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Contacting Intelligent Imaging Innovations, Inc

If you have any questions or experience any problems with SlideBook ™E, pl ease contac
by either phone or email. Our phone numberis (303) 607-9429 and our email address is
support@intelligent - imaging.com
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Manual Conventions

Typographic Conventions

Menu commands are written in bold and follow the order of menu navigation. For instance,
choosing 00Opendé from t heFil®e>Opéneé menu i s written a

Dialog fields and other interface items are written in bold, as in Initial Offset .

References to other sections of the manual are underlined, as in  Image Capture .

New terms are /talicized .
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1 Introduction to Ratio and FRET Modules

The Ratio and FRET Modules add functionality that simplifies a wide variety of
guantitative technigues. Ratio imaging is a live cell imaging technique that measures pairs

of wavelengths. Quantification of ratio pairs is relatively unaffected by issues such as
photobleaching, uneven dye loading, and dye leakage. Thus, it is an excellent  technique for
performing quantitative measurements. Commonly, ratio imaging techniques employ
ratiometric dyes that indicate ion concentration. Examples of such dyes are Fura -2 (for
Caz*) and BCECF (for pH). Ratio imaging techniques may also be employed when
performing live Fluorescence Resonance Energy Transfer (FRET) experiments (e.g. Two -
Channel Corrected FRET).

Measurement of FRET allows you to determine whether or not two molecules are
colocalized at a distance less than 10 angstroms, enabling meas urements below the
resolution of a light microscope. FRET is a distance -dependent interaction between the
electronic excited states of two dye molecules where the excitation is transferred from a
donor molecule to an acceptor molecule without the emission of a photon. FRET
experiments may be performed on live or fixed cells. SlideBook ™ supports two FRET
methods: Sensitized Emission/Direct FRET (both Two -Channel Corrected and Three -
Channel Corrected) and Acceptor Photobleaching FRET. For more information on FRET
methods, please see Appendix A: FRET Introduction and Theory  on page A-1.

The Ratio and FRET Modules add the following components to the SlideBook ™ base
package:

Ratio Module Tools

Ratio syst em configuration

Ratio indicator calibration guide

Real-time ratio and concentration display during capture
Post-acquisition ratio and concentration display

Ratio and concentration data export

FRET Module Tools

¢ Channel bleed -through calculation
¢ Post-acquisition calculation of Sensitized Emission/Direct FRET (Herman equation)
¢ Post-acquisition calculation of Acceptor Photobleaching FRET

1.1 Ratio and FRET system configuration

Expanded filter definitions allow you to define two independent ratio channels (Rat [o]
Module) and FRET acceptor, donor and transfer channels (FRET Module). Ratio channel
definitions allow for real -time calculation of ratio values and subsequent viewing and
guantification of ratio data.




Chapter 17 Introduction to Ratio/FRET Module

1.2 Ratio Tools

1.2.1 Calibration Guide

SlideBook ™ provides an easy-to-follow guide for calibrating a fluoroprobe such as Fura -2
using the technique outlined in Grynkiewicz et al (1985).

1.2.2 Real-time ratio and concentration display

During capture, SlideBook ™ permits you to delineate multiple regions of interest
(including a background) region and graph ratio or concentration change over time.
Simultaneously, SlideBook ™ provides a pseudocolored image of ratio information across
the entire field.

1.2.3 Post-acquisition ratio and concentration display

All interactive Slide Book™ views (main view, three view, and tile view) allow you to display
ratio or concentration information as a pseducolored image. Further, each view can display
the computed ratio or concentration at the current cursor location.

1.2.4 Ratio and concentration data export

SlideBook ™ can produce a tab -delimited text file that includes ratio and concentration data
for multiple regions of interest across time.

1.3 FRET Tools

1.3.1 Channel bleed-through calculation

SlideBook ™ allows you to characterize the bleed -through coefficients of your particular
imaging system. Characterization of cross -talk between channels is necessary for making
guantitative measurements of Three -Channel Corrected Direct FRET. This feature is
discussed in the chapter titled Protocol for Sensitize d Emission/Direct FRET .

1.3.2 Post-acquisition calculation of Sensitized Emission/Direct FRET

You may specify donor and acceptor channels, corresponding bleed -through coefficients, and
a background region in order to automatically calculate direct FRET. These s  ettings may be
saved for each image. A complete protocol/tutorial for performing Direct FRET is provided.

1.3.3 Post-acquisition calculation of Acceptor Photobleaching FRET

You may specify donor and acceptor channels and a background region in order to
automati cally calculate photobleaching FRET. A complete protocol/tutorial for performing
Acceptor Photobleaching FRET is provided.
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2 Configuring your System for Ratio or FRET Imaging

2.1 Defining Ratio Channels

In order for SlideBook ™ to be able to capture ratio image s, the filter configurations must be
set properly. One filter configuration should be defined asa  Ratio Numerator and one filter
configuration should be defined as a Ratio Denominator . These two filter configurations
determine a ratio channe/ .

SlideBook ™ lets you define two ratio channels: ratio channel 1 and ratio channel 2. If you
wish to view ratio values real -time, you must set ratio channel definitions before initiating
capture. You may also add ratio information post -capture as discussed in the s ection
Adding and Viewing Ratio Channel Information  on page 4-6. The following example shows
how to set up a ratio channel for Fura -2.

NOTE: Ratio Channels may also used when performing Two-Channel Corrected FRET. See
Appendix A for an introduction to Two -Channel Corrected FRET.

1. Select Edit>Define Optics>Filter Configurations . The Filter Configurations
Parameters dialog box will appear.

2. Add a new channel by clicking Add and then enteri ng all of the necessary
parameters. A detailed explanation of all the settings is found in the SlideBook ™

Userds Manual, Chapter 4:2a8showymbelowset ti ngs
Filter Configuration: INew Fluoroprobe ﬂ Add
r Parameter Remave
Mame: IFura 240 r~Associated Channel Tupe——
|ndependent - LI
— Light Source
Ratio 1 Denaminatar Cancel
@ Fluorescence: Fatio 2 Murneratar LI —I
Emnission ID.51

wavelength [um);

— Default Calar Dizplay

" Transmitted: " Nore
Mode: lm " Red
™| Frampt if mode is ot available for # Gz
current objsctive " Blue
" Altemate Source: " Pseudocalor (Colar]
Position: IW = Pseudocalor [Intensity)
I BGE | Seffings.. |

Filker set: IFixed Vl " Monochroms
Excitation wheel position: m ! Userdefined; ]
O wayelength
Internal turret position: IUnmounted 'l
Emigsion wheel position: IW ' Requires U objective

LCD/EF filter position: IUnmounted vl
Camera: Im

2-1

f

o
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i
Filter Configuration: INew Fluoroprobe j Add |
r— Parameter E— |
M armne: IFu,a 380 — Aszociated Channel Type——

ak |

Independent ﬂ

— Light Source Fatio 1 Murnerator

Fatio 1 Denominator Cancel |

% Fluorezcence: Fatio 2 Murnerator ;I

Emission ID.51EI

wavelength [urm):

— Default Colar Dizplay
© Transmitted: " Naone

taode: lm " Red
= Frampt if mods iz not available for # Gz
curent abjective " Blue
€ Alternate Source: " Pseudocalar [Calor]
Positior: IW @ Pzeudocolor [Intenzity]
s [ s, |
Filter set: m " Monochrome
£ User-defined: |:|

Excitation wheel position: |2 ,l
 iavelenath
Internal turet positian: IUnmounted vl

Emizzion wheel position: Im ' Fequires LI objective
LCD/BF filter position: IUnmounted ,l

Camera: m

NOTE: Make sure that the numerator and denominator configurations for a
particular indicator are associated with the same ratio channel.

3. Close and restart SlideBook ™ to update your preferences.

2.2 Defining FRET Channels

FRET channels will be defined using a procedure similar to that discussed above. Channel
definitions for Dir ect FRET and Acceptor Photobleaching FRET will be discussed in this
section.

2.2.1 Direct/Sensitized Emission FRET.

In order to perform Direct FRET, the appropriate filter definitions must exist. The common
FRET pair, CFP and YFP, is used as an example. For thre e-channel corrected FRET, three
filter definitions are necessary: CFP (donor), YFP (acceptor), and FRET. Fortwo  -channel
corrected FRET, two filter definitions are necessary:  efither CFP or YFP, and FRET. CFP
and YFP filter sets are configured to use the re spective exciters and emitters. The FRET
channel must use a CFP exciter and YFP emitter. The exact configuration of the filters will
depend on your particular hardware configuration.

2-2
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2.2.1.1 Three-Channel Corrected FRET

To add FRET filters for performing Three -Channel Corrected FRET:

1. Select Edit>Define Optics>Filter Configurations . The Filter Configurations
Parameters dialog box will appear.

2. Add a new channel by clicking Add and then entering all of the necessary
parameters. A detailed explanation of all the  settings is found in the SlideBook ™
Userds Manual, Chapter 4. Sample settings fo
below.

This example shows typical settings when using a JP4 filter set, where the
dichroic is in filter position 1, the CFP and YFP exciters a  re in filter wheel
positions 1 and 2, respectively, and the CFP and YFP emitters are in filter wheel
positions 1 and 2, respectively.

NOTE: Make sure to select the appropriate Associated Channel Type (FRET
Donor for CFP, FRET Acceptor for YFP, and FRET Tr ansfer for FRET).

x
Filter Configuration; - Add
— Parameters Elzmiame |
M arne: ||:Fp - &ssociated Channel Type——
Ratio 2 Mumerator -
— Light Source Ratio 2 Dienominator =i
RGE Color Cancel |
' Transmitted: hd

Mode: IUnknnwn 'I

™| Frompt if mode iz not

r— Default Color Display

&y ailable farn cument " Naone
abjectve  Fed
' Fluorescence:  Gresn
Emigsion ID_4?? v
wavelength [pm]: ' Ble
' Pzeudocolor [Color]
I Requires LV objective £~ Pzeudocolar [Intenzity]
C RGE | Settings... |
Filter set: Im " Monochrome
Excitation wheel position; m
Internal turret position: |-| 'I

Emiszion wheel position: Iﬁ
LCD/BF filker pozition: IUanunted vI

Camera; Im

2-3
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Filter Configuration Parameters

Filter Configuration: I_ vl

— Parameter
Mame: IYFP — Associated Channel Type——
Ratio 2 Denominator 4|
— Light Source RGE Calor =
FRET Daohar
" Transmitted:

Mode: IUnknown 'l

] Brompt it made s nat
awailable far cument
objectve

% Fluorescence:

Emiszion ID. 527

wavelength [um):

[~ Requires Y objective

Filter zet: m

Excitation wheel position: m
Internal turet position: Iﬁ
Ermnizzion wheel position: m
LED/BF filter pasition: IW’

Camera: iy -

— Default Colar Display————
" Naone

Red

Ole]

Green

Blue

Pzeudocalar [Calar]
Pzeudocolar [Intensity)

RGE Sethings... |

Maonochrame

o i e Nie Nie |

I

Add

Remove

ok

i}

Cancel

— Parameter

Filter Configuration Parameters

Filter Configuration: [F=y=d -

Marme: IFHET

— Light Source

 Transmitted:

Mode: IUnknown Yl

= Erompt it mods is not
atvailable far curment
ohjective

' Fluorescence:

Emission ID. 527

wavelength [pm]:

[ Requires UV objsctive

Filker set: Im

Excitation wheel position: m
Internal turet positian: m
Emission wheel position: m
LCD/EF filter position: IW

Camera: By -

—Azzociated Channel Type——

— Default Color Displap———
" None

Red

0}

Green

Blue

Pzeudocolar [Calor]
Pzeudocolor [Intenzity)

RGE Settings... |

Monochrame

o i Tie Tie i i °

x

Add

Remayve

1]

Cancel

il

2-4
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3. Close and restart SlideBook ™ to update your preferences.

2.2.1.2 Two-Channel Corrected FRET
For Two -Channel Corrected FRET, define a ratio channel with the FRET channel set as the
numerator, and the acceptor or donor channel set as the denominator (see page 2-1).

2.2.2 Acceptor Photobleaching FRET

I n order to perform acceptor photobleaching FRET,
prebleachd6é, odacceptor prebleachd6é, ophawtobl eacho,
postbleachd6. The common FRET pair, FI'TC (donor) a
demonstrate filter configurations. A full protocol for performing acceptor photobleaching

FRET can be found in Protocol for Acceptor Photobleaching FRET on page 8-1.

1. Select Edit>Define Optics>Filter Configurations . The Filter Configurations
Parameters dialog box will appear.

2. Add a new channel by clicking Add and then entering all of the necessary
parameters. A detailed explanation of all the settings in the dialog box is found
inthe SlideBook ™M Us er 6 s Manual, Chapter 4. Sample di
required filter definitions are shown on the following pages.

The following example shows typical se ttings when using filter cubes. Note that
the Photobleach channel is the same filter cube as the Acceptor (CY3) channels.

3. Close and restart SlideBook ™ to update your preferences.
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Filter Configuration Parameters

Filter Configuration: IFITI: pre

=~

— Parameters

Mame: IFITE pie

— Light Source

" Fluorescence:

Emizzion ID,535

wavelength [um];

£ Transmitted:

Mode: IUnknnwn "I

= Frompt if mode is not available for
current objestive

" altemate Source:

Position: I M= I

Filker set: Im

E scitation wheel position: W
|mternal turret position: W
Emizzion wheel pozition: W
LED/BF filter position: W

Camera:

Ay =

—&zzociated Channel Type——

FRET Conar Prebleach

r— Default Calor Display

" Mone

" Red

% Green

" Blue

" Pseudocalor [Color]
" Pseudocalor [Intensity]
" FGE Settings... |
™ Monachrome

" User-defined: [H]

T Wiavelength

[~ Requires Uy objective

idd

Remove

Ok

Cancel

il

2-6
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— Parameters

Filter Configuration:

Filter Configuration Parameters

Mame: ICY3 before

— Light Source

€ Transmitted:

Mode: IUnknown 'l

= Promptif mode is mot
available for curmert
ohjective

% Flunrescence:

E mizzian ID,S?

wavelength [pm:

" Requires UY ohjective

Filker sat: lm

E scitation wheel position: IW
Intemal turret pozition: m
Emizsion wheel position: IW
LCD/BF filter position: IW,

Camera: By -

—&gzociated Channel Type——

Fatio T Numerator
Ratio 1 Denaominator
Fatio 2 Murmeratar >

— Drefault Color Display
& Mone

Red

Green

Blue

Pzeudacalar [Calor)
Pzeudacalar [|ntensity)

RGE Seftings... |

b onachrome

0 000N

|x.

Add

Remaove

ok

Cancel

il

— Parameters

Filter Configuration:

Filter Configuration Parameters

Mame: IPhotobIeach

— Light Source

€ Transmitted:

Mode: IUnknown 'l

= Promptif mode is mot
available for curmert
ohjective

% Flunrescence:

E mizzian ID,S?

wavelength [pm:

" Requires UY ohjective

Filker sat: lm

E scitation wheel position: IW
Intemal turret pozition: m
Emizsion wheel position: IW
LCD/EF filter position: W

Camera: By -

—&gzociated Channel Type——

Fatio T Numerator
Ratio 1 Denaominator
Fatio 2 Mumerator LI

— Drefault Color Display
& Mone

Red

Green

Blue

Pzeudacalar [Calor)
Pzeudacalar [|ntensity)

RGE Seftings... |

b onachrome

0 000N

Ix.

Add

Remaove

il

Cancel
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Filter Configuration Parameters

Filter Configuration: IFITC post j Add
— Parameters Remove |
M ame: IFITC post —Azsociated Channel Type——
Yirtwal RGE [Green) -]
— Light Source “irtual RGE [Blue)
FRET Dionor Prebleach Cancel |
% Flunrescence: FRET Dionor Pos

E mizzian IU, ]

wavelength [um]:

— Drefault Color Display
" Transmitted:  Mone

Made: lm " Red
™| Frompt if mede is not available for ® Ee
cument ohjective * Blug
™ pllemate Sounce:; ' Pseudocolor [Color)
Position: IW = Pseudocalar [Intensity]
S
Filker zet: lm " Monachrome
' User-defined: [H]

Excitation wheel position: I Unmounted | = I
© Wavelength
Internal turret pazitian: I Unmounted = I

o P [~ Requires LV ohisctive
Ermizzion wheel position: I Urmounted | I ol I

LCD/BF filter position: IUnmounted vI

Camera:

Any i

|x.

Filter Configuration Parameters

Filter Configuration: Add
— Parameters Remove |
Mame: —dzzociated Channel Type———
o3 e
— Light Source Ratio 1 Mumerator
. Fatio 1 Denominator Cancel |
" Transmitted: Ratia 2 Mumerator LI
Mode: IUnknown 'l
r— Drefault Colar Displ
] Frompt if mods i nat SRR s
available for current * None
abjective  Fed
o .
Fluorescence:  Green
E mizzian ID,S?
wavelength [pm: " Ble
£ Pgeudocalor [Calor)
I”" Requires U objective = Pseudocalar [Intensity]
"/ RGB | Settings... |
Filker get: lm " Monochiome

E xcitation wheel position: IW
Internal turret position: m
Emizsion wheel position: IW
LCD/BF filter position: W

Camera: By -

|x.
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3 Real-time Ratio Display

In this chapter, you will learn  how to set parameters for capture and interactively view
your data as it is captured.

3.1 Setting Capture Parameters for Time-lapse Ratio Imaging

Ratio capture works much like other image capture paradigms in SlideBook ™. For a more
detailed explanation of i mage capture, please see the SlideBook™ 4 ., 2 User 6s Manual ,
Chapters 6 and 7. To capture a new time -lapse ratio image:

1. Bring your sample into view and focus in the
Manual).

2. Selectl mage > Capt ur e ThN €apturé Dnalggedex will appear.
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Capture {(Current Parameters: Default)

Extent, Offset and Binning {pixels)

—Capture Setkings —
IDeFauIt vl " Image Bin Factor: width: [1304 = Height: [1040 = Update |
current: ) Autofocus 1%l -
' ® Offset: Ii Y Offset: Ii ;
Default = White Balance o u Full Chip |
Ad d...
ﬁl ~ Timelapse Capture Available: 1,60 GE Required: 0,00 KB
_ _ # of Time Paints: I 1 —3D Capture
“apture Type 5 current Range (um): |1_
[ a0 Estimated Duration: I 1 I- vI ¥ position
[T 58 Correct ¢~ Use reference # Planes: |2
Interval: I 1000 Ims j pasition _
[ Timelapse ot ’ Skep Size {um}: ID.S
Display: B lize ko k=0 ¢~ Use kop an
IT simultaneaus e L batbanm positions OffFset {urm): IEI
P —Multiple X% Location Capkure I Range around center
£ Current Location € Erfire List/Mortaas ™ | Return bo (computed|ref| surrent lacation

=

Filter Set: IFixed

Adjust Exposure MO JCurrent i

Expose; | 100 ms (g =} | .
[ Fura 340 Gain: ICurrent "I
[ |Fura 380 Test | Find Best | ,
Intensify: m
Correct: [ DarkField [T Flat Field  Offset: I vI
Mave Up | Mave Down |
0 55535
Optics Image Information {Optional)
Cbjeckive: Imx Dy vl harme: I QK |
Mag Changer: [ g = Carmmenk: I Cancel |

3. Select the Time Lapse check box and specify the time interval between
collections as well as the total number of time points. Once you select Time
Lapse, you will activate other options in the capture window.

Note that currentl vy, the time interval tells SlideBook

™ how many milliseconds

to wait after completing the capture of one time point before initiating capture of

the next time point.

4. Select the appropriate checkboxes for live graphing:

Renormalize to first time point

duses the minimum and maximum pixel

intensity values for the first time point in a timelapse capture series to
determine the renormalization values of all subsequent time points. This
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option only affects the image display during capture and will not affect
the captured image

5. Specifiy a ratio capture by clicking on the checkboxes for both the ratio
numerator and denominator channels and testing the exposure length for each.

It is easy to collect other data (such as a GFP or DIC image) during ratio capture.
Simply select additional channels to capture as in normal time lapse imaging.

You may also capture a channel (such as DIC) at a slower rate than your ratio
data by selecting the Periodic tab found in the Capture Preferences dialog box
(use the Advanced button in the Capture Preferences section to access this dialog
box). Please seeChanging the Channel Capture Frequency in Chapter 7 of the
SlideBook™ Us er 6 s Manual

6. Once you have captured a test image, you may use the ROI tools to draw regions
to monitor d uring capture. To learn more about ROI tools, please see Creating
ROIls and Graphs to Monitor Regions of Interest _ in Chapter 7 of the SlideBook ™
Userds Manual

7. If you would like to record events, such as reagent addition, set up Notes using
the Advanced button as discussed in the SlideBook ™M Us er 6 s Manual , Chapt
Creating Notes .

8. Select OK when you are ready to begin capture.

NOTE: It is often advantageous to use binning for time lapse ratio capture. Not only will
this permit better temporal resolutio  n, but it will also dramatically decrease the total size
of the collected data.

3.2 Live Display

During capture, SlideBook ™ can display a pseduocolored image of ratio values for each
time point as well as update a graph of ratios for multiple regions of in terest.

The Capture Status dialog box will appear and display the current single channel image in
the Status tab. The Image Window will display a pseudocolored ratio image.

3-3



Chapter 31 Real-time Ratio Display

Capture Controls X|

status |FRaP | Motes | Live | Stages |

Lo ID— 0 Mean; 318 36365

Scale Display
" Manual & auko |
High: | 55535 [ Show Full Dynamic Range
Mext Capture: -00:00:00*  Time Remaining: 00:00:06 Elapsed Time: 00:00:04

Capturing channel Fura 380, timepaint 3 of 10
"Graph Channels "Regiuns

% Individual
Show | IF._.ra 240 j D) i T Select all | Set Background |
Cancel | Stop | | Continue I

You may also select a channel and the Show button which allows you to display data
(background -subtracted if you have chosen a background region) for all channels for a
single region of interest, or for one channel (including the ratio channel) for all regions of

interest.

NOTE: In all display views, you can mark events using the  Notes buttons you created when
setting capture parameters. The buttons are displayed onthe  Notes tab of the Capture

Status dialog.
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Ix

Capture Controls

Status | FRap  Motes |Live | Stages |

Moke - 1 add ionomycin

Make - 2 add chelakaor

[ake - 5

[ake - 4

[ake - &

[ake - 7

Make - &

|
|
!
|
Mote -5 |
!
!
|

MR

Mext Capture: -00;00:00%  Time Femaining: 00:00:14 Elapsed Time: 00:00:06

apturing channel Fura 380, timepaint 5 of 20
"Graph Channels "Regiuns

% Individual
Show | IF._.ra 240 j D) i T Select all | Set Background |

Cancel | Stop | Continue |

3.2.1 Selecting Regions of Interest

You may select regions of interest for graphing either before capture has started or during

capture. ROI tools may be used on test images generated before capture, or on the live

image display during capture please see Creating ROIs and Graphs to Monitor Regions of

Interest in Chapter 7 of the SlideBook ™ Us er ds Manual . | f yadwganhoose a
the average value of this region will be subtracted from the average values in the other

regions of interest before ratio computation. The background region will also be stored in

the Ratio Settings dialog box (see next Chapter).

3.2.2 Graph Display

To display the ratio graph during capture, simply select the channel that you wish to graph
from the drop -down list, then press the Show button in the Graph Channels section of the
Capture Status dialog. Repeat for any additional channels you wish to displa 'y, or simply
select the channels from the channel menus on the graph.  Note that you will only be able to
select channels of the same type, e.g., independent or ratio, from the channel menus.  Thus,
you must have at least two graphs open to display 340, 380, and a ratio.
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aGraph =101x|
Solid: _ Fara-2 (340 I
Channelmenus __ % p.ges Fus2(iem |
Diotted: No—nel

1 =]
Q50,00
89600 /
&432.00

+ Zoom in

o TGE.00

J 704.00 4 / f \,_/w /\/\

S:, 640.00

2 ( / \/V“’\ Reset intensity

W o0 | ][/ to full range

gyl

£ oo I - Zoom out
Zoom out o200 | I /

e

f T T T T T T T T T T T T
\ oop zoo 400 GO0 200 1000 1X00 1400 1600 1200 000 ZE.O00 24.00

Zoom in \ .
e
? :

Reset time to full range Scroll bar

3

Use the Zoom In and Zoom Out tools to explore your data. At any time, you may reset the
data to view full range using the Reset buttons. Once your capture is finished, your graph
will remain open for viewing.

To recreate this graph post -capture, on an open view, display the ROIs
(View>Annotations>ROls ), and thenselect Vi ew> Gr ap h é

3.2.3 Focusing During Capture

You may adjust the focus of your image during capture. To do so, go to the  Live tab. The
Live view works similarly to the Focus Window

NOTE: Before using the Live tab, you must first select Pause. Once you are finished
focusing, you must select Continue to resume capture.
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Capture Controls X|

Status | FR&P | Motes Live | stages |

— £ Stage Y E Position

- ﬂ Current Position
- =135
m 1 .1

|n.25 um

Adjust the 2 position using
software or hardware, When wou

resume capkure the new position
will e Lised, G0 ko EYE | Update 2 | Update #y |
lpdate &l 2 | I 0 LAry
Filter: IF'-IF-E'l 340 j Go | Captured Images;  Show | Snap |

|:| Cpen Fluor | |:| Open Bright | |:| Dpen Alternate Su:uuru:el Stark I

Mext Capture: -00;00:00%  Time Remaining: 00:00:10 Elapsed Time: 18:32:09
apturing channel Fura 380, timepaint 9 of 20
Graph Channels Regions
% Individual
Show | IF._.ra 240 j D) i T Select all | Set Background |

Cancel | Stop | Continue |

The window has the following features:
e Start/Stop d begins/ends the semi-live camera readout
e Open Fluor/Clos e Fluor - opens and closes the fluorescent shutter
e Open Bright/Close Bright 9 opens and closes the transmitted light shutter

e Filter 8 moves motorized filters into position when you select  Go.

Z Stage 08 allows you to refocus your sample using precise mo vements.

To use this window, press Start , open the desired shutter, select the appropriate filter, and
focus your sample. When you are finished, close the shutter, press  Stop, and then Continue .
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4 Post-Acquisition Display and Settings

Ratio data is gener ally best displayed using Pseudocolor settings. This will be the default

setting if you define filters used for ratio imaging as discussed in Chapter 2 on page 2-1. We

will now explore display of ratio data using the example sI  ide, ratiosample.sld. This slide is

included in the file RatioFRET.zip . If you are a new user, please complete the Quick Tour
tutorial in the SlideBook ™M User 6 s Manual before beginning this t

4.1 Viewing Ratio Data in Pseudocolor
To begin this demons tration:

1. Open SlideBook ™ and select File>Open Slide .
2. Navigate to ratiosample.sld and select Open.

3. Double-<cl i ck on the O0T Cell Calcium Fluxo6 i mage
following image will appear.

Please see Chapter 8 of the SlideBook ™ U s e iMansial for further information
on data views.

ple =10 x|
(229, 9, 6) 033 __ Ratia |
100% 519  Fuara-2 (380

Hila|o| | s s

(T-cell image courtesy of Dr. Jackson Egen, University of California, Berkeley.)
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Note that the image is displayed in pseudocolor, with the Ratio channel
appearing in the first channel menu. The ratio cha nnel name will always be
called Ratio (or Ratio 1 and Ratio 2 if two ratios are defined and captured). Also
note that SlideBook ™ stores both the numerator and denominator time -lapse
image. The ratio values are computed when the image is opened and are n ot
stored with the image.

NOTE: If you have not defined your ratio channels as discussed in Chapter 2, you
may view your data in Pseudocolor by selecting View > Pseudocolor.

In the pseudocolor view mode, there are two channel selections. The first
channel selects the hue of the display and should be set to the Ratio channel.
The second channel selects what determines the intensity, or brightness, of the
displayed colors. If it is set to either the numerator or denominator channel, the
pseudocolored display will be scaled by the selected fluorescence intensity, such
as in the example above. Thus, in the example above, an area with a high pixel
intensity for the ratio channel and a low pixel intensity on denominator channel

will appear as dim red. An area with a low pixel intensity for the ratio channel
and a high pixel intensity on the denominator channel will appear as bright blue.
This helps distinguish areas with real data from background. This is often
desirable as computed ratio values for regio ns of the image that are just slightly
above background can vary greatly. Please see Chapter 4 Default Color Display
in the SlideBook ™MUs er 6 s Manual for further discussi ol

4. Set the second channel menu selection to None. The imag e is now displayed as a
range of blue (low ratio) to red (high ratio). The brightness/dimness of the hue is
not scaled.

4-2
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=100

£,  ratiosample [T Cell Cal 1
(7,139, &) 0.43 ___ Ratio |
[ Hoxe 1

100%

5. Note the large amount of noise in this image and return the second menu to
Fura -2 (380).

6. Setthe Bkgnd drop down menu to Open. A DIC image is now displayed along
with the ratio data. For further instructions on displaying a background image
please see Chapter 8 Displaying a DIC image as Background of an
RGB/pseudocolor image in the SlideBook ™MUs er 6 s Manual
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#,, ratiosample [T Cell Calcium Fluk]:3" =01 x|
(2 3 6 055 Ratia |
100% 215 _Fura-2 (380) |

ﬁ535|°"||”|ﬁ| St e

7. Blend the DIC im age with the fluorescence image by selecting View>Blend
Background.
8. Return the background channelto None.

9. Open the renormalization dialog box using the ﬂ icon on the tool bar. The
following dialog box will appear:
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Renormalize Image 5[

e

a1

Channel a2 [240)

1038

-

—Range
Lo

[3amma:

|81 High: |1 033
|1_

= Intenzity =) Percentage

Fezet to Selection Min/k ax=

Rezet to 55/95% Percentie

Rezet all ta Image Minddd ax

Apply

Cose | [ ok ]

10. Move the red bar back and forth. N ote that the display does not change. Fura -2
(340) is not a displayed channel in this image.

11. Select Fura -2 (380) from the channel drop -down menu and move the red bar back
and forth. Note that the hue, or color, of the display does not change. Note also
th at the intensity of the color becomes dim as you move the red bar to the right

and becomes bright as you move the red bar to the left.

Note that the hues that are displayed cannot be changed using the
renormalization dialog box, only the intensity of colo
the hues that are displayed, you must alter the

the next section.

4.2 Ratio Settings

SlideBook ™ lets you adjust, if necessary, many of the settings that go into both post
acquisition display as well as analysis. These settings are accessed in the Ratio Settings
dialog box. A tutorial follows the explanation of this dialog box.

r may be changed. To change
Ratio Settings , as discussed in
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x|
Ratio 1: Fura-2 [340] / Fura-2 [320] |
Image Mame: T Cell Calcium Flus — Background ROl
Mumerator:  Fura-2 [340] # Stark: ID
Denominator: Fura-2 [380) T Iﬂi
Expozure Factor:  1.000000
— Calibration Parameters Wwidth: IIj
kd  0.0000 Height: ID
Rmirc  0.0000
Impart frarm Active Yigw |
Rma=  0.0000
beta [SF2/562)  0.0000 — Threzholds for Batio Computation——

ake Default Mum Low: o
Calibrate. .. | Murn High: o

Den Low: (g

— Ratio Digplay B ange

Lo ||:|_2 Den High: |o
High: I‘l Import fram Default Renorm |

Fedefine Ratios... | ] | Cancel |

1111

4.2.1 Adding and Viewing Ratio Channel Information

The numerator and denominator are displayed for a given ratio channel, aswe |l as the
exposure factor, which is the ratio of exposure times for the numerator and denominator
wavelengths. The channels used for calculating the ratio can be edited by selecting  Redefine
Rat i pwhiéh brings up the Add Ratio Information dialog box.

Add Ratio Information X|

—Hatia 1
MHurneratar Channel:

Denaminator Channel: IFura-2 [340] j

—HRatio 2
MHurneratar Channel: I

Denaminator Channel: I

] I Cancel |
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4.2.2 Calibration Parameters

The Ratio Calibration Guide may be used to calibrate or recalibrate an image by selecting
Cal i b r The Rato Calibration Guide is discussed in Chapter 5.

4.2.3 Ratio Display Range

You may select the range of ratio values that are displa yed in any view of the ratio image.
Any ratios below the Low value are displayed as blue, and any ratios above the High value
are displayed as red. This operation will not affect the underlying data.

4.2.4 Background ROI

You may select a background region that w ill be used to subtract background intensities
from the numerator and denominator channel prior to calculating ratio and concentration
values.

4.2.5 Thresholds for Ratio Computation

This feature is important when generating statistical data. These thresholds al low you to

compute ratios for relevant data. This feature allows you to use simple masks to define

ROI 6s, but only compute ratio data for objects th
This allows you to oqualifyd pampuation. Ohhjhpxels shoul d b
that fall into the range for  both the numerator and denominator values will be considered

when statistics are calculated.

4.2.6 Using Ratio Settings
We will now continue the Ratio Tutorial.

1. Make sure aview of the T Cell image is acti ve and then choose Image > Ratio
Set t i nrgesfaflowing dialog box will appear.
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x|
Fiatio 1: Fura-2 [340] / Fura-2 [380] |
Image Mame: T Cell Calcium Flux — Background ROI
Mumerator:  Fura-2 [340] = Start: ID—
Denominator;  Fura-2 [380] v Start ID—
E#pozure Factor: 1.000000
— Calibration Parameters el I':|
Kd:  0.0000 Height; ID—
Rimin:  0.0000
A 0,0000 Impart fram Active Wiew |
beta [SF2/502]  0.0000 — Thresholds for Fatio Computation——
Furn Low: [

Calibrate... Murn High: [

L
11

— Ratio Display Range Den Low: [

Lo Iglz Den High: |[q
High: |1 Impart from Default Benarm |

Redefine Ratios. .. | ] | Cancel |

2. Now change the Ratio Display Range High edit field to 0.5 and click OK. Note
that the display hues have changed and more cells are red.

(298, 221, 8) 056 __ Ratin |
100% 207 _Fura-2 (380) |

ke Ral 1 T

3. Bring up the Ratio Settings di alog box again by selecting Image>Ratio Settings..
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9.

Change the Ratio Display Range High edit field to 2.0 and click OK. Note that
display hues are all blue/green.

Open the Ratio Settings dialog box again and return the Ratio Display Range
High edit field to 1.0 and click OK.

Activate the main view of the image and draw a box using the marquee tool in a
region that has no signal.

Open the Ratio Settings dialog box and click on the  Import from Active View
button in the Background ROI section of the Ratio S  ettings dialog box. The ROI
dimensions and location will automatically be entered into the data entry fields.

Next, select Import from Default Renorm in the Threshold for Ratio

Computation section of the dialog box. The renormalization settings that you

have selected for the Fura-2 (380) channel will be displayed. Note that the  Fura-
2 (340) settings will be set to the min and max of the channel, as it is not a

channel that is displayed in the view.

Select File>Save Slide to save your new settings.

In the next chapter, you will learn how these ratio settings affect ratio statistics.
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5 Ratio Calibration

Ratio channels can be calibrated so that ratio values correspond to concentrations.
SlideBook ™ supports two different methods of calibration. The firsti s a solution -based /n
vitro method that may be performed pre - or post-acquisition. This calibration may be
applied to multiple experiments. The second is an intracellular calibration that is

performed post -acquistion for each experiment. This method perfor ms calibration within a
single cell and then applies those values to the entire data set. With either method, a ratio
calibration guide assists you in determining three important numbers for correctly

calibrated concentration display:

- Rmin, the minimum r atio value (e.g., Fura -2 with no free Ca ** ions present)
- Rmax, the maximum ratio value (e.g., Fura -2 in an ion -saturated solution)
- beta, the ratio of the denominators of the minimum and maximum conditions

The ratio calibration guide is also where you spec ify three other parameters:

- Ka, the dissociation constant of the fluoroprobe

- Ruoow, the ratio value below which a view displays the color corresponding to the
minimum value

- Runigh, the ratio value above which a view displays the color corresponding to the
maximum value

From these parameters, calcium concentration can be calculated from the following
equation:

[Ca++] =Kd * (R & Rmin)/(Rmax 0 R) * Beta

5.1 Solution-based in vitro Calibration

This type of calibration requires you to capture image s of buffer solutions. When imaging
buffer solutions, you may wish to add a small amount of non  -fluorescent polystyrene beads
to aid in obtaining focus. Alternatively, you may mark or scratch the surface of the coverslip

or dish used for imaging. Example b uffer solutions for calibrating calcium concentrations
when using Fura -2 may be found in Appendix B: Buffers for Ratio Imaging

NoOTE: Do not attempt calibration using an AM ester derivative of an intracellular probe.
AM ester derivatives have little to n 0 response to ion concentration differences. You must
use a salt form of your fluorophore for calibration.

5.1.1 Background Image

The first ratio image that you must collect (consisting of images of both the numerator and
denominator channels) is a background i mage. This is usually an image (or average of a set
of images) of the experimental setup with a buffer solution that has no fluoroprobe present.
Prior to starting the Ratio Calibration Guide , you should place buffer solution on the stage
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and adjust any mi croscope parameters in the Focus Window (please see the SlideBook™

User 6s

5.1.2 lon-Free image

The second ratio image that you must collect is an ion

Manual

Chapter 5

for

i nstructions

-free image. This is usually an image

(or average of a set of images) of the experimental setup with a buffer solution that has
fluoroprobe present. The concentration of fluoroprobe should be approximately equal to the
concentration of fluoroprobe present in loaded cells.

5.1.3 lon Saturated image

The third and final ratio image that you must collect is an ion saturated image. For this
image, you will need a ion saturated buffer solution. The buffer should contain the same

concentration of fluoroprobe as the buffer used to capture the ion

5.1.4 Generating Ratio Calibration Data

To generate your calibration data:

-free images.

1. Place your background buffer solution in your experimental setup and bring your

sample into view and focus (Please see the SlideBook ™M Us er 0 s

5).

2. Bring up the ratio calibrat

Background Image(z)

— Mumerator; 340 Fura

kire:

Exposure Time [millizeconds): |1 oon

ion guide by selecting Edit > Setup Guides > Ratio
Guide. Alternatively, you may bring up the calibration guide after acquiring a
ratio image by selecting Image>Ratio Settings and selecting Cal i br at e é

Ratio Calibration Guide E3

Mumber of Images to Average: |1

— Denominator: 380 Fura

Exposure Time [millizeconds): |1 oon

on

Manual

~ Instructions

Far ratio calibration the guide needs three
images [or averages of images):
background, ion free indicatar zalution,
and ion zaturated indicator zolution.

— Parameters

Kd:
Fmir: [
Fmax [

beta [SE2/5B2): [

r— User-defined defaults

LA

Rlow: [
kire: GEES Fiigh: (0
Capture Backaround Image 1 Cancel | QK. I

5-2
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3. Enter the number of images that you wish to averag e in the data entry field. In
general, 3 images are sufficient.

4. Enter the exposure time in milliseconds for both the numerator and denominator
in the data entry fields.

Note that you should aim for an exposure length that yields only moderate
intensity values, since there is no fluoroprobe present. Otherwise, the
subsequent capture of ion -free and ion -saturated images will certainly exceed the
dynamic range of the camera.

5. Generate a test image by selecting Capture Background Image 1 and observe the
resulting intensity values reported beneath the image. You may recapture the
image if the maximum intensity is too high by selecting Recapture Background
Image 1.

6. After capturing the first background ratio image, select a region of interest by
clicking and dragging on the numerator image view in order to determine the
area over which the average background intensity (as well as ion  -free and ion -
saturated intensities) will be determined.

In general, try to select the largest region possible, as it means the  ratio
calibration values will be computed from a larger sample. However, if there are
obvious anomalies in the field, the region of interest selection permits you to
exclude them.

Ratio Calibration Guide E
— Inztructions
Background Image(z] Murnber of Images to Awerage: |-| O the numerator view, select a region in
— Mumnerataor: 340 Fura — Denaminatar: 380 Fura which to comput intsrisities.
Exposure Time [millizeconds): [1000 Exposure Time [miliseconds): [1000

— Parameters
fd:

Rmir: [

Rmax: [

beta [SF2/5B2): [

r— User-defined defaults

Rlow: [

LA

Fhigh: [p

fin: 1002 fax 3560 fin: 1001 Maw 2024

Recapture Background Image 1 | | Proceed ta [on-Free Image i Carcel | QK

7. Continue collecting background images by selecting Capture Background Image.
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8. When you have finished collecting the background image or images, click on
Proceed to lon-Free Image .

9. Place your ion -free buffer solution (with fluoroprobe) in your experimental setup
and bring your sample into view and focus using the focus wind  ow.

10. Select Capture lon -Free Image . The region of interest that you selected in the
background image collection will be used for these captures.

11. Continue collecting ion -free images by selecting Capture lon -Free Image .

12. When you have finished collecting th e ion-free image or images, click on Proceed
to lon -Saturated Image .

13. Place your ion -saturated buffer solution (with fluoroprobe) in your experimental
setup and bring your sample into view and focus.

14. Select Capture lon Saturated Image . The region of inter est that you selected in
the background image collection will be used for these captures.

15. Continue collecting ion -free images by selecting Capture lon Saturated Image

16. When you have finished collecting the image or images, click on  Compute
Parameters .

The guide will automatically compute the  Rmin, Rmax, and beta values (see
definitions on page 5-1). For the exact mathematical equations used to compute
these parameters, please see Appendix B: Buffers For Ratio Calibration

17. Enter the dissociation constant, Kd, for your fluorophore. This value is specific
for your fluorophore. A Kd calculator for Fura -2 is available at the Molecular
Probes website http://probes.invitrogen.com/resources/calc/kd.hirtdase enter
the Kd value in units of nM concentration.

18. Enter the Riow and Rnigh values (see definitions on page 2-8).

In general, you should s et Riow and Rnigh t0 be equal to Rmin and Rmax initially.
After running experiments, you may wish to revise the Riow and Rnigh values to
reflect the actual range observed. You may access these values post -capture by
selecting Image>Ratio Settings..

19. Click OK to exit the Ratio Calibration Guide.

Your ratio calibration data will be used to generate concentration data for ratio
images.
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5.2 Intracellular Calibration

As described above, SlideBook™ provides an /7 vitro calibration tool for Ca **imaging using

fura-2. However, often cellular physiology interacts withfura -2 such that the dye?o:
behavior inside a cell does not match the dyeds b

accurate measurement of absolute [Ca **], it is best to measure the range of ra tios observed

in vivo, or within the cells themselves.

The intracellular calibration guide in SlideBook ™ 4.2 allows you to select representative

regions in a time series and use them as the basis for determining the maximum and

minimum ratios that are ob  served within cells.

Typically, intracellularCa **cal i bration issdepé Bs anl oeedcel | e

After observing meaningful Ca ** dynamics during an experiment, a calcium ionophore, such
as ionomycin, is introduced into a cellular buff  er solution that has a high free [Ca **]. This
raises the intracellular [Ca **] dramatically and after the cytosol reaches equilibrium will
allow us to measure a maximum intracellular ratio (R max) as the 340 nm excitation signal
will be at its highest and t he 380 nm excitation signal will be at its lowest.

After that, a calcium chelator, such as EGTA, is added to drop the intracellular [Ca 1.
Again, after equilibrium, we can measure a minimum ratio (R min ). A typical experimental
protocol is outlined below :

« Perform experiment

« Once the desired effect is observed, add solution so that final concentration in media
is 1 uM ionomycin and 1.8 mM [Ca **] and wait for ratio to stabilize using live ratio
display. This will yield a maximal Fura -2 ratio.

« Add solutio n of 1 uM ionomycin and 2 mM EGTA and wait for ratio to stabilize. This
will yield a minimal Fura -2 ratio.

This is a guideline, you may need to experiment to find out what concentration of calcium

and EGTA is appropriate for your cells. The Rmax and Rmin  from the intracellular
calibration must be higher and lower than that which you observe during your experiment.

If this is not the case, you must adjust the calibration solutions.

A tutorial for intracellular ratio calibration follows. Please use Intracel lularCal.sld for the
tutorial.

5.2.1 Selecting a background ROI and an ROI within a cell

1. Open a Main View of sample 1.
2. Draw aregion in an area with no signal using the square ROI tool.

3. Select the region by clicking on it, then right click and select ~ Set as Background .
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It is a good idea to scroll through time and make sure that no debris or floating
cells enter this region during some later time point, as the background level is
evaluated for each time point. If you want to change the background ROI,
simply select the ROI and click and drag it to a different spot or delete it and
redraw.

NOTE: The size of an ROI for calibration purposes does not need to be large.
Even a small ROI such as the background ROI pictured above contains over 100
pixels, which is plenty to remove the effects of signal noise in determining a
reliable background level.

4. Draw an ROI within a representative cell. It may be helpful to scroll through
time and find a cell whose max ratio is among the highest in the field of cells.
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5.2.2 Finding Rmax and Rmin

1. Selectl mage>Rati o>1l ntr ac e ltdopehtheintr&allllarbr at i on é
calibration dialog box.
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Initially, the dialog box shows the computed R max and Rmin based on the first
timepoint and the first ROI.

2. Graph the ratio data of t he ROI by selecting Vi e w> Gr anp $eting the dialog
as follows:

A graph similar to the following will appear.




