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An unusual arrangement of 13 zinc fingers in the vertebrate gene Z73
Thomas C. SCHULZ, Blair HOPWOOD,” Peter D. RATHJENT and Julian R. E. WELLS]

Department of Biochemistry, University of Adelaide, Adelaide, S.A. 5005, Australia

The zinc finger is a protein domain that imparts specific nucleic
acid-binding activity on a wide range of functionally important
proteins. In this paper we report the molecular cloning and
characterization of a novel murine zinc-finger gene, mZ13.
Analysis of mZ13 cDNAs revealed that the gene expresses a 794-
amino-acid protein encoded by a 2.7 kb transcript. The protein
has an unusual arrangement of 13 zinc fingers into a ‘hand’ of 12
tandem fingers and a single isolated finger near the C-terminus.
This structural organization is conserved with the probable

chicken homologue, cZ13. mZ13 also contained an additional
domain at the N-terminus which has previously been implicated
in the regulation of zinc-finger transcription factor DNA-binding,
via protein—protein interactions. mZ13 expression was detected
in a wide range of murine embryonic and adult tissues. The
structural organization of mZ13 and its expression profile suggest
that it may function as a housekeeping DNA-binding protein
that regulates the expression of specific genes.

INTRODUCTION

Nucleic acid-binding proteins can be classified on the basis of
protein motifs and/or structures which are required for binding
activity. Members of the C2-H2 zinc-finger family conform to
the consensus sequence Cys-Xaa, ,-Cys-Xaa,-Phe-Xaa,-Leu-
Xaa,-His-Xaa, ;-His [1,2]. Two cysteine and histidine residues
tetrahedrally coordinate a Zn?* ion, providing a ‘miniglobular’
structural unit for individual fingers [3] of an antiparallel 8
ribbon and an a helix. Sequence-specific DNA-binding is
generated by insertion of the « helix into the major groove at the
target site, with residues in the N-terminus of the « helix
contacting the bases [4].

Many proteins contain multiple C2-H2 zinc fingers. The
arrangement of individual fingers within different proteins is
variable although the most common format is a single cluster of
multiple tandem repeats organized as a ‘hand’ (reviewed in [5]).
Other patterns have been described, including proteins with
individual zinc fingers [6], multiple discrete groups of zinc-finger
clusters organized as separate ‘hands’ [7], and individual fingers
dispersed throughout the protein [8]. Tandem repeats of C2-H2
zinc fingers are separated by 7-8 amino acids which are termed
the His/Cys link. In proteins that are members of the Kriippel
subclass of zinc-finger proteins these residues are a variant of the
consensus TGEKP(F,Y) [9]. Other subfamilies of C2-H2 zinc-
finger proteins can be defined on the basis of conserved structural
or sequence motifs outside the finger regions. These include the
N-terminal KRAB [10}, FAX [11] and POZ domains [12,13], and
the presence of homeodomains [14]. It is not known whether
zinc-finger subfamilies define functionally related proteins.

The versatility of the C2-H2 zinc finger in sequence and motif
organization, including combination with other functional
motifs, enables it to be involved in a wide range of processes
involving binding to both DNA and RNA. While zinc-finger
proteins have been demonstrated to have functions as diverse as
heterochromatin packaging [8] and nucleocytoplasmic RNA

transport [15], the majority of C2-H2 zinc-finger proteins appear
to be transcription factors. These include housekeeping factors
such as Spl [16] and developmentally regulated factors such as
Kriippel [17], hunchback [18] and Krox-20 [19]. Functional studies
of various zinc-finger transcription factors have revealed versatile
actions including both positive and negative transcriptional
regulation, and complex interactions with other transcription
factors (reviewed in [5]).

As part of a screen for DNA-binding proteins we identified a
novel chicken zinc-finger protein termed Z13 (B. Hopwood and
J. R. E. Wells, unpublished work; Genbank U14555). In this
paper we report the isolation of murine Z13 cDNA and genomic
clones, and preliminary expression analysis of the protein in
embryonic and adult mice.

MATERIALS AND METHODS

Isolation, subcloning and sequencing of mZ13 genomic and cDNA
clones

To generate murine-specific sequence and probes for the isolation
of mZ13 cDNAs, a Balb/C EMBL3 murine genomic library
(Clontech) was screened using standard procedures [20] with the
2.2kbcZ13cDNA (B. Hopwood and J. R. E. Wells, unpublished
work; Genbank U14555), oligolabelled with [a-**P]dATP
(Gigaprime kit, Bresatec Ltd). A third-round duplicate positive
plaque was isolated and phage DNA was purified by the liquid
lysate method [20], giving a 13 kb mZ13 genomic clone (AmZ13).
BamHI and Sall/BamHI (Pharmacia) restriction fragments of
AmZ13 that hybridized to cZ13 by Southern blot [20] were
subcloned into pBluescript SK or pBluescript II KS (Stratagene)
for sequencing (T7 sequencing reagent kit, Bresatec Ltd; T7
Sequenase, USB). Murine sequence corresponding to cZ13 was
identified and used to design primers for reverse transcription
and PCR amplification of mZ13 cDNAs from 16 days post
coitum (d.p.c) embryonic kidney RNA from CBA strain mice.

Abbreviations used: d.p.c., days post coitum; RACE, rapid amplification of CDNA ends; RT, reverse transcriptase; SSC,0.15 M NaCl/0.015 M sodium

citrate.
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The 5" region of mZ13 was amplified by a modification of
rapid amplification of cDNA ends (RACE)-PCR using the 5'-
ampliFINDER RACE kit (Clontech). Poly(A)* RNA (2 ug) was
reverse transcribed with primer 5-TCTTGCCACACTCCTCA-
CAC-3 corresponding to nucleotide residues 1279-1298 of the
mZ13 cDNA. The anchor sequence 3'-NH,-GGAGACTTCC-
AAGGTCTTAGCTATCACTTAAGCAC-P-5" was ligated on
to the 3’ end of the cDNA. The primers used for PCR were a 3’
primer: 5-CTTGTGGATGATGGAGCCGT-3" (nucleotides
1092-1111 of the mZ13 cDNA), and a 5’ anchor primer:
5-CTGGTTCGGCCCACCTCTGAAGGTTCCAGAATCG-
ATAG-3’ (Clontech) which hybridized to the anchor sequence.
DNA amplification was performed with Pfu DNA polymerase
(Stratagene) according to manufacturer’s instructions, in a ca-
pillary thermal cycler (Corbett research) for 35 cycles of
denaturation (94 °C, § s), annealing (60 °C, 5 s), and extension
(72 °C, 5 min). After gel electrophoresis, the mZ13 cDNA (5')
fragment was extracted (Geneclean kit, Bio101) and subjected to
a further 35 cycles of DNA amplification under the same
conditions, except the annealing temperature was 50 °C and the
3’ primer was modified to contain a Xhol site: 5'-GGCCCTC-
GAGCTTGTGGATGATGGAGCCGT-3. The product was
digested with EcoRI/Xhol, gel purified and cloned into
pBluescript II KS. The cDNA insert was restricted with Alul,
Hpall, Haelll and Pyull, and subcloned into pBluescript II KS
for sequencing.

The 3’ region of mZ13 was amplified from poly(A)* RNA by
reverse transcriptase (RT)-PCR [21] using AMYV reverse trans-
criptase (Molecular Genetic Resources) and Pfu DNA poly-
merase. First-strand cDNA synthesis was primed with the
oligonucleotide 5-CCACAGGCAACATTAGAAAATAATC-
3’ (mZ13 cDNA nucleotides 2689-2701 ; the unmatched 5’ end of
the oligonucleotide corresponded to the sequence of the genomic
clone in this region). PCR amplification was carried out using the
5" primer 5-ACGGCTCCATCATCCACAAG-3’ (mZ13 nucleo-
tides 1092-1111) and the same 3’ primer as used for reverse
transcription. DNA amplification was performed as described,
for 35 cycles of denaturation (94 °C, S s), annealing (54 °C, 5 s),
and extension (72 °C, 4 min). The mZ13 cDNA 3’ fragments
were end-filled with T4 DNA polymerase [20] and cloned into
pBluescript II KS for sequencing.

Exon-containing regions of the mZ13 genomic clone (AmZ13)
were identified by hybridization to mZ13 cDNAs. These regions
were subcloned into pBluescript II KS and sequenced, or
sequenced with mZ13-specific oligonucleotides. Exon X (see
Figure 4a) was not identified by this analysis, and was amplified
by PCR from AmZ13 using the conditions described for RT-
PCR using the 5" primer: 5-GAAGCAGTTCACCACCTCAG-
3’ (mZ13 cDNA position 1529-1649) and the 3’ primer 5'-
ACAGGTCCCCCACATTC-3’ (mZ13 cDNA position 1977-
1994). The 90 bp BamHI-digested product was cloned into
pBluescript KS and sequenced.

Sequence comparison

The mZ13 nucleotide and conceptually translated open reading
frame sequences were compared with the GenBank, PIR and
Swiss-Prot databases using Hitashi MacDNASIS software.

Isolation of embryonic and aduit RNAs

Tissue samples from 10.5, 12.5 and 16.5 d.p.c. embryos and adult
tissues were isolated from CBA strain mice. Total RNA was
isolated from these samples by the method of Chomczynski and
Sacchi [22]. Poly(A*) RNA was isolated directly from tissue
samples with the On Track mRNA isolation kit (Biotecx).

Genomic Zooblot analysis

A genomic Southern Zooblot (Clontech) was the kind gift of
Professor Robert B. Saint (Department of Genetics, University
of Adelaide, Australia). The filter was prehybridized in 509,
(v/v) deionized formamide, 1%, SDS (w/v), 10% (w/v) poly-
(ethylene glycol), 1 M NaCl, 50 mM Tris/HC], pH 7.5, 5x
Denhardt’s, 100 x#g/ml sonicated denatured salmon sperm DNA,
at 37 °C for 48 h. A 253 bp Kpnl/BamHI probe, containing the
mZ13 exon XIV and the 5 portion of exon XV (position
2231-2405), was isolated from a BamHI subclone of the mZ13
genomic clone. This fragment encoded the 13th zinc finger (see
Figure 4a). The probe was oligolabelled with [«-*?P]JdATP and
hybridized to the filter at 37 °C for 48 h. The filter was washed at
low stringency in 6 x SSC (1 x SSC: 0.15 M Na(l, 0.015 sodium
citrate)/0.1% SDS at 42 °C for 10 min and in 2xSSC/0.1%
SDS at 65 °C for 20 min, followed by high stringency washing in
0.5%xSSC/0.19% SDS at 65 °C for 20 min, and was exposed to
Konica medical grade X-ray film at —80 °C with an intensifying
screen for 7 days.

Antisense riboprobes and RNase protection analysis

An mZ13-specific riboprobe was generated from the mZl13
genomic clone. Exon XIII (see Figure 4a) was amplified from a
AmZ13 BamHI subclone by PCR using the 5 primer 5'-
GGAGAGGATCCTTATTTGTGTGAC-3’ (cDNA nucleotides
2018-2041) and the 3’ primer 5-GTGAGCTCGAGTGACCG-
CTGTCGCTG-3’ (cDNA nucleotides 2202-2226). PCR ampli-
fication was performed with Tag DNA polymerase (Bresatec
Ltd) according to the manufacturer’s instructions, in a thermal
cycler (MJ research) for 30 cycles of denaturation (94 °C, 1 min),
annealing (54 °C, 30 s), and extension (72 °C, 1 min). The product
was digested with BamHI/Xhol, giving a 194 bp fragment, gel-
purified and cloned into BamHI/Xhol-digested pBluescript II
KS (Stratagene). An mZ13-specific antisense riboprobe of 192 bp
(plus 30 bp of pBluescript II KS polylinker) was generated by
transcription with T3 RNA polymerase (Promega) [23] after
linearization with BamHI in transcription reactions containing
100 xCi of [a-**P]rUTP (Bresatec Ltd). Unincorporated radio-
active label was removed from the reaction products by
denaturing PAGE [20]. The purified antisense probe was eluted
in 50% (v/v) formamide for 2 h at 37 °C and used in RNase
protection assays as described by Krieg and Melton [23], except
that 120000 c.p.m. of probe was added to each RNA sample.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used
as a loading control [24]. RNase digestion products were resolved
by denaturing PAGE [20], and visualized by exposure to Konica
medical-grade X-ray film at —80 °C with an intensifying screen
for 14 days.

RESULTS
mZ13 cDNA isolation and characterization

A murine Z13 (mZ13) genomic clone was isolated from a Balb/C
EMBL3 genomic library by cross-hybridization with a cZ13
cDNA. mZ13-specific sequence was derived from this clone and
used for the isolation of 5 and 3’ regions of mZ13 from 16 d.p.c.,
CBA strain, embryonic kidney poly(A)* RNAs by RACE-PCR
and RT-PCR respectively. The compiled sequence of the mZ13
c¢cDNA (Genbank accession U14556) and the deduced amino
acid sequence of the mZ13 protein are presented in Figure 1.
An open reading frame of 794 amino acids extended from
position 218 bp to position 2600 bp. The identity of the initiation
codon for this open reading frame in mZ13 was confirmed by the
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presence of two in-frame TGA stop codons (light underline,
Figure 1) located upstream of the ATG, at positions 89 bp and
212 bp, and a consensus Kozak sequence [25] surrounding the
ATG.

Conceptual translation of the mZ13 open reading frame
revealed the presence of 13 C2-H2-type zinc fingers. Twelve of
these were clustered in repeated fashion, separated by seven
amino acids conforming to the consensus TGEKP(F,Y). This
arrangement, which shared 969, amino acid identity with the
chicken Z13 (Figure 2a, 297 to 628 of mZ13, 205 to 536 of cZ13),
is typical of many clustered fingers and identifies Z13 as a
member of the Kriippel-like subfamily of zinc-finger proteins [17].
A region of lesser but significant sequence similarity downstream
of the 12th zinc finger included the 81-amino-acid spacer region
in mZ13 between the 12th and 13th zinc fingers, and the 13th zinc
finger. The isolated position of the 13th zinc finger within the Z13
open reading frame was conserved between mouse and chicken.
This conservation of sequence and organization within the
putative DNA-binding domain indicates that the cZ13 and
mZ13 proteins are probably sequence homologues and share a
common evolutionary origin.

Sequence similarity between cZ13 and mZ13 upstream of the
first zinc finger and downstream of the 13th zinc finger was
sporadic. However, using the best alignment of these proteins
(DNASIS) the termination codon for the mZ13 open reading
frame corresponded to that of cZ13 (Figure 2a), the poly(A)
addition signal was present in the same position (Figure 2b), and
an AU motif, implicated in mRNA instability [26,27], and
resembling the consensus TTATTTAT [28], was conserved in
sequence and position in the 3’ untranslated regions of mZ13 and
cZ13 (dashed underline in Figure 2b, position 2622-2629 bp).
Thus the gross organization of the Z13 expression unit was
common to the murine and chicken genes.

The 2701 bp mZ13 sequence shown in Figure 1 lacks the
poly(A) tail, which was not cloned in this analysis. However, the
close structural relationship between important domains and
sequences in mZ13 and cZ13 indicates that the murine poly(A)
tail would be located immediately downstream of nucleotide
2701. Thus the predicted size of the complete mZ13 transcript is
2701 nucleotides plus the length of the poly(A) tail.

mZ13 contained an additional region of sequence similarity at
the N-terminus (amino acids 1-104) to a functional domain
found in other zinc-finger proteins, viral non-zinc-finger proteins
and cellular non-zinc-finger proteins [12,13]. This domain, which
has been termed the POZ domain [13], can modulate zinc-finger
DNA-binding activity through dimerization. The most related
POZ domain to mZ13 was KUP [29], a human zinc-finger gene
with 39.4 9, amino acid identity to mZ13 over the POZ domain
(Figure 3). Within both mZ13 and KUP the POZ domain was
located at the extreme N-terminus of the protein. The N-terminus
of the cZ13 protein has not been isolated but alignment of the 12
N-terminal ¢Z13 amino acids with the POZ domain consensus
sequence (Figure 3) indicated that the POZ domain structure was

Figure 1 Sequence of the mZ13 ¢cDNA

The 794-amino-acid open reading frame spans nucleotide positions 218 to 2600. The in-frame
termination codons (light underline) upstream of the initiation codon are located at nucleotide
positions 89 and 212. The poly(A) addition signal (underlined) is located at position 2681 to
2686 and the conserved AU element (dashed underfine) is located at position 2622 to 2629.
The POZ domain is represented in bold type and individual zinc fingers are boxed. The positions
of introns within the genomic clone are indicated by arrows. The silent C (Balb/C)/A (CBA)
polymorphism at nucleotide position 2224 is represented with a dot. The termination codon is
indicated by an asterisk. The sequence was derived from the ampliFINDER RACE-PCR clone
(nucleotides 1 to 1111) and the RT-PCR clone (nucleotides 1092 to 2701).
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(a)

mZ13 MDFPQHSQRVLEQLNQQRQLGLLCDCTFVVDGVDFKAHKAVLAACSEYFKMLFVDQKDVV 60

mz13 BLDISNAAGLBQVLB’KYTAKLSLBPENVDDV?AVABP%OIQDIVTACHTLKSLA%PSST 120
cZ13 LKSLTVLARSPVESRELLTELGVEKVIV 28

mZ13 TGESADASAVEGGDKRAKDEKAAATMLSRLGQARGSSSTGPGRELKEERGGQAESASSGA 180
cZ13 EGKTAARVTQGDSDKPKQVPPNQEGKEEAPVATAAQPKEPAEQPDAKEGPAEGQQPGGVD 88

mZ13 EQTEKADAPREPPPVELKPDPTSSMAAAEAEALSESSEQEMEVEPASKGEDGQEEEGAGP 240

] 11 1 ]
cZ13 NAAEASPAAVSPSRPQPAESEVGNSSPGEKGSDAPSTEARGMELEGKEEEGEAMVEDEEE 148

11 (N8 1
C€Z13 AKIPKAAQPKSESKENAEDNESGSTDSGQENSGETRLLRSGTYSDRTESKAYAAVTH

PLKPYm
(RN (AN
PLKPY

mz13 ATVKEEGMHLDNGEPPEENEESAGTDSGQELGMEGQNLRSGTYGDRTESKAYGSIIHiEE 300
I

(1)

mz13 GEKPF
II|I|IIIIIIIIII|IIIIII|III
cZ13 'GEK K

mz13
cz13

mz13
cz13

mz13
cz13

mz13
cz13

mz13 MVTLAT
IIIIIIII

i
cz13 CDKCGR RSHVK OGKAGMKILEPEDGSELNIVTVASDDMVTLAT 568

mz13 EALAATAVTQLTVVPVGAAVTADETEVLKAEISKAVKQVQEED pNTHILYﬁm 718
€213 EALAATAVTQLTVVPVAAAVTADETEALKAEITKAVKQVQEADPNTQILY.

(13)

mz13 m}'\? A I;er?TDADFYQQYG PGS- TwPAGQMLQAG?II..Vl:‘}IMIDEI{I')GTEGQIID 777
€213 AQALVMFQADTDFYQQYGAAAATWQTEQVIPATELLFRPRDSPQEAP 688

mZ13 TLAESP-PTAPDCLPPAE* 794
€213 AAPLAPVPLAGEGQAPAE* 706
(b)

mZ13 TGAg-caggtgg-cctctgactgtttatttaaggatggatggcaccctaggactcagaag 2660
1 il
cZ13 TGAcccacccgctccccctegectttatttaaagtcagectgecttggaaacggtgtaaaaa 2179

mz13 gtgcfftcctgccccattccctaga——--- aagrgat--tattttctaa 2704
varnnnnng
gttgcaatattttctaaaaaaaaaaaa 2239

1.1 i
cz13 gtgtatttctggaaggagagagagaag

(c)

POZ ZF 1-12 ZF 13
yrak]  EEEEEEEE 0 =m Empcl

cZ13 [ EET B 1706
104 194 330 81 21 64

Figure 2 Sequence comparison of mz13 and ¢Z13

(a) Alignment of the murine and chicken Z13 sequences. Amino acid positions of mZ13 (Figure
1) and cZ13 are indicated on the right. The POZ domain is shown in bold type and individual
zinc fingers are numbered and boxed. Identical residues are indicated by vertical fines.
Termination codons are indicated by asterisks. The chicken sequence is incomplete at the N-
terminus which has not been cloned. (b) Alignment of the 3" untranslated regions of mZ13 and
¢Z13. The termination codons are in capital text, and numbering refers to nucleotide position
within the respective cDNAs. The poly(A) addition signal (boxed), and the conserved AU motif
(dashed underline) are indicated. (¢) Schematic alignment of mZ13 and cZ13 open reading
frames. The POZ domain is shaded black, zinc fingers 1 to 12 and zinc finger 13 are shaded.
The size of each ORF is indicated to the right. Numbering at the bottem indicates the size of
each domain and the intervening regions in the mZ13 protein.

also likely to be conserved in the chicken Z13 protein. The
existence of this domain within mZ13 has important implications
for the biological function of the protein.

Figure 2(c) indicates that the organization of structural and
functional domains within the Z13 open reading frame was
conserved between the mouse and chicken proteins.

cZ13
mMZ13 MDFPQHSQRVLE 1-54
KUP m’rASﬂSLvuam 1-54
L LR LCDVI VG F AHK VLA S YF LF
CONSENSUS PW omscvI vV 3 v o1y
M F T D
cZ13 SLT! 1-12
mZ13  ----- DQKD ISNAA! msm?m@f%ﬂ 55-104
KUP  HQ-TSECIKIQPPI-QPD GKGPKQIVDHS! 55-107
1L L LLFY V LL A LI L
CONSENSUS 11 v 1’ Pme m
M M F A F L a

Figure 3 A conserved POZ domain in Z13

Sequence alignment of the POZ domains of mZ13 and KUP [29], and the partial ¢Z13 POZ
domain. Boxed residues correspond to the POZ domain consensus sequence [13]. Residues
conserved in mZ13, KUP and cZ13 are shown in bold. Numbering is with respect to the initiation
codon of mZ13 and KUP and the start of the ¢Z13 partial sequence.

mZ13 genomic structure

A Balb/C EMBL3 murine genomic library (Clontech) was
screened with cZ13 cDNA, and a 13 kb mZ13 genomic clone
(AmZ13) was isolated. The detailed genomic organization of the
mZ13 locus deduced by comparison of the mZ13 ¢cDNA and
genomic sequences is shown in Figure 4(a). The genomic clone,
derived from Balb/C strain mice, contained a silent base sub-
stitution at position 2224 of the CBA cDNA sequence (Figure 1).
The substitution of a C for an A residue at this position did not
alter the predicted protein and is thought to represent a sequence
polymorphism. 213 bp of 5’-untranslated region was not present
on the genomic clone. This suggests the existence of an additional
intron larger than 3 kb located 4 bp upstream of the mZ13
initiation codon. The entire mZ13 genomic region is thus
predicted to occupy at least 8.4 kb. The open reading frame was
contained within 14 exons covering 5.4 kb. The 13 introns
ranged in size from 79 bp to 550 bp and were flanked by splice
donor and splice acceptor sequences (Figure 4b) which conformed
to defined consensus sequences [30].

The positions of the introns within the cDNA sequence are
indicated by arrows in Figure 1. There was little correlation
between the positions of individual functional domains and the
positions of introns. Indeed both the N-terminal POZ domain
and individual zinc fingers were interrupted by introns.

Conservation of mZ13 homologues

The distribution of Z13 homologues throughout eukaryotes was
investigated by Southern blot analysis of EcoRI-digested genomic
DNAs (Zooblot, Clontech) from a variety of eukaryotic species
(Figure 5). Specific hybridization was detected after high strin-
gency washing in rat, mouse, canine, bovine, rabbit and chicken
genomic DNAs. A much fainter signal was detected in the yeast
DNA. This indicated a widespread distribution of Z13 sequence
homologues among eukaryotes.

mZ13 expression in murine tissues

mZ13 expression was investigated by RNase protection analysis
in RNA samples generated from 10.5 d.p.c., 12.5 d.p.c. and 16
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Figure 4 The genomic structure of mZ13

(@) Restriction map and intron/exon structure of mZ13. Restriction fragments containing exons
were identified by Southern blot and subcloned, Exon X was isolated by PCR (see Materials
and methods section). Subclones were sequenced as indicated by arrows. mZ13 exons are
represented by boxed regions, exon | (striped) consists of the 5" unteanslated region and was
not identified on the genomic clone. The open reading frame Initiates at the start of exon Il and
the termination codon located in exon XV is indicated by an asterisk. The POZ domain is
encoded within exons Il and IIl (black), the 12 clustered zinc fingers (shaded) are encoded
within exons VIl to XIII, and the 13th zinc finger is encoded within exon XV (shaded). The exact
positions of introns on the cDNA are shown in Figure 2. Restriction sites are: B, BamHl; X,
Xhal; P, PsA. (b) Intron/exon boundaries in the mZ13 genomic clone. The 5" donor and 3’
acceptor sites for the 14 mZ13 introns are listed with consensus donor and acceptor sites [30].
The length of each intron in nucleotides is shown in parentheses. Exons are as indicated in (a).
The intron between exon | and Il is at least 3 kb, The 5’ splice donor sequence of this intron
has not been characterized fully.

Figure 5 Identification of mZ13 sequences in eukaryote species

A Southern blot of FcoRI-digested eukaryotic genomic DNAs was probed with an mZ13 genomic
fragment, encoding the 13th zinc finger. Ra, rat; Mo, mouse ; Ca, canine; Bo, bovine; Rb, rabbit;
Ch, chicken; Ye, yeast.
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Figure 6 mZ13 expression in embryonic and adult tissues

RNase protections were performed on 20 g of total embryonic RNA from 10.5, 12.5, and 16.5
d.p.c. CBA embryos, tissue-specific RNA from 16.5 d.p.c CBA embryos and tissue-specific RNA
from adult CBA mice. Abbreviations: Li, liver; Ki, kidney; He, heart; Lu, lung; Lm, limbs; In,
intestine; Br, brain; Sk, skin; Mu, muscle; Sp, spleen; PI, placenta. Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was used as a loading control.

d.p.c. murine embryos, and RNA isolated from specific tissues of
16 d.p.c. murine embryos and adult mice (Figure 6). mZ13
transcripts were detected in all the samples assayed, although the
levels of expression were variable. The widespread expression
profile suggests that the mZ13 gene is not developmentally or
temporally regulated and may be a housekeeping gene. Further
analysis is required to determine whether mZ13 expression is
restricted to subsets of cells, is cell cycle regulated, or is
ubiquitous.

DISCUSSION

Sequence and structural analysis of mZ13 indicated that it was a
novel murine C2-H2 zinc-finger gene expressed as a transcript of
2.7 kb. Comparison of the mZ13 and cZ13 open reading frames
demonstrated a conserved structure of 12 clustered and one
isolated C2-H2-type zinc fingers. Homology between mZ13 and
cZ13 within the zinc-finger regions was 96 %,, indicating that the
proteins share a common evolutionary origin and may be
homologues. As this generates nearly identical zinc-finger
domains, it is plausible that mZ13 and c¢Z13 have very similar
DNA target sequences. Although DNA-binding is the most
likely function of the C2-H2 zinc-finger domains of mZ13 and
cZ13, other functions such as RNA binding cannot be eliminated
without experimental analysis.

C2-H2 zinc fingers clustered as ‘hands’, separated multiple
‘hands’, individual fingers, or dispersed individual fingers are
common arrangements of this motif within a protein [5]. The
combination in mZ13 and ¢Z13 of a 12 zinc-finger ‘hand’ and an
additional isolated finger is unusual. A similar unconventional
arrangement in the Saccharomyces cerevisiae TFIIIA [31] and
murine ®AP3 [32] proteins has been previously described.
However, unlike Z13, the yeast TFIIIA spacer region is not a
conserved feature of TFIIIA genes and therefore is not likely to
exhibit functional significance. In ®AP3 [32], the spacer regions
between ‘hand’ and individual finger domains appear to contain
vestigial or inactivated fingers in which mutation has caused the
loss of the first of the zinc-coordinating histidines (Figure 7). The
residual spacing and sequence are consistent with the previous
existence of a zinc finger at this position. The spacer region
between zinc-finger domains in mZ13 and c¢Z13 does not appear
to have been generated in this manner, as the sequence of this
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ZF3 IPQASETFPTAATLEABKRGH 276-297

SPACER IAPRPFTATJOGKAFPLAYLLKNDQ 298-325

ZF4 VHERRFROGIOGKLTKTIAHVRGHRRVH 326-353

ZF5 SDERPFHQPQOGKRTKTKNAQQ R' 354-381

2F6 LEEKPHVUQQHJSRGFRGKGSL 382-409
CONSENSUS c..c...F.....L..H...H

Figure 7 The spacer region between zinc-finger domains of PAP3 contains
a vestigial zinc finger

Amino acid residues 276 to 409 of ®AP3 [32] are aligned with the zinc-finger consensus
sequence. The invariant cysteine and histidine residues are boxed, and conserved phenylalanine
and leucine residues shown in bold. Zinc fingers (ZF) 3, 4, 5 and 6 are indicated. The spacer
between ZF3 and ZF4 is of the correct size to represent a zinc finger and contains al! the
appropriate conserved residues except the first invariant histidine.

region does not bear any hallmark of C2-H2 zinc fingers and
does not correlate in length with the existence of inactivated
fingers. The conservation of size and sequence of the Z13 spacer
region between mouse and chicken genes indicates that it may
have functional significance, possibly as a structural feature
involved in interaction between the separated finger domains
during DNA binding.

mZ13 contained an N-terminal POZ domain [13], placing it in
this subclass of kriippel-like zinc-finger proteins. The closest
related sequence to the POZ domain of mZ13 within this subclass
was KUP [29], which shared 39.4 %, amino acid identity within
this domain. Experiments with truncated, chimeric or intact POZ
domains of other zinc-finger proteins revealed that the presence
of this domain can markedly reduce DNA binding in vitro [13].
This effect was demonstrated to result from homodimerization
between POZ domains, although some POZ domains were able
to form heterodimers. Dimerization and the reduction of DNA
binding was demonstrated to be an effect independent of the
DNA-binding domain. The presence of a POZ domain in the
Z13 sequence therefore indicates that Z13 DNA-binding activity
is likely to be modulated by this domain.

Analysis of the genomic structure of mZ13 revealed the
presence of numerous introns. While introns positioned directly
between zinc fingers were identified, other introns interrupted
individual fingers and an intron interrupted the N-terminal POZ
domain, thus appearing to contradict the domain hypothesis of
intron/exon organization [33].

mZ13 was expressed in all embryonic and adult tissues
examined, although there was minor variation in expression
levels. It is therefore likely that Z13 is a housekeeping factor in
common with other zinc-finger proteins such as Spl. However,
the possibility of cell cycle regulation, or differential expression
in subsets of cells cannot be excluded by the RNase protection
assay used in this analysis.

The presence of an AU instability sequence in the 3’
untranslated regions of mZ13 and ¢Z13 indicates the possibility
of post-transcriptional regulation. This motif is responsible for
the specific targeting of certain lymphokine, cytokine and proto-
oncogene mRNAs for degradation. The conserved sequence and
location of the AU motif in mZ13 and ¢Z13 (Figure 2b) indicates
that it may have functional activity. The C2-H2 zinc-finger
proteins ZFY and ZFX also contain AU repeats in their 3’
untranslated regions [34].

The generalized expression of mZ13 and the presence of
transcription factor DNA-binding and protein—protein inter-
action motifs in mZ13 suggest that mZ13 functions as a house-

Received 13 March 1995/24 May 1995; accepted 30 May 1995

keeping DNA-binding protein involved in the regulation of
specific genes. This assignment is supported by the identification
of conserved mZ13 homologues in several eukaryotic genomes,
including rat, canine, bovine, rabbit and chicken, which gives an
indication of the functional importance of the gene. The avail-
ability of full-length cDNA clones and genomic clones will be of
importance for elucidation of the biological role of mZ13 by
detailed genetic analysis in conjunction with molecular investi-
gation of mZ13 binding sites and target genes.

This work has been supported by an Australian Research Council Grant. This paper
is dedicated to the memory of Julian Wells, an inspirational supervisor and friend who
is sorely missed.
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