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IGEM EXPERIMENT 1: CONSTRUCTION OF E. COLI CH.1 CCDA-PMB1GFP-CMFRT 

 

Strategy 

 
The strains (KO/KI) will be constructed by using the method of Datsenko & Wanner [PNAS 2000], based 
on homologeous recombination. The principle of the KO/KI method is depicted below: 
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SOP 

1. Amplification of linear DNA with homologous flanks 

1. Design primers Fw-KIcassette-insertion site-P1 and Rv-cassette-insertion site-P2 
consisting of P1 (5’-GGCATCCGCTTACAGACAAGCTGTG) and P2 (5’-CCCGTCGAAGTTCCTATTCC) of pTGD 
plasmid with homologous flanks of 50 nt to the insertion place malT into the genome, 
respectively. Design in addition out primers to check the integration. 

Primer Sequence (5’  3’) 

MDM0588_Fw-KIpTGD-malT2-P1 AGCGCAAAAAAAATAATATTTCCTCATTTTCCACAGTGAAGTGATTAACTGGCATCCGCTTACAGACAAGCTGTG 

MDM0589_Rv-KIpTGD-malT2-P2 GCGCGTTATCCGGCTAAACTTACACGCCGTACCCCATCATCTTCAGCAATTCCCGTCGAAGTTCCTATTCC 

MDM0046_Fw-malT-out2 CGTCATCGCTTGCATTAG 

MDM0010_Rv-malT-out CCCATCCCTCATGCCATCTG 

MDM0123_Rv-SEQGFP TTCACGTCTCCGTCCAGTTC 

MDM0141_Fw-SeqCmFRT350 CGATTTCCGGCAGTTTCTAC 

 

Make 12.5 µM work solution of the primers: 

a. Spin quickly down 
b. Resuspend primers till 50 µM solution in MQ-H2O 

 
MDM0588:           µl MQ-H2O 
MDM0589:           µl MQ-H2O 
MDM0046:           µl MQ-H2O 
MDM0123:           µl MQ-H2O 
MDM0141:           µl MQ-H2O 
MDM0010:           µl MQ-H2O 
 

c. Vortex shortly and spin down 
d. Make 12.5 µM solution: 10 µl Fw primer + 10 µM Rv primer + 20 µl MQ-H2O 

e. Store both @ -20C 

2. Linearize plasmid pTGD-ccdA-Pmb1GFP-CmFRT 

a. Inoculate strain E. coli DH5 + pTGD-ccdA-Pmb1GFP-CmFRT in 10 ml LB + Cm (50ml 

falcon tube) and incubate o/n @ 37C 
b. Centrifuge falcon tube (2500 rpm, 10’) 
c. Purify plasmid using Qiagen spin mini kit according to SOP of Qiagen: 

 Resuspend pellet in 250µl P1 buffer by vortexing and transfer to sterile eppendorf 
tube 

 Add 250µl P2 buffer and mix immediately by flipping the tube (6x) [blue colouring 
of mixture] 

 Add 350µl N3 buffer and mix immediately by flipping the tube (6x) [decolouring of 
mixture] 

 Centrifuge (10’, max speed) and transfer liquid to Qiagen spin column 

 Centrifuge (1’, 1250rpm) and discard flow-through 

 Add 500µl PB buffer, centrifuge (1’, max speed) and discard flow-through 

 Add 750µl PE buffer, centrifuge (1’, max speed) and discard flow-through 

 Dry column by centrifuging (1’, max speed) 

 Transfer column to fresh sterile Eppendorf tube 

 Add 50µl MQ-H2O, incubate for 1’ and centrifuge (1’, 1250rpm) 

 Measure DNA concentration using the Nanodrop 
 

pTGD-ccdA-Pmb1GFP-CmFRT:           ng/µl 
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 Store plasmid @ -20C 

 

d. Preparative Restriction Digest (RD) of purified plasmid: 

 Add in a tube: 
10x NEB CutSmart buffer 5 µl 

BspHI (10,000U/ml) 2 µl 

BstAPI (5,000U/ml) 4 µl 

Plasmid (~ 1 µg)  µl 

MQ-H2O  µl 

 50 µl 

 Incubate @ 37C for minimal 2h30min 
[expected fragments 5541bp & 903bp] 
 

e. Gel purify RD-fragment using Qiagen Qiaquick gel extraction kit: 

 Run preparative 1% TAE-agarose gel 

 Cut-out RD-fragment of 5541bp and weigh fragment 

 Add 3x volume QG buffer [100mg  300µl] 

 Incubate @ 55C for 10’ and mix regularly [until completely dissolved] 

 Add mixture to Qiagen spin column, centrifuge (1’, 1250rpm) and discard flow-
through [750µl per run until mixture finished] 

 Add 500µl QG buffer, centrifuge (1’, max speed) and discard flow-through 

 Add 750µl PE buffer, centrifuge (1’, max speed) and discard flow-through 

 Dry column by centrifuging (1’, max speed) 

 Transfer column to fresh sterile Eppendorf tube 

 Add 30µl MQ-H2O, incubate for 1’ and centrifuge (1’, 1250rpm) 

 Measure DNA concentration using the Nanodrop: 
 
RD_ccdA-Pmb1GFP-CmFRT_BspHI/BstAPI:           ng/µl 
 

 Store purified RD-fragment @ -20C 
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3. Perform a HiFi PCR using Takara PS polymerase with MDM0588 & MDM0589: 

a. Add in PCR-tube: 

Per Rxn:   

 5 x PrimeStar Buffer 10 µl 

 2.5 mM dNTP 4 µl 

 12.5 M Primer work stock 2 µl 

 Template 0.5 µl 

 PrimeStar Polymerase 0.5 µl 

 MQ-H2O 33 µl 

  50 µl 

 
b. Incubate according to following temperature cycle: 

Temp. cycli: 

 1x 1’ - 95 

 5x 10’’ - 95 

  5” - 55 

  6’00” - 72 

 25x 10’’ - 95 

  5” - 65 

  6’00” - 72 

  12’ - 72 

 1x ∞ - 16 

[expected fragment of 5334bp] 

 

4. Purify PCR product using Qiagen Qiaquick PCR purification kit and check on analytical 
gel: 

a. Add 250µl PB buffer and mix 
b. Transfer mixture to Qiagen spin column 
c. Centrifuge (1’, 1250rpm) and discard flow-through 
d. Add 750µl PE buffer, centrifuge (1’, max speed) and discard flow-through 
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e. Dry column by centrifuging (1’, max speed) 
f. Transfer column to fresh sterile Eppendorf tube 
g. Add 30µl MQ-H2O, incubate for 1’ and centrifuge (1’, 1250rpm) 
h. Measure DNA concentration using the Nanodrop 

 
Lin. DNA_ccdA-Pmb1GFP-CmFRT:           ng/µl 
 

5. Store purified linear DNA at -20°C until use. 
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2. Transformation 1: preparing the strain to insert linear DNA [is already done] 

Materials and Equipment 

 Rich media: Luria Broth base, Difco (liquid) 

 Luria Broth agar, Difco (plate) 

 Cold sterile MQ-water 

 SOC medium 

 pKD46 → Ampicillin resistance 

This is extracted out of the strain E. coli MG1655 pKD46 (MB0003) in our -
80°C collection by miniprep. Grow at 30°C.  

 Gene Pulser, BioRad: resistance: 200 ohms, capacitance: 25µFD, volts: 2.5kV  

 Gene Pulser Cuvette 0.2 cm, BioRad, cat nr. 1652086: put at 4 °C before use 

 Ampicillin/Carbenicillin stock: 100 mg/ml -- dilute 1000x for culture (both liquid and solid) 

 Glycerol tubes: 0.5 ml of 60% glycerol in a Nunc tube -- autoclave 

Procedure 

1. Plate the strain out on a LB-plate and incubate overnight at 37°C. 

2. Suspend 1 colony in 2-3 ml LB and incubate overnight at 37°C on a shaker. 

3. Add around 500 µl of the overnight culture to 10 ml LB in order to have an OD 660 nm 
between 0.05 and 0.1 

4. Incubate at 37 °C till OD600nm 0.6  

5. Transfer 10 ml into a chilled falcon tube and place on ice during 30 min.  

From now on it‘s important to keep everything cold! Use chilled tips and recipients! 

6. Centrifuge 2 min at 1250rcf (4 ºC) 

7. Resuspend the pellet in 45 ml cold MQ water and centrifuge again during 5 min at 1250rcf 
(4 ºC) 

8. Resuspend the pellet in 1 ml cold MQ water and transfer into a cold eppendorf  

9. Centrifuge at 10000g during 20 - 30 seconds (4 ºC) 

10. Resuspend the pellet in 50 µl cold MQ water by moving the pipet point around (do not 
pipet up and down!) 

11. Transfer 50 µl of the suspension into a new cold eppendorf, what ‘s left over will be used 
as a control  

12. Add ~1-3 µl pKD46 (50ng) and mix gently by turning 

13. Transform the strain by electroporation with the Gene Pulser: 

a. Transfer the sample to the gene Pulser Cuvette using a cold tip 

b. Tap gently to make sure that the sample is evenly distributed between the sides of the 
Cuvette. Also take care that everything is on the bottom of the cuvette. 

c. Insert the cuvette into the pulse chamber and close the lid of the chamber. 
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d. Pulse once by pressing the red button. 

14. Add immediately 1 ml SOC to the cells when the Gene Pulser beeps. Remove the cuvette 
from the pulse chamber and invert several times to mix. Transfer into a new culture tube. 

15. Also add 1 ml SOC to what is left of the washed cells (= control, see above) 

16. Incubate the transformed cells and the control during 1 h at 30 °C on a shaker 

17. To obtain single colonies we will plate out our transformed cells in different dilutions on an 
Amp/Cb plate (100µg/ml ): transfer 100 µl of the culture, dilution 10-1 and 10-2 to the plate 
and streak out. 

18. Incubate overnight at 30 ºC 

19. Make 3 precultures in LB+Amp of each time 1 colony and incubate over night at 30°C 

20. Transfer of each culture 0.5 ml into a glycerol tube to store at -80°C and use 1 culture to 
do transformation 2 

 

 

Note: A quick electroporation protocol can be followed for this transformation 
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3. Transformation 2: insert linear DNA 

Material and Equipment 

 Rich media: Luria Broth base, Difco (liquid) 

 Luria Broth agar, Difco (plate) 

 1M L-arabinose solution: filter to sterilise and store at 4°C 

 Cold sterile MQ-water 

 SOC medium 

 Linear DNA (see above) 

 Gene Pulser, BioRad: resistance: 200 ohms, capacitance: 25µFD, volts: 2.5kV  

 Gene Pulser Cuvette 0.2 cm, BioRad, cat nr. 1652086: put at 4 °C before use 

 Amp/Cb stock: 100 mg/ml -- dilute 1000x for culture (both liquid and solid) 

 Cm stock: 34 mg/ml in ethanol -- dilute 1000x for culture (both liquid and solid) 

 Glycerol tubes: 0.5 ml of 60% glycerol in a Nunc tube – autoclave 

 

Procedure 

1. Incubate E. coli MG1655 endA DE3 in 3ml LB+Amp o/n @ 30 °C  

2. Add around 500 µl of the overnight culture to 10 ml LB+Amp (in 50ml falcon tube) in order 
to have an OD 660 nm between 0.05 and 0.1. Also add 500 µl 1mM L-arabinose solution. 

3. Incubate at 30 °C till OD 0.6  

4. Place falcon tube on ice during 30 min.  

From now on it‘s important to keep everything cold! Use chilled tips and recipients! 

5. Centrifuge 4 min at 1250rcf (4 ºC) 

6. Resuspend the pellet in 45 ml cold MQ-water and centrifuge again during 5 min at 1250rcf 
(4 ºC) 

7. Resuspend the pellet in 1 ml cold MQ-water and transfer into a cold eppendorf  

8. Centrifuge at 12000g during 20 - 30 seconds (4 ºC) 

9. Resuspend the pellet in 50 µl cold MQ-water by moving the pipet point around (do not 
pipet up and down!) 

10. Transfer 50 µl of the suspension into a new cold eppendorf, what ‘s left over will be used 
as the control  

11. Add 8-10 µl of the DNA (500ng-1g) and mix gently by turning 

12. Transform the strain by electroporation with the Gene Pulser: 

a. Transfer the sample to the gene Pulser Cuvette using a cold tip 

b. Tap gently to make sure that the sample is evenly distributed between the sides of the 
Cuvette. Also take care that everything is on the bottom of the cuvette. 
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c. Insert the cuvette into the pulse slider and close slide [pay attention to the correct 
orientation of the cuvette] 

d. Pulse once by pressing the two red button until the beep 

13. Add immediately 1 ml SOC to the cells when the Gene Pulser beeps. Remove the cuvette 
from the pulse chamber and invert several times to mix. Transfer into a new culture tube. 

14. Also add 1 ml SOC to what is left of the washed cells (= control, see above) 

15. Incubate the transformed cells and the control during 2 h at 37 °C on a shaker 

16. Transfer 200 µl of the culture on a Cm (340 µg/ml) plate.   

17. Centrifuge the rest of the culture for 1 min at 13.000 rpm, resuspend the pellet in 200 µl 
LB and spread the entire sample on a second plate 

18. Incubate overnight at 37 ºC 

19. Perform a colony PCR using primers MDM0141 & MDM0010 and MDM0046 & MDM123 
on as much colonies as possible (start with 5-8 colonies), strike them out on Cm plates.  

a. Add in PCR-tube: 

Per 2 Rxn:   

 5 x Crimson buffer 10 µl 

 10 mM dNTP 1 µl 

 Primer work stock 2 µl 

 Crimson  Polymerase 0.5 µl 

 MQ-H2O 36.5 µl 

  2x 25 µl 

b. Incubate according to following temperature cycle: 

Temp. cycli: 

 1x 5’ - 95 

 30x 30” - 94 

  30” - 55 

  2’00” - 72 

 1x 5’ - 72 

 1x ∞ - 16 

 

[Expected fragment of ~550bp and ~2450bp] 
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20. Check the colonyPCR on an analytical 1% TAE agarose gel 

21. Take 3 positives and plate them out on Cm-plate, incubate at 42 °C 

22. Check 3 colonies of each plate again with colonyPCR using the out-primers 

23. Take 3 positives and make precultures at 37°C  

24. Transfer of each culture 1 ml into a glycerol tube to store at -80°C and use 1 culture to do 
transformation 3 

4. Transformation 3: Removal antibiotic resistance cassette 

[we will not perform this] 

Material and Equipment 

 Rich media: Luria Broth base, Difco (liquid) 

 Luria Broth agar (plate) 

 Cold sterile MQ-water 

 SOC medium 

 Gene Pulser, BioRad: resistance: 200 ohms, capacitance: 25µFD, volts: 2.5kV  

 Gene Pulser Cuvette 0.2 cm, BioRad, cat nr. 1652086: put at 4 °C before use 

 Ampicillin stock: 100 mg/ml -- dilute 1000x for culture (both liquid and solid) 

 Km stock: 50 mg/ml -- dilute 1000x for culture (both liquid and solid) 

 Cm stock: 34 mg/ml in ethanol -- dilute 1000x for culture (both liquid and solid) 

 pCP20 → Ampicillin resistance 

This is extracted out of the strain E. coli MG1655 pCP20 (MB0004) in our -80°C 
collection by miniprep. Growth at 30°C. 

 Glycerol tubes: 0.5 ml of 60% glycerol in a Nunc tube – autoclave 

 

Procedure 

1. Add around 500 µl of the overnight culture to 10 ml LB + Chl/Kan in order to have an OD 

660 nm between 0.05 and 0.1 

2. Incubate at 37 °C till OD600nm 0.6  

3. Transfer 10 ml into a falcon tube and place on ice during 30 min.  

From now on it‘s important to keep everything cold! Use chilled tips and recipients! 

4. Centrifuge 4 min at 1250rcf (4 ºC) 

5. Resuspend the pellet in 45 ml cold MQ-water and centrifuge again during 5 min at 1250rcf 
(4 ºC) 

6. Resuspend the pellet in 1 ml cold MQ-water and transfer into a cold eppendorf  
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7. Centrifuge at 12000g during 20 - 30 seconds (4 ºC) 

8. Resuspend the pellet in 50 µl cold MQ-water by moving the pipet point around (do not 
pipet up and down!) 

9. Transfer 50 µl of the suspension into a new cold eppendorf, what ‘s left over will be used 
as the control  

10. Add ~1-3 µl pCP20 (50ng) and mix gently by turning 

11. Transform the strain by electroporation with the Gene Pulser: 

a. Transfer the sample to the gene Pulser Cuvette using a cold tip 

b. Tap gently to make sure that the sample is evenly distributed between the sides of the 
Cuvette. Also take care that everything is on the bottom of the cuvette. 

c. Insert the cuvette into the pulse chamber and close  the lid of the chamber 

d. Pulse once by pressing the red button. 

12. Add immediately 1 ml SOC to the cells when the Gene Pulser beeps. Remove the cuvette 
from the pulse chamber and invert several times to mix. Transfer into a new culture tube. 

13. Also add 1 ml SOC to what is left of the washed cells (= control, see above) 

14. Incubate the transformed cells and the control during 1 h at 30 °C on a shaker 

15. Make following dilutions 100, 10-1,10-2 in LB 

16. Transfer 100 µl of each dilution on a LB plate with Ampicillin 

17. Incubate overnight at 30 ºC 

18. Perform a colony PCR on a few colonies (ca 10) using the out primers, strike them out on 
LB plates 

19. Plate 3 positives out on LB plates and put them at 42 °C 

20. Check 3 colonies of each plate again with colonyPCR using out primers. Plate out on LB, 
LB+Amp, LB+Cm and LB+Km plates. Prepare for 1 colony 100 µl HiFi PCR mix, this can 
be send to sequence after PCR purification. 

21. Take 3 positives and make precultures at 37°C  

22. Transfer of each culture 0.5 ml into a glycerol tube to store at -80°C and use 1 culture to 
do transformation 1 if necessary 

 

 

Note: A quick electroporation protocol can be followed for this transformation 

 

 

 


