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Abstrac t  Plasmid vectors containing theAMA1 sequence 
transformed with high efficiency and replicated autono- 
mously in Penicillium chrysogenum. The efficiency of 
transformation ofP. chrysogenum was related to the length 
of the AMA1 fragment used for constructing the different 
autonomously replicating plasmids. One of the two palin- 
dromic inverted repeats of AMA1 (the 2.2-kb SalI-HindIII 
fragment) is sufficient to confer autonomous replication 
and a high transformation efficiency. Deletion of the 0.6- 
kb central fragment located between the inverted repeats 
did not affect either the ability of the plasmids to replicate 
autonomously or the efficiency of transformation, but did 
alter the mitotic stability and the plasmid copy number. De- 
letion of any fragment of the 2.2-kb repeat caused the loss 
of the ability to replicate autonomously and reduced the 
transformation efficiency. Most of the transformants re- 
tained the original plasmid configuration, as multimers and 
without reorganization, after several rounds of autonomous 
replication. The AMA1 region works as an origin of repli- 
cation in P. chrysogenum and A. nidulans but not appar- 
ently in Acremonium chrysogenum. 
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Introduction 

Several vectors have been developed to transform Penicil- 
lium chrysogenum (Cantoral et al. 1987; Bull et al. 1988; 
Kolar et al. 1988; Gouka et al. 1993). Some of them, us- 
ing the pyrG gene as marker, give high efficiency of trans- 
formation but all of them resulted in integrative transfor- 
mants (Cantoral et al. 1987). 
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Many attempts have been made to find autonomously 
replicating plasmids in filamentous fungi but with limited 
success. Plasmid vectors which are able to replicate auton- 
omously have been constructed for use in Saccharomyces 
cerevisiae employing either the replication origin of the 
2 gm plasmid (Beggs 1978; Som et al. 1988) or the auton- 
omous replicating sequence (ARS) of S. cerevisiae chro- 
mosomes (Struhl et al. 1979; Williamson 1985). Yeast 
plasmids are not functional in filamentous fungi. 

Chimeric plasmids that replicate autonomously in both 
Escherichia coli and Neurospora crassa were reported by 
Hughes et at. (1983). An ARS sequence that allows auton- 
omous replication was isolated from the zygomycete Mu- 
cor circinelloides (Van Heeswicjck and Roncero 1984). 
Other "ARS-type" sequences were cloned from genomic 
libraries of N. crassa (Case 1982) and Aspergillus nidu- 
lans (Tilburn et al. 1983); these sequences do not allow au- 
tonomous replication in fiIamentous fungi. Further at- 
tempts to obtain autonomously replicating vectors by re- 
combination of DNA-fragments with conventional plas- 
mids have been made in Ustilago violacea (Perlin et al. 
1990; Bej and Perlin 1991), Phanerochaete chrysospor- 
ium (Randall et al. 1989; 1991), and Pleorotus ostreatus 
(Peng et al. 1992, 1993). 

Gems et al. (1991) isolated a DNA fragment, named 
AMA1, from unstable colonies ofA. nidulans transformed 
with a plasmid genomic library of the same microorgan- 
ism. The AMA1 sequence consists of a central region 
flanked by two palindromic sequences (inverted repeats) 
with a total size of 6.1 kb (see Fig. 1). A plasmid (ARP1) 
containing the AMA1 region was shown to replicate auton- 
omously; this  plasmid increased the transformation effi- 
ciency of A. nidulans 250-fold and was mitotically un- 
stable. Because of the industrial relevance of P. chrysoge- 
hum and Acremonium chrysogenum it was of interest to 
determine whether the AMA1 sequences replicate autono- 
mously in these fungi. As shown in this article, plasmids 
containing the AMA1 sequence transform and replicate 
very efficiently in P. chrysogenum but apparently not in A. 
chrysogenum. 
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Materials and methods 
a scanner (Discovery Series, PBI) using the Diversity One 1.0 Soft- 
ware (PBI, Huntington Station, New York). 

Microorganisms. P. chrysogenum npe5 pyrG and ripe6 pyrG are uri- 
dine auxotrophs blocked in penicillin biosynthesis and derived from 
P. chrysogenum Wis 54-1255 (Cantoral et al. 1993). A. chrysogenum 
C10 is a moderately high cephalosporin producer released by Pan- 
labs (Demain 1983; Guti6rrez et al. 1991 a). E. coli DH5 c~ (Clontech, 
Palo Alto, California) was used as a host with high transformation 
efficiency to obtain the plasmids employed in the present paper. 

Results 

Construct ion of a set of plasmids conta in ing the AMA1 
sequence 

Plasmid vectors. Plasmid pHELP (Gems et al. 1991 ) was provided 
by J. Clunerbuck. pBCKS+ was obtained from Stratagene (La Jolla, 
California). pGPH1 was constructed by B. Dfez, J. L. Barredo and 
S. Gutidrrez (unpublished) and pULFR40 was made by B. Dfez 
(Guti6rrez et al. 1991b). The P. chrysogenum pyrG gene (Cantoral 
et al. 1988) was subcloned from pULG, and the bIe gene (phleomy- 
cin resistance gene of Streptoalloteichus hindustanus) was isolated 
from pULJL43 (Guti6rrez et al. 1991b). The different plasmids em- 
ployed were constructed using standard DNA techniques. 

Transformation of P. chrysogenum and A. chrysogenum. Protoplasts 
ofP. chrysogenum were obtained as described by Fierro et al. (1993) 
and transformed according to the procedures of Cantoral et al. (1987) 
and Dfez et al. (1987). Transformation of A. chrysogenum proto- 
plasts was performed as described by Gutidrrez et al. (1991b, 1992). 

Extraction and purification of total DNA from transformants. My- 
celia of the different P. chrysogenum transformants grown in MPPY 
(Montenegro et al. 1992; Fierro et al. 1993) and of A. chrysogenum 
transformants grown in MMC (Guti~rrez et al. 199 t b) were collect- 
ed by filtration. When small amounts of DNA were required, myce- 
lia were lyophilized and triturated. Then 300 btl of triturated lyophi- 
lized mycelia were suspended in 0.18 M Tris, 4.5 mM EDTA, 1% 
SDS pH 8.2 in a final volume of 1 ml. Phenol (1 ml) was added and 
the mixture was kept for 30 min at 50 ~ with frequent agitation. The 
upper phase was collected and extracted nine times with phenol-CIA 
(chloroform: isoamyl alcohol 24:1) and once more with CIA, pre- 
cipitated with 0.3 M sodium acetate and 2.5 vol of ethanol, and re- 
suspended in 50 gl of TE buffer (F. J. Fern~indez, personal commu- 
nication). When large amounts of DNA were required, it was ob- 
tained by a procedure modified from Kolar et al. (1988). 

Southern blotting and hybridization. Total DNA (3-4 ~tg) of the dif- 
ferent strains was digested with restriction endonucleases, electro- 
phoresed in 0.7% agarose and blotted by standard techniques (Sam- 
brook et al. 1989). Undigested total DNAs were electrophoresed in 
0.5 % agarose. Probes were labelled by nick translation with [ a'32p]- 
dCTP and hybridized by standard methods. 

Plasmid recovery in E. coli. Total DNA (1 gg) of each P. chrysoge- 
num transformant was used to transform competent E. coli DH5~ 
cells obtained according to Hanahan (1986) and transformed clones 
were selected by standard procedures. 

Plasmid stability studies. Spores of the P. chrysogenum transfor- 
mants were collected from plates of Power medium (Fierro et al. 
1995) by filtration through Nytal filters (pore size 25 btm) to obtain 
isolated spores. The suspension was counted under the microscope 
and diluted to a final concentration of 2x 103 spores per ml. Then 
0.1 ml of this suspension was plated in Czapek minimal medium with 
or without uridine. After 7 days of incubation at 25 ~ the colonies 
that had lost the plasmid were determined by their inability to grow 
in Czapek medium without uridine. 

Determination of the number of copies of each pIasmid. To calculate 
the number of copies of each plasmid we compared the density of 
the hybridizing bands [with the pBCKS(+) pyrG probe] correspond- 
ing to the endogenous pyrG gene with those belonging to the plas- 
mid. A correction factor was applied since the length of the probe 
hybridizing with the endogenous pyrG is shorter than that hybridiz- 
ing with the plasmid sequences. The quantifications were made with 

A set of plasmids,  named pAMPF2 to pAMPF10  and 
pAMPF21,  was constructed using different fragments of 
AMA1 (Fig. 1). Plasmids pAMPF2  and pAMPF21 carry the 
largest (5.0-kb HindIII) fragment  of A M A I  together with 
the pyrG or the ble (phleomycin resistance) gene, respec- 
tively, as a selective marker for f i lamentous fungi in a mod- 
ified pBCKS+ vector (containing a BgIII site in the poly- 
l inker) (Fig. 1). In plasmids pAMPF7and  pAMPF8 the cen- 
tral fragment of the AMA1 was replaced by the ble gene. 
Removal  of the central f ragment  of the AMA1 region by 
l inking directly the two repeats gave constructions which 
could not be isolated from E. coli. Plasmids pA MPF9L  and 
pA MP F 9R contained only one of the two repeats of the 
AMA1 region (left and right, respectively).  

Transformat ion efficiency with different AMAl -d e r i v e d  
plasmids 

The t ransformation efficiency of P. chrysogenum npe6 
pyrG with A M A l - d e r i v e d  plasmids was compared under  
standard condit ions (using 1 gg of plasmid DNA and 
1 • protoplasts in a final volume of 100 gl with 10 mM 
aurintr icarboxylic  acid) with the efficiency obtained with 
an integrative plasmid (pGPH 1) under  the same conditions.  

About  49% of the protoplasts were able to regenerate 
and the highest proport ion of t ransformed protoplasts (ob- 
tained with pAMPF7)  was 5.7%. As shown in Table 1, very 
high transformation efficiencies per microgram of DNA 
were obtained with some of the plasmids in three different 
experiments.  As a general  rule, the t ransformation effi- 
ciency was higher as the f ragment  of the AMA1 region used 
in the vectors was larger. Only one of the repeats of the 

r 

Fig. 1 Upper. Plasmids used in this work. pBCB is a modified 
pBCKS(+) with a BglII site instead of Sinai (all the enzymes of its 
multiple cloning site are shown). In the rest of the plasmids only the 
following enzymes are indicated: HindIII (H), ClaI (C), EcoRI (E), 
NruI (N), SalI (S), PstI (P), BgIII (Bg), BamHI (B), NotI (Nt) and 
KpnI (IO. pULG is a pBluescript KS(+) derivative that contains the 
pyrG gene ofP. chrysogenum (Cantoral et al. 1988). pHELP was con- 
structed by Gems et al. (1991) and pULJL43 by J. L. Barredo (- 
Gutidrrez et al. 1991b). The gene ble is the phleomycin resistance 
gene expressed from the promotor of the pcbC gene of P. chrysoge- 
num; the cyc transcriptional terminator from S. cervisiae (tcycl) is 
indicated by a solid bar. Lower. Restriction maps of the series 
pAMPF2-10, pAMPF21 and pGPH1 in their linear forms. The chto- 
ramphenicol resistance marker is indicated by a thin arrow inside the 
open boxes corresponding to the pBCB, and the pyrG marker is 
shown by a thick arrow (the thin arrow in pGPH1 corresponds to the 
Ap R gene). The sequences corresponding to AMA1 fragments are in- 
dicated by stippled boxes 
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AMA1 region was sufficient to obtain very high transfor- 
mation efficiency (more than 100000 transformants per 
microgram of DNA). 

The efficiency of transformation was clearly lower 
when the ble gene was used as a selective marker 
(pAMPF21) than when pyrG was used (pAMPF2), but in 
all cases it was at least 10-fold higher than with conven- 
tional integrative plasmids (Table 1). 

Two types of transformants were obtained: (1) clones 
with normal morphology and good development and spor- 
ulation, and (2) small non-sporulating clones that were 
abortive upon successive replication in minimal medium. 
Very few, or no, abortive clones were obtained in transfor- 
mations with plasmids pAMPF2, pAMPF7, pAMPF9L, 
pAMPF9R and pAMPF10. Most clones of these transfor- 

Table 1 Efficiency of transformation of filamentous fungi with dif- 
ferent plasmids carrying fragments of the AMA1 region 

Strain P l a smid  Transformants/ 
gg DNA a 

P. chrysogenum npe6 pyrG pAMPF2 218827 
pAMPF3 24800 
pAMPF4 16640 
pAMPF5 2245 
pAMPF6 3933 
pAMPF7 281349 
pAMPF8 19200 
pAMPFgL 196944 
pAMPF9R 195381 
pAMPF10 187566 
pGPH1 b 696 
pAMPF21 c 200 

A. ch~sogenum C 1 0 0  pAMPF21 c 8 
pULFR40 b 9 

a Results are the average of three transformation experiments with 
each of the plasmids. The transformations were carried out using the 
conditions described in Materials and methods and the number of 
transformants are given per 107 protoplasts 
b pGPH 1 and pULFR40 are integrative vectors 
c pAMPF21 is similar to pAMPF2 but carries the phleomycin resis- 
tance gene as a selective marker 
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mants were well sporulated after 5 days. On the other hand 
a relatively high number of abortive transformants (from 
37 to 82%) were obtained with plasmids pAMPF3, 
pAMPF4, pAMPF5, pAMPF6 and pAMPF8 and also with 
the integrative vector pGPH1. Of these, pAMPF3 and 
pAMPF4 behave as more effective vectors (giving a lower 
efficiency of abortive transformants and better sporulation 
efficiency). Interestingly pAMPF6 gave two stable types 
of morphology: some transformants showed normal mor- 
phology whereas other gave irregular and wrinkled colo- 
nies that maintained this morphology after repeated trans- 
fers in solid medium. 

The transformation efficiency of the cephalosporin pro- 
ducer A. chrysogenum C10 with plasmids pAMPF21 and 
the integrative vector pULFR40 (both containing the ble 
marker) gave similar low values, which indicates that 
AMAl-derived plasmids are not particularly efficient vec- 
tors for transforming A. chrysogenum. 

Stability of P. chrysogenum transformants 
with AMAl-derived plasmids 

Since loss of the plasmid in P. chrysogenum ripe6 pyrG 
transformants results in uridine auxotrophy, mitotic stabil- 
ity after repeated transfers was calculated by comparing 
the number of clones in MM, or in MM supplemented with 
uridine, as indicated in Materials and methods. Spores from 
a single colony of each transformant grown in selective 
media were collected and seeded again in Power media 
(which allows poor growth and no sporulation of the aux- 
otrophs). Then, spores from a Petri dish were collected and 
the plasmid stability determined as described in Materials 
and methods. 

As shown in Table 2, the transformants with the inte- 
grative vector pGPH1 were nearly 100% stable (as ex- 
pected) and 100% stability was also obtained with 
pAMPF6 and pAMPF8 which suggests that those two vec- 
tors may become integrated in the genome. Transformants 
with all other plasmids showed a different degree of mi- 
totic instability. 

Table 2 Mitotic stability after 
repeated transfers of transfor- 
mants with the different auton- 
omously replicating and inte- 
grative vectors 

Plasmids Number of colonies a 
in Czapeck+Uridine 

Number of colonies a 
in Czapeck 

Percentage of spores 
retaining the plasmid 
(pr0totrophs) 

pAMPF2 128 61 48% 
pAMPF3 151 61 40% 
pAMPF4 129 114 88% 
pAMPF5 140 126 90% 
pAMPF6 97 98 100% 
pAMPF7 130 21 16% 
pAMPF8 134 150 100% 
pAMPF9L 124 72 58% 
pAMPE9R 120 42 35% 
pAMPF 10 130 97 75 % 
pGPH1 b 110 103 94% 
Not transformed 117 0 0% 

a Results are the average of three experiments with each of the plasmids 
b pGPH1 is an integrative vector used as a control 
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Fig. 3 Hybridization of DNAs 
ofA. chrysogenum C10 trans- 
formed with pAMPF21 (lanes 1 
and 3) or pULFR40 (lanes 2 
and 4), or untransformed (lane 
5), with the AMAI-pBCKS(+) 
probe. DNA in lane 1 was di- 
gested with EcoRI and in lane 2 
with BamHI whereas DNA in 
lanes 3, 4 and 5 was undigest- 
ed. Size markers (Lambda 
DNA HindIII fragments) are in- 
dicated (in kb) on the left 

Fig. 2 A Total undigested DNA ofP. chrysogenum npe6pyrG trans- 
formed with AMAl-derived plasmids. Lanes 1 and 14, size markers; 
2, pAMPF; 3, pAMPF3; 4, pAMPF4; 5, pAMPF5; 6, pAMPF6 (nor- 
mal morphology); 7, pAMPF6 (wrinkled morphology); 8, pGPH1; 
15, pAMPF7; 16, pAMPF8; I7, pAMPF9L, 18, pAMPF9R, 19, 
pAMPF 10, 20, pGPH1 ; 21, untransformed control. B Hybridization 
with the AMAI-pBCKS(+) probe. Lanes 1-8 and 14-21 are the same 
as in A. Lanes 9-13 and 22-26 contain undigested plasmids extract- 
ed from E. coli (about 6x 10 -3 ~tg) transformed with the following 
plasmids; 9, pAMPF2; 10, pAMPF3; 11, pAMPF4; 12, pAMPF5; 
13, pAMPF6; 22, pAMPF7; 23, pAMPF8; 24, pAMPF9I; 25, 
pAMPF9D; 26, pAMPFI0 

Fate of plasmid DNA in the transformants 

To study if the plasmids replicate autonomously, total DNA 
was extracted from each transformant grown in liquid 
MPPY (which does not allow growth of pyrG auxotrophs) 
and hybridized after separation by electrophoresis (without 
digestion) with a band containing pBCKS(+) AMA1 as a 
probe. As shown in Fig. 2, the integrative plasmids (e.g., 
pGPH1, lanes B8 and B20) hybridize only with chromoso- 
mal DNA. This pattern of hybridization was obtained also 
with total DNA of clones transformed with pAMPF3, 4, 5, 
6, and 8, which suggests that they have all integrated in the 

genome. The different intensity of hybridization in these 
cases is due to the different number of integrated copies. 

Autonomously replicating plasmids were observed in 
clones transformed with pAMPF2, 7, 9L, 9R and 10. Anal- 
ysis of the hybridizing signals indicated that in these trans- 
formants the hybridization is due to specific bands (differ- 
ent from chromosomal DNA) of high-molecular-weight 
plasmids. Comparison of the hybridization pattern of 
P. chrysogenum transformants with E. coli clones trans- 
formed with the same plasmids revealed that autonomously 
replicating plasmids in the filamentous fungi are always 
present as multimers, mostly as dimers and trimers. 

When total DNAs were digested, the hybridization pat- 
tern showed that the autonomously replicating plasmids 
hybridized with bands with the same mobility as that of the 
E. coli plasmids (data not shown), which indicates that the 
ptasmids have not suffered any rearrangements (see also 
Fig. 4 below). 

AMAl -der i ved  plasmids behave as integrative 
in A. chrysogenum transformants 

As shown in Fig. 3 transformants of the cephalosporin pro- 
ducer A. chrysogenum C10 with plasmids pULFR40 
(integrative) and pAMPF21 (containing the AMA1 region) 
hybridized with the pBCKS(+) AMA1 probe giving a pat- 
tern consistent with chromosomal integration (Fig. 4). 
Both plasmids became integrated in multiple sites within 
the genome as shown by the bands which hybridize after 
EcoRI  digestion. 

Estimation of the number of plasmid copies 
in the transformant 

To estimate the number of copies, the DNAs of each trans- 
formant shown in Fig. 2A were digested and hybridized 
with a pBCKS (+) pyrG probe that gave hybridization with 
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Fig. 4 Left. Agarose-gel electrophoresis of total DNAs, digested 
with EcoRI (A) or undigested (B), of ten different transformants of 
P. chrysogenum npe5 pyrG with pAMPF2 (lanes 1-10); lane 11, 
pAMPF2 extracted from E. coli; 12, untransformed control; 13, in- 
tegrative transformant with pGPHI. Right. Hybridization of panels 
A and B with the AMAI-pBCKS(+) probe 

(1) the endogenous pyrG gene (single copy in P. chryso- 
genum DNA), and (2) the transforming plasmids. This 
allows a comparative densitometric estimation as indicated 
in Materials and methods. The endogenous pyrG gene 
digested with EcoRI gave two hybridizing bands of 20 and 
4.3 kb. 

On account of the mitotic stability of the different plas- 
mids (Table 2), we considered that the percentage indicated 
in Table 2 is indicative of the number of cells within the 
mycelia carrying the plasmid. Taking these factors into 
consideration, the number of autonomous plasmid copies 
per cell was estimated to be about 51 for pAMPF9R, 34-35 
for pAMPF2 and pAMPF10, 19 for pAMPF9L, and 10 for 
pAMPF7. In the case of the integrative plasmids the num- 
ber of integrated copies ranged from 10-11 copies for 
pAMPF3 to very few copies (1-2) for pAMPF6. 

Lack of significant DNA rearrangements in 
transformants that maintain the plasmid autonomously 

In order to determine whether the autonomously replicat- 
ing ptasmids suffered rearrangements, the DNA of ten 
transformants of P. chrysogenum npe5 pyrG with plasmid 
pAMPF2 were hybridized (with or without digestion) with 
pBCKS-AMA1 as a probe. As shown in Fig. 4, nine out of 
the ten transformants contained identical plasmids, and the 
hybridizing bands after DNA digestion coincided with the 
bands of the same plasmid, pAMPF2, purified from E. coli. 
One of the ten transformants (lane 1) showed a 3.0-kb 
EcoRI band, instead of the original 1.6-kb EcoRI band, 
suggesting that it had suffered a reorganization. 

In the undigested total DNA, we could observe two 
clearly distinct patterns of hybridization: in clones 2 to 8 
two different plasmid forms in high copy number were ob- 

served, one of which (probably a multimer) migrates close 
to chromosomal DNA whereas the other moved ahead of 
it. Clones 9 and 10 showed plasmid forms identical to E. 
coti (monomers). Interestingly in these two clones the num- 
ber of copies is much lower (probably one or a few copies 
per cell) than in clones 2 to 8 (Fig. 4). 

Clone number 1, which has suffered the rearrangement, 
also shows low-molecular-weight (E. coli-type) mon- 
omers. These results suggest that autonomous replication 
leads frequently to multimers containing multiple copies 
of the plasmid used for transformation. 

Recovery of autonomously replicating plasmids 
in E. coli 

If plasmids replicate in an autonomous (non-integrated) 
manner in P. chrysogenum, it should be possible to recover 
them in E. coIi by transformation with total DNA isolated 
from P. chrysogenum transformants. Using total DNA from 
each type of P. chrysogenum transformant, E. coli clones 
containing plasmids pAMPF 2, 7, 9L, 9R and 10 were ob- 
tained, thus confirming the presence of autonomously rep- 
licating plasmids in those P. chrysogenum transformants. 
In contrast, no plasmid could be recovered in E. coli from 
transformants pAMPF 3, 4, 5, 6, and 8 which all contain 
small fragments of the AMA1 region. These results agree 
with the deductions established from Fig. 3 and support the 
conclusion that pAMPF2, 7, 9L, 9R and 10 replicate au- 
tonomously. This method allows one to recover complex 
constructions in E. coli that have been previously intro- 
duced in filamentous fungi for expression purposes or for 
regulatory analysis. 

Discussion 

The AMA1 DNA fragment works as an origin for autono- 
mous replication in A. nidulans, Aspergillus niger (Gems 
et al. 1991), Gibberella fujikuroi (Brtickner et al. 1992) 
and, as shown in this article, in P. chrysogenum. The high 
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efficiency of  transformation obtained with autonomously 
replicating plasmids in P. chrysogenum, which is similar 
to that obtained in A. niduIans (Gems et al. 1991), is re- 
lated to the length o f  the AMA1 region used for construct- 
ing the different plasmids. One of  the two palindromic re- 
peats of  AMAI (the 2.2-kb SaII-HindlII fragment present 
in pAMPF10)  is sufficient to confer autonomous replica- 
tion and a high transformation efficiency. 

The mitotic stability of  plasmids with a single repeat of  
the pal indrome (35-75% in different plasmids) is similar 
to the stability of  plasmids carrying the entire AMA1 re- 
gion with the two repeats. These results suggest that the 
complete AMA1 sequence is a bidirectional origin of  
replication with each repeat serving as a unidirectional 
origin. 

Deletion of  the 0.6-kb central fragment located between 
the repeats does not affect either the ability o f  the plasmids 
to replicate autonomously or the efficiency of  transforma- 
tion, but it seems to affect mitotic stability and the plas- 
mid copy number. 

In contrast, deletion o f  any fragment o f  the 2.2-kb re- 
peat caused the loss of  the ability to replicate autonomously  
and drastically reduced the transformation efficiency. In 
plasmid pAMPF3 (which lacks the HindIII-ClaI fragment) 
(Fig. 1), the autonomous replication ability is maintained 
during several serial transfers in solid medium (Table 2) 
but is lost in liquid medium, as shown in Fig. 3. This re- 
sult was confirmed by the inability to recover  pAMPF3 in 
E. coli from total D N A  of P. chrysogenum t ransformed with 
this plasmid. 

Reorganization of  plasmid D N A  when maintained au- 
tonomously  was a rare event and most  of  the transformants 
retained the original plasmid configuration. It is interest- 
ing that several copies of  the plasmid are arranged as mul- 
timers. This fact may be beneficial for the amplification of  
a particular gene. Some other clones maintain single cop- 
ies of  the plasmid (Fig. 4). 

Plasmids carrying the AMA1 region integrate, but ap- 
parently do not replicate autonomously,  in A. chrysoge- 
hum, a fi lamentous fungus which is not closely related to 
Aspet~iIIus and PenicilIium (Onions and Brady 1987). 
This result suggests that host factors (which are absent in 
A. chrysogenum) are required for autonomous plasmid rep- 
lication. 
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