Confocal microscopy
Zeiss LSM 510 and Zeiss LSM 510 META

Visualisation of biological structures in 3D
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Upright Zeiss LSM 510 confocal microscope




Inverted Zeiss LSM 510 confocal microscope




Upright Zeiss LSM 510 META confocal microscope

LSM 510 META
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 Starting the Zeiss LSM 510 microscope,
software and laser



Start the Zeiss LSM 510 Confocal Microscope

1) First switch on the
mercury lamp

2) Turn on the remote
control switch

3) Wait for the computer to
boot up and Login by
simultaneously pressing
the Ctrl, Alt and Delete

keys




Starting the LSM 510 software

Y
L5M 510

& 9witchboard

Carl Zeilss

Laser Scanning Microscaope LSM 510

Yersion 3.2

1) Double click

the LSM 510 | %
icon / -

2) Select “Scan
New Images”

3) Select “Start —
Expert Mode”

Scan New Images

Use Existing Images

Start Routine Mode

Start Expert Mode

@ Copyright Carl Zeis= 1986-2002
Partions @ Copyright 1996, Microsoft Corporation. All rights reserved.

E:xit




Creating a database for acquired images

File  Acquire Process 3D View Macio Ophions  Window  Help
Py 5
Imﬂ 30 Vi % M acro % Optionz ﬁ I aintain
b +

i >'Y Frocesz

iﬂ \ H EH 2 e | = "
MHew Save Savelz [mport E =port kA uilki Prirk E xit

1) In the main menu File select New database

2) Select drive C or D: from pull down menu

3) Create a new directory for each session

Create Hew Database
) atabaze 'l s

Create in M\E-:-mputer
ﬁ DeXtop Create jn I@ 0]
=l 3% Floppy t .
2 ) =g 1 im
2 D] = ml::luppy &) 1 Peter
=1l R emovabl S [Dii 1 Recycler
[F:] =3 Removable Disk [E:] — [ teresa
G:] @ iF:] 1 uzers
& (G -
File name: | Create

File name: I ﬂl
Create bype IDatabase Filez [*.mdb] j Cancel |

Create type |Datal:uase Filez [*.mdb] j Cancel |




1) Select Acquire Turning on the lasers

THILSH 510 - cxpert Mode

File  Acqure P
........................................ § — .
@ i:;( Process IEE aD View % Macro % Options ﬁ b airitain
................................ — *
= . S
JAN || @ £a | 5 ® | = | (A
Laserk Micro Config Scan EditROl | TimeSeres| EditBleach| Stage WIS TV LS

2) Select Laser
W avelength

251, 364 nim

Laser Unit

Enterprize

Argons

543 nm
B33 nm

3) Switch

required Iaser/s\
to Standby or On

488 477 488 14 nim

E;tljtllrl
i3
(I

Argonge

b axinum Power:

Argon power
should be set to
about 60% —

W avelength:

I

i

I Standby

a
a

Cutput [%]

J




Change between direct observation and laser scanning

Upright Microscopes: ‘ | I j. e

Axioplan 2 imaging and y
Axioskop 2 FS

For direct observation
of transmitted light and
fluorescence:

Set slider to “VIS”
(push it in)

For laser scanning
image acquisition:

Set slider to “LSM”
(pull slider out)




Change between direct observation and laser scanning

Inverted Microscope: Axiovert 200 M

Toggle between Vis and LSM button in main menu, automatic
switching between direct observation and laser scanning (no

slider)

<®> | T

W15 TV L5k
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* Selecting an objective and focusing the
microscope



Selecting an objective and focusing the microscope

TG 'Microscope Control

5 /LSM 510 - Expert Mode

File Acquire Process 3D Yiew Macro Options Maintain  Window Ec Microscope Settings
Cloze
a File + H Frocess i ar IGFF‘ ;I .-'1'-.|:-|:|I_I,I| Shore |Delete| Azzign Button |
— x R
GFP Ly Fhod Trahs on Less
11O =

P

Edit RO

ES#

P11 P11 P11

JAN

Lazer

¢

Micra

g

Scan

™
Config

i

Time5Seriez| Ed

(For Axioskop 2 FS these settings have ﬂl @I

to be adjusted manually) Apeture 00523 0Of  00%

1 Condensor Tranzmitted Light
1) Select Micro (Main menu: Acquire) // 2
=

Objective
Plan-dpochromat 63x41.4 Ol

2) Microscope settings can be
stored and up to 8 buttons
assigned for fast retrieval and
adjustment

teflected Light
Plar-Meafuar 10:/0.3

Flan-Meofluar 20:/0.5 ® |

Plan-Meafluar 40=/0. 75

3) Objective lens can be selected <
from a pull down menu by clicking
onto the Objective button

Plar-spochromat 53=/1.4 Oil

Plan-Heafluar 100:/1.3 0l

CID LD LD LD LD 1D

Achroplan T00R7 .00




Focusing the microscope in fluorescence mode

5 'LSM 510 - Expert Mode

Eile Acquire Process 30 View Macro  Qpkions  Mainkain  window  Edic

+ % Frocess

LBy
7 ©

@ File LI

P N R a e
Alg |G @ B,
Lazer Micro Config Scan Edit ROl | TimeSernes| Editl

Click onto Reflected Light to
open the shutter of the HBO

lamp \

Fluorescence is observed by
selecting the appropriate
filter set in the pull down
menu of Reflector

TG 'Microscope Control
Microscope Settings
Cloze
ID.ﬂ-.F"I j Apply | Stare |Delete| Azzign Button |
D& FITC TRITC Tl Less
Fik Fik Fik Fik
Transmitted Light
]} 00
Objective

NidlAld
e E




Focusing the microscope in transmitted mode

5 LSM 510 - Expert Mode T 'Microscope Control

Eile Acquire Process 30 Yiew Macro  Ophions  Mainkain  window  E

Microscope Settings

{DaPY

DAP

j Apply | Stare |Delete| Azzigh Button |

Cloze

FITC

TRITC

T

T

T

T

T

V4

Transmitted Light

@ File i;( Process 3
Alg | =|bE| e |E
Lazer Micro Config Scan Edit ROl | TimeSernesz| E
Click onto Transmitted Light
and move the slider to set
the intensity of the HAL
ilumination —

Use no reflector cube in the

/

Transmitted Light

J

reflector turret, chose None —

N

-

Maone

Tube Lens
Lens L5M

Less
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» Configuring the laser scanning and
detection for confocal image acquisition



Choosing the configuration

SINGLE TRACK
|

Use for single, double
and triple labelling

Simultaneous scanning
only

ADVANTAGES

Faster image acquisition

Cross talk between channels

MULTI TRACK

Use for double or
triple labelling

Sequential scanning, line
by line or frame by frame

ADVANTAGES

When one track is active, only one
detector and one laser is switched on.
This dramatically reduces crosstalk.

Slower image acquisition



Configuration of the filters and storage of the track configurations
SINGLE TRACK - lasers scan simultaneously

P N R

=

Config

/

1) Select Config in
the Acquire menu

2) Select
Single Track

3) Select the
appropriate filters
and activate the
Channels

Transmitted light
image can also be
generated.

T4 Configuration Control

I Channel Mode

Lambda Mode

Online Fingerprinting

Single Track

hultti Track

Fatio

Dezcanned

Beam Path and Channel Assignment

Flate @

MFT 545 Z

Maon Dezcanned [Eamera
OO0
ol = |

& Fiber Out E
Caonfig

BF 435-435
v

Ch2

Ch3

LF 5E0
-

Transmission
channel is usually
set to white colour.

4) The Config button opens the
pull down menu to load/store
Trac&xconfigurations

5| Track Configurations

FITC/Rhod
GFP LF
Lucifer vellow

Pdirrar
HFT tati
E
W/ABB/D42/623 & retatien Line active  Transmizsion [%] Lazer
Fower ol
e [7 1] - sim [T ——— ) o  ®
B e M o3 [123 (7 T )| @
Specimen [ ] L I 0. —I—l‘ ﬂ 9 Laser
—P» o Vosm [ 3 I e
. v g [~ 514 nm I 0.1 1| | M @
3) Click Excitation to select the P stamm [573] 4] | j o
. nim .
laser and attenuation m



Applying a stored configuration and checking the settings

T | Track Configurations

Store f Apply Configuration

Configurations: | e e S1gtel

Cloze

5) Chose a configuration in the
Track Configuration menu. Select

Apply

6) To check for correct
settings, click the Spectra

butt:n/

L

Specha

The Spectra button opens

a window to display the/

activated laser lines for

excitation (colored vertical
lines) and channels /

(colored horizontal bars

If you select Store by mistake, software
will ask you, if you want to overwrite the
configuration. ANSWER NO!

Each new login loads a predefined set
of correct configurations.

T Detection Spectra & Laser Lines DAPL/GFP/Rho: g

Lazer

Chi I
Ch2 I

7

400 500 E00 700

O




Multi Track Configuration

& 'Configuration Control

wee ] = ||~ 1) Select Multi Track for
gl sequential scanning

Lambda Mode

Channel Mode
Spectra

Single Track Mutti Track I K

List of Tracks —_— .

Switch tracks after each Line I Frame  Frame Fast | Ez 2 ) Se I eCt Con flg
Lazerline

arcn:a | E:;:nels [ :;I??:l (] I
Cy3 Ch3 543
428 ! 3) Select a stored track from the

MFTC Cha J E
Storeddpply Single Tra D:nnfig| pu” down menu, CIiCk On Apply

Add Track | Remotve

5 \Channel Mode Configurations

Beam Path and Channel Assignment

[Sammera

Mon Descanned
Store f Apply Configuration
Cloze

OOO000000 g
2 = |

Dezcanned

Configurations: |[Mags0es

PIateZ' & Fiber Out Store | Apply |
H BP 500550 [
0] - k2
wresvs [ A1 [T - This button stores only the
o oy EE -~ highlighted single track or applies
V/488/543/533 Z &E”C"a“m .
i —— a single track.
NoneZ M - w
MHaone
Specimen -
CHD




Excitation

Line active  Transmission [%] Lazer
Power

as8rm [01 4| T | @
4g8rm [163 |7 [ | @
S4rm [01 4| T »b| @
s3mm [ 01 4| T | @
33 [61.4 A ——— [~ »| @
g [01 4| T | @

U i Bl B

9

Line active  Transmission [%] Lazer
Fower

sarm [01 4| T | @
g8 [01 4| T | @
S4mm [01 4| T | @
siam [436 | [ > @
g3 [01 4| T | @
g (01 4| T | @

U i i |

.

Line active  Tranzsmizsion [%] Lazer
Pawer

sarm [ 01 4| T | @
e [ 3 | T | @
Sarm [ 01 4| T b @
samm [ 01 4| T ¥ @
g |01 4| T ¥ @
s [ 01 4| T ¥ @

<

i i

Cy5-Cy3-FITC Multi Track

Three laser lines and channels activated sequentially

Cloge

Lazer

Cloze

Lazer

Cloge

Lazer

633 nm, using
the META
detector in
Channel mode

543 nm

488 nm

Detection

OO000000 g
il e e |

Flate Zl

MFT B35 WIS Z

/)

|

U

& |/
W/488/543/633

Mohe Z

MNFT 635 VIS Z

MFT 545

/

& Fiber Out

BP 500550 [
[ Che

LP 560 e
[~ Ch3

& E =citation

[~ ChM

Mrne

H

HFT
\/488/543/633

Hone Z

MNFT 63515 Z

MHFT 545

LP 560 I

[v Cha
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~  ChM
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I Ch2

LP 560 D

[ Ch3

HFT

W/488/54 37633

MFT 545
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Setting the parameters for scannlng

5 /LSM 510 - Expert Mode

Eile Acquire Process 30 View Macro

@ File +
AN é = | 75
Lazer Micro Ecnnflg Scan

=k

74

/”

1) Select Scan

2) Select Mode

3) Select the Frame Size __

Xl
Cptions  Maintain  Window Edit UI  Help
& 5can Control |
Maode Chanrnels ‘ £ Settings Clase
, Use g 7
L ] ST || — —
H ‘ |ne| Frame @ ROl Stack

;;E-"."'.'

Objective Lens, Image Size & Line Step Factor

as predefined number of
pixels or enter your own
values (e.g 300 x 600).
Use Optimal for calculation
of appropriate number of
pixels depending on N.A.
and A.

The number of pixels
influences the image
resolution!

Objective | Plan-4pochromat 63x/1.4 0 MRS |
Frame Size g 128 | 256 [ | 1024 | on4s | P9
O ptirmal | s I A1 by I A1 Line Step I 1 'I g

Fa&t?ﬁ.'ﬁ"
Scan Speed I 3 j I _i ﬂ b 2 | ﬁ
Fizel Time: 1.60 pz Scan Time: 2,95 sec _single_
Pizel Depth, Scan Direction & Scan Average @
Sh:up
Data Depth 3 Bit | I 12 Bit Mode |Line =]
Method | Mean _I E
Scan Direchion I | Murnber | 1 _I I:::unt




5 /LSM 510 - Expert Mode
Eile Acquire Process 30 View Macro  Qpkions

Setting the parameters for scanning

Mainkain  Window Edit Ul Help

@ File d & Scan Control
= 2 M ode Channels ‘ Z Settings
A g | 2| ¥ c .
Laszer Micro Config Scan Lze — 7
*  Spot| — L g
; ‘ InEI =tune 2 & Stack

Note: When using a
Axioskop 2 FS,
indicate the Obijective
that is in use in the
Scan Control window.
This ensures correct —
calculation of pinhole,
z-stack optimization
etc.

Objective Lens, Image Size & Line Step Factor

Objective | Plan-4pochromat 63x/1.4 O -

Frame Size 1285 ; 1024 | 2088 |

A I 512 ‘T'I 512 Line Step I'I 'I

O ptirmal

Scan Speed Ile _i ﬂ Ma:-:l

Fizel Time: 1.60 pz Scan Time: 295 sec

Pizel Depth, Scan Direction & Scan Average
Diata Depth 5 Bit | I 12 Bit Mode | Line
Method | Mean _I
Scan Direction I m— p | Murnber | 1




Adjusting the scan speed

T 'Scan Control |

| Mode Channels £ Sethings Claze

— ure| =rrame| 2 ) () g = Adjust the scan
e speed - a higher
Objective | Plan-Apochromat 63x/1.4 Dil MRS speed with averaging

* Spot

Frame Size 128 plals 1024 | 2048 L results in the best

optimal | ® [ 512 v [ 512 LieStep [1 =] =) signal to noise ratio.
Fast 23
ETE —==r1"Scan speed 8 usually

scanspecd [ 3 4 T 4 B || produces good
Fizel Time: 1.60 ps scan Time: 295 sec reSUItS USG 6 or 7 for

Data Depth & Bit | I 12 Bit Mode | Line ;I slizp SUperIOI’ Images
tethod | Mean ;I
Scan Direction I — : | Murnber |1 ll =

Pizel Depth, Scan Direction & Scan Average




Choosing the Dynamic Range (8/12 Bit per pixel)

15 'Scan Control X|

| bode el Z Ssiing: Clase Select the dynamic
— | =rne 22 | F 2| —|| range - 8 bit will give
_ §[| 256 gray levels, 12 Bit
will give 4096 levels.

FemoSes | 120 | 9 (BT 1ok | 2oae Find Photoshop5_vylll import
opiml | weser [1 =] | @ | |- 12 and 16 Bit images.
Fazbed?

Scan Speed I | ﬂl _i

* Spot

Objective | Plan-Apochromat 63x/1.4 O MRS |

¥ | 512 v | 512

Publication quality
Fixel Tirme: 1.60 ps Scan Time, 277 Sl Images ShOUId be
STOP, acquired using 12 Bit.

. Stop

Data Depth Bit | tMode | Line ;I
Method | Mean ;I E
Scan Direction I | Mumber | 1 ;I Cont




Channel Settings - Adjusting the Pinhole

& 'Scan Control EI
Mode I Channelz £ Settings Close
®  Soot Line Frarme Uz - :
R S‘tack W__H
Channel Settings B ‘
Chanrels Cha {:}O '
Fird < ‘ >
Fast =y ‘ 3
Pinhole [ o7 o] [ »| 1 |Ma Single ‘
Optical glice < 0.8 pm Finhale @ =1.00 Aiy Units / \
Shop

Detectar Gain I 573 j I _i ﬂ S~ Plnhole S|Ze
Amplfier Offsst [ 0,029 4] [0 E - 1 Airv unit
trplierGain [ 1 4] | N Cont. ry

0.8 “Airy units” produces the best signal : noise ratio

Pinhole adjustment changes the “Optical slice”.

When collecting multi channel images, adjust the pinholes so that each
channel has the same “Optical Slice”.

This is important for colocalization studies.
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Mew
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Find
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Image Acquisition

1) Find
automatically pre-
adjusts detector
sensitivity

2) Select Fast XY
for continuous fast
scanning - useful
for finding and
changing the
focus

3) Stop blanks the
laser beam and
stops the

scannin agm irrors sy, 5124512, 1 channel , 8 bit, Raw image data , Display Zoom : 1 , Palette : No Palette

Select

o

Chan

Zoom

=[0]|

Dizplay

N\,

Owerlay

3D

Contr

&

Palette




Minimal Pixel Size determined by Nyquist Sampling

X NA PIXEL SIZE ScanbMode © Plane
N; 0.29 pm
0,29 pm
5 0.15 1.03 um | Stack Size ﬁ HE% tm
| 051 um Scan Loom ; 1.0
0 0.3 ' H Objective : Plan-&pochromat B3x/1.4 0il Ph3
20 0.5 0.31 pym
Values are for scan zoom = 1.0
' 0.12 um
40 1.3 (OII) - Adjusting the field size (“XY”) to 56
63 1.4 (oil) 0.11 um | Mm with the 63x lens, would produce
: a pixel size of 0.1 um
100 1.4 (O”) 0 i Brightness of image =
Magnification2/NA2

Field size can be adjusted by changing the objective magnification, or by optical
zooming. Changing from 63 x to 100 x will reduce the field size, but will also reduce
the amount of light available.



Optical Zooming

The level of zoom can be
changed either by using the
Zoom, Rotation & Offset
control in Mode menu of the
Scan Control, or by selecting
Crop in the image menu.

/e
I_JI
Scan ‘ Mode

Zoom 2 j I—J— ﬂ 1
Rotation KL [ o o |
/
Dif <] J T
o N | B
'\_ Rezet
Offset 3 0.00um
Offset v 0.00 prm

The image can also be
rotated by selecting and
dragging the bars

= Unnamed16 = - AlM

Select

=

Chan

pre,

Zoom

Dizplay

-

=@
HE
Split sy

N\

Overlay

@

Contr

&

Palette

@

Feuse
f—

‘ =]

Cro

i =

Ready, 512 % 512 . 1 channel , 8 bit . Baw image data , Display Zoom : 1, Palette



Selecting gain and offset — Choosing a lookup table

1) Select Palette

2) Select Range Indicator

%’Biucytin tracing Mouse dentate gyrus - AIM

Color Palette

Color Palet e List
i Cloge :
Mo Palette
Glow Scale
F ainbiow
R ainbow2 Ald b
[t
Edit
Eemove
Import
- S S
Bamp PolLine Spline

Red = Saturation (maximum)

Blue = Zero (minimum)

Feady, 1024 = 1024 . 1 channel , 8 bit . Raw image data . Display Zoom : 1/2 , Palette : Range Indicator




Scan Control — Setting Gain and Offset

Detector gain determines the —_— (55 | F—— »| 1 | e
sensitivity of the detector by - 4 | J—l—l
Setting the maximum limit Ophical zice < 0.8 pm Pinhale 1 =1.071 Airy Unitz
Amplifier Offset determines the DiEizeey Erali 573 4| [ 11
minimum intensity limit —— inpiifier Offset [ 0029 ] 1 |
Amplifier Gain determines signab— “™"* %" |l T D
amplification
<+— Gain
<«—>Saturation at the maximum
—reduce Detector Gain
Saturation at the minimum
increase Amplifier Offset N\_
€= Gain set correctly ¥ Offset

Amplifier Gain increases the whole
& DOffsetset correctly signal, and the Ampilifier Offset will

need to be decreased.



Saturation of Signal Intensity with Laser Power

Photobleaching is linear!

250 / *Fluorophore
- saturates at 6%
= 2004
] laser
£ transmission
(:U 150
5 *Photobleaching
0 100+ IS linear

50
2% 4% 6% 8%

Argon laser 488 nm % transmission

Laser transmission should not be set higher than the saturation level.



Adjusting the Laser Intensity

1) Set Pinhole to 1 Airy unit

2) Set Detector Gain high =

Finhole

T | i

Pinhole @ = 1.01 Airy Units

Optical zlice < 0.8 pm

3) When the image is saturated
reduce AOTF transmission_n the
Excitation panel to reduce the
intensity of the laser light at the
specimen

E

Ready, 512 « 512 , 1 channel , 8 bit , Raw image data , Display Zoom : 1, Palette :

€7 |2
g =
o o

Detectar Gain ..... 'IIZIE?' g J_ ﬂ
amplies Offset [ 0.029 4|1 | E
ampliier Gain -~ | 1 4] | =
| Excitation
s [01 4 [T » @
®m [183 - [ | @
K el

r 514nm|TJ_I7J @
[ 543 nm Iﬁjl_J_J @




Finhole

Optical slice < 0.8 pm

Adjusting Gain and Offset
Both Detector Gain and Amplifier Offset

Detectar Gan

Amplfier Offset [ -0.029 jl

Amplifier Gain

1) Increase the Amplifier Offset until
all blue pixels disappear, and then
make it slightly positive.

2) Reduce the Detector Gain until the
red pixels only just disappear.

EzK

Optical slice < 0.8 pm

Finhole

973 4 b1 [ Max] G
IEERIK I e R 5
Pirhole @ = 1.01 Ainp Unitz Satu rated
- Stop _
1067 4| I | L y
15 o g
1 ﬂ_i , ﬂ Cont Saveds
/ Ready, 5124 512 . 1 channel , 8 bit
* I =1 3

=

Select | Display

-

Palette 25D

ﬂ 1 | Max =/

Select | Display

Finkale B N1 Ai Units *'F 0
an wy

Ve,

Zoom

Detectar Gain 1067 AT

Amplfier Offset [ -0.029 jl

Amplifier Gain

N\

Overlay

Emn

@1
Contr

Palette




Adjusting the Laser, Gain and Offset using a
Multi Track Configuration

T |Scan Control x|
Each channel is selected o — o o
independently by clicking on the v o] — || 2 | B | —
colour button indicating the channel _ m
i.e. Ch2-T1 (Channel 2, Track 1).\%_ 0
The laser power and all other _ChaT2 | Find
parameters are optimised as b =4
described in the previous slides for e
each selected channel. Pirhole [7ea | = »| 1 | M| | Singie
Optical shce < 0.6 pm Pinhole @ = 1.00 Ainy Unitz @
Fo_r accurate golocallsatlon, i TR o 12
adjust each Pinhole so that mpife Ofset [ 0075 4 ” | gﬁ
- . I ant.
each channel has the same spioees  EEMIOT] ol
Optical Slice | Excitation |
0.8 Airy units gives the best L& E Bl gjl_l Sa— ﬂ °
. . . v 3Bdrm | 189 4| T | M @
signal:noise ratio LT:I o [0 4| ——— )| @
T T | R el Y
Fosiemm [01 | T »| @
[T 543 nm Iﬁj I_J_ ﬂ I




Setting up Gain and Offset - Multi Track

1) Select Split XY in the Image window

2) In Palette, select Range indicator

3) Select each channel separately under Channels in the Scan
control window and adjust the Laser intensity, Detector Gain, and

Ampilifier Offset as described previously.

Ready, 512 = 512 , 3 channelz , 8 bit , Raw image data , Dizplay Zoom : 1/2 , Palette : Mo Palette | Intensity (315,477 Ch2-T1: 34 Feady, 512 2 512 , 3 chanhels . 8 bit . Raw image data . Display Zoom : 142 . Palette ;| Intensity (357 473] Ch3-T2: 10




Line Averaging

& Scan Control x|
Mode Channels £ Settings Close
. Uze| /=] z
2 I"HEI —rFrane| /) ROl Stack Tl__i
Objective Lens, Image Size & Line Step Factor W
Objective | Plar-Apochromat 6314 il = {:}{]
Frame Size 128 | 26 |7EET 02e | ooas | i
Optirmal | ¥ 52 v | 512 LineStep [1 ~] @
Scan Speed I 9 j I _i ﬂ [ E | L
Pixel Tirme: 1,60 pz Scan Time: 295 zec -
- Stop
Drata Depth 2 Bit | I 12 Bit

M ethod IMean vI a

Scan Direction I — p | Wumiles |1 ~| Cort

Averaging improves the image by
increasing the signal : noise ratio

Averaging can be achieved line by line, or
frame by frame

1) Select Line or Frame under Mode in
Scan Average within the Mode panel of
the Scan Control window

2) Select Number for averaging. The more
the better for the signal to noise ratio (max
16) in this case, each line will be scanned 4
times. But: Averaging increases the
exposure time of the sample!!

Mode | Line ;I
kMethod | Mean ll
Mumber | 1 ;I

1
2 3
15



Frame Averaging

1) Select Frame

2) Select the Number for averaging - The more the better for

signal to noise ratio (max 16).
possible in this mode.

an Averaje

Mode  |Frame |
td ethod I M ean -
Murnber I -

Frame averaging helps reduce

sontinuous averaging is

can Average

Continuous

photobleaching, but does not give quite such
a smooth image. There is also a longer

delay between each track when using “Multi
TraCk”. kMode Frarne J St':'l:'

kethod

Continuous averaging has a Finish button which w

allows the scan currently in progress to be
completed before stopping

tean J @

Finizh




Collecting an Averaged Image

1) Under Scan Average select
the Number for the average.

Diata Depth g Bit 12 Bit

Scan Direction _’, p

In the Channels panel of the Scan
Control window select Single. An
averaged image will be collected.

7

Single

Range indicat
No Palette

or Set to Range Indicator
Glow Scale
R ainbow

=}

Select

b=

Chan

A

Zoom

=10 x|

Dizplay

-

+ ] ]
HE
Split wy

N\,

Owerlay

3D

Contr

Palette

@

Reuse

Fieady, 512 x 512 . 1 channel . 8 bit , Faw image data . Display Zoom : 1, Palette :

aray
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 Starting the Zeiss LSM 510 microscope,
software and laser

* Selecting an objective and focusing the
microscope

» Configuring the laser scanning and
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Scanning a Z-Series using Mark First/Last

i 1) Select Z Stack
tode LChannels £ Settings Closet”| . .
W { 2) Start scanning using Fast XY or XY cont
*  Spot Line | ——Frams Stack i .
i 3) Keep your eye on the image and move the
N | T focus to the beginning of the Z-Series, then select
tac IZE: U pm ) .
Focus -19.00 pm == Sl ?n? / Mark FIrSt
1
Z Sectioning Mark First/Last ﬁ’ 4) Move the focus back in the opposite direction to
Numshoes [ 53 4[ | Fact Y the end of the Z-Series, then select Mark Last
el A 5) X:Y:Z = 1:1:1 sets the Z-interval so that the
voxel has identical dimensions in X, Y, and Z.
6) Start will initiate the acquisition of the Z-Stack.
Moete  E fie| = = The acquisition can be stopped at any time.
ReffCor. | 1 4 l—i//
A2 =111 NOTE
— ﬁt Focusing can be achieved manually (preferred), or
Auto £ Cor. Auto F . . . . .
— = using Stage in the LSM menu if there is a motorized
Line Sel scanning table.
Ficus ,.-"'r work
Focus _ 2| =
— '_ v Focus
Wheel

Increment ——
\ Focuz step [pm]
I N




T4 !Scan Control

Using Auto Z Brightness Correction

kode

LChannels

*  Spot

Ling | =——Frame

Z Settings

= B= I
i3 Stack

[mtereal

Stack Z Size: 18.90 pm {:}O
Focus -19.00 pm Find
Z Sectioning ark. First/Last Hpperfite £ SECtN @
N Fast =2
Mum Slices I 43 j T _i ﬂ

0.45 pm

Mowve to

Fieff. Cor.

Auto £ Corr.

tove to

Focus Pozition

Enahble tezt

[ 4 —
X:Y:Z=1:1:1|
I@ Ao

I —

Auto Z provides an automatic gradual adjustment
of Detector Gain, Amplifier Offset, Amplifier Gain,
and Laser intensity setting between the first and
last optical slice of a Z Stack.

1) After defining the Z position of the first and last
optical slice activate Auto Z.

/ZLMove to the First Slice and adjust the

parameter for the image acquisition in the
Channels panel for each used channel as
described in the previous slides. Then click on
Set A to store the values.

3) Repeat the procedure after moving to the Last
Slice. Click on Seft B to store the parameters for
the last slice./

4) The parameters for image acquisition will be
gradually and linearly adjusted between the first
and last slice of the Z Stack. Thus signal intensity
and image quality is comparable throughout the
Z Stack.



Confocal Z Sectioning

Number of Sections for correct sampling

Optical thickness d depends on:

« Wavelength A

* Objective lens, N.A.
* Refractive index n

* Pinhole diameter P

d~Pnx /(NA)
~ 0.5 um @ 63x1.4

Optimal: (no missing information @ minimal
number of sections)

Slices overlap by the half of their thickness

»Nyquist-“ or Sampling- Theorem




5 |Optical Slice

Z Stack — Number of Slices and Increment

il

— 1) Select Z slice - the window
eekzsee 180w = zsu.:el‘ Uﬁﬂ? Optical Slice will appear
2) Select Optimal interval the

Num Slices | 54 47 r N Fast A / computer will calculate the
optimum number of sections

£ Sechiohing I Mark First/Last Hyperfing £ Sectioning

Iy

|nterval 0.30 prn

|

3) Select Start

l

Stack £ Size:  19.00 pm

NN
Start
Ch2-T1 Cha-T2 Chi-T3
0.6 pm 0.8 um 018 For more or less sections -

¢ Optirmal Interval: 0.30 pem i Optimal Pinhole Ciameter [Inda adjust Num Sllces




Z - Series using Z Sectioning

£ Sectianing ‘. M ark. First/Lazt ‘ Hyperfine £ Sectioning

Select Z Stack

= 1

—_

—_—

Mum Shices | B4 j I J ﬂ
Intersval [pm] | 03 j_] ﬂ
Current Slice | M j J J ﬂﬂ

Keep Interval Keep slice

)
=L 2) Select Z Sectioning
Start /3) Select Line Sel

=
=
Line Sel

@ 1 4) Select the large arrow
button and position the XZ
cut line

£ Unnamed18 = - AIM

Ready, 512 « 512 1 channel , 8 bit , Baw image data , Display Zoom : 1, Palette :

L)
("=}

i

s}
]
o

{ig]

~a
o
o

2|

i

:U@
@
=

=3
_Dnﬁo




Z Sectioning — Setting Range

| £ Sectioning  ark First/Last Huyperfine £ Sectioning @
Fast =7
Mum Shces | B4 j J J ﬂ
Interval [pm] | 0.3 L | | I ﬂ ﬁ

Current Slice |Tj, J ﬂﬂ Start

Keep Interval  Heep Slice @Ei

1) Decide whether to Keep Interval (number of
slices will change) or Keep Slice (Interval
between slices will be adjusted)

2) Select Range and position bars to decide
where the Z - Series begins and ends

3) Select Start for image acquisition

g

Hange

£ Unnamed18 = - AlM

Feady, 5124 512 , 1 channel , & bit, Raw image data , Display Zoom : 1, Palette :

£ Unnamed19 = - AIM

Ready, z-5can 5121 39, 1 channel . 8 bit, Haw image data , Palette :

Set
W limits for
Z-Series



Viewing a Z - Series

= Rabbit1 NDD 783 200 um Stapel Power&Gain corrcted - AIM

™ the image window

~1) Select xy
2) Select Slice

/

3) Use scroll bar to
view individual
sections

Ready, 512512 % 50 . 1 channel , 12 bit . Raw image data . Dizplay £oom : 1, Palette : Palette from Image File




Viewing a Z - Series using Gallery

= Rabbit1 NDD 783 200 um Stapel Power&Gain corrcted - AIM

120pm [1BO0pm [O0pm E40pm [23.0pm  [F2.0 pm

36.0pm @O0 pm @a40pm @80 pm FE Opm  BOOpm  B4.0pm  BES.0 pm : 1)Se|ect Ga/lery

E 2) Select Data for

scale

Use Subset to
extract sections

/6.0 pm - B0.0 pm o B4.0 pm - BE.0 pm 100.0 pro [104.0

108.0 prm- (1120 pme- 1160 pme (12000 prne (1240 pm 128.0 pm. [132.0 pme [136.0 pm_ |140.0 pm

144.0 pm (1480 pm 152.0 pm [196.0 pm (1600 pm - [164.0 prm 168.0 pm- [I72.0 pm. [176.0 pm

Db

180.0 pm [184.0 pm [188.0 pm 192.0 pm [196.0 pm

Ready, 512 2 512 « 50, 1 channel . 12 bit . Baw image data . Display £oom ; 148 , Palette : Palette from Image File




Viewing a Z- Series using Orthogonal Sections

b

7~

234

o4

2D DCY

-

D e

Select  Dist.

Orthogonal Sections

s

257 | 26

fef &t

-
—f—

East || Setings

Ready, 512 % 512 250 , 1 channel , 12 bit , Baw image data , Dizplay Zoom : 0.60 , Palette : Palette from Image File

/1) Select Ortho

2) Select mouse
(Select)

3) Using the

cut lines.

/ mouse, position the

To save orthogonal
sections, select
Export and save as
contents of image
window.




Selecting and Saving a Region of Interest (ROI)

£ Rabbit1 NDD 783 200 um Stapel Power&Gain corrcted * - AIM _[O]

Select | Display | Slice Dverlay 1) Select
Overlay and
define shape of
ROI

Haert Muscle Cells

et 2) Extract
L0 region creates a
& / Z-Stack from

the ROI
3) Save data

=t

Anirn

T

50 pm

Feady, 512 « 512 x50, 1 channel . 12 bit , Faw image data , Dizplay Zoom : 1.1, Palette : Palette from Image File




Using a ROl for faster image acquisition and data saving
2 | « 1) Select EditROl from the LSM menu bar

Edit RO
2) Select Fit Frame Size to bounding Rectangle

Choose shape of ROI
| @ Y

[v iFit Frame Size to Bounding Fectangle of all BOls

4) Position and size the ROl in

the image with the mouse

5) Start Scan

Interactive ROl Definition

Type Center Pozition Drirnensian

¥ 't ® ¥
1  Elipse 210 [23¢ [t1o4 [126
W 2 Bezer 243 [a11 [z24 e

Toxemove ROI and overlay select blue
bin or deactivate ROI. Closing the
window only removes overlay, ROl is
still active. Deactivate Use ROl in the

LSM menu. | Use

ROl |F|eady, 512% 512, 2 channels . 8 bit




Multiple Regions of Interest

1) Un-select Fit Frame Size to bounding Rectangle, Choose shapes of ROls

4) Position and size the ROIs with mouse

5) Start Scan
To remove ROIs and overlay select blue bin or deactivate ROls. Closing the
window only removes overlay, ROls are still active. Deactivate Use RO/ in the LSM




Time Series

%

Time5eres

1)Set up scanning parameters
for image acquisition as
described in previous slides

kanual Trigger | Time |

2)Select TimeSeries from the

Murmnber |1EI j I J ﬂ
LSM menu ‘Pms'] IW [ElEar I
/ Trigger in IN.:.ne 1I'I Trigger out INDnE TI

\

3)Enter the Number of cycles

4)For a Time Delay between Time Delay

iImage acquisition select min, | =l ’*F'F"I” StC'“3|E'E'E‘EI
. . I 0.0 msec 0.0 mzec 0.0 mzec

sec or ms and set time with the

0.0 mzec I 0.0 mzec I 0.0 msec

slider T e r

>
. It ml sec:l s 0.0 mzec
5)Select Start T to start image e Y e

acquisition
Start and Stop of the Time Series

using Time as trigger uses the
system time!

—



Viewing a Time Series of a Z Stack

Z Sections Time points for Both Z sections
for any time any Z Section and time series

= (D =10

£ Time Time + 2

0.50 pm




Time Series — Physiology Experiments

1) If required, use
multiple regions of

interest

2) Set up Time Series

as before

3) Instead of using
StartT select

MeanROI to start

@

Mean

View and
save data by
selecting
Mean in the
Image window

Intenzity HUI 1

250
200
1580
100

50
0 -
0.00 0.05% 0.10 0.15 0.20 0.25

Intensity ROl 2

0.00 0.05%

250
200
150
100
[} R S Sy
D T T T T T T 9

Scan Mean of ROlz

Type Position  Dimenzsion
XY

Y 382 132 106 124
<% 252 100 125 103
<h o223 307 114 78
Yy 3/3 309 110 154
&7 95 393 172 174

A<

Intenzity RO 3
280
200 +
150 +
100 +

50 ‘w—\_/\_\_
T T T T T

n

0.00 0.05 0.10 015 0.20 0.25

Intenzity ROI 4

280

200

150

100
o
D T T

T T T
0.00 0.05 0.10 0.15 0.20 0.25

Sialin
I Sutomatic

Time Range

Mumber Cycles

Image / Table

Show Image [Eopy Tiakle

Show Table Save Tiable

Intenzity ROl 5
250
200
150
100
50

T T
0.00 0.05 010 015 0.20 0.25




Imaging a large area using Tile Scan

This function is only
available with a

motorized stage Stage
1)Select Stage on
LSM menu Tile Scan
2) Enter the Tlle TI|EM 'I X ' IE_j Y —M ...... k
Numbers — TileSize =512 Pisel Y = 512 Pigel —
Frame Size  * = 1536 Pixel ' = 1536 Pixel
3) Select Start % % = 691.02 pm ¥ = 63102 pm
Start

The maximum size is
4096 x4096 pixels



Tiled Image
Any position can then be
marked and a single
image acquired by
selecting Move to and
then single

P ark \
v

Mowve To

= Tile Scan * - AlIM

ST
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Saving Data - Using Database

1) Select Save or Save as on image window or LSM
menu bar

2) Enter file name and notes if required
3) Select OK

Save Image and Parameter

Mame: | ak

Deszcription : I

Noles il LCancel
Open
MDOB

User Iadministratur

D'atabase [MOE): IR e
D:Auzersshona. mdb Mew
D:\uzershTony_ MAOB01 0040801 00.mdb DB
F:41712994171299.M0B
F:40401 00440 E 0401 00.MDB

Compressz Files ;[




Saving Data — Using Export

e

File g
sk \

Export Images and Data 7| %]

Image tppe © | Contents of the image window /
Single Irmage with raw data .

Savejm  [{Eeduammmgu B ekl [

Contents of the image window

File name: Save I

Save az tppe: | TIF - Tagged Image File [=tif] Cancel |

1) Select File from LSM menu
2) Select Export
3) Select Image type

4) Select Single image with
raw data (No overlay or Look
up table etc. is saved), Series
with raw data, or Contents of
the image window (Saves the
image as shown on the
screen)

5) Select Save as type

“Tif - Tagged image File” is
OK for 8 bit - use “Tiff -16 bit”
for 12 bit acquired images
(Most other software will not
recognize 12 bit)



Shut Down Procedure

1. Go to: Acquire in the LSM menu - Laser — and deactivate all Lasers
by clicking Off to switch off Lasers

T Laser Control EI

| Close

Lazer Uit | YW avelength Fower |

E nterprize 351, 364 nm

Sgon 4582, 422, 514 rn 1

Hetel 543 him On

HeMed B33 rim 0ff
Masimum Fower: 25 0 mw

W avelength: 458, 488, 514 nm
Status: Cooling — ’
Tube Current: 00oA ﬂl
Output [%] EKIR i

2. Go to File - Exit to leave LSM 510 program
3. Shut down the computer
4. Turn off the remote control box —

5. Switch off the mercury vapour lamp.




This guided tour Is based on
work done by

Peter Jordan
ICRF
London
United Kingdom

edited and complemented by
Eva Simburger and Solveig Hehl
Carl Zeiss Jena GmbH



