
Part 1. Screening the last colonies
Plasmids: pGGA-Nlact-NCas, pGGA-Clact-CasC, pGGA-Nlact-NCas(int), pGGA-Clact-CasC(int).

1. PCR Screening (Quick-Load® Taq 2X Master Mix)

1.2. Set up reaction

COMPONENT 25 μl
REACTION 

FINAL CONCENTRATION 

10 µM Forward Primer * 0.5 µl 0.2 µM (0.05–1 µM)

10 µM Reverse Primer * 0.5 µl 0.2 µM (0.05–1 µM)

Template DNA 1–10 ng <1,000 ng

Quick-Load® Taq 2X
Master Mix

12.5 µl 1X

Nuclease-free water to 25 µl  

1.3 Run PCR

STEP TEMPERATURE DURATION

Initial denaturation: 95°C   30 seconds 

30 cycles: 95°C 15-30 seconds

Tm * 15-60 seconds

68°C    1 minute per kb 

Final extension: 68°C    5 minutes 

Hold: 4–10°C  

* Primers and Tm’s for screening listed below.



Screening #1.1 - Nlact+NCas (intein)

Bsm_Nlact_F ATTACTCgTCTCggAggAggAggAggCCACCCAgAAACgCTggTg

Bsm_Nlac_RCy gTTgCCCgTCTCAATggCTCgAgTTATAATTCTCTTACTgTCATgCCATCC

Tm = 64°C

Screening #1.2 - Clact+CasC (intein)

Bsm_Clac_FCy CATTAgCCgTCTCCggAgCATATggAAgACTgCAgTgCTgCCATAACCA

Bsm_Clact_R ATTTTCGTCTCgCCTCCTCCccaatgcttaatcagtgaggcac

Tm = 65°C

Screening #1.3 - Nlact+NCas

Bsm_Nlact_F ATTACTCgTCTCggAggAggAggAggCCACCCAgAAACgCTggTg

Bsm_Nlact_R gTTgCCCgTCTCAATggCTCgAgTCAgCCAgTTAATAgTTTgCgCAACg

Tm = 68°C

Screening #1.4 - Clact+CasC

Bsm_Clact_F CATTAGCCGTCTCCGGAGCATATGgaactacttactctagcttcccgg

Bsm_Clact_R ATTTTCGTCTCgCCTCCTCCccaatgcttaatcagtgaggcac

Tm = 65°C



2. Monarch® Plasmid Miniprep
1. Pellet 1–5 ml (not to exceed 15 OD units) bacterial culture by centrifugation for 30 seconds.
Discard supernatant. 1.5 ml of culture is sufficient for most applications. Ensure cultures are not
overgrown (12-16 hours is ideal).

2. Resuspend pellet in 200 μl Plasmid Resuspension Buffer (B1) . Vortex or pipet to ensure cells are
completely resuspended. There should be no visible clumps.

3. Add 200 μl Plasmid Lysis Buffer (B2) , gently invert tube 5–6 times, and incubate at room
temperature for 1 minute. Color should change to dark pink, and solution will become transparent
and viscous. Do not vortex.

4. Add 400 μl of Plasmid Neutralization Buffer (B3) , gently invert tube until neutralized, and incubate
at room temperature for 2 minutes. Sample is neutralized when color is uniformly yellow and
precipitate forms. Do not vortex.

5. Centrifuge lysate for 2–5 minutes. For best results, and especially for culture volumes > 1 ml, we
recommend a 5 minute spin to ensure efficient RNA removal by RNase A. Pellet should be compact;
spin longer if needed.

6. Carefully transfer supernatant to the spin column and centrifuge for 1 minute. Discard
flow-through.

7. Re-insert column in the collection tube and add 200 μl of Plasmid Wash Buffer 1. Centrifuge for 1
minute. Discarding the flow-through is optional.

8. Add 400 μl of Plasmid Wash Buffer 2 and centrifuge for 1 minute.

9. Transfer column to a clean 1.5 ml microfuge tube. Use care to ensure that the tip of the column
does not come into contact with the flow-through. If there is any doubt, re-spin the column for 1
minute.

10. Add 30 μl mQ to the center of the matrix. Wait for 1 minute, then spin for 1 minute to elute DNA.
Elute again taking remaining flow-through mQ to the center of the matrix. Wait for 1 minute, then
spin for 1 minute to reelute DNA.

3. Restriction analysis
Performed on cloned DNA plasmid by restriction enzymes which cleave it on a couple fragments.
They can be separated by DNA gel-electrophoresis on agarose. Chosen agarose percentage in gel,
proper DNA-ladder and restriction enzymes can help us verify that ligation was successfully
completed.



4. DNA Sanger Sequencing by Capillary Electrophoresis

4.1 Set up reaction

COMPONENT 10 μl REACTION 

v3.1 Ready reaction mix (w/BigDye Terminator) 1

5X Sequencing buffer (400 mM TRIS, 10 mM MgCl2) 1.5

20 µM F/R Primer * 0.5

Template (plasmid) 50-150 ng DNA

Nuclease-free water to 10 µl

* Primers that flank insert in pGGAselect plasmid are not listed here.

4.2 Run PCR

STEP TEMPERATURE DURATION

Initial denaturation: 95°C   30 seconds 

30-40 cycles: 96°C 10 seconds

50°C 5 seconds

60°C 4 minutes

Hold: 4–12°C  



4.3 DNA Purification

Transfer PCR reaction to nuclease-free eppendorf tube. To the reaction, add 2.5 µL of 125 mM EDTA
(make sure it touches bottom of tube).

1. Add 30 µl of 100% ethanol, mix well (inversion).

2. Incubate at room temperature for 15 minutes.

3. Centrifuge at 4 °C at max speed for 30 minutes.

4. Discard supernatant and add 50 µl of ice-cold 70% ethanol.

5. Centrifuge at 4 °C at max speed for 5 minutes.

6. Discard supernatant and allow to air-dry in the dark for >15 minutes.

4.4 Prepare DNA for sequencing

1. Resuspend the pellet (likely transparent) in 7.5 µL HiDi Formamide (add to any empty wells).
Incubate at RT for 5 minutes then transfer to plate. Spin down briefly.

2. Incubate plate at 95 °C for 3 minutes (denature) then place immediately on ice. Spin down briefly.

3. Submit for sequencing on 3730X genetic analyser (Applied Biosystems). Keep samples on ice.

4.5 Launch 3730X genetic analyser

Samples would be launched with the help of our instructors.



Part 2. Cloning C-intein into pGGA-Clact-CasC(int)

1. Restriction of pGGA-Clact-CasC(int)

1.1 Set up reaction

COMPONENT 50 µl REACTION

DNA 1 µg

10X rCutSmart Buffer 5 µl (1X)

NdeI 1.0 µl (20 units)†

BbsI-HF 1.0 µl (20 units)†

Nuclease-free Water to 50 µl

† For convenience 5–10 units of enzyme per µg DNA is recommended.

1.2 Incubate

Incubate at 37°C for 1 hour if miniprep was done as both enzymes are Time-Saver qualified.

1.3 Stop reaction

Heat mixes up to 65°C for 20 minutes.



2. Restriction of C-intein

2.1 Set up reaction

COMPONENT 50 µl REACTION

DNA 1 µg

10X rCutSmart Buffer 5 µl (1X)

NdeI 1.0 µl (20 units)†

BbsI-HF 1.0 µl (20 units)†

Nuclease-free Water to 50 µl

† For convenience 5–10 units of enzyme per µg DNA is recommended.

2.2 Incubate

Incubate at 37°C for 5-15 minutes as both enzymes are Time-Saver qualified.

2.3 Stop reaction

Heat mixes up to 65°C for 20 minutes.



3. Ligation of C-intein into pGGA-Clact-CasC(int)

3.1 Prepare a 1.5 mL tube and T4 DNA ligase on ice

3.2 Set up reaction

Note that the table shows a ligation using a molar ratio of 1:3 vector to insert for the indicated DNA
sizes. Use NEBioCalculator to calculate molar ratios.

COMPONENT 20 μl REACTION

T4 DNA Ligase Buffer (10X)
(thawed and resuspended at room temperature)

2 μl

Vector DNA (4 kb) 50 ng (0.020 pmol)

Insert DNA (1 kb) 37.5 ng (0.060 pmol)

Nuclease-free water to 20 μl

T4 DNA Ligase (should be added last) 1 μl

1. Gently mix the reaction by pipetting up and down and microfuge briefly.

2. For cohesive (sticky) ends, incubate at 16°C overnight or room temperature for 10 minutes.

3. Heat inactivate at 65°C for 10 minutes.

4. Chill on ice and transform 1-5 μl of the reaction into 50 μl competent cells.

http://nebiocalculator.neb.com/#!/


4. Transformation of pGGA-Clact-CasC-int(+) in TOP10 cells

4.1 Set up reaction

1. Thaw a 50 μl tube of TOP10 Competent E. coli cells on ice for 10 minutes.

2. Add 2 μl assembly reaction; gently mix by flicking the tube 4–5 times.

3. Incubate on ice for 30 minutes.

4. Heat shock at 42°C for 30 seconds.

5. Place on ice for 5 minutes.

6. Add 1 mL of room temperature LB medium. Incubate at 37°C for 60 minutes.

7. Centrifuge cells at 250 rpm for 1.5 minutes.

8. Remove supernatant by shaking opened tube upside down.

4.2 Plating

1. Mix the cells thoroughly by flicking the tube and inverting, then spread remaining volume of
centrifuged and shook cells onto each LB agar plate containing chloramphenicol.

2. Incubate the plate overnight (16 hours) at 37°C.

5. PCR Screening (Quick-Load® Taq 2X Master Mix)
See above (but relevant primers are not listed there).

6. Monarch® Plasmid Miniprep
See above.

7. DNA Sanger Sequencing by Capillary Electrophoresis
See above.



Part 3. Cloning Clact-CasC-int(+) into pET30a(+)

1. Restriction of pGGA-Clact-CasC-int(+)

1.1 Set up reaction

COMPONENT 50 µl REACTION

DNA 1 µg

10X rCutSmart Buffer 5 µl (1X)

NdeI 1.0 µl (20 units)†

XhoI 1.0 µl (20 units)†

Nuclease-free Water to 50 µl

† For convenience 5–10 units of enzyme per µg DNA is recommended.

1.2 Incubate

Incubate at 37°C for 1 hour if miniprep was done as both enzymes are Time-Saver qualified.

1.3 Stop reaction

Heat mixes up to 65°C for 20 minutes.



2. Restriction of pET30a(+)

2.1 Set up reaction

COMPONENT 50 µl REACTION

DNA 1 µg

10X rCutSmart Buffer 5 µl (1X)

NdeI 1.0 µl (20 units)†

XhoI 1.0 µl (20 units)†

Nuclease-free Water to 50 µl

† For convenience 5–10 units of enzyme per µg DNA is recommended.

2.2 Incubate

Incubate at 37°C for 5-15 minutes as both enzymes are Time-Saver qualified.

2.3 Stop reaction

Heat mixes up to 65°C for 20 minutes.

3. Ligation of Clact-CasC-int(+) into pET30a(+)

4. Transformation of pGGA-Clact-CasC-int(+) in BL21 (DE3) cells
1. Thaw a tube of BL21(DE3) Competent E. coli cells on ice for 10 minutes.

2. Add 1–5 µl containing 1 pg–100 ng of plasmid DNA to the cell mixture. Carefully flick the tube 4–5
times to mix cells and DNA. Do not vortex.

3. Place the mixture on ice for 30 minutes. Do not mix.

4. Heat shock at exactly 42°C for exactly 10 seconds. Do not mix.

5. Place on ice for 5 minutes. Do not mix.

6. Pipette 950 µl of room temperature SOC into the mixture.

7. Place at 37°C for 60 minutes. Shake vigorously (250 rpm) or rotate.

8. Warm selection plates to 37°C.

9. Mix the cells thoroughly by flicking the tube and inverting, then perform several 10-fold serial
dilutions in SOC.



10. Spread 50–100 µl of each dilution onto a selection plate and incubate overnight at 37°C.
Alternatively, incubate at 30°C for 24–36 hours or at 25°C for 48 hours.

5. PCR Screening (Quick-Load® Taq 2X Master Mix)
See above (but relevant primers are not listed there).

6. Monarch® Plasmid Miniprep
See above.

7. DNA Sanger Sequencing by Capillary Electrophoresis
See above.



Part 4. Expression of fusion protein - Clact-CasC-int(+)

Full fusion protein: C-terminal beta-lactamase + C-terminal intein + dCas13a.

1. Protein expression
1. Transform expression plasmid into BL21. Plate on antibiotic selection plates and incubate
overnight at 37°C.

2. Resuspend a single colony in liquid culture with antibiotic to produce a starter culture. Inoculate
starter culture at a 1:100 dilution into expression media containing antibiotic.

3. Incubate at 37°C with shaking until OD600 reaches 0.4–0.8.

4. For most vector systems, induce with 40 or 400 μM IPTG and express protein for 3 hours at 37°C, 5
hours at 30°C or overnight at 16°C or 23°C.

5. For large scale, inoculate 1 Liter of liquid medium (with antibiotic) with a freshly grown colony or
10 ml of freshly grown culture. Incubate at 37°C until OD600 reaches 0.4–0.8. Add 40 or 400 μM IPTG
and express protein using optimal time/temperature determined in a small scale trial.

2. Protein isolation
NEBExpress®Ni Resin - performed by our instuctors.

3. Protein storage
Protein stored in buffer:
0.3 M NaCl, 20 mM Tris-HCl (pH 8.0), 0.5 mM EDTA, 1 mM DTT, 50% Glycerol.



Part 5. Cloning N-intein in pGGA-Nlact-NCas(int)

1. Restriction of pGGA-Clact-CasC(int)

1.1 Set up reaction

COMPONENT 50 µl REACTION

DNA 1 µg

10X rCutSmart Buffer 5 µl (1X)

PsiI-v2 1.0 µl (10 units)†

Nuclease-free Water to 50 µl

† For convenience 5–10 units of enzyme per µg DNA is recommended.

1.2 Incubate

Incubate at 37°C for 5–15 minutes as PsiI-v2 is Time-Saver qualified..

1.3 Stop reaction

Heat mixes up to 65°C for 20 minutes.



2. Ligation of N-intein into pGGA-Nlact-NCas(int)

2.1 Prepare a 1.5 mL tube and T4 DNA ligase on ice

2.2 Set up reaction

Note that the table shows a ligation using a molar ratio of 1:3 vector to insert for the indicated DNA
sizes. Use NEBioCalculator to calculate molar ratios.

COMPONENT 20 μl REACTION

T4 DNA Ligase Buffer (10X)
(thawed and resuspended at room temperature)

2 μl

Vector DNA (4 kb) 50 ng (0.020 pmol)

Insert DNA (1 kb) 37.5 ng (0.060 pmol)

Nuclease-free water to 20 μl

T4 DNA Ligase (should be added last) 1 μl

1. Gently mix the reaction by pipetting up and down and microfuge briefly.

2. For blunt ends, incubate at 16°C overnight or room temperature for 2 hours (alternatively, high
concentration T4 DNA Ligase can be used in a 10 minute ligation).

3. Heat inactivate at 65°C for 10 minutes.

4. Chill on ice and transform 1-5 μl of the reaction into 50 μl competent cells.

http://nebiocalculator.neb.com/#!/


3. Transformation of pGGA- Nlact-NCas-int(+) in TOP10 cells

3.1 Set up reaction

1. Thaw a 50 μl tube of TOP10 Competent E. coli cells on ice for 10 minutes.

2. Add 2 μl assembly reaction; gently mix by flicking the tube 4–5 times.

3. Incubate on ice for 30 minutes.

4. Heat shock at 42°C for 30 seconds.

5. Place on ice for 5 minutes.

6. Add 1 mL of room temperature LB medium. Incubate at 37°C for 60 minutes.

7. Centrifuge cells at 250 rpm for 1.5 minutes.

8. Remove supernatant by shaking opened tube upside down.

3.2 Plating

1. Mix the cells thoroughly by flicking the tube and inverting, then spread remaining volume of
centrifuged and shook cells onto each LB agar plate containing chloramphenicol.

2. Incubate the plate overnight (16 hours) at 37°C.

4. PCR Screening (Quick-Load® Taq 2X Master Mix)
See above (but relevant primers are not listed there).

5. Monarch® Plasmid Miniprep
See above.

6. DNA Sanger Sequencing by Capillary Electrophoresis
See above.



Part 6. Cloning Nlact-NCas-int(+) into pET28a(+)

1. Restriction of pGGA-Nlact-NCas-int(+)

1.1 Set up reaction

COMPONENT 50 µl REACTION

DNA 1 µg

10X rCutSmart Buffer 5 µl (1X)

NdeI 1.0 µl (20 units)†

XhoI 1.0 µl (20 units)†

Nuclease-free Water to 50 µl

† For convenience 5–10 units of enzyme per µg DNA is recommended.

1.2 Incubate

Incubate at 37°C for 1 hour if miniprep was done as both enzymes are Time-Saver qualified.

1.3 Stop reaction

Heat mixes up to 65°C for 20 minutes.



2. Restriction of pET28a(+)

2.1 Set up reaction

COMPONENT 50 µl REACTION

DNA 1 µg

10X rCutSmart Buffer 5 µl (1X)

NdeI 1.0 µl (20 units)†

XhoI 1.0 µl (20 units)†

Nuclease-free Water to 50 µl

† For convenience 5–10 units of enzyme per µg DNA is recommended.

2.2 Incubate

Incubate at 37°C for 5-15 minutes as both enzymes are Time-Saver qualified.

2.3 Stop reaction

Heat mixes up to 65°C for 20 minutes.



3. Ligation of Nlact-NCas-int(+) into pET28a(+)

3.1 Prepare a 1.5 mL tube and T4 DNA ligase on ice

3.2 Set up reaction

Note that the table shows a ligation using a molar ratio of 1:3 vector to insert for the indicated DNA
sizes. Use NEBioCalculator to calculate molar ratios.

COMPONENT 20 μl REACTION

T4 DNA Ligase Buffer (10X)
(thawed and resuspended at room temperature)

2 μl

Vector DNA (4 kb) 50 ng (0.020 pmol)

Insert DNA (1 kb) 37.5 ng (0.060 pmol)

Nuclease-free water to 20 μl

T4 DNA Ligase (should be added last) 1 μl

1. Gently mix the reaction by pipetting up and down and microfuge briefly.

2. For blunt ends, incubate at 16°C overnight or room temperature for 2 hours (alternatively, high
concentration T4 DNA Ligase can be used in a 10 minute ligation).

3. Heat inactivate at 65°C for 10 minutes.

4. Chill on ice and transform 1-5 μl of the reaction into 50 μl competent cells.

http://nebiocalculator.neb.com/#!/


4. Transformation of pGGA-Nlact-NCas-int(+) in BL21 (DE3) cells
1. Thaw a tube of BL21(DE3) Competent E. coli cells on ice for 10 minutes.

2. Add 1–5 µl containing 1 pg–100 ng of plasmid DNA to the cell mixture. Carefully flick the tube 4–5
times to mix cells and DNA. Do not vortex.

3. Place the mixture on ice for 30 minutes. Do not mix.

4. Heat shock at exactly 42°C for exactly 10 seconds. Do not mix.

5. Place on ice for 5 minutes. Do not mix.

6. Pipette 950 µl of room temperature SOC into the mixture.

7. Place at 37°C for 60 minutes. Shake vigorously (250 rpm) or rotate.

8. Warm selection plates to 37°C.

9. Mix the cells thoroughly by flicking the tube and inverting, then perform several 10-fold serial
dilutions in SOC.

10. Spread 50–100 µl of each dilution onto a selection plate and incubate overnight at 37°C.
Alternatively, incubate at 30°C for 24–36 hours or at 25°C for 48 hours.

5. PCR Screening (Quick-Load® Taq 2X Master Mix)
See above (but relevant primers are not listed there).

6. Monarch® Plasmid Miniprep
See above.

7. DNA Sanger Sequencing by Capillary Electrophoresis
See above.



Part 7. Expression of fusion protein - Nlact-NCas-int(+)

Full fusion protein: N-terminal beta-lactamase + N-terminal intein + dCas13a.

1. Protein expression
See above.

2. Protein isolation
NEBExpress®Ni Resin - performed by our instuctors.

3. Protein storage
Protein stored in buffer:
0.3 M NaCl, 20 mM Tris-HCl (pH 8.0), 0.5 mM EDTA, 1 mM DTT, 50% Glycerol.

Part 8. Cloning Nlact-NCas into pET28a(+)
See above. Same as Nlact-NCas-int(+).

Part 9. Expression of fusion protein - Nlact-NCas
See above. Same as Nlact-NCas-int(+).

Part 10. Cloning Clact-CasC into pET30a(+)
See above. Same as Clact-CasC-int(+).

Part 11. Expression of fusion protein - Clact-CasC
See above. Same as Clact-CasC-int(+).


