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Abstract

The efficiency of co-transformation in Penicillium chrysogenum Wisconsin 54-1255 pyrG~ and the fate of the transforming DNA
were studied using an integrative (pEF43) and an autonomous replicating plasmid (pAMO9L). The results showed a co-transfor-
mation frequency of nearly 70% of all transformants tested. The total efficiency of transformation was shown to be dependent on the
plasmid marker used as transformant selection (i.e., markers in the integrative or autonomous replicating vector). Analysis of the
plasmids re-isolated from several co-transformants showed that different populations of plasmids co-exist in the fungal host. In-
terestingly, in all co-transformants studied, the integrative plasmid was found to be replicating autonomously without integrating
into the host genome. In some cases, co-integrates were formed by recombination between autonomous replicating (pAM9L) and
integrative (pEF43) plasmids. However, unexpectedly in some cases, the non-reorganised pEF43 integrative plasmid used in the co-
transformation assays was rescued from some co-transformants.
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1. Introduction

The co-transformation of cells with two different
DNA fragments was first observed in Escherichia coli
(Kretschmer et al., 1975) and then in other organisms
such as Saccharomyces cerevisiae (Hicks et al., 1978),
mammalian cells (Wigler et al., 1979), and filamentous
fungi (Diez et al., 1990; Wernars et al., 1987). The ef-
fectiveness of co-transformation procedures has led to
the development of new techniques based on co-trans-
formation such as gene cloning using ‘‘instant gene
banks” (Bowyer et al., 1994; Gems et al., 1994), gene
replacement or disruption (Kelly et al., 1988; Rudolph
et al., 1985; Wernars et al., 1987), and in vivo DNA
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transfer between vectors (Criswell and Bradshaw, 1998;
Ma et al., 1987; Prado and Aguilera, 1994).

Genetic manipulation of fungi using autonomous
replicating plasmids has advantages over the integrative
system because of the high-frequency of transformation
achieved (Fierroetal., 1996; Gemset al., 1991; Aleksenko
and Clutterbuck, 1996, 1997) and since it allows recovery
of insert-containing plasmid for further genetic analysis.
In co-transformation experiments, the use of autono-
mously replicating plasmids allows transformation even
when a selectable gene is not present in the autonomous
plasmid (Jiménez and Davies, 1980; Kurtz et al., 1987,
Sakai et al., 1984). In some fungal species when an inte-
grative and an autonomously replicating plasmid are
used in co-transformation assays, some transformants
contain plasmid co-integrates consisting of both auton-
omously replicating and integrative plasmid sequences
(Aleksenko, 1994; Gems and Clutterbuck, 1993; Jiménez
and Davies, 1980; Kurtz et al., 1987).
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Penicillium chrysogenum is one of the most economi-
cally important microorganisms because it is used for
industrial penicillin production (Aharonowitz et al., 1992;
Martin et al., 1999). Transformation of this fungus with
integrative (Cantoral et al., 1987) or autonomous repli-
cating (Fierro et al., 1996) plasmids has been developed
and used for gene cloning, gene disruption (Casqueiro
etal., 1999b), and overexpression studies (Banuelos et al.,
2000). In some cases, large non-selectable DNA frag-
ments (e.g., entire gene clusters) (Diez et al., 1990) must be
introduced in the host and therefore, co-transformation
with a selectable plasmid is a powerful technique for ge-
netic manipulations of this fungus. However, up to now,
the fate of DNA following co-transformation of P.
chrysogenum has not been studied.

Therefore, it was of interest to analyse the genetic
stability of co-transformants, the formation of co-inte-
grates, and the possibility of re-isolating genes of inter-
est following co-transformation of P. chrysogenum with
an integrative and an autonomous replicating plasmid.

2. Materials and methods
2.1. Microorganisms and culture conditions

Escherichia coli DHS5a was used for routine DNA
manipulation. E. coli DHI0B was used for plasmid-
rescue experiments. P. chrysogenum Wisconsin 54-1255
pyrG~—, an uracil auxotroph (Diez et al., 1987) with a
frameshift mutation in the pyrG gene (Banuelos et al.,
2001), was used as recipient strain in transformation
procedures. All fungal strains were grown on plates of
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Power medium for sporulation (Casqueiro et al., 1999a)
and spores were collected from cultures grown for 5
days at 28°C. Czapek minimal medium was used in
phenotype assays. Uridine and phleomycin were added
to Czapek medium at a final concentration of 100 and
30 pg/ml, respectively. 5-Fluoro-orotic acid (FOA) was
added at a final concentration of 1 mg/ml (Diez et al.,
1987) to select pyrG— recombinants (strains lacking the
OMP-decarboxylase enzyme encoded by pyrG are re-
sistant to the toxicity of 5-FOA) (Diez et al., 1987).

2.2. Plasmids and probes

pAMOL (syn. pAMPFIL; Fierro et al., 1993) is an
autonomous replicating plasmid carrying the left arm of
the AMAI sequence of Aspergillus nidulans (Gems et al.,
1991) and the P. chrysogenum pyrG gene as selectable
gene (Fig. 1A). pEF43 is an integrative plasmid that
contains the bleomycin/phleomycin-resistance gene (ble)
from Streptoalloteichus hindustanus under the control of
a fungal promoter (the cefEF gene promoter of Acre-
monium chrysogenum) (Fig. 1B). A 2.6-kb PstI fragment
of AMAI sequence and a 2.3-kb Xhol-HindIII frag-
ment, containing the entire ble cassette of pEF43, were
used as probes in the hybridisation experiments (Fig. 1).

2.3. Transformation of P. chrysogenum protoplasts

Protoplasts of P. chrysogenum Wisconsin 54-1255
pyrG were obtained as described previously (Fierro et al.,
1993). Transformation was performed according to the
procedure of Cantoral et al. (1987) using Czapek plus
1 M sorbitol as protoplast regeneration medium.
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Fig. 1. (A) Physical map of the autonomous-replicating plasmid pAMIL and (B) the integrative plasmid pEF43. The pyrG and bleomycin-resistance
(ble) gene are indicated by white arrows. Note that the ble gene is expressed from the A. chrysogenum cefEF promoter. AMAI corresponds to the
autonomous replication region of A. nidulans. Tcycl is the cycl transcriptional terminator of S. cerevisiae. Probes used in the Southern blot hy-

bridisations are indicated with solid bars under the corresponding genes.
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2.4. Plasmid rescue from P. chrysogenum

Genomic DNA (2-3 ug) from P. chrysogenum trans-
formants was used to electroporate competent E. coli
DH10B cells (Sheng et al., 1995) using a Bio-Rad Gene
Pulser. Electroporation conditions were 100Q; 2500 V
and 25 pF. After electroporation, aliquots of the trans-
formation reaction were spread on LB-ampicillin (50 pg/
ml ampicillin) or LB-chloramphenicol (30 ug/ml chl-
oramphenicol).

2.5. Isolation of genomic DNA

Spores from P. chrysogenum were inoculated into
MPPY medium (Fierro et al., 1993), supplemented with
uridine when necessary, and incubated in an orbital
shaker at 200 rpm for 48 h at 25°C. The mycelium was
recovered by filtration through Nytal filters and lyo-
philised. Samples of lyophilised mycelium (500 mg) were
suspended in 0.5ml of 0.18 M Tris—HCI, pH 8.2; 10 mM
EDTA; and 1% SDS, treated with 0.5ml phenol:chlo-
roform:isoamyl alcohol 25:24:1 v/v/v (phenol-CIA), and
incubated for 30min at 50°C. The phenol-CIA treat-
ment was repeated until the interface was clear. Then,
DNA was precipitated with ethanol and re-suspended in
TE buffer (Sambrook et al., 1989).

2.6. Southern blot hybridisation and nucleic acid manip-
ulations

Aliquots of genomic DNA (2-4 nug) of P. chrysogenum
were digested with appropriate restriction endonucleases
for Southern blot hybridisations. Genomic or plasmid
DNA was separated in 0.8% agarose gels and blotted onto
Hybond-N* (Amersham-Pharmacia Biotech) membranes
using a vacuum blotting system (Pharmacia VacuGene).
Digoxigenin labelling, hybridisation, and detection were
performed with the Genius Kit (Boehringer—-Mannheim)
according to the manufacturer’s instructions. Hybridisa-
tions were done at 65 °C and using as buffer 5x SSC; 0.1%
lauryl-sarcosine; 0.02% SDS; and 2% blocking reagent.
All other nucleic acid manipulations were carried out by
standard methods (Sambrook et al., 1989).

Table 1

3. Results

3.1. Frequency of transformation of P. chrysogenum
Wisconsin 54-1255 pyrG~

To study the frequency of co-transformation, P.
chrysogenum Wisconsin 54-1255 pyrG~ was trans-
formed, in three independent experiments, with equi-
molar amounts of pAMOIL (autonomous) and pEF43
(integrative) plasmids. Transformation reactions were
plated in three different regeneration media: (i) Czapek
minimal medium (selection for pAMIL since only
transformants complemented with pyrG are able to
grow in this medium), (ii) Czapek plus phleomycin (se-
lection for the presence of pAMIL and pEF43), and (iii)
Czapek supplemented with phleomycin plus uridine
(selection for pEF43). Controls were performed by
transforming the host strain with each plasmids sepa-
rately. Plates were incubated for 5 days and the resulting
transformants were tested for prototrophy and phleo-
mycin resistance.

Results showed that the frequency of transforma-
tion, in co-transformation experiments, was dependent
upon the plasmid selected for in the transformation
medium. When both plasmids, or only the integrative
plasmid (pEF43) were selected for the efficiency of
transformation (about 40 transformants per micro-
gram of DNA) was similar to that obtained in the
control transformation with the integrative plasmid
alone (Table 1). However, selection for the auton-
omous replicating plasmid marker in the co-trans-
formation experiments led to a high frequency
transformation (10* transformants/pg of DNA), a re-
sult characteristic of a transformation with an auton-
omous replicating plasmid such as pAMIL (Table 1).
The lower efficiency of transformation in co-transfor-
mation experiments, as compared to transformation
with the autonomous replicating plasmid when the
double selection is made, is due to the fact that the
phleomycin-resistance conditions are more strict than
those for auxotrophy complementation alone, i.e.,
transformants have to be pyrG prototrophs and
phleomycin-resistant.

Frequency of co-transformation in P. chrysogenum using an integrative (pEF43) and an autonomous-replicating plasmid (pAM9L)

Number of transformation Plasmid Transformants obtained Transformants analysed Co-transformants
experiments

3 pEF43 115 70* 0*

3 pPAMOIL 28,300 52* 0~

3 pEF43 + pAMIL 72 72 70 (97.2%)

3 pEF43 + pAM9L 130 130 91 (70.0%)

3 pEF43 + pAM9IL 26,400 1039 719 (69.2%)

Plasmids underlined were those selected for in the regeneration medium.

A number of separate transformants with either pEF43 or with pAM9L were tested for the presence of the transforming plasmid (no co-

transformants).
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3.2. Presence of the non-selected plasmid in the co-
transformants

To test the presence of the non-selected plasmid in the
co-transformation experiments, an analysis of the phe-
notype of a large number of transformants was per-
formed. Results showed that approximately 70% of
them bear both plasmids (Table 1). These results indi-
cated that, in spite of the differences shown in the overall
transformation frequency, the efficiency of co-transfor-
mation was similar and did not depend on the selectable
marker (Table 1). On the other hand, when the presence
of both plasmids was selected for, nearly 100% of the
colonies from the selection medium were co-transfor-
mants (Table 1).

3.3. Phenotypic stability of the transformants

In several fungal species, transformants carrying au-
tonomous replicating plasmids show high mitotic in-
stability and replicating plasmids may be lost after some
generations (Fierro et al., 1996; Fournier et al., 1993;
Gems et al., 1991; Yang et al., 1994). To study the sta-
bility of P. chrysogenum, co-transformants carrying
both autonomous replicating and integrative plasmids,
two co-transformants (named TAR/IN-1 and TAR/IN-2
for autonomously replicating/integrative) and one con-
trol transformant (TARr-1) carrying only the autono-
mous replicating plasmid, were randomly selected.
Approximately, 10° spores from transformants TAR/IN-
1, TAR/IN-2, and TAR-1 were plated in Czapek-FOA
medium to study the number of pyrG~ derivatives, i.e.,
transformants that have lost the autonomous replicating
plasmid pAMYL. Results showed that a 0.07% of the
spores from TAR/IN-1 and TAR/IN-2 transformants and
from TAR-1 control transformant were able to grow on
FOA-containing medium, indicating that they had lost
the autonomous replicating plasmid, resulting in uracil
auxotrophy (Table 2). The phenotype of 200 of these
FOA-resistant derivatives from TAR/IN-1 and TAR/IN-2
and from TAR-1 was studied, showing that 92.5-99.5%

Table 2
Stability of the co-transformants

of them were indeed uracil auxotrophs. In the case of the
TAR/IN transformants, it was observed that a 95.5-
98.5% of the pyrG~ derivatives studied had also lost the
phleomycin-resistant marker present in the integrative
plasmid pEF43 (Table 2).

To test if the phenotypic instability of transformants
TARr/IN-1 and TAR/IN-2 occurred also in all the popu-
lation of co-transformants, a study was done with 30
different TAR/IN co-transformants. After 5 days, it was
observed that 28 out of the 30 TAR/IN transformants
were able to generate FOA-resistant derivatives at the
same frequency described above (0.07-0.1% per gener-
ation of spores). The phenotype of 26 FOAR clones
from each of these 28TAR/IN transformants was studied.
All clones were uracil (pyrG~) auxotrophs, and there-
fore, it seems that they have lost the autonomous rep-
licating plasmid. Analysis of the phleomycin-resistance
phenotype showed that the pyrG— clones obtained from
26 out of 28 TAR/IN transformants (92.8%) had lost also
the phleomycin-resistance phenotype present in the in-
tegrative plasmid pEF43. These results showed that
the instability of the autonomous replicating plasmid is
a general phenomenon in the P. chrysogenum TAR/IN
co-transformants. Interestingly, such instability affects
also the integrative plasmid since both of them are lost
simultaneously.

3.4. Genetic analysis of TARIIN co-transformants

In some fungi, co-transformation leads to recombi-
nation between the plasmids used. This phenomenon
gives rise to co-integrates that, depending on the kind of
plasmid used, can integrate in the genome or replicate
autonomously in the host. To study what occurs in
P. chrysogenum, a hybridisation study with eight ran-
domly selected TAR/IN transformants was performed.
DNA from the selected transformants (TAR/IN-1-8) and
from the plasmids pAMIL and pEF43 as controls was
digested with Bg/II that cuts once in the pAMIL and
pEF43 sequences, and hybridised (i) with a 2.6-kb Sall/
Pstl probe internal to AMAI fragment (Fig. 2A) and

Strain Spores tested FOA resistance® Number of clones pyrG~[ble-resistant® pyrG-Ible-sensitive?
tested for phenotype®

Tar-1 1.16 x 10° 1.34 x 10° (0.12 %) 200 — 185 (92.5%)° "

TAR/IN-1 1.42 x 10° 1.02 x 10° (0.07 %) 200 1 (0.5%) 197 (98.5%)*

TAR/IN-2 1.67 x 10° 1.30 x 10° (0.08%) 200 2 (1%) 191 (95.5%)?

#Derivatives that were able to grow in FOA-containing medium. The percentage of FOA-resistant derivatives over the total number of spores

seeded on FOA medium is indicated in parentheses.

®200 FOA-resistant transformants were selected at random from the FOA-containing medium and their phenotypes were determined.
°FOA -resistant transformants that were uracil auxotrophs and phleomycin-resistant. Their percentage over the 200 FOA-resistant clones tested is

shown in parentheses.

9 FOA-resistant derivatives that had lost both markers, becoming uracil auxotrophs and phleomycin-sensitive.
®Loss of pyrG* phenotype, since TAR-1 strain was transformed only with pAMIL.
"The 100% values are completed with false pyrG~ phenotype derivatives that showed FOA resistance.
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Fig. 2. Southern blot hybridisation of genomic DNA from TAR/IN-1 co-transformants and DAR/IN derivatives. Panels A and B, DNA samples from
PAMOL (lane 1), TAR/IN-1-8 co-transformants (lanes 2-9), and pEF43 (lane 10). Plasmids PAMOIL and pEF43 were used as positive controls. All
DNAs were digested with Bg/II and hybridised with probes internal to AMAI fragment (panel A) and the ble cassette (panel B). Panels C and D,
DNA samples from DAR/IN-1 to DAR/IN-8 derivatives (lanes 2-9) and pAMOIL (lane 1) and pEF43 (lane 10) plasmids, digested with Bg/II and
hybridised with the AMAI (C) and ble (D) probes. The arrows indicate the position of hybridisation bands corresponding to linearised pAM9L

(7.5kb) and pEF43 (5.3kb).

(i1) with a 2.3-kb Xhol-Pst] probe corresponding to the
ble cassette (Fig. 2B). Hybridisation results with the
AMAI probe showed the presence of positive bands of
7.5kb in most of the TAR/IN transformants (Fig. 2A)
that correspond to a linear form of non-integrated
PAMOL plasmid, as it could be deduced by comparison
with control pAMOIL (Fig. 2A, lane 1). TAR/IN-1, 6, and
8 (Fig. 2B; lanes 2, 7, and 9) showed a genomic hy-
bridisation band with the ble probe that corresponds to
a linearised and intact non-integrated form of pEF43
(Fig. 2B; lanel0). As expected, hybridisation bands with
sizes that did not coincide with the pAMIL or pEF43
BglII restriction pattern were also detected with both
AMAI (Fig. 2A) and ble (Fig. 2B) probes. These com-
plex plasmids are formed possibly by concatenation of
PAMOIL and pEF43 (Figs. 2A and B) or tandem inte-
gration of pF43.

3.5. The integrative plasmid pEF43 does not integrate into
the genome of co-transformants

Since most of the pyrG~ clones obtained from TAR/
IN transformants had also lost the phleomycin-resistant
marker present in the integrative plasmid pEF43, it
seems that pEF43 plasmid is not integrated in most of
the TAR/IN transformants, and therefore replicates

autonomously. To confirm this hypothesis, a Southern
blot hybridisation was performed with genomic DNA
from eight pyrG~/ble~ derivatives, named DAR/IN-1-8
(obtained from TAR/IN-1-8, respectively). DNA from
the eight clones (Figs. 2C and D; lanes 2-9) and from
pAMOIL (Figs. 2C and D; lane 1) and pEF43 (Figs. 2C
and D; lane 10) plasmids as controls was digested with
Bglll, blotted, and hybridised with a probe internal to
the AMAI region (Fig. 2C) and with a probe of the ble
cassette (Fig. 2D). Results showed that no hybridisation
signals in any derivative were obtained with the ble and
AMAI probes (Figs. 2C and D), indicating that
PAMOL, and also pEF43, was lost in the DAR/IN clones;
therefore, both plasmids could be replicating autono-
mously in the TAR/IN co-transformants studied.

To study this phenomenon in more detail, a new
hybridisation was performed with DNA from TAR/IN-1,
TARrR/IN-6, and TAR/IN-8 transformants and from
pEF43 plasmid as control, using additional restriction
enzymes and the ble probe. The hybridisation (Fig. 3B)
showed a restriction and hybridisation pattern in the
TAR/IN transformants similar to that of pEF43 control
plasmid (Fig. 3A). These results indicated that trans-
formants TAR/IN-1, TAR/IN-6, and TAR/IN-8 contained
free pEF43 plasmid that had neither integrated into
chromosomes nor has recombined with pAMIL.
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Fig. 3. (A) Restriction map of pEF43. Solid bars indicate the hybridisation bands expected in Sacl and HindIII digestions. (B) Southern blot hy-
bridisation of genomic DNA from TAR/IN-1 (lanes 2 and 6), TAR/IN-6 (lanes 3 and 7), and TAR/IN-8 (lanes 4 and 8) co-transformants and pEF43
plasmid (lanes 1 and 5) with a probe internal to ble cassette. DNA samples were digested with Sacl (lanes 1-4) and HindIII (lanes 5-8). Arrows

indicate the bands corresponding to the fragments in panel A.

3.6. Re-isolation of AMAI containing plasmids shows
evidence for intermolecular plasmid recombination

Recombination between co-transforming DNA has
been reported in other organisms but not in P. chrys-
ogenum. We therefore, tested for AMA-1 bearing plas-
mids carrying both the ble and pyrG genes which could
be generated by recombination between pEF43 and
PAMOL.

Autonomous replicating plasmids from the eight
TAR/IN transformants (TAR/IN-1-8) were rescued, using
E. coli DH10B as bacterial host. Due to the different
bacterial-resistance genes (Ap in pEF43 and Cm in
PAMOIL) present in the original plasmids, it was easy to
isolate plasmids derived from pEF43. In several TAR/IN
transformants, more than one type of plasmid was res-
cued. As shown in Table 3, plasmids conferring Cm
resistance in E. coli and with identical restriction and
hybridisation pattern to pAMIL were rescued from all
transformants (except from TAR/IN-7) that did not
show the hybridisation band corresponding to linearised
PAMOL (Fig. 2A; lane 8). Plasmids conferring Cm or
Ap resistance, but with restriction pattern different from
those of pAMOIL or pEF43 were also re-isolated (Fig. 4;
lanes 1-16). Hybridisation analysis with the AM A1 and
ble probes (Figs. 4B and C) demonstrated that these
plasmids contained both AMAI and ble sequences, in
some cases in the same hybridising fragment (Fig. 4;
lanes 1, 4, and 5). These results indicated that these
plasmids have been formed by recombination between
pAMOIL and pEF43.

Table 3
Plasmids re-isolated from TAR/IN transformants

TAR/IN Cm resistance Ap resistance
transformants V0T Othert  pEF43  Othert
TAR/IN-1 Yes 1 Yes 1
TAR/IN-2 Yes 3 — 1
TAR/IN-3 Yes 0 0
TAR/IN-4 Yes 0 — 1
TAR/IN-5 Yes 0 — 0
TAR/IN-6 Yes 0 Yes 0
TAR/IN-7 — 1 — 1
TAR/IN-8 Yes 0 Yes 2

#Chloramphenicol- or ampicillin-resistance conferring plasmids
that showed restriction patterns different from those of pAMIL or
pEF43.

3.7. AMAI-Lacking pEF43 plasmids are rescued from
P. chrysogenum co-transformants

As shown above (Table 3), AMAI containing plas-
mids conferring resistance to ampicillin and bleomycin
(i.e., products of intermolecular recombination between
pEF43 and pAMYL plasmids) were rescued in E. coli
from several TAR/IN transformants. However, plasmids
conferring Ap resistance, with identical restriction pat-
tern to that of pEF43, were unexpectedly isolated from
transformants TAR/IN-1, TAR/IN-6, and TAR/IN-8.
Several of these plasmids showed hybridising bands with
the ble probe corresponding to non-reorganised pEF43
(Fig. 2B, lanes 2, 7, and 9; and Fig. 3B, lanes 2-4 and
6-8).
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Fig. 4. Southern blot hybridisation of plasmid DNA rescued from TAR/IN transformants, whose restriction pattern was different from that of pEF43
or pAMOL (panel A). Four plasmids were selected, showing chloramphenicol resistance (pCl: lanes 1, 5, 9, and 13; pC2: lanes 2, 6, 10, and 14; and
pC3: lanes 3, 7, 11, and 15) or ampicillin resistance (pAl: lanes 4, 8, 12, and 16). DNA samples were digested with HindIII (lanes 1-4), Bg/l1 (lanes 5—
8); Sall (lanes 9-12) and Sacl (lanes 13-16), blotted onto nylon membranes and hybridised with a ble probe (panel B) and an 4 M A1 probe (panel C).

A Southern blot analysis was performed to further
characterise the rescued pEF43-like plasmids and to test
if they contained AMAI sequences that could explain
their autonomous replication ability. Rescued plasmids,
named pEF-I, pEF-II, and pEF-III (from P. chrysoge-
num TAR/IN-1, TAR/IN-6, and TAR/IN-8, respectively),
and pEF43 control plasmid were digested with several
restriction enzymes and hybridised with AMAI and ble
probes (Fig. 5). Results with the ble probe showed a
hybridisation pattern identical to that of the pEF43
control plasmid (Fig. 5B). On the other hand, hybridi-
sation with the AMAI probe did not show positive
signals in the control pEF43 plasmid, but 4MAI-hy-
bridising bands could be observed that did not corre-
spond to any of the bands of the pEF43-like plasmids
observed in the ethidium bromide-stained agarose gel
(Fig. 5C). These results suggested the presence of AMAI
containing sequences rescued from TAR/IN transfor-
mants, simultaneously with pEF43, but at a much lower

A 12345678

concentration, since they could not be detected in the
agarose gel (Fig. 5A).

To identify these AMAI-like containing sequences,
DNA from pEF-1, 11, and III plasmids (isolated from
TAR/IN-1, TAR/IN-6, and TAR/IN-8 transformants, re-
spectively) was used to transform E. coli DHS5a.
Transformations were plated separately in ampicillin
and chloramphenicol-containing media, obtaining col-
onies in both conditions. Plasmid DNA was isolated,
and hybridisation analyses were performed; again using
probes internal to the ble and AMAI sequences (Figs.
6A-C). Plasmid pEF43 was isolated from ampicillin-
resistant colonies and, in this case, it did not show
hybridisation with 4MAI probe. On the other hand,
chloramphenicol-resistant colonies were shown to con-
tain a plasmid with a restriction and hybridisation pat-
tern similar to that of pAMOYL. These results proved that
both plasmids, pEF43 and pAMO9L, were simulta-
neously isolated from P. chrysogenum transformants,

9 10 101213 14 1516 17 B 123 456 78 91010111213 M4151617 C 123456 78 91010 1213M4151617

23.1kb L 23.1kb
9.4 kb — 24kb
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Fig. 5. Analysis of three pEF43-like plasmids (A) rescued from TAR/IN-1 (pEF-I; lanes 2, 6, 10, and 14), TAR/IN-6 (pEF-I1; lanes 3, 7, 11, and 15) and
TAR/IN-8 (pEF-11I; lanes 4, 8, 12, and 16), and the control plasmid pEF43 (lanes 1, 5, 9, and 13). Plasmids were digested with HindIII (lanes 1-4),
BgllI (lanes 5-8); Sall (lanes 9-12), and Sacl (lanes 13-16) and hybridised with a ble probe (panel B) and an 4MAI probe (C). Lane 17, molecular

size markers.
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Fig. 6. Restriction (A) and hybridisation analysis of ampicillin-resistant (lanes 1-10) and chloramphenicol-resistant (lanes 11-17) plasmids isolated
from pEF43-like plasmid preparations by re-transformation in E. coli. Ampicillin-resistant plasmids obtained from pEF-I (plasmids in lanes 1-3),
pEF-II (plasmids in lanes 4-6), and pEF-III (lanes 7-9), and the control plasmid pEF43 (lane 10), were digested with Bg/Il. In the same way, Cm-
resistant plasmids purified from pEF-I (lanes 11 and 12), pEF-II (lanes 13 and 14), and pEF-III (lanes 15 and 16), and the control plasmid pAM9L
(lane 17) were also digested with Bg/II. Then, DNA samples were hybridised with probes internal to ble gene (B) and AMAI fragment (C).

where they could be associated replicating autono-
mously.

4. Discussion

Co-transformation has been used to introduce non-
selectable DNA in yeasts and filamentous fungi such as
S. cerevisiae (Siliciano and Tatchell, 1984), Candida al-
bicans (Kurtz et al., 1987), and A. nidulans (Wernars
et al., 1987).

In A. nidulans, a high-frequency of co-transformation
has been reported when an integrative and an autono-
mous replication plasmid containing the AMAI se-
quence (so-called helper plasmid) are used in the
transformation assay. Recombination between co-
transforming plasmids has been shown to occur in this
fungus, giving rise to autonomously replicating co-in-
tegrates (Aleksenko, 1994; Gems and Clutterbuck,
1993).

In this work, we show that co-transformation is an
effective procedure to introduce non-selectable DNA in
P. chrysogenum. A high-frequency of co-transformation
(nearly 70%) was achieved independently of the plasmid
selected when transforming with pAMIL and pEF43
plasmids. This co-transformation frequency is similar to
those observed in other filamentous fungi such as
A. nidulans (Wernars et al., 1987) and in the yeasts
S. cerevisiae (Hicks et al., 1978) and Schizossachar-
omyces pombe (Sakai et al., 1984).

Although there were no differences in the co-trans-
formation efficiency, the total transformation frequency
was shown to be dependent on the plasmid selected for
in the regeneration medium. When the autonomous
replicating plasmid marker was selected for, a high fre-
quency of transformation was obtained, a known
characteristic of transformations with an autonomous

replication plasmid (Fierro et al., 1996). However, when
the integrative plasmid marker was selected for the
transformation frequency decreased to similar levels to
those obtained in an integrative transformation. In
other microorganisms such as S. cerevisiae (Jiménez and
Davies, 1980), A. nidulans (Gems and Clutterbuck,
1993), S. pombe (Sakai et al., 1984), and C. albicans
(Kurtz et al., 1987), a high-frequency of transformation
was observed, even when the integrative plasmid bears
the selectable marker.

In this work, we provide evidence showing that co-
integrate formation from co-transforming plasmids
occurs in P. chrysogenum, giving rise to complex au-
tonomous replicating plasmids. Results of Southern blot
hybridisation and plasmid rescue assays showed that in
each P. chrysogenum TAR/IN co-transformant co-exists
in different populations of plasmids, as occurs in other
fungi (Aleksenko, 1994; Gems and Clutterbuck, 1993;
Jiménez and Davies, 1980; Sakai et al., 1984) and higher
organisms (Katz and Ratner, 1988; Riggs and Bates,
1986; Stinchcomb et al., 1985).

A very interesting finding is the observation that
autonomous replicating plasmid pAMOIL is present in
co-transformants as a non-integrated element, as shown
by hybridisation and re-isolation experiments. Addi-
tionally, the pEF43 integrative plasmid has been shown
to be present as non-integrated element into the genome
nor recombined with pAMIL in some of the studied co-
transformants (3 out of 8). Intact pEF43 was re-isolated
from those P. chrysogenum transformants in which a
hybridisation band corresponding to a non-reorganised
pEF43 was observed. Although we used an E. coli strain
which is a recA mutant, the possibility that pEF43 re-
isolation from TAR/IN transformants was due to reso-
lution in E. coli of recombinant plasmids could not be
excluded. However, the presence of the band (Fig. 2)
corresponding to no integrated nor recombined pEF43
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suggested the possibility that the pEF43 could be
somehow kept autonomously.
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