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It has been reported that catch and striated muscle myosin heavy chains of scallop are
generated through alternative splicing from a single gene [Nyitray et al. (1994) Proc.
Natl. Acad. Sci. USA 91, 12686-12690]. They suggested that the catch muscle type myosin
was expressed in various tissues of scallop, including the gonad, heart, foot, and mantle.
However, there have been no reports of the primary structure of myosin from tissues
other than the adductor muscles. In this study, we isolated a cDNA encoding the motor
domain of myosin from the mantle tissue of scallop (Patinopecten yessoensis), and deter-
mined its nucleotide sequence. Sequence analysis revealed that mantle myosin exhib-
ited 656% identity with Drosophila non muscle myosin, 60% with chicken gizzard smooth
muscle myosin, and 44% with scallop striated muscle myosin. The mantle myosin has
inserted sequences in the 27 kDa domain of the head region, and has a longer loop 1
structure than those of scallop striated and catch muscle myosins. Phylogenetic analysis
suggested that the mantle myosin is classified as a smooth/nonmuscle type myosin, West-
ern blot analysis with antibodies produced against the N-terminal region of the mantle
myosin revealed that this myosin was specifically expressed in the mantle pallial cell
layer consisting of nonmuscle cells. Our results show that mantle myosin is classified as

a nonmuscle type myosin in scallop.
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Myosin of scallop adductor muscle has two kinds of light
chains, SH-light chains and regulatory light chains (RLC).
EDTA treatment of scallop muscle myosin causes revers-
ible removal of RLC with accompanying loss of Ca-sensitiv-
ity, which is characteristic of scallop muscle myosin (I).
Unlike skeletal muscle myosin, smooth muscle, and scallop
muscle myosins are regulated molecules in muscle contrac-
tion. Scallop muscle contraction is regulated through direct
binding of calcium to myosin RLC (2), and smooth muscle
contraction is triggered by phosphorylation of myosin RLC.

Scallop adductors contain two different types of muscles,
striated and catch muscles. Catch muscle is unique in that
it is capable of maintaining contractive tension for a long
time with a very low metabolic turnover (catch contrac-
tion). Although the mechanism underlying catch contrac-
tion is not clear, the contribution of paramyosin (3, 4),
phosphorylation of myosin heavy chains (5), and RLC (6)
has been suggested. These unique properties of scallop
have led to extensive studies on scallop striated and catch
muscle myosins.

The scallop striated and catch muscle myosins arise
through alternative RNA splicing of a single myosin heavy
chain gene (7). A RT-PCR study involving alternative exon-
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specific primers showed that catch muscle myosin is ex-
pressed in the mantle, heart, and other tissues, but not in
striated muscle (7). However, there have been no reports of
the sequence of myosin from tissues other than muscle. The
mantle tissue of bivalve molluscan shells consists of a mus-
cle portion and nonmuscle portions such as mucous cells
and epithelial cells. The epithelial cells are known to play
roles in such as secretion of the shell organic matrix pro-
teins (8, 9), and migration and proliferation during the
wound healing process (I10). It is expected that various
types of myosins may play roles during motile events of the
epithelial cells. Therefore, we tried to isolate a cDNA encod-
ing myosin from the mantle tissue including epithelial
cells.

In the present study, we isolated a cDNA encoding the
head domain of myosin from the mantle tissue including
the pallial cell layer of scallop.

MATERIALS AND METHODS

RT-PCR—Total RNA was extracted from the mantle tis-
sue including the pallial cell layer with guanidinium iso-
thiocyanate and then purified. Aliquots (1 ng ) of total RNA
were reverse-transcribed with oligo(dT) primers, and PCR
was conducted with a set of degenerate ATP binding site
primers having the following sequences described by Bemet
et al. (11): 5-GGIGARWSIGGIGCIGGIAARAC-3 as a
sense primer and 5-GTYTTIGCRTTICCRAAIGCYTC-3 as
an antisense primer. After amplification, the products were
separated on a 3% low melting agarose gel (Nusieve GTG
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agarose, FMC), and then fragments of approximately 210
and 180 bp were excised from the gel and purified. The
purified product was ligated into the TA cloning vector
(INVITROGEN) and used for the transformation of compe-
tent cells (INVaF"). Plasmid minipreps were performed and
sequenced by the dideoxynucleotide chain termination
method using Sequenase II (Amersham Pharmacia).

Construction of a cDNA Library—cDNA was synthesized
from the total RNA using a SMARTTM cDNA Library Con-
struction Kit (CLONTECH) according to the instruction
manual, and then the ¢cDNA library, which was inserted
into the lamdaTrplEX2™ phage vector, was packaged with
the Gigapack II Gold extract (STRATAGENE).

PCR Screening—To select myosin clones, PCR screening
was carried out with the degenerate primer described
above. Initially, approximately 3 X 10° plaques were plated
onto thirty plates at a density of 10,000 plaques per plate.
Phage particles from each plate were eluted into 5ml of SM
buffer [0.1 M NaCl, 10 mM MgSO,, 50 mM Tris-HC1 (pH
7.5), and 0.01% gelatin], and 1 pl of each separate phage
suspension was used for the PCR reaction. Two of the
thirty PCRs generated a product with the expected size of
210 bp. One of the phage suspensions from these positive
plates was diluted for secondary screening and plated on
ten plates at a density of 1,000 plaques per plate. PCRs
were performed for each of the ten plates as described
above and then the phage suspension from a positive plate
was employed for the third screening. Thus, PCR screening
was conducted sequentially as described above and a single
positive clone was finally isolated. The plasmid (pTripl-
EX2™) was excised from the positive phage clone according
to the instruction manual and the internal sequence was
analyzed using a Dye-Deoxy™ terminator cycle sequencing
kit with a DNA sequencer model 310 (Perkin Elmer).

Fusion Protein Expression—The fusion protein was con-
structed as follows. First, a 60 base pair fragment of cDNA
encoding amino acid residues 2-14 was generated by PCR
using a set of primers having the following sequences, as a
sense primer: 5-CGCGGATCCGCGGACGATCCGTACGC-
3’ containing BamHI recognition sequences, and as an anti-
sense primer; 5-GGAATTCTACTTGAGCTCCTGA-3" con-
taining EcoRI recognition sequences. The 60 bp PCR pro-
duct was restricted, purified, and then ligated into the
BamHI-EcoRI site of the pGEX2 expression vector (Amer-
sham Pharmacia). The plasmid was transformed into
Escherichia coli, BL21 (DE3) strain. The fusion protein was
expressed and then purified with Glutathione-Sepharose
4B (Amersham Pharmacia).

Production of Polyclonal Antibodies—An emulsion of 500
pg of the GST (glutathione-S-transferase)-fusion protein in
Freund’s complete adjuvant (1:1, v/v) was injected intrader-
mally into a rabbit. For boost immunizations, an emulsion
of 500 pg of the GST-fusion protein in Freund’s incomplete
adjuvant was injected two times at 2-week intervals, and
the antiserum was collected regularly after the final immu-
nization. The antiserum was affinity-purified over a syn-
thetic peptide (ADDPYAGVS) corresponding to the N-ter-
minal region of the mantle myosin.

Electrophoresis and Immunoblotting—Each tissue was
homogenized in a solution containing 2% SDS, 20 mM Tris,
10% glycerol, and 0.1% 2-mercaptoethanol. Protein concen-
trations were measured by BCA assaying, and equal
amounts of tissue extracts were separated by SDS-PAGE
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on a 12% gel (12). Proteins in the gel were transferred to a
polyvinylidene diftuoride (PVDF) membrane. The mem-
brane was blocked with 5% skim milk (w/v) in Tris-buffered
saline containing 0.5 M NaCl and 0.05% Tween 20 (solu-
tion A) before the addition of primary antibodies diluted
with solution A containing 1% BSA, and then the second-
ary antibodies, alkaline phosphatase—conjugated goat anti—
rabbit IgG, diluted with solution A were added. Color devel-
opment was performed with nitroblue tetrazolium and 5-
bromo-4-chloro-3-indoyl phosphate.

RESULTS AND DISCUSSION

Isolation of a cDNA Encoding the Motor Domain of Myo-
sin—To identify myosin I from scallop mantle tissue, the
RT-PCR technique was used. Using degenerate primers
derived from conserved sequences in the myosin head
region (GESGAGKT and EAFGNAKT), 210 and 180 bp
fragments were isolated. Sequence analysis revealed that
the 180 bp fragment is 87% identical at the amino acid
level to scallop (Aequipecten irradians) striated muscle
myosin reported by Nyitray et al. (13). On the other hand,
the 210 bp fragment has a longer structure than those of
scallop striated and catch muscle myosins (Fig. 1). If this
nucleotide sequence is derived from that of myosin, the
region corresponds to a loop 1 structure between 27 and 50
kDa. It has been implied that the structural variations in
loop 1 influence the motor function of the myosin molecule
(14-16). To confirm the 210 bp fragment is myosin, screen-
ing of a longer clone from the scallop mantle ¢cDNA library
was carried out as described under “MATERIALS AND METH-
ODS,” and the isolated cDNA clone was subjected to DNA
sequencing.

Primary Structure of the Mantle Myosin—The deter-
mined nucleotide sequence and deduced amino acid se-
quence are shown in Fig. 2. It comprises 3,547 bp with a
part of the 5”-noncoding sequence and has an open reading
frame of 3,463 bp which encodes 1,154 amino acids. The
deduced amino acid sequence revealed that this myosin has
characteristic ATP binding (GESGAGKT) and actin bind-
ing (VRCIIPN) sites, and shares many conserved residues
with other myosins.

Comparison of the Mantle Myosin with Scallop Muscle
Myosin—Alignment of the motor domain of the mantle
myosin with those of other myosins is shown in Fig 3.
Comparison of the mantle myosin with scallop muscde myo-
sin revealed that highly conserved regions include the P-
loop (residues 201-208), switch I (residues 272-278), and
switch II (residues 493—498), which form part of the active
site of myosin, the reactive SH region (residues 727-737),
and the actin binding site (residues 686—708). On the other
hand, the least conserved regions are observed in highly
variable regions of myosins, protease-sensitive regions and
the N-terminal region (residues 1-75). Scallop striated
muscle subfragment-1 (S-1) has three tryptic sites, the
25K—50K junction (loop 1), 50K—20K junction (loop 2), and
65K-30K junction (residues 559-577, scallop striated mus-
cle numbering), which is characteristic in scallop striated
muscle S-1. The sequence of the mantle myosin in loop 1,
loop 2, and the 65K-30K junction is greatly different from
the corresponding regions of scallop muscle myosin. Loop 1
and loop 2 of the mantle myosin have longer structures
than those of scallop muscle myosin.
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Myosin in Mantle Tissue of Scallop

218 bp eantle
180 bp mantle
striated
catch

s e

1 TTTAACGTTTGATACACGGGAGACAGCAGAGTAATCAGTTTCCACACTTTCTGAAGTCGT

vos

6{ GTH ommrrmcmmcwmscocuurccm A{GCT GngTGAgCGCTCAG

Q
121 GAGCTCAAGTA TCT'IKACTTGATAGGMT(GT ATMATUT(CT TGGTW
13 ELKY LAY vV QAE
181 TGEGCAGCAAMAMGATT, MTWGGGIT(CTUCWFCU GOCTTTTGTGCTECCAGT
33 W A AKRTL v YVHGFCAAS
241 GTCGTTTCGGAAAAGGGOGA TTAGAAGT W(TTGA(GATAGTGGMAACATGTG

TGAA
53 YVVYSEKGDETLTEYELTDDSGKH
n WCWTWWWTW(C(CWWWTCTG

3 K Vv T S P S FPKHY
361 mcwmmmmccccamcmm
93 K VHRDDOCQKHMHM S KV ED
421 ATGGCCGAATTGACATG[ CT CAACGM:GCA CAGT(CTTCATMTI'I’MTCGATAC
113 M A L T C S Vv H N R

451 I’AWCA.GGT Cl’ MTTI’ACA.CATKT CTGGTCTGTTTTGIGT GGTGGT'GAACC(ATACAM
133 S S GLFCVYVYN K
541 AC-lCI'ACCM WTUT(GA TTTGTACAAGTGLAAMAAGCGACATGAA
153 I YTEKY LY x ¢ KXKRHE
?07% GTTCCA-C(CCA G IIICKGWMATKCGC%CA;W{W

661  GAAGACCAAGCCATTCTTTGCACTGGGGAATCGGGGGCGGGRAAGACTGAMACACCAAG
193 EDQATI L CTGESGAGK ENTK

721 MAGTTATACAGTACTTGGCTCATGTCG(AGCCTCGAKAGG(CATCWCGTTU

213 v QYL N N R §
781 TCCGI’ATCTMCCT(CA(ATCCAGGGMGTM GTGITTACTCAGGGT‘GM AGAAAAC
233 S S Q TQGETLTEN
1 Wmmwccunﬂmm G(-uA GCAAAGACTATCAAGAAC
253 QL L QA I LEATF AKTTIKN
981  GACAATTCTTCAAGATTTGGAARATTCATCAACTTT arru‘rcwg.nnnnuau
73 DNSSRFGKTEFTINTF

961 GCTAACATTGAAACA TATCTCCTOGAGAAATCTCGAGC TATCAGGCAGGC TGAACAGGAG
293 ANTITETYTULLEKSRAIROQAETQ QE

1e21 AGATG II(CACATCTTCTATCMTKCFGTATGGAGCUCCCCTUW
313 R C qQ G P HQRKE
1931 GITGO&GGATAT(GGCMTTA(CAH C('I'GACTCA(GGCAGTGTA(CA-GI’TGGA
333 F L G G S VPVYG

1141 GGAGT GGACGACACAGGAGAGTTCCGCCAGALCGTGGAGGCTCTCACCATCATGGGCATA
353 G VDDTGEFRQTVYEALTTIMG GTI

1201 TCGCCCGAGGACCAGTCCGCCATCATGAGAG T GU'ATCATCAGTA(T GCI'GT'IT GaT) MC
373 S PEDQSATI MR RY S G

1261 ATGACATTCAGACAAGAAAGGAGCTCTGACCAGGCGACACTTCCT GACGATACAGTTGCC
393 M T FROQETRTSSDOQATLGPD

1321 CAGMAGCTTGCCA(CI‘CC‘IT GGTCTGTC GTCT‘GI’ (ATA(AGGCGTTCCTCCGC
413 Q K ACHL ¢ LS VT v Q

1321 (C(AAUMTGGGC(GGGTCAWWW GGAG
433 PKIKY D YVTKAQTKTEU QYVYE

1441 'I'TTG((G"GCMG(C GTCCM:GGCTTGCT TGAMAACTATTCAAGTGGCTTGTCATC

453 vV oQ AL K ACYEKLTFI KWLVI
1501 mrwr(mccnmcwwmcrcm@nmrmc
ar3 R RTKRGQGAS

1561 GATATTGCTGETTTTGAMTTTTTAAGATGAACTCCTTCGAGCAGCTTTGCATMACTACA
493 G EIFKMNS E QL I T T
1621 CQMGCOAGAMGTTACAMCAMCTCTTCAATCATACTATGTTCATCCTGGAGCAGGAGGAA
513 P SEKLQQL I LEQEFTE

1681 TACCAGAAGGAGGGCATCGAGTGGAAGTTCATTGATT ICGGTU'CGAC(TACAG(CCA(C
533 Y QKEGIEWKXKT FIDTFGLDODLQ

1741 ATCGACCTCCTCGAGAAGCCCATGGGTATCT, ATGCTCTGGTFGATWGC‘ITCTTC
553 I DLLEKXKPMGIYALYDESTE F F
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Fig. 1. Sequence alignment of amplified fragments. The
deduced amino acid sequences of amplified fragments (210
and 180 bp) with a set of degenerate primers are compared
with scallop striated and catch muscle myosins (7, 10). The
amino acid sequences corresponding to a set of degenerate
primers are boxed. Bars indicate gapped amino acids.

1381 CCCAMGC CACAGACAAGAL CTTCATTGACAAGGTTGTCAL! CCAKATT(CT(((ATC(A
3 PKATDODKTTFIDKYYTAQ

1861 AGTTCCAGAMGCCTGALTT! CAGAGUUWTTCAGGTCTGAKCATTA(GG‘G@
593 S SRS LTS ELMLTSGL H

1921 AAGGTTGACTACT (GGCTAAUTGTGGCTGTWTG&(C(CTMW
613 K vV DYS MR LM

1381 CTGGIETCCCTACTGCMA(CFCGT(G@T((CTT(GTGG[AG(CATCWTGC(
633 St QTS YV A I WNWKD

2841 GAG\TTGII GTATWCGCA ACTGGTGACA(CATT:'I'ITGGGT(C GMCCAGG
653 AASTGDTMEFG R

2101 AAGGGCATGTTCAGGACAGT GAGCCAACTGTACAAGGAACAGCTCGCCAAACTGATGGCC
673 K GMFRTVSQLYKETG L LAKTLHMHA

2161 ACACTACGCAACACCAACCCTAACTTTETTAGATGTATCATTCCAMC CACGAGAAAAAA
693 J L R N T NP NF YR CTIIPMWHEKIK

2221 GCTGGWMTTGKT(G(CACTGCTCCTAGAG(AGCTM.GGTGTMCGGTGTACNGAA
713 A GKIDSEPIL EQLRCNGVY LE

281 GGMTCCOTATCTGTCGACAGGECTTCCCCARCAGMATCATATTCCAGGARTTCAGACAS
733 RQGF P QEFRQ

2341 A('ATACGAGA C’IGTGT(CCAGCWA TGGATGGLAMGAAGTCG
753 C S s K G F MDGKKS

2481 GT (GMMAATCATMATGCTETMTTWT((T ummucwrrm
m KA E LD N RY GQS

2461 WTWCWMWWWTW
793 FFRAGYLAHLTETETERTDILIKI!L

2821 ACTGATATCATCATTCAGTTCCAGGLTTTATGTAGAGGCCTGAT CGCTAGGAGGARCTAC
313 ) Q F Q R G R R N

2581 WWWTWWWC(TM
833 QRRLQQL SATI vV IQRHN S

2641 CTCAAGCTGAGAAACT GGGCAT GG TGGAGACTCT T GAAGGTGA.MCCAWGCTACCA
853 L KLRNXNW¥YAUWYRLTFT v P

27 GTGGCTGGACAGGAAGAAAMALTTACTCTAGAGGAC GAACTTAAGAAMTTTAAGGACGTT
873 YA GQEEKLTLETZDTEILKXKTFKDY

2761 AAMCGATCGACAAAAG TCTGACATAGAGGAAL T GCA(‘ACAAMTATGCI'CMATCATTGAA
893 N DRQKSDTIETETLTETREK Q

321 GAAMAGT CCATCTTGGCAGAACAGCT ACAGGCTGAAACAGAATA TGTG(CGM}GC(GAG
913 E K ST LAEQLQAETTETI A

2381 GAEI'C CAG&TMWMTWTCCTWT&TGTA
933 K AR MOQAKIKTETETLTETETI

2941 GAGAT(AGGA WTCACT'GTMCGCCCTUTGGAC GCAAGAAA
953 I RI EEEEDH M E R K K
3091 TT(CAGCMACGGT(GCTGAC GOAGGAACAACTT GAAGAGGAGGAACAATCCAGACAA
973 Q Q ADLEEQLTETETETEQ QSR RDQQ

3961 AATTACAGCTAGAGAAAGT A’ CI'GCTGATT(MA(ATAMCAAGI’ATGATGAGGAATTG
993 KL QLEKYVY

1 MCMTMWWW TWGT
1913 AL QEDTNHKLLIEKEIKTR RAMETEHTR

3181 ATWWNCWWWW
1933 S E A H LY EEETEI KAKRQLGEK
3241 CTTAAGAACAAGT. ACGAGT CTATTATCTCGC-Q'I’ITWGC CAGGAAAGAAACA
1653 L KKK S L EERLRKXKET

33 mrmc.wmnma« AGAMMGTGAACTAAMCGATTTA
1973 QARQELEKTIR RLESELWHNKDL

3361 AGGGAACAGTTAATGGAGAAAL GTCAACAACTAGAAGATCTACAAGCACAGCTTTCAAAA
1093 REQLMEKRQQLEDLQAQL SK

3421 CGAGAAGAAGAGGTTCAACATGCATTGAAMAGG TAGAT GAAGAAGGCGTTECGAAGTCT
1113 REEEVQHALKTIKYTDETET GV AKS

3481 CAAGCCAGTAACAGTCGCGTGAGATACASAGCCAGTTACAGGAAGTCACAGAGGACTTG
1133 Q ASKQSRETIRQSQLGQEVTET D.L

3541 GAGALGG
1153 ET

Fig. 2. Nucleotide and deduced amino acid sequences of mantle myosin. The start codons are shown by asterisks Solid lines below
amino acid sequences represent the sequences of ATP (thick line) and putative actin (thin line) binding sites. Prog,,, which marks the begin-

ning of the head/rod junction, is boxed.

Comparison of the Mantle Myosin with Other Myosins—
Comparison with various kinds of myosins revealed that
scallop mantle myosin is similar to vertebrate non muscle
and smooth muscle, and invertebrate non muscle myosins
rather than scallop striated and catch muscle myosins. The
sequence exhibits 65% identity with Drosophila non muscle
myosin (17), 60% with chicken gizzard smooth muscle myo-
sin (18), 59% with human nonmuscle type-A myosin (19),

Vol. 128, No. 6, 2000

41% with chicken skeletal muscle myosin (20) and 43%
with scallop striated muscle myosin (13) at the amino acid
level (Fig. 3). A phylogenetic tree generated from myosin
head domain sequences using the ClustalW program
showed that the myosins are divided into three major
groups (Fig. 4): a striated muscle myosin group, a smooth/
non muscle myosin group, and a lower eukaryote myosin
group. Scallop striated muscle myosin is classified in the
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Montle 1 MADDPYA
Stricted 1 MNI
Drosophila 1 MKSARLALKSKSALHPKSEYPYSNIHYPKAANYRQTRNYLE IAAXKMSEEY
Huaan 1 L]
Gizzard 1 MSKQ
Ch.skel 1 ASP-AEM
Mantle 8 GVSAQELKYLAYDRNRINOPMYQAEWAAKR * L TWYPHEVHG FCAASVYSE
Striated 4 DRAODPDFQ------ KIMMEEQT*-PFDG-K*MC - - -DPKE - -AS-EIQ-S
Drosophila S1  DRWDP-----S-E--QF - PIRPRRPSGHRSV-V- - - - -HQ- -V- - - IKR~
Huxaan 2 AQQAAD* - --Y--K-F--K-LA--D----K*-v---SDKS--EP--LKE-
Glzzard 4 PL-DD-*-F-F--K-FY-V-LA--D-S--K*-Y---5-X---E---TKE-
Ch.skel 8 AAFGEAAP- -RKSEKERIEAQMKP®FD- - S*SYF -Y-PXES -YKGTIQ-K
Mantle 57  KGDELEVE GDOWSENEPPLS QIHNPPK
Striated 52  --E-IT-KIVSDNSTRT-R --I-Q-----
Drosophilo 101 Ho--V----AfT--R-MIsetsesssvessesssoss
Human 58 V-E-AI---VEN--K---N
Gizzard 53  ----¥T---QEN--K-TL
Ch.skel 56 E-GKYT-KT*EG-ETLY-
Montle 107
Strigted 82
Drosophila 131

Human 8
Glzzard 83
Ch.skel &

Montle 157 YTEKYIDLYKCKKRHEYPPHY FAL YDAAYRSMLQDRE DQATLCTGE SGAG

Striated 132  --DS--AK-RG-RKT-I---L-SVA-N--QM-VT---K-SC-T-------
Drosophila 181
Human 130
Gizzard 133
Ch.skel 183

Montle 207

Strioted 182

Drosophila 231  ~r-cooe--- F--Y-- - - KPKGSGAVPHPAYL -NF -

w m _____________ Y._s-m."..“'O““..‘."O.‘O.

Gizzard 183 --cee-mme-e- V- -S-HKGKKDT - TTQGPSFSY*

Ch.skel 233 o --R----F-n---GEmEEQ-Gm‘““““““““"
switch I

Mantle 248  essssecsvasnsancrsnanesir| ENOLL QANPILEAFGNAKTIKNDN

Striated 214 SN--0-1IE~--¥Y-mcumeo-o YR-N-

Drosophila 281 EVVNGLKMVEYMSNCQE - - - -Q--- -

m 2’5 ““".“““‘..‘..O...____R__

G‘mrd 218 “‘.“.“".“‘.“.I“‘_-..K ......

Ch.skel 264

Montle 275

Striated 241

Drosophila 331

Hurson 232

Gizzard 245

Ch. skel 291

Mantte 323 YGATPHQRKEFLLE®DIGNYHFLTHGSYPYGGYDUTGE FRQTVEALTIMG

Strioted 291  SN-I-ELNEWM-ITP-S-L-S-IMQ-CLT-DMI--VE--KLCD--FD-L-

Drosphila 381  A----E--EK-I-D*-¥KS-A--SN--L--P----YA--QA--KSMN- -~

Human 282 §--GE-LKTDL---*PYNK-R--SN-HVTIP-QQ- KDM-QE -M- -MR - - -

Glzzard 295  A--SEQM-NOL---*GFN--T--SN-HV-IPAQQ-DEM-QE -L - ~M- - -~
Ch.skel 341  SHXK-ELIOML.-ITTNPYD- -YVSQ-EIT-PSI--QE - LMA-DS-ID-L -
Mantle 372 ISPEDQSAIMRYISSYLLFGNMTFRQERSSDQATLPDOTVAQKACHLLGL
Stricted 341  FTK-EKTSMFKCTA-I-HM-E-K-K-RPREE--ESDGTAE-E-VAF-C-1
Drosophilo 438  MTS--FMS-F-IV-A-----S-K--c -HN-=---- | TR 7V
Huan 399  -PE-E-MGIL----G--QU-~IV-KK- -NT- - -Sh--N-A---V¥S----]
Glzzard 344  FTE-E-TS-Lo-Ve-oQU--IV-KK--NT---SM--N-A---V---M-1

Ch.skel 391  F-ADEXT-IYKLTGA-MHY--LK-K-KOREE - -EPDGTE--D--AY -~
Fig. 3. Similarities between mantle myosin and other myosin
heavy chains. The deduced amino acid sequence of the motor do-
main of the mantle myosin is compared with the head sequences of
scallop striated muscle myosin, Drosophila non muscle myosin,
chicken gizzard smooth muscle myosin, human nonmuscle type-A
myosin, and chicken skeletal muscle myosin. Mantle, scallop mantle
myosin; Striated, scallop (Argopecten irradians) striated muscle myo-
s8in; Drosophila, Drosophila non muscle myosin; Gizzard, chicken giz-

striated muscle myosin group, whereas the mantle myosin
is classified in the smooth/nonmuscle myosin group. This
was also supported by the following segment comparison.
Table I shows simple segment comparison of the motor
domain of the mantle myosin with those of other myosins
in the three regions of the 25K domain (residues 1-225),
50K domain (residues 248-646), and 20K domain (residues
670-868). The 25K-50K junction and 50K-20K junction
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Mantle 422  SYTSVIQAFLRPKIKYGRDHVTKAQTXEQVE FAVQAL SKACYEKLFKMLY

Strigted 391  NAGDLLK-L-K--V---TEM---G-KLQ--INS-G----SL-DRM-N---

Drosophila 488  ---DMTR---T-R------ Frmemmemmceans E-IA-~~-~ - -

Huocn 449 N--DFTRSI-T-R------Y-Q-------, AD--1E--A--TY-RM-R---

Gizzard 394  W--DFTRSI-T-R------¥-Q------- AD--1E--A--KF-R--R-IL

Ch.skel 441  MSAELLK-LCY-RY---KEF---G--V5--HVS-G--A--VY---M-L-H-
switch II

Mantle 472  IRINRSLORTKRQGASLIGILDIAGFEIFKMMSFEQLCITTPSEKLQQLF

Stricted 441 K-y--T--*-

Drosophila 538  MNecc-e-cemvcoomoo Fooeeatls

Humon 490  L---KA--K------- FI

Gizzard 444 T-V-KA--K--cowu- fL

Ch. skel 491 -.--QQ--*--QPRQYF--V-cooooon-| DF

Marttle 522  NHTMFILEQEEYQKEGLEWKF IDFGLDLQPTIDLLEKPM® * *GIYALVDE

Stricted 490 --H.-V------ K----Q-E-e-cb---MCoe-T----***- - SILE-

Drosophila 588  ------------- R--c-cmccmmmmm e ID--G***- M--L--

Humon L I Rk R----- L et C---I---AGPP--L--L--

Gizzard 494 ceoeoomeeene R-=en- R ~C-E-I-R-TNPP-VL--L--

Ch.skel 541 --H--Ve-o--- K------ €----- M- -AMC-E-T----***--FSILE-

65K-38K junction

Manitle 569  ECFFPKATDKTF IOKYVTQHSSHPSSRSLTSELMLTSG?**** *LIHYAG

Strioted 537  --M----D--5-Q-YSYQN- IGKMRMF TKPGKPTRPMQGHAHFELH- - - -

Drosophilc 627  --W-ooovmmnn V--L-SA- - -KFMKTDFRGYADFA****** IV - - -~

Huzman 999  --We------ S -VE - -MQEQGT - - KFQKPKQLKDKADFC

Gizzard 544 -W-e-ne- TS-VE - LIQEQGH- AKFQKSKQULKDK - EFC*****IL----

Ch skel 588 -M--eee- TS-KN-LYD- - L GKSNNFQKP*KPAK * GRAEAHFS -V -~ ~ -

Mantle 613  KVOYSAKMELMOMIPLMENYYSLLQTSSOPFYVATWKDAE * IVOMGA*A
Striated 587 N-P--IAG--D--K--I-------- AV-KE-L-AELFRAPD*****EPAG
Drosophila 671  R----- L ) O G-Q-- o Moooemn *--G-AQ
Human 635 ----K-DE---------- 0-IAT--HQ-~-K--SEL -- -YOR-IGLDQM-
Gizzard 589  --T-N-SA--T-----o- D--T---NQ---K--ADL- - -VDR - -GLDQM-
Ch.skel 636  T---NISG--E--K-----T-IG-Y-K--VKTLALLFATYGGEAE**"**
octin

Morrtle 661 STWGS“RMOFRWSQ.YKEWWW
Stricted 632  GA-GKK*****KKKSSA-Q-I-AYHR-S-M---CN--R---H -
Drosophila 719  ALT--Q--A**----o-euee H-mmmmmeeee D---ve-- -
Human 685  GMSE-ALPGAFK-------- “Grmmmmmm e -
Gizzard 639 D(TESSLP ASK-K------- R Tee-Tomooommmnne -
Ch.skel 681 * -GGGRKG-K*KKGSS-Q- - -A-FR-N-R-- - -N--5-H- H--------

SH-2 SH-1
Mantle 789 HEXKAGKIDSPLYLEQURCNGYLEGIRICRQGFPMRIT FQEFRQRYEILC
Strigted 677  L--DP-LV-AE---H--Q------------ K---$-L-YS5--K---5--A
Drosophilo 767 --I-T
Husan 735
Gizzard 689
Ch.skel 728  ET-TP-AMEHE---H------cca-venos K- --S-YLYAD-K~--RV-N
Mantle 759  PSSIPKG® FMDGKKSYEKMINAL EL DPNL YRVGQSKIF FRAGYLAHLEEE
Strioted 727 -)H--Q- -¥Y---TVS--ILTG- Qﬂ- -SE--L-TT-V--K----GN---H
Drosophila 817 -
Human 785 -
Gizzard 79 AA--- %o QACIL- Koo -m oo e I--- -
Ch.skel 778 A-A--E-Q---5--AS--LLGSIOV-HTQ--F-HT-¥--K--L- GL---N

ELC-binding RLC-binding
Montle 838  ROLKLTDITIQFQALCRGL IARRNYQRRLQQLSAIRVIQRHCASYLKLRN
Strigted 776  «-ER-SK--SM---HI--YLI-KA-KKLQD-RIGLS-----
Drosophile 866  --F-IS-L-¥YM---f---Flecese- Keove- K---1
Human 834 - -T--V-eGeeeCe--YL--KAFAK-Q---T-MK-
Gizzard 788 -c-I--V--A---Q---YLA-KAFAK-Q---T-MK-
Ch.skel 828  --D--AE--TRT--R---FLM-VE-R-MVERRES-FC--

lost Pro

Montle 858
Strioted 826
Drosophila 916
Human 384
Guzzard .50 )
Ch.skel 878  -P-MK--F-1-*%°-

zard smooth muscle myoesin; Human, human nonmuscle type-A my-
osin; Ch.skel, chicken skeletal muscle myosin. Dashes and asterisks
indicate identical amino acids and gapped amino acids, respectively.
The 65K-30K junction, ATP-binding (P-loop, switch I, and switch II),
actin binding, essential light chain (ELC)-binding, and RLC-binding
sites are indicated above the amino acid sequences. SH-1, SH-2 and
the last Pro are also underlined. The insertion within the SH3 do-
main, which is shown by a dotted line, is boxed.

were omitted from the comparison. The 50K and 20K do-
mains of the mantle myosin are more homologous to those
of smooth/nonmuscle myosins than the 25K domain, be-
cause the 25K domain includes a long variable region at its
N-terminus. The segment comparison revealed that the
sequences clearly fall into two groups; striated and smooth/
nonmuscle myosins. It is clear that the three domains of
the mantle myosin are more similar to the corresponding
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Fig. 4. Phylogenetic tree of myosin II based on the sequences
of the motor domain. The sequences from the amino terminus to
the end of the motor domain (last Pro) of various kinds of myosin II
were taken. The sequences were aligned and a bootstrap tree file
was created, and then a phylogram tree was drawn with the Tree-
View program. The mantle myosins is indicated by an arrowhead.
Accession numbers: C. elegans, P02566; yeast, P08964; Entamoeba,
L03534; Dictyostelium, P08799; human nonmuscle type B, M69181;
human nonmuscle type A, M69180; chicken nonmuscle type B,
M93676; chicken gizzard smooth muscle, P10587; Drosophila non-
muscle, M35012; Drosophila skeletal muscle, M61229; scallop stri-
ated muscle (Placopecten magellnicuss), U59294; scallop striated
muscle (Argopecten irradians), U09782; carp striated muscle,
D89992; human embryonic skeletal muscle, P11055; chicken skele-
tal muscle, P13538; chicken embryonic skeletal muscle, P02565; rat
B-cardiac muscle, P02563; rat a-cardiac muscle, P02563.

regions of smooth/nonmuscle myosins than striated muscle
myosins. This led to the conclusion that the mantle myosin
belongs to the smooth/nonmuscle type myosin group, differ-
ent from scallop muscle myosin.

The scallop mantle myosin shares a 20 amino acid insert
in the N-terminal region, which has been termed the myo-
sin SH3 domain (21). Although the function of the SH3
domain is not clear, it may not be essential for motility in
that it is missing in several unconventional myosins. The
following two functions have been suggested for the N-ter-
minal domain including the SH3 domain. (i) The tail region
of the myosin head, which is pictured as a “lever arm” in
the crystal structure, rotates upon ADP release accompany-
ing ATP hydrolysis (22). Dominguez et al. suggested that
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TABLE I. Segmental comparison of the motor domain of the
mantle myosin with those of other myosins.

S-1 25K 50K 20K
Ch. gizzard smooth muscle 59 54 64 80
Dm. non muscle 65 53 72 85
Hu. non muscle 59 53 62 81
Sc. striated 44 41 49 53
Dm. striated 40 36 45 49
Ch. skeletal 41 35 49 50

The sequence of each domain of the mantle myosin was compared
with the corresponding region of other myosins. The percentage
sequence identity was calculated with the DNASIS program (HI-
TACHI software). 25K, 25K domain (residues 1-225); 50K, 50K
domain (residues 248-584); 20K, 20K domain (residues 646-868).
The abbreviation used are: Ch, chicken; Dm, Drosophila; Hu, hu-
man; Sc, scallop.

(A) (B)

peuob
spue B

200 kDa

a[osnw pale L11s
a{osnw yales

Jakej (oo jel|jed
(a19snw) apuew
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Fig. 5. Detection of mantle myosin in scallop tissues by West-
ern blotting. Scallop tissues were extracted with 2% SDS, 20 mM
Tris, 10% glycerol, 0.1% 2-mercaptoethanol. (A) The mantle extract
was immunoblotted with a polyclonal antibody against the N-termi-
nal domain of mantle myosin as described under “MATERIALS
AND METHODS” (B) Equal amounts of total extracts of different
tissues were separated by SDS-PAGE and then immunoblotted. The
tissues are indicated at the tops of the lanes. A molecular weight
standard (200 kDa) is indicated by arrowheads.

the N-terminal domain of myosin may limit the potential
swing of the lever arm during the cross-bridge cycle and
alter the step size of myosin (23). (ii) The two heads of
chicken gizzard heavy meromyosin in a rigor complex with
F-actin could be cross-linked by a zero-length cross linker
(1-ethyl-3-[3-(dimethylamino)propyllcarbodiimide) (24). The
cross-linking occurs between two residues, Lys-65 of one
head and Glu-168 of the other, suggesting that the N-termi-
nal region is involved in the interaction between the two
heads bound to F-actin. These suggestions indicate the pos-
sibility that the insertion in the 27 kDa domain could influ-
ence the motor function.

Tissue Distribution of Scallop Mantle Myosin—To inves-
tigate the tissue distribution of the mantle myosin, antise-
rum was raised against a bacterially expressed myosin
fragment (amino acids 2-14) fused to GST, and then affin-
ity purified over a synthetic peptide (ADDPYAGVS), as de-
scribed under “MATERIALS AND METHODS.” This antibody
recognized a 200 kDa band for the mantle extract (Fig. 54),
which corresponds to the molecular weight of the myosin
heavy chain. A tissue distribution study with this antibody
demonstrated that this myosin was specifically expressed
in the mantle pallial cell layer (Fig. 5B). Barely detectable
levels were observed in the striated muscle, catch muscle,
mantle (muscle portion), glands, and gonads. The fact that
the mantle myosin is specifically expressed in the pallial
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cell layer consisting of nonmuscle cells supports that the
mantle myosin is a nonmuscle type myosin.

In conclusion, we isolated a cDNA fragment encoding the
motor domain of myosin from the mantle tissue including
the pallial cell layer. This myosin was specifically expressed
in the mantle pallial cell layer. This is the first report of a
nonmuscle type myosin being found in scallop.
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