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Tu-Posd1

DILTIAZEM BLOCKS CONTRACTION AND DEPOLARIZA-
TION INDUCED RELEASE OF RAPIDLY EXCHANGING
Ca IN FROG SKELETAL MUSCLE. ((Brian A. Curtis)) Univ
of Illinois College of Medicine at Peoria, Peoria, IL 61656

Diltiazem, (1sM) S min before and during a “Ca 190 K*
contracture, reduced: tension (T) to 84+ 5 %, time-tension index (t-
T) to 53+ 6% of control and Ca influx into Ca,,, from 3.9 to 3.2
pmol Ca. One hr later, (T) was reduced to 331£6%, (t-T) to 17+5%
and Ca influx to 1.06 pmol Ca (resting). Like D600, Diltiazem
uncouples depolarization and contraction but unlike D600, it also
blocks voltage gated Ca entry and is effective during the first
contracture. Diltiazem (as much as 10 xM) in “Ca repriming
solution did not alter refilling the Ca,,,, compartment. 1 sM Dilt-
iazem during repriming reduced the subsequent contracture (T) to
62+6% and (t-T) to 44+7%; Ca,, emptied only partially and
Cayppue: Was reduced. 10 xM Diltiazem during repriming blocked
subsequent contraction and Ca,,, did not empty as it does when
depolarization is linked to contraction. Diltiazem blocked tension
development, Ca,,,,,, and depolarization induced release of “Ca
from Ca,,,. Isuggest Ca,,, represents Ca known to be bound to the
DHP receptor : Ca channel : e-c coupling voltage sensor moiety of
the transverse tubular membrane (6-10 pmol Ca/fiber).
Supported by Americar Heart Association, Illinois Affiliate

Tu-Pos83

PURIFICATION OF TWO ACTIVATOR AND TWO R PEPTIDES
FROM BUTHOTUS SCORPION VENOM SPECIFIC FOR RYANODINE
RECEPTORS. ((Jeffery Morrissette and Roberto Coronado)) Department of
Physiology. University of Wisconsin, Madison, W1. 53706.

We previously reported purification through reverse- HPLC of a ~7
kDa activator peptide (ButhA-l)ﬁomthevenomof the scorpion Buthotus
hottentota. Butha-1 specifically stimulated [3Hiryanodine binding to
ryanodine receptors of skeletal muscle with an EDgp of .5ug/m} (Biophysical
Journal 61:A25). We now report the purtfication of an additional ~11 kDa
activator peptide (Butha-2) that also stimulates [*Hjryanodine binding to
skeletal muscle ryanodine receptors with an EDgg of 10pug/ml. Two ~13
kDa inhfbitor peptides (Buth;-1 and Buth;-2) were also purified, and found to
inhibit {3Hjryanodine binding with an IDgg of 390ug/ml and 90ug/mil
respectively. Both of the acttvator peptides are able to release Cad* from
heavy sarcoplasmic reticulum (HSR) vesicles as indicated by a shift in the
flourescence excitation spectrum of the Ca?* indicator dye fura-2 from
880nm to S40nm. In contrast, the two inhibitor peptides are able to
completely block the caffeine induced Ca2* release from HSR vesicles in
simnilar fura-2 studies. In addition, Butha-1 opens ryanodine receptor Ca2*
release channels incorporated into planar bilayers, whereas Buthi-1 closes
Ca3* release channels. The four peptides were determined to be for
the ryanodine receptor by their inability to effect the binding of {HIPN200-

110, [PHIIPg, and [H]saxitoxin to skeletal muscle microsomes. The
mnbcuhrchuactmuondthesefourpepudesshouldpmvemefulmthe
understanding of the gating mechanisms of the ryanodine receptor Ca?*
release channel. (SupportedbleH AHA, and MDJ)

Tu-Pos85

LONG-CHAIN ACYL CARNITINE AND ACYL COENZYME-A INCREASE THE

SARCOPLASMIC RETICULUM Ca'* PERMEABILITY BY OPENING

RYANODINE RECEPTORS. ((R. El-Hayek, C. Valdivia, K. Hogan and R

Comnado)) Depanments of Physiolody and Anesthesiology. Untversity of
1, Madi W1 53706.

Iong-chamacylearmune(cu. Cie. C,.)andacleoA(Cn. Cis. Cie) In the
range of 5 to 50 uM induced a massive of 45Ca?* passtvely loaded in
rabbit junctional SR. In rapid filtration experiments, release was dose-
dependent, occured in nanomolar free Ca3* plus 5 mM Mg?*, proceeded with
a lag of ~100 ms, and was partially blocked by neomycin (lmM) and
ruthenium red (20uM). Neither 50 uM free fatty acid of chain length C, to
Cia. free camnitine, nor free CoA, at room temperature or 36 °C, could release
SR“ca” Themwasaclose between the tncrease in open
di bability induced by palmitoylcarnitine in planar
bﬂayerreeordmgsmdthenleaseofSR“Ca"auaeoﬁngthattheupid
] could account for the increase tn SR Ca3*
permeabﬂlty Puhnltovylmmmne and palmitoyl CoA also stimulated
in the same concentration range as in aingle channel
recordings and 45Ca3?* fluxes suggesting a direct interaction of the acyl-

SR Ca?* permeability and consequent muscle destruction by Ca2* toxicity.
{Supported by NIH, MDA, and AHA.)

Tu-Pos82

ACTION OF AMINOPHYLLINE ON CALCIUM CURRENT AND CONTRACTION OF
MAMMALIAN SKELETAL MUSCLE FIBERS. ((Osvaldo Delbono, Adriana S.
Losavio and Basilio A. Kotsias)). Dept. of Molecular Physioloqy
and Biophysics, Baylor College of Medicine, Houston, TX and
Inst. Inv. Médicas A. Lanari, Universidad de Buenos Aires,
Argentina.

Twitches and K contractures were measured in the extensor
digitorum longus muscle (EDL) of the rat and calcium currents
(ICa) were recorded in single isolated cut fibers with the
double Vaseline gap technique in in vitro conditions. The
objective of this project was to determine the importance of
the inward calcium current in the potentiating effect of
aminophylline.

In 0.1mM aminophylline the mechanical activity was increased
in comparison with the control values. The ICa currents were
not affected by 0.1 nM aminophylline; with 1 mM of the drug the
ICa amplitude significantly increased in the potential range of
-20 and 20 mV with no modifications in the activation and
inactivation time constants and in the charge movements: at 0
mV the maximum peak currents were (uA/uF): Control: -6.8 + 1.1
1 mM aminophylline: -8.1 + 1.6 (SD, n=6).

We suggested that the potentiating action of aminophylline is
not related to an inward calcium current; the shift in the
contraction threshold toward more negative values of the Vm
promoted by aminophylline may play a role in the mechanism of
action of this compound.

Tu-Posid

INHIBITION OF THE RYANODINE RECEPTOR CALCIUM RELEASE
CHANNEL BY MEXICAN BEADED LIZARD VENOM. ((R. El-Hayek, J.
Morrissette, R. Coronado, and L. Possani®)) Department of Physiology.
Untversity of Wisconsin Medical School, Madison, WI 53706 and #
Departamento de Bioquimica, Instituto de Biotecnologia, UNAM,
Cuernavaca, Mexico.

Venom from Heloderma horridum horridum (Mexican beaded lizard) inhibited
PHjryanodine binding to ryanodine receptors from skeletal muscle, heart,
and brain microsomes and inhibited the Ca3* release channels fused into
planar bilayers. In a standard assay containing 0.5 M KC1, 10 mM Na-PIPES,
pH 7.2, 10 uM Ca3*, and lOan’lﬂryanodm.thevemmhadmlqo- 10
Hg/ml The effect of the venom was more pronounced in CHAPS-solubilized
receptors than in native membranes. Decreased [PHlryanodine binding
activity was observed at all [Ca3*). The venom was partially purified by
reverse phase HPLC and at least 2 distinct inhibitory fractions were
recovered. Mochca-Morales et al purified helothermine, a polypeptide
component of the venom with an apparent mol. wt. of 25,500 (Toxicon, 1990,
28 (3); 299-309). Helothermine inhibited the receptor caleium
release channel with an ICy ~ 30 nM without affecting [FHIPN200-110
binding. Phospholipase A,, ) to be p: in this could not
account for the inhibitory effect of the venom. These findings suggest that
the Heloderma venom contains polypeptide toxins capable of blocking the
ryanodine 3 characterization of these peptides may
be heipful in further studying the properties of the ryanodine receptor
calcium release channel and in establishing its role in excitation-contraction
coupling. (Supported by NIH, MDA, AHA., and HHMI)

Tu-Posfdt

A SCORPION VENOM THAT ACTIVATES NORMAL AND INHIBITS
MALIGNANT EYPERTHERMIA SUSCEPTIBLE PIG AND HUMAN
RYANODINE RECEPTORS. ((K.Hognn.l-l Valdivia, R. El-Hayek, D. Wedel,
and R. Coronado)) University of Wisconain, Madison, W1 53792

a’l‘he venom of the scorpion Buthotus hottentota selectively increases

{°Hiryanodine binding and the mean open probability of ryanodine receptors

(RYR]) from rabbtt skeietal muscle (J Biol Chem;166:29:19135-19138,

1991). The main effect of the venom is to increase Bmax indicating a
lntzncuon wnh the bmdmg site. Because RYR1

gang properties are altered in
mal!gnanhypetthum(m'n we compared the effect of the scorpion venom
on RYR1 isolated from normal and MH pig and human skeletal muscle.
Mm SR vesicles were isolated from 6 normal and 6 MH pigs by a
modified microsome fractionation procedure, solubilized tn 19% CHAPS, and
assays carried out for 90 min at 36 °C in the presence
mwmwm venom (Latoxan, Rosans, FR). Porcine RYR1
were reconstituted in planar lipid bilayers using standard techniques.
Muscle samples from 8 MH and 4 normal humans were homogenized tn 0.3
M sucrose, 20 mM Hepes/pH 7.2 and solubilized in 1% CHAPS. Binding
amycondtuomwaeldenﬁmlforthehumnnndpommm Results.
Buth d binding in normal porcine receptors 2.6 fold and
lncreuedll’ofmmongoosto0481008 In MH RYR1 the venom
decreased binding BO%andlnhnmedPoﬁumOI 04 to
0.0610.02. !n7d'8m-lhumam‘:r’§nun 9t°
mncﬁvatedzafoldmsd4mrmalmdtvﬂuals The etmﬁaleﬂ'ectef
Buthotus venom on MH muscle demonstrates that the MH RYR! has a
structurally altered gating domain which may be responsible for the
hypersensitivity of the channel to Ca3+, caffetne and halothane. (Supported
by NIH, MDA and VA.}
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Tu-Pos97

1,10~BIS~GUANIDINO~-N-DECANE DIHYDROCHLORIDE (BISG10)
BLOCKS THB CALCIUM RELEASE CHANNEL OF SKELETAL
MUSCLE SARCOPLASMIC RETICULUM ((Le Xu and Gerhard
Meissner)) Department of Biochemistry and
Biophysics, University of North Carolina, Chapel
Hill, NC27599-7260

The effects of BisG10, a blocker of the
sarcoplasmic reticulum (SR) channel (Liu et al.,
1992, Biophyg J 61, 379a), on the ryanodine-
sensitive Ca release channel of rabbit skeletal
muscle were examined by reconstituting the Chaps-
solubilized, purified 30 S channel complex into
planar 1lipid bilayers in a symmetric 0.25 M KCl
medium. We found that addition of BisG10 to the
trans (SR lumenal) but not to the cis (SR
cytoplasmjc) side of the bilayer reduced single
channel K Sgrrents at negative holding potentials.
Block of Ca release channel by BisGl0 was weakly
voltage~dependent and could be described by blocking
(kp) , unblocking (k.p) rites ind dissgciation
constant (Kp) of 0.6 uM 7 6 ms"~ and 10 uM ,
respectively.

Tu-Pos99

CARDIAC SARCOPLASMIC RETICULUM CA RELEASE CHANNELS
ARE ACTIVATED BY HALOTHANE, BUT NOT BY ISOFLURANE

((M. J. Frazer, C. Lynch III)) Department of Anesthesiology, Box 238,
University of Virginia Health Sciences Center, Charlottesville, Virginia 22908

Canine ventricle was homogenized, centrifuged differentially on a
gradient. lasmic reticulum(SR) membrane vesicles enriched
with Ca release channels (CaRCs) was defined by: 1. electrophoretic evidence
of a ~450 kD protein consistent with CaRC; 2. > 5-fold enhancement of
vesicular 45Ca?* uptake by ruthenium red (RR), which specifically blocks the
CaRC and Ca efflux; 3. Ca-activated 3H-ryanodine (RY) binding. Binding
studies were performed in 25 mM Pipes (pH 7.4), 100 uM PMSF, 100 mM or
IM KC], and 10 nM to 1 mM Ca?* with aa incubation time of 90 min at 37°C.
Specific 3H-RY binding, indicative of channel opening and activated by >0.5
#M Ca?*, was maximal with =20 4M Ca?* at 10-11 pmole RY/mg protein.
Anesthetic enhancement of binding was studied at 5 uM Ca2* where RY
bound was 3-5 pmole/myg protein. [RY]from 5 nM-2 uM were used. In 1 M
KC] medium, 0.75-1.5% halothane (H) enhanced 3H-RY binding, while 2.5%
isoflurane and 3.5% enflurane had no effect. A plot of bound/free vs. bound
RY revealed a modest if any increase in binding affinity due to halothane, but
rather a dose-dependent increase in the number of CaRCs which were opened
and bound RY. Enhancement of RY binding by H was also preseat in 100
mM KCl. These results pmwde ar molecular basls for the differing action of H
and isoflurane on my I i d RY binding in the p
of halothane corresponds to more open Cu.RCs and enhanced Ca?* loss from
SR, leaving less lated Ca2+ for rel to activate contractions.
(Supported by NIH grant GM31144)

Tu-Pos101
PHOSPHORYLATION OF THE SKELETAL MUSCLE CALCIUM RELEASE
CHANNEL REMOVES BLOCK BY MAGNESIUM IONS.

((.Hain*, H.Schindier*, S.Nath®, Sidney Fleischer®)) *:Blophysics, Unv. Linz,
A4040 Linz, Austria; $:Molec. Biol, Vanderbit Univ., Nastwille, TN 37235.

We investigated the paradox that reconstituted calcium release channels (CRC) are
generally Mg at ations prevalling in the myopiasm. Typical CRC
activity (after fusion of purified skeletal muscle microsomes to biack lipid membranes)
was abolished by 3mM Mg. Using a microdispensor, we applied about 1l sokstion
MMMGMRMAMWWwJM
kinase (CCPK, kindly provided by H. Schulman and
Tsmmm:mmmwmm in most experiments, in 22
out of 25 using PKA and in 11 out of 15 using CCPK, CRC activity was recovered.
Then appiication of protein phosphatase 1 (kindly provided by E. Lee) or potato
, reinstalled the block by Mg, which cyclically could be removed again
bythsprotahkimes(uetmeesbebw) Activity of CRC wkh Mg
present required ATP (0,5 mM used) at about 0,2 uM free Ca. Thus, Mg blocks the
dephosphoryiated CRC, while phosphoryiation reverses the Mg block. We, therefore,
propose that phosphorylation of skeletal muscie CRC s used in vivo for onjoft
mmu\dumoambmmaybemmwmeﬂPm
Supported by grant S45/07 of the Austrian Res. Fonds (H.S.), NIlH HL32711 (S.F.),
mNRSAFoIman(SN)
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Tu-Posts

ENDOGENOUS SPHINGOSINE CONTROLS CARDIAC SR CA RELEASE.

((R. Betto, G. Salviati, C. Dettbarn, P. Palade, G. Jenkins and R. Sabbadini))
Institute of General Pathology, University of Padova Italy, of Physiology and
Blophysics University of Med. Branch, Galveston 77550, Dept. of
Biology San Diego State University San Diego CA 92182.

Excitation contraction (EC) coupling involves the movement of calcium (Ca)
through the Ca release channel of the sarcoplasmic reticulum (SR) membeane known
as the ryanodine receptor (RyR). We have receatly shown that the novel second
messenger, sphingosine (SPH), can block Ca release from skinned skeletal muscle
fibers and from isolated skeletal muscle SR membranes (Sabbadini et al., JBC
267:15475-15484, 1992). lnﬂiztepm.wedemonﬂmethnSPHnotonlycmseu
significant reduction of cardiac myocyte beating behavior, but also inhibits Ca
release from isolated canine cardiac SR membranes in the of APIII and PPi
whean release was induced by caffeine, doxorubicin or by Ca. SPH also prevents the
augmentation of [3H)-ryanodine binding normally produced by caffeine,
doxorubicin and Ca, which is consistent with a blocking action of SPH on the RyR
Ca channel. SPH inhibits the extent of Ca-induced Ca release (CICR) and
significantly shifts the threshold for CICR so that a higher level of trigger Ca is
required to initiate CICR. HPLC analysis of cardiac SPH levels indicates that SPH is
presentinmeurduccell at the same levels that would produce inhibition of Ca
release. We hypothesize that sphingosine acts on the cardiac RyR by opposing the
physiological stimulus (e.g. trigger Ca entering via the DHP ). We also
propose that SPH is produced by the T-tubule membranes and that SPH is released

the intracellular environmem of the T-tubule/SR junction to negatively
modulate Ca release. Consequently, we propose that SPH could be a physiologically
relevant regulator of Ca levels in the heart. Supported by NIH #HL42527 and from
the CNR and Minestero della Pubblica Istruzione of Italy.

Tu-Pos100

DIFFERENT CALCIUM SENSITIVITY OF CALCIUM CHANNELS OF
SARCOPLASMIC RETICULUM (SR) FROM FROG SKELETAL MUSCLE.
((R.Bull and J.J.Marengo)). Dept. Fisiologfa y Biofisica, Fac. Medicina,
Univ. de Chile. Casilla 70005, Santiago 7, Chile. (Spon. by C.Hidalgo)

We have investigated the Ca®* dependence of fractional open time (P) of
calcium release channels of SR from frog skeletal muscle fused in bilayers.
Two types of Ca?* dependence were found: a) 25 out of 34 single channel
experiments displayed a bell-shaped Ca’* dependence with activation at
micromolar concentrations and inhibition at millimolar concentrations.
Maximal activation was achieved with 30 uM free Ca?* (P,=0.4540.06;
mean+S.E.M.). Data were fitted with an activation constant of 16 uM and an
inhibition constant of 68 uM. Blocking effect was evident at 0.5 mM Ca**
(P,=0.218+0.03). b) 9 out of 34 channels displayed a sigmoidal Ca**
dependence. No blocking effect was seen with Ca?* up to 0.5 mM
(P,=0.7410.05). Data were fitted with a Hill equation, obtaining an
activation constant of 0.95 M and a Hill coefficient of 2.4. Both blockable
and non-blockable channels displayed low degrees of activation at resting
levels of Ca?* (0.1 uM) (P, of 0.01 + 0.01 and 0.08 + 0.04, respectively;
N.S.). However, a very significant difference was found at 3 uM Ca®* (P, of
0.18+0.02 and 0.71+0.05; p<0.001). Differences in Ca®* sensitivity may
correspond to the presence of two different types of calcium channels in frog
SR. Altemnatively, it could be the expression of two modes of activation by
Ca’* of only one population of channels. Supported by FONDECYT 1298-90.

Tu-Pos102

CHARACTERIZATION OF Ca™ RELEASE CHANNELS FROM DENERVATED
RATS. ((Osvaldobobono Enrico Stefani’ and Afice Chu®)). Dept. of Molecular
Physiology and Blophysics” and Cardiovascular Sciences Section, Dept. of Medicine®,
Baylor College of Medicine, Houston, TX 77030.

Faster and larger caffeine contractures have been previously observed after
two weeks of denervation. It can be postulated that these changes are developed
due 10 an increased affinity of the Ca™ release channel 1o Ca™ in the presence of
caffeine. We proceeded 1o incorporate ryanodine-sensitive Ca®* channels from normal
and 14-day denervated fast rat muscle sarcoplasmic reticulum (SR) into lipid bilayers
(PE:S.PC:S.PS:Z).MC:’..WWM The solutions contained 275/5 mM
(cisftrans) CsCH,SO, and symmetrical 10 mM HEPES (pH 7.4) and 8-10 uM free
Ca™. The channel conductances for normal and denervated muscles were 50315
pSMMpS(ms)msyrmmrbd'ﬂsuNCz Similarly, nolthsrmeammty
for PHiryanodine nor the site density d bet and denervated
rat SR. Caﬂm(OI-SHM)muonownghehannelacﬂvnymnudlodhqu
free Ca™. At lower calfeine concentrations (0.1-0.2 mM), the time integral of the
current increased in channeis from denervated muscies, e.g., the ratio of the time
hmmlomncummmdunwmdvsmnndmkumedbzamJatmm
caffeine, and was 1.1+ 0.4 at § mM caffeine (n=10). Without caffeine, the same ratio
was 0.540.08 in normal vs denervaled muscles. Increased caffeine (0.5 mM)
sensitivity was also observed in [*H)ryanodine binding of denervated rat SR only;
2547 fold (n=2) at pCa S. The P,-pCa relationship in channels from normal muscles
(n=13) was similar to that reported for rabbit muscle, being bell-shaped. in contrast,
the channels from denervated muscles (n=13) were not inactivated at higher Ca*
concentrations (pCa 3.5-2). The lack of Ca™ release channel inhlbition by Ca®™ can
explain the sustained and larger caffeine contractures after denervation. Supported
by MDA, NIH and AHA-TX affil.
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Tu-Pos103

Two Classes of Ca-release Channels in Cardiac Sarcoplasmic
Reticulum and Excitation-Contraction Coupling in Heart.

({H. Cheng and W. J. Lederer)). Dept. of Physiology, Univ. of Maryland
at Baltimore, School of Medicine, Baltnmore, MD 21201.

Two ) of SR C- | Is in cardiac myocytes may exist:
those in j i icul (JSR) and those elsewhere (in corbular
SR and m longitudinal SR). During ion {EC) pling,
the JSR channels, which face a icted subsal | space, may sense a

higher local triggering [Ca) than the other SR channels. Assuming that there are
two functionally important classes of Ca-release channels, we havo conmucted
a simple model of EC couplmn in heart that provides an i

of the diverse and dictory obsarvatnons (1) in responu to
Ic, OF step increases in [Cal (tha( may be produced by ! of caged
Ca), the model predicts families of graded Ca ttansients. (2) The model can
provide an explanation of apparently "high gain® of CICR observed under some
experimental conditions and also the "low gain® manifest in graded CICR. (3)
The model predicts an SR Ca-rel f ion with a p! early peak and
a sustained release phase that is in good agreement with recent experimental
findings. (4) The intriguing observation that early termmatlon of depolarlzing
voltage steps attenuate the peak Ca inable is robustly reproduced in model
simulation. {5) Deacnvnng Ca tanl current (as may occur on repolarization) can
trigger a sizable Ca ite the small Ca influx produced by the tail
current. (6) Intr i g of a Ca chel is sh in the model to slow
down the kinetics of Ca release and to result in a more linear trigger-response
relationship. in sum, a simple model of EC coupling in heart that assumes the
existence of two classes of Ca-release channels in the SR, can accurately and
robustly describe diverse experimental observations.

Tu-Pos105

GATING OF SKELETAL MUSCLE RYANODINE RECEPTOR
CHANNELS IN THE PRESENCE OF TRIADIN. ((D.M. Vaughan, H. K.
Motoike*, N.R. Brandt*, A.H. Caswell* and R. Coronado.)) Department. of
Physiology, University of Wisconsin Medical School, Madison, WI 53706;
*Department of Molecular and Cellular Pharmacology, University of Miami
School of Medicine, Miami, FL. 33101.

We examined the effect of triadin, the dihydropyridine receptor/ryanodine
receptor-binding protein, on the single channel activity of the Ca?* release
channel. Triads from rabbit skeletal muscle were solubilized in CHAPS and
fractionated on hydroxyapatite by a modification of the procedure of Kim et
al. (Biochemistry 29:9281, 1990). Fractions eluted in 0 mM KCl, 180 mM
KP; virtually lacked triadin (low triadin), while those eluted in 820 mM KCl,
180 mM KP; contained triadin (high triadin). Low and high salt fractions
retained [*H]ryanodine binding activity (0.2-0.6 pmol/mi). Channels from
each preparation were recorded in planar bilayers using standard techniques.
The high triadin preparation displayed fewer conductance levels than the low
triadin preparation, perhaps due to a regulatory role of triadin on the
conductance or to a triadin-dependent difference in the aggregation of
proteins. A conductance of 600 pS in cis and trans 820 mM KCl or 150 pS in
cis 125 mM Tris(Hepes), and trans 50 mM Ba-Hepes (+40 mV reversal
potential) was common to both preparations. Channels from the high triadin
preparations were more prone to close shortly after a negative voltage step
than those from the low triadin preparations. These data suggest triadin
changes the gating of the Ca?* release channel in a manner that may be
relevant to excitation-contraction coupling. (Supp. by NIH, AHA, and MDA.)

Tu-Pos107

MEMBRANE TOPOLOGY OF THE RABBIT SKELETAL MUSCLE RYANODINE
RECEPTOR AS DETERMINED BY SITE DIRECTED ANTIBODIES. ((Ron
Grunwald, Robert Sealock, and Gerhard Meissner)) Department of Biochemistry
and Biophysics, University of North Carolina, Chapel Hill, NC 27599-7260.

The ryanodine receptor (RyR) is a large (5037 amino acids) integral membrane
prohein of the sarcoplasmic reticulum (SR) which functions as a calcium release
1. S 1 folding is based on the deduced amino acid sequence have

been proposed which predict as many as 10 membrane spanning segments in the
channel forming domain. We have determined the orientation, with respect to the
SR membrane, ofseveralmgiomofﬂuekykusﬁngnnﬁbodiesdirecﬁedminstd\e
following p 280(-2930 4581-4640, 4941-5037. The
membranewpolosyofthehrgeted d by determining the
relative binding affinity of the antibodies to closed SR vesicles (cywphsmic-hce
out) and to vesicles permeabilized with 0.25% CHAPS, 0.25% Triton X-100, or
elevated pH (8.5-10.5). Ab(2804-2930) bound with identical affinity to either
closed or permeabilized vesicles, confirming the cytoplasmic location of this
segment This nnﬁbody also labeled the RyR in unﬁxed sections of rat skeletal
th an epitope which is d in situ. Ab(4581-4640) showed

no significant binding to closed vesicles but bound well to permeabilized vesicles,
supporting a lumenal location for this segment. Ab(4941-5037) bound significantly
to closed vesicles, but binding was enhanced upon permeabilization. This confirms
that at least part of the C-terminal domain is cytoplasmic, but suggests that some
epitopes in this domain may be blocked by interactions which are disrupted by
detergent or elevated pH. Ab(4941-5037) was not effective in labeling RyR in situ,
consistent with blocked epimpes The topological assignments of these segments
are i with the

&)

Tu-Pos104

REGULATION OF THE RYANODINE RECEPTOR/C&2+ RELEASE
CHANNEL OF SKELETAL MUSCLE SARCOPLASMIC RETICULUM BY
LUMINAL CALCIUM. ((A. Herrmann-Frank)) Dept. of
Applied Physiology, Universit#ét Ulm, W-7900 Ulm, FRG

45ca2* flux and pgingle channel measurements have
shown that the Ca2* release channel (CRC) of striated
and smooth muscle sarcoplasmic reticulum (SR) is
regulated by uM cytoplasmic (cis) cast. 1t is#
however, not known if changes in luminal (trans) Ca
also affect the channel activity. In the experimengs
presented here, the isolated ryanodine receptor/Ca
release channel of rabbit skeletal muscle SR was
reconstituted into planar 1lipid bilayers in the
presence of symmetrical K'-solutions. Using K' as the
channel conducting ion, we were_ able to examine the
effect of changes in trans Ca?* in the uM to mM
range. In the presence of uM cis Ca?* and low (EGTA],
the CRC was in a concentration-dsgendent manner
activated and inactivated by trans Ca<’. The inhibit-
ing effect was antagonized by mM cis ATP or caffeine.
Sigce increasing cis [EGTA) shifted the Po - trans

relationship to _higher trans [Ca2+] it is
assumed that trans Ca?' is exerting its regulating
effects by acting on binding sites accessable from
the cytoplasmic site of the channel. These results
favour the role of a Ca2* ~dependent component in EC-
coupling of skeletal muscle.

Tu-Pos106

HIGH AFFINITY [3E]PN200-110 AND [3ﬂ]RYANODINE
BINDING TO RABBIT AND FROG SKELETAL MUSCLE
HOMOGENATES . ((A. H. Cohn, K. Anderson, and G.
Meissner)). Dept. of Biochemistry & Biophysics,
Univ. of North Carolina, Chapel Hill, NC 27599.

vertebrate skeletal muscle, the voltage-
deggndent mechanism of sarcoplasmic reticulum (SR)

release, commonly referred to as excitation-
contraction (E-C) coupling, is mediated by several
integral membrane proteins located in the T-tubule
and SR membranes. A T-tubule dihydropyridine (DHP)
receptor which functions as voltiie-sensing
molecule, is believed to effect SR Ca release
through a &llysical interaction with a SR ryanodine
recegtor/Ca release _channel. Scatchard analysis
of [{“H)PN200-100 and [3E]ryanod1ne binding to muscle
homogenates indicated the presence of high-affinity
sites with values of 0.34 + 0.14 and 0.30 +
0.10 pmol/mg protein for rabbit muscle, and 0.09 +
0.02 and 0.18 + 0.04 pmol/mg protein for frog
muscle, respectively. These values correspond
to a PN200-110/ryanodine binding ratio of 1.07 +
0.27 and 0.4% + 0.11 for rabbit and frog skeletaI
muscle, respectively. These results will be
compared to measurements with membrane fractions and
discussed ‘in relation to our current understanding
of the mechanism of E-C coupling in skeletal muscle.

Tu-Pos108

MECHANISMS OF INHIBITION OF [’H]-RYANODINE BINDING TO
SKELETAL MUSCLE SARCOPLASMIC RETICULUM MEMBRANES BY
NEOMYCIN, RUTHENIUM RED AND Mg*. (J.P.Wang, D.H.Needleman, and
S.L.Hamilton)) Dept. of Molecular Physiology & Biophysics, Baylor College of
Medicine, Houston, TX 77030.

Neomycin, ruthenium red and Mg® are potent inhibitors of skeletal muscle
sarcoplasmic reticulum (SR) Ca® release. In the present study, the binding of
[*H]-ryanodine is used to clucidatc the mechanisms of inhibition. [*H]-ryanodine
has both high and low affinity binding sites in SR membranes. The inhibition of
[PH]-ryanodine binding is complete with Mg® and ruthenium red, but the
inhibition with neomycin is not. Ruthenium red appears to inhibit [*H)-ryanodine
binding at both the high and low affinity sites, possibly by binding at the same
sites as ryanodine. Ncomycin appears to bind at a site distinct from the high-
affinity ["H}-ryanodine binding site. Both ruthenium red and neomycin slow the
dissociation of [*H]-ryanodine bound to SR membranes. The effect of neomycin
on the dissociation of bound [*H}-ryanodine is in the concentration range where
it inhibits high affinity binding; the slowing of the dissociation by ruthenium red
requires much higher concentrations than required for inhibition of [°H]-
ryanodine binding. Mg? does not slow the dissociation of bound [*H]-ryanodine.
Similar to ryanodine, ruthenium red, at concentrations which inhibit low affinity
binding to SR membranes, also inhibits [*H]PN200-110 binding to T-tubule
membranes. Neomycin has no effect on ["HJPN200-110 binding. A low affinity
[°H]-ryanodine binding site has been identified in t-tubule membranes, suggesting
the possibly that other proteins can bind [°H}-ryanodine with low affinity.
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RYANODINE SENSITIVE AMPLIFICATION OF Ca2t SIGNALS IN
SMOOTH MUSCLE CELLS. ((A. Guerrero, M.T. Kirber,
J.J. Singer and F.S. Fay)) Dept. of Physiology and
Prog. Mol. Med. UMMC. Worcester, MA 01605

We have employed a combination of fura-2
microfluorometry and patch-clamp techniques in
single gastric smooth muscle cells to examine the
role of ryanodine receptors in the release of
calcium from internal stores. Application of 20 mM
caffeine increased [°°2+]i° This elevation was
completely inhibited by ryanodine. Increases in
internal ~[Ca2*) due to membrane depolarization
strictly required ca2* influx through voltage
operated Ca channels. Membrane depolarization
induced increases in (Ca2+]i were amplified by a
ryanodine sensitive mechanism. This ryanodine
inhibitable fraction of the [Ca2+) 4§ rise comprised
as much as 50% of the voltage-induced increase in
[ca2t) i+ Preliminary data indicate that most of the
increase in ([ca2t) induced by stretch-activated
ca2t permeable cation channels is also inhibited by
ryanodine. These data suggest that calcium-induced
calcium release is _a general mechanism of
amplification of the ca2* signal from different Ca2+t
permeable channels in gastric smooth muscle cells.

Tu-Pos111

CO-EXPRESSION OF RYANODINE AND DIHYDROPYRIDINE RECEPTORS IS
NOT SUFFICIENT TO FORM A JUNCTION ((H. Takekura", H. Takeshima’, S,
Nishimura’, M. Takahashi’, T. Tanabe®, $. Numa,, V. Flockerzi', F. Hofmann" and
C. Franzini-Armstrong®}). * Univ. Penn.; * Kyoto Univ; " Univ. Munchen; *Yale Univ.

Ryanodine (RYR) and dihydropyridine (skDHPR) receptors are located at T-SR
junctions (triads) of skeletal muscle and play a key role in e-c coupling. RYRs are the

R calcium release channels and their croplasmic domains form the feet, which span
the gap between SR and T tubule membranes. skDHPRs are the volta%e sensors of
e-c coupling, they are located in the transverse tubules, and they probably compose
the junctional tetrads. Clones of CHO cells were transformed wntl;‘ﬁ,lasmi.s pRRS11
(for RYR); £CAsl (for skDHPR), pCASS8 (for a card-skel DHPR chimera) and
gCaS4; CAS14; pCASIS (for o, B and y subunits of QHPR;L. Clones RR,

KDHPK, CSK3, RR-SK, RR-CSK3 d the two p either alone or in
combinations. RNA blot hybridizations gave positive results for all components.
Immunoblots using monoclonal antibodies IIF7 and IIC12 against skDHPRs (from
K.P. Campbell); monoclonal antibody RR1 against RYR and affinity purified
antibodies CR2 against a c-terminal peptide of cDHPR confirmed expression of the
three mag'lor components. The location and functional state of the expressed RYRs
and DHPRs were determined by electrophysiology; Fura I signals;
immunohistochemistry and electron microscopy. ~ SK and CSK3 clones show
calcium currents indicating some insertion of the expressed channels in the surface
membrane, but CSK3 currents are much larger (K. Imoto, personal communication).
I histochemistry shows i taining for DHPRs in the perinuclear region.
Thus most DHPRs may be trapped in the endoplasmic_reticulum gER), Catleine
induces calcium release in RR cells, showing a functional RYR. In all RR cells, EM
and immunohistochemistry show hiﬁh density of RYR in orderly aggregates on
flattened cisternae of the ER. RYR-rich membranes do not form junctions with
either surface or other internal membranes in RR-CSK3 and RR-SK clones, Instead,
the membranes face each other, forming double amrays of feet. We conclude that
components other than RYRs and DHPRs are needed for the formation of triad-like
junctions. Supp. by NIH HL15835 to PMI and Jap. Inst Phys. Chem. Res.

Tu-Pos113
CRYO-ELECTRON MICROSCOPY OF FROZEN-HYDRATED ISOLATED TRIADS AND
TERMINAL CISTERNAE FROM SARCOPLASMIC RETICULUM.

T. Wagenknecht, R. Gr i, J. Berkowitz, A.P. Timerman, and
Sidne F‘IeischerS) Wadsworth Center for Laboratories & Research, New
York State Dept. of Health, Albany, NY 12201 and Department of
Molecular Biology, Vanderbilt University, Nashville, TN 37235.

Knowledge of the architecture of the triad junction is essential to
understanding the mechanism of excitation-contraction coupling in
muscle. Numerous studies b{ electron microscopy (EM) have not led
to a consensus on the locations and configurations of the components
comprising the triad, due in part to the limitations of conventional
EM which requires dehydration, fixation, contrast enhancement with
heavy metals and other treatments that affect preservation of the
specimen. We have obviated these treatments by imaging native
terminal cisternae vesicles derived from sarcog’lasu c reticulum and
associations of TC vesicles with transverse tubules (i.e. triads)
that are embedded fn a thin film of buffer by cryo-EM. Micrographs
of TC clearly resolve the major components: calcium ATPase, foot
structures (calcium release channels), and internal mass (presumably
calcium binding proteins and bound calcium). Foot structures are
faintly visible in the junctional gat of triads but additional
components are also present which makes interpretation difficult.
The junctional gap in some triads is up to 18 nm wide which is
larger by several nanometers than most previous estimates. Frozen-
hydrated TC and triads should be ideal specimens for high-resolution
immuno-EM to provide detailed information on the identity and
Tocation of triad components. Such studies are in progress.

Supported by NIH HL32711 (SF) and NIH AR40615 (mg.
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STOICHIOMETRY OF FK-506 BINDING PROTEIN TO THE RYANODINE
RECEPTOR IN SKELETAL MUSCLE TERMINAL CISTERNAE OF
SARCOPLASMIC RETICULUM. ((E.A.Freund®, A.P.Timerman®*,
T.Jayaraman®, G.Wiederrecht*, AMarks’, and Sidney Fleischer®)). *Dept.
Molecular Biology, Vanderbiit University, Nashville, TN 37235; “Brookdale
Center for Molecular Biology, Mount Sinai School of Medicine, New York, NY
10029; *Dept. Inmunology Research, Merck Research Laboratories, Rahway,
NJ 07065.

The immunophilin FK-506 binding protein (FKBP-12) has been found to be
assoclated with the ryanodine receptor of rabbit skeletal muscle terminal
cisternae. (J. Blol. Chem. 267, 9474, 1992). We have evaluated the
stoichiometry of FKBP to the ryanodine receptor in skeletal muscle terminal
cisternae by two different methods: 1) densitometry of Western blot analysis
using specific antibody to FKBP-12 and gel densitometry of Coomassie blue
stained SDS-PAGE gels for the ryanodine receptor and 2) specific igand
binding of 3[H} FK-816 (dihydropropyl derivative of FK-506) versus 3[H]
ryanodine. The stoichiometry is 2.4 to 1 by densitometry compared to 2.2 to
1 by ligand binding. FKBP was found in a sucrose gradient purified fraction
of ryanodine receptor at a comparable ratio. The presence of FKBP on the
ryanodine receptor has also been detected by Western blot analysis in
porcine skeletal muscle terminal cisternae. These data indicate that the tight
association of the FKBP with the ryanodine receptor of skeletal muscle may
be a general phenomenon. Supported in part by grants from NIH HL32711
and Muscular Dystrophy Assoc. to S.F.

Tu-Pos112

ISOLATION OF A COMPLEX OF DIHYDROPYRIDINE RECEPTOR
AND RYANODINE RECEPTOR FROM TRIAD JUNCTIONS OF
SKELETAL MUSCLE.

((. Marty!, M. Robert!, M. Villaz!, Y. Lai2, W.A. Catteral? and M.
Ronjat!)) 1 CENG-DBMS-BMC BP 85X F38041, GRENOBLE Cedex FRANCE.
2 Dept. Pharmacology, University of Washington, SEATTLE, WA 98195 USA.
(Spon. by S. Crouzy)

The current model for excitation-contraction coupling proposes that a
voltage-driven conformational change of the ail-subunit of the
dihyd