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(57) ABSTRACT 

The present invention encompasses isolated gene regulatory 
elements and gene transcription terminators that are differen 
tially expressed in a native fungus exhibiting a ?rst morphol 
ogy relative to the native fungus exhibiting a second morphol 
ogy. The invention also encompasses a method of utilizing a 
fungus for protein or chemical production. A transformed 
fungus is produced by transforming a fungus With a recom 
binant polynucleotide molecule. The recombinant polynucle 
otide molecule contains an isolated polynucleotide sequence 
linked operably to another molecule comprising a coding 
region of a gene of interest. The gene regulatory element and 
gene transcription terminator may temporally and spatially 
regulate expression of particular genes for optimum produc 
tion of compounds of interest in a transgenic fungus. 

18 Claims, 16 Drawing Sheets 
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[716.’ [A 
1 ATCCACAGCAGATGGATCATAAGCAGTCAGACTGCAGGTCAGGTATCGGA 50 

51. GTCCGAGACATTCGAACTAGTCTCCGACGCCACTGGAAAAATTCCTGCAC 10g 
101 TCGCCCACACGTGGTAAGCGATACGACTACATATTGTGTGGACAGAGGAA 153 
1511. TGTGGCCTCGAGCAGAGAAAGCTTGCCAACATGAAGATCACTGGCAGGCG 20g 
201 TGCTCATGAAAGCCATTCCGTGGGTTTTGTTTGGATAACCCGCAAGGTAC 25g 
251 ATACTCCGGGAGTGCTTGTCTCTTCAAGGTTCGCAGTATGACGGATCATC 30g 
301 TCCCTTGGTACGAAGGAAGGCATGTTATCAGTTATCGTGCCTTGTTAGTG 35g 

1 0 

351 GCATTGGCAGTCGGAACGAGGGTCCACTAACCCAGTCAGGAACGAGGAAT 400 
1 v 

401 GAGCGACAGGAACCAGAGAATCTTCACCCAACATAGCGATGGATGATCTC 450 
1 O 

451 ATCGAGGACGTTGATCACCTCTCTCGCGGGGACTTTCAACGACGAACGGT 500 
1 0 

501 CAGTTTGCAGAATGAAACCCCCTTGACAATCTGTTGATCTGCGGCCAGTG 550 
HH-HHH 

1 . ctgcagccagcg 12 

551 GGAAGAAA—— --GGAGGGAGTACGTGG ------------- --GTAGTAAC 581 

Iii-{Ill HHlH-HHH! HlHlH 
13 ggaggaaaaaagggagggactacgtgggtagtagtagtagtagtagtaac 62 

582 ATGACTTGTGTGTTTCTTGGTGTC'I'CTCCGTAGCAATTTAGGCGACCATC 631 
-HH H‘H-Hll-HHHHHHHHHHIHH 

63 ctgac ------ --ttttttgtgtttctccgtagcaatttaggcgactatc 104 

632 CGATTACACGGGGGTGGAGACACCGGACAGGTTCCTTGGTGCCTTT---- 6'77 

IlHlHllHIIHIHHHHHIHHHHHHHHH 
105 cgattacacgggggtggggacaccggacaggttccttggtgccttttgga 154 
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FIG.’ 1b’ 
678 ----- --GGAGGACACGAGATGCGTTTAGTGCCTCTGGTCCCAATATTCG 720 

-llllIIlIH>IHI~H~HH|I|HIIHIIIHIIII 
155 ctttaggagaggacacgagatggattgggtgcctctggtcccaatattcg 204 

721 GAAGGTGGTAATTAAACTCTGTGCCTGGCCACTTCGGTGATTTAACGCTT 770 

III llllHllllHllllllllllI-llllilllHH Illllllll 
205 gaa-gtggtaattaaactctgtgcctgtccacttcggtga-ttaacgctt 252 

771 CGGCCTCGTGGCGTGTCTATGTCTCATTTGTGTCAAACCAGGACGCACCG 820 

lllIllIllllllllllHlHllllll!ll\-Il-HHl|||--'lll| 
253 cggcctcgtggcgtgtctatgtctcatttgtgccagaccaggactgaccg 302 

821 GAAGCAGCTGGCAAGGCTCCGGAAGGCGAAGCCAATCAAGCACCACTCGA 870 

303 gaagaagctggcaaggctccggaaggcgaagccaatcaagcaccacttta 352 

871 TGAGGGGCACTGATCCATCCAT’I'GTAAATTTTACATGAGGGTAATTTCCC 920 

III!IlllllllllllllHII-lllH-IHIIllllilllllllllll 
353 tgaggggcactgatccatccatcgtaaaatttacatgagggtaatttccc 402 

921 AGGTAATTTGCCCTGC-GGCTATGTCATTGAGAATGGAAAAGTCTCCGGA 969 

llllHlHlHllll IllIIIIIHIHHllllllllllilllllll 
403 aggtaatttgccctgcgggctatgtcattgagaatggaaaagtctccgga 452 

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

il-lllllllll-lllllillllllllll-l-l-l 
453 tattatttgccagaaatgtgagatgtgtgagaggggaaaaaaaaaaaaaa 502 

1007 TGAAAACGCTCGAGCTTCTGGAAGTGAAACAAAAGCTGAAAGGA- -AAGG 1054 

--Hllll\llIHHIIHIHIIHIlllHlHl-Hlll H11 
503 aaaaaacgctcgagcttctggaagtgaaac-aaagctggaaggaggaagg 551 

1055 AGGTG---GTGATGGCGA-TAATGGTGGTGGTGGTGGTGGTGTTTGTTTG 1100 

H--l 1")‘1'IH 'll-ll-lll ---ll-llllHlHlll\ 
552 agagggacgagcagacgaggaaaggaggt-~aaatgatggtgtttgtttg 599 
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F/GIIC 
1101 TI‘TGTTTGCGCGCGAATCCCTTGCGGGCCAAGTTCCACCAAC-GACTTCT 1149 

III -lll|HlllllllllllllIIIIIIIIHHII -l||l|l 
600 ttt--——-tgcgcgaatcccttgcgggccaagttccaccaacaaacttct 644 

1150 CTTTCTACTGTGTCTCTTCGTACTCCGTCCAGCTGCTGCTAGCCATCAAC 1199 

IHHII ~lllll- l-l ll-llll-l -||ll 
645 ctttcta~~~--actcttt—ttc-ccttccatc ---------- -—acaac 675 

1200 AACATCCTTCCTTCTCCGTTCTCGGGGTTCCTCCGTTGTTCCTGGCCTGG 1249 

HIHHI-lllllIll!llllllllllllllllilllHllH-l-lll 
676 aacatcctcccttctccgttctcggggttcctccgttgttcctgacttgg 725 

1250 TCTGACATAAGGTTATGATTGTTTCACATGTCCCACGGCTTCGCCGGCTT 1299 

lIINIHlllllllHlll'lllllll-IHIIIIIIIIIIIIHIHII 
726 tctgacataaggttatgattgtttcacttgtcccacggcttcgccggctt 775 

1300 GGAGCTGAGACCCTCTTCTGAGTC-AATGGTACCATTTTGCCGAATTCGT 1348 

-lll|l||llllllll'llllllll IIIHHIHIIHIIll|~|ll| 
776 agagctgagaccctcttctgagtcaaatggtaccattttgccgatatcgt 825 

1349 GGCTAGTTCTC—TATTTCTATGCTCTTGACTTTGGTACCGTTGGCATTAG 1397 

Illllllll'll ll-ll-lI-llHi-lH-lllllllllillllllll 
826 ggctagttctcttacttttacgctctggattatggtaccgttggcattag 875 

1398 TTTGATC ————— --TACTAATAAAGAGCCTAGTTTTAGGCGAATATACAC 1440 

llllHl HIIIHH~IllllllllllHHI-llllllll 
876 tttgatctattccgtactaataacaagcctagttttaggcggatatacac 925 

1441 TGTTACCCACCGGGTAGTATTCAGTAGCTAC--CCTCCCACTCCCC~~AG 1486 

lllllllll \-|ll|l-H|lIIH--l|l llllllHI-l-I H 
926 tgttaccca-caggtagcattcagtaaatacctcct'cccactactcttag 974 

1487 GCTCCCACGCTGAGAGCCTTGATTCGATGTCTCTCCTAAAATTGCTAGGC 1536 

llillllHIl-lllHllllllllllllllllllllllllllll-llll 
975 gctcccacgctcagagccttgattcgatgtctctcctaaaattgccaggc 1024 
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FIG 10 

1537 TGTTAGCGCCCTGGCAGATGAACCCCCGCTCATCCCTCGTATATGCGG-- 1584 

IllIIHIIll!lllHlllllllllHHllllllllHlI-lllll 
1025 tgttagcgccctggcagatgaacccccgctcatccctcgtatctgcggtc 1074 

1585 ------ --TCTCAATTTCTGAGTGGCCCACGCCT-CCGAGTATCTTTGAG 1625 

lHIH‘IIHHIIHIIHIHIII lllllllllHllll 
1075 tcaatttatctcaatttctgagtggcccacgcctcccgagtatctttgag 1124 

1626 CACATCCACGATGGAGGGAGGCGATCCAAGCGGTCTAACAGCGGACTAAA 1675 

ll-HlllllI|lH|Il--ilIIlllHlHI-llllllllllllllll 
1125 catatccacgatggaggggagcgatccaagcggactaacagcggactaaa 1174 

1676 CCGCTCTGTGTAAGCCAGTCAGAGAGTCATACTGGCTTGAGGTGACATCG 1725 

Illl l IllHHHIIIHIllllllHl-llllllllHlllllllll 
1175 ccgc-c—gtgtaagccagtcagagagtcatactggpttgaggtgacatcg 1222 

1726 CCAAT'I'CATTTCACAAGGTTTAGTCGGGGGAGGGTAGGCCCCATACATTC 1775 

ll-lllllllll-1llllllllllllIll-IIIIIIIIHIHHIIHI 
1223 cctattcatttcgcaaggtttagtcggggaagggtaggccccatacattc 1272 

1776 CACCGTTCTCAAAGTTTACCAGGCATTTCTCACACTAACCATGCAATAGT 1825 

lIHIIHHHHHllllll-lll-|l|~l-|HIHIllllllllll 
1273 caccgttctcaaagtttaccagacatctcttagactaaccatgcaatagt 1322 

1826 AGGTAACTAGCAGTAGTCTTGAACGCTGTTCCTGAGCAAGTTCCCAATCA 1875 

Illlllllllllllllllllllllllllllllllllllllllllllllll 
1323 aggtaactagcagtagtcttgaacgctgttcctgagcaagttcccaatca 1372 

1876 GCAATT--——TGAAAGAATAATTTCCTTTGACCCACCGGGTAAATGAGCC 1921 

IIIHI IllHlHlHllHl-HIIHIIlllHlllHllH 
1373 gcaatttgaatgaaagaataatttcccttgacccaccggg~aaatgagcc 1421 
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[[6115 
1922 GCAGATTTGGCGATGTTGGGCTCGGAGCCTGGTAGGTAGTAGTGAATGTC 1971 

Hllllllllllllllllllll-IIHIIHIIIIIHHIHIIIIII 
1422 gcagatttggcgatgttgggcttggagcctggtaggttgtagtgaatgtc 1471 

1972 ATCCCCTCCATAGGGGGGAATT--GGGAGGGGGGCTGTGAATGGACTTGT 2019 
llllllllllllllllllllll l-IHIHIIHIIHI-Hllllll 

1472 atcccctccataggggggaattgagagaggggggctgtgaagggacttgt 1521 

2020 CCTACGCCTGTCGCATCCCCATCATTCATATACTTGAATG-TCTCTTCTC 2068 

lllllllHlll~|||lllllillllllllllllllllll ll--ll|-\ 
1522 cctacgcctgtcacatccccatcattcatatacttgaatgttcctttccc 1571 

2069 CCCCCTCCTCCTTCTCTTTCTCTCCTTCCCTTCTCACGATTTGACGTCCC 2118 

llll'lilHllllllHHlIHl-Ill'llllllllllllllllllllll 
1572 ccccctcctccttctctttctctcgt;cccttctcacgatttgacgtccc 1621 

2119 TCGCGTTTTCGCCCTCTCCCACGGTAGTCACTCCTTTGCACTACATACAC 2168 

ll|l~|lIHIIIHHIIIIIIHHIHIHIIIIHHIIHIIIH 
1622 tcgcattttcgccctctcccacggtagtcactcctttgcactacatacac 1671 

2169 GAAGTCTTACTTCCAGTCACTCTTTGAA-ACCACTTCTCAATATCCCTAC 2217 

lllll-llll'HH-llllllllllllll --llH---Illlllllllll 
1672 gaagttttacttccagtcactctttgaattacactctccaatatccctac 1721 

2218 CTCTTATCATTCTTTACTTCACGCACAAGACACGAAAGTgaacctgtaaa 2267 

Il--llllllillllll-HIl-llllllil|l||lHHH§--l-lll 
1722 ctactatcattctttacatcacacacaagacacgaaagtgaaatcgaaaa 1771 

2268 aatg 2271 

‘III 
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-l 830, awarded by the US. 
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 ?lamentous fungi. 
More speci?cally, the present invention relates to isolation of 
?lamentous 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, ?lamentous 
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 ?lamentous 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 “?lamented” morphologies. When fungi in culture 
exhibit a ?lamented morphology, the presence of the ?la 
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, ?lamentous fungi can exhibit a pelleted mor 
phology. In contrast to cultures of fungi exhibiting a ?la 
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 ?lamented 
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 speci?c 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 
?lamented 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 ?lamented 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 ?lamented morphology. 
One object of the present invention is to introduce neW 

genetic material into eukaryotic organisms such as ?lamen 
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 ?lamentous 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 obj ect 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 
1ngs. 

FIGS. 1A-1E compare the isolated nucleotide sequences 
for the promoter region of the A. niger Balu-42 gene, SEQ ID 
NO150 (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 
1ng. 

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 [3-glucoronidase (GUS) 
reporter gene, for A grobacleri um -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 
A grobaclerium-mediated transformation in A. 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 A grobaclerium-mediated transformation in A. niger 

FIG. 6 is a schematic illustrating a plasmid vector pZD682, 
Which contains the promoter region of the ?lamented-asso 
ciated Brsa-25 gene (SEQ ID NOz5l) and the GUS reporter 
gene, forAgrobaclerium -mediated transformation inA. niger. 

FIG. 7 is a schematic illustrating a plasmid vector pZD673, 
Which contains the promoter region of the ?lamented-asso 
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ciated Brsa-l09 gene (SEQ ID NOz53) and the GUS reporter 
gene, forAgrobaclerium -mediated transformation inA. nigen 

FIG. 8 is a schematic illustrating a plasmid vector pZD68l, 
Which contains the promoter region of the ?lamented-asso 
ciated Brsa-l 18 gene (SEQ ID NO:54) and the GUS reporter 
gene, forAgrobaclerium -mediated transformation inA. nigen 

FIG. 9 is a plot of the promoter activity for a number of 
individual A. 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 A. 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 A. 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 A. niger strains transformed With the promoter 
region of the ?lamented-associated Brsa-25 gene (SEQ ID 
NO: 5 l) 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 A. niger strains transformed With the promoter 
region of the ?lamented-associated Brsa-l09 gene (SEQ ID 
NOz53) 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 A. niger strains transformed With the promoter 
region of the ?lamented-associated Brsa-l 18 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 speci?cation 
and claims, including the scope given to such terms, the 
folloWing de?nitions are provided: 

The ?lamentous fungi of the present invention are eukary 
otic microorganisms and include all ?lamentous forms of the 
subdivision Eumycotina. A vegetative mycelium composed 
of chitin, cellulose, and other complex polysaccharides char 
acteriZes these fungi. The ?lamentous fungi of the present 
invention are morphologically, physiologically, and geneti 
cally distinct from yeasts. Vegetative groWth by ?lamentous 
fungi is by hyphal elongation While carbon catabolism is 
obligately aerobic. Various species of ?lamentous 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 
erochaele chrysosporium. Exemplary members of the group 
of Ascomycetes and Imperfect Fungus include Aspergillus 
niger, Aspergillus oryzae, Aspergillus Zerreus, Emericella 
nidulans, Neurospora crassa, Fusarium oxysporum, Penicil 
lium chrysogenum, and T richoderma reesei. Exemplary 
members of the Zygomycetes group include but are not lim 
ited to Rhizomucor miehei and Rhizopus oryzae. 
As used herein, the terms ?lamented and pelleted can refer 

to the morphology of ?lamentous fungi. Thus, ?lamentous 

20 

30 

35 

40 

45 

50 

60 

65 

4 
fungi can be characterized by having a ?lamented 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 speci?c morphology compared to 
some or all other morphologies in an organism. For example, 
a pelleted-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 identi?cation 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-speci?c 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 II template in Which the RNA 
transcript has a sequence that is complementary to that of a 
speci?c 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 ?lamented-enhanced promoters for the 
Brsa-25, Brsa-47, Brsa-l09, and Brsa-l 18 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 
?lamented-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 A. nidulans, N. crassa, and M 
grisea. 

The nucleotide sequences for the three ?lamented-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 
signi?cant similarity to knoWn sequences in the GeneBank 
database, the EMBL-EBI fungi nucleotide database, or the 
genome database of A. nidulans, N. crassa, and M grisea. 
The genes associated With the 16 regulatory elements encom 
passed by the resent invention are described in published US. 
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 A. niger strain num 
ber 11414 at the American Type Culture Collection 
(ATCC11414). Culture samples of A. niger (?lamented 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 A. niger Was 
extracted by the cetyltrimethylamrnonium bromide (CTAB) 
method. 
Genome Walking served as an effective means for isolating 

the desired nucleotide sequences. Brie?y, the technique con 
sists of digesting genomic DNA With restriction endonu 
clease Dra I, EcoRV, Puv II, or Stu I and linking the respective 
fragments With an adaptor oligonucleotide to form four 
genome Walking libraries named DraI, EcoRV, PvuII, or StuI 
library, respectively. A gene-speci?c primer (GSP) and an 
adaptor primer provided by the manufacturer of the GENOM 
EWALKERTM kits (Clontech Laboratories, Inc., Palo Alto, 
Calif.) Were used to isolate the gene-speci?c 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 identi?ed, each of the promoters and transcription 
terminators described above can be operably linked to addi 
tional DNA segments to form DNA constructs. A ?rst DNA 
segment comprising at least a portion of a functional pro 
moter sequence encompassed by the present invention (SEQ 
ID NOz46-54) 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 
?lamented 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. Speci?c 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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6 
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 NOz55-61). 
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 ef?ciency, 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 inA. niger. Further, this vector can 
be used as a chromosomal integration vector for other foreign 
gene expression in A. 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 
cDNA of single chain Fv (scFv) antibody fragments. The 
DNA fragments, Which comprise the coding sequences of any 
of genes of interest, can be insertedbetWeen 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 ?lamentous 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 A grobaclerium 
Zumefaciens containing a Ti plasmid. When using anA. lume 
faciens culture as a transformation vehicle, it can be most 
advantageous to use a non-oncogenic strain of the A grobac 
Zerium as the vector carrier so that normal non-oncogenic 
differentiation of the transformed cells is possible. It can also 
be preferable to have the Agrobaclerium harbor a binary Ti 
plasmid system. The binary system comprises 1) a ?rst 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 
?anking 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 Agrobaclerium include, but 
are not limited to :1) co-cultivation of Agrobaclerium With 
fungal spores; 2) transformation of fungal cells or tissues With 
Agrobaclerium; and 3) transformation of fungal protoplasts 
With A grobaclerium. 
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/CaCl2-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 




















































