PicoQuanNnT

FLIM-FRET Calculation for Single Exponential Donors

Summary

This tutorial shows step-by-step, how the “Lifetime FRET Image” analysis of SymPhoTime 64 can be used to
calculate pixel-by-pixel the FRET efficiency in an image containing a cell transfected with a W 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
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 .

Step-by-Step Tutorial

Note: This Step-by-Step tutorial was written for SymPhoTime version 2.5. There might be slight differences
compared to other software versions. For example the way of setting an intensity threshold has changed. In the
video the former version is shown.

Determine the donor only lifetime using the “Lifetime FRET Image” analysis.

e Start SymPhoTime 64.
e 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.
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Response: The files of the sample workspace are displayed in the workspace panel on the left side of the main
window.

Samples"Opened  2019-05-11 17:13:11
b Cyh diff IRF+FLCS-pattern_ptu
il AttofA5_diff FLCS-pattemn ptu
il AttoB55+Cy5_diff FCS+FLCS ptu
—dll AttoBs5 diff 2FFCS ptu
bl Atto488 diff cw total correlation ptu
[l Cy5_immo_FLIM+Pol-maging.ptu
-l Cyh immo_Lifetime_Trace ptu
bl AttoB55_immo_On-Off-Analysis_ptu
[l DaisyPallen_cells_FLIM.ptu
-l GFP_RFP_cells_FLIM-FRET ptu
~dll Cy3+Cy5_diff PIE-FRET ptu
[l TS-Bead immao_xy-scan_Dual Focus ptu
-[l TS-Bead_immo_xz-scan.ptu
—dll IBA488+IBAS4T unlinked _mix_ptu
-l [BA4884547 crosslinked. ptu
- non-FRET sample_ptu
-l FRET_GFP_and_mRFP_ptu
il Atto488 485nm_pulsed. ptu
-l GUVs_ptu
bl NV-Center_for_Antibunching_1.ptu
-l NV-Center_for_Antibunching_2.ptu
-l NV-Center_for_Antibunching_several_ptu
[l CENP-abelled_cells_for FRET ptu
-l CENP-labelled cells for FRET IRF_Deat
-l CEMP-abelled cells_for FRET IRF_Det:
- b ATTO488_FCS_Fitting. pgres
i b ATTO488 FCS_Calibration_pgres
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¢ Highlight the file FRET_GFP and mRFP.ptu by a single mouse click.
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= b Samples"Opened  2019-05-11 17:13:11 &
71l Cy5_diff IRF+FLCS-pattern.ptu

bl AttoBR5_diff FLCS-pattern ptu

bl AttoBR5E+Cy5 diff FCS+FLCS ptu

~ulh AttoB55_diff 2FFCS ptu

-l Attod 88 dif cw total correlation_ptu
[ Cy5_immo_FLIM+Pol-lmaging.ptu

bl Cyh immo_Lifetime_Trace ptu

il AttofBE immao_On-Off-Analysis_ptu

[l DaisyPallen_cells_FLIM_ptu

- GFP_RFP_cells_FLIM-FRET ptu

~dll Cy34+Cy5_diff PIE-FRET ptu

-l TS-Bead_immo_xy-scan_Dual Focus_ptu
[l TS-Bead_immo_xz-scan.ptu

Ll IBA488+IBAS4T _unlinked_mix ptu

Ll |BA488+547 crosslinked ptu

- non-FRET sample.ptu

™ IFRET GFP_and mRFP_ptu
bl Atto488_485nm_pulsed. ptu
-l GUVs_ptu

il NV-Center_for_Antibunching_1_ptu

-l NV-Center_for_Antibunching_2_ptu

-l NV-Center_for_Antibunching_several ptu
[l CENP-abelled cells_for FRET ptu

-l CEMP-labelled cells_for FRET IRF_Det-
-l CEMP-labelled_cells_for FRET IRF_Det:
e b ATTO488_FCS_Fitting.pgres

—_ ATTO488 FCS Calibration. pgres

¢ Select the “Analysis” tab and in there, open the drop down menu “Imaging”.
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-k 1BA4B8+547 _crosshnked. ptu

Samples"Opened  2013-05-11 171311 |
ok Cy_dil_IRF+FLCS-pattemn ptu

ke AroBsS_dil FLCS-pattem plu

dk ArtoB5S+Cys_dif FCS+FLCS ptu

Ak ArtoBES_diff 2FFCS.ptu

Al Artod B8 _diff_cw_total_correlation ptu

I Cy5_imma_FLIM+Polimaging piu

Ak Cys_imema_Lifelsme_Trace plu

dk ArtogsS_immo_On-Of-Analysis plu

B DaisyPollan_cels_FLIM ptu

B GFP_RFP_cells_FLIM-FRET ptu

di CyF+Cy5_diff PIE-FRET ptu

B T5-Bead_imma_xy-scan_Dual Focus phy
M TS-Bead_imma_xz-sean plu

di IBA4EE+IBAST _unlinked _mix piu

M ron-FRET sample ptu
o

i AbledB8 485nm_pulsed piu
W Guvs pu
Ak M\-Center_fior_Antibunching_1.ptu
di NV-Center_fior_Antibumching_2 plu
Ak W -Center_for_Antibunching_sevaral_ piu
M CENP-abelled_cells_for FRET plu
Ak CENP-labelled_cells_far FRET IRF_Det
dk CEMP-labelled_cells_for_FRET_IRF_Detd
b ATTO488_FCS_Fitting. paras
k ATTO488_FCS5_Calibration. pgres

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

Status Messages:

header of the drop down menu E

Analysis

A Grouped FLIM analysis.
Select any collection of image

B Imaging
FLIM Multi Frame FLIM
AFLIM analysis. Select an A FLIM analysis of indradula
image TTTR file and press frames. Select an image
“Start’ TTTR file and press "Start’
[ Help | _ Slad
Grouped FLIM Anisotropy Image

Anintensity based anisotropy
image. Select a two channel

image. Select a two channel

TTTR files and press 'Starf. image TTTR file and press
"Start’,
|__Help | [ Stad || Help | . Start |
FRET Image Lifetime FRET Image
An intensity based FRET Alifetime based FRET

image. Select animage TTTR

based on time gates, Select
animage TTTR file and press
"Start'.

Bl Time Trace

K Al qriment

e Start the “Lifetime FRET Image” analysis by clicking on “Start”.

Lifetime FRET Image

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

image TTTR file and press file and press "Start.

“Stant’

[ Help_| [ Stad || Help | Stard |
Grouped LT FRET Image Pattern Matching

A Grouped Lifetime FRET ATCSPC patterm based

analysis. Select any collection || decomposition. Select an

of image TTTR files and press |[ image TTTR file and press

“Start’ "Start’,

| Help | [ Staf || Help | Start |

Fast Pattern Matching Position in Image
A pattern decompasition Mark the positions of

measured files in the overview
image.

_Heb 1 [ Siad || Heb | [ Sld |

Response: The “Lifetime FRET Image” analysis is applied to the file FRET _GFP.ptu and mRFP.ptu. Thereby,
a new Window opens:
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%2, SymPhoTime 64 (Configuration : ™) - [FRET Image - FRET_GFP_and_mRFP.ptu] S[=)p

82 File Edit View Settings Scripts Analysis Window Help 0@ x
) Samples'Opened  2019-05-11 171311 Efficiency Histogram
i Gy5_dif_IRF+FLCS-pattem.ptu FLIM Image
Ak Atiob55_dif_FLCS-pattern.ptu
AL AttoB5E+Cy5_diff FCS+FLCS ptu Events[Cnts] [+]®a Actie 0
AL AttoB55_dif 2FFCS ptu
s - | |
=] = !
: M [ ) e [ 55
4
Al Atto655_immo_On-Off-Analysis ptu Average |fs 1 0,
[ DaisyPollen_cells_FLIM.ptu — o
B GFP_RFP_cells_FLIM-FRET ptu 70
i Cy3+Cy5_difl PIE-FRET ptu 3
-[l TS-Bead_immo_xy-scan_Dual Focus. ptu [ Caleulate FRET o,
I TS Bead_immo_xz-scan ptu * (] Optimized Rainbow s
i [BA4BB+BAS47_unlinked_mix ptu K 8
i [BA488+547_crosslinked ptu 3|1 Smoothing s}
[ non-FRET sample.ptu »
[TIFRET GFP and mRFP.piu | saeDefuts | [ RestoreDefauts |
AL Atto488_485nm_pulsed ptu g
@ Guvs.ptu
L
Antibunching_several.ptu |» [ Autoscale Histogram |
[ CENP-labelled_calls_or_ FRET ptu | ¥ 0 20 20 0 0 00
i CENP-labelled_cells_for_FRET_IRF_Det|* E U
i CENP-labelled_cells_for_FRET_IRF_Detz| > FRET
- » ATTO488_FCS_Fitting. pares = o
Sttt o livieiolni ? Fiting Mol [Monoexp. Donor ]| relp | B apply Limits to A Gures Number of Photons 2233 Binding Histogram Distances.
» = = Min: 00 =
! Decay Overall Decay =] Lower Boundary Upper Boundary: K
ies Calculated IRF Remove Fit [*] O Lin. Intens_ Axis 0 Mac [ 1000 [
Model Parameters IRF for all ! Foeel (1,1) ® Log. Intens. Axis 0, smpl.Ps: [ 40 [
/M Calcuiated R
L ShowAll [ Export2s ASCIL || Export to Clipboard 104 /M Overall Dec 04
[Parameter Data Set (1) BE [ Normalize Decays
Ro 1.0000 =1 £ 10 N w02
lno[kCnts] Limits 0,000£0,000 {2+ 2 \.. OSErelEzrzE 5
Froins] [Limits 000020000 =] v 2 el M ) Show Active Dataset &
o K
AcakCnts] [ Limits 0,000£0,000 2 v £ ) TGSPC Cures Only 3
: 4 [Linits | 00000000 21| | 10 - A
B . . S ~
Status Messages Lelns] = ) Parameter Plot
[Bigroec|Crs] [Limits 0000£0000 v
Shit e [ns] [ Limits 0000£0000 2] v Correlation Plot
[Bhgrie[Cts] [ Limits 0000£0000 |2 v 3 04 Recalculats Histogram
&, 0,0]
[Binding 0,000 +0,000 = v =l Autoscale Histogram
D 2-04 0 20 40 60 10 Show All Events
Clear |(iiglEM | Ft || Ftar | 2= o000 0 —10 20 ,TD Distances []

The window contains five different regions:

1. Upper left: Imaging analysis options.

2. 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.

3. 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.

4. 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.

5. 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.

e Set the intensity scale from 0 - 4000 counts and the lifetime scale from 1 - 2.5 ns.
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FLIM Image

FLIM Image

| Event=[Cnts]

E| B Active
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¢ On top left, under Region of Interest, check “Use ROI” box and click on “ROI from Threshold”.

B Use RO Load ROls
ROI: | 0F  Mew Remove  |[_] Show Al

Response:

A large window with three sections will appear, where you can set a threshold for an image analysis visually.

4% Set Thresholds and press OK

Pixels selected: 65536/65536 (100%) Intensit

Intensity Histogram

Lifetime Histogram Faim—————————
Events[Cnts] [~]®a actne Min: 0.0 kents [ £ oY Min 26 g2
e | | o
i [=] [~ 7.2
oo [<]mons o9
o
104} 6,0
- = [=] .
E = 00
] Optimized Rainbow 5'2
] Smoothing 4.8
102 4.4
\ £ £ 49
' 5 5 4
» it &
> B o 3,8
v = °
g =102 =32
0 3 5 28
’ S S
bl 2.4
> 2,0
101 1.6
1,2]
0.8
0.4
100
0,38
Autoscale Histogram Autoscale Histogiam
4 Show All Events 0 ° 10 12 20 Show All Events:
Intensity [kCnts] Lifetime [ns]
oK Cancel Lower Threshold (Int) Upper Threshald (Int) Setto’ Lower Threshold (LT): Upper Threshold (LT). Setto
Note:
.

Left to right: Preview FLIM Image, Intensity Histogram and Lifetime Histogram. For any ROl you can set each of
these parameters individually. There are two ways to define the new threshold. You can use the edit-box at the
lower side to type the threshold and press enter to check the result or use cursor keys or mouse wheel to
increase/decrease the value. Another option is using the blue vertical bars on the sides of the intensity or

lifetime histograms; click and drag the bars to set the threshold.

¢ In this example set the lower intensity threshold to 500 counts.
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¢ Click “OK”

Intensity Histogram

104} 3 | 1 |

103}

1021

Oeceur. [10 3 Events)

101}

100+

0 1 ) 3 4 5
Intensity [kCnis]

Lower Threshold {Int): Upper Threshold (Int):

Response: In the image, only pixels with higher photon counts are highlighted. Adapt the intensity maximum
to see the highlighted pixels more clearly.
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¢ In the lifetime fitting panel, keep the default Fitting model “Mono-Exp. Donor”.
¢ Choose the corresponding ROl as Decay (in this case “ROI 0”).

Fitting Model: Monoexp. Donor T“[ Help
Decay: ROI 0 j|
IRF- | Import | Calculated IRF T||

Maodel Parameters:

¢ Click “Initial Fit” below the fitting parameter.

Response: The fit is performed to the ROI decay.

Fitting Model: | Monoexp. Donor IZ‘” Help l ¥ Apply Limits to All Curves Mumber of Photons: 21159063; Selected: 21157329 (100%)
Decay: | ROIO lZ“ Lower Boundary: | 0,08 ns I%I‘ Upper Boundary: 2494 ns I%‘I [ Reset Range
IRF: [ Import ” Calculated IRF lZ“ Fit [2]| @ fers. Avis
5E
Model Parameters: 10 Overall Deca ® Log. Intens. Axis
= 1 Fixel (1,1)
- ShowAl [ Export as ASCI l[ Export to Cl|pboard‘] 104k { B Calculated IR
Parameter |@ Data Set (3) pall Sl - R.OI 0 [ Normalize Decays
Ro 1,0000 L €403l M Fitted Curve
Ao[kCnts] oo | AT0+08 =1, © ® Show all Datasets
To[ns] -| 2,1870£0,0091 [ v % 102 (_) Show Active Dataset
j
Apalkcnts] [ Limits | 57.00:066 | v 2 P ——
Toa[ns] (Limits | 1130 £0,009 [ v 101 )
— = (_1 Parameter Plot

Bkgroec[Cnts] | Limits 104,00 £ 0,27 =ik
Shiftire[ns] | Limits | 0,00280 +0,00019 |2 » o ) Eror Correlation Plot
Bkorirr[Cnts] [ Limits | 10+ 50 = g
E 0,4811 +0,0023 g
Binding 0,5462 + 0,0068 :

p— bl !
| Clear |[mtiabfit|| Fit || Fiean | =] 1123 |

¢ In the Fitting panel, set the parameters t,, Bkgry.., Shift - and Bkgr - constant by removing the mark.
Set the background of the decay to 0.

Note: In order to reduce statistical fluctuations, as many parameters as possible need to be set constant. In this
model, it is assumed that the long lifetime is caused by unbound donor molecules, and therefore this lifetime is
labeled 1, and is considered constant, in contrast to the FRET-efficiency, which can vary in different regions,
unless you know from the biological setup that it will mainly be the same in all e.g. complexes. In a single pixel,
the background counts of the pixel are negligible, therefore it is valid to set this to 0 in this case. Don't press
“Initial Fit again”.
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FParameter Data Set (3) v

| [

Ro 1,0000 =
Ap[kCnts Limits 47.0£08 =
To[ns 21870 40,0091 |5
Apa[kCnts Limits 57,00 + 0,66 = v
Toalns] [Limits | 1130£0009 = v
Bkgroe<[Cnts] 0.00£027  |=
Shiftire [ns] 0,00280 + 0,00019 [
Bkgrire[Cts 10 + 50 -

E 0.4811 £ 0,0023

Binding 0,5462 + 0,0068 -

Y P

'1| *
Clear |[imiisbbit|| Fit || Fan | =] 1123] |

¢ Press “Calculate FRET” in the upper panel on the left.

Note: Depending on the screen resolution, one may have to use the scroll bar to access this button.

B Region of Interest

¥ Use RO | LoadROIs |
RO\ 0% MNew || Remove |[]ShowAl
[ ROI from threshold ]
Binning: 1 Pis % TCSPC Binming: | none E
Set Time Gate:

Select Data Channels:
1

Calculate FastFLIM Calculate FRET

| Save Result ]

| Save Defaults ] [ Restore Defaults l

Response:

¢ 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 (t,), while the
shorter lifetime (tp,) is varied. This lifetime is considered to be the donor lifetime with a FRET acceptor
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present. The FRET efficiency is calculated from this parameter.
e 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.
o 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.

B Region of Interest |IGIIEERY [FRET image Efficiency Histogram £{ FRET}———————
¥ Use ROI Load ROIs Life time FRET image 16 Min 0.0 %=
- Events[Cnts Acti
ROI | OFS] mew ][ Remove |T]Showa [BentslCats] [ -] Wace Max: 100,0 5]
14
ROI from threshold Smpl. Pts.: =
1 Min 1= [ Max 5966 |2
O =,
e
= =/ 7
£10
Biming. | 1Pts | 2] TCSPC Bining B - e
= v ki
Set Time Gate- " B Min 0-0% ¥ Max 100-0% @
_ : e o o <
E]
Select Data Channels: Y [] Smoothing 506
1 2] 30 4] : [e]
| CalculateFastFLM || Calculate FRET | . 04
h \
02
[ Save Defaults ] [ Restore Defaults l 0,0/ Autoscale Histogram
20 40 60 80 10 Show Al Events
Errer [%]
Fitting Model- |Mnnnew, Danor E‘H Help l [ Apply Limits to All Curves Number of Photons: 2233 Binding Histogram Binding—————————
Decay: Overall Decay E‘ Lower Boundary: = Upper Boundary: 065 Min 0.0 %lzl‘
IRF- [ Import | Calculated IRF [=][ Remowe Fit (=55 i, intens: Ass 0.60 Max: 100,0 %ll{_
! . ' . =]
Model Parameters: IRF for all w ‘\ Pixel (1,1) @ Log. Intens. Axis 055 Sl (s ﬂ
ROIO
. ShowAll || Export as ASCIl_|[ Export to Clipboard | 414 Caleulated R 050
Parameter | @[t set (1) vl=l \ I Overall Deca I Nommalize Decays F045
Ro 1.0000 [ £ 10 \ [ Fitted Curve € o
= o »
e 150202 = o q ® Show all Datasets i 06
tolns] 22480 £0.0014 | =] Z 102}] ! ) Show Active Dataset o U9
= g =0,30
Aca[kCnts] 6200014 2] £ (3 TCSPC Curves Only 5
Toajns] 11550 £0,0029 [ 101 - 302
e = ) Parameter Plot o
Bkgroec[Cnts] | Limits 0,00 + 0,55 =1 0,20
Shiftire[ns] [ Limits 0,0015+0,0003 [ 100 () Error Correlation Plot 015
Blgrirr[Crts] [ Limits 0.000£0000 |=] f;“ o404 | Recalsulate Histogam |
g Optimize View
= 0,4865 +0,0011 : 0,05 2
Binding “:-5]?? + ?““77 1y 0,00 o Autoscale Histogram
4 » S 0 20 40 60 80 101 Show All Events
| Crear |[imiiabiitl| Ft || Ftan | =] 1108] o Binding [%]

¢ 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 F

RET is very low.

FLIM Image Q==L

Ewents[Cnts]

Life time FRET image

E B Active

[ Min

145 [Max |  5966}%

Binding|%:)

E H Actrve

100 pm

b
* B Min
N .

: [ Smoothing

k

e Press “Save Result” to save the current analysis.

0.0} MMax |

: [] Optimized Rainbow

mu.u[%_
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[ Save Result l

[ Save Defaults l [ Restore Defaults l

Response: A result file is generated and linked to the raw data file.

EI I FRET_GFP_and_mRFP _ptu
[N PatternMatching_Patterns from DDM.
B PatternMatching_non-FRET pattemn fr
.l PatternMatching_Patterns from Imags
----- [ PatternMatching_with_Background.pe
- » Pat_FRET_GFP and mRFP _pgres
C FRET_GFP and mRFP pco
[ FLIM FRET GFP_and mRFP_pgres
» Pat FRET GFP_and mRFP pgres
- » TCSPC_Decay pgres
i1 FRET_GFP_and mRFP pck
B N\ T-FRET 2 pgres

¢ 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.

1)

Sample courtesy of S. Ahmed, T. Sudhaharan, Institute of Medical Biology, Singapore
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