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Abstract

A hypothesis is presented which suggests that the cardiac L-type calcium channel opens in a stochastic fashion as the calcium channel protein
complex moves around in the lipid of the outer leaflet of the sarcolemma. Opening occurs [1] when there is release of calcium ions that are bound
in the polarised state to anionic phospholipid of the inner leaflet, the release being a consequence of proton penetration into the sarcolemma upon
depolarisation and [2] a calcium channel protein complex moves into the same site on the outer leaflet.
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Introduction

It is well established that depolarisation of cardiac cells
induces an inward current associated with an inward movement of
calcium ions (Ca?*), and that this Ca?* triggers release of more Ca?*
by interaction with the ryanodine receptors of the sarcoplasmic
reticulum (SR), which lie close to the transverse tubules (e.g.,
[1,2]). This released calcium activates contraction, with subsequent
relaxation achieved by active transport into the SR by means of
aCa? activated ATPase, thus causing recirculation of Ca?* (e.g,
[3-5]). The intracellular calcium gain by the L-type channels is
balanced by an equal and opposite outward movement of Ca** via
the sodium/calcium exchanger (NCX), in order to maintain a Ca?
steady state [6].

While there is a wealth of literature comprising pharmacological
effects on this system, the L-type channel is usually depicted as a
protein encompassing both leaflets of the sarcolemma through
which Ca* enters the cell. I find this difficult to reconcile with the
stochastic nature of L-type channel opening (e.g., [7]) and here
develop a different hypothesis.

The principle

The L-type calcium channel is studied by measuring the
L-type calcium current, which is an inward current, an electrical
measurement. By definition, electricity is electrons moving. An
inward current therefore consists of an outward movement of
electrons that exceeds the inward movement of positive charges,
in this case carried by Ca?* ions. This follows from the fact that
an electron is one ten thousandth (10,000th) the mass of a Ca?".
Any channel that enables an inward current will allow an excess

of outward electron flow because electrons have 10,000 times the
acceleration of an ion [8] in accordance with Newton’s second law
(Force, i.e., electromotive force = mass x acceleration).

Deveopment of the hypothesis

The polarised state: A cardiac ventricular cell has a trans-
membrane potential of the order of -80mV. Therefore the
electrical field force across the double leaflets of the sarclemma is
10,000volts/mm, sufficient to exclude nearly all charged particles
from the inter-lammelal space, including protons, and rendering to
the sarcolemma a very high electrical resistance, thus protecting
the interior from extracellular electrolyte. Calcium has been
demonstrated to be bound to the inner leaflet of the sarcolemma
(e.g., [9]), the 2 positive charges of the Ca?* are bound to 2 negative
charges of an anionic phospholipid (only found on the inner leaflet
in healthy cells) such as phosphatidylserine. The electric field
force in a pacemaker cell with an initial trans-membrane potential
of -60mV is only 7,500volts/mm, resulting in a lower resistance
than the ventricular cell and allowing some electrical penetration
of charged particles (dominated by electron outflow, as with all
inward currents [8]) - the pacemaker current or funny current (If).

The depolarised state: Depolarisation removes the trans-
membrane electric field force, so that protons enter the inter-
lamellar space and release Ca?* from its binding to the inner leaflet
(the two-site control of the H+Ca?" interaction [10]). This Ca*
constitutes part of the trigger Ca?* for Ca?* induced Ca** release
via the ryanodine receptors [11]; the other part comes through
the L-type Ca?* channels. The percentage recirculated varies with
species and preparation.
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The role of the L-type Ca?* protein

There are several proteins that bind different calcium
antagonists and other substances, but for the hypothesis, they
will be called simply the Ca? channel protein complex. The
plasma membrane is extremely dynamic, with many proteins and
receptors “swimming” about in the lipid layer. It is also known that
Ca?* “guards” the inner aspect of the L-type Ca** channel from Ca?*
ingress in the polarised condition. The hypothesis contends that
the “guard” is that same Ca?* bound to the anionic phspholipid of
the inner leaflet when subjected to high trans-membrane electric
field force, which “drops off” with the two-site control of the H+Ca?*
interaction. If the overlying site on the outer leaflet is occupied
by the Ca*Ca? channel protein complex, Ca?* ingress takes place,
but not if some other moity or lipid occupies that site. As the Ca**
channel protein complex is “swimming around” in the outer leaflet
lipid in a random manner, the “opening” of the Ca?* channels will
occur in a stochastic manner.

Closing of the L-type Ca** channel

With repolarisation, the cell returns to the stable diastolic state
with closed L-type Ca?* channel and field force of 10,000volts/
mm. The closure of the channel is both Ca?* and voltage sensitive
and also occurs in a stochastic manner [12], i.e,, the inactivation
of the channel has both voltage and Ca* dependence. In the
present hypothesis, the voltage dependence occurs because of
repolarisation by the restoration of intracellular negative charge,
i.e., electrons. The Ca?* dependence occurs because Ca?* binds to the
inner leaflet of the sarcolemma, the closure and “guarding” function
of the channel.

The bioelectric law

It will be apparent that these ideas have occurred with a
backgound basic hypothesis of life called the Bio-electric Law
which has gained approval as a possibility in oral presentaion
[8] but remains unacceptable in the face of established opinions.
The essence of that hypothsis is that negative a trans-membrane
electrical potential difference means an excess of negative charge
(electrons) in the intracellular compartment which is in a gel state.
The basic fact of electricity is that it is defined as electrons moving.
It is not possible to have electrophysiology without electricity i.e.,
electronics. Positive currents are excess movements of electrons in
the opposite direction. Inward currents are dominantly outflows of
electrons that dissipate as heat. In living cells intracellular electrical
negativity is restored by mitochondrial electron production.

An evolutionary speculation

As we were not present during early evolution, it is allowable to
speculate. At some time organisms incorporated a bacterium-like

organelle that became mitochondria and gave them more energy
in the form of the energy rich phosphate system, an evolutionary
advantage. They then encountered the problem of excessive Ca?*
entry which precipitated as insoluble calcium salts and formed the
chalk and limestone of today. The speculation is that an important
evolutionary step was the development of the cell membrane, a
bilayer of electrical low conductance that is made much lower by
the high field force explained above for resting polarised cells. This
system protects the intracellular gel from an extracellular Ca®*
concentrations in the range 2.2-2.55mM, whereas if one removes
the cell membrane one needs a perfusing solution of 1nM Ca** in
order to ensure complete relaxation of the contractile system [13].
The tight control of intracellular Ca?* compensates for the necessity
for Ca* to trigger contraction.

References

1. Cheng H, Wang SQ (2002) Calcium signaling between sarcolemmal
calcium channels and ryanodine receptors in heart cells. Front Biosci 7:
d1867-d1878.

2. Cheng H, Lederer MR, Xiao RP, Gomez AM, Zhou YY, et al. (1996)
Excitation-contraction coupling in heart: new insights from Ca?* sparks.
Cell Calcium 20(2): 129-140.

3. Noble M], Arlock P, Gath ], Grainger N, Ravens U, et al. (1993) Mechanisms
of excitation contraction coupling using the principles of transient
perturbation. Cardiovasc Res 27(10): 1758-1765.

4. Ter Keurs HE, Gao WD, Bosker H, Drake Holland AJ], Noble MI (1990)
Characterisation of the decay of frequency induced potentiation and of
post extrasystolic potentiation. Cardiovasc Res 24(11): 903-910.

5. Drake Holland AJ, Noble MIM (1983) Excitation-contraction coupling of
the heart. European Journal of Clinical Investigation 13: 369-371.

6. Eisner D, Bode E, Venetucci L, Trafford A (2012) Calcium flux balance in
the heart. ] Mol Cell Cardiol 58: 110-117.

7. Wang X, Hardcastle K, Weinberg SH, Smith GD (2016) Population density
and moment-based approaches to modeling domain calcium-mediated
inactivation of L-type calcium channels. Acta Biotheor 64(1): 11-32.

8. Noble MIM (2016) The bio-electric law.

9. Langer GA (1986) Role of sarcolemmal-bound calcium in regulation of
myocardial contractile force. JACC 8(1): 65A-68A.

10.Langer GA, Rich TL, Ji S (1989) Contractile shortening response of
ventriclar cells to extracellular acidosis. Evidence for two-site control of
H*-Ca?* interaction. Circ Res 165: 894-902.

1

=

. Fabiato A, Fabiato F (1975) Contractions induced by a calcium-triggered
release of calcium from the sarcoplasmic reticulum of single skinned
cardiac cells. ] Physiol 249(3): 469-495.

12.Imredy J, Yue DT (1994) Mechanism of Ca?* inactivation of L-type Ca®*
channels. Neuron 12(6): 1301-1318.

13.Kentish JC, Ter Keurs HE, Ricciardi L, Bucx ]J, Noble MI (1986)
Comparison between the sarcomere length-force relations of intact and
skinned trabeculae from rat right ventricle. Circ Res 58(6): 755-768.

Volume 2 - Issue - 1

How to cite this article: Mark | N. On the Mechanism of the Cardiac L-type Calcium Channel in Cardiac Cells. Open J Cardiol Heart Dis. 2(1).

0OJCHD.000529.2018. DOI: 10.31031/0JCHD.2018.02.000529

2/3


http://dx.doi.org/10.31031/OJCHD.2018.02.000529
https://www.ncbi.nlm.nih.gov/pubmed/12161336
https://www.ncbi.nlm.nih.gov/pubmed/12161336
https://www.ncbi.nlm.nih.gov/pubmed/12161336
https://www.ncbi.nlm.nih.gov/pubmed/8889204
https://www.ncbi.nlm.nih.gov/pubmed/8889204
https://www.ncbi.nlm.nih.gov/pubmed/8889204
https://www.ncbi.nlm.nih.gov/pubmed/8275520
https://www.ncbi.nlm.nih.gov/pubmed/8275520
https://www.ncbi.nlm.nih.gov/pubmed/8275520
https://www.ncbi.nlm.nih.gov/pubmed/2272068
https://www.ncbi.nlm.nih.gov/pubmed/2272068
https://www.ncbi.nlm.nih.gov/pubmed/2272068
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2362.1983.tb00115.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2362.1983.tb00115.x
https://www.ncbi.nlm.nih.gov/pubmed/23220128
https://www.ncbi.nlm.nih.gov/pubmed/23220128
https://www.ncbi.nlm.nih.gov/pubmed/26424585
https://www.ncbi.nlm.nih.gov/pubmed/26424585
https://www.ncbi.nlm.nih.gov/pubmed/26424585
https://www.researchgate.net/profile/Mark_Noble
https://www.sciencedirect.com/science/article/pii/S0735109786800304
https://www.sciencedirect.com/science/article/pii/S0735109786800304
http://circres.ahajournals.org/content/circresaha/65/4/894.full.pdf
http://circres.ahajournals.org/content/circresaha/65/4/894.full.pdf
http://circres.ahajournals.org/content/circresaha/65/4/894.full.pdf
https://www.ncbi.nlm.nih.gov/pubmed/809571
https://www.ncbi.nlm.nih.gov/pubmed/809571
https://www.ncbi.nlm.nih.gov/pubmed/809571
https://www.ncbi.nlm.nih.gov/pubmed/8011340
https://www.ncbi.nlm.nih.gov/pubmed/8011340
https://www.ncbi.nlm.nih.gov/pubmed/3719928
https://www.ncbi.nlm.nih.gov/pubmed/3719928
https://www.ncbi.nlm.nih.gov/pubmed/3719928

Open J Cardiol Heart Dis Copyright © Mark IM Noble

@ Creative Commons Attribution 4.0 OJCHD | gpen foumal ot Open Journal of Cardiology & Heart Diseases
ardiology &

International License reipe Benefits of Publishing with us

For possible submissions Click Here [SSlaiiZyetl

e High-level peer review and editorial services
e Freely accessible online immediately upon publication
¢ Authors retain the copyright to their work

¢ Licensing it under a Creative Commons license

e Visibility through different online platforms

Volume 1 - Issue - 4

How to cite this article: Mark | N. On the Mechanism of the Cardiac L-type Calcium Channel in Cardiac Cells. Open J Cardiol Heart Dis. 2(1). 3/3
OJCHD.000529.2018. DOI: 10.31031/0JCHD.2018.02.000529



http://dx.doi.org/10.31031/OJCHD.2018.02.000529
http://crimsonpublishers.com/online-submission.php

http://crimsonpublishers.com/ojchd/index.php

	On the Mechanism of the Cardiac L-type Calcium Channel in Cardiac Cells
	Abstract
	Keywords
	Introduction
	The principle
	Deveopment of the hypothesis
	The role of the L-type Ca2+ protein
	Closing of the L-type Ca2+ channel
	The bioelectric law
	An evolutionary speculation

	References

