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We have tested the hypathesis of Winder and Wulsh [(1990) J, Biol, Chem. 263, 1014%) thit the comructile state of smoath musele is regulited
by culponin phospherylution, Porcine carotid ancrial muselex were highly labeled with #P, then ¢ontracted with four different agents for various
timex, No radioactivity was detected in calponin isolated by 2D or 1D gel electrophoresix from the muscles. Similarly, resting museles showed
no (*P)phoiphate in culponia. Appiarently the sitex of calponin availisble for phosphorylintion in vitra are rendeod unavaifuble in the intact musele,

Calponin phosphoryhitian: $mooth muoscle contraction; Carotid artery

1. INTRODUCTION

It is generally accepted that phosphorylation of the
20-kDa myosin light chain is the primary regulator of
smooth muscle contraction [1,2]. However, regulation
through other proteins located in the thin filaments
such as leiotonin [3] and caldesmon [4] has also been
emphasized, Recently, Takahashi and collaboralors
purified a heat stable, basic, 34-kDa protein from
chicken gizzard [5] and bovine aorta [6]. This protein,
named calponin, interacted with actin, tropomyosin,
and calmodulin, and possessed the ability to inhibit the
actin-activated MgATPase activity of smooth muscle
myosin [7,8]. Futhermore, calponin could be phos-
phorylated by protein kinase C or Ca®* /caimodulin-
dependent protein kinase 11 [8,9]; and most important,
upon phosphorylation, calponin lost its ability to in-
hibit the actin-activated myosin MgATPase [8]. This
finding led Winder and Walsh to postulate that smooth
muscle contraction may be regulated by calponin
phosphorylation [8].

We were searching for the equivalent of the in vitro -

calponin phosphorylation in intact smooth muscle.
Porcine carotid arteries were contracted with various
agents for a short or prolonged time but showed no
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evidence for calponin phosphorylation. Also, no
phosphorylation of calponin was found in resting
arterial muscles, It appears that the sites of calponin
available for phosphorylating enzymes in vitro are
unavailable in vivo.

2. EXPERIMENTAL

2.1, Muscle preparation

Porcine carotid arteries were obtained from the local abatoir and
were carried (o the laboratory in ice cold PSS (130 mM NaCL, 4.7
mM KCl, 1.2 mM MgS0u, 2.5 mM CaCly, 0.03 mM CaEDTA, 149
mM NaHCO; and 5.5 mM glucose), After cleaning the arteries, the
isolated smooth muscles (approximately 4.5 em long and 0.4-0.5 cm
wide) were attached at one end to Grass FTO3 force transducers and
stretehied to simulate 100 mm Hg mean arterial pressure as described
in detail [10]. The. arterial muscles were then equilibrated with 70 ml
of PSS bubbled with a gas mixture of 95% 0,/5% CO; (pH 7.3-7.4)
at 37°C for 15 min, Carrier-free [**Plorthophosphate, 2-4 mCi, was-
added to the bath and the muscles were further eguilibrated for 90
min. The muscle strips were then washed 15 times with PSS in 30 min
to remove P from the extracellular space of the muscles, Subse-
quently, the muscles were stimulated with various agents and the ten-
sion was monitored on a Grass polygraph. At various times in con-
traction, the muscles were rapidly immersed, while still mounted in
muscle chambers, into Dewar flasks containing liguid nitrogen.
Resting, unstimulated, muscles were treated identically.

2.2. Protein preparation

The frozen muscle strips were pulverized to a powder by percussion
using liguid pitrogen-chilled mortars and pestles in the cold room at
4°C. The frozen powder was extracted with 3% perchloric acid and
after centrifugation the residue was washed three times with a solution
containing 2% trichloracetic acid and 5 mM KH;PO,. The final
residue was solubilized in 0.25 M Na,HMPO4 and 0.5% SDS, and the
proteins were dialyzed against 2000 volumes of 0.02%: SDS and 1.0
mM (NH4)HCG; at 25°C overnight, After clarification in the
ultracentrifuge, the protein content of the supernatant was determin-
ed by the modified biuret method [11], and the proteins were
separated by 2D and 1D gel electrophoresis [10].
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2.X. Purilivation of valpanin

Fellawing the procedure of Abe et al. {12], porcioe aorn musle
was hedted i a bolling waler bath for 2 min, ¢hilled, minced, and
tomogendzed i w solution contalning 100 mdf KC1, SO mM histding
butfer (pH 6.9, 1 mM EGTA, | mM DTT, 0.5 mM phenyimerhyl-
sulfonyl fluoride amd 10 43 feupeptin/mi. After cenrifugation at
12000 = g, the supernatan! was cemrifuged av 130000 x ¢, and the
supernatant was braught 1o Ju% saturation with ammonivoy saifate.
Frovn this step on our pracedure differs Trom that ef Abe ¢t al, {12},
The precipitate of the 0=30% ammanium sulfate fractionation was
collected andd redissolved by dialysas againa the homogenization sofu-
tion, After centeifugation at £30000 = g, the supernatant way refrac-
tionated witly ammonium sulfate, 0=30% saturation, The pellet was
dissolved by dinlysds against 01 % SDX, 10 mM (NH)HCO, and
1 mM DTT 6t 25*C clarified by ultracentrifugation, The supernatant
was sithjected 1o SDS-PAGE analysis and was Tound tocontain gbowt
789 of the total protein as calponin,

Pure calponin was isalated from this partially purified calponin by
preparative SDS-PAGE using 15% polyacrylamide gels, 10.5 em
long. A guide strip was cut fram the slab gels, stained and destained
for the locatization of the calponin band. Calpanin was cluted from
the unstained gels with a solution containing 0.1% SDS, 200 mM
(NHIHCO and 10mM DTT at 37°C, dinlyzed against distilted water
exhaustively, and freere-dried. This calponin preparation appeared (o
be a single band on 1D gels as shown-on Fig. 1. On 2D gels it also
migrated ax asingle band, focusing in the alkaline pH range, in agree-
ment with the finding of Takahashi et al. [13) that calponin has
scveral isolectric variants in the pH region of 8.4-9.1,

3. RESULTS

3.1. Anclysis of calponin phosphorylation by 1D gel
electrophoresis
When electrophoresed on SDS -polyacrylamide gels,
calponin migrates slightly faster than tropomyosin {7].

Since tropomyosin is not phosphorylated in vertebrate
smooth muscle, and no other protein is phosphorylated
in this molecular weight range, SDS-PAGE is a useful
methad for detecting possible calponin phosphoryla-
tion. Fig. 1 shows a typical experiment. The purified
calponin migrates as a single band and it serves as a
marker for the identification of calponin in the total
muscle extract. The figure compares phosphorylation in
arterial muscles stimulated with 100 mM KCl [10] for 1
and 60 min versus the unstimulated, resting, muscle. No
radioactivity is detected in calponin of either contrac-
ting or resting muscle. Under these conditions, the
myosin light chain, the 28-kDa protein and desmin are
markedly phosphorylated. The phosphorylation in the
high molecular weight region is due to proteins and
nucleic acids, The figure shows the known changes in
myosin light chain phosphorylation accompanying con-
traction and also changes in the phosphorylation of
other proteins.

Furthermore, calponin phosphorylation - was - not
detected by 1D gel electrophoresis in muscles contracted
with NE, histamine, PDBu, or in resting muscles.

3.2. Analysis of calponin phosphorylation by 2D gel
electrophoresis

Fig. 2 illustrates the staining profile of a 2D gel and

the corresponding autoradiogram of the total muscle
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Fig. 1. SDS-PAGE (15% gels) of purified calponin (upper gel) and of
total protein extract (lower gel) of **P-labeled arterial muscles, resting
and contracting. For radioactivity determination, the gel with the
total protein extract was sliced, digested with H20z, and counted ina
Triton-based liquidt scintiltation fuld, DS, desming A, acting TM,
tropomyosin; CN, calponin; LC, 20-kDa myaosin light chain.
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Fig. 2, Two-dimensional gel (10%) electrophoretogram of arterial
muscle proteins, (Top) Staining profile. {Bottom) Corresponding
autoradiogram. -For abbreviations see the légend to Fig, 1.
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extract from an arterial musele contracted with K€L for
60 min, The stained gel shows the rypical elongated
band for calponin at the molecular weight level of
34000 In the alkaline pH region. However, the aute-
radiogram shows no radioactivity far calponin. In eon-
trast, several proteing which appear as strong (light
chain and desmin) or weak (2B-kDa protein and cal-
tesmon) spots on the staining pattern exhibit intensive
(light chain, 28.kDa prot¢in, and desmin) or marked
(caldesmon) radioactivity.

Table I lists the conditions of the muscles we have
been using in the 2D electrophoretic studics. Four dif-
ferent stimulating agents were employed and in one case
subsequent addition of two agents, The time of stimula-
tion varied from 1.5 to 60 min. The active tension pro-
duced by these muscles ranged from 0.4 10 0.9 x 10°
N/m?. A total of 28 stimulated and 10 resting muscles
were analyzed for possible calponin phosphorylation
but it could not be found in any case.

3.3. Phosphorylation of other proteins than calponin

Fig. 2 reveals several **P-labeled proteins in porcine
arterial muscles, Previously, Takuwa et al. [14] resolved
by 2D electrophoresis a large number of [**P]proteins in
homogenates  from contracted and relaxed bovine
carotid arterial muscle. We have found a 28-kDa pro-
tein which is rapidly labeled and exists in three different
phosphorylated forms. Desmiin was identified by its ap-
parent molecular mass (determined as 55 kDa, cf. with
(2]) and by its multiplet pattern on 2D gels in the neutral
pH range [15]. Caldesmon was identified with aid of the
authentic protein [16].

We semiquantitated the incorporation of [*P}phos-
phate into the 28-kDa protein and desmin based on
their staining intensities relative to the 20-kDa myosin
light chain and on the concentration, 112 4M, of the
light chain in arterial muscle {2]. For caldesmon a 20
#M concentration was assumed [2]. After prolonged
stimulation, muscles contained around ! mol [*?P}-
phosphate per mol desmin or caldesmon and somewhat
less per mol of 28-kDa protein.

Table 1
Conditions for studying calponin phosphorylation in porcine arterial
muscle
Stimulating agent  Time of stimulation = Active tension n
(min) (N/m* x 107 %)
None - 10
100 mM KCI 1.5-2 0.8 + 0.3 6
100 mM KCl 30 09 + 0.3 4
100 mM KClI 60 0.8 & 0.2 6
200 M NE 2 0.4 2
200 #M NE 60 0.5 2
100 M histamine 10 1.4 2
100 uM histamine 60 1.0 2
0.8 M PDBu 60 0.4 2
0.8 xM PDBu +
100.mM KCI 60 + 2 1.1 2
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4, DISCUSSION

The high concentration of calponin, 80 4M (9], sug-
gests a functional role for this protein in smooth mus-
¢le. In vitro studies indicate that calponin can inhibit
smooth muscle actomyusin MgATPase (78], the eon-
tractile enzyme, and this inhibition is reversed when
isolated calponin is phosphorylated by protein kinase C
or Ca** Zcalmodulin-dependent protein kinase 11 (8.
As it turns out from this work, no phosphorylation of
calponin takes place in contracting or resting arterial
smooth muscle, clearly indicating that the sites of
calponin free for phosphorylation in vitro are blocked
in the intact musete, The other alternative that the en-
zymes required for calponin phosghorylation are not
available in arterial musele is unlikely because protein
kinase C is phosphorylating the myosin light chain in
this musele {17), thus in PDBu-treated muscles (Table I)
calponin phosphorylation could have occurred. The
phenomenon of protein phosphorylation in- vitro but
not in vivo is not unique for calponin, since it has been
shown that phospholamban and troponin [ are sub-
strates for protein kinase C in vitro but not in intact
beating guinea pig heart [18]. There is a possibility that
calponin is phosphorylated in smooth muscles other
than porcine carotid arteries, although the general pat-
tern of contractile behavior appears to be uniformina
variety of smooth muscle types [2].

This work confirms the phosphorylation of cal-
desmon, desmin [19,20] and the 28-kDa protein {21] in
contracting smooth muscle, It is possible that these pro-
tein phosphorylations are involved in the regulation of
smooth muscle contraction.
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