maMmaTSY CYTOQUBE® Mini application note 2
Fast measurement

1536 well microplates live cell imaging and
analysis via high throughput 3D screening

Light-Sheet Microplate Cytometer

CYTOQ\UBE”

Assays using 1536 well microplates offer significant benefits in terms of
throughput and cost reduction as they allow the evaluation of many samples
simultaneously. However, it requires a lot of time and effort, especially in assays
using live cells, the time taken to acquire images of a whole plate can lead to

measurement artifacts due to temporal differences between wells.

With CYTOQUBES®, it is possible to capture 3D fluorescence images of four
columns of wells simultaneously with a single-axis scan for 1536 well
microplates, enabling high speed measurement and optical resolution

equivalent to 10x confocal microscope in Z-axis direction. Here, we introduce

an example of fluorescence imaging and analysis of live cells seeded in a 1536

well microplate using CYTOQUBE in just 16 minutes.



Key benefits

1536 well microplates high speed scan (4 columns simultaneous scan)

Same scanning time as 384 and 96 well microplate formats.

Analyze in parallel during the scan

Voxel resolution: 2.75 uym (X) x 2.75 ym (Y) x 6.215 ym (£)

Optical resolution equivalent to 10x confocal microscope in the depth (Z-axis) direction.
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Introduction

Merit of using 1536 well microplate is that being able to test many samples in one microplate and greatly contributes to the

throughput and reducing the cost per well saving the reagent and cell culture medium use.

However, imaging and analyzing all 1536 well requires huge amount of time and effort for optimization, especially in the assay
using live-cell may have artifact due to the timing difference between the 1st No1 well scan and the last No 1536 well scan,
the time difference is so big that the cell state may have been changed. This is one of the hurdle for using 1536 well

microplate.

CYTOQUBE is scanning 4 columns at a time for its 3D scanning, so it is possible to scan the whole plate in a few minutes per
1 color with the optical resolution equivalent to 10x confocal microscope for the depth Z-axis direction in high speed so that

reduces the artifacts of time differences between first well and the last well.

Here in this document, we would like to introduce one example of using 1536 well microplate having live cell cultured, and 3D

scanned in CYTOQUBE and having them analyzed in just 16 minutes for 3 color assay.
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Light-sheet enables high throughput

CYTOQUBE observation range

The CYTOQUBE is designed to scan SBS standard high content imaging plates, and it has a 9 mm width observation range along the X-axis that covers 4 columns

in a 1536 well microplate, 2 columns in a 384 well microplate, and 1 column in a 96 well microplate. The scanning operation is the same for the 1536, 384, and 96

well microplates, which results in the same scan time for all well microplate formats.

1536 well microplate

4 columns i Light-sheet

excitation light

Objective lens

Band-pass filter — 0
Tube lens —— %‘

Image sensor \

Laser light source
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CYTOQUBE optical and voxel resolution

Observing a sample using optics such as a lens generally results in an image with a blurred spread, which is expressed as the term PSF (point spread function).

In a confocal microscope, the PSF is generally detailed in the XY-axis and extended in the Z-axis. The CYTOQUBE’s PSF has a more spherical shape, which is

different from that of a typical confocal microscope.

The CYTOQUBE'’s optical resolution is equivalent to a 2x magnification confocal microscope in the XY-axis and 10x magnification in the Z-axis from its PSF shape.
The CYTOQUBE’s voxel resolution is 2.75 pm (X) x 2.75 uym (Y) x 6.215 um (Z). A voxel is the minimum unit that composes a 3D image, whereas a pixel is the

minimum unit that composes a 2D image.

Confocal (x2) Confocal (x4) Confocal (x10) CYTOQUBE
CYTOQUBE resolution spec

Bright spot Voxel resolution Optical resolution
(Comparison with the magnification
of a confocal microscope)

[vox]

2:6.215 um Z: About 10x

Y:2.75 ym Y: About 2x

PSF X:2.75 um )
(Point spread function) X: About 2x
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Method

Human lung cancer cell line A549 were stained with 1 umol/L CellTracker Deep AS549 cells o®ed e MRCOcels Og9
(CTDR stained) @ [ J (CTG stained) =~ @

Red (CTDR), human lung fibroblast cell line MRC-9 were stained with 7 pmol/L

CellTracker Green CMFDA (CTG), and both were incubated for 60 minutes at 37

°C. The cell lines were washed 3 times with PBS buffer, and then seeded in a 1536 =

well microplate in various mix ratios of the two cell lines following the pattern M

v

shown in the image on the right. After 48 hours, 5 yg/mL of Hoechst 33342 was
added and incubated for 30 minutes at 37 °C, and then the microplate was

scanned in the CYTOQUBE with no-wash (without removing the dye). Seeding pattern of 2 types of cells in 1536 well microplate

Total cell numbers

CYTOQUBE scan settings A549 MRC-9 )
cells  cells High GEEEEE Low
H|gh LOW N 123 456 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
Sample depth 100 ym 8
Background subtraction ON Z
Hoechst 33342 17 {
N T
Sensitivity CellTracker Deep Red 15 : =
CellTracker Green CMFDA 1" v

Low  High

Approximately 16 minutes are required to scan (3 colors) v 48h
and analyze 3D fluorescence images of 40 columns of a

1536 well microplate. g

5 Stained with Hoechst 33342

——
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Results

Acquired images

Total cell numbers

A549 MRC-9
cells cells
High Low

Low High

Fig. 1: 1536 well microplate fluorescence image
Maximum projection of 3D images, Blue: Hoechst 33342 (nuclei), Magenta: CTDR (A549), Green: CTG (MRC-9)
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MRC-9 cells  Low

A549 celts QI

Fig. 2: Maximum projection of 3D fluorescence images for A, B, and C wells marked in Fig. 1
Blue: Hoechst 33342 (nuclei), Magenta: CTDR (A549), Green: CTG (MRC-9)

Fig. 3 shows the XY coordinates where the
maximum fluorescence intensity was found for
both A549 (red dot) and MRC-9 (green dot) cells,

as well as the cell numbers obtained from

b : 3 analyzing the well images.
) 4 h ‘ CTDR positive cells and CTG positive cells were
) %5 64 . MUE counted according to the ratio in each well.
A549 1791 MRC-9: 0 A549 1230 MRC-9 : 246 A549:0 MRC-9 - 286

Fig. 3: Plotting XY coordinates of cells in each well and cell numbers from A, B, and C wells marked in Fig. 1
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MRC-9 cells  Low
A549 cells

Fig. 4: 3D fluorescence images of A, B, and C wells marked in Fig. 1
Blue: Hoechst 33342 (nuclei), Magenta: CTDR (A549), Green: CTG (MRC-9)
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Fig. 5: Analysis examples of A, B, and C wells marked in Fig. 1
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Three-dimensional differences between A549

cells and MRC-9 cells were observed.

The 3D fluorescence images were analyzed,
and the cell thickness and volume were plotted
in the X-axis and Y-axis, respectively (Fig. 5).

The height information obtained through 3D

fluorescence imaging were used for analysis.

3D fluorescence images of a 1536 well microplate co-cultured with two cell types stained in different colors were acquired and analyzed using the CYTOQUBE.

From the fluorescence images in the wells, both types of cells were counted, and the fluorescence intensity, volume, and thickness were analyzed. In addition,

the spatial distribution of cells in the wells were observed from the 3D fluorescence images. The scan and analysis time to obtain these results was 16 minutes

in total.
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Conclusion

The CYTOQUBE captures 3D fluorescence images of 4 columns of wells simultaneously with a single-axis scan for 1536
well microplates. It can rapidly scan the whole plate in a few minutes per color, with an optical resolution equivalent to a 10x

confocal microscope in the Z-axis (depth) direction.

In this experiment, the time to scan fluorescence images of cells seeded in 40 columns of a 1536 well microplate and
analyze the cell numbers, fluorescence brightness, thickness, and volumes were 16 minutes for 3 colors. The CYTOQUBE

can help accelerate cell-based assay workflows in a higher throughput using 1536 well microplates.

16 mn”
Approx. min *1 3 colors for 40 columns of a 1536 well microplate format
*2 Sample depth setting: 100 um

Measurement flow & Scan

Q) g

L Data analysis (graphing, hit-well extraction, etc.)

Image analysis (cell recognition, fluorescence brightness, shape, etc.)
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HAMAMATSU
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e CYTOQUBE is registered trademark of Hamamatsu Photonics K.K. (China, EU, Japan, Switzerland, UK, USA).

e The product and software package names noted in this brochure are trademarks or registered trademarks of their respective manufacturers.

e Subject to local technical requirements and regulations, availability of products included in this brochure may vary. Please consult your local sales representative.
e The product described in this brochure is designed to meet the written specifications, when used strictly in accordance with all instructions.

e Specifications and external appearance are subject to change without notice.
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