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Why Calcium?

Double positive charge provides increased affinity for negatively charged proteing
but lower affinity than larger divalent cations such as Cu, Zn, or Mn. The
coordination chemistry of Ca is higher and more flexible than for Mg.

The fact that Ca complexes with inorganic compounds and to proteins suggests
that the maintenance of low [Ca] intracellularly would require less energy than for
other cations. The maintenance of a large transmembrane gradient is critical for
a second messanger ion.

This large transmembrane gradient provides the signal-to-noise ratio required foi
efficient signal transduction.

Resting intracellular [Ca] is ~100 nM versus mM extracellular [Ca] or a
concentration gradient of ~10,000.
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Action pritentics
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Role of Ca++ in contraction
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TABLE | Duration of Key Steps in the Activation of a Fast-Twitch
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FIGURE 11. Relationship between peak tension and membrane po-
tential in the absence of an action potential. The fibers were depolarized by
holding the membrane potential constant for 50 ms with a valtage-clamp.
Tension was measured simultaneously with a transducer anached 10 one
tendon. (Reproduced from The Journal of General Physiology, 1984, 84,
133154, by copyright permission of The Rockefeller University Press.)
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Ca,-free solution abolishes contractions immediately (< 1 sec) in an isolated
cardiac myocyte (A.), but does not decrease contraction in a single skeletal muscle fiber
(B.) for =25 min.  A. [Cal, was changed by a rapid solution switching device between
stimuli, The cell was stimulated at a continuous frequency of 0.2 Hz and arrowheads
indicate stimulations in Ca,-free solution (from Rich ef al, 1988, with permission). B.
A single Trog skeletal fiber stimulated at 0.1 Hz except during the switch 193 Ca-free
solution containing | mM EGTA. The eveniual decline in force :nilcrr ~26 min was
attributed 1o gradual membrane depolarization (from Armstrong ef al, 1972, with
permission),

Excitation-contraction coupling

Ryanodine receptors

Ryanodine Recep tors
RyR1 RyR2 RyR3
Siz e(a mnoa cids)
of mono mer 50 37 49 70 48 70
Siz e(d alton s) of
monome r ~565, 000 ~560, 000 ~560, 000
Sed ime ntat ion
coef ficie ntof 30 s 30 s 30 s
tet rame r
Stoichiom etry of
FKB P/RYR 4 4 4
Sing le channe |
con ductan ce ~120 psS ~120 pS ~100 pS
inCa 50m M
Sing le channe |
con ductan ce ~540 pS ~540 pS ?
in Cs 250m M
Endog enous
mod ulators
uM Ca activate s yes yes yes
mMC a inh ibits es yes es
mM Mg inhibits es yes es
kinases es yes ?
ph os phata_ses yes yes ?
DH PRin tera ction es ? ?
calmodu fin yes yes yes
ad enine
nu cleotide s es yes es
MgATP yes yes yes
NO es yes ?




Phar of Ryanodine Recept:

RyR1 RyR2 RyR3 Site of action
Xanthines
caffeine) activates activates activates Ca activation sites
Ryanodine subconductance subconductance | subconductanc carboxy
/ryanoids state state e state terminus
Ca binding
ruthenium red inhibits inhibits inhibits site(s)/channel
pore
Antraquinones
doxorubicin) activates activates activates ?
FK506 &
rapamycin activates activates activates FKBP12/12.6
Purinergic
agonists/ activates activates activates ATP binding sites
antagonists
adenosine)
Calmodulin inhibits inhibits inhibits calmodulin binding
antagonist site
Local anesthetics
tetracaine) inhibits inhibits inhibits ?
Dantrolene inhibits inhibits ? ?
Phenol derivatives
(4-chloro-m- activates activates ? ?
cresol)
NO generating
compounds Activates/inhibits | Activates/inhibits ? ?
top view
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Ditydropyriding Receptor

Voltage-gated ion channels
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Regulation of EC
coupling by adrenergic
signaling --

| “fight or flight”

RyR2 macromolecular complex
Calcium

RyR macromolecular complexes are
held together by
leucine/isoleucine zippers

PKA

[ | T2  RyRi

spinophilin

Signaling complex domain Pore




RyR2/calcium release channel phosphorylated
by addition of cAMP alone

A + + - - PKA
= <4 = < PKA Inhibitor
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Ryanoding Binding
[ 1] v v Vi
RyR1 S W W W W W 5037 aa
(Sketetal) TM Region

RyR2 I 4969 a3
(Cardiac)

RyR3 I 1572 aa

(Brain ) 1P3 Binding
IP3R1 2749 aa
1P3 Binding THFagbn
IP3R2
(cardiac) 2701 aa
IP3R3 | e— 1 111 7
NHz2 COOH
L L | ]
I T T 1
0 1 2 3 4 5
amino acid x10%
IP3R RyR
Skel muscle + +++
Smooth m. +++ +
Neurons +++ +H+
IP3 Activates None
Ryanodine None Locks
open/closes
Caffeine (5 mM) | Inhibits Activates
Ca?* IP3R1 - biphasic
biphasic
IP3R2/3 - opens
RR None inhibits
Heparin inhibits activates

Excitation-secretion coupling

Inositol 1,4,5-trisphosphate
receptors




IP3 Receptors

IP3R1 IP3R2 IP3R3
Size (amino acids)
of monomer 2,749 2,691 2,685
Size (daltons) of
monomer 313,000 ~300,000 ~300,000
Stoichiometry of
FKBP/RyR 4 4 ?
Endogenous
modulators
IP3 activates activates activates
nM Ca activates yes yes yes
uM Ca inhibits yes yes no
ATP <2 mM activates activates activates
ATP >2 mM inhibits inhibits inhibits
tyrosine kinases activates ? ?
phosphatases ? ? ?
PhamecodgyofiP Rece firs
IP3R1 IP3R2 IP3R3 Stedfactin
(cdféng inlitits inlitts initits Ca divdiorstes
heain infitits inlitits infibits ?
2A8B inlitits inlitits initits ?
>xestspnin inlitits inlitts inkitits ?

IP3 signaling
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Activation of contraction in smooth muscle strips by photolysis of “ca
Ins(1,4,5)Py or "caged” phenylephrine (from Somlyo ef al, 1988, with permission).
guinea-pig portal vein strip had been depolarized by 143 mM KCl for the phenyleph
experiment and permeabilized by 50 mg/ml saponin for the Ins(1,4,5)Py experim
About 10% of the 50 uM phenylephrine and 10 M Ins(1,4,5)Py were released by the
nsec laser pulse.
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Calcium signaling during apoptosis
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