
Protocols



Q5 PCR protocol 

Reagents Volume

ddH2O 16.5uL

5xQ5 PCR buffer 3uL

high CG enhancer 3ul

dNTPs 3uL

F primer 1.5uL

R primer 1.5uL

Template 1uL (<50ng)

Q5 polymerase 0.5uL

Total 30uL

• prepare rTaq PCR mix 
into PCR tubes

• put your tubes into PCR 
machine



Q5 PCR protocol 

steps temperature time

1 98oC 1min

2 98oC 10sec

3 55oC (TA=TM-5oC ) 15sec

4 72oC 30sec per 1kb

5 cycles: goto step 2 30 cycles

6 72oC 5min

7 12oC forever



rTaq PCR protocol

• prepare rTaq PCR mix 
into PCR tubes

• put your tubes into PCR 
machine

Reagents Volume

ddH2O 19.5uL

10xPCR buffer 3uL

dNTPs 3uL

F primer 1.5uL

R primer 1.5uL

Template 1uL(<50ng)

rTaq polymerase 0.5uL

Total 30uL



rTaq PCR protocol

steps temperature time

1 94oC 5min

2 94oC 30sec

3 55oC (TA=TM-5oC ) 30sec

4 72oC 1min per 1kb

5 cycles: goto step 2 30 cycles

6 72oC 5min

7 12oC forever



Agarose gel electrophoresis

• 1.2% gel preparation：Prepare TAE buffer 30ml, agarose 0.36g in a conical bottle, boil the 
gel 3 times in a microwave oven, add 0.5 ul SYBR DNA safe dye.

• sample preparation: Add 1 volume 10x green buffer(Thermo) to 9 volume DNA sample

• electrophoresis: 120V 30min



Gel extraction
1.Excise the DNA fragment from the agarose gel with a clean, sharp blade. Minimize the size of 
the gel slice by removing extra agarose.
2.Use a permanent marker to label a 1.5mL microcentrifuge tube. Weigh the gel slice and add 1 
volumes of Buffer PN, incubate at 50oC for at least 5 minutes until the gel slice has been 
completely dissolved.
3.Add 500uL Buffer BL to the column. Spin 1 minute at 12000rpm. Discard the flow-through.
4.After the gel slice has completely dissolved, apply the sample to the column, sit for 2 minutes, 
and spin 1 minute at 12000rpm. 
5.Transfer the flow-through back to the column, spin 1 minute at 12000rpm. Discard the flow-
through.
6.Add 600uL Buffer PW to the column and sit for 2 minutes. Spin 1 minute at 12000rpm. Discard 
the flow-through.
7.Repeat step 6.
8.Discard the flow through. Put the column back in the same collection tube and spin for an 
additional 3 minutes to remove the residual wash buffer. 
9.Label a clean 1.5mL microcentrifuge tube with your number. Place the column back into the 
tube.
10.Add 40uL Buffer EB to the center of the column, let stand for 5 minutes. Spin 1 minutes at 
12000rpm. 
11.Measure the concentration of DNA.  



DNA purification

1.Use a permanent marker to label a 1.5mL microcentrifuge tube. Transfer your samples in this 
tube and add 3 volumes of Buffer PN, gently mix the sample with your pipet.
2.Add 500uL Buffer BL to the column. Spin 1 minute at 12000rpm. Discard the flow-through.
3.Apply the sample to the column, sit for 2 minutes, and spin 1 minute at 12000rpm. 
4.Transfer the flow-through back to the column, spin 1 minute at 12000rpm. Discard the flow-
through.
5.Add 600uL Buffer PW to the column and sit for 2 minutes. Spin 1 minute at 12000rpm. Discard 
the flow-through.
6.Repeat step 6.
7.Discard the flow through. Put the column back in the same collection tube and spin for an 
additional 3 minutes to remove the residual wash buffer. 
8.Label a clean 1.5mL microcentrifuge tube with your number. Place the column back into the 
tube.
9.Add 40uL Buffer EB to the center of the column, let stand for 5 minutes. Spin 1 minutes at 
12000rpm. 
11.Measure the concentration of DNA.  



Restriction Digestion

• Prepare RD mix

• Incubation for 1h at 37oC 

Reagents Volume

ddH2O Add to 30uL

10x FD buffer 3uL

Plasmid or PCR product <1000ng

Enzyme1 1uL

Enzyme2 1uL

Total 30uL



Ligation

• Prepare DNA ligation mix on the 
ice

• Incubation for 5min at 4oC, and 
for 90min at 16oC

Reagents Volume

ddH2O Add to 20uL

10x ligase buffer 2uL

plasmid vector 30ng-50ng

Insert DNA 60ng

T4 ligase 1uL

Total 20uL



DNA Transformation

1. Use a permanent marker to label your number on the top and by the side of the tube which 
contains 50uL of competent cells. Keep the tube on ice.

2. Add your ligation product directly into the competent cells. Close the cap, and tap the 
bottom of the tube to mix.

3. Return the tube on ice for at least 30 minutes. 

4. While cells are incubating on ice, use a permanent marker to label the LB plate.
5. Following a 30-minute incubation, immediately immerse the tube into a 42oC for 90 seconds. 
6. Quickly immerse the tube on ice for at least 5 minutes.
7. Add 300uL of LB broth into the tube. Gently tap tubes with fingers to mix.
8. Allow cells to recover by incubating the tube in a 37oC shaker for at least 30 minutes. 
9. Transfer 250uL of cell suspension from the tube onto the plate. Spread the cells over the 

plate with sterilized glass beads. 
10. Culture the cells in a 37oC incubator for 15-20 hours. 



Colony PCR
1.Use a permanent marker to label the top and the side of a 1.5ml centrifuge tube with your 
number.

2.Use the matrix below as a checklist to add reagents to your tube.Use a fresh tip for each 
reagent.Refer to the following detailed directions.

Reagents Volume

ddH2O 21.5uL

10xPCR buffer 3uL

dNTPs 3uL

F primer 1.5uL

R primer 1.5uL

rTaq polymerase 0.5uL

Total 30uL

3.Add 21.5uL of H2O to the bottom of the PCR tube.

4.Use a fresh tip to add 5uL of 10x PCR buffer to the water in the PCR tube.(Always add buffer 
before adding enzymes)

5.Add 3uL dNTPs, 1.5uL F primer, 1.5uL R primer and 0.5uL Tap polymerase. Mix the solution 
well by pipetting.

6.Tansfer 15uL of the PCR mix to new PCR tube.



7.Use sterilized tips pick up well-grown colony on your plate into the tube.Mix well by 
pipetting.

8.Put the plate back into the incubator and keep growing.

9.Set up the following program at the cycler:

10.Check put the PCR samples with gel electrophoresis.

11.Determine which colony should be cultured.

12.Get a tube with 5mL of fresh LB broth with 50ug/mL Chloramphenicol. 

13.Scrape up a visible cell mass from the colony.Do not gouge agar.

14.Pipet the bacteria in LB liquid.

15.Put the tube in a 37℃ incubator and incubate for 13-15 hours.

16. Paint the left-over E. coli culture on an empty plate.

steps temperature time

1 94oC 5min

2 94oC 30sec

3 55oC (TA=TM-5oC ) 30sec

4 72oC 30sec per 1kb

5 cycles: goto step 2 30 cycles

6 72oC 7min

7 12oC forever



plasmid mini-prep
1.Use a permanent marker to label the top of a 2ml microcentrifuge tube with your number. 

2.Transfer 2ml of the E. coli overnight culture into the tube.

3.Place it into a balanced centrifuge and spin for 1 min at 12000rpm, pour off the supernatant. Be 
careful not to disturb the pellets. 

4.Transfer another 2ml of the E. coli culture, and repeat step 3. 

5.Invert your tube and tap gently on the surface of a clean paper towel to drain thoroughly. 

6.Add 250uL Buffer 1 to your tube. Resuspend the pellet by pipetting the solution up and down 
several times. Check that the suspension is homologous and that no cell clumps should be visible. 

7.Add 250uL Buffer 2 and mix gently by inverting the tube 6-8 times. Solutions will become 
relatively clear. Do not allow the lysis reaction to proceed for more than 5 mins. 

8.Add 350uL Buffer 3 and invert the tube immediately but gently 12-20 times. The solution should 
become cloudy. 

9.Spin for 10 mins at 12000rpm to pellet the precipitate thoroughly.

10.At the same time, label a column on the top and by the side. 
11.Apply 800uL of the supernatant from step 9 to the spin column by pipetting, spin 1 min at 
12000rpm. Discard the flow-through. 
12.Add 600uL Buffer PW to the column, sit for 2 mins, spin 1 min at 12000rpm. Discard the flow-
through.
13.Repeat step 12. Discard the flow-through. Put the column back, spin 3mins at 12000rpm to 
remove the residual wash buffer. 
14.Get a clean 1.5mL microcentrifuge tube and label the top. Place the column in the tube, add 
50uL Buffer EB to the center of the column, let stand at 56C for 5mins. Spin 1min at 12000rpm.
15.Measure the concentration of your DNA with nanodrop



Protein induction

E. coli strain BL21(DE3) harboring the appropriate plasmid was grown at 37 °C  overnight with 
suitable concentration of antibiotic(kanamycin). The culture was diluted 100 fold into fresh 
medium with antibiotic and grown at 37°C to an optical density of 0.6~0.8 at 600 nm, the 
protein expression was induced with 1 mM isopropyl β-D-1-thiogalactopyranoside (IPTG) and 
cells were grown overnight at 25°C.  



SDS-page electrophoresis

• sample preparation:add 10xloading buffer to 10uL sample and set it in 98℃ for 15min

• sds-page ：

• for large gels:add 2.4mL ddH2O,1.3mL 30%Acr-Bis(29:1),1.25mL buffer for large gels, 0.05mL 
10% ammonium persulfate and 0.003mL TEMED 

• for  the minigel:add 1.75mL ddH2O,0.5mL 30%Acr-Bis(29:1),0.75mL buffer for large gels, 
0.03mL 10% ammonium persulfate and 0.003mL TEMED

• electrophoresis:120V 30min

• staining and bleaching:use eStain® L1 Protein Staining System to stain our SDS-page gel



Protein purification

his-tag purification :   Capturem™ His-Tagged Purification Miniprep Kit 



Protein purification
Buffer exchange：

1. Place sample into the concentrator sample chamber. Sample volume range is 100µL to 500µL.
2. Cap and insert sample chamber into collection tube. Place concentrator assembly into rotor 

with proper counterbalance.
3. Centrifuge at 15,000 × g until desired concentration factor is achieved. The following  

centrifugation times are recommended for concentrating protein solutions ≥ 0.1mg/mL  
approximately 10- to 30-fold in the 0.5mL Pierce Concentrators starting with a sample volume of 
500µL (Table 2).

Note: Reduce centrifugation time by half for 100µL sample volumes.
Table 2. Concentrator centrifugation times.

Concentrator MWCO

Sample volume Centrifugation time Sample volume Centrifugation time

(µL) (min) (µL) (min)

3K 500 30 100 15

10K 500 5 100 2.5

30K 500 5 100 2.5

100K 500 10 100 5

4. Dilute sample to original volume with Exchange Buffer.

5. Repeat Steps 3 and 4 until desired solute removal has been achieved.



DNA assembly based on SOE 
PCR

Primers are designed against a part template sequence in order to add sequence complementary to 
another part that you wish to join together. In addition to standard primer design considerations, 
the primers should have a melting temperature of 60°C with one part, and 60°C with the other. 
Reactions should be set up as follows:

Reagents Volume

ddH2O up to 50 μL total volume

10x PCR Buffer with MgSO4 5uL

10x dNTPs 5uL

A primer 50 pmol 

B primer 50 pmol 

Template DNA 50-125ng 

Pfu Polymerase 0.5uL

Total 50uL



Primers should be added according to the desired product you want to amplify.
During the first round of PCR, template DNA will be the part itself. Subsequent rounds of PCR 
will use the appropriate PCR fragments from this round of PCR which you want to build 
together as template. These should be added at equal concentrations, along with appropriate 
flanking primers. Using varying concentrations of DNA template can help to optimize the 
reaction.
Cycling Conditions：

Adjust annealing temperatures according to the melting temperatures of specific primers used. 
Following each PCR reaction, gel purification of the desired band should be carried 
out.Products can subsequently be used in further PCR, or in constructions once a full circuit is 
assembled.

steps temperature time

1 95oC 2min

2 94oC 1min

3 55-65oC 1min

4 72oC 1min per 1kb

5 cycles: goto step 2 30 cycles

6 72oC 10min

7 4oC forever



RNA transcription and 
purification

RNA transcription：MEGAscript® Kit

RNA purification：mirVana™ miRNA Isolation Kit



RNA transcription and 
purification

gel electrophoresis

• 1.2% gel preparation：prepare TAE buffer 30ml, agarose 0.36g in a conical bottle, boil the gel 3 
times in a microwave oven, add 10000xGO RED 

• sample preparation:Add 1 volume 10x green buffer(Thermo) to 9 volume DNA sample

• electrophoresis:120V 30min


