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Movie analysis

e ldentification of
possible single-
molecule signals

® extract
Information: signal
level + position

@ statistical tests on
the result



Identification (1)

of possible single-molecule signals
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Figure 10,26 Circular aperture geomertry.

Identification (2): diffraction
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Identification (4): optimal filter
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Identification (5):

Gaussian correlation filter
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Identification (7): thresholding

optimal filter

areas to be
inspected




Information (1): center of mass
a

3x3 pxlI

_ F =220 cnts
photonconts: p _ Z Zfi,j x = 18.0 pxl
— = y = 29.8 pxI

I J Gosh & Webb, BJ (1994) 66:1301



Information (2): Gaussian fit

" © exponential test

11 pxlI

(1) position

(2) photonct e

is the image just noise: ¢ = Q(N;|n*m-1)
'chi-square test:
are the residues not noise: y = 1 - Q(N,|n"m-1)

®F-test
noise of residues = image noise: F = I[(N,N]|n*m-1)

+
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Information (2a): Gaussian fit

11x11 pxI

F =136%x32 cnts
x =29.9%+0.1 pxI|

g y = 18.610.1 pxI

position: 0.1 pxl
photoncounts: 20%




signal-to-background
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Application (1)

Analysis of aggregation



Local Stoichiometry
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Stoichiometry Algorithm
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G-Protein-coupled receptor
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from “G-Protein-Coupled Receptor Oligomerization and 1> puweniual for drug discovery”, Susan R.
George et al., Nature Reviews 1 (2002), 808-820
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dimerization of 2 adrenergic
receptors on stimulation

—
Ny

probability density (cnts

Blab, Bakker, Leurs & TS, submitted 2005
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dimerization of 2 adrenergic
receptors on stimulation
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dimerization of 2 adrenergic
receptors on stimulation

probability density (cnts™)
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dimerization of 2 adrenergic
receptors on stimulation
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back to movie analysis ...



Information (2a): Gaussian fit

11x11 pxl

F =136%x32 cnts
x =29.9%+0.1 pxI|

g y = 18.610.1 pxI

position: 0.1 pxl
photonconts: 20%




Information (4): super-resolution

Ax (pxI)
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Ar ~40 nm
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the accuracy for determination of the position << A

N. Bobroff, Rev.Sci.Inst. 57 (1986) 1152
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Information (3): Bobroff model

Gaussian object characterized by

T width (pxI-)
* N.nts:  total number of photoncounts

1 T T T -
*Nax: photoncounts in maximum
*og:  background noise )
I
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Information (3):
Bobroff model & beyond

comparison of different methods

more rigorous treatment

SNR
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Information (4): super-resolution

Ax (pxI)
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Ar ~40 nm
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the record so-far: 1 A
(Block, 2005)
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Application (2)

Analysis of distance
& colocalization



colocalization
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single-molecule DNA assay

Trabesinger, Schiitz, Gruber, Schindler, TS, Anal. Chem. 71 (1998) 279

detection
probe

capture
sequence
DNA
fragment
target
N capture sequence
v robe
kA F
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colocalization
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single-molecule Forster transfer

Schiitz, Trabesinger, TS, Biophys.J. 74 (1998) 2223
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Movie analysis

e ldentification of e identify
possible single- Trajectories in
molecule signals subsequent frames
e extract @ analyze the mobility
Information: signal in terms of diffusion
level + position models
@ statistical tests on e correlate the
the result observations in

relevant biological
terms
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® frame n

Trajectories (1)

e frame n+1
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Trajectories (2)

® molecules can

® move fromr —>r
due to diffusion ,'

® disappear due to
diffusion ] :

r
disappear due to ®\. ,
photobleaching >< £
® appear due to
diffusion

.............
““““

.
v
.....
......
----------
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Trajectories (3): diffusion

@ diffusion photobleaching

probability to move from r, to _;

' ' me 1 Fjeaer () =1—exp
r 1n a given time interval, t, eac —
and diffusion constant, D eac

Lo o (S
For 1) dr = ex O dr
Ry p[ 4Dt ]

o diffusion into area

e diffusion out of the P (Fn=zl1_ ~(F-b]
area (0 C[ erf[ 24Dt

B)ut(Fat)zl_erf£_(F_b J

2Dt
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Trajectories (4): traveling salesman

® generate a
probability matrix
for all possibilities

P11 P12... P1n

P21

Pm1

Pia O .. \
0 P2a

Pma

P O ...

0 pa

Pnb

correlated
disappearing
appearing

/

n+m X n+m

e for every molecule
in n take the highest
probability (Gosh&webb)

@ calculate the
highest combined
probability (schmidt et an

P

or — 1aAX; logLZ pij]
i, 1

tree: O(_n! )

Vogel algorithm:
O(n)
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single-molecule trajectory
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analysis

® mean squared-
displacements
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particle tracking
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analysis

® mean squared-
displacements

msd(nAt)=<N_nZ(F(t)—?(t+nAt))2>
e diffusion equation < | Nen )2>

p(F.)=DV p(it) N—";(n_n+"

1 — 7’
r.t)dr = ex
Py 81 Dt P 4Dt

dr

in 2D:

| — 7
p(rz,t)drz :—Zexp( 5 )drz — mean = std

"o
7> =4Dt
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stat:st:cal accuracy of SPT

MSD (arbitary units)
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FIGURE5 The relative statistical error in msd, p(t) (——). Upper and
lower curve are (p,) = ((Ap,Ap,))""%. N is the total number of position
measurements.
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diffusion analysis

pFRY)=DV’p(i,1)
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diffusion in a black lipid membrane

A.Sonnleitner, G.J.Schiitz & TS, Biophy.J. 77 (1999)
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diffusion in artificial membranes

2

mean square displacement (um

' | ' | ' | ' | ' |
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time-lag (ms)

A.Sonnleitner, G.J.Schiitz & TS, Biophy.J. 77 (1999)
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Application (3)

Biomolecular mobility



ty on the plasma membrane

ili

mob

K.Jacobson, E.D.Sheets, R.Simson, Science 268 (1995) 5216
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H-Ras: its role in signal transduction
‘ insulin
receptor

extracellular

cell membrane

) Raf
!

GDP GTP l
o

activation of MAP kinases

® proliferation
intracellular ® cell division
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H-Ras activation: domains involved?

extracellular

domain (size: 25nm - 1um)

domain ? gg

intracellular

eYFP-C10HRas

membrane anchor

are there
domains in the
intracellular leaflet ?
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individual eYFP-C10HRas on the
apical membrane of HEK293

http://www.biophys.leidenuniv.nl/Research/FvL/




analysis of single-molecule trajectories

Lommerse, Cognet, Blab, Harms, Snaar-Jagalska,
Spaink & TS, Biophys.J. 86 (2004)
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results: two fractions

e timelags < 15 ms

.2
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4
1-0 = J ° ) [ '
0.8 -
— 0.6 -
el t=8ms
= 0.4-
o ri2=0.014 pm?
0.2 -
00 = T I 1 1
0.0 0.1 0.2 0.3 0.4
r* (um’)
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e timelags > 15 ms
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diffusion of H-Ras membrane anchor

Lommerse, Cognet, Blab, Harms, Snaar-Jagalska,

Spaink & TS, Biophys.J. 86 (2004) cell: 3T3-A14
37 °C
0.3 free diffusion | /
oo} + ...........................................
/
—~ 0.2- — |/ | |
g g /
N\T_ N o~ 001 -
- 01 =
0.0 — 0.00 e e e
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® D=1.13 +0.09 um?/s
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diffusion: summary

1.8-_ normal diffusion
16- msd=4Dt

0 - .5CI)O. o .1OIOO. o .15|OO
time (ms)
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coralled diffusion
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msd

10

corralled diffusion

time

10

msd

restricted diffusion
—4D,t

msd=A|1-exp| ——

- 000,y (
°® ° 000 ®

o* Kusumi, et al. Biophys.J. (1986)
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diffusion: summary

1.8-_ normal diffusion
16- msd=4Dt

,U? 1-2'_ restricted diffusion
o~ 1.04 msd ~ 1 - exp(-4D,t/A)
&
3 0.8
. /
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€ 04-
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diffusion with obstacles

150 [ ‘
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100
c=0.1 2 | g”
50|
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msd = 4Dt
100 ¢

o’ M.P.Saxton, Biophys.J. 64 (1993) 1766.

3
€ 50| ..o. 1
et J.P.Bouchaud & A.Georges
{oo® “The physical mechanisms of
&o° anomalous diffusion.”
0 : : : Disorder & Mixing (1988) 19
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msd (um?/s)
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diffusion: summary

/ normal diffusion 7~

with flow ,
msd=4Dt

msd ~ t1+8 /

restricted diffusion
msd ~ 1 - exp(-4D,t/A)

anomalous subdiffusion
msd ~ t1-

| 5(I)O | | 1OIOO | | 15IOO
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diffusion of H-Ras membrane anchor

Lommerse, Cognet, Blab, Harms, Snaar-Jagalska,

Spaink & TS, Biophys.J. 86 (2004) cell: 3T3-A14
| 37 °C
03] free diffusion | confined diffusion
L 002 + ..........................................
//
—~ 0.2 — | |
5 5
~ ~ ., 0.01] ¢
=" 0.1- - /
/4
0.0 — 0.00 .
0 20 40 60 0 20 40 60
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® D=1.13 +0.09 um?/s ® D,=0.29 + 0.10 um?/s
® domains: 232 + 31 nm
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diffusion of the anchor: domains

® observed domains in
cytoplasmic leaflet
of plasma
/\O' domain membrane
/1~230 nm

%
(e
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H-Ras(wt) activation: domains involved?

extracellular

Cell membrane

domain
~230 nm

eYFP eYFP

altered GTP
partioning
inactive H-Ras ? active Ras
+ insulin
after addition of insulin we expect:
increase in slow diffusing fraction ~20%

reduction of diffusion coefficient of fast fraction

intracellular
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eYFP-H-Ras(wt) unstimulated

0.06-
0.4- cell: 3T3-A14
! ' 37 °C
o
0.3 __0.041
< ! NE o
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0.1 | M °
0.0 — 0.00 e e e e e ey
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® /8 + 4% of population ® 22 + 4% of population
@ D=1.06 + 0.04 um?/s @ D=0.10+0.03 um?/s
® no domains observed ® no domains observed

Lommerse, Snaar-Jagalska,
Spaink & TS, JCS (2005)



eYFP-H-Ras(wt) 5 min stimulated

y, 0.03- cell: 3T3-A14
0.2 — - unstimulated p / e unetimulated , 37 °C
| /
/
o o~ 002 ,
£
El f )
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7
.04 . . . 0.00 . ————
0 20 40 60 0 20 40 60
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® 75+ 6 % of population
e D=0.93+0.04 um2/s ® 251 6 % of population
e no domains observed ® Dy=0.16 £ 0.09 um2/s

® domains (190 + 54 nm)

Lommerse, Snaar-Jagalska,
Spaink & TS, JCS (2005)



eYFP-HRas(wt) activation

unstimulated stimulated

1.1 ym?/s 0.9 ym?/s

o domain
78% ~190 nm
y ?
75%
B

31 22%

after activation HRas is captured in domains
of 200 nm size
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