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Regulatory phosphorylation of phospholamban and
f SR Ca21-ATPase SERCA2a isoform by endogenous
aM-K II in slow-twitch skeletal and cardiac sarco-
lasmic reticulum (SR) is well documented, but much

ess is known of the exact functional role of CaM K II in
ast-twitch muscle SR. Recently, it was shown that
NA splicing of brain-specific a CaM K II, gives rise to
truncated protein (aKAP), consisting mainly of the

ssociation domain, serving to anchor CaM K II to SR
embrane in rat skeletal muscle [Bayer, K.-U., et al.

1998) EMBO J. 19, 5598–5605]. In the present study, we
earched for the presence of aKAP in sucrose-density
urified SR membrane fractions from representative
ast-twitch and slow-twitch limb muscles, both of the
abbit and the rat, using immunoblot techniques and
ntibody directed against the association domain of a
aM K II. Putative aKAP was immunodetected as a
3-kDa electrophoretic component on SDS–PAGE of
he isolated SR from fast-twitch but not from slow-
witch muscle, and was further identified as a specific
ubstrate of endogenous CaM K II, in the rabbit. Im-
unodetected, 32P-labeled, non-calmodulin binding

rotein, behaved as a single 23-kDa protein species
nder several electrophoretic conditions. The 23-kDa
rotein, with defined properties, was isolated as a
omplex with 60-kDa d CaM K II isoform, by sucrose-
ensity sedimentation analysis. Moreover, we show
ere that putative aKAP, in spite of its inability to
ind CaM in ligand blot overlay, co-eluted with d CaM
II from CaM-affinity columns. That raises the ques-

ion of whether CaM K II-mediated phosphorylation of
KAP and triadin together might be involved in a mo-

ecular signaling pathway important for SR Ca21-
elease in fast-twitch muscle SR. © 2000 Academic Press

Abbreviations used: CaM K II, calmodulin protein kinase; aKAP,
CaM K II association protein; PLB, phospholamban; RyR1, Ca21-
elease channel/ryanodine receptor, skeletal isoform; SERCA, sarco-
ndoplasmic reticulum Ca21-ATPase; SR, sarcoplasmic reticulum.
181
almodulin protein kinase; A-kinase anchoring
roteins.

The sarcoplasmic reticulum (SR) plays a central role
n regulation of the contraction-relaxation cycle in both
ast-twitch and slow-twitch muscles. There are, how-
ver, major differences between Ca21-release and Ca21-
ransport in these muscles (1), affecting the amplitude
nd time-course of Ca21-transients (2). Regarding
a21-transport, these are manifested in the special reg-
latory features of the transport system in slow-twitch
uscle SR, i.e., similar to those of cardiac muscle SR

3, 4). Protein phosphorylation is a primary mean by
hich the slow-twitch isoform of SR Ca21-ATPase

SERCA2) is highly regulated by calmodulin (CaM)
nd Ca21-activated protein kinase II (CaM K II), either
irectly, i.e., through phosphorylation of SERCA2 (5)
t Ser-38 (6), or indirectly, through phosphorylation of
egulatory protein phospholamban (PLB) at Thr-17 (7).
Targeting of cyclic AMP-activated protein kinase A

PKA) to specific subcellular compartments occurs
hrough association to distinct members of A-kinase
nchoring proteins (AKAPs) (8). Similarly, a study on
at limb total muscles, found that targeting to SR
embrane of the several CaM K II isoforms, including

keletal muscle-specific bM isoform, involves binding
o anchor protein aKAP with a calculated molecular
eight of 25 kDa (9), and which was identified as an
lternative, non-kinase product of brain specific a CaM
inase (9, 10). The physiological relevance of this
echanism, in the case of rat slow-twitch muscle, in

articular, is still rather obscure, however. That
ainly because this type of muscle, unlike homologous

imb muscles of larger mammals, e.g. the rabbit, was
ound to be deficient in PLB, a fiber type-specific target
f CaM K II in skeletal muscle SR (19). Early
iochemical-functional studies on CaM K II associated
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.



to the SR of rabbit fast-twitch muscle (11–19), referred
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o also as 60-kDa CaM K II isoform focused on its
ifferential ability to phosphorylate RyR1-associated
roteins in such muscle, among which triadin (17–19).
In an attempt to demonstrate the presence of aKAP

n sucrose-density purified SR membrane fractions
rom rabbit fast-twitch muscle, we used Western blot
echniques and specific antibodies to brain a CaM K II.
esults reported here show that antibody recognized a
ingle protein of 23 kDa on SDS–PAGE, and that this
rotein, probably homologous to rat aKAP, acts as a
pecific substrate of anchored CaM K II. Portions of
his work have been presented in poster form at the
9th European Muscle Conference, Berlin, Germany.

ATERIALS AND METHODS

All chemicals were analytical grade. Molecular mass standards for
DS–PAGE were from BDH Lab. Supplies (Poole, England). 45CaCl2

as from Radiochemical Centre (Amersham, England).

Preparation of skeletal muscle SR. SR vesicles were isolated from
omogenates of predominantly fast-twitch, or slow-twitch skeletal
uscles from the hind-legs of New Zealand male adult rabbits or
istar rats. In the case of rats, muscles used were the tibialis

nterior and soleus, respectively. The isolated SR was purified by
sopycnic sucrose-density centrifugation, using the method of Saito et
l. (20), with slight modifications (21), to yield four distinct fractions
labeled R1 to R4, from top to bottom of gradient). Membrane frac-
ions from the sucrose-density gradient were stored at 280°C, until
sed. Protein concentration was determined by the Folin reaction
22), using BSA (Boehringer, Mannheim, Germany) as a standard.

Solubilization of SR with Nonidet-P40. Sucrose-density purified
R membranes (generally R2, or R3) were incubated, at 3–4 mg
rotein/ml for 30 min at 37° with 10 mM Tris, pH 8.3, 1 mM EGTA,
nd centrifuged for 60 min at 120,000g, as described by Tuana and
acLennan (14). Following the same procedure, pellets were then

esuspended in 2 ml of 10 mM Tris, 1 mM histidine, pH 8.0 (buffer
). After addition of 140 ml of 10% NP-40 (final concentration 0.7%),

he mixture was incubated for 15 min on ice and then centrifuged for
0 min at 150,000g to yield the final extract.

Isolation and purification of CaM K II-anchoring protein complex.
P-40 extracts of SR R2 fraction from rabbit fast-twitch muscles,
ere loaded onto linear gradients of 5–30% sucrose in buffer A

ontaining 0.7% NP-40, and then centrifuged at 30,000 RPM for 17 h,
sing a Beckman SW 40 rotor. Gradient fractions (0.5 ml) were
ollected from the top of the gradient, and protein samples (100 ml)
ere analyzed by SDS–PAGE, immunoblotting and autoradiogra-
hy, after phosphorylation with [g-32P]ATP (see below).
CaM-Sepharose affinity chromatography of NP-40 extracts was

arried out, essentially as described by Tuana and MacLennan (14).

Phosphorylation. Experimental assay conditions for endogenous
aM K II activity were reported previously (17–19), without or with
mM CaM. The concentrations of [g-32P]ATP (specific radioactivity

.10 Ci/mmol) (NEN, Du Pont De Nemours, Bad Homburg, Ger-
any) was 400 mM. The reaction was quenched by solubilizing in
DS–buffer. Electrophoretic SDS-gels after being dried, were ana-

yzed by autoradiograpy (16 h exposure), using Hyperfilm (Amer-
ham), or by a Model GS-250 Molecular Imager (Bio-Rad Laborato-
ies, Hercules, CA), using a b-particles sensitive screen.

Digestion of intact TC vesicles with chymotrypsin. TC suspended
n 0.3 M sucrose, 5 mM imidazole, pH 7.4, were digested with
hymotrypsin (protease to protein ratio 1:200) for 5 or 10 min at
182
0°C. The reaction was stopped with 20 mM PMSF and SDS solubi-
ization buffer.

Gel electrophoresis, immunoblotting, and ligand overlays. One-
imensional SDS–PAGE was carried out according to Laemmli
23), as reported in the legends to the figures. Two-dimensional
lectrophoresis, in the presence of 0.1 mM EGTA in the first
imension, and of 1 mM CaCl2 in the second dimension, was
arried out as described by Damiani and Margreth (24). Slab gels
ere stained with Coomassie blue or with silver nitrate (25). Blots
f proteins transferred onto nitrocellulose were probed with goat
olyclonal antibody to a, d and g isoforms of CaM K II (Santa
ruz, CA) (1 mg/ml) (10, 21, 26), or with mouse monoclonal anti-
ody to b isoform (Cbb-1, GIBCO BRL, Life Technologies) (10, 26),
s described previously (19). The anti-a CaM K II antibody (C-17)
as raised against a peptide mapping at the carboxyl terminus of
CaM K II of mouse origin. Antibody binding was detected by

mmunoenzymic staining (19). 45Ca overlay of blots was done by
reviously described methods (21). Overlay of blots with biotinyl-
ted CaM (Biochemical Technologies Inc., Stoughton, MA) was
arried out, as described previously (17).

FIG. 1. Comparison between isolated TC from rabbit fast-twitch
nd slow-twitch muscle, regarding the pattern of protein phosphor-
lation. (A) Autoradiography. Phosphorylation of isolated TC from
abbit fast-twitch (F) and slow-twitch muscle (S) was, as described
nder Materials and Methods, without or with 1 mM CaM. Incuba-
ion time was 5 min. 32P-labelled proteins were detected by autora-
iography after 5–10% SDS–PAGE. Fifty micrograms of protein was
oaded per gel. Molecular mass standards are indicated on the left.
osition of individual proteins is marked by arrows. For abbrevia-
ions of names, see text. (B) Immunoblotting. Blots after 5–10%
DS–PAGE (20 mg/gel), were incubated with polyclonal antibody to d
nd to g CaM K II isoform, respectively, or with monoclonal antibody
o b isoform, as indicated. The d and g isoforms are localized to 60
Da, and the b CaM K II isoform to 72 kDa. The polyclonal antibody
o g CaM K II is shown to be cross-reactive with the b isoform.
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ESULTS AND DISCUSSION

There are differences between limb fast-twitch and
low-twitch muscles of the rabbit in the pattern of
rotein phosphorylation of the isolated SR by endoge-
ous CaM K II, as reported recently (19, 26). To sum-
arize these briefly, in slow-twitch muscle SR CaM K

I phosphorylates the SERCA2a Ca21-ATPase isoform
Fig. 1A), in addition to PLB (Fig. 2A). The lack of these
roteins in fast-twitch muscle SR accounts for the early
bservation that the action of CaM K II, in this case,
eems to be restricted to junctional SR-specific pro-
eins, e.g., triadin (17–19, 26). In this respect, quanti-

FIG. 2. CaM K II-mediated phosphorylation of phospholamba
ifferential immunoreactivity of 23 kDa in slow-twitch compared t
erformed as described in the legend to Fig. 1. SR proteins were re
LBH, pentameric PLB; PLBM, monomeric PLB. Asterisk indicates 23
tep gradient of SR membranes from fast-twitch (F) or slow-twitch (S)
unctional TC fractionate to R4, longitudinal SR vesicles to R2, and
0–15% SDS–PAGE. Blots were incubated with polyclonal antibodie
n the left. Position of individual proteins is indicated.
183
ative differences between fast-twitch and slow-twitch
uscles, appear to be amplified, using sucrose-density

urified junctional TC (Fig. 1A), given also the very
igh degree of purity of TC vesicles, when isolated from
abbit fast muscle. As far as SR proteins of low molec-
lar weight acting as specific substrates of endogenous
aM K II, fast-twitch muscle SR appears to be charac-

erized for the presence of an electrophoretic compo-
ent, immunologically unrelated to PLB (26), and hav-

ng a faster mobility than PLB pentamer (Fig. 2A).
The results in Figs. 1 and 2 outline significant differ-

nces between fast-twitch and slow-twitch muscle SR,

ersus phosphorylation of 23-kDa protein in the isolated SR and
ast-twitch muscle. (A) Autoradiogram. Phosphorylation of TC was
ved using 10–15% SDS–PAGE, without and with previous boiling.
a protein. (B) Immunoblotting. Isopycnic centrifugation in a sucrose
scles of the rabbit and rat, gave four distinct fractions, as described.
sverse tubule fragments, to R1. Protein (50 mg/gel) was resolved by
the a isoform of CaM K II. Molecular mass standards are indicated
n v
o f
sol
-kD
mu

tran
s to
FIG. 3. Electrophoretic separation of 23-kDa SR protein from calmodulin. Two-dimensional electrophoresis of unincubated rabbit
ast-twitch muscle TC or following incubation with [g-32P]ATP in CaM K II-assay medium, was carried out in the presence of 0.1 mM EGTA
n the first dimension and of 1 mM CaCl2 in the second dimension in gels loaded with 100 mg (see Materials and Methods). Dashed lines mark
he position of diagonals. (A) Western blotting with antibody to a CaM K II. Arrow indicates the 23-kDa protein. (B) Autoradiogram.
rrowhead and arrow indicate 60-kDa CaM K II and 23-kDa phosphoprotein, respectively. (C) Autoradiogram of blots, after overlay with

5Ca, as described under Materials and Methods. CS, calsequestrin; CaM, calmodulin.
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oncerning also the pattern of isoform composition of
aM K II, as underlined by differences in the level of 32P

adioactivity incorporated into 60 kDa and 72 kDa, the
rotein bands, corresponding to self-phosphorylated g/d
soforms, and b CaM K II isoform, respectively (10, 26).
dentification of the several CaM K II isoforms on blots
elied on the combined use of polyclonal antibodies to g
nd to d CaM K II (19, 26) and of a specific monoclonal
ntibody to b CaM K II (10, 26). The preferential expres-
ion of b CaM K II in slow-twitch muscle SR (Fig. 1B),
ad been already observed (26). The 72-kDa polypetide

ound to be cross-reactive with antibody to g CaM K II
19) appears to be identical to peptide stained by anti b
aM K II antibody. While it is a well acquired notion that
aM K II isoform associated to rabbit predominantly

ast-twitch SR is predominantly a 60-kDa protein isoform
11–19), and thus in agreement with the evidence shown
ere and in a recent report (26), the only reported, im-
unological evidence that d and b CaM K II isoforms are

resent in equal amounts in skeletal muscle SR, comes
rom a study in the rat, in which the SR was isolated from
otal limb muscles (10).

FIG. 4. Protein homogeneity of 23-kDa electrophoretic band, on t
II. Rabbit fast-twitch muscle TC were phosphorylated with [g-32P]A

aM K II. Samples (100 mg) were analyzed by 10–15% SDS–PAGE a
A), was stained with Ponceau red and cut above the 30-kDa molecula
aM K II antibody (B). In (C) the 32P-autoradiography is superimpo
184
The same study found that an alternative, nonkinase
roduct of a gene within the muscle a CaM K II gene,
onsisting mainly of the associative domain (aKAP),
nchors CaM K II to rat skeletal muscle SR through a
tructural interaction in which a skeletal muscle spe-
ific, bM CaM K II isoform, was suggested to be in-
olved (10). To try to get some clue as to whether the
rotein level of expression of anchor protein might
iffer between fast-twitch and slow-twitch muscle SR,
s well as depending on the animal species, we tested
ucrose-density purified SR fractions from the several
ypes of muscles, using Western blot techniques and
ntibody directed against the association domain of
rain a CaM K II, on account of the structural in-
erelatedness between such domain and skeletal mus-
le aKAP (9, 10). The results of these experiments are
hown in Fig. 2B. As predicted, this antibody specifi-
ally recognized in rabbit and rat fast-twitch muscle a
rotein electrophoretic component of 23 kDa, in good
greement with the calculated molecular size of aKAP
f 25 kDa (9), and which displayed a distribution be-
ween the four membrane fractions from the isopycnic

basis of 32P-labeling and of immunoblotting with antibody to a CaM
, using the standard experimental assay conditions for endogenous
transferred onto nitrocellulose. The blot, after 32P-autoradiography

ass standard. The lower portion of the blot was incubated with anti-a
on immunoblot.
he
TP
nd

r m
sed
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ucrose-density centrifugation gradient, that are those
xpected from a SR specific protein, ubiquitously
resent in free and in junctional SR (10). The negative
vidence that we obtained using the corresponding
embrane fractions from slow-twitch muscles of both

pecies, was an unexpected finding (Fig. 2B). The dif-
erential distribution between fast-twitch and slow-
witch muscle SR of 23-kDa immunostained protein
nd which, therefore, resembled closely the distribu-
ion of 32P-phosphoprotein having an electrophoretic
obility also similar, identified in rabbit fast-twitch
uscle SR as a specific target of CaM K II, prompted us

o investigate more closely the actual relationship be-
ween the two proteins.

The 23-kDa protein reported here, has many proper-
ies in common with an earlier described SR protein
ubstrate of endogenous CaM K II, in early studies

FIG. 5. Sedimentation profile of detergent solubilized SR proteins
onidet-40 extracts of SR membranes (R2) from rabbit fast-twitch m

ation gradient (see Materials and Methods). Following fractionat
etermination of protein concentration. (B) Protein was resolved by
a21-ATPase major protein is indicated by asterisk.
185
sing the isolated SR from predominantly fast muscle
f the rabbit and referred to as 20-kDa protein (11–14).
hus, we similarly found that the 23-kDa protein spe-
ific to fast-twitch muscle SR exhibited a slower rate of
hosphorylation, compared to the rate of self-
hosphorylation of 60 CaM K II (not shown), and also
hat it did not to bind CaM using overlay techniques
see Fig. 7C). Although it was early proposed that
0-kDa phosphoprotein of rabbit fast-twitch muscle SR
ight be calmodulin (11), that remained unsupported.
sing junctional TC, to which significant amounts of

ndogenous CaM remain bound (18), we were able to
eparate CaM from 23-kDa protein by 2D SDS–
lectrophoretic analysis, in the presence of EGTA in
he first dimension, and of CaCl2 in the second dimen-
ion (Fig. 3). On the contrary, we were unable to re-
olve the 23-kDa phosphoprotein from aKAP, as iden-

llowing centrifugation through a linear sucrose-density gradient. (A)
cle, were centrifuged overnight on a linear 5–30% sucrose sedimen-
(0.5 ml/fraction) of the gradient, aliquots (50 ml) were taken for
–15% SDS–PAGE, and stained with silver nitrate. Position of SR
, fo
us

ion
10
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ified by immunoblotting with antibody to a CaM K II,
sing the same electrophoretic system (Fig. 3A), or else
mploying a Bio Rad Protean apparatus and 16-cm
ong slab gels (Fig. 4). These findings, therefore, argued
hat the 23-kDa phosphoprotein and putative aKAP
ay be indeed the same protein.
Consistent with the proposed membrane topology, at

he cytoplasmic surface of SR membrane, of CaM K II
nchor protein complex in rat skeletal muscle (10), we
ave found that d CaM K II (i.e., the apparently pre-
ominant CaM K II isoform in rabbit fast-twitch mus-
le SR), and putative aKAP, were similarly highly sen-
itive to mild proteolytic digestion by chymotrypsin,
sing intact SR vesicles (data not shown).
To assess that, in fast-twitch muscle SR, CaM K II is

ightly associated with putative aKAP, as implied by
he previous study in rat skeletal muscle SR (10), in
omplementary experiments we tried to isolate such
rotein complex from Nonidet-40 extracts (see Meth-
ds), following centrifugation through a 5–30% linear
ucrose gradient. Proteins from the sucrose gradient
ractions were separated by SDS–PAGE, and were de-
ected by silver staining (Fig. 5B), in combination with
pecific Western blotting (Fig. 6A) and ligand blot over-

FIG. 6. Sedimentation profile of CaM K II-23 kDa protein complex
ubjected to 10–15% SDS–PAGE. Blots were incubated with specifi
olecular mass standards are indicated on the left. (B) Additional

tandard assay medium before being subjected to SDS–PAGE. 32P-
ensitive screens for 180 min. Screens were scanned using a Bio-Rad G
hosphor Analyst/PC Image analysis software (Bio-Rad). Original a
rinter. (C) Blots of SDS-gels, were overlayed with biotinylated CaM
186
ay with biotinylated CaM (Fig. 6C). Clearly, sucrose
radient sedimentation of the detergent extract sepa-
ated the bulk of protein, consisting mainly of SR Ca21-
TPase of about 100 kDa Mr and which was found to
eak in fraction 6 (Fig. 5B), from 60-kDa CaM K II and
3-kDa putative aKAP, displaying an identical sedi-
entation pattern, and which appeared to be selec-

ively associated to fractions 10–16 (Fig. 6). To
ollow-up the distribution of CaM K II between gradi-
nt fractions, the protein kinase was identified by spe-
ific immunoblotting, using polyclonal antibody to d
aM K II (Fig. 6A) as well as by ligand blot overlay
ith biotinylated CaM (Fig. 6C). As shown in Fig. 6B,

he pattern of distribution of 60 kDa and 23 kDa 32P-
abeled phosphoproteins between fractions, following
ncubation in the presence of Ca21 and CaM, was found
o be the same as that observed using Western blot
echniques to identify these proteins.

In additional experiments, we used CaM-Sepharose
ffinity chromatography to purify CaM K II from
onidet-P40 extracts of SR membranes of rabbit and

at fast-twitch muscle, at the light of an early study
14). We found that CaM K II from either kind of

uscle, bound to column in the presence of Ca21, and

) Aliquots (100 ml), of sucrose sedimentation gradient fractions were
olyclonal antibodies to d CaM K II and a CaM K II, as indicated.
quots of fractions 10–16 were phosphorylated with [g-32P]ATP, in
led proteins were detected by exposing dried gels onto b particle-

250 molecular imager, and images were collected and analyzed using
radiograms were printed using a digital Mitsubishi (CP-D1E) color
t pCa 4. Molecular mass standards are indicated on the left.
. (A
c p
ali

labe
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, a
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as similarly eluted with EGTA, as detected by ligand
lot overlay with biotinylated CaM (Figs. 7A and 7D),
n addition to immunoblotting with anti d CaM K II
ntibody (Figs. 7B and 7E). The high sensitivity of
aM-overlay technique, allowed also to detect the pres-
nce of contaminant PMCA, appearing to co-elute with
CaM K II, using detergent extracts of rat SR, but
uch less so, using SR membranes from rabbit fast-

witch muscle with a higher degree of purity (Fig. 7).
he results obtained by immunoblotting with antibody
o a CaM K II and which are presented in the same Fig.

(C and F), provide evidence that regardless of the
xtent of contamination with PMCA, putative aKAP,
hown not to bind CaM on ligand blot overlay (Fig. 6C),
o-eluted with CaM K II. That is an additional impor-
ant element in support of the interpretation that
KAP forms a stable complex with d CaM K II isoform

n rabbit fast-twitch muscle SR, i.e., not dissociated
uring CaM K II purification procedure. The real iden-
ity of aKAP with 23-kDa phosphoprotein, is corrobo-
ated by the analogous evidence that 32P-labeled pro-

FIG. 7. Elution profile of d CaM protein kinase and of 23-kDa pro
f sucrose-density purified (R3 fraction), detergent-solubilized SR
aM-Sepharose column equilibrated with 1 mM CaCl2. Proteins elu
DS–PAGE (B, C, E, F), respectively. Blots either were overlayed wi

B, E) or to a CaM K II, respectively (C, F). In A and D, the additiona
nd found to be prominent with rat fast-twitch muscle, are identi
revious work [33], and are explained with the presence of a varyin
187
ein co-purified with self-phosphorylated CaM K II
Fig. 8).

Conclusively, the results reported here, seem to be
ble to put together a number of previous observations
nto a more coherent picture. The perhaps most origi-
al observation in the present study, is that putative
KAP, is a specific substrate of anchored CaM K II in
ative SR vesicles from rabbit fast-twitch muscle, as
ell as in the isolated protein complex. The importance
f this observation finding appears to be strengthened
y the identification of a specific consensus sequence
or CaM K II (R-X-X-S) (27), between amino acid resi-
ues 41 and 44 of aKAP deduced primary structure,
.e., near to aKAP specific sequence (amino acids 1 to
5), corresponding to the short intramembrane seg-
ent of the protein molecule (9).
The hypothesis that regulation of the localization of

rotein kinases to specific cell subcompartments might
e a function of targeting of different members of an-
horing proteins, has grown largely from knowledge of
KAPs. Despite extensive structural heterogeneity,

n from CaM-Sepharose affinity column. Approximately 5 mg protein
m fast-twitch muscle of the rabbit and the rat was loaded onto

with 2 mM EGTA, were resolved using 5–10% (A, D) or 10–15%
biotinylated CaM (A, D), or were immunostained with antibody to d
M-binding proteins of molecular mass ranging from 130 to140 kDa,
le with plasma membrane Ca21-ATPase protein bands, based on

mount of contaminant TT in the particular membrane fraction.
tei
fro
ted

th
l Ca
fiab
g a
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KAPs can be grouped together into the same family,
ecause of a common binding site for the regulatory
ubunit (RII) of PKA (28, 29). For at least one member
f this family (AKAP79), membrane targeting was
ound to be regulated by PKC phosphorylation (30).

Our present experimental findings, in principle, do
ot deny the possibility that aKAP gene within the a
aM K II gene in skeletal muscle fibers might be
xpressed only in fast-twitch fibers. However, consid-
ring that aKAP consists mainly of the association
omain of the a subunit, and that the NH2-terminal
egion of this domain is the least conserved sequence of
he different CaM K II isoforms, being referred to as
he variable region (27), a perhaps more plausible hy-
othesis is that distinct molecular variants of this pro-
ein, with a low extent of antigenic homology might be
xpressed in skeletal muscle SR in relation to specific
ber types.
The Ca21 and CaM dependent autophosphorylation of

aM K II at Thr-286 by which the enzyme becomes
onverted to an autonomous, Ca21-independent form
27), is expected to prolong the effects of depolarization-
nduced Ca21-transients in skeletal muscle fibers (31). It
ould seem that generation of autonomy is not the same

or the several CaM K II isoforms (31), and we have found
(26) and present work), that fast-twitch muscle SR dif-

FIG. 8. Co-elution of 32P-labeled CaM K II and 23-kDa protein
rom CaM-Sepharose affinity column. Detergent-solubilized SR pro-
ein, following incubation for 10 min with [g-32P]ATP in the presence
f 100 mM Ca21 and 1 mM CaM, was loaded onto CaM-Sepharose
olumn. Aliquots (100 ml) of fractions, eluted with 2 mM EGTA, were
nalyzed by using 10–15% SDS–PAGE. 32P-labeled proteins were
etected, as described in the legend to Fig. 7B, by exposing dried gels
nto b particle-sensitive screens, and scanning screens by a Bio-Rad
S-250 molecular imager, equipped with Phosphor Analyst/PC Im-
ge analysis software (Bio-Rad). Molecular mass standards are in-
icated on the left. The position of individual proteins is indicated.
188
soforms in much higher amounts than b CaM K II iso-
orm. Since rabbit fast-twitch muscle SR is shown here
lso to differ in containing a phosphorylated isoform of
KAP, the number of biological variables involved is
normous. It may be that aKAP has to be phosphorylated
or phosphorylation of triadin to occur in junctional TC of
ast twitch muscle, since in experiments in which the
ffects on Ca21-CaM phosphorylating system of increas-
ng concentrations of Chaps were tested, phosphoryla-
ion, both of aKAP and of triadin, were found to be inhib-
ted at lower concentrations than those inhibiting the
utophosphorylation of 60-kDa CaM K II, based on au-
oradiographic evidence (not shown). It also should be
ointed out that phosphorylation of triadin is very
arked with fast-twitch muscle TC, but much less so
ith TC from slow-twitch muscle. Structural interactions
etween triadin N-terminal cytoplasmic segment and
yR1, resulting in inhibition of RyR1 at the single Ca21-
hannel level, have been reported (32), and there is
qually emerging evidence from this laboratory for a sin-
le CaM K II phosphorylation site on triadin N-terminal
nd. Therefore, one might be led to speculate as to
hether aKAP is a phosphorylation target of CaM K II,
aving a regulatory role on SR Ca21-release, somehow
nalogous to that exerted by PLB on SR Ca21-transport
n slow-twitch muscle.
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