16. Spektroskopie jednotlivych
molekul



Proc sledovat jednotlive molekuly ?

Pozorovani celého souboru

1) bez ¢asového rozliseni

spektralni mérfeni - mame 3 druhy objektud
(zeleny, zluty, oranzovy) v molarnim pomeéru
2:9:1

hmotnostni méreni - pomér hmotnosti zhruba
1:1:0,01

mérfeni polohy

- lateralni - objekty se pohybuji po celé plose,

| VvetSi pravdépodobnost vyskytu v okoli koSu
-vertikalni - vétsSi objekty se nachazeji zhruba 20
cm nad zemi, menSi zhruba 100 cm nad zemi

- pohyb vSech objektlu je navzajem korelovan

2) s ¢asovym rozlisenim
ve hfe jsou prestavky

Sledovani jednotlivych objektt muze vyrazné napomaoci
pochopeni chovani celeho systemu



Molekuly

Pozorovani jednotlivych

molekul odhaluje heterogenity

a) statické

ur€eni frakéniho zastoupeni

jednotlivych stavu

b) dynamické

ur€eni doby zivota jednotlivych
konformaci a rovnovazné

konstanty
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Kapanidis AN., Strick "

[. (2009) Trends Biochem Sci 34: 234-43



Konfokalni mikroskopie

Sledovani molekul imobilnich i
difundujicich v roztoku v malém
objemovem elementu (~1 fl).

A) Mikroskop je stale zaméren
na 1 bod, probiha skenovani v
case, ne v prostoru.

B) Ohnisko se posouva za B Detector
. s s vz s s : - transit time
migrujici Castici (particle
. - , ~ Kapanidis AN., Strick T. (2009) Trends Biochem Sci 34: 234-43
tracking), s rozliSenim az 1 nm.



TIRF (total-internal-reflection fluorescence)

Fluorescence je buzena
evanescencni vinou, jejiz intenzita
smérem od rozhrani
exponencialné klesa (~100 nm) -
velmi citlive rozliSeni pohybl podél  gpjective
osy z.

o, . Aperture

Metoda pouzivana pfevazné pro
imobilizované molekuly. Dichroic
mirror

had

Sledovani SirSi oblasti (wide-field) Lens mirror

Kapanidis AN., Strick T. (2009) Trends Biochem Sci 34: 234-43



Single-molecule FRET

Rotace podjednotky € v F1Fo-ATP syntaze

200
Time (ms)

stepwise rotation during
ATP synthesis,
B. Zimmermann et al.




Srovnhani s dalsimi metodami

Table 1. Capabilities and applications of the main single-molecule methods in bioclogy

Force Fluorescence
Attributes AFM Optical tweezers Magnetic tweezers FRET Huorescence Tracking and
intensity localization
Temporal 10 ms 10 ms 30 ms 50 ms (TIRF) 50 ms (TIRF 10 ms (TIRF)
resolutiona 1 ms {confocal) 1 ms (confocal) 1ms (special
ns (populations) ns (populations)  probes)
Spatial 5 A (routing| 1 nm (routine) 10 nm 1-10 nm 1-10 A 1-10nm
resolution® {localization)
1 A (high end) 1 A (high end) 50 nm (resolution)
Range of 10-2000 ph 1-200 pMN 0.01-200 pN None Nona None
applied forces®
Main Force-extension Force-extension Fomce-extension Static and/or Membrane protein Motion of molecular
applications” analysis [2] analysis [3,28,29] analysis [B6| dynamic structure of dynamics [72] motors [76]
Transition-state Transition-state Transition-state small proteins Protein Studies in living cells
analysis [20] analysis [7,28,29] analysis [33] and protein dynamics [73] le.g. diffusion,
Protein and nucleic  Protein and nucleic Protein and nucleic  complexes [66,67] Reaction interactions) [77]
geid folding and acid folding and acid folding and Timescales of protein kinetics [74]
unfolding [2] unfolding [3,28,29] unfolding [66] dynamics |68] Measuring subunit
Membrane protein Motion of molecular Molecular Timescales of DNA  [19] or binding
dynamics [30] motors [ 7] interactions involving or RNA dynamics stoichiometry [75]
Static and/or dynamic DMNA or RNA [10] [28,69]
structure of large DMNA topology [35] Molecular
complexas [20,34] interactions involving
DMNA or RMNA [70]
Molecular
interactions not
involving DMNA or
RMNA [71]

"Mumbers quoted are the ‘routine’ value for that parametar under typical experimental conditions [AFM an protein chain at ~100 pN [1 p = 107" N]; optical or magnetic
trapping of DNA at -20 pN). Temporal resolution, spatial resolution, force and tether stiffness are interrelated. As applied force increases, temporal and spatial resolutions
improve. At any given force, temporal resolution muest be sacrificed to improve spatial resolution, and vice versa. Typically, the ‘high end’ spatial values are obtained by
decreasing temporal resolution te ~1 &,

"This table serves as a general guide for a large set of applications and chemistries and, as such, cannat list all of the applications in which the listed single-molecule
technigues have been used.



Praktické poznamky

Uspésné provedeni experimentu vyzaduje nejmodernéjsi technologie.

Detekujeme velmi slabé signaly, coz vyzaduje peclivou analyzu zasumeénych
dat.

Potfebujeme nasbirat dostate¢né velky soubor dat.

Pozorujeme pohyby na nm Skale, coz vyzaduje mimoradné stabilni
aparaturu, musime eliminovat vibrace a fluktuace teploty (napf. zména
teploty 0 <1< jiz m uze vyvolat zménu signalu, kterd muze byt zaménéna s
pohyby sledované molekuly).

Sledovani jednotlivych molekul je omezeno poctem fotonu, které fluorofor
vyzafi pred fotodegradaci (~104-10°, ne vSechny fotony detekujeme).

Nekteré pfistroje jsou velmi slozité a jejich spravné nastaveni muze
vyzadovat néjaky €as, coz je nepfijemné zejmena pfi analyze nestabilnich
biologickych vzorku.



Shrnuti

Sledovani chovani jednotlivych molekul umozruje ziskat detailni informace,
které jsou ztraceny pfi méreni velkych souboru ¢astic

Mozné zjistovani pomérného zastoupeni jednotlivych frakci, doba zZivota
konformacnich stavu, rovnhovaznych konstant, atd.

Konfokalni mikroskopie - budto sledovani jednoho bodu v ¢ase, nebo
sledovani jednée Castice (particle tracking)

TIRF - buzeni fluorescence evanescentni vinou umoznriuje citlivé sledovani
pohybl podél osy z

Praktické méreni vyZzaduje naro¢nou aparaturu, ¢asto probléemy s
dostateénym poctem detekovanych fotonu




