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ABSTRACT

We report the isolation of human members of a sub-
family of structurally related finger protein genes.
These potentially encode polypeptides containing
finger motifs of the Kruppel type at the C-terminus, and
a conserved amino acid module at the N-terminus;
because of its invariant location the latter is referred
to as finger preceding box (FPB). The FPB, detected
also in previously described finger proteins from
human, mouse and Xenopus, extends over
approximately 65 amino acids and appears to be
composed of two contiguous modules: FPB-A (residues
1 - 42) and FPB-B (residues 43-65). The latter is
absent in some of the members analyzed. Elements A
and B and the zinc finger domain are encoded by
separate exons in the ZNF2 gene, a human member of
this sub-family. The positioning of introns within this
gene is remarkable. One intron flanks and a second
interrupts the first codon of the FPB-A and FPB-B
modules, respectively. A third intron occurs a few
nucleotides downstream of FPB-B marking its
separation from the remainder of the coding
sequences. This organization, together with the
absence of FPB-B in some cDNAs, supports the
hypothesis that mRNAs encoding polypeptides that
include one, both or none of the FPB-A and FPB-B
modules may be assembled through alternative splicing
pathways. Northern analyses showed that members of
this sub-family are expressed as multiple transcripts in
several cell lines. The sequences of distinct cDNAs
homologous to the ZNF2 gene indicate that alternative
splicing events adjoin either coding or non coding
exons to the FPB sequences.

INTRODUCTION
Zinc fingers, amino acid stretches featuring regularly spaced pairs
of cysteines and histidines or differently arranged cysteines
organized around zinc(II) ions (1-3), are considered major
structural motifs involved in protein-nucleic acid interaction
(4-7). Finger motifs of the C2H2 type, originally described as
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the potential functional units that mediate the binding of the
TFIIIA factor (8, 9) to the Xenopus 5S RNA gene promoter,
have been subsequently found in a variety of known or putative
DNA binding regulatory proteins. Transcription factors from
different species, such as yeast ADRI and human SpI (10, 11),
as well as proteins encoded by genes playing a pivotal role in
Drosophila development (12, 13) contain arrays of these motifs.
The evolutionary conservation of a linker stretch (the H/C link;
14), first identified in the Kruppel segmentation gene from
Drosophila (12), which connects adjacent zinc fingers has been
exploited to clone a number of finger-encoding genes from several
species by cross-hybridization (14-26). Additional members of
this large family were isolated because of their properties. Murine
Krox-20 (27) and Krox-24 (28), as well as their human
counterparts EGR1 (29) and EGR2 (30), are responsive to early
growth stimuli; GLI (31), Evi-1 (32) and XT33 (33) are
rearranged in tumor cells.
The sequences of several potential zinc finger polypeptides have

been reported to date. Additional common elements outside of
the finger repeats were found in cDNA clones from Xenopus.
In that instance comparative analysis of the potentially encoded
ORFs led to the identification of several discrete motifs shared
by the products of distinct finger genes (FAX boxes; 34).
Conserved modules in regulatory proteins specify properties
relevant to their action; the occurrence of similar motifs in distinct
genes may therefore represent the first indication of functionally
related protein subsets.
Here we report the characterization of human members of a

sub-family of zinc finger genes encoding polypeptides that feature
a highly conserved module located at their N-terminus.

MATERIALS AND METHODS
Nomenclature of zinc finger recombinant clones
Clones from our laboratory representative of human finger genes
which have been assigned a ZNF symbol from the Human Gene
Mapping Committee (35) are indicated accordingly; those which
do not fall in this category are named with a HZF (human zinc
finger) symbol. In either cases the numbers (X.Y) identify
different (Y) homologous (X) clones. The origin of clones is
indicated (c, cDNA; g, genomic).
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Library Screenings, Southern Blotting, DNA Sequencing and
Sequence Analysis
cZNF2.2 was isolated upon screening of a XgtlO cDNA library
from undifferentiated human teratocarcinoma NTera2-Dl cells
(36) using a DNA segment derived from clone cZNF2.1 (see
legend to Figure 1). The latter was isolated from a cDNA library
in X T7-T3 E-H (37), prepared from human liver poly(A)+
RNA as described by Huynh et al. (38), probed with a 500 bp
long Eco RI fragment from the murine clone mKrl (17) under
reduced stringency (hybridization in 6 x SSC, lOx Denhardt's
solution, 0.5% SDS at 58°C; washes in 2xSSC, 0.5% SDS at
50°C). A collection of zinc finger recombinants was obtained
upon isolation of cDNA clones from the XgtlO cDNA library
mentioned above or an equivalent one in Xgtl 1 (both were a kind
gift of J. Skowronski and M.F. Singer), using as probe a 700
bp Eco RI-Hind Ill fragment from the human finger gene ZNF41
(26) under the conditions described above. Clones cHZF3.1,
cZNF41.1 and cHZF7.1 were sorted out from this collection
using as a probe a DNA segment from clone cZNF2.2 (probe
B, Figure IA). The conditions used were: hybridization in
6xSSC, 10x Denhardt's solution, 0.5% SDS at 58°C; sequential
washes in 6 x SSC, 0.5% SDS from room temperature to 450C.
Recombinants including the ZNF2 gene (gZNF2 clones) were
isolated from a human genomic library in pcos2EMBL (39) using
a DNA segment from cZNF2.2 (probe A, Figure IA).

All probes were labelled to a specific activity of 2-5 x 108
cpm/mg by random-hexanucleotide-priming as previously
described (26). DNA preparations, gel electrophoresis and
Southern blotting were performed according to standard
procedures (40). DNA fragments of interest were subcloned into
Blue Script (Stratagene). DNA sequences were determined, by
the dideoxy chain-termination method, from double stranded
plasmids, phage and cosmid DNAs according to described
procedures (41), using the Sequenase kit from United States
Biochemical (Cleveland, Ohio).
NBRF protein sequence data base search was performed using

the program FASTA of the GCG sequence analysis package (42);
the sequence used as a probe corresponded to amino acids 15-79
of the cZNF2.2 ORF. Amino acid sequence similarities were
identified by pairwise comparisons using the ISSC (Interactive
Sensitive Sequence Comparison; 43) program. The COLLATE
package of secondary structure prediction methods (44-46) was
kindly provided by Chris Sander (EMBL, Heidelberg).

Cell Cultures, RNA isolation and Northern analysis
The human cell lines used are: NTera2-Dl (teratocarcinoma);
HepG2 (hepatoblastoma); HeLa (cervical carcinoma); MOLT-4
(T-cell lymphoma); HL-60 (acute promyelocytic leukemia);
Jurkat (B-cell lymphoma); HT-1080 (fibrosarcoma); A1251
(kidney carcinoma). HepG2, HeLa, HT-1080, A1251 and
NTera2-D1 cells were cultured in DMEM, 10% fetal calf serum;
MOLT-4, HL-60 and Jurkat cells were grown in RPMI 1640,
10% fetal calf serum.
Five /g of poly(A)+ RNA, prepared from total RNA (26)

were electrophoresed on 1% agarose-formaldehyde gels and
transferred to Nytran membranes. Filters were hybridized to
32P-labeled DNA fragments derived from clones cZNF2.2,
cZNF41.1, cHZF3.1, cHZF7.1 at 42°C in 50% formamide,
5 x SSC, 5 x Denhardt's, 0.5% SDS and washed in 0.1 x SSC,
0.2% SDS at 680C.

RESULTS

A second conserved protein module is present in several cDNA
clones potentially encoding finger polypeptides
In Figure lA part of the nucleotide sequence of a 3.923 bp long
cDNA clone (cZNF2.2), homologous to the human ZNF2 (Al.5)
finger gene (47), is reported. cZNF2.2 was isolated from a cDNA
library from undifferentiated human teratocarcinoma NTera2-D1
cells, using as probe a DNA segment from a previously isolated,
shorter cDNA clone (cZNF2. 1; see Materials and Methods and
below). Conceptual translation of the cZNF2.2 sequence
predicted a long ORF (428 residues) which includes 9 finger units
preceded by 170 amino acids. The finger motifs exhibit features
of Kruppel-like gene products, i.e. they conform to the general
pattern CX2CX3FX5LX2HX3H and are preceded by a conserved
sequence of seven amino acids, the H/C link (consensus
TGEKPYe; 14) The first in frame ATG within the cZNF2.2 ORF
is found at nucleotides 523-525.

Visual inspection of sequences revealed that regions similar
to amino acids 16-56 and 48-76 of the cZNF2.2 ORF were
present in the murine Zfpl (19) and human HPF9 (23) finger
proteins, respectively. This finding suggested that a subset of
these proteins may share amino acids similarities outside the
finger domain. A DNA fragment spanning the region that encodes
amino acids 16-76 of cZNF2.2 (probe B in Figure lA) was used
to probe the DNA of 65 cDNA clones previously isolated from
the same cDNA library on the basis of cross-hybridization to an
H/C link containing probe (see Materials and Methods). 15 clones
hybridized to probe B; of these, 10 were analyzed further and
9 shown by Southern analysis to contain different inserts (data
not shown). The nucleotide sequence of the inserts of three clones
(cZNF41.1, cHZF3. 1, cHZF7. 1) was determined. Conceptual
translation revealed that an approximately 65 amino acids long
stretch, which spans the region of similarity of cZNF2.2 to Zfpl
and HPF9 (shaded residues in Figure 1), was shared amongst
cZNF2.2, cZNF41.1 and cHZF7. 1; in cHZF3.1 the relatedness
to the others was restricted to the first 42 amino acids of this
block.
A sequence data base search (see Materials and Methods)

identified significant homologies also in several other previously
described Kruppel-like finger proteins. These included the human
ZNF7 (24), ZNF8 (24), Koxl (25) and ZFP36 (48) genes and
Xfin (15) isolated from Xenopus. Sequences that exhibit
similarities to the region mentioned above are reported in
Figure 2. The region shared by all sequences is within the N-
terminal portion of the potential polypeptides and is separated
from the finger domain by amino acid stretches of variable length.
In some of these, a few similarities were found (see legend to
Figure 2). The motif shared by all is referred to as finger
preceding box (FPB). Amino acids similarities within the FPB
encompass a stretch of 65 residues in five out of eleven sequences
(cZNF2.2 through to Koxl); homology is restricted to the first
42 residues in three (cHZF3. 1, Zfpl and ZFP36). On this basis,
the FPB region may be viewed as composed of two modules
which include residues 1-42 (FPB-A) and residues 43-65
(FPB-B). HPF9 and ZNF8 are truncated cDNA moieties (23,
24) which do not extend over the entire FPB-A region; in Xfin
the putative initiator methionine lies within FPB-A. Amino acid
identities between each member and the derived consensus
sequence range from 45% to 69% in both A and B modules.
The degree of similarity among sequences increases if it is taken
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into account that different amino acids with similar physico-
chemical characteristics (49) occur at several positions.

It has to be noticed that in the cZNF2.2 ORF the first in frame
ATG is in the FPB module (nucleotides 523 -525 in Figure lA).
Analysis of a distinct cDNA indicates that an alternative splicing
event places an additional coding exon carrying an in frame ATG
just upstream of the FPB-A module (see below and Discussion).

Expression of FPB-containing sequences in human cell lines
In Figure 3A are shown the results of Northern blot analyses
with poly(A)+ RNA from undifferentiated human
teratocarcinoma NTera2-D1 cells probed at high stringency with

A

DNA fragments including the FPB regions of clones cZNF2.2,
cZNF41. 1, cHZF7. 1 and cHZF3. 1. The probes detected either
a predominant (cHZF3. 1; lane 4) or multiple transcripts of similar
abundance (cZNF2.2, cZNF41.1, cHZF7.1; lanes 1-3). RNA
sizes ranged from approximately 7.000 (top band with cHZF7. 1;
lane 3) to 2.600 nucleotides (bottom band with cZNF2.2; lane
1). Transcripts of similar lengths were detected with the
cZNF2.2, cHZF3. 1 and cHZF7. 1 FPB-containing probes also
in poly(A)+ RNA preparations from several other cell lines
(Figure 3B), indicating that these genes are expressed in various
cells. Similar results were obtained with the cZNF41.1 FPB-
probe (not shown). This gene was previously shown to be
expressed in several cell lines (26).
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Figure 1. Nucleotide and deduced amino acid sequence of alternative cDNAs derived from the ZNF2 gene and intron-exon organization of the gene. A) Part of
the nucleotide sequence of the cZNF2.2 insert and the amino acid sequence of the hypothetical zinc fingers containing ORF are shown. Numbers on the left refer
to nucleotide positions (total length 3.923 bp). Asterisks denote in frame translation termination codons. The first in frame ATG codon is underlined. Brackets delimit
the 9 finger motifs. The position of the three introns (A, B and C) and the sequences present at the junctions with the four exons (a, b, c, d) in the corresponding
ZNF2 gene are reported. Shading highlights the amino acid stretch also found in other potential finger proteins (see text). A schematic representation of the cZNF2.2
cDNA insert is drawn at the bottom. The ORF is shown as a box. Finger repeats are delimited by bars and shaded. Restriction sites: B, BamiHI; E, EcoRI; X,
XbaI. The position of probes A, B and C used for library screenings and Northern analyses is also shown. Probe C corresponds to the DNA segment derived from
cZNF2. 1 utilized to isolate cZNF2.2 (see text and Figure lB). B) Part of the nucleotide sequence of cZNF2. 1 (bottom line; total length 824 bp) is aligned to that
of cZNF2.2 (top line). Hyphens denote nucleotide identity. Conceptual translations are reported above and below each sequence, respectively. The first in frame
ATG found in each is underlined. Numbers on the left refer to cZNF2.2 nucleotides as in Figure IA; dashes mark the missing exon a'. The position and sequence
termini of introns A, A', A" are reported. The triangle denotes the position of intron B. The cZNF2.2 insert extends up to nucleotide 1147 of cZNF2.2.
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Alternative splicing and intron-exon junctions of the ZNF2
gene

In Figure lB part of the nucleotide and predicted amino acid
sequences of the insert of cZNF2. 1 (824 bp), a cDNA clone
isolated from a human liver library (see Materials and Methods),
are aligned to those of cZNF2.2. Alignment starts at nucleotide
397 of the cZNF2.2 insert and ends at position 1147 within the
finger region. The two sequences are colinear except for 72 bp.
This results in distinct ORFs which differ in the absence
(cZNF2.2) or presence (cZNF2. 1) of 24 amino acids upstream

of FPB-A (Figure IB). The additional DNA segment in cZNF2. 1
not only extends the predicted ORF but also brings in an in frame
ATG codon (Figure iB). Two bands of hybridization
approximately 4.200 and 2.600 nucleotides in length are detected
by Northern analysis with probes including the homologous
regions of the two cDNAs (probe B, Figure 3; probe C, data

not shown). Because of its length, the cZNF2.2 insert (over 3.9
kbp) likely derives from the longer transcript. The cZNF2. 1
cDNA moiety (824 bp) may have originated from either RNA,
as a difference in length of 72 bp may not result in distinct
mobilities of RNAs in the range of 4.000 nucleotides.

Clones containing the ZNF2 gene were isolated from a cosmid
library of human genomic DNA (Materials and Methods). Two

overlapping cosmids (gZNF2. 1 and gZNF2.2) were shown by
Southern analysis to span the entire cZNF2.2 insert (data not
shown). Intron-exon junctions were determined by priming
sequencing reactions on the genomic DNA contained in gZNF2. 1
and gZNF2.2 with a battery of oligonucleotides complementary
to either the sense or anti-sense strand of cZNF2.2. The positions
of the introns (A, B, C) as well as the sequences of their termini
are reported in Figure 1A; their positions are also marked in
Figure 2. The cZNF2.2 cDNA moiety derives from the joining
of four exons (a through to d). Exon d contains the 3' untranslated
region (nucleotides 1672 -3923; not shown) as a large portion
of the potential ORF including all of the finger domain and the
preceding 75 amino acid residues (Figure 1A). Exon c encodes
the entire FPB-B module and the following 15 amino acids. The
junction of intron B with exon c breaks the codon for the glycine
residue which marks the proposed boundary between FPB-A and
FPB-B (Figures IA and 2). Exon b includes the FPB-A coding
sequences. Exon a extends to the first nucleotide of the DNA
insert.
The additional 72 bp found in cZNF2.1 may have been

introduced through alternative splicing. This segment is indeed
flanked in the ZNF2 gene by splice sites (Figure iB); the spliced
out portions of intron A are marked as A' and A", while the
72 bp long coding exon is referred to as a'.



Nucleic Acids Research, Vol. 19, No. 20 5665

2 3 4
B

2 3 4 5 6 7 8

28 5-
..- O w

.8~~~~. ::

I>~-~ DKQRRRGO
TSTSTITT

SQOQKKEA
VDDHDYDN

W RHLCLROL
28 s-

18 5-

28 5-

.;..i.. _ , r '̂:::

18 5-

B -ACT IN - _ _ _

MTMMMMMMMM RRKRQRRRRK
/ 1KWKRRRKRMR

5 ,LLLLLLTLLQ

DRNAI IEDIS

EDDENDSEEN

L .*
..

Figure 3. Expression of FPB containing finger genes in human cell lines. Five
itg of poly(A)+ RNA from human cell lines were processed as described under
Materials and Methods for Northern analysis. (A) Poly (A)+ from Ntera2-D1
cells hybridized to probes including the FPB-regions of: 1) cZNF2.2; 2) cZNF41. 1;
3) cHZF7. 1; 4) cHZF3. 1. (B) Poly (A)+ RNAs from: 1) NTera2-D1, 2) HeLa,
3) HepG2, 4) HT-1080, 5) A1251, 6) MOLT-4, 7) Jurkat, 8) HL-60. From top
to bottom the filter was sequentially hybridized to the same probes from cZNF2.2,
cHZF3. 1, cHZF7. 1 as in panel A. The filter was rehybridized to a ,B-actin probe.
The positions of migration of 28S and 18S rRNAs are indicated.

DISCUSSION
Finger proteins related to the Drosophila Kruppel gene product
are encoded by large multigene families in higher eukaryotes.
In humans, the number of family members was estimated to be
over three hundred (23). The results reported here help to define
a structurally related subset of genes which potentially encode
polypeptides that share, in addition to finger motifs, a highly
conserved amino acid module which encompasses approximately
65 residues. This region, referred to as FPB, invariably precedes
the finger repeats from which is separated by amino acid stretches
that vary in length and do not share extensive sequence

homologies (Figure 2). Additional short similar motifs found
within some of these linker sequences (Figure 2) may underlie
distinct degrees of relatedness among family members. FPBs
come in discrete different lengths as only the first 42 amino acids
are present in some instances (Figure 2). This size variation
indicates that the FPB is composed of two modules, FPB-A and
FPB-B (amino acids 1-42 and 43-65; Figure 2). This
distinction, based on sequence comparisons, finds a physical
correspondance in the separation of the FPB-A and FPB-B coding
sequences in two exons within the ZNF2 gene. A notable
scattering of intervening sequences occurs in fact within the region
spanning the FPB module in ZNF2. Three introns separate the
four exons found in a cDNA representative of this gene
(cZNF2.2; Figure IA). The A and B intervening sequences flank
and interrupt the first codons of the FPB-A and FPB-B modules,
respectively; intron C is placed a few nucleotides downstream
of the FPB-B sequences, marking their separation from the
remainder of the coding region (Figures 1-2). The position of
introns whithin the ZNF2 gene has interesting implications.
Paralogous members of multigene families have often identically
placed introns (50, 51), therefore, it may be expected that the
intron-exon boundaries found in the ZNF2 gene are conserved

B RQOOKOO/ DEDEDEDE

-KKKRRQCM

FFFSLST

KEEEEEEE <_

Figure 4. Helical wheel projection of three putative a-helices within FPB-A and
FPB-B modules. (A) Putative helices within FPB-A. At the top helical wheel
analysis of residues 10-20 (see numbering in Figure 2) at the bottom of residues
25-34. (B) A putative a-helix within FPB-B from 50 to 57. Circled amino acid
correspond to invariant residues. Shading highlights position of conserved
hydrophobic character. Amino acids which vary in distinct members are all reported
at corresponding wheel positions; left to right typing corresponds to top to bottom
presentation in Figure 2. In the two helices in A, only residues from sequences

spanning entirely these regions are reported.

in other FPB-family members. Coding exons often equate to
distinct protein domains (52, 53); the FPB A and B modules may
turn out to follow this pattern and serve distinctive functions.
Also, on the basis of the intron positions within the FPB area,

it can be hypothesized that alternative splicing pathways lead to
the assembly of mRNAs encoding polypeptides that contain one,

both or none of the FPB-A and FPB-B modules. The absence
of FPB-B in cHZF3. 1, Zfpl and ZFP36 (Figure 2) may therefore
be the result of splicing events which skipped the cognate exons.

The utilization of distinct splicing pathways would allow the
assembly of mRNAs encoding sets of polypeptides which differ
in their FPB content and likely in their properties. Transcripts
of different lengths are homologous to three of the FPB-containing
cDNAs described here (Figure 3), a result which indicates the
existence of alternative RNAs. Previously reported genes which
belong to this subset (Zfpl and ZNF7, ZNF8; Figure 2) also
give rise to multiple transcripts (19, 24). Moreover, the small
sizes of the FPB-A and FPB-B exons may not lead to a clear
resolution ofRNAs which contain both or miss either of the two.
The isolation of distinct ZNF2 homologous cDNAs indicates

that alternative splicing also contributes to adjoin FPB coding
sequences to variable exons. cZNF2. 1 and cZNF2.2 differ in
72 bp placed, within the former, immediately upstream of FPB-
A (Figure IB). While the first methionine of the cZNF2.2 ORF

A
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is within FPB-A, the additional 72 bp exon present in cZNF2. 1
brings in an ATG codon which precedes the FPB coding
sequences. Splicing events which skip or insert exon a' may
therefore lead to the synthesis of proteins differing in length and
FPB content due to alternative sites of initiation of translation.
Differential splicing leading to alternative isoforms of ZFX zinc
finger proteins, initiated at distinct ATGs, has been documented
(54). On the other hand, it cannot be excluded that codons
upstream of the first ATG are recognized as translation start sites
in cZNF2.2 homologous mRNAs. Several examples indicate in
fact that, though at reduced efficiency, initiation of translation
may occur at triplets other than ATG (55 and references therein).
Both FPB-A and FPB-B are enriched in negatively charged

amino acids (approximately 20% of the residues are aspartic or
glutamic acid) and in hydrophobic leucines and valines (> 20% ).
Invariant residues are found at thirteen positions within the FPBs
analyzed (Figure 2). Data base searches did not provide
indications of significant similarity to protein motifs of known
structure or function. It is of interest to mention that the results
of different secondary structure prediction methods on all aligned
sequences (Materials and Methods) consistently suggest that three
regions centered around positions 16 and 30 (FPB-A) and position
54 (FPB-B) have a high probability of a-helical folding. Helical
wheel projections (Figure 4) suggest that putative a-helices within
these regions would show an amphipathic character; in the two
FPB-A putative helices the invariant amino acids would all be
positioned on one face of the helix.

Proteins involved in the control of gene expression often include
conserved modules which confer specific functional properties.
Common structural motifs as finger repeats and homeoboxes
contribute to provide the products of two major gene families
with the ability to interact specifically with nucleic acids. The
presence of additional conserved modules as the paired box (56)
and the POU domain (57) defines structurally related subsets of
homeoproteins with distinctive properties (58). Although it is
difficult to speculate at this stage on the role of FPB modules,
their high level of conservation strongly suggests that they may
have functional and/or structural relevance. In the second
hypothesis the presence of putative amphipathic helical motifs
points at the possibility of inter or intra-molecular interactions.

Recently, the characterization of another set of human cDNA
clones encoding polypeptides which contain both zinc finger
repeats and a region similar to the FPB has been reported (59).
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