26); 2 Kinases, MAP kinase (27); 3 Ligases, UBRL1 |
(28); 4 Dehydr., NADH dehydrogenase.

X3-6(H,C). Applying the C2H2new motif to yeast genomefound in addition to the invariant Cys/His. These additional
searches increased the number of detected finger sequences hyydddntial zinc ligands may occur in internal finger positions as
compared with the results with the C2H2can motif (EigB. In well as in positions adjacent to their N- and/or C-termini @ig.
summary, there is an increase by about one third (127 versus 83pur profile searche4 §) and tree analysié ) of the found 127

of fingers detected with C2H2new compared with C2H2ori. Notgeast fingers (data not shown) reveals that most of the ‘bad’
that even with the C2H2new motif a few fingers with veryfingers are clearly separated from ‘good’ fingers through their
unusual patterns are not found in the yeast genome, as well akim scores in profile searches and their large phylogenetic distances

the whole Zf/Zfp database. in the tree. In contrast, all ‘good’ fingers, almost exclusively
present in Zfp with tandem arrays of two or more fingers (72 out
Overlapping of different zinc finger’ motifs of the 127 fingers), have the highest scores in the profile searches

and are found in well-defined clusters with the lowest phylogenetic
Searches with the C2H2ori and C2H2new motifs may lead ilistances. Remarkably, ‘bad’ fingers are only found in Zfp with
some cases to detection of questionable or even wrong fingersingle finger. Moreover, a separate sequence analysis of these
with sequences significantly deviating from a finger consensu$ad’ fingers has also indicated that in most cases their C2H2
Compared with the C2H2ori motif the C2H2new pattern detecfmttern overlaps with motifs of other families of zinc binding
many more ‘bad’ fingers. Remarkably, nearly all (20 out of 22)lomains (see Fig), e.g. the RING-, GAL4- and GATA-type
‘bad’ fingers (see Fi@) contain an alternative Cys instead of Hisfamilies of zinc binding domains (reviewedlif). The overlap
in alignment position 29. Only a few such C2HC fingers have thaf several non-C2H2 finger motifs with the pattern of classical
profiles of ‘good’ fingers (Fig.l). ‘Bad’ fingers may, for fingers may result in incorrect assignment of zinc binding motifs
example, violate high conservation of hydrophobic residues as C2H2 fingers. To overcome this complication we developed a
positions 1, 13 and 19 (Fid), which is important for correct computer program (see Materials and Methods) which compares
packing of the hydrophobic core of the finger dom&n As a given C2H2 finger sequence with all available non-C2H2
described above for positions 1 and 13, a high conservation fdtterns and detects overlaps. Among the 13 ‘non C2H2’ motifs
hydrophobic residues[®6%) is also found in position 19. implemented until now in the program are the GAL4, GATA,
Moreover, in ‘bad’ fingers often other Cys and/or His residues atdM, steroid DBD, RING and TF2S zinc ribbon motifs taken
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Al A2
Name | Gene | Subgroup | Finger arrangement Helixposition
ypri86 | TF3A | unigue | 1-2-3-4.5-6-7-Ru.. % Name Gene | Sub- Fing. | Fingerl | Fingezl
¥ jI056 I 1121 3eil-5-6-7-8d group |arr. | =1123§56 | -1123356
ygl254 [FZF1 i 1-2-3. 4L 5lu ydrZlé [ADRI |[ADR
yorl13 |AZF1__ | uni 1-2-34 yEroe? ADR -§
vhi27 [RIM1 _|unigue  [1.2-3 wirl2? (ZMS1 |ADR -§
ydridG [SWIS |SWI5  |1-23 ymigl ADR -$
it il B R b :mrﬂ“ MSNZ ﬂ;:‘ -:su
- & b I
"]';Hz? HLS 13- ykidGz | MSN4 | MSN 5.
= IS e TP = l wor L 30 MSM 5H.
i-moﬁ 5TPZ__|STP 1-2u...3in m’sm E:E; E:E : :
¥Ic375 |STP3  |NEWS | lu-2.Jin | yeri2s MIG i )
dibd8 | STP4 INEWS |lu-2.diu ymrl8Z |RGMI | RGM TREERG
ypridd |RME]L | unigue | 1d-2u..3i ypl230 RGM X,
yhr207 unigue | 1u-2 ybribs NEWI1 HQ
C1 ril43 NEW1 i
¥lir387 unigue | 1i_2i 3 ymeti70 [ HMST | anigque 5
siedld |SFP1 |onbque | 1i 230 ydri#6 NEW2 &
¥dio30_| PRFY I 11.2in  yor 163 NEW2 8-
ynlz2? unique | 1i.2i ydr253 NEW3
2 | vpl035 NEW3 A
yprild NEW4 VEENG

ymrel2? [SASL |SAS L Lypr15 NEW4

2 |SAs:  |sas 1i
ybr267 [PPSL_ |unique |1
vdli43 | PRPI1 | unique 1i
vd1098 unique [ 1i
ydrid9 i li
ydr32d | VACI i 1i
y04d i 1i
yirll74 ungue 1i
yor077 [ RTS2 | unique Li
yerits | RADIS |unique | 1i®
TR unigue | 1i®
ydrll2 Uk li*

Figure 3. Complete set of classified zinc finger proteins in the yeast genome. The zinc finger proteins (Zfp) are classified into three subsets (A—C) according tc
number, kind and arrangements of their fingek$:4fp with tandem arrays of fingers in a cluster, with A1 containing proteins with three or more fingers and A2
containing proteins with a finger paiB)(Zfp with one canonical and two unusual fingers in unusual arrangen@®rf (vith dispersed fingers (C1) or with a single

finger (C2). The first two columns contain systematic yeast ORF names and gene names (where known). The next column describes the yeast subgroups defi
Zfp with identical numbers, patterns and arrangements of their fingers as well as homologous finger sequences. A subgroup name marked by * indicates a less
related member in the considered subgroup. Subgroup names are coined as a rule from the experimentally best-characterized member of a subgroup. The su
NEW1-5 contain exclusively new ORFs not yet experimentally investigated. Unique Zfp have no homologous proteins in the yeast genome. Note that a few y
Zfp (e.g. TF3A) which belong to subfamilies of Zfp conserved in evolution from lower to higher eukaryotes are not marked in this figure. In the column describi
finger arrangement, additional fingers detected with the C2H2can or C2H2new motifs (see Fig. 1) are underlined, fingers with unusual patterns found only by v
inspection are indicated by u and underlined, d means a degenerate finger with one mutated zinc ligand and i stands for isolated (dispersadictiteees. 1*
guestionable finger. The linker sequence in finger tandem repeats with a consensus length of five residues (in a few cases with two, three or six residues) is gi
(-), fingers linked by 10 or more residues are considered as dispersed or single fingers and are connected by (.. or ...). In the last two columns the sequence:
finger DNA recognition helices in positions —1 to 6 are given, except for conserved hydrophobic residues in position 4 (marked by $), for both fingers of the prot
in subset A2. The helix positions are numbered relative to the beginning of the finger helix. A dot indicates an identical amino acid compared with the sequen
the first member of a subgroup. Key amino acid residues that are known or predicted to be essential for specific DNA base recognition are boxed and coloured
Arg in red, His in blue, Asn in green and Asp in purple. However, we cannot exclude that some other amino acids (not boxed and coloured) in the given sequ
also participate in base recognition.

from PROSITE {1). Other motifs, named BBOX.{), PCK-CRD  part (underlined) the RING, LIM and PHD motifs. The NEW1
(18), PHD and ZZ fingersl,20), were taken from the literature motif, in the form C-X%-C-Xg-H-C-Xo-C-X2-C-Xg5-H-H-C-X5-C,

and transformed into patterns containing only conserved zimeas derived from six ORFs of unknown function: four from the
ligands with the spacings between them derived from the aligngdnome oBaccharomyceand one in each case fr@aenorhabdi-
sequences in the cited papers. Note that the program takes iitcand Schizosaccharomycéfr more details on the BBOX
account variants of BBOX1{) and RING 21) motifs with  variants and the C8 and NEW1 motifs consult the corresponding
substituted zinc ligands in several positions and three additioraithor: S.B., boehm@mdc-berlin.de).

motifs overlapping with the C2H2new pattern, named RPOL As seenin Figurg, 16 out of 22 ‘bad’ fingers found in the yeast
(RNA polymerase), C8 and NEW1 motifs (F&. The RPOL genome have clear overlaps with other motifs, namely to five
motif is a conserved zinc binding domain found in the N-termindRING, three GAL4, two GATA, two BBOX and in each case one
part of the largest subunit of RNA polymerases first described #7, C8, RPOL and NEW1 motifs. Two ‘bad’ fingers have no
Werneret al (22). The C8 maitif, currently formulated by us asoverlaps with known motifs. Four out of the 22 wrong ‘fingers’
C-X2-C-X10-22C-X2-C-X4-C-X2-C-X10-17C-X2-C,  matches occur in yeast proteins which belong to well-known protein
members of three subtypes of Cys-rich motifs described recentlybfamilies (Fig2). These ‘fingers’ are not observed in other
in the zinc finger-like domains of the SSL1/BTF2 prote#t®,( members of the particular subfamily and their occurrence in the
rabphilins 24) and the newly discovered zinc binding domainfour yeast proteins therefore is fortuitous. Taken together the
called the FYVE finger45). The C8 motif resembles in its central C2H2new pattern detects 105 C2H2 zinc fingers in 53 proteins in
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the yeast genome (Fig), not taking into account the 22 wrong
or questionable ‘fingers'/proteins (FB).

Classification of yeast C2H2 zinc finger proteins and
functional implications

We have tried to classify the complete set of yeast Zfp i
functional terms. It has been experimentally demonstrated that

a rule a tandem array comprising a minimum of two zinc finge

is required for sequence-specific high affinity DNA binding. In
contrast, for most of the Zfp with a single finger or with disperseﬁiu
fingers no sequence-specific DNA sites have been found so f

Therefore, we have classified the yeast Zfp according to t

number, kind and arrangement (tandem arrays or dispersed)

their fingers into three subsets (A—C), as shown in Figjuid
Zfp containing clusters with at least two fingers in tandem (linke
by two to six residues) are put in subset A. Note that t

subdivision of subset A into subgroups Al (Zfp with tandert
arrays of three or more fingers) and A2 (Zfp with a finger pai@\e

is arbitrary, chosen here for discussion of sequence-specific D
recognition of proteins with a finger pair (see below). Zfp with

single finger or with dispersed fingers (linked by 10 or mor&

residues) are assigned to subset C. Zfp in subset B have fin
arrangements in between subsets A and C and contain only
typical finger detected with C2H2new.

Experimental data have provided evidence that 10 out of the
Zfp included in subsets A1 and A2 (TF3A, RIM1, SWI5/ACE?2,
ADR1, MSN2/4, MIG1/2 and RGM) are involved in sequence
specific DNA binding (for references see yeast Zfp-relate
Internet resources). It can be predicted that tandem arrays
least two or more fingers in the remaining 20 Zfp of subset
which have not been characterized experimentally, recogni
sequence-specific DNA sites as well. This prediction is based

application of the recently evolved finger/DNA recognition ruled
(5-8 and references therein) and on statistical analysis 3}

sequence pattern conservation in a database of DNA recognit
helices of fingers (S.Béhet al, unpublished results). Here we

8

position 3 further favourable residues, such as His or Asn, which
recognize as a rule guanine or adenine respectively. These
sequence features permit the classification of all mentioned yeast
Zfp (except the two NEW4 proteins) in the group of EGR-like
proteins which recognize purine (guanine)-rich DNA targets and
which are known or predicted to be efficient gene regulatory
roteins. Among them are all Zfp of the RGM1, NEW2 and
EW3 subgroups, each containing one finger detected only with
e C2H2new motif.

Remarkably, all proteins in subset A2 (except HMS1) can be
bdivided into eight subgroups, with two, three or five members
pectively, based on significant sequence similarities in the
|éfger clusters of their related members (data not shown). As a
I’lélfi', the highest sequence conservation is found in the DNA
recognition helices of the finger pairs belonging to the same

e base recognition positions —1, 2, 3 and 6 of their finger helices
e members of the different subgroups are predicted to bind to
ntical or very similar DNA sequences. The same holds true for
e Zfp of the SWI5 subgroup, with a highly conserved finger

h%Jbgroup (Fig3). Because of the conserved sequence pattern in

(,;riplet. Indeed, recent experimental data for the homologous Zfp

airs SWI5 and ACE220), MSN2 and MSN430) and MIG1
Bp MIG2 B1) are in agreement with this prediction but also
light functional differences between the mentioned protein
pairs arising from non-homologous sequences outside their finger
glyster.
nterestingly, our results also show that, in contrast to higher
eukaryotes, the yeast genome does not contain multifinger
Hroteins with 10 or more repeats (exemplified for example by Zfp
ith a KRAB domain). Only three proteins (TF3A, YJL056 and
F1; see subset Al in Fig) contain tandem arrays of four or
Q’éore fingers. It is tempting to speculate that the lack of
g;pltifinger proteins correlates rather well with the compactness
the yeast genomé %), with short intergenic regions and a
garcity of introns and repeated sequences contrasting greatly
wﬁh the genomes of higher eukaryotes.

will discuss in more detail only subset A2. This subset includegsCKNOWLEDGEMENTS
22 proteins representing nearly half of all yeast Zfp. We wish to

stress that seven out of the 22 proteins each contain one fin
which is found with the C2H2new motif but not with C2H2ori.

Ye¢e would like to thank G.H.Jacobs for providing his Zf/Zfp
database, P.S.Freemont and R.Aasland for help in classification

These additionally found fingers are predicted to be important fof RING, PHD and FYVE fingers respectively and U.Heinemann

DNA binding specificity of the parent Zfp (see below).

for improving the manuscript. S.B. was supported by the Deutsche

The finger/DNA recognition rules relate the sequences dforschungsgemeinschaft through the SFB 344/Projekt YE3.
fingers to their preferred DNA binding sequences. These rules
involve specific base contacts of particular amino acids in four

key positions, —1, 2, 3 and 6, relative to the beginning of the fing
helix (see the last two columns in subset A2 of HBp.
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