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High efficiency 5 min transformation of
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We report a simple, rapid, 5 min transformation protocol thadf time that cells were pre-incubated on ice with DNA was not
produced1100% more transformants than the original calciunimportant. IM101 cells incubated with plasmid on ice for 1-180
competent protocol of Mandel and Higg. (There have been min before heat shock showed little variation in transformant
improvements on the transformation efficiency oP-I0F  numbers; at 180 min transformation il@&% of that at 5 min.
coloniesjig plasmid DNA ); the best probably that of Hanahan Transformations with BMH71-18mutS cells were variable and
(3) yielding 10-1F. The highest rates are achieved usingften as low as 20% of those obtained from the other cell lines.
electroporation (19-1019). However, we experienced difficulties Incubation of cells with the plasmid on ice followed by directly
in electroporation of the repair deficient straiies€herichia coli  spreading onto plates at room temperature (i.e. i€ 4at
(BMH71-18 mut S) required in the Unique Site Mutagenesishock) was sufficient to restore the higher transformation
(USE) technique4) and examined factors effecting the effi- efficiency. When this was repeated on plates pre-incubatetiGo 37
ciency of the calcium competent protocol. It is possible tthe efficiency was even higher. Fig@feshows results for IM101
transform cells in a fraction of the time recommended and vasitglls incubated with the GS construct where the plasmid/cell
improve efficiency. mixtures have been plated directly from the incubation on ice onto
Mutagenesis protocols generally rely on a high transformaticagar plates pre-incubated to different temperatures. By spreading
efficiency, but this is not of prime concern for the majority ofdirectly onto plates pre-incubated to®@7we routinely achieve
cloning techniques. Standard calcium chloride transformatiom®uble the transformation efficiencies of the ‘standard protocol’.
are simple, cheap and the competent cells may be storg@ at 4 Once heat shocked to 42 as in the standard transformation
or frozen at —70C, whereas Hanahan cells must be usegrotocol, there is an indifference to the pre-incubation temperature
immediately and electroporating equipment is expensive. of the plates (Fi®2B). This figure also demonstrates that cells give
We have concentrated on thigeoli cell types, JM101 for higher transformation rates following 3—4 days storageGaad
general cloning steps, BL21(DE3) for subsequent protein egan be used for periods of up to 2 weeks for simple transformation
pression and the repair deficient BMH71-18 mut S. Cells wera plasmid, although in agreement with Dagert and Ehrlich’s
grown at 37C in 100 ml of 2xTY medium (16 g bacto tryptone, original observations they are best used after 24 h (
10 g yeast extract, 5 g NaCl/l pH 7.4) containingsdml Following 42C heat shock, transformations were generally
tetracycline or ampicillin where appropriate. Atagg[0.7-0.8  better with a 30-60 min 3T non-selective medium recovery
they were chilled on ice, pelleted, resuspended in half volume of
0.1 M CaCj, cooled on ice for 30 min, repelleted and
resuspended in 5ml 0.1 M Ca(®). Competent cells were stored
at 4°C or as 10Qul aliquots in 10% glycerol at —7C. The
plasmid used was a 4.8 kb construct of human gelsolin cDNA in
pKN172 (a 2.6 kb ampicillin resistant pET based vec®r) I
the ‘standard protocol1-10 ng of DNA was mixed with 1G0
of cells, left for 30 min on ice, heat shocked t6@#r 2—3 min,
cooled again on ice before 5QDantibiotic free medium was
added for a 30—60 min outgrowth af 87and final plating out on
selective agar plates)( Using these conditions we achieved
[B x 10° coloniesjig plasmid.
The effect of salt concentration on electroporation has been
well documented. Calcium competdatcoli were originally [NaCl] mM
transformed using DNA solutions containing 20 mM Naq| (
Figure 1 shows the effect NaCl has on these transformations.
Optimum volumes for transformation weret84 pl DNA for Figure 1. Results from two experiments on the transformation rates from
100l cells. Larger volumes reduced transformation efficiency:am101/DNA mixtures containing salt, expressed as percent of those obtained
30 ul gave 70% of the colonies obtained using.5The length  with zero salt. (400 and 1400 colonies at zero salt).
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Figure 2. (A) JIM101 cells incubated with DNA on ice and then spread onto

plates pre-incubated at@ (solid bars), 20C (open bars) and 3T (hatched
bars). Results expressed as percent of those for the standard heat shock
outgrowth protocol spread onto 2D plates at each cell age point. Cells
prepared and stored &t@for testing to 16 days old. Data averaged from three
experiments with 100—1400 colonies for control plaBsC6lony counts from
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period (7) . Using the direct spreading technique, there was no
advantage from this outgrowth for cells carrying ampicillin,
tetracycline or chloramphenicol resistance. However, transform-
ations for kanamycin resistance by the direct method averaged
only 30% of those by the standard protocol thus demonstrating a
requirement for a recovery period with kan

With the exception of kdnimproved transformation rates
using the direct method have been noted with all cell lines and
plasmids thus far tested. Similar results have been obtained in
pBluescript +/— inserts up to 3 kb and with a 6.2 kb transfection
vector (CB6) +/— inserts up to 3 kb (M. Way, personal
communication).

In summary it is possible to efficiently transform bacteria in <5
min using neither specialist equipment nor noxious solutions. The
standard 1.5 h protocol can be condensed into a simple 1-5 min
incubation of cells with DNA on ice and spreading onto selective
agar plates pre-warmed to°®7, resulting in speed and 2-fold
increased efficiency.

Acknowledgements

We are grateful to Dr Michael Way and David Clarkson for testing

this protocol on other plasmid/cell lines in their respective

laboratories and to Drs Alan Weeds and Sutherland Maciver for
reading the manuscript.

REFERENCES

1 Mandel, M. and Higa, A. (1970) Mol. Biol 53,159-162.

2 Chung, C.T., Niemela, S.L. and Miller, R.H. (19B&)c. Natl Acad. Sci.
USA86,2172-2175.

3 Hanahan, D. (1983) Mol. Biol 166,557.

add Deng, W.P. and Nickoloff, J.A. (1992pal. Biochem200,81-88.

5 Maniatis, T., Fritsch, E.F. and Sambrook, J. (188&gcular Cloning: A
Laboratory ManualCold Spring Harbor University Press, Cold Spring
Harbor.

the ‘direct’ v ‘standard protocol’ methods for cells stored for different periods 6 Way, M., Pope, B., Gooch, J., Hawkins, M. and Weeds, A.G. (1990)

at 4°C. ‘Direct protocol’ (solid circles), ‘standard protocol’ to°&7 plates
(open circles), 20C plates (squares) and@ plates (triangles).

EMBO J9, 4103-4109.

7 Cohen, S.N., Chang, A.C. and Hsu, L. (192k. Natl Acad. Sci. USA
69,2110-2114.

8 Dagert, M. and Ehrlich, S.D. (197GEne6, 23-28.



