CENTRE FOR RESEARCH AND

APPLICATIONS IN FLUIDIC TECHNOLOGIES

SOP: Zeiss Live Imaging (Axio Observer)

Contacts
Emergency:
Dan Voicu dan.voicu@utoronto.ca (416)-978-8473
Axel Guenther guenther@mie.utoronto.ca (416)-978-1282
Training:
Victor Sit victor.sit@utoronto.ca [TBD]

Dan Voicu dan.voicu@utoronto.ca (416)-978-8473

Equipment Overview

The Zeiss Axio Observer is an inverted microscope that is fully motorized with an enclosed incubator which
is ideal for live cell imaging experiments. It has high resolution imaging, incubation control (CO.,
temperature, heating), a large field of view and fast frame rates (22-67 fps with binning). The system
uses an LED light source and various filter cubes for fluorescent imaging. The default settings are indicated

below:
Filter Cube Excitation Range (nm) Emission Range (nm)
DAPI 335-383 420-470
FITC 455-495 505-555
Rhodamine 540-580 575-640
Texas Red 540-552 593-668
Cy5 625-655 665-715

Notes before use:
e log into LMACs to start using the instrument, and sign-out before leaving.

e Ensure incubation chamber is closed before starting the instrument.
e During system start-up, wait 30 seconds between instrument units to prevent communication issues.

Supplies and Reagents

Provided by CRAFT:
e RTU disinfectant or 70% Ethanol

e Kimwipes

e PPE (lab coat and safety glasses)
e Stage insert for holding samples (dish, microplates, slides, etc)

Method
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Setup:
To start the system, follow these steps:

1. Turn on the XCite unit by pressing the white switch right, a click sound should be heard. This turns
on the control boxes. Wait 30 seconds.

2. If incubation is needed, turn on the rear switch of the TempModule S unit. This controls the COo,
temperature, and heating all together. Wait 30 seconds.

3. Turn on the Zeiss microscope by pressing the button on the left. This also turns on the touchscreen.
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4. Specify the incubation settings on the touchscreen by clicking Home = Microscope = Inkubation.
Turn on the computer if not on already on.

Note: Wait a minimum of 15 minutes for the incubation system to warm up and stabilize.

Iris Dial
(push down - On/Off)

Stage Controller
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Procedure:
1. Open the ZEN 2 Pro software on the computer desktop.

2. Choose an objective (5x, 10x, 20x) either on the touchscreen (under Control) or from the Light Path
settings in the software.

3. Place the sample into the incubation chamber with the appropriate stage insert. Use the stage controller

to position the sample.

4. Locate the sample using the microscope eyepiece by clicking the Locate tab = Eyes. If no light is seen
on the sample, ensure the light path is open and click either Brightfield or one of the fluorescent filter

cubes:
(" DAPT | AF288 | Rhodamine | TexasRed |7 G5
Brightfield Eyes Camera nile red
AR 0 fo=11 (oo} )
Find Focus Set Exposure Live Continuous Snap

Axiocam 506

.

E Light Path v ShowAll *
Interactive
Bright Field  Open

3V
& — ) —9

3309.00 pm

Focus
»

49 DAPI ApoTome Ope:

> S— P> — 1 P>
3 v

For brightfield mode: Select the Brightfield option and adjust the light intensity using the dial on the
microscope.

For fluorescence mode: Select a filter channel (ie. DAPI) and push down the iris dial to turn on/off the
illumination. As seen in the photo above, a snowflake icon indicates the illumination is ON. Turn the dial to
adjust the intensity, 30% is a good starting point. For live samples where photobleaching is an issue, a
lower power is recommended.

Note: Dye emission and excitation info can be found by selecting the filter cube under the Light Path tab.
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[ Light Path + Showall @&
Interactive

Bright Field  Open 52V

@—)‘_ ’! h'»

Standby 0.00 um

Stage < Focus ;

>

A DIC.. ApoTome Closed Other Lamp

¥
|
g G a— 9

v.5x Motorized Reflector Changer + Show All
Axiocam 506 100% Analy. DIC Trans.light
o a1 29021

44 FITC
7y 7 S
" 20 Rhodamine
M:croscopu- TL 45 Texas Red

50 Cy 5

5. Adjust the position using the focus knob on the microscope for Z movement, and stage controller for the
X/Y movement.

Note: position the objective ~1 ¢cm away from the sample and slowly get closer to it. Unless using a water /oil
immersion objective the objectives do not need to touch the sample directly. The working distance of the 10x
for example is 0.5 cm.

6. Press Live to view the image on the computer screen.

Image Acquisition:

1. Click the Acquisition tab, ensure Default_Fluorescence is selected under the Experiment Manager and
select the channels of interest. There are 5 filter cubes and one brightfield channel. The filter cubes cover a
wide range of dyes.
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Acquisition

_Default Fluorescence *

¥ Smart Setup

I\ 0

Find Focus Set Exposure

Z-Stack
Tiles
Time Series  -—

All Channels

-3 Acquisiion voae
4. Channels

¥ DAPI

v HTC

¥ Rhodamine 6G

¥ Texas Red

v Cys

¥ TL Brightfield

v A + @  Focus Ref.

Use Setting

> ¥ Axiocam 506

50% -+ ¥ Auto Exposure

Shading Correction "Specific

v

» Show all Tools

oo ] (o3
Continuous Snap

~ 3now Al

v Show All

20000000 - ms ¥

Set Exposure

Define

Note: Users can create their own experiment manager and save all their settings. However, do not save these
modified settings to _Default Fluorescence.

=]
Acquisition

_Default Fluorescence *

J¥ Smart Setup

AFE o]

Find Focus Set Exposure

Z-Stack
 Tiles 4 Tiles
Time Series ---

All Channels per Tile
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Note: Dye selections can be added or deleted using the gear icon:

juisition Parameter

~» Acquisition Mode + Show All Add Dye or Contrasting Method

4 Channels + Show All Recently Used

6-CR 6G 547 nm
Alexa Fluor 488 517 nm
Alexa Fluor 633 647 nm
FITC 519 nm
R-PE 576 nm
Spectrum Gold 556 nm

v DAPI Ref
v FITC

¥ Rhodamine 6G

¥ Texas Red

v Cy5

¥ TL Brightfield

v A + W  Focus Ref.

Use Setting Dye Database

-ANS 479 nm
-dodecylresorufin 595 nm
-Methylbenzoxazole 300 nm
,3-dimethyloxatricarbocya 712 nm
CNF 674 nm
-FAM 518 nm
ROX 604 nm
-TAMRA 567 nm
: 6-CR 6G 547 nm
0.00 pm - 6-HEX 559 nm
6-JOE 548 nm
0.px 6-TET 542 nm
7-MeO-Coumarin-AcOH 382 nm

Adirondack Green 520 520nm =
AG 505 nm

™ v Axiocam 506

UV oWN N e

400.000 v

w

w

50% |~ Auto Exposure Set Exposur=

w

Shading Correction ‘Specific '« Define

Aaron v 'Set 'Erase

2 Focus Strategy v Show All @
2 Focus Devices < show Al @& Contrasting Methods

TL Brightfield
TL DIC

2. In the Channels section, choose a channel to preview. Click Live and select Auto Exposure to see the
live image on the monitor. There are 2 exposure settings to choose from and each exposure only applies
to the selected channel:

a. Auto Exposure is used to dynamically adjust the exposure for every image/location.

b. Set Exposure is used to ensure exposure settings are fixed after being set. It copies the settings
to all tiles that follow (ie. 2nd, 3rd, etc). This feature is often used for multiple location or large
image acquisition where artifacts may negatively impact auto exposure and cause the image to
be too dark; otherwise, Auto Exposure is preferred.

3. Set the exposure time.

4. Use the mouse scroll wheel to zoom in/out of the image prior to focusing. The focusing on the scroll
wheel can be adjusted by holding down the CTRL key:
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Move Focus with Mouse Wheel

Extra Fast with Shift Key (10x)

Move Stage with Arrow Keys

Note: double-click to move a location to the centre.

5. In the Display tab (bottom right), click Auto. The histogram shows the intensities and population of
pixels in the image (look up tables). Unclicking Auto and selecting Min/Max will allow the user to
MANUALLY set the maximum and minimum intensity values. Selecting Best Fit will permit the software to
find the best intensity setting that will capture all the channels.
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Display

S4% S W AutoFit FITC Spline Mode

Navigator  Interpolation
Auto ‘Min/Max " BestFit 200 |2 001 'S Current '~

¥ Range Indicator Quick Color Setup

Range indicator: selecting this option will show signal saturation in the image (red). Adjust the exposure of

each channel as needed to remove over saturation.

Note: the camera previews the sample in black/white, but colour can be applied to the image after
acquisition.

6. When satisfied with the settings, click Snap to acquire an image. A new image tab will appear:
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3% Cut 3! Copy 5 Paste wu Scale Bar ™ Create Image from View

62 Snap-06.czi* 9 =%

& Zoom with Image

Calibri, 100pt

Set As New Default 'Reset
d. To modify an

Note: In the Graphics tab, various annotations (text, scale bar, shapes, etc) can be adde
annotation, right-click and select Format Graphical Elements.

Graphics |
Keep Tool
- . Auto Color
ustomize Snap to Pixel
Layers v Annotations/Measurements Dimension
Scaled

M Name

A Vi
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Time Series:

This feature is under the Acquisition tab. Images can be captured in intervals. Modify the settings as
desired, then press Start Experiment to begin.

_Default Fluorescence * v

¥ Smart Setup ¥ Show all Tools

AF (o] -~ i
Find Focus Set Exposure Continuous Snap

Z-Stack

ES
\

v Time Series

All Channels
P> Start Experiment

E Light Path Settings ~ Show All

% Acquisition Parameter

~ Acquisition Mode v Show All
4 Channels  Show All
 Focus Strategy v Show All
2 Focus Devices + Show All

ltidimensional Acquisition
» Time Series +/ Show All

Cycles — —
Dimensions
As Long as Possible

20

Use Camera Streaming if Possible

The Cycles define the number of images. In the example above, 5 images would be acquired with one
image taken every 2 seconds.

Burst Mode: when activated, the system buffers data in the main memory. This enables recording of the
fastest framerates achievable by the camera hardware. For the sake of speed, it supports only single
channel time lapse acquisition. Disable this setting if a multi channel image needs to be acquired.
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Streaming Mode: when active, the software tries to use free running/streaming mode of the active
camera. Use this setting fo acquire videos.

Note: If users want faster acquisition, they can do binning found under the Acquisition Mode tab.

Z-Stacking:

The instrument has the capability of creating Z-stacks using software reconstruction of several images. This
is not a true confocal though. We recommend the confocal microscopes at the facility for 3D images.

1. Ensure the Apotome box inside the incubation chamber is pushed in, a beeping noise should be
heard. If not doing z-stacks, pull out the Apotome box until a click is felt.

2. Enable Z-Stack under the Acquisition tab.
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Default Fluorescence * Lo

¥ Smart Setup + Show all Tools

AF o] 2 o (o)

Find Focus Set Exposure Continuous Snap

v Z-Stack 2 Slices
Tiles
¥ Time Series 5 Cycles

Full Z-Stack per Channel
P Start Experiment

“ Acquisition Mode
4 Channels
2 Focus Strategy

2 Focus Devices

Set Last 1400.00 pm

Dimensions
150.00 ym

2
100.00 pm
5.55 pm

® Interval

Shce

Set First  1250.00 pm

There are 2 modes:

A) First/Last: use this to set the first and the last plane of the Z-stack. This is suitable if thickness of a

sample is unknown.
B) Centre: you set the centre plane of the Z-stack. This is suitable the thickness of a sample is known
and will be the fastest method to setup a Z-stack.

First/Last Mode:

1. Under the Z-Stack tab, click the First/Last Button.

2. While in live mode, adjust the Z-drive knob until you reached the upper plane of the Z-stack. The blue
plane is the actual focus plane. Click the Set First button to set this as the first position of the Z-stack.

3. Repeat the previous step in the opposite direction and click Set Last to set the last position of the Z-
stack.

4. Click Optimal for the software to adjust the best settings for the number of slices and intervals.
Alternatively, users can set a desired interval and number of slices manually.

5. Click Start Experiment.
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Center Mode:
1. Under the Z-Stack tab, click the Center Button.

2. While in live mode, adjust the Z-drive until focused to the centre of the sample. Then, click the Centre
button to set it as the middle of the Z-Stack.

v Show All

Center

4,00 pm
5
1.00 pm
1.24 pm

® Interval

Slice

Center | -448 pm

0.00 um

Start Auto Configuration

3. Click Optimal for the software to adijust the best settings for the number of slices and intervals.
Alternatively, users can set a desired interval and number of slices manually.

Note: depending on what’s in the Keep section, either the Interval or Slices will be held constant.
4. Click Start Experiment.

Note: Time Series, and Tiles can be combined with Z-Stack. If all 3 acquisition modes are selected, these can
be viewed under the Dimensions tab after the run is complete.
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v Z-Stack 2 Slices
¥ Tiles S Tiles
¥ Time Series 2 Cycles

Time-Regions-Tiles-Channels-Z
P Start Experiment

= Setup Manager

[ Light Path Settings

on Paran
~» Acquisition Mode
4. Channels
2 Focus Strategy

2 Focus Devices

Z-Stacks

= Z-Stack

% Tiles

@ Time Series

i Information on Experiment
@ Auto Save

Dimensic as Display

Muiltiple Channels

Al i

Time Series 1

2 - S Auto Min/Max

5 21% =+  Auto Fit
Tiles

™

Navigator ¥ Interpolation

FITC Rho6C
- v [

Single Channel Range Indicator Quick Color Setup

Reuse

This setting allows images at various locations to be taken at the same time, or a cluster of images stitched
together.
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+ Default
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B Print Preview ¥ Cut Copy ¥ Paste

4 Thes - Advanced Setup

v B

+ Show all Tools

o (=
Continuous Snap
VShowAll ¥

Advanced
Setup

mensions

17610 pm

Navigator
Position Arrays

¥ Range Indicator

26621.7 1527, 13947
237165 1594.. 13858

&~

1. Select the Advanced Setup of the Tiles tab.

2. Specify the tile regions to be captured:

"™ Create Image from View

Tile Region Setup

Contour Predefined Carmier

X = Keep Tool

a. Individual locations can be added under the Positions subtab. To cycle through the different
positions you can double-click each line.

b. A field of tiles of either rectangles or circular shapes can be added under Tile Regions subtab.
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# Multidimensional Acquisition

= Z-Stack ~ Show All
*  Tiles v Show All

Advanced
Setup

© Tile Regions

Category Tiles Size (um
Default 26759 x 194
Default 1989.4 x 132

© Positions
© Sample Carrier
© Focus Surface
© Options

9 Time Series v Show All

c. Various carriers can be selected, such as plates or petri dishes. Under the Tile Region Setup
tab, click the Carrier button and select the carrier of interest:

76 x 24 mm - 15 mm Circle

76 x 24 mm - 20 mm Circle

76 x 24 mm - 20 x 20 mm Cover Slip
76 x 24 mm - 50 x 20 mm Cover Slip
Multichamber 12

Multichamber 1536

Multichamber 384

Multichamber 96

Multistide 8

Multiwell 1536

Multiwell 384

Multiwell 6

Multiwell 96

Petri Dish 35 mm

Petri Dish 60 mm

Slide 25 x 48 mm

Slide 76 x 24 mm

Slide 76 x 26 mm

%+ To add or edit global support points open the editor window.

Cancel
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Note: you may do a preview scan with a low magnification.

3. Tile overlap settings can be customized from the Options tab. A higher % overlap indicates tighter
stitching of the images together.

4. Check off Stage and Focus Backlash Correction.

5. Optional: check off Custom Stage Speed if liquid is involved. Reduce it to 50 or less to prevent sample
plate from shifting vigorously when moving to different locations.

6. When ready, click Start Experiment.

7. When tiles are acquired, they will appear in the Dimensions tab as Scenes:

Dimensions

o Scene 1
Zoom ( &) | 129%™ Auto Fit

Navigator v/ Interpolation

Range Indicator Quick Color Setup

Reuse %%

Note: Each Scene is an image of a tile region OR a specific location. Each Scene can be selected and saved
independently (see Saving/Exporting section).

5. The acquired tile images can be processed by clicking the Processing tab = Stitching (Method tab). A
Parameters tab will appear. Select New Output and set the following:

a. Check off Fuse tiles, Correct Shading (Automatic)
b. Edge Detector: Yes
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¢. Minimum Overlap (5%), Max shift (10%),
d. Comparer = Best,

e. Global Optimizer = Best

7. Click Apply to make the changes.

Processing

Single

Method
= Method Parameters
Parameters ~ Show All
vy B
New Output

¥ Fuse Tiles
¥ Correct Shading “Automatic

© Select dimension references for stitching

All by reference

FITC

All by reference

Dimensions
All by reference

© Parameters
o 100%
—_
£ s Qo
f 5 FITC Rho6C
10 % vy mmv

Optimized Single Channel

Best

Saving /Exporting:

A. To save a file with the original data, click File = Save As, then specify the location of the external USB
or hard drive to save the .czi file.

B. To save individual images as they appear with colour and annotations for specific channels, right-click
and select Create Image from View. Then, export images using these steps:
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1. Click File > Export/Import > Export.

2. Choose the file type (ie. JPEG). Select Burn-in Graphics.

3. Specify the save location (USB, external drive). Saving as .czi file is recommended to keep the
original data. This file can be opened on many analysis programs such as IMARIS, Imagel (open
source), or ZEN lite (free version).

C. To autosave immediately after an experiment or scan is complete, follow these steps:

1. Under the Acquisition tab, check off Auto Save CZI. This will ensure all raw data will be
saved.

2. Optional: select Automatic Image Export to save files in either JPEG or TIFF.

& Auto Save

¥ Auto Save CZI
Di\Users\zeiss\Pictures

¥ Automatic Sub-Folder

New

Close CZl image after aquisition
D:\Users\zeiss\Pictures\2022-11-22\New-05.czi

¥ Automatic Image Export

D:\Users\zeiss\Pictures
¥ Automatic Sub-Folder

New

JPEG

3. Identify the save location and provide it a file name.

Video Rendering:

This feature is only available after images are obtained from Time Series. This is useful in applications for
looking at wound repair or cell proliferation over an extended period of time.

1. In the Processing tab, select Single 2 Movie Export (under Method). A Parameters tab appears.
Select the following:
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Single

Parameters

AVI (M-JPEG compression)

Original Size

¥ Burn-in Graphics
¥ Merged Channels Image
¥ Individual Channels Image

7Y Fit All (Uniform)
Channels
Z-Stack

Time Series

v

Fixed Duration

® Use Full Set of Dimensions
Define Subset

D:\Users\zeiss\Desktop\New folder (2)

2022-02-01-Experiment-16

a. Mode: AVI (M-JPEG compression)

b. Mapping: fixed duration = choose the appropriate frame rate. Choose the same fps in the
export as the camera actually captures the photos found in the Info tab of the time series:
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© Image Dimensions

©

10 Frames (148 ms)

2.27 pm x 2.27 ym

544 x 440

1.23 mm x 998.80 pm
14 Bit

X: 37.03 mm, Y: 7.97 mm

& Acquisition Information

2. Click Apply, and the video will be exported.

Cleanup:

Axio Observer.Z1
Achroplan 10x/0.25
Analy. DIC Trans.light
Brightfield

5.18 VoIt

1. Exit the software. Ensure data is saved to a USB or external hard drive. Never leave original

data on the computer.

2. Shut down the system by turning off the units in the following order: TempModule S unit, microscope,

then XCite.

Note: skip this step if there is another user immediately after.

3. Ensure incubation chamber doors are closed to prevent dust from entering inside the unit.

4. Sign out of the instrument in LMACs.

5. Wipe the working area with RTU disinfectant and kimwipe.

Troubleshooting:

Issue

Solution

If no functions work in ZEN software.

Restart the system, and ensure hardware is started

before the software.

If no fluorescent light is seen.

Push down the iris dial (snowflake = ON])

Note: if an issue cannot be resolved, contact a CRAFT staff member.
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