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Copyright

Disclaimer

Trademarks

© Becton Dickinson Immunocytometry Systems (BDIS), 1994, All rights
reserved. No part of this publication may be reproduced, transmitted,
transcribed, stored in retrieval systems, or translated into any language or
computer language, in any form, or by any means: electronic, mechanical,
magnetic, optical, chemical, manual, or otherwise, without the prior written
permission of Becton Dickinson Immunocytometry Systems, 2350 Qume Drive,
San Jose, California 95131, United States of America.

BDIS reserves the right to change its products and services at any time to
incorporate the latest technological developments. This guide is subject to
change without notice. BDIS welcomes customer input on corrections and
suggestions for improvement.

Although this guide has been prepared with every precaution to ensure accuracy,
BDIS assumes no liability for errors or omissions, nor for any damages resulting
from the application or use of this information.

FACS and Falcon are registered trademarks of Becton Dickinson and Company.

FACSort, FACSComp, CELLQuest, FACSNet, FACSConvert, CaliBRITE,
CONSORT, Retic-COUNT, and SimulSET are trademarks of Becton
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Macintosh, Apple, and the Apple logo are registered trademarks of Apple
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Preface

FACSort™ is Becton Dickinson Immunocytometry Systems’ benchtop cell
sorter, a flow cytometer designed for applications ranging from routine clinical
to advanced research. The FACSort system is combined with a Macintosh®
computer and includes CELLQuest™ software, which is designed specifically for

@} BDIS flow cytometers. @_

FACSComp™  instrument setup software is also included with the system. Use
FACSComp for daily FACSert quality control and setup.
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Preface

How to Use This Guide

This user’s guide contains the instructions necessary to operate and maintain
your FACSort flow cytometer. The chapters are arranged in sequence, with
information presented in easy-to-follow steps. The steps appear in boldface type
followed by additional information that provides more detail. Because many
FACSort functions are controlled by CELLQuest software, you will also find the
basic softwate information necessary to get you through instrument setup and
sorting, Ifyou are not familiar with the Macintosh computer or with CELLQuest
software, refer to the Macintosh User’s Guideprovided byApple® Computer, and
the CELLQuest Software User’s Guide.

Use the table of contents and index to locate instructions for specific procedures.
The quick reference guide, in the jacket pocket of this user’s guide, will come in
handy as you become familiar with the system and procedures.

Here’s what you'll find inside this user’s guide:

* Safety and Limitations, following this section, contains important
information you’'ll need to know before operating the FACSort.

* Chapter 1, Introduction, explains what the FACSort is and how it works.
Hlustrations are included along with a list of major parts and a brief
description of each. This chapter also tells you what is required to run the
instrument.

e Chapter 2, Getting Started, provides you with the instructions necessary for
starting up the FACSort and prepating it for use. Also in this chapter are
instructions for turning on the computer and starting the software.

+ Chapter 3, System Operation, describes how to run patient samples, collect
data, and sort. '

* Chapter 4, Applications, introduces you to some of the possible uses of the
EACSort.

"
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» Chapter 5, Cleaning and Maintenance, provides instructions necessary to
clean and maintain your instrument.

» Chapter 6, Troubleshooting, lists some of the problems you may encounter
during operation and suggests possible solutions.

+ Appendix A, Doublet Discrimination in DNA Analysis, explains the theory
of doublet discrimination and why it is important to use width (W) and area
(A) measurements of a parameter instead of height (H) when performing
DNA analysis.

» Appendix B, Service, provides you with the phone numbers for order
information and technical support. You will also find a list of consumable
parts and their order numbers.

» Appendix C, FACSort Specifications, provides a more detailed description of

the instriument.

New Users

After proper training and with the help of this user’s guide, you'll soon feel
comfortable operating and maintaining your FACSort flow cytometry system.

Because FACSort is controlled by CELLQuest software, it may be helpful to keep
your CELLQuest Software Users Guide handy for reference when running the
instrument. If you are not familiar with the Macintosh computer, the Macintosh
User’s Guide, which you received with your computer, will provide you with
necessary information.

Start with Chaprer 1 of this user’s guide for a description of the major instrument
components, then continue with the chapters following as you need them. Refer

vii
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to the FACSort Quick Reference Guide when you feel comfortable with the
operating procedures but need occasional reminders.

Experienced Users

Ifyou are familiar wich a BDIS flow cytometer, much of the material in this user’s
guide may be familiar to you. One area that you'll want to concentrate on is
sorting. But, you'll be pleasantly surprised to find out just how easy it is!

Refer to the FACSors Quick Reference Guide provided with this user’s guide for

basic instrument operation instructions. If you need more detail, refer to the

appropriate chapter in this manual. Then read Chapter 3 for instructions on
@_ sorting. If you have any problems, refer to Chapter 6, Troubleshooting,

Conventions Used in This Guide

Ttalics
Bold
O NOTE
M CAUTION

©  WARNING

Highlight any text that appears on the screen.
Indicates actions or steps to perform.

Points out additional information that may be helpful, or hints
for better or casier operation.

Alerts you to situations that could result in instrument damage,
failure in a procedure, or possible incosrect data results.

Alerts you to situations that could result in injury.

viii
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Help!

For technical questions or assistance in solving a problem, refer to the following
list:

1. Read the section of the manual specific to the instrument operation that you
are performing. Refer o the table of contents and index to locate this
information.

2. Refer to Chapter 6 for troubleshooting information.
3. US customers call the Becton Dickinson Immunocytometry Systems

Customer Support Center at (800) 448-BDIS (2347). Customers outside the
US contact your local Becton Dickinson representative or distributor.

o
®
&
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Safety and Limitations

Please read the following warnings and safety limitations. This information
should be kept available for future reference and for new users. BDIS strongly
recommends the FACSort flow cytometer be operated only as directed in this
user’s guide, the CELLQuest Software User's Guide, and any accompanying
manual for accessories and optional equipment.

Electrical Safety

« For protection against shock, equipment should be connected to an approved
power source. If an ungrounded receptacle is encountered, have a qualified
electrician replace it with a properly grounded receptacle in accordance with

the Electrical Code.

+ For installation outside the US, a power transformer/conditioner is provided
to accommodate 100 V £10%, 220 V x10%, 240V =10%, 50-60 Hz +2 Hz.

« Do not, under any circumstances, remove the grounding prong from the
power plug. Do not use extension cords.

« Do not perform any servicing except as specifically stated in this user’s guide.

.
xf
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Laser Safety

 The FACSort is a Class I laser product. The laser is fully contained within the
instrument structure and calls for no special work area safety requirements.
Nevertheless, United States regulations require the following warning to avoid
tampering with the instrument:

DANGER: LASER RADIATION WHEN OPEN. AVOID DIRECT
EXPOSURE TO BEAM.

s Use of controls, adjustments, or performance of procedures other than those
specified in this user’s guide may result in hazardous laser radiation exposure.

@ Biological Safety @

» Blood samples may contain infectious agents that are hazardous to your
health. Follow appropriate biosafety procedures; wear gloves when handling
blood products or any materials with which they come in contact.

+ Dispose of waste reservoir contents only after it has been exposed to bleach
for a minimum of 30 minutes. Always follow local, state, and federal
biohazard handling regulations when disposing of biohazardous waste
material.

«  After running samples on the instrument, dispose of the sample tubes in
accordance with local, state, and federal biohazard handling regulations.
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CHAPTER 1
Summary

what a FACSort flow cytometer is, how it works, and what it's
used for

requirements for operating the FACSort
an overview of the FACSort and its components

an overview of the software programs that come with the
sysiem
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1.1

What Is the FACSort?

EACSort is Becton Dickinson Immunocytometry Systems’ bench-top cell sorter,
a flow cytometer designed for applications ranging from routine clinical to
advanced rescarch. It analyzes cells as they pass one at a time through a focused
laser beam. FACSort can measure up to five parameters—forward light scatter,
side light scatter, and three fluorescence parameters, and can measure the pulse
height, area, and width of each fluorescence parameter. In addition, FACSort
allows you to identify and sort a subpopulation from your sample.

Unlike traditional cell sorters that use electrostatic droplet deflection, FACSort
takes an entirely new approach to sorting. A mechanical device is used to capture
desired cells. No side streams are fortned; therefore, aerosol formation is
completely eliminated. Because of EACSort’s reliability and easc of use, what was
once considered a highly sophisticated technology is now simple, and available to
any laboratory.

Because FACSort requires no optical alignment, daily setup can be performed
quickly and consistently using FACSComp setup software.

[ e e e

\
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Figure 11 FACSort flow cytometry system
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Chaprer 1: Introduction

1.1.1 Principle of Operation

FACSort analyzes cells as they travel in a moving fluid stream past a fixed laser
beam. As a cell passes in front of the laser, several measurements are made based
on the physical characteristics of the cell. These characteristics, which pertain to
how the cell scatters the laser light and emits fluorescence, provide us with
information about the cell’s size, internal complexity, and relative fluorescence
intensity. This information is collected and transmitted to the computer.

To sort cells, FACSort uses 2 mechanical device called a catcher tube, located in
the upper portion of the flow cell just above the viewing orifice. The catcher tube
moves in and out of the sample stream to collect desired cells at a rate of up to
300 per second. Because laser alignment and stream velocity are fixed, the time
it takes for desired cells to reach the catcher tube is constant. Therefore, there is
no need for the tedious setup calculations associated with other cell sorters.

1.1.2 Intended Use

FACSort is designed for clinical use and research applications. FACSort is for in
vitro diagnostic use for enumeration of leucocyte {non-blast) subsets or
reticulocytes with the appropriate software. See the appropriate software user’s
guide or reagent package insert for in vitro diagnostic instructions for use.

In addition, FACSort can be used for the following research applications:
performing three-color analysis, studying the classification of chromosomes,
DNA cell-cycle analysis, petforming platelet studies, or investigating the
importance of intracellular jonized calcium measurements.

FACSort is ideal for sorting cells for verification of morphology or molecular
studies, or for sorting viable cells that can be returned to culture or used in
functional assays. All sorting applications are for research use only.

~1
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1.2

Requirements

Your system includes CELLQuest software for acquisition and analysis and
FACSComp softwate for daily setup and quality control. Other application-
specific software programs are also available. To acquire and sort samples, certain
operating supplies are necessary (Section 1.2.3).

1.2.1 Hardware Requirements

AFACSort flow cytometer can be operated with any Macintosh computer system
purchased through BDIS. Other platforms may also be supported for off-line
data analysis; contact your Becton Dickinson Sales Representative for detailed
information.

1.2.2 Software Requirements

* Macintosh system software, version 7.1 or later

CELLQuest software, version 1.0 or later (for acquisition and analysis)

FACSComp software, version 1.0 or Jater (for instrument sctup)

FACSConvert software, version 1.0 or later (if CONSORT ™ -generated
data will be analyzed)
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1.2.3 Supplies Required

Centrifuge with swinging-bucket rotor for 50-mL conical tubes

Bovine serum albumin (BSA) for coating the collection tubes when sorting

12 x 75-mm polystyrene test tubes (Falcon®) for introducing samples to the
FACSort

50-mL polypropylene, conical, screw-top tubes to collect the sorted sample

Sheath fluid
Haema-Line® 2 (Serono-Baker Diagnostics) for analysis applications
1X phosphate-buffered saline (PBS) (Dulbecco’s) for sorting applications

Spare sheath and waste reservoirs for cleaning procedures {see Appendix B for
part number)

Sodium azide (NaN,) as a preservative in the PBS used for sample dilutions

Quality control particles
CaliBRITE™ beads (used with FACSComp software)

Chlorine bleach for instrument cleaning

Clorox and other brand-name bleaches are preferred because they are filtered
to remove particles and are a known concentration of 5% sodium
hypochlorite
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1.3

1.2.4 Optional Products

+ ReticcCOUNT™ reticulocyte enumeration software (for reticulocyte
applications)

e SimulSET™ software (for automated acquisition and analysis of two-color
immunophenotyping applications)

FACSort Overview

Take a few minutes to scudy Figures 1-2 through 1-5 and their descriptions. This
will familiarize you with the various instrument components and help you
understand the instructions in this user’s guide.

1.3.1 Instrument

FACSort (Figure 1-2) is a five-detector flow cytometer, which consists of optical,
electronic, and fluidic systems, as well as a built-in, air-cooled, argon-ion laser.
Samples are introduced through a stainless steel injection tube equipped with an
outer droplet containment sleeve. The sleeve works in conjunction with a
vacuum pump to climinate droplet formation of sheath fluid as ir backflows from
the injection tube. Fluidic controls allow you to select the fluidics mode and
sample flow rate.

Located just above the fluid control panel, three collection tubes are housedinan
enclosed compartment. Install one, two, or three collection tubes, and the
instrument automatically determines the maximum volume of sample to collect.

7
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The fluidics drawer provides easy access to the removable sheath reservoir and
waste reservoir as well as the sheath fluid filter. A vent valve toggle switch allows
you to quickly depressurize the sheath reservoir should you need to refill it during

4 rum.
power swiich sample njection port / optics door
\ \ colfection
siatign
fuidlcs drawer : ; fluid control
\m — panel
[ - # W Mz
gy
.
Figure 1-2 FACSort instrument
power switch
The switch that turns FACSort on and off.
collection station
The area that houses the collection tubes. Refer to Figure 3-7 for a diagram of the
collection station.
collection tubes—Three 50-mL conical tubes that collect the cells after they
are sorted. You may install one to three tubes.
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sort line—The tubing that delivers the sorted sample to the collection tubes.
The line is not visible from the collection station; however, periodic cleaning
involves flushing this tubing,

optics door

The door shielding the compartment that houses the flow cell assembly. Open
this doot to view the flow cell (Figure 1-3) while draining and filling. The laser
light is blocked by a glass filter when the door is open.

flow cell—A quartz cuvette where the sample suspension is injected into a
moving stream of sheath fluid. The flow cell is the area where the Jaser
intercepts the sample stream.

catcher tube—The device that captures the cells to be sorted. It is not visible
in this figure but is positioned within the top portion of the flow cell just
above the viewing orifice.

P viewing orfice

| _— flow calt

Figure 1-3 Flow cell
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fluid control panel

The panel where the sample flow rate and fluid modes are set (Figure 1-4).

| flow rate bultons
- |

1 MED W

m.; g / fluid controf dial
PAAIN W u BACK.
‘ FLUSH

Figure 1-4 Fluid controf panel

sample flow rate buttons—Three buttons thar allow you to control the
sample flow rate:

LO delivers 12 pL 3 pL/min of sample through the flow cell.
MED delivers 35 pL %5 pL/min of sample through the flow cell.
HI delivers 60 pL. 7 pL/min of sample through the flow cell.

fluid control dial—A rotary dial thar allows you to select among five fluidics
modes:

DRAIN stops the flow of sheath finid and reverses the pressure to force
fluid out of the flow cell and into the waste reservoir. Follow DRAIN with
FILL to refill the flow cell.

FILL fills the flow cell with sheath fluid at a controlled rate to prevent
bubble formation or entrapment.

RUN aspirates the sample from the sample tube and establishes a constant
pressure differential between the sample and the sheath fluid as they flow
through the flow cell.
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STANDBRBY restricts fluid flow and reduces laser power to conserve laser
life.

[] NOTE: When a sample is removed from the sample injection port
(STP), the instrument switches to an automatic STANDBY status to
conserve sheath fluid.

BACKFLUSH reverses the flow of sheath to flush fluid out of the sample
injection tube to help remove clogs. Follow BACKFLUSH with DRAIN,
then FILL to refill the flow cell.

sample injection port (SIP}

The area where the sample tube is installed on the instrument. It includes the
sample injection tube and the tube support arm (Figure 1-5).

- oufter slesve

| sample injection tube

tube support am -

Figure 1-5 Sample injection port (SIP)

sample injection tube—The stainless steel tube thar carries cells from the
sample tube to the flow cell. The tube is covered with an outer sleeve that
serves as part of a droplet containment system.

i1
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tube support arm—The arm that supports the sample tube. It also functions
to activate the droplet containment system vacuum. The vacuum is on when
the arm is positioned to the right and off when the arm is centered.

fluidics drawer

The lower-left panel on the instrument that slides out for easy access to the fluid
reservoirs and sheath filter (Figure 1-6). See Figure 2-1 for the specific locations
of the fluidics drawer components.

s N

A
i T

E)

i ‘ ’E\v.ae

o ™ _/

Figure 1-6 Fluidics drawer

sheath reservoir—(located on the left) This 4-1 container holds enough
sheath fluid for approximately 3 hours of run time. Lt is equipped with a fluid
level detector that indicates, via the software, a near-empty condition. A
metal bracket fits over the reservoir to secure it

waste reservoir—(located on the right) This 4-L container collects the fluid
waste after it flows from the flow cell. A fluid level detector indicates, via the
software, a near-full condition.

12
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sheath filcer—A 0.22-pm filter that cleans the sheath fluid before it enters
the flow cell. This minimizes the possibility that debris from sheath fluid will
be acquired with your samples.

air filter—This filter cleans the air that cools the laser.

vent valve toggle switch—A switch that, when set in the direction of the
artow, relieves the sheath reservoir of air pressure. This allows for the removal
of the reservoir when refilling.

Other than the power switch, fluid control dial, and sample flow rate buttons,
located on the front of the instrument, all instrument adjustments are controlled

through the software.

1.3.2 Computer Module

The computer controls the instrament electronics. This means that any
adjustments made to FACSort’s detectors or amplifiers are made through the
software. Data acquisition, storage, and analysis are also controlled through the
software, as well as the controls associated with sorting. Refer to the CELLQuest
Software User’s Guide for more information.

i3
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1.4

1.5

Software Overview

CELLQuest software provides an easy-to-use, mouse-driven interface with pull-
down menus and windows that display data in a variety of plots, including
histograms, dot plots, contour plots, and density plots. In addition, CELLQuest
offers acquisition with real-time statistics, various tools for data analysis,
instrument control, and data storage capabilities. For detailed information on
using CELLQuest, refer to the CELLQuest Sofiware User’s Guide.

FACSComp software is an instrument setup and performance evaluation
program, which, when used with CaliBRITE beads, adjusts the FACSort’s
electronic components. This assists you in setting up the FACSort for two-color
immunophenotyping and reticulocyte applications. FACSComp provides a
sensitivity test that helps determine that your cytometer is operating consistently.

BACSConvert is a program that allows you to convert Hewlett-Packard
CONSORT computer files from the FCS 1.0 format to the current FCS 2.0 file
format. If you wish to analyze CONSORT-generated files, you will also need a
file transfer program such as FACSNet™ Macintosh or CONSORT File
Exchange to transfer HP files to the Macintosh computer. Use FACSConvert to
convert the files after they have been transferred.

Installation

Your Becton Dickinson Field Service Representative will install and set up your
FACSort instrument for you.

NOTE: For installations outside the US, a power transformer/conditioner is
provided to accommodate 100V +10%, 220 V £10%, or 240 V £10%, 50-60
Hz +2 Hz.
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CELLQuest software and any other programs you may have purchased will be
loaded on your computer before it arrives. CELLQuest software requires the
Acquisition Library and the Shared Library Manager (in the Extensions folder)
and the BDMAC driver (in the Control Panels folder). These items are installed
by BDIS. If you need to reinstall them, refer to the CELLQuest Software User's
Guide.

=

==

Acglib - Shared LibraryManager  BOMAC

1.5.1 Configuring the Software

Your computer is equipped with a BDMAC card. This is a computer board that
allows the Macintosh computer to communicate with the FACSort cytometer.
Your field service representative will access the BDMAC window during initial
installation to configure CELLQuest software for your cytometer type and to
enter the serial number. The configuration information should be changed only
if you connect your computer to a different cytometer.

You may, however, wish to open the BDMAC window to access the Simulated
checkbox, which allows you to view simulated data.

1 Choose Control Panels from the Apple menu.
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2 Double-click the BDMAC icon.

=

—

BDMAC

The BDMAC window appeats.

E[(=———= BpIMNL

ELETON

ROMAC User's Control Panel

cytometer: [ FACSort i
h

Status: Resdy

[ simulated

3 Choose FACSort from the list in the Cytometer pop-up menu.

Click Simulated if you wish to generate artificial data pulses, which mimic
acquisition. This allows you to explore the software and choose various
acquisition options, as if you were actually acquiring a sample.
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4 Click the Config... button.

The FACSort Configuration dialog box appears.

FRACSort ConTiguration

Cytomeier Serial Number
12345672890 ||

5 Enter the serial number of the new cytometer, then click OK.
6 Close the BDMAC window.

7 Choose Restart from the Finder’s Special menn.

You must restart the computer for configuration changes to take effect.

17
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2.1 Before You Begin

Take a few minutes to study Figure 2-1 to familiarize yourself with the fluidics
system components. Before turning on the instrument, check the fluid levels of
the sheath reservoir and the waste reservoir.

The sheath reservoir should be no more than 3/4 full (sufficient for

approximately three hours of fun time).

The waste reservoir should contain approximately 400 mL of undiluted

household bleach.

[] NOTE: Undiluted bleach contains 5% sodium hypoclﬂoritc.

/ connagior pane!

ot becke! —-—|E" ﬁvemﬁ%{sﬁ ( Bl
PRz AE _-_._'____,_._-—-—'_
I S ey
ball valvg ———"] [
--_-—_-__-_______ |_alEA et
& supply tubing S
sheath tibing —____| | = el
C B (| s I

| ventvalee loggle switch

H——— il detaction probe cables

| / waste tubing

— wasta air vent tubing

sheath fiter plnchoock

N

/ Wwaste resenvoir

shealf resenoir sheath flter \ sheath fiter air vent tubing

Figure 2-1 Filling the sheath reservolr
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2.1.1 Filling the Sheath Reservoir

Fill the sheath reservoir before you turn on the FACSort. If the FACSort is
already turned on, you will need to relieve the pressure from the sheath reservoir
before you can fill it.

1 Slide out the fluidics drawer.

If the FACSort is powered on, set the fluid control dial to STANDBY and
push the vent valve toggle switch located between the reservoirs in the
direction of the arrow. This switch relieves the sheath reservoir of air
pressure.

2 Slide the metal bracket away from you, and lift up to remove it.

3 Disconnect the sheath tubing (white) and the air supply tubing (blue)
from the FACSort by squeezing the metal clip on the quick-disconnects
and pulling each connector from the fitting.

Disconnect the fluid detection probe cable by squeezing the tabs at the
sides of the connector and pulling.
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5 Remove the sheath reservoir.
6 Unscrew the cap assembly from the reservoir and set the assembly aside.

Fill the reservoir to 3/4 its capacity with sheath fluid. Refer to Section
1.2.3 for the recommended sheath fluid.

A CAUTION: Avoid filling the sheath reservoir to its maximum capacity.
When the reservoir is filled beyond the recommended level, fluid may
backflow into the air supply tubing, preventing proper pressurization
and potentially damaging the instrument.

8 Replace the sheath reservoir.

*» Replace and tighten the cap assembly on the reservoir, A securely
tightened cap prevents air from leaking from the reservoir when the
system is pressurized. It may be necessary to adjust the cap assembly
so the tubing (1) is not pinched or twisted and (2) reaches the connectors
on the connector panel.

* Install the reservoir. '

e Replace the bracket. Lower the bracket over the reservoir with the ball
valve tab against the connector panel. Pull the bracket toward you to lock
it in place and actuate the ball valve.
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[[] NOTE: The bracket must be propely installed to allow the sheath

Ieservoir to pressurize.

* Snap the fluid and air supply tubing into their color-coded fittings by
pushing firmly until you hear a click.
» Reconnect the waste fluid detection probe cable.

[] NOTE: If you pushed the vent valve toggle switch in the direction of
the arrow before removing the reservoir, remember to set the switch
back to its original position to pressurize the reservoir.

2.1.2 Emptying the Waste Reservoir

© WARNING: Blood samples may contain infectious agents that are hazardous to
your health. Wear gloves when handling blood or any materials with which it
comes in contact. Follow local, state, and federal biohazard waste handling
regulations when disposing of bichazardous material

Empty the waste reservoir when you fill the sheath reservoir. This prevents the
waste reservoir from overflowing, Keep a spare waste reservoir on hand as a
replacement so the full reservoir may be allowed to sit for 30 minutes prior to

emptying,

1 Slide out the fluidics drawer.
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Disconnect the waste tubing (orange) and the waste air vent tubing
(white) from the FACSort by squeezing the metal clip on the quick-
disconnects and pulling each connector from the fitting.

Disconnect the waste fluid detection probe cable by squeezing the tabs at
the sides of the connector and pulling.

Remove the waste reservoir.

© WARNING: Before disposing of waste reservoir contents, wait at least
30 minutes after the completion of the last run. This helps to ensure
that biohazardous materials are inactivated before disposal.

Unscrew the cap assembly from the reservoir and set the assembly aside.

Empty the reservoir according to local, state, and federal biohazard waste
handling regulations.
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Fill the waste reservoir to 10% capacity (400 mL) with undilured
household bleach.

[[] NOTE: Undiluted household bleach contains 5% sodium
hypochlorite.

8 Replace the waste reservoir.

* Replace the cap assembly on the reservoir. Tt may be necessary to adjust
the cap assembly on the reservoir so the tubing (1) is not pinched or
twisted and (2) reaches the connectors on the connector panel.

* Install the reservoir.

* Snap the waste and air vent tubing into their color-coded fittings by
pushing firmly until you hear a click.

* Reconnect the fluid detection probe cable.
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2.2 System Startup

To ensure proper initialization between the cytometer and the computer, turn on
the FACSort before turning on the computer.

2.2.1 Starting up the FACSort

Check the flnid levels of the sheath reservoir and the waste reservoir. If necessary,
fill the sheath reservoir and empty the waste reservoir.

1 Turn on the FACSort.

The power switch is located in the upper-left corner of the instrument.

Move the tube support arm to the right and remove the tube of distilled
water from the sample injection port (SIP).

2 Make sure the FACSort is pressurized.

This can be done simply by making certain the sheath reservoir fits snugly
beneath the bracket. When the system is fully pressurized, the reservoir does

not move.




Chapter 2: Getting Started

Check the sheath filter for trapped air bubbles. Vent the air from the filter
if necessary.

If bubbles are visible, gently tap the filter body with your finger to dislodge
the bubbles and force them to the top. Push the roller in the pinchcock

-~ forward to allow the pressurized sheath fluid to force the aix bubbles into the

waste reservoir.

Clear the flow cell of trapped air bubbles by draining and filling it.

* Open the optics compartment door.

* While viewing the flow cell, turn the fluid control dial to DRAIN until
you see that all the sheath fluid has drained from the flow cell. Refer to
Figure 2-2 for the Jocation of the flow cell.

o Next, turn the fluid control dial to FILL and watch as the flow cell
steadily fills with sheath fluid.

* Repeat the DRAIN and FILL as necessary until no bubbles are visible
upon filling,

* Turn the fluid control dial to STANDBY.

Figure 2-2 Flow cell
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2.2.2 Starting up the Computer

1 Turn on the computer.

Choose CELLQuest from the Apple (#) menu to launch CELLQuest
software,

Alternately you may double-click the program icon to start the program.
The CELLQuest copyright message appears, followed by the CELLQuest
desktop displaying an untitled expetiment window.

% File Edit Eglpmeter Plots Gales $ists Acqguire Windows
E=—=———————— Untitled-1 %
¥
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All CELLQuest software functions are performed in this window through
the use of the tool palette and items within the menu bar. You may create
plots for acquisition or analysis for your expetiment, then save the entire
window as a document to continue with your experiment at a Jater time. For
more information on using CELLQuest, refer to the CELLQuest Sofiware
User’s Guide.

2.2.3 Displaying the Instrument Status

To check the operating state of the FACSort, choose Status from. the Cytometer
menu. This displays the Status window.

[ NOTE: The Cytometer menu is enabled only after you choose Connect to
Cytometer from the Acquire menu. See Section 3.1.3, Starting Acquisition, for
more information.

Test Pulses:

Status: Mot Ready
Laser Power: 5.25 m¥atls
Lasér Current: 3.94 Amps
Sample Yeltage: B.76 volis
Sheath Fiuid: Empty
Waste Tank: DK
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Field

Meaning

Test Pulses

Status

Laser Power

Laser Current
Sample Voltage
Sheath Fluid

Waste Tank

Indicates when the instrument test pulses are set to Off,
All, or FSC. To turn test pulses on or off, dlick and hold
the Test Pulses field to open a pop-up menu and make
your choices.

Not Ready

Indicates the laser is warming up (approximately 5
minutes), the sheath reservoir is empty, or the waste
rescrvoir is full.

Ready
Indicares a sample is on the SIB the tube support arm is
centered, and the fluid control dial is set to RUN.

Standby

Indicates the fuid control dial is set to STANDBY, or
the dial is set to RUN, but there is no sample tube on the
SIP

[] NOTE: When the fluid control dial is set to
STANDRY, the flow of sheath is restricted and the
laser current is reduced. Be cautious when leaving a
sample on the SIP with the dial set to STANDBY, as
some fluid in the sample tube backflows to flush the
tube, potentially diluting the sample.

Milliwatts of power the laser is generating. The laser

power should be approximately 15 mW when a sample is
running.

Amps of electrical current the laser is drawing, The
current should not exceed 10 amps.

The differential relationship between the sheath pressure
and the sample pressure.

Displays Empty or OK to indicate the fluid level of the
sheath reservoir.

Displays Full or OK to indicate the fluid level of the
waste reservoir.
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2.3

2.2.4 Leaving the FACSort

If you are walking away from the system, sct the fluid control dial to STANDBY
1o stop sheath consumption and reduce laser power. Install a tube containing no
more than 1 mL of distilled water on the SIP and center the tube support arm.
This prevents the sample injection tube from drying out. Follow this rule when
the instrument is turned on or off.

CAUTION: Some Auid backflows in STANDBY mode; be sure that the tube left
on the SIP contains #o more than 1 mL of distilled water. This will prevent fluid
from overflowing into the air supply tubing that pressurizes the tube.

If you are leaving the system for only a few minutes, move the tube support arm
to the right and set the fluid control dial to either STANDBY or RUN.
Remember however, that when the dial is set to RUN, sheath fluid is being
consumed (ic, sheath drips from the sample injection tube and is aspirated to the
Waste reservoir).

Quality Control and Instrument Adjustment

Performing a daily quality control procedure is recommended to monitor the
instrument and ensure that it is operating consistently from one day to the next.
Here are a few quality control procedures to consider:

*  Run FACSComp software

* Run BDIS’s DNA QC particles

» Perform an alternative method of quality control
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[[] NOTE: For information on running FACSComp software, refer to the
FACSComp Software User’s Guide. For information on the DNA QC particles,
refer to the DNA QC Particle package insert.

2.3.1 Sending Instrument Settings to the FACSort

FEach time you run FACSComp software, the instrument settings are saved to a
file in the BD Preferences folder. Additionally, every time you save a data file after
running a sample, the current instrument settings are saved with the data file.

To retrieve instrument settings and send them to the FACSort:

1 Choose Instrument Settings from the CELLQuest Cytometer menu.

The Instrument Settings window appears displaying the current settings.

[nstrument Settings

Cytometer Type: FACSort

Detectors/Amps:

Param Detector Yoltoge Ampbain Node
P1 FSC EaR 1.89 Log
P2 55C 15e 1.88 Log
P3 FL1 158 1.88 log
P4 FLZ 158 1.88 Log
P? FL3 158 1.88 Log
el

Displaying: Current Status
[Prlnt...] [saue.d [l]pen...] [ st J I none || |
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2 Click Open. |

The Open a Data File dialog box appears.

3 Select the desired instrument settings file ot FCS file, then click Open.

The new settings appear in the Instrument Settings window.

4 Click Set to send these settings to the FACSort.

If you wish to return the previous settings to the instrument, click Revert.

5 Click Done to remove the window.

2.3.2 Saving Instrument Settings

You can save the current instrument settings from your sample run or
experiment. You can then recall these settings later and send them to the
FACSort.
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1 Choose Instrument Settings from the Cytometer menu.

The Instrument Settings window appears displaying the current settings.

2 Click Save.

The directory dialog box appears. The default name appearing in the text
box is JnstrSettings.

S BD Files v — Macintosh HI]—I

3 FACSComp Files uti §ieot
Desktop
I , New D
=

Save as:

[nstrsetings |

Select a storage location, then enter a file name (up to 27 characters) or
use the default name that appears.
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4 Click Save.

5 Click Done in the Instrument Settings window.

2.3.3 Manual Instrument Adjustment

Refer to the CELLQuest Software User’s Guide for information on the Cytometer
menu and making instrument adjustroents.

DETECTORS

Choose Detectors/Amps from the Cytometer menu to select the signal
amplification mode for each parameter (Lin or Log), adjust the amplifier gains
and detector voltages, and select the DDM parameter.

[ Detectors/Amps [
Detector Voltage Amp Gain Hude

FSC 1.00ff]
p2 ssc 150 ff] rooff
ps 1 150 [} 100
pa  mz 150 [f 1ooff)
s RS 150§ 1.00(f

P6  FLZ-A 1-uu Lin
P?  FLZ-W I.Dl] Lin

PDM Param:
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FACSort signals undergo two stages of amplification—amplification at a
Detector stage and amplification at an Amplifier stage.

Parameter | Modle ! Detector Voltage Amplifier Gain

FSG C N — > EIbE —> 100108
: o6 — —> E1pEl —* LOG

s :
ALt ; UN ——> 150 loBg8 ——> 10010988
Fl2 : 06 — > 15010000 —» 1001088
FLa i i

Figure 2-3 Path of amplification

Amplifier mode settings allow you the choice of processing each of the five signals
through a linear amplifier or a logarithmic amplifier. The application and the
range of signals will determine which mode you select for each parameter. While
linear mode is better suited for a narrow range of signals, logarithmic mode is
better suited for a wide range of signals. Generally speaking, when running
samples for immunophenotyping, use linear mode for FSC and SSC parameters,
and logarithmic mode for FL1, F12, and FL3. For DNA cell-cycle analysis, use
linear mode to acquire data for FSC, $8C, and FL2 fluorescence of propidium

iodide.

Once the mode of amplification is selected, you may adjust the detector voltages
and amplifier gains for the individual parameters. The SSC, FL1, FL2, and FL3
detectors are sensitive photomultiplier tubes (PMTs). When you increase the
detector voltage, you increase the voltage applied to the PM'T, thus increasing the
signal amplification. This results in an increase in the channel number whete an
event appeats.
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The FSC detector is a photodiode which is better suited for strong signals. You
do not adjust a voltage for FSC, but you may choose from five settings.

ADJUSTMENT RANGE
Detector voltage
ESC E-1 to E03*
SSC, FL1, FL2, and FL3 150 to 999

Amplifier gain
adjust only when Amplifier mode is Lin)**

FSC, SSC, FL1, FL2, and FL3 1.00 to 9.99

[J NOTE: FACSComp software automatically sets the amplifier stages and adjusts the levels
for each amplifier and detector. However, slight adjusmments to the settings may be
necessary for individual samples (refer to Section 3.1.1, Optimizing FACSort Settings for
Acguisition).

% The symbol E represents the exponential function of base 10. For example, E-1=10"=0.1
which means the signal is multiplied by 0.1; E02=10?<100 which means the signal is
multiplied by 100.

**  There is no adjustment to be made if the amplifier mode is Log.

THRESHOLD

Choose Threshold from the Cytometer menu to select the threshold parameter
and adjust jts level.

Param: Yalue:

@® F3C-H
()88C-H
()FL1-H
() FL2-H
{FL3-H
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The threshold is the parameter that you select as your trigger signal. This means
the flow cytometer must detect this parameter in a particle before the particle is
considered for acquisition. By adjusting the threshold level, you can establish the
baseline level of detection. When acquiring data, the instrument ignores any
signal that does not exceed the threshold setting.

Because all cells or particles that you analyze have measurable size, FSC is usually
the threshold parameter of choice. When acquiring samples stained with
propidium jodide (PI) for DNA applications, FL2 is typically the threshold
parameter of choice, because it allows you to collect data only for PI-stained
particles.

Once you have selected the threshold parameter, adjust the level so that
unwanted, low-level signals are ignored.

COMPENSATION

Choose Compensation from the Cytometer menu to correct for spectral overlap.

Compensatio
FL1 - u-u % FLZ
FL2 - u-u % FLI
FLZ - n.u % FL3
FLS - u.n % FL2
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Because fluorochromes emit light over a range of wavelengths, emission
from one fluorochrome may overlap emission from another fluorochrome.
This overlapping emission is referred to as spectral overlap. Fluorescence
compensation allows you to subtract a percentage of the contaminating or
overlapping signal from the signal that you want to measure. Fluorescence
compensation is necessary when your sample is stained with two or more
fluorochromes with overlapping emission spectra. For example, to remove
the overlapping FL2 signal from the FL1 signal (signal measured by the
FL1 detector), select FL1-%FL2.

Determine the best fluorescence compensation by observing a dot plot of the
two fluorescence parameters.
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optimizing FACSort settings before acquisition

supplying acquisition information using CELLQuest software
starting and ending acquisition

shutting down the FACSort

setting up for sorting

starting and ending sorting

concentrating the sorted sample
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3.1

Acquiring Data

Whether you use FACSort to acquire data for routine clinical applications or
research experiments, there are several steps that are important to follow before
acquiring samples. Refer to the appropriate softwate user’s guides for detailed
information on acquisition.

3.1.1 Optimizing FACSort Settings for Acquisition

In Section 2.3, Quality Control and Instrument Adjustment, you adjusted the
instrument using a quality control and setup particle. Although this is an ideal
way to monitor instrument performance, it may not optimally set up the
FACSort for the samples you will be acquiring.

Optimization is the instrument adjustment procedure that optimally scts the
detectors, amplifiers, threshold, and compensation for specific samples. It
involves making the necessary adjustments to the FACSort while viewing 2 live
display of the sample before you acquire.

The procedure depends on the application as well as the number of
fluorochromes used {eg, two-color optimization differs from three-color
optimization). For immunophenotyping applications, an FSC vs SSC plot is
viewed to ensure that all cell populations of interest are on scale for these
parameters (see Figure 3-1). Additionally, if two or more fluorochromes are used,
the appropriate fluorescence plot is also viewed so that PMT voltages and
compensation may be adjusted as necessary (Figure 3-2).
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Figure 3-1 FSCvs §SC display of lysed Figure 3-2 FL1 vs FL2 display of two-color
whole blood stained lymphocytes

Refer to the appropriate software user’s guide for specific optimization
procedures.

To optimize instrument settings when using CELLQuest sofcware, perform the
following steps, only when necessary:

1 Choose Connect to Cytometer from the Acquire menu.

The Acquisition Control window appears. Leave the Setup box checked
during optimization.

Acquisition Control |
Folder: Macintesh HD:BD Ap_.-.CELLQuest Folder:
File Name:

[ Setup

[ ﬁcquirej @w?ar% ] [ *:‘;an [ ahord J

“f
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Once you are connected to the cytometer, the Cytometer menu is enabled.
This menu allows you access to the Threshold, Detectors/Amps, and
Compensation menu items.

Choose Threshold to select the threshold parameter (do not adjust the
level).

Choose Detectors/Amps to select the amplifier mode (Lin or Log) for each
patameter.

If you are acquiring samples for DNA analysis, select the DDM parameter
from the pop-up menu.

From the Detectors/Amps window, adjust the detector levels (PMT
voltages and FSC gain) to get the populations on scale.

From the Detectors/Amps window, adjust the amplifier gain levels if Lin
mode was selected.

From the Threshold window, adjust the level to eliminate low-level
signals.
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7 Choose Compensation to adjust compensation for samples stained with
two or more fluorochromes.

For a mote precise view of the fluorescence data, before adjusting
compensation, view the FSC vs SSC plot and draw a gate around the
population that was stained with the monoclonal antibodies (ie,
lymphocytes). Then view the fluorescence plot of the gated data.

For information on creating gates, refer to the CELLQuest Software User’s
Guide.

3.1.2 Defining Acquisition Information

Before acquiring samples, supply all necessary information about samples and
conditions for acquisition.

1 Choose Acquisition & Storage from the Acquire menu.

Acquire

Acquisition & Storage
Parameter Description
Counters

Edit Reagent List...
Edit Panel... \

Disconnect from Cytometer XEB

sort Setup
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The Acquisition & Storage dialog box appears.

.

Rcquisition B Slorage =—eo—

=gl D. T "
ata Flow Acquisition Gate:

FACSort [Accept « | an «}j events.
Collection Criteria: [ Event Count i |

Aequisition will step when of (A1 *] events are counted

¥

Storage Gate:

Data file will contain: eventa.
uti ¥ FcS l -
esolution:
— -

1024 v | Parameters Saved_..

Data File -“

2 Enter all information necessary for your run, then click OK.

From this window you may select an acquisition gate, enter the number of
events you wish to acquire and store, define how acquisition will end, and
choose the parameters you wish to save and their resolution. You may also
select a storage gate to determine which data are saved to the file.

[] NOTE: To select any gate within this window, you must first create the
gate within the plot. Refer to the CELLQuest Sofiware User’s Guide for
detailed information on creating gates.

47
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Choose Parameter Description from the Acquire menu.

The Parameter Description window appears.

Enter comments E === Parometer Description gﬂ/ Click Folder o
abouit the sample, Window: Untitled-1 )
4 Folder: Mac HD:BD Ap..est Folder: navigatz 1o the
File Name: Data.G01 folder whers you
Cick the Panel ple 0 ||_ II ';;Sh to store the
Patient|D: iies.
checkbox 1o Comments:
enable the Panef 1 ~ w o
meny and the Click Fie to SE/E;!‘
Tube et i = 2 file name (prefix
@~ 5 and suffix) for the
W fies,
Tube:
Click the Panel / P1: [Fsc-H o | Click the Tube
figh to selecta Pz [S5C-H L field to select the
P3: [CD45 ,
panelf from the .~ fube you wish fo
previousty- ps: run if you are
defined iist P6: funning a pangl.
P: 5
-rp:.:m- o \ Entar parameter
- - fabels for the plot,

This window allows you to name the data file, enter a storage location, select
a reagent panel, and label the plot axes. You may also entera Sample ID,
Patient ID, and comments about the sample. All information is saved with
the data. Refer to the CELLQuest Software User’s Guide for derailed
information on the Parameter Description window.
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4 You may click the close box to remove the Parameter Description window
from the desltop, or keep the window available for easy access during
acquisition.

3.1.3 Starting Acquisition
Acquisition is described in detail in the CELLQuest Sofiware User’s Guide.

1 Create a dot plot in the experiment window.

Select the dot plot tool from the tool palette, then click in the experiment
window and drag diagonally until the plot is the desired size. The Dot Plot
dialog box appears.

=————— — — 4] —ye———
Plet Seurce:[  hnalysis L |
Select File... Fites] Mo EFRie w )
* Paromster:
¥ poromster: [ 32756 <
gt
—aptions ————— color ——MM
Show of Dots l_;}Si ngle:
Shew| 1000 | pats . ) Multi-Color Gating
—Title
B Show Title [ Coneel ] l[ oK ]l
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2

Choose Acquisition from the Plot Source pop-up menu. Select any other
options that may apply, then click OK.

Select the appropriate parameters for the plot and a gate for displaying a
specific subpopulation of data, if applicable.

Choose Connect to Cytometer from the Acquire menu.

fAcquisition & Storage
Parameter Description
Counters

Edit Reagent List...
Edit Panel...

sort Setup

- The Acquisition Control window appears. A checked Setup box allows you
to click Acquire and view a real-time acquisition display without saving the
data to a file. This is convenient when optimizing instrument settings before
acquisition. Click the Setup box to remove the X when you wish to save data

to a file.

cquisition Control
Folder: Macintogh HD:BD Ap....CELLOQuest Folder:
File Name:

[ setup

ﬁuquirﬂ F&es?aﬂ r*:‘swe;] ra%ssfi* ]
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You may choose Counters from the Acquire menu if you wish to view the
event rate, total events, and elapsed time during acquisition.

The Counters window appears.

Counters

Total Events: 0
Events/Second: O
Elapsed Time:

Install your sample tube on the SIP and quickly center the tube support
arm under the tube.

For optimal acquisition rates, the sample tube should contain cellsata
concentration of 1 x 10° to 1 x 107/mL.

A CAUTION: When the droplet containment vacuum is activated (ie,
the tube support arm is moved to the right), your sample will be
aspirated to the waste reservoir.

6 Set the fluid control dial to RUN.
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7 Click Acquire in the Acquisition Control window.

While the Setup box is checked, you may view live data before you acquire.
Click to remove the X when you are ready to acquire events to a file.

8 If necessary, optimize instrument settings.
After choosing Connect to Cytometer, the Cytometer menu is available.
This menu contains items that allow you to adjust instrument settings.

See Section 3.1.1, Optimizing FACSort Settings for Acquisition, for
information on optimization and an example of optimizing for an
immunophenotyping application.

9 Acquire sample data to a file:
¢ Click Pause, then Abort,

* Click to remove the X from the Setup box.
* Click Acquire.

1 0 Remove the sample when acquisition is complete.
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3.1.4 Ending Acquisition

There are three ways to end data acquisition. Acquisition ends when the first of
these conditions is met. Refer to the CELLQuest Saftware User’s Guide for more
information.

1. Manually

Click Pause in the Acquisition Control window. Then click Resume, Restart,
Save, or Abort.

| Acquisition Control |
Folder: Mac HD:BD Applications-CellQuest felder:
File Hame: Mormal Blan

Acquiring data to disk... [ Pause |

Folder: Mac HD:BD Applications:Cell0uest felder:
File Name: HNormal Blood_1

[ setup

[ Resume ][ Restart ] Save || #bort I

53




Chapter 3: System Operasion

54

2. By Count

Before acquiting, choose Event Count from the Collection Criteria pop-up
menu in the Acquisition and Storage dialog box. Then enter the number of
events. Acquisition ends when this number is reached.

Collection Criteria: [ Event Count pd|

Aoyuisition will stop when of events are counted

3. By Time

Before acquiring, choose Event Count or Time from the Collection Criteria pop-
up menu in the Acquisition and Storage dialog box. Enter the number of seconds
that you wish to acquire. Enter zero (0) for continuous acquisition. Acquisition
ends when the time has elapsed.

Rintection Criteria: [ Event Count or Time |
Acquisition will step when | 1Dl]l]l]l of [ ANl ‘ events are counted
oRr fter: seconds. Time Resolution:
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3.1.5 Shutting Down the FACSort

Always clean the FAGSort before you power it off at the end of the day. Proper

cleaning ensures that your instrument

1

tains its accuracy and reliability.

Follow the daily cleaning procedure outlined in Section 5.1.1., Daily
Cleaning.

Allow the FACSort to remain in STANDBY for 5 minutes before turning
off the powet. This gives the Iaser time to cool before shutdown.

Turn off the FACSort.

Fxit the softw:_xre.

Choose Quit from the File menu. Quitall other applications before turning
off the computer.

Shut down the computer.

Choose Shut Down from the Special menu.
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3.2

Sorting

There is little preparation necessary to sort. Once you’re sct up for acquisition,
sorting is as simple as:

1. Filling the sheath reservoir with the appropriate sheath fluid (PBS)
2. Installing BSA-coated collection tubes (1-3)
3. Defining the sort mode and number of cells to be sorted

4. Tdentifying the population by setting a gate around it

NOTE: If you are not using FACSort for sorting applications, follow the
maintenance procedute outlined in Section 5.9.1 to ill the sort line with distilled
water. This prevents the accumulation of saline deposits in the line.

Although FACSort has made sorting asy even for those with no sorting
experience, understanding how FACSort determines when to sorta cell will help
you to decide which sort mode to select.
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3.2.1 How FACSort Sorts

To capture cells, FACSort uses a device called a catcher tube, positioned within
the sheath stream in the upper portion of the flow cell. As a cell passes through
the laser, the FACSost electronics quickly decide if it is a cell of interest (rarget
cell), based on the sort gate characteristics (Section 3.2.5). Once this is
established, the decision to capture a target cell is determined by the sort mode
you select prior to sorting (Section 3.2.2).

When the decision is made to capture the targer cell, the electronics wait a fixed
period of time to allow the cell to reach the catcher tube before triggering the
catcher tube to swing into the sample stream to capture the cell. Figure 3-3a and
3.3b illustrate the process of sortinga cell. Figure 3-32 shows the catcher tube in
its resting position in the sheath stream. Figure 3.3b shows the catcher tube
positioned in the sample core stream ready to capture a target (shaded) cell.

Figure 3-3a Catcher tube in sheath stream Figure 3-3h Catcher tube in sample stream
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Because the catcher tube is positioned in the sheath stream while it waits fora -
target cell, it continuously collects sheath fluid, in addition to the sorted cells,
resulting in a dilute sample. After sorting, the collection tubes must be
centrifuged to concentrate the cells.

3.2.2 Sort Modes

Before we talk about sorc modes and how each works, let’s discuss the sort
envelope. The sort envelope is the area within the sample stream the catcher tube
collects as it captures a target cell. The size of the envelope reflects the amount of
time the catcher tube remains in the sample stream to capture the cell. Although
this envelope contains the target cell, it may also contain a non-target cell, thus
creating a conflict. Should the catcher tube sort a cell if a non-targe cell will be
sorted along with it? This is where the sort mode comes into play. The sort mode
determines whether or not to sort a cell when a conflict occurs. Refer to Figure
34 for examples of how the catcher tube decides to sort a cell for each sort mode.

The sort mode selection is made according to the composition and concentration
of the sample suspension, as well as the objectives you wish to achieve with the
collected cells. For example, if you are sorting a rare population, you may be
willing to accept lower purity to sort the maximum possible number of target
cells. Select the approptiate sort mode from the Sort Setup window (Section
3.2.3) for your sorting application.

SINGLE CELL

In single sort mode, 2 sort occurs whenever a single target cell is identified in the
envelope. If any addicional cell is located within the sort envelope, the envelope
will not be sorted. The resultis high puxity with less emphasis on recovery. Single
Cell mode also gives you increased count accuracy-
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RECOVERY

In enhanced recovery mode, a sort occurs whenever an envelope is identified as
having a sarget cell, even if a non-tasget cell is also in the envelope. Additionally,
if another target cell is locared just outside the envelope, the catcher tube stays in
the stream for a longer period of time to capture it as well. The result is high
recovery—capturing as marny target cells as possible—with less emphasis on

purity.

EXCLUSION

Tn exclusion mode, 4 soxt occurs when a target cell is identified, and there are e
non-target cells in the sort envelope. Also, if a second target cell is located just
outside the sort envelope, no special attempt is made to capture this additional
rarget cell. The result is high purity and recovery that falls berween Single Cell
and Recovery.

S et e
lr..-f"" e, .
‘a* }no sort
; .
ﬁ\" ,,,,,,, ""f
L .
l?»f:',"'"m"f 2 1 no sott
‘\, o ..": }
Single Cell Recovery Exclusion

Figure 3-4 How envelopes are sorted for each sort mode
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3.2.3 Sort Setup and Sort Counters Windows

The Sort Setup dialog box (Figure 3-5) allows you to control all sorting options.
Choose Sort Setup from the Acquire menu to select the gate to be used for
sotting, the number of cells o be sorted, and the sort mode. The Sort Counters
window (Figure 3-6) allows you to select counters to monitor the sorted and
aborted cells. Choose Sort Counters from the Cytometer menu to open this
window.

=t ————

Soct te:

sortcownt: 5] ;

ort baun sort Counters
Sort Hod:

aborted Cells: rThﬂ%ﬁl‘Ilﬂﬂ - "'J api112

[ Sort Rate ¥ | 92160

94208

Figure 3-5 Sort Setup window Figure 3-6 Sort Counters window
Window Item Function
Sort Gate Displays the list of logical gates, and allows you to choose

(click to display ~ a sort gate. The subsct of data in this gate will be sorted
the Gate pop-up  into the collection tubes. Selecting No Gate allows you
menu) to acquire without sorting.

Sort Count Enter the number of cells you wish to sort. Zero (0)
allows you to sort continuously.

Sort Mode Select among Single Cell, Recovery, or Exclusion. Refer
to Section 3.2.2 for more information.
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Window Item

Function

Aborted Cells

Sort Counters

Threshold Rate
Threshold Total

Auxiliary Rate
Auxiliary Toral

Sort Rate
Sort Total

Abort Rate
Abort Total

Select between List or No List to ac%uire (to the
computer) the data from aborted cells (cells rejected
because of physical characteristics that interfere with the
detection process).

Three counters ate available to display a rate or an
accumulation of these four values: threshold, auxiliary,
sort, and abort. Select Threshold or Auxiliary in Counter
1; Sort or Threshold in Counter 2; Abort or Sort in
Counter 3.

Displays the rate (events/sec) or the total number of cells
triggering the chreshold. These cells are considered for
acquisition and sorting. Includes the aborted cells.

Displays the rate (events/ sec) or the total number of cells
tléilt the FACSort is processing. Includes the aborted
cells. '

Displays the rate (events/sec) ot the total number of cells
that are sorted.

Displays the ratc (events/sec) or the total number of
aborted cells (cells rejected becanse of hysical
characteristics that interfere with the etection process).
Aborts are determined before the clectronics decide
whether the cell is a rarget cell.
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3.2.4 Prepating Collection Tubes

Collection tubes must be coated with BSA to help maintain cell integrity and
increase cell yield during centrifugation. Prepare your collection tubes at least one
hour before you are ready to sort.

Fill one to three 50-mL conjcal tubes with a 4% BSA (bovine serum
albumin) solution.

Dilute BSA in 1X PBS + 0.1% NaN,.

2 Place the tubes on ice or in the refrigerator for at least one hour.

Pour the BSA from the tubes into a bulk container when the coating
process is finished.

BBSA may be recycled for one month.




FACSort User’s Guide

4 Tnstall the collection tubes on the instrument.

Starting from the lefomost position, place from one t0 three BSA-coated,
50-mL conical collection tubes into the collection station (Figure 3.7). The
instrument detects how many cubes have been installed and fills each tube
starting with the Jeftmost.

Figure 3-7 Collection fubes

[] NOTE: It takes 9 minutes to £ill each tube with 40 to 45 mL of fluid.

5 Store the BSA at 2° to 8°C.
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3.2.5 Setting a Sort Gate

The regions you define in CELLQuest are referred to as global regions because
they can be used interchangeably when defining gates for acquisition, analysis,
and sorting. For detailed information on drawing a region or creating gates, refer
1o the CELLQuest Soffware User’s Guide.

1 Create an acquisition plot.

2 Choose Connect To Cytometer from the Acquire menu.

The Acquisition Control window appears. The Setup check box should be
checked.

cquisition Conirol
Folder: Macintosh HD:BD Ap...CELLQuest Folder:
File Hame:

B4 setup

(ﬁcqni reJ r&wtaf%J r Jave J rmserU

Install the sample tube on the SIP, and quickly center the tube support
arm under the tube.
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4 Click Acquire in the Acqnisition Control window.
View the appropriate plots to ensure chat the instrument settings have been

properly optimized. Refer to Section 3.1.1 for more information. Make
adjustments, if necessary.

5 Click Pause, then Abort, and remove your sample.

To conserve your sample, remove it from the SIP and draw the gate using

the display that remains in the plot.

6 Click to select a region tool in the tool palette.

r—+ |t
R ' -
L= |

r=a J__+

| I -

Choose among rectangular, elliptical, polygonal, or histogram regions.
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7 Click in the plot and drag diagonally to draw a region around the
population you wish to sort.

Refer to the CELLQuest Software User’s Guide for details on drawing regions.

3.2.6 Sorting the Sample

Before beginning a sort, be sure of the following:
o the sheath reservoir is filled with 1X phosphate-buffered saline

e the BSA-coated collection tubes have been installed

1 Choose Sort Setup from the Acquire menu.

This displays the Sort Setup window (see Figure 3-5). Refer to Section 3.2.3
for information on this window.

Enter ot select the appropriate information at each field of the Sort Setup
window, then click OK.

o Select the sort gate from the list in the Sort Gate field
b. Set the Sort Count

¢ Select the Sort Mode

d. Choose whether to list aborted cells
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3 If desired, choose Sort Counters from the Cytometer menu and select the
counters to display.

4 Install the sample tube on the SIP, and quickly center the tube support
arm under the tube.

Click Acquite in the Acquisition Control window.

As the sample is sorted, you will hear a static-like sound indicating sorting
is taking place.

6 Allow the sample to sort.

Sorting stops when the first of four conditions is met (see Section 3.2.7 for

details).
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When considering the sample concentration, it is important to understand the
relationship between the event rate and the sort rate. Figure 3-8 illustrates this
relationship when the sort mode is Single Cell. Notice that the maximum capture
rate for any given concentration of target cells occurs at an event rate of
approximately 2000 cells/sec. An event rate greater than this would result

in a gradual decrease in the number of target cells sorted.

Sori Rate {cells/sec)”

] n/n/‘:' Expeatnd
1 Yiold
a4

100 T 1100 " 10000
Event Hate (cells/sec)

“Muttioly by 12 to get yield (celle/mL)

Figure 3-8 Sort yield at various event rates and sample concentration




FACSars User’s Guide

3.2.7 Ending Sorting

There are four ways to end sorting;
1. Manually
Click Pause, then Abort.

2. By Acquisition Count

Set Collection Criteria to Event Count and enter the number of events to acquire
(sce Acquisition and Storage window in the CELZQuest Software User’s Guide).
Sorting stops when this number is reached if you are acquiring data to a file. The
Sort Cout can be set to 0 (ze1o) to sort continuously while you acquire.

3. By Sort Count

Set Sort Count to the number of cells to be sorted (see Sort Setup window).
Sorting stops when this number is reached.

4, By Time
Set Collection Criteria to Time and enter the sort time (see Acquisition and

Storage window in the CELLQuest Software User’s Guide). Sorting stops when this
time is reached if you are acquiring data to a file.

When any two or more of the above parameters are used simultaneously, sorting
stops when the first parameter is reached.

NOTE: If the collection tubes fill before any of the above conditions is met,
sorting continues, but the sorted sample is sent to the waste reservoir. If you wish
to continue sorting after the collection tubes are filled, replace the ¢ollection
tubes with clean BSA-coated tubes; click Pause, then Restart.
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3.2.8 Concentrating the Sample

Because the sorted sample is dilute, it is necessary to concentrate it before
proceeding to analysis.

To concentrate your sample:

1 Remove the collections tube(s) from the instrument.

Carefully lift and remove the collection tubes from the instrument and cap

them.
2 Spin the tubes at 300 x gfor 5 minutes.

3 Using a pasteur pipette and a vacuum system, aspirate the supernatant.

Be careful not to disturb the pellet.

4 Resuspend the pellet with 100 uL of PBS.
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3.2.9 Asepﬁc Sorting

EACSort can sort cells that are to be used for reculture or functional studies. To

meet the needs for this application, sorting requires a clean environment so that
the sorted sample remains free from contaminants when recurned to culture.

Perform all steps of your preparation procedure using aseptic technique.

1 Using proper aseptic technique, prepare the following sterile solutions:

+ 41 of70% ethanol (EtOH) (dilute in sterile distilled water)
o 5 Lofsterile 1X phosphate-buffered saline (PBS)

2 Working under a hood and using aseptic technique, fill a clean sheath
reservoir with 4 L of 70% EtOH.

For information on removing and installing the reservoirs, refet to Sections
2.1.1and 2.1.2.

Cap and shake the reservoir to ensure that the entire inner sutface of the
reservoir is washed with EtOH.

3 Install the reservoir in the instrument.

Using a squirc bottle filled with FtOH, rinse off the collection station ports.
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4 Place three collection tubes in the collection station,
5 Install tube of FtOH on the SIP.

6 Follow the instructions outlined in Section 3.2.5, steps 1 through 7 to set
a sort gate.

Draw an arbitrary region in the empty display to enable sorting.

7 Choose Sort Setup from the Acquire menu.

1

==——— Sort Setup

Sort Gate:
sort Count: [L—:—:l
Sart Mode:
Aborted Cells:
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8 Choose the gate that you drew in step 6 from the Sort Gate pop-up ment.
9 “Turn the fluid control. dial to RUN.

1 O Click Acquire in the Acquisition Control window.

Malke sure the Setup check box is checked.
1 1 Run the EtOH on the FACSort until all three collection tubes are filled.
1 2 Click Pause, then Abort, and disconnect the reservoir.

1 3 Working under a hood, empty the remaining EtOH.
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l Pour approximately 500 L of sterile 1X PBS into the reservoir and swirl
to wash out any remaining EcOH. Empty the reservoir and repeat.

1 5 Fill the reservoir with 4 L of sterile 1X PBS.

Cap the ceservoit before removing it from the hood.
1 6 Install the reservoir in the instroment.
1 7 Place three new collection tubes in the collection station.
1 8 Install a tube of sterile PBS on the SIP.

1 9 Click Acquire in the Acquisition Control window.
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2 0 Run the sterile PBS for approximately 10 minutes to wash residual EtOH
out of the lines.

Allow approximately 15 mL of PBS to run into each collection tube. This

can be achieved by removing each tube (From lefi to right), after it fills with
15 mL of PBS.

2 1 Using aseptic technique, follow the instructions in Section 3.2.4 to coat
the appropriate number of 50-mL conical tubes with sterile BSA.

2 2 Click Pause, then Abort.

You are now rcady to sort your aseptic cell suspension.
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CHAPTER 4
Summary

I a brief overview of various FACSort applications, including im-
munofluorescence, DNA cell-cycle analysis, platelets, and in-
tracellular calcium
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4.1

4.2

Introduction

This chapter presents some applications available to you with the FACSort. The
FACSort is for in vitro diagnostic use for enumeration of leucocyte {(non-blast)
subsets or reticulocytes with the appropriate software. See the appropriate
software user’s guide or reagent package insert for in vitro diagnostic instructions
for use.

Direct Immunofluorescence

Direct immunofluorescence staining involves incubating white blood cells with
a monoclonal antibody conjugated to a fluorochrome. This antibody, which is
specific for a particular antigen site on a cell, binds to the surface antigens on the
cell, A wash step removes any unbound antibody.

Typically, a sample is stained with a combination of two fluorochrome-labeled
antibodies (eg, CD3 FITC and CD8 PE). This staining allows the measurement
of two immunofluorescence properties simultaneously and is referred to as two-
color staining (Figure 4-1).
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Indirect Immunofluorescence

Indirect immunofluorescence staining is similar to direct staining except the
staining takes place in two steps rather than one. Cells are incubated with a
primary monoclonal antibody. After any unbound antibody is washed away, the
cells are incubated with 2 second-step reagent that is specific to the primary
antibody and conjugated to a fluorochrome. -
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4.4

Three-Color Immunofluorescence

Three-color immunofluorescence is an efficient way of analyzing three individual
cell populations from one tube. Cells are incubated with three different

conjugated monoclonal antibodies. The sample shown in Figures 4-2a through
4-2¢ was stained with CD3 FITC, CD4 PE, and CD8 PerCP.
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(CD3 FITC vs GD4 PE) (CD4 PE vs GD8 PerCGP)
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4.5 DNA Cell-Cycle Analysis

Quantitative and qualitative DNA measurements of cell nuclei can be helpful in
studying the biological behavior of tumors. The two principle calculations—cell-
cycle analysis and DNA index—help us determine how tumor cells differ from
normal, healthy cells. Cell-cycle analysis gives us an estimation of the percentage
of cells within each phase of the cell cycle. For example, a very high S phase ina
tumor cell population suggests the tumor is rapidly proliferating. The DNA
index is the ratio of DNA content of the tumor cells divided by the DNA content
of normal control cells (see PBMC reference peak in Figure 4-3). A ratio not
equal to one suggests that the tumor has an abnormal DNA content.

Propidium iodide, a nucleic acid dye, is used to stain the cell or cell nucleus to
measure DNA content.

f iz 2
BMC reference “ 2

\ /____/ LoV (8o/G5)

CTTTOIT . dbo 600 B00. 1000
FLo-k

LoV (G, + M)
// 2

Figure 4-3 DNA histogram of LoVo cells with PBMC reference
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4.6

Platelets

Platelet activation, adhesion, and aggregation responses are functions directly
related to the platelet membrane or their internal granules. Characterizing and
measuring the membrane glycoproteins responsible for these functions are
valuable when investigating suspected platelet disorders.

Figure 4-4 shows platelets isolated from whole blood by displaying FSC vs SSC
through logarithmic amplification.

-
29
o
-]
T ]
R
w3 s
o .':_:
é".
o aad '15‘ T T
1 10 10 10 10
FSCH

Figure 4-4 Platelet isolationina diluted whole hlood sample
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4.7

Intracellular Calcium

Calcium ions, serving as intracellular messengers, flow across the membranes of
cells to mediate cellular responses to external stimuli. Typically, a kinetic
experiment is performed where cells are loaded with an appropriate calcium
probe, stimulated (with a mitogenic lectin, for example), then analyzed on the
EACSort. The results show the changes in intracellular calcium over time.

Figure 4-5 shows the changes in intracellular calcium in lymphocytes after being
stimulated with ionomycin.

45% Log
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Figure 4-5 Rise in intracell Ca?* after stimulation with ionomycin
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daily FACSort cleaning
monthly cleaning

flushing the sort line
changing the sheath filter
cleaning the air filter
changing ihe Bal seal

changing the sample O-ring
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System Cleaning

FACSort has been designed to require 2 minimum amount of maintenance.
However, to preserve the reliability of the instrument, basic preventive
maintenance procedures must be performed.

WARNING: Blood samples may contain infectious agents that are hazardous to
your health. Follow appropriate biosafety procedures; weat gloves whenever
deaning the instrument or replacing parts.

NOTE: A 5% solution of sodium hypochlorite may be substituted for undiluted
bleach in the following cleaning procedures.

5.1.1 Daily Cleaning

Perform daily cleaning when you shut down the instrument to clean the sample
injection tube and the area between the injection tube and the outer sleeve. The
outer sleeve covers the injection tube and functions as part of the droplet
containment system (Figure 5-1). Fluid dripping from the injection tube is
aspirated through the space between the tube and outer slecve.

Clean the sample injection tube to prevent it from becoming clogged and to
remove adhesive dyes that can remain in the tubing, causing carryover. This
procedure should be petformed before shutdown and immediately after running
viscous samples or dyes such as propidium iodide (PI), acridine orange, or
thiazole orange.
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oLAer sleeve

sarnple injection iube

Figure 5-1 Sample injection tube

With the tube support arm moved to the right, install a tube containing
4 mL of 2 1:10 dilution of bleach on the SIP. Allow the vacuum to aspirate
2 mL of the bleach solution.

Prepare the bleach solution by adding one parr undiluted bleach to nine :
parts distilled water.

The vacuum is on when the tube support arm is positioned to the right.
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Set the sample flow rate switch to HI, then center the tube support arm
and allow the bleach to run for 5 minutes.

3 With the tube support arm moved to the right, install a tube containing
4 mL of distilled water on the SIP. Allow the vacuum to aspirate 2 mL of
the water.

4 Center the tube support arm and allow the water to run for 5 minutes.
5 Set the fluid control dial to STANDBY.

If you are finished running samples, allow the FACSort to remain in STANDBY
for 5 minutes before you turn off the power.

I£ the tube contains more than 1 mL of distilled water, remove some watcr before
turning off the power to the FACSort. The distilled water should remain on the
STP after the inscrument has been turned off to prevent salt depesits from
forming in the sample injection wbe.
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5.1.2 Monthly Cleaning

An overall fluidics cleaning is required to remove debris and contaminants from
the sheath tubing, waste tubing, and flow cell. Perform system fluidics cleaning
at Jeast once a month or more frequently if you are running a high volume of
samples or adhesive dyes such as propidium iodide, acridine orange, or thiazole
orange.

1 Remove the sheath reservoir.

Refer to Section 2.1.1 for instructions on removing the sheath reservoir.

If the system is pressurizcd, push the vent valve toggle switch in the
direction of the arrow to release pressure from the sheath reservoir.

2 Remove the sheath filter by disconnecting the two white quick-
disconnects that secure the filter to the FACSort.

Squeeze the metal clips on the quick-disconnects and pull each copnector
from the fitting.

3 Install a spare reservoir containing 1 to 2 L of a 1:10 dilution of bleach.

Prepare the bleach solution by adding one part undiluted bleach to nine
parts distilled water.
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Connect the sheath tubing (white) from the reservoir to the upper sheath
filter fitting (Rigure 5-2).

This bypasses the sheath filter and allows fluid to travel from the sheath
reservoir directly to the flow cell, then to the waste reservoir. Remember to
flip the switch up to pressurize the reservoir.

z | N
; s

Figure 5-2 Bypassing sheath filter

A CAUTION: Bleach run through the sheath filter will break down the
filter paper within the filter body, causing particles to escape into the
sheath fluid and possibly clogging the flow cell.
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5 Drain and fill the flow cell two times.

Drain and fill by turning the fluid control dial to DRAIN and allowing the
fluid to drain from the flow cell. ‘Then turn the dial to FILL until the flow
cell is filled with fluid. Repeat the drain and fill. '

Open the optics door to view the flow cell to ensure that it is draining and

filling,

6 Set the sample flow rate switch to HI, then install a tube containing 3 mL
of the 1:10 bleach solution on the SIP. Set the fluid control dial to RUN
and allow the solution to run for 20 to 30 minutes.

‘7 Remove the tube of bleach from the SIP.

8 Repeat steps 3 through 6 using distilled water instead of the 1:10 dilution
of bleach.

« Replace the bleach reservoir with a spare reservoir containing 1 to 2 L of
distilled water. Flip the vent valve toggle switch to depressurize the
reservoir before removing. _

« Connect the sheath tubing from the reservoir to the upper sheath filter
fitting,

* Drain and fill the flow cell two times.

* Replace the tube on the SIP with a tube containing 3 mL of distilled
water. Allow the water to run for 20 to 30 minutes.
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5.2

9 Replace the original sheath reservoir.

1 O Reconnect the sheath filter by pushing each connector into its firting until
you hear a click.

1 Run a tube of distilled water for 5 minutes before running patient
samples. ‘

Periodic Maintenance

Several components of your instrument should be checked occasionally and
cleaned as necessary. The frequency will depend on how often you run your
inscrument. Other components should be checked periodically for wear and
replaced if necessary.
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5.2.1 Flushing the Sort Line

Although the monthly cleaning (Section 5.1.2) cleans the system fluidics, it does
not clean the sort line. If sorting is one of your primary applications, you may
need to flush the sort line periodically to remove cell debris and saline deposits.
This accumulation becomes apparent if there is a reduction in the amount of
fluid entering the collection tubes when you sort. For this procedure, use the
60-cc syringe that was provided.

NOTE: If you know that you will not be sorting for an extended period of time
(2 to 3 weeks), follow this procedure to fill the sort line with distilled water. This
will prevent the accumulation of saline deposits from forming in the line.

Prepare the syringe:

1 Disconnect the tubing from the syringe by twisting the luer end
counterclockwise.

2 Fill the syringe with distilled water.

Place the syringe nozzle in a container filled with distilled water, and slowly
pull out the plunger of the syringe until the syringe is full.

Bleed any air out of the syringe by holding it luer end up and gently
pushing in the plunger.
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4 Reconnect the tubing to the syringe by turning it clockwise.

Disconnect the upper tubing of the sheath filter by squeezing the metal
clip on the quick-disconnect and pulling the connector from the fitting.

6 Connect the tubing from the syringe to the upper connector of the sheath
filter by pushing firmly until you hear a click (see Figure 5-3).

i 52555’3%@ )
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Figure 5-3 Syringe connected to sheath filter connector




Chapter 5: Cleaning and Mainrenance

96

Prepare the instrument for sorting:

1

2

Install three collection tubes in the collection tube station.

Follow the instructions outlined in Section 3.2.5, steps 1 through 7, to set
a sort gate.

Draw an arbitrary region in the empty display to enable sorting, It is not
necessary to install a sample tube on the SIP to do this.

Choose Sort Setup from the Acquire menu.

Choose the gate that yon drew in step 2 from the Sort Gate pop-up menu.

Install a tube of distilled water on the SIP.
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10

11

Turn the fluid control dial to RUN.

Click Acquire in the Acquisition Control window.

Slowly yet firmly, apply pressure to the syringe plunger.

Depress the plunger until approximately 10 cc of fluid has been dispensed
from the syringe and has entered collection tube one.

Remove collection tube one. .

Repeat steps 8 and 9 for collection mbes two and three,

Click Pause, then Abort in the Acquisition Control window,
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1 2 Remove the syringe from the upper sheath fluid connecror, and reconnect
the sheath fluid tubing.

1 Drain and £l the flow cell 2 to 3 times to remove any air that may have
entered the flow cell.

See Section 2.2.1, step 4, for information on draining and filling,

[] NOTE: If a clog is still apparent after the above procedure has been
completed, perform the procedure usinga 1:10 dilution of bleach in the
syringe, followed by distilled water.

5.2.2 Changing the Sheath Filter

The sheath filter (Figure 5-4), located between the sheath reservoir and waste
reservoir, filters the sheath fluid as it comes from the sheath reservoir. Increased
debris appearing in an FSC vs SSC plot may be an indication that your sheath
filter should be replaced. BDIS recommends changing the sheath filter every

3 months.
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Figure 5-4 Sheath filter

1 Push the vent valve toggle switch in the direction of the arrow to release
the pressure from the sheath reservoir.

2 Squeeze the metal clips of the upper and lower quick-disconnects.
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3 Disconnect the air vent tubing from the filter by unscrewing the fitting
from the filter port.

The filter should be free of the instrument, while the air vent tubing remains
attached to the instrument.

4 Unscrew the base of the flter to remove it from the filter body.

Save this piece to attach to the new filter.

5 Remove the output tubing from the top of the filter body by puiling the
tubing from the port.

Save the tubing to attach to the new filter.

6 Wrap Teflon® tape around the threads at the bottom of the new filter.
Avoid obscuring the opening.
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7 Attach the base (from step 4) to the new filter by screwing until spug.

8 Attach the output tubing (from stei) 5) to the new filter by pushing the
tubing onto the filter port.

9 Snap the new filter into place by pushing each quick-disconnect firmly
into its fitting until you hear a click.

Replace the filter so that the base isat the bottom and the output tubing is
at the top.

1 0 Reattach the air vent tubing (from step 3) to the new filter by screwing the
fitting onto the filter port.

1 1 Pressurize the instrument by pulling the vent valve toggle switch forward.
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1 Fill the newly installed filter with fluid by setting the fluid control dial to
FILL and pushing the roller in the pinchcock forward to allow the air to
escape as the filter fills with fluid.

[] NOTE: If bubbles are visible in the filter, gently tap the filter body to
dislodge them and force them to the top. Push the roller in the
pinchcock forward to allow the pressurized sheath fluid to force the air
bubbles into the waste reservoir.

1 3 Recotd the replacement date on the outside of the filter.

1 4 Discard the old filter body.

5.2.3 Cleaning the Air Filter

The air filter located above the fluid reservoirs cleans the air that cools the
BACSort laser. The filter may be vacuumed or washed, then air dried. Clean the
§ilter only if it looks dirty.
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To remove the filter, grasp the edges and pull gently to slide it out

(Figure 5-5).
R
-
%sﬁ =
.
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Figure 5-5 Removing air filter

2 Vacuum the air filter or hold it under running tap water to clean it.

If the filter is rinsed with water, allow it to dry completely before
reinstalling it.

‘When reinstalling the filter, be sure the arrows along the edge of the filter
are pointing up, indicating the direction of air flow. Align the right edge
of the filter against the spring clips in the slide rail. Push forward slowly.

.
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5.2.4 Changing the Bal Seal

The sample injection tube Bal seal (see Figure 5-6) is a Teflon ring that formsa
seal with the sample tube and creates proper tube pressutization. Over time, this
seal becomes worn or cracked and requires replacement. Replacement is

necessary ifa proper seal is not formed when a sample tube is installed on the SIP.

Figure 5-6 Sample injection port

[] NOTE: Follow good laboratory practice; wear gloves whenever cleaning the
instrument or replacing parts.
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1 Remove the outer droplet sleeve from the sample injection tube by
turning the retainer counterclockwise (see Figure 5-7).

The outer sleeve may fall out as you loosen the retainer.

Figure 5-7 Remaving outer sleeve
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Remove the Bal seal by gripping it between your thumb and index finger
and pulling (Figure 5-8).

Figure 5-8 Removing Bal seal

Install the new Bal seal spring-side up (sec Figure 5-8), then reinstall the
retainer and outer sleeve over the sample injection tabe. Tighten the
retainer by turning it clockwise.

Gently push the seal in place to seat it. If the seal does not remain in position
when you let go of it, hold it with one hand while you reinstall the retainer.
The seal will seat as you screw on the retainer.

Tighten the retainer just enough to hold it in place, then slide the outer
dleeve over the sample injection tube and into the opening of the retainer.
Continue tightening the retainer.
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4 Install a sample tube on the SIP to ensure that the outer sleeve has been
propetly installed.

If the sleeve hits the botcom of the tube, loosen the retainer slightly and push
the sleeve up as far as it will go. Retighten the retainer.

The first installation of a sample tube on the SIP may be tight, but with
repeated installations the process gradually gets easier.

5.2.5 Changing the Sample O-ring

The sample tube O-ring, located within the retainer, helps to forma seal to allow
the droplet containment vacuum to function properly. If you sec droplets
forming at the end of the sample injection tube while the vacuum is operating,

this may indicate the O-ring should be replaced.

NOTE: Follow good laboratory practice; wear gloves whenever cleaning the
instrument or replacing parts.

Remove the outer droplet sleeve from the sample injection tube by
turning the retainer countercloclwise (refer to Figure 5-7).

Pull the outer sleeve from the retainer.

2 Invert the retainer and allow the O-ring to fall onto the benchtop.

If the O-ring does not fall out initially, it may be necessary to tap the
retainer on the benchtop to dislodge the O-ring.
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' 3 Drop the new O-ring into the retainer. Make sure the O-ring is seated
properly in the bottom of the retainer.

4 Reinstall the retainer and the outer sleeve.

Tighten the rerainer just enough to hold it in place, then slide the outer
sleeve over the sample injection tube and into the opening of the remainer.
Continue tightening the retainer.

5 Install 2 sample tube on the SIP to ensure the outer sleeve has been
propexly installed.

Ifthe sleeve hits the bottom of the tube, loosen the retainer slightly and push
the sleeve up as far as it will go. Retighten the retainer.
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CHAPTER 6
Summary

I symptoms you might observe during instrument operation,
possible causes, and solutions
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SYMPTOM:

Read through the following list of symptoms. Afiter locating the symptom the
equipment is exhibiting, read through the list of possible causes and solutions.
For technical information not covered in this troubleshooting guide, contact
Becton Dickinson Immunocytometry Systems Customer Support Center at
(800) 448-BDIS (2347).

DATA DISPLAY

No events in acquisition display
If the Status window reads READY, check the following:

Cause: Threshold parameter gain setting too low.
Solution:  Increase threshold parameter gain setting (see Section 2.3.3).

Cause: Threshold level too high.
Solution:  Lower threshold level (see Section 2.3.3).

Cause: Threshold not set to correct parameter (usually FSC).
Solution:  Set threshold to correct parameter (for application).

Cause: No sample in tube.
Solution: Add sample to tube or install new sample tube.

Cause: Sample not mixed properly.
Solution:  Mix sample to suspend cells.

Cause: Sample injection tube clogged.
Solution:  Set fluid control dial to BACKFLUSH, followed by DRAIN, then
FILL. If clog persists, clean sample injection tube (see Section 5.1.1).
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Cause:
Solutiomn:

Cause:
Solution:

Gate set with no data passing through gate.
Delete gate (see CELLQuest Software User’s Guide).

Communication failure between computer and FACSort.
Turn off computer and FACSort. Turn on the FACSort, followed
by computer.

If the Status window reads STANDBY, check the following:

Cause:
Soluten:

Cause:
Solution:

Cause:
Solution:

Cause:
Solution:

Cause:
Solution:

Cause:

Solution:

Cause:

Solution:

Fluid control dial not set to RUN.
Set fluid control dial to RUN.

Sample tube not installed or not properly seated.
Install sample tube on the cytometer.

Sample tube cracked.
Replace sample tube.

Sheath reservoir cap not tightened.
Tighten sheath reservoir cap.

Sheath reservoir bracket was not replaced.
Install the bracket (see Section 2.1.1, step 8).

Vent valve toggle switch is pushed away from you (sheath reservoir
is vented).
Flip toggle switch toward you to pressurize the reservoir.

Sheath reservoir tubing or sheath filter tubing not properly
connected.

Chec that all tubing connectors are securely seated. Check sheath
reservoir for cracks.
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SYMPTOM:

Cause:

Solution:

Bal seal worn.
Replace Bal seal (see Section 5.2.4).

If the Status window reads N\ OT READY, check the following:

Cause:

Solution:

Cause:

Solution:

Cause:

Solution:

Laser warming up.
Wait five minutes.

Laser not functioning.

Checklaser power in the Status window (see Section 2.2.3). If power
is 0 mWatts, turn off FACSort and computer, then turn on
FACSort, followed by computer. If power is still 0 mWatts, contact
BDIS.

Sheath reservoir empty or waste reservoir full.
Check reservoirs, fill sheath and empty waste, if necessary (see
Sections 2.1.1 and 2.1.2).

High sample event rate

Cause:

Solution:

Cause:

Solurion;

Cause:

Solution:

Cause:

Solution:

Air bubble in flow cell.
Drain and fill flow cell (see Section 2.2.1).

Air in sheath filter.
Vent air from sheath filter (see Section 2.2.1).

Threshold level too low.
Increase threshold level (see Section 2.3.3).

Threshold parameter gain setting too high.
Decrease threshold parameter gain setting.
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Cause:
Solution:

Cause:
Solution:

Sample too concentrated.

Dilute sample. Cell concentration should be 1 x 10% to 1 x 107 cells/

mlL for optimal event rates.

Sample flow rate set on HI.
Set sample flow rate to MED or LO.

SYMPTOM: Low sample event rate
Cause: Threshold level too high.
Solution:  Lower threshold level (see Section 2.3.3).
Cause: Threshold parameter gain setting too low.
Solution:  Increase threshold parameter gain setting (see Section 2.3.3).
Cause: Sample not adequately mixed.
Solution: Mix sample to suspend cells.
Cause: Sample too dilute.
Solution:  Concentrate sample. If flow rate setting is not critical to the

application, sct flow rate switch to MED or HL

SyMPTOM:  Erratic event rate
Cause: Sample tube cracked.
Solution: Replace sample tube.
Cause: Bal seal worn.
Solution: Replace Bal scal (sec Section 5.2.4).

| .
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SYMPTOM:

SYMPTOM:

Cause:
Solution:

Partially blocked sample injection tube.

Set fluid control dial to BACKFLUSH, followed by DRAIN, then
FILL. If event rate is still erratic, clean sample injection tube (see
Section 5.1.1).

Status window reads NOT READY

Cause:
Solution:

Cause:
Solution:

Cause:
Solution:

Laser warming up.
Wait five minutes.

Laser not functioning,

Check laser power in Status window (see Section 2.2.3). If power is
0 mWatts, turn off FACSort and computer, then turn on FACSort,
followed by computer. If power is still 0 mWatts, contact BDIS.

Sheath reservoir empty or waste reservoir full.
Check reservoirs, fill sheath and empty waste, if necessary (see
Sections 2.1.1 and 2.1.2).

Scatter parameters appear distorted

Cause:

Solution:

Cause:
Solution:

Cause:

Solution:

Instrument adjustment is necessary.
Perform optimization procedure (see Section 3.1.1).

Air bubble in flow cell.
Drain and fill flow cell (see Section 2.2.1).

Air in sheath filter.

© Vent air from sheath filter (see Section 2.2.1).
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Cause:
Solution:

Flow cell dirty.
Perform monthly cleaning procedure (see Section 5.1.2).

SyMPTOM:  Excessive amount of debris appearing in display

Cause: Threshold level too low.

Solution:  Increase threshold level.

Canse: Sheath filter dirty.

Solution: Change sheath filter (see Section 5.2.2).

Cause: Sample contains excessive amount of debris.

Solution:  Examine sample under a microscope.

Cause: Stock sheath fluid contaminated.

Solution:  Rinse sheath reservoir with distilled water, then fill with sheath fluid
from another (or new lot) bulk container.

SORTING

SymMPTOM:  Sorted sample not flowing into collection tubes

Cause:
Solution:

Cause:
Solution:

Sort line is clogged.
Perform the sort line cleaning procedure outlined in Section 5.2.1.

Sort gate not set.
Set a sort gate (Section 3.2.5) or select the gate from the Sort Gate
field in the Sort Setup window.
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SYMPTOM:

SYMPTOM:

SYyMPTOM:

Cells not viable after sorting

Cause: Haema-Line 2 was used as sheath fluid.

Solution:  Use phosphate-buffered saline for the sheath fluid when sorting
cells.

Cause: Collection tubes were not coated with 4% BSA.

Solution:  Coat collection tubes with BSA.

Cause: Cells were not viable before they were sorted.

Solution:  Check viability before sorting.

Cell recovery low

Cause:
Solution:

Cause:
Solution:

Low purity

Caunse:
Solution:

Cause:
Solution:

Collection tubes were not coated with 4% BSA.
Coat collection tubes with BSA.

Centrifugation technique.

Sec Section 3.2.8 for information on centrifugation. Depending on
the cell type and concentration, this procedure may need to be
adjusted.

Recovery mode used to sort.
Use Single Cell or Exclusion mode to achieve high purity.

Flow rate set to MED or HL
Set flow rate to LO when sorting.
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Cause:  Air bubbles in sample when it is reanalyzed.
Solution:  Gently mix the sample to avoid air bubble formation before
reanalyzing,

Cause:  Air bubbles in flow cell.
Solution: ~ Drain and fill the flow cell (Section 2.2.1, step 4).

Cause:  Air bubbles in the sheath filter.
Solution:  Push the roller in the pinchcock forward to purge air from the filter.

PRECISION

SympToM: High CV

Cause: Air bubbles in flow cell.
Solution: Drain and fill the flow cell (Section 2.2.1, step 4,

Canse: Sample flow rate set to HIL
Solution:  Set sample flow rate to LO or MED.

Cause: Improper sheath pressure
Solution:  Ensure sheath reservoir cap is tight and all connectors are secure.
Check also for a cracked sample tube or cracked sheath reservoir.

Cause: Flow cell disty.
Solution:  Perform monthly cleaning procedure (Section 5.1.2).

Cause: Sample preparation technique questionable.
Solution:  Seek advice on sample preparation techniques.
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SYMPTOM:

Cause: Air bubbles in sheath filter.

Solution:  Push the roller in the pinchcock forward to purge air from the filter.

Cause: Sample not diluted in same fluid as sheath Auid.

Solution:  Dilute sample in the same fluid as you are using for sheath. If you
are running CaliBRITE beads, dilute them in Haema-Line 2 and use
Haema-Line 2 for sheath fluid.

Cause: Quality control particles are old or contaminated.

Solution: Make a new QC solution and try quality control procedure again.

INSTRUMENT

Droplet containment vacuum not functioning

Cause:

Solution:

Canse:

Solution:

Cause:

Solution:

Cause:

Solution:

O-ring in retainer is worn.
Replace O-ring (see Section 5.2.5).

Outer sleeve is not seated in the retainer.
Loosen retainer, push outer sleeve up into the rerainer until seated.
Tighten retainer (see Figure 5-8).

Outer sleeve is not on the sample injection tube.
Replace outer sleeve; loosen retainer, slide outer sleeve over sample
injection tube until it is seated, tighten retainer.

Waste line is pinched, preventing proper aspiration.
Check waste line.
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SYMPTOM:

SYMPTOM:

Flow cell will not fill
Cause: No sheath pressure.
Solution: 1. Check to see vent valve toggle switch is in correct position.

Cause:

Solution:

Cause:

Solution:

2. Tighten sheath reservoir cap.
3. Check to see all sheath fluid connectors are securely seated.

4. Check for leak or crack in sheath reservoir. Replace reservoir if
necessary.

Sheath reservoir empty.
Fill sheath reservoir (see Section 2.1.1).

Air in sheath filter.
Vent air from sheath filter (see Section 2.2.1).

Sample tube does not fit on SIP

Cause;

Soludon:

Cause:

Solution:

Cause:

Solution:

A sample tube other than Falcon brand is being used.
Use Falcon brand sample tubes.

The black disk on the tube support arm needs adjusting.
Rotate the black disk to adjust it for the height of the tube.

The Bal seal is worn and needs to be replaced.
Replace the Bal seal (Section 5.2.4).
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Al

The Cell Cycle

The determination of DNA content is one of the most common flow cytometry
applications used by researchers to monitor the growth kinetics of cells and to
quantitate DNA content abnormalities and kinetics in tumor populations.
Proliferating cells progress through several phases before they undergo cell
division. These phases are referred to as G1, S, G2, and M (Figure A-1). Cells not
proliferating (resting) are referred to as GO cells.

==

G

GO

Figure A-1 A celf cycle

When we consider the DNA content of cells in the various phases, we refer to
cells in both the GO and G1 phases as 2C (having 2 copies of chromosomes). Cell
replication begins in S phase when DNA s synthesized and the DNA content in
the nucleus doubles. These cells are now referred to as 4C (having 4 copics of
chromosomes). The DNA content of the cell remains at 4C until the cell
undergoes mitosis or cell division in M phase. Here, two daughter cells are
formed.
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When normal cells or nuclei are analyzed for DNA content by flow cytometry, a
DNA distribution similar to that shown in Figure A-2 is obtained.

Counts
3?0 4?[! 00

Z'UEI

100
el

0 200 400 500 800 1000

Figure A-2 DNA distribution of cells in the call cycle

[[] NOTE: Nuclei analyzed for DNA content are typically stained with propidium
iodide (PI), which binds stoichiometrically to DNA.
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A2

Theory of Doublet Discrimination

As a cell or nucleus passes through the laser beam, FACScan detects light pulses
for each parameter. If a particle is small with respect to the laser beam height
(20 um), the emirted light generates an electronic pulse with a height (amplitude)
that is proportional to the total fluorescence emission or the total scartered light
from the particle. Typically the pulse height is used to measure emitted or
scattered light from each particle (ie, FSC-H, SSC-H, FL1-H, FL2-H, and
FL3-H).

Doublet Discrimination allows you to view other measurements of the pulse for
the FL1, F1.2, and FL3 parameters. These new signal measurements, FL-A (arca)
and FL-W (width), provide information that FL-H (height) cannot supply.

Useful differences in the height, area, and width of the light pulses from each
particle come from the fact that particles travel through the laser beam. As a small
particle (<8-pm diameter) begins to enter the laser beam, the laser illuminates its
leading edge, then the whole particle, then its trailing edge. So FACScan first
“sees” a small amount of light from the particle, then a maximum amount of
light, and finally a small amount. This produces a bell-shaped signal in a plot of
light intensity versus time.

If the particle is <8 pm, the laser can illuminate jt all at once when it is centered
in the beam. The height of the fluorescence pulse is then proportional to the total
fluorescence emission of the particle. Pulse height indicates the maximum
amount of illumination and emission of the particle as it moves through the laser
beam.

In the following discussion of pulse measurements (Sections A.2.1 and A.2.2),
the FL2 measurement is the light emitted from Pl-labeled DNA (with correct
staining conditions). The same discussion can apply to FL1 and FL3 and to
particles labeled with different fluorescent dyes.
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A.2.1 Pulse Area Measurements

Particles with a larger diameter (>8 pm), cannot be uniformly illuminated by the
laser. Thus, the height (H) of the fluorescence pulse is no longer proportional to
the total fluorescence emission of the particle. The area (A) of the light pulse
(which measures the total amount of fluorescence emission instead of the
maximurn) is now the only accurate measure of total fluorescence emission of the
particle.

This effect is apparent when you compare the DNA content of aggregates of
chicken erythrocyte nuclei (CEN}) using FL2-A and FL2-H. CEN singlets are
about 3 pm in diameter, well below the size of the laser beam; however, CEN
aggregates can exceed 15 pm in diameter. These single (1) or aggregate (2, 3, or
4) nuclei should theoretically have ratios of DNA contents (mean peak positions)
of 2/1=2, 3/1=3, and 4/1=4. The measured ratios using FL2-A come closest to
this: 2.01, 3.00, 3.96. In this example, the measured ratio using FL.2-H, deviate
further from the ideal: 1.93, 2.80, 3.55.

A.2.2 Pulse Width Measurements

FL2-W increases with the diameter of a particle because a larger particle takes
longer to cross the laser beam. Therefore, the pulse is wider. This relationship
simplifics the discrimination of a G0/G1 doublet from a G2+M singlet. Both
have the same amount of DNA and would appear in the same place on an FL2-
A histogram. However, two singlets stuck together usually produce an FL2-W
measurement that is larger than the corresponding measurements for one G2+M
event.

126




FACSort User’s Guide

You can use FL2-W to exclude doublers or higher order aggregates from the
DNA analysis. Figure A-3 shows an FL2-W vs FL2-A plot of calf thymus nuclei
(CTN) with a gate on the singlet population.

FLZ-&
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Figure A-3 CTN singlet and aggregated populations with singlet gate

1 NOTE: With some nuclei preparations, the separation between singlets and
doublets is not as distinct as with CTN.
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A.3 Gates and Doublet Discrimination

To remove doublets and higher cell aggregates from consideration, set a gate
around the singlec population. (Remember, singlets contain cells in the G0/G1,
S, and G2+M phases.) To set the singlet gate, select a dot-plot display with FL2-
W on the horizontal axis and FL2-A on the vertical axis. Then draw a polygon
around the singlet population (see Figure A-3). In this example, calf thymus
nuclei (CTN) have no DNA content greater than 4N. This limits the height of
the gate on the vertical (FL2-A) axis. For a tissue or tumor sample with cells
containing greater amounts of DNA, extend the gate to the top of the FL2-A axis.

Use only the singlet data for the DNA cell-cycle analysis. You can easily see the
difference in the FL2-A histogram of CTN when you apply a singlet gate (Figures

A-4a and A-4b).
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Figure A-4a Ungated FL2-A histogram

Figure A-4h Gated FL2-A histogram
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A4

Fluorescence Linearity and Particle Size

Both pulse height and pulse area measurements are linear when the particle size
is much less than the height of the laser beam. As the particle size increases, the
height measurement is no longer linearly related to particle size.

Analysis of standard bead particles with diameters from 2 to 10 pum shows thatas
bead diameter increases, the area parameter gives a better doublet-to-singlet ratio
than the height parameter (Figure A-5). For FL2-A, this ratio is close to 2.0 up
to at Jeast 10 pm. For FL2-H, the ratio decreases significantly for particles larger
than 8 pm. '
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Figure A-5 Linearity of FL2-A and FL2-H for beads
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B.1 Supplies

Product Description Part Number
Sheath Fluid 99-30022-00
Haema-Line 2 (Serono-Baker)

sheath filter (BDIS) . 41-10011-00
12 x 75-mm polystyrene tubes (Falcon) 54-10001-00
spare sheath/waste reservoir (BDIS) 05-10084-00
Bal seal (BD) 88-20085-00
sample O-ring (BDIS) 88-20014-00
laser air filter 41-10020-00
consumable kit 12-00299-00

BDIS

Consumable Parts Order

110 Forbes Boulevard

Mansfield, Massachusetts 02048-1145
(800) 448-BDIS (2347)
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B.2 Technical Assistance

BDIS Customer Support Center

2350 Qume Drive

San Jose, California 95131-1807, USA

Customer Support Center (800) 448-BDIS (2347)

Customers outside the US contact your local Becton Dickinson representative
or distriburor.
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EXCITATION
laser

beam geometry

QPTICS

alignment
dichroics

filters

photomultipliers

FLUIDICS

flow rates

quArtz cuvette

Cyonics 15-mW, 488-nm, air-cooled, argon-
ion laser {Class I). Life expectancy >5,000
hours.

Prismatic expander and spherical lens provide
20 x 64-pm elliptical beam.

Fixed—no user adjustments necessary or

available.

560/22.5° (blue/orange-red)
640 LP (orange/red)

FL1: 530/30

- FL2: 585/42

FL3: 650LP

FL1, FL2, FL3: R1477
SSC: 1P28

‘Three selectable flow rates:
LO (12 pL +3 pL/min)
MED (35 uL =5 pL/min)
HI (60 L 7 pL/min)

Internal cross-section is rectangular 430 x
180-pm. External surfaces are antireflection-
coated.
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air pressure

ELECTRONICS
parameters
acquisition speed

sOrt rate

SIGNAL PROCESSING

measurement resolution
signal modes

dynamic range
fluorescence sensitivity

fvorescence resolution

Internal air dpump rovides sheath pressure of
4.5 psig and sample pressures of 4.6, 4.8, and
5.0 psig.

Seven data channels available for acquisition:
FSC, SSC, FL1, FL2, FL3, FLX-W, FL.X-A
(X=DDM parameter).

20 ps approximate processing time while
sorting; acquires up to 10,000 cells/sec.

300 cells/sec maximum in Single Cell sort
mode.

256 or 1024 channels on all five parameters
(seven when acquiring with DDM).

Any combination of linear or logarithmic
selections for each detector.

Four decades are cErovidn':::l by logarithmic
amplifiers for each of the five parameters.

1,000 molecules of equivalent soluble
fluorescein.

Coefficient of Variation (CV) is <3% full pealc
for propidium iodide-stained chicken
cryglrocyte nuclei for FL2-A.
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INSTALLATION REQUIREMENTS

power

size

weight

temperature

120V AC, 50/60 Hz +10%, minimum of
20 A

For installations outside the US, a power
transformer and conditioner are provided to
accommodate 110 V' =10%, 220 V £10%,
240V =10%, 50-60 Hz =2 Ha.

Width 170 cm (67 in)
Depth 70 cm (28 in)

Height 51 cm, 90 cm cover open
(20 in, 35 in cover open)

90 kg (200 1b)
16° to 29°C (60° to 85°F)
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acquisition

acquisition gate

analysis

antibodies

CaliBRITE

coefficient of variation

(cv)

compensation

The electronic and software function of collecting
data from a cytometer’s sensors.

A numerical or graphical boundary (region)
defining a subset of data. An acquisition gate is
applied to data before acquisition to selectively
acquire data inside or outside the gate. You may
use a logical gate for acquisition.

The sofeware function of numerically and
graphically manipulating data to generate statistics.

A class of proteins secreted by sensitized B
lymphocytes following contact with an antigen.
Antibodies bind specifically to the antigen that
induced their formation.

BDIS calibration particles consisting of unlabeled,
FITC labeled, and PE labeled beads. Use these
beads with FACSComp software for baseline
instrument setup for two-color

immunophenotyping of human lymphocytes.

The standard deviation of the data divided by the
mean of the data; typically expressed asa
percentage. When applied to channel dara
measured on a population of cells, the CV'isa
measure of variation independent of the
population mean.

A process used to reduce the unwanted

fluorescence of one fluorochrome overlapping into
the range of wavelengths of another fluorochrome.

-
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conjugated antibody

contour plot

DDM

data file

density plot

desktop

dot plot

droplet conrainment
system

An antibody bound to biotin or a fluorochrome.

A graphical presentation of two-parameter data in
which contour lines show the distribution of
events, Similar to a topographical map, the
contour lines show event frequencies as peaks and
valleys.

Doublet discrimination module. An electronic
component of the instrument that allows for the
measurement of pulse width and arca as well as
height of any one fluorescent channel at a time.

A collection of measured values from a single
sample combined with text describing the sample
that has been stored to disk. See also list-mode file.

A graphical representation of two-parameter data.
Similar to a contour plot where events are
represented by lines, a density plot uses various
colors to display the distribution of events.

The CELLQuest screen background that contains

pull-down menus and accommodates windows,
dialog boxes, and alert boxes.

A graphical means of representing two-parameter
data. Each axis of the plot displays values of one
parameter. A dot represents an event (particle).

The outer sleeve of the SIP and the vacuum
together provide a means of eliminating the drops
of sheath as they backflush from the SIP.
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event

event rate

FACSComp

file name

flow cell

fluorescein
isothiocyanate
(FITC)

fluorescence

A unit of data representing one particle detected by
the cytometer. Each event may consist of several
parameters meastred for that particle.

The number of particles detected per second. If the
threshold is set to zero, the event rate is equal to
the number of noise pulses plus the number of
particles flowing past the laser beam cach second.

BDIS software for the automatic PMT voltage and
fuorescence compensation adjustment of the
FACSort and FACScan flow cytometers.

A name comprised of up to 27 alphanumeric
characters that uniquely identify a file.

The optical structure within the flow cytometer
where the sample stream intersects with the laser
beam. The flow cell is designed to
hydrodynamically focus the stream, transmit the
incoming laser light, and exit the scattered and
fluorescent light.

A fluorescent dye that may be conjugated to
antibodies for cell-surface labeling. FITC emits
green light with an emission peak at approximately
515 nm. ‘

The phenomenon of light emission that occurs
when a fluorochrome’s excited electrons drop to 2
lower energy level.
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fluorochrome

forward scatter
(FSC)

gain

gate

A fluorescent dye. A molecule capable of absorbing
light energy; then emitting light at a longer
wavelength (fluorescence) as it releases this energy.

Light scattered as a particle passes in front of the
Jaser beam. Forward scattered light is a measure of
a particle’s size and is related to the particle’s cross
section and refractive index. The collection angle
over which the light is measured is typically
between 0.5° to 10° relative to the laser beam axis.
FSC is typically the threshold or trigger parameter.

Amplification of a signal. Increasing the gain
results in a larger output signal for a given input
signal. There are two stages of gain adjustment, the
detector stage and the amplifier stage. The PMT
detector gain is made by adjusting the voltage from
150 to 999 volts. The photodiode gain is made by
an exponential adjustment of E-01 to E03. The
amplifier gain adjustment is made by adjusting the
linear amp from 1.00 to 9.99.

A numerical or graphical boundary (region) that
defines a subset of data from the cytometer. Gates
may be single or multi-dimensional. You may set
gates after data acquisition to analyze the data by
subpopulation (sec logical gate). You may set gates
before or during data acquisition to selectively
acquire data (see acquisition gate).
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histogram

immunofluorescence

laser

linear amplifier

list-mode file

A graphical means of presenting single-parameter
dara. The horizontal axis of the graph represents
the increasing signal intensity of the parameter,
and the vertical axis represents the number of
events (particles).

Fluorescence from fluorescent antibodies attached
specifically to antigen sites on a cell.

Light amplification by stimulated emission of
radiation. A light source that is highly directional,
monochromatic, cohetent, and bright. The
emitted light is in one or more narrow spectral
bands, and with most lasers is concentrated in an
intense, narrow beam. The argon-ion laser used in
FACSort emits blue light at 488 nm.

One of two amplifiers (linear and logarithmic) in
the FACSort instrument. The linear amplifier
produces a signal output propertional to the input
signal amplitude. For example, the linear amp has
a signal output ranging from 1 to 5 volts as the
signal input ranges from 0.01 to 0.05 volts. A
linear amp is useful when acquiring dara
containing cells that vary over a narrow range of
signal intensities.

An unprocessed data file containing all of the
measured parameters for each parricle in the

sample, as well as information describing the
sample.
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logarithmic
amplifier

logical gate

marker

mean channel

menu

menu bar

meny option

One of two amplifiers (linear and logarithmic) in
the FACSort instrument. The logarithmic
amplifier produces a signal output proportional to
the logarithm of the input signal amplitude. A
four-decade log amp, for example, has a signal
output ranging from 0 to 10 volts as the signal
input varies by a factor of 10,000. A log amp is
useful when acquiring data containing cells that
vary over a wide range of signal intensities.

A combination of one or more previously defined
regions that define a subset of the total sample
population. The logical operators AND, OR, and
NOT, along with parentheses (if necessary) are
used to define logical gates.

A boundary on a histogram. Tiwo markers form a

marker set and allow you to obtain statistics fora

particular section of a histogram during analysis.

The average channel number of a sample from a
population of cells.

A list of choices displayed on the computer screen.
CELLQuest displays most of its choices through
pull-down and pop-up menus.

The banner across the top of the CELLQuest
desktop that contains menuy titles. Click on these
titles to open pull-down menus.

A choice in a pull-down menu. Click and hold to
open a pull-down menu, then drag the cursor to
the menu option to choose it.
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monoclonal
antibodies

mouse

optimization

para.tneter

PBMCs

photodiode

Laboratory-produced antibodies all having
identical molecular structure and specificicy.

The small device that contrels the pointer or
cursor on the computer screen. When you move
the mouse on a flat surface (or mousepad), the
CULSOL MOVES,

An instrument adjustment procedure you perform
to optimally set the electronic components of the
instrument for specific samples.

A measurement of a cell property which is
ascertained as the cell passes through the laser
beam. Each parameter is the output of 2 single
photomultiplier tube or photodiode, measuring
Auorescent or scattered light (eg, ESC, SSC, FL1,
FL2, or FL3).

Peripheral blood mononuclear cells. Whole blood
that has been passed through a density gradient
removing the granulocytes and red blood cells
leaving primarily lymphocytes and monocytes.

A solid-state device for measuring light intensity.
Like the photomultiplier tube, a photodiode
generates an output current proportional to the
incident light intensity. Though smaller and
simpler to use than PMT5, they are not as sensitive.

149




Glossary

photomultiplier
tube (PMT)

phycoerythrin (PE)

precision

propidium iodide
(PT)

pulse

pulse area

A device for measuring light intensity. PMTs
produce an output current proportional to the
intensity of incident light. In some applications,
PMTs are sensitive enough to count individual

photons of light.

A fluorescent dye that may be conjugated to
antibodies for cell surface labeling. PE emits
yellow-orange light with an emission peak at
approximately 580 nm.

A measurement of performance. Precision is the
closeness of repeated measurements of the same
quantity. Precision is typically measured by
calculating the coefficient of variation (CV) of a
population of nearly identical test particles.

A fluorochrome that emits red light with a peak
emission of approximately 620 nm. PI is
commonly used to stain the DNA in cell nuclei.

A signal that momentarily changes value. As a
particle moves through the laser beam, the
resulting fluorescent and scattered light will appear
as a pulse signal. This signal will have low values as
the particle enters and leaves the beam and a peak
value when the particle passes the beam center,

A mathemarical integral of a single pulse of a
signal; the area under the pulse curve. The pulse
area represents the total light emission, and will be
proportional to the amount of fluorochrome on a
particle.
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pulse height

pulse width

region

resolution

sample

sample injection
port

The peak height of a single pulse of a signal. If the
illuminating beam width is greater than the
particle size the pulse height will be proportional to
the amount of fluorochrome on the particle’s
surface.

The width of a single pulse of a signal. The pulse
width is proportional to the time the particle
traverses the beam and is a measure of a particle
size, laser beam height, and stream velocity.

Random-access memory. The part of the
computer’s memory available for active programs
and files that the computer reads from disk. The
contents of RAM are lost when the power is turned
off. Memory size is expressed as bytes of data,
thousands (kilobytes), or millions (MB).

A boundary drawn around a subpopulation to
isolate these events for acquisition, analysis, or
sorting. Regions can be combined to create logical

gates.

A measure of a cytometer’s ability to distinguish
between two populations of particles with differing
fluorescent or scatter intensity.

The cells or particles introduced to the flow
cytometer and measured for scatter and
fluorescence characteristics.

The area where the sample tube is installed. The
ample injection pot includes the sample injection
tube and the tube support arm.
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sample injection tube

sensitivity

sheath fluid

side scatter (SSC)

simulated data

SIP

The stainless steel tube that introduces cells from
the sample tube to the flow cell. The tube is
covered with an outer sleeve that works in
conjunction with a vacuum and serves as part of a
droplet containment system.

A measure of a cytometer’s ability to distinguish
particles from background noise. Sensitivity is
often expressed in terms of a minimum number of
fluorochrome molecules per particle required to
clearly distinguish a stained particle from an
unstained particle. Sensitivity will depend on the
instrument, the dye, and the preparation method.

Cell-free fluid which surrounds the central sample
stream in a flow cytometer. Sheath fluid is usually a
buffered saline solution.

Also called 90-degree, orthogonal, right-angle, or
wide-angle scatter. Light scattered by a particle at
approximately 90° from the incident laser beam.
Intensity of side scattered light is related to the
internal structure (granularity) of the particle.

Electronic pulse generated by the computer to
appear as if data is being acquired from the flow

Cytometer.

See sample injection port.
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spectral overlap

threshold

trigger signal

tube support atm

window

The emission of one fluorochrome overlapping
into the emission of a second fluorochrome.
Spectral overlap occurs when a sample is stained
with two or more fluorochromes with overlapping
emission spectra.

A trigger signal and level of discrimination to
electronically eliminate unwanted signal. Some of
the particles passing through the laser beam may be
debris or cell fragments. You may set a threshold
level to avoid collecting data for these events. Only
events with parameter values above the threshold
will be collected.

The parameter used to indicate the presence of a
cell ot particle at the laser interrogation point.
Forward scatter is typically used as a trigger signal.
Signals from other detectors are acquired only
when the trigger is activated (see threshold).

The arm that supports the sample tube. It moves in
three positions: centered below the tube, to the
right, or to the left of the tube. It also functions to
activate the droplet containment system vacuum.
The vacuum is activated when the arm is in the
right or left position and off when the arm is
centered,

An area thar displays information on the desktop.
You view data through a window. You can open or
close 2 window, move it around on the desktop,
and sometimes changg its size, edit its contents,
and scroll through it.
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a

abort
counter 60-G1
rate 61
aborted cells 60, 61
acquisition
adjusting instrument prior to 4346
defining conditions for 4649
ending 5354
rate 51
starting 4952
adjusting FACSort
manually 36-40
optimizing 4346
sending settings to FACSort 33-34
air bubbles
in flow cell 28, 118
insample 118
in sheath filter 28, 118, 120
air filter 102-103, 105
air supply tubing 21f, 22
air vent tubing
sheath filter 21f
waste 21f, 25
amplification
linear mode 36-38
logarithmic mode 36-38
amplification path 37f
amplifier
level 36-38
mode 36-38
antibody 79, 80, 81
applications
DNA cell-cycle analysis 82
see alio DNA
direct immunoflucrescence 7980
indirect immunofluorescence &0
intracellular calcium 84
platelets 83
three-color immunofluorescence 81

aseptic sorting  71-75
auxiliary counter 61

b
Bal seal 104-107, 106f
BDMAC 15-17

bichazardous waste
disposing  24-26
handling 24
safety xif
bleach 6
adding to wasts reservoir 26
for daily cleaning 87-89
for monthly cleaning 90-93
bovine serum albumin (BSA) 6, 62-63, 117

c

cable
sheath fluid detection probe  25f, 26, 27
waste fluid detection probe 25f, 28, 29
calcium 84
CaliBRITE beads 6, 14
catcher ube 4, 9, 57-58, 57f
cell concentration 51, 68, 114
cell-cycle analysis see DNA
CELLQuest software 4, vdi, 5, 14, 15, 30
configuring for the cytometer 15-17
data acquisiion 4654
quitting 55
setup mode 44, 50, 52, 64
starting 29
centrifugation 58, 62, 70, 117
changing
air filter 102-103, 103f
Bal seal 104-107, 106f
sample O-ring  107-108
sheath filer 98-102, 99f
channel see akso parameter
resolution 47

f=figure t=rable
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cleaning droplet containment systern
air filter  102-103 cleaning 87-89
daily 87-80 sleeve 7,11
monthly 90-93 troubleshooting 119
sample injection tube 87-89 vacuum 7, 12, 51, 88, 107
solution see bleach
sortline 94-98 e
syringe  94-98, 95f emptying waste reservoir  24-26
collection station 8, 8f, 63f ending
collection tubes 6, 8, 38, 63f acquisiion 53-54
installing 63 CELLQuest software 55
preparing 62-63 sorting 69
removing  69-70 envelope (sort) 58-59, 59f
replacing 69-70 event rate
station 8, 8f, 63f troubleshooting 113-114
compensation settings 3940, 43, 46 Experiment window 29, 49
computer, Macintosh 5
congentrating sample 70 f
concentration, sample 51, 68, 114 FACSort Sort Setup window G0-61, 60
configuring software  15-17 see also Instrument
counters FACSComp 3,5, 14, 3233
acquisition 51 FACSConvert 14
sort 60-61 filling sheath reservoir 22-24
filter
d air 102-103, 103f
daily cleaning 87-89 sheath see sheath filter
data acquisition flowcell of
adjusting instrument prior to 4346 cleaning 90-93
defining conditions for 4649 draining and filling 9,10, 28, 92
ending 53-54 removing air bubbles 28
rate 51 flow rate burtons  10f, 10
starting 49-52 fluid control dial 10f, 10-11
DNA atshurdown 89
cell-cycle analysis 82, 123-124 when leaving the FACSort 32
doublet discrimination 125-128 with [daﬂonship to status 31
QC particles 328 fluid control panel  10f, 10-11
stain (propidium iodide) 37, 39, fluid detection probe cable
82,90, 124 see also fluid level detector
doublet discrimination. 125-128 sheath reservoir  25f, 26, 27
parameter 125-126 waste reservoir  25f, 28, 29

doublet discrimination module
(ODM) 36, 45

158




FACSsre User’s Guide

fluid level detector

see also fluid detection probe cable

sheath reservoir 12, 31
waste reservoir 12, 31
fluidics drawer 12f, 21f, 12-13
fluorescence 4
see ko immunofluorescence
amplification 36-38
compensation 39-40, 43, 46
linearity 129
parameters (FL1, FL2, FL3) 3
pulse measurements  125-126
forward scatter (FSC) 3
amplification  36-38
threshold 38-39

g.h
gain settings 36-38

gates
acquisition 46, 47, 56

sort 60, 64-66, 72-73, 112, 116

used with DDM  127-128

1
immunofluorescence 79—-81
direct 79-80
indirect 80
three-color 81
immunophenotyping 61-62

infectious waste see biochazardous waste

injection port 11f, 11-12
installing
Bal seal 104-107
collection tubes 63

hardware 14

sheath reservoir 23-24

software 15

waste reservoir 26
instrument

adjustment 3640
deaning 87-93

see also cleaning

leaving power on 32

operating status  30-31

overview 713

pressurization 24, 27

sertings files 33-36

setup  21-26

shutdown 53

startup 27-28

status 30-31
instrument settings

saving 34-36

sending to FACSort 33-34
intracellular calcium 84

bk
laser
curtent 30, 31
power 30,31
safety wif
warming up 31
linear mode 36-38
logarithmic mode 36-38

m

manual instrument adjusoment  36-40

metal bracket 12, 21F
removing 22
replacing  23-24

monthly cleaning 90-93

n, o

O-ring 107-108

optics door 8f, 9

optimization 43—46

outer sleeve (SIP} 11
daily cleaning of 87-89
removing 105
replacing  106-107

f=fignre 1= rable
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P

parameter

acquisition plot 49-50

adjusting 36-38

areafwidth 3, 125-127

DDM 125

fluorescence 3, 3640

label 48

resolution 47

saved to data file 47

scatter 3, 36-38

threshold 38-39

width/area 3, 125-127
phosphate-buffered saline {PBS) 6,62,70,74
platelets 83
power switch 8
preparing collection tubes 62-63
propidium iodide (PI) 37, 39, 82, 90, 124

q

quality control  32-33
particles 6, 32, 119

quitting
acquisiion 53-54
CELLQuest software 55
sorting 69

r

Tegion see gatcs

removing
air filter 103
Bal seal 105-106
collection tubes 69, 70
metal bracket 22
outer sleeve (SIP) 105
sample O-ting 107
sheath filter 99-100
sheath reservoir  22-23
waste reservoir 25

replacing
air filter 103
Balseal 106
collection tubes 63
metal bracket 23
outer sleeve (SIP) 106
samnple O-ring 108
sheath filter 100-101
sheath reservoir 2324
waste reservoir 26
requirements
 hardware 5
operating supplies 6
software 5
Teservoir
see sheath rescrvoir
sezwaste reservoir
resolution (parameter) 47
running samples  49-52

S
safety acisii
sample
concentration 51, 68, 114
flow rate buttons  10f, 10
Q-ring  107-108
tubes 6
volage 30, 31
sample injection port (SIP)  11f, 11-12
troubleshooting 107
sample injection tube 11£, 11-12
cleaning 87-89
preventing deposits from forming 89
saving instrument settings 34-36
sending instrurnent settings to
FACSort 33-34
setting sort gate 6466
setup, instrument 21-26
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U, v
vent valve toggle switch 8, 13, 21f, 22, 24
venting air from sheath filter 22, 99
voltage
photomultiplier (PMT) 37, 45
sample 30-31

w

warming up laser 31

waste, bichazardous
disposing 2426
handling 24

waste reservoir 21
adding bleach 26
air vent tubing 21f, 25
emptying 24-26
fluid level detector 12, 30, 31
spare G, 24
waste tubing  21f, 25

Y Z
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