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Ribosome profiling protocol for cyanobacteria 

The protocol was adapted from (1) and (2). The amount of MNase added to digest 

polysomes was optimized to provide complete digestion of polysomes with minimum 

degradation of rRNA.  

Materials 

Equipment 

● Bioanalyzer 2100 (Agilent, G2939BA) 

● Bowl, stainless steel (VWR, BOCH8601). For liquid nitrogen. 

● Centrifuge tubes, 0.5 mL, RNase-free and nonstick 

● Centrifuge tubes, 1.5 mL, RNase-free and nonstick 

● Centrifuge tubes, 2 mL, safe-lock, RNase-free and nonstick  

● Centrifuge tubes, 50 mL 

● Centrifuge for 1.5 mL tubes, refrigerated (Thermo Scientific, 75002425) 

● Clear-bottom 96-well plates (Greiner Bio-One, 655161). For OD measurements. 

● Electrophoresis unit (Invitrogen, EI0001) 

● Electrophoresis power supply (Bio-Rad, 1645050) 



● Filtering equipment: 

○ Base and cap, 90 mm (Merck, XX1009004) 

○ Collection flask, 1 L (Merck, XX1504705) 

○ Filter membrane, HVLP, 0.45 µm, 90 mm (Merck, HVLP09050)  

○ Funnel, 1 L (Merck, XX1009000) 

○ Gasket, PTFE (Merck, XX1009010) 

○ Spring clamp (Merck, XX1009003) 

○ Support screen, PTFE coated (Merck, XX1009010) 

○ Vacuum pump (Mucola, 50001331) 

● Fraction collection tubes, 1.5 mL (Brand, 780505) 

● Fraction collector (Gilson, FC203B) 

● Gel Doc XR+ (Bio-Rad, 1708195) 

● Glass syringe, 1 mL (Hamilton, 81330) 

● Gradient Station (BioComp Instruments, 153) 

● Grinding ball, 12 mm (Retsch, 053680037) 

● Grinding jar, 10 mL (Retsch, 014620236) 

● Insulating tube stand. Simply made from rolled-up paper towels placed in a small 

Styrofoam box.  

● Liquid nitrogen bucket (Thermo Fisher Scientific, 4150-2000) 

● Liquid nitrogen tube stand. Cut a sheet of Styrofoam (~3 cm thick) so that it can 

be squeezed in between the walls of a Styrofoam box. Make round holes in the 

Styrofoam sheet that fit 50 mL centrifuge tubes rather tightly. Attach the sheet 

horizontally in the Styrofoam box and fill up with liquid nitrogen close to the lower 

edge of the sheet. Cover the box with a lid to reduce liquid nitrogen evaporation. 

● Mixer mill (Retsch, MM301) 

● Nylon syringe filter, 0.2 µm, sterile (Pall, 4433). Used to sterilize solutions and 

remove/reduce possible RNase contamination. 

● PCR strips, 0.2 mL. RNase-free and non-stick. 

● Plate reader (Molecular Devices, SpectraMax i3x) 



● Rate zonal rubber plug, 4 mm (BioComp Instruments, 105-414-1) 

● Scoopula (Sigma-Aldrich, S8897). We recommend sharpening the edge slightly 

for more efficient cell scraping. 

● SpectraDrop Micro-Volume Microplate (Molecular Devices, 0200-6262) 

● Spin-X centrifuge tube filter (Sigma-Aldrich, CLS8162) 

● Spoon, 35x15 mm, (VWR, 231-1070). For collection of cell lysate powder. 

● Syringes, 10 mL, sterile (Becton Dickinson, 305959)  

● Syringes, 30 mL, sterile (Becton Dickinson, 301229)  

● Syringe needle, d = 0.7 mm (Henke-Sass Wolf, 4710007025) 

● SW40 Ti rotor (Beckman Coulter, 331302) 

● Thermocycler (Bio-Rad, 1851148) 

● Thermomixer (Eppendorf, 5382000015) 

● Ultracentrifugation tubes (Beckman Coulter, 344060) 

● Ultracentrifuge (Beckman Coulter, Optima LE-80K) 

● UV monitor (Bio-Rad, 7318162) 

Reagents and solutions 

● T4 PNK (New England Biolabs, M0201S) 

● ATP, 100 mM (Thermo Scientific, R0441) 

● Bioanalyzer High sensitivity DNA Kit (Agilent, 5067-4626) 

● Bioanalyzer RNA 6000 Nano Kit (Agilent, 5067-1511) 

● Bioanalyzer Small RNA Kit (Agilent, 5067-1548) 

● CaCl2, 0.5 M. Filter solution through a 0.2 µm nylon syringe filter. 

● Chloramphenicol, 155 mM. Filter solution through a 0.2 µm nylon syringe filter. 

● Chloroform 

● Digestion buffer. See table 3. 

● DNA ladder, 10 bp (Invitrogen, 10821-015) 

● DNase I, 10 U µL (Roche, 04716728001) 



● EGTA, 0.5 M, pH 8.0. Adjust pH with NaOH. Filter solution through a 0.2 µm 

nylon syringe filter. 

● EtOH (80%). Dilute in RNase-free H2O. 

● GlycoBlue (Invitrogen, AM9515) 

● HEPES, 1 M, pH 7.0. Filter solution through a 0.2 µm nylon syringe filter. 

● Isopropanol 

● Lysis/Digestion buffer stock solution. See table 1. 

● Lysis buffer. See table 2. 

● MgCl2, 1 M. Filter solution through a 0.2 µm nylon syringe filter. 

● Micrococcal nuclease (New England Biolabs, M0247) 

● NaCl, 5 M. Filter solution through a 0.2 µm nylon syringe filter. 

● NaOAc, 3M, pH 5.5 (Invitrogen, AM9740) 

● NEBNext Small RNA Library Prep Set for Illumina, Multiplex compatible (New 

England Biolabs, E7330). For multiplexing, use primers supplied in NEB kit 

E7335 or E7500. 

● NH4Cl 

● NP-40, 10% (Sigma-Aldrich, NP40S) 

● Phenol:Chlorophorm:IAA, 125:24:1 (Invitrogen, AM9722) 

● PMSF, 200 mM. Dissolve in RNase-Free EtOH (100%). Filter solution through a 

0.2 µm nylon syringe filter. 

● Qubit dsDNA HS Assay Kit (Invitrogen, Q32851) 

● Qubit RNA HS Assay Kit (Invitrogen, Q32852) 

● RNA 6000 Nano Kit (Agilent, 5067-1511) 

● RNA control oligonucleotide, 28 nt, 3’ phosphorylated, 

5’_AUGUACACGGAGUCGACCCGCAACGCGA/3Phos/_3’ (IDT, RNAse-free 

HPLC purification)  

● RNase-free H2O 

● RNase Away (Invitrogen, 10328011) 

● SDS (20% wt/vol) 



● Sucrose 

● Sucrose buffer. 10%. See table 4. Add Tris-HCl, MgCl2 and chloramphenicol to 

80 mL RNase-free H2O. Dissolve NH4Cl and sucrose. Make up volume to 100 mL 

with RNase-free H2O and filter through a 0.2 µm nylon syringe filter. Store at 4 

°C.  

● Sucrose buffer. 50%. See table 5. Prepare as the 10% sucrose buffer but start 

with 25 mL RNase-free H2O and make up the final volume to 50 mL.  

● SUPERase-In RNase inhibitor, 20 U µL-1 (Invitrogen, AM2694) 

● SYBR Gold  (Invitrogen, S11494) 

● TBE-urea polyacrylamide gel, 15% (Invitrogen, EC6885BOX) 

● TBE-urea sample buffer, 2X (Invitrogen, LC6876) 

● TBE buffer, 10X (Invitrogen, 15581044) 

● Tris-HCl, 1 M, pH 7.0. Filter solution through a 0.2 µm nylon syringe filter. 

● Tris-HCl, 1 M, pH 8.0. Filter solution through a 0.2 µm nylon syringe filter. 

● Tris-HCl, 2 M, pH 8.0. Filter solution through a 0.2 µm nylon syringe filter. 

● Tris-HCl, 10 mM, pH 7.0. Prepare by diluting the 1 M stock in RNase-Free H2O. 

● Tris-HCl, 10 mM, pH 8.0. Prepare by diluting the 1 M stock in RNase-Free H2O. 

● Triton X-100, 10%. 

 

Table 1. Lysis/Digestion buffer stock solution. 9.385 mL. 

Component  Amount (µL) Final conc. in Lysis/Digestion 

buffer  

HEPES, 1 M, pH 7.0 500 50 mM 

NaCl, 5 M 200 100 mM 

MgCl2, 1 M 100 10 mM 

CaCl, 0.5 M 100 5 mM 

Triton X-100, 10% 400 0.4% v/v  



NP-40, 10% 100 0.1% v/v 

RNase-free H2O 7,985 - 

 

Table 2. Lysis buffer. 1 mL. 

Component  Amount (µL) Final conc. 

Lysis/Digestion buffer stock solution 939 - 

Chloramphenicol, 155 mM 6.5 1 mM 

PMSF, 200 mM 5 µL 1 mM 

RNase-free H2O 50 µL - 

 

Table 3. Digestion buffer. 1 mL. 

Component  Amount (µL) Final conc. 

Lysis/Digestion buffer stock solution 939 - 

DNase I, 10 U µL-1  25 0.25 U µL-1 

SUPERase-In RNase inhibitor, 20 U µL-1 25 0.5 U µL-1 

Chloramphenicol, 155 mM 6.5 1 mM 

PMSF, 200 mM 5 µL 1 mM 

 

Table 4. Sucrose buffer, 10%. 100 mL. 

Component  Amount  Final conc.  

Tris-HCl, 1 M, pH 8.0 2000 µL 20 mM 

MgCl2, 1 M 1000 µL 10 mM 

Chloramphenicol (50 mg mL-1) 162 µL 0.25 mM 

NH4Cl 535 mg 100 mM 



Sucrose 10 g 100 g L-1 

RNase-free H2O Make up V to 100 mL - 

 

Table 5. Sucrose buffer, 50%. 50 mL. 

Component  Amount  Final conc.  

Tris-HCl, 1 M, pH 8.0 1000 µL 20 mM 

MgCl2, 1 M 500 µL 10 mM 

Chloramphenicol (50 mg mL-1) 81 µL 0.25 mM 

NH4Cl 268 mg 100 mM 

Sucrose 25 g 500 g L-1 

RNase-free H2O Make up V to 50 mL - 

 

Procedure 

Caution should be taken to prevent RNase contamination of samples. All materials that 

will come in contact with samples or reagents/solutions should be RNase-free or 

pre-treated with RNase Away (or similar) before use to prevent RNA degradation. 

Thoroughly remove RNase Away with Milli-Q water. Follow general guidelines for 

handling RNA samples.  

 

ODV = OD730 · Vculture, mL 

 

Cell harvest 

1. Prepare Lysis buffer from Lysis/Digestion buffer stock solution. Keep on ice to 

reduce degradation of PMSF. 



2. Measure OD730 of the cell culture before harvest. 

3. Prepare Lysis buffer, filtering equipment, insulating tube stand (see Materials) 

and a bowl of liquid nitrogen. Turn of the vacuum pump right before initiating step 

4.  

4. Collect at least 60 ODV of cell culture and immediately pour the sample on top of 

the filter membrane. Rapidly scrape of cells with a scoopula as soon as the last 

liquid disappears. Submerge the scoopula with cells in liquid nitrogen. Perform 

this step quickly and in a manner that minimizes perturbation of translation 

(typically around 30-45 s).  

5. Fill a 50 mL centrifuge tube with liquid nitrogen and place it in an insulating tube 

stand. Transfer the cell pellet to the 50 mL tube. Do not allow the liquid nitrogen 

to evaporate completely. 

6. Drip X µL lysis buffer into the liquid nitrogen-filled tube, where X is 4 times the 

ODV of cells sampled. E.g., add 400 µL if 100 ODV of cells were sampled. 

7. Cap the 50 mL centrifuge tube loosely (!) and store it in a vertical position at -80 

°C. Let the liquid nitrogen evaporate in the freezer and then tighten the tube cap.  

● Pause point. Cells can be stored at -80 °C for up to 6 months.  

 

Cell lysis 

1. Put the 50 mL centrifuge tube with frozen cells and drops of Lysis buffer to a 

liquid nitrogen tube stand (see Materials). Make sure cells, Lysis buffer and, later 

on, pulverized lysate are kept frozen throughout the whole procedure described 

below. 

2. Submerge a 10 mL grinding jar containing a 12 mm grinding ball in liquid nitrogen 

until boiling stops. Open the jar and add the frozen cells and drops of Lysis 

buffer. Close the jar and submerge in liquid nitrogen before attaching the jar to a 

mixer mill. Use e.g. insulated gloves or several layers of paper towels for 

protection when handling the chilled grinding jar. 



3. Grind the sample for 3 minutes at 20 Hz and then submerge the jar in liquid 

nitrogen again. 

4. Repeat step 3 four times. Chill a steel spoon in a small bowl filled with 3-4 cm of 

liquid nitrogen. 

5. Use the pre-chilled spoon to scrape out the frozen lysate powder and transfer it 

to a fresh 50 mL centrifuge tube placed in the liquid nitrogen tube stand. Turn the 

cap on tightly to prevent nitrogen gas to condense inside the tube. 

6. Store the frozen lysate powder at -80 °C. 

● Pause point. Lysate can be stored at -80 °C for up to 4 weeks. 

 

Polysome digestion and ribosome isolation 

1. Prepare 10 and 50% sucrose buffer and store at 4 °C. Make two accurate marks 

on ultracentrifugation tubes 48 and 46 mm from the top edge, respectively. Cap 

the tubes. Perform these tasks one day before initiating step 2. 

2. Prepare Digestion buffer from Lysis/Digestion buffer stock solution.  

3. Take out the 50 mL centrifuge tube with frozen lysate powder from the freezer 

and immediately add X µL Digestion buffer at room temperature, where X is 4 

times the ODV of cells sampled. 

4. Incubate for 10 min at room temperature. Mix occasionally by wobbling the tube 

gently.  

5. Add Y µL Tris-HCl (2 M, pH 8.0) where Y is 0.5 times the ODV of cells sampled. 

6. Incubate for 5 min at room temperature or longer if lysate is not thawed 

completely. Mix occasionally by wobbling the tube gently. 

7. Incubate for 10 min on ice. Simultaneously transfer the lysate to a 1.5 mL 

centrifuge tube. 

8. Pellet cell debris by centrifugation for 15 min at 20,000g and 4 °C. Carefully 

transfer the supernatant to a fresh 1.5 mL centrifuge tube placed on ice. Tip: 



Only dip the very end of the pipette tip when collecting the supernatant since 

visibility will be limited due to the strong pigmentation of the lysate. 

9. Quantify the nucleic acid concentration in the lysate by measuring OD260 on a 

SpectraDrop Micro-Volume Microplate or NanoDrop. Make triplicate 1:100 

dilutions of the lysate and Digestion buffer (for blank) in RNase-free H2O. 

Calculate the nucleic acid concentration assuming that 1 OD260 corresponds to 

roughly 40 µg mL-1. 

10.Transfer a volume of lysate equivalent to 1 mg of nucleic acids to a fresh 1.5 mL 

centrifuge tube. Make up the volume to 420 µL with Digestion buffer. 

11.Optional: In order to analyze the profile of polysomes, keep a fraction of the 

remaining lysate (0.5-1 mg of nucleic acids) on ice and treat it as an undigested 

control in step 15-28. Sample at least 100 ODV of cells to have enough material 

for this purpose (step 4, Cell harvest).  

12.Add 3,000 U of micrococcal nuclease and digest on a thermomixer for 1 h at 25 

°C and 450 rpm.  

13.Prepare sucrose gradients in a cold room during the 1 h incubation. If needed, 

prepare additional sucrose gradients in order to balance the rotor during 

centrifugation. Add 10% sucrose buffer to an ultracentrifuge tube, precisely to the 

46 mm mark (upper mark). Use a 10 mL syringe and a long, blunt needle to 

underlay the 50% sucrose buffer. Stop when the interphase between the two 

layers reach the 48 mm mark. Cap the tube with a 4 mm rate zonal rubber plug 

so that no air bubbles remain in the head space. Form the sucrose gradient by 

running the following two-step protocol on a Gradient station: 

1. Time / Angle / Speed = 4:30 min / 60° / 30 rpm 

2. Time / Angle / Speed = 0:53 min / 83° / 15 rpm 

14.Quench the reaction in step 12 by adding 5 µL EGTA (0.5 M, pH 8.0) and then 

transfer to ice. Bring samples to the cold room. 



15.Remove the top 500 µL in each sucrose gradient with a pipette. Carefully layer 

410 µL digested sample on top of the gradient. Add the same amount of lysis 

buffer to gradient tubes used as counterweight. 

16.Centrifuge the tubes in an SW40 Ti rotor for 2.5 h at 217,000g and 4 °C. Set 

accelerate and decelerate parameters to “High” and “Medium”, respectively. 

17.Fractionate centrifuged gradients in a cold room using a Gradient station 

following step 18-28. 

18.Turn on the Gradient station, fraction collector, UV monitor and computer. Set 

parameters in the computer software (Gradient Profiler) and then press GRAPH: 

Parameter Setting Parameter Setting 
AUFS 2.0 Start recording at Event with delay 

UV Wavelength 254 Tot. Distance 90.2 

Samples / s 10 Nbr of frac. 55 

Speed 0.3 Distance / frac Auto set 

Max V. / frac. 1.3 V. / frac 0.23 mL 

Length of Tubing Measure “Send event...” Check 
 

19.Decontaminate instrument. Flush the system with 10 mL RNase Away and then 

rinse with 50 mL Milli-Q water.  

20.Zero UV monitor. Turn on UV monitor at least 30 minutes before to allow lamp 

temperature to stabilize. Replace the liquid reservoir of the gradient station with a 

30 mL syringe filled with 10% sucrose buffer. Push buffer through the system 

until absorbance stabilizes (usually 30-50 mL buffer required) and then zero UV 

monitor. Depending on the type of UV monitor, the absorbance may not reduce 

to zero due to the absorbance of chloramphenicol in the buffer. In this case note 

down the absorbance displayed and consider this as zero-level.  

21.Rinse system thoroughly with Milli-Q water using a fresh 30 mL syringe. 

22.Flush system with air. Always open the brass valve (at piston house) before air 

rinses and then close it.  



23.Carefully mount a centrifuged tube and bring down the piston. Stop when liquid 

reaches a mark made on the tubing a few centimeters away from where it exits 

the piston house.   

24.Press RSET > FRAC > SNGL on gradient station and enter the following 

settings: 

Parameter SPED DIST NUMB TOTL 

Setting 0.3 90.2 1 90.2 

Note Same as in 
software 

Same as in 
software 

Always one Same as DIST 

 

25.Press SCAN SETUP in computer software. Confirm settings and press GRAPH. 

26.Push 20 mL Milli-Q water through the system using the attached syringe to 

remove trapped air bubbles in the UV monitor. 

27.Press the start button on the Gradient station to initiate fractionation.  

28.Collect fractions containing 70S ribosomes according to the UV absorbance 

diagram. The first tube in the rack is a rinse tube and is not taken into account in 

the diagram. To ensure that the collected fractions are selected correctly, collect 

1-2 fractions extra on each side and measure the OD260 of each fraction on a 

SpectraDrop Micro-Volume Microplate.  

29.Store collected tubes at -80 °C. 

● Pause point. Ribosomes can be stored at -80 °C for up to 6 months. 

RNA extraction 

1. Thaw fractions at room temperature (~10 min) and then keep them on ice. 

2. Pool the four fractions with the highest concentration of 70S ribosomes. The total 

volume of the pool is usually slightly above 900 µL. 

3. Transfer 900 µL of the pooled fractions to a 2 mL safe-lock centrifuge tube. 

4. Add 52 µL SDS (20% wt/vol). Mix well. 

5. Add 950 µL of acid phenol:chlorophorm:IAA (125:24:1) preheated to 65 °C using 

a glass syringe. Cap the tube tightly.  



6. Incubate on a thermomixer for 5 minutes at 65 °C and 1700 rpm. Chill the tube 

on ice for 5 min afterwards. 

7. Centrifuge for 3 min at 18,000g and 25 °C. 

8. Transfer 900 µL aqueous phase to a fresh 2 mL centrifuge tube.  

9. Add 900 µL non-heated acid phenol:chlorophorm:IAA (125:24:1) to the aqueous 

phase. 

10. Incubate on a thermomixer for 5 minutes at 25 °C and 1700 rpm. Alternatively, 

incubate at room temperature and mix vigorously every ~30 s. 

11.Centrifuge for 3 min at 18,000g and 25 °C. 

12.Transfer 850 µL aqueous phase to a fresh 2 mL centrifuge tube. 

13.Add 850 µL chloroform. Vortex mix for 10 s at maximum rpm. 

14.Centrifuge for 2 min at 18,000g and 25 °C. 

15.Transfer 750 µL aqueous phase to a fresh 2 mL centrifuge tube. 

16.Precipitate the extracted RNA by adding the following components in order. Mix 

well after the addition of NaOAc and isopropanol.  

● NaOAc (3M, pH 5.5) 83 µL (1/9 V) 

● GlycoBlue 2.1 µL (1/350 V) 

● Isopropanol 750 µL (1 V) 

17. Incubate mixture at -80 °C for at least 30 min. 

● Pause point. Samples can be stored at -80 °C overnight or longer. 

18.Centrifuge for 45-60 min at 20,000g and 4 °C to pellet RNA. Remove all 

supernatant. 

19.Wash the pellet in 800 µL ice-cold EtOH (80%). Mix gently by inverting the tube 

twice, preferably so that the pellet remain attached to the tube wall. 

20.Centrifuge for 5 min at 20,000g and 4 °C. Remove all supernatant. 

21.Air-dry the pellet for 5-10 min. 

22.Dissolve the RNA pellet in 13 µL Tris-HCl (10 mM, pH 7.0). 

23.Make two 1:10 dilutions from 1 µL RNA extract in Tris-HCl (10 mM, pH 7.0). 

24.Store the RNA extract at -80 °C. 



● Pause point. Samples can be stored at -80 °C for months.  

25.Measure OD260 of the 1:10 dilutions on a SpectraDrop Micro-Volume Microplate 

or NanoDrop and calculate the RNA concentration assuming that 1 OD260 

corresponds to roughly 40 µg mL-1.  

26.Optional: Analyze the extent of rRNA degradation on a Bioanalyzer using the 

RNA 6000 Nano kit. 

 

Size selection of RPFs 

1. Assemble an electrophoresis unit with a 15% TBE-urea polyacrylamide gel in 

TBE buffer. 

2. Pre-run the gel for 1 h at 200 V and 400 mA. 

3. Prepare loading mixture for unused wells. Mix: 

● 10 µL Tris-HCl (10 mM, pH 7.0) 

● 10 µL 2x TBE-urea sample buffer 

4. Prepare loading mixture for the DNA ladder. Mix: 

● 1 µL 10 bp DNA ladder 

● 9 µL Tris-HCl (10 mM, pH 8.0) 

● 10 µL 2x TBE-urea sample buffer 

5. Prepare loading mixture for the RNA control oligonucleotide. Mix: 

● 2 µL RNA control oligonucleotide (20 µM) 

● 18 µL Tris-HCl (10 mM, pH 7.0) 

● 20 µL 2x TBE-urea sample buffer 

6. Prepare loading mixture for RNA samples. Mix: 

● X µL RNA sample (X <=> 50 µg RNA) 

● 10-X µL Tris-HCl (10 mM, pH 7.0) 

● 10 µL 2x TBE-urea sample buffer 

7. Denture loading mixtures from step 3-6 for 3 min at 80 °C. Transfer tubes to ice 

immediately after the incubation finishes and proceed without delay to step 8. 



8. Load the denatured loading mixtures on the gel. Load the RNA control 

oligonucleotide on both sides of the RNA samples. 

9. Run the gel for 55-65 min at 200 V and 400 mA. 

10.Stain the gel for ~15 minutes with SYBR Gold diluted 1:10,000 in 50 mL TBE 

buffer 

11.Visualize the gel bands with UV light on a Gel Doc and excise the region 

containing the RPFs (25-45 nt) for each RNA sample. Also excise one of the 

RNA control oligonucleotide bands as a reference.  

12.Transfer the excised gel piece to separate 0.5 mL centrifuge tube placed in 1.5 

mL centrifuge tube. Pierce the bottom of the 0.5 mL tube in advance using a 

syringe needle (d ≈ 0.7 mm).  

13.Cap the 0.5 mL centrifuge tube and centrifuge for 2 min at 21,000g and 25 °C. 

The gel piece will collect as small fragments in the 1.5 mL tube after being forced 

through the hole of the 0.5 mL tube.  

14.Transfer all remaining gel pieces left in the 0.5 ml tube to the 1.5 mL tube using a 

small spatula/spoon. 

15.Suspend the gel debris in 500 µL Tris-HCl (10 mM, pH 7.0). 

16. Incubate on a thermomixer for 10 min at 70 °C and 2000 rpm. 

17.Transfer all liquid and gel debris to a Spin-X centrifuge tube filter using a 1000 µL 

pipette tip with the tip cut off. 

18.Centrifuge for 2 min at 21,000g and 25 °C. 

19.Transfer the flow through to a fresh 1.5 mL centrifuge tube (~500 mL). 

20.Precipitate the RNA by adding the following components in order. Mix well after 

the addition of NaOAc and isopropanol.  

● NaOAc (3M, pH 5.5) 56 µL (1/9 V) 

● GlycoBlue 1.4 µL (1/350 V) 

● Isopropanol 500 µL (1 V) 

21. Incubate mixture at -80 °C for at least 30 min. 

● Pause point. Samples can be stored at -80 °C overnight or longer. 



22.Centrifuge for 60 min at 20,000g and 4 °C to pellet RNA. Remove all 

supernatant. 

23.Wash the pellet in 800 µL ice-cold EtOH (80%). Mix gently by inverting the tube 

twice, preferably so that the pellet remain attached to the tube wall. 

24.Centrifuge for 5 min at 20,000g and 4 °C. Remove all supernatant. 

25.Air-dry the pellet for 5-10 min. 

26.Dissolve the RNA pellet in 15 µL Tris-HCl (10 mM, pH 7.0). 

27.Store the size-selected RNA at -80 °C. 

● Pause point. Samples can be stored at -80 °C for months.  

 

Sequencing library preparation 

1. Transfer 15 µL size-selected RNA to a 0.2 mL PCR tube. 

2. Add and mix well: 

● SUPERase-In RNase inhibitor 1 µL 

● T4 PNK reaction buffer (10X) 2 µL 

● T4 PNK enzyme 2 µL 

3. Incubate for 1 h at 37 °C to dephosphorylate the 3’ end of the RNA. 

4. Dilute the ATP stock solution (100 mM) to 20 mM in RNase-free H2O. Add 1 µL 

of the diluted ATP solution to the reaction mixture in step 2 and mix well. 

5. Incubate for 1 h at 37 °C to phosphorylate the 5’ end of the RNA. 

6. Incubate for 10 min at 70 °C to heat inactivate the T4 PNK enzyme. 

7. Transfer the reaction mixture to a 1.5 mL centrifuge tube and make up the 

volume to 500 µL with Tris-HCl (10 mM, pH 7.0). 

8. Precipitate and clean up the end-modified RNA as described in step 20-25 of the 

“Size selection of RPFs” section. 

9. Dissolve the RNA pellet in 9-10 µL Tris-HCl (10 mM, pH 7.0). 

10.Transfer 2.5-3.5 µL to a 0.2 mL PCR tube for RNA quantification and optional 

Bioanalyzer analysis. 



11.Store remaining end-modified RNA at -80 °C. 

● Pause point. Samples can be stored at -80 °C for months.  

12.Measure the RNA concentration using the Qubit RNA HS Assay Kit.  

13.Optional: Check the size distribution of the RNA on a Bioanalyzer using the Small 

RNA kit. 

14.Convert ~50 ng of end-modified RNA to a cDNA sequencing library using the 

NEBNext Small RNA Library Prep Set for Illumina. Purify the PCR reaction 

mixture using the QIAquick PCR Purification Kit or the GeneJET PCR Purification 

Kit and elute in RNase-free H2O. 

15.Determine the DNA quantity and quality of the library with the Qubit dsDNA HS 

Assay Kit and Bioanalyzer (High Sensitivity DNA Kit), respectively. Calculate the 

molar concentration from the average length of the library constructs. The size of 

the constructs is typically around 160 nt. 

16.Store the cDNA library at -20 °C. 

● Pause point. Samples can be stored at -20 °C for years.  

 

Sequencing 

1. Sequence libraries on an Illumina NextSeq 500 instrument (single end, 75 

cycles). Perform according to manufacturer’s instructions. 

 

Puromycin incorporation assay 
 
The total translational activity was measured  by puromycin incorporation in biological 

duplicates at -5 min, +2 h and +24 h relative the CO2 switch-off. In order to facilitate 

these measurements, the above described cultivation set-up was replicated for eight 

parallel cultures of Synechocystis sp. PCC 6803 in a Multi-Cultivator MC 1000 (Photon 



Systems Instruments). Cells were grown in 65 mL BG-11 (pH 7.8), at 30 °C and 

exposed to a light intensity of 200 µE (white LED). 1.7 mL min-1 of CO2-enriched air 

(2.3%) was supplied during the initial Ci-replete turbidostat cultivation phase (OD730 = 

0.6). The feed rate of CO2 was empirically determined by outlet gas CO2 measurements 

in a preceding pilot experiment to achieve a similar rate of Ci depletion as in the original 

cultivation set-up. Four cultures were sampled simultaneously before turning off the CO2 

supply. Two cultures were treated with puromycin (medium conc. = 100 µM) 30 min 

before sampling to measure the incorporation at Ci-replete condition. A third culture was 

a negative control to which both puromycin and the translational inhibitor 

chloramphenicol (medium conc. = 0.1 mg mL-1) was added 30 and 60 min before 

sampling, respectively. The fourth culture was sampled as an untreated negative 

control. The remaining four cultures were subsequently subjected to Ci depletion by 

switching off the CO2 supply. Duplicate cultures were treated with puromycin after 2 and 

24 h, and harvested 30 min later. Online measurements of OD720 verified that the growth 

ceased after around 6-7 hours as in the original set-up. Similar rate of Ci depletion was 

also confirmed by continuous measurements of CO2 in the outlet gas. 

 

40 mL was collected from each culture and centrifuged for 10 min at 4700g and 4 °C. 

Cells were washed in 5 mL ice-cold HBS (25 mM HEPES; 150 mM NaCl) and pelleted 

by centrifugation for 5 min at 4700g and 4 °C. The wash step was repeated once. Cells 

were stored at -80 °C after resuspension in 100 µL lysis buffer (50 mM Tris-Hcl, pH 7.5; 

100 mM NaCl; 0.1% v/v Triton X-100; 0.1% v/v SDS; 1X cOmplete protease inhibitor 

(Roche, 04693132001)). 3800 U of Ready-Lyse Lysozyme (Lucigen, R1804M) and 50 

uL acid-washed glass beads (425-600 µm) were added before cell lysis.  The mixture 

was incubated on a thermoshaker for 15 min at 2000 rpm and 25 °C, which was 

followed by a second incubation for 20 min at 2000 rpm and 4 °C. Cell debris was 

removed from the lysate by centrifugation for 15 min at 21,000g and 4 °C. The protein 

concentration was quantified according to the Bradford method (3) using dilutions of 

BSA as a reference. The yield of protein was around 1000 µg for each sample. 25 ug 



protein from each sample was separated in a 4-15% polyacrylamide gel (Bio-Rad, 

4568086) by SDS-PAGE for 30 min at 200V. One of the replicates collected before the 

CO2 shut-off was diluted 2, 4, 8 and 16 times in lysate from cells not treated with 

puromycin. These were loaded on the same gel in addition to the other samples to 

serve as an internal standard for subsequent quantification. Equal amounts of total 

protein loaded in each well was confirmed by stain-free protein detection on a Gel Doc 

XR+ (Bio-Rad, 1708195). Proteins were transferred to a 0.45 µm PVDF membrane in 

chilled TG buffer (25 mM Tris, 192 mM glycine, pH 8.3) for 30 min at 100V in a Mini 

Trans-Blot Photoelectric Transfer Cell (Bio-Rad, 1703930). The membrane was blotted 

using the WesternBreeze Chromogenic Kit, Anti-mouse (Invitrogen, WB7103) according 

to manufacturer's instructions. Puromycin was probed with a 1000x dilution of mouse 

anti-puromycin monoclonal antibody (Merck, MABE343). The intensity of each lane was 

quantified colorimetrically using the ChemiDoc Imaging System (Bio-Rad, 17001401) 

and Image Lab software (Bio-Rad). Following background intensity subtraction, a 

standard curve was generated from the dilution series mentioned above, which was 

used to calculate the relative amount of puromycin in each sample. 

mRNA sequencing 

25 mL culture was harvested by centrifugation for 3 min at 5000g and 4 °C. The cell 

pellet was immediately frozen in liquid nitrogen and then stored at -80 °C. Cells were 

resuspended in 800 µL lysis buffer (TE pH 8.0; 0.1% SDS; 50 mg mL-1 lysozyme) and 

incubated for 5 min at room temperature. 200 µL acid-washed glass beads (425-600 

µm) were added and the mixture was incubated for 20 min at 4 °C under vigorous 

shaking. The resulting cell lysate was cleared by centrifugation. RNA was extracted with 

hot phenol/chloroform and precipitated with isopropanol and NaOAc as described in the 

detailed ribosome profiling protocol (see Supplementary Methods). 30-55 µg of RNA 

was treated with 30 U of DNase I (Roche, 04716728001) for 30 min at 37 °C to remove 

remaining genomic DNA. The reaction mixture was purified by increasing the sample 



volume to 150 µL with RNase-free H2O and extracting the RNA with 150 µL 

phenol:chloroform:IAA 24:25:1 (pH 4.5) at room temperature. The RNA in the aqueous 

phase was precipitated with isopropanol and NaOAc as before. To reduce the amount 

of rRNA, 7 µg of total RNA was incubated with 1 U Terminator 5’-Phosphate-Dependent 

Exonuclease (Lucigen, TER51020) at 30 °C for 1 h according to the standard procedure 

of manufacturer’s instructions. The reaction mixture was cleaned up by the same 

procedure following the DNase treatment step. Sequencing libraries were constructed 

using the NEBNext Ultra Directional RNA Library Prep Kit (New England Biolabs, 

E7420). The procedure was performed according to Chapter 3 in the manufacturer’s 

protocol. Fragmentation was carried out for 15 min at 94 °C. Libraries were sequenced 

on an Illumina MiniSeq platform (75 bp read length, single-end).  
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