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Welcome

Infroductions
— Prof. Nate Sniadecki, nsnicdec@uw.edu

http://faculty.washington.edu/nsniadec/
ME411/A14

Course Mission and Overview

Administration and Logistics
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Scale of Life

Things Natural

Dust mite
-

200 um

Fly ash
-10-20 pm

Human hair
~10-50 um wide

~2-5um

~10 nm
dlamelr

2

~2412 nm diameter
spacing ~-kenhs of nm

10 2 mpe—

1cm
10 mm

1,000 000
nanometers =

109 mi== { millimeter

109 mjp=—

The
Micmo world
-
o
&

(mm)

0.1 mm
100 gm

0.01 mm
10pm

1,000
nanometers =

10°m o E 1 micrometer
EBE ( pm)

1010 mf

Things Man-made

21st
Head of a pin cenmw
1-2 mm Challenge

Microelectromechanical devices
10100 UM wice

f

Assemble nanoscale
bulding blocks to make
functional cevices,

e.g., 8 photosynthetic
reaction center with
integral semiconductor

storage

Carbon nanotube
-2 nm diameler

Quantum comal of 48 ron atoms oncopper
surface
positioned one at a ime with an STM tip
Corral dameter 14 nm
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Table 1.1: Rules of thumb for biological estimates.

E. coli

Yeast

Organelles

Water

Table 1.1 (part 1 of 2) Physical Biology of the Cell, 2ed. (© Garland Science 2013)

Quantity of interest

Cell volume

Cell mass

Cell cycle time

Cell surface area

Macromolecule concentration
in cytoplasm

Genome length

Swimming speed

Volume of cell
Mass of cell
Diameter of cell
Cell cycle time
Genome length

Diameter of nucleus
Length of mitochondrion
Diameter of transport vesicles

Volume of molecule
Density of water
Viscosity of water

Hydrophobic embedding
energy

Symbol

VE. coli
ME_coli
tE. coli

AE. coli
Cmacromol
E. coli

E. coli
Nbp

VE. coli

Vyeast
Myeast
dyeast
lyeast
yeast
Nbp

dnucleus
Imito
dvesicle

VH20
Y
n

~Ehydr

Rule of thumb

~1 p.m3

~1 pg
~3000s

~6 um?
~300 mg/mL

~5 x 10% bp
~20um/s

~60 um3
~60 pg
~5um
~200 min
~107 bp

~5um
~2 um
~50nm

~1072 nm3

1g/cm3

~1 centipoise
(102 g/(cms))

2500 cal/(mol nm?)
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Table 1.1: Rules of thumb for biological estimates.

DNA

Amino acids and

proteins

Lipid bilayers

Table 1.1 (part 2 of 2) Physical Biology of the Cell, 2ed. (© Garland Science 2013)

Quantity of interest

Length per base pair
Volume per base pair
Charge density
Persistence length

Radius of “average” protein

Volume of “average” protein

Mass of “average” amino acid

Mass of “average” protein

Protein concentration in
cytoplasm

Characteristic force of protein
motor

Characteristic speed of protein
motor

Diffusion constant of “average”
protein in cytoplasm

Thickness of lipid bilayer
Area per molecule

Mass of lipid molecule

Symbol

Ibp

p
ADNA
&p

Fprotein

Vp rotein
Maa

Mprotein
Cprotein

Fmotor
Vmotor

Dprotein

Alipid

Mjipid

Rule of thumb

~1/3 nm
~1 nm3
2¢e/0.34nm
50nm

~2nm
~25nm3
~100Da
~30,000 Da
~150 mg/mL

~5pN
~200nm/s

~10um?/s
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Motivation...

. To empower you to work at the

Inferface between medicine and

(mechanical) engineering
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DNA coding for short interfering
RNA (siRNA) is added to genome

SIRNA joins with proteins to
form silencing complex

The silencing complex binds to
RNA copies of the faulty gene
and destroys them

RNA copies of normal gene are
left untouched

Gene Therapy

tRNA
/

0 =

A
nticodon AUG
odon "." 1:\ l;

(5" GGATAGCATGAAACCAGCATAA(3)

L] Tetrahadron
NanoDesign . a3
3 S
o / Dodecahedron

Loop: 3 bases

a M DNA: 50 nM
—
\ Buckyball
Locp: 3 bases
DMA: 500 nh
7
’
I
’
’

Figure 1] Self-assembly of DNA polyhedra. Three different types of DNA
single strands stepwise assemble into symmetric three-point-star motifs
(tiles) and then into polyhedra in a one-pot process. There are three single-
stranded loops (coloured red) in the centre of the complex. The final
structures (polyhedra) are determined by the loop length (3 or 5 bases long)
and the DNA concentration.
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Fundamental Themes

e Molecular Machines

e Infegrated Systems

e Sfructure — Function

e Response and Adaptation
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Molecular Machines

NATURE’S OUTBOARD MOTOR
Despite the intricacies of the bacterial flagellum, biologists are unravelling its workings and making great headway in understanding
how the nanoscale appendage evolved

FLAGELLA
FILAMENT

HOOK J . e .
FILAMENT /’ = ! aﬂ o
| / ‘ FLAGELLIN
SUBUNIT

BACTERIAL
CELL WALL

INNER MEMBRANE

MOTOR COMPLEX
CRING 1

PROTEIN
EXPORT SYSTEM



Molecular Machines
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Intfegrated Systems

Organ

Biological scale:

Molecular - Cellular - Tissue -
Organ - Organism - Ecosystem
—> Biosphere

Length Scale:
nm - um 2> mm > cm 2> m 2> km

Tis_sq e
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to nucleus

ERK

MEK

Raf

Cell

Molecular
Interactions
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fo nucleus

PKA-C




Structure - Function
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How to

Design Students
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Adaptation

e Short-term
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Adaptation

FROM FISH TO TETRAPOD

The “fishbian” sequence is one of the most complete in the fossil record
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Questions?

Bring your laptop...
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