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The expression level of 13 myosins in Tetrahymena thermophila
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ences, Graduate School of Life and Environmental Sciences, University of Tsukuba)

SUMMARY

Myosin is a eukaryotic actin-dependent molecular motor which plays important roles in muscle contraction, cell mo-
tility, cytokinesis, cell-cell adhesion, vesicle transport, and signal transduction. Molecular evolution of myosins can help
to elucidate phylogenetic relationships between organisms. There are 13 genes for myosin (MYO1-13) in Tetrahymena
thermophila. Remarkably, Tetrahymena myosins are too different to classify into the 35 current myosin classes. We have
demonstrated for the first time that all of the Tetrahymena myosin genes are transcribed in the vegetative stages. The my-
osins are classified into four subclasses on the basis of functional domains in the tails. These are MyTH4 domain (Myo4,
6, 8), FERM + MyTH4 domain (Myol, 2, 5, 7, 9), ATS1 domain (Myo3, 10, 11, 12) and coiled-coil domain (Myo13).
We have also tried to estimate expression levels of mRNA using semi-quantitative RT-PCR.

(B8] A3, 727 F MR L MAEERT OMEORYIY, MIaESH, MianyEimiks
HE—H BRI ETHY, MRBHOMIENA EoRBAEEXLY, IA v NXi%{E' (SHER)



36 A RS S 42 BB 15

77%/amzwm¢5% & — G ERAL & FF
B, CRIEM (BEB) ICEHERERE N A A v 2R T
W3, \ﬂ'//(mf%% X, B KA A L OAE
bRICL > THREEINTWD, ZTNETIIWE SN
TWNDEI AV UICHET HADIFE A EREICHE
HOMFT N SHALZbDTHY, BE-EYMOEE
R—HAE2 EDBFAEEYD I F 2 AT T OIRNT
EHEVEALTHRY, L LIEE, FAEEHD
TV U BIRAZER SNED T D, FAEAEYO
F 2 TN E R R S S BE A D @ A &1
HieoTBY, a=—U 2 A9 25 2 L3R
N,

k=& . Tetrahymena thermophila 4% 7 AEESIIC
T 13 EEOI A Ea— RTHEET MYOL~
13 NIFAET B34, $x REMOD I F 2 v OIRAFRS
L LT REMAHTIC L »C, T h T e ATFTDIA
AT LD I A LIS L TR T
D2 EBDnoTWnES, FRIEAFTDIAY
VIZOWTHNDS Z E1E, BEAEWICILFETD
SAVUOBEDOSZHEEEM D DICEE CTH D, T
ZCHEIL, INHD I DA cDNA OXHfd
FlaREL, BB L~V EFT,

[:%] Tetrahymena thermophila ¢ CHI1 £k% Neff £
Ht (1% protease peptone NO. 3, 0.5% yeast extract, 0.87%
D-glucose, 3.3 mM FeCly) 23\ T 30°C TH;FE L
7oo MR Z (R LAl U 7= Total RNA A8 L L,
¢DNA ZHH LT, RIZHEIA Y VBl TFOZFY
VIR RN T T A~ — & #F L, cDNA %
L LC PCR EEATR, WE Lo EmE v — v
A L7, &HIT, RACE {EIZ X 5T cDNA 2RO
Hafifead Lz,

EH RT-PCR | SYBR® Premix Ex Taq™ (Takara)
EROWIEA VE—H L —F =KL VT o1,
cDNA HOSHROEXHMEIL FeiCr k2 VTR L
7

[#52] Fe~x 1%, T.thermophila @ 13 FifED I F3 >
RPN T T4 ~—% AR L, % cDNA ZHiE L
THEESNZRE LTz, fFonEAZRIC TS
N57 2 JBEINCHONWT RAL VIRBRETR- 1=
FER, BWEEBOSRICED 4 0P T s T RITK
BMTEDZ EERLE, ZORFEIT Williams &
Gavin (2005) 12X D KA A PRlOEREHER L=
7L<, #HZIZ FERM & ATS1 2625343 0D
FAEEBI BN LTz, ZO/RE, a4V Raf s
FFo 1 D (Myol3), MyTH4 % £> % D (Myod, 6, 8),
MyTH4 & FERM %#£-> 6D (Myol, 2,5,7,9), ATSI
ZEFOH D (Myo3, 10, 11, 12) OFBBA LT -
2o 51T, EE RT-PCR EZAVWTINSDI A
v DRBURNT %1772 > 7=, T. thermophila »EFE 2
T FUEET ACTL o —HziEdEL LT,
cDNA HDOENZEND I AT v OFRELEDE /NI E
K=, TOFEE, MYO8 LU MYO10 (X ACT1

2009 4F

IZHAT mRNA BERAEICE o7z,
IFFREHEMEN T EAVHEI LT,

—J, Myo2

[E] AifFgeic L > T, T.thermophila @ 13 FHD

SAVUORBAEHERL, BHMOBKE R XA 12
o T4 o0V 77 T RAZHFETEDHZ ENHBL
77o FERM 285X A 7O I F 3 3807 A —
NI HRE L TR, R8N O 6§ % 1 @
CEEZHLNTWD, 7 h7 kb AT O MyTH4 +
FERM 77 5 2D IA4+ %, FERM IZX - TE&
JaReA N TR T OEEMEERL, ThbofE%se
TRV T FTREMER B B, THE I /NMaEe
BROBEEEITRO>T I EAFICBNT, Z0Y
T FADIF TV OFENRL N EIXAENTH
A9,

MyTH4 (T %12 FERM & If A CTHEET 5,
MyTH4 DNEMTHET DL IA TV ET Ea 7Ly
FT2HLLRAINTELT, WEIXIAHFATH
%, MyTH4 [3f8/VE L EERS ST A2 R>Z &
DEHNTWDY, BHZT F T e AT TRHAEREH WV
T EMRENT Myo8 [ZOWTHERERIAT 21772 5 =
LT, TOHFWRIFILCOBMERDLILINE LI
7200,

ATS] ZHfO I F L T 6 MO T2 T L7 (T
BOBND, GEIT FT A FTDOIA T I ATSI
®ﬁf%%mbt:&mio,:®547@iﬁv
UNRT IR T —HERBEORBE L TEZILND
W%ﬁﬁfWéHtOAml®m%&&otﬁ§%ﬂ
D Atslp 1%, H/NEHIIAERE DOERERDY l//
P—ERL LTRESNEZBIGTFEDTHDY, Z
=%, T b7 AFTD ATSI %7“7?10)\:2“\‘/‘/
IR NE ORI B3R T D Al REER B 2 b b, b
ik L7z MyTH4 % Bl CTRFOMyo8 & ATS1 % Ffo
Myol0 X, ACTL £V bHEGEEHOENZ NI &N
RENTz, BET 7 F UM ET@< I AT URnE
DR ERDTIF L ED HELIFEH LTSI L
Mo, TNHDOI AT BT 7 F v EITMAL LT
INEORBEE I T 2 FREE LB X DD, Zhb
DI F T ORI RSB OMEE 1057259,

F7m, aA N Rag vk RIBIZEESMyol3lE, fit
DEA T DI F L N RTE — F —EBAL DAL
&<, B <chs, af Vv Raf Vieilie N A4
VELTRSIA VUL, Btk Ecmong s
FZANEXVIIO A TH D, ZhbHDI A idiaA
N RIAANIZE > TRRBED 7 ¢ T A2 N &R
L, 77 F v EMEERT 5 Z L2 X o TRV
HEEHZHLTHDE, H LML SMyol3llHZED
L O RBREN H D D E LivAauy,

(3R]

1) Soldati, T. (2003). Unconventional myosins, actin dy-
namics and endocytosis: A Ménage a Trois? Traffic. 4,
358-366. Review.

2) Krendel, M. and Mooseker, M. S. (2005). Myosins:



Jpn. J. Protozool. Vol. 42, No. 1. (2009) 37

Tails (and heads) of functional diversity. Physiology
20, 239-251. Review.

3) Williams, S. A. and Gavin, R. H. (2005). Myosin genes
in Tetrahymena. Cell Motil. Cytoskeleton. 61, 237-
243. Review.

4) Eisen, J. A. et al., (2006). Macronuclear genome se-
quence of the ciliate Tetrahymena thermophila, a
model eukaryote. PLoS Biol. 4, 1620-1642.

5) Odronitz, F. and Kollmar, M. (2007). Drawing the tree
of eukaryotic life based on the analysis of 2,269 manu-
ally annotated myosins from 328 species. Genome
Biol. 8, R196.

6) Hosein, R. E., Williams, S. A. and Gavin, R. H. (2005).
Directed motility of phagosomes in Tetrahymena ther-
mophila requires actin and Myolp, a novel unconven-
tional myosin. Cell Motil. Cytoskeleton. 61, 49-60.

7) Hosein, R. E. and Gavin, R. H. (2007). Myol1 localizes

to phagosomes, some of which traffic to the nucleus in
a Myol-dependent manner in Tetrahymena thermo-
phila. Cell Motil. Cytoskeleton. 64, 926-935.

8) Williams, S. A., Hosein, R. E., Garcés, J. A. and Gavin,
R. H. (2000). MYO1, a novel, unconventional myosin
gene affects endocytosis and macronuclear elongation
in Tetrahymena thermophila. J. Eukaryot. Microbiol.
47,561-568.

9) Weber, K. L., Sokac, A. M., Berg, J. S., Cheney, R. E.
and Bement, W. M. (2004). A microtubule-binding
myosin required for nuclear anchoring and spindle as-
sembly. Nature. 431, 325-329.

10) Kirkpatrick, D. and Solomon, F. (1994). Overexpres-
sion of yeast homologs of the mammalian checkpoint
gene RCCI suppresses the class of alpha-tubulin mu-
tations that arrest with excess microtubules. Genetics.
137, 381-392.



