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Vertebrate striated muscle contains a set of myosin-
associated proteins with discrete distributions in the A-
band. Some of these proteins, including MyBP-H and
MyBP-C, are characterized by a series of internal re-
peats (motifs) with homology to either the C2-set of the
immunoglobulin superfamily or the fibronectin type IIT
repeat. These repeats are predicted to be involved in
protein—protein interactions within the myofibril. The
c¢cDNA sequence, the genomic organization, and the
chromosomal localization of the human homologue of
MyBP-H are presented. The 1.8-kb ¢cDNA encodes a
52-kDa polypeptide containing two Ig-C2 and two type
111 repeats. The mRNA is expressed in a skeletal mus-
cle-specific pattern. A 28-kb region of genomic se-
quence has been isolated that encompasses the 5 and 3’
ends of the ¢cDNA. This region includes 4.2 kb of up-
stream sequence with a potential promoter and 14 kb of
downstream sequence containing the polyadenylation
site. The chromosomal assignment was made by high
resolution chromosomal in situ hybridization. This
method maps the gene to chromosome 1q32.1. The re-
peat structure described previously in chicken MyBP-
H and MyBP-C was also detected in human MyBP-H.
The primary sequence of the C-terminal Ig-C2 motif
and its predicted secondary structure have been exten-
sively conserved in MyBP-H homologues and other
members of the MyBP family. This Ig-C2 motif has
been implicated in myosin binding. © 1993 Academic

Press, Inc.

INTRODUCTION

Of the three filament systems in striated muscle, thick
filaments appear to be the most complex, based on sub-
unit composition. In addition to the myosin heavy chain
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(MyHC) and myosin light chains (MLC1, MLC2,
MLC3), a series of abundant accessory proteins are
found at discrete positions along the filament length. In
the crossbridge-bearing zone, the C-region of the A-band
was shown by Offer and colleagues to contain an abun-
dant protein called C-protein (Offer, 1972; Offer et al.,
1973; Craig and Offer, 1976; Bennett et al., 1986; Squire,
1981). This protein has been renamed MyBP-C to re-
flect its myosin-binding properties and emphasize the
relationship between members of a family of myosin-
binding proteins.

The MyBP family includes MyBP-C, MyBP-X, and
MyBP-H (Dennis et al., 1984; Bennett et al., 1986). Origi-
nally described as contaminants of myosin preparations
(Starr and Offer, 1971), these proteins are found in a
series of transverse stripes spaced at 43-nm intervals
(Craig and Offer, 1976; Dennis et al., 1984; Bahler et al.,
1985a; Bennett et al., 1986). MyBP-C is the most abun-
dant of the family and is found in a 1:8 molar ratio with
myosin heavy chain (Offer et al., 1973). In the chicken,
MyBP-H (formerly known as the 86-kDa protein) is
found in an approximately equimolar ratio with MyBP-
C (Bahler et al.,, 1985b). In the rabbit, MyBP-H (for-
merly known as Heprotein) is far less abundant (Starr
and Offer, 1982). MyBP-X (previously termed X-pro-
tein), the least abundant member of this group (Starr
and Offer, 1982), is thought to be the slow fiber-type
isoform of MyBP-C (Reinach et al., 1982).

The functions of this protein family in muscle contrac-
tion and development are not known. Speculations
about its function range from a role in the regulation of
myosin activity (Hofmann et al, 1991a,b) to a role in
myofibrillar assembly (Einheber et al., 1990; Schultheiss
et al., 1990; Epstein and Fischman, 1991). To identify
functionally significant primary sequences in this pro-
tein family, the cDNA encoding chicken MyBP-C was
isolated and characterized (Einheber and Fischman,
1990; Fischman et al., 1991; Okagaki et al., 1993). In ad-
dition, the chicken MyBP-H has been cloned and ana-
lyzed, assuming that primary sequences responsible for
myosin binding in the C-region of the A-band might be
conserved (Vaughan et al., 1993).
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Comparison of the deduced amino acid sequences of
chicken MyBP-C and MyBP-H revealed a highly con-
served C-terminal region of 400 amino acids (Vaughan et
al., 1993). Nested within this region, a series of con-
served repeats was observed, resembling the C2-set of
the immunoglobulin superfamily (Williams, 1987; Wil-
liams and Barclay, 1988) or the fibronectin type III re-
peat {Kornblihtt et al., 1985; Petersen et al, 1983). The
C-terminal C2 motif is notable since its predicted sec-
ondary structure (Chou and Fasman, 1978) resembles
the crystal structure of the immunoglobulin fold (Amzel
and Poljak, 1979) and has been shown to possess myo-
sin-binding activity in MyBP-C (Okagaki et al., 1993).

To further elucidate functionally conserved primary
sequences in this family of myosin-binding proteins, we
have cloned and characterized the human homologue of
MyBP-H. We have also cloned the gene encoding hu-
man MyBP-H and mapped its position in the human
genome using high-resolution fluorescence in situ hy-
bridization.

MATERIALS AND METHODS

Library screening. A buman fetal muscle M\gtl0 cDNA library
(Koenig et al., 1987) was screened by standard methods (Sambrook et
al., 1989) using the chicken MyBP-H ¢cDNA as probe (Vaughan et al.,
1993). Each clone was taken through three rounds of screening until
pure, and A\ DNA was purified using the Qiagen Lambda Mini Kit
system (Qiagen Inc., Chatsworth, CA). The cDNAs were compared by
restriction analysis and shown to overlap in the 3' ends by DNA se-
quencing.

DNA sequencing. The longest clone was sequenced to completion
after subcloning into M13, taking advantage of convenient restriction
sites, and using custom oligonucleotide primers (Research Genetics,
Huntsville, AL). The ends of the shorter clone were sequenced to con-
firm overlap. A combination of Sequenase (USB, Cleveland, OH) and
Taquence (USB, Cleveland, OH) was used in areas of long G-C
stretches. Gel reading, alignment of gel readings, sequence analysis,
and sequence comparisons were performed using PCGENE (Moun-
tain View, CA) programs. Comparisons with current releases of Gen-
Bank and Dayhoff databases were made using FASTA (Pearson and
Lipman, 1988). Sequence similarity was assessed using DIAGON with
a window of nine amino acids (Staden, 1982).

Genomic cloning. Genomic clones were isolated from a Sau3A hu-
man genomic library in AEMBL-3A (Clontech Laboratories, Palo
Alto, CA). The DNA of :-11 was restriction digested with Xhol, and
the 5 3.2- and 3’ 2.5-kb fragments were subcloned inte pUC. The
relative positions of these fragments were confirmed through South-
ern blotting with the cDNA. From the 5’ Xhol fragment, the 1260
HindIlI-Pstl fragment was sequenced to completion using custom oli-
gonucleotides as primers.

In addition, a 1040-kb Kpnl-Pstl fragment was isolated from the 3’
2.5-kb Xhol fragment of clone L-11 and sequenced to completion.

Northern blotting. A human MTN (Multiple Tissue Northern)
blot was obtained from Clontech Laboratories (Palo Alto, CA). Equiv-
alent RNA loading was confirmed by ethidium bromide staining of the
gel before transfer and the blot after transfer.

Fluorescence in situ hybridization. Metaphase spreads were pre-
pared from 5-bromodeoxyuridine (BrdU)-synchronized cultures
(Speit, 1984; Fan et al., 1990) of a healthy donor, with the following
modifications: cells were incubated with methotrexate (1077 M, final
concentration) for 17 h at 37°C. Cells were collected by centrifugation,
resuspended in FCS-free medium, and then washed twice with FCS-
free medium. The block was released by adding BrdU (30 pg/ml, final
concentration) for 5 h at 37°C.

DNA of both overlapping phage clones was labeled with biotin—11-
dUTP (Sigma, St. Louis, MO) in separate nick-translation reactions

(Sambrook et al., 1989). Eighty nanograms of labeled DNA from each
reaction was coprecipitated with 10 ug of human placental DNA, b ug
salmon sperm DNA, and yeast RNA, respectively. DNA was resus-
pended in 10 ul of hybridization solution (50% formamide, 2X SSC,
10% dextran sulfate) and denatured for 5 min at 76°C. The repetitive
sequences were allowed to preanneal for 30 min at 37°C. The probe
was then added to previously denatured metaphase chromosome prep-
arations (denatured in 70% formamide, 2% SSC at 80°C for 2 min,
then dehydrated through an ethanol series), and a coverslip (18 mm?)
was added and sealed with rubber cement. Hybridization was per-
formed at 37°C for 16 h. The coverslip was removed and the slides
were washed in 50% formamide, 2X SSC at 42°C (3X 5 min), followed
by three washes in 0.1X SSC at 60°C (3X 5 min). To reduce nonspe-
cific background fluorescence, the slides were incubated in 4X SSC
containing 3% BSA for 30 min at 37°C. The BrdU-induced R-banding
pattern was generated through a fluorescence photolysis step. Slides
were stained with Hoechst dye 33258 at room temperature for 15 min,
briefly washed in water, and exposed to the light of a UV mercury
lamp. Finally, the slides were incubated in 2X SSC at 60°C for 1 h.
The biotinylated probe signals were detected with avidin-DCS-~iso-
thiocyanate (Vector Laboratories, Burlingame, CA), followed by three
washes in 4X SSC, 0.1% Tween 20 at 37°C (5 min each). The chromo-
some specimens were counterstained with propidium iodide and
mounted in antifade. Images were obtained with a Zeiss Axioskop epi-
fluorescence microscope coupled to a cooled CCD camera (Photomet-
rics, Tucson, AZ). The sequentially recorded gray scale images were
pseudocolored and merged using custom computer software.

RESULTS

c¢cDNA cloning and protein sequence. Using the
cDNA encoding the chicken skeletal muscle MyBP-H as
probe (Vaughan et al, 1993), a human fetal skeletal
muscle cDNA library (generous gift of Dr. L. Kunkel,
Harvard Medical School) was successfully screened,
yielding two overlapping clones. These clones were
shown by restriction analysis and DNA sequencing to
possess common 3’ ends and different degrees of 5 ex-
tension. The longest clone (1786 bp) was shown to con-
tain a single open reading frame of 1429 bp, beginning at
base 28 and terminating at base 1458 (Fig. 1). The sec-
ond clone, shorter by 600 bp, showed identity with the
longer to the extent of their overlap. The deduced pro-
tein is 476 amino aeids in length and has a predicted
mass of 51,986 Da. These cDNA clones were concluded
to encode the human muscle MyBP-H by virtue of their
high DNA and protein sequence identity with the
chicken homologue (see Discussion).

Gene structure. These cDNAs were used to screen a
human genomic library, resulting in the isolation of two
overlapping clones covering a total of 28 kb (Fig. 2).
These genomic clones were restriction mapped and
Southern blotted to identify the positions of correspond-
ing sequences in the cDNAs. Clone L-11 contains an
11-kb Hindlll fragment that encompasses the entire
c¢cDNA sequence (Fig. 2, bottom section). The positions
of relevant Xbal, Pstl, Sphl, and Kpnl sites are indi-
cated; Pstl sites reflecting a subset of the numerous sites
in the cDNA and genomic clones.

Sequencing of clone L-11 in the region corresponding
to the 5 end of the cDNA suggests that the cDNA for
human MyBP-H contains the entire coding sequence.
Upstream of the first base of the cDNA, a putative
TATA box was detected, indicating a potential region of

Material may be protected by copyright law (Title 17, U.S. Code)




H
b
H
:
«

R E Y PN TR

&
i
2
J
{

Y

o G, G AR

[

P w s

36

VAUGHAN ET AL.

CACCCTGGECCCCCCAGCCAGTCCACCAATGATGGAARRARAACACCTCCCGAGCGCCCTGCotgecagTCCAGAG
M M E K N T S E G P A C S P E

GAGACCGCATCTGAATCTGCCAAGGTGCCCACAGCAGAGCCTCCCGGAGAAGTGGCAGTATCAGAGTCCACT
E T A S E S A K V P T AU EUPUPGEUV AV S E 5 T

AGAGAAGAGCAGGTGCCCAAGCCGCACGGCCCTGCCCCACAGGCCCCTACAGCCTCCACAGCCACTAAGCCT
R EE Q VP XK P HG P AP QA AUPTM ASTATKP

GCACCCCCARGTGAAGATGTCCCCAGTGCCCCACTGCTGCTGACCCTGGATGATGTGAGCAGCAGCTCTGTS
AR P P S EDV P S A P L L L T L DDV 8 8§ 8 8§ V

ACTGTGAGCTGGGAGCCCCCAGAGAGGCTGGGGAGGCTGGGCCTCCAGGGCTATGTGCTGGAGCTctgecagh
T VvV S W E P P ERL G R L 6L @ G Y V L E L C R

GAGGGAGCCTCGGAGTGCGTGCCTGTGAGTGCCCGGCCCATGATGGTGACCCAGCAGACTGTGCGGAACCTG
E ¢ A S E W V P V S A RPMMUV T Q Q@ T V R N L

GCTCTGGGAGACAAGTTCCTCCTGCGCCTGTCTGCAGTGAGTTCTGCAGGGGCTGGCCCGCCGGCCATGCTG
A L ¢ D K F L L RV 8 AV 8 8 A G A G P P A M L

GACCAGCCCATCCACATCCGAGAGAACATTGAGGCCCCCAAGATCCGTGTCCCCCGCCACCTCCGTCAGACC
D ¢ P I H I RENIEBAPIKI RV P RUHTILRZQT

TACATCCGCCAGGTGGGAGAGACGGTCAACCTGCARATCCCCTTCCAGCGGAAGCCTAAGCCTCAGGCCACA
¥ I R V. 6 E T V N L @ I P F Q G K P K P Q A T

TGGACCCACAARCGGCCATGCCCTGGACAGCCAGCGGGTGAgcatgeGCACCGGGGACCAGGACTCCATCCTC
W T H N G H AL D S Q@ RV S M RTG D Q@ D S I L

TTCATTCGCTCGGCCCAGCGCTCCGACTCTGGCCGCTACGAGCTCACTGTGCGCGTGGARAGACCTGGAGGCC
P I R S A Q R S D S G R Y EL TV RV E D L E A

AAGGCAGTCATTGACATCCTGGTGATTGAGAARACCTGGACCCCCCAGCAGCATCAGGCTCCTGGACGTCTGG
K AV I D I L V I E XK P G P P S S5 I R L L D V W

GGCTGCAATGCTGCTCTTCAGTGGACGCCACCCCAGGACACAGGCAACACAGAGCTCCTCGGCTACATGGTG
G ¢ N A AL QW T P P QD T G N T ELL G Y MV

CAGAAGGCAGACARRAAGACAGGGCAATGGTTCACAGTGCTGGAGCGCTACCACCCAACCACCTGCACCATC
Q K A D X K T G ¢ WPF TV L ERYHUPT T CTI

TCTGACCTCATCATCGGCAACTCGTACTCCTTCCGGGTCTTCTCAGARRACCTGTGTGGACTCAGCACCTCG
s b L I I G N S Y S8 F RV F s ENILUGCGTUL S T 8

GCCACCGTCACCRAGGAGCTCGCCCACATCCAGAAGGCAGATATTGCTGCCARRCCTAARGCGTTTATTGAG
A T V T K E L A HI Q XK A DI AAIKUPI K G F I E

CGAGACTTCTCAGAAGCCCCCTCATTCACCCAGCCCCTGCCTGACCACACCTCCACCCCTGGCTACAGCACT
R D F S E AP S F T OQPILADTUHTSTUPGVY S T
s
CAGTTGTTCTGCAGTGTCGAGCTTCACCARGCCARGATCATCTGGATGARAAACAAGATGGAGATCCAGGGC
Q L Fc s VETLUHTG Q®BATZEKTITIUWMHMZ KN NKME'IOQG

AACCCCAAATACCGCGCCCTCTCTGAGCAAGGCGTCTGCACCCTAGAGATCCGGAAACCCAGCCCCTTTGAT
N P K ¥ R A L S E @ GV ¢ T VL E I R K P S P F D

TCTGGGGTCTACACCTGCAAGGCCATAAATGTGCTGGGGGAGGCATCTGTGGACTGCCGGCTGGAGGTCAAR
s ¢ VY T ¢ K A I NV L G E A S V D CR L E V K

GCCTCAGCCGCACACTGAACGAGTCACGGGAGGAGGCTGTGATGAGAGCCAGGTGCTGCAGCCTGAGGGGCT
A S A A H

AGGTCCACCAGGCCTACAGTCAAACTCCAGAGATGCCCAAGACCCCCGCTTCCATAGCGACGGCTGATGGARA
CCGCCCCTggtaccTGCTGGCCTCCCTTCCCCAGAGCCTCGTGTCCACGAACTCAGGAATGGGCCTGGTAGGE
CCCAGGCCAGACTAACTGGGCTCAAGGGGTGCTGGAAGGCGCAGAGATTGGAGTGCCCTGCGGAGTTGCACT
CTGGGTGGGAAGCACTCAAATAAAGATGCGTGGTGTTAARCAGTGAARAAAARAARAPAAR

1592. This sequence can be obtained from GenBank under Accession number L.05606.

transcription initiation (data not shown). In addition,
the genomic sequences between the TATA box and ATG
at base 28 contain termination codons in all three read-
ing frames, suggesting that the ATG codon at position
28 is the first potential position for initiating transla-
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¢DNA sequence of human MyBP-H and deduced amino acid sequence. The cDNA sequence and deduced amino acid sequence are
presented using the one-letter code system. The position of the termination codon (TGA bp 1456) is underlined as is the putative polyadenyla-
tion signal (bp 1744). Pstl sites identified in Fig. 2 at nucleotides 60 and 353 are presented in lowercase letters, as is the Kpnl site at nucleotide

tion. Genomic sequences in the 735 bp upstream of the
putative TATA box possess eight consensus E boxes
(data not shown), sequence motifs frequently found up-
stream of muscle-specific genes (Blackwell et al., 1990).
Restriction mapping indicates that clone L-11 contains
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FIG.2. Genomic cloning of human MyBP-H. Two overlapping genomic clones covering 28 kb were isolated from a human genomic library
using the full-length cDNA as probe. Sequences corresponding to the ends of the cDNA were mapped and sequenced from clone L-11. These
sequences (indicated by thick lines in the bottom panel) can be obtained from GenBank under Accession number L05607. The positions of
relevant HindI1I (H), PstI (P), Sphl (S), and Kpnl (K) sites are indicated. Clone L-13 overlaps with clone L-11 in the region corresponding to

the last exon of the cDNA,

an additional 3.2 kb of sequence upstream of these E
boxes, suggesting that this clone may contain additional
regulatory elements for this gene.

DNA sequence analysis of the region from the &'
HindlIlI site to the second Pstl site (indicated in Fig. 2)
reveals the position of the first and second exons of the
gene as well as the first intron (data not shown). The
intron sequence has several termination codons in the
correct reading frame, suggesting that this is not an ex-
ample of an optional exon (Nassim et al, 1990). Se-
quencing of clone L-11 in the region corresponding to
the 3’ end of the cDNA demonstrates that the Kpnl-Pstl
fragment contains part of the last exon encoding the 3’
untranslated sequences up to the consensus polyadeny-
lation signal. The overlap of clone 1.-13 in the 3’ end of
clone L.-11 indicates that an additional 14 kb of genomic
sequence are present downstream from the last exon in
clone L.-13.

Tissue distribution. The mRNA encoding human
MyBP-H is expressed in a skeletal muscle-specific pat-
tern. A human MTN blot (Clontech) was probed with
the full-length cDNA (Fig. 3). Equivalent RNA loading
was confirmed by ethidium bromide staining of the gel
before transfer and the blot after transfer. Only skeletal
muscle RNA contained a hybridizing RNA species, ap-
proximately 1.8 kb in length and consistent with the
length of the cDNA. As in the chicken, the skeletal mus-
cle ¢cDNA does not hybridize with RNA from cardiac
muscle or smooth muscle (placenta) (Vaughan et al,
1993).

Chromosomal localization. To identify the chromo-
some containing the human MyBP-H gene, human-
hamster somatic cell hybrids were screened using the
full ¢cDNA sequence or the 3’ untranslated sequence
(data not shown). After confirming a distinct human-
specific pattern of hybridization following Bglll diges-
tion, the panel was probed with the 3’ untranslated se-

quence of the cDNA. The pattern of hybridization in the
two overlapping panels of hybrids mapped the gene to
human chromosome one.

More precise localization of the MyBP-H gene was
determined by fluorescence in situ hybridization (FISH)
onto high-resolution handed chromosomes (Arnold et
al., 1992). To generate a simultaneous fluorescent band-
ing pattern for gene mapping studies, the methotrexate
synchronization procedure was followed with subse-
quent BrdU incorporation. This procedure reveals an
R-banding pattern and allows high-resolution band as-
signment (Arnold et al., 1992).

Upon isolation and characterization of the genomic
clones (described above), FISH was performed using a
combination of the two genomic clones. This allowed
labeling of*fenomic sequences covering 28 kb. Fifteen
metaphases were investigated: 11 displayed two hybrid-
ization signals b both homologs of chromosome 1g32, 3
metaphases showed incomplete hybridization, giving ei-
ther only one hyhridization signal on both homologs or

—94
—75

—44
—24

—1.35

1"2345678

FIG. 8. Tissue distribution of human MyBP-H. A human MTN
blot was probed with the cDNA encoding human MyBP-H. RNA sam-
ples were isolated from: lane (1), pancreas; lane (2), kidney; lane (3),
skeletal muscle; lane (4), liver; lane (5), lung; lane (8), placenta; lane
(7), brain; lane (8), heart; and lane (9), RNA markers. The relative
mobilities of RNA molecular weight standards are indicated.
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p 32.3
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q 24
25
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32.2
32.3
41
42.3
42.2 42.3
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FIG. 4. Chromosome map position determined by fluorescence in situ hybridization. (a) Hybridization of the biotinylated phage clones for
the human MyBP-H to a human metaphase spread. The DNA was detected with avid#n-FITC. The chromosomes are counterstained with
propidium iodide. The BrdU-induced R-banding pattern allows for the chromoseme and band identification. The probe hybridized to chromo-
somal map position 1q32.1. (b) Examples of five different chromosome 1's from three diffesent metaphase spreads. The signal consistently
localizes to band 1g32.1. The observed R-banding pattern was induced using BrdU-induced replication and photolysis (see Materials and
Methods). (c¢) Idiogram of chromosome 1, displaying the G-banding pattern with the 550-band resolution. The bar beside the idiogram denotes
the chromosomal mapping position of the phage clones specific for human MyBP-H.

two signals on only one homolog. One metaphase did not
reveal any hybridization signal. The chromosome map
position of the phage clones encoding MyBP-H could be
determined precisely when highly extended chromo-
somes were evaluated. For fine mapping, only chromo-
some 1 homologs that were at least 16 ym in length were
analyzed. The signal consistently mapped to chromo-
some band 1¢32.1 (Fig. 4). One entire metaphase is
shown in Fig. 4a, and a composite of six different chro-
mosome 1 fields is shown in Fig. 4b. The chromosome
map position is displayed schematically in Fig. 4c.

DISCUSSION

We have isolated full-length cDNA clones that encode
human MyBP-H and genomic clones that encompass

this cDNA sequence. Evidence for complete cloning
comes from a comparison of genomic and cDNA se-
quences in the region of likely transcription initiation.
The first base of the cDNA is within 60 bp of a putative
TATA box. In addition, the genomic sequence contains
termination codons in all three reading frames upstream
of the ATG codon at base 28, indicating that this ATG is
likely to be the point of translation initiation. Upstream
of the TATA box, eight consensus E box elements were
detected that are thought to direct muscle-specific ex-
pression of a gene. Genomic clone 1.-11 contains an ad-
ditional 3.2 kb of upstream sequence that is likely to
contain additional regulatory elements. Analysis of se-
quences corresponding to the 3’ end of the cDNA indi-
cates that genomic clones L-11 and L-13 overlap in the
regions covering the polyadenylation site of the gene.
The C-terminal Kpnl-Pstl fragment contains 3’ un-
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HUM 3 EKNTSEGPACSPEETASESAKVPTAEP?GEVAV SESTREEQVPKPHG 49

CHK 62 PPPKEEHAPAPAA%Tb%AbﬁhbPDAEQPAAPAAEHAPTPTHEAA%AhhbG 111
HUM 50 ?A?QAPTASTATKPAP..PSEDVPSAPLLLTLDDVSSSSVTVSYEPPERL 97

CHK 112 PPPAAPAEAPAPEPEPEKPkEEPPSVPLSLAVEEVTE&SVTLTWKAPEHT 161
HUM 98 GRLGLQGYVLELCREGASEWVPVSARPMMVTQQTVRNLALGDKFLLRV A 147
CHK 162 GKSSLDGYVVEICKDGSTDW&AVNKEPFLSTRYKIHDLASGEKVHVRVKA 211
HUM 148 V?SAGAGPPAMPD?F?H}FENIFAF?}?VP??LRQTYIRQVGETY?FQ}? 197
CHK 212 ISASGTSDPATLEQPVLIREITDL%RIRLPRQLRQVYVRHVGEAVNLLIP 261
HUM 198 ???FFKPQATWTHNG?%LDSQRYSMRTGDQDSILFI?S%Q??P??RYELT 247
CHK 262 FQGKPQPQVTWTKDNQPLDTSRV&IRNTDKDTIFFIRTAQRSDSGKYQLS 311
HUM 248 Y?VEDLEAKAVIDILY}FKF??FSS??PLDYWGCNAALQWTPPQDTGNT' 297
CHK 312 VRINGAEDKAILDIRVIERPGPPQNLKLVDVWGFNVALEWSPPADNGNSE 361
O 298 LLGNIQADKKTOQUETY ERIHFRIOTISPLGNSYSTRVESENLLS 347
CHK 362 IKGYTVQKSDKKSGKWFTVLERCTRTSCTISDL&&&&TYS%R%%&%&A&G 411
HUM 348 LSTSATVTKELAHIQKADIAAKPKGFIERDFSE%FSF??FPADHTSTPGY 397
CHK 4312 MSETAAVAAGVAHIKKT VYQPQKIPERDIDGAPQFTQPLTDRATTRGY 459
HON 398 STOLFCSY. ELAONCIIMIOUNBIQONPRIRALSRQS CTLETRPSEE 446
CHK 460 STHLFCSVRGFPQPKIIWMKNKMEIPEDPKYIAMIEQGV&éLéihkiéi% 509

HUM 447 DSGVYTCKAINVLGEA?VDCRLEVKAS 473
IIIIEII=IE|III|I
RN |

CHK 510 DAGVYTCKAVNPLGEASVDCKLDVKMP 536

FIG.5. Comparison of the deduced amino acid sequences of human (HUM) and chicken (CHK) MyBP-H. The C-terminal 470 amino acids
of each protein are presented as aligned using the BESTFIT program of the GCG package. Identical amino acids are identified by “|”’; strong
conservative substitutions are identified by “:”; weak conservative substitutions are identified by “.”. The Ig-C2 motifs (humanmammo acids
185-264 and 391-476; chicken—amino acids 248-328 and 452-537) and fibronectin type III motifs (human--70-170 and 265-365; chicken—
132-234 and 329-429) are highly conserved. The C-terminal Ig-C2 motif is predicted to contain the myosin- -binding activity of the molecule.
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translated sequences up to and including the polyadeny-
lation signal.

The deduced protein sequence is clearly related to
chicken MyBP-H (Vaughan et al., 1993) (Fig. 5). These
two proteins share 54% identity plus 15% conservative
substitutions over their entire lengths. The C-terminal
400 amino acids of each protein share regions of almost
perfect identity. This corresponds to the region of high
identity shared between chicken MyBP-H and chicken
MyBP-C. The N-termini of these proteins appear diver-
gent. Most notably, human MyBP-H contains fewer of
the alternating alanine—proline motifs that are thought
to impart the anomalous SDS-PAGE mobility of
chicken MyBP-H (Vaughan et al, 1993).

Human MyBP-H is likely to be closely related to the
rabbit MyBP-H. Although rabbit MyBP-H has an
SDS-PAGE mobility of 74 kDa, sedimentation analyses
suggest that the true mass is 52-54 kDa, close to the
predicted mass of human MyBP-H (Starr et al., 1982,
1983). Comparison of their amino acids compositions
supports this hypothesis (data not shown).

The repetitive motifs demonstrated in chicken
MyBP-H are also present in the human protein
(Vaughan et al., 1993). This block of 400 amino acids at
the C-terminus of the protein contains two copies of the

immunoglobulin C2 repeat and two copies of the fibro-
nectin I1I repeat; NH2-Fn-C2-Fn-C2-COOH. This C-
terminal Ig-€2 motif is likely to be involved in interac-
tions with myosin, since the same C-terminal motif has
been shown to contain the myosin-binding domain of
chicken MyBP-C (Okagaki et al., 1993). Comparison of
this motif in human MyBP-H and chicken MyBP-H re-
veals remarkable sequence identity. It is likely that this
repeat represents the myosin-binding domain in all of
the members of this protein family.

To correlate this protein with a known human muscle
disease, we mapped the position of the gene in the hu-
man genome. This mapping places the gene on chromo-
some band 1g32.1. Examination of the human gene atlas
does not reveal a human muscle disease currently
mapped to this chromosome band position.
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