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The experiment aims to transform E.coli bacteria with a plasmid containing the GFP insert. The
transformed E.coli bacteria will then be used within the co-culture with G.Xylinus to provide
visible evidence under UV light of the concepts: 1) if E.coli has the ability to proliferate and
integrate within BC membrane during growth in a coculture 2) if E.coli will be lysed during
autoclaving/other sterilization methods 3) Once lysed, will the contents of E.coli (the GFP
protein) be distributed throughout the BC material.

Procedures Overview
Procedure #1: Chemically Competent E.coli Cells
Procedure #2: Ligation and Digestion of GFP insert and vector
Procedure #3: Transformation of chemically competent E.coli with vector

Methods : Procedure #1 Chemically Competent E.coli Cells

1. Culture O/N in 2ml LB at 37°C, shaking
2. Subculture (1:50) by adding 1ml O/N culture to 50ml LB with 10mM MgSO4 (500μl of 1M

MgSO4) and 1mM KCl (50μl of 1M KCl)
3. Shake at 37°C to OD600 = 0.3 to 0.4. Do not let it go above 0.5 or the culture will yield

poor competent cells.
4. Chill on ice for at least 10 minutes -
5. Put into 50ml pre-chilled, sterile Falcon tube and centrifuge at 2500g for 8 minutes at

4°C (3450rpm in Allegra X-12 centrifuge). Pour out supernatant.
6. Resuspend in 10ml ice-cold 100mM CaCl2, gently mix on ice, then ice for at least 10

minutes
7. Centrifuge at 2500g (3450rpm) for 8 minutes at 4°C. Pour out supernatant.
8. Resuspend in 50μl 100mM CaCl2 with 10% glycerol on ice, then incubate on ice for 10

minutes
9. Aliquot 50μl into pre-chilled 1.5ml microcentrifuge tubes on ice. Store at -80°C

Methods : Procedure #2 Digestion and Ligation of GFP insert and vector
Digestion
Note: the insert you will be using is a GFP insert with a vector with ampicillin and kanamycin
resistance vector RU3)

1. To a microcentrifuge tube, add:
○ Required amount of DNA to be digested
○ 1/10 final total volume of appropriate 10X buffer
○ 1μl of each restriction enzyme (diluted)
○ ddH2O to final volume

2. Incubate at 37°C for 30 minutes to 3 hours
3. Heat inactivate restriction enzymes at 82°C for 20 minutes



4. For digest confirmations, run on regular agarose gel. For subsequent ligation, run on
LMP gel and excise or gel-extract. Otherwise, store at -20°C

○ Make sure you use enough DNA for a digest confirmation if running on gel

DNA to be digested (1ug insert; 3ug for
vector)

7uL

10x Buffer 1uL

EcoRI 1uL

PstI 1uL

ddH2O __

total 10uL

Troubleshooting tips:
NOTE: Each restriction enzyme has a different optimal temperature, incubation period, heat
inactivation temperature, and buffer → search these on NEB

1. Restriction cloning is notoriously finicky, there are many other cloning techniques out
there now that may be much better suited to what you want to do

a. Ex. Gibson Assembly, Golden Gate, Gateway Cloning
b. Don’t be afraid to use plasmids OTHER than pCB1C3:

i. pSB1C3 doesn’t have many restriction sites
ii. pSB1C3 doesn’t have other useful features on the plasmid (ex. Promoter,

terminator, fusion domains, HIS tags)
You can EASILY ask other professors to give you a agar stab or a plate with a
plasmid you want so you don’t have to buy it

● If you want to purchase X-gal you can use pBLUESCRIPT plasmids and
use blue-white colony screening

● Choose a plasmid based on its features and copy number (which is based
on the type of origin of replication present)

2. No colonies (after using a digested DNA product in a ligation and transforming the
ligation product) may be because:

a. Plasmid may not have been digested by both enzymes successfully
b. Insert may not have been digested by both enzymes successfully
c. Not enough DNA was added to the competent cell aliquot

Potential fixes:
● Ethanol precipitation of ligation product or digestion product to concentrate the

DNA before transformation
● Using more ligation product in the transformation



● SOC media and longer incubation during transformation
● Plating more sample after transformation

Notes for gel after restriction digest:
- If bands appear after the 100bp line, this may indicate partial enzyme activity or star

activity (this occurs under non-standard reaction conditions and results in the enzymes
cleaving sequences that are similar to the recognition site).

- This could be due to using too much enzyme or having too long of an incubation
period

Ligation
1. To a microcentrifuge tube, add:

○ Digested vector DNA (in appropriate ratio)
○ Digested insert DNA (in appropriate ratio)

NOTE: Plasmid DNA provided by iGEM is NOT digested → follow their protocols
to digest the plasmid DNA appropriately before you proceed with a ligation

○ 1/10 of total final volume of aliquoted 10X T4 DNA ligase buffer
○ 1μl of T4 DNA ligase (1U/μl)
○ ddH2O to final volume

2. For cohesive (sticky) ends, incubate at 16°C overnight or room temperature for 10
minutes. For blunt ends or single base overhangs, 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. Transform chemically competent cells with the ligation product.
5. Leave remaining ligation product at room temperature overnight, and transform again the

following day.
6. Store remaining product at -20°C

Sample
Reaction

1:1 2:1 3:1

Digest
Reaction

10uL

Digested Insert
DNA

Ligation buffer 2uL

Ligase 1uL

ddH2O

Total 20 uL



Troubleshooting tips:
1. Doesn’t need to be a total volume of 20µL as long as the proportions of the other

reagents is kept the same
2. You can try other ligation ratios using NEB calculator
3. You can use more ligation product in your transformation

Methods : Procedure #3 Transformation of chemically competent E.coli with vector
Bacterial Transformations
Note: the insert you will be using is a GFP insert with a vector with ampicillin and kanamycin
resistance vector RU3)
Bacterial Transformations (of chemically competent cells)

***NOT for commercial Top10 E. coli cells***

1. Add ≤ 5μl (≤ 1/10 of the cell aliquot amount) of the DNA sample to a chemically
competent cell aliquot. Mix by pipetting gently, then incubate on ice for 30 to 45 minutes.
(30)

2. Heat shock at 42°C for 60-75s
3. Incubate on ice for 5 minutes
4. Add 250μl of plain LB or SOC media aseptically, then incubate for 30 to 90 minutes at

37°C, shaking (45)
○ If resistance is Kan, must incubate for at least 1 hour
○ SOC media= more nutrient rich media that may help growth

5. Plate 100μl (if big plates) or 50μl (if small or half plates) aseptically
6. Incubate plate at 37°C overnight or until growth is observed

○ NOTE: Usually colonies that appear after two days are false positives
*If transformation fails:

● Spin down transformed cells for 5 minutes to pellet
● Resuspend pellet in 100μl of media
● Plate and incubate

Troubleshooting Tips:
1. Failure to see colonies:

a. Cells are not competent (enough):
i. Competence of cells can decrease the longer they’re stored in the -80

freezer
ii. Homemade chemically competent cells can be much less competent than

commercially available cells and not very good at taking up low quality or
low concentration ligation products

iii. Try a different procedure to make chemically competent cells
b. Low quality DNA product

i. Try miniprepping again and adding more DNA
ii. Doing a reaction clean-up of ligation products



iii. Add more ligation product
c. Too much DNA added
d. Too little DNA added (you can usually some colonies even with small amounts of

DNA, but your cells should be very competent and your DNA should be of good
quality)

i. Add more ligation product
ii. Ethanol precipitation to concentrate your DNA

e. Try plating more sample, incubating for longer, or using SOC media
f. Try pelleting cells, resuspending in a new LB media and plating (concentrate the

cells)
g. Try using electroporation instead if possible (electroporation is more full-proof)

2. Lawn growth
a. IF AMP PLATES: B-lactamase is secreted by cells during incubation, so by the

time you plate the sample the antibiotic in the plate is degraded very easily
i. Incubate for 30-40min instead of 1hr
ii. Plate less sample
iii. Dilute the sample before plating

b. Antibiotics in plates are not correct/at a high enough concentration/expired
i. If using organisms other than E. coli they will have different basal levels of

resistance to antibiotics, so make sure your plates have the right amount
of antibiotic according to the species

ii. Increase amount of antibiotics in the plate
iii. Make new antibiotic stocks

c. Transformation was extremely successful
i. Try diluting the sample before plating, or plating less
ii. Try incubating sample and growing plate overnight at a lower temperature

(if this doesn’t interfere with anything → some plasmids have temperature
sensitive origin of replications)

iii. Incubate sample for less time before plating

3. Appearance of satellite colonies= Small colonies surrounding large colonies (these are
FALSE POSITIVES)

a. Happens frequently with Amp plates (Carbenicillin is a good substitute for
ampicillin)

i. The cells in the large colony are able to degrade the antibiotic in the
surrounding area allowing satellite colonies to grow

b. Pick the large colonies for cPCR

Verify the presence of GFP vector using cPCR
Colony PCR



1. Create cPCR mastermix as follows:
○ 20μL 10X Taq Buffer
○ 4μL 10μM VF2 primer (or other forward primer)
○ 4μL 10μM VR primer (or other reverse primer)
○ 4μL 10mM dNTPs
○ 1μL Taq Polymerase
○ 127μL ddH2O

*Each mastermix aliquot is enough to run 10 cPCR reactions/screen 10 colonies
2. Add 4μL of ddH2O to each PCR tube or well (of a 96-well plate)
3. Using pipette tips or sterile toothpicks, touch an individual labelled colony, swirl in the

ddH2O, and then streak on masterplate. Repeat for as many colonies as desired.
4. Add 16μL of cPCR mastermix to each tube/well
5. Place in thermocycler and select or set up the appropriate program as follows:

○ Initial denaturation → 95°C for 5 minutes
○ Repeat 30x:

i. Denaturation → 95°C for 30 seconds
ii. Annealing → Tm - 5°C (For VF2/VR primers, 53°C) for 30 seconds
iii. Extension → 68°C for 1 minute per kilobase

○ Final extension → 68°C for 5 minutes
○ Hold at 4°C

**DO NOT hold at 4ºC overnight (this can reduce the lifespan of the thermocycler), DNA
can be held at ≥10ºC (even room temperature) without degrading

Troubleshooting tips:
NOTE: PCR can routinely fail and sometimes requires a lot of troubleshooting (the same
mastermix and thermocycler protocol DOES NOT work for everything → we tend to use the
same saved cPCR thermocycler protocol and make mastermixes in bulk, but be prepared to
revise/optimize these if necessary)

1. PCR mastermixes can “go bad” if stored in the freezer for too long → making it fresh
may give you more chance of success

2. Addition of 0-5% DMSO (depending on the taq polymerase you’re using) in the
mastermix can help with particularly GC rich DNA templates (but this may change the
optimal annealing temperature)

3. Concentration of primers, dNTPs, and Taq polymerase is not optimal for the taq
polymerase being used

a. Check the protocol from the manufacturer of the Taq polymerase you’re using
b. Decreasing primer concentration can sometimes help (minimum ~0.2µM)

i. Decreases off-target binding
ii. Decreases primer-primer interactions

4. Too much colony can inhibit a PCR reaction, so alternatively you can:
a. In 50µL of PCR water add a small amount of colony and streak on a masterplate

or spot 3µL on a plate, and then boil for 5 minutes. After boiling add 50µL of PCR
water and use 1µL of the sample in your PCR as the template



5. Extension time is not sufficient (remember 1 minute per kb)
6. Extension temperature (and denaturation temperature) are not optimal → this will vary

based on the type of Taq polymerase you’re using
a. I believe we’re using KAPA Taq right now which has different PCR conditions

than those listed in the protocol above: KAPA Taq protocol link
7. Use PCR water (should be Ultra-Pure and RNase free)

Getting lots of colonies with empty vectors:
1. Plasmid was not digested or only digested by a single enzyme and recircularized

a. Try treating either the insert or vector (NOT both) with antarctic phosphatase to
prevent recircularization

2. Blue-white colony screening with pBLUESCRIPT plasmids can help distinguish colonies

Finally: Use colonies with GFP plasmid in the coculture with G.Xylinus

https://www.sigmaaldrich.com/content/dam/sigma-aldrich/docs/Roche/Datasheet/1/taqkbdat.pdf

