Mammalian Genome 9, 165-167 (1998).

Mammalian
enome

Incorporating Mouse Genome

© Springer-Verlag New York Inc. 1998

The human ZBP-89 homolog, located at Chromosome 3921, represses
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Rat ZBP-89 cDNA encodes an 89-kDa, zinc finger protein that ment from B469N19 was sequenced and used to develop an ST
binds a GC-rich element in the human gastrin promoter. Thig374F/794R) for PCR-based screening of the human CEPH YAC
element modulates both basal- and epidermal growth factobDNA matrix pools (Research Genetics, Huntsville, Ala.). The re-
(EGF)-induction of gastrin gene expression (Merchant et al. 1995)sulting YAC/BAC contig shows that the human ZBP-89 gene
Coexpression of ZBP-89 and gastrin reporter constructs blocksnaps to chromosome band 3921 (144-146 cM on the genetic maj
EGF induction and represses basal gastrin gene expression (Mand, more precisely, is within 100 kb B8S1551This agrees with
chant et al. 1996). Ra&BP-89similarly binds to and represses the our FISH data showing hybridization to 3q21 using BAC
activity of the ornithine decarboxylase (ODC) promoter, concomi-B469N19 as a probe (data not shown). This localization is also thi
tantly inhibiting cell proliferation (Remington et al. 199ZBP-89  same as reported for{Schuler et al. 1996), suggesting that two
shares 99% amino acid sequence identity with two closely relatedlternative forms of human ZBP-89-related protein are derivec
mouse homologs, G-rich box-binding protein (GRBBP; Passantindrom a single locus. To better assess this possibility, we analyze
et al. 1996) and BFCOL1 (Hasegawa and de Crombrugghe 1997)he coding sequences contained in the ZBP-89 BAC clones.
Mutations of the BFCOL1 binding site in the pe2(l) collagen The ZBP-89 DNA sequence derived from BAC B469N19 was
promoter inhibit BFCOL1 binding and result in increased pro- compared with those of related genes (Fig. 2). The human se
moter activity (Hasegawa and de Crombrugghe, 1997). Collecquence shares 97% amino acid sequence identity with correspon
tively, these data show that rodedBP-89related genes act as
transcriptional repressors by binding to specific GC-rich promoter
elements, and, at least in some cases, this activity exerts a reg UMPS D3S1269 D35155
latory effect on cell proliferation. U—r

The human cDNA, I, shares about 90% DNA sequence Fl I 7900851573
identity with the open reading frames of rod@BP-89homologs. | 806C12_(ND)
However, two single-nucleotide deletions irBltDNA, 3’ of the [
zinc finger domain, cause premature stop codons. As a resilt, ht I
encodes a 494 rather than a 794-amino acid protein (Merchant « C— 802C11 (1660)
al. 1996; Wang et al. 1993). The truncated, 49-kD@, jtotein | ' '944A'1(1100) 1
acts as a transcriptional activator, moderately activating T-cel
receptor promoters (Wang et al. 1993). The structural and func
tional comparisons of rode@BP-89homologs with h suggested
to us that the point deletions that distinguisig Imay have orig-
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hZBP89 D381765

786B12 (1750; 1370)

[ 951F5 (1580; 710) ]

. . . . A B460C18 (80)
inated as somatic mutations of wild type human ZBP-89 in the B502J22 (100)
Jurkat cells from which the BtcDNA was isolated. To test this B469N19 (120)

hypothesis, we isolated a full-lengthB9 kDa) human ZBP-89 — _ ' ' —
cDNA from a normal leukocyte library, compared genomic local- Fig. 1. Genomic clone contig encompassing human ZBP-89 is linked to
ization of the corresponding gene with that o hand determined markers at Chr 3g21. Hybridization probes for screening genomic librarie:
its effects on gastrin gene expression. We report that full-lengtH'¢"® derived from human cDNA clone hZBP-89-16 (GenBank Accession

number AF039019). This clone contains a 2.4-kb insert and was isolate
ZBP-89 maps to Chr 3g21 where theBhtDNA was mapped from a SuperScript (Life Technologies) leukocyte library by use of the

(Schuler et al. 1996). Furthermore, like its rat homolog, humangene Trapper method (Life Technologies) and primers HTB-1 (TCAA-
ZBP-89 functions as a repressor of gastrin gene expression.  GATCGAAGTATGCCTCAC), HTB-2 (GCTCTGAGGAAGATTC-
The human ZBP-89 cDNA clone hZBP-89-16 contains a 2.4-TGGGC), and HTB-3A (TGCCTTCTGAGTCCAGTAAAG). The CEPH

kb insert and was isolated from a SuperScript (Life Technologies)AC library was screened by PCR analysis of matrix DNA pools obtained
leukocyte library by positive selection (GeneTrapper, Life Tech-from Research Genetics, with intra-exonic primers BAC374F (CACC-
nologies) with oligonucleotides from fit The open reading frame CACCTAAGTTAGTTCTCAAAA) and BAC794R (ACATTCAGT-

of ZEP-89-16 encodes 2 To4-aming aoid proten, s tothe LT TOACTCTATY, Sben Sameres, S18, e e,
238-?5%1%2\7?382\2natnf?()lr%dt(f?etged'rlltlsrgf Izgg?s(;?ggn(ﬁ)oﬁﬂt YAC contig WC-947 (www-genome.wi.mit.edu). Additional STS content

. nalysis resulted in the revised YAC and BAC genomic clone contig
was used to screen a human BAC library (Genome Systems, S{hown here. Size estimates (kb) are indicated for YAC (open bars) an:

Louis, Mo.), and overlapping clones B469N19, B460C18, andpac (solid bars) clones. Map is not to scale, since extent of chimerism in
B502J22 were isolated (Fig. 1). A subcloned 1.2EdmRI frag- ~ YAC clones is not known. Accession numbers for the markersiPS
(GDB: 181231),D3S1269(GDB:188016),D3S1551(GDB:199164),
E— D3S1765(GDB:686679), anchZBP-89(GenBank U96633). The centro-
Correspondence tal.L. Merchant mere is to the left.
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HSAZBP:  QYFSRTDRVLKHKRMCHENHDKKLNRCAIKGGLLTSEEDSGFSTSPKDNSLPKKKRQKTE
HSAHTB:  ~=--==--===-=- e T--M----- e
RNOZBP:  —mmmmmmmmmmmm e oo e o o o o P-
GRBBP: = mmmmmmmm e e e e
BFCOLl:  ——=mm=====m——————ooom Nemmmmmmmmmmm o mmm oo P----Q--
HSAZBP:  KKSSGMDKESALDKSDLKKDKNDYLPLYSSSTKVKDEYMVAEYAVEMPHSSVGGSHLKDA
HSAHTB:  ----——==—=====———————————= A E--
RNOZBP:  —=-=-—=---- V- o m~Rem == m e mm o
GRBBP:  —————=—--- S e
BFCOLl:  —---—=--—- Vo o o o
A
HSAZBP:  SGEIHPPKLVLKKINSKRSLKQPLEQNQTISPLSTYEESKVSKYAFELVDKQALLDSEGN
HSAHTB:  —--—-=-—m——mmm—mmmmmmmmmm e Hommmmm R-FQSMLLN-WINRLYWTQKAM
RNOZBP:  —=======—=————————-o———— S-mmmmmmm- D-mmmmmmmmmmmmmmm oo S
GRBBP:  —--=mm—mm—mmmmm—mmmmmm S---m--- S=-D--==mmmmmmmmmmmmmmm S
BFCOLl:  —======—————mmm—mmmm oo S--=m--- S==D-=—==mmmmmmm—mmmmmmm S
A
HSAZBP:  ADIDQVDNLQEGPSKPVHSSTNYDDAMQFLKKKRYLQAASNNSREYALNVGTIASQPSVT
HSAHTB:  LTLIRLIICRRAQ*
RNOZBP: == —mmmmmmmmmmmm e o o o e
25 Fig. 2. Comparison of partial peptide sequences
BFCOLl:  —==== oo oo oo oo oo oo o oo T among mammalia@ZBP-89related genes.
Amino acid identity is indicated by a dash (-),
HSAZBP:  QAAVASVIDESTTASILESQALNVEIKSNHDKNVIPDEVLQTLLDHYSHKANGQHEISFS and the positions of the single nucleotide
RNOZBP:  --====-===- N-=-=-- Dommmmmmmmm o s m s m e e e deletions in the it sequence are indicated by
GRBBP:  —-—--——--=-mmmoos Do==mmmmmmm oo oo Pommmmmmm- A. The sources for the sequences are: human
BFCOLl:  --=-=-----======= D-eoooommmomsssos oo o m e Poommmm ZBP-89 (HSAZBP-89), this report, GenBank
U96633; human it (HUMTB), GenBank
HSAZBP:  VADTEVTSSISINSSEVPEVTPSENVGSSSQASSSDKANMLQEYSKFLQQALDRNSQONDA L04282: rat ZBP-89 (RNOZBP), GenBank
RNOZBP:  —-===---=-===-- Dom=mmmmm oo oo oo m e m To=-m- U30381; mouse G-rich box binding protein
GRBBP:  —--—====----eo- Do=m=mmmmmm oo oo s mmm o m e [ (GRBBP), EMBL X98096; mouse transcription
BFCOLLl:  —=---—-=-=====- D---ommmsmsmmomsmmmoomomoooooooomome e T--==- factor BFCOL1, GenBank U80078. The
homologies were identified by BLAST analysis
HSAZBP:  YLNSPSLNFVTDNQTLPNQPAFSSIDKQVYATMPINSFRSGMNS (Altschul et al. 1990). The human sequence was
RNOZBP:  —======w-----=-——- A A derived from a 1.2-ktEcaRI subclone of
GRBBP:  —=--=--=-ooooooooo L Ammommmmmoooo ZBP-89 BAC clone B469N19, with standard
BFCOLl:  ———m=———m———m——— e Pommmmmmmm - A-—mmmmmmmmo

automated cycle sequencing.

ing segments of rat ZBP-89 cDNA (Merchant et al. 1996) and the  Figure 3 shows the effect of human ZBP-89 co-expression or
two related mouse cDNAs. GRBBP (Passantino et al. 1996) antiuman gastrin reporter constructs transfected iDtosophila
BFCOL1 (Hasegawa and de Crombrugghe, 1997), confirming thaSchneider SL2 cells. Human ZBP-89 cDNA expresses full-lengtt
the BAC clones encompass the human ZBP-89 homolog. ThigBP-89 protein from the CMV promoter in pCMV-SPORTS3 (Life
404-amino acid segment spans one zinc finger and the C-termindlechnologies). Human ZBP-89 expression reduced basal gastr
domain of ZBP-89, indicating that these functional domains arepromoter activity by 50% when compared with a vector control.
included in a single exon. The sequence comparisons also showdde repression was slightly greater than that of rat ZBP-89, whict
striking homology £92% DNA sequence identity) between hu- resulted in 40% reduction in basal promoter activity. Thus, the
man ZBP-89 and a number of expressed sequence tags (EST#ll-length human ZBP-89 protein, like its rat homolog, represses
Homologous ESTs were derived from cDNAs prepared from thegastrin gene expression.
following tissues: human 12-week embryo (Accession number
AA329458), human 20-week fetal liver and spleen (T81259), hu-
man insulinoma (U09581), human olfactory epithelium (H70710), 120
human melanocyte (N26148), human tonsillar cells (AA286728),5 100
human adult skeletal muscle (AA192128), mouse 12 d.p.c. fetag
limb (X98096), mouse 14 d.p.c. embryo fibroblasts (U80078),§’3 80
mouse 4-week thymus (AA125037), newborn mouse kidneyz . *
(AA241357), and rat pancreatic islets (C06563). 3

The reading frameshifts that result in multiple upstream stop g 40
codons in h (Merchant et al. 1996; Wang et al. 1993) were not g ,,
present in the BAC clone sequence. We also failed to amplify the 3
htg stop codons from human genomic DNA using primers span-
ning the region (data not shown). This suggests that the singl coprecipitation method. Each trans
base-pair deletions and resulting stop codons [ ¢DNA are _ fection reaction contained 2g of
unique to that clone and possibly arose by somatic mutation?“ﬁz:iiig{‘ :togf"lugé (?)ndEgblr%sgifo?Soﬁ:t?tgtcs f@Z?éfeLgApgég-Bgsfkb
Southern blot analysis of genomic DNA showed that ZBP-89 : /- : : b <
cDNA probes detect a single locus (data not shown). Since we-na" ZBP-89 CDNA in pCMV-SPORTS; RNO-ZBP—2.4 kb rat ZBP-89

. : DNA in pBKCMV (Merchant et al. 1996); and Vector—insertless
previously reported that full-length rat ZBP-89 functioned as apBKCMV. CombinedB-galactosidase and luciferase reporter gene assay:

repressor of gastrin gene expression (Merchant et al. 1996), Wgere performed by the Tropix (Bedford, Mass.) Dual-Light assay. The datz
next analyzed the effect of the human ZBP-89 homolog on gastrifiepresent the averages of three independent experiments. *indicates stat
expression. tically significant @ P < 0.001 (student’s T test).

Fig. 3. Human ZBP-89 inhibits

gastrin gene expression in cultured
Schneider cells. Drosophila embryo
cell line SL2 (ATCC CRL-1963;

Schneider, 1972) was maintained in
Schneider’'s Drosophila medium
(GIBCO #11720) supplemented
with 10% heat-inactivated fetal calf
serum, and incubated at 22°-24°C.
Transient transfections were per-
formed by the calcium phosphate

erase Ac

_
Vector HSA-ZBP RNO-ZBP

Expression Vector
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Collectively, the data presented here show that a locus at hu- R, Bakker B, Klijn JG, Vasen HF, Meijers-Heijboer H, et al. (1995)
man Chr 3921 encodes an 89-kDa ZBP-89 homolog, which shares Rapid detection of BRCA1 mutations by the protein truncation test. Nat
97% amino acid sequence identity with the rat and mouse genes. Génet 10, 208-212 , _
Like rat ZBP-89, the human protein acts as a repressor of gastrit2nd S, Graham JM Jr., Olney AH, Biesecker LG (1997) GLI3 frameshift
gene expression. AlthoughiSchuler et al. 1996) and human mutations cause autosomal dominant Pallister-Hall syndrome. Nat Gene
ZBP-89 (reported here) both map to Chr 3921, no evidence of th 15, 266-268

hig f hift mutati Id be f d either in th . awamura M, Kikuchi A, Kobayashi S, Hanada R, Yamamoto K, Horibe
B frameshift mutations cou € Tound either In the genomic an K, Shikano T, Ueda K, Hayashi K, Sekiya T, et al. (1995) Mutations of

cDNA clones we isolated or in sequences amplified from total he p53 and ras genes in childhood t(1:19)-acute lymphoblastic leuke
genomic DNA. It is possible that thefhframeshifts resulted from mia. Blood 85, 2546—-2552

somatic mutations of ZBP-89 in the Jurkat, acute T-cell leukemiaishimoto Y, Murakami Y, Shiraishi M, Hayashi K, Sekiya T (1992)
cell line used to isolate BtcDNA. Similar types of point deletions Aberrations of the p53 tumor suppressor gene in human non-small ce
in the GLI3 gene, downstream of the zinc finger region, result in carcinomas of the lung. Cancer Res 52, 4799-4804

truncated GLI3 protein associated with Pallister-Hall syndromeKurosawa M (1994) Molecular study on minute alterations of the p53 and
(Kang et al. 1997). This hypothesis further suggests that the altered the N-ras genes in hematologic malignancies. Hokkaido J Med Sci 69
function of hf3 protein (transcriptional activator versus repressor) —554 L )

may be involved in the molecular etiology of T-cell leukemia. Merchant JL, Shiotani A, Mortensen ER, Shumaker D, Abraczinskas D

- . : . : _ (1995) Epidermal growth factor stimulation of the human gastrin pro-
Truncated proteins resulting from point deletions have been iden moter requires Sp1. J Biol Chem 270, 6314—6319

tified in several human malignancies, including leukemias (Fenal_J erchant JL, lyer GR, Taylor BR, Kitchen JR, Mortensen ER, Wang Z,
et al. 1991; Kurosawa 1994; Kawamura et al. 1995) and solid gjintoft RJ, Michel JR, Bassel-Duby R (199BBP-89,a Krippel-like
tumors (Kishimoto et al. 1992; Hogervorst et al. 1995; Slavc et al. zinc finger protein, inhibits epidermal growth factor induction of the
1995). Interestingly, the ZBP-89 locus maps just proximal to a gastrin promoter. Mol Cell Biol 16, 6644-6653

leukemia break point cluster region at Chr 3g21 (Pekarsky et alPassantino R, Antona V, Barbieri G, Feo S, Giallongo A (1996)mus-
1995). The possibility that mutations in human ZBP-89 may be culusmRNA for G-rich box-binding protein. GenBank Entry Accession
involved in oncogenesis is further supported by the fact that rat number X98096.

ZBP-89regulates cell proliferation (Remington et al. 1997), and Pekarsky Y, Zabarovsky E, Kashuba V, Drabkin H, Sandberg AA, Morgan
that ZBP-89 expression is altered in human solid tumors (Taniuchi R: Rynditch A, Gardiner K (1995) Cloning of breakpoints in 3g21 as-

. ~ _ sociated with hematologic malignancy. Cancer Genet Cytogenet 80, 1—
et al. 1_997)._Fu_rther an_aly5|s of human ZBP 89_ structure and funCRemington MC, Tafl&A, Simon B, Merchant JL (199Z)BP-89.a Krip-
tion will clarify its role in regulation of cell proliferation.

pel-type zinc finger protein, inhibits cell proliferation. Biochem Biophys
Res Commun 237, 230-234
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