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Rat Brain, Double labelling:
Green: Neurons, Blue: Nuclei
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Rat Brain, Double labelling:
Green: Neurons, Blue: Nuclei
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How is a X/Y/Z Stack produced?
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Z-Drive
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Sequential Image Acquisition: Framewise
RS It

Switch Track every Frame
+ AREBEEMEHSEHETILINE (W, FHAXD, 9%RF)
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Sequential Image Acquisition: Linewise
EZAE: 1T

Switch Track every Line
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Smart Setup
EIEIZE

O Fastest:
All channels in one track
- Simultaneous mode

O Best Signal:
Each channel in a track
- sequential mode

O Smartest:
Combination of
seqguential and
simultaneous mode

Smart Setup

Configure your experiment
Contrast Probe
Fluorescence DAPI
Fluorescence EGFP
Fluorescence mRFP1.2

+ o

—

Current

Proposals

Fastest

¥ Show Excitation ¥ Show Emission

Airyscan

Spectra data courtesy of Pubspectra

Best Signal Smartest (Line)

Emission Signal

Sample Navigator Cancel
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Airyscan
Detection
Array

Carl Zeiss Microscopy

Confocal
Detectors

Emission Filter Wheels

Laser Port

Scanner
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PMT Detectors / Photomultiplier Tube (Y¢EB{Z1Es @
Assuming a bright sample

P } } vﬁ(: v :::6} .
Photon 5™ ;" Photoelectric effect:
g‘ “®: Photocathode Dynodes Anode

Electron

Power Supply .

(Low Gain) bright Pixel
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PMT Detectors / Photomultiplier Tube
Assuming a dark sample

Photon “:@' & Photoelectric effect:
‘191""‘ Photocathode

Dynodes Anode

Electron

\

Power Supply .

(Low Gain) dark Pixel

01.07.2020
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PMT Detectors / Photomultiplier Tube
Increase a dark sample’s signal with more Gain

Photons ?} 4  Photoelectric effect:
‘:91""‘ Photocathode

Dynodes Anode

Electrons

Power Supply .

(Higher Gain) bright Pixel
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Assume areally dimm sample - @
Extreme Gain values result in Noise

Red lines indicate electrons that were generated but have not come from
the photons within the sample

Photons » Photoelectric effect:
Photocathode

/1

Dynodes Anode

Electrons

Power Supply i

(Highest Gain) bright Pixel,

but Noise
01.07.2020 24
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How to set up the optimal values

A good illuminated image

llumination:
Not too bright,
Not too dimm
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Range Indicator

How to evaluate the dynamic range the best

Look-up table Range Indicator (8bit)
Grey value 256
. White

Grey values
1-255

|

Black
Grey value O

Single Channel +/ Range Indicator
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Profile

How to measure the dynamic range

= gives
measurements of grey
values along a line
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Profile
How to measure the dynamic range

In a good image,
the full dynamic
range is used.
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Gain (Master)
Set too high

Carl Zeiss Microscopy 2020/71



Gain (Master)
Not enough

Intensity

250 —

T T
20 25
Distance (pm)
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Scanning Strategies

Image Noise: What does it look like?

“Good” Image

“Bad” Image
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Scanning Strategies
Speed and Averaging

To decrease the effect of noise, more
photons (signal) must be collected:

1) Slower Scan Speed

2) Averaging
Scan the image x-times and take
the average signal for each pixel
-> addition of photons from several
scanning runs

Carl Zeiss Microscopy

Image Size:

Frame Size

Sampling

Frame Time:

Scan Speed

Direction

Correction

Line Step

Averaging
Mode

Method

Bits per Pixel

134.7 pm x 134.7 pm

1908 px | v x

1.0x

—_—

Auto
Correction X
Correction Y

1

None 2X

" Repeat per Line

Mean Intensity

8

1908 px | -

Pixel Size:  0.07 pum

Presets ¥

Confocal

Pixel Time: 1.10 ps

Max

4x 8x
Repeat per Fra...

Sum Intensity

16
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Hunting for Details?

Choose the right Resolution

Resolution okay Resolution too low
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Hunting for Details?

Choose the right Resolution

Resolution okay Resolution too low
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Resolution: Point Spread Function @
The limit up to which two small objects are seen as separate

EIN

Plan-NEOFL

Intensity

<= d, = resolution limit

0.01 % A4
NA

FWHMJ’]],]at —

FWHM = Lateral Resolution [um]
NA = Objective Numerical Aperture
Ao, = Emission Wavelength [nm]




Resolution

Information given in the Software

“~ Acquisition Mode

LSM

Frame

Crop Area Q

© Scan Area

Image Size: 134.7 um x 134.7 pm

Frame Size 1908 px

Sampling 1.0 x

Carl Zeiss Microscopy

v/ Show All

0.00 pm
0.00 pm
0.0°

Reset Scan Area

Pixel Size:  0.07 pm

~  Presets v

Confocal

2020/711
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Confocal Imaging

From Image to 3D Information

How is a X/Y/Z Stack produced?
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Z-Drive
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Optical Slice Thickness

Overlap between Optical Slices

With this setting, the object structures
between the slices cannot be detected.

At very small intervals a lot of additional data
without additional information is generated.

Carl Zeiss Microscopy 2020/71 41



Optical Slice Thickness
Overlap between Optical Slices

Set Last

22

0.42

042 pm

e Interval Slice

Set First -5.01 pm

The optimal overlap is fulfilled at “Nyquist” or “Sampling Theorem” conditions.

- Sampling frequency (slice interval) must be the double of the information frequency ( z-
resolution or optical slice thickness).

To achieve these conditions just press Optimal Interval in Z-Stack dialog. Then, the

slices
overlap by half of their thickness (no missing information @ minimal number of

sections).
2020/71 42

Carl Zeiss Microscopy






HERE ZNAF Sl

Nearly all fields of
Science...

Agriculturual Research,
Alzheimer, Cancer, Cell
Science, Biochemistry,
Botany, Immunology,
Developmental Biology,
Ecology, Epidemiological
Deseases, Evolutionary
Biology, Food design,
Genetics, HIV, Material
Quality Control, Material
Sciences, Medicine,
Membrane Research,
Neurobiology ,
Parasitology,
Pharmacology, Physics,
Plant Biology, Proteomics,
Signal Transduction,
Virology...
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KIGEERIS

Absolute Frequency

2000

1000

Mean Intensity
Standard Deviation

Pixels

Area [umx pmj
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JELLCO localization

RS S AR I B AR

Various Degrees of Co-Localization in Confocal Microscopy
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3DIjJgE: Z-Stack

SHEMSFIE (F3DER)

View Dimensions Display Player Overlay

View | Dimensions

Zoom

Channel(s)
'Iiﬂarged (5

Carl Zeiss Microscopy

g mw f -

Appearance Clipping Series Measurement Settings

1000 100

3D | Appearance

Shadow Transparen

precise

Background

Background color

Maximum

fast

Surface

2020/711
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3DIJRE: Z-Stack
SHER SRS (E3DIERR)
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?}" }EI}J Fluorescence Resonance Energy Transfer
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Excitation
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Excitation

Emission
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Donor

Acceptor
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Acceptor

FRET L\"“y

HHINFRETAS:

CFP/YFP
CFP/dsRED
BFP/GFP
GFP/dsRED
YFP/dsRED
Cy3/Cy5
Alexa488/Alexab55
Alexa488/Cy3
FITC/TRITC
YFP/TRITC
YFP/ Cy3



¥ EEINBE: Fluorescence Recovery After Photobleaching ﬁ
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Local irradiation FRAP Experiment
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Ariyscan 2
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Adaptation

Alryscan Optics

Detection

fEmEoEEER (X/Y) @ 120 nm
MmO EEER (Z) : 350 nm
@488nm




Airyscan 2 RiEBIMultiplex &z
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Airyscan 2 RiEAIMultiplex 2Y{EZ
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Acquire two pixels at once: Multiplex 2Y
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Classic Airyscannin

CRXJIRE, 4 #J:F“Z'iFDF SR U EARTRO 2217

Confocal Airyscan
1,8 sec frame time 900 ms frame time

Toxoplasma gondii parasites, labelled microtubules in green (Alexa 488) and plasma membrane in red (Alexa 594). Sample: D. Jacot, MIMOL, University of Geneva



LSM 900

HEBAI=4ER R

Neurospheres, Dapi{(blue), Tubulin-Cy2 (green), DCX-Cy5 (red). Sample by HN
Braun, LSMBioanalytik GmbH, Magdeburg, Germany.
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Cover Glass:170um Cover Glass:170um
Glass bottom dish Cell Chamber Slides
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Seeing beyond



