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Preface

This manual provides information about how to install CircuSoft PFRET software and
step by step instruction for using every function. Most of theinformationisalsoincluded

inthe online help le. For additional technical support, please visit the PFRET support
forums at http://www.circusoft.com/phpBB2/.






1 Introduction

Fluorescence resonance energy transfer (FRET) microscopy is an ideal technique to de-
tect proteinsin their natural statesin cells and tissue. There are various advanced FRET
microscopy (wide- eld, Confocal, and Multiphoton) techniques for localizing the indi-
vidual proteins, but al of them suffer from various drawbacks including auto uores-
cence, detector noise, optical noise and photobleaching. Themost signi cant problemis
spectral bleed-through (SBT), or contributions of donor and acceptor uorescence emis-
sion into the FRET channel. SBT causes the observed FRET signal to be higher than
the actual signal. Researchers a the W. M. Keck Center for Cellular Imaging (KCCI) at
the University of Virginia, Charlottesville have devel oped software based on their new
algorithm to remove SBT and correct for the variationsin  uorophore expression levels
(FEL) for all intensity-based FRET techniques.[2] This user-friendly PFRET software
included functionality for calculation of energy transfer ef ciency and the distance be-
tween donor and acceptor molecul es.

Features of PFRET data analysis software version 1.0 for Windows

Open and saveimagesin standard le formats, including 8-bit TIFF, BMP, and JPG.
24-bit RGB images consisting of 8 bits per channel can be used for FRET data
processing.

Display and print images.

De nesingle or multiple ROI’s (region of interest) in one image.

Perform statistical analysesincluding intensity histograms, minimum/maximum pixel
values, numbers of pixels of certain pixel values, and mean of ROI.

Image processing features including background subtraction, arithmetic operation,
and image crop.

FRET image acquisition functionality to remove SBT and correct FEL to obtain
FRET image

Ef ciency (%) and distance ( ) analysis: calculate ef ciency and distance based on
chosen ROI’s (or whole image) and the resulted data can be imported to an Excel
le.

Split images collected from older version microscopy system that do not have split
channel functionality.

Apply look-up tables for false coloring.






2 Installation

System Requirements

CircuSoft PFRET Data Analysis Software version 1.0 can be installed on any PC run-
ning Microsoft Windows 98 or later. Data export functions in the software require an
existing installation of Microsoft Excel.

Initial Installation

Each license can be activated on only one computer at atime. To install a copy of the
software and activate the license, please follow the steps described below:

1. Insert the CD. The setup program automaticaly runs. Follow the instructions to
install the PFRET software into the speci ed directory.

2. Goto Start Programs CircuSoft PFRET Software PFRET to run the software. A
code window similar to Figure 1 will show up on the screen. To run the software, you
will need to get an unlocking code from CircuSoft. Copy thered "MID" number and
"Site Code" and send both of them to pfret@circusoft.com along with identifying
information such as your name or lab group.

3. CircuSoft will provide you with an init code via email within 24 hours. |mportant:
keep theinit code in a safe place. If you lose it, you will be unable to transfer the
license to a new compuiter.

4. After receiving the init code, restart the software. The code window will reappear.
Enter the init code into the init code eld and press the continue button to start the
software. If thelicense key is not accepted, an error has been made copying the MID
or Site code and you will need to resubmit them.

5. Even dfter the init code has been entered, the code window will appear for a few
seconds every time you start the PFRET software.

Transferring the Software to Another Computer

If you want to run the software on another computer and you only own one license, you
need to transfer the existing license from the current computer to the target (or new)
computer. Transferring a license will make the original installation inoperable.
1. Install the software on your target computer using the original CD. You will be asked
for aninit code again, but the old init code will not work on the new computer. Write
down the 'site code’ for your target computer.
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1.- Copy protection

2. Start the PFRET software on the origina computer. When the init code window
shows up, choose the 'transfer license’ option.

3. Enter the init code of the original computer. Enter the 'site code’ of your target
computer and click continue. You will get anew ’init code’ for the target computer.



3 Operation

File Operations

CircuSoft PFRET is designed to work with TIFF images acquired from intensity-based
FRET measurements. For best and most consistent results, the TIFF images should be
8-hit grayscale. Use the software that came with your particular microscopy system to
export the acquired images to an 8-bit grayscale TIFF. Some colored 8-bit index TIFF
and 24-bit RGB TIFF images are also acceptable, as long as PFRET can map the col-
ors back to their origina intensity levels. For more information, see the Troubleshoot-
ing/FAQ section on Multiple Color Errors.

Open File

1. Select Open File from the File Menu.

2. Click leformat from leformat list box.

3. Locate the folder and select the |e you want to open.

4. Click open.

Save File

If you want to save a le that will overwrite the existing one, click File Save. To save
asadifferent lename,

1. Click File SaveAs...
2. Locate the destination fol der.
3. Select the leformat from leformat list box.

4. Typea lenameand click save.

Print Image

1. Click File Print.
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2.- ROI Selection

2. Choose a printer.

3. Click print.

ROI (Region of Interest) Operations

Choose ROI

You can choose several ROI’s for one image.
1. Select ROI_Operation Draw ROI

2. Draw arectangular box on the image with the mouse. The ROI setup window will
appear (Figure 2).

3. Change the box position or size by changing Column (), Row ( ), Width, Height
from the ROI setup window. The change in the ROI is shown simultaneously on the
image.

4, Click Save to save the chosen ROI in theimage.
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5. Repeat above steps to choose more ROI's for the same image.

Copy ROI

This command will copy al ROI’s from current image to the ROI clipboard.

Paste ROI

This command will paste all ROl coordinates from the ROI clipboard into the current
image. Thiswill overwrite current ROIl’sin the image.

If the size of source le for ROI's in ROI clipboard is different from that of current
image, you cannot paste ROI’'sto current image.

Crop ROI

The Crop ROI command will create a new image cropped to the current ROI.

Remove ROI

Follow these steps to remove an ROI from the current image.
1. Click Image_Process Image Details. The Image Detail window (Figure 3) shows
up.

2. Select the desired ROI from ROl list.

3. Click remove to delete the chosen ROI from the image.

Show ROI List

1. Click Image _Process Image Details to view the Image Detail window (Figure 3).
The ROl list is displayed in this window.

2. Click any ROI from the list to display the corresponding box on the image showing
the ROI location.

When you click any ROI from ROI list, this ROI becomes the active ROI for the image.
Although an image can have several, only one of them is active and displayed at atime.
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3.- Image details window
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Show ROI Clipboard

Click Tools ROI Clipboard to show the ROI Clipboard window. This tells where the
ROI's in the clipboard were copied from, the size of the source image, and how many
ROI's arein the clipboard.

Arithmetic Operations

Add Images

Adding images allows you to add one image to another pixel by pixel to create a new
image. The two images must be same size.

1. Be sure the images to be added are already opened.
2. Click Image Process Arithmetic Add Images.
3. Typetheimage index number for each image.

4. Click OK to create and display the new image.

When you open an image, there is an index humber assigned to that image which ison
the left corner of the window title.

Subtract Image

1. Be surethe images to be subtracted are already opened.
2. Click Image Process Arithmetic Subtract Images.
3. Type the image index number for each image.

4. Click OK to create and display the new image.

Background Subtraction

Subtract chosen background

Thisfunction will subtract the average background noise signal of an ROI from theentire
image.
1. Choose an ROI from the image consisting of only background noise signal.

2. Click Image Process Background Subtraction. The mean value of the chosen ROI
is subtracted from each pixel in the image.



12 Chapter 3 Operation

3. Click File Saveto save the background-subtracted image.

Subtract background image

This method assumes you have already collected background images during your exper-
iment. Background images can be collected during the experiment by selecting a eld
of view with no cells from the cover slip used for the experiment.

1. Open the source and background image.

2. Subtract the background image from the source image using subtract image function.

Image Measurement

Maximum / Minimum / Mean value of ROI

1. Click Image Process Image Detailsto open the image detail window (Figure 3).

2. Select the ROl you want to check from ROI list in the image detail window. The
maximum, minimum pixel value and mean value of the ROI are displayed under the
ROI list in image detail window.

Pixel Value Matrix

1. Click Image_Process Image Details to open the image detail window.
2. Select the ROI you want to check from the ROI list.

3. Click the Matrix button to display the pixel value matrix for that ROl in the image
detail window (Figure 4).

4. To check more ROI’s, click the General button and repeat steps 2 and 3.

Click the export to excel button to export the matrix to an Excel le.

Histogram and number of pixels

1. Click Image_Process Image Details to open the image detail window.
2. Select the ROI you want to check from the ROI list.

3. Click the Histogram button to display the histogram for that current ROI (Figure 5).
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4.- Pixel value matrix
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5.- Image histogram

4. To check the number of pixels at agiven intensity level, use the intensity level scroll
bar.

5. To check more ROI’s, click the General button and repeat steps 2 through 4.

Image Correction

Background Information for Image Correction Features

Image correction is done to correct spectral bleed-through (SBT) or contributions of
donor and acceptor  uorescence emission into the FRET channel and to correct the vari-
aionsin uorophore expression levels (FEL) for al intensity-based FRET techniques.
In order to do image correction, you will need reference images. They are speci ed as
control images and double-labeled images in the software. The reference images are
labeled as through inthe software.

represents the image collected from the donor channel with donor excitation using

the donor alone labeled cell.

represents the image collected from the acceptor channel with donor excitation
using the donor alone labeled cdll.
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represents the image collected from the acceptor channel with donor excitation
using the acceptor alone labeled cell.

represents the image collected from the acceptor channel with acceptor excitation
using the acceptor alone labeled cell.

represents the image collected from the donor channe with donor excitation using
the donor and acceptor labeled cell.

represents the image collected from the acceptor channel with donor excitation
using the donor and acceptor labeled cell.

represents the image collected from the acceptor channel with acceptor excitation
using the donor and acceptor labeled cdll.

The required reference images vary depending on which image corrections (donor or
acceptor spectral bleed-through) are to be processed:

If only donor SBT/FEL isto be removed, only four images arerequired: , , , and

If only acceptor SBT/FEL isto be removed, four images are required: , , ,and

If both donor and acceptor SBT/FEL are to be removed, seven images are required:
through .

.y s+, ,and must be background subtracted images.

In addition, before the processis started, the bleed-through factor (BTF) isrequired. The
sensitivity of image correction can beimproved by increasing the number of BTF's. The
default valueis set to 10.[2]

Performing Image Correction

1. Click FRET_Data Analysis Image Correction to open the image correction win-
dow (Figure 6).

2. Select the radio button for image  in the Control Images Frame.

3. Click the Load File From Disk button to open the open le window.

4. Locate the folder that hasthe e you want to load and select the le.

5. Click opentoload the le.

6. Repeat steps 2 to 5 to load the other required control images( , ,and ).
7. Go to the Double Label Images Frame.
8

. Follow the same steps from step 2 to 6 to load required double label images , , and

©

. Click the option button 'remove donor SBT/FEL’ or 'remove acceptor SBT/FEL’ or
"remove both’ in the Correction Option Frame. The default is‘ remove both'.
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6.- Image correction

10. Typein a Bleed-Through Factor or just use default value of 10.
11. Click the Process button to start the process.

12. After the corrected imageis created and displayed, click File Saveto saveit to disk.

Ef ciency and Distance Analysis

Algorithm for Ef ciency and Distance Analysis

Conventionally, the energy transfer ef ciency is calculated by using aratio of the donor
image in the presence of acceptor, (in the software it isimage ), and absence of
acceptor,  (inthe softwareitisimage ).

— )
As we know, two cells under different conditions are involved in the ef ciency
calculation (Equation ). However, itisappropriateto usethe same cell used for the FRET
imaging to calculate the ef ciency. We indirectly obtained the  image by using the
corrected FRET image (we call it Precision FRET or PFRET). The sensitized emission
in the acceptor channel is due to the quenching of the donor or energy transferred signal
from the donor molecule in the presence of the acceptor. Therefore, if we add the PFRET
to the intensity of the donor in the presence of the acceptor (image ) we obtain the
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This  isfrom the same cell used to obtain the (image ). Hence, the Equation
will bemodi ed to obtain the new transfer ef ciency () from the same cell as shown
below:

(—) @
where

©)

It isimportant to note that there are a number of processes involved in the excited
state during energy transfer. Here we accounted for some of the correction and added
the PFRET signal to obtain anew equation for energy transfer ef ciency . By adding
the detector spectral sensitivity for donor and acceptor channel images and the donor
guantum yield to the PFRET signd, an even more complete expression for can be

obtained.
4
)
where

PMT gain of donor channel spectra sensitivity of donor channel
PMT gain of acceptor channel spectral sensitivity of acceptor channel

©)
and isthedonor quantum yield.
An estimate of the distance between donor and acceptor pairsis given asfollows:

— (6)

The Forster’s distance  value has been calculated for various uorophore pairs and
reported in the literature. Severd common pairs are also programmed into the software.

In the software, Equation 2 isused for smple ef ciency calculation. Equation 4 is used
for advanced ef ciency calculations. Equation 6 is used for distance calculations.

The mean value of a speci ed ROI in (Image ) and the PFRET image is used
for the calculation. Saturated pixels (gray level intensity 255) and zero pixels effect
the accuracy of the calculation. For this reason, in addition to the (image ) and
PFRET Image (corrected), another two reference images (image  before background
subtraction and image  before background subtraction) and bound vaues 1 and 254
are required to remove these saturated and zero pixels before calculating  and . For
more details about the algorithm see the referenced paperg 4, 2] and the Keck Center for
Cdlular Imaging web site.

Software Ef ciency and Distance Analysis

The following steps describe how to use the softwareto calculate ef ciency and distance
over theentireimage. To calculateef ciency and distance using only one or more ROI’s,
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see the notes below.

1

o g A~ W

To calculate ef ciency and distance using the software, select FRET_Data Analysis
Ef ciency and Distance Cadculate. This will open the Ef ciency and Distance
Analysis Window (Figure 7).

. Select the radio button for the rgt reference image in the Reference Images Frame.

Holding the mouse cursor over the text will give a description of the image.

. Click the Load File From Disk button to open the open |e window.

. Select and open the appropriate le.

Repeat step 2 to 4 to load the remaining three reference images.

. Choose by sdlecting from the Pre-De ned  drop-down list or by typing the

valuein Self-De ned ad.

. Use the default values (1, 254) in the bound value €elds. It is rarely necessary to

change these values.

. Click the Estimate Ef ciency and Distance button.

. You will be asked whether you have chosen . Click Yes.

At this point, the software will calculate ef ciency and distance for the whole image
and display the results in a report window. The report gives the coordinates of the
ROI's (or entireimage), number of pixels before and after removing saturated pixels,
and the Ef ciency and Distance of the ROI’s.

To use ROI’sfor the cal culation rather than the entire image, mark the check box for Use
ROI's in the ROI clipboard. Open the le containing one of the four reference images.
Set up the ROI’sfor the image and copy the ROI’sto ROI clipboard. You may then close
the image or leave it open.

Click the Enable Advanced Parameters button if you want to use Equation 4 above to
calculate ef ciency. You must also enter all the advanced parameters.
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7.- Ef ciency and Distance Analysis






4 Troubleshooting/FAQ

For online technical support, please visit the PFRET support forums.

http://ww.circusoft.com/phpBB2/

Multiple Color Errors

The Problem

Most functionsin the PFRET software require the images to consists of only one of the
following colors: red, green, blue, yellow, cyan, magenta or grayscale. The software
checks the image color before processing a function. If it is not one of the required
colors, you get an error message like "Your image is multiple color, the process cannot
continue'.

The Reason

The PFRET software requirestheinput image lesto be 8-bit TIFF or 24-bit RGB TIFF.
There are two types of 8-bit TIFFs, normal 8-bit TIFF and 8-bit index TIFF. Normal 8-
bit TIFFs appear as 256-shade greyscale images. However, it is aso possible to map
each shade of grey in an 8-bit image to a color to make 8-bit TIFFs appear as 256-color
images. These are known as 8-hit index TIFFs.

The more conventional way to make color images is using 24-bit RGB TIFFs. In
a 24-bit TIFF, there are 3 8-bit color channels: red, green, and blue. All of the dif-
ferent colors available are made by combining different intensities (0-255) in each color
channel. 8-bit index TIFFs are automatically converted to 24-bit RGB TIFFsby PFRET.

The PFRET software requires intensities to process the images. With an 8-hit
greyscale TIFF, this is no problem. Each shade of grey corresponds to an intensity
level (0-255). However, due to the way colors are formed with 8-bit index TIFFs and
24-bit RGB TIFFs, it is not always possible to map a color back to an intensity value, as
seen in the table below.
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c
@

Calor

Red

Green

Blue
Yellow
Magenta
Cyan
Grayscale
Other Color

If the look up table or color is RED, GREEN, BLUE, YELLOW, MAGENTA,
CYAN, or MONOCHROME (grayscale), the value in the color components is the same
as the pixel gray level intensity which is the original signal detected from microscopy
system. If look up table or color is a color other than the 7 colors mentioned above,
the value in color components varies depending on the look up table designed by each
system. The PFRET software cannaot recognize the original pixel gray level intensity by
reading theimage. That iswhy PFRET software gives the multiple color error message.

noil 11 ool g
I imnoil ol ©@

:
nmiinoiloow

The Solution

The best way to avoid thisisto rst save the image in the native le format for your
microscopy system. Then use the microscopy system software to export the images as
TIFFs. Make sure the lookup table applied is one of the seven colors indicated above.
It is best to use the microscopy system software directly to export the images to TIFFs
rather than a third-party image editing software since some of the image formats are
unique to the systems and will cause problems if not exported using software that is
aware of the unique markings.

How do | check the color of an image?

After opening an image, right click the mouse on the image. Choose Property from the
drop down menu to get the color of the image.

Is there a function in the software to convert multiple colors to the required

color?

You can convert multiple color images to one of the required colors for the software
usinglmage View LUT menu. However, the converted image still does not necessarily
track theoriginal pixel gray level intensity. Onceyou get thefalse or multiple color error,
the only way to solvethisissueisto re-export theimage letoaTIFF leformat using
the same software used for image acquisition. Be sure to choose a proper ook-up table
consisting of one of the 7 acceptable colors.

Is it possible to open images saved using the PFRET software in other
commercial software?

In the current version of the PFRET software, the images are saved as 24 bits RGB TIFF
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image using LZW compression. Some software like ImageJ does not support any com-
pressed image les. PFRET images can be opened in Adobe Photoshop and converted
to any desired format. You can also use the free Confocal Assistant to decompress the
TIFF le.

Confocal Assistant: http://www.nephrology.iupui.edu/imaging/software.htm

% and Distance Image

Inthe 9% image, the gray level intensity of each pixd represents the energy transfer
percentage at that pixel location. In the Distance image, the gray level intensity of each
pixel representsthe distance in 10* at that pixel location.

The color inthe % image and the distance image do not mean anything. You can
apply any color to it. Currently, there is no color bar option in the PFRET software or
acalibration scale bar for the PFRET or % or distance images. However, this can be
done using other commercially available software such as Matlab.
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