FEBEAGE 20075 122: 221-34.

IBEEEr PORZ VR

A BB 5

TUNARF BB
RREESERRE R

(2T FRL194ET7 H 17T H)

PROFESSOR EBASHI AND TROPONIN RESEARCH
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This article consists of a lecture given in commemoration of the late Professor Setsuro
Ebashi, at the muscle physiology meeting held at The Jikei University, Tokyo, December 9,
2006. Understanding of the molecular biology of calcium regulation of striated muscle con-
traction started with the discovery of troponin by Professor Ebashi in 1965. Troponin was
soon found to be the Ca?*-receptive protein of physiological Ca?*-activated contraction and to
be distributed regularly along the thin filament. It was then established that, under physiologi-
cal conditions, the contractile interaction between two contractile proteins, myosin and actin,
is regulated by Ca*" through two Ca?‘-regulatory proteins, troponin and tropomyosin.
Through biochemical studies, troponin was shown to be composed of three different compo-
nents: troponins C, I, and T. Properties of troponin components have been comprehensively
studied, and this protein is now known as a representative regulatory protein in living organ-
isms. This article presents an overview of the characteristic structure and function of
troponin. Recent progress in the functional studies of genetic disorders caused by cardiac
troponin mutations is also discussed.

(Tokyo Jikeikai Medical Journal 2007 ; 122: 221-34)
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Fig.2. Periodic distribution of troponin in myofibrillar structure?
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Tropomyosin

Fig. 4. Structure of thin filament?

Rl TB LT, WHMEEEDOICIEFE U REL
AD N R=VZHFET 7F V3 TFD50—
a3 oI nENHD £3 (Fig.4). LizhoT
FERIAVVAHBRFALLZTITNE I LD
£, ZOESRLTIELDTT 4T AV etk
ELTORELIEEDORNRENRTE T, 66
BICRTHEGEIZ 2D & S Rl 2fToET IV
THYFELT, TADBBIEOHINT 4 7 X bD
SFREEOREBICZ>TWwWE D TT (Fig.6).
MW T 4 T A2 DS b v R = DOALE
25400 AFHBEO3AD2DES TR TY
BIErEZLE, ZOMTREMNT 4 X1
WBEBIN T 47 A2 DT, HEIDSZHEFD
ThHhdIedmPDET M7 472 D Ca
FE Y NI BEIIE &V E LT 4 T A M
Kol SR Z I E2RTHOTHD £
7.

Ca DFEL WM Tik, taR=>r-roR
SFYVVRBTIFVTATAYIDEIF Yk
OIERIEEIH L TwE 25, Ca b o=

WAERL £ &, OO /ER BN S o
T4 Y7 75> L OPEERIGHEEILS
%, L\ DR Ca flffioRABHETH, EELD
BEET VI I E BEEICAFE LIz DD TH
-3

INETIBIFELTEILDIX 1960 ERI2fTH
Nri—#EOLETHVELT, INSHIKE->TH
D Ca s T O EMRHL S NIzDTH
D%T.

XCha RSN HE— v EE L
2T TTH, 1968 127 X ) AITB VT
DDEIFCH T OENDE LI ENHE L, %
L C—HEDOWFFRIC & > TREINIZIE P a R= 28
rPuR=>C, I, TOZ2DOHMC & > THER X
NBEEY VXV ETHD ZEDHALIOTH
D%3. baR=> C» Caiérks (Ca?*-bind-
ing component) T, Z D ¥ > N7 HFENERT
D Ca ZEEHTY. %8 1969 FI1 13HE AN L
EnruR=rCOERSY I N7ETHEH)V
EVaY UEHFEREINE L, MOT7 5+ A7 1%



IRGREE b aR= Ve 225

in  troponin
tropomioshin lﬁ%ﬁ

dgg{rggn d wide bright band

Fig.5. Molecular arrangement in tropomyosin pracrystal?

Tropomiosin

Fig. 6. Structural model of thin filament®
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Troponin C (TnC) Ca?*-binding

Troponinl (Tnl) Inhibition of contractile response
between myosin and actin

(in the presence of tropomyosin)
Troponin T (TnT)

Tropomyosin binding
Chymotryptic subfragments

TnT1; N-terminal subfragment
TnT2; C-terminal subfragment

Fig.7. Troponin components

Tropomyosin binding

Troponin C binding

Tropomyosin binding
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Fig.8. Disribution of interacting properties along amino acid sequence of rabbit skeletal troponin T%
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Fig.9. Localization of troponin components along thin filament®
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Fig. 10. Polymorphism of troponin molecules”
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Fig. 11. Quarternary structure prediction model of
troponin®

TROPONIN

TROPOMYOSIN

Fig.12. Molecular arrangement of troponin com-
ponents in thin filament®
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1.BXEDOEAE  (Hypertrophic cardiomyopathy; HCM)

cardiac actin, B8-myosin heavy chain, myosin light chain,

cardiac troponin T, cardiac troponin |, cardiac troponin C,
o -tropomyosin, myosin binding C-protein, connectin

2. fisEELDERE  (Dilated cardiomyopathy; DCM)
cytoskeletal proteins; dystrophin, desmin, taffazin, lamin A/C,
& -sarcoglycan
myofibrillar proteins; cardiac actin, 8-myosin heavy chain,

cardiac troponin T, cardiac troponin |

3. #EREULEE  (Restrictive cardiomyopathy ; RCM)
cardiac troponin |

Fig.13. Genetic analyses of inherited cardiomyopathies
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TnT-treatment
—_—
acidic pH

TroponinT  Troponin C - |
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(60min) (70min)
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i =
gri— & - JJ_’ [

ATP(ys] 5mi- A~
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1. TnT-treatment
Exchange of TnC+=1-T by added TnT
( overall removal of TnC-1 )

2. TnC-I -treatment
Reconstitution of TnC+1

(Hatakenaka & Ohtsuki, 1992)

Effect of TnT-treatment and
TnC+I-reconstitution on the

Ca-activated tension of single glycerinated
skeletal muscle fibers

Fig. 14. Exchange of troponin components in skinned fibers”
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Fig. 15. Ca sensitization of force generation caused by two HCM-causing missense mutations of

human cardiac troponin T®

MUtations Mutations TnT Tnl

(30) missense 25 14 1"

deletion 3 2 1

splice donor site 2 2 0

Total 30 18 12

Ca2*-sensitivity

Increase  Decrease
/ 27 \(2)

RCM > HCM

DCM

Fig. 16. Changes in Ca-sensitivity associated with HCM-, DCM- and RCM-causing mutations in

genes of troponin components
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Fig. 17. Distribution of mutations associated with HCM, DCM and RCM in human cardiac

troponin CIT-complex®
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Fig. 18. Hearts of DCM-mouse models by K210 deletion mutation of cardiac troponin T
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Fig. 19. Ca?*-activated force generation of skin-
ned trabeculae from hearts of DCM-mouse
models shown in Fig. 18
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