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£1G. 74
1 ATCCACAGCAGATGGATCATAAGCAGTCAGACTGCAGGTCAGGTATCGGA 50
Si GTCCGAGACATTCGAACTAGTCTCCGACGCCACTGGARAAATTCCTGCAC 102
101 TCGCCCACACGTGGTAAGCGATACGACTACATATTGTGTGGACRGAGGAA 153
151 TGTCGCCTCGAGCAGAGARAGCTTGCCAACATGAAGATCACTGGCAGGCG 208
201 TGCTCATGAAAGCCATTCCGTGGGTTTTGTTTGGATAACCCGCAAGGTAC 258
251 ATACTCCGGGAGTGCTTGTCTCTTCAAGGTTCGCAGTATGACGGATCATC 308
301 TCCCTTGGTACGAAGGAAGGCATGTTATCAGTTATCGTGCCTTGTTAGTG 358
1 0

351 GCATTGGCAGTCGGAACGAGGGTCCACTAACCCAGTCAGGAACGAGGAAT 400
1.
401 CGAGCGACAGGAACCAGAGAATCTTCACCCAACATAGCGATGGATGATCTC 450

1 0
451 ATCGAGGACGTTGATCACCTCTCTCGCGGGGACTTTCAACGACGAACGGT 500
1 0

501 CAGTTTGCAGAATGAAACCCCCTTGACAATCTGTTGATCTGCGGCCAGTG 550

LT

1 : ctgcagccageg 12

551 GGAAGAAA-- --GGAGGGAGTACGTGG--------=-----~ GTAGTAAC 581

LU T T HTH

13 ggaggaaaaaagggagggactacgtgggtagtagtagtagtagtagtaac 62

582 ATGACTTGTGTGTTTCTITGGTGTCTCTCCGTAGCAATTTAGGCGACCATC 631

JHH ISR Rsnnen

63 ctgac-------- ttttttgtgtttctecgtageaatttaggegactate 104

632 CGATTACACGGGGGTGGAGACACCGGACAGGTTCCTTGGTGCCTTT---- 677

s

105 cgattacacgggggtggggacaccggacaggttecttggtgectttiigga 154
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678 ------- GGAGGACACGAGATGCGTTTAGTGCCTCTGGTCCCAATATTCG 720

AT AT

155 ctttaggagaggacacgagatggattgggtgcctetggteccaatatteg 204

721 GAAGGTGGTAATTAAACTCTGTGCCTGGCCACTTCGGTGATTTAACGCTT 7170

L DR EEE R L EEEEEEE HEETTIL

205 gaa-gtggtaattaaactctgtgectgtecacttceggtga-ttaacgett 252

771 CGGCCTCGTGGCGTGTCTATGTCTCATTTGTGTCAAACCAGGACGCACCG 820

N

253 cggectegtggegtgtetatgtetcatttgtgecagaccaggactgacey 302

821 GAAGCAGCTGGCAAGGCTCCGGARGGCGAAGCCAATCAAGCACCACTCGA 870

AT PR E TR DR TR -

303 gaagaagctggcaaggctccggaaggcgaagccaatcaageaccacttta 352

871 TGAGGGGCACTGATCCATCCATTGTAAATTTTACATGAGGGTAATITCCC 920

LR EE TR - R

353 tgaggggcactgatccatccatcgtaaaatttacatgagggtaatttecee 402

921 AGGTAATTTGCCCTGC-GGCTATGTCATTGAGAATGGAAAAGTCTCCGGA 969

PP EEEE EEEEEEEEE L PR

403 aggtaatttgccctgegggctatgtcattgagaatggaaaagtcteegga 452

970 TAATATTTGCCAAAAATGTGAGATGTGTGTGCGTG------------- TG 1006

IRunEmmeen

453 tattatttgccagaaatgtgagatgtgtgagaggggaaaaaaaaaaaaaa 502

1007 TGAAAACGCTCGAGCTTCTGGAAGTGAAACAARAGCTGAAAGGA--ARGG 1054

PR EE TR LR EEE Ty T

503 aaaaaacgctcgagcttctggaagtgaaac-aaagctggaaggaggaagg — 551

1055 AGGTG- - -GTGATGGCGA- TRATGGTGGTGGTGGTGGTGGTCTTTCTITG 1100

I NN I R IR

552 agagggacgagcagacgaggaaaggaggt--aaatgatggtgtttgtttg 599
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1101 TTTGTTTGCGCGCGAATCCCTTGCGGGCCAAGTTCCACCAAC-GACTTCT 1149

TP RERETREETREEL - T

600 ttt----- tgcgecgaatcccttgegggecaagttecaccaacaaacttet 644

1150 CTTTCTACTGTGTCTCTTCGTACTCCGTCCAGCTGCTGCTAGCCATCAAC 1199

e T T 1

645 ctttcta----- actcttt-tte-cettecate-------~~--- acaac 675

1200 AACATCCTTCCTTCTCCGITCTCGGGGTTCCTCCGTTGTTCCTGGCCTGG 1249

EEEEEE TP PR EET - 1 TH

676 aacatcctcecettetecgtteteggggttectecgttgttectgacttag 125

1250 TCTGACATAAGGTTATGATTGTTTCACATGTCCCACGGCTTCGCCGGCTT 1299

LR T R TR LT

726 tctgacataaggttatgattgtttcacttgteccacggettegeeggett 175

1300 GGAGCTGAGACCCTCTTCTGAGTC-AATGGTACCATTTTGCCGAATTCGT 1348

AT EE T LR T A

776 agagctgagaccctcttctgagtcaaatggtaccattttgecgatategt 825

1349 GGCTAGTTCTC-TATTTCTATGCTCTTGACTTTGGTACCGTTGGCATTAG 13897

T EED P HE P TR T

826 ggctagttctcttacttttacgetetggattatggtacegttggeattag 875

1398 TTTGATC------- TACTAATAARGAGCCTAGTTTTAGGCGAATATACAC 1440

T LEELEEEE - EEEEHE TR TR

876 tttgatctattccgtactaataacaagcctagttttaggceggatatacac 925

1441 TGTTACCCACCGGGTAGTATTCAGTAGCTAC--CCTCCCACTCCCC--AG 1486

D R THEE TR R

926 tgttaccca-caggtagcattcagtaaatacctecteccactactettag 974

1487 GCTCCCACGCTGAGAGCCTTGATTCGATGTCTCTCCTAAAATTGCTAGGC 1536

D THEEE T TR R PR AT

975 gctcccacgctcagagecttgattegatgtetetectaaaattgecagge 1024
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1537 TGTTAGCGCCCTGGCAGATGAACCCCCGCTCATCCCTCGTATATGCGG-- 1584

DR EEEEEEE R TEH

1025 tgttagcgccctggcagatgaacccecgetcatcectegtatetgeggte 1074

1585 -------- TCTCAATTTCTGAGTGGCCCACGCCT-CCGAGTATCTITTGAG 1625

PO CE R EEETE TR

1075 tcaatttatctcaatttctgagtggcccacgectecegagtatetttgag 1124

1626 CACATCCACGATGGAGGGAGGCGATCCAAGCGGTCTAACAGCGGACTARA 1675

IR

1125 catatccacgatggaggggagcgatccaagcggactaacageggactaaa 1174

1676 CCGCTCTGTGTAAGCCAGTCAGAGAGTCATACTGGCTTGAGGTGACATCG 1725

TR R R R AR SR T AR AR AR IY

1175 ccge-c-gtgtaagccagtcagagagtcatactggettgaggtgacateg 1222

1726 CCAATTCATTTCACAAGGTTTAGICGGGGGAGGGTAGGCCCCATACATTC 1775

AR R TR R TR DT

1223 cctattcatttcgcaaggtttagtcggggaagggtaggececcatacatte 1272

1776 CACCGTTCTCAAAGITTACCAGGCATTTCTCACACTAACCATGCAATAGT 1825

T CEER PR VL EEE LT

1273 caccgttctcaaagtttaccagacatctcttagactaaccatgcaatagt 1322

1826 AGGTAACTAGCAGTAGTCTTGAACGCTGTTCCTGAGCAAGTTCCCAATCA 1875

R R R A A AR AR AR AR AR AR NN

1323 aggtaactagcagtagtcttgaacgctgttcctgagcaagttcccaatca 1372

1876 GCAATT- - - -TGAAAGAATAATTTCCTTTGACCCACCGGGTARATGAGCC 1921

HEEE HEEEE R TUEE TR T

1373 gcaatttgaatgaaagaataatttcccttgacccaccggg-aaatgagee 1421
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1922 GCAGATTTGGCGATGTTGGGCTCGGAGCCTGGTAGGTAGTAGTGAATGTC 1971

InnnRsnennny

1422 gcagatttggcgatgttgggettggagectggtaggttgtagtgaatgte 1471

1972 ATCCCCTCCATAGGGGGGAATT- -GGGAGGGGGGCTGTGAATGGACTTGT 2019

P EEEREE R EEEE C R TR PP T

1472 atcccctccataggggggaattgagagaggggggctgtgaagggacttgt 1521

2020 CCTACGCCTGTCGCATCCCCATCATTCATATACTTGAATG-TCTCTTCIC — 2068

LT FEEEREE DR DR TR -

1522 cctacgectgtcacatceccatcattcatatacttgaatgttecttteee 1571

2069 CCCCCTCCTCCTTCTCTTTCTCTCCTTCCCTTCTCACGATTTGACGTCCC 2118

ETHH PO CEE R TR E R TR TR L

1572 ccecetectecttetetttetetegttecctteteacgatttgacgtece 1621

2119 TCGCCTTTTCGCCCTCTCCCACGGTAGTCACTCCTTTGCACTACATACAC 2168

R TR R AR AR AR AR AR AN

1622 tcgcattttogeccteteccacggtagtcactectttgeactacatacac 1671

2169 GAAGTCTTACTTCCAGTCACTCTTTGAA-ACCACTTCTCRATATCCCTAC 2217

S e e e

1672 gaagttttacttccagtcactctttgaattacactctccaatatcectac 1721

2218 CTCTTATCATTCTTTACTTCACGCACAAGACACGAAAGTgaacctgtaaa 2267

T FEEE PRI T

1722 ctactatcattctttacatcacacacaagacacgaaagtgaaatcgaaaa 1771

2268 aatg 2271

n

1772 aatg 1775
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ISOLATED FUNGAL PROMOTERS AND
GENE TRANSCRIPTION TERMINATORS
AND METHODS OF PROTEIN AND
CHEMICAL PRODUCTION IN A FUNGUS

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with Government support under
contract DE-AC0676RLO-1830, awarded by the U.S.
Department of Energy. The Government has certain rights in
this invention.

TECHNICAL FIELD

The invention pertains to isolated polynucleotide mol-
ecules of gene regulatory elements in filamentous fungi.
More specifically, the present invention relates to isolation of
filamentous fungal promoters and gene transcription termi-
nators, construction of recombinant polynucleotide con-
structs, and methods for protein and chemical production in a
fungus.

BACKGROUND

Fungi are increasingly important in the production of many
commercially-useful products. For example, filamentous
fungi currently produce a number of metabolites on the indus-
trial scale including antibiotics such as penicillins and cepha-
losporins, and organic acids such as citric and fumaric acids.
Filamentous fungi are also used for the industrial production
of enzymes such as proteases and lipases.

Utilization of a filamentous fungus species for production
of a desired compound often involves growing submerged
cultures of the fungus. Filamentous fungi can exhibit numer-
ous morphologies in submerged cultures, including pelleted
and “filamented” morphologies. When fungi in culture
exhibit a filamented morphology, the presence of the fila-
ments can increase the viscosity of the culture medium. The
increased viscosity can affect the mass transfer and aeration
properties of the culture, cause mixing problems in a biore-
actor, and result in decreased productivity.

Alternatively, filamentous fungi can exhibit a pelleted mor-
phology. In contrast to cultures of fungi exhibiting a fila-
mented morphology, fungi cultures exhibiting a pelleted mor-
phology can have relatively low viscosities and require
substantially less power for mixing and aeration of the cul-
ture. Productivity for many compounds, for example citric
acid, itaconic acid, statins, penicillins, and various enzymes,
can be enhanced by utilizing fungus exhibiting a pelleted
morphology. However, in certain fungal species, production
of chemicals, for example peptic enzymes or fumaric acid,
can be enhanced by utilizing a fungus exhibiting a filamented
morphology. Typical practices in fungus-assisted chemical/
protein production do not deliberately control the morphol-
ogy of the fungus.

During fungal-morphology formation, a series of genes are
up regulated or down regulated. To achieve optimal produc-
tion of chemicals and/or proteins of interest, one can utilize
the promoters and transcription terminators that exhibit
strong constitutive expression of those genes. Concurrently,
one can utilize induced gene expression at specific culture
conditions and key stages in the cell’s development to maxi-
mize gene expression and minimize adverse effects on fungal
growth that may be associated with the enhanced production
of certain chemicals and/or proteins. Thus a need exists for
isolated fungal promoters and transcription terminators for
regulation of gene expression in a fungus as well as methods
for promoting enhanced production of desired chemicals and
proteins.
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2
SUMMARY

In view of the foregoing and other problems, disadvan-
tages, and drawbacks of traditional chemical and protein pro-
duction in a fungus, the present invention has been devised.
The invention encompasses isolated polynucleotide mol-
ecules comprising polynucleotide sequences that regulate the
expression of genes that are differentially expressed in a
native fungus exhibiting a pelleted morphology relative to a
filamented morphology. In one aspect, the invention encom-
passes promoters that possess strong, constitutive activity in
genes that are differentially expressed in native fungi exhib-
iting a pelleted morphology relative to a filamented morphol-
ogy. The invention also encompasses inducible gene promot-
ers that, for example, initiate expression at certain
developmental stages in the native fungus. In another aspect,
the invention encompasses transcription terminators from
genes that are differentially expressed in native fungi exhib-
iting the pelleted morphology relative to native fungi exhib-
iting the filamented morphology.

One object of the present invention is to introduce new
genetic material into eukaryotic organisms such as filamen-
tous fungi to establish new strains for use in production of
chemicals and/or proteins.

Another object of the present invention is to regulate the
morphology formation in filamentous fungi.

A further object of the present invention encompasses a
method for constitutive production of a compound, such as in
chemical and protein production utilizing a transformed host
cell.

A still further object of the present invention encompasses
a method of induced production of a compound from a trans-
formed host cell.

Another object of the present invention is to use the isolated
Aspergillus niger (A. niger) promoters to regulate expression
of foreign genes as well as reintroduced native genes for
chemical or protein production.

DESCRIPTION OF DRAWINGS

Preferred embodiments of the invention are described
below with reference to the following accompanying draw-
ings.

FIGS. 1A-1E compare the isolated nucleotide sequences
for the promoter region of the 4. niger Balu-42 gene, SEQ ID
NO:50 (top sequence), and for the promoter region of the
Aspergillus kawachii cwpB gene for a hypothetical protein.

FIG. 2 is an illustration of the procedure for promoter and
transcription terminator sequence isolation by genome walk-
ing.

FIG. 3 is a schematic illustrating a plasmid vector pZD672,
which contains the promoter region of the pelleted-associated
Arsa-7 gene (SEQ ID NO:46) and the -glucoronidase (GUS)
reporter gene, for Agrobacterium-mediated transformation in
A. niger.

FIG. 4 is a schematic illustrating a plasmid vector pZD645,
which contains the promoter region of the pelleted-associated
A-37 gene (SEQ ID NO:47) and the GUS reporter gene, for
Agrobacterium-mediated transformation in 4. niger.

FIG. 5 is a schematic illustrating a plasmid vector pZD646,
which contains the promoter region of the pelleted-associated
Arsa-43 gene (SEQ ID NO:48) and the GUS reporter gene,
for Agrobacterium-mediated transformation in 4. niger.

FIG. 6 is a schematic illustrating a plasmid vector pZD682,
which contains the promoter region of the filamented-asso-
ciated Brsa-25 gene (SEQ ID NO:51) and the GUS reporter
gene, for Agrobacterium-mediated transformation in A. niger.

FIG. 7 is a schematic illustrating a plasmid vector pZD673,
which contains the promoter region of the filamented-asso-



US 7,449,569 B2

3

ciated Brsa-109 gene (SEQ ID NO:53) and the GUS reporter
gene, for Agrobacterium-mediated transformation in 4. niger.

FIG. 8 is a schematic illustrating a plasmid vector pZD681,
which contains the promoter region of the filamented-asso-
ciated Brsa-118 gene (SEQ ID NO:54) and the GUS reporter
gene, for Agrobacterium-mediated transformation in 4. niger.

FIG. 9 is a plot of the promoter activity for a number of
individual 4. niger strains transformed with the promoter
region of the pelleted-associated Arsa-7 gene (SEQ ID
NO:46) and the GUS reporter gene. The promoter activity is
determined via GUS activity assays and is expressed as pmol
MU/mg protein/min.

FIG. 10 is a plot of the promoter activity for a number of
individual 4. niger strains transformed with the promoter
region of the pelleted-associated A-37 gene (SEQ ID NO:47)
and the GUS reporter gene. The promoter activity is deter-
mined via GUS activity assays and is expressed as pmol
MU/mg protein/min.

FIG. 11 is a plot of the promoter activity for a number of
individual 4. niger strains transformed with the promoter
region of the pelleted-associated Arsa-43 gene (SEQ ID
NO:48) and the GUS reporter gene. The promoter activity is
determined via GUS activity assays and is expressed as pmol
MU/mg protein/min.

FIG. 12 is a plot of the promoter activity for a number of
individual 4. niger strains transformed with the promoter
region of the filamented-associated Brsa-25 gene (SEQ ID
NO:51) and the GUS reporter gene. The promoter activity is
determined via GUS activity assays and is expressed as pmol
MU/mg protein/min.

FIG. 13 is a plot of the promoter activity for a number of
individual 4. niger strains transformed with the promoter
region of the filamented-associated Brsa-109 gene (SEQ ID
NO:53) and the GUS reporter gene. The promoter activity is
determined via GUS activity assays and is expressed as pmol
MU/mg protein/min.

FIG. 14 is a plot of the promoter activity for a number of
individual 4. niger strains transformed with the promoter
region of the filamented-associated Brsa-118 gene (SEQ ID
NO:54) and the GUS reporter gene. The promoter activity is
determined via GUS activity assays and is expressed as pmol
MU/mg protein/min.

DETAILED DESCRIPTION

For a clear and concise understanding of the specification
and claims, including the scope given to such terms, the
following definitions are provided:

The filamentous fungi of the present invention are eukary-
otic microorganisms and include all filamentous forms of the
subdivision Eumycotina. A vegetative mycelium composed
of chitin, cellulose, and other complex polysaccharides char-
acterizes these fungi. The filamentous fungi of the present
invention are morphologically, physiologically, and geneti-
cally distinct from yeasts. Vegetative growth by filamentous
fungi is by hyphal elongation while carbon catabolism is
obligately aerobic. Various species of filamentous fungi from
the three major fungal groups may be used as expression hosts
including Basidiomycetes, Ascomycetes, and Zygomycetes.
An exemplary member of the Basidiomycetes group is Phan-
erochaete chrysosporium. Exemplary members of the group
of Ascomycetes and Imperfect Fungus include Aspergillus
niger, Aspergillus oryzae, Aspergillus terreus, Emericella
nidulans, Neurospora crassa, Fusarium oxysporum, Penicil-
lium chrysogenum, and Trichoderma reesei. Exemplary
members of the Zygomycetes group include but are not lim-
ited to Rhizomucor miehei and Rhizopus oryzae.

Asused herein, the terms filamented and pelleted can refer
to the morphology of filamentous fungi. Thus, filamentous
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fungi can be characterized by having a filamented morphol-
ogy or a pelleted morphology.

As used herein, a morphology-enhanced promoter can
refer to a DNA sequence that, when operably linked to a gene,
can exhibit enhanced promoter activity and increased tran-
scription of that gene in a specific morphology compared to
some or all other morphologies in an organism. For example,
apelleted-enhanced promoter is a DNA sequence that directs
a relatively higher level of transcription for genes associated
with a pelleted morphology. An analogous term can be
applied to transcription terminators.

A cloning vector is a DNA molecule, such as a plasmid,
cosmid, or bacteriophage, which has the capability of repli-
cating autonomously in a host cell. Cloning vectors typically
contain one or a small number of restriction endonuclease
recognition sites at which foreign DNA sequences and
marker genes can be inserted in a determinable fashion with-
out loss of an essential biological function of the vector. The
marker gene aids in the identification and selection of cells
transformed with the cloning vector. Marker genes can typi-
cally include genes that provide tetracycline, kanamycin, or
ampicillin resistance.

A transgene expression vector can mean a DNA molecule
comprising a foreign gene that the host cell expresses. Typi-
cally, certain regulatory elements, which include constitutive
or inducible promoters, morphology-specific regulatory ele-
ments and enhancers, and transcription terminators control
expression of the gene. Such a gene is said to be “operably
linked to” the regulatory elements.

A recombinant host can be any prokaryotic or eukaryotic
cell that contains one or more recombinant DNA molecules,
whether or not the DNA is genomically integrated. This term
also includes those prokaryotic or eukaryotic cells that have
been genetically engineered to contain the cloned gene(s) in
the chromosome or genome of the host cell.

A transgenic fungal strain is a fungal strain having one or
more fungal cells that contain a foreign gene. In eukaryotes,
RNA polymerase II catalyzes the transcription of a structural
gene to produce mRNA. A DNA molecule can be designed to
contain an RNA polymerase I template in which the RNA
transcript has a sequence that is complementary to that of a
specific mRNA.

Constitutive can refer to continuous expression of a gene
without any regulation. When used in conjunction with a
particular morphology, it can also refer to expression of a
gene under all conditions for that morphology.

Homology can refer to the degree of similarity between
sequences of nucleic acids or amino acids with regard to
positional identity. It can also refer to the concept of similar
functional properties among different nucleotide or amino
acid sequences.

Foreign gene as used herein can refer to genes from other
organisms as well as native genes that are re-introduced to the
organism.

Heterologous can refer to aspects, for example, gene
expression or proteins, that derive from or relate to different
organisms.

The present invention encompasses nine promoters and
seven transcription terminators discovered in a fungal strain,
Aspergillus niger (A. niger), which is a citric-acid-producing
organism. The nucleotide sequences for the pelleted-en-
hanced promoters for the Arsa-7, A-37, Arsa-43, and A-90
genes as well as the filamented-enhanced promoters for the
Brsa-25, Brsa-47, Brsa-109, and Brsa-118 genes are set forth
in SEQ ID NOs. 46-49 and 51-54, respectively. The nucle-
otide sequence for the promoter for the Balu-42 gene is set
forth in SEQ ID NO:50 and has a 66.9% identity to the
promoter region of Aspergillus kawachii cwpB gene for a
hypothetical protein, as shown in FIGS. 1A-1E. The length of
filamented-enhanced gene promoter Balu-42 is 2271 base
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pairs. Based on a Basic Local Alignment Search Tool
(BLAST) search, the remaining promoters show no homol-
ogy to any known promoters in the GeneBank database, the
European Molecular Biology Laboratory-European Bioin-
formatics Institute (EMBL-EBI) fungi nucleotide database,
or the genome database of 4. nidulans, N. crassa, and M.
grisea.

The nucleotide sequences for the three filamented-en-
hanced transcription terminators for the Brsa-25, Brsa-47,
and Brsa-118 genes, as well as the four pelleted-enhanced
transcription terminators for the Arsa-7, A-37, Arsa-43, and
A-90 genes are set forth in SEQ ID NOs. 59-61 and 55-58,
respectively. These transcription terminators do not show any
significant similarity to known sequences in the GeneBank
database, the EMBL-EBI fungi nucleotide database, or the
genome database of 4. ridulans, N. crassa, and M. grisea.
The genes associated with the 16 regulatory elements encom-
passed by the resent invention are described in published U.S.
patent application Ser. No. 10/442,017, titled “Isolated Poly-
nucleotides and Methods of Promoting a Morphology in a
Fungus” by Lasure et al., the contents of which are herein
incorporated by reference.

The actual promoter fragments and transcription termina-
tors comprising the polynucleotide sequences set forth in
SEQ ID NOs. 46-61 were obtained from 4. niger strain num-
ber 11414 at the American Type Culture Collection
(ATCC11414). Culture samples of 4. riger (filamented mor-
phology) were harvested two days after inducement. The
samples were centrifuged to form culture pellets, which were
frozen with liquid nitrogen and stored at —80° C. for total
genome DNA extraction. Total genomic DNA of 4. niger was
extracted by the cetyltrimethylamrnonium bromide (CTAB)
method.

Genome walking served as an effective means for isolating
the desired nucleotide sequences. Briefly, the technique con-
sists of digesting genomic DNA with restriction endonu-
clease Dral, EcoRV, Puv I, or Stu I and linking the respective
fragments with an adaptor oligonucleotide to form four
genome walking libraries named Dral, EcoRV, Pvull, or Stul
library, respectively. A gene-specific primer (GSP) and an
adaptor primer provided by the manufacturer of the GENOM-
EWALKER™ kits (Clontech Laboratories, Inc., Palo Alto,
Calif.) were used to isolate the gene-specific promoter or
transcription terminator fragments. The genomic DNA
sequence was determined by sequencing the DNA poly-
merase chain reaction (PCR) products. One GSP was
designed for promoter isolation and another one for gene
transcription terminator isolation.

Once identified, each of the promoters and transcription
terminators described above can be operably linked to addi-
tional DNA segments to form DNA constructs. A first DNA
segment comprising at least a portion of a functional pro-
moter sequence encompassed by the present invention (SEQ
1D NO:46-54) can be operably linked to a second DNA seg-
ment comprising a DNA sequence coding a protein of inter-
est. For example, the second DNA segment may comprise a
GUS reporter gene or it may comprise a coding sequence that
is differentially expressed in a native fungus exhibiting a
pelleted morphology relative to the native fungus exhibiting a
filamented morphology. Alternatively, the second DNA seg-
ment can comprise a sequence encoding a protein of interest
which is not natively expressed in fungus, or which does not
exhibit morphology-based differential expression in native
fungus. Specific examples of proteins of interest include, but
are not limited to cellulases, amyglucosidases, amylases,
lipases, microbial rennets, xylanases, galactosidases, man-
nanases, glucanases, phytases, monoclonal antibodies, bovin
serium albumin and human blood coagulation-associated
proteins. Furthermore, the 3'-end of the second DNA segment
in the construct can be operably linked to a third DNA seg-
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ment comprising a transcription terminator. In a preferred
embodiment, the third DNA segment comprises at least a
portion of a transcription terminator encompassed by the
present invention (SEQ ID NO:55-61).

The present invention can also encompass a vector. A non-
limiting example of such a vector can be one that will produce
a fungus carrying the DNA sequence of interest, and can
comprise, though at low efficiency, a naked piece of DNA
capable of conferring the properties of this invention. Another
example of a vector includes a transgene expression vector for
the fungal strain, Aspergillus niger, which utilizes one of the
native promoters to regulate the expression of a 3-glucoron-
idase (GUS) reporter gene in 4. niger. Further, this vector can
be used as a chromosomal integration vector for other foreign
gene expression in 4. niger.

Additional examples of vectors can comprise the DNA
construct as described above as well as lactate dehydrogenase
cDNA from Rhizopus oryzae for lactic acid production in
Aspergillus niger, genes of cellulases from Trichoderma
reesei, cDNA of hen egg-white lysozyme (HEWL), and
c¢DNA of single chain Fv (scFv) antibody fragments. The
DNA fragments, which comprise the coding sequences of any
of'genes of interest, can be inserted between the 5'-end and the
3'-end of a promoter and a transcription terminator, respec-
tively, of the present invention.

The constructs and vectors as described above can utilize
promoter sequences of the present invention having strong,
constitutive activity or inducible gene promoters that, for
example, initiate expression at certain developmental stages
in the native fungus. Examples of developmental stages can
include, but are not limited to vegetative, sexual, pelleted
morphology formation, and filamentous morphology forma-
tion. The early pelleted morphology formation stage can
occur approximately 6 to 12 hrs after inoculation of spores
into culture medium. Late pelleted morphology formation
stage can occur, for example, 3 days after inoculation of
spores into the culture medium

The particular method of transformation typically guides
selection of an appropriate vector, or whether to even use a
vector. For example, a heterologous nucleic acid sequence
can be introduced into a fungal cell utilizing Agrobacterium
tumefaciens containing a Ti plasmid. When using an 4. tume-

faciens culture as a transformation vehicle, it can be most
advantageous to use a non-oncogenic strain of the Agrobac-
terium as the vector carrier so that normal non-oncogenic
differentiation of the transformed cells is possible. It can also
be preferable to have the Agrobacterium harbor a binary Ti
plasmid system. The binary system comprises 1) a first Ti
plasmid having a virulence region that is essential for the
introduction of transfer-DNA (T-DNA) into fungi, and 2) a
chimeric plasmid. The chimeric plasmid contains at least one
border region of the T-DNA region of a wild-type Ti plasmid
flanking the nucleic acid to be transferred. Binary Ti plasmid
systems have proven to be effective in transforming fungal
cells. Such a binary system can be preferred because it typi-
cally does not require integration into the Ti plasmid in Agro-
bacterium.

Methods involving the use of Agrobacterium include, but
are not limited to :1) co-cultivation of Agrobacterium with
fungal spores; 2) transformation of fungal cells or tissues with
Agrobacterium; and 3) transformation of fungal protoplasts
with Agrobacterium.

The construct described herein can also be introduced into
a fungal cell chemically through contact between the cell and
the construct. For example, nucleic acid may be transferred
into fungal cells using polyethylene glycol/CaCl,-mediated
genetic material uptake by the fungal cell. Alternatively, the
nucleic acid can be introduced into fungal cells by electropo-
ration. In this technique, fungal protoplasts are electroporated
in the presence of vectors or nucleic acids containing the
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relevant nucleic acid sequences. Electroporated fungal pro-
toplasts can reform the cell wall, divide and form fungal
tissues. Selection of the transformed fungal cells with the
transformed gene can then be accomplished using phenotypic
markers. The nucleic acid can also be introduced into fungal
cells by microprojectile particle bombardment (biolistic)
transformation. The nucleic acid can be coated on particles
for nucleic acid delivery by rupture discs. The particles can
comprise tungsten (MS5) while the rupture discs can be, for
example, 1100-psi rupture discs. The optimal distance
between the rupture disc and the tungsten particle carrier and
between the launch assembly and target cells can be adjusted
to suit different fungal cells.

The vectors described above can be used to facilitate the
expression and/or secretion of heterologous proteins in fun-
gal fermentation culture. Fungal cells comprising a transgene
expression vector that allows high-level expression of a pro-
tein product of interest can be placed and maintained into
fungal fermentation cultures and induced using appropriate
agents. The protein of interest can be mammalian proteins,
plant proteins, fungal proteins, or bacterial proteins, includ-
ing, but not limited to, human blood factor proteins, plant
proteases, fungal cellulases and hemicellulases, and ther-
mally-stable DNA polymerases of bacteria, respectively. The
result can be high-level production of the desired heterolo-
gous protein. Techniques for isolating the heterologous pro-
teins can include, but are not limited to fractional precipita-
tion, various chromatographies, and ultracentrifugation. In
some cases, the proteins produced by the transgenic fungal
cells are not the desired product, but are used rather to
enhance production of another chemical. In such instances,
the transgenic fungal cells of the present invention can be
allowed to produce proteins, for example, enzymes, that
enhance production of the desired chemical. Chemicals of
interest can include, but are not limited to acids and statins.
Examples of acids can include aconitic acid, citric acid,
fumaric acid, itaconic acid, malic acid, succinic acid, oxalic
acid, gluconic acid, and lactic acid. Examples of statins can
include lovastatin and compactin

By combining the technology of the present invention with
production methods described herein as well as those that are
well-established (e.g., fungal fermentation and product
recovery), chemical compounds and recombinant proteins
can be efficiently and economically produced for the biop-
harmaceutical, industrial processing, animal health, and
bioremediation industries. The following examples are given
to illustrate the present invention. It should be understood that
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the invention is not to be limited to the specific conditions or
details described in these examples.

EXAMPLE 1

Isolation of Fungal Promoters and Transcription
Terminators

The A. niger (ATCC11414) cells were grown in a liquid
flask culture with non-citric acid production media contain-
ing 1000 ppb Mn?*, 140 g/l glucose, 3.1 g/l NH,NO,, 0.15 g/1
KH,PO,, 0.15 g/1 NaCl, 2.2 g/ MgSO,.7H,0, 6.6 mg/l
ZnS0,.7H,0, and 0.1 mg/l FeCl, adjusted to pH 2.0 with4 M
H,SO,. The biomass was then harvested by centrifugation
and the genomic DNA was isolated by the CTAB method.
Based on cDNA sequences of A. niger genes identified in U.S.
patent application Ser. No. 10/442,017, two sets of gene-
specific primers, GSP-1 (SEQ. IDNO.:1-9) and GSP-2 (SEQ.
ID NO.:10-18) at 5'-end and 3'-end, respectively, were
designed, synthesized, and used to isolate genomic DNA
fragments of a specific gene by genomic PCR. The DNA
sequences of specific genome DNA fragments were deter-
mined by conventional DNA sequencing. As shown in FIG. 2,
the genomic DNA sequence was used as a source DNA
sequence to design additional primers (SEQ. ID NO.:19-34),
designated generally as gene specific primers-3 (GSP-3) for
isolation of fungal promoters or transcription terminators via
genomic PCR. Table 1 lists the sequences for each of the gene
specific primers as well as the adaptor primers.

The genomic DNA was first digested separately with
restriction endonucleases Dra I, EcoR V, Pvu II, or Stu 1. This
digestion generated a series of genomic DNA fragments with
blunt ends. After generation of the blunt-end fragments, a
GENOMEWALKER™ adaptor oligonucleotide of 48-base
pairs was linked to the ends of genomic DNA fragments to
generate four separate genome-walking libraries. The librar-
ies were designated as Dra I, EcoR V, Pvu II, and Stu I,
respectively. The genome-walking libraries were used as
genomic DNA templates for genomic PCR with adaptor
primer 1 (SEQ. ID NO. 35) or 2 (SEQ. ID NO.:36) and the
appropriate GSP-3 fragment (SEQ ID NO:19-34). The PCR
fragments were separated by low melting point agarose gel
electrophoresis and isolated by gelase digestion and a micro-
con centrifugal device. The PCR fragment was then inserted
into the pGEM-Teasy vector for DNA replication and DNA
sequencing. The PCR fragments were aligned with known
genome DNA sequences using the BLAST 2 program to
verify the identity of the newly isolated promoter or transcrip-
tion terminator fragment.

TABLE 1
Oligonucleotides (GSP-1, GSP-2, GSP-3, and adaptor primers) used for
promoter and transcription terminator isolation
SEQ ID Oligonucleotide
NO: Gene name Oligonucleotide
Gene specific primer (GSP-1) used for genome DNA isolation
1 Balu-42 FP-35 (Balu42-5P) 5'-CCA CGG TAG TCA CTC CTT TGC ACT A-3'
2 Brsa-25 FP-37 (Brsa25-5P) 5'-CCT CTA TTC TGT CTC CCT TCG GCG AT-3'
3 Brsa-47 FP-51 (Brs47-P5) 5'-GCA ATC GTC TTC CCG TCG TTC A-3!
4 Brsa-109FP-55 (Brsl09-P5) 5'-GTC TGT CGT GGT GTC GTA TCA AAT G-3'
5 Brsa-118 FP-39 (Brsall8-5P) 5'-CTC CTT CTT CCC CCC CAT ACA TCA-3'
6 Arsa-7 FP-47 (Arsa-7-P5) 5'-GCT GTG CTT CGT ACC TTC ATT TCG-3'
7 A-37 FP-43 (A37-5P) 5'-GCC ATC TAT CAA CAC GAG AGA AAA C-3'
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Oligonucleotides (GSP-1, GSP-2,

GSP-3, and adaptor primers) used for
promoter and transcription terminator isolation

SEQ ID Oligonucleotide
NO: Gene name Oligonucleotide
8 Arsa-43 FP-95 (Arsa43-5P) 5'-TGC AGA TCT TCG TTA AGA CCC TCA C-3'
9 A-90 FP-57 (A90-5P) 5'-CTC TCC CAC CTC CCC AGC CTT TCC T-3'
Gene specific primer (GSP-2) used for genome DNA isolation
10 Balu-42 FP-36 (Balu42-3P) 5'-GAG TCG ACG AAT CGA ATC GAA TCG-3'
11 Brsa-25 FP-38 (Brsa25-3P) 5'-GAC ACC ATC ACA GAC ATA TAC AGA GA-3'
12 Brsa-47 FP-52 (Brs47-P3) 5'-CAA AGA GTG GCT GTA GTT GGC T-3'
13 Brsa-109FP-56 (Brsl09-P3) 5'-GTG CCC ATC AGA AGT GAA CCA AGA-3'
14 Brsa-118FP-40 (Brsall8-3P) 5'-GCA TTC CAG CTC CTG TCT GGA CAA-3'
15 Arsa-7 FP-48 (Arsa-7-P3) 5'-CAC AAG CGT CCA ATC CAT CAC A-3!
16 A-37 FP-44 (A35-3P) 5'-GAG ATC GAC AAG GTA ACA TTC CAG AA-3'
17 Arsa-43 FP-96 (Arsa43-3P) 5'-GCG GAG GAC AAG ATG GAG AGT AGA C-3'
18 A-90 FP-58 (A90-3P) 5'-CCA AGG TAA AGC AGA TCT AAT GG-3'
Gene specific primer (GSP-3) used for promoter isolation

19 Balu-42 FP-79 (Balu-42R) 5'-ACT TTC GTG TCT TGT GCG TGA AGT AA-3'
20 Brsa-25 FP-81 (Brsa-25R) 5'-GGT TTC TTT ATC CTG TCC GTA TGC TG-3'
21 Brsa-47 FP-85 (Brsa-47R) 5'-GAC GGT TTA TAT TCG ACC ACG CCT CA-3'
22 Brsa-109FP-87 (Brsa-109R) 5'-GCT AGT GGC CTT CAT TGT TGT ATG AG-3'
23 Brsa-118FP-89 (Brsa-118R) 5'-TGA ATG TGT AAA AGG AGG AGG GGT AA-3
24 Arsa-7 FP-91 (Arsa-7R) 5'-AGT AAG GCG AAA TGA AGG TAC GAA GC-3!
25 A-37 FP-93 (A-37R) 5'-CAG CAG CAG ACA TTG TGA TGT GAT AG-2
26 Arsa-43 FP-99 (Arsa-43R) 5'-GAT GCC CTC CTT ATC CTG GAT CTT G-3'
27 A-90 FP-105 (A-90R) 5'-GCG GTC AGA AGA GAC TTG AAG GAG AC-3'
Gene specific primer (GSP-3) used for transcriptional terminator isolation
28 Brsa-25 FP-82 (Brsa-25L) 5'-CTG TGG AGT AGA TGG GCA CTC TTG AT-3'
29 Brsa-47 FP-86 (Brsa-47L) 5'-CAC CCA CCT AGT AAT GCT TAG CCA TC-3'
30 Brsa-118FP-90 (Brsa-118L) 5'-TTT GTG GTT CGC CTT AAT AGA GCT TG-3'
31 Arsa-7 FP-92 (Arsa-7L) 5'-ATC ATC TGA CGC TGA TGC AAT AGT TC-3'
32  A-37 FP-94 (A-37L) 5'-GGA CAT GGA CAT GGA TAT GAG TTT GA-3'
33 Arsa-43 FP-100 (Arsa-43L) 5'-CTT TAG CAC GGC TCA TCT ACG GTT G-3'
34 A-90 FP-104 (A-90L) 5'-TTG AGC TCG AGT GGA AAG GTG TAC G-3'
35 Adaptor primer-1 5'-GTA ATA CGA CTC ACT ATA GGG C-3'!
36 Adaptor primter-2 5'-ACT ATA GGG CAC GCG TGG T-3!

Gene specific primer used for deletion of ATG-transcription start site

at the promoter fragment’s 3'-end

37

38

39

40

41

42

43

44

45

Arsa-7 FP-135 (pArsa-7-
412H5)

Arsa-7 FP-136 (pArsa-7-
2040P3)

A-37 FP-125 (A-37-P-Xba-
RI)

Arsa-43 FP124 (Arsa-43-P-
Cla-H3)

Brga-25 FP-152 (Brsa25-
1677Sma)

Brsa-109FP-137 (PBrsa-109-
23S5)

Brsa-109FP-138 (pBrsa-109-
1835P3)

Brgsa-118FP-155 (Brsal 18-
1502pml)

T-7 primer

5'-TCA AGC TTC TGC TCC AAC GCG CTA
TCA AAT CGA A-3'C-3!

5'-CAC AGC TGA TTG AAA GAA TAG AGA
GTG ATG GAG TTG -3'

5'-CGG AAT TCT CTA GAG TGA TGT GGA
TAG GGA TGG GAA TAA G-3'!

5'-CCA AGC TTA TCG ATG TTG TAG AAG
CGC AGT TAA TGG TGT ATG -3'

5'-ATC CCG GGT AAA GCA AGG CGA ATG
ACG AAG ACA -3!

5'-CAG AGC TCC TCC TGT CTG AGT GTT
GTC TCA -3'

5'-CTC AGC TGT TGT ATG AGA GGT GTA
TAT GTA TGT -3'

5'-GCA CGT GAA TGT GTA AAA GGA GGA
GGG GTA -3

5'-TAA TAC GAC TCA CTA TAG GG-3'

10
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EXAMPLE 2

This example describes the steps taken to prepare different
fungal promoters fused in front of a GUS reporter gene with
the 3'-TtripC transcription terminator. Use of the constructs
produced according to this example demonstrates the func-
tion of different promoters and their potential use in the
production of different proteins and chemicals via various
fungi.

Since the GUS reporter gene contains its own ATG-trans-
lation start site, in the transgene expression vector, introduc-
tion of a proper restriction endonuclease site at the 3'-end of
the promoter was preceded by removal of the ATG-translation
start site from all the promoter fragments being prepared for
function analysis. PCR fragments were cloned into the
pGEM-Teasy vector and the presence of the promoter frag-
ment was confirmed by restriction endonuclease digestion.
The promoter fragment released by restriction endonucleases
was inserted into binary vectors pZD640 or pZD655 for Agro-
bacterium-mediated transformation. The method of con-
struction for specific vectors for Agrobacterium-mediated
transformation is described as follows:

The PCR fragment containing the promoter for the pel-
leted-associated Arsa-7 gene (SEQ ID NO:46) was first iso-
lated via genome walking with gene specific primer FP-91
(SEQ ID NO:24) and subsequently cloned into pGEM-Teasy
vector to form pZD611. The plasmid DNA was then
sequenced to confirm the newly isolated fragments. In order
to remove the ATG-transcription start site at the promoter
fragment’s 3'-end, pZD611 was used for a template for PCR
with primer FP-135 (SEQ ID NO 37) and FP-136 (SEQ ID
NO:38). Referring to FIG. 3, the PCR product was inserted
into pGEM-Teasy to form pZD667. Then the Arsa-7 pro-
moter fragment (SEQ ID NO:46) was excised by Hind I1I and
Pvu II and treated with DNA polymerase I-large fragment.
The promoter fragment was finally inserted into the restric-
tion endonuclease Sma I site of pZD655 in front of GUS
reporter gene to form pZD672.

Similarly, the pelleted-enhanced A-37 gene promoter
(SEQ ID NO:47) was first isolated from the genomic DNA
using GENOMEWALKER™ kits and gene-specific primer
FP-93 (SEQ ID NO:25), which was inserted into pGEM-
Teasy to form pZD612. The A-37 promoter fragment (SEQ
1D NO:47) was then prepared by PCR with primer FP-125
(SEQ ID NO:39) and T-7 (SEQ ID NO:45) and inserted into
a PCR 4 TOPO™ vector (Invitrogen Corporation, Carlsbad,
Calif.) to form pZD636. Referring to FIG. 4, the promoter
fragment in pZD636 was excised with restriction endonu-
clease EcoR I and treated with DNA polymerase [-large frag-
ment. Finally, the promoter fragment was inserted into
pZD640 to form pZD645.

The pelleted-enhanced Arsa-43 gene promoter (SEQ ID
NO:48) was first isolated from the genomic DNA using
GENOMEWALKER™ kits and gene specific primer FP-99
(SEQ ID NO:26). The promoter was subsequently inserted
into pGEM-Teasy vector to form pZD614. The ATG-se-
quence at the 3'-end of the Arsa-43 promoter fragment (SEQ
1D NO:48) was then removed by PCR using FP-124 (SEQ ID
NO:40) and reverse primers. Referring to FIG. 5, the remain-
ing fragment was cloned into the PCR-4-TOPO™ vector to
generate pZD635. The Arsa-43 promoter (SEQ ID NO:48)
was excised with restriction endonuclease Hind III and EcoR
1, which was treated with DNA polymerase I, large fragment.
Finally, the fragment was inserted in front of the GUS reporter
gene at restriction endonuclease Hpa 1 site to form pZD646.

The filamented-enhanced Brsa-25 gene promoter (SEQ ID
NO:51) was isolated using GENOMEWALKER™ kits and
gene specific primer FP-81 (SEQ ID NO: 20). The isolated
Brsa-25 promoter was then cloned into pGEM-Teasy vector
to form pZD619. The promoter DNA fragment was con-
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firmed by DNA sequencing. The ATG-sequence at the 3'-end
of the promoter was removed and a restriction endonuclease
site Sma [ was added to the same end by PCR using gene
specific primer FP-152 (SEQ ID NO:41) and a T-7 (SEQ ID
NO:45) primer, which was further cloned into a pGEM-Teasy
vector to form pZD677. Referring to FIG. 6, the promoter
fragment was excised with restriction endonuclease Sma I
and cloned into pZD655 to form pZD682.

The filamented-enhanced, Brsa-109 gene promoter (SEQ
1D NO:53) was isolated with GENOMEWALKER™ kits and
gene specific primer FP-87 (SEQ ID NO: 22). The isolated
Brsa-109 promoter was subsequently cloned into pGEM-
Teasy vector to form pZD613. The ATG at the 3'-end of the
promoter was removed and the restriction endonuclease Pvu
1T was introduced at the same end of the promoter fragment by
PCR with gene specific primers FP-137 (SEQ ID NO:42) and
FP-138 (SEQ ID NO:43). The promoter fragment was then
inserted into pGEM-Teasy vector to form pZD668. Referring
to FIG. 7, the promoter was isolated with Sac I and Pvu II,
treated with DNA polymerase [-large fragment, and cloned
into pZD655 in front of the GUS reporter gene to form
pZD673.

The filamented-enhanced Brsa-118 gene promoter (SEQ
1D NO:54) was isolated with GENOMEWALKER™ kits and
gene specific primer FP-89 (SEQ ID NO: 23). The isolated
Brsa-118 promoter was subsequently cloned into a PCR-4-
Blunt-TOPO™ vector to form pZD610. The ATG at the
3'-end of the promoter was removed and the restriction endo-
nuclease Pml I was introduced at the same end of the pro-
moter by PCR with gene specific primer FP-155 (SEQ ID
NO:44) and T-7 primer (SEQ ID NO: 45). The promoter
fragment was inserted into pGEM-Teasy vector to form
pZD678. Referring to FIG. 8, the promoter was isolated out
with Pml I and Sma I and cloned into pZD655 in front of the
GUS reporter gene to form pZD681.

EXAMPLE 3

This example describes the methodology used for Agro-
bacterium-mediated transformation and colorimetric GUS
assays of the GUS reporter gene under the control of the
different A. niger gene promoters. Application of this system
enables one to study the function of the sequences inserted in
front of the reporter gene in terms of transcriptional activity.

Escherichia coli DH50. was used as the recombinant host
for routine cloning experiments. The Agrobacterium tumefa-
ciens strain AGLO served as the host for the binary vectors and
in the transformation of 4. riger.

Transformation of the constructs carrying backbone binary
vector pZD640 or 655 into Agrobacterium tumefaciens strain
AGLO was conducted by the freeze-and-thaw method as
described by Ebert et al. in the Proceedings of the National
Academy of Sciences USA, 84:5745-5749 (1987), the content
of which is incorporated herein by reference. Plasmid DNA
from the transformed Agrobacterium clones was isolated and
digested with various restriction endonucleases and analyzed
in agarose gel electrophoresis to confirm transformation of
each construct. Fungal spore transformation was performed
as described in the article by Dai et al., titled Identification of
genes associated with morphology in Aspergillus niger by
using suppression subtractive hybridization (Applied Envi-
ronmental Microbiology 70: 2474-2485 (2004)), the content
of which is incorporated herein by reference. At least 30
independently transformed fungal strains were selected for
each promoter construct described in Example 2. Trans-
formed colonies were removed from the agar selective media,
which contained minimal medium (see J. W. Bennett and L.
L. Lasure eds., More Gene Manipulations in Fungi, Aca-
demic Press Inc, San Diego, pp 441-458.) with 200 ug ml™*
hygromycin and 200 ug ml~" cefotaxime, and then grown
under sterile but equivalent conditions for spore production.
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The spores were enumerated and then cultured in a proper
culture medium at a temperature of 30° C. and a mixing speed
01250 rpm for 2 days. Finally, the biomass was harvested for
a GUS activity assay. Fluorometric quantitation of GUS
activity was performed according to Jefferson et al. in the
European Molecular Biology Organization Journal, 6:3901-
3907 (1987), the content of which is herein incorporated by
reference.

Biomasses of independent transgenic fungal strains were
harvested from fresh test-tube cultures by centrifugation at
various times ranging between one and three days. Extraction
was performed by sonicating on ice five times for ten seconds
each using a lysis buffer (50 mM sodium phosphate, pH 7.0,
10mM EDTA, 0.1% TritonX-100, 0.1% sarkosyl and 10 mM
[p-mercaptoethanol).

Protein concentrations were determined by the BIO-
RAD™ reagent protein assay (Bio-Rad Laboratories, Her-
cules, Calif.) according to the Bradford method. The GUS
activity assay involved incubating approximately 5-10 pg of
protein in the presence of 1 mM 4-methylumbelliferyl p-D-
glucuronide in 100 pl of lysis buffer at 37° C. Samples from
each reaction were taken at 0, 10, 20 and 40 minutes. The
enzyme reaction was quenched in 0.2 M sodium carbonate
(Na,CO,). The standard curve for 4-methylumbelliferon at
50, 100, 150, 200, 250, 300, 350 and 400 nM concentrations
was generated with a FL.600 Fluorescent Microplate Reader.
The amount of 4-methylumbelliferyl $-D-glucuronide con-
verted to 4-methylumbelliferon (MU) by GUS enzyme was
determined with FL.600 Fluorescent Microplate Reader and
the MU standard curve. The GUS enzyme activity is
expressed as pmol MU per mg protein min.

Referring to FIG. 9, the expression of the GUS gene with
the Arsa-7 promoter (SEQ ID NO:46) was at a high level and
gradually increased under pelleted culture conditions. It
remained at barely detectable levels for the first three days of
growth in filamented culture conditions and then rapidly
increased after three days of growth. The plot shows the
activity of pelleted-enhanced Arsa-7 gene promoter (SEQ ID
NO:46) in the protein extract of two days old individual
transformant under pelleted growth conditions. The promoter
activity is expressed at pmol MU/mg protein/min. The pro-
moter activity in most of transgenic strains is about 200,000
pmol MU/mg protein/min. Transgenic strain No. 7 has the
strongest activity among the 11 strains. The promoter activity
is about four times higher than the hybrid Mac promoters that
consist of the B-domain of 35S cauliflower mosaic virus
promoter and the manopine synthase promoter of Agrobac-
terium tumefaciens. This activity appears to be the strongest
one used in plant transgene expression. It is about 20 times
higher than the yeast c.-amylase promoter.

Referring to FIG. 10, the A-37 promoter (SEQ ID NO:47)
activity is still higher than the yeast a-amylase and is com-
parable to that of the hybrid MAC promoter. The plot shows
the activity of the pelleted enhanced A-37 gene promoter
(SEQ ID NO: 47) in the protein extract of two days old
individual transformant under pelleted growth conditions.
The GUS activity of most transformants was around 50,000
pmol MU/mg protein/min, while transgenic strains 4 and 16
were about 150,000 to 200,000 pmol MU/mg protein/min.
The data show that the A-37 promoter (SEQ 1D NO:47) has
high constitutive expression levels at pelleted culture condi-
tions. Expression was low during the first day of growth prior
to the rapid increase thereafter to the end of growth.

Referring to FIG. 11, the Arsa-43 promoter (SEQ ID
NO:48) is a polyubiquitin gene that is constitutively
expressed at pelleted culture conditions. However, under fila-
mented growth conditions its expression was low during the
first day of growth, and thereafter increased rapidly to steady
states for the rest of the filamented growth. Again, the plot
shows the activity of the pelleted-enhanced Arsa-43 gene
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promoter (SEQ ID NO:48) in the protein extract of two days
old individual transformant under pelleted growth conditions.
For comparison purposes, the GUS activity of most transfor-
mants is around 5,000 to 10,000 pmol MU/mg protein/min.

FIG. 12 shows the activity of filamented associated gene
Brsa-25 promoter (SEQ ID NO:51) in the protein extract of
two days old individual transformant under filamentous
growth conditions. The GUS activity of most transformants is
around 50 to 100 pmol MU/mg protein/min. The Brsa-25
promoter is filamented specific and functions temporally. Its
transcription increases rapidly at the first day culture and
decreases to low levels at two and three day cultures. There-
after, its transcription augments to the level of first cultures.

Referring to FIG. 13, the Brsa-109 promoter (SEQ ID
NO:53) is constitutive and filamented-specific. The plot
shows the activity of the filamented-enhanced Brsa-109 gene
promoter in the protein extract of two days old individual
transformant under filamentous growth conditions. The GUS
activity of most of the transformants was around 1000 to 4000
pmol MU/mg protein/min, except transformant clone 8§,
which had an activity level over 14000 pmol MU/mg protein/
min. The Brsa-109 gene promoter (SEQ ID NO:53) can be
used for the expression of genes of interest in filamented
growth conditions.

Referring to FIG. 14, the Brsa-118 promoter (SEQ ID
NO:54) is temporally dependent and filamented specific,
similar to the promoter of the Brsa-25 promoter (SEQ ID
NO:53). The plot shows the activity of the filamented-en-
hanced Brsa-118 gene promoter in the protein extract of two
day old individual transformant under filamentous growth
conditions. The GUS activity of most transformants was
around 500 to 2000 pmol MU/mg protein/min. This promoter
can be used for expression of genes of interest in different
developmental stages.

EXAMPLE 4

This example describes the necessary steps taken to pre-
pare different fungal transcription terminators and insert
them into the host vector pGEM-Teasy for plasmid DNA
preparation. The DNA was sequenced and aligned against
known DNA fragments to confirm the newly isolated tran-
scription terminators. The transcription terminators can be
used for heterologous gene expression in fungi.

The transcription terminator of the pelleted-associated
Arsa-7 gene (SEQ ID NO:55) was isolated with GENOM-
EWALKER™ kits and gene specific primer FP-92 (SEQ ID
NO:31). The genome walking libraries in Example 2 were
used as template DNAs for genomic PCR with adaptor primer
1 (SEQ ID NO:35) and FP-92 primers (SEQ ID NO:31). The
DNA fragments were cloned into pGEM-Teasy vector to
form pZD621. The DNA sequence of the Arsa-7 gene tran-
scription terminator (SEQ ID NO: 55) in pZD621 was deter-
mined and aligned with the known genomic DNA sequence
of'the Arsa-7 gene to confirm the newly isolated fragments.

The transcription terminator of the pelleted-associated
A-37 gene (SEQ ID NO:56) was isolated with GENOM-
EWALKER™ kits and gene specific primer FP-94 (SEQ ID
NO:32). The genome walking libraries in Example 2 were
used as template DNAs for genomic PCR with adaptor primer
2 (SEQ ID NO:36) and FP-92 primers (SEQ ID NO:31). The
DNA fragments were cloned into pGEM-Teasy vector to
form pZD622. The DNA sequence of the A-37 gene transcrip-
tion terminator (SEQ ID NO: 56) in pZD622 was determined
and aligned with the known genomic DNA sequence of the
A-37 gene to confirm the newly isolated fragments.

The transcription terminator of the pelleted-associated
Arsa-43 gene (SEQ ID NO:57) was isolated with GENOM-
EWALKER™ kits and gene specific primer FP-100 (SEQ ID
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NO:33). The genome walking libraries in example 2 were
used as template DNAs for genomic PCR with adaptor primer

1 (SEQIDNO:35) and FP-100 primers (SEQ ID NO:33). The
DNA fragments were cloned into pGEM-Teasy vector to
form pZD615. The DNA sequence of the Arsa-43 transcrip- 5
tion terminator (SEQ ID NO: 57) in pZD615 was determined
and aligned with the known genomic DNA sequence of the
Arsa-43 gene to confirm the newly isolated fragments.

The transcription terminator of pelleted-associated A-90
gene (SEQ ID NO:58) was isolated with GENOM-
EWALKER™ kits and gene specific primer FP-104 (SEQ ID
NO:34). The genome walking libraries in example 2 were
used as template DNAs for genomic PCR with adaptor primer
1 (SEQIDNO:35) and FP-104 primers (SEQ ID NO:34). The
DNA fragments were cloned into pGEM-Teasy vectors to
form pZD617. The DNA sequence of the A-90 gene transcrip-
tion terminator (SEQ ID NO:

58)inpZD617 was determined and aligned with the known
genomic DNA sequence of the A-90 gene to confirm the
newly isolated fragments.

The transcription terminator of filamented-associated 20
Brsa-25 gene (SEQ ID NO:59) was isolated with GENOM-
EWALKER™ kits and gene specific primer FP-82 (SEQ ID
NO:28). The genome walking libraries in example 2 were
used as template DNAs for genomic PCR with adaptor primer
2 (SEQ ID NO:36) and FP-82 primers (SEQ ID NO:28). The
DNA fragments were cloned into pGEM-Teasy vectors to
form pZD620. The DNA sequence of the Brsa-25 gene tran-
scription terminator (SEQ ID NO: 59) in pZD620 was deter-
mined and aligned with the known genomic DNA sequence
of'the Brsa-25 gene to confirm the newly isolated fragments.

25

16

The transcription terminator of filamented-associated gene
Brsa-47 (SEQ ID NO:60) was isolated with GENOM-
EWALKER™ kits and gene specific primer FP-86 (SEQ ID
NO:29). The genome walking libraries in example 2 were
used as template DNAs for genomic PCR with adaptor primer
1 (SEQ ID NO:35) and FP-86 primers (SEQ ID NO:29). The
DNA fragments were cloned into pGEM-Teasy vectors to
form pZD626. The DNA sequence of the Brsa-47 gene tran-
scription terminator (SEQ ID NO: 60) in pZD626 was deter-
mined and aligned with the known genomic DNA sequence
of'the Brsa-47 gene to confirm the newly isolated fragments.

The transcription terminator of filamented-associated
Brsa-118 gene (SEQ ID NO:61) was isolated with GENOM-
EWALKER™ kits and gene specific primer FP-90 (SEQ ID
NO:30). The genome walking libraries in example 2 were
used as template DNAs for genomic PCR with adaptor primer
1 (SEQ ID NO:35) and FP-90 primers (SEQ ID NO:30). The
DNA fragments were cloned into pGEM-Teasy vectors to
form pZD627. The DNA sequence of Brsa-118 gene tran-
scription terminator (SEQ ID NO: 61) in pZD627 was deter-
mined and aligned with the known genomic DNA sequence
of'the Brsa-118 gene to confirm the newly isolated fragments.

While a number of embodiments of the present invention
have been shown and described, it will be apparent to those
skilled in the art that many changes and modifications may be
made without departing from the invention in its broader
aspects. The appended claims, therefore, are intended to
cover all such changes and modifications as they fall within
the true spirit and scope of the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 61
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 1

ccacggtagt cactectttg cacta

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 2

cctetattet gteteectte ggegat

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 3

gcaatcgtet tccegtegtt ca

25

26

22



US 7,449,569 B2
17

-continued

18

<210> SEQ ID NO 4

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 4

gtctgtegty gtgtegtate aaatg

<210> SEQ ID NO 5

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 5

cteccttette ccceccatac atca

<210> SEQ ID NO 6

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 6

getgtgette gtaccttcat tteg

<210> SEQ ID NO 7

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 7

gccatctate aacacgagag aaaac

<210> SEQ ID NO 8

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 8

tgcagatctt cgttaagacc ctcac

<210> SEQ ID NO 9

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 9

ctcteccace tecccagect ttect

<210> SEQ ID NO 10

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

25

24

24

25

25

25
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<400> SEQUENCE: 10

gagtcgacga atcgaatcga atcg

<210> SEQ ID NO 11

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 11

gacaccatca cagacatata cagaga

<210> SEQ ID NO 12

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 12

caaagagtgg ctgtagttgg ct

<210> SEQ ID NO 13

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 13

gtgcccatca gaagtgaacc aaga

<210> SEQ ID NO 14

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 14

gcattccage tcctgtetgg acaa

<210> SEQ ID NO 15

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 15

cacaagcgte caatccatca ca

<210> SEQ ID NO 16

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide
<400> SEQUENCE: 16

gagatcgaca aggtaacatt ccagaa

<210> SEQ ID NO 17
<211> LENGTH: 25

24

26

22

24

24

22

26
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<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 17

gecggaggaca agatggagag tagac

<210> SEQ ID NO 18

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 18

ccaaggtaaa gcagatctaa tgg

<210> SEQ ID NO 19

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 19

actttegtgt cttgtgegtg aagtaa

<210> SEQ ID NO 20

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 20

ggtttcttta tcctgtecegt atgetg

<210> SEQ ID NO 21

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 21

gacggtttat attcgaccac gcctca

<210> SEQ ID NO 22

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Sythetic Oligonucleotide

<400> SEQUENCE: 22

gctagtggee ttcattgttg tatgag

<210> SEQ ID NO 23

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 23

25

23

26

26

26

26
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tgaatgtgta aaaggaggag gggtaa

<210> SEQ ID NO 24

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 24

agtaaggcga aatgaaggta cgaagc

<210> SEQ ID NO 25

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 25

cagcagcaga cattgtgatg tgatag

<210> SEQ ID NO 26

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 26

gatgccctee ttatcctgga tettg

<210> SEQ ID NO 27

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 27

geggtcagaa gagacttgaa ggagac

<210> SEQ ID NO 28

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 28

ctgtggagta gatgggcact cttgat

<210> SEQ ID NO 29

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 29
cacccaccta gtaatgetta gecatc
<210> SEQ ID NO 30

<211> LENGTH: 26

<212> TYPE: DNA
<213> ORGANISM: Artificial

26

26

26

25
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26
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 30

tttgtggtte gecttaatag agettg

<210> SEQ ID NO 31

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 31

atcatctgac gctgatgecaa tagttce

<210> SEQ ID NO 32

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 32

ggacatggac atggatatga gtttga

<210> SEQ ID NO 33

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 33

ctttagcacg gctcatctac ggttg

<210> SEQ ID NO 34

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 34

ttgagctcega gtggaaaggt ctacg

<210> SEQ ID NO 35

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 35

gtaatacgac tcactatagg gc

<210> SEQ ID NO 36

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 36

actataggge acgcgtggt

26

26

26
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<210> SEQ ID NO 37

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 37

tcaagcttet gectccaacge getatcaaat cgaac

<210> SEQ ID NO 38

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 38

cacagctgat tgaaagaata gagagtgatg gagttg

<210> SEQ ID NO 39

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 39

cggaattete tagagtgatg tggataggga tgggaataag

<210> SEQ ID NO 40

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 40

ccaagcttat cgatgttgta gaagegecagt taatggtgta tg

<210> SEQ ID NO 41

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 41

atcccgggta aagcaaggeg aatgacgaag aca

<210> SEQ ID NO 42

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 42

cagagctect cctgtetgag tgttgtetca

<210> SEQ ID NO 43

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

35
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40
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<400> SEQUENCE: 43

ctcagetgtt gtatgagagg tgtatatgta tgt

<210> SEQ ID NO 44

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 44

gcacgtgaat gtgtaaaagg aggaggggta

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 45

taatacgact cactataggg

<210> SEQ ID NO 46

<211> LENGTH: 2043

<212> TYPE: DNA

<213> ORGANISM: Aspergillus niger

<400> SEQUENCE: 46

aaacctaatg aaaataacat gaatctcagg attataccca tatcgactgt atcgcatcct
tctecattttyg geccecttga ctegeaatca tegggagece acgagtceege tgegggacge
cggetegete ccaatecttt gecccagggg tcaaatgage agtectctat gacagtggga
agccacgecg gtcaggecaa atattgagag tcgagagtta gttatctgat ttegtcaage
ctgccgateg cgcagaaact ggtagcgace taggaceggt ggaccgcecag ttaggagggg
actgcgaggg tgcgaagata aagtgaaaca tcecgategg ataaatggge cgtgcagacg
ggggaccaat cagcttacge agcccagggyg atctgcatag ggccacgeca getgetcecaa
cgegetatca aatcgaagge ttgaaacgaa cagatgecat aatccgacag ccegtttgttt
cattcagagt agctegetag catggtgacg actggtecag gecccatttg tcegtcatcett
gggccattcee atccatcacc ttcaactctyg ccatgcagga aaccatggat agectagcaa
aaccceggea tggacagatg ccagcgaaga cttccaccet acactagggt cccectcaggg
tcccattect gttaatcccee ctattattgg gtecaccttg tgagetcece caactttgac
ggggaaagct ctattccgag ttcggctaca acgttcccag cgagggcatc atgtaaaacc
tcataaaaac gactttttect gatggatagg cagtgcaggt agaggaatga ctttccccca
cagtgattat catgtttgte ctgaccatag cttgcaggat gatctgtaag cgggagagga
ttatgctgca cgtagaggac actgaccaca acttetgtte ctcgagatgg acccacccaa
ataacgtaga gtcaaggacc cgccategtt gggcccccaa gaacacacca gagctgacta
gecttecget tagttagcac tacgacctgt cgactgtcag tgtcgagagt cgagactggg
ctgacccace aacttggaac cgccacageg gcaggggaca gettgatega ggacgtcage

tcectggecac getggttgee attggataga gattatcaac cagttgaatt catccaccga

cgatctgagg cactttttga ggcttteeca gtgagtecac tgagtttggg tggacgatgg

33
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660

720
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gtagagagac aaccagacga agcattacca agggactcat
accaacaaca gccgcageca ggatcaagee acctcecaaga
ggacagtcga gtcatctatt ctgaataggce gatgaagaga
tggcctgtga ctgcttecag ggcgagecge gcacgtgggg
gacttcttee cttetettec tatccatcaa tagcatccte
acagatccaa ctaccggett catgettage cgacccacag
aaccctattt tgcatcagece ctgeccctga gecactctac
tctgecgate cgtgeggtte ttgcatgtee ageataacct
cgtctcagat gcaggcgage cgaatteggt gacaacagtg
ttccacgcat ctcaccagat ggatggaggt catcateget
cttggagage gccttataaa agectccett gecccageca
caaattctct ttectttgat ctcaactace attccttaag
atttcgectt acttttttte tgcttactac tacaactcca
atg

<210> SEQ ID NO 47

<211> LENGTH: 1565

<212> TYPE: DNA

<213> ORGANISM: Aspergillus niger

<400> SEQUENCE: 47

ctgacgttga cattgaacge tccatcaace aaggagttgg
atggggccaa acaattagca atgcttaatg cttgtgecaga
cgaggaaccyg acagcctgca ttaaactgtg ctteggaaat
cagtctcatt gatccttetg aaaatttate cgatgggatt
ctatcgtgga tgctegeacg gaagttteta tatcctgate
atatttatca ctcatggetg agetgetett agacatatca
agagcaacaa ttaacaatgc cgaggatate gatttgtege
tctattttta ctceggtgaaa cagcgtctca gecaggaacce
aacacgggcece ataacaaggce gagcccctga tcctegggge
ggtgatcget aagcgggact cgcggatcaa caggcgcgac
gacaaggtgg ctatgagtaa ttccaggcga cgtgcegtgt
atgggccgee aagagtagtt ggggatgecag tggagagaga
atttgattca ttacttcagt acgtgcagac atgacatctg
gtegtggtte tagaccggeg ggcttggega ccgcaacacyg
cgacgaaaca ctgcatcagg cacgggcatg ccggatcgag
ggggcggece ctgatgatgt geggectcaa agcegtcatca
acagcaacgt tggagccaat cgcggatgca aatctggetg
ggcctecagee ccegtgattg cgeggeccaa caggecttec
agccttgggt tttgtgecagt agtggaaget tggcaagtta
taattcctee aaggagggtyg ggggectget aacgtcacgg
cctetgeceg tecttecate ccageceggt cggecgegte

aacaaggctce gcaacctcat geccatcatt ggetggtect

gacggaaccg caaatagacc

dgcaggggygg ccaaggagag

tgaaacgctyg gagtgtegge

ccgecacaga cagccageca

tacctacata ctcccttcete

aagcccagca ggtacgttca

caccceccac aagcegecegygyg

gatctattge tgacagtcga

catgacgaat gcttggttet

gggtcactge cgacccagceg

ggatcattce tcattcagcet

aagctgtget tegtacctte

tcactctcta ttcectttcaat

gggtatcgag tttcatccct

aaataagcac accgggaatg

tttatttcce tectetgaga

tccacagcac gctgtgetge

gttaagcagg atcatgttct

accgcactaa aatggcgatce

ctgatttttg agtaagtttg

gttacgagta cgacacagcc

cccegtegtt cacgagccga

cgtgtttcag atgtcaccat

gttagtgcca tgcggcaatg

gagagacaac tcatacccag

ataaaaccta ttccgaccga

acctttgegt acattccaga

cgagaccctt gacagaattt

cccatttcaa cctgccagga

cctagaatag caattgccac

attggctgaa accccggata

ctgagccaat catattcctce

acctgettee attgecttee

acagaccegg ctggaaagge

gegtgatget gcaggtcage

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2043

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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ttccaaactc agtcgcccat getgaccttt ttttatgcag ccgggctget tetttcattt 1380
ataggtcccce gtctggcatg tgtctteccct tccaacttece cgactcacte caccttttet 1440
catctgtcat ctgtacctag attccttctt atatcttatc cgtggttcet tettttetgg 1500
ccaagatctt agccatctat caacacgaga gaaaacttat tcccatccct atccacatca 1560
caatg 1565
<210> SEQ ID NO 48
<211> LENGTH: 982
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 48
ctggagagga tccecttece ccatctteeg ataagggatyg cccccaactce acacgtcate 60
geegttgetyg cegecgcaag gcecagttgte geattactce ctgatcacca ccagtttgece 120
tggtgagagg atacgaacaa ttatgagcaa ttcttceggag tagcaacgag tattttcace 180
gggagtttca acgggttcta tttcaggaac acggctgegg tctggattgg gtegggetga 240
gataccgact ggtggcgtca gtggegggta cggacggagt cgtcctggec getcgtagac 300
actcecccegg actgatatca ggccceggea actggcetteg tetcactceca gggcatcagg 360
agtgcctace acatgggttc aggctttgec cegtegtceta agtttgcagyg acaaaatttt 420
cgtatgegtt accactcttt cctttcagca accattcegt agtgaaaacc caataatagg 480
tggctgeegt gggagectga gtcaacccaa ccagaacctt tctagtagat tcteccccaa 540
gegettcage aacgaagegt attggagaac caaatgacgce agaccaageg gattcceggtg 600
caatagccgg atggcaaggg aatcccccag gaggtgccag aagegtcegece cgaaaggtac 660
ttegtetgac aggctaacac cgctcggget aaggtcecctyg ctgetetttt ccctttattg 720
cgacttaacc tctaagccat tcccttgeat cacgttatet cactgaccga cctctgacta 780
aggcgetteg cctecgecge ctecccteat teacctecte tectgactge ttaagectte 840
tcttecttee tectcactace aaccctectt catccctecat acctetcate ctaccactca 900
cctttegege atcgecatct gegatcctece ccacaacact ccacctagat acatacacca 960
ttaactgcge ttctacaaca tg 982
<210> SEQ ID NO 49
<211> LENGTH: 748
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 49
atacacctce attaaagtag ggggaataag tcggatacat ccactggacc gatcaactge 60
aggtatccge accgetgcag gaacaaccac cgcaaggtta ccceccggacyg cttgetgtcee 120
agtcactgce aaccgecagg cacacggget gaataatggg cgtcaatatt tctcetgtcece 180
actgtccctyg agcgacacac ggtaccegece cgatgacgtt ccatgggteg gcecgeggtga 240
ggatgcaggyg gggtcaggaa cgctccgacg caggcaatca gagggggtece gecgaacaat 300
ggaaaaagca acgattagtg actagttcga ctatactcat gcaagagcaa aaaagaacct 360
tcctettgtyg gagacctgat tggtcggaac caaattggeg cctagaaaaa gcacccagcece 420
ctaacttggt tctgcaactg ccactcecceg ttgttgggeyg tctatataac cgcectettt 480
ccectecctyg tetectette gaaactette ttectegect agatcttect cteccaccte 540
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cccagecttt ccttetttge acctgtgecg tgcacggteg agecattect ccattetttg 600
aacatattgc ctggctccga gtagtctage atccactcect tgcaagagca ctttgagaga 660
accggtette tcatactcaa aagttataca tacacatcac ttctctccga acaaaaccga 720
acagaattcg aagaacacat acacaatg 748
<210> SEQ ID NO 50
<211> LENGTH: 2271
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 50
atccacagca gatggatcat aagcagtcag actgcaggte aggtatcgga gtccgagaca 60
ttcgaactag tctecgacge cactggaaaa attcctgecac tegeccacac gtggtaageg 120
atacgactac atattgtgtg gacagaggaa tgtggccteyg agcagagaaa gcttgccaac 180
atgaagatca ctggcaggcg tgctcatgaa agecattceg tgggttttgt ttggataace 240
cgcaaggtac atactccggg agtgcttgte tettcaaggt tegcagtatg acggatcate 300
tcecttggta cgaaggaagg catgttatca gttatcgtge cttgttagtyg gcattggcag 360
tcggaacgag ggtccactaa cccagtcagg aacgaggaat gagcgacagyg aaccagagaa 420
tcttecaccca acatagcgat ggatgatcte atcgaggacyg ttgatcacct ctctegeggg 480
gactttcaac gacgaacggt cagtttgcag aatgaaaccc ccttgacaat ctgttgatcet 540
geggecagty ggaagaaagg agggagtacg tgggtagtaa catgacttgt gtgtttettg 600
gtgtctcetee gtagcaattt aggcgaccat ccgattacac gggggtggag acaccggaca 660
ggttccttygyg tgectttgga ggacacgaga tgcgtttagt gectctggtce ccaatatteg 720
gaaggtggta attaaactct gtgcctggcece acttcecggtga tttaacgett cggectegtg 780
gegtgtcetat gtctcatttg tgtcaaacca ggacgcaccyg gaagcagcetg gcaaggctece 840
ggaaggcgaa gccaatcaag caccactcga tgaggggcac tgatccatcc attgtaaatt 900
ttacatgagg gtaatttccc aggtaatttg cecctgcgget atgtcattga gaatggaaaa 960
gtctccggat aatatttgcce aaaaatgtga gatgtgtgtg cgtgtgtgaa aacgctcgag 1020
cttctggaag tgaaacaaaa gctgaaagga aaggaggtgg tgatggcgat aatggtggtg 1080
gtggtggtgg tgtttgtttg tttgtttgeg cgcgaatcecc ttgcgggceca agttccacca 1140
acgacttctce tttctactgt gtctcttegt acteccgteca getgectgcta gecatcaaca 1200
acatccttee ttctecgtte teggggttcee tceegttgtte ctggectggt ctgacataag 1260
gttatgattg tttcacatgt cccacggctt cgccggcttyg gagctgagac cctettetga 1320
gtcaatggta ccattttgcce gaattcgtgg ctagttctet atttctatgce tcttgacttt 1380
ggtaccgttyg gcattagttt gatctactaa taaagagcct agttttaggc gaatatacac 1440
tgttacccac cgggtagtat tcagtagcta ccctcecccact cecccaggcte ccacgctgag 1500
agccttgatt cgatgtctet cctaaaattg ctaggctgtt agcgccctgg cagatgaacce 1560
ccegetecate cectegtatat geggtcetcaa tttetgagtg geccacgcect ccgagtatcet 1620
ttgagcacat ccacgatgga gggaggcgat ccaagcggte taacagcgga ctaaaccgcet 1680
ctgtgtaagc cagtcagaga gtcatactgg cttgaggtga catcgccaat tcatttcaca 1740
aggtttagtc gggggagggt aggccccata cattccaccg ttctcaaagt ttaccaggca 1800
tttctcacac taaccatgca atagtaggta actagcagta gtcttgaacg ctgttcecctga 1860
gcaagttccec aatcagcaat ttgaaagaat aatttccttt gacccaccgg gtaaatgagce 1920
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cgcagatttg gcgatgttgg gctcggagce tggtaggtag tagtgaatgt catcccctcece 1980
atagggggga attgggaggg gggctgtgaa tggacttgtc ctacgcecctgt cgcatcccca 2040
tcattcatat acttgaatgt ctcttctcce ccctectect tetcetttete tecttecctt 2100
ctcacgattt gacgtcccte gegttttcecge cctetcecccac ggtagtcact ccectttgcact 2160
acatacacga agtcttactt ccagtcactc tttgaaacca cttctcaata tccctaccte 2220
ttatcattct ttacttcacg cacaagacac gaaagtgaac ctgtaaaaat g 2271
<210> SEQ ID NO 51
<211> LENGTH: 1680
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 51
atcctgaggt tgccaccatc aagtgcettgg tetgttteca aggtacacat attctgegta 60
gtggactaga acatccactt actacgtcgt tggagccgat geggaggcca agettcegtge 120
ttgggaaaca agcaacaggc caagcaacga gtggatgggt cttggagcca ctgageggte 180
atgcegteca tgggactgge ctcgatagta gaaggtcectt ctgataagec cgtgtgcaca 240
gggecteceyg ggttteegge tagtccatge cacaggtttt tettcactec ttteccteac 300
ceetggecac ccatctgagg ttcatccaat cggtgaccee cgagaatgte tccgegetac 360
catagtagta tctagcactc ttagctactc ataagcgaca agtctttttg ggtttegtge 420
cgctatgget ggaaccatta attccggacg taggagegtt gcagtcaggt agattgttgt 480
gtaagggaaa ttggtccatg aaaatcggca aaattgatgg gaagcaagac aagggagcgce 540
tagtgcageg gtcegecatggt cacggttecce cecatccacte ggttetcegt cggcaattte 600
tgtctttect ttcecttttyg tegttceecctt cactttattg gggttattta ttgattectgg 660
taataatatt cgctcttatc ttcccccaac cgtcacgaaa atgggecttyg gtccgatgtg 720
tgtgcatcca caaccgacca cccacaccac tacctegtee tectecttece ctataggceca 780
acattgcctt acggtgtatc ggacggtget ccagatcgaa atttgcgatc caataagtce 840
cctgcagaca ctaatcaagg tcaggtctca ttgggcgega taacgtgett cggecaggca 900
atcacactca tgaccatatt cttgctcatc ctcatccteca tccacatcat atcatcagga 960
tttcagtaag gtcagcagca tccgactcca gccgcagcaa gcctgtgace ctggtctagt 1020
ctgcaattct ccgaacaaac gagcgtgttg acggtggagt ctcctggtte gtggcaagcece 1080
gttcgtgcag cccacggtta tctggtgtgt taccctceccta aatcagttaa ccaagacgcece 1140
acccctectt cggacctteg acagatgcte cagaagacct cgatgtgcca atcaagttcece 1200
tgactagcgg tgatggccte ctcaaagtgg ggagatgcag accgtttaag tttccactgg 1260
accgtcaatg gcattctgaa tgggtgccca ccgtggeteg aacatcgctg ctactggegt 1320
tgattaaatt gcatcgataa ccagtgctgg atcagctcat actgacggcg ataatgtaga 1380
tactagccca cagtaatcca tceggattccg cctgctaatt cecgctectee cattcccatt 1440
tgtcecctttg gttattaget agtggacgtt atctccccecg tcagectceece attgactggt 1500
ctggcaccca ctaccagcta ctectgtagte tcgegcecccce gtcecgegtget tgctgcettgg 1560
ccettettaa gecaccgcega teccacctee cccagttetg gatctttgeca cecctcaagt 1620
tcgtecteta ttectgtctee ctteggegat tgtettegte attcegecttg ctttaccatg 1680

<210> SEQ ID NO 52
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<211> LENGTH: 2344
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 52
taatacgact cactataggg cacgcgtggt cgacggcceyg ggctggtcetyg gcagatatat 60
gtttagaaac tgtccgaatt tcgagaacag acggccggtce acacagagac gtcgtaatcce 120
ctegactgee ctcacgcatce ctggtggacce gattgtcegyg gtgacgcaga tcgaaacctt 180
ctgctgatte ttagetgtgt agegtccagg aaccggtgac ctecgtacca tggeteggtt 240
tcaatagtac ccggcagtcg gcgacgegcea ttgctctcaa gattgagtag gatacctaag 300
gattgtaaac catgatgaca ttctttgtgce gtagtcgagg ttcaatctca tgatctggeg 360
gacgacaggce catgggtacc tgcctacgga ctatgcacga ctgctgtett gtgtccgatt 420
ggcggacaat atccctcccee tagcagtact ctgtagtgcece gecagtgtgca gtaatgtact 480
ggtgtaatge tccacgcaag ctctggatac ataccactat atcctaaacg caaaaccttt 540
gaatagaacc acttcttttg gatgatggat cccacatggt ctgactatat attctgetge 600
gegtcaageyg gctatctcac tgtctgacac tgagtegete gtegtcagec catggegttt 660
gagtcggtta gttttgcttg ccgaaggtct agccgagtcet ctgcccgaat gttteccgece 720
cteegecaat cccacggecg atggacagece tcaggcetgece ttecagecca tggatgecegt 780
gttgcctgag gaccttgcag cgggegetat cacatgattg tgtcacagca agcaatgagg 840
agcagatcat gattagtgta cttagcttga accctactac taaattgcac acagtcattg 900
gaacaccaca cacagtgcaa tggtggggac aagcgccaaa tagactcgtce tectttteac 960
aatccaggca gcagtcctgt tgggcecegttg tgcacgcatt accgatggaa tagtccaggg 1020
gtcgtgatee taccacggct cgtcectgecga gectctecget getcecccectge ccacacacca 1080
cgagcttect gtcgagcttg cttgccegtg gcaattcetga ttcecgttctga tgcattatat 1140
ctcatgacta ttcttctect atgaagtagce ctecctggcat atattctgca atattaactg 1200
gcacaagtct cgcttcagte tggtgtcage gtcggcaatc aactcctcat tatcgcgatt 1260
cgegggegga geccecgegac tccgactgece tgetagtaac cgacccacca tcgatgatgg 1320
atggagccca ggccacatte cgtcccecggge caggggggtce cggtgccagt ccttgagttce 1380
aactgtcecttc gtcccatett taggacaccg ctgctggget tettectggg gataatcatg 1440
gcacccatga ttctatcteg ccecgttegtgg gectageggca ggccaatgcece gggaacggca 1500
cagcgggect ttatcgagac actgccaggce tatggcagag ttgtatagcg gaatggccat 1560
tttgagctgg aaggaataga ttcaaggtac tcgagagtca caatccgtaa gccacattca 1620
ctccgtatca ttatctagec tcectcattcac cagtcaaact catgagtgtce cggtagacat 1680
aggcacgatc tgctcaccgce aattgtcatt tgtgggatgt gctggacata cttggccatt 1740
tacgctttta cgcgggcgcet cggaagtcaa cacctcgcta gacaatccct gaagectgte 1800
atttgccagg aaggtggact agtgcactgt tgagctggtt gggggtgcgg agcagtttgg 1860
atccggatac ggtcagcaac gtgacccgce gtataagtac cgctcecctee tegetttece 1920
tcgacccette ctecttctac cacccatcaa taccttcagt tcgttagcaa tegtcttece 1980
gtcgttcaat tcaacttctg atcacactct ctgaggcgtyg gtcgaatata aaccgtcaaa 2040
attttcgecca cacttcttaa ctcecgtaagtt ccccaccatt ctceccecgeggte teccgacgat 2100
ggctgccect atcccagtge tccaggaaca gcaattggac cttectceccaa gcaatcccac 2160
tttccagggt cttcecttatgg ctaatctgte tcectttectt taggcggcac cacccgttca 2220
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acggcceggeg ctcatccaac cgtggtgggg caccggacta cgcattatac gtccagtaaa 2280
caactcgcag tctgaacact cgtattatct gtctcecgcacce ccaatctgte aactgtgaac 2340
aatg 2344
<210> SEQ ID NO 53
<211> LENGTH: 1838
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 53
cctegatece actcteccca cectectect gtetgagtgt tgtctcatat acctcaccce 60
cagcgaagcee agcettggtag tccgccactt cacagaaacce atctttceegg cgaccacgece 120
ggtagggttyg gttctgtatg agcccatcceg gecagacgat gegtteggge gcacgatggt 180
ggcgaatcta gccacgaggg ggattcagtt gcagacattg caggagtatg cgtcgetggg 240
ggcgcagega cggaggttac gggagatggg attggacggyg gggcaggcegg cagcagatgt 300
agatttcatc tgggaaaggt gggtgagtga gecgggagaag gaacgggtgyg cagggttgga 360
gatgttggat gagatggagg agtggcagtt attggcaaga cattattgtg ttgcatgggg 420
gtggagggat gttcctggtg gagtgtttga gggatggagg gagatggaag ggcaggagga 480
gtaagagtat agtaagtata gtagtagtgt gcgtcatacg tgatggctag ctagctagtt 540
agtttgttgt acctaagtag ttccctagac tatcatataa ttattatata tgaatgaaaa 600
tccacgttga acgcttegga gecgcacagge caaggggcga gJaaagaggag aagaagtgga 660
atcctgatgg aaaaaatggc agtccaagca acgtgcatge aaccacctca ggaccectgt 720
ctattgaatt attattattg acaattattg cctgatttca tggtactcga cagggtataa 780
tggcagtttyg cctagcaatc atttcattcg tgcaatcaaa cctgacggta gatacgagcg 840
aacgagcaag cgagagacag actaaacata gactattgec taagctagca ctgtagctce 900
cegectetgt gtacaattgg cttgegtete ceecttttte aaactgccaa agtcegtgece 960
ggtcagtgac tgagactagc tcagaggcag aggcactgac tcgattgaac tcgagcacta 1020
ctttctgget tatactggaa taggatgctg atccggtetg gacgtgtget gatcgtgatg 1080
tcttgactgg gagaggaagg gagtggttga gagtttgtcce cgtgtcatat ttcgtagagt 1140
tgagttgact tgacagcagg caataattat agatttgagc tggataagat ttaacagaaa 1200
tttctgtata ctctcectatee ccecctetetg tgtctatact gtatcctttg cgtgagtgat 1260
cccaccaagt atggaagagt gtctcaaagg gtccacggac cccttatcca tceccatcagga 1320
acagtacggt aacctacact attccactat ccccaaagaa gtaatctacg gggggtattce 1380
catgaactgc cgcagtgcaa aggccgctga ttggcgtgac cccctgageg ggtcatgect 1440
gattgggatc gaagctttaa ggctatccac attgggtaac ccggggagag catcacttte 1500
aggctactag cagtagacta gtagtcttct ctagtcctge tggctggtgg ttgtgggttt 1560
ctecttttete ttgtctttte cctegttett ctetetttet tetcettettt ctttetetge 1620
ttecggtecag tectcetegtte ttgtetttac tgaccctagt ctttegttte gegtggtetg 1680
tcgtggtgte gtatcaaatg attattatta tcttctaacc tatcecctctg cctatttget 1740
atatatcccce aaaactgacc catacatatc acatctctecce acctttggtt acatatacat 1800
acattcatac atacatatac acctctcata caacaatg 1838

<210> SEQ ID NO 54
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<211> LENGTH: 1506
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 54
ctgataactce ttgcctggcece attacgacga tecttegtec attcgagtga gtaactgage 60
catggtggaa gggaaaagtg tggaaagagg gagaagacga ggggcatgcyg acactcaaag 120
cctacggate gggcaagacc atcagacaag cctatctate ctgtgtggte tattagatat 180
gecatctgat ccgaaacaat aacccgtaaa aagatactcc gagtccagac ggagttttec 240
tcgcaagcag gtttgtegtce atgggcaatce aatggccggg acgcagggga gagacaaagg 300
ataccaggga acgcatccca ttgccgtgtt aaagtgcettyg gcatccceggyg gacagagggg 360
tacattgcgg gtttacatca tgtgtctgca gttaagetgg attgtgtaag tagggtaata 420
ttattgcage agtgagctcce aaaaagtacg gtggtgtgga gattgaatcce tcacgttcat 480
atcggtcagt gtgggagagt aacatgggec gatgttgate gagggcgggt gtatagttag 540
ggtgaatgcce atatcacaga acatggcggce aagagccggt gaaaaggaaa aggcaaaaaa 600
gaatcatcca cccggagcaa gatgagetgt cggtaagacce acttggaget aggttgtgea 660
atgatgcgtt gggtgtgaga getgtggttyg gaggcageceyg tatcctgete cccegtttte 720
gggacatagyg atgaagagta cggcgtatac cagatcctgg acaccatcag attttctecce 780
tctcaacaat tgtggaaatt aggaggtgga tcegttctgag ttgggagtcee tgtccggtga 840
aacttcccat ccacaatttc gacccctttt cttecteceeg tcatggggga gaaatggtgt 900
atcgtcgaaa gaagtttgtt gatatgatge gecgtgactt cgatcaccca aagaccatct 960
atactataga tctgaggcgg cgtgactgeg agaacaccgg cgggacaacce tcaggcacce 1020
cagggcaggce cagggcgecg accaaccaca gettgcagac tgagccagac aggcccacca 1080
ggccacgcac tagaagcaca ctaaaaaagt agctgatccg taagtattgt ctggctgcat 1140
aggaacgggg gccgacccag ttegttgett ttttttttte tttttttcett ttgecteegg 1200
ccgatggtca gtgaccacct gggaaaccgt tcgeccgetg gtctecggggg ggatcectceta 1260
gtatatcgtg agcttcacta cttatactct cctcectttcac cttcectctcaa gctecttttt 1320
tctttetete tecteccaaca aattttteote ctettacttt taatcatttt cttttattet 1380
ccttettece cecccatacat catactctcee gcaatagetce tetttettga gtgttttgtg 1440
tcttaaactc tactgtccca ctttceccegett aatacttacc cctcectectt ttacacattce 1500
accatg 1506
<210> SEQ ID NO 55
<211> LENGTH: 1171
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 55
tagtccaccg aggacatcga caatgccatt gtgtceggegt ggaccagaac aacaacaact 60
ggatgaaggt gtgatggatt ggacgcttgt gtacattaat cactcaataa ccagtcattce 120
ctttgaccag atctggtaga aagacagaat tcggctgaaa ccttectctga atgtagtcca 180
tcgegtagea ctattatgtce ccacttgete taccatcate gcetaattett gggattgate 240
gtectcactte cccatggaat atatactacce tggctcattt gatgageccce actcectgtte 300
ttgatatata ccatgtaact tccaaattct gacggcgtag attctcctag actatttgaa 360
gtaaaataat agccatatgc tcacaaatcc aggcaacaat atcagatcat ggcaatagca 420
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tcattcagge tgatgtatta cgccaattag tagtggtagt

tagtagtagt agtagtagta gcacgcatct tcaatatcaa

ttggtgtcca ctataaagceg atagtactgt atcgaaccte

acctcccege gattgaaaat atatacatga cacaccagte

actgctcgca gtaggaacta aatctteett acctgeccce

acatcatgac tactaatatc cccctcagac cccaaatcac

atcccctcac cctgaaccac ttteggectg cacggaaaac

taacccccat ccccccgage aagcagaata ccaacatacce

tgcaacctce acgtegecac cgtcgaaata atcaaaatca

ataaaccctt ccggtactge ggtgcatcca cctgetgeca

cttgaaacac gtacgccatt tegttcatge tgeccacgac

catcggtgca gatctegtgg geccatcttt acattttatt

agggatggga tggggggagg gggttggcac ¢

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 56

LENGTH: 878

TYPE: DNA

ORGANISM: Aspergillus niger

SEQUENCE: 56

taagatgaga cttggegtgt gaatatactg cgaatgatgt

ttgggttegyg cgctggacga cgtatggata tggacatgga

gattgagcegt gtacattact tcactgggta tgcttctgga

tatttcatac tcctecatcet ggggtttace gacacceggt

gcagttcaca ccgatcgaca ctactgaatt gcatcgcacc

cttccagaga aacaaactac gccctegeag ctctaaccte

ctggccgace agcaggcgaa ggcttggecg tatatatact

gacccactge ttgcctcectat ceggatataa gcatccactt

ctacagcatyg ctttgggata atgtcccact caattgecac

ttcttegett ggctgaagat ataagtttee aggcaactat

ttcgaggaag atggaagggg cataggttac ggggttactg

gagaattggg ttgttgttta aatgtctggt gggagcceggyg

gatcgttata gtcgecegtt tgatactagt cgetctttta

gctaccatga agetgtcetet ggetgttggyg gcagecctga

gatattgatc ccatcgtcat caaggtagac cagctcag

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 57

LENGTH: 1150

TYPE: DNA

ORGANISM: Aspergillus niger

SEQUENCE: 57

taatgcctta ttttgatett tettetttag cacggetcat

tggcegttggyg acggttgttt tcatecggttt ttatgatacg

agtagtagta gtagtagtag

aataaataag ctcattcttt

caacacagat ctatagcacg

atgaccccaa gtaaaatacc

catctactce ttecacgege

tctcacttect ctcaacttcece

aatcaatcag catatcccac

ttttcteecce cteccaaatce

cagacataat cgtcaccgta

caccaccage ggcaaccagg

tagcgegege tettegttgt

aggttagttt cgggggatgg

tcgatttett gtgattatgt

catggatatg agtttgattt

atgttacctt gtcgatctet

attcccaatc aaaactaact

tcgttecaag gatatccteg

tcttggcacyg ccegtattga

ttatceggte cteggectee

caccaagacg ctatccgeca

tcctactcac cgtataggtce

acttggctga tcttggcatg

agtaacgggt ggaaaggagg

gggtgttgaa gttggaattt

tacgttcact ttgtttgttg

tgggatctge tctggcagtyg

ctacggttga gtggectgea

gataaattgg gcatacctta

gggtcaccat cttccatggt gecttgegte attcttttac ctaggaatca attcaataat

480

540

600

660

720

780

840

900

960

1020

1080

1140

1171

60

120

180

240

300

360

420

480

540

600

660

720

780

840

878

60

120

180
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catattccac ctgatatcta ccgetttttt tttgtagatt tagtaggaac ttgaggtaga 240
cegttacacyg ctttcagaga cgccgtcaac gtgcagttca agtcgctatce aaccacctta 300
cataacaaca tgagacgata tcaaatagga actgaatagc ttcaacttca tctacctgta 360
aattatcgaa caagtaacag acatcgagcg tgagtcaccg tcttegecac ccgtatcteg 420
gcacgtgact gataccgtce caaggeggceg tgggacagga aagtagettce cattcatgaa 480
gctgacccag gagagcagtt gcaggectgt agcacgetgg agatgtgage atcagtcegtg 540
atgcecctect acttctacca cattgcgatce gaattatttyg ctegeccgea ctctgaccte 600
caaggcacat acccaggcgt ggacaagcac tcgacgtege tatctttega ctcecgeatge 660
gaatctctac tccecgttceca gaagegecegg cactcaccgt gggcacatceg atcttetegt 720
catcaagcge atgggaaaca cccacgeccece tcacccaaca ctttegecga aacccacgge 780
tcagactcta caaccagcgt tgcggaccte cgtacccecte acctctacac gacttecgecg 840
acaagcgcat ccgacttcga gcgcgaccte aggcttgata aagtatccat cgagtgcatt 900
gacatgatce catcggagca ggacacaact gctgcgaage ggacgggcetg gaagaatgea 960
aaggagaatc ccatcgcgac cgggatcgge acggatatct tgggaggact acgcacgaaa 1020
ggcaaataca taccgctaga ccagagtacg tcggagagtg tttggggaat cgtgcatctt 1080
taccgagatg ctcaggagac gccgttettg acagaagagg actaccccte gtacttgaaa 1140
ggttcggcag 1150
<210> SEQ ID NO 58
<211> LENGTH: 938
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 58
tagaacaacc aactaccttt ggattccatt agatctgett taccttggac ttttatcccg 60
tgataccttt ttgtgctgtt ttttattcta ttccattcta ccatccatct ctcacctaag 120
agggaaagag agacggacaa ccccatttta cccacccact ttactttcca atatattaca 180
attccaattt gaatcaaatt caaatccaaa tctaaattaa attaaattaa acacaacaca 240
tcacaaactt cctacacaaa aattgtaata atcaaatcat aaatcacatt caccaaacct 300
gaccctcetee acaagtccac atactaatct ttcccececta aacacactat tgggcccegt 360
tccacggate ccccgaccca gaaagcagca acattggtece ttgctcectece ttaccceegtt 420
gacttctaca tatccatgga caacacacag cacctgeccegt gttcattggce cggaaggcta 480
tttttgggtt tccatcgtet ggttttgtte atgttgatta tcatggagat ttaccgggtt 540
gggtttggtc tgggctcgcet tggectgeggg tttetttttt ctttttettt ttttegtgag 600
gagttgagga cgtgttttaa gtaatttctt gattgagagt gagagagata agtactagtg 660
gggttcegget tggttccaat ggctecggtaa attgggectt cgtcagtgag tgactctacy 720
tagtagataa tgtagagtct ggagagtctg gattttttcce tcgcegtttet tggectggett 780
ggcttgtgta acggtcagtt gactagtact ttttgttgtt tettgcttgg ggttgttaga 840
cgaggtctag atagaagtag agattcagag gtaaaagact gttaagcggyg tatgtatcat 900
gacaggtgtt taggttaggt aggtagtagt cggtggat 938

<210>
<211>
<212>
<213>

SEQ ID NO 59

LENGTH: 423

TYPE: DNA

ORGANISM: Aspergillus niger
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-continued
<400> SEQUENCE: 59
tagaggggag attaaaggag agtgcactgt ggagtagatyg ggcactcttyg atgaaactgt 60
ctataatatt attgttagta gatggtgatg atggtatata tgctctcatc tcectgtatatg 120
tctgtgatgg tgtcattatc atgtatggta cgacatggat gtgattttaa tgttaatgcet 180
atgatcttct atcattattt ctaaatccac ttatatcctg tgtctacgtt atcaaccgtt 240
ctccactcat ttccectett atttgecact accggcettet tgccattceca cttgetgaat 300
cgecctagee cgcegettgag cagagcecage actgacatca ttgcetcetgta cagaggectg 360
cceccagtea tcectegaace gaatatccge cacagtctta gecgcatcat ccacctcaac 420
cag 423
<210> SEQ ID NO 60
<211> LENGTH: 635
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 60
tagacaccca cctagtaatg cttagccatce atgctaggeg ttgatcacac tttacccatt 60
gtcagccaac tacagccact ctttgaatat cagtgactac cattcgtatc accattctte 120
tcatatctet ctcattgtat atcactatca cttcgtatac cacacatccyg tagatatcta 180
tgegtettee ccaaatccga ataagcattce aacgccaact gecctcccaa atgcgcaaac 240
agaatattcce cctgaatctce ccccctettg accaaatcca tcatcccege aaaactcette 300
ccctecataca ccggatcegt aataaacgece tecgettege cgcaaactca atcgectcece 360
acgtecctett atceggcact ccatacacac cceccatgeca ctectceccac aactccacat 420
cctectecga tacctectee ctccccaacce caatcctete cgecgtetee ttcegecaatce 480
gcaacacctyg ctcectegte tecttteegt ggcactegea tcaatcccca ccaccctegt 540
cttececccte ccatttecag cctctegate caacttctece aacaacttac cageccggge 600
cgtcgaccac gecgtgccecta tagtgagtcg tatta 635
<210> SEQ ID NO 61
<211> LENGTH: 800
<212> TYPE: DNA
<213> ORGANISM: Aspergillus niger
<400> SEQUENCE: 61
tgaattatga gcatatgatg gacttgettt cgaccttget tetttggaca tgaccggttg 60
cttagacggt ttaactagat tcccttcage atgegcattg tttatttgtg gttecgectta 120
atagagcttyg ggggcagegg aatgctecta ccaattteeg ggtcetgettt tctectttac 180
attggttctt aatgtttcat acgttgttca tgtatcctcecc tagggaggag accttcectcett 240
gteccagacag gagctggaat gcaattatat aagacgatga ccaataattc cagactcatce 300
aagagtcaga aagaagagtc atgaaaggac aatgattata atatggctaa tcaagatgta 360
taacttgaat aactgtctgt agtctttcte tgttttcecteg accggattgt tggttgctta 420
ctgtagcata ccttgtcatg tgacatgggt gcaaagagtyg gegtgttett cctgecacctt 480
cacceegttyg caagttgcac tggttgacce aagcgcctaa gtgacaggaa aatggatagg 540
tagacatcct gctaggttca gggacttatc ggtgggegtyg aaaccaggca tgaccaagaa 600
tagcagcagt ttgagctaca aggacgctct attgttttac ttcacgccga ctcegtttag 660
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agtatctgte agtctetgte tgacccatct acagecaaac ctcegtcacac aataagcact

caagttcatc taagatgact gtgattggte cagaccagec cgggcegteg accacgegtg

ccctatagtyg agacgtatta

720

780

800

We claim:

1. Anisolated polynucleotide molecule comprising a poly-
nucleotide sequence that regulates expression of a gene com-
prising at least one of SEQ ID NOs 46 and 55, wherein said
gene is differentially expressed in a native fungus exhibiting
a pellet morphology relative to said native fungus exhibiting
a filament morphology and wherein said isolated polynucle-
otide molecule is combined with a molecule comprising a
coding region of'a foreign gene for heterologous gene expres-
sion.

2. The isolated polynucleotide molecule as recited in claim
1, wherein said expression is constitutive in said native fungus
exhibiting said pellet morphology.

3. The isolated polynucleotide molecule as recited in claim
1, wherein said expression initiates at a developmental stage
in said native fungus exhibiting said filament morphology.

4. The isolated polynucleotide molecule as recited in claim
1, wherein said expression is constitutive in said native fungus
exhibiting said filament morphology.

5. The isolated polynucleotide molecule as recited in claim
1, wherein said native fungus is Aspergillus niger.

6. An isolated polynucleotide molecule comprising a poly-
nucleotide transcription terminator SEQ ID NO. 55 wherein
said isolated polynucleotide molecule is combined with a
molecule comprising a foreign gene for heterologous gene
expression.

7. The isolated polynucleotide molecule as recited in claim
6, wherein said native fungus is Aspergillus niger.

8. An isolated polynucleotide molecule comprising a pro-
moter functional in fungi, wherein said promoter comprises at
least of SEQ ID NO.:46.

9. An isolated polynucleotide molecule comprising a tran-
scription terminator, wherein said transcription terminator is
a functional terminator comprising SEQ ID NO.:55.

—_
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10. A DNA construct comprising the following elements
operably linked in the direction of transcription:

a. a first DNA segment comprising SEQ ID NO.:46,

b. a second DNA segment comprising a sequence coding a
protein of interest, the second DNA segment being het-
erologous relative to the functional promoter; and

c. a third DNA segment comprising a functional transcrip-
tion terminator.

11. The DNA construct as recited in claim 10, wherein said

transcription terminator comprises SEQ ID NO.:55.

12. The DNA construct as recited in claim 10, wherein said
second DNA segment comprises a coding sequence that is
differentially expressed in a native fungus exhibiting a pellet
morphology relative to said native fungus exhibiting a fila-
ment morphology.

13. A vector comprising the DNA construct of claim 10.

14. The vector as recited in claim 13, wherein said second
DNA segment comprises a coding sequence for GUS.

15. A transformed host cell comprising the DNA construct
of claim 10.

16. The transformed host cell as recited in claim 15,
wherein said transformed host cell constitutively expresses
said second DNA segment.

17. The transformed host cell as recited in claim 15,
wherein expression of said second DNA segment by said
transformed host cell is temporally-regulated or spatially-
regulated.

18. The transformed host cell comprising the DNA con-
struct of claim 15, wherein said functional transcription ter-
minator is SEQ ID NO.:55.
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