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Summary. Incubation of the colicinogenic Escherichia coli strain JC 411 (ColE1) at ele-
vated temperatures (47-49°) leads to the accumulation of catenated molecules and replicative
intermediates of this plasmid. Mature supercoiled ColE1 DNA molecules synthesized under
these conditions have an increased number of tertiary turns as shown by electron microscopy.
The monomeric tightly supercoiled molecules possess a slightly slower sedimentation rate and
a higher binding capacity for ethidium bromide than supercoiled monomers synthesized at lower
temperatures. Recombination deficient mutants of E. coli recA, rec B and recC, which carry the
ColE1 plasmid, form about the same amount of catenated molecules at the elevated temperature
as arect strain.

In addition, we have observed by electron microscopy a small percentage (~5% of the
circular DNA molecules) of minicircular DNA molecules in all preparations of JC 411 (ColEl).
They are homogenous in size, with a molecular weight of 1.4 x 10° daltons.

Addition of chloramphenicol to a culture of Proteus mirabilis (ColE1) leads to an increased
amount of higher multiple circular oligomers and to a stimulated accumulation of catenated
ColE1 DNA molecules of varying sizes. ColE1 DNA synthesis is more thermosensitive than
chromosomal DNA replication in P. mirabilis. Plasmid replication stops completely at temper-
atures above 43°C.

Introduction

In cells containing extrachromosomal small genetic systems, like bacterio-
phages, animal viruses, mitochondria, chloroplasts or bacterial plasmids, often
DNA structures, termed oligomeric or complex forms, were found in addition to
the monomeric circular unit (for a summary, see Helinski and Clewell, 1971).
These forms are either circular or catenated oligomeric DNA molecules. This
DNA may be formed by recombination, (Hudson and Vinograd, 1967 ; Rush and
Warner, 1968) by replication (Goebel and Helinski, 1968; Nass, 1969, 1970;
Goebel, 1971; Meinke and Goldstein, 1971; Jaenisch and Levine, 1972; Brack
et al., 1972) or by a combination of both events (Benbow ef al., 1972; Jaenisch
and Levine, 1973). With the bacterial plasmid ColE1, we have previously shown
that the formation of circular multiple forms can be enhanced in Proteus mirabilis
by the inhibition of protein synthesis (Goebel and Helinski, 1968). Similar ob-
servations have been made with mitochondrial DNA (Nass, 1969, 1970) virus DNA
(Jaenisch and Levine, 1972; Bourgaux, 1973) and phage DNA (Benbow et al.,
1972). In Escherichia coli inhibition of protein synthesis has a negligeable effect on
the formation of complex ColE1l DNA molecules. Such forms are however syn-
thesized in E. coli in various temperature-sensitive DNA replication mutants
(dnaB, C, E), which are able to maintain at least in part a semiconservative
synthesis of the ColE1 plasmid at the restrictive temperature (Goebel, 1970, 1971;
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Goebel, 1972). More recently we have found that wild strains of E. coli carrying the
colicinogenic factor E1 (ColE1l) accumulate preferentially replicative and catenated
DNA molecules when the cultures are kept at elevated temperatures (Goebel and
Kreft, 1972).

We report here the results of further investigations on the effect of elevated
temperatures and chloramphenicol on the formation of complex ColE1 DNA
moleculesin E. coli and P. mirabilis.

Materials and Methods
Bacterial Strains and Growth Conditions

E. coli JC 411 (ColE1l) and P. mirabilis (ColE1l) have been previously described (Goebel
and Kreft, 1972; Goebel and Helinski, 1968). Recombination-deficient mutants E. coli
JC 2926 recA13, JC 5743 recB21 and JC 5489 recC22 were kindly provided by Dr.T.J.
Foster.

Transfer of ColE1l plasmid into the rec-mutants were performed with HfrH (ColE1l) as
donor strain. Colicinogenic recipients were counterselected on agar plates containing 100 y.g/ml
streptomycin and 200 units colicin E1/ml.

Cultures of the strains were grown in phosphate-buffered minimal medium containing
in 11 solution; 1.0 g NH,C], 1.5 g KH,PO,, 3.5 g Na,HPO,, 5 g casamino acids (Difco), 0.2 g
MgS0,, 2 g glucose and 0.2 g thiamine.

Broth contained 8 g nutrient broth (Difco), 5 g bactopeptone (Difco), 1.5 g KH,PO,,
3.5 g Na,HPO,, 5 g NaCl and 1 g glucose. Broth plates were made up to 1,5% with Bacto-agar
(Difco).

Isolation of Plasmid DN A

Plasmid DNA from E. coli cells was extracted by the lysozyme/Brij 58 procedure (Clewell
and Helinski 1969; Goebel 1970). Plasmid DNA from P. mirabilis was extracted by a modified
procedure of Vapnek and Rupp, 1971. Cells from a 20 ml culture were resuspended in 0.1 M
Tris - HCI, pH 8.0, containing 25% sucrose, and treated at room temperature for 10 min with
lysozyme (1 mg/ml) and 0.05 M EDTA (ethylendiaminetetraacetic acid-disodiumsalt) pH 7.5.
The mixture was cooled in ice and made 0.5% on sodiumdodecylsulfate. After 10 min, solid
CsCl was added to the viscous lysate to a concentration of 1 M CsCl. The whole mixture was
allowed to stand in ice for at least 10 h. Then it was centrifuged at 20.000 X g for 30 min (4°C).
The supernatant containing most of the plasmid DNA is referred to as cleared lysate. The
pellet was discarded. Plasmid DNA was further isolated by CsCl-ethidium bromide equili-
brium centrifugation (Radloff, Bauer and Vinograd, 1967) and separated on sucrose gradients
as previously described (Goebel, 1971).

Ultracentrifugation Procedures

The experimental conditions used in neutral sucrose gradients are described in the legends
to the Figures. CsCl equilibrium centrifugation in the presence of ethidium bromide was per-
formed according to Radloff ef al., 1967, using the Spinco Ti 50 rotor. Centrifugation was
carried out for 18-20 h at 44000 rpm and 2°C.

Electron Microscopy

The grids for the electron microscopy were prepared by the technique of Kleinschmidt and
Zahn, 1959, DNA-containing fractions from the CsCl-ethidium bromide gradient were pooled.
The dye was removed by extraction with isopropanol. CsCl and residual isopropanol were
removed by dialysis against diluted (0.1) SSC (0.015 M sodium citrate, 0.15 M NaCl). The
dialyzed fractions were diluted 1:5 with 0.02% cytochrome C in 1 M ammonium acetate. The
hypophase was bidistilled water. The grids were positively stained with uranylacetate, rotary
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s.hadowed with platinum-palladium (Pt-Pd) and examined in a Siemens Elmiskop 1 (magni-
fication 20000 x ). Contour lengths were measured on large scale prints.

Sources of Materials

Lysozyme and ethidium bromide were obtained from Merck (Germany). 3H-thymidine
{specific ativity 23 Ci/mmol) was purchased from the Radiochemical Centre (Amersham,
England).

Results
1.ColE1 DN A Structures Formed at Elevated Temperatures in JC 411 (ColE1)

We have previously demonstrated that the replication of the small non-
transmissible plasmid, colicinogenic factor E1 (ColEl) continues at elevated
temperatures of 45-49° C, whereas the replication rate of the bacterial chromosome
decreases rapidly above 45°C and stops completely above 47°C (Goebel and Kreft,
1972). Fig. 1 shows two interesting properties of the ColE1 DNA synthesized at
these elevated temperatures. First, the buoyant density in CsCl-ethidium bromide
of the supercoiled DNA (band I) decreases with increasing temperature, which
indicates that the superhelix density (Eason and Vinograd, 1971) of the super-
coiled ColE1 DNA synthesized under these conditions increases. Second, above
45°C an increasing amount of a DNA species is synthesized, which bands in the
CsCl-cthidium bromide gradient at an intermediate buoyant density (band II).

Sucrose gradient centrifugation of the DNA of band I under neutral conditions
shows the appearance of faster sedimenting DNA species at 4749°C with sedi-
mentation coefficients (31 8, 37 8) corresponding to supercoiled dimeric and
trimeric ColE1 DNA (Fig. 2). Electron microscopy of the DNA of band I reveals
above 47°C, the presence of mainly monomeric supercoiled molecules with an
increasing number of superhelical turns (Fig. 3), which is highest at 49°C.

The supercoiled dimeric and trimeric molecules seen are most likely catenates
consisting of interlocked tightly twisted supercoiled monomers, as no open circular
dimer or trimer ColE1 DNA molecule could be observed in these preparations.
Tt is i nteresting to notice that the supercoiled monomeric ColE1 DNA isolated from
a 49°C culture sediments slightly slower than a supercoiled marker DNA synthe-
sized at 30°C (Fig. 2). The high superhelical density probably causes a rather
rigid, rod-like shape of these molecules, which may cause the observed decrease
in the sedimentation rate.

A detailed analysis of the DNA of band II by sedimentation centrifugation
on neutral sucrose gradients and electron microscopy (Goebel and Kreft, 1972)
has revealed that this band contains mainly replicative intermediates with two
untwisted branches and one twisted branch (Jaenisch et al., 1971 b; Fuke and
Inselburg, 1972) and catenated molecules with interlocked supercoiled and open
circular rings. Most if not all of these catenates consist of two or more unit length
molecules (Fig. 4). No higher circular oligomer as part of these catenates was ob-
served. There is still a substantial amount of monomers in this band with a high
number of tertiary turns, which suggests that the superhelix density of the super-
coiled ColE1 DNA synthesized at the elevated temperature may be rather he-
terogeneous.

It has been shown in various instances that the inhibition of protein synthesis
leads to a stimulated synthesis of circular and catenated oligomeric molecules

11 Molec. gen. Genet. 129
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Fig. 1. Analysis of ColE1 DNA synthesized at various temperatures by dye-buoyant density
centrifugation. A culture of E. coli JC 411 was grown to a density of 2-3 x 108 cells/ml at 30°C.
Then it was divided into five equal parts which were incubated for 1 h at the indicated temper-
atures and labeled during this time with [Me-*H]-thymidine (10 uCi/ml). ColE1 DNA was
extracted by the lysozyme-Brij procedure (Clewell and Helinski, 1969). Cleared lysates were
centrifuged to equilibrium in CsCl-ethidium bromide gradients. 32P-labeled supercoiled DNA
isolated from a culture of JC 411 grown at 30°C was added to each gradient as an internal
marker. Fractions (10 drops) were collected from the bottom of the centrifuge tubes in small
vials. Aliquots (20 1) of these fractions were taken for determining the radioactivity as de-
scribed (Goebel, 1970)

(Goebel and Helinski, 1968; Nass, 1969, 1970; Jaenisch and Levine, 1972; Bour-
gaux, 1973). To examine whether the inhibition of protein synthesis by chlor-
amphenicol may further stimulate the formation of higher oligomeric ColE1
DNA molecules in E. coli at elevated temperatures, we have added the drug in
concentrations of 20-200 pg/ml for 5 h to a culture of JC 411 (ColE1l) which was
kept at 49°C. Whereas low concentrations of the antibiotic (20-80 pg/ml) do not
change the pattern of the replication products synthesized at 49°C, higher con-
centrations of the drug cause a drastic inhibition of the incorporation of *H-
thymidine into ColE1 DNA, without significantly affecting the qualitative com-
position of the replication products.

2. Synthesis of Complex ColE1 DN A in Recombination Deficient Mutants
at Elevated Temperatures
The incubation of a culture of JC 411 (ColE1) at 49° favors the formation of
catenated DNA molecules without generating substantial amounts of multiple
circular molecules. It has been claimed that both structures may not be synthesized

by the same mechanism (Benbow, Eisenberg and Sinsheimer, 1972 ; Jaenisch and
Levine, 1973).
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Fig. 2. Sucrose gradient analyses of the supercoiled DNA (band I) synthesized at 45°C,
47°C and 49°C. Fractions with the highest buoyant density (band I) of the CsCl-ethidium
bromide gradients from lysates of cells grown at 45°C, 47°C and 49°C were pooled. The dye
was removed by repeated extractions with isopropanol. The fractions were then extensively
dialyzed to remove CsCl and the excess of isopropanol. Samples were layered on top of neutral
5-20% sucrose gradients and centrifuged at 45000 rev/min for 2 h at 20°C. Fractions (10
drops) were directly collected from the bottom of the tubes on filter paper squares

To examine whether recombination may be responsible for the generation of
catenated forms at the elevated temperature, we have transferred the ColEl
factor into recA, rec B and recC mutants and analyzed the ColE1 DNA synthesized
in these mutants at 49°C by CsCl-ethidium bromide centrifugation and on neutral
sucrose gradients. Fig. 5A-C, demonstrates that all three mutants yield ColEl
DNA at 49°C which forms three bands with different buoyant densities in an
CsCl-ethidium bromide gradient. The DNA peak I bands at a slightly lower
buoyant density than supercoiled 3*P-ColE1 DNA added as an internal marker.
It represents mainly supercoiled monomeric ColE1 DNA with increased tertiary
turns and some tightly supercoiled catenated dimers. The DNA peak II can be
resolved on a neutral sucrose gradient into 2-3 DNA species, which besides
monomeric supercoiled DNA (23 S) probably represent catenated molecules with
one supercoiled molecule and one open molecule (27 S, Wang, 1970), with one super-

11*
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Fig. 3a—d. Electronmicrographs of ColE1l DNA molecules from £.coli JC411. a and b
grown at 49°C. ¢ and d grown at 47°C. The bar represents 0.5 pm

coiled molecule and two open circular molecules (33 S) and with two supercoiled
molecules and one open circular molecule (36 S). The DNA peak I11 contains mostly
catenates with open circular molecules and some monomeric open circular mole-
cules.

The generation of these complex molecules is basically the same in all three
recombination deficient mutants. The minor quantitative differences in the pat-
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3. Identification of Minicircular DNA in JC 411 (ColE1)
by electron microscopy we have observed in all DNA samples obtained from the
high-buoyant-density and the intermediate-density bands of the CsCl-ethidium

terns do probably not indicate substantial qualitative differences but may
During the investigation of the ColE1 DNA preparations from JC 411 (

rather represent experimental fluctuations.
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Fig. 5A-—C. Analysis of ColE1 DNA, synthesized at 49°C in three recombination-deficient
mutants of K. coli, by dye-buoyant-density centrifugation and sucrose gradient centrifugation.
Cultures of JC 2926 recA (ColE1), JC 5743 recB (ColE1) and JC recB (ColE1) were grown at
30°C to 2-3 x 108 cells/ml and then incubated further for 1 h at 49°C. Cultures were labeled
during this time with 3H-thymidine (30 uCi/ml). ColE1 DNA was extracted and centrifuged in
CsCl-ethidium bromide gradients as described in Fig. 1 (top). The DNA fractions with inter-
mediate buoyant density (band IT) were further analyzed on neutral 5-10% sucrose gradients
as described in Fig. 2 (bottom). (A) JC 2926 recd ; (B) JC 5743 recB; (C) JC 5489 recC

bromide gradients, a small percentage of DNA molecules, which are considerably
smaller in size than ColE1 DNA (Fig. 6). They are rather homogenous in size with
a mean contour length of 0.7 u, which corresponds to a molecular weight of
1.4 X 108 daltons. They represent roughly 5% of the total number of circular
molecules in the supercoiled fraction. We do not believe that these molecules are
microscopical artefacts, since we have observed besides open circular and super-
coiled forms a few molecules which have the structure of replicative intermediates,
(Fig. 6) which indicates that these molecules are replicating entities.

In addition, we have carefully analyzed a preparation of supercoiled DNA
from JC 411 (ColE1) cells grown at 30°C on alkaline sucrose gradients. (Under
neutral conditions the expected sedimentation value for these small supercoiled
DNA molecules of 16-17 S (Bazaral and Helinski, 1968) would be identical with
the open circular form of ColE1 DNA). As shown in Fig. 7 there is indeed a small,
but well reproducible peak at around 36 S between the fast sedimenting super-
coiled ColE1 DNA (48 S) and the denatured ColE1l DNA (16-17 S). This peak
amounts also to about 5% of the total supercoiled DNA. This sedimentation
coefficient agrees quite well with the value expected for a supercoiled DNA mole-
cule of this size under alkaline conditions.
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Fig. 6a—c. Electronmicrographs of minicircular DNA from Z. coli JC 411 (ColE1) a open

circle. At the left side supercoiled ColE1 DNA, b supercoiled form, c replicative form of mini-
circular DNA. The bar represents 0.5 pm

4. Formation of Complex DN A Molecules in P. mirabilis

In P.marabilis, ColE1 DNA exists as multiple circular DNA forms under
normal growth conditions (Bazaral and Helinski, 1968). In addition, it has been
shown that the inhibition of protein synthesis in Proteus mirabilis, carrying the
ColE1 factor, leads to an increased accumulation of these forms (Goebel and He-
linski, 1968). The existence of catenated molecules in P. mirabilis, has not been
shown in these studies. If, however, catenated DN A molecules are connected with
DNA replication as suggested by the previous data, one may expect to find more
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Fig. 7. Alkaline sucrose gradient of supercoiled DNA of JC 411 (ColE1l) grown at 37°C.

A culture of JC 411 (ColE1) was grown at 37°C and labeled with *H-thymidine (5 x.Ci/ml).

Supercoiled DNA was isolated from the cells as described in Fig. 1 and analyzed on an

alkaline 5 to 20% sucrose gradient, containing 0.2 M NaOH and 0.7 M NaCl. Centrifugation

was carried out for 90 min at 45000 rev/min (20°). Fractions were collected from the bottom

of the tube directly on filter paper squares, which were counted in a liquid scintillation
counter as described (Goebel, 1970)
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Fig. 8A and B. Analysis of ColE1 DNA, synthesized in the presence and absence of chlor-
amphenicol, in Proteus mirabilis (ColE1) by dye-buoyant density centrifugation and sucrose
gradient centrifugation. A culture of P. mirabilis (ColE1) was grown at 37°C to 5 X 108 cells/ml.
Then it was divided into two equal parts. One part was kept at 37°C and labeled with *H-
thymidine (10 p.Ci/ml) for 1 h. To the other part, chloramphenicol (200 p.g/ml) was added. The
treated culture was labeled with ¥H-thymidine (10 1Ci/ml). ColE1 DNA was extracted by a
modified procedure of Vapnek and Rupp, 1971 (see Materials and Methods) and further
purified by dye-buoyant density centrifugation. T'op: (A) without chloramphenicol, (B) with
chloramphenicol

complex catenated ColE1 DNA molecules as possible replicative intermediates of
the circular oligomers in this microorganism. To test, whether such catenated
ColE1 DNA molecules are present in P. mirabilis (ColE1) cells and whether their
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formation is enhanced by a stop of protein synthesis, we have prepared cleared
lysates of P. mirabilis, untreated and treated with chloramphenicol (150-200 pg/
ml) by a modified procedure of Rupp and Vapnek, 1971, and analyzed them by
equilibrium centrifugation in CsCl-ethidium bromide gradients. Although there
is no apparent intermediate band in the CsCl-ethidium bromide gradient (Fig. 8 A)
of the untreated lysate, which would indicate the presence of catenated molecules
with an open circular and a supercoiled partner, we have pooled fractions 6-13
and examined them by electron microscopy. This revealed the presence of catenates
of varying composition (Fig. 9). About 1.5% of the total cellular DNA is ColEl
DNA. The amount of catenates in this DNA population is about 8-10%. P.
mirabilis cells were treated with 200 pg/ml chloramphenicol for 14 h at 30°C,
and a cleared lysate was analyzed by CsCl-ethidium bromide centrifugation as
before (Fig. 8 B). Fractions 12-20 were pooled and analyzed on neutral sucrose
gradient and by electron microscopy. Whereas a sucrose gradient analysis showed
an increased amount of higher sedimenting forms in agreement with previous
results (Goebel and Helinski, 1968) electron microscopy revealed in addition an
increased amount of catenated molecules in the CollE1 DNA preparation (~ 15—
20% of the total ColE1 DNA) (Fig. 9). Thus the inhibition of protein synthesis
leads to an increased production of higher multiple rings and catenated molecules.

Since elevated temperatures lead to a pronounced increase in the formation
of catenated ColEl DNA molecules in E. coli, we have performed similar experi-
ments with P. mirabilis. However, as shown in Table 1, ColE1 DNA synthesis is
severely inhibited at temperatures above 43°C and stops faster than the chromo-
somal DNA synthesis.

Discussion

Synthesis of the bacterial plasmid ColE1 in Escherichia coli at elevated temper-
atures of 48-49°C leads to two qualitative changes in the plasmid DNA which is
produced:

1. A high percentage of the molecules consists of catenates, which are composed
of two or more unit length molecules. No substantial amount of multiple length
circular oligomers is formed.

2. The supercoiled molecules show an anomalous high number of tertiary turns.

Presumably an alteration of the balance of various factors regulating the repli-
cation and the structure of ColE1 DNA leads to conditions which favor the forma-
tion of these structures. The observation that the formation of the catenates is
independent of the recombination functions rec4, B and C favors the interpre-
tation, that the generation of these forms is caused by DNA replication. The
formation of catenated molecules by replication has been claimed for many
genetic systems (Nass, 1969, 1970; Goebel, 1971; Meinke and Goldstein, 1971;
Jaenisch and Levine, 1972, 1973; Bourgaux, 1973) although there is so far only
circumstantial evidence for this assumption. It remains to be seen whether the
formation of the supercoiled ColEL DNA molecules at 49°C, which have an un-
usual high number of tertiary turns, is caused solely by the temperature. Although
ColE1 DNA molecules undergoing ring closure at elevated temperatures might
well have a higher superhelical density, it is also conceivable that the superhe-
lical density of the intracellular DNA is altered as a result of the effects of the
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Table 1. Amount of supercoiled ColE1 DNA synthesized in P. mirabilis at elevated tempera-
tures

Temperature Ratio:ColE1 DNA to

(° 0 total cellular DNA2 (%)
30 1.1
37 1.2
40 0.9
43 0.6
45 0.2
47 —

a The percent values given represent the ratio of the radioactivity in the heavy bouyant-
density band to that of the light bouyant-density band of a CsCl-ethidium bromide gradient
of the total cellular DNA labeled at the indicated temperature.

temperature on the level or activity of cellular proteins that can change the super-
helical density of closed circular DNAs (Wang, 1971). Jaenisch and Levine,
1973 and Bourgaux, 1973, have recently provided evidence that mature SV 40
and polyoma DNA molecules with a decreased number of tertiary turns are formed
when the protein synthesis in the host cell is inhibited by treatment with cyclo-
heximide or puromycin. In both cases an increased formation of catenated
molecules is observed under these conditions.

Whereas the inhibition of protein synthesis by chloramphenicol in a coli-
cinogenic E. coli strain has no substantial effect on the generation of oligomeric
forms of ColE1 DNA, it induces the formation of higher circular oligomers and
catenated oligomers in the related enterobacterium Proteus mirabilis. This indi-
cates that both types of complex DN A structures may arise by the same mechanism,
probably by an unbalanced replication process. If this assumption is correct, the
present and previous results (Goebel and Helinski, 1968; Bazaral and Helinski,
1968) indicate, that in contrast to E. coli, the replication of ColEl DNA in P.
marabilis is unbalanced even under normal growth conditions (37°C) and leads to
a rather high background of oligomeric DNA.

There is another profound difference in the replication of ColE1 DNA in E.
coli and P. mirabilis. Whereas ColE1 DNA synthesis in . coli proceeds at ele-
vated temperatures of 48-49°C, where no chromosomal DNA synthesis takes
place anymore, replication of ColE1 DNA in P. mirabilis stops above 43°C prior
to the chromosomal DNA synthesis.

It has been demonstrated that DNA polymerase I is involved in E. coli in the
replication of this plasmid (Kingsbury and Helinski, 1970; Goebel, 1972). As-
suming a similar dependence on DNA polymerase I in P. mirabilis it is concei-
vable that the early stop of ColEl DNA synthesis is caused by a thermolability
of this enzyme. In vitro studies with DNA polymerase 1 of P. mirabilis (unpub-
lished results) seem to indicate that this enzyme is indeed more thermolabile than
DNA polymerase I of K. coli.

The small circular DNA molecules found in all DNA preparations of JC 411
(ColE1) have the same size as the minicircular plasmid DNA present in all Z. cols
15 strains (Cozzarelli ef al., 1968). However, the number of copies in the latter
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strain is 10-15 per cell, whereas a rough estimate would give only about 1-2
copies per cellin £. coli JC 411 (ColE1). It is obvious that such a low concentration
of this small plasmid would not be detected by the usual techniques if it would be
present in all . coli K 12 strains. We have previously observed in other . coli
wild strains the occurrence of such small DNA molecules of unknown functions in
varying concentrations (Goebel and Schrempf, 1972) and it is tempting to specu-
late that most if not all Z. coli strains may contain such small DNAs. It is also
conceivable that these molecules arise by gene amplification either of some chro-
mosomal or plasmid genes. However, such amplification products would have to
be able to replicate, since replicative intermediates can also be seen. Investi-
gations concerning these questions are in progress.
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