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Fig. 2.2. Common types of interactions between atoms, ions and molecules in vacuum.
w(r) is the interaction free energy (in )); Q, electric charge (C); u, electric dipole moment
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3.1 Molecular structure of DNA
— 3 D molecule
— highly negatively charged
— double helix
— backbone (Phosphate and deoxyribose) + bases (Nucleotides: Guanin, Cytosine Adenine,
Thymine)
— 2 linear polymers that are coupled with complementary base
o0 Hydrogen bonds (G-3-C, A-2-T)
o DPlanar/perpendicular to the strand
— Directionality (not symmetric) (opposing for the two strands)

3.2  Genome: DNA encodes information

— Gene = information that encodes one protein
O ngenes = n proteins

o Virus: 5.000 base pairs 10 genes
o Bacterta: 5 mio. (10"6) 4.000
o Human: 3 bio (10™9) 25.000

* 20 AA: 3 base pairs = 1 AA = 20 AA = 4”3 combinations
*  Why 3243 =64 >20BUT 4*2 =16 < 20

3.3 Chromosomes
— DNA strogae in cell by condensing: Length + diameter -

— DNA 1n cells present in form of chromosomes: 1 Chromosome = 1 DNA molecule
o DNA wrapped around Histone proteins = Fibre = Filaments

Short region of
DNA double helix

“Beads on a string”

P b Ly ‘ iy 3y l JEi
form of chromatin m
*
T
30-nm chromatin
fibre of packed 30 nm
nucleosomes I\‘ '_’__J L]

Entire mitotic /
chromosome 1,400 nm
v

nloav

— Bacteria: 1 chromosome

— Human: 46 chromosomes



4.1 Gel electrophorests

— Voltage = neg DNA moves through medium to Electrode = pores in medium =>length/size
separation

4.2 Polymer-chain-reaction [PCR]
— DNA replication [5°-37]
— Thermocycle
0 Denaturation: breaking of H-H bonds between complementary nucleotides
o0 Annealing: start-codon for Polymerase
o Extension: Polymerase attachment

— n:cycles > #DNA =2"n
s

) ——

e / - \
T=05°C T:SS"’C T::72°.C
————— : annealing extension etc.
KT of primers by polymerase
double-stranded DNN ) /

Ty

— Size 1n solution
Npp = 4.6 x 10° base pairs

: . “Rg=5um
0 Bacteria [E. coli

Size of genomic DNA in solution

human chr. 1 -~

50 :
10 worm chr. 1 :

E. coli ! !

T3 flychr.4 - 1
3 e i
o yeast chr. 3 i ! g
0.5 RIS AT ;
o S 5

105 10 105 105 107 108 109
number of base pairs

— Virus DNA packaging rate



— Virus [Bacteriophage T4] DNA packaging

L genome 5x10°bp
% 0.6

lambda phage

o Life cycle ~ 30 min
0 DNA packaging [motor molecule using ATP]
*  Hierarchy: Orderly stored in circles on the outer layer = energetically favourable

2.8

2.7 17

€2.6

5

<25 Jambda

2.4

2.3 ds = |Veansia/L
75 80 85 9.0 9.5x103 s ¥ |Veapsid/

1172 (nm—l/Z)

The longer the tighter packed

60

N
o

(=4
=]

0 =
B Zh
< g0 g
% ]
g & g
= @
o
o
a
20
0 S
40 60 80 100 40 60 80 100
percentage of genome packaged percentage of genome packaged

L TS p e — e 19,190 vt Bty f e ol 30,15 GatandScsmce 2013

The later the more force s needed to pack the genome (because of the bending force of the molecules

— Retro virus [HIV]
o0 Replication:
* RNAvirus> Replication [enzymesvirus] DNAvirus= Intergration DNAhost 2
Proteinsvirus
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6.1 EO: Low voltage (10 V) cascade pump
— Construct micropump with decent flow rate and still have

high pressure? , one wide channel
. gel anode (salt bridge) 50 umx 20um
o Pump large volumes over large distances. pNacip

— Darallel channels and different diameter:

0 Down channel made up of single parallel channels
= high pressure in parallel components= Total:
voltage constant for all BUT current increases =
EO flow.

o Up single channel = small pressure and EO-flow
small = Pressure driven flow.

o >Total: Generation of high flow rate Q @ z NN

800 pm

— Series channel combination gelcathode (satbidge) ;0 narrt;vov channels
o up-down channel in series = pressure addition HREE B
0 = Generation of high pressure P

6.2 EO: dehydration

— Damp proofing: generate EO flow to drive water out of surfaces = drying.

6.3  EO: Pumps el N
— Frit =sand 1n electrolyte liquid Porous e F/
EO

ceramic

— Used for driving EO circuits; cooling processors. disc
. i Voltage
(dielectric |

— Pump without moving parts = silent. gl

il

Nozzle Electrodes 1 pymping

0.4 EP: Capillary Capillary Electrophoresis 2
— Cathode and anode: Sample movement through g
gel > size separation - ﬂ.
Data in Photocathode

— Measurement: using light source
— Advantage: little dispersion (sharper peaks) ‘ Chart Recorder [s)
L)

Anode

+

Ab (280 um)

Time (min} uﬂ’ﬁ




0.5 Steving of samples 1n nanofluidic channels

— Separation by sample size t, = 75~100 nm
 TIWNTA n Lcanid enmnlad fave A s i d L l
high-resolution
‘ light ‘ / transparency Cathode(-) @ T Anode(+)
— DNA E—

— s ——
JITTTITITITITIT777 \

photoresist

A 4

DNA motion
A. Perform photolithography

r

— "~ rser »ping

— B. Pour PDMS over master;
cure at 70" C for 1 hour N N )
ortional to velocity, because they get stuck for shorter time

’
it a channel goes into channel and then pulls the rest of the
T WS

C. Pecl PDVS from master ent on size
y
6. 6 R D. Seal against a flat surface i
=B
y . -—
T | PDVS I/ s xing i rp~wiD
— 1 ] (McDonald and Whitesides 2002) : H ‘D
- i Z~Uw?ID
— Used for Filter: : 2
L
0 Separate particles using the different Pe-number - . SR —
zone LIS, Yo g
o Extraction of the smaller Pe-particles i_ w D
.. w
— More contact area = better mixing
0.7 Re: Components separators
— Separation based on size
0 Big particles in centre
0 Small particles outer region
— Centrifuge
0 Cell free blood = plasma
— Zweichfach-Fung effect
o Diufferent flow in two channels [Diameter]
* Big objects pulled into capillary with larger flow
* Large diameter = large flow = large particles r——
light _~ transparency
— External fields ‘/
0 Reaction of some particles to external force \phmm.
1 A. Perform photolithography
6.8 Re: Components valves
p " . . . " . . %‘\mﬂs'ﬁf
— Only open into one direction (opening and closing; active and passive) lg Pout PONS ovar masto
cure at 70" C for 1 hour
6.9  Re: Microfabrication method PDMS
— Make microstructure of choice l”m i i

1 D. Seal against a flat surface

PDMS e

{McDonaid and Whitesides 2002)



Tests: Physics of molecular and
biological nanostructures

Test 03:

Scaling laws 1
How does the capacitance of a sphere-capacitor scale with the sphere radius R?

OR' OR" OR* OR

Scaling laws 2
The geometrical size of a spring-mass system is changed in each spatial dimension by a factor of 1.5.
a) By which factor does its resonant frequency change? (for fractional answers give 2 decimal places)

b) By which factor does the restoring force of the spring change when the mass is extended by a fixed
distance de (for fractional

Free energy
During an irreversible process in a closed system, the free energy of that system

O increases O decreases.



Test 04:

Boltzmann Factor 1

What is the thermal energy k,T at room temperature (25°C) in units of Joule? Tipp: The temperature T
must be in units of Kelvin and not Celsius.

03.45x10"-22 0 1.38x107-23 04.11xx107-21 00

Boltzmann Factor 2

Suppose a molecule can be in 2 states. The potential energy is 10 eV in state 1 and 12 eV in state 2. In
thermal equilibrium, the probability that the molecule is in state 1 is p1 and that it is in state 2 is p2. What
is the probability the molecule is either in state 1 or in state 2?

00.37 00 00.5 01

Boltzmann Factor 2 (follow-up question)

What is the ratio p2/p1?

Free energy
The free energy of a system equals its inner energy if (but not only if)

0 T=0°C O the system is open O the temperature is infinity O the system is closed.

Boltzmann Averaging

Suppose a molecule can be in one of 2 different energy levels with potential energies 0 (level 1), k;T(level
2. In thermal equilibrium, what is the average inner energy of the molecule in units of k;T?



Test 05:

Persistence length 1
Bring these polymers in the order of increasing persistence length:

0 actin filament O microtubule O DNA

Persistence length 2

When the diameter of a linear polymer (using the WLC model) is increased by a factor of 2, its persistence
length increases by a factor of

02 08 016 04

Boltzmann Averaging reloaded

Suppose a molecule can be in one of 3 different energy levels with potential energies 0 (level 1), k;T(level

2),and 2 k;T (level 3). In thermal equilibrium, what is the average inner energy of the molecule in units of
k,T?

Autocorrelation function

The autocorrelation of unit tangent vectors along a WLC polymer in thermal equilibrium
0O increases exponentially with increasing distance between the vectors,

0 is independent of the distance between the vectors.

0 decreases exponentially with increasing distance between the vectors,

O decreases exponentially with decreasing distance between the vectors.



Test 06:

What is the complementary DNA sequence of GCCATT? Tipp: DNA sequences are read in the direction
from the 5' to 3' ends, and the opposing strand is in the opposite direction.

0 AATGGC 0 CGGTAA 0 TTACCG 0 GCCATT

When the contour length of a WLC polymer is doubled, its RMS end-to-end distance increases by a factor
of

0 sqrt(2) 02 04 0 2sqrt(2)

When a WLC polymer is stretched between its ends by applying an external force,

0O the force diverges (towards infinity) when the stretched length approaches the contour length of the
polymer.

0O the force becomes 0 when the stretched length approaches the contour length of the polymer.

0 the force diverges (towards infinity) when the stretched length becomes half the contour length of the
polymer.

O the force diverges (towards minus infinity) when the stretched length becomes half the contour length
of the polymer.

What is the geometric mean of 100 and 2007



Test 08:

When the valency of a salt in aqueous solution is changed from 1 to 2 and all other parameters are kept
constant, the Debye length changes by a factor of

0% 0142 01/ 2 02

The electrostatic potential in a weak aqueous electrolyte(at neutral pH) close to a glass surface is
0O positive and depends on the temperature.

O negative and does not depend on the temperature.

O negative and depends on the temperature.

0O positive and does not depend on the temperature.

The Debye-Hiickel approximation of the Poisson Boltzmann equation
O gets rid of the non-linearity in the differential equation.

0O leads to the definition of the Zeta potential.

0O is only valid at low temperatures.

0O is necessary to solve the Poisson-Boltzmann equation.

The Poisson equation
0 depends on thermodynamic phenomena.
O predicts the presence of a Debye layer.

0O allows to directly calculate the electric potential distribution in a system of diffusing ions, if their spatial
positions are known.

0O is valid only in electrolytes.



Test 09:

What is the electrical conductivity of a physiological salt solution (0.9% w/v NaCl) at room temperature
(25°C)?

Consider an electrical circuit, consisting of an electrolyte between two electrodes (such as in the past
lecture). Which of the following statements is correct?

0 A change in voltage causes the Debye length to change
0 A sudden change in voltage causes the current to drop to 0,
0 A change in voltage causes the total charge in the Debye layer to change

0O Increasing the conductivity of the electrolyte increases the RC time constant

A cylindrical channel is filled with an electrolyte and has walls at the zeta potential. How large is the
radius of the cylinder (in multiples of the Debye length), if the potential at the center of the cylinder is half
the zeta potential?

0~2 0~ 0~1 O Depends on the temperature.

What is 10(3), where 10 is the modified Bessel function of order 07



Test 10:

The EO velocity increases when the
0O the Debye length is decreased.

O fluid's viscosity is decreased.

0 electrical field is decreased.

O Zeta potential of the walls is decreased.

For the case of an arbitrary Debye length, where in a cylindrical channel is the EO flow velocity the
highest?

O In the center.
0 Depends on the temperature.
0O Close to the walls but further away from the center.

0 At the walls.

The Navier-Stokes equation describes

0 something else.

O the motion of a fluid under the influence of forces.

O the motion of ions under the influence of electrical forces.

O the intermolecular forces between fluid atoms.

Which of the following is NOT an assumption for ideal electroosmotic flow?
0 No inhomogeneities of the electrical field.

O No flow transients.

0 A channel wall of only one material.

O A sufficiently high ionic strength.



Test 11:

Electroosmotic flow results from

O an electric force on the counter ions.

O the viscosity of the liquid.

O thermodynamic diffusion of the counter ions.

O the dielectric polarizability of the liquid.

Which of the following statements is incorrect?

0 Back-pressure can arise from pumping against gravity
0 Back-pressure increases the pumping rate.

O Back-pressure can revert the flow direction.

O Back-pressure causes a Hagen Poiseuille-type flow in the channel that is superposed with the EO-type
flow.

Consider an ideal EO flow with back pressure in a cylindrical channel, where the total flow rate is 0. At
which distance to the channel's center (in units of the channel radius) is the flow velocity zero?

0% 01/y3 01/ 2 0%

What is the electroosmotic velocity in um/s for an aqueous solution of 100 mM NaCl in a channel with a
Zeta potential of 50 mV and an applied electric field of 1000 V/m? (calculate to 2 digits of precision;
assume 1.00 mPa s for the viscosity and 81 for the dielectric polarizability of the solution)



Test 12:

Reynolds number:

Which Reynolds number approximate describes the system when you swim (at 3km/h)?

Streaming potential:

0 when moving an electrolyte through a channel whose walls are charged.
0 when charged particles are moved through an electrolyte.

0 when uncharged particles are moved through an electrolyte.

0 when moving an electrolyte through a channel whose walls are uncharged.

Electrohydrodynamic effects:

Assign the Terms to the correct definitions

1. Electric-field-driven motion of an electrolyte in a channel with charged walls
2. Electric-field-driven motion of a (surface-) charged particle in an electrolyte
3. Creation of an electric field by moving an electrolyte along a charged wall

4. Creation of an electric field by moving an (surface-) charged particles through an electrolytel

a. electrophoresis
b. electroosmosis
c. Streaming potential

d. Sedimentation potential
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Test 13:

The geometrical size of a spring-mass system is changed in each spatial dimension by a factor of 1.5.

By which factor does the restoring force of the spring change when the mass is extended by a fixed
distance d? (for fractional answers give 1 decimal place)

Two freely rotatable dipoles (closed system, contact to a heat bath) in thermodynamic equilibrium are
isothermally approached to each other. In doing so, mechanical work is carried out, e.g., which can be
stored in an elastic spring (theoretically). The work carried out is the larger ...

0 the larger the temperature.
0 the smaller the temperature.
0 the smaller the approach velocity.

0 the larger the approach velocity.





