INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a compiete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and continuing
from left to right in equal sections with small overiaps.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6° x 9° black and white
photographic prints are available for any photographs or illustrations appearing
in this copy for an additional charge. Contact UMI directly to order.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI






Interactions Between the CREA Protein
and the gla4 Promoter Region of Aspergillus niger

Catherine Au

A Thesis
In
The Department
of

Biology

Presented in Partial Fulfillment of the Requirements
For the Degree of Master of Science at
Concordia University
Montreal, Quebec, Canada

March 2002

© Catherine Au, 2002



i~l

National Library Bibli ue nationale
of Canada du Canada
isiti isitions et
Qﬁgmmsfwus g‘r;::ces b'i‘tsali?)graphiques
Ottawa ON K1A ONG Ottowa ON K14 04
Canada Canada
Your Sle Votre réddrence
Ouwr fle Notre réédrence
The author has granted a non- L’auteur a accordé une licence non
exclusive licence allowing the exclusive permettant a la
National Library of Canada to Bibliothéque nationale du Canada de
reproduce, loan, distribute or sell reproduire, préter, distribuer ou
copies of this thesis in microform, vendre des copies de cette thése sous
paper or electronic formats. la forme de microfiche/film, de

reproduction sur papier ou sur format
électronique.

The author retains ownership of the ~ L’auteur conserve la propriété du
copyright in this thesis. Neither the  droit d’auteur qui protége cette thése.
thesis nor substantial extracts from it Ni la thése ni des extraits substantiels

may be printed or otherwise de celle-ci ne doivent étre imprimés
reproduced without the author’s ou autrement reproduits sans son
permission. autorisation.

Canadi

0-612-68403-2



i
ABSTRACT

Interactions Between the CREA Protein

and the glaA Promoter Region of Aspergillus niger
Catherine Au

I constructed a genomic DNA library of Aspergillus niger. and determined that it
contained 50 000 independent clones of an average size of 14 kb. This library contained
approximately twenty genome equivalents. I also constructed an expression vector using
the plasmid pGEX-2T to express the fusion protein GST:CREA. This construct contained
the full coding sequence of the creAd gene of A. niger. The GST affinity tag is located as
an amino-terminal fusion with respect to CREA. Induction of the fusion protein was
performed under various conditions. and it was concluded that a construct containing a
carboxy-terminal affinity tag would ameliorate the yield of full length protein, along with
the expression of the construct in the Rosetta € strain of cells produced by Novagen. The
protein was purified over a Glutathione Sepharose 4B column from Amersham
Pharmacia Biotech. and used for electrophoretic mobility shift assays with
oligonucleotides containing the CREA consensus binding sequence, and mutated
scgments of the gla4 promoter of A. niger. Shifted bands were observed in the presence
of the purified protein. and competition between labeled and unlabeled DNA indicated

clearly that the protein was binding to the CREA consensus binding sequence.
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|. Introduction

1.1 Aspergillus and Aspergillus niger

1.1.1 Life cycle. growth. and habitat.

The phylum Ascomycetes and the phylum Deuteromycetes form the largest and most
diverse group of fungi (Carlile and Watkinson. 1994). | mention both these phyla
together since the taxonomy of their constituent species is somewhat confusing.
Ascomycetes are defined by their production of haploid sexual spores within an
eponymous ascus (Worral. 1999). Deuteromycetes is considered to be a form division of
Ascomycetes. and its members are classified by their lack of a sexual reproductive cycle

(Worral. 1999).

The genus Aspergillus. first categorized by Micheli in 1792, is one of the more
commonly known members of the phylum Ascomyvcetes (Raper and Fennell, 1973). In
1945. A Manual of the Aspergilli was published by Thom and Raper. This was the first
attempt to systematically categorize for identification purposes, the varied species of
Aspergilli.  Since then many more species have been identified, and the knowledge
regarding the importance of the Aspergilli in our environment, health, and industry has
grown astronomically (Raper and Fennell, 1973: Worrall, 1999; Stahl and Tudzynski,
1992). One of these industrially important species is Aspergillus niger, prized for being a
non-citrus. and therefore an economically favourable. source of citric acid (Ingold, 1961).

In nature. Aspergilli are saprophytic fungi. living in the soil and deriving nourishment
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from vanious organic matter, which results in the decomposition and the return of
essential nutrients to the soil (Webster, 1970: Ingold, 1960). Aspergilli are also
responsible for various infections of the human and animal populations. Potentially
lethal acute invasive pulmonary aspergillosis, Aspergillus asthma, and allergic
bronchopulmonary aspergillosis are all possible consequences of inhalation of the fungal

conidia (Tomee and van der Werf, 2001).

A. niger is an Ascomyceles that is known to reproduce solely in an asexual manner
(Webster. 1970: Raper and Fennell, 1972). At present, two varieties of this species are
recognized: A. niger var. awamorii. also referred to as A. awamorii: and A. niger var.
macrosporus (NCBI Taxonomy Browser). The asexual cycle is characterized by two
stages: mycelia. which are composed of intertwined septate hyphae; and conidia, which
are uninucleate single-celled entities (Ingold. 1961; Webster. 1970: Raper and Fennell,
1973). Easily carried by air currents. conidia are derived from hyphal cells (Ingold,
1961: Webster. 1970: Raper and Fennell. 1973). Upon translocation to suitable
conditions, the conidia will germinate to form hyphae. which will in turn anastomose to

create the mycelial mass (Raper and Fennell, 1973). Figure 1 illustrates this cycle.

A. niger is characterized by vivid black conidial heads (Raper and Fennell, 1973). This
colour is dependent upon the level of copper present in the media, and the spores can
range from yellow to brown to black as the copper concentration increases from 1 i g to

201 g per liter of culture volume (Mulder. 1938). A copper concentration greater than or



Figure 1. Life cycle of Aspergillus niger. (a) Foot cell beginning to extend in direction
perpendicular to hyphal growth. (b) Development of conidiophore. (c) Development of
vesicle by swelling of terminal portion of the conidiophore. (d) Conidia develop on
truiting head and are dispersed by air currents. (e) A conidium. (f) Conidium germinates
and produces hypha. (g) Hyphae grow and anastamose, forming mycelial mass.

(Adapted from Thom and Raper, 1945)



(&)

(©)

-

i @ i O)

@

€3

(e




equal to 20 i g per liter of media results in black coloured conidia.

1.1.2 Industrial uses.

. niger has a long history of use in the food industry. Used to ferment soybean mash in
the production of soya sauce and miso for hundreds of years, most 4. niger derived food
products have been given the designation of GRAS (Generally Recognized As Safe) by
the U.S. Food and Drug Administration. which allows their use without further safety

testing (http:'www.cfsan.tda.gov/~rdb:opa-gras.html). In its lyophilized form. it is used

as a nutritional additive in animal feed and human dietary supplements.

The industrial production of organic acids uses A. niger as an economically viable
producer of citric acid as well as gallic and gluconic acids (Ingold. 1961; Lockwood
1975). It has been used for the mass synthesis of industrial enzymes such as amylase,
glucoamylase. cellulase, pectinase, glucose oxidase. and catalase for over three decades
(Underkofler. 1976: Kirimura et al.. 1999). For a more current example, the Lyven
company of France produces pectinases from A. niger that are subsequently used in the
clarification of fruit juice as well as a-amylases used in bread making to increase loaf

volume (http://www.lyven.com/products.htm).

Aspergilli can be grown on both solid and liquid media. Due to its ability to utilize
virtually anything organic as food, the fungi can be grown on such varied substrates as

sawdust, processed beet pulp mash. newspaper, or garbage. It can survive a wide range



of temperatures. and requires little maintenance to sustain viability. This makes it a

desirable organism to work with in industry and bioresearch.

1.2 Protein production
With the advent of the biotechnology industry and cloning, Aspergilli have been found to

have another novel use. heterologous protein production.

1.2.1 Bacterial hosts for heterologous protein production.

When producing recombinant proteins, the original host of choice was Escherichia coli.
With a generation time of approximately 20 minutes. and the wide availability of
selectable markers to identify transformants. E. coli possessed many benefits. Problems,
however, were encountered when expression of eukaryotic and especially mammalian
proteins was desired. Lacking organelles. prokaryotes are unable to properly process
eukaryotic proteins. Post-translational modifications such as trimming, refolding and
glycosylation do not occur. resulting in partially functional. or more frequently, non-
functional protein products. As well. eukaryotic mRNA sequences contain codons
requiring tRNAs that are represented at low levels in E. coli. This interferes with the

length of translated proteins due to stalling of the ribosomes.

1.2.2 Benefits of fungal hosts.
Using a eukaryotic host such as the Aspergillus fungi solved these problems. Though a
eukaryote, filamentous fungi still possess some of the same advantages as bacterial hosts:

they can be grown in large batches, require little hands on maintenance, and have simple



nutritional requirements. In fact, fungal hosts are more hardy and resilient than bacterial
hosts due to their ability to utilize almost anything of an organic nature as sustenance, and

their tolerance of a wider range of temperatures.

Aspergilli make especially good hosts for two reasons. First, secretion of heterologous
proteins can be engineered. This allows harvest of the desired protein from the media
and dispenses with the bother of having to crush the mycelia to extract protein. Second,
certain species of Aspergillus. such as A. niger, secrete proteins at a very high level under
the influence of certain promoter sequences: some proteins can be secreted at levels of
over 30 grams per liter of culture as compared to 30 mg per liter of culture for bacteria
(Ward, 1989; Dunn-Coleman ez al., 1991). This high level of production is mediated in
part by very strong promoter sequences, such as those involved in the production of

inducible enzymes.

1.2.3 Current research
Currently, identification of promoter sequences that mediate high levels of expression are
still in progress. Researchers are investigating a number of areas, such as transcriptional

regulation, and the search for novel promoter sequences.

The regulation of protein production in filamentous fungi is also a field of interest.
Eukaryotic mechanisms of gene repression and induction can be studied in these
organisms, and insight into the molecular mechanisms by which transcriptional control is

effected can be elucidated from the incipient data. Various data can be derived regarding



DNA-protein interactions, such as the specific DNA consensus binding sequences for
different repressors and transcriptional activators. Comparisons between in vivo and in
vitro gene regulation are another facet of this research. This information is not just of
use to scientists, it may one day lead to advances in medicine by providing the means to

fight fungal infections or turn off cancer genes.

1.3 Carbon catabolite repression

1.3.1 Carbon catabolite repression in Saccharomyces cerevisiae.

The term carbon catabolite repression refers to the ability of an organism to suppress
production of proteins required for the utilization of less favourable substrates when
provided with a preferred substrate. This process has been closely observed in yeast.
Preferential substrates are simple fermentable sugars such as glucose or fructose. When
these sugars are present, production of various enzymes such as those involved in
gluconeogenesis and the catabolism of other carbon sources, are repressed (Hohmann and

Mager, 1997).

Figure 2 ’provides a visual summary of the different enzymes involved in carbon
catabolite repression in the presence of glucose or other preferential carbon sources.
Miglp complex directly represses genes involved in gluconeogenesis, galactose
utilization, and respiration (Treitel and Carlson, 1995). The Miglp complex is not

repressed by the Snflp complex when a preferable carbon source such as glucose is



Figure 2. (Figure adapted from Hohmann and Mager, 1997) Diagrammatic
representation of Miglp repression in S. cerevisiae. Miglp repression is mediated by a

number of interconnected pathways.
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present in the growth media (Celenza and Carlson, 1986). The Snflp complex is able to
repress the Miglp complex when activated by its positive regulator Snfdp (Celenza and
Carlson. 1989). Negative control of the Snflp complex is enacted via a number of
upstream mediators such as Hxklp, Hxk2p. Grrlp, and the Hex2p complex (Gancedo,

1992: Celenza and Carlson. 1984).

Miglp is coded for by the Mig/ gene. a 1.5 kb coding sequence which produces a 504 aa
protein (Nehlin and Ronne, 1990). To act as a functional repressor, the protein must
contain two C:H> zinc-finger regions at the amino terminal end of the protein, and a 24aa
effector domain at the carboxy-terminal end (Nehlin and Ronne, 1990; ()stling, 1998).
Proteins with this highly conserved zinc-finger region are evolutionarily related DNA-
binding proteins (El-Baradi and Pieler. 1991). The zinc-finger region of Miglp bears
strong similarity to that of two other DNA binding proteins: Egr, a mammalian DNA
binding finger protein induced in the early growth response, and the Wilms’ tumour
protein (Herschman, 1991: Haber et al., 1992). All of these proteins are known to bind to
similar DNA sequences -- referred to as GC boxes -- in the promoter regions of the genes
they control (Nehlin and Ronne, 1990; Mercado er al.. 1991; Herschman, 1991; Haber et
al., 1992). Miglp binds to the consensus sequence 5’-SYGGRG-3' (SisGorC;Yis T
or C: R is G or A), with each finger interacting with a base triplet (Flick and Johnston,
1992; Nardelli et al.. 1991). An AT rich sequence flanking the 5’ end of the GC box is
required for Miglp binding. probably due to the AT rich segment bending more easily to

accommodate the protein (Lundin ez al.. 1993).



1.3.2 Carbon catabolite repression in Aspergillus

Much less is known regarding the mechanisms of carbon catabolite repression in the
Aspergilli.  As was seen in yeast, the mechanism of carbon catabolite repression in
Aspergilli regulates specialized degredative enzymes. gluconeogenic enzymes, and
repiratory enzymes as well (Ruijter and Visser, 1997). Using mainly A. nidulans as the
model organism. the proline utilization cluster. arabinase repression pathway, ethanol
regulon. glucoamylase repression pathway, and xylanase rcpression pathway have all
been examined in varying levels of detail. While studying the mechanisms of AREA (a
wide domain activator protein involved in nitrogen metabolism) in A. nidulans,
researchers accidentally discovered that there was also a protein that globally mediated
carbon catabolite metabolism — they named it CREA (Arst and Cove, 1973; Hynes and

Kelly. 1977).

1.3.2.1 Proteins involved in carbon catabolite repression

The CRE protein is a global regulator of carbon catabolite repression in various fungi.
Known as CREA in A. nidulans and A. niger. and CRELl in Sclerotinia sclerotiorum,
these proteins all contain two C,H. zinc-finger domains close to their amino-termini
(Dowzer and Kelly. 1991: Drysdale er al., 1993; Vautard et al., 1999). Proving
functional identity. CRE! of S. sclerotiorum was shown to complement CREA of A.
nidulans, when the crel gene was transformed into a cred-nonfunctional strain of A.

nidulans. resulting in a return to a wild type phenotype (Vautard et al., 1999).
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1.4 Control of the glucoamylase gene in Aspergillus

1.4.1 Glucoamylase and its promoter region

The glad gene of A. niger codes for glucoamylase; a secreted degradative enzyme. The
enzyme is found in two forms that are produced by the differential splicing of an intron
(Boel et al.. 1984 Nunberg et al.. 1984)). Tightly repressed in the presence of a xylose
concentration above 20 mg- 1", maximal expression of glaA is observed when starch or
maltose is the sole carbon source, and lower levels of expressed protein are observed in
the presence of a glucose concentration above 10 mg- 1" (Fowler et al., 1990; Santerre
Henriksen. 1999). When grown on mixed carbon source media containing maltose and
xylose. or glucose and xylose, expression of glaA is unaffected, however, when grown on
a mixed carbon source of starch and xylose. expression is reduced to minute levels, thus
implying the existence of a complicated regulatory mechanism (Fowler et al., 1990).
Using GFP as a reporter gene. it was demonstrated that the gla4 promoter region is not
completely repressed in the presence of xylose, and that previous conclusions regarding
total repression were due to lack of sensitivity of the assay used (Santerre Henriksen,

1999: Fowler e al.. 1990).

When the copy number of a plasmid containing a glad promoter region fused to a
reporter gene was increased. a relationship between promoter copy number and level of
expression was demonstrated: increased copy number resulted in reduced expression
(Verdoes. 1994; Verdoes et al.. 1994). Xylose induced repression, however, was not

affected by copy number (Verdoes. 1994: Verdoes et al., 1994).
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The sequence between -318 and -562 with respect to the ATG was shown to be
necessary for high-level expression by testing various truncations of the glad4 promoter
region fused to a reporter gene under three different growth conditions: starch,
starch/xylose. and maltose/xylose (Fowler er al., 1990). It was determined that basal
expression levels depend on sequences within the region between —1 and -224 (Fowler et
al.. 1990). In A. orvzae. the promoter region necessary for high-level expression in the
presence of maltose was determined to encompass the bases -332 to —427, and the region
necessary for basal expression was determined to be from -210 to -218 (Hata er al..
1992). Please refer to Figure 3 for the sequence of the 5° promoter region of the gla4

gene of 4. niger.

1.4.2 Proteins involved in regulation of the gla4 promoter

The glad4 promoter in 4. niger is subject to repression by CREA, the previously
mentioned global regulator of carbon catabolite repression (Ruijter and Visser. 1997).
The cre4 gene and CREA protein will be discussed in greater detail in the following

sections.

1.4.2.1 ANCF

First identified and named in the early 1990’s, AnCF was identified as a CCAAT-binding
element that bound to a site in the promoter of amdS in A. nidulans (van Heeswiick and
Hynes. 1991). Over time, it was discovered that this CCAAT-binding protein complex
was related to both the HAP protein complex of yeast and to other eukaryotic CCAAT-

binding proteins (Kato et al.. 1997: Kato et al., 1998: Steidl, 1999). It soon became
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Figure 3. The 5’ promoter region of the A. niger glad gene. Numbering counts
backward from ATG of the glaA gene. Putative CCAAT (HAP binding) sites are
indicated with pale gray highlighting. Putative (CREA binding) sites are
indicated with black highlighting. ISR sites are indicated with dark gray

highlighting. Restriction enzyme sites are indicated by bold italic lettering.
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HAP site CRE site
aTGecATT GGGG
GACGTGTCTG GCCTCGGAAR

Mlul site

AAGGGCATAT ACCACGCGTT

HAP site
TTATACCAGC CAATCRAGTC
. TCCTAGGCCA
CGCTGGTGGA
CCCa

GGCTGGTTCT ACCAT

AGTGGCGAGA

AACTGAGAGC
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evident that these HAP-like protein complexes had already been identified in other
species of fungi and had been given their own names: PENRI. AnCP, CBF. HAP, or
NE-Y (Kato et al.. 1997: Kato et al.. 1998: Litzka et al.. 1998: Brakehage et al., 1999;
Papagiannopoulos, 1996). It has been demonstrated in S. cerevisiae that the hap gene
products are involved in activating genes in the respiratory pathways, and it has been
shown in A. nidulans that the related protein complex enhances similar gene expression
(Kato et al., 1997; Bonnefoy er al.. 1995). This, along with other data, suggests that the
HAP-like complex functions as a transcriptional activator by binding to CCAAT
sequences in the promoter regions of target genes. Binding sites for this HAP-like
complex have been experimentally verified in the raa promoter of A. orvzae, as well as
the taa. amds. gatA. ipnA and acvA promoters of A. nidulans (Litzka et al., 1998; Kato et
al.. 1997; Nagata er al.. 1992; van Heeswijck and Hynes. 1991). Although putative HAP-
like protein complex binding sites have been identified in the glad gene of A. niger, none
have been confirmed experimentally. Refer to figure 3 for the locations of the putative

CCAAT binding sites in the glaA promoter.

1.4.2.2 cred and its gene product CREA

The creA genes of both A. nidulans and A. niger have been cloned and sequenced
(Dowzer and Kelly. 1991: Drysdale et al., 1993). The creA gene of A. nidulans contains
an intron-less ORF of 1245bp, resulting in a protein of 415aa (Dowzer and Kelly, 1991).
In A. niger, the cre4 gene contains an intron-less 1281bp ORF, and codes for a protein of
427aa (Drysdale er al.. 1993). At the amino-terminal end, CREA has two zinc-finger

domains of the Cys;His> variety that bear great similarity to the zinc-finger domains of
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Miglp: these are followed by an Ala-rich region and S(T)PXX motifs. both features
common to DNA binding proteins (Nehlin and Ronne, 1990; Dowzer and Kelly. 1991:
Drysdale e al.. 1993). When the cre4 sequences of A. nidulans and A. niger are aligned,
there is an 82% sequence similarity and 90% identity at the amino acid level (Dowzer
and Kelly. 1991). Complementation was observed when an A. nidulans strain containing
a mutated cre4 gene was transformed with a plasmid containing the A. niger homologue
(Drysdale et al.. 1993). This demonstrated the functional identity of both CREA
proteins. More interestingly. CREA also contains a region of similarity to Rgrlp of S.
cerevisiae that is located between amino acids 284 and 325 (Drysdale et al.. 1993). The
Rgrip protein of S. cerevisiae is involved in carbon catabolite repression. and it has been
hypothesized that CREA combines functional domains of both Rgrlp and Miglp in one
protein (Sakai et al.. 1990: Drysdale et al.. 1993). Please refer to Figure 4 for the coding
sequence of the cre4 gene of A. niger with flanking 5° and 3” sequences, and to Figure 5
for the amino acid sequence of the A. niger CREA protein aligned with the coding

sequence of the gene.

Various homologues of the CRE protein have been isolated in other genera of fungi.
Complementation experiments have demonstrated that the CREA proteins of Gibberella
JSwjikuroi and Botrvtis cineraea, and the CREI proteins of Trichoderma reesei and
Sclerotinia sclerotiorum. are functionally equivalent to the CREA protein of A. nidulans,
and therefore functionally equivalent to the CREA protein of 4. niger (Drysdale er al.,

1993: Strauss et al.. 1995: Vautard et al.. 1999: Tudzynski et al., 2000). Thus,
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Figure 4. Sequence of the cred gene of A. niger including 5’ and 3’ untranslated
sequences (Drysdale et al.. 1993). Numbering begins from the ATG. Negative numbers
count backwards from the ATG. The TAG stop codon and the ATG are indicated in bold
type. The ORF is indicated by capital letters and the untranslated regions are indicated
by lowercase letters. The three underlined regions indicate regions of similarity between
the cred4 promoter regions of A. niger and A. nidulans. Each different style of

underlining indicates a different region of similarity.
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Figure 5. Aligned coding sequence and translated amino acid sequence of the cred gene
of A. niger (Drysdale et al., 1993). The upper line is the DNA coding sequence for the

CREA protein of 4. niger. Underneath is the corresponding amino acid sequence.

Eukaryotic specific codons are indicated by the bold typeface. |[SINSNEITHIIRIET
indicates the region containing the zinc fingers. Underlining indicates the alanine rich
sequence. Light grey highlighting indicates the region of similarity to Rgrlp of S.

cerevisiae.
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generalizations as to the mechanisms of CRE protein action can be deduced from
research spanning many genera and species. Regulation of the cred gene occurs at both
the transcriptional and post-transcriptional level (Strauss et al., 1999). The 5° DNA
sequences flanking the cred gene of A. niger and the cred gene of A. nidulans both
contain poly(T) stretches, and share three regions of similarity (Drysdale e al., 1993).
Refer to Figure 4 for the exact locations of these regions of similarity. Down regulation
of cre4 mRNA in the presence of repressing carbon sources is effected by autoregulation,
and requires functional CREA binding sites in the cre4 promoter region (Strauss et al.,
1999). In A. nidulans. two closely spaced CREA binding sites located around —560 with
respect to ATG. were identified and shown to be necessary for cred repression in vivo

(Strauss et al., 1999).

To study the functional regions of the CREA protein, a set of various A. nidulans creA
mutants was developed. Mutants contained one of the following alterations: missense
mutations in either the first or second zinc-finger; a pericentic inversion resulting in
premature termination after a disrupted alanine-rich region; or premature termination
cither before or after the acidic region, resulting in removal of the Rgrlp-similar domain
(Shroft et al., 1996). All mutants display reduced growth rates and colony diameters, and
mutants disrupted at or beyond amino acid 107 display an impaired ability to conidiate
(Shroff et al., 1996). Originally it was postulated that a deletion mutant of creA resulted
in a leaky-lethal phenotype. however. further study revealed that null alleles are viable

although they display the same reduced growth rates, colony size, and impaired ability to
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conidiate as those mutants studied by Shroff er al. in 1996 (Dowzer and Kelly, 1991;
Shroff et al.. 1997). Functional studies of cre4 mutants of A. niger have also been
performed. and similar observations noted (Ruijter et al., 1997). The repressing effect of
the various mutants differed with respect to the mutant, the growth media, and the gene
examined (Shroff e al.. 1996; 1997: Ruijter et al., 1997). Artificial down regulation of
the cre4 gene has been performed via antisense silencing. and results in 50%
derepression compared to a null allele without affecting growth or colony morphology

(Bautista et al.. 2000).

The consensus binding site for CREA in A. nidulans, has been refined to 5°-SYGGRG-3’
through DNAsel footprinting and EMSA using the promoter regions of alcA, alcR, prnB,
prnD. otaA. and ipnd (Sophianopoulou et al., 1993; Kulmburg er al.. 1993; Cubero and
Scazzocchio. 1994: Espeso and Pefialva, 1994; Dzikowska er al, 1999). The 5°-
SYGGRG-3" consensus sequence has been shown to be recognized by CRE homologues
in both Aspergillus orvzae and Humicola grisea, but no work has been published
regarding A. niger to date (Kato et al., 1996 Takashima et al., 1998). It should be noted
that this is also the consensus binding sequence recognized by Miglp of S. cerevisiae
(Flick and Johnston. 1992). Binding of CREA to certain non-consensus sites has been
observed in vitro in the ipnA promoter, however, it should be noted that a large
proportion of putative binding sites identified via in vitro methods are later proven to be
inactive in vivo (Espeso and Pefialva. 1994; Mathieu et al., 2000; Orejas et al., 2001). As
was observed in S. cerevisiae. most of the 5’-SYGGRG-3’ binding sites shown to be

functional in vivo are preceded by AT-rich sequences (Nehlin ef al., 1991; Kulmburg et
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al.. 1993: Lundin er al.. 1993: Cubero and Scazzocchio, 1994; Mathieu er al., 2000).
Even though a CREA consensus binding site is not active in vivo, this does not
necessarily indicate that CREA does not exert repression over a gene, but rather, that the
repression might be exerted in an indirect manner (Orejas er al., 2001). Whether CREA
acts as a dimer or a monomer is a much debated question. Certainly, there is evidence to
support both points of view: CREA binding appears to be stabilized when two sites are
placed closely together. which supports the dimerization theory; GST exists as a dimer in
solution. and this evidence of dimerization of CREA may just be a result of the GST
region of the GST:CREA fusion protein dimerizing with the GST region of another
fusion protein: certain investigators believe their EMSA results indicate monomeric
binding to consensus binding sites (Cubero and Scazzocchio. 1994; Espeso and Peialva,
1994: Panozzo et al.. 1998: Mathieu er al., 2000). Creation of a full length CREA protein

with fusion domains removed will help to answer this question.

The CREA protein consists of two zinc fingers of the Cys,His, type, and each finger
contains an antiparallel a-ribbon comprised of two d-strands, and an a-helix (Parraga et
al.. 1988; Drysdale et al.. 1993). Two cysteines located near the turn in the a-ribbon and
two histidines in the carboxy-terminal end of the a-helix are coordinated with a zinc ion,
creating the zinc finger (Parraga er al.,, 1988). The a-helix region of each zinc finger
nestles into the major groove of the DNA, and the second a-strand stabilizes the DNA-
protein complex by interacting with the sugar phosphate backbone of the DNA (Pavletich
and Pabo. 1991). When binding to the DNA. the peptide is oriented “‘antiparallel” to the

G-rich strand of DNA; the first zinc finger interacting with the second triplet sequence
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and the second zinc finger interacting with the first triplet sequence, when reading the
DNA in the 57 to 3" direction (Pavletich and Pabo, 1991). Counting from the amino
terminal end of the protein. the two zinc finger regions are referred to as Finger 1 and
Finger 2. Finger | is a type 2 zinc finger region, and interacts with the sequence 5°-
GCG-3" (Nardelli er al. 1991). Finger 2 is a type | zinc finger region, and interacts with
the sequence 5°-GGG-3" (Nardelli er al. 1991). Type 1 fingers are differentiated from
type 2 fingers by the nature of the third and sixth amino acid residues in their a-helix
structure: type 1 fingers contain a glutamic acid at the third position and an arginine at
the sixth position, whereas type 2 fingers contain a histidine at the third position but show
variability at the sixth position (Nardelli er al. 1991). Each zinc finger fits into the major
groove of the DNA helix. and spans a distance of 3 bp (Nardelli er al., 1991). Hydrogen
bonds are formed between amino acid residues of the zinc finger, and the DNA bases in
the recognition site. however, the zinc finger does not interact with each of the three
bases in the triplet (Pavletich and Pabo. 1991). The amino acid residues that interact
directly with the DNA bases are the residue immediately before the a-helix as well as the
third and sixth residues (Pavletich and Pabo. 1991). The residue immediately before the
a-helix can interact with the third base of the recognition triplet, the third residue of the
a-helix can interact with the second base of the recognition triplet, and the sixth residue
of the a-helix can interact with the first base of the recognition triplet, bearing in mind
that all three interactions do not occur at one triplet (Pavletich and Pabo. 1991). Binding
specificity is determined by the characteristics of the amino acids at these positions

(Pavletich and Pabo. 1991). Please refer to Figure 6 for a diagram indicating the amino
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acid sequence of each of the zinc fingers of CREA. Structural features of the zinc finger

regions are indicated on the figure.

1.5 glaA promoter region constructs

1.5.1 Rational behind development of constructs.

To study the important functional regions of the g/a4 promoter. a set of constructs were
created. containing the region from -146 to -516 in relation to the ATG. This region was
identified as being the most important for high-level expression (unpublished data). Each
member of this set had point mutations in one or more of the putative DNA consensus
sequences for CREA or ANCF (Hap-like protein) binding. The sequence of this region
with the location of CREA consensus binding sites and ANCF consensus binding sites

along with sequences of their engineered mutations, are shown in Figure 7.

These mutated promoter regions are fused to the /acA reporter gene in an expression
vector, and then transformed into A. niger protoplasts. The activity of the transformants
is determined through a a-galactosidase assay of the media that was previously cleared of

mycelia. In this manner. the important sites for promoter regulation can be determined.

1.5.2 Mutated consensus sequences in the promoter region.
Each of the specific consensus binding sites has been mutated to disrupt binding of the

regulator protein. The intention is to investigate the activity of all combinations of
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Figure 6. Amino acid sequence of zinc finger regions Finger 1 and Finger 2 of the

indicates the amino acid residues forming

CREA protein of A. niger. SINNERTGIIIRING
the a-helix. Grey highlighting indicates residues involved in coordination with the zinc
ion. Underliping indicates residues forming a a-strand. Triangles ( ) indicate residues

that form hydrogen bonds with the bases of the DNA consensus binding site.



Finger 1

PRPYKCPLCDRAEH R K-

Finger 2

EKPHACQFPGCTKRESRNENITMTFEEEN
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Figure 7. 5’ promoter region of the glad gene of A. niger used in glad-lacA fusion
vector with CREA binding sites and HAP binding sites indicated. Numbering counts
backward from ATG of the glaA gene. CCAAT (HAP binding) sites are indicated with
pale gray highlighting. (CREA binding) sites are indicated with black
highlighting. Restriction enzyme sites are indicated by bold italic lettering. The mutated
sequence for each CREA binding site is below the wild type sequence. The PCR

amplified region used in electrophoretic mobility shift assays is underlined.



Mlul site
ACCACGCGTT GGACCTGCGT TATAGCTTCC CGTTAGTTAT AGTACCETCS TTATACCAGC

HAP site 1
CAATCALGTC =

TCCTAGGCCE GTGAGGCCAS CGATTEGCCR CCTCTCCAAGC CACACAGSGC CATTCTGCERG

CGCTGGTG5A TTCATCGCAS TTTCOeIe® CCCGGCTCGA CACCGCTATA GGCTGGTTCT

CCCRCACCAT CGGAGATTCG TCGCCTAATG TCTCGTCCGT TCACARAGCTG AAGAGCTTGA

~GTGGTGAGA TGTCTCTGCA GGAARTTCARAG CTAGATGCTA AGTGATATTG CATGGCAATA
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Agel site
TCTSZTTGATG CATGTGCTTC ACCGGT
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mutations of the CREA consensus binding sites C1, C2. and C3. At the time the thesis
was prepared. not all of the constructs were created. Table 1 indicates the constructs that
were donated, which mutation or mutations they contain, and the sequence of each wild-

type consensus sequence and the mutated sequence that replaces it.

1.6 Rationale for thesis

1.6.1 Outline of experimental ideas

There is little work on the mechanism of CREA repression in 4. niger, although studies
regarding these mechanisms in the proline utilization gene cluster and the ethanol
utilization pathway have been performed in A. nidulans. It was my intent to investigate
the binding of CREA to several putative regulatory sites in the promoter region of glaA4
of A. niger. Analysis of the glad promoter localized the information for its
transcriptional regulation to within 470 bp of the start codon, a region that contains three
putative CREA binding sites. To this end. fusion constructs of glutathione-s-transferase
and CREA were created within the vector pGEX-2T. The constructs were transformed
into competent cells of the strain Rosetta®, and fusion proteins were induced, and the
resulting bactenal lysate was purified over a Glutathione Sepharose 4B column. The
purified fusion protein was used in electrophoretic mobility shift assays with
radioactively labeled DNA probes of Rosa Zito’s various mutants of the glad promoter

region. Shifting of the bands was observed to determine which of the putative sites
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Table 1.
Mutated glaA promoter constructs

Constructs donated *

Construct Name Site C1 Site C2 Site C3
Cla“ mutated - -
Clc® mutated - -
Cif® mutated - -
C2a‘ - mutated -
C2b" - mutated -
C2c© - mutated -
C3ie” - - mutated
C3.g " - - mutated
C2/3-2a® - mutated mutated
C2/3-2b " - mutated mutated
C2/3-9°¢ - mutated mutated
D9 © - - -
DI10" 2 - -
Et ¢ mutated mutated mutated
E4° mutated mutated mutated

Mutated sequences

Site Wild-type sequence [Mutated sequence
C1 (sense strand) 5'-CCGGGG-3' 5-CATACG-3'
C2 (anti-sense strand) 5'-CCGGGG-3' 5-CGTATG-3'
C3 (anti-sense strand) 5'-CCGGGG-3' 5'-CGTATG-3'

" The constructs were provided by Rosa Zito of Concordia University. Some were used by her for in
vivo expression studies.

These constructs were sequenced and found to possess the correct mutated CREA binding site(s).

*  These constructs were sequenced and found to possess the correct mutated CREA binding site(s). but
contained a point mutation in a region of the promoter away from the CREA binding sites.

These constructs were sequenced and found not o possess the correct mutated CREA binding site(s)
These constructs were not sequenced at the time the thesis was written.
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bound to CREA. and how mutation of the various potential CREA sites affected CREA

binding to the g/aA regulatory sequence between —138 and —526.

Since so little is known regarding promoter regulation in A. niger, a genomic library was
constructed so that other genes regulated by CREA, and genes important to catabolite
repression could be pulled out of the library using techniques such as in vivo cloning.
This library will also serve as a useful tool for other researchers wishing to probe for non-

coding sequences or for genes and their associated 5° and 3’ untranslated regions.
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(8%

. Matenals and Methods

8]

.1 Growth conditions and manipulation of E. coli and A. niger.

2.1.1 Growth and propagation of E. coli.

Please refer to Table 3 for a list of E. coli and 4. niger strains used. All strains were
streaked from glycerol stocks kept at —-80 °C onto the appropriate solid media for the
strain.  For mini-preps. protein induction, and competent cell preparation, liquid
overnight cultures were prepared using | ml of the appropriate media inoculated with a
sterile stick that was touched to an appropriate colony on the solid media. Both plates
and overnight cultures were incubated for a minimum of 12 hours and a maximum of 16
hours at 37 °C. Liquid cultures were incubated while shaking at 250 rpm, with a culture

volume to flask volume ratio of 1:10.

2.1.2 Chemically competent E.coli cells (adapted from protocol obtained from the web

site: http:/ research.nwisc.noaa.gov/protocols/rbcl2 html).

Solution composition is detailed at the referenced web site. Psi broth was inoculated with
fresh overnight culture in a 1:100 dilution. Cultures were grown with shaking at 250
rpm, at 37 °C, until the ODsso = 0.48. The culture was incubated on ice for 15 minutes,
then cells were pelleted at 5000 x g for five minutes. The supernate was discarded, and
the pellet resuspended in 0.4 of the original volume with Tfbl. Incubation on ice and
pelleting of cells was repeated. The supernate was discarded, and the pellet resuspended

in 0.04 of the original volume with Tfb2, followed by incubation on ice for 15 minutes.
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Cells were aliquoted by 100i | into microfuge tubes, quick frozen with liquid nitrogen,

and stored at —80 °C.

2.1.3 Transformation of E. coli.

The protoco!l used to transform E. coli was adapted from the protocol provided with the
Sure2 ultracompetent cells from Stratagene. Cells were thawed on ice and 50 i 1 aliquots
were transferred into sterile Falcon™ tubes. 1 il of provided a-mercaptoethanol was
added to each tube. and the tubes were incubated on ice for 10 minutes with gentle
tapping every two minutes. | to 10 il of the ligation mix was added to the competent
cells. and the cells were incubated on ice for another 30 minutes. The cells were
subjected to heat shock at 42 °C for exactly 30 seconds, then put on ice for two minutes.
followed by addition of 450 i | of NZY+ broth preheated to 42 °C. Cells were incubated
for one hour at 37 °C with shaking at 250 rpm, then plated onto selective media and

incubated overnight for 12-16 hours at 37 °C.

2.1.4 Growth and propagation of 4. niger

Fresh conidia were used to inoculate liquid culture. Streaking old conidial stock onto an
appropriate solid media plates, and incubating the plates at 30 °C for six days produced
fresh conidia. Conidia were harvested by pooling 10 ml of a 0.09M NaCl, 0.001%
Tween 80 solution onto the plate and scraping lightly with a sterile spreader. Fresh

conidia were stored in this saline/Tween solution at 4 °C.
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For growth of mycelial cultures in liquid media, the appropriate liquid media was
inoculated with 10° conidia of the desired strain for every milliliter of culture volume.
Flasks were incubated ovemight with shaking at 200 rpm, at a temperature of 30 °C, for

mycelia used to harvest genomic DNA.

2.2 Genomic Library

2.2.1 Preparation of pBluescript vector

The plasmid vector pBluescript from Stratagene was cut with the restriction enzyme
BamH], followed by dephosphorylation of the sticky ends with calf intestinal alkaline
phosphatase. The DNA was cleaned up via phenol/chloroform extraction and ethanol
precipitation. For storage and later usage, the DNA was resuspended in sterile ddH-O.

Please see Figure 8 for a map of the pBluescript vector.

Inserts for constructing a genomic library of A. niger DNA were created by partially
digesting genomic DNA with the restriction enzyme Sau3A. Five microfuge tubes
containing 20 pg of genomic DNA were set up. The first three tubes had enzyme added
to a final concentration of 0.1 units/ug DNA. The fourth tube had enzyme added to a
final concentration of 0.2 units/ug DNA. The fifth tube had a final enzyme concentration
of 0.5 units/ug DNA. The first three tubes were incubated at 37 °C for 30 minutes, 45
minutes. and 60 minutes respectively. Tubes four and five were incubated at 37 °C for 30
minutes. The resultant fragments were ethanol precipitated and then resuspended in 21

ul sterile TE per tube. Following resuspension the fragments were pooled and then
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Figure 8. A map of the pBluescript SK- plasmid. Please note the Multiple Cloning Site

(MCS) located inside the lacZ gene.
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loaded onto a 10% to 40% sucrose gradient in Beckman Ultraclear™ tubes. In a SW-28
rotor. the gradients were spun at 40 000 X g for 24 hours at 20 °C. Acceleration and
deceleration were set to the slowest settings.  Fractions were pumped out from the
bottom of the tube using a peristaltic pump. Forty-four aliquots of 750 pl were collected
and labeled. 40 pl aliquots were removed from odd numbered samples, vacuum
concentrated in a Savant Speedvac™ to 20 ul. followed by the addition of 4 ul of 6X
loading dye to each sample. Samples were subjected to electrophoresis on a 1% agarose
gel in 1 X TBE for three hours at 60V. Samples 23-26 inclusive were determined to
contain DNA fragments of around 11 kB in size. After ethanol precipitation and
resuspension of these fragments. they were pooled in a total of 200 pl sterile TE.
Fragments were cthanol precipitated. and resuspended in a total of 25 pl sterile ddH»O,

followed by quantification via agarose gel electrophoresis.

2.2.3 Ligation

10 ng of pBluescript digested and dephosphorylated DNA, and 33 ng of A. niger genomic
DNA (approximate fragment size 11 kb), were combined with 4 units of T4 DNA ligase
in a 5 pl reaction mix. The reaction was incubated at 21 °C for 1 hour, followed

inactivation of the enzyme at 65 °C for 12 minutes.

2.2.4 Transformation of Sure2 Ultracompetent cells
The chemically competent cells were transformed with the ligation mix DNA according
to the printed protocol accompanying the purchased cells. Two transformation mixes,

each containing 100 pl of cells. were transformed with half of the ligation mix. After
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following the transformation protocol. the transformation mixes were diluted to a total
volume of 9ml with NZY "~ broth. The mix was plated in aliquots of approximately 200 i 1
onto 54 LB agar with 50 i g/ml of ampicillin, IPTG, and X-gal (LBA-I/X) plates to select

for transformants. The plates were incubated at 37 °C for 13 hours.

2.2.5 Characterization of library

Four plates were chosen at random. and the numbers of blue and white colonies were
counted for each plate. This information was used to calculate the percentage of colonies
containing insert DNA, and the total number of independent clones. Confirmation of
blue/white selection for insert DNA was calculated by random selection of 10 white
colonies and 4 blue colonies. extraction their DNA, followed by an EcoR1 digest and
agarose gel electrophoresis. Digestion of the white colonies with Xbal and BsulS5|

followed by agarose gel electrophoresis allowed determination of the insert size.

2.2.6 Harvesting the library

One of the 54 LBA-IX plates was flooded with 5ml of LB, and the colonies were
scraped off into the media with a sterile scraper. Media was transferred to another plate
with a sterile pipette and the scraping was repeated. This was repeated for a total of 10
plates, and then the media was put on ice. The first plate was reflooded with 2 ml of
media, and the scraping and transferring procedure was repeated. All 54 plates were
processed in this manner resulting in 22.5 ml of collected media. To prepare for storage
at -80 °C. 4.5 ml of glycerol and 3.0 ml of LB were added to the collected media and

vortexed thoroughly to produce a solution containing a final concentration of 15%
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glycerol. This mixture was divided between 20 cryotubes by 1.5 ml aliquots and then

stored at —80 °C.

2.3 Creation of GST:CREA fusion constructs

2.3.1 PCR amplification of cre-{ DNA sequence for inserts

Two  3lmer  oligonucleotides referred to  as P5’CreABamHI  (5°-
CGCGGATCCATGCCGCCACCGGCCTCTTCAG-3") and P3’CreABamHI (5°-
GCCGGATCCCTAGAAGCGTTCTGCCAAGTCG-3") were used to PCR amplify the
creA gene from A. niger genomic DNA. This resulted in the cred coding sequence with
flanking BamHI sites on either side. The locations of the restriction sites were designed
to facilitate insertion into the MCS of pGEX-2T in the same reading frame as GST. A
reaction mix of 100 i | containing 20 nmol dNTPs. 30 pmol of P5’CreABamHI. 30 pmol
of P3°CreABamHI. 100 ng of A. niger genomic DNA, and 2 units of Tag polymerase was
combined on ice. The mixture was split into two PCR tubes and placed in a Perkin-
Elmer PCR 9700 machine. The PCR amplification program consisted of three segments.
The first segment of the amplification program lasted 3 minutes at 94 °C. The second
segment consisted of a sequence repeated for 25 cycles: 94 °C for 30 seconds; 60 °C for
30 seconds: then 72 °C for one minute and thirty seconds. The third segment involved
two steps: five minutes at 72 °C followed by a hold at 4 C until the samples were
removed. The reaction mixes were cleaned up using Qiagen Qiaquick PCR spin

columns. Please refer to Figure 9 for a map of the amplified cred insert.



Figure 9. Visual representation of PCR amplified cred4 sequence with engineered
flanking BamHI sites. Numbering of basepairs is in the 5 to 3" direction of the sense
strand. Please note the location of the Xhol site in relation to the beginning of the creA

gene.
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2.3.2 Preparation of the pGEX-2T vector.

The plasmid pGEX-2T was obtained from glycerol stocks stored at -80 °C. and streaked
onto LBA plates for propagation (Gulick lab). The plasmid DNA was extracted using a
standard mini plasmid preparation protocol, and purified via phenol/chloroform
extraction and ethanol precipitation. Enzymatic digestion was performed in a 50 il
volume containing approximately 20 i g of pGEX-2T DNA and 10 units of BamHI, for
one hour at 37 °C. Ten more units of enzyme were added. and another hour of incubation
was performed to ensure complete digestion. This was followed by dephosphorylation
with the addition of 1 unit calf intestinal alkaline phosphatase to the reaction mix. The
vector was purified using a Qiaquick PCR column to remove enzyme. Please refer to

Figure 10 for a map of the pGEX-2T vector.

2.3.3 Preparation of creA insert DNA
The insert DNA was fully digested by the restriction enzyme BamH]I. as per the protocol
used to prepare the pGEX-2T vector. The vector was cleaned up with a Qiaquick PCR

column to remove enzyme in preparation for ligation.

2.3.4 Ligation of insert DNA into vector

40 ng of vector DNA and 46 ng of insert DNA were combined in a 20 ul reaction mix
with 4 units of T4 DNA ligase. The reaction mix was incubated for 1.5 hours at 16 °C
followed by another 20 minutes at 21 °C. The ligase was inactivated by incubation for 20

minutes at 65 °C.
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Figure 10. Plasmid map of the GST-fusion expression vector pGEX-2T. The MCS is

located at the end of the coding region of GST.
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2.3.5 Transformation into XL1-Blue competent cells.

XL1-Blue cells were rendered competent via the rubidium chloride competent cell
preparation protocol (refer to 2.1.2). For transformation, the Stratagene protocol was
followed. using 50 i1 of competent cells and 5 il of the ligation reaction mix. After
transformation, the 500 i | of transformed cells is split into three aliquots of 167 i 1, and

plated onto three LBA plates. The plates are incubated overnight at 37 °C.

2.3.6 Identification and characterization of constructs.

Twenty-four colonies at a time were selected at random for analysis. These colonies
were set up as overnight cultures. their DNA to be extracted via standard mini plasmid
preparation protocol. The plasmid DNA was run on an agarose gel to determine its
approximate size in kilobases. Plasmids which appeared to carry insert DNA were
digested with X%hol and Miul to confirm the correct orientation of the insert DNA (see

Figures 16 and 17).

2.4 Induction. purification, and confirmation of presence of GST:CREA protein.

2.4.1 Growth conditions for induction and preparation of bacterial lysate.

Fresh transformants of the plasmid DNA in Rosetta© strain cells from Novagen were
grown as overnight cultures in media containing 34 i g/ml chloramphenicol and 50 i g/ml
ampicillin. The next moming, SOB media containing the appropriate antibiotics was

inoculated with overnight culture in a 1:100 ratio of overnight culture to culture volume
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in the flask. Cultures were grown at 37 °C with shaking at 250 rpm until the ODggo was
approximately equal to 1.0. 100 mM IPTG was added to each flask to a final
concentration of ImM to induce GST:CREA production. Induction proceeded for
another 4.5 hours. Cultures were chilled on ice for 15 minutes, followed by pelleting at
6000 x g for 10 minutes at 4 °C. The supemate was discarded and the pellet resuspended
in ice cold I X PBS which contained Proteinase Cocktail Set III from Novagen. The cell
suspension was sonicated on ice at setting 3 for 125 x 6 second pulses, interspersed with

a 20 second pause between pulses.

2.4.2 Processing and purification GST:CREA

Twenty percent Triton-X-100 was added to the sonicate to a final concentration of one
percent. 1 M ZnCl, was added to the sonicate so that there was a 5 x molar excess of
Zn"" ions to GST:CREA proteins. This was calculated assuming a yield of one percent of
the final protein product. The sonicate was gently rocked for 24 hours at 4 °C in order to
solubilize the proteins. Spinning at 16 000 x g. at 4 °C. for 30 minutes resulted in
pelleting of insoluble matter. The centrifugation step was repeated once more, and the

supernate was stored at 4 °C until its application on to the Glutathione Sepharose column.

While the supernate sat at 4 °C, a column of Glutathiose Sepharose resin was prepared.
Using a bed volume of 1 ml, the column was equilibrated by the addition of 30 ml of ice
cold 1X PBS. At each step of the purification, a small aliquot was kept for later analysis.
The bacterial supernate was slowly added to the column at a rate of 0.2 ml/minute, and

allowed to flow through and drain into a bottle. Once the supernate had cleared the
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column. cellular debris and non-specifically bound proteins were removed by 3 X 10 ml
washes with 1X PBS. Protein was eluted off the column by the application of 3 X 1 ml

applications of elution buffer (10mM reduced glutathione in 50mM Tris-HCI, pH 8.0).

Confirmation of the presence of the GST:CREA protein was carried out via SDS-PAGE
followed by transfer to a nitrocellulose membrane and Western blotting with GST-
specific antibodies. A protein of 74 kDa was expected. The protein was quantified by

the Bradford protein microassay method.

2.5 Manipulation of glad construct DNA

2.5.1 PCR amplification of a 227 bp portion of the gla4 promoter region.

Two primers. 5°CreMutAll (5°-GCTTCCCGTTAGTACC-3") and 3'CreMutAll (5°-
CGATGGTGTGGGAGAACC-3"), were designed to amplify the region between -501
and -274 with respect to the ATG of gla4. A 2 il aliquot of each of the mutants was
provided by Rosa Zito of Concordia University. This aliquot was diluted 1:50 with
sterile ddH:0 and 1 i 1 was used in one PCR reaction mix. The promoter region was PCR
amplified by two rounds of PCR. During the first round, an appropriately buffered 100
il reaction mix containing 20 nmol dNTPs, 30 pmol of 5’CreMutAll, 30 pmol of
3’CreMutAll. 1 il of pre-diluted template DNA. 1.5 mM MgCl,, and 2 units of Taq
polymerase was prepared on ice. The reaction mix was split between two PCR tubes and

placed in the Perkin Elmer 9700 PCR machine. A program designated as CreAllMutl,
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consisting of three segments. was run. The first segment of the amplification program
lasted 5 minutes at 94 °C. The second segment consisted of a sequence repeated for 27
cycles: 94 °C for 30 seconds; 47.5 °C for 30 seconds: then 72 °C for 20 seconds. The
third segment involved two steps: five minutes at 72 °C followed by a hold at 4 °C until
the samples were removed. The amount of product DNA was quantified, and if of
sufficient quality and quantity, was used in the second round of PCR amplification. The
second round of amplification was set up in the same manner as the first, except the
reaction was scaled up by ten times to a total volume of 1 ml, and 200 ng of template
DNA was used. These samples were aliquoted into PCR tubes and then subjected to the

program CreMutAlil.

2.5.2 Clean up of PCR reactions
The PCR reactions were purified via phenol/chloroform extraction followed by ethanol
precipitation. The pelleted DNA was resuspended in sterile ddH-0 and quantified via

agarose gel electrophoresis with ethidium bromide.

2.6 Electrophoretic mobility shift assays (EMSA)

2.6.1 20mer oligonucleotides used to optimize reaction conditions
Two sets of complementary 20mer oligonucleotides containing either a CCGGGG
binding site or a CCAAT binding site were created. The CCGGGG containing

oligonucleotides were: 5°-CCGGGG (5’-GTTCCTTCCGGGGAGTGGCG-3’) and 3’-
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CCGGGG (5’-CGCCACTCCCCGGAAGGAAC-3"). The CCAAT containing
oligonucleotides were: 5'-CCAAT (5-ATACCAGCCAATCAAGTCAA-3’) and 3’-
CCAAT (5’ -TTGACTTGATTGGCTGGTAT-3"). In a microfuge tube., 4 il of
Boehringer Manheim 10X buffer B (to give a final NaCl concentration of 200 mM) was
mixed with 1 nmol of each complementary oligonucleotide and ddH,0 to bring the
reaction volume up to 20 il. The tube was incubated at 80 °C for 5 minutes and then
cooled slowly to room temperature. This provided a stock solution of double stranded

DNA with a concentration of 50 pmol/ i l. which was used later in labeling reactions.

2.6.2 Labeling of DNA fragments with [3*]P-ATP.

A reaction mixture containing 2 i1 of10X Buffer A. 3 pmol of DNA fragments, and 9.09
i | of sterile ddH»0 was assembled on ice. followed by the addition of 9 pmol [3°*]P-ATP
(3000Ci‘mmol) and 20 units of T4 polynucleotide kinase from MBI After thorough
mixing. the reaction mix was incubated at 37 °C for one hour. The reaction was stopped
by the addition of 1 il of 0.5M EDTA. followed by inactivation of the enzyme by
incubation at 65 °C for 20 minutes. 9 i | of sterile ddH-0 was added to the tube to bring
the final concentration of the radioactively labeled probe to 100 fmol/i . The probe was

good for use for the next two days.

2.6.3 Preparation of acrylamide gels and reaction mixes.
6% polyacrylamide gels in 0.5X TBE were cast in pairs and left to polymerize overnight.
Once polymerization has taken place. gels were stored under a thin layer of ddH-0 until

use. Each reaction mix contained the following components in the final volume: 25 mM
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HEPES-KOH (pH 7.9). 0.01 M DTT, 0.01 M MgCl,, 2.5 i g poly-dI-dC, and 5% ficoll
(adapted from Kulmbturg ez al., 1992). Varying amounts of protein, labeled probe, and
unlabelled competitor DNA were added to this mixture. and the volume was made up
with sterile ddH-0 to a final volume of 20 i 1. 30 i l. or 40 i |, adjusted depending on the

volume of protein added. Please see Table 2 for an example of a set of reaction mixes.

2.6.4 Running conditions for gel shift assays.

Before loading onto the gels. samples were mixed with 6X loading dye. The plates were
set up against a water-cooled core to keep the gels and the proteins within as cool as
possible. Ice and ddH-0 were used to make up the running buffer of 0.5X TBE to further
cool the plates. Gels were run at a constant voltage of 150V until the first dye front was

close to the bottom of the plate.

2.6.5 Fixing. drying, and exposure of gels to X-ray film.

Once the gels had been run, the smaller plate was pried loose to expose the surface of the
gel. The gel surface was thinly covered with 7% acetic acid. and left to sit on the surface
tfor 5 minutes. This served to fix the gel. The acid was poured off, and the gel was
transferred to a piece of filter paper. The gels were dried under vacuum for two hours at

80°C. The dried gel was exposed to X-ray film between 3 and 6 hours.
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Reaction mixes for EMSA
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Eame
{
Tube

I?ame of

ompound [DNA® |pGEX-2T"|Crude‘|Purified’ |C + 1 D10°/C + 5 D10'|/C + 1 EI*|C + S E1"
HX EMSA buffer S5il Sill 3il Sil 5il Sil 5il Sil
20% Ficoll 51l S5ill 351l Sil 5il Sil Sil 5il
oly-dI-dC 2.5

gil lil 1il 1il 1il lil 1il Iil 1il
ll’rotcin 1i g/tube . Jill 06il 19il 0.6il 0.6il 0.6il 0.6il
100 fmol {3"|P -

10 lil 1il 1il 1il 1il 1il lil 1il
1 pmol D10 | - . - 1.3i - - -
|5 pmol D10 - - . - - 6.51l | -
1 pmol E1 - - - - - - 14il -
S pmol E1 - - - - - - - 7.111
lddH,0 Sil 4ill 7411 6.1il 6.1il 09il 6il 0.3il
Total reaction
volume 20i1l 2081 201l 20i1 20i1 20il 20i! 20il
: Contains only labeled wild type (D10) DNA.

o o - " &

Contains labeled wild type (D10) DNA and 1 i g of cell lysate from cells carrying plasmid pGEX-2T.
Contains labeled wild type (D10) DNA and 1 i g of crude bacterial lysate containing GST:CREA.
Contains labeled wild type DNA and 1 i g of purified GST:CREA.
Contains labeled wild type DNA. 1 i g of crude lysate. and 1 pmol unlabeled wild type DNA.

Contains labeled wild type DNA. 1 i g of crude lysate. and 5 pmol unlabeled wild type DNA.

Contains labeled wild type DNA. | i g of crude lysate. and 1 pmol of unlabeled triple mutant (E1) DNA.
Contains labeled wild type DNA. 1 i g of crude lysate. and 5 pmol of unlabeled triple mutant (E1) DNA.
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3. Results

3.1 Genomic Library

3.1.1 Genomic DNA inserts

Fractions 23. 24. 25, and 26 from the 10% to 40% sucrose gradient were of the desired
size of 10 kb to 15 kb (Figure 11). After pooling. ethanol precipitation. and resuspension
in sterile ddH-O. quantification of the purified fragments resulted in a concentration of 33

ng/i | (Figure 12) of the correct size.

3.1.2 pBluescript vector
Correct preparation of the pBluescript vector was confirmed via a set of test ligations and
transformations using samples of the pBluescript vector from each stage of its preparation

(Table 3)

3.1.3 Charactenization of library

To calculate the number of independent clones and the percentage of transformants
containing insert. four plates were selected at random from the 54 plates used to grow the
library, and the numbers of blue and white colonies were counted (Table 4). The total
number of independent clones was calculated to be approximately 50 000. The
percentage of transformants containing insert DNA was as estimated by the proportion of

white colonies which was 92%.
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Figure 11. 1% agarose gel in 1X TBE containing samples from sucrose gradient
fractions. Marker lanes contain a total of 0.5 i g of DNA per lane. € indicates the MBI
Fermentas €-DNA digested with HindIIl. indicates the MBI Fermentas 1 kb ladder.

Fraction numbers are indicated at the top of each lane.
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Figure 12. Purified genomic DNA fragments of approximately 11 kb in size. The last
three lanes contain 1 il, 2 il, and 3 il respectively. of the purified genomic DNA
fragments. The first two lanes are marker lanes. Marker lanes contain a total of 0.5i g

of DNA per lane. € indicates the MBI Fermentas é-DNA digested with HindIlIl.

indicates the MBI Fermentas 1 kb ladder.
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Table 3.
Confirmation that pBluescript backbone was properly prepared for ligation with
genomic DNA fragments

ISample Transformation Frequency *
(transformants/i g of DNA)

luescript 78 x 10°
ut Bluescript 13 x10°

[Cut Bluescript with ligase 1.8 x 10°

Fut. dephosphorylated Bluescript b

F ut. dephosphorylated Bluescript with ligase b 5% 10°

No plasmid

* Self-prepared RbCl> competent XL 1-Blue cells were used for test transformations.



Table 4.

Analysis of genomic library

IPlate # [Total colonies Blue colonies  |White colonies
1 817 37 780}
2 757 56 701
785 73 712
4 1321 130 1191
[Total # plates 5

Average # colonies per plate

920

IAverage # white colonies per plate

846]

Percentage of white colonies

92%

[Total # individual clones in library

50000{
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A map of the library construct shows the pBluescript vector with an insert of
approximately 10 kb to 15 kb in the BamHI site of the MCS (Figure 13). There are
restriction enzyme sites for Bsul51 (Clal) and Xbal on either side of the insert that are
unique in the pBluescript vector, and an unknown number of sites within the inserts.
Digestion with these two enzymes produces a fragment of 3 kb, which represents the
pBluescript plasmid. and a number of other fragments whose sizes add up to the size of
the insert DNA. Both the agarose gel of the fragments (Figure 14) and a table
summarizing the results are shown (Table 5). The average insert size was calculated to be

14.7 kb.

3.2 Fusion constructs

3.2.1 cred insert DNA
Presence of a PCR product of the correct size was ascertained via agarose gel

electrophoresis (data not shown). The concentration of the cre4 insert DNA was

calculated to be 2 ng/i 1.

3.2.2 pGEX-2T vector

Proper preparation of the pGEX-2T vector was confirmed with a set of test ligations and
transformations (data not shown). Vector, prepared vector with ligase, and prepared
vector and insert with ligase were all transformed into competent cells. The vector was

deemed to be properly prepared.



Figure 13. Plasmid map of a genomic library clone. Actual clones will contain inserts of
varied size. Genomic DNA insert is indicated by thick dark region. Restriction enzyme
sites within the pBluescript plasmid vector are indicated. Please note the location of both

the Bsu151 (Clal) site at 684 and the Xbal site at 11731.
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Figure 14. 1% agarose gel containing digested DNA of 10 independent genomic clones.
DNA was digested with Xbal and Bsul51 (Clal). Sample lanes each contain 1 i g of
digested DNA. Marker lanes contain a total of 0.5 i g of DNA per lane. € indicates the
MBI Fermentas é-DNA digested with Hindlll. indicates the MBI Fermentas 1 kb
ladder. The location of the pBluescript band is indicated with an arrow. Partially
digested bands in lanes 1, 3. 4. and 8 were ignored during the calculation of genomic

DNA insert size.
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Table 5.

Restriction digest of genomic library clones with Xbal and Bsul51 (Cla )

lClone # NA fragments in kb’ nsert size
1 1.6 2.3 20| 23.
2 1.4 2.1 3.75 7.45
3 2 3.25 2 33.25
4 0.8 2.2 8 11
5 1.4 2.1 2.2 31 36.7
6 2.2 24 2.5 7.1
7 0.6 1.4 1.5 2.7 6.2
8 1.4 2.2 3.5 7.1
9 0.4 1.2 1.4 6.5 9.5
10 0.6 1.6 3.1 5.3
Average DNA insert size 14.7 kb

* Only the length of non-vector fragments are included.

68
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3.2.3 Charactenzation of transformants

First. transformants were run on an agarose gel to confirm presence of insert DNA
(Figure 15). Three insert containing constructs were selected for further analysis.
According to the construct maps. there are two possible orientations that the insert DNA
can assume in terms of reading frame: pGCreA-right direction (Figure 16) and pGCreA-
wrong direction (Figure 17). Digestion with Xhol and Miul, followed by agarose gel
electrophoresis, will differentiate between the two constructs. Constructs with the correct
orientation of cre4 will produce two bands: 2.6 kb and 3.6 kb. Constructs with the
incorrect orientation of cre4 will produce one band of 3.1 kb. As shown in Figure 18, the
construct designated as pGCreAS8 contains the insert in the correct direction. A second
construct designated as pGCreA45 was identified in this manner. These two independent

constructs were saved and used for turther studies.

3.3 GST:CREA purification

3.3.1 Analysis of the purification process.

Each step of the isolation and purification process was analyzed via SDS-PAGE and
Western blot. As can be seen (Figure 19), purification appears to enrich the lower
molecular weight proteins in the original lysate. After Western blotting, however, it can
be seen that enrichment of a few specific bands in the molecular weight range of 20kDa
to 55 kDa ts much greater than enrichment of the full-length protein of 74 kDa (Figure

20). A small fraction of the purified eluate contains fusion protein of the correct size.
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Figure 15. Identification of constructs containing insert DNA. The pGEX-2T plasmid is
approximately 5 kb. The pGCreA construct is approximately 6.2 kb. The clones
containing insert DNA are retarded by the gel. Please note lanes 8. 13. and 17. The outer
most lanes contain MBI Fermentas é-DNA digested with HindlIll. The lanes second from
the outside contain MBI Fermentas 1 kb ladder. Marker lanes contain 0.5 i g of DNA per

lane.
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Figure 16. Plasmid map of the pGCreA construct containing insert DNA oriented in the
correct direction. The correct direction refers to the cred gene being oriented in the same
direction as the GST coding fragment. Arrow indicates the direction of transcription.
Please note the locations of the following restriction sites used to determine insert

orientation: Mlul at 4937 and Xhol at 1331.
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Figure 17. Plasmid map of the pGCreA construct containing insert DNA oriented in the
wrong direction. The wrong direction refers to the cred gene being oriented in the
opposite direction to the gene coding for GST. Arrow indicates the direction of
transcription.  Please note the locations of the following restriction sites used to

determine insert orientation: M/ul at 4937 and Xhol at 1819.
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Figure 18. A 1% agarose gel of restriction digests with Xhol and Mlul. Constructs 8, 13,
and 17 contain insert DNA, but only construct 8 contains the insert in the correct

orientation. indicates the MBI Fermentas | kb ladder. The marker lane contains 0.5

i gof DNA.
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Figure 19. Coomassie blue stained 12% acrylamide gel of samples from each step of
purification. Black bars on the left hand side indicate positions of molecular weight
markers. From top to bottom. the bars indicate 97 kDa, 66 kDa, 45 kDa, and 30 kDa.
The black bar on the right hand side indicates the position of the full length GST-CREA
fusion protein. From left to rnight. the lanes are: (M) molecular weigh markers; (L)
bactenial lysate: (S) supernate containing soluble protein fraction; (F) flow through from

column: (W1) wash 1, (W2) wash 2. and (W3) wash 3; (E) pooled eluates.
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Figure 20. Western blot with anti-GST IgG, of samples from each step of purification.
Black bars on the left hand side indicate positions of molecular weight markers. From
top to bottom. the bars indicate 97 kDa. 66 kDa, and 45 kDa. From left to right, the lanes
are: (M) molecular weight markers; (G) GST: (S) supernate containing soluble protein
fraction: (F) column flow through: (W3) wash 3: and (El) eluate 1, (E2) eluate 2, and
(E3) eluate 3. Please note that no band is visible in the GST lane since GST weighs 26

kDa and has run off the gel.



97 kDa

66 kDa

45 kDa

W3

El E2 E3

T 375

81



82

3.4 Amplification of wild type and mutant versions of the A. niger gla4 promoter region

from -244 to —501.

3.4.1 Confirmation of successful PCR amplification. cleanup and quantification.
10 i1 of each PCR mix was run on an agarose gel to confirm the presence of PCR
product. After phenol/chloroform extraction. ethanol precipitation. and resuspension,

DNA was quantified by agarose gel electrophoresis.

3.5 Electrophoretic mobility shift assays (EMSA).

3.5.1 Optimization of reaction conditions.

To optimize reaction conditions, trial EMSAs using the 20mer oligos containing either a
CREA site or a HAP site were performed. In Figure 21. it can be seen that the lane
containing just labeled CCGGGG DNA produces no shifted band. as compared to one
shifted band seen in the next lane that contains both labeled DNA and crude bacterial
lysate from cells not producing the GST:CREA fusion protein. Shifts performed with
increasing amounts of lysate with GST:CREA, produce two bands not seen without the
presence of the GST:CREA protein. The last four lanes demonstrate competition, or lack
thereof, for the CREA binding site. In *“1-C™ and *10-C™. the addition of ten-fold and one
hundred-fold amounts of unlabeled CCGGGG as compared to the amount of labeled
DNA, demonstrate clear competition between the labeled and unlabeled DNA for CREA
binding. Increase in the amount of unlabeled specific competitor DNA clearly decreases

the intensity of the two upper bands. Lanes “1-H™ and **10-H™, contain the same ratios of
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Figure 21. Three hour exposure of EMSA performed with 20mer DNA fragments and
crude bactenial lysate. Each lane contains 100 fmol of radioactively labeled CCGGGG
20mer probe. The constituents of each lane are listed below. “D™ only contains labeled
DNA. “pG™ contains labeled DNA and 1 i g of crude lysate from cells transformed with
the pGEX-2T vector. 125 ng”. 250 ng”. “0.5ig". “1ig". *2ig". and *4ig" each
contain labeled DNA and the indicated amount of crude bacterial lysate containing
GST:CREA. *1-C” contains labeled DNA, 1 i g crude lysate with GST:CREA. and 1
pmol unlabelled CCGGGG competitor DNA. *“10-C” contains labeled DNA. 1 i g crude
lysate with GST:CREA. and 10 pmol unlabelled CCGGGG competitor DNA. *1-H”
contains labeled DNA. | ig crude lysate with GST:CREA. and | pmol unlabelled
CCAAT competitor DNA. “10-H™" contains labeled DNA. | ig crude lysate with
GST:CREA. and 10 pmol unlabelled CCAAT competitor DNA. Black bars indicate

bands shifted by GST:CREA.
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unlabeled to labeled DNA. but the unlabeled DNA in these lanes is the non-specific
competitor CCAAT oligonucleotide that has a binding site for the HAP-like protein. No

competition for CREA binding is evident in these lanes.

Figure 22 shows EMSA results where shifts were performed with a crude bactenal lysate
and with purified GST:CREA protein. As can be seen when comparing lane “pG™ with
all the lanes containing crude lysate. they all share one band in common. This band is
missing when purified protein is used for the shifts. Two bands match between the lanes
containing crude lysate and purified protein. These are the upper two bands that are
visible in the crude lysate lanes. and the only two bands visible in the purified protein
lanes. Lanes containing purified protein produce a lower band of higher intensity than

the upper band. This is the reverse when lanes containing crude lysate are observed.

3.5.2 EMSA with mutated g/aA promoter constructs and purified GST:CREA protein.

In Figure 23. radioactively labeled D10 (wild-type sequence) DNA was shifted using
increasing amounts of purified GST:CREA protein. One band is steadily visible when
the protein concentration ranges between 12.5 ng and 400 ng. Between 800 ng and 3.2
i g. a second intense band, and a fainter third band become visible. The four last lanes
indicate that unlabeled D10 DNA competes for CREA:GST binding with labeled D10

DNA. but unlabeled E1 DNA displays almost no competition.

Figure 24 displays the type of shifts produced by each type of mutated glad4 promoter

construct. All mutants of CREA site 1 show one faint shifted band. For the CREA site 2
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Figure 22. 2.5 hour exposure of EMSA performed with 20mer DNA fragments and both
purified GST:CREA protein and crude bacterial lysate. Each lane contains 100 fmol of
radioactively labeled 20mer CCGGGG probe. The constituents of each lane are listed
below. “D” contains only labeled DNA. “pG” contains labeled DNA and 1 i g of crude
lysate trom cells transformed with the pGEX-2T vector. “0.25igP”,“05igP". “lig
P”. and *2 ig P” all contain labeled DNA and the indicated amount of purified
GST:CREA protein. *0.25igC".“0.5igC”.“1igC”.and “2i g C” all contain labeled
DNA and the indicated amount of crude bacterial lysate containing GST:CREA. “1-C”
contains labeled DNA. | 1g crude lysate with GST:CREA. and 1 pmol unlabelled
CCGGGG competitor DNA.  “10-C” contains labeled DNA, | ig crude lysate with
GST:CREA. and 10 pmol unlabelled CCGGGG competitor DNA. *“1-H” contains
labeled DNA. 1 ig crude lysate with GST:CREA, and 1 pmol unlabelled CCAAT
competitor DNA. “10-H” contains labeled DNA, 1 i g crude lysate with GST:CREA, and
10 pmol unlabelled CCAAT competitor DNA. Black bars indicate bands shifted by

GST:CREA.
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Figure 23. Five hour exposure of EMSA with D10 DNA (wild-type sequence glaAd
promoter region) and purified GST:CREA. Each lane contains 100 fmol of radioactively
labeled D10 DNA. The constituents of each lane are listed below. “D” contains only
labeled DNA. *pG™ contains labeled DNA and 1 ig of crude lysate from cells
transformed with the pGEX-2T vector. *12.5 ng”, *25 ng”. “50 ng”, “0.1ig". “0.2 i g",
0.4 ig”, “0.8 ig". “1.6 ig". and 3.2 i g”. contain labeled DNA and the indicated
amount of purified GST:CREA protein. “D10-1" contains labeled DNA, 1 i g purified
GST:CREA protein, and 1 pmol of unlabeled D10 competitor DNA. *“D10-5" contains
labeled DNA. 1 i g punified GST:CREA protein, and 5 pmol of unlabeled D10 competitor
DNA. “El-1" contains labeled DNA. 1 i g purified GST:CREA protein, and | pmol of
unlabeled E1 competitor DNA (glad promoter with no CREA binding sites). “E1-5”
contains labeled DNA. 1 i g purified GST:CREA protein, and 5 pmol of unlabeled El
competitor DNA. Black bars indicate bands shifted by GST:CREA. The “+” above a
lane indicates that the sequence of the probe is incorrect. Please note that the dark
shadow at the base of the gel is caused by free labeled probe, and that this gel has not

been run as far as the others resulting in less resolution of the bands.
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Figure 24. Three hour exposure of EMSA with purified GST:CREA protein and all of
the versions of the 227 bp mutated g/a4 promoter region. Each lane contains 100 fmol of
radioactively labeled DNA. The first lane “DI10 *” contains only labeled D10 DNA.
“D10 + pG™ contains labeled D10 DNA and 3.2 i g of crude bacterial lysate from cells
transformed with the empty pGEX-2T plasmid. All the other lanes contain labeled DNA
of the construct indicated at the top of the lane. and 3.2 i g of purified GST:CREA
protein. See Table 1 for a description of the various mutant probes. The “+” above a
lane indicates that the sequence of the probe is incorrect. Black bars indicate bands

shifted by GST:CREA.
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mutants. only C2a shows an intense shifted band. The C2b and C2c constructs produce
no shifted band. Both CREA site 3 mutants. C3,e and C3.g, show an intense shifted
band. For the set of double mutants of CREA site 2 and CREA site 3, C2/3-2a shows no
shifted band. but C2/3-2b and C2/3-9 show a faint shifted band. The triple mutant E4
shows no shifted band. and the triple mutant E1 is almost the same, however. there is a
barely perceptible smudge that could be interpreted as a faint band. The wild-type
sequence constructs, D9 and D10, show two shifted bands: one lower intense band, and

one higher faint band.

Competition binding studies between labeled DNA and unlabeled DNA with GST:CREA
protein were pertormed on one construct from each family of mutant promoter regions
(one from Cl. one from C2, one from C3, one from C2/3, and one from D), and can be
seen in Figure 25. With the mutant Cla. definite competition is observed between
labeled and unlabeled Cla DNA. but not between labeled Cla and unlabeled E1 DNA.
Constructs C2a and C3,e follow this pattern. Interestingly, double mutant C2/3-2a shows
no shifted band and therefore no competition between labeled C2/3-2a DNA and
unlabeled C2/3-2a DNA or unlabeled E1 DNA. Finally. labeled D9 DNA shows
competition with unlabeled D9 DNA and no competition with unlabeled E1 DNA. In all
cases where competition is visible. an increase in the amount of competitor DNA is

related to a decrease in band intensity.
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Figure 25. Three hour exposure of EMSA performed with partially purified protein and
various mutant versions of the 227 bp mutated glad promoter region. Every lane
contains 1.6 i g of purified GST:CREA protein. Each group of four lanes spanned by a
black bar contains 100 fmol radioactively labeled DNA per lane, of the construct
indicated above. The constituents of each lane are indicated below. In group Cla: *“1-
Ia” contains labeled Cla DNA. protein. and 1 pmol unlabeled Cla DNA: “5-1a" contains
labeled Cla DNA. protein. and 5 pmol unlabeled Cla DNA; “1-E1™ contains labeled Cla
DNA. protein. and | pmol unlabeled E1 DNA; “5-E1™ contains labeled Cla DNA,
protein. and 5 pmol unlabeled E1 DNA. Every group of four is modeled as above. The
first two lanes contain either | pmol or 5 pmol unlabeled DNA of the same construct as
the labeled DNA, and the last two lanes contain either 1 pmol or 5 pmol of unlabeled El
construct DNA. The “+" above a lane indicates that the sequence of the probe is

incorrect. Black bars indicate bands shifted by GST:CREA.
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4. Discussion

4.1 The A. niger genomic library.

The construction and characterization of this library. though not directly linked to the
later experiments of this thesis, is still an important contribution to the A. niger research
group. Using this library, other researchers will be able to pull out non-coding sequences
of DNA. such as the consensus binding sequence of CREA. and discover novel
promoters regulated by this protein, as well as using the library to clone genes from 4.
niger. Approximating the A. niger genome size as 30 000 kb, the genomic library

contains twenty 4. niger genome equivalents.

4.2 Expression of the GST:CREA fusion protein of 4. niger.

GST fusion proteins of the DNA binding region of CREA have been constructed for A.
nidulans. A. orvzae. and H. grisea. GST-fusions encorporating the full length CREA
protein have not been reported in current literature, and neither has any form of construct
involving the cred gene of A. niger (Kulmburg er al.. 1993; Kato et al.. 1996; Takashima
et al., 1998). My construct encoding the full length CREA protein of A. niger is novel
both for the species and the protein in question. Kulmburg et al. reported the presence of
bands of lower molecular weight when purifying their truncated CREA fusion to GST
(Kulmburg ez al.. 1993). They assumed that these bands were due to degradation of the
fusion protein. and since no pictures of the SDS-PAGE gels were shown, it is impossible

to determine the purity of the GST:CREA fusion product used for EMSA (Kulmburg et
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al.. 1993). All other investigators performing EMSA with truncated CREA fusions with
GST. obtained their plasmid construct from Kulmburg’s group (Cubero and Scazzocchio,
1994; Espeso and Penalva. 1994: Panozzo et al., 1998; Strauss er al.. 1999: Mathieu et
al., 2000: Orejas et al.. 2001). [ too observed the presence of numerous bands of lower
molecular weight in the purified product, and believe that there is a complementary

hypothesis as to the reason for occurrence of these bands.

In the pGEX-2T plasmid, the GST-tag exists as an amino-terminal fusion. When the
bacterial lysate is purified over the Glutathione Sepharose 4B column. all proteins
containing a GST-tag are bound to the column. This includes all partial translations of
the fusion protein that possess a functional GST region able to bind to the column. The
full length fusion protein is expected to run at approximately 74 kDa. Western blotting
using a polyclonal anti-GST antibody produced many bands of lower molecular weight,
indicating that all these bands contain GST epitopes recognizable to the antibody. This
evidence argues against degradation and for partial translation. since proteolytic
degradation would destroy secondary and tertiary structure required for glutathione

binding.

The phenomenon of partial translation is intimately associated with the coding sequence
of creA. Refer to Figure 5 for the complete nucleotide sequence of the gene, as well as
the translated amino acid sequence below. As indicated in bold type, the DNA sequence
of cred will be transcribed into an mRNA containing 28 codons. whose corresponding

tRNAs are specific to eukaryotic cells, and are not found in E. coli unless artificially
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inserted. These codons will cause stalling of the ribosome if the host bacterial cell does
not carry plasmids encoding for these rare tRNAs. [ tried to remedy this problem
lowering the incubation temperature during induction of the fusion-protein in the hope
that the resultant decrease in metabolic rate would allow for translation of these rare
codons. Through many attempts at this process. I found no increase in the yield of full
length protein produced. As a next step. I decided to try the Rosetta© strain of cells, that
contain plasmids encoding the rare tRNAs. Due to time constrains. only one trial with
these cells was performed. and consequently I was not able to tailor the induction
conditions to maximize expression, however, these cells provide a promising means to

reduce the formation of partially translated products.

Because of the population of GST:CREA proteins of varying lengths. it is difficult to
discem which of these proteins retain DNA-binding ability and which do not. Proteins
over 40 kDa contain the full zinc finger DNA-binding domain (26 kDa for GST plus 14
kDa for the zinc finger domain). and therefore should possess the ability to bind the
consensus sequence. Referring to the eluate lanes in Figure 20. there is one very intense
band located above 30 kDa. as well as three dark bands observed to run between 45 kDa
and 66 kDa. The band above 30 kDa corresponds to a translated protein that was
truncated around amino acid 70 of CREA. Amino acids 73, 75 and 79 are all prolines
coded for by a eukaryotic-specific codon. The bands between 45 kDa and 66 kDa
correspond to translated proteins truncated between amino acids 180 and 300 of CREA.
There are three groups of eukaryotic-specific codons that correspond to proteins of

45kDa to 66kDa: amino acids 83 and 87 of CREA; amino acids 252 and 257 of CREA;
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amino acids 289. 290, 293, 300. 309, 311, 315. 326 and 327 of CREA. The large number
of closely spaced eukaryotic-specific codons between amino acids 289 and 327 of CREA,
may help to explain the low yield of full length fusion proteins. This plethora of proteins
of varied length renders it very difficult to calculate the concentration of active protein in

the sample.

4.3 EMSA with GST:CREA and mutated g/a4 promoter regions.

4.3.1 EMSA with 20mer oligos

Shifts performed with crude lysate containing GST:CREA produced three distinct shifted
bands. The lowest band corresponded with the band in the pG lane, indicating non-
specific interaction. The two upper bands can be considered to be as a result of
GST:CREA binding, and were consistently visible across an added protein range of 125
ng to 4 ig. Both bands showed equal susceptibility to competition with unlabeled
CCGGGG DNA. The existence of two bands can be interpreted in two ways: the
GST:CREA protein is binding as a both a monomer and dimer. or proteins of two vastly
different sizes are binding the 20mer oligonucleotide. Although the current purification
process removes the non-specific binding activity from the eluted sample, the presence of
partial translation products attached to the GST-moiety does not allow conclusions

regarding possible dimerization to be drawn from the presence of two shifted bands.
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When purified GST:CREA was run beside crude lysate, it could be definitively stated
that the upper two bands were of consequence, though it should be noted that the purified
protein produced two bands of approximately equal intensity, whereas the crude lysate
produced an upper band of greater intensity than the lower band. This correlates with the
purified protein eluate containing a larger proportion of proteins in the 40 kDa to 55 kDa

range.

4.3.2 EMSA with mutated g/a4 promoter regions

Since the work for this thesis was completed. most of the constructs | worked with have
been sequenced. The constructs with the correct mutated CREA binding site sequence(s)
are: Cla. Clc. CIf, C2b, C2c. C3,e. and C3.g, C2/3-2a. and E4 (unpublished data).
Construct C2a contained no mutation in the CRE2 site, and was therefore identical to
wild-type construct (unpublished data). Sequencing demonstrated that E1 was actually a
double mutant not a triple mutant (unpublished data). Sequencing of C2/3-2b is in
progress. but preliminary results indicate that the construct does not contain the correct

mutated CREA binding sites (unpublished data).

Shifts performed with D10 (wild-type) DNA and purified GST:CREA produced three
bands. The upper and lower bands were of greater intensity than the middle band. It is
tempting to conclude that three bands correspond to three binding sites, however the
following fact must be considered: the optimization reactions performed with the 20mer
oligonucleotides. which contain only one binding site, produced two bands. Competition

studies performed with unlabeled D10 DNA show that only the upper two bands are
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subject to competition. From this. we can speculate as to the mechanisms of GST:CREA
binding to the consensus sequences. It is possible that only one molecule of protein binds
to each site. and that there are two lower affinity sites and one higher affinity site. This
would explain the appearance of three bands, but only two bands appear to be susceptible
to competition. Another option is that the bottom band is an artifact. and only the upper
two bands are significant. (For the sake of clarity, these two bands will be referred to as
“upper” and “lower™. and the bottom band will be ignored hereafter.) In this case, there
is the possibility that the two bands are caused by different sizes of protein binding to the
DNA. It is also possible that only two sites bind GST:CREA. One molecule of the
protein can bind to either of these sites with low affinity. but if both sites are bound, the
two protein molecules stabilize each other and bind with greater affinity to the DNA.
This would explain the faint lower band. and the more intense upper band. It should be
noted that this phenomenon could just be a result of the two GST moieties dimerizing,

and not indicative of the in vivo situation.

Looking at the results gleaned from running all the mutant constructs in parallel. it is
possible to make a few more inferences as to the interaction of GST:CREA and the
CREA consensus binding sequences. Only data from constructs whose sequences were
confirmed to be correct are considered. When either CREA site 1 or 2 is mutated, only a
faint band is visible. Mutating CREA site 3 has no impact on GST:CREA binding, and
leads to the conclusion that sites 1 and 2 are important. A double mutant of CREA sites 2
and 3 produces no shifted band. For the triple mutants no shifted bands were visible

indicating that CREA was not able to bind, which was the expected result. It could be
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concluded that a double mutant behaves in the same manner as a triple mutant, however,
competition studies performed with El -- a double mutant of CRE sites 1 and 2 -- show
that when a fifty-fold excess of unlabelled E1 DNA is added, slight competition is

observed. This behaviour must be studied more before any conclusions can be drawn.

Competition studies with unlabeled self-DNA and unlabeled El (double mutant) DNA
bolster the above conclusions. CRE site 1 mutants produce faint shifted bands. CRE site
3 mutants produce intense bands that are similar to those produced by wild-type DNA.
Mutants of CRE sites 2 and 3 show once again no shifted bands. A very slight amount of
competition is visible with E1 DNA. which is attributed to it being a double. not a triple

mutant.

I suggest that CRE sites | and 2, which are oriented tail to tail and separated by 9 bp, as
well as CRE site 3. are all individually able to bind CREA with low affinity. If a
molecule of protein is bound to two of the three sites. the interactions between the
proteins stabilize the DNA-protein complex. The complex formed between CREA
proteins bound to CRE sites 1 and 2 is most energetically favourable, although CREA
proteins bound to both CRE sites 1 and 3 or CRE sites 2 and 3 may also stabilize each
other. I attribute the faint upper bands seen in Figures 24 and 25 in the lanes containing
wild type DNA to the binding of three molecules of CREA to the three CRE sites in the
promoter. The existence of a faint lower band and an intense upper band in Figure 23 is
discounted due to this result not being duplicated. The binding of three molecules occurs

only when high concentrations of CREA are present. Various researchers investigating
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the mechanisms of CREA-promoter interaction have observed this phenomenon of paired
CREA sites (Cubero and Scazzocchio, 1994; Espeso and Penalva, 1994; Panozzo et al.,
1998: Strauss et al.. 1999: Mathieu et al.. 2000). As always, this suggestion is tempered

by the knowledge that phenomenon may be due to GST-GST dimerization.

4.4 Future avenues of study.

4.4.1 GST:CREA fusion protein

In further studies using this fusion protein, removal of all the partially translated proteins
from the purified product should be effected via chromatography or other means.
Another option would be to insert the cred4 coding sequence into a plasmid that codes for
a carboxy-terminal affinity tag. In this way, only proteins that contain the completely
translated construct will possess the affinity tag for purification. removing the problem of
partially translated products. I believe that the most effective method will incorporate
both of these strategies. First. the CREA protein should be expressed as a carboxy-
terminal fusion construct. Second. this construct should be transformed into the
RosettaC strain. and induction conditions tailored to produce maximum yield. Once we
are in possession of full length CREA proteins, we can perform studies to conclude

whether CREA exists in a monomeric or dimeric state.
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44.2 CREA binding assays with mutated gla4 promoter sequences

Once the sequences of all the constructs are confirmed, and once the full set of constructs
is complete. more definitive conclusions can be made as to the binding of CREA to the
various mutants. Along with the in vivo studies of these constructs that are currently
underway, a better understanding of the interactions between CREA and the glad

promoter region of 4. niger will be developed.
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