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.__combines automated fluorescence
~ Jmicroscopy with quantitative image

T analysis, allows the acq
unbiased multi-parametric at theﬂ‘g

single cell level.”

i‘* Usaj M et aI.,iinds in Cell Biology 26(8), 2016, p598 . :‘
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Adapted from Korn & Krausz,
Current Opinion in Chemical Biology 2007, 11:503-510
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Transmission optics enable
brightfield imaging
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ARTICLE

Received 13 Jul 2013 | Accepted 2 Jan 2014 | Published 27 Jan 2014

Clonal culturing of human embryonic stem cells
on laminin-521/E-cadherin matrix in defined and
xeno-free environment

a cell incubator. After that, the plates were transferred into a high
throughput imaging system (Operetta PerkinElmer) equipped with an
environmental control unit (37 °C, 5% COs»). For Supplementary Movies 1
and 2, the brightfield images were taken once in 15 min during 24 h after
plating using Harmony software (PerkinElmer), exported and analysed

using Imagel software (NIH, the United States). For Supplementary

Movie 3, the images were takenlonce in 30 min for 5 da}'s.lfor migration
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Tracking of dividing cells on
image

Red: Second generation

Longitudinal cell studies to quantify dynamic behavior
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Harmony® phenoLocic™

Experiment: | Cytoskeleton

Plate Type: 384_CellCarrier v
Obijective: 20x long WD v
Opt. Mode: Non-Confocal Confocal
Excitation: L= %
Transmission: 0fsad o
Est. Duration: not available
New Save... |
‘ Channel Selection — ’
I 1|
Alexa 488 v
‘ HOECHST 33342 - ‘
Time: 40 | ms
Height: 50 pm
Snapshet
v
s —
T
Layout Selection %
10 Well(s), 1 Field(s), no Stack
‘ Time Series N ’
1 Timepoints, not used in Test.

Online Analysis

Ho Analysis Sequence selected

1774 Alexa 488

421 HOECHST 3334

301 Alexa 488
182 HOE@HST 33342

: Messages

Level

Time

Message

Evaluation Settings
Image Control & ||: Navigation 7
[ Cantéol ‘ Define Layout P013-CC Cytoskeleto. ..
Coloring: Highlight v

Show Scalebar:

Plate }

Assay: | Operetta Training Plate
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tools

Channels

Layer: |[Measurement Layout W
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iction information only available at the instrument PC
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4 Move the cursor to the opposite edge of the object and note the
Length val

~

Select the Arrow tool as shown in the following figure.

w

Move the arrow cursor over the dimmest part of the dimmest
so3s48m object in the image.

As you move the cursor, the XY coordinates and the gray-level
value of the pixel under the cursor are indicated at the bottom of
the MetaXpress Software desktop. The X,Y coordinates are in
parentheses and the gray-level value is to the right of the arrow.
For example:

(101, 80)-> 3%

Configuring Application Modules

In the following example, the v
i resents th

-

Note the gray-level value of the object.
Move the cursor just outside the object to the background of the

imase and nnte tha orauloval walie of the harke:

o

o/
Image:  pAR| |

Distance: [6.76 = um
Angle: |0.00 3:
Color: I Green v I

Data Log Not Open
Open Log | Configure Log .. I

Overlay Color: |Gleen 'I

[~ Stamp as data is logged

Clear Overlay | Stamp |

Close |

38 gure 7-6 Calipers Sample Image and dialog box

PE Harmony

Step 1. Find Nuclei is good enough for getting the numbers.

T Mucler -~
Channet ORAGS -
Method 8 -

-

Summay Properbes Nucke

Property Mean CV% StdDev  Median Max Min Sum
Area [pm®] 266571 (34539 20M 24935 (44055 864 453171
Area [px¥ 972812 | 345385 335094 9100 16077 3183 165378

Intensty DRAQS 173934 19949 24668 1650.77 (2977.42 139594 (295687
Contrast DRAQS 0426285 | 14.5611 | 0.0620718 0415631 | 0.649078  0.354563 | 7.24885
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nuclear
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Weigthed intensity...
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Curvature 10

Use for Center

~ Profile 1/5 image.
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Chapter 4 — Ready-Made Solutions

Input image

Channe! 1

Combined nuclear and
cytoplasmic stain image

Channel 2
Signal image

Find Nuclei

Finds nuciear cutlines using
the nuciear stain image

Find Cytoplasm

Finds cytoplasmic cutiines
around each of the previously
detected nucied

Select Cell Region

Select the region 2o search for
the marker in the cytopiasm
The region is based on the
detected nuciel and cytoplasm
outiines

Calculate Intensity
Properties

Mean signal intensity in the
selectad region

Select Population

identify celis with a high
marker imensity ("Marker
positive” or “POS™)

Total Number of Celis
Mean Marker Intensity
Fraction of positive cells

Mean marker intensity in
POS cells

Untreated Treated celis
control

Nuciei cytosol

Labeled
caspase-3
antibody

Nuciear region
overiad on the
nuciear stain
mage (untreated
cells)

Detected
cytoplasmsc
cutlines

Search region
overiad on the
sanal stain
image {control)

Search region
overiaid on
postive control
image

Cemct N Fasesr, PO Masn oz W

Cells with 3 marker
intensity > 1000 units
are marked with yellow dots

For information and quality control

Marker intensity within the cell population

Fraction of cells showing the marker. e.g. “responders” 1o a treatment
Mean marker intensity of the “responders”™

Operotta™ Application Guide
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Image Acquisitic

Use tha 2

Open the
Load the

SEQUENCE
Alexa 48
as descrit

»  Adapt the

samples [
Switch to
Optional:
» Runthe:

Dye m s DRAQS™ nuclear stain channel muma S
DRAQ5™ 47 {
(nucleus/
cytoplasm, Find Nuclei Detects Nuclei in the DRAQS channed
specific stain
et
acids) Select Cell Region Define an enlarged region of interest (ROI) in the DRAQS channel by satfing
the outer border of the nuclear region to - 80 % and the inner border to
Cleaved- 404 f 100 % (see section 4.11.3). With this region (MarkerROI) we will later
caspase-3 quantify the intensity of the Alexa 488 detection channel.
i‘ﬂ;:d;lm " Select Region Define a shrunken selection of the nuclei (NucFragROI) by scaling down
the outer border about 2 pi
488 conjugate) ' st

Teble51: Forecene ca R T R

Image Analysis

»  Load the analy:

»  Select the Find
nuclel detectio
general descrip
special hints or
fragments are d

> Adjust the thre
hul
Markar" (4.6) f

The ready-made analy
building blocks:

Calculate Intensity Properties  Use the MarkerROI to quanfify properties of the markar channel

Calculate Intensity Properties

2)

Calculate Morphology
Properties

Select Subpopulation

Select Population

(caspase-3):

- Mean Intensity of the marker

- Standard Deviation of the marker

- Median Intensity of the marker
Quantify the properties of the nucleus, using MucFragROI a5 a region in the
nuchear channel:

- Coefficient of Vananca (CV) Intensity

- Sum Intensity

Quantify the properiies of the nucleus, using the standard Muclzar region;
- frea of & nucleus

Apply a threshold to find & population which has a high mean marker
intensity (to be adjusted). This population is defined as apoptotic cells,

Salect and calculate values to report back as the results for sach well
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55  Phenotypic change not sufficiently described for all three cell lines
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mitochondrial mass

nucleararea | Data generated in the PerkinElmer
Application Lab

Live cell
staining

40 min

Compound
addition

24 h 24 h

Cell seeding Readout
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30 uM FGCP §

300 uM Tacrine 100 mM AAP

A o Hoechst 33342
Zehi A= MitoTracker® Deep Red
“MREA% 18 K /AR 48 Hoechst 33342

»20x long WD #2158 i &

> %5THepG2 2l R i1 T3FL & 4438 (Carbonyl Cyanide P-(Trifluoromethoxy)
Phenylhydrazone , Tacrine and Acetaminophen) , X 22 2|2 fa &%

HACEEARBERLD, SRNEREES, WEEZE)
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Cell Count
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EFERAFENMN EFMARADINF-xB ZISTXL

HaloTag® TMR ligand ¥t5E 40 A0

(fused to p65 subunit of NF-kB); 30 min post-TNFo addition

0 ng/ml TNFo 0.5 ng/ml TNFa. 50 ng/ml TNFa

61

HEK29320infa E FRIANF-xB3K ik & HaloTag® & tRZEHIp65 (p65-HT) ,
iFHaloTag® TMR B {4i% i 2 A B= 3L & 20 AR

FAAELRETNFo RIENF-«xB 5=
FiOperetta® 5 A 2GR {%, 40x LWD 3R 7% S Fa 1%

TNFa induces nuclear import of p65 .

mer’
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0.75 . . . .
-50 0 50 100 150
time[min]
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RIE30minfE, #%MAp65-HTES L KRR SE
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62 Live cell imaging allows the study of signaling dynamics doe.
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65

Powerful neurite analysis

Left: individual segments
(different colors)

Right: Roots (circles),
nodes (arrows), and ends
(numbers)

Unique colocalization analysis

Neurites can be used as
search mask for signals
colocalized on neurites =
essential for axon analysis

Middle: mask created from
neurites

Lower: Spot identification
on neurite (arrow)

B 4>
W7y 7P

[V of < 0 o &0 d

EFEI=T=

1>

PerkinElmer



y(/gf' A 4D

MR R BT Fze
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Immunofluorescence image of hepatocytes
co-cultured with non parenchymal cells (NPC).

Green: DPP-IV (bile canalicular marker),

Blue: DAPI,

Red: ICAM-1 (endothelial marker)
© 2014 PerkinElmer
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What are Microtissues (MTs) or Spheroids? ot

SHAEES): oA gk

KIh=ERREIR R . RIFILAARESRD (Nature medicine)
“HAE =4 NIE MmN R (ECM)

“HpR - ZHREANZMARE - ECMAEE1ER

AN EIRYZR AR AT LA BMT ...

v ¥V Vv Vv Y

o TEY S Py
:" s .‘~Q ‘ _,
. o P
S
. Embryoid :
Tumor MTs Skin MTs Bodiyes Neuro MTs Liver MTs

Physiologically relevant 3D cell model

Data courtesy of InSpher@phero
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PreScan — Meas (10x) = ,Find Microtissue"“ Analysis

|dentify x/y positions of
tissues for ReScan
measurement

70 Saves measurement time and data storage space

-

ReScan only wells that
contain tissues

1>

PerkinElmer



A2
IDEMIES S S

')

Perkin




P A D

Pl I NI

EFI1=T1=

& Harmony 43

“RMS 3D Analysis - Cysts

_3DCysts_Drag5_63x.

ekl Ek2
{AF1 449087 258566
REFI 36259 24461
IKEE 0.77 0.80
il 105.1 85.96

FFC None

Output Population: Cysts

Output Properties: Cyst

- — 54l 884 73.7
= e AE 411 34.7

Number of Fragments:

g5, 16435  5219.8

Equivalent Ellpsoid Axes

Object Box Size v
Sphericty

Inner Sphere Radius: v

tax

Object Height v
Maximum Thickness: v
Footprint Area: Vv
Maximum Crosssection Area:
Maximu Inner Disk Radius: v

Property Prefix

Output Population: Cy:

e Nuclel

Output Regions: Cell and Cytoplasm

Left Mouse Buttor: 30 Rotate, with CTRL: 2D Rotate, with Shift: 2D Shift Mousewheet Zoom Size: 360x360x300, 148 MB
Region Prefix: Raw Lumen A 3
v 2 . CystContact  |CystContact |CystContact CystElipsoid  |CystEllipsoid  |CystEllipsoid | Cyst Ellipsoid Cyst Object Box |Cyst Object Box | Cyst Object Bos
Ouput Regen Raw Luen Resized Object o (Gt Centroldx |Cystcentrod v |cycontoaz [ SCI UL, e vin (AfeawinTop (CYSMNGMmECrst Sutsce | ey (OrstNumberot |FGE (Wi |Shonestans | Shoritong s (CpstEMesod  (oyemsmon i QTN CE QL St
ge [im] ge [bm]  |inimage [bm] | Gioq () Bottom [%] %] [um?] 9 Length [um] Length [um] Length [um] Ratio it [deg] on [deg] | pmy [um] fum]
1 56.9846 2 0 0 1 0.841 941476
Output Region: Lumen 5 89.0785 0 0 1 0857124 76 0123
0 1 0501215 3
v 2 0 1
- 4 ) 0 1
Output Properties: Standard
6 0 0 1
3 0 0 1

Output Properties:
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€& Harmony 4.8

L
rm PhenoLOGIC™

/‘

Run Experiment
Analysi “RMS 3D Analysis - Cysts yst  Image Control 7
Measuement: | RMS_3DCysts_Draq5_63 )

— 7\ u m Coloring Highlight -

Show Scale:

e 115632um3
- BFES: 2.33um

. ARIEAR: 18804um2
13351um?2

Output Properties: Standard

Output Population: Cysts Selected

Output Population:  Nuclel
Output Regions: Cell and Cytoplasm
Region Prefix: Raw Lumen
1(2) v

Output Region: Raw Lumen Resized

gion (3) -
Populstion: | Oysts Selected -
Region v
Methoct ResizeRegion jumi... v
Direction: xXvZ v
Fixed Aspect Ratio; |V 1
Outer Border XY: -5 | | pm
pm

Output Region: | Lumen

Left Mouse Button: 3D Riotate, with CTRL: 2D Flotate, with Shift: 2D Shit Mousewhesl: Zoom Size: 360x350x300, 148 MB
Output Properties: Standard
i Imag
Output Properties: Standard .
Population: Cysts Selected Value
pert > Number of 2

Property

Output Properties: By Related Population =
Cyst Centr

n Image [um]
in Image [ym

Output: 13 Wiell Results, 12 Object Results
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€& Harmony 4.8
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S
Image Analysis

Analysis “RMS 3D Analysis - Cysts

Measuiement. | RMS_3DCysts_Dra

Ek1: ARt E: 153 -
YMEE{RER : 1327um3 —
MEk2: ZHRETHE: 144 -

YMAE{ARFD: 813um3

Common Thresholkt

Volume: > 120 | pm?

Output Population

Output Regions: Cell and Cytopl

Region Prefix: Raw Lumen

Output Region: Raw Lumen Resized

Output Region: Lu

Output Properties: Standard

ewheel Zoom Size: 36043 0,148 MB

Output Properties: Standard

Population: Nuclei  Value
Output Properties: By Related Population Number of

29

Mean StdDev Median Max  Min  Sum

4 520 17128

Output: 13 Well Results, 12 Object Results
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armony' PhenoLOGIC™

3D distance b untouched cell

G1-Measurer

363 6181 108
[um] 9

EBREE[%] 0

v [~

#1FF906

Colo #20F807
put Population: Imag
ct Popula

put Population: Image R

Auto Contrast

| Calcuiate Position Properties (2)

Population: | cell selected
Image Region

Region B
Methoct Cross Population
a Highlig
Population B: Image Region v

Region B: Image Region v

ROl Border Distance:

Nearest Object Distance:

Image Region

Summan,

Population: cell selected
Number of Objects
Property

StdDev | Median
Image Region Volume [ur?] 17649
Image Regio 451
jon Centroid
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cart/total cell area

apoptosis percentage
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