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Question 1: Optical Tweezers calibration
Solution:
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Question 9: Gel Electrophoresis

Solution:
Three hopefully correct and readable scans.

au

e T
T T Dl poqut
Wt gtk
_7): [tﬂmfh ' Cff o -
n e Ol P s
@. (}ﬁz\y %Qrm%?'ﬂa C/;Z/ﬁ‘.! —Z“é{f(
jtf LR 3@?@"‘ 7Q\( /f?f_ = Z j?o
- dﬂlﬁ”wv N o
NZLT = Dy
7
~ _oKELE ML a2 NP b
=7 _D:EETM!; GZLL,;T
3
PW} [/Q \/bumé»m Z_w = 20,000, o_1¢h,,ht,{o/mm

L= A00 wuw [ Wihn -‘WW)

- ADO + A0O wwa = N k= L

= T2 2 40 ¢




(1) ce sl Lfer T E=EL
, o O\ o
s = cm/)a‘w %ﬁﬁ
/&/“’ & kbl chns
\“ ’ AS g(a;(céﬁyw ey -
t - 2 &E’W as L
\ = —
! 4 oE\ K~ _&4&(;.1:0_ &‘a/
'é.,_é SR s < dg -
X t: !2* M x d/tr(uJ‘?ﬁ’k
‘frﬂ'vu 7 N JJ’W £ s Q.AS"/:
- Z_. Lo

Clom' ¢ an 0»% reawse adeg, A o
O\MP{ V\/\MO PO o’wr—e chitn =D /"-—v‘oyof‘

N
. - o , £ :
- & = - 7 ZE65=885 a8

— - @ = _ B .

> I_T:[X TtEX-FDMAv-FW\MS
E] f’? ’,Léu.. '#'Di»«{ o L A.‘[ﬂ\iw o™ -Mu . [ it -, d‘kﬂ.’"— Ak
O OE . G H ebuby ff A chan oby S otur o

. QER.
B o (%)

Le vard ey e tewsed of 7o Cotihe of man :
S
- Z i L
i'vq

Wil Amams o ndd Lol 7 HOE2L owed

e
Uotey o G Segrrmd L T= 5t
K')mwé»/ Ve ¢ fos
[tif=4
o/ A i, e
MQC_\M*‘ T -
$ = _ 3
Ecw: PR AR Tl _L"E



bt éf‘c"”'ﬁ aF % M‘\A’M”‘k e

s
= B
- —e
T x

- - Xewm
k %7@{' \/d“}f we ayeve ¢ a0l Whe (/’*) (eueroidd)
, R, = s LEE
e = _ | -
:’ L [&
— - Cwn
(> L r e
f _ Qe 5. &b, 4
Vit = S Xem” = — 20 & c " &
f \
(R NEY oy i factuo
{*@mﬁ o Twa 3 j _fﬂ
Afa oo Ml Fr /'\J‘F rg o

‘FN’ ﬁora@E? E""‘UQ DNA-

ok 3 ovna v&(tﬂ};f v

f a B 3340

B

e T 7

fal
Leasdun bp TI.Fpas

zg’ichMDW:Aw

ey
S




Dr. Ulrich F. Keyser - utk20 (at) cam.ac.uk

Question 7: Polymers in Confinement

Solution:

(i) The electrostatic potential in the channel is V' (z) = —FEx so we can easily write down the
energy for the molecule when entering the channel is

z 1
AU(x) = —pE/ xrdr = —i,oEzzc2
0

i believe that we do not have to mention that U(z = 0) = 0 as a boundary condition. This is of
course a major simplification as there will be a finite electric field outside of the channel due to
the access resistance.

(i1) First explain the sign: the DNA has to be straight inside the channel so fewer configurations
are available so entropy is lower in this state with AS < 0.

Dependence on x: entropy is an extensive quantity and therefore proportional to the length L
of the strand. Since the DNA in the cavity has a fixed configuration (i.e. no entropy), we have
S = S(L)(1 — z/L so obviously AS o —z. Well in principle this explains also the sign. 1
believe it is good to split this into two discussions - but do as you see fit.

Remark: In the event that there are questions about entropy as extensive quantity for WLC
polymers ... The number of possible configurations will be

Zn = (No. of configs/link1)(No. of configs/link2)...(No. of configs/linkN) = (const)N
So we get for the entropy
S =kpln(Zy) = Nkgln(const) < S o N
(iii) Now we can write down AG as was asked in the question as
AG = —;/)E:c2 +~Tx

A sketch will look like the plot shown below. Of course the position of the barrier will depend
on all parameters as expected from the question. Calculate the stationary points of AG:

dAG
—— = —pEr. =T =
dx
T
Te = —
pE

This is expected since at higher fields the ’barrier’/maximum gets closer and closer to the chan-
nel entrance - and smaller of course. No we can get the height:

,Y2T2

AG" = AG(w) = o

(iv) As T is increased the entropic energy cost for reaching the transition state increases while
the electrostatic energy remains unchanged. In other words, the entropic chain gets stiffer with
increasing temperature resisting the pulling force.
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Question 12: Nanopores
This is the solution for (i) and (iii), (ii) is just putting in numbers, (iv) is described in
Smeets et al. Nano Letters 2006 http://www.bss.phy.cam.ac.uk/ ufk20/teaching/pdf/smeets.pdf:
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Question 9: Polymer translocation

This solution is described in Storm et al. Nano Letters 2005
http://www.bss.phy.cam.ac.uk/ ufk20/teaching/pdf/storm.pdf. The second part is added
just for information.
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Question 10: Nanopores II

Solution:
(1) resistive-pulse sensing: label-free detection, detection of molecule by current change through
nanopore, detection limit given by diameter, length of nanopore sensor

(i1) calculate resistance for one half of the nanopre and multiply by 2. Parametrization of edge:
d(z) = a + 2252 and thus calculate resistance R

1
=2
=2 /0 a2

after some algebra you should get

since we only look for the resistance from 0 to 2/ we do not have to mention the access resistance
here.

(iii) Calculate the current density j = I/A = U/(RA) you should get two j for 0 to [ and [ to

2l yielding
Uab

2m(a+ z(b—a)/l)?pl

=
and
. Uab
=00+ (2 — D(a—0)/1)2pl
and the electric field is just E(z) = j/p for the two cases. Sketch F/(Z) with basically meeting

at the center and symmetrically increasing towards both ends. The corresponding ionic current
sketch should show to peaks in the current.

The time of flight is simply calculated by

t 21
/th: 1 L
t1 M J0 E(Z)

with the electric fields from above one gets for the first half 0 to [
l

t=—-—-(b"—d°
p3(b — a)( *)
and for the second part [ to 2[ obviously the same and thus
2ml
At=—"T_(a* -1
pa—n @ "

as expected.

Finally for L << [ pore-molecule interaction should increase time of flight as well as the
entropic barrier for entering the exit constriction. For L. >> [ correlation between entrance and
exit possible, time of flight is dominated by stiffness of molecule, i.e. no relaxation in cavity
before 2nd translocation.

Experimental data can be found in paper from Pedone et al. Nano Letters 11 (4) 15611567
(2011).
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Question 11: Thermodynamics of the ATP synthase molecular motor
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Revision Question: Linearized Poisson-Boltzmann Equation
Solution:
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