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Preface 
 

 

Welcome to AMREPFlow Cytometry Core Facility. 

Understanding the principles underlying the field of Flow Cytometry and knowing how to optimally set up an 
instrument for experiments is essential for the use of the platforms and generating good quality reproducible 
and publishable results. It will also help troubleshoot problems as they arise. Hence, we offer a comprehensive 
training programme to help users overcome the subjective nature of flow cytometry. 

At AMREPFlow Core, there is a four-step process to become an independent and licensed user of the flow 
cytometry analysis equipment. 

1. Online tutorial. At a minimum, we require viewing the Flow Cytometry Tutorials from Life 
Technologies (Thermo Fisher) > Introduction to Flow Cytometry (the other tutorials are helpful 
resources). 

2. Reading this Syllabus to know about AMREPFlow specific requirements and responsibilities. 
3. Passing the AMREPFlow Online Quiz. 
4. Email request for hands on training, culminating in a practical licensing test which will demonstrate 

competence on the instrument usage, setup and effective data generation. 

This document contains both background information on flow cytometry and information specific to the 
AMREPFlow facility (which may differ from other facilities). It should be used as a learning guide. (For further 
background reading, refer to our website www.amrepflow.org.au and other online or printed resources). We 
do not claim authorship, as the majority of this document is from the BD Biosciences Introduction to Flow 
Cytometry: A Learning Guide (April 2000). It has, however, been supplemented with information pertaining to 
specific requirements of the AMREPFlow Cytometry Core Facility. Any additional references are duly 
acknowledged. Facility-specific features include cytometers available at the AMREPFlow Core facility and will 
be outlined in relevant sections, this will aid in the selection of the appropriate flow cytometer for your 
requirements. 
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Reading this material and participating in a small number of online tutorials will be sufficient for answering the 
questions in the next stage of your training. This education will enhance your hands-on training experience and 
your operation of the flow cytometers available at AMREPFlow (or any other location globally). 

 

Please review this syllabus and answer the online quiz questions before you request training.  

ONLY INITIATE PRACTICAL TRAINING IF YOU ARE PLANNING ON STARTING EXPERIMENTS WITHIN A MONTH. 
WE DO NOT CONDUCT GENERIC TRAINING. YOU SHOULD BE ABLE TO CONCLUDE YOUR TRAINING 
PROGRAMME WITHIN 1-4 WEEKS (DEPENDING ON PREVIOUS EXPERIENCE). ANY TRAINING SESSIONS THAT 
EXTEND BEYOND 4 WEEKS DUE TO CLIENT NON-COMPLIANCE OR LACK OF FOLLOW UP, WILL BE 
TERMINATED, RESULTING IN THE CLIENT BEING NON LICENSED, AND NOT ABLE TO UTILISE OUR 
INSTRUMENTS. 

 

If you are planning on using and performing regular immunophenotyping on primary human samples on any of 
the AMREPFlow instruments, the sample MUST be fixed. (Fixation protocol SOP’s - www.amrepflow.org.au) 

If you require to run and analyse primary human samples that are NOT FIXED for functional/kinetic etc. studies, 
you MUST submit a Risk Assessment Document and Safe Work Instruction (SWI) to AMREPFlow, as the study 
will have to be approved by the AMREPFlow OHS Committee. 

 

Thank you for your cooperation and for making our/your working environment safer. 
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1 Introduction to Flow Cytometry 
 

Flow cytometry is a technology that simultaneously measures and analyses multiple physical characteristics of 
single particles (usually cells) as they flow in a fluid stream in single file through a focused light source (usually 
LASER/s). The measured properties include a particle’s relative size and granularity (or internal complexity), 
inherent fluorescence of the particles (autofluorescence) as well as the fluorescence associated with the 
fluorophore combinations in the experimental panel. These characteristics about a particle are determined 
using an optical-to-electronic system that records how the particle scatters incident laser light and emits 
fluorescence. 

A flow cytometer is made up of three main systems: fluidics, optics and electronics. 

• The Fluidics system transports and hydrodynamically focuses single particles/cells in a stream to the 
LASER/s beam for interrogation 

• The Optics system consists of (a) LASER/s to illuminate the particles in the sample stream and excite 
the present fluorophores (b) optical filters that filter and route the photons. Filtered photons (light 
and fluorescence) are directed to detectors. These detectors (photomultiplier tubes, PMTs) collect and 
amplify the signals. 

• The Electronic system converts the amplified signals from photons to photoelectrons, resulting in an 
electronic pulse that can be processed and quantitated by a computer. For some instruments 
equipped with a sorting feature, the electronic system is also capable of initiating sorting decisions to 
charge and deflect droplets of sample stream containing particles/cells of interest into collection tubes 
for downstream applications. 

In a flow cytometer, particles/cells are carried and hydrodynamically focused in a fluid stream to the LASER 
intercept point for interrogation. Any single suspended particle or cell generally between 0.2 μm - 80 μm in size 
is suitable for analysis. Cells from solid tissues must be disaggregated and prepared into a single cell suspension 
before analysis. 

At AMREPFlow it is a requirement that all samples be filtered through a 70 μm cell strainer prior to 
acquisition. 

The portion of the fluid stream where particles are located is called the sample core. When particles/cells pass 
through the LASER intercept point, they scatter LASER light, which is measured in the forward (forward scatter, 
FSC) and side directions (side scatter, SSC). Any fluorescent molecules present on the particle/cell that have 
potential to fluoresce once excited by the appropriate LASER wavelength, will absorb light at one wavelength 
and emit at a longer wavelength. The scattered and fluorescent light is filtered and directed by appropriately 
positioned lenses and optical filters to appropriate detectors (usually Photomultiplier Tubes, PMTs). The 
detectors (PMTs) convert the filtered light from photons to photoelectrons, which become electronic signals 
(pulses) that are proportional to the incoming optical signals. 

List mode data is a data file where each particle or event is listed sequentially, parameter by parameter. The 

characteristics (or parameters) of each particle are based on its light scattering and fluorescent properties. The 

data are collected and stored in the computer. This data can be analysed to provide information about 

subpopulations within the sample. 

 



 

 

 

Figure 1-1: Overview of a conventional cytometer. 

 

 

  



 

 

2 The Fluidics System 
 

The purpose of the fluidics system is to transport and hydrodynamically focus particles/cells in a fluid stream, 
to the LASER intercept point for interrogation. For optimal illumination, the core stream transporting the 
particles/cells should be aligned in the centre of the LASER beam and only one particle should move though the 
LASER beams at any given moment. 

To accomplish this, the sample is injected into a stream of sheath fluid within the flow chamber. The flow 
chamber on a benchtop flow cytometer is called a flow cell. 

Note: At AMREPFlow Core we have a sorting platform, called the Influx, that is a stream-in-air cytometer and 
the flow chamber is called a nozzle. 

The design of the flow chamber and inherent pressure/velocity differences between the sheath fluid and 
sample, establish a laminar flow environment creating a central core stream, which is hydrodynamically 
focused in the centre of the sheath fluid. This provides the LASER beam to optimally intercept particles/cells at 
the interrogation point. Based on fluid dynamic principles relating to laminar flow (at low velocity, fluid flowing 
in parallel layers will flow without lateral mixing), the sample core remains separate but coaxial within the 
sheath fluid. The flow of sheath fluid accelerates the particles/cells and restricts them to the centre of the 
sample core. This process is known as hydrodynamic focusing (Figure 2-1). 

 

 

Figure 2-1: Diagram of the Fluidics system in a cytometer. A) Transverse section of a flow cell, highlighting the 
sample core stream; B) Hydrodynamic focusing of sample and its delivery to the interrogation point through a 

flow cell. 

 

Important: With the exception of sorting platforms which use 0.9% saline solution as sheath fluid, all analysers 
at AMREPFlow use double distilled H2O (dd H2O) as sheath fluid. There is no mixing of cells with sheath until 
after the analysis interrogation point with the LASER/s (as described above), therefore the ddH2O does not 
affect cell sample preparations. Take care that sheath does not drip into your cell sample tubes at the time of 
acquisition.  

Only use the double distilled H2O tanks provided in each lab to fill the sheath containers (never use tap 
water). 

Please see an AMREPFlow staff member if you want to use your own sheath as there are additional 
requirements you need to be aware of. 



 

 

The sample and sheath fluid pressure are always different, with the sample pressure always exceeding the 
sheath fluid pressure. A sample pressure regulator controls the sample flowrate by changing the sample 
pressure relative to the sheath pressure. 

Most of our analysers are BD benchtop analysers where the sample stream is pressurised upward, through an 
optically clear region of the flow cell or cuvette: particles pass through the LASER beam while they are still 
within this flow cell. At AMREPFlow the BD Calibur and Canto-II flow cytometers have fixed sample pressure 
settings (LO, MED, HI). The LSR-II, Fortessa and X20 additionally have a “fine adjustment dial” for intermediate 
settings (10 full rotations). We are also equipped with a CytoFlex analysis platform, which delivers a known 
volume of sample via a peristaltic pump. This allows researchers simultaneous measurement of absolute 
counts for cell populations. 

 

 

Figure 2-2: Describing the effect of sample pressure on flow rate and core stream size. Low flow rate = low 
sample pressure and narrow sample core stream (Cells pass beam in a single file resulting in highest resolution 

of signals). High flow rate = high sample pressure and wider sample core stream (≥1 cell passes the beam 
resulting in lower signal resolution). 

 

Increasing the sample pressure increases the flowrate by increasing the width of the sample core, allowing 
more cells to enter the stream within a given moment (Figure 2-2). However, with a wider sample core, some 
cells could pass off-centre and intercept the laser beam at a less optimal angle (decreasing optimal resolution 
of data). However, this trade-off might be appropriate for your application. 

• A higher flowrate is generally acceptable for qualitative measurements such as immunophenotyping. 
The data is less well resolved, because cells are less in line in the wider core stream but are acquired 
more quickly. At AMREPFlow we encourage our clients to not exceed 5000 events/second. (Note: this 
also decreases the chance of blocking the instrument.) 

• A lower flowrate decreases the width of the sample core and restricts the position of the cells to a 
smaller area. Majority of cells will pass through the centre of the laser beam: the light illuminating the 
particles and fluorescence emitted from the particles will be optimal and uniform. A lower flowrate is 
generally used in applications where greater sensitivity is critical, such as DNA analysis. 

• Cells should be prepared at a concentration of 1x106 cells/mL for acquisition on the analysers which 
should allow 5000event/second acquisition at a low flow rate. (This is a guide and will vary depending 
on sample preparation and type). 

Important: Proper operation of the fluidics compartment is critical for particles to properly intercept the laser 
beam. Almost all troubleshooting relates back to the fluidics compartment, therefore, the operator must 
always ensure that the fluidics system is free of air bubbles and debris and is always properly pressurized. 



 

 

After opening sheath thanks, you have introduced air into the system, therefore once closed and the system is 
re-pressurised, prime and bleed all bubble trap filters and ensure all bubbles are removed from the fluidic and 
waste lines by running ddH2O for a few minutes.  



 

 

3 The Optics System 
 

This section will look at what happens to the particles that have been aligned by the fluidics system to pass in a 
single file through the sample core to be interrogated by LASER beams. The subsequent detection and 
processing of these light signals are key to understanding how the flow cytometer identifies events. 

 

3.1 Light scatter 
Light scatters when a particle deflects incident LASER light. The extent to which this happens depends on the 
physical characteristics of the particle, mainly its size and internal complexity. Factors that affect total light 
scattering are the cell’s membrane, nucleus, interior granular content, cell shape and surface topography.  

Forward-scattered light (FSC) is approximately proportional to cell-surface area or size. FSC is a measurement 
of mostly diffracted light and is detected just off the axis of the incident LASER beam in the forward direction 
by a photodiode (Figure 3-1). FSC provides a suitable method of detecting particles greater than a given size 
(threshold), independent of their fluorescence and is therefore often used in immunophenotyping experiments 
to trigger an event for further signal processing. Events smaller than a specified threshold are ignored, though 
they still go through the instrument. 

Side-scatter light (SSC) is approximately proportional to cell granularity or internal complexity. SSC is a 
measurement of mostly refracted and reflected light that occurs at any interface within the cell where there is 
a change in refractive index (Figure 3-1). SSC is collected at approximately 90 degrees to the LASER beam by a 
collection lens and then redirected by a beam splitter to the appropriate detector. 

 

 

Figure 3-1: Diffraction and refraction of incident laser light in cells results in unique light scattering properties. 

 

Correlated measurements of FSC and SSC can allow for differentiation of cell types in a heterogeneous cell 
population. Major leukocyte subpopulations in whole blood can be differentiated using FSC and SSC (Figure 3-
2). 

 



 

 

 

Figure 3-2: Identification of cell subpopulations in lysed whole blood based on FSC and SSC (Calibur data). 

 

Note: FSC and SSC can also give you an idea of the health (viability) of a sample preparation. Dead and dying 
cells exhibit altered FSC and SSC profiles and can introduce artefacts when not sufficiently accounted for 
(including non-specific staining). 

 

3.2 Fluorescence: absorption and emission of light energy 
A molecule that has the potential to fluoresce absorbs light energy at a specific wavelength. The electrons in 
the molecule are transiently excited and then quickly decay back to their ground (unexcited) state, emitting this 
absorbed energy as photons of light (Figure 3-3). This transition of energy is called fluorescence. 

• The wavelength range a fluorochrome absorbs light (becomes excited): Excitation spectra 

• The wavelength range a fluorochrome of the emitted light: Emission spectra 

• Emission is always greater than Excitation wavelengths, the difference called Stoke’s Shift. 

 

 

Figure 3-3: A) Schematic of the excitation and return to ground state of an electron in a fluorescent molecule, B) 
The measured difference between Excitation (Absorption) and Emission Maxima is the Stoke's Shift. 

 



 

 

The range over which a fluorescent compound can be excited is termed its absorption spectrum. Upon 
absorption, some energy is lost as kinetic/thermal energy and the emitted wavelengths will be longer (less 
energy) than those absorbed (shorter wavelengths are higher energy). The range of emitted wavelengths for a 
particular compound is termed its emission spectrum. 

This means that for each given fluorophore, the emission intensity is dependent on how closely the laser 
wavelength is to the fluorophore’s excitation maximum. As a result of this, the emission intensity is 
proportional to the amplitude of the excitation wavelength. 

The argon ion laser is commonly used in flow cytometry because the 488 nm light that it emits excites more 
than one fluorochrome. A very common fluorochrome is fluorescein isothiocyanate (FITC). In the absorption 
spectrum of FITC, the 488 nm light is close to the FITC absorption maximum (Figure 3-4). Excitation with this 
wavelength will result in high FITC emission. If this fluorochrome were excited by another wavelength (non-
optimally) within its absorption spectrum, light emission from FITC would still occur albeit less optimally and be 
of a lower intensity. 

 

 

Figure 3-4: Excitation and emission spectral profiles of FITC. (Fluorescence Spectral Viewer, Life Technologies). 

 

More than one fluorochrome can be used simultaneously if each is excited at a specified wavelength and if 
the peak emission wavelengths are not extremely close to each other. 

As an example, the combination of FITC with phycoerythrin (PE), another common fluorochrome, satisfies 
these criteria. The emission spectrum of FITC and PE is shown (Figure 3-5). 

 

 

Figure 3-5: Spectral profiles of FITC and PE fluorochromes. Note their separate emission peaks. (Fluorescence 
Spectra Viewer, Life Technologies). 



 

 

 

Note: Specific to Calibur and Canto-II analysers, although the absorption maximum of PE is not near 488 nm, 
the fluorochrome is excited enough at this wavelength to provide adequate fluorescence emission for 
detection. The LSR-II and Fortessa analysers are equipped with a 561 nm yellow-green laser which aligns better 
with the excitation maximum of PE leading to more optimally excitation of the PE fluorochrome (Figure 3-6). 

 

 

Figure 3-6: Fluorescence spectra of FITC and PE; highlighting the alternate optimal excitation of PE using a 
561 nm laser. 

 

More importantly, the peak emission wavelength is 530 nm for FITC and 570 nm for PE. These peak emission 
wavelengths are far enough apart such that each signal can be detected by a separate detector (Figure 3-7). 
The intensity of fluorescent signal detected is proportional to the number of fluorochrome molecules present 
on the particle. 

 

 

Figure 3-7: Fluorescence spectra of FITC and PE with emission detection filters indicated by the broad vertical 
bands. 

 



 

 

 

Figure 3-8: Excitation and emission spectra of four common fluorochromes; FITC, PE, PerCPCy5.5 and APC, as 
analysed on a two-laser system. 

 

3.3 Fluorescent-labelled antibodies 
When a fluorescent dye is conjugated to a monoclonal antibody, it can be used to identify a particular cell type 
based on the individual antigenic surface (or intracellular) markers of the cell (Figure 3-9). In a mixed 
population of cells, different fluorochromes can be used to distinguish separate subpopulations. The staining 
pattern of each subpopulation, combined with FSC and SSC data, can be used to identify which cells are present 
in a sample and to count their relative percentages. (These subpopulations can also be isolated on the sorting 
platforms available at AMREPFlow). 

 

 

Figure 3-9: Identification of cells by labelling using fluorescently-conjugated antibody specific to surface 
antigens. 

 

3.4 Optical bench 
The optical system consists of excitation optics and collection optics. The excitation optics consists of the lasers 
and lenses that are used to shape and focus the LASER beam/s. The collection optics consist of a collection lens 
to collect light emitted from the particle-laser beam interaction and a system of optical mirrors and filters to 
route specified wavelengths of the collected light to designated optical detectors. The design of the optical 
bench allows for these functions to occur. 

The optical bench in a flow cytometer provides a stable surface that holds the excitation light source and 
collection optics in fixed positions. The alignment of a benchtop analyser is very stable because the flow cell is 
fixed in its alignment with the LASER beam/s and ensures that the laser intercepts the sample stream 
consistently from day to day. The optical bench for the BD Calibur is shown (Figure 3-10). 



 

 

 

 

Figure 3-10: Diagram of the BD Calibur optical bench indicating important components of the Optical System.  
 
(Reference:http://wiley-vch.e-bookshelf.de/products/reading-epub/product- 
id/752958/title/Practical%2BFlow%2BCytometry%2Bin%2BHaematology%2BDiagnosis.html?lang=en) 

 

3.5 Optical filters 
In the flow cytometer the fluorescent signals are collected by photomultiplier tubes (PMTs). To optimise these 
signals specific to a wavelength range, filters are placed in front of the PMT allowing only a narrow wavelength 
range to reach the detector. 

 

Once a particle passes through the LASER light, FSC signals are collected by a photodiode but SSC and emitted 
fluorescence signals are diverted to photomultiplier tubes (PMTs). All the signals are routed to their detectors 
via a system of mirrors and optical filters. The specificity of a detector for a particular fluorescent dye is 
optimised by placing a filter in front of the PMT, which allows only a narrow range of wavelengths to reach the 
detector. This spectral band of light is close to the emission peak of the fluorescent dye. Such filters are called 
bandpass (BP) filters. For example, the filter used in front of the FITC detector is labelled 530/30. This number 
identifies the characteristics of the spectral band that is transmitted: 530 ±15 nm (wavelengths between 515 
nm and 545 nm; the band being 30 nm wide in total, and 530 nm being the central point, hence the 530/30 
Bandpass filter). 

Other filters used in flow cytometry are shortpass (SP) filters, which transmit wavelengths of light equal to or 
shorter than a specified wavelength, and longpass (LP) filters, which transmit wavelengths of light equal to or 
longer than a specified wavelength (Figure 3-11). 

Beam splitters are devices that direct light of different wavelengths in different directions. Dichroic mirrors are 
a type of beam splitter. 

 



 

 

 

Figure 3-11: Light transmission through longpass (LP), shortpass (SP), and 500/50 bandpass filter respectively. 

 

3.6 Signal detection 
Light signals are generated as particles pass through the LASER beam in the fluid stream. These light signals as 
photons, are detected by photodetectors and converted to electronic signals or electronic pulses 
(photoelectrons) and then assigned a channel number on a data plot based on the pulse properties (usually 
Pulse Height, but there are other pulse properties such as Pulse Area and Pulse Width). There are two types of 
photodetectors in flow cytometers: photodiodes and photomultiplier tubes. The photodiode is less sensitive to 
light signals than the PMTs and thus is used to detect the stronger FSC signal. Because greater sensitivity is 
required, PMTs are used to detect the weaker signals generated by SSC and fluorescence. 

A voltage pulse is created when a particle enters the laser beam and starts to scatter light or fluoresce. Once 
the light signals (or photons) strike one side of the PMT or photodiode, they are converted into a proportional 
number of electrons (photoelectrons) that are multiplied, creating a greater electrical current. The electrical 
current travels to the amplifier and is converted to a voltage pulse. PMT sensitivity or degree of amplification is 
adjusted via voltage ranges within the cytometer software, controlling data acquisition, as described below. 
The highest point of the pulse occurs when the particle is in the centre of the beam and the maximum amount 
of scatter or fluorescence is achieved. As the particle leaves the beam, the pulse comes back down to the 
baseline (Figure 3-12). 

 



 

 

 

Figure 3-12: Generation of a voltage pulse. A voltage pulse is created when a particle enters the laser beam and 
starts to scatter incident light or fluoresce. Particle enters from the bottom in this example. 

 

The size of the voltage pulse depends on the number of photons detected, the PMT voltage is a pre-amplifier 
gain, and the amplifier gain. Signals can be amplified by applying a voltage to the PMTs, thus creating a greater 
electrical current, or by increasing the amplification gain. Amplifier settings in modern digital instruments are 
mostly linear, but historically were linear or logarithmic (Lin or Log). These signals can be displayed in data plots 
or displays in linear or log modes. Log displays are often used to exemplify and separate negative from dim to 
bright positive signals (due to the large dynamic range of potential fluorescence intensity), whereas linear 
displays are often used to represent scatter (FSC or SSC). 

Note: Leukocytes FSC and SSC should be set to Lin scale, while platelets and small particles require FSC and SSC 
on Log display mode. In general, fluorescence parameters will be set on Log display mode to allow for a wide 
dynamic range (wide variability in amount of molecules being stained = wide variability in fluorescence 
intensities).  

The voltage pulse is assigned a digital value by the Analog-to-Digital Converter (ADC). The ADC converts a 
0 - 1000 mV pulse to a digital number representing 0 - X number of channels. The channel number for each 
instrument is defined by the BIT mode of each instrument. (e.g. The Fortessa is an 18 BIT instrument, so 218, 
hence we have 262144 channels available for the voltage pulses to be allotted to). The channel number is 
transferred to the computer via the General Purpose In/Out (GPIO) cable and the light signal is then displayed 
in an appropriate position on the data plot. 

 

3.7 Threshold 
If every particle that went through a flow cell triggered an event, the data would be inundated with tiny 
particles (cellular debris, components of FACS buffers), creating huge data files which unnecessarily slow 
analysis software and more importantly clutter the data (overshadowing events of actual interest). An 
electronic threshold can be used to limit the number of events that the flow cytometer records. When a 
threshold value is defined, only signals with intensity equal to or greater than the threshold channel value will 
be processed and sent to the computer (Figure 3-13). For immunophenotyping, it is usually appropriate to set a 
threshold on FCS (proportional to size), therefore creating a size dependent threshold. Particles which reach a 
minimum size criterion are included in the analysis and events, such as debris, that are smaller than the 
threshold channel number are ignored. 



 

 

Note: A second threshold parameter is available on all benchtop analysers at AMREPFlow. A second threshold 
can also be set up (e.g. on fluorescence). If two threshold parameters are chosen, then the event must meet 
the values of both to be processed as an event. On the higher power digital analysers (Canto-II, LSR-II, Fortessa, 
X20), a threshold can be set on every parameter. 

 

 

Figure 3-13: Only signals with intensity greater or equal to the threshold channel value (in this example the FSC 
threshold is 40 and indicated by the broken red line), will be displayed on the plot. Thresholding will eliminate 

these events of non interest and will not be part of your dataset. 

 

3.8 Separating emitted light of different wavelengths – compensation 
In order to correctly analyse multicolour flow cytometry data, it is necessary to employ a mechanism called 
compensation. Briefly, because the emission spectrums of fluorophores are usually broad, there is a need to 
subtract the unwanted fluorescence of a fluorophore bleeding into neighbouring detectors/channels (or even 
cross LASER/s) (Figure 3-14). 

 



 

 

 

Figure 3-14: Emission spectral overlap between FITC (Green, A) and PE (Red, B), highlighting the need for 
compensation. Regions FL-1 and FL2 represent the detection filters for the two fluorochromes.  

(Reference: http://flowcyt.salk.edu/howto/compensation/compensation-howto.html) 

 

A specialised algorithm within the collection or analysis software is applied to the dataset to subtract a portion 
of one fluorophore’s signal from other detectors/channels (spectral overlap or fluorophore bleed through, 
leading to false positives), leaving the desired signal only in the appropriate detector/channel. This process is 
called compensation and requires special controls called single colour compensation controls (see below). On 
modern digital instruments this process can be done post acquisition, but if you wish to be looking at relevant 
data concurrently during acquisition, this must be done before acquisition of your samples. Whether you 
choose to compensate before or after acquisition of your sample, compensation MUST be performed on most 
multi-colour experiments. 

3.9 Four Golden Rules for good compensation. 
First and foremost, there must be a single-stained control for every parameter in the experiment In addition, 
there are four rules for “good” compensation controls: 

1. Controls need to be as bright, preferably brighter than the corresponding signal in the sample 
(Compensation is fluorescence intensity dependent) – Compensation coefficients are calculated 
based on the ratio of the difference in median fluorescence intensities (referenced to the negative 
population) so if you use a control that is not brighter than your background fluorescence it will 
appear that no compensation is needed or most likely that your data will be incorrectly compensated. 

2. Background fluorescence should be the same for the positive and negative control – As anything from 
beads to cells can be used for binding fluorochromes, it is important that this is kept uniform across 
both your positive and negative controls. This is because autofluorescence may vary between the two 
which will in turn affect your compensation values. (e.g. you cannot use monocytes to compensate for 
lymphocyte populations due to different autofluorescence of both populations) 

3. Compensation controls MUST match the exact experimental fluorochrome – As each fluorochrome 
has a unique emission profile the amount of spillover will be different even if two fluorochromes emit 
at about the same wavelength and go into the same channel (e.g. FITC and GFP). Using different 
fluorochromes as your controls compared to that of your sample may result in over- or under 
compensation being applied to your final samples which may lead to inaccurate results and reporting. 

4. Finally, compensation controls must be treated in the same manner as experimental samples. This is 
because exposure to light and treatments like fixation/permeabilization may alter the fluorochrome 
brightness, particularly the tandem conjugation ratio (e.g. the loss of some Cy7 attached to PE 
molecules, in the case of the PECy7 tandem). 

 



 

 

 

Figure 3-15: Compensation examples of PE out of the adjacent PerCP channel (PcP). 

 

  



 

 

4 The Electronic System & Data Analysis 
 

4.1 Data collection and display 
Once light signals have been converted to electronic (voltage) pulses and then converted to channel numbers 
by the ADC, the data is sorted by the computer system. 

Flow cytometric data is stored according to a standard format, the flow cytometry standard (FCS) format, 
developed by the Society for Analytical Cytology. According to the FCS standard, a data storage file includes a 
description of the sample acquired, the instrument on which the data was collected, the data set, and the 
results of the data analysis. 

A single cell analysed for four parameters (For example, FSC, SSC, FITC and PE fluorescence) generates 8 bytes 
of data. When multiplied by the approximately 10,000 events collected for a control sample, an FCS data file 
typically contains 80 kB of data. 

Note: Data storage can be calculated and estimated if necessary. At AMREPFlow we highly recommend having 
a portable hard-drive allocated to FCS data. FCS data files can be very large. 

 

In addition to [FSC] and [SSC], the instruments available at AMREPFlow have at least 
4 fluorescent parameters 

Calibur Up to 4 fluorescence parameters [FL1 – FL4] 

CantoII (Burnet) Up to 6 fluorescence channels 
CantoII (Monash) Up to 8 fluorescence channels 

CytoFlex Up to 13 fluorescence channels 

LSRII and Fortessa Up to 16 fluorescence channels 

X20 Up to 18 fluorescence channels 

Table 4-1: Instrument detection capabilities within AMREPFlow. 

Once a data file has been saved, cell populations can be displayed in several different formats (Figure 4-1). 

 

 

Figure 4-1: Graphic representation of flow cytometry data. From left; histogram, dot, contour and pseudo colour 
density plots. 

 

Single dimensional data display (Histogram). A single parameter such as FCS or FITC [FL1] can be displayed as a 
single-parameter (single-dimension) histogram, where the horizontal axis represents the parameter’s signal 
value in channel numbers and the vertical axis represents the frequency of events per channel number (Figure 
4-1). Each event is placed in the channel that corresponds to its signal intensity value. Signals with identical 
intensities accumulate in the same channel. Dimmer signals are closer to zero (left hand side of the axis), and 
brighter signals are displayed in channels towards the right. 

Two dimensional data display (Dot, Contour, Density Plots). Two parameters can be displayed simultaneously 
in a plot, one parameter on the x-axis and the other on the y-axis (Figure 4-1). 



 

 

Three dimensional data can also be displayed. 3-D plots can be viewed where the x- and y-axes represent 
parameters and the z-axis displays the number of events per channel. (3D-histograms, dot plots or 
contour/density plots). 

 

4.2 Identifying subpopulations of interest within data sets: Gating 
A subset of data can be defined through a gate, a boundary that can be used to define the characteristics of 
particles to include for further analysis. (For example, in a blood sample containing a mixed population of cells, 
you might want to restrict your analysis to only the lymphocytes or monocytes etc.) (Figure 4-2). 

 

 

Figure 4-2: Example of gating to restrict and subset a population for analysis. Lower series of plots are gated on 
R1 in red. 

 

4.3 Data analysis 
Data analysis consists of displaying the data from a list-mode file in a plot, then measuring the distribution of 
the events within the data plots. Several types of data plots can be used to present the data (1-, 2- or 3-
dimensional plots), and each display option can be subdivided by gating upon specific populations, generating 
statistics and exporting the associated results to a spreadsheet. Data for events within these gates can be 
displayed in subsequent plots.  

Data analysis should only be initiated after completing compensation!! 

Single-parameter histograms. A histogram allows you to view a single parameter against the number of 
events. Histogram markers are used to specify a range of events for a single parameter. A suitable control is 
used to determine where the markers (gating regions) will be placed to subset populations. (For example, in 
Figure 4-3, region M1 is placed around the negative peak of the negative control sample, and region M2 is 
placed to the right of M1 to designate positive events: as can be seen in the second histogram from a CD3 FITC 
sample). 

 



 

 

 

Figure 4-3: Histograms of a negative control on the left, and CD3+ FITC on the right. Gated regions M1 and M2 
represent the negative and CD3+ staining populations respectively. 

 

Two-parameter plots. A dot plot provides a two-parameter display of data and can be gated with quadrant 
markers or regions (Figure 4-4). Each dot represents an individual event. Control samples (unstained and single 
colour controls) are used to determine where the quadrant marker will be placed. A quadrant marker divides 
two-parameter plots into four sections to distinguish populations that are considered negative, single positive 
or double positive. 

 

 

Figure 4-4: Dot plots of IgG subclass control (NORM001) and CD3 FITC vs CD19 PE (NORM002), bisected with 
quadrant markers. 

 

An alternative way to quadrant gates is to create regions around the populations. Different software programs 
allow for different gating options. There is a rectangle option (four corner anchor points), oval gates or polygon 
gates (user-defined anchor points) to create differently shaped regions (Figure 4-4). 

Cluster analysis. When creating analysis templates for analysing files from different donor samples, it is 
possible populations will fall outside the regions set on one sample an applied to another donor, due to sample 
variability. In this case, you would have to re-adjust the regions or markers for every file. There are new 
analysis and automated methods to avoid this situation. Cluster analysis software programs shift their region 
and positions to encompass clusters from one data file to the next.  

Three-dimensional plot. Similarly, gating can be performed on 3-D plots. 

 



 

 

 

Figure 4-5: Dot plot of CD3 FITC vs CD4 PE with four gated regions (R2-5) indicated. 

 

Any analysis which uses plots that have a fluorophore on both the axis should have bi-exponential 
transformation applied where available (some acquisition software do not have this feature), this allows the 
software to merge the linear and log scales of the axes to form a “zero” point along the axis. This 
transformation allows the populations to be raised above the axis so now whole clusters can be easily seen 
(Figure 4-6), this is especially important when applying compensation.  

AMREPFlow highly recommend using bi-exponential scaling when analysing a fluorescent parameter for all 
data analysis. 

Note: When in the designing/planning stage of your experiment, perform power calculations to estimate the 
sample size (number of events) in order to achieve statistically significant results. 

 

 

Figure 4-6: Dot plots displaying the same data, but the left uses conventional logarithmic display, and the right 
uses bi-exponential transformation on both axes. 

 

  



 

 

5 Designing an experiment 
 

5.1 Selecting fluorochrome combinations 
Additional information on our website - http://www.amrepflow.org.au/education/multicolour-panel-design 

The most powerful aspect of flow cytometry is the fast and simultaneous multi-parametric analysis of 
properties of single cells. The most powerful flow cytometers available at AMREPFlow Cytometry Core Facility 
are the Fortessa, LSR-II and the X20 platforms, capable of analysing signals of up to 16-18 fluorochromes at the 
same time. Advances in flow cytometry instrumentation have spurred the development of new fluorochromes. 

The difficulty in choosing the best-suited fluorochromes for any given application means we often stick with 
fluorochrome combinations that have been historically used in your lab, rather than ones that are better suited 
for the given application. While panel design can be a complex process, in addition to following the advice 
below, speak with AMREPFlow staff, product vendors and other scientists to enable you to better optimise the 
results of your flow cytometry experiments. 

 

 Consideration Influence 

Know the instrument 
configuration 

Type and number of LASER/s Affects whether the optical system can 
excite a given fluorochrome and detect a 
combination of fluorochromes 

Optical system design Affects dye detection efficiency 

Instrument settings, e.g. PMT 
voltage 

Affects dye detection efficiency 

Optical filter choice Affects brightness and spill-over 
background 

LASER/s Ideally choose a colour in each 
excitation range before considering 
a second colour for the same laser 

Affects the compensation requirements 
between different colours 

Choose wavelengths that are not 
similar (even between different 
lasers) 

Brightness Index of 
fluorochromes 

Choose the brightest 
fluorochromes that can be used on 
your instrument 

Match the brightest fluorochrome with 
the least abundant protein/antigen and 
the dimmest fluorochrome with the most 
well expressed protein/antigen 

Spectral Overlap Choose fluorochromes with 
emission spectra with the least 
spectral overlap (Use online 
spectral viewers) 

Every fluorochrome has a wide 
fluorescence emission spectrum that 
extends beyond the narrow window of 
light allowed by an optical filter for a 
specific fluorochrome 

Tandem Dyes Use tandem dyes with caution Tandem dyes are prone to uncoupling 
and photobleaching. Use a single-stained 
control for any tandem dye in order to 
verify that the tandem has not uncoupled 

Figure 5-1: Basic rules to consider when designing your antibody staining panels. 
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5.2 Controls 
Additional information on our website - http://www.amrepflow.org.au/education/flow-cytometry-controls 

Negative (Unstained) control. The negative control is used to set up the initial baseline voltages for all 
fluorescence detectors (PMTs) and establish the background level of fluorescence (where the negatives sit on 
the plot, negative reference point). NB: Baseline Voltages should always be set with ideal particles or cells. 
These include; blank beads, unstimulated/non activated T-cells, B-cells, NK-cells, Red Blood Cells, Platelets, 
cells with nominal inherent autofluorescence. Autofluorescence should always be considered when setting 
base line voltages. However, the most important aspect of baseline voltage settings is to maximise sensitivity 
for each detector, to best resolve dim populations from negatives. PMT voltage adjustment should be made to 
achieve this. Setting baseline voltages on blank beads or unstained cells may not provide the best sensitivity for 
a given detector, therefore we strongly recommend using the Application Settings Template on DiVa based 
platforms as a good starting point. This template will provide a guide for each detector for maximum sensitivity 
(based on the instrument QC regime). Alternatively, you can run a fully stained sample and adjust voltages, so 
your brightest populations are not off scale. 

Titrate every antibody such that bright populations are not off the top end of the scale.  

Compensation is linked to voltages, therefore DO NOT change voltages mid-way through an experiment, it will 
make samples incomparable and your compensation settings will be incorrect. 

Single colour (compensation) controls. Single stained controls will be run to (mathematically) correct for the 
fluorescence spill-over values between detectors. Ensure that positive and negative populations within the 
sample have the same auto-fluorescent properties. In order to accurately calculate compensation, each single 
colour control should be at least as bright (or brighter than) the fluorescence of your samples. Capture beads 
are highly recommended as compensation controls, especially when i) samples are precious and there are not 
enough cells for compensation controls, ii) there are not enough positive (or negative) events and iii) antigen 
expression on cells is very low. 

Fluorescence-Minus-One (FMO) controls. In addition to compensation controls, there are several other 
controls that can, and in most cases should, be used to help resolve issues in staining. FMO controls can help 
identify gating boundaries, even with compensation issues. FMO controls contain every stain in the panel 
except the one you are controlling for in the sample. FMO can be helpful even in panels with few colours, and 
generally are essential in panels that exceed 5 colours. At AMREPFlow we highly recommend FMO controls to 
provide information on where to set gates – delineate your positive and negative populations. FMO controls 
are generally not required if your data shows clear binomial distribution.  

Isotype controls may not accurately show staining/gating boundaries, however, can identify antibody binding 
specificity issues by showing the degree of nonspecific binding of the Fc portion of the antibody you are using 
(e.g. IgG1). 
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Figure 5-2: Isotype versus FMO controls for gating. FMO controls are ideal for indicating gating boundaries. 

 

5.3 Further considerations when choosing antibody-fluorochrome combinations 
Additional information on our website - http://www.amrepflow.org.au/education/multicolour-panel-design 

Antigen density. A highly expressed antigen will be resolved with almost any fluorophore. An antigen 
expressed at lower density might require the higher S/N (signal/noise) ratio provided by a bright fluorochrome 
like a PE or APC conjugate to separate the positive cells adequately from the unstained cells. 

Autofluorescence. Individual cell populations have characteristic levels of autofluorescence (fluorescence 
signals generated by the cells themselves). While autofluorescence is observed in all fluorescence channels, it 
decreases dramatically at longer wavelengths of detection (> 600 nm) 

• For cell types that are very autofluorescent, using a dye with a longer emission wavelength (e.g. APC at 
660 nm) can give a better S/N ratio. 

• For cell types that are very autofluorescent, it might even be worth allocating one or two lower 
wavelength channels to autofluorescence (dump channels). 

• For cell types that are not very autofluorescent, the improved separation seen with long-wavelength 
excitation is less apparent. FITC conjugates can be used. 

Non-specific antibody binding. A number of antibody conjugates exhibit low-level non-specific binding that can 
increase the fluorescence of negative cells to levels above autofluorescence. This non-specific binding is 
typically caused by the Isotype of the monoclonal Ab.  
Some IgG isotypes are more likely to bind to Fc receptors on some cell types depending on the fluorochrome 
used. Carbocyanin (Cy3, Cy5, Cy5.5 and Cy7) and Texas Red direct conjugates and certain tandem conjugates 
can sometimes show a tendency to increased binding to some cell subsets. In the case of Cy5 this has been 
shown to be caused by a very low affinity interaction of the dye with the low affinity Fc receptors. This is also a 
property of PE-Cy5 tandem conjugates (Reference: BD Technical Resources page 61) 
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5.4 Power analysis and sample size 
You need to decide, at the stage of designing your experiment, how many events you will need to acquire to 
enable statistical judgments on your data. Performing power analysis and sample size estimation is an 
important aspect of experimental design, because without these calculations, sample size may be too high or 
too low. If sample size is too low, the experiment will lack the precision to provide reliable answers to the 
questions it is investigating, i.e. Statistical significance. If sample size is too large, time and resources will be 
wasted, often for minimal gain. You can standardise data acquisition to the populations of interest using 
previously described gating strategies. (http://www.statsoft.com/Textbook/Power-Analysis) 

  



 

 

6 Sorting Clients (FACS – Fluorescence Activated Cells Sorting) 
 

6.1 Sheath fluid 
Normal saline solution. Mixture of salt and double distilled water (0.9% saline). 

 

6.2 Cell recovery and viability 
Coat collection tubes with foetal bovine serum FBS (or FBS in FACS buffer) for at least an hour at 2 - 8°C before 
using them in order to decrease the loss of cells (on the side of collection tubes) and maintain their viability. 

 

6.3 Thresholding 
The instrument will not see events below the threshold level. Events that do not trigger the system cannot be 
excluded by the sort logic. For example, if erythrocytes and platelets are in your sample and must be rejected 
from the sorted fraction, the scatter threshold level must be low enough to allow them to be detected. 

If the threshold level is too low, the instrument will detect debris. The coincidence of debris with the target cell 
could prevent the cells of interest from being sorted, affecting sort yields. 

 

7 Cell Preparation 
 

7.1 Tissue preparation 
It is recommended that you research the method for your tissue preparation, i.e. published methods in journal 
articles or protocols from any of the vendor websites are a good place to start. 

These protocols are rarely “one size fits all” and should be optimised to ensure that the viability of your cells is 
maximised and the amount of cell debris is minimised. This is vitally important if you wish to sort your cells. 

The cells must be in a single-cell suspension and should be filtered prior to loading onto an instrument. Some 
cell types require additives like EDTA or DNAse to prevent clumping whilst they sit in the tube. 

Harsh methods that cause cell lysis should be avoided, free DNA will cause large clumps and will clog an 
instrument very quickly. DNAse use may overcome this problem. 

There are many chemical, mechanical and enzymatic digestion methods for achieving single cells from tissues. 
Some will work better than others, depending on the tissue type. Monitor the effectiveness of the method by 
visualisation of the cells under a microscope before loading onto a flow cytometer. 

For rare cell analysis or sorting, it is highly recommended that an enrichment step is used to eliminate 
unwanted cells. (e.g. MACS – magnetic activated cell sorting enrichment). This will make your analysis plots 
cleaner; cells of interest will be easier to find, and the efficiency of cell sorting is dramatically improved. 

All samples need to be filtered through a maximum 70 μm filter. 

 

7.2 OMIPS (Optimised Multicolour Immunofluorescence Panels) 
Additional information on our website - http://www.amrepflow.org.au/education/links-to-omips 

OMIPS are peer reviewed and published panels that have been optimised for finding different sub-sets of cells. 
The labs that produce these protocols have huge libraries of antibodies at their disposal and work through 
many colour and antibody clone combinations to find a panel that gives optimal resolution of subsets. Issues of 
Cytometry Part A become free a month after their initial publication. 
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Mahnke, Y; Chattopadhyay, P; Roederer, M: Publication of optimized multicolor immunofluorescence 
panels. Cytometry Part A, 77(9): 814–818. (2010). 

https://doi.org/10.1002/cyto.a.20916 

 

7.3 Antibody staining 
Additional information on our website - http://www.amrepflow.org.au/education/antibody-titration 

The following is a list of the different types of staining that are able to be utilised in flow cytometry. 

 

• Direct Staining: In direct immunofluorescence staining, cells are incubated with an antibody directly 
conjugated to a fluorochrome (e.g. FITC). This has the advantage of requiring only one antibody 
incubation step and eliminates the possibility of non-specific binding from a secondary antibody. It is 
particularly useful for intracellular staining, where large antibody-fluorochrome complexes including 
secondary antibodies can become trapped causing non- specific binding, or even fail to enter the cell 
and prevent primary antibody detection. 

• Indirect staining: The primary antibody is not fluorochrome labeled but is detected by a 
fluorochrome-labeled secondary antibody. This second reagent may be an antibody with specificity for 
the first antibody. Alternatively, the streptavidin-biotin system can be used, whereby an antibody is 
conjugated to biotin and detected with fluorochrome-labeled streptavidin. With the wide range of 
conjugated secondary antibodies now available, this method means that unconjugated primary 
antibodies raised against many different targets can be used in conjunction with a labeled secondary 
antibody for FACS analysis. This widens the choice of target proteins for the researcher. NB: When 
using indirect staining, a secondary antibody only control should be included to ascertain any 
potential non-specific binding of the secondary antibody alone to the target cells. 

• Intracellular staining: Staining of intracellular antigens for flow cytometry depends on various fixation 
and permeabilization methods to allow access of antibodies to internal cellular proteins. A successful 
staining procedure in all cases is dependent on optimization of experimental conditions through 
titration of antibodies, use of appropriate controls to set up the flow cytometer correctly, and 
optimized fixation and permeabilization procedures. 

• Detection of secreted proteins: Detection of secreted proteins is difficult as the protein will be 
released from the cell before detection, or may degrade rapidly. Chemicals such as Brefeldin A can be 
used to block this secretion. Cells are incubated with Brefeldin A which prevents proteins being 
released from the Golgi. Any expressed protein is retained in the Golgi and can then be detected 
within the cell. The intracellular staining method is therefore used for detection of the target protein 
in this case. 

 

7.4 Antibody Titration 
Additional information on our website -http://www.amrepflow.org.au/education/antibody-titration 

It is vital that all antibodies in your panel are titrated. Too little antibody and your cells of interest may not 
fluoresce brightly enough hence not be visible or discernible from negative cells. Too much antibody and non-
specific binding will occur, causing negative cells to appear positive. Too much antibody may also result in your 
populations being too bright, unnecessarily being off scale on your plots. 

The recommended concentrations for use that come with the antibodies you purchase are not necessarily 
going to give you the best results. Take the time to titrate, it will result in much better data, especially if you are 
wanting to publish.  
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7.5 MIFlowCyt 
The following abstract taken from: Brinkman, RR et al; MIFlowCyt: The minimum information about a Flow 
Cytometry Experiment. Cytometry Part A; 73(10)A: 926-930. (2008). 

https://doi.org/10.1002/cyto.a.20623 

A fundamental tenet of scientific research is that published results are open to independent validation 
and refutation. Minimum data standards aid data providers, users, and publishers by providing a 
specification of what is required to unambiguously interpret experimental findings. Here, we present 
the Minimum Information about a Flow Cytometry Experiment (MIFlowCyt) standard, stating the 
minimum information required to report flow cytometry (FCM) experiments. We brought together a 
cross-disciplinary international collaborative group of bioinformaticians, computational statisticians, 
software developers, instrument manufacturers, and clinical and basic research scientists to develop 
the standard. The standard was subsequently vetted by the International Society for Advancement of 
Cytometry (ISAC) Data Standards Task Force, Standards Committee, membership, and Council. The 
MIFlowCyt standard includes recommendations about descriptions of the specimens and reagents 
included in the FCM experiment, the configuration of the instrument used to perform the assays, and 
the data processing approaches used to interpret the primary output data. MIFlowCyt has been 
adopted as a standard by ISAC, representing the FCM scientific community including scientists as well 
as software and hardware manufacturers. Adoptionof MIFlowCyt by the scientific and publishing 
communities will facilitate third-party understanding and reuse of FCM data. 

Copyright 2008 International Society for Advancement of Cytometry. 

Refer to this paper for the minimum requirements for published flow data. 

 

7.6 Authorship & Acknowledgements 
More information can be found on our website-http://www.amrepflow.org.au/equipment-services/authorship-
acknowledgement 

Authorship: If any member of the AMREPFlow staff have made substantial intellectual contributions to the 
design of your experiment they should qualify among the authorship list. 

Acknowledgement: Contributions that do not meet the criteria for authorship should be listed in the 
acknowledgement section with the name of the AMREPFlow staff that made those contributions and the Flow 
Cytometry facility address. 
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8 Applications for flow cytometry & key considerations – clinical and 

research 
 

8.1 Clinical applications for flow cytometry & key considerations 
Flow cytometry has become an important component in the diagnosis and monitoring of patients with a 
diverse array of diseases. Current clinical applications of flow cytometry include immunophenotyping to study 
protein expression in cells and for many disease diagnoses (e.g. Leukaemias, Lymphomas), detection of 
autoantibodies, antigen specific interactions (allergy, autoimmunity), diagnosis of cancer and 
immunodeficiency disorders, monitoring of HIV infections, measuring the efficacy of cancer chemotherapy, 
quantifying foetal maternal haemorrhage, stem cell and reticulocyte enumeration, platelet counting and 
quality control, detection of minimal residual disease (MRD) and rare or relapse marker detection (which are 
often beyond the limit of morphological detection using conventional microscopy – e.g. event rates of one in a 
million events or fewer). 
(http://www.selectscience.net/flow_cytometry_buying_guide.aspx) 

 

8.2 Research (analytical) applications for flow cytometry & key considerations 
Research applications of flow cytometry include: 

Cell cycle analysis. One of the most common applications of flow cytometry is measurement of DNA 
content of cells. In this way, different treatments and compounds can be assessed for their effect on 
cell cycle distribution, proliferation, growth, activation, ploidy analysis, genome sizing, cell viability, 
and cell cycle measurements. 

Protein expression analysis. Flow cytometry can accurately quantitate reporter gene expression (for 
example green fluorescent protein, GFP) in each cell in a population being transfected. Using flow 
cytometry, co-transfection or a reporter plasmid and a reference plasmid expression can be 
quantitated at the single-cell level, even in cases of low transfection efficiency. In addition, 
heterogeneity in reporter expression and transient effects in gene expression can be examined. 

Apoptosis. Apoptosis and necrosis can be distinguished by flow cytometry based on differences in 
morphological, biochemical and molecular changes occurring in the dying cells. Apoptosis occurs via a 
complex signalling cascade that is tightly regulated at multiple points, providing many opportunities to 
evaluate the activity of the proteins involved. Flow cytometry is a popular method for characterising 
and studying the function of cell subsets involved in innate immunity (including Natural Killer (NK) 
cells). 

Cell proliferation assays. The flow cytometer can measure cell proliferation by labelling resting cells 
with a cell membrane fluorescent dye (for example carboxyfluorescein succinimidyl ester, CFSE). 
When the cells are activated, they begin to proliferate and undergo mitosis. As cells divide, half of the 
original dye is passed on to each daughter cell. By measuring the reduction of the fluorescent signal, 
can calculate cellular activation and proliferation. 

Intracellular calcium flux. Cells interact with each other and their environment through signal 
transduction pathways. When these pathways are activated, membrane-bound calcium ion channels 
pump calcium into the cell and rapidly increase the intracellular calcium concentration. The cytometer 
can monitor the flux of calcium into the cell and measure the extent to which cells respond to the 
stimuli. 

Cell sorting. Cell sorting cytometers interrogate and characterise each cell as it passes through the 
laser. If a cell or particle can be specifically identified by its physical or chemical properties, it can be 
separated using a cell sorter. The sorter uses sophisticated electronics and fluidics to identify and 
separate the cells of interest from the fluidic stream into the collection vessel. Many flow cytometers 
can now be upgraded to perform this function known as fluorescence- activated cell sorting (FACS™), 
or electrostatic cell sorting. The light scattering and fluorescent characteristics of each cell are 
compared to criteria programmed into the chosen instrument. If there is a match, the fluid stream is 



 

 

charged as it exits the nozzle of the fluidics system. When the droplets pass through an electrostatic 
field, they are deflected in different directions based on their charge. The speed of flow sorting 
depends on several factors, including particle size and the rate of droplet formation. A nozzle 
producing 30,000-100,000 droplets per second is ideal for accurate sorting. 

Imaging flow cytometry. Imaging enables researchers not only to obtain fluorescence data from 
millions of cells, but also to visualize and quantitate the location of that fluorescence within the cell. 
Imaging flow cytometry combines the statistical power and fluorescence sensitivity of standard flow 
cytometry with the spatial resolution and quantitative morphology of digital microscopy. Imaging flow 
cytometry can be used to study cell function morphology, internalization, cell signalling, co-
localization, cell death, stem cell differentiation and cell-cell interactions, to name but a few. The 
technique is also a good fit for clinical applications by providing a convenient means for imaging and 
analysing cells directly in bodily fluids, such as blood and urine. 

 

  



 

 

9 AMREPFlow Website 
 

9.1 Navigating the AMREPFlow website 
Instrumentation and their capabilities can be found under the Equipment and Services tab 

 

 

Information regarding trainings and licensing on instrumentation can be found under the licensing tab 

 

 

 



 

 

Information regarding anything related to antibody titration, CD marker tables, spectral viewers, and assistance 
in multi-colour panel designs to antibody indexes can all be found under the education tab. 

 

 

 

 

 

 

For all enquires and questions please make sure to email the global email 
address: amrepflow@burnet.edu.au. This ensures the email will be received by 
all staff members and allows us to respond to your query more efficiently. 

 

Emails sent to personal accounts will not be actioned. 
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