The Structure and Regulation of
Aldehyde Dehydrogenase Encoding
Genes 1in Aspergillus niger

and Aspergillus nidulans.

by
Matthew J. O'Connell, B.Sc. (Hons.)

Department of Genetics, University of Adelaide.

A thesis submitted to the University of Adelaide for the degree of

Doctor of Philosophy in March, 1990.



Contents_

Y ol o - [ A YU
DECTaratioN . s et et ieneenusosonosoossnssssssssossssssssannsvssesas
ACKNOWT EAGEMENTES . o vt stsearnssssnssnssassnsessnascssssosaessnns
A eV At I ONS e sttt ies s eeeneesoonsonssossssossossssssssssonssss

PUD TTCAL T 0N S s v st st seunsnsnasssosnensoasassssososssssssosssssnnsns

Chapter 1. eeeii sttt etatsiiteenacineineocnnnsnnes

Lole Introduction. cueeenneiiieiieienonsansnoasossnsssnassnsnonns
1.2: Literature review...voeeeeeoeoeueenonesnosenessssnsacscrsss
1.2.1: Alcohol and aldehyde dehydrogenase genes in
Aspergillus nidulans ... ..o eiiieinesnsenasssorsssnssnsss
1.2.2: The L-proline catabolism gene cluster of
Aspergillus nidulans ... ..cevesseseiensesnseessosssssssennses
1.2.3: Regulation of the acetamidase encoding amdS
and coregulated genes in Aspergilius nidulans...eveeeeeeenns
1.2.4: Other studies of regulated gene expression
in Aspergillus nidulans.......oeeeieiiiinenreeeaneaananacens
1.2.5: Studies of gene regulation in Aspergillus
L X - o R R TR
1.2.6: Gene structure in filamentous fungi........covvevennn
1.2.7: Properties of purified aldehyde dehydroge-
MASES e s avvennsosssonessssasossssssssnnsnssssssssssnososnssns

1.3: Aims of this study...eievniiniieiiiiieniiassocreneacnneninnns

page
vi

vii

X1

Xii

13

16

20

24
25

28
30

ii



Chapter 2: Materials and methodS......ovunuereioniriieienenennns 32
2.1 Materials...eessssusesnsnsonsoosennsnsssnnnnns Cierresareeenn 32
2.2: Reaction buffers, solutions and media......coovuiviuienvennns .. 33
2.2.1: 1 X Reaction buffers....aveiiiiiienenrnrnonaniananens 33
2.2.2: SOTULTONS . et viorsurosereosenssossssensosoacsnsons vees 33
2.2.3: Bacterial growth media.....ovvvvvnivninniniiniannnens 34
2.2.4: Aspergillus growth media........ovvvennnn Ceieeieee 35
2.3: Aspergillus strains...c.veeeeenieiiienaenisennaanns Ceeieeen 36
2.4: E. coli strains and bacteriophage........coeieiivinenenaanns 36
2.5 PlasmidS . eerreenensssnsessosssssnssnssossssssosssasscnasoss 37
2.6% MethodS. v eeervorennsusssosnssaosenssonsssvsnns Cheerseeseeaes 38
2.6.1: Isolation of nucleic aCidS..c.vveerevenaiionnocneneans 38
2.6.2: General recombinant DNA methods........ovovveenenneen 40
2.6.3: Electrophoresis....ceveeeneinrencenans Cerenees e 41
2.6.4: Nucleic acid blotting and hybridization.............. 41

2.6.5: Determination of mRNA levels and DNA copy

UMDY s et tiieiiaeenniesresnnnssssssssonncssssssaanosnsssss a2
2.6.6: DNA SEQUENCING. . vuevvraunsrnossosonsssosasssasaoncans 43
2.6.7: Synthesis and cloning of cDNA............ vevesessans . 45
2.6.8: S1 nuclease protection analySiS.....ceevevnneennnnnns 45

2.6.9: RNA sequencing and primer extension
ANATYSTS. e eriiiiiineriisnesnnsansonsccsnacs Ceieeasene cheens 45
2.6.10: Transformation of Aspergillus.........cvovenne ceean. 46
2.6.11: Growth testing and genetic manipulations

of Aspergillus......covoviiieinvnneees P ceees. 46



Chapter 3: Cloning and physical characterization of the

Aspergillus niger GldA Gene......veeriiirniunneeoteeneeeannansnns 47
3.1: Utilization of ethanol and threonine by A. niger......... o 47
3.2: Isolation of the A. niger aldA gene.......covvevevenennnssns 49

3.3: Positioning of the gldA gene within the pNG100

3.4: Physical characterization of the A. niger aldA

GBNE o tevevnanennrosunsonesanassansoiasasosssnns teeeae veressessss 54
3.4.1: The aldA coding region......oeveeeiearconeennns cerees 54
3.4.2: The 5 regioN..c.uiiiiesrorrssssssssascosscsassonanns 58
3.4.3: INErONS. . uusseenneososnsrosonsonesssssssnnss cavssnens 61
3.4.4: The 3 regioN..eusseereeieceronsssssossssonnsssnassss 63
3.4.5: Structure of the deduced AldDH polypeptide........... 65

3.6 CONCIUSTONS e veiotursetnroensnnnossssssssosnosassnsns ceees 67

Chapter 4: Regulation of aldA gene expression in

Aspergillus niger and Aspergillus nidulanS.....cocoviveanenncenns 68

4,1: Detection of the aldA mRNA transcripts.......ccieveevenennns 68
4.2: Induction of aldA gene expression in wildtype
SEPAINS et eevnsoncoossssncnnonasancsososcssssans teseasasnns ceenans 71
4.3: The effects of mutations at the amdR locus on aldA
regulation in A. nidulans.......... i eeeeeeereeseseerasanrrensans 78
4.4: Repression of aldA expression in A. niger........... R < X

4.5 CONCIUSTONS . e evvnenvenosseasenssossssssssosasronsasosossssnss 85

iv



Chapter 5: Heterologous expression of the aldA genes of

Aspergillus niger and Aspergillus nidulans.......cevveveenecceens 90
5.1: Construction of an A. niger aldA deletion strain..... cecenes 90
5.2: Phenotypes of the gene replacement strain........... cesence . 96

5.3: Expression of the A. nidulans aldA gene in A,

5.4: Expression of the A. niger aldA gene in A.
NIAULGNS s s o e e s ennvneusssussossssonasassosssssssssasesssnss eoes. 105
5.5: The effects of an increase in agldA gene copy
number in A. niger and A. nidulans......cevevevenn B 5 |

BB CONCIUSTONS s sssesnsosoesonssssssansosssassoossssssnss veeee. 116

Chapter 6: Analysis of the 5' region of the Aspergillus

niger aldA GENE.....ovvvuvnraessasannsanns Ceeeaeen cerrvasesenses 119

6.1: Similar sequences within the Aspergillus niger
aldA promoter and other fungal genes................. Ceesseecees . 119
6.2: Deletion analysis of the Aspergillus niger aldA
PrOMOLEr. cuv v rerrnnonsonsonosonnanss Cevectisenesens e 126
6.2.1: Construction of clones containing deletions
in the aldA Promoter...ceeuieseereenetornanaosoneconenanee ... 126
6.2.2: Transformation of plasmids of the deletion
series into A. niger strain 216........... tereeesesanessaess 126

6.2.3: aldA regulation in transformants containing

plasmids of the deletion series........coecevvennns N 127
6.3 CONCTUSTONS .. vvvesrocnnsnssosasassonanase ceeeeneee cerees vees 135
Chapter 7: Summary and concluding discussion....... PR & 1

RET O I ES o v v v v vsveeensnesosassssossansessssssnsss Ceeeeen veeeeess 142



ABSTRACT .

The primary aim of this research was to determine mechanisms of
gene regulation in the filamentous ascomycete fungus Aspergillus niger.
To this end, a gene encoding an aldehyde dehydrogenase enzyme,
designated aldA, has been cloned from A. niger. This clone and a clone
of the aldA gene from the related fungus Aspergillus nidulans (Pickett
et al., 1987) has been used in a comparative study of gene structure

and regulation in these organisms.

The complete nucleotide sequence of the A. niger aldA gene and its
flanking regions, and the structure of its mRNA transcript has been
determined. The aldA gene of A. niger has one major and two minor start
points of transcription and 4 sites of polyadenylation. The coding
region shows significant similarity to the sequence of the A. nidulans
aldA gene (Pickett et al., 1987), but contains three introns compared
to the two present in the A. nidulans gene. Alignment of amino acid
sequences of several aldehyde dehydrogenases has implicated two
cysteine residues likely to be adjacent at the active site. The
promoter region has a general structure similar to other highly
expressed fungal genes, including an extensive pyrimidine rich region,

TATA and CCAAT box homologies, and several repeated sequences.

Studies of oldA mRNA levels in wildtype strains grown under a
variety of conditions has revealed that aldA expression is subject to
induction and repression in both species. However, the relative levels
of induction and degree of repression differs markedly between these

species in almost all growth conditions tested. Most notably, threonine



induction of oldA genes in A. niger is insensitive to glucose
repression, and in addition to alcR mediated control of aldA
expression in A. nidulans, the amdR gene (also called intA) either
directly or indirectly affects aldA expression in mycelia grown in

fructose or threonine medium.

A strain of A. niger carrying a deletion of the gldA gene was
constructed by gene replacement. In addition to several phenotypes in
common with aldA mutant strains of A. nidulans, it also exhibited some
unique phenotypes further suggesting fundamental differences in

metabolism.

Heterologous expression of the A. niger aldA gene in A. nidulans
is subject to induction and repression, and induction during growth on
ethanol medium requires a functional alcR gene product. Expression of
the A. nidulans aldA in A. niger is also controlled by induction and
repression, in a similar way, including induction in fructose medium,
to that seen for wildtype A. nidulans. However, induction in response
to growth in threonine medium is, as in wildtype A. niger, insensitive

to repression by glucose.

The effects of several 5' deletions in the A. niger aldA gene have
been investigated. Regions required for induction and the high level of
expression were identified. Deletion of the putative CCAAT boxes and a
sequence common to the promoters of several fungal genes, many of which
are subject to carbon catabolite repression, had no observable effects
on gene expression. A region containing a silencer of induction during
fructose growth was also located, which together with the high level of
fructose induced expression of the A. nidulans aldA gene in A. niger,
implies' that A. niger also has an induction mechanism functionally

homolgous to that affected by the amdR gene in A. nidulans.





