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SUMMARY Relief of an auxotrophic requirement for uridine in Aspergillus nidulans
strain G191 has been achieved by transformation with a segment of Neurospora crassa
DNA containing the corresponding gene coding for orotidine—-5-phosphate
decarboxylase. The mitotic stability of such transformants suggests that the DNA has
integrated into the genome. Southern hybridisation analysis of DNA isolated from
transformants revealed the presence of pBR322 sequences which have integrated into
the host genome along with the N.crassa DNA.

There are many examples in the literature of expression of genes in
non-homologous host systems [1].  Most extensively studied has been the expression
of eukaryotic genes in Escherichia coli {2, 3]. Transformation of E. coli with randomly
cloned fragments of DNA has enabled the isolation of eukaryotic genes by direct {4]
and indirect [5.6] methods. Among the lower eukaryotes, structural genes from
Saccharomyces cerevisiae [4,7.8), Neurospora crassa [9,10] and Aspergillus nidulans
[11) have been isolated by their ability to complement the corresponding auxotrophs
of E.coli. Expression of foreign genes in lower eukaryotes has been largely
restricted to yeast, e.g.the prokaryotic aminoglycoside phosphotransferase-3'(1) [12]
and chloramphenicol acetylase [13] genes. There are very few reports of
complementation of enzyme lesions in lower eukaryotes by foreign eukaryotic DNA
[14]). Indeed. it has been shown that the yeast genes trpt, his3,ura3 and leu2 do not
express in N.crassa when introduced on a selectable plasmid [15].

In common with S. cerevisiae and N. crassa.the genetics of A.nidulans has
been well characterised (16]. Efficient transformation systems have been developed
for both S. cerevisiae [17. 18] and N. crassa [19.20] which have permitted the extension
of earlier classica!l genetic studies to investigations at the molecular level. To

date.it has not been possible to transform A.nidulans. Clearly the development of
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such a system in this species would be invaluable in the elucidation of the molecular
genetics of Aspergillus sp.

Here we report the transformation of an Aspergillus nidulans pyrimidine
auxotroph to prototrophy by the orotidine~5'~phosphate decarboxylase (EC

4.1.1.23.pyrd) gene segment isolated from Neurospora crassa {21].

MATERIALS AND METHODS

The following strains were used in this work:

E. coli: FB1009. a pyrF strain harbouring pFB6.an 8.4 kiiobase plasmid carrying
the pyr4 gene from Neurospora crassa (Fig. 1) {21].

A. nidulans: G191 pyrG89, pabaAt; mauA2;itwAl
R153 wA3; pyroA4.

High molecular weight A. nidulans DNA was prepared by the method of Ullrich
et al. [22] omitting the sucrose gradient step. Plasmid DNA was prepared essentially
as described by Cornelis et al. [23].

The method used for transformation of A.nidulans was as follows: Overnight
cellophane cultures [24] of G191 on complete medium [25] plus uridine (10mM) were
incubated in a solution of Novozym 234 ( 5mg/ml in 0.6M KCI, Novo Enzyme
Products) for 90 minutes at 30°C. The protoplast suspension was then filtered
through sintered glass (porosity 2) and washed twice with 0.6M KCI. The
protoplasts were resuspended in 1ml 0.6M KC!.50mM CaCl, and divided into 200ul
aliquots. DNA dissolved in 15-20ul of Tris—EDTA buffer and 50ul 25% polyethylene
glycol 6000, 50mM CaCly. 10mM  Tris~HCI pH 7.5 were added and the solution
maintained on ice for 20-30 minutes. After this time.2.5ml of the polyethylene
glycol solution was added and the mixture left for a further 15 minutes at room
temperature. The protoplasts were then centrifuged and resuspended in 500u! 0. 6M
KCl, diluted and 100ul aliquots added to 5-10ml molten regeneration agar (minimal
medium [25] + 0.9% agar,0.6M KCH and poured. Transtormant colonies began to
aprear after 2-3 days incubation at 37°C.

Transfer of DNA to nitrocellulose filters (BRL Inc.) was as described by
Southern [26]. EcoRI-digested pBR322 {27] was end-labelled with 10uCi [a 32PldA
TP (New England Nuclear) in the presence of the Klenow fragment of DNA
polymerase 1 (BRL Ltd.) and dTTP. Hybridisation was carried out at 60°C in the
presence of formamide (40%).

All  transformation experiments were performed In accordance with Good
Microbiolagical Practice as defined by the UK Genetic Manipulation Advisory Group.

BESULTS
Co-precipitation of pFB6.which carries the orotidine-5"—phosphate

decarboxylase gene from Neurospora crassa.and Ca2+*-treated Asperglilus nidulans
strain G191 protoplasts with polyethylene glycol resuited in the appearance of
uridine—independent colonies on regeneration in selective medium. Southern
hybridisation [26] using DNA isolated from such a clone revealed the presence of
pBR322 sequences not normally present in strain G191 (pFB6 contains the large
BamHI-EcoR!l fragment of pBR322.Fig. 1) indicating that a transformation event had

occurred. The frequency of such transformation was 5-10 transformants from
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Fiqure 1. Plasmid pFB6. N. crassa sequences are shown as a dotted line. The solid
line represents the large BamHI-EcoRl fragment of pBR322 plus the Serratia
marcescens trp promoter/operator sequence. The pyrd4 gene is situated clockwise
of the N.crassa Pstl site. For full details see reference 21.

5 x 105 potential colony-forming units and 154g of DNA. This is comparable with the
frequency of transformation by integration in yeast and Neurospora.

Transformation was also attempted using EcoRl-generated fragments of G191 or
R153 DNA ligated with linearised pFB6. This would provide homologous DNA for
recombination at various sites in the genome - the degree of homology between the
pyr4 and pyrG gene segments is not known. There was no discernible difference in
the frequency of transformation with the ligation mix or pFB6 on its own.

Transformants were mitotically stable under non-selective conditions (831/831
and 369/369 colonies from two transformants uridine-independent after growth on
complete medium supplemented with uridine) indicating that the transforming DNA had
probably integrated into the genome. Progeny from crosses with strain R153
included an unexpectedly high number of Pyr~ colonies. This. together with an
observed reduction in ascospore viability on the medium used (down 1o
5-10%) .seems to indicate a degree of instability through meiosis. This phenomenon
is still under investigation.

Figure 2 shows the pattern of hybridisation of pBR322 to EcoRl and Pstl digests
of DNA prepared from two types of transformants:one resulting from transformation
with pFB6 alone and one with ligated pFB6 and R153 DNA. The strong bands in ianes
7-9 can be explained by Iintegration of the DNA via homologous recombination

involving the N.crassa DNA and the pyrG region of the A.nidulans genome. The
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Figure 2. Autoradiograph showing hybridisation of 32p-(abelled pBR322 to
A. nidulans transformant DNA. DNA from two transformants (5-10ug) was
digested with EcoRl or Pstl for 4hrs at 37°C.electrophoresed through 1% agarose
then transferred to nitrocellulose paper. The DNA was then hybridised to
end-iabelled pBR322. Lanes 1 and 10 are EcoRl-digested.and lane 11
Psti-digested, pFB6:lane 2 is uncut DNA from G191 (untransformed) :lane 3 is a
X\ size—-marker:lanes 4-6 are uncut, EcoRl-,and Psti-digested ONA from a pfB6
transformant:lanes 7-9 are uncut, EcoRl-,and Psti-digested DNA from a
pFB6/R153 ligation mix transformant. All samplies were run on the same gel and
the film exposed for 24hrs. Further exposure did not reveal any additional
bands. The A-derived scale is in kilobases.

presence of fainter bands indicate that the situation is rather more
complicated, presumably due to the presence of R153 DNA in the ligation.

The simplest explanation for the pattern seen in lanes 4-6 is that a dimer of
pFB6 has Integrated via recombination.with the break point within the pyr4 gene
segment.

DISCUSSION
Until now it has not been possible to transform Aspergillus nidulans with

exogenous DNA. This paper reports the introduction of a gene from Neurospora crassa
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into A. nidulans protoplasts and the subsequent relief of auxotrophy. That a gene
from N.crassa is able to express in A.nidulans is.perhaps.to be expected since the

organisms are closely related. both being Euascomycetes.

It would be of interest to see if other genes from N.crassa are able to
transform A. nidulans auxotrophs and whether any A. nidulans genes can transform
N. crassa. Interestingly. we have found that the N.crassa pyr4 gene is expressed in
Saccharomyces cerevisiae (D.J.Ballance.unpublished data) even though the yeast

ura3 gene is non—functional when introduced into N.crassa [15].

Southern hybridisation analysis showed that it is possible for non-homologous
DNA to be integrated into the genome if it is in association with an homologous
segment. Thus.as is the case in yeast [28].it should be possible to transform a
second time with DNA containing pBR322 sequences and thereby introduce genes

which have no homology with the Aspergillus genome.

Transformation of A. nidulans has also been achieved recently by Tilburn et al.
in the laboratory of Dr.C.Scazzocchio. University of Essex (personal communication)

using an Aspergillus structural gene linked to a segment of the ribosomal repeat.

Our next step will be to attempt to improve transformation efficiency by the
construction of vectors able to replicate autonomously in A. nidulans as has been done
with yeast [18] and recently also in N.crassa {20]. This would also facilitate the

reisolation of cloned genes.

A considerable body of knowledge about regulatory systems already exists for
A. nidulans as a result of classical genetic analysis.e.g.that of nitrogen metabolism
[29]. and these systems,and others such as sporulation and development [30], should

now be amenable to study at the molecular level.

In addition. it seems likely that experience gained in A. nidulans transformation
will facilitate the extension of this technique to the industrially important Aspergilius
niger. The consequent development of methods for genetic manipulation should
permit improvement in performance of industrial strains.
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