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Introduction  

Cell sorting by flow cytometry remains the only method for isolating cells of high purity 

according to multiple criteria including the expression of intracellular and surface markers 

and physical parameters of size and complexity. Recent advances in cell sorters have 

somewhat reduced the requirement for high levels of operator training but a cell sorter 

remains a sophisticated machine requiring training and experience for both safe and efficient 

operation.  

The FACSAria is the most recent and advanced iteration of cell sorters from Becton 

Dickinson and are the main sorters routinely used at the AMREP campus. These guidelines 

are meant to provide some locale specific instructions that supplement those in the FACSAria 

users and training manuals. They provide some specific instruction for the operation of the 

FACSAria at the AMREP campus in particular the operation of the sorter in the PC3 

laboratory.  

 

FACSAria  

Like most sorters the main components of the FACSAria sorters are  

1. Fluidics and sample handling.  



2. Optical system  

3. Control system  

4. Software and Computing system  

Before sorting human samples or infected material with this system you should be familiar 

with the operations involved with each of these systems and have read the relevant sections 

of the Users and training manual. Attached as an appendix [Appendix A] are the 

requirements for certification as an operator of the FACS sorters at AMREP.  

Unlike previous sorters the Aria has an embedded real-time operating system [VxWorks] that 

is entirely controlled from the PC computing system running winXP. Almost all operations of 

the machine are computer controlled such that the sorter cannot be operated without the PC 

software controls. The DIVA PC software is different to previous cellquest software used on 

earlier BD analysers and the earlier Vantage or FACSstar sorters. It is the same software as 

used on Vantage DIVA, and the LSR and Canto flow cytometers. 



Principles of containment during FACS 

sorting 

Safe sorting of infected materials is dependent on a number of safety measures that are 

implemented.  

1. Safety measures in the cell sorter  

1. The cell sorter is designed to reduce exposure to any aerosols generated during 

sorting or from the high pressure sorting system. 

1. The sample tube is contained within a pressurized vessel thus 

eliminating the risk of a split tube if polystyrene tubes are used.  

2. HPLC tubing is used and there is a short path from sample uptake to 

sort head.  

3. laser and fluids systems are covered during sort operations.  

2. The sort chamber containing the sorted droplets and collection tubes and 

plates is enclosed. 

3. The sort collection chamber is evacuated by an aerosol management system 

[AMS] that is vented through a HEPA filter.  

2. Operator protection.  

1. Operators using the PC3 sorter will additionally have a PC1 cabinet containing 

the sorter  

2. The operator will wear personnel protection  

1. PC3 Double gloves, mask, goggles, gown  

2. PC2 gloves mask goggles, gown.  

3. Operator training.  

1. Only operators skilled in operation of the cell sorter will be permitted to use 

the machine.  

2. All operators will require certification before use of the cell sorter.  

  

  



Sample preparation  

Problems that are most likely encountered in sorting are related primarily to poor sample 

preparation and blockage or partial blockage of the flow cell. In contrast to most earlier cell 

sorters the Aria is designed with a flow cell that allows for interrogation of the cells by the 

laser in a flow cell rather than as a stream in air. This makes for a much better optical system 

with lower laser power requirements, but the design also makes it more difficult to clear 

nozzle blockage should that occur. On the Aria clearance of nozzle blockage involves some 

operator expertise in dealing with very small components using a magnifying glass and does 

involve breaking the contained sample pathway and potential exposure to residual potentially 

infected sample in the flow cell.  

Prevention of blockage is dependent on sample preparation. Because of this  

 

No tissue samples will be accepted for sorting unless it has been passed 

through mesh of more than 70um.  

 

This is an absolute requirement for the PC3 sorter whatever the origin of the material but 

exceptions may be allowed for the PC2 sorter for fresh blood samples where blockage is rare.  

  

General Rules  

Only clean samples will be accepted for sorting.  

1. Only samples free of debris or clumps with good viability will be accepted for sorting. 

2. If samples have poor viability clean up with nycodenz or other density gradient before 

sorting.  

3. Use EDTA in medium to prevent clumping of cells. 1-2 mM is usually adequate if the 

cells have been well washed. If they have been kept in medium on ice overnight then 

5-10 mM should be added by adding 1/10 or 1/20 of 100 mM EDTA [This is 

isosmotic and can be made up by diluting 500mM EDTA into sterile water. Do not 

use 500mM EDTA directly as it is very hypertonic and will damage cells]  

4. Pass samples through a mesh <70 um.  

1. Mesh can be obtained from screen printing shops.  

2. Hole size will vary depending on thread diameter and number of threads per 

inch so check well and do calculations before purchasing.  

3. Polyester mesh is now more common than nylon and works well.  

4. Cut to size and wash extensively in water and autoclave before use.  

5. It is usually not toxic but you should check that it does not contain toxic 

plastisizers by including treated mesh in an MLR or proliferation assay. We 

have tested polyester for long term toxicity in MLR cultures and it is inert.  



5. For tissue samples DNase should be included in the preparation as there is almost 

invariably some release of DNA which leads to clumping and blockage [25ug/ml 

tissue culture grade DNAse is usually adequate].  

6. Keep samples cool on ice before and after sorting  

7. Samples should be prepared in serum containing medium with EDTA at a 

concentration no greater than 1-2E7/ml. 15ml falcon, 4ml FACS tubes or eppendorf 

tubes can be used.  

  

Sample handling.  

1. Samples requiring containment under PC2 conditions will be prepared in class II 

biosafety cabinets and transported to the flow lab in closed tubes within a rigid 

container.  

2. Usually samples will be on ice to maintain good viability and will be transported in an 

esky with ice.  

3. Samples may be in 15ml falcon tubes or 4ml FACS tubes.  

4. Polypropylene tubes rather than polystyrene tubes should be used as they are less 

“sticky” and cell recovery will be better.  

5. Collection tubes for sorted cells should be either polyprophylene FACS tubes or 15ml 

FALCON tubes. Tubes should contain serum or serum containing medium. Tubes 

should be well coated on the inner surfaces with serum before use.  

6. Sorted cells will be at a concentration of 0.5-1E6 cells /ml so you should calculate the 

volume of sorted cells that will be in the tube.  

Use of the Automatice cell deposition unit ACDU.  

The use of the ACDU single cell deposition unit on the aria is associated with hazard because 

of the requirement for uncontained droplet flight into the plate. Risk can be minimized by  

1. Minize free virus by washing cells well before sorting. Do not sort directly from 

infected cultures.  

2. Carefully adjust stream so that there is no fanning or side droplets.  

3. Make sure the stream is sorting directly into the well rather than splashing onto the 

edge. This should be checked thoroughout the plate as there has been some problem 

in the standard homing well that is slightly different to the rest of the plate.  

4. Use the AMS aerosol containment system and close the door on the collection 

chamber before starting the sort.  

5. Always transfer the sample from and replace plate containing sorted cells into the 

closed container inside the biosafety cabinet.  

  

Movement of samples within the laboratory.  

1. All samples must be contained within closed tubes and carried in a rigid container 

[Lunchbox or similar.]  



2. Open sample tubes are not permitted except for loading the sorter.  



3. No eskies are permitted in the PC3 but they may be used for transport for PC2 sorting.



  



Presort Preparation of the ARIA cell sorter 

For PC2 lab start up FACSaria in the usual way.  

1. Turn on the power switch at the left end of the machine. [for the PC2 machine start 

without the violet laser initially] 

2. Check the fluid tanks and empty waste and refill sheath as necessary.  

3. Start the PC and the DIVA software  

4. Check the 0.2um filters and remove any air using a non-luer-lock syringe..  

5. Check the bubble trap at the right end of the sorter and bypass to flush out bubbles. 

for the PC3 machine vent the bubble trap into a wast container and discard.  

6. Run the fluidics startup program from the instrument pulldown menu.  

7. Run bleach through the flow cell and then stop and start the stream several time to 

clear the chamber. 

8. Once the stream is stable and the sort streams are tight engage sweet spot  

9. Run the accubeads to determine drop delay. 

10. Backflush and clear the chamber by starting and stopping the stream. 

11. Make sure the stream returns to its previous position.  

12. Begin sorting 

Check list for sorting in PC2  

These conditions must be satisfied before sorting can be performed. 

 The operator is certified for PC2 sorting  

 If using single cell deposition the AMS is turned on and functioning [20% setting 1-2 

mm Hg on the gauge] 

 Appropriate PPE is in use.  

 The door to the laboratory is closed  

 No more than 4 persons in the laboratory  

 Sample has been passed through a 70um mesh.  

  

Check list for sorting in PC3  

These conditions must be satisfied before sorting can be performed. 

 The operator is certified for PC3 sorting  

 The Class I cabinet is turned on and is functioning.  

 The AMS is functioning [20% setting, 1-2 mm Hg on the gauge] 

 Appropriate PPE is in use 

 Door closed  

 No more than 2 persons in the laboratory  

 Sample has been passed through a 70um mesh and is in appropriate containers  



 

Containment during sorting  

Sorting should be performed in the standard way but should follow these precautions to 

prevent spills and exposure.  

1. Uncap tubes immediately before loading. Do not leave tubes sitting uncapped on the 

sample uptake arm. It does not keep the sample cool and increases the risk of spills. 

2. For PC3 sorter only uncap the tube in the Class I cabinet.  

3. Only take up sample to the last 30-50uls to prevent uptake of debris and subsequent 

blockage.  

4. Always sort with the door on the collection chamber closed.  

5. Always use aerosol containment in the PC2 sorter for untested blood.  

6. Recap collection tubes before removing from the sorting block.  

7. Always use cooled collection block and sample chamber to reduce cell loss and death 

leading to clumping and nozzle blockage.  

  

  



Nozzle Blockage during sorting of infected 

samples.  

This is likely the highest risk activity associated with cell sorting. Every attempt should be 

made to avoid problems by careful sample preparation and keeping samples cool. Once a 

blockage is detected the following protocol should be used. Every attempt should be made to 

unblock the nozzle as the flow cell without removing it as there will not be clearance of the 

sort sample unless there is some patency of the flow cell.  

Procedures  

1. Stop the sort if it has not already stopped by the automatic blockage detection system. 

The lack of stream should immediately and automatically stop the sort and put the 

collection draw over the sample tubes.  

2. Do not open the collection chamber as there are likely some aerosols generated during 

a blockage. Leave the samples in place. 

3. Start the aerosol evacuation if you have not been using it. [ This will only be the case 

for PC2 where the class I cabinet provides protection during normal operations].  

4. Stop and start the stream several times. This is under the instrument pulldown menu 

select cleaning modes -> clean flow cell with 10% extran and or 10% bleach.  

5. Flush the sort chamber with bleach.  

6. Stop and start the stream several times.  

7. If the stream remains blocked remove the nozzle and place immediately into 

Detergent in a closed container [15ml falcon tube or similar]. Use a tissue to cover the 

nozzle during withdrawal to absorb any residual fluid from the flow cell.  

8. After placing the nozzle in detergent discard outer gloves and tissue and put on clean 

gloves. Using tissues and alcohol spray clean down the nozzle slot and surrounding 

area. 

9. Place a clean nozzle into position and check position.  

10. Restart the stream and decontaminate by flushing the chamber with bleach and 

alcohol.  

11. Sonicate the blocked nozzle by placing the nozzle in detergent in a sonicator for 1-2 

minutes. Repeat if necessary.  

 

Post sort procedures  

Decontamination is the main requirement following sorting and is directed at 

decontamination of the sample pathway and cleaning and disinfecting the sort chamber.  

1. Place bleach onto the sample uptake and perform nozzle flush.  

2. Start and stop the stream.  

3. Backflush the sample tube.  

4. Open the sort chamber and spray down and wipe the chamber with Ethanol. Remove 

and clean and dry the deflection plates.  



5. Spray down the waste collection tray  

6. Clean the collection chamber by spraying down with alcohol and wiping.  

7. Perform the usual shutdown of the fluidics. [Repeat after initial 2x with 10% extran or 

ttiton X using 2x water]  

 

 

  

Appendix A  

 

 

Certification of ARIA cell sorter operators  

 

 

Personnel  

 

Sorting in the PC3 containment laboratory will be restricted to research staff approved to 

work in the PC3 laboratory and trained in the use of the FACSAria. They must have 

demonstrated skill in sorting under PC2 conditions before using the sorter in the PC3 for 

infectious material. Certified operators under PC2 conditions may perform sorting together 

with researchers certificed to use PC3 facilities but that researcher must assume responsibility 

for ensuring that the infectious hazards are identified and appropriately dealt with for each 

experiment.  

 

Criteria for certification for operator of PC3 cell sorter.  

 

For approval operator should have  

1. Performed sorting under supervision in PC2 for > 8 hours on more than 4 occasions  

2. Should have independently performed sorting in PC2 for a similar time.  

3. Before sorting in PC3 the operator should have sorted in PC3 under supervision more 

than 3 times  



4. Be certified as competent to deal with the eventualities that may complicate cell 

sorting and increase risk of biohazard exposure including line and nozzle blockage, 

poor stream and sample line leakage.  

 

 

Currently certified PC3 sort operators are;  

 

Paul U Cameron  

Fiona Wightman  

Emma Tippett 

Joel Van Meulen  

Geza Paukovics 

 

Approved PC2 cell sorter operator currently not certified for work in PC3.  

 

CV for each are attached.  

 

Also attached is the declaration listing supervision and experience in PC3 and sorting 

required for certification for PC3 sorting.  

 

 

 



Burnet Insitute and AMREP cell sorting facility  

Certification of PC3 cell sorter operators  

 

Staff member ......................................................... 

 

Cell sorting experience in PC2  

Sorter identification date  hours  supervisor  

        

        

        

        

        

        

        

 

Supervised sorting in PC2.  

sorter  date hours  supervisor  

        

        

        

        

 

Supervised sorting in PC3.  

sorter  date hours  supervisor  

        

        

        

        



 

Declaration by FACS sorter operator  

 

I have read the operators manual and the tutorial for operators of the FACS aria cell sorter 

and am familiar with the operation of this machine. I am able to deal with common problems 

including problems with sorting stream and sample handling under PC3 conditions.  

 

 

Signed .............................................................. Date ..................................................... 

 

Supervisor ......................................................... Date ..................................................... 

  

 

Laboratory Manager .................................................. Date ................................................ 
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