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Majcr grocve

Minor grocove

DNA
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source: wiki http://ghr.nlm.nih.sov/handbook/basics/dna

DNA contour length in bacteria: ~1.5mm

Length of DNA in nucleus of mammals: ~ 2-3m
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DNA = biopolymer pair

~ 3m per cell
~ [0OM 4 cells/human

> max. distance between
Earth and Pluto
(~50AU =75 x 1072 m)
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DNA packaging in eukaryotes
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Mycoplasma
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The total genome size and the number of genes in viruses, bacteria, archaea, and eukaryotes.
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Prokaryotes

Archaea:

Methanosarcina acetivorans
Halobacterium salinarium
Sulfolobus solfataricus
Methanosarcina barkeri
Halobacterium sp,
Archaeglobus fulgidus
Pyrococcus furiosus
Ferroplasma acidarmanus
Methanobacteriurm thermoautotrophicum
Methanococcus jannaschii
Thermoplasma acidophilum

I
I
I
Nanoarchaeum equitans
Bacteria:

Nostoc punctiforme
Myxococcus xanthus
Gemmata obscuriglobus
Streptomyces coelicolor
Mesorhizobiurn loti
Mycobacterium smegmatis
Pseudomonas aeruginosa

Burkholderia pseudomallei
Escherichia coli 0157 :H7 1T 1 1 ]

Agrobacterium tumefaciens
Pseudomonas putida
Salmonella typhimurium
Escherichia coli K-12
Mycobacterium tuberculosis
Bacillus subtilis
Caulobacter crescentus
Vibrio cholerae
Deinococcus radiodurans
Aylella fastidiosa
Lactococcus lactis
Neisseria meningitidis
Chlorobium tepidum
Haermophilus influenzae
Aquifex aeolicus

Rickettsia prowazekii
Geobacter sulfurreducens
Mycoplasma pneumoniae
Mycoplasma genitalium

2 3 4 2 & 7 8 9 10

Genome size (Mbp)

http://www.sci.sdsu.edu/~smaloy/MicrobialGenetics/topics/chroms-genes-prots/genomes.html
dunkel@math.mit.edu
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Typical length scales
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Species estimates

estimated number of eukaryotic species on Earth:
8.7 million (Nature,2011)

undiscovered: 86% land spec & 91%marine spec
~ 300,000 plant species
prokaryotic biomass ~ eukaryotic biomass

oldest known fossilized prokaryotes from 3.5
billion years ago
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Number of Cell Types

Size-Complexity relation

100 Amoebas, Ciliates, Brown Seaweeds
Green Algae and Plants
Red Seaweeds
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Unicellular organisms

Algae

Chlamydomonas reinhardtii
(K. Drescher)

Bacteria

Caulobacter crescentus (Gitai lab, Princeton)

-

size ~ [Oum
doubling time ~ 5-8h

size ~ luym
doubling time ~ 2h

size ~ Imm
doubling time ~ |d
dunkel@math.mit.edu
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evolution from
unicellular to cellular ?
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. . . iy
Evolution of multicellularity

Chlamydomonas Eudorina Volvox
reinhardetii elegans carteri

A
O

Gonum Pleodorina Volvox
pectorale californica aureus

Short et al, PNAS 2013
dunkel@math.mit.edu
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Chlamydomonas
reinhardtii
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Volvox carteri

somatic

Drescher et al (2010) PRL
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how do organisms
achieve locomotion !
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Reynolds numbers

caad)
x Tavire BTttt i et srrter s et werhne: w
Viscosity dominates Both effects important inertia dominates
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E. COI’ (non-tumbling HCB 437)

Drescher, Dunkel, Ganguly, Cisneros, Goldstein (201 1) PNAS
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E.coli (non-tumbling HCB 437)
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Drescher, Dunkel, Ganguly, Cisneros, Goldstein (201 1) PNAS .
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Bacterial motors

movie: V. Kantsler

~20 parts

~Hook

Quter membrand
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space h

Type I~
secretion system

source: wiki

Berg (1999) Physics Today Chen et al (2011) EMBO Journal
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Torque-speed relation
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200 nm fluorescent bead attached to a flagellar motor Rotation Rate (Hz)

26 steps per revolution
30x slower than real time
2400 frames per second
position resolution ~5 nm

Berry group, Oxford
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~ 50 beats / sec speed ~100 pm/s

Goldstein et al (201 1) PRL
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Chlamy
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Merchant et al (2007) Science dunkel@math,mit,edu
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Sperm near surfaces
0402 s

Kantsler, Dunkel, Polin, Goldstein (2012) PNAS



PNAS 2015
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Surface + shear flow

Kantsler et al 2014 (elife) I I I m
il



Amoeba




Eukaryotic motors

Sketch: dynein molecule carrying cargo down a microtubule

» Raft Particle
& Cytoplasmic Dynein
s Kinesin ||

http://www.plantphysiol.org/content/127/4/1500/F4.expansion.html

Yildiz lab, Berkeley
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Walking modes

HAND OVER HAND INCHWORM

.s

| stalk

6
Lever arm _45,_#
ever a 23“4“., )
L

Myosin V: Walking or inchworming? Predicted movement for the heads and a dye molecule label (green
dot) on the lever arm in the hand-over-hand model (left) and the inchworm model (right). The FIONA assay
has revealed that myosin V, along with kinesin and myosin VI, walks hand-over-hand.

792 10 FEBRUARY 2006 VOL 311 SCIENCE www.sciencemag.org dunkel@math.mit.edu
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Kinesin walks hand-over-hand
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Yildiz et al (2005) Science
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Intracellular transport

Chara corralina
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http://damtp.cam.ac.uk/user/gold/movies.html
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Actin-Myosin

F-Actin

helical filament

processive movement of
myosin V along F-actin

myosin-V

dunkel@math.mit.edu


mailto:dunkel@math.mit.edu

our lecture course:

generic models of
MICro-motors
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Polymers & filaments (D=1)

Dogic Lab, Brandeis

Physical parameters
(e.g. bending rigidity)
from fluctuation
analysis

Drosophila oocyte


mailto:dunkel@math.mit.edu

Actin in 2D

helical
filament

Dogic Lab (Brandeis)
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Actin in flow

outlet, AP

Kantsler & Goldstein (2012) PRL

dunkel@math.mit.edu
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our lecture course:

* polymer models
* how to relate fluctuations to
mechanical properties
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Cell membranes (D=2)

Cell

Extracellularfluid
Nucleus
Cytoplasm

Cell membrane

Carbohydrate
Glycoprotein

Globular protein
Protein Channel
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(Phosphatidylcholine)

Hydrophilic head
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source: wiki dunkel@math.mit.edu
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Cell membranes (D=2)

transport: L. e =5 -
stochastic . E- ¥
escape problems At | o
differential
geometry

red blood cells
affected by
sickle-cell disease

source: wiki
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Blood cells: shape & function

source: wiki
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Normal hemoglobin
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forms long, inflexible chains
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Normal red blood cells

are compact and
% flexible, enabling them
to squeeze through
o

Sickle Cell hpmoglubm

small capillaries
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Sickled red blood cells
‘ are stiff and angular,
causing them to
become stuck in small

capillaries
\. o

red blood cells
affected by sickle-
cell disease

http://learn.genetics.utah.edu/ dunkel@math.mit.edu
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Optical tweezer

B l l

laser light i m laser light i m

intensity piofile intensity piofile

http://www.nature.com/ncomms/journal/v4/n4/extref/ncomms2786-s | .swf
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Dynamics of a vesicle in general flow

J. Deschamps, V. Kantsler, E. Segre, and V. Steinberg’

Department of Physics of Complex Systems, Weizmann Institute of Science, Rehovot, 76100 Israel

11444-11447 | PNAS | July 14,2009 | vol. 106 | no.28

Tank treading  s-023s™ w/s=1.65
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Volvox inversion
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our lecture course:

* ‘differential geometry’ of membranes
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Turing model

cu |
e F(uyv)—dyv+D Au
C

oy

— =G(u,v)—d v+ D Av

-~
-y

TR

concentration  Production  Degradation Diffusion

change | |

Reaction

A. M. Turing. I I Is. Phil. Trans. Royal Soc. London. B 327, 37-72 (1952)

dunkel@math.mit.edu


mailto:dunkel@math.mit.edu
http://www.turingarchive.org/browse.php/B/22

Day 13

wiki

Day 16

The matching of
zebrafish stripe
formation and a
Turing model

Day 20

Day 23

Kondo S, & Miura T (2010). Reaction-diffusion model as a framework for understanding biological pattern formation. Science, 329 (5999), 1616-20

dunkel@math.mit.edu
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Scalar field theory

2d Swift-Hohenberg model

O = —U' (1) + V> — 72(V?)*¢




Active patterns PRL (2013)

B. subtilis tracer
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bright field fluorescence



3D bacterial PRL (2013)
suspension

tracer dynamics (PTV)

bright field fluorescence



: PRL (2013)
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Vector field theory
(generalized Navier-Stokes equations)

incompressibility V-v=1(

(0; + Xov - V)v = — V(p + \v?) — (Bv° + a)v+
[oVZv — Iy (V)




Active nematics

-

,f / /-’v’.’

Dogic lab (Brandeis) Nature 2012



Active nematics
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biological networks
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Tokyo rail network by Physarum plasmodium

Tero et al (2010) Science
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Compressible AFN model
/ Oy = Zvveoe / noise

: L — Qg | /o1
Mass De = —ZV;—’UQ’U | fll n ',e Qe + 2D€e(f)

conservation - 1+ ¢2
vertex / 2
pressure b1
gradient

active friction

(depot model)
Schweitzer, Ebeling, Tilch (1998) PRL

Forrow et al, PRL 2017/
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Mode selection in compressible active flow networks 2
Aden Forrow, Francis G. Woodhouse, and Jorn Dunkel
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Forrow et al, PRL 2017/



