Protocol for spectral separation- Mostly for Leica SP5 confocal microscopes
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Purpose: To check both spectral hardware and software. The double-orange fluorescent
microspheres are designed to test spectral separation on the Zeiss META system and other spectral
imaging systems. These microspheres are stained with two different fluorescent dyes that appear similar
in color by eye but are sufficiently different to be resolved by linear-unmixing techniques. When linear-
unmixing data-processing algorithms are applied, the dyes are shown to be spectrally distinct and
spatially separated — one appears only with in the outer ring and the other appears throughout the
microsphere. Outer shell of the bead (532/552), core of the bead (545/565)

120 -
CAvAa
100 - e
80 -
Core Ex
60 - —Rlng Ex
e COre Em
40 - e Ring EM
20 -
0 T T T T T 1
420 470 520 570 620 670 720

Materials: Molecular Probes 6.0 um FocalCheck™ beads mount with Prolong Gold™



Multi-PMT detection method: This method use all available PMTs to simultaneously detect

discreet portion of the emission spectra from both the core and shell (see above)

Procedure:

1) Set up as many PMT’s as possible similar to below.
a) Note: Be certain to have PMT coverage from 545-570 in order to collect both flurophores
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2) Find and image a bead use the 514 or equivalent LASER. The bead should be ~450 pixels Is in
diameter or use ~13nm pixels and the intensity should be ~85% of saturation, i.e., for 8 bit image

that would be 216 gray levels.
3) Focus to the ~ center of the bead.
4) Select: Process/Dye separation/channel

5) You can define a reference range for every fluorescent dye
used to determine the current emission spectrum of the
fluorescent dye. For this purpose, place the crosshairs on the
edge of the bead, careful not to select any of the core of the
bead. (measurement area (Voxel) set to 10 & rescale to per

channel).




6) Click the Add radio button to add the values for the center of the bead
a) Note: Select a position at which there are no or minimize the fluorescence signals in the
remaining color channels. Otherwise, it may lead to errors during the separation of
superimposed fluorescence signals.
7) Repeat for the center of the bead
a) Note: The clear button can be used to remove unwanted reference data.
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8) Once both spectra have been add, click apply radio button
a) Note: This will generate a new file based on spectra selected from the center and edge of the
bead.




Spectral detection method: This method use one PMT, and scan the slit detection across the

emission spectra from both the core and shell (see above)

1) Procedure: Set up the PMT that directly in-line with the optical axis (usually #3) as possible
similar to below.
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2) Set the scan to 520-595 in order to collect both flurophores -~ -

a) Set the Band width to 5 T
b) No. of steps to 26 snawan [ g

. No. of steps E]f
¢) Lamda Step size to 3 O

3) Collect series- should look similar to below S

514 laser




4)
5)

6)

7)

8)

9)

Select: Process/Dye separation/spectral

Copy the two files provied .Isf files into the database directory typically: ¢:\documents and
settings\username\leica microsystems\las af\database

Load the ring and core spectrum
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Click apply and the software spectrally unmix the image using provided spectrum

The above image is pseudo-colored to visualize the two overlapping flurophores

Send the following information to the ABRF-LMRG at abrf.Imrg@gmail.com:

a) Sample image as above of the separated data in 2D or 3D.
b) Image Z-stack of a single bead from the unmixed data stack

Please indicate the following

i) objective used

i) pixel size

iii) laser power

iv) platform the images were collected on

v) software used for the un-mixing.



Molecular probes bead information
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Spectral data for beads
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5.823023

5.75232
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Confocal note on importing spectral data

Adding Fluorophores Spectrum

to the Dyes Spectra Database
Prepared by Louise Bertrand
Applications and Technical Support Group, Leica Microsystems, Inc

Many databases provide access to spectra of organic compounds, oxonol dyes,
styryl-based dyes, fluorescent dyes and fluorescent proteins. These spectra are
useful for rapid comparison and for setting up the range properties of your PMTs.

This application note will demonstrate how to add fluorophore spectra to the
Dyes Spectra database. We chose for this purpose, Qdot 625.

1. Go to your web browser and open your Spectra Database. In this case,
Fluorophores.org (http.//www.fluorophores.tugraz.at/).

2. Click ‘Search’_and enter your fluorophore under ‘Substance Name’@ then,
click Submi . Your fluorophore with appear under Substance Name
with the corresponding Excitation (Absorption) maximum peak( 4)and
Emission maximum peak(5).

Note: Please take note of the Excitation (Absorption) maximum peak value and
Emission maximum peak value as you will need them when entering the
new dye in LAS AF Dyes Spectra Database.

Fluorophores - The database for fluo... Jj
] - aey Database of Fluorescent Dyes
F ’ uo’? o" DO es g\ —rf:' Properties and Applications

Search Browse | Submit || Register | Help User | Contact About Links. | '@ sHAre oM@ 87,

Search

Substance IOD01625 ’.i\
Name: U

:Enx:‘t:atlon li i [20— ot
Emission max: ﬁ +- [20— nm
Application: I— =
Dye Classes: I, EI
Submit @
Substance Name Solvent pH Excitation max: Emission max:

Qdot 625 @ - 7.2 300.0 @ 621.0 @
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3. Click on the fluorophore 3 , a new window will appear.

Show more

o [l o v Database of Fluorescent Dyes
F , uo’o&gf U @)f est. ':/Lf}'j Properties and Applications ﬂIH.

_Search || Browse _ Submit | Register _ Help || User Contact | | _About | Links  © sHere o 087

Name(s): Qdot 625
IUPAC-name:
CAS-Number:
Substance Class:

Molecular weight:

Normalised emission

Normalised absorption/exciation

Chemical formula:

N T W R T e e o
References: @
wavelenagth [nm]

Internal Substance ID: 716
Add to Multiple Spectra Viewer | Export Spectra as CSV—FiIe!
Absorption Emission
Aomax ] £ [Imol"*cm™] Femax [AM] | Quantum yield [%] Lifetime [ns]
300.0 [ 621.0 | [
Solvent/Buffer: Salvent/Buffer: Solvent/Buffer:

Solvent/Buffer: pH 7.2 pH 7.2

Spectra Correction: Yes

Click on ‘Export Spectra as CSV-FiIe’@. A new window will appear asking
if you want to download the file. Download the spectrum of this fluorophore
to your computer.

Open your Data Analysis tools - in this case, Microsoft Excel. Go to File >
Open, select file type: .cvs and open your fluorophore ‘spectra.cvs’ document
previously downloaded.

Select the first column (A), the Ed Microsoft Excel - QDot 625.csv
column will highlight blue when | @] Ele Edt View Insert Formet Joos Data Window Help
selected. DEHSRY % 2@ 4.
Al =] =| Ernission :t:otds

= B [ ¢ |
Go to Data, select Text to [ 1 [Emission: validation...

2 |550.00000§0.00041 .7
COlumnS.. 9 = ZE‘SLIII]]J 0.00032 ‘ngttoColums...

4 |552.00000§0.00035
Choose the file type that best % g:mtm ggggiz
des_crllbes ur datq. In this case, Tﬂ:mm S
Delimited( 9)and click Next . 8 |556 0000080 00054
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Convert Text to Columns Wizard - Step 1 of 3 2| x|

The Text Wizard has determined that vour data is Delimited,
If this is correct, choose Next, or choose the data type that best describes yvour data.

riginal data type
Choose the file byvpe that best describes your data:
il di - Characters such as commas or tabs separate each field.
f" leecl W|dth - Fields are aligned in columns with spaces between each Field.

Preview of selected data:

mission:;

S0.00000;0_.00041
E1.00000;0_ 00032
S5Z.00000;0.00035
E3.00000;0_ 00037 _:J

K o 2
CN

Cancel < Back MNext = Finish

LT o T | (]

9. Under D Iimiters®, check the ‘Tab’ and ‘Semicolon’ boxes and then click
‘Finish’

Convert Text to Columns Wizard - Step 2 of 3 ) 2| x|

This screen lets wou set the delimiters yvour data contains, ‘You can see
how your text is affected in the preview below,

S I~ Treat consecutive delimiters as one
vV Tab vV Semicolon [~ Comma
[~ space [ Other: I— Text gualifier: I El

~Data preview

mission: =
E0_00000 p.00041

£1.00000 P.0O0O0O3E
SZ.00000 P.0O0O0O3S5
£3.00000 p.00037

rw

Cancel
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10.Select column 2 (column shows in blue when selected), go to Insert@and
choose Columns. A new column will be inserted between column
(wavelength) and column 2 (values).
In this new column, multiply the emission-absorption values (column 3) by
100. Dg so by writing in the tab ‘=(select column 3, row 2)*100" and hit
enter@. Copy this first result (cell) and paste it into all the other cells below.

Ed Microsoft Excel - QDot 625.cs¥

| =) Eile Edit view | Ins mat Tools Data Window Help

Dl &l B oo @ A8 IS oo v@,“nrial
R1C2 -

5£50.0000080. O
551.00000§0.00032
PRI (SR IC8 B Microsoft Excel - QDot 625.csy

553.0000040.00087 { File Edit View Insert Format Tools Data Window Help

554 0000040, 00042 T -
ssoonnjponnds | e H (S A Y[ BRS 0.

—

556.0000040.00054 IF '~ X ¥ =[=rc(1T100 (14)
557 .0000080.00060 1 | 2 [ 3 T 4 T 5 [ 868 [ 7 ]
£58.00000§0.00067 1 Emission:
559.00000§0.00071 | 2 | senlsri=100 0.041 268 - Ud -
560.000000.00084 E‘ 551E! 032 |E)Ele Edt view Insert Format Tooks Dat
561.00000y0.00097 | 4 552 035 =
562.00000}0.00106 | 5 553 iy DR SRY BT
563.00000§0.00126 | 5 £4 0.42 R2C2  ~] = =RC[1]"100
564.00000000140 |7 | 585 048 |1 | 2 | i
565.00000§0.00163 | g 556 054/ 1 |Emission: 1{
566.00000§0.00188 | g | 557 06 22 550  0.04f 0.00041
567.00000§0.00211 | 10 559 087 3. 551 032 0.00032

20 |568.00000§0.00234 | 11 550 071 4 552 035 000035

11.Save your document as the fluorophore.xls (In this example, Qdot 625.xIs).

12.0Open your Microsoft Notepad (Start > Accessories > Notepad).

13.From your Excel sheet, copy the Emjssion wavelength (column 1), and the
values multiplied by 100 (column 2) (bath columns will be highlighted
blue), and paste them onto your Notepad(17). Save your document as the
FluorophoreEm (Odot625Em.txt)®

14. Repeat for the Absorption (Excitation).

15. Open LAS AF.

16. Select the Configuration tab®> Dy @

17. Under ‘User’ right-click, select ‘New’(21), enter the name of the fluorophore
(Qdot 625), the excitation peak value (300) and emission peak value (621) in
the corresponding boxesé
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3 Microsoft Excel - Qdot 625.xls

|&) File Edt View Insert Format Tooks Data Window Help
DR Ry s2BT - [@ A8 B 0 -0 -wo -8 zul
rRC1 =] =] 550 17\
SI-'/I 5 [ B | 7 1 8 [ 8 ] [— 13
1 =
2 = _ =10/x
: 0.041 - 2x
: 552 gggg Savein: | L) Spectiatex 2 e T A s
{3 553 0.037 =] mCherryEm.txt
8 554 0.042 (%) mCherryEx txt
9 555 0.048 [Z] tdTomatoEm.txt
- 557 0.06
}§ 558 0.067
m 559 0.071 @
15 560 0.084 o
16 81 a9y 3 Fie nam QdotE25E m b - Save
17 562 0.106 i = X e
18 563 0.126 Save as type: ITeﬂ Documents " tt] 3 Cancel
19 564 0.14 Encoding ANSI -
a 565 0.163 ! =

@-w
O e ez

18. Select ‘Excitation’@ and click ‘Get Data Points’@. The ‘Text Loader’
window will come up.

19. In the “Text Loader’ window@, click Browse@, select
fluorophoreEx.txt, click ‘Open’ and click ‘Use text shown . Click Save.
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20. Select Emission@, click Edit, click ‘Get Data Points’. The ‘Text Loader’
window will come up. Repeat step 19 for loading the Emission data points
and click ‘Save’

21.Goto Acquire@ > Beam Path Settin > PMT and select your
fluorophore from the drop down men ‘User/Qdot 625'. The gelected
fluorophore emission curve will show up in the spectra window(32).

" e 1)
aun @ @0 O

0
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