PicoQuanNnT

Calculate and Fit FCS Traces with the FCS Script

Summary

This tutorial shows step-by-step, how an autocorrelation curve of a fluorophore dissolved in water is calculated
and fitted using the FCS script.

Background Information

e ATTO488 (ATTO-Tec, Germany) is a suited calibration dye to calibrate the confocal microscope at ~470 -
490 nm excitation and detection ~500 - 540 nm.

¢ The diffusion coefficient of ATTO488 carboxilic acid has been measured to be 400 um?/s at 25°C.
Published diffusion coefficients of various fluorophores are summarized in the Technical Note “Absolute
Diffusion Coefficients: Compilation of Reference Data for FCS Calibration” available from PicoQuant [see
http://www.picoquant.com/images/uploads/page/files/7353/appnote_diffusioncoefficients.pdf ]. This list is
extensive, but does not claim to be complete.

¢ Note that the diffusion coefficients of all dyes are temperature dependent.

¢ FCS measurements are usually point measurements acquired with very sensitive detectors (typically
SPAD or Hybrid PMT detectors).

e FCS is a technique that can be used over a wide range of concentrations, but ideal FCS concentrations
are usually between 1 nM and 20 nM.

Step-by-Step Tutorial

Select a file and start the script

¢ Start SymPhoTime 64 software.
¢ Open the “Samples” workspace via “File\open Workspace” from the main menu.
o The “Samples” workspace is delivered with the SymPhoTime 64 on aDVD-ROM 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 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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dLh Cy5_diff_IRF+FLCS-pattern.ptu
JLl AttoSSS diff FLCS-pattern.ptu
uLh AttoSS5+CyS_diff_FCS+FLCS.ptu
uLh AttoSSS_diff_2FFCS.plu
Jil Atto438 diff_cw_total_correlation.
JLl Atto438 diff_pulsed_antibunching.
. CyS_immeo_FLIM+Polmaging. ptu
Jbb Cy5_imme_Lifetime_Trace.ptu
Jbil AttoSSS immo_On-Off-Analysis.ph
. DaisyPollen_cells_FLIM. ptu
. GFP_RFP_cells_FLIM-FRET.ptu
i Cy3+CyS_diff PIE-FRET.ptu
TS-Bead_immo_xy-scan_Dual FocL
. T5-Bead_immo_xz-scan.ptu
Jil IBA433+BASET_unlinked_mix. ptu
Jl 1BA438+547 crosslinked. ptu
Jil Atto438 485nm_pulsed.ptu
Ml cuvs.ptu
dil MvW-Center_for_Antibunching_1.ptu
dLh NW-Center_for_Antibunching_2.ptu
dLil NW-Center_for_Antibunching_seve
. CEMP-labelled_cells_for_FRET.ptu
Ll CENP-labelled_cels_for_FRET_IRF.
Ll CENP-labelled_cels_for_FRET_IRF.

¢ Highlight the file ATT04888 485nm pulsed.ptu by a single mouse click.

S Samples
.I.lj-l.l.l Cy5_diff_IRF+FLCS-pattern.ptu
.I.|J.I.|.l Atto855_diff_FLCS-pattern.ptu
uLh AttoS55+Cy5_diff_FCS+FLCS ptu
uLh AttoS55_diff_2FFCS.ptu
.I.|J.I.|.l Attod88_diff_cw_total_correlation.
.I.|J.I.|.l Attod38_diff_pulsed_antibunching.
. Cy5_immo_FLIM+PoHmaging. ptu
.I.lj-l.l.l Cy5_immo_Lifetime_Trace.ptu
.I.|J.I.|.l AttoS55_immo_On-0ff-Anahrsis.ph
. DaisyPollen_cells_FLIM.ptu
. GFP_RFP_cells_FLIM-FRET.ptu
-l Cy3+CyS_diff_PE-FRET.ptu
. T5-Bead_immo_xy-scan_Dual Foci
. T5-Bead_immo_xz-scan.ptu
.I.|J.I.|.l BA488+BAS4T_unlinked_mix.ptu
-ulll IBA4BE+547_crossiinked. ptu
el
=l GUVs.ptu
.I.|J.I.|.l MW-Center_for_Antibunching_1.ptL
.I.|J.I.|.l MvW-Center_for_Antibunching_2.ptL
.I.|J.I.|.l MW-Center_for_Antibunching_sewve
. CENP-labelled_cells_for_FRET.ptu
----- Al CEMP-labelled_cells_for_FRET_IRF,
----- Al CEMP-labelled_cells_for_FRET_IRF,

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

¢ Select the “Analysis”-tab and in there, open the dropdown menu “FCS”.
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Bl tmaging

ﬂ Time Trace
B3 TcsPC
B Fcs
FCS Grouped FCS
FCS analysis with cross FCS analysis on a group of
correlation and background TTTR filez. Select any
remowval via FLCS. Select a collection of TTTR filez and
TTTR file and press "Start’. press "Start’.
[ Help 1 Start 1]l Help 1 Start |
FLCS Total Correlation

Fluorescence lifetime Atotal correlation analysis,
correlation spectroscopy i.e. correlation from ps to s
analysis. Select a TTTR file range. Select a TTTR file
and press "Start’. (T2-mode) and press "Start’.
I Help  |[ Start ||| Help  |[ Stat |

Antibunching FCS Calibration
Antibunching analysis, i.e. Eztimation of W_Eff and
correlation on a linear pys kappa. Select one or several
scale. Selecta TTTR fie (T2 || result fies containing FCS
-mode) and press "Start’. curves and press "Start’.
I Help  |[ Start ||| Help  |[  Stat |

FCS Fitting

FCS least squares fitting.
Select one or several result
files containing FCS curves
and press "Start’.

| Help I Start |

B Grouped Analysis

B nlignment

EJ User Defined Soripts

Note: The drop-down menus can be opened and closed by clicking on the grey button on the left side of the
header of the drop down menue: E

e Start the FCS-script by clicking on “Start”.

FC5

FCS analysis with cross
correlation and background
removal via FLCS. Select a
TTTR file and press "Start’.

[ Help ]SSt

Response: The FCS-script is applied to the file ATT0488 485nm pulsed.ptu. Thereby, a new Window opens:
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The window contains three different regions:

Left: analysis and display options. For explanation of the different parameters, place the mouse cursor
over this part of the window and press <F1> to open the corresponding help page.

Upper center/right: the intensity time trace. The display option can be changed using the “Trace
Settings” of the analysis options. The large window shows the inset of the complete trace above marked
in green. The photon counting histogram on the right displays the frequencies of the different intensity
values. Usually, this trace is used to check, whether the signal is stable during the measurement, which is
necessary for FCS. Also, large intensity spikes stemming from aggregation of the fluorescent sample can
be identified in this graph. In measurements inside cells, often a slight decrease at the beginning ot the
trace is noticed. In this case, this region can be excluded from calculating the FCS trace by adjusting the
upper vertical red limit bars in the small upper trace.

Lower center/right: the FCS trace window. As first the FCS correlation criteria have to be defined and
the curve needs to be calculated, this graph does not contain any trace at this stage.

In this example, all light is recorded with detector 1, therefore we leave the FCS options as shown and
press “Calculate” in order to calculate the autocorrelation function.
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Brcs
Lagtime  Min: | 0,00000 ms |$| Max: | 1000 ms |$
Sampling Points: | zuu|$|
& Auto Correlation i1 Cross Correlation
—Channel &
Set Time Gate:
Select Data Channels:
1:#] 2 30 4]
I
I
[ Calculate
more

Response:

e The FCS curve is calculated and plotted.
o The first decreasing part is due to detector afterpulsing and an unwanted artifact from the

detector. If cw light is used for exciting the dye, this artifact cannot be removed in an
autocorrelation, and the corresponding part of the curve which is influenced by this artifact needs

to be excluded from curve fitting.
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Note: A possibility to remove the afterpulsing when working with cw excitation is splitting the light onto two
detectors and calculate a cross correlation. Some detectors (mainly Hybrid PMTs) also have so low afterpulsing

that the problem does not occur.
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¢ If the sample has beenexcited with cw light, we would now save the data by clicking “Save Result” and
press afterwards “Transfer to Fit” (both in the “File” dropdown panel). As our sample has been excited
with a pulsed laser, we can apply one additional step to increase data quality.

Background Removal for Pulsed Excitation

¢ If the sample has been excited with a pulsed laser, there's another way to remove afterpulsing:
¢ Open the “FLCS Background Correction” dropdown panel and check the “Enable” box.

B FLcs Badkground Correction

B FLcs Badkground Correction

¢ This button calculates a simple FLCS filter on the data: the fluorescence decay versus the background in
the TCPSC window. As the detector afterpulsing is not correlated with the laser pulse on the time - range
of interest, photons caused by detector afterpulsing behave similar as normal background photons.

Note: If you want to check what is calculated with the FLCS background correction, click on “more” to open the
graphs of the TCSPC curve and the calculated filters.

© PicoQuant GmbH 6/15



B FLCS Background Correction

— 107 r‘
w
5 “-"""Ilq
g 102 M_
=
c 101
k]
=
100
8 Background Filter ]
= o Bl Fluorescence Filter
EENL
=
(=]
5 r
=
=
& 2
2 2N
4
0 4 g 12 16 20 24
Time [ns]
. Fy
Background: 73,1 Counts IT|
¢ Click on “Calculate” again.
B Fcs
Lagtime  Min: | 0,00000 ms |$| Max: | 1000 ms |$
Sampling Points: | zuu|$|
@ Auto Correlation (| Cross Correlation
—Channel A
Set Time Gate:

Select Data Channels:
1:#] 2 30 4]

[ Calculate

moTe...

¢ |t is not necessary to calculate first a FCS curve without the photon filter. You can also directly activate
the FLCS background correction and calculate the FCS curve.
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Response: The FCS curve is re-calculated. As a result, the steep decrease at the beginning of the curve is now

missing and an artifact free curve is obtained.
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¢ If you do not want to fit the data: Save the calculated curve by clicking on “Save Result”.

[ Transfer to Fit l

[ Save Defaultz l [ Restore Defaults l

Response: A result file is generated and linked to the raw data file.
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S Samples
uLh CyS diff_IRF+FLCS-pattern.ptu
uLh Attog5s_diff_FLCS-pattern.ptu
dLh AttoG35+Cya_diff_FCS+FLCS.ptu
uLh AttoS55_diff_2FFCS.ptu
uLh Attodde_diff_cw_total correlation.
uLh Atftod428_diff_pulsed_antibunching.
. Cy3_immo_FLIM+Pokmaging. ptu
uLh CyS_immo_Lifetime_Trace.ptu
uLh Attod35_immo_0n-0ff-Analysis. pt
. DaisyPollen_cells_FLIM.ptu
. GFP_RFP_cells_FLIM-FRET.ptu
f-alli Cy3+CyS_diff_PIE-FRET.ptu
. TS-Bead_immo_xy-scan_Dwual Focl
. TS-Bead_immo_xz-scan.ptu
uLh IBA4E3+IBAS4T_unlinked_mix. ptu
-l [BA488+547_crosslinked.ptu
Sl Atto488_485nm_pulsed.ptu

e G Attod428_485nm_pulsed.pco
.. p ATTO488_FCS.pares

- p ATTO488_FCS_Fitting.pares
----- P ATTO488_FCS_Calibration.pgre
o [ B FCS.pgres

EEI---. GUWVs.ptu

-l NW-Center_for_Antibunching_1.ptu
-l NW-Center_for_Antibunching_2.ptu
-l NW-Center_for_Antibunching_seve
EEI---. CEMP-labelled_cells_for_FRET.ptu
----- Jll CEMP-labelled_cells_for FRET_IRF.
----- Jll CEMP-labelled_cells_for FRET_IRF.
----- B FRET_GFP and mRFP.ptu

Fitting FCS curves using the FCS Fitting script

Note: In order to provide correct results, the confocal volume VEff and the structural parameter k have to be
calculated first. Check the tutorial Calibration of the confocal volume for FCS using the FCS Calibration Script for

a description about how to calibrate the confocal volume.

If no calibration values are stored, the effective volume VEff is set to 1 fl and the structural parameter k is set to

5. While a structural parameter value of 5 is usually reasonable, the confocal volume depends on the
wavelength and can differ significantly.
Check your system regularly for correct alignment using a reference dye as ATTO488.

In this tutorial, we use the default values to keep the description easy. If your system is already calibrated, the

results (especially the concentration C and the diffusion constant D) will depend on your calibration.

¢ If you do want to fit the data: Transfer the curve to the FCS fitting script by clicking “Transfer to Fit”.

[ Save Result l

[ Save Defaults. l [ Restore Defaults l

Response:

¢ The FCS curve is automatically stored. Therefore, it is not necessary to store the data before transferring

them to the FCS fitting script.
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https://www.tcspc.com/doku.php/howto:calibrate_the_confocal_volume_for_fcs_using_the_fcs_calibration_script

Note: It is also possible to open a stored FCS curve directly with the FCS fitting script.

- } Samples

¢ The FCS Fitting window pops up.

-l Cy5_diff_IRF+FLCS-pattern.ptu
-l AttofSE_diff FLCS-pattern.ptu
-udlh AttoB55+Cy5 diff FCS+FLCS.phu
-odlh AttoB5S5_diff 2FFCS.ptu
-l AttodB8 diff_cw_total_correlation.
-l AttodB8 diff_pulsed_antibunching.
. CwS_immo_FLIM+Polimaging. ptu
-l Cy5_immo_Lifetime_Trace.ptu
-l AtofSS_immo_0On-Off-Analysis.ph
-[ll DaizyPollen_cells_FLIM ptu
. GFP_RFP_cells_FLIM-FRET.ptu
~allh Cy3+Cy5_diff_PIE-FRET .ptu
. TS-Bead_immo_xy-scan_Dual Focl
. TS-Bead_immo_xz-zcan.ptu
-l 1BA483+BASST_unlinked_mix. ptu
-l 1BA483+547_crosslinked. ptu
-l AttodB8 485nm_pulsed.ptu
- Attod28 485nm_pulsed pco
... p ATTO488_FCS.pares
... b ATTO488_FCS_Fitting. pares
----- b ATTO422_FCS_Calibration. pgre
- b FCS.pares
- [ M FC5_1.pgres

-l Guvs.ptu

-l NW-Center_for_Antibunching_1.ptu
-l NW-Center_for_Antibunching_2.ptu
-l NW-Center_for_Antibunching_seve
:I. CEMP-labelled_cellz_for_FRET.ptu
----- JLl CENP-labelled_cells for FRET_IRF_
----- JLl CENP-labelled_cells for FRET_IRF_
----- [ FRET_GFP and mRFP.ptu
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Note: This window consists of different sections:

Left: fitting panel to select a fitting model and see the fitting parameter. If you need information about how the
fitting models are defined and what is the meaning of the parameters, click on the “Help” button next to the
fitting model. This opens the corresponding help window.

Center/right: here the FCS curve is plotted. Below the graph the residuals are plotted. As we have not
performed a fit yet, this area is still empty.

¢ Select the correct Fitting Model. We start with the default model “Pure Diffusion”.

LT Pieoiisin [

FCS Curve: | FCS_1_1; FCSCurve E||

Model Parameters: n_Diff E

[ Load Calibration VWalues l

Farameter alue Fit || = |
W en(fl] 1000 [
pi Limi 0,000 % 0,000 = v
Tomp [ms] 0,000 £ 0,000 =%
xll Limi 5,000 £0,000  [&
NI 0,000 0,000
C [nM] 0,000 £ 0,000
w o [pm] 0,000 0,000
Z g [pm] 0,000 £ 0,000
Doy [meis] 0,000 % 0,000
|
|
I -
|
|

3 EeETEE

Note: There are several models available. Click on the “Help” button to see the corresponding fitting equations:
Pure Diffusion: Use this model to analyze diffusion of a dye in a solvent (i.e. water). It is assumed that the dye
does not show any fluctuation between various states with different photophysics at a timescale short or equal
to the diffusion time through the confocal volume. Examples for these dyes are ATTO655 or ATT0425. Also dyes
with a moderate triplet contribution can be fitted with this model if the excitation intensity is so low that the
triplet population can be neglected. See: *; 2.

Triplet: Use this model if the dye you use shows some contributions caused by transitions into the triplet state
or similar photophysics, while otherwise freely diffusing in a solvent. See: ?.

Triplet Extended (3D): Use this model if your dye is observed in conditions where either the average count
rate is not completely stable and/or the dye is diffusing in all three space directions through a crowded
environment as a polymer or a cell. For cell measurements, this is usually the model of choice. See also *.
Triplet Extended (2D): Use this model if diffusion of a dye within an artificial or cell membrane is observed.
This model is made for dyes moving within a plane, e.g. modified lipids in a membrane. If the diffusion is not
anomalous, set the anomaly parameter to 1 and keep it fixed. See e.g. > or °.

Conformational: Use this model if your dye is undergoing conformational changes when diffusing through the
confocal volume, which are characterized by stretched exponential kinetics. See e.g. ”.

Protonation: Use this model if analyzing a diffusion of a sample with an internal + external acid/base
equilibrium which has an effect on the photophysical properties of the dye. This model was used to characterize
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GFP. See e.g. ®

¢ Press “Initial Fit” to calculate the fitting curve.

o |

Response:

¢ The curve is fitted and plotted in the main window.

l [ Fit Al l

¢ The residuals (= difference between fitted curve and raw data) are plotted below the curve.
¢ The fitting parameters are displayed in the parameter panel.
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Note: It can be clearly seen that at short correlation time ranges, the curve does not fit the data well. This is an

indicator that the sample undergoes some photophysical fluctuations in the ps - time range, usually triplet
fluctuations. Therefore, we have to change the fitting model.

¢ Select the “Triplet” model.

Response:

¢ The parameters in the parameter panel are adapted.

e Press “Initial Fit".
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Response:

e The curve is fitted and plotted in the main window.
¢ The residuals (= difference between fitted curve and raw data) are plotted below the curve.

Fitting Model:

FCS Curve:

Model Parameters:

e

|FCE—1 1: FCSCurve

(-]

n_Diff

B

Load Calibration VWalues

Farameter Walue Fit
Wen[fl 1,000 3
p 0,000 £ 0,000 % W
T oy [ms] 0,000 % 0,000 =
T 0,000 0,000 = %
T 7rp [15] 0,000 = 0,000 = K4
«ll 5,000 £0,000 [
NI 0,000 £ 0,000

C[nk] 0,000 £ 0,000

W o[um] 0,000 % 0,000

Zo[um] 0,000 £ 0,000

Dy [umeis] 0,000 £ 0,000
o ] [ |~ [

¢ The fitting parameters are displayed in the parameter panel.
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Note: This time, the curve fits the data significantly better.

A diffusion time of a few tens of us is typical for a dye in water, as well as triplet time in the range of a few
microseconds.

The fitted diffusion coefficient D is significantly higher than the real value of 400um?/s. This is due to the
incorrect calibration. If the diffusion coefficient is known, the size of the confocal volume can be decreased and
the curve refitted, until the fitted diffusion coefficient is realistic.

Please look at the corresponding tutorial to learn how to calibrate the confocal volume.

¢ Save the fit by clicking “Save Results”.

[ Save Result l

[ Save Defaults l [ Restore Defaults l

Response: A result file is generated and linked to the raw data. We can now close the fitting window.
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= Samples
uLh Cy5_diff_IRF+FLCS-pattern.ptu
uLh Atto855_diff FLCS-pattern.ptu
uLh AttoB55+Cy5_diff FCS+FLCS.ptu
uLh AttoB855_diff_2FFCS.ptu
uLh AttodB38 diff_cw_total correlatio
uLh Attod38 diff_pulsed_antibunchin
. Cy5_immo_FLIM+Polimaging. ptu
uLh Cy5_immo_Lifetime_Trace.ptu
-odlh AttoS55 immo_0n-Off-Analysis |
i-[l] DaisyPollen_cells_FLIM.ptu
t . GFP_RFP_cels_FLIM-FRET.ptu
uLh Cy3+Cy5_diff_PIE-FRET.ptu
. TS-Bead_immo_xy-=scan_Dual Fo
. TS-Bead_immo_xz-scan.ptu
uLh |BA438+BAS4T unlinked_mix.ptu
G-l [BA488+547_crosslinked ptu
-l AttodB33_485nm_pulsed.ptu
----- c Attod38 485nm_pulsed.pco
----- p ATTOL2E FCS.pgres
----- p ATTO423 FCS_Fiting.pgres
----- p ATTO4L28 FCS_Calibration.pc
----- p FCS.pgres
----- p FCS_1.pgres
----- p FCS5_1_1.pgres
----- [ M FCS_Fitting.pgres
-l Guvs.ptu
Bl MW-Center_for_Antibunching_1.p
Bl MW-Center_for_Antibunching_2.p
[
[

-l NW-Center_for_Antibunching_se
:I. CEMP-labelled_cellz_for FRET.ph
----- Ll CENP-labelled_cells_for FRET IR
----- Ll CENP-labelled_cells_for FRET IR
----- [ FRET_GFP and mRFP.ptu
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