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CALCIUM SENSITIVITY OF ATPase ACTIVITY OF ACTOMYOSIN
TOGETHER
WITH TROPOMYOSIN-TROPONIN
SYSTEM FROM ASCIDIAN SMOOTH MUSCLE

Jiro Takito, Naomiro Ito, Tomovosa: Kosavasar
and Kazumigo Konisgr?

Biological Institute, Faculty of Science, Téhoku University. Sendai 980.

The effect of the tropomyosin-troponin system from ascidian smooth muscle on
the ATPase activity of actomyosin was studied. Ascidian native tropomyosin and g
mixture of ascidian tropomysin and troponin repressed the Mg** — ATPase activity of
actomyosin in the absence of caleium ions and the repression was relieved by the
addition of calcium jons. When skeletal muscle myosin was mixed with either
ascidian native thin filaments or reconstituted thin filaments, the ATPase activity of
the mixture was increased to that of the mixture of skeletal muscle myosin and
agcidian natural F-actin by adding caleium ions. The latter mixture was insensitive
to calcium ions. In the absence of calcium ions, the repression of the ATPase
activity of a mixture of ascidian natural F-actin, tropomyosin and rabbit skeletal
myosin was progressed by inereasing of added troponin.

These results indicate that troponin from ascidian smooth muscle is a repressor
for actin-myosin interaction but not a Ca** —dependent activator for the interaction.
This indication contradicts the proposal by OBinaca’s groups that troponin from
ascidian smooth muscle is a Ca?*—dependent activator for actin-myosin inter-
action < Expo and OeiwaTa (1981) J. Biochem. 98, 1599-1608 and OBINATA et al.
(1983) Comp. Biochem. Physiol., 76B, 437-442>

The body-wall muscle of an ascidian, Halocynthia roretzi, is an unique smooth .
muscle because this muscle is multinucleated and regulated by tropomyosin-
troponin system (Tovora et al. 1979, Expo and OBIivaTa 1981, OBINATA et al. 1983,
SHivoEARA and Konisar 1982, Mivakawa and Kownisa: 1984). Expo and Osivara
(1981) proposed that the function of ascidian troponin differs from that of skeletal
troponin : ascidian troponin is a Ca**-dependent activator for actin-myosin interac-
tion, whereas skeletal muscle troponin is an inhibitor for the interaction and the
inhibition is relieved by the binding of calcium ions to troponin. Expo and
OBivaTa (1981) also asserted that Ca?"-dependent activation for actin-myosin

.Abbreviations: EGTA, ethylene-glycol-bis (g-aminoethyl-ether)-N, N, N' N'-tetraacetate ;
SDS, sodium dodecyl sulfate; DFP, diisopropyl fluorophosphate; Mops, 4-
morpholinepropanesulphonic acid
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interaction is the regulatory mode in vertebrate smooth muscle of which contraction
is triggered by the binding of calcium ions to leiotonin C (Mikawa et al. 1977,
Mrikawa et al. 1978) and/or calmodulin which is a subunit of myosin light chain
kinase (SoBiEszex and BrEmer 1975, Cuacko et al. 1977, SEERRY et al. 1978,
IgEBE ¢ af. 1978, ApELsTEIN and KLEE 1981). Thus, the characteristics of ascidian
troponin is of interest, compared with those of skeletal muscle tropenin. In the
previous paper, however, Mivakawa and Koxisax {1984) presented that the desen-
sitization of ascidian myosin B was obtained as the result of activation of Mg*"—
ATPase activity in the absence of calcium ions. Contrary to the proposal by Expo
and OBvaTa (1981), our results in the previous paper suggest that the regulatory
mode of ascidian troponin is skeletal muscle troponin type.

In the present work, we presented the effect of ascidian tropomyosin-troponin
system on the ATPase activity of actomyosin prepared by combining myosin from
rabbit skeletal muscle and actin from either rabbit skeletal muscle or ascidian
smooth muscle. Results indicate that ascidian troponin is a repressor for actin-
myosin interaction in the absence of calcium ions.

MaTERIALS AND METHODS

Preparation of protens: Myosin and F-actin from rabbit skeletal muscle,
natural F-actin and thin filaments from the body-wall muscle of ascidian,
Halocynthia roretzi, were used for the present study. Myosin was prepared from
rabbit skeletal musele according to the method of Perry (1955). Prior to use,
myosin in 0.5 M XCl1 containing 10 mM Mops, (pH 7.0), was centrifuged at 40,000
rpm for 1 h to remove insoluble matter. Rabbit skeletal muscle actin was prepared
according to the method of Spupicy and Watt (1971). G-actin in 0.1 M sucrose was
freeze-dried and stored at —20°C. After removing sucrose by dialysis, the actin was
polymerized into F-form by dialyzing against 0.1 M KCl. Native thin filaments,
natural F-actin, native tropomyosin, tropomyosin and troponin were prepared from
the body-wall muscle of fresh aseidian, Halocynthia roretzt, according to the method
of Tovora et al. (1979) and Expo and Osinara (1981). To prevent from
proteolysis by intrinsic proteases the muscle was homogenized and washed in the
solution containing 0.1 mM DFP.

SDS-gel electrophoresis : SD8-gel electrophoresis was performed by the method
of WeBER and Ossorw (1969).

Measurement of ATPase activity : The steady state rate of ATPase was deter-
mined from the time course of Pi liberation in the medium of 50 mM KCl, 20 mM
Mops, (pH 7.0}, 2 mM MgCl; and 1 mM ATP at 25°C in the presence of either 0.1 mM
Oall, or 1 mM EGTA. Pi was determined by the method of ALLEN modified by

Naramura (1250).
Others : The concentration of protein was determined using a biuret reaction
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(GroNaLL et al. 1949). The concentration of free calcium ions in the medium was
adjusted with EGTA based on the apparent dissociation constant of 1.0 x 10-¢ M for
CaEGTA determined by Hararusr and Ocawa (1980). Contaminated calcium ions
in the medium was assumed to 20 x 105 M.

REesurrs

Effects of ascidian native tropomyosin, troponin together with tropomyosin on the
AT Pase activity of actomyosin: As shown in Fig. 1, ascidian native tropomyosin as
well as troponin together with ascidian tropormyosin repressed markedly the ATPase
activity in the absence of calcium ions and showed almost no effect in the presence
of calclum ions. These results indicate that the mode of regulation by ascidian
tropomyosin-troponin system is similar to that of skeletal muscle ; the system acts
as & repressor for actin-myosin interaction in the absence of calcium ions and calcium
ions relieve the repression,

Results in Fig. 1, were obtained by using actomyosin prepared with myosin
from rabbit skeletal muscle and ascidian natural F-actin. Enpo and OsmvaTa
{1981), however, used actomyosin reconstituted by combining myosin and actin from

] R

ATPase activity ( pmolPi/min per mg myesin )

01 .
0
R-myosin R- myosin R-myosin R-myosin R-myosin
A-actin A-actin A-actin A-actin A-actin
A_-TM A-TN A-NTM A-TM
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Fig. 1. Effects of ascidian native tropomyosin, tropomyosin and troponin on ascidian
acto-rabbit myosin ATPase activity. Reaction mixture contained : 50 mM KO, 2
mM MgCl,, 20 mM Mops (pH 7.0}, 1 mM ATP, 0.1 mM CaCl, {open bars) or 1 mM
EGTA (dotted bars), rabbit skeletal myosin (0.1 mg/ml} and ascidian actin (0.05
mg/ml) and ascidian native tropomyosin (A-NTM, 0.05 mg/ml) or tropomyosin
with troponin. Regulatory proteing were incubated with actin in an iee box
overnight. ATPase activity was measured at 25°C.
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rabbit skeletal muscle. Thus, actin from rabbit skeletal muscle was used in the
following experiments.

The ATPase activities of reconstituted rabbit skeletal muscle actomyosin
together with ascidian tropomyosin were 0.36 and 0.37 (gmol Pi/min per mg
myosin) in the absence and presence of calcium ions, respectively. Ascidian
troponin reduced the ATPase activity in the absence of calcium ions to 0.068 (xmol
Pi/min per mg myosin) while the activity in the presence of calcium lons was not
affected by this regulatory protein. Contrary to Expo and OBinaTa’s report (1981),
these results also indicate that ascidian troponin is a repressor for actin-myosin

Ascidian body wall muscle

Myofibril

[Native thin filaments|

Stirring in 0.6 M KCl, 20 mM MOPS ( pH 7.0 )
at room temp, 1 h

30,000 rpm x 3 h

g’
[ l
sup POt
Crude native tropomyosin [Natural F-actin]

Ammonium sulfate between
30 to 80% saturation

Native tropomyosin

Incubation in 0.1 M KC1
at cold room overnight

[Reconstituted thin filaments|

(/540,000 rpm x 1 h

L

sup ppt SDS gel
electrophoresis

Fig. 2. Preparation procedures for reconstituted thin filaments.
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interaction in the absence of calcium ions.

Ca**—sensitwity of Mg**-ATPase actwity of skeletal muscle myosin with either
ascidian natwe or reconstituted thin filaments : One of the causes of discrepancy
between the results by Expo and Osinvata (1981) and those presented here was
assumed to the different extent of reconstitution of the tropomyosin-troponin sys-
tem. Thus, the mode of Ca?*-sensitization induced by ascidian native thin
filaments is of great interést. We studied the Ca®'-gensitivity of ATPase activity
of rabbit skeletal muscle myosin with either ascidian native or reconstituted thin
filaments. The preparation procedure of reconstituted thin filaments was presented
in Fig. 2. Ascidian native tropomyosin and natural F-actin which were separated
from native thin filaments were mixed together in a weight ratio of 1:1 in 0.1 M
KCL  After settled in a cold room overnight, the mixture was used as reconstituted
thin filaments. For SDS-gel electrophoresis, reconstituted thin filaments collected
by centrifugation at 40,000 rpm for 1 h were applied.

Fig. 3 shows SDS-gel electrophoretic patterns of ascidian natural F-actin, native
tropomyosin, reconstituted and native thin filaments. Natural F-actin consists of
actin and X-protein mainly. Main components in native tropomyosin were
tropomyosin and three components of troponin. Native and reconstituted thin
filaments did not differ each other in their components which were actin,
tropomyosin, three components of troponin (T, I and C) and X-protein. However,
the amounts of troponin components were less in native thin filaments than in
reconstituted thin filaments.
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Fig. 3. SDS-gel electrophoretic patterns of ascidian proteins. A) native thin
filaments (50 gg); B) ascidian actin (10 gg); C) native tropomyosin (30 pg); D)
reconstituted thin filaments (50 xg). 7.5% gel rods were used. (1)-(6) represent
actin, tropomyosin, troponin-T, X-protein (unidentified protein), troponin-I and
troponin-C respectively.



222 J. TAKITO, N. ITO, T. KOBAYASHI AND K. KXONISHI

Table 1.
Ca?*-gensitivity of Mg**-ATPase activity of rabbit myosin
with components from ascidian thin filaments

components from thin filaments
. native thin actin 1 native
actin filaments tropomyosin
— Ca?* 0.40 0.16 0.073
+Ca?* 0.40 0.40 0.41

Conditions : 50 mM KCi, 2 mM MgCl,, 1 mM EGTA {—Ca?*} or 0.1
mM CaCl, (+Ca?*), 20 mM Mops (pH 6.8},0.1 mg/ml rabbit myosin, 0.1
mg/ml ascidian actin, 0.1 mg/ml ascidian native thin filaments, 0.1
mg/ml ascidian native tropomyosin and 1 mM ATP. The activity is
expressed in (x molPi/min per mg myosin).

Table 1 shows the Mg?*-ATPase activity of skeletal muscle myosin which was
mixed with either ascidian natural F-actin or native thin filaments or reconstituted
thin filaments. When skeletal muscle myosin was incubated with ascidian native
thin filaments, Mg?>*-ATPase activities were 0.16 and 0.40 (gmol Pi/min per mg
myosin) in the absence and presence of calcium ions respectively. When ascidian
natural F-actin was used, the activity was 0.40 (ymol Pi/min per mg myosin)
regardless the concentration of caleium ions. When reconstituted thin filaments

0 1 1 1 1 Il
0 0.01 0.02 0.03 0.04 0.05

Troponin  { mg/ml )

ATPase activity ( pmol Pi /min per mg myosin )

Fig. 4. Inhibition profile of the ATPase activity of ascidian acto-
rabbit myosin with ascidian tropomyosin by ascidian troponin.
The reaction conditions were the same as those for Fig. 1.  (0)
with 0.1 mM CaCl,; (@) with 1 mM EGTA.

ASCIDIAN TROPOMYOSIN-TROPONIN 293

were used, the activities were 0.073 and 0.41 {(gmol Pi/min per mg myosin) in the
absence and presence of calcium ions perspectively. These results clearly indicate
that ascidian troponin acts as a repressor for actin-myosin interaction in the absence
of calcium ions when this protein is situated in position in vivo. In the absence of
calcium jons, the ATPase activity of myosin with the reconstituted thin filaments
was lower than that obtained with native thin filaments. This result suggests that
the inhibitory component of regulatory system of this muscle released from thin
filaments during the preparation. This suggestion is supported by the results in Fig.
3 which show that the concentration of regulatory protein in native thin filaments
is not as much as in reconstituted thin filaments.

Effect of troponin concentration tn ATPase activity : Fig. 4 shows the effect of
various amounts of ascidian troponin on the ATPase activity of a reconstituted
actomyosin, a mixure of ascidian natural F-actin, tropomyosin and rabbit skeletal
myosin. In the presence of calcium ions, the actin activated Mg?*-ATPase activity
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Fig. 5. Dependence on Ca?* concentration of the ATPase activity of
ascidian acto-rabbit skeletal myosin with ascidian tropomyosin
and troponin. The reaction conditions were the same as those
for Fig. 1 except for the use of 20 mM Mops (pH 6.8) instead of
20 mM Mops (pH 7.0).
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of myosin remained constant irrespective of the amount of added troponin. In the
absence of calcium ions, however, the repression of the ATPase activity was
progressed by increasing added troponin.

Effect of cabcium don concentration on ATPase activity : Fig. 5 shows the actin
activated Mg?*-ATPase activity of a reconstituted actomyosin, a mixture of rabbit
skeletal myosin, ascidian natural F-actin, tropomyosin and troponin at various
concentrations of calcium ions. At pCa above 7, repression of ATPase activity by
tropomyosin-troponin system was completed. At around pCa6, the release of the
repression was initiated and the activity reached to the maximum at pCa in the
range from b to 4. The activity decreased again at pCa3.

Results in Fig. 4 and b also indicate that ascidian troponin is a repressor for
actin-myosin interaction in the absence of calcium ions.

Discussion

All results presented in this paper indicate that troponin from ascidian smooth
muscle is a repressor for actin-myosin interaction. This evidence is in marked
contrast to the conclusion of Expo and Oprvara (1981). Although a cause of the
contrast still Temains to be solved, the difficulty of the complete reconstitution of
ascidien tropomyosin-troponin system from their components may be a candidate for
the cause of this contrast. In the previous paper, it was presented that ascidian
myosin B was desensitized by EDTA treatment accompanying the release of
troponin C and resensitized by the addition of this protein (Mrvaxawa and Koxisar
1984). In that case, the desensitization was accomplished by activation of ATPase
in the absence of calcium ions whereas the resensitization was established by
activating of ATPase in the presence of calcium ions but not by the repression of the
activity measured in the absence of calcium ions. This discrepancy may be due to
the topological incompletion of reconstitution of the regulatory system. However,
results obtained with native thin filaments suggest that ascidian regulatory system
is a repressor for actin-myosin interaction, but not a Ca®*-dependent activator for
the interaction in vivo (Table 1).

There are two distinet different systems for the regulation of the contraction of
various muscles. In vertebrate striated muscle, tropomyosin-troponin system is a
only system of the regulation and the regulation is actin-linked (EBaseI and Expo
1968). In vertebrate smooth muscle, Ca**-dependent phosphorylation of myosin
light chain initiates the contraction (Sosreszex and BreMrL 1975, CrACKO o al.
1977, SmERRY et al. 1978, IKEBE et al. 1978). In invertebrate, the binding of
ealeium ions to myosin light chains is essntial for the initiation of the contraction
of both striated and smooth muscles (LeaMAN et al. 1972, LeEman and SzENT-
Gvoreyr 1975). The regulation' in these muscles 1s myosfn-linked. In smooth
museles of both vertebrate and invertebrate, tropomyosin-troponin system has not
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been regarded as a regulatory system. Ascidian body-wall muscle is only one
smooth muscle of which regulatory system is identified as tropomyosin-troponin
system (Tovora et al. 1979, Expo and OBivata 1981, Ominara et af. 1983,

. Sminorsra and Konigar 1982, Mivakawa and Kowisar 1984).  Ascidian is situated

at the very important position on phylogenic tree. Thus, the study on the regula-
tory mode and the relation between the regulatory mode and the physiclogical
properties of this muscle is'important for understanding of the evolutionary aspect
for the regulatory system and the physiological significance of the existence of two
distinet different regulatory systems. For further study on the function of ascidian
tropomyosin-troponin system, a system reconstituted from ascidian myosin, actin
and regulatory proteins is essential. Recently, OBINATA et al. (1983) reported that
ascidian tropomyosin-troponin system activated the ATPase activity of ascidian
reconstituted actomyosin in the presence of calcium ions. Their results are consist-
ent with their results obtained with rabbit reconstituted actomyosin (Enpo and
Osivata 1981). Results in this -paper, however, clearly shows that ascidian
tropomyosin-troponin system is a repressor for actin-myosin interaction in the
absence of caleium ions. Thus, the effect of ascidian tropomyosin-troponin system
on ascidian reconstituted actomyosin should be reinvestigated.

Under our experimetal conditions, ascidian tropomyosin showed no effect on
ATPase activity of actomyosin. Effect of tropomyosin, especially from smooth
muscle, on actin-myosin interaction is complicated (Sopieszex and Smarn 1981,
Sopieszex 1982). Thus, the effect of ascidian tropomyosin on the interaction under
various conditions shouid be studied.

This study was supported in part by & Grant-in-Aid for Scientific Research from the
Ministry of Education, Scvience and Culture of Japan.
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