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Abstract

Kid1 encodes a zinc finger protein that has been implicated in renal cell differentiation. Levels of Kid1 mRNA correlate with
maturation of kidney tubule epithelia in rat post-natal kidney development and during kidney regeneration following injury.
KID1 is a putative transcriptional repressor, containing a KRAB domain at its amino terminus that mediates transcriptional
repression in transient cell transfection assays when fused to a heterologous DNA-binding domain. In this paper, we describe the
isolation and characterization of the mouse homologue of Kid1 and the identification of a novel highly related mouse gene, Kid2,
Kid1 and Kid2 are tightly linked on mouse chromosome 11 and show conservation across mammals. Both genes are expressed
predominantly in the mouse adult kidney and brain, but transcripts are also detected in embryonic brain, kidney, gut and lung,
suggesting an additional role for these genes during mouse development. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction Kid1 mRNA decline ( Witzgall et al., 1993). The KID1
protein has been localized mainly in the nuclei of

Kid1 encodes a zinc finger protein that has been proximal tubule epithelial cells ( Witzgall et al., 1998).
implicated in the differentiation of renal epithelial cells This expression is downregulated in rodent polycystic
( Witzgall et al., 1993, 1998; Bonventre and Witzgall, kidney disease, a condition characterized by proliferating
1995). It was originally identified as a gene whose immature epithelia ( Witzgall et al., 1998). The correla-
expression is regulated during kidney regeneration tion of expression of Kid1 with post-natal maturation
following injury, a process that is thought to involve of kidney tubule epithelia and the downregulation in
de-differentiation, proliferation and subsequent differ- immature proliferating cells has led to the hypothesis
entiation of surviving renal epithelial cells ( Witzgall that KID1 is involved in the differentiation of renal
et al., 1993). Kid1 transcripts are detected predominantly proximal tubule epithelial cells ( Witzgall et al., 1998).
in the adult rat kidney where they accumulate during The Kid1 gene encodes a protein that contains at the
post-natal kidney development ( Witzgall et al., 1993). carboxy terminus 13 zinc fingers of the C2H2 class of
Following experimental renal injury in the rat induced transcription factors ( Witzgall et al., 1993). At the
by ischemia or folic acid administration, the levels of amino terminus is a highly conserved Krüppel-associated

box ( KRAB) domain that has been shown to mediate
Abbreviations: CKII, casein kinase II; KRAB, Krüppel-associated transcriptional repression in transient transfection assays

box; NLS, nuclear localization signal; RT-PCR, reverse transcription-
using cultured cell lines (Margolin et al., 1994; Penguepolymerase chain reaction; TYR, tyrosine kinase; UTR, untranslated
et al., 1994; Witzgall et al., 1994). Lying between theregion; ZF, zinc finger; ZFP, zinc finger protein.

k Sequence data from this article have been deposited with the KRAB domain and the zinc fingers is a spacer region
EMBL/GenBank Data Libraries under Accession Nos AF184111 and that contains a number of putative phosphorylation
AF184112. sites for casein kinase II. These sites, together with
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suggest that KID1 protein activity may be modulated Kid2 are expressed in the same wide range of adult
mouse tissues, with transcripts being found predomi-by phosphorylation ( Witzgall et al., 1993). Within the

spacer region is found a 12-amino-acid motif shared by nantly in adult kidney and brain. Transcripts of both
genes are also detected in a number of embryonic tissues,members of the Raf family of serine/threonine kinases,

suggesting that KID1 may exhibit kinase activity suggesting an additional role for Kid1 and Kid2 during
mouse development.( Witzgall et al., 1993). The presence of an mRNA

instability sequence in the 3∞ untranslated region (UTR)
of the Kid1 mRNA and a predicted PEST protein
instability region in KID1 suggest that both mRNA and 2. Materials and methods
protein may be subject to rapid degradation ( Witzgall
et al., 1993). 2.1. Library screening

The KRAB domain is thought to be one of the most
widely distributed transcriptional repression domains For the isolation of the mouse Kid1 and Kid2 genes,

bacteriophage l genomic libraries were screened accord-identified in mammals. It was identified as a 75-amino-
acid region of homology present exclusively at the amino ing to standard protocols (Sambrook et al., 1989). The

probe used to screen the library for the presence of Kid1terminus of one-third of the Krüppel-type zinc finger
proteins encoded in the human genome (Bellefroid et al., was a 217 bp DdeI fragment isolated from the rat Kid1

cDNA (Accession No. M96548). This fragment contains1991). The KRAB region can be subdivided into two
boxes, KRAB A and KRAB B, based on their separation sequences from the 5∞ end of exon V encoding the spacer

region of KID1 and excluding any zinc fingers ( Witzgallor their absence from individual proteins (Bellefroid
et al., 1991). The ability of the KRAB domain to exert et al., 1993). For the isolation of the murine Kid2 gene,

the library was screened with a 585 bp fragment fromtranscriptional repression when fused to a heterologous
DNA-binding domain has been demonstrated for several the rat Kid1 cDNA, which spanned the first 195 amino

acids of the rat KID1 protein, thereby including thedifferent KRAB regions and has been attributed to the
45-amino-acid KRAB A box (Margolin et al., 1994; KRAB A-encoding region. Probes were prepared using

the Rediprime random prime labelling systemWitzgall et al., 1994).
The mechanism by which KRAB-zinc finger proteins (Pharmacia Biotech) and purified through Sephadex

G-50 Nick columns (Pharmacia Biotech). Hybridizationeffect transcriptional repression in vivo is still unclear.
Cell culture experiments have shown that the KRAB A of the Hybond-N+ filters (Amersham) was carried out

at 65°C according to the manufacturer’s instructions.domain can exert transcriptional repression of TATA-
box-containing basal or activated promoters in a dis- Positive clones were characterized by restriction map-

ping and Southern analysis using exon-specific probestance-independent manner when fused to a heterologous
DNA-binding domain (Margolin et al., 1994; Pengue from the rat Kid1 cDNA.
et al., 1994; Witzgall et al., 1994; Pengue and Lania,
1996). A ubiquitously expressed effector protein that 2.2. Southern and Northern Blot analysis
interacts with the KRAB A domain has been identified
as TIF1, or KAP-1 and the mouse homologue KRIP-1 For Southern analysis of genomic DNA, 20 mg of

DNA (2 mg for Drosophila and C. elegans) were digested(Friedman et al., 1996; Kim et al., 1996; Moosmann
et al., 1996). TIF1 proteins have been shown to interact and subjected to electrophoresis in 0.8% agarose.

Southern blotting was carried out on GeneScreen Plusin vitro with the putative heterochromatin-associated
proteins HP1a and MOD1, suggesting that in some membranes (Du Pont) (Sambrook et al., 1989), and

hybridization was performed at 65°C according to thecases, KRAB-mediated transcriptional repression may
involve remodelling of heterochromatin-like structures manufacturer’s instructions. The probes were prepared

by random priming as described above. Auto-(Le Douarin et al., 1996; Moosmann et al., 1996).
Although no specific DNA recognition sequence has yet radiography was carried out for a period of 7–14 days

at −70°C with two intensifying screens.been identified for any KRAB-zinc finger protein, the
zinc fingers of KID1 have been shown to recognize For Northern blot analysis, total RNA was extracted

from mouse embryonic and adult tissues by the single-heteroduplex DNA and to localize KID1 in the nucleo-
lus (Elser et al., 1997, Huang et al., 1999). step acid guanidinium thiocyanate–phenol–chloroform

extraction method (Chomczynski and Sacchi, 1987).In this paper, we describe the characterization of the
mouse Kid1 gene and the identification of a novel highly Poly(A)+ RNA was selected by chromatography

through oligo (dT) cellulose columns (Sambrook et al.,related gene, Kid2. We compare their predicted protein
sequences and their genomic organization, and demon- 1989). For Northern analysis, 15 mg of poly(A)+-

selected RNA was subjected to denaturing electrophore-strate their evolutionary conservation in mammals.
Chromosomal mapping has shown that the two genes sis through 1% agarose gels containing 6% formaldehyde

and transferred to GeneScreen Plus membranes accord-are closely linked on mouse chromosome 11. Kid1 and



15N. Tekki-Kessaris et al. / Gene 240 (1999) 13–22

ing to Sambrook et al. (1989). Hybridization was per- hybridized to this probe were isolated and purified to
homogeneity. Two of these, l1Kid1 and l4Kid1, wereformed at 42°C in a buffer containing 50% formamide,

1% SDS, 5× SSC, 1× Denhardt’s solution, 20 mM subcloned and characterized in detail. The positions of
conserved exons between the rat and mouse homologuessodium phosphate, 10% dextran sulphate (Pharmacia)

and 100 mg/ml of salmon sperm DNA using random was determined by Southern analysis and hybridization
with exon-specific cDNA fragments from the rat Kid1primed 32P-labelled probes.
gene. This was then confirmed by DNA sequencing of
the relevant genomic fragments. The organization of the2.3. DNA sequencing and analysis
mouse Kid1 gene is shown in Fig. 1A. Exons I, II, III
and IV are clustered together and are separated fromDNA sequencing was performed on plasmid sub-

clones using a BigDye Terminator Cycle Sequencing Kit exon V by a 7.5 kb intron. This arrangement is conserved
with that of the rat homologue ( Witzgall et al., 1994).with AmpliTaq DNA polymerase (PE Applied

Biosystems) and analysed on an ABI PRISM 377 DNA On the basis of homology to the rat gene, a 1716 bp
mouse Kid1 open reading frame was assembled fromsequencer. Sequence analysis was performed using the

Wisconsin package version 10.0 from the Genetics genomic sequences. The coding sequence and the posi-
tions of exon/intron boundaries were confirmed byComputer Group (GCG), Madison, Wisc. The subcellu-

lar location of the proteins and the various motifs reverse transcription-polymerase chain reaction
(RT-PCR) amplification of Kid1 cDNA fragments frompresent were predicted using the PSORT II (http://

psort.nibb.ac.jp), NNPSL (http://predict.sanger.ac.uk), adult and embryonic mouse kidney RNA (strain
129/Sv), using primers made to the 5∞ and 3∞ ends of theMotifFinder (http://www.motif.genome.ad.jp) and

PESTfind (http://www.at.embnet.org) on-line computer coding sequence (data not shown). The 5∞ untranslated
region ( UTR) of the transcript was identified by charac-programs.
terization of a Kid1 cDNA isolated from a mouse
embryonic day 15.5 cDNA library (GenBank Accession
No. AF18111), and its position was determined on the3. Results
genomic l clones (see Fig. 1A). The 3∞ UTR sequenced
to date is 576 bp in length, and a putative polyadenyl-3.1. Isolation of the mouse Kid1 gene
ation signal has been identified 541 bp downstream of
the stop codon. This is in agreement with a recentlyMouse genomic clones spanning the Kid1 gene were

isolated from a 129/Sv bacteriophage l library screened published mouse Kid1 cDNA isolated from a new-born
lens library (Brady et al., 1997).with a 217 bp DdeI fragment from the rat Kid1 cDNA

as a probe (Accession No. M96548). This fragment
contains sequences from the 5∞ end of exon V encoding 3.2. Identification of a mouse Kid2 gene
the spacer region of KID1 and excluding any zinc fingers
( Witzgall et al., 1993). Southern analysis of mouse Previous studies had shown that KRAB-containing

zinc finger protein ( KRAB-ZFP) genes very often occurgenomic DNA showed that this probe hybridizes to
single copy sequences in the mouse genome and is in clusters in the human genome and that such clusters

consist of families of highly related genes (Bellefroidtherefore specific for the Kid1 gene (data not shown).
From 1.25×106 plaques screened, five l clones that et al., 1993; Shannon et al., 1996; Shannon and Stubbs,

Fig. 1. (A) Genomic map of the mouse Kid1 locus. The positions of exons I–V are shown as boxes. The genomic regions spanned by each of the
two bacteriophage l clones used in the analysis of the locus are indicated above. (B) Genomic map of the mouse Kid2 locus. The positions of
exons II–V and of the bacteriophage l clone used in the analysis are shown. Coding exons are indicated as black boxes. B, BamHI.
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from this genomic clone using rat Kid1 exon-specific
fragments as probes showed that all four coding exons
in Kid1 hybridized to this clone. However, DNA sequen-
cing of the regions hybridizing to the Kid1 probes
confirmed that this clone corresponded not to Kid1 but
to a novel gene highly homologous to Kid1. This was
called Kid2. Fig. 1B shows the genomic organization of
Kid2. The KRAB A and KRAB B boxes are encoded
by different exons and are separated from the exon
encoding the zinc fingers by a large intron, an organiza-
tion that is very similar to that of Kid1.

A 1806 bp ORF encoding a predicted 602 amino acid
protein was assembled from genomic regions hybridizing
to Kid1 cDNA fragments and was confirmed by
RT-PCR analysis and DNA sequencing of the amplified
products (data not shown). The DNA sequence has
been deposited in the GenBank database (Accession
No. AF18112). Although the 5∞ untranslated (UTR)
region of Kid2 has not been identified, for ease of
comparison to Kid1, we refer to the first identified
coding exon as exon II. The position of the translation
initiation codon is conserved between Kid1 and Kid2
and in both genes is in agreement with the Kozak

Fig. 2. Southern analysis of mouse genomic DNA digested with several consensus with a purine residue in position −3 ( Kozak,
enzymes and hybridized with rat Kid1 cDNA probes encoding (A) the 1984). Exons III and IV encode the KRAB A and
KRAB A region and (B) the zinc finger region. The KRAB A-specific KRAB B boxes, respectively. Exon V encodes 13 zinc
probe detects more than one band in the mouse genome, suggesting

fingers in two groups of four and nine and a spacerthat there exists a small group of genes highly similar to Kid1 in this
region separating the KRAB domains from the zincregion. The zinc finger probe detects two bands in the mouse genome,

indicating that there are only two genes that are highly homologous fingers. A translation stop codon has been identified in
to Kid1 in this region. exon V downstream of the last zinc finger, and a putative

polyadenylation signal is located 433 bp downstream of
the translation stop codon.1998). The extent of similarity between the different

members of the family, as well as the extent of conserva-
tion of the individual family members across species, is 3.3. Sequence comparisons of the predicted KID1 and

KID2 proteinsvariable. In order to look for genes in the mouse genome
that might be related to Kid1, cDNA fragments encoding
the KRAB A (nucleotides 306–471 from the rat Kid1 Comparison of the mouse KID1 and KID2 predicted

amino acid sequences shows a striking conservationcDNA) and the zinc finger region (nucleotides 1262–
1911) of the rat Kid1 gene were used as probes on between the two (Fig. 3). The results are summarised

in Table 1. Both KRAB regions and, in particular,Southern blots containing mouse genomic DNA digested
with several restriction enzymes. The results are shown KRAB A, are highly conserved (97.6 and 90.0% amino

acid sequence identity in KRAB A and KRAB B,in Fig. 2. Under high stringency hybridization condi-
tions, the KRAB A-encoding fragment of the rat Kid1 respectively). The zinc finger regions of KID1 and KID2

are very similar, both at the level of amino acid sequencecDNA hybridizes to several bands in the mouse genome,
indicating the possible existence of a small number of and in the organization of the zinc fingers in two groups

of four and nine. The highest homology between thegenes highly homologous to Kid1 in this region
(Fig. 2A). The zinc finger-encoding fragment hybridizes two proteins is observed in the group of nine zinc fingers

with the first six of these being 100% identical. Theto two genomic DNA bands with approximately equal
intensity, suggesting that there exists a second gene in linker region separating the two groups of zinc fingers

is also highly conserved in both length and amino acidthe mouse genome that may encode zinc fingers that are
very similar to those of Kid1 (Fig. 2B). In order to constitution and shows conservation of the putative

cAMP-dependent protein kinase and protein kinase Cisolate this gene, a genomic library from mouse strain
129 was screened with a 585 bp probe spanning the first phosphorylation sites present in KID1 ( Witzgall et al.,

1993). However, KID1 and KID2 differ markedly in195 amino acids of the rat KID1 protein. Ten l clones
hybridizing to this probe were identified, of which one the spacer region between the KRAB B domain and the

zinc fingers, showing an amino acid similarity of onlywas characterized further. Southern analysis of DNA
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Fig. 3. Comparison of the mouse KID1 and KID2 predicted amino acid sequences. The positions of the KRAB A and B boxes, the zinc fingers
(ZF1–ZF13) and Raf homology domain, putative phosphorylation sites for Casein kinase II (CKII ) and tyrosine kinase (TYR) are indicated. The
threonine and two serine residues that may be sites for phosphorylation by cAMP-dependent protein kinase and protein kinase C are shown in
circles. The ‘spacer’ regions span amino acids 74–185 in KID1 and 74–207 in KID2. The ‘linker’ regions span amino acids 291–322 in KID1 and
313–344 in KID2. KID1 and KID2 are highly homologous in their KRAB zinc finger regions but differ markedly in their spacer region.
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Table 1
Amino acid similarities between KID1 and KID2

Amino acid regiona KID1 vs. KID2b (%)

KRAB A 97.6
KRAB B 90.0
Spacer 32.4
Zinc fingers 93.7

a See Fig. 3.
b Percentage similarity between KID1 and kID2.

32.4%. In the rat KID1 protein, this region has been
reported to encode a putative PEST protein instability
sequence and a Raf homology domain ( Witzgall et al.,
1993). Sequence interpretation analysis indicates that,
while poor PEST sequences are present in KID1 and
KID2, KID2 lacks a putative Raf homology domain.
Three putative casein kinase II phosphorylation sites
are present within the spacer region and the first zinc
finger of KID2. In addition, KID2 contains a putative
tyrosine kinase phosphorylation site immediately Fig. 4. Localization of the Kid1 and Kid2 genes on mouse chromosome

11, between markers D11Mit139 and D11Mit87. The positions ofupstream of the first zinc finger. Subcellular localization
markers correspond to the EUCIB (BSB) mouse chromosome 11 link-analysis of the KID1 and KID2 amino acid sequences
age map.predicts a nuclear localization for both proteins, with

KID1 containing an identifiable SV40-like nuclear local-
ization signal (NLS) upstream of the first zinc finger.
For both genes, the DNA fragments encoding the spacer with their tight linkage on mouse chromosome 11,

argues that the two genes arose by gene duplication.regions of the proteins hybridize to single-copy
sequences in the mouse genome, and these fragments
can be used as probes to distinguish the Kid1 and 3.5. Kid1 and Kid2 are conserved in mammals
Kid2 genes.

To determine whether Kid1 and Kid2 have been
conserved during evolution, gene-specific probes encod-3.4. Chromosomal mapping of Kid1 and Kid2
ing the spacer regions were used in a zoo-blot analysis,
under high stringency conditions. Whilst neither probeTo determine the chromosomal positions of Kid1 and

Kid2, mapping was performed using the EUCIB Mus hybridized to genomic DNA from chicken, frog,
Drosophila or C. elegans under these conditions, Kid1musculus/Mus spretus backcross facility (Breen and the

European Backcross Collaborative Group, 1994; and Kid2 can be detected in mouse, rat, human, monkey,
sheep and cat, with Kid2 also hybridizing to seal DNARhodes et al., 1998). The M. musculus and M. spretus

alleles were distinguished by PCR and restriction enzyme (Fig. 5).
digestion of the PCR products. Data are available on
http://www.hgmp.mrc.ac.uk/MBx/MBxHomepage.html. 3.6. Kid1 and Kid2 are expressed in the embryo and adult
A panel of 50 random backcross samples localized Kid1
and Kid2 to chromosome 11. A further 63 samples that The tissue and developmental expression of Kid1 and

Kid2 was analysed by Northern blot analysis ofspan the region between the markers D11Mit218 and
D11Mit26 were then screened. Both Kid1 and Kid2 map poly(A)+ RNA and hybridization with probes specific

for each gene (Fig. 6). In adult tissues, the Kid1 probebetween the markers D11Mit139 and D11Mit87 and
show 12.5 and 14.29% recombination frequency with detects a major transcript of approximately 3 kb in

length and a larger, less abundant transcript of approxi-the primary anchor locus D11Nds19, respectively ( lod
scores of 9.89 and 8.6, respectively) (Fig. 4). This is a mately 4 kb in length (Fig. 6A). Brain and kidney

appear to be the major sites of expression, althoughregion of conserved synteny with human chromosome
5 and with rat chromosome 10 to which the rat Kid1 transcripts can also be detected at a low level in liver,

lung, muscle, heart, testis, tongue and eye. The Kid2gene has been mapped ( Witzgall et al., 1994). The high
degree of similarity of Kid1 and Kid2 at the level of probe hybridizes to a single band of approximately 3 kb

in length (Fig. 6C) in a pattern identical to that of Kid1.genomic organization and exon DNA sequence, together
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Fig. 5. Zoo-blot analysis of the Kid1 and Kid2 genes. A zoo blot was hybridized with the spacer-encoding region of Kid1 (A) and Kid2 (B). The
two genes show conservation across a number of mammals.

In adult testis, two bands hybridize to the Kid2 probe The Kid2 gene encodes 13 zinc fingers at the carboxy
terminus, which are arranged in two groups of four and(Fig. 6C).

The expression of Kid1 and Kid2 is not confined to nine, an organization identical to that of Kid1.
Comparison of the predicted zinc finger domains ofadult tissues. Northern blot analysis shows that both

genes are expressed in mouse embryonic E16.5 tissues KID1 and KID2 shows a striking conservation in all 13
zinc fingers. Fingers 5–10 show 100% identity, suggest-with a similar expression pattern, being detected in

E16.5 brain, heart, lung, kidney and gut (Fig. 6E and ing that putative common cellular targets for the two
genes may be recognized through these fingers. HighG). As in adult tissues, two Kid1 transcripts are found;

no major differences are observed in the ratio of these conservation is also observed not only in the arrange-
ment of the zinc fingers in two groups but also in thetranscripts between different tissues in the embryo or

adult. length and amino acid composition of the linker
sequence separating the two groups, arguing for a
putative functional significance of this region within
the protein.4. Discussion

At the carboxy terminus, KID2 contains the two
highly conserved KRAB A and KRAB B boxes.In the present study, we report the identification and

characterization of Kid2, a novel mouse gene that is Transient transfection assays using cultured cell lines
have shown that KRAB A domains mediate transcrip-highly related to the zinc finger gene Kid1. The two

genes encode typical KRAB-containing zinc finger pro- tional repression when fused to a heterologous DNA-
binding domain and that this repression may involveteins, which show striking similarities in their KRAB

domains and zinc finger regions, but which diverge protein–protein interactions with other cellular corepres-
sors (Margolin et al., 1994; Pengue et al., 1994; Witzgallsignificantly in their spacer regions. The two genes are

conserved in several mammalian species and show over- et al., 1994; Friedman et al., 1996; Kim et al., 1996;
Moosmann et al., 1996; Pengue and Lania, 1996). KID1lapping expression patterns in embryonic and adult

mouse tissues. The data suggest that Kid1 and Kid2 may and KID2 both contain a KRAB A box that shows a
remarkable 97.6% similarity between the two proteins,share common targets inside the cell but may be them-

selves differentially regulated. suggesting that there may exist other cellular factors
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Fig. 6. Northern analysis of RNA isolated from adult and embryonic E16.5 mouse tissues and hybridized with gene-specific probes for Kid1 (A,
E ), Kid2 (C, G) and Gapdh (B, D, F and H ). The positions of the 28S and 18S RNAs are indicated. The Kid1 probe detects a major transcript of
approximately 3 kb in length and a larger, less abundant transcript of approximately 4 kb in length. The Kid2 probe hybridizes to a single band
of approximately 3 kb in length. In adult testis, two bands hybridize to the Kid2 probe. Kid1 and Kid2 show overlapping expression patterns.

that may interact specifically with KID-like KRAB activity of KID2 may be differentially regulated.
However, neither a strong PEST protein instabilitydomains, thereby exerting additional specificity to the

mechanism of KRAB-mediated repression. KID1 and sequence nor a Raf homology domain has been identified
in KID2. This suggests that KID2 may be more stableKID2 also show a high conservation in their KRAB B

domains, the function of which remains unknown. inside the cell, and the absence of a putative kinase
domain may indicate that this protein does not have aThe KRAB domains in KID2 are separated from the

zinc fingers by a 400 bp spacer region. This region in Raf-type kinase activity to phosphorylate and possibly
regulate other proteins.KID1, as well as the shorter region separating zinc

fingers 4 and 5, encode various putative protein regula- Chromosomal mapping and zoo-blot analysis
revealed that Kid1 and Kid2 are tightly linked on chro-tory elements, suggesting that the KID1 protein may

have a short half-life inside the cell, may show potential mosome 11, and both genes show conservation across
mammals including mouse, rat human, monkey, sheepkinase activity and may itself be controlled by phosphor-

ylation by casein kinase II, cAMP-dependent protein and cat. The tight linkage of the two Kid genes on the
chromosome, the high degree of identity in the KRABkinase and protein kinase C (Witzgall et al., 1993). All

three types of phosphorylation sites present in KID1 and zinc finger encoding regions, and the divergence in
the spacer region suggest that, following possible dupli-are also present in KID2 with the addition of a phos-

phorylation site for tyrosine kinase, suggesting that the cation of an ancestral gene, the spacer-encoding region
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may have diverged within species due to a lack of a is a Lister Institute Research Fellow. We acknowledge
the support of the National Kidney Research Fund.functional domain encoded by this region. However, the

conservation of this spacer region of each gene across
several mammalian species indicates that selection pres-
sure has maintained this sequence during evolution,
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