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ULTRAFAST MICROPREP PROTOCOL FOR

LARGE-NUMBER PREPARATIONS OF RECOMBINANT

PLASMIDS AND COSMIDS
JORG D. HOHEISEL

A very fast, reliable, and low-cost procedure is described to
purify both recombinant plasmids and cosmids in large
numbers, using the microtiter system for cell growth and
DNA preparation. Although the DNA obtained is limited in
amount and purity, it meets the requirements of characteriza-
tion by restriction analyses and gel electrophoresises, as
well as probe hybridization. Using basic laboratory equip-
ment, the protocol enables a single person to manually
iIsolate the covalently closed circular DNA of up to 6,000

clones within about 8 h.
© 1989 by W.B. Saunders Company.
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Access to a large number of individual, recombinant
plasmid or cosmid clones Is a requirement of several
recombinant DNA techniques. The screening of cDNA
libraries, for instance, the characterization of clones
resulting from genomic “walking” or “jumping” (Poustka
et al, 1986), or approaches to map large areas of genomic
DNA (Michiels et al, 1987), all require the isolation of DNA
In sufficient amounts and purity for restriction analyses or
probe hybridizations. Some protocols were published,
either accelerating DNA preparation (Holmes and Quigley,
1981) or for parallel isolation of several clones (Gibson
and Sulston, 1987). The Microprep protocol described
here combines these points using the 96 well arrays of
microtiter plates for cell growth and DNA purification and
speeding up the actual preparation by a protocol which is
simplified to those steps absolutely necessary to isolate
plasmid and cosmid DNA. Nevertheless, based on the
reliable and frequently used alkaline lysis procedure of Birn-
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boim and Doly (1979), it produces DNA of a quality that
meets the requirements of gel electrophoresis, cleavage
with restriction enzymes, and oligonucleotide hybridiza-
tion. Due to its simplicity, a large number of clones can be
easlly isolated at reasonable costs.

METHODS AND RESULTS

Both the pure vector and recombinant derivatives of
plasmids pUC18 and pTZ 18R (Mead et al, 1986) were used
for plasmid-preparations. (Actually, pUC18 was con-
structed by replacing the polylinker of pUCS8 [Vieira and
Messing, 1982] by that of M13mp 18 [Yanisch-Perron et al,
1985].) They were grown in the Escherichia coli strain
JM83 (Vieira and Messing, 1982). Highly purified plasmid
DNA was prepared using a modified alkaline lysis method
as described in detail by Pohl et al (1982). The experiments
concerning cosmid DNA were performed with clones of a
S. pombe-library cloned into lawrist4 and grown in E. Coli
strain C600 pop2135 (Raibaud et al, 1984).

Due to superior accuracy and thereby increased repro-
ducibility, all stock solutions and most other buffers were
prepared on a balance using weight ratio percentages
(Protocol 1). Only a few were mixed volume ratio or
weight per volume for reasons of convenience.

Preparation of covalently closed circular (CCC) DNA
was carried out as described in Protocol 2. The procedure
took approximately 50 min, the last 15 to 20 min being the
RNase-treatment. Since the centrifuge used was able to
spin four plates at a time, usually four plates were
processed In parallel, with no increase in the time
necessary. Solutions |, Il, and Ill were added continuously,
starting with the subsequent solution at the first row of
the first plate after finishing the fourth plate. By an
extension of the RNase-treatment to approximately 30
min, two sets of plates can be handled in an overlapping
manner, adding solutions |, Il, and Il to the second set
while incubating the other one. Thereby, the actual
preparation time iIs reduced to about 30 min/set, which
means that 64 plates (6,144 wells) can be processed
within 8.5 h. With two centrifuges, that output might
easily be doubled without a significant increase in time.
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Figure 1 shows all DNAs isolated from a single microti-
ter plate that was been inoculated with pUC derivatives.
The quality of cosmid preparations is shown in Fig 2. To
determine the DNA vyield resulting from a microprepara-
tion, plasmid and cosmid DNA from several preparations
were run in gels (e.g., Fig 2) containing 0.5 ug ethidium
bromide per milliliter. The gels were destained in water
overnight and then photographed using Polaroid film type
667 (Polaroid, Cambridge, MA), with an excitation wave-
length of 366 nm and a cut-off filter. UV illumination was
kept brief to avoid any light-induced bleaching of the
bands. The full width of each lane was scanned (LKB
Ultroscan XL, Bromma, Sweden) and compared with
scans of highly purified plasmid DNA, whose concentra-
tion had been measured by a fluorescence assay (Morgan
et al, 1979) based on the increase in fluorescence of
DNA-intercalated ethidium (Perkin-EImer MPF-3L Fluores-
cence Spectropﬁhoktometer; excitation at 280 to 320 nm,

measurement at 580 to 620 nm). Signals from the
monomeric, dimeric, and trimeric forms were taken Into
account. In a range between 10 and 100 ng CCC DNA, the
signal intensity increases linearly with the rise of the DNA
amount. Using these methods, it was found that a micro-
oreparation yields 250 (+20) ng plasmid DNA or 40 (+ 10)
ng cosmid-DNA.

For restriction digestion (Protocol 3) the DNA had to be
precipitated to change the buffer, because restriction
enzymes were inhibited by the high salt solution resulting
from the preparation. Contaminating DNases did co-
precipitate. They unspecifically cut the DNA, if it was
dissolved in buffer containing Mg™ " ions (data not
presented). Heating to only 68°C, instead of 85°C, did not
entirely inactivate DNases. However, cosmid DNA Incu-
bated at 85°C complexed with the chromosomal E. coli
DNA and did not enter 0.5% (w/w) agarose gels. There-
fore, 68°C was used as a compromise for cosmid
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preparations. Figure 3 shows the quality of restriction
patterns obtained by ethidium bromide staining in case of
plasmid DNA (Fig 3A) or end-labeling and autoradiogra-
phy with cosmids (Fig 3B).

TAK restriction buffer (33 mM Tris-acetate, pH 7.9, 66
MM potassium acetate, 10 mM magnesium acetate, 0.5
mM dithiothreitol) (O'Farrell et al, 1980) was applied
pecause It allows digestion with almost any restriction
enzyme. All enzymes listed in Table 1 showed between
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FIG1. The CCC DNA of 100 (92 + 8) plasmids prepared in one
microtiter plate was electrophoresed in an agarose gel. A few wells
(first eight lanes) had been simultaneously inoculated with two
clones each. Standards are a mixture of highly purified plasmids
with 3,465, 2,953, 2,736, and 2,575 base pairs (bp) of their
monomeric forms. All plasmids are recombinant pUC 18-deriva-
tives unidirectional deleted by exonuclease |ll (Hoheisel and Pohl,
1986). The gel was run to screen the amount of deletion.

/0% and more than 100% activity in TAK in comparison
to incubations in buffers recommended by the deliverers.
Only Sacl, an isoschizomer of Sstl, was found less active.
Since some DNA-modifying enzymes are active in TAK as
well, combined use can simplify and accelerate some
procedures, e.g., end-labeling of restriction fragments
(Protocol 3). The standard of Fig 3B, for instance, was
produced by an incubation of 125 ng lambda-DNA (Phar-
macia, Uppsala, Sweden) with 5 U EcoRl in 9 ul TAK buffer
supplemented with dGTP, dCTP, and dTTP (20 uM each) at
37°C for 10 min, followed by a further 5 min after addition
of 0.5 ul Klenow enzyme (2 U) and 0.5 wul a*PdATP (10
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FIG 2.
Microprep protocol. (a) 25, 50, 75, and 100 ng of pTZ18R were

run together with a sixth of micropreparations made from the same
plasmid (b) or half the preparation of lawrist4-derivatives (c),
respectively, in a 0.5% (w/w) agarose gel. The lanes were scanned
and the amount of DNA was determined in comparison to the four
standard-lanes (a) of highly purified plasmid.

Amount of plasmid and cosmid DNA yielding from the

mCi/ml, 3,000 Ci/mmol [1 Ci = 37 GBq]; Amersham, UK).
With the addition of Klenow enzyme the percentage of
glycerol exceeded 5%, inducing star-activity of EcoRl.

Alt
COISO

nough a background of chromosomal E. coli DNA is

ated in micropreparations, hybridizations with 12mer

oligonucleotides according to a standard procedure (Pro-
tocol 4; Craig and Nizetic, personal communication,
August 1988) recognized spotted cosmid DNA with high
specifity (Fig 4). Hybridizations to plasmids produced even
better results (not shown).

DISCUSSION

The major advantage of the Microprep protocol, to begin
with, is its velocity. Not only the parallel treatment of four
microtiter plates at a time (a reasonable number, although
the limit is set by the capacity of the centrifuge), but also
the actual procedure itself increases the turnover consid-
erably. In particular, the number of DNA precipitations,

wh

ch are time- and work-intensive, is drastically reduced

to one, for restriction digestion. If several sets of plates
are prepared during the morning, it is possible to analyze
the clones by restriction digestion and/or hybridization on
the same day. Actually, not the DNA preparation, but the
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inoculation by manual transfer of randomly distributed
clones from agar-plates into microtiter plates, became a
imiting factor, because, in my experience, 5,000 to 6,000
clones seem to be the most a single person Is able to
manage within a day.

The procedure is simple and robust, resulting in a high
degree of reproducibility. Variations of the incubation
times in solutions I, Il, and lll from 3 to 10 min did not
influence the amount and quality of isolated DNA, nor an
extension of the RNase digestion. The heat-treatment of
the RNase (Protocol 1) was carried out routinely, although
DNase-free commercial enzyme was used. Nevertheless,
In some preparations, obtained from different sources,
traces of DNase had been found. Since a high concentra-
tion of RNase is used in the preparation, potential
contaminations could cause damage in low-salt bufter.

Compared with the approach of Gibson and Sulston
(1987), the isolates are obviously of less quality, because
the procedure simplifies the preparation to its bones. For
many purposes, however, their purity is adequate and the
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FIG 3. Restriction digestion of DNA derived from micropreparations. (A) Two pUC 18-derivatives (clone 1: lanes b-d; clone 2: e-g) were cut
with the restriction nuclease Taqgl at 68°C (b, e), overlayered by paraffin to avoid evaporation, or with Bgll (c, f) and Haelll (d, g) at 37°C as
described in Protocol 3. Electrophoresis was in 1.5% (w/w) low-melting-point agarose. Standard (a) is pUC18-DNA of higher purity
linearized with EcoRl (2,736 bp) and Taql (1,443 bp, 805 bp, 458 bp). (B) Restriction patterns of lawrist4-recombinants cleaved with
BamHI as described in Protocol 3. A quarter of yields from micropreparations was loaded to lanes b to e, respectively. Lane a shows a
standard of EcoRlI-cut lambda-DNA. To visualize the bands the 0.65% (w/w) agarose gel was dried and autoradiographed for 1 h using Kodak

XAR-5 film (Kodak, Rochester, NY).

velocity allows the handling of much larger clone num-
bers.

The Microprep protocol seems to be capable for
automation. Using microtiter plates with a filter bottom
instead of ordinary plates, centrifugation steps may be
replaced by filtration, which would make the protocol
even more suitable for large-scale application. A few
experiments with Millititer-GV plates (Millipore Millititer
system, Bedford, USA) showed reasonable results. The
major obstacle was cross-contamination on account of
the foaming of the SDS during the vacuum transfer of the
“supernatants’ after addition of solutions I, Il, and lll. This
was circumvent by a previous incubation at —20°C for 15
min. While the high salt concentration prevented freezing,

the SDS precipitated and was retarded onto the filter.
However, the preincubation equalizes the time advantage
of filtration, and the costs of preparation are considerably
Increased, since filtration plates are much more expensive
than ordinary plates. Therefore, only a few preliminary
experiments were performed and no claim of highly
reproducible performance can be made.

After the ethanol-precipitation, which is necessary for
cleavage with restriction enzymes, the DNA was taken up
in 10 mM Tris-HCI (pH 8.0), 0.1 mM EDTA (TE-buffer) first,
to allow storage without any risk of unspecific digestion.
To heat-inactivate the DNase contamination, Mgt ™ ions
are required in the buffer. DNA incubated without Mg**
was destroyed at 68°C, as well as 85°C. In an earlier
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TABLE 1 e T

ENZYMES CHECKED FOR ACTIVITY IN TAK-BUFFER"

Restriction enzymes with 4 bp recognition sites a
Alul (50 mM Dpnl Hpall Rsal
NaCl)
Cfol Haelll Hinf| Sau3A S— b
Ddel Hpal Mbol Tagl (68°C) FIG 4. Specific hybridization to Mi-
Restriction enzymes with 5 bp recognition sites croprep-DNA. Half the microprepara- )
Avall Fok| Hgal p— c tions of pTZ18R (b, d), a tenth of the
Rej;flt'm enzymes:;; 6 bp remi?:;ﬁr SIes Sal (100 MM identical preparations (a, c)., and half
NaCl) the DNA-amount resulting from :
Apal BssHII Kpnl Scal _ P—— d cosmid-clones (e, f) were spotted onto
(50°C) GeneScreen Plus (NEN, Boston, MA;
Aval Clal Nael Smal area per spot approximately 10 mm?).
s _— N A155) i 2P Spots g and h are controls without an
Nacl — @ Seotsgandhare ithout any
BamHI| Hincll Pstl Sstl DNA. A kinased 12mer OIIQDHUdEO-
Bgl| Hindll Sacll Xbal tide, complementary to lawrist4 vector-
Xhol R f DNA (Craig A, personal communica-
Restriction enzymes with 8 bp recognition sites: . tion, August 1988), was hybridized in
Notl (50 mM NaCl,0.01% (v/v) Triton X-100) Sfil (50°C) e | ' _
DNA-modifying enzymes _- | 3 ml solution (Protocol 4). Stringent
Alkaline phosphatase, CIP — wash in TMAC (3 M tetramethylammo-
Dam-methylase (0.08 mM S-adenosylmethionine) g nium chloride, 50 mM Tris-HCI [pH
Klenow enzyme (0.08 mM dNTPs®) 7.5], 2 MM EDTA, 0.1 % [W/W] SDS)
Reverse transcriptase, AMV®  (0.08 mM dNTPs) o .
T4 DNA-polymerase (0.08 mM dNTPs) e h WE DOTETIRKYSE the. Lo FLTEE SApROSF
e | | tion overnight only the cosmid spots
“Incubation temperatures different from 37°C or supplements to TAK, could be seen. The autoradiography
which are necessary for the activity of particular enzymes, are indicated shown was overexposed for 72 hours
i ~rrrpu AN . to make the filter background visible
od as well.

‘dNTPs, dATP, dGTP, dCTP, dTTP (20 uM each).

version of the protocol, solution | was supplemented with
CDTA (diaminocyclohexan-tetraacetic acid) instead of
EDTA. Those preparations could be heated without addi-
tional Mg**, because natural Mg™ ™ ions attached to the
DNA were not chelated during the DNA isolation.

Since micropreparations rely on basic laboratory equip-
ment only, the isolation of a large number of clones can be
performed in almost every laboratory and at a reasonable

)
e
e i
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e o e o
e e e
SRS e e R e R e i

| : %% cost. Therefore, the protocol seems to be appropriate for
% '~- ﬂ;% a wide range of applications, from simple size screening
.%_ . of CCC DNAs to mapping efforts at large areas of
. . 1@, genomic DNA.
a: = o

20
i
e
", -y
=
S =
) e x
o
!
: .,,.-H’ﬁﬁ”m

QT
T
) o
o ] e
s E'éhc?ﬁmwf

- ACKNOWLEDGMENTS |

| am grateful to Dr F.M. Pohl for stimulating discussions and his .
broad support. | also thank Dr H. Lehrach, in whose laboratory the
experiments concerning cosmid-DNA were actually carried out, Drs

A.G. Craig and D. Nizetic for providing clones of their S. pombe

library as well as helpful expertise, and Dr G. Lennon for helpful

comments on the manuscript. Lawrist4 had been kindly provided

by Dr P. Little. This work was supported by the European
Community (BAP-0135-D) and was completed during a long-term

European Molecular Biology Organization fellowship.

||||||||
||||||




ULTRAFAST MICROPREP OF PLASMIDS AND COSMIDS

REFERENCES

Birnboim HC, Doly J (1979) A rapid alkaline extraction procedure for
screening recombinant plasmid DNA. Nucleic Acids Res 7:1513-1523.

Church G, Gilbert W (1984) Genomic sequencing. Proc Natl Acad Sci
USA 81:1991-1995.

Gibson TJ, Sulston JE (1987) Preparation of large numbers of plasmid
DNA samples in microtitre plates by the alkaline lysis method. Gene Anal
Tech 4:41-44.

Hoheisel JD, Pohl FM (1986) Simplified preparation of unidirectional
deletion clones. Nucleic Acids Res 14:3605.

Holmes DS, Quigley M (1981) A rapid boiling method for the prepara-
tion of bacterial plasmids. Anal Biochem 114:193-197/.

Mead DA, Szczesna-Skorupa E, et al (1986) Single-stranded DNA ‘blue’
T7 promotor plasmids: a versatile tandem promotor system for cloning

and protein engineering. Prot Engineering 1:67-74.

Michiels F, Craig AG, et al (1987) Molecular approaches to genome
analysis: a strategy for the construction of ordered overlapping clone
libraries. Comput Appl Biosci 3:203-210.

Morgan AR, Lee JS, et al (1979) Review: Ethidium fluorescence assay.
Part 1. Physicochemical studies. Nucleic Acids Res 7:547-b69.

27

O’Farrell PH, Kutter E, et al (1980) A restriction map of the bacterioph-
age-T4 genome. Mol Genet Cytogenet 179:421-435b.

Pohl FM, Thomae R, et al (1982) Temperature dependence of the
activity of DNA-modifying enzymes: Endonucleases and DNA ligase. Eur
J Biochem 123:141-152.

Poustka A, Pohl T, et al (1986) Molecular approaches to mammalian
genetics. Cold Spring Harbor Symposium. Quant Biol 51:131-139.

Raibaud O, Mock M, et al (1984) A techniqgue for integrating any DNA
fragment into the chromosome of Escherichia coli. Gene 29:231-241.

Vieria J, Messing J (1982) The pUC plasmids, an M13mp7-derived
system for insertion, mutagenesis, and sequencing with synthetic
universal primer. Gene 19:259-268.

Wood WI, Gitschier J, et al (1985) Base composition-independent
hybridization in tetramethylammonium chloride: A method for oligonucle-
otide screening of high complex gene libraries. Proc Natl Acad Sci USA
82:1585-1588.

Yanisch-Perron C, Vieira J, et al (1985) Improved M 13 phage cloning
vectors and host strains: Nucleotide sequences of the M13mp 18 and
pUC19 vectors. Gene 33:103-119.




	seite1
	seite2
	seite3
	seite4
	seite5
	seite6
	seite7

