
Chapter 5.

Analysis of the extracellular serine

protease gene, prtA.
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5.1. Background.

One of the initial aims of this project was to isolate one or more additional extracellular

protease encoding genes from A. nidulans, with the goal of gaining insight into the

regulation of these enzymes by examining their promoter regions. Though I succeeded

in cloning an additional extracellular protease structural gene, prtB, I have been unable

to detect its expression. Consequently I shifted my focus to the A. nidulans

extracellular serine protease gene, prtA.

One means of studying the role of a specific gene is to determine the effect that

disrupting the gene of interest has on the phenotype of the organism. The availability

of transformation procedures for A. nidulans makes this a feasible approach for

determining the role of individual extracellular protease structural genes. A. nidulans

produces at least three predominantly extracellular proteases, so it seemed unlikely that

disruption of any one extracellular protease structural gene would have a significant

effect on the ability of the strain to utilize exogenous protein, and therefore such a

strain was not expected to exhibit an easily detectable phenotype when grown on

protein as the sole source of carbon, or nitrogen, or sulphur.

It has been shown that the extracellular proteases of A. nidulans are subject to

regulation in response to carbon, nitrogen, and sulphur metabolite repression, as well

as environmental pH (see section 1.2., Tilburn et al. 1995, Cohen 1973b). The factors

which mediate carbon catabolite repression, CreA, nitrogen metabolite repression,

AreA, and regulation in response to environmental pH, PacC, are candidates for the

direct, or indirect, regulation of the extracellular protease structural genes. The precise

mechanism, by which sulphur regulation of this system occurs, is completely unknown

(section 1.2.). In total, 1312 bp upstream of the prtA putative translation start site

have been sequenced (Katz et al. 1994, Sarkar et al. 1996). This region contains five

putative binding sites for PacC, three putative 5'-GTGGG-3' binding sites for CreA,
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and fourteen putative binding sites for AreA (fig. 5.1.). It is yet to be determined

which of these putative binding sites, if any, are involved in the regulation of the

extracellular protease genes.

5.2. Rationale and aims.

An extracellular serine protease structural gene, prtA, had previously been cloned,

sequenced, and its steady state transcript levels examined (see 1.2.4., and Katz et al.

1994, Katz et al. 1996, Tilburn et al. 1995). It was decided to examine this gene

further. A prtA gene-disruption (prtAA) was generated by transformation of A.

nidulans protoplasts, in order to study the role of the extracellu tar serine protease of

A. nidulans. This chapter describes the isolation and analysis of prtAA transformants.

As little is known about the mechanism by which the extracellular proteases of A.

nidulans are regulated, I also began a preliminary study of the promoter region of the

prtA gene. This study used gel mobility shift assays, in an attempt to identify cis-acting

regions involved in the regulation of the prtA gene.

5.3. Results.

5.3.1. Strategy for generation of prtA gene disruption mutants.

A plasmid, pAlk/Arg2, containing the selectable marker arg13 + flanked by DNA from

prtA, was used to generate the prtAA transformants (fig. 5.2.). The NrullPstl

fragment containing the plasmid insert was used to transform a haploid strain of A.

nidulans unable to synthesis arginine (strain C26-1-1-10). To generate the desired

transformant, two homologous crossover events were required (fig. 5.2.).

Transformants were then selected on media which did not contain arginine.
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ACGCCAAGCTTTAAAGCCTCGCCGGAGTTCCCCGTAGTGGCTACAGGGTTACACTTGAGGAGATCGATAA -1243

TATCACTTGGCTTCAAAGCCCAGGATGGCCAGGACATCCTCGTCAGGCTCCTGGTCCTTGTGATTGGACT -1173

TTAACCTCTCATCCTGTATAGCGTTATCAGTCGGCTGCCTCCTGCTTGTGAGAAAGACGGGCGCTATCAC -1103

GACCCCTGCCGAGCCACACGACCAGTCACCATTTCCTCTGCTGTTTCCTTGACAAGGAACCCGCGTCGAC -1033

CACCAAGTTTAATTTGGAGATAAGGCTCAGGGTGGATAATGAGGAGAGAGGTGCAATGACCACTTTCCAA -963

ATCCTTTACTTGGGAGTATCAGAAGACAATTCCAGACACATGCGATACTTGTGTCGTACCAGAGCCGATA -893

TTCAGTCACAAGAAGCTCTTATCACAAGCATGCAATCGATTTGCAATGCCCGTTACTACTCCATGTCGCC -823

AAGTAGCAGTTGGACTGGGATACTTTAGCTTATGGCGCTACCGAAGTGATCGGCGCTCGTTTTCCTC;GGG -753

CTGCGACTCAGTAGTGGGAAAAATGCTCCGGTGGCTCCGGCTTGTTCTAGAAAAATCCCGGCAACCC:GTC -683

GTCGCTTAGGACCCAAGACCACCCCTGACGACCAAAGCGCAGACAACGGCGCATCGCGCATGAGATGCCA -613

AGCATCTAAAGAGTCACACTAGGGCATGAGAGCGAATCATGAAGCTTTTCCGTCCGTTCAGAGCTCTTTC -543

GCACAACGCTAGCTCCGGCTGCAGATACACCGGTGTACTACCTTCCTGATGGGGATGCAGGGCAAAGACG -473

AGCGGAAAACATAGGGAGCGCTAAAGGCGCATGTGAGGAGAAGCACTGGCACGGTATGCGCCGTGGCATC -403

GTGATAACGATCCAGCTGCTTGTCTATACCTGGTGACCTAACTACCTGTCTCTCTTAGCAGCTCGAGACT -333

AATGGATCCTCCGGCGATCATGGCGCTCGCTGGCGTGCTTTGCATCGGCACTCACCAC,ACTGATAACGAT -263

GTCTCCGATGGAGCACAATAATTCAGTCGTCTGAAGGACGCAATGTCACCCTGTGAGTTTTCACGAGTCG -193

ACCCTGGTTAATTCGTGATGGACGAGGTCAATGACGCAGAATTGGAGGTGATGAAGTGGGCGCGAAAGGT -123

ATAAGAGTGGGGTTTGTCCATCGCTCCTTCCTCGAATTCGATCAGTACCGAAGCATCTCTCTTCATTCTC 	 -53
****

TGAACAATCTCATCCAGGCCCTGGTCGTCGGAACTCCTTCAGGACTCCTGTC	 -1

Figure 5.1. The DNA sequence of the 1312 nucleotides 5' of the prtA start of

translation. The region which is highly conserved amoungst Aspergillus extracellular

serine proteases (HCR) is in bold. The five 5'-GCCARG-3' motifs, which are putative

PacC binding sites, are overlined. The fourteen 5'-GATA-3' motifs, which are potential

AreA binding sites, are double underlined. Single underlines marks seven 5'-

SYGGRG-3' motifs, which fit the consensus for CreA binding sites. A potential

TATA box is marker with asterisks. Sequence -551 to -1 determined by Katz et al.

(1994), sequence -1243 to -552 determined by Sarkar et al. (1996).
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Figure 5.2. Schematic diagram showing the strategy for disrupting the A.

nidulans prtA gene. A PstlINrul fragment, containing the selectable marker argB+

flanked by DNA from the regions flanking the prtA gene, was transformed into an

argB- strain. Two homologous recombination events were required in order to obtain

a prtAA transformant. The selectable marker argB+ allowed for the selection of

transformants. PCR was used to screen for prtAA transformants, using the primers

MK11 and MK12 which were specific to the 5' and 3' regions of the prtA gene. As in

a prtAA transformant the MK12 annealing site would be deleted, no prtA PCR

product would be expected from a prtAA transformant. Black boxes represent the

four prtA exons, the grey box represents the fragment containing the argB coding

region. The plasmid pAlk/Arg2 was constructed by M. Katz.

112



As a positive control, one transformation treatment per experiment used pMOO6, a

plasmid carrying the argB + gene. One transformant generated in this manner was

used as a control in subsequent biochemical experiments. This transformant, with the

same genetic background as the gene disruption mutants, was designated strain

MK191.

5.3.1.1 The screen for prtAA transformants.

To screen the resulting transformants two methods were used: a) transfer to plates

where milk was the sole nitrogen source to screen for reduced halo size; and b) PCR.

The screening on milk plates was unsuccessful. This was not entirely unexpected. As

A. nidulans produces a number of extracellular proteases, the absence of any one

protease (e.g. PrtA) was unlikely to produce a significant difference in the size of the

halo produced. The PCR screen used two primer sets - the first set to a control gene,

prtB (primers B5 and B3), and the second set to prtA (primers MK11 and MK12). As

the annealing site of MK12 was expected to be deleted in the desired transformants

(see fig. 5.2.), the absence of prtA product was indicative of a gene-replacement event

(fig. 5.3.). Of 210 transformants screened, 2 putative gene-replacement transformants

were generated.

5.3.2. Southern blot analysis of the prtAA transformants.

Southern blot analysis, using the prtA PCR product generated using primers MK11

and MK12 as a probe, confirmed that the two transformants had disrupted prtA genes

(fig. 5.4.). Southern blots were also probed with pMOO6. The results showed that

the two prtA- transformants were single copy transformants, containing only the native

argB gene and one plasmid copy of argB (fig. 5.5.). The prtA/ transformants have

been designated MK189 and MK190. Disruption of the prtA gene in a haploid strain

had no effect on viability. Therefore prtA is, as expected, a non-essential gene.

113



prtB

prtA

Figure 5.3. PCR screen for prtAA mutants. PCR was performed using

the oligonucleotide primers B5 and B3, and MK21 and MK22, which

amplify fragments from the prtB and prtA genes respectively. As the

MK21 binding site would be deleted in a prtAA transformant, the prtB

gene was amplified as control to ensure that absence of the prtA product

was indicative of a gene disruption event rather than a PCR reaction that

did not work. Neither of the PCR reactions performed on DNA from the

putative prtAA transformants produced the prtA PCR product, suggesting

that both transformants are prtAA strains. The PCR products are labelled

on the right of the figure.
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Nrul Pstl

Figure 5.4. Southern blot analysis of two putative prtAA

mutants. DNA from the transformation recipient, strain C26-1-1-

10 (lanes 1 and 4), was compared to DNA from two putative prtAA

transformants designated strains MK189 (lanes 2 and 5) and MK190

(lanes 3 and 6). DNA was digested with the restriction enzymes

Nrul and Pstl , as it was known that there were no sites for these

enzymes within the prtA or argB genes. This blot was probed with

a DIG-labelled PCR product containing most of the prtA coding

region (Boehringer Manheim). The probe hybridised to only 1

fragment from each sample, and the hybridising bands in the

transformants are larger than the hybridising band in the control

strain, confirming that these transformants are prtAA strains.
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Nrul Pstl

Figure 5.5. Southern blot to determine the number of

intergration events that occured in generating the prtAA mutants.

DNA from strain C26-1-1-10 (lanes 1 and 4) was compared to DNA

from the two prtAA transformants designated strains MK189 (lanes 2

and 5) and MK190 (lanes 3 and 6). DNA was digested with the

restriction enzymes Nrul and Pstl as it was known that there were no

sites for these enzymes within the prtA or argB genes. This blot was

probed with the pMOO6 plasmid which contains the argB gene. The

probe hybridises to one band in the control DNA which corresponds

to the native copy of the argB gene, and two bands in the transformed

strains, which correspond to the native and a single ectopic copy of

the argB gene. This indicates that both prtAA strains are single copy

transformants.
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5.3.3. Assays for extracellular protease production.

To examine the effect of disrupting the extracellular serine protease gene, prtA, plate

tests and protease assays were performed to determine the effect on total protease

production. Protein gels were also used to determine which of the bands of proteolytic

activity, observed in section 3., corresponded to the prtA gene product. Protease

assays were used to determine the proportion of proteolytic activity, as measured by

degradation of azocasein at pH 7.2, produced by the prtA gene. All enzyme assays

were performed in triplicate, with internal duplicates for all strain/condition

combinations. The strains analysed included: the two prtAA strains (MK189 and

MK190), a standard wildtype strain (MH2) and a prtA + strain with the same genetic

background as the gene disruption strains (MK191) (see section 5.2.1.).

5.3.3.1. Plate tests

No phenotypic difference was observed between wildtype strains and the prtAA

mutants when grown on plates where milk was the sole nitrogen source at pH 6.5. On

the equivalent plates buffered to pH 4.5 a zone of precipitation was observed

surrounding wildtype colonies (fig. 5.6.). It was originally thought that this zone may

be due to the milk-clotting activity of rennin-like acid proteases. When the prtAA

mutants were grown on this medium they did not produce a zone of precipitation.

Therefore this zone must result from the activity of the prtA gene product. These

results show that proteases other than prtA are expressed and active at pH 6.5, that

prtA is expressed and active below pH 5, and that prtA appears to be the major

protease active at pH 4.5 in medium containing milk as the sole nitrogen source.
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Figure 5.6. Growth and protease production on solid media,

where milk is the sole nitrogen source, at pH 4.5. A region of

precipitation can be seen surrounding the prtA+ colonies (MH2 and

MK191) but no region of precipitation surrounds the prtAA colonies

(MK189 and MK190). This result suggests that prtA is responsible

for the majority of protease activity observed at pH 4.5 when milk is

the sole nitrogen source.
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5.3.3.2. Protease assays -extracellular protease levels under sulphur-limiting

conditions.

When culture filtrate, obtained from A. nidulans cultures grown for 20 hours under

sulphur-nutrient-limiting conditions, was assayed for total protease activity, the prtAA

mutants were found to produce approximately 1/10 the extracellular protease activity

produced by wildtype strains (see fig. 5.7. for graphical representation of the results).

Single factor analysis of variance (ANOVA) showed that the difference between the

wildtype and mutant strains is statistically significant with F0 . 05 (see Appendix l for

raw data and statistical analysis). This result suggests that the prtA gene product is the

major protease produced after 20 hours growth in sulphur-limiting conditions.

5.3.3.3. Protease assays -extracellular protease levels under nitrogen-limiting

conditions.

When filtrate obtained from cultures of A. nidulans subjected to 4 hours of nitrogen

starvation was assayed for total extracellular protease activity, it was found that the

level of proteolytic activity produced by the prtAA mutants was approximately 1/5 the

level produced by wildtype strains subjected to identical conditions (see fig. 5.8. for

graphical representation of the results). ANOVA (F0 . 05) showed that although strain

MK191 produces a significantly higher level of protease activity than the other strains

examined, both prtAA strains produce significantly less proteolytic activity than either

wildtype strain (see Appendix 2 for raw data and statistical analysis). This result

suggests that PrtA is the major protease produced after 4 hours incubation in nitrogen-

limiting conditions.
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Figure 5.7. Graph showing the effect of sulphur-limitation on the prtAA

transformants. Graph showing the levels of protease present in culture filtrate of the

wildtype strains, MH2 and MK191, and the prtAA strains, MK189 and MK190, after being

grown in sulphur-repressing or sulphur-derepressing conditions for 20 hours. It can be seen

that strains carrying the prtAA mutation produce much less protease than wildtype strains

under sulphur-derepressing conditions. Sulphur-repressing medium (sulphur) contained 1%

glucose, 10 mM NH4 tartrate, and 0.1% thiosulphate. Sulphur-derepressing medium (no

sulphur) contained 1% glucose, and 10 mM NH 4 tartrate. Minimal media used in this

experiment was made using low-sulphur salt solution. Protease activity was measured by

assaying the degradation of azocasein at pH 7.2. Protease activity was measured in arbitary

units. Raw data and analysis is shown in Appendix 1.
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Figure 5.8. Graph showing the effect of nitrogen-limitation on the prtA4

transformants. Graph showing the levels of protease present in culture filtrate of the

wildtype strains, MH2 and MK191, and the prtAA strains, MK189 and MK190, after

being grown for 16 hours in minimal media containing 1% glucose, 10 mM NH4

tartrate, then subjected to nitrogen-repressing or nitrogen-derepressing conditions for

4 hours. The strains carrying the prtAA mutation produce much less protease than the

wildtype strains, under nitrogen-derepressing conditions Nitrogen-repressing medium

(nitrogen) contained 1% glucose, 10 mM NH4 tartrate. Nitrogen-derepressing

medium (no nitrogen) contained 1%glucose. All media used in this experiment was

made using sulphate containing salt solution. Protease activity was measured by

assaying the degradation of azocasein at pH 7.2. Protease activity was deremine in

arbitrary units. Raw data and analysis is shown in Appendix 2.
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5.3.3.4. Protease assays -extracellular protease levels under carbon-limiting

conditions.

Assays of the total protease activity present in the culture filtrate of A. nidulans strains

subjected to 16 hours of carbon starvation showed that the prtAA strains produce

approximately half the amount of extracellular protease activity produced by wildtype

strains grown under the same conditions (see fig. 5.9. for graphical representation of

the results). Statistical analysis showed that the levels of protease activity produced by

the wildtype strains is significantly higher than the level of protease activity produced

by the prtAA strains, when both are incubated in carbon-limiting conditions (see

Appendix 3 for raw data and statistical analysis).

5.3.3.5. Protease assay -Induction vs Time experiment.

It was found that the prtAA mutants generated by gene-replacement produced

significantly less protease activity (as measured by enzyme assays) than the control

strains, under nitrogen-limiting conditions (fig. 5.8.). Protease activity is assayed at pH

7.2, and the data obtained from these experiments did not correlate well with the plate

tests which are initially pH 6.5. The differences between the enzyme assays and

production of protease on milk plates do not appear to be attributable to pH effects, as

the final pH of the plates and assays are similar. There are two obvious differences

between the assays and the plate tests. Colonies on plates were grown for

approximately 48 hours while mycelia were transferred to nitrogen-limiting conditions

for 4 hours in the assays. Exogenous protein was present in the plate tests in the form

of skim milk, while no source of exogenous protein was present in the assays. These

two factors were tested in another series of assays which examined the effects of

induction by protein, and longer periods of nitrogen starvation. Skim milk was chosen

as the source of exogenous protein as it is the same protein used in the plate tests.
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Figure 5.9. Graph showing the effect of carbon limitation on the prtAA

transformants. Graph showing the levels of protease present in culture filtrate of the

wildtype strains, MH2 and MK191, and the prtAA strains, MK189 and MK190, after being

grown for 24 hours in minimal media containing 1% glucose and 10 mM NH4 tartrate, then

subjected to carbon-repressing or carbon-derepressing conditions for 16 hours. Under

carbon-derepressing conditions the prtAA strains produce approximately half the level of

protease produced by the wildtype strains under the same conditions. Carbon-repressing

medium (carbon) contained 1% glucose, 10 mM NH4 chloride. Carbon-derepressing

medium (no carbon) contained 10 mM NH 4 chloride. All media used in this experiment was

made using sulphate containing salt solution. Protease activity was measured by assaying

the degradation of azocasein at pH 7.2. Protease activity was determined in arbitrary units.

Raw data and analysis is shown in Appendix 3.
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The results (represented in graphs fig. 5.10.) suggest that for the wildtype strains,

MH2 and MK191, neither increased incubation time, the addition of exogenous

protein, nor the combination of these two factors have a significant effect on protease

production by these strains. The protease levels produced by the prtAA strains,

MK189 and MK190, were significantly effected by the presence of exogenous protein,

only when incubated in media that did not contain ammonium for 24 hours. This

suggests that the combined effect of exogenous protein and a longer incubation time

have a significant effect on protease production by the prtAA strains. Increased time of

incubation was shown to have a significant effect on MK190, under conditions in

which ammonium was the sole nitrogen source, but did not have a significant effect

either prtAA strain under any other condition tested. Though not conclusive, it

appears that the combined effects of the presence of exogenous protein and increased

incubation time is the likely cause of the discrepancy observed between the assay

results and plate tests results for the prtAA strains (for raw data and statistical analysis

see Appendix 4.).

5.3.3.6. Protein gels.

Filtrate from cultures of MH2, MK191, MK189 and MK190 subjected to 20 hours

sulphur limitation, 4 hours nitrogen limitation, 16 hours carbon limitation, and 24

hours nitrogen limitation was examined using native 1D PAGE. Protease activity was

detected using milk overlays (fig. 5.11.). It can clearly be seen that the band

designated 5 (section 3), is present in all samples from wildtype strains, but absent in

all culture filtrate samples from the prtAA strains. This result indicates that band 5 is

due to the proteolytic activity of the product of the serine protease gene, prtA, and

correlates with the inhibitor studies which indicated that band 5 was the result of serine

protease activity.
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Figure 5.10. Graphs comparing the effects of induction and time on protease

production by the wildtype strains, M1-12 amd MK191, and the prtAA strains,

MK189 and MK190. The protease levels after 4 hours (A), and after 24 hours

(B) are shown. The strains were grown for 16 hours in minimal medium

containing ammonium (1% glucose, 10 mM NH4 tartrate, then transferred to

medium containing ammonium ( 1 % glucose, 10 mM NH4 tartrate) or no

ammonium (1 % glucose), with or without 1% skim milk. All minimal media used

in this experiment was made using sulphate containing salt solution. Cultures were

harvested either after 4 or 24 hours, and the filtrate was assayed for protease

activity by measuring the degradation of azocasein at pH 7.2. Protease activity

was measured in arbitrary units. It appears that the combined effects of the

presence of exogenous protein and longer incubation in nitrogen-limiting

conditions reduces the difference between the levels of protease produced by the

wildtype and prtAA strains. Raw data and analysis is shown in Appendix 4.
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A

D

Table showing the dry mycelium weight (mg) of each culture.

CONDITIONS

STRAIN TRAIN

MH2 MK191 MK189 MK190

carbon-limiting 74 82 49 98

nitrogen-limiting 78 65 107 104

sulphur-limiting 57 35 33 46

MH2 MK191 MK189 MK190

Figure 5.11. Zymograms showing the proteases produced by the wildtype strains,

MH2 and MK191, and the prtAA strains, MK189 and MK190. (A) shows

proteases present in the culture filtrate after 16 hours incubation in carbon-limiting

conditions, (B) shows proteases present after 4 hours exposure to nitrogen-limiting

conditions, and (C) shows proteases present after 20 hours growth in sulphur-limiting

conditions. The arrow marks the band designated number 5 in chapter 3 is absent in

the culture filtrate of the prtAA strains, indicating that band 5 is the result of the

product of the prtA gene. Volumes loaded correspond to 12% of eact culture. The dry

mycelium weight (mg)of each culture is shown in (D).
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5.3.4. Genetic analysis of the prtA2t transformants.

The phenotype of the prtA/ strains on medium at pH 4.5 and which contained milk as

the sole nitrogen source (see section 5.3.3.1.) was easy to score. Thus, classical

genetic analysis of this gene was a straightforward procedure. Haploidisation analysis,

followed by linkage analysis, was used to determine the chromosomal location of the

serine protease gene, prtA.

5.3.4.1. Haploidisation analysis.

The prtAA strain, MK189, was used to construct a diploid with the strain J3, which

carried compatible markers, and resulted in a diploid which carried genetic markers for

all eight A. nidulans chromosomes. Analysis of 23 haploids indicated that prtA was

located on linkage group V (see fig. 5.12. for a summary of the data, appendix 5 for

raw data).

5.3.4.2. Further genetic mapping of prtA.

To localise the prtA gene to a specific region of chromosome V, strain MK189 was

crossed to strain A613 which carried multiple markers located on chromosome V. A

total of 258 segregants were analysed from this cross, and linkage between the prtA

gene and the facA, hxA, and riboD genes was detected (appendix 6). The

recombination frequencies positioned prtA between the hxA and riboB genes (fig.

5.13.).

The interval between the hxA and riboD genes is around 60 m.u.. The lysE mutation

has been mapped to the region between the hxA and riboD genes (Clutterbuck, 1993).

To locate the prtA gene with greater accuracy a segregant from the MK189 x A613

cross, carrying all A163 markers in addition to prtAA, was crossed to a strain carrying
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Figure 5.12. Graph showing the number of prazi haploids carrying chromosome

markers from the J3 or MK189 strain. The data shows that all the prtAA haploids

isolated also carried the MK189 marker for chromosome V, indicating that prtA is

located on chromosome V. The genotypes of J3 and MK189 are AcrA 1 ; galA i;

pyroA4; hxA 1; sB i; nicBg; riboB2 and yA pabil I; argB-; argB + :prtAA respectively.

See appendix 5 for the raw data.
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Figure 5.13. Chromosomal location of the prtA gene, as determined by the cross

between MK189 and A613. This experiment showed that prtA was located in the

region between the genes hxA and riboD. Distances are shown in cM, and where

appropriate take into account double recombination events. The raw data and its

analysis, for the cross between MK189 and A613, is shown in Appendix 6. The

genotypes of MK189 and A613 are yA pabai 1; argB-; argB + :prtAA and AcrA 1;

nicA2 , pA2, facA303, hxy riboD5 respectively.

hxA	 lysE prtA	 riboD

16 —14-110-1	 2.6 	
42 	 -->

	 30 	
57

Figure 5.14. Chromosomal location of the prtA gene with respect to the lysE

gene, both of which are located in the region between the hxA and riboD genes.

Distances are shown in cM, and where appropriate take into account double

recombination events. The linkage relationships shown in this figure was derived from

the data obtained from a cross between PVK10 which carries the markers yA

pabaA I; AcrA I; argB-; nicA2 , pAz facA303, hx. A argB -E :prtAA„ riboD5, and A296,

which carries the markers biA I; lysE sB3. The raw data and analysis is shown in

Appendix 7.
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the lysE mutation, A296. Of the 182 segregants scored, 129 were lysE+ . Lysine can

be utilised as a nitrogen source, and was found to represses protease production.

Consequentially, I was unable to score lysE- segregants for the prtAA mutation. This

cross showed that prtA is located between the lysE and riboD genes (fig. 5.14., see

appendix 7 for raw data and calculations).

5.3.5. Analysis of the promoter region of prtA.

5.3.5. 1. Comparison of promoter regions of Aspergillus extracellular protease

genes.

When the upstream region of the prtA gene was aligned to the promoter regions of

other Aspergillus genes encoding extracellular serine proteases, a region of high

similarity was evident. This region was designated the highly conserved region (HCR).

The HCR begins 210 bp upstream of the putative start of translation, and extends 5' for

a further 100 bp (fig. 5.1.). The most striking similarity in this region is between the A.

nidulans, A. flavus, and A. oryzae sequences (fig. 5.15A.). The A. niger pepD gene

and the A. fumigatus Alp gene are less conserved in this region (fig. 5.15B.). Of the

Aspergillus protease genes for which sequences are available from sequence

databases, only the extracellular serine protease encoding genes possess sequences

similar to the HCR of the prtA promoter.

5.3.5.2. Gel mobility shift assays.

To further study the HCR, gel mobility shift assays were carried out. As the specific

factors which mediate transcriptional control over the extracellular protease structural

genes are unknown, nuclear protein extracts were used as the source of such DNA-

binding proteins. As nothing is known of the factors which mediate sulphur
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A.

ANID	 ---TGCTTTGCATCGGCACTCACCACACTGATAACGATGTCTCCGA
AFLA	 --TCCCTTT-CATTTACAGCTTCTCCAATAATAGCGCCAAGTCCGA
AORY	 CTCATCTTT-CAT-CATGCCCGCTG-ATTGATAGAGTAATTTCCGG

**** ***	 *	 * * ***	 ****

ANID	 TGGAGCACAATAATTCAGTCGTCTGAAGGACGCAATGTCACCCTGT
AFLA	 CGGAGCACAATGG---AGTCGTCTGA-GGATGCAATGTCACC-TGT
AORY	 TGGAGCACAACGC---CGTCCTCTGA--GATGCAATGTCACCCTGT

********* ***	 ***** **	 *********** ***

GAGTTTTCACGAGTCG (-295	 to -1 90 )
GAGTTTGGAACACCCT (-286	 to -186)
AAGTTTCAACTACAAT (-304	 to -204)

ANID
AFLA
AORY

B.

ANID	 ---TGCTTTGCATCGGCACTCACCACACTGATAACGATGTCTCCGA
AFLA	 --TCCCTTT-CATTTACAGCTTCTCCAATAATAGCGCCAAGTCCGA
AORY	 CTCATCTTT-CAT-CATGCCCGCTG-ATTGATAGAGTAATTTCCGG
ANIG	 	 CTT---ATC--TGTATTCTGTGCATGCATGATGCTTTCCTC
AFUM	 	 GCATGCACTATCTGGCTCTCCGA

* *

ANID	 T-GGAGCACAATAATTCAGTCGTCTGAAGGACGCAATGTCACCCTG
AFLA	 C-GGAGCACAATGG---AGTCGTCTGA-GGATGCAATGTCACC-TG
AORY	 T-GGAGCACAACGC---CGTCCTCTGA--GATGCAATGTCACCCTG
ANIG	 ACGGGGCATTACCC---AGTAGTCCGAA-GACGCAATGTGACCATC
AFUM

ANID
AFLA
AORY
ANIG
AFUM

Figure 5.15. The highly conserved region (HCR) -a DNA sequence common

to the promoter regions of Aspergillus extracellular serine protease genes. A.

Clustal W alignment of part of the 5' regions of the A. nidulans (ANID)(Katz et al,

1994), A. flavus (AFLA)(Ramesh et al., 1994), and A. oryzae (AORY)(Murakami

et al., 1991) serine protease genes. B. Clustal W alignment of part of promoter

regions of the A. nidulans (ANID), A. flavus (AFLA), A. oryzae (AORY), A.

niger (ANIG)(Jarai et al., 1994), and A. fumigatus (AFUM)(Jaton-Ogay et al.,

1992) serine protease genes. The sequence position with regards to the start of

translation is in brackets at the end of each sequence.

C-GGTGTGCGAT 	
**	 *

AGA--GTTGCAATGTTACCCTG
**	 *	 *******	 ***	 *

TGA----GTTTTCACGAGTCG (-295 to -190)
TGA----GTTTGGAACACCCT (-286 to -186)
TAA----GTTTCAACTACAAT (-304 to -204)
TGACTGAGTTTTAAATATACT (-295 to -198)
TTA----GTTCCCACTGCATT (-296 to -224)
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metabolite repression, it was of particular interest to attempt to identify factors

involved in sulphur regulation.

The many different proteins present in nuclear protein extracts can complicate gel

mobility shift assays, by binding to the DNA in a non-specific manner, and preventing

the probe from migrating into the gel (Garner and Revien, 1990). Initially gel mobility

shift experiments were performed to determine the concentrations of nuclear protein

extract and non-specific DNA (poly-dA-dT) which resulted in DNA-protein complexes

which migrated into the gel, circumventing the problems caused by non-specific

binding of protein to the probe (fig. 5.16.). The probes used in these initial

experiments consisted of a Sad fragment which contained the region -552 to +60, with

regards to the translation startpoint of prtA, which was then digested with XhoI/SalI or

BamHI/EcoRI to give two overlapping fragment sets (fig. 5.17.). The resulting

fragment sets consisted of fragments between 50 and 300 bp, which are a suitable size

for analysis using gel mobility shift assays (Garabedian et al., 1993). The fragment sets

were labelled with [a- 32P]dATP by using Klenow to fill the 3' recessed ends generated

by the restriction enzymes. The binding buffer contained 25 mM HEPES . KOH (pH

7.6) 40 mM KC1 1 mM Na2EDTA 10% glycerol. The nuclear protein extracts were

used at concentrations of 1 lig, 2 lig, 5 lig or 10 lig per reaction. The non-specific

DNA, poly-dA-dT, was used at 0.125 lig, 0.25 lig, 0.5 lig, and 1.0 pis per reaction.

These experiments tested all possible combinations of poly-dA-dT and nuclear protein

extract concentrations, for nuclear protein extracts obtained from wildtype, MH2,

mycelia which had been grown for 20 hours in minimal medium containing 1%

glucose, supplemented with 10 mM ammonium and vitamin solution (+S) or sulphur-

free media (made with low sulphur salt solution)(-S) containing 1% glucose,

supplemented with 10 mM ammonium and vitamin solution, or which were transfered

to minimal medium containing 1% glucose, supplemented with 10 mM ammonium and

vitamin solution (+N) or nitrogen-free media (-N) containing 1% glucose,

supplemented with vitamin solution, for 4 hours after 16 hours growth in
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DNA-protein
complexes

1
 free labelled
DNA

lanes 1	 2	 3
•,	 .

non-specific
competitor DNA

Figure 5.16. Example of a gel mobility shift assay used to

optimise components in the binding reaction. The BamHI/

EcoRl fragment set was used as the probe in this experiment (see

figure 5.17. Lane 1 labelled DNA only, lanes 2-5 binding

reactions using 10 pg nuclear protein extract obtained from

cultures subjected to 4 hours nitrogen limitation. The non-specific

competitor, poly-dA-dT, was used in increasing concentrations, as

indicated by the wedge. The actual concentrations of poly-dA-dT

were 0.125 vtg, 0.25 lig, 0.5 vtg and 1.0 lig.
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Sad 	 Xhol BamEII	 Sail	 EcoRI	 SacI

-552+1	 +64I	 	  I 

XhoITS all fragment set

Barral/EcoRI fragment set

148 bp ThoI/Sall fragment

100 bp
	 110 bp PCR fragment

Figure 5.17. Schematic diagram showing the probes used in the gel

mobility shift assays, for the study of the prtA promoter. Numbers indicate

the position with regards to the start of translation (+1). The stippled box

labelled HCR, represents the highly conserved region, which is common to the

promoter regions of Aspergillus extracellular serine protease genes.
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media made using sulpher-salt solution containing 1% glucose, supplemented with 10

mM ammonium vitamin solution.

From these trial experiments it was established that 0.5 jig of +S nuclear extract, 1.0

lig of -S nuclear extract, 0.25 1.ts +N nuclear extract and 1.0 lig -N nuclear extract in

combination with 1.0 p,g, 0.5 jig, 1.0 lig, and 1.0 lig of poly-dA-dT respectively,

resulted in DNA-protein complexes which were able to migrate into the gel, for both

fragment sets. Once the optimal concentrations of nuclear extract and non-specific

competitor DNA were established, experiments using specific fragments and specific

competitor DNA were undertaken.

As the HCR was of particular interest, experiments using probes containing this region

of the prtA promoter region were undertaken (see fig. 5.17. for diagram showing the

location of all mobility shift probes). Specific binding of a factor, present in A.

nidulans nuclear protein extract obtained from a culture grown under sulphur-limiting

conditions, was observed when a 148 bp XhollSall fragment containing the HCR was

used as the probe in a gel mobility shift assay in which fragments were separated

during 5.5 hours of electrophoresis (fig. 5.18.). This result suggested that a cis-acting

region which may be required for sulphur derepression was contained in this fragment,

and that sulphur derepression may be mediated by a positive-acting factor.

Technical difficulties in obtaining sufficient concentrations of uncontaminated fragment

from digests of plasmid containing the prtA promoter region were encountered, and

necessitated a change to PCR for obtaining probe and specific competitor DNA. A

110 bp fragment containing the HCR was amplified and used in a gel mobility shift

assay where separation occurred over the course of 19.5 hours of electrophoresis. It

was hoped that using a larger apparatus with a buffer cooling unit (PROTEAN II,

BioRad, connected	 to a recirculating cooling bath) would result in
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+S	 -S
	

+N	 -N

F

DNA-protein
complex

free labelled
DNA

Figure 5.18. Gel mobility shift assay in which the XhoUSacl

fragment, which contains the HCR, was used in an experiment

in which electrophoresis occured over a period of 5.5 hours.

Reactions contain nuclear protein extract obtained from mycelia

subjected to 20 hours sulphur repressing (+S), 20 hours sulphur

derepressing (-S), 4 hours nitrogen repressing (+N), or 4 hours

nitrogen derepressing (-N) conditions. Approximately 7.5 lig, 15

[.t.g, 3µg and 15 lig of the respective nuclear protein extracts were

used in these binding reactions. The letter F indicates binding

reactions which contained only labelled DNA. Wedges indicate

increasing concentrations of the specific competitor, unlabelled

XhollSacI fragment, added to the binding reactions at 0, lx, 10x,

and 100x the concentration of the labelled DNA fragment. A

specific DNA-protein interaction is observed in the reactions

containing -S extract.
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better resolution than was obtained using a smaller apparatus (Model V-16, Bethesda

Research Laboratories) in a 4°C cool room. Under these conditions what appears to

be specific binding to the probe was observed in the nuclear protein extract obtained

from wildtype mycelia grown under repressing conditions, but not in the extract

obtained from a sulphur-nutrient limited culture (fig. 5.19.). As binding decreased with

the first addition of specific competitor DNA rather than gradually, this experiment

should be repeated (possibly using lower concentrations of specific competitor DNA)

in order to confirm that the phenomenon observed was due to a genuine specific

binding reaction

5.4. Discussion.

The prtA gene, has been mapped using classical genetic techniques, to the region

between the lysE and riboD genes on chromosome V. Disruption of this gene has no

effect on strain viability, demonstrating that prtA is a non-essential gene. In A.

nidulans disruption of the serine protease gene, prtA, resulted in a reduction in the

level of protease activity detected by enzyme assay. The level of proteolytic activity

produced by the prtAA strain was approximately 50% that of wildtype levels after 16

hours in carbon-limiting conditions, 20% of wildtype levels after 4 hours in nitrogen-

limiting conditions, and 10% of wildtype levels after 20 hours in sulphur-limiting

conditions. Differences in the effect of the prtAA on the protease levels produced

under carbon-, nitrogen-, and sulphur-nutrient-limiting conditions further supports the

protein gel data. These results indicated that the three standard conditions used for

extracellular protease derepression, as stated above, did not result in identical profiles.

These differences may be due to the fact that the different conditions do not result in

the same level of derepression, or may be the result of differences in the response of

prtA to the different nutrient-limiting conditions. The difference between wildtype and

the prtAA mutant protease levels decreases with time, suggesting that the serine

protease is, at least initially, the predominant protease produced by A. nidulans. In a

serine protease gene disruption strain of A. flavus, a compensatory increase in the

expression of a metallo-protease gene was observed at the level of RNA

expression(Ramesh and Kolattukudy 1996). At the level of protease activity, as seen

in the protein gels, it is difficult to make a judgement as to whether any, or all, of the

other proteases are being produced at higher levels to compensate for the deletion of

prtA. Cloning of other A. nidulans protease genes will allow the issue of

compensation to be addressed at the level of RNA expression, where it may be easier

to compare the different strains.
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+S	 -S

DNA-protein
complex

free labelled
DNA

Figure 5.19. Gel mobility shift assay using a 110 bp PCR

fragment containing the HCR. Reactions contain

approximately 15 [ig of nuclear protein extract which was

obtained from MH2 (wildtype) mycelia grown under sulphur

repressing (+S) or sulphur derepressing (-S) conditions for 20

hours. A specific protein-DNA interaction can be seen in the

reactions using the +S nuclear protein extract. F = binding

reactions containing only the labelled PCR fragment. Wedges

represent increasing concentrations of the specific competitor

DNA, unlabelled PCR fragment, added to the reactions at 0,

1 x, 10 x, and 100x the concentration of the labelled DNA

fragment. Electrophoresis occured for 19.5 hours.
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The inability of prtAA strains to produce a halo on plates where milk is a nitrogen

source at pH 4.5, shows that the serine protease product of the prtA gene is expressed

and active below pH 5. It also shows that nitrogen metabolite derepression can

override repression of the serine protease gene by acid pH. This is consistent with the

results of RNA analysis (Katz et al. 1996). This result indicates that PrtA product is

the predominant, if not the only, extracellular protease produced by A. nidulans which

is expressed under nitrogen-limiting conditions and able to degrade casein below pH 5.

It may therefore be possible to detect acid proteases (such as prtB) in a prtAA strain.

As prtA accounts for a smaller proportion f the total protease activity produced (at pH

6.5) under carbon-limiting conditions, it may be particularly informative to examine

acid protease activity in a prtAA strain grown under carbon-limiting conditions.

On plates, pH 6.5, containing skim milk as the sole nitrogen source, no difference

between prtAA and wildtype strains was observed. However, the prtAA strain

produced significantly less protease than wildtype strains in enzyme assays. The

results from the assay and plate test are inconsistent. To determine if this anomaly was

due to the presence of exogenous protein, induction of proteases by skim milk was

examined in both the prtAA mutants and the controls. As previously demonstrated

(Cohen 1973), the presence of exogenous protein, in conjunction with nitrogen

limitation, results in no significant increase in the levels of protease present in the

filtrate of wildtype A. nidulans cultures. The inconsistency between the two results

appears to be due to the combined effect of the difference in time that the strain is

grown in nitrogen-limiting conditions and the presence of exogenous protein on the

prtAA strains. When culture filtrate obtained from the prtAA mutants was examined

using native PAGE, the band designated 5 was absent. Therefore, this band is the

result of the activity of the protein encoded by the prtA gene.

In comparing the promoter regions of Aspergillus extracellular serine proteases, it was

noticed that a region, approximately 100 bp in size, was highly conserved between

several species. This region of the prtA promoter was designated the highly conserved

region (HCR). With the intent of identifying regions 5' to the prtA start of translation,

which were involved in its regulation, gel mobility shift assays were conducted. As

many factors may influence the ability to detect DNA binding proteins in nuclear

139



protein extracts, it was not expected, nor was it the intention, that this preliminary

analysis would detect all factors which bind the HCR. Non-competitor DNA, such as

poly-dA-dT, is included in gel mobility shift assays to titrate proteins which bind DNA

in a non-specific manner. Competitor experiments that show increased reduction in

band retardation with increased concentration of specific inhibitor indicate that the

band shift is due to a sequence specific DNA-protein interaction. This was observed

for factors binding the fragment containing the HCR, when the same fragment was

used as the specific competitor (figs. 5.18. and 5.19.). The result from the 4 hour

separation gel mobility shift assay suggests that there may be a positively acting protein

which binds to the HCR under conditions of sulphur limitation. The 19.5 hour

separation gel mobility shift assay suggests that there may be a negatively acting DNA

binding protein which binds to the HCR, and may be involved in inhibiting the

transcription of the prtA gene.

Differences in binding activity were observed for nuclear protein extracts obtained

from mycelia grown under sulphur-limiting conditions, when different durations of

electrophoresis were used. This is thought to be because proteins which bind "weakly"

to the DNA can be detected as clear band shifts on gels where the fragments are

separated quickly over a short period of time, but no clear band shift is observed on

gels run in identical conditions over a longer period of time (A. Adrianopolous pers.

comm., Fried 1989). This phenomenon is believed to be due to the instability of these

"weak" DNA-protein complexes which disassociate over time, resulting in an absence

of a discrete band shift when longer periods of electrophoresis are used. The absence

of a specific binding factor in the gel mobility shift assays using extract obtained from

the repressed culture and separated for 4 hours may be due to the shifted band being

obscured by the "tail" of the probe band, as the bands observed in the 4 hour

separation are smeary rather than tight. Another possible explanation for the

differences in the two results is that different probes were used in the two experiments

(fig. 5.17). The XhollSalI fragment contained sequence flanking the HCR (38 bp in

140



the 5' direction). It is possible that this flanking region is required for the binding of

the putative positively acting factor observed in the nuclear extract obtained from

sulphur-limited mycelia.

The preliminary results obtained in these experiments suggest that the HCR contains at

least some of the cis-acting regions involved in the sulphur regulation of the prtA gene.

The 490 bp directly upstream of the prtA translation start point has been used to

construct a prtA-lacZ fusion construct which was transformed into wildtype A.

nidulans protoplasts. Preliminary analysis of such transformants suggests that this

region contains most, if not all, the cis-acting elements required for the wildtype

expression of the prtA gene in response to sulphur metabolite repression (Mack and

Katz, pers. comm.). Thus it seems probable that the HCR contains binding sites for

trans-acting factors involved in sulphur metabolite repression.

A possible candidate for a positive acting regulatory gene involved in sulphur

metabolite repression would be an A. nidulans homologue of the N. crassa CYS-3

protein. It has already been shown that A. nidulans possesses a homologue of the

negatively acting SCON-2 protein (Nartorff et al. 1997), therefore it would not be

surprising if other components of the sulphur regulatory pathway of N. crassa were

conserved in A. nidulans. Though the cis-regions of the cys-14, and cys-3 genes to

which CYS-3 binds have been determined, no easily identifiable conserved sequence

has been identified (section 1.2, Fu & Marzluf, 1990a). Consequentially, it is not

possible to say with any certainty if the promoter region of the prtA gene contains

putative binding sites for a CYS-3 homologue. It does contain many 5'-CAT-3' or 5'-

CAAT-3' sequences which are a feature of the CYS-3 binding sites, and could be

involved in the DNA-protein interaction of a CYS-3 -like factor. The PCR probe, is

38 bp smaller than the XhoI/Sal1 fragment, and the region that is not included in the

PCR probe contains two 5'-CAT-3' sequences. The PCR probe itself contains six 5'-

CAT-3' or 5'-CAAT-3' sequences, so it seems unlikely that the absence of the two
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additional 5'-CAT-3' sequences would be responsible for the total loss of binding

activity observed in the extract obtained from mycelia incubated in sulphur-limiting

conditions.

142


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	06_p. 110_VanKuyk.PDF
	Page 1

	06_p. 117_VanKuyk.PDF
	Page 1

	06_p. 125_VanKuyk.PDF
	Page 1

	06_p. 131_VanKuyk.PDF
	Page 1




