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Abstract

Kid1 encodes a transcriptional repressor implicated in the differentiation of renal epithelial cells. Here we report the
characterisation of Kid3, a novel mouse gene related to Kid1. Kid3 encodes a C2H2 zinc finger protein with an N-terminal
KRAB transcriptional repression domain. It maps to chromosome 11, adjacent to Kid1 and another related gene Kid2.
Northern analysis shows that Kid3 is highly expressed in embryonic and adult brain, with lower levels in adult and embryonic
(E16.5) kidney, gut, lung and heart. Expression of Kid3 in the kidney is developmentally regulated and suggests a role for
Kid3 in the early stages of nephrogenesis. ß 2000 Elsevier Science B.V. All rights reserved.
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Kid1 encodes a zinc ¢nger protein which has been
implicated in the di¡erentiation of renal epithelial
cells [1^3]. Kid1 transcripts are detected predomi-
nantly in the adult rat kidney where they accumulate
during post-natal kidney development. Expression of
Kid1 is modulated during kidney regeneration fol-
lowing injury, a process which is thought to involve
de-di¡erentiation, proliferation and subsequent dif-
ferentiation of surviving renal epithelial cells. Fol-
lowing experimental renal injury, the levels of Kid1
mRNA initially decline and then increase as the pro-
liferating epithelial cells undergo subsequent di¡er-

entiation [1]. KID1 protein has recently been local-
ised mainly in the nuclei of proximal tubule epithelial
cells in the adult rat kidney, and its expression is also
down-regulated in cystic epithelia and in renal cell
carcinomas, both of which are characterised by pro-
liferation of immature epithelial cells [3]. It has there-
fore been proposed that Kid1 may play an important
role during the di¡erentiation of proximal tubule ep-
ithelial cells.

The Kid1 gene encodes a C2H2 zinc ¢nger tran-
scription factor with a highly conserved Kru«ppel-as-
sociated box (KRAB) domain at its amino-terminus.
The KRAB domain is a 75 amino acid region which
can be subdivided into KRAB A and KRAB B boxes
[4]. In cell transfection studies, the KRAB A domain
of KID1, and that of other KRAB-zinc ¢nger pro-
teins, has been shown to repress transcription from
TATA-box-containing basal or activated promoters
when fused to a heterologous DNA binding domain
[5^7]. This activity is independent of the distance
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Fig. 1. Comparison of the deduced amino acid sequences of mouse KID1, KID2 and KID3. Identities are indicated by a black back-
ground and similar residues are shaded grey. KRAB A and B domains and zinc ¢ngers are boxed and a possible PEST sequence is
underlined.
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between the binding site and the transcription initia-
tion site [8] and may be mediated by the nuclear
protein, TIF1L (or KAP-1/KRIP-1) [9^11]. This pro-
tein has been shown to interact with the KRAB A
domain and also with the putative heterochromatin-
associated factors HP1K, MOD1 and MOD2 [12,13].
These ¢ndings suggest that KRAB-mediated tran-
scriptional repression may involve alterations in
chromatin structure. Although no speci¢c DNA rec-
ognition sequence has yet been identi¢ed for any
KRAB-zinc ¢nger protein, the zinc ¢ngers of KID1
have been shown to recognise heteroduplex DNA
and to localise KID1 in the nucleolus [14,15].

We have recently cloned the mouse homologue of
Kid1 and shown that its expression is not con¢ned to
the adult mouse kidney, but can be detected in a
wide variety of adult and embryonic tissues including
brain, lung, and heart, suggesting additional roles for
this gene during mouse development [16]. We have
also identi¢ed a gene highly homologous to Kid1,
called Kid2, and propose that Kid1 may form part
of a family of highly related genes conserved across
mammals [16]. Here we report the isolation and char-

acterisation of the genomic locus and cDNA of a
novel mouse gene called Kid3, the third member of
the Kid gene family. We demonstrate that Kid3 maps
adjacent to the other family members on chromo-
some 11, and describe its expression pattern in a
variety of embryonic and adult mouse tissues.

The Kid3 gene was isolated from a 129/Sv lambda
2001 genomic library screened with a 172 bp EcoRI/
NcoI KRAB A-encoding fragment from the rat Kid1
cDNA (GenBank accession number M96548). From
1.25U106 plaques screened, 20 lambda clones that
hybridised to this probe were isolated and puri¢ed
to homogeneity. Clones containing Kid1 and Kid2
genomic sequences were identi¢ed by Southern blot-
ting or by PCR using gene-speci¢c primers and elim-
inated. Of the remaining clones, three were found to
contain overlapping fragments of the Kid3 locus, the
positions of exons conserved with Kid1 being deter-
mined by Southern analysis and DNA sequencing.
Three Kid3 cDNAs were also isolated from a mouse
embryonic E15.5 cDNA library screened with the
KRAB A probe. Sequencing of these cDNAs identi-
¢ed the extent of the 5P untranslated region (UTR)
and con¢rmed the position of exon/intron bounda-
ries. A 1683 bp open reading frame encoding a pu-
tative 560 amino acid protein was assembled from
the genomic clones and the isolated cDNAs (Gen-
Bank accession number AF192804).

The structure of Kid3 is similar to the other mem-
bers of the Kid family isolated to date, consisting of
¢ve exons spanning over 14 kb of genomic DNA.
Exon I and part of exon II are non-coding; compar-
ison of three independent cDNAs gives the extent of
the 5P UTR as at least 151 bp. The translation ini-
tiation codon in exon II is conserved in all the Kid
genes and is in agreement with the Kozak consensus
sequence [17]. Exons III and IV encode the KRAB A
and B domains respectively. Exon V encodes 11
C2H2 zinc ¢ngers which, in contrast to Kid1 and
Kid2, are tandemly repeated in one continuous block.
Exon V also encodes a unique spacer region linking
the KRAB and zinc ¢nger domains. The extent of
the 3P UTR has not been mapped, but from the
Northern analysis described below, is approximately
3 kb in length.

A ClustalW multiple sequence alignment [18] of
the deduced amino acid sequences of KID1, KID2
and KID3 is shown in Fig. 1. The overall homology

Fig. 2. Genetic map location of Kid3 on mouse chromosome
11. Kid3 maps to the same region of chromosome 11 as Kid1
and Kid2, between markers D11Mit139 and D11Mit87. The po-
sitions of markers correspond to the EUCIB (BSB) mouse
chromosome 11 linkage map.
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of KID3 to KID1 is considerably lower than that
demonstrated for KID2. This is most notable in
the zinc ¢nger domain where both the arrangement
and sequence of the ¢ngers is signi¢cantly di¡erent.
Whereas both KID1 and KID2 are nearly identical
in the sequences of their 13 zinc ¢ngers, KID3 has
only 11 zinc ¢ngers which are quite divergent in se-
quence (54% identity to zinc ¢ngers 2^12 of KID1).
A high degree of homology is, however, conserved
within the KRAB A domains of all three proteins:
over the entire KRAB A domain there is 98% amino
acid identity (100% similarity) between KID1 and
KID2 and 74% amino acid identity (86% similarity)
between KID1 and KID3. However, this rises to
100% for all three proteins in the 19 amino acids
(position 35^53) at the carboxy-terminus of this do-
main. The high degree of conservation of the KRAB
A domain between the KID proteins suggests that
they may share a common pathway of gene regula-

tion, but it is likely that their target genes are di¡er-
ent, given the extent of divergence seen between the
zinc ¢ngers of KID3 and KID1/KID2.

Analysis of the KID3 amino acid sequence using
the program PEST¢nd (http://www.at.embnet.org)
[19] reveals a possible PEST protein instability se-
quence at amino acids 153^169, suggesting that the
protein may undergo rapid turnover in vivo [20]. In
addition, analysis of the Prosite database using the
software Motif (http://www.motif.genome.ad.jp)
identi¢es 15 putative casein kinase II phosphoryla-
tion sites and six potential protein kinase C phos-
phorylation sites within the deduced KID3 protein.
The presence of such structural elements suggests
that KID3 activity may be modulated by phosphor-
ylation.

The chromosomal location of the Kid3 gene was
determined using the EUCIB Mus musculus/Mus
spretus backcross facility [21]. The M. musculus and

Fig. 3. Northern blot analysis of Kid3 transcripts in adult and embryonic mouse tissues. 20 Wg of total RNA from various embryonic
E16.5 (A) and adult (B) mouse tissues was loaded in each lane. The gels were blotted and the ¢lters hybridised with a Kid3 speci¢c
probe. To control for RNA integrity, the blots were re-hybridised with a control probe derived from the Gapdh gene (C, D). Loca-
tions of the 28S and 18S ribosomal bands are indicated.
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M. spretus alleles were distinguished by PCR and
restriction enzyme digestion of the PCR products.
The data is available on http://www.hgmp.mrc.a-
c.uk/MBx/MBxHomepage.html. Kid3 maps adjacent
to Kid1 and Kid2, between the markers D11Mit139
and D11Mit87 on mouse chromosome 11, having a
recombination frequency of 8.7% with the primary
anchor locus D11Nds19 (lod score of 11.92) (Fig.
2). The chromosomal location of Kid3, and its high
degree of structural homology with the other Kid
genes, is consistent with the previously observed clus-
tering of homologous KRAB zinc ¢nger genes [22]
and indicates that the Kid family of genes arose from
a series of gene duplication events.

The tissue and developmental expression of Kid3
was analysed by Northern blot analysis of total
RNA. The probe used was a 0.5 kb cDNA fragment
containing sequences from the 3P end of exon III,
exon IV and the non-zinc ¢nger region of exon V.

Southern blot analysis of mouse genomic DNA
showed that this probe hybridises to a single copy
sequence in the mouse genome and is therefore spe-
ci¢c for the Kid3 gene (data not shown). When hy-
bridised to Northern blots of total RNA it detected a
single transcript of approximately 5 kb in a variety of
embryonic and adult mouse tissues (Fig. 3). In em-
bryonic day 16.5 (E16.5) tissues, high levels of Kid3
mRNA are detected in brain, with lower levels in the
kidney, lung, gut and heart (Fig. 3A). In the adult,
the major site of Kid3 expression is brain, with tran-
scripts also present at a lower level in the kidney,
heart, lung, spleen and eye (Fig. 3B). These sites of
Kid3 expression overlap with those of Kid1 and Kid2
in all embryonic and adult tissues investigated by
Northern analysis [16].

In view of the potential role of Kid1 in renal cell
di¡erentiation, the level of Kid3 mRNA was deter-
mined at various stages of kidney development. In
contrast to Kid1 and Kid2 which are expressed highly
in adult kidney [1,16], Kid3 is down-regulated during
kidney maturation (Fig. 4). It is expressed highest in
embryonic E14.5 kidneys, with mRNA levels de-
creasing in late embryonic, new born and adult kid-
neys. This suggests that Kid3 may have a role to play
in the early stages of nephrogenesis.
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