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Summary

The main aim of the study of the molecular genetics of development in

Aspergillus nidulans is to understand how master gehes orchestrate the
expression of large numbers of genes which determine development. briA
has been shown to be one master gene in the development of the head of
the conidiophore (asexual reproductive apparatus) (Clutterbuck 1969;
1977; Boylan et al., 1987; Adams et al., 1988).

A number of genes affecting'conidiophore morphology and pigmentation
have been cloned and shown to be regulated by brlA (0 Hara et al,
1988, Birse and Clutterbuck, 1991). In this thesis the cloning of a
gene, YgA (yellow-green), which affects conidial pigmentation, is
described.

However, prior to this, with the aim of improving the standard
A.nidulans gene cloning methods; a plasmid, ARp1, was characterised.
This plasmid, which transforms Aspergillus with a very high

ffequency, was previously isolated in this lab by i.L. Johnstone. By a
combination of genetic and Southern analysis it was shown that this
plasmid replicates autonomously, not only in A.nidulans, but also in
A.oryzae and A.niger. '

It was then found that ARp1 recombines at high frequency with
cotransforming integrative (AIp) plasmids. This increases the
transformation frequency of AIp plasmids by two orders of magnitude as
they become part of autonomously replicating plasmid cointegrates. A
“helper" plasmid, pHELP3, was constructed, consisting of a sequence
conferring autonomous replication in Aspergillus inserted into puCS8.
The gene adD was then cloned by cotransformation of pHELP3 with a gene
bank constructed in the Alp vector pILJ16, of an adD3 strain.

The adD gene was used to probe an A.nidulans gene 1library in the
lambda replacement vector EMBL3, constructed by Gareth Griffith.
Homologous lambda clones were isolated which contained the gene ygA,
which maps 0.1 map units from adD. A third gene in this cluster, adC,
was also cloned.

It was also found that cotransformation between another helper
(x1i1)



plasmid, PpHELP1, and non-homologous Tinear DNA occurred at high
frequency. On the basis of this, sonicated A.nidulans DNA and pHELP1
were used in cotransformations to clone the gene trpB. The technique
was dubbed the "instant gene bank” method.

Finally a family. of enhancer mutations of the developmental mutatidn
medusa (medA™) were isolated. Designated sthenyo, (Medusa’s sister;

Riley, 1851), a number of alleles were mapped to two loci, sthA and
sthB. These MUtations_have no detectable phenotypes in the abhsence of
medA~ allele. It was shown that sthA1 in combination with another
mutation without a phenotype - the temperature sensitive morphological
mutation 951542 grown at the permissive temperature - shows severe
abnormalities in conidiophore morphology. It is proposed that the
small number of conidiophore specific mutations (Martinelli and
C]utterbdck, 1971)'re1at1ve to the number of‘different conidiophore
specific po]y(A)+mRNAs (Timberlake 1980) may be due partly to the
existence of families of polygenes, or partially redundant genes,
~exemplified by sthA, sthB and medA. '

(xiv)



CHAPTER 1

. Introduct'ion ‘



SEXUAL

CYCLE - R CoT
g;ozs;:fttm';‘ .4 D cross-section
showin sa:(ljecxum, /o ,&GA of an ascus,showing
¢ .mitosis @6, binucleate ascospores
ascus and ascospore mit;:sis, '
development within | o oogis @0—- ascospore
the  cleistothecium %
karyogamy / v
developing P*— germling
cleistothecium
containing
fertile hyphae
PARASEXUAL
CYCLE, heterozygote ' heterokaryon homokaryon
: —_—— ;{_._]c ——— ‘q. :j
A —— P ——— [ J e hyphae
2N N+N ' N N
ASEXUAL
CYCLE

germlings —.// /;ﬁ-fool ceil
A N

conidia — e s ¢ .
) : : +stalk

4
mature evesicle
conidiophore :
conidia k metulae

phnalndes

\

Figure 1.1: The 1ife cycle of Asperqillus nidulans. (Courtesy of M.A.
Marshall).
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Introduction

Apart from its use as the subject of genetic studies the Euascomycete
filamentous fungus Aspergillus nidulans is of Tlittle importance. It is

- not a serious pathogen of man. or agriculture; 1t is of 1little use

1ndustr1a1]y' or commercia]Ty; nor does it possess any unusual
features of bio1ogicé1 interest. Oh‘the other hand, many features of
A.nidulans make it a convenient organism for genetic and molecular
~ genetic studies: it has a short 11fe—cyc1é (Fig.1), replicates
sexually and asexually, and is haploid, but may be propagated as a
diploid (Pontecorvo et al, 1953); it can be used for gene manipulation
studies. involving e.g. transformation (Ballance et al, 1983; Tilburn
et al, 1984), gene cloning -(Johnstone et al, 1985), and targeted gene
disruption or replacement (Miller et al, 1985a); its genome is
relatively smai] (31 mb) with 8 chromosomes ranging in size from 2.9
to'5.0.mb, which can be separated by pulse field electrophoresis
(Brody and Carbon, 1989). _ |

As a inu]tice11u]ar lower eukaryote which undergoes relatively
simple developmental and morphogenetic processes its very ordinarjness
make it an appropriate organism for the study of the universal in the
particular. In other words, A.nidulans can be used as a model organism
to investigate fundamental questions of bio]ogy, particu]ar]y‘those
-concerning the genetic determinatioh of development.

- The work described in this thesis was devised to cdntribute_ to the
answering, in the long term, of some of the following questions:

a) How is a complex succession of sp&tig}]y.and temporally regU]ated'
changes of gene expression determined? e ‘ o

b) How do the genés involved in development encode morphologically
complex, muticellular, three dimensional structures? FWhat kinds of
structural components of the cell give rise to particular
morphological features? | »

c) How are gene regulatory, and morphogenétic changes coordinated so
that appropriate genes are activated and deactivated in the
appropriate morphological structures?‘(c.f. Stragiér et al, 1988).

4 - These investigations were directed specifically to the deve]opmentb
of the organ of asexual reproduction of A.nidulans: the conidiophore.
In recent years conidiogenesis has been the focus of intensive genetic
(Clutterbuck, 1969; 1990a; 1990c) and molecular genetic (Timberlake,
- 1980; Timberlake and Barnard, 1981; Boylan et al , 1987; Adams et al,

2



A B

Figure 1.2: A, mature wild-type Aspergillus conididphore. C, conidium
; F,.foot cell; M, metuia; P,,phia]ide; S, stalk; V, vesicle.

B, diagrammatic cross—section of metula, phialide and conidia. (Based
on Timberlake, 1990). C1-C4, spore wall layers; cw, cell wall; mt,
'micrdtubu1es; mi, mitochondrion; n, nuc]éus; rer, rough endoplasmic
reticulum; v, vacuole; ve, vesicle; w, Woronin body.
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1988; Mirabito et al , 1989; Marshall and Timberlake, 1990) analysis.

In addition, this thesis deals with the properties of plasmids which
replicate autonomous]yA' in Aspergillus, and the events formjhg the
basis of cotransformatﬁon. »

DEVELORMENTAL GENETICS
1.1.1 Conidiophoré development in A.nidulans.

Conidophore development has ‘beén studied by T1ight microscopy
(Clutterbuck, 1969), transmission electron microscopy (TEM), using
chemical fixation (Oliver, 1972) and freeze substitution, as well as
scanning electron mickoscopy (SEM) (Mims et al, 1988; Sewall etba1,
1990a; 1990b). | |

Conidiogenesis bégins 20 hours after germination at 37°C with the
formation of a hyphal compartment with a thickened wall, or foot cell
(Fig 1.1A).. From the foot cell a thick walled, aerial hypha, or.
conidiophore stalk deve]ops.,How>the orientation of the stalk is
determined is not clear, but geotropism is not involved. The tip
grows by means of the fusionbwith'the plasma membrane at the apex of
1arge numbers of apical vesicles containing cell wall components and
 polymerising enzymes, which are produced by Golgi bodies following the
growing tip. Nuclei remain further back down the stalk. Invariably, at
a length of approximately 100uM apical growth ceases and the apex
swells to form the vesicle (10uM diameter); this accumulates grey-
brown conidiophore melanin in the cell wall.
~ Now the number of apﬁca] vesicles declines, although a few are seen
round the vesicle periphery, vacuoles kbecomev proﬁinent,- and nuclei
" move up from the éta]k into the vesicle. At vthis point unknown
determinants givebrise to a complex pattern formation event: apical
vesicles form into a regular clustered array under the plasma
membrane, and up to 60 evenly spaced buds emerge simultaneousiy. These
develop into supportv¢e11s or metulae (akajprimary sterigmata),.and
into these migrate,mitOChondria, RER, and other orgahe11es. 60-odd
nuclei are then positioned one direct]y,subtendihg each metula, and
then divide simultaneously, along with all the other nuclei in the
vesicle and stalk. One daughter nucleus then enters each metula
initial, after which a centripetally developing septum forms,
separating vesicle and metula, except for a central pore; at each
side of this pore»gre.seen~dark staining sphefical organellies of

3



uncertain function, the Woronin bodies (Fig. 1.2B).

Next;vsporogenous phialide cells (aka secondary stekigmata) form from
the tips of the metulae, and similar process of directed nuclear
division, septum formation and the appearance of the Woronin bodies,
occurs. Phialide cells have a distinctive morphology: bottle-(or
phial-) shaped with a distal, elongated neck region (Fig 1.2). After
septation, a second phialide often forms from the side of the metula,
just under the first one (Fig. 1.2B). Metulae and phialides are both
5-7uM 1in length. Meanwhile, a Tlarge vacuole develops in the vesicle,
occupying the bulk of its volume. _

The conidium initial then forms as a protrusion from the end of the
phialide neck. The single phialide nucleus enters the cell neck,
divides, and the distal daughter nucleus enters the conidium. A
septum forms by radial invagination of the plasma membrane and wall .
deposition. | _ ' o ’

The conidial wall comprises four Tlayers, C1-C4 (Fig. 1.1B). The B
outer two layers are formed by the phialide, and the inner two 1ayers
by the conidium itself. The outer spore wall = is high]y hydrophobic,
and contains a polyphenolic, dark-green pigment. While the conidium
enters dormancy, further conidia are generated by the phialide, until
a long chain of conidia is formed. o

1.1.2 Genetic analysis of conidiogenesis

Most of the genétic and molecular genetic investigation has focussed
‘on development from vesicle formation onwards. However, it is known
that at 20 hours after germination, the oldest cells in a colony
vattaﬁn developmental competence (Axelrod et al, 1973)._Mutations‘
resulting in precocious competence have been identified (Axelrod et
_al, 1973; Kurtz and Champe, 1979). Studies of mutants unable to attain
competence defined three loci, acoA, acoB and gggg, which are also
blocked in sexual development (Butnick’et al, 1984a;. 1984b).

In cells which are competent to develop, conidiation will only 6ccur
at an air fnterface (Clutterbuck, 1977), although under certain
conditions (e.g. C and N starvation) a low level of conidiation will
occur in vigorously shaken submerged culture (Saxena and Sinha, 1973:
Martinelli, 1976). Also required for induction of conidiation is red
light (Mooney and Yager, 1990); exposure to far-red light leads to a

4
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partial reversal of such induction, indicating that a growth-affecting
phytochrome-1ike pigment may be present. However, most laboratory
strains contain mﬁtations in the velvet (veA) gene (Kafer, 1965),
rendering conidiation Tight independent;' Many aco mutants are found
to be partially suppressed by the'ng1 mutation (Butnick et al,
1984b). |

Timberlake has suggested a model for the control of competence and

-

' induction of conidiation by veA and the aco genes (Fig. 1.3). Here the

aco genes encode enzymes catalysing the conversion of a metabolite, X,
which is inhibitory to conidiation, to Y, which is ndt. In ggg_
mutants, X adcumu]ates, inhibiting conidiation. Since veAl is a
partial suppressor of the ‘aco pheﬁctype, it 1is suggested that the
formation of the form of the ggA gene product which does not inhibit
conidiation is inhibited by X (Fig. 1.3). Thus, in veA1 strains one
form of repression of conidiation by X is lifted, which reduces the
effect of elevated concentrations of X. '

In a screen for mutants affected‘in Conidiophére development in. the
stages after stalk development, a number of classes of mutation were
described (Clutterbuck, 1969; 1990c). 1) Those with modified conidia.
2) 0ligosporogenous: where conidiophore structure was altered without
blocking conidiation. 3) Aconidial. 4) With modified conidiophore
pigmentation. Mutations affecting both vegetative and reproduCtive
hyphae were ignored, as were many which simply resulted in rather
sick-looking conidiophores; only those 1in which clearly definable
alterations had occurred were studied further.

Conidial modification mutants include ones with changes from the.
wild-type dark green pigmentation, e.g. yellow (YA, YA), yellow-green

" (ygA), white (wA, yg),Aand fawn (fwA); and in conidial wall structure,

e.g. wet-white (wetA), and dark (drkA). Only one type of conidiophore

colour mutant, ivory, was identified, determined by 3 loci: ivoA, ivoB
and ygA. Conidial and conidiophore pigmentation is described in depth
in chapter 7 of this thesis. ‘ | n
Phenotypes of o1igosporogen6US and aconidial mutants are shown in
Fig 1.4. OTigosporogenous: medusa, (medA) produces supernuﬁgry layers

of metulae at 37°C, but has an aconidial phenotype at 30°C: this
Tatter consists of elongated metulae with no phialides or conidia. The
extent’of the morphological phenotype also varies with pH. medusa
mutants are also deficient in conidiophore pigmentation at both

temperatures. stunted (stuA) produces tiny, thin walled conidiophores.

5
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Figure 1.4: Morphological mutants of‘A.nidu]ans.
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In anucleatevprimary sterigmata (apsA, apsB) mutants, nuclei fail -in
most cases to migrate into the metula initials. Occasionally a ntcleus
will enter a metula by accident, resu]ting 1n development of
apparently normal metula, phialide and conidia (Fig'1.4). Distribution'

of nuclei is also abnormal in vegetative hyphae. Aconidial: bristle

(br1A) fails to produce a vesicle, instead developing an elongated
stalk, and abacus (abaA) produces supernumary layers of what appear to

be immature phialides.

Studies of double conidiation mutants éhowed_the epistatic

re]ationship br1A>abaA>wetA (Martinelli, 1979). Complex interactions
were generally seen between the oligosporogenous mutations. However,
stuA, apsA and apsB were found to be epistatic to medA, although the

medA~ deficiency in conidiophore pigmentation was evident in all three

cases.

' 1.1;3 Mo]ebu]ar genetic analysis of conidiogenesis

~ The genes brlA, abaA, wetA, fwA, yA, ivoB, wA, stuA, veA, and ivoA

have been cloned (Johnstone et al, 1985; Boylan et al, i987; Turner et
al, 1985; 0O’Hara and Timberlake, 1989; Birse and Clutterbuck, 1991;
Mayorga and Timberlake, 1990; Mi]]er,kpers. comm.; Yager and Mooney,

pers. comm.; Griffith and Clutterbuck, pers. comm.), by means of
transformation of A.nidulans mutant strains to wild type by

complementation of mutations with A.nidulans DNA Tibraries. These were
constructed in plasmid (Johnstone et al, 1985; Ballance and Turner,

1986) or cosmid (Yelton et al, 1985) vectors. A much 1arger number of - -

other Aspergillus genes'were cloned as cDNAs prepared from

poly(A)*RNAs extracted from developing cultures, from which
transcripts produced by vegetative hyphae had been removed by
subtractive hybridisation (Zimmermann et al, 1980).

A 38-kb sequence of A.nidulans DNA, SpoC1, coding for 19-20
transcripts, at least 14 of which were developmentally regulated and
spore specific, was identified using these cDNAs (Timberlake and
Barnard, 1981;,Gwynne-et.a1, 1984). These transcripts comprise >2% of
the mass of the conidial poly(A)+RNA and represent 7% of the genes
expressed specifically in the spore. Interestingly, deletion of the
entire cluster does not result in any detectable phenotype whatsoever
(Aramayo et al, 1989). This is discussed in chapter 8 of this thesis.

With DNA sequence analysis, and the results of gene expression

N



‘Table 1.1: Conidiation mutants of A.nidulans.

Peak expression Gene function/

Gene  Phenotype time (hrs)! )  putative protein
- - _ Aconidial
brlA bristle aconidial 15 - .Zn finger DNA binding
protein
abaA abacus aconidial 18 Teucine zipper DNA binding
| protéin

Cohidiophore morphology -

.stuA stunted conidiophore <15 o ' ?
medA medusavmorpho1ogy o o ?
veA velvet morphology ? biosynthesis of phyto-

chrome-1ike pigment?
Conidial morpholiogy ;
wetA wet-white : 25 DNA binding protein,

conidia - . . regulating cell cycle?
' Conidiophore pigmentation

ivoA ivory conidiophores 20 tryptophan hydroxy1aée? :
- jvoB " " 18 : phenol oxidase

ygA o " ' ? cu™ uptake/distribution?
briA as above C 15 v B .as above

medA " " 2 _ ' oo

Conidial pigmentation? '

wA  white conidia 3% 9

wetA  as above ’ 25 as above

YA yellow conidia o 20.5 ; Conidial laccase I

YgA  vyellow-green cbnidia ? _ as above

1Hours after germination at 37°C; the ‘time at which peak expression

levels are first reached is shown. ;
2A full list of conidial pigmentation mutants including those
uncharacterised is shown in Table 7.1.
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studies of the brlA, abaA, wetA, yA, wA, ivoA, ivoB and stuA genes,

along with various cDNAs corresponding to developmentally regulated
transcripts, a comp]ex network” of gene. interactions has been
elucidated (Fig. 1.3).

The putative proteins BrlA, AbaA and WetA: These all bear similarities
to DNA binding proteins. BrlA possesses a sequence motif similar to

" the cysz—hisz’Zn(II) coordinatioh sites ("Zinc-fingers") first

identified in Xenopus laevis transcription factor IIIA (TFIIIA)'
(Adams et al, 1988; Miller et al, 1985b). If, in either Zn-finger of
briA, a -cysteine is changed to a serine (~-SH to -OH) by site directed

mutagenesis,'there is a complete Toss of brlA activity, confirming
that the Zinc finger motifs are essentia1 to brlA function (Adams et
al, 1990).

The putative AbaA’protein contains a potential "leucine zipper":
sequence (Mirabito et al, 1989), yet lack the "basic region” consensus
sequence often associated with DNA binding protéins (Vinson- et al,

1989).. The least that can be said is that the leucine zipper allows

AbaA dimerisation. The putative WetA protein (Marshall and T1mbér1ake,

1990) 1is basic (+6) and the putativé amino acid sequence shows 27%
sequence identity with the weel encoded po]Ypeptide of S.pombe, which.
regulates mitosis (Russel and Nurse, 1987). It also has a number of
p32cdc2

protein it Tlacks a consensus ATP binding site or a protein kinase

phosphorylation sites. However, unlike the weeil encoded

catalytic domain. Descriptions of conidiation mutants, and data on
expression and putative products is summarised in Table 1.1.

Temporal regulation of expressibn, Results of Northéfh analyses of RNA
prepared from synchronised Aspergillus cultures at different intervals
after induction of conidiation mostly correspond to known epistatic
relationships: in brlA~ strains abaA, wetA, ivoB, YA and wA

transcripts do not accumulate; in abaA'.strains, ﬁA'and wetA
transcripts do not accumulate; and in wetA strains only wA

“transcripts do not accumulate (Boylan et al, 1987; O0’Hara and
- Timberlake, 1989; Birse and Clutterbuck, 1990b; Mayorga and
Timberlake, 1990). Only the stuA gene 1is transcribed before brlA,

transcripts appearing at the same time as the onset of developmental
competence (Miller, pers. comm.). ’ ‘

The question of which gene switches on which was- further e]ucidafed
by the use of fusions of the A.nidulans alcA gene promoter (p) with
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the coding regions of the brlA, abaA and wetA genes (Adams et al,
1988; Mirabito et al, 1989; Marshall and Timberlake, 1990). alcA
encodes catabolic alcohol dehydrogenase. This gene is repressed during

growth on glucose as a carbon source, and strongly induced when

threonine is a carbon source. Induction of alcA(p)::brlA in submerged

Aspergillus culture caused the formation of vesicles, phialides and
conidia, and the abaA, wetA, YA and ivoB genes were expressed.

Induction of ngA(p)::gggA led to cessation of vegetative growth and

vacuolation, but not formation of conidia; this was despite the fact

that not only the wetA, but also the brlA gene was activated. It was
inferred that the correct order of gene expfession is essential for
morphogenesis (Mirabito et al, 1989). Induction of alcA(p)::wetA
caused a reduction of vegetative growth, but did not activate briA or
abaA. From a reduction in wetA mRNA levels in wetA strains it was
inferred that the wetA gene is positively autofegu]ated.

When the effects of the brlA~ , abaA” and wetA~ mutations, and
expression of the three alcA(p) constructs on the expression of genes
defined by the developmental cDNAs;.it was found possib1é to subdivide
them into 5 classes, A, B, C, D1, and D2, each with a distinct pattern
of regulation (Fig 1.3). A, or "early genes”, require leA+ and/or‘k
QQQA+, are not expressed in conidia, and probably include ivoA and
jvoB. Class B, or "spore specific” genes are switched 6n by ygiA.
Class C, or phialide genes, require brilA, abaA and wetA expression,
and accumulate in the spores.‘Expression of class Dkgenes is slightly
more complex: Class D1 genes are 1ike class B genes, and class D2 like
class C genes. The only difference is that both are also switched on
during normal development in briA™ strains. Thus, they are subject to
regulation by a second regulatory system. The network of gene
interactions outlined here is summarised in Fig. 1.3.

As well as activating developmental genes, misschedﬁ]ed expression
of brilA and abaA hés been shown to repress expression. of alcohol
dehydrogenase (alcA) and aldehyde dehydrogenase (glgA) genes (Adams
and Timberlake, 1990). A general reuduction }1n levels of mRNA and
protein synthesis is also observed which is believed to reflect a
generalised metabolic shutdown caused by Q;lA expression.

When brlA and abaA upstream regulatory sequences were fused fo
E.coli lacZ gene sequences expression in Aspergillus led to colonies
where only the conidiophores stained blue with IPTG-X-gal. This
demonstrates that the brlA and abaA genes are expressed only in the
conidiophore (Aguirre et al, 1990).

8



4

+

LS B S R A Sk 2 BT S

LA N A L T S SN S SR SEN NI S SN 4

LN N S N T R T2 T 2EE R P BEPOE SR Y T T IR T R TEPURY WP SO SRS S S S

TRANSFORMATION

1.2.1,Transformation of Aspergillus

,Transformation strategies

Aspergillus species, ‘1ike S.cerevisiae, are usually transformed by

incubation of protoplasts (sphaeroblasts) with DNA in the presence of |
CaCl,; polyethylene glycol (PEG) is then added, which results in
protoplast fusion and entry of the DNA into the cells. The protoplasts

are then suspended in an osmotically stablising medium which selects
for growth only of protoplasts in which the marker gene on the
transforming DNA is expressed. | |
Recently several other DNA mediated transformation strategies have
been used. Similar transformation frequencies to thoée found using
PEG were obtained when protop]asts from A.niger and A.awamori were

electroporated in the presence of DNA (Wafd et al; 1989). N.crassa

has recently been transformed by blasting hyphae with DNA-coated
tungstén microparticles fired from a partic1e gun (Arma]éo et al,
1990). This technique is described as "biolistic” transformation.

RNA mediated transformation, or retrotransformation, of Aspergillus
has also been reported (Zucchi et al, 1989). This utilises a PEG

-~ induced protoplast fusion protocol, and is believed to be mediated by

reverse transcriptase activity in Aspergillus (hence

"retrotransformation”.)

Integrative transformation of A.nidulans

The first DNA mediated transformation methods for A.nidulans (Bal]ancé
et al, 1983; Tilburn et al, 1984) were based on those used for
S.cerevisiae (Hinnen et al,1978). The cell walls of hyphae grown in
Jiquid culture is digested away with a cohp1ex mixture of enzymes
extracted from Trichoderma harzianum‘(Peberdy, 1979), now marketed as
NovoZym 234. This includes alpha-1,3-glucanase, B-1,3-, B-1,6-

glucanase and chitinase, as well as proteases, DNase and RNase; hyphal
wall digestion results in the release of protopiasts. In the Tilburn
et al system, use of MgSO4 as an osmotic stabiliser causes
vacuolation of the protoplasts. The resulting reduction 1in density
allows them to be separated from mycelial debris by centrifugation.



Figure 1.5. Integration and excisi@n of plasmid sequences by
homologous recombi nation. ‘ "

Black boxes represent homologous Aspergillus gene seguences (alleles
a and b); shaded boxes: E.coli vector sequences. Homologous
recombination between plasmid borne allele a and chromosomal allele b

results in plasmid integration. In the resu1ting direct repeat,

integrated E.coli vector sequences are flanked by two copies of the
gene. Homologous recombination between duplicate alleles may result
in excision of allele a or b. Excision of b constitutes two-step gene
replacement.
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After serial washing in an iso-osmotic sorbitol solution (1.2M) to

. remove the NovoZyme 234, and trénsformation, protoplasts are embedded

in solid osmotically-stabilising selective medium (iM sucrose), and
left to regenerate at 37°C. This takes approximately 3 days.

The transformation frequency depends largely on vector sequences, but
also to an extent on the selectable marker used,band the length of
the DNA insert carrying it. DNA mediated transformation of filamentous
fungi was first achieved when N.crassa was transformed to inositol
prototrophy using uncut chromosomal DNA (Mishra and Tatum, 1973).
More recently when the amdS (acetamidase) and pyr4 (orotidine-5"-
phosphate decarboxy]ase) genes were cloned in the E.coli pBR322
plasmid, maximum transformation frequencies of 25 and 10 transformants
per ug DNA respectively were obtained (Tilburn et al, 1984; Ba]]ancek

et a], 1983). In a detailed study 33 argB+ transformants of
‘A.nidulans with a plasmid consisting of the argB gene in the E.coli

plasmid pUC19 were characterised (Upshall, 1986). 17/33 transformants-
showed integration of the argB plasmid at the argB locus. This was the
result of hdmo]ogous~recomb1nation‘between host and transforming DNA
sequences, and resuTted in the formation of a tandem repeaf flanking
the bacterial vector sequence (Fig. 1.5). In 7/33 cases gene
conversion, or double crossover had occurred, resulting in
regeneration' of g£g§+ (Fig. 1.5). The remaining 5/33 showed complex
patterns of integration.

The use of éertain bacterial plasmid components greatly enhances the
tranéformation frequency of Aspergillus shutt1e vectors.  Johnstone
(1985a) found that transferring the argB gene from the yeast shuttle
vector pBB29 to pucC8 (to form pILJ16) resulted in an increase in
transformation fréquency from 1-5 to 250-500 transformants per ug
DNA. The pUC plasmids (Vieira and Messing, 1982) may have a'11m1ted
ability to replicate autonomdus]y in A.nidulans. This is suggestéd a)
by the enhanced transformation :frequency; b) by the fact that using
‘uncut DNA prepared from an initial Aspergillus tfansformant it s
sometimes possible to reisolate the plasmid by transformation of
E.coli (Johnstone, 1985a); and c), that in some initial transformants

“with such plasmids a degree of mitotic instability is observed

(Upshall, 1986). Thus the enhancement of transformation may occur due
to limited rep]ication of the transforming plasmid upon entry into
the host nucleus, which increases the probability of the occurrence of

10



Figure 1.6. Targeted gene disruption and replacement. .

A: Targeted gene disruption. The black box representsvgénebA; the
shaded box, E.coli vector sequences. The numbers 1-6 represent the
extent of the gene. The transforming plasmid contains an internal
fragment of gene A. Homologous recombination as shown results in
formation of two incomplete, non-functional copies of gene A.

B: Targeted deletion. Black boxes, DNA sequence to be deleted; shaded
boxes, as above; open box, selectable markek gene A. Among At
‘transformants will be some which are the result of double homologous
recombination events as shown, which result in replacement of DNA
sequence 2-8 with gene A (after Aramayo et al, 1989).
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