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(57) ABSTRACT 

The invention includes isolated polynucleotide molecules 
that are differentially expressed in a native fungus exhibiting 
a ?rst morphology relative to the native fungus exhibiting a 
second morphology. The invention includes a method of 
enhancing a bioprocess utilizing a fungus. 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 a promoter. The polynucleotide sequence 
is expressed to promote a ?rst morphology. The ?rst morphol 
ogy of the transformed fungus enhances a bioprocess relative 
to the bioprocess utilizing a second morphology. 
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ISOLATED POLYNUCLEOTIDES AND 
METHODS OF PROMOTINGA 
MORPHOLOGY IN A FUNGUS 

RELATED PATENT DATA 

This patent claims bene?t of priority under 35 U.S.C. §1 19 
to US. Provisional Patent Ser. No. 60/382,132, Which Was 
?led May 20, 2002. 

CONTRACTUAL ORIGIN OF THE INVENTION 

This invention Was made With Government support under 
contract DE-AC0676RLO-1830, 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, recombinant polynucleotide constructs, and methods 
of promoting a morphology in a fungus. 

BACKGROUND OF THE INVENTION 

Fungi are becoming increasingly utiliZed for production of 
numerous commercially useful products. A type of fungi 
knoWn as “?lamentous” fungi are currently used for the 
industrial scale production of metabolites such as antibiotics 
(penicillins and cephalosporins, for example) and organic 
acids (citric and fumaric acids for example). Filamentous 
fungi are additionally useful for the industrial production of 
enZymes such as, for example, proteases and lipases. 

UtiliZation of a ?lamentous fungus species for production 
of desired compounds often involves groWing submerged 
cultures of the fungus. Filamentous fungi can exhibit numer 
ous morphologies in submerged cultures, one of Which is the 
?lamentous morphology. When fungi in culture exhibit a 
?lamentous morphology, the ?lamentous groWth can increase 
the viscosity of the culture medium. The increased viscosity 
can affect the mass transfer and aeration properties of the 
culture, can cause mixing problems in a bioreactor, and can 
typically be accompanied by decreased productivity. 

Alternatively, “?lamentous” fungi can exhibit a pellet mor 
phology. In contrast to cultures of fungi exhibiting a ?lamen 
tous morphology, the viscosity of cultures of fungi exhibiting 
a pellet morphology can be relatively loW and can utiliZe less 
poWer for mixing and aeration of the culture. For many prod 
ucts, for example citric acid, itaconic acid, statins, penicillins, 
and various enzymes, productivity can be enhanced utiliZing 
fungus exhibiting a pellet morphology relative to fungus 
exhibiting a ?lamentous morphology. HoWever, at least in 
certain fungal species, production of peptic enZyme or 
fumaric acid, for example, can be enhanced by utiliZing a 
fungus exhibiting a ?lamentous morphology. 

It Would be desirable to develop methods to promote a 
desired morphology in a fungus and to develop methods for 
in?uencing or controlling morphologies exhibited by a fun 
gus in a culture to optimiZe productivity. 

SUMMARY OF THE INVENTION 

In one aspect, the invention encompasses an isolated poly 
nucleotide molecule that is differentially expressed in a native 
fungus exhibiting a pellet morphology relative to the native 
fungus exhibiting a ?lamentous morphology. 
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2 
In one aspect, the invention encompasses a method of 

enhancing a bioprocess utiliZing a fungus. 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 a promoter. A polypeptide encoded by the 
polynucleotide sequence is expressed to promote a pellet 
morphology. The pellet morphology of the transformed fun 
gus enhances a bioprocess relative to the bioprocess utiliZing 
a ?lamentous morphology of the transformed fungus. 

In one aspect, the invention encompasses a method of 
promoting a morphology of a fungus and enhancing produc 
tivity of a bioprocess. A fungus is transformed With an anti 
sense oriented polynucleotide sequence complimentary to a 
gene sequence. A transcription product of the polynucleotide 
sequence hybridiZes to an mRNA and thereby suppresses 
expression of the gene. The gene suppression promotes a 
morphology and enhances a bioprocess relative to the biopro 
cess in an alternative fungal morphology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described 
beloW With reference to the folloWing accompanying draW 
1ngs. 

FIG. 1 shoWs the results of Northern blot analysis of the 
transcriptional level of the native A. niger gene corresponding 
to the Balu-4 cDNA sequence set forth in SEQ ID NO.:1. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 2 shoWs the alignment and comparison of the pre 
dicted amino acid sequence of A. niger Balu-4, SEQ ID NO.:2 
(top sequence) and the amino acid sequence of Emericella 
nidulans G-protein beta subunit, SEQ ID NO.:3 (bottom 
sequence). 

FIG. 3 shoWs the results of Northern blot analysis of tran 
scription levels of the native A. niger gene corresponding to 
the Balu-42 cDNA sequence set forth in SEQ ID NO.:4. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 4 shoWs the results of Northern blot analysis of tran 
scription levels of the native A. niger gene corresponding to 
the Brsa-25 cDNA sequence set forth in SEQ ID NO.:6. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 5 shoWs the results of Northern blot analysis of tran 
scription levels of the native A. niger gene corresponding to 
the Brsa-43 cDNA sequence set forth in SEQ ID NO.:8. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 6 shoWs the alignment and comparison of the pre 
dicted amino acid sequence of A. niger Brsa-43, SEQ ID 
NO.:10 (top sequence), and the amino acid sequence of the 
Homo sapiens lysosomal pepstatin insensitive protease, SEQ 
ID NO.:11 (bottom sequence). 
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FIG. 7 shows the results of Northern blot analysis of tran 
scription levels of the native A. niger gene corresponding to 
the Brsa-47 cDNA sequence set forth in SEQ ID NO.:l2. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 8 shoWs the alignment and comparison of the pre 
dicted amino acid sequence of A. niger Brsa-47, SEQ ID 
NO.: 14 (top sequence), and the amino acid sequence of Sesa 
mum indicum Myo-inositol l-phosphate synthase, SEQ ID 
NO.:15 (bottom sequence). 

FIG. 9 shoWs the results of Northern blot analysis of tran 
scription levels of the native A. niger gene corresponding to 
the Brsa-l09 cDNA sequence set forth in SEQ ID NO.:l6. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 10 shoWs the results of Northern blot analysis of 
transcription levels of the native A. niger gene corresponding 
to the Brsa-l l 8 cDNA sequence set forth in SEQ ID NO.: 18. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 11 shoWs the alignment and comparison of the pre 
dicted amino acid sequence of A. niger Brsa-l l8, SEQ ID 
NO.:20 (top sequence), and the Neurospora crassa probable 
hydroXymethylglutaryl-CoA synthase, SEQ ID NO.:21 (bot 
tom sequence). 

FIG. 12 shoWs the results of Northern blot analysis of 
transcription levels of the native A. niger gene corresponding 
to the Arsa-7 cDNA sequence set forth in SEQ ID NO.:22. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 13 shoWs the results of Northern blot analysis of 
transcription levels of the native A. niger gene corresponding 
to the Arsa-48 cDNA sequence set forth in SEQ ID NO.:24. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 14 shoWs the results of Northern blot analysis of 
transcription levels of the native A. niger gene corresponding 
to the A-37 cDNA sequence set forth in SEQ ID NO.:26. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 15 shoWs the results of Northern blot analysis of 
transcription levels of the native A. niger gene corresponding 
to the A-90 cDNA sequence set forth in SEQ ID NO.:28. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
O 
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FIG. 16 shoWs the results of Northern blot analysis of 

transcription levels of the native A. niger gene corresponding 
to the Arsa-43 cDNA sequence set forth in SEQ ID NO.:33. 
Lanes 1, 2 and 3 re?ect transcription levels in the pellet 
morphology. Transcription levels in the ?lamentous morphol 
ogy are shoWn at 20 minutes (lane 4), 40 minutes (lane 5) and 
120 minutes (lane 6) after inducing the ?lamentous morphol 
ogy. 

FIG. 17 shoWs the alignment and comparison of the pre 
dicted amino acid sequence of A. niger Arsa-43, SEQ ID 
NO.:34 (top sequence), and the Aspergillus nidulans poly 
ubiquitin protein, SEQ ID NO.:35 (bottom sequence). 

FIG. 18 shoWs the results of Northern blot analysis of 
transcription levels of the native A. niger gene corresponding 
to the Arsa-lO cDNA partial sequence set forth in SEQ ID 
NO.:36. Lanes 1, 2 and 3 re?ect transcription levels in the 
pellet morphology. Transcription levels in the ?lamentous 
morphology are shoWn at 20 minutes (lane 4), 40 minutes 
(lane 5) and 120 minutes (lane 6) after inducing the ?lamen 
tous morphology. 

FIG. 19 shoWs the results of Northern blot analysis of 
transcription levels of the native A. niger gene corresponding 
to the Arsa-27 cDNA partial sequence set forth in SEQ ID 
NO.:37. Lanes 1, 2 and 3 re?ect transcription levels in the 
pellet morphology. Transcription levels in the ?lamentous 
morphology are shoWn at 20 minutes (lane 4), 40 minutes 
(lane 5) and 120 minutes (lane 6) after inducing the ?lamen 
tous morphology. 

FIG. 20 shoWs a comparison of enhanced expression levels 
in ?lamentous morphology (right) relative to the pellet mor 
phology (left) of native A. niger for each of the Balu-4, Brsa 
25, Brsa-43, Brsa-47, Brsa-l09, and Brsa-l l 8 genes. 

FIG. 21 shoWs a comparison of enhanced expression levels 
in the pellet morphology (left) relative to ?lamentous mor 
phology (right) of native A. niger for each of the Arsa-7, 
Arsa-lO, Arsa-27, A-27, Arsa-43 and A-90 genes. 

FIG. 22 shoWs the results of Northern blot analysis of 
transcription levels of the native A. niger genes corresponding 
to the Balu-4, Balu-42, Brsa-25, Brsa-47, Brsa-l09, and Brsa 
118 cDNA sequences set forth in SEQ ID NOs.: l, 4, 6, l2, l6 
and 18, respectively. Panel (A) shoWs transcription levels in 
nativeA. niger groWn in 10 ppb Mn2+ (pellet morphology) for 
14 hr (lane 1), 24 hr (lane 2), 48 hr (lane 3), 72 hr (lane 4), 96 
hr (lane 5) and 120 hr (lane 6). Panel (B) shoWs transcription 
levels in nativeA. niger groWn in 1000 ppb Mn2+ (?lamentous 
morphology) for 1 hr (lane 1), 2 hr (lane 2), 24 hr (lane 3), 36 
hr (lane 4), 72 hr (lane 5) and 108 hr (lane 6). 

FIG. 23 shoWs the results of Northern blot analysis of 
transcription levels of the native A. niger genes corresponding 
to the Arsa-7, A-37, Arsa-48, and A-90 cDNA sequences set 
forth in SEQ ID NOs.:22, 24, 26 and 28, respectively. Panel 
(A) shoWs transcription levels in native A. niger groWn in 10 
ppb Mn2+ (pellet morphology) for 14 hr (lane 1), 24 hr (lane 
2), 48 hr (lane 3), 72 hr (lane 4), 96 hr (lane 5) and 120 hr (lane 
6). Panel (B) shoWs transcription levels in native A. niger 
groWn in 1000 ppb Mn2+ (?lamentous morphology) for 1 hr 
(lane 1), 2 hr (lane 2), 24 hr (lane 3), 36 hr (lane 4), 72 hr (lane 
5) and 108 hr (lane 6). 

FIG. 24 is a ?oWchart diagram illustrating a particular 
aspect of the present invention. 

FIG. 25 shoWs suppression results forA. niger transformed 
With antisense oriented polynucleotide sequences compli 
mentary to Balu-42 (Panel A), Brsa-25 (Panel B) and Brsa 
1 18 (Panel C). Each panel compares morphologies of control 
A. niger (left) and transformedA. niger (right) containing the 
corresponding antisense DNA construct groWn in 15 ppb 
Mn2+ medium. 
















































































