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The Size of Cell
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virtual cell

http://www.virtualcell.com/



" The Scale of Things - Nanometers and More
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The Carbon Nanotube (CNT)
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A carbon nanotube is a structure one billionth of a meter
in diameter. Because of their size, surface area, geometry
and purity, carbon nanotubes are magnitudes stronger
than the long-length solid fibers and metals
used in manufacturing today.
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Nano-machines need tiny wires.
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RUTGERS UNIVERSITY
Robotics and Mechatronics
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Bio-Nano Robot
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Bio-Nano Robot
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Biomolecule sizes
4 Pk F kB

sugars, amino acids,
and nucleotides ~0.5—1 nm
®0

globular proteins ~2—10 nm

i

©

ribosome ~30 nm

From The Art of MBoC® & 1995 Garland Publishing, Inc.
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Powering an inorganic nanodevice with a biomolecular motor. Sczence. 2000 Nov 24;290(5496):1555-8.
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Quantification of Single Human Dermal Fibroblast
Contraction

CBIHT- - TSR R ATsHEE

m  Contraction forces (%)
produced by single, human
dermal fibroblasts, cultured on
deformable silicone membranes
(it [P AP s
AR = AT ), have been
quantified using video
microscopy and image analysis.

m  Contractile forces of 2.65
u N/cell were produced
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Microfilament of F-actin
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m /n vitro motility assay.

B FE o
This assay 1s used to
measure the motile
behaviour of different
types of myosin. Individual

2 5 Fa
fluorescent actin filaments . . -
can be seen sliding over a PSR
lawn of myosin molecules ]

on a microsope cover slip.

L
http://motility.york.ac.uk/
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Microtubule (%"(*ET) & kinesin (R Sf 1)

http://www.cytochemistry.net/Cell-biology/microtubule_structure.htm

http://www.haverford.edu/biology/Courses/bio300/BioGallery00/presentation. dhln/presentahonhtm
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Kinesin (%% 3=v )i+ microtubule
(g ) 7 4

kinesin. mpg

http://www.scripps.edu/milligan/research/movies/kinesin_text.html
http://mc11.mcri.ac.uk/wrongtrousers.html
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Molecular Pump - 7~ ]
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The Nobel Prize in Chemistry 2003 -
ﬁoderick MacKinnon

“for discoveries concerning
channels 1n cell membrane
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The Structure of Potassium Ion Channels
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EXTRACELLULAR

.
INTRACELLULAR

Roderick MacKinnon ,

a professor 1n the Laboratory of Molecular Neurobiology and Biophysics at the
Rockefeller University and an investigator with the Howard Hughes Medical
Institute



This image shows a "skeletal" view of the potassium ion
channel, with the three potassium 1ons 1n the channelat any
g1ven time 1n red.

+

The structure of the potassium channel: molecular basis of K+ conduction and selectivity.
Science. 1998 Apr 3;280(5360):69-77.



Potassium Ion Channels: How They Work

Potassium ion channel Potassium ion channel

Extracellular Extracellular

Intracellular Intracellular

The structure of the potassium 1on channel
protein reveals three potassium 1ons lined
up 1nside the channel. When another
potassium 10n approaches the channel from
either 1nside or outside the cell, 1t sends a
jolt down the line of 1ons--much as one
billiard ball imparts a force through two
others--and an 10on "pops out" the opposite

S 1 d e )
http://www.rockefeller.edu/pubinfo/howkion.html

The potassium 10on channel 1s very selective
and does not accept sodium 1ons. It 1s
believed that sodium 1ons are rebuffed
because their much smaller size causes
them to bind tighter to surrounding water
m o I e ¢ u 1 e s
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A heterocyclic peptide nanotube.
J Am Chem Soc. 2003 Aug 6;125(31):9372-6.



Nanotubes from Cyclic Peptide Architecture

ﬁww

ﬂ%ﬂn\ 3"

Models of the self assembling peptide nanotubes formed by the cyclic peptides cyclo-[(L-Gln-/*+Ala-L-Glu-L-
Ala-Z-GlIn)2], cyclo-[(L-Gln-D-Ala)4], cyclo-[(L-Gln-D-Lew)4], cyclo-[(L-Gln-D-Phe)4]

http://www.scripps.edu/chem/ghadiri/html/research.html



Nanotubes from Cyclic Peptide Architecture

Crystal structure of cyclo-[(L-Phe-D-N-Me-Ala)4] Atomic Force MiCTOSCODY image of the self-
including a partially ordered water centered in the assembling peptide nanotube formed by the
cyclic peptide cyclic peptide cyclo-[(L-Glu-D-Ala)4] . The

nanotube shown here has an unusual right
handed super helical form.

http://www.scripps.edu/chem/ghadiri/html/research.html



Self-assembling bionanotubes based on a cyclic
peptide architecture

Cyclic peptide subunit

Antiparallel stacking and
hydrogen-bonding PR R
Interactions Side-by-side packing of nanotubes

Self-assembling organic nanotubes based on a cyclic peptide architecture.
Nature, 1993 Nov 25:366(6453):324-7.



Electron microscopy of a nanotube particles

10nm

Self-assembling organic nanotubes based on a cyclic peptide architecture.
Nature. 1993 Nov 25:366(6453):324-7.
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Tool for gene therapy
L PRy b




FRAEL T

Click the toolbox to look inside! >>

http://gslc.genetics.utah.edu/units/genetherapy/gttools/
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WHAT 1 THE FOA
TRYING 70_FEED US?

LABEL GENETIGALLY
ENGINEERED FOODS!




) )(}FP ( green fluorescent protein ) transgenic mouse
‘g"\ N 0 e =
N I'EY :

http://www.brown.edu/Courses/BI0105_Miller/read/optical.html



Obese mice



http://mews.bbc.co.uk/1/hi/sci/tech/394454 .stm
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