FFF: Complete Description of Coupled
Transport and Biomolecular Interactions
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Start with Maxwell’'s Equations




The first of the four engravings that illuscrated Galvani's rext in the original publication in 1791, In Fig. 2, the prepared
frog's legs CC hang from the spinal smub by the crural nerves DD, When the electrostatic machine in Fig. 1 revolved, ot
the Leyden jar, Fig. 5, was discharged, Galvani observed thar the legs jerked when a mlEI touched the nerve,
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Galvani — 1791: Electrophysiology
Nerve-muscle action potentials
“animal electricity”



EKG: Centric Dipole Model of the Heart
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Courtesy of the U.S. Army; image in the public domain.



Glomerular Capillary (rat): Transport in Kidney
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“Black Dots” = stained negatively charged heparan sulfate
GAGs (on Heparan Sulfate proteoglycans). Together with
Collagen 1V, they regulate transport of charged proteins/solutes
in kidney (filtration of blood)
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IGFBPs can bind to ECM macromolecules and
inhibit IGF-1 transport, uptake, & cell signaling
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Implications for Druq Delivery: Dose and Timing
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Cellular Actions of the Insulin-Like Growth Factor

Binding Proteins
Endocrine Reviews, 2002

SUE M. FIRTH anpo ROBERT C. BAXTER

Kolling Institute of Medical Research, University of Sydney, Royal North Shore Hospital, St. Leonards, New South Wales
2065, Australia

* IGFBP-2, -3, -5, and -6 have basic (®) heparin-binding
domains that can bind (©) HS glycosaminoglycans....



J Biol Chem, 1996

Identification of the Extracellular Matrix Binding Sites for
Insulin-like Growth Factor-binding Protein 5*

Alex Parker, Jane Badley Clarke, Walker H. Busby, Jr., and David R. Clemmons#
From the Department of Medicine, University of North Carolina School of Medicine, Chapel Hill, North Carolina 27599

* Increasing the salt concentration in the incubation buffer
results in decreased binding of IGFBP-5 to fibroblast
extracellular matrix.
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J Biol Chem, 1996

Identification of the Extracellular Matrix Binding Sites for
Insulin-like Growth Factor-binding Protein 5*

Alex Parker, Jane Badley Clarke, Walker H. Busby, Jr., and David R. Clemmons#
From the Department of Medicine, University of North Carolina School of Medicine, Chapel Hill, North Carolina 27599

* Increasing the salt concentration in the incubation buffer
results in decreased binding of IGFBP-5 to fibroblast
extracellular matrix. This suggests that binding is ionic
(electrostatic) and not hydrophobic

— Charge-Charge interactions!

* (But how do you distinguish between real “E-binding”
versus “long-range electrostatic attraction” forces
(i.e., Boltzmann probability)...need to look case-by-case
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Functionalize drugs to nanoparticles, to target tissues via
electrostatic and binding interactions to (—) ECM:
Avidin: highly basic; R, ~200

B. Avidin C. NeutrAvidin

8 ~7nm 66kDa M ~7nm, 60kDa
24h Absorption 24h Absorption

9 lysine (+);
8 Arginine (+)

5 Aspartic (-)
+5 per chain; 4 chains
Total Charge +20

' Zﬁm

Courtesy of Alan Grodzinsky. Used with permission.

|
|
|
|
|
|
|
|
: 7 Glutamic (-)
|
|
|
|
|
|
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|

Courtesy of Jawahar Swaminathan and

MSD staff at the European Bioinformatics
Institute; image in the public domain.



https://en.wikipedia.org/wiki/Avidin#/media/File:PDB_1sws_EBI.jpg
https://en.wikipedia.org/wiki/Avidin#/media/File:PDB_1sws_EBI.jpg
https://en.wikipedia.org/wiki/Avidin#/media/File:PDB_1sws_EBI.jpg
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Gradient Gels for Protein Separation

("Steady Conduction”)...sec 2.7
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Electrophoresis of individual microtubules
in microchannels PNAS 2007

M. G. L. van den Heuvel, M. P. de Graaff, 5. G. Lemay, and C. Dekker*

a.:“i MEMs @J_

¥ om «Electrokinetics”

| in action

-

Courtesy of National Academy of Sciences. Used with permission.
Source: Van den Heuvel, M. G. L. et al. "Electrophoresis of
individual microtubules in microchannels." Proceedings of the
National Academy of Sciences 104, no. 19 (2007): 7770-7775.

Microfabricated slit-like fluidic channels form an excellent
system to confine and observe the electrophoretic motion
of individual fluorescently labeled biomolecules, such as
microtubules, actin filaments, or virus particles.



http://dx.doi.org/10.1073/pnas.0608316104
http://dx.doi.org/10.1073/pnas.0608316104
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Intra-molecular
Electrostatic
Interactions

}

Inter-molecular
Electrostatic
Interactions
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1777-1855

Astronomer and
mathematician;

Discovered Gauss'
Theorem in the
mathematics of
electricity;

With Weber (right),
he constructed an
electric telegraph
and extended data
on terrestrial
magnetism
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4 1
ANDIRE MARITE AMIPEIRIF
(Malhemaﬂcicn et P_l}yslmen),
Membre delAcademne des Seiences,
Professenr au Colle ge royal de France et a
llEicole polytechmique,des sociétes dBdmbourg,

de Cambridge, de Geneve, Helvétique, ete .

Ne a Lyon (DEP‘ chl}{'!tfme} le 20 Janvier 1775.

1775-1836

Mathematician and
Physicist

Established
mathematical theory
of electricity via
experiments on
adjacent current-
carrying conductors
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MICHAEL FARADAY

1791-1867

English Chemist &
electrical experimenter;

Discovered
Electromagnetic
Induction, laws of
electrolytic action and
magnetic rotation;

Discoveries led to
motors, generators,
transformers, large-
scale distribution of
electric power for
homes & industry
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 Nikola Tesla’s original
Induction Motor patented 1888,
/ on display in British Science
Museum, London

* Currents in Stator windings
— rotating H(t) — induces
ROtor] (current in &) rotation of Rotor

© source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.

© source unknown. All rights reserved. This content is
excluded from our Creative Commons license. For more
information, see http://ocw.mit.edu/help/fag-fair-use/.

Induction Motor
used in the 2015
Tesla Model S Sedan FoE more information, sct Mt /e ik edu/belo/ et e/

© Oleg Alexandrov. Some rights reserved. License: CC BY-SA.



http://ocw.mit.edu/help/faq-fair-use/
http://ocw.mit.edu/help/faq-fair-use/
http://ocw.mit.edu/help/faq-fair-use/
https://en.wikipedia.org/wiki/Tesla_Model_S#/media/File:Tesla_Motors_Model_S_base.JPG

19

“The Tesla Model S sedan is widely regarded as not just the
best electric car, but best car of any type on the mass market”

Faraday’s Law
In action!!

_ —X . vel = accel x time
Photo by Lee Hutchinson © Condé Nast. All rights reserved. This 61 mEh <= (98 m/32) X (28 SeC)
content is excluded from our Creative Commons license. For e

more information, see http://ocw.mit.edu/help/fag-fair-use/. 1 g @

Tesla Model S (P90D) is the fastest car Consumer Reports has ever
tested: 762 horsepower, 0 to 60 mph in 2.8 sec, “as fast as falling!”
(No Gears; No Transmission; Range-single battery charge: ~275 mile)

“The Tesla Model S sedan demolishes 2015 Consumer Reports’

rating system: ...the best car (of any type) ever.” “..scored 103 in
Consumer Reports' system, which by definition doesn’t go past 100"


http://cleantechnica.com/tag/Tesla-Model-S/
http://ocw.mit.edu/help/faq-fair-use/
http://arstechnica.com/cars/2015/05/review-teslas-new-model-s-p85d-double-your-engines-double-your-fun/
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1777-1855

Astronomer and
mathematician;

Discovered Gauss'
Theorem in the
mathematics of
electricity;

With Weber (right),
he constructed an
electric telegraph
and extended data
on terrestrial
magnetism
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Puys. Rev. LETT. 43:137¢, (992

I First Results from :_Sjpemnniuelhe Detector for ﬁmring ﬁagnetic Monopoles I

Blas Cabrera
Physics Depariment, Stanfoyd Uningrsity, Stanford, California 94305
{Received 5 April 1982)

A velocity- and mass-independent search for moving magnetic monopoles is being per-
formed by continuously monitoring the current in a 20-cm?-area superconducting loop.

A gingle candidate , consistent with one Dirac unit of magnetic charge, has been de-
teeEﬁ JUEINg TIve runs totaling 151 days. These data set an upper Limit of 6.1%107"" ¢m™
sec™! sr-! for magnetically charged particles moving through the earth’s surface.

one “event” in {51 days

The tullnwin statements about spurious detec-
TIME OF DAY (PST)

o - tor res e can be made: ‘P 3 ? q
L S e (2) Line yoltage fluctuations caused by two
il power outages and their accompanying transients.....

V\ — s (f) Mechanically induced offsets have been in- Po&tl'l\le

;{/ tentionally generated and are probably caused by ¢ondysl
Y-~

shifts of the four-turn loop-wire geometry which @

produce inductance changes. §L:# ? with a
* screwdriver handle against the detector assembly

cause such offsets.
R e e ]

(g) No_seismic disturbance occurred on 14
February 1982. —_—
_

[ —e—————i

the candidate monopole event
i g



VALENTINE'S DAY
MONOPOLE
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VALENTINE'S DAY
MONOPOLE

Poem written by Stephen Weinberg (Physics Nobel

Laureate, 1979) to the author® on Valentine's day a year
later (Feb 14,1983):

Roses are red,
Violets are blue,

It’s time for monopole
Number TWO! |...... but it never arrived.....

(*Blas Cabrera, the Stanley G. Wojcicki Professor at Stanford, head of
cryogenic dark matter experiment)
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NEWS AND VIEWS Nature, 1990
PARTICLE PHYSICS

Quest for magnetic monopoles

Henry J. Frisch,
High Energy Physics, Enrico Fermi Institute, Chicago

« “The experiment (Feb 14, 1982) created a flurry of
excitement when it recorded a single candidate
event...... The experiment would have seen 2,000
events by now if that one event had been real.”

 “Those in the field joke that it may have been
the only monopole in the Universe, but having
traversed California, it’s not coming back soon.”
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JAMES CLERK MAXWELL

1831-1879

Physicist & electrical
experimenter;

Developed
mathematical theory
for electromagnetic
fields;

Led to the discovery
of electromagnetic
waves and the
relation to the
nature of light



Good Will Hunting movie poster removed due to copyright restrictions.
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Head of Royal
Institution of
Great Britain

MICHAEL FARADAY

1791-1867

English Chemist &
electrical experimenter;

Discovered
Electromagnetic
Induction, laws of
electrolytic action and
magnetic rotation;

Discoveries led to
motors, generators,
transformers, large-
scale distribution of
electric power for
homes & industry
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Faraday's contributions to Physical Science

Electromagnetic rotations. “ MO{'OTS*
Electromagnetic induction. GQ’“«“’
coustic vibrations. s E'e‘-ﬁ-'u
1832 Identity of electricities from various sources. wer
1833 ¥ Electrolytic decompositions. Disteiks ahon
1835 sp Discharge of electricity through evacuated gases.
(Plasma physics and chemistry.)
1836 ¥ Electrostatics. Faraday cage.
1845 Relationship between light, electricity and
magnetism; diamagnetism; paramagnetism.
1846 'Thoughts on ray vibrations.'
1849  Gravity and electricity.
1857 Time and magnetism.

1862  Influence of a magnetic field on the spectral lines
of sodium.

Lines of force and the concept of a field.,)The
- energy of a magnet lie r. The

notion that light and magnetism and electricity
= were interconnected.
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Faraday's contributions to Chemical Science

F—p

Laws of electrol sis.h '
* Equl'valence of voltaic, static, thermal and animal

—F

1816~
1818-24

1812-30
/

1820-26

1825-31

(With Davy) Evolution of Miners' Safety Lamp.
Preparation and properties of alloy steels (study of
Indian Wootz). Metallography.

Analytical chemistry.

Determination of purity and composition of: clays,
native lime, water, gunpowder, rust, dried fish, various
gases, liquids and solids.

Organic chemistry.

Discovery of: benzene, iso-butene, tetrachloro-ethene,
hexachlorobenzene, isomers of alkenes and of
napthalene sulphonic acids (x and p), vulcanization of
rubberPhotochemical preparations.

Improvements in the production of optical grade
glass.

1823, 1845 Liquefaction of gases (H,S, SO, and six other gases).

1833-36

1834
1835
1836

1845-50

1857

Recognized existence of critical temperature and

_established reality of continuity of state.

Electrochemistry and the electrical properties. of
matter.

electricity. _

First example of thermigtor action.

Fused salt electrolytes;kuperionic conductors.

Heterogeneous catalysis:

Poisoning and inhibition of surface reactions.

Selective adsorption; wettability of solids.

'‘Plasma’ chemistry (discharge of electricity through

gases).

Dielectric constant, permittivity.

Magneto-chemistry and the magnetic properties of

matter. 44 Magneto-optics. Faraday effect.

Diamagnetism. Paramagnetism. Anisotropy.

Colloidal metals. Scattering of light. Sols and
ydrogels.
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JAMES

CLERK MAXWELL

1831-1879

Scottish
Physicist & electrical
experimenter;

...Publicly credited his
theoretical insights to
the fundamental
experimental studies
of Faraday (English)
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1.9 M= hpyiwave > Loy ~ 10um

cell

low freq = long A = Look at Electro Quasi Static Limit
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