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We isolated a ¢cDNA encoding a novel unconventional myosin from scallop mantle tissue
(scallop unconventional myosin: ScunM) and determined the nucleotide sequence. It
comprises 2,739 bp with 5’ and 3-noncoding sequences and has an open reading frame of
2,334 bp that encodes 778 amino acids. While ScunM has a motor domain and a short tail
domain without having light chain-binding 1Q motifs like myosin XIV, the deduced
amino acid sequence exhibits low homology, 30-36%, to known myosins. Phylogenetic
analysis of the motor domain suggested that ScunM belongs to a novel unconventional
myosin class. ScunM has an insertion of 67 amino acids in the putative actin-binding
site (loop2 site). Western blot analysis with an antibody produced against the N-terminal
region revealed that ScunM was strongly expressed in the mantle and mantle pallial cell

layer of scallop.
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Myosins are mechanoenzymes that utilize the energy of
ATP hydrolysis either to translocate along or to move actin
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filaments. The heavy chains of all known myosins contain
ATP-binding and actin-binding sites within the head do-
main, followed by the neck domain, which contains multi-
ple light chain~binding 1Q motifs, and a multifunctional C-
terminal domain. It has become clear that the myosins con-
stitute a superfamily. Phylogenetic analysis of the head do-
mains of myosins has revealed the existence of at least of
15 classes, termed either conventional and unconventional
myosins (I-3). The myosins function in a multitude of cellu-

(A
(¢ GESGAGKT EASKIIMRYIAAVTNLGGQKEVERVKDVLITSNVIL EAFGNAKT class I
2 GESGAGKT TKKVIMYLAKVACATKKKTEEGGTDKKEGSLEDQITIQANPVL EAFGNAKT class II
(3 GESGAGKT | TKKVIQYLAHVAASNRPSGNRSSVSNLHIQGSNVFTQGELENQLLQANPIL | EAFGNAKT class II
(4) GESGAGKT ESTKLILQFLAAVSGQESWIEQQILEAVPIN EAFGNAKT class VII
(5) N ;GESGAGKT ESTKYMVKHLVSLCPKETGDLHERIVKINPLL EAFGNAKT unknown
(€:))

GAGAGCACTAAATACATGGTCAAACACCITGTGTCCTTGTGTCCGAAAGAGACTGGTGACCTCCACGAACGTATTGTCAAGATCAACCCACTTCTG

GESGAGKT| E S T X Y M V K H L vV S L €C P K E T G D L H E R I V K I N P L L |EAFGNAKT

Fig. 1. Identification of scallop mantle myosin ¢DNAs. Scallop
mantle myosins were amplified by RT-PCR using degenerate primers.
Sequence analysis of cloned PCR products revealed the presence of 5
different types of myosin-like fragments (A). On comparison of the de-
duced amino acid sequences with proteins in the GenBank database,
four fragments (clones 1-4) were identified as myosin I, If, I, and VII,

respectively. Although each of the four fragments-exhibited 78-87%

sequence identity with members of only one myosin dass, one frag-
ment (clone 5) showed low sequence identity with known myosins.
The amino acid sequences corresponding to a set of degenerate prim-
ers are boxed. (B) Nucleotide and deduced amino acid sequences of
clone 5. The sense and antisense primers employed for screening are
underlined (see “MATERIALS AND METHODS").
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lar processes such as motility, cytokinesis, phagocytosis, en-
docytosis, secretion, and organelle movement (I).

We were interested in identifying novel myosins ex-
pressed in the mantle tissue of scallop. The mantle tissue of
bivalve molluscan shells consists of a muscle portion and
nonmuscle portions such as mucous cells and epithelial
cells. The epithelial cells are known to play roles in such as
secretion of shell organic matrix proteins (4, 5), and migra-
tion and proliferation during the wound healing process (6).
We postulated that the nonmuscle cells contain multiple
unconventional myosin species. Using the PCR technique,
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we previously identified nonmuscle myosin II, which was
specifically expressed in the pallial cell layer (7). In this
paper, we report the identification of a novel unconven-
tional myosin.

MATERIALS AND METHODS

Materials—Adductors (striated and catch muscles), man-
tle, gonad, and gland were prepared from scallop, Patino-
pecten yessoensis. The mantle pallial cell layer was se-
parated from muscle by scraping with a knife.

-78

ATTATTTATTGGATCTCCTCCGATCCCCTAGCAAGGGGTATTACCCGTGTTTGAGGAGGTACGGATCCACTAAGTGAG

.es

1 ATGGCGGACGAGGACGTGGACGATCTGTCGCAGCTGGGAAATT TGGATAAT GCCACCATAAAAAGAACT CTGCAGT CGCGATATGCGAAA 90

1 M A DE DV DODULSQL GNLDNATTIIKIR RTILIGSRYAK 30
91 GACAAGATATACACGTACTGTGGCGACATACTCATTGCAGTAAATCCATTCAAGGATCTCCCTATTTTCGGAAAGAAGCAACAT GAAGAA 180
31 DK I Y TYCGDI LI AVNZPTFIKUDILTPTITFGTI KTI KU QHTEE 60
181 TATCACTGGAAGACACTGCAACGTATGCCTCCACCACACGTATTTAACATGGCTGCACGTGC CTACCGTCGGATACATGAGACACGTACT 270
61 Y H W K T L Q R MP P P HVINMAARA AFYRRTIHETRT T")

E——
271  AATCAGGTCATCTTGTTGGAGGGGAATTCCGGGGCGGGCAAGACAGAGAGCACTAAATACAT GG TCAAMCACCTTGTGT CCTTGTGTCCG 360
91 N Q VI L L E_G NS G A GKTESTHKYMVKHLVSLCP 120
P-1o0p
-————
361 AAAGAGACTGGTGACCTCCACGAACGTATTGTCAAGAT CAACCCACTTCTGGAGGCTTTCGGCAATGCCAAAACCACTATGAACGACAAT 450
121 K € T G D L H E RI V KINPULLEA AFGNAIKTTMNDN 150
switch T
451 TCCAGCAGATTTGCCAAATATTTGGAGATGTCTTTTGCGACCAACGGCCAAGTAACGGGAGCAATAG TTAGAGACTACT TGT TGGAAAAA 540
151 S S R F A K Y L EM S F ATNGQVTGATIVRDYILLEHZK 180
541 TCTCETGTGGTTGACCAGATGGACAAGGAGGGCAACTTCCACATCTTCTACTGTCTTTTCGCGGGAGCT CCTGT CACCGTTCTCAAAAAC 630
188 S R VV D Q M D KE GNTFHTITFY CLFAGAPVTVLKN 210
631 CTGCATCTGAAGGATGCAAGAACATACAGAATT GTAAAAGGCAATGAAGAGTTACTGACTAGAACGGAATTCTACAGAGCTATGTATCAG 720
211 L H L K D AR T YR I V KGNTETETLLTRTTETFYRAMYQ Q 240
721 GAACAGATAGAAGTACTCAAGTCTATCAATTTGGAACAAGAGGACATCGACATTATCCACACGATTCTGGCGGCTATACTTCTCATCACA 810
241 E Q I E V L K S I N L E Q ED I DTITIHTTILAATIULLTIT 270
811 CAGGTGGAATTCCTGGAACCTGATGACCCTAACGAGCCAATGAAGATCAAAGACACTACATTCGTTGAAAACGTTGCCGACTTATTGAAT 900
2217 Q V EF L E P DDPNEUPMEKTIIKTDTTTFVENVYADLILN 300
901 GTGTCGTATGAGGACTTGGGTCACGCATTGATTGCCACAAAGCAGACGTATGTT GGAGAAACTTTGGTGAAACGAAAGT CCATGTATCAG 990
3. V S Y E DL G H ALIATI K QTYVGETILVEKRIKSMYDQ 339
TEDS site
991 GCCATCGACAGCAGAGACGCCTTCGCAAAAGCTCTCTACGAACGGATTTTTGGT TGGATCGTTCGCCAAATAAACTTGAACCTCCATCCG 1080
333 A I DS R DATF AKATLTYTERTIFGWTIVRIQINLNILIHSTEP 360
1081 TCAAAGTTCAAAGCACCCACTGGAAGTACAAGCATTGGTATACTTGACATAGCTGGATTTGAGAGAT TGGAAATCAACAGCATGGAACAG 1170
361 S K F K AP T GG ST S I GI L DI AGFERTLTETINSMENQQ 39
switch II

1171 ATGTGTATCAATCTGATAAAT GAAAGGCTCCAGAGT TTCACCAACAGAAACGTCATGGACTATGAGATGTCTATATATAAAGAGGAAGGG 1260
31 M C I N L I N ERL QS FTNRWNVMDYEMSTIYZKTETES®G 420

Fig. 2. (continued)
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RT-PCR—Total RNA was extracted from the mantle tis-
_sue including the pallial cell layer with guanidinium iso-

thiocyanate and purified. Aliquots (1 pg) of total RNA were
subjected to RT-PCR as described previously (7). RT-PCR
was carried out using degenerate myosin primers with the
following sequences described by Bement et al. (8): 5-GG-
IGAA/GYA/THC/GIGGIGCIGGIAAA/GAC-3" and 5-GT-
(C/DHTTIGCA/G)T TICC(A/G)AAIGC(C/T)TC-3, which cor-
respond to the highly conserved amino acid sequences
GESGAGKT and EAFGNAKT within the myosin motor
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domain. The amplified fragments were cloned into TA-clon-
ing vector (INVITROGEN) as described previously (7), and

the DNA sequences of each clone were determined using a
Dye-Deoxy terminator cycle sequencing kit (Amersham
Pharmacia) with a DNA sequencer model 310 (Perkin
Elmer).

Construction of a cDNA Library—cDNA was synthesized
from the total RNA using a SMART c¢DNA Library Con-
struction kit (CLONTECH) according to the instruction
manual, and then the ¢cDNA library, which was inserted

1261 ATCCACGTGACCGGTATCAAGTTTAAGAACAATGATGCGCTGTTGGACTTGTTCATGAAGAAAACATTTGGCCTGCTGCCACTCCTCGAC 1350

421 I H V T 6 I K F K N N D A L L

b L FMKKTTFGLLPLULD 450

1351 GAGGAGTCGAAGCTTGGACAAGGTTCCAATGAAAGATT TGTAAAAAAACTCAATGACAAGTACGATACGCACCCATGTTTCACAGAATCT 1440
451 E E S K L G Q 6 S N ERF VKK KTULNDIKYDTHPCFTE S 480

1441 CCACATGGTCGTGTGGAATTCGGTGTCAGACACTTCGCCGCCCAGGTCTGGTATGACGGGTCATTGTTTATTGAGAAGAACCGAGATATG 1530
481 P HGR V EF GVRHTFAAQV WYDGS 1L FTIEI KNI RTDM 510

1531 CTGAGCCAAGATGTTACCTCCTGTATGAGAGAGAGT GACAATCCATTTGTTTCCGACCTTT TCACTRTTAAAAAGGGGCCAACAGGGACT
511 L A QD VTS CMRESUDNPTFV SDLTFTI|IVKKGPTSGT

1620
549

1621 JATTTCAGCGACAATGCAGAACAT CAGGAGGT CCAGGAAAGCAGAAGGTAGAGGT CCGAGGAAACCTATTACGGCCAGAGGACAACTTCTT
541 I S ATMQNTIRRSIRIKAEGRTGH®PRKUPTITARSGO GQTULIL

1711 |ATGGCCGATTTAGGAAGGTCTCTAAAAGAAAGGTACGGTGAATCTGTCCAGAGCACTAATCAGG TGTACAACCCTAAAGATCACAALACA

1710
570

570 1M A DL GR S L KERY G E SV QS TNOQV Y NPKDHKT 600

1821 GTCATCTCATACTTCCAGAGCTCTATGAATGAACTGCTACAGAAATTGCAACGGGCAGACCCATATTATGTACGCTGTATCAAACCCAAC  1890@
601 VvV I S Y F Q S S M NTEULLQKTLAQRADPYYVRCIKPN 630

actin-binding

1831 ATGTTCCTAAAACCAGACAACTTCGATGACGAAAAGGT GTT GGAACAGATGCTTTATAATGGGATATCGGAAGTGGCAAAGATTAGAAAA 1980
631 M F L K P DN F DDEIKVLEQMLYNSGTISEVAKTIRK 660

conserved glycine

1981 CTTGGTCTTCCTATTCGGAAACGGTATGACGACTTCACAAAGAGATACAGACCACT GTTTCTGGAT TGTCGGAAGGCGCGATCGGACAGA 2070
661 L 6 L P I R K R YDDTFTKRYRUPILTFLUDT CRTIEKARSDTR R 690
2071 GCTGGGGCAGAGCTGCTTCTAAAAAAAACTTTGCCAGATAAAATGATGTCAGGGATACAATTTGGCAAAACAAGGGTTTTCATGCAGGAA 2160
691 A G A E L L L K KT LPDI KMMSGTIOQF GKTRVTFMAQE 720
2161 GATGTCAGTATCTGGCTAGAGAAATGTCGTGGT TTCAGGGAGCGGGCTGCCGTTGACACCATTGCTAAAAGGTGGCAGCAATATAAGATT 2250
72 DV S T W 1L E K CRGTF RERAAYNYDIIALKIZ ERBNWNOQQQQYKI 750
2251 GAAAACAAACGAAAAGAAGAATTGTCGGAAGGCGCGAT CGGACAGAGCAGGGGCAGAGCTGCTTCTGAAAAAMCTTTGCCAGATAAAAT 2340
T T ST TETNKTRTKTETE LTSTE G A TIGQ SR GERATANSEKNEART 778

2341 GATGTCAGGGATACAATTTGGCAAAACAAGGGT TTTCATGCAGGAAGATGTCAGTATCT GGCTAGAGGGGAACCAAACAGCTATAGAGGT 2430
2431 AGAAACCAGGACTGTATGCTGATGTGGGCCAGGAAGGACTTCCGCT GG GACGACGACGAGTGCCACCTTCAAAGGTCGTTCATCTGTGAA 2520
2521 AGATTCGTGTTTTCAGAAAAGGT GTGCAGATTGTCGGGTGTAGGAGGGTTGACACGCCTCACAGTATATATCAAGTACCGTGTATAGGCA 2610
2611 GAAGTCACGGGATTGTAACAAGTAGAACAATAAAGAAGT TCTGAAGACACG 2661

Fig. 2. Nucleotide and deduced amino acid sequences of
ScunM. The start and stop codons are indicated by astersks. The nu-
cleotide sequence of the original RT-PCR fragment (Fig. 1B) was iden-
tical to the corresponding sequence between the arrows. Solid lines
below the amino acid sequence represent the sequences of ATP-bind-
ing (P-loop, switch I, and switch II) and actin binding sites. The
glutamic acid (at position 320) that corresponds to the TEDS site and
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the conserved glycine (at position 651) that was proposed to act as a
pivot point of the lever arm are also underlined with double lines.The
insertion of loop 2 is boxed. The short tail of ScunM, rich in basic res-
idues, is underlined with a dashed line. The di-basic and tri-basic se-
quences within the tail domain are indicated by double lines. The nu-
cleotide sequence has been deposited in the DDBJ database under ac-
cession No. AB057425.
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into the NTriplEX2™ phage vector, was packaged with the
GigapackII Gold extract (STRATAGENE).

¢DNA Cloning of Scallop Unconventional Myosin—To
select positive phage clones of scallop unconventional myo-
sin, PCR screening was carried out with the following
primer pairs: 5-TTGTGTCCTTGTGTCCGAAA-3' as a
sense primer and 5-TGACAATACGTTCGTGGAGG-3' as
an antisense primer (Fig. 1). These primers correspond to
parts of the nucleotide sequences of a fragment that was
amplified using a set of degenerate primers described
above. Approximately 3 x 10° phage clones of the cDNA
library were screened as described previously (7). The

Y. Hasegawa and T. Araki

pTriplEX2™ plasmid with an insert from an isolated posi-
tive clone was recovered using the in vivo excision feature
of the \TripleEX2™, and the nucleotide sequences of both
strands of an insert were determined. The determined se-
quence revealed that the isolated ¢cDNA clone did not con-
tain a 3"-noncoding region. To extend the sequence in the 3’
direction, the 3-RACE method was applied, and an ampli-
fied fragment was subjected to DNA sequencing.
Production of Polyclonal Antibodies—The peptide cover-
ing the N-terminal region of scallop unconventional myosin
(ADEDVDDLSC) was synthesized and coupled to BSA by
means of maleimidobenzoyl-N-hydroxysuccinimide ester. A

SCUNM e e
MyoK e -
adrenal s e e e
chicken  eceenns ASPDAEMAAFGEAAPYLRKSEKERTEAQNKPFDAKSSVFVWHPKESFVKGTI 52
TgM-A MASKTTSEELKTATALKKRSSDVHAVDHSGNVYKGFQIWTDLAPSFTVKEEPOLMFAKCTI 60
SCUMM e MADEDVDDL SQLGNLD- - === - -~ NATIK 21
MyoK — mmmmmemmmmemeemeoooo MFRLFSSGVDDLVLVSNPS-------- NGEVT 24
adrenal  seceemeeeeeemmoo | MESALTARDRVGVQDFVLLENFTS------ EAAFI 29
chicken QSKEGGKVTVK-TEGGETL TVKEDQVF SMNPPKYDKT EDMAMMTHLH- - - - - - -~ EPAVL 104
TgM-A VQAGTDKGNLTCVQIDPPGFDEPFEVPQANAWNVNSL IDPMTYGDIFTGMLPHTNIPCVL 120
ScurM RTLQSRYAKDKIYTYCG--DILIAVNPFKDLPIFGKKQHEEYHW---KTLQRMPPPHV-N 75
MyoK SQIGARFDRELIYTNIGEVLIFTAVNPYKALPITGPEFIKLYQN---ASGSDASP-HIYA 8@
adrenal ENLRRRFRENLIYTYIFTGPVLVSYNPYRDLQIYSRQHMERYRG---VSFYEVPP-HLFA 85
chicken YNLKERYAAWMIYTYSG--L FCVTVNPYKWLPVYNPEVVLAYRG- - -KKRQEAPP-HIFS 159
TgM-A DFLKVRFMKNQIYTTAD--PLVVAINPFRDLGNTTLDWIVRYRDTFDLSFTKLAP-HVFY 177
ScunM MAARAYRRIHE TRTNQVILLE - -GNSGAGKTESTKYMVKHLYSLCP -~~~ === ==~ 120
MyoK LAERAYRRMVDENE SQCVITSGE SGAFTGKTVSAKLILQYVTSVSPNNSSGGGIGGSGGG 140
adrenal VADTVYRALRTERGDQAVMISFTGESGAGKTEATKRLLQFYAETCP----~-=-mmmmn 131
chicken ISDNAYQFMLTDRENQSILIT--GESGAGKTVNTKRVIQYFATIAA-- - - mmoc— v 203
TgM-A TARRALDNLHAVNKSQTIIVS - -GESGAGKTEATKQIMRYFAAAKT - - -~ - - = - 221
loopl
SCUAM oo e KETGOLHERIVKINP- 135
MyoK NGGIPQYDGGSDDRPSPPMGRGMGMPGF TMVGRGGLPTRGGGPPSRGGGPPPTRGRGGPP 200
adrenal s e APERGGAVRDRLLQSNP- 148
chicken e SGEKKKEEQSGKMQGTLEDQIISANP- 229
TGM-A e GSMDLRIFTQNAIMAANP- 239
ScunM e e
MyoK PPIPQNRGAPPPVSNGGAPPPVARGPVAFTPPPTRGAPPTRGGGPANRGGRGGGPPPVST 260
adrenal oo e
chicken e e s
TGM-A e e
SCUMM e e e LLEAFGNAKTTMNDNSSRFA--KYLEMSFA 163
MyoK SRGGGGYGGSSKTVDVEHIKKVILDSNPLFTMEATGNAKTVRNONSSRFG--KYLEIQFD 318
adrenal  coememeemmmmmememooo VLEAFGNAKTLRNDNSSRFFTGKYMDVQFD 178
chicken  cemmeeemmemeeeecemmaos LLEAFGNAKTVRNDNSSRFG--KFIRIHFG 257
TOM-A e VLEAFGNAKTIRNNNSSRFG--RFMQLDVG 267
ScunM TNGQVTGAIVRDYLLEKSRVVDQM--DKEGNFHIFYCLFAGAPVTVLKNLHLKDAR---- 217
MyoK DNNAPVGGLISTFLLEKTRVTFQQ--KNERNFHIFTFYQMLGGLDQTTKS-EWGLTQATD 375
adrenal FKGAPVGGHTLSYLLEKSRVVHQN- ~-HGERNFHIFYQLLEGGEEETLRRLGLFTERNPQS 236
chicken ATGKLASADIETYLLEKSRVTFQL-~PAERSYHIFYQIMSNKKPELIDMLLITINP---Y 302
TgM-A REGGIKFGSVVAFLLEKSRVLTFTQDEQERSYHIFYQMCKGADAAMKERFHILPLS---- 323
ScunM -TYRIVKGNEELLTRTEFYRAMYQEQIEVLKSINLEQEDIDITHTILAAILLITQVEFLE 276
MyoK FYYLAQSKCTTVEDVDDGKDFHEVKAAMETVGISRDFTEQTEIFRILAAILHVGNIRFQG 435
adrenal YLYLVKGQCAKVSSINDKSDWKVVRKALTVIDFTEDEVED--LLSIVASVLHLGNFTTHF 294
chicken DYHYVSQGEITVPSIDDQEELMATDSATDILGFSAD- -EKTATYKLTGAVMHYGNLKFK- 359
TgM-A EYKYINPLCLDAPGIDDVAEFHEVCESFTFRSMNLTEDEVASVWSIVSGVLLLGNVEVTA 383
TEDS site
ScurM PDDPNEPMKIKDTTFVENVADLLNVSYEDLGHALIATKQTYVG---- {EJLVKRKSMYQA 331
MyoK EAP- - - -ASVIDETPLQWAASLL GCDPTFLCQSLNHRQIQSFTGSARHTRYQVPQNPDQS 495
adrenal AADEESNAQVTTENQLKYLTRLLGVEGSTLREALTHRKITAKG----JEELLSPLNLEQA 349
chicken QKQREEQAEPDGTEVADKAAYLMGLNSAELLKALCYPRVKVGN---- JEFVTKGQTVSQV 414
TgM-A TKDGGIDDAAATEGKNL EVFKKACGLLFFTLDAERIREELTVKVSYAQNDEIRGRWKQED 443
ScunM ID- - SRDAFAKALYERIFGWIVRQINLMLHPSKFKAPTG--STSIGILDIAGFERLEIN- 386
MyoK AG--LRDALAKTLYERIFDF IVARVNKAMSFSGN- -~ - -- - CKVIGVLDIYFTGFEVFER 546
adrenal AFTYARDALAKAVY SRTFTWLVAKINRSLASKDAESPSWRSTTVLGLLGIYGFEVFQHNS  4@9
chicken HN- ~SVGALAKAVY EKMFLWMVIRINQQLDTKQPR--~ - -~ QYFIGVLDIAGFEIFDFN- 465 ) .
TgM-A GD-MLKSSLAKAMYDKL FMWITAVLNRSIKFTPPGG- --- FKIFMGMLDIFGFEVFKNN- 499  Fig. 3. (continued)
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rabbit was first immunized with 500 pg of peptide with
Freund’s -complete adjuvant. Three-succéssive-injections-of
500 pg of peptide in incomplete adjuvant were performed
at intervals of 2 weeks. Serum was collected regularly after
the final immunization and affinity-purified over a syn-
thetic peptide.

Electrophoresis and Immunoblotiing—Each scallop tis-
sue was homogenized in a solution containing 2% SDS, 20
mM Tris, 10% glycerol, and 0.1% 2-mercaptoethanol. After
measuring protein concentrations by the Bicinchoninic acid
(BCA) assay, equal amounts of tissue extracts were sepa-
rated by SDS-PAGE (9). After electrophoresis, the proteins
were transferred to nitrocellulose membranes. The mem-
branes were blocked with 5% skim milk (w/v) in a solution
containing 0.5 M NaCl, 20 mM Tris-HCl (pH 7.5), and
0.05% Tween 20 before the addition of the purified antise-
rum, followed by incubation with secondary antibodies,
alkaline phosphatase—conjugated goat anti-rabbit IgG.
Color development was performed with nitroblue tetrazo-
lium and 5-bromo-4-chloro-3-indoyl phosphate.

RESULTS AND DISCUSSION

Identification of Myosin ¢cDNAs from Scallop Mantle Tis-
sue—To identify unconventional myosins from scallop man-
tle tissue, the RT-PCR technique was carried out using
degenerate primers derived from conserved sequences in
the myosin head regions (GESGAGKT and EAFGNAKT)
as described by Bement et al. (8). Sequence analysis of am-
plified fragments yielded five kinds of products (clones 1-5).
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Comparison of the GenBank database with the nucleotide

sequences of these-fragments revealed-that four-products - —

(clones 1-4) exhibited substantially higher sequence iden-
tity to members of myosin classes (class I, class I, class II,
and class VII) from a variety of organisms (Fig. 1A). How-
ever, the remaining product (clone 5) did not show close
similarity to known myosins (Fig. 1). We previously identi-
fied clones 2 and 4 as nonmuscle myosin II and myosin
VIIA-like protein, respectively (7, 10). To confirm a PCR
product of clone 5 was myosin, we isolated cDNA clone that
covered the entire coding region from the scallop mantle
cDNA library as described under “MATERIALS AND METH-
ODS,” and the isolated ¢cDNA clone was subjected to DNA
sequencing.

Primary Structure of ScunM—The determined nucle-
otide sequence and deduced amino acid sequence are
shown in Fig. 2. It comprises 2,739 bp with 5 and 3’-non-
coding sequences and has an open reading frame of 2,334
bp that encodes 778 amino acids. The deduced amino acid
sequence revealed that this gene product has characteristic
ATP binding (P-loop, switch I, and switch II) and actin
binding (VRCIKPN) sites, and shares many conserved
regions with myosins of other classes. The calculated molec-
ular mass of the predicted ScunM protein was 89,642 Da,
which is smaller than that of class XIV myosin (TgM) from
Toxoplasma gondii, which is known as the smallest uncon-
ventional myosin among myosins (11). The deduced amino
acid sequence of ScunM showed that a tail of 46 amino
acids is attached to the motor domain without a light
chain-binding domain. The overall structure of ScunM is

ScunM - SMEQMC INL INERLQSFTNRNVMDYEMS IYKEEGIHVTGIKFKNNDALLOLFMKKTFGL 445
MyoK NSFEQFCINYVNERLQQIFIDLTVRGEQREYHEEGMKWKDISFFONKIVVDLFTIDGNKP 606
adrenal FEFTQFCINYCNEKLQQLFIEL TLKSEQEEYEAEGTAWEPVQYFNNKIICDLVEEKFKGI 469
chicken -~SFEQLCINFTNEKLQQFFNHHMFVL EQEEYKKEGIEWEF IDFGMDLAACIELTEKPMGT 524
TgM-A -SLEQFFINITNEMLQKNFVDIVFDRE SKLYRDEGVSFTSKELIFTSNAEVIKILTAKNN 558
ScunM LPLLDEESKLGQ-------~- GSNERFVKKLNDKYDTHPCFTES- - - -—---- PHGRVEFG 488
MyoK PGIMRVLDDVCKTVHAVDSAAADIKFMEKL IHSIQSHPHLVIS - - - - - NTGSSADEFTFT 661
adrenal ISIFTLDEECLR----- PGEATDLTFLEKLEDTIKQHPHFLTHKLADQRTRKSLORGEFR 524
chicken FSILEEECMFPK-=-~---- ATDTSFKNKLYDQHLGKSNNFQKP-- - -KPAKGKAEAHFS 572
TgM-A SVLAALEDQCLAP---- -~ GGSDEKFLSTCKNALKGTTKFKPAK- - - -~ - FTVSPNINFL 616
ScunM VRHFAAQVWYDG- - SLFIEKNRDML SQDVTSCMRE SDNPFVSDLFTVKKGPTGTISATMQ 546
MyoK IKHYAGEVSYS--IEEFCFKNNDNLYASIVGCLQNSTYQFIVSLFP---- -~ 705
adrenal LLHYAGEVTFTYNVTGFLDKNNDLL FRNLKETMCS SENPTLGQCFD- - - - - - ==~ - —- 570
chicken LVHYAGTVDYN- - ISGWLEKNKDPLNETVIGLYQKSSVKTLALL FA- === -=- === 616
TgM-A ISHTVGDIQYN- - AEGFLFKNKDVL RAE IME IVQQSKNPVVAQLFA- - - - =< - = -~ —- 660
loop2
ScunM NIRRSRKAEGRGPRKPITARGQLLMADLGRSLKERYGESVQSTNQVYNPKDHKTVISYFQ 606
MyoK = ~ENIQDNKQAPTTSm - <~ === oo m o oo SFFTKIR 725
adrenal ~~RSELSSKKRPETV- == -mm o e e e e ATQFKMS 590
chicken - - TYGGEAEGGGGKKGGKKKGSSFQ-=== == === =m=ammcmoom oo TVSALFR 636
TgM-A - - GIVMEKGFTKMAKGQ- - - = === === === o= oo ceommmecmmn LIGSQFL 682
Tt T o T o conserved glycine -
ScunM SSMNELLQKLQRADPYYVRCIKPNMFLKPDNFODEKVL EQMLYNQL - -SEVAKIRKLGLP 664
MyoK QSSSYLVTRLSACTPHYIRCIKPNDKKQPMNFVSSRVEHQVKYLMAL - -L ENIKVKRSGFT 783
adrenal LLELFTVEILKSKEPAYVRCIKPNDSKQPGRFDEVLIRHQVKYLIAL - -MENLRVRRAGFA 648
chicken ENLNKLMANLRSTHPHFVRCIIPNE TKTPGAMEHELVLHQLRCNGV- -L EGIRICRKGFP 694
TgM-A SQLQSLMELINSTEPHF IRCIKPNDTKKPLDWVPSKMLIQLHALIQVFTLEALQLRQLGYS 742
ScunM IRKR- -YDDFTKRYRPLFLDCRKARSDRAGAELLLKKTLPDKMMSGIQFGKTRVFMQEDY 722 Fig. 3. Comparison of the deduced
MyoK YAYRQLKDIFLNRFGKIMDVQP- - -RNVQEFVEYITRTHKDINADEFEEGKTKIFVKNPE ~ 84¢  2mino acid sequence l‘:f tll:e "l‘l"t‘:;' do
adrenal YRRKYEAFTFLQRYKSLCPETWPTWTGRRQDGVTVLVRHLGYKPEEYKMGRTKIFIRFPK ~ 7eg ~ main of ScunM with the head se-
chicken SRVLYADFKQRYRVLNASATPEGQFMDSKKASEKLLG-SIDVDHTQYRFGHTKVFFKAGL 753  quences of MyoK, adrenal gland
TgM-A YRRPFKEFLFQFKFIDL SASENPNLDPKEAALRLLKSSKLPSEEYQLFTGKTMVFLKQAK 882  myosinIp (adrenal) (26), chicken skel-
etal muscle myosinIl (chicken) (27),
ScurM SIWLEKCRGF 732 and TgM-A. Dashes indicate gapped
o nal TEATEEDL 850 amino acids. The TEDS rule site and the
chicken LGLLEEMRDD 763 conserved glycine are boxed. The loop 1
TgM-A ELTQIQRECL - 812 and loop 2 regions are also indicated.
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similar to those of TgM and MyoK (class I myosin) from
Dictyostelium discoideum in terms of a short and basic tail
and a lack of a neck (light chain binding site) (11, 12). How-
ever, sequence comaparison of ScunM with TgM and MyoK
revealed a distinct difference in the essential amino acid
residues that affect ATPase activity and regulation. Almost
all known myosins contain a phosphorylatable residue
(serine or threonine) or a negatively charged residue (as-
paratic acid or glutamic acid) at a conserved site (TEDS
rule) (13). In lower eukaryotes, phosphorylation of this resi-
due has been shown to be crucial for stimulation of the
ATPase activity of class I myosins (14). MyoK and ScunM
have a phosphorylatable threonine residue and a nega-
tively charged glutamic acid residue (at position 320) at
this site, respectively (Fig. 3). On the other hand, TgM has

vi

Mm-8
Hs7A Vil
30 Bt-X X
a7
Hs XV xv
p-l)
Rn myr5 X
17
ATM-8 Vit
“s
chick myoV v
MYA-11 X
Acl13 Xt
Hs-non
1000 cardiac
1000 "
argopecten
D __l
C.olegans
HMWM v
{ % — e~ DdIA

2L adrenal —l
), myoK t

78
-1 AcantB
%54
Mml

TgM-a XV

“"’ ScunM -—
a2
NinaC L]

___.Ine
hum-4 Xl

Fig. 4. Phylogenetic tree of the myosin superfamily based on
the sequences of the head domains. The sequences from the
amino terminus to the end of the head domain of typical members of
each myosin class were taken. The sequences were aligned using de-
fault parameters and a bootstrap tree file was created, and then a
phylogram tree was drawn with the Tree-View program. The boot-
strapping values at the nodes indicate the numbers of times that
given branches clustered together in out of 1,000 bootstrap trials.
ScunM is indicated by an arrow. Accession numbers: Mm-6, Q64331
Hs 7A, Q13402; Bt-X, U55042; Hs XV, AF053130; Rn myr5, X77609;
ATM-8, P47808; chick myoV, Q02440; MYA-11, Q39160; Acl 13,
X69505; Hs-non, P35579; cardiac, P13539; argopecten, X55714; C.
elegans, P12844; HMWM, P47808; DdIA, P22467; adrenal, U03420;
myoK, AB017909; AcanlB, P19706; Mml, P70248; TgM-A,
AF006626; NinaC, P10676; hum-4, Q20456.
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a glutamine residue, which does not follow the TEDS rule.
The conserved glycine, which has been proposed to act as a
pivot point of the lever arm (15, 16), is substituted by a
serine residue in TgM but not in MyoK or ScunM (Fig. 3).
Thus, the essential amino acid residues differ among
ScunM, MyoK, and TgM, suggesting that these myosins
may be regulated by different mechanisms.

To classify ScunM into a myosin subclass, the sequence
of the head domain of ScunM was aligned with those of
typical members of the 15 already established classes of the
myosin family, and a phylogenetic tree was created using
the ClustalW program (Fig. 4). The numerical values at the
branch points are the bootstrapping values. These values
indicate the number of times that given branches clustered
together in out of 1,000 bootstrap trials. ScunM does not
join any of the existing branches of the trees with greater
than 60% confidence, suggesting that ScunM does not fall
into any of the 15 classes of myosins already identified.
Therefore, ScunM constitutes a new class of myosin.

A search of the database with the tail domain sequence
revealed no homology to other proteins or known motifs.
The tail domain is short and basic, with a pI value of 10.36.
It resembles the basic tails of some other unconventional
myosins that have the ability to bind acidic phospholipids
and may mediate myosin-membrane interaction (17, 18).
Analysis of the predicted secondary structure of the tail
domain of ScunM revealed an «-helix structure like that of
TgM (19). The tail domain of TgM has four di-basic motifs
(Arg-Arg, Lys-Lys, Lys-Lys, and Arg-Arg), the last motif
(Arg-Arg) being responsible for plasma membrane associa-
tion (19). The di-basic sequence, Lys-Arg, or the tri-basic se-
quence, Lys-Arg-Lys, observed in the tail domain of ScunM
may also contribute to the membrane association.

It has been proposed that two proteolytically sensitive
surface loops that lie near ATP (loop 1) and actin (loop 2)
binding sites could be critical for modulation of myosin
kinetic activities (20-23). In comparison with conventional
class II myosin (chicken skeletal muscle myosin II), the
ScunM sequence has an 11 amino acid deletion at the posi-

(A) (B)

kDa

90

66

96 \
—_—

45

Fig. 5. Detection of ScunM in scallop tissues on Western blot-
ting. Scallop tissues were extracted with 2% SDS, 20 mM Tris, 10%
glycerol, and 0.1% 2-mercaptoethanol as described under “MATERI-
ALS AND METHODS.” (A) The mantle extract was immunoblotted
with an affinity-purified polyclonal antibody against N-terminal do-
main. A ScunM band is indicated by an arrowhead. (B) Equal
amounts of total extracts of different tissues were immunoblotted.
Lane 1, gland; lane 2, gonad; lane 3, pallial cell layer; lane 4, mantle;
lane 5, catch muscle; lane 6, striated muscle.
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tion of loopl, as found in other unconventional myosins
(Fig-3).-At-the-position-of-loop-2;-the ScunM sequence-con-
tains a unique insertion of 67 amino acids that is highly
basic. Such an insertion in the loop 2 region has also been
found in myr5/myr7 (class IX myosin) (24, 25). The charge
and length changes of the loop 2 region affect actin-acti-
vated ATPase activity and the affinity for actin. Van Dijk et
al. (23) reported that the addition of four positive charges
in the primary sequence of loop 2 produced a 12-fold reduc-
tion of the Kapp for actin. It is presumed that the insertion
would have an important influence on the nature of the
ScunM-actin interaction.

Tissue Distribution of ScunM—To investigate the tissue
distribution of ScunM, polyclonal antibodies were gener-
ated against a synthetic peptide (ADEDVDDLSC) as de-
scribed under “MATERIALS AND METHODS.” This antibody
recognized an approximately 90 kDa band of the mantle
extract (Fig. 5A), which corresponds to the calculated
molecular weight determined from the deduced amino acid
sequence. A tissue distribution study with this antibody
demonstrated that ScunM was abundant in the mantle and
mantle pallial cell layer, lower levels being detected in stri-
ated muscle, catch muscle, gland, and gonad (Fig. 5B). In
several tissues, the apparent molecular weight of ScunM
was slightly larger, suggesting that ScunM isoforms may
exist in these tissues.

REFERENCES

1. Mermall, V., Post, PL., and Mooseker, M.S. (1998) Unconven-
tional myosins in cell movement, membrane traffic, and signal
transduction. Science 279, 527-533

2. Sellers, JR. (2000) Myosins: a diverse superfamily. Biochim.
Biophys. Acta 1496, 3-22

3. Wang, A., Liang, Y., Fridell, R.A., Probst, F.J., Wilcox, E.R,,
Touchman, J.W., Morton, C.C., Morell, R.J., Noben-Trauth, K.,
Camper, S.A., and Friedman, T.B. (1998) Association of uncon-
ventional myosin MYO15 mutations with human nonsyndro-
mic deafness DFNB3. Science 280, 1447-1451

4. Tsujii, T. (1960) Studies on the mechanism of shell- and pearl-
formation in Mollusca. J. Fac. Fish. Pref. Univ. Mie 5, 1-70

5. Wada, K. (1966) Studies on the mineralization of the calcified
tissue in molluscs-VIII. Histological and histochemical studies
of mucous cells on the inner and shell surfaces of mantle of
some bivalve and gastropod molluscs. Bull. Natl. Pearl Res.
Lab. 11, 1283-1297

6. Awaji, M. and Suzuki, T. (1998) Monolayer formation and DNA
synthesis of the outer epithelial cells from pearl oyster mantle
in coculture with amebocytes. In vitro Cell Dev. Biol. Anim. 34,
486-491

7. Hasegawa, Y. (2000) Isolation of a ¢cDNA encoding the motor
domain of nonmuscle myosin which is specifically expressed in

the mantle pallial cell layer of scallop (Patinopecten yessoensis).

~" 7 J Biochem. 128,983-988 =
8. Bement, WM., Hasson, T., Wirth, J A, Cheney, R.E., and
Mooseker, M.S. (1994) Identification and overlapping expres-
sion of multiple unconventional myosin genes in vertebrate cell
types. Proc. Natl. Acad. Sci. USA 91, 11767

Vol. 131, No. 1, 2002

119

9. Laemmli, UK. (1970) Cleavage of structural proteins during

__the assembly of the head of bacteriophage T4. Nature.227,680~_.. ..

685

10. Endoh, Y, Araki, T, Honda, M., and Hasegawa, Y. (2001) Nu-
cleotide sequence of a ¢cDNA encoding N-terminal region of
scallop myosin VIIA-like protein. Fisheries Sci. 67, 188-190

11. Heintzelman, M.B. and Schwartzman, J.D. (1997) A novel class
of unconventional myosins from Toxoplasma gondii. J. Mol.
Biol. 271, 139-146

12. Yazu, M., Adachi, H., and Sutoh, K. (1999) Novel Dictyostelium
unconventional myosin MyoK is a class [ myosin with the long-
est loop-1 insert and the shortest tail. Biochem. Biophys. Res.
Commun. 255, 711-716

13. Bement, W.M. and Mooseker, M.S. (1995) TEDS rule: a molecu-
lar rationale for differential regulation of myosins by phospho-
rylation of the heavy chain head. Cell Motil. Cytoskeleton 31,
87-92

14. Wu, C., Lee, S.F., Furmaniak-Kazmierczak, E., Cote, G.P,, Tho-
mas, D.Y,, and Leberer, E. (1996) Activation of myosin-I by
members of the Ste20p protein kinase family. J Biol. Chem.
271, 31787-31790

15. Kinose, F., Wang, SX., Kidambi, US., Moncman, C.L., and
Winkelmann, D.A. (1996) Glycine 699 is pivotal for the motor
activity of skeletal muscle myosin. J. Cell Biol. 134, 895-909

16. Patterson, B., Ruppel, KM., Wu, Y., and Spudich, J.A. (1997)
Cold sensitive mutants G680V and G691C of Dictyostelium my-
osin IT confer dramatically different biochemical defects. JJ. Biol.
Chem. 272, 27612-27617

17. Hayden, S.M., Wolenski, J.S,, and Mooseker, M.S. (1990) Bind-
ing of brush border myosin-I to phospholipid vesicles. J. Cel{
Biol. 111, 443-451

18. Adams, R.J. and Pollard, TD. (1989) Binding of myosin-1 to
membrane lipids. Nature 340, 565-568

19. Hettmann, C., Herm, A., Geiter, A., Frank, B., Schwarz, E., Sol-
dati, T, and Soldati, D. (2000) A dibasic motif in the tail of a
class XIV apicomplexan myosin is an essential determinant of
plasma membrane localization. Mol. Biol. Cell 11, 1385-1400

20. Spudich, JA. (1994) How molecular motors work. Nature 372,
515-518

21. Uyeda, T.Q.P,, Ruppel, KM., and Spudich, J.A. (1994) Enzy-
matic activities correlate with chimeric substitutions at the
actin-binding face of myosin, Nature 368, 567-569

22. Murphy, C.T. and Spudich, J.A. (1998) Dictyostelium myosin
25-50K loop substitutions specifically affect ADP release rates.
Biochemistry 37, 67386744

23. Van Dijk, J.,, Furch, M., Derancourt, J., Batra, R., Knetsch,
M.L.W,, Manstein, D.J., and Chaussepied, P. (1999) Differences
in the ionic interaction of actin with the motor domains of non-
muscle and muscle myosin II. Eur. J. Biochem. 260, 672-683

24. Reinhard, J., Scheel, A.A., Diekmann, D., Hall, A., Ruppert, C.,
and Bahler, M. (1995) A novel type of myosin implicated in sig-
nalling by rho family GTPases. EMBO J. 14, 697-704

25. Chieregatti, E., Gartner, A, Stoffler, H.E., and Bahler, M.
(1998) Myr 7 is a novel myosin IX-RhoGAP expressed in rat
brain. J. Cell Sci. 111, 3597-3608

26. Maita, T., Yajima, E., Nagata, S., Miyanishi, T., Nakayama, S.,

and Matsuda, G. (1991) The primary structure of skeletal mus-

cle- myosin-heavy-chain:-TV. Sequence -of-the-rod, and the-com-

plete 1,938-residue sequence of the heavy chain. J Biochem.

110, 75-87

27. Zhu, T and Tkebe, M. (1994) A novel myosin I from bovine adre-
nal gland. FEBS Lett. 339, 31-36

2T0Z ‘62 Joqueidas uo A1sleAlun pezy dlwes| e /BIo'sfeulnolploxo-qly/:dny woly papeojumoq


http://jb.oxfordjournals.org/

