Tutorial

PicoQuAaNT

FLIM-FRET Calculation for Single Exponential Donors

Summary

This tutorial shows step-by-step, how the "Lifetime FRET Image" script of SymPhoTime 64 can be used to
calculate pixel-by-pixel the FRET efficiency in an image containing a cell transfected with a GFP and a RFP
construct, that bind in certain regions of the cytoplasm. A bi-exponential fit is performed in a larger region of
interest to determine the donor only lifetime and the lifetime of the donor in presence of FRET. A pixel-by-
pixel fit is performed in the image and in every pixel the FRET efficiency as well as the fraction of FRET on
the total decay ("Binding") is determined.

Background information

Note:
FLIM-FRET is a robust method to determine the FRET efficiency of a suited
donor acceptor pair.

If the FRET donor molecule has a single exponential decay kinetic, not only the
FRET efficiency can be determined in every pixel of the image, but also the
fraction of the FRET amplitude on the total decay, which is an indicator of the
percentage of molecules undergoing FRET.

Several fluorescent proteins with a single exponential decay behavior have
been reported, e.g. mTurquoise, mTurquoise 2, mTFP1, T-Sapphire, Citrin (pH-
dependent), YFP, and TagRFP (see the Technical note: Fluorescence Lifetime
Imaging (FLIM) in Confocal Microscopy Applications: An Overview, available
from PicoQuant).

The example image shows a cell transfected with GFP-N-WASP and mRFP-
TOCA-1, proteins involved in filopodia and vesicle formation (Sample courtesy
of S. Ahmed, T. Sudhaharan, Institute of Medical Biology, Singapore).

Step-by-Step Tutorial

Determine the donor only lifetime using the FLIM script

»  Start SymPhoTime 64 software.
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*  Open the "Samples" workspace via "File\open Workspace" from the main menu.

Note:

The "Samples" workspace is delivered with the SymPhoTime 64 and on the
DVD-ROM and contains example data to show the function of the SymPhoTime
64 data analysis. If you haven't installed it on your computer, copy it from the
DVD onto a local drive before going through this tutorial.

* Response: The files of the sample workspace are displayed in the workspace panel on the left side
of the main window.

By ooes

uLh Cy5_diff_IRF+FLCS-pattern.ptu
,JLh AttoS55_diff_FLCS-pattern.ptu
.JLh Atto855+Cy5_diff FCS+FLCS.pty
[l AttoBS5_diff_2FFCS ptu

l.lJ.I.l.l AttodBe_diff_cw_total_correlatio
uLh AttodB8_diff_pulzed_antibunchin
. Cy5_immo_FLIM+Pokmaging. ptu
LlJ.I.l.l Cy5_immo_Lifetime_Trace.ptu
LlJ.I.l.l Atto855_immo_On-Off-Analysis. |
[ paisyPolien_cells_FLIM.ptu

[ GFP_RFP_cells_FLIM-FRET.ptu
Ll Cy3+CyS_diff PIE-FRET.ptu

. T5-Bead_immo_xy-scan_Dual Fo
. TS-Bead_immo_xz-scan.ptu
uLh IBA488+IBA547_unlinked_mix. ptu
[l IBA4BS+54T_crosslinked. ptu
-l AttodB8 485nm_pulsed.phu

B cuvsptu

l.lJ.I.l.l NW-Center_for_Antibunching_1.p
uLh NV-Center_for_Antibunching_2.p
,JLh NV-Center_for_Antitunching_se'
v [l CEMP-labelled_cells_for FRET.ptt
-l CEMP-labelled_cels_for FRET_IR
1Ll CENP-labelled_cells_for_FRET_IR
i . FRET_GFP and mRFP.ptu

* Highlight the file "FRET_GFP and mRFP.ptu" by a single mouse click.
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= Samples

H-all i Cy5_diff_IRF+FLCS-pattern.ptu
ol Atto555_diff FLCS-pattern.ptu
Ll AttoSS5+CyS_diff FCS+FLCS. ptu
Jll AttoS55_diff_2FFCS.ptu

Wl Attod4B8_diff_cw_total_correlatio
Wl Atto4B88_diff_pulsed_antibunchin
. CyS_immo_FLIM+Pokmaging.ptu
alh CyS_immo_Lifetime_Trace.ptu
allh AttoSS5_immo_0n-0ff-Analysis.
[ DaisyPollen_cells_FLIM.ptu

. GFP_RFP_cells_FLIM-FRET.ptu
alh Cy3+Cy5_diff_PIE-FRET ptu

. T5-Bead_immo_xy-scan_Dual Fo
. T5-Bead_immo_xz-scan.ptu

alh IBA488+IBAS4T_unlinked_mix ptu
Al 1BA488+547_crosslinked.ptu

Al Atto488_435nm_pulsed.ptu

M cuvs.ptu

Wb NV-Center_for_Antibunching_1.p
L NV-Center_for_antibunching_2.p
bl MV-Center_for_Antibunching_se
. CENP-labelled_cells_for_FRET.ptL
oLl CEMP-labelled_cells_for FRET IR
Ll CEMP-labelled_cells_for FRET_IR
=8| JFRET_GFP and mRFP.piu

« Select the "Analysis" tab and in there, open the drop down menu "Imaging".

[#-ulll CyS_diff_IRF+FLCS-pattern.ptu =

oLl Atto655_diff_FLCS-pattern.ptu FLIM Multi Frame FLIM
[-llis AttoB855+Cy5_diff_FCS+FLCS.ptul|| AFLIM analysis. Select an AFLIM analysis of individula
-l AttoS5S5_diff 2FFCS.ptu image TTTR file and press frames. Select an image
[l Atto4B8_diff_cw_total_correlatiof|| Start- TTTH file and press ‘Start'
ol Atto488_diff_pulsed_antibunchin

-l CyS_immo_FLIM+Pokimaging. ptu Hel Start Hel Start
-l CyS_immo_Lifetime_Trace.ptu Grouped FLIM Anisotropy Image
[l AttoBSS_immo_On-Off-Analysis. | 4 Grouped FLIM analysis. || An intensity based

e[l DaisyPollen_cells_FLI.ptu Select any collection of anisotropy image. Select a
[l GFP_RFP_cells_FLIM-FRET.ptu image TTTR files and press || two channel image TTTR file
[l Cy3+CyS_diff_PIE-FRET.ptu “Start'. and press ‘Start’.

E]---= TS-Bead_immo_xy-scan_Dual Fo Hei Start Hel Start
- TS-Bead_immo_xz-scan.ptu —

- = FRET I Lifet FRET I
oLl IBAB8+BAS4T_unlinked_mix.ptu s stime LT
-1l IBA4B8+54T cr i otu An based FRET Alifetime based FRET image.

- image. Select a two channel || Select an image TTTR file
il Alto458_485nm_pulsed.ptu image TTTR file and press and press "Start'.
-l Guvs.ptu
i "Start'.
-l NW-Center_for_Antibunching_1 pl
(-l NV-Center_for_Antibunching_2.p = = Hel Start
-1l NV-Center_for_antibunching_se Pattern Matching Position in Image
[l CENP-abelled_cells_for_FRET.pttf|| A TcSPC pattern based Mark the positions of
----- 1l CENP-labelled_cells_for_FRET_IR||| decomposition. Select an measured files in the
-allli CENP-labelled_cells_for_FRET_IR||| image TTTR file and press || overview image.
58 BFRET_GFP and mRFP ptu “Start.
Hel Start Hel Start
B Grouped Analysis
B UserD ipts

Note:
The drop down menu can be opened and closed by clicking on the grey button

on the left side of the header of the drop down menu:
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« Start the "Lifetime FRET Image" script by clicking on "Start".

Lifetime FRET Image

A lifetime based FRET image.
Select an image TTTR file
and press ‘Start’.

* Response: The “Lifetime FRET Image” script is applied to the file "FRET_GFP and mRFP.ptu".
Thereby, a new Window opens:

Image - FRET_

=B

T File Edit View Settings Scripts Anabsis Window Hlp

-l Cy5_diff_IRF+FLCS-pattern.ptu
il AttoBSS_iff_FLCS-pattern.ptu
il AftoBSS+CyS_diff_FCSHFLCS pty)
il AttoBSS_iff_2FFCS ptu
-l Atto4B8_iff_cw_total_correlatio
-l Afto4B8_Giff_pulsed_antiounchin
[ cys_immo_FLit+Polimaging ptu
il cys etime_Trace ptu
il AttoBSS_immo_On-Off-Analysis.i
[ DaisyPollen_cels_FLi ptu
[l GFp_RFP_cells_FLI-FRET ptu
all Cy3+CyS_Giff_PE-FRET plu
[ 75-Bead_immo_xy-scan_Dual Fol
[ 75-8ead_immo_xz-scan.ptu
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Note:
The window contains five different regions:

Upper left: Imaging analysis options.

Upper center: Fast FLIM image, displayed in false color scale. The brightness
encodes the intensity while the color encodes the average "Fast FLIM" lifetime,
i.e. the mean arrival time of the photons after the laser pulse. When not defined
otherwise, intensity and color scale stretch from minimum to maximum. As the
mean arrival time of the background photons in the areas where no
fluorescence is detected, is randomly spread over the TCSPC window, the
mean photon arrival time of the dark background is usually very long (up to 1/2
of the TCSPC window), which makes the color scale loaded by default
sometimes unsuited for displaying the lifetime contrast in the actual sample. In
this case, the scale has to be adapted.

Upper right: Fluorescence FRET Efficiency Histogram. As the FRET efficiency
image has not been calculated, this plot is still empty. Later, the settings of the
plot can be adapted using the controls on the right of the plot.

Lower left: Binding histogram. As the FRET efficiency image has not been
calculated yet, this histogram is still empty. This diagram can only be calculated
if the FRET donor dye has single exponential decay kinetics.

Lower center/left: TCSPC histogram of all photons in the image in green (=
dataset 0) and the TCSPC histogram of a single pixel in grey (= dataset 1). In
red an estimation of the instrument response function (=IRF) is shown. The IRF
reconstruction is deducted from the rising edge of the TCSPC histogram. On
the left of this graph, the fitting model and parameter controls are displayed.

* Set the intensity scale from 0 — 4000 counts and the lifetime scale from 1 — 2.5 ns.

FLIM Image

FLIM Image
| Events[Cnis] |z||. Active

-tH\

Min o2 g max 4000 |2

Average life time{ns] |z| B Active

ol A ——

& vin 1,0002] | Max 2,500[2]

* In the image parameter panel, open the "Threshold" drop down menu.
* Activate "Use Threshold" and enter a threshold of 500.
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Intensity Histogram
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* Response: In the image, only pixels with higher photon counts are highlighted.

Note:
To set the threshold one can also use the bars in the intensity histogram.

FLIM Image

FLIM Image
| Events[Cnts]

E|. Active

[
Min o 2] i mex s000 2]
Average life time[ns] IE”. Active

[y ——

B 1in 1,000 g Max 2,500

* In the lifetime fitting panel, keep the default Fitting model "Mono-Exp. Donor".

Monoexp. Donor E| Help

Decay: | Overall Decay E|

RF: | import | Calculated RF -]

Fitting Model:

*  Click "Initial Fit".
* Response: The fit is performed to the overall decay.
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| Menoexp. Donor

Fitting Model: E” Help ] Eit
‘|U:‘_ T T T T T T
Decay: | Ovwerall Decay |Z|| Pixel (1,1)
L ROI O
IRF: [ — ” Calculated IRF E|| B Calculated IRF
104k mm Overall Decay
Model Parameters: . Fitted Curve
r -
Parameter WValue |Fi‘t — 103k
=
Roll 1,000( 5 f 1
Ap[kCats] Limits| 42,57 £0,21 v = o
to(ns] Limits] 22841 £0,0024 |4 o £ 102
ApalkCnts]  [Limits] 54,24 £0,19 = = g 1
toa[ns] Limits| 11989 £0,0035 & v L .
Bkar pez [Cnts] [Limits 196,10 £0,39 & v 107
Shitwr[ns]  [Limits 0,00080 £0,00013 (& v f 1
Bkar wr [Cnts]  [Limits] 0,000 +£0,000 = 1oL} 4
ED 0,4751 +0,0015 ; ; ; : : ;
Binding [ 0,6014 0,0019 —_ 4
=
Ex[%] 47,51 £0,15 z 2
Pa— =]
Binding = [%] 60,14 £0,19 n 0
RO 1,017 +0,001 & o
i
& -4 -
hd 0 4 ] 12 16 20 24
T W | <[ e

* In the Fitting panel, set the parameters 1p, BKgr pec, Shift rr and Bkgr rr constant by removing the
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mark. Set the background of the decay to 0.

Note:

again”.

In order to reduce statistical fluctuations, as many parameters as possible need
to be set constant. In a single pixel, the background counts of the pixel are
negligible, therefore it is valid to set this to O in this case. Don't press "Initial Fit

Parameter alue Fit
Rall 1,000

A o [kCnts] Limi 4287 0,21 =K
To(ns] +0,0024 (&

A pa [kCnts] 5424 £0,19 =Y
Toalns] 1,1989 =0,0035 |5 +
Bkar pec [Cnts] 0,00 £0,39 =
Shift e [ng] 0,00080 £0,00013 =4
Bkgr me[Cnts]l L imi 0,000 £ 0,000 =
EQ 0,4751 £0,0015

Binding [ 0,6014 =0,0019

E = [%%] 47,51 £0,15

Binding =z [%] 60,14 £0,19

RO 1,017 £0,001

Press "Calculate FRET" in the upper panel on the left.

Note:

access this button.

Depending on the screen resolution, one may

have to use the scroll bar to
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Intensity [kCnts)
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B
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1.+

A 30 4]
[ comeereorn |

* Response:

o

A double exponential fit with the chosen start parameters is calculated for each selected pixel, in

which the longer time is kept constant and is considered as the donor lifetime in absence of

FRET ("to"), while the shorter lifetime ("tpa") is varied. This lifetime is considered to be the donor

lifetime with a FRET acceptor present. The FRET efficiency is calculated from this parameter.

From the results, a "FRET Image" is calculated and plotted in the FLIM image area. The FLIM

image is hidden behind in another tab.

On the right, the FRET efficiency histogram is plotted from the pixel values.

= This graph shows a single peak, which is in contrast to the lifetime variations in the FLIM
image. The explanation can be found in the Binding histogram below showing two distinct
peaks.

On the lower right, the Binding histogram is plotted. The Binding histogram plots the amplitude

fraction of the donor lifetime in presence of FRET. As the amplitude of a donor dye is not

changed by its proximity to a FRET acceptor, the binding ratio has a direct effect on the average
lifetime.
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mo_FLI+PoLimaging.ptu

[ ore_rep_cels_rLiFRET ptu
i Cy3+Cys_dif_PE-FRET ptu
[ 75 8ead_immo,
[ 7S-Beac_immo_xz-scan ptu
oLl 1BA4EB-BASAT_uninked_mi pt
i IBASES+547_crossinked ptu
i Atio435_485nm_puised plu
@ cuvspu

i NV-Center_for_Antiounching_1.|
i NV-Center_for_Antiounching_2.|
i NV-Center_for_Antiounching_se
[ cenP-abelled_cels_for_FRET.pi|
oLl CENP-iabelled_celis_for_FRET_R|

{E ] FreT_GFP and mReP oty

Pt o
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swoe &
soocns [2]

A Use Threshold

Binning

oint E
[ = |
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* To plot an image of the binding, simply change the parameter in the color scale to "Binding %". It is
obvious that the population in the nucleus undergoing FRET is very low.

FLIM Image REai=Ru=EIE

Life time FRET image

* Press "Save Result" to save the current analysis.

l Save Result l

Save Defaults

||

Restore Defaults

* Response: Aresult file is generated and linked to the raw data file.
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* The image analysis is now finished. There are several possibilities to continue:
o To adapt the histogram plots, change the plot parameters on the right of the histogram to the
desired values and click "Recalculate". If these plots should be saved, click "Save Results"

again.

o To export certain analyses, place the mouse cursor over the area of interest, activate the context
menu with a right mouse click and choose the export function of interest to export the data.

o In corder to analyze many images with the same FRET pair, it si possible to save the starting
values for the fits by clicking on "Save Defaults" and store them as a User Profile by entering the
main menu ("Settings\Save User Profile as"). The software will need to restart to adapt the

changes.

PicoQuant GmbH

12489 Berlin
PicoQuaNT Germany

[ Samples

-l Cy5_diff IRF+FLCS-pattern.ptu
(-l AttoBSS_diff_FLCS-pattern.ptu
[l-ull AttoB55+CyS_diff FCS+FLCS pty
-l Atto55_diff_2FFCS.ptu

-l Attod33_diff_cw_total correlatio
[-uld Atto488_diff_pulsed_antibunchin
[]---|. CyS_immo_FLIM+Pollmaging.ptu
[l-uld CyS_immo_Lifetime_Trace.ptu
(-l AttoSS_immo_On-Off-Analysis.|
E]---[. DaisyPollen_cells_FLIM.ptu
[l GFP_RFP_cells_FLIM-FRET ptu
[l Cy3+CyS_diff_PIE-FRET.ptu
E]---|. T53-Bead_immo_xy-scan_Dual Fo
E]---|. TS-Bead_immo_xz-scan.ptu
[l-uldy 1BA4B8+BAS4T_unlinked_mix.ptu
(-l 1BA48E+547_crossiinked.ptu
[l-ull Attod88_485nm_pulsed.ptu
w-[ll Guvs.ptu

-l NV-Center_for_Antibunching_1.p
[l NV-Center_for_Antibunching_2.p
-l NV-Center_for_Antibunching_se'
E]---[. CENP-labelled_cells_for_FRET.pty
----- Al CENP-labelled_cells_for FRET IR
----- Al CENP-labelled_cells_for_FRET_IR
=-[ll FRET_GFP and mRFP.ptu

“[B FRET_GFP and mRFP_Pattern

8| N LT-FRET 3 pares
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