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Initially characterized as Drosophila developmental
egulators, the BTB/POZ and zinc finger proteins
BTB/POZ-ZF) constitute a growing family of proteins
ith gene expression regulatory functions since they
ave been shown to be involved in both transcrip-
ional activation and repression of various genes in a
road range of species, including mammals. Here we
eport the cloning of a novel human transcript, coding
or a 68-kDa deduced BTB/POZ-ZF protein. This mole-
ule, called myoneurin on the basis of its prevalent
xpression in the neuromuscular system, contains an
mino-terminal BTB/POZ domain and eight tandemly
epeated zinc-finger motifs of the C2H2 type. The murine
yoneurin, identified in the mouse embryo, is highly
omologous to the human protein. © 2000 Academic Press

Key Words: myoneurin; BTB/POZ; zinc finger; muscle.

A novel class of structurally related zinc finger pro-
eins (ZF), has been implicated in the control of a wide
ange of developmental events in Drosophila and mam-
als. They are characterized by classical C2H2 zinc
nger motifs, and a BTB/POZ protein–protein interac-
ion domain (Zollman et al., 1994; Bardwell and Treis-
an, 1994). Human BTB/POZ-ZF proteins can either

ctivate or suppress transcription of distinct genes.
CL6/LAZ3 (Ye et al., 1993; Kerckaert et al., 1993)

unctions as a sequence specific transcriptional repres-
or (Chang et al., 1996). As PLZF (Chen et al., 1994),
hese molecules interact with a variety of corepressor
roteins (Wong and Privalsky, 1998; Huynh and Bard-
ell, 1998). TRAX/RP58, a translin-associated protein

The GenBank Accession Number for the human myoneurin se-
uence reported in this paper is AF148848.

1 To whom correspondence and reprint requests should be ad-
ressed. Fax: (33) 1 45 21 19 40. E-mail: alliel@infobiogen.fr.

2 N.S. must be considered as an equal first author.
385
criptional repression (Aoki et al., 1998). ZID interacts
ith the CArG box region of the skeletal alpha-actin
romoter (Bardwell and Treisman, 1994). Clone 18/
KR3 regulates MHCII genes (Sugawara et al., 1994;
aris et al., 1996). HcKrox (Widom et al., 1997) is a

ranscriptional regulator of extracellular matrix genes.
IZ-1 has a potent growth arrest function related to its

-myc association ability (Peukert et al., 1997). ZF5
Sugiura et al., 1997), another c-myc-binding protein
Numoto et al., 1993) exerts a growth suppressive ac-
ivity in mouse cell lines (Numoto et al., 1995), and has
een shown to be involved in both transcriptional ac-
ivation and repression (Kaplan and Calame, 1997).
ere we report a new transcript, conceptually coding

or a protein with features of a BTB/POZ-ZF protein,
nd expressed in human skeletal muscle. The murine
yoneurin has also been characterized by RT-PCR in

7-day embryo and in adult tissues and is highly ho-
ologous to the human counterpart.

ETHODS

cDNA cloning, RT-PCR, and sequencing. Two clones (clones 1
nd 2) were isolated following a classical procedure (Huynh et al.,
985), during the screening of a human lgt11 testicular library
Clontech Laboratories, Palo Alto, CA) with a polyclonal antiserum
irected against an ovine testicular 68 kDa heparin-binding protein
a gift from Dr F. Bonnet) using goat anti-rabbit IgG-alkaline phos-
hatase (1:7500 in TBS, 0.05% Tween 20) as a secondary antibody
Promega Corp., Madison, WI). Inserts were excised by EcoRI restric-
ion digestion and subcloned in pGEM-4Z plasmid (Promega Corp.).
lone 3 was isolated during a subsequent screening of a lgt10
uman testicular library with a digoxygenin-11 dUTP (Boehringer-
annheim GmbH, Mannheim, Germany) randomly labeled EcoRI/
hoI restriction fragment covering the 59-end of clone 1. A PCR
mplification of the 59-end region was carried out from the lgt11
uman testis cDNA library using a lgt11 primer (Rgt11: 59TTG-
CACCAGACCAACTGGTAATG39) and antisense primers designed

rom the cDNA sequences from clones 1 and 3: HZ33, 59CCACTTT-
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.
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AGATAGTCAGCAGCCT39; ZD27, 59GGAGGCCAGCACATTCCTA-
GAGCTTT39 (35 cycles at an annealing temperature of 60°C for 1
in and extension and denaturation, 1 min each, at 72 and 94°C,

espectively). Sequences from both strands of inserts or PCR prod-
cts were determined by the dideoxynucleotide chain-termination

FIG. 2. The BTB/POZ and ZF domains of the human myoneurin
uman BTB/POZ-ZF. Identical amino acids in myoneurin and all p
onserved amino acids (I, L, V, M), (Y, F), (T, S), (R, K), (D, E), (N, Q
re in gray boxes. Œ denotes supernumerary amino acids found in thr
re listed in the first column (for references, see text except for KUP
f the eight ZF motifs. Numbers indicate the amino acid position in
mino acids (C, L, H, G, and P). Gray boxes designate conserved am

FIG. 1. The human myoneurin. (A) cDNA cloning, PCR 59 end ex
eading frames, as determined from the nucleotide sequences from c
CR2). Arrows indicate the position and the orientation of myoneurin
gt11 library. Dashed and dotted boxes in the composite cDNA open r
A)17 indicates the poly(A) tail in clone 1 that was absent in clone 2. T
X) for XhoI, are shown to localize the cDNA regions used as probes fo
rotein sequences of myoneurin. The nucleotide sequence (regardles
he PCR2 product to the 39 end of clone2. The coding sequence is in b
s shown below the nucleotide sequence. Position 1 denotes the met
odons, located upstream and in frame with the initiation codon, and
ndicates the polyadenylation site in clone 1.
387
ethod (Sanger et al., 1977) with T7 DNA–polymerase Sequenase II
Amersham Pharmacia Biotech, Uppsala, Sweden) and (a-35S) dATP,
sing SP6/T7 and internal specific primers. Sequencing compres-
ions were resolved using dITP. The cloning strategy is summarized
n Fig. 1.

) Sequence homologies of the BTB/POZ domain of myoneurin with
iously identified human BTB/POZ-ZF proteins are in black boxes;
nd (G, A), represented in more than 50% of the aligned sequences,

sequences. The gene identities and the GenBank accession numbers
ardin et al., 1991, and for HIC1, Wales et al., 1995). (B) Alignment
human deduced protein sequence. Black boxes designate invariant
acids (F/Y and K/R).

sion, and probes localization. The open boxes correspond to the open
es 1, 2, and 3 and the 59-RACE PCR-amplified products (PCR1 and
Z33- and ZD27-specific primers used for PCR amplification from the
ing frame designate the BTB/POZ and the ZF domains, respectively.
restriction sites, indicated in clone 1, (D) for DraI, (S) for StyI, and

orthern blot analysis (probes a, b, and c). (B) Nucleotide and deduced
f the poly(A) tail in clone 1) is numbered from the 59 upmost end of
k letters. The amino acid deduced protein sequence (one letter code)
nine residue at the presumptive initiation codon. Three non-sense
lyadenylation signals (effective and putative) are underlined, and *
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ethod carried out on mouse 17-day embryo Marathon-Ready cDNA
Clontech). During a first round, using an adaptor primer AP1 (Clon-
ech) and a human myoneurin antisense primer KZR4, 59CAT-
AATCTTGAGATTGCTAGAA39 (40 cycles; 57°C for 1 min, 72°C for
min, and 94°C for 1 min), a PCR fragment was amplified whose 59

erminal end sequence allowed the synthesis of a mouse specific
ense primer MOZ-5, 59GTTTCCCTTGGGCGGCTACG39. During a
econd round carried out under identical PCR conditions, and using

human myoneurin sense primer STY, 59GGTATTCCAAGGC-
AAGCCAAT39, and an antisense primer ZS119, 59TCTGCGAG-
ACGGCCTAGCAA39, designated from a murine EST (GenBank
ccession No. AA119157), a fragment was amplified whose sequence
llowed the synthesis of a mouse antisense specific primer ZR2856,

9GCATGAATCTTGAGGTTGCTAGAAG39 (a murine counterpart of
ZR4). A last PCR using MOZ-5/ZR2856 (40 cycles, 62°C for 1 min,
2°C for 3 min, 94°C for 1 min) was performed. All the PCR carried
ut with DyNazyme II DNA–polymerase (Finnzymes OY, Finland)
ere duplicated with Appligene Taq DNA polymerase (Appligene–
ncor, Illkirch, France) and the products were subcloned in pGEM-T
efore sequencing.
Mouse RNAs were extracted and oligo(dT)-primed cDNAs were

repared following the classical methods (Maniatis et al., 1982). PCR
mplification was carried out with the STY/ZS119 primer set. South-
rn blot analysis was achieved with a digoxygenin-11 dUTP
Boehringer-Mannheim GmbH, Mannheim, Germany) randomly la-
eled human myoneurin probe (terminal washing conditions: 0.13
SC, 0.1% SDS, 60°C).

Northern blot analysis. Normalized human Northern blots (Clon-
ech) were hybridized with a myoneurin probe (Fig. 1) randomly labeled
ith [a-32P]dATP/dCTP (2 3 106 cpm/ml) in a solution containing 53
SPE, 23 Denhardt’s solution, 0.5% SDS, 100 mg/ml salmon sperm
NA, for 18 h at 42°C. The blots were washed twice with a 23 SSC,
.05% SDS solution at room temperature then four times (15 min each)
ith a 0.13 SSC, 0.1% SDS solution at 50°C, and exposed to
yperfilm-MP (Amersham Pharmacia Biotech) for 72 h at 270°C.

ESULTS

ucleotide and Deduced Amino Acid Sequence of the
Human Myoneurin: Expression in Human Tissues

The cloning strategy is presented in Fig. 1A. The
omposite nucleotide sequence established by cDNA
loning and a RACE protocol, and the deduced amino
cid sequence are shown in Fig. 1B. The accuracy of the
9-end sequence was ascertained by its identification in
genomic clone (work in progress). The first ATG,

ncountered at position 137 in the longest open reading
rame, is preceded by three in-frame non-sense codons
nt: 2–4, 41–43, 98–100), and fulfills the criteria of a
ukaryotic initiation site (Kozak, 1991). In frame with
his ATG, a TGA stop codon (nt: 1967), defines a 1830
p open reading frame encoding a 610 amino acid
ong deduced protein. A poly(A) tail found in clone 1
ndicates that an upstream polyadenylation signal,
TTAAA (nt: 2041), is not used in the transcript cor-

esponding to clone 2. The 39 untranslated region con-
ains two additional putative polyadenylation sites (nt:
430 and nt: 2820).
The 610 amino-acid long deduced protein has a cal-

ulated molecular weight of 68,682 and is basic (pI 5
.4). The 111 N-terminal amino acids define a BTB-
388
OZ domain which shares specific features with BTB/
OZ proteins of human origin, with two highly con-
erved motifs spaced by a small sized and poorly
onserved sequence (Fig. 2A). The C-terminal region
Met304-His522), contains eight tandemly repeated zinc-
nger motifs of C2-H2 type spaced by H-C links of the
rüppel type (Fig. 2B). The region from aa 112 to 302,

ocated between the BTB/POZ domain and the zinc-
nger region, includes two stretches of basic amino
cids, 174KKSSQTKKKKKATNSPK190 and 257KRK-
GK262, reminiscent of nuclear localization signals. Six
otential PEST proteolytic signals, usually found in
egulatory proteins, are also identified (aa 114–148,
54–168, 217–252, 281–296, 493–512, 556–573).
As revealed by Northern blot analysis, a major 2.5 kb

ranscript was mainly identified in muscle and more
eakly in other tissues, including testis, ovary and
lacenta (Fig. 3). Larger but less abundant transcripts
3.3 and .5.0 kb), clearly identified in muscle were not
qually distributed in all the analyzed tissues. The 3.3
b mRNA appeared to be under-expressed in testis and
larger transcript was overexpressed in thymus. The

pecificity of the observed signals corresponding to the
.5, 3.3 and 5.0 kb muscle transcripts was ascertained
y using probes b and c depicted in Fig. 1 (not shown).

ouse and Human Myoneurins Are Highly
Homologous

The whole mouse myoneurin coding sequence was
stablished by a PCR approach. The mouse and human
oding sequences are 88% homologous and the deduced
mino acid sequences are 95% identical, but the differ-
nces are not random (Fig. 4). The BTB/POZ and the
F domains are highly conserved (a single I/V change
ver the 111 N-terminal amino acids and two differ-

FIG. 3. Northern blot analysis of myoneurin mRNA in human
issues. Poly(A1) mRNA (2 mg/lane) from heart (1), brain (2), pla-
enta (3), lung (4), liver (5), skeletal muscle (6), kidney (7), pancreas
8), spleen (9), thymus (10), prostate (11), testis (12), ovary (13),
mall intestine (14), colon (15), and peripheral blood leukocyte (16)
ere hybridized with the human myoneurin probe a (see Fig. 1). The
ositions of the size markers, 1.35, 2.4, 4.4, 7.5, and 9.5 kb, are
ndicated on the left side.
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nces, K/R and A/T, within the eight ZF motifs, respec-
ively). A PCR analysis carried out on murine cDNAs
ith the STY/ZS119 primers allowed the identification
y a human probe (probe b in Fig. 1) of amplified

FIG. 4. Comparison of the human and murine myoneurins. The h
M) are aligned. Identical amino acids and conserved amino acids are
nd the eight ZF motifs are underlined.
389
roducts of the expected size (984 bp) in cerebellum,
keletal muscle, testis, hearth, brain, and liver (Fig. 5).

faint minor band was additionally identified below
he major amplified product.

an myoneurin amino acid sequence (H) and its murine counterpart
icated by double and single dots, respectively. The BTB/POZ domain
um
ind



D

t
i
i
c
C
a
q
d
m
s
g
c
c
m
a
t
b
p
h
T
t
o
i
m
T
f
e
i
g
a
D
i

The overall structure and the prevalent expression of
m
b
i
P
p
o
h
o
A
H
W
A
l
a
a
M
i
e
i
d

A

t
i
t
w
s
M

R

A

A

A

B

C

C

C

C

f
e
W
w
c

Vol. 273, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
ISCUSSION

Myoneurin shows similarities with factors belonging
o the family of eukaryotic BTB/POZ and ZF proteins
nvolved the control of gene expression. In the so far
dentified members of this family, the ZF motifs are
entrally located or distributed in the vicinity of the
-terminus and the BTB/POZ domain is found in the
mino-terminal region. The myoneurin protein se-
uence is typical of this organization. The eight tan-
emly repeated zinc-finger motifs of the Krüppel type
ay be of importance to nucleic acid-binding and also

uggest various combinatorials to regulate different
enes. Two potential nuclear localization signals, lo-
ated between the BTB/POZ and ZF domains, could
ontribute to the nuclear import. The BTB/POZ do-
ain, which encompasses the 111 N-terminal amino

cids in myoneurin, is homologous to those encoun-
ered in genes involved in developmental control (Al-
agli et al., 1995). This domain is assumed to act as a
rotein–protein interaction motif, promoting either
omomerization or heteromerization (Bardwell and
reisman, 1994; Dong et al., 1996). Several members of

his family are thought to contribute to the expression
f muscle or neuron specific genes. Broad-Complex is
mplicated in the control of the development of thoracic

yotendinous junctions (Sandstrom et al., 1997).
ramtrack (Harrison and Travers, 1990), is essential

or the control of cellular competence for neural differ-
ntiation (Lai et al., 1997). Lola controls axon pathfind-
ng and is involved in developmental defects of axon
rowth and guidance (Giniger et al., 1994; Cavarec et
l., 1997). Abrupt, is expressed in muscle nuclei in
rosophila, and is involved in the control of the spec-

ficity of neuromuscular connections (Hu et al., 1995).

FIG. 5. Myoneurin expression in murine tissues. PCR were per-
ormed with STY/ZS119 primers and oligo (dT)-primed cDNAs: cer-
bellum (1), muscle (2), testis (3), heart (4), brain (5), and liver (6).
estern blot of the amplified products (upper panel) was hybridized
ith the human myoneurin probe b depicted in Fig. 1. Lower panel

orresponds to the amplification of b-actin.
390
yoneurin in human muscle suggest a possible contri-
ution of the BTB/POZ zinc finger protein myoneurin
n the regulation of the expression of muscle genes.
reliminary results are indicative of myoneurin ex-
ression at the neuromuscular junction (unpublished
bservation). Human ESTs homologous to myoneurin
ave been found in neurons, brain, bladder, uterus,
vary, kidney and testis (GenBank Accession Nos.
A362928, AA227448, AA345806, AA337411, H13408,
29122, AA191075, AA857432, R45310, AA228040,
20232, H29021, AA292098, AA748172, AA227869,
I913410, AL133070). We also detected significant

evel of myoneurin transcripts in human testis, ovary
nd placenta suggesting that this novel protein could
lso fulfill regulatory functions in the genital tract.
ouse myoneurin, highly related to the human protein

n its BTB/POZ and ZF motifs, has been identified in
mbryo and in adult tissues, suggesting its implication
n gene expression regulatory mechanisms throughout
evelopment and adulthood.
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