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[Abstract] Chromochloris zofingiensis is a unicellular green alga that is an emerging model species for 

studies in fields such as biofuel production, ketocarotenoid biosynthesis and metabolism. The recent 

availability of a high-quality genome assembly facilitates systems-level analysis, such as RNA-Seq. 

However, cells of this alga have a tough cell wall, which is a challenge for RNA purification. This protocol 

was designed specifically to breach the cell wall and isolate high-quality RNA suitable for RNA-Seq 

studies. 
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[Background] Chromochloris zofingiensis is a small unicellular green alga from the chlorophyte lineage 

(Dönz, 1934). Previously, this species has been described in the literature with the genera Muriella, 

Chlorella, and Mychonastes (Fučíková and Lewis, 2012). There are strong economic interests in C. 

zofingiensis because it is capable of producing large quantities of lipids for biofuels and shows promise 

as a source of the commercially valuable nutraceutical astaxanthin (Breuer et al., 2012; Mulders et al., 

2014; Liu et al., 2016). Recently, a high-quality, chromosome-level genome assembly and 

accompanying annotations were published, which facilitates systems level analyses like RNA-Seq (Roth 

et al., 2017). The following protocol was designed to produce highly purified total RNA, including miRNA, 

from liquid cultures of C. zofingiensis suitable for RNA-Seq. C. zofingiensis cells are protected by a 

robust cell wall, which this protocol was designed to penetrate. Starting material for the protocol can be 

up to 2.5 x 108 total cells. This protocol should yield at least 20 µg of highly purified RNA suitable for the 

preparation of RNA-Seq libraries by standard kits, such as the Illumina TruSeq Stranded Total RNA kit. 

 
Materials and Reagents 
 

1. 50 ml Falcon tubes (Corning, Falcon®, catalog number: 352070) 

2. Serological pipettes, 10 ml (Fisher Scientific, catalog number: 13-676-10J) 

3. Lysing Matrix D Tubes (2 ml) (MP Biomedicals, catalog number: 116913050) 

4. Tapered end, metal spatula (Fisher Scientific, catalog number: 14-374) 

5. VacConnectors (QIAGEN, catalog number: 19407) 

6. C. zofingiensis (SAG, catalog number: 211-14) 

7. Proteose medium (UTEX Culture Collection of Algae, Proteose medium) 

http://www.bio-protocol.org/e2793
mailto:gallaher@chem.ucla.edu
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8. Chu’s medium (UTEX Culture Collection of Algae, Chu’s medium) 

9. Liquid nitrogen (LN2) (various) 

10. Wet ice (various) 

11. Dry ice (various) 

12. RNaseZap (250 ml spray bottle) (Thermo Fisher Scientific, InvitrogenTM, catalog number: 

AM9780) 

13. RNase-free ethanol (EtOH) (100% and 70%) (various) 

14. TRIzol (100 ml) (Thermo Fisher Scientific, InvitrogenTM, catalog number: 15596026) 

15. Chloroform:isoamyl alcohol (24:1) (Sigma-Aldrich, catalog number: C0549-1PT) 

16. MaXtract High Density (100 x 15 ml) (QIAGEN, catalog number: 129065) 

17. miRNeasy Mini Kit (50) (QIAGEN, catalog number: 217004), which includes: 

a. QIAGEN miRNeasy mini columns 

b. 1.5 and 2 ml collection tubes 

c. QIAGEN buffer RWT 

d. QIAGEN buffer RPE 

e. RNase-free water 

18. RNase-Free DNase Set (50 samples) (QIAGEN, catalog number: 79254), which includes: 

a. RNase-free DNase I 

b. QIAGEN buffer RDD 

19. 3 M sodium acetate (NaOAc), pH = 8, RNase-free (various) 

20. 1 M Tris hydrochloride (Tris-HCl), pH = 8, RNase-free (various) 

21. 5 M sodium chloride (NaCl), RNase-free (various) 

22. 0.5 M ethylenediaminetetraacetic acid disodium salt dihydrate (EDTA), pH = 8, RNase-free 

(various) 

23. 10% sodium dodecyl sulfate (SDS) (various) 

24. 20 mg/ml Proteinase K (Fisher Scientific, catalog number: BP1700-100) 

25. Agilent RNA 6000 Nano kit (Agilent Technologies, catalog number: 5067-1511) 

26. Lysis buffer (see Recipes) 

 

Equipment 
 

1. Refrigerated centrifuge (Eppendorf, model: 5810 R) 

2. Refrigerated microfuge (Eppendorf, model: 5424 R) 

3. Clean bench 

4. Ice buckets (Corning, catalog number: 432122) 

5. PIPETMAN Classic pipet (Gilson, model: P20, catalog number: F123600) 

6. PIPETMAN Classic pipet (Gilson, model: P200, catalog number: F123601) 

7. PIPETMAN Classic pipet (Gilson, model: P1000, catalog number: F123602) 

8. Homogenizer (MP Biomedicals, model: FastPrep-24TM 5G) 

http://www.bio-protocol.org/e2793
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9. Homogenizer adaptor (MP Biomedicals, model: CoolPrepTM 24x2mL) 

10. Vacuum manifold (QIAGEN, model: QIAvac 24 Plus) 

11. Heat block (VWR, catalog number: 75838-286) 

12. Spectrophotometer (Thermo Fisher Scientific, Thermo ScientificTM, model: NanoDropTM 2000) 

13. Bioanalyzer (Agilent Technologies, model: 2100 Bioanalyzer) 

 

Procedure 
 

A. Cell collection 

This protocol is designed for use on ~2.5 x 108 cells or less (e.g., 50 ml of culture at 5 x 106 cells/ml 

density) of liquid cultures of C. zofingiensis. See Figure 1 for example. 

 

 
Figure 1. Liquid cultures of C. zofingiensis. An example of liquid cultures of C. zofingiensis (SAG 

211-14) suitable as input for this protocol. Here, cells were grown in Proteose medium (UTEX 

Culture Collection of Algae) supplemented with Chu’s medium (2 ml/L, UTEX Culture Collection of 

Algae) as described previously (Roth et al., 2017). The cultures were grown at 25 °C with shaking 

at 100-150 rpm in diurnal (16 h light, 8 h dark) conditions with a light intensity of 90-100 μmol photons 

m-2 sec-1.  

 

1. Transfer cell culture to a 50 ml Falcon tube.  

2. Spin for 5 min at 3,200 x g (RCF) at 4 °C. Immediately after the centrifuge comes to a stop, 

quickly remove the supernatant by decanting into a waste receptacle. 

3. Flash freeze tubes containing cell pellet in liquid N2. 

Optional: Store samples at -80 °C before further processing. 

 

 

http://www.bio-protocol.org/e2793
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B. Preparation 

1. Prepare glassware and metalware including spatula by washing with detergent and baking at 

180 °C for 8 h. 

2. Clean bench and pipettes with RNaseZap or equivalent. 

3. Prepare fresh lysis buffer (see Recipes) just prior to starting according to the recipe. 

4. Pre-cool microfuge, centrifuge and buckets to 4 °C. 

5. Prepare buckets with crushed wet ice. 

6. Prepare buckets with crushed dry ice. 

7. Chill 100% EtOH on dry ice. 

8. Label Lysing Matrix D tubes and place on dry ice.  

 

C. Cell lysis and RNA purification 

1. Transfer frozen sample tubes to the dry ice bucket.  

2. Take a clean, RNase-free spatula and thrust it up and down into the tube to break up the cell 

pellet. The tube should remain on dry ice during the process so that the cells remain frozen and 

prevent RNA degradation. 

3. Pipette 1 ml of cold 100% EtOH into the tube.  

4. Transfer the cell mass with spatula and EtOH with a pipette into a chilled Lysing Matrix D 2 ml 

tube. 

5. Spin for 3 min at 2,700 x g (RCF) at 4 °C. Decant supernatant. 

6. Place crushed dry ice in the homogenizer tray, transfer tubes to the homogenizer, and run for 

60 sec at 6.0 m/sec. Repeat for an additional 60 sec. 

7. Add 1 ml of freshly prepared lysis buffer to the cell mass. 

8. Vortex for ~30 sec. 

9. Incubate for 3 min at RT. 

10. Spin for 3 min at 20,800 x g (RCF) at RT. 

11. Spin MaXtract tubes for 2 min at 1,500 x g (RCF) at RT. 

12. Add 10 ml of TRIzol to the MaXtract tube. 

13. Transfer 1 ml of supernatant to the MaXtract tube with TRIzol. 

14. Incubate for 3 min at RT. 

15. Add 2 ml of chloroform:isoamyl alcohol, and shake vigorously for 30 sec.  

16. Incubate for 5 min at RT. 

17. Centrifuge for 5 min at 1,500 x g (RCF) at RT.  

18. Add 10 ml of cold 100% EtOH to a labeled 50 ml conical tube for each sample. 

19. Decant the aqueous phase of the MaXtract tube (~6-7 ml) into the 50 ml conical tube with EtOH. 

20. Invert the tube several times to mix, and then place on wet ice.  

21. Working with one sample at a time, while the others remain on ice: 

a. Turn on the vacuum. Place a QIAGEN miRNeasy mini-column on the vacuum manifold with 

a fresh VacConnector.  

http://www.bio-protocol.org/e2793
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b. Using a 10 ml serological pipette, load the lysate/EtOH mixture onto the miRNeasy mini 

column until all liquid has passed through the membrane. 

c. Close vacuum and place column back in its 2 ml collection tube and put on ice.  

22. Put column back on vacuum manifold and add 350 µl QIAGEN buffer RWT. Open vacuum until 

all buffer has passed through the column. 

23. Return the column to the collection tube. 

24. Just prior to using, prepare fresh DNase solution from the QIAGEN RNase-free DNase Set. 

Combine sufficient DNase (10 µl per column) and QIAGEN buffer RDD (70 µl per column) for 

all samples. Mix gently by inverting the tube 3-4 times.  

Note: Do NOT vortex the DNase! 

25. Add 80 µl DNase/RDD mixture from the previous step to each column. 

26. Incubate tubes for 15 min in a 30 °C heat block. 

27. Place columns back on the vacuum manifold. 

28. Add 350 µl QIAGEN buffer RWT to each column. 

29. Open vacuum until all RWT buffer has passed through the columns.  

30. Wash columns with QIAGEN buffer RPE buffer twice as follows: 

a. Add 500 µl of RPE to each column. 

b. Close the lid and rotate the column gently to rinse the walls of the column. 

c. Place columns back on the vacuum manifold. 

d. Open vacuum until all RPE buffer has passed through the columns. 

e. Repeat. 

31. Carefully remove the column from the collection tube to avoid carryover of ethanol and place it 

in a new 2 ml collection tube. 

32. Spin for 1 min at maximum speed (≥ 10,000 x g (RCF)) at RT. 

33. Place the column in a new, labeled 1.5 ml collection tube. 

34. Add 50 µl RNase-free dH2O directly to the spin column membrane. 

35. Spin for 1 min at maximum speed (≥ 10,000 x g (RCF)) at RT to elute the RNA. 

36. Repeat with an additional 50 µl RNase-free dH2O (~90 µl eluate in total). 

37. Add 270 µl RNase-free dH2O. 

38. Add 40 µl 3 M NaOAc at pH 8. Recap and invert the tube to mix. 

39. Add 1,000 µl ice-cold 100% EtOH. Recap and invert the tube to mix. 

40. Incubate for 30 min at -20 °C. 

41. Spin for 30 min at 4 °C at maximum speed (≥ 10,000 x g (RCF)). 

42. Without disturbing the pellet, gently decant supernatant. 

43. Wash with 500 µl RT 70% EtOH.  

44. Without disturbing the pellet, gently decant supernatant. Remove remaining liquid with a 

Pipetman. 

45. Air dry the pellet for 5-10 min at RT. 

46. Resuspend the pellet in 60 µl RNase-free dH2O. 

http://www.bio-protocol.org/e2793
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D. Quality control 

1. Determine the optical absorbance by NanoDrop spectrophotometer. Use 1 µl of dH2O to blank 

the NanoDrop. 

2. Determine the optical absorbance at 260, 230, and 280 nm for 1 µl of each sample. Assay the 

RNA quality by microfluidic electrophoresis on a Bioanalyzer. 

a. Dilute 1 µl of each sample with 9 µl of RNase-free water.   

b. Following the manufacturer’s protocol, load 1 µl of the 10x diluted RNA into a well of an 

RNA 6000 Nano chip and assay with the Eukaryote total RNA program.  

Note: Alternatively, an Agilent Tape Station may be used. 

 

Data analysis 
 

1. Review the NanoDrop spectrophotometer data  

a. The A260/A280 ratio should be approximately 2.1. Discard sample if ratio is < 2.0 or > 2.2. 

b. The A260/A230 ratio should be approximately 2.1-2.4. Discard sample if ratio is < 2.0. 

2. Review the Bioanalyzer report 

a. There should be prominent peaks at ~1,800 nt and ~3,200 nt for the 18S and 28S, 

respectively (Figure 2).  

b. The RIN value calculated by the Agilent software should be > 8. It is recommended that 

samples with RIN < 7 should be discarded.  

Note: RIN values calculated by the software may be lower than similar quality RNA from 

other species due to abundant plastid rRNA in C. zofingiensis preparations.  

 

 
Figure 2. Electropherogram of C. zofingiensis RNA. Total RNA from C. zofingiensis was 

prepared by the accompanying protocol and ran on an Agilent 2100 BioAnalyzer with a 

Eukaryote Total RNA Pico chip. 
 

Notes 
 

RNA is extremely sensitive to damage by RNase. Careful laboratory hygiene is crucial for minimizing 

this risk. Additionally, cells must be kept frozen until lysis buffer is added to prevent RNA degradation. 

When preparing many RNA samples, some may not satisfy the quality control criteria specified in 

the Data analysis section. It may be prudent to prepare more replicate samples than your experiment 

http://www.bio-protocol.org/e2793
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requires so that some may be discarded at the end of this protocol without compromising the overall 

study.  

 

Recipes 
 

1. Lysis buffer 

Component Volume Final concentration Storage 
1 M Tris-HCl, pH 8 0.5 ml 50 mM RT 
5 M NaCl 0.4 ml 200 mM RT 
0.5 M Na2EDTA, pH 8 0.4 ml 20 mM RT 
Milli-Q H2O 6.2 ml N/A RT 
10% SDS 2.0 ml 2% RT 
20 mg/ml Proteinase K 0.5 ml 1 mg/ml  -20 °C 

 

Volumes given are for 10 ml. Adjust up or down as needed 

Add the SDS and Proteinase K in just before use 
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