PicoQuanNnT

FLIM-FRET Calculation for Multi 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 average FRET efficiency in an image containing several cells transfected with
Cerulean/YFP-constructs. To calculate the average FRET-efficiency, first the donor only lifetime is determined
using cells that have only been transfected with the donor construct by performing a ROI-fit with the FLIM-
analysis. The amplitude weighted average donor lifetime is used to calculate the average FRET-efficiency using
the “Lifetime FRET Image” analysis.

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 more exponential decay kinetic, the amplitude weighted average lifetime has to be used
to calculate the average FRET efficiency. The script usage is demonstrated on an image of several cells which
have been transfected with CENP-B-Cerulean and YFP-CENP-A. Cerulean is a CFP variant an frequently used as a
FRET donor. The CENP-complex consists on several proteins and is involved in mitosis. For further details on the
sample, see S. Orthaus et al., Chembiochem. 2008, 9, 77-92, and the PicoQuant application note
http://www.picoquant.com/images/uploads/page/ files/7267/appnote_flim_fret.pdf. The example image used is
an image showing four cells, two of them only transfected with the CENP-B-Cerulean complex, the other two
transfected with both constructs. Therefore, the same image can be used to determine the donor only lifetime
and also to perform the pixel-by-pixel fit to calculate the FRET efficiency.

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 FLIM analysis

¢ Start SymPhoTime 64 software.
¢ 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 CD-ROM-drive and contains example
data to show the function of the SymPhoTime data analysis. If you haven't installed it on your computer, copy it
from the 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.
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¢ Highlight the file CENP-labelled

¢ Select the “Analysis” tab and in there, open the drop down menu “Imaging”.

b

dLh CwS_diff_IRF+FLCS-pattern.ptu
uLh Attog55_diff_FLCS-pattern.ptu
uLh Attof55+Cyo_diff_FCS+FLCS.ptu
uLh AttoS55_diff_2ZFFCS.ptu

uLh Attod88_diff_cw_total correlatio
uLh Attod48d_diff_pulsed_antibunchin
. Cy5_immo_FLIM+Pokmaging.ptu
uLh CwS_immo_Lifetime_Trace.ptu
uLh Attod55_immo_0n-0ff-Analysis.|
. DaisyPollen_cells_FLIM.ptu
. GFP_RFP_cells_FLIM-FRET.ptu
uJ..h Cw3+Cy5_diff_PIE-FRET.ptu

i . TS-Bead_immo_xy-scan_Dual Fo
t . TS-Bead_immo_xz-scan.ptu
uLh |BA458+IBAS4T_unlinked_mix. ptu
-l [BA488+547_crosslinked.ptu
G-l Atto488_485nm_pulsed.ptu
&l Guvs.ptu

uLh MWv-Center_for_Antibunching_1.p
uLh MWv-Center_for_Antibunching_2.p
uLh MWv-Center_for_Antibunching_se
. CEMP-labelled_cellz_for_FRET.pt
----- Al CEMNP-labelled_cells_for_FRET_IR
----- Al CEMNP-labelled_cells_for_FRET_IR

------ M FRET_GFP and mRFP.ptu

_cells for FRET.ptu by a single mouse click.

- Samples

.I.|J.I.|.l CyS_diff_IRF+FLCS-pattern.ptu
.I.|J.I.|.l Atto555_diff_FLCS-pattern.ptu
uLh Attogs5+Cya_diff_FCS+FLCS.ptu
uLh Atto855_diff_2FFCS.ptu

.I.|J.I.|.l Attod28_diff_cw_total_correlatio
.I.|J.I.|.l Attodad_diff_pulsed_antibunchin
. Cy5_immo_FLIM+Po-maging. ptu
.I.|J.I.|.l CyS_immo_Lifetime_Trace.ptu
.I.|J.I.|.l AttogSs5_immo_0n-0ff-Anahysis.|
. DaisyPollen_cells_FLIM. ptu
. GFP_RFP_cells_FLIM-FRET.ptu
J-'J-'Jl Cy3+Cy5_diff_PIE-FRET .ptu
. T5-Bead_immo_xy-scan_Dual Fo
. T5-Bead_immo_xz-scan.ptu
.I.|J.I.|.l |BA4E8+IBAS4T_unlinked_mix. ptu
-l IBA483+547_crosslinked. ptu
-l Atto488_485nm_pulsed.ptu
&l GuVs.ptu

.I.|J.I.|.l MW-Center_for_Antibunching_1.p
.I.|J.I.|.l MW-Center_for_Antibunching_2.p
.I.|J.I.|.l MvW-Center_for_Antibunching_se
. CENP-labelled_cells_for_FRET.pt
----- Ll CEMP-labelled_cells_for_FRET_IR
----- Ll CEMP-labelled_cells_for_FRET_IR

------ [ FRET_GFP and mRFP.ptu
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=~ Samples
dLh Cy5 diff_IRF+FLCS-pattern.ptu
uLh Attos55_diff_FLCS-pattern.ptu
uLh AttoBs55+Cy5_diff_FCS+FLCS. ptu
uLh AttoS55_diff_2FFCS.ptu
uLh Attod38_diff_cw_total _correlatio
uLh Attod38_diff_pulsed_antibunchin
. Cy5_immo_FLIM+Polmaging. ptu
E-allh CyS_immo_Lifetime_Trace ptu
uLh AttosS5_immo_On-0ff-Anahysis.|
[l DaisyPolien_cells_FLIM.ptu
. GFP_RFP_cells_FLIM-FRET.ptu
G-l Cy3+Cy5_diff PE-FRET.ptu
. TS-Bead_immo_xy-scan_Dual Fo
. T5-Bead_immo_xz-scan.ptu
uLh |BA4E3+IBAS4T_unlinked_mix.ptu
G-l |BA4BE+547_crosslinked.ptu
G-l Attod4B8_485nm_pulsed phu
&l Guvs.ptu
uLh MW-Center_for_Antibunching_1.p
uLh MW-Center_for_Antibunching_2.p
uLh MW-Center_for_Antibunching_se

8 cene-

Note:

labelled_cellz_for_FRET.pt

A Grouped FLIM analysis.
Select any collection of
image TTTR fies and press
‘Start.

FLIM Multi Frame FLIM
AFLIM analyzis. Select an AFLIM analyzis of individula
image TTTR file and press frames. Select an image
‘Start’. TTTR file and press "Start’.
[ Help  [[ Stat || Help  [[ Staff |
Grouped FLIM Anisotropy Image

An intensity based
anisotropy image. Selecta
two channel image TTTR file
and press "Start”.

[ Help || Start

Help  [[  Start |

FRET Image

An intensity based FRET
image. Select a two channel

Lifetime FRET Image

A lifetime based FRET image.
Select an image TTTR file

image TTTR file and press and press "Start”.
‘Start'.
| Help | Start I Help | Start |

Pattern Matching

ATCSPC pattern based
decomposition. Select an

Position in Image

Mark the positions of
measured fies in the

image TTTR file and press overview image.
"Start'.
[ Help  [[ Statt ||| Help  [[ Staft |

B Time Trace

B TcsPC

B Fcs
B Grouped Analysis

Bl alignment

Bl Uszer Defined Soripts

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: E

¢ Start the FLIM script by clicking on “Start”.

Response:

FLIM

AFLIM analyzis. Select an
image TTTR file and press
"Start’.

The FLIM script is applied to the file CENP-labelled cells for FRET.ptu. Thereby, a new Window opens:

© PicoQuant GmbH

3/27


https://www.tcspc.org/lib/exe/detail.php/howto:grey_button.png?id=howto%3Aflim_fret_calculation_for_multi_exponential_donors
https://www.tcspc.org/lib/exe/detail.php/howto:flim-fret-multiexpd_analysis_flim.png?id=howto%3Aflim_fret_calculation_for_multi_exponential_donors

B Region of Interest CENP-labelled_cells_for_FRETptu Channels: 123 () Gray @ Rainbow () RGB Lifetime Histogram
[onsions [ ace

Binning{ 1 Ps 5] TCSPC Binningnone [~

Set Time Gate:

Coin [ e _iofst| 02
o [-Wawe |

= =
4 Min ulﬁ ¥ Max -3.5
[ caloulats Fastrum || FLIM Fit J P e [ Optimized Rainbow

[ saeDefauts | [ RestoreDefauts |

Select Data Channels:
TE

2@

3@

40

o
w
>

B p———

Occur. [10 & Events]

=}
o
=]

|
0,08 =
l \ Recalculate Histogram
o0
__Autosca\s Histogram
non g
4 10 12 Show All Events
Parameter Profies | Lifetime [ns]
Fitting Model. \H-Exwﬂﬂsnha\ Tailfit EH Help ] [ Apply Limits to All Curves Number of Photons: 11420077; Selected: 9190187 (80%)
Decay Lower Boundary[ 68 < 21 Upper Boundary 520 [2] | ossee |
IRF: [ Import | Calculated IRF [=]| Remowe Fit ) Lin. Intens. Axis
Model Parameters:n IRF for all o Calculated IRF|| @ Log. Intens. Axis
. M Overall Decay
. ShowAll || Export as ASCIl || Export to Clipboard | 10 Pieel (1,1)
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.

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 times 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 Lifetime Histogram. Here the frequency of photon counts corresponding to the
individual mean lifetimes is plotted. The settings of the plot can be adapted using the controls on the right of
the plot.

Lower left: Lifetime fitting parameters. Here lifetime fitting models can be defined. Fitting is then applied to
the lifetime graph(s) in the TCSPC histogram.

Lower center/left: By default, this set shows the 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.

¢ As data channels, check only Channel 2, as in this channel the donor emission has been recorded.

Binning’ 1pts 2] TCSPC Binning none B

Set Time Gate:

Select Data Channels:
1] 2- ¥ 3] 4:1]

Calculate FastFLIM FLIM Fit
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¢ Press “Calculate Fast FLIM” to update the image.

Response:
The image and the graphs are recalculated, using photons only from channel 2.

(]

¢ To enhance the lifetime and intensity contrast, set in the image the intensity from 1 count to 30 counts
and the lifetime from 0 to 5 ns.

Response:
The image scales are adapted.

Note:
Now four cells are visible, the two nuclei on the left have longer Fast lifetimes then the other two. These are the
cells transfected only with the donor constructs.

CEMNP-labelied_cells_for_FRET ptu Channels: 2 Gray @ Ranbow RGB

Events[Cnis) = W Actren

T 2| |

Wi 1] mMax 7

Fast Lilstime{ns] = W Acine

= —=m

* Nl Mn 0.0p= I Max 50
v

Ontirered Rainbow

Smothing

¢ Keep the mouse pointer over the image and open the context menu by a right mouse click. Select the
“Free ROI"” tool.
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CENP-labelled_cells_for_FRET.ptu Channels: 2

Rescale
Zoom out

Zoom in

Zoom
Move
Paint ROI
Free ROI

Rectangle ROI
Ellipse ROI
Magic Wand ROl

Select All as ROI
Invert ROIL

Show ScaleBar

Show Data Reader

Export 3

Show Source Code ...

Note:
For more information about the different ROI selection tools, check the tutorial ROI fitting using the FLIM script.

¢ Draw an ROI around one of the left cells by maintaining the left mouse button activated while circling the
selected part of the image. Then release the left mouse button, press “Shift” continuously and cycle the
other left nucleus. This way, the donor only cells are marked as ROI 0.

Response:

¢ Only the selected area is now shown in color.

CENP-abeled_cels_for FRETplu Channals: 2 Gray i Rainbow RGE

Events|Crts = [l Active

Min 112 W Max ) B
Fast Lifetsma[ns) = |l Active
N .
* |l Min 0.0f=d I Max X £

I's C
Oiplamized Rarbow

*
¥
L
¥
H Smoothing
¥
¥
¥
¥

¢ In the TCSPC window, the photons from ROI 0 are added in grey.
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Fit [liumber of Photons: 5534002, Selected: 470059 [T9%))

107

Irendity | Gt

kot jaiale )

& 04

Tirsa [s]

¢ In the decay form on the lower left, select n-exponential reconvolution as fitting model.

Fitting Mode!: |ETREIRCTTNNNNNIS]|  Help

n-Exponential Tailfit

Decay:

n-Exponential Reconvolution

|RFZ| Import rapidRecomolution ] Remove

Model Parameters: n 1 %

Response:

¢ In the TCSPC window, the IRF is displayed in bright red, the data fitting limits are moved to the border of
the TCSPC window.
¢ The new fitting parameters “Shift IRF” and “Bkgr IRF” (=background IRF) appear in the fitting parameter

table.

Fitting Model |n-Exponential Recomolution [+ [ Help ] @ Apply Limits to All Curves Number of Photons: 531257, Selected: 531190 (100%)
Decay: Lower Boundary:|  0.16ns [£]  Upper Boundary: 4982ns [£] | ResetRangs |
IRF: | import |[Calculated IRF =] Remove -,
Model P n 1 IRF for all W Calculated Ri
[ ShowAll || Export as ASCIl || Export to Clipboard | 10 \\ - S.iiﬁ'l [i;:cay
Parameter [@]overal Decay |- H ROI0
A+ [kCnts] 000020000 [2lv| | E " N""m&.“h
T4 [ns] [Limits | to0zo000 =] | &
Bkgroe=[Cnts] [ Limits 0.000£0,000 [=] v =

2
Shifteens] [ Limits 000050000 5 v| | £ 401 Ly )
Bkgrire[Cnts] [ Limits 000040000 2« -
11 [KCnts) 0,000 + 0,000
Isum [KCnts] 0,000 + 0,000 100
[Asum[kCnts] 0,000 + 0,000 z 04
tavinifns] 0,000 £ 0,000 9

3 00
Tavamo[ns] 0,000 +0.000 E

0000 + 0000 | o
« . S @04
= 4 12 16 20 24 28 32 36 40 44 48

| clear |[mitiabfitl| Fi |[ Fican | x2=[  o000] 8

Note:

The software offers the possibility to fit the data using a n-exponential tailfit, a n-exponential reconvolution fit or
a rapid reconvolution fit. A tailfit can be used when the fitted lifetimes are significantly longer than the
instrument response function. Still a reconvolution fit is usually preferable, especially for FRET determinations,
because the complete decay is fitted, while for a tailfit, the start of the fitting range is usually a bit arbitrary,
and the short component can be underestimated. The rapid reconvolution model is used for systems with rapid
reconvolution electronics (e.g. hybrid PMA-detector + MultiHarp photon counting board), where the peak count
rates have been significantly higher than the pile up limit, or in cases, where the repetition rate has been too
high to fit the decay completely into the TCSPC-window, e.g. 2PE excitation with 80MHz and dyes with a lifetime
above ~3ns. For explanation on the fitting model and the used equations, click on the “Help” button next to the
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selected model. This opens a help window containing the fitting equation and the explanation of the different
parameters.

¢ Under “Decay” select “ROI 0".

Response:
The TCSPC curve of ROI 0 is highlighted in green.

Fitting Model: \n—EXpMEHUE‘ Reconvolution E‘H Help ] ¥ Apply Limits to All Curves Number of Photons: 245344; Selected: 245320 (100%)
Decay: ROI 0 Lower Boundary: = Upper Boundary. 49.82 ns '%{ [ Reset Range ]
IRF: | Import | Calculated IRF [=][ Remowe Fit B
Model P n 1= | RFforal e
Overall Deca
ﬁ[ Export as ASCIl || Export to Clipboard | 10 'I ~ Pixel (1,1)
Parameter [@[roro vt \\ = RoLO
A [kCnts] 0.000£0000 [= v z 10
[t1[ns] [Limits | vomwso00 2| | 2 !
Blkgroeo[Crs] [ Limits 0000£0000 |5 v =
— 2
Shiftiee[ns] | Limits 0000£0000 |5 v 2 401
Bkgrire[Cnts] [ Limits 0000+0000 [ v -
I1[kCnts] 0,000 0,000
Isum[kCns] 0,000 + 0,000 100
|Asum(KCnts] 0,000 0,000 s 04
T avincns] 0,000 + 0,000 g
3 00
[t Avams[ns] 0,000 0,000 ~
- | L
- n.000 -+ 0 00N =
1 » 2-04

4 12 16 20 24 28 32 36 40 44 48 2

[ Clear |[initiabfinl[ Fi || Firan | xz=[

=
=
2
2

¢ At the IRF, click on the “Import” button.

Fitting Model: n-Exponential Reconvolution E| Help |

I |

RF: i| Calculated IRF [«]| remove
Model Parameters: n E

Response:
A window opens, where the file containing the IRF can be selected.

¢ Select the file CENP-labelled cells for FRET IRF Det2.ptuand press “OK".

Note:

This file contains a measured instrument response function (IRF) of detector 2. The best way to measure an
instrument response function is measuring a dye that is highly quenched in a saturated solution of KI. See e.g.
Szabelski et al., Appl. Spectrosc. 2009, 63, 363-368.
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%% Import IRF...

[P

B- } Samples

&l cuvs.ptu

uLh Cy5 diff_IRF+FLCS-pattern.ptu
uLh Attos55_diff_FLCS-pattern.ptu
uLh AttoS55+CyS_ diff_FCS+FLCS. ptu
uLh AttoS55_diff_2FFCS.ptu

uLh Atto4228_diff_cw_total_correlation.ptu
uLh Atto422_diff_pulzed_antibunching. ptu
. Cy5_immeo_FLIM+Polmaging. ptu
uLh Cy5_immo_Lifetime_Trace.ptu

uLh Attos55_immeo_On-0Off-Analyzis.ptu
i-[ll DaizsyPolien_cells FLIM ptu

; . GFP_RFP_cells_FLIM-FRET.ptu
uLh Cy3+Cy5_diff PIE-FRET.ptu

. TS-Bead_immo_xy-scan_Dual Focus. ptu
. TS-Bead_immo_xz-scan.ptu

uLh BA4LEE+IBASAT _unlinked_mi:. ptu
[l IBA488+547_crosslinked. ptu

[l Atto428_485nm_pulzed. ptu

uLh NW-Center_for_Antibunching_1.ptu

uLh NW-Center_for_Antibunching_2. ptu

uLh NW-Center_for_Antibunching_several ptu
o[l CENP-abelled_celle_for_FRET ptu

----- Ll CENP-labelled_cells_for_FRET_IRF_Det1.ptu
----- MR CENP-labelled_cells_for FRET_IRF_Det? ptu

------ [ FRET_GFP and mRFP.ptu

o | [

Response:

The decay of the imported IRF is shown in grey in the TCSPC window.

¢ Activate the imported IRF by selecting the IRF file in the IRF drop down menu.

Fitting Model:

Decay:

| n-Exponential Reconvolution

|RDII]

=]

|E|| Help |

Model Parameters:

Response:
The imported IRF is highlighted in red.

Fitting Model [n-Exponential Recomvolution [ <] Help l.AppIyL\m\tsloAH Curves

Calculated IRF

E\p-abele colo_orFRELRP_Det2

CEMP-labelled_cellz_for_FRET_IRF_DetZ.p

MNumber of Photons: 245344, Selected: 245320 (100%)

IRF: — || Calculated IRF j Remove |

Decay: ROI0 -] LowerBoundary:|  0.16ns |2 Upper Boundary: 4982ns [ 2] | ResetRange |
IRF: CENP-labelled_cells_for_FRET]Rd)] it
Lz i ‘ T [Referal | Calculated RF
10 g M CENP-labelled_cells_for_FRET_IRF_Det2.ptt
| Export as ASCIl || Export to Clipboard | — e

[Parameter [&lroro v|= \\- pixel (1,1)
A+ [KCnts] 0000:0000 = | | B o | RoI O
[t [ns] [(Limits ] oooo:00m0 [ | | 2
Bicgro=o[Cnts] [ Limits pooozoon = | | £

2
Shiftire[ns] Limits 0,000+0,000 5 v E 101
[Bicar e [Cnts] [Limits 00000000 [2] v
I+ fiecnts] 0,000 + 0,000
sumikcnts) 0,000 + 0,000 100
A sum[kCnts] 0,000 + 0,000 2 0
[tavintins] 0,000 £ 0,000 3

®, 0,0
tavampns] 0,000 + 0,000 2

Tl =
“ . 0.0nn -+ 0 non 8 m_0'4
4 12 16 20 24 28 32 36 40 44 48

| Clear |[iniabfi|| Fit || Ftan | x2=[ o000 | ’TJ
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¢ As model parameters, select n="2".

Fitting Model: | n-Exponential Reconvolution Z[ Help ]
Decay: ROI 0 L“
IRF: | Import | C

Model Parameters:n

Export as ASCI|
Parameter @lﬂm 0 vl
A1[kCnts] | Limits_ - 00000000 [ v
AzikCnts] [ Limits 0,000+ 0,000 21 v
T1[ns 0000£0000 51v
T2[ns] 0000£0000 v
Bkgroec[Cnts] 0,000+0,000 |2 v
Shiftirens] | Limits 00000000 [ v
Bkgrire[Cnts] | Limits 0.000+0,000 v
|1 [kCnts] 0,000 + 0,000
|2 [kCnts] 0.000 + 0,000
| sum[kCnts] 0,000 + 0,000

A TCnte] N NON + 0 NN M
1 | 3
UnitiabFil | Fit || Fitan | x2= 0,000

Note:
In this case, the decay is double exponential. As it is not the scope of the tutorial to explain standard lifetime

fitting (see the tutorial “ROI fitting using the FLIM script”), we skip the steps of finding the correct fitting model
here.

¢ Click on “Initial Fit".

Response:The fit is calculated.

Fitting Model: [n-Exponential Recomolution [+ Help ] & Apply Limits to All Curves Number of Photons: 245344; Selected: 245320 (100%)

Decay: Lower Boundary: = Upper Boundary: 49.82 ns I%{ [ Reset Range ]

IRF: [ Impart | CENP-abelled_cells_for FRET[+]| Remove ] Eit

Model P n ‘ 2= | RFforal | ST

S | Evpor 002501 | BxporioCipboara | 10 e - SSNNabe\\ed_ce\ls_fnr_FRFr IRF_Det2.pt
erall Decay

Parameter @lroi0 v \\ Pixel (1,1)

At [KCnts] 06480016 |2 v ¥z 10 \ s m Ro10

Az [kCnts] 08020025 |2 v S, M Fitted Curve

t1[ns] [Limits | 1590£0028 || v Z \

t2[ns] [ Limits ) 353040029 [=] v E 101 b |

Bkgroec[Cnts] | Limits 1,50 £0,12 P v

Shift irF [ns] Limits -0,2236+0,0011 24 v

Bigrire[Cnts] [ Limits 03670023 |2 v 100

|+ [kCrts] 65,0+33 g “ [ Residuals

I2[KCnts) 177,038 2 9 Local X2 = 0,985!

Isum[KCns] 241,00+ 045 i

Pl 114500+ 00031 v = % s L L L L L ! L L I I I I

0 4 8 12 16 20 24 28 32 36 40 44 48

| Clear |[imiiabiib|[ Fit || Fiean | x2=|

=)
o
2
&

* The software calculates the amplitude weighted average lifetime T,, an, Of 2.66. This is the result of the
average donor lifetime in absence of FRET.

Note:
The fitted lifetime can slightly differ depending on the ROI drawn. It is important to use the amplitude weighted
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average lifetime. While the intensity weighted average lifetime corresponds to the real average arrival time of
the photons and is therefore also close to the Fast lifetime in case of low background noise, the amplitude
weighted average lifetime reflects the quenching of the donor due to the FRET process and therefore the total
drop of intensity. To see the definitions of both averages, click on the “Help” button next to the fitting model.

¢ Save the result by clicking on “Save Result”.

Binning: Pts [=4 TCSPC Binning none
Set Time Gate:

Select Data Channels

] Calculate FastFUM H FLIM Flt ]

Response:
A result file (FLIM. pgres) is stored under the raw data file (CENP-labelled cells for FRET.ptu).
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S } Samples"Opened  2019-05-11 17:13:1
: -~ Cy5_diff IRF+FLCS-pattern.ptu

-l Atto655_diff FLCS-pattern.ptu

il AttoB55+Cy5_diff FCS+FLCS. ptu
~ll Atto655_diff 2FFCS ptu

-l Atto488 diff cw_total_correlation.ptu
-l Cy5_immo_FLIM+Pol-imaging.ptu
~ullh Cy5_immo_Lifetime_Trace.ptu

-l Atto655_immo_On-Off-Analysis.ptu
[l DaisyPollen_cells_FLIM.ptu

-l GFP_RFP_cells_FLIM-FRET ptu
.l Cy3+Cy5_diff PIE-FRET ptu

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

-l |BA488+IBA547 unlinked mix.ptu
-k |BA488+547 crosslinked.ptu

. non-FRET sample_ptu

m- [l FRET GFP_and_mRFP ptu

-l Atto488_485nm_pulsed.ptu

-- B Guvs.ptu

-l NV-Center_for_Antibunching_1.ptu
-4l NV-Center_for_Antibunching_2.ptu
-l NV-Center for_Antibunching_several.
w- [l CENP-labelled _cells_for FRET ptu
-- Ak CENP-labelled_cells_for FRET_IRF_
-l CENP-labelled_cells_for_FRET_IRF_
- » ATTO488_FCS_Fitting.pgres

... » ATTO488 FCS_Calibration pgres

B G pares

¢ Now the first part is finished and the FLIM window should be closed.

Calculate the FRET efficiency image using the FLIM-FRET script

¢ Highlight the file CENP-labelled cells for FRET.ptu again by a single mouse click.
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¢ Select the “Analysis” tab and in there, open the drop down menu “Imaging”.

= Samples

uLh CyS_diff_IRF+FLCS-pattern.ptu
uLh Attos55_diff_FLCS-pattern.ptu
dLlL Attoga5+Cya_diff_FCS+FLCS.ptu
uLh Attog55_diff_2FFCS.ptu

uLh Attod28_diff_cw_total_correlatio
uLh Attoddd_diff_pulsed_antibunchin
. Cy3_immo_FLIM+Po-maging. ptu
uLh CyS_immo_Lifetime_Trace.ptu
uLh Attog35_immo_On-0ff-Anahysis.|
. CaisyPollen_cells_FLIM. ptu
. GFP_RFP_cells_FLIM-FRET.ptu
dLlL Cy3+Cy3_diff_PIE-FRET.ptu
. TS-Bead_immo_xy-scan_Dual Fo
. TS-Bead_immo_xz-scan.ptu
uLh |BA4E8+IBAS4T_unlinked_mix. ptu
-l IBA483+547_crosslinked. ptu
-l Atto488_485nm_pulsed.ptu
&l GuVs.ptu

[-ull NV-Center_for_Antibunching_1.p
uLh MW-Center_for_Antibunching_2.p
uLh MvW-Center_for_Antibunching_se
. CENP-labelled_cells_for_FRET.pt
----- Ll CEMP-labelled_cells_for_FRET_IR
----- Ll CEMP-labelled_cells_for_FRET_IR

------ [ FRET_GFP and mRFP.ptu

© PicoQuant GmbH
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B- } Samples

dLh Cy5 diff_IRF+FLCS-pattern.ptu
uLh Attos55_diff_FLCS-pattern.ptu
uLh AttoBs55+Cy5_diff_FCS+FLCS. ptu
uLh AttoS55_diff_2FFCS.ptu

uLh Attod38_diff_cw_total _correlatio
uLh Attod38_diff_pulsed_antibunchin
. Cy5_immo_FLIM+Polmaging. ptu
E-allh CyS_immo_Lifetime_Trace ptu
uLh AttosS5_immo_On-0ff-Anahysis.|
[l DaisyPolien_cells_FLIM.ptu
. GFP_RFP_cells_FLIM-FRET.ptu
G-l Cy3+Cy5_diff PE-FRET.ptu
. TS-Bead_immo_xy-scan_Dual Fo
. T5-Bead_immo_xz-scan.ptu
uLh |BA4E3+IBAS4T_unlinked_mix.ptu
G-l |BA4BE+547_crosslinked.ptu
G-l Attod4B8_485nm_pulsed phu
&l Guvs.ptu

uLh MW-Center_for_Antibunching_1.p
uLh MW-Center_for_Antibunching_2.p
uLh MW-Center_for_Antibunching_se

- [

labelled_cellz_for_FRET.pt

A Grouped FLIM analysis.
Select any collection of
image TTTR fies and press
‘Start.

FLIM Multi Frame FLIM
AFLIM analyzis. Select an AFLIM analyzis of individula
image TTTR file and press frames. Select an image
‘Start’. TTTR file and press "Start’.
[ Help  [[ Stat || Help [[  Start
Grouped FLIM Anisotropy Image

An intensity based
anisotropy image. Selecta
two channel image TTTR file
and press "Start”.

[ Help || Start

Help  |[  Start

FRET Image

An intensity based FRET
image. Select a two channel

Lifetime FRET Image

A lifetime based FRET image.
Select an image TTTR file

image TTTR file and press and press "Start”.
‘Start'.
| Help | Start I Help | Start

Pattern Matching

ATCSPC pattern based
decomposition. Select an

Position in Image
Mark the positions of
measured files in the

image TTTR file and press overview image.
"Start'.
[ Help  [[ Statt ||| Help  [[  Start

B Time Trace

B TcsPC

M rcs

B Grouped Analysis

Bl alignment

Bl Uszer Defined Soripts

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

Response:

Lifetime FRET Image

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

The “Lifetime FRET Image” script is applied to the file CENP-labelled cells for FRET.ptu. Thereby, a

new Window opens:
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B Region of Interest

Efficiency Histogram

I
Binning: 1Pts l% TCSPC Binning: | none [-]

Set Time Gate:

Events[Crts] M Active 08

¥4 Min IMax 14z[E] 08
Average lfe time[ns] [~ ] ®a Active 0.4

YEMin [ 27212 Emax [ 36l £
, ELTImEE

[] Optimized Rainbow

Select Data Channels
] 2@ i@ 4]

| calcumteFastFLM || calculate FRET |
Save Result

| seweDefauks | [ Restore Defouts |

s]
o
o

[] Smoothing

b
»
b
»
b
»
b
»

) 20 40 60 80 10C

Eerer [l

Fitting Model: | Manoexp. Danor [ Helo | B Appy Limits to Al Cunves Number of Photons: 11420032; Selected: 11419161 (100%) Binding Histogram Distances.

Decay Overall Decay Lower Boundary = Upper Boundary: \ 4981ns %{ [ Reset Range Min: 0,0 Iﬁ‘

RF- [ import|[Calculated IRF ][ Remove Fit ) Lin. Intens._Axis 0.8 Max:

Mods! Paramsters RF for all H Pl (1_11 ® Log. Intens. Axis 06 Smpl. Pts. 0 =
I Caiculated IRF] ’

o ShowAll| [ Export as ASCIl || Export to Clipboard | 104 e
- Y 04
Parameter @Da{s Set (1) v [INormalize Decays 4
Ro 1,0000 N
\ @ Show all Datassts
) Show Active Dataset

Ap[kCnts] 0,000 2 0,000 ;
ponlkCnts] J.00+00% W () TCSPC Cunves Only
Toajns] (Limits ) 0,000 2 0,000 101 PPl o,
Bhgroes|Cnts] [ Limits 0,000 0,000 J
Shiftire[ns Limits 0,000 + 0,000 ) Error Correlation Plot -0,
= Limit 0,000 0,000 0
Bkgrize[Cnts] [ Limits I I = o8
E 0,000 0,000 2 -0, Recalculate Histogram
2
(%] 0,000 0,000 “ ;
|Bindinge: 921 0.000 + 0.000 v §-04 Autoscale Histogram

tofns] [Limits | 0,000 £ 0,000

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 times 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
yet, 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 also
still empty. As this diagram can only be calculated if the FRET donor dye has single exponential decay kinetics,
changing the fitting model results in an exchange of this graph to a FRET distance histogram.

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 images TCSPC histogram. On the left of
this graph, the fitting model and parameter controls are displayed.

o

Intensity [ Crits]
=

slslsls]s]s]s

e Select only channel 2 as active channel.
¢ As the photon number/pixel is quite low in this image, select a Pixel Binning of 4 points.
¢ Press “Calculate FastFLIM" to update the image.

Binning: 4 Pts % TCSPC Binning: | none

K

Set Time Gate:

Select Data Channels:
1] 2-¥ 3] 4:[1]

S | Coicuiste FRET
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Response:

The pixel binning is applied to the image and the image is recalculated, using only photons from detector
channel 2.

Events|Cnis) » [l Actrm

[ R 0= L ) =

Fasi Lifstima|ns] = W Actsa

I

.

2l Max 3 E26

e 2T

Oiptimized Rambow

Smoothing

¢ Set the intensity scale from 0 counts - 200 counts and the lifetime scale from 0 to 5 ns.

FLIM Image
Evenia{Cms) = [l Actres

B

a0 0= I Max 0[5

Fasi Lifetime|ns| = [l Acire

- e :l-

Wwn | 00005 EMax | 5o000fS

Oijtaivugaed Flinii By

Srmoothing

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

B Use ROI : Load ROls
ROl | EI:: MNaw Remove (] Show All

Response:
A large window with three sections will appear, where you can set a threshold for an image analysis visually.
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I %Z et Thresholds and press OK DDD'
Pixels selected: 16256/16256 (100%)

Intensity Hi: TS Lifetime Hi T
Crr—T - [ vl st
= 140 ax
Clwin D max Sp.Pts. 130 Semp. Pts
Fesirrs (<]
120
T 109
- N 110
Ciin [ 625t Cwax [ 43538]]
[Wa Rt 100
[] Smoothing 0|
| T 102 7 80
2 2
‘ 5 £
; & g
K g i
‘ > 5
: 2 2 60
‘ < =
U 8 8 50
» (e} (e}
: 1o 40|
30|

20]
10|

100
0|

Recalculate Histogram

Recalculate Histogram

[ Auoscae Histogram |y [ Auoscale tistogam |
0,0 02 04 06 0,8 1,0 12 0 10 20 30 40
Intensity [kCnis] Lifetime [ns]
oK Cancel Lower Threshold (Int) Upper Threshold (Int) @ Lower Threshold (LT): Upper Threshold (LT) @

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 100 counts.
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Intensity Histogram

4 E
1034t 1
- -
. L
2 E
- -
2 E
4
— 102}
/] E
5
- +
L
” E
=
= !
3
o 4
O
-
101} 1
-
E
E
E
E
L
100} :

00 02 04 06 08 1,0
ity [kCnts]

Lower Threshold {Int): 100 Cnts Upper Threshaold (Int):

e Click “OK”

Response: In the image, only pixels with higher photon counts are highlighted. (eventually adapt the intensity
maximum to see the highlighted pixels more clearly).
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FLIM image

entsCnis) = [ Actne

| LR OF= W Max 200}

Fasi Lilstimajns| = [ Actre

e | 0000 B Max 5 000 j=-

Oiptirmuzed Riasnbow

Smoothmng

FLIM Image

FLIM Image
| Events[Cnts]

E| B Active

L
Min of2] i max 2002
Fast Lifetime{ns] |+ ¥ Active

& vin 0,000 [ max 5,000 2]

¢ For the analysis, only the spots within the nuclei of the cells are of importance. Therefore exclude the
bright dots outside the nucleus of the cell on the lower right by placing the mouse cursor over the image,
activate the context menu with a right mouse click, select “Rectangle ROI”, press continuously “CRTL”
and draw rectangles around the spots outside the nucleus.

¢ Response: The marked regions are excluded from analysis.
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FLIM Image

FLIM Image

| Events[Cnts]

E|. Active

———

Min of2] g wax 2002

Fast Lifetime[nz]

|~ ¥ Active

¢ In the lifetime fitting pannel, set the Fitting model to “Multi-Exp. Donor”.

& vin 0,000F2] g Max 5,000

Fitting Model: Multi-Exp. Donor q“ Help
Decay: ROI O j|

IRF: | Import | Calculated IRF T"

Model Parameters:  n o2l

-

e Click on IRF “Import”

Fitting Model: Multi-Exp. Donor I?
Decay: ROIO |;
IRF: | Simpertes || Calculated IRF .
Model Parameters: n ola]

Help

¢ In the window appearing, select the file CENP-labelled cell for FRET IRF Det2.ptu as beforein

the FLIM script and click “OK".

© PicoQuant GmbH
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%% Import IRF... Q@

= Samples
-l CyS_diff_IRF+FLCS-pattern.ptu
uLh Atto655 diff_FLCS-pattern.ptu
uLh AttoB55+Cys_diff FCS+FLCS ptu
uLh AttoB55 diff_2FFCS. ptu
uLh Atto422 diff_cw_total_correlation.ptu
uLh Atto422 diff_pulzed_antibunching.ptu
. CyS_immo_FLIM+Polmaging. ptu
uLh Cy5_immao_Lifetime_Trace.ptu
uLh Atto655_immo_On-Off-Anahyzis.ptu
M DaisyPollen_cells_FLIM. ptu
; . GFP_RFP_cells_FLIM-FRET.ptu
uLh Cy3+Cy5_diff PIE-FRET.ptu
t . TS-Bead_immo_xy-scan_Dual Focus.ptu
. TS-Bead_immo_xz-scan.ptu
uLh BA4BE+IBASAT _unlinked_mix. ptu
-l IBA488+547_crosslinked. ptu
[l Atto428_485nm_pulsed. ptu
-l cuvs.ptu
uLh NW-Center_for_antibunching_1.ptu
uLh NW-Center_for_Antibunching_2.ptu
uLh NW-Center_for_Antibunching_several. ptu
f-[ll CEMP-labelled_cells_for FRET.ptu
----- JLh CENP-labelled_cells_for FRET_IRF_Det1.ptu
----- NN CENP-labelled_cells_for FRET_IRF_Det2 ptu

------ [ FRET_GFP and mRFP.ptu

oo | [

¢ Activate the imported IRF by choosing it in the IRF option (if not shown automatically).

Fitting Modet: | Muti-Exp. Donor [~  Hem
|

Decay: | Overall Decay |E|
RF: —_ Calculatad RF E Remove

Calculated IRF
Model Parameters: CENF‘-Iahelled_cells_fnr_FREl’_IRF_Det.?.p

Response:The imported IRF is highlighted in red.

Fitting Model: |Mu|ti—Exp. Donor E” Help l ¥ Apply Limits to All Curves Number of Photons: 163614; Selected: 153594 (100%)
Decay: |ROI 0 |Z|| Lower Boundary: | 0,16 ns I%‘I Upper Boundary: 4979 ns I%‘I [ Reset Range
IRF: | Import | CENP-tabelied _calls_for FRET[ - ]| Remove | Fit () Lin. Intens. Axis
Model Parameters:  n | 2] | RFforall | ® Log. Intens. Axis
[ ShewAll || Export as ASCIl || Export to Clipboard |
Parameter |@ Data Set (3) vt ] Normalize Decays
Ro 1.0000 S

=
Toins) 0.0000 =] S @® Show all Datasets
Aq[kCnts] | Limits | 0,000 +0,000 |[5{ v z () Show Active Dataset
Az[kCnts] [ Limits 00000000 v & ) TCSPC Curves Only

= L}
T [ns] [ Limits | 0000£0000 [2v = )

s () Parameter Plot

T2[ng] [ Limits | 0.000£0000 [ v
Bkgro=c[Cnts] | Limits 0,000 + 0,000 F v (_) Error Correlation Plot
Shiftire[ns] [ Limits | 0,000+0,000 = v ~
Bkgrire[Cnts] [ Limits ] 0,000 +0,000 [ v é
E 0,000 £ 0,000 ®, 00 [
Es[%] 0,000 + 0,000 ] f
|E 0.000 £ 0.000 ~| $-04
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¢ As model parameters, select n="2".

Note:

If a mixture of complexes performing FRET and not performing FRET is present, the decay can of course be
more complex, as the Cerulean alone already shows a bi-exponential decay behavior. However, the limited
number of photons per pixel does not allow to use a more complex model.

¢ In the parameter panel, enter “2.66" ns as T,.

Note:

Whether you need to type “2.66" or “2,66"” depends on the country specific settings of Windows program. For
this tutorial, a computer with German specific settings was used, therefore, the decimal digits are separated
with “,” instead of “.".

Fitting Model: |I"u'1ulti-Exp. Donor E Help l

Decay: ROI 0 IL

IRF: | Import ]CEMP-!at.e||ed_.:e||s_fm_FRET_[T_ Remove ]

Model Parameters: n 2 % IRF for all ‘
L*H Export as ASCIl || Export to Clipboard |
Parameter |@ Data Set (3) v
Ro ] 1,0000 -

To[ns] 2,660000 =
Atfkcnts] [ Limits )| 0.000£0000 [ v
Az[kCnts 0.000£0,000 21w
T1[ns] (Limits | 0,000 £0,000 |2 v
T2[ns [Limits | 0.000£0,000 = v
Bkgroec[Cnts] | 0,000 £ 0,000 (54 v
Shiftize[ns] [ Limits || 0,000 £0,000 |2 v
Bkgrire[Cnts] | Limits 0.000£0000 5w

E 0,000 £ 0,000

E s[%] 0,000 + 0,000

B 0000+0000 |¥

e Click “Initial Fit".

Response:The fit is performed to the ROI decay.
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Fitting Model: Multi-Exp. Donor Hel Apply Limits to All Curves Number of Photons: 153614; Selected: 153594 {100%
p PRy

Decay: |ROI 0 IZH Lower Boundary: 0.16 ns '%{ Upper Boundary: 49,79 ns '%{ [ Reset Ra
IRF: | Import || CENP-labelled_cells_for FRET[~ || Remove | Fit (2] © Lin. ntens. Axis
Model Parameters: n | 2'%{ [ IRF for all l ® Log Intens Axis
r 4
» ShowAlle|[ Export asASCIl || Export to Clipboard | 102
r 4
Parameter |@ Data Set (3) vt _ [] Normalize Decays
Ro 1,0000 I -
= G
To[ns] 2.6600 = = @® Show all Datasets
Aq[kCnts] [ Limits | 04945+ 00073 5 v £ () Show Active Dataset
c
Az [kCnts] [%] 0.5701+0,0076 37 v *g (Z) TCSPC Curves Only
T4 [ns] [ Limits | 3400£0019 [ v )
"y (_1 Parameter Plot
T2 [ns) ([Limits | 129040018 |2 v
Bkgroec[Cnts] | Limits 110+ 013 F2 v o (_) Error Correlation Plot
Shiftirr[ns] [ Limits | -02136+0,0019 3 v g
Bkgrirr[Cnts] | Limits ] 04380035 o v Z
E 0,147 + 0,004 "
ot o | - 4
I
4 | 3 n
- _ _ 0 10 20 30 40 -
[ Clear |[initiahfit|| Fit || Fitan | xe=[  og09] S

¢ In the Fitting panel, set the parameters Bkgrp,, Shifts: and Bkgrg. 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 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”.

Parameter @ Data Set (3) v
Ro i 1,0000 -l
2,660 —
04945 £0,0073 2 v
Az[KkCnts] 0.5701£0,0076 2 v
T1([ns] 3400£0,019 v
T2[ns] [ Limits | 1.290£0,018 [ v
Bkgroe<[Cnts] 0£0,13 =
Shiftire[ns] | Limits -0,2136 £ 0,0019 [
Bkgrire[Cnts] | Limits 0438 £0,035 =
E 0,147 0,004 -
Clear | Initiahfit|| Fit Fital | x*=| o999]

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

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

B FRET

Set Time Gate

BlseROL

Select Data Channels:
10

onse:

Binning:

TCSPC Binning:

Set Time Gate:

Select Data C.h annels:

Save Result

l

Save Defaults

Restore Defaults l

A double exponential fit with the chosen start parameters is calculated for each selected pixel.
From the results, a “FRET Image is calculated which is 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 2 peaks, which is expected, as in the image one can see two cells with donor and
acceptor construct and two cells without. For the cells with the FRET donor only, a FRET efficiency
around 0 is expected and also shows up in the histogram.
On the lower right, the FRET distance histogram is plotted. As we didn't enter any value of the Forster
distance RO, the distance is plotted in terms of “R0".

Binning: = TCSPC Binning:

2@

Load ROIs
ROI from threshold

| IS FRET Image

30 40

Save Result

| calcuats FastFLM || Caloulats FRET |

[ saeDefauts | |

Restors Dfaults |

30 um

Life time FRET image

Events[Cnts] [~ ]9 Active

I Min 1% [IMax 1153%

Efficiency[%] [~ # Active

—
i |00

[] Optimized Rainbow
[] Smacthing

Fitting Model-

Decay:

[Multi-Exp. Danor

[-][ Help | B Apply Limits to All Curves

Lower Boundary:

\RF:[ Import || CENP-labelled_cells_for_FRET[ « ][ Remove ]

[=]

Fit

Upper Boundary:

Number of Photons: 153614; Selected: 153594 (100%)

40 60
Epper [%]

Distance Histogram

Distance.

4979 ns [ 2]

[=| CiLin. Intens. Axis

| ResetRa

® Log. Intens. Axis

[] Normalize Decays

Mods! Parameters:  n 2= [ IRFforal
| Export asASCIl || Export to Clighoard | 10
Parameter E5[Data Set (3) v+
R = 1,000 = z
= o 10
[to[ns] 2,660 = 2
A kCrts]__(Limits ]| 04945 £0,0073 [ v ‘g
A2 [kCnts] 05701£00076 =] ¢| | £ 10t
It [ns] [ Limits ] 340040019 = v -
T [ns] (Limits | 1290:0018 =] v
Blgroeo(Crts] [ Limits | 0.000£0,000 = 100
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Show All Events.

¢ Adjust the intensity scale to 0 counts - 200 counts in order to better compare the lifetimes in the Donor-
Only and the FRET-cells.
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Life time FRET image
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Note:
The FRET efficiencies calculated also show values below 0. Although physically impossible, mathematically this
reflects the variation in the fit.

¢ Set the maximum for the distance in the distance histogram to 2,5 RO.
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Note:

To transfer the distance into a nanometer scale, the real Forster distance must be known. The result is only
meaningful, if the donor to acceptor ratio is 1:1 on the molecular level for each complex. This is not the case in
our biological example with a more complex stoichiometry, therefore the graph is meaningless in this specific
case.

Calculating the real Forster distance requires some effort and distinct knowledge about the sample. A few aids
are available on the lab. These are not connected to PicoQuant and PicoQuant is not responsible neither for the
content nor any possible errors; still these links may give an idea of what is required to calculate Forster
distances.

¢ http://www.pymolwiki.org/index.php/Forster_distance_calculator
¢ http://www.osmanbilsel.net/software/forster-distance-calculator

¢ http://en.wikipedia.org/wiki/F%C3%B6rster_resonance_energy_transfer

¢ Press “Save Result” to save the current analysis.
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Save Result l

[ Save Defaults
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Response:
A result file is saved and linked to the raw data file.
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-l GUVs ptu

o NLT-FRET .
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~ulh Cy5 diff IRF+FLCS-pattern.ptu
~alll Atto655_diff FLCS-pattern_ptu
b Atto655+Cy5_
-llh Atto655_diff_2FFCS ptu

-l Atto488_diff_cw_total_correlation_ptu
- Cy5_immo_FLIM+Pol-Imaging.ptu
-l Cy5_immo_Lifetime_Trace. ptu

-l Atto655_immo_On-Off-Analysis. ptu
[ DaisyPollen_cells_FLIM_ptu

.l GFP_RFP_cells_FLIM-FRET ptu
-l Cy3+Cy5_diff |
- TS-Bead_immo_xy-scan_Dual Focus.ptu
- TS-Bead_immo_xz-scan.ptu

-l 1BA488+IBAS4T unlinked _mix.ptu

-1llh |IBA488+547_crosslinked.ptu

- non-FRET sample.ptu

[l FRET GFP_and_mRFP _ptu

-llh Atto488 485nm_pulsed.ptu

diff FCS+FLCS ptu

PIE-FRET . ptu

-l NV-Center_for_Antibunching_1_ptu
~allh NV-Center_for_Antibunching_2.ptu
-lll NV-Center_for_Antibunching_several ptu
. CENP-labelled_cells_for_FRET.ptu
-G CENP-abelled_cells_for_FRET pco
[ CENP-FLIM pgres
[ CENP_LT-FRET 2 pqres
[l CENP_FRET Image.pqres
M MFLIM.pgres
- LTFRET_
[l FLIM_2 pqres
M FRET_Image.pgres
.31 CENP-labelled cells for FRET pck
[ FLIM pgres

1.pgres
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l 4+l CENP-labelled_cells_for FRET_IRF_Det1. ptu
-l CENP-labelled_cells_for FRET_IRF_Det2 ptu
- b ATTO488_FCS_Fitting.pqres

.. » ATTO488_FCS_Calibration. pgres
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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”. To save these plots, 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 To analyze many images with the same FRET pair, it is possible to save the starting values for the
fits by clicking on “Save Defaults” and store the starting values as a User Profile by entering the
main menu (“Settings\Save User Profile as”). The software will need to restart to adapt the
changes.

¢ If you don't want to do anything more, just close the result window.

Copyright of this document belongs to PicoQuant GmbH. No parts of it may be reproduced, translated or transferred to third
parties without written permission of PicoQuant GmbH. All information given here is reliable to our best knowledge.
However, no responsibility is assumed for possible inaccuraciesor omissions. Specifi cations and external appearances are
subject to change without notice.
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