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When pBR322 plasmid-harboring Escherichia coli strains RR1 or X1776 were
grown in the presence of 1 mg of uridine or cytidine per ml and later treated with
chloramphenicol, as much as three times more plasmid deoxyribonucleic acid was
recovered than would normally be obtained by routine plasmid amplification
procedures.

Recently there has been a tremendous surge in
the advancement of plasmid DNA technology
(1, 10). Various areas of plnid DNA research
routinely involve the preparation ofa substantial
quantity of plasmid DNA. Because plasmid
DNA purification is somewhat laborious and
time consuming, new methods are constantly
being sought to increase yields of plasmid DNA
from cultures of bacterial cells.
The National Institutes of Health EK2-certi-

fied plasmid vector pBR322 (3) is now widely
used as a vehicle in DNA cloning experiments.
Because previous studies showed that DNA
from Escherichia coli and other gram-negative
bacteria is more effectively labeled in vivo by
radioactive nucleoside when labeling is per-
formed in the presence of high concentrations of
unlabeled nucleoside (4, 6, 13), we attempted to
prepare a quantity of high-specific-activity
pBR322 plasmidDNA by using these conditions.
Our results surprisingly showed about a two- to
threefold-higher recovery of purified plasmid
DNA from E. coli cells grown in the presence of
1 mg of uridine or cytidine per ml than from
untreated cells.

Bacteria tested included strains ofE. coli RR1
(3) and X1776 (2, 11), each harboring the plasmid
pBR322 (3). E. coli RR1 cells were grown in M9-
glucose medium (9) supplemented with 0.5%
(wt/vol) Casamino Acids (Difco Laboratories,
Detroit, Mich.) and 2 ,ug of thiamine HCl (Sigma
Chemical Co., St. Louis, Mo.; T-4625) per ml. E.
coli X1776 was cultivated either in M9-glucose
medium as above but containing additional sup-
plements of 100 ,ug of DL-diaminopimelic acid
(Sigma; D-1377) per ml, 20 ,ug of thymidine per
ml, and 1 ,ug of biotin (Calbiochem, San Diego,
Calif.) per ml [M9(X1776)] or in "L- broth" me-
dium (15) designed for maintenance of this or-
ganism.

Overnight inocula of each organism were pre-
pared and diluted 1:100 in 1 liter of each respec-
tive medium prewarmed to 37°C in a 2-liter
Erlenmeyer flask, and cultures were incubated
at 37°C while shaking at 125 rpm in a water
bath shaker. When the optical density of the
cultures reached 0.1 at 550 nm, uridine (Sigma,
U-3750) or cytidine (Sigma, C-9505) was added
to a final concentration of 1 mg/ml. Cultures
were then returned to the incubator until an
optical density at 550 nm of 0.3 was reached, at
which time plasmid amplification was promoted
by adding chloramphenicol at a final concentra-
tion of 12.5 ,ug/ml or 100 ug/ml for X1776 or RR1
cells, respectively (7). Cultures were again re-
turned to the water bath shaker, followed by
final incubation periods of 5 h for X1776 cells
and 15 h for RR1 cells.

Cells from each 500 ml of culture were then
collected by centrifugation (4°C) at 16,300 x g
for 10 min in 250-ml plastic bottles and washed
once by centrifugation (4°C) at 1,500 x g for 10
min in 50 ml of cold 50 mM Tris-hydrochloride-
5mM EDTA, pH 7.6. PlasmidDNA was isolated
from the cleared lysate of a lysozyme-Brij 58-
sodium deoxycholate solution as described pre-
viously (8) and purified by CsCl buoyant density
gradient centrifugation (16) in the presence of
100 ug of propidium iodide (PI) (Calbiochem)
per ml. Purified covalently closed circular (CCC)
plasmid DNA (lower CsCl gradient band) was
collected, extracted 10 times with an equal vol-
ume of water-CsCl-saturated n-butanol to re-
move PI, diluted to twice the original volume
with water, and precipitated with two volumes
of cold ethanol. Open circular and linear plasmid
forms found in the upper CsCl band were col-
lected and treated similarly. Plasmid DNA was
then pelleted by centrifugation (4°C) at 13,200
x g for 20 min, air dried, dissolved in 10 ml of
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water, and again precipitated with ethanol and
collected as above. The purified plasmid DNA
was dissolved in 10 mM Tris-1 mM EDTA, pH
7.6, and the amount recovered was determined
from its UV absorbance at 260 nm.

Figure 1 illustrates the effect of 1 mg of cyti-
dine or uridine per ml (in M9-glucose medium)
on the amplification of pBR322 plasmid DNA in
E. coli RR1. In the absence of high concentra-
tions of nucleoside (Fig. 1A), cleared lysates
produced a distinct plasmid band on CsCl-PI
gradients corresponding to CCC plasmid DNA.
However, DNA from cleared lysates ofRR1 cells
grown and amplified in the presence of 1 mg of
cytidine (Fig. 1B) or uridine (Fig. 1C) per ml
yielded much heavier CCC plasmid bands on
CsCl-PI gradients. Moreover, the discrete upper
bands found in CsCl-PI gradients from cleared
lysates of cytidine- or uridine-treated RR1 cells
were found to be comprised chiefly of open
circular and linear plasmid DNA, as demon-
strated by 1% agarose gel electrophoresis (14)
(data not shown). When the CCC (lower) bands
were harvested from the CsCl-PI gradients and
further purified, more than three times more
plasmid DNA was recovered from uridine-
treated cells than from untreated cells, whereas
cytidine treatment produced a slightly lesser
effect (Table 1). These increased plasmid yields
were not the result of improved cell lysis of cells
grown in the presence of high nucleoside concen-
trations. When cleared lysates of cells grown
with or without nucleoside (and harvested be-
fore amplification by chloramphenicol) were as-

sayed (5) for total DNA, identical amounts of
DNA were found in these lysates.
The National Institutes of Health EK2-certi-

fied host E. coli X1776 was also tested in a
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FIG. 1. CsCI-PI buoyant density gradient centrif-
ugation ofDNA from cleared lysates of E. coli RRI
containing pBR322 plasmid DNA. The 30-ml poly-
carbonate Oak Ridge tubes containing DNA, CsCI
(at a final refractive index of nD25' - 1.3870, and 100
jg ofPIper ml were centrifuged in a Beckman 70 Ti
rotor at 35,000 rpm (10°C) for 48 h. E. coli RR1 cells
were previously grown in M9-glucose medium either
without additional supplement (A) or in the presence
of 1 mg of cytidine (B) or uridine (C) per ml, and then
subjected to plasmid amplification by chloramphen-
icol.

TABLE 1. Recovery ofpBR322 plasmid DNA from
Escherichia coli strains RRJ and xl 776 grown in

the presence of 1 mg ofnucleoside per ml
CCC pBR322
plasmid DNA

Strain Medium Treatment' recovered (mg/
liter of cell cul-

ture)b

RR1 M9-glucose None 0.85
RR1 M9-glucose +Cytidine 2.33
RR1 M9-glucose +Uridine 2.60

X1776 L None 0.16
X1776 L +Uridine 0.14

X1776 M9(X1776) None 0.46
X1776 M9(W1776) +Uridine 0.74

a Performed before plasmid amplification by chlor-
amphenicol.

b Cultures were grown to an optical density at 550
nm of 0.3 before the addition of chloramphenicol.

similar manner, but with two different types of
media. When pBR322-harboring X1776 cells
were grown in L broth medium with or without
uridine, no difference in plasmid DNA bands
from cleared lysates were observed in CsCs-PI
gradients. This was made more evident when
the plasmid DNA was collected from the gra-
dients and purified (Table 1). Only 160,ug from
untreated X1776 cells and 140 ,ug of plasmid
DNA from uridine-treated cells could be re-
covered from bands originating from a lysate of
X1776 cells derived from 1 liter of cell culture.
Indeed, it has been our experience that pBR322
plasmid amplification in X1776 cells grown in L
broth medium proceeds poorly under any con-
ditions or treatments. On the other hand, we
were able to achieve much better (ca. threefold)
pBR322 plasmid amplification when X1776 cells
were grown in M9(X1776) medium (Table 1).
Furthermore, uridine-treated X1776 cells pro-
duced almost twice as much plasmid DNA as
untreated control cells in M9(X1776) medium.

In all cases, CCC plasmid DNA preparations
purified from CsCl-PI gradients appeared iden-
tical irrespective of growth medium employed,
amplification conditions, or nucleoside treat-
ments (Fig. 2). Analysis on 1% agarose gels
showed that in each plasmid DNA preparation
from X1776 cells tested, plasmid DNA solutions
contained a majority of CCC molecules with
open circular forms also present as a result of
"nicking," which took place during purification.
Figure 2E also shows an E. coli X1776 bulk
chromosomal DNA control which shows the
presence of both chromosomal and plasmid
DNA. An identical electrophoretic pattern to
Fig. 2 was observed when plasmid and chromo-
somal DNA preparations from pBR322-harbor-
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FIG. 2. Agarose gel electrophoresis of DNA iso-
lated from E. coli xl 776 harboring pBR322 plasmid
DNA. Agarose (1%) gel electrophoresis was carried
out as described previously (14). Slots: A, CCC plas-
mid DNA preparation from cells grown in L broth
with no additional supplements and then treated with
chloramphenicol; B, CCCplasmid DNA preparation
from cellsgrown in L broth containing 1 mgofuridine
per ml; C, CCCplasmid DNA preparation from cells
grown in M9(X1 776) medium with no additional sup-
plement; D, CCC plasmid DNA preparation from
cells grown in M9(Xl 776) medium containing 1 mg of
uridine per ml; E, xI776 bulk chromosomal DNA
isolated from cells grown in M9(X1 776) medium con-

taining 1 mg of uridine per ml. OC, Open circular.

ing RR1 cells grown with or without cytidine or
uridine were subjected to 1% agarose gel electro-
phoresis (data not shown).
The mechanism of nucleoside stimulation of

pBR322 plasmid amplification reported here re-
mains obscure. However, in E. coli (4, 13) and
Haemophilus influenzae (6), previous reports
have implicated the presence of a nonspecific
nucleoside and/or nucleotide degrading en-

zyme(s) which is not a component of uptake
mechanisms. Thus, it appears likely that in-
creased levels of endogenous nucleoside accu-
mulating from high exogenous supply (i.e., the
medium), may effectively compete and block
these degradative enzyme systems. This should
allow greater endogenous sources of all four
nucleotides to be used for plasmid DNA synthe-
sis during amplification by chloramphenicol.
An interesting application of the nucleoside

stimulation of pBR322 plasmid amplification
may be found in the screening of bacterial colo-
nies containing potentially cloned DNA. For
example, in colony hybridization assays ofGrun-
stein and Hogness (12), it would be a simple
matter to incorporate nucleoside into the agar
medium during growth of the potential clones.
Filter disks containing the colonies could then
be either transferred to similar medium contain-
ing chloramphenicol or simply sprayed with an
appropriate solution ofchloramphenicol from an
atomizer, followed by incubation to promote
plasmid amplification. A modification such as
this may increase the overall sensitivity of the
colony hybridization technique. In addition, the
stimulatory effect of high nucleoside concentra-

tion on pBR322 plasmid amplification reported
here may be applicable to other E. coli host-
plasmid systems which are prone to plasmid
amplification in the presence of chlorampheni-
col.
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