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Abstract

The relaxation and contraction in vertebrate skeleta muscle are regulated by Ca* through troponin and

tropomyosn, which are located in the thin filament. Trgponin is composed of three components, troponins C, | and T.

Rat troponin T isoforms were examined in feta , neonatad and adult rat skeletal muscles usrg two-dimensond polyacry-

lamide gd dectrophoressand immunology. Ten kindsof ioforms were discovered in adult rat fast skeletal mustles. Seven

kinds of ioforms were found in feta and neonatd rat skeletd musdes. These iformsof trgponin T are vduable in the

development of ecific markersin different tissuesin different devegoment stagesand in different animas. The new TnT

isoforms in rat skeletal muscles described in thispaper will be ussful in future research on ecific markers [ Acta Zoologica

Sinica 49 (3) : 362- 369, 2003].
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Troponin is an important component of the thin
filaments which give cacium <sendtivity to musle
fibers ( Ebashi, 1984; Morimoto et al., 1998).
Troponin is composed of troponin | (Tnl) , troponin
C (TnC) , and troponin T (TnT). These subunits,
and eyeciadly TnT have been shown to have many
different isformsin different muscles. For example,
the rabbit hasfive and the chicken has at least 70 iso-
formsof TnT infast skeletad muscle (Briggs et al. ,
1987; Imai , 1986) . In rat fast skeletal muscles, SDS
polyacrylamide gel eectrophoress (DS PA GE) and
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immunoblotting with a monoclonal antibody against
fast skeleta muscle TnT (Sabry et al. ,1991) has de-
tected five ioforms (AF1-AF5) in adults, two i~
forms (FF1-FF2) in the fetus, and two iforms
(NF1 and NF2) in neonatal animas. However , the
study of the rat fast skeletal muscle TnT gene has
shown a posshility that the gene could express the
maximum of 64 isoforms through differential aternar
tive licing of exons (Breitbart et al., 1985).
Therefore, the number of iforms which were de-
tected o far is much smaller than that predicted from
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gene organization. The present study was undertaken
to comprehendvely enumerate the TnT ioforms in
rat fast skeletal muscles by two-dimensonal polyacry-
lamide gel electrophoreds (2D SDSPAGE) and inr
munoblotting with polyclona antibody against rat
skeletal muscle TnT. Ten ioforms in the adult and
seven isoforms during the late feta to neonata stages
of deveopment were detected. The expresson pat-
ternsof these TnT isoforms wasfound to vary among
different muscles. Chicken ioforms have been class-
fied into two types, breast-fast-muscle-type and leg-
fast- muscle-type, based on differences in expresion
patternsof the isoforms between breast and leg mus
cles (Yeao et al. , 1992) . However , therat TnT iso-
formsinfast skeletal muscle are not 9 many and can
not be clasdfied into types.

In this study , the troponin T isoform patternsof
rat fast skeleta muscles were investigated to detect dl
isoforms expressed in rat muscles and to understand
changesin their expresson through development.

1 Materiads and methods

1.1 Materials

Rat were purchased from CL ER JAPAN , INC.
Fetal and postnatal skeletal muscles were dissected
out from rats, cut into smal blocks and stored at
- 20 until used.
1.2 Reagents

Agarose (agarose |EF) and ampholytes (phar-
malyte) were made by pharmaia fine chemicals.
Coomassie brilliant blue R and bovine serum abumin
were made by BDH chemicds. Rhodomine
(TRITC) -conjugated goat anti-rabbit IgG (H +L)
was made by Jackon Immunoresearch L aboratories,
Inc. , bromophenol blue and haematoxylin crystas
was made by Merck. Eodn was made by Chroma
Cesdlschaft. The other regents were produced by
Wako Pure Chemical Industries.
1.3 Hoectrophoresis

Two-dimendonal SDSpolyacrylamide gel elec
trophoresis (2D SDS PA GE) was carried out accord
ing to the improved method of Hirabayashi with some
previoudy described modification ( Hirabayashi ,
1981 ; Xie, 1992) . One percent nonidet P-40 wasin-
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Fig.1 DS PAGE protein map of adult rat muscle
2D DS PAGE pattern of adult rat pectoralis major muscle. Frst dimenson isodectric focusng was performed with 40U 1 of the muscle extract
about (200 g protein) . The pH range was approxi mately from 3. 0 to 9. 5. The second dimenson SDS PA GE was performed with a concentration

gradient of 14 % acrylamide. A: Actin
TM : Tropomyosn

HC: Myosn heavy chan CK: Creatine kinase T: Troponin T |:

Troponin | C: Troponin C
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cluded in both the extraction medium , for muscle ho-
mogenization, and the agarose gel for ieectric fo-
cusng.
1.4 Making anti-rat troponin T antibody

Polyclonal antibody againgt rat fast skeletal mus
cle TnT was dlicited by injecting TnT subcutaneoudy
into a rabbit. Usdng polyclona antibody against
chicken fast skeletd mustle TnT, one ot of fast
skeletadl muscle TnT was detected on 2D DSPACE
gdsof rat pectoralis major mude and was cut out and
emusfied with Freund’ s conplete aduvant (Dif). An
antisrum of reeonaldy high titer was obtained &ter the
sond weekly injection. This antibody strongy rescted
with rat troponin T, and has cross reaction with chicken
troponin T.
1.5 Immunoblotting

Immunoblotting was performed according to the
procedure of Franke et al. with some modification
(Franke et al., 1981; Hirai, 1983).
polyacrylamide gels were tranderred onto nitrocellu-
lose paper sheets (Sartorius; pore size 0.24 m) by
eectrophoressfor 3 hat 300 mA at 0 . The sheets
were then incubated with 2 % bovine serum abumin
with polyclonal antibody againgt rat fast skeleta mus
cle TnT, and then with rhodamine conjugated goat
anti-rabbit 1gG, and washed &ter each incubation.
The dried sheets were photographed under long wave-
length UV light.

Protein in

2 Results

When we anadyzed the rat pectoralis major
skeletal muscle with the improved 2D SDS PA GE
(Hiralbayashi , 1981; Nakamura et al., 1989) ,
many scattered protein gots with a wide range of
molecular weights (10 200 kDa) and isoelectric
points (pH 3.0 9.5) ocould be observed (Fig. 1).
Therefore, it was difficult to identify TnT within a
congtellation of protein gots. This area is boxed in
Fg.1.

To detect TnT ioforms, we prepared polyclonal
antibody againg rat fast skeletad muscle TnT and ex-
amined the expresson of TnT isoformsof 21 kinds of
adult rat skeletal muscleson 2D DS PA GE patterns
by immunoblotting with the polyclonal antibody.

Seven representative patterns showing the expresson
of TnT ioforms are presented in Fig. 2. We found
ten kinds of TnT isoformsin rat adult skeleta mus
cles and determined molecular weight and ielectric
points of these iforms. The adult ioforms were
termed as AF with the numbers according to ther
molecular weights and ieectric points . The results
are shown in Table 1. The distribution of TnT i
formsin 21 kinds of adult rat skeletal muscles are
summarized in Table 2. AF5.3, AF5.2 and AF5. 1
were found in many kindsof muscles, but afew mus
cles expresed AF4. 4.

We examined developmental changesof TnT iso-

forms usng pectoralis major and gastrocnemius.
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Fig.2 Fast Tn T isoforms of adult rat muscles
TnT ioforms in seven rat skdetd musdes. 2D SDS PAGE gds
were gtained with Coomasde brilliant blue R (left) , concentration
of acrylamide of the second dimengon ge was 14 %. Immunoblot-
ting of 2D SDS PA GE patterns was carried out with polyclond anti-
body agang rat fast skeletd musde TnT (right) .
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The results are shown in Fig. 3 and 4. At the fetal
stage (18 days post-conception) , four TnT isoforms
were detected and their molecular weights and i~
electric points were determined in Table 3. At the
neonatal stage, three other isoforms were detected
and their molecular weights and ielectric points
were determined (Table 4). The feta and neonatal
ioforms were termed FF and NF, regectively , and
numbered according to their molecular weights and
ielectric points. Developmenta changesof TnT io-
forms in pectoralis major and gastrocnemius are
schematicaly represented in Fig. 5 and 6. We found
that there were some differencesin the developmental
changes of TnT isoforms between pectoralis major
and gastrocnemius. Feta isoforms were expressed at
developmenta stagesfrom 18-day-old embryos to 21-
day-old rats, but the expresson of FF1.2 in pec

toralis major ended when rats were born. However ,
stages of NF1. 1 were not different, and the stages
when the expresson of NF1. 2 and NF2. 3 sarted
were different between pectoralis major and gastroc-
nemius. Furthermore, there were large differencesin
developmenta changes of adult ioforms.

Tablel Molecular weightsand isoelectric points of
adult rat troponnin T isof orms

pH9.5 9.2 9.0 8.5 8.0 7.0 6.5
33.0 kD - — - - - - AF1.7
31.0 kD - - - - - AF2.6 AF2.7
30.5 kD - - - AF3.4 AF3.5 - -
29.5 kD - - - AF4.4 AF4.5 - -

29.0kD AF5.1 AF5.2 AF5.3 - - - -

All iooforms found in 21 kinds of rat adult fast
skeleta muscles and developing rat pectoralis major
and gastrocnemius muscle are schematicaly repre-
sented in Fg. 7.

Table 2 Didribution of troponin T in adult rats

|eectric points AF1.8 AF2.7 AF2.6 AR3.5 AR3.4 AF4.5 AF4.4 AF5.3 AF5.2 AF5.1
Rectus femoris + - + - + - + + R
Vastus intermedius + - + + + - + + +
Vastus medidis - - + + - - + + +
Vadus laterdis - - - + - - + + +
Sartorius + - + + + + - + + +
Rhomboi deus - + + - - - + + +
Bicepsfemoris + - + + + - + + +
Pectordis mgjor + + + + + + - + + +
Rectus abdominis + + + + + + + + + +
Obliquus externas abdominis + + + + + + - + + +
L atiss mus dorg + + + + + + + + + +
Deltoi deus + + + + + + - + + +
Biceps brachii + + + + + + - + + +
Extensor carpi radidis + + + + + + - + + +
Triceps brachii - - - - - - + +
Digastricus + - + + + + - + + +
Hexor digitorum congus + + + + + - - + - -
Tibidis anterior + - + + + + - + + +
Gastrocnemius + - + - - - + + +
Tibidis posterior + + + + + + + + + +

+ : indicates the presence of isforms -

. indicates the absence of isoforms
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Fig.3 Developmental change of Tn T isof orm composition (rat Pectorails major)
The concentration of acrylamide in the second dimenson gel was 14 %. Immunoblotting of 2D SDS PA GE patterns was carried out with
polyclond antibody againgt rat fast skdletd muscle TnT. E18: 18-day-old embryo Bl: 1-day-old raa B7: 7-day-old rat B14: 14-
day-old rat B21: 21-day-old rat B42: 42-day-old rat B53: 53-day-old rat B90: 90-day-old rat

Ef8 B

Fig.4 Developmental change of Tn T isof or ms composition (rat gastrocnemius)
The concentration of acrylamide in the second dimenson ge was 14 %. Immunoblotting of 2D SDS PA GE patterns was carried out with
polyclond antibody againgt rat fast skeletd muscle TnT. E18: 18-day-old embryo Bl: 1-day-old raa B7: 7-day-old rat B14: 14-
day-old rat B21: 21-day-old rat B42: 42-day-old rat B53: 53-day-old rat B90: 90-day-old rat
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Fig.5 Developmental change of Tn T isoform in rat pectorails major ( schematic presentation)
The abscissa shows age of rats &ter birth. The ordinate shows rat TnT ioforms. The shaded regions indicate the expresson of the isoforms
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Fig.6 Developmental change o Tn T isoform in rat gastrocnemius ( schematic presentation)
The abscissa shows age of rats &ter birth. The ordinate shows rat TnT ioforms. The shaded regions indicate the expresson of the isoforms
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Fig.7 Schematic presentation of rat fast muscle TnT
The range of molecular weightsof theisoformsisfrom 29 to 35. 4 kDa, and that of isoeectric pointsisfrompH 6.31t0 9.7 FF: fetd isforms
NF: neonatd isoforms AF: adult isoforms

Table 3 Molecular weightsand isoelectric points of fetal
rat troponnin T isof orms

pH7.4 7.2 7.0 6.7

35.0 kD FF1. 1 FF1.2

33.4 kD FF2.3 FF2.4

Table 4 Molecular weightsand isodlectric points of
neonatal rat troponnin T is oforms

pH7.3 7.1 6.3

35. 4kD NF1. 1 NF1. 2

33. 4kD NF2.3

3 Discusson

In this study , ten kinds of TnT ioforms were
detected in 21 kindsof adult rat skeletal muscles. The
adult ioformsin rat fast skeletd muscles did not usu-
aly appear in dgnificant amounts until the early or
late neonata stage. The levels of expresson of these
ioforms varied among different skeletal muscles. In
chickens, fast skeletad muscle TnT ioforms are clas
gfied into two types, breast-fast-mustle-type and leg-
fast-muscle-type, because there are large differences
in TnT ioform compostions between the leg and
breast muscles (Yao et al., 1992). However, we
could not find sufficient differences among rat skeletal

muscles to justify classfying TnT ioformsinto differ-
ent types.

Although chicken TnT hasover 70 isoforms, rat
TnT did not have © many ioforms. The study on
the TnT gene of rat fast skeleta muscle has shown
that the gene can potentidly produce 64 different iso-
forms through dternative licing of exons (Breibart
et al. , 1985). Why have we found only four kinds
of ioformsin the fetal stage, three kinds of ioforms
in the neonata stage, and ten kinds of isoforms in
adults?We conddered that there may be three cases
as follows. 1. Additiond isoforms are expressd in
adult musclesother than the 21 kindsof adult muscles
examined in this study. 2. Additiona iforms are
expresed during development in muscles other than
pectoralis major and gastrocnemius which were ex-
amined developmentally in this study. 3. Additional
isoforms are expressed under ecia conditions, for
example, hard training of rats. On the other hand,
although the TnT gene of rat fast skeletd muscle may
not express as many as 64 kinds of isoforms until
now , only ten kindsof TnT mRNA had been detect-
edin adult rat fast skeletad muscles (Breibart et al. |,
1985; Morgan et al. , 1993) .

We found that fetal , neonata , and adult TnT
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ioforms were sectively expressed in these develop-
menta stages. However , we did not find fast skeletal
muscle isoformsof TnTin early fetal (13-day-old emr
bryo) muscle (data not shown). Thisis presumably
because of the predominance of embryonic dow skedle-
tal mustle-like ioformsof TnT at this stage of deve-
opment (Sabry et al., 1991; Krishan et al.,
2000) . The developmenta changes of TnT isoforms
inrat fagt skeletd muscle were very smilar to thosin
chicken breast fast skeleta muscle. In chicken breast
muscle, embryonic ioforms, neonata chick ioforms
and adult ioforms are expressd in the course of de
velopment. It isinteresting that fast skeletd muscle
TnT ioforms condderably change in ioform compo-
gtion during development. These changes may be
simulated by innervation or the increase of thyroid
hormones. In the next study , we will try to repro-
duce the developmenta changes of ioformsin an in
vitro cel culture system and try to investigate the
mechanism of these changes.

Ref erences

Breitbart, R. E. , H. T. Nguyen, R. M. Medford, A. T. Destree,
V. Mahdavi and B. Nada-Gnard 1985 Intricate combinatoria
patternsof exon splicing generate multiple regulated troponin T iso-
formsfrom a sngle gene. Cell 41: 67 82.

Briggs, M. M. ,J. C. Linand F. H. Shachat 1987 The extent of
amino-termina heterogeneity in rabbit fast skeletd muscle troponin
T. J. Mus. Res. Cél Matil. 8: 1 12.

Ebashi, S. 1984 Ca’* and the contractile protein. J. Mol. Cell.
Cardiol. 16: 129 136.

Franke, M. M., H. W. Heid, C. Grund, S. Winter, S. Freuden-

gen, E. Shuid, ED. Jaraxhand T. W. Keenan 1981 An-
tibodies to the major in sluble milk fat globule membrane-asociat-
ed protein: secific location in gpicd region of lacating epithdid
cdls. J. Cell Biol. 89: 485 494.

Hirabayashi, T. 1981 Two-dimensond ge eectrophoressof chick-
en skeletd muscle proteins with agarose gelsin thefirst dimenson.
Anal. Biochem. 117: 443 451.

Hira , S. and T. Hirabayashi 1983 Developmentd change of protein
congtituentsin chicken gizzards. Dev. Biol. 97: 483 493.

Ima, H., S. |. Hira, M. Hirono and T. Hirabayashi 1986
Many isoforms of fast muscle troponin T from chicken legs. J.
Biochem. 99: 923 930.

Krishan, K. , M. J. Morgan, W. Zhao and G. K. Dhoot 2000
Sow troponin T mRNA in striated musclesin expressed in both cell
type and developmenta stage fecific manner. J. Muscle Res.
Cell Matil. 21 (6) : 527 536.

Morgan, M. J. ,J. C. Earnshaw and G. K. Dhoot 1993 Nove de-
velopmentally regulated exon identified in the rat fast skeletd mus
cle troponin T gene. J. Cell Sci. 106 (Pt3) : 903 908.

Morimoto, S., F. Yanaga, R. Minakami and |. Ohtsuki 1998
Ca?*-sendtiziing effects of the mutations at lle79 and Argr92 of
troponin T in hypertrophic cardiomyopathy. Am. J. Physiol. 275
(1 Pt1):C200 207.

Nakamura, M., H. Ima and T. Hirabayashi 1989 Coordinate
accumulation of troponin subunitsin chicken breast musdle. Dev.
Biol. 132: 389 397.

Sabry, M. A. and G. K. Dhoot 1991 Identification and pattern of
trangtions of some developmentd and adult isoforms of fast tro-
ponin T in ome human and rat skeletd muscles. J. Mus. Res.
Cell Mobil. 12: 447 454.

Xie, L., T. Hirabayashi andJ. |. Miyazaki 1992 Histologicd dis
tribution and developmenta changes of tropomyosn ioforms in
three chicken digestive organs. Cell Tissue Res. 269: 391 401.

Yao, Y., M. Nakamura, J. |. Miyazaki, M. Kirinoki and T.
Hirabayashi 1992 Expresson patternof skeletd muscle troponin
T ioforms is fixed in cdl lineage. Develop. Biol. 151: 531
540.



