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ABSTRACT 

The present invention relates to methods of reducing or 
eliminating expression of a target gene in a filamentous 
fungal strain by transitive RNA interference. 
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METHODS FOR ELMINATING OR 
REDUCING THE EXPRESSION OF GENES 
IN FLAMENTOUS FUNGAL STRAINS BY 

TRANSTIVE RNA INTERFERENCE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional application of U.S. 
application Ser. No. 12/520,067 filed Dec. 20, 2007, which 
is a 35 U.S.C. S371 national application of PCT/US2007/ 
088447 filed on Dec. 20, 2007 and claims priority from U.S. 
Provisional Application Ser. No. 60/876,895 filed on Dec. 
21, 2006, which applications are fully incorporated herein 
by reference. 

REFERENCE TO ASEQUENCE LISTING 
0002 This application contains a Sequence Listing in 
computer readable form. The computer readable form is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0003 Field of the Invention 
0004. The present invention relates to methods of reduc 
ing or eliminating expression of a gene in a filamentous 
fungal strain. 
0005. Description of the Related Art 
0006 Filamentous fungal strains are widely used for the 
production of biological substances of commercial value. 
However, filamentous fungal strains with desirable traits of 
increased expression and secretion of a biological Substance 
may not necessarily have the most desirable characteristics 
for successful fermentation. The production of a biological 
Substance may be accompanied by the production of other 
Substances, e.g., enzymes, that degrade the biological Sub 
stance or co-purify with the biological Substance, which can 
complicate recovery and purification of the biological Sub 
Stance. 

0007. One solution to these problems is to inactivate the 
gene(s) involved in the production of the undesirable sub 
stance. Inactivation can be accomplished by deleting or 
disrupting the gene(s) using methods well known in the art. 
However, in Some cases, inactivation of the gene may be 
difficult because of poor targeting to homologous regions of 
the genome. Inactivation can also be accomplished by 
random mutagenesis, which is not always specific for the 
intended target gene and other mutations are often intro 
duced into the host organism. In other situations, the gene 
and its product may be required for survival of the filamen 
tous fungal strain. Where multiple genes are to be inacti 
vated by deletion or disruption, the task can be very cum 
berSome and time-consuming. When highly homologous 
members of gene families exist, deletion or disruption of all 
members can be extremely tedious and difficult. 
0008. In recent years various forms of epigenetic gene 
regulation have been described (Selker, 1997, Trends Genet. 
13:296-301; Matzke and Matzke, 1998, Cell. Mol. Life. Sci. 
54:94-103). These processes influence gene expression by 
modulating the levels of messenger RNA (Hammond and 
Baulcombe, 1996, Plant Mol. Biol. 32: 79-88: Xi-song Keet 
al., 2003, Current Opinion in Chemical Biology 7: 516-523) 
via microRNAs (Morel et al., 2000, Curr: Biol. 10: 1591 
1594; Bailis and Forsburg, 2002, Genome Biol. 3, Reviews 
1035: Grewal and Moazed, 2003, Science 301: 798-802). 
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0009 Based on genetic studies of Drosophila and Cae 
norhabditis elegans, RNA interference (RNAi), also known 
as post-transcriptional gene silencing (in plants), is under 
stood to involve silencing expression of a gene by assembly 
of a protein-RNA effector nuclease complex that targets 
homologous RNAs for degradation (Hannon, 2002, Nature 
418: 244-251). The processing of double-stranded RNA 
(dsRNA) into small interfering RNAs (siRNAs) is accom 
plished by a family of enzymes known as Dicer (Bernstein 
et al., 2001, Nature 409: 363). Dicer, a member of the RNase 
III family of endonucleases that specifically cleaves dsRNA, 
is responsible for digestion of dsRNA into siRNAs ranging 
from 20-25 nucleotides (Elbashir et al., 2001, Nature 411: 
494). These siRNAs then associate with the RNA Induced 
Silencing Complex (RISC) (Elbashir et al., 2001, Genes and 
Dev: 15: 188; Nykanen et al., 2001, Cell 197: 300; Ham 
mond et al., 2001, Science 293: 1146). Although not well 
understood, RISC targets the mRNA from which the anti 
sense fragment was derived followed by endo and exonu 
clease digestion of the mRNA effectively silencing expres 
sion of that gene. RNAi has been demonstrated in plants, 
nematodes, insects, mammals, and filamentous fungi 
(Matzke and Matzke, 1998, supra; Kennerdell et al., 2000, 
Nat. Biotechnol. 18: 896-8; Bosher et al., 1999, Genetics 
153: 1245-56; Voorhoeve and Agami, 2003, Trends Biotech 
mol. 21: 2-4; McCaffrey et al., 2003, Nat. Biotechnol. 21: 
639-44; WO 03/050288; WO 01/49844; WO 98/53083; and 
WO 05/056772). 
(0010 Transitive RNAi, also known as spreading, refers 
to the movement of the silencing signal beyond a particular 
gene. In plants, transitive silencing has been found to occur 
both upstream and downstream of the mRNA targeted for 
gene silencing by double-stranded RNA (Fabian et al., 2002, 
Plant Cell 14: 857-867; Garcia-Perez et al., 2004, The Plant 
Journal 38: 594-602; Vaistijet al., 2002, The Plant Cell 14: 
857-867; Van Houdt et al., 2003, Plant Physiol. 131: 245 
253). In Caenorhabditis elegans, transitive RNAi has been 
described as silencing of the transcript upstream of the target 
dsRNA (Alder et al., 2003, RNA.J. 9:25-32; Hannon, 2002, 
Nature 418: 244-251; Sijen et al., 2001, Cell 107: 465-476). 
In C. elegans, descriptions of transitive RNAi indicate that 
in addition to siRNAs derived from the dsRNA target, 
secondary siRNAS sharing homology with 5' flanking 
sequences are generated, presumably the result of RNA 
dependent RNA polymerase (RdRP) and Dicer activity 
(Bleys et al., 2006, RNA. J. 12: 1633-1639; Petersen et al., 
2005, Plant Molecular Biology 58: 575-583). Transitive 
RNAi is not ubiquitous among insects and mammals (Chi et 
al., 2003, Proc. Natl. Acad. Sci. USA 100: 6343-6346; Hoa 
et al., 2003, Insect Biochemistry and Molecular Biology 33: 
949-957; Roignamt et al., 2003, RNA.J. 9:299-308). 
0011 Transitive RNAi differs from conventional RNAi 
in several ways. Although double-stranded RNA serves as 
inducer of both RNAi and transitive RNAi, transitive RNAi 
appears to require an RdRP, whereas RNAi alone does not. 
Consequently, in organisms demonstrating transitive RNAi. 
gene silencing is not limited by the boundaries of double 
Stranded RNA, and gene silencing can extend into flanking 
sequences. However, in organisms lacking transitive RNAi. 
gene silencing is confined within the region of double 
Strandedness. 

0012. It would be an advantage in the art to have alter 
native methods of reducing or eliminating expression of one 
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or more genes for strain development and improvement, 
functional genomics, and pathway engineering of filamen 
tous fungal strains. 
0013 The present invention relates to methods of reduc 
ing or eliminating expression of one or more genes in a 
filamentous fungal strain. 

SUMMARY OF THE INVENTION 

0014. The present invention relates to methods of reduc 
ing or eliminating expression of a target gene encoding a 
biological Substance in a filamentous fungal strain, compris 
ing: 
00.15 (a) inserting into the genome of the filamentous 
fungal strain a double-stranded transcribable nucleic acid 
construct comprising a promoter operably linked to a first 
polynucleotide comprising a first transcribable region with 
homology to the target gene encoding the biological Sub 
stance and a second polynucleotide comprising a second 
transcribable region with no effective homology to the target 
gene, wherein the second transcribable region comprises 
two segments complementary to each other in reverse ori 
entation and the first and second transcribable regions are 
transcribed as a single mRNA molecule; and 
0016 (b) inducing production of short interfering RNAs 
(siRNAS), comprising sequences of the target gene to be 
silenced by the process of transitive RNAi, by cultivating the 
filamentous fungal Strain under conditions to produce RNA 
transcripts of the double-stranded transcribable nucleic acid 
construct that are then converted to the siRNAs, which 
interact with RNA transcripts of the target gene to reduce or 
eliminate expression of the target gene encoding the bio 
logical Substance. 
0017. The present invention also relates to a filamentous 
fungal Strain comprising a double-stranded transcribable 
nucleic acid construct comprising a promoter operably 
linked to a first polynucleotide comprising a first transcrib 
able region with homology to the target gene encoding the 
biological Substance and a second polynucleotide compris 
ing a second transcribable region with no effective homol 
ogy to the target gene, wherein the second transcribable 
region comprises two segments complementary to each 
other in reverse orientation and the first and second tran 
scribable regions are transcribed as a single mRNA mol 
ecule, wherein production of short interfering RNAs (siR 
NAS), comprising sequences of the target gene to be silenced 
by the process of transitive RNAi is induced by cultivating 
the filamentous fungal strain under conditions to produce 
RNA transcripts of the double-stranded transcribable nucleic 
acid construct that are then converted to the siRNAs, which 
interact with RNA transcripts of the target gene to reduce or 
eliminate expression of the target gene encoding the bio 
logical Substance. 
0018. The present invention further relates to methods of 
producing a biological Substance of interest, comprising: 
0019 (a) cultivating a filamentous fungal strain under 
conditions conducive for production of the biological Sub 
stance, wherein the filamentous fungal Strain comprises a 
double-stranded transcribable nucleic acid construct com 
prising a promoter operably linked to a first polynucleotide 
comprising a first transcribable region with homology to a 
target gene encoding an undesirable biological Substance 
and a second polynucleotide comprising a second transcrib 
able region with no effective homology to the target gene, 
wherein the second transcribable region comprises two 
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segments complementary to each other in reverse orientation 
and the first and second transcribable regions are transcribed 
as a single mRNA molecule, wherein RNA transcripts of the 
double-stranded transcribable nucleic acid construct are 
produced by the cultivating of the filamentous fungal strain 
that are then converted to short interfering RNAs (siRNAs), 
comprising sequences of the target gene to be silenced by the 
process of transitive RNAi, which interact with RNA tran 
Scripts of the target gene to reduce or eliminate expression 
of the target gene encoding the undesirable biological Sub 
stance; and wherein the filamentous fungal strain comprises 
a third polynucleotide encoding the biological Substance; 
and 
0020 (b) recovering the biological substance from the 
cultivation medium. 

DESCRIPTION OF THE FIGURES 

0021 FIG. 1 shows a schematic representation of tran 
sitive RNA interference in filamentous fungi. 
(0022 FIG. 2 shows a restriction map of pCW098. 
(0023 FIG. 3 shows a restriction map of pCW099. 
0024 FIG. 4 shows a restriction map of pEFer14. 
(0025 FIG. 5 shows a restriction map of pDM261. 
(0026 FIG. 6 shows a restriction map of pDM266. 
(0027 FIG. 7 shows a restriction map of pAmFs031. 
0028 FIG. 8 shows a restriction map of pAL01. 
(0029 FIG. 9 shows a restriction map of pAL02. 

DEFINITIONS 

0030 Transitive RNA interference: The term “transitive 
RNA interference’ or “transitive RNAi is defined herein as 
the movement of the silencing signal beyond a particular 
gene. In transitive RNAi double-stranded RNA (dsRNA) 
can serve as template for the synthesis of new dsRNA from 
which siRNA sharing homology with the target sequence 
results in the extension or spread of silencing of new 
sequence along the mRNA. 
0031 Short interfering RNAs. The term “short interfer 
ing RNAs or “siRNAs is defined herein as 20-25 nucleo 
tide long RNA fragments, the products of Dicer mediated 
digestion of double-stranded RNA. 
0032. No effective homology: The term “no effective 
homology' is defined herein as corresponding nucleotides 
on a sense Strand and the reverse complement Strand, which 
comprises preferably less than 20, more preferably less than 
15, even more preferably less than 10, and most preferably 
less than 5 contiguous nucleotides of identical sequence to 
the target gene. 
0033. Two segments complementary to each other in 
reverse orientation: The phrase “two segments complemen 
tary to each other in reverse orientation' is defined herein as 
one of several stretches or pieces of DNA that fit with others 
to constitute a whole and capable of undergoing Watson 
Crick base pairing. 
0034) Transitive silenced target sequences: The phrase 
“transitive silenced target sequences’ is defined herein as a 
dsRNA sequence earmarked for gene silencing, wherein the 
dsRNA sequence is the result of siRNA extension from 
adjoining sequences. 
0035) Identity: The relatedness between two amino acid 
sequences or between two nucleotide sequences is described 
by the parameter “identity”. 
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0036. For purposes of the present invention, the degree of 
identity between two amino acid sequences is determined 
using the Needleman-Wunsch algorithm (Needleman and 
Wunsch, 1970, J. Mol. Biol. 48: 443-453) as implemented in 
the Needle program of the EMBOSS package (EMBOSS: 
The European Molecular Biology Open Software Suite, 
Rice et al., 2000, Trends in Genetics 16: 276-277), prefer 
ably version 3.0.0 or later. The optional parameters used are 
gap open penalty of 10, gap extension penalty of 0.5, and the 
EBLOSUM62 (EMBOSS version of BLOSUM62) substi 
tution matrix. The output of Needle labeled “longest iden 
tity (obtained using the -nobrief option) is used as the 
percent identity and is calculated as follows: 

(Identical Residuesx100)/(Length of Alignment 
Total Number of Gaps in Alignment) 

0037 For purposes of the present invention, the degree of 
identity between two deoxyribonucleotide sequences is 
determined using the Needleman-Wunsch algorithm 
(Needleman and Wunsch, 1970, supra) as implemented in 
the Needle program of the EMBOSS package (EMBOSS: 
The European Molecular Biology Open Software Suite, 
Rice et al., 2000, supra), preferably version 3.0.0 or later. 
The optional parameters used are gap open penalty of 10, 
gap extension penalty of 0.5, and the EDNAFULL (EM 
BOSS version of NCBI NUC4.4) substitution matrix. The 
output of Needle labeled “longest identity (obtained using 
the -nobrief option) is used as the percent identity and is 
calculated as follows: (Identical Deoxyribonucleotides x 
100)/(Length of Alignment-Total Number of Gaps in Align 
ment) cDNA: The term “cDNA” is defined herein as a DNA 
molecule that can be prepared by reverse transcription from 
a mature, spliced, mRNA molecule obtained from a eukary 
otic cell (Sambrook, J., Fritsch, E. F., and Maniatis, T, 1989, 
Molecular Cloning: A Laboratory Manual. 2" ed., Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y.). 
cDNA lacks intron sequences that are present in genomic 
DNA. The initial, primary RNA transcripts are precursor 
molecules that are processed through a series of steps before 
appearing as mature spliced mRNAS. These steps include 
the removal of intron sequences by a process called splicing. 
cDNA derived from mRNA lacks, therefore, any intron 
Sequences. 
0038 Nucleic acid construct: The term “nucleic acid 
construct as used herein refers to a nucleic acid molecule, 
either single- or double-stranded, which is isolated from a 
naturally occurring gene or which is modified to contain 
segments of nucleic acids in a manner that would not 
otherwise exist in nature or which is synthetic. The term 
nucleic acid construct is synonymous with the term "expres 
sion cassette' when the nucleic acid construct contains the 
control sequences required for expression of a coding 
Sequence. 
0039 Control sequence: The term “control sequences” is 
defined herein to include all components necessary for 
expression of a polynucleotide encoding a polypeptide of the 
present invention. Each control sequence may be native or 
foreign to the nucleotide sequence encoding the polypeptide 
or native or foreign to each other. Such control sequences 
include, but are not limited to, a leader, polyadenylation 
sequence, propeptide sequence, promoter, signal peptide 
sequence, and transcription terminator. At a minimum, the 
control sequences include a promoter, and transcriptional 
and translational stop signals. The control sequences may be 
provided with linkers for the purpose of introducing specific 
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restriction sites facilitating ligation of the control sequences 
with the coding region of the nucleotide sequence encoding 
a polypeptide. 
0040 Promoter: The term “promoter” is defined herein as 
a DNA sequence that binds RNA polymerase and directs the 
polymerase to the correct downstream transcriptional start 
site of a nucleic acid sequence encoding a biological Sub 
stance to initiate transcription. RNA polymerase effectively 
catalyzes the assembly of messenger RNA complementary 
to the appropriate DNA strand of a coding region. The term 
“promoter' will also be understood to include the 5' non 
coding region (between promoter and translation start) for 
translation after transcription into mRNA, cis-acting tran 
Scription control elements such as enhancers, and other 
nucleotide sequences capable of interacting with transcrip 
tion factors. 

0041 Mutant promoter: The term “mutant promoter is 
defined herein as a promoter having a nucleotide sequence 
comprising a Substitution, deletion, and/or insertion of one 
or more nucleotides of a parent promoter, wherein the 
mutant promoter has more or less promoter activity than the 
corresponding parent promoter. The term “mutant promoter” 
also encompasses natural mutants and in vitro generated 
mutants obtained using methods well known in the art Such 
as classical mutagenesis, site-directed mutagenesis, and 
DNA shuffling. 
0042. Hybrid promoter: The term “hybrid promoter” is 
defined herein as parts of two or more promoters that are 
fused together to generate a sequence that is a fusion of the 
two or more promoters, which when operably linked to a 
coding sequence mediates the transcription of the coding 
sequence into mRNA. 
0043 Tandem promoter: The term “tandem promoter' is 
defined herein as two or more promoter sequences, arranged 
in tandem, operably linked to a coding sequence for medi 
ating transcription of the coding sequence into mRNA. 
0044 Operably linked: The term “operably linked” 
denotes herein a configuration in which a control sequence 
is placed at an appropriate position relative to the coding 
sequence of the polynucleotide sequence Such that the 
control sequence directs the expression of the coding 
sequence of a polypeptide. 
0045 Coding sequence: When used herein the term "cod 
ing sequence” means a nucleotide sequence, which directly 
specifies the amino acid sequence of its protein product. The 
boundaries of the coding sequence are generally determined 
by an open reading frame, which usually begins with the 
ATG start codon or alternative start codons such as GTG and 
TTG and ends with a stop codon such as TAA, TAG, and 
TGA. The coding sequence may be a genomic DNA, cDNA, 
synthetic DNA, or recombinant nucleotide sequence. 
0046 Expression: The term “expression' includes any 
step involved in the production of the polypeptide including, 
but not limited to, transcription, post-transcriptional modi 
fication, translation, post-translational modification, and 
secretion. 

0047 Expression vector: The term “expression vector” is 
defined herein as a linear or circular DNA molecule that 
comprises a polynucleotide encoding a polypeptide and is 
operably linked to additional nucleotides that provide for its 
expression. 
0048 Host cell: The term “host cell, as used herein, 
includes any cell type that is susceptible to transformation, 
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transfection, transduction, and the like with a nucleic acid 
construct or expression vector comprising a polynucleotide 
of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0049. The present invention relates to methods of reduc 
ing or eliminating expression of a target gene encoding a 
biological Substance in a filamentous fungal strain, compris 
ing: (a) inserting into the genome of the filamentous fungal 
strain a double-stranded transcribable nucleic acid construct 
comprising a promoter operably linked to a first polynucle 
otide comprising a first transcribable region with homology 
to the target gene encoding the biological Substance and a 
second polynucleotide comprising a second transcribable 
region with no effective homology to the target gene, 
wherein the second transcribable region comprises two 
segments complementary to each other in reverse orientation 
and the first and second transcribable regions are transcribed 
as a single mRNA molecule; and (b) inducing production of 
short interfering RNAS (siRNAS), comprising sequences of 
the target gene to be silenced by the process of transitive 
RNAi, by cultivating the filamentous fungal strain under 
conditions to produce RNA transcripts of the double 
stranded transcribable nucleic acid construct that are then 
converted to the siRNAs, which interact with RNA tran 
Scripts of the target gene to reduce or eliminate expression 
of the target gene encoding the biological Substance. 
0050 FIG. 1 demonstrates transitive RNA interference. 
Transformants produce transcription products composed of 
a target segment flanked 3' by an inverted repeat (IR) having 
no homology with the target gene. Double-stranded RNA 
(dsRNA) produced by folding and annealing of the IR are 
processed by Dicer producing siRNA sharing homology 
with the IR. Using the transcript as template, a portion of 
siRNAs are extended by an RNA-dependent RNA poly 
merase (RdRP) further than the 5' IR boundary infiltrating 
the target sequence. Continued extension produces dsRNA 
encoded by the target, initiating RNAi. 
0051. The methods of the present invention provide new 
opportunities for strain development and improvement, 
functional genomics, and pathway engineering in filamen 
tous fungal strains. For example, the present methods can be 
used as a tool for filamentous fungal host strain development 
by means of gene manipulation and pathway engineering or 
as replacement for gene knockouts, a time-consuming 
approach with variable rates of Success. A gene may be 
resistant to inactivation by standard methods known in the 
art Such as gene knockout. The methods of the present 
invention provide a solution for reducing or eliminating 
expression of Such a gene. Gene knockouts are dependent on 
site-specific gene replacement. In fungi efficacy of this 
process is affected by chromosome locus, DNA sequences 
shared by the replacement construct and genome, and/or 
length of the shared homology. Attainment of transitive gene 
silencing as described is uniquely dependent on cloning of 
a portion of the target sequence upstream of a second 
sequence comprised of an inverted repeat. The methods are 
also particularly useful and efficient for reducing or elimi 
nating a highly expressed gene in a particular filamentous 
fungal strain, which can be very important, for example, in 
developing the organism as a production host. This ability 
demonstrates the strength of the methods of the present 
invention. The methods are also useful for reducing or 
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eliminating expression of a multiple of genes that are highly 
homologous to each other, especially genes of the same 
family or homologous genes in a biosynthetic or metabolic 
pathway. The methods are further useful because they can be 
manipulated to cause a variable reduction in expression of a 
biological Substance. This variability is especially important 
where a complete knock-out of a gene encoding a biological 
Substance would be lethal to a particular filamentous fungal 
strain, Such as in a secondary pathway that feeds into a 
biosynthetic pathway of interest. 
0052. In the methods of the present invention, the first 
polynucleotide comprises a first transcribable region with 
homology to the target gene. The second polynucleotide 
comprises a second transcribable region with no effective 
homology to the target gene, wherein the second transcrib 
able region comprises two segments complementary to each 
other in reverse orientation. 
0053. The first polynucleotide comprising a first tran 
scribable region with homology to the target gene encoding 
the biological Substance and a second polynucleotide com 
prising a second transcribable region with no effective 
homology to the target gene may or may not be separated by 
a polynucleotide intervening sequence, which is a nucleotide 
sequence that has little or no homology to the first and 
second polynucleotides in the double-stranded transcribable 
nucleic acid construct. The polynucleotide sequences of the 
double-stranded transcribable nucleic acid construct may be 
of genomic, cDNA, RNA, semisynthetic, synthetic origin, or 
any combinations thereof. 
0054. In a preferred aspect, the first and second poly 
nucleotides are separated by a polynucleotide intervening 
sequence. The intervening sequence preferably consists of 
less than 150 nucleotides, more preferably less than 100 
nucleotides, more preferably less than 60 nucleotides, more 
preferably less than 40 nucleotides, even more preferably 
less than 20 nucleotides, and most preferably less than 10 
nucleotides. 
0055. In a more preferred aspect, the first and second 
polynucleotides are not separated by a polynucleotide inter 
Vening sequence. 
0056. The intervening sequence can be any nucleotide 
sequence without homology to the first or second polynucle 
otide and preferably has little or no homology to sequences 
in the genome of the filamentous fungal strain to minimize 
undesirable targeting/recombination. 

Promoter 

0057 The promoter sequence may be native or foreign 
(heterologous) to the first homologous transcribable region 
and native or foreign to the filamentous fungal Strain. In the 
methods of the present invention, the promoter can be a 
native promoter, heterologous promoter, mutant promoter, 
hybrid promoter, or tandem promoter. 
0.058 Examples of promoters useful in the methods of the 
present invention include the promoters obtained from the 
genes for Aspergillus Oryzae TAKA amylase, Rhizomucor 
miehei aspartic proteinase, Aspergillus niger neutral alpha 
amylase, Aspergillus niger acid stable alpha-amylase, 
Aspergillus niger or Aspergillus awamori glucoamylase 
(glaA), Rhizomucor miehei lipase, Aspergillus Oryzae alka 
line protease, Aspergillus Oryzae triose phosphate isomerase, 
Aspergillus nidulans acetamidase, Fusarium venenatum 
amyloglucosidase (WO 00/56900), Fusarium venenatum 
Dania (WO 00/56900), Fusarium venenatum Quinn (WO 
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00/56900), Fusarium oxysporum trypsin-like protease (WO 
96/00787), Trichoderma reesei beta-glucosidase, 
Trichoderma reesei cellobiohydrolase I, Trichoderma reesei 
cellobiohydrolase II, Trichoderma reesei endoglucanase I. 
Trichoderma reesei endoglucanase II, Trichoderma reesei 
endoglucanase III, Trichoderma reesei endoglucanase IV. 
Trichoderma reesei endoglucanase V. Trichoderma reesei 
Xylanase I, Trichoderma reesei Xylanase II, Trichoderma 
reesei beta-xylosidase, as well as the NA2-tpi promoter (a 
hybrid of the promoters from the genes for Aspergillus niger 
neutral alpha-amylase and Aspergillus Oryzae triose phos 
phate isomerase); and mutant, truncated, and hybrid pro 
moters thereof. 
0059. In preferred aspect, the promoter is the NA2-tpi 
promoter. In another preferred aspect, the promoter is the 
TAKA/NA2-tpi leader hybrid promoter. 

Homologous Transcribable Region 
0060. The term “transcribable region with homology to a 
target gene is defined herein as a nucleotide sequence that 
is homologous to the open reading frame of a target gene, or 
a portion thereof, and is transcribed into an RNA, e.g., 
incRNA (non-coding RNA), tRNA (transfer RNA), rRNA 
(ribosomal RNA), miRNA (micro RNA), or mRNA (mes 
senger RNA), which may or may not be translated into a 
biological Substance, e.g., polypeptide, when placed under 
the control of the appropriate regulatory sequences. The 
boundaries of the transcribable region are generally deter 
mined by the transcription start site located just upstream of 
the open reading frame at the 5' end of the mRNA and a 
transcription terminator sequence located just downstream 
of the open reading frame at the 3' end of the mRNA. A 
homologous transcribable region can include, but is not 
limited to, genomic DNA, cDNA, semisynthetic, synthetic, 
and recombinant nucleic acid sequences. 
0061. In the methods of the present invention, the tran 
scribable region homologous to the target gene may be 
identical to the corresponding region of the target gene or 
may be a homologue thereof. 
0062. The degree of identity between the homologue and 
the corresponding region of the target gene required to 
achieve inactivation or reduction of expression of the target 
gene will likely depend on the target gene. The Smaller the 
homologue's nucleotide sequence is relative to the entire 
target gene, the degree of identity between the sequences 
should preferably be very high or identical. The larger the 
homologue's nucleotide sequence is relative to the entire 
target gene, the degree of identity between the sequences can 
likely be lower. 
0063. In the methods of the present invention, the degree 
of identity of the homologue's nucleotide sequence to the 
corresponding region of the target gene is at least 65%, 
preferably at least 70%, more preferably at least 75%, more 
preferably at least 80%, more preferably at least 85%, more 
preferably at least 90%, even more preferably at least 95%, 
and most preferably at least 97%. For purposes of the 
present invention, the degree of identity between two 
nucleic acid sequences is determined as defined herein. 
0064. Alternatively, the ability of the homologue and the 
corresponding region of the target gene to hybridize to each 
other under various stringency conditions can also provide 
an indication of the degree of relatedness required for 
inactivation or reduction of expression of a target gene. 
However, it should be recognized that the lower the strin 
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gency conditions required, e.g., low stringency, to achieve 
hybridization between the homologue and the corresponding 
region of the target gene, inactivation or reduction of expres 
sion of the target gene will likely be less efficient. 
0065. In a preferred aspect, the homologue and the cor 
responding region of the target gene hybridize under low 
stringency conditions. In a more preferred aspect, the homo 
logue and the corresponding region of the target gene 
hybridize under medium stringency conditions. In an even 
more preferred aspect, the homologue and the corresponding 
region of the target gene hybridize under medium-high 
stringency conditions. In a most preferred aspect, the homo 
logue and the corresponding region of the target gene 
hybridize under high Stringency conditions. In an even most 
preferred aspect, the homologue and the corresponding 
region of the target gene hybridize under very high Strin 
gency conditions. 
0.066 For probes of at least 100 nucleotides in length, 
very low to very high Stringency conditions are defined as 
prehybridization and hybridization at 42° C. in 5xSSPE, 
0.3% SDS, 200 lug/ml sheared and denatured salmon sperm 
DNA, and either 25% formamide for very low and low 
stringencies, 35% formamide for medium and medium-high 
stringencies, or 50% formamide for high and very high 
stringencies, following standard Southern blotting proce 
dures for 12 to 24 hours optimally. 
0067 For probes of at least 100 nucleotides in length, the 
carrier material is finally washed three times each for 15 
minutes using 2xSSC, 0.2% SDS preferably at least at 45° 
C. (very low stringency), more preferably at least at 50° C. 
(low stringency), more preferably at least at 55° C. (medium 
stringency), more preferably at least at 60°C. (medium-high 
stringency), even more preferably at least at 65° C. (high 
stringency), and most preferably at least at 70° C. (very high 
Stringency). 
0068. For probes of about 15 nucleotides to about 70 
nucleotides in length, Stringency conditions are defined as 
prehybridization, hybridization, and washing post-hybrid 
ization at about 5° C. to about 10° C. below the calculated 
T, using the calculation according to Bolton and McCarthy 
(1962, Proceedings of the National Academy of Sciences 
USA 48:1390) in 0.9 M. NaCl, 0.09 M Tris-HCl pH 7.6, 6 
mM EDTA, 0.5% NP-40, lx Denhardt's solution, 1 mM 
Sodium pyrophosphate, 1 mM sodium monobasic phos 
phate, 0.1 mM ATP, and 0.2 mg of yeast RNA per ml 
following standard Southern blotting procedures for 12 to 24 
hours optimally. 
0069. For probes of about 15 nucleotides to about 70 
nucleotides in length, the carrier material is washed once in 
6xSCC plus 0.1% SDS for 15 minutes and twice each for 15 
minutes using 6xSSC at 5° C. to 10°C. below the calculated 
Tn. 
0070 The first homologous region preferably consists of 
at least 19 nucleotides, more preferably at least 40 nucleo 
tides, more preferably at least 60 nucleotides, more prefer 
ably at least 80 nucleotides, even more preferably at least 
100 nucleotides, and most preferably at least 200 nucleo 
tides. The first homologous region can also consist of the 
entire open reading frame of the gene or a homologue 
thereof. 

Non-Homologous Transcribable Region 

(0071. The double-stranded transcribable nucleic acid 
construct also comprises a second transcribable region with 
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no effective homology to the target gene or the host genome, 
wherein the second transcribable region comprises two 
segments complementary to each other in reverse orienta 
tion. 
0072. In a preferred aspect, the second transcribable 
region is any transcribable part of any gene. Such as the 
5'-untranslated region, the coding sequence, or the 3'-un 
translated region of a gene, which has no effective homology 
to the target gene or the host genome. 
0073. In a more preferred aspect, the second transcribable 
region corresponds to the coding sequence of a gene with no 
effective homology to the target gene or the host genome. 
0074. In another more preferred aspect, the second tran 
scribable region corresponds to the 5'-untranslated region of 
a gene with no effective homology to the target gene or the 
host genome. 
0075. In another more preferred aspect, the second tran 
scribable region corresponds to the 3'-untranslated region of 
a gene with no effective homology to the target gene or the 
host genome. 
0076. In a most preferred aspect, the second transcribable 
region is a portion of a non-endogenous gene, which has no 
homology to the target gene or the host genome, e.g., the 
hygromycin resistance gene of E. coli. 
0077. The second transcribable region preferably consists 
of at least 19 nucleotides, more preferably at least 40 
nucleotides, more preferably at least 60 nucleotides, more 
preferably at least 80 nucleotides, more preferably at least 
100 nucleotides, more preferably at least 250 nucleotides, 
even more preferably at least 500 nucleotides, most prefer 
ably at least 750 nucleotides, and even most preferably at 
least 1000 nucleotides. 
0078. The two segments complementary to each other in 
reverse orientation can be separated by a polynucleotide 
linker. The linker preferably consists of at least 4 nucleo 
tides, more preferably of at least 20 nucleotides, more 
preferably at least 40 nucleotides, more preferably at least 60 
nucleotides, more preferably at least 80 nucleotides, even 
more preferably at least 100 nucleotides, most preferably at 
least 250 nucleotides, and even most preferably at least 500 
nucleotides. 

Target Gene 
007.9 The target gene may be any gene encoding a 
Substance having a biological activity or any gene encoding 
a polypeptide having biological activity involved in the 
biosynthesis of a metabolite (hereinafter “biological sub 
stance'). The biological Substance may be an RNA (e.g., 
incRNA, rRNA, tRNA, miRNA, or mRNA). The biological 
Substance may also be a polypeptide having a biological 
activity. The biological Substance may also be a metabolite. 
The Substance having biological activity may be native to 
the filamentous fungal strain or foreign or heterologous to 
the strain. A foreign or heterologous Substance is a Substance 
that is not native to the cell; or a native substance to which 
structural modifications have been made to alter the native 
Substance. 
0080. In a preferred aspect, the biological substance is a 
polypeptide having biological activity. The polypeptide may 
be any polypeptide having a biological activity. The term 
"polypeptide' is not meant herein to refer to a specific length 
of the encoded product and, therefore, encompasses pep 
tides, oligopeptides, polypeptides and proteins. The term 
"polypeptide also encompasses two or more polypeptides 
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combined to form the encoded product. Polypeptides also 
include hybrid polypeptides, which comprise a combination 
of partial or complete polypeptide sequences obtained from 
at least two different polypeptides wherein one or more may 
be heterologous to the filamentous fungal cell. Polypeptides 
further include naturally occurring allelic and engineered 
variations of the above-mentioned polypeptides and hybrid 
polypeptides. 
I0081. In a preferred aspect, the polypeptide is an anti 
body, antigen, antimicrobial peptide, enzyme, growth factor, 
hormone, immunodilator, neurotransmitter, receptor, 
reporter protein, structural protein, and transcription factor. 
I0082 In a more preferred aspect, the polypeptide is an 
oxidoreductase, transferase, hydrolase, lyase, isomerase, or 
ligase. In a most preferred aspect, the polypeptide is an 
acetylxylan esterase, aminopeptidase, amylase, carbohy 
drase, carboxypeptidase, catalase, cellulase, chitinase, culti 
nase, cyclodextrin glycosyltransferase, deoxyribonuclease, 
esterase, ferulic acid esterase, alpha-galactosidase, beta 
galactosidase, glucoamylase, glucocerebrosidase, alpha-glu 
cosidase, beta-glucosidase, invertase, laccase, lipase, man 
nosidase, mutanase, oxidase, pectinolytic enzyme, 
peroxidase, phospholipase, phytase, polyphenoloxidase, 
proteolytic enzyme, ribonuclease, transglutaminase, uroki 
nase, or Xylanase 
I0083. In another preferred aspect, the polypeptide is an 
albumin, collagen, tropoelastin, elastin, or gelatin; or a 
variant or hybrid thereof. 
I0084. The biological substance may also be the product 
of a selectable marker. A selectable marker is a gene the 
product of which provides for biocide or viral resistance, 
resistance to heavy metals, prototrophy to auxotrophs, and 
the like. Selectable markers include, but are not limited to, 
amdS (acetamidase), argB (ornithine carbamoyltransferase), 
bar (phosphinothricin acetyltransferase), hygB (hygromycin 
phosphotransferase), nial) (nitrate reductase), pyrC (oroti 
dine-5'-phosphate decarboxylase), SC (Sulfate adenyltrans 
ferase), trpC (anthranilate synthase), as well as equivalents 
thereof. 
I0085. It may be necessary in the practice of the present 
invention to isolate the target gene. The techniques used to 
isolate or clone a gene are known in the art and include 
isolation from genomic DNA, preparation from cDNA, or a 
combination thereof. The cloning of the gene from Such 
genomic DNA can be effected, e.g., by using the well known 
polymerase chain reaction (PCR). See, for example, Innis et 
al., 1990, PCR Protocols: A Guide to Methods and Appli 
cation, Academic Press, New York. The cloning procedures 
may involve excision and isolation of a desired nucleic acid 
fragment comprising the gene encoding a biological Sub 
stance, insertion of the fragment into a vector molecule, and 
incorporation of the recombinant vector into a filamentous 
fungal cell where multiple copies or clones of the nucleic 
acid sequence will be replicated. The nucleic acid sequence 
may be of genomic, cDNA, RNA, semisynthetic, synthetic 
origin, or any combinations thereof. 
I0086. In a preferred aspect, expression of the target gene 
is reduced by at least 20%, preferably at least 30%, more 
preferably at least 40%, more preferably at least 50%, more 
preferably at least 60%, more preferably at least 70%, even 
more preferably at least 80%, most preferably at least 90%, 
and even most preferably 100%. 
I0087. Where it is desired to use a target sequence within 
the 5' untranslated region, the coding sequence, or the 3' 



US 2017/002982 1 A1 

untranslated region, gene silencing vectors constructed with 
inverted repeats within any one of these regions may addi 
tionally enable the silencing of genes that are homologous to 
the coding sequence present in the silencing vector. When it 
is, therefore, desired to silence homologues of a gene within 
an organism, the construction of a silencing vector contain 
ing a transitive expressed target sequence having homology 
within the 5' untranslated region, the coding sequence, or the 
3' untranslated region may allow the elimination or reduc 
tion of expression of one or more genes exhibiting sequence 
homology to the coding sequence within the construct. The 
term “homology' or “homologous' usually denotes those 
sequences that are of Some common ancestral structure and 
exhibit a high degree of sequence similarity of the active 
regions. 
0088. In a preferred aspect, the interfering RNA interacts 
with RNA transcripts of one or more homologues of the 
target gene to reduce or eliminate expression of the one or 
more homologues of the target gene. 
0089. In a more preferred aspect, expression of one or 
more homologues of the target gene is reduced by at least 
20%, preferably at least 30%, more preferably at least 40%, 
more preferably at least 50%, more preferably at least 60%, 
more preferably at least 70%, even more preferably at least 
80%, most preferably at least 90%, and even most preferably 
100% 

Filamentous Fungal Strains 
0090. The present invention also relates to filamentous 
fungal strains comprising a double-stranded transcribable 
nucleic acid construct comprising a promoter operably 
linked to a first polynucleotide comprising a first transcrib 
able region with homology to the target gene encoding the 
biological Substance and a second polynucleotide compris 
ing a second transcribable region with no effective homol 
ogy to the target gene, wherein the second transcribable 
region comprises two segments complementary to each 
other in reverse orientation and the first and second tran 
scribable regions are transcribed as a single mRNA mol 
ecule, wherein production of short interfering RNAs (siR 
NAS), comprising sequences of the target gene to be silenced 
by the process of transitive RNAi is induced by cultivating 
the filamentous fungal strain under conditions to produce 
RNA transcripts of the double-stranded transcribable nucleic 
acid construct that are then converted to the siRNAs, which 
interact with RNA transcripts of the target gene to reduce or 
eliminate expression of the target gene encoding the bio 
logical Substance. 
0091. The filamentous fungal strain may be any filamen 
tous fungal strain useful in the methods of the present 
invention. “Filamentous fungi' include all filamentous 
forms of the subdivision Eumycota and Oomycota (as 
defined by Hawksworth et al., In, Ainsworth and Bisby's 
Dictionary of The Fungi, 8th edition, 1995, CAB Interna 
tional, University Press, Cambridge, UK). The filamentous 
fungi are characterized by a mycelial wall composed of 
chitin, cellulose, glucan, chitosan, mannan, and other com 
plex polysaccharides. Vegetative growth is by hyphal elon 
gation and carbon catabolism is obligately aerobic. In con 
trast, vegetative growth by yeasts such as Saccharomyces 
cerevisiae is by budding of a unicellular thallus and carbon 
catabolism may be fermentative. 
0092. In a preferred aspect, the filamentous fungal strain 

is an an Acremonium, Aspergillus, Aureobasidium, Bjerkan 
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dera, Ceriporiopsis, Chrysosporium, Coprinus, Coriolus, 
Cryptococcus, Filibasidium, Fusarium, Humicola, Magna 
porthe, Mucor, Myceliophthora, Neocallinastix, Neuro 
spora, Paecilomyces, Penicillium, Phanerochaete, Phlebia, 
Piromyces, Pleurotus, Schizophyllum, Talaromyces, Ther 
moascus, Thielavia, Tolypocladium, Trametes, or 
Trichoderma strain. 

0093. In a more preferred aspect, the filamentous fungal 
strain is an an Aspergillus awamori, Aspergillus fumigatus, 
Aspergillus foetidus, Aspergillus japonicus, Aspergillus 
nidulans, Aspergillus niger or Aspergillus Oryzae strain. In 
another most preferred aspect, the filamentous fungal strain 
is a Fusarium bactridioides, Fusarium cerealis, Fusarium 
crookwellense, Fusarium culmorum, Fusarium 
graminearum, Fusarium graminum, Fusarium heterospo 
rum, Fusarium negundi, Fusarium oxysporum, Fusarium 
reticulatum, Fusarium roseum, Fusarium Sambucinum, 
Fusarium sarcochroum, Fusarium sporotrichioides, 
Fusarium sulphureum, Fusarium torulosum, Fusarium tri 
chothecioides, or Fusarium venenatum strain. In another 
most preferred aspect, the filamentous fungal strain is a 
Bjerkandera adusta, CeripOriopsis aneirina, CeripOriopsis 
aneirina, CeripOriopsis caregiea, CeripOriopsis gilvescens, 
Ceriporiopsis pannocinta, Ceriporiopsis rivulosa, Ceripo 
riopsis subrufa, Ceriporiopsis subvermispora, Chrysospo 
rium keratinophilum, Chrysosporium lucknowense, Chrys 
Osporium tropicum, Chrysosporium merdarium, 
Chrysosporium inops, Chrysosporium pannicola, Chrys 
Osporium queenslandicum, Chrysosporium Zonatum, Copri 
nus cinereus, Coriolus hirsutus, Humicola insolens, Humi 
cola lanuginosa, Mucor miehei, Myceliophthora 
thermophila, Neurospora crassa, Penicillium purpuroge 
num, Phanerochaete chrysosporium, Phlebia radiata, Pleu 
rotus eryngii, Thielavia terrestris, Trametes villosa, Tram 
etes versicolor; Trichoderma harzianum, Trichoderma 
koningii, Trichoderma longibrachiatum, Trichoderma 
reesei, or Trichoderma viride strain. 
0094. In a most preferred aspect, the Aspergillus Oryzae 
strain is Aspergillus Oryzae strain deposit no. IFO 4177. In 
another most preferred aspect, the Fusarium venenatum 
strain is Fusarium venematum A3/5, which was originally 
deposited as Fusarium graminearum ATCC 20334 and 
recently reclassified as Fusarium venenatum by Yoder and 
Christianson, 1998, Fungal Genetics and Biology 23: 62-80 
and O’Donnell et al., 1998, Fungal Genetics and Biology 23: 
57-67; as well as taxonomic equivalents of Fusarium vene 
natum regardless of the species name by which they are 
currently known. In another most preferred aspect, the 
Fusarium venematum strain is a morphological mutant of 
Fusarium venenatum A3/5 or Fusarium venenatum ATCC 
20334, as disclosed in WO 97/26330. In another most 
preferred aspect, the Trichoderma reesei strain is 
Trichoderma reesei ATCC 56765. In another most preferred 
aspect, the Aspergillus niger strain is Aspergillus niger Bo-1 
(DSM 12665). In another most preferred aspect, the Asper 
gillus niger strain is a mutant of Aspergillus niger Bo-1 
(DSM 12665), as disclosed in WO 2004/090155. 
0.095 Filamentous fungal strains may be transformed by 
a process involving protoplast formation, transformation of 
the protoplasts, and regeneration of the cell wall in a manner 
known per se. Suitable procedures for transformation of 
Aspergillus and Trichoderma strains are described in EP238 
023 and Yelton et al., 1984, Proceedings of the National 
Academy of Sciences USA 81: 1470–1474. Suitable methods 
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for transforming Fusarium species are described by Malar 
dier et al., 1989, Gene 78: 147-156 and WO 96/00787. Yeast 
may be transformed using the procedures described by 
Becker and Guarente. In Abelson, J. N. and Simon, M. I., 
editors, Guide to Yeast Genetics and Molecular Biology, 
Methods in Enzymology, Volume 194, pp 182-187, Aca 
demic Press, Inc., New York; Ito et al., 1983, Journal of 
Bacteriology 153: 163; and Hinnen et al., 1978, Proceedings 
of the National Academy of Sciences USA 75: 1920. 
0096 Reduction or elimination of expression of a target 
gene encoding an undesirable biological Substance may be 
detected using methods known in the art that are specific for 
the targeted biological Substance. These detection methods 
may include use of specific antibodies, high performance 
liquid chromatography, capillary electrophoresis, formation 
of an enzyme product, disappearance of an enzyme Sub 
strate, SDS-PAGE, or loss or appearance of a phenotype, 
e.g., spore color. For example, an enzyme assay may be used 
to determine the activity of the enzyme. Procedures for 
determining enzyme activity are known in the art for many 
enzymes (see, for example, D. Schomburg and M. Salzmann 
(eds.), Enzyme Handbook, Springer-Verlag, New York, 
1990). 

Methods of Production 

0097. The present invention also relates to methods of 
producing a biological Substance of interest, comprising: (a) 
cultivating a filamentous fungal strain under conditions 
conducive for production of the biological substance of 
interest, wherein the filamentous fungal strain comprises a 
double-stranded transcribable nucleic acid construct com 
prising a promoter operably linked to a first polynucleotide 
comprising a first transcribable region with homology to a 
target gene encoding an undesirable biological Substance 
and a second polynucleotide comprising a second transcrib 
able region with no effective homology to the target gene, 
wherein the second transcribable region comprises two 
segments complementary to each other in reverse orientation 
and the first and second transcribable regions are transcribed 
as a single mRNA molecule, wherein RNA transcripts of the 
double-stranded transcribable nucleic acid construct are 
produced by cultivating the filamentous fungal strain under 
conditions to produce the RNA transcripts that are then 
converted to short interfering RNAs (siRNAs), comprising 
sequences of the target gene to be silenced by the process of 
transitive RNAi, which interact with RNA transcripts of the 
target gene to reduce or eliminate expression of the target 
gene encoding the undesirable biological Substance; and 
wherein the filamentous fungal strain comprises a third 
polynucleotide encoding the biological Substance of interest; 
and (b) recovering the biological Substance of interest from 
the cultivation medium. 
0098. The biological substance of interest may be any 
biological substance as described herein. In a preferred 
aspect, the biological Substance of interest is a polypeptide 
having biological activity. It may be native or foreign to the 
filamentous fungal strain. The reduction or elimination of 
expression of the target gene encoding the undesirable 
biological Substance can lead to increased expression of 
another biological substance of interest. The undesirable 
biological substance could directly affect production or 
expression of the biological substance of interest. For 
example, the undesirable biological Substance may be a 
protease that attacks the biological Substance of interest 
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thereby lowering the amount of the biological substance of 
interest produced. By reducing or eliminating expression of 
the protease, more of the biological substance of interest will 
be expressed and produced. Or, the undesirable biological 
Substance may share a cellular process or processes, e.g., 
transcription factor or secretory pathway, with the biological 
substance of interest thereby lowering the amount of the 
biological Substance of interest produced. By reducing or 
eliminating expression of the undesirable biological Sub 
stance, more of the cellular process or processes will be 
available to the biological Substance of interest, e.g., expres 
Sion-limiting transcription elements, thereby increasing the 
amount of the biological Substance of interest expressed and 
produced. Moreover, the undesirable biological substance 
may be a toxin that contaminates the biological Substance of 
interest preventing the use of the biological Substance of 
interest in a particular application, e.g., an enzyme in a food 
process. 

0099. In the production methods of the present invention, 
the filamentous fungal strains are cultivated in a nutrient 
medium suitable for production of the biological substance 
of interest using methods known in the art. For example, the 
strain may be cultivated by shake flask cultivation, and 
Small-scale or large-scale fermentation (including continu 
ous, batch, fed-batch, or solid state fermentations) in labo 
ratory or industrial fermentors performed in a suitable 
medium and under conditions allowing the biological Sub 
stance to be expressed and/or isolated. The cultivation takes 
place in a suitable nutrient medium comprising carbon and 
nitrogen Sources and inorganic salts, using procedures 
known in the art. Suitable media are available from com 
mercial Suppliers or may be prepared according to published 
compositions (e.g., in catalogues of the American Type 
Culture Collection). If the biological substance is secreted 
into the nutrient medium, it can be recovered directly from 
the medium. If the biological Substance is not secreted, it can 
be recovered from cell lysates. 
0100. The biological substance of interest may be 
detected using methods known in the art that are specific for 
the biological Substances. These detection methods may 
include use of specific antibodies, high performance liquid 
chromatography, capillary chromatography, formation of an 
enzyme product, disappearance of an enzyme Substrate, or 
SDS-PAGE. For example, an enzyme assay may be used to 
determine the activity of the enzyme. Procedures for deter 
mining enzyme activity are known in the art for many 
enzymes (see, for example, D. Schomburg and M. Salzmann 
(eds.), Enzyme Handbook, Springer-Verlag, New York, 
1990). 
0101 The resulting biological substance of interest may 
be isolated using methods known in the art. For example, a 
polypeptide of interest may be isolated from the cultivation 
medium by conventional procedures including, but not 
limited to, centrifugation, filtration, extraction, spray-dry 
ing, evaporation, or precipitation. The isolated polypeptide 
may then be further purified by a variety of procedures 
known in the art including, but not limited to, chromatog 
raphy (e.g., ion exchange, affinity, hydrophobic, chromato 
focusing, and size exclusion), electrophoretic procedures 
(e.g., preparative isoelectric focusing (IEF), differential 
solubility (e.g., ammonium sulfate precipitation), or extrac 
tion (see, e.g., Protein Purification, J.-C. Janson and Lars 
Ryden, editors, VCH Publishers, New York, 1989). A 
metabolite of interest may be isolated from a cultivation 
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medium by, for example, extraction, precipitation, or differ 
ential solubility, or any method known in the art. The 
isolated metabolite may then be further purified using meth 
ods suitable for metabolites. 

Polynucleotides Encoding a Biological Substance 
0102 An isolated polynucleotide sequence encoding a 
biological Substance of interest may be obtained from any 
prokaryotic, eukaryotic, or other source. For purposes of the 
present invention, the term “obtained from as used herein 
in connection with a given Source shall mean that the 
biological Substance is produced by the Source or by a cell 
in which a gene from the source has been inserted. 
0103) The techniques used to isolate or clone a poly 
nucleotide encoding a biological Substance of interest are 
known in the art and include isolation from genomic DNA, 
preparation from cDNA, or a combination thereof. The 
cloning of the polynucleotide from Such genomic DNA can 
be effected, e.g., by using the well known polymerase chain 
reaction (PCR). See, for example, Innis et al., 1990, PCR 
Protocols. A Guide to Methods and Application, Academic 
Press, New York. The cloning procedures may involve 
excision and isolation of a desired nucleic acid fragment 
comprising the polynucleotide encoding the biological Sub 
stance, insertion of the fragment into a vector molecule, and 
incorporation of the recombinant vector into the mutant 
filamentous fungal cell where multiple copies or clones of 
the nucleic acid sequence will be replicated. The polynucle 
otide may be of genomic, cDNA, RNA, semisynthetic, 
synthetic origin, or any combinations thereof. 

Nucleic Acid Constructs 

0104. An isolated polynucleotide encoding a biological 
Substance of interest may be contained in a nucleic acid 
construct in the filamentous fungal strain. A nucleic acid 
construct comprises a nucleotide sequence encoding the 
biological substance of interest operably linked to at least 
one promoter and one or more control sequences that direct 
expression of the nucleotide sequence in a filamentous 
fungal strain under conditions compatible with the control 
sequences. Expression will be understood to include any 
step involved in the production of the biological substance 
of interest including, but not limited to, transcription, post 
transcriptional modification, translation, post-translational 
modification, and secretion. 
0105. The isolated polynucleotide encoding the biologi 
cal Substance of interest may be further manipulated in a 
variety of ways to provide for expression of the biological 
Substance. Manipulation of the nucleotide sequence prior to 
its insertion into a vector may be desirable or necessary 
depending on the expression vector. The techniques for 
modifying nucleotide sequences utilizing recombinant DNA 
methods are well known in the art. 
0106 The polynucleotide may comprise one or more 
native control sequences or one or more of the native control 
sequences may be replaced with one or more control 
sequences foreign to the nucleotide sequence for improving 
expression of the coding sequence in a host cell. Such 
control sequences include, but are not limited to, a leader, 
polyadenylation sequence, propeptide sequence, promoter, 
signal peptide sequence, and transcription terminator. At a 
minimum, the control sequences include a promoter, and 
transcriptional and translational stop signals. The control 
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sequences may be provided with linkers for the purpose of 
introducing specific restriction sites facilitating ligation of 
the control sequences with the coding region of the nucleo 
tide sequence encoding a biological Substance of interest. 
0107 The control sequence may be an appropriate pro 
moter sequence, a nucleotide sequence that is recognized by 
a host cell for expression of a polynucleotide encoding 
biological Substance. The promoter sequence contains tran 
Scriptional control sequences that mediate expression of the 
biological Substance. The promoter may be any nucleotide 
sequence that shows transcriptional activity in the host cell 
of choice including mutant, truncated, and hybrid promoters, 
and may be obtained from genes encoding extracellular or 
intracellular polypeptides either homologous or heterolo 
gous to the host cell. 
0.108 Examples of suitable promoters for directing the 
transcription of the nucleic acid constructs in a filamentous 
fungal host cell are promoters obtained from the genes for 
Aspergillus Oryzae TAKA amylase, Rhizomucor miehei 
aspartic proteinase, Aspergillus niger neutral alpha-amylase, 
Aspergillus niger acid stable alpha-amylase, Aspergillus 
niger or Aspergillus awamori glucoamylase (glaA), Rhizo 
mucor miehei lipase, Aspergillus Oryzae alkaline protease, 
Aspergillus Oryzae triose phosphate isomerase, Aspergillus 
nidulans acetamidase, Fusarium venenatum amyloglucosi 
dase (WO 00/56900), Fusarium venenatum Dania (WO 
00/56900), Fusarium venenatum Quinn (WO 00/56900), 
Fusarium oxysporum trypsin-like protease (WO 96/00787), 
Trichoderma reesei beta-glucosidase, Trichoderma reesei 
cellobiohydrolase I, Trichoderma reesei cellobiohydrolase 
II, Trichoderma reesei endoglucanase I, Trichoderma reesei 
endoglucanase II, Trichoderma reesei endoglucanase III, 
Trichoderma reesei endoglucanase IV. Trichoderma reesei 
endoglucanase V. Trichoderma reesei Xylanase I. 
Trichoderma reesei Xylanase II, Trichoderma reesei beta 
xylosidase, as well as the NA2-tpi promoter (a hybrid of the 
promoters from the genes for Aspergillus niger neutral 
alpha-amylase and Aspergillus Oryzae triose phosphate 
isomerase); and mutant, truncated, and hybrid promoters 
thereof. 
0109 The control sequence may be a suitable transcrip 
tion terminator sequence, a sequence recognized by a host 
cell to terminate transcription. The terminator sequence is 
operably linked to the 3' terminus of the nucleic acid 
sequence encoding the biological Substance. Any terminator 
that is functional in the filamentous fungal strain of choice 
may be used in the present invention. 
0110 Preferred terminators for filamentous fungal strain 
are obtained from the genes for Aspergillus Oryzae TAKA 
amylase, Aspergillus niger glucoamylase, Aspergillus nidu 
lans anthranilate synthase, Aspergillus niger alpha-glucosi 
dase, and Fusarium oxysporum trypsin-like protease. 
0111. The control sequence may also be a suitable leader 
sequence, a nontranslated region of an mRNA that is impor 
tant for translation by the filamentous fungal strain. The 
leader sequence is operably linked to the 5' terminus of the 
nucleic acid sequence encoding the biological Substance. 
Any leader sequence that is functional in the filamentous 
fungal strain of choice may be used in the present invention. 
0112 Preferred leaders for filamentous fungal strains are 
obtained from the genes for Aspergillus Oryzae TAKA 
amylase, Aspergillus nidulans triose phosphate isomerase, 
Fusarium venenatum trypsin, and Fusarium venenatum glu 
coamylase. 
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0113. The control sequence may also be a polyade 
nylation sequence, a sequence operably linked to the 3' 
terminus of the nucleic acid sequence that, when transcribed, 
is recognized by the host cell as a signal to add polyade 
nosine residues to transcribed mRNA. Any polyadenylation 
sequence that is functional in the filamentous fungal strain of 
choice may be used in the present invention. 
0114 Preferred polyadenylation sequences for filamen 
tous fungal strains are obtained from the genes for Asper 
gillus Oryzae TAKA amylase, Aspergillus niger glucoamy 
lase, Aspergillus nidulans anthranilate synthase, Fusarium 
Oxysporum trypsin-like protease, and Aspergillus niger 
alpha-glucosidase. 
0115 The control sequence may also be a signal peptide 
coding region that codes for an amino acid sequence linked 
to the amino terminus of a polypeptide and directs the 
encoded polypeptide into the cells secretory pathway. The 
5' end of the coding sequence of the nucleic acid sequence 
may inherently contain a signal peptide coding region natu 
rally linked in translation reading frame with the segment of 
the coding region that encodes the secreted polypeptide. 
Alternatively, the 5' end of the coding sequence may contain 
a signal peptide coding region that is foreign to the coding 
sequence. The foreign signal peptide coding region may be 
required where the coding sequence does not naturally 
contain a signal peptide coding region. Alternatively, the 
foreign signal peptide coding region may simply replace the 
natural signal peptide coding region in order to enhance 
secretion of the polypeptide. However, any signal peptide 
coding region that directs the expressed polypeptide into the 
secretory pathway of a fungal host cell of choice may be 
used in the present invention. 
0116 Effective signal peptide coding regions for filamen 
tous fungal strains are the signal peptide coding regions 
obtained from the genes for Aspergillus Oryzae TAKA 
amylase, Aspergillus niger neutral amylase, Aspergillus 
niger glucoamylase, Rhizomucor mieheiaspartic proteinase, 
Humicola insolens cellulase, and Humicola lanuginosa 
lipase. 
0117 The control sequence may also be a propeptide 
coding region that codes for an amino acid sequence posi 
tioned at the amino terminus of a polypeptide. The resultant 
polypeptide is known as a proenzyme or propolypeptide (or 
a Zymogen in Some cases). A propolypeptide is generally 
inactive and can be converted to a mature active polypeptide 
by catalytic or autocatalytic cleavage of the propeptide from 
the propolypeptide. The propeptide coding region may be 
obtained from the genes for Saccharomyces cerevisiae 
alpha-factor, Rhizomucor miehei aspartic proteinase, and 
Myceliophthora thermophila laccase (WO95/33836). 
0118 Where both signal peptide and propeptide regions 
are present at the amino terminus of a polypeptide, the 
propeptide region is positioned next to the amino terminus 
of a polypeptide and the signal peptide region is positioned 
next to the amino terminus of the propeptide region. 
0119. It may also be desirable to add regulatory 
sequences that allow the regulation of expression of the 
biological substance relative to the growth of the filamen 
tous fungal strain. Examples of regulatory systems are those 
that cause expression of the gene to be turned on or off in 
response to a chemical or physical stimulus, including the 
presence of a regulatory compound. In filamentous fungi, 
the TAKA alpha-amylase promoter, Aspergillus niger glu 
coamylase promoter, Aspergillus Oryzae glucoamylase pro 
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moter, and Fusarium venematum glucoamylase promoter 
may be used as regulatory sequences. Other examples of 
regulatory sequences are those that allow for gene amplifi 
cation. In eukaryotic systems, these include the dihydrofo 
late reductase gene that is amplified in the presence of 
methotrexate, and the metallothionein genes that are ampli 
fied with heavy metals. In these cases, the nucleotide 
sequence encoding the biological Substance of interest 
would be operably linked with the regulatory sequence. 

Expression Vectors 

I0120 A polynucleotide encoding a biological substance 
of interest may be contained in a recombinant expression 
vector comprising a promoter, the nucleotide sequence 
encoding the biological Substance, and transcriptional and 
translational stop signals. The various nucleic acids and 
control sequences described herein may be joined together 
to produce a recombinant expression vector that may include 
one or more (several) convenient restriction sites to allow 
for insertion or Substitution of the nucleotide sequence 
encoding the polypeptide at Such sites. Alternatively, a 
polynucleotide sequence may be expressed by inserting the 
nucleotide sequence or a nucleic acid construct comprising 
the sequence into an appropriate vector for expression. In 
creating the expression vector, the coding sequence is 
located in the vector so that the coding sequence is operably 
linked with the appropriate control sequences for expres 
SO, 

I0121 The recombinant expression vector may be any 
vector (e.g., a plasmid or virus) that can be conveniently 
subjected to recombinant DNA procedures and can bring 
about expression of the nucleotide sequence. The choice of 
the vector will typically depend on the compatibility of the 
vector with the host cell into which the vector is to be 
introduced. The vectors may be linear or closed circular 
plasmids. 
0.122 The vector may be an autonomously replicating 
vector, i.e., a vector that exists as an extrachromosomal 
entity, the replication of which is independent of chromo 
Somal replication, e.g., a plasmid, an extrachromosomal 
element, a minichromosome, or an artificial chromosome. 
The vector may contain any means for assuring self-repli 
cation. Alternatively, the vector may be one that, when 
introduced into the host cell, is integrated into the genome 
and replicated together with the chromosome(s) into which 
it has been integrated. Furthermore, a single vector or 
plasmid or two or more vectors or plasmids that together 
contain the total DNA to be introduced into the genome of 
the host cell, or a transposon, may be used. 
I0123. The vectors preferably contain one or more (sev 
eral) selectable markers that permit easy selection of trans 
formed, transfected, transduced, or the like cells. A select 
able marker is a gene the product of which provides for 
biocide or viral resistance, resistance to heavy metals, pro 
totrophy to auxotrophs, and the like. Selectable markers for 
use in a filamentous fungal host cell include, but are not 
limited to, amdS (acetamidase), argB (ornithine carbamoyl 
transferase), bar (phosphinothricin acetyltransferase), hph 
(hygromycin phosphotransferase), niaD (nitrate reductase), 
pyrC (orotidine-5'-phosphate decarboxylase), SC (sulfate 
adenyltransferase), and trpC (anthranilate synthase), as well 
as equivalents thereof. Preferred for use in an Aspergillus 
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cell are the amdS and pyrC genes of Aspergillus nidulans or 
Aspergillus Oryzae and the bar gene of Streptomyces hygro 
SCOpicus. 

0.124. The vectors preferably contain an element(s) that 
permits integration of the vector into the host cells genome 
or autonomous replication of the vector in the cell indepen 
dent of the genome. 
0.125 For integration into the host cell genome, the 
vector may rely on the polynucleotide's sequence encoding 
the polypeptide or any other element of the vector for 
integration into the genome by homologous or nonhomolo 
gous recombination. Alternatively, the vector may contain 
additional nucleotide sequences for directing integration by 
homologous recombination into the genome of the host cell 
at a precise location(s) in the chromosome(s). To increase 
the likelihood of integration at a precise location, the inte 
grational elements should preferably contain a Sufficient 
number of nucleic acids, such as 100 to 10,000 base pairs, 
preferably 400 to 10,000 base pairs, and most preferably 800 
to 10,000 base pairs, which have a high degree of identity to 
the corresponding target sequence to enhance the probability 
of homologous recombination. The integrational elements 
may be any sequence that is homologous with the target 
sequence in the genome of the host cell. Furthermore, the 
integrational elements may be non-encoding or encoding 
nucleotide sequences. On the other hand, the vector may be 
integrated into the genome of the host cell by non-homolo 
gous recombination. 
0126 For autonomous replication, the vector may further 
comprise an origin of replication enabling the vector to 
replicate autonomously in the host cell in question. The 
origin of replication may be any plasmid replicator mediat 
ing autonomous replication that functions in a cell. The term 
“origin of replication' or “plasmid replicator' is defined 
herein as a nucleotide sequence that enables a plasmid or 
vector to replicate in vivo. 
0127 Examples of origins of replication useful in a 
filamentous fungal cell are AMA1 and ANS1 (Gems et al., 
1991, Gene 98: 61-67; Cullen et al., 1987, Nucleic Acids 
Research 15: 9163-917.5; WO 00/24883). Isolation of the 
AMA1 gene and construction of plasmids or vectors com 
prising the gene can be accomplished according to the 
methods disclosed in WO 00/24883. 

0128 More than one copy of a polynucleotide may be 
inserted into a host cell to increase production of the gene 
product. An increase in the copy number of the polynucle 
otide can be obtained by integrating at least one additional 
copy of the sequence into the host cell genome or by 
including an amplifiable selectable marker gene with the 
polynucleotide where cells containing amplified copies of 
the selectable marker gene, and thereby additional copies of 
the polynucleotide, can be selected for by cultivating the 
cells in the presence of the appropriate selectable agent. 
0129. The procedures used to ligate the elements 
described above to construct the recombinant expression 
vectors are well known to one skilled in the art (see, e.g., 
Sambrook et al., 1989, supra). 
0130. The present invention is further described by the 
following examples that should not be construed as limiting 
the scope of the invention. 
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EXAMPLES 

Media and Solutions 

I0131 amdS Overlay agar was composed per liter of 20 
ml of COVE salt solution, 273.8g of sucrose, 8 g of Noble 
agar, 10 mM acetamide, and 15 mM CsCl, pH 5.0. 
I0132 AMG trace metals solution was composed per liter 
of 14.3 g of ZnSO.7HO, 2.5 g of CuSO4.5H2O, 0.5g of 
NiC1.6H2O, 13.8g of FeSO.7H2O, 8.5g of MnSOHO, 
and 3.0 g of citric acid. 
0.133 Cellulase-inducing medium was composed per liter 
of 20 g of Arbocel-natural cellulose fibers (J. Rettenmaier 
USALP), 10g of corn steep solids (Sigma Chemical Co., St. 
Louis, Mo., USA), 1.45 g of (NH4)2SO, 2.08 g of KHPO, 
0.28 g of CaCl, 0.42 g of MgSO.7H2O, 0.42 ml of 
Trichoderma reesei trace metals solution, and 2 drops of 
pluronic acid. The pH was adjusted to 6.0 with 10 N NaOH 
before autoclaving. 
0.134 COVE selection plates were composed per liter of 
342.3 g of sucrose, 20 ml of COVE salt solution, 10 mM 
acetamide, 15 mM CsCl and 25 g or 30 g of Noble agar. 
I0135 COVE2 plates were composed per liter of 30 g of 
sucrose, 20 ml of COVE salt solution, 10 mM acetamide, 
and 25 g or 30 g of Noble agar. 
0.136 COVE salt solution was composed per liter of 26g 
of KC1, 26 g of MgSO.7H2O, 76 g of KHPO, and 50 ml 
of COVE trace metals solution. 
0.137 COVE trace metals solution was composed per 
liter of 0.04 g of NaBO,.10HO, 0.4 g of CuSO4.5HO, 1.2 
g of FeSO4.7H2O, 0.7 g or 1 g of MnSOHO, 0.8 g of 
NaMoO2HO, and 10 g of ZnSO.7HO. 
0.138 COVE A salt solution was composed per liter of 26 
g of KC1, 26 g of MgSO 76 g of KHPO, and 50 ml of 
COVE A trace elements solution. 
0.139 COVE A trace elements solution was composed per 
liter of 0.04 g of NaBO,.10HO, 0.4 g of CuSO4.5HO, 0.8 
g of FeSO.7H2O, 0.8g of MnSOHO, 0.8g of NaMoO. 
2HO, 10 g of ZnSO.7HO, and 10 g of citric acid. 
0140 COVE A minus urea plus acetamide selective 
plates were composed per liter of 20 ml of COVE A salt 
solution, 220 g of sorbitol, 10 g of glucose, 10 mM acet 
amide, and 30 g of Bacto agar, pH 5.2. 
0141 M410 was composed per liter of 50 g of maltose, 
50 g of glucose, 2 g of MgSO.7H2O, 2 g of KHPO, 4 g. 
of citric acid, 8 g of yeast extract, 2 g of urea, 0.5 ml of AMG 
trace metals solution, and 0.5 g of CaCl, pH 6.0. 
0.142 Minimal medium was composed per liter of 6 g of 
NaNO, 0.52g of KC1, 1.52 g of KHPO, 1 ml of COVE 
trace elements solution, 10 g of glucose, 0.5 g of MgSO4. 
7HO, and 0.004 g of D-biotin. 
0.143 Minimal medium agar was composed per liter of 6 
g of NaNO, 0.52 g of KC1, 1.52 g of KHPO 1 ml of 
COVE trace elements solution, 20g of Agar Noble, 10 g of 
glucose, 0.5 g of MgSO4.7H2O, and 0.004 g of D-biotin. 
0144 PDA plates were composed per liter of 39 g of 
DIFCOTM Potato Dextrose Sugar (Becton Dickinson and 
Co., Sparks, Md., USA). 
(0145 PEG was composed of 60% PEG 4000 (Poly 
sciences, Inc., Warrington, Pa., USA), 10 mM CaCl, and 10 
mM Tris-HCl, pH 6.5, filter sterilized. 
0146) SPC was composed of 40% PEG 4000, 50 mM 
CaCl, and 0.8 M sorbitol, pH 4.5-5.5, filter sterilized. 
0147 20xSSC was composed per liter of 175.3 g of NaCl 
and 88.2 g of sodium citrate pH 7.0. 
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0148 0.5xSSC was composed per liter of 4.38g of NaCl 
and 2.2 g of sodium citrate pH 7.0. 
0149 STC was composed of 1 M sorbitol, 10 mM CaCl, 
and 10 mM Tris-HCl, pH 6.5, filter sterilized. 
0150 Trichoderma reesei trace metals solution was com 
posed per liter of 216 g of FeC6HO, 58 g of ZnSO. 
7H2O, 27g of MnSOHO, 10g of CuSO4.5H2O, 2.4 g of 
HBO, and 336 g of citric acid. 
0151 YPG was composed per liter of 10 g of yeast 
extract (Fisher Scientific, Fair Lawn, N.J., USA), 20 g of 
BACTOTM peptone (Becton Dickinson and Co., Sparks, 
Md., USA), and 20 g of glucose. 

Example 1 

Construction of Plasmid pCW098 
0152 Plasmid pCW098 was constructed to contain the 
TAKA/NA2-tpi leader hybrid promoter (U.S. Pat. No. 
6,461,837), an inverted repeat (hyg IR) made from a portion 
of the Escherichia coli hygromycin resistance gene (Kaster 
et al., 1983, Nucleic Acids Res. 11: 6895-6911), the Asper 
gillus niger amyloglucosidase (AMG) terminator (Hata et 
al., 1991, Agric. Biol. Chem. 55: 941-949, and the Asper 
gillus nidulans pyrC gene as a selectable marker (Ballance 
and Turner, 1985, Gene 36: 321-331). 
0153. To express a double-stranded RNA (dsRNA) 
derived from the Escherichia coli aph(4) (hygB) gene 
(Kaster et al., 1983, supra), one half of the inverted repeat, 
199 base pairs from within the open reading frame of the 
aph (4) gene, was PCR amplified using a sense Strand primer 
possessing a Not I restriction site and an antisense primer 
possessing a 5' Sma I or Xma I restriction site, as shown 
below. 

Primer cwhygnot. 1 (sense) : 
(SEQ ID NO: 1) 

5' - goggcc.gcGCGATGTTCGGGGATTCCCAATACGAGGTC-3' 

Primer cwhygsma. 1a (antisense) : 
(SEQ ID NO: 2) 

5'-cc.cgggGCATCATCGAAATTGCCGTCAACCAAGCTC-3' 

Portions of the hygB coding sequence are shown in upper 
case letters. 
0154 The amplification reaction (50 ul) was composed of 
1x THERMOPOLTM Reaction Buffer (New England Bio 
labs, Beverly, Mass., USA), 0.4 mM dNTPs, 100 ng of 
pSMai155 (WO 05/074647), 50 pmoles of sense primer, 50 
pmoles of antisense primer, and 5 units of Taq DNA 
polymerase (New England Biolabs, Beverly, Mass., USA). 
The reactions were incubated in an EPPENDORF(R) MAS 
TERCYCLER(R) 5333 (Eppendorf AG, Hamburg, Germany) 
programmed for 30 cycles each for 30 seconds at 94° C., 30 
seconds at 55° C., and 1 minute at 72° C. (7 minute final 
extension). 
0155. A PCR product of 214 bp was purified by 1% 
agarose gel electrophoresis in TAE buffer (4.84 g of Tris 
Base, 1.14 ml of glacial acetic acid, and 2 ml of 0.5 M EDTA 
pH 8.0 per liter) and further purified using a QIAQUICKR) 
Gel Extraction Kit (QIAGEN Inc., Valencia, Calif., USA). 
The 214 bp PCR product was ligated with pCR2.1-TOPOR) 
using a TOPORTA Cloning Kit and transformed into ONE 
SHOTR, TOP10 chemically competent E. coli cells accord 
ing to the manufacturers instructions (Invitrogen Corpora 
tion, Carlsbad, Calif., USA). Plasmid DNA from several 

Feb. 2, 2017 

transformants was purified using a BIOROBOTR 9600 
(QIAGEN Inc., Valencia, Calif., USA) and analyzed by 
DNA sequencing to identify those containing the desired 
hygB insert. One plasmid with the expected DNA sequence 
was designated MPi3. 
0156 The other half of the inverted repeat including a 
100 base pair spacer was amplified using a sense Strand 
primer possessing a 5' Pac I restriction site and an antisense 
primer possessing a 5' Sma I or Xma I restriction site shown 
below; hygB sequence is shown in uppercase letters. 

Primer cwhygpac. 2 (sense) : 
(SEQ ID NO : 3) 

5'-ttaattaag CGATGTTCGGGGATTCCCAATACGAGGTC-3' 

Primer cwhygsma. 2a (antisense) : 
(SEQ ID NO : 4) 

5'-cc.cgggATCGGTCCAGACGGCCGCGCTTCTGCGGGC-3' 

0157. The amplification reaction (50 ul) was composed of 
1x THERMOPOLTM Reaction Buffer, 0.4 mM dNTPs, 100 
ng of pSMai155, 50 pmoles of sense primer, 50 pmoles of 
antisense primer, and 5 units of Taq DNA polymerase. The 
reactions were incubated in an EPPENDORF(R) MASTER 
CYCLER(R) 5333 programmed for 30 cycles each for 30 
seconds at 94° C., 30 seconds at 55° C., and 1 minute at 72° 
C. (7 minute final extension). 
0158 A PCR product of 314 bp was purified by 1% 
agarose gel electrophoresis in TAE buffer and further puri 
fied using a QIAQUICKR Gel Extraction Kit. The 314 bp 
PCR product was ligated with pCR2.1-TOPOR) using a 
TOPORTACloning Kit and transformed into ONE SHOTR 
TOP10 chemically competent E. coli cells according to the 
manufacturers instructions. Plasmid DNA from several 
transformants was purified using a BIOROBOTR 9600 and 
analyzed by DNA sequencing to identify those containing 
the desired hygB insert. One plasmid with the expected 
DNA sequence was designated MPh9. 
0159 MP#3 was digested with Not I and Xma I. MP#9 
was digested with Pac I and Xma I. Both hygB DNA 
fragments were purified by 1% agarose gel electrophoresis 
in TAE buffer and extracted using a QIAQUICKCR) Gel 
Extraction Kit. The fragments were ligated to Not I/Pac I 
digested vector p Allo2 (WO 05/056772, Example 21) to 
create pCW098 (FIG. 2). 

Example 2 

Construction of Plasmid pCW099 

(0160 Plasmid pCW099 was constructed to contain the 
TAKA/NA2-tpi leader hybrid promoter, a fragment of the 
Aspergillus Oryzae wa gene (SEQ ID NO: 5 for the full 
length genomic DNA sequence and SEQ ID NO: 6 for the 
deduced amino acid sequence), the Escherichia coli hygB 
inverted repeat (hyg IR), the Aspergillus niger amyloglu 
cosidase (AMG) terminator, and the Aspergillus nidulans 
pyrC gene as a selectable marker. 
0.161. A 176 bp fragment of the Aspergillus oryzae wa 
gene (SEQ ID NO: 7 for the DNA sequence and SEQ ID 
NO: 8 for the deduced amino acid sequence thereof) was 
PCR amplified from plasmid plus wa flanking sequence 
rescued from Aspergillus Oryzae strain P2-5.1 (WO 
05/056772. Examples 27 and 28) using primers cwwanco. 
1 corr (sense) and cwwanot...la (antisense) shown below. The 
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sense primer was engineered to have a Nco I site at the 
5'-end and the antisense primer was engineered to have a Not 
I site at the 5'-end. 

Primer cWWanco. 1 corr (sense) : 
(SEO ID NO: 9) 

5'-ccatggAGCACTTCGATTGCATTAG-3' 

Primer cWWanot. 1a (antisense) : 
(SEQ ID NO: 10) 

5'-gciggcc.gcAGAACGAACGCAGGTTTTATAC-3' 

WA sequence is shown in uppercase letters. 
0162 The amplification reactions (50 ul) were composed 
of 1x THERMOPOLTM Reaction Buffer, 0.4 mM dNTPs, 
100 ng of Aspergillus oryzae P2-5.1 DNA (WO 05/056772), 
50 pmoles of primer cwwanco.1 corr, 50 pmoles of primer 
cwwanot.1a, and 5 units of Taq DNA polymerase. The 
reactions were incubated in an EPPENDORF(R) MASTER 
CYCLER(R) 5333 programmed for 30 cycles each for 30 
seconds at 94° C., 30 seconds at 55° C., and 1 minute at 72° 
C. (7 minute final extension). 
(0163 A PCR product of 188 bp was purified by 1% 
agarose gel electrophoresis in TAE buffer and further puri 
fied using a QIAQUICKR) Gel Extraction Kit. The 188 bp 
PCR product was ligated with pCR2.1-TOPOR) using a 
TOPORTACloning Kit and transformed into ONE SHOTR 
TOP10 chemically competent E. coli cells according to the 
manufacturer's instructions. Plasmid DNA from several 
transformants was purified using a BIOROBOTR 9600 and 
analyzed by DNA sequencing to identify those containing 
the desired wA insert. One plasmid with the expected DNA 
sequence was designated MPH 10. 
(0164 MP#10 DNA was digested with Nco I and Not I 
and purified by 1% agarose gel electrophoresis in TAE 
buffer. The wa fragment was extracted using a QIA 
QUICKCR) Gel Extraction Kit. The purified fragment was 
ligated to Nco I/Not I digested pCW098 to create pCW099 
(FIG. 3). 

Example 3 

Construction of Plasmid pEFer14 
0.165 Plasmid pl. Fer14 was constructed to contain the 
TAKA/NA2-tpi leader hybrid promoter, a 176 bp fragment 
of the Aspergillus Oryzae WA gene, the Escherichia coli 
hygE inverted repeat (hyg IR), the Aspergillus niger amy 
loglucosidase (AMG) terminator, and the full-length Asper 
gillus nidulans amdS gene as a selectable marker. 
(0166 Plasmid pCW099 digested with Nco I and Pac I 
was purified by 1% agarose gel electrophoresis in TAE 
buffer. A 698 bp fragment containing the 176 bp w A 
fragment, and hygB inverted repeat was extracted using an 
ULTRAFREE(R)-DA column (Millipore, Billerica, Mass., 
USA) according to the manufacturer's instructions. The 
purified fragment was ligated to Nco I./Pac I digested 
pAlILo1 (WO 05/056772, Example 1) to create pEFer14 
(FIG. 4). 

Example 4 

Construction of Plasmid poM261 
0167 Plasmid poM261 was constructed to contain the 
TAKA/NA2-tpi leader hybrid promoter, the Escherichia coli 
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hygB inverted repeat (hyg IR), the Aspergillus niger amy 
loglucosidase (AMG) terminator, and the full-length Asper 
gillus nidulans amdS gene as a selectable marker. 
(0168 Plasmid pCW098 digested with Nco I and Pac I 
was purified by 1% agarose gel electrophoresis in TAE 
buffer. The 527 bp fragment containing the hygB inverted 
repeat was extracted using an ULTRAFREE(R)-DA column. 
The purified fragment was ligated to Nco I./Pac I digested 
pAlILo1 to create pDM261 (FIG. 5). 

Example 5 

Construction of Plasmid poM266 
0169 Plasmid plM266 was constructed to contain the 
TAKA/NA2-tpi leader hybrid promoter, a 499 bp fragment 
of the Aspergillus Oryzae WA gene, the Escherichia coli 
hygB inverted repeat (hyg IR), the Aspergillus niger amy 
loglucosidase (AMG) terminator, and the full-length Asper 
gillus nidulans amdS gene as a selectable marker. 
0170 A 499 bp fragment of the wagene was amplified 
from Aspergillus Oryzae strain A1560 (IFO 4177) genomic 
DNA using primers wA500FWD (sense) and was00REV 
(antisense) shown below. The sense primer was engineered 
to have a Nco I site at the 5'-end and the antisense primer 
was engineered to have a Not I site at the 5'-end. Aspergillus 
oryzae strain A1560 (IFO 4177) genomic DNA was pre 
pared using a DNEASYR Plant Maxi Kit (QIAGEN Inc., 
Valencia, Calif., USA) according to the manufacturers 
instructions. 

Primer WA5OOFWD (Sense) : 
(SEQ ID NO: 11) 

5' - coatggGCGCTCAAAAACAACATCAAC-3' 

Primer WAREW (antisense) : 
(SEQ ID NO: 12) 

5' - goggcc.gcAGAACGAACGCAGGTTTTAT-3' 

WA sequence is shown in uppercase letters. 
0171 The amplification reactions (50 ul) were composed 
of 1x THERMOPOLTM Reaction Buffer, 0.2 mM dNTPs, 
100 ng of Aspergillus Oryzae strain A1560 genomic DNA, 
50 pmoles of primer was00FWD, 50 pmoles of primer 
wA500REV, and 2.5 units of Taq DNA polymerase. The 
reactions were incubated in an EPPENDORF(R) MASTER 
CYCLER(R) 5333 programmed for 30 cycles each for 30 
seconds at 94° C., 30 seconds at 55° C., and 30 seconds at 
72° C. (10 minute final extension). 
(0172 A PCR product of 513 bp was purified by 1% 
agarose gel electrophoresis in TAE buffer and further puri 
fied using an ULTRAFREE(R)-DA column. The wafragment 
was ligated with pCR2.1-TOPOR) using a TOPOR. TA 
Cloning Kit and transformed into ONE SHOTR, TOP10 
chemically competent E. coli cells according to the manu 
facturers instructions. Plasmid DNA from several transfor 
mants was purified using a BIOROBOTR 9600 and ana 
lyzed by DNA sequencing to identify those containing the 
desired wA insert. One plasmid with the expected DNA 
sequence was designated MPH8. 
(0173 MPH8 DNA was digested with Nco I and Not I and 
purified by 1% agarose gel electrophoresis in TAE buffer. 
The wa fragment was extracted using an ULTRAFREE(R)- 
DA column. The purified fragment was ligated to Nco I/Not 
I digested pCM261 to create pDM266 (FIG. 6). 
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(0174. The 499 bp wA fragment in pdM266 (basepairs 
2607-3106 of the wagene) has the same 3' end as the 176 
bp wA fragment in pCW099 and pEFer14. 

Example 6 

Transformation of Aspergillus Oryzae and Analysis 
of Transformants 

(0175 Aspergillus oryzae strain JaL250 (WO 98/11203) 
was grown on a PDA plate supplemented with 20 mM 
uridine for 7 days at 34° C. Spores were collected by adding 
5 ml of 0.01% TWEENR 80 (Fisher Scientific, Fair Lawn, 
N.J., USA), Scraping the Surface of the plate using a sterile 
inoculating loop, and collecting the spore suspension with a 
5 ml pipet. Approximately 2-5x107 spores were added to 100 
ml of YPG medium in a 500 ml shake flask and incubated 
16-18 hours at 30-34° C. and 140 rpm. Mycelia were 
collected using a sterile 0.2 um 500 ml EXPRESSR) filter 
unit (Millipore, Billerica, Mass., USA). Mycelia were fil 
tered away from the growth medium, and then washed twice 
with 100 ml of 0.7 M KC1. Mycelia were re-suspended in 20 
ml of protoplasting solution 5 mg/ml GLUCANEXR (No 
vozymes A/S, Bagsvaerd, Denmark) plus 0.5 mg/ml chiti 
nase (Sigma Chemical Co., St. Louis, Mo., USA) in 0.7 M 
KCl). Mycelia were transferred to a 125 ml shake flask and 
incubated at 34°C., 80 rpm for 30-90 minutes. Protoplasts 
were poured through a sterile funnel lined with MIRA 
CLOTHTM (Calbiochem, San Diego, Calif., USA) into a 
sterile 50 ml polypropylene tube. Protoplasts were centri 
fuged 20 minutes at 1.303xg at room temperature in a 
Sorval RT6000D centrifuge. The supernatant was discarded 
and protoplasts were re-suspended in 20 ml of STC. Proto 
plasts were centrifuged as above and re-suspended in 20 ml 
of STC. A 20 ul aliquot was removed and diluted with STC. 
Protoplasts were counted using a hemocytometer. The pro 
toplasts were centrifuged as described above and re-sus 
pended in the appropriate volume of STC to yield 2x107 
protoplasts/ml. 
(0176 Five ug of pEFer14, pIDM261, or poM266 DNA 
were added to 100 ul of Aspergillus Oryzae Jal 250 proto 
plasts. After incubation at room temperature for 30 minutes, 
the protoplast/DNA mix was adjusted to 9 ml with STC, split 
into 3 aliquots, and spread onto three 150 mm COVE plates 
supplemented with 20 mM uridine and 1% maltose. The 
plates were then incubated at 34° C. Growth on acetamide 
required expression of the amdS gene present on each 
expression plasmid. 
0177. After 4 days of incubation, before mature spore 
coloration was apparent, 25 or 30 primary transformants 
obtained using plasmids pEFer14, pIM261, and plM266 
were streaked onto COVE2 plates supplemented with 20 
mM uridine and 1% maltose. All colonies derived from 
transformants of plM261 were uniformly dark green. In 
contrast, colonies obtained from transformants of pl. Fer14 
or plM266 varied in spore color ranging from light yellow 
to dark green. The transformants were purified by streaking 
spores to COVE2 plates supplemented with 20 mMuridine 
and 1% maltose and then picking isolated colonies to plates 
of the same medium. All plates were incubated at 34° C. 
(0178. The results are shown in Table 1. Forty percent of 
the 30 spore purified pCM266 (499 bp w A) transformants 
showed spore coloration that was lighter than the wild-type. 
Thirty percent of the 30 spore purified pEFer14 (176 bp wA) 
transformants showed spore coloration that was lighter than 
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wild-type. One hundred percent of the 25 spore purified 
pDM261 (no wa) transformants showed wild-type spore 
coloration. 

TABLE 1. 

Transcribable % light % i 
Plasmid region colored wildtype Screened 

pEFer14 176 bp wA, hyg IR 30 70 30 
pDM266 499 bp wA, hyg IR 40 60 30 
pDM261 hyg IR O 1OO 25 

0179 The results showing light spore coloration of the 
pDM266 and pEFer14 transformants indicated a phenotype 
consistent with Suppression of the WA gene by transitive 
RNAi. 

Example 7 

Southern Blot Analysis of wA Gene Silenced 
Aspergillus Oryzae Transformants 

0180 Southern blot analysis was performed to verify that 
varying spore coloration in six selected transformants from 
Example 6, as listed below in Table 2, were not the result of 
gene disruptions. Mutant Aspergillus oryzae P2-5.1 (WO 
2005/056772) contained a disruption of the wagene. 

TABLE 2 

Strain Name Spore Color 

JaL250 (untransformed) Wild-type 
DLM1610-45-pDM261#2 Wild-type 
P2-5.1 white 
DLM1641-74-pEFer14#3 light colored 
DLM1641-74-pDM266#17 white 
DLM1641-74-pDM266#24 Light colored 
DLM1641-74-pDM266#29 white 

0181 Genomic DNA from each of the above Aspergillus 
oryzae strains was prepared using a DNEASYR Plant Maxi 
Kit according to the manufacturers instructions. Two ug of 
each genomic DNA were digested with Sap I and Cla I 
overnight at 37°C. Digested genomic DNA was fractionated 
by 0.7% agarose gel electrophoresis in TAE buffer for 17 
hours and blotted onto a NYTRANR) SuPerCharged mem 
brane (Schleicher & Schuell BioScience, Keene, N.H., 
USA) using a TURBOBLOTTERTM (Schleicher & Schuell 
BioScience, Keene, N.H., USA) for 14-16 hours, following 
the manufacturer's recommendations. 
0182. The membrane was first hybridized with a 463 bp 
digoxigenin-labeled Aspergillus Oryzae WA probe, which 
was synthesized by incorporation of digoxigenin-11-dUTP 
by PCR using primer w A5primeFWD (sense) and primer 
wA5primeREV (antisense) shown below: 

Primer WA5primeFWD (sense) : 
S-TACTACGGAGACCTTGGAAA-3' (SEQ ID NO: 13) 

Primer WA5primeREV (antisense) : 
5 - GCTCTTAGACAGCCTAGAAT-3' (SEQ ID NO: 14) 

0183 The amplification reaction (50 ul) was composed of 
1x THERMOPOLTM Reaction Buffer, 5 ul of PCR DIG 
Labeling Mix (Roche Applied Science, Indianapolis, Ind., 
USA), 10 ng of Aspergillus oryzae Jal 250 genomic DNA 
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(prepared using a DNEASYR Plant Maxi Kit), 10 pmol of 
primer w A5primeFWD, 10 pmol of primer wasprimeREV. 
and 2.5 units of Taq DNA polymerase. The reaction was 
incubated in an EPPENDORF(R) MASTERCYCLER(R) pro 
grammed for 30 cycles each for 30 seconds at 95°C., 30 
seconds at 52° C., and 1 minute at 72° C. (7 minute final 
extension). The PCR reaction was purified by 0.8% agarose 
gel electrophoresis in TAE buffer where incorporation of 
digoxigenin was indicated by an increase in molecular mass. 
A 463 bp product band was excised from the gel and purified 
using a MINELUTE(R) Gel Extraction Kit (QIAGEN Inc., 
Valencia, Calif., USA) according to the manufacturers 
instructions. 
0184) Hybridization was performed in DIG Easy Hyb 
buffer (Roche Applied Science, Indianapolis, Ind., USA) at 
42° C. for 15-17 hours. The membrane was then washed 
twice under high stringency conditions in 2xSSC plus 0.1% 
SDS for 5 minutes at room temperature followed by two 
washes in 0.5xSSC plus 0.1% SDS for 15 minutes each at 
65° C. The probe-target hybrids were detected by a chemi 
luminescent assay (Roche Applied Science, Indianapolis, 
Ind., USA) following the manufacturers instructions. 
0185 Southern blot analysis performed on the transfor 
mants revealed that in all transformants, hybridization bands 
were of the same size as that of Aspergillus Oryzae host 
strain Ja 250 containing the full-length WA gene compared 
to a significantly smaller hybridized band in P2-5.1. The 
results demonstrated that the non-wild-type spore colors 
were not the result of gene disruptions. 

Example 8 

Extraction of RNA from Aspergillus oryzae 
Transformants 

0186 Six Aspergillus Oryzae transformants (Example 6) 
displaying varied spore colors were spread on COVE2 plates 
supplemented with 20 mM uridine and 1% maltose and 
cultivated for 7 days at 34° C. Spores of untransformed 
Aspergillus Oryzae Jal 250 were spread on PDA plates 
supplemented with 20 mMuridine and cultivated for 7 days 
at 34° C. 
0187. Following the addition of 5 ml of 0.01%TWEENR) 
80, spores for each strain were collected by scraping the 
Surface of the plate using a sterile disposable spreader 
(Arben Bioscience, Rochester, N.Y., USA). Each spore 
Suspension was drawn up into a sterile 5 ml serological 
pipet, added to 75 ml of Minimal medium (pH 6.5) supple 
mented with 10 mM uridine and 1% maltose in a 500 ml 
shake flask, and cultivated for 22-24 hours at 34° C. and 65 
rpm. A 47 mm cellulose nitrate filter (Whatman Inc., Flo 
rham Park, N.J., USA) was placed on top of a filter mem 
brane in a sterile 0.2 um 250 ml MF75 filter unit (Nalgene, 
Rochester, N.Y., USA). Twenty five to 75 ml of each whole 
culture broth were placed onto separate cellulose nitrate 
filters and subjected to vacuum filtration to produce a thin 
layer of mycelia on the filter. The cellulose nitrate filters plus 
mycelia were transferred to 60 mm Petri dishes containing 
Minimal medium agar (pH 6.5) supplemented with 10 mM 
uridine and 1% maltose. The agar plates were placed in a 
plastic bag, sealed, and incubated at 37° C. 
0188 When pigmented conidiaphores began to appear 
(42-48 hours) in the Aspergillus oryzae Jal 250 control. 120 
mg of mycelia were scraped from each filter using a spatula 
and each transferred to a Lysing Matrix C tube (Q-Biogene, 
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Irvine, Calif., USA) containing 1 ml of RNAPROTM Solu 
tion (Q-Biogene, Irvine, Calif., USA). The Lysing Matrix C 
tubes were securely capped to prevent leakage during 
homogenization. The sample tubes were processed for 40 
seconds at speed 6 in a FASTPREPR) FP120 Instrument 
(Q-Biogene, Irvine, Calif., USA), and then placed on ice for 
2 minutes. The sample tubes were processed again for 40 
seconds at speed 6, and then placed on ice for 2 minutes. The 
samples were centrifuged at 13,400xg in an EPPEN 
DORF(R) 5415D microcentrifuge for 5 minutes at 4°C. The 
resulting Supernatants were transferred to 1.7 ml microcen 
trifuge tubes, and then incubated for 5 minutes at room 
temperature. Three-hundred ul of chloroform were added to 
the sample tubes and vortexed for 10 seconds. After incu 
bation at room temperature for 5 minutes, the samples were 
centrifuged at 13,400xg in an EPPENDORF(R) 5415D 
microcentrifuge for 5 minutes at 4°C. The upper phase of 
each sample was transferred to a new 1.7 ml microcentrifuge 
tube, and then incubated for 5 minutes at room temperature. 
Again, 300 ul of chloroform were added to the samples and 
vortexed for 10 seconds. The samples were incubated for 5 
minutes at room temperature, followed by centrifugation at 
13,400xg in an EPPENDORF(R) 5415D microcentrifuge for 
5 minutes at 4°C. The upper phases were transferred to new 
1.7 ml microcentrifuge tubes. Five-hundred ul of ice cold 
ethanol was added to the sample tubes and incubated for 30 
minutes at -20° C. The samples were centrifuged at 
13,400xg in an EPPENDORF(R) 5415D microcentrifuge for 
20 minutes at 4°C. The resulting supernatants were removed 
and the pellets washed with 75% ethanol. The ethanol was 
removed and the pellets were allowed to air-dry for 5 
minutes at room temperature. The pellets were resuspended 
in 100 ul of diethylpyrocarbonate (DEPC)-treated water 
followed by the addition of 50 ul of 8 M lithium chloride 
(VWR, West Chester, Pa., USA). The samples were incu 
bated for 1 hour at -20° C. After incubation, the samples 
were centrifuged at 13,400xg in an EPPENDORF(R) 5415D 
microcentrifuge for 25 minutes at 4°C. The supernatants 
were removed from the sample tubes, and the RNA pellets 
were rinsed with 70% ethanol. The ethanol was removed, 
and the RNA pellets were resuspended in 25-40 ul of DNase, 
RNase-free water (Sigma-Aldrich, St. Louis, Mo., USA). 
RNA concentration was quantified using a NANODROPR) 
1000 Spectrophotometer (Nanodrop Technologies, Wilm 
ington, Del., USA). 

Example 9 

Treatment of Aspergillus oryzae RNA with DNase 
0189 Contaminating genomic DNA was removed from 
the Aspergillus Oryzae RNA samples (Example 8) using a 
TURBO DNAfreeTM Kit (Ambion, Austin, Tex., USA). 
Three ug of extracted RNA were combined with 1x TURBO 
DNaseTM Buffer (Ambion, Austin, Tex., USA) and adjusted 
to a volume of 10ul with DNase, RNase-free water. One unit 
of TURBO DNaseTM (Ambion, Austin, Tex., USA) was 
added to the sample and incubated for 30 minutes at 37° C. 
Another 1 unit of TURBO DNaseTM was added and the 
sample was incubated for 1 hour at 37°C. Two ul of DNase 
Inactivation Reagent (Ambion, Austin, Tex., USA) were 
added. The contents of the sample tubes were mixed 3 times 
during a 2 minute incubation period at room temperature to 
redisperse the DNase Inactivation Reagent. The DNase 
Inactivation Reagent was pelleted by centrifugation for 2 
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minutes at 9,300xg in an EPPENDORF(R) 5415D microcen 
trifuge. Nine ul of each supernatant was transferred to a 0.65 
ml microcentrifuge tube. One ul of DNase-treated RNA was 
measured using a NANODROPR) 1000 Spectrophotometer 
in order to determine RNA concentration. 

Example 10 

Synthesis of First Strand cDNA from Aspergillus 
Oryzae Total RNA Samples 

0190. First strand cDNA was synthesized from each of 
the extracted Aspergillus Oryzae RNA samples (Example 9) 
using a Transcriptor First Strand cDNA Synthesis Kit 
(Roche Applied Science, Indianapolis, Ind., USA). One ug 
of DNase-treated RNA was combined with 1.2 nmol of 
random hexamer primer (Roche Applied Science, India 
napolis, Ind., USA) and adjusted to a volume of 13 ul with 
DEPC-treated water. The sample was incubated for 10 
minutes at 65° C., and then placed on ice. The 13 Jul sample 
was combined with 1x Transcriptor RT Reaction Buffer 
(Roche Applied Science, Indianapolis, Ind., USA), 20 units 
of Protector RNase Inhibitor (Roche Applied Science, India 
napolis, Ind., USA), 10 mM deoxynucleotide mix, and 10 
units of Transcriptor Reverse Transcriptase (Roche Applied 
Science, Indianapolis, Ind., USA) in a final volume of 20 ul. 
The reaction mixture was incubated for 10 minutes at 25°C., 
60 minutes at 50° C., and 5 minutes at 85°C. After synthesis, 
the sample tubes were placed on ice. 
0191 To verify removal of contaminating genomic DNA 
and check integrity of the cDNA, the sample was PCR 
amplified with WA and actin primer sets that span introns 
shown below. 

Primer 2 WAFWD (Sense) : 
5-ATGCCTCGCAGCTTATAGGA-3 (SEQ ID NO: 15) 

Primer 2WAREW (antisense) : 
5 - CGCACTGATATACGGTTTGG-3 (SEQ ID NO: 16) 

Primer 2actinRND (Sense) : 
5 - GGATCTCTACGGTAACATCGTCA-3' (SEO ID NO : 17) 

Primer 2actinREW (antisense) : 
5 " - GATCGGAGATGCCAGGGTA-3' (SEQ ID NO: 18) 

0.192 The amplification reactions (50 ul) were composed 
of 1x THERMOPOLTM Reaction Buffer, 0.4 mM dNTPs, 2 
ul of template cloNA sample, 50 pmol of primer 2w AFWD, 
50 pmol of primer 2wAREV, and 2.5 units of Taq DNA 
polymerase. A control amplification reaction (50 ul) was 
composed of 1x THERMOPOLTM Reaction Buffer, 0.4 mM 
dNTPs. 10 ng of Aspergillus Oryzae JaL250 genomic DNA 
(prepared using a DNEASYR Plant Maxi Kit), 50 pmol of 
primer 2w AFWD, 50 pmol of primer 2wAREV, and 2.5 
units of Taq DNA polymerase. The reactions were incubated 
in an EPPENDORF(R) MASTERCYCLERTM programmed 
for 30 cycles each for 30 seconds at 95°C., 30 seconds at 50° 
C., and 1 minute at 72° C. (7 minute final extension). The 
PCR reactions were purified by 0.8% agarose gel electro 
phoresis in TAE buffer. The results showed that PCR reac 
tions using cDNA templates produced a smaller amplicon 
than the control PCR reactions using genomic DNA as 
templates. A PCR amplicon generated from genomic DNA 
will be larger than the corresponding amplicon generated 
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from cDNA. Therefore, the cDNA preparations did not 
contain detectable amounts of genomic DNA. 

Example 11 

Detection of Steady-State wa mRNA Aspergillus 
oryzae by Real Time PCR (RT-PCR) 

0193 Determination of Aspergillus Oryzae wa expres 
sion levels in the transformants was accomplished using 
RT-PCR. Complementary DNA (cDNA) synthesized from 
each transformant as described in Example 10 was used as 
a template for RT-PCR reactions. The wagene served as the 
target DNA sequence, while the Aspergillus Oryzae actin 
gene (SEQ ID NO: 19 for the DNA sequence and SEQ ID 
NO: 20 for the deduced amino acid sequence) served as the 
endogenous control, as well as the reference DNA sequence. 
Primers and their corresponding mono-color hydrolysis 
probes were selected and designed according to the Univer 
sal Probe|Library Assay Design Software Guide (Roche 
Applied Science, Indianapolis, Ind., USA). The probes were 
first selected based on the desired transcript DNA sequence 
near exon-exon splice junctions. The primer sets were then 
designed to amplify targets that span the same exon-exon 
splice junctions, or introns. The following probes were 
selected: 

Universal ProbeLibrary Probe #131 
(actin - reference) 
s' - CTGGTGGT-3' 

Universal ProbeLibrary Probe #134 
(WA - target) 
s' - CCTCCTTC-3 

The following primers were used: 
Primer 2WAFWD (Sense) : 

(SEQ ID NO: 21) 
5 - ATGCCTCGCAGCTTATAGGA-3 

Primer 2WAREW (antisense) : 
(SEQ ID NO: 22) 

5 - CGCACTGATATACGGTTTGG-3 

Primer 2actinRND (Sense) : 
(SEQ ID NO: 23) 

5 - GGATCTCTACGGTAACATCGTCA-3' 

Primer 2actinREW (antisense) : 
(SEQ ID NO: 24) 

5 " - GATCGGAGATGCCAGGGTA-3' 

(0194 The Relative Quantification Real-Time PCR assay 
was performed using a LIGHTCYCLER(R) 480 System 
(Roche Applied Science, Indianapolis, Ind., USA). Each 
RT-PCR reaction (20 ul) was composed of 1x LIGHTCY 
CLER(R) 480 Probes Master mix (Roche Applied Science, 
Indianapolis, Ind., USA), 200 nM sense primer, 200 nM 
antisense primer, 100 nM probe, and varying dilutions (i.e., 
undiluted, 1:10, 1:100, 1:1000) of cDNA template. The 
RT-PCR reactions were carried out in a LIGHTCYCLER(R) 
480 System programmed for 45 cycles each for 10 seconds 
of denaturation at 95° C. and 30 Seconds at 60° C. for both 
quantification and extension of amplified product. Each 
sample was prepared in triplicate using 384 well plates 
(Roche Applied Science, Indianapolis, Ind., USA). A nega 
tive control in which the template cDNA was replaced with 
PCR-grade water was run on every 384 well plate tested to 
reveal putative false-positive results. 
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(0195 Data obtained from the LIGHTCYCLERR 480 
System was analyzed using LIGHTCYCLER(R) 480 Relative 
Quantification Software (Roche Applied Science, India 
napolis, Ind., USA). In the Relative Quantification method, 
each sample was corrected for differences in quality and 
quantity caused by discrepancies in initial sample concen 
tration, variations in Sample loading, pipetting errors, or 
disparities in cDNA synthesis efficiency by calculating the 
target gene concentration relative to a non-regulated refer 
ence gene. The target gene/reference generatio was not only 
determined, but also normalized by a calibrator that corrects 
for any differences in PCR efficiencies of the target and 
reference genes. The Relative Quantification analysis results 
were expressed as a normalized ratio in which the ratio of 
the target DNA sequence to the reference DNA sequence in 
a sample was divided by the ratio of the same two sequences 
in a standard sample or the calibrator. 
0196. A standard curve was first generated for both the 
target and reference using untransformed Aspergillus Oryzae 
Jal 250 as the standard sample. The standard curves yielded 
R values of 0.996 and 0.995 for the target and reference, 
respectively. The PCR efficiency values calculated by the 
Roche LIGHTCYCLERR 480 Relative Quantification Soft 
ware were 1.757 (error 0.0449) and 1.907 (error 0.0287) for 
the target and reference, respectively. In order to compare 
the relative expression levels of mRNA across all the strains 
listed in Example 7, real-time PCR reactions were carried 
out as described above. Data was collected and analyzed 
using the LIGHTCYCLERR 480 Relative Quantification 
Software and compared to the previously generated Standard 
curves according to Roche LIGHTCYCLERR 480 Relative 
Quantification Software Manual (Roche Applied Science, 
Indianapolis, Ind., USA). Using Relative Quantification 
analysis, the expression level of wA mRNA in Aspergillus 
oryzae DLM1610-45-pM261 #2, the transformant with 
wild-type spore color, was comparable to the untransformed 
Aspergillus Oryzae Jal 250 strain. Relative expression levels 
of w A mRNA in Aspergillus oryzae DLM1641-74-pE 
Fer14iii.3 and Aspergillus Oryzae DLM1641-74 
pDM266#24, transformants with light colored spores, 
showed a 67% and 62% reduction, respectively, as com 
pared to the wa mRNA expression level in the strains with 
wild-type spore color. Aspergillus Oryzae DLM1641-74 
pDM266#17 and Aspergillus Oryzae DLM1641-74 
pDM266#29, strains with white spores, showed a 73% and 
81% reduction in wA mRNA compared to the strains with 
wild-type spore color. 

Example 12 

Construction of Plasmid pAmFs031 
0.197 A transitive RNAi expression vector was con 
structed for Suppressing the expression of an Aspergillus 
niger ATCC 1015 polyketide synthase gene (SEQ ID NO: 
25 for the cDNA sequence and SEQ ID NO: 26 for the 
deduced amino acid sequence). 
0198 Plasmid pAmFs031 was constructed to contain the 
TAKA/NA2-tpi leader hybrid promoter, a fragment of the 
open reading frame for the Aspergillus niger polyketide 
synthase gene, the Escherichia coli hygB inverted repeat 
(hyg IR), the Aspergillus niger amyloglucosidase termina 
tor, and the full-length Aspergillus nidulans amdS gene 
(Kelly and Hynes, 1985, EMBO.J. 4: 475-479) as a select 
able marker. The Aspergillus niger polyketide synthase gene 
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was selected as a silencing target because of its sequence 
identity to other polyketide synthases involved in conidial 
pigment biosynthesis in filamentous fungi. 
0199. A 502 base pair fragment from within the Asper 
gillus niger polyketide synthase open reading frame (SEQ 
ID NO: 27 for DNA sequence and SEQ ID NO: 28 for the 
deduced amino acid sequence) was amplified from genomic 
DNA isolated from Aspergillus niger strain MBin 120 (WO 
2004/090155) using a sense strand primer possessing a 5' 
Nco I restriction site and an antisense primer possessing a 5' 
Not I restriction site shown below. 

Primer 56896F (sense) : 
(SEQ ID NO: 29) 

5'-ggggccatggTCAGCGCGGTAAGCTCTAAT-3' 

Primer 56896R (antisense) : 
(SEQ ID NO: 30) 

5'-ggggg.cggcc.gcGTAAGGTTCCGCATTTCTGG-3' 

Polyketide synthase coding sequence shown in uppercase 
letters. 
0200. The amplification reaction (50 ul) was composed of 
1x HERCULASE(R) Reaction Buffer (Stratagene, La Jolla, 
Calif., USA), 0.2 mM dNTPs. 128 ng of Aspergillus niger 
MBin120 genomic DNA (prepared using a DNEASYR) 
Plant Maxi Kit), 20 pmoles of sense primer, 20 pmoles of 
antisense primer, and 2.5 units of HERCULASE Hotstart 
DNA polymerase (Stratagene, La Jolla, Calif., USA). The 
reactions were incubated in an EPPENDORF(R) MASTER 
CYCLER(R) 5333 programmed for 30 cycles each for 30 
seconds at 94° C., 30 seconds at 55° C., and 1 minute at 72° 
C. (7 minute final extension). 
0201 The resulting PCR product of 502 bp and pPM261 
were digested with Nco I and Not I, purified by 0.75% 
agarose gel electrophoresis in TAE buffer, and further puri 
fied using a MINELUTE(R) Kit for the PCR product or a 
QIAQUICKR) Gel Extraction Kit for the plasmid. The PCR 
product was ligated with the plM261 plasmid fragment 
using a FAST-LINKTM DNA Ligation Kit (Epicentre Bio 
technologies, Madison, Wis., USA) and transformed into 
SURETM II chemically competent E. coli cells according to 
the manufacturers instructions (Stratagene, La Jolla, Calif., 
USA). Plasmid DNA from several transformants was puri 
fied using a BIOROBOTR 9600 and analyzed by DNA 
sequencing to identify those containing the desired 
polyketide synthase insert. One plasmid with the expected 
DNA sequence was designated pamFs031 (FIG. 7). 

Example 13 

Transformation of Aspergillus niger and Analysis 
of Transformants 

0202 Aspergillus niger strain MBin120 was grown on a 
PDA plate for 14 days at 34° C. Spores were collected by 
adding 7 ml of 0.01% TWEENR 20 (Fisher Scientific, Fair 
Lawn, N.J., USA), Scraping the Surface of the plate using a 
sterile inoculating loop, and collecting the spore Suspension 
with a 5 ml pipet. A 500 ml glass shake flask containing 25 
ml of YPG medium supplemented with 1 M sucrose was 
inoculated with 2.6x10 spores and incubated 15 hours at 
28° C. at 150 rpm. Mycelia were collected using a sterile 0.2 
um 500 ml EXPRESSR) filter unit (Millipore, Billerica, 
Mass., USA). Mycelia were filtered from the growth 
medium, and then washed twice with 150 ml of 1 M sorbitol. 
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Mycelia were resuspended in 30 ml of protoplasting solution 
containing 20 mg of GLUCANEXR and 0.4 mg of chitinase 
per ml of 1 M sorbitol. Mycelia were transferred to a 125 ml 
glass shake flask and incubated at 34° C., 100 rpm for 45 
minutes. Protoplasts were poured through a sterile funnel 
lined with MIRACLOTHTM into a sterile 50 ml polypropyl 
ene tube. The tube was then filled with ice cold 1 M sorbitol. 
The protoplasts were centrifuged for 5 minutes at 1.303xg at 
room temperature in a Sorval RT6000D centrifuge. The 
Supernatant was discarded and the protoplasts were re 
suspended in 50 ml of 1 M sorbitol. The protoplasts were 
centrifuged in a Sorval RT6000D centrifuge and re-sus 
pended in 10 ml of STC. A 20 ul aliquot was removed and 
diluted with STC. The protoplasts were counted using a 
hemocytometer. The protoplasts were centrifuged in a Sor 
vall RT6000D centrifuge and re-suspended in the appropri 
ate volume of PEG 4000 (Polysciences, Inc., Warrington, 
Pa., USA) to yield 2x107 protoplasts/ml. 
0203 Five ug of p AmFs031 or poM261 DNA were 
added to 100 ul of the Aspergillus niger MBin 120 proto 
plasts. After incubation on ice for 30 minutes, 1 ml of SPC 
was added to the protoplast/DNA solutions and gently 
mixed. The solutions were incubated for 30 minutes at room 
temperature. Then 10 ml of dissolved amdS overlay agar 
cooled to 50° C. was added to the transformation mixtures 
and spread onto 150 mm COVE plates. The plates were then 
incubated at 34° C. Growth on acetamide required expres 
sion of the amdS gene present on each expression plasmid. 
0204 After 4 days of incubation, 10 primary transfor 
mants were obtained for each of pAmFs031 and plDM261. 
The transformants were streaked onto COVE A minus urea 
plus acetamide plates Supplemented with 1% maltose. All 
colonies derived from plM261 were uniformly dark black. 
In contrast, the colonies obtained from the pAmFs031 
transformants varied in spore color ranging from white to 
dark brown. The transformants were purified by streaking 
spores to COVE A minus urea plus acetamide plates Supple 
mented with 1% maltose and then picking isolated colonies 
to plates of the same medium. Strain purification was 
repeated four times in total. All plates were incubated at 34° 
C. 
0205 Three of the 10 spore purified pamFs031 transfor 
mants displayed spore coloration that was lighter than the 
wild-type. All of the 10 spore purified plM261 “empty 
vector transformants showed wild-type spore coloration. 
These results showing light spore coloration for the 
pAmFs031 transformants indicated a phenotype consistent 
with transitive RNAi associated suppression of the 
polyketide synthase gene. 

Example 14 

Growth and Total RNA Extraction from Polyketide 
Synthase Silenced and Control Aspergillus niger 

Strains 

0206. The following Aspergillus niger strains were 
grown for 7 days on COVE A minus urea plus acetamide 
plates supplemented with 1% maltose at 34° C.: two Asper 
gillus niger pAmFs031 strains with white spores (designated 
pAmFs031-W1 and pAmFs031-W2), one Aspergillus niger 
pAmFs031 strain with black spores (designated pAmFs031 
B1), and one Aspergillus niger strain transformed with 
pDM261. The untransformed control strain Aspergillus 
niger MBin 120 was grown on PDA plates. Spores were 
collected from each strain by adding 5 ml of 0.01% 
TWEENR 20, scraping the surface of the plate with a sterile 

Feb. 2, 2017 

inoculating loop, and collecting the spore suspension with a 
10 ml pipet. Forty ul of spore suspension were mixed with 
10 ml of M410 medium and 1 ml of this mixture was added 
to each well of a 24 well polystyrene microtiter plate 
(Corning Incorporated, Corning, N.Y., USA). Each strain 
was grown in a separate microtiter plate to avoid cross 
contamination. The plates were incubated at 34° C. for 4 
days in a humidity controlled chamber at which point the 
fungi formed a continuous mat of mycelial growth across the 
well and pigmented conidiaphores were present for all 
strains. 
0207 Total RNA was extracted from the mycelial mats 
using a RNAPROTM Pro Red Kit (Q-Biogene, Irvine, Calif., 
USA). The mats were removed from the wells and placed 
onto a paper-towel to absorb any excess medium. Totally 
200 mg of each mycelial mat tissue were transferred to a 
FASTRNARProRed tube containing 1 ml of RNAPROTM 
solution (Q-Biogene, Irvine, Calif., USA). The mycelia were 
homogenized for 40 seconds at speed 6 using a FAST 
PREPR) FP120 Instrument. Each sample was centrifuged at 
13,400xg in a Sorvall MC12V microcentrifuge for 5 minutes 
at 4°C. The aqueous phases were transferred to 1.7 ml 
microfuge tubes. The samples were incubated at room 
temperature for 5 minutes. Three hundred ul of chloroform 
were added and the samples were vortexed 10 seconds and 
then incubated at room temperature for 5 minutes. The 
samples were centrifuged at 13,400xg in a Sorvall MC12V 
microcentrifuge for 5 minutes at 4°C. The upper phases 
were transferred to new 1.7 ml microfuge tubes. The 
samples were extracted again with chloroform as described 
above. Five hundred ul of ice cold ethanol were added and 
the samples were stored at -20° C. for one hour. The 
samples were centrifuged at 13,400xg in a Sorvall MC12V 
microcentrifuge for 20 minutes at 4°C. The ethanol was 
removed and the pellets were washed with 75% ethanol. The 
ethanol was removed and the pellets were air dried for 5 
minutes. The RNA samples were resuspended in 100 ul of 
DEPC-treated water. Fifty ul of 8 M LiCl were added and the 
samples were stored for 1 hour at -20°C. The samples were 
centrifuged at 13,400xg in a Sorvall MC12V microcentri 
fuge for 25 minutes at 4°C. The LiCl was removed and 500 
ul of 75% ethanol were added to the pellets and then 
removed. The pelleted samples were air dried for 5 minutes. 
The RNA samples were resuspended in 30 ul of DEPC 
treated water. The RNA concentration was measured using 
a NANODROPR) 1000 Spectrophotometer. Samples were 
Stored at -80° C. 

Example 15 

First Strand cDNA Synthesis 
0208 RNA samples from each of the Aspergillus niger 
strains described in Example 14 were treated with DNase to 
remove genomic DNA using reagents from a TURBO 
DNaseTM Kit (Ambion, Inc., Austin, Tex., USA). Three ug of 
RNA were combined with 1 ul of TURBO DNaseTM buffer 
(Ambion, Inc., Austin, Tex., USA) and adjusted to a Volume 
of 10 ul with DEPC-treated water. A 0.5 ul aliquot of 
TURBO DNaseTM (Ambion, Inc., Austin, Tex., USA) was 
added and the sample was incubated 30 minutes at 37°C. A 
second 0.5 ul aliquot of TURBO DNaseTM was added and 
the sample was again incubated for 30 minutes at 37°C. Two 
ul of Inactivation Reagent (Ambion, Inc., Austin, Tex., 
USA) were added and the sample was mixed three times 
during a 2 minute incubation at room temperature. The 
sample was centrifuged for 2 minutes at 9.300xg in an 
EPPENDORF(R) 5415D microcentrifuge. Nine ul of super 
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natant were transferred to a 0.6 ml microfuge tube. The RNA 
concentration was measured using a NANODROP(R) 1000 
Spectrophotometer. Samples were stored at -80° C. 
0209 First strand cDNA was synthesized using a Tran 
scriptor Reverse Transcriptase First Strand cDNA Synthesis 
Kit (Roche Applied Science, Indianapolis, Ind., USA). Four 
libraries were prepared for each of the five Aspergillus niger 
strains described in Example 14 using different quantities of 
DNase-treated RNA: 300 ng, 600 ng, 900 ng, and 1.2 Lug in 
a volume of 1 to 2 ul combined with 2 ul of random hexamer 
primer (Roche Applied Science, Indianapolis, Ind., USA) 
and adjusted to a volume of 13 ul with DEPC-treated water. 
The sample were incubated for 10 minutes at 65° C. and then 
placed on ice. A 6.5 ul aliquot of Transcriptor Reverse 
Transcriptase master mix (4 Jul of Transcriptor Reverse 
Transcriptase buffer, 0.5ul of Protector RNase inhibitor, and 
2 ul of dNTP mix) were added to a tube followed by the 
addition of a 0.5 ul aliquot of Transcriptor Reverse Tran 
Scriptase. The samples were removed from the ice and 
transferred to an EPPENDORFOR MASTERCYCLER(R) 
5333 programmed for 10 minutes at 25°C., 60 minutes at 
55° C., and then 5 minutes at 85°C. Samples were stored at 
-80° C. 

Example 16 

Detection of Aspergillus niger Polyketide Synthase 
mRNA by Real-Time PCR 

0210. The relative expression levels of Aspergillus niger 
polyketide synthase mRNA by the Aspergillus niger strains 
described in Example 14 were quantified by RT-PCR. Total 
RNA was extracted from each strain to serve as a template 
for first strand cDNA synthesis as described in Example 15. 
The first strand cDNA served as a template for RT-PCR. The 
Aspergillus niger actin gene was used as a reference stan 
dard (i.e., internal control). Probes and primers were 
designed using the Roche Universal Probel library Design 
Center Software (Roche Applied Science, Indianapolis, Ind., 
USA). The following primers and probe pairs were used: 

Aspergillus niger polyketide synthase forward 
primer (62488) : 

(SEQ ID NO: 31) 
5'-tcgtgaatcaggtoctagoc-3' 

Aspergillus niger polyketide synthase reverse 
primer (62489) : 

(SEQ ID NO: 32) 
5'-aaacaac ccaattgg tagatgc-3' 

Roche Universal ProbeLibrary Probe #80 
(O4689 038001) : 
5' - cct ggaga-3 

Aspergillus niger actin forward primer (6252O): 
(SEQ ID NO: 33) 

5'-atctgtacggcaa.cattgtca-3' 

Aspergillus niger actin reverse primer (62521) : 
(SEQ ID NO: 34) 

5'-ttctgcatacggtcggagat-3' 

Roche Universal ProbeLibrary Probe #131 
(O4694.155001) : 
5'-ctggtggit-3' 

0211. The RT-PCR assay was performed using a LIGHT 
CYCLERR 480 System and the above Roche Universal 
Probel library Probes, which were pre-labeled with fluores 
cein at the 5'-end and a dark quencher dye near the 3'-end. 
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Each reaction mixture contained 10 ul of LIGHTCYCLER(R) 
480 Probes Master Mix, 0.1 M Roche Universal ProbelLi 
brary Probe, 0.2 uM forward primer, 0.2 uM reverse primer, 
and 2 ul of first strand cDNA (produced as described in 
Example 15 from varying amounts of total RNA) in a total 
volume of 20 ul. All RT-PCR reactions were carried out in 
384 well plates (Roche Applied Science, Indianapolis, Ind., 
USA). RT-PCR reactions were carried out in a LIGHTCY 
CLER(R) 480 System programmed for 1 cycle of preincuba 
tion at 95° C. for 10 minutes, 4.8° C./s; 45 cycles of 
amplification using the Quantification Analysis mode at 95° 
C. for 10 seconds, 4.8°C/s; 55° C. for 15 seconds, 2.5°C./s: 
72° C. for 1 second, 4.8°C./s (in acquisition mode Single); 
and 1 cycle of cooling at 40° C. for 10 seconds, 2 C./s. In 
order to generate standard curves and PCR efficiency values 
for the target (polyketide synthase gene) and the reference 
(actin gene), four serial dilutions were created from two 
cDNA libraries. Each of these serial dilutions was assayed in 
quadruplicate with both the probe?primer set for the target 
and reference in separate reactions. The standard curves 
yielded R values of 0.996 and 0.998 for the target and 
reference respectively. The PCR efficiency values calculated 
by the LIGHTCYCLERR 480 Relative Quantification Soft 
ware were 1.950 (error 0.0266) and 1.854 (error 0.0181) for 
the target and reference, respectively. In order to compare 
the relative level of polyketide synthase mRNA across all 
five Aspergillus niger strains, three dilutions were tested in 
triplicate for each of the cDNA libraries. The RT-PCR 
reactions were carried out using both the probe?primer set 
for the target and reference in separate reactions for each 
dilution and replicate. These data were compared with the 
standard curves using the LIGHTCYCLER(R) 480 Relative 
Quantification Software according to the manufacturer. 
Using this method of analysis, the quantity of expression of 
the treated sample was calculated relative to the untreated 
control sample. The quantity of the treated sample was 
determined from the standard curve divided by the quantity 
of the untreated control sample. Thus, the untreated sample 
was designated the 1x sample and all other quantities were 
expressed as an n-fold difference relative to the untreated 
sample. Then, the treated Sample amount was normalized to 
an endogenous control, actin, to account for differences in 
the amount of total RNA added to each reaction. 
0212. Using Relative Quantification analysis, the relative 
expression level of Aspergillus niger polyketide synthase 
mRNA was determined to be significantly lower in strains 
pAmFs031-W1 and pAmFs031-W2 compared to strains 
Aspergillus niger MBin120 pAmFs031-B1, Aspergillus 
niger MBin 120 plM261, or untransformed Aspergillus 
niger MBin 120, which correlated with the observed changes 
in spore coloration. The Aspergillus niger MBin 120 
pAmFs031-W1 and Aspergillus niger MBin 120 pAmFs031 
W2 strains showed a 68% and 82% reduction in polyketide 
synthase mRNA compared to the “empty vector control 
strain. A Southern blot was performed on the same Strains, 
as described in Example 17, to confirm the presence of the 
entire polyketide synthase gene and eliminate the possibility 
that the reduction in transcript was due to a disruption of the 
polyketide synthase gene itself. 

Example 17 

Detection of the Aspergillus niger Polyketide 
Synthase Gene by Southern Blotting 

0213 Genomic DNA was extracted from the following 
Aspergillus niger strains (described in Example 16): 
untransformed Aspergillus niger MBin 120, Aspergillus 
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niger MBin120 pAmFs031-W1, Aspergillus niger MBin120 
pAmFs031-W2, Aspergillus niger MBin120 pAmFs031-B1, 
and Aspergillus niger MBin120 plM261 using a 
DNEASYR Plant Maxi Kit. A total of 2 ug of genomic DNA 
from each strain was digested with Hind III for 17 hours at 
37°C. The digested genomic DNA and the DNA molecular 
weight marker II, DIG-labeled (Roche Applied Science, 
Indianapolis, Ind., USA) were loaded onto a 0.7% agarose 
gel in TAE buffer and a current of 22 V was applied for 17 
hours. The DNA was transferred from the gel onto a 
NYTRANR) SuPerCharged membrane for 18 hours using 
20xSSC transfer buffer. The DNA was cross-linked to the 
membrane using ultraviolet irradiation and then equilibrated 
in DIG Easy Hyb Solution (Roche Applied Science, India 
napolis, Ind., USA) at 42°C. for 30 minutes. The membrane 
was probed with 20 ul of a DIG-labeled 434 bp PCR product 
suspended in DIG Easy Hyb solution (Roche Applied Sci 
ence, Indianapolis, Ind., USA) at 42°C. for 18 hours. The 
434 bp DIG-labeled DNA probe was synthesized using a 
PCR DIG Probe Synthesis Kit (Roche Applied Science, 
Indianapolis, Ind., USA) and the primers shown below. 

Aspergillus niger polyketide synthase Southern 
forward primer (062849) : 

(SEO ID NO: 35) 
5'-ttaattaatcggit caatcqc cqttgtcaga-3' 

Aspergillus niger polyketide synthase Southern 
reverse primer (06285O) : 

(SEQ ID NO: 36) 
5'-aattitccaaac agggitaact coac-3' 

0214. The amplification reaction (50 ul) was composed of 
1XBCR Buffer, 5 ul of PCR DIG Probe Synthesis Mix, 50 
uM of sense primer, 50 uM of antisense primer, 2.6 units of 
Expand High Fidelity Polymerase, and 50 ng of Aspergillus 
niger MBin 120 genomic DNA (purified as described above). 
The reaction was incubated in an EPPENDORF(R) MAS 
TERCYCLERTM 5333 programmed for 30 cycles each for 
30 seconds at 94° C., 30 seconds at 55° C., and 30 seconds 
at 72° C. (7 minute final extension). The probe sequence is 
complimentary to the promoter (5' untranslated region) of 
the Aspergillus niger polyketide synthase gene, the sequence 
of which is contained within an 8.8 kb Hind III genomic 
DNA fragment. 
0215. After the membrane was probed, it was washed 
with 2xSSC plus 0.1% SDS low stringency buffer for 5 
minutes at room temperature followed by two high strin 
gency washes with 0.5xSSC plus 0.1% SDS at 65° C. for 15 
minutes at room temperature each. The hybridized DIG 
labeled probe and molecular weight markers were then 
visualized using a DIG Luminescent Detection Kit (Roche 
Applied Science, Indianapolis, Ind., USA) following the 
manufacturer's specifications. The blot was exposed to 
Biomax XAR film (Sigma Aldrich, St. Louis, Mo., USA) 
and developed using a Konica SRX-101A film processor 
(Konica Minolta Medical Imaging USA Inc., Wayne, N.J., 
USA) to visualize the labeled DNA. The results demon 
strated that all of the strains displayed an expected 8.8 kb 
band indicating that the entire gene was intact in all strains 
tested. 

Example 18 
Construction of the Trichoderma reesei Transitive 

RNAi Expression Vector p AL02 
0216 A transitive RNAi expression vector was con 
structed for Suppressing the expression of a Trichoderma 
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reesei beta-xylosidase gene (SEQ ID NO:37 for the DNA 
sequence and SEQ ID NO: 38 for the deduced amino acid 
sequence). 
0217. The transitive RNAi plasmid pEvFZ-14 was 
digested with Pac I and Milu I to isolate the hygromycin 
inverted repeat. A 527 bp fragment was resolved by 1.0% 
agarose gel electrophoresis in TAE buffer and then excised 
from the gel. The fragment was purified using a QIA 
QUICKCR) Gel Extraction Kit according to the manufactur 
er's instructions. The purified fragment was then ligated to 
Pac I and Mlu I digested pMJ09 (WO 2005/056772) using 
a Rapid Ligation Kit (Roche Applied Science, Indianapolis, 
Ind., USA). Two ul of the ligation mixture were used to 
transform SURETM chemically competent E. coli cells 
(Stratagene, La Jolla, Calif., USA) according to manufac 
turer's instructions. Plasmid DNA from several transfor 
mants was purified using a BIOROBOTR 9600 and ana 
lyzed by digestion with Pac I and Milu I. The products of the 
restriction digest were resolved by 1.0% agarose gel elec 
trophoresis in TAE buffer. One transformant was confirmed 
by DNA sequence analysis to possess the 527 bp hygromy 
cin inverted repeat and was designated pALO1 (FIG. 8). 
0218. PCR was employed to amplify a 500 bp fragment 
comprising a portion of the Trichoderma reesei beta-xylo 
sidase coding region (SEQID NO:39 for the DNA sequence 
and SEQ ID NO: 40 for the deduced amino acid sequence) 
utilizing genomic DNA from Trichoderma reesei RutC30 
(WO 2005/056772) serving as template. The genomic DNA 
from Trichoderma reesei RutC30 was isolated using a 
DNEASYR Plant Maxi Kit according to the manufacturers 
instructions. A sense primer was designed to incorporate a 
Nco I site at the 5'-end and a reverse primer was designed to 
incorporate a Milu I site at the 5' end as shown below. 

Sense primer: 
s' - CCATGGTACGAGTTTGGCAGTGGTCT-3' (SEQ ID NO: 41) 

Anti sense primer: 
s' - ACGCGTTTATGCGTCAGGTGTAGCAT-3' (SEQ ID NO: 42) 

0219. The amplification reaction (50 ul) was composed of 
10x HERCULASETM Reaction Buffer (Stratagene, La Jolla, 
Calif., USA), 0.8 mM dNTPs, 200 ng of Trichoderma reesei 
RutC30 genomic DNA prepared as described in Example 7. 
1 ng of primers, and 2.5 units of HERCULASE HOT 
STARTTM Polymerase (Stratagene, La Jolla, Calif., USA). 
The reactions were incubated in an EPPENDORF(R) MAS 
TERCYCLER(R) 5333 programmed for 1 cycle at 92° C. for 
2 minutes; 30 cycles each at 92° C. for 30 seconds, 58° C. 
for 30 seconds, and 68° C. for 1 minute; and a 10 minute 
final extension. The reaction products were isolated by 1.0% 
agarose gel electrophoresis in TAE buffer where a 500 bp 
band was excised from the gel and purified using a QIA 
QUICKCR) Gel Extraction Kit according to the manufactur 
er's instructions. The purified PCR fragment was digested 
with Nco I and Milu I and ligated using a Rapid Ligation Kit 
into pAL01 that had been digested with Nco I and Milu I. The 
ligation mixture was used to transform SURETM chemically 
competent E. coli cells according to the manufacturers 
instructions. Then transformants were screened by colony 
PCR to identify those containing the desired beta-xylosidase 
insert. The reactions (20 ul) were composed of 2 ul of 10x 
THERMOPOLTM Reaction Buffer, 0.4 pil of 10 mM dNTPs, 
1 ul of an E. coli transformant colony suspended in 50 ul of 
deionized water, and 1 pmol of the beta-xylosidase ampli 
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fication primers. The reactions were incubated in an EPPEN 
DORF(R) MASTERCYCLER(R) 5333 programmed for 1 
cycle at 94° C. for 2 minutes; 17 cycles each at 94° C. for 
30 seconds, 55° C. for 30 seconds, and 72° C. for 30 
seconds; and a 5 minute final extension. The amplification 
products were isolated by 1.0% agarose gel electrophoresis 
in TAE buffer. Plasmid DNA from several transformants 
containing the 500 bp beta-xylosidase amplification product 
was purified using a BIOROBOTR 9600 and analyzed by 
DNA sequencing. DNA sequence analysis of one plasmid 
containing the 500 bp beta-xylosidase amplification product 
confirmed the expected insertion and was designated pAL02 
(FIG. 9). 

Example 19 

Transformation and Determination of Transitive 
RNAi in Trichoderma reesei of the Trichoderma 

reesei Beta-Xylosidase Gene 
0220 Five ug of p AL02 was used to transform 
Trichoderma reesei SaMe13, a cbh1 deleted strain (WO 
2005/030926). Trichoderma reesei SaMe13 spores were 
harvested by pouring 20 ml of 0.01% TWEENR 80 onto a 
COVE2 plate of mature Trichoderma reesei SaMe13 and 
spores were scraped off with a petri dish spreader. The spore 
mixture was drawn up into a 20 ml pipette. Approximately 
2-5x107 spores were inoculated into 100 ml of YP medium 
supplemented with 2% glucose and 10 mM uridine and 
incubated at 27°C. at 90 rpm for 16 hours. Mycelia were 
collected using a 500 ml STERICUPTM filter unit (Millipore, 
Burlington, Mass., USA) and washed twice with 100 ml of 
deionized water. The mycelia were then washed twice with 
250 ml of 1.2 M sorbitol. The washed mycelia were resus 
pended in 20 ml of 1.2 M sorbitol, 5 mg of GLUCANEX(R) 
per ml and 0.5 mg of chitinase per ml. The mixture was 
incubated at 34° C. for 15-25 minutes at 90 rpm. The flask 
was placed on ice for five minutes followed by filtration 
through MIRACLOTHTM. The filter containing the proto 
plasts was placed into a 50 ml FALCONTM tube (VWR 
International, West Chester, Pa., USA). The tube was cen 
trifuged at 370xg for 10 minutes in a Sorval RT6000D 
centrifuge. The Supernatant was discarded and the protoplast 
pellet was resuspended in 25 ml of 1.2 M sorbitol and 
centrifuged at 370xg for 10 minutes in a Sorvall RT6000D 
centrifuge. The Supernatant was discarded and pellet resus 
pended in 25 ml of 1.2 M sorbitol. Tenul were removed and 
the tube centrifuged as described above while the protoplasts 
were counted in a hemocytometer. The Supernatant was 
discarded and the pellet resuspended at a concentration of 
1x10 protoplast per ml of STC. 
0221) A transformation mixture consisting of 100 ul of 
the protoplast suspension, 1-10 ug of plasmid DNA in 10 ul 
of STC, and 250 ul of polyethylene glycol was gently mixed. 
The mixture was incubated at room temperature for 30 
minutes. Three ml of STC was added, mixed, and poured 
onto a 150 mm COVE plate. The plates were incubated at 
28° C. for 10-14 days. 

Sample 

ALO2 1 
ALO2 2 
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0222 Twenty transformants, AL02-1-AL02-20, and 4 
control transformants containing pAL01 were selected and 
spores from single colonies were streaked onto COVE plates 
and incubated for 5 days at 28°C. Spores from these plates 
were inoculated into 125 ml baffled shake flasks containing 
25 ml of Cellulase-Inducing Medium and cultivated at 28° 
C. and 200 rpm for 5 days. One ml samples of culture broth 
were removed 5 days post-inoculation, centrifuged at 
6,000xg for 10 minutes in an EPPENDORF(R) centrifuge 
5415D, and the supernatants transferred to new EPPEN 
DORF(R) tubes. Duplicates of the broth samples were used to 
determine beta-xylosidase activity and beta-glucosidase 
activity. 
0223) The supernatants above were assayed for beta 
xylosidase activity using a Coulter Biomek 3000, Biomek 
NX, and a ORCA robotic arm (Beckman Coulter, Inc. 
Fullerton, Calif., USA). Culture supernatants were diluted 
appropriately in 0.1 M succinate, 0.01% Triton X-100 pH 
5.0 (sample buffer) followed by a series dilution from 0-fold 
to /3-fold to /6-fold of the diluted sample. A total of 20 ul 
of each dilution was transferred to a 96-well flat bottom 
plate. Two hundred micro-liters of a substrate solution 
containing 1 mg of para-nitrophenyl-beta-D-Xylopyranoside 
per ml of 0.1 M succinate pH 5.0 was added to each well and 
then incubated at ambient temperature for 45 minutes. Upon 
completion of the incubation period, 50 ul of 1 M TRIS 
buffer pH 9 was added to each well to stop the reaction. An 
endpoint was measured at an optical density of 405 nm for 
the 96-well plate. 
0224. The supernatants above were assayed for beta 
glucosidase activity using a Coulter Biomek 3000, Biomek 
NX, and a ORCA robotic arm. Culture supernatants were 
diluted appropriately in 0.1 M succinate, 0.01% Triton 
X-100 pH 5.0 (sample buffer) followed by a series dilution 
from 0-fold to /3-fold to /6-fold of the diluted sample. A 
total of 20 ul of each dilution was transferred to a 96-well flat 
bottom plate. Two hundred micro-liters of a substrate solu 
tion containing 1 mg of para-nitrophenyl-beta-D-glucopy 
ranoside per ml of 0.1 M succinate pH 5.0 was added to each 
well and then incubated at ambient temperature for 45 
minutes. Upon completion of the incubation period, 50 ul of 
1 M TRIS buffer pH 9 was added to each well to stop the 
reaction. An endpoint was measured at an optical density of 
405 nm for the 96-well plate. Sample activity was deter 
mined by use of the following equation: 

({OD405/extinction coefficient}x1x10)/incubation 
time sample volume where extinction coeffi 
cient=17,749, incubation time=45, and sample 
volume=0.02. 

0225. A ratio between the OD obtained from the beta 
Xylosidase activity assay and the activity determined from 
the beta-glucosidase assay was calculated and reported as 
BX/BG. Since beta-glucosidase occurs natively its activity 
was used as means to normalize for growth differences 
between transformants. The results are shown in Table 3. 

TABLE 3 

Beta-xylosidase' Beta-glucosidase’ Protein Ratio BX/BG 

5.53 - 1.10 965.63 - 107.02 3.51 - 0.48 OOO6 O.OO1 
10.13 - 2.38 857.73 40.30 4.23 - 0.51 OO12 O.004 
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TABLE 3-continued 

22 
Feb. 2, 2017 

Sample Beta-xylosidase' Beta-glucosidase Protein Ratio BX/BG 

ALO2 3 9.89 - 160 1139.06 37.99 2.54 - 0.31 O.009 OOO2 
ALO2 4 2.94 0.25 174.90 - 45.20 1.38 0.25 O.O17 O.OO7 
ALO25 15.67 2.SS 919.14 - 39.01 3.56 O.O3 O.O17 O.004 
ALO2 6 15.04 7.12 725.61 225.20 4.58 - 1.96 O.O21 0.004 
ALO2 7 4.78 O.44 494.99 69.17 3.29 O.17 O.O10 O.OO3 
ALO2 8 3.87 - 0.22 SO7.37 - 262.44 3.25 + 0.09 OOO8 O.OOS 
ALO29 9.70 3.52 771.72 35.46 4.25 + 0.43 O.O13 O.OOS 
ALO2 10 3.25 + 1.61 576.40 202.08 2.45 - 1.04 O.OO6 O.OO1 
ALO2 11 3.47 2.19 667.39 159.68 2.21 - 0.76 O.OOS O.OO3 
ALO2 13 7.27 2.44 521.OO 66.65 3.40 - 0.74 0.014 - 0.004 
ALO2 14 5.75 2.54 834.19 414.42 4.54 - 158 0.007 O.OOO 
ALO2 15 10.58 O.64 62586 - 427.59 S.S1 2.95 0.017 O.O15 
ALO2 16 180 - 0.60 309.91 39.37 4.51 - 1.76 O.OO6 O.OO2 
ALO2 17 7.31 6.48 477.29 370.17 6.75 2.44 OO15 O.OO3 
ALO2 18 6.04 3.83 556.43 - 143.08 4.69 - 1.81 OO11 OOOS 
ALO2 19 1.64 - 0.42 226.67 - 24.94 2.49 O.12 O.OO7 O.OO1 
ALO2 20 3.SS 1.78 410.71 - 261.33 3.91 - 1.97 0.009 OOO1 
ALO3 ev 3.59 0.78 320.76 92.52 3.60 - 1.36 OO11 O.OO3 

'Beta-xylosidase activity was measured using para-nitrophenyl-B-D-xylopyranoside as a substrate. Values 
are expressed as absorbance units + standard deviation (n = 2 except for sample AL03 ev for which n = 4). 
'Beta-glucosidase activity was measured using p-nitrophenyl-3-glucopyranoside as a substrate. Values are 
expressed as Limol substrate hydrolyzed per min per ml of culture broth + standard deviation (n = 2 except 
for sample AL03 ev for which n = 4). 
Protein concentrations were determined using BCA assay reagents, Values are expressed in mg ml of culture 
broth + standard deviation (n = 2 except for sample AL03 ev for which n = 4). 
Ratio of beta-xylosidase and beta-glucosidase activities + standard deviation (n = 2 except for sample AL03 
ev for which n = 4). 

Approximately 5/20 transformants appeared to express 
BX/BG with values from 36% to 55% of the control. These 
results demonstrate that transitive RNAi can be used to 
Successfully knockdown gene expression in Trichoderma 
reesei. 

0226. The invention described and claimed herein is not 
to be limited in scope by the specific embodiments herein 
disclosed, since these embodiments are intended as illustra 
tions of several aspects of the invention. Any equivalent 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 42 

<21 Os SEQ ID NO 1 
&211s LENGTH: 38 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 

<4 OOs SEQUENCE: 1 

gcggcc.gc.gc gatgttcggg gatt.cccaat acgaggit c 

<21 Os SEQ ID NO 2 
&211s LENGTH: 36 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 

<4 OOs SEQUENCE: 2 

cc.cggggcat catcgaaatt gcc.gt caac C aagctic 

<21 Os SEQ ID NO 3 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Escherichia coli 

<4 OOs SEQUENCE: 3 

ttaattaa.gc gatgttcggg gatt.cccaat acgaggit c 

embodiments are intended to be within the scope of this 
invention. Indeed, various modifications of the invention in 
addition to those shown and described herein will become 
apparent to those skilled in the art from the foregoing 
description. Such modifications are also intended to fall 
within the scope of the appended claims. In the case of 
conflict, the present disclosure including definitions will 
control. 
0227 Various references are cited herein, the disclosures 
of which are incorporated by reference in their entireties. 
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ctagocttta t coacgct ct cqacgcatac aaggcc.gc.gc ccct tccatt caaagacgag 636 O 

aaatgggc.ca agaaactgcc caagacittat at Catctggg cca aggacgg tdtttgcggit 642O 

aagc.cgggag atcc.ccggcc tdatc.ccc.cg acagacggitt C caaggatcc Caaggagatg 648 O 

gtctggct tc ttaatgaccg gaccgatctg ggacctaaca agtgggatac attggttgga 654 O 

Cctgagaata ttggtggaat cacagtaatg galagatgcta at cattttac gatgacgaag 66OO 

ggcgaaaaag caaagagtt gtctacattt atggctaacg C catggctta a 6651 

<210s, SEQ ID NO 6 
&211s LENGTH: 2141 
212. TYPE: PRT 

<213> ORGANISM: Aspergillus oryzae 

<4 OOs, SEQUENCE: 6 

Met Glu Gly Pro Arg Gly Val Tyr Lieu Phe Gly Asp Gln Thr Ser Asp 
1. 5 1O 15 

Phe Asp Ala Gly Lieu. Arg Arg Lieu. Lieu. Glin Val Lys Asn. Asn. Thir Ile 
2O 25 3O 

Val Ala Ser Phe Phe Glin Arg Cys Phe His Ala Lieu. Arg Glin Glu Ile 
35 4 O 45 

Ala Arg Lieu Ser Pro Ser Glu Arg Lys Ile Phe Pro Arg Phe Thr Ser 
SO 55 6 O 

Ile Val Asp Lieu Lieu Ala Arg His Arg Glu Ser Asp Pro ASn Pro Ala 
65 70 7s 8O 

Lieu. Glu Ser Ala Lieu. Thir Cys Ile Tyr Glin Lieu. Gly Cys Phe Ile Asn 
85 90 95 

Tyr Tyr Gly Asp Lieu. Gly Asn Val Tyr Pro Ser Ala Ser Asp Cys His 
1OO 105 11 O 

Ile Val Gly Lieu. Cys Ala Gly Lieu. Lieu. Ser Ser Ala Ala Wal Ser Cys 
115 12 O 125 

Ser Asn. Asn Val Gly Glu Lieu. Lieu Pro Ala Ala Val Glu Ala Val Val 
13 O 135 14 O 

Val Ala Lieu. Arg Lieu. Gly Lieu. Cys Val Lieu Lys Val Arg Glu Lieu Val 
145 150 155 160 

Ser Ser Asp Glin Ala Ser Ser Thr Ser Trp Ser Val Lieu. Ile Ser Gly 
1.65 17O 17s 

Ile Ser Glu Lys Asp Ala Ser Glin Lieu. Ile Gly Glu Phe Thir Ala Glu 
18O 185 19 O 

Arg Ala Ile Pro Pro Ser Ser Llys Pro Tyr Ile Ser Ala Val Gly Tyr 
195 2OO 2O5 

Asn Ser Ile Thir Ile Ser Ala Pro Pro Llys Val Lieu. Asp Asp Lieu. Ile 
21 O 215 22O 

Asp Ser Arg Lieu. Ser Lys Ser His Llys Pro Val Arg Ala Glin Ile His 
225 23 O 235 24 O 

Gly Pro Tyr His Ala Ala His Lieu. Tyr Tyr Gly Arg Asp Wall Asp Arg 
245 250 255 

Ile Ile Glu Ser Cys His Asn Glu Val Val Ser Asn Tyr Thr Pro Arg 
26 O 265 27 O 

Ile Pro Val Lieu Ser Ser Thr Thr Gly Glin Pro Ile Glu Ala Lys His 
27s 28O 285 

Met Lys Asp Lieu Lleu Lys Ala Ala Lieu. Glu Glu Ile Lieu. Lieu. Arg Glin 
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29 O 295 3 OO 

Lieu. Cys Trp Glu, Llys Val Thr Asp Ala Cys Tyr Ser Ile Lieu Lys Thr 
3. OS 310 315 32O 

Ala Arg His Gln Pro Cys Llys Lieu Phe Pro Ile Ser Ser Thr Ala Thr 
3.25 330 335 

Glin Ser Lieu. Phe Thr Ala Lieu. Thir Lys Ala Gly Ile Thr Asp Ile Glu 
34 O 345 35. O 

Val Glu Asn Gly Lieu. Gly Asp Val Pro Thr Asn Pro Lys Asp Asn Lieu 
355 360 365 

Asn. Ile Ser Gly Arg Ala Asp Cys Ser Lys Ile Ala Ile Ile Gly Met 
37 O 375 38O 

Ser Gly Arg Phe Pro Glu Ala Asp Gly Thr Glu Ser Phe Trp Asp Lieu. 
385 390 395 4 OO 

Lieu. Tyr Asn Gly Lieu. Asp Wal His Arg Llys Val Pro Ala Glu Arg Trp 
4 OS 41O 415 

Asp Wall Asp Ala His Val Asp Pro Thr Gly. Thir Lys Arg Asn. Thir Ser 
42O 425 43 O 

Llys Val Pro Tyr Gly Cys Trp Ile Asin Glu Pro Gly Lieu Phe Asp Pro 
435 44 O 445 

Arg Phe Phe Asn Met Ser Pro Arg Glu Ala Lieu. Glin Ala Asp Pro Ala 
450 45.5 460 

Glin Arg Lieu Ala Lieu. Lieu. Thir Ala Tyr Glu Ala Lieu. Glu Met Ala Gly 
465 470 475 48O 

Phe Ile Pro Asp Ser Thr Pro Ser Thr Glin Arg Asp Arg Val Gly Lieu. 
485 490 495 

Phe Tyr Gly Met Thr Ser Asp Asp Tyr Arg Glu Ile Asn Ser Gly Glin 
SOO 505 51O 

Asp Ile Asp Thr Tyr Phe Ile Pro Gly Gly Asn Arg Ala Phe Thr Pro 
515 52O 525 

Gly Arg Ile Asn Tyr Tyr Phe Llys Phe Ser Gly Pro Ser Val Ser Val 
53 O 535 54 O 

Asp Thir Ala Cys Ser Ser Ser Lieu Ala Ala Ile His Met Ala Cys Asn 
5.45 550 555 560 

Ser Ile Trp Arg Asn Asp Cys Asp Ala Ala Ile Ala Gly Gly Val Asn 
565 st O sts 

Ile Lieu. Thir Asn Pro Asp Asn His Ala Gly Lieu. Asp Arg Gly His Phe 
58O 585 59 O 

Lieu. Ser Arg Thr Gly Asn. Cys Asn. Thir Phe Asp Asp Gly Ala Asp Gly 
595 6OO 605 

Tyr Cys Arg Ala Asp Gly Val Gly. Thir Ile Ile Lieu Lys Arg Lieu. Glu 
610 615 62O 

Asp Ala Glin Ala Asp Asn Asp Pro Ile Lieu. Gly Val Ile Asin Gly Ala 
625 630 635 64 O 

Tyr Thr Asn His Ser Ala Glu Ala Val Ser Ile Thr Arg Pro His Val 
645 650 655 

Gly Ala Glin Ala Phe Ile Phe Asn Llys Lieu. Lieu. Asn Asp Ala Asn. Ile 
660 665 67 O 

Asp Pro Lys Asp Val Ser Tyr Val Glu Met His Gly Thr Gly Thr Glin 
675 68O 685 

Ala Gly Asp Ala Val Glu Met Glin Ser Val Lieu. Asp Thr Phe Ala Pro 
69 O. 695 7 OO 
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Asp Tyr Arg Arg Gly Pro Gly Glin Ser Lieu. His Lieu. Gly Ser Ala Lys 
7 Os 71O 71s 72O 

Ala Asn Val Gly His Gly Glu Ser Ala Ser Gly Val Thr Ala Lieu Val 
72 73 O 73 

Llys Val Lieu. Leu Met Met Lys Lys Asn. Thir Ile Pro Pro His Cys Gly 
740 74. 7 O 

Ile Llys Thir Lys Ile Asn His Asn. Phe Pro Thr Asp Lieu Ala Glin Arg 
7ss 760 765 

Asn Val His Ile Ala Phe Gln Pro Thr Pro Trp Asn Arg Pro Ala Ser 
770 775 78O 

Gly Lys Arg Glin Cys Phe Ile Asn. Asn. Phe Ser Ala Ala Gly Gly Asn 
78s 79 O 79. 8OO 

Thir Ala Lieu. Lieu Met Glu Asp Ala Pro Ile Ala Glu Val Lys G Glin 
805 810 8 : 

Asp Thr Arg Pro Val His Val Val Ser Val Ser Ala Arg Ser Glin Ser 
82O 825 83 O 

Ala Lieu Lys Asn. Asn. Ile Asn. Ser Lieu Val Lys Tyr Ile Asp Glu Glin 
835 84 O 845 

Gly Arg Ser Phe Asn. Wall Asn. Glu Ala Asp Phe Ile Pro Ser Lieu Ala 
850 855 860 

Tyr Thir Thr Thr Ala Arg Arg Ile His His Pro Phe Arg Val Thr Ala 
865 87O 87s 88O 

Ile Gly Ser Ser Lieu. Glin Glu Lieu. Arg Asp Ser Lieu. Asn. Asn. Ser Ser 
885 890 895 

Arg Lieu. Glu Ser Phe Thr Pro Val Pro Ala Thr Ala Pro Gly Val Gly 
9 OO 905 91 O 

Phe Val Phe Ala Gly Glin Gly Ala Gln His Thr Gly Met Gly Arg Glin 
915 92 O 925 

Lieu. Tyr Glu Lys Cys Ser Glin Phe Arg Ala Thr Met Gln His Phe Asp 
93 O 935 94 O 

Cys Ile Ser Glin Asn Glin Gly Phe Pro Ser Ile Leu Pro Leu Val Asp 
945 950 955 96.O 

Gly Ser Val Pro Val Glu Glu Lieu. Gly Pro Ile Val Thr Glin Leu Gly 
965 97O 97. 

Thir Thr Cys Lieu Gln Met Ala Leu Val Asn Tyr Trp Gly Ser Leu Gly 
98O 985 99 O 

Ile Llys Pro Ala Phe Val Lieu. Gly His Ser Lieu. Gly Glu Phe Ala Ala 
995 1OOO 1005 

Lieu. Asn Thr Ala Gly Val Lieu Ser Thr Ser Asp Thr Ile Tyr Lieu. 
O1O O15 O2O 

Cys Gly Arg Arg Ala Thir Lieu. Lieu. Thr Glu Tyr Cys Glin Val Gly 
O25 O3 O O35 

Thir His Ala Met Lieu Ala Wall Lys Ala Ser Tyr Pro Glin Val Lys 
O4 O O45 OSO 

Glin Lieu Lleu Lys Glu Gly Val Asp Glu Val Ala Cys Val Asn. Ser 
O55 O6 O O65 

Pro Ser Glu Thr Val Val Ser Gly Lieu. Thir Ala Asp Ile Asp Asp 
Of O O7 O8O 

Lieu Ala Glin Arg Cys Ser Thr Glu Gly Trp Llys Ser Thr Llys Lieu. 
O85 O9 O O95 
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Arg Val Pro Phe Ala Phe His Ser Ala Glin Val Thr Pro Ile Leu 
OO O5 10 

Glu Arg Phe Glin Glu Glu Ala Glin Gly Val Thr Phe Arg Llys Pro 
15 2O 25 

Ser Leu Pro Phe Val Ser Ser Lieu. Leu Gly Glu Val Ile Thr Glu 
3O 35 4 O 

Ser Asn Tyr Asp Val Lieu. Gly Ala Glin Tyr Met Val Lys Glin Cys 
45 SO 55 

Arg Llys Ser Val Asn. Phe Lieu. Gly Ala Lieu. Glu Ala Thr Arg Tyr 

Ala Lys Lieu Met Thir Asp Llys Thr Val Trp Lieu. Glu Val Gly Ala 

His Thr Ile Cys Ser Gly Met Ile Lys Ala Thr Phe Gly Pro Gln 
90 95 2OO 

Val Thir Thr Val Ala Ser Lieu. Arg Arg Glu Glu Asn Ala Trp Llys 
2O5 21 O 215 

Val Lieu. Ser Asn. Ser Lieu. Ser Ala Lieu. His Lieu Ala Gly Ile Asp 
22O 225 23 O 

Ile Asn Trp Lys Glu Tyr His Glin Asp Phe Ser Ser Ser His Glin 
235 24 O 245 

Val Lieu Pro Lieu Pro Ser Tyr Lys Trp Asp Lieu Lys Asn Tyr Trp 
250 255 26 O 

Ile Pro Tyr Thr ASn ASn Phe Cys Lieu. Thir Lys Gly Ala Pro Gln 
265 27 O 27s 

Thir Ala Ile Glin Ala Ala Pro Glin. Thir Thir Phe Lieu. Thir Thir Ala 
28O 285 29 O 

Ala Glin Llys Val Val Glu Ser Arg Asp Asp Gly. Thir Thr Ala Thr 
295 3OO 305 

Val Val Val Glin Asn Asp Ile Ala Asp Pro Glu Lieu. Asn Arg Val 
310 315 32O 

Ile Glin Gly His Llys Val Asin Gly Ala Ala Lieu. Cys Pro Ser Ser 
3.25 33 O 335 

Lieu. Tyr Ala Asp Ile Ala Glin Thir Lieu. Gly Glu Tyr Lieu. Ile Glu 
34 O 345 350 

yr Llys Pro Glu Phe Lys Asp Lieu. Gly Lieu. Asp Val Cys Asp 
355 360 365 

Met Val Val Pro Llys Pro Lieu. Ile Ala Lys Gly Gly Glu Glin Lieu. 
37O 375 38O 

Phe Arg Val Ser Ala Ile Ala Asn Trp Ala Glu Lys Lys Ala Ser 
385 390 395 

Val Glin Val Tyr Ala Val Asn Ala Asp Gly Llys Llys Thr Val Asp 
4 OO 405 41 O 

His Ala Tyr Cys Thr Val Llys Phe Phe Asp Thr Asn Ala Ser Glu 
415 42O 425 

Lieu. Glu Trp Lys Arg Ile Ser Tyr Lieu Val Lys Arg Ser Ile Asp 
43 O 435 44 O 

Ser Lieu. His Glin Asn Ala Glu Thr Gly Glu Ala His Arg Ile Glin 
445 450 45.5 

Arg Gly Met Val Tyr Lys Lieu. Phe Ser Ala Lieu Val Asp Tyr Asp 
460 465 47 O 

Glu Asn. Phe Llys Ser Ile Arg Glu Val Ile Lieu. Asp Ser Asp Asn 
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47s 48O 485 

Asn Glu Ala Thr Ala Arg Val Llys Phe Glin Ala Pro Pro Gly Asn 
490 495 SOO 

Phe His Arg Asn Pro Phe Trp Ile Asp Ser Phe Gly His Leu Ser 
5 OS 510 515 

Gly Phe Ile Met Asn Ala Ser Asp Ala Thr Asp Ser Lys Asn Glin 
52O 525 53 O 

Val Phe Val Asn His Gly Trp Asp Ser Met Arg Cys Lieu Lys Llys 
535 54 O 545 

Phe Ser Pro Asp Val Thr Tyr Arg Thr Tyr Val Arg Met Gln Pro 
550 555 560 

Trp Glin Asn. Asn. Ile Trp Ala Gly Asp Val Tyr Ile Phe Glu Gly 
565 st O sts 

Asp Asp Ile Ile Ala Val Phe Gly Gly Val Llys Phe Glin Ala Lieu. 
58O 585 590 

Ala Arg Lys Ile Lieu. Asp Thr Val Lieu Pro Pro Val Gly Gly Ser 
595 6OO 605 

Lys Ala Pro Ile Thr Ala Lys Ser Pro Pro Pro Ala Arg Thr Glin 
610 615 62O 

Lys Ala Asn. Thr Gly Ala Lys Thr Arg Pro Lys Ala Pro Val Pro 
625 63 O 635 

Ser Lys Ser Phe Thr Lys Ser Ser Gly Pro Ser Val Val Val Arg 
64 O 645 650 

Ala Lieu. Ser Ile Lieu Ala Ser Glu Val Gly Lieu Ala Glu Ser Glu 
655 660 665 

Ile Ser Asp Asp Met Val Phe Ala Asp Tyr Gly Val Asp Ser Lieu 
670 675 68O 

Lieu. Ser Lieu. Thr Val Thr Gly Arg Tyr Arg Glu Glu Lieu. Asn Lieu. 
685 69 O. 695 

Asp Lieu. Asp Ser Ser Val Phe Thr Asp His Pro Thr Val Asn Asp 
7 OO 7Os 71O 

Phe Lys Arg Lieu. Ile Ala Glin Val Ser Pro Ser Glu Ser His Asp 
71s 72 O 72 

Gly Ser Ser Ser Glu Glin Glu Ser Asn Phe Ser Phe Asn Gly Gly 
73 O 73 74 O 

Glu Ser Ser Ser Ala Ser Thr Pro Asp Ile Thr Ser Pro Pro Asn 
74. 7 O 7ss 

Glu Lys Val Ala Glin Val Glu Glin Asn Gly Thr Met Lys Glu Ile 
760 765 770 

Arg Asn. Ile Met Ala Glu Glu Ile Gly Val Pro Ala Glu Glu Ile 
775 78O 78s 

Asp Pro Asp Glu Asn Lieu. Gly Glu Met Gly Met Asp Ser Lieu. Lieu. 
79 O 79. 8OO 

Ser Lieu. Thr Val Lieu. Gly Arg Ile Arg Glu Thir Lieu. Asp Met Asp 
805 810 815 

Lieu Pro Gly Glu Phe Phe Ile Glu Asn Gln Thr Lieu. Asn Asp Ile 
82O 825 83 O 

Glu Val Ala Lieu. Asp Lieu Lys Pro Llys Thir Thr Ser Ala Pro Ile 
835 84 O 845 

Pro Met Pro Glu Pro Val Llys Phe Pro Glu Ala Ile His Asp Leu 
850 855 86 O 
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Glin Pro Llys Lieu Ala Gln His Pro Lys Ala Thir Ser Ile Lieu. Lieu. 
865 87 O 87s 

Gln Gly Asn Pro Arg Thr Ala Thr Lys Thr Lieu Phe Leu Phe Pro 
88O 885 890 

Asp Gly Ser Gly Ser Ala Thir Ser Tyr Ala Thir Ile Pro Gly Lieu. 
895 9 OO 905 

Ser Pro Asp Val Cys Val Tyr Gly Lieu. Asn Cys Pro Tyr Met Lys 
910 915 92 O 

Thr Pro Glu Lys Lieu Lys Cys Ser Lieu. Asp Glu Lieu. Thir Ala Pro 
925 93 O 935 

Tyr Val Ala Glu Ile Arg Arg Arg Glin Pro Llys Gly Pro Tyr Ser 

Phe Gly Gly Trp Ser Ala Gly Gly Ile Cys Ala Tyr Asp Ala Ala 

Arg His Lieu Met Phe Glu Glu Gly Glu Glin Val Asp Arg Lieu. Lieu. 
97O 97. 98 O 

Lieu. Lieu. Asp Thr Pro Phe Pro Ile Gly Lieu. Glu Lys Lieu Pro Glin 
985 990 995 

Arg Lieu. Tyr Gly Phe Phe Asin Ser Ile Gly Lieu Phe Gly Glu Gly 
2OOO 2005 2010 

Lys Thr Ala Pro Pro Ser Trp Lieu. Leu Pro His Phe Leu Ala Phe 
2015 2O2O 2O25 

Ile Asp Ala Lieu. Asp Ala Tyr Lys Ala Ala Pro Lieu Pro Phe Llys 
2O3O 2O35 2O4. O 

Asp Glu Lys Trp Ala Lys Llys Lieu Pro Llys Thr Tyr Ile Ile Trp 
2O45 2OSO 2O55 

Ala Lys Asp Gly Val Cys Gly Llys Pro Gly Asp Pro Arg Pro Asp 
2O60 2O65 2. Of O 

Pro Pro Thr Asp Gly Ser Lys Asp Pro Lys Glu Met Val Trp Lieu. 
2O75 2O8 O 2O85 

Lieu. Asn Asp Arg Thr Asp Lieu. Gly Pro Asn Llys Trp Asp Thir Lieu. 
2O90 2095 21OO 

Val Gly Pro Glu Asn Ile Gly Gly Ile Thr Val Met Glu Asp Ala 
2105 211 O 2115 

Asn His Phe Thr Met Thir Lys Gly Glu Lys Ala Lys Glu Lieu. Ser 
212O 2125 213 O 

Thir Phe Met Ala Asn Ala Met Ala 
2135 214 O 

<210s, SEQ ID NO 7 
&211s LENGTH: 176 
&212s. TYPE: DNA 

<213> ORGANISM: Aspergillus oryzae 

<4 OO > SEQUENCE: 7 

cago actt.cg attgcattag toaaaaccaa goggitttcctt cqatcct tcc cittggttgac 6 O 

ggaagcgtgc ccgtggagga gctgggcc ct atcgtgacac agctcggcac cacatgtctt 12 O 

Cagatggctt tdtcaacta ttggggttca citaggtataa aacctgcgtt C9ttct 176 

<210s, SEQ ID NO 8 
&211s LENGTH: 59 
212. TYPE: PRT 
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tccatcatga agtgtgatgt tatgtc.cgt aaggatctgt acggcaa.cat tt catgtct 9 OO 

ggtgg tacta C catgt accc cqgitat ct co gaccg tatgc agaaggagat cactgct Ctt 96.O 

gctic cittctt coatgaaggit caagat catt gct cotc.ccg agcgcaagta citcc.gtctgg 1 O2O 

atcggtggitt coat cotggc ctic cctdtcc acct tccago agatgtggat citccalagcag 108 O 

gagtacgacg agagcggit Co. Ct.cgatcgtc. Caccgcaagt gcttctaa 1128 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 375 
212. TYPE: PRT 

<213> ORGANISM: Aspergillus oryzae 

<4 OOs, SEQUENCE: 2O 

Met Glu Glu Glu Val Ala Ala Lieu Val Ile Asp Asn Gly Ser Gly Met 
1. 5 1O 15 

Cys Lys Ala Gly Phe Ala Gly Asp Asp Ala Pro Arg Ala Val Phe Pro 
2O 25 3O 

Ser Ile Val Gly Arg Pro Arg His His Gly Ile Met Ile Gly Met Gly 
35 4 O 45 

Glin Lys Asp Ser Tyr Val Gly Asp Glu Ala Glin Ser Lys Arg Gly Ile 
SO 55 6 O 

Lieu. Thir Lieu. Arg Tyr Pro Ile Glu. His Gly Val Val Thr Asn Trp Asp 
65 70 7s 8O 

Asp Met Glu Lys Ile Trp His His Thr Phe Tyr ASn Glu Lieu. Arg Val 
85 90 95 

Ala Pro Glu Glu. His Pro Wall Leu Lleu. Thr Glu Ala Pro Ile ASn Pro 
1OO 105 11 O 

Lys Ser Asn Arg Glu Lys Met Thr Glin Ile Val Phe Glu Thr Phe Asn 
115 12 O 125 

Ala Pro Ala Phe Tyr Val Ser Ile Glin Ala Val Lieu. Ser Lieu. Tyr Ala 
13 O 135 14 O 

Ser Gly Arg Thr Thr Gly Ile Val Lieu. Asp Ser Gly Asp Gly Val Thr 
145 150 155 160 

His Val Val Pro Ile Tyr Glu Gly Phe Ala Leu Pro His Ala Ile Ser 
1.65 17O 17s 

Arg Val Asp Met Ala Gly Arg Asp Lieu. Thir Asp Tyr Lieu Met Lys Ile 
18O 185 19 O 

Lieu Ala Glu Arg Gly Tyr Thr Phe Ser Thr Thr Ala Glu Arg Glu Ile 
195 2OO 2O5 

Val Arg Asp Ile Lys Glu Lys Lieu. Cys Tyr Val Ala Lieu. Asp Phe Glu 
21 O 215 22O 

Gln Glu Ile Glin Thr Ala Ser Glin Ser Ser Ser Lieu. Glu Lys Ser Tyr 
225 23 O 235 24 O 

Glu Lieu Pro Asp Gly Glin Val Ile Thir Ile Gly Asn. Glu Arg Phe Arg 
245 250 255 

Ala Pro Glu Ala Lieu. Phe Ala Pro Ser Val Lieu. Gly Lieu. Glu Ser Gly 
26 O 265 27 O 

Gly Ile His Glu Thir Thr Phe Asin Ser Ile Met Lys Cys Asp Val Asp 
27s 28O 285 

Val Arg Lys Asp Leu Tyr Gly Asn Ile Val Met Ser Gly Gly Thr Thr 
29 O 295 3 OO 

Met Tyr Pro Gly Ile Ser Asp Arg Met Glin Lys Glu Ile Thr Ala Leu 











US 2017/002982 1 A1 Feb. 2, 2017 
39 

- Continued 

Lieu Val Gly Lieu. Cys Thr Gly Val Lieu Ser Cys Thr Ala Val Ser Cys 
115 12 O 125 

Ala Arg Asn Val Gly Glu Lieu. Ile Pro Ala Ala Val Glu Ser Val Val 
13 O 135 14 O 

Ile Ala Lieu. Arg Lieu. Gly Ile Cys Val Phe Arg Val Arg Glu Lieu Val 
145 150 155 160 

Asp Ser Ala Asp Ser Glu Ser Thr Cys Trp Ser Ala Lieu Val Ser Gly 
1.65 17O 17s 

Ile Ser Glu Ala Glu Ala Ser His Lieu. Ile Asp Glu Tyr Ser Ser Lys 
18O 185 19 O 

Lys Ala Thr Pro Pro Ser Ser Llys Pro Tyr Ile Ser Ala Val Ser Ser 
195 2OO 2O5 

Asn Gly Val Thr Val Ser Ala Pro Pro Thr Val Lieu. Asp Glu Phe Val 
21 O 215 22O 

Glu Thr Cys Ile Ser Lys Asn Tyr Llys Pro Val Lys Ala Pro Ile His 
225 23 O 235 24 O 

Gly Pro Tyr His Ala Pro His Lieu. Tyr Asp Asp Lys Asp Ile Asp Arg 
245 250 255 

Ile Leu Gln Glin Ser Ser Ala Lieu. Glu Gly Lieu. Thr Gly Cys Ser Pro 
26 O 265 27 O 

Val Ile Pro Ile Ile Ser Ser Asn Thr Gly Llys Pro Ile Lys Ala Lys 
27s 28O 285 

Ser Ile Lys Asp Lieu. Phe Llys Val Ala Lieu. Glu Glu Ile Lieu. Lieu. Arg 
29 O 295 3 OO 

Arg Lieu. Cys Trp Asp Llys Val Thr Glu Ser Cys Thir Ser Val Cys Llys 
3. OS 310 315 32O 

Thr Gly Thr Asn His Ser Cys Llys Lieu Phe Pro Ile Ser Ser Ser Ala 
3.25 330 335 

Thr Glin Ser Leu Phe Thr Val Lieu Lys Lys Ala Gly Val Ser Ile Ser 
34 O 345 35. O 

Lieu. Glu Thr Gly Val Gly Glu Ile Ala Thr Asn. Pro Glu Met Arg Asn 
355 360 365 

Lieu. Thr Gly Lys Ala Glu Asn. Ser Lys Ile Ala Ile Ile Gly Met Ser 
37 O 375 38O 

Gly Arg Phe Pro Asp Ser Asp Gly Thr Glu Ser Phe Trp Asn Lieu. Lieu. 
385 390 395 4 OO 

Tyr Lys Gly Lieu. Asp Val His Arg Llys Val Pro Ala Asp Arg Trp Asp 
4 OS 41O 415 

Val Asp Ala His Val Asp Met Thr Gly Ser Lys Arg Asn. Thir Ser Lys 
42O 425 43 O 

Val Ala Tyr Gly Cys Trp Ile Asn. Glu Pro Gly Lieu. Phe Asp Pro Arg 
435 44 O 445 

Phe Phe Asn Met Ser Pro Arg Glu Ala Lieu. Glin Ala Asp Pro Ala Glin 
450 45.5 460 

Arg Lieu Ala Lieu. Lieu. Thir Ala Tyr Glu Ala Lieu. Glu Met Ala Gly Phe 
465 470 47s 48O 

Ile Pro Asp Ser Ser Pro Ser Thr Glin Arg Asp Arg Val Gly Ile Phe 
485 490 495 

Tyr Gly Met Thir Ser Asp Asp Tyr Arg Glu Ile Asn. Ser Gly Glin Asp 
SOO 505 51O 
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Ile Asp Thr Tyr Phe Ile Pro Gly Gly Asn Arg Ala Phe Thr Pro Gly 
515 52O 525 

Arg Ile Asn Tyr Tyr Phe Llys Phe Ser Gly Pro Ser Val Ser Val Asp 
53 O 535 54 O 

Thir Ala Cys Ser Ser Ser Lieu Ala Ala Ile His Met Ala Cys Asn. Ser 
5.45 550 555 560 

Ile Trp Arg Asn Asp Cys Asp Ala Ala Ile Thr Gly Gly Val Asn. Ile 
565 st O sts 

Lieu. Thir Asn Pro Asp Asn His Ala Gly Lieu. Asp Arg Gly. His Phe Lieu. 
58O 585 59 O 

Ser Thir Thr Gly Asn. Cys Asn. Thir Phe Asp Asp Gly Ala Asp Gly Tyr 
595 6OO 605 

Cys Arg Ala Asp Gly Val Gly Ser Ile Val Lieu Lys Arg Lieu. Glu Asp 
610 615 62O 

Ala Glu Ala Asp Asn Asp Pro Ile Lieu Ala Val Ile Asin Gly Ala Tyr 
625 630 635 64 O 

Thr Asn His Ser Ala Glu Ala Val Ser Ile Thr Arg Pro His Val Gly 
645 650 655 

Ala Glin Ala Phe Ile Phe Asn Llys Lieu. Lieu. Asn Asp Ala Asn. Ile Asp 
660 665 67 O 

Pro Lys Asp Val Ser Tyr Val Glu Met His Gly Thr Gly Thr Glin Ala 
675 68O 685 

Gly Asp Ala Val Glu Met Gln Ser Val Lieu. Asp Val Phe Ala Pro Asp 
69 O. 695 7 OO 

Tyr Arg Arg Gly Pro Gly Glin Ser Lieu. His Ile Gly Ser Ala Lys Ala 
7 Os 71O 71s 72O 

Asn. Ile Gly His Gly Glu Ser Ala Ser Gly Val Thr Ala Lieu Val Lys 
72 73 O 73 

Val Lieu. Leu Met Met Arg Glu Asn Met Ile Pro Pro His Cys Gly Ile 
740 74. 7 O 

Llys Thir Lys Ile Asn. Ser Asn. Phe Pro Thir Asp Lieu Ala Lys Arg Asn 
7ss 760 765 

Val His Ile Ala Phe Glin Pro Thr Pro Trp Asn Arg Pro Ala Ser Gly 
770 775 78O 

Lys Arg Arg Thr Phe Val Asn. Asn. Phe Ser Ala Ala Gly Gly Asn Thr 
78s 79 O 79. 8OO 

Ala Lieu. Lieu. Lieu. Glu Asp Ala Pro Ile Pro Glu Arg Glin Gly Glin Asp 
805 810 815 

Pro Arg Ser Phe His Leu Val Ser Val Ser Ala Arg Ser Glin Ser Ala 
82O 825 83 O 

Lieu Lys Asn. Asn Val Glu Ala Lieu Val Lys Tyr Ile Asp Ser Glin Gly 
835 84 O 845 

Lys Ser Phe Gly Val Lys Glu Thr Glu Phe Leu Pro Asn Lieu. Ala Tyr 
850 855 860 

Thir Thir Thr Ala Arg Arg Ile His His Pro Phe Arg Val Thr Ala Val 
865 87O 87s 88O 

Gly Ala Asn Lieu. Glin Ser Lieu. Arg Asp Ser Lieu. His Gly Ala Lieu. His 
885 890 895 

Arg Glu Thir Tyr Thr Pro Val Pro Ser Thr Ala Pro Gly Ile Gly Phe 
9 OO 905 91 O 

Val Phe Thr Gly Glin Gly Ala Glin Tyr Ser Gly Met Gly Lys Glu Lieu. 



US 2017/002982 1 A1 
41 

- Continued 

915 92 O 925 

Tyr Arg Ser Cys Phe Glin Phe Arg Thr Thr Ile Glu. His Phe Asp Cys 
93 O 935 94 O 

Ile Ala Arg Ser Glin Gly Lieu Pro Ser Ile Lieu Pro Lieu Val Asp Gly 
945 950 955 96.O 

Ser Val Ala Val Glu Glu Lieu Ser Pro Val Val Val Glin Val Gly Thr 
965 97O 97. 

Thr Cys Val Glin Met Ala Leu Val Asn Tyr Trp Thr Ala Leu Gly Val 
98O 985 99 O 

Llys Pro Ala Phe Ile Ile Gly His Ser Lieu. Gly Asp Tyr Ala Ala Lieu. 
995 1OOO 1005 

Asn Thr Ala Gly Val Lieu. Ser Thr Ser Asp Thir Ile Tyr Lieu. Cys 
O1O O15 O2O 

Gly Arg Arg Ala Glin Lieu. Lieu. Thir Lys Glu. Cys Lys Ile Gly Thr 
O25 O3 O O35 

His Ser Met Lieu Ala Ile Lys Ala Ser Lieu Ala Glu Val Llys His 
O4 O O45 OSO 

Phe Lieu. Arg Asp Glu Lieu. His Glu Val Ser Cys Val Asn Ala Pro 
O55 O6 O O65 

Ala Glu Thr Val Val Ser Gly Lieu Val Ala Asp Ile Asp Glu Lieu. 
Of O O7 O8O 

Ala Glin Lys Cys Ser Thr Glu Gly Lieu Lys Ser Thr Lys Lieu Lys 
O85 O90 O95 

Val Pro Tyr Ala Phe His Ser Ser Glin Val Asp Pro Ile Lieu. Glu 
OO O5 10 

Ala Phe Glu Asp Ile Ala Glin Gly Val Thr Phe His Llys Pro Thr 

Thr Pro Phe Val Ser Ala Leu Phe Gly Glu Val e Thr Asp Ala 

Asn Trp Glu. Cys Lieu. Gly Pro Llys Tyr Lieu. Arg Asp His Cys Arg 

Llys Thr Val Asn. Phe Lieu. Gly Gly Val Glu Ala Thr Arg His Ala 

Llys Lieu. Thir Asn Asp Llys Thr Lieu. Trp Val Glu e Gly Ser His 

Thir e Cys Ser Gly Met e Lys Ala Thr Lieu. Gly Pro Glin Val 

Thir Thr Val Ala Ser Lieu. Arg Arg Glu Glu Asp Thir Trp Llys Val 
2O5 21 O 215 

Lieu. Ser Asn. Ser Lieu Ala Ser Lieu. His Lieu Ala Gly Ile Asp Ile 
22O 225 23 O 

Asn Trp Lys Glin Tyr His Glin Asp Phe Ser Ser Ser Leu Glin Val 
235 24 O 245 

Lieu. Arg Lieu Pro Ala Tyr Lys Trp Asp Lieu Lys Asn Tyr Trp Ile 
250 255 26 O 

Pro Tyr Thr Asn Asn Phe Cys Lieu Ser Lys Gly Ala Pro Val Ala 
265 27 O 27s 

Thr Val Ala Ala Gly Pro Gln His Glu Tyr Lieu. Thir Thr Ala Ala 
28O 285 29 O 

Glin Llys Val Ile Glu Thir Arg Ser Asp Gly Ala Thr Ala Thr Val 
295 3OO 305 
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Val Ile Glu Asn Asp Ile Ala Asp Pro Glu Lieu. Asn Arg Val Ile 
310 315 32O 

Glin Gly. His Llys Val Asin Gly. Thir Ala Lieu. Cys Pro Ser Ser Lieu. 
3.25 33 O 335 

Tyr Ala Asp Ile Ser Glin Thr Lieu Ala Glu Tyr Lieu. Ile Llys Llys 
34 O 345 350 

Tyr Llys Pro Glu Tyr Asp Gly Lieu. Gly Lieu. Asp Val Cys Glu Val 
355 360 365 

Thr Val Pro Arg Pro Leu. Ile Ala Lys Gly Gly Glin Glin Leu Phe 
37O 375 38O 

Arg Val Ser Ala Thir Ala Asp Trp Ala Glu Lys Llys Thir Thr Lieu. 
385 390 395 

Glin Ile Tyr Ser Val Thir Ala Glu Gly Llys Llys Thr Ala Asp His 
4 OO 405 41 O 

Ala Thr Cys Thr Val Arg Phe Phe Asp Cys Ala Ala Ala Glu Ala 
415 42O 425 

Glu Trp Lys Arg Val Ser Tyr Lieu Val Lys Arg Ser Ile Asp Arg 
43 O 435 44 O 

Lieu. His Asp Ile Ala Glu Asin Gly Asp Ala His Arg Lieu. Gly Arg 
445 450 45.5 

Gly Met Val Tyr Lys Lieu. Phe Ala Ala Lieu Val Asp Tyr Asp Asp 
460 465 47 O 

Asn Phe Llys Ser Ile Arg Glu Val Ile Lieu. Asp Ser Glu Gln His 

Glu Ala Thr Ala Arg Val Llys Phe Glin Ala Pro Glin Gly Asn. Phe 

His Arg Asn Pro Phe Trp Ile Asp Ser Phe Gly His Leu Ser Gly 

Phe Ile Met Asn Ala Ser Asp Ala Thr Asp Ser Lys Asn Glin Val 

Phe Val Asn His Gly Trp Asp Ser Met Arg Cys Lieu Lys Llys Phe 
535 54 O 545 

Ser Pro Asp Val Thr Tyr Arg Thr Tyr Val Arg Met Glin Pro Trp 
550 555 560 

Lys Asp Ser Ile Trp Ala Gly Asp Val Tyr Val Phe Asp Gly Asp 
565 st O sts 

Asp Ile Val Ala Val Tyr Gly Ala Val Llys Phe Glin Ala Lieu. Ser 
58O 585 590 

Arg Lys Ile Lieu. Asp Thr Val Lieu Pro Pro Ser Arg Ala Ser Ala 
595 6OO 605 

Pro Ala Pro Ala Lys Pro Ala Ala Lys Pro Ser Ala Pro Ser Lieu. 
610 615 62O 

Val Lys Arg Ala Lieu. Thir Ile Lieu Ala Glu Glu Val Gly Lieu. Ser 
625 63 O 635 

Glu Ser Glu Ile Thr Asp Asp Lieu Val Phe Ala Asp Tyr Gly Val 
64 O 645 650 

Asp Ser Lieu Lleu Ser Lieu. Thr Val Thr Gly Arg Tyr Arg Glu Glu 
655 660 665 

Lieu. Asp Ile Asp Lieu. Glu Ser Ser Ile Phe Ile Asp Gln Pro Thr 
670 675 68O 
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Val Lys Asp Phe Lys Glin Phe Lieu Ala Pro Met Ser Glin Gly Glu 
685 69 O. 695 

Ala Ser Asp Gly Ser Thr Ser Asp Pro Glu Ser Ser Ser Ser Phe 
7 OO 7Os 71O 

Asn Gly Gly Ser Ser Thr Asp Glu Ser Ser Ala Gly Ser Pro Val 
71s 72 O 72 

Ser Ser Pro Pro Asn Glu Lys Val Thr Glin Val Glu Gln His Ala 
73 O 73 74 O 

Thir Ile Lys Glu Ile Arg Ala Ile Lieu Ala Asp Glu Ile Gly Val 
74. 7 O 7ss 

Thr Glu Glu Glu Lieu Lys Asp Asp Glu Asn Lieu. Gly Glu Met Gly 
760 765 770 

Met Asp Ser Lieu. Lieu. Ser Lieu. Thr Val Lieu. Gly Arg Ile Arg Glu 
775 78O 78s 

Thir Lieu. Asp Lieu. Asp Lieu Pro Gly Glu Phe Phe Ile Glu Asn. Glin 
79 O 79. 8OO 

Thir Lieu. Asn Asp Val Glu Asp Ala Lieu. Gly Lieu Lys Pro Lys Ala 
805 810 815 

Ala Pro Ala Pro Ala Pro Ala Pro Ala Pro Wall Pro Ala Pro Wall 
82O 825 83 O 

Ser Ala Pro Ile Leu Lys Glu Pro Val Pro Asn Ala Asn Ser Thr 
835 84 O 845 

Ile Met Ala Arg Ala Ser Pro His Pro Arg Ser Thr Ser Ile Lieu 
850 855 86 O 

Lieu. Glin Gly Asn Pro Llys Thr Ala Thr Lys Thr Lieu Phe Leu Phe 
865 87 O 87s 

Pro Asp Gly Ser Gly Ser Ala Thr Ser Tyr Ala Thr Ile Pro Gly 
88O 885 890 

Val Ser Pro Asp Val Cys Val Tyr Gly Lieu. Asn Cys Pro Tyr Met 
895 9 OO 905 

Lys Thr Pro Glu Lys Lieu Lys Tyr Pro Leu Ala Glu Met Thr Phe 
910 915 92 O 

Pro Tyr Lieu Ala Glu Ile Arg Arg Arg Glin Pro Llys Gly Pro Tyr 
925 93 O 935 

Asn Phe Gly Gly Trp Ser Ala Gly Gly Ile Cys Ala Tyr Asp Ala 
94 O 945 950 

Ala Arg Tyr Lieu. Ile Lieu. Glu Glu Gly Glu Glin Val Asp Arg Lieu. 
955 96.O 965 

Lieu. Lieu. Lieu. Asp Ser Pro Phe Pro Ile Gly Lieu. Glu Lys Lieu Pro 
97O 97. 98 O 

Thr Arg Lieu. Tyr Gly Phe Ile Asin Ser Met Gly Lieu Phe Gly Glu 
985 990 995 

Gly Asn Lys Ala Pro Pro Ala Trp Lieu. Lieu Pro His Phe Lieu Ala 
2OOO 2005 2010 

Phe Ile Asp Ser Lieu. Asp Thr Tyr Lys Ala Val Pro Leu Pro Phe 
2015 2O2O 2O25 

Asp Asp Pro Llys Trp Ala Lys Llys Met Pro Llys Thr Phe Met Val 
2O3O 2O35 2O4. O 

Trp Ala Lys Asp Gly Ile Cys Ser Llys Pro Asp Asp Pro Trp Pro 
2O45 2OSO 2O55 

Glu Pro Asp Pro Asp Gly Llys Pro Asp Thr Arg Glu Met Val Trp 
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Lieu. Lieu Lys Asn Arg Thr Asp Met Gly Pro 

Lieu Val Gly Pro Glin Asn Val Gly Gly Ile 

Ala Asn Hi 
2105 

Gly Ser Ph. 
212O 

<210s, SEQ I 
&211s LENGT 
212. TYPE : 

s Phe Thr Met Thr Lieu. Gly Pro 

2095 

211 O 

e Ile Gly Asn Ala Met Ala Asn 

D NO 27 
H: SO2 
DNA 

2125 

<213> ORGANISM: Aspergillus niger 

<4 OOs, SEQUENCE: 27 

t cagcgcggit 

tcgt.cgagac 

accatgcgcc 

Ctctagaagg 

agc.cgatcaa 

tacgacgact 

Caalaccactic 

t cct caagaa 

acccagaaat 

<210s, SEQ I 
&211s LENGT 
212. TYPE : 

aagctictaat 

ctgcatttico 

a catctgtat 

actgaccggc 

ggccaagt cc 

atgctgggac 

ttgcaaattg 

gcggalacctt 

D NO 28 
H: 166 
PRT 

ggcgttactg 

aagaattaca 

gatgataagg 

tgttcaccc.g 

atcaaagatc 

alaggt cacgg 

titt cogatct 

agcatcagct 

ac 

<213> ORGANISM: Aspergillus nige 

<4 OOs, SEQUENCE: 28 

Ser Ala Wall 
1. 

Lieu. Asp Glu 

Lys Ala Pro 
35 

Lys Asp Ile 
SO 

Thr Gly Cys 
65 

Pro Ile Llys 

Glu Ile Lieu. 

Thir Ser Wall 
115 

Ile Ser Ser 
13 O 

Gly Val Ser 

Ser Ser Asn Gly Val 
5 

Phe Val Glu Thr Cys 

Ile His Gly Pro Tyr 
4 O 

Asp Arg Ile Lieu. Glin 
55 

Ser Pro Wall Ile Pro 
70 

Ala Lys Ser Ile Llys 
85 

Lieu. Arg Arg Lieu. Cys 

Cys Llys Thr Gly Thr 
12 O 

Ser Ala Thr Glin Ser 
135 

Ile Ser Lieu. Glu Thir 

t cagogcacc 

agc.ca.gtgaa 

at atcgaccg 

t tatt cocat 

tottcaaggt 

agt cctdcac 

cgagtagcgc 

tggagactgg 

Thir 

Ile 
25 

His 

Glin 

Ile 

Asp 

Trp 
105 

Asn 

Luell 

Gly 

Wall 

Ser 

Ala 

Ser 

Ile 

Luell 
90 

Asp 

His 

Phe 

Wall 

Ser 

Pro 

Ser 

Ser 
7s 

Phe 

Ser 

Thir 

Gly 

44 

- Continued 

2. Of O 

Asn Llys Trp 

Thir Wall Ile 

Lys Ala Lys 
2115 

accitacggta 

ggc.ccctatt 

catcc togcag 

catct coagt 

cgcactggag 

atcagtctgc 

cactcaaagt 

gg taggaga.g 

Ala Pro Pro 

Asn Tyr Lys 
3O 

His Lieu. Tyr 
45 

Ala Lieu. Glu 
6 O 

Ser Asn. Thir 

Llys Val Ala 

Wall. Thir Glu 
11 O 

Cys Llys Lieu. 
125 

Val Lieu Lys 
14 O 

Glu Ile Ala 

Asp Thr 

Glu Gly 

Glu Lieu. 

cittgatgaat 

Catggc.ccgt. 

cagtic ct citg 

aac actggaa 

gagatacticc 

aag accggca 

ttgttcacag 

atcgcgacga 

Thir Wall 
15 

Pro Wall 

Asp Asp 

Gly Lieu. 

Gly Lys 

Lieu. Glu 
95 

Ser Cys 

Phe Pro 

Lys Ala 

Thir Asn 

6 O 

12 O 

18O 

24 O 

3OO 

360 

Feb. 2, 2017 







US 2017/002982 1 A1 Feb. 2, 2017 
47 

- Continued 

tacccggctgagtatgttca cca attcc cc cagaatgaca toga acct cog acccgatgga 1860 

aagttcaaacc Ctggacagaci ttacatctgg tacaccggca aacccgt.ct a cagtttggc 1920 

agtggit ct ct tctacaccac cittcaaggag act ct cqcca gccaccc caa gag cct caag 198O 

ttcaac acct catcgatcct citctgctic ct caccc.cggat acact tacag cqagcagatt 2O4. O 

cc.cgt.ct tca cct tcgaggc caa.cat Caag aacticgggca agacggagtic cc catatacg 21OO 

gccatgctgt ttgttctgcac aagcaacgct ggcc.ca.gc.cc ct accc.gala Caagtggctic 216 O 

gtcggatt cq accoacttgc cqa catcaag cctdgtoact citt coaa.gct cagcatc.ccc 222 O 

atcc ctdtca gtgct citcgc ccgtgttgat t ct cacggaa accoggattgt at accc.cggc 228O 

aagtatgagc tag ccttgaa caccgacgag tictgttgaagc titgagtttga gttggtggga 234 O 

gaagaggtaa cattgagaa citggc.cgttg gaggagcaac agatcaagga tigctacacct 24 OO 

gacgcatalag ggttittaatg atgttgtt at gacaaacggg tagagtagtt aatgatggaa 246 O 

taggaagagg ccatagittitt ctdtttgcaa accatttittg ccattgcgaa aaaaaaaaaa 252O 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaa. 2564 

<210s, SEQ ID NO 38 
211 LENGTH: 797 
212. TYPE: PRT 

<213> ORGANISM: Trichoderma reesei 

< 4 OO SEQUENCE: 38 

Met Wall Asn. Asn Ala Ala Lieu. Lieu. Ala Ala Lieu. Ser Ala Lieu. Lieu Pro 
1. 5 1O 15 

Thir Ala Lieu Ala Glin Asn. Asn Glin Thr Tyr Ala Asn Tyr Ser Ala Glin 
2O 25 3O 

Gly Glin Pro Asp Leu Tyr Pro Glu Thir Lieu Ala Thr Lieu. Thir Leu Ser 
35 4 O 45 

Phe Pro Asp Cys Glu. His Gly Pro Lieu Lys Asn. Asn Lieu Val Cys Asp 
SO 55 6 O 

Ser Ser Ala Gly Tyr Val Glu Arg Ala Glin Ala Lieu. Ile Ser Lieu. Phe 
65 70 7s 8O 

Thir Lieu. Glu Glu Lieu. Ile Lieu. Asn Thr Glin Asn. Ser Gly Pro Gly Val 
85 90 95 

Pro Arg Lieu. Gly Lieu Pro Asn Tyr Glin Val Trp Asn. Glu Ala Lieu. His 
1OO 105 11 O 

Gly Lieu. Asp Arg Ala Asn. Phe Ala Thir Lys Gly Gly Glin Phe Glu Trp 
115 12 O 125 

Ala Thr Ser Phe Pro Met Pro Ile Lieu. Thir Thr Ala Ala Lieu. Asn Arg 
13 O 135 14 O 

Thir Lieu. Ile His Glin Ile Ala Asp Ile Ile Ser Thr Glin Ala Arg Ala 
145 150 155 160 

Phe Ser Asn. Ser Gly Arg Tyr Gly Lieu. Asp Val Tyr Ala Pro Asn. Wall 
1.65 17O 17s 

Asn Gly Phe Arg Ser Pro Leu Trp Gly Arg Gly Glin Glu Thr Pro Gly 
18O 185 19 O 

Glu Asp Ala Phe Phe Leu Ser Ser Ala Tyr Thr Tyr Glu Tyr Ile Thr 
195 2OO 2O5 

Gly Ile Glin Gly Gly Val Asp Pro Glu. His Lieu Lys Val Ala Ala Thr 
21 O 215 22O 
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Val Llys His Phe Ala Gly Tyr Asp Lieu. Glu Asn Trp Asn. Asn Glin Ser 
225 23 O 235 24 O 

Arg Lieu. Gly Phe Asp Ala Ile Ile Thr Glin Glin Asp Lieu. Ser Glu Tyr 
245 250 255 

Tyr Thr Pro Glin Phe Lieu Ala Ala Ala Arg Tyr Ala Lys Ser Arg Ser 
26 O 265 27 O 

Lieu Met Cys Ala Tyr Asn. Ser Val Asn Gly Val Pro Ser Cys Ala Asn 
27s 28O 285 

Ser Phe Phe Leu Gln Thr Lieu. Leu Arg Glu Ser Trp Gly Phe Pro Glu 
29 O 295 3 OO 

Trp Gly Tyr Val Ser Ser Asp Cys Asp Ala Val Tyr Asn Val Phe Asn 
3. OS 310 315 32O 

Pro His Asp Tyr Ala Ser Asn Glin Ser Ser Ala Ala Ala Ser Ser Lieu. 
3.25 330 335 

Arg Ala Gly Thr Asp Ile Asp Cys Gly Glin Thr Tyr Pro Trp His Lieu 
34 O 345 35. O 

Asn Glu Ser Phe Val Ala Gly Glu Val Ser Arg Gly Glu Ile Glu Arg 
355 360 365 

Ser Val Thr Arg Lieu. Tyr Ala Asn Lieu Val Arg Lieu. Gly Tyr Phe Asp 
37 O 375 38O 

Llys Lys Asn Glin Tyr Arg Ser Lieu. Gly Trp Lys Asp Val Val Lys Thr 
385 390 395 4 OO 

Asp Ala Trp Asn. Ile Ser Tyr Glu Ala Ala Val Glu Gly Ile Val Lieu 
4 OS 41O 415 

Lieu Lys Asn Asp Gly Thr Lieu Pro Lieu. Ser Lys Llys Val Arg Ser Ile 
42O 425 43 O 

Ala Lieu. Ile Gly Pro Trp Ala Asn Ala Thr Thr Gln Met Glin Gly Asn 
435 44 O 445 

Tyr Tyr Gly Pro Ala Pro Tyr Lieu. Ile Ser Pro Leu Glu Ala Ala Lys 
450 45.5 460 

Lys Ala Gly Tyr His Val Asn. Phe Glu Lieu. Gly Thr Glu Ile Ala Gly 
465 470 47s 48O 

Asn Ser Thir Thr Gly Phe Ala Lys Ala Ile Ala Ala Ala Lys Llys Ser 
485 490 495 

Asp Ala Ile Ile Tyr Lieu. Gly Gly Ile Asp Asn. Thir Ile Glu Glin Glu 
SOO 505 51O 

Gly Ala Asp Arg Thr Asp Ile Ala Trp Pro Gly Asn Gln Lieu. Asp Lieu. 
515 52O 525 

Ile Lys Glin Lieu. Ser Glu Val Gly Llys Pro Lieu Val Val Lieu. Glin Met 
53 O 535 54 O 

Gly Gly Gly Glin Val Asp Ser Ser Ser Lieu Lys Ser Asn Llys Llys Val 
5.45 550 555 560 

Asn Ser Leu Val Trp Gly Gly Tyr Pro Gly Glin Ser Gly Gly Val Ala 
565 st O sts 

Lieu. Phe Asp Ile Lieu. Ser Gly Lys Arg Ala Pro Ala Gly Arg Lieu Val 
58O 585 59 O 

Thir Thr Glin Tyr Pro Ala Glu Tyr Val His Glin Phe Pro Glin Asn Asp 
595 6OO 605 

Met Asn Lieu. Arg Pro Asp Gly Lys Ser Asn Pro Gly Glin Thr Tyr Ile 
610 615 62O 
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Trp Tyr Thr Gly Lys Pro Val Tyr Glu Phe Gly Ser Gly Lieu. Phe Tyr 
625 630 635 64 O 

Thir Thr Phe Lys Glu Thir Lieu Ala Ser His Pro Llys Ser Leu Lys Phe 
645 650 655 

Asn Thr Ser Ser Ile Leu Ser Ala Pro His Pro Gly Tyr Thr Tyr Ser 
660 665 67 O 

Glu Glin Ile Pro Val Phe Thr Phe Glu Ala Asn Ile Lys Asn Ser Gly 
675 68O 685 

Lys Thr Glu Ser Pro Tyr Thr Ala Met Leu Phe Val Arg Thr Ser Asn 
69 O. 695 7 OO 

Ala Gly Pro Ala Pro Tyr Pro Asn Llys Trp Lieu Val Gly Phe Asp Arg 
7 Os 71O 71s 72O 

Lieu Ala Asp Ile Llys Pro Gly His Ser Ser Lys Lieu. Ser Ile Pro Ile 
72 73 O 73 

Pro Val Ser Ala Lieu Ala Arg Val Asp Ser His Gly Asn Arg Ile Val 
740 74. 7 O 

Tyr Pro Gly Lys Tyr Glu Lieu Ala Lieu. Asn. Thir Asp Glu Ser Val Lys 
7ss 760 765 

Lieu. Glu Phe Glu Lieu Val Gly Glu Glu Val Thr Ile Glu Asn Trp Pro 
770 775 78O 

Lieu. Glu Glu Glin Glin Ile Lys Asp Ala Thr Pro Asp Ala 
78s 79 O 79. 

<210s, SEQ ID NO 39 
&211s LENGTH: 5OO 
&212s. TYPE: DNA 
<213> ORGANISM: Trichoderma reesei 

<4 OOs, SEQUENCE: 39 

acgagtttgg cagtggtc.t.c ttctacacca cct tcaagga gactic togcc agccaccc.ca 6 O 

agagcct caa gttcaacacc ticatcgatcc tict ctogcticc ticaccc.cgga tacacttaca 12 O 

gcgagcagat tcc.cgt. Cttic acctt.cgagg C caac at Caa gaact cqggc aagacggagt 18O 

c cccatatac ggc catgctg tttgttcgca caa.gcaacgc tiggcc cagoc ccgtaccc.ga 24 O 

acaagtggct ct cqgattic gaccgactitg ccgacat caa gcctggt cac tottcCaagc 3OO 

t cagcatc cc catcc.ctgtc. agtgct ct cq ccc.gtgttga ttct cacgga aaccoggattg 360 

tataccc.cgg caagtatgag ctagocttga acaccgacga gtctgtgaag Cttgagtttg 42O 

agttggtggg agaagaggta acgattgaga actggcc.gtt ggaggagcaa Cagat Caagg 48O 

atgctacacc tdacgcataa SOO 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 166 

212. TYPE: PRT 
<213> ORGANISM: Trichoderma reesei 

<4 OOs, SEQUENCE: 4 O 

Tyr Glu Phe Gly Ser Gly Lieu Phe Tyr Thr Thr Phe Lys Glu. Thir Lieu. 
1. 5 1O 15 

Ala Ser His Pro Llys Ser Lieu Lys Phe Asn. Thir Ser Ser Ile Leu Ser 
2O 25 3O 

Ala Pro His Pro Gly Tyr Thr Tyr Ser Glu Glin Ile Pro Val Phe Thr 
35 4 O 45 
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Phe Glu 
SO 

Ala Asn. Ile Thir Glu Ser 
6 O 

Asn. Ser 
55 

Gly Lys 

Ala 
65 

Met Leu Phe Val Arg Thr Ser Asn Ala Pro Ala 
70 

Wall 
85 

Asn Trp Lieu. Gly Phe Lieu Ala Ile 
90 

Asp Arg Asp 

Ile Ile 
105 

His Ser Ser Lys Lieu. Ser Pro Pro Wal Ser Ala 
1OO 

Wall Ile 
12 O 

Ser His Asn Wall 
115 

Asp Gly Arg Tyr Pro Gly Lys 
125 

Ala Thir Glu Wall Glu Phe 
14 O 

Ser Glu 
135 

Luell Asn 
13 O 

Asp Luell 

Glu 
145 

Glu Wall. Thir Ile Glu 
150 

Glu 
155 

Asn Trp Pro Lieu. Glu Glin 

Asp Ala Thr Pro Asp Ala 
1.65 

<210s, SEQ ID NO 41 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM: Trichoderma reesei 

<4 OOs, SEQUENCE: 41 

c catgg tacg agtttggcag tetct 

SEQ ID NO 42 
LENGTH: 26 
TYPE: DNA 
ORGANISM: Trichoderma reesei 

<4 OOs, SEQUENCE: 42 

acgc.gttt at gcgtcaggtg tag cat 

1-8. (canceled) 
9. A filamentous fungal strain comprising a double 

Stranded transcribable nucleic acid construct comprising a 
promoter operably linked to a first polynucleotide compris 
ing a first transcribable region with homology to the target 
gene encoding the biological Substance and a second poly 
nucleotide comprising a second transcribable region with no 
effective homology to the target gene, wherein the second 
transcribable region comprises two segments complemen 
tary to each other in reverse orientation relative to each other 
and the first and second transcribable regions are transcribed 
as a single mRNA molecule, wherein production of short 
interfering RNAS (siRNAS), comprising sequences of the 
target gene to be silenced by the process of transitive RNAi, 
is induced by cultivating the filamentous fungal strain under 
conditions to produce RNA transcripts of the double 
stranded transcribable nucleic acid construct that are then 
converted to the siRNAs, which interact with RNA tran 
Scripts of the target gene to reduce or eliminate expression 
of the target gene encoding the biological Substance, and 
wherein the filamentous fungal strain is an Aspergillus niger 
strain, Aspergillus Oryzae strain, or a Trichoderma reesei 
strain. 

10. The filamentous fungal strain of claim 9, wherein the 
first homologous region comprises at least 19 nucleotides of 
the target gene. 

Pro 

Pro 

Luell 
11 O 

Luell 

Glin 

Tyr Thr 

Pro 
8O 

Tyr 

Pro 
95 

Gly 

Ala Arg 

Glu Lieu. 

Val Gly 

Ile Llys 
160 

26 

26 

11. The filamentous fungal strain of claim 9, wherein the 
second transcribable region with no effective homology to 
the target gene comprises at least 19 nucleotides. 

12. The filamentous fungal strain of claim 9, wherein the 
first and second polynucleotides are separated by an inter 
Vening sequence. 

13. The filamentous fungal strain of claim 12, wherein the 
two segments complementary to each other in reverse ori 
entation are separated by a linking sequence. 

14. The filamentous fungal strain of claim 12, wherein 
expression of the target gene is reduced by at least 20%. 

15. The filamentous fungal strain of claim 12, wherein the 
interfering RNA interacts with RNA transcripts of one or 
more homologues of the target gene to reduce or eliminate 
expression of the one or more homologues of the target gene. 

16. The filamentous fungal strain of claim 15, wherein 
expression of the one or more homologues of the target gene 
is reduced by at least 20%. 

17. A method for producing a biological Substance, com 
prising: 

(a) cultivating a filamentous fungal strain under condi 
tions conducive for production of the biological sub 
stance of interest, wherein the filamentous fungal strain 
comprises a double-stranded transcribable nucleic acid 
construct comprising a promoter operably linked to a 
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first polynucleotide comprising a first transcribable 
region with homology to a target gene encoding an 
undesirable biological Substance and a second poly 
nucleotide comprising a second transcribable region 
with no effective homology to the target gene, wherein 
the second transcribable region comprises two seg 
ments complementary to each other in reverse orien 
tation relative to each other and the first and second 
transcribable regions are transcribed as a single mRNA 
molecule, wherein RNA transcripts of the double 
stranded transcribable nucleic acid construct are pro 
duced by cultivating the filamentous fungal strain under 
conditions to produce the RNA transcripts that are then 
converted to short interfering RNAs (siRNAs), com 
prising sequences of the target gene to be silenced by 
the process of transitive RNAi, which interact with 
RNA transcripts of the target gene to reduce or elimi 
nate expression of the target gene encoding the unde 
sirable biological substance; and wherein the filamen 
tous fungal strain comprises a third polynucleotide 
encoding the biological Substance of interest, and 
wherein the filamentous fungal Strain is an Aspergillus 
niger strain, Aspergillus Oryzae Strain, or a 
Trichoderma reesei Strain; and 
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(b) recovering the biological substance of interest from 
the cultivation medium. 

18. The method of claim 17, wherein the first transcrib 
able region with homology to the target gene comprises at 
least 19 nucleotides of the target gene. 

19. The method of claim 17, wherein the second tran 
scribable region with no effective homology to the target 
gene comprises at least 19 nucleotides. 

20. The method of claim 17, wherein the first and second 
polynucleotides are separated by an intervening sequence. 

21. The method of claim 17, wherein the two segments 
complementary to each other in reverse orientation are 
separated by a linking sequence. 

22. The method of claim 17, wherein expression of the 
target gene is reduced by at least 20%. 

23. The method of claim 17, wherein the interfering RNA 
interacts with RNA transcripts of one or more homologues 
of the target gene to reduce or eliminate expression of the 
one or more homologues of the target gene. 

24. The method of claim 23, wherein expression of the 
one or more homologues of the target gene is reduced by at 
least 20%. 


