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We have characterized the genomic structure of the
ouse Zfp148 gene encoding Beta-Enolase Repressor
actor-1 (BERF-1), a Kruppel-like zinc finger protein in-
olved in the transcriptional regulation of several genes,
hich is also termed ZBP-89, BFCOL1. The cloned
fp148 gene spans 110 kb of genomic DNA encompassing
he 5*-end region, 9 exons, 8 introns, and the 3*-
ntranslated region. The promoter region displays the
ypical features of a housekeeping gene: a high G1C
ontent and the absence of canonical TATA and CAAT
oxes consistent with the multiple transcription initia-
ion sites determined by primary extension analysis.
omputer-assisted search in the human genome data-
ase allowed us to determine that the same genomic
tructure with identical intron–exon organization is
onserved in the human homologue ZNF 148. Functional
nalysis of the 5*-flanking sequence of the mouse gene
ndicated that the region from nucleotide 2205 to 1144,
elative to the major transcription start site, contains
is-regulatory elements that promote basal expression.
uch sequences and the overall promoter architecture
re highly conserved in the human gene. Furthermore,
e show that the complex transcription pattern of the
fp148 gene might be due to a combination of alternative
plicing and differential polyadenylation sites utiliza-
ion. © 2001 Academic Press

Key Words: BERF-1; ZBP-89; gene structure; alterna-
ive splicing; promoter analysis; cis-elements; zinc-
nger 148.

Eukaryotic transcription factors containing Cys2-
is2-type (Kruppel-like) zinc fingers are involved in

arious processes of cell growth and differentiation and
any of these factors exhibit highly restricted patterns

1 To whom correspondence should be addressed. Fax: (139-091)
577-347. E-mail: feo@unipa.it.
209
1, 2). These proteins share a common structural orga-
ization with conserved zinc finger domains associated
o activation and/or repression domains which may
ignificantly differ in each factor. We have character-
zed a Kruppel-like zinc finger protein that binds in a
equence-specific manner to the G-rich box within the
uscle-specific enhancer of the ß enolase gene (ENO3)

3). This factor, termed Beta Enolase Repressor
actor-1 (BERF-1), functions as a repressor of the ß
nolase gene transcription (4). Independently other in-
estigators reported the isolation of a mouse cDNA
ncoding an N-terminal shorter form of BERF-1,
ermed BFCOL1, which participates in the transcrip-
ional control of the two mouse type I collagen genes
5). BFCOL1 has been found to interact with PTRF
Polymerase I and transcript-release factor) through
ts zinc-fingers and this interaction results in a more
fficient binding to the GC-rich box within the mouse
ype-I collagen proximal promoter (6). Several other
enes have been found to be regulated by the rat and
he human homologues of BERF-1/BFCOL1 protein.
he rat homologue, ZBP-89, has been identified as a
epressor of the basal and EGF-induced transcription
f the gastrin gene (7), and it also represses the bovine
drenodoxin gene (Adx) (8). The human homologue of
ERF-1/BFCOL1/ZBP-89 has been isolated and found

o act as a repressor of both the human ornithine
ecarboxylase (ODC) (9) and the vimentin gene expres-
ion (10) and as an activator of the stromelysin (matrix
etalloproteinase-3) gene (11). A human isoform,

ermed hTb, has been shown to activate transcription
f the human T-cell receptor (TCR) Vb8.1 gene coun-
eracting the silencing effect of the mouse TCR a gene
ilencer (12) and it has been suggested that this factor
ay play an important role in T cell differentiation

13). More recently ZBP-89 has also been found to play
0006-291X/01 $35.00
Copyright © 2001 by Academic Press
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a role in the transcriptional regulation of the p21waf1
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ene, binding to a proximal SP1 element of the mouse
romoter (14) and participating in the p300/Sp1 acti-
ation complex (15). Finally, ZBP-89 has been found to
e involved in the replication of Epsten-Barr virus
EBV) genome from the lytic origin (16).

Despite the fact that many target genes have been
dentified for BERF-1/BFCOL1 activity, as well as for
he human and rat homologous proteins, the genomic
tructures of the mouse gene, named Zfp148 (17), the
uman ZNF148 gene and the rat gene for ZBP-89
emain still unknown. We have previously mapped the
fp148 gene to mouse chromosome 16 and identified in
he mouse genome a pseudogene localized to chromo-
ome 8 (17). The human ZNF148 has been mapped to
uman chromosome 3q21 (17, 18), more precisely be-
ween STS markers D3S1551 and D3S1765 (19).

To have a better understanding of the function and
he expression of the gene encoding this transcription
actor, we have isolated genomic clones for the Zfp148
enes. The genomic structure of both the mouse func-
ional gene and the processed pseudogene was charac-
erized and the promoter region controlling Zfp148
ranscription was identified by functional analysis.
urthermore, we compared the structure of the mouse
ene and its promoter sequence to those of the human
NF148 gene we obtained by the alignment of several
nordered contigs available in the HTGS section of the
enBank, showing that both sequence and structural

eatures have been conserved through evolution. By
equence comparison of several cDNAs with the iso-
ated genomic clones, we propose that the different
ranscripts generated by the mouse Zfp148 gene result
y a combination of alternative splicing and utilization
f different polyadenylation signals. This mRNA diver-
ity is conserved in the human ZNF148 gene.

ATERIALS AND METHODS

Cloning and sequencing of cDNAs. A mouse 12 day post coitum
dpc) limb cDNA expression library in Lambda ZapII vector (Strat-
gene, La Jolla, CA) was screened with a 32P-labeled BERF-1 cDNA
A22 in Fig. 1, Accession No. X98096), as described previously (20).
pecific clones were identified by screening 1.5 3 106 plaques and
hree clones were completely sequenced on both strands using the
equenase Version 2.0 or the Thermo Sequenase kit (US Biochemi-
al, Cleveland, OH) according to the instructions of the manufac-
urer. The nucleotide sequences of the identified cDNAs have been
ubmitted to GenBank with the following Accession Nos. AF316548–
F316550.

Isolation of genomic clones and Southern blot analysis. Genomic
lones containing the Zfp148 and the Zfp148-ps1 genes were isolated
rom a mouse strain 129SvJ spleen cells genomic DNA library in
ambda Fix II vector (Stratagene, La Jolla, CA). Fourteen positive
lones were identified by screening 2 3 106 phages using the labeled
22 BERF-1 cDNA as a probe. All the clones were probed with
ifferent regions of the cDNA and on the basis of the hybridization
esults seven clones were selected to be analyzed further. Pools of the
PCI-21 mouse female (strain 129/SvEvTac) spleen genomic DNA

ibrary in pPAC4 vector (21) were obtained from the Yac Screening
210
ith exon-specific primers, as described previously (17). Additional
creening of the PAC library was performed by hybridization with a
00-bp EcoRI-BamHI fragment derived from A23 cDNA and contain-
ng the most 59-UTR region of the mRNA. DNA fragments containing
he exons were subcloned into the pBluescript vector (Stratagene, La
olla, CA) and the intron/exon junction sequences were determined
s described above. Intron lengths were determined by restriction
apping and Long-PCR analysis of the genomic lambda and PAC

lones and verified using mouse genomic DNA. The 59-flanking se-
uence of the Zfp148 gene was analyzed from a plasmid (p11-B1)
ontaining a 6-kb SpeI–SpeI fragment isolated from the PAC clone.
outhern blot analyses were carried out by restriction enzyme diges-
ions of mouse genomic DNA followed by agarose gel separation and
ybridization as described previously (22). The Zfp148 genomic se-
uences have been submitted to GenBank with Accession Nos.
F328790–AF328796.

Primer extention analysis. An oligonucleotide, 59-TAGCCAGT-
ATCTGGCGGGATGGGCTTAT-39, complementary to the 59-
ntranslated sequence (bases 183 to 212) of the A22 cDNA was
nd-labeled with T4 polynucleotide kinase and used as primer with
oly(A)1 RNA from limbs of 13 dpc mouse embryos. RNA isolation
nd primer extention analysis were performed as described previ-
usly (23). The extended products were resolved by electrophoresis
n a 6% polyacrilamide/7 M urea gel and detected by autoradiogra-
hy. Plasmid M13mp18 was sequenced with the 240 primer and the
equencing reactions loaded on the same gel were used as size
arkers.

Plasmid constructs, transfection, and CAT assay. For construc-
ion of the Zfp148-CAT expression vectors, fragments of the p11-B1
lasmid, containing the exon 1 and the 59-flanking region of the gene
see Fig. 2), were inserted into the polylinker of the promoterless
lasmid pBLCAT-3 (24). pCAT5B contains an EcoRI-BssHII genomic
ragment spanning from nt 21020 to nt 1144, relative to the major
ranscription initiation site, while pCAT5N contains a NarI-BssHII
enomic fragment spanning from nt 2205 to nt 1144 (see Fig. 6).
oth fragments were blunt-ended by using the Klenow fragment of
NA polymerase I and ligated into the filled BamHI site of the
BLCAT-3 vector, according to standard procedures (25).
HeLa, COS7, and C2C12 myogenic cells were cultured, transfected
ith plasmid vectors, and assayed for CAT and b-galactosidase ac-

ivities described as previously (4). b-galactosidase expression plas-
id pON1 (36), was used to monitor transfection efficiency. All

ransfections were performed on multiple sets of cultures with at
east two different DNA preparations for each plasmid.

Computer analysis of sequencing data. Several software tools
ere used to analyze the genomic and cDNA sequences. BLAST

http://www.ncbi.nlm.nih.gov/blast) was used to search databases
nd to align cDNA and genomic sequence to give a view of the actual
plice sites. Genomic sequences containing ZNF148 related se-
uences were detected in the HTGS division of GenBank. These were
ownloaded and sequence contigs were aligned and analyzed using
NASIS analysis software (Hitachi). Regulatory sequence in the
utative promoter regions were analyzed by applying PROMOTER
CAN, TESS, and TRANSFAC to make a comprehensive prediction
nd POLYAH was used for the prediction of potential polyadenyla-
ion sites (all above are from http://dot.imgen.bcm.tmc.edu:9331).

ESULTS AND DISCUSSION

solation and Sequence Analysis of BERF-1 cDNAs

Using a Southwestern screening approach we have
reviously isolated a full length c-DNA encoding
ERF-1 from an embryonic muscle expression library

4). Further screening of the same library, performed
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DNA, brought to the isolation of several clones subse-
uently analyzed by restriction mapping and hybrid-
zation assays. Three cDNA clones resulted to differ
ither in length or restriction map and were further
nalyzed by nucleotide sequencing. The obtained se-
uences were compared and aligned to the nucleotide
equence of A22 cDNA (Fig. 1A). Clone A23 contains an
dentical coding region but it has a longer 59-UTR and
3060-bp-long 39-UTR that is very rich in A1T nucle-

tides (more then 70%) and contains six putative poly-
denylation sites (pA1–pA6 in Fig. 1A). Clone A26
ontains a truncated open reading frame (ORF), it
acks most of the amino-terminal coding region but has

1311-bp-long 39-UTR suggesting that it has been
enerated by polyadenylation at the pA5 site. Clone
24 also has a truncated ORF, it differs in the length of

he 39-UTR which is consistent with the utilization of
he pA1 polyadenylation site and, interestingly, it
acks of an internal 749-bp coding sequence corre-
ponding to the carboxyl-terminal portion of BERF-1
Fig. 1A). As a result of this deletion the A24 cDNA
heoretically specifies a protein that lacks a 249-
minoacids segment as compared to BERF-1 but has
0-extra aminoacids at the carboxyl-terminus due to
n out-of-frame inclusion of a 58-nt sequence (data not
hown). These results indicated that the A24 cDNA
ight represent an alternative-spliced variant form of
RNA with the potential of producing a shorter
ERF-1 isoform and the heterogeneity that we and
thers have previously observed in the size of BERF-1
ranscripts (4, 5), might be due to both a combination of
lternative splicing and the usage of different polyad-
nylation sites. This hypothesis was supported by
LAST search of ESTs that identified several mouse
equences ending at the predicted sites and a human
lone (AI318282) whose sequence organization is indic-
tive of alternative splicing.

loning of the Mouse Zfp148 Gene

In order to investigate the structure of the Zfp148
ene and its potential to generate different mRNAs,
ecombinant lambda phages from a mouse strain
29SvJ genomic library were screened using the
ERF-1 cDNA as a probe. Several hybridizing clones
ere isolated and characterized by restriction mapping
nd Southern blot analysis with different portions of
he A22 cDNA. Two overlapping clones contained a
ingle BamHI fragment that hybridized to cDNA
robes derived from both 59 and 39 regions of the
RNA. Further sequence analysis indicated that these

lones contain a Zfp148 pseudogene we termed Zfp148-
s1 (17). A comparison of the obtained sequence (Ac-
ession No. AJ001165) with the nucleotide sequence of
he A22 cDNA confirmed that Zfp148-ps1 does not
ontain any intron and revealed the presence of mul-
211
hifts and termination codons suggesting that the
ene does not encode a functional BERF-1-like protein
Fig. 1C).

The other isolated clones (l128, l2.3, l3.1, l77, and
49 in Fig. 2) showed distinct BamHI hybridizing
ands with the different probes and did not give a
ositive signal with the most 59 cDNA fragment. Addi-
ional restriction map and hybridization analyses of
hese clones indicated that they did not completely
verlap each other suggesting the presence in the gene
f very large introns. Therefore, in order to isolate
ecombinant clones encompassing the 59 end of the
fp148 gene and to establish the genomic distances
mong the different exons, a mouse genomic PAC li-
rary (21) was screened with a 300-bp EcoRI-BamHI
ragment spanning the 59-end of the A23 cDNA. Sev-
ral positive clones were identified and by Southern
ybridization, long-PCR analysis and nucleotide se-
uencing, one clone (RPCI-21-359-P11 in Fig. 3) was
stablished to contain the entire gene. A partial restric-
ion map of the Zfp148 locus is shown in Fig. 2. South-
rn blot analysis was performed with probes derived
rom two regions of the A23 cDNA, corresponding re-
pectively to exons 4 and 5 (probe A in Fig. 1A) and to
he 59 portion of the 39-UTR (probe B in Fig. 1A and
ig. 2), and with a genomic fragment derived from in-
ron 7 (probe C in Fig. 2). Mouse genomic DNA cleaved
ith a variety of enzymes gave simple patterns, with
ll the detected bands accounting for the gene or the
seudogene, indicating that both Zfp148 and Zfp148-
s1 genes are present in a single copy and there are
ot other closely related genes in the mouse genome
Fig. 1B).

enomic Organization of the Mouse Zfp148 Gene

By matching the sequences of the isolated genomic
lones with the known cDNA sequences, the complete
tructure of the mouse Zfp148 gene was established
Fig. 2). The entire gene covers a region of about 110 kb
f genomic DNA and it is composed of 9 exons and 8
ntrons. The size of the exons ranges from 82 bp (exons

and 7) to 5275 bp (exon 9) and all the donor and
cceptor splice sites conform to the GT-AG rule (Table
). Exons 1, 2, 3, and part of exon 4 encode the 59-UTR
equence present in the A23 cDNA (Fig. 1A). The cod-
ng region starts at base 17 of exon 4, spans exon 5 to
and extends up to the first 1599 bp of exon 9. Exon 9

s the largest among the exons, and most of it corre-
ponds to the long 39-UTR region of the A23 cDNA. The
ize of the introns was estimated by comparing the size
f the intron–containing restriction fragments and by
ong-PCR of both the PAC clone and mouse genomic
NAs using exon-specific primers (data not shown).

ntron 7 is the largest, spanning about 24 kb, the
mallest is intron 8, which is 280 bp in length (Table 1).
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212
ests a correlation with the protein structure predicted
rom amino acid sequence and functional studies,
howing a domain-specific organization of almost all
he exons (Fig. 2). An N-terminal domain, containing a
ighly acidic region reported to be involved in the bind-

ng to p300 (15) is encoded by exon 4 (aa 1–111). A
ighly basic domain and most of the sequence respon-
ible for transcriptional repression (4) are encoded by
xon 5 (aa 112–153). Two of the four zinc-fingers are
ncoded by exon 6 (aa 134–194) and exon 7 (aa 195–
22), respectively. Both exons 6 and 7 are interrupted
n either side by introns in codon position 1 (see Table
), suggesting that Zfp148 may generate, by alterna-
ive splicing, related proteins with distinct DNA bind-
ng specificities like Drosophila tramtrack and CF2
enes (26, 27) and the human Evi-1 gene (28). The
hird zinc-finger and the cysteins of the fourth one are
ncoded by exon 8 (aa 223–262). Exon 9 encodes the
econd half of the fourth zinc-finger and the
-terminus of the protein (aa 263–794) which includes
basic domain (aa 313–335) and a PEST domain (aa

69–596), identified in a number of eukaryotic proteins
ith a short half-life (32). In the carboxyl-terminal
ortion of the protein (aa 444–794) has been also iden-
ified a strong transcriptional activation domain (4, 5),
hile the zinc-finger domain have been found to medi-
te interaction with PTRF (6).
We have previously shown that the Zfp148 gene is

biquitously expressed in mouse tissues and three ma-
or forms of mRNA corresponding to 7.6, 4.1, and 3.4 kb
re present at different levels in different tissues (4).
omputer-assisted nucleotide sequence analysis pre-
icted seven putative polyadenylation signals within
he long 39-untranslated region of the Zfp148 gene. Six
f these putative sites are present in the longest of the
loned cDNAs (Fig. 1A, sites pA1-pA6 in A23). The
ucleotide positions of pA1/pA2 and pA5/pA6 corre-
pond to the 39-end of the isolated A24 and A26 cDNA,
espectively, and are consistent with the size of the 3.4
nd 4.1 kb transcripts. The absence of canonical poly-
denylation sites at the 39-end of the A22 and A23
DNAs (Fig. 1A) and the presence of long stretches of
denine (14n and 15n, respectively) in the correspond-
ng genomic sequences, suggests that both cDNAs were
enerated by false oligo-dT priming at these A-rich
ites and the A23 cDNA may represent a truncated
orm of the 7.6-kb transcript. This long transcript is
robably generated by polyadenylation at one of the
wo sites (or both) present in the gene 240 and 790 bp
ownstream of the sequence corresponding to the 39-
nd of the A23 cDNA, as further supported by the
resence in the mouse ESTs database of five sequences
Accession Nos.: AW227275, AW986940, AA511015,
A047174, BE573816) with 100% similarity to this
egion (data not shown). All these data further support
hat transcription of the Zfp148 gene gives rise to at
FIG. 1. Organization of the Zfp148 gene products, Southern blot
nalysis, and structure of the isolated mouse pseudogene. (A) Partial
estriction maps of the isolated cDNAs. Black lines represent the UTR
egions and the coding regions are represented as open boxes. Positions
f the translation start site (ATG), the stop codon (TAA), the putative
olyadenylation sites (pA1–pA6) and relevant restriction sites are indi-
ated. B, BamHI; C, ClaI; E, EcoRI; Bs, BstXI. For comparison a
chematic representation of the BERF-1 protein is shown at the top.
he acidic (AD), basic (BD), zinc finger (ZF), and PEST domains are

abeled. (B) Southern blot analysis of mouse genomic DNA. Mouse
enomic DNA (10 mg) from the fibroblast cell line A31 was digested with
he indicated restriction enzymes and analyzed by Southern blot hy-
ridization as described under Materials and Methods. The position of
he probe with respect to the cDNA and genomic clone is indicated in
igs. 1A and 2. Open circles adjacent to some hybridizing bands indi-
ate the genomic fragments corresponding to the Zfp148 processed
seudogene (Zfp148-ps1). Molecular size (kb) markers from HindIII
igested lambda DNA are shown at left. (C) Organization of the Zfp148-
s1 processed pseudogene. Schematic representation and partial re-
triction map of the l21 clone. The 2.7 kb region containing the pro-
essed pseudogene is enlarged, positions of the inserted (CAAA)n

epeats and a 180-bp insertion, identified by sequence alignment with
he A22 cDNA, are shown. B, BamHI; R, EcoRV; S, SpeI.
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east three major forms of mRNA due to differential
sage of polyadenylation signals.

enomic Organization of the Human ZNF148 Gene

Like the mouse Zfp148 gene the human homologue
NF148 shows an ubiquitous expression pattern and
hree major transcripts corresponding to 8.6, 7.6, and 4.2
b have been detected by Northern blot analysis (7, 12).
his observation is not in accordance with the length of
he isolated cDNAs (Accession Nos. AF039019, L04282,
nd AJ236885), indicating that none of the identified
lones corresponds to a full-length cDNA and suggesting
hat the ZNF148 gene, like the mouse homologue, may
enerate a transcript with a long 39-UTR. Using the
ouse A23 cDNA sequence to search the human dbEST,
large number (.90) of ZNF148-positive ESTs were

dentified, however only one cDNA contig was detected
ndicating that all the ZNF148-related human ESTs are
ranscribed from the same gene. The compiled human
equence, derived from the alignment of the ESTs and
he cDNAs nucleotide sequences, extends for 5.900 bp
ith a 391-bp-long 59-UTR, a 2381-bp coding region and
128-bp 39-UTR and it shows 83% similarity with the
ouse A23 cDNA (data not shown). The human cDNA

equence was used to search the current release of the
TGS division of the GenBank. Four distinct unfinished

phase 1) ZNF148-related sequences were identified, two
equences (Accession Nos. AC026618 and AC067998)

FIG. 2. Genomic organization of the mouse Zfp148 gene. A schem
s shown at the top. Broken lines connect the starting and the endi
oding exons are shown as open rectangles, introns as thick lines, no
odon (ATG) and stop codon (TAA) are indicated. A partial restriction
l), the PAC clone containing the Zfp148 gene (RPCI), the PCR-amp
re shown below. B, BamHI; S, SpeI.
213
ere derived from BAC clones assigned to chromosome 3
clones RP11-775J23 and RP11-627D21, respectively),
ne sequence (AC19289) was derived from a BAC clone
ssigned to chromosome 4 (clone RP11-203I19) and one
equence (AC032043) was derived from a clone assigned
o chromosome 11 (PR11-775I17). The unordered contigs
f the four clones were aligned and a continuous sequence
panning more than 200 kb was obtained, indicating that
ll the analyzed clones derive from the same region of
uman chromosome 3 between the STS D3S2370 and
3S1551 and encompass the ZNF148 gene (Fig. 3). By

omparing the assembled BAC derived sequence with the
uman cDNA sequence, we identified all exon sequences
nd the 59- and 39-flanking sequences of the gene obtain-
ng a precise localization of each individual ZNF148 exon.
he ZNF148 gene spans a region of about 130 kb, it is
omposed of 9 exons and its genomic organization is quite
imilar to that of the homologous mouse gene. Like the
ouse gene the 59-UTR of ZNF148 is contained in three

xons with the translation initiation site located in exon
and the termination site in exon 9. Exon–intron bound-
ries of the human ZNF148 gene follow the typical
T-AG rule and map at the same nucleotide positions as

n the mouse Zfp148 homologue, therefore the size of each
xon is conserved between the mouse and human genes
Table 1). Sequence of the analogous exons is very similar
93–100% homology) and, as shown in Table 1, even the
equences around the exon–intron junctions are highly

c representation of the different domains of BERF-1/ZBP-89 protein
of each coding exon with the corresponding position in the protein.
ding exons as black rectangles. Positions of the translation initiation
ap, the relative position and extention of the isolated lambda clones
d fragments (PCR), and the recombinant subclones generated (p11)
ati
ng
nco

m
lifie
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onserved. Additional searches identified the positions of
ther STS loci relative to the exons of the gene, D3S2370
s located at about 2.5 kb from the 59-end of exon 1,
3S3351 and D3S3396 are both located in exon 9 within

he 39-UTR and D3S1551 is located about 50 kb down-
tream of the 39-end of exon 9 (Fig. 3), therefore the
NF148 gene, which localizes centromere–59339–
elomere, physically links D3S2370 to D3S1551. Recently
he Psoriasis Susceptibility 5 locus (PSORS5) has been
apped at marker D3S1551 (29), making ZNF148 a po-

itional candidate gene for this disease.

apping of the Transcription Initiation Sites and
Characterization of the 59-End Region
of the Mouse Zfp148 Gene

The transcription initiation site(s) of the mouse Zfp148
ene were defined by primer extention analysis per-
ormed with an end-labeled synthetic oligonucleotide
omplementary to bases 183 to 212 of the 59-UTR present
n the A22 cDNA, which corresponds to a region of exon 2.
n the presence of mouse limb poly(A)-rich RNA isolated
rom 13 dpc embryos, one major extended product of 228
p and several minor bands ranging from 122 to 354 bp
ere observed (Fig. 4A, lane 1). None of these bands was
etectable in the control lane containing unrelated RNA
Fig. 4A, lane 2), even after longer exposure (data not
hown). The exact positions of the major and minor start
ites with respect to the sequence of the Zfp148 59-end
egion are indicated in Fig. 5. The major start and at least

FIG. 3. Genomic organization and chromosomal localization o
hromosome 3 where the position of the ZNF148 gene relative to ST
s shown at the top. Coding exons are shown as open rectangles, intr
ranslation initiation codon (ATG) and stop codon (TAA) are indicate
lones with corresponding clone name and GenBank Accession No. (i
y filled circles (Sp6 end) or black arrowheads (T7 end). The position
rrows. B, BamHI; S, SpeI.
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hree of the closest sites are consistent with the transcrip-
ion start sites predicted from the isolated cDNAs (see
ig. 1A) and the mouse ESTs found in the database

AI158501, AA967471, and BE847435). Our attempts to
onfirm these data with oligonucleotides complementary
o sequences in exon 1 and by S1 protection analysis have
een unsuccessful, most likely because of the presence of
uite stable secondary structures in the 59-UTR of
he Zfp148 mRNA, due to the high G1C content (see
ig. 4B).
To characterize the 59-end region of the Zfp148 gene, a

.1 kb EcoRI-SpeI fragment, derived from the genomic
ubclones p11-B1 (Fig. 2), which contains the first un-
ranslated exon and 59- and 39-flanking regions was
equenced. The entire sequence was analyzed for GC
ontent, CpG and GpC dinucleotides density, and recog-
ition sites for methylation-sensitive restriction enzymes
Fig. 4B). The overall GC content of the 2133 bp fragment
s 59%, however the 480 bp immediately upstream of the

ajor transcription initiation site and in the 370 bp im-
ediately downstream of the exon 1 are particularly
1C-rich (63 and 79%, respectively). The ratio of

bserved/expected CpG is 0.75 for the entire 2133-bp
ragment and 0.76 for the 480 bp upstream of the major
ranscription initiation site, both of which are greater
han 0.6, defining a CpG island (30). A restriction map
nalysis for several methylation-sensitive enzymes is
hown in Fig. 5B, the region appeared loaded of these
ites indicating that the sequence surrounding the first

he human ZNF148 gene. A schematic representation of human
arkers and its orientation respect to the centromere and telomere

as thick lines, noncoding exons as black rectangles. Positions of the
partial restriction map, relative position and extention of the BAC

rackets) are shown below. Sequence ends of each clone are indicated
TS markers, localized by sequence analysis, is indicated by vertical
f t
S m

ons
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xon meets all the criteria to be designated as a CpG
sland (30). A sequence comparison with the correspond-
ng sequences of the human ZNF148 gene indicated the
xistence of a high degree of similarity in the first exon
93%), as well as in the region containing the putative
romoter (85%) and a large portion of the first intron
73–85%) (Fig. 4B). A 1200-bp sequence containing exon

and its 59-flanking region was also analyzed for the
xistence of potential binding sites for known transcrip-
ion factors. The sites with a consensus sequence of at
east six bases and with a match ratio higher than 0.9 are
hown in Fig. 5. The majority of the binding sites are in a

Exon–Intron Junctions of Mouse

Exon size Splice donor site

Exon 1
fp148 (53–302) ccagccccgcg gt aaa
NF148 (150) gcccgcccgcg gt aaa

Exon 2
fp148 (82) attttatagag gt aag
NF148 (82) attttatagag gt aag

Exon 3
fp148 (135) t tcagcctcag gt aac
NF148 (135) atttaatggag gt aat

Exon 4
fp148 (344) TCAATGTCCCTgt aag
NF148 (344) TTAATGTCCCTgt aag

AsnValPro
111

Exon 5
fp148 (125) CTCCTGCAAAAgt aag
NF148 (125) CTCCCGCAAAAgt aag

ProAlaLys
153

Exon 6
fp148 (123) CATTCATACAGgt attg
NF148 (123) CATTCATACAGgt attc

IleHisThrG
194

Exon 7
fp148 (82) GATCCATACCGgt gag
NF148 (82) GATTCATACTGgt gag

IleHisThrG
222

Exon 8
fp148 (118) ACTGCTTACAGgt aag
NF148 (118) ACTGTTTACAGgt aag

CysLeuGln
262

Exon 9
fp148 (5275) gctatattctgcaaataaaa
NF148 (4955) gctatattctgcaaataaaa

Note. The exons coding sequences are shown in uppercase letters a
ntrons sequences have been depicted in lowercase letters. The inva
ntrons is indicated in parenthesis in base pairs and kilobases, respe
9 mRNA processing signals are underlined.
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40-bp region (nt 2374 to nt 1166) that is highly con-
erved between mouse and human genes. Furthermore,
he position and the relative distance of eight specific
inding sites, Sp1, TCF-1, Oct1, NF-kB, MyoD, Ets-1,
yF-1, and BERF-1, are also conserved (Fig. 5), suggest-

ng the actual involvement of these transcription factors
n the transcriptional control of both genes.

dentification of the Zfp-148 Gene Promoter Region

To test whether the 59-flanking region of the mouse
fp-148 gene contained cis-acting elements capable to

148 and Human ZNF148 Genes

Intron size Splice acceptor site

Intron 1
t (17.5) cttttac aggatagaagag
c (32.6) cttttgt aggatagaggga

Intron 2
t (6.2) ctcctgt aggcattggatg
t (7.7) ctcctgt aggcattggatg

Intron 3
t (7.6) tctttct aggcagttatac

(9.6) gttttct aggcagttatac

Intron 4
t (18.8) tttaaac agATAAGTGTAA
t (25.0) tttaaac agATAAGCGTAA

IleSerVal
112

Intron 5
c (10.2) ttaaact agATCCTTACAA
a (8.85) ttgaact agATCCTTACAA

IleLeuThr
154

Intron 6
(1.12) tatttta agGCGAAAAAC
(1.31) tatttta agGTGAAAAAC

lyGluLys
196

Intron 7
t (23.8) atgtact agGTGAAAAAC

(43.4) atgtgct agGTGAAAAAC
lyGluLys

224

Intron 8
(0.28) tttcaac agTATTTTTCCA

g (0.27) attcaac agTATTTTTCCA
TyrPheSer
263

tgtgtttccttttttccacctaaactttggt
gtgtttccttttttcacttaaactttggtagg

exons untranslated sequences are shown in italic lowercase letters;
t 59-gt . . . ag-39 sequence are shown in boldface. Size of exons and
ely. Amino acids are numbered as reported previously (4). Putative
Zfp

cgc
gcg

tca
tca

ttta
tcag

tac
taa

aga
aca

aat
ttg

tgc
tgtt

tca
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agtg
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nd
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ctiv



r
p
c
t
u
t
a

well as in non muscle cells (Fig. 6B), indicating that a
b
u
f
a
r
t
l
m
s
m
t

g
t
p
c
i
a
t
s
s
e
b
Z

m
b
p
d
2
r
t
a
p
2
s
Z
t
s
e
s
t
d
t
E

Vol. 283, No. 1, 2001 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
egulate transcription of the gene acting as a functional
romoter, two chimeric ZNF148-CAT constructs, one in-
luding 59-upstream sequences from nt 21020 relative to
he major transcription start site, the other a 59-deletion
p to nt 2205, both ending at nt 1144 were used in
ransient transfection assays. Both CAT constructs were
ctive in proliferating and differentiated C2C12 cells as

FIG. 4. (A) Identification of the transcription start site of the
ouse Zfp148 gene. A 29-nucleotide oligomer, complementary to

ases 1183 to 1212 in exon 2, was labeled at its 59 end and used for
rimer extension in the presence of 5 mg of poly(A)-rich RNA from 13
pc-mouse embryos (lane 1) or 10 mg of yeast tRNA as a control (lane
). The lenghts of the extended fragments, indicated by arrows on the
ight side, were estimated by the sequence reactions generated using
he 240 primer and M13mp18 DNA (lanes A, C, G, and T). A big
rrow indicates the major extented product (labeled 11), minor
roducts are indicated by small arrows and numbered from 1107 to
126 relative to the major start (see also Fig. 6). (B) Analysis of the

equences surrounding the first untranslated exon of the mouse
fp148 gene. Distribution of the CpG and GpC dinucleotides, posi-
ions of the restriction sites for a series of rare CG-cutters and a
chematic representation of nucleotide sequence similarity in the 59
nd, first exon and first intron of the human and mouse genes, are
hown. Nucleotide positions are numbered relative to the major
ranscription start site (arrow). Regions of the mouse gene that show
ifferent percentages of similarity with the homologous regions of
he human gene are indicated (shaded boxes). B, BssHI; Bg, BglI; E,
agI; N, NarI, S, SacII; Sm, SmaI; P, PstI.
216
asal promoter is present within the 205-bp sequence
pstream of the major start site. In all cases deletion
rom nt 21020 to nt 205 resulted in a decrease of the CAT
ctivity indicating the presence of at least one positive
egulatory element in the deleted region. It is interesting
o note that the deleted construct, CAT5N, is significantly
ess active in myoblasts as compared to differentiated

yotubes or COS7 cells (40% residual activity vs 80%)
uggesting that myoblast-specific regulatory elements
ight be located between nt 21020 and nt 205. Addi-

ional experiments will be required to determine whether

FIG. 5. Nucleotide sequence of the 59 end of the mouse Zfp148
ene. The nucleotide sequence is numbered with the major transcrip-
ion start site designated as 11 (big arrow), nucleotides 59 to this
osition are negatively numbered, nucleotides downstream are indi-
ated with positive numbers, sequence of the first untranslated exon
s printed in boldface letters and nucleotides within the first intron
re shown in lower case letters. The minor multiple start sites of
ranscription demonstrated by primer extention are indicated by
mall horizontal arrowheads and numbered relatively to the major
ite. Putative regulatory elements are underlined and specified, el-
ments conserved in the human ZNF148 promoter sequence are in
old. Positions of restriction sites relevant for the preparation of
fp148-CAT constructs are also indicated.
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equences responsible for transcriptional regulation of
he Zfp-148 gene in different cell types are present in a
ore distal portion of the 59-flanking region or within the
rst intron. Although, the Zfp148 gene is ubiquitously
ranscribed it is differentially expressed in a cell type-
pecific manner during mouse skeletal muscle develop-
ent (4) and T cells differentiation (13), suggesting that,

esides of common regulatory mechanisms ubiquitously
sed, distinct mechanisms that control expression of the
ene relative to cell lineage and developmental stage
hould exist.

ONCLUSIONS

The present study has characterized the genomic
tructures of the mouse Zfp148 gene and the human

FIG. 6. Identification of transcriptional regulatory elements in
he 59-flanking region of the mouse Zfp148 gene. (A) Schematic
epresentation of the promoterless plasmid pBLCAT3 and Zfp48-
AT constructs used in transient transfection assays. The nucleotide
ositions relative to the major transcription start site (11) are indi-
ated, the first untranslated box is indicated (black box). (B) Activity
f the different Zfp148-CAT constructs in C2C12 myoblasts (Mb) and
yotubes (Mt), COS7 and HeLa cells. Relative CAT activities, cor-

ected for differences in transfection efficiencies, are expressed in
rbitrary units relative to the basal level produced by the control
lasmid pBLCAT-3 (assigned a value of 1, which correspond to 0.8 to
% conversion of (14C) chloramphenicol). The data are average 1/2
tandard deviations of three to five independent experiments.
217
cription factor known as BERF-1/ZBP89/BFCOL1/
Tb. The intron/exon organization and nucleotide se-
uence are highly conserved, both mouse and human
enes consisting of 9 exons, the coding ones are orga-
ized in a domain-specific manner, each encoding a
istinct functional domain. Comparison of the murine
9-flanking region with the corresponding human 59-
nd sequence revealed a significant degree of similar-
ty. In both genes sequences surrounding the first un-
ranslated exon are imbibed in a CpG island and
ontain several cis-acting elements whose position and
elative distance are also well conserved, indicating a
unctional role for these regions. Preliminary transfec-
ion studies indicate that sequences up to 1.0 kb up-
tream of the major transcription start site do not
ignificantly contribute to a cell type-specific transcrip-
ion of the mouse Zfp148 gene, therefore, cis-acting
lements located further upstream or in the introns or
ther transcriptional or posttranscriptional mecha-
isms might be involved in the regulation of expres-
ion. The data reported indicate that several mRNAs
ith different 39-UTR are generated by the usage of
istinct polyadenylation signals. Large blocks with
igh sequence similarity (.90%) are also present in
he 39-UTR of the mouse Zfp148 and the human
FP148 genes. These regions contain several ATTTA
otifs that have been found to be involved in control-

ing the stability of mRNA molecules coding for highly
nducible proteins such c-fos, c-myc, GM-CSF, and
IFN-b (31). The presence of these sequences in the
RNA of the mouse and human transcripts associated
ith the utilization of several alternative polyadenyl-
tion sites, support the hypothesis of the existence of
ell type-specific posttranscriptional regulatory mech-
nisms. We have also isolated a BERF-1 cDNA lacking
n internal 749-bp-long coding sequence corresponding
o the carboxyl-terminal portion of the protein. Se-
uence comparison with the isolated Zfp148 genomic
lones indicated that this variant form of mRNA might
e generated by a splice event occurring within exon 9.
n addition a human EST was found to correspond to a
essage theoretically resulting by alternative splicing

f the human primary transcript. This message has the
otential to encode a protein that, like in the mouse,
acks most of the carboxyl-terminal region. This pre-
iminary evidence suggests that alternatively spliced
ranscripts of the Zfp148 may produce protein isoforms
hat may have distinct functions.
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