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1. a) What is the Reynold’s number of the bacterium?

Ly 1000 - 2.8x100m - 5.1 % 107 /s
j— m

n 107 Pa s

=1.428 X 10°°

R. =

b) What is the viscous drag on the bacterium?

Fbrag = yv = 6mnrv = 67 (103 Nes/m2)(1.4 X 10 m)(5.1 X 106 m/s)
=1.35%x 103N =0.135 pN

c) How far will the bacterium coast when it stops swimming?

d=["v(®)dt = v(0) -7

_ 2 kg

2a2p  2(1.4x107°m)"(1000-3)
T = =4.36 x 107
t m 9(0.001 Pa-s) 36 % 107

d=5.1pum/s-0.436 us =222 X 102 m

AG® kT ([ADP][P]
Fstan = 5 + 5 [ATP]

_T54x107% 138X 107%/K 298K (1x107°M 1% 107M
T 3% 109m 3% 10-°m n 1x10-3M

= —34x 101N = —34 pN

3. 1¢cP=102%P=102g/(cm-s) =103 kg/(m-s) = 103 Nsm>
Fiax = 6IN1Vmax = 61 - 1.002 - 10° Nsm™ - 0.5 - 10%m - 180 - 10°® m/s = 1.7 pN
F-c 17-1072N-2.998-108%

nw_ 133-30-103W = 0.013
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5. A) L=47365 bp - 3.32 nm per turn/ 10.4 bp per turn = 15120 nm = 15.12 um

6.

7.

as L is much larger than the persistence length,
(R*) =(2pPL)’
=(2-0.053 um - 15.12 pm)"? = 1.266 um

[E, ] AG AG'-FAx)| , [(FAx
= ==exXp| — |=exp| ———— =Keqexp —

[E ] kT kT kT

Solving for F, we have:

e kT [E,]
Tt <[ElKqu]>

_ (138X 10°%)/K)(310K) (09
- 2.8 x10m " ((0.1)(1))
= 3.36 pN

1 cP =102 P =102 g/(cms) =107 kg/(m-s) = 10> Nsm™

Fiax = 6IN1Vmax = 61 + 1.002 - 10 Nsm™ - 0.5 - 10%m - 200 - 10° m/s = 1.9 pN
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9. A) L=48,502 bp - 3.32 nm per turn / 10.4 bp per turn = 15,483 nm = 15.483 um

as L is much larger than the persistence length,
(R*) =(2pPL)’
=(2-0.053 um - 15.483 ym)!? = 1.641 um

B) For the Freely Jointed Chain model: (R*),,. = N,f8° = AL

For L>>P (15.483 um >> 53 nm): (R*)=2PL = AL
Hence, then Kuhn length is: B=2P =2 - 53 nm = 106 nm
and the number of segments is: Npg=L/p = (15,483 nm)/(106 nm) = 146

10. A) r=

where I = Ix+ Iy + Iz is the total intensity and the subscript represents the axis along with the
intensity is measured. For a sample consisting of two species:
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I, Iy 1, I,
= fin + fan

where f; and 7; are the fractional intensity and anisotropy of the i species respectively.
y py p p y

B) Consider a single molecule whose emission
dipole is at an angle 6 with respect to the z axis,
which represents the polarization of the excitation
laser (see figure). Assume to begin with that the

absorption dipole and emission dipole are parallel.

The fluorescence intensity parallel and
perpendicular to the z axis is given by:

IH =cos’ @
I = sin? @sin’ ¢

As the sample is isotropic, all ¢ orientations are

equally likely. Averaging over all ¢ values yields:

2z
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Polarization of Excitation

I = cos?0

I, = sin*@sin’¢

As molecules are randomly orientated in the sample, we need to integrate over all possible
orientations multiplied by the probability of excitation (a term known as photoselection). The
probability of excitation is proportional to the angle between the absorption dipole and the

polarization of the laser beam:

p(6) =cos” 6



Hence, the majority of excited molecules will have dipoles aligned along the z-axis and very few in
the x-y plane. The number of molecules with an orientation between 6 and 8 + dé is proportional to

sin 6 d 6. Integrating over all orientations yields:
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A molecule whose emission dipole is rotated by an
angle S with respect to the absorption dipole will
undergo an additional loss in anisotropy. The
geometry between the absorption dipole and
emission dipole is identical to the geometry we
discussed above. Integrating over all possible values
of ¢, the loss in anisotropy due to the rotation of the

emission dipole with respect to the absorption dipole
is given by:
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The total anisotropy is the product of the loss in anisotropy due to photoselection multiplied by the
loss in anisotropy due to the non-parallel alignment of the absorption and emission dipoles:
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