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? Biophysical Simulations

using QuickField

® Membrane and Cellular Size Scales

® [ntrinsic Membrane Potentials

® Membrane Bound Charges

® Induced Membrane Potentials
External Plasma Membrane
Organelle Membranes

® Bioimpedance Simulations

® Dielectrophoresis Forces




? Relative Size Scales

® Cells are ~50 micron size
® Membranes are ~ 7 nm In thickness
® Mesh density should span ~ 3 orders of magnitude




Scale modeling of biological membranes
requires a hyperfine mesh density
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Membrane Potential

Membrane with ionic concentrations C1 and C~ on
each side of the membrane.




Membrane Charges

Section of plasma membrane with embedded membrane
proteins. Cell membranes represent a boundary between
living and nonliving matter on earth. The membrane
encloses the cytoplasm containing organelles while
remaining permeable to small molecules.




? Modulation of membrane
potential by external fields

« Motion of counter ions (o —frequency range below kHz)

« Maxwell-Wagner effect — potential differences developed
across regions of differing permittivity
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Amplification of E across the membrane
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Bioimpedance Simulations

« Determine the effective o and ¢ of tissue or cell
suspension
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Mitochondrion

AP synthase particles

Intermembrane space
Matrix

Inner membrane
Outer membrane

Deoxyribonucleic acid (DNA)




Dielectrophoresis Force

» Occurs in nonuniform fields, F = p-V-E

» Direction of the force points towards or away from electric
field gradient direction

 Direction depends on the relative permittivity of dielectric
particles with respect to the medium

 Application to cell separation
* AC Fields
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Key Points

Low frequency fields are screened from the interior of cells

High frequency fields penetrate cells modulating the
organelle potential differences

External fields are amplified across cell membranes

Dielectrophoresis force occurs in nonuniform fields and is
either attractive or repulsive depending on the relative
permeability of dielectric particles relative to their
environment.
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urther Applications: Introductory Biophysics
by Jones & Bartlett Learning

INTRODUCTORY
BIOPHYSICS

PERSPECTIVES ON THE LIVING STATE

Analysis & Biophysical Calculations in QuickField
Symmetry
. + Field distributions of molecularion and dipole sources
F};iru"nstauc . _Pla_sme_m and organelle membrane potentials and field
Syrnmetry ot strabuti ons o
o Aiseial + Forces and torques on membrane bound protein dipole
sources
Symmetry + Dielectrophoretic force acting on cell s and
biomol ecules in nonuniform electrnic fields
+ Electrorotati on forces on cells of vanious shapes.
Magnetostatic | * Magnetic fields generated by bioel ectric currents
Y + Magnetotactic bacteria
Syrnmetry +« Current dipole model of action potent als
e + Forces and torques acting between bioelectnic current
sources
Symmetry + Forces and torques acting on bioelectric sources in
external B fiel ds
+ Magnetostatic forces acting on wealkly di amagnetic
hintnatenials in high magnetic fields
AC Magnetic | * AC currents induced in tissue and cell s by alternating
KLY magnetic fields
Syrnmetry « Joule heating of tissue by aternating magnetic fields
o Aiseial « AC currents and induced potentials across plasma and
Symmetry organelle memnbranes
Transient + Transient currents induced 1n biomaterials by magnetic
Magnetic field pulses and penodic waveforms (induding square
Y wave, tiangle, saw tooth, rectified sine wave, delta train)
Symimetry « Transient currents and induced potentials across plasma
e &3al and organelle membranes

Bvmmetry




urther Applications: Introductory Biophysics
by Jones & Bartlett Learning

INTRODUCTORY
BIOPHYSICS

PERSPECTIVES ON THE LIVING STATE

D + DC current fl ow through biomatenals
Conduction * Binelectnic return currents due to action
e potentials

Symmetry + DC currents through gap junctions, plasma and
«Azal organelle membranes

SYIImetry

AC + Binimpedance calculations of tissue and cells
Conduction « AC currents induced in tissue and cells by
ey alternating magnetic fields

SYIImetry

+ Aal

SYImImetry

Thermal + Heat transfer between biomaten als wa

Y radiation, convection and conduction
Aymrnetry

+ Aaal

SYIImetry

Stress » Stresses and straing in biomatenals with
T specfied Young's modulus and Potsson’s ratio
Symmetry +Coupled electnc stresses in h;nmaten.als

e fiszial +Coupled thermal stresses in biomaterials
Symmetry

Circuit * Equvalent circutt models of cells and tissue
Analysis under el_eu:tnu:al_ shmtﬂatmn _

(A0 . Denﬂnte passive s1_gnal propagation
Magnetics and | ° Gap junction circuit models

Transient * Circuit mudﬁ:ls .nf e}ectrnde 1.nterfaces
Magnetics) + Electrical circuits linked to tissue elements

constructed in AC and Transient Magnetics
Modules




