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AIM:  
To check if RNA thermoswitches work and protein expression starts at desired temperature. 

 

Table 2. List of primers used in the experiment.  

Name of 

primer pair 

Forward sequence Reverse sequence 

T7  TAA TAC GAC TCA CTA TAG GG GCT AGT TAT TGC TCA GCG G 

GJ2U CTGCAGAAGGAGATATACCCATGCGGGGTTC

TCATC 
ACTAGTAAGTGAGGGATACAAAGTTAAACAA

AATTATTTCTAGAGG 

GJ3 TGCAGAAGGAGATATACCCATGCGGGGTTCT

CATC 
GACTAGTAAGTGAGGGACCAAAGTTAAACAA

AATTATTTCTAGAGG 

GJ6 AAAAAAAAAAAAAAGGAGATATACCCATGC

GGGGTTCTCATC 
TTTTTTTTTTTTTACTAGTGAAGGAGAAAAGTT

AAACAAAATTATTTCTAGAGG 

GJ9 AGAAGGAGATATACCCATGCGGGGTTCTCAT

C 
GCAGACTAGTAAGGAGAAAGTTAAACAAAAT

TATTTCTAGAGG 

GJ10 CAGAAGGAGATATACCCATGCGGGGTTCTCA

TC 
CAGACTAGTAAGGAGAAAAGTTAAACAAAAT

TATTTCTAGAGG 

 

EXPERIMENT DESCRIPTION: 
In order to use PURE in liposomes with Bam complex, we have to be sure, that synthesis of membrane                   

proteins starts after BamA insertion into membrane (that takes ~2 hours in 25˚C). The synthesis with PURE                 

itself is performed in 37˚C.  

EXPERIMENT PROTOCOL: 
1. Run PCR to insert thermoswitches before GFP gene (all plasmid were multiplied)  
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2. Purify PCR products using  GeneJET gel extraction kit (Thermofisher). 

3. Phosphorylate the pPCR products for 30min in 37˚C with PNK T4.  

4. Inactivate PNK for 10 min in 75˚C.  

5. Prepare ligation mix and incubate for 1 hour in 22˚C. 

6. Transform DH5α stain bacteria with ligation mix. 

7.  Plate transformed bacteria on LB agar media with Amp. 

8. Incubate in 37˚C for 16h. 

9. Extract DNA using Miniprep Purification Kit (Thermofisher) 

10. Run restriction analysis wit BcuI. 

11. Transform BL21 stain bacteria and grow in 37˚C for 16h. 

12. Transfer bacteria to 5 mL LB media with Amp (grow 3 tubes with same construct) and grow till the OD600                    

reaches 0,3-0,5. 

13. Take 500 µL sample of bacteria suspension. 

14. Add 2µL of 1M IPTG and induce bacteria in 24, 30, 37 ˚C. 

15. Take 500 µL samples after 1 and 2 hours.  

16. Centrifuge the samples at 5000g for 3min, transfer LB media away and suspend cells in 20 µL of 2x                   

protein denaturation dye. Heat the samples for 10min in 100˚C before loading on to gel. 

17. Electrophoresis gel preparation: 

a) Wipe glass with 96% ethanol, place rubber around the rim of rounded-corner glass, put              

intermediates in sides (do not stuck them under rubber), place second glass on top tightly and secure                 

with 6 clips to prevent leaking. 

b) Prepare 12% acrylamide solution according to ThermoFisher scientific (found in our drive:            

https://drive.google.com/drive/folders/1qdURmi1wAK9JO2HnIt6lbyWHRto8riEE) and pour between    

glasses. Leave 2 cm for concentration gel and pour 1-2 mL of isopropanol on top. Leave for 30 min. 

c) Pour isopropanol away and wash with water 3 times. Pour 4% acrylamide solution on top and                

submerge gel comb slowly. Leave for polymerization 

18. Protein electrophoresis: 
a) Take of the clips and remove the rubber. 
b) Stabilize glass (higher glass facing you) in electrophoresis apparatus with clips and pinch glass sheet               

for the other side of apparatus if one gel is done at the time.  
c) Fill the top and bottom chambers with buffer to submerge gel. Remove bubbles from between the                

glass with needle. 
d)  Take out the gel comb and transfer the samples into wells.  
e) Run for 1h at 80V and 2h at 140V. 
f) Take of the glass, submerge gel in coomassie blue dye and leave it shaking for 30 min 
g) Pour of the dye and wash gel with water. 
h) Submerge in 5% acetic acid solution overnight while shaking. 
19. PCR 

Reagent Amount for 1 reaction  

DNA 5ng 
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5x Phusion polymerase buffer 4 µL 

dNTP 2mM 2 µL 

Forward + Reverse primers 1+1 µL 

Phusion polymerase 0,5 µL 

H2O Up to 40 µL 

Total: 40 µL 

 

20. Phosphorylation and ligation mix 

Reagent Amount for 1 reaction 

PCR product 400ng 

Rapid ligation buffer  4 µL 

PEG (5%) 2 µL 

PNK T4  1 µL 

H20 Up to 20 µL 

Incubate  30min 37˚C, then 10min 75˚C 

T4 ligase 1 µL 

 

 

21.  PCR  

1 cycle 95°C 3 minutes 

35 cycles 95°C 30 seconds 

59°C 30 seconds 

72°C 2 seconds  

1 cycle 72°C 10 minutes  
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1 cycle 4°C indefinite period  

  

RESULTS: 
To test if the colonies carried gene-coding proteins, restriction analysis with BcuI was done.  All constructs 

came positive ~800bp except for 3-9. 

 

To check RNA thermoswitches, all five constructs were grown in different temperatures to see which ones 

are leaky and which ones are not. 

Photo on the left show bacteria transformed with plasmid which cary RNA thermoswiches and photo on the 

right show GFP expression, where is no RNA thermoswiches.  

Protein expression, when bacteria are grown in 24˚C 
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Protein expression, when bacteria are grown in 30˚C 

 

Protein expression, when bacteria are grown in 37˚C 

 

 

CONCLUSIONS: 
As you can see, RNA thermoswiches work and lowers the expression of protein in temperatures, where RNA 

2D structures are not in the melted composition. On the other hand, RNA thermoswitches lower the protein 

expression in 37˚C, where the RNA should be in melted composition and give full expression.  
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All RNA thermometers were leaky. The leakeast one was GJ3, which produced protein at lowest temperature. 

GJ2 was less leaky, but inhibited protein expression at 37C. GJ6, GJ9 and GJ10 gave similar results, but still 

inhibited protein expression. This means, that the temperature was to low, for RNA thermometers to melt. 

1. All RNA thermoswitches work and gave lower protein expression in lower temperatures.  

2. RNA thermoswitches sw.9 and sw.10 gave best results. 

3. Expression in 24˚C is significantly lower compared to control. 

4. This system will help us to start protein production after BamA insertion. 
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