
Easy transformation protocols

Recently at BioCurious, a biology-focused hackerspace in the SF Bay area, I taught an introductory 
class on transforming E. coli. The BioCurious lab is still growing, in fact my classes were the first to be 
held in the space, and some of the higher efficiency transformation techniques I'm used to using were 
not available here. Fortunately, for the techniques we were using in this class, high efficiency was not 
needed.

Two techniques were compared – a calcium chloride technique based on the protocol in the classroom 
kits offered by BioRad, and a polyethylene glycol based technique recently posted to the DIY Bio 
mailing list. 

Links

Higher efficiency techniques, but that require more equipment, are described here:

http://openwetware.org/wiki/TOP10_chemically_competent_cells

http://openwetware.org/wiki/Electroporation

the DIY Bio thread is here: 
http://groups.google.com/group/diybio/browse_thread/thread/fd4d999e0d271fea/c21b528d04249308)

the BioRad protocol can be found here:

http://www.bio-rad.com/LifeScience/pdf/Bulletin_9563.pdf

the PEG protocol can be found here: (as posted by Cathal Garvey, http://www.indiebiotech.com/)

http://groups.google.com/gr      oup/diybio/attach/8c7d5903ac1e2797/One-  
step+preparation+of+competent+Escherichia+coli
%3A+Transformation+and+storage+of+bacterial+cells+in+the+same+solution.pdf?part=4

Creating the buffers and stock solutions

One of the pieces of equipment that BioC still needs to acquire is a good scale. The one we have is only 
capable of reading to tenths of a gram, so I tried to make all reagent quantities fit within this restriction, 
even if that meant making larger quantities of stock solutions.

Ampicillin

We want a stock solution of 100 mg/ml, so I made 10ml of stock with 1g of ampicillin. This is then 
dispensed at 1ul per ml for broth and plates, giving a working concentration of 100 ug/ml.

The ampicillin was mixed with sterile water but not autoclaved because of ampicillin's heat sensistivity.
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Arabinose

I first messed up and obtained D-arabinose. Watch out! The arabinose domain in the pGlo plasmid is 
stereo-specific. After getting the proper L-arabinose, it was mixed into a stock at 3g per 15ml, and then 
dispensed at 30 ul/ml for the plates. This is a final stock concentration of 200 g/l and a working 
concentration of 6 mg/ml.

The desired value of these concentrations were obtained by working backwards from the quantities in 
the BioRad protocol.

The arabinose was mixed with sterile water but not autoclaved.

Calcium Chloride transformation buffer

The molecular weight of calcium chloride is 147. We want a 200mM solution, so that is 1.8g in 62.5ml. 
The working concentration is half of that, but since the cell suspension and the calcium chloride buffer 
are being mixed in equal proportions in the protocol this works out to a 100 mM working 
concentration.

The calcium chloride was autoclaved to ensure sterility.

PEG/DMSO transformation buffer (TSS)

Our PEG 3350 came from a drug store laxative, CVS Purelax. The magnesium ions were from 
magnesium chloride, although we later picked up some epsom salts (magnesium sulphate) we did not 
include that in this test. The paper lists the mixture as PEG 10% wt/vol, 50 mM MgCl, and DMSO 5% 
vol/vol.

We made 62.5ml of 2xTSS, so all of our calculations are for 125ml of solution

PEG 10% wt/vol = 13.9g in 125ml

MgCl2, MW 203, so 203g/L is 1M, 10.15g/L is 50 mM = 1.26g in 125ml (this was approximate at 1.2g 
plus a bit  due to our scale)

DMSO 5% vol/vol = 6.25 ml in 125 ml

The dry ingredients were added to a graduated cylinder and water topped up to 56.25ml and mixed.

This was poured into a closable bottle and autoclaved.

The 6.25 ml of DMSO was added after the buffer came out of the autoclave.

Strains and plasmid, suppliers, and students

We used a K12 E. coli from BioRad, and the pGlo plasmid from BioRad. The drychem, with the 
exception of the arabinose, came from BioBasic.com. The arabinose came from cascadebiochems.com.

The plasmid was 20 ug, rehydrated with 200 ul of water, for a final concentration of 100 ng/ul.

The 17 students were from Singularity University in an intro class at BioCurious.



Protocols

In common:

1) create LB, LB Amp, and LB Amp Ara plates for each student

2) select a colony from a previously plated colony of K12 E. coli.

3) Seed a 50 ml broth of LB with this colony and incubate overnight at 37 degrees with moderate 
shaking

4) three hours before the lab, seed another LB broth 100:1 with the overnight culture and incubate 
at 37 degrees with moderate shaking

5) prepare a plate incubator and place ice baths at each student station

CaCl2

1) mix 100 ul 3hr LB K12 and 100 ul CaCl2 in an epi

2) add 1 ul pGlo plasmid, pipette up and down to mix

3) ice for 5 minute

4) heat at 42 degrees for 50 seconds and return to ice immediately

5) ice 2 minutes and add 250 ul LB

6) incubate 30 minutes at 37 degrees and plate 100 ul per plate

PEG/DMSO

1) mix 100 ul 3hr LB K12 and 100 ul of 2xTSS in an epi

2) add 1 ul pGlo plasmid, pipette up and down to mix

3) ice 5 minutes

4) add 250 ul LB

5) incubate 30 minutes at 37 degrees and plate 100 ul per plate



Results

There were three interesting tests in this, two of them planned and one by chance. The chance test was 
a comparison of skipping the 30 minute incubation at 37 degrees before plating the PEG-transformed 
cells. This happened by chance when one group neglected to wait before plating. They used some of 
the remainder of their transformants to plate again after the proper incubation interval. The fact that 
there was an average of 13.7 colonies on the non-incubated plates and 50.3 on the incubated plates is 
evidence that the incubation period is important, presumably because the transformants need sufficient 
time to express beta-lactamase before being placed in contact with the antibiotic.

The primary test was the calcium chloride protocol versus the PEG protocol. All students in this class 
achieved some transformants, and the PEG protocol students did on average achieve more, but the 
variance of the PEG data is great enough that this did not achieve statistical significance. I'm not sure 
whether to attribute the greater variance to chance or to a sensitivity of the PEG protocol to something 

Illustration 1: Colony counts from the 
plates that experienced pre-plating 
incubation versus none, the PEG vs Ca 
plates, and the 3 hour vs overnight  
plates
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as yet undetermined.

The final test, which was actually performed prior to the classroom exercise, was whether the overnight 
cells would work or whether a 3 hour log phase culture was really necessary. As you can see, the 3 hour 
log phase culture performed many times better than the overnight stationary phase cells, so this is an 
important step to replicate in preparing for classes. (the test was done because the class started at 9AM 
and I didn't want to come in at 6AM if I didn't have to!)

Conclusions

Although the calcium chloride and PEG/DMSO protocols were within the same order of magnitude for 
transformation efficiency, my clear preference was for the PEG protocol. This was really more due to 
the increased simplicity of the protocol as compared to the calcium chloride. Not having to set up a 
very time-sensitive heat shock and get the students to all do that at the right time is advantageous. 
According to the paper, the cold incubation times are also more flexible in the PEG/DMSO protocol.

I am concerned at the variability of the results with the PEG protocol, but this is not necessarily 
indicative of a sensitivity in the protocol. The sample size of this class is such that an outlier or two at 
each end could have been due to technique, pipette errors, etc.

The three hour culture is very necessary (unfortunately!) and ice baths at each station seem essential.



Pictures

Illustration 2: Unincubated (on the left) vs incubated (on the right) pGlo transformants



Illustration 3: Calcium chloride transformants (on the left) vs PEG/DMSO transformants (on the right)

Illustration 4: transformants under UV light, Ca on the left, PEG/DMSO on the right
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