Tutorial

Calculate Ratiometric FRET-Images with the FRET-Image-Script

Summary

This tutorial shows step-by-step, how the "FRET Image" script of SymPhoTime 64 can be used to calculate

PicoQuAaNT

pixel-by-pixel the average FRET efficiency in an image containing several cells transfected with

Cerulean/YFP constructs. To calculate the average FRET efficiency, a ratiometric approach based on the

intensities in the donor and the acceptor channel is used.

Note:
FRET is a method to determine molecular interactions or conformational
changes based on a suited donor/acceptor pair.

Intensity FRET as used here can only be used to calculate average FRET
efficiencies. In case of a mixed population, these populations can only be
separated using a donor dye with a single exponential decay kinetic and
analyzed with lifetime data. This is not the scope of this tutorial.

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.picoguant.com/images/uploads/page/
files/7267/appnote_flim_fret.pdf.

The example image shows four cells, two of them were only transfected with
CENP-B-Cerulean, the other two contain both constructs. The same image is
also used for the tutorial of the lifetime FRET image script. Check there for
comparison.

In ratiometric FRET, a lot of system parameters have to be determined from
several images. This problem is too complex to be accessed with a single
tutorial. In this tutorial, some arbitrary correction parameters are used for
demonstration purposes only.

Several approaches have been published as procedures to calculate the
needed correction parameters, e.g. Roszik et al., Cytometry A 2009, 75A, 761-
767; Tadross et al., J. Microsc. 2009, 233, 192-204. Evaluating and reviewing
all papers in this area would overpass the scope of this tutorial.
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http://www.picoquant.com/images/uploads/page/files/7267/appnote_flim_fret.pdf
http://www.picoquant.com/images/uploads/page/

Step-by-Step Tutorial

« 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
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.

ERY

l.lJ.I.l.l Cy5_diff_IRF+FLCS-pattern.ptu
uLh Atto655_diff_FLCS-pattern.ptu
,JLh AttoB55+Cy5_diff_FCS+FLCS ptu
,JLh AttoB855_diff_2FFCS.ptu

LlJ.I.l.l Attod38_diff_cw_total correlatio
uLh Attodde_diff_pulsed_antibunchin
. Cy5_immo_FLIM+Pokmaging. ptu
1.|J.|.|.l Cy5_immo_Lifetime_Trace.ptu
LlJ.I.l.l Atte855_immo_0On-0ff-Analysis. |
[ DaisyPollen_cells_FLIM.ptu
-l GFP_RFP_cels_FLIM-FRET.ptu
,JLh Cy3+Cy5_diff_PIE-FRET ptu

¥ T5-Bead_immo_xy-scan_Dual Fo
. T5-Bead_immo_xz-scan.ptu
uLh IBA488+IBA547_unlinked_mix. ptu
,JLh IBA&BE+547_crosslinked.ptu
-l AttodB8 485nm_pulsed.phu
-l Guvs.ptu

uLh NW-Center_for_Antibunching_1.p
uLh NV-Center_for_Antibunching_2.p
1.|J.|.|.l NV-Center_for_Antibunching_se
- [l CENP-labelled_cells_for FRET.pt
1Lk CENP-labelled_cells_for_FRET_IR|
gl CENP-labelled_cells_for_FRET_IR,

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

* Highlight the file "CENP-labelled _cells_for_FRET.ptu" by a single mouse click.
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= Samples

#-al s Cy5_diff_IRF+FLCS-pattern.ptu
alll AttoS55_diff FLCS-pattern.ptu
alh AttoBS5+CyS_diff FCS+FLCS ptu
Jll AttoS5S5_diff_2FFCS.ptu

Wl AttodB8_diff_cw_total_correlatio
L Atto4B88_diff_pulsed_antibunchin
. Cy5_immo_FLIM+Polmaging.ptu
b CyS_immo_Lifetime_Trace.ptu
WLl Atto855_immo_0n-0ff-Analysis.
[ DaisyPollen_cells_FLIM.ptu

. GFP_RFP_cells_FLIM-FRET.ptu
Ll Cy3+CyS diff_PIE-FRET.ptu

. TS-Bead_immo_xy-zcan_Dual Fo
. T5-Bead_immo_xz-scan.ptu

alh IBA488+IBAS4T_unlinked_mix ptu
allh IBA488+547_crosslinked ptu

Ll Atto4B88_485nm_pulsed.ptu

B cuvs.ptu

b NV-Center_for_Antibunching_1.p
Al NV-Center_for_aAntibunching_2.p
all NV-Center_for_Antibunching_se
| JCENP-abelied_cells_for

Ll CEMP-labelled_cells_for_FRET_IR
Ll CEMP-labelled_cells_for_FRET_IR
[l FRET_GFP and mRFP.ptu

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

t-ulll CyS_diff_IRF+FLCS-pattern.ptu

H-ulli AttoSS5_diff_FLCS-pattern.ptu FLIM Multi Frame FLIM
H-ulll AttoS55+CyS_diff FCS+FLCS.ptul|| AFLIM analysis. Select an AFLIM analysis of individula
il AttoSSS_diff 2FFCS.ptu image TTTR file and press frames. Select an image
H-udll Atto4B8_diff_cw_total_correlatio|[| “Start. TTTR file and press "Start’.
H-ull Atto488_diff_pulsed_antibunchin
o[l Cys_immo_FLIM+PoHmaging.ptu

t-ulll CyS_immo_Lifetime_Trace.ptu Grouped FLIM Anisotropy Image
t-ulls AttoBS5_immo_0On-Off-Analysis.d|| A Grouped FLIM analysis. An intensity based

3. DaisyPollen_cells_FLIM.ptu Select any collection of anisotropy image. Selecta
o[l GFP_RFF_cells_FLIM-FRET.ptu image TTTR files and press || two channel image TTTR file
t-ulll Cy3+CyS_diff PIE-FRET ptu "Start’. and press "Start'.

o T-Bead_mmo_xy-scan_Duai o
J. TS-Bead_immo_xz-zcan.ptu
f-ull 1BA483+BA54T_unlinked_mix. ptu
Hldll [BA4EE+54T crosslinked. ptu An intensity based FRET A lifetime based FRET image.
Hoalll Atto438 435_nm_pulsed ptu image. Select a two channel || Select an image TTTR file

image TTTR file and press and press "Start'.
ol Guvs ptu “Start

il NV-Center_for_Antibunching_1 pl
- ;
#l-ll NV-Center_for_Antibunching_2.p = = = =

FRET Image Lifetime FRET Image

e O O e W O e OO o O O o O O o O O o O e O O O B O e e OO

il NV-Center_for_Antibunching_se' Pattern Matching Position in Image
T80 | CENP-labelled_cells_for_FRET.pt|| WA= pattern based Mark the positions of

----- 1l CENP-labelled_cells_for_FRET_IR||| decomposition. Select an measured files in the

----- Ll CENP-labelled_cells_for_FRET_IR||| image TTTR file and press overview image.

----- [ FRET_GFP and mRFP.ptu “Start

Start Start

- Time Trace

B Grouped Analysis

B User Defined Scripts
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e Start

Note:
Comment: 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:

the "FRET Image" script by clicking on "Start".

FRET Image

An intensity based FRET
image. Select a two channel
image TTTR file and press
‘Start.

Hel

- Stat

* Response: The FRET image script is applied to the file "CENP-labelled _cells_for FRET.ptu".
Thereby, a new Window opens:

1 SymPhoTime 54 [FRET Image - CENP-Jabelled_cels_for_FRETpta] ==
B File Edit View Settings Scipts Analysis Window ielp ST

5 ) Sampes

ALk Cy5_aiff_RFSFLCS patter ptu

FLCS patiem ptu
{FCS-FLCS pty

Al AtoBS5_inmo_0n-0ff-Analysis.
[ paisyPollen_cels_FLILptu

[ orp_rep_cets_rLu-FRET pu
s Cy3=CyS_diff_PE-FRET ptu

[l 7-Bead_immo_xy-scan_DualFo
[ vs-8ea0_immo_xz-scanptu

_crossinked.ptu
nm_puksed plu

cel
B CENP-FLM pares
B cenpLT-FRET 2pares
B CENP_FRET_image pares
i CENP-ibelld_cels_for_FRET_R)
i CENPbelled_cels_for_FRET_R)

I FreT_orPana merppta

gl v

Status Messages:

if | B FReT caluiation

Binning

oint =
[ e [

et Time Gate:

elect Data Channels:
ki)

Calculate

B Donor/Acceptor Assignment

Donor:

Acceptor

Hin. Photons per FRET Event

Help

o
7

Save Result

[ seeosmm | | sescsmas |

Min: o 2]
we [ wf

Smpl. pts

Recalcuate Histogram
Optinize View
Autoscale Histogram

90| 90
80| 80
70} 0
- 60 - 60
é 50| é 50
i 40 i 40
10| 10
0 20 40 80 80 10 Show All Events. 4 06 0.8 1.0 12 14
E_FRET [%] Distances [Ro]

1

Show AllEvents.
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Note:
The window contains five different regions:

Upper left: imaging calculation analysis options.
Upper center: Fast FLIM image, displayed in false color scale. As the donor
and acceptor channels have not been assigned yet, this image area is still

empty.

Upper right: FRET image. As it has not been calculated yet, this area is still
empty.

Lower center: Here the FRET efficiency histogram over the selected pixels will
be plotted when the calculation is performed.

Lower right: Here the FRET distance histogram in terms of RO will be plotted
when the calculation is performed.

»  Set the pixel "Binning" to 2 points.
* As data channels, check only Channel 1 and 2, as in these channels the relevant photons are
recorded.

B Image Calculation
Binning: | 2Points H

Set Time Gate:

Select Data Channels:
1. @M 30 40O
[ Calculate ]

* Press "Calculate".
* Response:
o Automatically, the two active detector channels are assigned to the donor and acceptor channel.
By default, detector channel 2 is considered the donor channel and detector channel 1 is
assigned as acceptor channel.

Note:
If this assignment is not correct, it can easily be inverted using the controls in
the "Donor/Acceptor Assignment" panel.

o Afalse color image is calculated, in which the intensity of detector 1 and 2 are plotted in green
and red, respectively.
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B Region of Interest

@
B image Calculation
Binning 2Foints |Z|v

Set Time Gate:

v

Select Data Channels:
1E

zE 30 L]
Calculats

Donor, [ petector 2 [+

Acceptor: | Detector 1 E‘

Min. Photons per FRET Event.

s 2

Calc. FRET “ Help.

Save Resuft

I Save Defautts ] [ Restore Defaults. ]

* Invert the color assignment to display the acceptor channel in red and the donor channel in green.
Therefore, click on the bar next to the image to open the display options and invert the channel
selection.

‘ Donor[Cnts] [=] M active

] Min

t Max
AcceptorCnts] E

] Min 1] [ max

E—C T

| Acceptor{Cnts] [=] M actie

[] Min 1] [ max 340[2]
o M
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* Response: The image is adapted, the acceptor is now plotted in red.

Note:

Now four cells are visible, the cells on the left are mainly plotted in green.
These cells have only been transfected with the donor construct, while the
other two cells are transfected with both constructs. The fluorescent spots are
restricted to the nuclei, only some vesicles in the cytoplasm can be seen in the
cell on the lower right.

»  Set the Min. Photons per FRET event to "700" Cnts (counts).
» Click on "more" to open the additional options for entering the correction parameters.

B FRET Calculation
WMin. Photons per FRET Event: | 700 Cnts H
I Calc. FRET l [ Help ]

more...

B FRET Calculation

Min. Photons per FRET Event: | 700 Cnts H

[ Calc. FRET ] [ Help ]

Gamma: 1,000 s
- e
Cross Talk: 0,000 = Direct Exc.: 0,000 =

Donor Background: | 0,00 Cnts H

Acceptor Background: | 0,00 Cnts H

* As parameters, enter "70" for "Gamma" and "7" for "Cross Talk".

Note:

For more information about the equation used for image calculation, use the
help button next to the "Calc. FRET" button. This opens a window with the
equations and a description of the fitting parameters.

The correction parameters here are arbitrarily set to result in an image where
the FRET efficiency matches roughly the values obtained in the "Lifetime
FRET Image" script (see the corresponding tutorial). They have not been
correctly determined and are only used for demonstrating the function of the
script.

¢ Click "Calculate FRET".
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Min. Photons per FRET Event: | 700 Cnts |%|

e — .

Cross Talk: Direct Exc..
o00cnts 24
oo0cnts 24

Donor Background:

Acceptor Background:

* Response:
o The FRET image is calculated, and the corresponding histograms are calculated. In the FRET
image the FRET efficiency is only calculated for pixels with intensities higher than the threshold.
o The FRET efficiency color scale is automatically set from 0 to 100% FRET efficiency.
o The FRET efficiency histogram and the Distances histogram are shown.

H Acceplor[Cnts] E‘. Active

[ Min T [ max sss0[2]
‘ Donor[Cnts] \. Active

Min 1 Max 0]

<None= [+] ¥ Active

EFREFm—— 056
020 =l © Eill oo
= =
2016 S 0.30
= = 025
£ 0,12 g 0,20
0.08 A
0.04
0.00 0,00

E_FRET [%] Distances [Ro]

* It can be seen that a few fluorescent dots on the lower right are over the set intensity threshold. As
these signals are not in an area of interest, place the mouse cursor over the FRET image, activate
the context menu with a right mouse click and select the "Rectangle ROI" tool.

o]
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Rescale
Zoom out

Zoomin

#  Zoom

Move

Paint ROI
Free ROI
Rectangle ROI

Ellipse ROT
Magic Wand ROI

Select All as ROT
Invert ROI

Show ScaleBar

Show Data Reader
Export

Show Source Code ...

Now it is possible to remove the unwanted area by constantly pressing the "CRTL" button and the

left mouse button, draw a rectangle over these areas and release mouse and keyboard. Do this
repetitively until all unwanted signals are removed.

AcceptorCnts] [=] M Active

B image Calaulation

Binning

et Time Gate.

elect Data Channels:
E|

'
o ——r——

[ Calc. FRET ]

\
=
]

hep |

[ Save Defaulis ] [ Restore Defaults. ]

* Press "Calculate FRET" again to update the histograms.

Response: The FRET efficiency and distance histograms are updated. This can be seen clearly at
the small peak around 20% FRET efficiency which disappears now.
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7] R e R T T ==k

[ Fle Edt View Setings Seripts Analyss Window Hielp S|

=) Samples ‘Acceptor{Cats] [+]
allls CyS_diff_IRF+FLCS-pattern.ptu
GfLFLCS-patiern plu

{ FCS+FLOS.pty
Cs.ptu

ota_corretato || T

[ e f3

et Time Gate:

0 osisypolen_cats_FL st
I re_gep_ce_FLU-FRETt | SooctData Chamels
alls Cy3+Cy5_diff_PE-FRET.ptu RE) 2@ 0
B 75 5eed immo_ay-scan_Dust o

B oo

ki BAS88BASHT_uninked_ni | = T ———

Donor: Detector2

ALl NV-Center_for_Antibunching_1.p| [| ASCePtor: Detector 1
lls NV-Center_for_Antibunching_2.p|
lls NV-Cents ntibunching_se!
El Jceiie-iab ls_for_FRET pi

G cenp. | cels_for_FRE

B cenp_LT-FRET 2pares

1B cenp_FRET_image pares
lls CENP-Iabelled_cells_for_FRET_IR|
s CENP-iabelied_cels_for_FRET_R
[ FRET_GFP and mRFP ptu

I FRET Calaulation

Min. Photons per FRET Event

[ sweoetauts | [ Restorepemus |

0,55
024 045 we [ tsrefd]
0.40
. 5 Sots gu
= 5025
Status Messages: 2 012

g 020
Y opene 008 0,15
. 0.04
0.00 0
0 20 40 60 80 100 Show AlEvents 04 06 08 10 12 14 16 Show AllEvents

E_FRET [%] Distances [Ro]

« Store the result by clicking on "Save Result.

[ Save Result l

[ Save Defaults l l Restore Defaults ]

* Response: Aresult file is generated and linked to the raw data file.

= Samples

Al Cy5_diff_IRF+FLCS-pattern.ptu
Al AttoSSS_diff_FLCS-pattern.ptu
t-lll AttoB55+CyS_diff_FCS+FLCS.ptu
-l AttoBS5_diff_2FFCS.ptu

Al Atto483_diff_cw_total_correlatio
- Atto438_diff_pulsed_antibunchin
t |] Cy5_immo_FLIM+PolHmaging. ptu
Al CyS_immo_Lifetime_Trace.ptu
i Atto8SS_immo_0n-Off-Analysis.|
+ |] DaisyPollen_cells_FLIM . ptu

[l GFP_RFP_cells_FLIM-FRET.ptu
Al Cy3+CyS_diff_PIE-FRET.ptu

|] TS-Bead_immo_xy-scan_Dual Fo
|] TS-Bead_immo_xz-scan.ptu

allly IBAS33+BAS4T_unlinked_mix.ptu
Al IBA438+547_crosslinked.ptu

Al Atto4353_485nm_pulsed.ptu

H suvspt

4l NV-Center_for_Antibunching_1.p
t-Ll NV-Center_for_Antibunching_2.p
4l NV-Center_for_Antibunching_se
|] CENP-labelled_cellz_for_FRET.phy
c CEMP-labelled_cells_for_FRE
B ceNP-FLIM.pares

B CcENP_LT-FRET_2.pgres

B CENP_FRET Image.pares
M

llls CENP-labelled_cells_for_FRET_IR
4l CENP-labelied_cells_for_FRET_IR
B FRET_GFP and mRFP.ptu
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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 In case one wants 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.
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