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Caffeine inhibits smooth muscle actin-myosin interaction
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Caffeine is known to have inhibitory effects on Ca2* - induced contraction in smooth
muscle, and possible mechanisms may contribute the inhibitory effects. Recently, it was
found a caffeine effect on direct inhibition of myosin-actin interaction in smooth muscle.
To clarify whether direct inhibition of myosin-actin interaction of caffeine to be
dependent on the regulation of myosin light chain phosphorylation, in the present study,
the author examined caffeine effects on skinned (cell membrane permeabilized) smooth
muscle contraction. At 10 mM, caffeine significantly suppressed Ca2* induced
contraction, which was dependent on myosin light chain phosphorylation. On the other
hand, caffeine did not affect 15.5 mM Mg?2* induced contraction, which was independent
of myosin light chain phosphorylation. The present results suggest that caffeine inhibits
actin-myosin interaction of smooth muscle through either inhibition of myosin light

chain kinase activity or acceleration of myosin phosphatase activity.

Key words: caffeine, Ca2* - induced contraction, myosin-actin interaction, myosin light
chain phosphorylation.
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Abstract

Caffeine is known to have inhibitory effects on Ca2* - induced contraction in smooth

muscle, and possible mechanisms may contribute the inhibitory effects. Recently, it was

found a caffeine effect on direct inhibition of myosin-actin interaction in smooth muscle.

To clarify whether direct inhibition of myosin-actin interaction of caffeine to be

dependent on the regulation of myosin light chain phosphorylation, in the present study,

the author examined caffeine effects on skinned (cell membrane permeabilized) smooth

muscle contraction. At 10 mM, caffeine significantly suppressed Ca?* induced

contraction, which was dependent on myosin light chain phosphorylation. On the other

hand, caffeine did not affect 15.5 mM Mg2*induced contraction, which was independent

of myosin light chain phosphorylation. The present results suggest that caffeine inhibits

actin-myosin interaction of smooth muscle through either inhibition of myosin light

chain kinase activity or acceleration of myosin phosphatase activity.

Key words: caffeine, Ca2* - induced contraction, myosin-actin interaction, myosin light

chain phosphorylation.
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Introduction

Smooth muscle contraction is dependent on phosphorylation of the regulatory light

chain of myosin, which results in an increase in myosin ATPase activity and cross-bridge

cycling with actin?.

Smooth muscle contraction is caused by the sliding of myosin and actin filaments.

The energy for this to happen is provided by the hydrolysis of ATP. Movement of the

filaments over each other happens when the globular heads protruding from myosin

filaments attach and interact with actin filaments to form cross bridges. The process of

interaction between myosin and actin is called cross bridge cycling. Unlike cardiac and

skeletal muscle, smooth muscle contraction is initiated by a calcium-regulated

phosphorylation of myosin light chain?.

Considering the key role of free calcium ion (Ca2*) in smooth muscle contraction,

many factors are involved in concentration of Ca?* increase?. One of them is release of

Ca?* from the sarcoplasmic reticulum. Therefore, an intracellular calcium channel

called ryanodine receptor (RyR) is often applied. Whereas, caffeine, recognized as a kind

of methylxanthine, at millimolar concentrations increase the Ca2+ sensitivity of the RyR

such that they become activated at basal [Ca2+]i in smooth muscle ?. For this reason,

caffeine is used to study excitation — contraction coupling in smooth muscle.

Additionally, caffeine acts on the other several mechanisms involve in smooth muscle
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contraction, such as adenosine receptor. Recently, Tazzeo 3 and colleagues reported that
caffeine directly interfered actin myosin interaction resulting in inhibiting smooth
muscle contraction. However, it is still unclear that whether the caffeine effects on
actin-myosin interaction involve myosin light-chain phosphorylation. To clarify the
mechanisms, the effects of caffeine on myosin light chain phosphorylation-dependent

and- independent contraction were tested.
Materials and Methods

All animal experiments were performed at Tokyo Metropolitan University Arakawa
Campus. Animal experimental procedures conformed to the “Guidelines for Proper
Conduct of Animal Experiments” approved by the Science Council of Japan, and were
carried out under the rules and regulations of research ethics committee of Tokyo
Metropolitan University. Hartley male guinea pigs weighing about 250 gm, were killed
by intraperitoneal administration of pentobarbital sodium (Somnopentyl, K
yoritsuseiyaku, Tokyo), then the taenia cecum were removed. The skinning (cell
membrane permeabilization) procedure was described elsewhere 99. In short, the
taenia cecum were treated with 100 microM beta-escin (Sigma,St. Loious, MO, USA)
and 100 microM ionophore A23187 (Sigma) for 30 min. Next the skinned muscle

preparations were kept in the relaxing solution (described below) with 50% glycerol at

-15C.



Measurements of mechanical responses using skinned preparation

In each experiment, the smooth muscle preparations were used from a small
muscle layer strip (0.2-0.3 mm wide and 3-4 mm long) by cutting off the taenia cecum.
Then the preparation was attached to a pair of tungsten wires with silk thread
monofilaments, and connected to a force transducer (ULA-10GR, Minebea, Tokyo) to
convert mechanical stress into electrical signal. After the signal amplified (AM32AZ,
Uniplus, Tokyo), the signal was digitalized with an analog digital converter
(PowerLab2/26; AD Instruments Japan, Tokyo) and recorded the continuous change in a
computer software (Labchart v.7, AD Instruments Japan, Tokyo). In order to change the
solution quickly, we choose a bubble plate system with six wells (0.135 ml each) 99,
Experimental temperature was kept at 30°C to prevent deterioration of the
preparation?.

The skinned preparation was firstly fixed in relaxing solution. After the passive
tension reached a steady level (resting tension, ~10 uN), the preparation was immersed
in 1050 M Ca?* to reach the maximal Ca?* -induced contraction (control group). When
the active tension maintained in a steady level, the preparation was removed to the
relaxing solution again. Subsequently the muscle strip was reactivated in various
concentrations of 1050 M Ca2* or 15.5 mM Mg?2* in the absence or presence of caffeine

(test groups).



Solution and chemical

Artificial intracellular solutions for skinned preparations were prepared according

to the method of Horiuti ®. The relaxing solution was made with 115 mM K

(methanesulfonate), 1.2 mM Mg (methanesulphonate)sz, 1.35 mM NazATP (Sigma), 20

mM  creatine phosphate (Nacalai Tesque), and 10 mM ethylene

glycolbis-(2-aminoethyl)-tetraacetic acid(EGTA) (Wako Pure Chemicals, Osaka). 1050 M

Ca?+ solutions were prepared by mixing the relaxing solution that contained 10 mM

EGTA and 9.64 mM Ca (methanesufonate)z (Tokyo Kasei). And when elicit the maximal

contraction, 1 pM calmodulin (Wako Pure Chemicals) was also needed. All solutions,

contained 0.85 mM free Mg2+, 1.0 mM MgATP (8, 40). Mg2+ and MgATP concentrations

were chosen based on those measured in the intact-taenia cecum 9. To keep the MgATP

supply sufficiently, concentrations of creatine phosphate (20 mM) were chosen about 10

times higher than that in the intact taenia cecum preparations. The apparent

dissociation constant of Ca2-EGTA was assumed to be 1064M. 15.5 mM Mg2z* MgCTP

solutions, which were used for myosin light chain phosphorylaion-indepenent

contraction, contained 15.5 mM, 1.0 mM MgCTP (1.4 mM total NazCTP; Sigma), 20 mM

creatine phosphate, and 10 mM EGTA, since MgCTP is a poor substrate for several

kinase reactions including myosin light chain phosphorylation but strongly activates

myosin ATPase 101D, Caffeine was purchased from Wako. All other chemicals were
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reagent grade.
Data analysis of the mechanical properties

The developed tension levels of the test contraction of skinned preparations were
expressed as: relative tension= (an observed tension of the test contraction — the basal
tension)/ (the Maximal of the control contraction — the basal tension)

To estimate caffeine concentration for half maximal effect of the active tension
(EDso), data were fitted to a modified Hill equation with the program kaleida Graph
(v.4.ad, Hulinks, Tokyo) using the Levenberg-Marquardt algorithm 5:

Relative tension = Fmin + (Fo- Fumin) X[caffeine]r /([caffeinelson+ [caffeinelr), where Fo,
Fuin and [caffeinelso denote a relative tension level of the test contraction in the absence
of caffeine, the maximally suppressed-relative tension level of the test contraction by
caffeine, and caffeine concentration for half maximal inhibition of the relative tension,
respectively. The Hill coefficient (n) is a measure of the slope.

Statistical Analysis

Results are presented as the mean + standard error (SEM). Statistical hypotheses
on the differences between means were tested with Student’s t-test for paired samples
unless noted otherwise. The null hypotheses were rejected when P was less than 0.05.

Results

Effects of caffeine on the Ca2* - induced contraction of skinned preparations. Figure
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1 represents typical tension traces of the B-escin taenia cecum skinned preparations

from guinea pig. When a preparation was activated with 105 M Ca?* and 1 pM

calmodulin, active tension gradually increased and reached a sustained level around 5

min. In the presence of 10 mM caffeine, the developed tension level was clearly lower

than that in the absence of caffeine. Figure 2 shows the caffeine effects on the

relationship between Ca2* concentration and the active tension. At 10 mM

concentration of caffeine partially and significantly reduced the Ca2+ -

induced tension

development. The estimated EDso value for inhibition of Funax was 5.12 £+ 0.78 mM.
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Figure 1: typical tension traces of Ca2* -induced contraction of skinned taenia

cecum from guinea pig. Caffeine at 10 pM suppressed the contraction (30.0 *

1.0°0).



0.8 |-
f
0o
[74]
S 06}
I_.
()]
=
—
o 04 | é
@
4
02
«®
1

. X l
. 0 \\ 1 10
[caffeine] mM

Figure 2: effects of caffeine on the 10 M Ca2?* induced contraction. Data were
fitted to the modified Hill equation (straight line). Values are means = SEM of 6-7
experiments. Asterisk indicates the significant difference of the active force
compared with that of control, where P values are less than 0.05. 30.0 = 1.0°C.

FEffects of caffeine on the high Mg?* - induced contraction of skinned preparations

Figure 3 presents typical tension traces of high Mg2t - induced contraction of
skinned taenia cecum from guinea pig. Pharmacological concentrations of Mg2+ are
known to induce force development without changing the phosphorylation level of
myosin light chain. 15.5 mM Mg?* initiated an increase in the tension in the short
time-course 7. Figure 4 shows the effects of caffeine on the Mg2?+ concentration-relative
tension relationship. Caffeine at 10 mM or lower did not significantly affect the 15 mM

Mg?2+ induced contractile force.
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Figure 3: typical tension traces of high Mg?* - induced contraction of skinned taenia
cecum from guinea pig. The preparations were immersed in 15.5 mM Mg2* with 0
mM and 10 mM caffeine.
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Figure 4: Effects of caffeine on the 15.5 mM Mg?* induced contraction. Values are
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means = SEM of 6-7 experiments. 30.0 = 1.0C

Discussion

In the present study, the author found that in B-escin skinned tracheal smooth

muscle preparations from guinea pig, caffeine at 10 mM significantly suppressed the

Ca?+-calmodulin induced active tension development. However, when 15.5 mM Mg2+

was applied, resulting in tension development independent of myosin light chain

phosphorylation, caffeine did not affect the tension development. These results suggest

that caffeine inhibits myosin-actin interaction in smooth muscle through decrease in

myosin light chain phosphorylation level. In a previous study, Tazzeo et al® shows that

caffeine directly induced actin filament depolimerization and disorganization causing

inhibition of smooth muscle contraction. If so, 15.5 mM Mg2* - induced, myosin light

chain phosphorylation independent, contraction should be inhibited. Therefore, in

taenia cecum, this mechanism seems not to contribute caffeine induced myosin-actin

interaction.

The significant inhibitory effect of caffeine on Ca2*-induced contraction smooth

muscle has highlighted the importance of myosin light chain phosphorylation. When the

light chains are phosphorylated, myosin becomes active and will allow contraction to

occur. The enzyme that phosphorylates the light chain is called myosin light chain

kinase, which only works when the muscle is stimulated to contract. Electronic or /and

11



pharmacological stimulation will increase the intracellular concentration of calcium

ions which bind to a molecule called calmodulin, then Ca-calmodulin complex activates

myosin light chain kinase?., On the other hand, phosphorylated myosin is

dephosphorylated with myosin phosphatase, a protein phosphatase 1, and inducing

dissociation of myosin-actin?’. In the present study, Ca2t-concentration in the

preparation was well kept and sarcoplasmic reticulum, a Ca store in smooth muscle,

was destroyed with A23187%, caffeine effects on Ca2t regulation must be neglected. Also

cell membrane of the preparations was destroyed with B-escin?, cell membrane receptor

coupled mechanisms such as caffeine effects on adenosine receptor should also be

eliminated. Caffeine is known to act phosphodiesterasel?, and may inhibit smooth

muscle contraction via myosin phosphatase activation through inhibition of

phosphodiesterase activity?. Therefore, in the present knowledge, caffeine effects on

inhibition of Ca?* induced contraction in the skinned taenia cecum in the present

experimental condition seems to be due to the acceleration of myosin phosphatase

activity. Further studies are necessary to clarify the effects of caffeine on myosin

phosphatase activity on skinned teaenia cecum.
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