LSM 510 META

Emission Fingerprinting

Guided tour through:

» Configuration
» Defining spectral range
» Scan control settings
- optimal pinhole size
- detector gain, amplitude offset
- range indicator
» Emission Fingerprinting
1. Acquire Lambda stack
2. Reference Spectra
- using ROI's
- using Spectral Database

3. Unmix

LSM 510 META sideport configuration on
Axiovert 2000 and with 2-Flatscreen monitors
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LSM 510 META
Getting started

1) Start the software

LSM 510 META

2) Select Acquire

H/L5M 510 - Expert Mode § x|

File Acquire Process 30 YWiew #Macra  Opkions  Mainkain Window  Help
R . C .
% kacra % Optiohs ﬁ b airtain

L
Eg 2D View

File +;< Process

CORPROPLINEE
Lase bicro Config Scan EdltHEII TimeSenez| EditBleach Stage W5 T L5M
f \ 4) Select Micro
 Choose objective lens ]
3) Select Laser J 5) Switch to LSM

from pull down menu

 switch on required Laser . Select appropriate mode

lines Filterset for fluorescence
« Argon laser power (e.g. FS01 for DAPI, FS09
should be +60 % for GFP)
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LSM 510 META

Configuration
3;: - 1) Select Config and then Lambda Mode
Config

& [Configuration Control

2) Define spectral range for Lambda stack
EhannelMDde( | Lambda Made %&Fingerprinting e /7 ach|S|t|0n

oy S RETF [ T
Beam Path and Channel Assignment NOTE: for Spec|men protect|on - keep
/ Number of passes low!

Line active  Transmizzion [Z] Laszer
Fower

Biem [01 A [T | 4 Close
®m [01 4 [T ] 4
sg8om [ 01 4| T ﬂ @ %

Canfig

el m——

Start I 4972 —- HFT L /488,54 3/633
End I 636.5 nm Z) &Ekcitatinn

\

Step [ 10,70 =] nm L

-
-
-
-
=
o

Specimen

MHumber of Pazzes 3 K

3) Select excitation laser lines and
4) Select main dichroic beam set transmission values
Splitter (HFT)

Dr. Solveig Hehl, TASC Carl-Zeiss Jena LSM 510 META EF-Guided Tour April 2002



LSM 510 META

Scanning Parameters

3) Enter scan speed

T& !Scan Control

T @
Soan Mode Channels Z Setiing: Oese | |/ and select Scan
average (slower scan

P

\/ $ e T tney=——frams @ Llésoei Stau:zk i
Q/ / speed and averaging

. Objective Lens, Image Size & Line Step Factor . . :
1) Select Mode in 0 gives best signal/noise
the Scan Control . ratio)
Find /

Fagw
Scan Speed I 9 j I ‘ l ’
Pixel Time: 1,60 ps Scan Time: 7.86 sec Single

Mode
kethod

Murnber

NG

Objective I C-Apochromat 40w/1.2 W carr j

128 (12 ) 1024 | 2049

-

®¥ | 512 v | 512 Lire Step

2) Select Frame size as — | framese=
predefined number of
pixels or enter own
values (e.g. 912x72)

The Number of pixels
influences scanning
and image resolution.

4) Select dynamic range
8 bit yields 256, 12 bit 4096 levels

NOTE: Images for publication should be acquired using 12 bit and high number of pixels
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LSM 510 META
Adjusting Pinhole

/g Mode Channels Z Settifgs Close
Scan I i
— = 2) Set pinhole size
i
1) SeleCt SCan Channels ChS I
Control and |
Channels : - X
Pirkole [784 _4@7 | 1| Max|  Singe

Optical ghce < 1.0 pm

Finhole @ = 1.01 Ainy Unitz

[retector Gain I a00 j I _i ﬂ = \
arplfier Offset [ 0 4|7 | ﬁ 5
amplfier Gain | 1 o] | M= Dl

pinhole size=1 Airy unit

1 Airy units produces best signal/noise ratio
Pinhole adjustment changes ,optical slice” (i.e.confocality)

NOTE: Pinhole 1 controls all 32 META detector elements
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LSM 510 META

Acqusition

i
Ix

Settings

1) Select Find to automatically

i Cloze
..... pre-adjusts detector
' sensitivity

otor |

—

| omg | | Find 2) Select Fast XY for continuous fast
|

3] e

(il
:

=y / scanning (useful for finding and

Fast < changing the focus)
33,04 mgec single
ol @
m Stop
‘EE'”_LI gﬁ <+ 3) Use Single or Cont to Start Acquisition...
hd ant.
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LSM 510 META

Emission Fingerprinting- Lambda stack

beads wrong - AIM

A00 nm 510 nim

hEd nm

Feady, 1024« 1024 , 22 channels . 12 bit

Select

Display

uy

A

Zoam

Coded

Lambda stack (22 elements, 3 passes)

=101 %]

Gallery

=
:IH
(a1}

[GE

[ ]
=8

@

tean

Q
]

el

(Gallery Mode display)
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LSM 510 META

Emission Fingerprinting- Range Indicator

E beads wrong - AT 1) Select Palette
2) Select Range Indicator
x|
Color Palette List
LCloze
Eaﬂl%:eftrém Image File ‘
Glow Scale
R ainbiow Add b
List
Femaowve
Impart
Ready, 1024 #1024 | 22 channew> 12 bit _Fl/_ ;\LJ- -;T"r
namp FolyLine Spline
Red = Saturation (Maximum)

Blue = Zero (Minimum)
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LSM 510 META
Emission Fingerprinting- Set Gain & Offset

» Detector Gain determines

sensitivity of the detector by Pinhle

Optical zlice < 1.4 pm

[z 4 |1 |wa

ingle

Firhole @ = 1.36 Airy Units

setting the maximum limit

- Ampl. Offset determines the DetectorGan | 575 | 4|1 @ N
minimum intensity limit Ampifier Offset [ 0015 4] 1 = @ﬂ o3
" . I—ﬂ_i ﬂ Cant.
* Ampl. Gain determines signal g "
amplification
«— Saturation at Maximum Gain
— reduce Detector Gain
J N Saturation at Minimum
T~ — increase Ampl. Offset M
Offset

\Gain set correctly

hd

Ampl. Gain increases whole signal,
and the offset will need to be
decreased

Offset set correctly
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LSM 510 META

Emission Fingerprinting - correct Offset and Gain

“Increase Offset until all blue pixels disappear Lambda

coded
*Reduce Gain until red pixels only just disappear

display
£ beads HFTall - AIM =]
0o a 532 nm ’ nm 553 nm Select | Display Gallery

| | &=

£ beads HFTall - AIM

=39 2 FED nm

Gallem

Hizta

592 nm

Ready, 512« 512, 22 channels . 12 bit

Ready, 512 2 512 , 22 channels . 12 bit
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LSM 510 META

Emission Fingerprinting - using ROI's

£ beads HFTall - AIM

|Htenzity
4000

3000

2000

1000

I:I T T T T T T T T T T T T

R00 520 540 560 5230 00 620 640 660 £30 700 720
Emiszion wavelenagth [nm)

ROIT: — ROIZ: — ROI3: — ROI4: — ROIS: —

| [

= L
Channels IEI -’% % Eis
Extract Lirzas Applto | g oue g
+ | _| charngls Urrising hardware Spectia DE
Ss—r

=101 x|

tean of ROl

test]
test2

Type Poglb
il
v ) B0 468

2 O
v 3 O
Vi O
FE O

+

Add

5

imension

O
15 15

265 299 24 X
I 347 27 ¥
03 232 33 33
303 124 30 30

Table
E=E]
Show T able

Coded I ax

= ==

ROl tano
Copy Table | Save Table

|F|eady, B12s512,.22 chaﬁls .12 bit

\

1) Select Mean

—  Mode

/

3) Click Linear Unmixing

2) Define different Region’s of Interest

the left)

(corresponding spectra are displayed in graph on
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LSM 510 META

Emission Fingerprinting - using ROI's

£ beads HFTall * - AIM

Select

Chan

A

Zoom

o

Diizplay

By

=10 x|

Channels

ROl 1

]
HE
Split wy

N\

Owerlay

Reuze

30
Cantr
Palette Hizto
bag,
Frafile
2
250

C

ROl 2

ROl 5

L1

Colors

Ready, 512« 512, & channels | 12 bit

Clear separation,
no overlap
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LSM 510 META

Emission Fingerprinting - using Spectral DB

If no clear spectral separation

- between different areas is
e - possible, then reference spectra
f‘g‘) need to be obtained from
Zaom individual controls (One
. 1 fluorochrome in the sample only!)

2000

1) Acquire Lambda stack

1000

=~—__2) In MeanROI Mode, draw
Region of Interest

D T T T T T T T T

500 510 520 530 540 550 560 570
Ermiszion wavelength [nm)

J I N e

G | —— 3) Save Spectra to Database

1
|
=
== =

ol
- S
Chatirnels EI % o \
Extract Linear Apply ta Save to ‘
-+ | — | chanrels Urmising hardware Spectra DB
~~ 7

|F|ead_l,J, 1024 41024 , 8 channels , 12 bit
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LSM 510 META

Emission Fingerprinting - using Spectral DB

4) Select existing or create 5) Assign appropriate name and enter
new folder comments (optional), then Save

4

Save to Spectra I atabase

Eolly Bus 6) Repeat steps 1) - 5) for all
_@ =] necessary individual controls
Cancel (including Autofluorescence and
=l
ot [ background)
MBS [HFT 433
P iensiy IMPORTANT: All controls have to

1.0

be obtained under the SAME
CONDITIONS (i.e. same system,
0 HFT, detector range and

0z ObjeCtlve'”)

00 ' ' ' Otherwise unmixing will produce
b A

b / false results!!!
/

NOTE: Reference spectra will be normalized to the maximum intensity and can be displayed
either as spline curve or raw data points (use right mouse button for switching)

0.8 4

06

d

Cut

[z
MHew

>

Delete

=

Bename

Copy
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LSM 510 META

Emission Fingerprinting - using Spectral DB

T&!LSM 510 - Expert Mode

File Acquire Process 3D View Macro

Options _ Maintain  Window Help

x|

@ File: /% Acauire| .F'roc:ess :_: 30 Wiew @ Macro % Ophiong )ﬁ M aintain /1 ) From Maln Menu,
) = T g | 25 | ip . 4— || select Process and
+H | xE | o BN B y | o od then Unmi
Add Subtract ualtiply R atio Copy Dup Fm‘él Contrast | Interpolate Shift / D en nmIX
T& [Linear Unmixing x|
|1r?tﬂer'l—3it'I|J Select [ Source e
0g - Click into window |
06 o’ 4 7 @'
04 4 006 GFF_FFP ___/
024
0.0 T T T ten_sity
o Emsisgon waveiitgljth ] o i —l- i al N
HFT 433 . 438 rin ¢ !lil 3) Select
. 0g o
- Lambda stack
/ :: T N (Source) for
. . . . |:|| Dye... | b2 1 .. .
2) Select individual previously saved T e [ foo b unmixing, click

reference spectra from folder,
assign channel and color

500 520 540 5E0

Ermizzion wavelength [nm)

Apply
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...separation into individual channels
after linear unmixing

LSM 510 META

Emission Fingerprinting - using Spectral DB

Original Lambda stack...

£ 006 GFP_YFP - AIM
£ 006 GFP_YFP * - AIM

overlay |

|F|ead}l, 1024 2 1024 . 3 channels . 12 bit
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LSM 510 META

Online Fingerprinting

Emission Fingerprinting can be preformed online avoiding the accumulation of possibly
unnecessary data (lambda stacks) if reference spectra are available.

T [Configuration Control

——— L ——1) Select Config and then Online Fingerprinting
Channel Mode Larnbda Mode ‘ Online Fingerprinting -
— 2) Choose Beam Splitter and Laser Line
SinglETrask Fluafti Tiraek Ratin I][I . . .
Spectia 3) Assign em|SS|on_spc_ectr_a from the database to
3 E the channels by indicating the spectrum and a
4I|ZIEI IEIDD BIDEI ?||:||:| Lazerine / COIO r

\\lf
P«

P | T A

'II|II;I ﬂIII|IIII|IIII|IIII1J_§

o o E o o | | Starting the Scan will only produce the
m m e ey result of the linear unmixing
R55 RSE R57 R58

procedure and no other images.

Stat [ 4332 | om HFT LV/488/543/633
End I £36.5 (i Z| &Ewcitatior Spectum =

Step I'ID.?D 'l nm

Mumber of Paszes 3

Specimen

Dr. Solveig Hehl, TASC Carl-Zeiss Jena LSM 510 META EF-Guided Tour April 2002 -17 -



LSM 510 META

Emission Fingerprinting

What is Emission Fingerprinting?

« 3-step-method for (1) recording, (2) analysis and (3) separation of
emission signals in multifluorescence imaging

« Separation of individual emissions based on the recording of spectral
signatures and a linear unmixing procedure using reference spectra

What is it good for?

» Separation even of fluorochomes with widely overlapping emission spectra

« Separation of fluorochromes that are excited by the same laser line (in single-
photon and multiphoton microscopy)

« Elimination of background- and autofluorescence
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