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Abstract Concentration and Purity of Extracted RNA Cell Staining & Sorting Protocol
Increasingly, Flow Cytometry Share_d Re_sourc_e Fa}cilities Paraformaldehyde Alcohol Before fixation:
are asked to sort fixed cells_for RNA |solgt|or1 either In ou_lk 6.0 3.0 50.0 50 1. HL-60 cells were grown in RPMI+10%FBS at 37°C and 5% CO..
or at the single cell level. With so many fixation methods in 5.0 o 2'5 o ’ i 2. Cells were stained in 1X PBS+0.5%BSA with Viobility 488/520
the literature the Flow Cytometry Research Group (FCRG) 3 . e S350 . 15 Fixable Dye (Miltenyi Biotec #130-109-812) according to the
c_leu_ded to perform a systematic evaluatlor_l of the r_epo_rted ;.4'0 . 1o & <300 g . 1.0 § manufacturer's protocol.
fixation methods to assess how the different fixatives Unsorted g30 . 05 g g o8 3. Cells were washed, resuspended at 1x107/mL, and put on ice.
affected the quality of RNA isolated from sorted cells. Basea * concentration S 20 ’ s & S 150 ° 05§ 4. Each site set aside a pair of samples for unfixed controls
on the literature, four different common chemical fixatives S . . » 8 100 o 1.0 (sort/no-sort).
were analyzed using the human cell line HL-60. The » Sorted I o 15 Bl _ am B m_ m - .
' ' ' ' 0.0 - —— - - - —— 20 : _
?ssgssment included paraformaldehyde fixation, alcohol concentration S e P e e e e 0&‘@6 &L 0@@ & L After fixation:
xation (methanol and ethanol), zinc fixation, and three A AU A A ¥ g € ¥ e ¢ 1. Sorters were started up following standard startup protocol for
commercial reagents. Each method was tested at two Unsorted Sed Sle Company Kits the lab using a 100 um tip and 1X PBS.
separate shared facilities and for some methods different A260/280 Zinc 350 20 2. All samples were filtered at 40-70 um before sorting.
variations of the fixation procedure (i.e., ime, temperature, 1600 30 S0 g 20 3. The same day as fixation, 2x105 cells from one unfixed sample
and dilution) were also tested. The protocol involved fixing o Sorted E S o S 200 ® o . ° oz were added directly to RLT Plus buffer (Qiagen #1053393)
the cells first. The next day, fixed cells were sorted into lysis A260/280 " 1ooc - & 150 00 & 1:3.5 vol/ivol as an unsorted control, and 2x105 dye- unfixed
buffer. RNA isolated from the cells was assayed to 3 800 ® 053 §1§g I I 108 cells were sorted into RLT Plus buffer at 1:3.5 vol/vol.
determine purity, quality, and concentration. Each condition g o 05‘_’55 8 00 - - ] B 4. Fixed samples were stored overnight. The next day 2x105 cells
had sorted and no_t-sorted samples. A NanoDrop was u§ed & 200 L0 oyoé 0&\@0 &éw - & oyoé <}}@o &f - & o aach fivation condition were added fo RLT Plus buffer
for pu_rlty and a Bioanalyzer for quality and cor_lcentratmn. o Un-fixed Z6F8  Unfixed  ZBFB cﬁ"éz Q.@"&\\ Q,o“v @’*‘3 Q.@"b\\ Q,o“v as unsorted controls, and 2x10° dye- cells were sorted from
Feyvtf|xedtsartrl11ples (so:r_teg_l _ct)r no]E) returned any lntacft_ Rtl\_IA, site 1 Site 2 @f & @f #° the other samples into RLT Plus buffer (the Site 1 ZFNB-fixed
pointing to the unreliability of many common fixation Site 1 Site 2 - . ] -
methods. Sorting did correlate with dec_:reased RNA vyield, Figure 1. Con_centration of RNA (ng/pL) is shown with bars. Purity as measured by A260/280 ratio is shown with dots 5 Al ZZTnFSIee;stsefeor;fgrlergoa%.—18%;('\:' Iig%/ﬁ:eer;lﬂlgriteestd).to he RNA
although the cause has yet to be determined. (optimal for RNA Is ~2.0). testing site on dry ice.
Fixation Protocols — RNA Quality Conclusions

1_Paraf0rma|dehyde (PFA) (deﬁned as methanol-free Fixation Method| Sorter Fix Sort Site 1 Site 2 . nghest RNA quallty (aS Indicated by R|N) was attained from

formaldehyde) — Cells were pelleted and T e e Ne oo e 2 o unfixed samples. Thus, our results indicate that all fixation

resuspended to 1x10° cells/ml with PFA under the ;;?x RT No methods had an affect on the quality and yield of the samples

following conditions: 2% PFA at RT, 2% PFA on ice, 0% fx ioe o RIN 8.0-10.0 whether sorted or non-sorted.

4% PFA at RT, and 4% PFA on ice. After a 20 min jjgigi Xes o | o o

incubation, cells were washed with PBS-BSA. 206 £ RT Vos » Our results indicate the need for identifying the method of fixation

500 2000 4000

4% fix ice No

2. Three alcohol-based fixatives were tested: 100% 4% x| ; and the method of isolation of RNA for a specific cell type.
methanol, 70% ethanol, and 95:5 ethanol:acetic acid Alcohol 1. FACSAria Il |No No 0.4 10.0 [FU] Certain methods of fixation may work best for a particular cell

(EtOHM) mix. For methanol-fixed Samp'es’ cells 2. FACSAria lll I\N/IZthanol Eis L0y DO \/H type .OI‘ tissue. Further pI‘OCES.Sing of the Sample fOI‘ RNA
were pelleted, resuspended in 4 mL 100% methanol, Methanol Yes 100 Mw ﬁ bv L Isolation needs to take Into account the fixation
and incubated on ice for 15 min. For ethanol-fixed sane P Y. J - method. Determining these factors prior to sorting would be
samples, cells were pelleted, resuspended in 5 mL hanoliAcetio Acid _|No T T T highly recommended by the FCRG.
/0% ethanol, and incubated on ice for 30 min. For Zinc 1. FACSAria Il |No No 10.0 T0.0 : e o L _
EtOH:AA-fixed samples, cells were pelleted 2. FACSAria Il |No Yes 9.5  Our results indicate that a significantly lower RNA yield from sorted
resuspended in 20 mL 95:5 EtOH:AA mix, incubated at o os e cells should be expected.
-20°C for 15 min, centrifuged at 120 g for 10 min at Commercial its |1 FACSAall N o 00 -0 No RNA References
4°C, resuspended a second time In 20 mL 95:5 CytoFix CytoPerm BD |No A o
EtOH:AA, and incubated at -20°C for 15 min. All fixed Ebic Formaldonyde? [No T T T T T 1. Alles, J. et al. BMC Biol 15, 1-14 (2017).
S e N a1 PO>BSA, Tesuspended at 0 rACSLyse  [No. 2. Esser, C. et al. Cytometry 21, 382-386 (1995).
B ot o S0 et B o Hitn, . et al PLOS One 9, €89450 2014)

3. Zinc-based — Samples were suspended in 1 mL Zinc Figure 2. RNA Integrity Numbers (RIN) for each sample are indicated in the table. RIN values 8-10 indicate intact 4. Jeyapalan, J. C. & Sedivy, J. M. AGING 5, 120-129 (2013).
Buffer [ZFNB: 0.1 M Tris-Cl, ph 7.8; 0.05% (v/v) RNA, values between 3 and 8 represent degraded RNA, and <3 represent the absence of RNA. To the right are 5. Karmakar, S. et al. Nat Chem 7, 752—758 (2015).
calcium acetate; 17.16 mM zinc trifluoroacetate; 0.5% examples of the Bioanalyzer traces for the 3 groups. 6. Khochbin, S. et al. Cytometry 11, 869-874 (1990).
(v/v) zinc chloride] an_d stored overnight at -20°C 11 In 7. Kurosawa, N. et al. Sci Rep 6, 25174 (2016).

4 Commercial reagents — Cells were fixed with one of the 1. RNA extraction was performed using the RNeasy Plus | | We would like to thank the Rochester Genomics Research| | 9- Nishimoto, K. P. et al. J Microbiol Methods 70, 205-208 (2007).
following kits per manufacturer’s recommendations: Micro Kit (Qiagen, Valencia, CA) per manufacturer’s | | Core for performing the RNA isolation and testing. 10. Russell, J. N. et al. PLoS One 8, 73849 (2013).
BD Cytofix/Cytoperm (#554714) for 20 min at 4°C, recom_menda_Ltlons. | We wou_ld als_o I_ike to thank t_h_e fol_lowing SpONSOrS: 11. Sandstedt, M. et al. Cytometry 87, 1079—-1089 (2015).
eBioscience Intracellular Fix (#88-8824- 00) for 20 min g EHQ pqudgﬁt;esglr?c? V;izfdp?gs(.)tgrr?gedwvggh Selr\lfsrnrgeDdrOl\:/)\;ith - '\B/llgterg' tB:ft/eght_ V'Ob'l'tde;);aé’ISeLDyek_t 12. Thomsen, E. R. et al. Nat Methods 13, 87-93 (2016).
at RT, and BD FACS/Lyse (#349202) for 10 min at RT. - _ | - Lylonix/Lytoperm an yS€e KIS - - - _
All samples were washed twice with PBS-BSA. Agilent Bioanalyzer 2100 system. eBioscience — Intracellular fix & perm buffer set 13. Vickovic, S. etal. J Mol Diagn 17, 352-9 (2015).




