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A Novel Zinc Finger Gene on Human Chromosome I qter That
Is Alternatively Spliced in Human Tissues and Cell Lines
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Summary

DNA-binding proteins that share the conserved C2-H2 zinc finger motif have been shown to have important
roles as transcriptional regulators of gene expression and have been implicated in several hereditary human
diseases. In order to define potential candidate genes for inherited disorders characterized by aberrant gene

expression, we utilized Kruppel-related sequences to isolate zinc finger-containing cDNAs. We isolated and
characterized two novel zinc finger-encoding cDNAs from a human hepatoblastoma cell line, which demon-
strate DNA sequence homology to a recently described human Kruppel-related gene HZF-3 and appear to
be derived from a single gene by alternate mRNA splicing. This gene, denoted "HZF-16," gives rise to at least
two gene products. One cDNA (i.e., HZF-16.2) has nine zinc finger domains, while alternative splicing of
the message gives rise to a smaller product (i.e., HZF-16.1) that has four domains. Despite the internal splicing
event, both the 5'- and 3'-untranslated sequences in both cDNAs are identical, as are the first three domains.
In the HZF-16.1 cDNA, the fourth zinc finger domain is a fusion product of domains four and nine of
HZF-16.2 and could potentially give rise to a new DNA-binding specificity. These alternatively spliced
transcripts are differentially regulated in human tissues and transformed cell lines and show a different distribu-
tion of expression between human cell lines and normal human tissue. This novel gene was mapped to
human chromosome 1q44 by chromosomal in situ suppression hybridization and thus represents a candidate
gene for trisomy lq syndrome and for several other disorders.

Introduction

One of the fundamental questions in developmental
biology today concerns the understanding of the com-
plex cascade of events that lead to the regulation of
gene expression. An essential step in this pathway is
the binding of regulatory proteins or transcription fac-
tors to specific DNA sequences. Many DNA-binding
proteins that play a role in regulating gene transcrip-
tion have been shown to share common structural mo-
tifs that are conserved even among highly divergent
species. Thus, these proteins can be classified into sev-
eral major classes based on the structure of the con-
served motifs.
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Proteins that share the helix-turn-helix motif repre-
sent one of the best-defined classes of DNA-binding
proteins. This class ofprotein was originally described
in prokaryotic repressors (Pabo and Sauer 1984) and
later in eukaryotic proteins as the homeobox domain
(Gehring 1987). A second class of sequence-specific
DNA-binding protein has the conserved zinc finger
motifthat was initially identified in TFIIIA, a Xenopus
laevis transcription factor required for initiation of
5S RNA gene transcription by RNA polymerase III
(Brown et al. 1985; Miller et al. 1985). Although sev-
eral different classes of zinc finger proteins have been
described, a major class of these proteins has the con-
served C2-H2 (cysteine-histidine) motif typified by TF-
IIIA. The basic structural unit of this class consists
of tandemly repeated units of 28 amino acids with
the consensus sequence (Y/F)XCX2C-X3FXsLX2fIX3-
HTGEKP (X is any amino acid), where the two pairs
of cysteine and histidine residues coordinate a zinc ion
(Hanas et al. 1983; Miller et al. 1985; Diakun et al.
1986).
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Kruppel is a member of the gap class of Drosophila
segmentation genes that codes for a protein with tan-
demly repeated zinc finger domains that comply with
the TFIIIA consensus sequence (Preiss et al. 1985; Ro-
senberg et al. 1986; Tautz et al. 1987). In addition,
each repeated finger unit is separated by a conserved
stretch of seven or eight amino acids (HTGEKPY[Y/
F]X), termed the "H/C link" (Schuh et al. 1986),
which extends from the last histidine of one finger
unit to the first histidine of the next finger unit. The
Kruppel gene protein plays an important role in Dro-
sophila development and segmentation, as mutations
in this gene lead to the Drosophila embryo lacking all
thoracic and five abdominal segments (Preiss et al.
1985). Furthermore, it has been demonstrated that the
Kruppel gene product acts as a transcriptional regula-
tor in cultured Drosophila cells and can functionally
interact with other zinc finger and homeobox gene
proteins (Zuo et al. 1991) in effecting precise patterns
of gene expression in the developing embryo (Ingham
et al. 1986; Ingham and Martinez-Aria 1986; Harding
and Levine 1988). On the basis of the hypothesis that
conserved structural motifs imply conserved function,
various studies have defined mammalian zinc finger
genes that potentially play an important role in devel-
opment and show structural homology to the Kruppel
consensus sequence (Chowdhury et al. 1987; Chavrier
et al. 1988; Bellefroid et al. 1989; Cuncliffe et al.
1990; Huebner et al. 1991). Recent findings have also
shown that zinc finger genes may be directly involved
in the etiology of human malignancies, such as the
t(11;14) (pl5;ql 1) in a T-cell acute lymphoblasticleu-
kemia (McGuire et al. 1989) and the 11pl3 deletion
in Wilms tumor (Call et al. 1990; Gessler et al. 1990).

In order to isolate and characterize novel genes con-
taining zinc finger domains that might play an im-
portant role in mammalian development, we have iso-
lated, characterized, and mapped new zinc finger
genes by virtue of sequence homology to other zinc
finger genes, in order to analyze their possible function
as transcription regulators. In the present study, we
isolated two zinc finger-encoding cDNAs from a
cDNA library constructed from a human hepatoblas-
toma cell line (HEP-G2) by using probes of the Krup-
pel-like zinc finger gene HZF-3 (Saleh et al., in press).
HZF-3 represents a human genomic clone mapping to
1 1q23 and encoding a zinc finger protein. This work
defines a novel zinc finger-encoding gene which gives
rise to multiple transcription products and is located
on human chromosome 1q44. An alternate splicing
event generates a smaller gene product, in which there

is a fusion between two of the zinc finger domains of
the larger cDNA, and potentially generates a protein
with an altered DNA-binding specificity. This gene
is expressed in multiple human tissues, and alternate
transcripts are observed in various transformed hu-
man cell lines.

Material and Methods

PCR Amplification of Zinc Finger-Encoding Domains

PCR primers were synthesized (PCR-Mate; Applied
Biosystems, Foster City, CA) corresponding to the ge-
nomic sequence of an open reading frame contained
in the human gene, HZF-3 (Saleh et al., in press),
which has tandemly repeated zinc finger motifs (sense
primer 1, 5'-GAT-TAC-TTC-ATA-TGG-TTT-CTC-
TCC-AGT-ATG-3'; antisense primer 2, 5'-AAC-TCT-
ATG-AAT-GTA-ATG-AAC-GTT-CTA-AAG-3').
The primers were used to amplify a 279-bp fragment
from 100 ng of human genomic DNA. The amplifica-
tion reaction was carried out in 30-pl reactions with
1 unit Thermus aquaticus polymerase with appro-
priate buffer (Stratagene, La Jolla, CA) and with 2.5
mM of each deoxynucleoside triphosphate. The reac-
tion was carried out for 35 cycles of 1 min at 94°C,
1 min at 65°C, and 1 min at 720C. Amplification of
the PCR product was verified by visualization on 2%
agarose gels. The PCR product was purified from the
gel and was labeled to a specific activity of 5 x 108
cpm/ gg by the random primer reaction (Feinberg and
Vogelstein 1983) using [a-32P]dCTP.

cDNA Library Screening
An adult human hepatoblastoma (i.e., HEP-G2)

cDNA library prepared in lambda ZAP II vector (Stra-
tagene, La Jolla, CA) was screened using the 279-bp
PCR fragment corresponding to HZF-3. Approxi-
mately 6 x 105plaques were screened, and hybridiza-
tion was performed in 1 mM EDTA, 0.5 M NaHPO4
pH 7.2, 7% SDS (Church and Gilbert 1984) for 16 h
at 650C. The filters were washed in 0.5 x SSC, 0.1%
SDS at 65°C. The positive plaques were purified by
replating and hybridization. The in vivo excision and
circularization of the cloned insert in the lambda vec-
tor to form a phagemid (Bluescript vector) retaining
the cloned insert was performed exactly as recom-
mended by the manufacturer.

DNA Sequencing Determination
cDNA clones were sequenced directly off the Blue-

script vector (phagemid; Stratagene, La Jolla, CA) by
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using the T3 and T7 sequencing primers (Stratagene,
La Jolla, CA). DNA sequencing was performed using
double-strandedDNA templates with the Sequenase ver-
sion 2.0 Sequenase enzyme (U.S. Biochemicals, Cleve-
land).

Southern Blot Analysis

Human genomic DNA was isolated from normal
peripheral blood cells and was digested with a panel of
restriction enzymes including EcoRI. Genomic DNA
from a variety of species (Old World monkey, chim-
panzee, chicken, rabbit, pig, frog, trout, and mouse
[Oncor, Gaithersburg, MD]) were also digested with
the same enzyme, and all the genomic DNAs were
electrophoresed on a 1% agarose gel. The DNA was
transferred to a GeneScreen membrane (DuPont, Wil-
mington, DE), and hybridization with the HZF-16
cDNA clones was performed in 1 mM EDTA, 0.5
M NaHPO4pH 7.2, 7% SDS at 650C (Church and
Gilbert 1984) for 16 h. The filters were washed in
three changes of 2 x SSC, 0.1% SDS at 500C and in
0.1 x SSC, 0.1% SDS at 650C, where required, for
higher stringency. DNA was radiolabeled by random
hexamer-primed synthesis using [a-32P]dCTP (Fein-
berg and Vogelstein 1983).

Northern Blot Analysis

Total RNA was isolated from 106_108 cells of each
cell line. The cell pellet was resuspended in solution D
(4M guanidinium thiocyanate, 25 mM sodium citrate
pH 7.0, 0.5% sarcosyl, 0.1 M 3-mercaptoethanol),
and then phenol and chloroform were added. The
sample was then mixed vigorously, placed on ice for
15 min, and centrifuged at 14,000 g for 5 min. The
aqueous phase was precipitated by the addition of iso-
propanol. The RNA was pelleted by centrifugation at
14,000 g, redissolved in solution D, then reprecipi-
tated by isopropanol, and dissolved in 0.5% SDS.
Routinely, 20 gg of total RNA was electrophoresed
on a 1% agarose, 3% formaldehyde RNA gel and was
transferred to GeneScreen membrane. The filters were
hybridized with the HZF-16 cDNA inserts, as for
Southern analysis described above, and were washed
in 0.1 x SSC, 0.1% SDS at 55°C. Northern blots
containing 2 jg of polyA+ mRNA of normal human
tissue were obtained from Clontech (Palo Alto, CA)
and hybridized as described above. A 1.6-kb y-actin
fragment was also used to probe the filters to visually
quantify the RNA concentration in each lane.

Human Cell Lines

The human tumor cell lines used for RNA analysis
were Al 6 (bladder carcinoma), CCRF-CEM (T-cell),
and SKNSH (neuroblastoma) and were obtained from
K. D. Pischel (Salk Institute), and the HEP-G2 cell
line (liver hepatoblastoma) was a gift from C. Biazak
(Scripps Institute). The human fibroblast line CRL-
1634 with a normal karyotype was obtained from Hu-
man Genetic Mutant Cell Repository (Camden, NJ).
Fibroblast cell division was arrested by maintaining
the cells in serum-free medium for 48 h. FCS (10%;
Tissue Culture Biologicals, Tulare, CA) was then
added to the cells to allow the commencement of cell
division.

Chromosomal In Situ Suppression Hybridization (CISSH)

Slide preparation and CISSH were performed ac-
cording to protocol described elsewhere (Selleri et al.
1991). Metaphase chromosomes were prepared by
mitotic blockage of actively growing normal human
fibroblast cells (CRL1634; American Type Culture
Collection) and were spread on microscope slides
(Verma and Babu 1989). The slides were simultane-
ously hybridized with human HZF-16.1 (1.6 kb) and
HZF-16.2 (2.0 kb) cDNAs labeled with biotin-11-
dUTP (Enzo, New York) and biotin-1 1-dCTP (Enzo,
New York) by using a random primer-extension reac-
tion (Selleri et al. 1991). Hybridization was visualized
by treating the slides with fluoresceinated avidin and
biotinylated goat anti-avidin (Vector Laboratories),
both at 5 gg/ml (Lichter et al. 1988, 1990). Images
were produced using a laser scanning confocal micro-
scope (BioRad MRC 600). Narrow band-pass filters
were used to obtain separate images for fluorescein
isothiocyante (550 nm) and propidium iodide (610
nm), which were then superimposed electronically.

Results

Isolation of Zinc Finger-Encoding cDNAs
from an HEP-G2 Library

It has been previously shown that the genomic se-
quence in the clone HZF-3 (Saleh et al., in press) con-
tains an open reading frame that codes for previously
undescribed zinc finger domains. The two tandemly
repeated zinc finger domains comply with the consen-
sus sequence of the Drosophila Kruppel gene and also
have the characteristically conserved H/C link se-
quence that is present between subsequent finger mo-
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tifs. Northern analysis has shown that HZF-3 is ex-

pressed as multiple transcripts in several adult human
tissues, heart, placenta, brain, lung, liver, skeletal
muscle, and kidney. PCR primers were synthesized
according to the unique sequence of the open reading
frame of HZF-3, so that the amplification product
would span the sequence coding for the two zinc finger
domains. These primers were used to amplify human
genomic DNA whereby the product could serve as a

probe specific for the HZF-3 zinc finger motif.
The 279-bp PCR-amplification product was used to

screen 6 x 105plaques of an adult human HEP-G2
cDNA library, under conditions of stringency that
would allow the detection of highly homologous zinc
finger-encoding sequences. Four cDNA clones were

plaque purified and subjected to restriction-enzyme
digestion for comparison of the inserts. This analysis
revealed that three ofthe four cDNAs had a 2-kb insert
and had an identical restriction pattern, indicating
that three copies of the same cDNA (i.e., HZF-1 6.2)
were isolated. The fourth cDNA had a 1.6-kb insert
(i.e., HZF-16.1), yet it contained many of the same

restriction sites as did the 2-kb cDNA. Therefore, se-

quence analysis was performed on both HZF-1 6.2 and
HZF-16.1 cDNA clones.

The HZF- 16.2 cDNA Contains Nine Zinc Finger Motifs

Sequence analysis ofthe 2,080-bp HZF-1 6.2 cDNA
insert revealed that there is an open reading frame
that extends for 888 nucleotides (fig. 1). There is an
in-frame methionine residue at nucleotide 511, indi-
cating a potential initiation site as well as an in-frame
termination codon at nucleotide position 1399. There
are also a number of stop codons upstream of this
methionine residue in this reading frame. On the basis
of the supposition that this methionine is the initiation
site, the open reading frame would then extend for 296
amino acids. The 3'-untranslated sequence consists of
683 nucleotides ending in a polyA tail (14 nucleotides)
and contains several AATAAA sites representing pos-

sible polyadenylation signals (fig. 1). The cDNA se-

quence is highly homologous but not identical to the
genomic zinc finger sequence of HZF-3, at the nucleo-
tide and amino acid levels.
The deduced amino acid translation of HZF-16.2

shows that there are nine tandemly repeated C2-H2
zinc finger motifs encoded in the open reading frame
that conform with the basic consensus sequence of
the Drosophila Kruppel finger motif (Rosenberg et al.

1986). The H/C link consensus sequence is also highly
conserved in this cDNA (Schuh et al. 1986), with the
exception of the amino acid sequence between finger
domains 1-2, 5-6, and 6-7 (fig. 1 and fig. 2, top). In
the H/C link sequence of the third finger domain, the
proline residue is replaced by arginine. In addition
to the conserved cysteine and histidine residues, the
strictly conserved hydrophobic phenylalanine and leu-
cine residues are present in all the finger domains of
HZF-16.2, except in domain 2, where leucine is sub-
stituted by phenylalanine (fig. 2, top). Of the nine zinc
finger domains encoded in HZF-1 6.2, the first domain
has the highest level of divergence from the Kruppel
consensus sequence (fig. 1 and fig. 2, top) in that there
are an additional eight amino acid residues between
the cysteine and histidine residues in the finger loop
region (fig. 1 and fig. 2, top). There are also five resi-
dues, instead of three, between the two histidine resi-
dues; phenylalanine is not conserved; and leucine is
located six residues, instead of three, prior to histidine
(fig. 1 and fig. 2, top). It is unclear whether these
variations in the motif would affect the conformation
of the zinc finger domain and/or the DNA-binding
capability of the domain. Thus, it is possible that the
first domain may not be functional in DNA recogni-
tion and contact in this zinc finger protein.

HZF- 16.2 cDNA Is Related to Other Zinc Finger Genes

The nucleotide and deduced amino acid sequences
of the HZF-16.2 cDNA were compared with se-
quences of other zinc finger genes in GenBank and
Pir+SwissProtein data bases (Altschul et al. 1990).
These comparisons revealed that the sequence of
HZF-16.2 cDNA is not identical to any previously
identified zinc finger genes. Comparison of the 5'-
untranslated sequence failed to identify any genes of
significant homology at either the nucleotide or the
amino acid levels. On the other hand, the 3'-
untranslated sequence revealed 60%-65% (over a re-
gion 120-160 nucleotides long) identity with the hu-
man hoxl3 and Zfp36 mRNAs and with the mouse
mfgl and mfg2 mRNAs. As would be expected, the
open reading frame containing the zinc finger domains
of HZF-16.2 showed high levels of homology with
other zinc finger genes. At the amino acid level, there
is 50%-60% identity in a region of 200 residues with
the human clone ZNF 8 and human finger-protein
clone 647 and with the mouse mkrl and mkr3 pro-
teins.
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1 TTTTTTTTTT.TTTTTAACAATCGGATCTTTCAGGAACTAATAGAGCGAGAAGTCACTCA 60
61 TTACCACAACAGTGCCACTTATGTGGAATCTGCTCCCATGACCCAAGCACCTCACACCAG 120

121 GTCATACCTCCAACATGAGGATCAAATTTCAGCATGAAATTTGAAGGGAGAAAATACCCA 180
181 AACTGTATTCAATACTAAGAAACTGCATATGAGAATATTACTGTATTGTTAATAGCTATA 240
241 GGGGAGGGAGCCATGTTGTAGACTAATCAATCCATTTATGTTCAATTTGTTTATGTTAGA 300
301 AAACCTGCACTTTCTCTGATATTGGTAGCAGTGTAAGTTCAGACTTAGTAATAAAAGAAA 360
361 ATAACTAATAAACCATTAATGATGGGGTTGTCATTTTTTGCAGAAGTCATATGATAGACA 420
421 TACTGTGTAAAATTAAATAAGTCAGTGTAGAAAAACCTCCAGATGCCAAATTTTAATCTG 480
481 AACAAAAAATTCCTGCTAGAGTAAAACCACATGAATGCATTGTGTGTGAAAAATTCTTCA 540

1 M N A L C V K N S S 10

541 TACGTTCATTCATCCCTTCATAGGCACATCATATCTCATTCTGGAAACAACCCATATGGG 600
11 Y V H S S L H R H I I S H S G N N P Y G 30

601 TGTGAGGAATGCGGAAAGAAGCCATGTACATGTAAACAATGTCAGAAAACTTCCCTTTCT 660
31 C E E C G K K P C T C K O C O K T S L. S 50

1
661 GTCACAAGGGTTCACAGAGACACAGTAATGCACACTGGAAATGGACATTATGGTTGTACA 720
51 V T R V H R D T V M H T G N G H Y G C I 70

2
721 ATATGTGAGAAAGTTTTTAATATTCCCAGTTCATTTCAGATACATCAGAGAAATCACACT 780
71 I C E K V F N I P S S F O I H O R M H T 90

781 GGAGAGAAACCCTATGAATGTATGGAATGTGGGAAAGCCTTAGGTTTTTCCCGTTCTCTT 840
91 G E K P Y E C M Z C G K A L G F S R S L 110

3
841 AATAGACATAAAAGGATTCACACTGGAGAAAAACGCTATGAATGTAAGCAATGTGGGAAA 900
111 N R H K R I H T G E K R Y E C K 0 C G K 130

V 4
901 GCCTTCAGTCGTTCCAGTCACCTTCGTGACCATGAAAGAACTCATACTGGAGAGAAACCC 960
131 A F S R S S H L R D H E R T H T G E K P 150

961 TATGAATGTAAGCACTGTGGGAAAGCCTTCCGTTACTCCAATTGCCTTCATTACCATGAA 1020
151 Y E C K H. C G K A F R Y S N C L H Y H E 170

5
1021 AGAACTCACACTGGAGAGAAACCTTATGTGTGCATGGAATGTGGCAAAGCTTTCAGTTGT 1080
171 R T H T G E K P Y V C M E C G K A F S C 190

6
1081 CTCAGTTCCTTGCAAGGACATATAAAGGCTCATGCTGGTGAAGAACCCTATCCATGTAAG 1140
191 L S S L 0 G H I K A H A G E E P Y P C K 210

7
1141 CAATGTGGGAAAGCCTTCAGATACGCCAGTTCCCTTCAGAAACACGAGAAAACTCATATT 1200
211 0 C G K A F R Y A S S L 0 K H E K T H I 230

1201 GCACAGAAACCCTATGTATGTAACAATTGTGGTAAAGGCTTCAGATGTTCCAGTTCCCTT 1260
231 A Q K P Y V C N N C G K G F R C S S S L 250

8
1261 CGTGACCATGAAAGGACTCATACTGGAGAGAAACCCTATGAATGTCAGAAATGTGGCAAA 1320
251 R D H E R T H T G E K P Y E C O K C G K 270

V 9
1321 GCCTTTAGTCGTGCTAGTACCCTTTGGAAGCATAAAAAAACTCATACTGGAGAAAAGCCC 1380
271 A F S R A S T L W K H K K T H T G K K P 290

1381 TATAAATGTAAAAAAATGTAAAGGCTTTAATCACTACAGTTTTTGTCAAAAACATGAACA 1440
291 Y K C K K M * 296

1441 GTCACATACTTGAGAGAAACTGTGAATGTAAGGTGTAGGAAAGTACTTAATTTTCCCAGA 1500
1501 TTTCCTCAAATACATGAAACGAATCAAACTGGAGATAAACCCTATGACTATAAGCAATAA 1560
1561 GGTAAAGCATTCAATTTTTCCATTTCTTTTTGAAAACTTGAAAGGACTCACTGAAGAAAA 1620
1621 TCCATATGAATGTTTAAAATGTGGTAAGGCCTGCAGTTGTTCCAGTGGTA-TTGATGGTA 1680
1681 TAACATAACTCATTCTAGAGAAAAACTTTATGAAGGTATCGAATGTGAGAATGCCTTCAT 1740
1741 TTATCCTATAACTCACTCAGAGACACATGGTAACACATACTCCAGATTGACCTTATAAAM 1800
1801 AAAAGAATGCCCACCAGATTGAAATCCTAGAAATACAGAAAATTCTGAATTTTAACAATT 1860
1861 ACTTTAAAGGTCATGTGAAAACTCCCACTGGAA3LIATTCCTGTAAATGT.AATATTATG 1920
1921 GAAAACCTTATGGAAAATAATTATAGTACAATTCTCAAGAAAATTCACTATGTGAATGAG 1980
1981 ATGTTTTAGGAGCTATAAATaI^TTGAATATATTGGTTGCTCATTTTTGAAGAGAGTCTC 2040
2041 TAGAATATAGATTTTCACTTCTTTTGAAAAAAAAAAAAAA 2080
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Figure 2 Comparison of the deduced amino acid translation of the tandemly repeated zinc finger domains encoded by HZF-16.2
(top) and HZF-16.1 (bottom) cDNAs with the Kruppel consensus sequence. The sequence is presented in one-letter code and aligned to

show the repeated units. Amino acids strictly conserved in the zinc finger motif are boxed. In the Kruppel consensus sequence, uppercase

letters denote strictly conserved residues, lowercase letters indicate residues conserved over 50%, and (x) denotes residues conserved less
than 50%. Underlined amino acids represent those present in domain 1 but absent in domains 2-9.

HZF- 16. I cDNA Represents an Alternatively
Spliced Product of a Single HZF- 16 Gene

The HZF-16.1 cDNA has an insert size of 1,633
nucleotides, as determined by sequence analysis (fig.
1). The nucleotide sequence of HZF-16.1 is identical
to that of HZF-16.2 for the first 921 nucleotides,
which therefore includes the S'-untranslated sequence,

the proposed initiation site, and the first three com-

plete zinc finger motifs. The sequence identity is inter-
rupted halfway into the fourth zinc finger domain of
HZF-1 6.2 at nucleotide 913. However, it appears that
the sequence of HZF-1 6.1 resumes in perfect identity
with HZF-16.2 at nucleotide 1333, which is halfway
into the ninth finger motif of HZF-16.2. The sequence

Figure I Nucleotide sequence analysis of the HZF-16.1 cDNAs. The amino acid translation in single-letter code is shown for the
open reading frame beginning at the first methionine residue indicating a potential initiation site. There is an in-frame termination codon
(denoted by an asterisk), and the sequence is shown to the polyA tail. The zinc finger motifs are underlined, and the respective complete
motifs are numbered 1-9. The possible polyadenylation signals (AATAAA) in the 3'-untranslated region are underlined. Inverted black
triangles denote where the sequence of HZF-16.1 is interrupted and resumes, in comparison with HZF-16.2.
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HZF-1 6.2

1 2 3 4 5 6 7 8 9

5'-UTR
3'-UTR

HZF-1 6.1 1 2 3 4/9

C'UTR 3'-UTR

Figure 3 Schematic representation of the zinc finger domains of both HZF-16.2 and HZF-16.1 (not drawn to scale). The domains
are numbered 1-9, and the domains of HZF-16.2 that are not present in HZF-16.1 are indicated by a triangle. All remaining sequences
of the two cDNAs are identical. The last domain of HZF-16.1 is shown as a combination of sequences corresponding to domains 4 and
9 of HZF-16.2.

identity continues through to the in-frame stop codon
and the entire 3'-untranslated sequence and polyA tail
(fig. 1). The deduced amino acid sequence of HZF-
16.1 shows that the open reading frame codes for four
complete zinc finger motifs that include the H/C link
sequences. The first three domains of HZF-16.1 are
identical to the first three domains ofHZF-1 6.2, while
the fourth domain is identical to the first half of the
fourth domain and to the last half of the ninth domain
of HZF-16.2 (fig. 2). Therefore, there appears to be
an internal splicing in HZF-16.1 of 420 nucleotides
from the sequence of HZF-16.2 (fig. 1), which does
not interrupt the reading frame, and the sequence re-
sumes in such a way that a complete zinc finger motif
is still encoded (fig. 1 and fig. 2, bottom). A schematic
representation of the zinc finger domains of the two
cDNA clones is shown in figure 3.

In order to determine whether HZF-1 6.1 and HZF-
16.2 cDNAs are transcribed from the same gene, the
insert of HZF-16.2 was used as a probe to hybridize
total human genomic DNA, under high-stringency
conditions. The human genomic DNA was digested
with a panel of enzymes including EcoRI, BamHI,
BglII, HindIII, and PstI. This probe was found to hy-
bridize to a single fragment ofhumanDNA rather than
to multiple fragments (fig. 4; only the EcoRI digest is
shown). Digests showing more than one band hy-
bridizing corresponded to the existence of internal re-
striction sites in the cDNA. Hybridization of total hu-

man DNA with the insert of the HZF-16.1 cDNA
resulted in the detection of the identical single frag-
ment (data not shown), indicating that the two cDNAs
are recognizing the same genomic sequence. This ex-
periment was also repeated with a PstIIEcoRI frag-
ment that only contains a 3'-untranslated sequence
that is identical in both cDNAs. Even under low-
stringency conditions (2 x SSC, 0.1% SDS at 500C),
only a single band was detected on human genomic
DNA, which was the same size as that detected using
the entire cDNA insert (data not shown). These find-
ings suggest that it is most likely that the two cDNAs
are transcribed from the same gene.

The HZF- 16 Gene Is Conserved across Species
In order to examine whether the sequences coding

for the HZF-16 gene are conserved between species,
the cDNA insert of HZF-16.2 cDNA was used as a
probe to hybridize zoo blots. Low-stringency condi-
tions of washing (2 x SSC, 0.1% SDS at 500C) re-
vealed multiple bands in human, Old World monkey,
chimpanzee, pig, rabbit, and mouse, and only single
bands in chicken and frog (fig. 4). Increasing the strin-
gency of washing (0.1 x SSC, 0.1% SDS at 550C)
reduced many ofthe multiple bands detected in human
and Old World monkey so that essentially one band
remained; the single band in frog was still detected,
whereas the bands in chimpanzee, pig, mouse, and
chicken were no longer detected (data not shown). A
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Figure 4 Southern analysis of genomic DNA from a variety
of species that was digested with EcoRI and hybridized with a 2-kb
insert of the human HZF-16.2 cDNA. Human genomic DNA (lane
1) was analyzed under high-stringency conditions (0.1 x SSC,
0.1% SDS at 650C). The remaining DNA was analyzed under less
stringent conditions (2 x SSC, 0.1% SDS at 500C). The genomic
DNAs analyzed are human (lane 2), Old World monkey (lane 3),
chimpanzee (lane 4), chicken (lane 5), rabbit (lane 6), pig (lane 7),
frog (lane 8), trout (lane 9), and mouse (lane 10).

kb
28s-*'
2.4-

18s--*
1.35-

1 2 3 4 5 6

further increase in stringency (0.1 x SSC, 0.1% SDS
at 650C) resulted in only a single band in human DNA
being detected (fig. 4). Identical results were obtained
when hybridization of the zoo blots was performed
with the insert of the HZF-1 6. 1 cDNA as a probe (data
not shown). These results suggest that the gene coding
for the human zinc finger gene HZF-1 6 is conserved
between distant species.

The HZF- 16 Gene Is Expressed as Alternate Gene Products
in Transformed Human Cell Lines and Various Normal
Human Tissues

In order to determine whether HZF-1 6.1 and HZF-
16.2 cDNAs are indeed coexpressed in the adult HEP-
G2 liver hepatoblastoma cell line (from which the
cDNA library was constructed), northern analysis was
performed on this cell line by using the 2-kb insert of
HZF-16.2 as the probe. Four apparent transcripts,
seen as bands on northern blots and appearing as two
sets of doublets (fig. 5, left) with transcript sizes of 2.5
kb, 2.2 kb, 1.5 kb, and 1.3 kb, were detected. An
additional band at approximately 3.8 kb, which coin-
cides with the 28s rRNA band, likely corresponds to
an additional, longer transcript. In these cell lines,
the distribution and abundance of this transcript is
difficult to determine in light of the coincidence with
the ribosomal RNA band. Northern analysis was also
performed on the human cell lines Al 6 (bladder carci-

kb 1 2 3 4 5 6 7 8

.4

y-actin

y-actin
Figure 5 Northern analysis of human cell lines and adult human tissues. Left, Total RNA analyzed from the human cell lines liver
hepatoblastoma (lane 1), A16 bladder carcinoma (lane 2), CEM (lane 3), SKNSH neuroblastoma (lane 4), and CRL 1634 fibroblast in
Go (lane 5) and G. (lane 6). Hybridization was performed with the 2-kb insert of the HZF-16.2 cDNA. There is cross hybridization of
the HZF-16.2 probe with 28s ribosomal RNA. Right, Normal human tissues analyzed. Each lane contains 2 jgg of polyA+ RNA from the
normal human tissues: heart (lane 1), brain (lane 2), placenta (lane 3), lung (lane 4), liver (lane 5), skeletal muscle (lane 6), kidney (lane
7), and pancreas (lane 8). RNA size markers (in kb) are shown. A y-actin fragment (detecting a 1.6-kb transcript) was also hybridized to
both membranes to demonstrate the RNA concentration of each tissue loaded on the gel. The y-actin probe recognizes two species of
cytoplasmic actin in normal human placenta.

199



Saleh et al.

noma), CEM (T-cell), and SKNSH (neuroblastoma),
and an identical set of four transcripts was also de-
tected (fig. 5, left). The normal human fibroblast line
CRL1634 was also analyzed at an actively dividing
(G1) and arrested (Go) cell stage, and, again, identical
transcripts were observed in both cases. In all cases,
the shorter transcripts are expressed in a higher rela-
tive abundance compared with the longer transcripts,
and, in fibroblasts, the longer transcripts are just
visible.

Northern analysis was also performed on normal
adult human tissues (heart, placenta, brain, lung,
liver, skeletal muscle, kidney, and pancreas) where
only a single 3.8-kb transcript was detected in all the
tissues examined, with the exception of pancreas (fig.
5, right). This transcript is longer than the transcripts
detected in the cell lines examined. In order to establish
that the hybridization signal is specific rather than due
to cross-hybridization of homologous sequences,
northern analysis was repeated with a PstI/EcoRI
fragment that only contains 3'-untranslated sequence.
This probe was previously shown to detect only a
single human genomic DNA fragment, under low-
stringency conditions (described above). Transcripts
detected by using this probe were identical to those
detected with the entire HZF-1 6.2 cDNA insert.
These results argue against the possibility that the
transcripts detected represent homologous rather than
identical sequences. However, despite high-stringency
hybridizations, it remains possible that transcripts of
high homology rather than of perfect identity are de-
tected.

The HZF- 16 Gene Is Located at Chromosome Band Iq44

CISSH of normal human fibroblast metaphases was
performed with the HZF-1 6.1 (1.6-kb) and HZF-1 6.2
cDNA (2.0-kb) inserts hybridized together to human
normal metaphases in order to determine the chromo-
somal localization of this gene. These experiments re-
vealed that HZF-1 6.2 maps to the telomeric tip of
human chromosome lq (fig. 6). Fluorescent signals
on both sister chromatids of chromosome 1 q were
observed in 30%-40% of metaphases examined. Flu-
orescent signals on a single chromatid or on both sister
chromatids of chromosome 1 were observed at qter in
over 40% of metaphases analyzed (fig. 6). Chromo-
some 1 was identified on the basis of morphological
criteria. The region of the centromeric chromatin that
is characteristic of the long arm of chromosome 1 was
evident by microscopic examination of the propidium
iodide-stained chromosomes (fig. 6), thus allowing

Figure 6 CISSH ofHZF-16.1 and HZF-16.2 cDNAs on nor-
mal human fibroblast metaphases. Images were produced using a
laser scanning confocal microscope (BioRadMRC 600), and black-
and-white images were generated by a Mavigraph video printer
(Sony). A, Image of the propidium iodide-stained chromosomes
before merging with the fluorescein isothiocyanate image. Morphol-
ogy and clear visualization of the centromeric chromatin (arrows)
allow identification of chromosome lq. B, Electronically recon-
structed picture of propidium iodide- and fluorescent isothiocya-
nate-superimposed images. Fluorescent signals (indicated by arrows)
are evident at the tip of chromosome lq.

the localization of the fluorescent signals to be as-
signed to 1 q. The HZF-1 6 gene could be further local-
ized to 1q44, as the fluorescent signals were observed
at the extreme tip of lq in all metaphases that had
hybridization signals. To confirm the localization,
PCR analysis was carried out using a set of monochro-
mosomal somatic cell hybrids (data not shown).

Discussion

DNA-binding proteins have been shown to play a
fundamental role in the complex molecular interac-
tions that lead to the precise regulation of gene expres-
sion. The structural motifs conserved through evolu-
tion in the different classes of DNA-binding proteins
have allowed the isolation of a growing number of
potential transcription factors from a variety of spe-
cies. We have taken advantage of the conserved zinc
finger motif of the C2-H2 class of DNA-binding pro-
teins to isolate new zinc finger genes that have poten-
tial significance in development, on the basis of the
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assumption that proteins that share the zinc finger-
structural motifs will also have important functional
roles as transcriptional regulators.
We screened a human liver hepatoblastoma (i.e.,

HEP-G2) cDNA library with a PCR product amplified
from a human genomic fragment (i.e., HZF-3) pre-
viously shown to encode Kruppel zinc finger motifs
(Saleh et al., in press). Two cDNAs were isolated (2
kb, HZF-16.2; and 1.6 kb, HZF-16.1), and their
DNA sequence was determined. The sequence of
HZF-16.2 revealed an open reading frame encoding
nine zinc finger motifs that comply with the C2-H2
Kruppel consensus sequence. The second cDNA,
HZF-1 6.1, was found to contain a sequence identical
to the 5'-untranslated region and the first three zinc
finger domains of HZF-16.2. The fourth domain of
HZF-16.1 corresponds to the first half of the fourth
domain and to the last half of the ninth domain of
HZF-16.2, and thus it suggests an alternate mRNA
splicing product resulting in a deletion of a portion of
HZF-16.1 and a potentially new DNA-binding speci-
ficity. The 3'-untranslated regions are also identical
between HZF-16.2 and HZF-16.1.

There are three possible explanations for the nature
of the sequences observed between the two cDNAs: (i)
the two cDNAs are transcribed from two different
genes; (ii) the shorter cDNA is a cloning artifact; and
(iii) the two cDNAs represent alternatively spliced
products transcribed from a single gene. The first pos-
sibility is highly unlikely because of the identical se-
quences of both the 5'- and 3'-untranslated regions,
as well as the observation that only a single human
genomic fragment, rather than multiple fragments, is
detected by the cDNAs. The second possibility, that
HZF-16.1 is an artifact produced during library con-
struction, is also excluded, as both the 2-kb and 1.6-kb
transcripts are detected in the human cell lines ana-
lyzed. Thus, the results favor the third possibility-
that the two cDNAs are alternatively spliced products
transcribed from a single gene. The detection of an-
other two transcripts in human cell lines, as shown by
northern analysis, indicates that there may be addi-
tional spliced products of the same gene, besides the
two cDNAs cloned. Furthermore, the single 3.8-kb
transcript detected in the normal human tissues ana-
lyzed is longer than those observed in human cell lines.
This finding suggests that HZF-16 may be a gene with
a complex splicing mechanism that gives rise to all five
different transcripts observed.

Alternative splicing of products transcribed from
the one gene have been reported elsewhere for zinc

finger genes, as with the human Zfx gene (Schneider-
Gadick et al. 1989). In this case, alternative splicing
and polyadenylation give rise to three cDNAs that
have structurally distinct 5'- and 3'-untranslated re-
gions, although two of the cDNAs have identical open
reading frames (Schneider-Gadick et al. 1989). Thus,
the HZF-16.1 and HZF-16.2 cDNAs described here
represent an unusual and complex pattern of alterna-
tive splicing, in terms of both the structure of the
cDNAs and the differential expression of the spliced
products between normal human tissues and human
cell lines. From the limited number of tissues and cell
lines analyzed, it appears that the spliced products are
expressed not only in transformed cell lines but also
in cultured fibroblast cells, although in a significantly
lower relative abundance. This may suggest that cul-
ture conditions may somehow induce alternative splic-
ing of the HZF-16 gene transcript, whereas only the
full-length transcript is transcribed in normal human
tissues. The differential expression of the transcripts
does not appear to be related to cell division, since
northern analysis ofRNA isolated from actively divid-
ing (G1) and arrested (Go) cells resulted in the detection
of the same transcripts, although at a significantly
lower relative abundance. A larger panel of both hu-
man cell lines and normal human tissues, including
tissues of different developmental stages, needs to be
examined to gain a more complete understanding of
the expression patterns of the spliced products. The
other transcripts observed in the cell lines and tissues
must now be isolated and analyzed, in order to deter-
mine the manner in which their splicing events occur.
In addition, the isolation of the genomic sequence and
determination of the organization of the HZF-16 gene
will be crucial in understanding the mechanism of al-
ternative splicing that occurs in this gene.
The HZF-16 gene was located within chromosomal

band 1q44 by high-resolution CISSH. Abnormalities
of chromosome lq have been associated with breast
cancer (Chen et al. 1989), gastric carcinoma (Sano et
al. 1991) and other gastrointestinal cancers (Fey et al.
1989), testicular and germ-cell carcinomas (Murty et
al. 1990), a severe dysmorphology syndrome (Masca-
rello et al. 1989), and idiopathic myelofibrosis (Donti
et al. 1990). In human leukemia B-cell clones grown
in nude mice, lq trisomy has been associated with
increased tumorigenicity, growth, and metastatic po-
tential (Ghose et al. 1990). Van der Woude syndrome,
an autosomal dominant syndrome characterized by
cleft lip, cleft palate, hypodontia, and abnormalities
in craniofacial development, has been linked to genetic
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markers at iq32-44 (Murray et al. 1990); and Usher
syndrome type II, characterized by congenital hearing
loss, retinitis pigmentosa, and other vestibular prob-
lems, has been located through linkage analysis to the
distal long arm of chromosome 1 (Kimberling et al.
1990). Additional analysis of this gene on chromo-
some 1 q will shed light on the functional relationship
of the HZF-16 gene and related genes to human devel-
opment and pathology.
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