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Four Dimensional (4-D) BioChemlInfoPhysics Models of Cardiac
Céellular and Sub-Cellular Vibrations (Oscillations)
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Abstract: Problem statement: Cardiovascular Diseases (CVD) continued to belébding cause of
death. Failure or abnormal cardiac cellular or selular vibrations (oscillations) could lead faiuor
abnormal heart beats that could cause CVD. Undwuistg the mechanisms of the vibrations
(oscillations) could help to prevent or to tread tliseases. Scientists have studied the mechafasms
more than 100 years. To our knowledge, the mectmsnare still unclear today. In this investigation,
based on published data or results, conservaties df the momentum as well as the energy, in viefws
biology, biochemistry, informatics and physics (BReminfoPhysics), we proposed our models of
cardiac cellular and sub-cellular vibrations (datiitns) of biological components, such as freesion
Biological Fluids (BF), Biological Membranes (BMJa++H+ (Ca++ and Na+K+) ATPases, Na+Ca++
exchangers (NCX), Ca++ carriers and myosin heagproach: Our models were described with 4-D
(X, ¥, z, t orr,0, z, t) momentum transfer equations in mathemagibgbkics.Results: The momentum
transfer equations were solved with free and farceanped, un-damped and over-damped, vibrations
(oscillations). The biological components couldrbedeled as resonators or vibrators (oscillatotg)h s
as liquid plasmas, membranes, active springs, ymasgrings and active swing€onclusion: We
systematically provided new insights of automafigmition and maintain), transportation, propagatio
and orientation of the cardiac cellular and sultzel vibrations (oscillations) and resonanceshwaitir
BioCheminfoPhysics models of 4-D momentum transfgrations. Our modeling results implied: Auto-
rhythmic cells (Sinoatrial Node Cells (SANC), Atwventricular Node Cells (AVNC), Purkinje fibers),
non-Auto-rhythmic ventricular myocytes and theirc®glasmic Reticulums (SR) work as Biological
Liquid Plasma Resonators (BLPR). The resonatore Wwarogical clocks and mainly made of BF, BM
and BM Transporters (BMT) that had mutually adapsedi produced Biological Liquid Plasma
Resonance Frequencies (BLPRF) for the resonatarsgdtheir natural evolution. The resonators
naturally vibrate (oscillate) near the SANC SR BIEPRat had the highest BLPRF among them.
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INTRODUCTION In this investigation, based on published data or
result$*®, conservation laws of the momentum as well
Cardiovascular Diseases (CVD) continued to beas the energy, in views of biology, biochemistry,
the leading cause of death, an estimated 80 millioninformatics and physics (BioCheminfoPhysics), we
American adults (approximately 1 in 3) had one orproposed models of cardiac cellular and sub-cellula
more types of CVD in 2008, Failure or abnormal vibrations (oscillations) of biological componenssich
cardiac cellular or sub-cellular vibrations (osibns) as free ions in Biological Fluids (BF), Biological
could lead failure or abnormal heart beats thaticcou Membranes (BM), Cat+H+ (Cat+ and Na+K+)
cause CVD. Understanding the mechanisms of théTPases, Na+Ca++ exchangers (NCX), Ca++ carriers
vibrations (oscillations) could help to preventtoitreat and myosin headsvioreover, we discuss our models’
the diseases. Scientists have studied the mechaufidism general applications and general meanings in byolog
more than 100 yedfs' and proposed models for the
mechanisms. The models respectively involved MATERIALSAND METHODS
mathematicd4®, biophysic&”, biochemistr{*®. But,
none involved the automation of the vibrationsModel developments. Based on the published
(oscillations¥. To our knowledge, the mechanisms areexperimental resulfs'®, we approximately consider,
still unclear today. BF in SR, cells or extra-cells, as quasi liquidsphas in
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physics, the plasmas are quasi neutral v
electromagnetically;  biological or  biochemical i
components such as free Cat+ in BF, SR Sub- A

Membrane (SRSM) or Cell Membrane (CM), Ca++H+
(Cat++ or Na+K+) ATPases, NCX, Ca++ carriers and
myosin heads, because disturbances, internal 8znga
or external stimulations always exist, often agpldiced 1 O
from their equilibrium positions or distances, the /z_ -1_L
redistribution of charges and masses will respelstiset
up forces, tensions or pressures at the comporems.
forces, the tensions or the pressures will resthee
components back to their original equilibrium posis £y 1. A ynit volume of free ions vibrates (osaids)

or distances and could initiate a vibration (oatitin), in BLPR. BLPR are SR or cells. the bounds are
even a resonance. Under some conditions, the ibrat BM. such as SRSM or CM in Iéig. 1. The ions
(oscillation), even the resonance continues as &mngn '
internal excitation or an external stimulation magrful
enough and retained.

X

are assumed to vibrate (oscillate) in z direction
to simplify the illustration

Besides:
Longitudinal vibrations (oscillations) of free ions in

BF: Based on published biological and biochemical _ an,

experimental resu®1% the above analysis, the imn)=m@n -5 @
liquid plasma physiés’, electrodynamics and

hydrodynamics, we propose our model of longitudinalWhere:

vibrations (oscillations) of free ions in BF, e.pns in s = Means a 3-D spatial divergence, a mathematical

SR, Cellular Fluid (CF) or Extra Cellular Fluid (EL operator _ _
and i.e., directions of the vibrations (oscillatprand g = A hydrodynamic growth factBf' of ions, or a
the waves propagations are parallel from each other ~ regeneration (recombination) factor of ions, e.g.,

Figure 1, we consider the SR and the cells as BLPR & factor to evaluate Ca++ binding or leaving
with Ca++. The momentum transfer equation of the troponins

model is: . .
For alternating currents or releases of naturdbigioal

ions, we neglect the magnetic force and Columrklfi
E(Vimin )=-0P- ymnc+ gn (B ,vXBy F (1)  (Column’s law related” to simplify our mathematic
dt process. Therefore, from Eq. 1, removing the lae
terms at the right side, applying divergence tohbot
Where: sides, interchanging divergent and derivative djera
vi, m, n, ¢ and g= Respectively the velocity, the mass, at the left side; using Eq. 2, considering actighid
the particle concentration, the with a compressibiligﬁzl, using the partial
effective collision frequency differentiation of time to approximate the
(Ohm's law related) and the electric differentiation of time and modifying a published

charge of the free ions assumptio®, P =V?mn (Vi is an averaged velocity
O = A 3-D spatial Nabla mathematic of the free ions), we obtain a correspondent
operator homogeneous wave equation:
P, = Represents the pressure in the fluid
E and B = Electric and magnetic fields a%n, on L,
(including interactions or [Gz ~@+c)5 +agnkz=0n 3)
couplings) respectively '
X = Means a mathematical cross product yyhere, 02 means a 3-D spatial Laplace mathematical
Fy =A sum of externally applied operator.
hydrodynamic  volume  forces
(force/volume) (including  Transverse vibrations (oscillations) of BM: Based on
interactions or couplings) published biological and biochemical experimental
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result$®'?  the above analysis, the membrane But, both Coulomb’s filed and Ohm's field play
vibration theor{?, electrodynamics, we propose our roles across the membranes,, Pepresents a sum of
model of transverse vibrations (oscillations) of BM externally applied mechanic or hydrodynamic pressur
e.g., SRSM or CM and i.e., directions of the vilmag  (forces/area) (including interactions or couplings)z
(oscillations) and the waves propagations ardalirection. We can respectively obtain the momentum
perpendicular from each other. Figure 2, we comside transfer equations for that on x and y planes tgtireg
piece of membrane transversely vibrates (oscijades z, x and y in Eq. 4.
the surfaces of SR or cells that are modeled as
rectangular BLPR and assume the membrane surfacex++H+ ATPase vibrations (oscillations): We model
are in x, y and z planes respectively, and vibr&tio a section about the Ca++ binding sites and thea(tisp
(oscillations) directions are mostly in x, y and Zzacid) phosphorylation site of the ATPase as a gprin
directions respectively. The momentum transfer #goa with some charges, an effective mass and an eféecti
of the model for a piece of membrane in z planes is stiffness, based on the published biochemical
, , , datd*#1*1%!  conservation laws of the (angular)
Pmma zZ, 0z, _ mz(a z, 0 an‘n) momentum as well as the energy, the vibration
y

e Um e x> 9 4) theory*” and electrodynamics. Figure 3 show our
_ 0z, model in BioChemlinfoPhysics rather than presents a
= Prc(E. at XB o)+ Pr; structure model in molecular biology. The both
(angular) momentum and energy are conserved in each
Where: procedure in the Fig. 3. Beside the states of apah

z, and zg = Respectively the transverse (in z direction)close for gates of ions transportations, we dedirrégh
and the horizontal (perpendicular to z impedance state as that only ions with a high ldénet
direction) displacements from the energy can go through the gates, most thermal motio

equilibrium positions ions can not pass the gates. We consider only wgrki
Ormm = The membrane mass density (masses/areaj-a++H+ ATPases that are able to eject Ca++ into SR.
Prme = The membrane charge density We assume, the spring model is across SRSM in z

(charges/area) planes and performs a 4-D (B, z, t) vibrations
Tz = The membrane surface tension (oscillations) in a cylindrical coordinates system;

(forces/length) that relates to a membranedirection vibration (oscillation) periodically andostly

vibration in z direction provide the power to eject Ca++ into SR; represents
Uz = The membrane friction coefficient (in z an averaged relative equilibrium distance in zdion

direction) of unit area between the Ca++(H+) binding sites and the
E, = The electric field in z direction phosphorylation site;szepresents a displacement from
B,s = The magnetic field perpendicular to z the averaged relative equilibrium distance; vilmasiin

direction and they are processed in ther and6 directions will periodically and mainly open,
same way as or a similar way to, E and Bclose or set a high impedance to the three stdtes o
in Eq. 1 gates. (a) Two Ca++ and one ATP are binding a
vibrating Ca++H+ ATPase when the Ca++ gate facing
the cellular is opened. The information of the fgd
sites is stored as charges, transmitted with the
electromagnetic fields, recognized and responded by
Lorentz force%® in a range about from 0.3-3 nm. Some
binding energy is released during the bindffiggb)
After the bindings, the ATPase’s conformation is
changed, the ATP binding site with the ATP moves,
- from its equilibrium position, to a position thas i
/ gl more proximate to the phosphorylation site and
) orientates the site more in z direction. The spring

contracts more than the free state and so that more
Fig. 2: A piece of membrane vibrates (oscillates) o potential energy is stored. The Ca++ gate facirg th

surfaces of BLPR. BLPR are SR or cells, thecellular is closed. The ATPase is hydrolyzing and

surfaces are BM, such as SRSM or CM in Fig. 2breaking the bound ATP into ADP and P group,

Pz is a sum of pressures in z direction because of the electric forces mostly inrection.
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SR Fluid
Sub-Membrane

position. (e) After the Ca++ are ejected to SR tral
three H+ bind the sites, the Ca++ gate facing S&R an

s>

XA : - l_ Cass binding SO : ; A the H+ gate facing SR are closed. The spring cotstra

K I < } equilibrium positions | Y :75— _(f) The H+ gate facing the (_:ellular is_at a high_

0, - G . = impedance state. The contracting potential enesgy i
% ~—_ Cellular Fluid Vi

Ca++H+ ATPase spring — converted to the kinetic energies of the H+ and the
spring and some others. If the kinetic energy ofikl+
greater than the bond energy, the H+ is being ejlett
the cellular. The Ca++ gate facing the cellulaspsned
again to complete the cycle. If no H+ is transpart@o
H+ activities are in procedures (e) and (f).

Based on the above analysis, we propose our
momentum transfer equation for the spring models
across SRSM in z planes:

SR Fluid
Sub-Membrane

d’z dz, dz
m S+v_—+k z.= E+—2XB,)+F 5
Sz dt2 sz dt SZS Zq S'( z dt IZ) S ( )

Where:
Ms; Vs Ksz @Nd @ = Respectively the effective mass,
the effective viscous (friction

Ca++ binding
equilibrium positions

Cellular Fluid coefficient), the effective stiffness
=] and the Ith electric charge of the
spring
© @ Zsand z; = Respectively the transverse (in z
Cat++: ion, binding site, gate (O, C, H) €@ <> <> < <> direction and the horizontal
He:fon, binding site, gate 0, C, H) - ¥V N7 RS K (perpeno?icular to z direction)

ATP binding site: * phosphorylationsite: (O moving direction: <—

: displacements from the relative
breaking forces: e»

equilibrium distances

= The sum of externally applied
hydrodynamic or mechanic forces
(including interactions or
couplings) in z direction

= The same physics meanings and
are processed in the same way as
thatin Eq. 4

Fig. 3: Our BioCheminfoPhysics (spring) model of aFs
working Ca++H+ ATPase shows a cycle of
Ca++/H+ transportations across SRSM. Three
states of the gates: O = Open; C = Close;
H = High impedance. Ez is an assumed electriz Bznand X
field across SRSM

(c) After the breaking, the released high hydrotlyze S ) )
energy (from 11-13 kcal mdle about 0.5 eV is From Eqg. 5, we can obtain vibrating equations, in
converted to the kinetic energies of the ADP arlRh direction by changing z to r and i@ direction by
group, the ADP and the P group move in opposite€hanging z to, m to | and cross multiplying r at the
directions. The ADP is released and the P groupthi#  right side of Eq. 5 to obtain torques (general ésj¢
phosphorylation site first, then hits somewhererriea Where 1 means a moment of inertial (a general mass)
the Ca++ binding sites and transfers its momentnch a and we can also respectively obtain the momentum
kinetic energy to the Ca++ and the spring, morelransfer equations for that in x and y planes lgtiog
potential energy is stored than the free state.T@) 2z, xandy.

spring finishes the contraction. Then it is extedi

The Ca++ gate facing SR is at a high impedance.statNa+K+ ATPase vibrations (oscillations): Because

If the kinetic energy of the Ca++ is greater thhe t biological and biochemical experimental data have
bond energy, the Ca++ is being ejected to the $B.FT  shown thdt*'*?%®! Na+K+ ATPasehas a very similar
group responds from the spring. The H+ gate fa8Rg structure to that of Cat++H+ or Cat++ ATPase, our
is opened and three H+ are going to bind the ATPasenodel for the Na+K+ ATPase is, the same as (Eqnb),
The ATP binding site returns to its equilibrium physics and informatics, or similar to (Fig. 3), in
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biology and biochemistry, that for Ca++H+ ATPaskeT Ca++ carrier vibrations (oscillations): In the same
major difference is, a Na+K+ ATPase transportsghreway (Eq. 5), in physics and informatics, as that of
Na+ to the extra-cellular and two K+ to the celtula proposing anddeveloping the model for Ca++H+
ATPases vibrations (oscillations), we propose and
NCX vibrations (oscillations): In the same way (EQ. develop our model for a working Ca++ carrier
(5)). in physics and informatics, as that of prapgs yiprations (oscillations), based on the published
and developing the model for Cat++H+ ATPasesgyperimental biological and biochemical ddtaThe
vibrations (oscillations), we propose and develap 0 main differences from a Ca++H+ ATPases are 1) A

E‘Odﬂ for ?] working NCX vibrations (oscillations), carrier transports the same ions across a membnane
ased on the

biochemical daEzf*”]. The main differences from a
Ca++H+ ATPases are: (1) a NCX transports three Na
to the cellular (or the extra-cellular) and one €d®
the extra-cellular (or the cellular); (2) an exchen
does not cost any biological energy directly. Tham
source of driving forces are the electric field ahe
thermal collision, Fig. 4. Where, s zrepresents a
displacement of the Ca++ binding site from the’'site
equilibrium position.

& g z Ex-Cellular Fluid
S | Membrane

X

|

| Ca++ binding
[~ equilibrium position —
| |

—+ NCXspring —+— >
AW
RS

Cellular Fluid
__  Ex-Cellular Fluid

Membrane

:7 Ca++ binding
equilibrium position

Cellular Fluid

z [ *Ez
y
X r,0

_ Ex-Cellular Fluid

Membrane

Ca++ binding
equilibrium position

" Cellular Fluid

()

(d)
Ca++: ion, binding site, gate (O,C,H) 4 Q < <> W

Na+: ion, gate (O,CH &
moving direction: <—

P P NN\ RN

Fig. 4: Our BioCheminfoPhysics (spring) model of a
working NCX shows a cycle of Na+/Ca++
transportations across CM. Only one Cat+

binding site is presented to illustrate the model
clearer. Three states of the gates: O = Open;

C = Close; H = High impedance
56

ublished experimental biological ang,,

0 opposite directions, the net transportation is

dependent on the ions concentrations and the

Electromagnetic fields; (2) A carrier does not casy

biological energy directly. The main source of drgy
forces are the electric field and the thermal smh,
Fig. 5. Where, zrepresents a displacement of the Ca++
binding site from the site’s equilibrium position.

Myosin head vibrations (oscillations): In a similar way
(Eq. 5), in physics and informatics, to that of gmeing
and developing the model for Ca++H+ ATPases
vibrations (oscillations), we propose and develap o
model of working myosin head vibrations, based on
the published biological and biochemicalata®.

o * B Ex-Cellular Fluid
I Membrane
:15* | Ca++ binding
7&“ equilibrium position
_ d__ carrier spring
ﬁ Cellular Fluid
(@ (b)
S ‘ . Ex-Cellular Fluid 1 $ ﬁ 1
Ol I Membrane | Mzg
Zs_\z'l l* Ca++ binding i :'N_
7&_: I equilibrium position : |
- _— _

Cellular Fluid

(©

z Ez
y
X r,0

<

L 4
Ca++ binding site: <>
Cat++ gate (0,C,H): <> ~> w0

_ Ex-Cellular Fluid
Membrane

Ca++ binding
equilibrium position
moving direction:

Cellular Fluid .
Ca++ ion:

Fig. 5: Our BioChemlnfoPhysics (spring) model of a
working Ca++ carrier shows a cycle of Ca++
transportation across CM. Three states of the
gates: O open; C close; H high
impedance. Ez is an assumed electric field
across the membrane
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Mn(X, Y, Z, 1) = %) Yin(Y)Zin(2) Tin(t) (6)
NS myosin Xin(¥) = A exp(ik,,x) + By, exp(ik,, X) (7)
head

Y (Y) = A exp(iky,y) + By, expiky, y) (8)
Z,,(2) = Ay, expl(ik,, 2)+ B,, expt ik, z) 9
Tin (1) = A expl(ay, + By, )t] + By, expl(@;, =By, )t] (10)

actin_{"lament-
{hs ki =Ko +Kin + K2, (11)

§P<—>ADP+P ’

o st @2

Bs=0

(c)

Ex _J@-gY+4cg- VK) 13
Ex — < <¢ < «— <t<e <o B = 2 (13)

A, Bixns Aiyhs Biyhy Aizny Bizh, Ain, Bin @nd kg, Kiyn, Kizn,

kin (the four are inversely proportional to the resors
sizes) are constants and they can be obtained with
boundary or initial conditions. Let:

& =@ -6Y+46c9- ¥K) (14)
ATP binding site: * actin binding site:  S.oF L4 Whengy< 0 anday, > 0, Eq. 10 represents damped
Cat+: . tropomyosinn. —— troponin: O natural vibrations (oscillations), the frequieiscare
moving direction:  <—  breaking torque: %y fin = Bi/21L For the cardiac cells and their SR, Ca++

) . . ) vibrate (oscillate) under the damped mode. For an
Fig. 6: Our BioCheminfoPhysics (swing) model of aapproximation of free friction and free regenematio
working myosin head shows a cycle of myosin-¢ < o anda;, = 0, Eq. 10 represents ideal undamped
actin stroking. Ex is the Ohm’s electric field natural vibrations, i.e., simple harmonic oscitas, the

o frequencies are BLPRF and they are:
The main differences from a Ca++H+ ATPases are: (1)

The vibration (oscillation) model is a swing rattlean _ VK,

a spring, torques and a moment of inertial playomaj '~ op

roles to stroke actins; (2) Ohm'’s field plays roieshe

BF; (3) the P group is released first and the ABP i We believe, for SANC, AVNC, Purkinje fibers and

released second Fig. 6. their SR, Ca++ ions could naturally vibrate (osctd)
near the un-damped mode under some conditions.

RESULTS When§&;, > 0, Eg. 10 represents over-damped motions.
When &,= 0, Eq. 10 represents critical damping
For Eg. 1, 4 and 5, we assume, the vibrationsnotions.

(15)

(oscillations) are spatially independent from eatter When internal excitations or external stimulations
and temporally synchronous to obtain mathematicdl a exist, forced vibrations (oscillations) occur. The
analytical solutiorfé”. solutions of Eq. 1 should be mathematically the sim

that for the homogeneous and that for the non-
Solutions of longitudinal vibrations (oscillations) of homogeneous (the forced responses). A resonance
free ions in BF: For the homogeneous Eqg. 3, free occurs when an internal excitation or an external
vibrations (oscillations), using separation of ghtes stimulation has a driving (forcing) frequency and a
[23], we obtain solutions: correspondent phase near to the un-damped nétfirals
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Under resonance, a biological resonator can oltkein When &> 0, Egq. 19 represents over-damped
optimum responding amplitude Vs energy cost: It carmotions. Whené&,= 0, Eq. 19 represents critical
get the maximum biological response amplitude withdamping motions. We can respectively obtain sahstio
the same excitation (stimulation) energy cost,taran  for that in x and y planes by rotating z, x andh ¥g. 16-
get the same biological response amplitwi¢h the  24. Analysis for the forced vibrations (oscillat®nis
minimum excitation (stimulation) energy cost. the same as or similar to that for the ions in BF.

Solutions of transverse vibrations (oscillations) of ~ Solutions of vibrations (oscillations) for Cat++H+
BM: For the free (natural) mechanical vibrationsATPase, Na+tK+ ATPase, NCX, Cat+ carrier:
(oscillations) without any internal excitation and Equation 5 reduces to a free (natural or homoges)eou
external stimulation, Eq. 4 reduces to a homogemeoumechanical vibration equation, after let terms ightr
wave equation after let the terms at right sidehef ~Side of the Eq. 5 be 0. For the free vibrations
equation be 0. ASSU”]WBmm is a constant and use (0scillations), we obtain the solution:

f]g?na(;ggazozfs \ézrlljzli[)ilfi:, we obtain solutions of the 2. ()= A_expl@ o+ )+ B exple =B ] (25)

V]

2, (%Y, 1) = X0 ()Y W) T () (16) Ogzn = _ﬁ (26)
th(x) =A mxhexp(ik mxr?() +B mxhexp(_ ik mxr?() (17) 2
u,” —4mk
| | B = Y ek @7)
Ymh(y) =A myhexp(lk myl"y) +B myhexp(_ ik myry) (18) sz

A, and are constants and can be determined
Tmh(t) = Amhexp[(cx mh+ B mh)t] + B mhexp[(cx mh B mt)t] (19) by theszlrll"tlal C%T:ditions. Let:

Ko =Ko * Ko (0) g, =u.2-amk, (28)
a, =- Un (21) Whenég< 0 andas;,> 0, Eq. 25 represents damped
20, natural vibrations, the frequencies aig £ Bs,{21 For
cardiac cells and their SR, the components vibrate
1[0, % o T (oscillate) under the damped mode. For a freeidrict
Bran 5 (me) _4kthm (22) approximation&s,< 0 andag;, = 0, Eq. 25 represents

ideal un-damped natural Vvibrations, i.e., simple

harmonic oscillations, the frequencies are:
Aty Bmxiy Amyis By Amby By Kty Kmyh and lan

are constants, they can be obtained with boundary o

initial conditions. Let: izt K (29)
szn 2_‘_1_ - ,
E :( Um )2 _4k2 Tsz (23)
mh . ™o, We believe, for SANC, AVNC, Purkinje fibers and

their SR, the components could naturally vibrate
s (oscillate) near the un-damped mode under some
conditions. Whené&g,>0, Eqg. 25 represents over-
damped motions. Whetis;= 0, Eq. 25 represents
critical damping motions.

When &, < 0 andagy, > 0, Eg. 19 represent
damped natural vibrations (oscillations), the frengies
are f.n = PBmy/21t For cardiac cells, SRSM and CM
w_br_ate (oscnla_te) l_mder the damped m_ode. Forea fr From Eq. 2529, we can obtain vibrations
friction approximation,,, < 0 anda,, = 0, Eq. 19 S . . L )

. S . _(oscillations) solutions, in r direction by changin to r
represents ideal un-damped natural vibrations, i.e.

simple harmonic oscillations, the frequencies are: and in§ d|rect|on by chan_gmg Z .te' m to I; a_nd we
can also respectively obtain solutions for that and y

planes by rotating z, x and y. Analysis for thectat
= Ko /L (24)  vibrations (oscillations) is the same as or simitathat
Prm

mn0

2n for the ions in BF.
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Solutions of myosin head vibrations (oscillations):
For the free (natural) vibrations (oscillationd)ey are

the same as or similar to solutions of free Ca++H+

ATPase vibrations (oscillations), but the solutiare
over-damped motions in the real world. Analysistfor
forced vibrations (oscillations) is the same asiorilar
to that for the ions in BF.

DISCUSSION

We believe the principles of our models are

suitable to describe how biological componentsrotsu
vibrate (oscillate), wave or move, such as, thdet&n
muscle contraction, the Ca++ oscillation in neuféhs

the flagellated sperm swimming and the Nematodes
crawlind®. Our previous research demonstrated that the
the cellular

electromagnetic force could act on
membrane during amitosis and mit&Sls The force

could produce transverse membrane waves based on

our model Eq. 4; our modeling results qualitatividya
published experimental
waves on the cell membrdié

observation of oscillation

CONCLUSION

We systematically provide new insights of ,

automation (ignition and maintain), transportation,
propagation and orientation of the cardiac cellaad
sub-cellular vibrations (oscillations) and resoremc
with our BioChemlinfoPhysics models of momentum
transfer equations.

Our modeling results imply:

Auto-rhythmic cells (Sinoatrial Node Cells
(SANC), Atrioventricular Node Cells (AVNC),
Purkinje fibers), non-Auto-rhythmic ventricular
myocytes and their Sarcoplasmic Reticulums (SRY
work as Biological Liquid Plasma Resonators
(BLPR). The resonators are biological clocks and
mainly made of BF, BM and BM Transporters
(BMT) that had mutually adapted and produced
Biological Liquid Plasma Resonance Frequencies
(BLPRF) for the resonators during their natural
evolution. The resonators naturally vibrate
(oscillate) near the SANC SR BLPRF that have the
highest BLPRF among them. Without external

amplitudes with the minimum excitations
intensities, near their BLPRF; they are frequencies
selectors and select their BLPRF from disturbances
frequencies to initiate the resonance. 3-D spatial
vibrations (oscillations) on or across multiple BM
of BLPR are temporally synchronized by the
interactions (couplings) to complete cycles of the
resonance of the whole resonators. Equation 1 and
4 should be considered together to obtain the hctua
solutions. The transverse and longitudinal
vibrations (oscillations) of the membranes natyrall
follow that of the plasmas (free ions in BF).
Vibrations (oscillations) of the biological fluids

the membranes periodically alternate the
membrane structures that could correlate why or
how ions channels (releasers) frequently open and
close

The electromagnetic force and the momentum of
Ca++ in ventricular myocytes also contribute to the
myosin-actin motion. Some Ca++ are bound, some
Ca++ are flowing, some Ca++ are hitting and the
all Ca++ are pushing. One Ca++ pushing force is
roughly equal to gEx, where q is an effective
pushing charge of the bound Ca++ and Ex is the
electric field built by the flowing Ca++, Fig. 6
Usually, for alternating natural biological ions
motions, the resistance coupling plays roles across
the both fluids and membranes, the capacitance
coupling plays roles only across the membranes
and the inductance coupling may be ignored

The three kinds of vibrations (oscillations): The
electromagnetic, the hydrodynamic and the
mechanical, can interact from each other and could
be simultaneous even synchronous in a biological
system.

It is because (a) SANC SR sizes are smaller for
babies than for adults, or (b) ratios of tensiorrov
mass density of cardiac SANC SRSM are higher
for babies than for adults, that heart rates agbdri

for babies than for adulty. Eq. 13 and 15 or 22
and 24
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can respectively vibrate (oscillate) near their
BLPRF, to obtain the optimum responding
amplitudes vs. internal excitation intensities:ythe
can get the maximum biological respondingl.
amplitudes with the same excitations intensities, o
they can get the same biological responding
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