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Separation of 2 Species with Different Lifetimes Using FLCS

Summary

This tutorial shows step-by-step, how the FLCS analysis can be used to calculate separate autocorrelation curves
for the two components of a mixture of ATTO655 and Cy5 based on their different lifetimes.

Background Information

The two fluorophores ATTO655 (ATTO-Tec, Germany) and Cy5 (GE Healthcare) have almost identical spectral
properties and are thus excited with the same wavelength (e.g. 635 nm) and detected at the same spectral
range. As also their molecular weight is comparable, the diffusion constant is too similar to distinguish between
both dyes in a mixture by means of standard FCS.

Nevertheless, the autocorrelation curves of both dyes differ in the microsecond range. ATTO655 shows
practically no photophysical fluctuations. Therefore, FCS curves of ATTO655 can be fitted with the simplest 3D
diffusion model, making it very suited for calibration. Cy5 on the contrary, exhibits a distinct bunching term on
its FCS trace originating from photophysical processes, i.e. cis/trans isomerization.

The fluorescence lifetime of both dyes differ significantly (~1.8 ns for ATTO655 and ~1 ns for Cy5). In FLCS
(Fluorescence Lifetime Correlation Spectroscopy), the lifetimes are used to create specific photon filters allowing
to calculate FCS autocorrelation curves for each lifetime component. The aim of this script is to demonstrate,
how two FCS traces are calculated from the same dataset, a nanomolar solution of a mixture of both
components.

Since the dye separation is based on fluorescence lifetime measurements via TCSPC, this script can only be
applied, if at least one fluorophore is excited with a pulsed laser.

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.

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.
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¢ Highlight the file ATTO655+Cy5 diff FCS+FLCS.ptu by a single mouse click.

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

%% SymPhoTime 64

ER

t WLl Cy5_diff_IRF+FLCS-pattern.ptu
WLl AttoRES_diff FLCS-pattern.ptu
-l AttoB55+CyS_diff_FCS+FLCS. ptu
JLh AttoSSS diff 2FFCS. ptu

t WLl AttodB88 diff_cw_total_correlatio
WLl AttodB8 diff_cw_antibunching.pd
; . Cy5_immeo_FLIM+Polmaging. ptu
H-dll Cy5_imma_Lifetime_Trace.ptu
WLl AttofES_immo_0On-0ff-Analysis.|
i-[ll DaizsyPolien_cells FLIM ptu

; . GFP_RFP_cells_FLIM-FRET.ptu
F-allih Cy3+Cy5_diff PIE-FRET.ptu

. TS-Bead_immo_xy-scan_Dual Fo
-l TS-Bead_immo_xz-=can.ptu

E- b Samples

File Edit View Settings Scripts Analysis Window Help

B tcspe
B Fcs

B Grouped Analysis

B User Defined Scripts

.|.|].|.|.I. CyS_diff_IRF+FLCS-pattern.ptu
uLh Attods5_diff_FLCS-pattern.ptu
BN Att0655+CyS_diff_FCS+FLCS. pt
uLh Atto855_diff_2FFCS.ptu

uLh Attodd8_diff_cw_total_correlatio
uLh Attod88_diff_cw_antibunching.p
. Cy5_immo_FLIM+Polimaging.ptu
uLh Cy5S_immo_Lifetime_Trace.ptu
uLh Attods5_immo_0n-0ff-Anahysis.|
il DaisyPollen_cells_FLIM.ptu

; . GFP_RFP_cells_FLIM-FRET.ptu
uLh Cy3+Cy5_diff_PIE-FRET.ptu

. T5-Bead_immo_xy-scan_Dual Fo
. TS-Bead_immo_xz-scan.ptu
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correlstion and Iur:knrnund TTTH files. Select any
removal vis FLCS. Selecta || colection of TTTR fles and
R file and press Skam. press Slast.
[_Heip | Ssad J||C_Heip | S@an ]
FLCS Total Correlation

Fluarescencs ilelime & folal correlabon anabsis,
correlation mwn:my ig. correlslion from ps o 8
snalysie. Selecla TTTH file || range. Select s TTTR S
and press Sha. (T2-made) and press ‘Slart’.
[_Hep | S |||C_Heip | Stan |

Antibunching FC5 Callbration
anfbunching anaksa, is Esliration of \I'_Erfal'rd
correlslion on a8 insar ys kEpDA. Sac] one or several
seals. Sakel a TTTR file (T2 || resul fee contsining FCS
=mgde) and press Slar curved and press “Sam.
[ Help |[ S8ad || _Help | Ztad |

FIC5 Fithing

FC5 least squares Tiling.
Salsc one of Saversl resull
fikes comlaining FCS curves
and press "Sla.

T Fep | Zmard |

B User Defined Sopts

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

the drop down menu:

e Start the FLCS script by clicking on “Start”.

FLCS

Fluorescence lifetime
correlation spectroscopy
analyziz. Select a TTTR file
and press "Start’.

[ Help |[ESStars]

Response: The FLCS script is applied to the file ATT0655+Cy5 diff FCS+FLCS.ptu. Thereby, a new Window
opens:
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Note:
The window contains three different regions:

1. 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.

2. Upper center/right: Intensity time trace. The display can be changed using the “trace display settings”
of the analysis options. The large window shows the inset of the complete trace above highlighted 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. Also,
large intensity spikes originating from aggregation of the fluorescent sample can be detected in this
graph.

3. Lower center/right: 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 file, the light was evenly splitted onto two detectors. Therefore, select both detectors in the
definition of “Channel A":

__Channel A
Set Time Gate:

Select Data Channels:
1:+] 2. 3] 4[]

FLCS Fiter: _ E]l

¢ Before calculating the FLCS trace, the FLCS filters for the individual components must be defined. The
software offers two ways to define these filters:

o If the different dyes have been measured separately, and TCPSC curves of the two components are
available, it is possible to load these TCSPC histograms as patterns for the filter definition. This is
called “Pattern Matching” approach.

o If the individual TCSPC histograms are not available, or a dye is analyzed that changes its
fluorescence lifetime under certain conditions, a lifetime fit can be performed of the TCPSC
histogram of the measurement. The FLCS filters can be calculated from the fitted lifetime
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components. This approach called “LT (lifetime) fitting” can only be employed, if the two
components that should be separated have a practically single exponential decay behavior.

Note:

As a prerequisite for both approaches the lifetime patterns of the two components must be sufficiently different.
The next steps demonstrate both ways to define the FLCS filters. In practice, apply the better suited option
according to the sample.

Definition of the FLCS Filters via Pattern matching (Option 1)

¢ In the “FLCS” drop down menu, click on “Create Filters\Pattern Matching”.

Lagtime  Min: | 0,00000 ms |$| Max: | 1000 ms |$|
Sampling Points: | 2002
oo R s | e
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Note:
This window consists of different sections:

1. Left: Controls for importing and fitting the patterns. Click on the “Help” button to learn about the

meaning of the different parameters.

2. Upper center: TCSPC histogram of the imported patterns. As we haven't loaded any pattern yet, this

graph doesn't contain any data.

3. Upper right: TCPSC curve of the measured data.

Lower center/right: FLCS filter curve. As no filter has been calculated yet, this graph is still empty.

e Click: “Import”.

Decay:

Pattern:

Decay of Correl. Channel & E|

=]

|
o | o

Response: Another window pops up containing the measurement files from the workspace.

B0 impori Patterna .

=B

L]
-k CFY_de_EFaFLOS-pelne ply
ik ARSEES_oW FLIG- (el ph

B Lk AEpESY_dftt IFPCE by

-k b e _Liteime_Traice s

5 [l ouwyPesen_zela_rum i
s [l OFF_EFP_pel_FLRLFRET pl
F-ulk CRICFS_GEY_PEFRIT ps

s [l ToBes e ur-soas ph

Bl AESESL-CE_di¥ PLSILOS piu
ok ERRARE 0 Cee 1HW_OEse By
5k AErAM g ces_sniinching piu

a [l ot _ree_rLa8Potimaging pls

= ok AEpdLI_pwme Do OrMoAnsnaa ple

B . TS-Sasd_irwre_xry-acas_Dusl Focom piu

e Select the file Cy5 diff IRF+FLCS-pattern.ptu and click “OK".
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Response:

e The TCSPC histogram for this file appears in the “Patterns” graph in the upper center.
¢ A few parameters are added in the parameter display on the left.

B impori Pameera

=14

=k

Sampka
ik

sk AmeSEE i H_FLES-maner pha
Sl ARCEEE-CE_dH_FLS-ILCS pin
& ol AECES_HH_IFPCS plu

Sk AmedBE_H_ce_iisl_cenveates phi
5ol ARCAB_H_cw_mndanching pis
# Ml crt_rre_rusPo-megng st
ok CpS_vwe_ st _Troce oha
5k ARCESS e On-CrH-Anaio
= [l cumyPoses_cob_rimpn

[l OFF R _pels FLRFRET pla
Sk CpieCp i PERIT pu

[ T=end_irww_rp-wcan_Dusl Focus ol

= I TS e sz e

Decay of Correl. Channgl &

Cys_ddf_IRF=FLCS-pathern.ptu

Hep | mgat Deiele

[Fa

Limis poae+0000 (A .
Limis 0,000 £0,000 & w
pogp £0,000 (A .
30,083
0,000 + 0,000
13,105 0,000
|I||| [WCnis) 0,000 40,000
Fracin@rcp %) 0,000 + 0,000
o -

¢ Click “Import” again to load the pattern for the second dye.

Decay:

Pattern:

Kl

Irtensity [ Cnks|

105

108

10

102

100

Pattens

R T R T
t [na]

| Decay of Correl. Channel A

=]

| Cy5_diff_IRF+FLCS-pattern.ptu

=]

(e | N

Delete l

Response: A new window pops up containing the measurement files from the workspace.

]
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¢ This time, select the file ATT0655 diff FLCS-pattern.

ptu and press “OK".

00 wnipeai Pangei..

=T

= b SaToes
Bl Ty __RF-FLCE-pamem oiw
ik
Ak AmsaSEaCy ST _FCSFLCS pl
B ASzEnE g DFPCS pha
B dd ASz4BE S cw_ivis] carmelsdo pi
G dd BandB g cw_svitarching pl
i s _FUM-Prbimaging oy
Al CyS_ems_Lifewes_Tegce ple
Wl A8s85E e On-Oi-Asakaas
s Il CiayPolen_cals_FLBLG
=l Gre_rre_cel_PLM-FRIT pi
Ehld CyIHCyE o _PEFRIT pl
A ITS-Bul_HloMI_Mme
T iz-5089 s

e | (N

Response:

e The TCSPC histogram for this file is added to the “Patterns” graph in the upper center. This window

contains now the TCSPC curves of both dyes.

¢ A few parameters are added in the parameter display on the left.
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fmtiem: CyS_a1_IRF+FLCS-patiarn piu [=
| Hep | mport Deiete
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A [aa] 0,000 & 0,000 A
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ip1| MCnis] 0,000 4 0,000
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f e 0,000
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¢ Press “Initial FIT” to fit these patterns to the decay of the FCS measurement.

Response:

Frrameter [ Fit
e [mu] L 0a00E0,000 (A -
A au] 0,500 0,000 5
ﬁinrmltrrbl i 0,500 £ 0,000 él o
Shafl o (8] Limis. 0,200 0,000 2]
Sibfl pa ) (] Lt 0,800 + 0,000 Al o
IE*FP-MG-'M 0
Bkpr e [Cnts] 88312
BT 0,000 0,000
mtagral;g [WCals] 13,105 +0,000
ringrni Wiais] 14,99 0,000
Iy [MCnis] 0,000 0,000
EETT 0,000 410,000
FracntPropy [%] 0,000 £ 0,000
[Fraciifrem %] 0,000 = 0,000

o - e

¢ The two patterns are fitted into the decay and appear in the graph on the upper right, as well as a fitting
curve. The residuals of this graph are evenly spread around 0, indicating that the decay is well described
as a sum of both patterns.

e Fitting values are added to the Fitting table. The ¥? value close to 1 indicates that no further pattern is
needed to fit the data.

e Three FLCS filters are generated, which are named after the two files containing the loaded TCPSC
patterns. The third pattern is the background. Note that for the pattern fit, the background in the TCSPC
curves of the individual components is subtracted.
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¢ As now the patterns are successfully calculated, click “OK”".

CyS_diff_IRF+FLCS-pattern.ptu :

AttoB55_diff FLCS-pattern.ptu | Atto§55_diff_FLCS-pattern.ptu

Background Background

e |

Response:

¢ The pattern definition window is closed.
¢ The FLCS filter functions are displayed in the graph on the left in the FLCS script main window. As the Cy5
pattern was loaded first, this pattern is active.
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FLCS Filter

= b e

R

I

Filter function [a.u.]

&

0 b 10 15 20 25 30
Time [ns]
® Auto Correlation (") Cross Correlation

__Channel A
Set Time Gate:

Select Data Channels:
1:.# Z2M 30 4]

FLCS Fiter: - Cy5_diff_IRF+FLCS-pattern ptu E]|

e Press “Calculate”.
Response:

¢ The FLCS curve for this filter function is calculated. As the filter function is calculated from the Cy5
pattern, it practically contains the autocorrelation of only the Cy5 dye. The photophysical component
(cis/trans isomerization) at short correlation times is clearly visible.
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¢ Save this curve by clicking “SaveResult”.

[ Transfer to Fit l

Save Defaults

|

Restore Defaults l

Response:

e The result file is stored as FLCS.pgres. In order to remember its contents, we rename it: Cy5-

FLCS.pqgres. Files can be renamed by clicking slowly twice onto the file name and typing in the new

name.

-1 b Samples
-l CyS_ dilf_RF FLES-pallern ply
il AHBESS_d#f_FLCS-patiers ply
Sl AHDESS+CyS_dHl_FCS+FLLS. phe
G amobis+Lyt_dt_FCE-FLGE
b Chsical FCS pqras
b FLCS_AHeESE_OHLY pgres
b FLCS_CyS_OMLY.pares
K
-l AHEBSE_d_IFFCS plu
il AHBBE_d#f_cw_tstal_coreato
il AHD4BE_ef_cw_sntbunching.pl
-l Cys_wm_FLM-Pobimegng pl
s CyS_mma_Lilesss_Trecs plu
il AHBESS_immo_On-Off-tnaksis. |
% DaiyPolen_cels FLM ph
-l GFP_RFR_cels_FLM.FRET piu
Bl Cy3+CyS_&N_PE-FRET ple
7 [l TS-Bead_mmo_xy-scen_Dusi Fo
+ . TEDeEad_imng_xz-3can. i
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= Gamples
el Cyd_arf?_RF+FLCS. patiern plu
B dld ANBESS_dEl_FLCS-patiers ple
-dkd AHDESS=Cy5_dif_FCS+FLCS. piu
G AmoBi+Cyl_dh_PCS-FLCE
b Cligaial FOS ggrae
b FLCS_AHESSE_OHLY pores
b FLCS_CyS_OMLY.pares
13
i b AHDESE deff JFFCE plu
-4l AHDdBE_d#l_cw_jstal_comelatio
eHalld AHGASE_del_cw_sitibenching gl
i [ Cys_msme_FLNPabimaging piu
bk CyS_immo_Lifeime_Troce plu
-k AHOESS_mmo_On-0if-dnphvem
Diakay Paben_cela FL plu
GFP_FFP_cels_FLIM-FRET. pis
w-dd CyJ+Cyd af_PE-FAET.pl
i [ To-Bead_smne_sy-acen_Dual Fo
7 I TS-Besd_mma_sc-scen.phu

¢ Now the FLCS autocorrelation curve for the second dye, ATTO655, must be calculated. Therefore, select
this pattern in the FLCS main window and press “Calculate”.

i® Auto Correlation i_i Cross Correlation

__Channel A
Set Time Gate:

Select Data Channels:
1:] 2 3 4[]
FLCS Fitter: S CyS._diff_IRF+FLCS-pattern. ptu E’

CyS diff_IRF+FLCS-pattern.ptu
Atto855_diff FLCS-pattern.ptu
Background

Calculate

Response:

¢ The FLCS curve for this filter function is calculated. As the filter function is calculated from the ATTO655
pattern, it practically contains the autocorrelation of only the ATTO655 dye. The photophysical
component at short correlation times which was pronounced in the Cy5 correlation is now missing.
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¢ Click on “Save result” to save this curve. Rename the generated file as ATT0655-FLCS.
¢ These curves can now be fitted by selecting “Transfer to fit". The process of how to fit a FCS curve is
explained in the tutorial Calculate and Fit FCS Traces with the FCS Script.

Definition of the FLCS Filters via Lifetime Fitting (Option 2)

¢ In the “FLCS” drop down menu, click on “Create Filters\LT-Fltting”.

Lagtime  Min: | 0,00000 ms |$| Max: | 1000 ms |$|
Sampling Points: | 2u5|$|

Create Fiters: [ Pattern Matching l - Clear

Response: The TCSPC fitting window pops up.
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This window contains different sections:

Tem[a]

=B

1. Left: Controls for fitting the TCSPC curve and the filters. Click on the “Help” button to learn about the
meaning of the different parameters.
2. Upper center/right: TCPSC curve of the measured data.

3. Lower center/right: FLCS filter curve. As no filter has been calculated yet, this graph is still empty.

¢ To avoid wasting photons, select the “n-Exponenial Reconvolution” Fitting Model.
¢ As the sample contains two dyes, select 2 exponential components.

UL NN oo econvouion (o RS

Dz [ Decay of Corral. Channai &

=]
RF: Import | AF of Cormel Chanmel & E
Mode! Paramaters: | 2B
[Paramatar fuaiue Fit | = |
& rp [RCnis] 0,000 0,000 =
A [kCnta] 0,000 0,000 2w
=i (] 0000 #0000 (A .
o [s) 3,000 & 0,000 o
[BeprceclCnis] |Lymms 0,000 0,000 =
Shiftme(n8] | mas 0,000 0,000 =
Exgror fonta] |Limitsf 0000 £0,000 -
Iy [Cnta) 0,000 & 0,000
I [kCnks] 0,000 40,000
T (KL T3] 0,000 £0,000
& 5uem [UCriS] 0,000 0,000
= dar it 18] 0,000 +0,000
T [na] 0,000 & 0,000

[w]

| Clear |- Fi | Fial | ol | 0,000

¢ Click “Initial Fit” (marked in orange).
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Response: The TCSPC curve is fitted. A 2 close to 1 and nicely spread residual indicate a sufficiently good fit.

¢ Click “Create FLCS Filters”.

Response:

¢ Three FLCS filter curves are calculated and displayed in the lower graph. These filter curves correspond
to the lifetime component of ~0.8 ns (Cy5), the lifetime component of ~1.8 ns (ATTO655) and the
background, mainly caused by dark counts and detector afterpulsing.

[
M- [ 1]

FLCS Hlam

[AL
1g
iy

3 B e 17 u 3 3 o = 2 3 1] E] 1
Trearal

¢ As now the patterns are successfully calculated, click “OK”".

Create FLCS Filters. l

|

Response:

¢ The pattern definition window is closed.
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¢ The FLCS filter functions are displayed in the graph on the left in the FLCS script main window. As the

~1.8 ns component was assigned to lifetime 1, this pattern is active.
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¢ Click “Initial Fit” (marked in orange).

Response:

e The FLCS curve for this filter function is calculated. As the filter function is calculated from the ~1.8 s
(pattern of ATTO655), it practically contains the autocorrelation of only the ATTO655 dye. The curve only

shows diffusion and no further bunching term as for Cy5.
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¢ Save this curve by clicking “SaveResult”.
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[ Transfer to Fit l

[ Save Defaults l [ Restore Defaults l

Response:

¢ The result file is stored as FLCS.pqres. In order to remember its contents, rename it as ATT0655-
FLCS.pqgres. Files can be renamed by clicking slowly twice onto the file name and typing in the new
name.

-1 ¢ Somples
-l CyS dilf_IRF +FLCS-palern pluy
© Ak AHEESE_difl FLOS-patiern plu
s AHDESE+CyS_dRT_FCS<FLLS. pls
G amofis-Cyt_db_PCE-FLCE
¥ Chmsical FCS pgras
b FLCS_AHBESS_OHLY pgqres
b FLCS_CyS5_OMLY.pares
3
-l ANDBSS_d#1_IFFCS ph
i b AHC4BE_dif]_cw _istal_correiai
# s AHodBE_d@_cw_sntbunchisg.pi
* Cyd_mma_FLN+Polimsging plu
-l CyS_mwng_Lilelss Toecs plu
i s AHDESS_immo_On-01f-Analai |
#- DamyPolen_cels_FLM ph
-l GFE_RFR cels_FLU.FRET piu
il Cy3aCyS_SN_PE-FRET plu
7 [l TS-Sead_mmo_sy-scen_Dusi Fo
- T5-Bead_mmo_xzscen pu

= Sompes

Bl Ak CyS_diff_FFeFLCS-patien. p

F-dlh AHOESS_drit_FLLCS-pakem p

o) Ak AMSBESSCyS_dill_FLSeFLOS giu
1 AHDESE+CyS_aif_FCE+FLCE
b Clwaeal_FCS pgran
b FLCE_AHnd55_OHLY.pares
b FLCS CyS DMLY pgres

i Atiehid_drif_IFFCS phy

Bl s AtaSER_ilf_cve_telsl_coemeline
i AfigddE_drit_cw_snitunchingp
i [ Cy5_imene_FLN ePabmaging pu
A& Cy5_immo_|ifelime_Trace ple
b ANeBES wwno On-08-Aneba |
7l CamyPoen_cets_FLM ptu
sl GFE_AFE_cels_FLM-FRET gl

Bl Cy3=Cy5S_diff_PE-FRET plu

+ . TS-Band_rmms_wy-scan_Cual Fo
v . TE-Eead_imme_sz-acan gtu

¢ Now the FLCS autocorrelation curve for the second dye (Cy5) must be calculated. Therefore, select this
pattern (corresponding to ~0.8 ns) in the FLCS main window and press “Calculate”.
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Response:

¢ The FLCS curve for this filter function is calculated. As the filter function is calculated from the Cy5
pattern, it practically contains the autocorrelation of only the Cy5 dye. The photophysical component at

short correlation times is now clearly visible.
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Click on “Save result” to save this curve. Rena

W
ol i k]

me the generated file as “Cy5-FLCS".

¢ These curves can now be fitted by selecting “Transfer to fit". The process of how to fit a FCS curve is

explained in the tutorial Calculate and Fit FCS

Traces with the FCS Script.

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.

PicoQuant GmbH
Rudower Chaussee 29 (IGZ)
12489 Berlin

P asy Germany

P +49-(0)30-1208820-89
F +49-(0)30-1208820-90
info@picoquant.com
www.picoquant.com

© PicoQuant GmbH

19/19



https://www.tcspc.com/doku.php/howto:calculate_and_fit_fcs_traces_with_the_fcs_script
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