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ABSTRACT
The finger motif is a tandemly repeated DNA-binding domain recently

identified in the primary structure of several eukaryotic transcriptional
regulatory proteins. It was first described for Xenopus TFIIIA, a factor
required for transcription of 5S ribosomal genes and subsequently identified
in regulatory proteins from other eukaryotic organisms including yeast,
Drosophila and mammals. In this paper we report the isolation and
characterization of two human cDNA clones both encoding for multifingered
protein products. Transcriptional studies indicate that the two finger genes
are expressed in a variety of human tissues. Moreover, upon in vitro induced
terminal differentiation of human HL-60 and THP-1 myeloid cell lines the
expression of both genes is drastically reduced. These data provide support
for the existence of a human multigene family coding for regulatory finger
proteins which are likely involved in the processes of cell differentiation
and/or proliferation.

INTRODUCTION
Regulation of transcription in eukaryotes is mediated by the specific

interaction between cellular proteins and regulatory cis-acting DNA
sequences. The best characterized protein structure involved in DNA binding
is the helix-turn-helix motif found in a variety of prokaryotic regulatory
proteins (1), in the yeast mating type proteins (2) and in the homeo domain
of several eukaryotic proteins (3). A new DNA binding motif, the zinc-finger
motif, has been recently found in many eukaryotic transcription regulatory
proteins. This DNA binding structure has been initially identified in the
Xenopus RNA polymerase III transcription factor TFIIIA (4,5), and it has
been postulated that in the basic structural unit pairs of Cys and His
residues bind a Zn(II) ion and the resulting metalloprotein structures can
be easily visualized as a finger of amino acids anchored by a Zinc ion.
Similar motifs homologous to the fingers in TFIIIA have been subsequently
identified in other genes, including Drosophila genes (6,7,8), in yeast
regulatory proteins (9), in Xenopus (10) and in mammals (11,12,13,14). The
fingers in these proteins have a consensus sequence of
Cys-X2-Cys-X3-Phe-X -Leu-X2-His-X3-His, thus these motifs are referred to as

Cys/Hys fingers, in addition the tandemly repeated finger units are
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separated by a stretch of 7 to 8 amino acids (the H/C link). Isolation and
comparison of cDNAs encoding potential finger proteins indicate that in
contrast to the Cys/His group, there is another class of finger proteins,
(the Cys/Cys group), that contains a variable number of conserved cysteines
in appropriate positions for metal chelation (reviewed in 15,16).

Here we report on the isolation and characterization of two human cDNA
clones both encoding a multifinger protein containing the Cys/His motif.
Transcription studies show that the two human cDNA clones are expressed in a
number of cell lines of different embryological derivation, moreover both
sequences are expressed in the myeloid cell lines HL-60 and THP-1, and their
expression is reduced after terminal differentiation induced in vitro by TPA
or DMSO.

MATERIAL AND METHODS
Library screening and DNA sequencing
A Xgtll cDNA library was derived from human placenta (CAT# HL1008 Clontech
Laboratories Inc.). Recombinant phages( 1.000.000) were transferred32to
nitrocellulose filters in duplicate and screened using a set of [ P]
end-labelled oligonucleotide CACAC(G/T)GGGGAGAA(G/A)CCCTA probes
corresponding to a 20-nt consensus sequence derived from mkrl finger regions
(11). Hybridization to the probes was carried out at 650C for 16 hrs. in 5x
SSPE (0.9M NaCl, 50mM Na2HPO.4, pH7.4, 5mM EDTA), 5x Denhardt's solution,
0.1% SDS and 10Pg fml of denaured salmon spegm DNA. The specific activity
of the end-labelled oligonuleotides was - 10 c.p.m./ g . Filters were
washed at 37 °C in 4x SSPE, 0.2% SDS for 2 hrs., air-dried and
autoradiographed for 24 hrs. Positive plaques were re-screened with the
oligonucleotide set. DNAs from positive clones were digested with EcoRl and
subcloned in pGEM-3 plasmid for partial DNA sequencing and two clones
(cHF.10 and cHF.12) were found to contain finger regions. Appropriate
fragments of cHF.10 and cHF.12 were subcloned in pGEM-3 plasmid (Promega,
Biotech) for restriction enzyme mapping and DNA sequencing. DNA sequencing
was performed on both strands and all DNA sequences were independently
determined by two different methods using the GemSeq K/RT system as
recommended by Promega Biotech. Nucleotide and amino acid sequences were
analyzed using the MicroGenie Sequence Analysis Program software (17).
Cells
The following human cell lines were used: THP-1 (acute promonocytic
leukaemia); MOLT-4 (T-cell lymphoma); HL-60 (acute promyelocytic leukaemia);
NT2/D1 (teratocarcinoma); CRL1220 (normal fibroblasts); AV3 (Amnion); HTB1O
(neuroblastoma); HTB144 (chorion carcinoma); CLL220.1 (colon carcinoma);
HTB96 (osteogenic sarcoma); HTB19 (breast cancer); HeLa (cervical carci-
noma); H5 (EBV infected B lymphocytes). Cell lines were obtained from the
Ameri'can Type Cell Collection.
5x10 /ml HL-60 cells were induced to differentiate to granulocytes by the
addition of 1.25% DMSO to the culture medium (RPMI 1640 + 10% foetal calf
serum). Degree of differentiation was judged by the percentage of cells able
to reduce the dye nitro blue tetrazolium (NBT), which is a histochemical
marker of more6mature myeloid cells (18) (85% positive cells at day 5 of
culture). lxlO /ml THP-1 cells were induced to differentiate along the
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monocytic pathways by the addition of 5x10 M TPA to the culture medium
(RPMI 1640 + 10% foetal calf serum). The following features of macrophage
differentiation were analyzed: 1) capacity to adhere to plastic dishes (90%
adherent cells at day 3 of culture); 2) phagocytosis (45% phagocytic cells
at day 3 of culture); 3) appearance of a-naphtyl (non-specific) esterase
(19).
RNA isolation and Northern analysis.
Total RNA was extracted from the various cell lines by the guanidine
isothiocyanate method (20). Fifteen micrograms aliquots were electrophoresed
on 1% agarose-formaldheyde gels, transferred to nitrocellulose filters. The
blots were hybridized with the cHF.10 or cHF.12 cDNA clones under high
stringency conditions (50% formamide, 5x SSPE, lx Denhardt's, 0.1% SDS and
100 pg/ml salmon sperm DNA). The final washing was at 60°C in 0,2x SSC and
0.5% SDS. The DNA probes were labelled8by the multiprime labelling kit
(Amersham) to a specific activity of 5x10 c.p.m./ig . The filters were
autoradiographed at -70 C with an intensifying screen for 1 week.

RESULTS
Isolation of human cDNA clones containing Finger regions
The finger motif for DNA binding of TFIIIA is based on a tetrahedrically
co-ordinated zinc ion that allows the folding of tandemly repeated DNA
binding structures (4,5,15). The finger loops are connected by a short
stretch of amino acids (H/C-link) and it appears that the H/C-links rather
than the finger loops are the evolutionary most conserved portions of the
finger domain (21). We selected a consensus sequence from the H/C-link
regions of the mouse mkrl finger gene (11) and used the corresponding 20-mer
CACAC(G/T)GGGGAGAA(G/A)CCCTA oligonucleotides as probes for low stringency
screening of a human placenta cDNA library. In a group of six independently
isolated and partially sequenced cDNA clones, two clones cHF.10 and cHF.12
revealed the presence of a finger structure (data not shown). The complete
nucleotide and predicted amino acid sequences of cHF.10 and cHF.12 clones
are shown in Fig.l. Translation of the longest open reading frame in both
cHF.10 and cHF.12 cDNAs yields multifingered proteins containing 10 and 6
finger repeats, respectively (Fig.1). The two clones hybridize to unique
fragments on Southern blots of genomic DNAs digested with several
restriction endonucleases (data not shown) and identify different
transcripts on Northern blots of human RNAs (see below). These findings
suggest that the two cDNAs are derived from two different transcripts.

The cHF.10 clone is 1720 nucleotides long and it contains a long open
reading frame that begins at position 181 and extends to an in-frame TAA
termination codon at position 1687. Two in-frame ATG initiation codons are
found at positions 190 and 214. Only the ATG codon at position 214 is
surrounded by sequences which are in good agreement with the consensus
(CCG/ACCATGG) for eukaryotic initiation of translation (22), suggesting that
it represents the translation start site of the cHF.10 protein. The
termination codon is followed by a 3' untranslated region of 36 nucleotides,
which lacks a polyadenylation signal and poly(A) tail indicating that the
cHF.10 does not contains the entire HF.10 mRNA. The reading frame opened by
the ATG at position 214 would code for a polypeptide of 491 amino acids with
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a calculated relative molecular mass of 55,045 (Mr 55K). This protein
appears to be divided into two major domains: the amino terminal region up
to amino acid position 215 which is rich in Glu and Lys (24 %) and folds
into a globular domain including a putative glycosylation site (23); and the
carboxy terminal region that consists of a cluster of 10 repeated finger
domains.

The nucleotide sequence of clone cHF.12 is shown in Fig.1B. The longest
open reading frame begins at the third nucleotide of the sequence and
terminates at position 587 with a TGA termination codon. A 1274 bp long 3'
untranslated region contains a non-canonical polyadenylation signal (ATTAAA)
located 20bp upstream from the poly(A) tail. Similarly to the cHF.10 clone,

51
A GAATTCGGGCCAGCCTCCTGCTGCAGAGCCAGTGAACTCAGGTCGGGCTTC

170
TCAGCTGCGCACATAGGCAGTACTCATCTTGGCCCTGGGAAGAAACTCAAGAAGAAGCTTTTGAAACATAAAGCTTGGATGGGGTTGACCTCTGCAGGGCAGCGCAGCTATAGGAGTT

270
CCCCTGCTGAGCAGAGAAGATGACTGCAGAATTGAGAGAAGCC ATG GCC CTA GCC CCA TGG GGC CCA GTG MG GTG AM MG GAG GAG GM GM GM GM

Met Ala Leu Ala Pro Trp Gly Pro Val Lys Val Lys Lys Glu Glu Glu Glu Glu Glu
360

MC TTC CCA GGT CAG GCA TCC AGC CM CM GTG CAC TCC GAG MC ATC AM GTC TGG GCC CCA GTG CAG GGT CTT CAG ACA GGC CTT GAT

20 Asn Phe Pro Gly Gln Ala Ser Ser Gln Gln Val His Ser Glu Asn Ile Lys Val Trp Ala Pro Val Gln Gly Leu Gin Thr Gly Leu Asp
450

GGA TCA GM GAG GM GM MG GGT CAG MC ATA TCC TGG GAT ATG GCG GTA GTC CTG MA GCA ACT CAG GAG GCA CCT GCT GCT TCA ACC

50 Gly Ser Glu Glu Glu Glu Lys Gly Gln Asn Ile Ser Trp Asp Met Ala Val Val Leu Lys Ala Thr Gln Glu Ala Pro Ala Ala Ser Thr
540

CTT GGC AGC TAC TCA TTA CCA GGG ACT CTG GCC MG AGT GAG ATA CTG GAG ACT CAT GGG ACC ATG MC TTT CTA GGT GCT GM ACC MG
80 Leou Gly Ser Tyr Ser Leu Pro Gly Thr Leu Ala Lys Ser Glu Ile Leu Glu Thr His Gly Thr Met Asn Phe Leu Gly Ala Glu Thr Lys

630
MC CTA CAG TTA CTG GTT CCA AM ACT GAG ATA TGT GAG GM GCT GM AM CCC CTC ATC ATA TCA GM AGA ATC CAG AM GCT GAT CCT

110 Asn Leou Gln Leu Leu Val Pro Lys Thr Glu Ile Cys Glu Glu Ala Glu Lys Pro Leu Ile Ile Ser Glu Arg Ile Gin Lys Ala Asp Pro
720

CM GGA CCT GAG TTA GGA GM GCT TGT GM MG GGA MC ATG TTA MG AGG CAG AGA ATA MG AGA GM MG AM GAT TTC AGA CM GTG
140 Gln Gly Pro Glu Leu Gly Glu Ala Cys Glu Lys Gly Asn Met Leu Lys Arg Gln Arg Ile Lys Arg Glu Lys Lys Asp Phe Arg Gln Val

810
ATA GTG MT GAC TGT CAC TTA CCT GM AGC TTC AM GM GAG GM MC CAG AM TGT MG AM TCT GGA GGA MA TAT AGC CTT MT TCT

170 Ile Val Asn Asp Cys His Leu Pro Glu Ser Phe Lys Glu Glu Glu Asn Gln Lys Cys Lys Lys Ser Gly Gly Lys Tyr Ser Leu Asn Ser
900

GGC GCT GTT MA MT CCA MA ACC CAG CTT GGA CM MG CCT TTT ACG TGT AGC GTG TGT GGG MA GGA mTT AGT CAG AGT GCA MC CTC
200 Gly Ala Val Lys Asn Pro Lys Thr Gln Leou Gly Gln Lys Pro Phe Thr Cvs Ser Val Cys Glv Lys Glv Phe Sbr Gln Ser Ala Asn Leu

(1) 990
GTT GTG CAT CAG CGA ATC CAC ACT GGA GAG MA CCC rTT GM TGT CAT GAG TGT GGG MG GCC TTC ATT CAG AGT GCA MC CTC GTT GTG

230 Val Val His Gln Ara Ile His Thr Gly Glu Lys Pro Phe Glu Cys His Glu Cvs Glv Lys Ala Phe Ile Gln Sbr Ala Asn Lou Val Vol
(2) 1080

CAT CAG AGA ATC CAC ACT GGA CAG MA CCT TAT GTT TGC TCA AM TGT GGG AM GCC TTC ACT CAG AGT TCA MT CTG ACT GTA CAT CM
260 His Gln Are Ile His Thr Gly Gln Lys Pro Tyr Val Cvs Ser Lvs Cvs Gly Lvs Ala Phe Thr Gin Ser Ser Asn Leou Thr Val His Gln

(3) 1170
MA ATC CAC TCC TTA GM MA ACT TTT MG TGC MT GM TGT GAG MA GCC TTT AGT TAC AGC TCA CM CTT GCT CGG CAC CAG MA GTC

290 Lys Ile His Ser Leu Glu Lys Thr Phe Lys CYs Asn Glu Cvs Glu Lys Ala Phe Ssr Tyr Ser Ser Gln Lou Ala Art His Gln Ly. Va1
(4) 1260

CAC ATT ACG GAA MA TGC TAT GM TGT MAT GM TOT GGG MA ACA TTT ACT AGG AGC TCA MC CTC ATT GTC CAC CAG AGG ATC CAC ACT
320 His Ile Thr Glu Lys Cys Tyr Glu Cvs Asn Glu Cys Gly LYs Thr Phe Thr Ara Ser Ssr Asn Leou Ile Vl His Gln Are Ile His Thr

(5) 1350
G00 GAG MG CCC TTT GCC TGT MC GAC TGT GGC MA GCC ITT ACC CAG AGT GCA MT CTT ATT GTA CAT CAG CGA AGC CAT ACT GGT GAG

350 Gly Glu Lys Pro Phe Ala Cys Asn Asp Cvs GlY Lvs Ala Phe Thr Gln Ser Ala Asn Leou Ie Val His Gin Are Ser His Thr Gly Glu
(6) 1440

MG CCA TAT GAG TGT MA GAG TGT GGG MA GCC ITT AGT TOT ITT TCA CAC CTT ATT GTG CAC CAG AGA ATT CAC AGT GGA OAT CTT CCT
380 Lys Pro Tyr Glu Cvs Lvs Glu Cvs Glv Lys Ala Phe Ser CYs Ph. Ser His Leou Ile Val His Gin Are Ile His Ser Gly Asp Leou Pro

(7) 1530
TAC GTO TOT MT GM TGT GGG MG GCC TTC ACA TGT AGC TCA TAC CTA CTT ATT CAT CAG AGA ATT CAT MT GCA GM AM CCT TAC ACA

410 Tyr Val CYs Asn Glu Cvs GlY Lvs Ala Ph Thr Cvs Ser Ssr Tvr Lou Lou Ile His Gln Are Ile His Asn Gly Glu Lys Pro Tyr Thr

(8) 1620
TGT MT GAG TOT GGG MG GCC TTC AGA CAG AGO TCG AGC CTC ACC GTG CAC CAG AGA ACC CAC ACT G00 GAG MG CCC TAT GM TOT GAG

440 Cvs Asn Glu Cvs Glv Lvs Ala Phe Are Gln Art Ser Ser Lou Thr Vol His Gin Ara Thr His Thr Gly Glu Lys Pro Tyr Glu Cvs Glu
(9) (10) 1710
MG TGT GGT GCA GCT TTC ATT TCC MC TCA CAC CTC ATO CGA CAC CAT AGA ACC CAT CTT GTT GM TM CMOTMGGMGAGMALt;LTCCCCC

470 LYS Cys GlY Ala Ala Phe Ile Ser Asn Ser His Leou Met Ara His His Ara Thr His Leou Vl Gl ***

GCCCGMTTC
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80
B GA ATT CGG GAT TCG GGT GM TGT AGT GAT TGT GGG AM ACC TTC AGC TGT AGC TCT GCC CTC ATT CTG CAT CGG AGG ATC

Ile Arg Asp Ser Gly Glu Cys Ser Asp Cys GlY Lys Thr Ph. Ser Cys S-r Ser Ala Leu Ile Leu His Art Art Ile
(1) 170

CAC ACG GGG GAG MA CCC TAT GM TGT MT GAG TGT GGG MG ACC TTC AGC TGG AGC TCC ACC CTC ACC CAC CAT CAG AGA ATC CAC ACT
27 His Thr Gly Glu Lys Pro Tyr Glu Cy. Asn Glu Cys Glv Ly. Thr Phe Ser Try Ser Ser Thr Leu Thr His His Gln Art Ile His Thr

(2) 260
GGT GAG AM CCC TAC GCC TGC MT GM TGT GGG MG GCC TTC AGC AGG AGC TCA ACC CTT ATT CAC CAT CAG AGA ATC CAC ACT GGA GM

57 Gly Glu Lys Pro Tyr Al& Cys Asn Glu CYs GlY Lvs Ala Phe Ser Are Ser Ser Thr Leou Ile His His Gln Are Ile His Thr Gly Glu
(3) 350

AM CCC TAT GM TGT MT GM TGT GGG AM GCC TTC AGC CAG AGC TCA CAC CTC TAT CAG CAC CAG AGA ATC CAC ACT GGA GAG MG CCC
87 Lys Pro Tyr Glu Cys Asn Glu CYS GlY LYS Ala Phe Ser Gln Ser Ser His Leu Tvr Gln His Gln Are Ile His Thr Gly Glu Lys Pro

(4) 440
TAC GM TGT ATG GM TGT GGA GGA MG TTT ACC TAC AGT TCA GGC CTT ATT CAG CAT CM AGA ATC CAC ACC GGG GAG MC CCC TAT GM

117 Tyr Giu Cvs lMet Glu CYS GlY GlY LYs Phe Thr Tyr Ser Ser Glv Leu Ile Gln His Gln Are Ile His Thr Gly Glu Asn Pro Tyr Glu
(5) 530

TGT AGT GAG TGT GGG AM GCC TTC AGG TAC AGC TCG GCT CTT GTT CGC CAT CAG AGA ATT CAC ACT GGA GAG MG CCT TTG MT GGG ATC
147 Cys Ser Glu CYS Glv LYS Aia Phe Ara Tyr Ser Ser Ala Leu Val Art His Gln Ara Ile His Thr Gly Glu Lys Pro Leu Asn Gly Ile

(6) 629
GGC ATG AGC AM AGC TCC CTC AGA GTT ACG ACC GAG TTA MT ATC AGA GAG TCC ACG TGA MGAGCCACACACCCATTTTCCTCACTTTCCCTGAGTCT

177 Gly Met Ser Lys Ser Ser Leu Arg Val Thr Thr Glu Leu Asn Ile Arg Glu Ser Thr *
748

CAAGAGCTCTTGCCTTACCCTATAAATCTCAACAGCTTAGGATGTGTCCCTTTCAACTCAGAC=rCTT'fAAATGGCATGGCAAACTCGTTGAATTTTCCCAGAAMTC
867

ACACCAGCCTTAGAAAGCGTC TACITAGMGCGCTACCAGTTACCCCATTTAGAAGAGTTTGMCACIuTAAA>CTGTCA
986

AGGACCTTTCCAAGGTGGGWATGGAGCACAGTCGGWACAGAATTCGATGGATTCCTTTAGTTGG AGTCCGCGTAGTCAGCACAGACAGCGG CAGACGCTCTGGCCTGTTA
1105

TTTGCTAGGGGGAAWGTMMGAGACTATTCGtCACTGTTCCTAGTCCAGCTTTAAGTTTCGGTMGMMCAIIGCAAlTAlTT-
1224

GGGAC TTATTTGGGTGAAATCAGAATCATCATCTGTGATGAT GGTGTCCTTTA GGGCTC TTGGAGCAGCCAGACCATG TTTCCAAGAGA AACTWT ATATGCC
1343

AGCAGACCCCCTGCCATCCCCCCAGTTGTCCTGGGGCTAATGGGCAAATCTGTCCAAACAGCTAGTAA CCCCGGCTG GAGGGGTAAGCACTTAGCGTT GGCCTCTGATTGCT
1462

GTCCTCTCTTGTCCTCTTCCCACTCCAATG TGAATGATT CrCTAATCCGGTAGTGC TTTCAAGGAGCTCACTT GGCCTGCTTGCCCTGCCCTCTCACCTCTGACACC
1581

CAGCCCCAGGAGCCAGACCACTCCTGCCTACTCG AAAAGGAAAAAAA CAA ACAAAAACGM
1700

GCCCAGAGCAGCTGTGCTGCACTCATTTMCAGAGAGTGTTGCATGGTMGAGGATGGCACTCCMCCGAGTAATCC AAAAACCCTTTGC

TCATCCTGACATAAGAGTCCTATTAAMC_ CCCCG M T T C

Figure 1.
Nucleotide sequences of the human cDNA clones cHF.10 (panel A) and cHF.12

(panel B) together with the translation of their longest open reading frame.
The ten finger motifs of the cHF.10 and the six motifs of the cHF.12
proteins are numbered, a presumptive glycosylation site is indicated by the
broken line in the cHF.10 sequence. (***) indicates the in-frame termination
codons. The non-canonical ATTAAA polyadenylation signal of cHF.12 cDNA is
underlined.

the multifingered region is located at the carboxy terminus of the protein.
From the extimate size of HF.12 mRNA (z3500 nucleotides, see below), the
1.8kb insert in HF.12 represents about one-half of the HF.12 mRNA.

Each of the repeat units of both cHF.10 and cHF.12 finger domains contain
cysteine, hystidine and hydrophobic residues in the appropriate combination
and localization to fit with the finger consensus sequence as initially
identified by Klug and co-workers in Xenopus laevis TFIIIA (5,15), and
subsequently found in a number of eukaryotic genes. Table 1 shows an

alignment of the HF.10, HF.12 fingers with the consensus sequences derived
from the mouse and human finger genes (11-12-13-14). Accordingly to the
model originally proposed by Klug and collaborators (5) the crucial amino
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Table 1. Amino acid sequence comparison of human and mouse finger motifs

1 10 20 30

HF.10 C x x - - C G K a F x x s s x L x v H Q R i H t g e K P y x

HF.12 C x E - - C G K x F x x S S x L x x H Q R I H T G E K P Y x

Spi C x x(x)(x) C g K r f x r s d h L x x H x r t H T G E x x F x

TDF C x x - - C x x x f x x x x x 1 x x H x x x H x x x x x x x

Mkrl C x e - - C g K t F x x x s n L i x H q r i H t g e k p y x

Mkr2 C x e - - C g K a F x x x s s L t x H q r i H T G E K P Y x

Krox-20 C x x(x)(x) C x R x F s R S D e 1 t r H i r i H T G x K P f x

H/C link

The amino acids sequneces are in the one letter code. For each gene, a

consensus for the repeated motif is displayed: capital letters correspond
to strictly conserved amino acids, lower case letters to amino acids
converved over 60% and x no conservation. The interfinger H/C link is

also indicated.

acids residues that specify the recognition of the target DNA sequences are
located within the loop between Cys 6 and His 19 (the repeated units are
numbered as in Table 1). In this region we found that Gly 7, Lys 8, Ser 13
amino acids residues are common in the finger of HF.10, HF.12, Spl, mkrl and
mkr2 (Table 1). In addition, accordingly with the work of Schuh and
collaborators (21), a stretch of six amino acids (TGEKPY/F) located between
successive fingers (H/C link)is highly conserved.
Expression of Finger-containg genes in various cell lines and during myeloid
differentiation

To determine the size and the distribution of the cHF.10 and cHF.12
transcripts a number of RNAs extracted from different human cell lines, were
analyzed by Northern blotting. The cell lines were representative of various
human tissues of different embryological derivation. cHF.10 and cHF.12
clones hybridize to a 2.6 Kb and a 3.5 kb mRNAs, respectively (Fig.2). The
relative amount of the cHF.10 and cHF.12 transcripts varied among the
different RNA samples. Rehybridization of Northern blots to the
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probe (24) revealed that a
comparable amount of RNA was loaded in each lane (data not shown). These
results suggest that the two finger genes cHF.10 and cHF.12 are variably
expressed in all human tissues tested.

Next, we sought to determine whether the expression of the human finger
genes was regulated during the process of in vitro differentiation, a cell
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Figure 2.
Northern blot analysis of RNA isolated from various human cell lines

hybridized to cHF.10 (panel A) and cHF.12 (panel B) cDNA probes. The RNA
samples are: 1, EBV infected B lymphocytes (H5) ; 2, T-cell lymphoma
(MOLT-4); 3, acute promyelocytic leukaemia (HL-60); 4, teratocarcinoma
(NT2/D2); 5, normal fibroblasts (CRL1220); 6, Amnion (AV3); 7, neuroblastoma
(HTB10); 8, chorion carcinoma (HTB144); 9, colon carcinoma (CLL220.1); 10,
osteogenic sarcoma (HTB96); 11, breast cancer (HTB19); 12, cervical carci-
noma (HeLa). Fifteen micrograms aliquots were electrophoresed on 1%
agarose-formaldheyde gels, transferred to nitrocellulose filters. The blots
were hybridized with the cHF.10 (A) or cHF.12 (B) cDNA clones under high
stringency conditions. In overexposed autoradiograms of total RNA, some
hybridization to both 28S and 18S RNA is detectable. Ribosomal RNAs (28S and
18S) are indicated by arrowheads for size markers.

process which typically requires a cascade of tightly regulated events. The
rationale for these experiments was based on the facts that finger proteins
are candidates for different transcriptional regulatory factors and that the
finger genes mkrl, TFIIIA and Kruppel are thought to be implicated in
various processes of cell differentiation (7,11,25). HL-60 and THP-1 are
human acute leukaemia cell lines with phenotypic features of immature
myeloid cells (26-27) capable of undergoing terminal differentiation upon
treatment with a variety of chemical inducers (28). In both cell lines the
process of in vitro induced terminal differentiation is accompanied by the
arrest of cell proliferation (28). Upon treatment with dimethylsulfoxide
(DMSO) or 12-0-tetradecanoylphorbol-13-acetate (TPA), HL-60 and THP-1 cells
differentiate along the granulocytic or macrophage lineages, respectively
(28). Fig. 3 shows a Northern blot analysis of total RNA isolated from
untreated, DMSO-treated HL-60 cells and TPA-treated THP-1 cells and
hybridized with cHF.10 (panel A) and cHF.12 (panel B) cDNA probes. The rela-
tive amount of the 2.6 kb cHF.10 transcript decreased after DMSO or TPA
treatment in both cell lines (Fig.3A). cHF.12 hybridizing 3.5 kb trascript
showed a similar reduction during the terminal differentiation of both HL-60
and THP-l-treated cells (Fig. 3b). Rehybridization of the Northern blots to
the GAPDH probe revealed that comparable amounts of total RNA were present
in each lane. We interpret these results as evidence that the expression of
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Figure 3.
Expression of cHF.10 (panel A) and cHF.12 (panel B) cDNA clones in

undifferentiated (0) and differentiated (1-3) HL-60 and THP-1 myeloid cells.

HL-60 were treated with DMSO for 5 days and RNAs extracted at day 1 (lane
1), day 3 (lane 2), and day 5 (lane 3) of culture in presence of the

inducing agent. THP-1 cells were treated with TPA for 3 days and RNAs

extracted at day 1 (lane 1), day 2 (lane 2) and day 3 (lane 3) of culture.

The same blots were re-hybridized to the GAPDH probe (18). RNA extraction
and Northern blot analysis were performed as described in the text.

Ribosomal RNAs (28S and 18S) are indicated by arrowheads.

cHF.10 and cHF.12 transcripts is down regulated during the granulocyte
and/or macrophage differentiation of human myeloid cells.

DISCUSSION
Since the first description of Zinc finger DNA binding domain in the 5S

TFIIIA transcription factor in Xenopus (4,5), sequences for this protein
domain have been found in genes from other species, including yeast,
Drosophila and mammals (15,16,29). The importance of isolation and
characterization of such genes lies in their potential capability of binding
to nucleic acids and in their putative transcriptional regulatory activity.
In this work, we have isolated and characterized two human cDNA both

encoding multifinger proteins containing the Cys/His motif, and we have
shown that the two genes are expressed in a number of different human cell
lines and their expression is negatively regulated upon terminal
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differentiation of immature myeloid cell lines.
The predicted amino acid sequences of cHF.10 and cHF.12 human clones

indicate the presence of 10 and 6 finger repeats, respectively, and in both
genes the multifingered regions are located at the carboxy terminus of the
proteins. Since the cHF.12 clone represents about one-half of the HF.12
mRNA, we cannot exclude the presence of additional finger repeats. At
present, we are in the process of isolating additional HF.12 clones to
obtain a full-lenght cDNA.
The finger motifs of both HF.10 and Hf.12 encoded proteins contain the
appropiate amino acids residues to fit with the consensus sequence of the
Cys/His finger. In addition, comparison of human and mouse finger sequences
shows the presence of highly conserved residues within the DNA-binding loop.
As reported in Table 1, apart from the Phe 10 and Leu 16, we found that the
amino acids residues Gly 7, Lys 8 and Ser 13 are highly conserved in the
finger repeats of HF.10, HF.12, Spl, mkrl and mkr2 (11,13). Examination of
the two human finger regions reveals that there is a highly conserved
TGEKPYX sequence between contiguous fingers. Similar conserved sequence is
also present between adjacent fingers encoded by several genes as: Kruppel,
mkrl, mkr2, Krox-20, spl and Xfin (7,10,11,12,13). In contrast the Cys/His
fingers in Drosophila hunchback and serendipity genes are not separated by a
similar sequence (6,8). The partial conservation of this 7 amino acid
stretch suggests that these amino acids residues are not strictlty required
for the DNA binding of all finger proteins, but more likely they are
important for the DNA-binding activity of some specific finger-containing
proteins.

Transcription studies indicates that the HF.10 and HF.12 are expressed in
a number of cell lines of different embryological derivation, and upon in
vitro differentiation of human HL-60 and THP-1 myeloid cell lines the
expression of both genes is negatively regulated. The fact that both human
cDNA clones are expressed in immature myeloid cell lines and their
expression is reduced in terminally differentiate cells, togheter with the
potential DNA-binding capacity of the proteins, suggests that the two human
finger genes may be involved in controlling gene expression during the
process of in vitro myeloid terminal differentiation.
In both cell lines the process of in vitro induced terminal differentiation
is accompained by the arrest of cell proliferation (28). It is therefore
possible that the low levels of HF.10 and HF.12 transcripts observed in the
terminal differentiated HL-60 and THP-1 cells are due to expression of the
genes in a small subpopulation of proliferating cells. Alternatively, the
expression patterns of HF.10 and HF.12 mRNAs might be due to cell-type
specificity and may not be related to proliferation. Current research is
aimed at differentiating between these possibilities. In this respect, it is
interesting to note that a mouse finger gene, has beeen recently identified
(12), and it has been shown that the expression of Krox-20 mRNA is activated
during GO/G1 transition of cultured cells.

The isolation and characterization of other human finger genes may
contribute to elucidate the role of finger proteins in gene regulation. We
are presently using the human finger cDNA to isolate additional distinct
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human finger genes and preliminary results indicate that others members of

the human finger gene family are differentially expressed upon in vitro

induced differentiation. In conclusion, our data add further support to the

hypothesis that the finger gene family may play a major role in controlling

gene activity during cell differentiation and/or proliferation.
Hovewer, the characterization of the protein products encoded by these human

genes will be necessary to demonstrate their function.
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