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Purification of polyA+ mRNA and mRNA(-) Flow-Through Total 

RNA using MultiMACS 96 Separation Unit 
 

I. Purpose 

To provide instructions on how to extract and purify the polyA+ mRNA and the polyA+ mRNA 
minus Total RNA into separate fractions from Total RNA input. This allows for different 
downstream applications on the two fractions; typically Transcriptome library construction from 
purified polyA+ mRNA fraction, and micro RNA library construction from polyA+ mRNA 
minus Total RNA fraction. 
 

II. Scope 

All procedures are applicable to the BCGSC Library Construction and TechD Groups. 
 

III. Policy 

All production procedures shall be documented and controlled by approved systems.   
 

IV. Responsibility 

It is the responsibility of all personnel performing this procedure to follow the current protocol. It 
is the responsibility of the Production Coordinator to ensure personnel are trained in all aspects 
of this protocol. It is the responsibility of Quality Assurance Management to audit this procedure 
for compliance and maintain control of this procedure. 
 

V. References 

Reference Title Reference Number                

Product Manual for MultiMACS mRNA Isolation Kit Cat. No. 130-092-520 
MultiMACS Separation Unit Operating Manual  Version01 
Product Manual for Agilent 6000 RNA Nano Kit Cat. No. 5067-1511 

 

VI. Related Documents 

SOP/Reference Title SOP/Reference Number                

Re-Array Samples From Tubes to Plate Format or from Plate 
Format To Tubes 

LIBPR_WorkInst.0009 

Operation and Maintenance of the LabChipGX for Total RNA LIBPR.0052 
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SOP/Reference Title SOP/Reference Number                

Samples using the RNA Assay.  
Operation and Maintenance of the Agilent 2100 Bioanalyzer for 
RNA samples 

LIBPR.0018 

 

VII. Safety 

All Laboratory Safety procedures will be complied with during this procedure. The required 
personal protective equipment includes a laboratory coat and gloves. See the material safety data 
sheet (MSDS) for additional information. 

 

VIII.  Materials and Equipment 

Name Supplier Number Model or Catalogue # 
Fisherbrand Textured Nitrile gloves - large Fisher 270-058-53  � 
RNAse Zap Ambion 9780  � 
Ice bucket – Green Fisher 11-676-36  � 
wet ice In house N/A N/A N/A 
RNAse free 1.5 ml eppendorf tube Ambion 12400  � 
RNAse free 1.5 ml eppendorf tube Non Stick Ambion 12450  � 
Gilson P2 pipetman Mandel GF-44801  � 
Gilson P10 pipetman Mandel GF-44802  � 
Gilson P20 pipetman Mandel GF23600  � 
Gilson P200 pipetman Mandel GF-23601  � 
Gilson P1000 pipetman Mandel GF-23602  � 
Mandel P200 DF200 tips Mandel GF-F171503  � 
Mandel P1000 DF1000 tips Mandel GF-F171703  � 
VX-100 Vortex Mixer Rose Scientific S-0100  � 
200µl Rainin tips Rainin RT-L200F �  

20µl Rainin tips Rainin RT-L10F �  

200µl Pipet-Lite Rainin L12-200 �  

20µl Pipet-Lite Rainin L12-20 �  

Large Kimwipes Fisher 06-666-117  � 
Black ink permanent marker pen VWR 52877-310  � 
Bench Coat (Bench Protection Paper) Fisher 12-007-186  � 
Small Autoclave waste bags 10”X15” Fisher 01-826-4  � 
DNAse1 Amplification Grade 100U Invitrogen 18068-015  � 

DEPC water Ambion 9922  � 

Mussel Glycogen Roche Diagnostics 901393  � 

100% Ethanol 
Commercial 
Alcohols Inc 

NA NA NA 

3M Sodium Acetate, pH 5.5 Invitrogen 9740  � 
SuperaseIn 20U/µl AB AM2696   

Mini-centrifuge Eppendorf 5417R  � 

Multi Macs Separation Unit Miltenyi Biotech 130-091-937  � 
µMACS mRNA Isolation Kit Miltenyi Biotech 130-075-102  � 
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Separation Columns Miltenyi Biotech 130-092-444  � 

MultiMacs mRNA isolation Kit (12x8) 
MultiMacs mRNA isolation Kit (4x96) 

Miltenyi Biotech 
Miltenyi Biotech 

130-092-520 
130-092-519 

 

� 

� 

 
MagMax express 96 Deep Well plates AB 4388476  � 

ABGene 1000 96 TermoFast 96 skirted 
PCRwell 0.2ml RGD 

Thermo-Scientific AB-1000  � 

Sterile Soln Basins 55ml VWR 21007-972  � 

Agilent 2100 Bioanalyzer 
Agilent 
Technologies 

G2939A  � 

Agilent RNA 6000 Nano Kit 
Agilent 
Technologies 

5067-1511  � 

Eppendorf Thermomixer 1.5 mL Eppendorf 21516-166  � 

Thermal Cover plate NA NA NA  

Foil plate cover NA NA NA  

Falcon pipettor, equ2420 PAF-2 VWR 357590 �  

Gilson distriman, Distri-2 Mandel GF-F164001 �  

P200 Multichannel, 20-200uL, equ1325 Ranin L-20-12 �  
MultiMACS Separation Unit, equ2250 Miltenyi Biotec 120-004-352  � 
MicroAmp Clear Adhesive Film ABI 4306311 �  

Disposable Trough VWR 21007-972  
� 

     

     

IX. Procedure 

1. Preparation of Total RNA for the MultiMACS 

 

Note:  It is advised to add SuperaseIN inhibitor (1:20) to all RNA at the time samples are 

first thawed unless the collaborator indicated that the RNAse inhibitor has been 

added.     
 

Note: All total RNA entering the pipeline should be inspected for quantity and quality 

either by Agilent (LIBPR.0018 - Operation and Maintenance of the Agilent 2100 

Bioanalyzer for RNA Samples) or Caliper (LIBPR.0052 – Operation and Maintenance 

of the LabChipGX for Total RNA Samples using the RNA Assay).  The RIN number 

for samples entering the transcriptome library construction pipeline should be no 

less than 7.0 and the RQS no less than 6.4.    

 

Note: Special care should be taken to minimize freeze-thaw cycles for RNA material as 

much as possible.  If samples require to be “topped up”, or pooled, preferentially this 

should be done on the same day as the multiMacs separation procedure.   
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1.1.Retrieve ice from the 6th floor using autoclave bags and bring it down to the 5th floor 
RNA area.  Put on clean pair of gloves and new disposable lab coat.  Wipe down the 
workbench, small equipment, and ice bucket with RNAse Zap.  Lay down new bench 
coat.   

 

1.2. Turn on the plate-based centrifuge and pre-chill to 4ºC. 
 

1.3. Retrieve metal blocks from the 4°C.  Wipe them down with RNase Zap, then DEPC 
treated water and place on ice.   

 

1.4. Remove your source plate from -80ºC and let it thaw on ice.   
 

1.4.1. If total RNA samples are in tubes, they need to be re-arrayed onto a plate.  Consult 
with your supervisor about the plate sample layout and refer to Work Instruction 
LIBPR_WORKINS.0009 – Re-Array Samples From Tubes to Plate Format or from 
Plate Format To Tubes. Usually one person will prepare the source tubes, while the 
other person will pipette the sample into the Abgene 1000 96 well plate.  

 
Note:  Confirm with your supervisor if we need to keep a backup for the samples being 

processed.     
 

1.5. Quick spin the plate for 1 minute at 4ºC at 2000g. 
 

1.6. Examine the plate whether or not it has been normalized for volume.   
 

 

1.6.1. The maximum volume per well is 55uL but one should aim for the smallest uniform 
volume possible when above 20uL.  It is better to exclude, from normalization, few 
larger volume outlier wells than to dilute the entire plate to a much larger volume.  
In that case, mark the outlier wells and prepare separate, appropriately adjusted 
Bead/Lysis buffer mix for those  (the conditions for binding: 30uL of beads and 2X 
the volume of Lysis/Binding buffer).  Make sure to make a note of this in your lab 
book.  Document any ‘problematic samples’ (ie: smaller or larger unexpected 
volume of sample) and note these in the folder under geneexplab\Functional 
Genomics\TCGA\QC\Problem_Wells_date.  
 

1.6.2. If needed, add 1:20 SuperaseIN solution, using P20 Multichannel Pipette set to 
between 10-20µL (depending on the volume being mixed), mix each row of 
samples 10X.  Use fresh tips for each row. Mark each row on the side of the plate to 
make sure that no rows are being skipped or repeated.  Cover the plate with plastic 
seal and quick spin for 1min at 4°C at 2000g. Place it back on ice. 
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2. Experimental set up: 
 

2.1. If not previously done, retrieve ice from the 6th floor using autoclave bags and bring it 
down to the 5th floor RNA area.  Put on clean pair of gloves and new disposable lab coat. 

 
2.2. Wipe down the workbench and MultiMacs 96 area, small equipment, and ice bucket 

with RNAse Zap.  Lay down new bench coat.   
 

2.3. Take out bottles of Lysis Binding Buffer, Wash Buffer, and Elution Buffer stored at 4°C 
to allow them to come to room temperature.  Please note that, if kept in a bottle, even 
one hour is not enough for a large volume of these buffers to come to RT.  To speed up 
the temperature equilibration, pour some of Lysis Binding Buffer and Wash Buffer into 
a separate, labeled with permanent marker trough, and keep them at RT covered with a 
plastic seal until ready to be used.   

 

2.4. Take out vials of Oligo (dT) Beads stored at 4ºC and store them on ice. 
 

2.5. Retrieve metal blocks from the 4°C.  Wipe them down with RNase Zap and then DEPC-
treated water and place on ice.   

 

2.6. If not previously done, remove your source plate from -80ºC and let it thaw on ice.  
After thawing spin down the plate at 4°C, 2000g, for 1min.  Assure that each well 
contains at least 18µL (and no more than 55µL) volume.  If you need to adjust the 
volume to meet this requirement go to step 1.9.  Make sure that the plate is covered with 
a PCR cover.   

 

2.7. Turn on the plate and tube centrifuges and pre-chill to 4ºC.   
 

2.8. Turn on the Tetrad and using the ‘Instant’ Function, set alpha unit #1 to 70ºC. 
 
2.9. Set up  the MultiMACS 96 separation unit: 

 
2.9.1. Switch the unit on (the “ON” button on the right side).  Wait a few seconds for the 

Process Selection Screen to appear.  Select M/8/96 POSHI for eluting in an 
ABGene1000 96 well skirted plate. 

  
2.9.2. Touch ‘>’ to start process and to move magnet to start position. 

 
2.9.3. Insert 96 well column separation block. Note: use Multi-8 columns in holder if not 

processing a full plate.  
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2.9.4. Place a deep well block waste plate onto Tip-Touch Plate. 

 
2.9.5. Check that the corner of the ‘Tip-Touch plate’ correctly lines up with lines on tape 

attached to the bench surface. This is to ensure that column tips are in correct 
alignment with the plate wells. 

 
2.9.6. Touch ‘OK’ to move the MultiMACS 96 Magnet downwards. Column tips should 

be slightly suspended in the waste plate.  
 

2.10. Confirm with your supervisor what precipitations are necessary.  Sometimes only one 
fraction type is requested for library construction.   
 

2.11. Based on your supervisor instructions, while the buffers are temperature equilibrating, 
set up appropriate precipitations (alternatively this can also be done the day before).  

For all samples scheduled for strand specific transcriptome pipeline the mRNA 

fraction needs to be precipitated immediately. 
 

2.11.1. For mRNA precipitation, the volume of polyA+ fraction will be 100µL.   
 

2.11.1.1. The worksheet and calculator can be found in folder 
R:\Functional_Genomics\Library_Core\Current QA SOPs\MultiMacs96 

 
 

Table 1 

Reagent Volume/well 

polyA+ eluate (mRNA) 100 µl 

3M Sodium acetate, pH 5.5   ((1/10)*100µL) 10 µl 

Mussel Glycogen 3.5 µl 

100% EtOH  (2.5X 113.5µL) 284 µl 

 
2.11.1.2. For a full plate, using Gilson pipette, aliquot 88µL/well of 3M Sodium 

Acetate into one row of AB1000 plate.  Cover the plate with plastic seal, 
quick spin, and keep it on ice.   

 
2.11.1.2.1. For a partial plate aliquot the appropriate amount of 3M Sodium 

Acetate based on the number of rows being processed. 
 

2.11.1.3. For a full plate, using Gilson pipette, aliquot 33µL/well of Mussel 
Glycogen into one row of AB1000 plate.  Cover the plate with plastic seal, 
quick spin, and keep it on ice.    
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2.11.1.3.1. When processing a partial plate aliquot the appropriate amount of 

Mussel Glycogen into one row of AB1000 plate based on the number 
of rows. 

 

2.11.1.4. Using Distiman, aliquot 284uL of 100% EtOH into pre-labeled 1.5 mL 
RNase-Free tubes.  Make sure NOT to use non-stick tubes.  Keep them in -
20°C or on ice until ready to be used.  Label tubes with well position and 
fraction type: mRNA.  Label two 9x9 boxes with the Library name and/or 
souce plate rac#, type of precipitation (ie: mRNA), date and initials.  If 
prepared a day ahead, store the tubes in these boxes at -20ºC until ready to 
use.  

 

2.11.2. For flow-through precipitation, using two RNAse-free 50mL Falcon tubes, if 
necessary for the project, prepare flow-through precipitation mix as outlined in the 
worksheet (see Appendix B).   The volume of polyA minus RNA fraction will be 
400µL.  The worksheet and calculator can be found in folder 
R:\Functional_Genomics\Library_Core\Current QA SOPs\MultiMacs96 

 
Table 2 

Reagent Volume/well Volume total Volume/each Falcon 

   3 tubes total 

3M Sodium acetate, pH 5.5   
((1/10)*400µL) 

40 µl 4400 µl 1467 µl  

Mussel Glycogen 1.5 µl 165 µl  55 µl  

100% EtOH  (2.5X 441.5 µL) 1105 µl 121.550 mL 40.517 mL 
 

2.11.3. Make sure to mix each tube very well by repeated pulse-vortexing. 
 

2.11.4. After the brew is well mixed, aliquot 1146.5uL of the flow-through precipitation 
brew into pre-labeled 1.5 mL RNase-Free tubes.  Keep them on ice until ready to 
be used.  Label tubes with well position and type of fraction, in this case: Flow-
through.  Label two 9x9 boxes with the Library name and/or source plate rac#, 
type of precipitation (ie: Flow-Through), date and initials.  If prepared a day ahead, 
store the tubes in these boxes at -20ºC until ready to use.  

 
2.12. All samples will require DNase I treatment (if not double check with your supervisor).  

For on-column DNase I treatment, prepare the 1X DNase Buffer and DNase I Reaction 
Brew as outlined in the worksheet. 
 

2.12.1. To make 1X DNase I buffer mix: 
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Table 3: 1X DNase I buffer mix  

Reagent Volume/well Volume/plate 

10X Dnase I Buffer  12.5uL 1375uL 

DEPC water 112.5uL 12.375mL 

 
2.12.1.1. Prepare the mix in RNase free 50mL falcon tube.  Make sure to mix it very 

well by repeated pulse-spin vortexing.   
 

2.12.1.2. Transfer 2640µL of the 1X Dnase buffer into a fresh RNase free 5mL tube 
(to be used later for DNase I solution).  Keep both tubes at room 
temperature. 

 
2.13. Approximately 10-15 minutes before you are ready to elute polyA+ fraction, pour 

20mL of EB buffer into a clean trough situated on the buffer heating apparatus.  Place 
the plexiglass cover over the unit and turn on the heating element.  Set the heating 

apparatus initially to 75°C.  Insert temperature sensor for the buffer and tape it in place.  

The desired temperature of the buffer is between 60°C and 65°C (aim at the midpoint 
~62-63°C).  Depending on the ambient temperature of the room that day, you may need 
to adjust the temperature setting up or down in order to reach and maintain the right 
buffer temperature. 

 

3. Oligo(dT) beads binding reaction: 
 

3.1. Once the experimental set up is complete and the buffers reach room temperature, 

incubate the Total RNA plate for 5 minutes at 70°C in the tetrad. 
 

3.2. While the plate is incubating, in a sterile 50mL Falcon tube prepare Lysis/Binding 
buffer and Bead mix, following the worksheet.  The amount of Oligo(dT) beads is 
always the same: 30µL/sample but the volume of Lysis Binding Buffer will depend on 
the total RNA starting amount.  The total reaction volume (total 
RNA+beads+Lysis/Binding buffer) is always 200µL. Prepare this mix fresh just before 
you are ready to use it.  This mix should not be stored or centrifuged. 

 
  Example: For 20µL total RNA volume, combine:  
      (96well plate):       15mL of Lysis/Binding Buffer 

                                                                                 3mL of Oligo (dT) MicroBeads 
 

3.3. Mix very well by gentle repeated pulse-vortexing and aliquot based on your worksheet 
appropriate amount of this mixture (as an example for 20µL total RNA starting amount 
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it will be180µL) into 96 well Axygen 450 Plate.  Cover the plate with plastic seal and 
keep at room temperature until you are ready to use it. 

 

3.4. After 5min incubation remove total RNA plate from the thermocycler and chill it on ice 
for 2 minutes.  Quick-spin the plate for 1 minute. Leave the plate on ice. 

 
3.5. Using manual multichannel pipette, row by row (changing tips for each row) add total 

RNA into the Axygen450 plate containing Lysis/Binding buffer and Oligo (dT) beads 
mixture.  After dispensing, pipette up and down 2 times.  Keep the Axygen450 plate at 

room temperature.   
 

3.6. Using manual P200 multichannel pipette set to 150µL, with changing tips for each row, 
gently mix the content of each plate row 15X.  While mixing keep the tips in the 

solution at all time to prevent foaming. 
 

3.7. Set the timer for 2 minutes and incubate the plate at room temperature. 
 

4. MultiMacs separation procedure 
 
4.1. While the plate is incubating prepare MuliMACs columns by rinsing each row with 

room temperature 100µL of Lysis/Binding buffer.  You don’t need to change tips 
between rows for this step.  Set a timer to 1 minute to ensure that the buffer runs through 
completely.  Columns are “flow stop” and don’t run dry.   

 
4.2. Manually move the Tip-Touch plate forward and back so the ends of the columns come 

in contact with the walls of the deep well block, removing any droplets clinging to the 
ends of the columns. 

 
4.3. Touch ‘move back’ on the screen to go to previous step. This moves magnet upwards. 

 
4.4. Remove waste plate.  

 
4.5. Insert clean 96-well deep plate for the Flow-through.  Label the block plate as “Flow 

through” with library or rac# and place it on the Tip-Touch plate.    
 

4.6. Touch ‘OK’ to move magnet downward to return position where columns tips are 
slightly suspended in the Flow-Through plate. 

 

4.7. Using P200 manual multichannel pipette and new tips for each row, carefully mix and 
transfer your samples and bead mix from the Axigen450 incubation plate to the 
columns. Make sure to apply your samples into the correct rows.  Avoid touching the 
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sides of the columns with the tips.  Apply the sample on the bottom of each column. 
Mark the columns after each transfer.  Change tips before handling the next row of 
samples. After last row addition set the timer to 1min. 

 
4.8. Wait until liquid has passed through. Magnetically labeled mRNA is retained in the 

Multi-8 Columns. 
 

4.9. Wash columns with 1 x 200 µL of room temperature Lysis Binding buffer.   
Always apply the buffer toward the top of each column in one of the corners.  
This prevents contamination and prevents bubbles from entering the column.  
Change tips between each row.  Set a timer to one minute after dispensing buffer 
to the final row to ensure that the buffer passes through the column.   

 

***Important***  The flow-through volume from your samples and the first wash will 
contain the mRNA (-) Total RNA. This is what will be used to precipitate 
the mRNA(-) Flow Through Total RNA.   

 
4.10. Manually move the Tip-Touch plate forward and back so the ends of the columns come 

in contact with the walls of the deep well block, removing any droplets clinging to the 
ends of the columns. 

 
4.11. Touch ‘move back’ on the screen to go to previous step. This moves magnet upwards. 

Check that drops have fallen from column tips. 
 

4.12. Remove the flow-through deep well block. Place edge-seal on the block and store 
temporarily on ice.   

 

4.12.1. If precipitating immediately, after you finish mRNA elution procedure, transfer the 
flow-through material to pre-labeled 1.5mL tubes containing precipitation brew.  

 
4.12.2. If not precipitating immediately, the plate can be frozen at -80°C for purification at 

a later date. 
 

4.13. Re -Insert the deep well block “Waste” plate. 
 

4.14. Touch ‘OK’ to move magnet downward to return position where columns tips are 
slightly immerse in the waste plate. 

 

4.15. To remove proteins and DNA rinse each column 2 more times with 200 µL of room 
temperature Lysis Binding buffer.  Apply the buffer toward the top of each column in 
one of the corners.  Try not to create or dispense any bubbles into the columns.  Use 
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new tips for each row. Set a timer to one minute after dispensing buffer to the final row 
to ensure that the buffer passes through the column.   

 
4.16. To remove rRNA and DNA, wash the columns 5 times with 100 µL of room 

temperature Wash Buffer.  Apply the buffer toward the top of each column in one of 
the corners (this creates fewer bubbles and thus makes the removal of contaminating 
rRNA more effective).  Change tips between each row.  Set a timer to one minute after 
dispensing buffer to the final row to ensure that the buffer passes through the column.   

 
4.17. If total RNA samples have not been DNAse I treated previously (this will be the case 

most of the time), proceed to section 5 below for DNase I treatment.  
 

5.  DNase treatment 
 

5.1. Pour 1X DNAse I buffer prepared in step 2.13 into a trough and prime columns 1 x with 
75 µL of DNase I Buffer.  Change tips between each row.  Set a timer to one minute 
after dispensing buffer to the final row to ensure that the buffer passes through the 
column.   

 
5.1.1. Prepare Dnase I reaction solution mix just before you are ready to add it to the 

column: 
 

Table 4: Dnase I reaction solution mix 

Dnase treatment Volume/well Volume/plate 

Dnase I enzyme  1µL 110µL 

1X Dnase Buffer 24µL 2640µL 
 

5.2. For a full plate, pre-aliquot 110 µL of DNase I Reaction Brew into two rows (24 wells) 
of an ABgene1000 96 well skirted plate.  Keep the reaction brew on ice, if prepared few 
minutes in advance.  If prepared just before addition to the column keep the plate at 
room temperature while adding it to the columns. 
 

5.3. Using a P200 Rainin manual Multichannel pipettor, dispense 25 µL of DNAse I 
Reaction Brew directly on top of the opening through which liquids enter the column 
(meaning on the very bottom of the column reservoir) without introducing bubbles.  

 
5.4. Start timer immediately after loading 1st row. Allow 2.5 minutes for DNase I treatment. 

 
5.5. Add the brew to the remaining rows.  Change tips between each row. 
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5.6. After 2.5min incubation is complete, wash columns with 200 µL of Lysis Binding 
Buffer.  Change tips between each row.  Apply the buffer toward the top of each column 
reservoir in one of the corners.  Try not to introduce or create any bubbles. Set a timer to 
one minute after dispensing buffer to the final row to ensure that the buffer passes 
through the column. 

 
5.7. After the 1st Lysis Binding Buffer wash, touch tip the waste block and touch ‘move  

back’.   
 

5.8. Empty the waste plate in the sink and re-insert the waste block.  Touch ‘OK’ to bring 
columns back down.  Continue with the rest of your washes.  

 

5.9. Wash the columns 3 more times with 200µL of Lysis/Binding buffer.  Apply the buffer 
toward the top of each column reservoir in one of the corners.  Try not to introduce or 
create any bubbles.  Change tips between each row.  Set a timer to one minute after 
dispensing buffer to the final row to ensure that all buffer passes through the column. 

 

5.10. Wash columns 5 times with 100 µL of Wash Buffer.  Apply the buffer toward the top 
of each column reservoir in one of the corners.  Try not to introduce or create any 
bubbles.  Change tips between each row.  Set a timer to one minute after dispensing 
buffer to the final row to ensure that the buffer passes through the column. 

 

5.11. Proceed to section 7 for polyA+ mRNA elution. 
 

6. PolyA+ mRNA Elution 
 

6.1. Approximately 10-15 min before you are ready to elute mRNA, connect heating block to 
thermostat (black box) using cable attached to heating block. Connect thermostat to 
power using second cable. 
 

6.2. Set the temperature of the thermostat initially to (S.V.: Set Value) to 75.0°C.  As the 
temperature of the block changes it is displayed as P.V. (Present Value).  

 
6.3. Place a disposable trough inside the heating block and pour in at least 20mL of Elution 

Buffer.  Insert liquid temperature sensor in the middle of the trough and tape it in place 
on the side.  Make sure that the tip of the sensor is not touching any sides of the trough.  

 
6.4. Place acrylic lid over the heating block and allow for elution buffer temperature to reach 

between 60 and 65°C (as measured by the inserted liquid temperature sensor).   It is best 
to aim at the midpoint: 62-62°C.   
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6.4.1.  Depending on the ambient temperature of the room that day, you will need to adjust 
the temperature setting (Set Value (SV) up or down in order to reach and maintain 
the right buffer temperature.  

 
6.4.2.  Do not apply elution buffer to the column if it is below 60°C or above 65°C. 

 
6.5. When you are ready to elute and the temperature of the buffer reaches the right range, 

press ‘OK’ on the multiMacs screen display (no pre-elution required). 
 

6.6. Manually move the Tip-Touch plate forward and back so the ends of the columns come 
in contact with the walls of the deep well block, removing any droplets clinging to the 
ends of the columns. 

 
6.7. Press ‘OK’ to move the magnet upwards and remove the waste block. 

 
6.8. Place a new Abgene 1000 96 well elution plate onto the Tip-touch plate.  Touch ‘OK’ to 

move the magnet downwards. 
 

6.9. Using P200 multichannel pipette, elute the mRNA with 100 µL Elution Buffer preheated 

to 60°C-65°C.  Apply the buffer on the bottom of each column reservoir – directly on 
top where the liquid enters the column.  It is important to transfer the buffer quickly to 
the column to maintain the temperature.  Change tips between each row.  Set a timer to 
one minute after dispensing buffer to the final row to ensure that the buffer passes 
through the column.   
 

6.10. Allow the EB to run through completely.  Then press ‘OK’ on the screen. 
 

6.11. Firmly move the Tip-touch plate forward and back once to remove the droplets from 
the ends of the columns.  

 
6.12. To check that all the droplets have fallen off from ends of the columns, go back to 

previous step on the multiMACs program. Press ‘OK’ to allow the magnet to move up.  
Look at the space between the plate and the column for droplets.  

 
6.13. Remove the AB1000 elution plate, cover it with plastic seal, and check that all wells 

contain eluted sample. If they do, proceed to step 7.11. 
 

6.14. If you have any empty wells or wells with low volume, the elution step should be 
repeated for those wells: 
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6.14.1. Insert a new 96 well AB1000 plate (this is to avoid potential cross contamination) 
and move back to previous step in the MultiMACS program to bring the magnet 
back down.  
 

6.14.2. Apply heated elution buffer directly onto necessary column(s). Repeat steps 6.9-
6.13.   

 
6.14.3. Transfer this eluted volume to corresponding well position(s) of 1st eluted sample 

plate.   Cover the plate with plastic seal. 
 

6.15. Quick-spin the plate for 1 minute at 4ºC at 2000g 
 

6.16. If you are not precipitating polyA+mRNA, seal the 96 well plate with foil tape, using 
the blunt end of a pen to rub and press the tape onto the plate as firmly as possible.   

 

Note: All mRNA entering strand specific cDNA synthesis pipeline requires immediate 

precipitation!   
 

6.17. For storage, label with Library Name, rac#, eluted polyA+ mRNA, date and initials.  
Store in the appropriate rack in -80ºC. 

 
 

6.18. If you are precipitating the polyA+ mRNA: 
 

6.18.1. Using Manual multichannel P10 Rainin pipette, on ice, add 3.5µL of Mussle 
Glycogen into each row of mRNA plate.  Pipete up and down 5X to mix.  Use 
fresh tips for each row.  Place a check mark after each addition to make sure that 
no rows are skipped or repeated. 

 
6.18.2. Using Manual multichannel P10 Rainin pipette, on ice, add 10µL of 3M Sodium 

Acetate into each row of mRNA plate.  Pipete up and down 5X to mix.  Use fresh 
tips for each row.  Place a check mark after each addition to make sure that no 
rows are skipped or repeated. 

 
6.18.3. After Mussle Glycogen and 3M Sodium Acetate addition, using P200 single 

channel pipette (set to 120µL) mix each sample well up and down 5X then 
transfer the mix into the appropriate, previously prepared, pre-labeled, and pre-
chilled, 1.5mL RNase-free tube containing 284µL of 100% EtOH (make sure not 
to use non-stick tubes).   Make sure to use fresh tip for each well.   

 

6.18.4. After addition, mix each tube by repeated pulse-vortexing.  Keep them on ice 
while you are processing other samples and arranging for storage.  Just before 
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freezing vortex each tube by repeated pulse-spin vortexing once more.  Quick 
spin in a table-top mini-centrifuge. 

 

6.19. Go to step 7 if you are continuing with precipitations today.  Otherwise place the 
samples at -20°C overnight or at -80°C for longer than overnight storage, and refer to 
step 11 for clean up. 

 

7. Purification of polyA+ mRNA and/or mRNA(-)  Flow Through Total RNA 
 

7.1. Chill the ethanol-precipitated polyA+ mRNA and mRNA (-) Flow Through Total RNA 

tubes at -20°C for a minimum of 30 minutes.  If you cannot finish precipitations, store 
overnight at -20°C or if longer than overnight at -80ºC. 

 

7.2. Retrieve samples from the freezer.  Samples scheduled for strand specific pipeline 
should be purified in sets of 24.  If you spin samples that have been stored at -80ºC, 
ensure that the samples are thawed and mixed well by vortexing before loading them 
into the centrifuge. 
 

7.3. Spin down the RNA in the centrifuge at 14,000 rpm at 4°C for 40 minutes.  
 

7.4. Discard the supernatant then wash 1X with 1 ml pre-chilled 70% EtOH (make sure to 
use ethanol specifically prepared for RNA work), and spin at 14,000 rpm at 4ºC for 4 
minutes.  

 
7.5. Discard the supernatant and make sure to remove all residual EtOH.   

 

7.5.1. For mRNA samples, working 6 samples at the time, discard the supernatant.   Spin 
down the tube in a mini-fuge and remove any residual EtOH with a P10 pipette tip.   

 
7.6. Dry pellet carefully until transparent.  When processing flow-through keep the samples 

on ice. 
 

7.6.1. For mRNA samples, dry the pellet at room temperature (6 at a time).  Make sure not 
to over dry RNA pallets.  Start re-suspending the pellets the moment they go 
transparent.  Resuspend each mRNA pellet in 10.0µL of DEPC treated water with 
1:20 SuperaseIN (solution must be freshly prepared).   After 10µL addition, very 
gently mix each tube 10X and transfer to ice.  Keep re-suspended mRNA on ice 
while processing other samples. 

 
7.7. Resuspend flow-through Total RNA pellet in 9.5 µL DEPC treated water with 1:20 

SuperaseIN.  If you intend to spot check some samples on the Agilent as well as the 
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Caliper QC, resuspend the appropriate samples in 10.5 µL DEPC treated water with 
1:20 SuperaseIN.   

 
 

7.8. Array the flow-through Total RNA samples into a new Abgene 1000 96 well plate. 
Refer to Work Instruction LIBPR_WORKINS.0009 Re-Array Samples From Tubes to 
Plate Format or from Plate Format To Tubes.   

 
7.8.1. If you will set up the QC plate at a later date, then seal the plate with foil tape, 

sealing each well with a blunt end of a pen.  Label the plate with the the Library 
name, rac#, purified mRNA (-) Flow through total RNA, name and date.  Refer to 
step 10 for clean up. 

 
7.8.2. If proceeding with Caliper QC on the same day, seal the 96 well plate with tape, 

using the blunt end of a pen to rub and press the tape onto the plate as firmly as 
possible.  Quick spin the plate and then go to step 9.   

 

7.9. In order to minimize freeze-thaw cycles for mRNA, right after all of the re-suspensions 
are finished, transfer 1.5uL Poly A+ mRNA into a fresh 1.5mL RNase-free tube (make 
sure it is NOT non-stick), for Agilent QC.   If performing Agilent QC on the same day, 
go to step 10, otherwise make sure the tubes are well sealed and store the aliquots at -
20°C overnight and perform the QC on the following day.   
 

7.10.  Array the polyA+ mRNA samples into a new Abgene 1000 96 well plate.  Seal the 96-
well plate with foil tape, using the blunt end of a pen to rub and press the tape onto the 
plate as firmly as possible.  Label with Library Name, rac#, purified polyA+mRNA, 
date and initials.  Refer to Work Instruction LIBPR_WORKINS.0009 Re-Array 
Samples From Tubes to Plate Format or from Plate Format To Tubes. 

 

7.11. Alternatively, tubes containing mRNA can be stored in tubes at -20°C if only for 
overnight (when the cDNA synthesis is scheduled for the following day) or at -80°C if 
for longer storage.    

 

NOTE:  To minimize freeze-thaw cycles for mRNA, if precipitated mRNA samples are 

stored in tubes, they should be re-arrayed into AB 1000 plate on the same day 

as the cDNA synthesis. 
 

8. Preparation of mRNA (-) Flow-through RNA for Caliper QC 
 

8.1. If necessary, thaw the mRNA (-) Flow Through RNA plate on ice.  Quickspin the plate 
for 1 minute at 4ºC at 2000g. Remove tape cover. 
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8.2. Dispense some DEPC treated water into a trough.  Using a P20 Multichannel Pipette, 

dispense 1 µL of DEPC treated water into each well of a new Abgene 1000 96 well 
plate. Cover the plate with an edge-seal.  

 

8.3. Quickspin the plate for 1 minute at 4ºC at 2000g. 
 

8.4. Using a P20 Multichannel pipette, aliquot 1 µL of each sample into each well of the 
Abgene 1000 96 well plate containing 1 µL DEPC treated water.  Cover and seal the 
plate tightly with an edge-seal. This will be a ½ dilution.   

 

8.5. Quick-spin the plate for 1 minute at 4ºC at 2000g. 
 

8.6. Proceed to QC the mRNA(-) Flow-through Total RNA on the Caliper using SOP 
LIBPR.0052 Operation and Maintenance of the LabChipGX for Total RNA Samples 
using the RNA Assay. 

 

8.7. Carefully re-seal the stock mRNA(-) Flow-through Total RNA plate with the foil tape.  
 

8.8. Store the mRNA(-) Flow-through Total RNA stock plate in the appropriate rack in -
80˚C freezer. 

 

9. Preparation of poly A+ mRNA for Agilent QC 

 
9.1. If not previously done, for Agilent QC, remove 1.5 µL of the polyA+ mRNA into a 

new 1.5 mL RNase-Free tube (make sure NOT to use non stick tubes).  For the Agilent, 
refer to SOP LIBPR.0018 Operation and Maintenance of the Agilent 2100 Bioanalyzer 
for RNA samples. 

 

9.2. Remember to dilute Agilent nano marker 1/5 before loading it into sample wells.  Load 
undiluted marker into the ladder well. 
 

9.3. Store the remaining polyA+ mRNA in the -80°C freezer until required. 
 

9.4. Show the results to your supervisor.  Examples of expected profiles, in terms of size 
and quantity, when using 1.5uL of sample for Agilent denaturation are shown below: 
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Figure 1: mRNA profile obtained from 2µg Universal total RNA 

 

 
Figure 2: mRNA profile obtained from 4ug Universal total RNA 

 

9.5. Poly(A)+ RNA or mRNA makes up between 1-5% of total human or mouse RNA: 
 

9.5.1. At 1%, from 2ug of total RNA, the expected recovery is 20ng of mRNA, which on 
mRNA Agilent 1/5 marker gives a reading of 10ng/µL.  Given that 2µg of total 
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RNA (RIN 7.0) represents the minimum input amount for this procedure, 10ng/µL 
should be the minimum Agilent concentration observed.  Alert your supervisor if 
the quantify of samples are falling below this level. 

 
9.5.2. At 3%, from 2µg of total RNA, the expected recovery is 60ng of mRNA, which on 

mRNA Agilent 1/5 marker gives a reading of 25-30ng/µL. For human or mouse 
samples, this represents common condition. 

 
9.5.3. At 5%, from 2µg of total RNA, the expected recovery is 100ng of mRNA, which on 

mRNA Agilent 1/5 marker gives a reading of 50ng/µL.   For human or mouse 
samples, 5% recovery is rather rare. 

 

10.   End of day clean up 
 

10.1. Remove the benchcote.  Wipe down the workbench and MultiMacs 96 area, small 
equipment, and ice bucket with RNAse Zap.  Place any used racks in the bucket of 
diluted bleach. 

 

10.2. Return unused stock reagents back into 4ºC or -20ºC. 
 

10.3. Ensure that all equipment is turned off before leaving. 
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Appendix A  

LIMS MultiMACS 96 well Separation 

1. Scanner Protocol 

1.1. Log in and make sure you are under the Gene Expression tab. Scan the tra#. Select the 

‘Start Protocol’ tab. 

1.2. Select “Start of Plate Library Construction” from the drop down menu and select 
“Continue prep” button.  “Complete” the step”Starting Plate Based Library 
Constrution” 

1.3. Scan the tra# again and under the “Start Protocol” tab,select “MultiMACS 96 well 

Separation” from the drop down menu and select “Continue prep” button.   

1.4. Once the total RNA Caliper QC has been performed scan ‘Caliper QC completed’. 

Reminder:(***IMPORTANT*** Remember to send the Caliper excel file to your 

SUPERVISOR so that they can upload the attributes.) 

1.5. Click ‘Agilent QC if required’ if you also did Agilent QC on your Total RNA samples.  
You can skip this step if you did not perform any Agilent QC. 

1.6. Enter sol# for Lysis Binding Buffer.  Click on ‘Scan Lysis Binding Buffer’. 

1.7. Enter sol# for Oligo dT Microbeads.  Click on ‘Scan Oligo dT Microbeads’. 

1.8. Enter sol# for 10x DNase Buffer.  Click on ‘Scan 10x DNase Buffer’. 

1.9. Enter sol# for DNase1. Click on ‘Scan DNase1’. 

1.10. Under the ‘Split’ function, enter ‘2’.  Pipeline should be TRA:SLX-Transcriptome. 
Click ‘Aliquot to 96-well Abgene’.  This will generate two barcodes.  The first barcode 
(earliest pla#) will be for the polyA+ mRNA plate.  The second barcode (lastest pla#) 
will be for the mRNA(-) Flow Through Total RNA. **Note: The pla#’s are alternating. 
So one will have all even numbers and the other will have all odd numbers. 

1.11. Scan the 1
st
 tra# barcode. This is the first barcode generated from “MultiMACS 96 

well Separation” LIMS protocol as in step 1.9, the polyA+ mRNA plate. Select the 

‘Start Protocol’ tab. 
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1.12. Select “Plate based mRNA purification” from the drop down menu and select 
“Continue prep” button.   

1.13. Click ‘Ethanol precipitation completed’ if you precipitated the mRNA.  You can skip 
this step if you did not perform any mRNA precipitations. 

1.14. Click “Decant”. 

1.15. Under “Solution” Scan the solution number of the 1x DEPC water with SuperaseIn (if 
precipitated), or the EB (if not precipitated).   

1.16. Under “Sol Qty”, enter the volume that the polyA+ mRNA is stored in (ie: 9.5 µL or 
100 µL). 

1.17. Under “Rack”, enter the rac# where the mRNA is stored. 

1.18. Click “Enter volume and rack”. 

1.19. Scan the 2
nd

  tra# barcode. Save the tube set.  This is the second barcode generated 
from “MultiMACS 96 well Separation” LIMS protocol as in step 1.9, the Flow-through 
Total RNA plate.  Select the ‘Start Protocol’ tab. 

1.20. Select “Plate based flow through purification” from the drop down menu and select 
“Continue prep” button.   

1.21. Click ‘Ethanol precipitation completed’ if you precipitated the flow through total RNA.  
You can skip this step if you did not perform any flow through total RNA 
precipitations. 

1.22. Click “Decant”. 

1.23. Under “Solution”, scan the solution number of the 1x DEPC water with SuperaseIn (if 
precipitated), or the Lysis Binding Buffer (if not precipitated).   

1.24. Under “Sol Qty”, enter the volume that the mRNA(-) Flow Through Total RNA is 
stored in (ie: 9.5 µL or 300 µL). 

1.25. Under “Rack”, enter the rac# where the flow through RNA is stored. 

1.26. Click “Enter volume and rack”. 
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1.27. Once the Flow through RNA Caliper QC has been performed scan ‘Caliper QC 
completed’. Make sure you send your SUPERVISOR the Caliper Excel File for all the 
attributes and they will upload them. 

  Send your SUPERVISOR the tra# for the flow-through total RNA. The SUPERVISOR 
will create new sources for this plate and generate a new ‘tray #’ which will be the 
barcode for the 8 µL stock flow through total RNA Abgene 1000 96 well plate. 

APPENDIX B 
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APPENDIX C 

Flow chart  
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