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The kidney is an organ with heterogeneous populations
al cells, cach with a specific phenotype. Kidney develop-
ment and cellular differentiation are likely dependent
upon an ordered activation of a number of genes whose
encoded proteins determine phenotype. The expression
pattern of many of these proteins is likely tissue-specific
and regulated to a large degree at the level of transcription.
One of the ways to achieve kidney-specific protein expres-
glon 18 (o express kidnev-specific transcription [actors,
These proteins may be important, not only for renal devel-
opment and difterentiation, but also for the processes
involved in repair of the kidney after an injury. The mech-
anism of kidney injury and repair recapitulates many
aspects of development, since it involves dedifferentiation
and regeneration of epithelial cells followed by differentia-
tion and restoration of the mature phenotype [1, 2].

Identification and Expression Pattern of Kid-1

The Kid-1 cDNA was cloned [3] from rat kidney cDINA
libraries screened with a degenerate oligonucleotide, en-
coding the H/C link, a highly conserved stretch of seven

aming acids, present belween the individual Ningers of

many members of the CoH; (cysteines-histidine;) family
of zinc finger transcription factors [4]. Sequencing con-
firmed that Kid-1 belonged 1o the zine finger famaly [3].

The name Kid-1 was given to the cDNA because the
Kid-12 8-kbh mRNA is detected predominantly in the kid-
ney, and mENA levels are developmentally regulated,
and modulated by renal ischemia [3]. On Northern blots
of RNAs from various organs Kid-1 mRNA could be
found only in the kidney. By reverse transcriplase poly-
merase chain reaction (RT-PCR), small amounts of Kid-I
mRNA are found in the spleen, brain, liver and testis.
Kid-I mRNA is marginally detectable by Northern analy-
sis in rat kidneys taken at the time of birth, at a time when
the kidney 1s not fully developed, mRNA levels become
gasily seen al 15 days and accumulate to greater levels in
the adult rat.

Kidd-1 mRNA levels are reduced after renal ischemia
and reperfusion, a stimulus which results in deditferentia-
tion and mitogenesis of surviving cells in order to achieve
tissue repair [5]. mRNA levels of Kid-/ rapidly decline
atter 30 min of unilateral ischemia and 5 h of reperfusion
[3]. There is a marked decrease in the steady-state levels
of Kig-7 mBRNA up to 96 I after reperfusion. Normal
mBRNA levels are restored after 7 days of reperfusion.
Similarly, Kid-/ mRNA levels fall after folic acid-induced
acule tubular necrosis. Kid-T mRNA levels are also re-
duced in renal cell carcinomas that develop in the Eker rat
[6] funpublished observations). The decreased expression
of Kid-1 early in postnatal development, and when renal
tissue is recovering after injury, suggests that the gene
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Fig. 1. Structural characteristics of the Kid-1 protein. The protein has 13 zinc fingers in groups of 4 and 9 at the
C-terminus. There is a KRAB-A and -B region at the N-terminus, The protein also contains PEST and Raf homology

domains,

product may be involved in establishment of a differen-
tiated phenotvpe andfor regulation of the regenerative
response in the kidney,

Characteristics of the Kid-1 Protein (fiz. |)

The open reading frame of the Kid-/ mRNA encodes a
protein with 13 zinc fingers of the C:H: class at its car-
hoxy terminus, The CoHy Tamily of zine fnger proteins is
characterized by repeated motifs in which two ¢ysteine
and two histidine residues bind 1o one zinc ion to form a
finger-like structure. The zine fingers of Kid-1 are divided
into groups of 4 and 9 with a spacer of 32 amino acids
between the two groups of fingers. Zinc finger proteins
constitute a major class of transcriptional regulators [4],
Among the best studied of this class of transcription fac-
tors are the RNA polymerase-1TT-associated transcription
factor, TFIITA, from Xenopus laevis and the products of
Drosophila segmentation genes, such as Kreiippe! and
hunchback [4]. 1t is estimated that the C:H: superfamily
of zinc finger genes in the mammalian genome has more
than one hundred members [7] which encode proteing
contlaining as few as one to more than 30 fingers. It is not
clear what 1s the significance of the grouping of the zinc
finger domain of Kid-1 into clusters of 4 and 9 zine fin-
gers, While conjectural at this point it has been proposed
that this pattern may define a subgroup of zinc finger pro-
teins that regulate tissue-specific gene expression during
differentiation [8]. Another transcription factor, MZF1, is
expressed in hematopoietic progenitor cells that are com-
mitted to myeloid lineage differentiation. Like Kid-I,
MZF1 contains 13 zinc fingers grouped into two domains
of 4 and 9. Fingers 4 and 5 of MZF1 are separated by 24
amino acids [8],

There are structural features of the Kid-/ mRENA and
deduced protein sequence which suggest that both may be
short-lived, An ‘AUUUA’ sequence at residues 2,137-
2,141 may contribute to a short half-life ol the message,
since this pentanucleotide sequence confers mENA insta-
bility. There also is a consensus region (PEST sequence)
i the MHa terminus of the deduced Kid-1 protein which
is present in proteins with short half-lives. This peptide
sequence, rich in proline, acidic, serine, and threonine
residues, has been proposed o be the correlate of the
"FAUUUA sequence on the protein level. A short hall-life
would be desirable for a transcription factor important for
regulation of genes whose on-off times have to be brief.

Another potentially important feature of the predicted
Kid-1 polypeptide is the presence of a 12-amino-acid
motif shared by all members of the Raf family of serine/
threonine kinases. This motif lies in the catalvtic subdo-
main VI of protein kinases suggesting that Kid-1 may
have kinase activity. The glutamic acid residue in the
catalytic domain, together with the aspartic acid residue
seven amino acids downstream may support ATP bind-
ing. A region somewhat homologous to kinase subdomain
VI has been identified in the deduced protein sequence of
one of the subunits of TFIIE, a general transcription [ac-
tor [9].

There are structural aspects of the deduced Kid-1 pro-
tein which suggest it may be a substrate for phosphoryla-
tion. There are three potential casein kinase 11 phosphory-
lation sites in the non-zinc finger region of Kid-1. In addi-
tion the 32 amino acid spacer between the 4th and 5th
zinc fingers contains four serines and one threonine. Two
of the serines and the threonine are preceded by an argi-
nine al position =3, a consensus motif for cAMP-depen-
dent protein kinase and protein kinase C.
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The Kid-1 protein, and approximately one-third of all
other zinc finger proteins, contain a highly conserved
region of approximately 75 amino acids at their NHs ter-
minus, named Kriippel-associated box (KRAB), which 1s
subdivided into A and B domains, Similar to regions
found in a subset of homeodomain proteins, the paired
box and POU domain, the KRAB domain 1s rich in
charged amino acids [ LO]. Because of the potential a-heli-
cal structure of KRAB domains, it has been proposed that
this domain mediates protein-protein interactions.

Genomic Structure and Chromosomal Location of
Kid-1

We have recently deseribed the genomic structure and
chromosomal location of Kigd-T in the rat. We reported
that the Kid-1 gene contains 4 exons and 3 introns.
Recently, we were successful in isolating the 3 region of
the gene and another ¢cDNA with more S-sequence. We
found that there was an additional small exon correspond-
ing to the non-coding, very 5-end of this new ¢cDNA, Our
original ¢cDMA contained intron sequence atl its 57, none-
cading end due to incomplete splicing of the mRNA. The
exons define structural domains of the Kid-1 protein [3].
The KRAB-A domain 15 encoded by an entire exon. The
KRAB-B domain compriscs the major part of an exon.
The entire zinc finger region lies on a single exon, without
being interrupted by an intron. All exon-intron bound-
aries have lypical splice donor and splice acceplor siles,

Using a combination of linkage analysis and somatic
cell hybrid analysis, Kid-! was mapped to rat chromo-
some (RNO) 10 [11]. Regional sublocalization (o
RMNO10g21.3-g22 was established by fluorescence in situ
hybridization, The pattern of Kid-{ hybridization was in
concordance with the presence or absence of RNOL0 in
the 16 somatic hybrid cell lines, Polvmorphisms between
Long Evans and Brown Norway straing were identified
for Kid-I1 (Tagl), I3 (Pst]), and Spare (Psed), two other
genes that mapped to a similar region of RNO). Among
40 backeross progeny, there was no recombinant among
these 3 probes (8 = 0.0, Lo = 12.04) thus, they form a
tight linkage group on RNO10.

On Southern blots Kid-1 ¢DNA hyvbridizes with hu-
man genomic DNA. Although we have not mapped Kid-7
in the human genome, its location is predicted from com-
parative analysis with the mouse map, where data are
much more abundant. Rat chromosome 10 and mouse
chromosome 11 share extensive homology including a
region proximal to the "HSA1T sepment. Our data indi-

cate that the tightly linked I3, Sparc and Kid-T map
=20 ¢M away from the Eker locus on rat chromosome [0
[12]. In the human, /L3 and SPARC map to 5g23-931 and
5031-q33, respectively [13], Therelore, Kid- 1, ifbelonging
to this syntenic group, would localize near L3 and
SPARC on human chromosome 5q. It 15 inleresting that
the distal end of 3q includes genes encoding many growth
[actors such as colony stimulating factors 1 and 2, acidic
fibrablast growth factor, interleukins-4 and -5 as well as
the genes encoding receptors for platelet-derived growth
Factor, colony-stimulating factor 1, and the P-adrenergic
and ghucocorticoid receptors. In addition, it is of interest
that allelic losses at chromosome 5921 have been 1denti-
fied i human renal cell carcinomas [ 14], raising the possi-
bility that Kig-f may play a role in these tumaors and that
Fid-1 may act as a tumor suppressor gene.

The Kriippel Associated Box A {KRAB-A) Motif of
Kid-1 and Other Zinc Finger Proteins Mediates
Transcriptional Repression

Since the genes to which Kid-1 binds are not known at
present, its effect on transcription must be studied in a
system which takes advantage of the lact that transcrip-
tion factors can be treated as having two domains, a DNA
binding domain and a transacting domain. The effects of
the fransacting domain can be studied by creating a [usion
protein of this domain (0 a DNA binding domain of a
heterologous protein and coexpressing this fusion protein
with a reporter plasmid whose level of transcription can
be easily monitored and which has a binding site for the
fusion protein, When COS or LLC-PK, cells are trans-
fected with fusion constructs encoding the non-zine finger
region of Kid-1 and the GAL4 DNA-binding domain,
chloramphenicol acetyl transferase (CAT) activity {rom
cotranslected reporter constructs containing GAL4 bind-
ing sites and either a minimal promoter or a SY40
enhancer is strongly repressed [3]. Deletion mutagenesis
experiments were performed in which fusion proteins of
the GAL4 DNA-binding domain with various segments
of the non-zinc finger region of Kid-1 were expressed
(fig. 2). These studies revealed that the transcriptional
repressor effect of Kid-1 depended upon the presence of
the KRAB-A domain. The fusion protein of the GAL4
DNA binding domain and the entire non zinc finger
region of Kid-1 as well as the fusion construct including
only the KRAB-A domain of Kid-1, repressed transcrip-
tion in a dose-dependent fashion with similar efficiency.
The KRAB-A region of & human zine finger protein ZNF2

la1
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Fig. 2. Thin-layer chromatography assays of CAT activitics in
cells cotransfected with an SV40 driven CAT-reporier construct con-
taining GAL4 binding regions and expression constricts encoding
fusion proteins consisting of the DNA binding region of GAL4 and
various parts of the non-zinc finger region of Kid-1. Kid-1Ns
encodes the entire non-zine finger region; Kid- 1N,a5 15 the ant-sense
control construct; Kid-1,AB and Kid-1,A encode the KRAB-A and B
or A alone regions; Kid-1,A(-) encodes all of the non-zine finger
region cxcept for the KRAB-A motif, and Kid-1,B encodes the

was as strong a repressor as the KRAB-A domain of Kid-
1, indicating that the repressor activity of KRAB-A is not
specific to Kid-1. The repressor activity of the KRAB-A
region occurred only when it was bound to DNA via the
GAL4 DNA binding domain. We found that a number of
substitutions in conserved amino acids in the KRAB-A
domain inhibited the repressor activity of this motif [15].
This work delining the repressor activity of the KRAB-A
domain was published simultaneously with studies from
the laboratory of Dr. F. Rauscher [16] in which very simi-
lar results were found. Rauscher’s group found that the
KRAB-A box of KOX L, another C;H; zine finger protein,

KRAR-B region only, When compared to the CAT activity observed
in cells transtected with the contrel antisense construct (Kid- 114 ,as),
all constructs including the KRAB-A region resulted in decreased
CAT activity and each of those not containing the KRAB-A region
lacked repressor activity, The graph in the lower right hand corner
provides quantitative CAT activities with activity obtained with the
anti-sense Kid-1M.as plasmid taken as 100%. The numbers above
the standard errar bars indicate the number of independent experi-
ments. Taken from reference 15 with permission.

was necessary and sufficient for transcriptional repres-
sion.

These data provide functional evidence for the impor-
tance of the KRAB-A domain, a highly conserved motif
found in many zinc finger proteins. With the widespread
conservation of the KRAB domain, it is possible that
transcriptional repressor activity is associated with many
members of this subfamily of C:H; zinc finger proteins.
The KRAB-A domain therefore represents the first
known widely distributed transcriptional repressor mo-
tif,
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Fig. 3. Possible mechanisms of repressicr of transcription. This
figure illustrates several possible mechanisms of repression of tran-
seription. In the first a repressor protein mayv bind an activator (A),
(hus reducing i1s availability and preventing the activator from bind-
ing to DMNA and enhancing transcription. The repressor protein may
or may not be hound to DAL As a second mechanism, there may be
direct interaction of the repressor protein with a basal lranseriplion
factor or an activator, altering its ability to activaie but nol prevent-
ing it from binding to the DAL In the thisd depicted mechanism, as
a result of repressor protein binding to IIMA, there is & change in
chromatid structure which prevents the activator from binding to the
DMNA. A fourth process by which a pralein can repress transcription
i5 due to a steric hindrance effect in which binding of the repressor
protein phyvsically prevents an activator from binding te DAL Final-
Iv a protein, such as Kid-1, may repress transeription by bringing a
repressor protein (R close to the promoter or enhancer region of a
Largel geng.

At present we do not understand how the KRAB-A
domain represses transcription. Some possible mecha-
nisms of transcriptional repression are delineated in fig-
ure 3. Our experiments indicate that the KRAB-A do-
main has to be bound (indirectly through a DNA-binding
domain) to DNA to be able to repress transeription, It

does not suffice to overexpress a KRAB-A-containing
protein like Kid-1 1o repress transcription, arguing against
a ‘squelching effect” by KRAR proteins. This lack of a
‘squelching effect” infers specificity, since there are poten-
tially large numbers of zinc finger proteins of the KRAR
family expressed ina given cell with the specificity confer-
red by the DNA-binding characteristics of the specific
zinc finger protein. We suggest the following two models
for repression by the KRAB-A domain, Binding of a
KRAB-A-containing protein may lead to a change in local
‘chromatin structure’ and thus impair binding of other
transcription factors to their binding sites, [0 15 also possi-
hle that the KRAB-A domain prevents ‘assembly’ of the
hasal transcription factors or ‘locks’ them in an inactive
state, and therefore inhibits transcription.

Similar to the Kid-I gene [11], the KRAB-A domain is
encoded by a single exon in the human ZNF2 [17] and
ZNF435 [18] genes. A corresponding arrangement can be
assumed for the human ZNF45 gene, where one alterna-
lively spliced mRNA specics has been identified which
lacks the KRAB-A region [19]. Hence, by alternative
splicing, cells may produce zine finger proteins with or
without the KRAB-A transcriptional repressor domain,

Conclusions

In conclusion, the expression pattern of Kid-7 suggests
that it may play a role in kidney-specific gene expression
and possibly in the mitogenic and differentiation re-
sponses. Much more needs to be known about the role of
this protein, including what fransacting factors regulate its
expression and what target genes it binds to and regulates.
However, the study of this gene has already led to the
identification of a region present in a large number of
CyH, zine finger proteins that confers transcriptional
repression. Relating physiological and pathophysiological
expression patterns 1o fundamental biology of transcrip-
ticnal regulation will likely ultimately lead to an under-
standing of gene expression in the kidney and the regula-
tion of kidney development and repair after injury, The
understanding of Kid-I"s expression patierns and regula-
tion, as well as DNA-binding characteristics, hopefully
will lead to important insight into the regulation of renal
development, mitogenesis and differentiation,
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